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INTRODUCTION

A common reason mechanically polished vessels fail during Factory Acceptance Testing (FAT), or a similar inspection is when a wipe
test shows contamination evidence although the polished surface appears clean to the naked eye. This contamination, commonly
referred to as ‘black dust’ due to the resultant color of the wipe, typically occurs from improper surface finishing methods or
incomplete cleaning after finishing. Often, standard cleaning practices are insufficient to remove particles comprising black dust
because they can be ground into the microscopic grooves in the stainless steel surface and mechanical force alongside chemical
cleaning is required to remove them. ldentifying the contaminant through 3™ party lab analysis is necessary to determine the root
cause while remediation can be accomplished through electrochemical or mechanical and chemical cleaning methods.

INSPECTION

A standard operating procedure for taking a wipe sample should be developed to ensure all contaminants recovered on the wipe are
contaminants picked up from the metallic surface and not debris from unclean handling. Lint-free wipes should be used for
sampling, preferably cleanroom grade lint-free wipes. These wipes will not deposit any residue onto the metallic surface, nor
contain contamination that may skew lab analyses for determination of the contamination source. Soaking the wipe in isopropyl
alcohol is recommended to maximize contaminant pickup. If a solvent like isopropyl alcohol is not available, deionized water is an
acceptable substitute. Itis also best, when applicable, to conduct a wipe test after the vessel has been through a heat cycle at a
temperature it will experience, such as 80°C, and a rinse cycle. High temperature thermally expands the metal on a microscopic
level and assists in releasing any debris lodged into the surface. A vessel may pass a wipe test with little-to-no contamination during
the FAT at ambient temperature but reveal contamination upon undergoing thermal cycles after commissioning.

ANALYSIS

The four most common compounds comprising black dust are metal oxides, stainless steel particles, remnant cleaning solutions, or
buffing compounds. Metal oxides may either be corrosion product (rouge) or debris from a polishing pad that was not completely
removed. Rouge is analyzed as iron oxide, with a small presence of chromium and nickel while polishing pad debris is analyzed
typically as oxides of aluminum, silicon, or zirconium. Stainless steel particles will appear similar to rouge, but with less oxygen
content and more chromium and nickel content. Unrinsed or incompletely rinsed cleaning solution will contain high amounts of
sodium or potassium. Buffing compounds are analyzed as an organic fatty acid or similar compound, this is the tallow derivative
commonly used for buffing wheels and sticks.

The two most common analytical techniques to receive a comprehensive identity of the contaminants present on a wipe are
Scanning Electron Microscopy with Energy Dispersive Spectroscopy (SEM-EDS) and Fourier Transformed Infrared Spectroscopy
(FTIR). SEM-EDS is more utilized because it provides an image of the contamination, plus data on the composition through atomic
spectra. A downside with EDS is its resolution decreases as the effective atomic number of the sample measured decreases. For
example, elements lower on the periodic table like carbon and oxygen are harder for the detector to accurately measure compared
to higher atomic number elements like iron and nickel. This is also why metal particles appear brighter than organic elements or
oxides on SEM images taken in the backscatter electron detection mode. Organic compounds can be analyzed with Fourier
Transform Infrared Spectroscopy (FTIR). FTIR does not produce an image, but it provides an infrared spectrum that is automatically
matched to the spectrum of a known compound in the instrument’s internal database.

Figures 1-3 show a typical result of polishing residue received from an SEM-EDS investigation while Figure 4 is an example of an FTIR
result. Two types of particles exist in Figure 1, labeled Area A and Area C, and both are generated from the mechanical polishing
process. Area A analyzed in Figure 2 is an aluminum oxide with a diameter around 200 micrometers while Area C from Figure 3 is a
stainless steel particle with a diameter around 30 micrometers. The large aluminum oxide particle is a fragment of the polishing pad
abrasive used to polish this vessel while the stainless steel particle analyzed is metal abraded from the polished surface itself. Itis
common for black dust to be a combination of multiple compounds, and in this example, the two compounds remained on the metal
surface due to insufficient cleaning following mechanical polishing. The FTIR spectrum in Figure 3 has two graphs, the actual sample
spectrum in red is the top graph and the closest matching spectrum from the instrument’s database is the bottom blue graph. The
database matches the measured spectrum with the spectrum of the polymer nylon. The benefit with FTIR over EDS for is the exact



compound can often be matched with the instrument database instead of just having the elemental composition measured. EDS
analysis of nylon will return carbon, nitrogen, and oxygen, but the results will be lower resolution than the analysis of a metallic
particle. If only EDS is utilized to measure an organic contaminant, more analysis and knowledge of all organic components in the
system or in the processing history of the equipment may be necessary to determine the identity and source of the contaminant,
and the conclusion may still be low confidence compared to FTIR analysis of the same sample.

Wipe Samgile

Figure 1. SEM photo taken under backscatter detection. Three EDS analysis areas are annotated. Brightness in the backscatter detection mode is a
function of the effective atomic number of the compound, metallic compounds appear brighter than organic compounds or oxides.

Figures 2 (left) and 3 (right). EDS analysis of Area A (left) and Area C (right) of Figure 1. Area A shows high concentration of aluminum while Area C
shows high iron, chromium, nickel, and manganese.
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Figure 4. FTIR spectrum of a nylon contaminant. Red spectrum on top is the analyzed sample while the blue spectrum is the comparison spectrum
for nylon from the instrument library.

REMEDIATION

Removal of any of the four contaminant groups typically comprising black dust is best done electrochemically. Electrolytic cleaning,
a form of electropolishing, can overcome any static charge holding particles to the surface, and removes particles held in the
microscopic grooves because the process eliminates the grooves altogether. If electrochemical means are unavailable, a
combination of both mechanical and chemical cleaning can remove this contamination, but multiple iterations of each cleaning
process may be required based on the amount of contamination. Hand wiping surfaces with an alkaline cleaner is the least
expensive but the most labor-intensive process. For larger vessels that cannot be electropolished, another option is pressure
washing with alkaline chemistry. A single cleaning cycle of pressure washing is significantly shorter than a hand detailing cycle,
however pressure washing tends to require more total cleaning cycles and can end up resulting in a longer remediation. Itis
important to verify each cleaning process with a wipe test as described in the Inspection section, and if possible, conduct one after
heating the surface for the most confident release of any residual contaminant. Acid pickling has the chemical strength necessary to
remove these contaminants, though it is not recommended because it will etch finely polished surfaces. If the mechanical polishing
process that introduced this contamination was performed to meet a surface finish requirement, pickling the surface can resultin
the surface no longer meeting that specification, leading to further costly rework.

SUMMARY

Black dust contamination is best handled with a specific sampling process, comprehensive lab analysis, and determination of the
most cost-effective remediation. A well-defined, repeatable wipe test procedure reveals all the contamination comprising the black
dust plus also serves as a cleanliness verification once remediation is performed. The combination of SEM-EDS and FTIR analysis
confidently returns what the specific constituents of the black dust are and assists in determination of the root cause of
contamination. Depending on the amount and type of contamination analyzed, hand cleaning or pressure washing may be suitable
remediation techniques an end-user can self-perform, but electrolytic cleaning provides the highest guarantee of cleanliness so the
equipment can be commissioned into high purity service as soon as possible.



