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Role of Fine Carbide Precipitates in the Grain Refining Behavior
of 3.5%Ni-Cr-Mo-V Steel

Tsukasa AZUMA, Yasuhiko TANAKA and Tooru ISHIGURO

Synopsis :

Grain refining behavior during austenitizing of 3.5%Ni-Cr-Mo-V turbine rotor shaft steel was
investigated. Special attention was paid on the effect of Ni content and role of fine carbide precipitates on
the austenite transformation and migration of the acicular austenite grain boundary. The microscopic
observation of grain refining behavior reveals the following results.

(1) The grain refining of 3.5%Ni-Cr-Mo-V steels during austenitizing occurs through two stages. The
first stage is austenite transformation which Y-phases succeed to the acicular bainitic ferrite structure.
The second stage is the formation of equiaxed grain at higher temperatures by the migration of grain
boundary of the acicular austenite.

(2) Driving force of the grain boundary migration in the second stage is considered to be the high density
defects in the acicular austenite.

(3) Increase of Ni content stabilize the acicular 7-phases up to higher temperatures.
the formation of equiaxed grain due to the migration of acicular austenite grain boundary.

(4) Increase of V content makes the grain refining difficult because the fine carbide precipitate such as
VC works as a barrier against the grain boundary migration required for the formation of equiaxed grain.

This decreases
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Table 1. Chemical composition of the samples (wt% ).
J C Si Mn P S Ni Cr Cu Mo \' Al As Sn Sb N Aci Az Bs By
A | 0.25 0.05 0.29 0.005 0.004 3.47 1.62 0.04 0.40 0.13 <0.005 0.003 0.004 0.0011 0.0081 | — — - —
B 0.25 0.03 0.27 0.004 0.003 2.83 1.69 0.04 0.39 0.12 <0.005 0.004 0.004 0.0019 0.0051| 699 789 471 290
C | 024 0.04 0.27 0.005 0.003 3.59 1.71 0.04 0.38 0.12 <0.005 0.005 0.004 0.0019 0.0057 | 690 794 438 278
D | 0,24 0.03 0.28 0.005 0.003 5.05 1.72 0.04 0.40 0.12 <0.005 0.005 0.005 0.0019 0.0057 | 637 769 375 150
E 0.27 0.04 0.27 0.004 0.004 3.8 1.76 0.04 0.41 <0.01 <0.005 0.003 0.003 0.0011 0.0057 | 673 781 427 297
F | 0.28 0.05 0.28 0.004 0.004 3.79 1.75 0.04 0.41 0.08 <0.005 0.003 0.003 0.0010 0.0054 | 678 772 409 282
G 0.29 0.03 0.28 0.003 0.003 3.80 1.72 0.04 0.40 0.13 <0.005 0.003 0.003 0.0012 0.0051 | 673 764 422 278
H 0.28 0.03 0.27 0.003 0.003 3.82 1.72 0.04 0.41 0.17 <0.005 0.003 0.003 0.0011 0.0053 | 661 770 433 278
Acy, Acs, Bs, By: Transformation temperature, °C
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(a) T=780°C (b) T=825°C
(¢) T=925°C (d) T=975°C

Photo. 1. Microscopic observations of the grain refining behaviors in the 3.5Ni-Cr-

Mo-V steel Sample No. A (Heat treatment see Fig. 1).
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Fig. 1. Grain refining behaviors during austen- Fig. 2. Effects of Ni content on the grain refining
itized transformations observed in the 3.5Ni-Cr- by austenitizing heat treatments (Sample No. B, C,
Mo-V steel (Sample No. A). and D).
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Fig. 3. Effects of the a/7 transformation struc-
ture on 2.5% flow stress at austenitizing tempera-
tures (Sample No. A).
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Fig. 4. Dissolution behaviors of carbides and
nitrides during austenitizings in the 3.5Ni-Cr-
Mo-V steel (Sample No. A).
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Fig. 5. Effects of V content on the grain refining
behaviors during austenitizing in 3.5Ni-Cr-Mo-V
steels.
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(a) V=0.17% (b) V=0.13%
(¢) V=10.08% (d) V<0.01%

Photo. 2. Microscopic observations of grain refining behaviors at the austenitized
temperature of 825°C in 3.5Ni-Cr-Mo-V steels with various V contents (Heat treatment

see Fig. 5).
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(a) t=0h
(c) t=50h (d) t=100h

Photo. 4. Effects of the pre-tempering time on grain refining behaviors at austenitizing

(b) t=10h

temperature of 800°C (Heat treatment see Fig. 7).
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Fig. 7. Effects of the pre-tempering time at

650°C on 2.5% flow stress at austenitizing temper-
ature of 800°C.
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Fig. 8. Effects of the heating rate during austen-
itizing heat treatments on the refined grain size in
the 3.5Ni-Cr-Mo-V steel samples with various
pre-tempering structures.
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MR EBE LTSI ERRLTEY, K y o
WRBBOREH L LLbDEELIOND.

(3)Ni EHEOBMESR ¥ % &R £ cLEll
&8, RABEIC L 2GRN OERER L RT S 7
W, BEE/MFLOEEVEETSE5S.

(4)8HK y HoSEMiLIcE ST 2R R8I, ¥ HAHR
I T BREBOVRIEBIZE VIR s s 20, V
EHBEOHIME IR LD HE L < 5.

(5)8t O KFEE YELRBREREOERT 2725
L, SERE/MALOBEER L 2 5.
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