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STRUCTURE STABILITY AND NUCLEATION INHIBITION ON THE UNDER-

COOLED DD3 SINGLE CRYSTAL SUPERALLOY MELT OF THE Si-Zr-B COATING
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Abstract: Using the mixture of SiO2 glassdust and ZrO2 powder as refractory material, Si02ZrO2 sol as
binder and H3;BOj as softening agent, a substrate layer was prepared on the iner surface of the mold by
adopting shell-molding technique, where the Si02-7r02sol was the product of the hydrolyzing-condensat ion
reaction at 35  for 180 min in the precursor solution with the mole ratio of 3H20, 4C2HsOH, 0. 11 ZrOCl2 -
8H,0 and 1 Si( OC,Hs) 4, respectively. T hen adopting sol-gel processing, proper layers of SiO,Zr0,-B,0;
thin film with the same composition as the substrate layer was compounded with the substrate layer step by
step. After dipping—class heat treatment and glassing treatment at 800  for 60 min, this film transform ed
into the Si02Zr02-B203 glass coating. Furthermore, after holding the coating at atemperature of 1500  for
30 min, the amount of crystalline is about 1% 3% (vol%). Finally, an undercooling experiment show ed
that high undercooling of DD 3 single crystal superalloy up to 140K was achieved in this coating mold. Based
on the classical nucleation theory, the wetting angle corresponding to the largest undercooling achieved in the
inhibitive coatings, 0, was calculated. It is found that they are far less than the measured one bet ween
coating and alloy melt. This phenomenon further proves that not only the Si0,~r0,B,03 coating has good
high-temperature structure stability, but also it is an ideal inhibitive nucleation coatings for DD3 single
crystal superalloy melt.

Key words: DD3 single crystal superalloy; undercooling, coating; nucleation inhibition

[1 3]

:2000-04-21; : 2000-08-28

: ( : 59871041) [4]
98H53093

s bt po/d ww wihkxh. net,cn/ hkx b/2001/.04/ 6321/ )



22

322
Ims, 45K
Si02— L4
Zr02-B:03(SiZ/r-B)
, s DD3 SiZr-B
, Si~Zr-B DTA/TGA ;
X (XRD)
1 (SEM)
eLl3+ N eophot—
FeCls+ HCI Neophot-1
1.1
2
( 88um, SiO
s 99. 8% ) 7x0- 2.1 SiZr-B
5 C2HsOH  ZrOCl2 - 8H20, .
H.0 Si(OC:Hs)s 4 0.11 3 1 Si-
35 180min B ZrB ) t~Z10> Si02
Si02~7r02 ; ’
HsBO ’ Si_ 1 , 555 T7I5
Z —B 800 11’1 ’ t_ZI'O2 ’ 1350 s
r ’
5% SiZr-B , tZr02 1350
L2 100% 2 SiZr-B :
Si02Zr 02 H3BOs( B:0s  t7%r0:2 AZr02
Si02  ZrO2 3%) Si028203
160 ——
) Si02~7r02B203 Si-Zr-B RERS
(SiZr-B) Si-Zr-B ﬁ 8or
8 12s , fo 60}
4] E
o e 40-
g Ll Attt
, 800 1h Si~Zr-B =
: 0 500 1000 1500
Si~7ZrB ) 24h WE/C
’ ’ 1 SiZrB tZr02
950 , 1100 , 1350 , 1500 30min
DTA/TGA XRD Fig- 1 Variration of the amount of tetragonal ZrO2
) present in hydrated zirconium salt and
L3 SiZrB prepared SiZr-B gel as a function of
DD3 temperature
( ) P9.5Cr, 3.8Mo, 5.9AL 2.2 SiZr-B
2. 2T, 5Co, 5.2W, Ni ,
Si~Zr-B
, Si—Zr-B
’ Seon DTA/TGA 3
’ . 100 150 .DTA
(99.999%) , - - ’ 200
300

300: 11400 .



4 :SiZrB DD3 323
Zr0> t-Zr 02 (monoclinic) m— XRD ,

20¢ 850 )

16 950 30min tZr 02 ,
E 12 , m—~Zr0O2
+
= s 1350 , 1 5
g . : Si-Zr-B

SEM XRD
0800 10;)0 12;30 14100
B’/ T
2 tZ10, Si-B

Fig-2 Growth of metastable t ZrO2 particlesin

silica-boron matrix

100
5 0.3 E+
= &
b 80
ﬂ 0 1500 g
® 606360 1000 1500 284
0T wmm s W/ C 0
@ ® 4 SiZrB
3 SiZrB 300min XRD
(a)DTA; (b)TGA Fig. 4 XRD results of Si-Zr-Bgel obtained by
Fig- 3 curves of SiZrB gel heating at different temperatures
()DTA; (b)TGA
2.3 DD3
ZI'(:)z °
, DTA Si~Zr-B ,DD3
TGA 100 250 140K , 6
4 90K, 120K, 140K
Si-Zr-B XRD
. [6]
> Si~ZrB
1 SiZrB 30min
Table 1  The crystallized amount of Si-Zr-B coating at different temperatures for 30 min
/ =850 950 1100 1350 1500
(t%Zr02) (tZ102) (tZr0s) < 1% (tZr02) 1% 3%
(m~Zr03y) (m~Zr0»)
[0 20 40 60 65
20/07)
(b)
5 SiZr-B
(a)SEM : (b) XRD
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in_contact with the DD3 single crystal superalloy melt



6 DD3
Fig. 6 Dendirte structures of DD3 single crystal superalloy melt obtained in the Si-Zr-B coating mold
at different undercoolings of (a) 90K, (h)120K, and (c) 140K, respectively
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Table 2 Physical and experimental parameters used in the calculation of

wetting angles for DD3 single crystal superalloy' *
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