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MMTF003 – Metallographic Grain Structure Procedure
1.

Overview

The following document provides the procedure for imaging the metallographic grain structure of
pipeline steel. This process requires the use of hazardous chemicals and appropriate PPE is
required. Appendix A of this procedure provides a detailed description and background on etching
steel microstructures along with guidelines on determining the quality of microstructure images.
Personnel must be familiar with Appendix A prior to implementing this procedure.

2.

Safety and Personnel Training Requirements
•
•
•
•

3.

Safety: OSHA 10 Hour Construction Safety, Drug and Alcohol Testing, JSA Covering
Tasks to be Performed
PPE: Safety Glasses, Rubber Gloves, Steel Toed Boots
Testing: All personnel shall be familiar with all MMT Procedures
Staff Level: Personnel performing this procedure must be qualified in accordance with
proper MMT staff level training

Equipment
•
•
•
•
•
•
•
•
•
•
•
•

PTX tool – 2000 grit belt
Dremel
Felt Polishing Bobs (2)
4µm Diamond Polishing Paste
1µm Diamond Polishing Paste
Ethanol
Soft Lab Paper Towels
Cotton Balls
Nital 2% Etchant
Distilled Water
Pipet
Metkon Mobiscope (50X Objective Lens)

•
•

4.

Magnetic Stage
AmScope Camera

Procedure
1. Polish surface with the PTX tool to 2000 grit in accordance with MMTF002 - Surface Prep
Procedure. Ensure that at least 0.005 inches of pipe wall have been removed to ensure
any decarburized surface layer has been completely removed.
2. Use the rotary tool (Dremel) with felt polishing bob to continue surface preparation
according to the steps below.
a) Apply small amount (pea-sized) of 4µm diamond paste to pipe surface. You only
need enough to keep the surface lubricated with a thin film of paste during polishing
b) Using the Dremel with felt polishing bob, polish an area roughly 1 inch by 1 inch.
c) During the polishing process, if it appears that there is no paste left, add more.
d) When all 2000 grit scratches are gone (approx. 3 minutes), clean the surface gently
using a cotton swab.
e) Repeat steps a-d with a new felt polishing bob and 1 µm diamond paste. You must
dedicate separate bobs for each paste and they must never be cross
contaminated. Polish until mirror-like finish (approx. 3 minutes).
3. Put on gloves.
4. Thoroughly clean the surface with ethanol and a clean cotton ball to degrease. Allow
ethanol to fully dry before next step. (Using anything other than a cotton ball will scratch
the surface finish which could lead to bad imaging)
WARNING: NEVER MIX ETHANOL AND NITRIC/NITAL, THEY CAN EXPLODE.
5. Using a cotton swab apply a small amount of 2% Nital (nitric acid and methanol) to the
polished area. Continuously rub the Nital infused cotton ball for approximately 8 to 12
seconds. Observe as the surface finish transitions from mirror to opaque.
6. Immediately rinse the surface with distilled water to dilute and remove the Nital. Wash the
water away with ethanol.
7. Let the surface dry completely. Make sure you don’t have any remaining liquid residue or
dried liquid stains on the surface. Rinse the surface again with ethanol if any stains remain.
8. Place the Metkon Mobiscope portable microscope over the etched area and confirm the
quality of the etch using the 50X objective lens (500X magnification). An acceptable
etched microstructure is shown in Fig. 1.
a) If the surface under the microscope appears over-etched like the microstructure in
Fig. 2, this indicates that the Nital applied during Step 5 was left on the surface for
too long prior to rinsing with distilled water. An over-etched surface must be repolished, cleaned, etched and rinsed by repeating the steps described above and

starting at Step 2 by polishing with the 1µm diamond paste. The Nital should be
applied to the surface for less time prior to rinsing with distilled water.
b) If the surface under the microscope appear under-etched like the microstructure in
Fig. 3, this indicates that the Nital applied during Step 5 was rinsed away with
distilled water to quickly and before the microstructure could be properly etched.
Briefly re-apply Nital according to Step 5 for five more seconds before rinsing with
distilled water and ethanol. Re-examine the dried surface with the portable
microscope and confirm that the surface is properly etched.
c) Repeated steps (a) or (b) as required until an acceptable etch is achieved. Refer
to Appendix A for additional references on proper etching procedures.
9. Replace the observation scope on the microscope with an AmScope camera and connect
to the field laptop. Open the ToupView program and using the microscope camera snap
7 images of the etched area that meet the image quality requirements in Appendix A of
this procedure. Use the knobs on the magnetic base to move the microscope to a
completely new region between images. There should be no overlap of the microstructure
on any of the recorded images.
10. Batch save the images using the format ([SAMPLE NAME] - 50X) and save them in their
appropriate folder location for the sample being examined. This will save all images taken
in ToupView in sequential order.
11. After imaging has been completed, disengage the microscope, disassemble, and pack
away.

Fig. 1: Properly etched and imaged microstructure, with clear grain boundaries and minimal scratches
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Fig. 2: Over-etched surface where grain boundaries appear thicker and grains are “burnt” because of too much
exposure to the Nital solution. The surface should be re-polished starting at the 1µm diamond paste, and the
Nital solution should be applied for less time before diluting with distilled water
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Fig. 3: Under-etched surface where grain boundaries are not visible because the Nital solution was diluted too
quickly. The surface should be re-etched by briefly re-applying the Nital solution.

Appendix A – Supplemental materials
The following section details the challenges in doing metallography and how to properly diagnose
and address them.

1.

Focus

It is essential to make sure you have the best focus possible while snapping an image.
•

Pipe curvature: Since pipes are not flat surfaces, it is difficult to create a corner-to-corner
focused image and it is expected that the peripheral areas are out of focus, especially with
pipes of low diameter. However, there are ways to exploit the maximum possible quality:
a. Set the microscope to be at the center of the holder magnet.
b. Only move along the pipe (longitudinally) for taking different images rather than
circumferentially (especially for low diameter pipes).
c. Make sure the microscope stage is set on a prepped area. Uneven and rough rust
layers under the stage can tilt the view angle and make focusing difficult.

•

Frame rate: The feed from the microscope movement, to the camera, and to the laptop
display can be delayed and experience lag. This can make imaging difficult and reduce
the precision in providing best focus. In order to solve this problem:
a. Close all other programs or restart the laptop to give the software a larger portion
of graphic processors.
b. Use the “Frame Rate” tab within the ToupView program to increase the rate for
fast computers and decrease it for slow computers.
c. NOTE: Refrain from having any of MMTControl, LabVIEW, and PipeWhisperer
operating while taking microscope images.

•

Loosing focus after tuning: Since the imaging is done at a microscopic level of 500X the
smallest change in lens distance to the surface will greatly affect the focus. Often, after
tuning to a fine focus, the visual will become blurry once the technician releases the
pressure applied by their hand during the focusing process. In order to maintain focus, the
microscope should be pushed down with a constant force and an image should be
snapped simultaneously.

•

Losing your focus when you switch from eyepiece to camera: While zoom levels are
in theory the same between the eye piece and the camera, the reality is that focus will
fluctuate when changing between the two components. As a result when switching
between the two, minor focusing is necessary to achieve optimal imaging.

Figure 1: Example of poorly focused image

2.

Light Balance

One of the most defining parameters that is needed to be tuned for each image is the light
balance. This can be controlled by both hardware and software inputs. Images need proper
lighting to visibly display the grains and boundaries. However, it is easy to have excessive
lighting/exposure that makes the grain boundaries difficult to see and identify. The technician
must always check to ensure that no grain boundaries are concealed due to excessive light. In
order to control the lighting for images, technicians must adjust the:
•

Inputs: Directly increase or decrease the light intensity using the microscope. Also,
you can tune the extent of exposure via ToupView software.

•

Auto exposure: Not recommended. Results in over exposed images. Remember to
disable this feature within the ToupView window.

•

Your exposure time can reduce your frame rate. If you have frame rate problem
increase light in hardware and decrease exposure time in software.

•

If lighting remains an issue, a darker image is better than a brighter image.
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Figure 2: Too much light intensity is making boundaries disappear and the surface is a little
underetched
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Figure 3: Too much light intensity is making boundaries disappear and the focus is not centered.
The etch appears to be good.

3.

Etching

The most important step taken during metallography. Small deviation from the ideal conditions
could result in an overetched or underetched surface and that could provide misleading outcomes
in grain size calculations. The following steps should be taken to get a good etched microstructure:
•

Prep: Preparation and polishing should be perfect. Your last sanding grit should remove
all scratches made by previous grits and the diamond paste polishing should provide a

mirror quality surface. Any remaining scratches will be considered as grain boundaries by
the processing software, so it is imperative to get rid of all scratches.
•

Clean surface: It is important to wash the prepped surface and ensure that all paste is
removed.

•

Etching: Make sure your sponge is thoroughly soaked in etchant (Nital) and your
designated surface is consistently and evenly being etched during the 8 - 12 second
recommended etching time period. The actual etching time for each material will vary and
you adjustments will be necessary to get the best timing. Regardless, it is important that
you Immediately wash the acid away from the surface with ONLY distilled water and
then wash the water using Ethanol or other NON-REACTIVE alcohols. Water droplets
dried on the surface will significantly reduce the image quality and increase blurry areas.

•

Timing: An etched surface does not last forever. The air is constantly reacting with the
metal surface and creating a thin layer of oxide on the surface. This can lead to blurry
images and ultimately conceal the grain boundaries.

•

Underetching: If insufficient etchant is applied, the result is an underetched area. This
means that the surface corrosion required to dissolve the high energy areas (such as grain
boundaries) was not surpassed. Underetching is detected by seeing grains connected
with no boundaries between them or a lack of distinguishable features.

1. How to overcome underetching: In order to improve and underetched area,
technicians must accurately know how many seconds were spent etching the first
time before applying distilled water. Technicians should ensure that the sponge is
soaked with enough Nital 2% and etchant is being dispersed correctly. If some
structures are visible, but grain boundaries are not, the area should be etched surface
for an additional 3 - 5 seconds. If no features are visible, the area should be etched
for more than 5 - 7 seconds. Additional prep is not needed before re-applying the
etch. Always wash off etchant with distilled water and water with ethanol after
etching the surface.
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Figure 4: Slightly underetched image. Boundaries are not clear and scratches on the surface. Surface
should be etched for additions 3 – 5 seconds.
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Figure 5: Very underetched image. Boundaries are not visible at all. Surface should be etched for
additional 5 – 7 seconds.
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Figure 6: Slightly underetched image.

•

Overetch: Overetching can happen very easily and very quickly and occurs when the
surface is exposed to acid for more than the designated time. An overetched surface
appears burnt and will result in very thick grain boundaries and many indistinguishable
areas. Grains are often pitted and carbon saturated areas will look burnt. Specifically,
these factors can lead to an over etched area:

1. Too much time: If etchant is left on the surface for longer than the instructed time,
the surface will be overetched. The default time is 12 seconds of actively applying
the etchant however different materials might need more or less time and
adjustments will be required depending on initial results.
2. Incomplete cleanse: Not cleaning the surface properly can cause overetching.
Water must be used to completely dilute all the acid on the surface. Ethanol is then
used to neutralize the remaining acid and eliminate the water from the surface.
•

How to solve overetch: If there is an overetch, technicians should first attempt to etch the
surface for an additional 5 seconds. Sometimes, this might remove a layer of overetched
surface and reveal a lesser etched one. If no improvement is seen, technicians should
repolish the surface using the 1µm paste. Sometimes additional polishing will need be
performed and the 2000-grit PTX may need to be used as well. After preparing the polished
surface again, the surface should be etch for 3 - 5 seconds less than the first attempt.
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Figure 7: Overetched image. Thick boundaries and burnt grains are visible. Etching time should be
decreased by 5-7 seconds.

Burnt grains

Figure 8: Overetched image. Thick boundaries and burnt grains are visible. Etching time should be
decreased by 5-7 seconds.

3.1

Images that Meet Minimal Standards

Figure 9: Good image, grains are clearly visible

Figure 10: Good image, grains are clearly visible

Figure 11: Good image, grains are clearly visible

