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Effect of Alloying Elements on Carbide Precipitation
in Hadfield Steel
Toshio SAITO

Synopsis:

Some Hadfield steels with 19,81, 29%Al, 0-8% Mo, 4% Cr, or 0:5%V were studied mainly by micrography
on isothermal carbide precipitation after solution treatment. Isothermal precipitation diagrams for all
steels were determined as C—curve, fundamentally similar to that of standard Hadfield steel. By addition
of 1% Si, the carbide precipitation in steel was little affected, but the temperature range in which pearlitic
constituent (PC) appeared was slightly extended. By addition of 29 Al, the grain boundary carbide precipita-
tion in high temperature range was accelerated, but the transformation into PC was retarded and its temper
ature range was limited in a slightly narrower range. Moreover, matrix precipitation of carbide in high tem-
perature range was disturbed remarkably by addition of Al. By addition of carbide forming elements such
as Mo, Cr, and V, the precipitation of carbide was accelerated especially in high temperature range, and
the precipitation temperature range was extended to higher temperature. However, transformation into
PC was retarded by addition of these elements, and addition of Cr-+V was markedly effective. By addition
of 4% Cr and 4% Cr +0'5% V, matrix carbide precipitation in steel was remarkably accelerated, and
its precipitation area formed a C—curve, which had a nose at 825°C in the former steel, and at 800°C in
the later steel. Addition of V was markedly effective for precipitation hardening of steel. It is considered
that the retarding behavior of transformation into PC by addition of carbide forming elements was similar
to that by lowering carbon content in steel. In microstructures of V-added steel, peculiar platelet PC
which was different from nodular PC in other steels was observed. The formation of the platelet PC is
considered to be due to a large quantity of platelet carbide precipitation in steel by addition of V.
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Table 1. Chemical composition of tested steels

(wt %).
No| G t Si | Mn : N ' Added elements
1 095|108 1436 0011 ——
2 1091|111 1444| 0026 ' Al 2-04
4 1090 1:09  13-35| 0-014 ; Mo 0-84
5 (083066 1394 0011 Cr 4-06
6 | 086 1:05 1403 i 0-018 Cr4-06, V055
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Fig. 1. Isothermal precipitation diagram for 19; Si added steel after solution treatment.
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Fig. 2. Isothermal precipitation diagram for 29, Al added steel after solution treatment.
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Fig. 3. Isothermal precipitation diagram for 0°82;, Mo added steel after solution treatment.

FERIEIT B R E T vwad, PC SV EF Y5 RE
ZHOTPICRETIBRMABE LA LTIV. L0
RX ST BHRCRIEME DL BivwZ 25 FiHSh
5LTAHT, iolELED I —FLTWA.

3.1.2 Al pE# '

Fig. 2 139 29%Al 2 L7308 No 2 oo #r B4R
THD. RILWOFTHIE R WH U5 L Bk
D, /= ZARKELEMCBEHT 5. HTHEER
IRENE 430°C £5HET No 1 ¢ Zh B, LiRIL
A LT 950°C Ll LD AEFIZIEA 5. F7- PC I
Fig. 1 L H~_C/ — XDOAER 580°C X 20 min {iFi
B, IRERME ERO Ae 13 670°C TZhb bis

VA TIRIE 480°C THY 40°C LR LT DTS .
BHRICAABREE TRRILIOFEILERD bl v b,
RALPH O FIRIESHMO X S cHE SR b, Dbsb
Al IO E RO BT RET 525, PC 3
EETFRL A DT 53RN S5 L RSN 5. ‘

3-1:3 Mo 0% ,

Mo Fmmo i No 4 oIEE Bz Fig. 3 R
Lo BRALAATHISHSERIRANE No 1 (L 440°C ¢
HoHH, EREIVWLTEBLL ERL 1100°C Bl Eicd
%. PC iz 490~670°C oRERMIcH Y, FIRIE
No I rRIUTH5HTRAEY 50°C BBl B8 LT
W5, /—ZXONER Al Iiino No 2 LigigFERT, -

— 53 —



426 % & £ 58 &£ (1972) 3%

5 R
- i
No 5 (Cr)
1 000
b
b [ » » A-4+1T[ -+
D |+ +-
800 , . . . e
b , . | I T4 Jd1] +
b4 > 4 3 THA——=~= -l _|_le]
N ) . L] L 3
o 600 * 4 . 3 = ® G:A*.__
~ S ——— L < * s )____ ® ® Q
® I (5\\0~____v 3 ’ e ———F—oé—l 1 o Io
5 Tl L T]ii] e ® EIRER x
5 400 1 . il
ﬂ)
3 |
g 3
fie
200
o 111112 3] s [ [woff{lzo | so| |igon
1 10 10° 10° . 10*
CoE Time (min)

Fig. 4. Isothermal precipitation diagram for 495 Cr added steel after solution treatment.
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Fig. 5. Isothermal precipitation diagram for 49, Cr and 0°59% V added steel after solution treatment.
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Fig. 6. Relations between hardness, magnetic

intensity and temperature with various
steels heated isothermally for 100 hr after
solution treatment.
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Fig. 7. Precipitation hardening curves for 49 Cr added, 49 Cr and 0'5% V added steels

after solution treatment.
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Photo. 1. Microscopic configurations of pearlitic
constituents observed in steels heated
isothermally for 100 hr at 600°C.
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Photo. 2. Comparison of microscopic configuration of pearlitic constituents observed
in steels heated isothermally for 100 hr at 600°C.

L

Photo. 3. Electronmicrostructure of platelet pearlitic
constituent in 4% Cr and 0°59% V added
steel.
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‘Photo. 4. Microscopic configurations intergranular precipitation of carbide in

steels heated isothermally at higher temperature range.
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No 6  800°Cx 100 hr

Photo. 6. Electronmicroscopic configuration and
diffraction pattern of intergranular
precipitates in 49 Cr and 0:5% V
added steel, heated isothermally for
100 hr at 800°C.
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