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Method 25 Non-Methane Organic Carbon 
(NMOC) 

•  Rapid	
  measurement	
  of	
  organics	
  in	
  emissions	
  
•  Separate	
  CO2,	
  CO	
  and	
  Methane	
  from	
  C2+	
  
•  Retain	
  C2+	
  on	
  packed	
  columns	
  
•  Backflush	
  C2+	
  off	
  as	
  a	
  “single”	
  peak	
  
•  Direct	
  to	
  OxidaKon	
  Catalyst	
  for	
  conversion	
  to	
  CO2	
  

•  Then	
  to	
  ReducKon	
  Catalyst	
  for	
  generaKon	
  of	
  
Methane	
  and	
  then	
  to	
  FID	
  



Need for Enhanced Detection 

•  Gas	
  Turbine	
  Generators	
  with	
  natural	
  gas	
  fuel	
  
produce	
  very	
  low	
  organic	
  emissions	
  

•  Current	
  methods	
  cannot	
  measure	
  accurately	
  
•  Exhaust	
  can	
  oQen	
  exceed	
  1	
  million	
  scfm	
  
•  High	
  flow	
  rate	
  yields	
  huge	
  total	
  NMOC	
  
•  Mandates	
  detecKon	
  below	
  1	
  ppmCarbon	
  



History of Method 25 

•  Developed	
  in	
  late	
  1970	
  as	
  SCAQMD	
  Method	
  
25.1	
  

•  Adopted	
  by	
  EPA	
  as	
  Method	
  25	
  in	
  Federal	
  
Register	
  in	
  early	
  1980s	
  

•  Modified	
  by	
  South	
  Coast	
  AQMD	
  for	
  lower	
  
detecKon	
  to	
  1	
  ppmCarbon	
  in	
  2000	
  

•  Proposed	
  modificaKon	
  to	
  lower	
  detecKon	
  to	
  	
  	
  
<	
  0.01	
  ppmCarbon	
  



Similarities to Method 25.3 

•  SeparaKon	
  of	
  O2,	
  methane,	
  CO,	
  CO2	
  and	
  
water	
  from	
  NMOC	
  

•  Fixed	
  volume	
  sample	
  loading	
  
•  Conversion	
  with	
  OxidaKon	
  Catalyst	
  
•  Conversion	
  with	
  ReducKon	
  Catalyst	
  
•  DetecKon	
  by	
  FID	
  



Differences from Method 25.3 

•  DetecKon	
  to	
  <	
  0.01	
  ppmCarbon	
  
•  Inclusion	
  of	
  C2s	
  in	
  NMOC	
  
•  Large	
  volume	
  sample	
  loading	
  -­‐	
  100+	
  ml	
  	
  
•  Adsorbent	
  trap	
  -­‐	
  temperature	
  programmable	
  
•  MulK-­‐layer	
  carbon;	
  No	
  Tenax	
  
•  Cryofocus	
  trap	
  -­‐	
  temperature	
  programmable	
  



Maximum Incremental Reactivity 
for C2s and Propane 

Analyte	
   MIR	
  

Ethane	
   0.21	
  

Ethene	
   9.08	
  

Ethyne	
   1.25	
  

Propane	
   11.58	
  



Trapping of Ethane and Propane 
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FID Response versus Flow Rate 
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Rejection of 85% Methane 
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Evacuate	
  Sample	
  Loop	
  

Vacuum	
  



Sample	
  

Load	
  Sample	
  Loop	
  

Vacuum	
  



Nitroge
n	
  

Load	
  Absorbent	
  Trap	
  

Adsorbent	
  
Trap	
  

Vent	
  

O2,	
  
Methane,	
  

CO,	
  
CO2,water	
  



Heat	
  Absorbent	
  Trap	
  and	
  transfer	
  to	
  Cryo	
  Trap	
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Heat	
  Cryo	
  Trap	
  	
  
and	
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  to	
  Catalysts	
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3 ppbCarbon Propane Comparison 

Modified	
  
Approach	
  

100	
  ml	
  Loading	
  

Method	
  25.3	
  
1	
  ml	
  Loading	
  



Experimental Conditions 

•  Bruker	
  SCION	
  456	
  with	
  FID	
  
•  MulK-­‐bed	
  adsorbent	
  trap	
  

–  IniKal	
  temperature:	
  30	
  oC,	
  ramp	
  to	
  200	
  oC	
  

•  Cryofocus	
  trap	
  
–  IniKal	
  temperature:	
  -­‐180	
  oC,	
  ramp	
  to	
  200	
  oC	
  

•  ConvenKonal	
  column	
  oven:	
  150	
  oC,	
  isothermal	
  



Experimental Conditions 

•  OxidaKon	
  catalyst	
  
– Chromia	
  on	
  Alumina,	
  6”,	
  1/8”	
  at	
  650	
  oC	
  

•  ReducKon	
  catalyst	
  
– Nickel	
  nitrate	
  on	
  Chromosorb	
  GAW	
  	
  

•  Flame	
  ionizaKon	
  detector	
  
– Temperature:	
  150	
  oC	
  
– Range:	
  12	
  
	
  



Carrier Gases 

•  Must	
  be	
  extremely	
  pure	
  
•  Helium	
  

–  Lower	
  FID	
  response	
  
–  Geing	
  hard	
  to	
  get	
  

•  Argon	
  
–  Best	
  FID	
  response	
  
–  Freezes	
  out	
  in	
  Cryo	
  Trap	
  at	
  -­‐180	
  oC	
  

•  Nitrogen	
  
–  OK	
  FID	
  response	
  
–  Can	
  get	
  pure,	
  <0.01	
  ppmV	
  THC	
  
–  Needs	
  hydrocarbon	
  filtering	
  
	
  



Hydrocarbon Contamination 
and Carryover Cures 

•  All	
  lines	
  and	
  loop	
  conKnuously	
  purged	
  
•  N2	
  flows	
  filtered	
  aQer	
  pneumaKcs	
  
•  All	
  valves	
  and	
  interconnecKng	
  tubing	
  
heated	
  

•  High	
  flow	
  transfer	
  from	
  loop	
  to	
  trap	
  
•  Vacuum	
  pull	
  on	
  sample	
  loop	
  when	
  idle	
  

	
  



Cartesian Plot of Calibration 

R²	
  =	
  0.99831	
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Semi-log Plot of Calibration 
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Summary 

•  OxidaKon	
  catalyst:	
  >	
  99%	
  conversion	
  
•  ReducKon	
  catalyst:	
  >	
  95%	
  conversion	
  
•  DetecKon	
  down	
  to	
  0.007	
  ppmCarbon	
  
•  Linear	
  from	
  0.03	
  to	
  >29	
  ppmCarbon	
  
•  Typical	
  Carryover:	
  0.1%	
  
•  Near	
  complete	
  rejecKon	
  of	
  Methane	
  
•  Includes	
  C2s	
  

	
  



Contact Information: 
 
  Lotus Consulting - 310/569-0128 
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