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Abstract
Sopajaree, K., Kleepklang, A. and Bamrungsri, P.
Effects of temperature and volumetric loading rate on
phenol adsorption capacity by granular activated carbon
Songklanakarin J. Sci. Technol., 2004, 26(Suppl. 1) : 97-108

The effects of temperature and volumetric loading rate on adsorption capacity of phenol by granular
activated carbon were studied using F-300 and C2-115 granular activated carbon. All the experiments were
conducted both in a batch study and a fixed-bed adsorption column study with the initial phenol concentra-
tion of 10 mg/l. In the batch study, the effects of temperature on the adsorption capacity and the rate of
adsorption were determined. The results from the batch study showed that the rate of adsorption of F-300
was higher than that of C2-115. Moreover, it was clearly shown that the adsorption capacity increased with
increasing temperature in both types of activated carbon at a contact time of 5 hours. In addition, the results
from the fixed-bed column study revealed that the adsorption capacity decreased with increasing volumetric
loading rate. Regression analysis expressed that the constants of Bohart-Adams Model ( K ) at volumetric
loading rate of 2.5, 5.0 and 10.0 m*/m’-hr were 0.0027 , 0.0063 and 0.0128 1/mg-hr for F-300 and 0.0021,
0.0071 and 0.0127 I/mg-hr for C2-115, respectively. N, constant at volumetric loading rates of 2.5, 5.0 and
10.0 m’/ m’-hr were 30,393, 19,502 and 13,997 mg/l for F-300 and 27,752, 13,873 and 10,535 mg/l for C2-115,
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respectively. Thus, it can be summarized that the performance of F-300 was higher than that of C2-115
activated carbon at the studied conditions.

Key words : adsorptive capacity, Bohart-Adams model, fixed-bed column, temperature,
volumetric loading rate
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Table 1. Properties of granular activated carbon. (F-300 and C2-115)

Property F-300

C2-115%

Raw material Bituminous Coal

Size Larger than sieve #8 (2.38 mm) 8%
Smaller than sieve #30 (0.59mm) 2%
Physical properties ~ Gray color, spherical shape

900-1000
Iodine Number, mg/g 950

Surface area, m’/g

Coconut Shell

Larger than sieve #8 (2.38 mm) 8%
Smaller than sieve #30 (0.59mm) 2%

Black color, non-spherical shape
1000-1150
1150

*Sopajaree and Maneechot, 2003
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Figure 1. Experimental set-up for the batch study.
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Figure 2. Experimental set-up for the continuous
(fixed-bed columns) study.
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Figure 3. Relationship between phenol concentration and contact time of F-300 and C2-115.
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Table 2. Constant values of Freundlich and Langmuir isotherm, maximum adsorp-
tive capacity, multiple correlation coefficient, and relative error of F-300
at various temperatures with initial phenol concentration of 10 mg/l.

T Isotherm K, mg"" L'™¢g'  Maximum X/M R’ c
(0 a, mg/g (mg/g)
b, L/mg
Freundlich K =515 17.13 0.9652 0.1132
n =191
25
Langmuir a = 1041 9.58 0.8756 0.1576
b = 1.16
Freundlich K = 5.57 19.02 0.9735 0.0784
n = 1.88
30
Langmuir a =11.17 10.32 0.9555 0.1178
b =121
Freundlich K = 6.80 25.04 0.9902 0.0724
n = 1.77
35
Langmuir a =12.24 11.43 0.9793 0.1183
b =142
Freundlich K =747 32.47 0.9900 0.0680
n = 1.57
40
Langmuir a =13.83 12.78 0.9971 0.0417
b =121
Freundlich K =823 34.40 0.9984 0.0543
n = 1.61
45
Langmuir a = 13.97 13.06 0.9892 0.0694
b =143

R = Multiple Correlation Coefficient
o = Relative Error
Maximum X/M = Maximum Adsorption Capacity (mg (adsorbate )/g (adsorbent))

1

6=Hz Q

obs

q, 4

obs cal

q,, = Adsorptive Capacity
q,, = Calculated Adsorptive Capacity
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Table 3. Constants of Freundlich and Langmuir isotherm, adsorptive capacity,
multiple correlation coefficient, and relative error of C2-115 at various
temperatures with initial phenol concentration of 10 mg/I.

T Isotherm K, mg"" L'"g'  Maximum X/M R’ ]
*C) a, mg/g (mg/g)
b, L/mg
Freundlich K =313 16.54 0.9954 0.0405
n = 1.38
25
Langmuir a = 1634 11.60 0.9270 0.0588
b =0.24
Freundlich K =394 16.64 0.9972 0.0332
n = 1.60
30
Langmuir a = 1239 10.37 0.9711 0.0713
b = 0.51
Freundlich K =431 18.45 0.9952 0.0565
n = 1.58
35
Langmuir a = 1222 10.50 0.9976 0.0408
b = 0.61
Freundlich K =5.02 26.21 0.9985 0.0324
n = 1.39
40
Langmuir a = 1647 13.59 0.9977 0.0335
b =047
Freundlich K =528 27.11 0.9940 0.0496
n = 141
45
Langmuir a = 16.00 13.46 0.9934 0.0291
b = 0.53

R = Multiple Correlation Coefficient
o = Relative Error
Maximum X/M = Maximum Adsorption Capacity (mg (adsorbate )/g (adsorbent))

1
O':;z Q

obs
q,,, = Adsorptive Capacity
q,, = Calculated Adsorptive Capacity

q, —4

obs cal
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Table 4. Rate of adsorption of F-300 and C2-115 at various temperatures.

Temperature Rate of Adsorption Comparison Fraction®
(°0) (mg./g-min"%)
F-300 C2-115
25 0.3961 0.3699 1.07
30 0.4078 0.3827 1.07
35 0.4261 0.3925 1.09
40 0.4647 0.4044 1.15
45 0.4809 0.4167 1.15

°F-300/C2-115
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Table 5. K and N values of F-300 and C2-115 analyzed from Bohart-Adams Model

at various volumetric loading rate

, , F-300 C2-115
Volumetric Loading Rate

(m’*/m’-hr) K 0 D, K N, D,

(L/mg-hr) (mg/L) (cm) (L/mg-hr) (mg/L) (cm)

2.5 0.0027 30393 6.7 0.0021 27752 94

5 0.0063 19502 8.9 0.0071 13873 11.1
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