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Adsorption property of heavy metals onto MCM-41 and expanded graphite
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Abstract

MCM-41(Mobil's Composition of Matter-41) and expanded graphite(EG) were investigated as potential adsorbents for heavy metal ions
including Pb(ll), Cu(ll) and Ni(ll) in various aqueous chemistries, MCM-41 showed shorter equilibrium times and higher adsorption capacities
for all three heavy metal ions compared to expanded graphite, The adsorption of three heavy metal ions was significantly affected by the
solution pH due to the competition with HsO" at lower pH and precipitation at neutral or higher pH. Adsorptions of heavy metal ions onto
MCM-41 and expanded graphite were successfully described with the pseudo-second-order model, During the competitive adsorption of
three heavy metal ions, the selectivity of Pb(ll) was highest and almost same selectivity was observed with Cu(ll) and Ni(ll) when MCM-41
was used as an adsorbent, while the expanded graphite exhibited the highest selectivity to Pb(ll), followed by Ni(ll) and Cu(ll).
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Fig. 1. SEM images of experimented adsorbents (a: MCM-41,
b: expanded graphite, c: raw graphite).
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Table 1, Elementary composition and physical property of
experimented adsorbents Table 2, Experimental parameters and conditions
Element composition(%) Physical properties Experimental parameter Range
Adsorbe
nt type Surface Pore Pore i
c| ol|s| si|A| aea | sze | volume Heavy metals (HMs) Pb, Cu, Ni
(m/g) | (nm) | (cr/g) — -
Initial concentration of HMs 005
McM-41 - |63.39) - (35.79|0.82) 900, |.2200,| 1.000 (mmol/L) '
: MCM-41, Expanded
Adsorbent graphite(EG)
g’;‘;@”ﬂfg 9718/ 2.82| - | - | - | 92.450 | 6706 | 0.155
Dose of adsorbent (g/L) 3
Graphite|92.52| 7.07 |0.41] — - 0.761 12.457 | 0.002 Initial pH of solution 3,5, 7
SR FHA ] ERE 250 S AR
AlS g4 gl = - _ o
22 ST W =4 371 15 A (D olgatslk ol Ae FaAe)
Table 2= 49 Fo Wfel AP2AE Ueh FHEFL ) AAE ARgsket), 5L A
W ek FAAFS 200mL vlolAel FEES T FF% BEE WA S Aol
0.05mMe] FER GHAIZ] gl 100mLE AH AE ghe FEEHq)ol B
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ol M= dol 2,976mg/g, 27} 0.908mg/g,

Yle] 0.810mg/gox A F7etlet. F2as
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Table 3. Adsorption capacities and efficiencies of heavy metal
ions according to adsorbent materials and pH

pH=3 pH=5
Adsorbent meeat\ally Qe Eas(h) Qe Euel%)
(mg/g)| =™ | (mg/g)| """
Pb | 1141 | 7.9 | 2976 | 74.1
MCM-41| Cu | 0.217 | 14.4 | 0.908 | 75.6
Ni |0.055| 46 |0810| 715
Pb | 0407 | 7.7 |0.758 | 21.1
oxpanicdl cu | o000 | 64 | 0183 | 175
Ni 0.063| 5.3 | 0.052 5.1
Pb | 0.342| 6.4 |0.398]| 12.0
Graphite Cu 0.042 2.7 0.075 6.5
Ni 0.057 | 4.9 0.051 4.5
Fig. 2
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Fig. 2, Adsorption rates of individual heavy metal ions onto
MCM-41(a) and expanded graphite(b).

o
B
2
55
)
=2
>
2
2
2
0
ik
oty
1%
iy
ol
iy
rlo

i

=
prie] odEhg were Fageld gole] prr
¢ Q3% WHo|tHJiang et al., 2010; Unuabonah
et al., 2008). MCM-41S F2HA|Z ARESE 7399 &
H57gel wAE pHO dFE Fig 3ol UERHN
th 55 FEFS pH7E 30lA e uigkow
pH7} S713tel whe} STkl 2o R yehsith 5

3] pH7t 791 Z3oM AAHE o, T, YA &
< 0.0170mmol/g, 0.0164mmol/g, 0.01667mmol/g
o2 8ol EFstal = TEEHE 98.1:99.9%
& AAse Aoz Ueht Aol ZE Fa%0l Al
Age et SR} pivh Skl we
e 7)ze] QoE Huw v ok
& pH ZUNE FAAEE T FEE olen
HO, oleol Agehiz FA&Et B 4+ dn
(Jiang et al., 2010), &3+ pH7} S7FsHl w2t &
% mHe go R A7) A9 W75
Aol ofa FAEIF S7HE F UtHUnlu and
Ersoz 2006; Unuabonah et al,, 2008), ©]¢} TjEo]
P} 79 ZoliE PR Fel FLshEol
e 5 goms sgeozye A
qr glg Aoz 24un ol Ug BHG T
wol Baw Aoz Az

0.015 4

0.010

0.005

mmol Metal ion/g adsorbent

e Pb
—A— Cu
& Ni

0.000

2 3 s 5 6 7 8
pH
Fig. 3. Effect of pH on the adsorption rates of heavy metal
ions onto MCM-41,
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Table 4. Interpretation of experimental results into first-order

and second-order kinetic models (pH=5)

First—order rate

Second-order rate

Vet Adsorbe . ¢ constants constants
e e
(mg/g) i) (theor) R (gmg™" (theor.) R
(mgg™) min") (mgg™)
MCM—-41 2976 0,004 0652 09225 0.001 2632 0,9997
Pb
EG* 0758 0010 0411 09687 0,034 0,687 0.9925
MCM-41 0,908 0,004 01804 0.8569 0.616 0.806 0.9998
Cu
EG 0183 0.012 00523 0.8069 1197 0176  0.9987
MCM-41 0810 0003 0188 07859  0.293 0.692 09999
Ni
EG 0.052 0016 0033 09698 0.000009 0.053 09878
EG* : expanded graphite
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Fig. 6. Adsorption rates of heavy metal ions onto MCM-41(a)
and expanded graphite(b) in mixed solution,
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