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Precipitation of M23Cs type carbide in Ll>-Ordered Nis(Al Cr)
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ABSTRACT

Structural studies have been performed on precipitation hardening discovered in Ll-ordered
Nis(Al,Cr) containing 0.2 and 0.5 mol% of carbon in terms of transmission electron microscopy(TEM).
By aging at temperatures around 1073 K after solution treatment at 1423 K, fine polyhedral
precipitates appear firstly on the dislocations and then in the matrix. The selected area electron
diffraction (SAED) studies revealed that these particles are a Mx3Cs type carbide which has the cube-
cube orientation relationship with the matrix lattice. Weak-beam electron microscopy observations of
deformation induced dislocations suggested that the dislocations bypass the carbide particles during

deformation.
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Fig. 1 Alloy composition(A) shown in the 1123 K
isothermal section diagram of Ni-Al-Cr
system after Huang®.

Table 1. Nominal Alloy Compositions of ¥ -Nis(Al,Cr)-C

T2Ni-24A1-4Cr& 7182 o2 3l ztzk 0.2~
3.0mol% carbong A7Fstdt} Carbon 7512 9)
ZA9 e 100%E 2381 AT, carbone
Ni, Al 2 Cr# X @3t7] wZel] A2 100%
olt}. Table 1o & A#olM A& g7 24L
VERNRITH. JREZRE] SmnxSanx 10mme] 7]
2 A& A EE 1423KellA 72413 4314 2] 8l
LLEd FWsta. 0.2C9 0.5C g3l daide
973K3} 1073KeliA], 1.0C~3.0C &l disixe
923K 973KelA 0.5~300417F B9t S2A &4
2 g P9t A=SH 2 Micro-Vickers A=A
(3t% 200gf, #-3FA13t 20sec) & AM&3lg o0,
TEM #3g & A8E TwinJet AsiAnpgol
ofs} A=pstdct. Maldrks 10% H.S0.+20%
C.HsOH+70% CH;OHel Hafldl-g Alg-3le] 2t
ok 14V, AF 2F 0.6A=A <F 300sec E<F At
Rt FTao] AR TEMS JEM-200BS ¥
JEM-4000EX(HRTEM) At}

3. 4z A u@
3.1, AlEX2ol 2E st

Fig. 29 1423Ke A 72A13t B2t &-A3kxe) 3
973K} 1073Kol A 524 &4 2] g T2Ni24A14Cr-
0.2Cs} 0.5C g2l Vickers Hardness2] A| &4 2]
Al oF ¥stE JERITE. 973K Al&A =
0.2C% 0.5C & 25 A HEAINH A e A
2} Z7rsle] 30023 AEAME Ho AEd) Y
sl 1A edth. 72Ni24A14Cr-0.2C 39

. . Al Cr C Ni
Designation
mol% mass% mol% mass% mol% mass% bal.
(A) 72Ni24A14Cr-0.0C 24.0 12.7 4.0 4.1 0.0 0.0 bal.
T2Ni24A14Cr-0.2C 24.0 12.7 4.0 4.1 0.2 0.1 bal.
72Ni24A14Cr-0.5C 239 12.7 4.0 4.1 0.5 0.1 bal.
72Ni24A14Cr-1.0C 23.8 12.7 4.0 4.1 1.0 0.2 bal.
72Ni24A14Cr-2.0C 235 12.7 3.9 4.1 2.0 0.5 bal.
72Ni24A14Cr-3.0C 23.3 12.6 39 4.1 3.0 0.7 bal.
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Variations of hardness of alloys 72Ni24
Al4Cr-0.2C and 72Ni24A14Cr-0.5C by
aging at 1073 K and 973 K after solution
treatment at 1423 K for 259.2 ks(72h).
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Fig. 3 Variations of hardness of alloys 72Ni24
Al4Cr-1.0C, 72Ni24A14Cr-2.0C and
72Ni24A14Cr-3.0C by aging at 973 K and
923 K after solution treatment at 1423 K
for 259.2 ks(72h).
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Fig. 4 Transmission electron micrograph of
T2N124A14Cr-0.2C aged at 1073 k for
10.8 ks(3h/under aged) dislocations and
in the matrix.
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Fig. 5 Bright field image of alloy 72Ni24A14Cr-
0.5C aged at 973 k for 1.08 Ms(300h/peak
aged) (a) and dark field image (b).
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Fig. 6 Transmission electron micrograph of alloy
72Ni24A14Cr-0.5C aged at 973 k for
1.08Ms(300h/peak aged) (a), selected area
diffraction pattern (b) and key diagram (c).
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Fig. 7 Unit cell of carbides of Mx;Cs-type structure.
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Fig. 8 Unit cell of carbides of perovskite-type
structure.

Fig. 9 Bright field image of alloy 72Ni24A14Cr-
0.5C aged at 1423k for 108ks(30h/over
aged) (a) and dark field image (b).
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Fig. 10 Morphology of particles viewed along
different directions, (a) the beam direc
tion(BD) is (001], (b) BD=[112), (¢)
BD=(111), (d) BD=(011).
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Fig. 11 High resolution electron micrograph of
M.:Cs formed by aging at 973k for
360ks(100hr). BD=(110).
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Fig. 12 (a) Dark field image of the MzCs
precipitates viewed from [111] direction
and (b) deformation induced dislocations
in alloy 72Ni24Al4Cr-0.2C aged at 973k
for 360ks(100h/under aged). The Orowan
loops are observed.
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