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1. Understand the flame in miniCAST
- principle

• Soot formed in a well controlled flame

• Growth of soot particle

• Soot stabilized by N2 as quench gas

• Dilution
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1. Understand the flame in miniCAST
- soot from a fuel-lean flame 

Fuel-lean flame by diluting the fuel gas

increasing temperature

Quench gas with constant 
value set by manufacturer

soot

Recommended way to
generate soot with high
EC content.
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Air Air

1. Understand the flame in miniCAST
- soot from a fuel-lean flame 

Fuel-lean flame by diluting the fuel gas

increasing temperature

Quench gas with constant 
value set by manufacturer

soot

Recommended way to
generate soot with high
EC content.
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T = 123 °C N2
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GMD = 30 nm

Air Air

1. Understand the flame in miniCAST
- soot from a fuel-lean flame 

Fuel-lean flame by diluting the fuel gas

increasing temperature

Quench gas with constant 
value set by manufacturer

soot

Recommended way to
generate soot with high
EC content.
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Soot free combustion

1. Understand the flame in miniCAST
- soot from a fuel-rich flame 

Fuel-rich flame by reducing the air flow Declining temperature

Quench gas with constant 
value set by manufacturer

soot

Rich of unburned fuel
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Air Air

T = 90 °C 

GMD = 100 nm

1. Understand the flame in miniCAST
- soot from a fuel-rich flame 

Fuel-rich flame by reducing the air flow Declining temperature

Quench gas with constant 
value set by manufacturer

soot

Rich of unburned fuel
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Air Air

Bimodal size distribution 

T = 70 °C 

1. Understand the flame in miniCAST
- soot from a fuel-rich flame 

Fuel-rich flame by reducing the air flow Declining temperature

Quench gas with constant 
value set by manufacturer

soot

Rich of unburned fuel
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N2

C3H8Air Air

Air Air

T = 52 °C 

GMD = 30 nm

1. Understand the flame in miniCAST
- soot from a fuel-rich flame 

Fuel-rich flame by reducing the air flow Declining temperature

Quench gas with constant 
value set by manufacturer

soot

Rich of unburned fuel
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2. Map of the CAST soot
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2. Map of CAST soot 
- EC / OC ratio of CAST soot
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Conclusions

➢ Source of BC-like particles in a broad size range even without the use of a 
volatile particle remover. 

➢As model aerosol for the calibration of engine exhaust CPCs and different 
equivalent BC measuring instruments.

➢ Support for studies of atmospheric aerosols and calibration of BC mass 
instruments used for regulatory measurements of engine emissions.

5301 C (commercial type) 
5201 BC (proto type)
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Instead of 7 l/min
preset by JING

Incorrect operation!
Quench gas flow of 7 L/min preset by JING was 
changed to 3 L/min by author.

Causing: 
- insufficient quenching of the flame
- insufficient dilution of exhaust gases in the 

very first moment of quenching followed by 
excessive condensation of OC on particles

- insufficient stabilization of the soot

Device: miniCAST 5201C
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Find the operation points in the cookbook of CAST 

rich

lean

# 1

# 2 # 3 # 4

# 7# 6

# 5

= estimated

Device: miniCAST 4201 + Mass flow control = miniCAST 5201C



JING Ltd. Switzerland, www.sootgenerator.com

Combustion Aerosol Standard

Find the operation points in the cookbook of CAST 

rich

lean

# 1

# 2 # 3 # 4

# 7# 6

# 5



JING Ltd. Switzerland, www.sootgenerator.com

Combustion Aerosol Standard

• High reaction temperature

• … enhenced carbonisation

High EC content in the size range below 30 nm needs

4. Models of miniCAST generating high EC
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• Stoichiometrically sufficient oxidation air flow

– quick dehydration of HC and accelaration of the soot formation

• Lean fuel by mixing N2 or Air into C3H8

– both: surpression of soot formation by diluting the fuel gas.

– both: prevents soot particles from agglomeration 

– air: oxidation of soot particles

• Extended flame height

– longer retention time

4. Models of miniCAST generating high EC
- Implementation in CAST
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6301C 5301C 5303C 5304C

Number of flame 1 flame 1 flame 3 flames 4 flames

Fuel consum. (ml/min) 25 60 160 250

Flame height (mm) 16 42.5 40.5 40.5

Fuel-lean flame    

Size range [nm] 8-200 8-200 8-200 8-200

4. Models of miniCAST generating high EC
- lastest models
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4. Models of miniCAST generating high EC
- GMD of soot particle from miniCAST 6300 and 5300
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down to the size range below 10 nm

4. Models of miniCAST generating high EC
- GMD of soot particle from miniCAST 6300 and 5300
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4. Models of miniCAST generating high EC
- GMD of soot particle from miniCAST 6300 and 5300



JING Ltd. Switzerland, www.sootgenerator.com

Combustion Aerosol Standard

4. Models of miniCAST generating high EC
- older models

6204C 5201C 5203C

Number of flame 1 flame 1 flame 3 flames

Fuel consum. [ml/min] 25 60 160

Flame height [mm] 16 42.5 40.5

Fuel-lean flame (N2)   

Size range [nm] 20-200 20-200 20-200

Series 4200 Series 5200Series 6200
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5. Statility and reproducibility

Relative deviation
Intraday: GMD < 1.5 nm difference,

Conc < 5 % difference
Day to day: GMD < 2%,

Conc < 10%

http://upload.wikimedia.org/wikipedia/commons/f/f3/Flag_of_Switzerland.svg
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6. Conclutions

1. miniCAST models are able to deliver high level EC/OC ratios of soot 
in a wide size range, including 10 and 23 nm.

2. Use of a volatile particle remover is not compelling or unnecessary

3. Very good stability and repeatability

4. With real soot particle as standard we are forearmed for any future 
upcoming soot related topics that are not yet recognized as relevant 
nowadays.

5. miniCAST models all together cover a wide range of soot mass 
output that meets different demands of particle measurement.
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Thank you for your attention!

Q&A
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