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Effect of Si on the Strength and the Toughness of Boron Treated

Cr-Mo-Nb Steels

Terutaka TSUMURA, Yasutaka OKADA and Hiroo OHTANI

Synopsis:

Effect of Si content on the various mechanical properties and microstructures in B-treated Cr-Mo-Nb

steels has been investigated.

1) By increasing Si content, Charpy transition temperature of shear area (,T, )raises due to solution
hardening and coarsening of austenite grain size, when coarse boro-carbides are not formed along grain
boundaries during tempering treatment at high temperature.

2) Si suppresses the coarsening of intergranular boro-carbides in case of high temperature tempering.
As aresult, in a steel containing excess dissolved B and so having boro-carbides along grain boundaries, it
is considered that Si does not change ,T,s spite of solution hardening and coarsening of austenite grain

size due to increase of Si content.

3) Inan as quenched condition, austenite grain boundaries in a low Si content steel are clearly revealed,
but those in a high Si content steel are not clearly observed after conventional etching. Consequently, it is

considered that Si affects the grain boundary segregation.
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Table 1. Chemical compositions of steels investigated (wt%,).

Steel C Si Mn p - Cr Mo Nb Ti B sol. Al N
n 0.24 0.41 0.52  0.010 1.01 0.50 0.029 0.011 0.0012 0.053 0. 0056
72 0.25 -0.60 0.48 0.008 1.01 0.49 0.028 0.010 0.0010 0.046 0.0053
33 0.24 0.80 0.52 0.010 1.02 0.49 0.033 0.011 0.0012 0.056 0.0060
34 0.24 0.99 0.53 0.010 1.02 0.49 0.033 0.011 0.0012 0.047 0.0068
75 0.26 0.02 0.44 0.008 0.96 0.48 0.026 0.021 0.0020 0.051 0.0025
36 0.27 0.30 0.46 0.008 0.95 0.48 0.026 0.022 0.0017 °  0.052 0.0028
3 0.27 0.66 0.48 0.008 0.97 0.49 0.028 0.021 0.0018 0.044 0.0031
18 0.26 1.03 0.50 0.008 0.95 0.48 0.027 0.020 0.0020 0.051 0.0025
39 0.27 0.01 0.49 0.009 0.96 0.49 0.026 0.037 0.0002 0.051 0.0029
J10 0.28 1.04 0.51 0.009 0.95 0.47 0.028 0.036 0.0002 0.053 0.0028
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Fig. 1. End-quench hardenability test results of

steels investigated (909 martensitic structure).
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Fig. 2. Effect of Si on mechanical properties of
steels J1~J4 tempered at 700°C for 1h.
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Fig. 3. Relation between austenite grain size (d) -
and ,T,s of steels J1~J4 austenitized at 900~
1000°C for 45min and tempered at 700°C for
1h.
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a : Steel J5 b : Steel J8 c : Steel J9 d : Steel J10

Photo. 1. Extraction replicas of steels after IBQ and tempering for 1h at 700°C.
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Fig. 4. Effect of Si on mechanical properties of
N fixed steels J5~J10 austenitized at 930°C for
45 min and tempered at 700°C for 1h.
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Fig. 5. Schematic illustration of relation between
+T»s and Si content in steels which contain exces-
sively dissolved B.
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Fig. 6. Effect of tempering condition on ,T,s of
steels J1, J6 and J8 austenitized at 960°C for 45
min.

Photo. 2. Extraction replica of steel J6 after IBQ
and tempering for 24h at 550°C.
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a) steel J1 (0.4151)
h) steel J4 (0.99Si)
c) steel J6 (0.3051i)
d) steel J8 (1.03S1i)

J10 (1.0481i)

Photo. 3. Microstructures of steels revealed by grain boundary etchant under the as quenched condition:
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Photo. 4. Microstructure of 1Si-0.075P steel re-
vealed by grain boundary etchant under the as
quenched condition.
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Photo. 5. TEM image of steel J8.
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Photo. 6. Microstructure of steel J8 with embrit-
tling treatment revealed by grain boundary etc-
hant.
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Table 2. Summary of present investigation.

Si Ti B N

Si Ti B N

0.41
2 0.01 |0.0010 | 0.0070
0.99

0,1.04 | 0.035 - 0.0030

0
? 0.02 |{0.0020 }0.0030

o fine carbides

ovTrs rises with the increase
of Si content

° Si increases the hardenability
and the strength

3 v [ i
Si— free 1.03% Si

o Sidelays the coarsening of
M23(C.B )6

o Si has no effect on vIrs and
the hardenability

°Sj _increases the strength

features of steels investigated

Austenite grains are revealed only in the low Si
steels under the as quenched condition
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