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PREPARATION OF Si-Zr-B NON-CATALYTIC
NUCLEATION COMPOUND COATING MOLD
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Xi’an 710072 2. School of Mechanical Engineering of Xi’an Jiaotong University)

ABSTRACT Employing SiO; glassdust and ZrO, powder as refractory material, SiO2—ZrO, sol as
binder and H3BOg as softening agent, a Si-Zr—B substrate layer Z was prepared on the inner surface
of the mold by adopting investment casting technique. Then seven layers of Si-Zr-B thin film coating,
which has the same formula as Z, was compounded with the substrate layer Z step by step by using
sol-gel processing. After glassing treatment at 850 C for 60 min, this thin film transformed into
glass coating R. After the Z-R coating mold was treated at temperature of 1500 C for 30 min, the
amount of crystallite is about 1%~3%. This result demonstrates that the addition of H3BO3 can
inhibit the crystallization of Si-Zr-B(Z-R) coating seriously. The undercooling experiment showed
that high undercooling of DD3 single crystal superalloy, 140K, was achieved in this coating mold.
So it is concluded that the Si-Zr-B (Z-R) coating has ideal high temperature structure stability and

non—catalytic nucleation property.

*EREARRIFEES 59871041 RATZSHIE4S 98H53093 Y¥EhTiH.
1999 4¢ 12 A 21 HURH|HI4; 2000 45 4 A 3 HKBHE A,
AXBAAN: X i, W, FEEW 710072, AL T K EEEARE R E LR E

** To whom correspondence should be addressed



600 o8 B x % #& 14%

KEY WORDS sol-gel processing, DD3 single crystal superalloy, coating, non—catalytic nucleation

FH T v B S R B T AR AR B A B V2 B T MR S AR R . S
I R E BRI E S A PR AT Bl sk S s BEEA E, RARIRR RS H S
SrstkiE N B EBLEIRENFRRT, FEkE8EResisIRE, AR REEEE.
IR M, mAEER TR R N SR ER AT &, R BT LIRS . AR
T ) O AL 1 AR T Vs B R R PR ) 4% Si02-Zr0,-B2 03 (Si-Zr-B) B A MBI E7A
HIRF LR

1 &£ ®w 7 &

1.1 BEERE

BRBE 7 BEM B BEL, REERIFIERALRIAR. MR RLE /N T 88um | SiO; Y E 1T
K F 99.8%(FEATEY) M A LS AL AR TS ZrO, MR, AZEFI Natral CoH;0H |
£BF H,0 . 4374l ZrOCly-8H20 5 Si(OC,Hs)s % 4 : 30 0.11 ¢ 1 Ay ME/R ELBCH A4 BT S MAE
35 C /K - B4 N 180min JFIE MM Si02-ZrO, AL BALFI A 4MHT4E H3BOs. R MG 1S4
YERREET Y, FEERNEEH % Si-Zr-B BKIRZE Z, F7E 850 C B i L ab3 1h.
1.2 HERE

1E Si05-ZrO, VRN HsBOs(HIEHEH SiO, o ZrO; FHEAY 3%) /KIFW, T SiO2-
ZrO,-B,03 (Si-Zr-B) WAHe. ¥ Si-Zr-B BN MEELSEH Z BRI EMFABNEE 8~12s, {7
MR, T Z XEFBERERE R ¥ Z-R BERMEZET T 24h J5, L3 T /min BI#
BEHEENZRFZE 45 C, 1#0E 1h, SRF5LA 2 C /min FEE M 45 CFHZE 500 C 4R 30min,
BRSPS H. U BRSPS RES 7 KUME Si-Zr-B(R) MEREXBEHEE. &E, ¥
Z-R B EEATF 850 C BIIL AL 1h, JERK Si-Zr-B EABHIRE. EH % R MERZRFA
mt, %4 Si-Zr-B FEEBGREE, EZEE T T 24h 5, #75 LRMRIM S RMEETF, &
JE4YBIAE 950 T, 1100 C, 1350 C. 1500 C{##% 30min LAfE DTA K& XRD 434
1.3 Z-R ZBRE PSR

3 F DD3 BB A &G EATIT# 1. o8& SRR E U] B AL i %R A
B, RIERNZEHAH TR Si-Zr-B(Z-R) B R FHAH, B %229 Smm B HLHBURL
BB LR TR, MEE. URRERRS GF 99.999%). Lt fd, LR -
B - S RIEFRA TR SRR, WA R ER — SRR E R LLAMERE T+,
We 7 Bsf (6] & 1ms, U BEKE BEl £5K.

% 1 DD3 B R A& & ©
Table 1 Composition z (mass fraction) of the DD3 single crystal supera,lloy[51

Element Cr Mo Al Ti Co w Ni
z/% 9.5 3.8 5.9 2.2 5 5.2 Balance
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Fig.1 Viscosity—time curve of Si — Zr — B sol
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Fig.2 DTA curve of Si-Zr-B gel
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Fig.3 TGA curve of Si-Zr-B gel
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Fig.4 XRD results of Si-Zr-B gel obtained
by heating at 950 C (a), 1100 T (b),
1350 C (c) and 1500 C (d) for 30min
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Table 2 Amount (volume fration) of crystallite of Si~Zr-B coating at different temperature

Temperature <850 T 950 T 1100 € 1350 € " 1500 T
Crystallite Amorphous (t-Zr02) (t-Zr02) (t-ZrO2)m (t-ZrO2)1%~3%
amount/% t w (m—-ZrO2)t (m-ZrO2)w

Note: t=trace; w=weak; m=medium (<1%).

EHAELLRT ZrO; B, t-ZrOy [ m-ZrOy H7EHYIR T % 600~1000 C 17, {HAEAR S
BB EMEDHIS, X REREET. BT 210, BRI SGBAELER SiO, F,
ool SiO, AAFFIHME, Bl SiO, AIXFFRULRL, M T t-ZrO, FohA K, B/
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5 Si-Zr-B ERE{LAEER SEM B (2)850 C, 1h; (b)1500 €, 30min
Fig.5 SEM microscopy of the Si-Zr-B coating obtained by glassing treatment at 850 C for 1h
(a) and at 1500 C for 30min (b)
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Fig.6 Dendrite structure of DD3 single crystal superalloy obtained in the Si-Zr-B coating mold
at undercoolings of 100K (a), 120K (b) and 140K (c)
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