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ABSTRACT  
This article presents an overview of the experimental phase equilibria studies of S-containing 
systems (Ni-Sn-S, Cu-Sb-S, and Cu-Sn-S) and As-containing systems (Fe-Sb-As and Fe-Sn-As). 
These systems improve the prediction capabilities of FactSage in a 20-component “Cu2O”-PbO-
ZnO-FeO-Fe2O3-CaO-SiO2-S-(Al2O3-MgO-CrO-Cr2O3-Na2O)-(As, Sn, Sb, Bi, Ag, Au, Ni, Co) system 
for complex pyrometallurgical operations during both refining and recycling. Experiments involved 
equilibration at predetermined temperatures (300-1200 °C) with or without preheating, followed by 
rapid quenching in a brine. Quenched samples were then directly measured using an electron probe 
microanalyzer. For the Ni-Sn-S system, liquid phases (NiS- and SnS-rich mattes and liquid metal) 
and solid phases (Ni1+xSn, SnS, Ni3Sn, FCC-Ni, Ni1-xS, NiS2, Ni3Sn4, SnS2, Sn2S3, and β-Ni3S2) were 
observed. A new Ni3Sn2S2 phase was found to melt incongruently. For the Cu-Sb-S system, liquid 
metal, matte, FCC-Cu, digenite, Sb, CuSbS2, Cu3SbS3, and Cu3SbS4 phases were observed. For 
the Cu-Sn-S system, liquid metal, matte, digenite, SnS, and Cu3Sn phases were found at liquidus. 
Also, the immiscibility gaps spread from 1) the Sn-S binary toward the Ni-rich side in the Ni-Sn-S 
system, 2) the Cu-S binary toward the Sb-S binary in the Cu-Sb-S system, and 3) the Cu-S binary 
toward the Sn-S binary in the Cu-Sn-S system. The immiscibility gap in the Cu-Sn-S system is wider 
than in the Cu-Sb-S system. For the Fe-Sb-As system, liquid metal, FeAs2, Fe1-xSb, Fe2As, FeAs, 
FeSb2, and BCC-Fe phases were found. For the Fe-Sn-As system, an immiscibility gap near the Fe-
Sn system was observed with liquid metal (Fe-rich and Sn-rich) and Fe5(Sn, As)3, Fe2As, FeAs, and 
FeAs2 phases.  

INTRODUCTION 
The steady decline in the availability of high-grade ores has led to enhanced interest in metal 
recovery through recycling (Seitkan et al., 2020). Pyrometallurgy is a proficient route for metal 
recovery (Rudnik, 2016).  
For the Ni-Sn-S system, (Peacock and McAndrew, 1950) reported the Sn isomorph of shandite 
(Ni3Sn2S2) compound. (Bok and Boeyens, 1957) reported Ni2SnS4 and NiSn2S4 compounds. (Brower 
et al., 1974) reported incongruently melting Ni3Sn2S2 compound. (Nitta et al., 1976) synthesised a 
Ni3SnS7 compound.  

(Jumas et al., 1977) reported Ni2SnS4 compound. (Kusumoto et al., 2001) reported Cu, V, Cr, Mn, 
Fe, Co, Ni, Sn, and S containing lithium secondary battery, having Ni0.2Sn0.8S2 compounds. (Ma and 
Beckett, 2018) reported Ni6SnS2 compound.  

For the Cu-Sb-S system, (Pelabon, 1905) studied the Cu2S-Sb2S3 system. (Groth, 1908) reported 
Cu3SbS3 and CuSbS2 compounds. (Meisner, 1921a) studied the Cu-Sb-S isotherms and reported 
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Cu3SbS3 and CuSbS2 compounds. (Asano and Wada, 1968) reported a miscibility gap at 1200 ℃. 
(Godovikov and Il'yasheva, 1969) studied the Cu2S-Sb2S3-S system. 
(Skinner et al., 1972) studied liquidus of the Cu-Sb-S system. (Gather and Blachnik, 1976) studied 
the Cu2S-Sb system. (Chang et al., 1979) reported isotherms of the Cu-Sb-S system. (Karup-Moller, 
2000) reported isothermal section of Cu-Sb-S system at 700 ℃. (Braga et al., 2008) studied invariant 
reactions. (Mammadli et al., 2021) studied the CuSbS2-Cu3SbS4-Sb2S3 system. (Mammadli et al., 
2022a) studied the Cu3SbS4-Sb2S3-S system. (Mammadli et al., 2022b) studied the CuSbS2-Sb2S3-
Sb system.  
For the Cu-Sn-S system, (Meisner, 1921b) studied the Cu-Sn-S system. (Moh and Ottemann, 1962) 
studied the Cu-Sn-S system. (Gerlach et al., 1969) reported a Cu-Sn-S phase diagram with 1% Ag 
at 1200 ℃.  
(Khanafer et al., 1974) studied different quasi-binaries, viz. Cu2S-SnS, Cu2S-Sn2S3, and Cu2S-SnS2. 
(Fiechter et al., 2003) studied quasi-binary Cu2S-SnS2. (Pogue et al., 2019) studied isotherms of the 
Cu-Sn-S system at 25 ℃ and 400 ℃. 
For the Fe-Sb-As system, (Landon and Mogilnor, 1933) reported colusite mineral, containing Sb, As, 
Fe, Zn, Sn, Te, Mo, Cu, S, and traces (Cr and W). (Nurbaev et al., 1981) reported impurities removal 
from lead by adding Fe powder. (Toguzov et al., 1984) studied the liquidus of the Fe-Sb-As system. 
(Peterson and Twidwell, 1985) reported removal of As by roasting with pyrite from Sb-As-Bi-Ag-Au-
Cu containing lead bullion. (Jurkovic et al., 2019) reported Fe-Sb-As mineral in soils as the Fe-Sb-
As-Zn-Pb oxides with few minor elements. (Sorulen et al., 2019) reported Fe-Sb and Fe-Sb-As oxide 
minerals.  
For the Fe-Sn-As system, (Okunev et al., 1975) reported an addition of alloys like ferro-chromium, 
silico-chromium, and their mixtures improves the recovery of Sn in the Fe-Sn-As alloy. (Chumarev 
et al., 1979) reported activities of Sn and As and distribution of Sn and As between Fe-Sn-As-(Si-
Cr-Mn) alloy and lead. (Mueller et al., 1979) reported tin recovery from ores at 1000-1100℃ by 
removing As and S. (Kovrigin et al., 1985) reported temperature dependence of dross formation. 
(Jiang et al., 2011) reported removal of As and Sn from Sn-As containing iron concentrated. (Zheng 
et al., 2019) reported recovery of Fe and Cu at 1300 ℃ by removing Sn and As through selective 
oxidation. 
No literature about the liquidus and solidus of the Ni-Sn-S and Fe-Sn-As systems was found. For 
the Cu-Sb-S and Cu-Sn-S systems, literature about liquid-solid phase equilibria along the Cu2S-
Sb2S3, Cu2S-SnS, Cu2S-SnS2 joins are mostly available. Therefore, an attention is required towards 
new technologies for Ni, Sn, Cu, Sb, Fe, and As elements for enhanced refining from complex feeds. 
So far, without the knowledge of matte-liquid metal phase equilibria, metals can be targeted 
separately. 
The scope of this research was to investigate the liquidus and solidus of the Ni-Sn-S, Cu-Sb-S, Cu-
Sn-S, Fe-Sb-As, and Fe-Sn-As systems. This work will support the 20 component “Cu2O”-PbO-ZnO-
FeO-Fe2O3-CaO-SiO2-S-(Al2O3-MgO-CrO-Cr2O3-Na2O)-(As, Sn, Sb, Bi, Ag, Au, Ni, Co) system in 
Cu, Zn, Fe, and Pb smelting (Jak et al., 2023) for enhanced prediction of both complex feeds and 
products at different extraction stages.  

EXPERIMENTAL AND ANALYTICAL METHODOLOGIES  
Experimental and analytical methodologies are based on the publication from (Jak, 2012).  

Materials  
High purity Fe, Cu, Sb, Sn, CuS, Cu2S, S, Ni, and NiS powders and As lump were used as shown in 
Table 1 with manufacturer’s details. To prevent S evaporation and fast achievement of 
thermodynamic stable phases, Sb2S3, SnS, Sn2S3, and SnS2 master compounds were prepared as 
explained later.  
Table 1 Purity and supplier of elements and a compound as powders. 

Element/compound Purity (%) Manufacturer 
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As lump 99.999 Alfa Aesar, USA 

Fe 99.998 

Cu 99.9 

Sb 99.999 

Sn 99.85 

CuS 99.8 

Cu2S 99.5 

S 99.999 Aldrich Chemical Company, USA 

Ni 99.99 Sigma Aldrich, Germany 

NiS 99.99 Changsha Easchem Co. Ltd., China 

 

Preparation of powder mixtures to pelletizing  
The bulk compositions were calculated using the internal FactSage database where 2- or 3-phase 
assemblages were targeted with a minimum of one liquid phase. The proportion of solid was always 
lowered by picking a bulk composition to realize equilibration fast with enhanced quenching rate. 
A 10g mixture was used for master compounds while a 400mg mixture was used for bulk 
compositions. These mixtures were made by blending in an agate mortar using a pestle, followed by 
compression under pressure of ~80-150 bar using a tool steel die.  

Apparatus 
All experiments were performed in a vertical impervious alumina tube, surrounded by 4 resistance 
heating elements. Before proceeding to the experiments, a hot zone in the furnace was calibrated at 
1000℃±1℃, followed by temperature calibration by using B and R-type thermocouples 
simultaneously in the air. These thermocouples were calibrated against standard thermocouples, 
supplied by National Measurement Institute of Australia, NSW, Australia.  

Experimental procedure 
For better quenching practice, the bottom of the quartz ampoules was expanded by carefully 
reducing its thickness by controlled heating from all sides in the presence of controlled pressurized 
air inside. This improves fracturability on quenching.  
These modified ampoules were evacuated and sealed in vacuum. Due to the small sample size and 
the small ampoule in both height (~1.5-2 cm) and weight (4-6 g), an additional weight as a high-
temperature corrosion-resistant tube was placed on an ampoule. A Kanthal-D (FeCrAl alloy) wire 
(diameter = 0.7 mm) was used to hang ampoules inside the hot zone of the furnace. Some length of 
the wire at the bottom end was always cut to ensure its strength. 
Experiments are based on a closed system (controlled by condensed phases). Experiments were 
performed by hanging the ampoules at a specific temperature (300-1200 °C) in a predetermined hot 
zone in the air by using Kanthal wire. The test was completed after elapsing a certain time (minimum 
1 h for 1200 °C, 2 h for 1100 °C, 4h for 700-1000 °C, 6h for 600 °C, and 2-4 days for 500 °C 
equilibration temperature,). Equilibration time was determined for a particular system by equilibrating 
a fixed bulk composition for different time and temperatures. The wire was pulled from the upper 
side of the tube, causing a free fall under gravity on an alloy cylinder that was immersed in 25% 
CaCl2 or 25% MgCl2 brine at -20 °C. This resulted in a quick fracture of the ampoule due to load and 
expanded bottom. Thus, brine was in contact with quenched phases. The samples were cleaned 
with tap water, followed by cleaning with ethanol, and finally dried in the forced convection oven. 
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Manufacturing master compounds 
Pelletised elemental powders corresponding to the molar ratio of SnS, Sn2S3, SnS2, and Sb2S3 
master compounds were used. Each mixture was sealed in an ampoule in a vacuum, followed by 
inserting it in a furnace. 
SnS and Sb2S3 mixtures were heated from 400 ℃ to 500 ℃ at the rate of 0.5 K/min, followed by 
equilibration for 3 h and then natural air cooling to room temperature.  
Sn2S3 mixture was heated from 300℃ to 800℃ at a rate of 0.2 K/min., followed by 3 h of equilibration. 
After equilibration, the temperature was dropped to 750 ℃ with a rate of 0.5K/min, where it was re-
equilibrated for another 1h, followed by cooling to 400 ℃ with a rate of 1 K/min. SnS2 mixture was 
heated from 300 ℃ to 790 ℃ with a rate of 0.2 K/min., followed by 71 h of equilibration. After that, 
the temperature was dropped to 400 ℃ with a 1 K/minute rate. Finally, both Sn2S3 and SnS2 were 
naturally air-cooled from 400 ℃ to room temperature.  

Two-step pre-heating  
As sublimation during equilibration retards equilibrium. Therefore, to attain equilibrium fast, it is 
essential to allow the formation of arsenide before equilibration. Accordingly, preheating at 600 ℃ 
for 1 h was given for each bulk mixture.  
The pre-heating of a bulk mixture at a temperature was given to undergo full or partial melting of bulk 
composition. This step ensures an accomplished mass diffusion between or among in-contact 
phases so that only a thermodynamic stable phase form. In this work, Fe-As and Fe-Sb compounds 
have higher melting points than many equilibration experiments performed. Also, a few experiments 
(containing master compounds in bulk mixtures) were performed below the melting point of the used 
master compounds. These are the potential reasons for this uncertainty. Therefore, many samples 
were given a second pre-heating to ensure fast attainment of equilibrium between or among stable 
phases. 

Analysis of samples  
Different faces of a quenched sample were mounted in an epoxy resin. Conventional metallography 
was performed to get mirror-like polishing, followed by optical microscopy. Before EPMA 
measurements, optical microscopy provides three information types (i) surface roughness, (ii) 
abrasive residues, and (iii) phases formed on quenching; checking all of that ensures that samples 
are ready for EPMA. The samples were kept in a vacuum desiccator most of the time between 
polishing and EPMA.  

Phase identification and microanalyses  
Samples were transported to the EPMA lab (CMM, UQ) after observing under an optical microscope, 
followed by sealing them in a portable vacuum jar. The resin blocks were carbon coated. 
Compositions of quenched phases were directly measured using EPMA. Employment of EPMA by 
using the wavelength dispersive spectrometer increases the accuracy of the composition of the 
quenched phases as compared to energy dispersive X-ray spectroscopy and bulk wet chemistry 
methods. 
JEOL JXA 8200L EPMA, manufactured by Japan Electron Optics Ltd., Tokyo was used for this study. 
In each EPMA session, standards were freshly calibrated and were put in every set of experiments 
as an unknown at the start, intermediate, and end of measurements, depending upon the number of 
points in a particular set.  
Reference standards (Cu Kα, Sb Lα, Fe Kα, and Ni Kα as pure elements, S Kα as CuFeS2, As Lα as 
InAs, and Sn Lα as SnO2) were provided by Charles M. Taylor Co., Stanford, CA. SiO2 as a standard 
for Si Kα was also added in each set to monitor any contamination due to the usage of ampoules 
and abrasives. 
Probe current = 38nA at an accelerating voltage = 15kV with various probe diameters, ranging from 
0 to 200μm were selected for measurement. The selection of probe diameter depends on (i) solid or 
liquid and (ii) homogeneity and heterogeneity of phase. E.g., solids are mostly homogeneous in each 
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range of solid solutions or stoichiometric. Hence, any probe diameter is applicable, depending upon 
the physical size of the phase. However, extensive care was given to select the probe diameter for 
a liquid for uncertainty minimization of chemical composition as follows: 

Depending on the size of the liquid phase area:  
If liquid metal of 100μm was observed, then 90μm of probe diameter was considered to measure 
the liquid metal. Otherwise, new bulk composition was selected, and experiment was repeated. 

Quenching quality:  
When dendritic structures or precipitates or both was found then grid option was selected with 90μm, 
150μm, and 200μm of probe diameter. 

Presence of another stable liquid or solid phase:  
When excessive proportion of solid or second liquid phase (say matte) was observed, which 
sometimes causes an insufficient area for the measurement of liquid metal by EPMA. In such cases, 
bulk composition was modified, and experiment was repeated. 
The Duncumb-Philibert ZAF correction integrated with EPMA software was applied. 5-70 points per 
phase were measured. 
After measuring at a particular probe diameter with standards as unknowns, a second correction 
was performed for each measured element in a stable phase against standard reference material. 
Copper, antimony, iron, and nickel were corrected against their pure elemental standard, sulphur 
was corrected against CuFeS2, As was corrected against InAs, and tin was corrected against SnO2. 

Confirmation of equilibrium accomplished with 4-point assessments. 
Jak et. al. (Jak, 2012) reported assurance of equilibrium attainment using 4-point assessments of 
phase equilibria. 

Varying equilibration time: 
It assists in observing thermal and chemical equilibrium over time. It also ensures the dissolution of 
any metastable phase that leads to a final and no change in the chemical composition of each phase 
formed over elapsing time. 

Direct measurement of quenched phases to determine homogeneity by using EPMA 
with WDS: 
Measuring using EPMA is the second step in getting confidence in the achievement of equilibration 
of phases formed during step (a) against their chemical homogeneity. It also reflects a transition from 
non-equilibrium to metastable and finally equilibrium. 

Producing final equilibrium point with different bulk compositions. 
It confirms the studied system is approaching thermodynamic equilibrium irrespective of the direction 
adopted like the different bulk mixtures, different equilibration temperatures with mandatory first 
preheating and optional second pre-heating of the starting mixture, etc.  

Systematic analyses of specific phase equilibrium reactions  
It involves in-depth analyses of reactions occurring in the area of temperature interest to confirm 
both equilibrium achievement and results accuracy. Points 1-3 (varying equilibration time, direct 
measurement of quenched phases to determine homogeneity by using EPMA with WDS, and 
producing final equilibrium point with different bulk compositions) lack in confirming the achievement 
of thermodynamic equilibrium as proximity to an equilibrium point of a system minimizes its driving 
force to accomplish the same. In many systems, a phase of fixed solid solution or stoichiometry, 
either cannot be quenched to room temperature or transform into another phase within an hour to 
months. Sophisticated analytical techniques like EPMA contribute to identifying possible complete 
or incomplete reactions that occurred during equilibration, followed by their correlations at various 
temperatures of interest. One possible way is the line analysis of composition by using EPMA. 
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Further planning to complete analyses 
The experimental direction was from liquidus to solidus, where equilibration at high temperature was 
first done and then advanced towards a lower temperature. This methodology reduces the possibility 
of the formation of metastable phases. It allows the fast accomplishment of thermodynamic 
equilibrium and eases the systematic analyses of possible phase equilibria reactions. After analysing 
the first set of results, further experiments were planned based on 1) target phases and primary 
phase field, 2) number of phases (minimum two-phase assemblage was selected to move further), 
3) the presence of solid fraction and its type, and 4) target phase equilibria reaction. When solid 
fraction was observed to increase with a decline in equilibration temperature then at some point, the 
bulk composition was modified. 

RESULTS AND DISCUSSIONS 
All experimental results were in agreement with the average and standard deviation (mathematically 
calculated using measured 5 points for the solids and 70 points for the liquids) of measured phases. 

Ni-Sn-S system 
In this system, liquidus, solidus, boundaries, and primary phases field(s) of liquid phases (NiS- and 
SnS-rich mattes and liquid metal), MeX (Ni1+xSn), SnS, Ni3Sn, FCC-Ni, Ni1-xS, NiS2, Ni3Sn4, SnS2, 
Sn2S3, and β-Ni3S2 phases were studied with incongruently melting Ni3Sn2S2 ternary compound (FIG 
1). Here, the immiscibility gap spreads from the Sn-S binary towards the Ni-rich side. Microstructures 
of different phases are shown in FIG 2(a-h). The point E in the diagrams is eutectic, the point U is 
peritectic, the point P is quasi-peritectic, the point S is syntectic, the point M is monotectic, and the 
point Sa is the saddle point.  

 
FIG 1 – Ni-Sn-S ternary phase diagram, showing experimental liquids and solids with liquidus, solidus, 

boundaries, isotherms, and primary phase fields. 
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FIG 2 – Microstructures in backscattered electron mode for Ni-Sn-S system, showing (a) matte and MeX, (b) 
matte and Ni3Sn2S2, (c) matte, FCC-Ni, and Ni3Sn, (d) NiS2 and SnS2, (e) Ni1-xS and SnS, (f) Ni3Sn2S2 and β-

Ni3S2, (g) liquid metal, SnS, and Ni3Sn4, and (g) SnS and Sn2S3 phases. 

Cu-Sb-S system 
For the liquid metal, matte, FCC-Cu, digenite (Cu2S1+x), Sb, Cu3SbS4, CuSbS2, and Cu3SbS3 phases, 
liquidus, solidus, boundaries, and primary phases fields were investigated (FIG 3). Here, the 
immiscibility gap spreads from the Cu-S binary towards the Sb-S binary at all compositional ranges 
of the Cu-Sb binary. Microstructures of phases found are shown in FIG 4(a-c). 
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FIG 3 – Cu-Sb-S ternary phase diagram, showing experimental liquids and solids with liquidus, solidus, 

boundaries, isotherms, and primary phase fields 

 

FIG 4 – Microstructures in backscattered electron mode for Cu-Sb-S system, showing (a) liquid metal, FCC-
Cu, and digenite (Cu2S1+x), (b) matte, Cu3SbS3, and solid_Sb (c) CuSbS2, and Cu3SbS3, and Cu3SbS4. 

Cu-Sn-S system 
For this system, liquidus, solidus, boundaries, and primary phases field(s) of liquid metal, matte, 
digenite (Cu2S1+x), SnS, and Cu3Sn phases were studied (FIG 5). Study of liquidus involving the 
Cu2SnS3, Cu4SnS4, Cu5Sn2S7, and Cu2Sn3S7 ternary compounds is in progress. Here, the 
immiscibility gap spreads from the Cu-S binary towards the Sn-S binary at all compositional ranges 
of the Cu-Sn binary, which is wider than the immiscibility gap observed for the Cu-Sb-S system. 
Microstructures of different observed phases are shown in FIG 6(a-b). 
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FIG 1 – Cu-Sn-S ternary phase diagram, showing experimental liquids and solids with liquidus, solidus, 

boundaries, isotherms, and primary phase fields 

 

FIG 2 Microstructures in backscattered electron mode for Cu-Sn-S system, showing (a) matte, digenite 
(Cu2S), and liquid metal and (b) liquid metal, SnS, Cu3Sn. 

Fe-Sb-As system 
In this system, liquidus, solidus, boundaries, and primary phases field(s) for liquid metal, FeAs2, 
Fe1-xSb (MeX), Fe2As, FeAs, FeSb2, and BCC-Fe phases were studied (FIG 7). Here, an immiscibility 
gap between the Fe2As-rich and the Sb-rich liquids was found. Microstructures of different phases 
are shown in FIG 8(a-d). 
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FIG 7 – Fe-Sb-As ternary phase diagram, showing experimental liquids and solids with liquidus, solidus, 

boundaries, isotherms, and primary phase fields 

 

FIG 8 – Microstructures in backscattered electron mode for Fe-Sb-As system, showing (a) liquid metal and 
FeAs2, (b) MeX and Fe2As, (c) liquid metal, MeX2 (FeAs2) and FeAs, and (d) liquid metal, MeX, and BCC-Fe. 

Fe-Sn-As system 
In this system, liquidus, solidus, boundaries, and primary phases field(s) for liquid metal (Fe-rich and 
Sn-rich), Me5X3 (Fe5(Sn, As)3), Fe2As, FeAs, and FeAs2 phases were studied with an immiscibility 
gap near the Fe-Sn system spreading towards the As-side (FIG 9). Microstructures of different 
phases are shown in FIG 10(a-d). 
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FIG 3 – Fe-Sn-As ternary phase diagram, showing experimental liquids and solids with liquidus, solidus, 

boundaries, isotherms, and primary phase fields 

 

FIG 4 – Microstructures in backscattered electron mode for Fe-Sn-As system, showing (a) liquid metal (Fe-
rich) and liquid metal (Sn-rich), and Me5X3, (b) liquid metal, Me5X3, Fe2As, (c) liquid metal and FeAs, and (d) 

liquid metal and FeAs2.   

CONCLUSIONS  
Phase equilibria of S-containing systems (Ni-Sn-S, Cu-Sb-S, and Cu-Sn-S) and As-containing 
systems (Fe-Sb-As and Fe-Sn-As) were studied to improve the prediction capabilities of FactSage 
in a 20-component system for complex pyrometallurgical operations. Different phases for each 
system were found with their liquidus, solidus, boundaries, and primary phase fields. Different 
immiscibility gap for each system was observed. The immiscibility gap was the widest for the Cu-Sn-
S system among all the studied systems. For the Ni-Sn-S system, two immiscible mattes, liquid 
metal, Ni1+xSn, SnS, Ni3Sn, FCC-Ni, Ni1-xS, NiS2, Ni3Sn4, SnS2, Sn2S3, β-Ni3S2, and Ni3Sn2S2 phases 
were found. For the Cu-Sb-S system, matte, liquid metal, FCC-Cu, digenite, Sb, CuSbS2, Cu3SbS3, 
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and Cu3SbS4 phases were found. For the Cu-Sn-S system, liquid metal, matte, digenite, SnS, and 
Cu3Sn phases were found. For the Fe-Sb-As system, liquid metal, FeAs2, Fe1-xSb, Fe2As, FeAs, 
FeSb2, and BCC-Fe phases were found. For the Fe-Sn-As system, two liquid metals (Sn and Fe-As 
speiss), Fe5(Sn, As)3, Fe2As, FeAs, and FeAs2 phases were observed. 
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