L0 1% 078 Q92 N4RNTES 781448293 L4748

266 B X

3 56 & (1970) ﬁrﬁ%

BiEI#ic BT 5 IVa, Valie e Via ETED

7054/

SREF™ - hE

BEICL 2 HBERICONWT

Precipitation Phenomena in High Strength Steels in Which Elements of IVa, or Va

Vv

Family in the Periodic Table are Added Together with Elements of Via Family

Shogo KANAZAWA, Akira NAKAJIMA, Kentaré Oxamorto, and Tokio SUZUKI

Synopsis:

It is reported in this pagper that the combined addition of 0-039

Nb and 0-55% Mo in quenched and

tempered steel has shown such a high strength increase that can not be deduced from the present

knowledges.

It is also investigated whether there is any other combination effects between elements of VIa or Va
family and elements of VIa family in the periodic table, as in the case of Nb and Mo.

1. Tt is found that Nb-Mo added steels have the largest combination effect, Ti-Mo, Zr-Mo and Nb—Cir
steels have a slight effects, and Ti-Cr, Zr—Cr, Nb—W steels have none of the combination effect.

2. The reason why such combination effect occurs has been investigated. It is found that, in the case of
combination having such effective combination effect, a large number of, and a great amount of cubic duplex
carbide particles of IVa or Va element containing VIa element in it precipitate in the course of tempering,
and it is infered that such duplex carbides result in the great combination effect of the steel.

3. The extraction method of Nb or V precipitates from steels is investigated, and it is found that the best

1s the (1+41) HCI aq. extraction method.

(Received July 8, 1969)
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Table 1. Chemical composition of steels and their properties.
¢ | si I'vmn| calor [ Mol W/l Tilze |nb] at| N | B | o8| oz | vTus
0-155{ 042 | 1-44 } 0-37 — — — — — — 10-041]0°0090|0-0034| 61-9 | 487 —74
0-1431 033 | 1-40 | 010 | — — — 10042 — — 10-02410-0048|0-0038| 587 | 567 —22
0-139| 0:31 | 1-44 | 0-11 — — — — (0-030 0-028{0-0058|0-0036 | 56°3 | 42°7 —35
0-155| 038 | 1-40 | 0°33 | — — —_ — — 10°036]0-034|0°0092|0°0043 | 60-8 | 48'7 —52
0:-145] 031 | 1°46 | 0°06 | 1-12 — — — — — |0-020]/0-0129|0°0031| 62-4 | 49°5 —32
0:150{ 0°31 | 1°43 1007 | 1°06 | — — |0-046| — — {0°028|0-0087 (00052} 65-7 | 533 —22
0-145(0°37 | 1'44 [ 0°36 | 1-10 | — — — |o-040| — 10°024[0-0123|0-0038| 645 | 52-2 —18
0-163| 0°41 | 1'39 {036 | 099 | — — — — 10°037|0°036{0°0109(0-0034| 76-3 | 67"1 —49
0-156| 0-31 | 1-40 | 006 — 0-57 — — — — 10-021|0°0078|0-0043| 67°8 | 57°0 —60
0:138| 0-34 | 1°43 | 0°10| — | 0-51 — 0030 — — 10-026|0°0105,0-0043| 74°5 | 673 —50
0-138|/ 0-33 | 140|007 | — | 057 — — |0°036] — |0°028|0°0101|0-0042| 727 | 63°1 | <—70
0-130| 029 | 1°42 1010 — |0'56| — — — 10°029/0°031|0-0046|0-0057| 82-5 | 800 | <—70
0-135| 034 | 1-43 0‘071 — — 093 — — — |0-022(0-0111({0-0033| 62°0 | 519 —54
0:140{ 0°31 [ 1°43 | 0-08 | — — 093 — — 10-038|0°017]0°0115{0-0039| 63°5 | 54°0 —40
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Fig. 1. Increase of tensile strength by Ti, Zr or

Nb addition.
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Fig. 2. Increase of tensile strength by combined
effect.
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Fig. 3. Increase of tensile strength by combined
effect.
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Fig. 4. Increase of tensile strength by combined
effect.
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Table 2. Chemical composition of steels

and their properties.

No. C Si Mn B Al Nb Mo Cr 0B Go.2
A 0-14 0-35 1-41 0-003 0-022 — — — 585 49.0
B 014 0-32 1:43 0-005 _0'024 0-040 — — 60-1 530
C 012 0-21 1-31 0-003 0-020 — 0-54 — 625 570
D 013 0-29 1-42 0004 0°031 0-029 0-56 — 82-5 80°0
N 015 042 1-35 0°003 0:038 — — 0-93 685 55-8
O 016 0-41 1-39 0-:003 0-036 0°037 — 0-99 76°3 67°1
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Fig. 5. Jominy curves of Nb-Cr and Nbk-Mo steel.
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Table 3. Precipitates of steels (extracted by (1+
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N _ —
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Photo. 2. Electron-micrographs of steels in 625°C-tempered
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Table 4. Results of chemical analyses of residues extracted by (1+1) HCl1 (%).

Total content | 900°C Q 900°CQ  625°C T

No

Nb Mo Cr '(Nmr (Mo)r* | (Mo)r | (Cr)r | (Nb)a | (Mo)a*| (Mo)a | (Cra
B | 00%0 — — 0-032 — - — 0032 — — —
c — 054 — — 0-005 | 0-010 — — 0042 | 0017 —
D | 002 | 056 — 0026 | 0014 | 0-014 — 0-028 | 0°057 | 0-025 —
N - — 0-93 — — — 0-002 — — — 0-002
O | 0037 — 099 | 0036 — — 0:002 | 0-036 — — 0°002

*; extracted by (1+3) H;SQ, aq. and (1+1) HCI-CH3;OH, Others; extracted by (1+1) HCI aq.

A, + Nb.C

Nb

Fig. 6. Phase diagram of Nb-Mo-C alloy at
1900°C. (by Rudy)
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Table 5. Mean size of d NbC type precipitate
measured by X ray method. Extracted
by (1+1) HCI aqg.

Steel 900°C Q. 900°C Q 625°C T
B 150 A 168 A
D 120 A 122 A
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Fig. 10. Relation between insol. V and extrac-
tion methods.
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Table 6. Chemical composition of the steel.

C | Si ‘ Mn ’ Nb

016 | 0-36 ‘ 1-35 \ 0-036

Table 7. Analyses of the steel(insoluble Nb%;) .

Treatment 1100°CQ ‘ 900°C Q.
Quenched 0028 | 0030
Tempered* 0-031 l 0-030

* 650°Cx 1 hr tempered
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BAINASBEAIRE D EIC X2 ThE Ukdd, £OBEONHE
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HERITIIIZE & A E RIS B T o Twin vy a3, 1100°C
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Dz 0°003% DA 8kg/mm? OIEEEHINEF|E
BILbDEELLNS.
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