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Sorption properties of polymer-modified bentonite to Pb(II) ions
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Abstract: To investigate the heavy metal sorption properties of the polymer-modified bentonite (PMB), the batch sorption tests
are conducted. The sorption behaviors of the sodium activated calcium-bentonite (NCB) and PMB to Pb(Il) ions are
investigated using four sorption kinetic models (i.e., pseudo-first-order, pseudo-second-order, intra-particle diffusion, and
Elovich models) and four isothermal sorption models (i.e., Langmuir, Freundlich, D-R, and Temkin models). Additionally, the
specific surface area and pore size distribution of the bentonites are analyzed the through BET (Brunauer-Emmett-Teller) tests.
The results indicate that at solution pH = 1 (strong acidity), the sorption efficiency of the PMB to Pb(I) ions is 60%, with an
improvement of 33% over the NCB. The sorption kinetics of bentonites to Pb(II) ions conformes more closely to the
pseudo-second-order model, with the PMB rapidly adsorbing Pb(II) ions within the first 5 minutes, achieving the sorption rate
of 50%. The Langmuir sorption isotherm model provides a better description of the sorption characteristics of both bentonites to
Pb(II) ions, and the calculated maximum sorption capacity closely matches the testing results.
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M AR, B 5 S IR0 2, 2 IR SR 35~200
H, 52| PMB ilff,

1.3 EAR
AL S FLAETS G b OO Tolkis 4z i)
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Fig. 1 Effects of pH on Pb(II) sorption
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Fig. 3 Effects of sorption time on Pb(II) sorption
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Table 1 Kinetic parameters for Pb(II) sorption on bentonite

LS REMedE

R 25 - NCB  Jii1 PMB
Ge,cal/(mg-g ") 94.370 105.72
" , K1/ min’! 0.1299 0.5702
HE— B R 0.8100 0.4000
7 0.7231 0.1665
ge,cal/(mg- ") 105.26 109.89
e KJ/((gmg')y'min')  0.0013 0.0043
AE—PrRR R 0.9996  0.9999
7 0.0496 0.0001
Kpi/ ((mg'g)'min?)  13.426 1.6778
‘ cl 22.029 96.413
IR TASEN- R:? 0.8838 0.9834
B Koo/ ((mgrg!)'min ") 2.3715 0.4272
o 69.031 101.62
R’ 0.8917 0.9380

a/((mg-g ") min ") 365.10  5.6211x10%
Elovich %! B/(gmgh 0.0876 0.4856
R 0.9004 0.9747

2.3 BFREMNEID

MR EAN 25°C, Pb(IDE T HIMIIEKIE 50 mg/L
% 5000 mg/L A81LH}, NCB £ PMB X W [ Pb(IT) &5 1
(PP B = Aoy i R B AR i Z8 W 4. FTLLE
o, VR PO & T IIWIAR R B 3G KT, Pl
R (IR P O O, 2B RN, UL
b2 1% Ph(IL) B8 AR B B 71 I& Mk 5 . 24 Co N
3000 mg/L I, B 5k Po(ID) & 1 1 i BT ah T
FasE . 24 Co N 5000 mg/L i, PMB Xt Pb(Il) & ¥ [)°F
T 2R F] 107 mg/g, R NCB X Pb(11) &+ 111
W B (101 mg/g) iR T 5.75%.
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Fig. 4 Effects of source concentration on Pb(II) sorption
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K H Freundlich #4!, 45 2/ 2 1 1K) ne {835
TE 1~10, 7] LU — 25 2 B3 B Pl L5t Pb(ID) 281 (1)
BT A o SR A D-R AR, 5 L 9 A g2 0
Pb(I1) 2 1~ ) e KW B Bz KTk 56 /B A1 Langmuir 452
RUHSRAE, XD D-R AL AR B 5T BE SR I B
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XA A 0 PO(IL) B 1~ AR B e A DA 8 A2
(i
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Table 2 Predicted isothermal parameters for Pb(I) sorption on

(£ 3), "LLEH NCB BAH Kbk A ffL g
N, R B A] DA R A B 22 () R TR B A, H
RIS 45 AT 5, PMB XF Pb(IT) & 1 W B & T
NCB, &RE&WstEZMA R = RA KK Z0
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(R B RE T o
PMB [f°F¥fLE%E: NCB #5 K T —1f%, XHF|T
Po(ID) & FEFLIE N8 980D 7 RORL N BRE 77,
PMB XI Pb(Il) & ¥ B A % & 1 W B 3 % (20
mg/g-min), M NCB [} #2240 0.84 mg/g min.
% 3 WL R E R

bentonite Table 3 Comparison of surface characteristics of bentonites
gm, cal/(mg-g ") 103.09 112.36 A BET HR A 57.31 4.14
, Ku/(L'mg ) 0.0345 0.0090 Hﬁ%ﬁﬁﬂ/ % 5 BET LKA 57.67 4.22
Langmuir 2 R 0.9998 0.9989 (08D Langmuir L& HAL 8831 6.52
2 Sy 4 . .
e L OElke o oo
Freundlich 1% ne 2.1124 1.6875 ") BuH BMALER 0.1 0.022
R _ 0.8655 0.9026 i) %';J?LE% / 8.97 20.98
gm, ca/(mg-g ") 311.34 401.57 BIH W - fLEE  10.00 21.30
Kox/ (mol>kJ2)  0.0046 0.0061 "M BIH B SALER 814 18.18
D-R 7! E/(kJ-rzlrlol") —0 1 8.347296 (;95(5)3421
;];2 4.38.05 8.10.95 3 g:nb i@
Kr/(L-g" 1.0891 0.2771 it Batch W PHRIARTT 7AW pH (B "R I
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Fig. 5 Relationship between Rr and source Pb(II) concentration
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