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INTRODUCTION
Recirculating range hoods use activated-carbon filters to reduce cooking odours and VOCs. Nitrogen adsorption on shredded filter samples characterizes accessible surface area and pore structure, but it does not show how the 
carbon is distributed on its supporting mat or how the complete filter performs under flow. We therefore measure the working adsorption capacity of intact filter cartridges by monitoring the outlet concentration of methyl ethyl 
ketone (MEK), a model VOC, in real time with PTR-MS. We then compare this capacity with the pore measurements to examine how both material properties and filter architecture relate to performance.

MATERIALS & METHODS
SAMPLES: Six homogeneous reference mats and 18 industrial filters with different architectures.
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The Liquid Calibration Unit (LCU) generates MEK gas at a known inlet concentration (Ci = 1000 mg/m³).
The gas passes through the filter in its original cartridge; proton-transfer-reaction mass spectrometry (PTR-MS) 
continuously measures outlet MEK concentration (Cout).

The filter is shredded and placed in a porosimeter, where it adsorbs N₂ at 77 K. Its uptake at different relative 
pressures produces an adsorption isotherm.
A Brunauer–Emmett–Teller (BET) fit gives the monolayer capacity used to calculate SSA. Near-saturation uptake 
estimates total pore volume; a t-plot estimates micropore area and volume.

RESULTS
A  |  Breakthrough time (tBT ) and working capacity (Cads ) B  |  Specific surface area (SSA) and pore structure
Example: PU3 filter sample, three replicate tests · outlet MEK concentration over time Nitrogen adsorption isotherms · Industrial filters 8–13

Ci ≈ 1000 mg/m³  ·  inlet MEK
CBT = 0.10 mg/m³  ·  chosen Cout threshold
tBT = 111.1 min  ·  mean of three tests
Q = gas flow rate;  m = filter mass

The six curves show different industrial filter samples (8–13): polyurethane 
mats (8–10) and nanosphere mats (11–13).
The red boxes illustrate analysis regions. Near-saturation uptake is used to 
estimate total pore volume.

C  |  Adsorption capacity (Cads) versus specific surface area (SSA)

REFERENCE MATS

Each reference sample represents a distinct 
carbon–mat configuration: one activated-carbon type 
on a uniform, relatively dense support. Diamonds 
mark sample means; error bars show ± SD. Capacity 
rises nearly linearly with SSA (dashed fit, R² = 
0.923).

INDUSTRIAL FILTERS 1–18

Each number identifies one industrial filter; colors 
group filters of the same type, including products 
from different suppliers. At comparable SSA, their 
capacities are more scattered and some fall below 
the reference trend. Filters 11–13 contain high-SSA 
nanosphere carbon on sparse, perforated mats and 
show low working capacity.

CONCLUSIONS
• The filter material's specific surface area (SSA) alone cannot explain working capacity across filter configurations.
• PTR-MS breakthrough tests on intact filters reveal performance differences missed by pore measurements.
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Cads ≈
(Ci − CBT) · Q · tBT

m

BREAKTHROUGH TIME
As the filter loads, more MEK appears at 
the outlet. We set breakthrough at Cout = 
0.10 mg/m³ and read tBT where each curve 
crosses this threshold. The equation below 
combines that time with inlet 
concentration, gas flow and filter mass to 
estimate working capacity.

FROM ISOTHERM TO PORE 
METRICS
BET models multilayer N₂ adsorption. A 
fit estimates monolayer capacity, used to 
calculate SSA. Uptake near saturation 
gives total pore volume; the t-plot gives 
micropore area and volume.

1  REFERENCE MATS  Capacity rises with SSA in homogeneous mats (R² = 0.923).
2  INDUSTRIAL FILTERS  Many have lower capacity than the reference trend at similar SSA.

FORMULA TERMS

BET fit → monolayer → SSA Near saturation → total pore volume

• Homogeneous reference mats provide an SSA–capacity benchmark; filters with different geometries can fall below it.

REFERENCE MATS · PORE METRICS

Mat Micro area
m²/g

Total pore
cm³/g

Micro vol.
cm³/g

SSA
m²/g

PE1 117 0.220 0.050 219

PU3 387 0.200 0.150 447

PU2 591 0.280 0.240 659

PU1 632 0.330 0.250 741

NS2 871 0.410 0.350 964

NS1 913 0.430 0.360 1011


