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ABSTRACT

In this work, to separate Fe(Ill) and Ni(Il) in radioactive wastewater simulation solution, various
parameters on adsorption and desorption efficiency were investigated by a novel nuclear anion resin.
Considering the poor radiation resistance of separation materials, a commercial product nuclear
grade ZG A NR 170 resin as an ion exchanger used in the process with excellent radiation resistance
was utilized for the treatment of radioactive wastewater. A very good separation effect can reach by
ZG A NR 170 resin. Through the ion exchange process, in the adsorption stage, more than 99% of
iron can be adsorbed on the resin column, the ., of penetrating fluid can reach 1,223.93. In the
desorption process, the desorption rate of iron is up to 98%, the B, of the desorption solution can
reach 1,120.39. The volumetric mass-transfer coefficient of the static adsorption process can reach

0.032 s and it shows excellent adsorption performance for five cycles under optimal conditions.
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1. Introduction

The radioactive wastewater was produced inevitably
by the nuclear power plant, nuclear fuel pre-treatment,
spent fuel post-treatment and radioisotope application
process are receiving much attention from researchers
because of the multiple hazards such as the emergence of
disease, gene mutation and even chromosome aberration
[1]. To treat these radioactive wastewaters, a large number
of processing methods such as evaporation concentration
[2], chemical precipitation [3], ion exchange [4] have been
studied. As a post-processing technology, cement solid-
ification is widely used in the treatment of radioactive
wastewater because of its simple equipment and process,
convenient operation and safety [5]. As the shield of radio-
nuclide, the properties of cement solidified body, including
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compression resistance, frost resistance and leaching rate
of radionuclide, need to be strictly controlled. Meanwhile,
the activity of each nuclide in the leaching solution should
be strictly controlled below the safety standard [6].

In the radioactive leaching solution, the main radionu-
clides were *H, *C, Fe, “Co, *Ni, Sr and Cs. Of these
radionuclides, the gamma emitters such as Co, and *"Cs
Hou et al. [7] can be easily determined by gamma spec-
trometry. A rapid analytical method for °H, “C and *°Sr
in different types of samples also had been developed
[8-10]. However, there was no efficient separation method
for %Fe and ®Ni. Both ®Ni and *Fe are neutron activation
products. ®Ni is produced by two neutron reactions with
Ni and Cu: ®Ni(n,y)-®Ni, ®Cu(n,p)-®Ni and *Fe is pro-
duced by neutron activation reactions of two major stable
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iron isotopes: *Fe(1n,y)-**Fe and *Fe(n,2n)-*Fe. Due to poor
energy resolution of beta spectroscopy and the high self-ab-
sorption of alpha particles in the samples, **Fe and ®Ni in
the radioactive leaching solution have to be completely
separated as much as possible before the measurement.

To separate Fe(Ill) and Ni(II) in different types of
samples, a large number of separation methods such as
extraction, chemical precipitation, adsorption and ion
exchange had been proposed (Table 1). Separation of
Ni(II) and Fe(Ill), as well as other metals by hydroxide,
was a fast method and its specific principle was that Fe®
forms a Fe(OH), precipitate, while Ni** formed a soluble
[Ni(NH,),]* complex in NH,OH solution. But only 80% of
Ni(I) existed in the supernatant, and about 20% Ni was
co-precipitated with Fe(OH),. A polystyrene microcapsules
coated with Cyanex 272 (MC-Xs) was used to extract and
separate the behavior of Cu(Il), Zn(Il), Fe(III) and Ni(II) in
both batch, the results showed that almost 100% of strip-
ping from loaded MC-Xs had been obtained using 0.1 and
0.5 M H,SO, solution [28]. As an excellent extractant in the
extraction of metal ions, bis(2-ethylhexyl) hydrogen phos-
phate (the order of extracting various metals is Fe** > Zn?"
> Cu? > Co* > Ni*") could separate various metal ions from
different types of samples by adjusting the pH of the water
phase to a certain extent. When the pH of the water phase
was lower than 1, iron could be extracted almost completely,
but nickel could hardly be extracted [29]. Meanwhile,
some combined methods such as chemical precipitation—
extraction, combined ion exchange, etc. were also used.
In the chemical precipitation—-extraction method, **Fe and
®Ni were precipitated firstly in the form of hydroxide and
subsequently purified by anion-exchange chromatography
and dimethylglyoxime precipitation. After the purifica-
tion, Fe and ®Ni were determined by a liquid scintillation
calculator [30]. Although precipitation, ion exchange and
conventional extraction have been widely used to separate
»Fe and ®Ni, they could meet the needs of measurement.
There are still some shortcomings in the above methods,
mainly in the following aspects:

e Separation process is complex and time-consuming;
e Complete and effective separation of interfering radionu-
clides cannot be achieved.

In view of the above disadvantages, a large number
of new functional materials and separation technologies
have been used to separate metal elements, including
various types of extraction resins, new extractants, ionic
liquids, organic metal framework materials or devices
[31-38]. A novel extraction chromatographic resin based
on diisobutyl ketone had been developed for the isola-
tion of ®Fe. This material was used in conjunction with a
dimethylglyoxime-based resin for the sequential separa-
tion of *Fe and ®“Ni and isolation of these radionuclides
from associated contaminants [39]. A new technique of
liquid-liquid microextraction was also used to improve
the separation efficiency due to some unique advantages
such as high surface to volume ratio etc. Three types of
microchannels slit interdigital micromixer, coiled flow
inverter and 3D converging-diverging microreactor,
respectively were applied for the extraction and separation

of cobalt and nickel, and the effects of different processing
and structural parameters were also studied. Compared
with conventional macro-scale reactors and unstructured
straight microchannel reactors, in the above three struc-
tured microreactors, the higher extraction ratio, separation
factor and mass transfer performances had been achieved
to shorter residence time [40]. Although these specific new
materials or devices can simplify the separation process
and realize the effective separation of interfering radionu-
clides, some thorny problems also arise such as the high
price of these commercialized functional materials and
the amount of potentially processed samples will be lim-
ited. Therefore, a fast and economical method to separate
nuclides is expected to be found.

In this work, a modified separation method for Fe(III)
and Ni(Il) in radioactive wastewater simulation liquid
was tested. Various parameters such as the acidity of the
feed solution, washing liquid, and desorption solution on
separation of Fe(III) and Ni(II) were investigated compre-
hensively by using a novel nuclear anion resin to develop
an accurate, economic, sensitive and simple method
for the separation of Ni(Il) and Fe(Ill) in radioactive
wastewater simulation liquid.

2. Experimental section
2.1. Materials and equipment

Hydrochloric acid (CAS: 7647-01-0), nitric acid (CAS:
7697-37-2), anhydrous ethanol (CAS: 64-17-5) and sodium
hydroxide (CAS: 1310-73-2) were purchased from Chengdu
Chemical Reagent Factory (purity level: GR). Both hydro-
chloric acid and nitric acid were purified by distillation.
Nuclear anion exchange resin (Model: ZG A NR 170)
was obtained from Zhejiang Zhenguang Industry Co.,
Ltd., (China). Iron standard solution (CAS: 7439-89-6,
1,000 mg/L) and nickel standard solution (CAS: 7440-02-0,
1,000 mg/L) were purchased from the National Center of
Analysis and Testing for Nonferrous Metals and Electronic
Materials (NCATN) (P.R. China). Ultrapure water was pro-
duced by ultrapure water equipment which was purchased
from Beijing PUXI General Instrument Co., Ltd., (GWB-1E,
P.R. China). Wastewater simulation liquid was used as the
treatment object, and simulation solution with different
acidity was prepared by Fe(III) and Ni(II) standard solution.
The different acidity of the feed solution, washing liquid,
and desorption solution was also prepared. The conditions
of the experimental systems were shown in Table 2.

2.2. Pretreatment of nuclear anion resin

The ZG A NR 170 resin which its properties are shown in
Table 3 should be pretreated before first use and the specific
steps were as follows:

e Step one: After resin loading, the washing liquid includ-
ing ultrapure water and ethanol washed the resin at
a flow rate of about 10 mL/min to remove the organic,
suspended impurities, mechanical impurities, fine resin
and bubbles. The resin was washed by ultrapure water
and ethanol alternately for 5 times, each time lasting for
15 min;
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References

Separation method

Separation objects

Gomez et al. [11]

Sun et al. [12]

Berber and Alpdogan [13]
Fernandes et al. [14]

Shih et al. [15]
Tokalioglu and Dagdelen [16]

Rosin as extractant, toluene as diluent

Modified polymer affinity liquid—solid
extractant
Functionalized polymer microspheres prior

Hydrochloric acid leaching, solvent extraction
and precipitation

Fered-Fenton and chemical precipitation

Co-precipitation with Cu(Il)-4-(2-pyridylazo)-

Aqueous solutions of Co(II), Ni(II), Cr(III),
Fe(III) and Mn(II)

Aqueous solutions of Cu(II), Zn(II), Co(II) and
Ni(IT)

Trace Al(III), Fe(I), Co(II), Cu(Il), Cd(II) and
Pb(II) ions in beverages

Ni(II), Co(II) and lanthanides from spent
Ni-MH batteries

Electroless Ni(I) plating wastewater

Fe(IlI) and Ni(II) in water and food samples

resorcinol
Pinto et al. [17] Chemical precipitation
Yamakawa et al. [18]

separation
Liu et al. [19]
Zhao et al. [20] Adsorption by dialdehyde

o-phenylenediamine starch

Shukla et al. [21]
Bhattacharyya and Gupta [22]

montmorillonite
Qureshi et al. [23]

Choi et al. [24] Ion-exchange by AG MP-1

Muslu and Giilfen [25] Thiourea-formaldehyde resin
Juang and Wang [26]

agents
Ahamed et al. [27]

2-amino-6-nitrobenzothiazole-

Thermal ionization mass spectrometry
Oxidation leaching-chemical precipitation
Adsorption by modified coir fibres
Adsorption by ZrO—kaolinite and ZrO-

Ion-exchange by stannic arsenates

Cation-exchange by water—soluble complexing

Cation-exchange terpolymer involving

Ni(II) from an EDTA leachate of spent
hydrodesulphurization catalyst

Cr(II), Fe(III), Ni(II), Zn(IT) and Cu(II) in
terrestrial and extraterrestrial materials

Mo and Ni from spent acrylonitrile catalysts

Aqueous solutions of Ni(II) ions

Aqueous solutions of Ni(I), Zn(II) and Fe(II)
Fe(1II), Co(II) and Ni(II) in aqueous medium

Fe(IIT) from Ni(II), [CO](II) Mn(IT) and AI(III) in
aqueous medium

Stainless steel waste samples of *Tc, *Sr, *Fe,
9N, *Fe and *Nb

Selective separation Pd(II) from Fe(III), Co(II),
Ni(II) and Cu(II) ions

Co(II), Ni(II) from aqueous solutions

Fe(III), Co(II), Ni(II), Cu(II), Zn(II) and Pb(II)
from aqueous solutions

ethylenediamine-formaldehyde

e Step two: The ZG A NR 170 resin was soaked for 24 h in
10% salt solution, and then rinsed to neutral with ultra-
pure water;

®  Step three: The ZG A NR 170 resin was soaked for 8 h with
3% sodium hydroxide and hydrochloric acid solution
and then washed it to neutral with ultrapure water.

2.3. Experimental procedure and analysis

A schematic diagram of the experimental setup is shown
in Fig. 1. The experimental process included three processes:
adsorption process, washing process and desorption process.
Feed solution, washing liquid and desorption solution were
individually fed into the resin column by a dual-channel
peristaltic pump (BT100-2], Longer Precision Pump Co.,
Ltd., China). The mass transfer also took place quickly in
the resin column during this process. After ion exchange,
the solution flowing through the resin column will be col-
lected and analyzed for Fe(III) and Ni(II) concentration by

inductively coupled plasma spectrometer (ICP) (IRIS-HR-
DUO, Thermo Jarrell Ash, America). To improve the accuracy
of the experiment, peristaltic pumps were calibrated before
starting the experiments. All measuring instruments were
regularly verified by the National Institute of Measurement
and Testing Technology (Chengdu, Sichuan, PR. China).

3. Results and discussion
3.1. Adsorption dynamics on nuclear anion resin

In general, the adsorption process consists: (1) liquid
membrane transfer; (2) solid membrane transfer; (3) the reac-
tion of the adsorption on the adsorption level of three steps.

The liquid membrane transfer coefficient can be
described as follows:

d
pl7?z:K}'azv(C_C1) (1)
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Table 2
Conditions of the experimental systems

Experimental system Feed solution Washing liquid Desorption solution
(mol/L) (mol/L) (mol/L)
Hydrogen chloride concentration (mol/L) 2 4 6 2 4 6 8 0.05 0.10 0.25 0.5 1.0
Concentration of iron and nickel (ppm) Cpey = 6.63 ppm
None None
Cpy = 6.01 ppm
The solid film transfer coefficient can be described as  Table3

follows:

d
P, ot =K!a,(g,-q) 2)
dt
The total mass transfer coefficient can be described as
follows:

d
pb;z:K,~av(C—C*):Ks~av(ﬂ*—q) ©

The material balance equation of the adsorption process
can be defined as follows:

c,-C\)v
427( =) (4)

m

Putting the above formula into Eq. (3) can be turned into
Eq. (5) as follows:
—E:m—k“(C—Cﬂ) (5)

at  p,V

The following expression is obtained with integral
treatment on Eq. (5):

C,-C
Iog 0 e _ mUa t (6)
C-C, 2303p,V

In order to obtain the volumetric mass-transfer coef-
ficient, the adsorption experiment and desorption exper-
iment were carried out. The relationship between the
concentration of Fe(Ill) and Ni(I) in the adsorption and
desorption process and time is shown in Figs. 2 and 3.

The resin quality, water sample volume and apparent den-
sity remain constant, the relationship of log[(C, - C)/C - C]]
and adsorption time is shown in Fig. 4. The slope of
the equation is 0.0172. The volumetric mass transfer
coefficient can be calculated as 0.032 s7.

3.2. Effect of acidity of feed solution on adsorption

The relationship between the concentration of Fe(III)
and Ni(Il) in the effluent volume is shown in Fig. 5. At high
acidity, the concentration of Fe(III) in the effluent was main-
tained at a low level, but with the decrease of hydrochlo-
ric acid concentration, the concentration of Fe(Ill) began

Properties of the ZG A NR 170 resin

Resin name Nuclear strong basic anion resin

Model ZG ANR170

Functional group -N(CH,),0H

Bulk density, g/mL 0.685

Particle size range, mm >3.8

Maximum service 60
temperature, °C

Quality full exchange 0.40-1.20

capacity, mmol/g

to increase gradually. However, the concentration of Ni(II)
in the effluent was not affected by the concentration of
hydrochloric acid.

It is well known that Fe(III) forms a series of complexes
in acidic chloride media with a distinct distribution of
the species Fe*, FeCl*, FeCl;, FeCl, [FeCl,]" and [FeCl J*
depending on the HCl concentration [31]. Under different
acidity conditions, the morphology of Fe(Ill) ions can vary
greatly. At low acidity, the predominant species is FeCl*,
FeCl; or FeCl,, at a molarity of 6, the predominant species
is [FeCl ], as the acidity continues to increase, Fe(IIl) will
coordinate with hexachloroianoids to form [FeCl ]*. When
the concentration of hydrogen ion in the feed solution
was 6-8 mol/L, it exists in the form of [FeCl,]" or [FeCl]*,
and can be adsorbed by ion exchange with anion resin.
However, Ni(Il) ions can only exist in the form of cations
(Ni*, NiCl") at any acidity. This explains why the lower
the acidity of the feed solution, the worse the adsorp-
tion effect of iron(Ill), but no effect on nickel(Il) adsorp-
tion. This phenomenon can be explained by the following
equations:

Fe®* +4Cl" =[FeCl, | 7)
Fe’" +6Cl =[FeCl, | (8)

R-N(CH,),Cl+[FeCl, ] =R-N(CH,) [FeCl, |+Cl" (9)

3[R—N(CH,), C1]+[FeCl, ] =[R-N(CH, ), | [FeCl, ]+3CI"
(10)
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Fig. 1. Schematic diagram of the experimental setup used in the present experiments: (1) feed solution storage, (2) dual-chan-
nel peristaltic pump, (3) adsorption process, (4) washing process, (5) desorption process, (6) sampling disc, and (7) inductively

coupled plasma spectrometer (ICP).
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Fig. 2. The trend of iron and nickel concentration with time on
adsorption process. Condition: T = 20°C; f = 120 min; R = 150 1/
min; V =250 mL.

(feed solution)

The cumulative adsorption rate of Fe(Ill) and Ni(II)
with effluent volume are shown in Fig. 6, the cumulative
adsorption rate of Fe(IIl) was positively proportional to the
accumulation of effluent volume and the acidity of feed
solution. Obviously, with the increase of acidity from 2 to
8 mol/L, the cumulative adsorption rate of iron increased
from 60% to 99%. Under this condition, a considerable part
of iron which the form of iron in feed solution is FeCl*,
FeCl; or FeCl, turn to [FeCl ]~ or [FeCl ]*. This explained
why the higher the acidity, the higher the adsorption rate.
The cumulative adsorption rate of Ni(II) was proportional
to effluent volume but inversely proportional to the acid-
ity of feed solution. When the concentration of hydro-
chloric acid was higher than 4 mol/L, the adsorption rate
of nickel was maintained at 18%, and the acidity had no
effect on the absorption of resin of nickel. The adsorp-
tion of nickel was a simple physical adsorption process,
which did not involved ion exchange. The adsorption rate
of nickel increased significantly as the concentration of

Py
=

@
W
1 1

w
=]
M

o ] —a
—#— Concentration of Fe
—&— Concentration of Ni

N
W
1 1

Concentration of metal ions (mg/L)
n B
1 1 1

1.0 1
0.5+
0.0 ey &9 o O O ® ®
T T T T T T T T T T T T T
0 20 40 60 80 100 120
t(min)

Fig. 3. The trend of iron and nickel concentration with time on
desorption process. Condition: T = 20°C; t = 120 min; R = 150 r/
min; V( )= 250 mL.
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Fig. 4. The relationship between log[(C, - C)/C - C] and
adsorption time. Condition: T = 20°C; ¢ = 120 min; R = 150 rpm;
1% =250 mL.

(feed solution)
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hydrochloric acid decreased to 2 mol/L. This was because
when the acidity decreased, the adsorption rate of iron
decreased and the physical adsorption of nickel increased.
Fig. 7 shows the separation coefficients of Ni(Il) and
Fe(Ill) at different acidity of feed solution. It can be seen
from Fig. 7 that the separation of Ni(II) and Fe(III) can be
carried out by controlling the acidity of the feed solution.
The separation coefficient of B, ;. increased with the increase
of the acidity. When the hydrochloric acid concentration
increases from 2 to 8 mol/L, the B(Ni/m increases from 1.21
to 1,223.93. Which indicated that it is easy to separate Fe(III)
and Ni(IIl) by controlling the acidity of the feed solution.
Therefore, the acidity of 8 mol/L was selected as optimum.

3.3. Effect of acidity of washing solution

The trend of Fe(lll) and Ni(Il) concentration with
the volume of the washing solution is shown in Fig. 8.
When the acidity of the washing solution was 6 mol/L or
higher, only a very small amount of iron was presented
in the washing solution. This is because most of the iron
is firmly adsorbed on the resin column. At the same time,
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part of nickel(II) is adsorbed on the resin column by phys-
ical adsorption, especially in the earlier stage of the wash-
ing process. With the decrease of acidity, the amount of
iron washed gradually increases. Fig. 9 shows the variation
of cumulative washing rate with the effluent volume of
the washing solution. Obviously, the cumulative washing
rate of iron(III) and nickel(Il) increased with the increase
of washing solution volume. With the decrease of acid-
ity, the cumulative washing rate of iron(Ill) and nickel(II)
showed the opposite trend. When the volume of leaching
solution is 20 mL, the leaching rate of iron increased from
1% to 18%, while that of nickel decreased from 18% to 6%.
The reasons for this trend are detailed in Section 3.2. Optimum
acidity of washing solution should be selected as 8 mol/L
when the parameters were comprehensively considered.

3.4. Effect of acidity of desorption solution

The relationship between the concentration of iron and
nickel and desorption solution is shown in Fig. 10. Fig. 11
shows the variation of cumulative elution rate of Fe(III)
with volume of the feed solution. After the desorption, only
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Fig. 5. The relationship between the concentration of iron and nickel with the effluent volume, (a) [H] = 8 mol/L, (b) [H] = 6 mol/L, (c)

[H] =4 mol/L, and (d) [H] = 2 mol/L. Conditions: T = 20°C; v = 0.5 mL/min; V,

=22 mL.

(feed solution)
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Fig. 6. Variation of cumulative adsorption rate with effluent volume: (a) variation of cumulative adsorption rate of Fe(Ill) with
effluent volume and (b) variation of cumulative adsorption rate of Ni(II) with effluent volume. Conditions: T =20°C; v = 0.5 mL/min;

=22 mL.
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Fig. 7. Separation coefficients of Ni(II) and Fe(IIl) at different
acidity of feed solution. Conditions: T = 20°C; v = 0.5 mL/min;
% =22 mL.

(feed solution)

a small amount of nickel existed in the desorption solution.
A lot of iron, however, was eluted from the resin column.
Meanwhile, at the initial stage of the desorption process,
only a small amount of iron was eluted. When the volume of
desorptionsolution wasbetween5and 15mL, alarge amount
of complex iron which was adsorbed by anion exchange
resin was eluted. Under the condition of low acidity, iron
will change from the complex state ([FeCl,]” or [FeCl ]*) to
iron ion again and Fe® will be transferred to the eluate due
to the weak adsorption capacity of anion resin to cation. This
phenomenon can be explained by the following equations:

R-N(CH,),[FeCl,]=R-N(CH,) Cl+Fe’" +3Cl"  (11)

[R-N(CH,), | [FeCl,]=3[R~N(CH,),CI]+Fe* +3CI" (12)

We also can get the following conclusion that the
desorption efficiency of iron increased with the decrease of
the acidity of the eluate. Meanwhile, When the concentra-
tion of hydrochloric acid decreased from 1 to 0.05 mol/L,
The B, was also increasing gradually, which reached
1,120.39. Therefore, the acidity of 0.05 mol/L was selected as
optimum.

3.5. Multiple adsorptions of anion resin under optimal conditions

From the above results, the optimal conditions of the
separation method were determined to be as follows:
The acidity of the feed solution, washing solution and
desorption solution were chosen as 8, 8 and 0.05 mol/L,
respectively. The volume of the feed solution, washing
solution and desorption solution were chosen as 20, 10
and 20 mL, respectively. It was found that the adsorption
performance of the anion resin did not decrease after five
adsorption experiments from Fig. 12. The separation coef-
ficients were more than 10° this means that 99.9% of Fe(III)
and Ni(II) were successfully mutually separated.

In the past, many separation processes of Fe(Ill) and
Ni(II) such as extraction, chemical precipitation, adsorp-
tion and ion exchange have been developed. Copper iron
reagent, hydroxide and carbamate were used for pre-
cipitation—purification, but the recovery and decontam-
ination factor was low. After that, new functional resins
AG 50Wx8 resin [41-43], DGA resin [44,45], TEVA resin
[46], TK400 [47], and UTEVA resin [48] were used. New
functional materials such as fabrication of hierarchically
porous metal alkylphosphonate framework [49] and new
unsymmetrical diglycolamides etc [50] were also used
to separate Fe-55 and Ni-63. Compared to these sepa-
ration materials and methods, this modified separation
method using nuclear anion resin (Model: ZG A NR 170)
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had good separation efficiency for sample matrix, low toxic-
ity and chemical recovery. The nuclear grade resin had been
proved to have good radiation resistance under real mixed
irradiation field conditions, this was a fast, effective and
economical method.

The separation method in this paper will be used in the
purification of various complex systems such as stainless
steel, zirconium alloy, burnable poison rod, fuel rod, APG
resin in the next study. In view of the complexity of the above
system, a new developing process with novel pretreatment
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(Ni)

technology and analysis methods such as advanced oxida-
tion processes [51-53] is also the focus of our future work.

4. Conclusion

Separation experiments of Fe(Ill) and Ni(Il) in radio-
active wastewater simulation liquid were carried out by a
novel nuclear anion resin and led to the following conclu-
sions: (1) The optimal conditions for separate Fe(Ill) and
Ni(Il) from radioactive wastewater simulation liquid were
found to be as follows: the acidity of the feed solution, wash-
ing solution and desorption solution were chosen as 8, 8 and
0.05 mol/L, respectively. The volume of the feed solution,
washing solution and desorption solution were chosen as

20, 10 and 20 mL, respectively. (2) A very good separation
effect could reach by ZG A NR 170 resin under optimal
conditions. In the adsorption stage, more than 99% of iron
could be adsorbed on the resin column, the f . of pene-
trating fluid can reach 1,223.93. In the desorption process,
the desorption rate of iron can be as high as 98%, the B\,
of the desorption solution can reach 1,120.39. (3) The nuclear
strong basic anion resin kept good performance, the volu-
metric mass-transfer coefficient of static adsorption process
can reach 0.032 s and it was found that the adsorption
performance of the anion resin did not decrease after five
adsorption experiments.
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Symbols

Concentration of the main solution, kg/m?

C, — Particle surface solution concentration, kg/m?

C* — Equilibrium concentration in equilibrium with
adsorption quantity (g), kg/m?

C, — Initial concentration with adsorbent, kg/m’

C, — Equilibrium concentration, kg/m’

K! — Liquid membrane transfer coefficient, m/h

Total liquid membrane transfer coefficient, m/h
Total liquid membrane volume mass transfer
coefficient, h™!

K! — Solid film transfer coefficient, m/h

K~ — Total solid film transfer coefficient, m/h

Ko, — Total solid film volume mass transfer coefficient, h™

m  — Resin quality, kg

Q — Adsorption quantity, kg/kg

g — Adsorption quantity in equilibrium with concentra-
tion of the main solution (C), kg/kg

g, — Adsorption quantity in equilibrium with particle
surface solution concentration, kg/kg

t — Absorption time or desorption time, min

V. — Water sample volume, m?

a  — Outer area of the fill layer unit volume particles, m*/m’

p, — Apparentdensity, kg/m’
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