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Silver Adsorption on the Low Temperature Activated Alumina
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Abstract: Aluminum hydroxide is a key product for the industrial production of alumiana and
aluminium, ceramics insulator and refractories, desiccants, absorbents, flame retardants, filers for
plastics and rubbers, catalysts, and various construction materials. The production of these arrays of
useful material products is grounded on the multiple thermal decomposition pathways of AI(OH)s, which
involve major crystallographic dislocations and many microstructure reconfigurations on variable lines
of phase transitions, from the raw material up to large varieties of precursors and commercial grade
products. A wide range of literature on this subject is available, and recent reviews cover suitable
information about preparation and characterization of different activated alumina products with specific
properties and applications. In our previous papers, there was studied the mechanisms of aluminum
hydroxide phase transitions, during low temperature calcination, namely, at 260°C, 300°C, 400°C and
600 °C, under chosen particularly conditions, for promoting the nucleation of the amorphous phases.
Collected data suggest that raw aluminum hydroxide; dried, milled and classified is a precursor for the
new low temperature activated alumina transition phases, carrying distinctive characteristics and
properties, due to products enrichment in amorphous phases. Accordingly, as effects of the main driving
factors (temperature and rate of heating, and initial particle size dimension) on the aluminum hydroxide
as new precursor, notable changes were observed in products mineral composition, morphology and
specific surface area, pore size, pore distribution, and the particle size distribution. Beside, some other
secondary effects have to be apprehended. For example, the main phase transition process dinamic
factors control over some physical and technical properties of the new products, like: absolute density,
brightness, oil absorption capacity and water absorption capacity. The purpose of this work was to
continue the characterization of low temperature activation alumina products, and also, to measure the
adsorption capacity and to reveal adsorption kinetics mechanisms. Thus, the first step of survey was
silver adsorption maximum capacity measurements for all sample prepared by heating the precursor
alumina hydroxide, milled and classified as 5 different dimension size fractions to 260, 300, 400 and
600°C. Hereinafter, four samples, carefully selected as representative for the entire lot of samples, were
used for the study of kinetics mechanism and data fitting to the adequate kinetic equations. Confident
data validate the pseudo second order kinetic model for the entire activation process, independently of
samples heating temperature and particles dimension.
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1. Introduction

Metallic silver has many industrial uses in the production of mirrors, photographic films, batteries,
electrical and electronic components, catalysts and antimicrobial materials. as well as anticorrosive
materials and galvanic coatings. Due to the excellent properties of silver, such as malleability, high
thermal and electrical conductivity, high resistance to corrosion and oxidation, its widespread use in
various fields of industrial use has led to a significant impact of silver on the environment and especially
on waste waters Silver, as toxic threat for health and environment is acting by full toxicity to all living
cells, by depositing around nerves and in deeper skin layers, which may cause permanent skin damage
and by associating with environmental contamination of other toxic heavy metals such as mercury and
lead, Also, silver contributes to antibiotic resistance, disturbs bacterial activity when cleaning sewage
and prevents the use of sludge as fertilizer, needed for nutrient recycling [1-6]. The main pollution
sources with silver are: wastes from batteries production and recovery (Ni, Cd, Ag), electric and
electronic technology wastes (Cu, Sn, Au, Ag, Ni, Al, Zn), wastes from X-ray films production and from
their processing (Ag), as well as the wases from the industrial metal finishing processes (Cr, Ni, Cu, Zn,
Au, Ag, Cd) [7-11]. These materials are usualy preocesssd by the thermal technilogies, including refining
and smelting [11-14] and hydrometallurgical and bio-metalurgical technologies, including leaching,
cementing, reducing agents, peeling, electro-coagulants, adsorbents, electro-dialysis, solvents
extraction, ion exchange resins and bio-sorbents [15-18].

There are three important features of the silver recycling processes. First is flexibility of the applied
recycling technologies for wastes with variable origin, sources and compositions. Second is the economy
of recycling technologies in the terms of costs and marketability. Third is the silver toxicity and
requirements to prevent secondary pollution by technology itself or by reactants used in silver separation.
For these three reasons, new relevant studies are continuously carried out for improving silver recovery
processes and finding new friendly environmentally technologies. Beside classical hydrometallurgical
processes, like dissolution and precipitation [19-21] and solvent extraction of silver [22-24], new other
technologies were studied for improving performances in the silver recovery and lessening the
production costs. As examples, below are presented the recent studies concerning the silver adsorption
from waste industrial waters on different type of low cost materials (for decreasing costs) and modified
materials (for improving performances) [25]. Old adsorbent materials, like activated carbon [26-28] and
natural ion-exchanging compounds (like perlite, clinoptilolite. vermiculite) modified or non-modified
[29-32], were re-evaluated. Also, some new adsorbents based on silicate compounds have been tested
recently [33-36]. Other research topics on silver recovery and recycling include the testing of various
mixed adsorbents formulations based on chitosan [37, 38], the testing of bioadsorbents [39, 40] and
synthetic polymer adsorbents [41,42], and the study of coagulation, as a method of recovering silver
from residuals waters [43-45]. However, adsorption-desorption processes remain a large field of
investigation, due to their selectivity for different metal ions and the variety of available materials at
reasonable prices. At the same time, the increased interest in obtaining materials with adsorbent
properties has grown in the last decade, due to the availability of materials with large specific surfaces,
adequate pore distributions and with significantly increased reactivity, generated by the large number of
active centres on the particle surface. An important class of adsorbents with multiple applications,
coming from common sources of alumina, is manufactured under the name of low calcination
temperature alumina products. Also, there are available numerous reviews about manufacture,
characterization and application of this category of alumina products [46-60]. The low calcination
temperature alumina products are the molecular species emerging during aluminium hydroxide
dehydroxilation at temperatures lower than the last phase transitions to a-Al>Os. During dehydroxilation,
the precursor phase, which is gibbsite, may undergo various phase transitions, arranged in one of two
lines of successive transitions and recrystallizations:

Line 1: Gibbsite x-Chi k-Kappa a-Alfa Line 2: Gibbsite Boehmite y-Gamma J-Delta 0-Teta a-Alfa
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The precursor purity and its mineral properties control the row of transitions which has priority. In
fact, four dynamic factors control the entire process: a) the certain processing of the gibbsite or boehmite,
as precursors targeting a particular phase transition; b) the final temperature and rate of heating; c) the
particles size dimension of precursor phase before the heating treatments; d) advanced grinding and
intensive mechanical activation before or during the precursor thermal activation. All these driving
factors and their influence on gibbsite phase transitions have been presented in our previous papers [61-
64]. Additionally, some more information about the the gibbsite phase as precursor, manufactured by
Alum SA Tulcea Romania from Sierra Leone bauxite by Bayer modified process (under European
Regional Development Fund through the Competitiveness Operational Program of 2014-2020), can be
find in the papers [61-63, 65-68]. This paper purpose concerns the study of silver adsorption from pure
silver solutions on the low calcination temperature alumina products, which have been fully described
in the papers [61,62]. Thus, the measurement of the maximum adsorption capacity of low calcination
temperature distinct classes of products will furnish a good data basis for selection the best silver charged
adsorbents to be used as antimicrobial materials in particularly treatments of the waste waters Part 2 of
this paper.

2. Materials and methods
2.1. Samples materials

The samples of aluminum hydroxide were collected from the last test of the new production line at
Alum SA Tulcea, Romania, which was built up by implementation of the project “Endow the Research
and Development Department of SC ALUM SA Tulcea with independent and efficient research facilities
to support the economic competitiveness and business development”, project co-funded by the European
Regional Development Fund through the Competitiveness Operational Program 2014-2020. This new
production unit can deliver new grades of aluminum hydroxide dried, milled and classified. Some
representative specimens, for each defined dimension particle class, were carefully selected as
precursors for studying their thermal behaviour and possibility to find new outcome products with
required properties as adsorbents. The samples composition and particle size distributions are presented
in the Table 1.

Table 1. Aluminum hydroxide samples. Particle size fractions and composition

Sample GDAH-01 GDAH-02 GDAH-03 GDAH-04 GDAH-05
dmensons | >isoumesass | <Mz | oL | S%e | Sidoraae
Al (OH)s 99.65 99.66 99.69 99.64 99.73
Al203, % 65.15 65.16 60.18 65.15 65.21
Naz0, % 0.21 0.200 0.190 0.210 0.200
SiO2 , % 0.009 0007 0.009 0.009 0.008
Ca0 % 0.035 0.041 0.038 0.039 0.0546
Fe203, % 0.007 0.013 0.010 0.009 0.007
LOI 34.62 34.62 34.61 34.62 34.58
Umiditate 0.082 0158 0.134 0180 0.081

In order to study the thermal transformations, the samples were first dried at 60°C for 24 h, then
heated in an electric furnace (in air atmosphere) at 260°C, 300°C, 400°C and 600°C, with a heating rate
of 5°C/min and then held for thermal stabilization 2h at the above mentioned temperature values. The
samples were afterwards slowly cooled in the oven until room temperature. After heating and
stabilization, the number of samples ready for any type of tests became 25, meaning 5 sample lots, each
for the temperature values 25, 260, 300,400 and 600°C and each for all the initial five samples GDAH-
01, GDAH-02, GDAH-03, GDAH-04 and GDAH-05, with its own particle size distribution. In all
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experiments, there were used only common chemical analysis standard reactives, along with samples of
low calcination temperature alumina products, manufactured in an industrial pilot plant. All analyses
were repeated for thee times and the results were mediated. At the end of adsorption experiments, the
recovered adsorbents main properties were measured again for monitoring the eventual damages in each
sample quality.

2.2. Silver adsorption capacity of on low calcination temperature alumina products

Adsorptive performances of low calcination temperature alumina products were demonstrated in
many studies by determining the influence of specific adsorption parameters (pH, sorbent dose, contact
time, silver initial concentration etc.) on maximum adsorption capacity.

Adsorption capacity has been determined using the equation (1):

q=(Co-Cf)=V/m @

where: Co - initial concentration of Ag (1) in solution, (mg/L); Cf - residual concentration of Ag (1) from
solution, (mg/L); V- solution volume, (L); m — adsorbent mass, (g). Efficiency of adsorption process has
been determined using equation 2:

1-100 (Co - Cf) / Co )

where: Co-initial concentration of Ag (1) from solution, (mg/L); Cf-residual concentration of Ag (I)
from solution, (mg/L).

To measure materials from Table 2 solutions with different concentrations of Ag (I) were prepared:
10, 20, 40, 60, 80, 90, 100 and 120 mg/L). The adsorption capacities were determined at pH =5, for a
contact time of 60 min (considered optimal for achieving the ives oobjectf the initiated study) at the
temperature values of 298 K, 308K and 318K. Thus, the samples of 0.1 g of each material from table 1
and Table 2 were dispersed in volumes of 25 mL solution containing Ag(l) and mixed for 60 min. At
equilibrium, the samples were filtrated and analysed for finding the residual Ag(l) concentration, and
subsequently computing the quantities of adsorbed Ag(l) per g of each sample of low temperature
activated alumina product. Preliminary analyses have shown that 60 min mixing time is enough for
reaching the equilibrium, because the tested alumina products are very reactive adsorbents.

2.3. Silver adsorption kinetics on low calcination temperature alumina products

The effect of contact time and temperature are important factors in assessing the affinity of the
adsorbent materials for Ag (I). To determine the influence of contact time and temperature on the
adsorption capacity of the materials presented above, samples 0.1 g of each tested material were weighed
over which 25 mL of Ag (1) solution of 10 mg/L concentration was added. The samples were stirred at
different time intervals (15, 30, 60, 90, and 120 min) in a water bath provided with stirring and
thermosetting at some values of the temperature (298K, 308K, and 318K). The working pH was 5. The
value pH 5 was chosen because the selected samples are very sensitive to the pH variation, and samples
should be compared under the same conditions. Actually, the alumina products have been introduced in
silver nitrate solutions at pH 5, and further the pH was contlolled by adding some solution drops. All the
residual concentrations of Ag (1) in the collected solutions were determined by atomic adsorption
spectrometry. Knowing the concentrations of solutions in contact with the adsorbent material and the
concentrations of the solutions after adsorption, one can calculate the evolution of the concentrations of
Ag (1) adsorbed at each moment of the adsorption process.

2.4. Analysis equipments
All samples composition was carried out using the X-ray sequential fluorescence spectrometer
(XRF); Thermo Fisher Scientific ARL PERFORM’X, Waltham, MA, USA), equipped with an X-ray
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tube with a Rh anode and a Be window of 30 um, was used for qualitative and quantitative analyses of
the elements. The entire surface of the sample was analyzed under a dry He flow. Particle size
distributions in the analysed samples were determined using a Malvern Panalytical Mastersizer 2000
diffraction analyzer (Almelo, The Netherlands) in the dynamic range of 0.1 to 3000 um. Samples were
dispersed in water using ultrasound and mechanical stirring. The Mie scattering theory specific to the
instrument’s software was used for the particle size distribution assessment. The morphology and
elemental composition of the particulate material samples was characterized by scanning electron
microscopy (SEM: Quanta FEG 250, FEI, The Netherlands) using back scattered electron detector
(BSD) coupled with energy dispersive X ray spectroscopy (EDS: using Apollo SSD detector, EDAX
Inc. US). The microstructure and EDS analyses were performed at about 10 mm working distance (WD)
in low vacuum mode in order to avoid surface charging and damage of the analysed material. For some
samples was used a Quanta Inspect F50 FEG scanning electron microscope (Thermo Fisher, Eindhoven,
Netherland), with a resolution of 1.2 nm and an Everhart-Thornley secondary electron detector (ETD),
which was equipped with an energy-dispersive X-ray (EDS) analyser (resolution of 133 eV at MnKa,
Thermo Fisher Scientific, Waltham, MA, USA), were used to analyse the morphologies and the chemical
compositions of the samples. Other details about these equipments and their use in the study of low
calcination temperature alumina products can be found in the papers [61, 62]. Silver concentration in the
all filtrated solutions has been determined by atomic adsorption spectrometry using a Varian SpectrAA
280 FS instrument. Solutions pH has been determined using a Seven Compact S 210 Mettler Toledo pH-
mete. For Kinetics studies at some different temperature values were used a SW23 shaking water bath,
JULABO, Germany.

3. Results and disscutions
3.1. Maximum adsorption capacity

Maximum adsorption capacity of the adsorbents is a very important parameter, because it helps a
quick evaluation of the adsorption performance for any material under various common or uncommon
circumstances. Some more papers, recently published, recommend to use Langmuir, Freundlich,
Dubinin-Radushkevich [69,70] or Sips isotherms [71] to compute the maximum adsorption capacity
from experimental isothermal adsorption data. However, these methods are requiring additional data,
which can be very laborious, to overcome discrepancy between the predictions and experimental data.
Both linear and nonlinear isotherm model have to enable, more or less, simplifications to fit experimental
results to the model data. Since this paper purpose is to characterize a new family of adsorbents coming
out from low temperature activated alumina products, and to find their industrial applications, the
maximum adsorption capacity of each individual product was evaluated from experimental saturation
curve at constant temperature 298 and 318 K.

In the Figure 1, the saturation curves for one family of low temperature activated alumina products
encompassing the samples GDAH-01 25, GDAH-03 25 and GDAH-04 25. Maximum adsorption
capacity value is find by extrapolation of the two segments of each curve. The choice of samples was
intended to illustrate the common forms of curves, specific for all the type of low temperature activated
alumina products, manufactured at small pilot scale and characterized in our previous papers [61-64].

In the Table 2 are given the values of maximum capacity of silver adsorption at equilibrium at 25°C
for all samples of low temperature activated alumina products under survey in this paper. There are five
groups of samples which differ by the temperature of calcination and in each group five samples which
differ by particle size dimention. The values of maximum capacity of adsoption have to be evaluated
with regard to all changes induced by the four dynamic factors which control all the low temperature
activated alumina products properties, mainly, the mineral phases convertions extent, as well a71s the
physical and technical properties associated with these materials [61-63]. These dynamic factors are: a)
initial gibbsite (as raw material and phase transitions precursor) preliminary procesing; b) calcination
temperature and rate of heating; c) particles size dimension of gibbsite, before the heating treatments,
advanced grinding and intensive mechanical activation of gibbsite;
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Figure 1. Saturation curves of the low temperature activated alumina products
at 25°C. Products family GDAH-01 25, GDAH-03 25 and GDAH-04 25

Table 2. Maximum silver adsorption capacity on low temperature activated
alumina products at 25°C, experimental values

Samples Particle sizes Maximum silver Samples Particle sizes Maximum silver
adsorption capacity, adsorption capacity,

mg/g mg/g
GDAH-01 25 0-150 pm 4.90 GDAH-04 300 0-10 pm 10.18
GDAH-02 25 0-45 pm 5.90 GDAH-05 300 45-150 pym 7.69
GDAH-03 25 0-20 ym 6.70 GDAH-01 400 0-150 ym 5.09
GDAH-04 25 0-10 pm 6.20 GDAH-02 400 0-45 pm 6.43
GDAH-05 25 45-150 pm 5.20 GDAH-03 400 0-20 pm 8.12
GDAH-01 260 0-150 pm 5.02 GDAH-04 400 0-10 pm 9.67
GDAH-02 260 0-45 pm 6.73 GDAH-05 400 45-150 pym 7.02
GDAH-03 260 0-20 ym 8.78 GDAH-01 600 0-150 pym 4.76
GDAH-04 260 0-10 ym 9.98 GDAH-02 600 0-45 pm 6.01
GDAH-05 260 45-150 pm 7.32 GDAH-03 600 0-20 pm 7.98
GDAH-01 300 0-150 pm 5.29 GDAH-04 600 0-10 pm 9.21
GDAH-02 300 0-45 pm 6.92 GDAH-05 600 45-150 pm 6.89
GDAH-03 300 0-20 pm 9.02

Also, these dynamic factors contribution explain the diversity and vaiation in the values of maximum
silver adsorption capacity from Table 2. The first group of samples GDAH-01 25 - GDAH-05 25
represents the raw material parted in five fractions, on the basis of particle size dimention. It was mention
in the paper [66] that the gibbsite is produced at Vimetco Alum SA Tulcea, Romania under special
conditions required by the chemical and mineral compozition of processed bauxite. Consequently, the
gibbsite product bears the imprints of raw bauxite, and might be considered in this paper as a preliminary
processed raw material, mainly when is compared with other gibbsite grades coming out from alumina
Bayer processing with other bauxite source [66]. All samples are containing gibbsite with large content
of amorphous phase. The second group GDAH-01 260 - GDAH-05 260 is coming from samples calcined
under special conditions at 260°C, which have lost around 3-4% water. The main phase remains the
gibbsite 33-62%, accompanied by 2-10% boehmite and 45-60% amorphous phase.The third group of
samples GDAH-01 300 - GDAH-05 300 have lost around 20% water and undergoes great changes in
samples mineral composition: gibbsite 23-58% and 10-14% boehmite, associated with 0-6% gama-
alumina and 54-60% amorphous phase. The fourth group of samples GDAH-01 400 - GDAH-05 400
did lost around 28% of water and the gibbsite content dopped to 0.1-3.1%. At the same time the content
of boehmite raises to 5-13%. Also, significant increase were noticed in gama alumina content, 10-16%,
as well as in amorphous phase, 73-81%. In the last fifth group, the GDAH-01 600 - GDAH-05 600, all
samples exhibit a total change in mineral compozition, with 10-29 % gama alumina and amorphous
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phase. The above significant changes in the mineral phases composition and in amorphisation degree of
the recrystallized phases are the straight effcct and contribution of the second dynamic factor, the
calcination temperature and rate of heating. These data sustain the large variation in maximum silver
absortion capacities from Table 2. The third dynamic factor, the particle size dimentions before heating
treatments, acts with the same intensity as calcination temperature and rate of heating on values of the
maximum absorption capacity parameter (Table 2). But, for ilustrating the intensity of this factor, the
significant data have been selected from Table 2 and presented in a more adequte graphical
configutration in the Figure 2. According to this new arrangement there are five groups of bars, each one
standing for stanging for each temperature the aluminum hydroxide was activated. Each group of bars
holds in une bar for each particle size dimension fraction. Thus, the Figure 2 displays very clearly a
global image of maximum silver adsorption capacities for all the representative samples of low
temperature activated alumina products.

>

= =
s - o = [

Maximum Ag(I) adsoption capacity, mg/g
P

0 |

o fm e
NI NS DYR° o oF Q o
TIIE ST S SR
FPPY FIFT TS Q d\ S SN 4\

Figure 2. Maximum Ag(l) adsorption capacity on the low temperature activated alumina at 25°C

This image highlightes the distinct impact of particle size dimension on the values of the parameter
maximum silver adsorption capacity on low temperature activated alumina products. Also, this image
points up the higher values of silver capacity adsorption for the smaller particle size fractions, as effect
of the above presented dynamic factor impact.

3.2. Kinetics of silver adsorption on low temperature activated alumina products

Kinetic studies usually help to understand the mechanism of adsorption process and its chemical side
and possible reactions, as well as the reaction rate and the mass transfer coefficient. Moreover, the kinetic
data knowledge opens the paths to find out the optimal conditions necessary for improving the adsorption
process rate and yield. In order to ascribe a general expression for describing the sorption kinetics of a
ionic or non-ionic compound on different solid adsorbents, it is necessary to perform some preliminary
tests for fitting the experimental data [72].

In this paper the selected samples of low temperature activated alumina products were GDAH-01
25, GDAH-04 25, GDAH-04 300, and GDAH-04 400. The reason of this selection stands in the samples
processing ways to be converted from the raw precursor GDAH-01 25 (aluminum hydroxide, fraction
0-150 pum) into the other adsorbents.
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Sample GDAH-04 25 (aluminum hydroxide fraction 0-20 um) differs from sample GDAH-01 25 by
its particles size dimensions. Also, the samples GDAH-04 300 and GDAH-04 400 differ from the other
two samples by their thermal treatments, which bring about large changes in specific surface and pores
size distribution. Therefore, each sample is a distinct product from a family of low temperature activated
alumina products.

Additionally, all thermal and mechanical (milling and classifying) treatments applied on all
individual sample sums up all types of dynamic impact during low temperature alumina activation
process.

After preliminary tests, the linear equations appear to provide the best fit of experimental data. Most
often used linear equations, which describe the adsorption process kinetics are:

- Pseudo-first order model (Lagergren model) [73]:

In(ge- qt) = Inge - k1t 3)

where: ge - equilibrium adsorption capacity, (mg/g): qt - adsorption capacity at time t, (mg/g)L K1 - rate
constant for pseudo-first order (1/min): t- contact time, (min).

In this paper the selected samples of low temperature activated alumina products were GDAH-01
25, GDAH-04 25, GDAH-04 300, and GDAH-04 400. The reason of this selection stands in the samples
processing ways to be converted from the raw precursor GDAH-01 25 (aluminum hydroxide, fraction
0-150 pm) into the other adsorbents.

- Pseudo-second order model (Ho si McKay model) [74]:

1/qt = 1/(qe)2+ 1/ge 4

where: ge - equilibrium adsorption capacity, (mg/g): gt - adsorption capacity at time t, (mg/g): k2 - rate
constant for pseudo-second order, (g/mg-min): t - contact time, (min).

When the experimental data are modelled using pseudo-first-order model, kinetic parameters (k1—
rate constant and calculated adsorption capacity - ge, calc) were evaluated from linear dependence
between In(ge—qt) and t. By modelling the acquired experimental data with pseudo-second-order model,
the associated kinetic parameters (rate constant k2, and calculated adsorption capacity - ge, calc.) were
determined from linear dependence between t/qt and t. The adsorption kinetic of Ag(l) has been studied
for all four selected adsorbent samples at three different temperature values (298, 308, and 318 K).

Kinetic isotherms (pseudo-first-order and pseudo-second-order) are visualized in Figures 3 to 6.

Based on experimental data, presented in Figures 3 to 6, the pseudo second order kinetic model was
ascertain as valid model and the values of adsorption capacity gexp, as well as the value of rate constant
K2 were computed and presented in the Table 3 at 298K and 318K.

Based on experimental data, presented in Figures 3 to 6, the pseudo second order kinetic model was
ascertain as valid model and the values of adsorption capacity gexp, as well as the value of rate constant
K2 were computed and presented in the Table 3 at 298K and 31 8K.Also, in Figure 7 are presented
comparatively the kinetic parameters obtained by modeling experimental data with pseudo-second-order
model.at two different tempereture values. From both data presented in Figures 3 to 6 and in Table 3, it
can be observed that the experimental data are better described by pseudo-second order model. Such
observation is in concordance with the regression coefficient obtained value (which is near a unity).

Also, the calculated values for maximum adsorption capacity are similar with those coming from
experimental data. Moreover, the data from Figure 7 are reflecting the impact of the dynamic factors,
which control all the physical and technical properties of chosen adsorbents, including also the
adsorption rate of (Ag 1) on the same materials.
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Table 3. Kinetic parameters of the adsorption process, according the
pseudo-second-order kinetic model at 298 and 318 K

Sample - ;- £ £
(mg 1) 298K (mg 1) 318K (mmir™) 298K (mir318K
GHAH-01 25 2.06 214 1.61 1.74
GDAH-04 23 228 2.33 415 3.88
GDAH-04 300 230 242 226 688
GDAH-04 400 2.03 218 263 442
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Figure 3. Kinetic models applied for silver adsorption process on the sample GDAH-01 25
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Figure 4. Kinetic models applied for silver adsorption process on the sample GDAH-04 25

Thus, the rate of (Ag 1) adsorption is dependent on both temperature and particles size dimension of
the adsorbents, as results from Figure 7A. At the same time, the rate of (Ag 1) adsorption is dependent
on temperature variation, according to the results from Figure 7 B, which predict significant increase
with temperature in the rate constant K2,

Rev. Chim., 73 (2), 2022, 17-32 25 https://doi.org/10.37358/RC.22.2.8516


https://revistadechimie.ro/
https://doi.org/10.37358/Rev

Revista de Chimie @ @

https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

0.0+ .
1 - = 208K 50,
0.3 4
1.0 40
‘7'-1.5—- 304
Lo =
=201 204 298K
-2.5 4 1 + 308K
1 1o IS K
-3.04 1
T T T T T T I} T T T T T T T T T T T T d
0 20 40 &0 20 100 120 0 20 40 .ISI} .SI} 100 120
Time (min) Time (min) o
A Pseudo-first order kinetic model B. Pseudo second order kinetic model

Figure 5. Kinetic models applied for silver adsorption process on the sample GDAH-04 300
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4. Conclusions

This paper is the fifth from row of published research works, regarding the low temperature activated
alumina products coming out from the same precursor, the aluminum hydroxide dried, milled and
classified manufactured at Vimetco Alum SA Tulcea, Romania after implementation of the project
“Endow the Research and Development Department of SC ALUM SA Tulcea with independent and
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efficient research facilities to support the economic competitiveness and business development”, project
co-funded by the European Regional Development Fund through the Competitiveness Operational
Program 2014-2020. The previous papers described the principles of low temperature alumina activation
and the samples preparation, as well as the products chemical structure and mineralogy, and also their
industrial properties. This paper discloses the results of researches about silver adsorption capacity of
all the low temperature activated alumina samples from Table 2 and also, the results of investigation the
silver adsorption kinetics on some mindfully selected samples. Thus, only four samples, reasonably
accepted as representative for the entire lot of samples, were used for the study of kinetics mechanism
and data fitting to the adequate kinetic equations. Confident data validate the pseudo second order kinetic
model for the entire activation process, independently of samples heating temperature and particle size
dimension.

Acknowledgments: This study was made possible by the implementation of the “Endow the Research
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to support the economic competitiveness and business development” project, which was co-funded by
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“Independent equipment/installation for research and development of technology for obtaining the dried
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technology for grinding and screening the dried aluminum hydroxide”.

References

1. FLEGAL, AR., RIVERA-DUARTE, |., SANUDO-WILHELMY, S.A., Silver contamination in
aquatic Environments. In: Ware G.W., Nigg H.N., Bevenue A. (eds) Reviews of Environmental
Contamination and Toxicology. Reviews of Environmental Contamination and Toxicology, 1997 vol
148. Springer, New York, NY. https://doi.org/10.1007/978-1-4612-2264-4 3

2.PURCEL, T.W., PETERS. JJ., Historycal impacts of environmental regulation of silver,
Environmental Toxicology and Chemistry, 1999, Vol. 18, No. 1, pp. 3-8

3. ECKELMAN, M.J., GRAEDEL, T. E., Silver emissions and their environmental impacts: a multilevel
assessment. Environmental Science & Technology, 41, 17, 6283-6289, 2007, DOI:10.1021/es062970d;
4. ILANKOON, I1.M.S.K., GHORBANI, Y., CHONG, M.N., HERATH, G., MOYO, T., PETERSEN,
J., E-waste in the international context — A review of trade flows, regulations, hazards, waste
management strategies and technologies for value recovery, Waste Management VVolume 82, December
2018, Pages 258-27

5. FIORATI, A., BELLINGERI, A., PUNTA, C., CORSI, I., VENDITTI, I, Silver Nanoparticles for
Water Pollution Monitoring and Treatments. Eco safety Challenge and Cellulose-Based Hybrids
Solution, Polymers 2020, 12(8), 1635;https://doi.org/10.3390/polym12081635

6. JADHAV, U.U, HOCHENG, H., A review of recovery of metals from industrial waste, Journal of
Achievements in Materials and Manufacturing Engineering, Volume 54, Issue 2 2012, p.159-167
7.CANDA, L., HEPUT, T., ARDELEAN E., Methods for recovering precious metals from industrial
waste. IOP Conference Series: Materials Science and Engineering, Volume 106, International
Conference on Applied Sciences 2015 (ICAS2015) 3-5 June 2015, Wuhan, China

8. CHAUHAN, G.JADHAQO, P. R., PANT, K.K. NIGAM, K.D.P., Novel technologies and conventional
processes for recovery of metals from waste electrical and electronic equipment. Challenges &
opportunities — A review, Journal of Environmental Chemical Engineering, Volume 6, Issue 1, 2018,
Pages 1288-1304, https://doi.org/10.1016/j.jece.2018.01.032

9. VERMES, H., TIUC, A.E., PURCAR, M., Advanced Recovery Techniques for Waste Materials from
IT and Telecommunication Equipment Printed Circuit Boards, Sustainability 2020, 12(1), 74,
https://doi.org/10.3390/su12010074

Rev. Chim., 73 (2), 2022, 17-32 27 https://doi.org/10.37358/RC.22.2.8516



https://revistadechimie.ro/
https://doi.org/10.37358/Rev
https://doi.org/10.1016/j.jece.2018.01.032

Revista de Chimie @ @

https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

10. KRISHNAN, S., ZULKAPLI, N.S. KAMYAB, H., TAIB, S.M., MD DIN, M.F. B., MAJID, Z. A,
CHAIPRAPAT, S., KENZO, I., ICHIKAWA, Y., NASRULLAH, M., CHELLIAPAN, S., OTHMAN,
N., Current technologies for recovery of metals from industrial wastes: An overview. Environmental
Technology & Innovation (IF5.263), Publicatkion Date: 2021-03-29, DOI: 10.1016/].eti.2021.101525
11. MISHRA, G., JHA, R., RAO, M.R., MESHRAM, A., Recovery of silver from waste printed circuit
boards (WPCBSs) through hydrometallurgical route: A review, Environmental Challenges, Volume 4,
August 2021

12. CUI, J, ZHANG, L., Metallurgical recovery of metals from electronic waste: A review. Journal of
hazardous materials, 2008158(2-3), 228-256

13. FERRON, C.J., Silver recovery from complex concentrates—a mineralogical approach. T.T. Chen
Honorary Symposium on Hydrometallurgy, Electrometallurgy and Metal Characterization (Eds. Shijie
Wang, J. E. Dutrizac, Michael L. Free, James Y. Hwang, Daniel Kim) TMS 2012

14. SYED S., (Editor), Silver Recovery from assorted spent sources: toxicology of silver ions. New
Jersey, Word Scientific, 2018

15. SYED, S., Silver recovery aqueous techniques from diverse sources: Hydrometallurgy in recycling.
WasteManagement,2016.50, pp.234-56. https://doi.org/10.1016/j.wasman.2016.02.006

16. VEGLIO, F., Overview on hydrometallurgical procedures for silver recovery from various wastes,
Journal of Environmental Chemical Engineering, Volume 6, Issue 2, April 2018, Pages 2932-2938;

17. SITKO, J., Analysis of selected technologies of precious metal recovery processes MAPE 2019,
volume 2, issue 1, pp. 72-80, doi:10.2478/mape-2019-0007

18. NAKIBOGLU, N., TOSCALLI, D., NISLI, G., A novel silver recovery method from waste photo-
graphic films with NaOH Stripping

19. FATIMAH, S.S., SISWANINGSIH, W., KUSRIJADI, A., SHALAHUDDIN, F.A., Silver Recovery
from X-ray Film Waste by Leaching and Precipitation Method Using Sodium Hydroxide and Sodium,
Jurnal Kimia Valensi, 2020 Vol 6(1), May, 62-69, DOI: 10.15408/jkv.v6i1.13648

20. YAZICI, E.Y., YILMAZ, E, AHLATCI, F., CELEP, O., DEVECI, H., Recovery of silver from
cyanide leach solutions by precipitation using Trimercapto-s-triazine (TMT), Hydrometallurgy, 2017,
Volume 174, Pages 175-183, DOI:10.1016/j.hydromet.2017.10.013

21.BEHNAMFARD, A, SALARIRAD, M.M, VEGLIO, F., Process development for recovery of copper
and precious metals from waste printed circuit boards with emphasize on palladium and gold leaching
and precipitation, Waste Management, 2013 33(11), 2354-2363,

DOI10.1016/j.wasman.2013.07.017

22.PAIVA, AP., Review of recent solvent extraction studies for recovery of silver from aqueous
solutions, Solvent Extraction and lon Exchange VVolume 18, 2000 - Issue 2 Pages 223-271,
DOI:10.1080/07366290008934680

23.CHO, S.Y., LEE, W.G., SUN, P.P., Solvent Extraction Separation of Silver(l) and Zinc(Il) from
Nitrate Leach Solution of Spent Silver Oxide Batteries with D2EHPA 2019 Volume 60 Issue 6 Pages
1090-1095 DOI:10.2320/matertrans.M2018394

24. BEHBAHANI, M., NAJAFI, F., AMINI, M.M., SADEGHI, O., BAGHERI, A., HASSANLOU,
P.G., Solid phase extraction using nanoporous MCM-41 modified with 3,4-dihydroxybenzaldehyde for
simultaneous preconcentration and removal of gold(l11), palladium(ll), copper(ll) and silver(l), J. Ind.
Eng. Chem., 2014, 20(4), 2248-2255, DOI:10.1016/j. jiec.2013.09.057

25. ROSS, A., MUNOZ, M., ROTSTEIN, B.H. SUURONEN, EJ., ALARCON, E.I., A low cost and
open access system for rapid synthesis of large volumes of gold and silver nanoparticles, Sci Rep 2021,
11, 5420. DOI 10.1038/s41598-021-84896-1

26. MUSTAFA, S., LATIF, E., MEHMET, D., A sorbent extraction procedure for the preconcentration
of gold, silver and palladium on an activated carbon column, Analytical Letters, 2000, 33, 513-525;
27. OMRI, A., BENZINA, M., Adsorption characteristics of silver ions onto activated carbon prepared
from almond shell Desalination and Water Treatment 2012, 51(10-12),
DOI:10.1080/19443994.2012.734585

Rev. Chim., 73 (2), 2022, 17-32 28 https://doi.org/10.37358/RC.22.2.8516



https://revistadechimie.ro/
https://doi.org/10.37358/Rev

Revista de Chimie @ @

https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

28. SONG, X, GUNAWAN P, JIANG R, LEONG SSJ, WANG K, XU R., Surface activated carbon
nanospheres for fast adsorption of silver ions from aqueous solutions. J. Hazard. Materials, 2011,
194:162-168, DOI: 10.1016/j.jhazmat.2011.07.076;

29. GHASSABZADEH, H., MOHADESPOUR, A., TORAB-MOSTAEDI, M., ZAHERI, P.,
MARAGHEH, M.G., TAHERI. H., Adsorption of Ag, Cu and Hg from aqueous solutions using
expanded perlite, Journal of J. Hazard. Mater., 2010, 177(1-3):950-955,

DOI:10.1016/j. jhazmat.2010.01.010

30. CORUH, S., SENEL, G., ERGUN, O.N., A comparison of the properties of natural clino-ptilolites
and their ion-exchange capacities for silver removal, J. Hazard. Mater 2010,180 (1- 3):486-492,
DOI:10.1016/j.jhazmat.2010.04.056

31. SAN, A., TUZEN, M., Adsorption of silver from aqueous solution onto raw vermiculite and
manganese oxide-modified vermiculite. Microporous and Mesoporous Materials, 2012, 170, 155-163,
DOI:10.1016/j.micromeso0.2012.12.004

32. VIROLAINEN S, TYSTER M, HAAPALAINEN M, SAINIO T., lon exchange recovery of silver
from concentrated base metal-chloride solutions. Hydrometallurgy, 152, 100-106, 2015,
DOI:10.1016/j.hydromet.2014.12.011

33. GABOR, A., DAVIDESCU, C.M., NEGREA, A., CIOPEC, M., MUNTEAN, C., NEGREA, P.,
IANASI, C., BUTNARIU, M., Magnesium silicate doped with environmentally friendly extractants used
for rare earth elements adsorption, Desalinitation and water treatment, 2017, februarie, 63, pp. 124-134;
34. GABOR, A., DAVIDESCU, C.M., NEGREA, A., CIOPEC, M., BUTNARIU, M., IANASI, C.,
MUNTEAN, C., NEGREA, P., Lanthanium separation from aqueous solutions using magnesium silicate
functionalized with tetrabutylammonium dihydrogen phosphate, J. Chem. Eng. Data, 2015, 61, pp. 535-
542;

35. GABOR, A., DAVIDESCU, C.M., NEGREA, A., CIOPEC, M., LUPA L., Behaviour of silica and
florisil as solid supports in the removal process of As(V) from aqueous solutions, Journal of Analytical
Methods in Chemistry, 2015, pp. 1-9;

36. FU, L., ZHANG, L., WANG, S., PENG, J., ZHANG, G., Selective adsorption of Ag+ by silica
nanoparticles modified with 3-Amino-5-mercapto-1,2,4-triazole from aqueous solutions. Journal of
Molecular Liquid, 241, 292-300, 2017,

37 JINTAKOSOLA, T., NITAYAPHAT, W., Adsorption of Silver (I) From Aqueous Solution Using
Chitosan/Montmorillonite Composite Beads, Materials Research., 19(5): 1114-1121, 2016,
DOI:10.1590/1980-5373-MR-2015-0738

[38] PASCU, B., ARDEAN, C., DAVIDESCU, C.M., NEGREA, A., CIOP, M., DUTEANU, N.,
NEGREA, P., RUSU, G., Modified Chitosan for Silver Recovery-Kinetics, Thermodynamic, and
Equilibrium Studies. Mater., 2020, 13(3), 657. DOI:10.3390/ma13030657

39. HUO, H., SU, H, TAN, T. Adsorption of Ag+ by a surface molecular imprinted biosorbent. Chem.
Eng. Journal, 150(1), 139-144, 2009, DOI:10.1016/j.cej.2008.12.014

40. DAS, D., DAS, N., MATHEW, L. Kinetics, equilibrium and thermodyamic studies on biosorption
of Ag(l) from aqueous solution by macrofungus Pleurotus platypus, J. Hazard. Materials, 2010, 184(1-
3), 765-774, DOI:10.1016/j.jhazmat. 2010.08.105

41. ZHANG, B., WANG, S,, FU, L., ZHAO, J., ZHANG. L., Peng, J., Selective Adsorption of Silver
lons from Highly Acidic Aqueous Solutions by Polymers Containing Multiple Sulfur Groups. Water Air
Soil Pollut 2018, 229, 199. DOI:10.1007/s11270-018-3849-3I;

42. HAN, J., LIU, X., YU, Z.,, HE, X., XU, N. X, Solvent-regulated assemblies and guest-adsorption
properties of Ag(l) coordination polymers with p-phenylenediacetonitrile. Inorganica Chimica Acta,
2016, 442, 124-133;

43. SUN, Q., LI, Y., TANG, T., YUAN, Z., YU, C.P., Removal of silver nanoparticles by coagulation
processes, J. Hazard.Mater., 2013, 261:414-420, DOI:10.1016/j. jhazmat.2013.07.066

Rev. Chim., 73 (2), 2022, 17-32 29 https://doi.org/10.37358/RC.22.2.8516


https://revistadechimie.ro/
https://doi.org/10.37358/Rev

Revista de Chimie @ @

https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

44, SALIH., H.A. EL BADAWY, T., TOLAYMAT, PATTERSON, C., Removal of stabilized silver
nanoparticles from Surface Water by Conventional Treatment Processes. Advances in Nanoparticles.
Scientific Research Publishing, Inc., Irvine, CA, 2019, 8(2):21-35, DOI;10.4236/anp.2019.82002

45. BORTOLI, L. D., PALACIO, S.M., HERMES, E., ZENATTI, D.C., VEIT M.T., CAMPOS E.A,,
Removal of silver nanoparticles coated with different stabilizers from aqueous medium by electro-
coagulation, Environmental Technology, 2020, 41:9, 1139-1150,

DOI: 10.1080/09593330.2018.1521877

46.AL HAIQ, O., BIN MOKAIZH, A.A., BINTI HAJI SHARIFFUDDIN, J. H., Low-calcination
temperature to synthesize A-alumina from aluminium waste can using sol-gel method, IOP Conf. Series:
Earth and Environmental Science, 2021 641, 012023. DOI:10.1088/1755-1315/641/1/012023
47.RUTKOWSKA, I, MARCHEWKA, J, JELEN, P., ODZIOMEK, M., KORPYS, M,
PACZKOWSKA, J., SITARZ, M., Chemical and structural characterization of amorphous and
crystalline alumina obtained by alternative sol-gel preparation routes. Materials 2021, 14,
DOI:10.3390/mal14071761

48. MESHCHERYAKOV, E.P., RESHETNIKOV, S.I. SANDU, M.P., KNYAZEV, A.S., KURZINA,
I.A. EfficientyAdsorbent-Desiccant Based on Aluminium Oxide. Appl. Sci. 2021, 11(6), 2457

49. VAHIDI, G., D. BAJWA, S., SHOJAEIARANI, J., STARK, N., DARABI, A., Advancements in
traditional and nanosized flame retardants for polymers. A review, J. Appl. Polym. Sci. 2021; 138:1-14,
DOI:10.1002/app.50050

50. SHAFIQ, 1., SHAFIQUE, S., PARVEEN A., YANG, W., HUSSAIN, M., Recent developments in
alumina supported hydrodesulfurization catalysts for the production of sulfur-free refinery products: A
technical review, Catalysis Reviews, 2020, 1-86, DOI1:10.1080/01614940.2020.1780824

51. WANG, L., SHI, C., WANG, L., PAN, L., ZHANG, X., ZOU, J., Rational design, synthesis,
adsorption principles and applications of metaloxide adsorbents: A review. Nanoscale 2020, 12, 4790—
4815

52. HAMI, H. K., ABBAS, R.F., ELTAYEF, E. M., MAHDI N.I., Applications of aluminum

oxide and nano aluminum oxide as adsorbents: review, Samarra J. Pure Appl. Sci. 2020, Vol. 2, No. 2,
19-32

53. BUSCA, G., Silica-alumina catalytic materials: A critical review, Catalysis Today, Vol. 357, Nov.
2020, Pages 621-629

54. ABYZOV, A.M., Aluminum Oxide and Alumina Ceramics (review). Part 1. Properties of Al203
and commercial production of dispersed Al,Oz. Refract Ind Ceram 60, 24-32 (2019).
DOI:10.1007/s11148-019-00304-2;

55.ABYZOV, A.M., Aluminum oxide and alumina ceramics (Review). Part 2. Foreign Manufacturers
of Alumina Ceramics, Technologies and Research in the Field of Alumina

Ceramics. 60, 3342 (2019). DOIL10.1007/s11148-019-00305-1

56.ABYZOV, A.M., Oxide and alumina ceramics (Review). Part 3. Russia manufacturers of alumina
ceramics. 60, 183-191 (2019). DOI:10.1007/s11148-019-00333-x

57.NIKOOFAR, K., SHAHEDI, Y., CHENARBOO, F.J., Nano Alumina Catalytic Applications in
Organic Transformations, Mini-Reviews in Organic Chemistry Volume 16, Issue 2, 2019, pp 102-110
DOI:10.2174/1570193X15666180529122805

58.XIE, Y., KOCAEFE, D., KOCAEFE, Y. CHENG.J, LIU, W., The Effect of Novel Synthetic
Methods and Parameters Control on Morphology of Nano-alumina Particles. Nanoscale Res Lett., 2016,
11, 259. DOI:10.1186/s11671-016-1472-z1

59. BUSCA, G., The surface of transitional aluminas: A critical review, Catalysis Today, 2014, Volume
226, 1, Pages 2-13 https://doi.org/10.1016/j.cattod.2013.08.003

60. TRUEBA, M., TRASATTI, S.P., y-Alumina as a Support for Catalysts: A Review of Fundamental
Aspects, Eur. J. Inorg. Chem. 2005, 3393-3403. DOI: 10.1002/ejic.200500348

Rev. Chim., 73 (2), 2022, 17-32 30 https://doi.org/10.37358/RC.22.2.8516


https://revistadechimie.ro/
https://doi.org/10.37358/Rev

Revista de Chimie @ @

https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

46.AL HAIQ, O., BIN MOKAIZH, A.A., BINTI HAJI SHARIFFUDDIN, J. H., Low-calcination
temperature to synthesize A-alumina from aluminium waste can using sol-gel method, IOP Conf. Series:
Earth and Environmental Science, 2021 641, 012023. DOI:10.1088/1755-1315/641/1/012023
47.RUTKOWSKA, I.., MARCHEWKA, J., JELEN, P., ODZIOMEK, M., KORPYS, M,
PACZKOWSKA, J., SITARZ, M., Chemical and structural characterization of amorphous and
crystalline alumina obtained by alternative sol—gel preparation routes. Materials 2021, 14,
DOI:10.3390/mal14071761

48. MESHCHERYAKOV, E.P., RESHETNIKOV, S.I. SANDU, M.P., KNYAZEV, A.S., KURZINA,
I.A. EfficientyAdsorbent-Desiccant Based on Aluminium Oxide. Appl. Sci. 2021, 11(6), 2457,

40. VAHIDI, G., D. BAJWA, S., SHOJAEIARANI, J., STARK, N., DARABI, A., Advancements in
traditional and nanosized flame retardants for polymers. A review, J. Appl. Polym. Sci. 2021; 138:1-14,
DOI:10.1002/app.50050

50. SHAFIQ, I., SHAFIQUE, S., PARVEEN A., YANG, W., HUSSAIN, M., Recent developments in
alumina supported hydrodesulfurization catalysts for the production of sulfur-free refinery products: A
technical review, Catalysis Reviews, 2020, 1-86, DOI:10.1080/01614940.2020.1780824

51. WANG, L., SHI, C., WANG, L., PAN, L., ZHANG, X., ZOU, J., Rational design, synthesis,
adsorption principles and applications of metaloxide adsorbents: A review. Nanoscale 2020, 12, 4790
4815;

52. HAMI, H. K., ABBAS, R.F., ELTAYEF, E. M., MAHDI N.I., Applications of aluminum oide and
nano aluminum oxide as adsorbents: review, Samarra J. Pure Appl. Sci. 2020, Vol. 2, No. 2, 19-32;

53. BUSCA, G., Silica-alumina catalytic materials: A critical review, Catalysis Today, Vol. 357, Nov.
2020, Pages 621-629.

54. ABYZOV, A.M., Aluminum Oxide and Alumina Ceramics (review). Part 1. Properties of Al,Oz and
commercial production of dispersed Al.O3. Refract Ind Ceram 60, 24-32 (2019),
DOI:10.1007/s11148-019-00304-2

55. ABYZOV, A.M. Aluminum oxide and alumina ceramics (Review). Part 2. Foreign Manufacturers
of Alumina Ceramics, Technologies and Research in the Field of Alumina Ceramics. 60, 3342 (2019).
DOIL10.1007/s11148-019-00305-1

56. ABYZOV, A.M., Oxide and alumina ceramics (Review). Part 3”, Russia manufacturers of alumina
ceramics. 60, 183-191 (2019). DOI:10.1007/s11148-019-00333-x;

57.KOBRA NIKOOFAR, K., SHAHEDI, Y., CHENARBOO, F.J., “Nano Alumina Catalytic
Applications in Organic Transformations”, Mini-Reviews in Organic Chemistry VVolume 16, Issue 2,
2019, pp 102-110

DOI: 10.2174/1570193X15666180529122805

58. XIE, Y., KOCAEFE, D., KOCAEFE, Y., CHENG.J.,, LIU, W., The Effect of Novel Synthetic
Methods and Parameters Control on Morphology of Nano-alumina Particles. Nanoscale Res Lett.,
2016,11, 259. DOI:10.1186/511671-016-1472-7;

59. BUSCA, G., The surface of transitional aluminas: A critical review, Catalysis Today 2014 Volume
226, 1, Pages 2-13 https://doi.org/10.1016/j.cattod.2013.08.003

60. TRUEBA, M., TRASATTI, S.P., y-Alumina as a Support for Catalysts: A Review of Fundamental
Aspects, Eur. J. Inorg. Chem. 2005, 3393-3403. DOI: 10.1002/ejic.200500348

61. VASILE, B.S., DOBRA, G, ILIEV, S., COTET, L., NEACSU, I.,A., NICOARA, A.l., SURDU,
V.A.; BOIANGIU, A., FILIPESCU, L., Thermally Activated Al(OH)s: Part I. Morphology and Porosity
Evaluation, Ceramics 2021, 4, 265-277, DOI:10.3390/ceramics402002

62. VASILE, B.S., DOBRA, G, ILIEV, S., COTET, L., NEACSU, LLA., NICOARA, A.l., SURDU,
V.A., BOIANGIU. A. FILIPESCU, L., Thermally-Activated AI(OH)s part 11 - effect of different thermal
treatments, Ceramics 2021, 4, 564-575. DOI:10.3390/ceramics4040040

Rev. Chim., 73 (2), 2022, 17-32 31 https://doi.org/10.37358/RC.22.2.8516


https://revistadechimie.ro/
https://doi.org/10.37358/Rev

Revista de Chimie @ @

https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

63. DOBRA, G., ILIEV, S., COTET, L., BOIANGIU, A., BUSILA, I, VASILE, B.S., NEACSU, LA,
NICOARA, A.l,, SURDU, V.A., FILIPESCU, L., Technical properties and uses of the aluminum
hydroxide, dried, milled and classified, Journal of Siberian Federal University. Engineering and
Technologies, 2022 (under press)

64. ISOPESCU, R., DOBRA, G., ILIEV, S., COTET, L., BOIANGIU, A, FILIPESCU, L., Kinetic
modelling for thermal decomposition of the aluminum hydroxide dried, milled and classified, U.P.B.
Sci. Series Chemistry, 2022 (under press)

65. DOBRAG., ILIEV S.,BOIANGIU A.,HULKA ., KIM L., CATRINA G.A., FILIPESCU L., Heavy
metals as impurities in the Bayer production cycle of the aluminum hydroxide from Sierra Leone
Bauxite. Preliminary study, J. Sib. Fed. Univ. Engineering & S. Technologies, 2021, Vol. 14(.2), P.151-
165

66. DOBRA G., GARCIA-GRANDA S., ILIEV S., COTET L., HULKA 1., NEGREA P., DUTEANU
N., BOIANGIU A., FILIPESCU L., Aluminum hydroxide impurities occlusions and contamination
sources, Rev. Chim., 71(9), 2020, 65-76

67.D0BRA, G., ILIEV, S., ANGHELOVICI, N., L. COTET, L., FILIPESCU L., Impurities
Accumulation on the Surface of Alumina Hydrate Particles in Bayer Technology, Rev. Chim., 70(2),
2019, 355-360

68. DOBRA, G., ILIEV, S., BADILITA,, G., L. COTET, L., FILIPESCU L., BOIANGI U, A,
Identification of the crystalline and amorphous phases in the dried raw alumina hydroxide.U.P.B. Sci.
Bull., 2019, Series B, Vol. 81, Iss. 4, 163-174.

69. VIEIRA, J.C., SOARES, L.C., FROES-SILVA, R.E.S., Comparing chemometric and Langmuir
isotherm for determination of maximum capacity adsorption of arsenic by a biosorbent, Microchem.
Journal, 2018, 137 ,324-328, DOI:10.1016/j.microc.2017.11.005.

70. CHEN, X., Modeling of experimental adsorption isotherm data, Information 2015, 6 (1), 14-22;
d0i:10.3390/info6010014

71. CARVAJAL-BERNAL, A.M., GOMEZ-GRANADQS, F., GIRALDO, L., MORENO-PIRAJAN,
J.K., Application of the Sips model to the calculation of maximum adsorption capacity and immersion
enthalpy of phenol aqueous solutions on activated carbons, European Journal of Chemistry, 2017, 8(2),
112-118; DOIL:10.5155/eurjchem.8.2.112-118.1556

72.HO, Y. S., MCKAY, G., A comparison of chemisorption kinetic models applied to pollutant removal
on various sorbents, Institution of Chemical Engineers, Trans IChemE, Vol 76, Part B, November 1998;
73. LAGERGREN, S., About the theory of so-called adsorption of soluble substances. Kungliga Svenska
Vetenskapsakademiens Handlingar, 1898, 24(4), 1 — 39;

74. HO, Y.S., Review of second-order models for adsorption systems. J. Hazard. Mater. 136(3), 681
689, 2006

Manuscript received: 30.01.2022

Rev. Chim., 73 (2), 2022, 17-32 32 https://doi.org/10.37358/RC.22.2.8516


https://revistadechimie.ro/
https://doi.org/10.37358/Rev

