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ABSTRACT

The effect of aging process at 845° C for 24 h eesting conditions on the microstructure and
mechanical properties of Ni base superalloys wewestigated. Alloys under investigation were
manufactured by investment casting under variousditons of cooling rate and superheat.
These alloys were solution treated at 1120 and 1180dollowed by air cooling before aging
process. The volume fraction of TCP phases decseagié increasing casting superheat and
lowering cooling rate. The grain size of aged spemis and solution treated at T08C is
coarser than ones solution treated at 1120 The Y of y’ particles in case of aged with low
superheat specimen is higher than that in high gwgs one after solution at 1120 and 11&D
The V of y' in case of aged and solution treated at 1°12Dis higher than that aged with
solution treated at 1180C. Hardness measurements of aged alloys with lovhegh superheat
specimens solution treated at 122D are higher than that of 118@.

Keywords: Ni base superalloy, Aging, microstructuyeg andy phases, DSC and mechanical
properties.

INTRODUCTION

Nickel base superalloys used for modern gas tustane continually being developed to increase
thrust, operating efficiency and durability. Formgayears, Ni base superalloys such as IN738LC
and GTD 111 alloys have been used in gas turbisddaaes at high temperature because of its
excellent high temperature mechanical properti€s Generally, the Ni-base superalloys with
complex and multi-phase microstructures are stablegh temperatures and this characteristic is
the main reason for using them in critical and seservice condition °.
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The strengthening of nickel-based superalloys imiypabtained by the coherent precipitation of
a large amount of MAI type y' % phase in a nickel-basgdnatrix. The morphology of thg %
precipitates in these alloys has been well docuateand a large variety of the% precipitate
shapes has been observed (spheres, cubes, aligbes, plates, short plates, doublet of short
plates, octet of cubes, large plates, rafts'% %

Topologically closed-packed (TCP) phases are ingéatiic compounds that occur in a plate-like
morphology, which of course, appears as needlessimgle-plane microstructure. These
intermetallic compounds form when the ratio of aefory metals and chromium to cobalt +
nickel in H\e alloy matrix exceeds certain levels defined by the phase relations for the systems
involved ™.

The heat treatments usually recommended for nicisé superalloys are suggested primarily to
produce high volume fraction and better size distion ofy' precipitates which give optimum
stress rupture property. In as-cast alloys withigh hvolume fraction ofy/ y' eutectic, the
complete dissolution of by the appropriate heat treatment is of extremgortance™. The high
melting temperature of Ni base superalloys fredyemtlows for refinement of they'
microstructure with a solution heat treatment folal by one or more steps of ageing heat
treatments. Bothy’ precipitate size and volume fractioW;( can significantly influence the
mechanical properties of the single crystal nidkete superalloys at room and elevated
temperaturé®.

In this study, the effect of aging heat treatmerdgcpss on microstructure and mechanical
properties of an experimental Ni base superalldiybei investigated. TCP phases angarticle
morphology, size and volume fraction will be evaédhunder casting conditions of cooling rate
and superheat levels.

MATERIALS AND METHODS

The chemical composition of the investigated Niebasperalloys in this study is shown in Fig.
1. These alloys were melted under vacuum atmospbeficre casting under various casting
conditions of cooling rates and superheat levetav I(L) and high (H) superheat levels were
applied into two castings. Each alloy, H and L ydloaccompanied by three cooling rates; fast,
medium and slow.

These Ni base superalloys were solution treatedffatent conditions of 1120 and 1180 °C for 2
h followed by air cooling. Further aging heat treant at 845 °C for 24 h was accomplished for
both solution treated alloys.

Optical emission apparatus, ARL35600ES as well abdse software were used to determine
the chemical composition of the heat treated alloys

Characterization for microstructure studies inahgdimorphology and volume fraction of
different phases was carried out by both Zeisg lgtical microscope fitted with Hitachi digital
camera and JOEL JSM-5410 Scanning Electron Micmesc(SEM). The specimens for
microstructure examination were grouadd polished according to ASTM standard E3 and
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E768,then etched with 50 ml HCI + 2 ml,B, (30%) solution. The study of the microanalysis
and segregation for alloying elements was perforosiag EDS in JEOL JSM5410.

Differential scanning calorimetry (DSC) analysisswgerformed using a Netzch STA 449 F3
Jupiter instrument to examine the crystallizati@ndwvior of the alloy. All samples were heated
at a constant rate of 10°C/min and duplicate sasnplre evaluated for each condition.

The Vickers hardness was measured with Akashi HmsiTester Machine (Akashi Co. Ltd.)
under a load of 60 Kg. The mean value over ten oreagents was evaluated.

RESULTS AND DISCUSSION

1.1. As cast structure of Ni base superalloys

The microstructure of the as cast experimental Hsebsuperalloys used in the present
work, consists of primary, interdendriticy/y’, MC carbides and TCP phases suchrps
ando phases in the interdendritic zones, as showngnIFi

The highest V of interdendritic y/y’ found with highest cooling rate and lowest melt
superheat. Whereas th& of ¢ and n phases increases as the melt superheat increases
and the cooling rate decreasés

Bimodal, spheroidal and cuboidal shape, and dupbezcipitates, fine and coars¢
phase are found in the as cast microstructure.

In dendritic region, there are fing' precipitates while in interdendritic region, cear
sizey’ precipitates exist, as it has been also obsebyeiim et al.*®.

Table 2 give the micro-chemical analysis of TCPsglsaliken ando phasesn phase has high
levels of Ti and Ni elements whereas Cr, Mo and né&/the main elements in whiah phase
composed ot’.

1.2. Solution treated microstructure

Solution treatment was carried out for 2h at batBQland 1180°C followed by air cooling. The
solution treatment at 1120°C represents the stdnsi@ution treatment while that at 1180°C
represents the modified solution treatment. DSCsoneanents, SEM and EDS emphasized that
the ¢ nodular and interdendritig’y’ phases found in as cast structure were entirahjish after
solution treatment either at 1120 or 1180%C

After solution treatment with various conditions &l as cast specimens, the interdendsitic¢
phase vanished completely from these microstrusture

Density orV; as well as morphology and size Wfprecipitates is affected by the solution
treatment conditions. The morphology of as castssauboidal’ precipitates changes to fine
spheroidal ones after solution treatment procesassshown in Fig. 2. Th&; of these

precipitates in as cast microstructure decreasesohytion treatment. Solution treatment with
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1120 °C has higha¥; of y’ precipitates than solution treatment after 1180Coarse’ particles
first coalescence with each other then dissolvatémmatrix with solution treatment.

The effect of solution treatment temperature on\theof n phase for different specimens in
given in Table 3. Elevating the solution treatm&rhperature from 1120 to 118D affect
significantly theV; of n phase. Thid/ decreases by increasing solution temperature frb2®
to 1180 °C for the same specimen.

1.3. Influence of aging on microstructure

Figures 3 and 4 show the aged microstructures %t 84of L and H specimens after solution
treatment at 1120 and 118Q, respectively. The aged microstructures of d Bhspecimens
with various cooling rates, L1, L3, H1 and H3 anewn in Figs 3 and 4. General speaking, the
V; of TCP phases in interdendritic regions of 1’1@0specimens is higher than that of 1180

for both L and H alloys. In other words, high s@uattemperature dissolves TCP phases such as
o andn phases in the matrix.

Moreover, casting superheat level has a greattaffetheV; of TCP phases. Superheat level has
inverse relationship with TC®: , where decreasing superheat level increases thE® phases
in interdendritic regions, as it can be seen irs Fgand 4.

Additionally, needle-liken phase can be noticed in the microstructure of 1T2@fter aging at
845 C, as shown in Fig. 3. However, this morphologygbhase entirely vanished from the
microstructure of 1180C, as shown in Fig. 4.

The grain size of aged alloys affected as well oy $olution temperatur€. It can be easily
recognized that the grain size of all L and H adleyith 1180 C is coarser than that of 112G
for the same conditions of L and H specimens, awaglin Fig. 3 and 4.

Two types of carbides are observed in the microtira of H and L specimens after aging at
845 C for 24 h; primary MC and B4Cs carbides. MC carbides have an irregular blocky
morphology at grain boundaries and in interderdr#ones. However, pCs carbides are
located at the border betwegmndy phases.

According to chemical analysis of carbides giveffable 2, the major alloying elements in MC
carbides are Ta and Ti in addition to carbon. Adddlly, the M3Cs carbides consist mainly of
Cr and W beside carbon.

Blocky MC carbides are smaller in size in L specimie comparison with H specimen after
aging at 845 C for 24 h. Moreover, MCs carbides observed in L specimen are small sephrate
particles at the grain boundaries. While in H spexi, these small separatedsW particles
grow and congregate into a wide continuous carbiden at grain boundaries.

Figures 6 and 7 show thé precipitates in both aged L and H specimens aftdution at 1120
and 1180 C, respectively.
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The size ofy’ particles in aged H specimen at 845 for 24 h is larger than that in L specimen in
both cases of solution treatment, 1120 and 188G&s shown in Figs. 6 and¥

The V; of v’ particles in case of aged L specimen is highantthat in H one after solution at
1120 and 1180C, as shown in Figs 6 and 7.

Increasing the solution temperature from 1120 tB011C decreasing th¥; of y’ particles in
both L and H specimens. Whereas the solution teatyer elevated the coargeprecipitates
dissolved in the matrix lowering thg of y' particles®.

A the morphology of’ particle is only round with different sizes ineth. and H specimens with
1120 and 1180C as shown in Figs. 6 and 7.

1.4. Hardness measurements

Hardness measurements for aged specimens at 8d624 h and solution treated at 1120 and
1180° C were evaluated. Hardness value has a stedatjonship with they' characteristics
especially volume fraction and size. Moreover, caplrate and superheat levels affect the
hardness values as well. Hardness measuremenggedflaand H specimens after solution at
1120 and 1180° C are given in Table 5. Highestealfor hardness property obtained with
highest cooling rate specimens L1 and #1 Additionally, lowest hardness measurements
achieved with lowest cooling rate specimens sudtBaand H3, as shown in Fig. 8. Therefore, it
could be concluded that hardness measurementsagsdtavith increasing cooling rate and vice
versa. However, L specimens have higher hardndgss/¢than H specimens in both cases; 1120
and 1180° C, as shown in Fig. 8. In other wordsthe superheat level increases the hardness
value decreased.

Hardness measurements for L and H specimens wié’ 11 are higher than that of 118G, as
shown in Fig. 8 (a) and (b). Moreover, the differerin hardness values between L and H
specimens in case of 1120 is wider than in 1180C one, as shown in Fig. 8 (a) and (b).

: ophase’

f’ bre’,cipitatés

97 e

20kv  X2,200 10pm 0053 Taif EMU

Fig. 1 Microstructure of as cast Ni base superallo}.
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Fig. 3 Aged microstructure at 845°C after solutiortreated at 1120°C of;
a) H1, b) L1, c) H3 and d) L3 alloys.

As the cooling rate increases and superheat desrehe hardness value increadeéd” This

may related to the smaller size ¢fin comparison with the conditions of lower coglirate and
higher superheat level, as shown in Figs. 6 and 7.
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LSRR 100 um 100 um |

Fig. 4 Aged microstructure at 845°C after solutiortreted at 1180°C of;
a) H1, b) L1, ¢) H3 and d) L3 alloys.

20kV  X2,000 10pm 00583 Taif EMU

20kV X7,000 2um 0053 Taif EMU 20kv ~ X7,000 2um 0053 Taif EMU
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Fig. 67’ precipitates in aged microstructure at 845° C of Hspecimen with solution temperature at 1120° C a)
L1 and b) H1 after aging at 845 °C.

et Jr 2N b
! e o g v b L ey .3 T AF .
18kV  X10,000 1pm 0053 Taif EMU 20kV  X10,000  1pm 0053 Taif EMU

Fig. 7y’ precipitates in aged microstructure at 845° C of Hspecimen with solution temperature at 1180° C a)
L1 and b) H1 after aging at 845 °C.

480
475 -

470 -

L specimens

H specimens

Hardness, HV 30

Alloy position

(a)

425 |

Hardness, HV 30

420 +

415 T T

Alloy position

(b)
Fig. 8 Hardness measurements for L and H specimemdter aging at (a) 1120 and (b) 1180° C.
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Table 1 Chemical composition of experimental Ni bassuperalloy, mass %.

As cast (H) goa%
As cast (L) Ry

SEERS
Phase

n 0.19| 4.31| 0.84| 1.17 15.94| 7.19| 1.53
c 0.78| 36.75| 20.37| 10.01] 2.29 | 9.68| 0.47

Table 3 Effect of solution temperature orV; of n phase'®

V; at solution treatment
Specimen Temperature (%)

at 1120 °C at 1180 °C
L1
H1
L3
H3

Table 4. EDS chemical analysis of carbides in agedloys

SENERS

Phase C Al Ti Cr Co

Table 5. Hardness values of aged specimens at 1E2@ 1180°C

Alloy | L1 | L2 | L3 | H1 | H2 | H3
1120°C| 472 | 467 | 445 462 454 | 440
1180°C| 450 | 438 | 427 | 446 436 425

Higher temperature of aging treatment, 12180 has higher effects on the dissolution of cogrse
in the matrix than in case of 112G. Therefore th¥&; of y' in case of 1120C is higher than that

in 1180 C, which in turn increase the hardness valueda€’1C specimens than 118C ones.

In the same direction, the sizefparticles in 1120C specimens is larger than that in case of
1180 C as shown in Figs 6 and 7. The variation of hasdrnvalues between L and H specimens
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are different because of the effectiveness of agiitly solution at higher temperature, 1180,

that diminish thé/; and size of' than in case of aging with solution at lower tengture, 1120

C. From the latter it can be concluded that in a#s&ging with solution at 1180C specimens,

the rate determining step is the aging temperatdosvever in aging with solution at 112C
specimens, cooling rate and superheat level havea influence on the hardness measurements
in addition to the solution temperature level.

CONCLUSION

The results of aging at 84% for 24 h on the microstructure and mechanicaperties of Ni
base superalloys that solution treated at 11201486 were as follows:

1. TheV; of TCP phases in aged L and H specimens solutgatetd at 1120C is higher than
that of 1180 C.

2. The grain size of aged L and H specimens with°Q18 is larger than the grain size of
solution treated at 112(.

3. TheV;of y’ particles in case of aged L specimen is highantthat in H one after solution at
both 1120 and 118CC.

4. TheV;of v' precipitates in case of aged alloys solutionté@at 1120 C is higher than that
solution treated with 1180C.

5. Hardness measurements of aged L and H specimehsl®3 C are higher than that of
1180 C.
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