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Why Solvent?
Cleans Machining Fluids
Low Surface Tension
Dries Completely
Low Residue
Runs Neat
Recyclable



What we need from a cleaning Process?
• Remove Soils from Parts

– Leave <acceptable range
• Enter and Exit Complex Geometries of our Parts
• Dries Completely
• Compatible with Materials and Equipment
• Compliant with Govt Regulations and Corporate EH&S

– Safe and nonpolluting



What we need from a Cleaning 
Process in GOX/LOX?

• Nonflammable/ Nonignitable
 Autogenous Ignition Temperature Testing 
 Mechanical Impact Testing

 Virtually NO Residue
 No residual cleaning agents/ soils



Solvent in GOX/LOX
 Cleans Machining Fluids
 Low Surface Tension
 Low Residue
Dries Completely

Compatibility with materials
× Nonflammable/ Nonignitable
× Compliant



NASA MSFC-SPEC-3709 – Standard



US Navy

Cover Sheet Final Sheet



DoD Cleaning Spec

MIL-STD-1330E(SH) 
16 May 2022 

DEPARTMENT OF DEFENSE STANDARD PRACTICE 
• PRECISION CLEANING AND TESTING OF SHIPBOARD OXYGEN, 

HELIUM, HELIUM-OXYGEN, NITROGEN, AND HYDROGEN SYSTEMS 



Timeline of Oxygen Device 
Cleaning Agents



Past



CFC-113
• Excellent Degreaser
• Suitable for use in GOX/ LOX
• Class 1 Ozone Depleting  Material
• Montreal Protocol of 1987

– Phase out Class 1 Chemicals by 2000



HCFC
• Excellent degreaser
• Suitable interim replacement for CFC-113 for use in 

LOX/GOX starting 1996
• Class II Ozone Depleting
• Clean Air Act VI bans production/ import of Class II ODS 

with exception of some refrigerants by 2015 
– Phase out existing Class II Chemicals by 2030



Current
Next Generation Solvents 1.0



HFCs
• Medium Grade Cleaner without trans-DCE
• Trans flammable without additives

– HFC Azeotrope with DCE and additives
• Not Class 1 or Class II
• High Global Warming Potential
• The American Innovation & Manufacturing (AIM) Act enacted in December 

2020 mandates a phasedown schedule of HFC production and imports 
through 2036 from baseline years 2011-2013. Beginning in 2024, 40% 
HFC’s will be removed from the marketplace, while by 2036 85% 
HFC’s will be removed.

• U.S. DoD, GSA and NASA issue a Final Rule; Use HFC Alternatives 
Whenever Feasible 



HFEs
• Poor Cleaner without trans-DCE
• Trans flammable without additives

– Forms Azeotrope with DCE and additives

• Not Class 1 or Class II
• Low Global Warming Potential
• No current Phase Out plans
• Major manufacturer 3M will exit manufacturing by 2025 
(if not before ?)



PFAS Considerations
• 3M issues letter December 2022 they will discontinue all 

PFAS products by 2025
• EPA evaluating PFAS for future restrictions
• Maine and Minnesota first states to enact PFAS 

restrictions
• Broadening definition

• Future PFAS Restrictions?
• Moving target
• Local and State Regulations may apply



HFOs
HFO’s are currently used to clean LOX Components and 
Breathable Oxygen Devices by NASA and the US Navy

• Extensive flammability testing by Marshall 
Space Flight Center, Stennis Space Center 
and White Sands

• Certified non-flammable by NASA: RPT STD-
8070-0001 

• Certified safe for breathable oxygen systems: 
MIL SPEC 1330

• Cytotoxicity and extensive health studies 
performed by the US Navy



What’s Next?
Next Generation Solvents 2.0



HFOs and HCFOs… We Believe
• Acceptable for GOX/ LOX

– Nonflammable
– Good solvency
– Dries well
– Low NVR

• Favorable Environmental qualities
– Not Class I or Class II
– Ultra Low GWP (<1)
– Ultra Low ODP (1)
– No HFEs, HFCs, or Bromides
– Not a HAP (Hazardous Air Pollutant)



Vacuum Degreasing / Modified Alcohol
• Good Cleaning process for polar and non-polar soils. 
• Cleans complex geometry 
• Parts exit clean & dry.
• Low Cost of Operations)
• Favorable EH&S

– No OZD, Not a HAP or PFAS
– Low GWP, High PEL
– No HFE, HFC, Nonhalogenated 

• Likely need flushing



Aqueous Cleaning
• Relatively High NVR

– ignition/ impact in OX system
– Likely need flushing

• More Challenging to Dry
• Diluted
• Waste Streams



Change Happens



Identify  Validate
• Compliant
• Prove acceptable for GOX/ LOX
• Prove compatible with all components
• Effective removal of soils
• Business considerations

– Current and future availability
– Cost of material/ process
– Future compliance



Future Compliance Considerations

• Ozone Depleting
• Global Warming
• HAP
• VOC
• PFAS
• PEL



AQUEOUS
TECHNOLOGY

SOLVENT
TECHNOLOGY

VACUUM
TECHNOLOGY



Questions and Contact Information
Ethan Mueller
KYZEN Midwest Regional Manager 
• Cell: (715) 571-6954
• Email: Ethan_Mueller@kyzen.com

mailto:Beth_Bivins@kyzen.com
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