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Effect of La on Mould Wettability and Interfacial Reaction
between CMSX-4 Single Crystal Alloy and Ceramic Mould
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2 Shanghai University, Shangahi 200444, China)

Abstract: In order to obtain high-quality rare earth containing single crystal blades, the effect of La content on the
wettability and interface reaction between CMSX-4 single crystal alloy and ceramic mould was studied by the droplet
method. The experimental results show that when the 90x10° La is added, the wetting angle between the alloy and the
mould decreases slightly , and only Al reacts with SiO, in the mould and the reaction product is ALLO, When the La
content in the alloy reaches 143x10°, and the wetting angle between the alloy and the mould decreases significantly ,
and both La and Al in the alloy react with SiO, in the mould. Subsequently the La content continue to increase , and
the lanthanum aluminate compounds with different La and Al atomic ratios are precipitated at the interface , and the
wetting angle changes little. It can be seen that in the present experitment 143x10° is the critical content of interfacial
reaction of La in CMSX-4 single crystal alloy, and the reaction between La and SiO, can improve the wettability of the
alloy/mould system.
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Fig. 1  Schematic diagram of the structure of the high—temperature and high—vacuum contact angle measuring instrument
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. Table 2 EDS analysis of different reaction regions in Fig-
130} ure 3 At%
- = E3rhabre Al 0 La Ni Si
:Elzs- 1 2317 71.64 - - 5.19
& 2 37.13  62.87 - - -
EIZO- 3 21.51 70.38 - - 8.11
u 4 31.72 63.51 - 4.77 -
|
1151 ] - 5 36.65 57.53 3.63 2.19 -
\ \ \ L i 6 32.36 60.78 2.74 4.12 -
0 200 400 600 800
wlLal/ x 10° 7 3563 6096 3.4l - -
. 8 18.02 57.54 19.71 4.73 -
K2 A La & B 5E S G 5 RTE R IEIE 0 563 7192 245
Fig. 2 Wetting angles of single crystal alloys and mould with ' ' ’
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different La contents
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Fig. 3 Micromorphology of the bottom of CMSX—4 single crystal alloy with different La contents: (a) 0 La, (b) 90x10™° La, (c)

143x10°° La, (d)276x10°° La, (e)451x107° La, (f)784x10° La
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Fig. 4 XRD patterns of the reaction layers of CMSX—4 single

crystal alloy with different La contents : (a) 0 La, (h)90x107

La, (¢)143x10°° La, (d)276 x10°° La, (e)451x10°° La, (f)

784x10°° La
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Table 3 EDS analysis of different reaction regions in Fig-
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Fig. 5 Microscopic morphology of the reactive layers of CMSX~-4 single crystal alloy with different La contents :

10 La, (¢)143x10° La, (d)276 x10° La, (e)451x10° La, (f)784x10°° La
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Fig. 6 Cross—sectional element distribution of CMSX~4 single crystal alloy with different La contents :
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Fig. 7 Schematic diagram of the formation process of interfacial reactive layer and the change of reactive layer: (al)—(a4) 143x10™°

La; (b1)=(b4) 451 x10° La;(c1)-(c4) 784%107° La



+ 110 -

FEIRIN

545 5

S 3k

[1] Xia W S, Zhao X B, Yue L, et al. A review of composition evolu-
tion in Ni-based single crystal superalloys[J]. Journal of Materials
Science & Technology, 2020, 44: 76-95.

[2] Weng F, YuH J, Chen C Z, et al. High-temperature oxidation be-
havior of Ni-based superalloys with Nb and Y and the interface
characteristics of oxidation scales[J]. Surface and Interface Analy-
sis, 2015, 47(3): 362-370.

(314 W, TOraE, 2 R, % BESRES SRS T 205
HERELY]. HFERN, 2023, 44(3): 1-9.

[4] Cao ST, Yang Y Q, Chen B, et al. Influence of yttrium on purifi-

cation and carbide precipitation of superalloy K4169[J]. Journal of

Materials Science & Technology, 2021, 86: 260-270.
(5] 2T, BN, FFIE, 55, La-Ce X GCr15 iRy e 2 1)
W RCTCR ML) ). FRERAY, 2024, 45(2): 39-45.
[6] Pang HT, Edmonds I M, Jones C N, et al. Effects of Y and La ad-
ditions on the processing and properties of a second generation
single crystal Nickel-base superalloy CMSX-4 [J]. Superalloys,
2012, 2012: 301-310.
W, R, & &, 4. ALO TS DZ22 A A i X
WEBRFELT ). FERh RIS A B3 4z, 2014, 34(6): 630-633.
[8] Orlov M R. Pore formation in single-crystal turbine rotor blades

—
]
[

during  directional ~ solidification [J].  Russian Metallurgy

(Metally), 2008, 2008(1): 56-60.
Leyland S P, Edmonds I M, Irwin S, et al. The distribution and re-

—
N=)
[l

tention of yttrium and lanthanum in cast single crystal superalloys
[ C//Superalloys 2016: Proceedings of the 13 th Intenational Sym-
posium of Superalloys. Hoboken, NJ, USA: John Wiley & Sons,
Inc. , 2016: 247-256.

[10] Lin K F, Lin C C. Interfacial reactions between Ti-6A1-4V alloy

and zirconia mold during casting [J]. Journal of Materials Sci-
ence, 1999, 34(23): 5899-5906.

[11] Wang H, Shang G, Liao J, et al. Experimental investigations and
thermodynamic calculations of the interface reactions between ce-
ramic moulds and Ni-based single-crystal superalloys: Role of
solubility of Y in the LaAlO, phase[J]. Ceramics International,
2018, 44(7): 7667-7673.

[12] % . Re MY JUE0F w5 A 08 A5 g e Ak S T 52 7 Y
D] AR P EBEERAR R, 2020.

[13] Saiz E, Cannon R, Tomsia A. Reactive spreading: Adsorption,
ridging and compound formation [J]. Acta Materialia, 2000, 48
(18-19) : 4449-4462.

[14] Ropp R C, Carroll B. Solid-state kinetics of LaAl, 0 ,,[J]. Jour-
nal of the American Ceramic Society, 1980, 63(7-8): 416-419.

[15] Aksay Tlhan A, Hoge Carl E, Pask Joseph A. Wetting under
chemical equilibrium and nonequilibrium conditions [J]. The
Journal of Physical Chemistry, 1974, 78(12): 1178-1183.

[16] T, YyHLAIM]. 4. Jbut: md Tl ik, 2013.

[17] B, a6 . ORI 2 80s T IM ). YR . Ak
AL, 1993.

[18] Duan Gchaoduan, Shi Xiao, Yang Wensheng, et al. Determina-
tion of thermodynamic properties in full composition range of Ti-
Al binary melts based on atom and molecule coexistence theory
[J]. Transactions of Nonferrous Metals Society of China, 2018,
28(6): 1256-1264.

[19] EFA&. FA & IM] 2. Kb g R i,
2005.

[20] fF W1, JE 1) eI e b ) e S A e A sE [0 . e
A HARRE, 2007,



