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Low Alloy Steel Powders with Excellent Hardenability for Powder Forging
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Synopsis :

The Mn-Cr-Mo, Mn-Ni-Cr-Mo steels and these with Cu as additional element were powdered by water
atomization process at the pilot plant of Research Laboratories, Kawasaki Steel Corporation. Having
been reduced by hydregen gas, these powders were powder-forged into testing materials with relative
density 992 and over. Then hardenability, characteristies of continuous cooling transformation and
mechanical properties of the {orged materials were measured together with hot compressibility of the
powders.

Hardenability, tensile sirength and hardness of the forged steels made from the powders are more
superior to the steels from commercial powders and conventional Cr or Cr-Mc steel, though lower
in elongation, reduction of area and impact values.

These new low alloy powders are fully capable of meeting the requirements for various automobile

parts as their main application where importance is placed on hardenability over toughness.
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Table 1 Chemical composition of raw alloy steel powders®® (%)
Powder ‘ ¢ | si ‘ Mn , Ni ‘ cr | Mo ‘ 0 ‘ Others ‘ Alloy type
. ] ‘ U Mill SCE;I:ED;edUCEd
KIP255M i 0.003 | 0.025 | 0.21 — ’ - = : 0.23 — iron powder, Fe
' \I I . T
KF- 1 | 0040010 0.26; 1.97 ‘ — . 0.48 | 0.29 — ‘ Mn-Ni-Ma, 4 600
KF- 2 0.002 | 0.030 0.50 0.55 0.50 0.48 ; 0.43 - i Mn-Ni-Cr-Mo, 8600
KF- 3 o4z [0.038 1.41] 0.51] 054 0.58 ! 0.062 — | Mn-Ni-Cr-Mo
KF- 31 E 0.41 0.010 | 0.88| 0.62 0.98 0.34 l 0.20 — 4
KF- 4 057 0.029 1.34 - .44 0.60 | 0.089 — Mn-Cr-Mo
KF- 41 6.53 0.036 1.04 — 1.06 0.33 | 0.090 - ”
KF-43 | 0.38 |0.033| 1.48 1.19 | 0.53 | 0.12 P
KF-100 | 0.024 | 0.038 1.21 0.52 0.54 | 0.53 | 0.093 Cu 0.52 Mn-Ni-Cr-Mo-Cu
K F-110 0.011 | 0.029 1.19 — 0.51 0.54 | 0.088 Cu (.53 Mn-Cr-Mo-Cu
. L
KF-51 |0.3% ]0.22 1.23 — 0.61 | 0.46 " 0.43 — Si-Mn-Cr-Mo
KF- 52 0.38 0.31 1.37 0.36 | 0.47 0.60 ] 0.35 — Si-Mn-Ni-Cr-Mo
| ‘. e | NDO.03B, Alyor0.018| o nr oo
KF- 7 i 0.40 0.18 I 1.34 0.53 0.50§ 06.51 | 0.27 Ti 0,008, B 0.006 Si-Mn-Ni-Cr-Mo
Table 2 Properties of raw alloy steel powders®®
Apparent Green* Rattler* Size distribution (%)
Powder density density value - : o
3 +100 + 150 + 200 +250 4325 + —325
L femd | Gfemd | OB @@i@@)@@ﬂmmﬂmmwmm)
KIP255M** |  2.53 6.77 0.62 0.3 | 200 | 33.3 | 14.4 | 139 | 181
4 GO0F** 1 2.99 6.72 1.20 1.2 16.4 18.9 ‘ 17.6 23.3 22.6
K F— 3 %%k 3.09 6.42 0.97 1.2 20.2 31.5 5.2 | 20.7 21.2
K F -4 %xs , 3.11 6.33 0.45 0.5 | 201 | 30.6 6.4 | 20.1 | 22.3
® Compacting pressure 5t/cm?®

**  Mill scale reduced iron powder

doxok

Water atomized low alloy steel powder
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Table 3 Chemical analysis of oxide inclusions * (%

Pawder Material Owwt | FeO MnO | S0,  ALO, | Cro,
SV [ S S BT 5 ! H . ——

i ' I

‘ Powd ‘ 2 _ ) . 0. it

KIP?55M | owder 0.23 ~ 0.288 0.353 | 0.0352 0.0677 ! r

0.4%C P/F steel . 0.08  0.0163 © 0.0217 | 0.0349 © 00586 | tr

£ 600 i Powder 0.19 | 0.0833 . 0.0267 | 0.0163 | 0.0033 | tr.

0.4%C P/F steel | 0.03 . 0.0187 | 0.0025 | 0.0135 ‘ tr It

KF-3 | Powder [ 0.05  0,0456 | 0,140 | 0.0472  0.0070 ' 0.0015
‘ 0.4%,C P/F steel  {  0.05  0.0060 | 0.141 | 0.0307  0.0067 | 0.0008
KE s Powder . 0.00 | 0.0410 0151 | 0.0218 - 0.0063 | 0.0009
; 0.42%C P/T steel : 0.08 | 0.0056 0.147  © 0.0209 . 0.0035 | 0.0008

P/F_- Pd;f\;aer- }orged
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Table 4 Mechanical propertles and hardenabll:ty of 0, 4/C powder furged steels
‘i Mechamcdl propertles Hardenablllty
. ) T Ideal
. Tensile Reduction| Impact Crmc.al o
Material strength Elongation of area value Hardness cooling JHRC45 ﬁli-;t:;fztler
rate
{kg/mm?) [679] %% (kg-m/cm?)| (Hv(10)) | (*C/sec) | {(mm) (m?rll)
| K1passMm| 468 3.7 59.9 5.7 156 — -- —
4 600 ] 8l.2 \ 22.8 2.4 4.4 262 205 6.5 24
Powder- i : e - ! I
forged KF- 3 | 101.7 5.6 16.5 2.5 288 18 36.5 206
steel KF- 4 92.6 16.0 16.8 1.9 277 30 23.0 172
K F-100 S —- — — — 5 i 56.0 278
K ¥ 110 - — - — I — 8 1 38.5 232
JIS scr o4 =95 | =213 >45 e | P9l — 0 e | 5110
G4104,
05-65 | SCM 4 | =100 | >12 245 > o | 285~ - L | 76~215
| 341Hg e
(1) Test piece : JIS No 4 for tensile test, JIS No. 4 (me ¥ notch) for impact test
(2) Heat treatment : Quenching 830°C x 30min O. Q.
! Tempering 650°C x 1hr A. C.
* JIS No. 3 (2mm U notch)
**  Minimum value of H-band
VT H% L FR O AEM, BRERE
6. £ & » 1100°C, #&A°7 9tjem® THh 5,

WS TS S 2B BUE R R o R &
o e A EEHESE o ERR Euv, Lo
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$h>bn

AL, S5 HECIBEAEYTRE LT

P RIEG SR ORRBET S . B Y
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Wy 4 600 §ii%s £ K1 P265M k& Rluvo, Sipn
DEEIARE B L OV B OB AN, S
HAHE, HMAEE - SRS S AR L
fro Tod, BEESERLEIO R T B LB E Aol
Baarg s L, 0.2%70030.4% & Lo,

BohlRey T b LY 510k b,

() BN v S BT O B s i
FErtoME & —FT 5, HeEEoRGE LT E
LT, BB ~0pE s GRmiroinet
DRI LHLDEELBRL,

(2) MEEELEMOWELLS, Thoilihictk

() S oflay b Sl e LB R
&HhMS&®@,%i§CILT.mﬁ®
o R A R R O34 & JTHRCAD & Dfelic,
NEMBEHEENAESLND I LW fo;’J el
Liz, choaiERan, 0.4%C BEio
WEAMORGH 2 2 3 = —igo HeC4d o
HCERMCHRTEL S EdHM L1,
{4) Mn-Cr-Mo F s L0 Mn-Ni-Cr-Mo A& i¥)

A BIFER S e S I o BEAE S, ATl

WROBFCHS, FHCTChTED, &

5498 SCr B ¥ 7-03 SCM #ic Uit 2 454 %
T e RS bR,

AR o, X B Cu A ERin LA SR
B BIER S hc SRS oA, —B
L3R Tint, cofifi CCT. opliE
FEEA L, Cus C ol a i+ 478tk
fiEgs K ke, ke, Nigy Cu &R0 am
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