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ASTME 7:

That branch of science which relates to the constitution and structure, and their relation to the
properties of metals and alloys.
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[oush Pitch Copper BSS g | i -5 lic
s, 100X \ Etchod, Mag

Figure 3. Tough Pitch Copper Figure 4. Aluminum-silicon alloy
microstructure showing gramn size solidification microstructure
metallography and-its-apptications / Kamran Khodaparasti
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Etchant As - polished
Composition -
Magnification 50X

Etchant As - polished
Composition -
Magnification 100X

Sy i 1

Gray cast iron
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Etchant Nital 2% Etchant Nital 2%
CompositionHNOS3 ,Ethanol CompositionHNOS3 ,Ethanol

Magnification 200X Magnification 500X
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(c5 55055155 ) oy 301

Optical Emission Spectroscopy

S S e iy
Gray cast iron
Test Items $Sojlsl sl 9ol 4o

C wt % 3.25
Si wt % 2.35
Mn wt % 0.28
P wt % 0.234
S wt % 0.131
Cr wt % 0.10
Ni wt % 0.07
Mo wt % 0.01
Cu wt % 0.08
\Y% wt % 0.01
wt % 0.02

Ti wt % 0.02
Co wt % 0.004
Al wt % 0.005
Sn wt % 0.02

Nb wt % Trace
Fe wt % Base

metallography and its applications / Kamran Khodaparasti 16



Etchant As - polished
Composition -
Magnification 100X

Etchant Nital 2%
CompositionHNOS ,Ethanol

Magnification 200X

(ASTM E 3) 31,5 ke
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Etchant Nital 2%

Etchant Nital 2% CompositionHNO3 ,Ethanol
CompositionHNO3 ,Ethanol Magnification 500%

Magnification 500X

metallography and its applications / Kamran Khodaparasti 18
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Ductile cast iron

Test Items o3l g 9ol dons
C wt % 3.29
Si wt % 2.64

Mn wt % 0.14
P wt % 0.050
S wt % 0.009

Cr wt % 0.06
Ni wt % 0.04

Mo wt % 0.004

Cu wt % 0.04
\Y wt % 0.001

wt % 0.002

Ti wt % 0.008

Co wt % 0.004
Al wt % 0.01

Zn wt % 0.12

Nb wt % Trace
Fe wt % Base

(5093155 ) stlsosd 561

The chemical composition of the
ductile cast iron is similar to that of the
grey cast iron but with 0.05 wt% of
magnesium(Mg)

metallography and its applications / Kamran Khodaparasti 20



Etchant As - polished
Composition -
Magnification 50X

Etchant As - polished
Composition -
Magnification 100X

(ASTM E 3)_31,5 ke
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Etchant Nital 2%
CompositionHNOS3 ,Ethanol

Magnification 100X

Etchant Nital 2%
CompositionHNOS3 ,Ethanol

Magnification 200X
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Etchant Nital 2% Etchant Nital 2%
CompositionHNOS3 ,Ethanol CompositionHNOS3 ,Ethanol

Magnification 500X Magnification 1000X%

metallography and its applications / Kamran Khodaparasti
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Ductile castiron  (_LsS'hy) SKis e 1 i Ll ols ST ild dalad gl

Etchant Nital 2%
CompositionHNOS3 ,Ethanol

Magnification 200X Magnification 50X

Etchant As - polished
Composition -

(ASTM E 3)_l,5gltee

metallography and its applications / Kamran Khodaparasti 25



Etchant Nital 2% Etchant Nital 2%
CompositionHNO3 ,Ethanol CompositionHNO3 ,Ethanol
Magnification 100X Magnification 200X

metallography and its applications / Kamran Khodaparasti
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Test Items | @ pSejlul aslg O905) 4o

C wt % 0.44

Si wt % 0.26
Mn wt % 0.67

P wt % 0.007

S wt % 0.024

Cr wt % 0.07

Ni wt % 0.08
Mo wt % <0.005 |
Cu wt % 0.20 (8 yogiilsS) 2lyonsd 5L
\Y/ wt % 0.002

W wt % 0.015

Ti wt % 0.001
Co wt % 0.01

Al wt % 0.002

Sn wt % 0.02

Nb wt % 0.002

Fe wt % Base

metallography and its applications / Kamran Khodaparasti 29




Etchant Nital 2%
CompositionHNOS3 ,Ethanol

Magnification 100X

Etchant Nital 2%
CompositionHNO3 ,Ethanol

Magnification 200X

(ASTM E 3 )il 5
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Etchant Nital 2%
CompositionHNOS3 ,Ethanol

Magnification 500X

Etchant Nital 2%
CompositionHNOS ,Ethanol

Magnification 500X
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Temperature Celsius
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Weight percent Si
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Etchant Keller’s reagent Etchant Keller’s reagent
Composition HF, HCI, HNO3 ,H20 Composition HF, HCI, HNO3 ,H20
Magnification 200X Magnification 500X

(ASTM E 3) 31,5k
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nt - Etchant -
osition K2Cr207,H2 SO 4 ,NaCl, ,H2 OComposition K2Cr207 H2SO4 ,NaCl, H20
ification 100X Magnification 100X

(ASTM E 3)_31,5 ke
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nt -
osition K2Cr207H2S04 ,NaCl, H20

ification 200X

Etchant -
Composition K2Cr207,H2S04 ,NaCl, H20

Magnification 200X

metallography and its applications / Kamran Khodaparasti 39
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(c6 5205515 ) leassd 5Ll

Test Items ExSeul 1oy o)l 4ot
Zn wt % 39.63
Pb wt % 2.07
Sn wt % 0.10

P wt % <0.005
Mn wt % <0.001
Fe wt % 0.10
Ni wt % 0.05
Si wt % <0.005
Cr wt % <0.001
Al wt % 0.01

S wt % 0.003
Ag wt % 0.004
Co wt % <0.01
Cu wt % Base

metallography and its applications / Kamran Khodaparasti
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Etchant - Etchant -
Composition FeCI3, HCI, Water Composition FeCI3 , HCI, Water

Magnification 100X Magnification 500

(ASTM E 3)_31,5 ke
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Dendrites of zinc rescued from partially
solidified melt.

Ice dendrites

metallography and its applications / Kamran Khodaparasti 44



Etchant -
position K2Cr207H2S04 ,NaCl, H20 Composition K2Cr20 7,H2 SO 4 ,NaCl, ,H2 O

ification 100X Magnification 1000X%

metallography and its applications / Kamran Khodaparasti 45



D 295w ySee yB Lo () y

D35 oo ol CAlESS Oyaay diges oy HLsle
59y S5y )ald — U - e 5 gy G 3 5 O 51 (lo ys I Sdite dine L5 L
| 25h
d929 S 4 Slg oo (g ) B cpl sl osaliie BB aiged 13 K5 (g yuss 3blie

29 LS5 g ol e il digal 3 35250 (53Ul

b o (SBuy diges sl

metallography and its applications / Kamran Khodaparasti

46



e Grain size determination (ASTM E 112)

2 - : h : & &
.‘,"‘.. R T ol size number

- N = 2(”41)

IOV
'4‘.’ E ‘h""‘-'é 4

Number of grains/in? . s »
ASTM grain sizes, 100X magnification at 100X magnification

metallography and its applications / Kamran Khodaparasti
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Pitting  us 1> 0y
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Intercrystalline Corrosion of the steel X 5 CriNi 18 10 = 1.4301

metallography and its applications / Kamran Khodaparasti
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ANSYS 5.4
MAR Z 2004 400
01:40:29
WODAL SOLUTICH
STEP=1 350
SUB =1
TIME=1
SECY [LVG) 300 -
FPowerGraphics <

- >
EFACET=1
AVRES=Nat z 250 —e— Fracture
DHX =.110E-03
SME =.106E+09 ﬁ 200 - Surface

0
= . 118E+03 < —=— Surface 1
[ -29sE+08 © 150 -
O -359E+08 CIU
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(e yioglsS ) loossd 34U

Test Items S5l dsls 9ol doms

C wt %0 0.08

Si wt %0 0.43
Mn wt %0 0.45

P wt %0 0.077

S Wt 9% 0000 (55%09) i (5w 9)Sse

cr Wt % 0.87 ASTM E 384

Ni wt %0 0.35

Mo wt %0 0.02

Cu wt %0 0.37

\% wt %0 0.004

W wt %0 0.015

Ti wt % 0.003 S50l sl 90 Ao

£9 o0 0.005 - ~ Base:168 HV 0.2
Al wt % 0.03 Middle of section: 214 HV 0.2
Sn wt %0 0.002

Nb wt % None

Fe Wt % Base netallography and its applications / Kamran Khodaparasti
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| Tahle II. The Composition of Sieels firom the Fifanic, a Lock Gate, and ASTR A36 Steel

¢ |Mn | P | S5 | Si | Cu | O | N | MnS:Rato
| Tifanic Hull Plate 021|047 | 0045 | 0069 | 0017 | 0024 | 0013 | 00035 | 631
|Lm:kGate* |n.25 ‘D.ﬂ ‘ 0.01 | 003 | 002 | — |n.ma |n.nn35 ‘ 17.3:1
\ |ASTM A36 020 (055 | 0012 | 0037 | 0007 | 001 | 0079 | 00032 | 1491

|*Steel from alock gate at the Chittennden shup lock between Lake Washington and Puget Sound, Seattle, Washington.

| Tahle III. A Comparison of Tensile Testing of fFianicSieel and SAFE 1020

‘ Ftanic SAE 1020 ’
Yield Strengih | 193.1 MPa | 206.9 MPa oS 9ol
Tensile Strength | 417.1 MPa | 379.2 MPa
[Elongation | 29% | 26%

| |

Reduction in Area

57.1% S0%G

metallography and its applications / Kamran Khodaparasti 71



Figure 1: Scanning electron microscope image of the polished and etched longitudinal sections of
steel from the hull of the Tifanic, and for compansen a modern hot-rolled 25 mm (17) AIST 1018
plate. Note the differences in gramn size, pearlite lamella spacing. and MnS particle sizes.
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S pm

Figure 4: SEM fractograph of
Charpy bar fracture surface from

a sample fractured at 0° C. Note
sence of ductility along ndges.
is micrograph contains the

largest amount of plasticity

observable on the surface in one
area of the fracture surface of this
sample.

Figure 5 SEM fractograph
showing the MnS particle that
fractired and nucleated a
I%%'JFh of 15 cleaved grains.

s was defermined by
tracing river lines within the
patch. Mote the lenticular
shape of the particle, the
cleavage niver lines eminating
from the particle, and the
frachured course  pearlite
colony wm the upper nght
COTTET.
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The Titanic was assembled using some 3000000 hydraulically-driven rivets [7]. These were
drawn from wrought 1ron. a mass of iron and 1ron silicate that extruded into a layerad structure.
These were driven through the hull plate and the stringer, and flattened on the inside. Eivets were
considerad to be acceptably driven if when tapped with a hammer, one heard a clean ‘ring”. If the
sound was a dull “thud’, the rivet was drilled out and another driven 1n.

Figure 7: Montage of micrographs showing the onlentation of silicate slag at varmous locations
mthmam:emmufaﬁrmwhﬂlnnat Nnteﬂ::tmtheupperpre-fmedhead[fnmmduntn
a hot rod of wrought the mmvet to the slag spreads out evenly mito the
he:dhleﬂ:l.e]:umchu atree. Atﬂ:e om, where innErheadpappeduff,mm}'marthe

fracture siwface the sthingers are onented perpendicular to the tensile axis. This cccwred
prasumably when the nner head was formead,
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arc weld of 1.4462

metallography and its applications / Kamran Khodaparasti
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fusion line
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_Fusion
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¥, |
By e 020 boundary
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Hot Cracking at the qrin baunan‘es of the weld metal

metallography and its applications / Kamran Khodaparasti
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weld et weeld rmetal

fusion fine ——e SI0EREHC g A HEORA U 8 e fusion line
d L [ L]

base metal base metal

Hot cracking occurs intercrystalline !

Reheat Cracking in the a.ustenitic steel 1,4878 with 0,0067% B

metallography and its applications / Kamran Khodaparasti
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2he30°CJ/L
Frecipitation of MZ.‘PvE in the steel X 5 CrNi 18-10 = 1.4301

iy

....-r-""'-"'w1II ’

A &

100 he30°C /L
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Work specimen X 6 CriiND 1810, 12 h 570°Clair, Strauli-test

IC close to the fusion line = Knife Line Comrosion

be avoided by more than 12 times stabilization.

metallography and its applications / Kamran Khodaparasti

The l=ft picture shows a
work specimen from  the
production of a pressure
vessel made from nicbium
stabilized steel It was
annealed and then tesied
in the Straull - test. The
steel was stabilized exactly
B.0 times.

With bending around a
horizontal  axis  cracks
developed at the fusion
ling between the weld and
the base metal.

The metallographic exami-
nation of the specimen
revealed an intercrystalline
corrosion in the base metal
closa fo the fusion line.
Because of the macro-
scopic  appearance  this
type of cormosion is called
knife line corrosion (see
picture above).

Dwuring welding the peak
temperatures close to the
fusion line are above
1200%C. So the nicbhium
carbides dissolve but the
steel in the as welded
condition is not yet 1C -
susceptible. But by further
annealing this small zone
becomes 1C - susceptible
by chromium carbide pre-
cipitation. This efect can
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Figure 16:

MAG multiple wire welding

Figure 17: MIG multiple wire welding with a gap

(a-measurement = 4 mm) at steel. of 0,9 mm at AlMg2.7 Mn,

Plate thickness & mm,

deposition efficiency 14.8 kg/h,

welding speed 1.9 m/min.

plate thickness 4 mm,
deposition efficieny 6.6 kg/h,
welding speed 3.0 m/min.
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Metallography: Science+experience+art

Ti-&al-4v (alpha-beta titanium)

¢ Mominal composition, wt%: 5.5-6.75 Al, 3.5-4.5 ¥, 0.4 max Fe, 0.1 max <, 0,05 max M, bal Ti

+« Condition: Quenched (processed above the beta transus and water quenched)

+ Product forrm: Unspecified

* Meatallagraphic Method: Light microscope (Optical, polarized light)

¢ Etchant: 3 g amrmonium bifluoride, 4 ml hydrachloric acid, and 100 ml water (color etched)

+ Original rmagnification: 100*

# Image detailzs: Martenszite neadles forrmed at elevated termperature (=240 dag <, or 1540 deg F)

* Source: Metallography and Microstructures, Wol 9, ASM Handbook, page 157, ASM International, 1985,
Additional credit: G, Mullar.
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i, asminkernational . orgfportalysicefims/

International
Metallographic
Soclety

An At of ASM International® come to IMS. Loc

Home Membership | Research Library Events |Educalinnﬂ'raining| Career Center Store

Welcome to the International Metallographic Society's Online Community! Here you will be able

Abowut IMS ) )
to access the latest information and events, as well as access the advantages of

EASM Tnternational® - IMS Board of Directors membership, Please explore and learn more about us! Members can login using their member
1093 Past Presidents number or e-mail address and password. Mot a member? Register - it's free, or join today!
Corporate Sponsorship 2011 Metallography contest winners announced,

IMS Newswire
ContactUs
Intl. Metallographic Contest

SlipLines

Mataliography, Microstructure, and Analvsis, a new journal from IMS, will debut in 2012,

NOTE: If you reached this site using the old IMS website address, please update your
bookmarks.
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3- http://imc2012.ir/news.php?cat.9

4- ASM Handbook, Volume 9: Metallography and Microstructures
5- http://www.tms.org/pubs/journals/JOM/9801/Felkins-9801.html
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