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SANYO SPECIAL STEEL - the Confident Choice
& NIPPON STEEL | (1) SANYO SPECIAL STEEL
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State-of-the-art manufacturing technology makes it possible to produce high quality products
Aiming to further enhance the reliability and life of dies

RARITD 720 TR o CE 7 i T 0 BE S B Bty

T 2k SR U S OB 7 SRS BT 2 SR L 37 15 B2 A% s < AR A R L AL BIRR I 70 03 % 5 L 7 e i L 0 T L % i
FHEEBIT AR CFAITINA WETEIRO LRSI § 528 T SR oK M LR EEIAMEA L BEIE1HRKDOLN
BRfA == AIBIBALTVE T,

Sanyo Special Steel has developed its advanced clean steel technology over many years.

Fully applying its unsurpassed manufacturing technology, Sanyo Special Steel produces high quality
tool steel with high cleanliness and stable mechanical property and response to heat treatment. Sanyo
Special Steel is thereby able to provide products in range of forms, from round and flat bars to tubes in
order to meet the diverse needs of customers such as improving die life and reducing production cost.



.'!x




TS

ufacturing Processes

?ﬁ.‘ﬁ ° *ﬁﬁ ° ﬁﬁ Melting / Refining / Casting

%FEWJ[II Hot working

1 SOtEBUFAEE ERERARER RHEZER X S
150t electric arc Ladle furnace RH vacuum Continuous casting
furnace melting refining degassing .
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Cogging Large-diameter
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Billet rolling Billet Bar and wire
rod rolling
BOtEUFAE ERERtRER RHEZER TR S — . .
60t electric arc Ladle furnace RH vacuum Continuous casting i
furnace melting refining degassing p—
HRE
L Billet inspection
- - ™
=t
Ingot casting ERSHH
Hot extrusion
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Remelting Ingot
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Forging
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Vacuum melting
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%*@E Powder manufacturing
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Metal powder

Ty

Canning

EERE - AT MAZ

Vacuum melting / Gas atomizing
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Hot extrusion
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HIP

Hot isostatic pressing

i - ERE
Forging / Rolling
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2:&7] UI ° *ﬁﬁ Secondary working /Inspection
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Heat treatment

UGl

Batch furnace
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Continuous furnace
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Straightening
FREREES >
Straightening and inspection line for flat bars
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Shot blasting Press straightening  Ultrasonic inspection Magnetic particle |1
inspection
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Press straightener

O—)VIEIER

Roll straightener
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Planing
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Turning
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Inspection
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Inspection
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Inspection
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Peeling
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Inspection

Inspection
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Rolled flat bars

HHET
[ESET5R
JOvy
Forged or rolled
flat bars and die blocks
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SRS

Forged round bars

B

Rolled round bars

JERES
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Rolled round bars
(Peeled bars)

FAEHRLE

Hot-extruded tubes
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lications and Features

;%Ebul . 7'/1 ﬁﬁ ﬁa_j:g Cold Working and Pressing Dies i .

! | 5issm

n.____.} Standardized steel

AEEBOBEEEREMNHK

EEup Ex SPM60
o EHE > up ; PR, sPM30 | [ sPMRs
o Ih - Hih - i QH51 | SPM23
ATEUP SKH51
7 ( )
AXT EEEMMHICOVTERMEOAENTE2ERRLED
NDTY ., BWIIEUTCER T 38MEE EFE LTI, acwe
Types of damage and countermeasures | | mem———— \ QCM7
| { act | "
‘Wear Higher hardness (_S-K-D-l-l_)

and strength
+Cracking, breaking

Higher toughness N
-Chipping TL—LIN—R

Flame hardening steel

Steel grades shown in the figure on the right are I'-akgg-\l

classified in terms of their strength and toughness. S J
The most suitable steel grade for a particular ____(5553)
requirement can be chosen from those listed in this . { QK3M !
figure. S (St J
S#  (SKs93)
(%)
il R
Toughness Good

Fﬁﬁ%ﬁﬁ@mﬁt#%ﬁ Applications and features of developed steel

ILFEc S B &
Sanyo grade Applications Features
TUAREE K E-HFRREORETLA). | @RETIL—LN—RATIAHE
QF3 | AEEE | _ | BEATREBEDILLS  BED/NSYFHDAN
Pressing dies for drawing, blanking, and bending of | -Flame hardenable steel with high toughness
steel plate, cold forming -Wide quenching temperature range and less hardness variation

ahz | TVARBBE. 772 ISVEY Y | BRECHRMERGELEY N Y RN R

Press, cold forging, fine blanking -Matrix-type high steed steel with combining high hardness with toughness

TV AEBE. 7710770507 . 1 | -SKD11 ELENSREE S8
QCMS8 Press, cold forging, fine blanking, cutters TEINLED BT

Higher hardness, toughness compared with SKD11
-Easier electric discharge cutting

EYHZHOBEHERRATL X -SKD11 EEANEHEE - =8
(NA T DT Y TRERY) YIS SO EIN T A BT

QCM7 Pressing dies for automobile parts for heavy ‘Higher hardness, toughness compared with SKD11
machining (bending, deep drawing and blanking -Good machinability and easier electric discharge cutting

dies of high tensile strength steel)

MARNARA | TR AREE. 771> T 5% -SKHELNSHEE . S8t

SPM/J—X" | Press, cold forging, fine blanking -Higher hardness and toughness compared with SKH
P/M high speed steel
SPM series




?.&FEﬁ o ;]% Faﬁﬁﬁﬁﬁﬁﬁ %?g Hot and Warm Forging Dies

-FAFEH

Developed steel

) IRiEe

Standardized steel

| E——"

HE EEREASBEOBEERLER
s 8
o FEFE (72h - ATV) AR UD §%
et—hFIvy [ QHE] i
BWitup el
o Eh - RiF (SKH51)
ARG SERELHMEICOVWTERENMEN FEER
QDX-
Types of damage and countermeasures HARMOTEX
KEUA
‘Wear » Higher strength For large dies
(Deformation and breakdown) at high-temperature NV
For small lot
‘Heat checking
P \
Cracking and chipping Higher toughness ! QD41 ! QDT
[ S J
. . . - (SKD61)
Steel grades shown in the figure on the right are classified =3
in terms of their high-temperature strength and _§ QT41-
toughness. The most suitable steel grade for a particular o 1 HARMOTEX
requirement can be chosen from those listed in this figure. g Eﬁg
o 73
£ u
£ it B
Toughness Good
Eﬁ%ﬁlﬁd)ﬁﬁi&t#ﬁﬁ Applications and features of developed steel
N[ Esy B & B R
Sanyo grade Applications Features
Qral- | /\~— ‘=B URTT A 3R
HARMOTEX | Hammer -Combination of high toughness and softening resistance
QDT TLAININY— -SKTADENMHESKDE 1 D BiaE & 5k
Press, hammer -Combination of the toughness of SKT4 and the high-temperature strength of SKD61
LA AREIDEEY TR
QDN | Press -SKDB1ELEANBEAE. $0ME, 2{UAFED REF
-Suitable for large dies
Higher hardenability, toughness, and superior nitriding property compared with SKD61
FLA. BRI s -SKDB1 LM SACIEI A RAT
QDX- Press, hot/warm forging ‘He—hFIvoEIcEND
HARMOTEX -Higher toughness and softening resistance than SKD61
-Excellent heat-check resistance
TLA Ry hR—v—. 2 ER8EE | -SKD61DEEESKD7(3Cr-3Mo) D BrdfE 5k
QDH Press, hot former, hot/'warm forging :Combination of the toughness of SKD61 and the high-temperature strength of
SKD7(3Cr-3Mo steel)
LA RYMR—Y—, B BRSNS | -PMEERREERBLEY NI Y T ANA R
QHZ Press, hot former, hot/warm forging Matrix-type high steed steel combining high toughness with high-temperature
strength
QF5 AP -Zamia/\OY NMEEICRIE
Press -Suitable for multikind and small-quantity production
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lications and Features

jilﬂrﬁlgﬁj:ﬂﬂ Hj Hﬂ%ﬂ Hot Extrusion Dies fgﬂeﬁ%?ped wtoe!

! 13818

V—===s Standardized steel

RHALEOBEEEREMHK

L fBZup g
o EHE WEUD °
o /=HH
#itup

o Eh - RIF

AN SRARELHMIC OV TEEMEDLERTERRL
EDTY, BNICRUTCER T 3MEEEE LTI,

Types of damage and countermeasures
» Higher hardness 32&01“

‘Wear
and strength
¢ IN=BIN:: KB
‘Deflection For small lot For large dies
Cracking and chipping Higher toughness
i QD61 |
Steel grades shown in the figure on the right are %C,, I_g____l
classified in terms of their high-temperature strength g (SKD61)
and toughness. The most suitable steel grade for a g i
particular requirement can be chosen from those listed %;ngé Qr41-
in this figure. 275 HARMOTEX
IE
5
ag
£l
Toughness Good
HFEHDARELFHR  Avplications and features of developed steel %QDT.QHZIZ&%T  #Note: Not including QDT and QHZ
ILFZEES A & B R
Sanyo grade Applications Features
QT4- | PR AHEBTE ‘DI EBA IR A 3R
HARMOTEX | Subsidiary tools for aluminum extrusion -Combination of high toughness and softening resistance
IV (KBS AR) REID A Al HRE
Aluminum extrusion (for large dies) -SKD61&EEENGEAME. 201 . (T ED BT
QDN -Suitable for large dies
‘Higher hardenability, toughness, and superior nitriding property compared
with SKD61
FIV -0 -EER- < T 2T LR ‘SKD61 ELENE | BRALIRTTHED REF
QDX- Aluminum, copper, zinc and magnesium extrusion ‘Me—hFzvoEIEBENRS
HARMOTEX -Higher toughness and softening resistance than SKD61
-Excellent heat-check resistance
IV (B, BHFE) . -SKD61D#HELYE UV EIRIEE & Tl
QDH -~ >R -Similar toughness and higher strength at high-temperature compared
Aluminum extrusion (mass production, high precision), | with SKD61
steel and copper extrusion mandrels
ZILIIRE GE/hOvh ) fEI TR -SKD61 ERIFDFEA NS KO 4% b
QF5 Aluminum extrusion(for prototypes, small lots),
subsidiary tools -Similar hardenability and toughness to SKD61




9’( j] Z I\}Eﬁ %9__?'2 Casting Dies

ks

Developed steel

CTTTT mias

V—===s Standardized steel

F1AANAEROBEEREMNE

e Eh - kIF iEup

e REIE
- p=E — i =
L] TINAAICEZ

ARG EERELAMICOVTEFEOKEMTEERTR
LEBDTY . BMICRUCTER Y 3MEZREL TLEL,

Types of damage and countermeasures

. Higher strength
‘Heat checking  —— : at high-temperature
-Cracking and chipping Higher toughness
. . ) f i
Melting erosion Surface coating or

Good

NADCA (k44 hAMES) |
i North American !
i Die Casting Association

HARMOTEX

BEME filed

application of semi-high ‘ 3 Q061 R- NADCA Grade E
speed steel = 1 QDé1 1 QDN ['====-- %ﬁﬁ%ﬁ
> e
Steel grades shown in the figure on the right are % (SKDé1) NAD*%Q%%(’E 8
. - S o B NADCA Grade A =
classified in terms of their high-temperature strength 5 THseE equivalent
and toughness. The most suitable steel grade for a S g equivalent
particular requirement can be chosen from those listed g i
in this figure. =z
=3
ag
LS
Toughness Good
F;:ﬁ%fma)m tq:%E Applications and features of developed steel
ILFZEe S A &
Sanyo grade Applications Features
QDN | KR AU X SKDB1 EH AR TR RS
Large dies, squeeze dies Higher toughness and superior nitriding property compared with SKD61
KB AT A XEL -SKD61 ELENEEIME TR S U e RIRE & Fe
QDN1-R Large dies, squeeze dies ‘Higher toughness and greater high-temperature strength compared
with SKD61
SRR BRRA. AT X8 -SKD6 1 ELEAEN M BRALIRITIED REF
QDX- High-performance dies, precision dies, squeeze dies THe—RNFIVIEICBEND
HARMOTEX Higher toughness and softening resistance than SKD61
-Excellent heat-check resistance
BEY, BSIR7IIR -SKD61 DM E KB \ERIEE & 5w
QDH Precision dies, high-silicon type aluminum dies -Similar toughness and higher strength at high-temperature compared
with SKD61
ESIB7IIR Y A —THE ‘P emRREERELIZTRN) YT ANAA
QHZz High-silicon type aluminum dies, pins and sleeves Matrix-type high speed steel combining high toughness
with high-temperature strength
HE/hOvhA. RILE—TL—NE TIN—R> (FE30—33HRC) TUIHIMEEHEICEBNS
PCM30 For prototypes, small lots, holder plates -Pre-hardened (hardness 30—33HRC),
with superior machinability and toughness

NADCA Grade C




751?‘)7% ﬁﬁ! Plastic molds

TIAFyIRASBICERSN 45

B

Developed steel

o THEERE I ;
o
(G}
o M4
o iRmE{t 14
o REf EIFMTH SUS%
S - R SR
AR, MEFEMEEERMIC OV TEMEDOME Machinability Mirror finishability
FaRRULEHDTT BMICEUCER I 28iES
N PCM40 PCM40S
BELTHEE,
Required characteristics for plastic molds
‘Wear resistance
-Corrosion resistance
‘Mirror finishability
-Surface workability
Steel grades shown in the figure on the right are SCM%
classified in terms of their wear resistance and mirror 8
finishability. The most suitable steel grade for a g
particular requirement can be chosen from those listed in § b2
this figure. 5 %‘ SC;F—%
QO
=
SREME
Mirror finishability Good
F;:ﬁ%m @m@t#ﬁﬁ Applications and features of developed steel
RS A % B &
Sanyo grade Applications Features

BERARTSAFY /@B LR

PCM40 “AOHRCY ZADIEEZEDTUN—RVZA T DT 5
Precision and general-use plastic molds, rubber molds | 43 Z#EITEICEBN. AEM . REANIHEERIF
‘Pre-hardened with hardness as hard as 40HRC
‘Excellent machinability, good weldability and surface workability
BERARTSAFY @ LR “A0HRCUZADIEEZE DT N—R2V BA T DT S
PCM40S Precision and general-use plastic molds, rubber molds | 4%(CEEEI4(CEN. BEINTH. AN, REIN T BT

-Pre-hardened with hardness as hard as 40HRC
-Excellent mirror finishability, easier electric discharge cutting, good
weldability and surface workability
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Developed steel
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(+Co)

Heat resistance -W:’ V)

+C, V)
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(MHEEFENE)

(Wear resistance) (+C, V)

(+C, V)
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Mo 'Tf‘ (+Co) (+Co) (+C, W, V, Co)
Mo-tyf)e\
(891%)
o (+Mo‘ -W)-M-
(+C, Mo,
MmERR (+Co) ¥, Co)
P/M-type

ik MR

- OO (+Cr W)
Semi-high speed steel AGUCEVER Joughness
and corrosion
R B
(C.CraMo) Ll
Hardness and toughness Machinability
Wik
i EEFEIE
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(+C, Cr) C1 ol TR ?;ggcr)

+C, Cr, o +Mo, V) i) »

Wear resistance (SQKD1 ) Toughness (SQKCD.! } ) Toughness SKD 1 2
——

QK3M ., QKS3

(SKS93) (SKS3)
skp4 ™ [ SKD 5 Q=
b IN S
I“\”/‘I’(?yff SND ¢ %»\. ) B A

(+W)

(+W, Co) Hardness and Q D62 fﬁé’;)
s wear resistance +
— SKD 8 = (SKD62) Hardness ’

!

At e wE
QDA61 | |“Y | QD61 | % f#ho) (#o) o
(SKDS) (SKD61 ) Toughness Strength ) Strength \QDX-HARMOTEX

(+C, -Cr,

Precipitation hardening type 3Ni-38Mo type

falkd BEAE R
IN[FAYNIEA (+Ni) (+Cr) QT41- (+Cr, Mo)
Ni-a(litjied type S KT 3 T:uglhness S KT4 Hardenability HARMOTEX ’W ,

Y

\
SK 65
06C
T
(0.10)

(<51 i G, My C :
+o1, Mn, Cr, Mo
Flame hardenability > QF3 ‘

,
+Ni1, Cu, -

Mirror finishability and > Pc M40 Mirror
machinability finishability

¥y 7 (AN F) 08I M EERTRE T, FEMIE SRS BV,
¥HARMOTEXIEBAE S LU BN E CHEZEEHFIN TOET,

10



N

ical Compositions

R =12 FLva 0, . "
&g HIRZ5E= E*‘%l“sa? t 2 & 2 (%) Chemical Composition
Category San&'c’ Compatible P o FDity
grade %08 grade C Si Mn P S Ni Cr Mo w V S
QK3M SKS93 | 1.00 | 035 | 1.10 | <0.030 | <0.020 | — 0.50 - - - -
QKS3 SKS3 | 095 | 025 | 1.05 | =0.030 | <0.020 | — 0.75 - 0.75 = =
_
2 JT
§ & [QC1 SKD1 | 210 | 025 | 040 | <0.030 | <0.010 | — 13.50 = = = -
o=
£ Bl QCn SKD11 | 150 | 020 | 0.40 | <0.030 | <0.010 | — 11.30 0.90 = 0.25 -
s H
3 ﬁﬁ QCM8 — JEBE/x  Not disclosed
QCM7 = JERH7R  Not disclosed
QF3 = FEBE/R  Not disclosed
QD61 SKD61 | 037 | 1.00 | 040 | <0.030 | <0.010 | — 5.00 1.20 = 0.85 =
QDA#41 - 037 | 100 | 040 | =0.030 | <0010 | — 5.00 1.20 - 0.50 -
QDé2 SKD62 | 0.38 | 1.00 | 040 | <0.030 | <0.010 | — 5.00 1.25 1.25 0.40 =
_ # |QDé2HC | - 048 | 1.00 | 045 | =0.030 | <0010 | — 4.80 0.90 0.90 0.40 -
H -
2 ﬁ QDT = JERE7R  Not disclosed
£ & Q-
: B ﬁLﬂV\OTEX - FEBS7R  Not disclosed
£ 3
QDN = JEBE7R  Not disclosed
ﬁRﬁAOTEX - JEBS7x  Not disclosed
QDH = JERE7R  Not disclosed
QF5 - JERR7  Not disclosed
é_ g PCM40 B JEBE7x  Not disclosed
£2 A
& iﬁ PCM40S - JEBS7R  Not disclosed
gg {(\ QHI (ﬂ\gtif)(zgf)é) FEBE7x  Not disclosed
2 X |QH51 SKH51 | 0.85 | =0.40 [=0.40 | =0.030 | =0.010 | — 415 5.00 6.10 1.90 -
_ SPM23 - 1.30 - - - - - 4.20 5.00 6.00 3.00 =
LR
?ﬁ SPMR8 — JEFS/R  Not disclosed
24 |SPM30 - 1.30 - - - - - 4.00 5.00 6.00 3.00 Co 8.00
= X
SPM40 - 2.30 - - - - - 4.00 7.00 6.50 6.50 Co 10.00

ﬁﬁﬁ%@%% Effect of alloy elements

C,V,Nb, | @R, MEEFENE L CrSi Al | MEREIERLE
W, MO, Cr | Improvement of hardness and wear resistance o9l Improvement of oxidation resistance
W, Mo, Co, | fit#hitren L Mo R UIRIRS L
V, Cr, Si Improvement of heat resistance Prevention of temper brittleness
e Mn, Cr, | GEAME L
Nb, V, Mo Structure refining Mo, Si, Ni Improvement of hardenability

11




LEEY

Hi%5S

EALIESAE (C) Heat treatment conditions H= 0
HRO)| & = Js |5 e
BEREL BEAN BERL Hardness Remarks Compatible grage Category
Annealing Quenching Tempering JIS grade
750~780 %% 790~850 #/% 150~200 /%
Slow c:oling Oil quenching Air cooling 55~60 SKs93 QK3M
750~800 %% 800~850 ;#/% 150~200 %%
Slow cooling Oil quenching Air cooling 55~62 SKS3 QKS3 N
830~880 4% 930~980 /47 150~200 2% A
Slow cooling Oil quenching Air cooling 55~62 SKD1  |QC1 E s
830~880 %4 1000~1050 2% 150~250 Z2/45X2[ - <
Slow cooling Air cooling 500~530 Aircooling 2 times 55~62 skp11|QCT1 % ‘g
830~880 /4 1020~1050 2% 500~550 2275 X2 _ 2
Slow cooling Air cooling Air cooling 2 times 55~62 QCM8 ﬁm ©
830~880 %% 1020~1050 Z2/% 500~550 Z/5X2[E - _
Slow cooling Air cooling Air cooling 2 times 55~62 QCM7
820~870 %% 900~1000 Z/% _ - JL—L/N—=R _
Slow cooling Air cooling (62~65) Flame hardenable QF3
820~870 %% 1000~1050 Z2/% 550~650 Z2/5X2[E -
Slow cooling Air cooling Air cooling 2 times 40~52 SKD61 QD61
820~870 %% 1000~1050 Z2/% 550~650 Z2/4X2[H _
Slow cooling Air cooling Air cooling 2 times 40~52 QDA61
820~870 #/% 1000~1050 #/% 550~650 /5 X2H -
Slow cooling Oil quenching Air cooling 2 times 40~50 SKD62 QD62
820~870 %% 1000~1050 &% 550~650 Z2/4X2[a _
Slow cooling Oil quenching Air cooling 2 times 45~60 QD62HC ?& 3
740~800 %% 930~980 4 550~650 ZAX2E |, | TUN—F> — laor i
Slow cooling Oil quenching Air cooling 2 times Pre-hardened ﬁ =
£
740~800 %% 820~880 % 500~650 ZAX2E | g, 40| TUN=K> o | BY ¢
Slow cooling Oil quenching Air cooling 2 times Pre-hardened HARMOTEX m .g
820~870 %4 1020~1050 2% | 550~650 ZAX2E | 40 o ~ Jqon |HT
Slow cooling Air cooling Air cooling 2 times
820~870 4 1000~1050 i#4/%4 550~650 ZAX2E | 0 o, _ QDX-
Slow cooling Oil quenching/Air cooling Air cooling 2 times HARMOTEX
820~870 %% 1020~1050 #im/%4 500~650 Z/5X2[E 40~55 15080 _EimaiE _ QDH
Slow cooling Oil quenching/Air cooling Air cooling 2 times For dia. 2150,0i quenching is recommended
830~880 %% 1000~1050 Z/% 500~650 25 X2[H _
Slow cooling Air cooling Air cooling 2 times 40~55 QF5
_ TUN—K> _ o
- - 35~45 | pre-hardened PCM40 g E_
PAXAS i) 50
— — — ~ - ~ -— <
35~45 Pre-hardened PCM40S ﬁm o
830~880 %4 1130~1150 i#4/&4 | 530~650 ZAX2~3E | . TR
Slow cooling Oil quenching/Salt bath Air cooling 2~3 times 55~60 (Matlj'ix-type) QHZ {(\ g_ﬁ
" o
800~880 %4 1200~1250 #4/&h |  540~600 Z4X3MH 5°
Slow cooling Oil quenching/Salt bath Air cooling 3 times 55~63 Sl QHS] A -
860~880 /% 1050~1200 i#ia/Eh 500~580 Z/5X3H - _
Slow cooling Oil quenching/Salt bath Air cooling 3 times 55~65 SPM23 *ﬁ 3
860~880 /4 1050~1200 #4/%4 | 500~580 224 X3 _ 5
Slow cooling Oil quenching/Salt bath Air cooling 3 times 55~65 SPMR8 ?E E’.
2]
860~880 1474 1050~1200 #4/EA 540~600 Z2/5X3E " _ 5
Slow cooling Oil quenching/Salt bath Air cooling 3 times 60~68 SPM30 1 E
860~880 %5 1130~1200 #i/Eh 500~600 Z2/4X3[E _ *
Slow cooling Oil quenching/Salt bath Air cooling 3 times 65~70 SPM&0
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Treatment

A A veseel (QCT11,QCM7,QCM8. QD6 1, QDH)

WEAN Quenching

500~650T

Slow heating

30~60min/25mm

KEEAEE CORFFEEE

800~850C

30~60min/25mm

BEEINBHIED 7= BEANEMHDIBEH100~50TICET
THVELZEEBICHERLZTo>TLLEZL,

1,000~1,050C
(B#%1.0257)
(Aiming at 1,025°C)

30min/25mm

#*Holding time at quenching temperature:

EF'?:*E,R_T\WE e 30MIN/25mMm Atmosphere-controlled furnace -+ 30min/25mm

MIDRINA coeeeeeieeieeeeenee e .30min/25mm Salt bath «eeeeeeereereeerinrinian, 30min/25mm

(722U ZEFREET D) (immersion time)

=1 = IR O PRI 45~60min/25mm Vacuum furnace:--=-«==-=====x-xo- 45~60min/25mm
3] Note:

Air cooling
(Forced cooling)

To prevent quench cracking, tempering should be performed after quenching
as soon as the material temperature drops to between 100 and 50°C.

NN
il 500 or 250C

racsh?

=m

Air cooling

200C 225
Air cooling

o
10~20min/25mm
Salt bath

W5HERL Tempering

N
sy

1~2hr/25mm Air cooling

FfE XA A5

QC11

‘M EREMEEAR

For wear resistance

150~200°C  (60~63HRC)

‘MNERE MBI AR

For wear resistance and toughness

200~250°C  (57~60HRC)

BB TSR

For toughness and electric-discharge cutting
=500°C (=59HRC)

Cold working die steel

QCM7-QCM8

SRS ISR

For toughness and precision
450~500°C  (59~61HRC)
‘MNEREME SR

For wear resistance
500~530°C (61~62HRC)
LR

For toughness

=530°C (=61HRC)

N
ks

1~2hr/25mm Air cooling

ZAR A A8 Hot working die steel
QD61
‘MR R SR

For wear resistance and strength
540~620°C  (46~52HRC)
MR

For toughness

600~640°C  (44~48HRC)

QDH
MR CRREER

For wear resistance and strength
550~620°C  (48~54HRC)

= E A Xﬁﬂ Cold working die steel

70 T T T T
65
60
o
i
z
9 55
£
S
E
—4&— QCM7 (1,030C A.C.)
sl QCM8 (1,030C A.C.)
--0-- QC11 (1,080C A.C.)
40 | I | | I I
0 100 200 300 400 500 600

BRURE o

Tempering temperature

%ﬁiﬁ ')‘M’ Zﬂﬂ Hot working die steel

T T T T
60 g
)
% 50 8
2
R ()
= - .
e
o
T
40} e
—e— QDH (1,030C AC) i
— /- QD61 (1,030 AC) N
30 | | | | | |
0 100 200 300 400 500 600 700

BRUBE (o

Tempering temperature



7 I\U ‘yQZ/ \’]/ ZMatrix-type high speed steel (QHZ)

BEAN Quenching

1130~1150C

2n
Salt bath

—T —>

900~1000C

{RFERFR
Holding time

800~850T

il

300~500C
Slow heating

Oil quenching

Fon

Salt bath Air cooling

ﬁkﬂﬁ@ﬁﬁﬁfﬁﬁ & WE(D Fﬁﬁf—? Holding time in salt bath at quenching temperature

2 (mm
A= (mm) 5 | 10 | 20 | 30| 40 | 50 | 60 | 70 | 80 | 90
ERISESRL T(sec) | 60 | 90 | 160 | 240 | 280 | 300 | 390 | 420 | 440 | 495
g time
BW5ERL  Tempering
60 T
) 797 = i
1~2hr/25mm Air cooling 1~2hr/25mm gircooling
5 oof ]
z
80 N
QHZ E»‘g \\
INEREMEEREER sl —A— QHZ (1,130C0Q) N\
For wear resistance and strength - \
550~620°C  (48~54HRC) ] S v
—A— QD61 (1,030C AC) IN
30 | L | | L |
0 100 200 300 400 500 600 700

BRUBE (o

Tempering temperature
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70

(HRC)

—O— SPM30 (1,180T 0.Q.)
50 —&— QH51  (1.200C 0.Q.)
—A&—QHZ (1,130 0.Q)
—®—QCM8 (1,0380T A.C)
[--0F- QC11  (1,030C A.C.)
¢ QKS3 (825 0.Q)
—o— Qr‘<3M (809“0 0.Q)
40

| I I |
0 100 200 300 400 500 600
#E=E
BRORE 0)

Tempering temperature

Hardness
B

B Hot working die steel

60

50

(HRC)

Hardness
EE

—e— QDX-HARMOTEX (1,080T A.C.)
401 —m— QT41-HARMOTEX (870C 0.Q.)
—A— QHZ (1,130T 0.Q)
—e— QDH  (1,030T A.C)
[ --A-- QD61 (1.080C A.C.)
—m— QDT  (950T 0.Q)

30 | I | | | |
0 100 200 300 400 500 600 700

BREEE (o

Tempering temperature

HEAIR10RC/ v F

Test specimen:10R C-notched

HERAAR 2mmU/ Y F

Test specimen: 2mm U-notched

Friction speed

2
o SPM30 180 —e— QDX-HARMOTEX (1,030C A.C.)
O~ 1.180C 0.Q) —=— QT41-HARMOTEX (870C 0.Q.)
i QH51 —e—QDH  (1.030C AC)
& —h— L
£ (1,200C 0.Q) --A-- QD61 (1,030C AC)
o —~
X150 s QHZ g —=— QDT (950C 0.Q)
2 (1,130C 0.Q.) §
_a QCM8 S 100
g8 (1030 AC)
[ m o
> - QC11 Efrm
3 'hlﬂ_ 100l (1.030C AC) g @ |
. . QKss3 T ¥
£y © (825C0Q) g |
gx 0 QKaM Ey
s r —° (800T 0.Q) g2 oor
© '/\ 501 E -P
(6] 'l\
0 o) I I | | I
50 55 - 60 65 70 30 35 40 45 50 55 60
X
Hardness (HRC) Hardness (HRC)
Ohgoshi-type abrasiv; test HEEE 600T
(x108) 10 Test temperature
F —>— SPM30 (65.0HRC) I 60
[ —&— QH51 (60.1HRC)
[ —#®— QCM8 (59.4HRC)
--3--QC11  (60.5HRC) e =
E ~& - QKS3 (63.3HRC) 50
{ 1.0 e
ouE c \:I_:/
= C @
~ = Q
- L 5 ?é 40
¢ I L £
oIk
§ % 01 —e— QDX-HARMOTEX (B00T A.C.)
& F 30 | —®— QT41-HARMOTEX (00T 0.Q.)
C EEFERERE200m —A— QHZ  (1.130T 0.Q))
L Friction distance —e— QDH  (1.030C A.C.)
- ﬁ?*‘%ﬁ%:mm A~ QDB1 (1.080C AC)
L inatload —8— QDT  (950C 0.Q.)
A8 > 47 :SCM420(86HRR) oo I R S S
i cc
001 — L 1 \0 riefon g 2 AR 1.0 10 100 1000
' ' ’ {RIFRER]
FERERE (m/sec) Holding time ™




F#ZEH Round bars

IIZ% Flat bars and Blocks

(mm)
X 4yl EfEDi | 1y 16 150 210 700 720 800
£ &
Rolled
i &
Forged
[ s et

To be confirmed

(mm)

Width

Thickness

I 20 40 60 80 100 120 140 200 300 400
e S R A

5?0 6(?0 790 S(PO 9q0 10?01190129013?01490

20+
40
60—
80
100
120
1407

200
300
400
500+

7007

800

|:] JE4ET-f4 Rolled

600 I:] & f45M Forged

I:I BE R[5 HET To be confirmed

ﬁlﬂ% Tubes

Outer dia|
EE N JHE

Inner dia.

40—

60 —

100 —

120 —

St LW REHBEN BLBIBEN HVET RIRLUADT I IR EBNEDE T I,

Production range may differ depending on the grade required. For dimensions not provided, please contact us.
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ice Materials from Sanyo Special Stee

QDX-HARMOTEX
S - (CBNTIET A D ANEEIAH (NADCA Grade C e )

Die casting die steel with outstanding strength and toughness (NADCA Grade C filed)

QDX-HARMOTEX(Z. JIS#SKD6 1 SWEICEMELEAMEE  EQDX-HARMOTEXE —NF T w7 HER

AUEA DA RBRBTT . Heat checking comparison of QDX-HARMOTEX
RAEYDBENREMEEHI_EICKIERBEIHEZSN, REF

IERRORBOE—NF 17 HEEIHL. ERAHOKMS QDX-HARMOTEX SKD6f
—ABUCEUEMEEE EL. £BIOXREINPH/AN DRI OREE

giTO

QDX-HARMOTEX is a die-casting die steel which achieves both high
strength and high toughness superior to the JIS steel SKD61. I j :l,

High-temperature strength is improved and occurrence of die heat
checking during long-term use is reduced raising the thermal stability of
carbides. Toughness is improved through a fine, uniform dispersion of
carbides, and this prevents large cracks and small chips in the die.

QT4 1-HARMOTEX
ERDRFMILICES I AR TR

Hot working die steel for longer die life

QT41-HARMOTEX. fRHQT41 LUEICRESLETEEEL  WQT4A1-HARMOTEXDMEREE WEESD%E

IERRERIRETY. Photograph of structure and cross-sectional hardness
RALDOFEHEICEUE M EHESI, £REABOEIN-RIT distribution of QT41-HARMOTEX
EIHIL. £ ORI RE M E B/ TRALBR IS E o ENERES 570
Sh,. 2BORBBFERBOER-N2VZ2MHLET, J —e— QT41-HARMOTEX
e ) 4e| —o— SKT4#A50

AR X 7 O $EHSE | 308H X 503W
QT41-HARMOTEX is a hot working die steel which enables longer life 5 44
than the previous QT41 material. < 2 —5AE —ehiy
Toughness is improved by controlling carbide morphology, and this g T B:ﬁ:'w\./.\.f./.\.

. . . . . . . o-g ~0-0-¢
reduces cracking and chipping during die use. By improving thermal 4 \D*Dﬂ\D&\D;D\ -
stability of the structure, softening resistance is improved and this o
reduces wear and deformation during long-term die use. 3

25um 0 100 200 300
— SEMRIE D S DOFERE(mm)

QCM8
s - SEICEBNNESY 1 Al

Cold working die steel with high hardness and toughness

QCM8it. BB ELEMMEmILAAMS 1 28ETd. @it  HMQCMSDI/OEE
MOAESEFIET BT BE. M. RE. MERNOL Microstructure =
TICBWTSKD1 152 EL. MBS OABLREETHLET,

—
25um

Qcms \,  SKDi1

L4
ide

QCMS is a refined cold working die steel in which high hardness and '

| ex/
g

toughness are superbly balanced. . Q C M 8 @E—é tiﬂ'l‘i 120

QCMS surpasses conventional steel SKD11 in hardness, toughness, [
Hardness and toughness - '

80
\CM8
60 [

Extension of die life

fatigue strength, and wear resistance by controlling the microstructure.
Due to these characteristics, the steel substantially extends die life.

(Jrem?)

a0 |

SrIVE—ERE

Charpy impact value

SKD11

2r - %-

. . . .
56 58 60 62
Ha{%’gss (HRC)

L
64



PCM40S
BREEICEBNIC TS AT v I B Al

Plastic mold steel with excellent mirror finishability

PCM40S(3.40HRCY S ANEEE BN /-EE M

BPCMA40SDOELHETFE Manufacturing process

EHOTUN—RL 81T DT FAF v &BBETT,
L OB E BRI LY  EERETHTIC
MPDOBEENAENEKBIERLEZCET. EOLAN

IWDEEEEIANTERHLEL, PCM40S
PCMA40S is a plastic mold steel, pre-hardened with hardness

as high as 40HRC and excellent mirror finishability.

Sanyo Special Steel produces a high quality product at low kD
cost using its advanced clean steel technology. This TS5 EIEH

technology makes it possible to dramatically reduce non-

PCM40SI3. BB IRRZEKT A EICHILEL .

We successfully eliminated remelting process in the manufacture of PCM40S.

___________

s N N N N\ o Vs
Y] Yo BEAR 1SR AR | FE-8s
o fir (ESR*VAR) 1| Roli
Melting Refining Vacuum Ingot 1| Roliing,

degassing casting Remelting 1| Forging

\_ J J \ J \ VAN J

s N N N Ve s N
AR wem || BAR || EBR BARE -8

53 _
Melting Refining Vacuum Ingot (ESR-VAR) || Roliing,
degassing casting Remelting Forging

§ VAN J \ J \. . § J

Conventional material

metallic inclusions in the steel without remelting.

QDH

SERECNIMES AT CROBR S A 28

Hot working die steel with excellent high temperature strength and toughness

QDHI3.SKD61 77 AN ERANMEIICIA . SKD7T7ZADE
hi-SRFLERMZFREA BB 1 ZETT,
EEBELHMEEVRIT CHEIALLAEZET ALIPERE. BhD
ZEZMHL. £BORFNLICEHMUET,

QDH is a hot working die steel that combines high temperature strength
equivalent to SKD7 and toughness on a par with SKD61 as well as
hardenability.

Through well balanced characteristics in terms of high temperature
strength and toughness, QDH contributes to the extension of die life
through reducing deformation wear and cracks.

QHZ

BQDHODMfE—~F 1w Heat check resistance

Eﬁﬁ?‘k{# Testing condition
[ ;'%il] Cooling ] [ ﬂu#{ Heating ] x 300
35C —> 650C

T [l QbH
iﬁiﬁ? [ skps1
RARES
Max. depth

0] 10 20 30 40 50

E—hFIVIDRZ

Depth of heat check (um)

BNt BEZRREATYNYIRI\AL A

Matrix-type high speed steel with excellent toughness and high temperature strength

QHZIZ.SKH51 72 ZDEMEICIMA . RAEHORM L EE b 1 15
(TR I R) DHEILL>TEBN-AMEFRBEASTI YT ZN
1ZXTY,

TERDEXME T EH% KIFIEETS555~60HRCOE VA KR
UESHRoN2EEHIC. B SRFFHICHEBNTVSRIELS S
EkE s S RH MR EE TRLCHBLTVET,

QHZ is a matrix-type high speed steel that combines high strength
equivalent to SKH51 and excellent toughness by improving
microstructure and the distribution of carbides.

Due to superior toughness and high temperature strength combined with
much higher hardness than conventional hot working die steel, QHZ is
suitable for cold, warm, and hot forming.

BMQHZOERER{LIEITIE  Softening resistance

HERE600C

Test temperature

60

50 F

(HRC)

2
gw 40 F
1
E
N
—A— QHZ (1,130 0.Q) ~
30 F A
—e&— QDH (1.030C A.C)
| =/ . Qpei1 (1.030C AC)
20
0.1 10 10 100 1000
RIFEERT
Holding time
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SANYO SPECIAL STEEL Co.,Ltd.

At - T 3B T672-8677 EEEEEHAMEXHE3007Ei
TEL(079)235-6003(ft5) FAX(079)234-8571

B R X # TI135-0042 HERECIRRAFZ1-5-25 F)IIFvHUFs7—SE6ME
TEL(03)6800-4708 FAX(03)6800-4701

K BR X JE T541-0058 AIRMHRXFEAEFAIS-6-6 HERtzY—L)L10MR
TEL(06)6251-7427 FAX(06)6120-5220

& EHEXE T460-0003 HEEMHXIRI-20-19 ZHE)L4RE
TEL(052)231-7162 FAX(052)231-7166

&

E X [§ T730-0011 LREMHRER1-13 SAMLSEKENZRI X7
TEL(082)221-9275 FAX(082)228-7818

UM E E PR T812-0011 EEMmELXELRA4A-1-1 HAEGBLRAE /L7
TEL(092)431-1851 FAX(092)472-9054

HEAD OFFICE/WORKS
3007 Nakashima, Shikama-ku, Himeji, Hyogo 672-8677 Japan
PHONE: (+81)79-235-6003 FAX: (+81)79-234-8571

Special Products Sales Department
6F, Tower S, Fukagawa Gatharia, 1-5-25, Kiba, Koto-ku, Tokyo 135-0042 Japan
PHONE: (+81) 3-6800-4708 FAX: (+81) 3-6800-4701

Sanyo Special Steel Trading (Shanghai) Co., Ltd.
Unit1504, TowerC, The Place, No.150 Zunyi Rd., Shanghai, 200051, China
PHONE: (+86) 21-5396-5666 FAX: (+86) 21-5396-6226

Sanyo Special Steel U.S.A,, Inc.
445 Park Avenue, Room 2104, New York, NY 10022, U.S.A.
PHONE: (+1) 212-935-9033 FAX: (+1) 212-980-8838

Home Page
www.sanyo-steel.co. jp/
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Notice:

The technical data adopted in this publication represents typical properties or performance and shall
not be construed as guaranteed values, unless specifically noted as standards. No responsibility shall,
therefore, be assumed for damages arising from using the data. Please consult us concerning your
requirements related to foods, drinking water, medicines, therapeutic devices, cosmetics, health care
appliances, etc.

Any information in this publication is subject to change without notice. Please contact Sanyo Special
Steel Co., Ltd. for the latest or further information.

ERTEE - REEECRLET,
Any part of this publication shall not be reproduced without authorization.
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