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Abstract:The overall utilization of magnesium and contained in the blue-green bands of the ore. The 
other metals should be systematically considered specific gravity of this mineral ranges from 2.3 to 
during the exploration of deficient garnierite.In this 2.8. 
paper the thermodynamic analysis of the The Pyrometallurgical techniques are suited 
carbothermic reduction process for extracting to treat garnierite, with processes typically 
metal magnesium from garnierite in vacuum was involving drying, calcining, reduction and electric 
carried out to investigate its feasibility.The furnace smelting to produce a ferronickel[3-7]. The 
calculation results indicate that it is feasible hydrometallurgical process is mainly used 
technically that the carbothermic reduction process ammonia-ammonium carbonate leaching [8] and 
for extracting metal magnesium from garnierite in hydrochloric acid leaching [9]. All of these 
vacuum. Under the temperature of 1500°C and methods have a disadvantages is that the 
vacuum degree is less than 300Pa, metal magnesium is not utilized well. 
magnesium was obtained. The Nickel content in 2. Thermodynamic Analysis 
residue is more than twice as garnierite ore. According to the test purposes, the main 
1. Introduction consideration in the nickel latente NiO, Fe203, 

Garnierite is not a single mineral but a MgO and SiC>2 are that reduction of four major 
mixture of the Ni-Mg-hydrosilicates serpentine, oxides and the possible reactions. First, consider 
talc, sepiolite, chlorite and smectite. Garnierite is a the following a few basic oxidation reaction (phase 
hydrous nickel silicate, with the serpentine group state does not indicate that there is phase 
of minerals, mostly a mixture of various Ni- and transition), according to Gass's law to determine 
Ni-bearing magnesium layer silicates[l-2]. It is an possible reaction and starting temperature. 
alteration of olivine, serpentine rocks, and can be 2C(s) + 0 2 ( g ) =2CO(g) (1) 
associated with olivine, serpentine, chromite and 2 M + 0 , , =2NiO, (2) 
talc. Garnierite is mined from latérite deposits, * 2 
formed by weathering and secondary T M + 2(») = T ^ e 2 ^ 3 W \p) 

mineralization of igneous rocks. The nickel is 2MP + 0 =2MPO (4) 
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Si + 02(g)=Si02 (5) 

hiC{s)+02(g)=hi02+lcO(g)...(6) 

In this paper, the Gibbs free energy of 
material function was studied, the Gibbs free 
energy changes of the reaction temperature at 
various points were calculated by equation (2-1), 
(2-2), (2-3), (2-4) and thermodynamic data of 
inorganic reference manual[10], the calculation 
process is omitted. 

*H« = ̂ V,AHe
2mprodKI) - X ^AH e 

298(rajctaiw) 

(2-2) 
AG9

T = AHe
29i - TA% (2-3) 

AGT = AGe
T + RT In J8 (T) (2-4) 

Fig.l shows the relationship between the 
Gibbs free energy changes of the main oxidate 
and temperature. The reaction and conditions of 
the lines 1-12 were shown below Fig.l, 
P(0)=P = 10 Pa. According to Gass's law, the 

Gibbs free energy of the reaction between material 
and lmol O2 is becoming negative, the substance 
out of the more difficult to be reduced under a 
certain temperature, instead the substance can be 
reduced which AGT larger than it. The lowest 

initial reaction temperature point is the intersection 
point of the two lines. 
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Fig. 1 The relationship between the Gibbs free 
energy changes of the main oxidate and 

temperature 

l-2M + 02(s)=2MO(t) 

3-2C(„+02(s ) = 2CO(s)/;,.„, = />" 

4-2C(„ + 02(g) =2CO{g}P{m)=500Pa 
5-2ClM+O2m = 2CO(,,AU=50/>fl 

6-1&-C,,, +02(s) =lsi02 +lcOis) PiCO) = P" 

7-|s/C( I )+02 U ) = | Ä 0 2 + | C O U ) P{C0) =5WPa 

8-|&C(J l+02(x ) = | s / 0 2 + | c O , „ Pim)=S0Pa 

™-2Mg + 01{g)=2MgO(s)P{Mg) = P<> 

11-

tt-2Mg + 02(g) =2MgOM P{Mg)=50Pa 

It can be seen from Fig.l that NiO and Fe2Û3 
are poor stability, it can be reduced by C or Si at 
low temperatures Under atmospheric pressure 
above 450 °C the NiO can be reduced by C; Fe2C>3 
at 650 °C was reduced by C too, Lower initial 
reaction temperature is in vacuum; SiC>2, and MgO 
are stable, it can be reduced under higher 
temperature. Consider that the total pressure is 
30-500Pa in furnace, the reduction temperature of 
SiC>2 and MgO decreased significantly. 

Fig.2 shows that Fig.l was magnified and 
remove the other reaction (2), (3), (5), (6) in order 
to facilitate observation, it can be seen that A:P (co> 
= P (Mg) = 50Pa, MgO can be reduced by C under 
1473K ; C: P (Co> = P (Mg) = 500Pa, MgO can be 
reduced by C under 1623K; At atmospheric 
pressure the reaction temperature is 1832K. 
However, we can see reaction (1) and (4) in the 
region will intersect within ABCD, that means 
between 1473K and 1623K, the carbothermic 
reduction magnesia is easily occurred. 
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Fig.2 The relationship between the Gibbs 
free energy changes of MgO, CO and temperature 

The above analysis shows that the 
carbothermic reduction magnesia is easily occurred 
under vacuum conditions. But the reverse reaction 
Mg (g) +CO (g) =MgO <s> +C <S) [11] is also occurred. 
3. Experimental 
3.1 Materials 

The materials used in this study were 
garnierite and coal with CaFî (CaF2>98%) as 
catalyst. The chemical composition of garnierite 
ores and coal were given in Table. 1 and Table.2. 
And the XRD pattern of garnierite is shown in 
fig.3. 

Tab.l 

composition 
wt% 

Chemical composition of 

Ni 

1.18 

MgO 

27.74 

Fe203 

11.10 

garnierite 

Si02 

36.91 

A120, 

2.73 

Tab.2 composition of coal 

composition 

wt% 

M« 

0.78 16.43 19.21 

FC„ 

63.58 

teJL A. 
50-19» ' Uz*d»-1M ■ (MB-F.13S20SIOH4 e^iawan-iM. 

■ ' 
93-1S5» Uant»1T - (I^.M3((äF«ßC6KOH)4 

I « l045>Qua t t -SC2 

2-Theta((ä 

Fig.3 the XRD pattern of garnierite 
3.2 Experimental device 

The experimental device for vacuum thermal 
reduction is shown in Fig.4, which is compose of 
reactor, temperature control system, vacuum 
system and condenser system. 1 

1. thermocouple; 2. condenser, 3. couple; 4. heating unit; 

5. thermal insulating layer; 6. furnace; 7. electrode; 

8. thermocouple; 9. exhaust pipe 

Fig.4 Experimental device 
3.3 Experimental method 

In the vacuum and high temperature conditions, 
coal can reduced magnesium silicate and get 
magnesium vapor, and condensate it for getting 
magnesium metal. The technological flow sheet is 
shown in Fig.5. 
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Fig. 5 Technical flow sheet of extracted 
magnesium from the garnierite 

4 Results and Discussion 
4.1 The magnesium extracted from the garnierite 

On the condition of reduction temperature 
1500°C, vacuum degree is less than 300Pa, 
briquetting pressure 8 MPa, reduction time 90min, 
and with 5% CaF2, we can get some magnesium. 
The photo and XRD pattern of magnesium is 
shown in the Fig.6, and the EDX is shown in Fig.7. 

Mm*' 

Fig.6 The photo and XRD pattern of 
magnesium 
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Fig.7 The EDX of magnesium 
From the XRD and EDX analysis, we can know 

that there has some oxygen and carbon in the 
magnesium. We believe the oxygen and carbon get 
from the reverse reaction of reduction, the reaction 
formula is as following: 

Mg(g)+CO(g)^MgO(s)+C(s) 
4.2 The XRD analysis of residue 

On the condition of reduction temperature 
1500°C, vacuum degree is less than 300Pa, 
briquetting pressure 8 MPa, reduction time 90m in, 
and with 5% CaF2, the XRD pattern of residue is 
shown in the fig.8. 
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Fig.8 The XRD pattern of residue 
It can be seen that there mainly are the phases 

of SiC and FeSi, and also contained some 
Mg2Si04> MgAl204. It's shown that the MgO and 
Si02 still no reaction completely, and Si generated 
the SiC(main), FeSi and Fe5Si3, and it's not 
found the Iron and silicon elemental. Nickel does 
not be detected, mainly because of its content is 
low. 
4.3 Effects of reduction time on reduction rate of 
magnesium 

On the condition of reduction temperature 
1500°C, vacuum degree is less than 300Pa, 
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briquetting pressure 8 MPa, and with 5% CaF2, the 
reduction rate of magnesium by coal at varying 
time conditions are shown in Fig.9. In these 
experiments, the reduction time is that the 
temperature of reactor keeps the 1500"C after it is 
reach. As is shown from the chart, with the 
extension of reaction time, reduction rate of 
magnesium is increased. But when the reduction 
time is reached 90min, the curve has become flat, 
the reduction rate of magnesium with the increase 
in reaction time is not obvious. 

too -

1 60 

0 ' *■ ' ' ! 

SO 60 90 120 

Hwlw )ii)n tfcnQ jrnir)} 

Fig.9 Relationship between reduction rate 
and time 

4.4 Effects of reduction time on nickel content of 
residue 

On the condition of reduction temperature 
1500°C, vacuum degree is less than 300Pa, 
briquetting pressure 8 MPa, and with 5% CaF2, the 
nickel content of residue at varying time conditions 
are shown in Fig. 10. As is shown from the chart, 
with the extension of reaction time, the nickel 
content is increased. When the reduction time is 
reached 90min, the Nickel content is more than 
twice as garnierite ore. 
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Fig. 10 Relationship between nickel content 
and reduction time 

5. Conclusion 

In this paper, the coal was used to reduce the 
garnierite to prepare metal magnesium in vacuum. 
We can get the following conclusion: 

1. The thermodynamic calculation results 
indicated the P «x» = P (Mg> = 50Pa, that reduction 
temperature is down to 1473K from 1832K at 
atmospheric pressure. 

2. This method can prepare the magnesium 
from garnierite, but has small amount oxygen and 
carbon, it should be got from the reverse reaction 
of reduction. 

3. SiC and FeSi were obtained in residues by 
carbothermic reduction garnierite under a 
temperature of 1500°C, and it's not found the Iron 
and silicon elemental. 

4. The reduction rate of magnesia is enhance 
with the extensive reduction time. 

5. The nickel content is enhance with the 
extensive reduction time, when the reduction time 
is 90min, the Nickel content in residue is more 
than twice as garnierite ore 
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