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Table 1. Four-step method for preparing tool steels

Abrasive & Surface Lubricant RPM
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Figure 1. Annealed microstructure of type 06 graphitic tool steel
prepared (top) with the three-step method using the UltraPol® silk
cloth for step 2; and (bottom) using the ApexHercules® Hrigid
grinding disc for step 2 (magnification bars are 10-um long; 4%
picral etch).

Time
(minutes)

Head Platen/
Direction

Load per
Specimen

120- to 240-grit* 240-300
(P120 to P280) SiC

CarbiMet® 2 waterproof

abrasive paper,or 125 to

A5umApex® DGDs or DGD

Red or Purple

water

Contra 6 lbs (27N) Until Plane

9-um diamond on an MetaDi® Fluid 120-150
UltraPol® silk cloth (or

UltraPad® polyester cloth

or ApexHercules® H rigid

grinding disc)

Contra 6 |bs (27N) 5

3-um diamond on a MetaDi® Fluid 120-150
TriDent® cloth (or
TexMet®

chemotextile pad)

Contra 6 lbs (27N) 3

No other 120-150
lubricant

is needed

MasterPrep® Alumina

Suspension on a
MicraCloth® pad

Contra 6 |bs (27N) 1-3

* Use 120-grit for specimens = 60 HRC; use 180-grit for specimens at 35-60 HRC; use 240-grit for specimens < 35 HRC.
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Figure 2. Spheroidize annealed W1 water-hardened carbon tool
steel etched with (top) 4% picral to reveal the general structure,
with (middle} Klemm's | to color the ferritic matrix, and with
(bottom) alkaline sodium picrate at 90 *C for 60 seconds to color
the cementite.

Table 2. Three-step method for preparing tool steels

Abrasive & Surface

Lubricant
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RPM
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Head Platen/ Load per Time
Direction Specimen {(minutes)

120- to 240-grit (P120 to P280)
SiC CarbiMert® 2 waterproof
abrasive paper*or 125 to 45um
Apex® DGDs or DGD Red or
Purple

water

240-300

Contra 6 lbs (27N) Until Plane

3-um diamond on an
UltraPol® silk cloth cloth

(or UltraPad® polyester cloth
or ApexHercules® H

rigid grinding disc)

MetaDi® Fluid

120-150

Contra 6 lbs (27N) 5

MasterPrep® Alumina
Suspension on a
MicroCloth® pad

No other
lubricant
is needed

120-150

Contra 6 lbs (27N) 5

* Use 120-grit for specimens > 60 HRC; use 180-grit for specimens at 35-60 HRC; use 240-grit for specimens < 35 HRC,
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Table 3. Etchants for Tool Steels

Composition

Comments

1-10 mL HNO,
99-90 mL Ethanel

Nital. Most commonly used reagent. Reveals ferrite grain boundaries and ferrite-carbide interfaces.
Excellent for martensite. Do not store solutions with >3% HNO, in a tightly stopped bottle.

4 g Picric acid Picral. Recommended for annealed structures or those containing pearlite or bainite. Does not reveal

100 mL Ethanol ferrite grain boundaries. Addition of a few drops of zephiran chloride increases etch rate. Add 1-5 mL
HCl to improve etch response for annealed higher alloy tool steels.

1 g Picric acid Vilella's reagent. Reveals structure of higher alloyed tool steels.

5 mL HCl

95 mL Ethanol

50 mL sat. Aqueous
Sodium thiosulfate

1 g Potassium
metabisulfite

Klemm's | tint etch. Immerse specimen until the surface is colored violet. Colors ferrite blue and red
while martensite is brown. Carbides are unaffected. Works well only on low alloy and carbon tool
steels.

0.6 mL HCI

0.5-1.0 g Potassium
metabisulfite

100 mL water

Beraha's reagent. Immerse specimen until the surface is colored. Colors ferrite and martensite,
carbides are not affected. Good for most tool steels.

3 g Potassium
metabisulfite

2 g Sulfamic acid

0.5-1.0 g Ammonium
bifluoride

100 mL water

Beraha's sulfamic acid reagent No. 4. For carbon and low-alloy tool steels, leave out the NH,F<HF.
Immerse until the surface is colored. Ferrite and martensite are colored; carbides are not affected.
Good for high chromium toaol steels.

2 g Picric acid
25 g NaCH
100 mL water

Alkaline sodium picrate. Colors cementite and M,C carbides. Immerse specimen in solution at
80-100 °C for 1 minute or more.

10 g K,Fe(CN),
10 g NaOH or KOH
100 mL water

Murakami's reagent. Use at 20 °C to outline and darken M,C, and M,C, and to outline M,C. M,C, is
faintly colored.

4. g KMnO, Groesbeck’s reagent. Use at 20 °C to outline M,C and to outline and darken M,C. M,C, is faintly
4 g NaOH colored.

100 mL water

1 g CrO, Blickwede and Cohen's etch. Use at 2-3V dc, 20 °C, for 30 seconds with a stainless steel cathode.

100 mL water

Qutlines MC,, outlines and colors M,C,, colors MC and attacks M,C.

Table 4. Results of the Etching Experiments

Etchant M,C M,.C, M,C, M,C MC M,C

Alk MNa Pic. Colors NA NA Colors MNA NA

Murakami Faint Qutlined/ Cutlined/ MNA Outlined
Colored Colored

Groesbeck NA Faint Qutlined/ NA Outlined

Colored

1% CrO, Outlined Outlined/ NA Colors Attacks

Colored

MNA - no affect
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