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Figure(1) Percentage of cumulative frequency of palygorskite particles in nano and micron sizes
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Table (1) Elemental composition of palygorskite determined by X-ray fluorescence spectrometry

Sras S 5 Nty
Elemental S0 ALO; Fe,0; CaO NaO K,0 MgO TiO, MnO P,0s SO; LOI*

o (Total)
Composition

% 5768 468 281 157 001 023 718 025 000 0.64 0.00 2463 99.69

(Loss on Ignition ) Yu sbes 3 055 zals™

a5l (ST D053 9,50 9 636 (el SIS cud b 9 039 haw (V) Jgur
Table(2) The specific surface area and cation exchange capacity of micro- and nano-particles of
palygorskite

(Cation Exchange Capacity) .55 Jsbs s b Specific Surface Area) .: . .
J PAcIly) S8 Jols =28 P 5 ) o5 e (Particle Size) 1,3 o3l
cmol/kg) m-/g)

115 198.8 (Microparticles) <13 5 S

24.7 298.6 (Nanoparticles) <1,3 4t
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Figure(2) X-ray diffraction pattern of a powdery specimen of palygorskite (P: Palygorskite, Q:
Quartz, C: Calcite)
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Figure(3) The effect of contact time on competitive adsorption of lead and copper from aqueous
solutions by micro and nano particles of palygorskite
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Table(3) Atomic and hydrated radius, and hydration energy of Pb and Cu (Semmens, 1981)

(Hydration energy) _z 5. 5! (Hydrated radius) «1,..» glas (Atomic radius) _.s! glas

. o . (Cation) o,
Kealf/gr ion) A) A)
-357.8 4.01 1.32 (Pb*)
-498.7 4.19 0.82 CU") e

S )9l D153 950 § U awgl Jgkomo 31 o 9 2w DA (Sl S L (§) S99
Table (4)The Kkinetic parameters of lead and copper adsorption onto micro and nanoparticles of palygorskite

S1od 0908 (F i S PO P93 4d o (Sl Jho DI J9l 48 0 (St Jho add adalis
Intraparticle diffusion model Pseudo-second order kinetic model Pseudo-first order kinetic model Measured
(1) Code Oletl
5 Kooy R o o o R e QL K
(mgg™ min™") (mg g™ min®) (mgg~)  (g.mg min~) (mgg™)  (min™) remova (mgg™)
efficiency (%)
(Microparticles-Pb) o . -l )3 5 S
0.94 23.44 0.030 0.99  0.0001 1.6 25.0 0.0027 0.44 100.9 4.2 0.0009 33.3 25.0
(Microparticles-Cu) ..— oif)3 5 S
0.72 15.65 0.021 0.99  0.0002 0.98 16.7 0.0035 0.34 59.7 3.1 0.0009 22.2 16.7
(Nanoparticles-Pb) o . — &l 5 46
0.96 31.40 0.032 1.00 0.0016 2.4 333 0.0022 0.42 1382 55 0.0009 44.1 33.1
(Nanoparticles-Pb) w— i) 46
0.94 18.09 0.030 0.99  0.0007 0.97 19.7 0.0025 0.45 53.9 4.3 0.0009 26.1 19.6

e (7 (2 o1 FCCD) e 4o 4

13Y
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Figure (4) Intraparticle diffusion pattern of Pb and Cu sorption onto nano- and micropatrticles of

Qt (mg/g)
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Table (5) Distribution coefficients (Kd) of lead and copper in aqueous solutions containing
micro- and nanopatrticles of palygorskite

(Intial Concentration) 4J,l clale

(mg.I)
50 100 50 100 50 100 50
Kd (l.g™h) Mean of Kd (1.g™%) Kd (.g™h)
(Nano Particles- Pb) < ,u— &,3 5b
7.2 1.4 7.2 1.4 7.2 1.4 7.2
(Nano Particles- Cu) e — o153 56
1.2 0.4 1.2 0.4 1.2 0.4 1.2
(Micro Particles- Pb) < ju— &il)3 5 S
2.2 0.8 2.2 0.8 2.2 0.8 2.2
(Micro Particles- Cu) _we— i3 5 S
0.9 0.3 0.9 0.3 0.9 0.3 0.9

D53 95K 9 gIU Lawgd o 9 O g DI (SO p EmINY B 9 9 eeTY Sl e il g W (1) Jove

Sl

Table (6) Results of fitting Langmuir and Freundlich models on lead and copper adsorption
data by micro- and nanopatrticles of palygorskite

o 550y
Freundlich Langmuir
2 - ) " -
R Kt (L-g 1) N R KL (L'g 1) Qmax (mg.g l)
(Nanoparticles- Pb) o .. — o153 st
0.944 51.62 9.911 0.999 0.193 28.9
(Nanoparticles- Cu) s —1)3 35U
0.853 38.94 7.63 0.999 0.126 18.35
(Microparticles- Pb) o ,u —cily3 5 S
0.980 56.80 5.66 0.998 0.062 19.12
(Microparticles- Cu) e —il)3 5 S
0.952 41.97 5.12 0.999 0.053 12.77
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Table(6) Comparison of maximum adsorption of Pb and Cu (mg/g) in this study with those in

other studies

s

Refec:;nce maximum adsorption of maximum adsorption of <3k el
Cu Pb
(Current sl tags Sy L 3 50
. 18.34 28.90 Palygorskite
study) ygors
nanoparticles
(Current sl ey S S 3y e
. L2771 19.12 Palygorskite
study) alygorst
microparticles
4‘\5 - - s,
(19) - 15.79 = b »:Jyj-
Turkish natural zeolite
e $S
(18) - 4 =
Kaolinite
(44) - 6.3 Cs 525 0 90
Montmorillonite
&L.J P
(33) 3.8 6 . r‘r-lf
Clinoptilolite
3 5 B S5 D3 e5ILl 93 8 g s & 5 domis

e il S e S L e SLI ) 568 6
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