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Main characteristics and applications
Surface hardenable tool steel with hard surface and tough

core, after hardening.

Used for cold heading dies, mould base plates for plastic
mould and die casting tools, hand tools, tongs, agricultural
tools, blanking tools, leather knives.

Comparable standards

UNI W.Nr DIN AFNOR  AISI/SAE  BS
C45U 11730  C45U XC48 ~1045

Chemical composition (typical; in weight %
P (typ g )

C Mn Si P S
0.45 0.7 0.30 0.025 0.003
Critical points
Acl 730°C
Ac3  795°C
Ms 340°C

Heat treatment

Production technology
EAF - LF - VD - Forging - Heat treatment +A /+NSR

US specification

In according to standard EN10160 Class S3E3
and standard SEP 1921 Class C/c

Delivery condition

W1.1730 is delivered annealed condition (+A), with
hardness max 207 HB or in normalized and stress
relieved condition (+NSR).

Physical properties (reference values)

20°C 100°C 250°C 500°C

Thermal expansion

coofheient (0-6/K) | 124 127 132 145

Thermal conductivity
(W/mk) 409 | 411 41.5 35.6
Young modulus

(Kn/mm2) 212 207 196 175

TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS
Annealing Heat to 680-720°C  Min. H.T. for 2 minute /mm Furnace -
(Norsr:ael?:er:lci::\i:igtion) Heat to 600- 650 °C  Min. HT.for 2 minute /mm  Furnace -
Hardness after
Normalizing / Hardening  Heatto 830-850°C  Min. H.T. for 1 minute /mm Air normalizing: 190 HB

Hardness after hardening:
57 HRC (on surface)

Tempering =

To be carried
out after hardening
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\YR HOLDER

Plastic mould ste

el

[ Main characteristics and applications

It is a Chromium - Molybdenum steel that gives good
hardness penetration for smaller sizes; uniform hardness,
high strength and good toughness. The Sulphur content
improves machinability, steel not to be used for high surface
requirements.

"M Comparable standards

UNI
~42CrMo4

W.Nr
1.7225

DIN
~42CrMo4

AFNOR  AISI/SAE
~42CD4

BS
~708A42

EM Chemical composition (typical; in weight %)

A Production technology
EAF - LF - VD - Forging - Heat treatment +A/+QT

A US specification

In according to standard EN10160 Class S3E3 and
standard SEP 1921 Class C/c

78 Delivery condition

VR HOLDER is delivered in annealed condition, with
hardness max 245 HB or quenched and tempered
condition, with hardness range 262 - 321 HB (22 - 31
HRC).

FB Physical properties (reference values)

< Mo S P > < Mo 20°C 100°C 250°C 500°C
038 0.8 030 0.025 0.03 1 0.20
Thermal expansion
coefficient (10-6/K) 12.1 12.7 12.9 13.9
ﬂ Critical pOints Thermal conductivity
40 39.8 38.9 36.9
Acl 745°C (W/mk)
Ac3  790°C
Young modulus
Ms 300 °C (Kn/mm2) 212 207 200 175
EM Heat treatment
TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS
Annealing Heat to 700-720°C  Min. H.T. for 2 minute /mm Furnace -
Hardening Heat to 850-880°C  Min. HT. for 1 minute /mm Polym'er -
quenching
. To be carried out
Tempering - - -

after hardening
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VR HOLDER Plastic Mould Steel
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Plastic mould steel

[ Main characteristics and applications

Pre-hardened plastic mould steel with hardening penetration
up to 400mm, with good polishing and texturing properties.
This steel is suitable for nitriding (around 800 HV), chrome
and nickel PVD plating.

Used for plastic moulds with excellent surface finishing
properties. It is also used for mould frames, plates, dies box,
etc.

P Comparable standards

UNI  W.Nr DIN AFNOR AISI/SAE BS

12311 X40CrMnMo7 40CMD8 ~P20 ~P20

EM Chemical composition (typical; in weight %)

C Mn Si Cr Mo P S
0.38 1.5 0.30 2 0.2 0.025 0.003

A Critical points

A Production technology
EAF - LF - VD - Forging - Heat treatment QT

A US specification

In according to standard EN10228-3 Class 4 and
standard SEP 1921 Class E/e

78 Delivery condition
W1.2311 is delivered in quenched and tempered

condition, with hardness range 280 - 325 HB (29 - 35
HRC).

FB Physical properties (reference values)

20°C 100°C 250°C 500°C

Thermal expansion
coefficient (10-6/K) 12.1 12.4 12.9 141

Thermal conductivity 361 362 36.4 335

Acl  740°C (W/mio
Ac3  820°C Young modulus
Ms 310 °C (Kn/mm2) 212 205 200 175
EM Heat treatment
TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS
Air or In order to obtain hardness lower
Annealing Heat to 700 - 720 °C Min. H.T. for 2 minute /mm f N than 250 HB (24 HRC) to improve
urnace S
machinability
Heat to 560 - 600 °C . To' be carried out after n?ac.hining,
Stress relievin max 30 °C bel Min. HT. for 2 minute jmm /" " is recommended to eliminate
ess retieving (ma eow elro ute furnace the residual stresses induced by

tempering temperature)

mechanical working

Hardening Heat to 860 - 880 °C Min. HT. for 1 minute /mm Polymer -

Tempering Heat to 550 - 620 °C Min. H.T. for 3 minute /mm

To be carried out after hardening.

Air or 2nd Tempering must be performed
furnace to max 30°C below tempering
temperature
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1.2311 Plastic Mould Steel
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Plastic mould steel

[ Main characteristics and applications

Pre-hardened Sulphur alloyed plastic mold steel with
excellent machinability, also in hardened and tempered
condition, thanks to the Manganese-sulfide.

The main application is for core-parts and underbodies of
plastic moulds also in large sizes; steel not to be used for
polishing and texturing.

Itis also used for plates, mould frames, die boxes. It is suitable
for nitriding (around 800 HV).

"M Comparable standards

UNI  W.Nr DIN AFNOR AISI/SAE BS
12312 X40CrMnMoS8-6  (40CMDSS) P20

EM Chemical composition (typical; in weight %)

C Mn Si Cr Mo P S
0.38 1.5 0.30 2 0.2 0.025 0.08

A Critical points

A Production technology
EAF - LF - VD - Forging - Heat treatment QT

A US specification

In according to standard EN10228-3 Class 3 and
standard SEP 1921 Class D/d

78 Delivery condition

W1.2312 is delivered in quenched and tempered
condition, with hardness range 270 - 310 HB (28 - 33
HRC).

FB Physical properties (reference values)
20°C 100°C 250°C 500°C

Thermal expansion

coefficient (10-6/K) 121 12.4 12.9 13.9

Thermal conductivity 38.9 39 4041 357

W/mk
Acl 740 °C (W/mk)
AC3 820 oC Young modulus 212 205 200 175
Ms 310 °C (Kn/mm2)
EM Heat treatment
TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS
Air or In order to obtain hardness
Annealing Heat to 700 - 720 °C Min. H.T. for 2 minute /mm Furlnace lower than 250 HB (24 HRC) to
improve machinability
" et ko S0 - BOORE Air or macg?n?: C?sr:'::o:;ZEtj;d to
Stress relieving (max 30 °C below Min. H.T. for 2 minute /mm achining, -
furnace eliminate the residual stresses

tempering temperature)

induced by mechanical working

Hardening Heat to 860 - 880 °C Min. H.T. for 1 minute /mm Polymer -

Tempering Heat to 550 - 620 °C Min. H.T. for 3 minute /mm

To be carried out after hardening.
Air or 2nd Tempering must be
furnace performed to max 30°C below
tempering temperature
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1.2312 Plastic Mould Steel
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\'R 16 A'R 16HH

Plastic mould steel

[ Main characteristics and applications

VR16 is a Pre-hardened stainless martensitic Chrome-
Molybdenum steel with excellent toughness, good
polishability,improved machinability and excellent resistance
to corrosion.

Main benefits of steel with excellent corrosion resistance are:
 Lower mould maintenance cost.

« Higher production performance due to the lower production

cost (cooling channels are not affected by corrosion).

Applications:

« plastic moulds.

- particularly for corrosive plastic as PVD.
« Dies for plastic extrusion.

» Mould for household appliances.

PH Chemical composition (typical; in weight %)
C Mn Si Cr Mo Ni P S
028 0.9 0.30 14 1 0.7 0.008 0.003

EM Production technology
EAF - LF - VD - Forging - Rolling - Heat treatment QT

Al US specification

In according to standard EN10228-3 Class 4 and standard
SEP 1921 Class E/e

FH Tempering curve
1020°C > oil
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A Delivery condition

VRI16 is delivered in quenched and tempered condition:
VR16, Standard version: hardness range 280 - 325 HB
(29 - 35 HRC)

VR16HH, High hardness: hardness range 350 - 390HB
(38 - 42 HRQ)

A Microstructure

W1.2316 VR16

50X Martensitic
structure
with carbides

50X Homogenous
microstructure,
without carbides

7B Physical properties (reference values)
20°C 100°C 250°C 500°C

Thermal expansion
coefficient (10-6/K) 105 105 10.9 1.7
Thermal conductivity
(W/mk) 23.4 23.7 24 -
Young modulus

(Kn/mm2) 218 213 205 180
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VR16 / VR16HH Plastic Mould Steel

FH Heat treatment

TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS
. Furnace up
. Heat to Min. HT. o
Annealing 770 - 820 °C for 2 minute /mm to 690 C i
than in air

To be carried out after
Stress relieving Heat to Min.H.T. Air or machining, is recommended to
550-600 °C for 2 minute /mm furnace eliminate the residual stresses
induced by mechanical working

Preheating to 600-

Hardening 700°C. Austenitizing for 1r:1linn'u|_t|;r./mm :r?l);;naei: Qunched hardness 50 HRC
to 990 - 1040 °C d
To be carried out after hardening.
Tempering i ) Air 2nd Tempering must be

performed to max 30°C below

tempering temperature
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Plastic mould steel

fM Main characteristics and applications

VR16 is a Pre-hardened stainless martensitic Chrome-

Molybdenum steel with excellent toughness, good

polishability,improved machinability and excellent resistance

to corrosion.

Main benefits of steel with excellent corrosion resistance are:

 Lower mould maintenance cost.

« Higher production performance due to the lower production
cost (cooling channels are not affected by corrosion).

Applications:

- plastic moulds.

« particularly for corrosive plastic as PVD.

« Dies for plastic extrusion.

» Mould for household appliances.

PH Chemical composition (typical; in weight %)
C Mn Si Cr Mo Ni P S
028 0.9 0.30 14 1 0.7 0.008 0.003

EM Production technology

Electro-slag-remelting (ESR) - Forging - Rolling - Heat
treatment QT

A US specification

In according to standard EN10228-3 Class 4 and standard
SEP 1921 Class E/e

F-H Tempering curve

1020°C - oil

70

65

60
.
%‘) 55
T ., o~
. [ \
3 45
5 \
T .
C \
I 35

30

25

20

0 100 200 300 400 500 600 700

Tempering temperature [°C]

A Delivery condition

VRI16 is delivered in quenched and tempered condition:
VR16, Standard version: hardness range 280 - 325 HB
(29 - 35 HRC)

VR16HH, High hardness: hardness range 350 - 390HB
(38 - 42 HRC)

A Micr

ostructure

¥ "

W1.2316 VR16
50X Martensitic

structure
with carbides

50X Homogenous
microstructure,
without carbides

FA Physical properties (reference values)
20°C 100°C 250°C 500°C

Thermal expansion
coefficient (10-6/K) 1051 105 10.9 n7
Thermal conductivity
(W/mk) 234 | 237 24 -
Young modulus

(Kn/mm2) 218 213 205 180
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VR16 / VR16HH ESR Plastic Mould Steel

FH Heat treatment

TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS
. . Furnace up
Annealing Heatto770-820°C  Min-HT.for2minute = “o650c -
/mm .
than in air
To be carried out after
Stress relieving  Heat to 550 - 600 °C Min. H.T. for 2 minute Air or m.acllwlnlng, is recgmmended to
/mm furnace eliminate the residual stresses
induced by mechanical working
Preheating to 600- .
Hardening 700°C. Austenitizing f 1M|.n. ':J/ :Oli?:.r Qunched hardness 50 HRC
to 990 - 1040 °C or 1T minute /mm r gas air
To be carried out after hardening.
. . 2nd Tempering must be
Tempering all performed to max 30°C below
tempering temperature
0] C.CT.curve
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Plastic mould steel

[ Main characteristics and applications Pl US specification

VR200 is a prehardened plastic mold steel with hardening In according to standard

penetration up to 600mm, for medium size molds and tool + ASTM A578-59 2 mm and EFBH up to 407 mm
with excellent machinability . « ASTM A578-59 3,2 mm and EFBH over 407 mm
To be used for plastic dies with excellent surface finish

properties, compression moulding, plastic injection moulds ﬂ Delivery condition

core and cavities, moulds for automotive industry with VR200 is delivered in quenched and tempered
texturing. condition:

VR200 is designed to provide improved performance and

> VR200, Standard version: hardness range 290 - 320 HB
offer the following advantages:

i ) (30 -34 HRC)
« uniform hardness across the full thickness up to 600 mm.
« good polishability . VR200HH High hardness: hardness range 320 - 350HB
» good machinability. (34 - 38 HRQ)
« good suitability for texturing .
* good toughness. A Physical properties (reference values)

20°C 100°C 250°C 500°C

PH Chemical composition (typical; in weight %)
Thermal expansion
C Mn Si P S CR Mo Ni B coefficient (10-6/K)

0.27 130 Max0.15 0.010 0.003 13 0.4 0.34 0.003

1.3 11.8 12.3 13.6

Thermal conductivity

(W/mk) 40.0 | 392 383 351

EM Production technology

Young modulus

EAF - LF - VD- Forging - Rolling - Heat treatment QT (Kn/mm2) 205 201 182 )

78 Heat treatment

TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS

Min. HT. In order to obtain hardness lower

Annealing Heat to 650 - 700 °C . Air or furnace than 250 HB (24 HRC) to improve
for 2 minute /mm L
machinability

To be carried out after machining,
. a Min. HT. . is recommended to eliminate
Stressrelieving  Heat to 500 -350°°C for 2 minute /mm Air or furnace the residual stresses induced by

mechanical working

. o Min. H.T.
Hardening Heat to 860 - 900 °C For 1 minute /mm Polymer -

To be carried out after hardening.
. q Min. HT. . 2nd Tempering must be performed
Tempering Heat to 530 -610°C for 3 minute /mm Air or furnace to max 30°C below tempering

temperature
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VR200 Plastic mould steel

Fll C.CT. curve
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i1 Polishing Range

\'R300

Code Type of polishing Application Roughness ym
VRO1 Silicon Carbide Grinding Paper “100” Technical polishing of internal parts or stamp RA 0.69-RZ 4.62
P la s t i c m : u ld s t E E l VRO3 Silicon Carbide Grinding Paper “150” Technical polishing of extraction parts RA 0.57-RZ 3.62
VRO5 Silicon Carbide Grinding Paper “240” Technical polishing of stamps and mold RA 0.39-RZ 3.40
VRO7 Silicon Carbide Grinding Paper “400” Technical polishing of mold product to paint RA 0.23-RZ 2.28
. .. . . . VR09 | Silicon Carbide Grinding Paper “800” Pre-Lapping RA 0.21-RZ 1.22
(M Main characteristics and applications M Through hardenability
VR300 is a pre-hardened steel with excellent hardening The high performance of hardenability for thickness VR Polishing Pads 320 Sisal Polishing from pads 320 and Sisal RA0.06-RZ0.34
penetration up to thickness 600mm. To be used for plastic 600 mm, is obtained by an optimized balance of ) o . o
. - . . VR13 Dry D d Polishing Pads 400 (3 Lapping of paint pieces (frompads 400, .03- )
dies with excellent surface finishing properties,compression chemical composition and a special manufacturing v Flamend Forishing Fags () pping eTpaintp (e 4 RA0.03RZ012
moulding, plastic injection moulds, moulds for automotive process.
industry with texturing. Roughness tolerance: RA +/- 10% from VRO1 to VR09 and +/- 15% from VR11to VR13
Hardness distribution on thickness 500 mm RZ +/-10% from VROT to VRO9 and +/- 15% from VR11 to VR13
VR300 is designed to provide improved performance and 340
offers the following advantages: 130
« uniform hardness across the full thickness up to 600mm.
. . o -= 320
* high polishability. g
« high machinability. £ 30
« excellent suitability for texturing. B o _
- greatly increased thermal conductivity. § \
+ good toughness. © 0 ‘\,\‘
[}
L 20 ° VRO1 VRO3 VRO5 VRO7 VR09
PH Chemical composition (typical; in weight %) 270
C Mn Si P S Cr Mo Ni 260
030 145 Max030 0.010 0003 16 04 0.65 250

0 50 100 150 200 250 300
Distance from surface (mm)

EM Production technology

1:1scale

EAF - LF - VD - Forging - Rolling - Heat treatment QT . . VR11 VR13

7B Physical properties (reference values)
Pl US specification 20°C  100°C  250°C  500°C
In according to standard EN10228-3 Class 4 and standard Thermal expansion 7 1.6 121 13.8 13/ Texturing Samples
SEP 1921 Class E/e coefficient (10-6/K) . .

Texturing performed by Standex Mold-tech with patterns Standex MT 9086, MT 9055 and 9083
Thermal conductivity
40.0 | 393 38.4 352

A Delivery condition (W/mk)
VR300 is delivered in quenched and tempered condition, Young modulus 205 201 i i
with hardness range 280 - 325 HB (29 - 35 HRC). (Kn/mm2)

1:Tscale ; h = 1:1scale
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VR300 Plastic Mould Steel

F-M Heat treatment

TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS
Min. HT Air or In order to obtain hardness lower
Annealing Heat to 650 - 700 °C L than 250 HB (24 HRC)
for 2 minute /mm furnace . S
to improve machinability
To be carried out after machining,
i o Min. HT. Air or is recommended to eliminate
Stress relieving JRlicatobROESONS for 2 minute /mm furnace the residual stresses induced by
mechanical working
. o Min. H.T.
Hardening Heat to 860 - 900 °C For 1 minute /mm Polymer -
To be carried out after hardening.
. ° Min. HT. Air or 2nd Tempering must be
Tempering izt ho SED-EIDHE for 3 minute /mm furnace performed to max 30°C below
tempering temperature
CM C.CT. curve
Austenitisation: 850°C
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1.2738

Plastic mould steel

[ Main characteristics and applications

Pre-hardened plastic mould steel with excellent hardening
penetration, good machinability, polishing and texturing
properties.

This steel is used for plastic moulds of medium and big size.
It can be subject to a nitriding or PVD treatment to improve
its wear resistance.

Main applications: thermoplastic injections and extrusion
moulds, rubber moulds, large moulds, frames, containers.

"M Comparable standards

UNI W.Nr DIN AFNOR  AISI/SAE BS

12738 40CrMnNi- 40CMND8 ~P20+Ni  ~P20+Ni
Mo8-6-4

3 Chemical composition (typical; in weight %)
C Mn Si Cr Ni Mo P S
038 15 030 2 1 0.2 0.025 0.003

A Critical points

Acl  720°C
Ac3  800°C
Ms 290°C

FH Heat treatment

A Production technology
EAF - LF - VD - Forging - Heat treatment QT

A US specification

In according to standard EN10228-3 Class 4 and
standard SEP 1921 Class E/e

7B Delivery condition

W1.2738 is delivered in quenched and tempered
condition, with hardness range 300 - 340 HB (32 - 37
HRC).

FB Physical properties (reference values)
20°C 100°C 250°C 500°C

Thermal expansion
coefficient (10-6/K) 12.0 12.4 12.9 141
Thermal conductivity
(W/mk) 331 335 34.5 32,6

Young modulus

(Kn/mm2) 212 205 200 175

TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS
In order to obtain hardness
Annealing Heat to 680 - 700 °C Min. H.T. for 2 minute /mm  Airorfurnace lowerthan 250 HB (24 HRC) to

improve machinability

Heat to 560 - 600 °C
(max 30 °C below
tempering temperature)

Stress relieving

Min. H.T. for 2 minute /mm

To be carried out after machining,
is recommended to eliminate
the residual stresses induced by
mechanical working

Air or furnace

Hardening Heat to 860 - 880 °C

Min. HT. for 1 minute /mm

Polymer -

Tempering Heat to 550 - 620 °C

Min. H.T. for 3 minute /mm

To be carried out after hardening.
2nd Tempering must be
performed to max 30°C below
tempering temperature

Air or furnace

TOOL
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1.2738 Plastic Mould Steel

Austenitisation: 840°C, 15 min.
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W1.2738HH

Plastic mould steel

(M Main characteristics and applications

W1.2738HH is a Pre-hardened plastic tool steel ideal to
produce block with thickness up to 1300mm in large size
with an high performance of trough hardening homogeneity.
To be used for plastic injection moulds, compression moulds,
big sizes moulds for automotive industry with texturing.

W1.2738HH is designed to provide improved performances
and offers the following advantages:

« uniform hardness across the full thickness up to 1300mm.
* high polishability.

« high machinability.

« excellent suitability for texturing.

- greatly increased thermal conductivity.

« improved weldability as W 1.2738.

* good toughness.

2 | Chemical composition (typical; in weight %)
C Mn Si P S Cr Mo Ni
029 150 Max030 0.010 0.001 13 057 105

EM Production technology
EAF - LF - VD - Forging - Heat treatment QT

Pl US specification

In according to standard EN10228-3 Class 4 and standard
SEP 1921 Class E/e

M Delivery condition

W1.2738HH is in delivered quenched and tempered
condition, with hardness range 320 - 360 HB (34 - 39
HRC).

M Through hardenability

The high performance of hardenability for thickness
1300 mm, is obtained by an optimized balance of
chemical composition and a special manufactured
process.

Hardness distribution on thickness 1000 mm
380

370

0 ® ﬁ\"\'\.\,__.\.\
340

330

320

Hardness in Brinnel

310

50 100 150 200 250 300 350 400 450 500 550
Distance from surface (mm)

7B Physical properties (reference values)

20°C 100°C 250°C 500°C

Thermal expansion
coefficient (10-6/K) 1.4 1.6 12.7 14.2
Thermal conductivity
(W/mk) 36 36.7 38 343

Young modulus

(Kn/mm2) n 207 199 166

TOOL
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iPA Polishing Range

Code Type of polishing Application Roughness ym

RA 0.69-RZ 4.62

VRO1 Silicon Carbide Grinding Paper “100” Technical polishing of internal parts or stamp

VRO3 Silicon Carbide Grinding Paper “150” Technical polishing of extraction parts RA 0.57-RZ 3.62

VRO5 Silicon Carbide Grinding Paper “240” Technical polishing of stamps and mold RA 0.39-RZ 3.40

VRO7 Silicon Carbide Grinding Paper “400” Technical polishing of mold product to paint RA 0.23-RZ 2.28

VR09 Silicon Carbide Grinding Paper “800” Pre-Lapping RA 0.21-RZ 1.22

VRI11 Polishing Pads 320 Sisal Polishing from pads 320 and Sisal

RA 0.06-RZ 0.34

VR13 Dry Diamond Polishing Pads 400 (3 pm) Lapping of paint pieces (frompads 400) RA 0.03-RZ 0.12

VR15 Dry Diamond Polishing Pads (Lapping Tum) | Lapping of transparent pieces RA 0.02-RZ 0.10

VR17 Optical lapping 1/4 pm Special lapping of transparent pieces (glasses lens)

Roughness tolerance: RA +/-10% from VROT to VR09 and +/- 15% from VR11to VR17
RZ +/-10% Ffrom VRO1 to VR09 and +/- 15% from VRI11to VR17

VRO1 VRO3 VRO7 VR09

1:1scale

VR11 VR13 VR15 VR17

iKY Texturing Samples
Texturing performed by Standex Mold-tech with patterns Standex MT 9086, MT 9055 and 9083

1:T'scale: 1:1scale

NLMK Verona S.p.A

Via Antonio Salieri, 22 - 37050 Vallese di Oppeano (VR) - Italy
Tel.: +39 04569 97 900 - Fax : +39 045 69 97 915
toolsteel.verona@eu.nlmk.com - & toolsteels.nlmk.com
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W?1.2738 HH Plastic Mould Steel

Il Heat treatment

TREATMENT TEMPERATURE HOLDINGTIME(HT) COOLING COMMENTS
Min HT Air or In order to obtain hardness lower than
Annealing Heat to 650 - 700 °C L 250 HB (24 HRC)
for 2 minute /mm furnace . A
to improve machinability
To be carried out after machining,
- o Min. H.T. Air or is recommended to eliminate
Stress relieving JRLIEECENDEE SRS for 2 minute /mm furnace the residual stresses induced by
mechanical working
. o Min. HT. _
Hardening Heat to 860 - 900 °C for 1 minute /mm Polymer
To be carried out after hardening.
. } o Min.H.T. Air or 2nd Tempering must be performed
Tempering ekl -Eilne for 3 minute /mm furnace to max 30°C below tempering
temperature
CM C.CT.curve
Austenitisation: 880°C, 1 min.
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Plastic mould steel

(M Main characteristics and applications

VR400 is a high hard tool steel ideal to produce block with
thickness up to 1300mm in large size with an high performance
of trough hardening homogeneity. To be used for plastic
injection moulds, compression moulds, big sizes moulds for
automotive industry with texturing.

VR400 is designed to provide improved performances and
offers the following advantages:

« uniform hardness across the full thickness up to 1300mm.

« high polishability.

« high machinability.

« excellent suitability for texturing.

- greatly increased thermal conductivity.

« improved weldability as W 1.2738.

- good toughness.

2 | Chemical composition (typical; in weight %)
C Mn Si P S Cr Mo Ni
029 150 Max0.30 0.010 0.001 13 057 105

EM Production technology
EAF - LF - VD - Forging - Heat treatment QT

Pl US specification

In according to standard EN10228-3 Class 4 and standard
SEP 1921 Class E/e

A Delivery condition

VR400 is delivered in quenched and tempered
condition, with hardness range 360 - 400 HB

(39 - 43 HRC).

A Through hardenability

The high performance of hardenability for thickness
1300 mm, is obtained by an optimized balance of
chemical composition and a special manufactured

process.
Hardness distribution on thickness 1300 mm
410
400
K]
e [
= \—.\.\._‘\‘
Q@ 34
£ Te—e—
3 370
[
[=
E 360
T
T 350

340

50 100 150 200 250 300

350 400

450 500

Distance from surface (mm)

550 600 650

FA Physical properties (reference values)

20°C  100°C  250°C  500°C
T g | 14 M6 127 | 142
'(r\:lv?:ka)l conductivity 36 367 38 243
{,2:,‘,",?1;‘;;’“‘“5 211 207 | 199 | 166
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iP1 Polishing Range

Code Type of polishing Application Roughness pm
VRO1 Silicon Carbide Grinding Paper “100” Technical polishing of internal parts or stamp RA 0.69-RZ 4.62
VRO3 Silicon Carbide Grinding Paper “150” Technical polishing of extraction parts RA 0.57-RZ 3.62
VRO5 Silicon Carbide Grinding Paper “240” Technical polishing of stamps and mold RA 0.39-RZ 3.40
VRO7 Silicon Carbide Grinding Paper “400” Technical polishing of mold product to paint RA 0.23-RZ 2.28
VR09 Silicon Carbide Grinding Paper “800” Pre-Lapping RA 0.21-RZ 1.22
VRI11 Polishing Pads 320 Sisal Polishing from pads 320 and Sisal RA 0.06-RZ 0.34
VR13 Dry Diamond Polishing Pads 400 (3 pm) Lapping of paint pieces (frompads 400) RA 0.03-RZ 0.12
VR15 Dry Diamond Polishing Pads (Lapping Tum) | Lapping of transparent pieces RA 0.02-RZ 0.10
VR17 Optical lapping 1/4 um Special lapping of transparent pieces (glasses lens)

Roughness tolerance: RA +/-10% from VRO1to VR09 and +/- 15% from VR11 to VR17
RZ +/-10% from VRO1 to VR09 and +/- 15% Ffrom VR11to VR17

VRO1 VRO3 VRO7 VRO09

1:1scale

VR11 VR13 VR15 VR17

iKY Texturing Samples
Texturing performed by Standex Mold-tech with patterns Standex MT 9086, MT 9055 and 9083

1:T'scale 1:1scale

NLMK Verona S.p.A

Via Antonio Salieri, 22 - 37050 Vallese di Oppeano (VR) - Italy » T()() L Verona
Tel. : +39 045 69 97 900 - Fax : +39 045 69 97 915 A\ STEELS’

toolsteel.verona@eu.nlmk.com - & toolsteels.nlmk.com



VR400 Plastic Mould Steel

FH Heat treatment 0] Mechanical properties
— Tensile strength
TREATMENT  TEMPERATURE  HOLDING TIME (HT) COOLING COMMENTS T 200 - :i::‘g::::g‘h
E 1800 - Necking
. . In order to obtain hardness lower -
Annealing Heat to 650 - 700 °C Min. H.T. s than 250 HB (24 HRC) to improve Bo 1690
for 2 minute /mm furnace S c
machinability @ 1400
5 \ _
To be carried out after machining, T 1200 ™~ P\
i a Min. HT. Air or is recommended to eliminate 2 \\ To
Stress relieving  Heat to 500 - 550 °C . . . > 1000 I~ 100 €
for 2 minute /mm furnace the residual stresses induced by T T~ S
mechanical working & 800 \\ 80 ©
= — 5
. %0 oo ~ — 60 o
. o Min. HT. c T~ S
Hardening Heat to 860 - 900 °C For 1 minute /mm Polymer g - | __— ~— o &
w o—
- 5
To be carried out after hardening. g 200 — 20 5
. o Min. H.T. Alir or 2nd Tempering must be performed o 0 | o
Tempering Heat to 550 - 610 °C . ° . +
for 3 minute /mm furnace to max 30°C below tempering 400 440 480 520 560 600 640 680 720 760 800
temperature
Tempering temperature [°C]
EM C.C.T. curve
iT0 Tempering curve
Austenitisation: 880°C, 1 min.
1200 Average values of sample dia. 25x50 mm long, hardened at 880°C in oil.
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iP1 Polishing Range

Vi

Code Type of polishing Application Roughness um
VRO1 Silicon Carbide Grinding Paper “100” Technical polishing of internal parts or stamp RA 0.69-RZ 4.62
P l t [ ] l I t l VRO3 Silicon Carbide Grinding Paper “150” Technical polishing of extraction parts RA 0.57-RZ 3.62
a s I c m o u s ee VRO5 Silicon Carbide Grinding Paper “240” Technical polishing of stamps and mold RA 0.39-RZ 3.40
VRO7 Silicon Carbide Grinding Paper “400” Technical polishing of mold product to paint RA 0.23-RZ 2.28
VR09 Silicon Carbide Grinding Paper “800” Pre-Lapping RA 0.21-RZ 1.22
(M Main characteristics and applications A Delivery condition
) . . VRI11 Polishing Pads 320 Sisal Polishing from pads 320 and Sisal RA 0.06-RZ 0.34
VR400 is a high hard tool steel ideal to produce block with VR400 is delivered in quenched and tempered
thickness up to 1300mm in large size with an high performance condition, with hardness range 360 - 400 HB VR13 Dry Diamond Polishing Pads 400 (3 um) Lapping of paint pieces (frompads 400) RA 0.03-RZ 0.12
of trough hardening homogeneity. To be used for plastic (39 - 43 HRQ).
injection moulds, compression moulds, big sizes moulds for VR15 Dry Diamond Polishing Pads (Lapping 1um) | Lapping of transparent pieces RA 0.02-RZ 0.10
automotive industry with texturing. 6 | Through hardenability
) » ] VR17 Optical lapping 1/4 ym Special lapping of transparent pieces (glasses lens)
VR400 is designed to provide improved performances and The high RerForm.ance of hardepal?lllty for thickness
offers the following advantages: 1300 mm, is obtained by an optimized balance of Roughness tolerance: RA +/-10% from VRO1to VR09 and +/- 15% from VR11 to VR17
chemical composition and a special manufactured RZ +/-10% from VRO1 to VR09 and +/- 15% from VR11 to VR17

« uniform hardness across the full thickness up to 1300mm.

- high polishability. process.
« high machinability. Hardness distribution on thickness 1300 mm
410
« excellent suitability for texturing.
« greatly increased thermal conductivity. < “
« improved weldability as W 1.2738. g W ‘\.\,\‘\._’\‘
« good toughness. T S
3 370
.g o VRO1 VRO03 VRO7 VR09
PH Chemical composition (typical; in weight %) )
C Mn Si P S Cr Mo Ni 0 50 100 150 200 250 300 350 400 450 500 550 600 650
029 150 Max030 0.010 0001 13 057 105 Distance from surface (mm)
FA Physical properties (reference values) B
‘I scale
FM Production technology 20°C_100°C  250°C 500°C VR11 VRI3 VR15 VRI7
Electro-slag-remelting (ESR) - Forging - Heat treatment QT Thermal expansion M4 | 116 127 14.2
coefficient (10-6/K) X
iKY Texturing Samples
Thermal conductivity 36 367 38 343
A us specification (W/mk) : : Texturing performed by Standex Mold-tech with patterns Standex MT 9086, MT 9055 and 9083
In according to standard EN10228-3 Class 4 and standard Young modulus 11 207 199 166
SEP 1921 Class E/e (Kn/mm2)

i Tiscale 1:1scale

g NLMK V, S.p.A
v » T()()L . Verona E A 'E Via Antoni)rg:l?eri,F;Z - 37050 Vallese di Oppeano (VR) - Italy v .] T()()L o Verona
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VR400 ESR Plastic Mould Steel

Il Heat treatment

TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS
Min. HT Air o In order to obtain hardness lower
Annealing Heat to 650 - 700 °C LT than 250 HB (24 HRC) to improve
for 2 minute /mm furnace S
machinability
To be carried out after machining,
- o Min. HT. Air or is recommended to eliminate
Stress relieving ELEHECERCRESIE for 2 minute /mm furnace the residual stresses induced by
mechanical working
. o Min. H.T. )
Hardening Heat to 860 - 900 °C for 1 minute /mm Polymer
To be carried out after hardening.
. _ 3 Min. HT. Air or 2nd Tempering must be performed
Tempering AERRD S GITHE for 3 minute /mm furnace to max 30°C below tempering
temperature
CH C.C.T.curve
Austenitisation: 880°C, 1 min.
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Plastic mould steel

[ Main characteristics and applications
Martensitic stainless steel with a high hardenability, good
polishing properties, excellent resistance to corrosion and
rust.

Its applications are plastic moulds, high wear resistance
cavities particularly for processing of acid aggressive plastics
(i.e. acetate and PVC), or plastics containing abrasive fillers.
Suited for the manufacture of transparent plastics such as
moulds for optical and medical products.

"M Comparable standards

UNI  W.Nr DIN AFNOR  AISI/SAE BS
X42Cr13 12083 X40Crl4 - 420C

kM Chemical composition (typical; in weight %)

C Mn Si Cr P S
0.40 0.70 0.50 13 0.025 0.003

Al Critical points

A Production technology
EAF - LF - VD - Forging - Heat treatment +A

A US specification

In according to standard EN10228-3 Class 4 and
standard SEP 1921 Class E/e

7A Delivery condition

W1.2083 is delivered annealed condition, with hardness
max 241 HB (23 HRC).

FB Physical properties (reference values)

20°C 100°C 250°C 500°C

Thermal expansion

coefficient (10-6/K) 1.1 1.4 1.8 12.6

Thermal conductivity

205 | 221 23.6 251

Acl  790°C (W/miq
Ac3  850°C Young modulus
Me  165°C (Knjimmd) 218 | 210 | 202 | 180
FM Heat treatment
TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS

In order to obtain hardness lower

Annealing Heat to 780-800°C  Min. H.T. for 2 minute /mm G than 240 HB (23 HRC) to improve
furnace N
machinability
Heat to 30 °C ' To. be carried out after n?ac'hlnlng,
St lievi below t . Min. H.T. for 2 minute / Air or is recommended to eliminate
ress retieving ¢ owtempering n- 7.1 for < minute /mm furnace the residual stresses induced by
temperature

mechanical working

Hardening Heat to 1000-1050 °C  Min. H.T. for 1 minute /mm  Oil - Gas air -

Tempering Heatto 170-270°C  Min. H.T.for 3 minute /mm Air

To be carried out soon after the
hardening according to the required
hardness; at 170 - 270°C in order to

match hardness and resistance to
corrosion; permanence for at least 2
hours; tempering must be repeated
at least twice at a temperature 30°C
lower than the previous

TOOL
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1.2083 Plastic Mould Steel

i C.C.T.curve
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1.2083 ESR

Plastic mould steel

[ Main characteristics and applications A Production technology
Martensitic stainless steel with a high hardenability, good

polishing properties, excellent resistance to corrosion and Electro - slag - remelting (ESR) - Forging - Heat

treatment +A

rust.
Its applications are plastic moulds, high wear resistance . .
cavities particularly for processing of acid aggressive plastics 6 NV specification
(i.e.‘ acetate and PVC), or plastics containing abra?sive fillers. In according to standard EN10228-3 Class 4 and
Suited for the 'manuFacture' of transparent plastics such as standard SEP 1921 Class E/e
moulds for optical and medical products.
"M Comparable standards VAl Delivery condition
W1.2083 is delivered annealed condition, with hardness
UNI W.Nr DIN AFNOR  AISI/SAE BS max 241 HB (23 HRC).
X42Cr13 12083  X40Cr14 - 420C

FB Physical properties (reference values)
EM Chemical composition (typical; in weight %)

C Mn Si Cr P [ 20°C 100°C 250°C 500°C
0.40 0.70 0.50 13 0.025 0.003 I::Frf'i:?é s;(g;nsg/cig 1 14 18 126
ﬂ Critical POints Thermal conductivity 205 | 221 236 251
Acl 790 °C (W/mk)
Ac3 850°C
Ms  165°C Z?ﬁ;‘nf;gd“ws 218 | 210 202 180

FH Heat treatment

TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS

In order to obtain hardness lower

Ay than 240 HB (23 HRC) to improve

Annealing Heat to 780-800°C  Min.H.T.for 2 minute /mm

furnace S
machinability
To be carried out after machinin
Heat to 30 °C . : achining,
Lo . . . Air or is recommended to eliminate
Stress relieving below tempering Min. H.T. for 2 minute /mm . .
furnace the residual stresses induced by
temperature

mechanical working

Hardening Heat to 1000-1050 °C  Min. H.T. for 1 minute /mm  Oil - Gas air -

To be carried out soon after the
hardening according to the required
hardness; at 170 - 270°C in order to

match hardness and resistance to
corrosion; permanence for at least 2
hours; tempering must be repeated
at least twice at a temperature 30°C
lower than the previous

TOOL
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Tempering Heatto 170-270°C  Min. H.T. for 3 minute /mm Air




1.2083 ESR Plastic Mould Steel
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Plastic mould steel

[ Main characteristics and applications

Pre-hardened Martensitic stainless chromium steel with
excellent corrosion resistance, higher than similar Cr grades
(i.e. W1.2083) characterized by special alloying with the
addition of Sulphur.

W1.2085 is used for core parts and mould bases of corrosion
resistance plastic moulds or where equipment needs to be
made with excellent workability and excellent corrosion
resistance.

P Comparable standards
UNI  W.Nr DIN AFNOR  AISI/SAE BS

- 12085 ~X33Crs16 ~Z33CS16  ~442+S -

EM Chemical composition (typical; in weight %)
C Mn Si Cr Mo Ni P S

033 10 10 16 Max10 Max10 0.005 0.08

A US specification

In according to standard EN10228-3 Class 4 and
standard SEP 1921 Class E/e

A Delivery condition

W1.2085 is delivered in quenched and tempered
condition, with hardness range 280 - 325 HB (29 - 35
HRC).

FA Physical properties (reference values)
20°C 100°C 250°C 500°C

Thermal expansion
coefficient (10-6/k) | 100 | 107 1 121132
Thermal conductivity
(W/mk) 222 227 21 245
Young modulus

(Kn/mm2) 215 21 203 180

FH Critical points

. Acl 790 °C
"8 Production techn
oduction technology A3 890°C
EAF - LF - VD - Forging — Heat treatment QT Ms 190 °C
EM Heat treatment
TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS
In order to obtain hardness
Annealing Heat to 850-880°C  Min. H.T. for 2 minute /mm Air or furnace lower than 250 HB ( 24 HRC)

to improve machinability

Stress relieving Heat to 590 - 650 °C  Min. HT. for 2 minute /mm Air or furnace

To be carried out after
machining, is recommended to
eliminate the residual stresses
induced by mechanical working

Air or Polymer

Hardening Heat to 1000 - 1050 °C  Min. H.T. for 1 minute /mm -

(depending of size)

Tempering Heat to 550-610°C  Min.H.T. for 3 minute /mm Air or furnace

To be carried out after hardening.
2nd Tempering must be
performed to max 30°C below
tempering temperature
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1.2085 Plastic Mould Steel
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Plastic mould steel

[ Main characteristics and applications

Pre-hardened Martensitic stainless Chromium steel with low
Carbon, characterized by special alloying with the addition of
Sulphur.

VR Stainless is used for core parts and mould bases of
corrosion resistance plastic moulds or where equipment
needs to be made with excellent workability and excellent
corrosion resistance, dies for plastic extrusion, plastic and
rubber molds.

VR Stainless offers the following advantages:
* high machinability.

» good corrosion resistance.

« uniform of hardness.

- improved weldability.

« good ductility.

A Mechanical properties

Approximate values

Tensile test UNI EN ISO 6892-1

PH Chemical composition (typical in weight %)

C Mn Si Cr Mo P S
0.07 11 0.40 12 Max 0.40 0.005 0N

EM Production technology
EAF - LF - VD - Forging - Heat treatment QT

P US specification

In according to standard EN10228-3 Class 4 and
standard SEP 1921 Class E/d

A Delivery condition

VR Stainless is in delivered quenched and tempered
condition, with hardness range 280-325HB (29-36 HRC)

Impac test
UNI EN ISO 148-1

Specimen dimension S L, R,0,2% Rm A5 KvX-20°C
ax b (mm) (mm?) (mm?) (N/mm?) (N/mm?) (%) 0))
251x M 276,1 95 786 1076 10 26
25xM 275 95 800 1078 10 24
25xM 275 95 1040 1074 1 24
A Inclusion content
Microcleanliness: to ASTM E 45 method A: The check must be carried out as per ASTM E 45 met. A.
The maximum permissible grade in the worst filed must be but not certificate:
ASTME 45 At Ah Bt Ct Ch Dt Dh
max - - 1,5 1,0 0,5 1,0 0,5

Sulphide Type A, not considered for S 0,12%
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VR Stainless Plastic Mould steel

FM Physical data

Approximate values

PHYSICAL DATA

Temperature 20°C 100°C 200°C
Density
7800 - 7750
Kg/m?
Modulus of elasticity
200000 - 190000
N/mm?
Coefficient of thermal expansion
- 10.7 x 10-6 10.8 x 10-6
1/°C from 20°C
Thermal conducitivity
27,5 28,1 27,9
W/m °C
Btu in/(ft2h °F) 190 195 193
NLMK V, S.p.A
Via Antonieorg:l?eri,gz - 37050 Vallese di Oppeano (VR) - Italy v ) T()() L
Tel. : +39 045 69 97 900 - Fax : +39 045 69 97 915 A\ STEELS"
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Plastic mould steel

[ Main characteristics and applications

Pre-hardened stainless martensitic chrome- molybdenum
steel with excellent resistance to corrosion, higher than similar
Cr grades (i.e. W1.2083), good polishing and photoengraving
properties.

Its applications are equipments and plastic moulds,
particularly for corrosive plastic as PVD.

Pl Comparable standards
UNI  W.Nr DIN AFNOR AISI/SAE BS

1.2316 ~X36CrMo17 ~Z35CD17 ~442

EM Chemical composition (typical; in weight %)
C Mn Si Cr Mo Ni P S

040 07 030 155 1 0.5 0.005 0.003

8 Production technology
EAF - LF - VD - Forging - Heat treatment QT

A US specification

In according to standard EN10228-3 Class 4 and standard
SEP 1921 Class E/e

FH Heat treatment

TREATMENT TEMPERATURE

HOLDING TIME (HT)

A Delivery condition

W1.2316 is delivered in quenched and tempered
condition, with hardness range 280 - 325 HB (29 - 35
HRC) or in annealed condition with hardness max 240
HB (23 HRC)

A Critical points

Acl  800°C
Ac3  910°C
Ms 200°C

FB Physical properties (reference values)
20°C  100°C 250°C 500°C

Thermal expansion

coefficient (10-6/K) | 104 | 107 1T 19

Thermal conductivity
(W/mk) 235 | 239 242 23.2
Young modulus

(Kn/mm2) 218 209 202 180

COOLING COMMENTS

Annealing Heat to 770 - 820 °C

Furnace up to

Min. H.T. for 2 minute /mm -

600°C than in air

Stress relieving Heat to 550 - 600 °C

Min. H.T. for 2 minute /mm

To be carried out after
machining, is recommended to
eliminate the residual stresses
induced by mechanical working

Air or furnace

Preheating to 600-700°C

Hardening Austenltlzmgo DY Min. HT. for 1 minute /mm Polyme.r Qunched hardness 50 HRC
1050 °C or gas air
To be carried out after hardening.
Tempering _ ) Air 2nd Tempering must be

performed to max 30°C below
tempering temperature
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Hot working steel

(M Main characteristics and applications

Hot working special steel with high wear resistance
associated with special thermal fatigue properties.

Steel can be air hardened or pressure gas (vacuum) which
makes it possible to reduce distortion and cracks caused by
heat treatment.

At working hardness of 50HRC excellent toughness and
is therefore suitable for use in a wide field of operating
condition.

This steel is used for tools as:

- dies for the pressure casting of light alloys.

- wear resistance moulds for plastic processing.

« dies for friction and mechanical presses for hot forming of
steel, brass, aluminum and its alloys.

- extrusion dies for aluminum processing.

* hot work shear blades.

To raise lifetime of tools this steel can be submitted to
surface treatment as thermo-chemical treatments on the
tools or nitriding (ion - saline - gaseous).

P Comparable standards
UNI WNr  DIN  AFNOR AISI/SAE BS

(X37CrMoV51KU)  1.2343  ~X38CrMoV5-1  Z38CDV5 ~HN ~BH1

EM Chemical composition (typical; in weight %)
C Mn Si Cr Mo P S \"

039 04 1 5 12 0.015 0.003 04

A Critical points

Acl  840°C
Ac3 880°C
Ms 260 °C

A Production technology
EAF - LF - VD - Forging - Heat treatment +EFS

A US specification

In according to standard EN10228-3 Class 4 and standard
SEP 1921 Class E/e

FA Delivery condition

W1.2343 is delivered in annealed condition (EFS), with
hardness max 230 HB (21 HRC)
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1.2343 Hot Working Steel

20°C

FM Physical properties (reference values)

100°C  250°C 500°C

Young modulus (Kn/mm2)

EM Heat treatment

TREATMENT

Thermal expansion coefficient (10-6/K) 1.3
Thermal conductivity (W/mk) 18.8

212

TEMPERATURE

1.7 121 13.2
19 229 249
209 197 175

HOLDING TIME (HT)

COMMENTS

L.

Temperature [°C]

Annealing

Heat to 850 °C

Min. H.T. for 2 minute /mm

Stress relieving

Heat to 650-700°C

Min. H.T. for 2 minute /mm

To be carried out
after machining, is
recommended to
eliminate the residual
stresses induced by
mechanical working

Hardening

Preheating to 350-400°C

Second preheating to
750-850°C
Heat to hardening
temperature to
1000-1020°C

Min. HT. for 1 minute /mm

Quenched hardness
52-56HRC

Tempering

In the range 550 - 600°C for at least 3 h according to

hardness requirements and conditions of use.
Tempering must be repeated a second time at a

temperature equal to or 20°C lower than the previous.

Before tempering, the parts must be preheated to
200 -300°C

Usual service hardness:

48-52 HRC

Hardness [HRC]
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Hot working steel

(M Main characteristics and applications

Hot working special steel with high wear resistance
associated with special thermal fatigue properties. Steel
can be air hardened or pressure gas (vacuum) which makes
it possible to reduce distortion and cracks caused by heat
treatment.

At working hardness of 50HRC excellent toughness and
is therefore suitable for use in a wide field of operating
condition.

This steel is used for tools as:

« dies for the pressure casting of light alloys.

- wear resistance moulds for plastic processing.

« dies for friction and mechanical presses for hot forming of
steel, brass, aluminum and its alloys.

« extrusion dies for aluminum processing.

« hot work shear blades.

To raise lifetime of tools this steel can be submitted to
surface treatment as thermo-chemical treatments on the
tools or nitriding (ion - saline - gaseous).

P Comparable standards
UNI WNr  DIN  AFNOR AISI/SAE BS

(X37CrMoV51KU) 12343 ~X38CrMoV5-1  Z38CDV5 ~HN ~BHMN

kM Chemical composition (typical; in weight %)
C Mn Si Cr Mo P S \"

039 04 1 5 1.2 0.015 0.003 04

A Critical points

Acl  840°C
Ac3 880°C
Ms 260 °C

A Production technology

Electro-slag-remelting (ESR) - Forging - Heat treatment
+EFS

A US specification

In according to standard EN10228-3 Class 4 and standard
SEP 1921 Class E/e

FA Delivery condition

W1.2343 is delivered in annealed condition (EFS), with
hardness max 230 HB (21 HRC)
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1.2343 ESR Hot Working Steel

[l Physical properties (reference values)

20°C

100°C  250°C 500°C

Thermal expansion coefficient (10-6/K) 1.3

Thermal conductivity (W/mk) 18.8

Young modulus (Kn/mm?2) 212

M Heat treatment

1.7 121 13.2
19 229 249
209 197 175

TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS
Furnace up
Annealing Heat to 850 °C Min. H.T. for 2 minute /mm  to 550°C -
than in air
To be carried out
after machining, is
UIDEES recommended to
Stress relieving Heat to 650-700°C Min. H.T. for 2 minute /mm up to . .
o eliminate the residual
300-350°C .
stresses induced by
mechanical working
Preheating to 350-400°C
Second preheating to Air or
. 750-850°C . . pressure Quenched hardness
Hardening et ke hedaniing Min. H.T. for 1 minute /mm ool 57-56HRC
temperature to vacuum
1000-1020°C
In the range 550 - 600°C for at least 3 h according to
hardness requirements and conditions of use.
Tempering must be repeated a second time at a .
. ° . . Usual service hardness:
Tempering temperature equal to or 20°C lower than the previous. Air 48-52 HRC

Before tempering, the parts must be preheated to
200 - 300°C
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Hot working steel

(M Main characteristics and applications

High wear resistance hot-working steel, also be used for wear
resistance and polished plastic moulds.

Steel is easy to machine in the annealed condition and needs
a hardening process before final machining.

This steel also shows excellent toughness and high level
insensitivity to thermal shock and thermal fatigue. A nitriding
surface treatment can be carried out to increase the life of
the tooling.

Main applications:

- dies for the pressure casting of light alloys.

- wear resistance plastic moulds.

- tooling for the extrusion of light alloys and steels.
* hot work shear blades.

- rolls for profiling tools (welding area).

« Forging dies.

Hot working tools should be preheated to temperatures in
the range 250 - 300°C before use.

P Comparable standards
UNI WNr  DIN  AFNOR AISI/SAE BS

(X40CrMoV51AKU) 12344 X40CrMoV5-1 - (H13)  (BH13)

kM Chemical composition (typical; in weight %)
C Mn Si Cr Mo P S \"

039 04 1 5 1.3 0.015 0.003 1

A Critical points

Acl  860°C
Ac3  940°C
Ms 340 °C

A Production technology
EAF - LF - VD - Forging - Heat treatment +EFS

A US specification

In according to standard EN10228-3 Class 4 and standard
SEP 1921 Class E/e

FA Delivery condition

W1.2344 is delivered in annealed condition (EFS), with
hardness max 230 HB (21 HRC)
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1.2344 Hot Working Steel

[l Physical properties (reference values)

20°C

100°C 250°C 500°C

Thermal expansion coefficient (10-6/K) 1.3

Thermal conductivity (W/mk) 18.8

Young modulus (Kn/mm?2) 212

M Heat treatment

1.6 12 13
19 229 251
209 197 175

TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS
Furnace up
Annealing Heat to 850 °C Min. H.T. for 2 minute /mm  to 550°C -
than in air
To be carried out
after machining, is
LTS recommended to
Stress relieving Heat to 650-700°C Min. H.T. for 2 minute /mm  up to 300- . .
° eliminate the residual
350°C .
stresses induced by
mechanical working
Preheating to 350-400°C
Second preheating to Air or
. 750-850°C ) ) pressure Quenched hardness
Hardening Heat to hardening Min. H.T. for 1 minute /mm gas by 52-56HRC
temperature to 1000- vacuum
1020°C
In the range 550 - 600°C for at least 3 h according to
hardness requirements and conditions of use.
Tempering must be repeated a second time at a . )
. o . . Usual service hardness:
Tempering temperature equal to or 20°C lower than the previous. Air 44-52 HRC

Before tempering, the parts must be preheated to
200 - 300°C
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Hot working steel

(M Main characteristics and applications

High wear resistance hot-working steel, also be used for
wear resistance and polished plastic moulds.

Steel is easy to machine in the annealed condition and
needs a hardening process before final machining.

This steel also shows excellent toughness and high level
insensitivity to thermal shock and thermal fatigue.

A nitriding surface treatment can be carried out to increase
the life of the tooling.

Main applications:

- dies for the pressure casting of light alloys.

- wear resistance plastic moulds.

« tooling for the extrusion of light alloys and steels.
« hot work shear blades.

- rolls for profiling tools (welding area).

« Forging dies.

Hot working tools should be preheated to temperatures in
the range 250 - 300°C before use.

P Comparable standards

UNI W.Nr DIN AFNOR AISI/SAE  BS

(X40CrMoV511KU) 12344 X40CrMoV5-1 - (H13) (BH13)

EM Chemical composition (typical; in weight %)
C Mn Si Cr Mo P S \%

039 04 1 5 1.3 0.015 0.003 1

A Critical points

Acl  860°C
Ac3  940°C
Ms 340°C

A Production technology

Electro-slag-remelting (ESR) - Forging — Heat treatment
+EFS

A US specification

In according to standard EN10228-3 Class 4 and standard
SEP 1921 Class E/e

/A Delivery condition

W1.2344 is delivered in annealed condition (EFS), with
hardness max 230 HB (21 HRC)
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1.2344 ESR Hot Working Steel

FM Physical properties (reference values)

20°C

100°C 250°C 500°C

Thermal expansion coefficient (10-6/K) 1.3

Thermal conductivity (W/mk) 18.8

Young modulus (Kn/mm?2) 212

M Heat treatment

1.6 12 13
19 229 251
209 197 175

TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS
Furnace up
Annealing Heat to 850 °C Min. H.T. for 2 minute /mm  to 550°C -
than in air
To be carried out
after machining, is
LTS recommended to
Stress relieving Heat to 650-700°C Min. H.T. for 2 minute /mm  up to 300- . .
° eliminate the residual
350°C .
stresses induced by
mechanical working
Preheating to 350-400°C
Second preheating to Air or
. 750-850°C ) ) pressure Quenched hardness
Hardening Heat to hardening Min. H.T. for 1 minute /mm gas by 52-56HRC
temperature to 1000- vacuum
1020°C
In the range 550 - 600°C for at least 3 h according to
hardness requirements and conditions of use.
Tempering must be repeated a second time at a . )
. o . . Usual service hardness:
Tempering temperature equal to or 20°C lower than the previous. Air 44-52 HRC

Before tempering, the parts must be preheated to
200 - 300°C
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1.2367

Hot working steel

fM Main characteristics and applications

3% Molybdenum alloyed hot working steel for very high
thermal stress and hot strength.

For wear sensitive hot working tools and inserts.

To be used for die casting inserts, forging machine dies,
mandrels hot extrusion tools, hot shear blades.

Steel can be nitrided after hardening and final machining.

"M Comparable standards
UNI  W.Nr DIN AFNOR AISI/SAE BS

- 12367 X38CrMoV5-3 - - -

EM Chemical composition (typical; in weight %)
C Mn Si P S Cr Mo \"

0.38 042 035 0.020 0.003 5 3 0.50

Pl Production technology
EAF - LF - VD - Forging - Heat treatment +A

FH Heat treatment

A US specification

In according to standard EN10228-3 Class 4 and
standard SEP 1921 Class E/e

A Delivery condition

W1.2367 is delivered in annealed condition, with

hardness max 229 HB (21 HRC).

/Al Critical points

Acl 860°C
Ac3  940°C
Ms 265°C

FA Physical properties (reference values)
20°C 100°C 250°C 500°C

Thermal expansion
coefficient (10-6/K) n3 1.7 12 13
Thermal conductivity
(W/mk) 188 | 19 | 229 | 249

Young modulus

(Kn/mm2) 212 209 201 175

TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS
Annealing Heat to 850 °C Min. H.T. for 2 minute /mm Furnaceoup to -
600°C
To be carried out after
Stress relieving Heat to 600-650°C Min. H.T. for 2 minute /mm Furnace machining, is recommended to

eliminate the residual stresses
induced by mechanical working

Preheating to 350-400°C
Second preheating to

Hardening 750-800°C Min. HT. for 1 minute /mm  Air,vacuum,oil Quenched hardness 53-58HRC
Austenitizing to 1030-
1050°C
Tempering must be repeated at least three times after the hardening, with preheating to 350 + 400 °C.
Tempering Initial tempering at about the same temperature of the secondary hardness. Second tempering useful to obtain

the work hardness, normally 35 + 50 HRC. Third tempering at 30 + 40 °C lower than the second tempering
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1.2367 Hot Working Steel
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1.2714

Hot working steel

fM Main characteristics and applications

Ni - Cr- Mo die steel characterized by high level hardenability
and toughness, good resistance to repeated thermal and good
wear resistance.

Main applications:

» hammer and press forging dies.

« rams for power hammers.

* hot mill rolls.

- very hard cold work dies and punches.

It is advisable to use the blocks for dies treated at various
hardness limits according to the depth cavity complying with
the indications given below.

Cavity depth (mm) HRC R(N/mm?)
20 39+43 1200/1350
50 36+42 1100/1320
100 32+38 980/1170

Before starting machining, preheat the tools to temperatures
between 250 - 300°C.

PB Comparable standards

A Critical points

Acl 730°C
Ac3  760°C
Ms 230°C

A Production technology
EAF - LF - VD - Forging — Heat treatment QT

A US specification

In according to standard EN10228-3 Class 4 and
standard SEP 1921 Class E/e

FA Delivery condition

W1.2714 is delivered in quenched and tempered
condition, with hardness range 360 - 410 HB (39 - 44
HRC) or in annealed condition, with hardness max 240
HB (23 HRC)

FB Physical properties (reference values)

UNI  WNr DIN  AFNOR  AISI/SAE BS 20°C  100°C  250°C  500°C
56NiCr-  1.2714 56NiCr- ~55NCDO07-05 ~L6 ~224 H
[\(/]ov7l|(u) MoV Thermalexpansion | 1)1 | 194 | 129 | 140

kKM Chemical composition (typical; in weight %)
C Mn Si Cr Mo Ni P S \
052 07 020 075 03 175 0.025 0.003 0.10

EM Tempering curve
850°C > oil

Hardness [HRC]

Tempering temperature [°C]

coefficient (10-6/K)

Thermal conductivity
(W/mk) 36.7 | 369 393 357
Young modulus

(Kn/mm2) 212 208 197 175
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1.2714 Hot Working Steel

0] Heat treatment

TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS
Min HT Air or In order to obtain hardness lower
Annealing Heat to 700 - 720 °C o than 240 HB (23 HRC)
for 2 minute /mm furnace . S
to improve machinability
Heat to 600 - 650 °C To be carried out after
Stress relievin (max 30 °C Min. H.T. Air or machining, is recommended to
ess retieving below tempering for 2 minute /mm furnace eliminate the residual stresses
temperature) induced by mechanical working
Initial preheating to
350 - 450°C
Second preheating to
. 650 - 750°C Min. HT. .
Hardening Heat to hardening for 1 minute /mm ot i

temperature 850 -
870°C and hold at
temperature

The average hardness values that can be obtained with hardening in oil in the range 840 - 920°C are given below:

°C 840 860 880 900 920
HRC 57 58 59 59.5 60
To be carried out after hardening.
_ o Min. HT. Air or 2nd Tempering must be
Tempering AR IR -Gl HE for 3 minute /mm furnace performed to max 30°C

below tempering temperature

ifl C.C.T.curve
Austenitisation: 850°C
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Cold working steel

[ Main characteristics and applications

Cr-Mo-V cold- working steel with 1% Carbon with high
through-hardenability, dimension stability, extra high wear
resistance and good toughness.

Typical application are cutting and stamping tools, shear
blades, cold rolling mandrels, extrusion tools, cold working
application where high wear resistance is needed.

P Comparable standards
UNI  W.Nr DIN AFNOR AISI/SAE BS

12363  X100CrMoV5-1 Z100CDV5 A2 BA2

EM Chemical composition (typical; in weight %)
C Mn Si Cr Mo Ni \' P+S

0.95 0.40 0.10 475 0.90 - 0.15
1.05 1.00 0.50 5.50 1.40 - 0.50 <0.03

F-M Heat treatment

TREATMENT TEMPERATURE HOLDING TIME (HT)

A Critical points

Acl  770°C
Ac3  815°C
Ms 120 °C

M Production technology
EAF - LF - VD - Forging — Heat treatment +A

A US specification

In according to standard EN10228-3 Class 4 and
standard SEP 1921 Class E/e

78 Delivery condition

W1.2363 is delivered in annealed condition, with
hardness max 240 HB (23 HRC).

COOLING COMMENTS

Annealing Heat to 820 - 850 °C Min. H.T. for 3 hours

Cooling in air to
730°C then 760-
770°C and hold 1h
each 15 mm. -
Cooling in furnace
to 500°C than
cooling in air

Stress relieving  Heat to 650-680°C Min.H.T. for 1 hour/25 mm Air or furnace

To be carried out after
machining, is recommended to
eliminate the residual stresses
induced by mechanical working

Preheat to 600-700°C

Ol - eElalbeln e In order to obtain hardness

Hardening Heat to 960-980 °C Min. H.T. for 1 minute /mm vacuun;:sressure 63-65 HRC
To be carried out soon after
Tempering - - Air the hardening according to the

required hardness
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1.2363 Cold Working Steel
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Cold working steel

[ Main characteristics and applications

Medium alloyed cold work steel with good hardening

capacity, high wear resistance, dimensionally stable during

heat treatment.

Its applications are small tools for cutting and punching, shear
knives, thread rolling tools, measuring tools, wood working

tools.

"M Comparable standards
UNI  W.Nr DIN

AFNOR

A US specification
In according to standard EN10228-3 Class 4 and

standard SEP 1921 Class E/e

78 Delivery condition

AISI/SAE BS

- 12510

EM Chemical composition (typical; in weight %)

100MnWCr4 95MnWCr5

©n -

M Production technology
EAF - LF - VD - Forging - Heat treatment +A

W1.2510 is delivered in annealed condition, with
hardness max 230 HB (21 HRC).

FM Physical properties (reference values)

C Mn Si Cr Vv wW 20°C 100°C 250°C 500°C
0.95 115 0.30 0.55 0.10 0.50 Thermal expansion
coefficient (10-6/K) 1.4 17 12 127
™ Critical points Thermal conductivity | .5 ' 301 | 317 | 312
(W/mk)
Acl 740 °C
Ac3 770°C Young modulus 212 209 200 175
Ms 215°C (Kn/mm2)
EM Heat treatment
TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS
Annealing Heat to 700-720°C  Min. H.T. for 2 minute /mm LT t.o 6.00 < -
than in air
Stress relieving  Heat to 600 - 650 °C ~ Min. H.T. for 2 minute /mm Air or furnace -
Hardening Heat to 790-820 °C Min. H.T. for 1 minute /mm Oil or pressure gas -
(vacuum)
»] TOOL
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1.2510 Cold Working Steel

f0] C.C.T. curve
Austenitisation: 810°C
1200
1000
1 800 Acle (765°C)
o =
|3| \ Perlite Aclb (740°C)
5| 600 100 \_100
]
GL) Austenite + Carbide
21 400 o\ 38
l_
Ms (215°C)
200
Martensite \ \
0 @& g% i 290)
0,1 1 10 10?2 103 104 10° 106
Time [s] _
[T Tempering curve
25 mm dmr x 50 /820°C - oil
70
65
———_
60
9 ss
T
v 50
7]
(V]
[=
T 4
©
T
40
35
30
0 100 200 300 400 500 600 700 800

Tempering temperature [°C]

0

-

#45[@ NLMK Verona S.p.A
ik Via Antonio Salieri, 22 - 37050 Vallese di Oppeano (VR) - Italy »p) TOOL
Ef 21 Tel.: +39 04569 97 900 - Fax : +39 045 69 97 915 STEELS® Verona
EL'.. toolsteel.verona@eu.nlmk.com - @ toolsteels.nlmk.com (BN




Cold working steel

[ Main characteristics and applications M Production technology
Low hardening distortion and good wear resistance. The EAF - LF - VD - Forging - Heat treatment +A
chemical composition of this steel permits fairly simple in
service heat treatment (low hardening temperature with H . .
A ‘M US specification
therefore limited distortion).
Main applications are taps, shear knives, small moulds for In according to standard EN10228-3 Class 4 and
plastic materials, gauges, cutting and stamping tools. standard SEP 1921 Class E/e

P Comparable standards
UNI W.Nr DIN AFNOR AISI/SAE BS

78 Delivery condition

W1.2842 is delivered in annealed condition, with

(90Mn- 12842 90MnCrV8 (90MV8)  (02)  (BO2) hardness max 230 HB (21 HRC).

VCr8kU)
EM Chemical composition (typical; in weight %) FB Physical properties (reference values)
C Mn Si Cr Y 20°C  100°C 250°C 500°C
0.90 2 0.30 0.30 0.10 Thermal expansion

Pl Critical points

Acl
Ac3
Ms

cooffoient 0.6/ | 121 125 129 14

Thermal conductivity 45 447 4l 379

725°C (W/mk)
770 °C
Young modulus
160 °C (Kn/mm2) 212 209 200 175

FH Heat treatment

TREATMENT TEMPERATURE HOLDING TIME (HT) COOLING COMMENTS

Annealing Heat to 700 -720°C  Min. H.T.for 2 minute /mm  Furnace to 600°C than in air -

Stress relieving Heat to 600 - 650 °C  Min. H.T. for 2 minute /mm Air or furnace -

Hardening Heat to 790-820°C  Min. H.T. for 1 minute /mm  Oil or pressure gas (vacuum)

Quenched hardness
surface 63-65 HRC

The average hardness values that can be obtained with hardening in oil from 800 - 820°C are indicated below:

780°C 64 HRC 800°C 65 HRC 820°C 65 HRC

And the average hardness values and hardness penetration in oil from 800 - 820°C:

@mm 40 50 60 70
Hre surface 65 65 64 64
HRC % radius 64 64 63 58
HRC center 64 63 62 52
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1.2842 Cold Working Steel

Tempering

« To be carried out in the range 150 — 250°C for at least 2 hours according to hardness requirements and operating
conditions

« Cooling in still air

« To achieve maximum stability with tempering at the lower temperature limit, tempering must be repeated several times

(at least twice) and for long periods.
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