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Abstract: Two heats of high Cr content cast Ni-base superalloy K4648, which possess significant
differences on impact ductility, were investigated comparatively. The cleanliness of K4648 master al-
loy was studied by chemical analysis on the alloy composition and gas content, electron beam button
(EB button) technique evaluation on inclusions and microstructure observation of chromium metal
used in raw materials. The results indicate that the two heats of K4648 master alloy have no obvious
difference in major constituent. However, 17 master alloy possesses a high oxygen level of (20. 5+
7.5)X 10" %, which is much higher than 6 X 10 ° of 2% alloy. The impact ductility of 17 alloy is less
than half that of 27 alloy and lower than the K4648 specification requirement of 19. 6]J/cm*. The elec-
tron beam button (EB button) experiment could effectively aggregate the inclusions in specific region.
The inclusions were identified as (Y ,Ce)-rich oxide and Al-rich oxide. It is evident that the addition of
rare earth (RE) element such as yttrium and cerium in high Cr content cast Ni-base superalloy K4648
can snatch the free oxygen or sulfur, and form stable RE oxides or sulfides to purify the master alloy.
About 15% (atom fraction) element O is solusionized in the chromium metal matrix which is used in
raw materials for K4648 master alloy. Some Cr-rich oxides and (Cr, Al, Si)-rich oxides distributes in
the Cr matrix. In addition, a N-bearing and O-depletion zone exists in the Cr matrix. The Vickers mi-
crohardness of this region can reach 8. 2GPa, which is 6 times harder than 1. 3GPa of Cr matrix, indi-
cate that the element N can harden and embrittle the chromium metal.

Key words: Ni-base superalloy; K4648; master alloy cleanliness; electron beam button (EB button) ;

chromium metal;gas content;inclusion
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Table 1 Nominal and analyzed compositions of K4648 master alloys

Heats No Cr w Mo Nb Ti Al C Ni
Nominal Mass fraction/ %  32.0-35.0 4.3-5.5 2.3-3.5 0.7-1.3 0.7-1.3 0.7-1.3 0.03-0. 10 Bal

. Mass fraction/ % 33.54 4.70 2.88 1.08 1. 04 1.12 0.08 Bal
Atom fraction/ % 37.07 1.47 1.72 0.67 1.24 2.39 0. 38 Bal

) Mass fraction/ % 33.57 4. 81 2.87 0.93 0.90 0.93 0.07 Bal
Atom {raction/ % 37.30 1.51 1.73 0.58 1.08 1.99 0. 34 Bal

Heats No Ce B Y Ca S Si Fe
Nominal Mass fraction/ % <0.03 <20.008 <0. 04 <0.02 <0.010 <0.3 <20.50
, Mass fraction/ % 0. 009 0. 007 0. 006 <C0.002 <0. 002 <0. 20 <0. 20
Atom fraction/ % 0. 004 0.043 0. 004 <C0.003 <C0. 004 <0.41 <0.21
) Mass fraction/ % 0. 004 0.005 0.003 <£0.002 <20. 005 <0. 15 <20. 10
Atom fraction/ % 0.002 0.027 0.002 <20. 003 <20. 009 <20. 31 <C0. 10
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Fig. 2 The impact ductility (ay,) of heats 1% and 27
for K4648 master alloys with standard heat treatment

(K4648 specification requirement: ay,=>19. 6J/cm?)
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Table 2 Gas content in K4648 master alloys

Heats 0/10°° N/10°6 H/10~6
- 13 23 0.6
28 22 0.4
6 29 0.8
24
6 28 1
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Fig. 3 EB buttons configuration of K4648 master alloys (a)heats No. 1;(b)heats No. 2
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Fig. 4 Inclusions floating channel in interdendritic region of EB buttons for K4648

master alloys (a)heats No. 1;(b)heats No. 2
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Fig. 5 Inclusions morphology in EB button of 1% K4648 master alloy and the EDS detecting point

positions (a) sphere-like inclusion; (b), (c), (d) magnified sem images of (a)
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Table 3 Compositions of inclusions in K4648 EB button of 1% master alloy (atom fraction/ %)

EDS point in fig. 5 Inclusion O S Al Y Ce Ti Cr Ni
1 Al,Y.Ce-rich oxides 67.69 — 24.57 4.56 1.94 0. 80 — 0. 45
2 Y, Ce, Al-rich oxides 41.00 — 12.82 18.27 7.70 0.49 7.12 11.04
3 Y, Ce-rich oxides 53. 84 1.17 1. 15 24.96 2.95 0.82 6.09 9.02
4 Al,Y.Ce-rich oxides 66.43 — 24.06 5.93 2.47 0.74 — 0. 37

5 Al-rich oxides 61.94 — 37.45 — 0.33 0.28 — —
6 Y,Ce-rich oxides or sulfide  46. 69 13.43 1.12 17.50 2.23 0.58 7.71 10. 74
7 Y, Ce-rich oxides or sulfide  45. 65 2.97 13. 26 12. 60 7.58 0. 84 6. 54 10. 56
Alloy 17 — <20. 004 2.39 0. 004 0. 004 1.24 37.07 54. 38
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Inclusions morphology in EB button of 2% K4648 master alloy and the EDS detecting point positions

(a) morphology of inclusions region; (b), (c),(d) Magnified SEM images of (a)



6

MR T AR /2012 4E 3 1

LS Y A o R RO Y i PELAR A DX 2
B Y WEA X (& 6c HRETE AT 8.9 MISE 4) . [Al I &
A—E K Ce. AL T RSP LA ROk . Hih %
JRAL DX EG o 8 XY i L O AR A IX
S AL T 3 B O X i 58 B AT RE R fh TR

Py T v G A 31 PR B BRI R S Y . AR
T AR IR 3 AT A 50pm Ze A7 /N IR BRE Nb /Y
ALY (RETE 5 10D FIRSF 29 200p0m 9 B8 (0 45 3 IR 7
ALY A (BETE AT 11D . 3R B R e 2% Hp e X Bk
A DRP Cr eI 12),

R4 27 K648 BE & EBER RS (FFHE/ %)

Table 4 Compositions of inclusions in K4648 EB button of 2% master alloy (atom fraction/ %)

EDS point in fig. 6 Inclusion (0] Nb Al Y Ce Ti Cr Ni
8 Y,Ce,Ti, Al-rich oxides 64. 39 — 6.04 22.80 1.57 4.50 0.69
9 Y, Ce-rich oxides 60.53 2.06 33.62 0.43 0. 89 2.46
10 Nb-rich oxides 59.18 36.29 — — — — 0.53 0.85
11 Al, Ti-rich oxides 65. 81 — 29.49 — — 2.09 1.35 1.12
12 Al,Y,Ce, Ti-rich oxides 56. 17 — 24.19 0. 27 0. 25 3.34 12.33 0.45
Alloy 27 0.58 1.99 0.002 0.002 1.08 37.30 55.02
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Fig. 7 Microstructure of chromium metal for raw materials of K4648 alloy (a) Cr matrix and inclusions;

(b) Cr-rich oxide. N-bearing and O-depletion zone;(c) Cr, Al, Si-rich oxide; (d) N-bearing and O-depletion zone
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Table 5 Compositions of phases in chromium metal for raw materials of K4648 alloy(atom fraction/ %)

EDS point in fig. 7 Phase Cr O N S Al Si Fe
13 Cr-matrix 84. 25 15.49 — — — — 2.75
14 Cr-rich oxide 39.05 58. 86 — — 2.10 — —

N-bearing and O-depletion zone at
15 84.73 9.55 5.45 — — — 0.27
the periphery of Cr-rich oxide

16 Cr, Al, Si-rich oxide 17.75 60. 23 — 0.73 11.53 9.76 —
17 N-bearing and O-depletion zone 82.70 9.96 7.08 — — — 0. 26
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