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3. Materials

MarM-002 is an alloy designed for polycrystalline use in high temperature
turbine applications, used mainly by Rolls-Royce. In this study, MarM-002 was
received in both conventionally cast (CC) and directionally solidified (DS) forms.
The nomit * composition of MarM-002 is given in iadble 3.1. The actual
composition is given in Appendix |. Heat trea_. 2:nt and metallography was
performed on both the CC and DS alloy, but mechanical testing took place only
with the DS material. The CC MarM-002 was received in the as cast condition,
but the DS MarM-002 had been previously heat treated at 1220°C/2h and
quenched by an argon gas fan (GFQ). The heat treatment served to stress
relieve the DS n erial, thus preventing recrystallization during subsequent
rough handling or exposure to heat. Additionally, the heat treatment was
supposed to serve as a partial solution heat treatment, but as will be seen in
section 5.2 , the temperature was not high enough for full precipitate dissolution
and the quench rate was not rapid enough to prevent the formation of ¥
precipitates on cooling. The microstructures of the as cast CC and as received
DS materials will be discussed in sections 5.1 and 5.2.

Element LOMposIlion (Wivo)
Ni 60

Al 5.5

Ti 1.5
Ta 25
Cr 9.0
Co 10.0
w 10.0
Hf 1.5
Zr 0.05
B 0.015
C 0.14

Table 3.1. The nominal composition of MarM-002
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4.4.2. Creep Testing

Creep testing took place in constant load machines, under a nominal load of 300
MPa at a temperature of 900°C. The load was applied by dead weights, using a
leverage ratio of 1:10. The temperature was monitored at the top, middle and
bottom of the furnace hot zone and the temperature of the specimen was
...2asured using a Type R thermocouple at the centre of the gauge length. The
elongation was measured by arms attached to the ridges enclosing the gauge
length of the specimen, which transferred movement to linear variable differential
transformers (LVDT's). The LVDT's convert the mechanical movement of the
specimen into electronic signals which are recorded by a computer. The
extension was recorded every 30 minutes until final failure.
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precipitates and the extensive eutectic y' lamellae and blocky ¥ found in these
areas. Tantalum, a ¥y former, appears to segregate preferentially to the
interdendritic regions in the CC material but not the DS material. Unfortunately,
in the EDS spectra used to calculate the compositions there is some overlap
between the Ta and W peaks which makes accurate analyses of these elements
difficult. Hafnium is seen to partition strongly to the interdendritic regions. Low
melting point (Ni-Hf) phases would, therefore, be expected to form primarily in
the interdendritic regions. These, of course, are potential sites of incipient
melting in the material.

The gamma formers, Cr, Co and W segregate to the dendritic regions, aiding the
formation of the smaller cuboidal ¥' seen in these areas.

Element interdendritic vendrite Partitioning
Region Ratio
Ni 616127 59.6+0.3 1.03
Cr 7.0+27 7.8+0.2 0.89
Co 83+12 10.6 £ 0.1 0.78
Al §3+£07 4010.1 1.32
Ti 1.7+0.3 0.5+0.03 3.51
Ta 59+21 47101 1.26
w 5.0+0.9 12.0+0.2 0.42
Hf 51+34 0.7+0.2 6.94

Table 5.1. The compositions (weight percent) of the dendritic and
interdendritic areas of CC MarM-002 in the as cast condition are
presented in this table. The partitioning ratios of the elements
(interdendritic composition divided by the dendritic composition) is
also presented here. The compositions were measured by EDS.

ciement wnerdendritic Dendrite Partitioning
| Region Ratio

Ni 63.1+£2.5 58.6 £1.0 1.08

Cr 6.3+2.0 8.8+0.6 0.71

Co 93+1.1 11.1£04 0.83

Al 45105 3.5+£0.2 1.30

Ti 1.3+£0.2 0.8+0.1 1.65

Ta 56104 54+1.0 1.04

w 78+1.0 10.6 £ 0.6 0.73

Hf 21+72 | 0810" _"8 ]

Table 5.2. The compositions (weight percent) of the dendritic and
interdendritic areas of DS MarM-002 in the as received condition are
presented in this table. The partitioning ratios of the elements
(interdendritic composition divided by the dendritic composition) is
also presented here. The compositions were measured by EDS.
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