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Metallography Technique for Alloy 825

This metallographical technique is for use on alloy 825. This technique will show any
chromium depleted zones that might exist in the sample. Usually chromium depleted zones will
be at grain boundaries where chromium carbides are formed or where an area of sigma phase
exists. These zones will be visible when viewed with a microscope that is capable of at least
X200 using reflected light. The zones will have a ditch-like structure and non depleted zones
will have a step structure.

Grinding

The specimen must be brought to a 600 grit finish. If the sample has a thick scale or
oxide layer on it but the surface is at or almost a 600 grit finish, the scale/oxide can be wet
ground off with 600 grit paper at a wheel speed of 120 rpm. If the sample is not smooth, then
the sample must be wet ground starting at 180 or 240 grit (whichever is available) at a wheel
speed of 120 rpm. A wet grind with 320 grit at 120 rpm shouid be followed by 400 grit. A
600 grit wet grind should be the next. Try not to apply too much pressure to the sample when
grinding. Too much pressure will put deep scratches in the sample that will take a long time
to take out. All of the scratches for a given grain size should go the same way, this will help
eliminate pitting of the sample. This is done by moving the sample slowly from the edge of the
wheel, to the center and back to the edge. When coming to the edge of the wheel do not go off
of the wheel, this will put bad scratches on the sample. All the edges that are on the polished
face of the sample should be bevelled. If the sample is mounted, then the mount should be
beveled.

If faceting the sample is a problem during the pre-600 grit stages, it is allowable to go
from 180 grit directly to 600 grit. This will take longer but it is less likely that facets will
occur. When doing this, start grinding with 600 grit until at least 50% of the sample has a 600
grit finish. At this time turn the sample 90°, on the polishing face, and continue polishing until
all of the 600 grit scratches are going the same direction. When this is done repeat until all of
the sample is at 600 grit. It will probably be necessary to replace the sanding disks many times
before the sample is done. The disk is ready to be replaced when the scratches are finer than
the original scratches. The disk can also be felt to see if there is any grit left on it.

Samples that are mounted and are too tall will be easy to facet. This can be somewhat
corrected by making a shorter mount. However very short mounts are hard to control and allow
fingertips to become ground.

Rough Polishing

When the sample is brought to a 600 grit finish the sample should be ultrasonicly cleaned
with detergent for at least 5 minutes to remove any abrasive particles that could be sticking to
the surface of the sample. Once done the sample should be rinsed off well. The sample is then
polished on 3u diamond lapping film using 18MQ water + detergent as lubricant. The sample
should be polished perpendicular to the previous scratches to insure that all the previous
scratches are removed. Do not put too much pressure on the sample since deep scratches can
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occur. If there are bubbles under the lapping film very deep scratches will occur. They canbe

found by feeling as if the sample has hit a "bump”. The sample may or may not be planar from
the 600 grit stage so the technique in the previous paragraph (adapted to 3u diamond film) may
be needed to get the entire surface planar.

The lapping film will leave larger scratches than the diamond size of the film. Since this
is true, the 3u lapping film doesn’t leave a 3y finish. Therefore 3u paste should be used to

receive a 3u finish. The reasons that,the film is used are to make the sample planar, geta more ~
- uniform polish, decrease the amount of time required to polish the sample, and to cut down on

the use of diamond paste. Along w1th being expensive, diamond paste will tend to leave pits
in the sample the longer it’s used. 'Diamond film will also last longer than diamond paste will.

When done with the 3 diamond i’aliping film, the sample should be rinsed off with
water. It may be a good idea to swab off the surface. The sample should then be polished with

3u diamond paste on a polishing cloth using universal diamond extender as lubrication. The

polishing cloths should be either Texmet (Buehler) or Pellon (PSI Testing Systems). Pellon is
preferred because the cloth seems to last longer, however at the time that this was written, PSI
had not overcome the problem of universal diamond extender dissolving the adhesive backing
on the cloth. The cloth should be moist to slightly wet with extender. Diamond paste is

syringed onto the cloth, approximately .25 to .5 grams, every other time the cloth is used. If -

the cloth is new it should be moistened with 18M(Q water after it is applied and more diamond
paste should be used. The wheel should be at 120rpm. -, The sample should be polished
perpendicular to the original scratches. This shouldn’t take very long unless the lapping film

scratches are deep. Periodic viewing can be done by rinsing off the sample of the surface of

the specimen with 18MQ water or diamond extender. All of the original scratches are gone
when the surface looks hazy in one or two directions. When all of the original scratches are
gone wash off with water and swab the surface well to remove any diamond particles that may
be stuck to the surface. The sample should then be put into an- ultrasomc bath for 5 minutes.

The sample should- be rinsed off with 18MQ water.

Final Polishing

The sample is then polished with Mastermet, colloidal silica alcohol solution, using either
Microcloth (Buehler) or Final Polish (PSI Testing Systems) polishing cloths: - The Mastermet
solution is it's own lubricant. The wheel speed should be 120rpm. The Mastermet solution is
shaken to make the solution homogeneous Four disposable pipet’s worth of solution is
dispensed on the cloth and another is held on the side. If this is the fist use for the cloth, it
should be moistened with 13MQ water. Polish the sample in a rotating motion, counter direction
of the wheel is best, until most of the Mastermet on the wheel is gone. Replenish the supply
with the last p1pet-fu11 and continue to polish until almost gone. Agam do not use too much
pressure on the sample. Swab off the sample surface very well. It is believed that there are
surfactants in Mastermet and they should be removed. It can be seen that they are removed
when the water beads off the surface. The sample should be rinsed off with 18Mf{l water.
Check the sample after washing the surface, it is best to look under the microscope, to verify
that all the scratches are gone. If the sample is not good enough repeat the procedure until the
sample is adequate. When done polishing with the cloth, it is recommended to apply 18MQ
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water directly to the cloth to keep it moist. If the cloth dries out it will become ineffective or

be damaging to the sample if reused. If the cloth is kept wet after the initial use, it can be used

many times.
Electro-Polishing

After checking the sample it should be immersed in Methanol immediately to prevent

' contamination on the sample surface. There should be two containers of solution, one etching
~ and one polishing solution. The polishing solution is 170 ml Methanol + 30 ml 96% H,SO,.

The etching solution consists of 190 ml of 36% HCL and 10g Oxalic acid. The shelf life of

" these solutions is not known at this time, but they have been used after being stored for 2 weeks.
.. Both of these solutions should have their own containers. About 100-150 ml of each should be
: placed in it’s respective containers. A D.C. power supply that is capable of 6 volts and 1 amp

should be used. I 'should have two long leads, Hydrochloric acid fumes/vapor are very

~ corrosive. The containers are two crystal growing dishes that will hold approximately 300 ml.

If the sample is not mounted metal tongs are used to hold and miake electrical contact with the
sample. If the sample 'is mounted, then a sharpened carbon rod or similar can be used. The

- counter electrode that should be used is either palladium coated titanium mesh, carbon, or
~ platinum. All experiments were done with a carbon electrode. The negative of the power

supply should be connected to the counter electrode. The positive should be connected to the
tongs or sharpened carbon rod. The voltage on the power supply should be set to 3 volts. If

: the etching or polishing goés too fast, the voltage should be turned down slightly.

If the sample is not mounted and a carbon counter electrode is being used,grab it with

- the tongs so that the longest distance of the sample is being held. Position the sample so the
_ polished face is 45°with respect to down and also it is facing the counter electrode. Place the

counter electrode so that it is diagonal in the dish that is holding the electro polishing solution.
Turn the power supply on. Move the sample back and forth somewhat quickly, but not so

. quickly that the sample face does not have full liquid contact. Do this for a ten count. Remove
- from the polishing solution and rinse thh 18MQ water. After rinsing it should be immediately
- returned to the Methanol.

~If the sample is mounted and a carbon counter electrode is used, the sample should be

- placed 4t the bottom of the polishing solution face up. The sharpened carbon rod should make

"' contact in the corner of the sample. Turn the power supply on and move the counter electrode

. around in the container to get an even polishing. Do this for a twelve count. Remove from
~ solution, rinse with 18MQ water and immerse immediately in Methanol.

It is possible to get a polish and etch from the electropolishing solution. The sample

~ should be left in for a longer time. This was found at the end of the metallographlc project and
- had a good result, but it was not followed up since it was the last sample. °
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Etching

To etch the sample, use the same technique as was followed above, but in the etching

~ solution, The time that the sample is left in the solution, 190 ml of 36% HCL and 10g Oxalic
~acid, should be shortened to at most 6 seconds. This process happens very quickly and etch
~ times of 2 seconds have been too much at times. Staining of the sample will happen readily.

If a slower etch is desired lower the voltage slightly. When the voltage is lowered too much

~ more staining will occur. The viewable sections of the etch will be most likely at the corners,

edges or at the edge of the stains. When done, rinse the sample thoroughly with 18MQ water.

~ Rinse off with acetone and dry.

Other Precautions For Metallography

To minimize the amount of cross contamination, hands should be washed very thoroughly

- between each step after the 600 grit step.

The cloths and films need to be put on so they don’t have any bubbles under them.

- Bubbles shorten the life of the cloth or film. The plate that the cloths are to be placed should
- be cleaned off and dried. The plates that will hold the films should be extremely clean. It has

been noticed that pieces of cotton from a swab will cause a bubble. Once dirt is attached to the

- film it can not be removed. With clean hands place a small portion of the cloth or film on the

plate and move your finger back and forth across it with some pressure. Move forward in this

_ manner. If any discolorations occur it will most likely be a bubble. Pull back the film to

release the bubble and continue.

When done all of the plates should be stored in ziploc type bags to avoid contamination
of the cloths. The cloths will remain moist in their bags for some time, with maybe the

- exception of the Microcloth. The Microcloth should thoroughly soaked with 18MQ water to
- remove most of the Mastermet and then tipped to allow most of the water off the cloth. In this

way cloths can be used for some time.

It has been seen that the speed at which the sample is etched or electropolished can be

_ determined by the direction that the sample is facing. The sample will etch slowest if it is facing

up and fastest if pointing down. The closer the sample is to the counter electrode the faster the
etching will go.

If a sample has been previously etched, it can be repolished starting with the rough
polishing stage.

List of Photographs for Alloy 825

. Roll 97773
7/93
97773-1 750°z:‘/f5hr X100
97773-2 750 gg’shr X100
97773-3 750°€715hr X50
97773-4 750°€715hr X50
97773-5 75021 5hr X200
- 97773-6 750°€2/] 5hr X200
- 97773-7 750°€715hr X400
97773-8 750°2715hr X400
97773-9 Mill Annealed X200 fine etch
97773-10  Mill Annealed X400 fine etch
. 97773-11 Mill Annealed X400 fine etch
97773-12 Mill Annealed X100 deep etch
97773-13 Mill Annealed X200 deep etch
97773-14  Mill Annealed X400 deep etch
97773-15 Mill Annealed X400 deep etch
- 97773-16  750°2/300hr X50
97773-17  750°2/500hr X100
97773-18 750°ﬁhr X200
97773-19  750°2200hr - X400
97773-20  Sol. Annealed X400
97773-21  Sol. Annealed X200
97773-22  Sol. Annealed X100
97773-23 Sol. Annealed X50
97773-24  Sol. Annealed X100
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7/93 4
 ID# Sample Mag. Treated 1
| 97844-1 Mill Annealed X200 1/93 1+
| 9784422 Mill Annealed X200 1/93 1=
| 97844-3 Mill Annealed X400 1/93 |
| 97844-4 Mill Annealed X400 1/93
L 97844-5 Mill Annealed X100 1/93 '
| 97844-6 Sol. Annealed, 15hr/750 X200 1/93 _— - / 4
| 97844-7  Sol. Annealed, 15hr/750 X200 1/93 L 92811 i Hwalid Y ZcO
| 97844-8 Mill Annealed, 15hr/750 X400 1/93 1
978449 Mill Annealed, 15hr/750 X200 1/93
 97844-10  Mill Annealed, 15hr/750 X200 1/93 | B
| 97844-11  Sol. Annealed, 15hr/750 X400 7/93 —
| 97844-12  Sol. Annealed, 15hr/750 X200 7/93 3
| 97844-13  Sol. Annealed, 15hr/750 X100 7/93 ]
|| 97844-14  Sol. Annealed, 15hr/750 X56 7193
|| 9784415  Sol. Annealed, 15hr/750 X400 7/93 1
' 97844-16  Sol. Anld, 15hr/750, 825CP9 X200 7/93 =
97844-17  Sol. Anld, i5hr/750, 825CP9 X400 7/93 41
| 97844-18  Sol. Anld, 15h/750, 825CP9 X100 7/93 Q i
- 97844-19  Sol. Anld, 15hr/750, 825CP9 X400 7/93 v |
| 97844-20  Sol. Anld, 15hr/750, 825CP9 X200 7/93 S +—
| 97844-21  Sol. Anld, 15hr/750, 825CP9 X50 7/93 /S{ 94 .
| 9784422 Sol. Anld, 15hr/750, 825CP9 X50 7/93 3 { ' I
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