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Fig. 1 Punctate defects on the surface of the casting by fluorescent display
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Fig. 2 Optical images of the fluorescence defect position
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Table 1 Chemical composition of K4169
alloy castings W /%

C Cr Ni Mo Al Ti Nb+Ta Si Fe

0.08 18.15 5356 298 056 073 499 005 R

(0.73% ) , Nb. Fe. Cr. Ni. MOBETFT &L -
g MAYE R R B LB FTEERNZr. Cotx
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Fig. 3 Composition of matrix on the surface of the casting
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Table 2 Composition of the casting matrix %
T H oK AlK Si K TiK Fe K Ni K Nb L Mo L S
b4 14.43 5.07 2.57 1.74 15.15 40.16 4.64 2.73 100
T34 3591 7.48 3.65 1.44 10.8 27.24 1.99 1.13 100

RIMIFENIN R B a7 TekiEntr, He
3N ERFARIAISIOFZY, 6 TR NALOTSY, AlO,
FZrh2/3., EAYIE T RIPEZIMES, TLE
&t ERVERAABTFERPNBEIIRTRY, *
ZMENZUERK, SEALERRRBE, G2
HREERTEIFRRAEE, E4a0m// N\ RSI0FZ,
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Fig. 4 Scanning electron microscope images of fluorescent spots showing defects
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Fig. 5 Alumina inclusion and energy spectrum analysis
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Fig. 6 Alumina inclusion
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Table 3 Composition of the alumina inclusion %

HBAL JiH oK AlK Si K CrK Fe K Ni K S8y
A EL 52.27 44.66 - 0.63 0.6 1.84 100

s JE 435 65.65 33.26 - 0.24 0.21 0.63 100

JB A3 EL 54.85 43.79 0.47 - 0.37 0.52 100

6 (a) JEF 535K 67.44 31.93 0.33 - 0.13 0.17 100
I oA 55.16 42.79 0.51 0.36 0.43 0.76 100

6 (b) JEF 535K 67.88 31.22 0.36 0.14 0.15 0.25 100

E7ThHHFRENSAERDE, FITE TS SIOMETFHERAE,
YRR S, $EEFREAYSIOFIZLR TN, Si0,HiE
TCEMRE D E46.7% . 1ZXIFSi0, 5L 4169.53%, 2.3 BEEERDS S
SIOEBEEEMEE N N3T.11%, FHR0EEL R TRIEMNESEREMRTIENSEERR, X
2.39%, RBBIZKENE PEEMEAY) . BFiZES BFIFXE R IO N DT T WEM DRI (1%
YN, XA AT AL Tio Cr. Feo Ni. NZBABEM=0. CEE) , BIETDDITER.

Nb. MofIEk%, EFPAIL TS THEERNEK, Hitr NESHEBAILAEL, SixEAK41695EEAAY
x4 SWERZERS
Table 4 Composition of the silicon oxide inclusion %
JiH oK AlK Si K TiK CrK Fe K Ni K Nb L Mo L JESs
iR 39.5 0.97 32.47 1.09 4.87 5.49 12.97 1.4 1.23 100

BT 59.86 0.88 28.02 0.55 2.27 2.39 5.36 0.37 0.31 100
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Fig. 7 Silicon oxide inclusion
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Table 5 Compositions of shell and casting surfaces before and after casting W /%
it H P Zr Si Al Co Cr Hf Ti Fe Ni Nb
HIESY=u1 57.22  30.08 5.88 4.46 - 1.72 - 0.19 0.03 0.03
KRPEERTIE R W2 60.5 27.32 43 5.06 - 1.92 - 0.24 0.06 0.03
SR 58.86  28.70 5.09 4.76 - 1.82 - 0.22 0.05 0.03
Mg 55.05 18.49 12.52 7.12 3.46 151 0.91 0.25 0.09 0.1
WA MAGCHZE W2 52.41 22.28 11.74 6.32 3.8 1.64 0.91 0.28 0.09 0.08
FHEIE 5373  20.385  12.13 6.72 3.63 1.575 0.91 0.265 0.09 0.09
MR 0.9 4.26 8.44 0.61 21.86 - 251 14.87 38.94 4.87
PR MR A2 0.69 4.27 8.84 0.57 18.44 - 2.35 15.4 41.77 4.83
S 0.80 4.27 8.64 0.59 20.15 - 2.43 1514  40.36 4.85
ML 1.01 4332 5307 1.12 0.32 0.11 0.50 0.51 - -
PRI )R a2 1.0 3038  67.46 0.71 0.2 0.1 - - 0.02 -
SEHME 1.01 3685  60.27 0.92 0.26 0.11 0.50 0.51 0.02 -
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Fig. 8 Composition analyses on the surfaces of the shell and casting
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Table 6 Chemical composition of zircon powder wg/%

Sio, AlLO, Fe,0, MgO  ZrO,+Hfo,

33.0 0.65 0.07 0.04 66.24
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Table 7 Conversion table of size and mesh

EAERAE FifR/um
30 550
60 250
100 150

270 53
280 51
300 48
325 45
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Fig. 9 Improved fluorescence display
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Analysis of Fluorescent Display on Surface of Large Structure Investment
Castings

WANG Yu-fei, LI Bo, YANG Gang, YANG Wei, BAl Hao, SHI Yu-e
(AECC Shenyang Liming Aero—Engine Corporation Ltd., Shenyang 110043, Liaoning, China)

Abstract:

The large structural parts produced by precision casting often have surface point display defects in the
process of fluorescence inspection. The defective parts were analyzed by optical microscope and scanning
electron microscope, and the surface compositions of mold shell and casting were analyzed by portable X-ray
fluorescence spectrum. The results showed that the fluorescent defects on the surface of the casting were
holes, and the inclusions were black irregular blocks different from the color of the substrate. Energy spectrum
analysis showed that the contents of Al, Si and O in the defect parts were high. The X-ray fluorescence
spectrum analysis showed that the Al content on the surface of the casting increased obviously after pouring,
indicating that the Al element in the alloy participated in the chemical reaction of the mold shell. Through
analysis, it is determined that the defect was oxide inclusion caused by mold shell reaction. The process test
of reducing pouring temperature was carried out to reduce the mold shell reaction and reduce the fluorescence
display on the surface of the casting.
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casting; fluorescence defect; alumina inclusion; silicon oxide inclusion
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