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Thermodynamics analysis effect of silicon dioxide in dolomite on
magnesium production by silicothermic process
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Abstract: The condition of high-SiO, dolomite unfavorable for the magnesium production at the silicothermic process by
thermodynamic was investigated. The thermodynamics analysis was used to study the processes of the dolomite
calcination and the magnesium production by reduction, and A G® —T relations of the chemical reactions involving
SiO, were obtained. The results show that the effect of SiO, is the formation of 2CaO-SiO, in the final calcined dolomite,
which reduce the CaO. The reactions involving SiO, in the calcination process are complex and several intermediate
product, such as 2MgO-SiO,, 2Ca0-SiO, and 3Ca0O-MgO-2Si0, form. With the increase of SiO, in dolomite, the

magnesium output sharply decreases, and the decrease is about 4 times of the SiO, content when SiO, is less than 4%.
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m(Ca0)/m(MgO)=1.394. n(CaO)/n(MgO)=1.01"",

WHEPGTR X s At EFE, HAasaseEl
(I 1.39)iE A0 EE, B Sio, & & (— BT
0.5%, ZAF 1.5%~3.0%Z [MYHEEEAR] . 4785 K H
PZHX ) Si0, 2 A R FERREE I, i IR DG B a2
FEFCHEAR SiOy XA BE (K B2 I T A HAH
BRI

AR S0, % fik #k Bk 52 R 11 SO R AR 2D
PIDGEON Fll ALXANDER" Ak, 76 1 A7 HH R A ik
BRPLR AT S10, 2] “HrERmBER” MfEH,
M YRHF AT Si0, WIAT fE2s FRARKERRE 112 A0 1R SO,
PR PR P it . T IR SCHRIUA Y, SiO, [ 3
PIAEPANTTTH : 1) fEA s fABbed i, Asfah
ff] SiO,v ALO; Fl Fe,05 2% 5t 23 AE Ui ML &)
(2MgO-Si0,+ mCaO-nFe,05+ mCaO-nAl05). IXLLy)
TR L 2 FEARAT 2% CaO FIl MgO s b2 HBke 1
AR, BRARIL AT s RS A 2
R A — PR ES s A, ARFHABpe ot 12,
2) fEEAEEA R, —J71f, SiO, &5 CaO /W,
BAAAT %% CaO M EE(ZE K 2Ca0-Si0,), FEHB/ MgO
%5 RN Si+4MgO=2MgO-SiO,+2Mg?, ik 5k
B 710, Si0, i 2x B MgO s W FEAIRA 2L MgO
(A 2MgO-Si0,), T BV = S BRIk AR
2MgO-SiO, 435N RbRI S, SEmEEZE MR H,
M T S JEU A O
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Fig.1 XRD pattern of dolomite sample in Chongqing
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Table 1 Chemical compositions of dolomite in Chongqing

(mass fraction, %)

CaO MgO SiO, Al,O4
30.81 20.886 2.74 0.82
K,O Na,O Fe,04 Igition loss

0.544 0.042 0.038 44.12
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P R ONBERSARTEH, R=8.314; T NIRE, K;
O N SERR A YR 7 e s B L .

22 BnABKRIEMBRNZSN

KT A ARSI R OIS, i—
BB LRI BB BB Ao
T 56N CaCO;. MgO il COy; 2B [, CaCO;
G3fifR CaO Fl CO,o AR, R TIX AN BT 4G
B, HATSCERIRIEAAAER K22 7> 70, T
AR L S ARG AR RS R R A i
BRI AT, AT EA R
MgCO;-CaCO; I il 158 — B BT 46 T 314 C((
(2)), X5 A=A LR R (2 750 TEART .
XFE, AREHE = A A AR 53 B LA BE A 7 1)
ORI, RN B I T R 4 A T I
ST, R AFAR A .
MgCO;-CaCO;=CaCO3;+MgO+CO,1 ()

A,G® =-0.217T+126.899 (kJ/mol)

qb: TOHRE, Ko

AT, 3T AR AT, AR HA
e LR L, R AR iz FE i)
Ptk R o I H MgCO;s I EARACER AL AL = A7 1)
BB, S RRREE N 729 K, RE A a0 iE
4 CaCO; Fll MgCO; [FF BRSEFR_EIFAAEAER ),

H BB CaCOs M KRR, Sl ek
1 130 Ko #En it Ea = AmA 454 n(CaCoOs):
n(MgCO5):n(Si0,)=12.05:11.36:1(Z % % 1), LH'E
3=

BT BRI AR, AT R 3
1 300~729 K, Hafi ROl 50 RN
%} mCaCOs-nMgCO;-Si0,: 5 4. 729~1 130K,
A R A B i (MgCO3;—MgO+CO, 1), 5
B IR R mCaCOs-nMgO-TEtL &) a; =
A 1 130~1 523 K, H=fKAES B
(CaCO;—CaO+CO1) » H %W [ N W) & R 4
mCaO-nMgO-TEAL Y Bo #5520 G5 oI e AT 2B 1k
FHEEL S, W a Ky SiOy; B, a WL gE R
WA AL S . [RIRE, 455 A R A AR
BB S Y, W B K as W], B AEE 0 45 0
BB RS

NG 3 B AT IR T

1) 0, 300~729 K IR N, 80 RN
Yk & N mCaCO;-nMgCO;-Si0, H.  n(CaCOs):
n(MgCO;):n(Si0,)=12.05:11.36:1. %k FR T Si0, 55
SN AT BEAE i . MgO-Si0,. 2MgO-SiO, .
Ca0-Si0, . 2Ca0-Si0,. 3Ca0-2Si0, . 3Ca0-SiO;
Ca0-MgO-Si0,. Ca0-MgO-2Si0,. 2Ca0-MgO-2Si0;.
3Ca0-MgO-28i0,.

X R AL GO W 2. 7857 L, 7521 300~500
K W2 MgO-SiO, il Ca0-Mg0-2Si0,, 1A, G® [t

F 2 300~729 K It} mCaCO3-nMgCO5-SiO, K &R 1 &7 H) ¥ A G©
Table2 A G® of products in mCaCO;3-nMgCOs-SiO; system during 300729 K

AG®/(kJ-mol )

Product
300 K 400 K 500 K 600 K 700 K 729 K
MgO-SiO, 27.89 10.53 —6.67 —23.62 —40.28 —45.11
2MgO-SiO, 65.51 30.66 -3.96 —38.21 —=72.00 —81.79
Ca0-SiO, 40.10 23.68 7.46 —8.54 —24.29 —28.86
2Ca0-SiO, 130.57 97.21 64.28 31.82 —0.18 —9.46
3Ca0-2Si0, 85.15 60.20 35.56 11.27 —12.67 —-19.61
3Ca0-SiO, 273.05 223.17 173.85 125.11 76.96 63.00
Ca0-MgO-SiO, 77.82 43.81 10.12 —23.16 —55.99 —65.51
CaO-MgO-2Si0O, 25.38 8.88 —7.41 —23.52 —39.43 —44.04
2Ca0-Mg0-2Si0, 66.91 40.85 15.07 -10.34 —35.34 —42.59
3Ca0-Mg0O-2Si0O, 103.61 69.17 35.12 1.54 -31.53 —41.12
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fidN; 72 500~729 K WA % 2MgO-Si0,, W
A GO [k, IR THE S 729 K 5T AE 2
AN 2MgO-Si0,. PRI EE —3D &5 I (729 K)
K1 7= %) 24 n(CaCO3):n(MgCO3):n(2MgO-Si0,)=12.05:
9.36:1.

2) S, AE 729~1 130 K SBFEIREE N, F 5211
SN 2l mCaCOs-nMgO-TEAL ) a. 55— 2D 1 %
AR Z 0T LI 28— 20 (1 25 S 23 PR Rl o i L gk A 7
Fpl: RO, RBCEE P SR R R AR AR
2MgO-SiO, ) S IV (J N K 18 845 11 27 5 A AN AL ),
NiZAK 224 n(CaCO;):n(MgO):n(Si0,)=12.05:11.36:1;
B RMESL, RBEEE DR K 2MgO-Si0, [F &V 7
I REAT, WZAK 2 N n(CaCOs):n(Mg0):n(2MgO-Si0,)=
12.05:9.36:1.

S PP RN R A, GO WA 3. 75 1 100~
1130 K I, 2CaO-SiO, (KM, A GO 7k,
A 3Ca0-MgO-2Si0, A A 2 IRFT . 542
2Ca0-Si0, Fl 3Ca0-MgO0-2Si0, # H AL [ 20(3)
1A.G®, WK 4RHEN, 1F729~1 130 K ItF, K(3)
11 A,G® <0, Bl 3CaO-MgO-28i0, H45 ¢ CaO /L

%3 729~1 130 K I} mCaCO3-nMgO-SiO, 1A & 1 #5711 A G®

% 2Ca0-SiO, [ RIEE S oL, 25 b4k
W (1 130 K) =4 vl B2 A4 n(CaCOs):n(MgO):
n(2Ca0-Si0,)=10.05: 11.36:1.
3Ca0-Mg0-28i0,+Ca0=2x2Ca0-Si0,+MgO (3)

SRS RNAR R I A, GO WK 5. FREAT LA
3, FE 1 100~1 130 K i, ZEm% 2Ca0-Si0, [ Vi1
AG® S B K, ZE R 3Ca0-MgO-2Si0, S W ]
AG® 5 2 AR BT Wk R gy BT S A
3Ca0-MgO-28i0, 5 45 CaO F/EK 2Ca0-Si0, it
oo RIS ZFMEDLT, DA R 130 K™
Y)W BE A n(CaCOs):n(MgO):  n(2Ca0-Si0,)=10.05:
11.36:1.

ZE LI, AR MG DL A R,
BRI 55— b B iR 2MgO-Si0, IH s N EE U], 5
PSR 130 KPR n(CaCOs):n(MgO):
n(2Ca0-Si0,)=10.05:11.36:1.

3) =20, 1 130~1 523 KIBEEEHN, %5
KK FR N mCaO-nMgO-FEAL AW B MRS — .
IR, =D RONAR R AT S 4 R A O
M, W 2 fis.

Table3 A G® of products in mCaCO;3-nMgO-SiO; system during 729-1 130 K

AG®/(kJ'mol ")

Product
729 K 900 K 1000 K 1100K 1130 K
MgO-Si0, -35.85 -35.09 -34.63 -34.17 -34.03
2MgO-SiO, —63.30 —62.94 —62.66 —62.40 —62.34
Ca0-Si0, —28.94 —54.96 —69.91 —84.70 -89.09
2Ca0-Si0, -9.33 —62.81 -93.57 -124.18 -133.27
3Ca0-2Si0, -19.74 -59.43 -82.32 -104.99 -111.73
3Ca0-Si0, 62.69 -17.53 —63.96 -109.96 -123.64
Ca0-MgO-SiO, -56.20 —82.66 -97.83 -112.87 -117.35
Ca0-Mg0-2Si0, -39.40 -51.82 -58.98 —66.13 —68.28
2Ca0-Mg0-2Si0, -37.88 —65.28 -80.90 -96.34 -100.91
3Ca0-Mg0-2Si0, -36.39 —77.34 -100.77 -123.92 -130.79
Fz4 729~1 30K X3 A,G®
Table4 A G® of Eq.(3) during 729-1 130K
T/K 729 800 900 1 000 1100 1130
A,G® /(kJ'mol ) —6.6 —6.01 -5.29 —4.83 -4.75 -4.76
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%5 729~1 130 K Iif mCaCO3-nMgO-M,S 14 Z 8 K MifK) A, GO

Table5 A G® of reactions in mCaCO5;-nMgO-M,S system during 729—1 130 K

AG®/(kJ'mol ")

Product
729 K 800 K 900 K 1000 K 1100K 1130K
Ca0-Sio, 34.52 23.42 7.98 —7.25 -22.30 -26.75
2Ca0-Si0, 53.97 31.47 0.14 -30.92 -61.77 —70.94
3Ca0-28i0, 43.80 26.96 3.51 -19.66 —42.59 —49.40
3Ca0-Si0, 126.47 92.60 45.41 -1.30 —47.56 —61.30
Ca0-MgO-SiO, 7.10 —4.11 -19.72 —-35.17 -50.47 -55.02
Ca0-MgO-28i0, 23.91 18.58 11.12 3.68 -3.73 -5.94
2Ca0-Mg0-2Si0, 25.42 13.80 -2.34 -18.24 -33.93 -38.58
3Ca0-Mg0-2Si0, 26.91 9.63 -14.40 -38.11 —61.52 —68.46
2Ca0-SiO; .
mCaCO;+nMgCO;+Si0, g EahT, ARE PHRNAARN AL BD)EL
N - N JE C, RMNMEHRR(1 523 K= #N %A n(CaO):
n(MgO):n(2Ca0-Si0,)=10.05:11.36:1.
N Y (3729-1130K) | N Y ‘
23 BREANFRIETERESENBRNDZSH
BR A bR B 2 J o B A R B Ao IE TR

At < [

Y —Real complete reaction; N—Real no reaction; A—
mCaO+nMgO+SiO,; B, D—mCaO+nMgO+2Ca0-Si0,; C—
mCaO+nMgO+2MgO-SiO,

2 300~1 13 OK W IR WA A SLAE 1)

Fig.2 Reaction paths and products during 300—1 130 K

R AR R A AR mCaO+nMgO+Si0,), M3
6 M1 7 ATLLE Y, 2K 2Ca0-Si0, [N A, GO 1 fE
K, R 3Ca0-MgO-2Si0, [V 1 A, GO 5 2 IR,
H 3Ca0-MgO-2Si0 fi 454 CaO A/ 2Ca0-SiO, 1
@, MR R NAAZRAN B 8 D] mCaO+nMgO+
2Ca0-Si0,), R R E BIRERE, Aadk8ikA X
I o TR S NAK 2R A C(E mCaO+nMgO+2MgO-Si0,),
M 6 A1 8 TT LA H, 2k 2Ca0-Si0, N A, G® 1)
FUE K, 7E R 3Ca0-MgO-2Si0, WK A, G® 52
R, H 3Ca0-MgO-2Si0, A 45 & CaO 4k

£6 1130~1523KNXB)MAG® KFR
Table 6 A G® of Eq.(3) during 130-1 523 K

7K 729 800 900 1000 1100 1130

AG® /(kI'mol™") —6.6 —6.01 —5.29 —4.83 -4.75 —4.76

i, FE29 1200 C R AT 13 Pa E S N R
AR R N PR AR, BRI G 15 B 4 R
BRI R IR (o fr s BEER(Z 0 T5%bERR)FIE 47
(CaFy)¥&—E LA TRERAF ). B i FE 1
A AT S YRS —E AR, B ERE
B IR R P A R R

AT AT AT, e i R v S N AT
AIE, B RE = A P AT RE R I B AT Si0;,
2MgO-Si0,. 3Ca0-Mg0-2Si0, fll 2Ca0-Si0,. {EH %
G JRU R, XSS S S AR R N T IR A AL
) 2Ca0-Si0,, X451 Al LA S BEE 5 PR
AT bE I AT AR R] (1 d5 i B 1

A7 (CaFy) E ZER ML FIPER , mI4 sk i
SRR E, ARANE S NP, ARG AN R A
&E‘Z[lo]o

TR Fe A5 RN, Si b REBE AT
A I SR 2Ca0-Si0,. ZIFEH Si Al Si0,
I L R Tl S ) P VA ) B e S
1200~1 250 ‘C. 13 Pa SLREAF N, RIV(4) I AT
HEHAEA,G <0, #y%  FRnT DLAT . 2RI,
WLAESRIFGY TAEZ I, FEI e L [ — 3] S v
B JR R IR Sio AR AR
Si0,+Si=28i01 4)
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Table7 A G® of products in mCaO-nMgO-SiO, system during 1 130—1 523 K
AG®/(kJ-mol )
Product
1130 K 1200 K 1300 K 1400 K 1500 K 1523 K
MgO-SiO, -34.03 -33.71 —33.28 -32.91 -32.51 -32.41
2MgO-Si0, —62.34 —62.18 —62.00 —61.86 -61.77 —61.76
Ca0-SiO, —88.89 —88.77 —88.62 —88.49 —88.52 —88.58
2Ca0-Si0, —132.87 —133.38 —134.19 —135.10 —136.11 -136.37
3Ca0-2Si0, —111.43 -111.62 -111.96 -112.36 -112.83 -112.96
3Ca0:-SiO, —123.04 -123.89 —125.22 —126.66 —128.23 —128.62
Ca0-MgO-SiO, —68.18 —68.01 —67.85 —67.75 -67.71 -67.71
Ca0-Mg0-2Si0, -117.15 -117.26 —117.48 -117.79 - -
2Ca0-Mg0-2Si0, —100.71 —101.04 —101.52 —102.01 —102.53 —102.65
3Ca0-Mg0-2Si0, —130.49 —130.99 -131.72 -132.47 —133.24 —133.42
%8 1130~1523 K it mCaO+nMgO+2M,S 1k & &1 A, GO
Table8 A G® of products in mCaO+nMgO+2M,S system during 1 130-1 523 K
AG®/(kJ'mol ")
Product
1130 K 1200 K 1300 K 1400 K 1500 K 1523 K
Ca0-SiO, —26.55 —26.59 —26.62 —26.63 —26.75 —26.82
2Ca0-Si0, =70.54 =71.20 =72.19 —73.23 —74.33 —74.60
3Ca0-2Si0, —49.10 —49.44 —49.96 =50.50 =51.06 -51.20
3Ca0:-SiO, —60.71 -61.71 —63.22 —64.80 —66.46 —66.86
Ca0-MgO-SiO, —54.82 —55.08 —55.48 —55.93 - -
Ca0-Mg0-2Si0, —5.85 —5.83 —5.84 —5.89 —5.94 -5.95
2Ca0-Mg0-2Si0, —38.38 —38.86 —39.52 —40.15 —40.75 —40.89
3Ca0-Mg0-2Si0, —68.16 —68.81 —69.72 =70.60 =71.47 =71.66

A,G® =-0.49T +694.91

Kf: THEEE, Ko

gr bardr, EABRE R VR ST R
CaO-MgO HA RS 2Ca0-Si0,; Wi IBbE I 2
R N AT AR, WA EE A = A aE
2Ca0-Si0, HEAL & W) 45 4k 28 e N JF e & L ol
2Ca0-Si0,; Mk 1 A T AL S P A 25 AN
ATV o

24 BZ=AHSIO, EXBRESE RN
BTk, A Sio, A& RS A Cao E

J% 2Ca0-Si0s o {5 15 12 A1 4153 H n(CaCOs):n(MgCOs3):

n(SiOy)=n:n:1, WK H = A K4 70 A n(CaO):

n(Mg0):n(2Ca0-Si0,)=(n—2):m:1. W FFRH AT N
CaO, LR P4 2 mol MgO £ 5 Jx
Si+4MgO=2Mg1+2MgO-SiO,(# }7 2 T+ 5 & W] %
MR LEEAT), 1 mol MgO ANREMIR R, IX To5HE 2 A%
FFERE . R, OB AR 2 A0 Si0, 1
IIA—7E ] CaO.

JUE N, Si0, 24 FRERHRNA I CaO 2 3808
JR R MgO 98D, B AR RCRHS 7S I CaO,
B IR S — B R BRI . AT A
Si0, & e, FHFRREDE P R R R B
AR e L R E RS R 120 kg, AT
n(CaCO5)/n(MgCOs)=1, HREHECELTHELTE W OCHR[10].
MK AIE W, BEE A=A Sio MG 2, HuEse ™
R B R D A L SI0, B R R ATE(5)
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T ABAY SO, & X RRESE = B 2 R[], 4@, 2000(12): 40-44.

Table 9 Effect of SiO, content in dolomite on magnesium

output per retort

W(SI0)/% Mg il;tput/ Decrzt;;rllltt/(;/fo Mg
0 24.60 0
0.5 24.04 2.26
1 23.51 4.43
2 22.49 8.57
3 21.54 12.44
4 20.65 16.06

Fﬁ%o KOEL, ABAT Si0, & B (<4%)I),

B s b F LN Si0, T 4 1.
) :—1%1§§§2Lx10096 (5)
27.835+w

A whHZAT SI0 EE, % D. A=A
Si0, Y&t WYl B i 44

3 Zig

b=}

1) SiO; %M R AAE A = A BB By, A7
Si0, [z AT RERGEREE,  BORHN RS n— 2 &1
CaO,

2) AnfiBpadfEd, Sio, 2R NARE .,

L] Re AR 2 R AL 5 ) (2MgO-SiO, . 2Ca0-SiO;
%ﬂ 3Ca0-MgO-2Si0,); )i 15 2 I HE 1 2 A i
A1 2Ca0-Si0;,

3) MiE =AY Sio, M, M&%fﬂ U
Wb o THEAFRIB P w b Si0, 2 Mk
ZUEW, HJH AT SiO, FEBAR(<4%)I, B~
D RN Si0, TN 4 1.
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