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Effect of Cu Content on the Hardenability, Strength and
Toughness of Ni-Cr-Mo-V Steels

Isao MASAOKA, Iwao TARASE, and Rydichi SASAKI

Synopsis:

The effect of Cu content on the hardenability, strength and toughness of Ni—-Cr-Mo-V steels has been
investigated. The results obtained are summerized as follows:

(1) The hardenability of Ni-Cr—Mo-V steels remarkably increases with increasing Cu content. The
Ms temperature and bainite transformation temperature become lower, and the each critical cooling rate
to form bainite or ferrite decreases with increasing Cu content. The bainitic structure is obtained even
at a cooling rate of 15 °C/h in quenching.

(2) The tensile strength of the quenched and tempered steel changes little with increasing Cu contents
but the notch toughness remarkably increases. The notch toughness of 2.8%, Ni—-Cr—Mo-V steels contain—
ing Cu exhibits the larger value than that of 3.7% Ni-Cr-Mo-V steels containing Cu, at a slow cooling
rate in quenching and after tempering. This is thought to be caused by high susceptibility to temper

embrittlement in the higher Ni—containing steels.
dition.

The temper embrittlement can be reduced by Cu ad-

(3) The improvement of hardenability and the reduction of temper embrittlement are possible by
addition of Cu to 2.8% Ni-Cr-Mo-V steels. The steels containing Cu are able to have higher notch
toughness than that of 3.7% Ni—Cr-Mo—V steels for large steel forgings.
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Table 1. Chemical composition of the steels investigated.

Chemical
No

composition

(wt Y )

C Si Mn P

Cu Ni Cr Mo V

t 0.26 | 0.27 | 0.30 j0.010}0008}| 0.12 | 3.61 1 2.05| 0.46 | 0.14

2 0.26 | 0.27 | 0.35 |0.012 |0.008| 0.26 3.66 | .93 | 045 | 0.12

3 0.27 | 0.27 | 0.35 |0.014 10008 0.65 | 3.68 | 1.89 {043 | 0.I2

4 0.26 | 0.27 | 0.30 {0.009 |0.006 | I|.10 3.70 | 1.93 | 0.41 0.12

5 0.25 {0.27 |0.31 |00l4 [0008 |0.66 |2.78 |2.02 |042 |0.14

6 0.26 | 0.29 |0.34 [001I2 |0007 |1.09 | 28! 1.96 | 041 o.12
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Fig. 1. Effects of Cu and Ni contents on the
critical cooling rate for bainite transfor-
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Photo. 2. Effects of Cu content and cooling rate in quenching on the microstructures of
as-quenched 2.89, Ni-Cr-Mo-~V steels (austenitizing : 840°C, 2h).
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Fig. 3. Effect of cooling rate in quenching on
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ppm, Sb: 28~34ppm : %<, T D Fig. 81W/RL
72X 51 Cu Z2FN LV 3.7%Ni-Cr-Mo-V §§C3%
LWiEED K UBHEZ R LbDEELDLND. LoD
T, ThS OMERMMEZ RS S L X D EHWEIRE
WerfBs o LRFRETH B, TEMICZOX S MR
R EZ LR T3 2 L 3BECHMMBNCIXR
ERndbs. oz twExBL, Fig. 8 LTCHLPRX
51, Ni B4 LT Cu 2FMT 5 2 & EFA—OME
RMMTEREEZSUEATL I D & UEEED L
T 5 LA R D ERPEEIFH W E W D,

Mg O UM RET Ni o B8 o TiE—RIIC
Ni OBWHOREB LWV E VDR TV ERW, FEMIC
VIS 2T, L LARERTHLPIZ LXK ST,
Hed, X URetk: Ni: 3.79%Ni RTELL, Ni 2D T
2.8% J[ieTBHEBERINDHZLBHALPTHSH. D
HEII D HBREAMI L HA LM EATHACE
TG, AMOn— 20X 5 R OFL TR EIRESE
7 B BAE 2 e, 2.8%Ni RO S BXDVEVE
WERTCLEZBRLTVS.

F7- Cu Fmaskss & LIEEZ AL L, BEb L LR
OBHGREHIE L 725 B TE VEESS S D ENE
T C LREEESNRS. COEBICOVWTRSDLETS
REFCH 573, Cu Fehnlic Ni-Cr-Mo-V SRk FIE
bRz LW 23 EETH D, Cu e X2 T
BREM T & DR RA~DRITEL 185 DT wA L
xR, WFhic LTd Cu e X583 ELIE
M DERRIC DWW T OEMEITVEETICRSNT, §HS
St LIcvwEER D,

4.7 Cu ZHFMUIE Ni H5EMO— 28 ORTEEM

DE#stL7=x5ic, Cu &Rl 2.8%Ni-Cr-
Mo-V §ilix Ni 2§y 1 % DS drrbb§
BAMEE b, PORBRERE, LrdEb oL
fEtERS A, BLIBVWEREK®ZR L. TOX5
CRBIBMAARE L, BEAKED & LRFOWENEESE L
GEL T ngawid Ni 2d s Guaiimiizig
WML OTEWEMEL -85 BN TES. ZOH
1

(1) Cu iz koT Ni b IwTHIEREITIE
WSENERE O s v F o4 PRIRA F A b
MrELshd .

(2) Ni 5% 75D &L MR 5 &KE:
BB D, KBNS D & LEBEOGHIEENEL R
LA, Kb Ni 200 vIE o /RS vz &.

(3) Cu Imic XoTHED & UMM 4 % &3
HMET L, BWIIXREEIESND T L.
BNEZLNS. TORKE, ROTLOBEARENEEI 2
°C/min, BEd ELBOWHERE Y 50°C/h &5k
Mo — 2L HbAADZE, T RCBWEEAR
R EE (50°C/h) w75 % & FARE S 5 RAESRIMA 13 Ni &
2.89% FEERI %, Cu 2¥RMN L7 IMES SRR
LULTHBLEZO NS, Tk Culdfitskr HIRae4M
TR G LEBITHEREL RS L bt Tind.
Lo L Cu 278n L7 BT £ 4 7 88 & L CRIE:
CHIT. X TV 512, KL it Cu iRIniHOFRE, ¥k
2 ECHRE Ulce o RBUMBLE LT ettt BEmT
PEIZ DO WTIE 4T vwgs, T O#ARIREZ iR 800
mm¢ OFEM o — 2 Ui L7225, BEmTE
CEWTASEERL, ek n—% @ H5h Ty
21, i R L7z Cu @ Bickh LT 2 54 ko Ni
BEFINTWADEEZ DN, REIIMTHET S
WO ISR RN EERD.

5. &

Ni-Cr-Mo-V §ROBEAM:, #HER X M ZIET
Cu OEEZFAN, 163k I VI8 Ni TF Thrcild: 2 #f
OB ERBL T LB TE. UTZOBREZELDT
.

(1) Ni-Cr-Mo-V #iic Cu 2T 5 & F UL
AT, MsEk I OWRA +4 MEREREETL,
RAFA4PBIRT = T4 SRS N HEEFEEIEE
LB 5. 15°C/h BEOIFFIE - mHIEE
THRA F4 MERPIELNRS.

(2) BEAKED X LMOMBEE CufimLThHED

Tt
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x4

Ni-Cr-Mo-V a8l o BEA Y, BERCHEICRET Cu oFE 1895

Ehb i L LUREERIZE L EFETS. 0.5~
1.0%Cu o 3 0 OEIREIM:IE 2.8%Ni 5ZDIE S 5
3.7%Ni RX D bBEWEEZTL, RHCEEARED & LEH
HENBVWEECLOENHEETDHS.

(3) 3.7%Ni ROYIREIMEZEED & LEOWRIEE
WEOTHELIELASh, WHEREOEWESICE LY
KFE2RT. chixlEd S UElic X% %250, Ni
BoAiv 2.8%Ni RTIEEBERD. FIOE
23 Cu T 3 icohThHRL RS,

(4) Cu Zyml, Ni 2 2.8% BEICEIZ5C
L XoT, AR EL, BEdEUEROETZIE
DT ERTEDI®, 3.7%Ni~Cr-Mo-V X 1 X
Ni T OIREE2HET5 REEMEZES 2 L2
HWRETH 5. 2.89%Ni FT Cu £y 1 % Fin L7z sifEnk
RS — R DT v Th, BEAGKIEE 2°C/
min, #£3 & L 600°C, 60h T 25°C/h ‘THH Lizk
FUGE R AR5E L7 BULEIGAE T, BI3RHR X84 kg/ mm2,
vEo : ) 12 kg-m/cm2, FATT : —40~—-50°C 3<
N % ES 2 LB TES.

FBICARFEZIT 5 W d iz D iR OB BT
BB NG B, At REEiREs BHEIRER
(P B T EIRER) BRI IEE, St
DHRICIELLIHBELELET.
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