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Effect of Addition of Ti and B on Mn-Si, Mn-Si-Cr
‘and Mn-Si-Mo Steels.

(Study on high-strength structural steels—III)

Eiichirc Asano, Toru IsHIDA and Hideo TAN

Synopsis: ]
d Effects of addition of Ti and B on Mn-S8i, Mn-Si-Cr or Mn-Si-Mo structural steel were
studied in this report I, while effects of B and Mo on Mn-Si and Mn-Si-Cr steel had been
studied in the last report 1 (Tets-to-Hagané, 47 (1961) 4, p. 585~591).

There were 18 grades of specimens tested. The Ist group contained: 6 grades of Mn-Si
steel, the 2nd group contained 7 grades of Mn-Si-Cr steel and the 3rd group contained’ 5
grades of Mn-Si-Mo steel.

All samples were melted with a high- frequency induction furnace and cast into about 7kg
ingots, and then forged or rolled down to 16 or 35mm § bars. .

Specimens were tested under various conditions such as ‘air-cooling or furnace—cooling
after heating and quench-and-tempering.

Tensile strength, yield strength, elongation and reduction of area were determined by
tensile test. Hardness-test and microstructure-tests as well as Jominy-end-quenching test to -
investigate into hardenability of specimens were also made.

The results obtained were summarized as follows:

(1) Addition of B to Mn-Si steel containning 0°3% Ti, 1mproved hardness, tens1le strength
and yield point, and decreased elongation and reduction of area only a little, under the con-
dition of air-cooling or quench-and-tempering at a point higher than 600°C. »

(2) Effects of adding B to Mn-Si-Cr steel with 0°3% Ti on mechanical properties were
not recognized apparently. '

(3) Addition of B (0°0025~0°0050%) to Mn-Si-Mo steel containning 0°13% Ti was effec-
tive on improvement of hardness and tensile strength, while decrease of elongation and
reduction of area was slight. This tendency was very evident in the condilion of tempering,
especially. ' : ‘

(4) Ti should be treated as a deoxidizer or - denitrider. From the viewpoint of mecha-
nical properties, Ti content should be less than 0°3% in Mn-Si-Cr and Mn-Si-Mo steels:

From the viewpoint of hardenabﬂlty, Ti content should be less than 0°1% in both Mn-Si
steel and Mn-Si-Mo steels.

(5) Addition of B improved hardenability of Mn-Si, Mn~Si-Cr and Mn- Si-Mo steels.
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, Table 1. Chemical composition of steel specimens. (%)

Series Marks C » - Si Mn Cr- - Mo Ti - B*

MS-0 0*17 0°510 1°39 —_ — 0°105 —_

MS-1 0+19 0°492 1°30 — — 0°250 0°0025

I MS-2 0*17 0°542 1°38 — — 02200 0° 0050

MS-3 0°19 0°602 149 — — 0°290 0°0100

MS-4 0°18 02606 1°33 — —_— 0+312 0°0050

I MS-5 0°17 0°556 1°32 — — 0°650 0°0050
MS'C-0 025 0484 137 0°55 — 0*080 | @ —
MSC-1 0°27 0°548 1°54 0°55 — 0°260 S

MSC-2 0°26 0°502 1°51 0°55 — 0°250 0°0025

I MS C-3 0°26 0°500 168 054 — 0°299 0*0050

MSC-4 - 0°25 0°534 1472  0°53 — 0+300 0°0100

MSC-5-|. 029 0°590 170 0°53 — 0°547 0°0050

MS C-6 0°26 0°514 1+81 ‘0°52 — 0°110 0°0050
M SM-0 0°15 0°301 117 — 0°60 0+130 C—

MSM-1 0°17 0°402 118 — 0°59 0125 0°0025

I - MSM-2 0°18 0°432 117 —_ ‘054 0°129 0° 0050,

M S M-3 0°18 0°430 117 — 0°54 0°129 0°0100

MSM-4 0°18 0°474 125 —_ 0°54 0°*300 0°0050

* Percentage added.
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Fig. 2. Effect of titanium and boron on

hardness of Mn-Si steel.
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Fig. 6. Effect of titanium and boron on
hardness of Mn-Si-Mo steel.
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