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ABSTRACT Grain structures of cast superalloy K4169 have been investigated under various casting
conditions together with the addition of mixed refiners. It is found that lowering pouring temperature
and adding mixed refiners to the melt can lead to grain refinement of matrix and improve the proportion
of equiaxed grains at cross—section. While adding mixed refiners. at a conventional pouring temperature
of 1400 T, the average size of equiaxed grains (r) could be refined to the order of ASTM 1.7, the
proportion of equiaxed grains at traverse cross—section (p) could be improved from 56% to 96% with
the melt superheating treatment. Furthermore, r could be refined to 0.1158 mm, lLe. to ASTM 3.2, and
p has been increased to 999 without the melt superheating treatment. When the pouring temperature
is 1420 T, + has been refined to the order of ASTM M10.5, and p could be increased to 90% by the
addition of mixed refiners and the melt superheating treatment. Additionally, the mechanisms of grain
refinement were proposed and the phenomenon that p was improved after grain refinement has been
analyzed.
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Table 1 Characteristic parameters of grain structures under various refining pracessing

Sample Refiner Melt superheating Fouring temp., Average grain ASTM Pt
No. temp., Ts, C I, C size, mm grade %t

1 — 1360 1360 0.0926 4.0 100

2 — 1380 1350 06016 M12 9z

3 Addition 1550 1350 0.0753 4.3 100

4 — 1400 1400 2.25 Ms 56

5 Addition 1350 1400 0.2015 1.7 96

G Addition 1400 14040 D.1158 3.2 a9

7 — 1420 1420 3.584 MB.5 53

[ Addition 1550 1420 0.989 M10.5 a0

¥ Proportion of equiaxed grains at traverse cross—section
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Fig.1 Mlacroscopic grain structures of exlindrical ingot~ under various refining processes

{a) sample No.1 (b)) sanple Na.2

|c) sataple No.4  (d) sample No.7

[e) sample No 3 [[) sample Moo 5 (h) sample No 8 |g) sample No.6

A b AT HLIE.

3.3.1 fmfeFlEE RN TGN RTHH
B SRR E 2EE LS4 Co-Nb-Ni 1 Co-)o-
Nb 6 nY. X E R iR b &1 3BT K4169
HEaBEayEE, MEREN. BEBET 00 C, 8
ZHBFHAENAAEESREY. HEAFREEEEEE
R, 1§ 2 FiRE Co-Nb-Ni 1 Co-Mo-Nb 5 iEER
BEERRE EFERREE Hbh T s REHEY
BEERTHER. TiEn (LEHGE. o f1c KK
HEE. JUEFHENSEEEEERENRERE R
S RECAR S &, MUE Bramfittl®! 38 469 — o o pesemy
6 Bt EER. HHEMAE Co-Nb-Ni fil Co-Mo-Nb
7r (0001) RESEE (111) HE SEEREF ¢ 25

% 5.03% 1 3.77%, % (1010) RESERK (011) KE
B REEEEE & S R)h 4.93% 1 5.36%. HF Co-Nb-
Ni #1 Co-Mo-Nb SEFRFRFM EHILERXE. FF
RSB AR, einEase Ll fEvie 5%
HEINIR. MTRSEZE SRRl BTIRmEmA
FHR bR AR fE R R R G E R, WEER RS
WER g2 SR A E.CEH{TEIE. #id SEM
1 EDAX gty WEM WA, AT ESHIEHR M
B 6 ny SR TTLEERRRE T LU STEE S
Nb #1 Co py/NEigr. 36 57/ FREFI H FHIE 1R 89 5 4 71
F& 2. EHMEFREE Nb #1 Co, HEfF+& Nb #4
MiAILTFAE Co. AR ATGETE Nb 1 Co #9:)
Rk 0K 2 S 1 7RI R


http://www.cqvip.com

532 B ¥ 8%

1
¥

® Matrix atoms

O Refiner atoms

B 2 M{kF (0001), (1010) BES v &k (111). (011) RE
19 o R R R AR
Fig.2 Lattice match between refiners and v matnx
(a) (0001)s # (111)n (b) (10I0)s & (O1L)y

® 2 HiFER SRR A ER
Table 2 Difference in composition between refiner particles
and - matrix (Sample No.5)

{mass fraction,%)

Element Matrix Particle Maltrix Particle

Position 1  Position 1 Position 2 Position 2

Nb 4.00 7.97 4.82 7.13
Ti .89 1.45 1.06 1.23
Cr 26.95 27.04 20.25 30.46
Fe 19.33 22.30 23.25 23.83
Co 0.00 3.69 0.50 1.13
Ni 48.83 37.565 41.12 36.20
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