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Abstract: Alumina is a common mineralizer in silica-based ceramic cores, but its promotion or inhibition
effects on the crystallization of fused-silica are in contrary conclusions. To explore the effects of different
alumina mineralizers on the property and crystallization behavior of silica-based ceramic cores, silica/alumina
ceramic cores were fabricated using high-pure alumina and common commercial alumina powders as
mineralizers, respectively. The high-pure alumina powders hinder the crystallization of cristobalite, but the
common alumina powders promote the crystallization behavior. The common alumina powders have larger
amounts of impurities than that of high-pure alumina powders, including alkali oxides and alkaline-earth
oxides, which highly decrease the crystallization activation energy and promote the crystallization of
cristobalite. There is significant difference in the effects of two alumina mineralizers on the linear shrinkage
rate, densification, and mechanical properties of ceramic cores. Due to the common alumina powders
promoting the crystallization and sintering densification of silica glass, the resistance of creep deformation
is improved. When the content of common alumina powders is 5% (mass fraction) , the ceramic cores
exhibit superior performance, including linear shrinkage of 0. 63% , room-temperature flexture strength
of 20. 2 MPa, and deflection of 0. 23 mm wvia double cantilever beam method at 1540 *C/0.5 h, meeting
the requirement for precision casting.
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Table 1 Experiment information of raw materials

) Chemical ) Mean particle
Raw material Purity/ % )
formula size/pm
Fused silica Sio, =>99.95 30. 57
High-pure alumina ALO, >99.9 15.4
Common alumina ALO, =>95 15.7
Zircon ZrSi0, >99 20
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Table 2 Compositions and contents of alumina powders

Mass fraction/ %
ALO, Si0, Na,0 K,0 Fe0, CaO MgO

Raw material

High-pure alumina 99.5 0.3 0.1
Common alumina 97.92 1.2 0.53 0.37 0.08 0.16 <<0.1

0.02 0.05 0.02 <<0.01
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Fig. 1 XRD patterns of ceramic cores
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Fig.2 DSC curves of different ceramic cores
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Table 3 Crystallization temperatures in DSC curves with

different heating rates

Tp/C
Sample

5 °C/min 10 “C/min 15 °C/min 20 °C/min
A0 1369.1 1377.9 1388.1 1396.5
CAl 1352.3 1361.8 1372. 4 1382.5
PA2 1392.0 1401.6 1406.9 1417.6
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Fig. 3 Activation energy for crystallization of the ceramic cores

P A2 P & BULES ) 45 i 1% Ak S v 22 1488. 8 kI/mol,

T IR fb A A S B B 5 A S S R A A B
T IR AT A A T O A R AR i
Uhlmann'*' ¥ 4 i & P8, A 9% 3% 85 78 1300 °C 1Y A%
W R P A 4 50 14 b, R W% 5 1 AR ME k% . R,
K2 80 A 5 3 38 10 B A il B2 AR T 1300 °C, B BT &b fh
TR R H L 3R W] 5 A R R A 0 B B Y T BT A
Jr. Y PA2FE RS oA S i A LR S L B
T AP BAT R AT MR & AR S
S5t i 2 % Ak 1 SR B9 LA Bl DATTT 4 ) A g 3
TS BT A E AR R T b e R A e, A B
I A I (NN B NG = = W U TR N S
S K, Al U 2 1 I 2 245 k) B R O 4 i — A0 T B 0
Brdh o BRIL, i 4l B A0 0 1 m A B T PA2 B %
RUS MM o SR, BT CAT B % BUE I A 3% 8
A AR Z N EE 4R S 4,
i T H AL 2F A 5, Na—O HUHE 38 84 kJ/mol, K—O
HLUEE % 54 kJ/mol, Ca—O HL4 58 134 kJ/mol, Mg—O
BB 154 kI/mol, iX 2Ll 4 )& 0+ 4R S Ak Pk 2
) 255 16 M A %) A T U0 D8I e 5 IO 4% 5 A R AT B S 110
g S A R S AR R R I AR 2E T CAL R
RUIS BT A

P 4 A SR A R X P i LIS R I i R S R AL R 5
M, TG SR AL AR A 1 AO Bl e LIS R 25 I 45 R 0 0. 54 %,
B 5% 3 A AL SR I CAT B R, Ok 4 R 1 K
% 0.63%, % T & 5% w4l H AL f 1 PA2 By % R
O, 4 R R AR E 0. 35%, 7 B % 3m A AL A R
AR S W e TR RS ) e 5 WAL A T s 2l Rk B T o A 4
SRR AR A X e 23 WAL A 5 e BT T A D TR s — T
T AR AR BRI RS T AU A L SR AR O AR &
TR RE P AL I G B TR R AN R TP BHLAG T A 0
IS W O Bl R R AR T R R RS A b 46 I
F gy — L TR B TS A 2 &1 Na,O,

Wi i AR A AL R B K 2 36. 8 %0, il Al A8 Ak AR R 1Y
TS LR AR N 27. 5% o Be 45 78 B 2 5% i [
RIS RALREN BN E B BN G4 k1T, 454
AW ECE R 2Z 18] 1 S FLAS W HE 1) B AR /N i B
B RL I AL AT AR, e AR I AR At 5y
PA2>A0>CAl,

1.0 100
1 Linear
. 08} shrink_a\ge 180
X B Porosity
S RN
E08 160 5,
= [72]
< o
204 {40 5
®© o
()
£
-1 02 120
, 0
08 A0 CA1 PA2
Sample

P d S [r) Bl i BN 1 R M A 5 5 <AL

Fig.4 Linear shrinkage and porosity of different ceramic cores
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