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Abstract

Paper presents the results of evaluation of heidtamce and specific heat capacity of MAR-M-2003RAM-247 and Rene 80 nickel
superalloys. Heat resistance was evaluated usiclic apethod. Every cycle included heating in 11086€23 hours and cooling for 1
hour in air. Microstructure of the scale was obsedrwusing electron microscope. Specific heat capasés measured using DSC
calorimeter. It was found that under conditionscgélically changing temperature alloy MAR-M-247 éxts highest heat resistance.
Formed oxide scale is heterophasic mixture of algglements, under which an internal oxidationezams present. MAR-M-200 alloy
has higher specific heat capacity compared to MARM. For tested alloys in the temperature range 550°C to 800°C precipitation
processesy(, y") are probably occurring, resulting in a suddemdase in the observed heat capacity.
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1. Introduction to work in both the very high temperatures (up 40Q°C) as
' well as in very low, cryogenic temperatures whilaimtaining

the excellent mechanical properties [2]. Anothevaadageous
feature of nickel superalloys is high-temperatu@rasion

resistance in aggressive environments of sulfurpgén and
carbon [6,7]. Disadvantageous feature of supersllogn be
a low thermal conductivity (10-30% of nickels theim
conductivity) [1], which may lead to increased temgiure

gradient and rise of internal stresses resultingzomponent
failure. Properties of nickel at high temperatulepend mainly
on the choice of alloying elemenslloying additions may lead
to an increase of mechanical properties by pretipit

hardening (typically by an ordered phagde The additions of
Al, Ti and Ta are particularly important in the fimation of the
vy’ phase. In turn, the rare earth metals such as&fy have

a positive influence on oxidation resistance mamjybounding
sulphur impurities [8].

Superalloys are a group of materials used mainlpigh
temperature conditions, where high creep, corroaiwh fatigue
resistances are required. The development of sliperais
closely connected with the history of the jet eegifor which
they were first designed [1,2]. Conditions insitie jet engine
turbine are extreme, elements are subjected tothigperature,
corrosive atmosphere of the exhaust and high médiastrain.
Currently, superalloys are being used in other héghperature
applications, especially for turbine componentspfower plants
[3-5]. The temperature of steam in supercriticalveo plant
installations can compare to the temperature ingigkt engine.
The desire to reduce fuel consumption and emissisns
a powerful incentive for continued development wperalloys.
This requires even higher  work  temperatures.
A characteristic feature of many nickel superallisythe ability
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2. Materials and methods
of investigation

The test ware carried out using commercial g
superalloys of following chemical composition:
MAR-M-200: 0.14% C, 9% Cr, 10% Co, B2% W, 1% Nb,
2% Ti, 5% Al, 1.1% Hf, 0.05% Zr, rest Ni.

MAR-M-246: 0.16% C, 8.2% Cr, 10% Co,8%¢ Mo, 10% W,
3% Ta, 1% Ti, 5.5% Al, 1.5% Hf, 0.05%, res Ni.

Rene 80 0.16% C, 14% Cr, 9% Co, 4Mo0, 4% W, 4.7% Ti,
3% Al, 0.8% Hf, rest Ni.

Heat resistance tests were carried out using @lli
fluctuating temperature method. Once cycle corngisfeheating
in 1100°C for 2&ours and then cooling for hour in room
temperature (Figure 1).
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Fig. 1. Oxidation cycles

Test samples were manufactured in the form of dglirof
diameter d = 14 mm and height h = mf. Before thetests,
samples were polished using SiBrasive papers (grit 800) a
degreased in ethyl alcohol. After each cycle,mass of the test
samples was measured with a precision 6d.0

Metallographic studies of the scale were perfornmet
crosssections of samples using HITACHI-4200 SEM
microscope. Eternal surface of the samples was electropl
with nickel. After cutting, the samples were mouhite resin

Evaluation of heat capacity involves comparison
reference substanad known mass and specific heat capa
with the test sampleThe reference substar should have
known characteristics and, if possiblecatificate [9]. Specific
heat capacity of the reference substatomuild be specified wit
precision of 0.5%and should be measured using two diffe
adiabatic calorimeterdonocrystals are preferred freference
substancem order to avoid the appearance of multiple peak
the DSC curve. In the temperature range of . — 2000°C the
a-Al,0; oxide (synthetic sapphire) is used as a refer
substance.

In order to determie the specific heat capacity thi
measurements were carried out under identical tondi The
first measurement was performed with two empty ibfas, the
second with the test sample and the third with réfference

substance. The resulting heaux curves are the basis for
determining the value of the specific heat capac, which
was calculated from thfellowing relationship:

— HFsampIe_ HFbIank mref, (1)
Ps( )_ H':ref__HFMank Dm Pref(T)

sample

where: Gs—specific heat capacity of the test san, J/(g-K);
HF — heat flux respectivelyor test sample (sample), em
crucibles (blank) and reference substance ( pV; m — mass
of the sample and the reference subsi, g; G t— heat
capacity of the reference substance (sappltd/(g-K).

The measurements were carried out usiplatinum
crucibles with a capacity of 0.cnf. Calculations were
performed using a Setsoft software package provioledhe
manufacturer of the calorimeter.

3. The results of investigation
and discussion of result

Mass change curves obtained afte oxidation cycles are
shown in Figure 2.
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Fig. 2.Cyclic oxidation of the nickel superalloys sam|

Table 1.
Characteristic parameters for heat resistance atiah
Alloy (Am/S)pax tmax to (Am/s)/At
[g/cn] [ [ [g/(ent-h)]
MAR-M-200 1.70 24 52 2.72.10
MAR-M-247 0.09 24 48 8.31.1¢°
Rene 80 2.56 24 84 1.14-1¢

According to the heatesistance evaluation criteri
proposed in [10] investigated alloys have relagivgbod surfact
scale adhesion.Another method of the heat resistal
evaluation for alloys in conditions of cyclicallyhanging
temperature was proposed by Smialek [11]. The auttas
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adopted the following parameters characterizing thass
change curves of sampleinf/s)..— highestmass increase,
tmax— time to reach the maximum, -ttime of the zer-line
intersection, Am/s)/At — rate of finalmass los. The values of
these parameters for the tested alloys are showalbife 1.

The oxide scale on MAR-N200 is monophasicBeneath
the surface scale aimternal oxidation zonehas formed
(Figure 3).

The existence of the aforementioned zone indic#be:
possibility of oxygen dissolution in the alloy. @utlayer anc
internal oxidation zone are heterophasic mixturealmost all
alloying elements. But there was no presence ofilma, both
in the outer layer and in the internal oxidatiomeoln case ¢
MAR-M-247 the peeling of the scale occurred already dfie
first oxidizing cycle. Remaining scale was uneverd am
internal oxidation zone was present (Figure 4).

AU
Fig. 3. Crossection of oxide scale on the surf
of the MAR-M-200 sample

Ni leyer

Fig. 4. Crosssection of oxide scale on the surf:
of the MAR-M-247 sample

The presence of hafnium was revealed in the ink
oxidation zone. Oxidation curves show that M-M-247 has
greater heat resistance in comparison to -M-200, which
exhibitedincreased mass loss. This is probably a resulh®
increase in aluminium concentration from 5 to 5.5%%d
decrease in titaniumoacentration from 2 to 1%. Of the tht
significant oxides (AlO;, Cr,0O5, NiO), Al,O3 is the most stabl
and NiO the least. It can therefore be expectet ithaickel
superalloys the AD; will be formed first.

In addition to the thermodynamic aspect, the o
kinetics is an importantfactor in the evaluation of heat
resistance. NiO oxide is a semiconductor with disoed catior
sub-lattice,so it will be formed very fasas a result of upward
diffusion of nickel ions through cation vacancies. The scale
fall off easily causing continuous corrosion. Inrnu the
dissolution of TiQ in Al,O; may increase the rate of formati
of aluminum oxide, as Ti and A%* have a different charge.
Inclusion of additimal vacancies into »O; increase the
mobility of aluminium ions, and thus increase ttrater of
oxidation.

Changeof the specific heat capaciof investigated nickel
superalloys are shown on Figu5 and, for the specific
temperature, in Table 2.
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Fig. 5.Specific heat capacity of nickel superalloys asrection
of temperatur

Table 2.
Specfic heat capacity investigateickel alloys
Specific hee capacity g

Temp. [/(cK)]

[*Cl MAR-M-200 Rene 8 MAR-M-247
150 0.43 0.35 0.29
200 0.45 0.37 0.29
300 0.45 0.37 0.28
400 0.46 0.38 0.28
500 0.47 0.38 0.30
600 0.46 0.40 0.30
700 0.50 0.45 0.35
800 0.52 0.45 0.38
900 0.62 0.54 0.46
1000 0.71 0.65 0.55
1050 0.73 0.68 0.58

Alloy MAR-M- 200 has a higher value of the specific f
capacity ¢, as compared to the alloys M-M-247 and
Rene 80.

The changes in specific heat capafor investigated alloys
can be divided into three distinct temperature eangn thefirst
range from 150°C to 550°C a moderate increase ofdageicity
can be observed. In the secaadge from 550°C to 800°C tl
heat capacity decreases slightly at first, and thereases to th
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maximum at the temperature of approximately 700°Gesg
change is probably due to precipitationybfphase, which occur
in the temperature range from 500°C to 750°C, as Hean
shown in [12]. In the third range, above 800°C hegiacity of
the samples increase linearly. Highgvalue for MAR-M-200
and Rene 80 alloys may lead to lower heat gradiedtthus
higher thermal shock resistance. This is confirroely for few
initial oxidation cycles.

4. Conclusions

Under the conditions of cyclically changing tempera
nickel superalloys have a relatively good oxidatresistance.
MAR-M-247 shows better heat resistance. For MAR-00-2
alloy the oxidation curves are close to parabaddiw luntil it
reaches the maximum mass loss. Similar behavious wa
observed for Rene 80 sample. Oxide scale formed ickeln
superalloys is a heterophasic mixture of oxidemost alloying
elements. Under the scale an internal oxidationezuorere
formed.

MAR-M-200 have highest specific heat capacity, ehil
MAR-M-247 lowest. In the temperature range from 8500
800°C in the investigated alloys thg’ phase probably
precipitates, which results in a slight decreasdlpWed by
a strong increase of specific heat capacity.
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