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ABSTRACT. The thermodynamic analysis of processes expected in SiO2-Mg system at high temperatures has
been conducted. The opinion has been  expressed that energetically the most probable is reduction of  silica by
the reaction SiO2 + 4Mg = 2Mgo + Mg2Si in the temperature range 1000-1300K. © 2009 Bull. Georg. Natl. Acad.
Sci.
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The high level of necessity of high-clean silicon
causes the growth of intensity of researches in this di-
rection. In this connection, a task is set to establish lim-
its of thermodynamic probability of reactions of reduc-
tion of silicon dioxide (SiO2) by magnesium (Mg) in a
wide range of temperatures. To this end the method [1],
formulation of trinomial equations of temperature de-
pendence on Gibbs free energy have been used:

ΔG0
T
  = A + BT lgT + CT (1)

Necessary data for calculations [2-4] of the thermo-
dynamic functions of the components of extending the
investigated system of SiO2-Mg are presented in Table
1. With the purpose of a range of action of the required
equations ΔG0

T, for liquid magnesium and Mg2Si their
heat capacities are calculated [5, 6] respectively for the
range 923-1368 K and 298-1358 K; these data are pre-
sented also in Table 1.

At the beginning it is necessary to determine the
kind, quantity and limits of reactions expected in the
SiO2-Mg system. We consider that depending on de-
grees of reduction of silicon, the  course of the  follow-
ing reactions must be expected in the investigated sys-

tem:

SiO
2
 + Mg = MgO + SiO↑ I

SiO
2
 + 2Mg = 2MgO + Si II

SiO
2
 + 4Mg = 2MgO + Mg

2
Si III

Besides there is the possibility of interaction of prod-
ucts of the reactions with the initial components under
the scheme:

SiO
2
 + Si = 2SiO↑ IV

SiO
2
 + MgO = Mg

2
SiO

3
V

SiO
2
 + 2MgO = Mg

2
SiO

4
VI

It is possible to present reactions I-IV as an
algebraical sum of simple reactions proceeding in a
certain temperature range:
1

I. Si(S) + O2(g) = SiO2(S)   - /298-1688K/ - ΔG0
T (1I)

1II. Si(L) + O2(g)=SiO2(S) - /1688–2000 K/ - ΔG0
T (1II)

2I. Mg(S) + 1/2O2(g) = MgO(S)-/298–923 K/-ΔG0
T (2I)

2II. Mg(L)+1/2O2(g)=MgO(S)-/923–1368 K/- ΔG0
T (2II)

2III. Mg(g)+1/2O2(g)=MgO(S)-/1368–2000K/ -ΔG0
T(2III)

3I.Si(S) + 1/2O2(g) = SiO(g) -/298–1688 K/ - ΔG0
T  (3I)
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3II. Si(L) + 1/2O2(g) = SiO(g)-/1688–2000K/-ΔG0
T  (3II)

4I. Si(S) + 2Mg(S) = Mg2Si(S)  - /298–923K/-ΔG0
T  (4I)

4II. Si(S) + 2Mg(L) = Mg2Si(S)- /923–1358K/-ΔG0
T(4II)

For reactions V and VI in a respective temperature
range it is necessary to determine in advance Gibbs free
energy for the formation of magnesium silicate from
simple substances:

5I. Mg
(S)

 + Si
(S)

 + 1.5O
2 (g)

 = MgSiO
3(S)

I -
-/298 – 923 K/ - ΔG0

T
(5I)

5II. Mg
(L)

 + Si
(S)

 + 1.5O
2(g)

 = MgSiO
3(S)

II -

-/923 – 1368 K/ - ΔG0
T

(5II)

5III. Mg
(g)

 + Si
(S)

 + 1.5O
2(g)

 = MgSiO
3(S)

III -

-/1368 – 1688 K/ - ΔG0
T

(5III)

5IV. Mg
(g)

 + Si
(L)

 + 1.5O
2(g)

 = MgSiO
3(S)

 -

-/1688 – 1923 K/ - ΔG0
T

(5IV)

6I. 2Mg
(S)

 + Si
(S)

 + 1.5O
2(g)

 = Mg
2
SiO

4(S)
 -

-/298 – 923 K/ - ΔG0
T

(6I)

6II. 2Mg
(L)

 + Si
(S)

 + 1.5O
2(g)

 = Mg
2
SiO

4(S)
 -

-/923 – 1368 K/ - ΔG0
T

(6II)

6III. 2Mg
(g)

 + Si
(S)

 + 1.5O
2(g)

 = Mg
2
SiO

4(S)
 -

-/1368 – 1688 K/ - ΔG0
T

(6III)

6IV. 2Mg
(g)

 + Si
(L)

 + 1.5O
2(g)

 = Mg
2
SiO

4(S)
 -

-/1688 – 1923K/ - ΔG0
T

(6IV)

On the basis of data of Table 1 and the calculation
scheme, presented in [1] for the above-stated simple
reactions, equations of temperature change of Gibbs free
energy are derived:
ΔG0

T(1I) =-218670 – 4.62·T·lgT + 58.12·T  cal.mole-1

/298-1688 K/,
ΔG0

T(1II) = -234900 – 11.3·T·lgT + 89.38·T cal.mole-1

/1688-2000 K/,
ΔG0

T(2I) = -144010 – 1.49·T·lgT + 30.37·T cal.mole-1

/298-923 K/,
ΔG0

T(2II) = -145540 – 0.23·T·lgT + 28.29·T cal.mole-1

/923-1368 K/,
ΔG0

T(2III) = -180720 – 8.0·T·lgT + 78.36·T cal.mole-1

/1368-2000 K/,
ΔG0

T(3I) = -23640 + 6.73·T·lgT – 41.75·T cal.mole-1

/298-1688 K/,
ΔG0

T(3II) = -34930 + 7.94·T·lgT – 39.0·T cal.mole-1

/1688-2000 K/,

ΔG0
T(41) = -18680 + 1.92·T·lgT – 3.65·T cal.mole-1

/298-923 K/,
ΔG0

T (411) = -22150 + 3.63·T·lgT – 5.0·T cal.mole-1

/298-1358 K/,
ΔG0

T (5I) = -370200 – 2.94·T·lgT + 77.86·T cal.mole-1

/298-923 K/,
ΔG0

T(5II) = -370400 – 4.41·T·lgT + 81.16·T cal.mole-1

/923-1368 K/,
ΔG0

T(5III)=-404440–10.83·T·lgT + 126.73·T cal.mole-1

/1368-1688 K/,
ΔG0

T(5IV)= -416660–10.93·T·lgT + 133.9·T cal.mole-1

/1688-1923 K/,
ΔG0

T(6I) = - 520160 –6.02·T·lgT+113.83·T cal.mole-1

/298-923 K/,
ΔG0

T (6II)=-523930– 8.12·T·lgT+125.01·T cal.mole-1

/923-1368 K/,
ΔG0

T (6III) =-56020-26.51·T·lgT + 210.19·T cal.mole-1

/1368-1688 K/,
ΔG0

T(6IV)=-577220–31.07·T·lgT +233.9·T cal.mole-1

/1688-2000 K/.
As a result of algebraical summation of the corre-

sponding equations ΔG0
T, received above, it is possible

to form equations of temperature dependence of Gibbs
free energy for the expected processes I-VI. In Table 2
for the indicated reactions numerical values of coeffi-
cients of the required equations are presented. In the
same Table the numerical values of Gibbs free energy I-
VI of reactions calculated by the derived equations are
presented at the critical temperatures. On the basis of
these data, a graph of the temperature change of ΔG0

T of
these reactions is constructed (Fig. 1).

Data of  Fig.1 unequivocally show that in the inves-
tigated system of (SiO2 + Mg) in the range of 1000-
1300K energetically the most probable process is reac-
tion III with formation of the silicide of magnesium. In

Fig. 1. Dependence of Gibbs free energy on the temperature for
reactions I-VI.
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the same temperature range of a certain reaction II with
formation of elementary silicon is less favourable.

It is necessary to note that in the investigated tem-
perature range of 298-2000K, though energetically the
course of reaction 1 is improbable, however, consider-
ing the fact that one of the products of reactions (SiO)

is gaseous, it is not excluded that above 1400K, at ob-
serving certain kinetic conditions, there is a possibility
of its realization. Formation of silicates of magnesium
is realizable at high temperatures of the order of 1400-
2000K. Reaction IV – interaction of SiO2 with silicon –
is possible to occur only above 2000K.

Table 2

Reactions expected in mixtures of  SiO2 -Mg, corresponding to them equations of temperature changing of Gibbs
free energy and numerical values of function at critical temperatures (1 cal = 4.184 Joule)

Reaction 
Coefficients of equations 
∆G0

T  = A + BT lgT + CT 
Temperature

Range К
Numerical values of  Gibbs free energy  
(cal.mole-1) at critical temperatures, К

-A B C 298 923 1358 1368 1688 2000 
1 2 3 4   6 7 8 9 10 11 
I

SiO2(S)+Mg(S)=MgO(S)+SiO(g) 51020 
(±600) 

9.86 -69.50 
(±0.96) 

298-923 37580 
(±890) 

13860 
(±1490)

    

SiO2(S) +Mg(L)=MgO(S)+SiO(g) 49490 
(±650) 

11.12 -71.58 
(±0.91) 

923-1368  13850 
(±1490)

- -720 
(±1900)

SiO2(S) +Mg(g)=MgO(S)+SiO(g) 14310 
(±650) 

3.35 -21.51 
(±0.86) 

1368-1688    -750 
(±1800)

-3750 
(±2100) 

SiO2(S) +Mg(g)=MgO(S)+SiO(g) 19250 
(±800) 

11.24 -50.08 
(±0.62) 

1688-2000     -4020 
(±1930) 

-6700 
(±2150)

II
SiO2(S)+2Mg(S)=2MgO(S)+Si(S) -69350 

(±240) 
1.64   2.62 

(±1.19) 
298-923 -67360 

(±590) 
-62450 
(±1340)

    

SiO2(S) +2Mg(L)=2MgO(S)+Si(S) -72410 
(±300) 

4.16  -1.54 
(±1.04) 

923-1368  -62440 
(±1260)

- -56670 
(±1720)

SiO2(S) +2Mg(g)=2MgO(S)+Si(S) -142670
(±300) 

-11.38   98.60 
(±0.90) 

1368-1688    -56610 
(±1530)

-38230 
(±1820)

SiO2(S) +2Mg(g)=2MgO(S)+Si(L) -126540
(±400) 

-4.7   67.34 
(±0.70) 

1688-2000     -38470 
(±1480)

-22890 
(±1800)

III
SiO2(S) +4Mg(S)=2MgO(S)+Mg2Si(S) -88030 

(±1120)
3.56  -1.03 

(±0.96) 
298-923 -85720 

(±1410)
-79240 
(±2010)

    

SiO2(S) +4Mg(L)=2MgO(S)+Mg2Si(S) -94560 
(±1300)

7.79  -6.54 
(±1.12) 

923-1358  -79280 
(±2330)

-70300 
(±2820)

IV
SiO2(S) +Si(S)=2SiO(g) 171390 

(±1670)
18.08 -141.62 

(±1.70) 
298-1688 142520 

(±2180)
- - - 30840 

(±2850)
SiO2(S) +Si(L)=2SiO(g) 165040 

(±2000)
27.18 -167.38 

(±1.42) 
1688-2000     30570 

(±4400)
8720 

(±4840)
V

MgO(S) +SiO2(S)=MgSiO3(S)I -7520 
(±800) 

3.17 -10.63 
(±0.71) 

298-923 -8350 
(±1000)

-8650 
(±1450)

    

MgO(S) +SiO2(S)=MgSiO3(S)II -6190 
(±900) 

0.44 -5.25 
(±0.91) 

923-1368  -9640 
(±1730)

- -11480 
(±2130)

MgO(S) +SiO2(S)=MgSiO3(S)III -5050 
(±1000)

1.79 -9.75 
(±1.03) 

1368-1688    -10710 
(±2420)

-11760 
(±2740)

MgO(S) +SiO2(S)=MgSiO3(S)
III -1040 

(±1380)
8.37 -33.84 

(±0.94) 
1688-1923     -12560 

(±2870)
-13250 
(±3260)

VI 
2MgO(S) +SiO2(S)=Mg2SiO4(S) -13370 

(±880) 
1.58  -5.03 

(±1.45) 
298-923 -3700 

(±1310)
-13690 
(±2220)

    

2MgO(S) +SiO2(S)=Mg2SiO4(S) -14180 
(±1100)

-3.04  10.31 
(±0.96) 

923-1368  12980 
(±1990)

- -13120 
(±2410)

2MgO(S) +SiO2(S)=Mg2SiO4(S) 18090 
(±1250)

-5.89  -4.65 
(±0.91) 

1368-1688    -13540 
(±2490)

-20850 
(±2790)

2MgO(S) +SiO2(S)=Mg2SiO4(S) 19120 
(±1650)

-3.77  -12.19 
(±0.81) 

1688-2000     -22000 
(±3020)

-30120 
(±3270)
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fiziuri qimia

maRal temperaturebze manganumiT siliciumis

dioqsidis aRdgenis procesis Termodinamikuri

albaTobis gamokvleva

a. nadiraZe
*

, i. baraTaSvili
**

, i. fulariani
*

, q. ukleba
*

* f. TavaZis metalurgiisa da masalaTmcodneobis instituti, Tbilisi

** akademiis wevri, f. TavaZis metalurgiisa da masalaTmcodneobis instituti, Tbilisi

maRal temperaturebze SiO2 + Mg sareaqcio narevSi mosalodneli aRdgeniTi procesebi SeiZleba

warimarTos Semdegi sqemiT:

SiO
2
 + Mg = MgO + SiO↑ I

SiO
2
 + 2Mg = 2MgO + Si II

SiO
2
 + 4Mg = 2MgO + Mg

2
Si III

garda amisa SeiZleba moxdes urTierTqmedeba sawyis nivTierebebsa da reaqciis produqtebs

Soris:

SiO
2
 + Si = 2SiO↑ IV

SiO
2
 + MgO = Mg

2
SiO

3
V

SiO
2
 + 2MgO = Mg

2
SiO

4
VI

moyvanili reaqciebis ganxorcielebis Termodinamikuri albaTobis gansazRvris mizniT saTanado

temperaturul intervalebSi am reaqciebisaTvis Sedgenilia gibsis Tavisufali energiis (ΔG0

T)

gantolebebi, romelTa safuZvelze calsaxad SegviZlia davadginoT, rom aRdgenis procesi unda

warimarTos III sqemis mixedviT.
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