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An Estimation of Breakthrough Curve of Activated
Carbon Adsorption Column
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ABSTRACT

Adsorption equilibrium experiments for the phenol on granular activated carbon
(16~25 mesh) and powder activated carbon(325 mesh) were carried out at 25+17T
and the results were expressed with Freundlich isotherm. Adsorption rate experi-
ments were executed in batch adsorption system under the condition that can be
neglecting mass transfer resistance at the external surface of the particle. The results
were analysed with the Miller's method to evaluate the linear driving force(LDF)
adsorption rate constant.

Fixed bed adsorption experiments were performed by adopting different flow rates
in the activated carbon-phenol system &t 25%£1C. The theoretical breakthrough
curves were estimated with the simple constant pattern solution.

The adsorption rate constant of LDF model was not a fixed value but variable with
adsorption amount. The experimental results were better agreed with the estimation
of breakthrough curve using the variable adsorption rate constant than the results

estimated using the average fixed adsorption rate constant.

Key Words : Fixed Bed Adsorption., Granular Activated Carbon, Mass Transfer
Resistance. Linear Driving Force Model
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Table 2. Physical properties of activated carbon

Material Particle diameter | Packing density | Specific volume Pore volume Source
later 5
(cm) {g/em®) (crn™/g) (cm¥/g)
Filtrasorb
F-400 1.015 0.47 1050~1200 0.94 Calgon Co.
(12~40mesh’
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Fig. 2. Freundlich isotherm in activated car-
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Table 3. Variable rate constant

q(meg/g)

“ 05l | 1loen | FEY
0.1 11.046 | 8307 3.20
0.2 22092 | 16613 280
0.3 33138 | 24920 230
0.4 44184 | 332% 193
05 55.230 | 4 533 160
0.6 66.276 | 49839 1.25
0.7 77.322 | 58 146 0.95
0.8 88368 | 66452 0.70
0.9 99.414 | 74.759 0.39
0.95 104.937 | 78912 019

(
10cm®/secol ™, Schmidt
number(Sc)7F 1191, Reynolds number(Re) 7}
TEFEo]l 0.095cm/secd W 0.913¢]2 0 118
em/secd W 111701tk 28l ave &A1 R
;Lal on Faa d¥Aer 48 < (051)F
Bl thdste] FatATh olE e E Wilsen
Geankoplis 213 Ranz & Marshall 212 A&
gte]l gty ERCjEAF s AT Zhte
a® Table 401 GERYTH D8]0 FRFRERT
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Table 4. Liquid phase mass transfer coef-

ficient( ka)
[cml;;ec] Sh | kax10%(sec’)
Wilson & 0.0965 | 21.47 5.89
Geankoplis Eq. 0.118 99,95 6.90
Ranz & 0.0965 | 8.08 2.22
Marshall Eq. 0.118 872 5 139

Al dgldCE q,/C,22 dgreltt AZe] 20 mm<
A& Abg-sted 73 bulk densitys &
ojth. o|& I FHETAL kg 7T 4 (22)

of helete] PHFFBELYASF Kaihd F3toch

0.5 g/em”

4.3, EXZYe srHsEd FH

4.3.1. Breakthrough curve calculation
with fixed rate constant

TEfrdo) O 27kA] A5 s P dd
& Pobsich FA +£?41T4 AU FNHE ol
o] 0.59 Wel goz sixch 2 A3 Kaike A

A FAAEe sewagd #0225

10
coo ©O
c00©¢ o0
20
o
08 (5(’)
o
06
o
5]
04 ~—— Vilson & Geankolpis Eq
o

L o

02 ()
o]
o
o
o

00 Q "

20 10 0 10 20 30 40

t-t, (1)

Fig. 8. Experimental & theoretical break-
through curve with fixed rate con-
stant(u,=0.0965 cm/sec).

FelA Ze AERE RED T IR TRES
0.0965 % 0.118cm/sec?] K& 247+ 163.05
2 168.86 hrloldth, aelm 34 Kad 7
HEE NTUE 21(26)°] disisted #30d AlZkat
aflt,—-t)E TEm, E AR HZanE X

Y0508 WE (Ly— ani, 054 de

Table 5. Breakthrough curve calculation with fixed rate constant

. Atlhr) Zatlhel
XX I dx/x-x " - — o
u,=0.0965 =0.118 u,=0.0965 u,=0.118
0.6-0.5 0.209 0.91 (.83 41.91 34.08
0.7~0.6 0.199 0.87 0.79 42.78 34.87
0.8-0.7 0.213 0.93 0.84 43.71 35.71
0.85~0.8 0.125 0.55 0.50 44.26 36.21
0.9~0.85 0.156 0.68 0.62 44.94 36.83
0.95~0.9 0.236 1.30 0.94 45.97 37.77
0.5~0.4 0.238 1.04 0.94 39.96 32.31
0.4~0.3 0.296 1.29 137 38.67 31.14
0.3~0.2 0.409 1.79 1.62 36.88 29.52
0.2~0.1 0.694 3.03 2.75 33.85 26.77
0.1~0.05 0.693 3.03 2.75 30.82 24.02

Note) a) u,=0.0965cm/sec, 7.=24.5cm
da/de=1453 cc/g, k(@ =05)=0.99 hr’
{from 0.5g/1. flow rate experimental data)
At Wilson & Geankoplis Eq.

K ,a=163.05 hr'

b) u.=0.118cm/sec, Z=24cm
da/dc=1366 cc/g. k(2 =0.5)=0.99 hr’'
“from 0.5g/L flow rate experimental datal
At Wilson & Geankoplis Eq.

K ,a=168.86 hr’
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Z2EgeAS 7k 4.2 38olM P F Y=l o
719 (dg/dC), B k32 FERigade) Jizhy 53
ZF gl we) Wtslug (dg/d0) e (18)9) g8l T
A1 ket Fig. 7oA variabledtal &z}

2o 3yl e olE gk et Z
oMol 2z 72 A FBEFAS U= Fie
%Eﬂﬂ——?t-‘i} F=710fl A Zpolzict

=

= A= o]

(S SO

o

©

stef b E‘ﬂs‘i} 19]
DRSS S e

©

o ®
00 ®® o o0t
08|
06
Q
s}
S
04
——  Wilson & Geankoplis Eg,
Rarz & Marshali |:q
0.2
0.0

20 37 40

tot,q ()

break-
rate

Fig. 9. Experimental & theoretical
through curve with variable
constant(uo=0.0965 cm/sec).
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Table 6. Breakthrough curve calculation with variable rate constant

(1,=0.0965 cm/sec. ZT=24.5 cm, tma=41 hr)

¥, q (da/dc). | 4 [ " K alhr ) At(hr) Sas(hr)

(me/e) | (ml/gl | (1) Eq.(9) | Eq.(10) | Eq.(9) | Eq.(10) | Eq.(9) | Eq.(10)
0.1~0.05| 10.35| 2416100 | 3.46 | 0.693 | 86.13 | 226.59| 539 | 205 | 1506 | 26.30
0.2~0.1 | 20.70 | 218950 | 2.97 | 0.694 | 86.11 | 226.44 | 540 | 2.05 | 2045 | 2835
0.3~02 | 3450 | 37310| 2.37 | 0.409 | 8596 | 22542 | 3.18 | 121 | 2585 | 30.40
04~03| 4830 | 11630 | 1.82 | 0.296 | 85.42 | 221.76 | 2.32 | 0.89 | 29.03 | 31.61
0.5~0.4 | 62.10 4870 | 1.34 | 0.238 | 83.87 | 211.61| 1.90 | 0.75 | 31.35 | 32.50
0.6~05 | 75.90 2430 | 0.92 | 0.209 | 79.85 | 187.76 | 1.75 | 0.74 | 35.00 | 33.99
0.7~-006 89.70 1360 | 0.56 ().199 69.98 140.99 1.91 0.95 36.91 34.94
0.8~0.7 | 103.50 830 | 0.26 (0.213 47.47 72.10 3.01 1.98 39.92 36.92
0.85~0.8 | 113.85 600 | 0.09 | 0.125 | 20.24 | 23.69| 4.13 | 3.53 | 44.05 4045
0.9~0.35 | 120.75 490 | 0.04 | 0.156 | 8.64 9.21| 12.09 | 11.34 | 56.14  51.79
(1.95~0.9 | 127.65 400 | 0.02 | 0.236 | 3.75 3.85 | 42.12 | 41.03 | 98.26  92.82
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Table 7. Breakthrough curve calculation with variable rate constant

(W=0.118 cm/sec, ZT=24 cm. tma=33.25 hr)

o, q (do/de). E | " K alhr ) at(hr) 2 At(hr)

(me/g) | (ml/g] | (hr') Ea.(9) [Eq.(10)| Eq.(9) |Eq.(10) | Eq.(9) |Eq.(10)
0.1~0.05| 10.17 | 2561520 | 3.47 | 0693 | 79.79 |212.12| 6.19 | 2.33 | 2013 | 33.10
0.2~0.1 | 2034 | 232520 | 3.00 | 0.694 | 79.77 {212.00| 6.20 | 2.33 | 2632 | 35.43
0.3~0.2| 33.90 | 39900| 239 | 0409 | 7965 [211.18| 3.65 | 1.38 | 3252 | 37.76
0.4~0.3 | 47.46 12360 | 1.85 | 0296 | 79.23 |208.19| 2.66 | 1.01 | 3617 | 39.14
0.5~0.4 | 61.02 5180 | 1.38 | 0.238 | 78.01 |200.02| 217 | 085 | 3883 | 40.15
0.6~0.5 | 74.58 2580 | 0.96 | 0209 | 74.87 {18057 | 199 | 0.82 | 4299 | 41.82
0.7~0.6 | 88.14 1450 | 0.60 | 0199 | 67.21 [141.65| 211 | 1.00 | 4510 | 42.82
0.8~0.7 | 101.7 880 | 030 | 0213 | 4935 | 80.25| 3.08 | 1.89 | 4818 | 44.71
0.85~0.8| 111.87 630 | 011 | 0.125 | 2382 | 29.27| 3.74 | 3.04 | 51.92 | 47.75
0.9~0.85| 118.65 520 | 0.05 | 0.156 | 10.99 | 12.02] 10.11 | 9.24 | 62.03 | 56.99
0.95~0.9| 125.43 430 | 0.02 | 0.236 4.00 | 4.13| 42.00 | 40.68 | 104.03 | 97.67
Variable rate constantell 23] AAtE x5 Hostalo
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Specific particle area per particle volume
(cm?%/cm®)

Fluid concentration (mg/1)

Fluid concentration at particle surface
{mg/1)

Initial fluid concentration [mg/1)
Equilibrium fluid concentration for g
[mg/1]

Axial dispersion coefficient (cm®/sec)
Effective diffusivity (cm®/sec)
Molecular diffusivity (cm®/sec)

Particle diameter (cm)

F, n Freundlich constant [-)

Adsorption rate constant (1/hr)

Fluid phase mass transfer coefficient



K

kya

ka

- PR S R

(cm/sec)

Particle phase mass transfer coefficient
(g/cm®S)

Overall fluid phase mass transfer

coefficient [cm/sec)

Fluid phase volumetic mass transfer

coefficient [1/sec)

Particle phase volumetic mass transfer

coefficient (1/sec)

K Overall fluid phase volumetic mass

transfer coefficient {1/sec)

m  Adsorbent amount (g]

@  Amount adsorbed (mg/g-AC)

qi  Equilibrium amount adsorbed at particle

surface(C;) (mg/g-AC)
g  Amount adsorbed for C, [mg/g-AC]
g~ Equilibrium amount adsorbed for Cw
(meg/g-AC]

R. R, Particle radius [cm]

Re Reynolds number {-]

Sh  Sherwood number [-]

Sc Schmidt number (-]

t  time (sec]

u, Transfer rate of adsorption zone (cm/sec]

u, Rate of void column [cm/sec]

V. Volume of solution (ml}

Zs  Length of adsorption zone (cm)

Zmin Minimum length of adsorption zone {cm)

@ Ratio of adsorption(a/gw») (-]

& Void fraction of packed column [-)

pb Bulk density of fixed bed (g/cm’)
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