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Abstract

After a high pressure rinse (HPR) of a 9-cell cavity, located at Argonne, an oil-like substance and brown residue were found in the system manifold and on the seals and an end flange connected to the cavity.  Initially to be taken as oil contamination of the HPR, the contaminated seals were sent to the Superconducting Radio Frequency (SRF) Group of Technical Division at Fermilab to perform microscopy and characterize the stained, wetted surfaces.  Upon investigation the contaminated surfaces contained dispersed nodules and a film-like flaking substance.  EDS revealed that the organic nodules were in fact microbes resulting from Microbiologically Influenced Corrosion (MIC) that occurred throughout the HPR.  Though further research has not been taken to characterize the flakes, it is possible that the stains resulted from oil contamination or a biofilm created during MIC.

INTRODUCTION
Through the HPR facility located at Argonne, niobium RF cavities receive a high pressure water rinse after chemical polishing to clean cavity interiors for ultra-clean, ultra-high vacuum operation [1].  The rinse cycle is complete with two rinse passes followed by a leak check.  During the initial rinse there is no hardware connected to the cavities. Once the flanges, seals, and caps are installed, Fig. 1, a final rinse is conducted to remove particulate created during the assembly.
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Figure 1: Complete HPR set-up with installed hardware.

After the cavity was filled with DI water in preparation for the leak check, oil and a brown residue were discovered on the end seals and end flange such as that on the seal sample in Fig. 2. 
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Figure 2: Al-Mg seal with brown residue on the inner wetted surface.

Initially the residue was considered to have arrived from an oil leak in the HPR manifold. In order to characterize the residue, the Al-Mg seals were sent to the Fermilab Technical Division-SRF to provide analyses of the seals with scanning election microscopy and energy dispersive x-ray spectroscopy.

rESULTS
Scanning Electron Microscopy (SEM) was performed on the Al-Mg seals with a JSM Jeol 5000.  The wetted surfaces of the contaminated seals were characterized using Energy Dispersive X-Ray Spectroscopy (EDS), where areas that contained stains and flaking were the main focus for characterization.
Flakes
Upon surface inspection of the seal there were areas with thin flakes and fibrous nodules. When these large stains were viewed at a higher magnification, it seemed as though flakes had formed.  Though the substrate was conductive, the flakes had a charging effect which led to the idea that the flakes were an organic material.  Fig. 3a&b revealed that the flakes formed a near-90° angle and were very light.  After two weeks the seal was microscopically analyzed again and displayed that a much larger area of the stains were consumed by this flaking appearance, Fig. 3c&d.  
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Figure 3: (a) Large stains with flake formation at a magnification of 100x, (b) Flakes at magnification of 900x, (c) New flake formation after 2 weeks at magnification of 120x, (d) New flakes at magnification of 550x. 

Through EDS and elemental mapping on the stained and fibrous areas, the elements found were Al, Mg, C, O Si, Ag, Th, Cl, P, and S, Fig. 4.  The flakes were so thin that further characterization could not be performed at higher magnifications without being overshadowed by the large Al peak in the spectrum.
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Figure 4: EDS spectrum of flakes.

Fibrous Nodules

Aside from the larger stains, which contained flakes, all other stains displayed no separate characteristic from the substrate except its coloration.  The stained areas had no raised surfaces and BES revealed nothing out of the ordinary.  As seen in Fig. 5a there were nodules that were considered to be microbes and bacteria.  These nodules had large fibrous veins and were scattered throughout the wetted surface.  EDS revealed the elements Al, Mg, C, O, Si, and Ag, Fig. 5b.  Once again, even at a high magnification the nodules were overwhelmed by the amount of Al and appeared to be charging.
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Figure 5: (a) Fibrous nodule at magnification of 650x, 

(b) EDS spectrum of fibrous nodule.
DISCUSSION

Other cleaning methods were sought out to remove the residue.  Since the residue was considered to be oil-based, a large contaminated seal was placed in an ultrasonic bath for 15 minutes at 120-130°F.  The ultrasonic bath consisted of ultrapure water (UPW) and Liquinox (Sodium dodecylbenzenesulfonate).  Liquinox is an anionic liquid detergent that is a corrosion inhibitor [2].  SEM and EDS data revealed the stains to have carbon signatures and so further testing was performed to reach the appropriate characterizations.

Although it was originally hypothesized that the stains were from an oil leak, the results proved that the stains were due to microbiologically influenced corrosion (MIC).  The reaction between the microbes and stainless steel can cause or influence other corrosion processes of additional metallic materials in the system [3].  MIC results when water remains in stainless steel components or piping systems after hydrostatic testing [4].  Fig. 6 displays microbe nodules on the large stainless steel end flange that was removed from the top of the cavity after the leak check.

[image: image6.png]



Figure 6: End flange with microbe nodules.

With the discovery of MIC, after the seal was placed in the ultrasonic bath, it is possible that the corrosion inhibited formula of the Liquinox could have reacted with the contaminant.  Upon viewing the wetted surface of the larger sectioned seal, Fig. 7, the flakes appeared quite different from that of the smaller seal. Most of the surface had charged material with an oxide appearance which spalled and resulted in an abundance of surface debris, Fig 8a.  The flakes of this sample take on a structured order, as can be seen in Fig. 8b.  The thin film also takes on the characteristics of a coating in that the raised areas of debris, grit, and machining can be seen.  According to Borenstein, the instant a metallic surface is immersed in water, a biofilm begins to form since microbes are ever present in water [4].  It is possible that the flakes are the result of oil or a biofilm, but no further research has been performed to support this specific claim.
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Figure 7:  Section of large Al-Mg seal with wetted, inner surface.
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Figure 8: (a) Oxide-like appearance at magnification of 200x, (b) Structured-order flakes at magnification of 190x.
cONCLUSION

During disassembly of the hardware, when the residue and oil was found, the HPR manifold was also disassembled to locate the origin of contamination.  It was found that a bacterial residue had formed on the stainless steel pump heads that were connected to a 2-piece Teflon diaphragm.  After looking into related research problems, microbiologically influenced corrosion (MIC) of the stainless steel, which caused contamination of the seals.  The oil, which is organic, served as a food source where the bacteria fed on the Fe and bad welds.  With the pipes under a high pressure, the microbiological particulates were carried through the water to the Al-Mg seals and the end flange.  Based on the results and literature support, the original hypothesis was deemed false as the stains were originally considered to be an oil residue.  
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