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Abstract: Superalloy components are constantly evolving toward more complex structures and thin-walled designs, and
misrun and microporosity potentially result from the casting process. In response to the above issues, ProCAST simulations
and experiments were used to investigate the castability of the Mg microalloyed K492M superalloy, and the influence
mechanism of Mg on fluidity and microporosity defects was also revealed. The results show that the addition of Mg can
efficiently improve the fluidity of the K492M superalloy and reduce microporosity. The longest fluidity is obtained when
the content of Mg is 0.01 wt.%, which is approximately 32.9% greater than that of the master alloy, and the microporosity
decreases from 0.033% to 0.005%. The mechanism is that the solidification temperature range and viscosity are reduced in
the Mg microalloyed K492M superalloy, which is conducive to improving the melt fluidity. Moreover, the size of the
carbides and remaining liquid phase quantity increase, and the viscosity decreases, which is beneficial for reducing the
microporosity.
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Tab.1 The actual chemical compositions of K492M alloys
with different contents of Mg
(mass fraction/%)

Alloy C Cr Co Al+Ta+Ti  Mo+W Ni
0Mg 0.085 12.60  9.00 11.76 5.98 Bal.
100Mg  0.088 12.60  8.98 11.68 5.90 Bal.

P2 FpSLIe-A A s B i 2 PR AL 2 A Pro-
CAST #AFRTALFE mesh H 5 18 A% K124 1 mmx
1 mm A ToiR 5 A AR, Bl 7F CAST fdlerf
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Tab.2 Characteristic temperatures of the two experimental
alloys measured via DSC

Alloy T/C Ty C 7y°C ATIC
0Mg 1328 1301 1245 83
100Mg 1327 1306 1248 79

RS 5°C, A SR R B RAR L T 4%
. [RBAT L& B, 0Mg F1 100Mg A 4 W AH 4 1R %
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1%, (545 75 4 7 358 11 i B rpokt i & 2K B EE AR T OMg
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SR M,

I B8 [ U0 82 D[] LA &b 286 B2 I 2 5% ) -5 63 Tk 5

B 1 OKR[E Mg % 51 K492M =& & i K (a, a,) OMg; (b, by) 100Mg
Fig.1 Flow length of the K492M superalloy with various Mg contents: (a,, a,) 0Mg; (b, b,) 100Mg

2 ANl Mg & 211 K492M A 4 DSC LA K 2 B2 i 45 21 . (a) DSC;(b) Zh
Fig.2 DSC and viscosity curves of K492M alloys with different Mg contents: (a) DSC; (b) viscosity
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Tab.3 Microporosity levels of K492M with different
Mg contents

Alloy 0Mg 100Mg
Microporosity level/% 0.033+0.019 0.005+0.002
Size of microporosity/wm 9.733+0.452 6.016+0.117
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Fig.3 Microporosity defects in K492M with different Mg contents: (a) 0Mg; (b) 100Mg
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K 4 KA Mg % i K492M & 44 1350 “C/30 min &3 2 A [5] R AL TR 20 min J5 K0 B HZH 2 . (ay, by, ¢y, d)) OMg,
1340.1320.1300.1 280 C; (a, by, ¢, dy) 100Mg, 1340.1320.1300,1280 C
Fig.4 Quenched microstructures of K492M alloys with different Mg contents after 1 350 “C/30 min and cooling to different isothermal
temperatures for 20 min: (a,, b,, ¢;, d;) 0Mg, 1 340, 1 320, 1 300 and 1 280 C, respectively; (a,, b,, ¢,, d;) 100Mg, 1 340,
1320, 1300 and 1 280 C, respectively
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Tab.4 The area fraction of the liquid phase in the two
alloys at different temperatures
(area fraction/%)

Temperature/C

Alloy

1340 1320 1300 1280
OMg 100 70.1£0.35 12.8+0.49 6.2+1.20
100Mg 100 74.5£1.00  39.9+0.78 9.1+0.49

[Fi) B 280 2 AR A3 Ah Y E IR A AT DA GR R R 4 T
Wi, MHZ T, OMg & 4 78 1% T B 380 4% T AH 44
BB 40 R LT B, O BRI RO & R
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s () S I 9/ e 4455 BEL 7 T) B 348 10 380 4% VR AH 75 £
B 2 YA D 45 8 0 P G, DT R AR G 4 v i A
Fé o Y AR B Ak 2L BEAIR 2 1 280 C (&l 4d, F1 dy)
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MC B Ak 9 T R 85 e RS e it SR an &l 6 A
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Fig.5 Morphology of carbides with different Mg contents: (a) 0Mg; (b) 100Mg; (c) shrinkage porosity in the alloy
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Tab.5 Chemical compositions of carbides in the K492M superalloy
(atomic fraction%)
Element C Mg B Ti Cr Mo w Ni Co
Carbide 26.92 0.30 9.20 31.08 1.47 1.20 1.84 5.83 0.93

6 R Mg JCE 34 05 /N RST e A6 4 85wt s /b
G KL 1.46 BN ZE 2.30, &4 h R
A3 m , IR Es A  — o A i R PR ik 9
RAP# it 8 wm, A&y V3 RT3, 7 6%
B RSF N 2.85 wm 3T ZE 3.09 pum, [F]BF Mg J6 %
WhNE MC BAE T3 BN 0.84% T+ 220.98% , 4h
R K492M Hifs il Mg o6 % 2 S8R Rk 1k
Pyt 0 e A T R A O n
6 XEJMg@%KMZM%_ifﬁ@ﬁ%%E%R%%&&
R~

Tab.6 Variations in the area fraction and size of carbides
in K492M superalloys with different Mg contents

Carbide 0Mg 100Mg
Area fraction/% 0.84+0.14 0.98+0.13
Size/pm 2.85+0.12 3.09+0.29
Aspect ratio 1.46+0.19 2.30+0.36
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MC b K RERAE T 550, o5 —J7 1 Mg o &
SARAE Ti Ta 85k LW T BT 25 76 K i 8] I 2%,
Wby i e KPR T T T R A, e
MC B ALY RT3, 78 K492M & 4 h i b R~ &
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SR B 3% 252 11 0 2 IR B AL 420, AT DA TET 5S¢ rfil 8¢
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K6 Al Mg % i G PR RT 43 A B R /)« (a) OMg; (b) 100Mg
Fig.6 Size and distribution of carbides in alloys with different Mg contents: (a) 0Mg; (b) 100Mg
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7 Mg T2 X Ik Sl BORh 45 52 R AL LR AY - (a) YL 2 PEASEAY 5 (b) #b 4 R 7Y
Fig.7 Model of the mechanism by which Mg influences fluidity and compensates for microporosity: (a) model of fluidity; (b) model of
compensating for microporosity

SR T 32.9%.,

(2)Mg 76 23 1 R IR IX O TE R, 10 & 4

RH 7, [R] A 4 v R bR DX 300 4 YA 5 it B i Ak R T
BRI o i 5 [ AR o7 L DN TATRSE A A B KO I
0.033%F% K2 0.005%, “F-¥Eifa RF M 9.733 pm
2 6.016 pm, 8> T & & H KT,

SE WK

(1]

(2]

(3]

(4]

SRl ES PRI

ERS R R ANV 8, 5 B B L 3 AR o T
K492M & 4 [0 M58 2H 20 S R P RR R 2 M [J]. §% 35,2016, 65
(11): 1045-1050.

HU P P, GAI Q D, LI X H, TANG X, HOU X Q. Effect of mold
agitation fine grain casting on microstructure and tensile properties
of K492M alloy integral wheel[J]. Foundry, 2016, 65(11): 1045-
1050.

LAE AN, 5 AR BR S B9 20 P 1 K492M & & 1
TGV R PEREL)]. 51 , 2019, 68(6): 574-577.

JIANG H, LI X H, GAI Q D, CHEN H. Microstructure and
tensile properties of K492M alloy produced by mould agitation[J].
Foundry, 2019, 68(6): 574-577.

REHE A" 25 S A P 0 OB T AR 2E ], e 28 g £ R
2010(2): 54-57.

XIONG Y C. Basic research of precision forming technology
of aviation complex components [J]. Aeronautical Manufacturing
Technology, 2010(2): 54-57.

T IV = B A 7 A AR XA TT, SRS BRI T
X RE LS I 1 E T ZH SR ) 2 T B R (D). B A
R ,2024, 45(3): 270-278.

HAO X, SUN C Y, GUO M, JIE Z Q, YANG M, LIU D Y,
ZHANG J. Effect of a thermally controlled solidification process

on the solidification microstructure and mechanical properties of

https://www.cnki.net

(5]

[6]

(7]

(8]

(9]

thin wall castings with variable sections[J]. Foundry Technology,
2024, 45(3): 270-278.

AP 2 AR TR A 2 R o L s B O RS B R A
EJE[I]. #1020 ,2013, 42(21): 5-8, 12.

HE S X, WANG J. Development on investment casting of large
thin wall complex superalloy castings[J]. Hot Working Technolo-
gy, 2013, 42(21): 5-8, 12.

e, W REPE SR IEPC, A 8, R . G R R R TR 4 INT92
A5 [ 0 i AT 47 S BIF 52 (D). B A Jm A RS TR 2012, 41(8):
1457-1462.

ZHENG L, XIAO C B, ZHANG G Q, TANG X, TANG D Z.
Solidification and segregation behavior of cast Ni-base superal-
loy IN792 [J]. Rare Metal Materials and Engineering, 2012, 41(8):
1457-1462.

8 N (R N 78 ) B QS S S A sl B N LY
G U [ W B AT 5 0 JRE (D], B RE TR, 2012(1): 93-98.

ZHAO X B, LIU L, YANG C B, ZHANG J, LI Y L, FU H Z.
Advance in research of casting defects of directionally solidified
nickel-based single superalloys[J]. Journal of Materials Engineer-
ing, 2012(1): 93-98.

EUIA, #A, R E . B LT 2R 8 A G S i S )],
P AR 2019, 40(2): 179-182.

WANG M J, DONG Y, ZHANG G W. Effect of rare earth on the
fluidity of Al-Cu alloy[J]. Foundry Technology, 2019, 40(2): 179-
182.

Fr Al FESCHE T AR, s 0 RYIT I, Mg-aGd-
1Er-0.5Zr & 4 W8 5 s o5 [J]. Refh 5 oA (uf 42,2021,
41(8): 987-991.

WU D C, DU W B, DING N, LI S B, WANG Y F, ZHU X M,
WANG C H. Casting fluidity of Mg-xGd-1Er-0.5Zr alloy[J]. Spe-
cial Casting & Nonferrous Alloys, 2021, 41(8): 987-991.

[10] A~F#, X400, k4. B Zr B/ I INT18 i & 4 i sh i



(EEEF AR N04/2025

FIERE % Mg TR K492M FiR & £ 7t 3 1% R 5544 68 B3 i) 22 00

+361-

1520 [J]. 43 )8 274l ,2024, 60(12): 1615-1621.

JIE Z Q, LIU D Y, ZHANG J. Effect of combined addition of
B and Zr on the fluidity of IN718 superalloy[J]. Acta Metallur-
gica Sinica, 2024, 60(12): 1615-1621.

[11] FAE, XbR, A T4, 38 K0, sk B, 5k 22, 1H 3k Xt K4169

[12]

[13]

il A TSI MR R AR T]. B A B R AR5 TR 2014, 43
(12): 3082-3088.

ZHOU W, LIU L, JIE Z Q, HUANG T W, ZHANG Y B, ZHANG
J, FU H Z. Effect of element B on fluidity and microporosity of
K4169 superalloy[J]. Rare Metal Materials and Engineering, 2014,
43(12): 3082-3088.

LECOMTE-BECKERS 1J. Study of microporosity formation in
nickel-base superalloys[J]. Metallurgical Transactions A, 1988, 19:
2341-2348.

CHEN Q Z, KONG Y H, JONES C N, KNOWLES D M. Porosity
reduction by minor additions in RR2086 superalloy [J]. Scripta
Materialia, 2004, 51(2): 155-160.

[14] LIU LR, JIN T, ZHAO N R, WANG Z H, SUN X F, GUAN HR,

HU Z Q. Effect of carbon additions on the microstructure in a
Ni-base single crystal superalloy [J]. Materials Letters, 2004, 58
(17-18): 2290-2294.

[15] Spa JURM e R A il & & 9 S PN h EA (4

[16]

[17]

[18]

[19]

JB2EH,2011, 21(3): 465-475.

GUO J T. Effects of several minor elements on superalloys and
their mechanism [J]. The Chinese Journal of Nonferrous Metals,
2011, 21(3): 465-475.

FORAR . Mg xR R IR S G AR PERE I SE R D). G R
24k , 1983, 19(5): 13-20.

KE D N, ZHONG Z Y. Effect of Mg content on creep behaviour of
Ni-base wrought superalloy [J]. Acta Metallurgica Sinica, 1983, 19
(5): 13-20.

BT SR R R Mg fE— R m il g 4
] 4 JE 4, 1987, 23(3): 195-199.

MA P L, ZHUANG J Y, YANG J Y, GAO L. Distribution of Mg
in a Ni-base superalloy[J]. Acta Metallurgica Sinica, 1987, 23(3):
195-199.

AU T RS W BE AR Mg M S A X GH169 =i
k4 72 PERE Y B2 A [T, 42 8 2=, 1993, 29(6): 22-27.
DONG J X, XIE W, XU Z C, XIE X S, ZHANG S H. Effect of Mg
and 8-phase on mechanical properties of alloy GH169 (INCONEL
718)[J]. Acta Metallurgica Sinica, 1993, 29(6): 22-27.

BOR H Y, MA C Y, CHAO C G. The influence of Mg on creep
properties and fracture behaviors of Mar-M247 superalloy under
1 255 K/200 MPa[J]. Metallurgical and Materials Transaction A,
2000, 31: 1365-1373.

[20] ZHANG J,JIE Z Q, LIU M N, GUO M. Versatile fluidity test mod-

SRl ES PRI

https://www.cnki.net

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

el for cast superalloys and comparison between IN718 and IN939
[J]. Transactions of Nonferrous Metals Society of China, 2024, 34
(9): 2881-2888.

LRV, BB BBV M. b5t BLAR Toalk AL, 1990.

AN G Y. Theory of casting forming[M]. Beijing: China Machine
Press, 1990.

L. TR M) EDC EPOR R 2017,

JIANG X S. Engineering fluid mechanics[M]. Chongqing: Chong-
qing University Press, 2017.

HARZRE . A356 5 RN T S Pk i HLEL BT 5E[D]. R W
W B TR 27, 2009.

QI H R. Influence of melt regulation on fluidity of A356 alloy[D].
Kunming: Kunming University of Science and Technology, 2009.
WA A AR AR, bR BE X IR A B DZ125 SE TR
[ v 5 B 1 52 R [J]. #4538 ,2009, 58(5): 427-430.

FENG G Z, SHEN J, ZOU M J, LIU L. Influence of withdrawal
rate on the micro-porosity of super-alloy DZ125 in directional so-
lidification[J]. Foundry, 2009, 58(5): 427-430.

WTH AR RS A ST R X R S RS S TP B R
HRE M AL 2021 H 1 538 i 2 A 18 SCHE[CTL Ve FH - v R PLRE T
P2 23,2021, 98-103.

FENG G S, LI S N, ZHOU Y Z. Effect of elements on the mi-
cro-porosity formation of nickel-based superalloy[A]. Proceedings
0f 2021 China Foundry Congress[C]. Shenyang: Chinese Mechani-
cal Engineering Society, 2021. 98-103.

T AR HESE AR XVHEE | SO g, AR BRI IR
S T AL i B WE 5 F R (D). 5 R 2018, 39(11): 2615-
2619.

YUJW,KANGMD,LIUY H, WU Y, GAOH Y, WANG J. Ad-
vances on micro-pore defect of single-crystal nickel-base superal-
loy[J]. Foundry Technology, 2018, 39(11): 2615-2619.

LIX W, LIU T, WANG L, LIU X G, LOU L H, ZHANG J. Effect
of carbon content on the microstructure and creep properties of a
3rd generation single crystal nickel-base superalloy[J]. Materials
Science and Engineering: A, 2015, 639: 732-738.

AL-JARBA K A, FUCHS G E. Effect of carbon additions on the
as-cast microstructure and defect formation of a single crystal
Ni-based superalloy [J]. Materials Science and Engineering: A,
2004, 373(1-2): 255-267.

SR, 83027, SR WAL, sk, BRIk, 0. a3 4k X — b s il
SRR mI]. #2019, 40(4): 372-375.

LIU C Q, ZHAO W X, WANG F, ZHANG L, CHEN J, LIU B. Ef-
fect of carbon content on the microstructure of as-cast superalloy
[J]. Foundry Technology, 2019, 40(4): 372-375.

SRS AT



