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Effect of Small Amount of V, T1 and Zr Addition on Carbide
Precipitation in Hadfield Steel Heated after Solution-Treatment.

(Study on austenitic high manganese steels—II)
Yanoshin Imai and Toshio Saito,

Synopsis: : . .

Small amounts of V, Ti and Zr addition of Hadfield steels were studied by micrography
and dilatometry on isothermal carbide precipitations. By addition of these elements
Hadfield steels precipitated carbides quickly and also enlarged the precipitation-temperature
ranges. These effects were especially remarkable by addition of Ti or Zr, but the lower side
of carbide precipitation line of steels inigrated to a higher tempfature side by addition of
‘both of these elements. Thus, carbide precipitations at a low temperature range of Ti- or
Zr-added steels were decreased than standard steel.

A.m temperature of steels were shifted to a higher temperature by addition of these
elements, therefore solution-treatment temperatures of steels, added with these elements,
required higher temperatures than the standard steel. Growth rates of pearlitic.constituents
in steels, added with Ti or Zr, were increased remarkably than that of the standard steel.
‘When non-metallic inclusions were much present in steels, precipitation of pearlitic consti-
tuents in steels became quick, and it was presumed that increases of growth rates of
pearlitic constituents by addition of Ti or Zr in steels were due to the presence of inclu-
sions, especially nitrides in steels. ' ’

Yield strength of steels after solution treatment were improved by addition of each of
three elements, without lowering of toughness, but mechanical properties of steels heated
after solution-treatment, added. with each of three elements, were lowered in a wide tem-
perature range than the standard steel, because carbide precipitations were accelerated by
.addition of each elements and precipitation temperature ranges were enlarged than that of
the standard ste€l. - .
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Table 1. Chemical composition of steels tested (%).°

l . ] ’ Other added
Charge | C Si Mn l P s ! Al ! N Spher @
Standard ' 1°20 | 024 | 1371 = 0°038 0010 | 0°18 0017 | —
V-added | 126 : 021 i 1358 0+033 0°008 i 0°17 ‘ 0019 V 022
Ti-added 1°32 ! Q47 1381 0°050 0*012 013 ; Q017 Ti 0-18
Zr-added @ 1-21 l 0°57 ! 13°84 « 07045 0*011 | 0°14 | 0017 Zr 0°06
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and quenched in water.
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Table 2. Magnetic intensity of specimens

_heated isothermally for. 100h at 500°C-

and quenched in water.

Charge 1 Deflexion of the mirror (mm)
Standard ' 21°5
V-added 22'0
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Table 3. Mechanical properties of steels after

solution-treatment.

Yield Tensile |Elonga-
Specimen | Strength strength | tion
kg/mm? | kg/mm? %

Reduc- Charpy
absorbed:

tion of ener
| area % kg-tgy

394 101°0 | . 48*4 381 18°54
Standard 395 103°1 50*4 38-4 16°65

468 1040 | 44-8 325 | 17°93
V-added | 4¢+) 1025 | 41°6 314 | 17779

y a8°s | 1151 520 | 34°9 | 18-07
Ti-added | 4.3 104°7 | 464 | 31°4 | 17-08

) 46°0 105°1 | 500 35°9 | 17°22
Zradded | o.y 102°6 | 47°2 | 27°8 | 1846
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Effect of P on Properties of 18Cr-12Ni-2Mo type
Heat-Resisting Steel (Part I)

(Effect of P on properties of heat-resisting steel—I)

Naomichi Yamanaka, Kunio Kusaka and Akira Tonooka

Synopsis:

Studies were made on the effect of phosphorus on properties of several heat-resisting
steels containing 18% chromium, 129 nickel, 29 molybdenum, 0°8% columbium, 0°7%:

vanadium and 0°2% nitrogen.
The results obtained were as follows:

(1) The phosphorus addition increased the maximum hardness obtained by aging after
solution treatment, and decreased the aging time necessary to attain to maximum hardness
and accelerated overaging at a temperature higher than 750°C.

As a results of metallographic, electric resistivity and magnetic permeability studies, it
was considered that the phosphorus increased the strain energy of the austenite lattice
which accelerated the precipitation of chromium carbide particles within austenite grains.

and hence produced hardening.

(2) The phosphorus greatly improved the rupture strength, but the rupture elongation
and the impact value decreased with increasing phosphorus content. ;

Small addition of boron improved the rupture life and ductility of the 18Cr-12Ni-2*5Mo-
steel containing 0°1489; P. The stress-rupture values of this B-added steel at 650°C were
equivalent to hot-cold-worked 19-9DL and Timken 16-25-6 alloys and those at 700°C were:

higher than hot-cold-worked 19-9DL alloy.
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