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HIGH PERFORMANCE
MOLD STEELS FOR
INJECTION OF
REINFORCED PLASTICS

Modernindustrial parts production in mainly automotive and electronicindustries is characterized
by the trend to substitute metals by reinforced plastics. Being much lighter and therefore weight-
saving, such plastic components help to reduce CO2 emissions, which is a clear ecologic focus
worldwide. Intricate geometries, thin wall-thicknesses and large areas of the parts are characteristics
that call for a growing amount of glass or carbon fibers in the plastics to obtain sufficient stability.

Plastics reinforced by fibers tend to be much more abrasive than conventional plastics and thus may
cause premature wear of an injection mold. In order to counteract excessive and early wear in molds,
voestalpine Bohler Edelstahl is offering a wide variety of high-quality tooling steels that are setting
new standards in the production of heavy-duty components made from reinforced plastics.
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TRENDS AND
REQUIREMENTS
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» New types of high performance plastics (GF, CF, fibre length, filler material) ~ »#Z2Y8({EEBME (GF, CF, M RE, MEME)
» Increasing wear resistance requirements on mold material » 16 B = 1 N5 EEEE M
» Increasing corrosion resistance of mold material 18 ST A B A
» Complexity of parts increased (light weight construction)

» Increase productivity through shorter cycle times (thermal conductivity) »BHIERE B NN (EA18)
» Higher closing pressures and processing temperatures » AR ER (cycle time) T N ILMNEEM R
(EHRZRE)

»BEMNEAGEAMMNIRE

PLASTIC MOLDING Z8j8 pf &Y

EXAMPLE OF “POLYMERIC LEIGHT WEIGHT CONSTRUCTION”
UREGMEBEGRRG:

Prototype: » Equal cost part made of 50% glass
Plastic steering case s . e .
o EEEnNE fiberreinforced PA (Ultramid® A3R) with

metal inserts
» Special FEM-Design modification
» Service temperature: max. 125 °C
» 50% weight savings

Source: ThyssenKrupp techforum 1/2014

»E AR - FEH50%IRIE # 4R EPA
(Ultramid ® A3R)F1<: B 8t ¢ S54AL
»HEFAFEM RRETHH R

Steering casing

Al- HPDC part »IVE;JE: E'Ei_l%_ 125 °C
(Symbolic picture) »EBEFHIE50%
e EOHE

ZE IR ThyssenKrupp techforum 1/2014
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PLASTIC PROCESSING 2T

SELECTED PARTS/COMPONENTS MADE OF LONG FIBER REINFORCED THERMOPLASTIC
BHRE4/MEERRERCR BB ERB RN

Long glass-fiber reinforced car frontend Long-fiber reinforced door module
Source: M. Schemme, FH Rosenheim Source: M. Schemme, FH Rosenheim
RAseEBEBR RERmE R RéisabEps ErEA

Short glass-fiber reinforced brake/clutch Oilpan

pedal holder Source: LANXESS
Source: POLYCOM SHERR

AR R ME/B e R

HIGH PERFORMANCE PLASTICS  &{L282

Automotive
REHEZE
PAG — GE65 PAG66 — CF35
Househould » o -4
KERm q

PAG6 —-GF40

PA66 — CF35 PC+ABS -GF40




PLASTICS PYRAMID
BRMNEFIE

. PPSU
High PES
Performance PEI

plastics PSU
PSU/ABS

B{EEEE
SPECIAL COMPOUNDS
PO (FIBER REINFORCEMENT)
PC + VAN 4
. - IR D (MR (b)
Technical PC/ASA PA 6, PA 66
thermoplastics PETG P:filo' A2
ae 22 PETP 010
BB ERE POM
TR-PA IONOMER
PMMA PTT
UPGRADE OF PP
mﬁgg (FIBER REINFORCEMENT)
ASA PP
Standard SMMA "LFE’)SSMPOUNDS PPRYF 4R (Hi#aa(E)
plastics i3 g;’? LLDPE
—pnEA RS HDPE
L GSP':'; UHMWPE
HIPS © Carl Hanser Verlag, Munich
AMORPHOUS SEMI-CRYSTALLINE
FREZEY

FLEXIBLE POLYMERS

WEAR R A
MECHANISM

Fiber motion causes abrasive wear by 3584 4t 1& AU EE R EE 5

—
—
MICROCUTTING MICROPLOWING
L] AT

Beside glass fibers also glass balls, metal oxides (titanium oxide, chromium oxide), calcium carbonates,
silica components (sand, quartz), ceramics .... are forcing abrasive wear.

PRIGEMMSN  BARKIEI - BELY (Bt |t ) - KBRS -
“EEWRS (VT AR) - BE... SEERENER

Source: Department of Injection Moulding of Polymers, University of Leoben
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Fiber Length in mm ' '/}
R (mm) F 3 !
Typical fiber diameter: 10 pym % R##EL: 10um Source:
Department of Injection
Length up to 200 um RE/NR200um Moulding of Polymers, ol ‘j
M 200 pm < L < 500 pm EENHR200umZES500um 2 University of Leoben ‘ oo l
M 500 im<L<1000pm  EE/R500umZE1000um=> ] [ { 'y
1 1000 pm < L < 2000 pm £/ /M 1000umZE2000um 2 & ‘ '

Length > 2000 pm

REAXK2000pm

Polymer melt with glass fibers 2B 2 RSYEER

AW

@/\

~

//E//// L L L L




PRODUCT SELECTION —

HIGH PERFORMANCE MOLD STEELS
= 1 AR Bl - $ 18 = 1

e a4 RTE
Non corrosion resistant steels

Highest MEFEY&EE
Hardened and tempered CLEAMN wearresistance
tool steels XX & [E]X T B4 T
CLEAN" \
>58 HRC 7 ABVKY >R EH - Universal PM, very good DU IR
AN T A hard machinability
~56 HRC BLOLC
Higher strength ~ EELFETES
atsimilartoughness B1E®E
P'S
I
Standard
~50 HRC - — =
¢ 1.2343/1.2344
MR BLOC —HR A
. 1.2343/1.2344
Higher toughness, &itis .
better polishability #f ¥4 &5 4E
up to ~20% GF Examples for processed plastics & ZR#1 #2 Bl CLEAIY
PA6 - GF50 mARaEMiE
to ~30% GF
tpto ’ PAG6 - GF40 Powder metallurgical steels
up to ~60% GF PA66 - GF35
{0 ~65% GF PA66 - GF30 (M IR _ N
upto ° PC+ABS-GF40 Special materials subjected to vacuum refining or EZ &5 £ 13
POM - CF35 melting during at least one stage of manufacture.
PAG6 - GF65 DUIR®
PAB - CF45 Cold work tool steels in ESR quality EEEARR 2% 1EH
BLOC
Hot work tool steels in ESR quality with special ;&8 E 31518 - &8
heat treatment R TR ER R IR 7 EA R
BOHLER grade Chemical composition in weight % &£ 7 (EEBE L) Standard Carbide vol-[%] Wear resistance
B E BRI hardened MEFEMY
C Cr Mo \% W Others BALHIEL B (%)
BOHLER W300 0.4 5.0 13 0.4 - - 1.2343 /H11 <1 *
BLOC
BOHLER W302 0.4 5.2 1.4 1.0 - - 1.2344 /H13 <1 *
BLOC
BOHLER W400 0.4 5.0 13 0.5 - - 1.2340 /~H11 <1 *
MR
BOHLER W403 0.4 5.0 2.8 0.7 - - 1.2367 <1 *
rmMmme
BOHLER W360 0.5 4.5 3.0 0.6 - - - <1 +* %
BLOC
A0 11 8.3 2.1 05 - +ALND - 85 * k&
DU’
BOHLER K490 1.4 6.4 1.5 3.7 35 + Nb - 10 ****
CLEAN
BOHLER K390 2.5 4.2 3.8 9.0 1.0 +20Co - 17 *****
CLEAN
MaBOHLER
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MRgERtE g (Bt &R/ RS ER13%)

Corrosion resistant steels (minimum free chromium content in the matrix of 13 %)

Hardened and tempered

tool steels ¥¥X REIX TE @ Highest wear resistance, BOHLER M390
good polishability MICROCLEANT
>58 HRC MEFEMEE
bl 3 e
|
BOHLER M368 ¢ BOHLER M340
~56 HRC MICROCLEANY ISO0PLAST®

BN - Highwearresistance, mod. 1.4112 / mod. 4408
g - high toughness,
WHMEF  good polishability

\ T
BOHLER M333 —
-50 HRC ISO0PLAST® ISO0PLAST®
wE4{E . Good thermal conductivity, mod. 1.2083 ESR /
TFHHSEEEE  improved polishability mod. 420 ESR
and toughness T
|
Prehardened tool steels N .
BETE® EHEME Gooq thermal confiuctn{@y, BOHLER M303
T WERRUR improved polishability EXTIRA
~40 HRC amItE and machinability
mod. 1.2316
Examples for processed plastics
up to ~10% GF PVC,CPVC, PES, PSU, PVDF, ABS micROoCcLeqArr
up to ~15% GF BERZBARER Powder metallurgical steels ~ #7R /AL #H1&
PVC,CPVC,PES,PSU, PVDF,AB .
Up t0 ~60% GF ©CPVC.PES,PSU S ISOPLAST®
up to ~65% GF Plastic mould steels in ESR quality EEEA R LBEEN
EXTIRA
Special property and/or achievement characteristics
AR MERE 2 H1E
BOHLER grade Chemical composition in weight % SEMK2 (EEBE7EL) Standard Carbide vol-[%] Wear resistance
B immE i BRI SEER hardened MEFENE
C Cr Mo Ni \Y Others B LAEL B (%)
BOHLER M303 0.27 14.50 1.00 0.85 - +N ~1.2316 <1 *
EXTIRIA
BOHLER M333 0.24 13.25 + + + +N ~1.2083 / ~420 <1 **
15O0PLAST®
BOHLER M310 0.38 14.30 - - 0.20 - ~1.2083/~420 15 * %k
ISOPLAST”
0.54 1730 1.10 - 0.10 N - ca. 8%
ISOPLAST® &k
BOHLER M368
MICROCLEAN® 0.54 17.30 1.10 - 0.10 +N - ca. 8% ***
BOHLER M390 1.90 20.00  1.00 - 4.00 W=060 - ca. 20% Yk kA ke

micROCLEAIT




HEAT TREATABLE,
WEAR RESISTANT MOLD STEEL

o] 2R 38 7 1 R FE 1 B S

Small Plates Wear Tests

IMEREFEAR

The wear is determined either by mass loss or volumetrically by
3D measurement of the sample surfaces before the test and after
injection of, for example, 25 kg or 50 kg of glass fiber reinforced
plastic molding compound.

The wear apparatus for testing the abrasive /corrosive wear on the
tribosystem polymermelt/steelisinstalled inthe injection molding
machine in the form of an injection molding tool. The wear samp-
les, which have the same temperature as the melt, form a rectan-
gular gap in which large local shear stresses and shear rates can
be generated. The melt is injected through the wear gap and ge-
nerates the material removal on the surfaces of the two wear
samples (each 15 x 12 x 5 mm). The entire dosing volume of the
plasticized molding compound is injected at a defined injection
pressure, defined injection rate and a specified melttemperature.

The wear is determined by the material removal (mg/cm?2) or the
material removal height (um) before and after injected a defined
amount of plastic melt.

BRI S REAREAR25E50A T ZIKIB #iAE R (CEBE 2 Al
ZENESRANIDAE ZREEREEK -

A EREE R B ERNEREE M HRR RS H%

A - PR MRMES AR - DRI EES LSRN LT M

Rl - WP EBRAREERE - FEERN—ESHES -5
ERMIBE - EERARFOIAZBER - KBMEFEIER
LRI AN(5 x 12 x 15 mm)AERE - BIEBBAREARNED - &
RRnEIEIRIE SR - #iRAE -

EFR SR BEARERBROER(mg/m?) - FERIR
FE(Um)RE -

TE#a R toolsteel specimen

specimen holder

Mean depth of abrasion or weight loss of the testing

(Bt 58 (primary body) plates indicates the wear resistance.
RIEE AR AR B8 R B 5 & 238 5K AL I AL H i B2 14
B glass fibres
(HFH) (counter body) glass fibre
reinforced
BRAR polymer melt _— polymer melt
(RENE) (nterfacial medium) — — | WIBEHE
EZRBBA R
TEsE  toolsteel specimen
(aEmy  Pmaybody)
#ABOHLER

10




RBEEFRENENEENTE - BEREAHER
K110 £ M390#R 75 2 EE#R

EFFECT OF CORROSION AND ABRASION — LABORATORY TEST RESULTS
K110 VS. M390 MICROCLEAN, RESULTS FROM PLATES WEAR TESTS

PA 66 + 30% GF/ 300°C PA 66 + 30% 3 ##/ 300°C e Facts
EE
T 30 » Filling materials and additional
‘g 25 fibers in various plastic materials
2 20 = have an abrasive effect
] . 53 Al x: s
: Bis s AT PR AT H o A G A
é gl-o » Together with corrosive media (fission
05 n, products,...) tribochemical wear system
. emerges
0 50 100 150 200 250 300 350 Abrasion - . .
‘ EFE SEBMHNASEARMME  EERENZE
Energy of abrasion/ area (kJ/cm2) EEEEEE
BEMEEZEFES(/cm?) = =
0 ° 0 4 o
PES + 30% GF/ 400°C  PES + 30% 3/ 400°C Free r % c o lme |v W
451 » TR K110 155 | 11.80 | 0.80 | 0.95
E 40| BOHLER K110 M390PM | 1.90 | 20.00 | 1.00 | 4.00 | 0.60
n 3.5
S _30 BE(HRC)
g §2.5 > = Hardness (HRC)
E ?’T'z 2.0 > ro— K110%) 58
=5 Sadl [ "
S 10 // M390PM 61
05 g oo TrEeEnT
) b
0 50

100 150 200 250 300 350 o
Energy of abrasion / area (kJ/cm?) +Abrasion

BEMAEBEZEFEES(/cm?) S A+

Beside wear and corrosion resistance further important factors to choose the right material are:
» Tool design (complex/simple, deep/shallow cavity, ... )

» Tool size

» Surface requirements on the mold

Additional aspects are for instance dimensional stability, edge stability, machinability, ability for coating....

Detailed recommendations have to be checked case by case.

EEEREMRE R ZEBENERLBBNOFLI)  BELEEENEERERF
» HERE (BHE - FLUFE)

» BERY

» REREZEK

HBRZEEENER: RIYBEN - BREREN - uIH  EE5dMUEE.F

HAWMENRRREETERTGERD
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WEAR RESISTANCE WITH mEFEG

PLATE-WEAR TEST HAREFRIEZE
1000 60
5 100 50
S 5
& x
5 i 10 40 2
< B . 5
g BABOHLER - Grades 2
&y »
L 20
1.2312 1.2316 | BOHLER M368 i |
1ISOFPLAST 1SOFPLLAST 1S5O0RPLAST MICROCLEAN MICROCLEAN
I wear pEiE Glassfiberreinforced polymer melt:
hardness i@ PA 66 + 50 % GF
WIBE 2R
PA 66 + 50 % %4
WEAR RESISTANCE WITH MR
PLATE-WEAR TEST - DETAIL sl R EFERIGE 2 MAER
2 60
T
3
s -
S ) 5
g g 1.5 5 g::
3?_1 =2 Primary carbides increasing E
s B RN g
> b

0.5

BOHLER M333 BOHLER M368 BOHLER M390
IS50PLAST ISO0FPLAST ISO0PLAST MICROCLEAN’ MICROCLEAN
I wear [ERE Glassfiberreinforced polymer melt:
hardness & PA 66 + 50 % GF

iR g wEe)
PA 66 + 50 % &4

M BOHLER

#E(HRC)

EE(HRC)
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CASE STUDIES ERZH4|

AR#EERNERITHER

ELECTRICAL COMPONENTS
BASE PLATES FOR RELAYS fmcroceenn
2000
1750
o
8 1500
—
£
£ 1250
@
S &K 1000
a2t
SE 750
500
250
1
1.2083 ESR/ Processed material:
AISI420ESR frEacLean PBT Vestodur X7212 NF + 45% GF
Cause for tool damage: Wear
SHEBME:
PBT Vestodur X7212 NF + 45% %4
I BEKLHFR: B
XERmME
HOUSEHOLD COMPONENTS
1.600.000
1.400.000
1.200.000 .
1.000.000
Processed material: PA66 + GF35
800.000
Cause for tool damage: Wear
600.000
B ERREME: PAGG + F:4535
400.000 BRXNMERE: EiE
200.000
1
1.2343 ESR,

52 HRC ISO0BL0OoC’
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QUALITY LEVELS
TECHNOLOGIES

mEEH

1l & &t

MABOHLER

Conventional

Production

THE “STANDARD” MATERIAL “—f2”"# &
FOR ORDINARY STRESS, BER— KR
NORMAL LEVEL WITH: LA
Structural conditions IR
Carbide distribution M
Homogeneity HE1E
Individual carbides BB
Degree of purity BEE
Toughness 3]l

Microstructure
BOHLER K110

E1H
BOHLER K110

14




Electro Slag Remelting EEEAR &Kl

Production
PLAST DU BLOC
IMPROVED SERVICE LIFE DUE TO: BEEUTEHENEEESS,

Least possible inclusion content

AR e EBE

Lower micro and macro segregation B/ORRAT

Good homogeneity and a higher degree of purity 9& 1t - FBEE
Homogenic structure throughout the entire et REERE
cross-section and bar length HEERE
Producing larger bar dimensions at a EEREYHETIS T
constant carbide distribution HIAR R ~F i #4
Uniform dimensional stability RT1BEH

Broad range of application owing to a high
degree of toughness

S - BIEAE
EEZ

Microstructure
BOHLER K340
in ESR quality

E=XE
BOHLER K340
ESREEE A HTE

Powder Metallurgical Production

cLEANY

FOR THE HIGHEST DEMANDS:

HEREREER

Segregation free high performance steel F{R4T S A

Finest carbide distribution

fix 1647 fh B i A

Highest metallurgical purity

SEBFE

Isotropic properties

Lok

Maximum wear resistance with a
simultaneously higher toughness

ERARIMEN - B
REAESHEM

High degree of hardness

SEE

Very good dimensional stability

RYBEME

High compressive strength

SEY- 3

£

BOHLER K390
MICRO-CLEAN
kAR e g

Microstructure
BOHLER K390
MICRO- CLEAN
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http://www.wujii.com.tw/

ahfR g = Vil
armmEEETEE208E 1R armEEERIEE2088425%
TEL : +886-4-23593510 TEL : +886-4-23597381

FAX : +886-4-23593529 FAX : +886-04-23597382
E-mail : wuji2297 @ms24.hinet.net E-mail : cnc@wujii.com.tw
2= LI 5 R IR 55

it R ILIE X 2R 5655 bR it & A B8 3028 23 5%
TEL : +886-2-85311121 TEL : +886-2-22048125

FAX : +886-2-85311125 FAX : +886-2-22035597
E-mail : wujiitaishan@wujii.com.tw E-mail : hc23@wujii.com.tw
ar SR
ammXERETEDIEILIE318E16%F365% BEMENEELE6IR

TEL : +886-6-2544168 TEL : +886-7-7336940

FAX : +886-6-2544178 FAX : +886-7-7336934
E-mail : wujiitainan@wujii.com.tw E-mail : kaowujii@wujii.com.tw
M R BEIER
SEmELEARTAEE505E aBrmEEERITEEINEINR
TEL : +886-7-6226110 TEL : +886-4-23590345

FAX : +886-7-6226635 FAX : +886-4-23591102

E-mail : sin.wu0496@msa.hinet.net

IA BOH LER SPECIAL STEELS FOR THE WORLD’S TOP PERFORMERS

voestalpine BOHLER Edelstahl GmbH & Co KG

Mariazeller StraRe 25, 8605 Kapfenberg/Austria

T. +43/3862/20-7181

F. +43/3862/20-7576

E. info@bohler-edelstahl.at

www.voestalpine.com/bohler-edelstahl BW150 EN - 06.2018
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