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1. Introduction

The development of the nuclear industry has
produced a lot of long half-life radioactive wastes.
Cesium radioactive isotope (**’Cs) is the main
radioactive material derived from nuclear accident and
nuclear waste, accounting for 6.3% of the fission
product.

Previous works have demonstrated zeolite [1],
ammonium molybdophosphate (AMP), silicotitanate
(CST) [2], and ferrocyanide complexes [3] as good
cesium absorbent. In particular, ferrocyanide - transition
metal complexes (FTMC) have been known as high
selective absorbent for cesium [4]. Dwivedi et al. [5]
used a micro gel composed of Cobalt hexacyanoferate
attached to Alginate to separate cesium from water.

FTMC are selective for cesium, but its the recovery
and reusability of ferrocyanide-transition metal
complexes are practically difficult due to the dispersion
of the particles in the solution. The deposition of FTMC
on different substrates is a promising method to solve
this problem.

In this paper, the process of synthesis nanocomposite
comprising cobalt hexacyanoferate deposited on the
surface of Fe;O4 nanoparticles is reported. The obtained
nanocomposite is applied as cesium absorbent, and its
adsorption capacity and mechanism are discussed.

2. Experimental
2.1. Materials

In this study, standard solutions (Cs* (1000 mg/L),
CsCl, Ky[Fe (CN)g, CoCl,.6H,0) of 99.99% npurity
(Merck) were mainly used, and also used are
FeCl;-6H,0, FeCl,-4H,0, 25% NH,OH solution, HNO3
(0.01-0.1N), NaOH (0.01-0.1 N), and NH,OH, among
others.

2.2. Synthesis of Iron oxide nanoparticles (Fes0,)

An aqueous solution containing FeCls.6H,O and
FeCl,.4H,O with a molar ratio of 2:1 (filter out the
solution if it precipitated) was added into a flask,
bubbled by N, for 10 min, and heated up to 70°C in a
ultra- sonifier. The above solution was dropwisely
added to 25 mL of NH,OH (25%). The temperature of
the chemical reaction was maintained at 70°C with
stirring speed of 1200 rpm. The reaction solution
became dark green. After the products were separated

by a magnet machine and rinsed several times by
distilled water until neutral pH was obtained reaction
completion.

2.3. Synthesis of Co,[Fe(CN)g]/Fes04

49 of as-prepared Fe;04 nanoparticles were dispersed
in 500 ml of CoCl, solution (0.01 M), which was
dropwisely added by 250 mL of K4[Fe(CN)g] solution
(0.1 M). The temperature of the reaction was
maintained at 25°C and stirring speed of 1200 rpm was
applied. After reaction, the dark brown product was
separated from the reaction solution by a magnet
machine, rinsed with distilled water, and dried at 60°C.

2.4. Analyses of synthetic materials

The powder X-ray diffraction (PXRD) pattern of
materials was collected using a Scintag - XDS-2000
diffractometer with Copper (Cu) K, (A = 1.54059 A)
and two-theta (20) range from 10° to 70°. Transmission
electron microscopy (TEM) images were obtained using
JEOL JEM-1400 TEM. The elements in the materials
were determined by total reflection X-ray fluorescence

spectroscopy analysis (TXRF).

2.5. Determination of cesium adsorption capacity of
COz[FE(CN)G]/F9304

0.1 g of Coy[Fe(CN)g]/Fe;04 was added into 100 ml
of vary concentrations (from 30 to 90 mg/L) of Cs*
solution, which was stored in the closed jar, and was
shaken at 180 rpm for 24 hours until reached
equilibrium absorption at 25°C. After the adsorption,
the material was separated by a magnet machine. The
supernatant was centrifuged at 10,000 rpm in 5 min,
then filtered through a 0.24 pm filter.

The pH of the solution (3.0, 4.0, 5.0, 6.0, 7.0, 8.0, and
9.0) was adjusted by using HNO; (0.01-0.1M) or NaOH
(0.01-0.1M). After 24 hours of reaction, the absorbent
material was separated by a magnet. The supernatant
was centrifuged, filtered, and detected by TXRF.

2.6. Investigation on the reaction rate

0.1 g of Co,[Fe(CN)g]/Fe;04 was added into 100 ml
of a Cs+ solution (0.1 mg/L) which were stored in the
jar. This component was shaken at 180 rpm at 25°C in 5
min, and was then taken out in an interval of one
minute.



The absorbed cesium content was based on the
original and residual concentration of cesium in the

solution with following formula:
— V(Ci—Ce)

1)
B

where ¢ is the amount of cesium absorbed, or the
absorbed capacity of the material (mg/g absorbent); C;
and C. are Cs' concentrations before and after
absorption, respectively; V is the volume of solution,
and B is the mass of absorbent used.
Langmuir adsorption isotherm equation is given by:
= e 2)

€ 1+bc,
where g is the amount of Cs” absorbed by the material
(mg/lg  absorbent), g, is the  maximum
absorption capacity (MAC) of the Cs*, C, is the initial
concentration of the adsorption at time, b is the constant
of the adsorption/desorption ratio.
Freundlich adsorption isotherm equation is given by:

g0 = KC™ 3

where g, is the amount of Cs* absorbed by the material
(mg/g); K, n are the adsorption constants when the
reaction reaches equilibrium.

All samples of the absorbent material after adsorption
experiments were washed several times by distilled
water, dried at 60°C, and then detected by TXRF
method. The Cs” concentration change in the solution
can reveal the adsorption mechanism.

3. Results and discussion

The characterizations of materials were determined by
PXRD and TEM. PXRD patterns of Fes0y,
Co,[Fe(CN)g], and Co,[Fe(CN)g]/Fes0,4 are shown in
Fig. 1.
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Fig. 1. PXRD patterns of Fe;0,4, Co,[Fe(CN)g]/Fe304, and Co-
2[Fe(CN)e]

The PXRD pattern of Co,[Fe(CN)g]/FesO, is clearly
composed of both crystalline phases, illustrated by
Co,[Fe(CN)g] (20 = 18, 25, 37, 41, and 44% and
Fes0420 = 657, which confirm the successful
formation of the composite materials.

Determination of Fe;sO, and Co,[Fe(CN)g]/Fes0,4 by
TXRF confirms that Co,[Fe(CN)¢]/FesO4 is composed
of several Fe;0O,4 nanoparticles. The molecular weight of
Co,[Fe(CN)g] is 329.8158 g/mol, and the elemental
composition is shown in Table 1.

Table 1. Theoretical element composition of Co,[Fe(CN)e]

Elements M‘(I)Vleei(;uhlar Stoichiometry Welgrzgmp)ercent
Co 58.93 2 35.73
Fe 55.84 1 16.93
C 12.01 6 21.84
N 14.01 6 25.48

According to the theory, the atomic weight ratio of
Co/Fe in Co,[Fe(CN)gl/Fe;0, is ~117/55. From the
elemental analysis of Co,[Fe(CN)g]/Fe;0,4, the atomic
weigh ratio of Co/Fe is ~714/1977. Comparison
between theoretical and empirical results shows that the
weight percentage of Co,[Fe(CN)¢] accounts for
20.65% of Co,[Fe(CN)g]/FesO4 when Coy[Fe(CN)g] is
deposited on FesO,4 nanoparticle.

Fig. 2. TEM images of (a) Fe;04; (b) Co,[Fe(CN)g]/Fes0y; (€)
a high-magnification TEM image of Co,[Fe(CN)g]/Fe;0,

Based on the TEM image in Fig. 2, the increase in
particle size upon the deposition of Co,[Fe(CN)¢] onto
FesO4 nanoparticles is attributed to the aggregate of
several Fe;O, nanopartilces, and Co,[Fe(CN)g] plays a
role as an outer covering layer. The
Co,[Fe(CN)g]/Fes04 nano composite with the mean size
of around 50 nm is used for further Cs" absorption
studies.

The adsorption happened at 25°C and pH = 5.0, the
results of the Cs" absorbent on the materials are shown
in Table 2. When the reaction reached the balance
condition, the amount of Cs* absorbed in the solution
was calculated by the formulas (1, 2, 3). The results
showed that the process of the balance condition
depended on the concentration of the original solution.

Table 2. The absorbed capacity of Cs* by Co,[Fe(CN)g]/Fe;0,

1) @ (©)) 4) ® (6)

30 46.52 0.35 65 52.10 0.39
35 48.11 0.36 70 52.90 0.40
40 49.04 0.37 75 53.30 0.40
45 50.11 0.37 80 53.43 0.40

50 50.24 0.38 85 53.29 0.40

55 51.70 0.39 90 53.37 0.40

60 51.57 0.39

(1): Cs+ concentration (mg/g)

(2): The absorbed capacity of Cs+ material (mg/g)
(3): The absorbed mili-equivalent

of Cs+ material (meq/qg)

(4): Cs+ concentration

(5): The absorbed capacity of Cs+ material (mg/g)
(6): The absorbed mili-equivalent

of Cs+ material (meq/qg)




The experimental results in table 2 shows the
appropriation with the Langmuir and Freundlich
adsorption isotherm models. Table 3 and Fig. 3 show
the parameters of the isothermal adsorption of Cs* on
Co,[Fe(CN)g]/Fes04 which are based on Langmuir and
Freundlich adsorption isotherm models. MAC of
materials based on Langmuir adsorption isotherm
model was g, = 58.18 mg/g, R* = 0.97, and b = 0.13.

Table 3. The parameters of the Langmuir and Freundlich
adsorption isotherm models for Cs* on Co,[Fe(CN)s]/Fes0,
adsorption

Co,[Fe(CN)g]/Fe;0, adsorption

The Langmuir adsorption isotherm model

lon adsorption gm (mg/g) b R’
Cs' 58.18 0.13 0.97
The Freundlich adsorption isotherm model

lon adsorption K (L/mg) 1/n R?
Cs* 9.88 0.12 0.95

54 4

53 4

52 4

51 4

50 -

49 +

q(mg/g),

77777 Freundlich courve
Langmuir courve

48 -

47

46 -

T T T T T T T
30 40 50 60 70 80 90
C, (mg/L)

Fig. 3. Cs" adsorption isotherm by Co,[Fe(CN)g]/Fe;0,

TXRF method was used for the analysis of
Co,[Fe(CN)g]/Fe;0, sample which adsorbed Cs*. MAC
reached 53.42 mg/g. MAC based on the Langmuir
adsorption isotherm model is gm. = 58.18 mg/g, that is
4 units higher than the practical value (Qe, = 53.42
mg/g). The results show that Co®* after adsorption
decreased more than the original sample, and the
reaction happened on the surface of
COz[Fe(CN)e]/Fego4.

It can be seen in the Fig. 4 (a) that the adsorption
process of Cs* reached MAC in range pH of 4.0 -5.0; at
pH = 4.0, MAC of Co,[Fe(CN)g]/Fes0, is 53.67mg/g.
At pH = 3.0, MAC of material was low because the
surface of absorbent was dissolved. At pH>5, the
adsorption process decreased because the surface of
absorbent was hydrated to create a film on the surface
that limited the contact of Cs* absorbent. At pH=4.0,
Cs" concentration was used in dilute solution during the
investigation of reaction rate.

q,(mg'g
% Cs’ remaved

10

by 75— T w 5 m

oH Time (min)
(a) The effective of the (b) Percentage remove of Cs+
absorption capacity on pH depend on time
Fig. 4. The effective of pH and time on the absorption
capacity of Cs* on Co,[Fe(CN)g]/Fe;0,

It can be seen from the Fig. 4 (b) result that the
reaction reached the balance condition in 10 min, and
Cs+ is eliminated from the solution up to 98%.

3.3. Mechanism of Cs*
COz[Fe(CN)G]/Fe304

adsorption  on

After the reaction reached the balance condition, there
were a corresponding change in the material of Cs* and
Co®* in the reaction. The absorbed mili-equivalent of
Co?* was created in solution 0.2 Me/mL. As we can see,
there changed the appearance of Fe ion because it was
diluted by the surface of the absorbent. The amount of
Co”" appeared in the solution corresponding to the
losing of Cs” after the reaction while there weren’t any
Co®* in the solution before the reaction.

4. Conclusions

The achievement of this study is successfully
synthesize the Co,[Fe(CN)g]/FesO4 material in nano
size which can effectively absorb Cs* ion. Co,[Fe(CN)g]
constitutes  20.56 % of the weight of
Co,[Fe(CN)g]/Fez04, which is paramagnetic material
and easily separated from the solution by using magnet.
The Cs+ adsorption process of this material based on
the ion structure exchange. The ion exchange process of
this material occurred effectively at pH = 4.0. The
maximum absorption capacity of the material at pH =
4.0 for ion Cs* was 0.40 meq/g, and around 98% of
initial Cs" concentration was removed.

ACKNOWLEDGMENTS

The authors wish to thank the Nuclear Engineering
Department, Dalat University (VietNam) who sponsored the
equipment for this research.

REFERENCES

[1]. E. H. Borai, R. Harjula, L. Malinen, A Paajanen, J
Hazard Mater, pages 416-422, 2009

[2]. T.A. Todd, V. N. Romanovskiy, T.A. & Romanovskiy,
V.N. Radiochemistry, Pages 364-367, 2005

[3]. P. A. Hass, Separation Science and Technology, Pages
2479-2506, 1993

[4]. H. Mimura, J. Lehto, R. Harjula, Journal of Nuclear
Science and Technology, pages 1343-1350, 1997

[5]. C. Dwivedi, S. K. Pathak, M. Kumar, S. C. Tripathi, P.
N. Bajai, RSC Advances, pages 8286-8290, 2013


https://www.ncbi.nlm.nih.gov/pubmed/19656622
https://www.ncbi.nlm.nih.gov/pubmed/19656622

Hindawi

Journal of Nanomaterials

Volume 2021, Article ID 5533620, 12 pages
https://doi.org/lO.l 155/2021/5533620

Research Article

Hindawi

Prussian Blue Analogues of A,[Fe(CN),] (A: Cu®*, Co”*, and Ni**)
and Their Composition-Dependent Sorption Performances

towards Cs*, Sr**, and Co’>"

Lan Ha Thi Le,"” Son An Nguyen (,” Trung Dinh Nguyen,” Van Cam Thi Le,’ Hai Van Cao,’
Ngoc Bao Nguyen,” and Thao Phuong Thi Le’

"Tran Phu High School, Da Lat, Vietnam

*Department of Physics and Nuclear Engineering, Dalat University, Da Lat, Vietnam
*Department of Environmental Sciences and Engineering, Hallym University, Chuncheon, Republic of Korea

Correspondence should be addressed to Son An Nguyen; sonna@dlu.edu.vn

Received 10 January 2021; Revised 5 March 2021; Accepted 18 March 2021; Published 27 March 2021

Academic Editor: Duong Tuan Quang

Copyright © 2021 Lan Ha Thi Le et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Investigation in radioactive contaminant removal from aqueous solutions has been considered essential upon unexpected nuclear
accidents. In this report, we have successfully prepared Prussian blue analogues (PBAs) with different substituted cations
(A,[Fe(CN),] (A: Cu**, Co**, and Ni**)). The synthesized PBAs were characterized and employed for the removal of Cs*, Sr**,
and Co®" as sorption models, which are commonly found in radioactive waste. Sorption examinations reveal that Cu,[Fe(CN),]
has the highest sorption capacity towards Cs", Sr**, and Co** compared with those of Co,[Fe(CN)4] and Ni,[Fe(CN),]. This is
mainly attributed to the cation-exchange ability of substituted metal within the framework of PBAs. The sorption mechanism is
qualitatively and quantitatively supported by infrared spectroscopy (IR) and total reflection X-ray fluorescence spectroscopy
analysis (TXRF). In addition, it was found that Cs" is adsorbed most effectively by PBAs due to the size matching between Cs"
ions and the channel windows of PBAs. These findings are important for the design of sorbents with suitable ion-exchange
capacity and selectivity toward targeted radioactive wastes.

1. Introduction

Increasing demand for nuclear power plants (NPP) has
caused a large amount of highly radioactive waste, which
brings with it the risk of severe impact on humans and the
environment in the event of a nuclear accident [1]. Real-
time monitoring and removal of such contaminants are con-
sidered an important task upon a NPP shutdown [2, 3].
Radioactive nuclides with long half-life, e.g., *’Cs (30.2
years) [4-6], Pgr (28.8 years) [7], and Co (5.3 years) [8],
are the primary species produced in the nuclear reactions
and are potentially discharged into the environment during
an accident, such as the explosion at the Fukushima Daiichi
power plant in 2011 [9]. The isotopes '*’Cs and *Sr can be
found in radioactive nuclide-contaminated areas, primarily

in the aqueous phase, whereas ®’Co is found as an impurity
in the stainless steel used in nuclear reactors. “’Co is also used
as a gamma ray source in radiotherapy or used as a disinfec-
tant in the food industry [10]. Thus far, a variety of tech-
niques, e.g., precipitation, extraction, ion-exchange, and
adsorption [11-14] have been extensively developed to
remove radioactive nuclides from aqueous solutions. Of great
interest is the combination of adsorption- and ion-exchange-
based approaches because the combined techniques can con-
siderably enhance removal efficiency and selectivity towards
the targeted radioactive waste rather than the coexisting
competitors or inhibitors [15]. Therefore, it is highly desir-
able to develop advanced materials with a high degree of
porosity and well-established pore size distribution and controlla-
ble ion-exchange capability for improved removal efficiency.
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In recent years, there have been several classes of porous
inorganic materials that match the aforementioned stan-
dards, such as clays [16], zeolites [17], and Prussian blue
(PB) and Prussian blue analogues (PBAs) [18-20]. In partic-
ular, PB and/or PBAs are constructed via coordination bonds
between transition metals (e.g., Fe**, Fe’*, Cu**, Co®", and
Ni**) and CN" ligands. In particular, PBAs can be synthe-
sized in a facile and cost-effective manner. Such materials
often exhibit high porosity, excellent thermal, and radiation
stability [21], which render them highly applicable in many
fields, including information/energy storage [22], biomedi-
cine [23], and dye [24] or radioactive waste removal. In addi-
tion, PBAs have been regarded as one of the most efficient
and selective adsorbents for cesium ions. The selective cesium
adsorption is attributable to the size matching between PBAs
(3.2 A) and cesium ions (3.25 A) [25]. Although a number of
publications have demonstrated adsorption performance of
PBAs towards individual radioactive nuclides Cs*, Sr**, and
Co’*(Table 1), there is few research comparing the adsorption
capacity of Cs", Sr**, and Co*'ions and the correlation
between PBA compositions and adsorption activities.

Herein, we successfully synthesized different PBAs,
including A, [Fe(CN),] (A: Cu**, Co®", and Ni**) and com-
pared theirs adsorption performances with Cs*, Sr**, and
Co”" ions. It was found that the substitution of the transition
metal ions used (Cu®*, Co**, and Ni**) in the framework of
PBAs led to improved adsorption capacity and selectivity.
Total reflection X-ray fluorescence spectroscopy analysis
(TXRF) provides quantitative evidence with respect to the
adsorption mechanism of the obtained PBAs.

2. Materials and Methods

2.1. Materials. Standard solutions (Cs* (1000 mg/L), Sr**
(1000 mg/L), Co** (1000 mg/L)), CsCl (99.99%, Meck), SrCl,
(99.99%, Meck), CoCl, (99.99%, Meck), K,[Fe(CN)]
(99.99%, Meck), CoCl,-6H,0 (99.99%, Meck), CuCl,-2H,0
(99.99%, Meck), and NiSO,-6H,0 (99.99%, Meck) were used
as received. pH was adjusted using HNO, (0.01-0.1N) and
NaOH (0.01-0.1N).

2.2. Synthesis of A,[Fe(CN)y. The synthetic protocol for
A,[Fe(CN),] (A=Co, Ni, and Co) was slightly modified
from previous Therefore reports [26-29]. For the synthesis
of Cu,[Fe(CN)], a 250 mL of 0.05 M K,[Fe(CN)] solution
was slowly added to a 750mL of 0.15M CuCl, solution.
The reaction mixture was stirred at 1200 rpm and sonicated,
prior to heating to 60°C for 4h. Upon reaction completion,
the product was purified by repeated washing with water
and centrifugation and dried at 70°C. For the synthesis of
Co,[Fe(CN)4] and Ni,[Fe(CN)g], a CoCl, or NiSO, solution
was, respectively, used in place of CuCl, in the aforemen-
tioned procedure. The other reaction conditions remained
unchanged, unless stated otherwise.

2.3. Adsorption Performance of A,[Fe(CN)y] towards Cs",
S*, and Co®". For the sake of safety, Cs", Sr**, and Co**
used in this study were stable isotopes. A series of reaction
flasks containing 50 mL of Cs", Sr**, and Co?"solutions with

Journal of Nanomaterials

concentrations of 0.1mg/L, 1mg/L, 10mg/L, 30mg/L,
50 mg/L, 70 mg/L, 100 mg/L, 150 mg/L, 200 mg/L, 250 mg/L,
300mg/L, 350mg/L, 400mg/L, 450mg/L, 500mg/L,
550 mg/L, and 600 mg/L were prepared. To the above solu-
tions, 0.1g of the as-synthesized A,[Fe(CN);] was added.
The pH was adjusted to 7.0, and the mixture was sealed
and shaken at 270 times/min for 24 hours at 25°C in order
to reach equilibrium. After adsorption completion, the
adsorbent was separated by centrifugation (8500 rpm,
10 min), and the remaining solution was filtered through a
220 nm filter for further analysis with TXRE.

The adsorption capacity of A,[Fe(CN),] toward Cs’,
Sr**, and Co®" is calculated using the following formula:

Vx(C;-

where ¢ is the adsorption capacity of the adsorbent mate-
rial (mg/g adsorbent), C; and C, are the concentrations of
adsorbate (i.e., Cs*, Sr**, and Co*") before and after adsorp-
tion, respectively, V is the volume of the solution, and B is the
mass of the adsorbent used.

Langmuir and Freundlich models were used to assess the
adsorption performance of A,[Fe(CN)].

Q, xbxC,

1+bC, @

Langmuir adsorption equation g, =

where g, is the amount of Cs*, Sr**, and Co** ions
adsorbed by the material (mg/g), Q,, is the maximum
adsorption capacity for Cs*, Sr**, and Co** ions, C, is the ini-
tial concentration at a point of adsorption (mg/L), and rate
constant b is the adsorption/desorption.

Freundlich adsorption equationg, =K x C"",  (3)

where g, is the amount of Cs', Sr**, and Co*" ions
adsorbed by the material (mg/g), and K and r are the adsorp-
tion constant at equilibrium.

2.4. TXRF Analyses of the Samples and Cs*, Sr**, and Co**
Solution prior to and after Adsorption. After adsorption com-
pletion, the adsorbents were washed several times with dis-
tilled water and dried at 60°C. The sample elemental
contents were analyzed by total reflection X-ray fluorescence
(TXRF) to monitor the change in the composition of the
material before and after the reaction. The content of Cs",
Sr**, and Co®" before and after adsorption remaining in the
solution was also measured by TXREF.

2.5. Characterizations. Crystalline structures of A,[Fe(CN),]
were investigated by powder X-ray diffraction (PXRD)
performed with a Bruker D8 Advance diffractometer using
Cu Ka radiation (wavelength 1.541 A) in focused beam
and in the range 10-80°. The morphologies and elemental
composition of A,[Fe(CN)y] were characterized using field
emission transmission electron microscopy (FE-TEM; JEM
2100-Jeol, Japan) and energy dispersive X-ray spectroscopy
(EDS; JEM 2100-Jeol, Japan). Gas adsorption isotherms at

5
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TasLE 1: Comparison of the adsorption capacity of Cs*, Sr**, and Co”* ions on different adsorbent materials.

Maximum adsorption capacity

Adsorbent pH i References
(mgg )
Cs" ion
Copper hexacyanoferrate (CuHCF) 7.0 155.60 This research
Cobalt hexacyanoferrate (CoHCF) 7.0 154.46 This research
Nickle hexacyanoferrate (NiHCF) 7.0 120.31 This research
Copper ferrocyanide functionalized mesoporous silica 7.7 17.1 [37]
Zeolite A 6.0 208.7 [38]
Magnetic PB/GO 7.0 55.6 [39]
Montmorillonite-iron oxide composite 6.5 52.6 [25]
Conjugate adsorbent 7.0 77.7 [40]
Ammonium molybdophosphate-polyacrylonitrile 6.5 81.3 [41]
Cs"-imprinted polymer nanoparticle 9.0 50.0 [42]
Poly(AAc-co-B18C6Am) hydrogels 6.0 74.6 (6]
Prussian blue/Fe;0, 7.0 280.82 [43]
CuHCF-cellulose hydrogel 7.0 309 [44]
CuHCF/MWCNT 7.0 310 [44]
MOEF/KNiFC 5.0 153 [45]
Sr** ion
Copper hexacyanoferrate(CuHCF) 7.0 59.95 This research
Cobalt hexacyanoferrate(CoHCF) 7.0 32.73 This research
Nickle hexacyanoferrate (NiHCF) 7.0 29.17 This research
Amorphous zirconium phosphates 11.4 134.2 [46]
Zr-MOF 7.0 7.548 [47]
Zirconium phosphate on active carbon 6.0 29 [22]
7r0,-TiO, 9.0 28.01 (48]
Zirconium phosphate 1.0 34 [49]
Fower-like a-ZrP 4.0 293.43 [50]
Titanate nanofibers 7.0 55.2 [51]
PAN-zeolite 7.0 44.43 [52]
Carboxymethylated cellulose 4.0 108.7 [53]
Graphene oxide 6.5 23.83 [54]
ZrP-SO,H 4.0 183.21 [55]
Nb-doped WO, 7.0 54.39 [54]
Co®*ion
Copper hexacyanoferrate (CuHCF) 7.0 62.08 This research
Nickle hexacyanoferrate (NiHCF) 7.0 32.34 This research
MWCNT/IO 10.61 [56]
Silica SBA-15 181.67 [57]
$i0,/Nb,0,/Zn0 0.518 (58]
Ordered micro- and mesoporous/SiO, 8.43 [59]
Magnetite-based nanocomposites 43.292 [60]
GO-NH, 11635 [61]

77K are obtained using TriStar II-Micromeritics, America. 3. Results and Discussion

The IR spectra of the samples were recorded in the 399-

4000 cm™" range using KBr pellets on a Nicolet iS10 (Thermo A, [Fe(CN),] (A: Cu, Co, and Ni) was readily synthesized by
Scientific, America). The composition of the material before  precipitating Cu**, Co**, and Ni** salt with K,[Fe(CN),]
and after the reaction was analyzed using total reflection X-  aqueous solution at 60°C for 4h. The chemical reactions for
ray fluorescence (TXRF) S2 Picofox Bruker. A,[Fe(CN)] are as follows:
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Ficure 1: PXRD of A,[Fe(CN)4] (A: Co, Cu, Ni).

TaBLE 2: Typical parameters estimated from XRD patterns of
Cu,[Fe(CN)g], Co,[Fe(CN)], and Ni,[Fe(CN),].

The average Unit cell

Sample A crystallite size D (A)  volume V (A%
Cu,Fe(CN), 9.92%0.1 1423 1003.9
Co,Fe(CN), 10.22+0.2 309.6 1022.5
Ni,Fe(CN), 10.26+0.2 166.6 1032.5

TasLE 3: BJH pore size and BET surface areas of Cu,[Fe(CN);],
Co,[Fe(CN)], and Ni,[Fe(CN);].

Cu,Fe(CN), Co,Fe(CN), Ni,Fe(CN),
22105 349401 340211
5.857 639561  59.0432

BJH pore size (nm)
BET surface area (mz/g)

2NiSO, + K, [Fe(CN), | — Ni, [Fe(CN)G] +2K,50,

2CuCl, + K, [Fe(CN),| — Cu, [Fe(CN),] +4KCl
2CoCl, + K, [Fe(CN),] — Co, [Fe(CN),] +4KCl
(4)

Crystalline properties of the as-synthesized A,[Fe(CN)]
were examined using PXRD, and the data are shown in
Figure 1. Ni,[Fe(CN),], Co,[Fe(CN),], and Cu,[Fe(CN)]
exhibit a high degree of crystallinity with a set of diffraction
peak characteristic for the PBA family (JCPDS 77-1161)
[26, 30, 31]. The respective lattice constant estimated from

the PXRD data for Cu,[Fe(CN)y], Co,[Fe(CN)y], and
Ni[Fe(CN),] is 9.92+0.1A, 1022+02A, and 10.26
+0.2 A, respectively (Table 2). Although the estimated lattice
constants show a slight deviation, presumably due to the size
difference among the metal ions, these results are highly con-
sistent with the lattice constant of the face-centered cubic
(Pm3m) of PBAs previously reported [26]. The specific sur-
face area of A, [Fe(CN),] was also characterized using N, iso-
therm adsorption at 77K, and the results were tabulated in
Table 3. The surface area of Co,Fe (CN), and Ni,Fe (CN),
is around 60m* g', which are tenfold higher than that of
Cu,Fe (CN),. This could be attributed to the slight aggrega-
tion of Cu,Fe(CN), as seen by TEM.

The particle size and morphological properties of
A,[Fe(CN)¢] were examined using transmission electron
microscopy (TEM) (Figure 2). Co,Fe (CN)4 shows pseudo-
spherical particles with the size varying between 25 and
55nm (Figure 2(a)). For Cu,[Fe(CN)4], the particles are
formed from the aggregation of smaller subparticles, result-
ing in a wider spectrum of distribution. Among the synthe-
sized PBAs, Ni,[Fe(CN),] shows the smallest size, ranging
from 15nm to 35 nm. Essentially, the elemental composition
of A,[Fe(CN),] was confirmed using X-ray energy dispersion
spectroscopy (EDX) (Figure 3). The data show that the ele-
ments Co, Cu, and Ni were uniformity distributed through-
out the examined area in Co,[Fe(CN),], Cu,[Fe(CN)], and
Ni,[Fe(CN)], respectively. This further confirms the suc-
cessful synthesis of A,[Fe(CN)].

Infrared spectroscopy (IR) is used to investigate the char-
acteristic bonding information within the structure of
A,[Fe(CN),] (Figure 4). In addition to a vibrational band at

7
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Ficure 2: TEM images and the corresponding particle size distribution of (a) Co,[Fe(CN);], (b) Cu,[Fe(CN);], and (c) Ni,[Fe(CN);].
590 cm™ and 3450 cm™" corresponding to Fe-C bond [32,33]  around 2000 cm™", which belongs to the CN” ligand. Princi-
and bending mode of H,O [34], all of the A,[Fe(CN), exhibit  pally, the peak position of C-N vibration is indirectly indica-
a characteristic peak assigned to the C-N bonding located at  tive of the bond strength between metal cation and CN
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Ni, [Fe(CN) ]

F1GURE 3: SEM images and the corresponding elemental mapping by EDX of A,[Fe(CN),].
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FiGURE 4: FT-IR spectra of (a) Cu,[Fe(CN),], Ni,[Fe(CN)], and Co,[Fe(CN),] exhibit a characteristic peak of C-N around 2000 cm™. (b)
The location of the C-N vibration peak in Cu,[Fe(CN),], Ni,[Fe(CN)], and Co,[Fe(CN),] is at 2099 cm™, 2097 cm’, and 2088 cm™,

respectively.

ligands. It is observed that the location of C-N vibration peak
in Cu,[Fe(CN),] is at 2099 cm ™", which is slightly higher than
those of Ni,[Fe(CN),] (2097 cm™) and Co,[Fe(CN)]
(2088 cm™), revealing that the contribution of 7-back bond-
ing to the antibonding orbital of CN" ligand from Cu** is less
significant than those from Ni** and Co*". In other words,
Cu** within the framework of Cu,[Fe(CN),] binds less
strongly to CN ligand than Ni** and Co** do in
Ni,[Fe(CN),] and Co,[Fe(CN)]. This is an important evi-
dence as it is explicitly correlated with the ion-exchange
capacity of A,[Fe(CN)] discussed later.

The adsorption isotherms of A,[Fe(CN),] towards Cs”,
Sr**, and Co** were examined at 25°C and pH 7 (Figures 5
and 6). The parameters of the isothermal adsorption of Cs",
Sr**, and Co®" ions on A,[Fe(CN),] estimated from Lang-
muir and Freudlich models are shown in Table 4. It is inter-
esting to note that Cu,[Fe(CN),] shows much higher
maximum adsorption capacity (Qm) towards Cs"
(155.60mgg-1), Sr** (59.95mgg-1), and Co®" (62.08 mgg-
1) than those of Ni,[Fe(CN),] (120.31, 29.17, and 32.34 for
Cs*, Sr**, and Co®", respectively) and Co,[Fe(CN),]
(154.46 and 59.95 for Cs* and Sr**, respectively).

9
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Figure 5: The Langmuir isotherm model fitted for the adsorption of (a) Cs", (b) Sr**, and (¢) Co*" on A,[Fe(CN),] at pH7. (d) The
maximum adsorption capacity of Cs*, Sr**, and Co®* ions of A,[Fe(CN),] estimated from their corresponding Langmuir model.

Considering crystallographic similarity among the structures
of Cu,[Fe(CN)¢], Ni,[Fe(CN),], and Co,[Fe(CN);], the dif-
ference in adsorption capacity can be associated with the
ion-exchange capability of the metal nodes in the framework
of A,[Fe(CN),]. More specifically, the metal nodes that bond
less strongly to the CN™ ligand are more likely to participate
in ion-exchange with adsorbate (i.e., Cs*, Sr**, and Co™").
In order to further understand the sorption mechanism,
TXRF was used to investigate the solution composition
before and after sorption (Figure 7). Figures 7(a)-7(c),

10

respectively, demonstrate the change in the peak intensity
of Cs* (4.3keV), Sr** (14.2keV), and Co** (6.93keV) in the
solution before and after adding Cu,[Fe(CN)],
Ni,[Fe(CN)¢], and Co,[Fe(CN)] into the solution. As seen,
after the sorption reaches equilibrium, the peak intensity cor-
responding to Cs*, Sr**, and Co*" decreases, revealing the
sorption process of those cations by A,[Fe(CN),]. Interest-
ingly, the peak located at 8.05keV, which is assigned to Cu
K,, is clearly observed after the sorption process in all solu-
tions (Figures 7(d)-7(f)); however, we could not observe
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F1GURE 6: The Freundlich isotherm model fitted for the adsorption of (a) Cs*, (b) Sr**, and (c) Co*" on A,[Fe(CN),] at pH7.

any peaks corresponding to those of Ni** or Co**. These
data imply that only Cu** cations within the framework
of Cu,[Fe(CN),] meaningfully participate in the sorption
via ion exchanging with the adsorbates. This is in concert
with the IR data in which Cu®* binds less strongly to CN”
ligands, thus readily subjected to readily ion exchange with
Cs*, Sr**, and Co*. Ton-exchange-based sorption for
removal of radioactive waste was also previously reported
for PBAs [35]. In addition, among the tested cations, Cs"

was found to be the most effectively adsorbed PBAs. This
is mainly attributed to the size similarity between Cs" cat-
ion (3.25A) [25] and the channel window of PBAs (3.2 A),
while the size of Sr** (4.12A) and Co** (4.23A) [36] is
comparably larger than the window size. These are impor-
tant points as these findings can allow for the potential
design of adsorbent with designed ion-exchange capacity,
so that we could further control the sorption process as
well as enhance the selectivity.
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TaBLE 4: Adsorption isothermal parameters of Cs*, Sr** andCo’" by A,[Fe(CN)] extract from Langmuir and Freundlich models.
Langmuir Freundlich
Ion Adsorbent material Q,, (mg/g) K; (L/mg) R? K (mg/g) n R?
Cu,[Fe(CN),] 155.60 0.996 0.927 62.69 6.797 0.907
Cs* Co,[Fe(CN)] 154.46 0.010 0.954 9.44 2.269 0.890
Ni, [Fe(CN)] 120.31 0.272 0.973 53.49 6.570 0.708
Cu,[Fe(CN)] 59.95 0.068 0.980 13.65 3.804 0.871
Sr?t Co,[Fe(CN),] 3273 0.008 0.961 1.79 2233 0.953
Ni,[Fe(CN),] 29.17 0.009 0.989 1.58 2.204 0.965
ot Cu,[Fe(CN)] 62.08 0.078 0.961 18.03 4585 0.827
Ni, [Fe(CN)] 32.34 0.028 0.935 5.81 3.523 0.914
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Ficure 7: Continued.
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Figure 7: TXRF spectra analyzing the composition of the waste solution before and after adsorption by A,[Fe(CN)].

4. Conclusions

Prussian blue analogues (PBAs) with different substituted
cations (A,[Fe(CN),] (A: Cu®", Co**, and Ni*")) were suc-
cessfully synthesized and applied for the removal of Cs",
Sr**, and Co**, which are commonly found in radioactive
waste. It was found that Cu,[Fe(CN),] exhibits the highest
sorption capacity towards Cs*, Sr**, and Co®* compared with
those of Co,[Fe(CN),] and Ni,[Fe(CN)]. IR and TXRF data
reveal that the cation-exchange ability of substituted metal
within the framework of PBAs has a significant impact on
the sorption performance of PBAs. In addition, the similarity
between the Cs" size and the channel window size of PBAs
leads to a preferential sorption of Cs* over Sr** and Co®".
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Nghién ctru qua trinh hap phu Cs* bdi
vat liéu nano Coz[Fe(CN)s]/FesO4

Nguyén Dinh Trung®, Lé Thi Ha Lan?, Nguyén Thi M§ Ngoc', Nguyén An Son*

Tom tit—Vat ligu Coz[Fe(CN)s]/FesOs ¢ kich
thwée nano mét, duge diéu ché bang phwong phap
dong két tia. Ching c6 tinh thuin tir nén dé dang
duwoc tich ra khéi dung dich nghién ciru bing nam
chim. Qua trinh hip phu ion Cs* ctia vat liéu nay
tuin theo co’ ché trao doi ion, kha niing trao di ion
ciia vét liéu phu thudce vao pH. Dung lwong trao ddi
ion cure dai ciia vat liéu & pH=4 dbi véi ion Cs* 12 0,40
meq/g. Phan tng dat cin bing trong thoi gian
khoang 15 phut va ion Cs* bj loai khéi dung dich 1én
dén 98%, hai mdé hinh hip phu Langmuir va
Freudlich c6 thé dwoc sir dung dé md ta qua trinh.
Do Coz[Fe(CN)e]/FesOs ¢é6 dung lugng trao ddi cue
dai 16n, thoi gian dat cin bang trao ddi nhanh, dé
dang tach ching ra khéi dung dich nghién ctru, dé
tong hop, gia thanh tong hop thip nén chit nay cé
thé tré thanh chit hip phu hip din va diy hira hen
trong viéc danh xir ly ion nay trong nuéc.

Tir khéa—cesium, hap phu, Coz[Fe(CN)s]/FesOs
nano, co' ché hip phu

1 GIOI THIEU

Su phat trién cua nganh cong nghiép hat
nhan d3 san sinh mot s6 cdc chat thai co
tinh phong xa, cic nguyén td c6 thoi gian ban rd
lén dén hang chuc nam. Chét phéng xa cesium
(*¥'Cs) duogc tao ra trong qua trinh phin hach,
chiém 6,3% san pham phu ciia qua trinh phan hach
va 1a nguyén nhan chinh giy 6 nhiém phéng xa tir
sw ¢d hat nhan va chat thai hat nhan [1]. Nim
2011, mot con song than xay ra & Nhat Ban do
dong dat. Két qua 1a, nha may dién hat nhan
Fukushima Daiichi bi mat kiém so4t nhiét do bén
trong 10 phan g, din dén su nd cua cac 16 phan
ung, do 1a nguyén nhan chinh phat tdn phong xa
cesium vao mdi truong [2]. Mot luong lon nudc
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thai bi nhiém phong xa da dugc thai vao trong bién
va lan toa khap cac dai duong.

Theo Co quan Ning luong nguyén tir quic té
(IAEA), trong nam 2016, ba nha may di¢n hat
nhan ciia Trung Qudc ndm & nhimg vi tri gan véi
Viét Nam da bat dau di vao hoat dong. Ba nha may
dién hat nhan & phia nam Trung Qudc vira di vao
van hanh thuong mai, gdm Phong Thanh (Quéng
Tay) cong suit 1000 MW, Trudng Giang (Quang
DPong) 600 MW va to may 650 MW cua Swong
Giang (dao Hai Nam). Nha may dién hat nhan
Phong Thanh chi cach Quang Ninh khoang 50km.
Nha may dién Xuwong Giang trén ddo Hai Nam
cach dao Bach Long Vi cua Viét Nam hon 100km.
Xa nhit 1a nha may dién Truong Giang ciing chi
cach bién gidi Viét Nam hon 200km [3].

Chét phong xa cesium c¢6 d6 hoa tan cao trong
nudce, co6 chu ky ban ra 30,2 ndm va nd cé co ché,
hoat dong hoa hoc tuong ty voi ion kali trong co
thé sinh vat. Chinh vi vdy, khi cesium bi co thé
ngudi hip phy, né duogc tap trung nhidu & cac co
va rat kho bi dao thai, cesium c6 thé gdy ra nhiéu
loai ung thu khac nhau [4]. Vi 1y do nay, van dé
phét trién cac ky thuat dé nhan biét va loai bo
cesium co6 tinh phong xa dugc cac nha khoa hoc
tap trung nghién ctru.

Trong k¥ thut quan tric va k¥ thuat xa 1y moi
truong, ¢6 nhiéu ky thuat tach chiét, lam giau
cesium nhu chiét long - long, dong két tua, hp
phu... Tuy nhién, trong s6 cac ky thudt duoc ap
dung thi hap phu dugc cho 1a ki thuat don gian va
kinh té nhit. Cac cong trinh nghién ciru trude day
dd sat dung cac zeolit [5], amoni
molybdophosphate (AMP), silicotitanate (CST) [6]
va cac phiic chat ferrocyanide cta cac kim loai
chuyén tiép [7] 1am chat hép phu cesium. Trong sd
nay, cac phirc chét ferrocyanide - kim loai chuyén
tiép duoc biét co tinh héip phu chon loc cao ddi vai
cesium [8]. Cong trinh nghién ctru cia Dwivedi va
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cong su [9] di sir dung hat gel c6 thanh phan la
Cobalt hexacyanoferate gin trén cac hat alginate
voi kich thuéc micromet lam vat lidu hip phu dé
tach loai cesium ra khdi nude.

Mic du phirc chat ciia ferrocyanide - kim loai
chuyén tiép dugc lam vat liéu hip phu cesium co
tinh chon loc, tuy nhién, sau khi qua trinh hép phu
thi van dé thu hdi chéat hip phu rat kho vi cac hat
phan tan trong dung dich. Dé giai quyét van dé
ndy, c6 nhiéu cong trinh nghién ctru gan loai vat
liéu nay trén cac gia thé khac nhau. Thoi gian gn
day, rat nhiéu cac cong bd ing dung cac vat liéu co
kich thudc nano trong viéc quan tric va xur Iy moi
truong. Dic biét, nguoi ta ung dung tinh chit
thuan tir cia hat nano FesOs dé tach loai mot sb
nguyén t6 doc hai ra khoi dung dich nuéc [10].
Mot s6 cong trinh nghién ciru da cong bb ting dung
cac ki thuat tong hop prussian blues trén bé mit
nano carbon, nano FesOs dé tach loai cesium ra
khoi dung dich nuéc [11-14]. Chat hip phu la
phitc chit cta ferrocyanide cua kim loai chuyén
tiép, phi trén bé mit cic hat nano Fe3O, lam chat
hap phu cesium. Ung dung tinh chat thuan tir cta
chiing, sau qua trinh hip phu nguoi ta tich ching
ra khoi dung dich bang nam chdm mot cach dé
dang [15].

Trong khu6n kho bai bio nay ching toi nghién
ctru tong hop Coban hexacyanoferate trén bé mat
cac hat nano FesO4 theo phuong thirc In-situ va
khao sat qué trinh, dung lugng, co ché hép phu
cesium Ién vat liéu.

2 VAT LIEU VA PHUONG PHAP

Vit lidu

Dung dich chuan gdc Cs* 1000 mg/L (Merck),
dung dich dung cho nghién ctru CsCI ting vai cac
ndng d6 nghién ctru duge didu ché tir mubi CsCl
(Merk), Ka[Fe(CN)g], CoCl..6H0 (Merk).
FeCI3.6H20, FEC|2.4H20, dung dlCh NH4OH 25%,
HNO; (0,01-0,5 N) va NaOH (0,01-1N) NH4OH
duoc dung dé chinh pH khi can thiét (P.A) Trung
Qudc.

Xac dinh ion Cs* trong dung dich va trong vt
liéu hap phu bang thiét bj Total reflection X-ray
fluorescence (TXRF) S2 Picofox Bruker, phan
tich, xtr 1y sb liéu, v& d6 thi bang phin mém
Originlab 8.5.1.

Tong hop vit li¢u hip phu
Piéu ché Fe304 [16]

Hoa tan hdn hop mudi FeCls.6H,0 va
FeCl2.4H,0 theo ty 1€ mol twong ng 1a 2:1 trong
nude cat 2 1an (loc qua gidy loc néu co két tua),
dung dich nay dugc cho vao binh phan ung 1000
ml, suc khi nito 10 phut d& dudi sach oxy khong
khi c6 trong dung dich, dun néng dung dich 1én
dén 70°C trong thiét bi siéu am Elmasonic S300H
c6 két hop v6i may khudy. Thém 25 mL dung dich
NH4OH (25%) tir thiét bi nho giot vao binh phan
tmg. Trong sudt qué trinh phan tng, vira siéu 4m
v6i tan sé (1500W-50Hz) vira khudy toc do 1200
vong/phut nhiét phan tng duy tri 70°C. Két thuc
qué trinh phan Ung trong khoang 40 phut dung
dich phan tng chuyén thanh mau xanh den, tich
lay két tua bang nam chdm sau d6 rira nhiéu lan
bang nudc cat cho dén khi pH trung tinh, thu duoc
Fes0..

Piéu ché chat hiap phu Cos[Fe(CN)s]/Fes04 [17,
18]

Phan tan 4g FesOy4 vira dugc tong hop trén vao
500ml dung dich CoCl, (0.01 M) trong binh phan
tmg day bang dung tich 1500ml. Thém 250 mL
dung dich K4[Fe(CN)e] (0,1 M) tir thiét bi nho giot
vao binh phan tmg. Trong sudt qua trinh phan tng,
vira siéu am voi tan s6 (1500W-50Hz) vira khudy
toc do 1200 vong/phut nhiét phan tng duy tri
25°C. Két thiic qua trinh phan tng san pham cé
mau nau den, san phém dugc tach ra khoi dung
dich phan tUng bang nam cham, rira sach bing
nudc cat, siy kho ¢ nhiét do 60°C ding cho
nghién ctru tiép theo.

Xic dinh céc tinh chét cia vat liéu hip phu

Ph6 XRD cuia vat liéu dugc chup trén thiét b
nhiéu xa Scintag-XDS-2000 véi bude song Cu Ko
(A=1,54059) va goc do quét 20 & 44,9 °C. Hinh
thai ctia vat liéu duoc chup trén kinh hién vi dién
tor truyén qua (JEOL JEM-1400 Transmission
Electron Microscope). Thanh phan cioa vat liu
trude va sau khi phan tng duge chup trén thiét bi
Total reflection X-ray fluorescence (TXRF) S2
Picofox Bruker.

17



194

Nghién ciru qua trinh hip phu ion cesium (Cs*)
cia vit liéu Coz[Fe(CN)es]/FesO4

Xac dinh dung luong hdp phu cua vdt liéu
Co2[Fe(CN)s]/Fe304

be¢ an toan trong qua trinh nghién ctru, cesium
(Cs™) phuc vu cho nghién ctru 1a muoi cesium &
dong vi bén.

Can 0,1g vat li¢u hép phu cho vao binh tam
giac 250 ml thém vao d6 100 ml dung dich chira
ion Cs* voi ddy nong do tir 30 dén 90 mg/L tuy
theo diéu kién nghién ctru. Nong do céc ion trong
thiét bi nghién ctru khong dwoc didu chinh trong
sudt qua trinh hip phu. Binh hip phu dugc déy kin
va lc trén may lic (IKA HS 260 basic USA) véi
tbc do 180 vong/phit, lién tuc 24 gio dé dam bao
qua trinh hép phu dat trang thai can béng, nhiét d0
thyc hién qua trinh hip phy & nhiét do phong
(25°C), duy tri & gia tri pH thich hop. Sau khi két
thiic phan tng vét liéu hip phu dugc tach loai bing
nam chdm, phin dich nuéc duogc ly tdm 5 phut
(universal 320- Germany) ¢ 10.000 vong/phut sau
d6 duoc loc qua mang loc 0,24pum va dung dich
qua loc dugc phan tich cesium bang TXRF.

Khdo sat anh hwéng cia pH dén kha ning hdp phu
ion Cs* cua vit liéu Coz[Fe(CN)g]/Fes0a

Gia tri pH cuia dung dich ban d4u (100 ml dung
dich ndng d6 50 mg/L va 0,1g vat liéu) dugc diéu
chinh dén céc thang gia tri nghién ctu pH 3.0; 4,0;
5,0; 6,0; 7,0; 8,0; 9,0 bing dung dich HNO; hay
NaOH (0,01 N) va sau d6 dugc kiém tra va diéu
chinh sau mét khoang thoi gian 1a 2 gio. Sau 24
gid phan tng, vat liéu hip phu dwoc tich loai bang
nam cham, phi”m dich nuéc dugc ly tm 5 phut
(universal 320- Germany) ¢ 10.000 vong/phut sau
d6 duogc loc qua mang loc 0,24pm va dich loc
dugc phan tich cesium bang TXRF.

Khdo st téc dg phan iimg

Chuén bi 25 binh phan tmg, can 0,1g chat hap
phu cho vao tung binh tam giac 250 ml, thém vao
d6 100 ml dung dich chira ion Cs* véi néng d6 0,1
mg/L. Binh hép phu duoc day kin va lic trén may
lic (IKA HS 260 basic USA) véi toc do 180
vong/phut, sau 5 phut phan Gng, lién tuc 1dy mau
lan luot sau 1 phut, qua trinh hip phy dugc duy tri
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& nhiét do phong (25°C), gi4 tri pH duy tri & gia
thi nghién ctru. Sau khi 1dy miu, tit ca cic mau
duge xtr Iy nhu mo ta ¢ trén va phan tich ion Cs*
bang TXRF.

Céc quy trinh nay dwoc thuc hién trong sudt
qué trinh nghién ctru. Ham lwong cesium hip phu
dugc tinh boi sy thay déi néng d6 ban dau va ham
lwong con lai cua cesium trong dung dich trén khdi
lwong cua vét liéu hip phu.

Ham luong ion cesium (Cs*) bi hap phu dugc
tinh theo cong thurc sau:

_V(Ci—Ce)
1 B

Trong d6 q 1a ham luong cesium bi hap phu
hay dung lugng hdp phu cua vat liéu (mg/g chit
hap phuy); Ci va Ce la ndng do ion Cs* trudc va sau
khi hdp phu twong Gmg, V thé tich dung dich, B 1a
khéi luwong cua vat liéu hép phu duoc st dung.

Phwong trinh hap phu Langmuir
bC
qe — M
1+bCe

Trong d6 qe 14 lugng ion Cs* bi hip phu boi
vat liéu (mg/g), qm dung lugng hap phu cuc dai cua
ion Cs*, Ce néng d6 dung dich tai mot diém cua
qué trinh hdp phu (mg/L), b hang s6 dugc x4c dinh
béng thuc nghiém.

Phwong trinh hip phu Freunlich q. = KC: /n

Vi qe 1a lugng ion Cs* bi hip phu boi vat liéu
(mg/g), K, n 1a hing s6 hap phu khi dat trang thai
can bang.

Nghién cttu co ché hip phu

Tat ca cac mau vat liéu hap phu sau khi thi
nghiém hoan tat duge thu hoi, rira sach nhiéu lan
bang nudc cat, say kho ¢ nhiét d6 60°C. Cac vat
liéu nay dwoc phan tich nguyén té theo phuong
phip phan tich chit rin cia thiét bi Total
reflection X-ray fluorescence (TXRF). Su thay ddi
thanh phan ciia vat liéu trudc va sau khi phan tng,
két hop voi su thay doi thanh phan cac nguyén tb
cta dung dich trudc va sau khi phan ung, 1a co s&
dé giai thich co ché qua trinh hap phu.
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3 KET QUA VA THAO LUAN
Tinh chét ciia vat liéu hip phu

Tinh chit vat liéu dung cho nghién ctru duogc
xac dinh thong qua cac phd XRD va TEM cua cic
loai vat liéu. Phé XRD cua FesOs, Coz[Fe(CN)e],
Coz[Fe(CN)g] phu 1én Fe304(Coz[Fe(CN)g]/FesOq)
dugc trinh bay trong Hinh 1.

200 -
180
160
140
120

100 +

count

80

60

40

20

0+

(2) Theta
Hinh 1. Phé XRD ciia hé FesO,; Coo[Fe(CN)g];
Co,[Fe(CN)s]/Fes04

(A) Fes0,

Co,[Fe(CN)6)/Fe,O,

(B) Coz[Fe(CN)g] phu trén Fe;0,

Két qua (Hinh 1) pho d6 XRD cua
Coz[Fe(CN)s]/Fes04 cho thiy cac peak tai cac gid
tri (2) theta: 18, 25; 37; 41; 44 trung véi cac peak
dat trung ctia Coz[Fe(CN)g]. Ngoai ra, peak tai gia
tri (2) theta: 65 trung voéi peak cua FesOs. Do do,
phd XRD cho thdy vat liéu téng hop dugc 1a
Coz[Fe(CN)s] /Fe304. Khi so sanh cac phd FezOq:
Co[Fe(CN)s] hoan toan phu hop véi cac cong bd
trudc day cia Retno R. va cong su [16] , Giorgetti
M. va cOng su [18].

Trong ctng mot didu kién chup va két qua thé
hién cing do phan giai, hinh thai cia FesOs va
Coz[Fe(CN)s]/Fes04 dugc thé hién théng qua phd
TEM. Hinh 2A cho thay vat liéu FesO4 c6 dang la
hinh khdi 1ap phwong, co kich thuéc khoang 15
nano mét. Tuy nhién, khi tong hop Coz[Fe(CN)s]
lén trén bé miat cua FesOs thi kich thudce
C02[Fe(CN)5]/Fe304 16n hon Vét liéu nén (F6304)
1én 4 dén 5 lan (Hinh 2B). Khi phong to anh TEM
cia Hinh 2B thi thidy ciu trc nano cua
Co[Fe(CN)g]/Fes0y 14 sy két hop ciia 3-4 hat nano
Fes04 (Hinh 2C)

(C) Co,[Fe(CN)e]/Fes04 phéng lon 100 lan

Hinh 2. Anh TEM cua vat liéu

Phan tich phé TXRF cia vat liéu FesOsva
Coz[Fe(CN)¢]/FesOs & xac dinh ham lwong
Coz[Fe(CN)s] dwoc phu trén FesO, . Két qua phan
tich dinh luong thanh phan cac nguyén t6 dugc
thé hién tai Hinh 3.

Déi v6i hop chit Coz[Fe(CN)s] co khdi luong
phan tir 1a 329.8158 g/mol va thanh phan nguyén
t6 dugc thé hién trong Bang 1.

Khi do Coz[Fe(CN)e] trén thiét bi phan tich
TXRF ty 1& Co/Fe 1a 117,86/55,84 (don vi 1a sb
dém Count). Khi do Coz[Fe(CN)s]/FesO4 thanh
phén Co/Fe trong mau la 714,19/1977,13 (don vi
la s6 dém Count). So sanh hai két qua thuc
nghiém trén cho thay khi tong hop Coz[Fe(CN)e]
1én bé mit nano FesOs thi % khéi lugng cua
Coz[Fe(CN)e] chiém 20,65% cua vét lidu
COz[FE(CN)e]/FGaO4.
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Két qua phan tich trén va Hinh 2C cho thay khi
tong hop Coz[Fe(CN)e] 1én bé mat nano FesOy thi
kich thude vat liéu tang so voi Fesz04 1a do sy gén
két cac hat nano FesOs lai v6i nhau va
Coy[Fe(CN)g] dong vai tro nhu mot mang bao phu
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bén ngoai. Vay vat liéu vira tong hop duoc la
Coz[Fe(CN)g]/Fes04 cb kich thude 50 nano mét 1a
vt lidu duoc dung cho phan nghién ctru hip phu
ion Cs*.

A

: 1 |

A

RERSRER | DU
(B)

Hinh 3. Phd TXRF cua Fes0,4 (A) va COz[Fe(CN)e]/Fe304 (B)

Bang 1. Thanh phin nguyén t& Co,[Fe(CN)g] theo 1y thuyét

Nguyén t6 Trong lwgng nguyén tir Sb nguyén tb Phan ;f;: ttgg(l;i)luqng
Co 58,93 2 35,73
Fe 55,84 1 16,93
C 12,01 6 21,84
N 14,01 6 25,48

Qua trinh hip phu cesium (Cs*) ciia vat liéu
Co2[Fe(CN)e]/FesO4

Xac dinh dung lwong hcfp phu cua vat liéu
C02[Fe(CN)5]/Fe304

Qua trinh hip phu dwoc thyc hién tai nhiét do
25°C ¢ pH=>5,0. Khi dat trang thai can bang luong
Cs+ mét di trong dung dich dugc tinh theo cong
thirc tai muc 2.5.3. Dung phin mém Originlab
8.5.1 dé tinh toan, ta thdy duoc ring két qua thuc
nghiém pht hop véi mé hinh hép phu ding nhiét
Langmuir va Freudlich. Cac théng sd cua qué
trinh hdp phu déng nhiét ion Cs* lén vat liéu
Coy[Fe(CN)g]/Fes04 theo md hinh Langmuir va
Freudlich dugc thé hién tai Hinh 4 va Bang 2. Gia
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trj hap phu cuc dai cta vat liéu theo md hinh tinh
todn Langmuir l1a gm = 58,18 mg/g.
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Hinh 4. M& hinh hip phu ding nhiét ciia Co,[Fe(CN)s]/Fe;O,
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Bang 2. Cac thong sb cia phuong trinh hip phu Langmuir va Freundlich d6i vai ion Cs* trén vat liéu hap phu

Vat liéu hap phu Co,[Fe(CN)s]/Fes04

MO hinh hap phu dang nhiét Langmuir

Ton bi hap phu gm (Mg/g) b R?
Cs* 58,18 0,13 0,97
M5 hinh hép phu déng nhiét Freundlich
Ton bi hap phy Kr (mg/g) 1/n R?
Cs* 9,88 0,12 0,95
Cs* 9,88 0,12 0,95
Phan tich mau vat liéu hip phu dén 4 don vi mic du cac gia tri R? 16n 1én dén

Coz[Fe(CN)s]/Fes04 sau khi hap phu ion Cs* bang
phuong phap phan tich mau ran cua thiét bj TXRF
v6i chuan nodi 1a Gali thi dung lugng hip phu cuc
dai 53,42 mg/g Hinh 5. Khi so sanh hai két qua vé
gia tri hép dung cuc dai co su sai I¢ch theo md
hinh tinh toan Langmuir 1a gmax = 58,18 mg/g cao
hon gia tri thyc nghiém (qexp = 53,42 mg/g) Ién

0,97. Qua trinh hip phu ion Cs* khong phai 13 qua
trinh hip phu don thuan ma 1a qua trinh hp phu
hay ¢6 c6 sy trao doi. Két qua phan tich cho thay
ion Co?* cuia vt liéu sau khi hip phu cé su suy
giam so voi miu ban dau. Pidu d6 co nghia co
xdy ra phan Ung trén bé mat chat hip phu
Coz[Fe(CN)g]/Fes0a.

)

i

=F

10

- kev -

(B)

Hinh 5. Két qua phén tich nguyén t& cta vét liéu Coo[Fe(CN)e]/Fes0, trude (A) va sau khi hép phu Cs*(B)
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Khao sat anh hwéng cia pH dén kha nang hdp
phu ion Cs* cuia vdt liéu Coz[Fe(CN)g]/Fes0q

Qua trinh hép phu ion Cs* dwgc thuc hién nhu
trong muc 2.5.2. Két qua duoc thé hién qua Hinh
6A. Két qua cho thiy qué trinh hip phu ion Cs*
cua vat liéu dat dung luong hz‘ip phu cao nhét tai
pH tir 4-5. Tai pH =4,0 thi gia tri hip dung cuc dai
cta Coz[Fe(CN)s]/Fes04 1a 53,67mg/g. Tuy nhién,

60 -

204
104

\.
0 T T T T T T T
3 4 5 6 7 8 9
pH
(A) Anh huong cia pH
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khi pH=3 dung lugng h?ip phu cuc dai cua vat ligu
thdp. Khi gia tri pH>5 qua trinh hip phu giam
nhanh do c6 thé Co?* trén bé mit chét hép phu bi
hydrat hoa tao thanh mot 16p mang trén bé mat
chit hap phy han ché qua trinh tiép xtc cta ion
Cs* 1én bé mit chat hap phu va ciing co thé do
thay d6i dién tich trong dung dich lam cho ion
Cs+ khong twong tac hut tinh dién véi bé mit.

100 -
N . //_)A—l—h—hm
60 - "

40

% Cs* removed

20

0 T T T T 1
0 5 10 15 20 25

Time (min)

(B) % ion Cs* bi loai khoi dung dich theo thai gian

Hinh 6. Anh huéng ciia pH va thdi gian dén qua trinh hap phu ion Cs* 1én vat liéu Cos[Fe(CN)s]/Fes0,

Khdo sdt téc do phan img

Qué trinh hip phu va phan Gmg duoc thyuc hién
tai gia tri pH=4, trong qua trinh khao st toc do
phan mg cta thi nghiém nay ding néng do Cs*
trong dung dich lodng, két qua dugc thé hién tai
Hinh 6B. Tir két qua cho thdy phan tng dat can
bang trong thoi gian khoang 15 phut va ion Cs* bi
loai khoi dung dich 1én dén 98% twong tmg voi
nghién ctru ctia Dwivedi C. va cong su [19].

Co ché hip phu ion Cs* lén vat liéu
Coz[Fe(CN)e]/Fe3O4

Sau khi phan tng dat trang thai can bang,
nghién ctru Hinh 5A va B cho théy vat liéu c6 su
thay doi twong trng cua 2 ion Cs* va Co?* trude va
sau phan ung. Hinh 5A 1a vat li¢u trude khi thuc
hién phan ng hap phuy, qua phan tich bing TXRF
thi khong thay peak cua Cs*. Tai Hinh 5B 1a vat
liéu sau khi hap phu trén phd d6 ¢ peak cuia ion
Cs*. Khi nghién ctru dung dich hdp phu trudc va
sau phan Ung, Hinh 7A 1la dung dich phan ung

22

trude khi phan tng, trong phd d6 khong c6 déu
hiéu ctia Co?*. Hinh 7B la dung dich sau khi thuc
hién phan tng hip phu ion Cs*, trén phd dd c6 su
suy giam ciia ion Cs* va dong thoi xuét hién peak
ctia ion Co?". Pay 1a ddu hiéu ciia qua trinh trao
d6i ion Co?* ctia vt liéu v6i ion Cs* tir dung dich.

Két qua phan tich cho thiy s6 mili duong
lugng (meq) ion Cs* trong dung dich sau khi phan
{mg suy giam 0,40 meq/mL tuong tng véi sé mili
duong luong ion Co?* sinh ra trong dung dich 0,2
meqg/mL (Hinh 7B). Két qua phan tich trong pho
dd cho théy ¢ su hién dién cla ion st trudc va
sau khi phan (g c¢6 thay ddi nhung khong déng
Kké, luong vét cua ion sit c6 thé do bé mit chat hép
phu hoa tan ra. Luong ion Cs* thay dbi dang ké
khi so sanh phd dd tir Hinh 7A va B; luong ion
Co?* ciing thay d6i mot cach twong tmg trude va
sau phan mg. Qué trinh hap phu ion Cs* cta vat
liéu Coz[Fe(CN)g]/FesOs theo co ché trao dbi ion
trong tw cong bd ciia Dwivedi, C. va cong su
[19], phan tmg dugc dé nghi 1a:
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COz[FE(CN)e]/FGsO4+ 2Cs* — CSzCO[FE(CN)e]/FEsOA, + Co?*

Pulses

10°
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cs Ga
) ‘ l
‘ )
L . |

'y
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Fe Ga
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!
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Hinh 7. Dung dich trudce (A) va sau khi hip phu ion Cs*(B)

4 KET LUAN
D3 tong hop duge vat lieu Coa[Fe(CN)e]/Fes0s
c6 kich thuéc nano mét, % khdi luong cua
Coz[Fe(CN)g] chiém 20,65%
Coz[Fe(CN)g]/FesOs 1a loai vat liéu ¢ tinh thuan
tir, dé dang tach chung ra khoi dung dich nghién

cua vat liéu

ctru bang nam cham. Qua trinh hip phu ion Cs*
cta vat liéu nay tuan theo co ché trao ddi ion, qua
trinh trao d6i ion cua vt liéu xay ra voi hi€u suét
tdt nhit & pH=4, dung luong trao ddi ion cuc dai
cta vat liéu & pH=4 ddi véi ion Cs* 12 0,40 meq/g.
Phan tmg dat can bang trong thoi gian khoang 15
phdt va ion Cs* bj loai khoi dung dich 1én dén
98%, md hinh hip phu Langmuir ¢ thé duoc sir
dung dé mé ta qua trinh.
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Abstract—Co2[Fe(CN)s]/FesOs nanoparticle
adsorbent for ion cesium (Cs*) sorption was
prepared by a chemical co-precipitation method. The
magnetization of the materials makes them to be
separated easyly from an aqueous solution by an
external magnetic field. The ion Cs* absorption by
Coz[Fe(CN)s]/FesOs nanoparticle  follow the ion
exchange mechanism, ion exchange capacity depends
on the pH, the maximum ion exchange capacity of

the material at pH = 4 is 0.40 meq (Cs*) / g. After 15
min, about 98% of initial ion Cs* concentration was
removed from the solution, the adsorption could be
described by Langmuir and Freundlich isotherms.
The high adsorption capacity and good performance
on other aspects, make the Co2[Fe(CN)s]/FesOa
nanoparticle a promissing adsorbent for the removal
of ion Cs* from water.

Keywords—cesium; adsorption; Coz[Fe(CN)s]/FesO4 nanoparticle; ion exchange mechanism
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NGHIEN CUU QUA TRINH HAP PHU Cs’
BOI VAT LIEU NANO Ni,[Fe(CN)g] va Nis[Fe(CN)g],
Nguyén Dinh T rung1
Lé Thi Ha Lan®
Doan Phwong Hong Ng.oc1
TOM TAT
Pa diéu ché dwoc Ni[Fe(CN)s] va Nis[Fe(CN)e]z ¢é kich thude nano mét lam
vt liéu logi bo ion Cs* khoi dung dich. So sdanh 2 logi vat liéu nay, Niz[Fe(CN)e] cé
dung lwong hdp phu ion Cs* cao hon va thoi gian phdan img ngdan hon so voi
Nis[Fe(CN)slo. Qud trinh hdp phu ion Cs* cua vit liéu Ni[Fe(CN)g] vdi hiéu sudt
16t nhdt ¢ trong day pH tir 3 dén 5, dung lwong hdp phu cuc dai ciia vét liéu & pH=4
doi ion Cs™ 1a 1,01 meq/g. Phan irng dat cdn bang trong thoi gian khoang 15 phiit va
ion Cs™ bi logi khéi dung dich 1én dén 98%. Ca hai mé hinh hdp phu Langmuir va
Freundlich khong thé mé ta qud trinh hdap phu. Do Nis[Fe(CN)] ¢6 dung lirong trao
doi cue dai |on, thoi gian dat can bang trao doi nhanh, dé tong hop, gid thanh tong
hop thdp nén chat nay cé thé tré thanh chat hap phu hap ddn va day hira hen trong

viéc xir Iy ion Cs™ trong mueoc.

Tir khéa: Cesium, hap phu, Niz[Fe(CN)g], Nis[Fe(CN)s]2, vdt liéu nano

1. Mé dau

Sy phat trien cia nganh cong
nghiép hat nhan da san sinh mét s6 cac
chat thai co tinh phong xa, cic nguyén
t6 c6 thoi gian ban ra 1én dén hang chuc
nam. Chit phong xa cesium (**¥'Cs)
dugc tao ra trong qua trinh phan hach,
chiém 6,3% san pham phu cua qua trinh
phan hach va la nguyén nhan chinh gay
6 nhiém phéng xa tir sw ¢d hat nhan va
chat thai hat nhan [1]. Nam 2011, mot
con song than xay ra ¢ Nhat Ban do
dong dat. Két qua 13, nha may dién hat
nhan Fukushima Daiichi bi mat kiém
soat nhiét do bén trong 16 phan ung, dan
dén sy nd cua cac 16 phan tng, do 1a
nguyén nhan chinh phat tan phong xa
cesium vao mdi truong [2]. Mot lugng
l6n nudc thai bi nhiém phéng xa da

"Truong Pai hoc Pa Lat
Email: trungnd@dlu.edu.vn
Truong THPT Trin Phu - Da Lat

duoc thai vao trong bién va lan toa khap
cac dai duong.

Theo Co quan Nang lugng nguyén
tir qudc té (IAEA), trong nam 2016 ba
nha may dién hat nhan cua Trung Qudc
nam & nhiing vi tri gan véi Viét Nam da
bat dau di vao hoat dong. Ba nha may
dién hat nhan ¢ phia nam Trung Qudc
vira di vao van hanh thwong mai gom
Phong Thanh (Quang Tay) cong suét
1000 MW, Truong Giang (Quang Dong)
600 MW va to may 650 MW cua Suong
Giang (dao Hai Nam). Nha may dién
hat nhan Phong Thanh chi cach Quang
Ninh khoang 50km. Nha may dién
Xuong Giang trén dao Hai Nam cach
dao Bach Long Vi cua Viét Nam hon
100km. Xa nhat 1a Nha may dién
Truong Giang ciing chi cach bién gidi
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Viét Nam hon 200 km [3]. Nghién cau
xac dinh nhanh hoat d6 cac déng vi
phong xa trong méi trudng nudc 1a van
dé can thiét va duoc lam thuong xuyén,
dé lam co s& cho viéc quan tric, canh
bao nhanh vé phéng xa moi truong
nudC do cac nha may dién hat nhan gay
ra trong qud trinh hoat dong cling nhu
trong cac trudng hop co thé xay ra su cd
hat nhan 13 viéc 1am can dwoc quan tam.
Chat phong xa Cesium c6 do hoa
tan cao trong nudc, c6 chu ky ban ra
30,2 ndm va no ¢o co ché hoat dong hoa
hoc twong tu Véi ion kali trong co thé
sinh vat. Chinh vi vay, khi cesium bi co
thé ngudi hap phu, no dugc tap trung
nhiéu & cac co va rat kho bi dao thai,
cesium c6 thé gay ra nhiéu loai ung thu
khac nhau [4]. Vi Iy do ndy, vin d& phat
trién cac k¥ thuat dé nhan biét va loai
bo cesium cé tinh phong xa duoC cac
nha khoa hoc tap trung nghién ctu.
Trong ky thuat quan tric va xir ly
mdi truong, co nhiéu ky thuat tach chiét,
lam giau cesium nhu chiét long — long,
dong két tua, hap phu... Tuy nhién,
trong s6 cac ky thuat duoc ap dung thi
hap phu duoc cho 1a k§ thuat don gian
va kinh té nhat. Cac cong trinh nghién
cu trude day da su dung cac zeolit [5],
amoni  molybdophosphate  (AMP),
silicotitanate (CST) [6] va cac phuc
chat ferrocyanide cua cac kim loai
chuyén tiép [7] lam chat hap phu
cesium. Trong s6 ndy, cac phac chat
ferrocyanide - kim loai chuyén tiép
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duoc biét co tinh hap phu chon loc cao
d6i véi cesium [8].

Cac phtc chat cua ferrocyanide -
kim loai chuyén tiép dugc lam vat liéu
hap phu cesium c6 tinh chon loc. Nikel
hexacyanoferate dang nano ngoai vigc
tng dung 1am chat ban dan trong viéc
oxy hoa cic alcohol vong thom bang
phuong phap dién hoa, ngoai ra ching
con ¢6 kha nang trao doi ion Véi cac
kim loai hoa tri (I) [9-11]. Trong hai
dang phc Niz[Fe(CN)s] va
Nis[Fe(CN)e] déu co6 kha niang lam chat
xuc tac hay chat ban dan dé oxy hoa
phan hiy cac chit mau trong cong
nghiép dét, cac loai vat li¢u nay con co
kha ning trao d6i ion véi kim loai c6
hoa tri (1) nhu Cs. Tuy nhién, do ciu
trac phan tir va sy sap xép dién tir khac
nhau nén chung c6 kha ning trao doi
ion v&i kim loai hoa tri (1) co thé 1a
khac nhau. Ung dung kha ning xu 1y
cac hop chat mau trong cong nghiép va
oxy hoa benzyl alcohol cua Nikel
hexacyanoferate va da dang cac loai vat
ligu trong xir ly moéi truong. Trong
khuén khd bai bdo nay, chung toi
nghién ctau tong hop Niy[Fe(CN)e] va
Nis[Fe(CN)s]2 kich thudc nano va khao
sat qué trinh, dung lwong va co ché hap
phu cesium 1én 2 loai vat liéu nay.

2. Nguyén vat liéu va phwong
phap nghién ciu

2.1. Nguyén vt ligu

Dung dich chuan géc Cs® 1000
mg/L (Merck), dung dich CsCl tng vai
cac nong d6 dung trong nghién ctu
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dugc pha tr mubi CsCl (Merk);
K4[Fe(CN)g] ; Ks[Fe(CN)s]; NiSOs.
7H;0 (Merk). Dung dich HNO;3 (0,01-
0,5 N) va NaOH (0,01-IN) dugc dung
dé chinh pH khi can thiét.

Cesium trong dung dich va trong
vat liéu hap phu duoc xac dinh bang
thiét bj Shimadzu AA7000 va Total

reflection X-ray fluorescence (TXRF)
S2 Picofox Bruker. Phan tich, xir 1y sb
lieu, vé& d6 thi bang phan mém
Originlab 8.5.1.

2.2. Téng hep vat ligu hdp phu
Niz[Fe(CN)e/ va Nis[Fe(CN)s]2 [12, 13]

Téng hop vt liéu theo hai phuong
trinh phan ung:

2NiSO, + K4[F€(CN)6] — le[Fe(CN)e] + 2K,S0, (1)
3NiSO, + 2K3[Fe(CN)g] — Nis[Fe(CN)s], + 3K,SO, (2)

Hoa tan 0,15 (mol) mubi NiSO,
vao 750mL nudc cat 2 1an cho vao binh
phan tng. Thém 250 mL dung dich
Ka4[Fe(CN)s] 0,05 (mol/L) tir thiét bi
nho giot vao binh phan &ng. Trong sudt
qué trinh phan wng, két hop siéu am voi
tan s6 50Hz va khudy véi téc do 1200
vong/phut, nhiét phan Gng duy tri &
45°C. Két thic qua trinh phan tng, san
pham c¢6 mau xam 1a Ni[Fe(CN)g] theo
phuong trinh phan Gng (1). San pham
dugc tach ra khoi dung dich phan ung
bang cach ly tim 10 phat véi toc do
10.000 vong/phut, rira sach 5 1an bang
nuéc cit, sdy kho ¢ nhiét o 60°C dung
cho nghién ctu tiép theo.

Hoa tan 0,2 (mol) mudi NiSO, vao
750ml nudce cat 2 lan cho vao binh phan
ung. Thém 250 mL dung dich
Ks[Fe(CN)s] 0,05 (mol/L) tir thiét bi nho
giot vao binh phan @ng. Trong sudt qua
trinh phan tng, két hop siéu am voi tan
s6 50Hz va khudy véi téc do 1200

vong/phut nhiét phan tng duy tri & 45°C.

Két thuc qué trinh phan ung, san pham
c6 mau vang nhat la Nis[Fe(CN)s]. theo

phuong trinh phan ung (2). San pham
dugc tach ra khoi dung dich phan ung
bang cach ly tim 10 phut téc do 10.000
vong/phut, rira sach 5 1an bang nudc cat,
siy kho ¢ nhiét do 60°C ding cho
nghién cuu tiép theo.

2.3. Xdc dinh cdc tinh chat ciia vt
ligu hdp phu

Pho XRD cua vat liéu dugc chyp
trén thiét bi nhidu xa Scintag-XDS-
2000 véi bude song Cu Ka (A=1,54059)
va goc do quét 20 & 44,9°C. Hinh thai
cua vat liéu duoc chup trén kinh hién vi
dién tor truyén qua (JEOL JEM-1400
Transmission Electron Microscope) két
hop tan xa tia X (EDS-TEM).

2.4. Nghién civu qud trinh hap phu
ion cesium (Cs*) caa vdt ligu
Niz[Fe(CN)g] va Nis[Fe(CN)g]2

2.4.1. Xdc dinh dung lirong hap phu
cua vat lieu Nig[Fe(CN)s] va
Nis[Fe(CN)s]2

Dé an toan trong qué trinh nghién
ctru, cesium (Cs®) phuc vu cho nghién
ctru 1a mudi cesium déng vi bén.
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Can 0,1g vat liéu hip phu cho vao
binh tam gidc 250 mL thém vao do 100
mL dung dich chia ion Cs™ véi day
nong do tir 100 d¢én 500 mg/L tiy theo
diéu kién nghién ctru. Nong do cac ion
trong thiét bi nghién ctru khong dugc
diéu chinh trong sudt qua trinh hap phu.
Binh hap phu dugc day kin va lic trén
may lic (IKA HS 260 basic USA) voi
téc d6 180 vong/phit lién tuc 24 gio dé
dam bao qua trinh hap phu dat trang
thai can bang, nhiét do thuc hién qua
trinh hap phy & nhiét do phong (25°C),
duy tri & gia tri pH=5,0. Sau khi két
thic phan tng, vat liéu hiap phu dugc
tach loai bang ly tam 10 phut (Universal
320- Germany) ¢ 10.000 vong/phut, sau
d6 duoc loc qua mang loc 0,24 um va
dich loc dwoc phan tich trén thiét bj
AAS va TXRF.

2.4.2. Khao sat anh huong cua pH
dén kha ndng hdp phu ion Cs* cua vt
lieu Niz[Fe(CN)g] va Nis[Fe(CN)g]2

Gi4 tri pH cua dung dich duogc diéu
chinh dén cac thang gia tri nghién ctu
pH 2,0; 3,0; 4,0; 5,0; 6,0; 7,0; 8,0; 9,0
bang dung dich HNO3 hay NaOH (0,01-
IN). Sau 24 gio phan tng, vat liéu hap
phu duoc tach loai bang ly tam 10 phit
(Universal 320- Germany) ¢ 10.000
vong/phut, sau d6 dugc loc qua mang
loc 0,24 um va dich loc dugc phan tich
bang thiét bi AAS va TXREF.

2.4.3. Khdo sdt téc dg phan iéng

Chuan bi 25 binh phan ung, can
0,3g chat hap phu Niz[Fe(CN)g] cho vao
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tung binh tam giac 250 ml, thém vao do
100 mL dung dich chaa ion Cs* voi
nong d6 0,3 mg/L, nhiét do va gia tri
pH = 4,0 duoc duy tri trong subt qua
trinh hap phu. Binh hip phu duoc day
kin va lic trén may lic (IKA HS 260
basic USA) véi téc d6 180 vong/phut.
Sau 5 phat phan ung, lién tuc ldy mau
lan luot sau 1 phat. Sau khi 1dy mau, tat
C4 cac mau duoC Xt Iy nhu mo ta & trén
va phan tich ion Cs* bang thiét bi AAS
va TXRF.

Chuan bi 25 binh phan tng, can
0,1g chat hap phu Nis[Fe(CN)g]. cho
vao tung binh tam gidc 250 ml, thém
vao d6 100 mL dung dich chtra ion Cs*
Vv6i nong d6 0,3 mg/L, nhiét do va gia
tri pH =4,0 duoc duy tri trong sudt qua
trinh hp phy. Binh hap phu dugc day
kin va lic trén may lic (IKA HS 260
basic USA) vai toc do 180 vong/phut.
Sau 5 phit phan tmg, lién tuc ldy mau
lan lugt sau 1 phat. Sau khi 1y mau, tat
c4 cac mau duoC Xt Iy nhu mo ta & trén
va phén tich ion Cs" bang thiét bi AAS
va TXRF.

Cac quy trinh nay duoc thuc hién
trong sudt qua trinh nghién ctru. Ham
lwgng cesium hap phu duoc tinh boi su
thay d6i néng d6 ban dau va ham
luong con lai cua cesium trong trong
dung dich trén khéi luong cua vat lidu
hap phu.

Ham luong cesium bi hap phu duoc

V(Ci-Ce)
B

tinh theo cong thirc sau: q =
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Trong d6 q la ham luong cesium bi
hip phu hay dung lugng hap phu cua
vat liéu (mg/g chat hap phu); Ci va Ce
1a néng d6 ion Cs* trudc va sau khi hap
phu twong tng (mg/mL), V thé tich
dung dich (mL), B 1a khéi luogng cia vat
liéu hap phu dugc st dung (g).

Phwong trinh hap phu Langmuir

__ qm bCe
Q= 1+bC,

Trong d6 ge 1a luong ion Cs* bi hap
phu bai vat ligu (mg/g), qm dung lugng
hap phu cuc dai cia ion Cs*, Ce nong do
dau cua tai mot diém cua qué trinh hap
phu (mg/L), b hang sé thuc nghiém.

Phwong  trinh  hip phu
Freundlich g, = KC/"

V6i g 12 Iwong ion Cs* bj hap phu
boi vat liu (mg/g), K, n 1a hing sb
thuc nghiém khi phan ung dat trang
thai can bang.

3. Két qua va thao luan

3.1. Tinh chat ciia vt liéu hdp phu

Tinh chét vat liéu dung cho nghién
ctiu dugc xac dinh thong qua cac phd
XRD va TEM cuia cac loai vat liéu. Két
qua nghién ciu pho XRD lan luot cua

Nis[Fe(CN)s] va Nis[Fe(CN)g]2 thé hién
nhu hinh 1.

300 +
250 H
200 +

150

100 MJ
0 -
° H }‘ { | Ni,[Fe(CN),]

|
04 IFMNJ \Mwmnﬂ/} LMA"WW/J r‘w Wuw Mot

Ln(counts)

Ni,[Fe(CN)].

T T T T T T T T
0 10 20 30 40 50 60 70 80
2theta

Hinh 1: Phé XRD cua Nio[Fe(CN)g] va
Nis[Fe(CN)s]2

Theo két qua phd do XRD ¢ Hinh 1,
ta thay cac gid tri 2 theta tai 15,2; 17; 25;
31; 35; 40; 44; 45; 45,5; 50; 54; 57 la
cac peak dac trung cua Nis[Fe(CN)g]2.
Khi so sanh két qua phan tich pho do
V6i cong bd trude day cua Ali va cong
su [14] ¢6 su twong dong.

Pho ¢6 XRD cua Nis[Fe(CN)g], cho
thdy tai cic gia tri 2 theta hoan toan
tring khép véi chuan theo Hinh 2 [15],
véi duong (1) 1a mau thuc, duong (2) 1a
chuan 1010373.cif, phan tich bang phan
mém Fullfrop suit 072017.

z=oo T
2
-

150

100

so

ZTheta

Hinh 2: Phé XRD cua Nio[Fe(CN)g] so sdnh véi chuan 1010373.cif
Hinh thai cua vat liéu duoc chup voi phé tan sic ning luong tia X (JEOL JEM-

1400 Energy-dispersive X-ray)
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Electron Image 3
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Electron Image 3
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(B1) TEM of Ni,Fe(CN)s [ (B2) TEM + 16p tan xa cua Ni (B3) TEM + I6p tan xa cia Fe

Hinh 3: Anh EDX-TEM cua Nis[Fe(CN)s]2 va Niz[Fe(CN)g]

T hinh 3 cho thdy dang cua vat
liu Niz[Fe(CN)g], va Nis[Fe(CN)e] co
kich thuéc 12 nano mét tuy nhién déi
v6i Nig[Fe(CN)e]2 ¢6 cdu triic mang tinh
thé phtc tap hon so vé6i Niz[Fe(CN)g].

Trong qua trinh tong hop cac dang
nano thi lvong du mudi NiSO, thuc day

qua trinh phan Gng chuyén vé dang
Nio[Fe(CN)s] va Nis[Fe(CN)gl. 1a cac
dang phuac khong tan. Theo phuong
trinh (3), (4) khi tong hop vat liéu, néu
nhu NiSO; thiéu thi ¢ thé san sinh ra
cic  dang  mudi  phac  nhu
K2Ni[Fe(CN)g]; KaNiz[Fe(CN)g]. tan.

NiSO, (du) + K4[Fe(CN)s] — Niz[Fe(CN)g] + 2K,SO04 3)
NiSO, (du) + 2K3[Fe(CN)g] — Nis[Fe(CN)g]2 + 3K2SO0, 4)

Khi phan tich phé XRD cua vat
lisu bang phian mém Fullfrop suit
072017 két hop véi pho EDX-TEM cua
Nis[Fe(CN)s]2 va NizFe(CN)g nhu (hinh
1, 2, 3). Nikel hexacyanoferate co cau

trac mang lugi hé tinh thé 1a su sap xép
cac khdi 1ap phuong véi nhau. Cau trac
cua ting khéi 1ap phuong 1a do sy sip
Xép t6 hop cac nguyén té (Ni, Fe), trong
d6 niken va sit dugc dit trong mot
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mang khdi trung tdim. Cac nguyén tir
duoc sap xép theo cach ma cac nguyén
tir sit dugc bao quanh boi cac nguyén
tr nito trong khi cac nguyén tu nikel
dugc bao quanh boi cac nguyén tir
carbon ciu trac d6 dugc dé xuit nhu
hinh 4. Ciu trac ndy twong dong voi

cong trinh nghién cttu ctia Wu va cong
su [16] khi nghién cu cau tric cua
Prussian blue. Theo Wu va cong su,
nhiét 6 tong hop vat liéu c6 anh huong
dén trat tu sap xép cac nguyén tr, anh
hudng dén hinh thai vat liéu.

Hinh 4: Cdu tric tinh thé Nikel hexacyanoferate

3.2. Qud trinh hdp phu cesium
(Cs") cua vt lidu

3.2.1. Xdc dinh dung lirong hdp phu
cua vat lieu  Nig[Fe(CN)g] va
Nis[Fe(CN)e]2

Qué trinh hip phu duogc thuc hién
tai nhiét d6 25°C & pH=5,0. Két qua
dung lugng hap phy ion Cs* 1én trén vat
licu dugc thé hién tai bang 1. Khi dat
trang thai can bang luong Cs" mit di
trong dung dich dugc tinh theo cong
thac tai muc 2.4.3.

Bang 1: Dung lwong hap phu ion Cs* bai Niz[Fe(CN)e] va Nis[Fe(CN)g]2

theo cdc thang nong dj

Nio[Fe(CN)e]

Nis[Fe(CN)e]»

S6 mili S6 mili
A A Dung Dung
Nong do z duong A A z duong
) lwong hap + Nong do lwong hap
dung dich 4 luong Cs . + luong Cs+
phu Cs Ny dung dich phu Cs X
(mg/L) (mg/g) bi hap phu (mg/g) bi hap phu
(meq/q) (meq/g)
99,996 49,899 0,375 99,996 49,62186 0,373
169,572 84,565 0,636 169,572 84,26412 0,634
203,204 100,176 0,754 203,204 100,5861 0,757
255,986 120,639 0,908 255,986 124,6648 0,953
292,506 133,527 1,005 292,506 122,5825 0,994
354,327 134,422 1,011 354,327 124,422 0,936
399,415 132,779 0,999 399,415 122,779 0,924
450,011 133,559 1,005 450,011 123,559 0,949
500,193 132,123 0,994 500,193 122,123 0,919
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Két qua tir bang 1 cho thay, khi
dat trang thdi can bang mic du ndng
do Cs" c6 ting 1én nita thi dung lwong
hip phu cuc dai cua vat lidu khong
tang. D6i véi vat lisu Nio[Fe(CN)e],
dung lugng hap phu cuc dai dao dong
tr 133-1345 mg/g con ddi voi
Nis[Fe(CN)g] thi dung lugng hap phu
cuc dai dao dong tir 122-124,5 mg/g.

Dung phan mém Originlab 8.5.1
dé phan tich két qua tai bang 1, cac
thong s6 ctia qua trinh hp phu dang
nhiét ion Cs* 1én vat liéu Nio[Fe(CN)e]
va Nis[Fe(CN)s]2
Langmuir va Freundlich dugc thé hién
tai hinh 5, bang 2.

theo moé hinh

Bang 2: Cdc théng sé Cia phirong trinh hap phu Langmuir va Freundlich ddi Véi
ion Cs+ trén vt lidu hdp phu

Vit liéu hap phu Niy[Fe(CN)g]

M@ hinh hap phu dang nhiét Langmuir

Ton bi hap phu Om (Ma/q) b R’
Cs' 208,440 0,004 0,873
M hinh hip phu ding nhiét Freundlich

Ton bj hip phu Ke (mg/g) 1/n R
Cs’' 8,163 0, 465 0,791

Vit liéu hap phu Nis[Fe(CN)g],

M hinh hip phu ding nhiét Langmuir

Ton bi hap phu qm (Ma/g) b R
Cs’ 178,994 0,005 0,814
M3 hinh hip phu ding nhiét Freundlich

Ton bj hap phu Ke (mg/g) 1/n R’
Cs’ 11,115 0, 403 0,708

Phuong trinh hip phu Langmuir

’ X _ Om bCe
theo 1y thuyét ge = bC,

; tuy nhién,
gia tri b cua s6 liéu thyc nghiém tién veé
gia tri zero dong thoi dung lwong hap
phu cuc dai theo nhu tinh toan (gmax)
I6n hon rat nhiéu so véi gia tri thyuc
nghiém ddi véi ca hai vat liéu hip phu.
Xét cac thong s6 qué trinh hap phu dat
dén trang thai can bang riéng d6i voi
mo hinh hip phu ding nhiét Freundlich
co gia tr1 1I/n < 1 la phu hop voi ly
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thuyét. Tuy nhién, gid tri R trong
khoang 0,708 - 0,790 d6i voi ca hai
truong hop 1 rat thap. Qua trinh hép
phu ion Cs* trong nudc boi hai loai vat
licu Niy[Fe(CN)s] va Nis[Fe(CN)g)2
khong tuan theo quy luat cua qua trinh
hap phu don thuan, nén 2 mé hinh hap
phu Langmuir va Freundlich khong thé
md ta qua trinh nay. Piéu ndy c6 su
twong ddng véi cong bd cua nhom tac

gia B. Li va cong su [12].
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Hinh 5: M6 hinh hdp phu dang nhiét cia Niz[Fe(CN)e] va Nis[Fe(CN)s]2
doi véiion Cs*

3.2.2. Khao sat anh huong cua pH
den kha ndang hdp phu ion Cs* cua vt
liéu Nio[Fe(CN)g] va Nis[Fe(CN)s]

Két qua thuc nghiém duogc thé hién
qua hinh 6, ddi voi Nio[Fe(CN)e] khi
gia tri pH=2 thi qua trinh hap phy gap
khé khan, dung lwong hap phu cua vat
ligu thap. Khi gia tri pH 1 3,4,5 dung
lwong hip phu cua qué trinh dat gid tri
cuc dai, nhung dén khi pH dat dén cac
gid tri 6, 7, 8, 9 thi dung luong hip phu
giam co thé do Ni trén bé mat chat hap
phu bi hydrat hoa, tao thanh mot 16p
mang trén bé mat chat hap phu, han ché
qué trinh tiép xuc cua ion Cs* 1én bé
mit chat hap phu va ciing c6 thé do thay
d6i dién tich trong dung dich, 1am cho
ion Cs* khong tuong tac hit tinh dién
vGi bé mat. T két qua cho thiy qua
trinh hap phu ion Cs* cua vat liéu
Nio[Fe(CN)s] dat dung lwong hap phu
cao nhat, tai gia tri pH tir 3-5 tai pH =4,0
thi gia tri hap dung cuc dai cua
Niz[Fe(CN)s] 1a 134 mg/qg.

Riéng ddi véi Nis[Fe(CN)e], su
thay doi pH khong anh huong nhiéu dén
qué trinh hap phu. Trong day pH tir 3-7,
dung luong hap phu gan nhu khéng
thay d6i nhiéu, c6 thé 1a do cau tric
hinh khéi lap phuong ciia vat liéu, trong
qué trinh thay ddi ciia méi truong dung
dich, dé ung phé sy thay dbi do thi
trong phan tir c6 thé co sy dich chuyén
cac dién tich. Tai cac gia tri pH 2, 8, 9
thi dung luong hap phu giam.

140 -
e

1204

100 4

80

q.(mg/g)

—=— Nij[Fe(CN)]

60 -
—o— Ni,[Fe(CN),] e

40

pH
Hinh 6: 1,47nh hrong cia pH dén qud
trinh hap phy ion Cs™ lén vat liéu
Niz[Fe(CN)e] va Nig[Fe(CN)e]z
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3.2.3. Khdo sdt téc dé phan imng

Qué4 trinh hap phu duoc thuc hién
nhu theo myc 2.4.3 va phan Gng dugc
thuc hién tai gia tri pH=4, trong qua
trinh khao sat toc do phan tng cua thi
nghiém nay dung ndéng do Cs* trong
dung dich lodng. Két qua dugc thé hién
tai hinh 7. T két qua cho thdy phan
tng dat can bang trong thoi gian
khoang 15 phut va ion Cs* bi loai khoi
dung dich 1én dén 98%  d6i voi

Niz[Fe(CN)g]. Di voi Nis[Fe(CN)g], thi
quéa trinh hap phu dat trang thai cén
bang cham, phan tng dat can bang phai
mat dén 20 gio va ion Cs* bi loai ra
khoi dung dich 1a 91%. Téc do phan
ung cua loai vat liéu Nis[Fe(CN)g]2
cham c6 thé do céu trac caa loai vat liéu
nay cO su can béng vé mat dién tich,
cau triic bén vitng nén qua trinh hap phu
kho xay ra.
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Hinh 7: Anh hwéng thoi gian dén qud trinh hap phy ion Cs* cua Ni[Fe(CN)g]
va ng[FE(CN)e]z

Khi so sanh hai loai vat liéu
Ni[Fe(CN)s] va Nis[Fe(CN)s]. cho
thay loai vat liéu Niz[Fe(CN)g], d& diéu
ché, c6 kha nang loai ion Cs* 1én dén
98% ddng thoi dé ap dung vao thuc té.

4. Két luan

D3 tong hop duoc 2 loai vat liéu
Nio[Fe(CN)s] va Nis[Fe(CN)e]s co kich
thudc nano mét 1am vat liéu hap phy ion
Cs", khi so sanh 2 loai vt liéu ndy mic
du Nis[Fe(CN)g]s ¢6 kich thudc nho
hon, nhung Niz[Fe(CN)g] c6 dung lugng

hap phu ion Cs* cao hon va thoi gian
phan tng ngan hon. Qua trinh hip phu
ion Cs™ cua vat liéu Ni[Fe(CN)] xay
ra véi hiéu suat tét nhat & trong day pH
3-5, dung luong trao doi ion cuc dai cua
vat lieu & pH=4 di véi ion Cs* 1a 1,01
meqg/g. Phan tng dat can bang trong
thoi gian khoang 15 phut va ion Cs* bi
loai khoi dung dich 1én dén 98%. Ca hai
mo hinh hip phu Langmuir va
Freundlich khong thé mo ti qua trinh
hap phu.
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INVESTIGATE THE ADSORPTION OF CESIUM ION (Cs*) ON
Niz[Fe(CN)s] AND Niz[Fe(CN)s]. NANOPARTICLES

ABSTRACT

Ni,[Fe(CN)s] and Niz[Fe(CN)s], nanoparticle adsorbents for removal Cs* ion
from solution have been successfully synthesized. Comparison between two materials,
the Cs ™ ion adsorption capacity of Ni,[Fe(CN)s] was higher than Niz[Fe(CN)s]. and
the reaction time was shorter. The Cs™ ion absorption by Ni,[Fe(CN)s] nanoparticle
depends on the pH, the maximum absorption capacity of the material at pH = 4 is
1.01 meq/g. After 15 minutes, about 98% of initial ion Cs* concentration was
removed from solution, the adsorption data did not accord with Langmuir and
Freundlich isotherms. The high adsorption capacity and good performance on other
aspects, make the Ni,[Fe(CN)s] nanoparticle a promising adsorbent for the removal
of ion Cs™ from water.

Keywords: Cesium, adsorption, Nio[Fe(CN)s],Nis[Fe(CN)g]2, nanoparticle

(Received: 5/6/2019, Revised: 5/7/2019, Accepted for publication: 16/12/2019)
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TONG HQP, PAC TiNH CUA NANO Cus[Fe(CN)s]. VA UNG DUNG
TRONG HAP PHU ION CESI (Cs*)

Lé Thi Ha Lan; Nguyén Pinh Trung; Thach Thi Ngoc Tran; Trwong Vin Minh

Nguyén An Son; Pé Thi Lg; Nguyén Thi Phuc

TOM TAT

Trong nghién cizu ndy, khd ndng hap thu ion Cs* tir dung dich CsCl si dung hat nano
Cus[Fe(CN)s]2 durot thuc hién. Vit ligu nano Cus[Fe(CN)s]. dé duwot tong hop; phé ké nhiéu
Xa tia X (XRD) dwoc ding dé phan tich cdc dic trung cua Cus[Fe(CN)s]2; ky thudt huynh
quang tia X phan xg toan phan (TXRF) duwoc sir dung dé xdc dinh kha ndng hdp phu. Mét sé
ddc trung cua Cus[Fe(CN)s]z nhue: khodng cach giza cac ndt mang nguyén tiz (d), tham sé
mang (a), thé tich cua cac hat nano da duwoc tinh toan rd rang. Tat ca cac thic nghiém thyc
hién ¢ diéeu kién pH = 7 va nhiér dg phong, dong thoi thay doi nong d@é chat bi hdp phu. Mo
hinh dang nhiét Freundlich va Langmuir dwoc sir dung dé xdc dinh hé sé hon hop cia qua
trinh hdp thu/phan hdp thu (1/n) va dung lirong hap phu cue dai cia ion Cs* (Qmay).

Tir khod: Tong hop; Cus[Fe(CN)e]2; nhiéu xa tia X (XRD); ion Cesi (Cs*)

1. Pit van dé

Khi van hanh nha may dién hat
nhan, mot lwong 16n chit phong xa di
chuyén ra bién, dic  biét lasan
phim phan hach. Cesi 1a mot trong
nhitng nguyén t6 nang phat ra tir phan
ung phan hach hat nhan trong 16 phan
tng, khi dat ning suat 1on. Hai dong vi
phong xa c6 ¢o tudi tho cao nhét 1a Cs-
134 va Cs-137. Trong nudc bién, Cesi
thuong ton tai chu yéu ¢ dang mudi
CsCl vadi chuyén tu do trong nudc
bién, co nghia la su khuéch tan céc
déng vi phong xa s@ ting trong moi
truong nudc.

Trudce day, k¥ thuat co ban duoc
dung dé thu thap dong vi phong xa l1a co
dic, bao phu va chon lap vao cac him &
trén nui. Hién nay, v&i xu hudng phat
trién khoa hoc va cong nghé trén toan
thé gi6i, dic biét lacong nghé vat

Trieong THPT Tran Phii, Pa Lat

Truong Pai hoc Da Lat

Truong phé théng DTNT Pi Néing Tac, Ninh Thugn
Trieong Pai hoc Pong Nai

Email: truongminhdnu@gmail.com

lidu, con nguoi da ché tao duoc nhiéu
vat liéu co6 dung luong hép phu cao dé
thu thap chat thai phong xa. Mot sO ky
thuat dugc st dung trong viéc thu
thap cc kim loai ning nhu  két tua,
chiét dung moi, trao ddi ion,...

Trong c&c nghién cGu trude
day, nhiéu nhom nghién ctu da dé xuét
c4c phuong phap dé st dung hiéu qua
viéc thu thap Cesi, trong d6 viéc ché tao
cac vat lieu khac nhau dang nano dé thu
thap Cs* (Borai et al., 2009, Yang et al.,
2011; Sheha et al., 2012). Trong nghién
ctru ndy, nano Cus[Fe(CN)e]2 duoc ché
tao, dong thoi ung dung né trong viéc
thu thap Cs".

2. Vat liéu va phuong phap
2.1. Vat li¢u

Ks[Fe(CN)s],
CuCl2.2H20 va dung dich chuan gbc
Cs*(CsCl, 1000 mg/L) (tit ca cac hoa
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chét duoc san xuit béi Merck Co.,
Ltd, c6 do tinh khiét cao (99,99%)) da
duoc str dung cho nghién ctru nay.
Téng hop Cus[Fe(CN)e]2

Pé tong hop Cus[Fe(CN)g]z, hai
dung dich riéng biét di dugc chuan
bi: @) 250 ml dung dich Ks[Fe(CN)g]
0,06M va b)750 ml dung dich
CuCl,0,2M.Dung dich dau duoc

rot 5ml/phut vao dung dich tha
hai dwoc khudy manh ¢ téc do
1200 vong/phut trong 4  gio. Vat  liéu
nano Cus[Fe(CN)e]> thu dugc cO mau
xanh  den.Phan ung hdéa hoc
gitta CuCl, va K3[Fe(CN)s] thé hién &
phuong trinh sau:

3CuCl; + 2Ks[Fe(CN)s] = Cus[Fe(CN)s]> + 6KCI

Dé thu dugc két
tua Ka[Fe(CN)e], str dung may ly tdm
trong 5 phat véi téc d6 10000
vong/pht, sau d6, phan két tua duogc
loc, rira nhiéu lan béng nuédc cat cho
dén khi pH trung tinh va say kho ¢ 70°C
trong 50 gid. Cudi cung, nghién min
bang c6i ma ndo tao ravat liéu ding
cho nghién ctu tiép theo.

Nghién cieu vé sw hdp phu Cesi
béing Cus[Fe(CN)s]2

Pé an toan trong qua trinh
nghién ctu, Cesi (Cs) trong mubi
(CsCl) dugc str dung cho nghién clru
laddng vi bén. 0,19 Cus[Fe(CN)s]2
dugc thém vao 50 ml dung dich chira
ion Cs*voi nong do khac nhau (dao
dong tir 70 dén 600 mg/L). Binh phan
tmg duoc day kin va hon hop phéan tng
duoc lic véi toe do 270 rpm trong 24
gio dé dam bao qua trinh hap thu dat
trang thai can bang, gitt ¢ nhiét do
phong 25°C. B6 pH duoc duy tri & gia
tri pH thich hgp. Sau khihoan thanh

viéc h?ip phy, vat liéu duogc tach tu
tinh. Chét ndi trén mat duoc ly tam (5
phat, 10000 vong/phut) va dugc loc qua
mot mang loc 0,22 pm.

2.2. Phwong phdp tinh toan

Suw dung ky thudt nhiéu xa tia X
(XRD) xdc dinh cac ddac tinh vat liéu
nano:

Dinh luit Bragg thé hién mdi
lién h¢ gilra budc song (1) cua tia X
phan xa, khoadng cach gilta cdc mat
phang nguyén tir (d) va goc nhiéu xa (0)

nhu sau:

2d sin @ = kA,

Miller chi ra cac nghich dao cua
cac phan tir phan doan ma mit phing
tao ra voi cac truc tinh thé (Pearson,
1972): h, k, 1. Bbi véi hé 1ap phuong, s6
tich phan cua cac chi sb Miller h, k va |
dugc trinh bay trong Bang 1.

Bang 1. Mot sb gia tri tich phan cua cac chi sb Miller h, k va | ¢6 thé dat duoc

Twong tng voi chi sé hkl

h?+ k2 + |2

100

1
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110 2
111 3
200 4
210 5
211 6
220 8
221, 300 9
310 10
311 11
222 12
320 13
321 14
400 16

Déi v6i hé 1ap phuong, mdi quan hé giita khoang cach giita cac mit phang
nguyén tir (d) va chi sé Miller h, k, | nhu cac ham sau:

1 h>+k*+1?
F: 32 (2)
H 2
d _ a —)Z,: 2aS|n(0) —>Sin2(0)=;t—2(h2+k2+|2) (3)
(h* +k> +1%) (h? +k? +1%) 4a
V=2al (4)

Trong d6 a la hang s6 mang, V 14 thé tich cta 6 don vi.
Tinh toan su hdp phu
Dung luong hip phu dugc tinh toan dira trén ndng d6 ban dau (Co, mg/L) va
nong d6 cudi (Ce, mg/L) nhu sau (Dang et al., 2009, Tan et al., 2009):
_ Co — Ce
qe - M

v ()
trong d6 qeld dung lwong hip phu kim loai (mg/g), V 1a thé tich cua dung
dich CsCl (L) va M 1a khi luong kho ctia chat hap thu (g).

Pang nhiét Freundlich

M0 hinh dang nhiét Freundlich (Freundlich, 1939) mé ta méi quan hé cta qué trinh
hap phu. Pudng ding nhiét ndy 14 mot phuong trinh thuc nghiém va dugc biéu dién
tuyén tinh nhu sau:

l0gq, =log K, +logC, -4, = K,C2" 6)
n
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trong d6 Kr1a hing sé Freundlich lién quan dén ning luong lién két, 1/n 1a hé sb
khong dong nhat va n (g/L) 1a thudc do d6 1éch tuyén tinh ctia sy hap phu.
Pang nhiét Langmuir

Mo hinh dang nhiét Langmuir (Langmuir, 1918) cho rang sy hap phu la don
16p trén mot bé mat dé)ng nhat véi s6 luong hitu han cac vi tri hép phu. Khi mét vi tri
duoc lép déy, khong c6 su hép thu nao khac c6 thé dién ra tai vi tri do. Cong thuce
nhu sau:

& = 1 + ice -0, = M
qe KLqmax qmax 1+ KLCe

trong d6 K. 13 hang s6 Langmuir lién quan dén ning lugng hip phu Va gmax la dung
lwong hip phu cuc dai (mg/g).

3. Két qua va thao luin
3.1. Ddc tinh ciia Cuz[Fe(CN)e]>

Gian d6 XRD ghi lai duoc cau truc ciia Cus[Fe(CN)s]z bang cach st dung
may nhiéu xa tia X Bruker D8 Advance véi budc song A cuker = 1,5406 A. Hinh 1 12
gian d6 XRD cua mau Cus[Fe(CN)g]z.
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Hinh 1. Gian d5 XRD cta miu hat nano Cus[Fe(CN)e]2

Tinh toan mot sé dic diém cua Cuz[Fe(CN)s]z, cac cong thirc (1) + (4) duoc sir
dung. Bang 2 cho thiy két qua.
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Bang 2. Cac thong sb chi sb Miller, tham s6 mang va thé tich cta 6 don vi

binh 20 d(A) 1/d2 h*k+2 h k | a(h) V=ahd
1 15,16 5,840 0,0293 3 1 1 1 10,114 1034,72
2 17,62 5,029 0,0395 4 2 0 0 10,059 1017,77
3 25,15 3,538 0,0799 8 2 2 0 10,007 1002,16
4 28,12 3,171 0,0995 11 3 1 1 10516 1163,01
5 3562 2,518 0,1577 16 4 0 0 10,074 1022,32
6 40,12 2,246 0,1983 20 4 2 0 10,043 1013,04
7 43,42 2,082 10,2306 24 4 2 2 10,202 1061,73

Theo cac Iy thuyét, két qua cho lugng céac thanh phan nguyén tb trong

thiy rang sin®(0) gom céc gié tri 1, 2, 3,
4,5, 6, ..., thi tinh thé nano c6 dang
khéi lap phuong ddi xtng tam. Déi voi
nghién ctru nay, Bang 2 di chi ra diéu
d6. Nhu vay, Cdu trac  hat
nano Cus[Fe(CN)]z 1a hinh  khdi lap
phuong d6i xtimg tim. Diéu nay phu
hop véi nghién clru ciia Yun va cdng su
(Yun et al., 2003)

3.2. Khd néng hép phu

K§ thuat huynh quang tia X phan
xa toan phén (TXRF) duogc thuc
hién. K§ thudt nay dwoc sit dung phd
bién trong phan tich dinh tinh va dinh

cac mau ran, long va khi. Nghién ctru
ndy nhim xac dinh noéng d6 Cs* trudc
va sau khihdp thybangcac hat
nano Cuz[Fe(CN)s]o.

D@ liéu thu duoc tur cac ion Cs*
trén céac hat nano Cus[Fe(CN)s]2 cho
thay thoi gian phan tng trong 24 gio 1a
du dé dat duoc trang thai can b@'mg. Vi
thé, ndng d6 hap phu Cs* (Ce, mg/L) va
dung lugng hap phu (ge, mg/g) sau 24
gi0 dugc dua ra dudi dang cac gia tri
can bang. Bang 3 trinh bay két qua.

Bang 3. C4c thong sb hip phu ion Cs* bang Cus[Fe(CN)s]2

STT Nong d6 dau ciia ion | Nong dd hap phu ion Dung lwgng hip
Cs*(mg/L), Co Cs*(mg/L), Ce thu ion Cs* (mg/g), Qe
1 71,235 10,823 30,21
2 117,142 36,495 40,32
3 194,137 84,290 54,92
4 314,451 141,378 86,54
5 7347,223 157,563 94,83
6 449,359 212,368 118,50
7 529,184 257,599 135,79
8 571,671 291,378 140,15
9 593,733 313,371 140,18

Két qua cho thdy sy anh hudng
ctia ndng d6 chat hap phu ban dau (%)

ion Cs* thay doi theo nong d6 chat hap
phu. Lugng Cs* duoc hip phu ting 1én
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khi ting nong d6 Cus[Fe(CN)g]2 tir 71
dén 570 mg/L; dong thoi lugng Cs* bio
hoa khindng d6  Cus[Fe(CN)s]
trong dung dich dat t6i hon 570 mg/L.

Ap dung céc phuong trinh (6) va

(7),st¢ dung dir liéu ¢ Bang 3,

ding phan mém Origin 8.5d3 duoc
ding dé tinh toan. Bang 4 thé hién cac
thong s6 khép theo ham dang nhiét
Freundlich va Langmuir

Bang 4. Thong s6 Kr, 1/n, KL VA Omax d6i v6i hap thu Cs* trén Cus[Fe(CN)s]2

MB& hinh hip phu ding nhiét Freundlich

Cac diéu kién: Kr (mg/g) 1/n R?
nhiét do phong,
pH=7 4,424 0,607 0.974
M3 hinh hip phu ding nhiét Langmuir
Cac diéu kién: Gmax(MY/Q) Ke (L/mg) R?
nhiét do phong,
pH=7 271,45 0,0036 0.953

160
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40

160 -

120

80
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Hinh 2. a) Puong dang nhiét Freundlich; b) Puong dang nhiét Langmuir biéu dién
su hap phu Cs trén Cus[Fe(CN)s]2 ¢ nhiét d6 phong, pH = 7

Két qua khép cho thiy, dung
luong hép phu cuc dai (Qmax-fit) CO gid
tri 1a 271,45 mglg. Cac dir liéu thuc
nghiém thu dugc bang phan tich ky
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thuat TXRF dung lwong hip phu cuc
dai (Qmax - exp) 12 333,46 mg/g. Ly do su
khai 16ch nay 1a & ving ndng do thap,
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nhiét Langmuir 14 do lugng hap phu qua
16n.
4. Két luan

Trong nghién ctu nay, vat liéu
nano Cus[Fe(CN)s], dd duoc tong hop,
va Cus[Fe(CN)e]2 c6 khoang céch gita
cac mat  phang  nguyén  ta
(d) tir 2,082 dén 5,840 A, cac tham sb
mang la  khoang 10,145 A. Phan
tich phd XRD ciia  Cuz[Fe(CN)s]2 cho
thdy rang Cus[Fe(CN)s2c6 cau trlc
hinh khéi 1ap phuong don gian, d6 1a
cau trac dugc xay dung dya trén cac gia

tri tich phan caa céc chi s6 Miller h, k
va | 1a (111), (200), (220), (311), (400),
(420) va (422).

Ching to1 da nghién clru dugc
vat liéu nano Cus[Fe(CN)s]o dé hap thu
Cs*& diéu kién nhiét do phong va do
pH = 7. Hiéu qua ctia ndng do chat hap
phu vao (%) ion Cs* bi loai bo & diéu
kién cin bang khi nong do
Cus[Fe(CN)g]. trong dung dich dat dén
hon 570 mg/L va dung luong hip phu
t6i da (Qmax - fit) dat 271,45 mg/g.
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SYNTHESIS, CHARACTERIZATION OF Cus[Fe(CN)g]2
NANOPARTICLE AND APPLY OF ADSORPTION ION CESIUM (Cs")

ABSTRACT

In this study, the ability to absorb Cs+ ions from CsCl solution using
Cu3[Fe(CN)6]2 nanoparticles was carried out. Cu3[Fe(CN)6]2 nanoparticles
were synthesized; X-ray diffraction (XRD) spectrometer was used to analyze
the characteristics of Cu3[Fe(CN)6]2; Total reflectance X-ray fluorescence
(TXRF) technique was used to determine the adsorption capacity. Some
characteristics of Cu3[Fe(CN)6]2 such as: the spacing between the atomic
planes (d), the lattice parameter (a), and the volume of unit cell (V) were
calculated clearly, the lattice parameters (a), the volume of nanoparticles
were clearly calculated. All experiments were performed at pH = 7 and room
temperature, while changing the adsorbent concentration. Freundlich and
Langmuir isotherm models were used to determine the heterogeneity factor
(1/n) and the maximum adsorption capacity of Cs+ ions (qmax).

Keywords: Synthesis; Cuz[Fe(CN)s]2; X-ray diffraction (XRD); Cesium
ion (Cs™).
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ABSTRACT

In this investigation, the sorptive removal of Cesium ions (Cs*) from CsCl aqueous using
Cuz[Fe(CN)s] nanoparticles was studied. The synthesis of Cuz[Fe(CN)s] nanoparticle was carried
out, X-ray diffraction (XRD) was used to analyze the characteristics of Cu[Fe(CN)s], and the total
reflection X-ray fluorescence (TXRF) technique was applied to detect absorbent capacity. Some
characteristics of Cuz[Fe(CN)e] including Miller indices (h,k,I), the spacing between the atomic
planes (d), the lattice parameter (a), and volume of the unit cell (V) were calculated. All
experiments in this research were studied at pH = 7 level and room temperature and change solute
concentration. The Freundlich and the Langmuir isotherm model are applied to determine the
heterogeneity factor (1/n) and the maximum adsorption capacity (Qmax).

Keywords: Synthesis; Cuz[Fe(CN)g]; X-ray diffraction (XRD); Cesium ion (Cs*)

1.  Introduction

As a consequence of operating nuclear power plants, a huge amount of the
radioactive wastes possibly will move to the sea, especially, fission products. Cesium is a
heavy element emitted from the nuclear reaction in the nuclear reactor, which is the result
of the fission reaction. Two radioisotopes, Cs-134 and Cs-137, have a long half-life
(Eisenbud, 1997; Glasstone, & Sesonske, 1994). In the ocean, Cesium usually is in the salt
forms, and CsCl is the popular form. They move freely in sea water, which are the main
reasons the diffusion of radioisotopes increase in the water environment.

Cite this article as: Le Thi Ha Lan, Nguyen An Son, Thach Thi Ngoc Tran, Nguyen Dinh Trung, Do Thi Le,
& Nguyen Thi Phuc (2020). Synthesis, characterization, and application of Cus[Fe(Cn)s] nanoparticle for the
adsorption of cesium ion (Cs*). Ho Chi Minh City University of Education Journal of Science, 17(9),
1696-1702.
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The previous work showed that the radioisotopes should be encased in concrete and
stored underground (Walker et al., 1992). Nowadays, with the current development of
science and technology in the world, especially, material technology, scientists produced
more new materials which can collect much radiation waste. Normally, the collection of
heavy metals such as radioisotopes requires some different techniques, such as
precipitation, electrocoagulation, the solvent extraction, and the exchange of ions on resins.

The absorption techniques are well known to collect Cesium. Some nanoparticle
materials are synthesized and applied to accumulate Cs* (Borai el at., 2009; Yang el al.,
2011; Sheha, 2012). This study was carried out with Cs* on Cuz[Fe(CN)s] nanoparticles
which were synthesized by the researchers.

2. Materials and methods
2.1. Materials

K4[Fe(CN)e].3H20, CuCl2.2H.0, and standard solution Cs* (CsCl, 1000 mg/L)
which were produced by Merck Co., Ltd were used in our study. They have a high purity
level of 99.99%.

e Synthesis of Cuz2[Fe(CN)g]

For the synthesis of Cux[Fe(CN)e], two separate solutions were prepared: a) 250 mi
0.05 M Kas[Fe(CN)e].3H20 (Merck) aqueous solution and b) 750 ml 0.15 M CuCl,.2H20
(Merck) aqueous solution. The first solution was poured with 5 ml/mins into the second
one with a vigorous stirring of 1200 rpm for four hrs. Cuz[Fe(CN)e] is brown. The
chemical reaction between CuCl, and Ks[Fe(CN)g] happens as follows:

2CuCl; + K4[Fe(CN)s] ->Cuz[Fe(CN)s] + 4KCI

Ks[Fe(CN)s] solid precipitate was filtered by a centrifuge machine, washed multiple
times with distilled water until it reaches a neutral pH level, and dried at 70°C for 50 hrs.
Finally, grinding with a mortar and pestle produced absorption material.

¢ Investigation of Cesium adsorption using Cuz[Fe(CN)g]

For safety, cesium (Cs*) (CsCl) salt) used for the research is the stable isotope. 0.1 g
of Cuz[Fe(CN)s] was added into 100 ml of a Cs* ion solution with different concentrations
(ranging from 30 to 90 mg/L). The reactor was tightly closed, and the reaction mixture was
shaken at 180 rpm for 24 hrs. to ensure that the absorption reaches equilibrium at 25 °C.
The pH is maimed at an appropriate pH. Upon the completion of adsorption, the material
was magnetically separated. The supernatant solution was centrifuged (5 mins, 10,000
rpm) and filtered through a 0.24 pm filter.

2.2. Calculation methods

Using X-ray diffraction technique (XRD) to determine nanomaterial characteristics
The Bragg’s law relates the wavelength () of the reflected X-ray, the spacing between the
atomic planes (d) and the angle of diffraction (0) as follows:

2dsing = kA, 1)
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Miller indices the reciprocals of the fractional intercepts which the plane makes with
the crystallographic axes (Pearson, 1972): h, k, I. For a cubic class case, some integer
values of the Miller indices h, k, and | are possible as presented in Table 1.

Table 1. Some integral values of the Miller indices h, k, and | are possible

Corresponding hkl h? + k2 + |2
100 1
110
111 3
200 4
210 5
211 6
220 8

221, 300 9
310 10
311 11
222 12
320 13
321 14
400 16

For the cubic system, the spacing between the atomic planes (d) and Miller indices K,
h, I as illustrated in the following functions:

1 h2+k%+12

2= a )
_ a g 2asin(®) . oo Ao 2 . 12
T Tmein N meesny, 0 o (0) =1z (A" + k" + 1) (3)

V=a3 (4)
where a is the lattice parameter and V is the volume of the unit cell.

Calculation of the sorption

The amount of the sorption was calculated based on the initial (Co, mg/L) and final
concentration (Ce, mg/L) as follows (Dang et al., 2009; Tan. G. Q et al., 2009):

Ge =22V 5)
where ¢ is the metal uptake capacity (mg/g), V is the volume of the CsCl solution (L) and
M is the dry sorbent mass (Q).

Freundlich isotherm

The Freundlich isotherm model (Freundlich, 1939) shows the adsorption process.

This isotherm is an empirical equation and is expressed as follows in the linear form:
logq, = log Ky + %log Co—>qe = KFCel/N (6)
where Kk is the Freundlich constant related to the bonding energy, 1/n is the heterogeneity

factor, and n (g/L) is a measure of the deviation from linearity of adsorption.
Langmuir isotherm
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The Langmuir isotherm model (Langmuir, 1918) presumes that monolayer
adsorption occurs on a uniform surface with a finite number of adsorption sites. Once a site

is filled, no other sorption can take place at that site. The function is as follows:

Ce _ 1 1 _ Ki.qmaxCe
<= + Comqe =—— (7)
de KLGmax Amax 1+KCe

where Ky is the Langmuir constant related to the energy of adsorption and Qmax is the
maximum adsorption capacity (mg/g).
3. Results and discussions
3.1. The characteristics of Cuz[Fe(CN)e]

The XRD pattern was recorded to determine the structure of Cuz[Fe(CN)s] by using a
Bruker D8 advance X-ray diffractometer with Acuke1= 1.5406A. Fig. 1 shows the XRD
pattern of Cuz[Fe(CN)g].

220 —
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Fig. 1. XRD pattern of Cuz[Fe(CN)s] nanoparticle
To calculate some characteristics of Cuz[Fe(CN)g], the formulas (1) +(4) is used.
Table 2 shows the results.
Table 2. Assignment of Miller indices, the lattice parameter and volume of the unit cell

Peak # 20 d(A) 1d?2 hk+E h k 1 a(h) V=2
1 1527 5798  0.0297 3 1 1 1 10042 101265
2 1765 5021 0.0397 4 2 0 0 10042 1012.63
3 2506 3551 0.0793 8 2 2 0 10043 101282
4 2959 3017 0.1099 11 3 1 1 10005  1001.39
5 35.77 2508 0.1590 16 4 0 0 10033  1000.92
6 4012 2246 0.1983 20 4 2 0 10043 101304
7 4417 2049 02382 24 4 2 2 10037 101111
8 5161 1770 03194 32 4 4 0 10010  1003.02

For a cubic structure (Pearson, 1972), the result shows that sin(0) follows in a ratio
of 1,2,3,4,5,6..., then the unit cell is likely primitive cubic. In this study, Table 2 shows
that Cuz[Fe(CN)s] nanoparticle structures are primitive cubic.
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3.2. The adsorption capacity

The total reflection X-ray fluorescence (TXRF) technique was carried out. This
technique is popularly used in a qualitative and quantitative analysis of element
compositions in solid, liquid, and gas samples. This study aimed to determine the
concentration of Cs* before and after being absorbed in Cuz[Fe(CN)s] nanoparticles.

The data obtained from Cs* ions onto Cuz[Fe(CN)s] nanoparticles shows that the
contact time of 24 hrs. was sufficient to achieve the equilibrium. Therefore, the adsorbed
Cs* concentrations (Ce, mg/L) and the uptake (ge, mg/g) at the end of 24 hrs. are given as
the equilibrium values. The volume of all samples is 0.05 liters, and the dry sorbent mass is
0.1g. Table 3 presents the results.

Table 3. The ion Cs* absorbent by Cuz[Fe(CN)e]

Cs*ion initial Cs*ion adsorbed Cs* ion uptake capacity

No. concentrations (in concentrations (in mg/L), (in mg/g). q

mg/L), Co Ce e
1 71.244 19.882 25.68
2 117.142 38.810 39.17
3 194.137 75.215 59.46
4 314.451 139.135 87.66
5 338.701 152.748 97.24
6 425.649 203.084 123.14
7 506.764 251.835 138.67
8 562.118 285.926 142.87
9 597.133 307.794 142.97

The present result shows that the effect of adsorbent concentration on the Cs™ (%)
removal at equilibrium conditions was investigated. The amount of Cs* varied with the
adsorbent concentration. The amount of Cs* adsorbed increases with an increase in
Cuz[Fe(CN)s] concentration from 71 to 560 mg/g, and the amount of Cs* was simply stable
with Cuz[Fe(CN)s] concentration in the aqueous solution reaching over 560 mg/g.

Applying the equations (6) and (7), using data in Table 3, the Origin 8.5 software
was employed for fitting. Table 4 shows the Freundlich constant, the heterogeneity factor,
the Langmuir constant, and the maximum adsorption capacity.

Table 4. Kr, 1/n, KL and gmax for Cs™ sorption by Cuz[Fe(CN)s]

Freundlich isotherm

The conditions: Kr (mg/g) 1/n R?
room temperature, 3.950 0.635 0.989
pH=7 : . .
Langmuir isotherm
The conditions: room Qmax (Mg/g) Ky (L/mg) R?
temperature, 270.48 0.00386 0.989
pH=7
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Fig. 2. Freundlich isotherm (left) and Langmuir isotherm (right) for Cs*

sorption onto Cuz[Fe (CN)e] at room temperature and pH =7

The experimental data was fitted by Origin 8.5 software. This result shows that the
maximum adsorption capacity (Qmexfit) 1S 207.48 mg/g. The experimental data were
analyzed by TXRF technique, the maximum adsorption capacity (Qmax-exp) iS 281.71 mg/g.
The experimental data confirms the Langmuir isotherm model.

4.  Conclusion

In this research, Cuz[Fe(CN)s] nanoparticle was synthesized. Cuz[Fe(CN)s] has the
spacing the atomic plane (d) forms are between 1.770 to and 5.798 A. The lattice
parameter is around 10.040 A. The analysis of Cuz[Fe (CN)s] of XRD pattern shows that
Cuz[Fe(CN)s] has the primitive cubic structure. The integral values of the Miller indices h,
k, and | are (111), (200), (220), (311), (400), (420), (422) and (440) respectively.

This study also investigated Cu[Fe(CN)s] nanoparticle to absorb Cs* at room
temperature and pH = 7 conditions. The effect of adsorbent concentration on the Cs*™ (%)
removal at equilibrium conditions was Cuz[Fe(CN)g] concentrated in the aqueous solution
of over 560 mg/g, and the maximum adsorption capacity (gmax-fit) reaching 270.48 mg/g.

Ce (mg/L)
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TONG HQP, PAC TiNH VA UNG DUNG CUA NANO Cu;[Fe(CN)g]
TRONG HAP PHU ION CESIUM (Cs*)
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Nguyén Dinh Trung®, P6 Thi L&*, Nguyén Thi Phiic?
YTrwong THPT Tran Phii, Pa Lat, Viét Nam
2Truong Pai hoc Da Lat, Viét Nam
3Truong PT DTNT Pi Néing Tdc, Ninh Thudn, Viét Nam
“TAc gia lién hé: Nguyén An Son — Email: sonna@dlu.edu.vn
Ngay nhdn bai: 22-7-2020; ngay nhdn bai sira: 07-9-2020, ngay chap nhdn ding: 25-09-2020

TOM TAT

Trong nghién cizu ndy, kha néang hap thy ion Cs* tir dung dich CsCl sz dung hat nano
Cu,[Fe(CN)s/ duwoc quan tam. Vat liéu nano Cu[Fe(CN)e] da duroc tong hop; phé ké nhiém xa tia
X (XRD) duwoc ding dé phan tich cic ddc trung cia Cu[Fe(CN)s]; ki thugt hupnh quang tia X
phan xg toan phdn dwoc sir dung dé xdc dinh khd ndng hdp phu. Mét so ddc trung cua
Cuy[Fe(CN)s/ nhu: khodng céch giiza cac nit mgng nguyén ti (d), tham sé mang (a), va thé tich
cua Cac hat nano da diroc tinh toan rd rang. Tat ca cac thuc nghiém thuc hién & diéu kién pH =7
va nhiét dé phong, dong thoi thay déi nong dg chat bi hdp phu. M6 hinh Ii thuyér dang nhiét
Freundlich va Langmuir dwoc sir dung dé xdc dinh hé sé hon hop cia qué trinh hap thu/ phan hap
thu (1/n), va dung lwong hdp phu cuee dai cia ion Cs* (Qmax).

Tir khod: tong hop; Cuz[Fe(CN)s]; nhiém xa tia X (XRD); ion Cesi (Cs*)
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NGHIEN CUU KHA NANG HAP PHU Cs* BOI VAT LIEU NANO
Zn;[Fe(CN)s] va Cuz[Fe(CN)g]

Nguyén Pinh Trung’, L& Thi Ha Lan? Nguyén An Son’, Truwong Pong Phwong’, Lé Vii Trim
Anh!, Puwong Thi Hwong Giang, Thach Thi Ngoc Tran?,
! Truong Dai hoc Da Lat
] 2 Trwong Trung hoc Pho théng Tran Phi-Pa Lat
TOM TAT

Qué trinh hap phu ion cesi tir dung dich nudc bang vat liéu nano Zna[Fe(CN)s]. 5H20 va
Cuz[Fe(CN)s]. 4H20 va anh huong cua céc diéu kién phan ang doi véi qua trinh hap phu da
duoc nghién ctu. Két qua nghién cau cho thay hai loai vat liéu ndy 1a cac chat hip phy ion cesi
rat hiéu qua. Da didu ché dwgc Zny[Fe(CN)s]. 5H20 va Cuz[Fe(CN)s]. 4H20, c6 kich thuéc nano
mét lam vat liéu loai bo ion Cs* khoi dung dich. Dung luong hap phu cua c4c vat liéu phy thudc
vao pH, qué trinh hap phu ion Cs* cua 2 loai vat liéu nay xay ra véi hiéu suat tot nhat & pH = 6,0.
Hap dung cuc dai cua Zno[Fe(CN)s]. 5H20 la 142,36 mg (Cs*)/g trong khi do Cua[Fe(CN)s].
4H,0 1a 142,21 mg (Cs")/g.

Hai md hinh hap phu Langmuir va Freundlich ¢6 thé mo ta qua trinh hap phu ion Cs* boi
Cuz[Fe(CN)s]. 4H20, dbi v6i Zny[Fe(CN)e]. 5H20, két qua thuc nghiém cua qua trinh hap phu
khong khép véi dir liéu tinh toan theo dwong hap phu dang nhiét Langmuir. Hai chat hip phu
Zna[Fe(CN)s]. 5H20 va Cuz[Fe(CN)g]. 4H20, ¢6 dung luong hip phu cuc dai I6n ddi véi ion Cs*,
dé tong hop, gia thanh tong hop thip nén chat nay c6 thé tro thanh chat hap phu hap dan va day
hira hen trong viéc xt ly ion Cs* trong nuéc.

Tir khod: Cesium, hip phy, Znz2[Fe(CN)e], Cuz[Fe(CN)e], nano

I. MO DAU

Su phét trién cua nganh cng nghiép hat nhan d4 san sinh mot s céc chat thai cé tinh
phong xa, cac nguyén td ¢d thoi gian ban ra 1én dén hang chuc ndm. Chat phdng xa cesi ( 137 Cs)
dugc tao ra trong qua trinh phan hach, chiém 6, 3% san pham phu cua qua trinh phan hach va la
nguyén nhan chinh gay 8 nhiém phdng xa tir sy ¢6 hat nhan va chat thai hat nhan [1]. Nam 2011,
Mot con song than xay ra & Nhat Ban do dong dat, két qua 13, nha may dién hat nhan Fukushlma
Daiichi bj mat kiém soat nhiét do bén trong 10 phan tng, dan dén sy no cua céc 10 phan ung, la
nguyén nhén chinh phét tan phong xa cesi vao moi truong [2]. Mot lugng 16n nuéce thai bi nhiém
phong xa cia nha may bi phat tan khip cac Pai duong. Chit phdng xa Cesi ¢6 do hoa tan cao
trong nu6c, ¢6 chu Ky ban ra 30,2 nam, va nd ¢6 co ché, hoat dong hda hoc twong tu véi ion Kali
trong co th & sinh vat, chinh vi vay, khi cesi bi co thé ngudi hap phu, né duoc tap trung nhiéu ¢
cac co va rat kho bi dao thai, cesi co thé gay ra nhiéu loai ung thu khac nhau [3]. Vi Iy do nay,
vin dé phét trién cac ky thuat dé nhan biét va loai bo cesium c6 tinh phdng xa dugc cac nha khoa
hoc tap trung nghién ctu.

Trong ki thuat quan tric va ky thuat xir Iy moi truong, ¢6 nhiéu ki thuat tach chiét, 1am
gidu cesium nhu chiét long — long, dong két taa, hap phu ... Tuy nhién, trong s cac k§ thuat
duoc ap dung thi hap phu duoc cho 1a ki thuat don gian va kinh té nhat. Cac cong trinh nghién
clru truge day da sir dung céc zeolit [4], amoni molybdophosphate (AMP), silicotitanate (CST)
[6] va c4c phic chét ferrocyanide cua cac kim loai chuyén tiép [7] 1am chat hap phu cesi. Trong
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50 nay, céc phirc chat ferrocyanide - kim loai chuyén tiép duoc biét c6 tinh hap phu chon loc cao
doi vai cesi [8].

Céac phuc chat cua ferrocyanide - kim loai chuyén tiép duoc 1am vat liéu hip phu cesium
cd tinh chon loc. Zinc hexacyanoferate va Copper hexacyanoferate dang nano ngoai viéc ng
dung lam chat ban dan trong viéc xur 1y cac hop chat mau bang phuong phdp dién hoa, ngoai ra
chiing con ¢6 kha nang trao doi ion véi cac kim loai hoa tri M*L [9- 11]. Trong hai dang phuc
Zny[Fe(CN)e] va Cu[Fe(CN)s] déu co kha nang lam chat xdc tac hay chat ban dan dé oxy hoa
phan huy cac chat mau trong cng nghiép dét. Ngoai ra, cac loai vat liu nay con co kha nang
trao doi ion vai kim loai ¢6 héa tri M nhu Cs. Tuy nhién, do cau tric phan tir va sy sap Xép
dién tq khac nhau nén chun’g 0 kha nang trao d6i ion VO*I’ kim loai hoa tri M*! c6 thé Ia khgc
nhau. Ung dung kha ning hap phu ion Cs* cua cac phiic chat cta ferrocyanide - kim loai chuyén
tiep va da dang cac loai vat liéu trong xur Iy moi truong. Trong khudn kho bai bao nay ching tg‘)i
nghién ctu tong hop Zn2[Fe(CN)e], va Cuz[Fe(CN)e] kich thudc nano va khao st kha nang hap
phu cesi I&n 2 loai vat liéu nay.

II. NGUYEN VAT LIEU VA PHUONG PHAP NGHIEN CUU
I1.1. Nguyén vat ligu

Dung dich chuan gdc Cs * 1000 mg/L (Merck), dung dich dung cho nghién ctru CsCl ung
Véi cac nong do nghién ciu duge diéu ché tir mudi CsCl (Merk); Ka[Fe(CN) ¢] ; ZnSO4.7H:0;
CuSO4 5H20 (Merk). Dung dich; HNO3 (0,01 - 0,5 N) va NaOH (0,01 -1N) (P.A) Trung Quéc,
dugc dung de chinh pH khi can thiét.

Xéc dinh cesium trong dung dich truéc va sau phan (ing hap phy bang thiét bj Shimadzu
AAT7000. Phén tich, xir ly so liéu, vé do thi bang phan meém Originlab 8.5.1.

11.2. Tong hop vat liéu hap phu Zn 2[Fe(CN)s] va Cuz[Fe(CN)s]

Tong hop vat lidu theo hai phuong trinh phan tng

2ZnS04 + K4[Fe(CN)s] — Zno[Fe(CN)e] + 2K2S04 (1)
2CuS0s + Ka[Fe(CN)s] — Cuz[Fe(CN)s] +2K2S04 (2)

Hoa tan 0,15 M mudi ZnSOs hay CuSOs vao 750 mL nud6c cat 2 lan cho vao binh phan
ung. Thém 250 mL dung dich Ka[Fe(CN) ¢] (0,05 M) tir thi€t bi nho giot vao binh phan ung.
Trong suot qua trinh phan ng, vira siéu am v6i tang so (1500W-50Hz) vira khuay toc do
1200 vong / phat nhiét phan ang duy tri 45 OC. Két thic qua trinh phan ang san pham c6 mau
tréng 1a Znz[Fe(CN)e] theo phuong trinh phan ung (1), san pham c6 mau Xanh la Cua[Fe(CN)e]
theo phuong trinh phan ting (2). Vit liéu tong hop, dugc tach ra khoi dung dich phan ung béng
cach ly tam 10 phit toc d6 10.000 vong/pht, rira sach 5 lan bang nuéc cat, say khd ¢ nhiét do 60
9C dting cho nghién cau tiép theo [12,13].

11.3. Xac dinh cac tinh chat caa vét liéu hip phu

Xéc dinh phd XRD cua vat liéu dwgc chup trén thiét bi nhidu xa Scintag-XDS-2000 véi
bude song Cu K a (A=1,54059) va goc d¢ quét 260 ¢ 44,9 OC. Hinh thai cua vat liéu dwoc chup
trén cac thiet bi: kinh hién vi dién tu truyen qua do phan giai cao HR-TEM (JEM 2100, HSX:
Jeol, Nhat Ban) . K[nh hién vi dién tor quét — Pau do gén Xa nang lugng tia X JEOL JSM-
6510LV, Nhat ban) ket hop tan xa tia X (EDS-TEM). Pho BET chup bang may do dién tich bé
mat (Micromeritics - TriStar 11 3020 3.02, Hoa ky). Pho hong ngoai, dugc do trén may IR
(Thermo Scientific, Nicolet iS10, Hoa Ky).

11.4. Khao sat anh hwong ciia pH dén kha ning hap phu ion Cs * ciia vat ligu Znz2[Fe(CN)g],
va Cuz[Fe(CN)¢]



Pé an toan trong qua trinh nghién cau, cesium (Cs *) phuc vu cho nghién ctu 12 mudi
cesium & dong vi bén.

Can 0,1g vat liéu hap phu cho vao binh tam gi4c 250 mL thém vao d6 100 mL dung dich
chira ion Cs * v6i nong do 150 mg/L. Gié tri pH cua dung dich dwgc didu chinh dén céc thang gia
tri nghién ctu pH 2,0; 3,0; 4,0; 5,0; 6,0: 7,0; 8,0; 9,0 bang dung dich HNO3 hay NaOH (0,01 N)
va sau d6 duoc kiém tra va diéu chinh sau mot khoang thoi gian 1a 2 gio. Sau 24 h phan tng, vat
liéu hap phu duoc tach loai bang ly tam 10 phdt (universal 320-Germany) ¢ 10.000 vong/ phut
sau do dugc loc qua mang loc 0,22 pm va dich loc dwoc phan tich bang thiét bi AAS.

11.5. Xac dinh dung lwong hap phu cia vat liéu Zn2[Fe(CN)g], va Cuz[Fe(CN)g]

Can 0,19 vat liéu hap phu cho vao binh tam giac 250 mL thém vao do 100 mL dung dich
chira ion Cs * véi ddy ndng do 75, 100, 120, 145, 170 va 210 mg/L iy theo diéu kién nghién ciu.
Nong do céac ion trong thiét bi nghién ciu khong dugc diéu chinh trong sudt qua trinh hap phu.
Binh hap phu dwoc day kin va Iic trén méy lic (IKA HS 260 basic USA) véi toe do 270 vong /
phut, lién tuc 24 gio dé dam bao qué trinh hap phu dat trang thi can bang, nhiét d6 thuc hién qué
trinh hap phu & nhiét do phong (25 °C), duy tri ¢ gia tri pH=6,0. Sau khi két thic phan tng vat
lidu hap phu duoc téch loai bang ly tm 10 phdt (universal 320- Germany) & 10.000 vong / phit,
sau d6 duoc loc qua mang loc 0,24 pm va dich loc duoc phan tich bang thiét bi AAS .

V(Ci-Ce)

Ham luong cesium bi hap phu duoc tinh theo cong thic sau: qe = -

Trong d6 q 1a ham lugng cesium bi hap phu hay dung luong hap phu cia vat liéu (mg/g
chat hap phu); Ci va Ce la nong do ion Cs* truéc va sau khi hap phu tuong tng (mg/mL), V thé
tich dung dich, B 1a khéi luong caa vat liéu hip phu duoc st dung.

Phuong trinh hap phu Langmuir qe = ql‘“+—;fe

Trong do ge la lugng ion Cs* bi hap phu bai vat liéu (mg/g), (m dung luong hap phu cuc
dai ciia ion Cs*, Ce ndng do sau cua Cs* tai timg diém ciia qua trinh hip phu (mg/L), b hang s6
thuc nghiém.

Phwong trinh hip phu Freundlich g, = K€"

Vi ge 1a lugng ion Cs* b hap phu boi vat liu (mg/g), K, n 12 hing s6 khi qué trinh hap
phu khi dat trang thai can bang.

I11. KET QUA VA THAO LUAN
[11.1. Tinh chét cha vat liéu hap phu

bé xéc dinh tinh chat vat liéu ding cho nghién ciu thong qua céc pho XRD pho HR-

TEM, pho EDS-TEM, pho BET va pho hong ngoai cua céc loai vat liéu.

~ Khi phan tich phd XRD cua Znz[Fe(CN)s] va Cu[Fe(CN)e] (hinh 1a,1b), trong clng
dieu ki¢n tong hop nhu (muyc 11.2), két qua phén tich XRD trén thiet bi Scintag-XDS-2000 voi
buéc song Cu Ka ( A=1,54059) va goc do quét 20 & 44,9 °C.
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Hinh 1 Phd XRD Zn,[Fe(CN)g] va Cuz[Fe(CN)g]
Phan tich phd EDS-TEM, kinh hién vi dién tir quét két hop dau do tan xa ning luong tia

X ciia Zno[Fe(CN)s] va Cuz[Fe(CN)s] cho két qua ¢ hinh 2.

B Spectun 2 - Bl specum 2

EDS Layered Image 6 EDS Layered Image 3

ERBDEEm

(a) EDS mapping cua vat ligu Zno[Fe(CN)e] (b) EDS mapping cua vat li¢u Cup[Fe(CN)e]

Hinh 2 phd EDS-TEM cua vat liéu Zno[Fe(CN)s] va Cuz[Fe(CN)g]
Tir két qua phan tich tir hinh 2(a) cho thay vat liéu gom céc thanh phén chinh d6 1a Zn, Fe,
C,N, doi voi vat ligu Zny[Fe(CN)e]. Két qua phén tich tir hinh 2(b) cho thay vat ligu gom cac
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thanh phan chinh d6 1a Cu, Fe, CN, d6i vai vat lieu Cuz[Fe(CN)s]. Tuy nhién, trong ca hai vat
liéu, con céc thanh phan khac nhu Kali (K) va oxy (O).

C6 kha nang K* 1a san pham phu sau khi phan ing téng hop theo 2 phuong trinh
2ZnS04 + K 4[Fe(CN)s] — Znz[Fe(CN)e] + 2K2SO4
2CuSO4 + Ks[Fe(CN)g] — Cuz[Fe(CN)g] +2K2SO4

Ching bi chinh cac vét ligu do hap phu lai, qua qua trinh rra vt ligu bang nudc Cit,
lwgng ion K* khéng thé bi loai bo day cling 1a minh ching cho tinh chat hap phu céc cation kim
loai ¢6 hda tri M™,

3

-3

804 T - e \ . "\\ S : a2 + //\’.‘\
1/ R A
o / £ H " /// : \
i
§

yyyyyyyyyyyyyyyyyyyy

(a) Phd hong ngoai cua vat Ileu Zno[Fe(CN)s] | (b) Phd hong ngoai ciia vat liéu Cus[Fe(CN)g]

Hinh 3 Pho Hong ngoai cua vat liéu Zn2[Fe(CN)g] va Cuz[Fe(CN)g]

Khi nghién ctu phd hong ngoai cua 02 vat liéu dugc do trén may trén méy IR Thermo
Scientific, Nicolet 1S10. Pho IR cung cap thém cac thong tin thng tin ¢6 gia tri dé khang dinh
CAu trdc cua cac vat liéu tong hop dugc.

Dan xuét cac kim loai chuyén tiép-hexacyanoferat (M2[Fe(CN)6] véi M=Cu, Zn), phé IR
cia ching thuong la tdp hop cua 3 dao dong tap trung trong khoi tir dién (tetrahedral
[Fe(CN)6]4-) do 1a cac dao dong v(CN), v(Fe-C) va 8(Fe-CN). Dong thoi, néu nhu trong tinh thé
d6 con co chira cAc phan tir nuéc, thi trén phd hong ngoai co sy dong gop cua cac dao dong
v(OH) va 6(HOH) [14].

béi voi Zn2[Fe(CN)6] (hinh 3a) , ¢6 cac dao dong ddc trung ¢ Vi tri 2104.67cm-1. Tai vi
trf nay lién quan dén dao dong glan Véi cuong do manh dic trung v(CN) trong lién két phdi tri
cua [Fe(CN)6] véi Zn 6 dang khdi lap phuong (tetrahedral hay triclinic) [15]. Trén phd IR (hinh
3a) con co peak la cac dao dong gian ¢ cudng do thap cua lién két v(Fe-C) ¢ vi tri 504.60 cm-1
va peak 1a dao dong lic cuong do thp cua lién két 8(Fe-CN) ¢ vi tri 600.78 cm-1. Ngoai ra trén
phd d6 IR con xuat hién 1 peak don ¢ vi tri 1613.32 cm-1 1a dic trung dao dong lic S(HOH) va
c6 2 peak tai 3533 cm-1 va 3595cm-1 14 dao dong dan ddi xting va bat dbi ximg v(OH), tir cac
két qua néu trén vat liéu tong hop 1a dang tinh thé trong tinh thé d6 co chira nudc. Thong qua cac
két qua phan tich néu trén thi hop chat tong hop dugc ¢ dang triclinic véi cong thuc la
Zn2[Fe(CN)6]. 5H20.

Mot cach twong ty i véi Cu2[Fe(CN)6] (hinh 3b) , ¢6 cac dao dong dic trung & Vi tri
2099.59 cm-1. Tai vi tri nay lién quan dén dao dong gisn v6i cuong d6 manh dic trung v(CN)
trong lién két phéi tri cua [Fe(CN)6] vai Cu & dang khdi lap phuong (Cubic) [15].
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Pho d IR (hinh 3b) c6 peak 1a cac dao dong gidn & cudng do thap cua lién két v(Fe-C) &
vi tri 472.71 cm-1 va peak 14 dao dong lic cuong do thap cua lién két 8(Fe-CN) & vi tri 590.92
cm-1. Trén pho dd con xuit hién 1 peak don & vi tri 1623.14 cm-1 1a dic trung dao dong lic
S(HOH) va ¢6 2 peak tai 3452 cm-1 1 dao dong dan doi ximg va bat doi ximg v(OH), tir cac két
qué néu trén vat liéu tong hop 1a dang tinh thé trong tinh thé d6 ¢6 chira nuéc. Thong qua cc két
quéa phan tich néu trén thi hop chét tong hop duoc ¢ dang cubic véi cong thic 1a Cu2[Fe(CN)6].
4H20 [16].

. 5 .
& ok *

~ i SRy ey -
Pho HR-TEM cua Znz[Fe(CN)g].nH.0 (b) Pho HR-TEM cuia Cuz[Fe(CN)s].nH.O

(a)

Hinh 4 Phé HR-TEM cua Zn[Fe(CN)e]. nH20 va Cua[Fe(CN)e].nH20
Hinh thai cua vt ligu dugc do trén thiét bi HR-TEM JEM 2100, HSX: Jeol két qua th
hi@n tai (hi,nh 4a, 4b). Vat li¢u thu dugce co kich thugc nano mét, vat liéu Iiér] két ¢ dang lactic.
Két qua, doi véi vat licu Zno[Fe(CN)e] tinh the & dang tirgonal (p-3c1) , con doi véi Cuz[Fe(CN)e]
tinh thé ¢ dang cubic (F-43m) (hinh 5).

A 4 A Y 4
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(a) Cau trac tinh thé va cau trdc mang cua | (b) Cau tric tinh thé va cau tric mang cua
Zny[Fe(CN)e]. Mau xanh (N); den(C), do(Zn), | Cuz[Fe(CN)s]. Mau xanh (N); den(C),
vang (Fe), hdng (H20) do(Zn), vang (Fe), hdng (H20)

Hinh 5 Cau trdc tinh thé va cau triic mang caa Zn2[Fe(CN)s] va Cuz[Fe(CN)e]

Tur két qua phan phan tich phd XRD, EDS-TEM, phé hdng ngoai IR, phd BET va pho
HR-TEM cua Zn2[Fe(CN)s] va Cuz[Fe(CN)s] . Vat lidu tong hop duoc Ia Zn2[Fe(CN)s]. 5H20
co dién tich bé mat 1a 43,08 m?/g va Cu[Fe(CN)g].4H20 co dién tich bé mat 1a 12,80 m%/g (Hinh
4 va 5) ¢ kich thudc nano mét, duoc sir dung nhu 13 vat liéu hap phu duoc ding cho nghién ctu
tiép theo.

[11.2. Anh huéng cia pH dén kha ning hap phu ion Cs * cia vat liéu Zn2[Fe(CN)g], va
Cuz[Fe(CN)¢]

Sir dung 0,1 vat liéu hap phu , thé tich dung dich nghién ciu I 100 mL dung dich chia
ion Cs * v6i nong do 140 mg/L. Gia tri pH cua dung dich dugc diéu chinh dén céc thang gia tri
nghién cau pH 2,0; 3,0; 4,0; 5,0; 6,0; 7,0; 8,0; 9,0. Két qua phan tich dwgc thé hién tai bang 1 va
hinh 6.

Bang 1 Dung luong hap phu cua vat liéu Zna[Fe(CN)s], va Cuz[Fe(CN) ] theo pH

oH Trong Iwong | Ce Nong dd Cssau khihap | Dung lweng hap phu ge
vat liéu (g) | phu béi Znz[Fe(CN)s] (mg/L) | cia Znz[Fe(CN)s] (mg/g)
2 0,102 33.547 104.880
3 0.101 33.400 105.441
4 0.101 23.795 115.169
5 0.101 22.772 116.529
6 0.101 14.816 123.456
7 0.101 17.041 121.621
8 0.102 16.147 121.663
9 0.101 17.785 120.766
oH Trong lwong | Ce Nong dd Cssau khihip | Dung lweng hip phu ge
vatlieu (g) | phu béi Cuz[Fe(CN)s] (mg/L) | ciia Cuz[Fe(CN)s] (mg/g)
2 0.101 30.988 107.933
3 0.101 25.140 114.062
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4 0.101 15.478 123.411
5 0.101 10.470 127.742
6 0.101 7.130 132.078
7 0.101 8.724 129.976
8 0.100 13.286 126.209
9 0.101 13.794 124.464

135 -

130-

125-

5 120

ig; 115—-

Hinh 6 Anh huong cua pH dén qua trinh hap phu ion Cs*cua Zn2[Fe(CN)s] va Cuz[Fe(CN)e]

Két qua nghién ctu s anh huong ciia pH dén qué trinh hap phu Cs* cua hai loai vat liéu
Zna[Fe(CN)s] va Cuz[Fe(CN)s] . Di véi Zn2[Fe(CN)e] tai gié tri pH 2-3 thi dung lwgng hap phu
cua vat liéu dbi voi Cs* rat thap, khi thay doi pH, tai ting gid tri pH c6 su thay doi rd rét, dén
khi pH=6 thi dung lwong hap phu cua vat liéu dat gié tri cuc dai. D6i voi Cuz[Fe(CN)e] khi gia
tri pH tang thi dung lwong hap phu cua vat ligu doi véi Cs* ting theo, dén khi pH=6 thi dung
lwong hap phu cua vat liéu ciing dat gia tri cuc dai. Nhin chung dang vat liéu ho Prussian Blue c6
cong thic chung M2[Fe(CN)g] (voi M= Zn, Cu), Zn va Cu thudc nhém kim loai chuyén tiép nén
c6 tinh chat hda hoc gan nhu twong dong. Tuy nhién, Zn Ia kim loai c6 tinh lugng tinh nén 6 thé

110 4
105 4

100

—=— Cesium adsorption by Zn,[Fe(CN) ]
—e— Cesium adsorption by Cu,[Fe(CN),]

4 5 6 7 8 9
pH

né tuong d6i nhay khi thay d6i pH moi truong dung dich nghién cuu.

Khi nghién ciru dung lugng hap phu cuc dai cua hai loai vat liéu Zn2[Fe(CN)e] va
Cuz[Fe(CN)e] & ddy nong do Cs* 75, 100, 120, 145, 170 va 210 mg/L tai gia tri pH=6,0 , cach

thie tién hanh nhu muc 11.5. Két qua nghién ctru duoc thé hién tai hinh 6a va 6b.
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(a) M6 hinh hip phu Langmuir va Freudlich (b) Md hinh hap phu Langmuir va Freudlich
cua Znz[Fe(CN)g] doi véi Cs* ctia Cuz[Fe(CN)s] doi vai Cs*

Hinh 7 M6 hinh hap phu Langmuir va Freudlich cia Zn2[Fe(CN)e] va Cuz[Fe(CN)s] ddi véi Cs*

Khi dat trang thai can bang méc du ndng do Cs* c6 ting 1én nita thi dung lugng hap phy
cyc dai cua vat liéu khong tang. Doi vai vat ligu Znz[Fe(CN)s], dung lugng hap phy cyc dai dao
dong tir 137,63-142,36 mg/g con doi véi Cuz[Fe(CN)g] thi dung luwong hap phu cuc dai dao dong
tr 137,83-142,21 mg/qg.

Dung phan mém Originlab 8.5.1 dé phén tich két qua tai bang 2, cAc thong s6 cua qua
trinh hap phu dang nhiét ion Cs™ 1én vat ligu Zno[Fe(CN)s] va Cuz[Fe(CN)e] theo mé hinh
Langmuir va Freundlich dugc thé hién tai hinh 7 va bang 2.

Béng 2. Cac thong s6 ctia phuong trinh hdp phu Langmuir va Freundlich déi vai ion Cs+ trén
cac vat liéu hap phu

Vit liéu hip phu Znz[Fe(CN)e]. 5H20
Ma hinh hip phu ding nhiét Langmuir

Ton bi hap phy gm (Mg/g) b R?
Cs* 176,05 1,64 0,88
M& hinh hap phu ding nhiét Freundlich

Ton bi hip phy Ke (mg/g) 1/n R?
Cs* 109,27 0,20 0,95

Vit liéu hip phu Cuz[Fe(CN)e]. 4H20
Mo hinh hap phu dang nhiét Langmuir

Ton bi hip phy am (Mg/q) b R?
Cs* 142,27 0,81 0,87
M& hinh hap phu ding nhiét Freundlich

Ton bj hap phy K (mglg) 1/n R?
Cs* 84,01 0,14 0,79

Dung lugng hap phu cuc dai theo nhu tinh todn (qmax) cta vat liéu Zn2[Fe(CN)s] 1én hon
rit nhiéu so véi gia tri thuc nghiém. Déi v6i Cua[Fe(CN)s] thi gia tri (Gmax) tinh toan tuong
duong voi gia tri thuc nghiém.
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Xét cac thong s qué trinh hap phu dat dén trang théi can bing riéng ddi véi md hinh hap
phu ddng nhiét Freundlich c6 gia tri 1/n < 1 1a phu hop véi 1y thuyét cho ca hai trudng hop. Tuy
nhién, gia tri R? trong khoang 0,87 - 0,88 di véi ca hai truong hop 1a phi hop. Qua trinh hap
phu ion Cs* trong nudc boi vat liéu Cuz[Fe(CN)g] tuan theo quy luat cua qua trinh hap phu don
thuan. Hai mé hinh hap phu Langmuir va Freundlich c6 thé ding mo ta qua trinh hip phu ion
Cs* bai vat liéu Cuz[Fe(CN)g], riéng dbi véi Zna[Fe(CN)g] thi khdng phui hop.

IV. KET LUAN

Pa tong hop dugc 1a Zny[Fe(CN)s]. 5H,0 c6 dién tich bé mat 1a 43,08 m%g va
Cuz[Fe(CN)g].4H20 c6 dién tich bé mit 1a 12,80 m?/g c6 kich thudc nano mét duoc sir dung nhur
la vat liéu hap phy, théng qua cac két qua phan phan tich pho XRD, EDS-TEM, phé hong ngoai
IR, phd BET va pho HR-TEM cta Zny[Fe(CN)s] va Cuz[Fe(CN)e] .

Doi vai Zn[Fe(CN)e] va Cuz[Fe(CN)g] dung lwgng hap phu cua cac vat lidu dat gia tri
cuc dai ¢ gia tri pH=6. Di véi vat liéu Zny[Fe(CN)s], dung lugng hap phu cuc dai dao dong tir
137,63-142,36 mg/g con dbi voi Cuz[Fe(CN)s] thi dung luong hip phu cuc dai dao dong tir
137,83-142,21 mglg. Dung luong hip phu cuc dai theo nhu tinh todn (qmax) Ciia VAt lidu
Zn[Fe(CN)s] 16 hon rat nhiéu so véi gié tri thuc nghiém, con déi véi Cuz[Fe(CN)e] thi gié tri
(Omax) tinh toan twong dwong vai gia tri thuc nghi¢m.

Qué trinh hap phy ion Cs* trong nudc boi vat lieu Cuz[Fe(CN)s] tuan theo quy luat cia
qua trinh hip phu don thuan. Hai mo hinh hip phu Langmuir va Freundlich c6 thé dung mé ta
qua trinh hap phu ion Cs* bai vat liéu Cua[Fe(CN)s], riéng ddi vai Zn[Fe(CN)g] thi khng phi
hop.

INVESTIGATE THE ADSORPTION OF CESIUN ION (Cs*) ON

Zn;[Fe(CN)s] AND Cuz[Fe(CN)s] NANOPARTICLES

Nguyen Dinh Trung?, Le Thi Ha Lan?, Nguyen An Son!, Trwong Dong Phuong’, Le Vu
Tram Anh!, Duong Thi Huong Giang*, Thach Thi Ngoc Tran’,

!Da Lat University
2Tran Phu Hight School-DaLat
ABSTRACT

Adsorption of Cs* ion from aqueous solution by Zna[Fe(CN)e]. 5H20 and Cuz[Fe(CN)s]. 4H.0
nanoparticle and the effect of experimental conditions on the adsorption were investigated.
Preliminary results showed that two materials were very effient as an Cesium absorbent.
Zny[Fe(CN)s]. 5H20 and Cuz[Fe(CN)s]. 4H20 nanoparticle adsorbents for removal Cs* ion from
solution have been successfully synthesized. The maximum adsorption capacities depended on
the pH, the best adsorption capacities of the materials were in the pH=6.0. The maximum
adsorption capacity of Zny[Fe(CN)s]. 5H20 was 142,36 mg (Cs*)/g and the maximum adsorption
capacity of Cuz[Fe(CN)e]. 4H20 was 142,21 mg (Cs*)/g.

Langmuir and Freundlich models were found to fit the experimental adsorption data of the Cs*
ion onto Cuz[Fe(CN)s]. 4H20. The experimental adsorption data of Znz[Fe(CN)s]. 5H20 did not
accord with Langmuir isotherms. The high adsorption capacity and good performance on other
aspects, make the Zn;[Fe(CN)e]. 5H20 and Cuz[Fe(CN)s]. 4H.O nanoparticle these promising
adsorbents for the removal of Cs* ion from water.

Keywords: cesium; adsorption; Znz[Fe(CN)e]; Cuz[Fe(CN)e], nanoparticle
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