MatSE 471

Laboratories la-c

Specimen Preparation and Use of the Optical Microscope

Objectives

The objectives in laboratories 1a-c are to prepare polished and etched samples for examination in the optical microscope and to record and print the images. This examination of polished and etched surfaces is called METALLOGRAPHY.

Background

General

A number of methods are available for analyzing metals and alloy systems. These include thermal analysis, dilatometry, x-ray analysis, electrical conductivity, microscopy, etc.  Metallography is one of the most important tools in the field of physical metallurgy. It deals chiefly with the internal structure of the solid and the relation of this structure to the properties of the material and any problems (such as fracture) that may have been encountered in its service. Magnifications involved are usually in the range of 10 to 2000X; thus a microscope is employed, and the structures are usually called microstructures.

Metallography is essentially an art, and various persons may have or develop their own individual techniques, but the methods to be used here are of a general nature and will produce satisfactory results. Certain variations may be required for different materials. 

In general, the procedure for preparation of metallographic specimens consists of the following steps:

1.
Obtaining a convenient specimen for handling by sawing, cutting, mounting, etc. 

2.
Preparation of a flat surface by means of files, belt sanders, etc. 

3.
Sanding with a series of abrasive papers of increasing grit fineness 

4.
Polishing on rotating wheels covered with suitable surfaces and abrasives 

Considerable latitude exists as to specific preparation procedures. The objective of these four steps is to produce a scratch-free, undistorted mirror-like surface. Care and cleanliness cannot be overemphasized.

5. Following preparation, the specimens must be etched with the proper reagent before examination under the microscope. Since the metallurgical microscope forms an image from light reflected from the surface of the specimen instead of light transmitted through the specimen, as in biological microscopes, examination of an as-polished surface will reveal nonmetallic particles, but show little detail otherwise.  Etching is a selective attack which produces a variation in the reflectivity of the surface; thus, the structure can be observed.

Microscopes and metallographs are quality instruments and must be used carefully and properly. Be sure you understand the details of operation of the various models available. 

Preparation of Samples for Metallographic Study

Sample Mount Preparation

In certain instances, it is necessary to embed the sample in a mounting medium. Two types of mount are used, hot and cold. Unless the sample is going to be etched in highly corrosive chemicals, it is easier to use cold mounting.

For cold mounting; place the sample in a cold mount mold. Mix the cold mount powder with the.hardener in the ratio of 2 parts of powder to one part of solution (by volume). Pour the resultant paste into the mold and allow it to harden (30 minutes at room temperature). It can then be removed from the mold.

Polishing Procedure

First, it is necessary to ensure that the specimen surface is accurately flat. This is accomplished by wet grinding on The Belt. This process also removes any dirt adhered to the surface. (Note: Belt grinding is not always required).

The specimen is then ground on grinding papers. There are four types of papers:  240 grit, 320 grit, 400 grit, and 600 grit.  240 grit is used for rough grinding, the other papers for successively finer grinding with 600 grit paper being the finest grit. Polishing is performed using uniform long strokes up & down the length of the paper. Wash hands & specimen between papers.  Rotate specimen 90° before grinding on the next finer paper.

Final polishing is performed on rotating wheels. Here again, there are coarse and fine stages.  In the coarse stage, 1.0 (m and 0.3 (m alumina powders are used; in the fine stage, 0.05 (m alumina powder is used.  The wheels and the polishing cloths on the wheels must be cleaned thoroughly in water prior to use.  Then, the appropriate powder is mixed in water in the ratio of one large teaspoon of powders to 200 cc of water.  Some metallographers prefer a thicker slurry.  This solution is sprinkled onto the cloth and used for polishing the samples.

Etching is the final step in the preparation of a specimen. The specimen is etched either by swabbing the surface with the etchant or by immersing the specimen in the etchant.  This is decided on the basis of the etchant used.  The surface of the specimen is then rinsed thoroughly with an appropriate solvent (water, alcohol, sometimes both) and dried.  In etching steels, it is usually best to avoid rinsing with water. The length of time the etchant is in contact with the etchant is decided by trial and error.

Do's and Don'ts

1. Make sure the water is on when using grinding belts.

2. The belt has to be adjusted to be in the center. 

3. Round off all sides of the sample, since a sharp edge can tear the belt or even cut your hand.

4. Clean grinding paper before use; always turn water on before grinding.

5. If the paper needs replacing, do it. But clean the surface of the block before replacing paper.

6. Water is essential while grinding. Otherwise, the specimen might leave particles that will scratch the surface in subsequent polishing.

7. Wash specimen and hands between grinding papers.

8. Clean the polishing cloth well before using it.

9. Use the correct type of powder at each stage of wheel polishing.

10. Never allow any two polishing powders to mix.

11. Clean hands and sample after every stage of polishing.

12. KEEP WORK AREA CLEAN!!!!!!!

13. Slowly rotate samples clockwise on the disks while polishing.

14. After polishing, flood the cloth with water to remove polishing powder and debris.

15. Dispose of the etchants after use as directed by the Teaching Assistant.

16. Turn the water on while discarding used etchants, if they can be flushed down the sink.

17. If you make up an etchant and store it in a bottle, write the name of etchant, your name, and date made up on the bottle.

Examination of Optical Samples


Prior to etching, it is always worthwhile to examine the polished surface both by eye and on the light microscope.  The former will often permit the detection of surface flaws (e.g., cracks) whilst examination under the optical microscope can reveal features such as pores, micro-cracks, second phase particles, etc.  An example is given in figure 1 (a Ni-base superalloy) where both casting porosity (the dark region labeled A) and carbides (arrowed B) are clearly shown.  The scale marker in the bottom right hand corner of the micrograph yields the dimensions of the various microstructural features; in this instance, the length of the bar is equal to 15 m.


Figure 2 is the same material as that shown in figure 1 after etching in a solution consisting of 7.5 grams cupric chloride, 7.5 grams, ferric chloride, 150 mls water, 300 mls hydrochloric acid and 50 mls of nitric acid.  Grain boundaries are now clearly visible (contrast can arise from either selective attack at the grain boundaries, or by different grains dissolving at different rates), along with a dispersion of  precipitates (the tiny dark spots).  These precipitates exhibit dark contrast since they are attacked more rapidly than the matrix. 
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Figure 1.  Light micrograph of an unetched sample of the cast Ni-base superalloy IN738.
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Figure 2.  Light micrograph of an etched sample of the cast Ni-base superalloy IN738.

Procedures

1. Each student will be provided with steel samples which have been austenitized and slowly cooled.  In order to familiarize you with the microstructures of slowly cooled steels, Appendix 1.1 provides some basic information on equilibrium cooling.


The sample should be polished and etched as described above.

2. The etched specimen should be examined using the light microscope.  The Teaching Assistant will explain the use of the various microscopes.  Take great care in the use of the microscopes as they are very costly to repair (or replace).

a. Obtain an image of the microstructure of the specimen to include in your report.

b. For sake of completeness, Appendix 1.5 gives some background information on the use of light microscopy.

                                                                                               NAME:  ______________________

TAPP Worksheet

TAPP is a computer program which contains a large database of fundamental materials properties.  Knowing how to use TAPP can save many trips to the library.  Within TAPP reside basic mechanical, physical, thermal and thermodynamic data, as well as a multitude of phase diagrams, for both metallic and non-metallic systems.  To become familiar with this software, please answer the following questions.  TAPP may be installed on the GOOD computers in the MatSE computer lab.

1.  Determine for manganese:

· Melting temperature

· Atomic weight

· Thermal conductivity at room temperature

· Atomic radius at room temperature

· Electrical resistivity at room temperature

2.  Please determine:

· A compound containing tungsten which has a Young's modulus of over 300GPa with a confirmed melting temperature over 3000K.

· The entropy and enthalpy of formation for IrS2 at 298K and 1000K; which is the Gibbs energy of formation of these temperatures?  What is/are the sources for this information?

· What are the line compounds on the Ni-V phase diagram?  At what temperature and composition will you find the highest solubility of V in Ni?

· On the Cr-Ti phase diagram, at what temperature and composition will the reaction B( TiCr2 occur?

· What peritectoid reaction is occurring on the Mn-Ni phase diagram at 25at% Ni at 432 C?

· Give the lowest melting temperature (and corresponding composition) for Y2O3-ZrO2.

3. Fun Facts (thanks to Keith Williams, from Metal 435 Sp '98, for these!):

· Is there more gold or platinum in the earth's crust?

· How hot do you have to heat Superman's coffee if you want to add liquid krypton into it without the Kr solidifying?

· You are working as an intern in a summer job, in a lonely cubicle.  You wonder whether others like you exist.  Is there such a thing as an InTeRn compound, where you might find other interns?

4.  Make up 3 questions for this software.

