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Abstract: Comparison of the content of Ca(OH), in hardened cement matrices, which contains the additive SiO, nanoparticles
and in matrice without additives was performed by the method of thermogravimetric analysis. Alite portland cement «SsangYong»
and «Denki» were used. Hydrothermal sol of «Geosil» was introduced as an additive of nanoparticles of SiO2. The amount of intro-
duced nano-SiO, was from 1.15 to 1.74 wt.% in respect to cement consumption. Water-cement ratio was provided at the level of
W/C=0.39-0.26. The compensating amount of polycarboxylate SVC-5Neu was 0.2-0.77 wt. %. The Ca(OH), content was calculated
from the mass loss of the cement matrice sample in the temperature range 460-510°C. It was determined that the sol «Geosil» ad-
ditive reacts quickly with Ca(OH), (CH) in cement matrice, significantly (up to 40%) reducing its content. By the period of 24 h sol
«Geosil» binds 750 [mg Ca0 /g SiO,] and continues to bind CH up to 100-700 days, to the value 6Ca0O = 1300 [mg Ca0 /g SiO,]. The
pozzolan binding reaction Ca(OH), with the formation of calcium hydrosilicates may be one of the mechanisms for increasing the
strength of concrete when introducing SiO, nanoparticles.
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Onpepenenune konuyecrsa Ca(OH),
CBA3aHHOro fo6aBKoOI HaHO-Si0, B LeMeHTHOM KaMHe
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Pe3stome: MeTofioM TEPMOrPaBUMETPUUECKOIO aHaNN3a BbIMONIHEHO CpaBHeHMe cofepaHus Ca(OH), B TBepaeloLiem LeMeHTHOM
KamHe, KOTOpbIii coaepxnT AobaBky HaHouYacTuy SiO, 1 B 6e3006aBOYHOM KaMmHe. /Icnob30Bany anuToBble MOPTIaHA-LEeMEHTbI
«SsangYong» u «Denki». B kauecte aobaeku HaHouacTuy, SiO, BBOAMIM rapoTePMasbHbIii 301b «feocu». KonnmyecTso BBeAeHHO-
ro HaHo-SiO, cocTaenano ot 1,15 fo 1,74 mac.% oTHOCUTENbHO pacxofia LemeHTa. BogouemeHTHOe oTHOwWeHWe obecneurBany Ha
ypoBHe B/Ll = 0,39-0,26. KomneHcupytolee KonnuectBo nonukapbokcunata SVC-5Neu coctaBnsano 0,2-0,77 mac. %. ConepkaHue
Ca(OH), paccunTbiBanm no noTepsAM Macchbl 06pasua LeMeHTHOTO KaMHA B MHTepBare TemnepaTyp 460-510°C. OnpepaeneHo, 4to
nobagka 3ona «feocun» 6bicTpo pearvpyeT ¢ Ca(OH), B ueMeHTHOM KamHe, 3HaunTenbHO (Ao 40%) CHukan ero copepxaHue. K ne-
puogy 24 4 30n1b «feocun» caaAsbiBaeT Ao 750 [mr CaO /r Si0,] n npogonmkaet ceasbiatb CH Br1oTh A0 100-700 CyT, 4O 3HAYEHUA
6Ca0 = 1300 [mr CaO /r SiO,]. MyuyonaHosas peakums ceasbiBaHua Ca(OH), c obpazoBaHNeM MMAPOCNNKATOB KabLUs MOXeT
6bITb OAHNM U3 MEXaHK3MOB MOBbIWEHA NPOYHOCTM 6eToHa NpK BBOAE HaHouyacTuy SiO,.

Knioyeeslie cnoea: TEPMOrpaBnMeTpuA, aMOp(beIIZ HaHOKpPEMHE3eM, NOPTNIaHANT, TMAPOCUNNKAT KaJibUKA, MPOYHOCTb 6eToHa.
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INTRODUCTION

Itradispersed materials based on SiO,*" amorphous

type of silica fume (CSF) [1—7] usually in the pres-
ence of superplasticizers with VRS more than 20—30%
significantly change the morphology and structure of ce-
ment compositions, providing increased density, com-
pressive strength and corrosion resistance.

The main structure-forming characteristics of such
materials are, in our opinion, the particle size and
their chemical affinity (ability to bind CaO) to the al-
kaline (CaO, R,0) liquid phase of cement (C). Finely
dispersed particles CSF (d = 0,15—0,3 um) fills inter-
granular space between «rough» cement particles (d =
30—100 um), reducing the size of the structure and
providing a constrained the conditions of interaction
of CSF with Ca(OH), liquid phase C. The amorphous
structure of CSF predetermines its fast interaction with
Ca(OH), with the formation of calcium hydrosilicates
(CSH) of colloidal gel dispersion. As a result of these pro-
cesses, a submicrogel hydrosilicate suspension is formed,
the viscosity of which provides non-sedimentary place-
ment of reacting CSF and cement particles in the pores
of the C and at the border with the filler. CSF particles
have a chemical affinity with the pore fluid C (Ca(OH),,
KOH, NaOH), have a high ability of chemisorption to
the CaO and perform the role of a silicate of centers
of nucleation occurs on the surface of hydrosilicates.
For CSF in ce-ment materials, the most cited reaction is
SiO,+CaO+H,0 - CaO - SiO, * H,0 without specifying
the role of R,O. There is evidence that in the presence
of CSF large crystals of Ca(OH), do not occur, which
contributes to the formation of a more solid fine-grained
structure. The constructive role of CSF in concrete
strength for CSF dosage of 10—20% is confirmed in many
works [1-7], but its manifestation (Rsi > R ) begins not
earlier than 7—30 days. According to the literature data,
the strength of the resulting hydrosilicates significantly
exceeds the strength of Cm and reaches according to
[8] 700—800 MPa for CSH (I) and 1000—1300 MPa for
CSH (1I) [23, 24].

At the same time, a number of works are known show-
ing the possibility of increasing the strength of concrete
by introducing SiO, nanoparticles [9, 10, 11, 12]. The aim
of our work was to determine the number of Ca(OH),
bound by SiO, nanoparticles as a result of pozzolan reac-
tion in cement matrice, which may explain the mecha-
nism of increasing the strength of concrete. The influence
of the pozzolan reaction on the strength of cement ma-
trice during the introduction of microsilica was discussed
in [13-22].

MAIN PART

Obtaining a sol of nanoparticles SiO, on the basis of the
hydrothermal solution

From the separators of geothermal power plants
(GeoPP), an aqueous medium containing dissolved
orthosilicic acid (H,SiO,) was sent to the cooler, after
which a polycondensation of silicic acid was carried out
at a temperature of 70°C to form SiO, nanoparticles with
diameters in the range of 5—100 nm. The separate with
formed SiO, particles was fed to ultrafiltration baromem-
brane installation for concentrating and obtaining a stable
aqueous sol of SiO, of «Geosil». Characteristics of the
initial separate: salt content — 702 mg/1, pH = 9.2, SiO,
content — 716 mg/1, concentration of dissolved silica —
160 mg/1. As a result of membrane concentration, con-
centrated aqueous silica sol with a density of 1075 g/I,
SiO, content — 125 g/I was obtained.

Production of cement-sol pastes for physical and chemi-
cal research (carried out manually in a porcelain round-
bottom cup)

Polycarboxylate SVC-5 Neu (PCX) was adopted as
a superplasticizer. Hitches for kneading were: cement —
100 g (sol + water + PCX) — 26—29 g. Dosages of sol
by SiO, were 1.15% to 1.74% by weight of cement. Used
alite portland cement «SsangYong» and «Denki». The
initial temperature of cement, water, sol and PCX was
provided at the level of 20 & 0.5°C. Water-cement ratio
was provided at the level of W/C = 0.39 and 0.26. The
temporary thickening of cement pastes, eliminated by
intensive grinding, is determined: this phenomenon is
related to the high sorption activity of SiO, sol. Physical
and chemical study was carried out on powders, crushed
from chipped fragments of cement matrices Cm weighing
3—5 g, and dried at 50°C in acetone.

Instrument and adopted by the diagnostic indices of the
phase composition

Measurment was carried out on derivatograph OD102
in small platinum crucibles with lid (i.e., with limited ac-
cess to atmospheric air) achieved when the rate of heating
of about 9 deg/hour and the sensitivity for TG = 100 mg
(sometimes 50 mg), on DTGA — 1/5 of the average mass
of the drug in a Pt-crucible to about 250 mg, and for drugs
(Si0,* + (Ca(OH),) — 50...100 mg. Normal operation
of derivatograph by DTA, DTG and TG was tested on
reference values for beta quartz and monohydrate calcium
oxalate (catalog Liptay). Expected diagnostic DTGA —
effects and their potential diagnostic significance and
credibility (catalogues Gorshkov V.S., Larionova, Z.M.,
database DalNIIS):
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In our case, according to the DTGA catalogues and
database DalNIIS main thermoanalytical characteristics
are presented:

— cement matrices has 2—4 DTH and DTA effects in
the range of 20—300°C (usually hydrosilicates, alu-
minosulferites, hydroaluminates), one effect at 350—
380°C (CSH), 480—500°C (Ca(OH),), 750°C (CaCO,)
and 850—890°C (CSH). We register the effects of 650—
700°C in samples of air storage referred by us (for Bes-
sie and Babushkin) to the products of carbonatization
CSH, AF, ,and CAFH ,.

— amorphous silica SiO, according to DaINIIS data,
endoexoeffects are not recorded on DTGA, in addi-
tion to a small diffuse andeffective of DTG and DTA
at =100°C, due to the presence of free water. Weight
loss continues up to 900°C. Andeffect beta-quartz
(DTA — 570°C) is missing.

Calculation method of binding of CaO with amorphous
nanosilica sol «Geosil» in cement materials

Accounting for the components of the studied cements.

The analyzed sample of cement material is a mixture
of cement itself, intro-duced inorganic amorphous silica
(sol «Geosil») and organic plasticizer SVS-5 Neu (PCX),
introduced into the cement material to ensure equal mo-
bility.

In the calculations of the content of portlandite are
carried out:

1) accounting for dilution of cement with amorphous
silica according to the formula CH’;, = CH /fraction
of cement.

2) accounting for pyrolytic binding of a part of port-
landite by carbon additive during firing in a derivatograph:
Ca(OH), ~ (CaO+H,01)+C+0, - CaCO, (500°C),

ACH™ =D, %15, %

Determination of the amount of Cao bound by amor-
phoussilica is carried out according to the results of DTA
analysis of Ca(OH), content in the cement component
of cement matrices — non-additive and containing SiO,
sol. The content of Ca(OH), is determined by the value
of the interval mass loss in the temperature range 460—
510°C by multiplying its value by a factor of 4.11. The
calculations take into account the dilution rules (A) and
the ratio of W/C (B) in the analyzed samples.

A) Dilution rules: Accounting for Ca(OH), in
the initial cement and the amount of SiO, introduced.
In accordance with the dilution rules, the calculation
of Ca(OH), for the compared cement matrices is car-
ried out taking into account the content of Ca(OH), in
the initial (non-hydrated) cement, and for sol-contain-
ing materials, the amount of SiO, introduced is taken
into account.

For cement materials with polycarboxylate, it is nec-
essary to take into account the pyrolytic reaction of the

carbon additive with the released CaO at the time of firing
in the derivatograph.

Designations and calculation formulas:

Denote (CH = Ca(OH),),

CH__, % — content of portlandite (CH) in the source
of not hydrated cement, %;

CH,, %, the content of CH in the C_ without the ad-
dition of SiO,;

CH,=CHo—CH__, % — actual content of the hydro-
lysis the CH to the C_ without additives;

CHg, % — CH content in cement-sol matrice;

CHg,. = CH/(1-proportion of SiO,), % — the con-
tent of CH in the cement component of the cement-sol
matrices.

CHg,, = CHy,.—CH,* (I-proportion of SiO,) —
the actual content of the hydrolised CH in the cement
component of the cement-sol matrices.

The calculation of the amount of CaO bound by
amorphous silica is carried out according to the for-
mula:

8 CaO =0.757  (CH,—~CH,_)/SiO,, g/,

where CH; and CH,,. — the actual content
of Ca(OH), in the cement component of the cement
matrice with no sole and matrice with sol additive, %.;
0.757 — the proportion of CaO in Ca(OH),.

B) A given water-cement ratio W/C.

As our studies have shown, the more W/C, the higher
the content of Ca(OH), and the stronger the false estimate
of pozzolanic activity of SiO,. The content of Ca(OH), is
proportional to W/C and is increased by 0.4—1.4% with
an increase in W/C by 1 %. This should be taken into
account when determining the «cementing» efficiency
of mineral dispersion in cement materials.

Taking into account the law of mixtures for cement-
sol compositions.

In the studied materials Ca(OH), is contained only
in cement and is absent in SiO,. Therefore, the content
of Ca(OH), measured in cement samples should be at-
tributed to the proportion of cement (in our case, 0.988
and 0.983). We obtain the true value of CH in the cement
component of the cement-based material, which is then
compared with the value of the bound amorphous silica
CaO for the control (non-additive) cement.

Carbonation. In real conditions, the content of CH
can also be reduced as a result of carbonation from atmo-
spheric air during hardening and preparation of cement
matrices Ca(OH),+CO,+H,0 - CaCO, i.e. also CH!.

As a result, the decline in CH can be misinterpreted as
a pozzolanic reaction. The presence of carbon dioxide in
the air can also lead to a decrease in Ca(OH), and an in-
crease in CaCO,, that is, to a false assessment of the cause
of the decrease in Ca(OH),: either PR, or CO,. For this
reason, we provide for the implementation of the DTGA
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analysis to 900—950°C in order to determine the actual
content of CaCO.,.

The influence of additives sol of «Geosil» on the phase
composition of hardened cement matrice

Research carried out for the cement-sol samples on
the basis of portland ce-ment alite «SsangYong» and
«Denki» with different content SiO,am and offsetting
number of polycarboxylate SVC-5 Neu. The mineral-
ogical composition of PC and dosage of components are
given in table la,b. The analysis of the features of the
form of DTGA spectra for the C_, C . and calculations
of the quantitative parameters of the interval mass loss.
As a result of qualitative assessment of the shape of the
DTGA spectra and quantitative analysis of interval mass
losses for hydrates, the following is obtained:

General appearance and form (habitus) of DTGA
spectra of the C_ of the traditional conventional cement
matrices with the content C,A about 9% and is repre-
sented by endometrectomy 140°C (CSH, AFLm), 180°C
(C,AFH ), 500°C (Ca(OH),), 750 and 780°C (CaCO,)
and 840°C (CH).

It should be noted that, as we previously predict-
ed, the silicate hydrate pozzolan origin (GSK (PR))
has a composition and DTGA characteristics simi-
lar to the silicate hydrate of hydration origin (CSH
H,0). In thermal spectra of DTA not found exoeffect
880—900°C, characteristic of some of hydrosilicates.
The DTGA spectra of C_. samples do not differ from
the C_ samples in all periods of hardening (from 1 to
700 days) and mainly characterize the predominant pres-
ence of hydrate tumors of cement origin.

Table la

The presence of SiO,am does not cause changes in
the form of low-temperature doublet 140°C (CSH, AF ),
180°C (C,AFH ).

It was also noted that the high-temperature hy-
drosilicate andoeffect DTG (—840°C) in a sample of
C_, is stronger in comparison with C_., which may
indicate a possible substitution of HSC (—840°C) to
another HSC without such thermoanalytical marker.
Probably, this compound has a composition of CSH
(Ca0O/Si0O, = 2) and a reduced content of bound water.
In C_, low-temperature spectra (from 100 to 140°C)
characterizing the presence of the expected CSH of the
puzolanic genesis are almost identical to the samples
of C_,, but probably the corresponding «narrow» in-
terval losses (20—160, 20—300°C) can indicate their
occurrence.

Thus, the expected pozzolanic reaction of SiO, with
Ca(OH), in the composition of C_. caused a significant
decrease in Ca(OH),, but practically did not change
the shape of the DTGA spectra of other compounds.

Abbreviations adopted:

CH — portlandite Ca(OH),.

PR — pozzolanic reaction (CH+SiO,~ CaO-
SiO, * H,0+Ca(OH),);

CSH (H,0) — parent (cement) hydrate hydrosilicate
(C,S+H,0~ Ca0-Si0,* H,0+Ca(OH),);

CSH (PR) — assilicate hydrate pozzolanic origin (see
a position PR).

From the data of tables 1a, b and 2 it can be seen that
the content of CH in the C_ increases over time, and for
the C_| Denki (W/C = 0.26) from the period of 30 days
there was a slowdown in the increase of CH with a ten-
dency of subsequent weak decrease. This is probably due

The results of thermogravimetric determination of the content of portlandite Ca(OH), in cement matrices without
additives and with the addition of sol «Geosil» for a period from 1 to 720 days, (hardening over water (24 hours),
then in water (28 days) and over water in a darkened desiccator. Portland cement S. Korea (Ssangyong) C.S = 58%;
C,S =15.5%; CA = 8.6%; CAF = 9.5%; W/C = 0.39; SiO, = 1.15%; D, = 0.55%

Content of Ca(OH), in the sample,
measured, % . -
- — Conversion Direct Binding of 6CaO
Days . . Wlﬂ_l adilt"m sol to cement @ difference @. % with silica ®
WlthOllt addltlves SlO2 = 1.15, CHSi/0.988, % s /O CaO/Si02 mg/g
D, =00 D,,=0220
ACH*= (.33 ®
CH, CH CH’, ACH 0Ca0O
1 5.73 4.17 4.22 22.9 777
3 7.5 5.89 5.96 17.8 796
12 9.0 7.47 7.56 13.9 731
28 — 9.0 — — —
720 12.0 9.5 9.61 17.4 1360
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Table 1b

The results of thermogravimetric determination of the content of portlandite Ca(OH), in cement matrices without
additives and with the addition of sol «Geosil» for a period from 1 to 570 days, (hardening over water (24 hours),
then in water (28 days) and over water in a darkened desiccator. Portland cement Japan (Denki) C,S = 66 %;
C,S =10%; C,A=9.0%; CAF = 10,0%; W/C = 0.26; SiO, = 1.74%; D, ., = 1.88%

Content of Ca(OH), in the sample,
measured, % . -
- - — Conversion Direct Binding of 6CaO
Days W,lt.hout w1tl.1 adiltlon sol to cement @ difference @. % with silica ®
add]tlves SOl SlO2 - 1.74, CHSi/0-983, % 9 (4 CaO/Si02 mg/g
D,=0.156® | D,,=0.770
ACHfr*= (.23 ® | ACHi*=1.16 ®
CH, CH CH’, ACH 0Ca0
1 4.53 3.03 3.08 19 226
6.76 4.67 4.75 18 470
7.85 5.41 5.50 18 618
11 7.95 5.73 5.82 16 617
15 8.31 5.87 5.97 17 613
28 8.65 6.06 6.16 17 680
70 8.68 5.52 5.61 21 933
150 8.52 5.44 5.52 21 900
570 9.72 6.63 6.74 18 890

@® D

PCX

— dose SVC 5 Neu in dry form relative to cement.

@ Accounting for the dilution of CH'y; = CH,/proportion of cement.
® Accounting pyrolytic binding part of the portlandite by carbon additives of PCC

in the firing of derivatograf scheme:
Ca(OH), » (CaO+H,01)+C+0,~ CaCO.,.
ACH"™ =D, 1.5, %

(cE* /cH, ~1)-100
Si0,
® Binding of dCaO = ACH%0.757, mg/1.

(cu, + acH ™)~ (cH,, + ACH ")
Si0,

@ Direct difference ACH =

, /0

6Cal = x0.757, mg/g

to the lack of water in the pores of the C_ with low W/C.
The CH content in the cement-sol samples of both PC re-
peats the dynamics of CH in the C_, but the CH content
in the CmSi below CH in the C_ by 20—30%. The lower
CH content in C_ is the result of chemisorption binding
of Ca(OH), by amorphous silica.

For the period from 1 day to 150 (710) days the val-
ue of sorption activity 8CaO [mg CaO / g SiO,] (low-
er graph in Fig.) fixed at 750, 1000 and 1300100 [mg
CaO /g SiO,] for periods of hardening 1, 28 and 150 days.
The main reaction of SiO,"™ with Ca(OH), passes (by
70£0.5%) during the first 24 hours and then continues to
increase slightly. Thus, in the sample C_. (with W/C =
0.26) the content of CH, as well as from the C_, followed
by equally dynamics CH in C_.

In accordance with pozzolanic reaction in the inter-
action of CaO with SiO, to form a silicate hydrate CSH
(PR) with endoeffect DTG (—130°C) and an exoeffect
DTA (+850°C). But a preliminary visual qualitative as-
sessment of the habitus of DTGA spectra C_, not re-
vealed its significant differences from spectra of the C_.
The low-temperature doublet 130 and 180°C DTG also
remained unchanged: this indicates the absence of inter-
action SiO,*" and C AFH ; and AF .

It is determined that for the studied period from 1 to
150 (700) days the increase of these indicators also char-
acterizes the formation of hydrate compounds of harden-
ing cement matrice. For the period from 1 to 150 days,
the values of thermogravimetric indicators increase by
30—98% depending on their «structural» purpose.
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Fig. Influence of sol «Geosil>: on Ca(OH), content
(Fig. a, b); the amount of chemisorption 6CaO, mg/g
during the hardening of cements (Fig. c):
a) — Ca(OH), = f(1): South Korea (SsangYong):
CS=58%,CA=8.6%,W/C=0.39:
o — cement matrice without SiO, and SVC-5Neu;
e — cement matrice with sol addition/additive
Si0, = 1.15%; SVC-5Neu = 0.2%;
b) — Ca(OH), = f(1): Japan (Denki): C,S = 66%,
C,A=9.0%, W/C = 0.26:
A — cement matrice without SiO,,
content of SVC-5Neu = 0.16 %;
A — cement matrice with sol addition/additive
Si0, =1.74%, content SVC-5Neu = 0.77%;
¢) — dynamics §CaO in cement matrice samples with-
out additives and with the addition of sol «Geosil»:
0 — cement SsangYong, SiO, = 1.15%,
SVC-5Neu =0.2%;
A — cement Denki, SiO, = 1.74%,
SVC-5Neu = 0.77%

The dynamics of the increment of hydrated com-
pounds in the sol-containing C_ lower by 10—20 % com-
pared to C_ (table 2). This can be related to the reduced
content of portlandite in samples with sol Geosil.

It was previously found analytically that the indicators
of 300"’ (the proportion of hydrosilicates in the cement
matrice equal to the weight loss when heated to 300°C)
in C_ has a higher value compared to C_, increasing to
a period of 150 days. This excess of 300”’ for CmSi (level
+8%) can be attributed to the appearance of additional
CSH (PR) of pozzolanic origin and was noted by us ear-
lier for CSF [7, 25].

Thus, it was found that during hardening in the period
of 1—150 days, the formation of hydrosilicates (according
to TG300) as well as for Ca(OH),, depends on the addi-
tion of sol «Geosil».

Table 2 shows that the rate of hydration (for CBW) in
CmSi is subject to dilution rules, and reduced by 4—8%
compared to C_ .

The content of CH in C_, is lower by 30—40%, and
the content of hydrogranates (indicator 300°’) shows
a tendency to increase from a period of 3 days to 8%
as the result of pozzolanic reaction. The total content
of lime products of hydration (TGi) during the whole
period of hardening remains approximately at the same
level (corresponds to the scheme of cement hydrolysis),
but in samples of C_, is lower by 2—13%.

More revealing is the behavior of the indicator P’
(the ratio of products of hydration in the lime and hydro-
granates forms): C_¢ have P.’ below to 16—35% compared
tothe C_.

The expected increment of hydrogranates as a result
of the pozzolanic reaction (in terms of 300°’) is confi-
dently recorded to (3—8%) from the period of 3 days.

The rate of increment of hydrosilicates of samples C .
10—-20% lower than the C_. The increase to the period
of 150 days of the indicator 300’ can characterize the for-
mation of an additional amount of hydrosilicate CSH
(PR) of pozzolanic origin. The increased (by 40—100%)
content of CaCO, in the C_, measured by DTGA asso-
ciated with the behavior of the applied polycarboxylate
superplasticizer during firing in the derivatograph fur-
nace during the analysis, although it was determined that
the PCX completely «burns out» when the temperature
reaches 300°C.

It was determined that the addition of sol «Geosil»
reacts quickly with Ca(OH), in cement matrices, signifi-
cantly (up to 40%) reducing its content.

By the period of 24 hours sol «Geosil» binds 250—
750 [mg CaO/g SiO,] and continues to bind CH up to
100—700 days, up to 6CaO = 1300=100 [mg CaO/g
SiO,].

While there was a trend to higher content of difficult to
diagnose hydrosilicates CSH (PR) pozzolanicity of ori-
gin (table. 2), which confirms our previously measured
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Table 2
The data of thermogravimetric analysis and the results of calculations of the parameters of the structure

of cement matrice (PC Denki) without additional and with the addition of sol «Geosil» and plasticizer SVC-5 Neu
at equal W/C = 0.26

Age, day 1 day 3 day 28 day 70 day 150 day

composition w/a | SiO, Si{y‘: 0 w/a | SiO, Si/l%v “ w/a | SiO, Si{y‘: - w/a | SiO, Si{y:v 0 w/a | SiO, Si/l%v “
Ne DTGA 4278 | 4276 — 4280 | 4274 - 4299 | 4269 — 4310 | 4309 - 4324 | 4323 -
l;earr;ielrgf’ecm_ Interval loss, %
20—-300 6.53 7.33 +12 9.42 9.42 0.0 10.64 | 10.5 | —1.3 | 9.44 | 9.79 | +3.7 | 9.83 9.76 | —0.7
20—-900 12.6 14.1 +12 17.4 17.3 | —0.6 19.1 18.32 —4 18.7 18.8 | +0.1 | 19.07 | 19.0
CBW/1.86* 8.75 9.88 +13 13.4 | 12.84 —4 159 | 14.55 -8 154 | 14.54 —4 15.6 | 14.41 -8
Ca(OH),/0.98* | 4.53 3.03 -33 6.76 | 4.67 =31 8.65 5.07 —41 8.68 5.52 -36 8.52 | 5.44 -36
CaCO0,/3.89* 3.72 5.13 +38 4.35 6.43 +48 1.53 3.46 | +126 | 2.68 5.52 | +106 | 2.42 5.87 | +142
LCI 9.23 8.16 - 11.1 11.0 - 10.5 8.4 - 11.4 11.0 - 10.9 11.3 -
IC 41 63 +54 39 58 +49 14.5 40.5 | +180 24 50 +108 22 52 +136
CH_, % 7.28 6.83 | —6.2 | 9.98 943 | =55 | 9.78 7.63 =22 11.6 9.60 —17 10.3 9.78 -5
300, % 74.6 624 | —16% | 70.2 72.0 | +2.6 | 66.9 724 | +8.2 | 62.3 67.5 | +83 | 62.7 67.7 | +8.0
TGi, % 17.3 16.8 | —3% 18.1 17.8 -1.6 149 | +2.7 | —15 18.6 16.1 —13 16.1 16.5 +2
P, rel. un’ 1.11 0.93 —16 1.06 1.02 —4 0.92 | 0.73 —21 1.23 0.98 —20 1.07 -35

* in the first column, the denominator indicates the values of the components in the original (non-hydrated) cement.

CBW :T6207900°C_0'41 x TGGOO—QOOOC’
CHa]] = Ca(oH)2+0'74XCaCO3’ P3, = CHall/ TG

20-300°C?

LCI = Ca(OH),+CaCO,, %, 300” = TG

/ CBW, IC = CaCO,/ LCIx100, %,

20—3000C

TG, = (0.243xCH") / CBW,

(Si/w.a.—1) 100, %, where Si and w.a. — indicators for cement-sol and cement without additive respectively,

LCI — lime carbonate index,
CBW — chemically bound water

characteristics for cement-mineral materials at the age
of 28—360 days [25].

It is likely that the completeness of the reaction of SiO,
with Ca(OH), is proportional to the W/C ratio, which
should be taken into account in the technology of cement-
sol materials. The difference 6CaO for PC SsangYong
and Denki in the period up to 7—10 days due to a higher
(2 times) ratio of Ca(OH),/ SiO, in the pores of the C_..

The studied dosages of SiO,am 1.74% do not have
a depressive effect on the protective properties (accord-
ing to Ca(OH),) of such materials with respect to steel
reinforcement of concrete.

The calculations take into account the content
of Ca(OH), and CaCO, in the original PC:

— for South Korea (SsangYong) Ca(OH), = 0.53%,

CaCoO, = 3.1%;

— for Japan (Denki) Ca(OH), = 0.98 %, CaCO, =

6.86%.

Error reading interval loss Ca(OH), mass (AT =
450...510°C) is 1.5..2 rev. percent’s. The actual measured
difference between samples without additive of SiO, and

with SiO, additive in Ca(OH), is 25...30 % with error in
determining the content of Ca(OH), to 2%.

CONCLUSION

1. It was determined that in cement materials chemi-
sorption activity of «Geosil» sol is high enough and by
the period of 1 day shows the values §CaO = 750100
[mg CaO /g Si0,], and then continues to increase, reach-
ing the period of 100 days values dCaO = 1200x100 [mg
CaO /g SiO,]. The main reaction of SiO, with Ca(OH)),
(at *60—70%) in cement matrices takes place in the first
24 hours. The pozzolan reaction between amorphous
nanosilica and portlandite, the product of which are
hydrosilicates, can explain the increase in the strength
of concrete when nanosilica is added.

2. When determining the amount of Ca(OH), bound
by SiO,, it is necessary to take into account the wa-
ter-cement ratio, the amount of Ca(OH), present in
the composition of the initial (non-hydrated) cement,
the amount of SiO, relative to the cement, carbonatization

http://nanobuild.ru

422

info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal
HaHoTexHonornm B cTpontenbCcTBE: HayUHbIN IHTepHeT-XKypHan

2019; 11 (4):
415-432

Nanobull

RESEARCH RESULTS OF THE LEADING SCIENTISTS « PE3YJIbTATbl UCC/IE4OBAHUN BEAYLUNX YYEHbIX

of Ca(OH),, pyrolytic binding of the part of portlandit by
carbon additive superplasticizer during firing in the de-
rivatograph.

3. The main reaction on the interaction of SiO, with
the liquid phase of portland cement by Ca(OH), is con-
firmed by other parameters of the structure: an increase
in the proportion of hydrosilicates (300°’), a decrease

BBEJEHUE

yJ'ILTpa,I[I/ICHepCHBIe matepuansl (YIM) Ha ocHOBe
amopdubix SiO,™ Tuna Mukpokpemuesema (CSF)
[1—7] 0OBIYHO B IPUCYTCTBUU CYIEPIIIACTU(DUKATOPOB
C BOAOpeAyLHUpYIOleil crtocodHoCcThbio 6ojiee 20—30%
CYIIIECTBEHHO M3MEHSIIOT MOP(OJIOTHIO U CTPYKTYPY
IEMEHTHBIX KOMITO3UIINIA, 00SCIIeYBasT ITOBBIIICHHEIC
ToKa3aTeIn INIOTHOCTH, IIPOYHOCTH M KOPPO3HMOHHOMN
CTOUKOCTH.

OCHOBHBIMU CTPYKTYPOOOPA3YIOINMHU XapaKTepH -
CTUKAaMHM TaKMX MaTepUaJIOB SIBJISTFOTCS, Ha HAIIl B3TJISIII,
pasMep Y4acTUIl U UX XUMUUECKOE CPOICTBO (CITOCO0-
HOCTb K cBsa3biBaHMI0 Ca0) k menounoii (Ca0O, R,0)
XunKoi case remenTa (L), BeicokommcmnepcHble YacTh-
el CSF (d = 0,15—0,3 MKM) 3aIIOJIHSIFOT MEK3¢pHOBOE
TIPOCTPAHCTBO MEXIY «TPYOBIMIT» YaCTUIIAMU IIeMEHTA
(d = 30—100 MKM), YIIZIOTHSISI CTPYKTYPY ¥ 00eCTICUnBasT
crecHeHHble ycnoBus B3aumoneicteusa CSF ¢ Ca(OH),
xunkoit asel L. AmopdHnas ctpykrypa CSF nipenorpe-
nensiet ero 6bicTpoe B3aumoreiicteue ¢ Ca(OH), ¢ obpa-
30BaHNEeM THApocmKaToB Kabims (I'CK) komronmHo-
TeJIeBOIl IUCIIEPCHOCTH. B pe3ynbrare 3THX IMpoIeccoB
obpa3syeTcst CyOMUKporeieBasi THIPOCHINKATHASI B3BECh,
BSI3KOCTh KOTOPOI1 0OecrieunBacT 6e3ceIMMEHTAIIOH -
Hoe pa3MenieHue pearupytomnmx yactuil CSF u miemeHTa
B mropax LIM 1 Ha rpaHuUIIe ¢ 3armoTHUTeIeM. YacTUIIEI
CSF nMeroT XuMHIecKoe CPOICTBO C ITOPOBOI XKUIKO-
croio Ll (Ca(OH),, KOH, NaOH), o61agaror BLICOKOIA
CITOCOOHOCTHIO K XeMocopo1iiy CaO 1 BEITTONHSIOT POJIb
CMJIMKATHBIX IICHTPOB 3apOIbIIIc0o0pa30BaHNIs BOSHUKA-
FOIMX Ha WX ITOBEPXHOCTH TrapocuiankarosB. s CSF
B IIEMEHTHBIX MaTeprajiax HanodoJjee MUTUPYEeMOil SIB-
asercs peakuus SiO,+CaO+H, 0 » CaO -+ SiO,* H,0
6e3 ykazanus poau R,0. Koncrpykrusnas pons CSF
o nmpouHocTtu 0eroHa mrs no3uposkn CSF 10—20%
NOATBEPKIAaeTCsl BO MHOTUX pabotax [1-7], HO ee
nposBieHue 1o poyHoctH (Rsi > R6/m) HaunHaeTcs
He paHee 7—30 cyt. CoracHO IUTepaTypHBIM TaHHBIM,
TIPOYHOCTH Ha pa3pbiB 00Pa3yIOIINXCST TUIPOCHIITNKA-
TOB CYIIECTBEHHO IPEBHIIIACT MPOYHOCTH LIK 11 mocTu-
raeT 110 nHbopManuu [8] 700—800 MIla mma CSH (I)
u 1000—1300 MITa mrs CSH (II) [23, 24].

in the total lime component and a decrease in the ratio
of pozzolan reaction products in lime and hydrosilicate
forms (P,’). The trend of transformation of the indicators
of the phase composition of cement-sol materials (reduc-
tion of lime components and increase in the proportion
of hydrosilicates) is consistent with the general concepts
of the interaction of SiO, with lime.

B Toxe BpeMst U3BECTEH sl pabOT, MOKA3bIBAIOIINAX
BO3MOXHOCTb MTOBBIIIEHUSI TPOYHOCTH GETOHA BBOJIOM
Hanouactun SiO, [9, 10, 11, 12]. Lienbio Haieit paboTht
ObL10 onpenenenue koaudectsa Ca(OH),, ceazaHHO-
ro HaHouyactuuamu SiO, B pe3ynbTaTe MyLIIOJAHOBOM
peakiuu B IIEMEHTHOM KaMHE, YTO MOXET OOBSICHSTh
MeXaHW3M TOBBIIIEHUS TTPOYHOCTH 6ETOHOB. BiusiHue
MyIII0JJAHOBOU peakINy Ha TPOYHOCTh IIEMEHTHOTO
KaMHsI TIpY BBOJIE MUKPOKpEMHe3eMa 00CyXIaiach B pa-
6otax [13-22].

OCHOBHAA YACTb

Iosryyenue 3011 nanouactun SiO, Ha 0cHOBE THAPO-
TEPMAJIBHOTO PACTBOPA

W3 cemmapaTopoB re0TepMaTbHBIX 3JCKTPUICCKIX
cranuuii (I'eo®C) BomHYIO cpedy, comepxKallyoo pac-
TBOPEHHYIO OPTOKpeMHMEBYIO Kucory (H,SiO,), Ha-
MIPABIISUTN B OXJIATUTENh, TTOCTIC YeTO IIPH TeMIlepaType
70°C mpoBOIMIN TTOIUKOHICHCAIINIO KPEMHEKHUCIIO-
Thl ¢ 00pa3oBaHueM HaHovacTul SiO, ¢ TMameTpaMu
B mnana3oHe 5—100 um. Cemapat ¢ popMUPOBaBIIIMUCS
yactuuamu SiO, KpeMHe3eMa MoAaBaIy B YJIbTpahuIb-
TPaIMOHHYIO0 0apoMeMOpaHHYIO YCTAHOBKY IUIST KOH-
LIEHTPUPOBAHUS 1 TIOIYICHUS CTAOMIBHOTO BOTHOTO
30514 Si0O, «['eocui». XapakTepuCTUKU MCXOIHOTO Ce-
mapara: cosieconepxanue — 702 mr/m1, pH = 9,2, comep-
xanue SiO, — 716 Mr/J1, KOHLEHTPaLMs PACTBOPEHHOM
KpeMHeKHUCI0Tel — 160 Mr/i1. B pe3ynbrare MeGpaHHOTO
KOHIICHTPUPOBAHMS TTOTyIaTd KOHIICHTPUPOBAHHBIIN
BOIHBII 30J1b KpeMHe3eMa ¢ TUIOTHOCThIo 1075 1/1, co-
Jep>KaHueM SiO2 —1251/n.

N3roToBieHne HeMEHTHO-30J1€BbIX NACT 1151 (hU3UKO-
XUMHYECKHX HCCJIeI0BaHuii (POBOIMIM BPYIHYIO B (hapd-
POBOIi KPYTJI0I0HHOI YalIKe)

B kauectBe cyneprutactudukaropa ObLT IIPUHST
mommkapookcuiat SVC-5 Neu (ITKK). HaBecku mst
3aMecoB cocTaBisuin: emMeHT — 100 r, (3o11p + Boma +
IMKK) — 26-29 r. losuposku 301 1o SiO, Obum
ot 1,15% no 1,74% ot maccel ueMeHTa. Mcnonb3oBaiu
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aJIMTOBEIC TTOPTIAHALIEMEHTHI «SsangYong» n «Denki».
HauvanbHyto Temriepatypy uemeHTa, Boabl, 3015 u [TKK
obecnieunBasm Ha ypoBHe 20%£0.5°C. BogolieMeHTHOE
OTHOIIIeHUE obecreuynBaan Ha yposHe B/Il = 0,39
n 0,26. OrpeesieHO BpeMEHHOE 3aryCcTeBaHME [IEMEHT-
HO-30JICBBIX TTACT, YCTpaHsIeMOe MHTCHCUBHBIM IIepe-
THpaHUEM: 3TO SIBJICHHE HAMU OTHECEHO K BEICOKOI
COpPOLIMOHHOM aKTUBHOCTH 30J15T SiOz. PU3NKO-XUMU-
YecKoe MCCIIeI0BaHNe MPOBOIMIIN Ha ITOPOIIKaX, pac-
TEPTHIX U3 OTKOJOTHIX (DParMEHTOB IIEMEHTHOTO KaMHSI
LIk maccoit 3—5 r 1 BeicymeHHBIX TTpn 50°C B alleTOHE.

Anmaparypa H IpHHATHIE THATHOCTHYECKHE TI0KA3aTe !
¢azoBoro cocraBa

CneMku ipoBoauiu Ha nepuBarorpade O/1102 B ma-
JIBIX TUTATUHOBBIX TUTJISIX C KPBITITKOM (T.€. IIPW OTpaHM-
YEeHHOM JOCTYTIe aTMOC(EPHOTO BO3MyXa) IIPH JOCTUTHY-
TOI CKOPOCTHY HarpeBa OKoJio 9 Tpaji/9ac v YyBCTBUTEIb-
Hoctsx o TI' = 100 mr (uHOTHA 50 M), Mo ITTA — 1/5
TIpU CpeIHe# Macce TIpernapara B Pt-turie okomo 250 mr,
a ms npenapatos (SiO,"+(Ca(OH)2) — 50...100 mr.
HopmanbHocTh pabotsl nepuBarorpada no ATA, AT
u TT ObLIa TpoBepeHa Mo 3TAJTOHHBIM 3HAYEHUSM 151
OeTa-KBapIla 1 MOHOTHIpaTa OKcajlaTa KaJbIus (KaTa-
sor JIunras). Oxumgaemble quarHoctudeckue ATTA —
3 dEKTH 1 X IMTOTCHIINAI IUaTHOCTUYECKOI 3HAUM -
MOCTH U TocToBepHOCTH (KaTtajoru ['opmkosa B.C.,
Jlapronosoit 3.M., 6a3a ganabX Jare HUHUC):

B namem ciyuae cornacHo JATT'A katanoram u 6a3e
nmanHbIX JanrsHU M C ocHOBHBIE TEpMOAHATTUTUYECKIE
XapaKTepUCTUKU TIPEICTABICHBI:

— 1IeMEHTHBI KaMeHb nMeeT 2—4 sdpdexra ATT u ITA
B mHTepBajie 20—300°C (0OBIYHO TUAPOCUIINKA-
THI, AIIOMOCYIbMODEPPUTHI, TUAPOATIOMUHATHI),
onuH 3¢ddext npu 350—380°C (CSH), 480—-500°C
(Ca(OH),), 750°C (CaCO,) u 850—-890°C (CSH).
Perucrpupyemsie Hamu 3 dexTsl 650—700°C B 00-
pasiiax BO3MYIIHOTO XpaHEHNS OTHECEHBI HaMM (T10
baccu n babyiiknHy) K mpoayKTam KapdoHaTU3aluu
CSH, AF,,u CAFH .

— amopdHbIil KpemHe3eM SiO,™ — COIIacHO TaHHBIM
HanmpHUHMC na ITT A He GUKCUPYIOTCS 9HI09K30-
53¢ deKTH, KpoMe HeOoIbINX T GY3HBIX SHI0I(]-
dexroB ATT u ATA nipu =100°C, 00yCIIOBIEHHBIX
HaJIMIneM CBOOOIHOM Bombl. IToTepst Macchl mpomo-
xkaeTcst BIDIoTh 10 900°C. DHmoaddeKT 6eTa-KBapma
(ATA — 570°C) oTCYTCTBYET.

Mertoauka pacuetos cBsizbiBaHus CaO amopdHbIM HA-
HOKpeMHe3eMoM 30J1s1 «[eoC1» B IIeMEeHTHBIX MaTepUaIax

Y4eT KOMITOHEHTOB MCCJICIYeMbIX IICMECHTOB.
AHanu3upyeMasl mpobda IeMEeHTHOTO MaTepua-
JIa TIpEICTaBIsIeT COOO0I cMeCch COOCTBEHHO IIEMEHTA,

BBEIEHHOTO HEOPTaHUYECKOTO aMOp(HOTO KpeMHe3e-
Ma (30716 ['eocmiT) M OpraHMYEcKoro IacTuduKaTopa
SVC-5Neu (ITKK), BBOTUMOTO B IIEMEHTHBIN MaTepHal
IIJIST 00eCTIeYeHNST PAaBHOTIOIBUKHOCTH.

B pacuerax comepxkaHUS TOPTIAHINTA IIPOBOIITCS:

1) yuert pazbaBieHuUs LIeMeHTa aMOP(PHBIM KpeMHe-
3emoM 110 hopmyne CH’, = CH /nons nemenra.

2) y9eT TUPOTUTUICCKOTO CBSI3BIBAHMSI YACTH ITOPT-
JIAHOWATA YTIACPOIOM MTO0ABKU IIPW OOKUTE B IepHBa-
torpade: Ca(OH),~ (CaO+H,01)+C+0,~ CaCO,:
ACH™ =1 %1,5%.

OmnpeneneHne KOTUYECTBA CBI3BIBAEMOTO aMoOp(-
HBIM KpeMHe3eMoM CaO IIpoBOIUTCS IO pe3yIbTaTaM
N TT'A-ananusa conepxanusa Ca(OH), B iemeHTHOM
COCTaBJISIONICH IIEMEHTHBIX KaMHEH — 0¢3100aBOYHO-
ro u cozepxaux 307b SiO,. Conepxanue Ca(OH),
OTpEeNeIIOT MO 3HAUCHUIO MHTEPBAIBLHON IMOTEPH
Macchl B guamasone temnepatypsl 460—510°C myrem
YMHOXEHUS €€ BeJIMUMHBI Ha KooduuumeHT 4,11.
B xome pacueToB yUYMTHIBAIOT IIpaBuja pa3baBie-
Hus (A) u cootHomenne B/11 (B) B aHanmm3npyeMBbIx
oOpasuax.

A) IlpaBuna paz6asnenus: yuyer Ca(OH), B uc-
XOIHOM IIEMEHTE U KoiudyecTBa BBoaumoro SiO,.
B cooTBeTcTBMU C TIpaBUaMM pa30aBICHUS pacyeT
Ca(OH), g cpaBHMBaeMBbIX LIEMEHTHbBIX KAMHEH Be-
ayt ¢ yuetom conepxanusa Ca(OH), B ucxonnom (He-
TUAPATUPOBAHHOM) IIEMEHTE, a TSI 30JIh-COICPKAIIINX
MaTepHaIoB IMPOBOIIT yUET KOJIMIECTBA BBEICHHOTO
SiO,.

7151 IeMEeHTHBIX MaTePHAJIOB C TTOJTMKAPOOKCIIATOM
HEOOXOIUMO YINTHIBATh MMUPOJIUTHICCKYIO peaKIINo
yriepona 100aBKu ¢ BEICBOOOXKTaeMbiM CaO B MOMEHT
0o0xwura B nepuBaTorpade.

O0o3Hauenus u HopMyJibI pacIeToB

O6o3nayenus (CH = Ca(OH),):

CH, _, % — conepxanue noptianauta (CH) B nc-
XOJIHOM HETUAPATUPOBAHHOM LieMeHTe, %;

CH0 % — conepxanne CH B LIk 0e3 to6aBKn SiOZ;

CHO’ par = CH_—CH, _, % — akTuecKoe comepxa-
Hue ruaposmsHoro CH B LIk 6e3 1o6aBKu;

CHS', % — conepxanue CH B IeMEHTHO-30J1€BOM
KaMHe;

CH®u = CH%/(1-monsa SiO,), % — comepxaHue
CH B 11IeMeHTHOI COCTaBJISIIOLIEH LIEMEHTHO-30JIEBOIO
KaMHSI;

CH®udakr = CHSu—CH_ * (1-nons SiO,) — dpakTu-
yeckoe coaepxkaHue ruaponnsHoro CH B LieMeHTHOIM
COCTAaBJISIIOLIEH LIEMEHTHO-30JIEBOIO KAMHSI.

PacueTt konmmuectBa CaO, cBI3aHHOTO aMOP(MHBIM
KpPEeMHE3eMOM, IIPOBOJISAT 110 (hopMyJie:

8 Ca0 = 0,757 (CH,, _—CHus)/Si0,, /r,

0,daxt
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rae CH_ dakr u CH®11 — (hakTueckoe conepkaHue
Ca(OH), B ieMeHTHOI cocTaBisIonIei 6€3106aBOYHO-
ro u 3ojecoaepxaiiero kamusi, %; 0,757 — noas CaO
B Ca(OH),, oTH. en.

Bb) Yuet BogonieMeHTHOTO OTHOIIEHMST B/11.

Kak moxazanu npoBefeHHbIE HAMU UCCIIEI0OBAHNSI,
yem Gosbie B/LL, Tem Beinte conepxanue Ca(OH),
¥ TeM CWJIbHEE JIOKHAsI OLIEHKA MYIIIOJaHUYECKOM aK-
tuBHocTH SiO,. Conepxanue Ca(OH), okasbiBaeTca
npornopimoHanbHO B/l 1 opreHTUPOBOYHO MOBBITIIA -
ercst Ha 0,4—1,4% npu yBenuuenuu B/LI Ha 1%. D10
HEOOXOIMMO YUUTHIBATh TPU OTIPEICTICHUY «IIEMEHTH -
pytoiieit» 3(pHeKTUBHOCTH MUHEPATbHOU TUCTIEPCUN
B IIEMEHTHBIX MaTepuajax ¢ pa3tuaHbeiM B/LI.

VYuer 3aK0HA cMeceii ISl IEMEHTHO30JIEBbIX KOMIIO-
37110717

B uccnenyembix marepuanax Ca(OH), conepxurcs
TOJIbKO B LieMeHTe 1 oTcyTCTBYET B Si0,. [TosTomy us-
MEpPEHHOE B IIEMEHTHO30JBHBIX TIPO0AaX COAepKaHMIE
Ca(OH)2 HamIo OTHOCUTH K JOJIe IIeMeHTa (B HaIIeM
cayqae 0,988 m 0,983). [NomyuyaeM NCTUHHOE 3HAUCHUE
CH B 11eMEeHTHOI COCTaBIISIONICH 1IeMEHTHO30IbHOTO
MaTtepHuajia, KOTOPBIi 3aTeM CpaBHMBAaEeM CO 3HAYCHUEM
CBsI3aHHOTO aMOp(MHBIM KpemMHe3eMoM CaO 11 KOH-
TPOJBHOTO (6€3100aBOYHOI0) LIEMEHTA.

Kapbonamuzauus. B pealbHBIX YCIOBUSIX comepsKa-
are CH MoXeT Tak XXe CHIUKATbCS B pe3ysIbTaTe Kap-
OOHATH3aLIMM OT aTMOC(EepHOro BO3ayXa IIPU TBEP-
IEeHWU W TIPH TIpellapupoOBaHUM IIEMEHTHOTO KaMHS
Ca(OH),+CO,+H,0 ~» CaCO, 1.e. CH Toxe {. B pe-
3ynbrare yoburb CH MBI MOXeM JIOKHO MHTEPIIPETH -

Tabauya la

poBaTh KakK IIyLLOJaHUYECKYyI0 peakiuo. Hannuue
YIJIEKUCIIOTHI B BO3IYXE MOXKET TAKKe IIPUBECTU K CHU-
xenuio Ca(OH), n yBesmuennio CaCO,, TO €CTb, K JTOX-
HOI1 ouieHKe npuyrHbl yMeHblieHus Ca(OH),: wm I1P,
un CO,. ITo 3Toi TpUYMHE HAMU ITPETYCMATPUBAETCA
BeimmotHeHre I TTA ananuza 1o 900—950°C ¢ menbio
onpeneneHus pakrudeckoro conepxanusa CaCo,.

Bimstane mo6aBkm 301 «[eocni» Ha ¢a30Bblii cCOCTaB
TBEPACIOIIEr0 IIEMEHTHOr0 KAMHS

HccaemoBaHus IIPOBEACHBI VTSI IIEMEHTHO-30JIEBBIX
00pas3moB Ha OCHOBE AJIMTOBBIX MTOPTIAHIIIEMEHTOB
«SsangYong» n «Denki» ¢ pa3TMmIHBIME COIEpKAaHUEM
SiO,™ 1 KOMITEHCUPYIOLIMM KOJIMYECTBOM TTOJMKAPOOK-
cmitara SVC-5 Neu. M3mepeHHbIe HAMY MUHEpaIoTde-
ckuii coctaB KimHKepa [TL 1 1031poBKI KOMITOHEHTOB
npuBeAeHHI B Ta01. 1a, 6. [IpoBeneH aHanm3 0COOEHHO-
creit dopmbl ITTA cniekrpos wis LK, 0 Lk SiO, u BbI-
ITOJTHEHBI pacueThl KOJIMYCCTBEHHBIX ITApaMETPOB MH-
TepBAJIBHBIX IIOTEPh MAcChL. B pe3ynbraTe KaueCTBEHHOM
onieHKN popMbl criekTpoB JATTA M KonmmuecTBEHHOTO
aHaJIM3a MHTEPBAJIBHBIX TTOTEPh MACCHI TSI TUAPATOB
ITOJTYYEHO CIIeayIoIee:

Oo6mmii Bun u hopma (raduryc) ITTA ciekrpos LIk
TPaIUIIMOHHEI IUTST OOBIYHBIX IIEMEHTHBIX KaMHEH ¢ co-
nepxanueM C,A okono 9% u npeacTasieHbl SHI03(-
¢exramu 140°C (CSH, AF, ), 180°C (C,AFH ), 500°C
(Ca(OH),), 750 u 780°C (CaCO,) u 840°C (CSH).

Cremyer OTMETUTh, UYTO, KAK HAMU paHee TIPOTHO-
3UPOBAJIOCH, TUAPOCUINKAT ITYIIOJaHMICCKOTO TIPO-
ncxoxaenus (I'CK (ITP)) umeer coctaB u A TTA xa-
PaKTEepUCTUKU, OJIM3KHME K COCTaBY TMAPATAIIHOHHOTO

PesynsraTbl TepMorpaBumMeTpudecKoro onpenenenus conepxanusg noprianaura Ca(OH), B neMeHTHbIX KAMHAX
0e3 100aBKH 1 ¢ 100aBKOii «30J151-reocr» s nepuona ot 1 10 720 cyrok, (TBepaenue Haa Boaoii (24 gaca),
najee B Bozie (28 cyTok) u Han Bomoii B 3aTemHenHoM dkcukarope. [loprianauement 0. Kopes (Ssangyong):

C,S =58%; C,S = 15,5%; C,A = 8,6%; C AF =9,5%; B/II = 0,39; SiO, = 1,15%; 11, = 0,55%
Conepxanune Ca(OH), B 00pasue,
u3MepeHHoe, % nepecuer Cas3bIBaHie
Bpewms, cyT. ¢ m.)ﬁam(oﬁ 300 Ha nemMeHT @ L7 WD
6e3 106aBKu Si0, = 1,15, CH._/0,988, % pazimuue @, % KpeMHe3eMoM ®
N =00 N = 0,22 © Si Ca0/SiO, mr/r
ACHfr= 0,33 ®
CH, CH CH’, ACH 0CaO
1 5,73 4,17 4,22 22,9 777
3 7,5 5,89 5,96 17,8 796
12 9,0 7,47 7,56 13,9 731
28 — 9,0 — — —
720 12,0 9,5 9,61 17,4 1360
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npoucxoxaenus ('CK H,0). Ha teriosbix criekTpax
JTA ne HaiineH 5k303hdekT 880—900°C, xapaKTepHbIit
IIJISI HEKOTOPBIX ruapocinkaroB. JITTA — ciekTpsl 00-
pasiuoB LK NpakTMYECKN He OTIIMYAIOTCA OT 00Pa3LoB
L, /, BO BCE TIEPUOLIBI TBEPLCHMUSI (ot 1 mo 700 cyTok)
¥ B OCHOBHOM XapaKTepHU3yIOT IIPECUMYIIECTBEHHOE Ha-
JIM9IMe TUIPATHBIX HoBooOpazoBaHuii ('HO) memeHTHO-
TO TIPOUCXOXICHMSI.

[MpucyrctBue SiO,™ He BbI3bIBAET U3MEHEHMIA (HOp-
MBI HU3KOTeMItepatypHoro aymrera 140°C (CSH, AF, ),
180°C (C,AFH ).

OTMeUeHO TaKKe, 9YTO BEICOKOTEMITepaTypHBII TH-
npocrnKatHBIN 3HT03hdekT ATT (—840°C) B obpasiie
u3 Lk, BbIpaxeH cunbHee B cpaBHeHun ¢ LIk, 9to
MOXET CBUICTEIBCTBOBATh O BEPOSITHOM 3aMCIICHUN

Tabauya 16

I'CK (—840°C) na mpyroit 'CK, He nmMeroIIero Tako-
ro TepMOaHAJIUTUIECKOTO MapKepa. BepositHo, 3TO
coenunenune umeer cocraB C,SH (¢ CaO/SiO, = 2)
Y TIOHKEHHBIM COMIEPXKaHUEM XUMUYECKH CBSI3aHHOU
Bozbl. ¥ LK, HU3KOTEMIepaTypHbie criekTphl (o1 100
nmo 140°C), xapakTepU3yIOIIe HATAINE OXUIAeMBIX
I'CK nymonannyeckoro reHe3uca, mpakTHIecKy UaeH-
TUYHEL 00pasuam LK , HO BEpOSITHO COOTBETCTBY-
I0IlI1Ee UM «y3KKHe» MHTepBajbHble toTepu (20—160,
20—300°C) MOTYT CBUACTEIBCTBOBATh 00 MX BO3HUK-
HOBEHUM.

Taxkum obGpazom, oxumaemast MmyroJaHIecKast pe-
akuus SiO,™ ¢ Ca(OH), B cocrase LIk, BbI3Bata 3HaUM-
tenbHoe cHkenne Ca(OH),, HO MpakTUYECKU HE U3Me-
Huna popmy I TTA-CIIeKTpOB OCTaTLHBIX COSTUHEHMIA.

PesynbraTel TepMorpaBumMeTpudeckoro onpenenenus conepxanusg noprianaura Ca(OH), B neMeHTHbIX KAMHAX
0e3 n00aBku u ¢ 106aBKoii 3051 «Teocn» st mepuona ot 1 10 570 cyrok, (TBepaenue Han Bonoii (24 yaca),
nanee B Bozie (28 cyTok) u Han Bonoii B 3aTemHenHoM dKcukatope. [Toprianauement Anonns (Denki):
C,S=66%; C,S=10%; C,A=9,0%; CAF = 10,0%; B/II = 0,26; SiO, = 1,74%; 11, = 1,88%

Conepxanune Ca(OH), B 00pasue,
nu3mepenHoe, % nepecuer a Cas3pIBanie
Bpews, cyT. | Ges noGankm so1s | © ;é(i)(ﬁ)anzoln ;ZM I © paml;lll‘)l;llto@t;, % ermsgigom ®
Ay = 0,156 © Loma | CHs/0983% Ca0/Si0, mr/r
ACHfr = (0,23 ® My = 0,77 © /Si0, mr/
’ ACHfr= 1,16 ®
CH, CH CH’ ACH 0CaO
1 4,53 3,03 3,08 19 226
6,76 4,67 4,75 18 470
7,85 5,41 5,50 18 618
11 7,95 5,73 5,82 16 617
15 8,31 5,87 5,97 17 613
28 8,65 6,06 6,16 17 680
70 8,68 5,52 5,61 21 933
150 8,52 5,44 5,52 21 900
570 9,72 6,63 6,74 18 890

® 1 — A03a SVC 5 Neu B cyXxoM BHUJIe OTHOCUTEJILHO LIEMEHTA.

@ VYuer pasbasienus CH’, = CH/nons nemenTa.

® Yuer NMPOAUTUYECKOTO CBSA3BIBAHUS YaCcTU NopTinaHauTa yriaepoaom nobasku [TKK mpu ooxure

B AepuBatorpade mo cxeme:

Ca(OH),~ (CaO+H,01)+C+0, ~ CaCO.,.

ACHf =1 . *x1,5, %

(cr*/cH, -1)-100

Si0,

® CsaspiBanue 0Ca0O = ACHx0,757, mr/m.

(cH, + ACH ™)~ (CH , + ACH ™)
Si0,

@ TIlpsamoe paznuuue ACH =

, /0

0CaO =

x0.757, mr/T
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Puc. Bausinue 305151 «leocun»: Ha conepxkanne Ca(OH),
(puc. a, 0); BemunHy XeMocopomuu 6CaO, mr/T
B Mpoliecce TBepIeHus IIeMEHTOB (puC. B):
a) — Ca(OH), = f(1): FOxnas Kopes (SsangYong):
C,S=58%, CA=28,6%, B/l =0,39:
O — LeMeHTHBbI KameHb 6/1 SiO, u 6e3 SVC 5Neu;
@ — [IEMEHTHBII KaMeHb C T00aBKOI «30JIs1» SiO2 =
1,15%; SVC 5Neu = 0,2%. 3nech JaHHbBIE 110
Ca(OH), npusenensi 6e3 yuera Hanmuus SVC 5Neu;
6) — Ca(OH), = f(1): AAnonus (Denki): C,S = 66%,
C,A=9,0%, (unnexc 250915), B/11 = 0,26:
A — IIEMEHTHBIN KaMeHb 0/11 SiOz,
conepxanue SVC 5Neu = 0,16%;
A — [IEeMEHTHBI KaMeHb C T00aBKOI «30J151»
SiO, = 1,74%, conepxanue SVC 5Neu = 0,77%.
3nech manabie o Ca(OH)2 Takske mpuBeneHBI
6e3 yuera Hamumst SVC SNeu;
B) — Hurammka §CaO B oO6pa3max IeMeHTHOTO KaMHS
0e3 1o0aBKU U ¢ 100aBKoO 3014 «I eoci»:
0 — LlemenT SsangYong, SiO, = 1,15%,
SVC-5Neu = 0,2%;
A — Lemenr Denki, SiO, = 1,74%, SVC-5Neu = 0,77%

[TpuHSTHIC COKPAIIICHMST:

CH — noprianaut Ca(OH),.

I1P — myumomannyeckast peakuus (CH+ SiO2 -
Ca0-Si0,* H,0);

CSH (H,O) — ruapocunukaT MaTepUHCKUMI (1e-
MEHTHBII) TUAPATHOTO MTPOUCXOKICHUS (C3S+H20 -
CaO+SiO,* H,0 +Ca(OH),);

CSH (I1P) — rugpocnianKaT MyLIIIOJIaHIICCKOTO
MIPOUCXOXIeHMS (cM. TTo3ummio [1P).

W3 manHbIX Tab. 1a, 6 ¥ 2 BUTHO, UTO CoAepKaHUE
CH B Lk, / © TSUCHIEM BPEMCHH TTOBBILIACTCS, PIICM
st Lk Denki (¢ B/ = 0,26) ¢ nepuona 30 cyTok OT-
MedeHo TopmoxkeHue HapaiuBaHus CH ¢ tenneHmei
ITOCJICAYIONIETo cJIaboTo MOHIKEeHMs. BeposTHO 3TO
CBSI3aHO C HEXBATKO# BoabI B TTopax LIk ¢ Hm3kmm B/11.
Conepxanne CH B 11eMeHTHO-30J1€BBIX 0Opa3iax 000oux
ITL nosropser nunamuxy CH B 1Kk, /» HO cozepxa-
nue CH B Lk nke CH B U,KG/H Ha 20—30%. Boiee
Huskoe conepxxanne CH B LIk, ABiIsI€TCA pE3yIbTaTOM
xeMocop6unoHHoro cBa3biBanusg Ca(OH), amopdHbIM
KPEMHE3EMOM.

3a mepuox ot 1 mo 150 (710) cyTok BermamHa copo-
uuroHHOM akTuBHOCTH §CaO [mr CaO /1 SiO, | (HrxHuit
rpaduk B puc.) hukcupyercs Ha yposHe 300—750, 1000
1 1300£100 [mr CaO /r SiO,| w1s 11epronoB TBEpACHMS
1, 28 m 150 cyrok. OcHoBHas peakuus SiO,™ ¢ Ca(OH),
npoxoaut (Ha 70£0,5%) B TeueHue nepBbIX 24 4acoB
1 Iajiee TIPOIoJDKaeT He3HAUNTEIbHO ITOBRIIAThCS. [1pn
aTom y obpasua Lk, (¢ B/LL = 0,26) conepxanne CH
cumbatHoO crenyeT nfuHamuke CH 1Ik6/m.

B cooTBeTCTBUM € TIYLIIIOJIAHIMYECKOI peakIieii Ipu
B3aumonevicrsuu CaO ¢ SiO2 JIOJI3KEH 00pa30BbLIBATh-
csa tuapocumkar CSH (ITP) ¢ sumosddexkrom ATT
(—130°C) u axzoaddexrom JATA (+850°C). Ho mpen-
BapHTeNIbHAS BU3YyaIbHasl KaueCTBeHHAs OLICHKA Tabu-
tyca ITTA criekrpoB LIk He BBISBUIIA €T0 3HAYNMBIX
otmanii ot criekrpos LIk, . HuskoTemmepatypHblii 1y-
mreT 130 n 180°C JTT Tak ke ocTajcsd HEM3MEHHBIM:
5TO CBUACTEIBCTBYET 00 OTCYTCTBUM B3aMMOICIHCTBUS
Si0,™ ¢ CAF ju AF .

OnpeneneHo, YTo 3a M3y4eHHbIH niepron oT 1 1o 150
(700) cyTox yBeITMICHME STHX ITOKA3aTeNIeH TAKKe XapaK-
Tepu3yeT 00pa3oBaHMe TUAPATHBIX COCTMHEHUI TBepIe-
JOIIIETO LIEMEHTHOTO KaMHS. 3a rrepuron ot 1 1o 150 cyTok
3HAYCHUS TePMOTPAaBUMETPUUCCKIX ITOKa3aTelIeii BO3-
pactaeT Ha 30—98% B 3aBUCUMOCTU OT UX «CTPYKTYp-
HOI1» IpeTHa3HAYCeHHOCTH.

JnHaMUKa IpUpalIeHUs THIPAaTHBIX HOBOOOpa3oBa-
nuii (THO) y 3ommb-conepxammx Lk, Huxe na 10—-20%
B CpaBHEHMU ¢ 6e3100aBouHbIM LK (Tab1. 2). D10 MOX-
HO CBSI3aTh C TTOHIDKEHHBIM COIEPXKaHNEM ITOPTIaHINTa
B 00pa3iiax ¢ 3oeM «['eocui.

IIpenBapuTeIbHO HAWICHO aHAIMTUICCKH, YTO T10-
Ka3atestb 300” (T THIPOCMIIMKATOB B IIEMEHTHOM KaM-
He, paBHas notepe Macchl pu Harpese 10 300°C) y LIk
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Tabauya 2

JlaHHbIe TePMOTPABUMETPHYECKOTO AHAJN3A U PE3YJIBTATHI PACUYETOB APAMETPOB CTPYKTYPhI IIEMEHTHOTO KAMHS
(I1I1, Denki) 6e3100aBoyHOro U ¢ 100aBKOii 30,151 «Teocu1» B mpucyrcTeuu miactugukaropa SVC-5Neu

npu paBHoM B/t = 0,26

Bospacr, cyt 1 cyTkmn 3 cyTok 28 cyTok 70 cyTok 150 cyrok
Si/ Si/ Si/ Si/ Si/
cocTaB o/n SiO, | B, o/n SiO, | BI, o/n SiO, | B/, o/n SiO, | B, o/n SiO, | BI,
% % % % %
Ne AT TA 4278 | 4276 — 4280 | 4274 — 4299 | 4269 — 4310 | 4309 — 4324 | 4323 —

WHTepBan Tem-
WHTtepBaibHbIE TOTEpU MacChl, %

neparypsl, °C

20-300 6,53 | 7,33 +12 | 9,42 | 9,42 0,0 | 10,64 | 10,5 | =1,3 | 9,44 | 9,79 | +3,7 | 9,83 | 9,76 | —0,7
20-900 12,6 14,1 +12 17,4 173 | =0,6 | 19,1 | 18,32 | —4 18,7 18,8 | +0,1 | 19,07 | 19,0 —
XCB/1,86* 8,75 | 9,88 +13 134 | 12,84 | —4 159 | 14,55 | -8 154 | 14,54 | —4 15,6 | 14,41 -8

Ca(OH),/0,98* | 4,53 | 3,03 | =33 | 6,76 | 4,67 | 31 8,65 | 5,07 | —4l1 8,68 | 552 | =36 | 8,52 | 5,44 | 36
CaCO0,/3,89* 3,72 | 5,13 +38 | 435 | 6,43 | +48 1,53 | 3,46 | +126 | 2,68 | 5,52 | +106 | 2,42 | 5,87 | +142

HKC 9,23 | 8,16 — 11,1 11,0 — 10,5 8,4 - 11,4 11,0 - 10,9 11,3 —
CK 41 63 +54 39 58 +49 14,5 | 40,5 | +180 24 50 +108 22 52 +136
CH .% 7,28 | 6,83 | —6,2 | 998 | 9,43 | =55 | 9,78 | 7,63 | 22 1,6 | 9,60 | —17 10,3 | 9,78 =5
3007, % 74,6 | 624 |-16%| 70,2 | 72,0 | +2,6 | 66,9 | 72,4 | +8,2 | 623 | 67,5 | +8,3 | 62,7 | 67,7 | +8,0
Tr, % 17,3 16,8 | —3% | 18.1 17,8 | —1,6 | 149 | +2,7 | —I5 18,6 16,1 —13 16,1 16,5 +2
I1;, otH. en. 1,11 093 | —16 1,06 1,02 —4 0,92 | 0,73 | =21 1,23 | 0,98 | =20 1,07 - =35

* B IIepBOIi KOJIOHKE B 3HAMEHaTe/Ie YKa3aHbl 3HAYEeHMsSI KOMIIOHEHTOB B HCXOMHOM (HETUAPATUPOBAHHOM) LIEMEHTE.

XCB =TT 00,41 XTI ) 0 MUKC = Ca(OH),+CaCO,,%, 300" =TT, , 0./ XCB, otH. en., CK = CaCO, / UKCx100, %,
CHmm™ = Ca(OH),+0,74xCaCO,, TT, = (0,243xCH"™™) / XCB; I1,” = CH™" / TT, ., 0., OTH. €.

(Si/6.1.—1)+100, %, tne Siu 6.1. — MOKa3aTeI WIS LIEMEHTHO-30JI€BOr0O M 0e3100aBOYHOrO COCTaBa COOTBETCTBEHHO.

MNKC — n3BecTKOBO-KapOOHATHbBII MHIEKC;

XCB — xuMHM4YecKu CBsI3aHHAas BOJIA;

CK — creneHb KapOOHaTU3aLIMU

uMeeT 0oJsiee BEICOKOE 3HAUYCHUE 110 CpaBHCHUIO C ]_[K6 0 boiee HarnsggHO MoBeAcHUE TTOKA3aTEsT H; (COOT—

YCUJIMBAIOIICCCA K IICPUOAY 150 CYTOK. DTOT U30BITOK HOIOCHUEC IMPOAYKTOB rapaTaliiv B M3BECTKOBOU U TH-

300” pist Lk, (Ha ypoBHE +8%) MOXHO OTHECTH K ITOSIB-  IporpaHaTHoi (opmax): y Lk mokasarens I1,”” Hike
nexnto pononnutessHoro CSH (I1P) mynnonanndeckoro  Ha 16—35% mo cpastennio ¢ Lk, .
MPOUCXOXKICHUS 1 OTMedeH HaMmu paHee mist CSF [7, 25]. OxupaeMoe IpupalleHle TUAPOrPaHATOB B Pe3Ylb-

Takmm 06pa3oM yCTaHOBJICHO, UTO TP TBEPACHUM  TaTe MYIIIOJAHNIECKOM peaknu (1o rmoka3aTestto 300°7)
B niepuof 1—150 cytok (popmMupoBaHue TMAPOCUINKATOB  YBEpPeHHO peructpupyetcs no (3—8%) ¢ nepuona 3 cy-

(o TT'300) Tak xe, kak u g Ca(OH),, 3aBUcUT OT 10-  TOK.

6aBku 30i14 «[eocun». TeMmn npupalieHUsT TUAPOCIIINKATOB Y 00pa3IloB
W3 Tabin. 2 BUmIHO, 4TO MoKa3aTe/lb CTEIIEHU THUapa- Lk Ha 10—-20% Huxe, 4eM y 6e3106aBOYHOTO. YCH-

tauuu (no XCB) y LIk, monqunHseTcsa npaBuiaM pas-  JjieHue K nepuony 150 cyrok nokasaresst 300°” moxer

OaBlieHNs U TIOHWKEH Ha 4—8% 110 cpaBHeHuIo ¢ LK, - XapaKTepnsoBaTh 0O0pa30BaHUE HOMOIHUTEIBHOTO
Conepxanne CH B Lk, Huxe Ha 30—40%, a co-  xommuectsa runpocunukara CSH (ITP) nynuonanm-

IepxxaHue TuaporpaHaToB (rmokasatenb 300°’) odHa-  deckoro mpoucxoxmeHus. Mamepernoe mo ATTA mo-

PYXMBaeT TEHIEHUMIO TIOBBIILIEHHS C Tleprofia 3 cyTok  BbiueHHoe (Ha 40—100%) conepxanue CaCO, B Lk,
10 8%: pe3yibTar myLLolaHnYecKoi peakuuu. O0liee  CBSI3aHO C 0COOEHHOCTSIMU ITOBEICHUST IPUMEHEHHOIO
collepXaHue U3BECTKOBBIX IpoaykTos ruapataumu (TT)  cyneprutactudukaropa nonmukapOooKcuiaTa npu ookure

B T€YEHUE BCETo MEPUOA TBEPACHUSI COXPAHSIETCs P~ B [1e4YM AepuBarorpacda mpu IpoBeIeHNU aHaAIU3a, XOTs
MEpHO Ha OHOM YPOBHE (COOTBETCTBYET CXeMe TUAPO-  ObLIO ompedesieHo, uTo [1KK moiHOCThIO «BbITOpaeT»
JM3a LEMEHTa), Ho y 06pasuos Lk Huxe Ha 2—13%. IIpY JOCTIKeHUH TemIiepaTypsl 300°C.
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OmnpeneneHo, yTo gobaBKa 3051 «['eocmn» OBICTPO
pearupyet ¢ Ca(OH), B LieMEHTHOM KaMHE, 3HAYUTENIbHO
(10 40%) cHuxXast ero coaepKaHue.

K mepuony 24 gaca 301b «['eocuii» CBA3BIBAET
250—750 [mr CaO / r SiO,] u npomosKaeT CBA3bIBATH
CH Brtots 1o 100—700 cytok mo 3Hauenus §CaO =
1300£100 [mr CaO /1 SiO,].

ITpu aTOM OTMEUeHA TEHICHIINS K TTOBBIIIICHUIO CO-
IepKaHWS TPyTHOOUATHOCTUpyeMoro [21] rumpocuim-
kata CSH (ITP) myniroaaHNIecKOTro ITPOMCXOXKICHUS
(Tabm. 2), 9TO MOATBEPXKIACT HAIIT paHee N3MEPEHHBIC
XapaKTCPUCTUKU IUIST IIEMEHTHO-MUHEPATbHBIX MaTe-
puaios B Bo3pacre 28—360 cyTok [25].

BepositHo, uto nonHora peakuuu SiO, ¢ Ca(OH),
nportopoHaibHa B/1l oTHOIIEHUTO, YTO ClIeAyeT yuu-
THIBAaTh B TEXHOJIOTUM LIEMEHTHO-30JICBBIX MaTEPHAJIOB.
Pazmune 0CaO mnst M1 SsangYong u Denki B mepuon
1o 7—10 cyTok 00ycoBIeHO 00s1ee BEICOKIM (B 2 pa3a)
coorHomenuem Ca(OH),/SiO,™ B mopax LIkg;.

Wsyuennsie nozuposku SiO,™ o 1,74% He okasbl-
BalOT JICTIPECCUBHOTO BO3NCIICTBIS Ha 3aIIMTHBIC CBOI-
crBa (1o Ca(OH),) Takux MaTepuasoB 110 OTHOLIEHUIO
K CTaJIbHOIT apMaType OeTOHa.

B pacuerax yureno conepxxanue Ca(OH), u CaCO,
B ucxogHsbIx I111:

— nna FO0.Kopes (SsangYong) Ca(OH), = 0,53%,

CaCO, = 3,1%;

— qna Anonusa (Denki) Ca(OH), = 0,98%, CaCO, =

6,86%.

OmubKa CYMUTHIBAHUSA WHTEPBAJIBHOU ITOTE-
pu Ca(OH), macch (AT = 450...510°C) cocraBuser
1,5...2 oTH. mpoueHTOB. MI3MepeHHOE (haKTUUECKOE
pasnuuue 6e3100aBOYHBIX U ¢ JOOABKOW 00pa3lioB
o Ca(OH)2 nmocturaet 25...30% mnpu ommoKe onpee-
JICHUST cofepKaHus Ca(OH)2 110 2%.

3AK/IIOYEHUE

1. OmpeneneHo, YTO B IIEMEHTHBIX MaTepHajiaX XeMO-
COpOLMOHHAs aKTUBHOCTD 307151 «['€0CHII» I0CTATOYHO
BBICOKA U y3Ke K ITepromy 1 CyTKM MOKa3bIBaeT 3HAYCHUS
10 6Ca0 = 750%100 [mr CaO /r SiO, ], n nanee npoxon-
JKaeT MOBBIIIAThCS, TOCTUTas K meprony 100 cyTok 3Ha-
yennit 8Ca0O = 12002100 [mr CaO /r SiO,]. OcHoBHas
peakuus SiO, ¢ Ca(OH), (na *60—70%) B 1eMeHTHOM
KaMHe ITIPOXOINT B iepBhie 24 yaca. [lyimomaHoBast pe-
aKIMs MeXIy aMOp(hHBIM HAHOKPEMHE3eMOM U TIOPT-
JIAHIUTOM, TIPOAYKTOM KOTOPOIT SIBIISTFOTCS TUAPOCH -
JIMKATBI, MOXET OOBSICHUTH MOBBIIICHUE ITPOYHOCTHU
0OeToHa Mpu BBOJIE HAHOJ00ABKM.

2. Ipu onpenenennn konuyectsa Ca(OH),, cBa-
3aHHOTO Si0,, HEOOXOIMMO YYUTHIBATh BOIOLIEMEHTHOE
oTHouIeHue, Konudyectso Ca(OH),, mpucyrcTByolero
B COCTaBE MCXOMHOTO (HeTUAPATUPOBAHHOIO) IIEMEHTA,
KOJIM4eCTBO SiO, OTHOCUTENBHO LIEMEHTA, KapOOHATH -
saumio Ca(OH),, mupoiIMTUYECKOE CBA3bIBAHKE YaCTH
IMOPTJIAHANTA YIJIEPOIOM JTO0AaBKM CYIIepIuIacTU(UKa-
TOopa rpu o0Xure B AepuBaTorpade.

3. OcHOBHas peakIins IO B3aNMOJIEIICTBUIO SiOz“M
¢ XUIKO# (pa3oii IopTIaHALEMEHTa I10 Ca(OH)2 oI~
TBepXICHA W APYTUMH ITapaMeTpaMi CTPYKTYPBI: T10-
BBIIIICHUE OOIU TuApocmimkaToB (300°’), cHIDKeHIE
00IIel M3BECTKOBOM COCTABIISIONICH Y TTOHUXXKEHUIO
COOTHOIIICHUS ITPOXYKTOB ITYIIIIOJTAHOBOI peaKIINi B 13-
BECTKOBOM ¥ ruapocuiukatHbix popmax (I1,°). Tpenn
ImpeoOpa3oBaHUS TToKa3aTeneil (ha30BOTO cocTaBa Iie-
MEHTHO-30JIeBbIX MATePHAIOB (CHIKEHIE N3BECTKOBBIX
KOMITOHEHTOB U TTOBBIIICHNE JOJIU THIPOCHINKATOB)
corjlacyercs ¢ O0IIMMU MPEICTABICHUSIMU 10 B3aUMO-
EVICTBUIO Si02aM C U3BECTHIO.
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