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Plastic injection moulding is the one of the most common methods to produce plastic parts due to the wide range of
products that can be manufactured. This process often requires die materials with high levels of thermal, mechanical and
tribological properties. Making the right choice of the die material is then crucial to decrease the production cost and to
produce difficult component geometries.

Since our foundation in 1977, we have managed to generate innovative solutions and materials for dies and tools for
different industrial hot and cold work applications. For dies and inserts of plastic injection moulding we have developed
and commercialized mainly two innovative tool steel families:

+ HTCS® tool steels, revolutionary high thermal conductivity tools steels that typically present more than twice the
thermal conductivity of the conventional tool steels used for plastic injection molding, such as steel grades 1.2311 and
1.2344.

+ FECRONI® tool steels, advanced stainless tool steels with superior corrosion and oxidation resistance along with higher
thermal conductivity compared to standard stainless tool steels.

This brochure will present different grades of HTCS® and FECRONI® tool steels with different thermo-mechanical
properties that can cover extended solution possibilities for dies and tools in the plastic injection moulding applications.

THE PLASTIC INJECTION MOULDING PROCESS

INTERFACE ENVIRONMENT The tool conception, in particular in terms of tool material type
and cooling strategy, strongly determines the process

performance in plastic injection molding. During past decades,
much attention has been paid to the optimization of the die
design and cooling system in order to improve the cost-
effectiveness of the process. The progress achieved in these
areas was outstanding, but the efficiency of the process was still
limited by the thermo-mechanical properties of the die material.
For a given application, the cooling performance not only
depends on the cooling system, but also on the thermal
° properties of the tool material.
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~ COOLING Plastic injection moulding involves heat transfer from the molten

#<€<— CHANNEL injected plastic material to the mold through the plastic-mold
interface, and through the mold material to the cooling medium
in order to solidify and shape the components.

In this process the injection and cooling stage,
strongly dominate the cycle time and limit the
process productivity. The time of these stages, and
resulting effect on the overall cycle time, depends on
the efficiency of the heat transfer from the molten
plastic to the cooling media. The mould material
functions as a kind of bridge between the cooling
channels and components. Thereby, the heat transfer
rate from the components to the cooling medium is
limited by the thermal properties of the mould, and
hence the thermal conductivity of the mold material.

® Mold closing

Injection filling

W [njection pressure /
Cooling

W Ejection

However, the thermal conductivity of most conventional hot work tool steels has remained low and typically ranges
between 20-35 W/m.K.. In 2006, while taking advantage of recently developed technologies and outstanding knowledge
of tool steels, ROVALMA S.A. developed HTCS® tool steels that present thermal conductivity up to 70 W/m.K while
conserving similar or even superior mechanical properties of conventional hot work tool steels. The significant
improvement in productivity and potential for scrape reduction with these new tool steels in plastic injection moulding
applications has paved the way toward the development of different grades within the HTCS® tool steel family, and also
within the FECRONI® family of stainless tool steels with improved thermal and mechanical properties. This significant
improvement permits to master the main industrial issues of plastic injection moulding: increase the wear resistance and
decrease the scraps so that the productivity and the tool durability can be considerably improved.
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Plastik enjeksiyon kaliplama, plastik parcalanin lretimi icin en yaygin ydntemlerden biridir, bu ydntemle ¢ok genis bir
yelpazede plastik drdin lretilebilmektedir. Bu dretim siireci genellikle yiiksek termal, mekanik ve tribolojik ozellikleri olan
malzemeler gerektirir. Kalip malzemesinin segciminin dogru yapiimasi lretim maliyetini azaltimasi ve geometrileri zor
parcalarin dretimi icin hayatidir.

1977 yilinda kurulusumuzdan bu yana, farkli enddstriyel sicak ve sojuk is imalat uygulamalari icin yapilan kaliplar ve
aparatlar icin yenilikci ¢éziimler ve materyaller lretmeyi basardik. Plastik enjeksiyon kaliplari ve dolgulari icin esas olarak
iki yenilikci takim celigi ailesi gelistirerek piyasaya sunduk:

» HTCS® takim celikleri, plastik enjeksiyon kaliplari icin kullanilan 1.2311 ve 1.2344 gibi geleneksel takim celiklerinin isi/
iletkenliginin genelde iki katindan fazla ylksek isil iletkenlige sahjp devrim niteligindeki yiiksek isil iletkenlikli takim
celikleridir.

» FECRONLPP takim celikleri standart paslanmaz takim celiklerine gére daha yiiksek isil iletkenlik ozellikleriyle birlikte
stiin korozyon ve oksidasyon dayanimii gelismis paslanmaz takim gelikleridir.

Bu brosiir farkli isil-mekanik ozelliklere sahip degisik kalitelerdeki HTCS® ve FECRONI® takim celiklerinin plastik
enjeksiyon kalip uygulamalari icin gelistirilmis farkli ¢ézim olanaklarini anlatmaktadir.

PLASTIK ENJEKSIYON KALIPLAMA PROSESI

INTERFACE ENVIRONMENT Takim konsept;, Ozellikle kalpp malzemesi tipi ve sojutma

stratejisi bakimindan, plastik enjeksiyon sekillendirme prosesi
performansini azami olciide belirleyen bir husustur. Gegtigimiz
yillarda, prosesin performansini ve uygun maliyet &zelliklerini

- gelistirmek icin  kalip tasarimi  ve sogutma  sistemlerinin
] . - o
. optimizasyonuna o/a’u/(ga“ onem verilmistir. Bu a/a/'7/ar'q’a. elde
-l edilen ilerlfemeler olajandistidiir ancak proses verimliligi hala
@) kalip malzemesinin termo-mekanik ozellikleri ile sinirlidir. Verilen
° E bir uygulama igin, sogutma performansi sadece sogutma
-> ® sistemine bagl dejil, ayni zamanda takim celiginin 1si
° ozelliklerine de bag/idir.
~ COOLING Plastik  enjeksiyon  kaliplama,  parcanin  katilasmasi — ve
o< CHANNEL sekillendirilmesi icin basilan ergiyik plastik malzemeden plastik-

kalip temas ylizeyinden kaliba ve kalip malzemesinden sojutma
ortamina isi transferini icerir.

Bu proseste enjeksiyon ve sojuma asamasi, blyik
oranda cevrim stiresini belirler ve prosesin verimlilig/
sinirlar. Bu asamalarin siresi ve sonucunda toplam
cevrim sliresine etkisi, ergimis plastikten sojutma
ortamina olan is1 transferinin verimliligine baghdir.
Kalip malzemesi sojutma kanallarr ve bilesenler
arasinda bir tdr kopri vazifesi yapar. Bodylece
parcadan sogutma ortamina olan isi transferinin hizi
kalibin 1sil ozellikleri ile yani kalip malzemesinin isi/
iletkenligi ile sinirlanir.
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Fakat cogu konvansiyonel sicak is takim geliklerinin isi/ iletkenligi dis ik kalmis olup genellikle 20-35 W/mK. arasindadir.
2006 yilinda, yakin zamanda gelistirmis yeni teknolojilerin avantajini ve takim c¢eliklerine iliskin artan bilgi birikimini
kullanan ROVALMA S.A. konvansiyonel sicak is takim ¢elikleri ile benzer hatta daha (stin mekanik ozellikleri koruyarak 70
W/mK dejerine ulasan HTCS® celikleri gelistirdi. Plastik enjeksiyon kaliplama uygulamalarindaki bu yeni takim celikleri ile
verimlikteki belirgin artis ve hatta potansiyel hurda miktarindaki azalma, iyilestirilmis isil ve mekanik &zellikleriyle HTCS®
takim celigi ailesi ve FECRONI® paslanmaz takim celikleri ailesi farkli kalitelerin gelistirilmesine yol acmistir. Bu énemli
gelisme plastik enjeksiyon kaliplamada temel endlistriyel konularin basariimasini saglamistir. Asinma direnci artinlip ve
hurdayi diizeyi azaltilarak, verimlilik ve takim dayanikliligr belirgin sekilde iyiles tiriimistir.

KAPASITESI

. b . * PLASTIK PARCANIN HIZLI VE
)_’UI(SI:'I( I.S_'IL YUKSEK ISI TRANSFERI HOMOJEN SEKILDE SOG UMASI
ILETKENLIK

° CEVRIM SURESINI KISALTIR




ROVALMA S.A. TOOL STEELS SOLUTIONS
High Thermal Conductivity HTCS® Tool Steels

The HTCS® tool steels have gained the worldwide interest of tool makers and component producers thanks to the high
benefits realized with these tool material, in particular:

\ Decrease the cycle time ¥ Make large and complex component geometries V Integrate high performance technologies
for heating and cooling management of the dies v Eliminate warpage and sink marks v Efficiently produce components
charged with abrasive fiber glass.

HTCS® steels are advantageous for plastic injection moulding because they present the mechanical, topographical and
tribological properties of a high quality conventional tool steel, but typically with more than the double of thermal
conductivity. Hence high performance, large and small molds, inserts and any other types of tools can be made with
HTCS® tool steels. They can be machined, welded, surface treated, surface texturized, but compared to conventional tool
steels, with the extra benefit of having very high thermal conductivity.

Depending on given application requirements, the following table presents approximate comparisons between the HTCS®
tool steel grades used for plastic injection moulding and can be used as a general guide for tool steel selection. For more
information, please refer to the corresponding technical data sheet.

Therm.aI. Polishability V.Vear Max. Heat
Conductivity Resistance Hardness treatment

1.2344 / H13 +++ +++++++ +++++ 54 HRc Q+T!
HTCS®-130 DC + e+t b +4+++ 52 HRc Q+T!
HTCS®-140 ++++++++ +++++ ++++++++ 58 HRc Q+T!
HTCS®-150 ++++++ +++++ +++++++ 54 HRc Q+T!
HTCS®-230 +++++ +++++++ +++++ 50 HRc Aging
1.2311 / P20 ++++ +++++ + 34 HRc PH?2
HTCS®-117 o F +4+ 45 HRc PH2
HTCS®-130P ++++++++ ++++++ ++ 35 HRc PH?

High Corrosion Resistance Stainless Tool Steels FECRONI®

FECRONI® grades are stainless tool steels that offer very high mechanical resistance and corrosion resistance along with a
high level of thermal conductivity. These combinations of mechanical and thermal properties along with the very high
level of polishability make of FECRONI® tool steels excellent material options for moulds, inserts and tools of plastic
injection molding processes. The following table offers an approximate comparison with regard to grades of FECRONI®
that have been widely applied for moulds and inserts of plastic injection moulding.

Therm.al. Polishability Cor_‘rosion Max. Heat
conductivity resistance Hardness treatment
1.2083 / AISI420 +++ +H++ +++ 54 HRc Q+ Tt
FECRONI®-1800 +++++ ++++++ ++++++ 54 HRc Q+T!
FECRONI®-2700 G- e e 64 HRc Q+T!
FECRONI®-1000S ++++ 4+ ++++ 32 HRc PH?
FECRONI®-1400 +++ +++++++ +++++++ 44 HRc PH2

1 High temperature austenization, quenching and tempering

2 Pre-heat treated, no further heat treatment is needed




ROVALMA S.A. TAKIM CELIGI COZUMLERI
Yiiksek Isil Iletkenlik HTCS® Takim Celikleri

HTCS® takim celikler, sagladig: dstin avantaj nedeniyle kalip ve parca dreticilerinden dinya capinda ilgi gormdstiir;
ozellikle de su hususlar ilgi gérmesini saglamistir:

v Cevrim stiresini kisaltir v Biiyiik ve karmasik bilesen geometrileri iiretilebilir V Kaliplarin isitma ve sogutmasi icin yiiksek
performansli teknolojileri entegre eder vV Carpilma ve batma izlerini 6nler V Asindirici cam elyaf takviyeli parcalar verimli
sekilde dretilir.

HTCS® celikleri plastik enjeksiyon sekillendirme icin avantajlidir ¢iinkd yiksek kalitedeki konvansiyonel takim c¢eliginin
lstiin mekanik, topografik ve tribolojik ézelliklerinin yaninda iki kat fazla isi iletkenligine sahiptir. Yiiksek performansiari
sayesinde, bliyiik ve kiiclik kaliplar, lokmalar ve diger tiplerdeki takimlar HTCS® takim celikleri ile yapilabilir. Tim bu
celikler konvansiyonel takim celikleriyle karsilastinldiginda sahip oldukian yiiksek isil iletkenlerinin faydasi ile birlikte
islenebilir, kaynak yapilabilir, yizeysel sertlestirilebilir ve ylizey desenleme yapilabilirier.

Asagidaki tabloda verilen uygulama gereksinimlerine bagl olarak plastik enjeksiyon sekillendirme igin kullanilan farkls
ozelliklerdeki HTCS® takim celiklerinin karsilastirmalari yer almaktadir ve takim celigi secimi icin genel bir kilavuz olarak
kullanilabilir. Daha fazla bilgi icin, ilgili teknik bilgi formuna bakiniz.

etkenilc | Pariatilabilirlik b St iyile;tlisrlilmesi

1.2344 / H13 +++ +++++++ +++++ 54 HRc Q+T!
HTCS®-130 DC FA+ R +H+++ 52 HRc Q+T!
HTCS®-140 ++++++++ +++++ ++++++++ 58 HRc Q+T!
HTCS®-150 ++++++ +++++ +++++++ 54 HRc Q+T!
HTCS®-230 +++++ +++++++ +4+++ 50 HRc Yaslanma
1.2311 / P20 ++++ +++++ + 34 HRc PH?2
HTCS®-117 e e 4+ 45 HRc PH2
HTCS®-130P ++++++++ ++++++ ++ 35 HRc PH?

Yiiksek Korozyon Direncli Paslanmaz Takim Celikleri FECRONI®

FECRONI®, cok yiiksek mekanik dayamm ve korozyon direncini yiksek isil iletkenlikle birlikte sunan paslanmaz takim
celiklerinin farkli kalitelere sahip tirleridir. FECRONI® bu mekanik ve isil ozellik kombinasyonlarinin yaninda yiiksek
seviyedeki parlatilabilirligi ile kaliplar, lokmalar (insértler) ve plastik enjeksiyon kaliplama prosesleri icin mikemmel bir
malzeme secenegidir. Asadidaki tablo plastik enjeksiyon kaliplamasinda kullanilan kalip ve insértlerde ¢okca faydalanilan
degisik kalitelerdeki FECRONI® tirlerinin yaklasik mukayesesini vermektedir.

|I::|:::1al:k Repat Sl K:ir:ez:c‘:n sl,\:anlifk iyile;tlisrlilmesi
1.2083 / AISI420 +++ ++++ +4+ 54 HRc Q+T!
FECRONI®-1800 +++++ ++++++ ++++++ 54 HRc Q+T!
FECRONI®-2700 -t e ar b 64 HRc Q+T!
FECRONI®-1000S ++++ o+ ++++ 32 HRc PH?
FECRONI®-1400 +++ +++++++ +++++++ 44 HRc PH?2

1 Yiiksek sicaklikta éstenitleme, su verme ve temperleme

2 Onceden isitilmustir, isil iyilestirmeye gerek yoktur




DESIGNER & PROVIDER OF FIRST-CLASS TOOL MATERIALS

BIRINCI SINIF KALIP MALZEMELERI DIZAYN VE URETICISI

ROVALMA, S.A. provides innovation in tool materials.
Thanks to comprehensive research, innovative design and
development, most recent production techniques as well as
in depth quality control, we have achieved significant
advances in the knowledge about plastic injection moulding
and generated important know-how regarding the
production and optimal usage of our materials for a specific
application. As a result, we can provide you with first-class
tool steels for plastic injection moulding, our HTCS® and
Fecroni ® Tool Steels, and outstanding technical assistance.

We are proud to make our High Performance Tool Steels
available to you for your specific applications. Do not
hesitate to contact us for the latest information.

ROVALMA, SA. kalip malzemelerinde yenilik saglar.
Kapsamli arastirma, yenilik¢i tasarim ve gelistirme, en son
lretim tekniklerinin yani sira ayrintili  kalite kontrolii
sayesinde, plastik enjeksiyon kaliplama ile ilgili  bilgi
birikiminde  6nemli  ilerlemeler  saglanmis,  belirli
uygulamalarda  malzemelerin  dretim ve  optimum
kullanimimin - nasil  gerceklestirildigi  sorusuna  cevap
verilmistir. Sonug¢ olarak, biz plastik enjeksiyon kalplama
icin HTCS® ve Fecroni® Takim Celiklerimizi ve Ustiin teknik
yardimimizi sagliyoruz.

Belirli - uygulamalariniz igcin Yiiksek Performansli Takim
Celiklerimizi sizlere sunmaktan gurur duyuyoruz. En son
bilgileri almak icin bizimle irtibata gecmekte tereddit
etmeyin.

IMPORTANT GENERAL INFORMATION

ONEMLI GENEL BILGILER

In order to fully exploit the advantages and the potentials
of ROVALMA's High Performance Tool Steels, we offer our
customers the support of our Application Engineering
Service. Our highly qualified and dedicated engineers can
assist you in selecting the optimized grade for your
application and provide you with the corresponding
technical recommendations. It is our mission to increase the
competitive-advantage of our customers and support them
in achieving the highest possible cost-effectiveness.

Rovalma’'nin Yiiksek Performansli Celiklerinin avantaj ve
potansiyelinden  tam  olarak  faydalanilabilmesi  igin,
mdsterilerimize  Uygulama  Mdhendisligi  Servisimizin
destegdini sunmaktayiz. Yiksek nitelikli ve isine tutkuyla bag!
midihendislerimiz uygulamalarinizda kullanacaginiz en uygun
kalite sinifinl se¢meniz icin  uygun teknik tavsiyelerde
bulunarak  size  dansmanhik  edebilir  Misyonumuz,
Mdis terilerimizin rekabet avantajlarini arttirmak ve mdmkdin
olan en yiiksek maliyet etkinligini yakalamalarinda onlara
destek olmaktir.

NOTE
NOT

ROVALMA, S.A. carries out ongoing research for many
applications regarding the usage of the materials here
presented. This research often brings along significant
advances in the knowledge of a given process and thus
important information regarding the best possible usage of
the materials for a specific application. The material itself
and the processing parameters (machining, welding, surface
conditions etc.) are also constantly further developed.

Due to ongoing changes in production practices and
process parameters for specific applications by users on the
one hand and continuing research and development efforts
to further optimize our materials on the other hand, it is
impossible to keep catalogs always up-to-date. It is
therefore strongly recommended to get in contact with
ROVALMA, S.A. for the latest information regarding a
specific application.

ROVALMA, SA, burada  belirtilen  malzemelerinin
kullanildigicesitli - uygulamalar  kapsayan bir arastirma
yuridtmektedir. Bu arastirma, belirli bir proses ile ilgili daha
kapsamli bilgilere sahip olunmasini saglayarak, malzemelerin
spesifik bir uygulamada midmkdn olan en iyi sekilde nasi/
kullanilabilecegine  yénelik Snemli  bilgiler sunmaktadir.
Malzemelerin kendisi ve ilgili proses parametreleri (talas!i
imalat kaynaklama vb.) de sirekli olarak gelistiriimektedir.
Belirli - uygulamalar ile ilgili olarak kullanicilarin  imalat
calismalarinda ve proses parametrelerinde sirekli degisiklik
yapmalar ve malzemelerimizi daha optimum bir yapiya
blrdndidrmek amaciyla araliksiz sirdirddgimdz arastirma
ve gelistirme ¢alismalanimiz nedeniyle kataloglarin her
zaman en gtincel bilgileri icermesi miimkdiin olmamaktadir.
Bu nedenle, belirli bir uygulamayla ilgili en giincel bilgilere
sahip olmak icin ROVALMA, S.A. ile irtibata gegilmesi
dnemle tavsiye edilir.

Rovalma S.A. Rovalma S.A. Rovalma GmbH

HT Head Office German office

C/ Apollo, 51 C/ Collita, 1-3 GeibelstraBe 5

08228 Terrassa (Barcelona) 08191 Rubi (Barcelona) 12205 Berlin

SPAIN SPAIN GERMANY www.orsa-Itd.com

Tel. (+34) 935 862 949
Fax (+34) 935 881 860

Tel. (+34) 935 862 949
Fax (+34) 935 881 860

Tel. +49 (0)30 810 59 717
Fax +49 (0)30 810 59 719

DISCLAIMER: All information provided in this datasheet is provided “AS IS” and “As available” and without
warranty, express or implied, of any kind regarding completeness, faultlessness, accuracy, up-to-dateness,

= i individual interpretations, merchantability or fitness for any purpose and no representation contained in this
all rights reserved. datasheet shall be binding upon ROVALMA, S.A. All information shall be provided and accepted at Reader’s /
Receiver’s risk. For bilingual versions of this data sheet, in case of discrepancy between the English original

and its translation, the English language prevails.
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