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Microstructures and Mechanical Properties of Sintered and
Hot-Forged High-Carbon High-Vanadium Tool Steels

Hisashi ANDO, Akira OKAYAMA, and K¢ SOENO

Synopsis:

Microstructures of steel powders containing 3.79 to 6.62%C, 16.48 to 37.55%, V and 19, Cr, atomized
by spraying water or argon gas, have been investigated. Vanadium carbides are uniformly distributed in
the powders containing up to 5% G and 25% V. However, coarse spheroidal vanadium carbides are
distributed with more than 5% C and 259%, V.

Tool steels containing 3.4 to 4.4%, G, 14 to 18% V, 2.7 to 3.2% Cr, 2.3 to 4.19% Mo, 4.7 to 9.7% W and
6.3 th 8.69, Co have been made by sintering watér—atomized alloy powders in a vacuum and hot—forging
to investigate their microstructures, heat-treatment, and mechanical properties. It is observed that fine
vanadium carbides, the total volume per cent of which is about 40%,, are uniformly distributed. Grinding
is relatively easy in the tool steels as well as in the conventional high speed steel bar stock of JIS SKH 57.
Furthermore, it is concluded that the tool steels hardened by quenching and tempering have a high hardness,
high transverse rupture strength, and high notch—toughness because of the uniform distribution of fine

carbides. Their cutting tool life is also greatly increased.
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Table 1. Chemical compositions of the alloys used (wt%).

No. c Si ; Mn Cr | Mo WV Co
1 379 o043 | 03 ‘o0 | — | — | 1648 | — | ,
2 ' 4.70 . 0.50 0.28 ; 097 | — | — “i 24.03 — ! Powders atomized with
3 547 | 070 | 0.33 . 1.0l | — | — | 26.33 — | water
4 | 662 ] 070 | 026 099 | — | — | 350¢ | -—
5 | 466 | 0.55 | 0.3¢ | 1.00 | — — | 24.03 | — | Powders atomized with
6 660 | 08¢ | 0.28 | 1.01 | — — | 3755 | — |argen
7 3.30 | 0.41 | 0.33 | 3.19 | 2.98 | 8.71 | 14.13 | 6.81 |«
8 350 | 0.53 | 0.37 | 3.10 | 235 | 490 | 14:37 | 633 | Sintered and hot-forgeq
9 4.11 | 0.52 | 0.13 3.15 | 4.12 9.69 14.93 | 8.60 « A% TS @
10 435 | 055 | 0.27 | 276 | 243 | 472 | 16:33 | 6.8¢

SKH 57 | 1.24 | 0.31 | 0.38 | 4.58 | 3.08 |10.88 | 3.32 | 7.86 | Bar stock

7cid 10kg/ecm? @ Ar 7 2% W LT % Bt
Ly, 7 hb=a4 X8 L. ok Ar F X2 mEEu L
L7358 L LB MBS > 7 TERIC 2D TH
LHKPTHEHTEHER LD BE LT bv4 B
Rzl LT, 60mesh DUTFOREERICH L. HE
M OIS EE Table 1 R+, 5ENo. 1~No.
6 3% 1% @ Cr #4&%r (3.79~6.62) 9,C-(16.48~
37.55) %V @7 b<=4 T, 5 No. 1~No. 4 13
K7 hw4 g, K No. 5 318 No. 6 13 Ar # 2
7 b4 XHTHS. ThoOBROGERMEZR»S, £
DOEE X THRPICKEILE (VC) Ziimro>B—icsy
MTED0%RET L. 3 No. 7~No. 10 13 #kh
IR DK RIEMPE R L WwCk X O VEDHET
Cr, Mo, W X Co B rX&iFmLicm CBVET
ESRDKRT b=4 8% 1000°~1050°C, 4hr, ~10-4¢
torr TEZEIGERAER Uiz, & BT 3R % Bk iRz st b
i St/cm? TR, 1200°C, 2.5hr, ~10-*torr T
HZgEEE Ty, 300t jiE S vATBmT L (n
T :5:1) SHLIEHEEEFOALD, 1150°C Ttz —
UL (T :25:1) LAECE V ZBkibeTa
HCHD5. MIHOEEITITIE 100% ©, FHEEhb
WX DBBEERIIVTRORE 4 300 ppm BEC
Ho7z MIMT>WT, Bt LEBOERMI I X O
BEABER LEOWHUIEIE 2Bt L, ERtORE L E
7oT, Zhoils C/ VvV RBkEETRIZIOWT, 12
mm¢ X 10 mm RIDRK OBEAMRS» SRILDOE,
HEESME X OWEA, HR U Xk KOS %
FHU7c. 5 1180°~1260°C iz 10 min {E5 s
AL, 525°~600°C, lhr OMEE L% 3 EfTh 2508
EOWTHHNEZRI L. AxHEHE LTHWE
% SKH 57 X 40mm ¢ X40 mm £ X OEMEEEH%
477y T 2mm¢ ZHHEMT L-dOrHRE

ZERIR L7c. #THI#EIE GCE0H6V KR % 16m/secd
[FiETcEizs ¢, HHEIES 0.65 kg/cm? T 5 mmig X
SmmE X X15mm FXORA & 20min ffE Lic0b
DRF OEERD RS HFFH L. Bt 5 mmig
X5 mmfEE X 55 mmE X DK OHRICES | mm o
HEFEBOUIREN L, HA T3 A0S ER (A
EE 9 1 mm/ min) %5 %, Fufi ik X Creb ok
iz, P FHRBRAIE 5 mmiE X4 mmfE X X 55 mm
‘& &Lk
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BCEVEMNREBETEHOME L IBRAKLE 2631

Particle size

- 60 ~ +80 mesh

—I00 ~ +150 mesh

3.79C— 0.98Cr
—16.48V steel

4.70C—-0.97Cr
—24.03V steel

547C-1.0ICr
~26.53V steel

6.62C—0.99Cr
=35.04V steel

(x 1200)

Photo. 1. Micrographs of high-carbon high-vanadium tool steel powders

atomized with water.

BB IR Ar 27 b24 THOWTADEE S I FEM OWFRRIRE %R L, Fig. 213 Fe-C-V =3tik
RIEWTIR S TEHREOH AR LA R DL, CxxIT B C=4% x5 UEHkEN» 2 RT3, Ck
VEMREWETLE, ¥ RoRESEWEE, Xkl IOV EAMETIC & A 0T, AT OERE EIRAN

PSR LHEMETRT. Fig. 113 Fe-C-V =ik BfrL,
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#® 6l 4 (1973) #1115

Particle size

- 860 ~ +80 mesh

=100 ~ +150 mesh

4.66C—1.00Cr
~24.03V steel

6.60C - I.OICr
— 37.55V steel

(X 1 200)

Photo. 2. Micrographs of high-carbon high-vanadium tool steel powders atomized with

pressurized argon gas.
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Fig. 2. Vertical section of Fe-C-V ternary phase
diagram corresponding to 4 percent
carbon content!s,
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Grindability of the sintered, hot-forged

high-carbon high-vanadium tool steels
and the SKH 57 bar stock, subjected to
three repeats of tempering at 550°C for

lhr after quenching from

1 220°C into
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60 | No.7 (3.39C-14.13V) in Table .
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Fig. 4. Mean carbide size and volume vs. aust-
enizing temperature of the sintered, hot-
forged high-carbon high-vanadium tool

steel.
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Fig. 5. Carbide size distribution of the sintered and hot-forged high-carbon high-vanadium tool

steels quenched from indicated temperatures into oil.
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(X 400)

X
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(X 400) 1260°C (x400)

(b) No. 8 (3.59C-14.37V)

o@,ﬁ‘

(c¢) No. 10 (4.35C-16.33V)

Photo. 3. Micrographs of the sintered and hot-forged high-carbon high-vanadium
tool steels, quenched from indicated temperatures into oil.
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2Th, H—ZH5HTEH, BARENEL LS IT20h
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VERKGEETAMPOBRILMOBIE, FEREL XV
HE Sz ORECHlE L ER% Fig. 4 & X UFig.
S5IRT. BEAREAMEVE ST EISRERN 1.5 Dl
HHZs by —ic§y 40 volo, BEECRIESAE 24
BRIV ST 5. BARESEL LB
T, RIEMOBRSI L ks L & biTR{ibho ¥y
MWEDRELLVHNESHOBLIASS. RACWISHER
IR D B E S AT DIRASEA D &, WIEIME T % & F18
Ehaicd, BUuREE LE LT 58480, Ribhosd
KIEMBFRFI 75 1260°C DL EieimB+ 0% X 5H5
HEIWEEZOLNS. BREHREGEEETEEINALTA
MO AL IR 72, B9, RS CTR{EHD
RESRIONELSMEBEICTHETLENESETDH
HZEbhb.

TEMOEAENS, RIBMRICHORE, EFXUSTH
KEED iz e EHho @B L EE SRS, Thbbik
ANDIFEFEMPICEYED C XV EETENSEB S
N, R LI K> TERRERICTZLENDS. A
NIEEWT, CHIVEETLENKRIBRRILDE Eib &
OB SR 253 BENERRE, A4TTHEOEER IV
HBIZXDOTLET 52, &K CHEYBOCAEEANIS
WTEMICEBRSNE Z S YETHD. T THELD
CEDECE VRHFRESTEINC S\ T BUnsit 2
‘et L.

Fig. 6 i3 ABE L@ X r 0BGRY, BCEVERFE
BETRMLIBE SKH 57 iz oW TllE Lizssa o
H5. HH SKH 57 3B AEESE L L5 ohT,
RIEFRICWESE LRD L, BABIBEAMCET
To%, BCEVRPRAS T AT RENE /X
DIREESHBELRD. ChidBcisilLi X 5iEC
BVRBRESTRASE@EED VC (X 2800 kg/

72 ;
71 4.11C—-14.93V (Ne9)

70} 435C-1633V (No.10) V/VE
— ©
69 %7?»

B

"

2

67 | ) 3.59C-14.37V (No.8)
cel ﬁ A//A/A

3.39C-14.13V(No.7)

Hardness (Hi.C)
\

62 L SKH 57

59 1 1 1 1 I
1120 1160 1200 1240 1280

Austenitizing temperature (°C)

Fig. 6. Hardness vs. austenitizing temperature of
the sintered, hot-forged high-carbon
high-vanadium tool steels and the SKH
57 bar stock.
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® Austenitized at | 260°C, 10min
68 |- © Austenitized ot | 220°C, [Omin
A Austenitized af ¢ I80°C, 10min

67} AN
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66 |-
I\

63 |-
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2
[
‘\o\
/’

62 -

6l | /

SKH 57

80 1 i I

72

Tl

7O

67 -

Hardness (HeC)

66

No. 8
(3.59C~14.37V)

65 -

64|

6 3 1 ] 1

400 500 600

Tempering temperature (°C)

69

68 -

67

T

66 -

65|

64|

Hardness (HgC)

63|

) No. 7 \
62}
(3.39C-14.13V) \,

6l | \
A
!

60 I |

72
71
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69|
e8|

67

Hardness { HsC)

66 |-

No. 9

65|
(4.11C-14.93V) N

64 |-

63 1 ! !
400 500 600

Tempering temperature (°C)

Fig. 7. Hardness vs. tempering temperature of the sintered, hot-forged high-carbon high-
vanadium tool steels and the SKH 57 bar stock. Time of tempering is lhr,

quenched into oil.
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Fig. 8.

Fig. 9.
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Deflection
(mm)

SKH 57
No. 8 (3.59C-14.37V)in Tablelz
No. 7 (3.39C-14.13V) -

400+
No. 10(4.35C-16.33V)

380}
360 |
340 |-
320f
300 |-
280 |-
260 |
240
220
200 [
180

ob>oe

—

o

Bend strength (kg)

L i ! 1 1
1180 1200 1220 1240 1260

Austenitizing temperature (°C)

Bend test results of the sintered, hot forged
high-carbon high-vanadium tool steeis and
the SKH 57 bar stock, subjected to three
repeats of tempering at 550°C for lhr after
quenching into oil.

1.0
s 08
SE ——g——R
2E O6 S ———0——0o
S o4l =
Z ® SKH 57
0 3.59C—i4.37V (No.8)
380 - 4 3.39C-14.13V (Nc. 7)
360 | 0 4.35C~16.33V (No. 10}
o 5L
= 340 0/A
320+ &
% "
§ 3001
- (o) O O
o 280 D/
& 260f /
240 |
220 1 | 1 1 L
500 525 550 575 600

Tempering temperature (°C)

Bend test results of the sintered, hot-forged
high-carbon high-vanadium tool steels and
the SKH 57 bar stock, subjected to three
repeats of tempering for lhr after quench-
ing from at 1220°C into oil.

SEDOEBO Iz ST s o R IR T W
P, &CHVRBAALSTEEC S W TRSOUINIEEAE
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4 000

2000

1 000
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Tool life (sec)

|1 240°C for
‘gg { |Omin, then thr-

60 [Gempering a1 560T
40

20 ¢ 1 |

Fig. 11.

200

1 | 1 | \ °I3

10
(Unnotched )

N -
s
[}
w

Notch radius (mm)

Notched bend test results of the sintered,
hot-forged high-carbon high-vanadium
tool steels and the SKH 57 bar stock,
subjected to three repecats of tempering at
550°C for 1lhr after quenching from at
1220°C into oil.

No.9 (4.11C-14.93V ) in Table |

T

T

Austenitized at | 220°C

‘Austenitized at 1180°C

I~ SKH 57
Austenitized af

- ee repeats of

;for Lhr

1 I 1 ! | |
63 64 65 66 67 68 69 70 7I

Cutting speed (m/min)

Continuous cutting tool life of sintered
and hot-forged high-carbon high-vana-
dium tool steel, quenched from indicat-
ed temperatures then three
repeats of tempering at 600°C for lhr.
(Cutting conditions : Turning bar of
S45C heat-treated to Hg 200, 0.289
mm/rev feed, 1 mm depth of cut.
Tool geometry : 8°-15°-6°-6°-20°-15°~
-0.5mm radius)

into oil,
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1. &

FHROBEREENTHERDEEVCHS.

(1) (3.79~6.62)%C-(16.48~37.55)9% V-124,Cr
FDKELC Ar H#R7 b=4 ZHPRDOV CEA{LHDS
mARREZ R LB, C<5%, V<25% P Tk
K7 b=2A XphDR{LE Ar 27 F=4 B0
RAEC U CEi» o — e 5T 5. —H5C>5
Yo, V>25% OFIEIZL B E, KBXU Ar HA7 b
74 XHLEDTHRPITEHRROHAV CRILAHRET
5.

(2) FIKOHEAV CRALMISHHB Uiy C 2 3.4~
4.4%, V :14~18% O T, Cr, Mo, W K I8
Co I X2 L7cB CEVRERRIESET BILaREL
7o RIBRERICEIIIE EAELEV C T 40 voly 52
EEFINTWEE, HhE LEOERINT b AR
LR OWEEIME S e RET T, 1BEEEE SKH 57
LFIEETHS.

(3) IR FEEZ BT L Cn VEREKRS
£ TEME, HrRC 70 Ll OB WBYAERIE X DA 518
L, ERREMRICH (VC) EHH 40 voly b &
BIhTwasicbrrb5bd, #% SKH 57 ) [RE
OFHR NI X KX 2R L, TS BER SKH 57
WCHB LT 10 5Ll i dfEs R T,

L EOMRZITE 5w Yo, HEMEBL O~
SRR S P REREE, ARANENS, BRRCESE
BN, BRI EREROH K IELEL S
BERTDEEDIC, FHNE VAL Wi B SERMEA
BHAZEFRERAHE EEMITE B, M O RICIEM T 5 .
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