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The use of thermodynamic analysis in silicate technology is an integral part of scientific
research and an important component in the study of hydration processes. Thermodynamic
analysis allowed substantiating the path of the processes of mineral binders hydration and
the stability of hydrated formations, which affects the strength of the concrete. To investigate
the solidification processes, one should consider both the thermodynamics of the real
solutions of astringent in water and the thermodynamics of the coexistence of mixed
crystalline phases. We carried out the thermodynamic analysis of hydration reactions in
the systems FeSi—Ca(OH),—H,0 and FeSi,—Ca(OH),—H,O0, that are used in the production
of cellular gas concretes. We showed that there is a possibility to perform directed synthesis
of the mineralogical composition of hydration products in the systems under study. The
sequence of the chemical reactions and their temperature dependences are established.
The developed theoretical model allows understanding the mechanisms of hydration of
astringent and building materials on their basis, in particular in the study of physicochemical
processes occurring in aerated concretes, prepared by both autoclave and non-autoclave
curing, which contain gas-forming ferrosilicon of different chemical compositions.
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Introduction

Thermodynamics plays an important role in
the development of the theoretical foundation of
numerous chemical and physicochemical processes
in the construction industry. The application of
thermodynamic methods to the analysis of
mineralization reactions, especially in high-
temperature synthesis and hydration, is well-known
and was elucidated in work [1]. Thermodynamic
studies are often used for high-temperature reactions
[2—7], but literary sources confirm that good results
are observed for hydration reactions as well [§—10].

From the thermodynamic point of view, the
chemical processes that occur during solidification
and the formation of a porous structure in autoclaved
aerated concrete have not been sufficiently studied.
In this regard, the processes of gas formation and
hydration, which occur in autoclaved aerated
concrete, where aluminum powder is used as a
gasifier, have been investigated. Because of the
interaction of the said reagent with alkali and water,
hydrogen is formed which aerates the hardening

system.

Thermodynamic analysis of chemical reactions
of mineral formation in systems containing aluminum
powder is described elsewhere [11]. At the same time,
calculations were performed for the reaction
products, such as cubic calcium hydroaluminate, tri-
sulfate form of hydrosulfoaluminate of calcium and
hydrogen, which are characteristic of the production
of aerated concrete with gypsum.

As for the theoretical studies of the processes
of hydration in silicon-containing systems, the
determination of the sequence of possible reactions
involving ferrosilicon, no information has been found
on these issues.

Thus, this study was devoted to the formation
of the composition of hydration products in the
systems containing aerated concrete where
ferrosilicon is used as a gasifier.

Results and discussion

The following products of the hydration reaction
were considered in thus work: calcium hydrosilicates
as tobermorite (5Ca0-6Si0,-5.5H,0), foshagite
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(4Ca0-3Si0,-1.5H,0), xonotlite (6Ca0-6Si0,-H20), 2Ca(OH),+3FeSi+16.5H,0—
gyrolite  (2Ca0-3S5i0,-2.5H,0), okenite —1.5[Ca0-2Si0,-2H,0]+10.5H,+
(Ca0-25i0,-2H,0), and hillebrandite +0.17[3Ca0O-Fe,0,,6H,0]+2.67Fe(OH),, (11)
(2Ca0-Si0,-1.17H,0). The calculations of the Gibbs
energy of the hydration reactions were carried out 2Ca(OH),+3FeSi+18.17H,0—
in accordance with the principle of the calculation —2Ca0O-SiO,-1.17H,0+10.5H,+
of the composition formulated elsewhere [1]. +2[H,Si0,]+3Fe(OH);, (12)
The main reactions in the system FeSi—
Ca(OH),—H,O were considered at the following Ca(OH),:FeSi=5:6
ratios of calcium hydroxide to ferrosilicon: 1:2; 2:3;
5:6; 6:6; 4:3 and 2:1 (at some constant or close to 5Ca(OH),+6FeSi+30.5H,0—
constant number of moles of water for all reactions): —5Ca0-6Si0,-5.5H,0+21H,+6Fe(OH),, (13)
Ca(OH),:FeSi=1:2 5Ca(OH),+6FeSi+31.375H,0—
—1.25[4Ca0-3Si0,-1.5H,0]+21H,+
Ca(OH),*+2FeSi+11.7H,0— +2.25[H,Si0,]t6Fe(OH);, (14)
—0.2[5Ca0-6Si0,-5.5H,0]+7H,+
+0.8[H,SiO,]+2Fe(OH);, (1) 5Ca(OH),+6FeSi+27.83H,0—
—0.83[6Ca0-6Si0,-H,0]+21H,+
Ca(OH),*+2FeSi+11.875H,0— +H,SiO,+6Fe(OH);, (15)
—0.25[4Ca0-3Si0,-1.5H,0]+7H,+
+1.25[H,Si0,]+2Fe(OH);, (2) 5Ca(OH),+6FeSi+31H,0—
—2[2Ca0-3Si0,-2.5H,0]+21H,+
Ca(OH),*+2FeSi+11.17H,0— +0.33[3Ca0-Fe,0,-6H,0]+5.33Fe(OH);, (16)
—0.17[6Ca0-6Si0,-H,0]+7H,+
+H,Si0,+2Fe(OH),, (3) 5Ca(OH),+6FeSi+33H,0—
—3[Ca0-2Si0,-2H,0]+21H,+
Ca(OH),+2FeSi+11.25H,0— +0.67[3Ca0-Fe,0;-6H,0]+4.67Fe(OH);, (17)
—0.5[2Ca0-3Si0,-2.5H,0]+7H,+
+0.5[H,SiO0,]+2Fe(OH);, (4) 5Ca(OH),+6FeSi+34.925H,0—
—2.5[2Ca0-Si0,-1.17H,0]+21H,+
Ca(OH),*+2FeSi+11H,0— +3.5[H,SiO,]+6Fe(OH);, (18)
—-Ca0-2Si0,-2H,0+7H,+2Fe(OH);, &)
Ca(OH),:FeSi=6:6
Ca(OH),*+2FeSi+12.585H,0—
—0.5[2Ca0-Si0,-1.17H,0]+7H,+ 6Ca(OH),+6FeSi+30.5H,0—
+1.5[H,SiO,]+2Fe(OH);, (6) —5Ca0-65i0,-5.5H,0+21H,+
+0.33[3Ca0-Fe,0;-6H,0]+5.33Fe(OH);, (19)
Ca(OH),:FeSi=2:3
6Ca(OH),+6FeSi+29.25H,0—
2Ca(OH),+3FeSi+16.4H,0— —1.5[4Ca0-3Si0,-1.5H,0]+21H,+
—0.4[5Ca0-6Si0,-5.5H,0]+10.5H,+ +1.5[H,SiO,]+6Fe(OH),, (20)
+0.6[H,SiO,]+3Fe(OH),, (7)
6Ca(OH),+6FeSi+25H,0—
2Ca(OH),+3FeSi+16.75H,0— —6Ca0-6Si0,-H,0+21H,+6Fe(OH),, (21)
—0.5[4Ca0-3Si0,-1.5H,0]+10.5H,+
+1.5[H,SiO,]+3Fe(OH);, (8) 6Ca(OH),+6FeSi+31H,0—
—2[2Ca0-3Si0,-2.5H,0]+21H,+
2Ca(OH),+3FeSi+15.33H,0—» +0.67[3Ca0-Fe,0;-6H,0]+4.67Fe(OH); (22)
—0.33[6Ca0-6Si0,-H,0]+10.5H,+
+H,Si0,+3Fe(OH),, (9) 6Ca(OH),+6FeSi+33H,0—
—3[Ca0-2Si0,-2H,0]+21H,+
2Ca(OH),+3FeSi+15.5H,0— +3Ca0-Fe,0,-6H,0+4Fe(OH),, (23)

—2Ca0-3Si0,-2.5H,0+10.5H,+3Fe(OH);, (10)

Thermodynamic analysis of chemical reactions in the systems FeSi—Ca(OH),—H,0 and FeSi,—Ca(OH),—H,0
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6Ca(OH),+6FeSi+33.51H,0->
—53[2Ca0-Si0,-1.17H,0]+21H,+
+3[H,Si0,]+6Fe(OH)s,

Ca(OH),:FeSi=4:3

4Ca(OH),+3FeSi+15.25H,0->
-50.5[5Ca0-6Si0,-5.5H,0]+10.5H,+
+0.5[3Ca0-Fe,0,-6H,0]+2Fe(OH)s,

4Ca(OH),+3FeSi+12.5H,0—
—4Ca0-3S5i0,-1.5H,0+10.5H,+3Fe(OH);,

4Ca(OH),+3FeSi+12.5H,0->
—50.5[6Ca0-6Si0,-H,0]+10.5H,+
+0.33[3Ca0-Fe,0,-6H,0]+2.33Fe(OH),,

4Ca(OH),+3FeSi+15.5H,0->
~52Ca0-3Si0,2.5H,0+10.5H,+
+0.67[3Ca0-Fe,0,-6H,0]+1.67Fe(OH),,

4Ca(OH),+3FeSi+16.5H,0->
~51.5[Ca0-28i0,.2H,0]+10.5H,+
+0.83[3Ca0-Fe,0,-6H,0]+1.33Fe(OH),

4Ca(OH),+3FeSi+15.34H,0->
—52[2Ca0-Si0,-1.17H,0]+10.5H,+
+H,SiO,+3Fe(OH),,

Ca(OH),:FeSi=2:1

2Ca(OH),+FeSi+5.17H,0—>
—50.17[5Ca0-68i0,-5.5H,0]+3.5H,+
+0.39[3Ca0-Fe,0,-6H,0]+0.22Fe(OH),

2Ca(OH),+FeSi+4.17H,0—>
—50.33[4Ca0-38i0,-1.5H,0]+3.5H,+
+0.22[3Ca0-Fe,0,-6H,0]+0.56Fe(OH),,

2Ca(OH),*+FeSi+4.17H,0—

-50.17[6Ca0-68i0,-H,0]+3.5H,+
+0.33[3Ca0-Fe,0,-6H,0]+0.33Fe(OH),,

2Ca(OH),+FeSi+5.17H,0—>
~50.33[2Ca0-38i0,-2.5H,0]+3.5H,+
+0.44[3Ca0-Fe,0,-6H,0]+0.11Fe(OH),,

2Ca(OH),+FeSi+5.5H,0—>
—50.5[Ca0-28i0,-2H,0]+3.5H,+
+0.5[3Ca0-Fe,0,-6H,0],

2Ca(OH),*+FeSi+4.17H,0—
—2Ca0-Si0,-1.17H,0+3.5H,+Fe(OH);.

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)

For the FeSi,—Ca(OH),—H,0 system, the
following reactions with a similar ratio of calcium
hydroxide to the ferrosilicon were considered:

Ca(OH),:FeSi,=1:2

Ca(OH),+FeSi,+8.7H,0->
-50.2[5Ca0-68i0,-5.5H,0]+5.5H,+
+0.8[H,Si0,]+Fe(OH),, (37)

Ca(OH),+FeSi,+8.875H,0—
—50.25[4Ca0-38i0,-1.5H,0]+5.5H,+
+1.25[H,SiO,]+Fe(OH)s, (38)

Ca(OH),+FeSi,+8.23H,0->
-50.17[6Ca0-68i0,-H,0]+5.56H,+
+H,Si0,+Fe(OH)s, (39)

Ca(OH),+FeSi,+8.25H,0—
-50.5[2Ca0-38i0,-2.5H,0]+5.5H,+
+0.5[H,Si0,]+Fe(OH)s, (40)

Ca(OH),+FeSi,+8H,0—
5Ca0-28i0,.2H,0+5.5H,+Fe(OH),, (41)

Ca(OH),+FeSi,+9.585H,0—
—50.5[2Ca0-Si0,-1.17H,0]+5.5H,+
+1.5[H,Si0,]+Fe(OH),, (42)

Ca(OH),:FeSi,=2:3

2Ca(OH),+1.5FeSi,+11.9H,0-
—50.4[5Ca0-68i0,-5.5H,0]+8.25H,+
+0.6[H,Si0,]+1.5Fe(OH),, (43)

2Ca(OH),+1.5FeSi,+12.25H,0—
~50.5[4Ca0-3Si0,-1.5H,0]+8.25H,+
+1.5[H,Si0,]+1.5Fe(OH)s, (44)

2Ca(OH),+1.5FeSi,+10.83H,0—
-50.33[6Ca0-68i0,-H,0]+8.25H,+
+H,Si0,+1.5Fe(OH),, (45)

2Ca(OH),+1.5FeSi,+11H,0-
~52Ca0-3Si0,2.5H,0+8.25H,+1.5Fe(OH),, (46)

2Ca(OH),+1.5FeSi,+13.5H,0-
~5Ca0-28i0,-2H,0+8.25H,+H,SiO, +
0.33[3Ca0-Fe,0,.-6H,0]+0.83Fe(OH),, (47)

2Ca(OH),+1.5FeSi,+13.67H,0—
—2Ca0-Si0,-1.17H,0+8.25H,+
+2[H,Si0,]+1.5Fe(OH)s, (48)
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Ca(OH),:FeSi,=5:6 4Ca(OH),+1.5FeSi,+8H,0—
—4Ca0-3Si0,-1.5H,0+8.25H,+1.5Fe(OH),, (62)
5Ca(OH),+3FeSi,+21.5H,0—
—5Ca0-68Si0,-5.5H,0+16.5H,+3Fe(OH);, (49) 4Ca(OH),*+1.5FeSi,+8H,0—
—0.5[6Ca0-6Si0,-H,0]+8.25H,+
5Ca(OH),+3FeSi,+22.375H,0— +0.33[3Ca0-Fe,0;,:6H,0]+0.83Fe(OH);, (63)
—1.25[4Ca0-3Si0,-1.5H,0]+16.5H,+
+2.25[H,Si0,]t+3Fe(OH);, (50) 4Ca(OH),*+1.5FeSi,+11H,0—
—2Ca0-3Si0,-2.5H,0+8.25H,+
5Ca(OH),+3FeSi,+18.83H,0— +0.67[3Ca0-Fe,0;:6H,0]+0.17Fe(OH);, (64)
—0.83[6Ca0-6Si0,-H,0]+16.5H,+
+H,SiO,+3Fe(OH);, (51) 4Ca(OH),+1.5FeSi,+11.5H,0—
—1.5[Ca0-2S8i0,-2H,0]+8H,+
5Ca(OH),+3FeSi,+22H,0— +0.75[3Ca0-Fe,0;-6H,0], (65)
—2[2Ca0-3Si0,-2.5H,0]+16.5H,+
+0.33[3Ca0-Fe,0;-6H,0]+2.33Fe(OH);, (52) 4Ca(OH),+1.5FeSi,+10.84H,0—
—2[2Ca0-Si0,-1.17H,0]+8.25H,+
5Ca(OH),+3FeSi,+24H,0— +H,SiO,+1.5Fe(OH);, (66)
—3[Ca0-2Si0,-2H,0]+16.5H,+
+0.67[3Ca0-Fe,0;-6H,0]+1.67Fe(OH);, (53) Ca(OH),:FeSi,=2:1
5Ca(OH),+3FeSi,+25.925H,0— 2Ca(OH),+0.5FeSi,+3.58H,0—
—2.5[2Ca0-Si0,-1.17H,0]+16.5H,+ —0.17[5Ca0-6Si0,-5.5H,0]+2.75H,+
+3.5[H,SiO4]+3Fe(OH);, (54) +0.25[3Ca0-Fe,0,-6H,0]+0.42Ca(OH),, (67)
Ca(OH),:FeSi,=6:6 2Ca(OH),+0.5FeSi,+2.67H,0—
—0.33[4Ca0-3Si0,-1.5H,0]+2.75H,+
6Ca(OH),+3FeSi,+21.5H,0— +0.22[3Ca0-Fe,0;-:6H,0]+0.06Fe(OH);, (68)
—5Ca0-65i0,-5.5H,0+16.5H,+
+0.33[3Ca0-Fe,0;-:6H,0]+2.33Fe(OH);, (55) 2Ca(OH),+0.5FeSi,+2.67H,0—
—0.17[6Ca0-6Si0,-H,0]+2.75H,+
6Ca(OH),+3FeSi,+20.25H,0— +0.25[3Ca0-Fe,0,-6H,0]+0.25Ca(OH),, (69)
—1.5[4Ca0-3Si0,-1.5H,0]+16.5H,+
+1.5[H,SiO,]+3Fe(OH);, (56) 2Ca(OH),+0.5FeSi,+3.67H,0—
—0.33]2Ca0-3Si0,-2.5H,0]+2.75H,+
6Ca(OH),+3FeSi,+16H,0— +0.25[3Ca0-Fe,0;-6H,0]+0.58 Fe(OH);, (70)
—6Ca0-6S5i0,-H,0+16.5H,+3Fe(OH);, (57)
2Ca(OH),+0.5FeSi,+4H,0—
6Ca(OH),+3FeSi,+22H,0— —0.5[Ca0-2Si0,-2H,0]+2.75H,+
—2[2Ca0-3Si0,-2.5H,0]+16.5H,+ +0.25[3Ca0-Fe,05,-6H,0]+0.75Ca(OH), (71)
+0.67[3Ca0-Fe,05,-6H,0]+1.67Fe(OH), (58)
2Ca(OH),+0.5FeSi,+2.67H,0—
6Ca(OH),+3FeSi,+24H,0— —2Ca0-Si0,1.17H,0+2.75H,+0.5Fe(OH),. (72)
—3[Ca0-2Si0,-2H,0]+16.5H,+
+3Ca0-Fe,0,-6H,0+Fe(OH),, (59) The analysis of the results of the performed
calculations (Tables 1 and 2) shows that the lowest
6Ca(OH),+3FeSi,+24.51H,0— value of the Gibbs energy change for the formation
—3[2Ca0-Si0,-1.17H,0]+16.5H,+ of hydrosilicates corresponds to the stoichiometric
+3[H,Si0,]+3Fe(OH),, (60) ratios of the initial components (reactions (5), (10),
(13), (21), (26), (36), (41), (46), (49), (57), (62),
Ca(OH),:FeSi,=4:3 and (72)).
4Ca(OH),+1.5FeSi,+10.75H,0— The temperature dependences of the change
—0.5[5Ca0-6Si0,-5.5H,0]+8.25H,+ in Gibbs energy are ambiguous and depend on the
+0.5[3Ca0-Fe,0;-6H,0]+0.5Fe(OH),, (61) ratio of calcium hydroxide to ferrosilicon in the

Thermodynamic analysis of chemical reactions in the systems FeSi—Ca(OH),—H,0 and FeSi,—Ca(OH),—H,0
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hydrated system (Figs. 1 and 2). Thus, for the ratio
of reagents of 1:2, gyrolite is thermodynamically more
stable up to 420 K. However, okenite becomes more
stable at a further increase in temperature (Fig. 1,a,
reactions (4) and (5)). At the ratios
Ca(OH),:FeSi=2:1 and 6:6, hillebrandite is
thermodynamically more stable than all other
calcium hydrosilicates with increasing temperature
(Fig. 1,f, reaction (36)).

The analysis of the results obtained for the
FeSi,—Ca(OH),—H,O system shows that xonotlite
is more thermodynamically stable for the ratio
Ca(OH),:FeSi,=6:6 up to 360 K. Gyrolite becomes
more stable at temperatures higher than 360 K
(Fig. 2,d, reactions (57) and (58)). Thus, gyrolite

and foshagite are thermodynamically stable with
increasing temperature for the ratio
Ca(OH),:FeSi,=4:3, and when the temperature
reaches 330 K, gyrolite is found to be more stable
(Fig. 2,e, reactions (62) and (64)).

Conclusions

The performed thermodynamic study showed
the possibility of directed synthesis of the
mineralogical composition of hydration products in
the Ca(OH),—FeSi (or FeSi,)—H,0 systems. The
presented theoretical results clear up the mechanisms
of hydration of the astringents and building materials
on their basis. The obtained data can be used to
study physicochemical processes occurring in aerated
concretes, which are hardened by both autoclave

Table 1
The values of Gibbs energy for the reactions of hydrosilicate formation at different basicity
in the Ca(OH),:FeSi system
—AG%595, kJ/mol
No. | Product of reaction Ca(OH),:FeSi
1/2 2/3 5/6 6/6 4/3 2/1
Tobermorite
1 5Ca0-6Si0,-5.5H,0 685.411 | 1070.045 | 2223.944 | 2237.223 1156.065 | 409.807
Foshagite
2 4Ca0-38i0,-1.5H,0 666.533 | 1032.287 | 2129.550 | 2194.527 | 1162.240 | 381.441
Xonotlite
3 6Ca0-6Si0,-H,0 676.162 | 1014.681 | 2131.615 | 2341.559 | 1144.957 | 416.311
Gyrolite
4 2Ca0-38i10,:2.5H,0 694.739 | 1088.700 | 2190.678 | 2236.190 | 1147.491 | 367.055
Okenite
5 Ca0-2Si0,2H,0 700.546 | 1081.634 | 2176.547 | 2189.826 | 1108.192 | 394.367
Hillebrandite
6 2Ca0-Si0,-1.17H,0 655.675 | 1010.572 | 2075.263 | 2129.382 | 1118.810 | 421.757
The values of Gibbs energy for the reactions of hydrosilicate formation at different basicity
in the Ca(OH),:FeSi, system
—AG%, kJ/mol
No. | Product of reaction Ca(OH),:FeSi,
1/2 2/3 5/6 6/6 4/3 2/1
Tobermorite
1 5C20-65i0,-5.5H,0 755.931 | 1175.824 | 2435.504 | 2448.783 | 1261.845 | 444.276
Foshagite
2 4Ca0-38i0,.1.5H,0 737.052 | 1138.067 | 2341.110 | 2406.086 | 1269.387 | 416.701
Xonotlite
3 6Ca0-65i0,-H,0 760.349 | 1120.461 | 2343.175 | 2463.866 | 1235993 | 467.681
Gyrolite
4 2C20-38i0,:2.5H,0 765.259 | 1194.479 | 2402.238 | 2445.429 | 1268.019 | 312.635
Okenite
5 Ca0-25i0,2H,0 771.066 | 1120.383 | 2388.106 | 2401.385 | 1123.379 | 429.607
Hillebrandite
6 2Ca0-8i0,-1.17H,0 726.195 | 1116.352 | 2286.823 | 2340.942 | 1224.590 | 476.916
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Fig. 1. Temperature dependences of Gibbs energy at different ratio Ca(OH),:FeSi:
a—1:2;b—2:3;¢c—5:6;d—6:6;¢e —4:3; f— 2:1

and non-autoclave methods and contain ferrosilicon
of different chemical compositions as a gasifier.
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TEPMOJMHAMIYHUIA AHAJII3 XIMIYHHUX PEAKIITIT B
CHCTEMAX FeSi—Ca(OH),—H,0 I FeSi,—Ca(OH),—H,0

A.0. Mycina, 0.0. Cieynos, T.B. Kpasuenxo, A.O. I'ypa

Bukopucmanns mepmodunamiunoeo ananizy 6 mexuonoeii
cunikamie € Hegid ‘€MHOI HaACMUHOK HAYKOBUX 00CAIOMNCeHb i 8adic-
AUB0I0 CKAA0080H0 NpuU eus4eHHI npoyecie eiopamauii. Tepmoduna-
MIMHUL aHani3 0036045€ 00TPYHMY8amMuU HANPAMOK, 34 AKUM 8i06y-
saromoucsi npoyecu eidpamayii MIHEPANLHUX 8 IHCYHUX, a MaAK0NC
cmiiKkicms 2i0pamuux ymeopeHs, AKIi eu3Hauarome MiyHicmo Oe-
mowuie. /s docaioxcenus npoyecie meepoHeHHs: He0OXiOHO po3ensi-
Hymu mepMoOUHAMIKy peanbHUX po34uHie 6 aicyuux y 6odi ma mep-
MOOUHAMIKY CRIGICHYBAHHS 3MIWAHUX KpucmaniyHux ¢az. Hamu
BUKOHAHO MePMOOUHAMIYHUT aHAAI3 peaKyill eiopamauii é cucme-
max FeSi—Ca(OH),—H,0 ma FeSi,—Ca(OH),—H,0, axi xapak-
mepHi 0451 mexHoA02ii UPOOHUUMEA Hi30preamux 2azobemoHis. B
docaidcysanii cucmemi NOKA3AHA MONCAUBICIb BUKOHY8aAMU HA-
npaenenull cunmes MiHepan02itHo2o ckaady npodykmie eiopamauii.
Bcmanoeneno nocaidosricme ximiunux peakuitl i 3anedxcHicmo ix
npomikanHs 6id memnepamypu. Hadani meopemuuni docnioxncents
PO3UWUDPIOIOMb Y6AeHHS NP0 MeXaniamu eidpamauii  ’axcyuux i oy-
digeabHUX Mamepianié Ha ix OCHOBI, 30KpemMa Npu eUGUeHHI Pi3UK0-
XimMiuHUX npoyecie, wo nepebdieaioms 6 2a300eMOHAX ABMOKAABHO20
i Hea8MOKAABHO20 MEEPOHEHHS, AKI MICMAMb 6 AKOCHI 2a30ymeo-
prosaua gepocuniyiil pizHoeo XimiuHo2o ckaaoy.

Knwoyosi caoBa: ra3o0eToH,
TepMOAMHAMIYHUN aHanis, BamHo,
MiHepaJIoyTBOpeHHs1, eHepris ['i60ca.

depocuminiii,
rimparaiis,

THERMODYNAMIC ANALYSIS OF CHEMICAL
REACTIONS IN THE SYSTEMS FeSi—Ca(OH),—H,0 AND
FeSi,—Ca(OH),—H,0

A.O. Musina, O.0. Sihunov *, T.V. Kravchenko, A.O. Hura

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine
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The use of thermodynamic analysis in silicate technology is
an integral part of scientific research and an important component
in the study of hydration processes. Thermodynamic analysis allowed
substantiating the path of the processes of mineral binders hydration
and the stability of hydrated formations, which affects the strength of
the concrete. To investigate the solidification processes, one should
consider both the thermodynamics of the real solutions of astringent
in water and the thermodynamics of the coexistence of mixed
crystalline phases. We carried out the thermodynamic analysis of
hydration reactions in the systems FeSi—Ca(OH),—H,0 and FeSi,—
Ca(OH),—H,0, that are used in the production of cellular gas
concretes. We showed that there is a possibility to perform directed
synthesis of the mineralogical composition of hydration products in
the systems under study. The sequence of the chemical reactions and
their temperature dependences are established. The developed
theoretical model allows understanding the mechanisms of hydration
of astringent and building materials on their basis, in particular in
the study of physicochemical processes occurring in aerated concretes,
prepared by both autoclave and non-autoclave curing, which contain
gas-forming ferrosilicon of different chemical compositions.

Keywords: aerated concrete; ferrosilicon; thermodynamic
analysis; lime; hydration; mineral formation; Gibbs energy.
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