CH:A(FI^(R-V

<^covery ofgo(cC

CHAPTER-V
RECOVERY OF GOLD FROM ELECTROPLATING WASTES
USING EGGSHELL MEMBRANE
5.1. Introduction
According to the World Gold Council, the demand for gold has shown
an increasing trend during the last decade [1]. This increase is not only due to
the jewelry market, but also due to the increasing uses of gold in industrial, as
well as in medical applications [2]. This has shifted attention toward the
development of novel methods of gold recovery, not only from its ore, but also
from industrial wastes and mine tailings. Gold recycling from scraps and leach
residues has also raised much interest [3]. Several of these processes involve
the use of chloride media, such as chlorine leaching [2, 3]. In addition, most of
these liquors are known to be composed of complex mixtures of several metal
ions. For example, gold mine tailings have been known to contain different
ions such as: copper (Cu), lead (Pb), iron (Fe), and zinc (Zn), as well as
calcium (Ca) and magnesium (Mg), and it is not unusual for other metal mine
tailings to contain gold (Au) [4-6]. Thus, there is the need to develop an
economical, efficient and environmentally safe process to recover gold from
such solutions.
Hydroprocessing has been widely utilized for the recovery of gold from
electronic scrap and includes (i) adsorption by ion exchange resin [7-8], (ii)
solvent extraction [9-10] and (iii) gold precipitate reduced by reagents.
However, these current recovery processes require much labor and time at
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high cost. Furthermore, a large amount of secondary wastes is generated,
resulting from the addition of chemical agents for precipitation and reduction
in the processes. Therefore, there is a need to develop a low-cost system,
generating little secondary waste, to recover gold from scrap/wastes.
There has lately been a growing interest in biosorption, which is a
property of certain types of inactive, dead, microbial biomass materials to bind
and concentrate metal ions from aqueous solutions [11, 12] These biomass
materials are relatively inexpensive and available in large quantities
worldwide.
Eariier investigations have shown that eggshell membrane (ESM) is
capable of binding various metal ions from aqueous solutions [13, 14]. The
ESM (consisting of protein fibers) resides between the egg white and the
inner surface of the eggshell. The ESM is an intricate lattice network of stable
and water-insoluble fibers and has very high surface area with homogeneity
[13, 15]. The ESM is suggested to be the part where eggshell fomnation
occurs, and it is thought to be a model for biomineralisation [16]. Since the
ESM materials are available in large quantities as a by-product of egg
industry, its potential utilization as a metal biosorbent is of interest.
In this study, sorption of gold by the ESM was examined. In addition,
selective gold recovery from electroplating waste solutions was investigated in
a flow through sorption column and batch system.

5.2. Materials and methods
5.2.1. Preparation of ESIM particles
ESM was mechanically stripped from the shell after immersion of the
hen eggshell, which was obtained commercially, in 0.5M HCI overnight to
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form milky white colour solution and then further in 0.1 M NaOH for 1 h
followed by rinsing with distilled water 10 times.
In the case of column and batch experiments, dried materials was
ground in the mortar in presence of liquid nitrogen and sieved. Three different
fractions were collected: fraction 1 (<425 microns), fraction 2 (<355 microns)
and fraction 3 ( >425microns). The dry weight samples (fraction 1-3) were
used as the adsort}ents.

5.2.2. Chemicals and metal solutions
The electroplating gold bath containing 700mg/l was used for the gold
removal studies using ESM as the adsorbent.

5.2.3. Sorption experiments
Two approaches were made in the recovery procedure namely batch
and column methods.
In the "column" procedure, the crushed ESM powder-packed mini
column (diameter 1.5 cm, length 5 cm) with 425 microns particles were tried.
A flow rate of 0.5 ml/min was maintained and the effluent was analyzed. The
column sorption experiments were perfomied at 25°C.
The concentration of gold was determined by Atomic Absorption
Spectrophotometer (Perkin Elmer Analyst 800).

5.3. Results and Discussion
Sorption ability of eggshell membrane (ESM) for gold has been tried
through batch and column method and the results are presented in Tables
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5.1-5.4. In the case of batch adsorption eggshell membrane filled to a
horizontal length of 5cm with different size of ESM, around 83% gold removal
is obtained with <325 microns filled ESM. However with the bigger ESM size
particles the adsorption is only 72.6% and 57.15% for <425 and >425 micron
particles.
Similar results with 10 cm horizontal length batch cell indicate the same
trend but with more efficiency of gold removal. The results are explained in
temns of increased surface area and longer contact times. Similarly the results
for column method are presented in Tables 5.3 and 5.4. The column method
seem to be less effective under the experimental conditions than the batch
method.
Similar type of recovery process of gold from plating bath will be highly
useful and can be concentrated and reused by proper incineration of the
ESM [17].
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Table 5.1 Effect of powdering of ESM and its particle size on the sorption
of gold by batch method (5cm length)
S.No

Particle size (microns)

% of removal of gold

1

<325

83.38

2

<425

72.53

3

>425

57.15

Table 5.2 Effect of powdering of ESM and its particle size on the sorption
of gold by batch method (10cm length)

S.No

Particle size (microns)

% of removal of gold

1

<325

95

2

<425

84

3

>425

63
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Table 5.3 Effect of powdering of ESM and its particle size pn the sorption
of gold by column method (5cm length)
S.No

Particle size (microns)

% of removal of gold

1

<325

62

2

<425

50

3

>425

42

Table 5.4 Effect of powdering of ESM and its particle size on the sorption
of gold by column method (10cm length)

S.No

Particle size (microns)

% of removal of gold

1

<325

69

2

<425

61

3

>425

56
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