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Introduction to Metallographic for Powder Metallurgy

il T ()

m ACMT/ BB#E5A

EELAT (tRATRAER"ERT)

1.4.1 Grinding stage T EE P %

Coarse grinding is used to remove all damage
introduced during abrasive sectioning and provide a
planar surface for further preparation. It may also be
the means of locating a specific feature in a defect
analysis, where the sample is ground to the location
of a feature of interest. Subsequent grinding steps
with finer abrasives are intended to remove the
damaged layer produced in the previous step. As
processing proceeds and finer abrasives are used, the

damaged layer becomes thinner.

In the grinding process, variables such as sample
pressure, cutting speeds, abrasive concentration, and
grinding times are operator controlled and should
be regulated to fit the specific application. In the vast
majority of procedures, a coolant/lubricant is used to
facilitate grinding and protect the sample from further
damage. Alloy type, sample hardness, size, shape, etc.
all control the effectiveness of the grinding medium.

HEZARERATEIR BB ERNEELE—FPH
BEETHE BUoEE—ERENINEEHRIELTR
[EATPEMNAT - EERBUTUE SRR EE
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FREUEEL - BROMEDREMAERNENEHE
PRAIE— P ELERNERE  BEERBENSRENMA
SAINER - BENERSFSES - £EHBED -
AREINR R B ) ~ IEIERE ~ ERUREATE R
BV U IR IF BT S  WWRINLGRE - LUBE RS
ERNER - ERAZSHNIELND - R4H / HBEZ
Rz REEHANREEMRRE—DWEE - 528
B SEEE - RY - BAREERIERNE R -

During grinding, the abrasive particles embedded
in a substrate material will crack, break, or wear. As
this happens, the effectiveness of the grinding step
is diminished.
EVEBRESD  ERBNAUERARRERE @ 2
EE

Abrasive particles may still be present on
the substrate, but their abrasion rate will be
substantially lower compared with the original
paper. Where preparation processes are designed
to be predictable and reproducible, overusing or
reusing grinding papers is discouraged. In most

situations, grinding for a time <30 seconds per



(@5 BATIEIRIER ) B 13:P1-Fig.13 Appearance of SiC paper in a new (un-used) condition and after 30 seconds
use. FRICHYRVAERIERE - a) BIERAIBAIILE - b) S£&ERH 30 2% - aIIBERIRCH MR RERETF -

paper is recommended. This effect can be seen in
P1-Fig.13, where the cutting surfaces of a new SiC
paper are shown in the (a) image and the condition

of the same paper after 30 seconds use is shown in

(b).

Abrasive particles remain in the used paper, but
many have been broken and removed and the
performance of the paper is unknown. Abrasive
particles may still be present on the substrate,
but their abrasion rate will be substantially
lower compared with the original paper. Where
preparation processes are designed to be
predictable and reproducible, overusing or reusing
grinding papers is discouraged. In most situations,
grinding for a time <30 seconds per paper is

recommended.

This effect can be seen in P1-Fig.13, where the
cutting surfaces of a new SiC paper are shown in
the (a) image and the condition of the same paper

after 30 seconds use is shown in (b). Abrasive

particles remain in the used paper, but many have
been broken and removed and the performance of
the paper is unknown.

EBRED - ER oA FERERL - BEEEIR
RAGIRES - EERAEBRR/AABEETHEESD - £5
HILIEMNRZORAMIEEY - BEEHANER
MEASS NOEERN - EXZHBER S - HE—R -
BROAOVLUANMNLIEZREZETH - B
MR UTE P1- B 13 PFF - — RN ICAR
PIEIRE AR (a) BIEMBRMASRAGRE T - &
i@ 30 WEFEABERE (b) - DTERERNIATEROA
SRE - BHFRZBHOEITHWITE  EEART - EF
W ARRIMERER 2R ARY -

1.4.2 Polishing #l3¢

At the conclusion of grinding, a small deformed
layer remains. This is removed through coarse
and fine polishing. As with grinding, polishing is
essentially an additional number of machining
steps, but with much finer abrasives. There may
be two or three individual steps with the cloth

type usually changing with the change in abrasive
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14: P1-Fig.14 As-polished surface photographed at two magnifications. The unopened porosity is not as
apparent at the lower magnification (a), while in the (b) image, covered or filled pores are obvious, unetched

TN 2 BHRE I RMER A SRR -
ARBEIER - SEKREHZ

particle size. The cloth and abrasive type, along
with the particle sizes, are dependent on the
material being prepared. As stated earlier, diamond
and AI203 are the most frequently used polishing
abrasives, although other polishes are used with

specific metals and alloys.

BEmEMER  —E/INEBEBINAEES  ERE
oJPURBHEEZIBIN s TRk - BE—% - 1
HEAR EZ BRSO T LER - o HZE E AR E R
FHETT - BIREFEEME =B EBHL BB
LCRER ENERE T ERARMMERE -

MAERIRE - BB MY BRRIFI R AN - HIBIRF
RENERMEBMRAR - WPt - SBANEiE

EEREHENICER - AT EEBEER
EBNEE -

Often, a three step procedure is used. Coarse
polishing removes the scratches and damage
from fine grinding. The intermediate step is usually

where the pores are defined and opened, and final

a CAEMoldingMagazine + CMM-V016-(2018/6 H)

(a) SFAEMILIREREMRABHEFRER - MEE (b) MAEBEND L

polishing removes the finest scratches; those from
the second polishing step.

BE - WER=EDER - ERERAENLRMIE
15 PHNTRBEZEERERNOMASA - WEEM
FEBRANKIRE - RS @D B EENIRE
B -

Having the pore structure revealed accurately is of
critical importance when preparing PM materials.
EREORAEMROEHEE - ERNAEBRIRZ
BEASENEE

If the pores are not open, the appearance of the
as-polished and etched microstructures cannot
be correct and the results from any analysis are

questionable.

It is sometimes difficult to recognise the closed
pores at a low magnification, but at a higher
magnification, the condition is apparent. This is

shown in P1-Fig.14 where image (a) is at a low



magnification and (b) is a higher magnification view

of the same surface. Arrows indicate locations of
some of the closed pores in (b).

MNRALAZ AR - (ERI A 2R MRS B E
SNRZAERE - MoTNEREZESHEN - BF
REEBREMAERFNF RN - BEESHAK
BER  AREZREN - W P1- B 14 FiRiE S (a) 2
EARBAEERAMN (b) 2—EESHNE—FREOBARE
R FEFRNEEHEAANUE - BEROBMAEBI
EIRBRHMRA M RIAEAE -

Recommendations &

The following are a few suggestions for the
metallographic preparation of PM materials:
MMNZREPMMREAE @B TIEMN—LFIE:
« Samples must be cleaned between each
grinding and polishing step.
BmAEERENEERNERRZS

This will help prevent the carry-over of a coarser
grinding or polishing abrasive to a finer grinding
paper or polishing cloth. Washing the samples with
soap and warm running water helps keep surfaces
clean. An ultrasonic cleaner is also recommended.
BEEm B R E— RIS RER S B N —
RMsH 7O ESH SR - FRENAIEEKEZE
BABARENRELREFERFENTF - &EMN
THBEKEE -

« During polishing, using an etchant before the
intermediate step can help open the pores.
EHNBER - £ T —SRMENER L RESNE
BN TRRAL -

Where the preparation procedure is intended
to remove a controlled amount of material
using abrasives, the etching process will help by
chemically removing material. Do this with caution,
over-etching at this stage can distort the size and
shape of the pores.
NREMHBEBREREZHERRERIIZRA AR
S BEANAMZ K ENRBBILEEAKERM
A e /Dy - 7255 18 B B Y B 21 = HE R AL R RO A/ VAT
N

« PM materials often retain water and lubricant
from cleaning and polishing.
MARBENMRHEESRE KNEBBEES RSN
HZE

Placing the prepared samples in a vacuum chamber
can help dry the samples prior to analysis.

ZEIMEEERZA - EFEREEZRAAER
BRRAS ez -

After preparation & 2%
At the conclusion of sample preparation, cleaning,
and drying, the samples are ready for inspection
and documentation. With the samples prepared
correctly and free of stains, the colours of the
as-prepared and etched surfaces should be
characteristic of the alloy, phase, transformation
product and constituent. White, tan, blue, or
orange features should appear the same in
photomicrographs.

B FEwmPamENERREE B
CEBHFREM X ENCEH - BBE

FHEZME - K n
HRENERZLE

CAEMoldingMagazine + CMM-V016-(2018/6 H) @

WEEEESEIVO

£+

Qi
ES

(HEHEB/8%1NDV)H



EUEEEEEIVD. MR T T T T H T T I e

]
E=

(HEEB/8YLNDV)HE

Dr.QEAE E 1

HEANSAIERN - FIEAENBZAENRENERREE
a8t M BEEYNR,NESE A8 e &
eI ENIIEERZEIRER —RR AP -

Any change in appearance from what occurs
naturally or in the etched/ stained condition
should be investigated. For example, ferrite and
retained austenite are naturally white and should
be reproduced as white. Any color shifts from
improper microscope or camera adjustments
should be corrected to make the reproduction
and documentation of the microstructure more
accurate.

SN EREME - BARSTERRZ] / FERIREIE
EITHAE - HIU - BREMNEGRRREHZAEH -
MEZZEB BN - (HIERENEE - SR ERNER
IR AR EEEE - BIE AR IE - B IR S
W BR 45 1 5 AR -

With the extensive use of digital imaging, there
are several possible causes for these color shifts.
They include uneven sample illumination, improper
voltage setting of the microscope lamp, color
temperature or white balance setting on the
camera, or software shading correction.
BEEEEMGNREZER  BLEENE(EEXEDY
BERIRA - BRAHINR MR - AERNEBERR
ENBEMRE BAeREXBEN FHREEMRE
£ SEREERERERUE -

All efforts should be made to ensure these variables
are controlled, thus producing the best images

possible.
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What is fountain flow?

o] ERIE R EN ?

n ACMT & / I3

&R & (Fountain Flow)

ARMXXHZERR - BRBRIER B EE N PRIR
BLE - £ HREREBRRENIR A E IR EIE SRR

# (fountain flow) LA RIEENRBAIE - [BERREE
RN RNRESMNAURRAR DB EB IR R -

B E R E (What is fountain flow?)

() }BRIBYRE (ERRB )-Regular flow(Fountain flow)
(B ERERT FEmBRE—RBPHEEAR
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' == Bangkok, Thailand

Organizer: ﬁlﬁﬁﬁﬁﬁﬁﬁl}ﬁiﬂﬁﬁiﬁiﬁiﬁﬁ (Association of CAE Molding Technology)

-il ™
RFon EREmEET (AL, Moldex3D

‘ CAE Molding Conference2018(Thailand)

2018ZEB R B SRR T A E

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 development efficiency and reduce costs, and based on the industry's technology,

the first-hand issues will openly disclose all industry contents, so please attending our conference. m

Event name : CAE Molding Conference2018(Thailand)

Organizer : Industrial Development Bureau(Taiwan)

Co-organizer : ACMT * PMC - NSTDA * Moldex3D * Anntong * Wulii * Minnotec
Date : 2018/06/19(Tuesday) 13:00~17:00 (4hr)

Location : Bangkok, Emporium Suites by Chatrium Bangkok (BTS Phrom Phong)
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