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Black Carbon Mixing State  

ÅEven freshly emitted black carbon (BC) is likely to 
have a coating of semi - volatile, non - BC material  

Å4ÈÅ ƧÍÉØÉÎÇ ÓÔÁÔÅƨƗ ÄÅÓÃÒÉÂÅÓ ×ÈÁÔ ÆÒÁÃÔÉÏÎ ÏÆ ÔÈÅ 
aerosol comprises non - BC material  

ÅTypical treatment of the situation is to use a 
core/shell model  

CORE/SHELL MODEL REALITY? 
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Current equipment Ƶ new method 

Single Particle Soot 
Photometer ( SP2)  

Centrifugal Particle  
Mass Analyzer  ( CPMA)  

Principle:  Mass:charge  
selection  

Data 
product:  

Total bulk 
particle mass (M P)  

Principle:  Laser - induced 
incandescence (LII)  

Data 
product:  

Single particle Black 
Carbon mass (M BC)  
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CPMA 

BLACK 
CARBON 

The coupled CPMA- SP2 
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SP2 

CHAMBER 

CONDITIONER 

Å Inverted methane burner  
Å Polydisperse  BC aerosol  
Å Very little non - BC material  

Å Dilution stage  
Å Dryer  
Å Thermal denuder x2  
Å Activated Carbon  

Å Step - scanned from 0.3 fg  to 60 fg  
Å Total particle mass  
Å Monodisperse* aerosol  

Å Single - particle BC mass  

*multiply charged  

Å Teflon bag  
Å Photo - oxidation with p - xylene  



Uncoated Black Carbon  
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Ǣ=1 

Ǣ=2 

Ǣ=3 
Ǣ=4 
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Ǣ=1 

Ǣ=2 

Ǣ=3 

Ǣ=? 

Å 60 fg  to 0.6 fg  
Å Multiply charged particles difficult to identify  
Å Distribution recovered with deconvolution  
Å Fredholm  integral equations  

Coated Black Carbon  
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BC mixing state  

Å Previous studies typically derive coating thickness  
 

Å However, as BC is highly fractal, semi -ÖÏÌÁÔÉÌÅ ƧÃÏÁÔÉÎÇƨ 
ÉÓ ÌÉËÅÌÙ ÔÏ ÆÉÌÌ ÖÏÉÄÓ ÁÎÄ ƨÐÒÏÃÅÓÓƨ "# 
 

Å For the first time, the mass of non - BC material can be 
directly and accurately measured:  
 

 
 

 

MCOATING = MCPMA -  MSP2 = MP Ƶ MBC 

Å Double integration results in both the total mass and BC -
mass concentrations, as a two - variable number distribution  

 
e.g.:  
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Two- Variable Number Distribution  

Å Uncoated, bare BC  
Mp = MBC 

Å BC coated with p -
xylene oxidation 
products over a 
number of hours  

Mp > MBC 
 

Å Fresh BC injected 
into chamber, co -
existing with 
coated BC  
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BC mass distributions  

Coating mass on black 
carbon particles  
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Total mass distributions  

Two populations of 
particles co - exist  
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Ambient BC mixing state in China  

The CPMA- SP2 system was deployed in central Beijing during 
November 2016 as part of a field campaign at the Institute of 
Atmospheric Physics, Chinese Academy of Sciences, Beijing  

 

 

 

 

 

 

 

 

 

 

 

The CPMA- SP2 system was operated in a fully automated fashion 
using Labview  code running on the SP2 computer  



Thursday  
14:00  

Friday  
08:00  
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Ambient BC mixing state in China  

Low Pollution  Medium Pollution  High Pollution  High Pollution  


