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Abstract — The liquid-solid type reaction encountered in this study is usually complicated by the presence
of resistances as a result of film diffusion across the external solid surface and particle diffusion through the
pores of solid. Therefore, it became necessary to establish the operating conditions that minimized the
influence of film and particle diffusion. This investigation was an attempt to eliminate these diffusional
effects and determine the kinetics of the removal of orthophosphates from the aqueous solutions by acti-
vated carbon using a differential bed reactor approach. The reaction kinetics studied in this experiment may
be summarized as follows:

r=0.0240 C, ~ 0.0379 €% 28,080 4t pH 4.0
r=0.0179 C, - 0.0361 C%28,980 4 pH 8.0

r=0.00619 C, — 0.0136 C%28,280  atpH 12.0

A comparison of these equations indicates that the reaction kinetics at pH 4.0 is much faster as compared
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to those at pH 8.0 and 12.0. The equilibrium adsorption studies support the existence of this adsorption
isotherm which fits the empirical Freundlich isotherm, comparatively. For activated carbon, maximum
orthophosphates adsorption occured at pH 4.5 — 7.0 with decreasing amounts of adsorption at lower and

higher pH.
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Fig. 1. Schematic diagram of experimental unit.
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3 — 3. Reaction kinetics analysis
wlea s o] R4 ofs) AutstAzare i)

5t odedaql F=177cm?®/min3} ¢ A 8Ak =] gto] ]
3}
ool

3}
285 = odadal dy,e. =0.427mmoll A 3 319
S 49lAk 27 ALEE WA 7] Y8l 2 run

=
c
=]
w
—
!
o)
n
ity
1o
ol-;l
2
2

1ol sk pHE 234
o Run519l 417 o] H@ §35% C o o

= o]

4l #AE Fig. 6 ol veblich. Runb4oll 4 55

k)

2 TS
< [ 0
— )
CESZ xEY T
SEeR dTE o2
X g™ ~<H
BET
A ’
SO
S &
a., 1 H
£
< Run 54 (Temp. 22.9TC)
@]
= PO*/L
1 0.55 Ci=2.0mg /
pH 4.0
0 300 600 900
t, sec

Fig. 6. Effluent orthophosphate concentration-
time relationship of differential bed and
graphical integration of breakthrough
curve for Run 54 (12].



FgAold Bkl &Y SoUA

® pH 4.0

0.5
1 A pH 8.0
0.2} X pH12.0
- el , N
0.3 0.5 1.0 5 10
Ce, mg POY/L

Fig. 7. Dependence of initial rates on equilib-
rium concentration of orthophosphate in

solution on pH.

lacy %6}71 #
) HYFE Ceoll thE FFHo| 2¢ “}i w1}
=04 doixlEe 27AALE r, o B
A% log-logz F o] YJehl = Fig. 7 3 32}, o 7)
A HukgE 5 A9 7187 a,=1.00°]" 7+ pH o
ata} £ A ko] AbEE|olch

wpepa] AHubg4 e e

pH 4.0 r=0.0240C. (4-1)
pH 8.0: r=0.0179C, 4-2)
pH 12.0 : r=0.00619C, 4-3)

# 7o)l TEH o7)A pH4. 0Ys] ESgl4kA
Ao FubgE =t b pHollA 243 %
ot w2 w whebs pH4. 0 Y| S£A4A A7}
24 doj s &+ Uk

Aub-g £xA9 HEE AHEIl 8 e
& A7 tell A AMAH F491ALY o q.F Yol
of gt} 7t runE o AW TA (breakthrough curve)

o zAlAR o7 q. 5 AARIH(12).
t F t
ae= [ v - [ (€-Cpa (5)

be} A A 307

10x10°*
5

=

Iu

Q

= 1.0

]

CXY ]

2 0.5

~ 4

0.1

0.1 0.5 L0
q.%X10% mg PO;*/g carbon
Fig. 8. Relationships between (k.q&=k,C.—r)
and q..

°] vl Fig. 8 & qeoll g Aukg4 54 kg’
=kiCe—ro WA E log-log#Ho Jebd oz
3714 7127)& a,=0.80, A k,7} 7+ pH ol
wel 2=k k= (kCe—r1)/qd*2 7+ pHol
wetd dAd ez F¥5] g8 fUdFE= C,
off A& k, o FAIE log-log 2 F ol £4] (plot) 3
Fig. 9 8 Zek o714 k& C, o wad e & 4
At =
k,=DC/;* (6)
olty, 37|14 7]&¢7)E a,=0.28°", DE C,9 r
ol AAslgemz ztz C,o st k, o HFZ
2oz A4stct Aubg o a3 LE 4o AA
< 9% Ag& Table 13 2ch wheld] 7} pH ol
€ T4UAAAY HhgE x4 g R
pH 4.0 r=0.0240C. - 0.0379C{ *q2* (7-1)
pH 8.0:r=0.0179C.—0.0361C{ *q2* (7-2)
pH 12.0 : r=0.00619C.—0.0136C{ **q2* (7-3)
o714 pH4. 0w E49AAALE7 pH 8.0
2 12.07 vlmsle] whae], o 2 AAYE G4

1.0 :
0 05:;___,__-?59438——'—""/
j kz=klco,eno—r
0.01 <
) 2.0 3.0 4.0 50
C,, mg PO;/L

Fig. 9. Relationship between k, and C, at pH 4.0.

HWAHAK KONGHAK Vol. 23, No. 5, October 1985



308

Table 1. Reaction kinetics data.

Runno. t,min Cr.mgPO.~/L Ce.mgPO,/L r.mg POy /min-g8 k¥  kiqe'=kCemr gc,mgPO 8 K,*
51 0 0.230 0.620 1.69 x 1072
pH 4.0 1 0.353 0.677 1.42 0.428 X 1072 1,38 %107
3 0.531 0.766 1.03 0.0273 1.06 3.98 0.0353
6 0.682 0.841 0.699 1.60 6.53
9 0.795 0.898 0.450 2.00 8.22
52 0 0.360 0.680 1.40
pH 8.0 1 0.490 0.745 1.12 0.415 1.26
3 0.662 0.831 0.741 0.0206 0.971 3.08 0.0369
6 0.1777 0.889 0.489 1.34 4.88
9 0.834 0.917 0.364 1.53 6.13
53 0 0.726 0.863 0.600
pH 12.0 1 0.758 0.879 0.530 0.0809 0.564
3 0.809 0.905 0.418 0.00695 0.211 1.50 0.0158
6 0.865 0.933 0.296 0.352 2.56
9 0.915 0.958 0.186 0.480 3.31
54 0 0.550 1.28 3.18
pH 4.0 1 0.830 1.42 2.57 0,952 2.83
3 1.16 1.58 1.84 0.0248 2.08 7.19 0.0428
6 1.46 1.78 1.18 3.11 11.6
9 1.61 1.81 0.856 3.63 14.4
55 i 0.785 1.39 2.67
pH 8.0 1 0.990 1.50 2.22 0.660 2.41
3 1.24 1.62 1.67 0.0192 1.44 6.24 0.0333
6 1.47 1.74 1.16 2.18 10.4
9 1.62 1.81 0.834 2.64 13.2
56 0 1.45 1.73 1.21
pH 12,0 1 1.53 1.717 1.03 0.207 1.14
3 1.59 1.80 0.899 0.00699 0.359 3.11 0.0158
6 1.67 1.84 0.724 0.562 5.25
9 1.74 1.87 0.570 0,737 7.18
57 0 0.830 1.62 4.76
pH 4.0 1 1.50 2.25 3.29 2.29 3.90
3 1.95 2.48 2.30 0.0248 3.85 9.78 0.0631
6 2.31 2.66 1.51 5.09 15.1
9 2.51 2,76 1.07 5.717 18.8
58 0 1.37 2.19 3,58
pH 8.0 1 1.83 2.42 2.57 1.37 2.89
3 2.32 2,66 1.49 0.0163 3.33 7.04 0.0590
6 2.57 2.79 0.944 3.60 10.6
9 2.71 2.86 0.637 4,02 12.6
59 0 2.20 2.60 1.75
pH 12.0 1 2.32 2.66 1.49 0.300 1.62
3 2.48 2.74 1.14 0.00673 0.704 4.19 0.0217
6 2.63 2.82 0.811 1.09 7.00
9 2.68 2.84 0.702 t.2t 9.06
60 i 1.59 2.80 5.28
pH 4.0 1 1.98 2.99 4.43 1.22 4.82
3 2.52 3.26 3.24 0.0189 2.92 12.3 0.0376
[ 2.97 3.49 2.26 4.34 20.4
9 3.22 3.61 1.71 5.11 26.3
61 0 1.99 3.00 4.42
pH 8.0 1 2,39 3.20 3.54 1.16 3.96
3 2.98 3.49 2.24 0.0147 2.89 9.60 0.0466
6 3.44 3.72 1.23 4.24 14.4
9 3.65 3.83 0.769 4.86 17.0
62 0 3.19 3.60 1.79
pH 12.0 1 3.31 3.66 1.52 0.288 1.64
3 3.42 3.7 1.27 0.00494 0.563 4.31 0.0188
6 3.60 3.80 0.879 0,998 7.34
9 3.65 3.83 0,769 1.12 9.82
63 0 1.43 3.22 7.85
pH4.0 1 2.59 3.80 5.30 3.917 6.47
3 3.45 4.23 3.41 0.0244 6.91 15.6 0.0739
6 3.95 4.48 2.31 8.62 24.0
9 4,21 4.61 1.74 9.51 30.3
64 0 2.00 4.50 6.60
pH 8.0 1 2.94 4,97 4.53 2.97 5.30
3 3.62 4.31 3.04 0.0189 5.11 12.6 0.0644
6 4.05 4,53 2.09 6.47 19.9
9 4.25 4.63 1.65 7.10 25.7
65 0 3.91 4.46 2.39
pH 12,0 1 4.04 4.52 2.10 0.323 2.24
3 4.20 4.60 1.7 0.00536 0.716 6.51 0.0161
6 4.35 4.68 1.42 1.09 1.2
9 4.45 4.73 1.21 1.33 13.7

# The value of k, is the mean for the k, values calculated at
« The value of k, is the mean for the k; values calculated at

3IStES N|237 M55 19854 10

0, 1.0,3.0,6.0, and 9.0 minutes.
1.0, 3.0,6.0, and 9.0 minutes.
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NOMENCLATURE
a, : experimentally determined exponent, Eq.
1)
a, : experimentally determined exponent, Eq.
(1)
a, : experimentally determined exponent, Eq.
(6)
C. : orthophosphate equilibrium concentra-

tion in solution, mg Poj,f /L
C, : cffluent orthophosphate concentration,

mg POZ/L

EISIgS sl

H23F W5 1985-° 102

2] ) 3
C, : influent orthophosphate concentration,
mg FO?/L
d

avs- ; average particle diameter, mm

D : constant, Eq. (6)

F : flow rate, cm®/min

ID : inside diameter on differential bed
reactor, mm

k1 : forward reaction rate constant, Eq. (1)

k2 : reverse reaction rate constant, Eq. (1)

K : adsorption equilibrium constant, Eq. (8)

K, ,K,,K, : dissociation constants

K, : constant, Eq. (10)

1/n : empirical constant equal to the slope of
the line on a loglog coordinates, Eq. (8)
& (10)

q, : concentration of orthophosphate on the
solid carbon, mg PO'Z /g carbon

r : overall rate of removal of orthophosphate,
mg PO'43 removed/min-g carbon

r, : initial rate of orthophosphate removal,

mg POf removed/min-g carbon

time, sec or min

W : weight of solid on differential bed, g

-t
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