Journal of Environmental Science International PISSN: 1225-4517 eISSN: 2287-3503
23(1); 53~60; January 2014 http://dx.doi.org/10.5322/JESI.2014.23.1.53

ORIGINAL ARTICLE

BHGES FAT DAZNA = o] HE s Az
LAY A4

= 1 *
S5HLE - Zak" - oai
=AYsta sfsbgsta, VAl sta 8w skl

Analysis of Breakthrough Curves and Mass Transfer Resistance
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Abstract

Adsorption of phenol on activated carbon in a fixed bed was studied. The effects of fixed-bed length, superficial velocity
(flow rate) and particle size of adsorbent on fixed-bed performance were investigated. Some characteristic parameters such as
the breakthrough time (toos), saturation time (toos), length of mass transfer zone (Lwmrz), adsorptive capacity (W), and
adsorption rate constant (K,) were derived from the breakthrough curves. Adsorbent particle sizes significantly affected the
shape of the breakthrough curve. Larger particle sizes resulted in an earlier breakthrough, a longer Lyrz and a lower adsorption
rate. Superficial velocity was a critical factor for the external mass transfer during fixed-bed adsorption process. The external
mass transfer resistance was dominant as increasing superficial velocity.
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Fig. 1. Schematic diagram of the fixed-bed adsorption
system.
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Fig. 2. Breakthrough curves for different inlet phenol
concentrations (bed height : 2 cm, superficial velocity
: 25.46 cm/min, particle size : 0.43 ~0.25 mm).
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Fig. 3. Breakthrough curves for different superficial velocities
(inlet phenol concentration : 80 mg/L, bed height : 2
cm, particle size : 0.43 ~0.25 mm).

Table 1. Characteristic parameters obtained from breakthrough curves for different inlet phenol concentrations

Superficial  Initial Bed Particle Break- Stoichiometric

Saturation  Effluent Total Total

Length of Adsorption Bed

velocity, u concentra- height, size through breakthrough  time, toos volume, amount removal, MTZ, capacity, utilization,
tion, C, Z time, tos time, tos Vesr removed, Riotal Lmrz Qe
Miotal
(cm/min)  (mgl) (cm)  (mm) (min) (min) (min) (ml) (mg) (%) (cm) (mg/g) (%)
25.46 80 2 043~025 74 157 241 5200 396.9 57.6 1.39 1524 65.35
25.46 120 2 043~025 61 106 175 4200 482.7 51.8 1.30 166.7 67.43
25.46 150 2 043~0.25 52 85 138 3600 531.1 49.1 1.25 176.1 68.84

Table 2. Characteristic parameters obtained from breakthrough curves for different superficial velocities

Superficial ~ Initial Bed Particle size Break-  Stoichiometric Saturation  Effluent Total Total ~ Length of Adsorption Bed
velocity, u concentra- height, through breakthrough  time, toos  volume, amount removal, MTZ, capacity, q. utilization,
tion, C, Z time, to0s time, tos Verr removed, Ryl Lutz f
Miotal

(cm/min)  (mg/L)  (cm) (mm) (min) (min) (min) (ml) (mg) (%) (cm) (mg/g) (%)
12.73 80 2 043~025 191 287 410 4300 342.8 66.9 1.07 152.9 73.29
25.46 80 2 043~025 74 157 241 5200 396.9 57.6 1.39 152.4 65.35
38.19 80 2 043~025 311 90 181 6600 557.4 40.3 1.66 150.0 58.56
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Fig. 4. Breakthrough curves for different bed heights (inlet
phenol concentration : 80 mg/L, superficial velocity
: 38.19 cm/min, particle size : 0.43 ~0.25 mm).
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Fig. 5. Breakthrough curves for different particle sizes (inlet
phenol concentration : 80 mg/L, bed height : 1.5 cm,
superficial velocity : 25.46 cm/min).

Table 3. Characteristic parameters obtained from breakthrough curves for different bed heights

Superficial ~ Initial Bed Particle Break-  Stoichiometric ~ Saturation  Effluent Total Total  Length of Adsorption Bed
velocity, u concentra- height, size through  breakthrough  time, toos  volume, amount removal, MTZ, capacity, q. utilization,
tion, C, Z time, to0s time, tos Verr removed, Riotal Lurz
Miotal

(cm/min) (mg/L) (cm) (mm) (min) (min) (min) (ml) (mg) (%) (cm) (mg/g) (%)
38.19 80 1 043~0.25 39 44.4 104 4800 376.5 29.3 0.96 146.8 51.88
38.19 80 2 043~025 311 90 6600 5574 40.3 1.66 150 58.56
38.19 80 3 043~025 743 133 217 8400 687.6 49.9 1.97 152.6 67.12
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Table 4. Characteristic parameters obtained from breakthrough curves for different particle sizes

Superficial ~ Initial Bed Particle size  Break-  Stoichiometric Saturation Effluent  Total Total ~ Length of Adsorption Bed
velocity, concentra- height, through breakthrough  time, toos volume, amount removal, MTZ, capacity, q. utilization,
u tion, C, Z time, to0s time, tos Verr removed, Riotal Lmrz
Myotal
(cm/min)  (mg/L)  (cm) (mm) (min) (min) (min) (ml) (mg) (%) (cm) (mg/g) (%)
25.46 80 1.5 0.43~0.25 34 94 180 4000 303.10 479 1.62 129.0 59.44
25.46 80 1.5 0.25~0.18 58 87 158 4000 303.10  47.80 1.27 128.8 68.35
25.46 80 1.5 0.18~0.15 66 88 146 4000 310.43 46.7 1.10 128.8 72.60
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Table 5. Effects of superficial velocity on the characteristic parameters

Superficial . . Breakthrough time, To.0s Adsorption Adsorption rate 2
. Ain Bin . .
velocity, u eq (10) eq (10) (min) capacity, W constant, K
(cm/min) q d Z=1 cm Z=2 cm Z=3 cm (mg/g) (1/min)
6.37 266 -123.67 124 390 - 141.96 40.34 0.9460
12.73 131.57 -84.919 43.7 191 300 140.32 58.07 0.9898
25.46 64.743 -57.138 15.3 74 120.8 138.1 84.94 0.9691

38.19 42.16 -47.393 3.9 31.1 74.3 134.89 100.03 0.9711
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Table 6. Effects of superficial velocity on the mass transfer

resistance
Superficial ~ Bulk fluid Non-external Ovt:ills ;:r ass
velocity, u resistance resistance .
resistance
(cm/min) 1/Bu 1/K, 1/K
6.37 0.697 0.303 1.000
12.73 0.601 0.399 1.000
25.46 0.363 0.637 1.000
38.19 0.250 0.750 1.000
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