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Abstract: The application background of aluminum-based ceramic cores for turbine hollow blades was described,
and the important significance of aluminum-based ceramic core strengthening and melting loss performance was
expacnded. The research status of alumina-based ceramic core dissolution loss enhanced by molding materials,

pore-forming agents and core removal methods were described. The challenges to the future development of alu-

minum-based ceramic cores were prospected.
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Tab.1 The optimum addition of mineralizers and the ceramic core

strengthening performance of aluminum-based ceramic corel's~!*]
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Fig.1 Schematic diagram of the fracture process of
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Tab.2 The influence of different parameters of core removal

process on the dissolution loss performances of

alumina-based ceramic cores®"~%]

RAERGES IS

PRk WL/ C I/ MPa AR
70% ) KOH % 380 18 %g%ﬁﬂﬁgéﬁﬁ 8.6 cm, 40
0% KOH ) 390 25 Eﬁ%@?ﬁﬁ,@;ﬁé .3 K
67% 1 KOH %l 200 - Eil;é;;%ﬁﬂﬁﬁﬁi%ffﬁ
50% 1y NaOH Wil — - ﬁ%;ﬁzf‘(yjﬁ&”tﬁﬁﬁﬁ
70% 1) KOH+ 290 B S M T 3 10.46% /b

10% iy KCl %

ek JEE 2 5 e S %6 Y R 2R T R A
b2 I TR R, TR ) Sk R W IO ) IR B R
T BEAE— 28 WU BE R A 4 % U GRS A IR B 5 AR R
RIS P — R 70% B9 KOH % 5% 50 % i NaOH
VoS YRR Ry OSSR ) 1 L B N R B A% R T . NaOH
VW KOH %5 000 85 il g0 R B 0 42 v IO 0 380 % i
T A AR B T O S TR 174 58 48 R RS vk A A
SO 2 TET P 22 fl T L, B T B IS SN R T A K SR R R

308

SR L K g2 R R RG0S A R v A 1 T P HE R EE AL
b BELAS TR BN A 4k sE . ZHANG H %5 38 % Bt
TV B R KCL A 2, i mT LA AR g 6l 9 1 3 A 5
T P 77 A I S8 AT B 125 JBE s R . KRUGLOV E P
U R R o F G PEFINAE] KOH il NaOH )
RAEW .20 20 h By 5 B 08 9 n o i B HL it
F A A T ok RN SRR

BE X 4 B4k 2 W ES O 3k 1 HE S CONROY P L
SO0 PR IS 0 AR S Y 3 of o L AT AT BRL DY M 1) 5 1
HEAT I SES TS0 o B A B g TR Y R [ R
P14 W% S B0 T 5 O R T 4 s K R N B b e AR Y
SR T AR I AT — i) 30 114 i Y M S5 A B s T
T NN 187 7 0t 0N 1 = I R = WG £ T )
45% i) KOH B . 188 100~150 C, W5 E J1ik 3
MPa, FE 45255 J1 0 0.6 MPa, SCHLIENGER M E
S50 MILIS DU 5 3ok 76 £k 2% i o5 s 58 25 Bl AF e ) ok
P SRR o B I T R T O RS ) R o o
e S 85% i KOH ¥ . i 220~250
C.AGTHRGEHMAES NG REE KT RS,
90.02~0.045 MPa, {f & — B B 1] J5 754 & ) 7+ 2 4%
YE AU T A8 208 R B8 1Y T s AT DA R0 42
JR kR, T AR AR Ao g B A U A R
A 2P 46 JI0E 75 I R L P I 1Y) A gl e A I S R AN B L R
T 2% i 500 72 43« 4 BT LA J RS I P A Y L ) HE
WIS T B AR B S RO

4 4% &
B R P e TR I PR X e T 24 0 R P R T
P RN R . B RHEE LT =S A s LAY S i L i
TEFAIT ] A% 25 40 1 B v iR T ISR R R
R B SO B ERH FE T S B R B B Y o i RE
FI T3S PERE o DR IH T 25 30 8 A8 2R e I 0 ) 300 R 14 8 ke
Wl 3 B S A R Ok s A8 S 0 I R R B R LS Y R
Jre ke, 48 L B R AL e PR 52 BR T LR R A R L i
1 AR BB A B A R L 7 Dk 38 O R Ak P i AL R Y
FLBR S A 5 T - 28 3 T 1 3 bR D %o 0 i Pl
RSB S W IE BAT #1200 5 S0, SR TR o F AL IR
SRAERE » FL il 1 RE 23 52 B — RE B9 R W) AR AE R GIE B
Ot i P B 1 T] I S HR g B0 ) B s R S A R TR AT
Fo
2 £ X M
(1] JBEEI LT, W B, A8 645 s 0 i o P 2 RS 1 R BB LD ). e 4
A, 2002(2) :81-83.
(2] /N e 3k ). ST 4R B 3 R R S ok R LD ). s o
WA, 2005(7) : 26-29.



AR RS R R D ke B

Rk

%

(3]

[4]

(5]

L6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

SRHEZR IR AR L A L 55 BT I R EUAL  RE R B AL R AT
Fe[J). 4535 . 2015, 64(3) . 273-275.
GRESKOVICH, CHARLES D, DEVRIES. et al. Alumina-based
ceramics for core materials; U.S, Patent No. 4156614[P]. 1979-05-
12.
COBLE R L. Transparent alumina and method of preparation: US,
30226210[ P].1962-03-07.
JOHNSON W C, STEI D F N. Additive and impurity distributions
at grain boundaries in sintered aluminalJ]. Chemischer Informa-
tionsdienst, 2010, 58(11-12) . 485-489.
XU Z, ZHONG ], SU X, et al. Experimental study on mechanical
properties of silica-based ceramic core for directional solidification of
single crystal superalloy[J]. Ceramics International, 2017, 44(1):
394-401.
ZHU W J, TIAN G Q, LU Y, et al. Leaching improvement of ce-
ramic cores for hollow turbine blades based on additive manufactur-
ing[ J]. Advances in Manufacturing, 2019, 7(4): 353-363.
A L. R AL AR A R P R S 1 ) A% S P Re A S LD i
B R, 2017,
WA AR AR AR R I R AR A R P TR AC-L
(I AR TR, 1997(9); 21-27.
K 5 ™ TR A [ ABURE % T H A I B ek 22 L SR AL Bk T
BRUSYERERY R L) ] B H AR . 2012, 33(11): 1 289-1 291.
FRL ARG XF A RS A a0 I R T P R B T Y A
JELT]. Mz HlidE AR ,2009(19) : 60-64.
R, X SO AR S5 AN TR 7R X B R Y T RS B Y R
[T A0 KRR . 2012, 26(20): 115-118.
AR R B T T A AL R R
(DL WG R W SR Lol K A%, 2007,
EF A RE ARG, S AL LR B RS Y ) KRR
[J]. EHLM R 2R . 2012, 27(3): 239-244.
SHABANI S, NAGHIZADEH R, VOSTAKOLA M F, et al.

SNV E AU R

The effect of MgO addition on the properties of alumina-based ce-
ramic cores prepared via sol-gel process[]]. Journal of Sol-Gel
Science and Technology, 2020,30(4);1-11.

PUE SIS T DN 4 /I N o X R a1 PO R G2 B R SRl
PERERYSZMALT]. #4535, 2015, 64(10): 994-1 000.

ZHAO Z ], YANG Z G, YU Z H, et al. Influence of yttrium ox-
ide addition and sintering temperature on properties of alumina-
based ceramic cores[ ]J]. International Journal of Applied Ceramic
Technology, 2020, 17(2): 685-694.

RS AR S IR AU 2 FL M & i s AERE RO (1) Z AL
Wi 25 1 13 2000 P 2 4. 2003(1) ¢ 40-45.

B, e SR Hi . AE. LR LT B N 0B B B AL 2 B AT R IR
(I, bRl 5 TR, 2002, 20(2); 273-278.

ISOBE T, TOMITA T, KAMESHIMA Y, et al. Preparation and
properties of porous alumina ceramics with oriented cylindrical
pores produced by an extrusion method[ J]. Journal of the Europe-
an Ceramic Society, 2006, 26(6): 957-960.

Bere, AL, HIBIE. . AL OL ZF 40 Al O, 3 F 1 45 b
PEREI AL ], F AT 4 s MRS TR 2007, 36(21): 675-677.
JIANG W, LI K, XIAO J, et al. Effect of silica fiber on the me-
chanical and chemical behavior of alumina-based ceramic core ma-
terial[J]. Journal of Asian Ceramic Societies, 2017, 5(4): 410-
417,

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

B B S e o o S

..+
[ ]

1
1
1
1

NIU S, XU X, LI X, et al. Microstructure evolution and proper-
ties of silica-based ceramic cores reinforced by mullite fibers[J].
Journal of Alloys and Compounds, 2020 154 494,

XUSEAF- s PR HSCL BEAn 2 xd ks P s 0 35t ik 9 AR LT . e b o
T B A 4 1989(6) : 30-33.

B iR W A L AR R L 55 R RS N TS o 0 S B B R i S
REM IR [T 4647 4 Jm RS TR, 2020, 49(2): 515-519.
JRE. P RSB T MRS L) ). R R e KA (G 4, 1983
(4): 7-11.

BEALS ] T, LOMASNEY G M, PARKOS J R J J. Method for
casting core removal; U.S. Patent 7,243,700 P]. 2007-07-17.

E o0 09 I VAL R (2 R SR D P e R T
[J].#53% . 2005, 54(8): 758-760.

ot ep . R B RN AR I b AL A R B B LS (DL
PBH P A Ak KA, 2014,

AR BIEAR T AR A0 i ST R R T T S v R R R
T L5 )] 4451, 2019, 68(1); 1-6.

GAO Z F, WANG B Q. YIN J, et al. Corrosion behavior of alu-
mina-based ceramic core materials in caustic alkali solutions[J].
International Journal of Applied Ceramic Technology, 2019, 16
(1) 335-345.

ZHANG H. LU Z, JI Z, et al. Basis for the alkaline removal
process design of the alumina-based ceramic core[ J]. Journal of
the Ceramic Society of Japan, 2017, 125(8): 616-622.
KRUGLOV E P, KOCHETOVA G K. Improvement of a techno-
logical process for ceramic core removal out of internal cavities of
aircraft GTE turbine blade castings [ ] ]. Russian Aeronautics,
2007, 50(2) . 227-229.

CONROY P L, PIERSON H C, MCRAE M M. Method for re-
moving cores from castings: U.S. Patent 6,241,000[P]. 2001-06-
05.

SCHLIENGER M E, BALDWIN M D, EUGENIO A. Method
and apparatus for removing ceramic material from cast compo-
nents; U.S. Patent 6,739,380[P]. 2004-05-25.

MILLS D. Leaching of ceramic materials: U.S. Patent 5,332,023
[P]. 1994-07-26.

R4 AR AR BB B kA 5 L ALD]. W 70 L
Mk K%, 2005.

(%X 1)

I E
RIS

MIEARS

® HE M
® TR Ik
AT 2
® It
® it &4

o Tl sl
® I A i
o ZULZ
o i

o LHI5 kM

@ KR IA
o it
® ikl
® /Ui
o %

oo oo

Xt e e re e re e e er e ee e se e se—se—fese—fess s s s s s s e X

309



