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Argonne HPR system 

Contamination



Problem 
• Upon removal of the filter that is at the 

bottom of the spray nozzle for the 

Argonne HPR System a Brown 

Contaminant was found

• Additional filter was added after high 

pressure manifold. New manifolds were 

manufactured and installed.

• After running of 1500 gallons of DI water 

through the additional filter in Argonne 

HPR system with Pump On filter color 

changed. Filter that is at the bottom of 

the spray nozzle stays white.





HPR system in Argonne



HPR system in IB4



New versions of manifolds were made in September 
2009 by Holland Applied Technologies.



Supplier manufacturing drawing



Weld log with 

inspection report



Weld acceptance / rejection criteria 

ASME BPE-2005, Bioprocessing equipment



Material certificates



Manifolds were electropolished and passivated by ABLE Electropolishing



Pump certificates



ASTM A 380-06 Standard Practice for Cleaning, Descaling, 

and Passivation of Stainless Steel Parts, Equipment, and 

Systems.

ASTM A 967 Chemical Passivation Treatments for 

Stainless Steel Parts

ASTM A380 covers recommendations and precautions for 

cleaning descaling, and passivating of new stainless 

steel parts, assemblies and installed systems. More in 

“Surface Cleaning, Finishing, and Coating” ASM Metals 

Handbook.

• Design

• Precleaning

• Descaling

• Cleaning/Passivation

• Inspection





Additional filter was installed before low pressure 

manifold. No filter discoloration after 95 hours of HPR at 

2.5 g/min (14250 gallons at 1350 psi) . 



Suspected Contaminant Source -

Microbiologically Influenced Corrosion

Microbiologically Influenced Corrosion is a is corrosion 

caused or promoted by microorganisms. It can apply to 

both metals and non-metallic materials.



Iron-related bacteria Sulfate Reducing Bacteria

MIC-related bacterial growth typically occurs in systems within specific temperature ranges, 

depending on the type of bacteria; an “ideal” range is often reported as 4° to 49°C. Bacterial 

growth typically hibernates below 4°C. Some types of bacteria favor other temperature ranges; 

for example, most common strains of SRB grow best at 25° to 35°C. A few thermophillic types 

of SRB grow more efficiently at more than 60°C, and one type is capable of growing at more 

than 100°C. While MIC more favorably grows in their typical temperature ranges, growth in 

other temperature ranges should not be discounted. MIC has been found in extremely cold 

environments such as freezers or piping systems of Alaskan villages north of the Arctic Circle.



Environmental Microbiology Lab test
We have send contaminated and clean filter to EMSL lab for detection 

of bacteria known to cause or accelerate corrosion in stainless steel.

•Sulfate Reducing Bacteria chemically reduce sulfates to sulfides, 

producing compounds such as hydrogen sulfide (H2S), or iron sulfide 

(Fe2S) in the case of ferrous metals.

•Iron-related bacteria are bacteria that derive the energy they need to 

live and multiply by oxidizing dissolved ferrous iron.

•Slime-Forming Bacteria is the name given to bacteria that are able to 

produce copious amounts of slime. These are commonly seen as 

condensed cloudy/plate-like growths suspended in the liquid medium, 

gel-like rings (around the ball) or globular/swirl forms of slime in the 

basal cone. 



Bacteria detection test results



Basic Material ID Anallyses

Stereomicroscope image (10x) PLM image (150x) of the material from the 

contaminated filter sample showing color and 

morphology



Basic Material ID Analyses

SEM/EDX elemental analysis of the material from the sample filter. The combination of 

iron (Fe), nickel (Ni) and chromium (Cr) is indicative of stainless steel oxides. The 

combination of phosphorous (P), sulfur (S), potassium (K), sodium (Na) and Magnesium 

(Mg) are indicative of salts and other minerals. The combination of aluminum (Al) and 

silicon (Si) and oxygen (O) may indicate clays or grinding/polishing compounds. The 

high percentage of carbon (C) may me from a biological source such as bacteria, mold, 

or algae.



Stainless steel residual contaminations



Old manifolds internal surface inspection

Weld quality not acceptable, pits, Heat tint, rough surface.



Pitting corrosion or Weld Metal Defect 

(C.Cooper)



Pitting corrosion or Weld Metal Defect 

(C.Cooper)



Pitting corrosion or Weld Metal 

Defect (C.Cooper)

SEM Image of Stainless Steel 

Corrosion Pit from

PMET’s Materials 

Characterization Laboratory



EDS Analyses of Argonne 

manifold defect done by C.Cooper

EDX Analysis of Corrosion 

Pit from PMET’s Materials 

Characterization Laboratory

S Cl Cr Fe Zn

3.80% 1.10% 3.40% 89.50% 2.10%

Spectrum In stats. C O Cr Fe Ni Mo Total 

Spectrum 1 Yes 2.51 1.4 20.2 63.2 10.5 2.3 100

Spectrum 2 Yes 4.22 3.2 19.2 62.9 10.5 100

Max. 4.22 3.2 20.2 63.2 10.5 2.3

Min. 2.51 1.4 19.2 62.9 10.5 0



Control of passive layer

Renewable contamination source



SUMMARY: 

•Rig system and fill with high purity water; 

•Establish circulation and inspect for system integrity; 

•Formulate cleaning chemistry; 

•Circulate cleaning chemistry at temperature; 

•Adjust pH of cleaning chemistry; 

•Drain and rinse system with high purity water; 

•Fill system with high purity water and formulate passivation chemistry; 

•Circulate passivation chemistry at temperature; 

•Adjust pH of passivation chemistry; 

•Drain and rinse system with high purity water to achieve conductivity 

parity; 

•Perform final inspection and return system to starting configuration.

High Purity Systems 

Cleaning and Passivation



Benefits of Passivation

Average composition of 

316L stainless steel

Ratio of chrome to iron in the base metal 

is 0.24. By chemically treating the surface 

of the stainless steel, such that iron is 

removed, then the ratio of chrome to iron 

is increased.

With a good passivation procedure,

elemental chrome to iron ratios in the 

range of 0.75 to 2.0 can be attained. 

Reducing iron content at the surface, 

while leaving chrome, results in a 

"chromium rich“ surface, which is less 

likely to form corrosion products. The 

"chromium rich" or passive layer is found 

to be extremely thin - not more than 50 

angstroms in depth.



Stainless steel corrosion in High Purity Water Systems



Stainless steel corrosion in Argonne HPR system 



MINNCARE® COLD STERILANT (EPA Reg. No. 52252-4)

Current maintenance procedure:
1. Sanitize with 1 – 2% Minncare solution every 12 month

2. Replace first filter every month, second filter every 6 

month.

3. Rinse with DI water



Next steps

• Inspect internal surfaces of pump heads and manifolds 

at Argonne for signs of corrosion or surface 

contamination.

• Clean and passivate both manifolds and High Pressure 

pump heads on-site or off-site if needed.

• Coat internal surfaces with Tantaline solution (surface 

alloy technology that create an extremely rugged, 

uniform, inert and corrosion resistant tantalum surface).*

*No indication that HPR system is degrading cavity 

performance.


