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Introduction to Metallographic for Powder Metallurgy

ABEEMHETRMI(—)

m ACMT/ BB#E5A

Legend of special translate: two parts paper 2 _Revealin g an d examinin gt he
of “Introduction to Metallographic for Powder  mjcrostructure of sample

Metallurgy” were showed on Powder Metallurgy 4 R Y BE 4R & Y BEEBGE

Review. Part | translated by Dr. Q and Part Il \jetallographic analysis is primarily a collection

translated by Dr. Dan of PIMA-CN. of visual and imaging techniques. Therefore, the
EXEWERP  AXERTENEBEERPTIHRAE

5§ (Powder Metallurgy Review) 953 F ot iE & — £
AYR G324 - B PIMA-CN RYBRIBSAE T EASRERE L+
BBl EZE -

The Author {£&

Thomas F. Murphy, FAPMI, Scientist, Research &

appearance of the samples must be accurate in
order to gather correct and relevant information
on the part or material. The examination of Powder
Metallurgy (PM) materials presents several unique
challenges to this accurate representation. The

most obvious is ensuring the faithful representation
Development Hoeganaes Corporation Cinnaminson,

NJ USA

of the pore structure.
This is absolutely necessary and can be obtained

. only with correct sample preparation techniques.
NEHE © P39~49, Vol.4 No.1, © 2015 Inovar Comm

Correct preparation will also ensure the surface
unications Ltd, Winter 2015, Powder Metallurgy brep

is free of disturbed metal and that the true

FUHEIEHID. M T T T T I

Review

S EEERB AR E YA E N A EREY . B microstructure can be revealed using etching,

Y68 PDF [BESTHEZE - RSB > i - BU0sT | staining or optical techniques. The metallographic
& 4E B = on 2 e preparation and evaluation of ferrous PM parts is

sometimes complicated by the presence of localized
- MEEEL - HERESR OHEEEY AR Mixtures of multiple transformation products.
Rl ABEs - 2015/05/06 BhIR4RER « BRIRSAME & THENMEBRRBUERBEMEREMWHEEE L -
I mMWEB R —ERaEERtBIREER

(HEHE2/8%1LNDV)S
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P2-Fig.1 Hybrid alloy using a pre-alloyed low-alloy steel base containing (wt%) 0.4 Mn, 1.25 Mo, & 1.4 Ni with 1
wt% elemental Cu + 0.7 wt% graphite additions (FLC-4805). Sintered at 1120° C without accelerated cooling (2
vol% Nital + 4 wt% Picral)
1: REMNSEESFERAFESESNESESNS 0.4wt% & - 1.25wt% # * 1.4wt% £ - 1wt% st R 0.7wt% AEMA
(FLC4805) - #£ 1120° C }&45 %R I mME 2 A0 (B4ZIR %A 2 vol% Nital + 4 wt% Picral )

BWER  ERRAMTERCTESERERNERES
Al - AR A REESERIMRL 7 —ERREK -
B EEMBRARERIAEREERZ— - HRR
MR AR - FRARNEREFEELERN
EREEENR I EENRER - BENREERERSR
IMRTERITENEE  BEoRZ 28 RAEF
B TEEEBERBELSRVROBMAES - HREE
PMEMNES  ARERESNEIESFEESRE
HEEY)  SBINSHER AT ELIFREME -

An example can be seen in P2-Fig.1, where the
microstructure contains several transformation
products. The cooling rate was the same for each
region of this field of view so the presence of
various microstructural constituents is not the result
of any difference in cooling rate. There are several
factors that contribute to this behavior.

NP2-E 1PN - BB E S B R EEEEY) -
HiEHESIHNE—REENS  HELSARER
TE—R - RSB ARMRA T AL IFZHE R

RARERERENR - MERM—LEREHRIFH
MER -

2.1Alloying and the PM process
aEtEmRaEBE

Alloy composition of the powder mixture, the
method used to manufacture the base powder,
and the sintering conditions of temperature, time,
and atmosphere all define the distribution of the
alloying additives and, consequently, the local
alloy harden-ability. The section size, cooling rate
in the sintering furnace and any secondary heat
treatments determine the final microstructure. In
most cases where particulate alloying additives
are used in the powder mixture, the chemical
composition of the material through the part
volume is not homogeneous. The harden-ability
is variable on a local scale, where the regions
containing the highest additive content have the

highest harden-ability.
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SEHAEMREMARES - 22K - BEIK
HRORE - BRERBRNKELURES - T ERINKN
SEYUCIEINEEEEN TR - RIERERELSE
ERETENRS ~ SRR R — R EIBE T ET
E A BRIAETS -

The alloying of ferrous Powder Metallurgy alloys is
accomplished using several different techniques,
some unique to the PM process. This alloying
involves incorporation of various amounts of
elements such as copper, molybdenum, nickel,
chromium, manganese, silicon and/ or others
into the iron-based particles, either during the
manufacture of the base powder or as ingredients
in the powder mixture. The choice of the additives
is determined by the desired properties of the
part and the tendency of the element to form
oxides that are stable at the intended sintering
temperature.
HENARASMRNE RO LUBBERBARNRE
E1T HPBLEMRaTEMBAN - BBETHE
B ARPIMAABZE/0H - 5 - 58 - 88 - 84 - B9F
TR - BoIBAARMERIENGS - 82T ERN
MAFRABERGRIEMNARE - TREFEI - BER
RBBAERINTT% - BURMREMAVMREEK - DURA N
TRAIERS(EYEELSRE MIOBEN -

Chromium, manganese, and silicon form oxides
that are relatively stable at the typical sintering
temperature of 1120 ° C and are often used in the
pre-alloyed form to minimize oxide formation.
Oxides of copper, nickel, and molybdenum are
more easily reduced at this temperature and

are commonly used as particulate additives. It is

e CAEMoldingMagazine + CMM-VOI7-(2018/7H)

important to remember that the additive must
be diffused into austenite during sintering to be
effective in enhancing most properties, especially

harden-ability.

If the additive in the compact is in the form

of an unreduced oxide or a 'free’ additive,
no diffusion will occur during sintering and no
property improvement will be realized from those
particles. In fact, the presence of these particles
could diminish the performance of the compact by
creating hard or soft spots, degrading the quality
of sintering or increasing the nonmetallic inclusion
content.

EEESHEMNEIELRE N (1120°C) « &~ §# -
WRIEMNE(EMHRERT - PILUELE TR BT HE
BMEINNA - BUBRSE(E - 1 - 8 - SHE(E
MEEERE NERSHER - BRBBEMLUTRERN
RIERIIA - BERANE - RAEEREREGEA
BEEANITE - FEEARMIES S M - FHAlZ2
AN - NRBEAPRAINTRZEURBEREYRY
EXEHEENEAGTE  £EEBEPIMAZE
TRBUER - At ASEREIRSMEENER - R
- BEANABNNEERSEPEEEIAEE, -
B RAO M BERIR M -

“It is important to remember that the additive

must be diffused into austenite during sintering
to be effective in enhancing most properties,
especially harden-ability.”
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2.1.1 Alloying methods & {EAYER

Three basic methods are used to distribute alloying

additives in the base-powder particles or into the
powder mixture, resulting in four alloy types. The
alloying methods and powder types are:
B_REARRNRELHRE R TR ANMNE ERE kR
BEMARD - BIERNES SR

- Admixed: a physical mixture of dry particulate
additives in a base powder. The additives may
be particles composed of a single element, more
complex combinations of multiple elements,
fine ferroalloys or easily reduced oxides that are
mixed into the base powder

TRE  EEEHRDPYIEEARMITENF - R
TEMFOUMURE—TER MRS BRTERES -
FEZMMNBEES SN - URSERMEEY -

- Diffusion - or partially-alloyed powder:
elemental or oxide additive particles diffusion
bonded to a base-powder surface using an
annealing step.

REUE (D ES S )  EEXACYMR IR
TRBBSREABRERN K ZBR AR -

- Prealloyed powder: desired elements are
added to a molten metal bath before atomising.
Prealloyed powders are uniform in chemical
composition

FEEW  IETRNAZBHMEED - BIERA/AY

K- HMEEMEEHREISIMIEERH

- Hybrid alloy: an additional alloy type is the

hybrid alloy which uses diffusion-alloyed or

prealloyed-base powders with further alloying
accomplished using admixing techniques.
7 RIREU G ES SN BE—PEB

B A A :I!
=3 =l = D

TRZFREGRMITE

Of the four alloy types, only the pre-alloyed
powder contains a homogeneous distribution
of the alloying elements in each powder particle
and, consequently, throughout a pressed and
sintered part. Sintered parts made from the other
three types contain micro-scale alloy gradients
throughout the part volume. It is these gradients
that result in local variations in the transformation
products and determine the overall part properties.
P EM@Easmngt  RERGEH o URESRN K
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Stress-strain curve of resin material

ZBEEMRIBVET] -

E@E'\ﬁ:ﬁ -

| 4R

n ACMT/ 213238

IE R & (FountainFlow)
BEMEMESEMREANMEEZE - ol DEMBE

B (#L8E) MMREE (modulus- 5 REE - #EH
RE ) BN ERERER - BRMRIES - B2
SEMNBEMEREEMmRI LEENSERE -

B1- BB NEIKEN - BEMRE - I
HiAR FEI2E —BRAEMLEAIRGNER - L&A R
TREEPMBENRERER (Hook' sLaw) BHTH - Ib
BEHRENVREY (HEREH - BEUEH) K —FH
E 18 ; Fia8 18 8 Modulus=(stress)/(strain) Bl & & 77 -
R HIAR DB ERIZ - EIbE MR o] DIFERBE
MRS ERBRB RIS  RKABLENE -
OEREMRET WS ERE -

FA - WNE 2 - AU REBM I AT - B
RIE - HEA PO EEBA R A0E & - SR A
&l - REERERRMMITIER/ N NEEA - ZiErY
7 - BEHARRZ2REAENER - mBERE (#
MR ) SBZRENEEZ MBI LE - PRUE
BRMRIGHTEEREREZEHRE - BEHIE
—(EEE) - FAUZEM R
MEBMRAR - BEMRAOBKREDERS/NRESR
IR B R EARSRAEE -

@ CAEMoldingMagazine + CMM-VOI7-(2018/7H)

HHEBBMHNWRAZEL  UWAEGEE—KREE
EREMREIEABTESRRBERFRBKIBE DR
i BEMRNERSEZERABEZERY - IS
DABLARMLEAINELSEESN - T EmIKIRE
Nest £ FERERBERGBICAIARIEEEEHEEE I
MBS - BEREG - NFE 3 - FIREEBIES -
EREMGEL -  RIFEENEEEIF—EIAR (Secant
line) « IWSKAF UGB ARBOSE M BE (R (E )-(Secant
Modulus) ZRIE BT RS EMIE - BEZ - BLU
BB BEREEEENS B RAETEREmK
REERIRRET -

SNERE MR B BRIk T
(Dependence of apparent modulus of
elasticity on strain)

KIRBBHRM - EEBMRNOEN - BEmHA L
BrIesuArENBEREZLEABGMNTTRTER
BT R, BB - REEE L (M TE)
OB RFN BB EM R I B AR RS MmE
b B LB R AREES (EHE) W
SEMARE - OJDFEBRETE EH BB AR RIE—F]
o IEEIROR R DS EN B RENESLE

ZI| 58 14 18 2] (Secant Modulus of Elasticity,Es) = Fff L



Fig.1 Stress-strain curve of metal

(CHPolvplastics co. ltd

Region of proportionality

Fig.2 Stress-strain curve of resin

Initial tangent line (el Polyplasties co. lud.
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Rupture
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- Initial modulus (Eo)

Fig.3 Secant modulus of elasticity
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Correction of modulus of elasticity (E)

EX Es/Eo =2580X0.76 = 1960
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CAE Molding Conference

e RS 2018/06/19(Tuesday)
' | == Bangkok, Thailand

=

Organizer: &

ang Y BRAERDS v
NSTDA wawnEnzn 4. Moldex3D

‘ CAE Molding Conference2018
2018ZEZ A B S E T 38
ICRIRE

[ .

2018 BB BLER MR IR E

Event name : 2018 B 2L S5 ER T 207 & CAE Molding Conference2018(Thailand)
Organizer : Industrial Development Bureau(Taiwan)

Co-organizer : ACMT ~ PMC ~ Moldex3D ~ Anntong ~ Wulii

Co-organizer : Minnotec ~ NSTDA ~ TTECH

Date : 2018/06/19(Tuesday) 13:00~17:00 (4hr)

Location : Bangkok, Emporium Suites by Chatrium Bangkok (BTS Phrom Phong)
Event size : 50 places (Limit 2 registrations per company!!~)

Attendance Fee : Free (Organizer has authority to review eligibility)!!
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CAE Molding Conference2018(Thailand)
2018Z2BB R BY S iE R R R =
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The "CAE Molding Conference2018(Thailand)" will be on
display in June 2018 in Bangkok City, Thailand. This year the

topic will foucus on advanced mold technology. Many industry

experts and scholars will be invited to share the exciting topics.
We hope that through this latest technology and valuable
experience sharing, we can help companies improve develop-
ment efficiency and reduce costs, and based on the industry's
technology, the first-hand issues will openly disclose all indus-

- = try contents, so please attending our conference. =

Event name : CAE Molding Conference2018(Thailand) o s

~ ! Organizer : Industrial Development Bureau(Taiwan) - - -
-~ Co-organizer : ACMT * PMC - NSTDA - Moldex3D * Ann- = v
y \ L i tong * Wulii ~ Minnotec & -
e a Date : 2018/06/19(Tuesday) 13:00~17:00 (4hr) »

Location : Bangkok, Emporium Suites by Chatrium Bangkok
(BTS Phrom Phong)
Event website:http://www.caemolding.org/acmt/cmc2018th/

N0 s EENYkERHTRE

;"-‘"I;EIE;_Molcling Conference

T RN 2018/06/19(Tuesday)
/Ej ‘:_‘; 0 l \ - == Bangkok, Thailand \
) Organizer: &8 E B IEBEIRI R 2T 327t B ® (Association of CAE Molding Technology) S

ANNTOMNG ND. CO., LTD.

' 3 — =
| , aa'}jrgm- manEEezs (AL, Moldex3D ,
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Fakuma-The Entire World Plastics Technology
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2018 26 Fakuma

F26/EZE 2B T &E Fakuma

FEHEEMI : P. E. Schall GmbH & Co

B BEES : 2018/10/16( — )~2018/10/20( 7%)
RiithEs : SEEEZYE Friedrichshafen, Germany
Messegelande

EZ% : Plastics 22

B/ 481k : http://www.fakuma-messe.de/en/
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The 29th JAPAN INTERNATIONAL MACHINE TOOL FAIR

JIMTOF2018H A EH R im K R-255E

-

OF2016 -... 5 ity
80 HAEET (FiHEAD t




i EE B A R R i XA = (ACMT) %12 2018/10/29(—)
~11/04(H) - £t "JIMTOF2018B A EIR KM AR-S55E . - F
FERERBARNGEE  RAFERNFTAEAESFRFE MR R
flosEe - RMEEBETE  BCRBIERBSEREINE - 2MES
R iR UAR IR B LB HAREERNRE - B_F827—
R - BEIPFERB KRR - IMTOF2018 A AE R AR B Ak
BABVERBEEW - HE - Rl - im&FmmE - £)IMTOF2018
BABREMARN OGRS T RS EBRKIRE - TRERHSN
EHMEmMREEBRAMR - =

EENEE - IMTOF2018 B REIRR &t A B -2 55 E

EMEN : AL EBIETHB AR RMTRRIRE(ACMT)
M EE (I : BRI R ARAT

EENEHA - 2018/10/29(—) ~11/04(H)- [7X6%& ]

JEENMES : HARR (Tokyo City)

EENER : NT$ 69,8007T(F2JIMTOF2018 KEFIE
BEARS : 20A

A& . M/ (AmberLin)/+886-2-89690409#23
JEENAALL - http://www.caemolding.org/acmt/jimtof2018/
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Shenzhen International Industrial Automation&Robot Exhibition 2018
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Guangdong International Robot & Intelligent Equipment Exposition
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China (Chengdu) International International material increase Expo
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