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A study on Intraparticle Diffusivity for Adsorptive Removal
of Orthophosphate lon by the Ziriconium Oxide
Hydrate-Activated Carbon Complex

Abstract

One of the rising problems in the field of environmental engineering is the eutrophic phe-
nomenon which appears in the closed water basin.

This study is the elimination of orthophosphate by adsorption, which is indispensible nutri-
tive element for eutrophication. Ziriéonium(N) oxide hydrate-activated carbon complex. which
has excellent adsorptivity for orthophosphate and can easily be reused after desorption process.
has been made and used as adsorbents. The main purpose of this study is to obtain intra-
particle diffusivity which is basic data for the design of adsorption operation the ex-
perimental results were as follows.

1. Optimum condition which gave maxinum adsorption of orthophosphate was pH5

2. Equilibrium adsorption showed good consistency with Freundlich type. q=10.80C!"2%8
3. Pore diffusivity and surface diffusivity obtained the kinetic experiment of batch adsorp-

tion were respectively 5.38 and 2.06 (cm®/sec)
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Fig.1. Concentration decay C/C, versus tg, surface diffusion controlling for n=2.0.
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Table 1. Properties of activated carbon used on experiment.

raw particle size ' density  lodine adsorption “ surface bulk density  hardness
materlal [mo?shj » [g/cem?®) mg/g,J ] i 7areaﬂ[mz/g] 7 [g cma] [%]
coconut shell 16~32 2.100 90()~11()0 | 1000 ‘ O 45~0 50 95

20 4keb Zircontum(]y) il — sk ek Mol goabas] g w2
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Py

2] Al A eked clzh Zircontum(fy) sl cp Rl 4bo) 110 °C ] 4 347k A A g el
o ksb Zircomum(V) Frebn L Fabel gL el b dl Uodl s cbgd ok
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Table 2. Parameters of Freundlich isotherm for adsorption of orthophosphates at 30TC.

pH
P ¢ S . : Remark
arriarme er 1 T 7 7 9 } 11 emar
| 1.91 180 7} 2.08 ‘ 2.08 2.07 1.89
67 82 | 108 | 54 | 41 1.9
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Fig.4. Freundlich isotherms of orthophosphate ion with Zirconium([y) oxide hydrate-active
carbon complex at 30°C.
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Table 3. Experimental conditions and results to Zirconium(10) oxide hydrate —activated carbon
comples (30C, p,=2.298 g/cm*, R=3.715x 10 *cm)

pH

conditions T ] 1 3 5 7 9 - 11

and resurltsi L Y .
C, (10%g/em?) 4.661 © 4.537 5.743 5.706 5.126 5.045
Q (10%g/g 3.612 4407 « 5.486 3.176 2.269 0.154
(to) T,=1107% min] 7.02 6.48 5.64 11.88 . 17.04 . 19.80
{to) To=10107% min) 7.26 7.08 6.69 9.60 16.02  17.88
D, (10%em?/ sec) 3.50 4.75 5.38 149 ' 0.83 0.49
D (10°em?/sec) . 1.9 1.95 2.06 144 0.8 = 0.77

1.0

0.6

Vi =2000em?®
I R =3.715x 10" *m

Co =5.743 x 10 *g/cm®
OWs =4.974 x 10-'g
oW, =1.071g

¢/Co ‘min]
—
y

(=
[aS]

0.0 N N il . NI | L b4 aaa) L o
10° 10! 10* 10? 104
*t(min)

Fig.5. Experimental time-concentration curves of orthophosphate ion adsorption by Zirco-
nium(]V) oxide hydrate-active carbon complex at 30°C and PH=5.
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! dimensionless time defined by eq.(34)
. dimensionless time defined bv eq. {20)
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NOMENCLATURES

. adsorption rate based on pore diffusion control [g/sec]

. adsorption tare based on surface diffusion control (g/sec)
: pore diffusivity [cm®/sec)

. surface diffustvity (cm“/sec)

: radial position in a particle (cm]

. particle density (g/cm®)

: amount adsorbed at point r {g/g]

: void fraction of bed (—]

: Volum of liquid {cm?

. external surface area of the adsorbent particles {cm)

- saturated amount of adsorbed species per dry weight of adsorbent [g/g)
. initial concentration of liguid [g/cm®)

. concentration of liquid phase (g/cm’]

. Freundlich contstant defined in eq. (g) (-]

: mean radius of particles [(cm]

. adsorption time [sec)

: mass of adsorbent (g]

- final concentration of solution (g/cm’]

- time for Tp=1 or t¢=1 [sec]

. adsorption coefficient (cm®/g)

. intraparticle diffusivity [cm” sec]

adsorbent]

. adsorption equilibrium constant in Freandlich isotherm (—]
. orthophosphate equilibrium concentration is solution [mg PO 1)

(-]

: dimensionless group defined by eq.(22) (-]
: adsorption coefficient(=q.'C.,) {Cm" q“
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. equilibrium concentration or orthophosphate on the adsorbents [mg PO /g

. empirical constant equal to the slope of the line on a log-log coordinates in eq.(g)
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