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Abstract: To meet the development needs of advanced aeroengines, the structure of aeroengine turbine
blades is becoming increasingly complex, and the content of refractory elements is increasing in single
crystal superalloys, which are the preferred materials for turbine blades. As a result, the tendency to
form the grain defects increases during the preparation of single crystal turbine blades, which directly
affects the quality of single crystal turbine blades. In this paper, a kind of grain defect that appears in
the directional solidification process of single crystal superalloys—{reckle was discussed. The research
works on the formation mechanism, the criterion model and the control method of freckles formation
during the directional solidification of single crystal superalloys in recent years was reviewed. The
influence of the alloy composition, blade structure, directional solidification process and crystal
orientation of single crystal castings on the formation of freckles was analyzed. Considering the
influence of the alloying elements in different alloy systems and the parameters of the directional
solidification process on the freckle formation, further studying the freckle formation mechanism of
the single crystal turbine blade with complex structures, establishing an effective method for
prediction and control of freckles are the future research directions.

Key words:single crystal superalloy;freckle;grain defect;element segregation

BRAE S R A B DU S O SR B PERE RO S BRI AR I T [T B s A o I R B PR
PEML S R SHLIR RS R 0 AR B s R AR B R E 1 B[] 2 AR TP onT REJE R R [ Bk
S HLIE T LAY R AR I SO AR A% s DT B A R AR BE IR R A B R B L Bl
ot zs 2 S LA o LU R A 5 oKL B S R R S BRI BE SF X SEBRIE A AR TE R AR T A I B A A% R B
JIAS W R o AT 23R R 4 a5 0 3R iR BT 59 7 e R B iR D EPERET . R R I R
SRR A I T AR R R T A BT RAMAT R  RE R E BR S AT T R AR AR K T A BER



2 R TR

2021 47 H

2 /N SRR ORL . R T2 L Tl Bk R T B
BE WK WP A A8 BE TG R U A BT A L
PE— ELAE B T8 B i R AN R i 2k ) ik
FROR T B 0T I R B g 2 R AR AR R R R OF Bl
IEk2S AL NRAE e N RE R (i S G P i o PR
R A R A R S A Ok A R L B S &P Re,
WA R A B DGR A AN W, DA B0 BEIE
UGB o 1 O R TR S A BE YR JRPL B
EHITERAREERE L,

FUAT OC T SRR O 52 2R R A A J7 T, — 7
T2 308 2o TS 40055 00 i T 134 07 3k O S 5 1) 6 (] ik
T B RS 1) 0T 370 17 200 4 5 A OC 19 48 BEJE L Bl L 5
— 77 T e 38 ib S 36 RIAREALL 4 77 125 0T 5 52 W) 2 SREAE vy T
R, ARSCEELZR T A P3N AR Ok B A S 5T
J& I IREE T R i S A BB BT 1

1 EBEHR AL IR R T 4 B

1.1 EREANE

FEBE 32 B AL I RO 3R A 07 B RS Je 4
P ZAR B, W 1 Fr R L ik LA R E
AN G R E [ B [ A A o A 4 ) O [ Ao AR v A
BEIE AL R AT T K & 0 5%, 38 2o XT3 A ML i
TOORT 8 B 00 A 4 1) 5 [ A F 5 A S SR T
U [ 2o AR A S AR TR T A 2 i
XoF 7 T 5 ] AT b e T A e R I S A (AR AL
5, WA R 48 BE S 3 [ 3 B b v B A 7 3B 4
YA X 30 BT 5 | RS Y T B 3R 5 O A B A L — IRRE
YR T LA C I R

1 SRR WIB AR

Fig. 1 Macroscopic microstructure of freckle defect!!]
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Fig.3 Effect of Ta on the formation of freckle defects!?
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Table 2 Influence of elements on the formation of

freckle defectst!?-1213-39-10]

Element Influence trend

Ta
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t
t

Note: t indicates that with the increase of the content of this
element, the tendency of freckle formation increases; {4 indicates that
with the increase of the content of this element, the tendency of freckle

formation decreases.
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Fig. 6 Effect of casting structure on the formation of freckles defects™?]

1-structure of the casting;2-enlarged view of freckles;3- schematic diagram of the formation position of the freckles in the casting

(a)specimen with increased cross-section along solidification direction; (b) specimen with decreased cross-section along solidification direction
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Fig. 7 Effect of casting structure on the formation of freckles defects'®!!

(a) ceramic shell mould; (b) schematic diagram of directional solidification furnace;(c) specimen structure

RSFAROC 38 5 8 i A B ) A G, SE g 45 R Wl 8 i
NS TER —H BRI, BN 12 mm B A
MEREA 15 mm M B il LB T 4B, W HE N
20 mm M 25 mm 1 C,D i #E FH BA H B2 B X
A EC AR W], AR 20 mm Al 25 mm (193 1%
001> M 1) 5 3 # b ) MR 22 20 O 18°, T H AR R
12,15 mm iR B m) i 22 #0078 6° A4 . Ma X & 4
TR AARTE RS IR DX ASE & (] ) O 3 E AT T B, AFoR R W
(OO HL ] (14 AL i XoF 5 46 VA i 5 1) 1) %8 3 BEL 7 e
/N B CO01) 75 i) 5 3 A il 1) O 25 6040 38 s %o 5 4 VR
AT 2 15 1) B 6T Ik BEL 7 32 T 1S K, 5 B SR L
0 T PR N o AR 2 SR SR T . B B A A B X 4
BE 7= A AT R

1] 1]
\ ' [111]

[101]‘

[0 __[101]

S1[001]  [1943[101]

01]

[001] [101]

B8 o RRE T A B 1) B 2 BT B e L2
Fig. 8 Photographs of single crystal specimens with different

diameters and pole figures exhibiting their crystal orientationst®%
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Fig. 9 Macro-etched surfaces of specimens *3’
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