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Thermocouples are sensors used for measuring temperatures in monitoring industrial processes, pilot 

and laboratory scale research. Platinum (Pt)-Rhodium (Rh) alloys are commonly used in thermocouple 

sensors for high temperature practices, for example, in slagging gasification systems. While Pt and Pt-

Rh alloys are known to be relatively inert/resistant to corrosive high temperature environments, the 

thermocouple sensors often suffer functional failure during industrial operation. Sensor failure can be 

caused by a number of reasons; including slag attack, abrasive wear, shear, protection tube failure, and 

corrosive vapor attack. Pt can be attacked (poisoned) by Phosphorus (P), Sulfur (S), Arsenic (As), 

Silicon (Si), and Silicon Carbide (SiC) [1]. While impacts of As, S, and Si gases were known, 

detrimental effects of P are, however, not well reported.  

 

To understand P diffusion through the Pt-Rh thermocouple alloys, and derive degradation mechanisms, 

it was critical to obtain accurate chemical/elemental analysis of the test’s specimens. The specimen in 

this case was Pt-30wt.% Rh alloy exposed to a P-rich reducing simulated gasification environment. The 

P fumes rapidly migrated into the alloy, forming an intermediate (Pt, Rh)2P phase with Rh, while the 

remaining Pt matrix melted due formation of a low melting Pt-P eutectic, figure 1 [2]. Analysis was 

need on the (Pt,Rh)2P compound and determine the remaining Rh and P, if any, in the Pt matrix. 

The Pt and P X-ray peak is a classic energy dispersive spectroscopy interference overlap while there is 

no interference of Pt and P using a wave length spectrometer (WDX) and the chosen method of analysis. 

While selecting a standard for P it was observed that the peak centroid changed location for each P 

standard used. P standards available where Apatite, Iron phosphide (Fe2P), Indium phosphide (InP), 

Gallium Phosphide (GaP) and Boron phosphide (BP). InP was selected as it had less shift, figure 2.  One 

WDX spectrometer’s standard peak seek routine missed the P peak in (Pt,Rh)2P or at other times P being 

measured on the side of the peak and erroneous results reported, table 1. The location of the P in the 

(Pt,Rh)2P was found and entered manually into the software so the peak seek routine would center on 

the peak not the side or miss the peak totally. Interference X-ray lines where looked for and a minor Pt 

M2-N4 X-ray line was found to interfere with the Rh L X-ray line so the Rh L line was used. When 

these changes where made to the analysis routine results had good closure and where more in line with 

what was expected, table 2. The sample exhibits a complex microstructure resulting in concerns about 

the effect of secondary fluorescence on the results. 
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           Table1. Initial analysis peak side measured 

 

 

 

 

 

 

               Table 2. Improved analysis with peak center used. 

 
Figure 2. Position of the P peak depending on the standard.  
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LINE P WT% Rh WT% Pt WT% TOTAL 

1 0.02 19.46 63.76 83.25 

2 1.07 22.83 60.54 84.43 

3 0.04 16.87 70.48 87.40 

4 0.02 16.39 71.23 87.64 

5 0.02 21.50 67.88 89.40 

LINE P WT% Rh WT% Pt WT% TOTAL 

1 0.029 5.899 94.287 100.215 

2 0.040 3.326 97.017 100.383 

3 5.218 1.958 90.286 97.461 

4 0.071 5.850 94.522 100.373 

5 0.021 6.197 92.622 98.841 

Figure 1. Quantified P K 

elemental X-ray map of attacked 

Pt 30%Rh wire. 


