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1. ABSTRACT

2. MOTIVATION

> The assessed P-Pt phase diagram [1] is based on studies from 1935 [2]
> This previous work contains a noticeable region around the phase P2Pt5
> In the present study a series of binary P-Pt alloys was prepared by alloying red
phosphorus (P) and platinum (Pt)
> The investigation focuses on the understanding of the solidiﬁcation behavior
and on phase equilibria
> There are two main challenges in the study:
> P evaporation during sample preparation and thermal analysis
> The miscibility gap in the liquid phase
> The main methods of the study are: DTA, SEM, metallography

> Nowadays P-Pt alloys ﬁnd interest in technical ﬁelds as:
> Catalyst material
> Pre-alloy for glassy metals
> In the work of W. Biltz et al [2] three invariant phase transformations were
observed:
> At 683 °C monotectic: L1 → L2 + P2Pt (67 at%Pt)
> At 588 °C: eutectic: L2 → P2Pt5 + Pt
> They assumed the peritectic transformation on the basis of one weak DTA signal:
> At 590 °C: peritectic: L2 + P2Pt → P2Pt5 (28,6 at%Pt [1]) (former:P7Pt20 [2])
> Up to now, there are very few data on the peritectic transformation

3. METHOD

3. METHOD

> Inductive melting of red phosphorus (P) and platinum (Pt) in an Al2O3 crucible
with subsequent centrifugal casting into a copper mold
> As-cast alloys show a signiﬁcant macroscopical inhomogeneity
> Analysis methods performed on several samples taken out of adjacent alloy
regions:
> Diﬀerential Thermal Analysis (DTA) with diﬀerent heating and cooling rates
(4, 10 and 20K/min)

> Chemical analysis by Inductively Coupled Plasma-Optical Emission Spectroscopy
(ICP-OES)
> Metallographic investigation of cross sections
> Scanning Electron Microscopy (SEM)
> Wavelength Dispersive X-ray analysis (WDX)
> Metallographic cross sections are prepared out of speciﬁc DTA samples
> Annealing experiments were carried out for several alloys

4. RESULTS
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Fig. 1: Assessed phase diagram with the chemical compositions
of the samples marked by the coloured lines
Fig. 2: DTA scans recorded with heating and cooling rates
of 4k/min of several samples with diﬀerent chemical
compositions and their microstructures after cooling
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5. CONCLUSIONS

> Au, Ag and In were used to calibrate the DTA
equipment (DTA 404 from Netzsch)
> The miscibility gap in the liquid leads to the
solidiﬁcation of a Pt-rich and a P-rich liquid,
which themselves segregate into the stable
phases
> The microstructures present two segregated
subsystems in one sample and at least three
stable phases are present (also observed for
samples after cooling with 1K/min)
> Annealing experiments in the solid state and
subsequent DTA scans (4K/min) reveal:
> Onset of the eutectic phase transformation
temperature TE about 578 °C
> Onset of the peritectic phase transformation
temperature TP about 675 °C

> The segregation of the Pt-rich and the P-rich liquids during
solidiﬁcation impedes thermal equilibrium of a binary system
> The eutectic and monotectic phase reactions were clearly
detected by DTA measurements
> The peritectic phase transformation temperature could only
be detected from annealing experiments
> TP is not in accordance with the value from literature
> Literature data have to be re-evaluated and a detailed
constitutional study is necessary for a full understanding of
the phase diagram P-Pt

6. OUTLOOK

Fig. 3: Sketched phase diagram based on the
experimental data from DTA up-scans with
4K/min (black), 10K/min (green) and on thermal
equilibrated samples (red)
Compared to the evaluated phase diagram of
W. Biltz et al [2]:
> TE @ 578 °C vs. 588 °C [2]
> TP @ 675 °C vs. 590 °C [2]

> Additional experimental methods will
be applied to DTA, SEM, etc. in order
to better identify the microstructure
features (TEM) and to further determine thermodynamic data (Calorimetry, vapor pressure measure- Fig. 4: Draft of a calcument, etc.)
lated phase diagram [3]
> The ﬁnal step of the ongoing study
will be a CALPHAD based thermodynamic optimization
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