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ABSTRACT

This study aims to separate the gold of handphaweitboard
scraps (PCBs) using B#0s methods that are environmentally
friendly. The paper reports a promosing method tmdg
separation of PCBs. The gold Separation consistedhiee
phases; the determination of the optimum conditiosisg the
method of NgS,05 solution of the gold standard and the
application of methods of N8,0s in used electronic scraps.
Characterization of gold was analyzed by XRF andSAA
Hydrothermal process was applied, aqua regia andOHN
solutionswere used in the leaching processes, thes8)03 as a
precipitant in the separation process. Silver, @opgerous,
alumunium, lead were solved in HN@nd, but gold still as a
solid residue. Gold separation of solid residueldaching with
aqua regia. Gold formed as a brown solid with tmeoant
precipitated 0.046g for 5g PCBs samples treatexh &lfound
high purity 99.3%.
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NOMENCLATURE

Au Aurum

Ag Silvert

AAS Atomic Absorption Sphectrophometer

HCI Hydrochloric acid

H,S0, Sulphouric acid
HNO;  Nitric Acid
NaOH  Sodium Hydroxide

1.0 INTRODUCTION

Gold, a precious metal with two important charastis, it ha
zero resistant to corrosion and for many yeatsast been used in
hundreds of industrial applications. In the elesito and
telecommunication industries, gold has been appioedsinyal
strength than copper [1]. Gold content recoverednfcomputer
circuit main board, printed circuit board, handphoprinted
circuit board (PCBs) [2, 3, 4 & 5].

Sodium bisulphite used as primary and secondary for
replacement is important as gold extractor. Sodisulphite can
separate the gold, forming a complex compound ofcioThe
reaction is carried out repeated addition of bikiiép and the
results that can be obtained is 99% of the goldlmextracted
[6]. The equation as follows:

Au +2 CS(NH), AUu[CS(NH),]," +€&

Usage limits the amount of reagent on the relateaetion, its
stable in acidic conditions (pH 1 - 2) and neupdl, and it
quickly decomposes in an alkaline solution or afi@l Sample
was leaching easily by using reagents at pH 1oep#imization
can be done under away of adjusting the pH, patenti
reduction-oxidation, the concentration of sodiursutphite and
leaching time. Pyper and Hendrix (1981) suggedtatl leaching
velocity is depends on the interaction between iumatr
bishulphite and oxidant, and the use of ferricsiamthe sulfuric
acid is the most effective way, also ferric ion bduogether by a
bishulphite, forming complex compounds iron- bighite,
Separation of gold is very dependent on pH comlit®odium
bisulphite has several advantages than cyanide ssctiow
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sensitivity to metals (Pb, Cu, Zn), and the rediduwdfur in the
calcine; high gold content in the pyrite and chpigie, and
some carbonaceous [7, 8].

In addition, the toxic level of Sodium bisulphitlower than
cyanide [9, 10, 11, 12], and it better able to s&jgagold from the
cyanide. If using cyanide solution (acidic) to beutralized in
advance by Cyanidation, while sodium bisulphite nheyused
directly [13, 14]. In this research, gold separmaid phone circuit
boards (PCBs) has been done by leaching and pseataipi
methods which modificated from methods alreadyterise [3, 6
& 7]. Recovery gold of electronic scraps has beemedby
applied pyrometallurgy and hydrometallurgy meth{®is5, 6, 7,
8,9,10, 11 & 12].

2.0 METHODS

2.1 Materials

Materials are used HNQH,SO,, HCI, NaOH, NaS,0s, Aqua
demineralisation (aqua DM) and diethyl malona&®me of the
materials are commercial grade and other analyticade. These
materials were purchased from a local chemical lsempprataco-
Pekanbaru.

2.2 Gold Separation Process

This research has been done using several stepslynaemple
preparation, leaching processes, gold precipitatom gold
purified. Gold content of sample is deremined byorAic
Absorption Spectrophotometer (AAS) Shimadzu AA 70Gth
method SMHW for standard solution preparation (Fegl)
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Figure 1: Gold separation process by using leacpingess

Handphone Circuit boards (PCBs) is screening intals
particle sizes. This particle was analyzed by XRFil{ps Magix)
and AAS to determine the metals contents of sang§denple 59
was leaching with HN@while it heated at 4T, then the solid
residue is separated from filtrate The solid resids leaching
with aqua regia (30 ml HCI : 3 ml HNpunder condition ratio
solid to leachtant (1:3) and it is heated atGtQAfterward, in this
mixture Au is extracted by using with diethyl madte as a
solventl. The extractant is reacted withS®, + H,O, + (COOH)
until brown solid occuring. This solid is separafseam mixture,
in order to get Au metals then it is purified byribng it with
oxy-butane gases.

Reaction identification for Cu(ll), Ni(ll), Pb(I)AI (1),
Fe(lll), and Zn (Il) ionics has been done in thigrdie. Then,
filtrate is added with 7 mH,SQ,, and it heated at 14%& until it
is volume remaining 5 ml. Afterward, it is addedw8 ml HCI
and heated until it is volume remaining 4 ml, thers diluted
with aqua DM until it's volume 50 ml. In this solah gold is
formed as an ionic complex [Augl then it is reacted with
sodium metabisulphite (M80s) to get Au solid in a mixture
solution.

For preparation a [HAug]l 1000 ppm solutions has done by
destruction of gold metals with aqua regia themtdd it with
aqua DM. The equation reaction:

Au(s) + 4HCl(aq) + HNQ@aq)—HAuCl4(aq) + NO(g) + 2K0(l)

A series [HAuCJ] solutions namely 100, 200, 300, 400, dan
500 ppm were prepared, then the absorbance wasuredas
respectively on AAS at 242.8 nm wavelength. Theveur
calibration standard was done based on these datader to
determine the Au concentration in PCBs

3.0 RESULTS AND DISCUSSION

Handpone circuit boards sraps (PCBs) contains nmaegious
metals such as gold (Au), silver (Ag), copper (Quitkel (Ni),

lead (Pb), Alumunium (Al), ferous (Fe), zinc (ZiResult, based
on AAS and XRF analysis of several metals in theB®@s
shown in Table 1.

Table 1: Results Analysis of the PCBs

Component Amount

Au 85+ 0.5 ppm*
Ag 0.08%

CuO 2.46%

NiO 0.22%
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PbC 0.53%

Al,Oq 1.74%
Fe,O; 0.43%

Zn0O 0.15%
Other: -

*AAS Analysis result

Based on AAS analyzed results, the precious metawo
found in PCBs approximately 85 + 0.5 ppm. Saadayqcet. al
(2013 also found Au content of the PCBs was arc@Mgpm
maximally before Au separated from handphone drbward
scraps (PCBs). Furthermore, based on XRF analyesdltrthe
other metal such as copper as CuO was found asithest
amount of metals than among metals in PCBs, foligwby
alumunium, lead, ferous, nickel, zinc, and silvEg(re 2).
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Figure 2: Difragtogram of PCBs sample

Gold separation from other metals has been domg ##NO;
as a solvent in leaching process, gold in the sagidues and
others metals in the filtrate. Then Solid residsiseparated from
filtrate. Gold of solid residue is leaching withueqregia and it
turn into as an ionic complex [HAuGl]

Au(s) + 4HCl(ag) + HN@@aq) — HAuCIl4(aq) + NO(g) + 2kD(l)

Based on molecules orbital theory, [Au@pmplex is one of
point group D4, compound with planar square form [1] . The
fourth ligands Cl have equal position of centre atomic [13]
Compound [HAuCI] complexes is reacted with p&RO:s. Firstly,
NaS,0s is reacted with bD to produce sodium bisulphite :

N&S,05(s) + H20 (aq) —» 2 NaHSQ(aq)
Then, sodium bisulphite is reacted with ionic coexpl

[AuCl], as a results Au is produced as a solid with reacti
equation :

3 NaHSQ + 2 AuCk + 3 HO — 3 NaHSQ () + 6 HCI (I) + 2 Au(s)

In order to get gold metal of samples, Au ions iixtare is
treatment by several methods such as precipitatsmivent
extraction, adsorption, and ion-exchange [9&10}this research,
in order to get a gold metal of sample which tréateu solid is
heated at 1064°C (1947.52°F by using oxy-butaneugés gold
metal is obtained.

Table 2: Comparison Precipitation of gold in diéfet Particle
size of samples

Particle | Reductant| Temperature| Au Purity
size of & Time content | (%)
sample Reduction

(um)

50 NaS,05 40°C,30min | 0.009¢g| 97.9
10C Na,S,05 40°C, 25 mir | 0.011¢ | 97.¢
150 NaS,05 40°C,20 min | 0.025g | 98..5
200 NaS,05 40°C,20 min | 0.046g | 99.3

As can be seen in Table 2, gold was succesfullgrs¢ed by
using precipitation process with MaOs. Amount of Au content
after reduction is high and can be obtained intsfiroe under the
same temperature Reductat€), Young et al. (2009) developed
a process for separating gold from used goods jdsplting 70g
sample in aqua regia n 1L (pd temperature 90-XDP@sing
titanium reactor. After the sample soluble (ligouku separated
by extraction using dybutil karbitor (DBC) as extiant.
Optimization of extraction, Au move / in the DBC O/ L
(DNG total efficiency of 99%, the ratio liqour / MB10: 1),
whereas in the rest of DIm kada Au liqour 30mg The amount
of ions Pt, Pd, Ag, Cu and Zn were joined extraatéal the phase
of DBC is only small (minor). While the allowance Bd ligour
done by adjusting the pH ligour be pH 3, prior xraction. Au
separation of DBC done with 25% ammonia, precijitatof
compounds Au203x3NH3, then Au separated from DBGGDN
way of precipitation. Then the precipitate is redctwith
hydrazine in order to obtain the gold powder withuaity level of
99.9998% (> 5N).

Young and Derek (2009) to separate the gold fromteut
circuit boards (WPCB), using aqua regia as a stlgleachtant),
the ratio between the sample and aqua regia is /24, the
obtained mixture. Solids separated from the liqolichse of the
mixture pd. The precipitate was washed 2.5 timegh wi
demineralized water, then Au separated tolueneaetkdn DNG
as ekstraktant and tetraoctylammonium bromide aghase-
transfer reagent (10 mM in toluene). The ratio leetwvextractant
organic (OE) and aqueous solution (AS) affectssidectivity of
gold extraction in the mixture, then the solutioh0@ ml
leachtant) mixed with ekstraktant (50), 100 and &ti0and the
two-phase mixing stirring speed of 400 rpm in 1(hués and
added with 50 mg Dodecanethiol to the organic ph&selium
borohydride is also added slowly with the intentarpreventing
the reduction of metal ions in the aqueous solutidter stirring
for 2 hours, the organic extractant, toluene, sepdr evaporated
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to 10 ml in an evaporator and mixed with 250 mletdfanol for
the thiol aside. The mixture is cooled for 5 homra temperature
of 20°C and a brown precipitate is filtered and washedragith
ethanol 97 wt% gold had been separated in the fofm
nanoparticles.

Zhou et al. (2005) Patented gold separation prooesthe
electronic waste (a mixture of metal and plasti@arbage is
heated in a temperature of 400-30dor 8-12 hours to melt /
burn the plastic material, and the residue is aemetal. Crude
metal / residue reacted with HCI or H2SO4 &t0® separate the
pure metal material, then separated between setimsalids
with liquids. Thereafter, the precipitate was diged by HNO3
(with ratio 1: 2) at a temperature of°60to separate silver from
other metals. The last process, HCI and NaClO3 faddaching
gold, gold recovery results are to be obtained his tway
achieve> 92%.

Kinoshita et al. (2003) examined the gold sepamnatimcess
in a non-mounted cable circuit (PWBs). At first Pg/B cut into
small pieces (x 22 mm), and HN®olvent used in the separation
process. Elements of base metals (Cu and Ni) wisselged with
HNO3 and gold obtained from the separation progesise form
of pure pieces. Copper and nickel separation psocesdone
through two stages, leaching and solvent extraction the
previous process, after Ni separately using HNQO@esd 0.1 m,
increased levels of 1.0 M HNO3 acid in order tosdige the
remnants of metal Ni and Cu in the sample. Sotttetetal gold
can be separated perfectly in the form of smalyjrfrants. The
degree of purity of gold that can be obtained %99

4.0 CONCLUSION

Handphone circuit board scraps (PCBs) containsd, gsilver,
copper, nickel, lead, ferous, aluminium and zinctaise The
precious gold metal of PCBs has been separatedpgograosing
method. Aqua regia and HNO3 solvents were uselddreaching

processes, and BBOs was applied in a precipitation process.

For 5g PCBs samples is treated, gold formed a brswlid with
the amount precipitated is 0.046 g , also golchébhigh purity
99.3%.
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