PROTERIAL

]
PrOtQI'IaI Korea Co., Ltd. https://www.korea.proterial.com/
- =) ElZ 7 | EM 2O ol 2t

EAAR A ($)15115 27|= A ZA| ZEH3CHZ 333 Tel. 031-319-3933 = HE= 0] JIXHEl S = tHERR! glolm,

(B37) (Hes, AlSH2E 38 1010%) Fax. 031-319-3963 HE UAE=CIE £ A0 O E FO|E BEIERILICE
s = JIERZT THEl AFSES of| 1 910| HiZA=l A

MESAIA (2)06164 MSEHEA| 2=t Bs|22 872 Tel. 02-551-4421 (-J_:fei_oﬂ I|MEl Ak of 1 glo] HiFE O

=CE 36, 16063 (MANS CAZSELY) Fax. 02-551-4420 USLIC

<= IRHEI 7T L2 R SXIE SXIHLICE

HAAr g & 2)46738 HAFZAIA| AT SPHAIC 62 Tel. 051-941-3933 o

el (2 e 2IOQ 17 3t iy - Z3oH H2 FE I E YA S IR0
=2|E FE E-ILCL

YA ()46738 27| = HEHA| HEH 52 64 16l 031-686-8068

Fax. 031-686-8090

>
o
=2
{3}
S
A

9= AL Web site?| 22|(372)E 08510 FA|2| HEZILICE
*The characteristics listed on this catalog are
representative values and they do not

. guarantee the quality of the product.
PrOterlal 5 Ltd - https://www.proterial.com/ *This catalog and its contents are subject to
change without notice.

Head Office Toyosu Prime Square, 5-6-36 Toyosu, Koto-ku, . q i i
Tokyo 135-0064, Japan Do not duplicate this catalog without a

Tool Steel Dept. Specialty Steel Business Unit, permission_from Prqterial, Ltd.
Advanced Metals Division * For further information, please contact the

representative in your area.

Proterial America, Ltd.

Head Office 2 Manhattanville Road, Suite 301, Tel. +1-914-694-9200
Purchase, NY 10577, U.S.A.
Other Office Chicago, Detroit, Pittsburgh
= OlX0f| Ztst =0
Diehl Tool Steel, Inc. /Nt Tf'
Head Office 800 East Ross Avenue P.O. Box 17010 Tel. +1-513-242-8900 Notes about safety
Cincinnati, OH 45217, US.A. YA FYSYULICL 25 L BB ST, ot 1Y 52
. HEX| 87| Q|8 OFF CHAHS AIA|SIA|Z! HIZHL|CH ZHRHE EXICH
Proterial Europe GmbH Y50 ot o CHA S MAISHAIZ HERLICE ZMHE S2 T,
AF A O: E0| 2t= a1 % B2 el i=Xe)
Head Office Immermannstrasse 14-16, 40210 Duesseldorf, Germany Tel. +49-211-16009-0 24, M|, AF SO A5 OFS ALt S8, 25, X137 52
Other Office London, Milano, Paris, Munich HELR Agots B0l B -4 22 -2t0|= 2ol Sof
mat B3, X3 5SS AH8SH0] X Xte| QFH S St SHA|D|
Proterial (Thailand) Ltd. BRI
Head Office 1/60, Moo 5, Rojana Industrial Park, Tel. +66-35-330-588
Tambol Khanharm, Amphur Uthai, Steel is heavy. Please execute the safety measures to
Ayutthaya 13210, Thailand prevent falling or collapse of cargo or sandwiched during
Bangkok Unit 13A1, 13t Floor, Ploenchit Tower, Tel. +66-2-263-0889/0890 transportation or warehousing. Please ensure the safety of
Branch 898 Ploenchit Road, _Lumpini, Pathumwan, workers use the jigs and various protective equipment and
Bangkok 10330, Thailand follow the applicable laws and ministerial ordinance,
Ayutthaya 484 Moo 4, Uthai Sub District, Uthai District, Tel. +66-35-958-990 ordinances, guidelines, etc. when sawing, cutting, heat
Factory Phranakornsri Ayutthaya 13120, Thailand treatment, polishing or when using as mould, machine
Proterial Asia Pacific Pte. Ltd.
Head Office 12 Gul Avenue, Singapore 629656 Tel. +65-6861-7711

Proterial Specialty Steel (Dong Guan) Co., Ltd.
Head Office Cha Shan Town, Dong Guan City, 522380, China

Shanghai Branch  No.155 jiu yuan road, Qingpu industrial zone,
Qingpu District, Shanghai, 201712, China

Dalian Branch 3#-2, Koushin Mould Industrial Park Ill B-1-1-1F.
T. Z. Dalian, 116600, China

Proterial Specialty Steel (Ningbo) Co., Ltd.

Head Office No.205 Xizhihe Road, Chunxiao Industrial Park,
Beilun District, Ningbo City, Zhejiang, 315830, China

= 2 OITQ| T4, AN = 20241 48 J|FYLICE

==

Our address and your contact indicated in this
catalog are those as of April 2024.

YSS, DAC, DAC- , DAC- , DAC-MAGIC, YXR2 (F)ZZH|2|¥o| SS4H L|ct
YSS, DAC, DAC- , DAC- , DAC-MAGIC, YXR are registered trademarks of Proterial, Ltd. in Japan.

OUR HERITAGE, YOUR ADVANTAGE YASUGI SPECIALTY STEEL

: U= S840/ A= E MP| ool 4O
RIS YSSTS-G-8-Z (K.E) Printed in April 2024 (T-FT3) 2= SO HZE M2 0|L=t|0] 4



HOT WORK TOOL STEELS
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Chemical compositions of hot work tool steels
- s (%)
Grade Chemical composition
JISRAL . . J|Ef
YSS JIS equivalent c Si Mn Ni Cr w Mo v Others
DAC SKD61 0.4 1.0 04 - 52 - 13 09
. SKD6 171 BI2LE  Origi
DAC-i SKDBT modicf’ied JHUZE  Original steel
' SKD617HZ BEFE  Origi
priER SKD61 modified WeFF  Original steel
¥ SKD617HzZk TTES Qi
AL SKD61 modified HLE  Original steel
SKD617H2 _ _
DAC10 KD monted 03 03 06 5.2 27 0.9
SKD617H2 _
DAC3 KD monted 0.4 03 06 06 5.1 16 07
SKD7l _
DAC40 SKDT montied 0.4 0.5 0.5 43 07 2.1 09
SKD7I _ )
YEM-K KD Moo 0.4 03 09 0.9 34 25 06 Co:1.0
SKD8I _ )
MDGC-K SKDS moiFed 0.4 03 0.5 44 2.0 1.6 1.7 Co:1.0
SKD61fA! B _ .
FDAC SKDB fres cutting 0.4 1.0 07 52 13 04 S:01
DM SKT4 0.5 03 0.9 1.8 13 - 0.4 0.2
OHE2IA Sfo|A _ Co:1.00/8t
YXR33 T 0.5 0.2 0.5 42 16 2.0 1.2 e
(! sotropy |
®
Isotropy S22 Lk UxHe| ZHQ! M2 (TS, II2 39| Isotropy DACZ2| Q14
I|1AIE G& KI0|E MZUAIH, SYES ESIASLICH Toughness of Isoropy DAC
SHE DAHE0E =2 HIIE HD U= 0| 7|22 ZEME
=0 2G5, 31U E49| eIt NHatof| I 7|45t
UELICH

Isotropy tool steels are so named becase the difference in
mechanical properties between its longitudinal (forging or
rolling direction) and transverse directions is reduced, thus

o
[

overcoming a weak point of ordinarily processed steels.
This technological concept, which is highly evaluated by users

2mm U-notch AF2I| 24X |4
Index of 2mm U-notch Charpy I-Value

of tool steels, is applied for the production of all our steels and
contributes significantly to stabilizing their characteristics and

enhance their service life. Isotropy DAC SKD61

= R0 I E S 3L A, EB, 29|, WOt S2 AL Al HIO[E{of of3t CHEXQI 310|H, XE2| S2E BF5t AUXl=

== O HA,
= 1209 I3 LHE2 0| nglo] M1BE + ASLICH

<Attention> The charactemst\cs, photos, charts, ranking and evaluation of this catalog are representative value by our test data,

it does not guarantee the quality of the product. This catalog and its contents are subject to change without notice.
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HOT WORK TOOL STEELS
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Applications of hot work tool steels

FHLE
ac ZFARFEE Recommended YSS steel
icati Standard
Application hardness g o Aouﬁ%
for general use for mass production use
e[ Te=E- for Aluminium alloys R DAC, DAC-i DAC-MAGIC, DAC10
opaHls 28 for Magnesium alloys FDAC (38~42HRC) DAC-X
oo | orisasg for Zinc alloys 41~49HRC DAC-i, DAC, FDAC (38~42HRC)
ng % =8 for Copper alloys 41~ 49HRC MDC-K
A
g3 | 2om 40~50HRC DAC, DAC-i -
€ 5 | Core pin for die casting 52 ~58HRC _ YXR33
=== Sleeve %L%LTHS4HRC DAC
A Goose neck | Mg&  for Magnesium 35~45HRC AHD32
CHOjA A& for Aluminium 45~49HRC DAC DAC3, DAC40
Dies Cug  for Copper 45~49HRC DAC, MDC-K HRD10 (56~60HS)
ZH|o|L Efo|o A&  for Aluminium 44~50HS DM DAC, DAC3
Container tyre cug for Copper 44~50HS DM DAC
OIS 222 Alg  for Aluminium 60~65HS DAC DAC3
Outer sleeve Cug  for Copper 60~65HS DAC YEM-K
Alg  for Aluminium 60~69HS DAC, DAC3 YEM-K
ol S22 (2to]u) sz f
& or pure Copper ~ ~ ~
| Inner sleeve (Liner) =58 pu pp 46 ~60HS HRD20(46 ~51HS) HRD10(56 ~60HS)
8 &58 forBrass 46~51HS HRD20
E é A Alg  for Aluminium 60~65HS DAC DAC3. YAG300* (69~75HS)
B S | o
g & | Stem cug for Copper 60~69HS DAC DAC3
(0]
S | crozg Al  for Aluminium 60~65HS DAC DAC3
Die holder cug for Copper 60~65HS DAC, DAC3 HRD10 (56 ~60HS)
CtO|eH3H Die backer Al, Cug for Aluminium or copper 60~65HS DM, DAC DAC3
E= Al  for Aluminium 60~65HS DAC DAC3
Mandrel Cug  for Copper 60~65HS DAC YEM-K
Hol2a Alg  for Aluminium 60~65HS DAC DAC3
Dummy block Cug  for Copper 60~65HS DAC, DAC3 HRD10(56 ~ 60HS)
oHE2l =0 Mandrel holder | Al,Cu& for Aluminium or copper 60~65HS DM, DAC DAC3
EAH Bolster Al,Cug for Aluminium or copper 55~60HS DM, DAC DAC3
Ad for small size dies 55~65HS
oYAR 2H A ) ) DAC, DAC3, DAC-i YEM-K, MDC-K
o Ho =Y for middle size dies 52~62HS
for press forging
the  for large size dies 46~56HS DAC, DAC-i DAC3
(0]
k] A% for small size dies 55~59HS
22| eloig 3y P E———
Z g for hammer forging =Y or middle size dies 53~57HS DM
o 4= . .
5 CHs  for large size dies 50~55HS
IR ZH Warm forging dies 50~59HRC MDC-K YXR3, YXR33
QF X CIO| A Header dies 45~49HRC YEM-K MDC-K
M E Upset tool 46~50HRC DAC YEM-K
Hof 230|E%  Shear blade 37~45HRC DAC, DM, DAC-i —
XS Hekg KNEE FEHE
Use for thick billet shearing Use for bolt hot forming

2 IME270| J|MEl 5*3 AL B8, 29|, BoH 52 AR AR HIO|E o] ofet CHEXQI Zfo|0, M Z2| BEE BE5t UX|= S&Lich
E9tE*§"°I 2| LHE-2 o nglo |“J’é%¢%'$'—lﬁr

<Attention> The characterlstlcs, photos, charts, ranking and evaluation of this catalog are representative value by our test data,
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HOT WORK TOOL STEELS

HOT WORK TOOL STEELS
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Types and features of hot Work tool steels

O TT

25
Grade
ot s % Features
JISEA
YSS JIS equivalent
= Standard grade for general use with good balance
_l%D}'E (IJ_|A-|9_ HHE._ﬁj __Q:—| Iki =< L
DAC SKD61 ;ﬂg sca ﬂlQ_EEli ‘:H_fg_ ?:;; -T'-—_rl o of ot of toughness, strength at elevated temperature
TEE e TeTE Ee St eTe and with excellent hardenability.
- " Next-generation standard steel with improved
AME XXAL T2 M A SHA Ol Ol T} IRt 2 ;
DAC-i SKDG”"% ;;APIE;LﬂETJ\lEH rj‘z‘—jo:l e lgar ne Y=g toughness and high-temperature strength through
SKD61 modified Soen= —==° composition adjustment and process innovation.
New high-performance die casting mold steels with
o A2 Rkt T2 M| A SHA0f| ofs F2He| TS ECHE higher levels of high-temperature strength and
DAC-X SKDG1H < —L"-° UM IR2UYTE ERSII UYCH, QAEE toughness than conventional high-performance
SKD61 modified 7.:1H|.5_f MEL D45 CIOPHAR 2822 materials through compositional improvements and
process innovations.
High performance die steel for die casting with
DAC-MAGIC SKD617H2F D2UE, 2AME NXOZE HWHA A2l 1ds well balanced strength and toughness and
: SKD61 modified Sda2. LS| ETY, LISHBAZHY 2% strength at elevated temperature. Excellent heat
crack and stress corrosion crack resistance.
" Excellent heat crack and wear resistance at
SKD617Hzf LS| EF2, B2 Lot o 2 i
DAC10 cl ol AEl 23 oIt A 25 So ML elevated temperature. Steel for precision die
SKD61 modified S ChopPiAl 2%, g2meA 2 S0l HE casting and hot press die.
- DACEC} Q0] ot H2t 2pUo =, Hot work tool steel with higher toughness than
DAC3 SKSngjZ?' ; DAL oHE CHOJALL PPHIYA 28| 7 DAC for Al extrusion dies with high hardness or
ieclile CHAof XL hot forging press dies with good crack resistance.
- Al extrusion die steel with higher strength and
DAC40 SKSDK7D77|L'°1“ g DACHL}I DU, ¢Iotx S0l Q45 Qh= Co| A2 better softening resistance at elevated
modaitie temperature than DAC.
Hot work tool steel with higher toughness and
YEM-K SKD77HZF SKD72| 22Ut QNS A2l &2t 21 strength at elevated temperature than SKD7 for
SKD7 modified S 29 S CHEF MAZEE0| e forging die of mass production use such as hot
former.
- High strength hot work tool steel with higher
SKD8Q| QIS JMet U E AWt 212 X
MDC-K SKD87HEF = ?J%IZ}OIZE%@% EtOIC;HA%' E.L% %O toug'hne'ss than SKD8 for h|gh‘heat load ‘
SKD8 modified oF 1 A | o applications such as Cu extrusion and Cu alloy die
BESP =2 8201 HE g
casting dies.
Free cutting hot work tool steel (supplied in
FDAC SKD612HA AL A2t TR (TE|SHE) ALot B2, T|AMI0| FA| prehardened condition) for dies of small
SKD61free cutting = =2Y, 8 B2 50| ML production use or dies associated parts requiring
good machinability.
De2UE, g Xghe Stx|at olao] 24 Hot work tool steel with excellent toughness, used
DM SKT4 siH 24, Y20 T 29, X8 EAH, for hammer forging dies, Aluminium forge dies,
OE HXZL 50| ML forging bolsters and extrusion die backers, etc.
Matrix-type high speed steel with high toughness.
OjEZ2IA O OHERIA SIO|A, DR A Eot=11 LHE2HOtE Y, Excellent strength and wear resistance at elevated
YXR33 SHo|A L2440 4, MU 2 PR 2 CIOFHARIR temperature and excellent erosion resistance. Steel
Matrix HSS CIMED S0 Mg for warm+hot precision forging dies and insert pins
for die casting.

= R0 I E S 3L A, BB, 29|, WOt S2 AL Al HIO[E{of o[t CHEXQI 310|H, X2 2

o nglo] HBE + USLICE

= =0 BA

= 1209 7|7 LHE2
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Characteristics of hot work tool steels

ﬂsotropy |

®

Xl
o

EM X|HE Characteristics of hot work tool steels
ojn§
02 <S> 2oEtE [_1: z2as oisga
Warm forging Standard steel (JIS equivalent)
O s
g gAxE Original steel
Precision hot forging
SKD8
SKD5
SKD4
g
SKD7 Hot former
-
( @ﬁ@
oka[]ll— 0}% |'0|i
o P oA, chx gl:srmmum extrusion
H2 CIo|PHAE .
a\i(j % Die casting @@
@ DAC
IE [0}
g | FDAC (SKD61)
= Zajstey -
ey
2 L_ Prehardened steel oM 0| CHx o= BE 27
S (SKT4) Hammer forging,
= Extrusion auxiliary tool
»
oly ==
Toughness high
E M H|W Comparison of properties
43 Strengﬁ%iorelEevated Askxi oy Lop=d 284
Grade temperature Softening resistance Toughness Wear resistance Hardenability
DAC Cc C A C A
DAC-i B B At B A
DAC-X A A A A A
DAC-MAGIC B B At B A
DAC10 B B A B A
DAC3 c* c* At c* A+
DAC40 B* B* B* B* B+
YEM-K A A B A A
MDC-K A A (o] A B
FDAC Cc o] o] o] —
DM D D At D B
YXR33 A* At o] A* B

X EYTesA EEC ESD,

Ratings: A—Best C—Ordinary D—Poor
Z2l) 0] x| SHS YLKl 2|FX|Z A 085101 FAIZ HiFLICY,
(Remarks) Please use above ratings only for general reference.

= 2000 J|HE S 3L AT BB, 291, Bt 52 GAFAIY CIO|Eof 2I3t ChEX QI gio|H, XF2| &

|_—|OHA

2 5ketz 10 [ Lig S dlngio] wEE + stk

o= T MB

e 2531 U= S

<Attention> The charactemstlcs, photos, charts, ranking and evaluation of this catalog are representative value by our test data,
it does not guarantee the quality of the product. This catalog and its contents are subject to change without notice.
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HOT WORK TOOL STEELS

BUTE S &Y HHUS
(OO 22 =% HE)2f FFUXt
Hot forging die wear mechanism
"microstructure" and influencing factors.

= L oo O

Properties of hot work steels

Thels
Re-hardend layer

AHHERE
( O[O o2

AIDIBE T7YC| 0f2f EX

EOIARSiTap wax =20l Jfn 24 SEO| ot oI B
Surface oxide film White layer Crack opening Loss by plastic flow THAQZE 2 =o|AQ Et|

Spalling off from re-hardened boundry layel

=
Heat affected layer

Heated up above Ai — --

transformation point HHAHZE
S
Black layer

XSS

Lower hardness ezol 7IA S0l AT} a2

layer

Progress of crack into the inside Progress and confluence of cracks

= . ’ " Slinding property of die
EISHE MK 8  Arearatio of carbides | §EMHO| 454 (OIAEXN) surfacg (Fl):ricréionyproperty) O
At point THA QL X Anti-rehardenability O
Strength at elevated Tl . ’
ot FEEEpS e
s temperature S X Deformation resistance (@]
Catastrophic crack
Toughness 3o THAK resistance O

ElolE (UXE2%) clote (UHE%)

Area ratio of carbides
700 CEZE N/mm?

= (Tensile strength at 700°C)
r3
r2
1

B (0 840 see— N

A (0

Area ratio of carbides

700CAHZE N/mm?

4 (Tensile strength at 700°C)
r3
r2

Aw pomt 1 3bo 460 560 660 A1 point

Hiodrfo i
High -temperature
strength

AF2I| AKX (X])
(Index of charpy impact value)

Toughness

Horiof
High -temperature
strength

APET] SAX|(X|=)

(Index of charpy impact value)

Toughness

EotE (UXHE%) ERBlE (BIX8%)

Area ratio of carbides

L4 700CAHAE N/mm?
(Tensile strength at 700°C)

2

A (0 AE (0O

Area ratio of carbides

700CLHYE N/mm?
(Tensile strength at 700°C)

A1 point A1 point

| 300 402”500 600

Hiodrfo !
High -temperature
strength

| Ap2m £2K|(x14)

(Index of charpy impact value)
ol

Toughness

= FHHE 0] O|THE £ 2 AFE, B, 29|, BOF S22 FAF Al H|O|E{0f ofgt CHEHQI 0|, HE2| S BE5tn UXI= R&LICh

= 239 71H LhE2 o ngl0] HEE o USFLICE

<Attention> The characteristics, photos, charts, ranking and evaluation of this catalog are representative value by our test data,
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Hoyriotl
High -temperature
strength

| Ap2m| 24%|(x1)
. (Index of charpy impact value)

[Se)
Toughness

1245
Tensile strength at elevated temperature

2 AFEL ZHX]|
Charpy impact value at room temperature

J—DAC-MAGIC

\
l_DAC3

DAC — \\\‘\

YEM-K —

AYRE 1 1,020T (YXR33; 1,080C)
Quenching temperature

4

Oil quench

EHHO0|SY
Transition property of charpy impact value

AYRE : 1,020Tx30min
Quenching temperature

2HA30min
AE : 44HRC HTT(Half tempereture time
Hardness J

o

HTT

ZHE : DAC Material

= M2 00| 2|xE 5’8 AT B8, =
23122700 || {2 S 0| R0l HHE 4 W

(1sotropy)

A2 m2to|E
Tempering parameter

P=T (20+log t) /10
- T:2% (K) Temperature
t:AIZb (h) Time

AQ 2% ot A2 24|
Quenching speed vs charpy I-value

OLH
T o
Oil quench

=~

15min e

30min \
\

rature time

45min ¢
60min e—

—

& : DAC Material
22 :1,020C
Quenching temperature

O2ZdE (LA 2|Tg o2 A1)
Fatigue strangth (Rotating bending fatigue test by Ono method)

Ao ERE

=21 AQl 1030'Ca_|-“
Room temperature *31 580°Cx1H2

Zx : 50HRC

Heat treatment
Quenching: 1,030°C Air cool
Tempering: 580°Cx1Hx2
Hardness: 50HRC

THE : DAC Material

91, Bt 52 GAF Al H[O|E{0f ofot CHEXQI 30|, HIZE2| SHE 2F3t UXI= eb&LITh

<Attention> The characteristics, photos, charts, rankmg and evaluation of this catalog are representative value by our test data,
it does not guarantee the quality of the product. This catalog and its contents are subject to change without notice.
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HOT WORK TOOL STEELS

220138 BAYO| BE BH2| X

Standard heat treatment conditions for hot work tool steels

DAC 229 0|5t 1,000~1,050 34 (7d) 550~650 & 50 0]+ 820~870 M'd
MAX Air cool (Oil quench) Air cool Min Slow cooling

DAC-i 229 0|5t 1,010~1,030 8 (R'd) 550~6408d 50 0|4} 820~870 M
MAX Air cool (Oil quench) Air cool Min Slow cooling

DAC-X 229 O|st 1,010~1,030 34 () 550~640 34 50 0|4 820~870 AY
MAX Air cool (Oil quench) Air cool Min Slow cooling

229 0|8t 1,010~1,030 3 (/') 550~640 &' 50 0]+ 820~870 MY

DAC-MAGIC

MAX Air cool (Oil quench) Air cool Min Slow cooling

DAC10 229 o|st 1,010~1,030 R (3Y) 550~650 3 50 0|4 820~870 A
MAX Oil quench (Air cool) Air cool Min Slow cooling

DAGC3 229 O|st 1,000~1,050 8 (R'd) 550~650 &' 50 0]+ 820~870 Al
MAX Air cool (Oil quench) Air cool Min Slow cooling

DAC40 229 O|st 1,000~ 1,050 {4 550~650 54 50 0|4} 820~870 M
MAX Oil quench Air cool Min Slow cooling

YEM-K 229 O[5t 1,000~ 1,050 4 (S'd) 550~650 &' 46 0|4 820~870 M'd
MAX Qil quench (Air cool) Air cool Min Slow cooling

MDC-K 241 O[5t 1,050~1,140 4 600~700 54 48 0| 820~870 MY
MAX Oil quench Air cool Min Slow cooling

Z2[BtEY (BM2 22R) - _
AP Prehardened steel (Delivery in hardened condition) 38~42

DM 248 O[5P* 830~880 R'd 400~650 34 42 0|4 740~800 MY
MAX* Oil quench Air cool Min Slow cooling

YXR33 241 O[5t 1,080~1,140 94 550~600 &' 54 0|4} 800~880 Ad
MAX Oil quench Air cool Min Slow cooling

XA 22 Holof| oJstof ZmalstEY o R HF
Delivered in Prehardened conditions depending on the agreement between the delivering parties.
A28 ZUC| A, AT{IIE SX|A|Zt Quenching and tempering time of YSS die steels
AU JIHOX|AIZE 1. Holding time at quenching
( 1) OlI@AIRE (1) Preheating time
H1EF 500~550CxAU7tE SX|A|2Ex2 Firststage  :500-550°Cxquenching holding timex2

2T 750~800CxAYUTHE SX|AIZHx1 Second stage : 750-800°Cxsame length of quenching holding time

(2) ARUIIE QX|A|IZH (2)Holding time at quenching

Notice : If you take preheating time, dipping time can be regarded as holding time.

2. 28 FX|AZ 2. Holding time at tempering

39| A2 23| 0|4 BhEE 2 Notice : Tempering is needed more than 2 times.

2 IIZ2700 J|THE S 3L AL B, 91, GOt 52 TAH AR CIO|E{of ofFt CHEXQI 310, MZE2| 22 BE5I1 UX|= &L
£ 3152 0] o[x{ (182 0 00| HAE & AULICH

<Attention> The characteristics, photos, charts, ranking and evaluation of this catalog are representative value by our test data,

it does not guarantee the quality of the product. This catalog and its contents are subject to change without notice.
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(1sotropy )

AOIAFAT TN

Quenched and tempered hardness curve

LR
nchi

2 1 1,020C
ching temp.

/o/

U=

nchil

AYRE : 1,030T
Quenching temp.

I
\0/"'0‘!(
2E 1, AYRE 11, A2 1 1,020C
\chi . nchi ) Quenching temp

1,080C —
{

\

25
Cy 1,120C( 1,140C
Quenching temp.

b
1o

2 IIE270] J|xHE S 2 AL B8, 29l BoHS2 DA AR CIO|Eof o3 CHEE QI glo|H, MZ2| S BBt UX|= YSLCh
2 2709 7[xH Li&2 o uglo] HAE 5= ASLICE

<Attention> The characteristics, photos, charts, ranking and evaluation of this catalog are representative value by our test data,
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HOT WORK TOOL STEELS
: —r
IR klEHE _|_|o 10| (o)
Guide for selecting die materials (Example)
U2FEERZA  Hot forging dies
o
600 COIof DAC MDC-K YXR33
— i —» —»
Temperature rising; (4DSAP5'2) (50~53) (56~58)
Of CHAH 600 degrees or less
Countermeasures
against wear se
7OO”C3§;I_<,>_ — YEM-K — MDC-K — YXR33
DAC Significant temperature (45~52) (45~53) (56~58)
rising;
(45~50)
(£8) S| 22 oy DAC FUNH(BE X, BY BH2IE 92)
General use l_ Countermeasures —— DAC-i Countermeasures against crack (Lower hardness and rapid guenching)
against heat cracks (48~52)
Qt= LCIO|A  Extrusion dies
, uh2 S0l ofgt o1t Ci ,  DAc40
Anti softening after repeated nitriding (45~49)
DAC
(45~49) Zo|1: () ols EE9 HRCHE
] (T (] (O DAG3 0|2 : Mgt 5o EEM2|ol|A LHOLR Y el Ji4M0| Its
(&) —> ‘D_e?leglt%n I{ngre (LE —> (45~52) Remark 1 : HRC hardness
General use : Remark 2 : By surface treatment such as nitriding,

the wear resistance is improvable.

Chefeh 2ek52 W

Comparison of various nitrided layers

Aot EM  Nitriding property

TYPE A TYPEB TYPE C TYPED 1,200
—0—DAC
e (2s) | TSl Y | 9B Meies | EwsmEsx Aty
xispsiEfe} 200] € phase Grain boundaries in | Sulfide, oxide layer |No compound layer 1000 YXR33
=x1o = (Compound layer) | the nitride layer ! —®— YEM-K

(SkD610]| ¥
3ot B2 " P

[9]
Nitriding depth and form| §
(In the case of nitrided ° DAC
< 600
SKDE1) 0.1mm 0.2mm 0.2mm 0.05~0.1mm T
>1000HV >1000HV >1000HV 600~800HV = /
T
S 2HA =
Lis|E=2HY ) 2 3 3 1 " 400
Heat crack resistance %0 DAC3
Liereld
Flaking resistance 2 3 3 L 200
@&zt 570Tx90min
4 . ;
LH |:||-E)(~? ' 2 2 1 3 Nitriding in salt bath
Wear resisitance 0
0 0.05 0.1 0.5 0.2 0.25 0.3
HeHd
2 2 1 3 FEHOZHEZC Ha| (mm)

Erosion resistance

Distance from surface

2 MEE70i| 7|HE E*é, AL BB, =9, Bt 52 FAAIY HOIEof 2fet CHEXQI Z0|H, ME2| BEHES 255t UXl= ¢sLch
2 3122 9] 7|3} {22 0 1g0] AL & QULITH

<Attention> The charactemst\cs, photos, charts, ranking and evaluation of this catalog are representative value by our test data,

it does not guarantee the quality of the product. This catalog and its contents are subject to change without notice.

HOT WORK TOOL STEELS

(!sotropy®|
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=L O oo OTr = Hint-S

Sulfuration nitriding for hot work die "Hint-S"

Hint-S ﬁ: High Improved Nitriding Treatment S-type

HEHO| fotEt Het=2S SAI0 EGAAH,
LHOP 2 - L8 &ES LHIFLZ JHdeh Z2E|2| 20|

or—o= —_— —

JHESr M 2| QILICH(ZFS O TYPE C)

REE (FeSFH)

LAS LIS 240 St

Sulfide layer (Mainly FeS)

For improved galling and erosion resistance

ZolES (FezsNFAH)
LH%C’SQI o

Nitride layer (Mainly Fez-aN)

For improved erosion resistance

The Hint-S is a surface treatment technique
developed by Proterial which improves
significantly wear and erosion resistance of a
die by Ha 2HE

by PSSl el )

Nitrogen diffused layer

For improved strength of base metal

LHE 2 22 (TR EE EEH LHgEd(FE2ad 4EE
Simulation test of hot galling resistance (On forging die) Simulation test of erosion resistance(On casting die)

o 250 A 15
7 el ﬁﬁtal ot JbAZS} (2/0]0.30mm)
a - w3 T o treatmen Gas nitriding
© 200 4 Hint-S oy c (Nitriding depth 0.30mm
= . Specimen o T ° 2} : @10x90L
8 o— with @ 1.0 | | 5ol PACSS | spacimet (340(0.15mm) R picces
o 150 tsur{acet o AC . 45ppe | Gas soft nitriding ° ¢
g &= featmen w Sardness | (Nitriding depth 0.15mm) LJ M [ ]
(?) cX=FI=ES-Y Friction ° °

100 e Salt bath sulfuration nitriding S : [ ]

3
= < 05 [ ]
© ® =
° J}AOIE
S 50 % Gas wom (vt I o125 - 008l/2 | 85 ACAC
= AH Ll A Bobbing motion Molten metal
= °‘6\8\0~8: Work mtera oo Hint-S (2100.30mm) 8 e 23. 30mm | 2 : 750
%]j o X2 No treatment = e (Nitriding depth 0.30mm)| | Sirore e
0 10 20 30 40 (256007) 0 200 400 600
AE AR (9) Bt AIBARZE (2) Bty

Time till test piece galled Evaluation method Testing time (min.) Evaluation method

H|O|E{ A|E Data sheet
1. DUEA > 2. QMR 3. EbgAl+

Coefficient of thermal expansion Thermal conductivity Modulus of elasticity

(x10°%/7C) (W/ (m-K) ) (GPa)
a5 BE | 200c | 400C | 600C d% B35 |yt | 200¢ | 400€ | 600T ¥% B35 |yt | 200 | 400 | 600T
Grade HRC Grade HRC Grade HRC
DAC 45 | 113 | 122 | 128 DAC 45 | 246291310326 DAC 45 | 210 | 200 | 190 | 170
DAC-i 45 | 113 | 122 | 128 DAC-i 45 252 (302319333 DAC-i 45 | 210 | 200 | 190 | 170
DAC-X 45 | 113 | 122 | 130 DACX | 45 |305|321|317 309 DACX | 45 | 210 | 200 | 190 | 170

DAC-MAGIC 45 11.3 12.3 131 DAC-MAGIC | 45 | 25.7 | 30.9 | 34.8 | 35.8 DAC-MAGIC | 45 | 210 | 200 | 190 | —

DAC10 45 11.2 12.0 12.7 DAC10 45 | 26.1 | 31.1 | 33.0 | 345 DAC10 45 | 210 | 200 | 190 | 170
DAC3 45 1.4 12.3 129 DAC3 45 | 252 130.2|31.8 337 DAC3 45 | 210 | 200 | 190 | 150

DM 42 12.2 13.1 13.4 DM 42 | 36.0 | 39.3 | 37.7 | 36.0 DM 42 | 210 | 200 | 190 | 140
YXR33 57 11.3 12.2 129 YXR33 57 | 25.0 | 324|348 | 355 YXR33 57 | 210 | 200 | 190 | 170

20CHE 2t 2EMX|Q B 2
Average value from 20°C to each temperature.

= IHE200] J|HE S 2 AT, B, &9, BotS2 GAF A CIO|Eof 23 hEXQI 2ho|H, XF2| FEE BE0I UX|= UELIC

il O HA,
=2 IIE2709| 7|3 LHE2 0| 1gio Itﬂ’é%'¢i’i§'-ltr.
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