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Texture and Hydrogen Adsorption of Activated Carbons Based on Hemp Stems
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Abstract: Hemp stems were used as raw materials and high-surface-area activated carbons were prepared through
chemical activation with KOH as active agent in different activation times. The sample was treated with HNOj; to study
the effect of surface modification on adsorption capacity. The properties of the resulting samples were characterized by
N, adsorption-desorption techniques and FTIR. Hydrogen storage capacities at 77 K and 100 kPa were also determined.
All samples obtain high surface areas(2 435.93~3 240.95 m*-g™) and total pore volumes(1.3~1.98 ¢cm’+g™). Both of the
surface area and total pore volumes increase with increasing activation time. As the activation time increase more than
3.5 h, both of the surface area and total pore volumes descend, which is due to the structure collapse. Pore size
distributions were nearly similar and show multimodal dominated by micropores smaller than 2 nm with a small amount
of meso/macropores. The maximum hydrogen uptake measured for the sample activated at 800 “C for 3.5 h reached
3.28wt%(in gravimetric). Hydrogen adsorption is controlled mainly by textural properties such as surface area and pore
volume. At 77 K, not only micropores smaller than 2 nm but also mesopores contribute to the hydrogen adsorption.

Treatment with HNO; lowered surface areas, total pore volumes and hydrogen adsorption capacities.
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Solid symbol presents adsorption and hollow symbol, desorption.

Insert: semi-logarithmic scale isotherms.
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Fig.1  Nitrogen adsorption-desorption isotherms on
synthetic activated carbons prepared in

different activation times
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Fig.2 Local nitrogen adsorption-desorption isotherms
on synthetic activated carbons prepared in

different activation times
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Table 1 Texture parameters deduced from N, adsorption isotherm at 77 K on samples prepared under

different activation conditions

N, 77 K
o, method H, Uptake* /

Sample 1D Seer / Vil

) S ! Seat / Vi / Ve | wt%
(em?+ g™ (em?®-g™)
(m’-g™) (m?-g™) (em’g™) (em’-g™)

DM-2 243593 1.30 2418.74 16.26 1.25 0.05 2.84
DM-3 2933.82 1.60 2786.77 105.25 1.46 0.14 2.97
DM-3.5 3240.95 1.98 3033.61 207.34 1.63 0.42 3.28
DM-4 3077.63 1.73 2871.24 134.12 1.57 0.16 3.18
DM-4.5 2537.87 1.38 2497.69 73.31 1.29 0.09 2.98
DM-3.50X 254343 1.35 2477.59 65.41 1.23 0.12 2.73
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Table 2 Comparison of texture parameters deduced in DFT method on samples prepared

under different activation conditions

DFT method

Sample 1D V et o | Vi am | Vi ! Pore size /
(em+g) (em™-g) (cm’g™) nm
DM-2 0.43 0.88 0.22 2.13
DM-3 0.24 0.81 0.55 2.19
DM-3.5 0.22 0.78 0.75 2.45
DM-4 0.21 0.79 0.70 2.25
DM-4.5 0.35 0.84 0.33 2.18
DM-3.50X 0.35 0.80 0.35 2.13
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parameters (b) of synthetic activated carbons
and their hydrogen uptakes as a function of

activation times. The H, uptake is from Table 1
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