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PREFACE

Rare Metal Technology 2014 is the proceedings of the symposium on Rare Metal Extraction & Processing,
which was initiated by the Hydrometallurgy and Electrometallurgy Committee of the Extraction &
Processing Division (EPD) of TMS (The Minerals, Metals & Materials Society). The Pyrometallurgy
Committee of EPD is a co-sponsor of this symposium. The following international metallurgical societies
are also co-sponsors of this symposium: Associacdo Brasileira de Metalurgia, Materiais e Mineracido —
ABM, Chinese Society for Metals, The Metallurgy and Materials Society of CIM, and The Institute of
Materials, Minerals and Mining. The symposium has been organized to encompass the extraction of rare
metals as well as rare extraction processing techniques used in metal production.

The intent of the symposium was to avoid conflicts with major international symposiums during 2013-2014
such as the International Hydrometallurgy Conference and International Precious Metals Conference, while
covering the extraction of rare metals, that is, less common metals or minor metals, not covered by other
TMS symposia. The elements considered included antimony, bismuth, barium, beryllium, boron, calcium,
chromium, gallium, germanium, hafnium, indium, manganese, molybdenum, platinum group metals, rare
earth metals, rhenium, scandium, selenium, sodium, strontium, tantalum, tellurium, tungsten, etc. These
are rare metals of low-tonnage sales compared to high-tonnage metals such as iron, copper, nickel, lead,
tin, and zinc; or light metals such as aluminum, magnesium, or titanium and electronic metalloid silicon.
Rare processing includes bio-metallurgy, hydrometallurgy, and electrometallurgy, as well as extraction
of values from EAF dusts and less-common waste streams not discussed in recycling symposiums. Rare
high-temperature processes represented in this volume include microwave heating, solar—thermal reaction
synthesis, and cold crucible synthesis of the rare metals and the design of extraction equipment used in
these processes as well as laboratory and pilot plant studies.

The present proceedings cover about 20 rare metal elements and 15 rare earth elements. Uses of orange
juice waste and shellfish waste in extractive metallurgy befit the rare processing title. Recovery of rare
elements includes recoveries of indium from LCD monitors and other recycling of rare earth elements.
The symposium is organized into sessions encompassing:

Metalloids and Rare Metal Extraction Process
Indium, Moly, and Tungsten Metallurgy
Calcium and Rare Earth Metallurgy
Titanium, Lithium, Yttrium, and Zirconium
Rhenium, Tin, Vanadium, and SX Processing
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We appreciate valuable inputs from Tom Battle, Adrian Deneys, Mike Free, V. Ramachandran, and Trudi
Dunlap at the initial stages of formulating the symposium and in obtaining co-sponsorship worldwide. We
acknowledge the efforts by the organizing and editing team consisting of Neale R. Neelameggham, Shafiq
Alam, Harald Oosterhof, Animesh Jha, and Shijie Wang. Our thanks to Trudi Dunlap and Patricia Warren
of TMS in assembling the proceedings.
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University of Aeronautics and Astronautics, Beijing, China.

Dr. Neelameggham holds 13 patents and a patent application on boron production and has several technical
papers to his credit. As a member of TMS, AIChE, and a former member of American Ceramics Society,
he is well versed in energy engineering, bio-fuels, rare-earth minerals and metal processing and related
processes. Dr. Neelameggham has served in the Magnesium Committee of the TMS Light Metals Division
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2008. Dr. Neelameggham holds a doctorate in extractive metallurgy from the University of Utah. He has
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ADSORPTIVE RECOVERY OF ANTIMONY (111, V) USING METAL-LOADED ORANGE JUICE
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Abstract

Orange juice residue, a biomass waste, was saponified with
calcium hydroxide to prepare an adsorption gel rich in pectic acid.
The gel was subsequently loaded with high valence metal ions
such as Zr(IV) and Fe(Ill) to improve the adsorption behavior
towards anionic species such as antimonite (Sb(III)) and
antimonate (Sb(V)). From the adsorption isotherm test, the
maximum adsorption capacity of the Zr(IV)-loaded gel was
evaluated as 0.94 and 1.19 mmol/g for Sb(Ill) and Sb(V),
respectively, while that of the Fe(lll)-loaded gel was 1.12 and
1.19 mmol/g for Sb(III) and Sb(V), respectively. The interference
of coexisting anionic species such as chloride and sulfate on the
adsorption of both Sb(IIT) and Sb(V) were found to be negligible.
The adsorbed Sb(Ill) and Sb(V) was desorbed using an acidic
solution along with the loaded metal ions, Zr(IV) and Fe(III). The
desorbed Sb(IIl) and Sb(V) were selectively recovered as sulfide
precipitates with the addition of sodium sulfide.

Introduction

Antimony, rare metal element, has seen extensive use in lead
alloys, battery grids, bearing and power transmission equipment,
ammunition, sheets and pipes. It also has found use in the
production of semiconductors in the form of intermetallic
compounds. Consequently, the significant environmental impact
of mining antimony must be minimized through an effective and
economic recovery method from various waste water or effluents
containing low or trace concentrations of antimony. In addition,
the presence of antimony in the environment has been a major
concern due to its toxicity to many forms of life. It is well known
that the most favored state in water is the pentavalent antimonate
oxoanion, Sb(OH)4", while the other common inorganic form of
antimony is antimonite, Sb(OH);. A number of methods have
been proposed and reported for the removal or recovery of
antimony which include reduction and precipitation, solvent
extraction, ion exchange and adsorption. Although adsorption of
antimony has been studied by many authors, the adsorbents
reported by these authors are expensive and time consuming. At
this juncture, adsorption of antimony using agricultural by-
products or biomass wastes has emerged as an option for the
development of an economical, efficient and eco-friendly
recovery method. It should be noted that selective separation of
the oxo-anionic species of antimony as well as arsenic and
phosphorus from other anionic species such as sulfate, chloride,
etc. has proven difficult as such anionic species typically coexist
in water in excess concentrations, thereby posing problematic for
the well known Hoffmeister series of anion exchange. Therefore,
for such cases it has been recommended to employ cation
exchange materials such as commercially available cation
exchange resins after loading with multi-valent cationic metal ions
possessing a high affinity to the oxo-anionic species.

(8}

From such a viewpoint, the authors have developed an economical
and environmentally benign adsorption gel from orange juice
residue, an abundant agricultural by-product, obtained after the
simple chemical treatment of saponification. In the juice factory,
orange juice is produced by mechanically crushing whole orange;
consequently, the residue contains both of outside thick peel skin
and inside thin one. Orange juice residue has around 10 and
several % pectin which is a carboxylated polysaccharide, in which
pectic acid is partly esterified by the methyl group. It can be casily
converted into pectic acid by saponification with alkaline
materials such as calcium hydroxide. In our previous papers [1,2],
the saponified orange juice residue, abbreviated as SOJR hereatfter,
was found to function as a natural cation exchanger as well as
pure pectic acid. Consequently, metal loaded SOJR can be also
expected to be employed as an adsorption gel for some anionic
species [3-5]. In the present study, focus has been drawn toward
assessing the potential of the aforementioned gel for the recovery
of low concentrations of antimony from waste water by
examining the effect of pH, sorption capacity, and influence of
coexisting anions.

Experimental

The SOJR was prepared from crude orange juice residue kindly
donated by JA Saga Beverage Co. Ltd., Japan, according to the
saponification reaction shown in Scheme 1, the details of which
are described in previous papers [1.3-3].

COOCH; coOCa
O,
\ Ca(OH), \
Q H OH
OH n OH n

Scheme 1. Saponification of the methyl ester portion of orange
pectin with lime water to produce SOJR.

The preparation of Fe(III)-loaded SOJR gel was carried out by
exchanging Ca®" jons in SOJR with Fe’* ion as follows.
Approximately 5 g of SOJR was equilibrated with 1000 ml of
FeCl; solution for 24 h at a pH of 2.7 at 30°C. The suspension
was then filtered and washed with deionized water until a neutral
pH was obtained. followed by drying in an oven at 60°C for about
2 days to obtain the Fe(IlI)-loaded SOJR gel. Zr(1V)-loaded SOJR
was prepared in a similar manner using ZrOCl, at a pH of 2.5.
The loaded amounts of Fe(IIl) and Zr(IV) were evaluated as 1.87
and 1.40 mmol/g, respectively.

All adsorption tests were carried out batch-wise at 30 °C. The
adsorption of Sb(IIl) and Sb(V) were carried out individually to
examine the adsorption behavior of the metal-loaded SOJR gels
towards antimony. Adsorption of antimony as a function of pH
was first examined in a series of experiments where the initial



concentration of Sb(Ill) and Sb(V) were maintained constant (15
mg/l) at varying pH. Adsorption isotherms were examined by
varying the concentration of antimony at the optimum pH thus
determined. All batch adsorption experiments were carried out in
50 ml conical flasks by taking 25 mg (dry weight) of the gel
together with 15 ml of the antimony solution. The flasks were
then shaken in a thermostat equipped shaker (THOMAS
thermostatic shaking incubator AT24R) maintained at 30°C and
140 rpm for approx. 24 h to attain equilibrium. After 24 h, the
* suspensions were filtered through a 1 pm filter paper and their
equilibrium  concentrations were measured. The quantity of
adsorbed Sb(Ill) and Sb(V) was calculated from the decrease in
antimony concentration.

Batch-wise adsorption tests were carried out for the actual effluent
generated in the production of polyester fiber which contained
trace concentrations of antimony. This actual solution was kindly
provided by Mitsuya Co. Ltd., Fukui, Japan.

The pH of all the sample solutions was measured using a DKK-
TOA model HM-25G pH meter. The concentrations of antimony
as well as other metal ions were measured using a Shimadzu
model ICPS-8100 ICP/AES spectrometer.

Results and Discussion

Effect of pH

The plots of % adsorption of Sb(III) on Fe(II1)- and Zr(IV)-loaded
SOJR as well as that of % leakage of the loaded metal ions are
shown at varying equilibrium pH in Fig 1. Quantitative adsorption
of Sh(Ill) is observed over a wide pH range for both adsorbents:
i.e. pH = 3~11 for Zr(IV)-loaded SOJR and 3~7 for Fe(I1I)-loaded
SOJR. The decrease in the adsorption at high pH may be
attributable to the anion exchange with hydroxyl ion as will be
described later. The leakage of the loaded metal ions is negligible
except for low pH range; i.e. it is observed at pH lower than 2 and
3 for Zr(IV)- and Fe(Ill)-loaded SOIR, respectively. The slight
decrease in the adsorption of Sb(III) at pH lower than 3 may be
attributable to the partial leakage of the loaded metal ions.
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Figure 1. Effect of equilibrium pH on the adorption of Sb(III) onto
the Fe(Ill)- and Zr(IV)-loaded SOJR and on the leakage of the
loaded metal ions.

Comparatively, the plots of % adsorption of Sb(V) on Fe(Ill)- and
Zr(IV)-loaded SOJR is shown in Fig 2 as a function of
equilibrium pH. In this case, the effect of pH appears more
pronounced compared with the case of Sb(III).
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Figure 2. Effect of equilibrium pH on the adorption of Sb(V) onto
the Fe(IlI)- and Zr(IV)-loaded SOJR and on the leakage of the
loaded metal ions.

Adsorption isotherms

The adsorption isotherms of both Sb(IIl) and Sb(V) were
measured for each adsorbent as shown in Fig. 3 as plots of
equilibrium concentration adsorbed, ¢, against the equilibrium
solute concentration, Ce, at their optimum pH range observed in
Figs.1 and 2 as stated in this figure. Evident from this figure is
that the amount of adsorption increases with increasing
equilibrium concentration within the low concentration range
while it appears to tend to approach constant values corresponding
to each species and adsorbent in the high concentration range as
expected from the Langmuir’s adsorption isotherm. Consequently,
the observed adsorption isotherms were analyzed according to the
Langmuir equation expressed by Eq.(1) to evaluate the adsorption
parameters.

Cerg=Ce/q..+ 1/(bq.) (1)

where Ce is the equilibrium concentration (mmol/l), ¢ is the
amount adsorbed at equilibrium (mmol/g), and ¢ ., and b are the
maximum adsorption capacity (mmol/g) and adsorption
equilibrium constant (I/mg), respectively.

The replots of the data shown in Fig.3 are illustrated in Figs. 4 and
5 for the adsorption on the Zr(IV)- and Fe(IIl)-loaded SOIR,
respectively. In both figures, the plots appear to cluster on straight
lines as expected from Eq.(1). From the slopes and intercepts with
the ordinate of these straight lines, the values of the maximum
adsorption capacities and adsorption equilibrium constants were
evaluated, respectively, as listed in Table I.



