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A STUDY OF THE TECHNIQUES USED IN POLISHING SPECIMENS 
FOR METALLOGRAPHIC EXAMINATION 

INTR ODTJCT ION 

In the early period of the science of metal- 

lography microscopy 'was crude and the results from the 

studies 'were limited. However, as time 'went on the 

optical instruments were improved and the field broadened. 

Along with the progress in microscopy the methods of pre- 

paring specimens for examination were improved; in fact, 

there has seldom been a major advancement in the science 

of metallography 'without a parallel advancement in 

polishing techniques. 

The preparation of a specimen usually follows 

this procedure (electrolytic polishing excluded). A 

flattening operation either by filing, machining, or 

grinding on stones or belts is followed by a rough 

grinding operation. This grinding may be done 'with 

abrasive belts of succeedingly finer grits so that the 

final grinding produces scratches of such a fineness 

that they may be removed easily on the first polishing 

lap. Another method of rough grinding is by the use of 

paraffin coated 'wheels 'with the abrasive suspended in a 

soap solution. Similar to this method the abrasive may 

be imbedded in a lead lap. All three methods have their 



advantages as will be shown later. 

The next step in the process is that of rough 

polishing. This is merely a final grinding but is very 

important because the length of time required to get a 

final polish depends upon this step. Here also the en- 

largement of non-metallic inclusions and the distortion 

of the surface of the specimen either produced or avoided. 

The operation Is similar to the rough grinding but the 

abrasive used is much finer. Any of the above three 

grinding methods can be used. 

The final polishing Is usually carried out on 

soft cloth or felt laps using a levigated alumina or 

other very fine abrasive in a water solution. In this 

step the very fine Bcratches from the rough polishing 

operation are removed and the specimen is made ready for 

examination. 

The ideally polished specimen must possess 

the following characteristics: 

1. It must correctly represent the metal, both as 

to chemical composition and physical condition. 

2. The specimen must be free from scratches, dis- 

colorations or anything else that might mar Its 

appearance. 

3. The non-metallic inclusions must be retained 

intact, neither torn out nor enlarged. 
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k. The surface layer must not be a layer of flowed 

metal nor may it be structurally different due 

to the heat of grinding or polishing. 

5. It must be flat and smooth so that it may be 

examined at all points at all magnifications. 

The first of these requirements is, of course, 

one that must be met. The sample is chosen so that it 

represents the properties of the metal that are desired 

to be shown or which are under investigation, such as 

the section near a fracture or a sample of a sheet. In 

this thesis it is assumed that the specimens are correct- 

ly chosen and cut and that the steps of grinding and 

polishing are the only ones under consideration to pre- 

serve requirement number one. 

In meeting the second requirement, cleanliness 

is the greatest factor. Great care must be taken that 

the abrasives are not carried from one step to the next. 

A few grains carried over to one of the finishing lap8 

on the side of the specimen or upon the fingers of the 

operator can not only ruin that specimen but also those 

that follow it. The specimen and hands should be care- 

fully washed between each step to prevent this. Another 

source of contamination is from the abrasive dust that 

may be carried to a lap by the air. The laps should al- 

ways be covered except 'when in use, and the laboratory 



kept extremely clean and neat. 

Another cause of scratches is that of being 

careless in the rough grinding and getting excessively 

deep scratches in the specimen which are not removed in 

the subsequent grinds and polishes. Besides the scratch- 

es that remain in the polished specimen from this care- 

lessness the deep scratching cold works the metal and 

may change the crystal structure. 

The specimen may become discolored through 

handling or contact with chemicals other than the correct 

etching reagents. This, of course, can be easily avoided 

and should never be tolerated. 

Metallographers have observed that soft felt 

or pile laps tend to tear out and enlarge the non-metal- 

lic inclusions. If these inclusions are important in 

the examination of the specimen, special care must be 

taken to prevent the enlargement or removal of them. It 

is especially important not to make any decisions upon 

the "dirtiness" of the specimen until the operator is 

positive that his technique does not enlarge the in- 

clusions nor cause pits. 

Any malleable material when ground with a hard 

abrasive will 'tf low". That is, the surface layer will 

smear smooth, and it will appear that the specimen has 

a highly polished surface. This is probably the most 



5 

misleading of all the defects because it does not show 

up readily. The structure and composition of this 

"smeared" metal is not necessarily the same as the true 

metal beneath it. Vilella (i) says "It can be said with- 

out exaggerating that the greatest progress made in metal- 

lographic polishing during the last ten years is the 

recognition of the existence of this distorted layer and 

its elimination by the method of alternate polishing and 

etching . . 

Naturally, the soft metals such as lead, tin, 

etc. tend to "smear" more than the ferrous or other hard 

metals. However, even these hard metals may flow and 

this should be watched for in the etching procedure. 

In the grinding action of the rough grinding 

steps the temperature at the surface layer may reach 

1832° F. (2). Thie temperature is high enough to greatly 

alter the temper and structure of the specimen on the 

surface, leading to a false observation of the true con- 

dition of the metal. Therefore, it is highly important 

throughout all the grinding to keep the temperature of 

the specimen low so that no change takes place. 

In all of the grinding and polishing operations 

the surface must be kept flat so that it is possible to 

examine it all over at the same setting of the microscope. 

Uneveness usually comes from not holding the specimen 



against the abrasive correctly but can occur In the 

polishing and etching. The latter is common In the case 

of a solid solution alloy such as copper-tin-lead bearing 

metal. Special etching and polishing is required in this 

case to keep the surface even. 

There were four different photomicrography 

setups used in making the photomicrographs for this 

thesis. The first, which was used to take the "scratch" 

micrographs and some of the other photomicrographs at 100 

diameters, was a Lietz Micro Metallograph, a photograph 

of which is shown in figure 1, below. 

Fig. 1. Lietz Micro Metallograph 
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This instrument uses an inverted microscope and has a 

carbon arc for a light source. 

The second setup uses a Carl Zeiss microscope 

with a vertical illuminator. Here also a carbon arc is 

used for the light scurce. A Zeiss camera attachment 'was 

used to take the photographs. This instrument Is shown 

in figure 2. 

Fig. 2. Zeiss Microscope and Camera 
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The third microscope setup was the same as 

number two 'with the exception of the light source and the 

vertical illuminator. In this setup an Incandescent 

lamp vas the light source and the object Illuminated by 

the use of an "Ultropak" attachment which gave dark field 

IllumtnatIon. An illustration of this arrangement Is 

shown In figure 3. 

FIg. 3. Zeiss Microscope with Ultropak 
Illumination 
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The fourth instrument as a Bausch & Lomb bio- 

logical microscope equipped with a Leitz camera attach- 

ment, This setup as equipped for either ultraviolet or 

visible light. In the photomicrographs of the powdered 

abrasives visible light from an incandescent lamp was used. 

This photomicrography equipment was In the laboratory of 

the Agricultural Experiment Station In Corvallis, Oregon, 

and was used through the courtesy of Dr. F. P. McWhorter 

who also gave freely of his time and help. 

Fig. k. Horizontal Polishing Laps 
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Figure four shovs some of the horizontal laps 

used In polishing metallographic specimens in the Metal- 

lography Laboratory at Oregon State College. These are 

eight inch laps driven at a constant speed of 600 revolu- 

tions per minute by a single motor. Notice that the laps 

have tight fitting covers which are kept in place except 
while the lap is being used. 
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PR OCEDURE 

Because of the fact that polishing specimens 

is somewhat of an art, different operators are not likely 

to get the same results even though they use the same 

abrasives and laps. Various methods and machines have 

been designed to remove the "human" element, but general- 

ly speaking they have not been very successful and the 

greatest part of the polishing is still done by a skilled 

operator. 

Wherever this "human" element occurs in an 

art of this type, there 1s bound to be very strong preju- 

dices and opinions. In order to find out what techniques 

were used in the metallurgical laboratories throughout 

the country, fifty-two laboratories were written and asked 

to outline the polishing techniques used in their labor- 

atory and, if possible, to send a sample of the abrasives 

used. 

Of the fifty-two laboratories written, thirty- 

nine sent outlines of their methods and twenty sent 

samples of the abrasives and lap materials. No doubt, the 

eleven laboratories that didn't answer were too busy with 

national defense orders to do so. However, those that 

answered usually gave complete outlines, and most of the 

samples were generously large. A 1it of the companies 
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whose laboratories answered is given on page 59. 

In reviewing the techniques used by these 

laboratories we must keep in mind the type of manufacturing 

the companies are engaged in. A laboratory for a cast 

iron foundry, for instance, would polish its specimens to 

preserve the dispersion of the graphite flakes and other 

non-metallic inclusions, while a company making rolled 

steel products would be mainly interested In the crystal 

structure and not the inclusions. Thus, the technique 

used by the rolling mlllts laboratory would not necessarily 

be satisfactory for the foundry. 

All con,mercial laboratories have the element of 

time in That is, polish their specimens to 

suit their needs in the quickest possible time. In many 

cases time Is the governing factor. As an example, the 

laboratory may have to report to the rolling mill super- 

intendent within a half an hour after it receives the 

specimen. Even though the laboratory doesn't have a "dead- 

line" to meet, it is interested in saving time because of 

the labor saving. Thus. in no case will a laboratory 

polish a specimen well enough for 1000 dIameter examination 

when for routine work they use only 100 dIameters. 

Since time is so important in coumiercial polish- 

ing techniques, specimens were polished in the laboratory 
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to find out how long lt took to do the various steps 

ordinarily followed. At the same time different lap 

materials and abrasives were used, and the effects of the 

method on the surface studied by the use of the Micro 

Metallograph. The magnification used in this 'work 'was 

100 diameters. 

The steps which were almost universally used 

'were as follows: 

1. Flattening--abrasive wheel or file. 

2. Rough Grinding--abrasive belts (power). 

3. Rough Polishing--abrasive paper (hand). 

k. Final Polishing--cloth laps. 

In a few cases paraffin laps 'were used with relatively 

coarse abrasive powders to consolidate steps two and three. 

Despite the fact that the use of wax or lead laps is 

recommended by the American Society for Testing Materials' 

Standards and the American Society for Metals' Handbook, 

only four laboratories mentioned that they used them. 

In making a study of the abrasives, a series of 

photomicrographs at 500 diameters were made of the various 

powders and pastes used. To examine the pastes it was 

necessary to first dry them on glass plates and then crush 

them with a spatula to their original powdered form. The 

powder 'was sucked into a rubber bulb through a short glass 
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tube and then blown out again in the form of a smoke. 

The smoke was directed into the side of a short hollow 

cylinder and allowed to settle down onto a microscope 

slide placed at the bottom. 

A drop of water then 'was placed on the "smoked' 

slide to break up the occlusions which were bound to form. 

When the water dried it left many crystals isolated with 

relatively few occlusions. The dry powders were treated 

in the same way. 

The relative hardness and toughness of the 

abrasives were not obtained experimentally. The compo- 

sitions of the abrasives were usually known, however, and 

these characteristics determined from the literature. 

An inspection of the various abrasive papers 

and lap materials was made at a magnification of 50 

diameters. These photomicrographs were made with the set- 

up as shown in figure three. 

No attempt 'was made to perform electrolytic 

polishing although a study of the literature was made 

and a brief discussion of the processes included in this 

thesis. 

In the rough grinding operation, all specimens 

were ground by hand on abrasive paper placed on a piece 
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of plate glass. The grades used were Nos. 1, 0, 2/0 and 

3/0. The specimens were held flat on the paper and 

stroked away from and toward the operator until the 

scratches from the succeeding paper were removed. At 

each step the specimens were wiped to remove any abrasive 

that might have adhered to the sides, and then the speci- 

mens vere turned so that the new scratches would be at 

ninety degree to the previous scratches. This aided the 

operator in 'elling when the specimens had been ground 

enough on each grade of paper. 

After the rough grinding the specimens were 

taken to one of the laps charged with No. 600 Alundum 

powder in a water solution. When this lap removed the 

scratches left by the 3/0 paper the specimens were taken 

to one of the finishing laps. In the rough grinding, 

rough polishing, and firmi polishing, the time required 

to complete each step was noted. 
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PHOTOMICROAFHS AND DATA 

The following pages of photoinicrographs were 

taken in order to study the abrasives and the abrasive 

carriers. The first group Is a series of the various 

rough and final polishing abrasives. The second group 

is of the most common lap materials used. The third 

group Is a series of rough grinding papers. 

The fourth group is a series of photomicro- 

graphs showing the scratches produced by the abrasives 

of the first three groups. Most of these specimens 

were unetched. 

Also included in this section are lists of 

the various polishing techniques used throughout the 

country, the time it takes to complete each step in 

the various operations, and other information regarding 

the abrasives. 
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Fig. 5. 2kO-B Alundum 500X 
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Fig. 23. No. 302 Emery 500X 
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Fig. 28. Airplane Wing Cloth 50X 
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Fig. 9. Felt 5( 

Fig. 30. Broadcloth 50X 
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GROUP III 

FIg. 32. No. i Abra8lve Paper 50X 

Fig. 33. No. O Abrasive Paper 30X 



1'Pìr! 
; 

%:::L;r't,,, , ., 4 

..- ... -: b ;'.:... ' .. 

r'ei..*' . . 

.- ', 
4 

M 
:t . t V,.. .' 1:$ 

. . 1 . 
.A - . _ .. 

q .. .h- . . 

. . 

¿. . . 
? .. .. . 

.) . i- . , - . 

r . k -- : 

:. 

g( pp r'!.: - 
4 

lfr 

:-'- ; - 
;t.. J 

.4 r ' 4J . 
_4 .. 

,.t'1 ' 

.. . .. . - ; 

.i. 
.' .. . . 

L k;4 ' 
:.. 

, 

: ' .:S?( ., 

'3 k4 I b 

.,.-.. .,-.... ¿' -I ;.. :- 
.. ,q . 

.. . 
f 

; 

m.-' 
: - 

;.tA 

l.- -..?'-. -'i -... . ...- . . . . S 

..'I . 
:hc'' -I.,, . ''' 

a- : ' :' 
'- 

.. -; -. . . . 

-- ' - 

Fig. 3k. No. 2/O Abrasive Paper 50X 

Fig. 35. No. 3/O Abrasive Paper 50X 
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Fig. 42. Scratches produced by No. 600 
alunduni on wax lap 100X 
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Fig. 4k. Specimen polished by method 
No. 2 100X 

Fig. k5. Specimen polished by method 
No. 3 100X 
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Fig. k7. Specimen polished by method 
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Fig. k8. Specimen polished by method 
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AVERA( TIMES OF VARIOUS STEPS IN MINUTES 

Mild Mg. Alu- Wrought Anti- 
Abrasive Steel Alloy ininum Iron mony Brass 

#1 Paper 1-li 1/2 1 3/k 1/2 3/k 

#0 Paper 3. 1/2 1/2 1/4 3/k 

#2/0 Paper 1/2 1/2 1 i/k i/k 3/k 

#310 Paper - 1 1/2 3/k 1/2 1/2 1/2 

Wax & 600 2 - i/k ijk i/k 1/2 i/k 

Cloth & 2 1/k i/li i/k i/k 1/2 
Lev. Alum. 
Silk 
Lev. Alum. k 1/4 1/2 1/2 1/2 3/k 
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SOME POLI5HIG METHODS USED 

All specimens were flattened on the machine sander and 
rough ground by hand through #1, #0, #2/0 and #3/0 
papers. 

Method Lap Lap#2 Lp 

#1 Canvas & 600 Broadcloth & 600 Broadcloth & Lev. 
Alum. 

#2 Canvas & 600511k &v. Alum. 

- 

#3 Canvas & 600 Wax & 6Q0 

# _ Canvas & 600 511k & Lev. Alum. Velvet & A.B. #1 

#5* Canvas & 600 Bllk& Lev. Alum. Velvet & A.B. #1 

#6 Canvas & 600 Felt & Lev. Alum. 

Canvas & 600 

J8Wax&600 

* 3/0 paper vas graphited. 
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MAXIMUM PARTICLE SIZE OF ABRASIVE POWDERS 
AS DETERMINED FROM MEASUREMENTS OF PHOTOMICROAPHS 

- 

Abrasive 
Size in 
Inches Abrasive 

Size in 
Inches 

.a!:o-B Alunduin 0.0038 #2 Buehler 0.00010 

280-B Alundum 0.0028 JtBueh1er 0.00010 

320-B Alundum 0.0030 Chrome Oxide 0.00008 

kOO Alundum 0.0030 jk Jarrett O. 0Q016 

500 Alunduin 0.0016 #5 Jarrett 0.00020 

600 Alunduni 0.0005 #6 Jarrett O.QOO1O 

#, Fisher 0.00016 Shamva 0.00012 

#2 Fisher 0.0Q010 Lev. Alum. 0.0002k 

#3 Fisher 0.00016 302 Emery 0.0018 

#1 Buehler 0.00020 303Emery 0.0012 
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RESULTS AND CONCLUSIONS 

Each step in the polishing of a specimen is 

essentially one of cutting. That is, the scratches on 

the surface of a specimen are cut off by the abrasIve 

used in that step. The scratches left by this abrasive 

are in turn removed by another finer abrasive. This 

continues until the scratches produced b the action of 

the abrasive are no longer visible in the examination of 

the specimen. 

Naturally, the extent to which this process 

must be carried out depends entirely upon the type of 

examination to be made of the polished surface. The sur- 

face produced by No. 3/O abrasive paper, figure 40, Is 

usually satisfactory for microscopic or visual examination 

for surface defects such as cracks, sulfur printing, etc. 

For routine examination of grain size, non-metallic indu- 

sions, and crystal structure, a surface showing very few 

If any scratches at 100 diameters is required (see figures 

46 and 147). If examination of the surface is to be done 

at more than 500 diameters, a special technique must be 

used which Is described later. 

Since polishing is a cutting action, the 

abrasive grains must, therefore, be sharp angular crystals, 

harder than the material they are to cut. Various 
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abrasives are used for this action. The most common 

being fused alumina which is manufactured and sold under 

various trade names such as "Alunduin", "Alumina", "Aloxite", 

"Exolon" and "Borolon". 

Fused alumina varies in hardness according to 

the method of manufacturing and chemical composition. 

It may vary between 9.2 and 9.6 on Moh's scale. Compared 

to other abrasives of this type lt Is fairly tough and 

has an extremely high modulus of elasticity of 52,000 kilo- 

grams per square millimeter (73.9 x io6 pounds per square 

inch) being exceeded only by that of Iridium (52,500). (k) 

Figures five to ten show the larger grains of 

one manufacturer's fused alumina. These grains are flaky 

with many angles and sharp edge8. The color varies from 

a brown to a pure white, the extremely fine powders usual- 

iy being white. Under the microscope, however, the crys- 

tais appear translucent. Figure 22 is a photomicrograph 

of ordinary ].evigated alumina. 

The chemical composition of these fused aluminas 

varies, but are usually 9k% to 99% pure aluminum oxide, 

Al20. Oxides of silicon, Iron, titanium and other metals 

make up the difference. The coarser sizes are graded by 

passing over different mesh screens (up to 2ko). The 

finer grains are suspended in water and allowed to settle 
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out for various times, 28, 32, 1O, 50, and 60 minutes and 

are known as 32 minute, kO minute or in the case of Alun- 

duin as 320, kOO powders. 

Another abrasive used is silicon carbide. It 
is manufactured and sold under the trade names of "Car- 

borundum", "Crystolon" and "Carbolon". This material 
has a hardness of 9.5 to 9.75 on Moh's scale, being the 
second in hardness of all known materials either natural 
or artificial. (k). It can make long deep scratches in 
all metals and alloys except the tungsten carbide alloy 
but it is not very tough as it is extremely brittle. 

This abrasive is used in polishing in the steps 
of flattening and rough grinding as it is usually used in 
abrasive belts and papers. It is graded in the same man- 

ner as fused alumina although the finer powders are not 
used as much as the alumina. 

A third abrasive that is sometimes used in the 
final polish is magnesia, or magnesium oxide. Figure 21 

shows a commercial type at 500 diameters magnification. 
The disadvantage of this abrasive is that it must be kept 
dry and mixed up just previous to use as it deteriorates 
in water. For this reason it is not commonly used, al- 
though it gives good results. 

Various types of emery are used occasionally in 
polishing nietallograpbic specimens. Figures 23 and 2k show 



two grades of emery powder. Because the manufactured abra- 

sives are so good and so well graded, emery is not used 

to a great extent as a powder, although it is used on abra- 

sive papers. The optical industries use lt extensively 

because it gives excellent results on glass. 

The various rouges are used by a few operators 

for metallographic work. Chrome oxide, black magnetic 

rouge and crocus are noted in the answers from some of 

the laboratories. The main use of these abrasives is 

buffing and they are not entirely satisfactory for metal- 

lographic work. 

It should be noted that there are several abra- 

sives sold under trade names such as Fisher, Buehler and 

Jarrett, the composition of which are not given. These 

abrasives appear to be relevigated alumina as their physical 

characteristics are similar. No difference is visible be- 

tween them and alumina under the microscope. 

The grain shape of the finest powdered abrasives 

Is not observable at a magnification of 500 diameters but 

the author believes that lt can be assumed that these fine 

powders have the same sharp, flaky shape as the coarser 

ones. 

The manner in which the abrasive is drawn across 

the surface of the specimen is of extreme importance in 

polishing. For the flattening operation, the grains are 
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formed into 'wheels or glued to cloth belts. In this 

carrier they are fairly rigid and only part of the grain 

does the cutting. This cutting edge soon becomes dull 

and in a correctly designed 'wheel or belt the glue re- 

leases the grain and It flies off. The next grain below 

it then presents a new sharp edge to the surface. If the 

glue is too strong the dull grains are retained too long 

and the abrasive becomes gunnned up and doesn't cut. The 

dull grains then do not produce an even set of scratches 

on the metal but have a lapping or smearing effect. 

This smearing produces a luster which gives the 

appearance of a 'well polished surface. However, a sur- 

face such as this is not desirable for metallographic 

'work as the smeared surface does not truly represent the 

material. This smeared condition can be produced in the 

flattening operation and carried through all the steps 

producing a scratch free surface, yet it will not be sat- 

isfactory. It is very Important, therefore, to always use 

the best quality of abrasive 'wheels and belts and to dis- 

card or renew them when they become 'worn. 

The dulled grains that are torn out of the glue 

still retain many sharp cutting edges and If a few of 

these grains are carried on the specimen to the next step 

they may be carried across the surface producing deep 

scratches that are difficult to remove. 



After flattening, the specimen is taken through 

the rough grinding steps. The most common method of rough 

grinding is by the use of abrasive coated papers held on 

a hard plane surface. In this case the specimen is moved 

across the grains but the action is the same as in flat- 

tening. $ince the hand operation is tedious, vertical 

theels faced with fine abrasive papers are frequently used. 

The grades of paper usually used are Nos. 1, 0, 2/0 and 

3/O. Occasionally an operator bill use Nos. 2 and k/a. 

The poier driven abrasive papers operate best 

at about 125 feet per minute. (2). Running the wheels or 

belts faster than this does not effectively decrease the 

operating time and does not give the best results. The 

advantages of this method are that it is easy to master 

the technique, the abrasive papers are cheap, of excellent 

quality and uniformity and easily obtainable, and the 

action does not dislodge the non-metallic inclusions. How- 

ever, the surface layer is sometimes distorted and the 
specimen may easily be overheated. Hand grinding reduces 

somewhat these disadvantages. 

Another method of rough grinding is by the use 

of wax or paraffin coated wheels. The wheel is either 

covered with about inch of wax or covered with a piece 

of canvas or other cloth which has been soaked in paraffin. 

The abrasive varies in size from 200 mesh to No. 600 and 
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is suspended in a water solution. Soap may be added as 

a lubricant. 

The advantages of the use of this method are 

that the specimen does not heat up, the non-metallic in- 

clusions are satisfactorily preserved, and there is less 

surface distortion than when abrasive papers are used. 

As mentioned in the introduction, a lead or lead 

tin alloy lap may be used for rough grinding. The Swedish 

method is that of suspending the abrasive in a fast dry- 

Ing varnish and applying lt with a brush to the lead lap. 

When the abrasive is dull, a brush dipped in benzene is 

passed over the surface which loosens the grains and turns 

them over. The U. S. Bureau of Standards charges a lead 

tin alloy lap with abrasive powder using a cast iron 

charging disk that has been surface ground to within a 

flatness of 0.0001 inch. This charging disk drives the 

abrasive grains into the alloy which then firmly holds 

them while the specimen is being ground. 

The advantages claimed for this method are 

shorter operating time, a degree of flatness unattainable 

by any of the other methods, excellent preservation of non- 

metallic thc1usion and lower operating cost than with 

abrasive papers. Because the equipment was not available 

these claims could not be investigated, although the author 

believes the source (5) impeccable. 
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Rough Polishing methods can be divided into 

three groups: loose abrasives on cloth laps, loose abra- 

sives on ax laps, and imbedded abrasives in metal laps. 

The most commonly used method being that of' loose abrasives 

on cloth laps. 

As previously mentioned, rough polishing Is 

actually a final grinding in which the scratches produced 

are 80 fIne that they are easily removed on the final 

polishing lap. The choice of cloth for use in this step 

Is very important. A cloth 'which has a nap such as broad- 

cloth, felt or billiard cloth (see figures 29, 30 and 31) 

'will enlarge the non-metallic Inclusions, making the speci- 

men appear dirtier than It is. For this reason a pileless 

material such as canvas Is most often used. When canvas 

and No. 600 alundum is used the scratches appear as shown 

in figure kl. 

Notice that the scratches are fairly uniform and 

that the non-metallic inclusions are not enlarged. This 

lap :1s fairly rapid (approximately 2 to k minutes for steel) 

and produces good results. It gave a better finish In a 

shorter time than a broadcloth lap 'with 600 alunduin. The 

broadcloth enlarged the inclusions considerably, but gave 

a good surface finish. 

A paraffin impregnated broadcloth was used with 

No. 600 alundum 'with good results. The time required to 
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remove the previous scratches was about one minute less 

than with the canvas lap. The scratches are uniform and 

the inclusions intact. (See figure k2.) 

This step can also be performed using a lead 

lap similar to the ones mentioned for rough grinding ex- 

cept that a finer abrasive is used. The advantages claim- 

ed for them are extreme flatness, practically no distor- 

tion, very even scratches and excellent preservation of 

inclusions. 

The final polishing is always done on a cloth 

lap using extremely fine powder in water suspension. If 

the preservation of inclusions is important, a pileless 

material such as satin, airplane wing cloth (figure 28) 

or special polishing silk (figure 27) should be used. 

Figure 1k shows a steel specimen polished ou a hard silk 

lap ith levigated alumina. The surface of the specimen 

is slightly scratched but when etched the scratches will 

not interfere sith the examination. This surface is, 

however, inadequate for exaniintion at magnifications 

greater than about 200 diameters. 

If, instead of hard silk, 'we substitute a. broad- 

cloth or felt lap material and use levigated alumina, we 

'will get a more scratch free surface (see figure k3) that 

'will etch to bring out the grain boundaries. However, 

this material has a tendency to enlarge the inclusions. 
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From an examination of the photomicrographs of the lap 

materials, we note that broadcloth, felt, billiard cloth 

and other fabrics such as "kitten's ear" (not Illustrated) 

all have a similar matted appearance. Therefore, their 

actions on the specimen should be similar. A test of 

these materials shoved this to be true. Of these differ- 

ent lap materials, the author obtained the best results 

with billiard cloth. 

Note also the relief effect of the surface due 

to uneven removal of the specimen. In certain alloys such 

a a leaded bearing metal, the difference in hardness of 

the individual crystals may cause such a large uneveness 

that lt will not be possible to focus the microscope on 

tvo of the crystals at the same time. In a case like this 

the specimen must be etched with reagents that attack the 

harder crjstals more than the softer ones so that the sur- 

face vili be In one plane. 

To obtain a surface that Is suitable for high 

magnification (1000 diameters) another lap must be used. 

The lap material in this case being a soft pile fabric 

such as velvet. (See figures 25 and 26) On this material 

only the relevigated abrasive should be used. The speci- 

men is polished on felt as above, washed thoroughly and 

then taken to the velvet lap. After etching it should be 

repolished for a few seconds and then re-etched. After 
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three cycles the specimen should not show any scratches 

at 1000 diameters magnification. 

The etching and repolishing must be continued 

until all of the disturbed surface layer has been removed. 

Three cycles is usually sufficient although the specimen 

must be examined after each etch. When the specimen ap- 

pears the same after the last etch as it did in the next 

to the last etch, the distorted surface has been removed 

and the process can be stopped. 

From an examination of the methods used in the 

commercial laboratories and from tests run in the Metal- 

lography Laboratory, the following method is the one that 

gives consistently good results which Is essentially 

the one used in most of the laboratories. 

FlATTENING OPERATION: Performed on an endless 

belt sanding machine. Belts coated with grits of 60, 120, 

and 2kO mesh abrasive. The specimen Is held firmly against 

the belt and Is carefully cleaned before going to the next 

finer abrasive. The specimen is turned 90° between each 

belt to aid in telling when the specimen has been ground 

enough. The specimen must be cooled frequently to avoid 

tempering. This operation requires from 5 to 15 minutes 

depending upon the size and material of the specimen. 

ROUGH GRINDING: Performed by hand on abrasive 

paper Nos. 1, 0, 2/0, and 3/0. The specimen Is held 
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lightly against the paper, 'which is placed on a piece of 

plate glass, and Is moved directly away from the operator, 

not sideways. The specimen is cleaned between each grade 

of paper and turned 900. This operation takes from two 

to five minutes. 

ROUGH POLISHING: Performed on wax impregnated 

broadcloth using No. 600 alundum in water suspension. The 

specimen and the operator's hands must be washed 'with soap 

and water between the rough grinding and this operation. 

The specimen is moved around the lap In a direction oppo- 

site to the motion of the lap. This polishes the specimen 

from all directions and prevents tearing out the inclusions 

and pitting. The abrasive suspension must 

quently as it is thrown off the lap and the specimen may 

become heated. The time required is from one to three 

minutes. 

FINAL POLISH: Performed on a billiard cloth lap 

using commercial levigated alumina. The specimen and hands 

must be washed before starting as in rough polishing. The 

specimen Is moved around the lap against the direction of 

the lap about three inches from the center of the lap. 

Little pressure is required. The time required Is from 

one to three minutes. 

This method Is easy to perform, requires no 

expensive equipment and polishes the specimen in a 
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relatively short time--ten minutes to a half an hour. 

It Is satisfactory for work up to 200 diameters magnlfl- 

cation. If the specimen is to be examined at a higher 

power, an additional lap should be used. This lap should 

be velvet or a similar soft cloth used with relevigated 

alumina in water suspension. A satisfactory relevigated 

alumina may be made by shaking up a small quantity of 

commercial levigated alumina in a gallon bottle of dis- 

tilled water, allowing it to settle for an hour and then 

decanting off the top half of the mixture. The specimen 

should be held and rotated as in the final polish. The 

time required is about one to two minutes. 
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ELECTROLYTIC POLISHING 

study of' polishing techniques would not be 

complete without a review of electrolytic polishing. The 

mechanical method of polishing when correctly performed 

yields an excellently polished specimen. Electrolytic 

polishing approaches this perfection in some cases and in 

others it gives a polish easily that is very difficult to 

obtain mechanically. Thus, electrolytic polishing is not 

a substitute for mechanical polishing but a supplementary 

method. 

Electrolytically polished surfaces may have 

some of the following defects: (i) an undulating or wavy 

surface, (2) attack on the non-metallic inclusions and 

(3) high relief of carbide particles in steel. In addi- 

tion the electrolytes used are usually violently expio- 

sive and must be handled with great care. They also 

attack bakelite or organic mounting materials so the 

specimen usually cannot be mounted in the ordinary way. 

There is no time saving in the flattening and 

grinding steps as the specimen must be prepared as well 

as for the mechanical method. In certain cases where it 

is difficult to polish mechanically, the electrolytic 

method will do it quicker, but ordin.rily the time is 

about the same. Time can be saved when the specimen is 



unusually large, when grinding produces an excessive amount 

of disturbed metal and when the operator is not adept at 

mechanical polishing. 

The setup for electrolytic polishing is as f ol- 

lows. The electrolyte is placed in a beaker which is 

cooled either by ice and water or cold water circulating 

around it. The cathode may be made of sheet aluminum, 

stainless steel or low carbon steel and is placed on the 

bottom of the beaker. The size of the cathode in relation 

to the specimen may vary considerably. It should be about 

10 or 15 times the area of the specimen. The position of 

the cathode with respect to the specimen does not influence 

the final result. 

The specimen Is the anode in the cell and troni 

It the positive wire leads to a variable resistor. The 

resistor Is connected to the positive side of the elec- 

tricity source and the negative lead runs to the cathode. 

A millimeter is placed in this circuit so that the cur- 

rent density may be adjusted. A voltmeter may be con- 

nected to the anode and cathode but is not necessary. 

The specimen Is prepared in exactly the same 

manner as it Is for mechanical polishing. The finer the 

scratches on the surface, the less waviness will there be 

in the finished polish. Violent agitation of the 



electrolyte also reduces 4avine3s. 

After lt has been through the rough grinding 

steps to at least 3/0 paper or No. 500 abrasive it is 

attached to the positive wire and placed in the electro- 

lyte. The area of the specimen and the clamp attaching 

the lead to it must be calculated so that the current den- 

sity may be adjusted by the resistor. The current den- 

sity varies greatly for the different electrolytes and 

metals being polished and must be looked up in one of 

the tables given in the folloiwing references. 

The specimen is left in the cell until the 

scratches have disappeared. It is then taken out, etched 

and examined. This short polish usually will not remove 

all of the disturbed metal and it must be repolished un- 

til this has been accomplished. 

As the electrolytic polishing process Is new, 

it is still under close observation by metallographers. 

The following bibliography should be read before attempt- 

Ing electrolytic polishing. 

Pellissler, G. E., Markus, H. & Mehl, R. F. Electrolytic 
Preparation of Iron & Steel Micro-Specimens. Metal 
Progress, Vol. 37, No. 1, l90. 

Meyer, G. F., Rohrer, G. D. & Vilella, J. R. Electro- 
lytic Polishing of Steel Specimens. Metals & Alloys, 
Vol. 13, No. k, 1941. 
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