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Crystalline silicate found in circumstellar regions and in primitive materials of the solar system is 

believed to be crystallized from amorphous silicates like as GEMS (glass with embedded metal and 

sulfides). MgO-SiO2 amorphous silicate and iron embedded MgO-SiO2 amorphous silicate nanoparticles 

was successfully prepared by induction thermal plasmas (ITP) in order to obtain GEMS analogue materials 

for alteration experiment. The morphology of synthesized analogue particles is very similar to GEMS. 

Si/Mg fractionation was found in the ITP process of synthesis of MgO-SiO2 silicate nanoparticles due to 

the different nucleation temperatures of Mg and Si. 

 

 

1. Introduction 
Crystalline silicate in circumstellar regions and 

in primitive materials of the solar system is 

believed to be crystallized from amorphous 

silicates. One candidate material of such 

amorphous material is GEMS (glass with 

embedded metal and sulfide), which generally 

exists in cometary dust [1,2]. According to recent 

work, it is composed of amorphous silicate 

including iron metal in the size of few tens of 

nanometer. In order to reveal the evolution of 

amorphous silicate in the early solar system, the 

alteration experiment is required. 

In this study, we aim to synthesize analogue 

material of GEMS which is iron embedded 

MgO-SiO2 amorphous silicate by ITP (induction 

thermal plasmas). ITP provides high temperature 

environment with rapid quenching. Therefore, all 

introduced materials are immediately evaporated 

and subsequently form metastable state 

nanoparticles. Since synthesis of amorphous 

silicate with two elements by ITP is not well 

understood, preparation of MgO-SiO2 amorphous 

silicate nanoparticles was carried out at first. 

Then, synthesis of iron embedded sample on 

GEMS mean composition [3] was followed. 

 

2. Experimental 
Fig.1 shows experimental setup composed of the 

RF torch and the synthesis chamber, used for 

amorphous silicate nanoparticles preparation. 

Precursor is injected from the powder feeder by Ar 

carrier gas. Its feeding rate was fixed at 250 mg/min. 

SiO2 (quartz), MgO, and Fe powders in the average 

size of 4μm, were physical mixed and used as the 

precursor. Synthesized nanoparticles were collected 

on the chamber wall after the plasma treatment. 

Table 1 shows experimental condition for the 

synthesis system. Ar-O2 (oxidative) sheath gas and 

Ar-He (inert) sheath gas are used for MgO-SiO2 

sample and iron embedded sample, respectively. 
 

 
Fig.1. Experimental setup. 

 
Table 1. Experimental conditions. 

 

Magnesia silicate GEMS 

Sheath gas Ar-O2, 60+5 slpm Ar-He, 60+5 slpm

Inner gas

Carrier gas

Composition Mg/Si = 0.17-0.64 Mg/Si, Fe/Si =0.65, 0.56

Starting materials SiO2 (quartz), MgO Fe, SiO2 (quartz), MgO

Average size

Feeding rate

Plasma power plate

Frequency

Pressure

30 kW

4 MHz

760 Torr

Ar, 5 slpm

Ar, 4-6.5 slpm

 4μm

250 mg/min

22P067-P 



 

3. Results and discussion 

Fig.2 shows XRD patterns of MgO-SiO2 

amorphous silicate nanoparticles which were 

synthesized under oxidative plasma sheath gas 

condition. Although forsterite peaks are observed in 

the high MgO contents of 40 wt.% and 50 wt.% in 

the precursor, amorphous materials are successfully 

synthesized in low MgO contents. 

Table 2 shows MgO contents and Mg/Si ratio in 

the precursor and in the final product measured by 

ICP-AES. Reduced Mg content in final products 

indicates the fractionation of Mg and Si in the 

plasma treatment. The fractionation is regarded to 

occur in condensation stage due to the different 

nucleation temperatures of Mg and Si. 

Fig.3 shows XRD results of synthesized iron 

metal embedded MgO-SiO2 silicate nanoparticles 

under inert sheath gas condition. In the Fig.3, peaks 

corresponding to iron metal and halo pattern for 

amorphous phase are clearly measured while iron 

oxides and minerals are not observed. Iron exists as 

metal during Mg and Si are oxidized due to its 

higher Gibbs free energy of oxidation than Si and 

Mg. 

Fig.4 shows TEM images of (a) synthesized 

MgO-SiO2 silicate particles (MgO 30 wt.%), (b) 

synthesized iron metal embedded MgO-SiO2 

silicate particles, (c) magnification of the GEMS 

analogue, and (d) GEMS grain in the interplanetary 

dust particles [3]. From Fig.4 (a) it is found that the 

synthesized MgO-SiO2 silicate particles (MgO 30 

wt.%) are amorphous with sub-micron size. 

Morphology of the prepared iron embedded 

nanoparticle in Fig.4 (b) and (c) is very similar to 

GEMS in sizes of amorphous particle and included 

iron metal. EDS semi- quantitative analysis result 

of the Mg/Si change from 0.56 to 0.43 is the same 

trend with ICP-AES measurement. Still, further 

investigations on reaction of raw material in ITP are 

needed to understand the synthesis mechanism. 

 

4. Conclusion 

GEMS analogue material was obtained by 

using ITP method which has high temperature and 

rapid quenching. Further investigation for the 

synthetic mechanism for Mg and Si is required to 

understand the whole process of iron metal 

embedded MgO-SiO2 silicate nanoparticles. 

 
Table 2 Chemical analysis on precursor and final product 
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Fig.2. XRD patterns of synthesized MgO-SiO2 

amorphous silicate powder. 

Fig.3. XRD patterns of synthesized iron embedded 
MgO-SiO2 amorphous silicate powder. 

Fig.4. TEM image of synthesized materials and 

GEMS: (a) MgO-SiO2 (30 wt%), (b) GEMS 

analogue, (c) magnification of analogue, and 

(d) GEMS in the interplanetary dust particles. 
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