MSE LAB

H

R4l

M Guoquan LIU
L EAHKE LFHR

TR ERAFEEER

g.liu@ustb.edu.cn

BN EEE AR R SLR HEETT T & B e LI T BT & B 2017.3.24



Properties

;E ém Performance >~
& ATt

Composition

Structures |

Processes

1. EtEFEmEIERER

2. ZtEFEmbIEREEK

3. FmblFiEFS EHFEmRSE

4. EtHHFmRESEITENISITEH

5. 1‘¥ nE NRESEREEXFFmAIT
. BEEEHIE

B © mAAEERES, AR RS R IR . A SRR AR RS R R ITIRL, B H BN TR,
@ BREHERBAREEETE (No.51371030) FILEAIE K%M ABE A REREKIE (KC2014YJX09) HISZHF.




=
l- ﬁ*ﬂ*innﬁl % s E s
v s ey § B SRR ST BeEag FE WD ey FE W
o M2y = FALN "
£ ® MEREITE Continuum
o | O AP TEME |
o Bl emumsgr A
£ 3 ® AR ST A At Microstructural
8 g e BRWSRXkER
& ,
|E E "E 5 Structurs
E .E Atgm IStic Characterization | |
2 \‘\C
ﬂ Q \ Properties
gﬁ Processing ﬁ
E E | ectron | C http:ffe n wikipedia org i kif s
| T T n|m T | plrn | T m}n | T m

Length Scale

MR U TRREMAR T A ERABARREHFR. ER. BE. KD
A nhi5HE, DENHTEERIL.

BN EEE AR R SLR HEETT T & B e LI T BT & B 2017.3.24




BRAPVAMSES ¥ < &%

' _Properties

Structures

Composition ) Processes

ANEAABFRHBEIRANGELS R

4

BN EEE AR R SLR HEETT T & B e LI T BT & B 2017.3.24



Perfornmanc
Flwat is Materials Science arul Engineering? f&?“i

Lecture PPT Prepared by Professor Guoquan LIU, USTB, China. Used for USTB classroom teaching ONLY !!




" 4 e ol - e —————

2, HFmblEFREEX

= SNEEAXLERVRERE, (RBARE
® LIRUAJUUAE R TEHUER

= IVE=~EANEZRRSE8H

M2y =A%y
® MR %ﬂz% Qualitative OBSERVATION of
® £Er= T2 iFE Microstructure:
= Y D—‘ Py )
¢ @iéﬂi\ ERERR  Quantitative CHARACTERIZATION of
® FlEf 5T 5l HAih Microstructure

g F=XET| ! - BEIARE  EXER ! o NELE BRSS!

ILPESER: BRBIRSH. ARARY . FERASRERFR. R, HE.
KA TR oA, BENHTEERIE.

BN EEE AR R SLR HEETT T & B e LI T BT & B 2017.3.24




ARBHEN T ZBARNEEEIE

IC8 77.080. 10
I3

S N Ee o SIS E e R

GB/T 9441—2009
{28 GB/T 9441—1988

REGREHLE

Metall hic test for sp}

graphite cast iron

(ISO 945-1:2008 , Microstructure of cast irons—
Part 1.Graphite classification by visual analysis, MOD)

2009-10-30 £7% RS ER wew. bzfrw. con &R TH 2010-04-01 s
@ PEARKREEERREERURALS ,
BEME E

ICS 25,200
J 36

e N RS 3k A E E SR b R

GB/T 25744—2010

WESHEENOAEHEE

Metallographic examination for carburizing quenching
and tempering of steel parts

2010-12-23 &% 2011-06-01 3

ICS 77.040. 89
H24

YB

FREARANERBASTIIRE

YB/T 4002—2013
o YB/T 4002—1991

EHNATEREA[RKEITRE

Standard diagrams for macrostructure and defects in continuous casting billets

2013-04-25 £ 4 2013-09-01 X i

R BIGHE T AL 24

BN EEE AR R SLR HEETT T & B e LI T BT & B 2017.3.24




PR R 2 e S I A m] R/ [ 357

FOEVIT TS 2 Ji v BERORR T S 23 s S

SHE R,
7

gl emyuEE

£ |

Bl LSRR (R S TREMTRIESH) & 0 xIERKE



NEAMEIEIRAER (smvnz=emmasammn)

CIME: " 1
J} ai 9'%
A o [ seara o] watEO N | aesn N
- T A5 P
H1BUFAE rdryefieya BT AT S B A
Fe,C
= 7 iva
FIR 5% P R L & :
0 I R O S AL S :
100 3 B v :
ALY F ' B .
SR /% Fe,C : a <
I I0 T T T T 1 ; ‘ ; £ : ‘
WArwe/% 0 00218  0.77 2.11 43 6.69 ; s ™ P e
K 10-13 Bk — 05 & Y SR 6 -5 2 ZUH i B A BB A e S AR TR LR steel 0345 (16Mn)

(@) Wk
B 10-12 Fe-C 44 A% 18 & AL JBHRATEL 100%)

(a) ol i B G A AR B R A A R 411 1) (b) JRYEE BB R+ 1 B I 4140

BN EEE AR R SLR HEETT T & B e LI T BT & B 2017.3.24



oy
( \\ \ ‘\.\ ‘j:'.“- / ,,;{.,,[- [ iy l;‘,h '\3::7 : - o 7., = —i‘. f\?ll!“"‘?
‘\\\ > \ \y “:\-\- ALV _1‘ {,‘ TS 5 TN N .f.t
ﬂ i W 2 et NN Y
) %ﬂ?ﬁ!ﬁﬁﬁﬁi \ ANV -\;“‘
' w}\ RSN #
‘ e S

-’zi :

R _ 'm'sr Vagi

b, Rl &%ﬁe\\ £ z;; ‘- i
"'(.‘.' Y . A “‘1

W

S‘ :".‘.-‘:
é*ﬁﬁ e

G

;

S IR AE S S AN K ALLY (kAR R4 k2 4 ML e e SE 4 B 1 1, 2015 PG R T -fhAd i 8 40 B.C. i3 1 OSSR A I B S bR R R

%*Hﬁénn%ﬂ% FEORBEE NS BMAR P HAAERA SRR, R, HE.
KNS TS f, DENBTEERTAGEEARAEZMS! FHEMBEAR. HEAME,
SEER I ESRAFE . R X R AR AT KSRGS B B E !

10
BN EEE AR R SLR HEETT T & B e LI T BT & B 2017.3.24




HIE 2RMEES, AN el LIA B s

B Bt MA R =44 e EmikE R

& B T Ha1 A BT SR AT U Ty #ith sk s 4 -R

BRIt AT is — 4

BT Rk

.....

GB ;; it .!I?’]"p,ﬂ thod

S RSP N B S = S RE N R e o o o o I e

2 P o R e T AR O o 4
. ERWERDE N ORI

ENES 11

MERRESREzABRSREEN R,

[1iBHRR tresteld r&

i 0F) A 1  OR BT R FR
RGEHRE R )

% T WS RIONE £ DR AW N A :EE s t F BEA0AR ATARRIAEQATEER
HEBES & W R AR SR
i
|
X ALHE RSB o | HEEAR SN
( AR R R WP Ae D | pginn || (¥ S0 27

P 53 W B R S AR L7 AT HLES & 9 R Mok e 00 9 52 4 QIR LI s s (A B 0
SR (51H: AEES, PEENSSHEE 5. 1998, 3(3): 129; fifEdD

61l U E AR hRAR2.0



AL 805 - “F¥ AR E

=% 22 [A] i b P IIB R K T

“abCFEHAS” RN E

RS —%id), 5 = 4Edim ) ea AR BEPL AL,

& o T (E
#HFE &

AR RTEONx, WH [ =24 2 1) —4e8m
EHRSEP M fH=x/0.36. WEAHEHA

(B
¥

i T ERAETE, AWE R FEME<PL> .

i€ 4 M @

o deaim | (AN B MAR) APy Ay P J L

e 41515 W H

SRR ROR . |
Sroh 100 54y, B

AR A R H =485
ge LT BRI EE

m PP ESRKE AT <L >=1/<P>

o
- —

u . (7 B 2 4)

fRHEA RS

BHEAN | MELE Y 80
(Vs Sp LA

X6 NEREFE w420




3DEAIHAS2DEmAR (5l : EIEZ R ERAL)

P

Py

P36 40 um

(b) =H ki)

(OF 203 it iz 1]

debL R e T7 AN R, S A
FEmERAR. ANTIEZERK

e ;_i.-“ 2 . /k./—;(/ '1I . </
Uhxﬁ _z ,,‘ ;
el

(a) Tl Al 8k (B & A SR Ak i REENL )

REXARAAR2DEHBAR + A DB o] =4 E @ o =48 iR !

13

BN EEE AR R SLR HEETT T & B e LI T BT & B 2017.3.24




-||+I=
nﬁ
KO
i
I))
Rb
+ I

HA: mp sEic mp B o iy mp S

Uk sampling
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J*%‘%IJ grinding
#i6 polishing
B etching

Metallography offers one of the most useful
means for the examination of metals. It is
the study of polished sections of metallic materi-
als using a special microscope that reflects light
passing through the objective lens onto the speci-
men surface. The reflected light passes back
through the objective to the eyepiece, which

enables the surface structure of the section to be

studied.
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Sample Preparation

Metallography is the art of preparation of

specimens that can be examined by an optical
microscope. Examining a metal sample in the
microscope without prior preparation will not
reveal informative image of the microstructure
because roughness and scratches at the surface
will reflect the incident light randomly.

B mp S5 mp BH omp i mp S
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Preparation of metallographic samples

Stage T—Sectioning AR
The remowval of a representative sample from the
parent piece.
|
Srage 2—Coarse Grinding B
Producing an initial flat surface. / .
/ W _E

Srage 3I—Mounting / 6oa

Embeaedding the sample in a hot thermoseting

powder or cold castable mounting material for Ik
ease in manipulation and other factors such as —
fragility, edge preservation, etc. This stage is

sometimes omitted for certain @methods of H1EE
preparation or in instances where it would serve

Nno pUrpose. HEE IR

Srage 4—Fine Grinding/Pre-Polishing 47 EE ] ﬂﬂﬁ}

e
Remowing the zone of deformation cauvsed by
Sectioning and Coarse Grinding. The depths of

deformation during this stage need to be limited
by properabrasive size sequencing.

Abrasive

Srage 5—Rouwgh Polishing Surface

Further limitation of the deformation zone
produced by Fine Grinding.

Srage 6—Final Polishing

Removal of deformation zone produced during
Rouwvgh Polishing. Any zone produced at this stage
showuld be minimal and generally will be removed

during etching. Firm Wrist

Stage 7—Etching. %H#@%Bﬁ—%ﬁ%fﬂﬁfﬂi ? and Fingers
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Criteria of well-prepared samples

E i o
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There are.a number of criteria that samples

should meert:

The object should be photographed or drawn
before the sample is taken. This is especially
important if the dimensions of the object are
fundamentally altered by the material
removed.

The microstructure of the samples should not
be altered in the process Of‘ removal.

The sample should be representative of the
object as a whole or of a selected feature or
area of the object.

The orientation of the sample in relationship
to the entire object should be carefully
recorded and if it is not obvious where the
sample was taken from, the position on the
object concerned should be marked on a pho-
tograph or drawing of the object.

%, ¥, b, Kok, =k, BHERAES
B LEVEERRPRE: s AR, SIATIRR, K
BN B 5 07 5%

The key to obtaining an accurate interpretation of
a microstructure is a properly prepared specimen
which is truly representative of the material being
examined.

The definition of a properly prepared

metallographic surface states that the section
must meet the following critena.

* Be flat and free from scraiches, stains, and
other imperfections which tend to mar
the surface.

* Contain all non-metallic inclusions intact.

* Show no chipping or galling of hard and
brittle intermetallic compounds.

* Be free from all traces of disturbed metal.
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Cast irons
1
Gray Ductile White Malleable
iron (nodular) iron iron iron
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This PPT lecture notes was prepared by Professor LIU Guoquan, in USTB. Beijing, China
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Safety
1. %?E%%Mﬁﬁﬁﬁé Optical metallography involves

the use of etchants (standard solutions containing a variety of
chemicals such as strong acids and solvents) which can be very
corrosive and poisonous. You must handle the chemicals with
extreme care. You must not have direct skin or eye contact
with the etchants. Etchants must be used in well
ventilated area. Do not try to smell the etchants.
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