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Abstract—Magnesia-Chrome bricks are used as the protective 

refractory lining and in the matte tap holes of the PGM smelters. 

Penetration of matte through the magnesia-chrome brick has been 

observed, by simulation, it was reported that up to 4 wt. % refractory 

can dissolve in matte. Current work focuses on studying the 

mechanism responsible for the matte refractory interaction. The matte 

specie (FeS) will be reacted with synthetic refractory oxides (Cr2O3 

and Fe/MgCr2O4) to determine the mechanism of interaction through 

the analysis of the residual products. A pressed pellet each made of 

(FeS + Cr2O3) or (FeS + Fe/MgCr2O4) will be heated to 1200˚C, 1350 

°C and 1500˚C. The residue will be analyzed with the SEM_BSE and 

EDS. It is anticipated that FeS will react with the oxides forming Fe 

(Mg, Cr) S, and an oxy-sulfide. The dissolution of the oxides in the 

sulfide will possibly affect the composition and the melting 

temperature of the sulfide. 

 
Keywords— PGM refining, Refractory bricks, matte penetration, 

PGM concentrates.  

I. INTRODUCTION 

The key part of  metallurgical process that recognize 

Platinum Group Metals (PGM) concentrates refining from that 

of other base metal sulfide concentrates are displayed. The 

distinction incorporate extensively higher input chromite and 

manganese substance that specifically raise the slag liquidus 

temperature and can possibly expand collections of refractory 

spinels. In particular, the higher smelting temperature required 

for PGM melting, and that results to higher matte superheat 

than matte temperatures of other common refining operations 

(Eksteen, 2009), thus this tends to damage the furnace 

refractories. 

High matte superheat is a challenge in the furnace operation 

of PGM melting as the product is being contaminated and 

furnace breakout rate increases. Refractories must be capable of 

maintaining good physical, chemical and thermal properties at 

very high temperatures. The typical refractories are used as 

lining in PGM smelters, essentially chrome-magnetite and 

magnesia-chrome and Alumina-Chrome (Lange et al, 2014).   

Investigation concerning the understanding of the causes of 

the refractory materials breaking down in the furnace will be 

conducted.  Penetration of slag, matte, and gases through 

refractory is observed at typical operating temperatures, 

dissolutions have also been observed which results to corrosion 

and erosion of the furnace lining. Temperatures above 1500˚C 

are conducive for sulfidising Cr2O4 or Fe/MgCr2O4 refractory 
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by matte. In order to consider the furnace operating 

temperatures, the important parameter is how to control 

chromium in the system which is achieved by setting up 

optimum furnace temperatures (Jacobs, 2006). 

 

 Concerning the high temperatures when smelting 

concentrates containing high chromite content can damage the 

defensive freeze lining of the slag when matte temperature is 

higher than liquidus temperature of slag (Eksteen, 2011). Matte 

temperature ranging from 1400 ˚C to 1500 ˚C and the slag 

temperature of 1600 ˚C to 1700 ˚C were predicted by Synders 

(2006). The above high operating temperatures favors the 

penetration of matte into the furnace refractories. 

From the work and thermodynamics calculations done by 

Eksteen(2011), the estimated that at temperatures greater than 

1500 ˚C the matte has tendency of reacting with the refractory 

lining of the furnace. This will result in the presence of 

chromium reporting in the matte together with the oxygen from 

the refractory as explained by the following equations: 

Equation 1 

(FeCr2O4) refractory + 2[S]matte +3[Fe] matte = 2[CrS] 

matte + 4[FeO] matte  

With ∆G˚= -8.478 KJ/mol at T= 1500 ˚C (∆G˚˂ 0, when T> 

1450 ˚C)   

 

Equation 2 

(MgCr2O4) refractory + 2[S]matte + 3[Fe] matte = 2[CrS] 

matte + 3[FeO] matte + (MgO) refractory  

With ∆G˚= +11.03 KJ/mol at T= 1500 ˚C (∆G˚< 0, when T> 

1650 ˚C). 

II. MATERIALS 

In this project synthetic matte which is the sulphide (FeS) 

powder is used together with chromium oxide (Cr2O3), and 

industrial chromite (Fe/MgCr2O4) as a formula representing 

refractory material. To check the penetration of matte in the 

refractory, SEM analysis will be utilized and XRD for matte 

and refractory crystalline phase composition analysis. 

• Graphite crucible 

• Tube Furnace (horizontal) 

• SEM, XRF & XRD equipment 

• Thermocouple 

• Pelletizer machine 

• Pulverize machine  

III. EXPERIMENTAL 

Laboratory-scale tests were conducted to simulate the 

magnesia-chrome brick and matte interaction. The graphite 
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crucible was used and argon gas was purged into a furnace to 

prevent sulphur in FeS to oxidize. FeS powder was mixed with 

the grind Cr2O3 or Mg/FeCr2O4 refractory to make a pressed 

pellet.  The pressed pellet was exposed to 1200 ˚C, 1350 ˚C and 

1500 ˚C for 1 hour. The temperature profile of the tube furnace 

was established and the temperature reading on the controller 

was verified by thermocouple. The furnace heating and cooling 

rate was 10˚C per min. Figure 1 and 2 are the SEM images of 

the samples before being exposed to heat. 

 
Fig 1: Scanning Electron Microscope images of before [FeS+Cr2O3 

recipe] 

 
Fig 2 : Scanning Electron Microscope images of before 

[FeS+FeMgCr2O4 recipe] 

IV. RESULTS AND DISCUSSION 

The interaction of FeS to Cr2O3 and FeCr2O4 was limited as 

there are spaces been them. As temperature reaching the 

melting point of FeS which is 1194 ˚C there is a clear indication 

of crystals being in contact with one another. It is very critical 

to study the analysis of refractory and matte interface as it 

would represent the actual reaction in the furnace as the lining 

would be in contact with the heated matte. The melting 

temperature of chromium oxide and industrial chromite is been 

lowered when it is exposed to FeS. The mineral that is used is 

pyrite with more of sulphur wt% to less of iron amount. When 

this pyrite is heated to temperatures above 200 ˚C, the sulphur 

is given off which leave a residue of iron(ll) sulfide 

 
Fig 3: Scanning Electron Microscope images at 1200˚C 

[FeS+Cr2O3 recipe]. 
From table 1, it shows that spectrum 1 and 3 are similar 

phase of iron sulfide with 9 wt% Cr. The new phase has 

evolved which contains 50 % oxygen and it is also enriched 

with sulphur and iron. It is observed that, on the periphery of 

surrounded crystals the shape is smooth which shows that the 

material reached its melting point. 
TABLE 1: SEM -BSE RESULTS AFTER EXPOSER AT 1200 ˚C [FES+CR2O3 

RECIPE] 

 
 

 
Fig 4 : Scanning Electron Microscope images of at 1200˚C 

[FeS+FeMgCr2O4 recipe] 
At 1200, there is a clear indication that gases are emitted with 

the trace of the black spaces in figure 4. Iron sulfide in this 

recipe has less than 9 % similar to the phases in figure 3. From 

table 2, the new phase which is present is an oxide reach in Cr 

of 43 wt%. There is also a residual phase of the original 

composition which did not react. The periphery of surrounded 

crystals shows that the melting point was not reached because 

of rough surface. 

 

 

 

 

 

 

 

Mass % FeS Cr2O3 1 2 3

O K 0 50 0 13 0

Cr K 1 50 8 11 9

Fe 46 0 46 39 46

S K 53 0 47 37 44

1200°C
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TABLE II: SEM -BSE RESULTS AFTER EXPOSER AT 1200 ˚C (FES+FEMGCR2O4 

SAMPLE).  

 

 
Fig 5 : Scanning Electron Microscope images at 1350˚C (FeS+Cr2O3 

recipe) 

At 1350 ˚C, there is still a phase which was present before 

at 1200 ˚C which contained about 9 wt% Cr with iron sulfide. 

From table 3, it can be observed that the residual phase is no 

longer found but new phase is formed containing Cr, S, Fe and 

O. There is also a new phase which contains mostly elemental 

sulfur and iron with chromium. 
TABLE 2: SEM -BSE RESULTS AFTER EXPOSER AT 1200 ˚C (FES+ CR2O3 

SAMPLE) 

 

V. CONCLUSION 

It was observed from 1200 ˚C, the product of both 

refractories towards matte showed a significant volume 

expansion. The matte-refractory interaction can be seen when 

the temperature is above 1350 ̊ C where new phases of different 

elemental composition evolve.  
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Mass % FeS (FeMgAl)Cr2O4 1 2 3

O K 0 42 0 9 40

Al K 0 10 0 16 10

Cr K 1 25 2 43 26

Fe K 46 15 49 19 16

Mg K 0 8 0 12 7

S k 53 0 49 0 0

1200°C

Mass % FeS Cr2O3 1 2 3 4 5

O K 0 50 0 40 27 20 0

Cr K 1 50 9 12 6 3 7

Fe 46 0 22 9 7 2 4

S K 53 0 69 39 60 75 89

1350°C
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