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Fig. 1 N, adsorption-desorption isotherms of the hemp
haulm-based activated carbons materials synthe-
sized at different carbonization temperatures
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Fig.2 DFT pore size distributions of the hemp haulm-based
activated carbons materials synthesized at different

temperatures
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Table 1  Physical properties of carbons materials derived from hemp haulm at different temperatures
- e W% L & T A MALFLA/ PLALE BALILE/ WAL/ LR

m? g ! cm? g ™! em’ g ™! cm? g ™! % nm
DMP300 300 37.06 829. 58 0. 40 0.07 0. 47 0.85 2.26
DMP400 400 36. 24 1319. 19 0.59 0.21 0. 80 0.74 2.41
DMP500 500 33.62 1325.73 0.58 0.25 0.83 0.70 2.49
DMP600 600 33.02 1117. 12 0.52 0. 14 0. 66 0.79 2.35
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Fig.3 Adsorption isotherms at 25 C of (a) methylene blue
and (b) methyl orange on hemp haulm-based activa-
ted carbon materials prepared at different carboniza-

tion temperatures. The curves are calculated using

the Langmuir equation
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Table 2 Parameters of the Langmuir and Freundlich equations for the adsorption of methylene blue (MB) and

methyl orange (MO) solution on hemp haulm-based activated carbon materials at 25 °C

Langmuir Freundich
Jekt B =
Qun/mgeg”" K /Lomg™! Ry, R 1/n Ky R
DMP300 314. 47 0.113 0.028 0.9987 0.172 122 0.9887
DMP400 471.70 0.327 0. 007 0.9995 0.192 188 0.8533
MB DMP500 434.78 0.162 0.014 0. 9995 0.252 124 0.9359
DMP600 420. 17 0.091 0.027 0.9996 0.297 91.5 0.9168
DMP300 227.79 0.143 0. 030 0.9987 0. 256 68.0 0.9117
DMP400 363. 64 0.269 0.010 0. 9996 0. 175 160 0. 8824
Mo DMP500 337.84 2.331 0.001 0.9992 0. 154 169 0.7848
DMP600 332.22 0.473 0. 006 0.9993 0.178 141 0. 8885
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Fig.4 Plots of ¢, —t at 25 C for methylene blue (MB) and methyl orange (MO) at different initial

mass concentrations over hemp haulm-based activated carbon materials
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Table 3  Kinetic parameters at 25 C for the adsorption of methylene blue solution on hemp haulm-based activated carbon materials
WE—2 gl J) 24 Jr B WE— 25l )1 24 Jr e
FE 5 p(MB)/mg-L ™!

kl/}f] R? kz/g-mg’]-h" h/mg-g~'+h~! R?
100 2.101 0.9733 0.0711 2723.6 0.9996
DMP300 150 2.227 0.9938 0.0412 2738.5 0.9993
200 0.394 0. 8940 0.0311 3159.6 0.9991

100 3.873 0.7936 0. 4644 4788.5 1
DMP400 150 1.174 0. 8795 0.0717 6060. 6 0.9993
200 0. 301 0. 8653 0.0428 18457 0.9998

100 1. 100 0.7925 0. 8947 1828.71 1
DMP500 150 0. 179 0. 8657 0.0817 4654. 8 0.9997
200 0.179 0. 9540 0. 0277 35502 0.9958
100 4. 686 0. 9509 0. 0882 3529. 4 0.9996
DMP600 150 3.723 0.9847 0.0708 4608. 3 0.9996
200 1.429 0.9652 0. 069 5137.0 0.9996

4 25 CHEAS IR i BTk e BT JRORR AT 15 1 ¢ 7 WY AR VAV TR Y Bl 1 2 S
Table 4 Kinetic parameters at 25 C for the adsorptlon of methyl orange on hemp haulm-based activated carbon materials
WE—2 8 Jy2 05 18 WE g3 2 r f2
K5 p(MB)/mg-L~!

k/h! R? ky/g-mg ' <h~! h/mg-g~'-h~! R’
50 0.434 0. 9660 0.0292 216.7 0.9933
DMP300 100 0. 464 0.9677 0. 0200 427.0 0.9949
150 0. 400 0.9843 0.0168 610. 4 0.9952
50 0.508 0. 9300 0.0411 377.7 0. 9984
DMP400 100 0. 286 0.9259 0.0222 563.7 0.9943
150 0.230 0. 8811 0.0192 813.4 0. 9940
50 0.429 0.9359 0. 0301 261.1 0.9978
DMP500 100 0.257 0.9384 0.0219 474.9 0.9919
150 0.179 0.7952 0. 0201 822.7 0.9983
50 0.4248 0.9262 0.0332 208.8 0.9928
DMP600 100 0.2418 0.9202 0.0232 466. 2 0.9939
150 0.198 0. 8023 0. 0204 754. 1 0.9984
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Adsorption studies of dyes on hemp haulm-based activated carbon

JIANG ZhiYin' YANG Ru'
LI HuiQin'

ZHANG JianChun'"?
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LI Min'
ZHANG Hua’

(1. State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical Technology, Beijing 100029 ;

2. The Quartermaster Institute of General Logistics Department of CPLA, Beijing, 100088, China)

Abstract: Hemp haulm has been used to prepare activated carbon samples by phosphoric acid activation at different

activation temperatures. The BET surface area and pore properties were characterized by using N, adsorption iso-

therms. Methylene blue (MB) and methyl orange (MO) were used to investigate the liquid adsorption of the hemp

haulm based-activated carbon materials. The results show that the BET surface area and mesopore volume initially

increased with increasing activation temperature , with the surface area reaching a maximum value of 1325. 73 m’/g

at 500 °C, and then decreased due to collapse of the structure. The adsorption equilibria of both dyes on the activa-

ted carbon materials were fitted to the Langmuir equation with the monolayer sorption capacity for MB and MO being

471. 698 mg/g and 363. 64 mg/g, respectively. The adsorption capacity is determined by the micropore volume,

dye molecule size and the surface force between the activated carbon and the dyes. The adsorption kinetics of the

dyes can be well described by the pseudo-second-order equation, and the adsorption rate of MB is higher than that
of MO.
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