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Summary: Using a gemini surfactant ([CisHs7(CHs)?-N*-(CHy)3-N*-(CHs),CisH37]Cly) as the
directing agent, K,SiO; and KAIO, as the source of silicon and aluminum, a Nano-crystal has been
successfully synthesized under a strong alkali hydrothermal condition. The material shows
hexahedron morphology and its crystal size is between around 250-500 nm. Its liquid specific
surface area is 1313.2 m?-g. The adsorption process of Pb on the Nano-crystal follows
quasi-second-order kinetic model and Langmuir adsorption isotherm equation. The maximum Pb
adsorption capacity of Nano-crystal is around 1105 mg-g.
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Introduction

Pb is much harmful to both the environment
and human’s health [1-3]. According to the standard
of China Ministry of environmental protection, the
concentration of Pb in waste water must be lower
than 1.0mg-L™. At present, absorption process is one
of the effective, convenient and rapid methods to
remove Pb from waste water [4-6]. Now, an efficient
Pb adsorption Nano-crystal has been successfully
synthesized under an alkali  hydrothermal
environment and using a gemini surfactant
([C13H37(CH3)2-N+-(CH2)3-N+-(CH3)2C18H37]C|2) as
directing agent. After successfully synthesized, the
adsorption capacity of Nano-crystal is proved by Pb
adsorption environment.

Experimental

Potassium silicate  (Analytically pure),
potassium hydroxide (Analytically pure) and lead
nitrate (Analytically pure) used in the experiment
were purchased from China national pharmaceutical
chemical reagent Co. Ltd. Partial potassium
aluminate (Chemical purity) was purchased from
Shandong Luke chemical industry Co. Ltd, China.
[C13H37(CH3)2-N+-(CH2)3-N+-(CH3)2C18H37]C|2 (98%)
were purchased from Henan Daochun Chemical
Technology Co., Ltd, China. The synthesis system of
Nano-crystal was as follow: 6.1087g potassium
silicate, 2.744g partial potassium aluminate and
0.1819g directing agent were added into a teflon

bottle which contains potassium hydroxide (240ml,
10mol-L?) solution. A water bath reaction device
installed on a magnetic stirrer keep the reaction
temperature around 348K (*2K). During the
synthesis process, magnetic stirrer maintained stirring
the reaction systems and the reaction time was 10
hours. After synthesis finished, deionized water was
used to wash the reaction products until the pH value
of filter liquor is around 7. Ultimately, reaction
product was dried fewer than 383K and the final
product is Nano-crystal.

Material characterization methods used in
this experiment was X-ray diffraction analysis which
is from Thermo’s type X 'TRA X-ray diffractometer.
The morphology and microscopic composition of the
Nano-crystal were analyzed by using the scanning
electron microscope of HITACHI (S-3400N). Liquid
specific surface area was measured by liquid specific
surface area analyzer of Xigo company. The
adsorption experiment is a typical static adsorption
experiment. The range of pH value in adsorption
system is from 2-9. The range of adsorption
temperature is from 308 to 348K. The range of
absorption time is from 15 to 480min. The range of
Pb  concentration is  300-1750mg/L.  The
concentration of Pb is measured by atomic absorption
spectrophotometer (Agilent, AA240DUO).
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Figl. (a) XRD pattern, (b) and (c) SEM, (d) EDX, (e) liquid specific surface area of Nano crystal.

Results and Discussions

Figl.a demonstrates the XRD pattern of
Nano-crystal. From Fig. 1a, it could be seen that the
main XRD peak of Nano-crystal appears at 26
(28.981°), (28.681°), (31.701°), (30.081°), (12.682°)
and (13.481°) should belong to KAISiO4-1.5H,0
(Tetragonal, Body-center, PDF-No. 38-0216). Fig. 1b
and Fig. 1c show the SEM of Nano-crystal. The
Nano-crystal shows hexahedron morphology, which
is consistent with XRD result. The crystal size is

around 250-500nm. The gain of this Nano-scale
microstructure is mainly attributed to the restriction
function of the directing agent
[ClgH37(CH3)2-N+-(CH2)3-N+-(CH3)2C13H37]Clz [7-9].
Compared with the previous related research of
microcrystal, the XRD results of the Nano-crystal
showed a significant decrease in the intensity of main
diffraction peak at (110), (310) and (312), which
indicated the growth of (110), (310), (312) planes
were inhibited during the synthesis process of
Nano-crystals. Moreover, this result illustrated the
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inhibition of certain specific planes growing during
the crystal growth by the addition of gemini
surfactant [10]. Figl.e shows the EDX analysis result
of a 1200um=900um area and the main composition
of Nano-crystal is K, Al, Si. The molar ratio of
element is K: 32%, Al: 33%, Si: 35%, which is
consistent with its molecular formula
(KAISiO4-1.5H,0). The liquid specific surface area
of Nano-crystal is 1313.2 m2-g* (Figl.f).

The adsorption kinetics model and
adsorption isotherm model are as follow:

The Lagergren pseudo-first-order model [11,
12]

Ln(Qe _Qt) = LnQe - klt 1)

where Q. (mg-g?) is equilibrium adsorption capacity
of Pb on Nano-crystal, Q: (mg-g™) is adsorption
capacity of Pb on Nano-caystal at time t, k; (min?) is
rate constant of first-order model and t (min) is
contact time.

The Blanchard pseudo-second-order model
[13, 14]

t 1

-1t
Q kQ° Q

O]

where k» (g:mg'-min?) is rate constant of

second-order model.

The equation of Langmuir isotherm [15, 16]
is as follow:

c, 1 C
== 3)

+ —
Qe kLQm Qm
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where Q. (mg-g?) and C. (mg-L™) are the amount Pb
adsorbed and the Pb concentration on solution, both
at equilibrium; k. (L-mg?) is the Langmuir constant
related to the energy of adsorption; and Qm (mg-g™?)
is the maximum adsorption capacity.

The equation of Freundlich isotherm [17] is as
follow:

Ln(Qe)=Ln(kF)+%Ln<ce) @

where ke and n are constants for the Freundlich
isotherm, they are indicative of the adsorption
capacity (mg-g) and adsorption intensity.

Fig2.a shows the effects of adsorption
temperature and time on the adsorption capacity,
from which we can see that the higher temperature
will lead to the decrease of adsorption capacity. The
adsorption  Kkinetics and isotherm of Pb by
Nano-crystal was analyzed and the results are shown
in Fig2.b, Fig2.c and Tablel. It could be seen that the
adsorption process of Pb by Nano-crystal is better
accord with the quasi-second-order kinetic model and
the R? is higher than 0.997. The Langmuir adsorption
isotherm model can be used to fit the adsorption
process of Pb ions on Nano-crystal and the R? is
0.9998. The maximum Pb adsorption capacity is 1105
mg-g*. The adsorption capacity is higher than novel

porous tablet material (215.52 mg-g?)[18],
microwave-assisted functionalized lignin (106mg-g™)
[1], modified magnetic nanoparticles

(333.3mg-g™)[5], porous biosilica (120.4mg-g*)[19],
modified chitosan/CoFe,O, particles(228.3mg-g)[13]
and is similar with Cu/ZnO composite (1111
mg-g)[4]. Fig2.d indicates the effect of solution pH
on adsorption capacity. It could be seen that the
adsorption capacity would increase with rise of
solution pH.

Table-1: Adsorption process parameters of Pb on Nano-crystal.

Adsorption Kinetics

Quasi-first-order

Temperature (K) ki(min?) Qca(mg.g?) Qexp(Mg.g™h) R?
308 0.01463+0.00603 441.02+4.25 996+18.6 0.972
323 0.01097+0.00598 539.69+4.14 760+18.7 0.933
348 0.00913+0.00565 484+3.85 531+16.6 0.983
Quasi-second-order
Temperature (K) k2 (g.mg™.min?) Qeal(mg.g?) Qexp(Mg.gt) R?
308 0.00009276+0.000004787 1005.13+7.63 996+18.6 0.995
323 0.00005523+0.000002548 775.19+8.32 760+18.7 0.986
348 0.00002448+0.000001419 606.06+10.89 531+16.6 0.992
Adsorption isotherm
Langmuir isotherm
ki(L.mg™) Qm(mg.g?) R?
0.1091+0.0042 1084.48+10.94 0.986
Freundlich isotherm
F n R?
289.31+9.96 4.29+10.153 0.871
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(a) Effect of time and temperature on adsorption capacity, (b) Quasi-second-order kinetics model

fitting result, (c) The relationship between equilibrium concentration and adsorption capacity (insert,
Langmuir isotherm model fitting result), (d) Effect of solution pH on adsorption capacity.

Conclusions

Using
[C13H37(CH3)2-N+-(CH2)3-N+-(CH3)2C18H37]C|2 as
directing agent, potassium silicate and partial
potassium aluminate as the source of silicon and
aluminum source, the Nano-crystal has been
successfully  synthesized under the alkali
hydrothermal conditions. The morphology of this
material shows hexahedron and its crystal size is
between around 250-500 nm. Its liquid specific
surface area is 1313.2m?-g™X. The adsorption process
of Pb on the Nano-crystal is in accord with
quasi-second-order kinetic model and Langmuir
adsorption isotherm equation. Nano-crystal has a
maximum Pb adsorption capacity of 1105 mg-g™*.
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