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Grain Size-Gradient Structure by Heat Treatment Using Internal
Nitridation Method and It's Effect on High Temperature Fatigue Life

Junro KYONO and Norio SHINYA

Synopsis :

A process of producing a grain size-gradient structure was proposed for low alloy steels containing nit-
ride formers such as Ti, V, Al and Zr. Using a 1Cr-1Mo-3/4V steel, the grain size-gradient structure
which combines a fine grain surface region and a coarse grain interior was obtained by the process, and an
effect of the structure on the fatigue behavior was examined.

The producing process is as follows : (a) precipitation of VN in the surface region through heating at
1000°C in Nz, (b) grain refining by recrystallization at 1000°C, (¢) grain coarsening in the interior
through solution treatment at 1150°C. In the surface region, the fine grains were maintained by the grain
growth inhibitor of VN after the solution treatment. The obtained grain size-gradient structure is com-
posed of a fine grain (<10xm) surface region (0~1mm depth), a transient grain size (10~80um) region
(1~2 mm depth), and a comparatively coarse grain (80um) interior.

The specimens with the grain size-gradient structure were tested at 550°C in a rotating-bending fatigue
machine and found to display better fatigue behavior than non-gradient homogeneous grain specimens. It
was thought that the fine grain surface region suppresses the fatigue crack initiation and increases the fati-
gue life.

Key words : grain size-gradient structure internal nitridation method; Cr-Mo-3/4V steel; fine grain sur-
face layer; precipitation of VN. :
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Fig. 1. Process for the formation of grain
size-gradient structure.
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Table 1. Chemical composition (wt% ) of 1Cr-1Mo-3/4V steel used.

Si Mn P S Ni

Cr

Mo Cu \Y% Ti Al

0.18 0.23 0.55 0.004 0.0066 0.027
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Fig. 2. Heat treatment for grain size-gradient
structure in 1Cr-1Mo-3/4V steel.
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Fig. 3. Grain refining behavior during austeni-
tized transformation observed in 1Cr-1Mo-3/4V
steel.
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Photo. 1. Optical observation of grain refining behavior in 1Cr-1Mo-3/4V steel.
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Photo. 3. Transmission electron micrograph of a
replica extracted from high nitrogen layer at sur-
face region in the specimen heated for 48 h at

1 000°C in No.

TR AT AN S S, PIREORANI
1000°C § T4 % <, 1000°C M#kic £ 5 ¥k
8um THAHAH, 1000°C ¥ M A% LMHFICWMAT 5.
3-2 N,EESMBICLIXEBADO NDRALEIL
Wi

NS A T IBRE %, M2 wlS oS
FEAL ShIR E#PR 900~1000°C (Fig. 3) @ FBRIREO
1000°C & L7-. HEHAERM TR TS s ¢
LIk, BEMENBEILE 2T b A
5ol THhh.

1000°C T 1~90 h fin#afk o> EPMA (2K % N 4304
ST % Photo. 2 (2/8%. NARALT, ®IkL
TWAHHWIIROEASH O, b BHBFICXITE 5.
Photo. 3 1220 N 2981 b L Twv S iE 2 HERELL 72

Photo. 2. EPMA micrographs show-
ing high nitrogen layers formed
by heating at 1 000°C in N,.
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Fig. 4. Change in thickness of high nitrogen layer
with holding time at 1 000°C in N,.
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Photo. 4. Optical  micrograph
showing  grain size-gradient
structure produced by the treat-
ment B in Fig. 2.
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Fig. 6. Change in nitrogen content with distance
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Fig. 8. Effect of grain size-gradient structure on
fatigue life.
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