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Fig.1 Framework diagram of the review
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Tabel 1 Characteristics of different ceramic core materials
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Fig.2 Research on the porosity and mechanical properties of ceramic cores by regulating the particle size distribution of raw materials
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s FI|Fip AR | R / e .
wisw | EIORREL O I e A e i TS T e
i AR 0.23
o 0.63 27.50 20.20 (1540 C) [33]
Ak (15 pm) 13.93 ~1.00
5% 0.33 43.64 ~18.50 (1550 °C) (1550 °C) (34]
HIE SR A . 0.30
o 0.73 30.50 18.90 GimEe) [35]
[‘h"fﬁf;‘/*r' 0.83 31.49 12.28 1<8'1)7 ?95) [36]
. _ _
SiO, &
HLIESR AT (19 pm) - 0.40
10% 0.65 31.80 17.80 (150056 [37]
fisc A 33.20 MPa 0.19 mm
0.3% 1.44 2551 16.32 (1550 °C) (1550 C) (38]
AL . o
o 0.83 33.80 20.40 [39]
BEA - 26~30 0.15~0.30
24% <003 36.90 (1550 C) (1550 C) [40]
TER G _ _
o e 0.14 36.50 27.00 [41]
2V3 5. .
WS TG - -
i <0.80 28.10~31.10 50.76 [42]
i
Y,0, 5 ﬁjﬁiﬂ“ — 21.13 50.77 — — [30]
0
AT PP RY 8.60 o
. b 2.80 32.90 15.10 (550,55 [43]
SIS R
0.97 28.12 24.03 — — [13]

5%

2026455569 101Y) - AL HIE LA 79



- . .
—— RIx oru

Sit" I AR M SR A5, S T HE K
BAZI, BT, X — IR R,
B I R A A R AL
ALO; IR fb 7], Sk PRI
e M S I R Az 306,
PR SR 4 B IR /D G R SOk A
WE AT A HE 5 A 9 pT i, SCREPI i
W e 1 e AR T, 25 G M RE AR 5 1T
e EOR A BAEZ M (+)E)R,
2> i AR I R AL REB RS O, 3L
Ve B 75 5y e HE M ECRIIE AR i T i
Z (W BB AR 2 R G AS 22
FERNGE PO B E— 20 R, i
3E10% 1Y LI SR A W] IR U AT
T A B BELAS 1 O sl A i 4
MAE R S A Sy A kA,
ff AN R SR B (18.17 MPa) 2 3%
T %R )E (12.28 MPa), fH1%
ey =N 0P i S A AT L S
SRR P Z G SE T R BB
PR B8 R A %) e 5 P T BRSBTS
W, & R A Bk A7 (5 pm) BRI
HEAT A B 5 7 AR i i

[ Linear shrinage
I Porosity B

—_
(=]
1
—_
(=3
(=]

o o o
2 o >
T T T
1 1 1
~ o o
S (=} S
Porosity/%

Linear shrinage/%

[=]
[}8)
T
1
[y}
S

(=]
=1

A0 CAl
Sample

) BSINAN FIZERE ALOS SO LR 2R

PA2

—~
o

S Cracks on the r%;
%@ small particles Y&

\ L . ;
g® Cleavage and dimple =
. fracture facets -

(d) FRIZISIOMRE ML HOIKF
B

B AT (40 pm ) T PR B 45 7 MG
TSR AR 5 PRLEE o 19 pm
B, 3 A B SR R S B T e
M 2R A TERE, E IR T2 17.8
MPa, Hf] Hb 2 FE 8 45 B [ 1F 5% $2 7
T 44.9%. SR, LIESEAE N1k
T T A5 R 5 TR P 25 i 5 B )5 R Ak
TEACKN-. N T IELE R A LR
F14) i) sk 2 B 3 P L 200, T 751
AW Ko Xk % B 5] A B,C,
HAepEs Ak A Y B,O, AHTRE
R FE 58 45 I 90 1 BT i, DT 1550
°C 15 1L 50 J¥ 7 15 33.2 MPa, {H H: &l
YER BRI , S B ILRR AT
(25.51% ) HWsei % e ( 1.44% ), 78
B RE RN RIS B AAEAN 2 . A
FeZ R, B i S B 5 0 Y,0, W
PR A )P Y,0, BERETS
S A g, LBES Si02 e Ak
RS ORE A I SN 1) 5ty
S 10% Y,0, I BLSTE PR R 33.8%
e AL R [ s, 2 3 5 B Ok 20.4
MPa, i & = T 5Ok A K R 1A,

= Flexure strength
W Creep deformation

20 12.0

< g
S E
% 15+ 41.5 ‘,;C_’f
& =
=]

5 10} 110 €
& 0 <
2 <
5 5k 10.5 &%
o - - 0o “

A0 CAl PA2
Sample

(b) BIRIASERE ALOSRYSIOF % 5
USRS e P AT AR A T

36 —=— 1450 °C
—— 1500 C
34+ —— 1550 C

—— 1600 C

Apparent porostity/%

1 1 1 1 1 1 1 1 J
0.2 03 04 0.5 0.6 0.7 0.8 09 1.0 1.1
Liquid silicone resin content/wt%
(e) ALOSLEI AL G WAL
LR ISP

5T R L H 35 0.069 g/min,
Jii S SR AL AR T ALO, B AR IR &R
ZrSi0, B4 W g 1 g AR e A
Si0, FLARILAFIARA M, 5 A BE
WAL S AF Pan 25 ™ A gE R, W
TN 408 24% ZrSiO, 1Y AP JE 3
h— R P BE: ALK 36.9%,
1550 °C=is®E 26~30 MPa, #VEIE
/N (0.15~0.30 mm) (83 (¢));
JLIERRATLEEAE T, 55 A0 B A kL
5 Sio, FARGE & B9 i ary”
JEIHHAEE Zhea, (Kl 3 (d) Pk,
[F] B 3 R ) A i B 4 A T
S35 N T B B2 Y A A A ==Y
RSP R ENE
222 FAH FHE Si0, A E A
P B8 84 % R LA

*F ALO, . Y,0, £l MgO XL
A R B AL, HRe s i AR
T R AR B HE R T
&, MRS Si0, M % 28 1 MBS AH
S BRI SR AH AR, R, 54k
FIEAVE LI Sio, Feik R A A

332
< 35F
& 26.27
%30- 24;35/%/§
2025-
020}
; 15+
g 10+
Z 5l
Sole 20 o4
S1-1180 S2-1180 S3-1180

Zircon content/%
() WINASIR] 5 B A B (Y R SR RS
5 S
—=— 1450 °C
50 —— 1500 C
—— 1550 C
—— 1600 C

=

1 1 1 1 1 1
0.2 0.3 04 05 0.6 0.7 0.8 09 1.0 1.1
Liquid silicone resin content/wt%
(f) AL T ALOL LT 1 25 i 58
AR RS i 1 G R

N
S
T

[3*)
(=]
T

Bending strength/MPa
W
=)
T

(3]
(=
T

3 EETARFENSERABERN LGS EENEXHR

Fig.3 Research on the comprehensive properties of ceramic cores by regulating the type and content of mineralizers
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Tabel 3 Detail properties of fiber-reinforced ceramic cores
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Fig.4 Research on improving the comprehensive performance of ceramic core by fiber reinforcement
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Fig.5 Research on the regulation of shrinkage rate, porosity rate and strength of ceramic cores by adding other additives
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Progress in Optimizing Comprehensive Performance of Hot-Press Injection
Molded Ceramic Cores Through Material Design

WANG Yan', CHEN Xi', PENG Shuaiguo’, ZHANG Yaozhong', LI Fei'
(1. Shanghai Jiao Tong University, Shanghai 200240, China;
2. China United Gas Turbine Technology, Co., Ltd., Beijing 100015, China)

[ABSTRACT]

To meet the stringent requirements of high thrust-to-weight ratio engines for turbine blades, obtaining

ceramic cores with high precision and reliability is crucial for manufacturing hollow blades. In response to issues such
as high shrinkage rates and the difficulty in balancing porosity with mechanical properties in hot-press injection-molded
ceramic cores, this paper provides a review of research on SiO,, ALLO;, MgO, and Y,0s;-based ceramic cores. Focusing on
material design approaches—including optimization of raw material particle size distribution, adjustment of mineralizer
types, introduction of high-performance fibers, and incorporation of second phase materials—the influence of these
strategies on key properties such as shrinkage, porosity, room- and high-temperature strength, and thermal deformation
is discussed, along with the underlying mechanisms. The response of different ceramic core systems to the same strategy
varies significantly, and the mechanisms for performance enhancement are not universal. By comparing the commonalities
and specific characteristics of different material systems and optimization routes, this review aims to offer a theoretical
foundation and technical reference for the rational design and process optimization of future high-performance ceramic
cores.

Keywords: Turbine blades; Investment casting; Hot-press injection molding; Ceramic core; Particle gradation; Mineralizer;

Fiber reinforcement
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