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Preparation and characterization of activated carbon from anthracite powder
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Abstract

Supercritical water technology is used for improving porous properties of anthracite powder and three kinds
of activated carbon : commercial activated carbon, activated carbon from waste tires and activated anthracite.
Distilled water and hydrogen peroxide solution are used as a liquid medium in batch process supercritical water
treatment. The experimental variables are treatment time, chemical (NaOH and KOH solution) pre-treatment and
concentration of hydrogen peroxide solution.

The experimental results show that treatment time and chemical pre-treatment have little effect on the
porous properties of the anthracite powder. In case of using distilled water as liquid medium, a slight increase in the
surface area and mesopore volume is observed, while the micropore volume decreases. Moreover, the porous
properties of activated carbon decrease while the concentration of hydrogen peroxide solution increases. However,
it is clear that supercritical water treatment is only in some content effective for improving porous properties of
activated carbon.

In liquid-phase adsorption and supercritical water regeneration studies, phenol and organic dye Red 31, are
selected as the representative adsorbates. The steam activated anthracite powder is compared with a commercial
activated carbon. The results indicate that the obtained activated anthracite shows comparable phenol adsorption
capacity but much lower dye adsorption capacity than the commercial one. However, supercritical water
regeneration efficiency is remarkably high. The first/second regeneration efficiency of commercial activated carbon
and activated anthracite exhausted with phenol are 55/98 and 65/99 % and in case of Red 31 are 78/100 and
338/93 % with losses of activated carbon less than 4% per regeneration. Regarding successive regeneration of used
activated carbon, it is reasonable concluded that this regeneration using supercritical water technology is suitable for

treating exhausted activated carbon.
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Burn-off Vmeso Vmicro SBET
Sample

(%) (cm3/g) (cm3/g) (m2/g)

A750 10 (0.25) 30.12 0.078 0.145 312.58
A750 15 (0.25) 52.77 0.062 0.312 644.65
A750 25 (0.25) 60.01 0.240 0.422 941.39
A850 3(0.25) 37.81 0.047 0.311 694.72
AB50 4 (0.25) 44.46 0.027 0.289 655.13
A850 6(0.25) 72.41 0.287 0.635 1589.75
A950 0.20(0.25) 30.126 0.119 0.284 628.90
A950 0.40(0.25) 52.49 0.119 0.247 578.58
A950 1(0.250 60.40 0.169 0.418 1001.76
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M50 3.4.1 AUAUTAFWIUVINWAUTUALT AT, BIUFNTUANAIUN5I1TAAIY Supercritical water
ye o ' v @ da o w Y . ] o o
Taglmihnaunas nunuuaANHIUNS9188 90 Supercritical water laolda1sazainlalasisulosoon lad

A o o A =) A [ [ ~
Nﬂuhl‘UQLUﬂ"IS‘U"IUﬂVIQﬁM‘HQN 400 DU ALK ATNAY 360 ‘mszﬂunm 15 UM

AC. CAL AA WT

Properties CAL | WCAL | HCAL AA WAA HAA wT WWT | HWT

S, (m7g) | 820 778 792 679 691 321 641 669 51

Vieso €m/2) | 019 | 020 | 028 | 008 | 012 | 014 | 045 | 049 | 0.09

14

MICRC
s 0.38 0.35 0.35 0.30 0.32 0.13 0.25 0.27 0.001
(cm' /g)
VTOTAL
s 0.58 0.55 0.63 0.38 0.44 0.27 0.70 0.76 0.1
(cm'/g)

Vieso/Vior | 033 | 036 | 044 | 021 | 027 | 052 | 064 | 0.64 -

Yield (%) - 85.90 28.62 - 95.89 45.73 - 91.20 16.74
AC. =Activated carbon CAL = Commercial activated carbon (CAL carbon)
AA= Activated anthracite WT= Activated carbon from waste tires

Prefix “W'" = Supercritical water treatment by distilled water

Prefix “H'" = Supercritical water treatment by Hydrogen peroxide sotution (H,0:H,0,; 1:1)
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Activated carbon AA HAA(1:1) HAA@G3:2) HAA(6:2)
Syer (m'7g) 679 321 612 702
Vyeso (cm'/2) 0.082 0.138 0.119 0.178
Vyucro (€m/g) 0.307 0.129 0.270 0319

Yield (%) - 45.73 55.68 77.01

AA= original activated anthracite
HAA(1:1) = 15 % hydrogen peroxide solution
HAA (3:2) = 12 % hydrogen peroxide solution

HAA (6:2) = 7.5 % hydrogen peroxide solution
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