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*International tooling and production development with professional project management.
*Source pool of quality-first and long-term-partnership tool and production suppliers.
*Advanced tool design, tool manufacturing and molding process technologies.
*International machines, equipment and innovative solution systems.

*International solution-consulting and problem-solving.

*Shop floor performance and technology up-grade solutions.,

*International training program development, localization and conduct.

Molding Innovation Technology Co., Ltd.
+886-2-8258-9155  info@minnotec.com
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Fieldbus vs. Industrial Ethernet
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a) 0.5% CNT-PLA b) 2.5% CNT-PLA c) 5% CNT-PLA
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ASTM F75 Required

Chromium, Cr 27-30%
Molybdenum, Mo 5-7%
Nickel, Ni <0,5% ASTM F75-07, required
Iront,)Fe <0,75% Rockwell Hardness EXEE RC 25-35 HRC
C , C 0,35% -

arbon < Tensile Strength, 655 MPa
Sili Si <1% HiewREE

ilicone, Si Ultimate = 95,000 psi
Manganese, Mn <1% Tensile Strength, NEERSE 450 MPa
Tungsten, W <0,2% Yield > 65,000 psi
Phosphorus, P <0,02% Elongation at Break B >8%
Sulphur, S <0,01% Reduction of Area B E /)= >8%
Nitrogen, N <0,25% - - -

it Fatigue limit, Rotatinc 5 R (R ERE)

Aluminium, Al <0,1% Beam Fatigue
Titanium, Ti <0,1%
Bor,B <0,01%
Cobalt, Co Balance

% 2 : ASTM-F75 {2 EB R S

BiE R - (BE B EIEMS BASFPanacea 8 e #1119
BE - Bz AEEREENSEEY  TRIEBER
EeEAREEZZIE 6 /N\RKIER MM 4E2 2

7 - FHER

- 142 REBLURETE
2 BPIEE ASTM-F75 Em BB NER - B
BEIEINERE

MR ENEEBIVNNEEBE EHEE
(HIPHotlsostaticPressing) @ —EI1E M Z ERNERE - &

%8 1L1200°C ,1000mba, @R REE 240 76 -

—fi MIM 4 RIFRFI9E (B2 EIE (HOM,Homogenisa
tion) - BB TFI2E : 1220°C ,0.7~0.9mba, & & =
[ 240 i ; AER% - H1220°CE| 760°C - #H7B7TE 8
DENTH - BESRSANENER 7 BILAREE
MO IR RS = BRI A B RV I9 M -

% 3 : ASTM-F75 {RER ML E

« MIM TZR2(EN ASTM-F75 BREFATIHIEEE - 4
o] DUR R @ N AR ERA K - BIRSnsiyeE)
ERMANBERIOCERE - ER - KB HIP HERA
AR UHIMEZ T AER T - R MIM 2485
KRR ZAEMAIR - TN LRVGERERIAK - 5

E 11 845 PAN.A.C.EA.

PANACEA Z—BfE B & - RXERZE" BAYE"
NHEBEM  EOHARRENTAERE  BERS/N
IRBE - M - UBBRAI SR (Protection Against
Nickel Allergy, Corrosion, Erosion, and Abrasion) - It
EIRAEIMAE M E BASF WIB R AERHUERS
PREFRY AR MR - MEA R R HAR 2 &% 2016 F
2B e REAEE -

BB MM E2HRIEEZZNE PANACEA MK EARIE
T8HMF - Dr. Q BRAREMEEE LB 7K - SIGRER
BHUNABRDESRHNEBYRIERE - BRE SG
R ACRIRIZR -
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1350 T T T T T T
Co(woight-percent]: 07 08 04 10 11

1300 |- -
1280 |- U]

1200 - .

1150 |- -

temperature, T, [°C]
temperature, T, [°C]

1100 -
17Cr, WMo, 12Mn |

1050 " 1 . L . L
o 0.5 1.0 1.5 20

nitrogen partial pressure, Py, [bar]

2:HRPANACEAMES BEERARFHESENTE

2.1 EitHE

SR UMANARNENER - A2ENRATHNE
RPBBSEAR  ARCBREMNARBEENRE
A A - H BASF FRE &M MIM EF B R EIE A
Catamold ® PANACEA (X15CrMnMoN17 -11-3) 82 -
®E 2 o EY - BRENASI N2 DBHES - B
MRRERMHEIEN (EREETEN D BEE - ZTER
THASUHERPERIRET)  FAUITRAMSH
BEREBENEMENEETNRLRENRABR NI E
TURRE -

M - R AR FIREAE AR A EBRY IR RE R BB R AV
B ERERREIZOFEN - AR R RE
BEAMALES - EEEENERESH  WEYR
B85 (Cr2N) —BHIR - BNRAS UL HElEE -
BhigsE BRI HIRME M | AL - ERRESRREERE
BRALANENGEEEAREZVNER -

DrQE Y MEMRRE - 82 /&8 7 HAl% X MIM &
EMARERAORISHEMT
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B 3 : #5 PANACEA SERAFMaEE S AHEEE

* RTEPANACEA FEIRABHE —EREBES R
B2

* PANACEA REES0GGE B BTG -
e _REENEM?

AT EEMEARIGEREZREREEN
PANACEA. ERASBM - AMEABERENE ?

AR D]

ELEENEREE3 i BEHUALRA/EN
#l 1 CCT (Continuous Cooling Transformation) & #&
RAMRE(EE - ol DEESRM RS AR E R 1200°CRu< 2l
700°CnZB 8788 150 “CRRIRZE 7 o] U R R
AOBEAE -

LEERZ MM BIEREREIR - PRI NI 2R
SEMEER L - RTEEREBEBANENERRS
WY HE - RENRERERESWE FEEERE 7 I8
ﬁK%ﬁﬂ’ﬁ%DhQﬁﬁE%ﬁ%%ﬁ'ﬁ%ﬁE
AL 1220°C ~ BEORBAFBLL 700°C ~ MRRE—TERMR
150°C FEBNEZEEMEZSTHAREEBE &
LB E mPERERZAEH |



2.2 {285

3% 4 7% BASF 2 &2 Catamold® ZE&r Panacea (MIM
SRHRN) WEERD - EEENSERER - BHA
FECKHEADEMIEFI (100kg LA - HLZ B2

AW MGERTSHNEER -

el | " | %t | "= | “ahio | =A@ | a5 | Fe |
<02 |0I5000 | 165175 | =01 | 3035 | 100120 =10 | talwce |

RARBNTRS BN RIEFIE 0.75~09%(EEL) - &
RtTES BRMBRIFNTTE  EBERABEIRES
BEER (S7FI\RAES/FMEZBAEE BER
EEmkeE ) AREER  BREGBZSNAEN - Al
BHREFMARERS  LEZERH  REH_X
EAIN R EEME R TR IR ENZRFE AL - Al
BREBIFRAHN  ARMEPENNERILEERE
LIRBHEMEE - MAZERENIMNRRZ - AT

=
TN

AR BASF WERRISLZ RN K - BARZZMBRRE -
25 Dr QRATENEE  FAUEEEDEN - BZ
CEENRBNEERZLAZERER - BRILIRM
BEBISENER  EENMRIME L AKBEHEEIR
- BATLENE ??Dr. Q B AR EFE R X489
B - BRASERBNEYIMEHZZITE N ENME -
25 BEMMRNREAEPIHE  BRMEARFEEN?
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BR#EsL (Dr.Q)

2K

-PIM(CIM +MIM) iy
-PVD #EHE ( BT ) Keifg
- 8 88 0 T $% ity

-EREARZEINSBRENTIESRR / RETERESSREIZIE
ACMT RN BRMESEEEERS /MR EHAMESTAEEERS
- FRIEPEARES MR (PIMA-CN) @EERE
- RPEEHEBE 10 X MIM TEER - 2RIEX IPMA BFEERE

Introduction to Metallographic for Powder Metallurgy

il EEE M (—)

m ACMT/ BB#E5A

I

Legend of special translate: two parts paper of

it

“Introduction to Metallographic for Powder
Metallurgy” were showed on Powder Metallurgy
Review. Part | translated by Dr. Q and Part Il translated
by Dr. Dan of PIMA-CN. EX&:ZHRA - AXERH T
&) 7% 52 B B R BB 1) K5 & 21 B8 (Powder Metallurgy
Review) B9 83 T cp i &) — AR Bl X4 - H PIMA-CN
HEBIRSAE TERER B E L+ (RN DBEM SRR )
(EEIEE

#mE AR (Dr. Q)

SR ERMEEEZMAEBHR RPN —PIEERI -
CRAZBEENEBMAERIT - MEBERIFZ AW
MDA L - B2 BENETETERNELS RS
BMREAE  BNERSELRMENRNRERERS
5 - BEARETE ML IR W LUE [ES#ER - AMTE
PEMEE - #FZ PM B MM A S & A8 585 7
ZEERATHEAO TR - BEZMYLE PM B MIM
EmmAERE  BREMNmBEBETR/S NERE - #E
HEMESI THNHP AP EER PM 22 MIM R -
EROBUFSHOEIN - RIEFABCHWEMRRRM
By -
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Thomas F. Murphy, FAPMI, Scientist, Research

& Development Hoeganaes Corporation
Cinnaminson, NJ USA

Email: tom.murphy@hoeganaes.com

Part 1 Sample preparation techniques
—&B 5 Bmfm Rl

NEWE : P29~37, Vol.3 No.4, © 2014 Inovar

Communications Ltd, Winter 2014, Powder

Metallurgy Review

ARHERRARARIRYABRUBEANREINEN -

1 : P1-Fig.1 Metallographic testing underway in
the Hoeganaes laboratory
EEMEIT AT EREDETPHNERLHN



2 : P1-Fig.2 Density difference as seen after altering the die fill and compaction conditions on the same type of
part, un-etched( :# ) HE—SHERSFERIERNBREKEREEZENER - KB (EWER ) FUBRIAIERENRZ

FHBRNRIR - BEREAEZE - UL
i | ERFRAETEREEMTRN -

EE  EEshE L (O Q), ERECBENURERE /
ARYIFBRERARAT IR, 2016/05/06

Metallographic is the study of the physical structure
of metals using microscopy. The process has many
advantages as a method to characterize Powder
Metallurgy products and helps to ensure product
quality and understand issues that arise. The correct
preparation of samples involves a number of critical
steps and is essential for accurate results.

In part one of our Introduction to Metallographic for
Powder Metallurgy, Thomas F Murphy, Hoeganaes
Corporation, USA, one of the PM industry’ s most
recognized metallographers, looks at how best to
prepare samples for the process.

T EREAEBENERMTRTEYIEEBIR
fii - o IS EEMREKRIEN R e EmOAES S
M PURGRBRBFE P EfTRI R A & & m ) mE 5
MECREBDPHEE - A PREEZEMERT LT
89 Mr. Thomas F Murphy - i &7 T 48 20{0] &
BRI SRR E K A8 & MmO BIAER -

As manufacturers and users of Powder Metallurgy
(PM) materials, our mission as an industry is
to develop and produce products that meet,
and where possible, exceed our customers’
expectations and requirements. In order to
accomplish this goal, we must evaluate our
products on a periodic and systematic basis using
all the available test techniques. This evaluation
requirement also extends to end-users, those
in new product development and researchers,
where the attributes that influence and determine
the properties are defined. Physical, mechanical,
chemical, and metallographic tests are some of
the methods used most often to characterise PM
products.Of the aforementioned test techniques,
Metallographic is probably the most effective and
efficient diagnostic tool considering the amount
of relevant information generated compared
with Introduction to Metallographic for Powder
Metallurgy:

HRIMEM RSV RNBENEREMS - 15
ILEfTENEmEREMEEER - EPIA ABERTE
N mETBEEFNEEMEKR - K TEIRE—
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3 : P1-Fig.3 Cross-section through a surface defect,
un-etched

—{EZFBRERERR T E MR - KR (EWE®R)
FEOHRIARENIRE

R HPLAEREBSRGNERL - FIFMREY
AR - RIFRRMOERPILANE - &
—EFEER T SEBAERER, - HALEEMEmn
PRSI AERE - BREMEMMERRNSTE - U
TBREZEIRERUNESR - 828 - %W -t
BENsHRi BEFRESESHNAKEIEMR
R - Eaal BRI S - £ Do BER &AM
2l TH - HPIESHRNERN - IEEHRM IR B
BAEEHEEEENTEN T

il

Part 1, Sample preparation techniques
Metallographic is the study of the physical structure
of metals using microscopy. The process has many
advantages as a method to characterize Powder
Metallurgy products and helps to ensure product
quality and understand issues that arise. The correct
preparation of samples involves a number of critical
steps and is essential for accurate results. In part
one of our Introduction to Metallographic for
Powder Metallurgy, Thomas F Murphy, Hoeganaes
Corporation, USA, one of the PM industry’ s most

@ CAEMoldingMagazine + CMM-VOI3-(2018/3H)

4 : P1-Fig.4 The site of delimitations and cracks
from improper powder and material flow during
compaction, un-etched

LB AR BAM LR E B AR LIRS EMRE - KR (E
WEER) FEURRIAREMNIRE

recognized metallographers, looks at how best to
prepare samples for the process. Investments in
both manpower and equipment. Metallographic
is primarily a collection of visual and imaging
techniques that provide an insight into the history

of a material or part and its behavior.

With consolidated PM materials, where the
properties are controlled by the density, the
combination of chemical composition and alloying
method, and the microstructure, Metallographic
is the only test method capable of providing
information on all three contributors. This is
accomplished by the examination of properly
selected and prepared metallographic specimens.

B8 - sHEERRBRITESSEBERME MERE
HYIBEBN L EEBERRNERNZER - o
ER—RBAMNA ERERM K AT EmWMEE - 1T
ARERERmBENIEREPILIRMWEE - FRK
BB RAZHBNDRE  SESERGERNAD
DR - EE—2n - WANAB 7B RAEE



A== 43 - P1-Fig.1(P1- [l .1) 3= Bl 4% 4 B 2 S1 89 M.
ESHARATERERINE

Thomas F Murphy » 2%

HEMAE - BEFEZNUTHRRINERER - &
ADNMEM S ENRE - SHBMEBEIEZNE

BRIE G - B 7 —(E o RE — @ iRE
BHENRETHAEESE - HuERKHRaSVROER
EES BB MaeMEaNTA - BRE=EE
AIER—EHIEANERNOAETTE - EERBIE
e EF AR SRl AARR T -

1.Sample preparation & m#EHE

Metallic specimens are opaque and, as a result,
optical examination must be performed on carefully
prepared planar (two-dimensional) surfaces. This
preparation sequence is normally separated into
several well-defined steps. These are:
TEEmEAZHN - FAIt - WEHETHKERENER
FAIRERN—EFE (4N ) xRHE - SEERER
SERABER N RLEERARNDE - BLEE

1.1 Sample selection 1% mR #E12

1.2 Sectioning t1 /

1.3 Mounting %38

1.4 Grinding & Polishing i B B34 3%

E9h - Etching and/or coating BRZISKEJE (IRTESE —
)

Each step in the sequence must be successfully
accomplished before progressing to the next. In
most cases, errors committed during one step in
the progression cannot be corrected later in the
process. Adhering to the best possible procedures
is the only means to produce consistent, reliable

results. Basically, the effectiveness of an examination

is ultimately dependent on the quality of the sample
preparation.

FEINTHNE-—LEHLREERE N —FL ZRIAN
M5 - EARZEIER N - EBR PRI —EDE P
PMRERABEELIEN D BRPRIELE - BIFF|JREN
MHFE—TRERE—WNHE  UEE—BEIEMNE
R BAL RBNARUERLECARERRERN @

=

1.1 Sample selection & miEE

When designing a test programme, the selection of
the sample(s) to be tested is of primary importance.
All the skill and care used in subsequent preparation
will be wasted if the samples do not contain the
desired information. There are several reasons for
selecting specific samples. These include:

FERsEteEHBRBOER  PIEINNEAZFEEER

B - IRABEESMBENERM - FTANEREAME(E
BEEEN LIFBERE - EEREEmINRRBE

@ - LB ERE

* General microstructural analysis: Process control-
type test, proportions of microstructural features
contained in the cross-section(s) should be
representative of what is in the part volume.
—RBMEB N HEFFHHREOIE - £EER
PRMER A B S EAOE P B E R P A R, -

« Failure analysis: Part failed in service or during
testing.
KUY TP EE PR E D RUNNE -
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« Specific area analysis: Defect area or difficult to
manufacture region.

BEREON | RizERIERHENEE -

Quantitative analysis: Part and cross-section is used
to represent the typical or desired microstructure.
Stereological or image analysis testing is usually
performed on these specimens.

EENH B MiESEEHRARERNEHHER
BAR - BREELEEmETERENMBG T -

P1-Figs.2 and 3 represent cross sectional areas
that could fit into several of the sample selection
categories mentioned above. In P1-Fig.2 (a and b),
the results of changes in part design, die fill, and
compaction are seen as a large difference in local
density in the same location of a redesigned part. In
P1-Fig.3, a cross-section through a surface defect is
shown.

P1- & .2 7 P1- B 3 KEREmESENES - o]
B Dt ER REFEERIE - £8 2@ b) - 1€
REH U ERE  WREBERMNBENE\L - HEHN
UETEIBENESE - £ P1- B 3+ - AIZBE8
—EFRE RFEN =S E R E -

In both figures, the features shown could be
considered the reason for failure, a defect or
difficult to manufacture region, or an anomaly
found during a process-control test. Additionally,
quantitative testing could be performed on the
surfaces to provide values of the local density, size
of features, specific locations, etc. In both cases,

prior knowledge of the parts is a significant factor in

@ CAEMoldingMagazine + CMM-VOI3-(2018/3H)

the sample selection. With the density distribution
issue, this was the location where a higher density
was desired.

—EREEE IRENRE - sNERBEZH RT3
RUER - i UEEME B FPIRAEE - B E
AR ER - 159 - REJPIETESME AR
HENFHMEE - HE (GRE) RN BEUES -
UL EIZRE - RBESMNBERS - —EAs8E
NUEZWEHERBRAZIRER - BEDEEZRER
uE -

In P1-Fig.3, the defect was visible from the part
surface. Another defect type is shown in P1-Fig.4.
It is an area showing de-laminations and cracks
caused by difficulties with powder and material flow
during compaction. The location of this condition
is probably not visible nor is the location apparent
from the part surface. It might have been an
isolated region or characteristic of a compaction
problem. Y

FEPI-E 3% REBERSHREDIRW - SR
PERALYN P1- B 4 FivR - EBRE B PRV R AR
mEANE - FEREZFHIBEMREN - BEFEIN
UEBRBUBEZEAIN - I ABEREHERENUE
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Shimadzu Scientific Instruments (TAIWAN) CO.,LTD.
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