High-performance materials
from Krupp VDM for production
and automation technology:
tools and molds.
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Krupp VDM GmbH
High-performance materials for
special applications and processes.

Krupp VDM GmbH is a com-
pany of Krupp Thyssen Stain-
less GmbH. For many decades
it has developed high-perfor-
mance materials for especially
demanding applications and
processes. Today, Krupp VDM
is among the leading producers
of nickel-based alloys and high-
alloy special materials. The
production program includes
sheet and plate, rod and bar,
forgings, strip, wire and materi-
als for tube and pipe produc-
tion.

Krupp VDM supplies all-round
packages for chemicals and
petrochemicals, energy and
environmental engineering,
offshore and marine engi-
neering, the automotive indus-
try, aerospace, electronics
and electrical engineering.

The company is based in Wer-
dohl and has further production
facilities in Altena, Unna and
Werdohl-Barenstein. It has a
division in the U.S.A. named
Precision Rolled Products, Inc.,
which produces high-tempera-
ture materials for the aviation
industry at plants in Reno and
Florham Park. The four Krupp
VDM plants with their world-
wide sales organization and the
plants of Precision Rolled Prod-
ucts together employ more than
1,800 people. To ensure opti-
mal cooperation with custo-
mers in the industrial engineer-
ing, electrical and electronic sec-
tors and the automotive indus-
try Krupp VDM has built up a
network of advisory and sales
offices, marketing companies,
representatives and authorized
stockholders and distributors.




Unna plant
Melting and refining.

All Krupp VDM alloys have their
origin in the company’s ultra-
modern melting plant at Unna
near Dortmund. The Unna plant
is equipped for melting and
ladle treatment of high-nickel
superalloys, high-alloy special
stainless steels and copper-
nickel alloys.

Remelting

Certain materials for special
applications require exception-
ally high purity with segregation
levels reduced to an absolute
minimum. To this end, elec-
trodes produced at the Unna
plant are refined by electroslag
or vacuum-arc remelting.

Casting

After a final check of the chemi-
cal composition, the molten
metal is released for casting.
The majority of heats are cast
by bottom pouring into ingot
molds, with an argon shield to
protect the metal stream from
oxygen and nitrogen pick-up.

Quality assurance

The scanning electron microscope in the metallographic
laboratory at our Altena plant supports the latest
technology in microstructure analysis.

and control
By means of systematic quality

Melting processes

The duplex melting process of
electric-arc primary melting fol-
lowed by VOD refining was spe-
cially developed by Krupp VDM
for the production of nickel
alloys and high-alloy special
stainless steels.

A 30-tonne arc furnace as well
as three 16-tonne induction fur-
naces are available for primary
melting, alloying and refining.

Secondary metallurgical treat-
ments and fine adjustment of
chemical composition are per-
formed in the VOD facility. The
operation takes place in a vacu-
um vessel using argon or nitro-
gen as stirring gas. Carefully
controlled pressure reduction
enables the carbon content to
be reduced below 0.005 per
cent. Hydrogen and nitrogen
contents are simultaneously
reduced to extremly low residu-
al values. Metallurgical treat-
ment follows in a ladle furnace.

checks, a continuous record is
created for every heat. Such
records are based on a com-
prehensive program of quality -
assurance measures, such as
chemical analyses, ultrasonic
tests and surface inspection at
defined production steps. Only
when all results have been
found satisfactory is material
released for the next stage of
processing. Quality assurance
personnel are free to make any
decision required in pursuit of
their responsibilities and are
totally independent of the pro-
duction departments.

With the new ESR (Electro-
Slag-Remelting) plant at Unna,
materials can be remelted in

a protective atmosphere.




Sheet and plate

Sheet and plate in all their
forms and variants are standard
in our manufacturing program.
The production center for hot-
and cold-rolled sheet and plate
is our Altena plant. Slab is the
starting point, carefully ground
then sawn or plasma-cut to
length prior to hot rolling.

Cold rolling is performed on a
computer-controlled six-roll
Sendzimir cold rolling mill, the
world’s largest single-sheet
reversing mill for widths up to
2,500 mm. Even difficult-to-
deform materials can be pro-
cessed to exceptionally large
sheets using these methods, to
tight tolerances and outstand-
ing surface quality. Computer
control is used at all stages of
intermediate and final treat-
ment, making it possible to
meet even exceptional require-
ments quickly and easily.

Cut-outs and drilled holes are
made to customers” precise
specifications. Flat products
clad by explosive and roll-bond-
ing processes are produced by
associated companies.

Rod and bar, forgings

Rod, bar and forged materials
are produced from cast and
remelted ingots by hot rolling or
forging. The special products
range includes hammer forg-
ings produced in varied shapes
and sizes to customers” draw-
ings, then finished to final
dimensions.

Our performance spectrum
Product forms.

Seamless and welded tubes
Seamless and longitudinally
welded tubes made from Krupp
VDM high-performance alloys
are produced and marketed via
a network of national and inter-
national alliances. In the field of
seamless tubing, we have an
internationally distinguished
associate in DMV Stainless BV.

Strip

Strip is produced in our Wer-
dohl plant from rolled ingots or
continuously cast slabs. The
nickel and special alloys are
rolled to their final dimensions
on four different cold-rolling
lines. Maximum strip width is
800 mm. Final product thick-
ness varies between 0.02 and
4.5 mm.

Wire

Wire rod, heavy-gauge wire,
fine-gauge wire, flat wire and
rods are produced in our
Bérenstein plant. Welding filler
metals are available as wire
electrodes, welding wire, weld-
ing rods and core wire.




Time to market

Application engineering.

In a period of rapidly advancing
technology, materials selection
can be a particularly difficult
task. Krupp VDM's Application
Engineering Department, a pro-
ven team of highly qualified
engineers, metallurgists and
technicians, with state-of-the-
art equipment and access to
the latest technology, is an
important aid to decision-
making and provides a link be-
tween customer and supplier.
As expert consultants to the
industrial plant construction
sector, they have accompanied
numerous projects from plan-
ning stage to start-up.

Krupp VDM’s application

engineers are totally familiar

with industries and technolo-

gies such as:

» chemicals and petrochemicals

* power generation and
pollution control

« oil and gas production

* marine engineering

* aerospace engineering

* production technology

* automotive industry

« electrical and electronic
engineering

The Application Engineering
Department offers unrivaled
experience in one of the widest
ranges of high-performance
materials. With related know-
how in application profiles and
fabrication techniques, the
department provides optimized
material concepts for specific
applications. At the same time,
accumulated in-depth know-
ledge of market trends and
their evaluation helps to guide
the company’s own product
development.

In the welding labortory at Altena, the base
material’s suitability for welding is exam-
ined, welding materials are developed and
tested, and new processes are screened
for their transferability to Krupp VDM high-
performance materials.



Trade that spans borders

The Krupp VDM group is Euro-
pean number one and world
number two in nickel-base
alloys; US subsidiary Precision
Rolled Products ensures the
group’s strategic presence in
the classic aerospace market.

Krupp VDM works closely with
customers to ensure that all
products give the best possible
service. This concern starts as
early as process design, com-
prising individual, jointly draft-
ed, materials conceps. It
extends to VDM’s broadly
spread network of consulting
and marketing offices in each
of the world’s industrial and
technological regions.

Our Technical Marketing and
Sales Departments maintain a
close relationship with custo-
mers, characterized by conti-
nuous interchange of ideas with
scientists, engineers, metallur-
gists and technicians. We need
their help in devising new ma-

erials and products that will
succeed around the world. This
exchange of ideas is documen
ted through our worldwide net
work of branches and market-
ing agencies. In collaboration
with our international associ-
ates, we ensure that a large
number of products are always
in stock and thus easily and
quickly available.

In this way, we are represented
not only as a company but also
by our products, whether in
Germany, Europe or overseas.
Our customers appreciate the
benefits of short logistical
routes, concepts that span all
borders and fast solutions to
their problems. This is how
weve made a name for our-
selves around the world, as the
right people to talk to when
high performance is required.

We present our creative ideas
at many of the world’s most
important national and interna-
tional fairs and exhibitions, at
company presentations and
symposia. Intensive dialog is

a vital channel of communica-
tions for both our customers
and ourselves.



High-performance alloys
for production and
automation technology

"Highest precision at
highest speed — high-
est flexibility at
lowest costs".

To meet the challenges
of the "Factory.of the
Future", production sys-
tems, tools and molds,
controlling-and measuring
devices and other compo- \
nents with a specific combi-~
nation of mechanical, che-
mical and physical properties
are needed.

Sheet made of Pernifer 36 for molds
for production of the rudder unit
for the Airbus A330-200.



Materials with low coefficient
of thermal expansion:
Pernifer alloys

Pernifer alloys are needed in all
applications where deviations of
dimension or distance due to
thermal expansion cannot be
tolerated or where differences
in thermal expansion may cause
mechanical or electrical stres-
ses. Typical applications of Per-
nifer alloys are components of
laser welding machines, meas-
uring devices in tool machines,
applications in piezo-tech-
nology and microsystems and
molds for production of large
components made of carbon-
fiber reinforced plastic, includ-
ing aircraft and helicopter
parts.

Frames made of Pernifer 36
for laser machine manufacturing.

Pernifer alloys with thermal ex-
pansion coefficients similar to
glass or ceramics are commer
cially available. Pernifer 36
(NiFe36) has the lowest coeffi-
cient of thermal expansion of all
Fe-Ni alloys. Its thermal expan-
sion remains low up to about
260°C (500°F). The tempera-
ture range can be expanded to
300°C ( 572°F) by using Perni-
fer 42 (FeNi42) or even to
450°C (842°F) by using the
nickel-cobalt-iron alloy Pernifer
2918.

If necessary, the thermal ex-
pansion coefficient can be ad-
apted to customers require-
ments by treatment or changes
in alloy composition. Typical
thermal expansion coefficients
of common materials in com-
parison to those of Pernifer
alloys are shown in Fig. 1.

Materials with soft-magnetic
behavior: Magnifer alloys
Soft-magnetic alloys - Magnifer
alloys - are used in a variety of
electronic and electrotechnical
applications. Due to its high
saturation induction in combi-
nation with a low coercive
force, Magnifer 50 is used for
magnetic valves.




Material

Carbon-fiber reinforced plastic
Granite

Aluminium

Silica glass

Glass

Stainless stee | (1.4301)
High-alloyed stainless steel (1.4876)
Carbon steel

Pernifer 36

Pernifer 42

Pernifer 2918

Coefficient of thermal expansion (10°/K)
between room temperature

and 100°C (212°C)

-0.8-34.0
3.0-8.0

23.8
0.5
8.0
16.0
144
11.1

1.2
5.3
6.1

Coefficient of thermal expansion for various materials

4.00

mperature,°C

Fig. 1 - Coefficient of thermal expansion for Pernifer alloys

Pernifer 2918

5.00

Magnifer 50 can also be used
for magnetic shieldings. How-
ever, if a very high initial per-
meability is required, Magnifer
7904 may also be used.
Magnifer 7904 also has a very
low coercive force.

Other soft magnetic alloys with
adapted magnetic properties
are obtainable upon request.

Corrosion-resistant alloys:
Cronifer and Nicrofer
Reactor vessels, piping
systems and components in

chemical and petrochemical -

plants, in marine applications,
in oil & gas production and in

transportation of chemicals are
subject to corrosive attack by a
variety of organic and inorganic

substances. KruppVDM offers a
wide range of corrosion resist-
ant high alloyed stainless
steels and nickel base alloys
that withstand corrosion by
chloride-contaminated water,
seawater and brine, inorganic
and organic acids and pharma-
ceuticals. .




The corrosion resistance gen-
erally increases with increasing
concentrations of nickel, chro-

mium and molybdenum. Appli-
cation ranges of Cronifer 1925
Mo-alloy 926, Nicrofer 3127

High-temperature, hi
strength alloys: Nicrofer

Hot corrosive gases and depo-
sits are encountered by furnace
walls and components in high
temperature processes. Nicro-
fer 3220 H-alloy 800 H offers
excellent resistance to oxidation
by hot air and to carburization
by carbon-containing gases up
to temperatures of about 1000
°C (1832°F). If the temperature
exceeds 1000°C or if the envi-
ronment contains nitrogen, am-
monia, chlorine or fluorine in
substantial amounts, especially
in the absence of oxygen,

Nicro

600 H is usable up
1100°C (2012°F). Nicr
6025 HT-alloy 602 CA is us
up to 1200°C (2192°F) due to
its high concentration of alumi-
num, which enables the forma-
tion of a protective alumina
scale.

The age-hardenable superal-
loys Nicrofer 5219 Nb-alloy

718 and Nicrofer 7520 Tl-alloy
80 A are used where high

mechanical strength and sur-
face hardness is a must. Typi-
cal examples for alloy 718 are
knives and other cutting tools,
bolts, springs and extruders,
turbine and engine compo-
nents. Alloy 718 keeps its high
strength and hardness up to
temperatures of about 700°C
(1292°F). Alloy 718 shows rea-
sonable resistance to high
temperature corrosion and high

ppm Halides
(Cl+F)

~

o

o

e

w

N

~_Fig. 2 - Application of nickel alloys and stainless steels in

resistance to aqueous corro-
sion at ambient temperatures.
The strength and toughness of
alloy 718 at cryogenic tempera-
tures are outstanding.

Alloy 80 A is also used for gas
turbine and engine compo-

pH Value

Temperature
oc oF
~60
~90

<100
~140

<500 ~194

~120 ~248

<1000 ~150 ~302

Cronifer 1925 h
<5000
<10 000

<50 000

<100 000

TN _chloride (fluoride) contaminated acid (H. SO.)



Notes for use

The following tables have been
prepared to assist in selecting
Krupp VDM high-performance
alloys which are most suitable
for specific applications.

When placing an order, specifi-
cations (ASTM, BS, DIN etc.)
laid down by the custumer will
become an integral part of the
contract.

Specifications

and designations

The listed product forms are
available according to given
standards. Standards in
brackets indicate a deviation

in the Krupp VDM data from
those specified in the standard.

Chemical composition

When an element is reported as
the “balance” of a composition,
this only means that this ele-
ment predominates, other ele-
ments may be present in mini-
mal amounts.

Mechanical properties
Mechanical properties are typi-
cal, except those reported as
minimum (“min”).

The given data are generally
applicable to sheet products.

For properties applicable to
other product forms, refer to
respective data sheets avail-
able on request or contact
Krupp VDM.

Creep properties

The values correspond to the
best-fit curve fitted to the scat-
terband of results. Minimum
values are approximately 20%
below the listed averages.

All data and information are as
accurate and as complete as
possible at the time of going to
press. However, the values
reported are not intended for
specification purposes.

For more extensive data the
relevant individual data sheets
or standards should be consul-
ted.

For the very latest information
please contact the Application
Engineering Department of
Krupp VDM.
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Low expansion alloys

lron-nickel

l[ron-nickel-cobalt

Pernifer 36 - alloy 36 Pernifer 42 Pernifer 2918
Designations and specifications
USA Designation, UNS K93600/93601 K94100 K94610
ASTM (B) 388/A 658 - F 15
GB  Designation, BS - - -
BS - - -
F AFNOR Fe-Ni 36 - Fe-Ni 29 Co 17
Designation Ni 36 Ni 42 NiCo 2918
Werkstoff-Nr. 1.3912 1.3917 1.3981
DIN - - -
SEW 385 385 385
VdTUV data sheet - - -
Chemical composition (%)
Nickel 35— 37 4143 28 —29.5
Chromium max. 0.2 - -
Iron balance balance balance
Cobalt max. 0.5 max. 0.02 17-18
Manganese max. 0.35 max. 0.7 max. 0.3
Silicon max. 0.2 max. 0.2 max. 0.2
Carbon max. 0.03 max. 0.5 max. 0.03
Mechanical properties (N/mm?, %)
Temperature (°C) Rp0.2 Rp1.0 Rm As Rp0.2 Rp1.0 Rm As Rp0.2 Rp1.0 Rm As
20 270 - 490 40 - - - - 370 - 530 30
100 180 — 435 45 - — — — 260 — 430 40
200 115 - 430 45 - - - - 200 - 405 40
300 95 - 410 50 - - - - 140 - 395 45
400 90 - 350 55 - - - - 110 - 350 50
500 90 — 290 60 - — — — 100 — 280 55
600 75 - 210 70 - - - - 90 - 200 60
Physical properties at room temperature or as indicated
Density g/cm? 8.1 8.2 8.3
Specific heat J/kg K 515 500 500
Thermal conductivity W/mK 12.8 15 17.5
Electrical resistivity pQcm 76 66 49
Thermal expansion 10°/K
20 -100°C 0.8- 1.4 5.3 59-6.3
20 -150°C 1.2- 19 - -
20-200°C 1.6- 2.5 5.2 53-5.8
20 -300°C 44- 55 6.3 49-54
20 -400°C 7.4- 8.4 6.3 45-5.2
20 -500°C 8.9- 9.7 8.1 59-6.4
20 -600°C 10.0-10.7 9.6 7.5-8.0
Modulus of elasticity kN/mm? 133 148 160
Fabrication characteristics
Formability Yes Yes Yes
Weldability Yes Yes Yes
Welding products
Filler wire matching or Nicrofer S 7020 - FM 82  matching or Nicrofer S 7020 — FM 82  matching
Covered electrode 2.4648 1182
EL-NiCr19Nb

Material characteristics

Typical applications

AWS ENiCrFe-3

Iron-nickel alloy with extremely low
coefficient of thermal expansion from
cryogenic temperatures to about
260°C (500°F).

Laser technology, tools and molds,
measuring devices.

Iron-nickel alloy with low coefficient
of thermal expansion up to about
300°C (572°F).

Al,Os/ceramic seals, X-ray tubes.

Iron-nickel-cobalt alloy with low
coefficient of thermal expansion from
-100 to 450°C (150 to 840°F).

Hybrid packages, ceramic and
hard glass seals, X-ray tubes.



Soft-magnetic alloys

Nickel-iron
Magnifer 50 Magnifer 7904
Designations and specifications
USA Designation, UNS - -
ASTM - A753 -97 (Alloy 4)
GB  Designation, BS - -
BS - -
F AFNOR - -
Designation Ni 48 NiFe15 Mo
Werkstoff-Nr. 1.3922 2.4545
DIN 17745 17745
SEW - -
VdTOV data sheet - -
Chemical composition (%)
Nickel 47.0-48.5 79.5-81.0
Iron balance balance
Carbon max. 0.05 max. 0.05
Manganese 0.3-0.5 max. 0.8
Silicon max. 0.3 max. 0.5
Molybdenum - 4.0-5.0
Aluminum max. 0.02 -
Mechanical properties (N/mm?, %)
Rp0.2 Rm As HV;s Rp0.2 Rm As HV;
cold rolled 700 750 4 220 900 1100 4 335
soft annealed 230 510 40 130 260 630 40 130-170
Magnetic properties
Grade  Permeability Coercive ~ Grade  Permeability Coercive
(min) force (min) force
Ma Mmax A/m Us imax A/m
MF 3 4000 50000 <8 MP 130 130.000 260.000 < 1
MF 6 6000 70000 <8 MP 160 160.000 300.000 -
MF 10 10000 80000 <5 MP 200 200.000 350.000 -
MH 8 - — <8 MP 220 220.000 375.000 —

MG 6 6000 70000

MP 240 240.000 400.000

MG 10 10000 80000

Physical properties at room temperature or as indicated

MP 280 280.000 400.000

Saturation induction T 1.55 0.8
Curie temperature °C 470 410
Saturation magnetostriction 10 +25 +1
Density g/cm?® 8.2 8.7
Thermal conductivity W/mK 15 32
Electrical resistivity uQcm 45 55
Mean coefficient of

thermal expansion 10°/K

20 -100°C 9.3 12

20 -200°C 9.0 12.8
20 -300°C 8.7 13

20 - 400°C 8.9 13.6
20 -500°C 9.3 14.3
Fabrication characteristics

Melting temperature 1445 1450
Formability yes yes
Weldability yes yes

Material characteristics

Typical applications

High saturation induction,
low coercive force.

Shieldings, magnetic valves,
stepping motors.

High initial permeability,
very low coercive force.

Shieldings, stepping motors,
magnetic valves.

13
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Corrosion-resistant alloys
lron-nickel-chromium-molybdenum
Nickel-chromium-molybdenum

Cronifer 1925 hMo - alloy 926

Nicrofer 3127 hMo - alloy 31

Nicrofer 5923 hMo - alloy 59

Designations and specifications Sheet/strip Rod/bar  Sheet/strip Rod/bar  Sheet/strip Rod/bar
USA Designation, UNS N08926 N08031 N06059
ASTM (B) ASME (SB) 625 472/649 625 649 575 574
GB  Designation, BS - - - - -
BS - - - - —
F AFNOR - -
Designation X 1 NiCrMoCuN 25 20 6 X 1 NiCrMoCu 32 28 7 NiCr23Mo16Al
Werkstoff-Nr. 1.4529 1.4562 2.4605
DIN - - - - —
VdTUV data sheet 502 502 505 -
Chemical composition (%)
Nickel 245 -25.5 30 -32 balance
Chromium 20 -21 26 -28 22 -24
Molybdenum 6 - 6.8 6-7 15 -16.5
Iron balance balance max. 1
Carbon max. 0.020 max. 0.015 max. 0.01
Others N: 0.18- 0.20 Cu:0.8-1.0 N: 0.15 - 0.25 Al: 0.1- 0.4
Mechanical properties (N/mm?, %)
Temperature (°C) Rp0.2 Rp1.0 Rm As Rp0.2 Rp1.0 Rm As Rp0.2 Rp1.0 Rm As
20 min. 300 min.340 min.650 min. 40 min.280 min.310 min. 650 50 min. 340 min. 380 min.690 min. 40
100 min. 230 min.270 min.610 — min. 210 min. 240 630 50 min. 290 min. 330 650 50
200 min. 190 min. 230 min. 560 — min. 180 min. 210 580 50 min. 250 min. 290 615 50
300 min. 170 min. 205 min.525 — min. 165 min. 195 530 50 min.220 min. 260 580 50
400 min. 160 min. 190 min.510 — min. 150 min. 180 500 50 min. 190 min. 230 545 50
500 min. 120 min. 150 - - min. 135 min. 165 470 50 - - - -
Physical properties at room temperature or as indicated
Density g/cm’ 8.1 8.1 8.6
Specific heat J/kg K 415 452 414
Thermal conductivity W/m K 12.0 11.7 10.4
Electrical resistivity uQcm 96 103 126
Thermal expansion 10°°/K
20 -300°C 16.1 15.1 12.5
Modulus of elasticity kN/mm? 193 198 210
Fabrication characteristics
Formability good good good
Weldability good good good
Welding products
Filler wire Nicrofer S6020 - FM 625/S 5923 -FM 59 Nicrofer S 3127-FM 310r $5923-FM59  Nicrofer S 5923 — FM 59

Covered electrode

2.4621 2.4609

1.4562 or 2.4609

2.4609

EL-NiCr20Mo9Nb EL-NiCr22Mo16

XINiCrMoCu 32287 EL-NiCr22Mo16

EL-NiCr22Mo16

Material characteristics

Typical applications

AWS ENiCrMo-3

High-alloyed stainless steel with
increased molybdenum content.
Excellent resistance to pitting,
crevice corrosion and stress-
corrosion cracking in chloride-
contaminated water, seawater,
and a wide range of chemicals.

Marine applications, chemical and
petrochemical process industry,

oil and gas production, tunnels,
chloride-contaminated air and water.

Austenitic low-carbon, high-
molybdenum iron-nickel-chromium
alloy with copper and nitrogen
additions. Excellent resistance to
pitting, crevice corrosion and stress-
corrosion cracking. Outstanding
resistance to oxidizing media.
Particularly resistant to sulfuric acid
solutions, even when contaminated,
and to phosphoric acid.

Pulp and paper industry.

Components in flue-gas desulfurization
plants of fossil-fired power stations.
Marine and offshore engineering,
chemical and petrochemical process
industry, oil and gas production.

Nickel-chromium-molybdenum
superalloy with outstanding
corrosion resistance to a wide range
of organic and anorganic chemicals.

Chemical and pharmaceutical
industry, flue-gas desulfurization
plants, marine applications.



High-temperature, high-strength alloys 5
l[ron-nickel-chromium
Nickel-chromium-iron

Nicrofer 3220 H - alloy 800 H

Nicrofer 7216 H - alloy 600 H

Nicrofer 6025 HT - alloy 602 CA

Designations and specifications Sheet/strip Rod/bar Sheet/strip Rod/bar Sheet/strip Rod/bar
USA Designation, UNS N08810 N06600 N06025

ASTM (B) ASME (SB) 409 408 - - 168 166
GB  Designation, BS NA 15 (H) NA15(H) - - - -

BS 3072/3073 3076 - - - —
F AFNOR - - - - - -
D Designation X 5 NiCrAITi 3120 NiCr15Fe NiCr25FeAlY

Werkstoff-Nr. 1.4958 (1.4876") 2.4816 2.4633

DIN 17460 17460 17742/17750 17742/17752 - -

VdTUV data sheet 412V/434 412Y/434 305 305 - -
Chemical composition (%)
Nickel 30 -32 min. 72 balance
Chromium 19 -22 14 -17 24 -26
Iron balance 6 -10 8 -11
Carbon 0.06 - 0.08 0.05- 0.08 0.1 - 0.2
Titanium 02 - 04 max. 0.3 0.5 - 0.25
Aluminum 0.2 - 05 max. 0.3 1.8 - 24
Others Cu: max. 0.5,Si: max.0.5 V: 0.05- 0.12,7r:0.01-0.10
Mechanical properties (N/mm?, %)
Temperature (°C) Rp0.2 Rp1.0 Rm As Rp0.2 Rp1.0 Rm As Rp0.2 Rp1.0 Rm As
20 min. 170 min.200 min. 450 min. 35 min. 180 — min. 500 min. 35 min.270 min.310 min.675 min. 30
100 min. 140 min. 160 425 — min. 170 — 480 — min. 240 min. 280 min. 650 min. 30
200 min. 115 min. 135 400 — min. 160 — 460 - min.220 min.260 min. 625 min. 30
300 min. 95 min. 115 390 — min. 150 — 445 — min. 200 min. 240 min.600 min. 30
400 min. 85 min. 105 380 — min. 150 — 440 — min. 190 min. 225 min.580 min. 30
500 min. 80 min. 100 360 — - - - - min. 180 min.210 min.560 min. 30
600 min. 75 min. 95 300 - - - - - min. 175 min. 205 min.520 min. 30
700 - - - - - - - - min. 170 min.200 min. 420 min. 30

Creep properties (N/mm?)

Temperature (°C) Rp1.0/10° Rm/10* Rp1.0/10° Rm/10° Rp1.0/10° Rm/10* Rp1.0/10° Rm/10° Rp1.0/10° Rm/10‘ Rp1.0/10°Rm/10°
600 - 152 - 114 91 138 66 97 185 120 215 140 (650°C)
700 - 75 - 53 43 63 28 42 132 85 155 100
800 - 37 = 24 18 29 12 17.1 32 16.5 42 20
900 - 17 - 10.5 8 13 4 7 13 7.5 18 9.7

1000 - 115 - 7 - - - - 5.8 34 9 4.5

1100 - - - - - - - - 2.2 1.0 4.4 2.1

Physical properties at room temperature or as indicated

Density g/cm’ 8.0 8.4 8.4

Specific heat J/kg K 455 455 420

Thermal conductivity W/mK 11.6 14.8 13.4

Electrical resistivity uQcm 98 103 122

Thermal expansion 10°°/K

20-300°C 15.8 14.4 13.1

Modulus of elasticity kN/mm? 198 214 212

Fabrication characteristics

Formability good good satisfactory

Weldability satisfactory good satisfactory

Welding products

Filler wire Nicrofer S7020-FM 82/S 6020 —-FM 625  Nicrofer S7020-FM 82/S6020 —FM 625  Nicrofer S 6025 — FM 602

Covered electrode 2.4648 2.4621 2.4648 2.4621 UTP 6225 Al

EL-NiCr19Nb EL-NiCr20Mo9Nb  EL-NiCr19Nb EL-NiCr20Mo9Nb

Material characteristics

Typical applications
Y Solution-annealed, age-hardened

AWS ENiCrFe-3 AWS ENiCrMo-3

High strength and high resistance to high
temperature corrosion up to about
1000°C (1832°F).

Furnaces and furnace components up to
a temperature of about 1000°C (1832°F).

AWS ENiCrFe-3 AWS ENiCrMo-3

High resistance to oxidation and
outstanding resistance to nitrogen.

Furnaces and furnace components up to
a temperature of about max. 1100°C
(2012°F).

Outstanding resistance to oxidation at
high temperatures, even under cyclic
conditions up to a temperature of
1200°C (2192°F). Good corrosion
resistance in carburizing environments.

Furnaces and furnace components up to
a temperature of max. 1100°C (2012°F).
Components in highly carburizing
environments.
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High-temperature, high-strength alloys

Nickel-chromium-iron

Nickel-chromium

Nicrofer 5219 Nb - alloy 718

Nicrofer 7520 Ti - alloy 80 A

Designations and specifications Sheet/strip Rod/bar  Rod/bar
USA Designation, UNS N07718 N07080
ASTM (B) ASME (SB) 670 - 637
GB  Designation, BS - - NA 20
BS - - 3076 — 2HR1/2HR601
F AFNOR NC 19 FeNb NC 20 TA
Designation NiCr19NbMo NiCr20TiAl
Werkstoff-Nr. 2.4668 2.4952
DIN - - 17742/17754 (WL 2.4631)
VdTOV data sheet - - -
Chemical composition (%)
Nickel 50 -55 balance
Chromium 17 =21 19 -21
Iron balance max. 1
Carbon 0.02- 0.08 0.04- 0.09
Titanium 0.7 - 1.15 2 - 26
Aluminum 0.3 - 0.7 1.1 - 1.7
Others Mo: 28 - 3.3 Nb: 48-55 Co: max. 2

Mechanical properties (N/mm?, %)

Temperature (°C) Rp 0.2 Rp 1.0 Rm? AsY Rp 0.2 Rp 1.0 Rm? As)

20 min. 1035 - min. 1240 min. 12 min.620 - min. 1000 min. 20
100 1060 — - — 750 — 1070 30
200 1040 - - - 740 - 1050 30
300 1020 - - - 720 - 1020 30
400 1000 - - - 710 - 1000 30
500 980 — - — 710 - 990 30
600 950 — - - 700 - 930 20
700 - - - - 690 - 800 15
800 - - - - 500 - 590 15
Physical properties at room temperature or as indicated
Density g/cm?® 8.2 8.2
Specific heat J/kg K 432 450
Thermal conductivity W/m K 11.1 10.9
Electrical resistivity uQcm 123 123
Thermal expansion 10°°/K
20-300°C 13.8 13.7
Modulus of elasticity kN/mm? 205 225
Fabrication characteristics
Formability good annealed: good
Weldability annealed: possible -

Welding products
Filler wire

age-hardened: not applicable

Nicrofer S 5219 - FM 718

Nicrofer S 7020 — FM 82

Covered electrode

2.4648

Material characteristics

Typical applications
Y Solution-annealed, age-hardened

Age-hardenable nickel base superalloy.

Excellent corrosion resistance at high
and low temperatures.

High mechanical strength up to
700°C (1292°F). Excellent toughness
at cryogenic temperatures.

Components in gas turbines, engines.
Bolts, molds and springs for liquid
metals. Cutting tools for use at high
and very low temperatures.

EL-NiCr19Nb AWS ENiCrFe-3

Nickel-chromium alloy, age-
hardenable through aluminum and
titanium additions.

High mechanical strength up to
815°C (1480°F)

Gas turbine and automotive
components. Bolts, valves and molds
for glass-forming.
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Germany

Head office

Krupp VDM GmbH
Plettenberger Strasse 2
D-58791 Werdohl

P.0. Box 1820

D-58778 Werdohl
Phone: (2392) 55-0
Fax:  (2392) 55-2217
E-Mail:
kruppvdm@vdm.thyssenkrupp.com
http://www.kruppvdm.de

Krupp VDM sales offices,

subsidiaries and representations

Germany

Berlin

Krupp VDM GmbH
Wittestrasse 49
D-13509 Berlin

Phone: (30) 43240 36
Fax:  (30) 4352968

Dresden

Krupp VDM GmbH
Oskar-Roder-Strasse 3
D-01237 Dresden
Phone: (351) 2522806
Fax: (351) 2522807

Nuremberg

Krupp VDM GmbH
Dieselstrasse 55
D-90441 Nirnberg
Phone: (911) 6632600
Fax: (911)6632601

Stuttgart

Krupp VDM GmbH

Am Ostkai 15

D-70327 Stuttgart

Phone: (7 11) 93288-0
93288-36

Fax: (711)328930

Werdohl

Krupp VDM GmbH
Plettenberger Strasse 2
D-58791 Werdohl

P.0. Box 1820

D-58778 Werdohl
Phone: (2392) 55-2588
Fax:  (2392) 55-2526

Europe

Austria/Eastern Europe
Krupp VDM Austria GmbH
Tenscherstrasse 3
A-1230 Wien

Phone: (1) 61506 00
Fax: (1)6153600

Belgium/Luxembourg

S.A. Krupp VDM Belgium N.V.
Avenue du Champ de Mai,
14 Bte 34

Résidence Saturne

B-1410 Waterloo

Phone: (2) 3542900

Fax: (2) 3543626

Bulgaria

Krupp VDM Austria GmbH
Slavianska 38 A
BG-1000 Sofia

Phone: (2) 9883758
Fax: (2)9883758

Croatia and Slovenia

Krupp VDM Austria GmbH
Zajceva 44a, Predstavnistvo
HR-10000 Zagreb

Phone: (51) 2431334

Fax:  (51) 2431333

Denmark

Carl A. Plesner A/S
P.0. Box 119
Klintehgj Veenge 6
DK-3460 Birkerad
Phone: (42) 8196 00
Fax: (42) 819622

Finland

Oy Cronimo Ab
Karhutie 6

SF-01900 Nurmijarvi
Phone: (9) 27642 10
Fax:  (9) 27642150

France

Krupp VDM S.a.r.l.

30, Bd. Bellerive

F-92566 Rueil Malmaison

Cedex

Phone: (1) 413904 20

Fax: (1)47167820
47167814

Europe

Greece

INTERAG Ltd.

P.0. Box 65060

8, Pambouki Str.

GR-15410 Psychico (Athens)

Phone: (1) 67267 11
6726715

Fax: (1)6711274

Italy

Krupp VDM ltalia S.R.L.

Via Milanese 20

I-20099 Sesto San Giovanni (Mi)
Phone: (02) 26251250

Fax:  (02) 26251456

Netherlands

Krupp VDM Nederland B.V.
Stationsweg 4

NL-3311 JW Dordrecht
P.0. Box 750

NL-3300 AT Dordrecht
Phone: (78) 6316966
Fax: (78)6315857

Norway

A/S Stavanger Rghandel
Gamle Forusvei 53

P.0. Box 184

N-4033 Forus

Phone: (51) 818500
Fax: (51) 818600

Poland

Krupp VDM Austria GmbH
Rzeznicza 13/15
PL-31-540 Krakow
Phone: (12) 4293262
Fax:  (12) 4293343
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Romania

Krupp VDM Austria GmbH
Frank G. Schmidt

Str. Popa Savu nr. 74
R0O-71262 Bucuresti 1
Phone: (1) 2227555
Fax: (1)2222863

Spain/Portugal

Krupp VDM IBERICA

Oficina Representacién
Krupp VDM GmbH en Espafia
Calvet, 30 - 32, 2.°, 1.2
E-08021 Barcelona

Phone: (93) 2009011

Fax:  (93) 2002254

Sweden

ESMA AB
Domnarvsgaton 8
P.0. Box 8027
S-16308 Spanga
Phone: (8) 47 44200
Fax:  (8) 4744260

Switzerland

Krupp VDM (Schweiz) AG
Lange Gasse 90

P.0. Box

CH-4002 Basel

Phone: (61) 2058488
Fax: (61)2058415

Tschech Republic/Slovakia
Krupp VDM Austria GmbH
Nejedleho 9

CZ-62800 Brno

Phone: (5) 45222340

Fax:  (5) 45222340

Turkey

Akkurt A.S.

Ahmediye Koyl

TR-34904 Cekmece-Istanbul
P.K. 140

TR-34711 Bakirkody-Istanbul
Phone: (212) 887141517
Fax: (212)8871079

United Kingdom

Krupp VDM (U.K.) Ltd.
VDM House

111, Hare Lane
Claygate-Esher, Surrey.
KT10 0QY

Phone: (1372) 467137
Fax:  (1372) 466388

North America

Canada

Krupp VDM Canada Ltd.
11 Allstate Parkway

Suite 203

Markham, Ontario L3R 9T8
Phone: (905) 477-2064
Fax:  (905) 477-28 17

USA

Krupp VDM Technologies Corp.
306 Columbia Turnpike

Florham Park, New Jersey 07932
Phone: (973) 236-16 64

Fax:  (973) 236-1960

México

Krupp VDM de México,
S.A. de C.V.

Bulevard Manuel Avila
Camacho No. 80 PH-A
Col. Lomas de Sotelo-El
Parque

Naucalpan de Juarez,
Edo. de México
Phone: (5) 557 1471
Fax:  (5) 5571476

South America

Argentina

Walvoss S.R.L.
Humberto 1° 1333
1103 Buenos Aires
Phone: (11) 43048770
Fax: (11) 43050691

Brazil

Thyssen Acos Especiais Ltd.
Rua da Mooca, no. 1615/1637
CEP 03103-003, Sao Paulo-SP
Phone: (11) 6096-75 37

Fax:  (11) 6096-7391

Chile

Thyssen Aceros y Servicios, S.A.
San Eugenio 820

P.0. Box Casilla 3097

Correo Central

Santiago

Phone: (2) 4205500

Fax:  (2) 4438806

Colombia

HERGUT Ltda.

Cra. 43 ANo. 1,

Sur-31, Of. 208

Medellin

Phone: (4) 266-17 37
266-1757

Fax: (4) 268-6192

Ecuador

Importadora Schiller Cia. Ltda.
Toledo 1328 y Coruia

Quito

Phone: (2) 542662

Fax: (2) 562891

Peru

AMSET E.I.R.L.

Eckhard Thode R.

José Maria Eguren
(Chumbiongo) 107, Dpto. 302
Miraflores (Lima 18)

Phone: (1) 4404953

Fax: (1) 4421233

Uruguay

Fierro Vignoli S.A.
Av. Uruguay 1274/76
Montevideo

Phone: (2) 914560
Fax:  (2)921230

Venezuela

Gunz Industrial, C.A.

2da. Av. c/c 1ra. Transversal.,
Edf. La Pradera, Torre B.,
Piso 9, P.H. 90-B,

Urb. Los Palos Grandes,
Caracas 1060

Phone: (2) 284-24 96

Fax:  (2)978-1285
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Africa

Egypt

OSAB Trade

Dr. O. Abbas

6, EL NIL EL ABIAD ST.
Lebanon Square

Giza

Kairo

Phone: (2) 303 46 33
Fax:  (2) 3460800

Samir L.W. EI Ayoubi
P.0. Box Maadi 191
House 30, Street 11
Maadi-Cairo

Phone: (2) 350-2112
Fax:  (2)3783115

South Africa

Krupp VDM Technology (SA) (Pty.)
Ltd.

P.0. Box 84

Wendywood 2144

Phone: (11) 444-3620

Fax:  (11) 444-3950
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Middle East

Islamic Republic of Iran
Krupp Iran Ltd.

Dr. Ing. Ali Ghazanfari
P.0. Box 14155-1979
Ostad Motahari 368
Phone: (21) 8903706
Fax:  (21) 8903706

Israel

Middle East Metals Ltd.
1, Korazin St.
Givatayim 53 583
Phone: (3) 5715374
Fax: (3)5715371

Jordan

International Technical
Construction Company
P.0. Box 950279
Amman

Phone: (6) 5514963
Fax:  (6) 5537069

Saudi Arabia

Al-Bassam Petroleum
Equipment Co.

King Street, P.0O. Box 2611
Damman

Phone: (3) 83407 19

Fax: (3)8332671

U.A.E.

Eastern Union Corporation
P.0. Box 3489

Tourist Club Area

Abu Dhabi

Phone: (2) 782462

Fax:  (2) 771958

Indien/India

Variety (Agents) Private Ltd.
301, Kakad Chambers

132, Dr. Annie Besant Road
Worli, Bombay-400018
Phone: (22) 493-6099/-2691
Fax:  (22) 495-0578

Asia

Japan

Krupp VDM Japan K.K.
2nd Floor

Ochanomizu Itoh Bldg.
3-3, Kanda-Surugadai
Chiyoda-Ku

Tokyo 101-0062
Phone: (3) 3295-4591
Fax:  (3) 3295-4594

Philippines

MESCO Inc.

MESCO Building

Reliance Corner Brixton Streets
1603 Pasig City

Metro Manila

Phone: (2) 6311775

Fax: (2)6314028

Singapore/Malaysia

Leong Jin Corporation Pte. Ltd.
No. 11, Benoi Crescent
Jurong Industrial Estate
Singapore 629974

Phone: 266 1132

Fax: 2661522

South Korea

Krupp VDM Korea Co., Ltd.
12F-13ho

Hyundai office B/D

9 — 4 Sunai-dong,
Bundang gu

Sungnam-Si,

Kyunggido

Phone: (342) 711-1583
Fax:  (342) 717-1583

Asia Australia

Hong Kong

Krupp VDM Hongkong Ltd.
Unit 1301, 13th Floor Mulgrave, Vic., 3170
Fook Lee Commercial Centre Phone: (3) 9561-13 11
Town Place, Fax: (3) 95614465
No. 33 Lockhart Road,

Wanchai, Hong Kong

Phone: 25272008

Fax: 25272045

Krupp VDM Australia Pty. Ltd.
724 Springvale Road

People’s Republic of China
Thyssen Krupp AG

Beijing Representative Office
East Ocean Centre, 8/F.
24A Jianguomenwai Ave.
Beijing 100004

P. R. China

Phone: (10) 65155598
Fax:  (10) 65156206

Thyssen Krupp AG

Shanghai Representative Office
14/F, Office No. 4 -6

Novel Plaza 128

Nanjing Road West

Shanghai 200003

P. R. China

Phone: (21) 63509158-9

Fax:  (21)63509160

Fordley Development Ltd.
Room 706 — 707

Yu Sung Boon Bldg.

107 — 111 Des Voeux Rd.
Central

Hong Kong

Phone: 25410000

Fax: 28541916

Taiwan

Blue Bridge Industrial
(Taiwan) Corp.

1st Fl. No. 37, Lane 96
Chung Shan N. Rd., Sec. 2
Taipei

Phone: (2) 2565-1306
Fax:  (2) 2531-1082

Far East Alloy Corporation
2F-2, No. 29-1, Lane 169
Kang Ning St, Shih-Chih Chen
Taipei Hsien

Phone: (2) 2695-3033

Fax:  (2) 2695-0766

Transcrystal Alloy
Industrial Corp.

10F-1, No. 76, Sec. 3
Roosevelt Road

Taipei

Phone: (2) 2367-8811
Fax:  (2) 2368-5475

Thailand

Sahakol Trading Co. Ltd.
89/2 — 4 Paholyothin Road
Lampang 52100

Phone: (54) 221804

Fax:  (54)221945
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France

Jacquet S.A.

B.P.61

Rue du Bordelais

F-69802 Saint-Priest Cedex
Phone: 472232323

Fax: 472232300

Germany

F. W. Hempel & Co.
Geschéftsbereich Halbzeug
Weissensteinstrasse 70
D-46149 Oberhausen-Sterkrade
Phone: (208) 62041-0

Fax: (208)62041-74

Great Britain

Philip Cornes & Co. Ltd.

Lanner Building, Clews Road
Redditch, Worcestershire B98 7ST
Phone: (1527) 555000

Fax:  (1527) 547000

Italy

Chun & Vollerin S.R.L.

Via Veneto 7

|-20094 Buccinasco (Milano)
Phone: (02) 48842160
Fax:  (02) 4882697

Norway

A/S Stavanger Rgrhandel
Gamle Forusvei 53

P.0. Box 184

N-4033 Forus

Phone: (51) 818500
Fax: (51) 818600

Sverdrup Hanssen
Kvitsgygt. 95
N-4014 Stavanger
Phone: (4) 89 1800
Fax: (4)891818

Krupp VDM stockholders

and distributors

North America

USA
Sheet and plate

Corrosion Materials
P.0. Box 666

2262 Groom Road
Baker, LA 70714
Phone: (225) 775-3675
Fax:  (225) 778-6452

RASCO

(Reynolds Aluminium Supply Co.)
P.0. Box 26885

Richmond, VA 23261

Phone: (804) 281-2000

Fax:  (804) 281-4059

Rolled Alloys
P.0. Box 310
125, West Sterns Road
Temperance, M| 48182
Phone: (734) 847-6917
Fax:  (734) 847-0270

Strip

Ed Fagan, Inc.

769 Susquehanna Ave.
Franklin Lakes, NJ 07417
Phone: (201) 891-4003
Fax:  (201) 891-3207

Rod and bar

Corrosion Materials
P.0. Box 666

2262 Groom Road
Baker, LA 70714
Phone: (225) 775-3675
Fax:  (225) 778-6452

The Trident Company

405 North Plano Road
Richardson, TX 75080-3900
Phone: (972) 231-5176
Fax:  (972) 437-6569

Africa

South Africa

Krupp VDM Technology S. A.

(Pty.) Ltd.

40, Desmond Street
Kramerville 2148
Phone: (11) 444-36 20
Fax:  (11) 444-3950

Middle East

Israel

SCOPE

Metal Trading &
Technical Services Ltd.
Industrial Zone

P.0. Box 3

Mazkeret Batia 76804
Phone: (8) 349943
Fax:  (8) 349402
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Australia

Krupp VDM Australia Pty. Ltd.
724 Springvale Road
Mulgrave, Vic., 3170

Phone: (3) 9561-1311

Fax:  (3) 95614465
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USA

Precision Rolled
Products, Inc.

Corporate Office

14255 Mt. Bismark Street
P.0. Box 60010

Reno, Nevada 89506
Phone: (775) 972 02 72
Fax:  (775) 972 43 68
http://www.prpusa.com

Precision Rolled
Products, Inc.

306 Columbia Turnpike
Florham Park, N.J. 07932
Phone: (201) 822 91 00
Fax:  (201) 822 09 32

Manufacturing program:

Ingots, billets and bar products
made of high-temperature alloys
(nickel and cobalt-base alloys)
titanium and specialty steels in form

of flats, rounds and shapes

Plants:

Reno, Nevada — bar production

Florham Park, New Jersey — melting

plant and billet production

Krupp VDM division
Precision Rolled Products



Krupp VDM GmbH

Plettenberger Strasse 2

58791 Werdohl

Postfach 18 20

58778 Werdohl

Germany

Phone: +49 (2392) 55-0

Fax:  +49(2392) 55-22 17

E-Mail: kruppvdm@vdm.thyssenkrupp.com
Internet http://www.kruppvdm.de
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