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Macroscopic Examination
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(Evaluation of microstructure by etching)
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Macro-Sample Preparation
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Macro Etchant

For Aluminum (Al)

Macroetching

Grinding on SiC papers down to 800 grit is sufficient.

Mo Material Eirhant Couditions
Al AI99.99-98andallalloys 100 ml distilled water Smintolh
M1  Reveals onides, oracks, 520 sodium hydroxide AlRTorupio 50°C
cic.
Al Cu-, Mn-, 5i-, Mg-, and 75 mL hydrochlonic acid Seconds to minates
M2  Ticonataining Al alloys ne Use oaly fresh solution. If necessary
Foundry alloys with 25 ml. nitric acid 65% dilute with 25 mL distilled water. Rinse
high Si content 5 ml hydrofluoric acid sample with warm waler.
40% 1! See section 4.4 in the Appendix.
Al Alalloys 90 mL distilled waier 55103 min
M3  Purs Al 15 mL hydrochloric acid 32% 111 See section 4.4 in the Appendiz,
10 mL hydroflearic acid 40%
(Flick’s eschant)
Al  Common Alalloys 20 (50) mL distilled water 1-3 min
M4 and pure Al 20(15) mL hydrochloric acid 32%  !!! See section 4.4 in the Appendix.
Al-Mn, Al-Mg. 20(25) ml. nitric scid 65%
Al-Mg-Mn, and 5 (10} ml. hydrofluoric acid 40%
Al-Mg-Sialloys {Keller's exchan)
Grain size. Rolling
texture. Welds
Lalsoussdasa
microctchant
Al Pure AL Mn-Al 5i-Al, 25 mL distilled water Seconds 1o minutes
M35 Mg-AlL and Mg-5i-Al 45mL acid12%  Use Iresh solution.
alloys 15 mL nitric acid 65% 111 See peciion 4.4 in the Appendix.
15 mL hydroflooric acid 40%
{Tucker"s etchant)
Al Surface defects 100 ml. distilled water Seconds 1o minutes
Mb&  Pure Al 5.5 mL sulfuric scid 95-97%

N If the surface becomes smudged after macroeiching, remove with an aqueous so-
lution of nitric acid (1:1).
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Macro Etchant

For Copper (Cu)

Macroetching
Na. Malerial Eichane Condzions
Cu PureCu 120 ml. dEstiled vatrorcthanel 36% A few min
M| Dendrite formationinslphaalloys  30mL hydrochloric acid 32%

All brass types. Al bronzes 10g iron (1) chloride

Grain-contract eichant (Concentration variable)
Ce PureCu 90 mL disulled water A few min
M2 All brasses 10-60 ml. nitric acid 65%

Grains and cracks
Cu PureCu SOmL distilled water Seconds 1o minutes
M3  For all Cu types and Cu alloys S50mL nitric acid 65%

Deep eichant 5g silvermitrate
Cu PuoreCu S0mL distilled water Seconds to minutes
M4 Brasses 50mL nitncaid65%

Grain-contrast eichant
Cu Brasses 100 ml. distilled water Seconds to minutes
M5 Co-conuining brass 25g  smmonium persulfate
Cu Si-copzining brasses and 100 ml. distlled water Seconds 10 minutes
M6  bronzes S0mL nitnc acid 65% 111 See section 4.4 in the Append.

Eml sulfuric acid 95-97%

40g clwomium (VI)oxide

15g ammonium chlonde

distilled water Seconds 10 minutes

mercury (I1) nitrate Mix (a)and (b). 1:1

distilled water The time the sample takes to crack

mimic acid 65% is 2 measure for the amount of
stresses present.
111 See section 4.4 in the Appendix.
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Macro Etchant

For Iron (Fe)

Macroetching

Preparation: Grinding on SiC papers down to 500 grit.

Na. Material Eichant Conditions

Fe  Allunalioyed and low-alloy steels 100 mL distilled water Wipe vigorously with

M1 Microalloy ueels 10g ammonium persulfate cotton after exching.

Manganese steels
Welds
Fe  Unalloyed and low-alloy steels 20 mL ethanol 96% 1-5 min
M2 Carburized and decarburized zones 10mL nitric acid 65% Deep etch
Segregations
Fe  Flow lines in low carbon Ny steels 100 ml. distilled water 5-20 min
M3 Coaverter steels 120-180 mL. hydrochloric acid 32% Heat reat hefore richine
45-90g copper (II) chloride &t 150-200°C for 5-30
(Fry's reagent) min.
After etching immerse into
hydrochloric acid 32%,
rinse in water and
neutralize ina 32%
ammoniom hydroxide
solution,

Fe Unalloyed steel 100 mL distilled water Saturate photographic
m:_udhmnnf (Sulfur print) press well onto the
sulfide inclusions (Baumann print) sample surface. Rinse

afier exposure of 3 min,
fix (photographic fixer),
wash, and dry.
S-containing regions
show brown
discoloration.
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Macro Etchant

For Iron (Fe)

Fe  Unalloyed and alloy steels 500 mL distilled water Seconds to minutes
M35 Stp‘l:glﬂﬂﬂi 500 mL ethanol 96% Surface must be polished.
Primary structures 42 mL hydrochloric acid 32% Rinse in a 4:1 mixture of
Banded structure 30g iron () chloride ethanol and hydrochloric
lg copper (II) chloride acid.
05g tin(H)chloride Regions containing fewer
(Oberhoffer’s reagent) appear dark.
Fe  Phosphorus segregations in 100 mL distilled water 2-10 min
M6  low-carbon steels. Banded structure 9g copper (II) ammonium Wipe Cu deposit off with
Pnmary structures chloride cotton under running
Grain contrast (Heyn's reagent) waler.
Fe  High-alloy, comrosion-resistant 25 mL distilled water Rub sample surface
M7 steels 10g copper () ammenium vigorously with cotton.
chloride
After dissolution add:

50 mL hydrochloric acid 32%
15g iron (1) chloride

{Adler’s reagent)
Fe  Austenitic and heat-resistant steels 50 mL. hydrochlonic acid 32% Seconds to minuies
FeCriNi-cast alloys 5 ml saturated
() sulfate solution
(Marbles reagemt)

ey
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Visualization of Macrostructure by Etching
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Applications of Macro-etching

» Solidification Structures

Figure 1-1 Cold etch of disc cut from small ingot (10% aqueous HNO:).
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Applications of Macro-etching

» Solidification Structures

Figure 1-2 Macrostructure of centrifugally cast 99.8% aluminum after minor amount of reduction
(3% ; etchant, solution of § mL HNQ,, 5 mL HCI. 5 mL HF, and 95 mL H.0). {Courtesy of R. D.
Buchhett, Barelle-Columbus Laboratories.)

—_ -
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Applications of Macro-etching

» Solidification Structures

Figure 1-3 Macrostructure of directionally solidified nickel-base eutectic alloy (etchant, solution of
| mL H,O; and 99 mL HCl). (Courtesy of W. Yankausas, TRW, Inc.)
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Applications of Macro-etching

» Billet and Bloom Macrostructures

Figure 1-5 Hot-acid etching of this 9-in square disc of AIS14 142 alloy sieel revealed ingot pattern and
inclusion pits.
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Applications of Macro-etching
» Billet and _Bloom Macrostructures

o TR 1

Figure 1-6 Hot-acid etching of this disc from an AISI 4140 alloy steel billet revealed entrapped gas,
heavy segregation, voids, and ingot pattern.

16



Applications of Macro-etching

» Billet and Bloom Macrostructures

Figure 1-7 Microstructure in central region of etch disc shown in Fig. 1-6 revealing an Oopen pipe
condition and segregation (unetched. 25 x ; etched with 2% nital, 50x).

School of Metallurgical Engineering,
SUT
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Applications of Macro-etching
> Continuously Cast Steel Macrostructures

Figure 1-12a Hot-acid etching of a transverse disc from continuously cast AISI 1145 carbon steel
revealed coarser dendrites at top compared to bottom, light conter segregation, and halfway cracks.
(Courtesy of M. Schmid:, Bethlehem Steel Corp.)
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Applications of Macro-etching

» Continuously Cast Steel Macrostructures

Figure 1-12b Hot-acid etching of
a longitudinal disc from the
center of the disc shown in Fig.
1-12a revealed the extent of the
open center condition. (Cour-
tesy of M. Schmid:, Bethlehem
Steel Corp.)

School of Metallurgical Engineering,
SUT
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Applications of Macro-etching

» Dendrite Arm Spacing

Figure 1-17 Dendrites observed on a broken sec-
tion of cast iron.

School ot Metallurgical Engineering,
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Applications of Macro-etching

» Forging Flow Lines

Figure 1-18a Flow lines in closed-die-forged AIST 4140 steering knuckle revealed by hot etching with
50% aqueous HCI (Y3 x).
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Applications of Macro-etching
» Weldments

Ll

Figure 1-23 Macroetching used to reveal the influence of weld parameters on penetration depth and
shape. Top example shows GMA (gas-metal arc) welds at a heat input of 45 kJ/in using atmospheres of
100% CO;, argon plus 25% CO,, and argon plus 29 O; (left to right). Bottom example shows

submerged arc welds using heat inputs of 90, 60, and 30 kJ/in (left to right). (The etchant was 10%
aquecous HNO,.)
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Applications of Macro-etching

» Case hardening

Bar diameter, in

1 ] 3
- 2 o 1 =
25 ' 3 i
Hardness, HRC
&0 (21 al
S a1 & = 62 62
Center 35 325 33 58 61.5

Figure 1-31 Macroetching (109 aqueous HNO:) was used to reveal the extent of hardening in these
AISI 1060 carbon steel round bars.

School of Metallurgical Engineering,
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Applications of Macro-etching

» Induction hardening

Figure 1-32 The depth and extent of hardening in these induction-hardened gear teeth made of AlISI
1035 carbon steel was determined by macroetching with 109 aqueous HNO;. Surface hardness was 53
to 54 HRC (Rockwell hardness on the C scale), while the unhardened area was about 23 HRC.
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Applications of Macro-etching

» Degree of graphitization

Figure 1-35 Fractograph of wedge test specimen of castiron. The white areas
indicate the presence of iron carbide, while the dark areas indicate that fiake

graphite is present.

School of Metallurgical Engineering,
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Printing Method (Sulfur Printing)
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Printing Method (Sulfur Printing)
38lunismsragaulaeas Sulfur Print
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Printing Method (Sulfur Printing)
uannislunisiinsas Sulfur Print

EIﬂmeﬁ/@%?ﬂﬁ@guummm‘mﬂuﬁ%ﬁf]ﬂﬁﬂ?mﬁu sulfides ﬁ@guﬁ?mm LA
M iAn hydrogen sulfides (H,S)
FeS + H,SO, = FeSO, + H,S

R hydrogen sulfides mmﬂgmmﬂu silver bromide (AgBn 7

Lmﬂmﬂuum‘vmﬂmimmwﬂmnmmmmnwmvzﬁmmmmﬁum silver
sulfldes (Ag,S)

2AgBr + H,S = 2HBr + Ag,S
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Printing Method (Sulfur Printing)

Figure 1-38 Mirror-image sulfur print of the macroetched disc shown in Fig. 1-6.
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Printing Method (Sulfur Printing)

Figure 1-39 Sulfur print intensity is influenced by the composition of the sulfide inclusions. Both of the
sulfur-printed discs shown contain 0.06% sulfur, but the print on the left is very light because most of
the sulfides contain considerable chromium and are low in manganese content. The sulfides in the disc
at the right contain very little chromium.

School of Metallurgical Engineering,
SUT
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Printing Method (Sulfur Printing)

Fig. 4.16 Sulfur print of a steel rail showing regions of sulfur segrega-
tion. 1%

- ™
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Microscopic Examination
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Sample Selection and Sectioning
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Sample Selection and Sectioning
NMSLARNLAZHATUINUNARDL

ﬁpadmantsaﬂinrim
i | | I
hhd"llﬁmﬂl Torch Arc cutting Elecirochemical
| l Wire Flat — Acid milling
cutting ! Electrode L Acid sawing
Uttrasonic ‘ L Acid jet
: " " Cutting
{m‘l'"h"m“ — Knife edge
— Cut-off wheel Sawing L. Lathe
L Wire saw — Hand
L Automatic
— Low speed
diamond saw

Fig. 1.1 Methods of metallographic specimen sectioning
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Sample Selection and Sectioning
NMSLARNLAZHATUINUNARDL

Shear Band saw Abrasive cutoff

Figure 2-1 Influence of cutting procedure on deformation and damage to porcelain-enameled steel,
45 %, 2% nital, polanzed light. (Courresy of A. O. Benscoter, Bethlehem Steel Corp.)
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Mounting
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Mounting

(el (4] Iz}
Fig. 19 1g) Spacimen mounied in Bakelite, enlarged ZX.
(b} Specimen mountad in Lucite, enfarged 2X, (¢) Specimen
held in metal clamp, enlarged 2X.

'l
Perpa-r:l-m Taperad m:
Clamping
5 |
Gluing Embedding

i

L]

nic materials
s ey | Organic materiats |
e Plastics Resins
Hot Cokd
i

Thermoplastics
Thermosetlings

Fig. 1.2 Methods of metallographic mounting
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Figure 2-4 Examples of adhesive mounting (left) for planar surface examination and mechanical
clamps (right). The clamp has plastic spacers between the specimens.

School of Metallurgical Engineering,
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60X Clamp Sample Sample
Figure 2-5a Example of excellent edge Figure 2-5b Example of excellent edge
retention achievable with mechanical retention achievable with mechanical
clamps. No spacers between sheet metal clamps. Plastic spacers between sheet metal
samples. samples.

School of Metallurgical Engineering,
SUT 39



Hot and Cold Mounting Materials

Table 1.2 Comparison of hot and cold mounting materials

Hot compression mounting materials

Coldfroom-temperature-curing mounting materials

Powder, granulates, or preforms are densified by pressure

and heat in a mounting press.

Liquid and/or powder are mixed together with a
hardener and cast into suitable mold.

Starting material has a durable shelf life.

Starting material should be stored cool and has a
limited shelf life.

Time required per mount is ~15 min.

Curing time per sample ranges from 10 min to 12 h;
many samples can be mounted simultaneously.

Thermosetting plastics

Phenol resins (Bakelite) Epoxy resins
Epoxy resins Polyester resins
Diallyl phthalatc

Polymerization is irreversible; material cannot resofien.

Heat to ~150 °C under pressure."’
Samples can be removed hot from the mounting press,

but cooling under pressure is recommended.

Polymerization is irreversible; matenal will not
resoften.

Hardening reaction may increase the temperatures!
This is directly related to the mixing ratio, the
ambient lemperatures, the volume of the mixed
components, and the heat transfer by the molds.

Heat without pressure and cool under pressure.

~ Acrylics

Material can be resoftened. Temperature may increase
from 50-120 *C. Curing times are shorv.

40



Properties of Mounting Materials

Table 1.3 Properties of some important mounting materials
Material Property
Hot mounting materials  Thermosetting resin

Phenol resing (bakelite) Low hardness, poor adhesion (may be improved during cooling under pressure). Poor
chemical resistance to aggressive chemicals and hot eichants. Easy 1o use, low cost

Only little shrinkage during curing, good edge retention. Resistant to etchants

Suitable for hard materials. No shrinkage during curing. Resistant to aggressive
chemicals and hot etchants. Mounting conditions must be strictly followed.

Epoxy resins
Diallyl phthalate

Acrylics Care must be taken during grinding; material may crack due to imposed stresses. Poor
\ adhesion. Not resistant to aggressive chemicals, Transparent. Sample should be
: . well cooled during curing. Suitable for pressure-sensitive specimens; pressure is
Thermoplastic resin omby 16 be spplied dusiag e ceoling cyele.
Cold mounting materials
Epoxy resins Good adhesion. High viscosity, fills cracks, gaps, and pores easily and is therefore

well suited for infiltration. Resistant to etchants and solvents. Nearly transparent.
Mold material should be made of silicon rubber, polyethylene, or Bakelite. Cuning
time at least B h. Work under a fumehood because poisonous fumes are being

generated. Skin irritant

Polyester resins Good abrasion resistance, therefore well suited for hard materials. Shrinkage.
Chemical resistance varies with the preduct.

Acrylics Shrinkage. Short curing times. Pour resistance to alcohol and chlorohydrocarbon

.



Hot Mounting
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Fig. 10.2 Mould for mounting specimens in plastic materials when pressure is necessary.
(A) Moulding the mount; (B) ejecting the finished mount.
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Hot Mounting

» Thermosetting resins

~Reroisiting melieg el

Table 2-2 Typical properties ¢

Molding conditions Coefl, of
Hemt thermal Abrasion Polishing
Temp., Pressure, Time,  distortion expansion, rite, rate, Chemical
Resin %© y/in? min temp., °Ct  in/(in-"C) p/min pm/min®  Transparcney  resistance
Bakelite 135-1700  2500-4200  5-12 140 3045 % 1077 100 2.9 Opague Altacked by
(wood- strong acids and
filled) alkalies
Dhallyl 140-160  2500-3000  6-12 150 k5 [ 1490 0.8 Opague Attacked by
phthalate strong acids and
{ashestos- alkalies
filled)

tData compiled [rom the literature, see Rel. 10,

Determined by method ASTM D648-56,

§Specimen l-em” arca abraded on slightly worn 600-grit SiC under load of 100 g at rubbing speed of 107 em/min.

1-in diameter mount on a wheel rotating at 250 r/min covered with synthetic suede cloth and charged with 4-8-pum diamond,
Source: From Miley and Calabra, Ref. 10,

School of Metallurgical Engineering,
SUT
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Hot Mounting

» Thermoplastic resins

e ——
moplastic molding resinst _2

Molding conditions
Heal
Heating Cooling distor-  Coelf, of
tion thermal Abrasion  Polishing
Temp., Pressure, Time, Temp., Pressure, Time, tlemp., expansion,  rale, rate, Trans- Chemical
Resin v, Ib/in® min  "C Ibfin® min  "Ct in/(in'"C) p/ming  pm/ming  parency  resistance
Methyl 140-165  2500-4200 6 75-85  Max. 6-7 65 5-9x 10-* 7.5 Water Mot resistant
methacrylate white to strong
1o acids and
clear some
salvents
Polystyrene 140165 2500 5 B5-100 Max. 6 65
Polyvinyl 220 4000 — 75 6-Bx10°% 20 1.1 Light Not resistant
formal brown, o strong
clear acids
Polyvinyl 120160 100 Nil 60 4000 i) S5-18 x 10 45 13 Opagque  Resistant to
chloride most acids
and
alkalies

tDatu compiled from the literature, see Rel. 10.

$Determined by method ASTM D648-56,

§Specimen 1-cm? area abraded on slightly worn 600-grit SiC under load of 100 g at rubbing speed of 10" em/min,

f1-in diameter mount on & wheel rotating at 250 r/min covered with synthetic suede cloth and charged with 4-8-pm dinmond,
Source: From Miley and Calabra, Ref. 10,




Cold Mounting
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Fig. 10.1 Method of mounting specimen in plastic material where no pressure is required.
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Grinding
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Grinding
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Figure 2-15 Appearance of the surface of austenitic stainless steel at each step of the sample
preparation sequence, 90 x .
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Figure 2.16a Appearance of the surface of silicon carbide grinding paper { Bushler Carbimet). 60
e
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Polishing
N15UANUNN

v ¥
% =

) TUARUNAZNINIINIAATAYTALIUNNUUIAAL LB ANKNIUNTTANINAUNTINT
N o dl 90// d9/9/ = (%4 % . .
» Rodenlaludunautifiasdainsunnaaananszanan (mirror-like surface)
» fudunaundaudAtylazfasnszned1esslnged
o [ %% v £ o/ = o dl =:II==I v Aa v =
» aznnisdmenaindnusavzaningytl NNNIIRR9ALNgasgiul (@amma
form of aluminum oxide) et/ luanunizuaruassaslutn  WeazgiuId
YUIAFILE 15, 6 AUDT 1 WATAU LA ldunauiianaay lguamaslunig

(- 74

R -
O RATCH oo
f?m E?-W o e e

Fig. 10.4 (A) Grooves produced in the metal surface by the ﬂ_nal grinding operation. A deep
scratch produced by a particle of coarse grit is shown. (B) Final Ipﬂlilﬁi:llﬂg has prnduceq a
B ‘flowed layer'. This may cover the deep scratch as shown, rendering it invisible. (C) Etching
has removed the flowed layer thus revealing the crystal structure beneath. Unfortunately the

| deep scratch is also visible again,
N,
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Etching
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Etching
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Aaasng Etching Reagent dwisulanziuan

Table 10.1 Etching Reagents for fron, Steels and Cast lrons

Type of etchant  Composition

Characterisbics and uses

Nital 2 om? nitric acid; 98 cm®  The best general etching reagent for irons and steels.
ethanol (industrial Elches peariile, martensite, tempered martensite and
methylated spirit) bainite, and attacks the grain boundaries of ferrite. For

pure iron and wrought iron, the concentration of nitric
acid may be raised 1o 5 cm®. To resolve peariite, etching
must be very light.

Also suitable for ferritic grey cast irons and blackhean
mmuajm.

Picral 4 g picric acid; 96 cm?  Very good for etching peariite and spheroidised
ethanol structures, but does not attack the territe grain

boundaries.
It is the miost suitable reagent for all cast irons, with the

exception of alloy and completely ferritic cast irons.

Alkaline sodium 2 g picric acid; 25 g sodium
picrate hydroxide; 100 cm¥ water

The sodium hydroxide is dissolved in the water and the
picric acid then added. The whole is heated on a boiling
waler-bath for 30 minutes and the clear liquid poured
off.

The specimen is etched for 5-15 minutes in the boiling
solution. lts main use is lo distinguish between lerrite and
cementite. The latter is stained black, but ferrite is not
attacked.

Mixed acids and 10 em? nitric acid; 20 em?

glycerol hydrochloric acid; 20 cm?
glycerol; 10 cm? hydrogen
peraxide

Suitable for nickel-chromium alloys and
ron-chromium-base austenitic sleels,
Also for other austenitic steels, high chromium—carbon

steels and high-speed steel.
Warm the spacimen in boiling water betore immersion

Acid ammonium 10 cm® hydrochioric acid:
peroxydisulphate 10 g ammonium

peroxydisulphate: 80 cm?
waler

Particularly suitable for stainless steels.
Must be freshly prepared for use.
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Table 10.2 Eiching Reagenis for Copper and its Alloys

Type of etchant  Composition Characteristics and uses
Ammonical 20 cm® ammonium A good etchant to reveal the grain boundaries of pure
ammonium hydroxide (0.880); copper, brasses and bronzes.
peroxydisulphate 10 g ammonium Should be freshly made to give the best results.
peroxydisulphate;
BO cm water
Ammonia— 50 cm® ammonium The best general etchant for copper, brasses and
hydrogen hydroxide (0.880); 20~-50  bronzes. Eiches grain boundaries and gives moderale
peroxide em® hydrogen pero::?e contrast.
(3% solution); 50 ¢ The hydrogen peroxide content can be varied 1o suit a
waler particular alioy.
Used for swabbing or immersion, and should be freshly
made as the hydrogen peroxide deteriprates.
Acid ron(lil) 10 g iron{lll) chioride; Produces a very conirasty etch on brasses and
chioride 30 cm? hydrochloric acid:  bronzes. Darkens the f} in brasses. Can be used
120 cm? water following a grain-boundary etch with the ammonium
peroxydisulphate etchant.
Use at full strength for pickel-rich copper alloys. Dilute
1 part with 2 parts of water for copper-rich solid solutions
In brass, bronze and aluminium bronzes.
Acid dichromate 2 g potassium dichromate; Useful for aluminium bronze and complex brasses and
solution 8 cm’ sulphuric acid; 4 cm? bronzes. Also for copper alloys of beryllium, manganese

saturated sodium chioride
solution; 100 cm? water

and silicon, and for nicke! silvers.

School of Metallurgical Engineering,
SUT
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Table 10.3 FEtching Reagents for Aluminium and Alfoys

Type of etchant  Composition Characteristics and uses

Dilute hydroflucric 0.5 cm® hydrofiuoric acid; The specimen is best swabbed with cotton wool soaked
acid 99.5 cm” water in the etchant.
A good general etchant.

Caustic soda g snglium hydroxide; A good general etchant for swabbing.
solution 89 cm” water
Keller's reagent 1 em® hydrofluoric acid, Particularly useful for duralumintype alloys. Etch by

1.5 cm® hydrochloric acid;  immersion for 10~20 seconds,
2.5 em® nitric acid;
95 cm” water

NB On no account should hydrofluoric acid or its fumes be allowed to come into contact with the skin
or eyes. Care must be exercised with all strong acids.

School of Metallurgical Engineering,
SUT
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Etching

Microscope

¥ [ B
\"‘-._5 A |
‘\\ B Polished
furfoce
2, 2

Groin boundary
{e)

Fig. 11 (&) Photomicrograph of a misture revealed by
etching. (b) Photomicrograph of pure iron. (The Interna-
tional Mickel Company.) (¢) Schematic illustration of the
microscopic appearance of grain boundaries as dark |ines,
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Optical Microscope
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Optical Microscope
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Optical Microscope

Table 4-1 Spectral ranges in microscopy

Radiation

Wavelength, nm

Electrons (electron microscopy)

X-rays

Ultraviclet

Visible spectrum (blue to green to vellow 1o red)
Infrared

0.005+
0.01-15
15-400
400-700
700-860

T Approximate, varies with accelerating potential.
Source: From Phillips, Ref. 1.

School of Metallurgical Engineering,
SUT
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Optical Microscope
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Specimen etched

on surface

Plate 10.2 An 'Olympus’ metallurgical microscope equipped for binocular vision,
Four objectives of different focal lengths are carried on a rotatable turret. lllumination is by
either tungsten or quartz halogen light source. (Courtesy of Metallurgical Services Labora-

tories Ltd, Belchworth, Surrey).
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» ANdaRuLedlataaie pearlite Twwanndn 114 etchant sAnerfiaiy

Figure 3-1 Pearlite in steel (AISI 1060) is revealed completely by 49 picral (right) but not by 29 nital
(left) because of the sensitivity of nital to orientation (600 x).

School of Metallurgical Engineering,
SUT
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Figure 3-2 Sample preparation can alter the microstructure, ‘as demonstrated by these two micro-
graphs of dual-phase sheet steel. Shearing (left) transformed the retained austenite to martensite.
while abrasive cutting (right) did not (retained austenite are small, outlined white particles). Etchant
was 20% sodium metabisulfite. 600 % . (Courtesy of A. Q. Benscoter, Bethlehem Steel Corp. )
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Figure 3-15 Wrought (top, 300x ) and cast (boftom, 602 ) sluminum allovs etched with 0.5% agueous
HF. iBomom photos are courtesy of K. D. Buchheit, Banelle Memorial Tnstituse._ ) 63
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» faeeelaseadg Brass (Cu-Zn alloy) 78 Zn 40%

Figure 3-32 Microstructure of
alpha-beta brass (allov of Cu and
40% Zn) tint-etched with
Klemm’s I reagent (beta phase
colored), 150 .
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» saetnalnsaaiende austenite phase 299 High-mananese steel
(Hadfield steel)

Figure 3-40 Microstructure of solu-
2 . tion-annealed Hadfeld Mn austenitic
205 Nital/ 2090 Na,;5,04(75X) steel.
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Figure 3-41 Microstructure of ex-
plosively hardened Hadfield Mn
steel (sheet martensite) revealed
using 29 nital followed by 20%
aqueous sodium metabisuliite,
375
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Figure 3-42 Microstructure of dual-phase low-carbon sheet steel with low (top) and high (bottom)
martensite contents etched with Le Pera’s reagent (left) and 20% Na, 5.0 (right). 500 % . (From
Marder and Benscoter, Ref. 93, courtesy of Elsevier Science Publishing Co., Inc.} 67




