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Abstract  The effect of use of H,0 as PCA(process control agent) to prevent the carbon contamination during
mechanical alloying process and the precipitation behavior in Ni-20Cr-20Fe-5Nb bulk alloy after aging were

investigated. NbC and Cr,O, were formed during mechanical alloying and consolidation processes in the Ni-20Cr-
20Fe-5Nb alloy in which methanol(CH,OH) was added as PCA. Formation of NbC in this alloy decreased the
amount of Nb dissolved in the Ni matrix. The use of H,0 as PCA in Ni-20Cr-20Fe-5Nb alloy prevented the for-
mation of NbC and increased the hardness. The increase of hardness in this alloy was attributed to the increased
amount of Nb dissolved in the Ni matrix. After aging treatment for 20 hours at 600°C and 720°C of Ni-20Cr-20Fe-
5Nb bulk alloy in which H,O added as PCA, y" (Ni;Nb, tetragonal) and § (Ni;Nb, orthorhombic) precipitates were
formed, respectively. The precipitation temperatures of v" and 8 in this bulk alloy were lower than those in com-
mercial IN 718 alloy. It seemed that the lower precipitation temperatures for y" and 8 in this bulk alloy than in
commercial IN 718 alloy were due to severe plastic deformation during mechanical alloying.
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Table 1. C, O and H contents after decomposition of different

process control agent. (at.%)

Generic name Chemical formula C (%) O (%) H (%)

Stearic acid ~ CH,(CH,),,CO,H 76 11 13
Hexane CH,, 84 0 16
Methanol CH,0H 37 50 13
Ethanol C,H,OH 52 35 13
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Table 2. Chemical compeosition of IN 718 alloy and nominal composition of NCFN alloy. (wt.%)
Element Fe o Nb Si Mo  Co Ti Al Mn C
Alloy
IN 718 Bal. 18.20 17.76 5.21 0.07 3.01 0.35 1.01 0.43 0.07 0.02
NCFN Bal. 20.00  20.00 5.00
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3.1. NCFN-C £33 NCFN-H &/=2¢| 0|M|=X| Fig. 1. X-ray results of NCFN alloy fabricated by adding
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Fig. 2. TEM images and CBED analysis of phase 1 and phase 2 in NCFN-C bulk alloy. (a) typical microstructure of NCFN-C
alloy, (b) microstructure of the area analyzed by CBED, (c) CBED analysis of phase 1 in (b), (d) CBED analysis of phase 2 in (b).
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Fig. 2. Continued.
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Fig. 3. TEM images and CBED analysis of phase 1 in NCFN-H bulk alloy. (a) typical microstructure of NCFN-H alloy, (b)
microstructure of the area analyzed by CBED, (c¢) CBED analysis of phase 1 in (b).
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Fig. 4. Comparison of lattice parameters of Ni, NCFN-C
and NCFN-H alloys.
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Fig. 5. Comparison of hardness of NCFN-C and NCFN-H
bulk alloys.
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Fig. 8. TEM images and micro diffraction pattern of NCFN-H bulk alloy aged for 20 hours at 720°C. (a) bright field image,
(b) micro diffraction pattern of 5 phase in (a), (¢) schematic illustration of (b), (d) dark field image.
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Fig. 9. TEM images and SAD pattern analysis of NCFN-H bulk alloy aged for 20 hours at 600°C. (a) bright field image, (b)
SAD pattern with <001> orientation of y"', (¢) schematic illustration of (b), (d) dark field image.
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