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Reaction mechanisms of decomposition of
magnesium nickel silicate by alkali fusion using NaOH
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Abstract: The decomposition of forsterite and magnesium-nickel silicate was undertaken by alkali fusion using NaOH at
elevated temperatures. Raman spectra were measured for the reactions between the silicates and sodium hydroxide in-situ
during the alkali fusion process. Meanwhile, the water-leaching residue of the fusion products was characterized by X-ray
diffractometry and infrared spectroscopy. The results show that the magnesium ions in Mg,SiO4 can be liberated from the
silica arrays successively by aggression of sodium hydroxide, giving rise to Na,MgSiO, as an intermediate; whereas
nickel ions seem to be released much easier from the arrays of MgNiSiO, than magnesium ions, and move out from their
array sites prior to magnesium ions. The bindings between Mg—O and Ni—O in their silicates can be substituted by
Na—O completely, and Na,SiOy, is one of the final products for the alkali fusion process.
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Fig. 1 XRD patterns of olivines prepared: (a) MgNiSiO,
standard JCP data; (b) Mg,SiO4 prepared; (c) MgNiSiO,4
prepared; (d) Forsterite standard JCP data

0

P 1 RT s AONEA A AR I A R B R LA PR R
XRD HIARERE AR H AL, (R0, MIOHE A A 1 IR R B
B XRD 75 WA ) S A BE T B AR BN AR
TEAE R B IF AR B HOANE A AHIY) XRD W5 1R
Ufs WIEMLL, AR IERIREEE XRD fTSIEHE
T IR B 1 U7 S Uit A 1) oy 1 FE DT M RS By . 5 F
MgNiSiO, 1] LA /& MgoSiO, 5 [ AHA . BT Ni**
H M 2 PARAHIT, NETTRAER A Mg, SR T
Mg,SiO, ffAHT Mg 1A RUBEAL S, S EORE A 1
NS R VR (R 1) BUS XRD fi75 i)
BAER D). RSB A T, Mg R Ni* IR o A
WA

2 JIToR A A BCR TE A R B R I e PR B B I
SEM 14, JFX} SEM 14 s th sl Besr HEAT EDS fig i
T KT 2 bR SO, Mg, Siv O SR L
IR 1.9:1.0:3.8; drt @4k, Mg. Niv Siv O )
JEIREE A 1.0:0.9:1.0:4.3. 454 XRD W4 #r4s Fnl
DA 7 AKF MU i T RO A 28 T ek PR B A I Ak PR
B



1250 A e R 2012 44 H
R 1 Mg,SiO, fll MgNiSiO, I i 2 B L i
Table 1 Unit-cell parameters of Mg,SiO4 and MgNiSiO, prepared in this study
Theoretical” Experimental
Crystal
alA b/A /A VIA® alA b/A /A VIA®
Mg,SiO, 4.757 10.226 5.995 291.59 4.754 10.231 5.998 291.73
MgNiSiO, 4.737 10.164 5.932 285.61 4.733 10.171 5.936 285.77

1) JCPDS file 71—1972.
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Fig. 2 SEM images of magnesium silicate(a) and magnesium-nickel silicate(b)
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Fig. 3 XRD patterns of water-washing residue of Mg,SiO, after alkali fusion at 400 ‘C for 15 min with different ratios of NaOH to
Mg,SiOy: (a) Samples for dropping down to molten NaOH; (b) Samples for mixing with solid NaOH; 1—10:1; 2—15:1; 3—20:1;

4—25:1; 5—30:1
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Fig. 4 XRD patterns of residue obtained from MgNiSiO,
after alkali fusion of NaOH at 400 C for 15 min (data within
brackets show values of 20 corresponding to peaks in XRD

patterns)
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Fig. S5 FT-IR spectra of residue of Mg,SiO, after alkali fusion
with NaOH with different mole ratios of NaOH to Mg,SiO, at
400 °C for 15 min: (a) MgySiOs; (b) 10:1; (¢) 15:1; (d) 20:1; (e)
25:1; (f) 30:1; (g) Mg(OH),
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Fig. 6 FT-IR spectra of residue of MgNiSiO, after alkali
fusion with NaOH with different mole ratios of NaOH to
MgNiSiO, at 400 ‘C for 15 min: (a) MgNiSiOy; (b) 10:1; (¢)
15:1; (d) 20:1; (e) 25:1; (f) 30:1; (g) 40:1
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Fig. 7 Raman spectra of mixture of NaOH and Mg,SiO, at

different temperatures with mole ratio of NaOH to Mg,SiO, of
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Fig. 8 Schematic illustration of alkali process of forsterite(a) and magnesium-nickel silicate(b)
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