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Abstract

Highly porous activated carbon was prepared from sugar-mill bagasse by chemical activation with
phosphoric acid in a tubular furnace. Effects of preparation conditions including, chemical-to-precursor
ratio, time and temperature of activation on the porous properties of activated carbon were investigated.
The maximum in BET surface area of 1,574 m?/g of carbon was achieved with a chemical weight ratio of
1:1, and time and temperature of 120 min and 400°C, respectively. The potential use of the prepared
activated carbon for the removal of chromium (VI) from potassium dichromate solution was studied.
Maximum removal efficiency of chromium (~82%) by adsorption at 30°C occurred at pH 2.5, where the
oxyanion HCrO', was the dominant adsorbed species. The adsorption capacity of chromium was favored
by an increase in the adsorption temperature over the range of 30 - 40°C. Langmuir type of adsorption
isotherm was found to fit the adsorption of chromium by activated carbon reasonably well. The adsorption
kinetics of chromium from solution can be best described by the second-order rate model, with the value
of the rate constant being 11 x 10° g/mg-min.

Keywords: Activated carbon, chemical activation, chromium removal, adsorption
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Table 1. Ultimate analysis of raw bagasse

Elements Weight %
C 48.1
H 7.5
N 0.3
S 0.02
o 44.1
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Figure 1. Equilibrium isotherms for N,
adsorption (-196°C) of chemically
activated carbon from bagasse

Table 2. Proximate analyses of bagasse and activated carbon and percentage yield of the

prepared activated carbon

Proximate analysis

Activation conditions Ca'rbon (Wt%) Moisture
- yield - - content
H,PO, : Bagasse Time Temp (Wt%) Ash Volatile  Fixed (Wt%)
(wt : wt) (min) ‘0 matter carbon

0.5 60 300 50.2 6 37 57 12
400 41.8 5 21 74 12
500 41.5 5 19 76 11
600 39.2 10 15 75 21
1.0 60 300 48.2 6 37 57 12
400 443 5 25 70 12
500 42.7 9 19 72 21
600 41.5 8 19 73 11
1.5 60 300 53.9 5 33 62 12
400 42.0 6 18 76 8
500 41.1 7 16 77 12
600 39.7 7 16 77 15
1.0 120 400 353 6 25 69 24
500 323 5 20 75 28
600 31.0 11 21 68 24
Bagasse - 2 88 10 9
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Table 3. Porous characteristics of activated carbon prepared from bagasse under different

activation conditions

Activation conditions Average Pore volume (cm?/g) Surface
H,PO, : Bagasse Time Temp pore size Micropore Mesopore Macropore area
(wt:w)  (min) (C) (um) (<2nm) (2-50nm) (>50 nm) 1°@l (g
0.5 60 300 855 0.26 0.11 0.05 042 1.97
400 1,279 0.39 0.15 0.08 0.62 1.92
500 1,008 0.28 0.13 0.08 049 1.95
600 901 0.28 0.10 0.05 043 191
1.0 60 300 1,024 0.27 0.18 0.07 052  2.05
400 1,399 0.12 0.53 0.19 0.84 242
500 1,500 0.13 0.56 0.21 090 240
600 1,294 0.18 0.38 0.16 072 2.23
1.5 60 300 1,002 0.25 0.19 0.07 0.51  2.05
400 1,527 0.06 0.87 0.20 1.13 298
500 1,467 0.05 0.96 0.18 1.19 324
600 1,474 0.04 0.97 0.21 122 3.30
1.0 120 400 1,574 0.18 0.58 0.19 095 242
500 1,434 0.33 0.27 0.13 0.73  2.06
600 1,294 0.17 0.40 0.17 0.74 230
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Table 4. Langmuir constants for adsorption of chromium from solution by bagasse
activated carbon at three different temperatures (pH of solution = 2.5)

Temperature q, b r’
‘O (mg/g) (mg/L)"
30 103 0.1638 0.999
35 213 0.0434 0.995
40 250 0.0362 0.996
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