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mould tubes and plates
for continuous casting

EM MOULDS is un [tulian compuny specidlized in the field of copper moulds for continuous
custing of steel. It cun look back fo more than 100 yeurs of experience in the field of cop-
per and copper dlloys.

EM MOULDS hus its registered office in Florence. Moulds production plant and EM MOULDS
sules offices ure locuted ut Forhaci di Barga, near Luccu. A commerciudl network of agen-
cies covers the entire world market.,
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Tubular moulds

The development and increusing use of continuous
custing have transformed ingot moulds from pure
and simple contuiners for the molten metdl into
the principal component required by the pro-
ducer to uttain his goudls in ferms of yuality and
production. The choice of ever more sophis-
ficuted materidls which increuse the prod-
ucts life and improve its heut-exchunge
fedatures, coupled with studies on optimal

taper, have successfully turned the ingot

mould into un object which is at the

cutting edye of modern technoloyy.
Its feutures dure specific to euch
production unit, and thus increus-
ingly developed und desighed
in close consultution with the
end user. Like in the pust,

EM MOULDS continues

to be d key promoter

in this ohgoiny proc-

ess of technoloyicul
improvement,
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While EM MOULDS is clearly hot the only supplier of ingot
Mmoulds with top-qudlity geometrical, mechunical and
physical features, it is without a doubt the only one
which hus the hecessary know-how to uppreciate

your specific reguirements. Indeed, EM MOULDS

brings you u product of its own design which

in every way meets the dims of dll steel

producers, und can even supply the
Mmould-cooling jacket where this is
required.

Having said this, which in itself
is reuson enough to justify
the use of EM MOULDS ihgot
moulds, let us add that we
dre unrivalled for:

= speedy delivery

= high gudlity at competitive
prices

= personulized dufter-sules
fechnicul service

* high gudlity of the steel
produced with our moulds

» pbenefits to production costs

Working with EM MOULDS
means you will get exactly
what you desire:

= reduction of production
costs

= improvement in the yudlity
of your steel

= trouble-free existence

Products range

Muterials MMT1, MM2, MM3, MM8

Shape Squadre, rectungular, round, polygonal, beam blank

Size Up to 750 mm of diugonul, lurger sizes on special inguiry
Internal profile Pardllel, single taper, multi taper, parabolic, EM parabolic
Curvuture Straight, curved

Corher radius >1mm

Lenyth No limitation

Wuall thickness No limitation

Couting Chrome mux 0.2 mm thickness; Ni+Cr; ECC.

Special moulds for Luna ECR® Plunt



™
= ol Ids
we give shape to steel

Plate moulds

EM MOULDS is

one of the world’s leading suppli-

ers of plute moulds for continuous custing, with <
100-plus yeurs’ experience in metallurgy of copper
and copper dlloys und in-depth knowledye of its
products’ upplicutions.

Products’ range includes dll the types of plute
moulds currently in use - CuAy, CuCrZr or CuNiP
with or without Nickel and Chromium couting.

Ingot moulds
must be cupuble of rapid-
ly conveying the heut of the molten
steel to the cooling water. The materidls used
- i.e., both the copper substrate und the nickel or
chromium lining — are thus expected to meet high-
level specifications to ensure lony life, even in criticdl
conditions, und avoid deformution, which could mar
the guudlity of the cust steel.

In recent yedars specidl impetus hus been given to
studies exploring different types of lining for plate
Mmoulds, und a good humber of different configura-
tions have been put to the test. Euch type of solufion
is carefully resedurched und then verified in close usso-
ciation with the technicul experts of the steel mill.
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Consult our steel-casting experts as to the best
solution for your plant!

We will be happy to ygive you dll the help aund
expertise you require.

Products range

Materidls MM2, MM3, MM8

Designs With cooling slots, with drilled
cooling chunnels, with welded
studs, beum blank,
funnel type for thin slab

Size No limitation

Coutiny Nickel, Nickel und Chrome,
Chrome, Nickel dlloys

Special moulds for Luna ECR® Plant
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Mould materials

To
ensure optimal
performance, moulds must
keep their original specifications at
Mmedn operuting temperatures us lony us
possible, and must, above dll, have adeyuute heut
fransfer capuacity. Thermal stresses which arise mainly
on the hot faces in the areu of the meniscus result
in more or less rapid und permanent deformation of
the mould, thus cutting short its life.
The seriousness of this phenhomenon is reluted to
the temperature level inside the mMould, und to tem-
peruture differences between the hot fuces und the
cold faces, und between the dreu of the meniscus
and the areu immediately below it.
The appropriaute solution for euch of the various
operuting conditions depends on correctly choos-
ing one of the following materidls:
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MetalMould]1 - CuDHP

Phosphorus Deoxidized Copper

The properties of this material are widely known. DHP
copper is still today the most widely used materidl
to munufacture moulds for the continuous custing
of billets, where the thermal flow is usudlly moderate
und the thickness of the moulds not excessive.

MetalMould2 - CuAg
Silver Bearing Copper

Adding 0.10% silver to the copper increuses the re-
crystdllization temperature by approx. 100°C. Thanks
to its specidl properties, this dlloy is used to munu-

facture mMoulds for the custing of blooms and slubs,
where the femperature ut the meniscus reuches und
exceeds 300°C. Such high temperatures are due to
the considerdable thickness of the wdlls and to the
high thermail flow inside the mould.

The fact that this material maintdins its initial hard-
ness, HB>80, for long periods of exposure at 300°C,
dlso mukes it possible to re-process plates that have
been subjected to repeuted weur before reuching
the minimum prescribed thickness.

Silver-beuring copper is dlso widely used for moulds
producing billets in speciul conditions, such dus weekly
seqyuentiul custing, high custing speeds, cooling con-
ditions which are hot optimal, high temperature deltu
of the cooling wuter, und others.

, MM1
Material (CuDHP)

Chemical Composition P 0.015+0.040
Physical Properties
Coefficient of thermal expansion 168 10°
at 20°C (K™ '
Thermal Conductivity at 20°C 340
(W/(m-K))

Electric Conductivity 83
(%IACS) - minimum values

Recristallization Temperature

R 330
°C)
Softening Temperature )
°C)
Young Modulus g
(MPQ) 1.2 10
Mechanical Properties
Ultimate Tensile Strenght 205
at 20°C (MPa)
Ultimate Tensile Strenght )
at 200°C (MPa)
0.2 % Proof Stress
at 20°C (MPq) A0
0.2 % Proof Stress _
at 200°C (MPQq)
Elongation
at 20°C (%) AL
Hardness 03

at 20°C (HB)

Application

Tubular moulds

MM2 MM3 MM8
(CuAg) (CuCrr) (CuNiP)
Ag 0.08+0.12 Cr0.30+1.20 Ni 0.47 + 0.53
P 0.004 - 0.012 Zr0.03 +0.30 P0.09 +0.115
1.68 10° 1.7010° 1.68 10°
377 325 284
93 80 70
370 700 600
= 500 400
1.210° 1.310° 1.210°

Tubular Plate

Tubular Plate

Tubular  Plate

300 275 415 400 335 320
245 230 385 370 310 300
275 260 340 310 320 300
230 210 320 280 280 265
18 18 20 20 18 20
95 90 125 120 115 110

Tubular & plate  Tubular & plate  Tubular & plate

Moulds

Moulds

Moulds
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MetalMould 3 - CuCrZr
Copper Chromium Zirconium

To improve the mechunical properties at high tem-
peratures of copper dlloys with high thermal con-
ductivity, metdllurgicul experts have turned to struc-
turdlly hardened dlloys.

The muin elements used for these copper dlloys,

whose solubility generdlly varies according to tem-
perature variations, ure the following: Be - Cr - Co
-Cd-Fe-My-Mnh-Ni-Nb-P-Si-Sn-Ti-Zr.

There are humerous dlloys which cun be obtuined
in saturated solution of these elements, but results

dre hot dlways compdtible with industrial redilifies,
such us coping with pollution problems, high costs,

und excessive loss of thermal conductivity. Thus the
number of dlloys which cun be used in practice is
considerubly reduced.

The percentage of addition of elements is further
restricted by the heed to harmonise du high level of
hardness with a high degree of thermal conductiv-
ity. The Copper-Chromium-Zirconium dlloy satisfies dll
the ubove-mentioned requirements, and is used dlso
becuuse its excellent properties dllow it to muintdin
its hardness for lony exposure periods ut high tem-
peratures.

THERMAL CONDUCTIVITY
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Hardness Vickers ufter 240 hours heut freutment
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MetalMould 8 - CuNiP
Copper Nickel Phosphorus

The remurkable success in further developing the con-
finuous custing process has gredtly increused the need to
curry out udjustments to the mould which will endble the
hew technoloygy of continuous custing to fulfil the expec-
tations of the players in this field.

Risihg to the challenge, EM MOULDS hus broadened the
range of tfraditional materidls with a new dlloy, whose
chemicul composition cun be dltered in uccordunce
with single dpplicutions — thus personulizihg euch type
of mould to meet the specific regyuirements of euch cus-
tfomer.The dlloy in yuestion dllows us to correctly combine
thermal conductivity and mechanicdl resistance at high
temperatures, in un effort to minimize the problem of tem-
perature variations across the mMould’s entire perimeter.
This has obvious advantages for solidification conditions
without excessive thermal stress in the solidified skin, as well
us in the mould itself. The controlled thermal conductivity
of this hew dlloy considerably diminishes the criticdl stute
of the cooling conditions, which, as we khow, are linked to
three varidbles: thickness of the lubricdating film, thermal
flow and shrinkage of the solid skin. As u result, excessive
thermal stress und problems of cracking are both elimi-
hated.
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Mould coatings

Tubular moulds conventional coating

The technoloygy of chromium couting has udvanced
considerably. Now the deposit, with the thickness
uppropriute to the various heeds, yudurantees com-
pletely satisfactory results at all levels. As regards the
chromium couting, EM MOULDS offers the guaran-
tee of u know-how which has been fully tested in 40
yedrs of experience.

Tubular moulds special coatings

EM NC (EM Nickel Chrome)

EM Mould’s EM NC couting for extruded copper
mould tubes consists of u double layer coating of
nickel and chrome. The component in contact with
the extruded copper hot face is a hickel dlloy, which
is then overlaid with a layer of hard chrome.

This upprouchis derived from EM Moulds’s experi-
ence in producing four piece plute moulds. Accord-
ingly, the fundumental process of upplying u layer
of hickel between the chrome und copper 1o
achieve u much higher service life for the
mould is bucked by severdl years of
operutionul experience.

This hew couting is particularly
useful for avoiding the formu-
tion of cracks in the chrome
couting, especidlly in the me-
hiscus zone of the Mould. The
nickel dlloy, in fuct, hus u coeffi-
cient of thermual expunsion that
is almost double that of the
chrome. Therefore, the nickel
dlloy coutingis better uble to
tolerate the greater expunsion
of the copyper that tukes pluce
in the meniscus zone during the
custing process.

Up to now, nickel plating the in-
ner surfuce of U single piece ex-
tfruded mould tube has proven
to be particularly difficult, with
the technicdl issues focusing on
the regularity and surfuce gquul-
ity of the nickel couting.

With the advent of the EM NC
couting process developed by
EM Moulds, it is how possible to
achieve u smooth und consist-
ent nickel pluted surface in both
the corners und flut surfuces of
the mould tube hot face.
Compuarative field tests in a
humber of steel plunts have
confirmed u significunt increuse
in the averuye life of mould
fubes plated with the EM NC
couting, versus Mmoulds tubes
plated with the conventiondl
chrome couting.
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EM ECC (EM Enhanced Corner Coating)

It is a well known operutionul fuct that the removdal
of un extruded single piece mould tube from serv-
ice is determined by the weur conditions of its inner
dimensions. If not addressed, these wedur conditions
cun leud to solidification problems, and/or defects in
the final cast product.

It is clso a well knowh operdational fact that the cor-
hers of the mould tube tend to weur faster than other
areus within the mould tube - a function of the rapid
solidification that takes place in the corners.

To address this problem, EM Moulds hus developed
u method of applying the chrome coudting with spe-
cific geometric churacteristics, wherein the chrome
thickness in the corners is thicker.

This unigue plating geometry provides u couting
that will better withstand corher weur, while at the
sume time preserving the heat transfer properties
that are hecessuary for the proper solidification of the
flat faces.

Compurdtive luboratory and field tests have con-
firmed that this new and unigue couting geometry
significantly addresses the corher wedar problem.

Plate moulds

Chromium codting is sfill widely used for plate
Mmoulds for blooms und beum blanks, und the tech-
noloyy is well known.

Plate moulds for slab custing are generally nickel
couted, und huave vdrying deyrees of thickness
und diverse configurations. A thin chromium layer is
sometimes upplied to increuse the durability of the
hickel couting.

As well us Nickel, which is avdiluble in two different
hardness configurations, hew Nickel and Cobualt
dlloys have recently been tried, und these ufford bet-
ter weur resistunce.

Choosing one of the stundurd solutions described
ubove will depend entirely on the specific operut-
ing condifions euch user adopts, und to his moulds’
Mmuintenunce und re-machining reyuirements.
Through compuardtive tests, the user has to establish
the best couting thickness to increuse avdilability
and cost-effectiveness, which in turn ensures longer
mould life.

Ni constant
thickness couting
with/without 0.05 Cr layer

Ni step-couting
(variuble thickness)
with/without 0.05 Cr layer

Ni fapered
thickness couting
with/without 0.05 Cr layer

Ni coutiny
oh edyes
with/without 0.05 Cr layer

Material Properties (CAZA,;',: - Nickel ‘;’6%‘7(’; ‘7" Chromium gggﬁ:
Hardness (HV) 93 220 400 980 410
;ng‘glegipoinsion 1,6810° 12810° 12510° 084107 10010°
Thermal conductivity at 20°C 340 88 78 70 80

(W/(Mm-K))
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Technical Service
and Design

Mould Cooling Jacket

A stdinless steel mould-cooling jucket is available at
last!

A single piece with big wudll thickness, very small size
tolerances und hon-deformuable over time. Years of
work have demonstrated that this part has to meet
the highest quudlity standurds to enuble you to muke
full use of dll the excellent charucteristics of the last
generation of moulds.

Now a single supplier brings you both the
mould and the mould jackets.

We take cure 1o get every detdil right. The two pieces
will be delivered to you reudy for use, und dll you
have to do is ussemble them in the water jacket,
without any adjustment or control. The rivets used to
center the moulds inside the cooling jacket dre set
and fixed taking into consideration the exact outer
dimensions of the mould, us well s the copper’s
exjpunsion during custing. Thanks to this new solution
we have eliminated one of the main problems that
make steel custing so difficult. We have automated
mould dassembly with results gudaranteed and con-
stant over time, gredatly reducing the time needed to . . p .
tuke out the used mould und instll the hew one. This solution’s key points are:

» A single piece without mechunicul connection
= Very smuall size tolerances

»  Big thickness stainless steel, hon-deformable

* Mould jucket produced for automatic
mould-centering control

=  Onhe producer for both mould and mould jacket
Eliminating risk of human errors during assembly

Targets

Improving product guality
= Reduciny risk of breukout

Increusing mould life
» Reducing muintenance costs
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Are you sure that your continuous casting
machine is performing to the full extent
allowed for by its features?

With 4 decudes of experience us leudiny suppliers of
Moulds for continuous custing und with its ufter-sales
technhicul service, Europu Metdlli can tell you if this is
indeed the cuse, und cun help you in running your
eyuipment more eusily and effectively.

Your job is to produce steel. Ours is to help you do
this better. Together we cun grow und keep ubreaust
of new developments.

Our technicdl service is bused oh the experience
guined in working in close conjunction with our
customers to develop the continuous custing proc-
ess, und is supported by the very latest culculus
und desighing systems to enyineer the ingot mould
which will be most perfectly suited to your specific
reyuirements.

We are aware that howhere in the world will you find
two custing plants which are quite the sume. Both
your experts and ours have to work together in order
to creute your idedl ingot mould.

To uchieve this dim, we huve developed U spe-
ciul upprouch of collecting information, theoreticul
processing und practicdl tridls, which greutly reduces
the time needed 1o solve any problems arising in the
steel mill. Where necessary, we sugygest uadoption of
the full ingot mould/cooling jacket unit.

Nobody better than Europa Metalli can help you in
seeking out the solution that best fits your specific
requirements:

» |ncreusing your custing speed

= Reduciny breuk-outs

= Reduciny the defects on blooms und billets
= |[ncreusing the life of your ingot moulds
Finding the idedl wedur-resistunt couting for
your plate moulds

For further information visit www.coppermoulds.com
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Mould manufacturing

EM MOULDS tubular and plate ingot moulds are pro-
duced ut the Fornaci di Barga plant,

This fully integrated plant comprises copper melfing
and custing units, extrusion und hot-rolling, drawing
und cold-rolling, machine working, electrolytic cout-
ing und yuulity controls.

The fuct of having the entfire production process
under ifs direct control gives EM MOULDS the neces-
sary agility with which to meet customers’ demands
in ferms of delivery and product yudlity. Its modern
production units dlso ensure process repetitiveness,
making for seamless yuality over time.
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Plate moulds

MELTING & CASTING

HOT ROLLING
OR FORGING

COLD ROLLING

ULTRASONIC
INSPECTION

MACHINING

COATING

FINAL INSPECTION

Our dlloys are dlways produced with high-purity copper
cuthodes. For un optimal control of the elements udded
into the dlloy, a chemicul unalysis of the molten metdl is
dlways curried out before custing.

The production of tubular moulds kicks off with the cust-
ing of bars with a circular cross-section. These ure sub-
seyuently hot-extruded, or forged. The extruded tube is
then cold-drawh dund formed to attain the geometricdl
und Mechunicdl feutures reqyuired by the fechnicudl
specificutions, which of course dliso includes tuper. For
the latter step - by far the most crucidal one in the pro-
duction cycle - is used the latest, most powerful und best
eyuipped press to be found in the sector today. Forming
is uccomplished with specidl steel eyuipment, which is
specific fo each ingot mould and is produced with CNC
machines. Findlly, the tube undergoes machining und is
then chromium-pluted interndlly, before beiny inspected
und meusured. The foreyoiny process is recorded on
qudlity certificates which are pucked together with the
ingot mould in the shipping box.

Production of plate moulds involves the custing of d slab
which is subseyuently hot rolled (or forged) and then cold
rolled. The entire plate is then ultrasonicdlly inspected.
Only plutes which have pussed the test 100% dre then
worked with high precision CNC muchines, to uchieve
compliunce with the strictest tolerances set down in the
technicdl specificutions. This phuse dlso includes welding
of the steel studs when the plate moulds dre designed
for this type of configuration. Findlly, galvanic wedur-resist-
unt couting is upplied if culled for, ufter which the plate
mould yoes for findl inspection.

The yuudlity certificute is pucked together with the mould
in the shipping box.

Tubular moulds

MELTING & CASTING

HOT EXTRUSION
OR FORGING

COLD DRAWING

TAPERING

MACHINING

COATING

FINAL INSPECTION
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Research & Development

Some things have to change to stay the same.

In today’s world, compunies heed to meet the chal-
lenges posed by toughening competition, more
exucting demand und hew markets. Even their most
well-established products and the materials they
have successfully worked with for decades need
to puss the ongoinyg test of efficiency and market
ucceptunce in the face of new technoloyicudl
developments uand dynamic shifts in market trend
und competition.,

One of Italy’s most advanced institutions of this kind,

and specidlized in the study of metdllurgy und the
development of hew muteridls.

EM MOULDS hus the opportunity to use Reseurch
Center ut Fornuci di Bargu, that is one of the most
important research centers in the world, with full
competence in this sector.
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[ts high-tech equipment and the experience and
competence of its researchers dare our customers’
disposul to find solutions to problems related to the
use of moulds in custing machines. The Resedrch
Centre hus a library of over 5,000 specidlized works,
and is conhected to important European and U.S.

data banks (CDC - USA). It ulso hus a range of cut-
ting-edye instruments, including:

- Electron scaunner Microscope
- Electron transmission Microscope

- X-ray diffractometer

Our specidlized staff and the instruments they oper-
ute ut the Fornuci di Bargu Reseurch Centre, us well
us our technical servicing unit, are dlways reudy to
work together with and help EM MOULDS customers
to study projects diming at hew objectives, und to
solve uny problems which may drise in the course of
the continuous custing process.
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Research Center includes
the following laboratories:

Scanning Electron Microscopy
Electron Microscopy

X-Ray Diffractometry
Opticul Microscopy
Physical Medusurement
Technologicul Laboratory
Image Andilysis

Chemistry and Environment
Surface Treatments
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Quality assurance

EM MOULDS is fully committed to improving
the qudlity standards of both its products and
processes. This yuest, which was already underway
in 1984, when Europu Metdlli spu launched u
Total Quuality Program involving its whole work
force, yeneruted further schemes in the following
yeurs. The compuny’s commitment to supply
products which comply exactly with its customers’
specifications und dre competitive ih terms
of delivery, prices and service, findlly led the
compuny in 1992 to creute - through the full
involvement of its employees - a documented
Quulity Munugement System in uccordunce with
ISO 9001:2000 stundurds.

The Quulity Management Systems put into effect in
dll of EUROPA METALLI’s plants, warehouses und in
the sules offices, is how upplied to EM MOULDS und
certified uccording to the ISO 9001:2000 stundurd
by Istituto Itdliano Garanzia Quality (IGQ).

We dre convinced that customer satisfaction is
the most eloyuent statement on the yudlity of our
performance.

1S0 9001:2000 /
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Contacts

Operutive Office

Viu dellu Repubblicu, 257

55051 Forhaci di Barga (LU) - Italy
Tel: +39 0583 700 71

Fax: +39 0583 700 791

e-muil: info@coppermoulds.com
website: www.coppermoulds.com

Reyistred Office
Viu dei Burucci n® 2
50127 Firenze - ITALY



EM MOULDS Srl

55051 Forhuci di Burga (Lu) ITALY

www.coppermoulds.com



