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 Why counterfeits? 

 Why should we worry?  R40, side reactions, … 

Background 
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 History of R40 as refrigerant 

 Toxicity, flammability and known reaction products 

 Observed phenomenon in AC circuits 

 Procedures for safe refrigerant recovery 

 Proposal about procedure to deactivate reaction products 

 Observed effects in AC circuits 

◦ Metal parts 

◦ Seals, hoses, thermoplastic parts 

 Summary & conclusions 

 

Content 
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 Used in AC and refrigeration system up to the late 1930s  

 Several severe and fatal injuries have been documented 

 Typical composition of the current refrigerant 

counterfeit: 60% R22, 40% R40, traces of R142b, R30, … 
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Source: ACR News July 2011 

History of R40 as  
refrigerant & more 
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 First appearance as component of a refrigerant counterfeit observed 

in 2009 (southern Europe, public transport company) 

 Affected industries: reefer industry, automotive, refrigeration 

 Difficulties in analyzing and handling of  

contaminated systems 

 Source of the counterfeit still not safely known 

 

History of R40 as  
refrigerant & more 
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 Toxicological aspects: 

◦ LTEL:  50 ppm (below smelling “border”!!!) 

◦ LD50/1h:  8300 ppm 

 Raw estimated calculation: 

◦ Assumptions: 11 m³ passenger compartment, 2.4 kg counterfeit 
   R134a (= 1 kg R40) 

◦ Exceedances: LD50/1h: factor 5 (!!!) 

   LTEL:  factor 830 (!!!) 

 Further aspects from MSDS about R40 

◦ Carcinogenic, damaging to central nervous system 

◦ Self-contained breathing apparatus suggested 

◦ Tends to form explosive mixtures 

12TMSS-0062 

R40 – toxicity, 
flammability 
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 Halide flame test: 

◦ Sensitivity: ca: 350 ppm 

◦ Indicates all chlorinated substance 

 Refrigerant identifiers:  

◦ no safe detection possible due to 
measuring principle 
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R40 - analytics and  
known reaction products 
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 Tube detectors: 

◦ potential cross reactions unknown) 

 GC / MS (gas chromatography / mass spectrometry):  

◦ big effort, experience required 

◦ not available in the field 
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R40 - analytics and  
known reaction products 
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 Conditions under which TMA (trimethyl aluminum) can be 

formed in circuits are not all known 

 Several severe accidents known (explosions of circuits while 

being serviced, in operating and non operating states)  

             TMA suspected to play a role 

 Known effects: 

◦ Heavy corrosion especially of aluminum alloys 

◦ Decomposition of elastomer and thermoplastic parts 

 

Observed phenomenon 
in AC circuits 
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 Working hypothesis: 

◦ Intensity of formation of TMA depends on oil type (POE, PAG, PVE) – 

POE type oils are suspected of stimulation extensive TMA formation 

◦ Potentially, further components of the counterfeit refrigerant could be 

involved (eg. silanes) 

◦ TMA is highly flammable and tends to decompose when of traces of air 

and moisture are present 
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Observed phenomenon 
in AC circuits 
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 Condensing and keeping cool: 

◦ Establishing an oxygen free suction line on the service valves of the 

circuit (evacuating and purging with dry nitrogen) – 3-way system 

◦ Adapting an evacuated recovery vessel 

◦ Cooling the recovery vessel with dry ice and removing the refrigerant 

from the circuit through condensation 

◦ Purging the circuit with dry (!) nitrogen 

Procedures for safe 
refrigerant recovery 
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 Remarks:  

◦ Composition of the refrigerant in suspected circuit is not known 

precisely 

◦ Compressors in standard servicing equipment work with POE oils and 

are not protected against explosions 

ATTENTION: Risk of decomposition of TMA is not eliminated at 

this point. Possible existing amounts of TMA still need to be 

deactivated! Avoid air and moisture! 

 

Procedures for safe 
refrigerant recovery 
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 Foregoing consideration: 

◦ TMA can be deactivated with steric alcohols, but this procedure has bee 

tested in lab scale only 

◦ Reactivity of TMA strongly depends on temperature, moisture and air – 

depending on environmental temperature specific deactivator might be 

required 

How to deactivate 
TMA? 
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 Proposal (ATTENTION – keep safety distance): 

◦ Evacuate the circuit with a diaphragm pump and keep low pressure 

◦ Introduce deactivator using nitrogen 

◦ Monitor the circuit for increased temperature and increasing 

pressure – continue evacuation 

 Procedure only tested once – severe remaining risks 

◦ Is all TMA deactivated? 

 

How to deactivate 
TMA? 
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 Shown effects seen in a circuit with ca. 10% R40 and PAG oil 

◦ General corrosion of metal parts 

◦ High amounts of particles and residues  

◦ No flushing technology currently available 

Observed effects in  
AC circuits – metal parts 
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Observed effects in  
AC circuits – seals & hoses 
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 Shown effects seen in a circuit with ca. 10% R40 and PAG oil 

◦ Extrusion of O-rings observed – total failure 

◦ Hoses delamination 

◦ Effects strongly depend on R40 amount 

◦ ATTENTION: possible failure of suction line during operation 
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Summary and 
conclusions 
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 Currently not all chemical effects in contaminated circuit understood 

◦ TMA can be deactivated by lab scale procedures only 

◦ Possible further components of counterfeit refrigerants unknown 

 Especially AC circuits with POE oils have very high risk of forming TMA 

(electrically driven compressors / circuits!) 

 R40 affected AC circuit components are expected to be replaced completely 

 Cooperative research initiative to handle the risk sholud be considered 
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