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A method of producing magnesium by vacuum thermal reduction
using magnesite and dolomite as materials

FENG Nai-xiang, WANG Yao-wu

(School of Materials and Metallurgy, Northeastern University, Shenyang 110004, China)

Abstract: The experiments of a new method of producing magnesium and aluminum hydroxide as by-product using
dolomite and magnesite as materials and aluminum powder as reductant were studied. The results show that when
magnesium is produced by vacuum aluminothermic reduction using the mixture of calcined dolomite and calcined
magnesite as materials, the reduction ratio of Mg can be over 89% under the conditions of reduction temperature 1 200 °C,
reduction time 2 h, and the excess coefficient of reductant 5%. The main phase of the reduction slag is Ca0-2A1,0; and
the content of alumina is about 67%. The Al,0; leaching rate of reduction slag reaches 85% when the reduction slag is
leached with a mixture of sodium hydroxide and sodium carbonate. The main phase of leaching slag is CaCO;. The Al O,
enters into the leaching solution with soluble sodium aluminate. Aluminum hydroxide with whiteness of over 97% can be
obtained after carbonation precipitation.
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Fig.1 Flowchart and materials balance of Pidgeon process

2Ca0-MgO+Si(Fe)=—2Mg+2Ca0Q-SiO,+Fe )
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Fig.2 Flowchart and materials balance of new method
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Table 1 Main compositions of dolomite and magnesite

Mass fraction/%
Material

MgO CaO SiO; AlLO; Fe;O; Buming loss

Dolomite 21.70 30.66 0.34 0.14 0.01 47.15
Magnesite 47.36 0.50 0.45 0.08 0.32 51.29

R R UL AR R R S B L Z BT S EAT
Bk, FRHEREBRERESFABEEA 1100 C.
BB 850 C, fEIBIRBE T 1.5h, BEEH
VARERBEMBRENT 0.1 mm, SHENT 0.074
mm KRS B LR EHEN EESIRRT 4 20
mmX20 mm FIERE R R PEL, EERFAEE
EMIILIEE R 98%. fERLRLE RS, BERTLUELER
N A RRQBHTER, A% R MK (3)EK(4)
HATECRL. AL RN R ()T RN T ARG B/
EIEE Y, BERRNMEER, HERRNTEE
1200 C LA_FABeE4T, 1200 CHf CaO-6A1,0; AL
EHE, EEPEPENERERRER, SREARE
1300 CULER, HRNR@BTERATRERHN
BRER, {BELER TEEENEFSKKEE,
St A 7= L AR RS R o 38 SRR RE(3)AI(2) 8 R R
BESAE, 7E 1 100~1 200 ‘CEI AT SRR B MERIEIRE,
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Fig.3  Schematic diagram of experimental apparatus of
magnesium production: A—Thermocouple; B—Vacuum tube;
C—Circulating water; D—Water-cooled jacket; E—Condenser;

F—Briquettes bucket; G—Briquettes; H—Furnace
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Fig.4 Effect of reduction temperature on reduction ratio of

Mg at excess coefTicient of reductant 5%, briquetting pressure

30 MPa and reductiontime 2 h
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Fig.5 Effect of reduction time on reduction ratio of Mg at

excess coefficient of reductant 5%, briquetting pressure 30

MPa and reduction temperature 1 140 'C
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Fig.6 Effect of excess coefficient of reductant on reduction
ratio of Mg at briquetting pressure 30 MPa, reduction
temperature 1 140 °C and reduction time 2 h
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Fig.7 Effect of briquetting pressure on reduction ratio of Mg
at excess coefficient of reductant 5%, reduction temperature

1 140 °C and reduction time 2 h
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Mass fraction of CaF,/%
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Fig.8 Effect of addition of CaF, on reduction ratio of Mg at
excess coefficient of reductant 5%, briquetting pressure 30

MPa, reduction temperature 1 140 ‘C and reduction time 2 h
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Fig.9 XRD pattern of reduction slag
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Table 2 Main composition of reduction slag (mass fraction,
%)
Al O MgO Ca0 Si0,

F6203

70.40 8.13 20.07 1.00 0.40

KRG B EH Bl Ca0-2A1,0; F1 Ca0-ALO; FE R,
FEK ALO; 7 LR AR H A% ALO; LA
NaAKOH), FIFE R RHUE K, LR HZ7E 80~95 CHY
BETHITH, HRBERHAERNTHNTRM
AdeRR>,

Ca0-2AL,03+Na,CO3+2NaOH+H,0=

NaAl(OH),+CaCO, 5)

Ca0-Al,05+Na,CO5+2H,0=2NaAl(OH),+CaCO;  (6)
BRI R R AL AT LAZERR R v AR, AR

RRLHA

2A1+2NaOH+6H,0=2NaAl(OH),+3H, 1 (7

ERBURNERSE, FrAEMREK CaCO; FIHEM
NaAl(OH), AW E S &5, BT RBABRME

. BRMEBE CO, k7 78 Ja 5 it AOH); FlEk
BRI, BREBIE IRy B S IR MR Tl
ITHEECIREEWEN . £ TIWERPFR, HEHsn
SRR AT I CO, ATLLR A FIRE B Z RS
BER B R THER ) CO,, IXFE AT DAE JFURHE Beid
FRHRE) CO, BFEMK 50%.
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Fig.10 Effect of leaching temperature on leaching rate of

ALO; at leaching time 2 h, content of sodium carbonate 120
g/L and content of sodium hydroxide 100 g/L

90

80+

70t

Leaching rate of AL,O,/%

60 * . :
20 60 100 140 180

Leaching time/min
B BIEEER 95 C. RMAEN 120 g/L. A8
R4 100 g/L BHR H )X ALO; 1R H R K
Fig.11 Effect of leaching time on leaching rate of Al,O; at

leaching temperature 95 C, content of sodium carbonate 120
g/L and content of sodium hydroxide 100 g/L
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i, HEALBIRE R 100 g/L; ZEBEAEMPRENE
R B, BRERFIRER 100 g/L.

mE 10~11 TUEH, EERBERENAGNR
R R, EPEANERNRBEEARESR, H
LBHRERET 90 'C. BHNEET 120 min J5, B
HEBINAAE. HE 12 TUEH, SEAHRER
T EMRRR B REWER R, EAEREEEE
SEALHIRE N INE T AR RE, LEELMK
BHR 75 gL i, EHERBEER. KRPHKEE
80~130 g/L HITEFE4FEFIR 100 gL P BBy, HAR{L
SHEFE P EAENRHEREHEEMN. SRR
WEKT 80 g/L b, EHERHALK TR, XEHEA:
FRERFEE MR Y, R FERRPIER
RB(ERG)F(6))FIK AR ERES M AE U M (A (B), 7
b, BHEAEEKEGERESHMERNGO). EHE
EEER RS, BRPHEASMHNERAYZ
HEMERR RN, SEASREREINERTK
EEMBHER, Fit, SEAPREEASENEA
WERRE, MERHNEIEEARESEREYTH
CaO MMARK CaCOs, Biik CaO HEEFAN R MK
KEHERE, B, BRERMITEAERE AT DME A BRI K
EHEREMR, NiRDEBERTIK. Eit, 2o
BRMWKENREFERTH/ N —HE, HTERK
BERENER, BRWKENETERE: H—F
T, TR EKE BRI RN A 7T ¥ RN,
BB T BRI NRE RS, WKEERSHESD,

LWE LR 5 B, BRFEMNKBRAIRE N 80 g/L,
RIEE 12 740, SERBRAERIBKBRIREE R 100 g/L.
3Ca(OH),+2NaAl(OH),—3Ca0-Al,0;-6H,0+2NaOH
®)
3Ca0-ALO;6H,0+3Na,CO=
2NaAl(OH),+4NaOH+3CaCO; ©

HE 10~12 ATUEH, ERBEEHRN 95 C. B
HEHE 2 h, BHEBE R 5:1. BREREIKE X 100
g/l EEABIRER 75 gL WEFHT, EBERERT
Tk 85%LL L.

¥R HEETEHT X SEATs ST, B
ERWAE 13 Fros.

s — CaCo,

° — MgO’A1203

v — MgO

o - 3C30'A1203'6H20
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20/(°)
13 RE#EK XRD %
Fig.13 XRD pattern of leaching slag

mE 13 ATLUE Y, HFEERBEBRREE, B
HERHEERD KN CaCOs, Bh4h, BHDEM MgO.
BHERBAMgOALO)VFIKAHRRE, LREFHK
Ca0-2A1,0; Ml CaO-ALO; B4 ik

R EREBHEBCHERAEE, ZERMER
FEERIKRE N 110~140 gL, EERKRER
0.1~0.3 g/L, HBEBREHKS ERBHEENEREE
KR MEAEAERAEL £, HAEE 7% L, 7T
MABmBaEE~ M.

3 %ig

1) RAUSBERNAZAKRET WAHEER L
N ERFIBIEHESAR, ERFERER 1 200
T, BEFTERECH 5% EEE% 2h. HIFE
F134 30 MPa FI&M4 T, BEEIEEE AT LLE 3] 89%LA .,
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&R RN R B i £ EYAH A Ca0-2AL0;.

2) UEERSYH Ca02A1L0; KL RE R R
¥, ZBRHE, BEREFHELEREETIA
85%LA L, Bt HIE R AT H) CaO-2A1L,0; £ #HK
.

3) WAL ML RAHEL, FikBEEER
SRR AR/ A(B.1~3.3)1, A7 1t BERRE
MEL 5 t, SRITHRILEME, FAREEERK
50%, B JRITTRREFEEAR 45%LL b, SR RERE 5%
AL, FNSSRTHRECRENGESFHE, 2—ME
HEfE. RHEBUOGREERIAR.
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