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Abstract

Because paraquat is the most important
manufacturing herbicide in Taiwan and is also
characteristic of high toxicity which may cause
water pollution in surface water and groundwater,
the adsorption removal of cationic paraquat from
water using the negatively charged clay (i.e.,
activated bleaching earth and regenerated spent
bleaching earths) by ion-exchange adsorption may
be a cost-effective method and can be considered as
one of the most available control technologies. In
the present study, the rate of adsorption has been
investigated under the controlled process parameters
like initial paraquat concentration, initial pH,
temperature and salinity. A pseudo-second order
model has been tested to predict the rate constant of
adsorption, and equilibrium adsorption capacity by
the fittings of the experimental data. The results
showed that the adsorption process could n be well
described with the reaction model. Also, the
results were reasonable to be explained by
competitive adsorption in the ion exchange process.
Further, the process kinetics was reasonably

described by the proposed mechanism, which was
based on the concepts of completely mixed batch
reactor, mass conservation, and homogeneous
elementary reaction.

Keywords: Regenerated spent bleaching earth,
Paraquat, Adsorption, Kinetics
modeling
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Table 1. Main physical properties of clay
adsorbents (BE: activated bleaching earth; RBE:
regenerated BE) used in the present study.

Sample Sggr” V. D, 0 g 0 /Opf
ID (m%g) (cm’/g) (nm) (g/lem®) (gem’) ()
BE 268 0.359 5.35 2.305 1.262 0.452

RBE-1 832 0.169 8.11 1.885 1.430 0.241

RBE-2 101.5 0.204 8.04 1.825 1.330 0.271

* BET surface area.

® Total pore volume.

¢ Pore diameter, estimated by 4 V,/Sggr.

¢ True density.

¢ Particle density, calculated below : p,=1/[V+(1/p)]
' Particle porosity, computed below : ¢ p=1-(0,/04)

Table 2. Kinetic parameters for paraquat adsorption onto
activated clay (BE) at different particle sizes *

Particle BET
size surlace K ' Qe R?
(um) arzea (g/mg-min) (mg/g)
(m’/g)
53-74 266.90 0.0092 57.804 0.9988
37-53 266.71 0.0166 55.556 0.9991
< 37 229.40 0.0820 45.455 1.0000

? Adsorption conditions: initial concentration=230 mg/L,
adsorbent dosage = 0.5 g/2 L, agitation speed = 400
rpm, and temperature = 25 C.

Table 3. Kinetic parameters for paraquat adsorption onto
Clay adsorbents at various conditions

sorbent Initial  Salt k Qe R?
PH (conc) (g/mg-min) (mg/g)
3.0 (ONOaOcl\ll) 0.0497  23.6407 0.9999
7.0 (oNoaoCr\]/[) 0.0288  33.3333 0.9998
11.0 (oNoaoCr\l/[) 0.0446  56.1798 1.0000
11.0 (ON(?SCI\I/I) 0.0461  50.5050 1.0000
BE NaCl
110 sy 00800 312500 10000
11.0 (2N5aOCI\l/I) 0.0588  23.3100 0.9996
11.0 (oleg»lA) 0.0689  32.7869 1.0000
11.0 (Olé(c)jli/l) 0.1046 247525 0.9995
3.0 (oNoa(S\l/[) 0.1243  4.0800 0.9973
7.0 (oNoaocnla) 0.0603  10.5152 0.9985
11.0 (oN(?oCr\lA) 0.0281  18.9394 0.9992
o NaCl 0356 12,0337 0.9978
SRE | (0.05M)
11.0 (ONSaOCI\l/I) 0.0379 85911 0.9974
11.0 (2N53(§:I\'4) 0.0364  4.9975 0.9893
11.0 (olggxia) 0.0500 89767 0.9984
11.0 (olégrlv[) 0.0397 63898 0.9920
3.0 (oNoa(g\L) 02909 55804 0.9999
7.0 (ONOa()Cl\l/I) 0.0386  11.1607 0.9978
11.0 (oNoaoCr\L) 0.0491  18.8324 0.9997
o NaCl 00478 111857 0.9986
RBE.2 (0.05M)
11.0 (ONSaOCI\l/I) 0.0503 85034 0.9985
11.0 (2Nsa(§31¢[) 00191  5.0327 0.9773
11.0 (olegplA) 0.0476  8.4531 0.9985
11.0 (Oig&) 0.0473  8.0064 0.9983




Table 4. Kinetic parameters for paraquat adsorption (25

‘C ) on clay adsorbent (BE) at wvarious initial
concentrations, dosages and agitation speeds. 70 ——
Initial ——288 K
conlc Dosage Agitation k qe R? 60 —&—298 K
, . —&—308 K
(mg/L) (/L)  (rpm) (g/mg.min) (mg/g) 5 —e—iis
) —¥—328 K
70 2 400 03295 34.8432 1.0000 E 38K
= 40 X — Ty
100 2 400  0.0482 39.0625 0.9997 s 7K +\—|—/"§— =¥
15 2 400 0.1230  40.3226 1.0000 30
30 0.125 400 0.0223 21.3220 0.9988 20 |
30 0250 400  0.04778 31.6456 1.0000 0 20 40 60 80 100 120 140
30 0375 400  0.0453  35.8423 1.0000 t (min)
30 0.500 400 0.0395  39.0625 0.9999
Fig. 1. Plots of q; vs. t for adsorption of paraquat on clay
30 0.125 200 0.0437 33.8985°0.5239 adsorbent (BE) at various temperatures.
30 0.125 400 0.1184 34.2460 1.0000 0
30 0.125 600 0.0660 34.9650 1.0000

Table 5. Parameters in Langmuir and Freundlich ion
isotherm models of paraquat onto clay adsorbents (BE) at t

at25 C.
Langmuir Freundliich

Particle

size m Ky R? K I/n R2
(um) (mggH) (L/mg) FO

53-74 57.803 57.7 0.7702 53.506 0'233 0.9920
37-53 58480 2443 0.7598 55.108 0'%27 0.9807
< 37 53476 4.0 08271 47.073 0'%37 0.9683

* Batch adsorption conditions: initial concentration =
100 ~ 150 mg/L, adsorbent dosage =0.1 g/ 0.05 L,
agitation speed = 110 rpm, and temperature =
25 C.
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Fig. 2. Plots of q, vs. t for adsorption of paraquat on
clay adsorbent (RBE-1) at various temperatures.
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Fig. 3. Plots of q, vs. t for adsorption of paraquat on
clay adsorbent (RBE-2) at various temperatures.



