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Interfacial Reaction of Fe-Cr-Ni-Co-Mo Martensitic Stainless Steel by Investment Casting
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Abstract : Based on the production process conditions of investment casting of a certain type of oxygen pump shell,
the interfacial reaction between ceramic shell of silica sol-zircon surface layer system and Fe-Cr-Ni-Co-Mo marten-
sitic stainless steel (S-04, S-130) were investigated. The morphology and particle size distribution of ceramic shell
raw material powders were analyzed by means of laser particle size analyzer, SEM and other measures. The mi-
crostructure of silica sol was characterized by cryo-transmission electron microscopy, and interfacial reaction of
stainless steel castings was analyzed by SEM, EDS and other means. The results indicate that the main reason for
the interfacial reaction of S-04 and S-130 is that Cr element reacts with SiO, on the surface layer of the mold shell.
The reactivity of Cr element in S04 stainless steel is higher than that of S130 stainless steel, while Fe element is
the opposite, resulting in a microscopic difference in the thickness of the interfacial reaction layer of stainless
steels.
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Tab.1 Designed compositions of S-04 and S-130 stainless steel
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: 0.04 0.02 0.02 0.5 0.7 13.5 6.0 5.0 9.0 iy
S130 < < < < <105~ 6.0~ 15~ 3.0~ < &
0.03 0.015 0.015 0.5 0.7 12.0 9.0 3.5 7.0 0.3 %
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Fig.1 Products of casting and specimen
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Fig.2 SEM morphologies of ceramic powders
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Fig.3 Laser particle size distribution of ceramic powders
R
4 2y Nalco 1130C fif: ¥ Ji 38 1 & ¥ 375 55 v B2 0L
23] SiO, BUBL R I AL o0 A . T LA L BRI I SiO,
WURLRLE /3 A 457 RSF4 10~20 nm, JURL 2 8] K H
LW 60 2R R BT RE VR IS B B B A R R 2 A PR
TP A T sl A B e R e T JR) B X SO, ¥k i

2.1.2



K % 4575 Fe-Cr-Ni-Co-Mo By [C R A 55 40 AL 18] [z 1

L %

IR SR T) P A

50 pm

B 4 Nalco 1130C 2% B 5 A i 51 & 4070 5
Fig.4 Cryo-TEM morphology of Nalco 1130C silica sol
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Tab.2 Composition of S-04 and S-130 stainless steel casting %

&% a
C S P Si Mn Cr Ni Mo Co V Fe
S-04 0.022 0.005 0.005 0.24 0.35 13.23 5.89 4.25 8.14 — 4

S-130 0.022 0.001 0.006 0.16 0.25 10.86 8.18 2.66 5.24 0.11 A i
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Tab.3 Composition of S-04 and S-130 stainless steel

after conversion %
ﬁ’gﬁ'{ wp
C Si Mn Cr Ni Mo Co \% Fe
S-04 0.022 0.24 0.35 13.23 5.89 4.25 8.14 - Vg

S-130  0.022 0.16 0.25 10.86 8.18 2.66 5.24 0.11 £&
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Fig.5 SEM morphologies of alloy melt/shell interface

of S-04 stainless steel castings
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Fig.6 EDS surface scanning element distribution of alloy melt/shell interface of S-04 stainless steel castings
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Fig.8 EDS surface scanning element distribution of alloy melt/shell interface of S-130 stainless steel casting
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Fig.7 SEM morphologies of alloy melt/shell interface

of S-130 stainless steel castings
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Tab.4 Reactivity of different elements in S-04 and S-130

stainless steel

MBS Fe C Si Mn Cr Ni Mo Co \Y

wp/% 67.88 0.022 0.24 0.35 13.23 5.80 4.25 8.14 —
(?4 3% 68.71 0.10 0.48 0.36 14.38 5.65 2.50 7.81 0
a 0.687 0.001 0.005 0.004 0.144 0.056 0.025 0.078 0

wp/% 72.52 0.022 0.16 0.25 10.86 8.18 2.66 5.24 0.11

1370 xg% 73.07 0.10 0.32 0.26 11.75 7.81 1.56 5.00 0.12

a 0.731 0.001 0.003 0.003 0.117 0.078 0.016 0.050 0.001
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