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Effects of Mo, V addition on Linear Thermal Expansion
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Abstract

For enhancing the mechanical properties of LTE (low thermal expansion) cast steel, systematic researches have been
carried out. The effects of alloying elements such as vanadium, molybdenum and carbon on the hardness and linear
thermal expansion coefficient were investigated. In the range of 0.5~2.3 wt% carbon, addition of 1.73 wt% carbon caused
hardness increase due to the formation of eutectic carbide having high hardness but over the range of 1.73 wt% carbon,
hardness was decreased. Thermal expansion coefficient increases with carbon contents. In the LTE cast steel containing 0.6
wt% carbon, hardness increased up to 1.96 wt% vanadium addition. But over the range of 1.96 wt% vanadium hardness
was decreased by coarse eutectic carbide. Thermal expansion coefficient of LTE cast steel containing 0.6 wt%carbon
moderately increased with increasing vanadium contents. There was no significant variation of hardness and thermal

expansion coefficient according to molybdenum content in LTE cast steel.
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Fig. 2. Effects of C contents on Hardness and Thermal a}2bA] Fe-34Ni-0.48i-0.6Mn-3.8VA| LTE cast steel

expansion coefficient. Composition : Fe-(34.1710.9)
wt%Ni-(0.44+0.06)wt%Si-(0.66+0.04)wt%Mn-
(3.83+0.24)wt%V.
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Photo. 1. Optical microstructures with varing Carbon contents A: Eutectic carbide', B: Eutectic carbide, C: Eutectic graphite,
a) 0.61 wt% C, b) 0.98 wt% C, c) 1.73 wt% C, d) 2.3 wt% C.
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Fig. 3. Effects of V contents on Thermal expansion coeffi-
cient and Hardness. Composition : Fe-(34.7+0.39)
wt%Ni-(0.6210.16)wt%C-(0.57+0.1)wt%Si-(0.61 +
0.07)wt%Mn.
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Scanning electron micrographs showing
distribution of precipitated carbide and eutectic
carbide. A : Precipitated carbide B : Eutectic
carbide Composition : Fe-35.5 wt%Ni-0.5 wt%
C-0.54 wt%3Si-0.62 wt%Mn-4.1 wt%V.

Photo. 3. Optical microstructure showing change of shape
and distribution of carbide with varing Vanadium
contents. a) Composition : Fe-34.68wt%Ni-0.67wt%
C0.6wt%S1-0.56wt%Mn-1.96%V b) Composition :
Fe-34.33wt%Ni-0.62wt%C-0.67wt%Si-0.67Twt%
Mn-3%V
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Fig. 4. Effects of V content on Thermal expansion coeffi-
cient and Hardness Composition : Fe-(34.240.9)wt%
Ni-(1.61+0.11)wt%C-(0.45 £ 0.05)wt%Si-(0.62+ 0.07)
wt%Mn.

Fig. 4= &4 ¥=s =2 ¥4 §7F2] Fe-34Ni-
1.6C-0.45Si-0.6Mn3§}2-o)| 4] vanadium &&ko] n}2 o
B Ash AT WHHE ehd Aolc). A%
A4 vanadume] 32 Ws}el ue} A<l wp} ¢
o] Ak & el gt 7 = 3.85wt%h Vol 4]
237HB ¢3 21} vanadium$gko] Zr|etrE. A E B
g0 23R 3t el ZFAsd.

vanadium®] 7= F7HA4] A WA} 3} A] 7]7]
ZA o B35S AEA7 vlAR A ©EEa)
B1Ag e oF Lowt%oll A v o] A Sats8-& A
A 7182 Zx3FAtell= S ol AdAA
A 5A4S AFA7IA] F=T-

3.3 Mo&E7Iofl 2 AT U HWEL Hj=2| 5]

Fig. 5+ Fe-34Ni-0.5C-0.5Si-0.6Mn 3}l 4]
molybdenum 7}o]l o} & A ol A A2l H3)
£ yelar ok HEZES molybdenum®] 3 7}efo]
S7Hl w2t olF s Frlehe AYe Hola
U™ 3.Twt%Mo2] Al H-2 0.97wt%MoA| Wl H}3}
of Axzlo] oF 9% A X A3} ). Photo. 494 B
=¢| vanadiume| H7}5 AlHl| vl FAAFA HH-
of AE¥ #wIESE T[AFA ¥k ew moly-
bdenum®| H7iFo} ZI1E4F AR @350 <
& Zrbsht AEASe mshs winlsh) P4E 2

9

05 10 15 20 25

Mo wt%

Fig. 5. Effects of Mo contents on Thermal expansion
coefficient and Hardness Composition : Fe-(34.16 +
0.2)wt%Ni-(0.53 + 0.08)wt%C-(0.55 £ 0.05)wt%Si-
(0.6--0.07)wt%Mn.
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Photo. 5. Scanning electron micrographs showing shape
and distribution of carbide a) Composition:
Fe-33.8wt%Ni-1.73wt%C-0.39wt%Si-0.64wt%
Mn-3.68wt%V A: Eutectic carbide, B: Eutectic
carbide', C: Precipitated carbide, b) Composition :
Fe-34.1wt%Ni-1.73wt%C-0.66wt%S1-0.63wt%
Mn-3.7wt%V-3.65wt%Mo, A: V rich carbide, B
Mo rich carbide, C: Precipitated carbide.
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Shape and distribution of carbide and WDX line
analysis Composition : Fe-34.1wt%Ni-1.73wt%C-
0.66wt%Si-0.63wt%Mn-3.7wt%V-3.65wt%Mo.
A: V-rich carbide, B: Mo-rich carbide.
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