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Propagating High Temperature Synthesis
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SUMMARY

1. Magnesium Reduction of WO3 in a Self Propagating High Temperature
Synthesis Process.

High—purity tungsten was prepared by the self-propagating high temperature
synthesis(SHS) process from a mixture of WO3s and Mg. The MgO in the product
was leached with an HCI solution. The complete reduction of WQOs3; required a
33% excess of magnesium over the stoichiometric molar ratio Mg/WQO3; of 3. The
product tungsten had a purity of 99.980% which was higher than that of the
reactant WQOs3. This is because the impurities were either volatiized at the
temperatures generated during the rapid exothermic reaction or dissolved into the
HC! solution during leaching.

2. The Self Propagation High—-Temperature Synthesis of Ultrafine High
Purity Tungsten Powder from Scheelite.

The self propagation high temperature synthesis method has been applied to
the refining of tungsten powder from scheelite(CaWQ4). The W/CaO/MgO product
was leached by hydrochloric acid to remove the CaO/MgO. The potimum mixing
ratio was Mg:CaWO4=3:1. The final product tungsten had>99.98% purity and a
relatively uniform particle of submicrometer.

3. Thermodynamics and Kinetics of Self Propagating High Temperature
Synthesis in the Reaction of WQOa/Mg.

Tungsten has been prepared from tungsten oxide and magnesium by means
of self-propagating high temperature synthesis(SHS). The mean heat capacity.
enthalpy change and adiabatic temperature of the reaction have been obtained,
and the relation of 4H/C, and the adiabatic temperature has been determined.
The characteristics of combustion reaction have been analyzed by resorting to the
reaction model based on the energy balance of the system.

The results indicate that the reaction rate constant and reaction order can be
1.0~15 and 0.4~0.5, respectively, and the initial temperature of the reactant
above 1000 C can be suitable for the reaction. The heat of reaction has appeared
to play a fatal role to determine the overall reaction, and the amount of heat has
been strongly dependent upon the ration of reactants, Mg/WO:s.
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Table 1. Chemical composition of W prepared by SHS process.
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Fig. 1 X-ray diffraction patterns of reaction products after leaching effect of

Mg/WO3 mole ratio. (Mg size : 50~60 mesh, Compaction Pressure : 570ke/cr)
a) 2.0 h) 25 ¢) 3.0 d) 3.5 e) 4.0
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Fig. 2 Effects of Mg size on the X-ray diffraction patterns of reaction products

after leaching. (WOs;Mg = 1.0:4.0, Compaction Pressure : 570kg/cri)
a) + 30 mesh h) 50~60 mesh c) 60~80 mesh  d) - 80 mesh
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Fig. 3 SEM micrographs of reaction product after leaching.
(WO Mg=1.0:4.0, Mg Size:60~80 mesh)
140kg/cuf 2100kg/cif
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Fig. 4 Effects of mixing time on the X-ray diffraction patterns of reaction
products after leaching. (Wogng = 1.0:40, Mg size : 60~30 mesh,

Compaction Pressure : 570kg/cif)
a) 0.5 hour b) 1.0 hour ¢) 3.0 hour d) 5.0 hour
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Fig. 5 Effects of leaching at 20% HCI solution. (Temperature:60C, Time:20 min.)
a) Before leaching b) After leaching
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CaWQ4 + 3Mg — W + 3MgO + CaQ --- - (1)

B4 (DA @ 4 UFo] B AP whge maylgo 2 RE S CaW0,d
Fdwrgolma  maulgEud 93 wgol #H$® Aol a2y 3L
Mg/CaW0428] EHlE 1.0~4.0 (Mg/CaW04=48.62~121.55/278.95g)7}A] HB}A| A

4% ¥ 12 Ao & AAEY XRD dHeolth mlavlge 2u)d BA Yo
Ca0, MgOE A9 YA peakrt A4 HA nFAEQ WOE st
o] Enl7t Z71gte wel peakst TATE Uehfo] ¥Eu|Q1 307 408 A E
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Feulel nAA EF A CaW0.S ¢4 4 A7A 2§ Yehlle Ao
24 gdE  wkeg oy fENE SEgEEAd 308
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Photo 1. SEM photomicrographs of combustion synthesized W with
varying Mg mole ratio. (CaWQ4: 1.0, Mg: -50mesh,
Compaction pressure: 12ton/cm”, After leaching)

a) 1.0 b) 2.0 c) 3.0 d) 4.0
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Fig. 4. X-ray diffraction patterns of reaction products with varying
Compaction pressure. (CaWQO4s + 3Mg, Mg size: -50mesh,
Before leaching) a)6ton/ca® b)9ton/af c)12ton/ad d)15ton/ce
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varying compaction pressure. (CaWQ4 + 3Mg, Mg size:
-50mesh, After leaching)
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Table 1. Chemical composition of W prepared by SHS process.

Composition W K Fe Na Ca Mg Al

wt % 99.980 0.0007 0.003 0006 ND 0.005 0.006
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Cp  heat capacity (cal/mol’K)
E , activation energy (cal/mol)

AH ; heat of reaction (cal/mol)

i , thermal conductivity (cal/m sec °K)
Ko ; reaction rate constant

L ; length of the sample (m)

n , reaction order

R ; gas constant (cal/mol’K)

t , time (sec)

T , temperature °K)

To,T1 ; initial temperature (°K)

Tig  1gnltion temperature ("K)

u , velocity of combustion wave (m/s)

X , distance from the ignition point (m)
o , density of the sample (Kg/m3)

¢ , fractional conversion

a . heat transfer coefficient (cal/m*sec’K)
E , emissivity coefficient

do , otefan—Boltzmann constant
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