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Metallographic
Techniques



Metallography Method

The process is done according the following:

(a) Sample cutting

(b) Sample cleaning

(c) Sample mounting

(d) Grinding by using SiC papers

(e) Polishing by using diamond paste, alumina paste,
Magnesium oxide, coloidal silica

(f) Acid etching (HNO; , HCI, HF, etc)

(g) Aquisitionof the microstructure’s image by using optical
and/or electronic microscopy
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Fig. 2 Typical abrasive cutter. (Buehler Ltd.)

. Typical low-speed diomond saw.
Fig. 3 Cons)

Servo Tool feed
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Typical setup for electric discharge mao-
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Sample cutting (Sectioning)

= Important: the unproper cutting technique may alter the real

microstructure of the material and provide a unreal
information

The sample damage caused during the cutting process
depends on:

» Type of material

» Type of technique employed for cutting

» Cutting speed

» Amount and type of coolant used for cooling process

Material surface damages can easily be removed by
polishing

The damage depth varies with both the type of material and
the employed cutting method

27
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D Abrasive cutoff wheel
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i 225+ D Electric discharge machining
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S 200y Low-speed diamond saw
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MRS .
Electrolytic Carbon Austenitic Titanium
copper steel stainless
steel

Fi 1 Depth of deformation in different metals due
g. to cutting method. (Ref 1)
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Table 1 Solutions for problems encountered in abrasive cutoff sectioning

Typical low-speed diamond saw. (Leco Corp.)

Problem Possible cause Solution
(bluish | Overheated specimen Increase coolant rate; lessen cutting pressure; choose
discoloration) softer wheel.
Rapid wheel wear Wheel bond breaking down too rapidly Choose harder wheel: lessen cutting pressure.
Frequent wheel breakage Uneven coolant distnbution. loose specimen | Distnibute coolant uniformly; fix specimen ngdly.
fixtunng
Resistance to cutting Slow wheel breakdown Choose softer wheel. reduce coolant flow; use oscaillating
stroke
Cutter stalls Cutter too light for the work Use heavier cutter; it sample size.
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Sample cleaning

Physical cleaning: removal of particles, dust, grease and other
types of residues;

Chemical cleaning: used to eliminate any contaminant on the
surface of the sample

In order to analyse oxide layers the cleaning process must be
limited to simple treatments avoiding the loosening of the oxide

layer details.

The ultra-sound bath is the most effective method for cleaning
Cleaning times may vary between 2-5 minutes

Soft materials may suffer cavitation during large cleaning times.
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Sample mounting

= Mechanical mounting or in resin
= Mouting can be done in “hot” or “cold” way

= Resin thickness:
= Too thin causes a hard handling of the sample

« Too thicker decreases the contact between the sample surface and
the SiC papers and cloths

= Depends on the material characteristics the heating during the
mounting may alter its microstructure
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%ﬂm Mechanical mounting

/

Specimens

Specimens w

Specimen

Mounting in resin
U Cold (mixture of liquids )

WUHot and pressure
(powder)
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Mounting of Specimens
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Mounting of Specimens
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Thermosetting e thermoplastic resins

Table 1 Typical properties of olding resins

Resin Molding conditions Heat Coefficient | Abrasion | Polishing | Transparency | Chemical
distortion of rate, rate, resistance
temperature | thermal pm/min® | pm/min'

Temperature | Pressure Time, expansion
ey in/in. °C*¥
. & F MPa | psi . - b

Bakelite | 135- | 275- | 17- | 2500- | 5-12 | 140 | 285 3045 x|100 29 Opaque Attacked

(wood- 170 | 340 |29 4200 107 by strong

filled) acids and

alkalies

Daallyl 140- | 285- [17- |2500- | 6-12 [150 | 300 | 35x10° 190 08 Opaque Artacked

phthalate | 160 | 320 | 21 3000 by strong

(asbestos- acids and

B
?




’Thermosetting e thermoplastic resins

TthTwMMMWLHmwm

Resin Molding conditions Transparency | Heat Coefficient | Abrasion | Polishing | Chemical
distortion of thermal | rate, rate, resistance
temperature” | expansion. | pmmin®™ | pm/min®

Heating Cooling in.in. °C
Temperature | Pressure Time | Temperature | Pressure Thme

(min) (min)
< c d MPa | psi T | MPa | psi « ¥

Methyl 140- | 285- | 17- [ 2500- |6 75- | 165- | max | max | 6-7 Water, whate to | 65 150 5.9 = 10° 75 Not resistant to

methacrylate | 165 (330 |29 4200 85 185 clear strong acids

and some
solvents.
especaally
ethanol
Polystyrene | 140- | 285- |17 2500 |5 85 185- | max 6 65 150
165 | 330 212

Polyvanyl 220 |430 |27 | 4000 Lightbrown, |75 [165 |68=18° |20 11 Not resistant to

formal clear strong acids

Polyvinyl 120- |250- (07 | 100 ml 60 | 140 7 4000 Opaque 60 140 5-18 =10 | 45 13 Ressstant to

chlonde 160 | 320 most acxds and

alkabes




Table 3 Typical probl

i ting materials

Problem

Thermosetting resins

(

Radal split

0

Edge shrinkage

©

Circumferential splits

(D (B

| Thermoplastic resins

®

Cottonball

B

Crazing

slul Lo aa,S Ly
Bl i 4 By

Excessive shrinkage of plastic away
from sample

oo Loosk) oos
esbe f.l:_z.. BEBILY

Too short a cure period;
insufficient pressure

Insufficient molding e
insufficient time at cure
temperature; increased surface
arca of powdered materials

Powdered media did not reach
maximum temperature;
insufficient time at maximum
temperature

oud a3l S5 A

AU L e 5S Gl
o5 b

Decrease molding temperature;
cool mold slightly prior to
ejection.

Ao L 2o p‘-%—;

Lengthen cure period; apply
sufficient pressure during
transition from fluid state to
solid state.

Use proper molding pressure;
increase cure time. With
powders, quickly seal mold
closure and apply pressure to
eliminate localized curing.

Increase holding time at maximum
temperature.

FSombols owdsw
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Mechanical Grinding, Abrasion,
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Grit size and micro-size relationship

SiC papers
Grit size Average particle size (pm)

80 201
120 125
220 68
320 46.2
400 35
600 25.8
800 21.8
1000 18.3
2500 8.4
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Mechanical Grinding, Abrasion,
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Mechanical Grinding, Abrasion,
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Polishing
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(Electro polish) yudgs 9 xS
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Electrolytic Polishing
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Fig. 1 Mechanism of electrolytic polishing
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Supply tube
for compressed

Electrolytic Polishing

Detail A

w0/

Anode (O
(specimen)

AN

1
Electrolyte

‘Vonmcterr/ /

E)Ammeter

Perforated

Rheostat &
o) Y Switch I~

cathode O

Glass or
inert-plastic
container

Fig 4 Equipment setup for electropolishing. Air agitation of electrolyte is provided through o perforated

0 o
dc source

Spot weld Specimen (anode (3) )

\ AN

Cold mount

Contact
wire

(spot welded

to metal
block and
specimen)

+— Metal block

Detail A

Drilled hole

cathode. Detail at right shows an indirect electrical connection to a mounted specimen.
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Electrolytic Polishing
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Electrolytic Polishing
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Table 1 Electrolytes for slectropolishing of various metals and olloys

O [ [ Time Netes
Group I Electrolytes composed of HC10, and alcobol with or without organic additions(a)
1 IIJnI_MlMuLIO-LMMN.O Aluminum and shumioum alloys with lcss than 2% S 3080 13603
(opuonal). 60 mL. HOIO, (60% Carbon. alloy, and stanless steels 1588 1560+
uu.ludm Mw-.hu!-m| 1238 15605
2060
uw—mnpwuq‘ ]
12 800 mL cthanol (absolute). 200 mL HCIO, (60%) Stainkess steel, aluminum 3580 1560 5
3 940 mL cthanol (absolute), & mL distilied H,0, $4 mL. Suainless sieel 045 13605
HO0, (0%) Thonum %40 1545 5
- 700 ml. ethanol (absolute). 120 mL disulled H0, 100 mL Steel. cast iron, aluminum, sluminam alloys, mckel, tn, 20468 1560 5 “
2-butoxyethanol, $0 mL HOIO, (60%) wlver, beryllum, ttanim, zirconsum, uranwm, heat-
resistant alloys
s 700 mL ethanol (absolute). 120 ml distilied H/0, 100 mL  Stainless. alloy. and high-speed stech. aluminum, iron, 1530 15603 @
L 80 mL HCIO, (60%) won-ubcon alloys, lead, zirconsum
I+ mL ethanol (absolute). 30 mL distlied H:0, 190 ml. Alumusum, aluminum-sibcon alloys, iron-sikon alloys 3560 15605 ©
ether, 20 mL. HCIO, (60%)
7 600 mL. methanol (absolute). 390 mL. 2-butorycthancl, 30 Molybdenurm, titanum, rink. ZICORGM. UraBium- 0130 5304
mL HCIO, (60%) atconum alioy
I 840 mL. mtm-nc-tdmun,u 15 ml Alumnum, sluminum-sibcon alloys. woa-ubcon alloys 0100 3404
gycerol, 31 mL HOIO, (70%)
19 m  mL methancl m.oh.m 6 mL dutilied H;0, 350 mL. 2533 30603
butoryethanol, 54 m 0%) Titanium wes 4t "
Vanadium 0 s ®
Zirconsum 2075 15 i
L0 #40 mL methanol (absolute). 13 mL HNO, 30 ml. HOIO,  Alumunum 2060 15403
(60%)
Group 11 Electrolytes composed of HCIO, (60%) and glacial acetic acid
[ 940 ml. acetic acd. 60 mL HOIO0, Chromuum, titansum, uransm. Hrcoaium, o, cast ifon, 2060 15 man o
carbon, alloy. and stainbess sieels
n: 900 ml. acetc acd. 100 ml. HOI0, Zircomum. titamum. uranium, steels. superalioys 2% -2 mn
na 800 ml. acetic acd, 200 mL HOWO, Uranwum. srcomum, utansam. slumioum. sieeh, 40-100 115 mun.
5] 700 m acetic acd. 300 ml. HOIO, Nickel, lead. lead-antimony alloys w0100 13 min
1 650 ml. acet acd. 350 mL HOO, 3% ulicon iron $ man )
Group 111: Electrolytes composed of HyPO, (85%) in water or organic solvent
115} 1000 mL H,PO, Cobalt 12 35 mun
m2 175 ml distilled H,0. 825 mL H,PO, Pure copper 1016 1040 un ()
{5} 300 mL H;0, 700 mL H,PO, Stainless steel, bras, copper, and copper alloys except tin- 1518 Sisma  (m)
bronze
na 00 ml. H:0, 400 mL. H,PO, @ora + /i braw. copper-uon, copper-cobalt. cobalt. 12 (o)
cadmum
1000 mL HO, 380 g HuP/O: (pyrophaosphors sce Copper. copper-tine 12 m
mL drethybene glycol monoethyl ether, sonnl.u,m. Steel 520 P
:m mL H;0, 380 mL cthanol (95%). 400 mL H,PO, Aluminum, magnesum. slver 2530 wQ
anﬂI-llMuLm-l.‘ylﬂdlw\lll-L Uranm
swu.m:mnn-tmm-t 1,P0, Mangancse, manganese-copper alloys "
300 mi. distilled H;0, 250 mL cthanol (93%), 250 mL. Copper and copper-hased alloys 15 man
HPO,
Ethanol (absolute) to make 1000 mL of sokution; 400 Stainlens stecl. all austenst beat-resstant alloys 10 mun 0
P,
623 ml. ethanol (93%). 375 mL H,PO, Magneuum- s 1528 330 mun
443 mL ethanol (93%), 275 mL ethylene ghycol, 275 ml Uranium 1520 515 mun "
HP0,
Group IV: Electrolytes composed of H;SO, in water or organic solvent
v 250 ml. HO. 750 mL H;S0, Stainbess steel 156 1-2 mun
w2 400 mL H;0, 600 mL. H,50, Stainbess steel, iroa. ackel 156 2.6 min
v 750 ml H;0, 250 mL. H,50, Stambess steel, iron. nickel 156 210 min
Mol 136 Ul s [
w4 900 mL H,0, 100 mL H,50 Molybdenum 1546 "2 min w
s 0 mL H:0, 200 mL. glycerol, 720 mL H;50, Stanless steet 154 -5 min
e 220 mL H0, 200 L. ghycerol, M. Stanbess sieel. aluminum 1512 1:20 mun.
w2 75 mL methanol (absolute). 125 ml. H,SO, Moty 0 1 mun )
Group V: Electrolytes composed of CrO; in water
Vi £30 mL H,0, 620 g CrO, Stasnless steel 159 210 mun
V-2 £30 mL H,0, 170 g CrO, Zinc, braws 1512 1060 5

Table 1 to el lishing of vari
metals and alloys
Metal Electrolyte
Aluminum .......... I-1,1-2, 14, 1.5, 1-6, 1-8, 1-10,
11-3, 1117, IV-6

Aluminum-silicon

alloys .. 16,18
Antimony L4

Tlium 14

Bismuth . .VI-18, VI-2§
Cadmium -4
Cast iron 14, 111
Chromium -1, VI
Cobalt .. 15, 1010, 1114

Copper . .. 1112, 13, 1114, 1115, 111-10,
it

Vi1

Copper-nickel alloys . . I11-3, 111-10, VIII-1
Cwoppa-lin .no‘,'l"". 11-10, VI-S, VI-6, VIII-1
Copper-zinc alloys . ... 111-3, 1114, 1115, 111-10, V-2,

VI
eer 19
VIl
15, 1041, 1V=2, V-3
113, 1114

Germanium

S, TE-1L 0122, 1144, 1V-3, VIHE-]
.15, 1-6, 1-8, 11-5
L 1S, 114, VIS
LT, 012, VIS
Lo e
co BTUIVA3, IVA4, IVAT, VIR0
S 4 14 V-2, VL

<o -4, VIT-L
14, 117, V-1, V-2, VI3

-1, 12, 1-3, 14, 15, 111, 11-2,
11-3, 111-3, 11-6, 1111, IV-1,
IV-2, IV-3, IV-5, IV-6, V-1,
VI-1, VI-2, VI-3, VI-4, VI-7,
VI-8, VI-9, VI-10, VI-11,
VI-13, VI-15, VI-16, VI-17,

v

Steel: carbon and

BYssnsaanuapmae I-1, 14, 1-5, 111, 11-2, 11-3, 111-6,

VI-3, VI-7, VI-11

Tantalum .VI-12

Thorium N

Tin..... .14, VI-5, VI-6, VII-6

Titanium 14,17, 19, 111, 1122, 113, VI-21

Tungsten . VII-4, VII-S

-4, 17,100, 1042, 113, 1118,
11-13, VI-22
Vanldmln Ve 19
-1, 15, 111-12, VI-2, VI-14,
VI-23, VIL-6, VII-]
Zirconium . .......... 14, 1-5, 1-7, 19, 111, 112, 11-3,

Uranium ..

390 Cadg S
) o lawl
Dialgz9 58
035
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Grinding and Polishing

Abrasive particle size may varies from few micrometers to a
few nanometers (9-1 um; 50 nm)

The finishing of the sample surface is done by decreasing the
abrasive particle size

Usually the hardness of the material defines the grinding and
polishing parameters

» Hard materials present high resistance to deformation: use of

high rotation speeds of the polishing disc

= Soft materials are easily deformable: need low rotation speed

of the polishing disc
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Mechanical Grinding, Abrasion,
and Polishing
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Mechanical Grinding, Abrasion,
and Polishing

Grinding 220-grit Grinding 600-grit Polishing
———— — . - <

Fi 23. 24, 25 Effects of abrasion on flake graphite in gray iron. Fig. 23: results of abroding on 220-grit silicon carbide paper. Fig. 24: results of abrading on 600-
9. ’ ’ grit silicon carbide paper. Fig. 25: results of abrading on o fine fixed-abrasive lop. See also the toper section in Fig. 26 to 28. As-polished. 500
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Etching *

050 595 gl sl il o T Alide (slial G @ nlis alaal 5 518 ol SUALL G S e A Ga S gl
Sasali s ousn wanl a5 el Sl sy« SH w5 S8 LK 1S JG 51 Y gane) gl Jslas ol LT s
JKIL G 5 5la8e T L1 T Gus 9 9 s T o e o S B i3l (oo 55 g (9 (oo soliioal o508

g (0

sl lalse 4 Jslae Jals 5o ol 153 ole) €l aans o L1 gl sl Jals Lo 1y 455a b LIS alas sl
5@ Jolae JAls Ho dalad (RIS Sl aas 5 ol uate ailior B 51018 o g usle (S s g8 5 5B et

67



Etching*
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Etching*
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Etching*
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Acid etching

Acid etching is used to reveal the microstructure of the
sample for post observation by microscopy technique

A proper sample to applying etching must present a smooth
surface carefully polished, without scratches or deformation

A well-polished surface do not exhibit its microstructure since
light is homogeneously reflected along it

Usually the microstructure of the material is visible after acid
etching

The different grains and orientations of the crystallographic
structure of the material cause a difference in light reflection
which allows the visualization of the microstructure
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Etching parameters

Exposition time: The times may vary from a few seconds to
hours

Acid temperature: The acid temperature and exposition time
are closely linked. Usually the greater the acid temperature
the lesser the etching time

The quality of etching may be affected according the etching
times

Usually the etching procedure is performed in ambient
temperature
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Name Active Nominal Specific
S i positi gravity
%% by weight'™
Aqueous acids
Acetic acid, glacial HC:H,0; 99.5 1.05
Fluoboric acid HBF. 4% 1.32
IH;. drofluoric acid I HF a8 1.15
Lactic acid HC,H.0, 5] 1.20
HNO, 70 1.42
Perchloric acid HClO. 70 1.67
60 1.53
Phosphoric acid ( orllm)] H,PO. 85 1.70

Most used acids:
dHydrochloric (HCI)
QHydrofluoric (HF)
QNitric (HNO,)
dPhosphoric (H;PO,)

QSulfuric (H,S0,)

73



Etching *

Table 1 Characteristics of aqueous liquid chemicals used in metallographic etchants

Except for HySOy, oll data apply to lab y and technical or cial grades of chemicals Table2 Characteristics of pure methanol
Nominal and ethanol
Active composition, Specific -
Name constituent % by weight(a) gravity Nominal
Active composition,
Name constituent % by weight(a)

e ekl Methanol ....oscorsvevese CH30H 99.5(b)

£t : Methanol, 95% ........... CH30H 95(c)
A W BINEY S oo s R R N e e S e R e e e e e s 99.5 1.05 3
Fitfrwrret - R s i Ethanol, anhydrous .. ... CHOH  99.5(d)(e)
Hydrochloric acid(b) 37 L18 Ethanol, 95% . ............ C,HsOH 95(c)
Hydrofluoricacid............... 48 1.15
Lacticacid . c.civosvinainens 85 1.20
Nitricatid...coossevsscasanes HN 70 1.42

PETORIOIC B0 5.5 ¢ 5 61601018 515 010 0.0 5.0 606 S U RIS T DEBSH O S EENES PSS 70 1.67
60 1.53
Phosphoric acid (ortho) 85 1.70
Sulforic 8688 .. cavuiinsarisssaias e snsesnsnn 96(c) 1.84
Miscellaneous aqueous chemicals
Ammonium hydroxide 28(d) 0.90
Hydropen peroxiao i aesivies ebine e dveaiisss vads iyt ee 3(e) 1.01
30(0H 111
50(g) 1.20
(@) Nommul percentage of the active i der is water. made by different manufacturers may differ slightly in
and range of (®) Tech | grade is also called munatic acid. (c) Laboratory grade
Technical grade has ion of 91 (d) Percent NHj. (¢) Sometimes called 10 volume (f) Sometimes called 100 volume

(g) Sometimes called 170 volume
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Mechanical Grinding, Abrasion,
and Polishing Etching*

Fi 1,2, 3 Annealed 70-30 brass. Fig. 1: taper section (horizontal magnification 600 X, vertical magnification 4920 ) of surface layers that were abraded on 220-
g.- 1, & grit silicon carbide paper. Fig. 2 and 3: results of abrading on 220-grit silicon carbide paper ond then polishing until about 5 pum (Fig. 2) and 15 um (Fig.
3) of metal are removed. The banded markings in Fig. 2 are false structures (abrasion artifacts). Figure 3 shows the frue structure. Aqueous ferric chloride. 250
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| Effect of etching time

Effect of etching time in the disappearance of scratches in a Brass
sample. Longer etching times remove scratches and the damaged
layer

Fig. 42 Fig. 43 Fig. 44

Effect of incremental increases in etching time on appearance and disappearance of scratches on a
specimen of annealed 70-30 brass that was polished on fine ALOs. Fig. 44: longer etching time removes
scratches and the damaged layer. Aqueous FeCl;. 250x
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Blasted Ti

Polished Ti
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Optical examination

» Optical microscopy

= It is still one of the most important techniques to analyze the
microstructure of the materials

Major components
= |llumination system (light source with variable intensity)

= Condenser lenses (adjustable lenses for focusing the light
beam);

= Objective lens (It forms the image being the most important
component of the microscope)
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Hg. 9 (o) Upright bench microscope.
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whrumanh, Inc |

(] lrverted
Unitron In.
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Optical Microscopy

(a) (b)
Fig. 1 Light paths in (a) an upright incident-light microscope and (b) an inverted incident-light microscope. (E. Leitz, Inc.; C. Zeiss, Inc.)
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Examination modes

Brnght field
« Vertical illumination
= Most used method to the observation of the surface structures

» Light passes through the objective lens and impinges on the
sample surface

» Structures perpendicular to the beam reflects the light back to
the lens and appear as bright regions

- Structures not perpendicular to the beam reflects less light
back to the lens and appear as dark regions

Dark field

« The reflected light from regions not perpendicular to the beam
is collected

« The reflected light from regions perpendicular to the beam is
blocked

» The bright intensity is the opposite of the bright field
+ This mode allows the study of the grains.
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| Bright field componentes

—T_ First image plane
I
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’ ‘ Second First
f1] g e wee
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Fig. 1 The Kohler illumination principle in incident light microscopy
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| Dark field components

Back focal plane
of eyepiece

Annular
diaphragm

Plane

glass
45*

reflector

Image of
annular
diaphragm
Objective lens

Specimen

Fig. 2 Principles of dark-field illumination. Basic components of an opaque-stop microscope
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Bright and dark field examination

Fig. 16 Fig. 17 Fig. 18

Austenitic stainless steel (Fe-20Cr-33Ni-2.5Mo-3.5Cu and Nb + Ta), solution annealed. Fig. 16: bright-
field illumination. Fig, 17: dark-field illumination. Fig. I8: differential interference-contrast illumination.
15 mL HCI, 10 mL acetic acid, 10 mL HNOs, and 2 drops glycerol, 400x
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Polarized light

+ The light emittted by the source is not polarized (vibrations in

many directions)

« By passing through a polarizer the light starts to vibrate in

only one direction or at a same plane towards its propagation
direction

« This mode is widely used to analyse anisotropic materials (Zr,

aTi, among others)

= When light impinges on a anisotropic surface reflections in

two different polarization planes might occur

- The directions, polarization intensity and phase difference
depend on the crystallographic structure of the material

- The diffference among the reflected waves is responsible for
the image constrast
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Polarized light components

Eyepiece

First image — —fe——

Plane-polarized image beam
Elliptically polarized

Analyzer

-l reflected beam

Half-silvered =
mirror

-

T
‘ t
Plane-polarized !
incident beam "'
{
I

-
Condenser
lens

e L [ Light
- - \ source

Objective lens
Specimen

Fig. 3 Principles of polarized light microscopy
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Polarized light examination
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Fig. 27 Fig. 28

Polyerystalline zirconium, Fig, 27: bright-field illumination. Fig, 28: crossed polarized light illumination,
Chemically polished in 45 mL HNO,, 45 mL H,0, and 10 mL HF. 100x
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"~ Phase contrast components
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Fig. 51

[ —1
0 um 10 pm

Graphite nodule examined in bright-field illu- Fig. 52 Same as in Fig. 51, but graphite nodule was
mination. As-polished. 1000 x examined in crossed polarized light. 1000 x

W um

Fig, 54 Same as in Fig. 33 but microstructure was ex-

amined in crossed polarized light. Acicular fer-
rite is shining brightly; plate martensite is slightly gray-blue.
1000 x
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= 20 um
50 um

F|g 31 Same as in Fig. 29 but after etching with hot
Murakami reagent. Only brown-tinted iron
phosphide was revealed. 500 x

Fig_ 53 Flake graphite in as-cast gray iron examined in
crossed polarized light. As-polished. 200 x
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Metals classification

Low-carbon

T

Plain High strength

Metal alloys
|
[ ]
Ferrous Monferrous
Steels Castirons
|
I I I I
Gray Ductile White Malleable
iron  (nodular)iron iron iron
Low alloy .
High alloy
Medium-carbon High- car‘aan rj
Plain Heat Plain Tool Stainless
low alloy treatable
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Vb gy OS5 de)d s Ol
St37 0.2 75— 77 HRB

CK45 0.47-0.5 21 -22 HRC
C80 0.75-0.84 31 -33 HRC
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A grey cast iron- ferrite- pearlite
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A nodular cast iron- Pearlite- ferrite- ledeburite

A nodular cast iron- ferrite

A white cast iron- Iedeburlte
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Standard Test Methods for Determining Average Grain Size
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