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Studies on the Low-Alloy Hot-Work Forging-Die Steel

Tatsuro KUNITAKE and Tadashi KaTou

Synopsis:

In order to develope the low-alloy hot-work forging-die steels with a-superior thermal-crack risis-
tivity, the effec of alloy components: C, Si, Mn, Cr, Mo, and V, and the effect of additional alloying
elements: Ni, Cu, Co, Ti, W, Zr and Nb, on the properties of the Si-Cr-Mo-V steel have been inve-
stigated.

Critical transformation temperatures, length change due to transformation, a thermal expansion
coefficient, hardenability, elevated temperature mechanical properties as well as room-temperature
tensile and impact properties of variously heat-treated structures (quenched and tempered, normalized
and tempered) were determined. Si, which was considered to be most important alloying element, was
very effective for the elevation in transformation temperatures and reduction in length change due to
transformation. On the other hand, the variation in hardenability and transformatnon characteristics
with increasing Si content was relatively small. The effect of increasing Si content on the mechanical
properties of tempered martensitic structure was small, up to 29Si. As for normalized and tempered
structures, the variation of tensile properties with Si was small, but the impact value at the lower
hardness level was decreased as Si content was increased. By the thermal-crack resistivity measure-
ments, it was shown that these Si-Cr-Mo-V steels have very excellent resistivity in comparison with the
conventional forging-die steel.

Characteristics of Si-Cr-Mo-V steels in the present investigation (basic composition: 0°359%C-1-52,
Si-195Cr-0-49,Mo-0-29,V) are considered as follows: high resistivity for softening during tempering,
high yield and tensile strength at elevated temperature, relatively good ductility and toughness, and
superior thermal-crack resistivity.

(Received 30 Oct. 1967)
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Table 1. Chemical composition of steels.

Chemical composition (wt 2)
Designation Remark
C Si Mn ’ Cr ’ Mo \Y% Others .
¢ Cl 0-25 156 0-74 105 0-40 0-21 c
,7 C2 0-45 160 0-81 1-03 0-41 0-21
_ B1 032 | 146 0-80 0-97 044 10.20
4 B 2 0-33 1-51 0-73 1-01 041 0-21 Base
B 3 036 160 0-86 1-08 0-48 0-19
S 1 0-35 0-59 0-84 1-04 0-38 0-19
N S 2 0-38 0-96 0-85 1:05 0-42 020
S 3 0-37 1-10 0-87 1-09 0-48 022 5
: S 4 0-34 198 0-73 1-08 0-44 019 !
S5 0-36 2:20 0-70 1-03 0-45 020
g S 6 0-36 312 0°90 1-02 0-41 0-21
s C 0-25 ! 2:37 ‘ 078 ’ 1-01 0-44 | 0-20 LowC- Si
MN 0-34 1-54 ‘ 1-21 106 ‘ 0-44 0-21 Mn
CR 1 0-33 169 0-98 077 0-47 0-23
= CR 2 0-35 156 0-85 163 0-47 0-22 Cr
CR 3 035 153 077 2-94 0-41 021
M1 0-36 162 0-85 1-06 020 019
. M 2 036 155 062 1-07 0-68 0-21 Mo
M 3 034 158 065 | 1:07 0-87 020
Vi 034 1-64 0-98 077 0-42 — v
. V2 0-35 160 085 0-90 0-42 0°38 ,
N1 0-33 150 075 106 0-46 0-21 | Nio-54 Ni
N 2 0-32 1-53 0-80 106 0-45 0-21 | Nil-05
* Col 0-35 1-66 0-84 103 0-41 021 | Co 0°54 - Co
Co?2 0-33 1°47 0-79 0-94 0-41 020 | Co 1:04 | ‘
! . . _
Cu'l 037 | 162 | o83 | 1o 040 | 021 |cuoss|  Cu
s - ,
Nbl 0-33 1-49 072 1-01 042 | o021 | Nboo6
# Nb2 033 156 075 1-00 0-41 0°20 | Nb 023 Nb
Nb3 033 1:73 0-88 1-02 0-40 0:20 | Nb 050
3
7 Wi 035 154 078 1-09 039 | 022 W O038 W
\, W 2 035 1-64 0-80 1:00 040 | 020 | W 09l
N T1 0-35 150 0-8l 102 0-40 020 | Ti003 | -
b2 T2 0-36 156 086 | 1-0l 0-38 015 | Ti010 |
Z 1 035 | 167 0-86 106 041 ' 019 | Zr 006 ‘ -
) Z2 0:33 | 160 0-80 0-99 041 020 | Zr 018 |
" |

P, S: less than 0'029, respectively
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RBDLND. TDIEITRIEMEEITTE DTNV T
¥, F— 27 >4 MUIBMREIC 3T 5 RESFERGFIRIL
Wis EDREN DD EEZEZLNDD, EIHROMEDORT
KEAREREOBEPEF AR ELEBEL TV L8b
B, Tiebhbb, N4 F4 PEREIRESERVIE SR
HEHEC SV TRIFREMSEDONS. HRIMGETES
BERAEEC S JIETHHRIERA 74 FOERES L O

HERBESNDOEEZMLLS T LI XD TRDREVHE
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Table 2. Natures and mechanical properties of bainitic structures.

Coooling . . | Temperature of Mechanical properties (N & T)
time between Amount of_bamlte 5024 transforma-
Mark | Alloy  "gng ang | transformation | & 0 o hainiteTmpact value| Yicld ratio [Reduction of
500°C (S@C) (%) range (OC ) tpR 33 € at T.S. area at T.S.
at Be 115 kg / mm?2|115 kg / mm?
B1 | Base { 192 } 80 (C) 441 } 69 0-88 1 52
N2 |10Ni 177 76 (M) 394 ’ 150 0-91 [ 60
Co 2 ' 1-0 Co ‘ 205 | 80% (M) 472 } 6-9 j 0-87 1 48
Cul |05 Cu 182 80 (M) 416 11-2 0-88 53
w2 ‘ 0-9 W 189 84 (C) | 429 ‘ 61 ' 0-85 52
T?2 ’ 0-1 Ti 176 | 73% (F) ( 425 60 0-86 ] 49
72 ’ 019 Zr ’ 162 85 (C) ’ 385 | 5.5 { 0-87 ’ 44
Nb 3 ‘(rs Nb 197 8l (F) ‘ 442 ‘ 7+9 } 0-90 } 51

* Transfomation in pearlite range preceded before bainite.
(F) fine
(M) medium | grain size being expressed approximately.
(C) coarse
T i T T T T T
Ternpering femperoture Tempering temperaiure
LS ST 451 650
140 700°C ———
e S2 650°C ——
\ 700°C ——— e 52 650C ——
T~ o B1  eooc — | 80— 700°C === [
A jk
o&.\o 675°C ——— - . o sS4 600°C ——
PN ‘ . 725°C —-— £ 2 /
=3 X 100 E < 6759C —~——
BESSN\N e -
= TV = ¢ ——
1 ‘\OQ\\jt S A
1 NG 80 5 P
i £ 5 40 S
N 2 8 B A
LS 3 60 % o ‘ o
- 80 [\\ S I\ @ 20 O—-——-O"’—,’._/// 0/
P TS e ==
£ N R 40 2
S oo—__ IS
2 o o S
\‘A\\ ~, ~ 100 o— —a—
< MR 20 g T aA
g 40 3 - /?‘ °
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Fig. 23. Effect of Si on elevated temperature "RT. 300 400 500 600 70O
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Si BORUL PR >V TR L AKER, FBRD
BH X, TNIRERIEE 500°C #-T13, RBEEOLE  REOLRTMHEISERVIES, MIOKRTORE I HU

RO T, (LIRS, BBk <, R—H@ TR
TTL TR, 600°C (2705 & Si OFVHOEF ERR

650°C ClIZ OEMIZIZISIEEL <0 5. I5IHERE

g 700°C
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NERL W BERZ <, Si mEHSETITEFIRVEE, W
LD TwS. —F, MUEIIISERYEE, MAD
Z5{b & G L TRERIBEE 500°C Tk Si 0B E XA
LDHRNIEH, 600°C BLEIC/NS &, Si EHAHETIR

ERUBMEL LS. —f) & LT Fig. 23, 24 (3468
S1, 82, , Bl OoESHOBEIERVIETZTR LD

DTH5. Fi- Fig. 25 BHEm Bl oW THEA D
BB ORIRT R VABRBERET LD TH S,
T e U CZe8H D13 5 23, 500°C LLEbiekiT 55
BB DET AL, Licas->TEEBRIREE 650°C L)
LB, BHEOFIBPERERZRL WS, —F,
fROY, R DI DIE S B R ETLD TS,
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LEAERE ST OF s A QTN

3-5-3 HIEMEE

Fig. 26 WIREBEMALYEMRIE W CEERRS OEE L
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U7o4%, FIE~900°C iL R\ CEIRIEE (4% ns
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Mo DOEWHE I EIREE OB T B, &
7o Cr 23 % L EIREERTHRET LS.
fhDITTH IOV TIEE DREEIIT L A EFED L.
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FH O E M OMBBRE T VW TRET 2N
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HCXBEYA 2 0% DX LS X THERICX B0
HWETO DA XL B4 2 VB R EIE T55RTH
5. R0 140% Table 3 itxd. koo, ©
OEDEAEZEERRME LTiEEdI oL <AV
BTV 5 JIS-SKT4 % 7z. Table 3 R+ X5
W, ARERICGRACHT L BIR SRR OBME K A dn i
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Table 3. Results of thermal fatigue tests. thermal cycle : 750~100°C

Steel Alloy system Heat—trt?atment Strﬁ;s/r;rgze 1 g‘{ﬁisz to Remark
B 1 ; base | [0.Q.-+700°C, T 43-1~43-2 1555~1854

| (158i-Cr-Mo-V) AT +700°C]T | 42:7~51°0 948~1277

' : Steels i

S 4 2-0Si-Cr-Mo-V 0.Q. +720°C,T | 36°2~46'5 1866~3068 Sresent
MN 1-2Mn-Si-Cr-Mo-V 0.Q. +720°C,T | 37-8~44'8 1265~2151 Pvestigation
CR2 | Si-l'6Cr-Mo-V 0.0, +700°C, T | 43-3~44-1 1985~2240
M3 | Si-Cr-0'85Mo-V 0.0, +720°C. T | 41-5~47'7 1807~2635
SC 0-25C-2:38i-Cr-Mo-V | 0.Q. +720°C.T | 43-2~47°1 1527~2940
N2 ' Si-Cr-Mo-V-INi 0.Q. +700°C, T | 41-3~479 959~.2200
SKT-4* % Ni-Cr-Mo-V A.C.4+690°C, T 38 339 Sg?@“mnﬂ

* (C0-55, Si 029, Mn 0'62, Ni 141, Cr 0°85, Mo 0°28, V 0'15
: ; i : BT BV TTNTWD T Edbrb.

4. £

L EOEBERCD &S EFEREMIRDOLEESIT
B5. ,

(1) mMmEEEOZERES (As,Ar) R LEHELD, 222
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W, Zr, Nb O%hE D ILEEIR &V ZRERFOARTAZ(L
DIV LETOEPIC Mo BRERITH 5 -

(2) Ar ZETELD, § 2iksEdERE G
Mn, Ni TH 5.

(3) Zhefds ORI D LRI LTk IE
TE447E% (C,Si, Mn, Cr,Mo, V) OR#z Ry
bR g 2y DI I ot D THAHITERL 5 55
K&y,

(4) HIFERECH XIE THET ROTE IS
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(5) JmEHEL XL (=v7 74 MR OHIR
BB s LET AL TREOREIRL, S, WIKXD
e F LELIRF Ot R, #Z{Eck XET COERE
e ERBRL LT EAERDLNIL.

(6) Heieb UM (w5 o¥4 b+X4F4 bOKE
3 E LMD OFREHIEECR DIETELTROY
i1, BEE VB OV TIRDE VBRE TR . Ll
FEME IOV TIEEE L TETROBEANE, <A F
4 MEKIBE, RMEREROEREZRL T, XOx
Badh bbb, T/ St OFEELTHHEED ELIR
R T E I EAME T L, SiE oMM X 0 HREEOK

oI

THREDLNDs
(7) GRBEHEEICE S DHORETIZLALY
B 1 SKT 4 2 S EA 7B ° > ¢ AR VL, 254
Heat cyele : 750~20°C, Upper row : affter 30 cycles WL S D uit%lfm}g GOOC u_tfbjjgiﬁﬁbi E(-%
Lower row : after 100 cycles Moz 5 PHEFF XL D L, EIEB0E g &, it T E v D5,

Photo. 1. Results of heat-cracking test.
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18-8Ti D 7 Y — Fis k02 ) — TR K13
RHANT R AE D B &

T & B X

Effect of the Initial Precipitate States on the Creep and

Creep Rupture Characteristics of 18-8 Ti Stainless Steel

Synopsis:

Teruo YUKITOSHI

The initial precipitate states in 18-8 Ti stainless steel with variable precipitate amount and shapes
are made by heat treatment and their effects on the creep and creep rupture characteristics are mainly
investigated. Hardness at room temperature and short time tensile test at high temperature are exa-
mined for comparision with creep strength. The microstructures from extracted replica and thin foil

are observed by electron microscopy.

The creep characteristics are good represented for soluble Ti content (or soluble C content) and it
is suggested that mutual action between soluble Ti and C is fairly great for creep strength. Moreover,
the creep characteristics are strongly influenced by the initial precipitate states and this is discussed
from the view points of mutual action between precipitates and dislocation. The needle type precipi-
tate, which is assumed to be CryC;, is found to have the relation with the great decrease of creep
strength and its mechanism is discussed. It is observed that the effect of the initial precipitate states
on the hardness and short time tensile properties are very little,

(Received 9 Jan. 1968)

43 1 A 9 B 24 (REHZD
HOEReETEG) R REWTEN

— 34



