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A B S T R A C T

This work aim to study sorption-desorption of Au(III) onto silica modified quaternary amines (SMQA) in gold
mining effluent. Synthesis SMQA was conducted by methylation silica modified ammine (SMA) that synthesized
by sol-gel process of silica gel (SG) from rice hull ash and APTMS. Characterizations this material by FT-IR, XRD,
SEM-EDS and GSA analyzer show that the material has characteristic parameter of SMQA. Sorption study of
sorption Au(III) on SMQA was carried out by batch system with optimum pH 5. Sorption capacity was 74.47 mg/
g (Langmuir) with 24 kJ/mole sorption energy (electrostatic interaction). Kinetics sorption studies by Lagergren,
Ho, and RBS models shows that the sorption Au(III) in this research have the suitable condition with RBS models.
Sorption study reveal that –N+(CH3)3 is the most responsible site for Au(III) sorption. Desorbed Au(III) in batch
system using Na2S2O3, SC(NH2)2, and KSCN as desorption agent in HCl solution was there are no significant
different value (Na2S2O3= 94.2 %; SC(NH2)2= 95.2 %; KSCN=95.2 %). However, for safer eluent it was
recommend to use Na2S2O3 or SC(NH2)2. The reusability of SMQA was four times sorption-desorption cycle
before at fifth cycle desorbed Au(III) was decreased. The application of SMQA in gold mining effluent by column
system (SPE) sample in Sarolangun, Jambi, Indonesia shows that recovered Au(III) was 0.000593 % in 2 g
sample.

1. Introduction

Rare, precious and strategic metals, especially gold are very im-
portant. Commercial value and toxicity are the two properties of these
metals which warrant their recovery from solution. Gold is introduced
into the water from leach mining and waste solution from metal fin-
ishing industries [1]. Gold is widely used in many fields such as cata-
lysts in various chemical processes, in electrical and electronic in-
dustries, in medicine and in jewelry [2]. Growing demand for gold is
great economical interest to the recovery of this metal from aqueous
and waste solutions [3]. There are several methods, such as ion-ex-
change, liquid–liquid extraction, membrane filtration [4,5] and ad-
sorption [6–9], available in the literature for the recovery of precious
metals from aqueous solutions [10].

Of major interest, adsorption process, a surface phenomenon by
which a multicomponent fluid (gas or liquid) mixture is attracted to the
surface of solids adsorbents and forms attachment via physical or
chemical bond, is recognized as the most efficient, promising and
widely used fundamental approach for the recovery of precious metals,

mainly hinges on its simplicity, economically viable, technically fea-
sible and socially acceptable [11]. Adsorption process seems can han-
dles the most important issue in gold recovery from solution, com-
mercial value and toxicity. The two important in adsorption were
developing advance adsorbent and determine the parameters (kinetics
and thermodynamics) of the adsorbent in gold solution. In development
of adsorbent, silica gel (SG) is very important material because it can be
used as a support material possesses some advantages such as high
mechanical and chemical properties, high porosity, large surface, no
swelling, resistant in microbial attack, resistant in decay radiation and
heat-stable [12]. In addition, chelating agents can be easily bonded
chemically to the support, that affording a higher stability. Chemically,
silica contains functional groups of silanol (eSieOH) and siloxane
(eSieOeSie) on the surface, allowing to be modified with active group
specific to certain targets [13].

In the endeavor to explore novel adsorbent, the development of
silica was studied by many researchers for many past decades. One way
to improve the ability of silica as an adsorbent is by surface modifica-
tion with organic functional groups. Modification may be chemically
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conducted by using organosilane compound as a linker, which then is
followed by attachment of the active group to the linker. The various
linkers have been used for the modification of silica, such as 3-amino-
propyltriethoxy silane (APTES) [14], 3-chloropropyltrimethoxysilane
(CPTMS) [15], 3-aminopropyltrimethoxysilane (APTMS) [16,17], 3-
glycidoxypropyltrimethoxysilane (GPTMS) [18]. Donor atoms com-
monly used as the active group include nitrogen (e.g. amine, azo, amide
and nitrile), oxygen (e.g. carboxyl, hydroxyl, carbonyl and phosphoryl),
and sulfur (e.g. thiocarbamate, thioethers, and mercapto) [19]. Most of
the material has eNH2 site that this site can only transform to eNH3

+

in high acidity when adsorb anion metals [20,21]. To reduce the acidity
medium, it can conducted by modified eNH2 by methyl to form
eN+(CH3)3 (quaternary ammine). To date, no report has been no re-
port for the adsorption of Au(III) onto silica modified by quaternary
ammines to reinforce the acidity of adsorbent.

In order to organize, establish and understand an adequate design
model for the sorption process from aqueous media, isotherms, kinetics,
and thermodynamic studies are essential basic prerequisites. In the
perspective, equilibrium relationship describes how sorbate interact
with the sorbent materials. This condition has known as adsorption
isotherm which was critical for optimization of the adsorption me-
chanism pathways, expression of the surface properties and capacities
of sorbent. The mathematical association which establishes a significant
role towards the modeling analysis, operational design and applicable
practice of the adsorption systems is normally represented by plotting a
graph between solid-phase and its residual concentration [22]. One of
the well-known adsorption isotherm basic approaches was Langmuir
(monolayer sorption) [23] and Freundlich (multilayer sorption) [24].
From the same approach, Rusdiarso et al. [25] derive kinetics equation
–known as RBS equation– which expected can relate the isotherm ad-
sorption (Langmuir) parameters and kinetics parameters.

In present work, silica was modified by 3-aminopropilmexyxilane
(APTMS) synthesized to form silica modified amine (SMA). To reinforce
interaction with Au(III) through donor electron, SMA was modified by
methyl iodide to form silica modified quaternary amine (SMQA) by sol-
gel process. These materials (SMA and SMQA) was then applied to
adsorb precious metal ion, Au(III) and the privilege of these materials
has been compared with previous researcher. The influences of ex-
perimental parameters such as optimum pH, contact time, and initial
concentration on adsorption were studied. The kinetic models,
Lagergren [26], Ho [27], and The new kinetics model RBS kinetics
sorption [25] used to describe the rate data were discussed. The iso-
therm adsorption study was focused in sorption capacity compared
previous researcher. Desorption studies were conducted by Na2S2O3,
SC(NH2)2, and KSCN as desorption agent in HCl solution. The optimum
condition was then tested to desorb Au(III) from gold mining effluent.
Furthermore, the comparison of thermodynamics data and kinetics
study of these SMA and SMQA was also criticized in this paper.

2. Material and methods

2.1. Materials

Materials used for preparation the sorbent were sodium hydroxide
(NaOH), 3-aminopropilmexyxilane (APTMS), hydrochloric acid (HCl),
dimethylformamide (DMF), acetonitrile, toluene, sodium bicarbonate,
and methyl iodide. All reagents were analytical grade purchased by
Merck.co, Germany without further purification. A solution of Au(III)
was prepared by dissolving gold in an aquaregia solution. Rice hull raw
material was taken from Gunung Kidul, Yogyakarta.

2.2. General procedure

2.2.1. Synthesis of SMA and SMQA
Synthesis SMQA was conducted by sol-gel process from rice hull ash

(RHA) silica. Sixty g of RHA treated by 500mL NaOH 1M and boiled in

covered 1 L Erlenmeyer flasks for 4 h with constant stirring to dissolve
the silica and produce a red filtrate, Na-silicate solution. Into this
100mL Na-Silicate added 20mL 3-aminopropilmetoxyxilane (3-
APTMS) and HCl 1M until reach pH 5 drop by drop gently to generate
sol of SMA. Sol of SMA then aged for 3×24 h until formed gel (aging).
The gel washed with distilled water until free of acid (neutral). This
product (SMA) filtered and the filtrate (gel) dried at 60 °C for 6 h. SMQA
synthesized by the mixture of 12 g SMA, 20mL DMF, 20mL acetoni-
trile, 20mL toluene, and 2mL methyl iodide was continued refluxed by
3-neck flask at 70 °C for 6 h, while added methyl iodide drop by drop
gently until methyl iodine volume was 4mL. The mixture was then
filtered and the filtrate washed in sequence with distilled water,
NaHCO3 2 %, and distilled water. The filtrate was dried at 80 °C for 6 h
to form SMQA.

2.2.2. Determining optimum pH
At first, a series of 20mL of Au(III) 100mg/L was prepared and their

acidity was adjusted to 2.0, 3.0, 4.0, 5.0, and 6.0 by adding HCl solu-
tion. Into every Au(III) solution, 0.1 g of sorbent was poured and then
stirred for 2 h. After filtering through 2.5 μm hole membrane filter, the
concentration of Au(III) in supernatant was analysed by using AAS.
Sample and blank solutions (without sorbent) were analysed under
same conditions. The amount of sorbed Au(III) was considered to be the
difference between the initial and the remaining amount in the reacting
solution each time a sample was analysed.

2.2.3. Isotherm sorption study
The sorption isotherm experiments were carried out using a batch

type reactor using 50mL of Erlenmeyer made by Pyrex glass in a water
bath at 25 ± 0.01 °C. As much as 0.1 g of sorbents was interact with
and stirred in 20mL of solutions containing the various concentrations
of 10, 25, 50, 100, 150, 200 and 250mg/L of Au(III) at pH optimum for
2 h and then aged for 24 h. After separating the supernatants, the
concentration Au(III) in the supernatant was determined by AAS. Under
the same condition with the sample solution, the blank solution
(without sorbent) was also analysed.

2.2.4. Kinetics sorption study
The kinetics experiments also were carried out using a batch type

reactor using 50mL Erlenmeyer made by Pyrex glass in a water bath at
25 ± 0.01 °C. The volume of sorption medium was 20mL, the initial
metal ion concentration was 100mg/L, the acidity was adjusted at pH
optimum; and to each solutions, 0.1 g of sorbent was added and then
stirred continuously at 5, 10, 15, 30, 45, 60 and 120min. The sample
was immediately filtered through 2.5 μm hole filter and the con-
centration of Au(III) in the supernatant was analysed by using AAS.
Sample and blank solutions (without sorbent) were analysed under the
same conditions. The amount of Au(III) sorbed was considered to be
difference between the initial and the remaining amount in the reacting
solution each time a sample was analysed.

2.2.5. Desorption study
The sorbed Au(III) in sorbent which physically bonded (electrostatic

force) can be remove by several eluent such as, sodium thiosulfate,
thioures, and KSCN in acid solution. Au(III) is unstable in thiourea
solution and is reduced to form Au(I). Monovalent Au ion is binded by
thiourea and it forms a stable complex based on reaction:

Desorption study conducted by two methods, batch and column.
Batch methods carried out by mixture of 100mL sodium thiosulfate,
Na2S2O3 1M as desorption agent, 0.5 mL hidroclhoric acid, HCl 1M,
and 20 g Au-SMQA. The same mixture with different desorption agent,
i.e. thiourea, CS(NH2)2 1M, and potassium thiocyanate, KSCN 1M was
also performed. The mixture was stirred for 60min and then filtered
through 2.5 μm hole filter and the concentration of Au(III) in the su-
pernatant was analysed by using AAS.

Column methods were performed by Solid Phase Extraction (SPE).
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SPE conducted by 0.5 g SMQA was introduced to cartridge then Au(III)
solution also introduced into cartridge with rate flow 1mL/min. After
60min, the SMQA dried and put back into cartridge to desorb Au(III)
using Na2S2O3 1M, CS(NH2)2 1M, and KSCN 1M in HCl 1M solution.
The filtrate was not filtrated thoroughly analysed by AAS. Sample and
blank solutions were analysed under the same conditions. The amount
of Au(III) desorbed was considered to be difference between the initial
and the remaining amount in the reacting solution each time a sample
was analysed.

2.2.6. Sorption-desorption of Au(III) in gold mining effluent
Sorption-desorption study carried out by 2.0 g effluent in land soil

around gold mining located in Sarolangun, Province of Jambi,
Indonesia added by 3mL HNO3 6M, 9mL HCl 6M and aquadest until
total volume reach 500mL. The mixture was the heated and filtered.
From the mixture, 1 mL was taken and then dilute by aquadest until the
volume reach 100mL. To the mixture, added 200mg SMQA, stirred and
filtered. The Au-SMQA was then desorbed by 100mL Na2S2O3 1M,
100mL thiourea 1M, and 100mL KSCN 1M added by 0.5 mL HCl 1,
respectively. Sample and blank solutions were analysed by AAS under
the same conditions. The amount of Au(III) desorbed was considered to
be difference between the initial and the remaining amount in the re-
acting solution each time a sample was analysed.

2.3. Detection method

The functional group of materials was identified with Fourier
Transform Infra-Red (FTIR) spectrophotometer Shimadzu IR prestige
21. The crystal structure was analyzed using Shimadzu X-ray diffraction
(XRD) and using CuKα radiation (λ =1.5406 Å) operated at 40 kV and
30mA. The surface morphology and particle size were examined using
a JEOL SSM-6510 LA Scanning electron microscopy (SEM). Specific
surface area analysis conducted by Surface Area Analyzer (SSA) BET
Quantum 600. The determination of metal ion concentrations was
performed with a flame atomic absorption spectrophotometer (FAAS,
Shimadzu AA 6650).

3. Results and discussion

3.1. Characterization of SMQA

Functional group analysis by FT-IR show that there are any differ-
ence of functional groups of SG, SMA, and SMQA can be observed
(Fig. 1). Particular functional group of SG were at assigned at band
447 cm−1 identified as bend vibration of Si-O from syloxan group (Si-O-
Si). This absorption band reveals the vibrational properties of SieO
bond (υSi–O), which is obviously caused by the existence of silica [28].
Adsorption band at 1080 cm−1 was asymmetric stretching of SieO, and
1636 cm−1 as bend vibration of Si-O from sylanol group [29]. Ab-
sorption at 1528 cm−1 (bend vibration of NeH from eNH2 group) in
SMA indicated the existence of eNH2 group in SMA. As can be ob-
served, this band was not appear in SG and SMQA, which confirms
eNH2 group was not exist in SG and SMQA and thus possibly the
forming of a chemical bond between nitrogen atom and methyl group
to form eN+(CH3)3 group in SMQA. Stretching vibration of CeH from
methyl group emerged at 2855 cm−1 [30] was emerged only in SMQA
indicate formed eCH3 at SMQA. Disappearing absorbance at
1528 cm−1 and emerging absorbance at 2855 cm−1 in SMQA indicated
transformation of NeH from eNH2 group to [eN+(CH3)3] was the
main differences of SMA and SMQA. The structure of SMA and SMQA
can be seen in Fig. 2.

As shown in Fig. 3, the broad X-ray diffraction pattern of rice hull
ash (RHA) silica, which is typical for amorphous solids [31], confirmed
the absence of any ordered crystalline structure. In a previous in-
vestigation, X-ray di€raction studies of raw and heated RHA, indicated
relatively high disordered structure of silica. Although heating RHA to

temperatures over 500 °C could convert a less ordered structure to a
more highly ordered structure, the absence of a highly ordered struc-
ture in RHA was attributed to the thermal insulation properties of the
ash [32,32,33]. Crystal character analysis of SMA and SMQA shows that
these all material are non-crystalline (amorphous) and SiO2 character
emerge at 2θ=20–25° [31–33]. This occurrence also reported by Della
et al. (2002) [34] that there is no significant change in diffractogram
peak of incinerating time of rice hull ash to form SG. It has been found
that reheating the ash to remove carbon residues takes a relatively long
period of time and higher temperatures, with the consequent effect that
silica is converted to crystalline forms which will decrease the surface
area.

The specific surface area, the pore volume, and the pore radii of SG,
SMA, and SMQA are presented in Table 1. The Brunauer–-
Emmett–Teller (BET) surface area of SMQA is found to be
164.82m2 g−1. This value is higher than the surface area of both SG
and SMA, and material developed by Sakti et al. (2012) [20], Im-ASH
where the specific surface area was 143.68m3 g−1. During the sol-gel
process, silicic acid reacts with other silicic acids to result in a dense
silica structure. Addition of APTMS molecules to SG decreases the
specific surface and the pore diameter of SG. However, after additional
of three methyl into SMA, the specific surface area was increase and the
pore volume was enlarging. Additional three methyl leads to formation
of porous structure of SMQA. Therefore, it can be understood that the
specific surface area, the pore volume, and the pore diameter of SMQA
are in general higher than both of SG and SMA.

In order to know the surface morphological image, the synthesized
SG, SMA, and SMQA were characterized using SEM. The SEM image
was observed in order to know the effect of adding three methyl ions on
the SMA structure. As seen in Fig. 4, SG, SMA, and SMQA have irregular
shapes. The EDX analysis was performed to identify the elemental
composition of SG, SMA, and SMQA. The elemental compositions of SG,
SMA, and SMQA are presented in Table 1. The increasing of carbon in
SMQA with the relatively constant nitrogen indicates that methyl is
successfully attached in the nitrogen atom (occur methylation on qua-
ternary group of carbon). From EDX data, SMA only consists of ele-
ments Si, O, Na, and N. However, in SMQA there is iodium (I) from
CH3I (Table 1) as a residual element of methylation process. The re-
sidual iodine from methyl iodide in SMQA (1,09 % w/w) higher than
SMA (0.23 % w/w).

3.2. Optimum pH sorption

As a change in pH affects the surface charge of the adsorbent ma-
terials, the pH of aqueous solution is considered as an important factor
in the adsorption process [35]; therefore, influencing the sorption Au
(III) on SMQA as in this study. SMA which have amino group (-NH2)
will protonated formed –NH3

+ to interact electrostatically with
[AuCl4]− in acid condition. The Cl− anion also would compete with
[AuCl4]− by increasing of acidity. Electrostatic interaction between Au
(III) and ammonium group occur optimum pH reach 5 (Fig. 5), and at
this pH, competition between Au(III) and Cl− ions is relatively lower in
comparison to that at pH < 5. In lower acidity (high pH), sorption Au
(III) was decrease instantly because formation of several dominant
species in solution i.e. [Au(OH)Cl3]−, [Au(OH)2Cl2]−, and Au(OH)3
[36]. Adsorption of Au(III) ions in basic media pH > 5 was avoided in
this research due to precipitation of Au(III) hydroxide. Sorption Au(III)
on SMQA was affected by solution acidity. Generally, sorption Au(III)
on SMQA increase by decreasing the acidity of solution. In pH < 5,
sorbed Au(III) relatively small because of higher concentration H+

which affect the electrostatic interaction between active site of SMQA,
[-N+(CH3)3] and [AuCl4]−. In pH > 5, H+ ion was relatively small.
Oppositely, OH− ion was higher and formed Au(OH)3 which affect
decreasing sorption Au(III) on SMQA. The excess OH- ion was also in-
crease competition between [AuCl4]− and OH− on active site of SMQA,
[-N+(CH3)3].
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3.3. Isotherm sorption study

Isotherm study to determination of capacity and sorption energy of
Au(III) on sorbent (SMA and SMQA) was plotted using Langmuir and
Freundlich isotherm models.

Langmuir isotherm model: C/m=1/b K+C/b.

Freundlich isotherm model: log m= log B+1/n log C,

where C, the equilibrium concentration in solution (mole/L); b,
Langmuir’s sorption capacity ((mole/g)/(mg/g)); K, Langmuir’s con-
stant of equilibrium ((mol/L)−1); m, metal sorbed per gram sorbent at
equilibrium (mole/g); B, Freundlich isotherm capacity ((mole/g)/(mg/
g)) and n, constants.

The experimental adsorption data was compared with Freundlich
and Langmuir isotherm models. The Langmuir isotherm is based on the
monolayer adsorption on the active sites of the adsorbent. On the other
hand, the Freundlich isotherm explains the adsorption on a hetero-
geneous (multiple layer) surface with uniform energy [24,37–39]. If the
sorption follows the Langmuir isotherm model, the sorption capacity
(b) and constant of equilibrium (K) can be calculated respectively from
the slope and intercept of plot between C/m and C. If it is assumed that
sorption follows the Freundlich isotherm model, the sorption capacity
(B) can be obtained from the intercept of plot between ln m versus ln C.
The corresponding Langmuir and Freundlich parameters along with

linearity (regression coefficients) are listed in Table 3. Compared to the
Freundlich model, the experimental data appeared to match better in
Langmuir isotherm model (Table 3). The plot of Langmuir model of Au
(III) on SMQA yielded fairly close value of linearity (R2= 0.997) with
Freundlich model (R2= 0.959). However, the fit is better with Lang-
muir model than Freundlich model. Based on the linearity value (R2) of
Langmuir isotherm closer to 1.00 than Freundlich isotherm, suggesting
that the Au(III) sorption process on SMQA probably dominated by
monolayer adsorption process than a multiple adsorption one.

The Langmuir isotherm is designed for monolayer sorption of spe-
cies on a homogeneous surface with the same sorption energy for all
active site regardless of the degree of coverage, while the Freundlich is
for multilayer sorption on heterogeneous surface with the frequency of
sites associated with free energy of sorption decrease exponentially
with the increase of free energy. If we assume [-N+(CH3)3] is the re-
sponsible group for the adsorption of metal ions, then the Langmuir
adsorption capacity (monolayer or mono-energy) may indicate the
number of this group. It was proved by Langmuir has better linearity
than Freundlich linearity. Because metal ions will occupy the active site
that has the strongest interaction occupies first and then the active side
with lower energy. While multilayer capacity (or multi-energy) in-
dicates the Freundlich adsorption capacity [-N+(CH3)3] and other ac-
tive site together. Interactions were occurred allegedly as electrostatic
forces between the metal ions with active sites of SMQA. The multilayer
capacity of Au(III) was approximately 6 times greater than monolayer

Fig. 1. FT-IR analysis spectra of (a) SG, (b) SMA, and (c) SMQA.

Fig. 2. Chemical structure of SMA (left) and SMQA (right).
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capacity.
Determining specific surface area, total pore volume, and pore

diameter of SG, SMA and SMQA using Surface Area Analyzer (SAA) can
be seen in Table 2. From the table, SMA relatively has specific surface
area and total pore volume smaller than SG. It can be deduce that SG
was partially covered by 3-APTMS after modification SG to form SMA.
SAA shows that surface area of SMQA increase from 98.41m2/g (SMA)
to 164.68m2/g (SMQA). The main modification in formed SMA was
increasing the chain of alkyl group (propyl) with amino (-NH2) end and
change sylanol (eSieOH) to syloxan (eSieOeSie). This propyl (e
(CH2)3e) has important role as support to –NH2 which have lone pair
electron as donor to form complex compound to Au(III) by covalent
coordination bond.

This increasing of sorption capacity of nitrogen by SAA analysis can

Fig. 3. The diffractogram pattern from XRD analysis of SG, SMA, and SMQA.

Table 1
Elemental composition by EDX of SG, SMA, and SMQA.

Elements SG SMA SMQA

Mass (%) Atom (%) Mass (%) Atom (%) Mass (%) Atom (%)
C – – 37.36 19.58 50.51 63.93

O 8.29 27.14 – – – –
N – – 10.28 20.97 18.78 20.34
Na – – 0.41 0.25 – –
Si 91.72 72.86 32.53 32.80 28.70 15.50
I – – – – 1.90 0.23

Fig. 4. Morphological and elemental by SEM-EDX analyses of (a) SG, (b) SMA, and (c) SMQA.
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be explain that SMQA has positive charge of [eN+(CH3)3] and leading
the electrostatic interaction with negative charge of [AuCl4]−.
Furthermore, 3 methyl group was a donating electron group that pro-
mote lone pair electron given to Au(III). This material, SMQA also has
higher sorption capacity of Au(III) (74.47 mg/g) compared with MNSA
(17,7 mg g-1) [2], LMCCR 7034mg/g [21], SiO2-arg (52.79 mg/g) [38],
and 4-amino-4-nitro azobenzene modified chitosan (69.93mg/g) [39]
but still lower sorption capacity compared with GMCCR (169.98mg/g)
[2].

3.4. Kinetics sorption study

The sorption profile of Au(III) as function of interaction time is
presented in Fig. 7. The sorption of Au(III) was initially rapid and then
goes slower. The initial rapid sorption was observed for the first 40min
and then goes slower after 60min. After 120min, it is relative no ad-
ditional Au(III) adsorbed on sorbent (SMQA), so it can be argued that
the sorption has reached equilibrium. In this work, sorption rate of Au
(III) onto SMA and SMQA was studied by Lagergren pseudo-first order
[26], Ho pseudo-second order [27], and RBS (Rusdiarso-Basuki-San-
tosa) kinetics sorption [24]:

− = −x x x k tLagergren pseudo-first order : ln( ) ln ;e e lag

= +t
x k x

t
x
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;

Ho e
2
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⎛
⎝

−
−

⎞
⎠

= ⎛
⎝

− ⎞
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⎝

⎞
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ab x x
x x

k
ab x

x
t x
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RBS kinetics sorption : ln lne

e
a

e

e

e
2

Where x (mole/L): amount of Au(III) ion (mole) sorbed in volume of
solution (L) at time t; xe (mole/L): amount of Au(III) ion (mole) sorbed
in volume of solution (L) at equilibrium; a (mole/L): initial con-
centration of Au(III); b (mole/L): monolayer sorption capacity; and t
(min): contact time. RBS kinetics sorption which previously work by
Rusdiarso et al. (2016) on sorption Zn2+ onto horse dung humic acid
[24,40]. Application of these three kinetics model shows in Table 4.
From the linearity, we can see that RBS equation was the most suitable
which represent the real system. It shows the sorption rate constant (ka)
of SMQA was 77.29min−1 (mole/L)−1 and desorption rate constant
(kd) was 4.74×10-3 min−1. These values indicate the Au(III) have
stronger sorbed interaction might be caused by reinforcement of active
site of SMQA due to increasing interaction resulted from 3 methyl
group addition.

The RBS equation derives from the same models generated
Langmuir model, so the parameters of these equations should be can be
related. The value of equilibrium constant K from Langmuir was 14,809
(mol/L)−1. From RBS equation we count K as ka/kd for SMQA was
16,309 (mole/L)−1. The K value of SMQA from Langmuir (ishoterm)
and RBS kinetics model was fairly close. Sorption energy, E generated
from calculation Langmuir data E=-RT ln K was 23.95 kJ/mole.
Sorption energy from calculation E=-RT ln (ka/kd) was quite close,
24.19 kJ/mole. All these relation of kinetics data and isotherm data
proved that they are connected in certain condition.

3.5. Desorption study

Desorption study in this work conducted by batch and column
system. Both of methods using Na2S2O3, SC(NH2)2 (thiourea), and
KSCN as desorption agent in HCl solution. The systematic influences of
these desorbing solutions on adsorbed precious metals Au(III) onto
SMQA are shown in Table 5 (batch system) and Table 6 (column/SPE
system). The results show that KSCN solution is the most effective to
desorbed Au(III) metal ions from adsorbent material. The high per-
centage of desorption obtained when KSCN solution was used may be
explained by soft acid (HSAB concept) that prefer interact to SCN-

classified as soft base. Interaction between soft-soft acid-base will
generate strong interaction. But it is not advisable to use KSCN reagent
for the desorption studies, due to its acute toxicity.

As seen from Table 6, both Na2S2O3 and SC(NH2)2 have relatively
same value of desorbed Au(III), but little lower than KSCN. Au(III) will
interact electrostatically with amine group in SMQA, and if adding by
thiourea Au(III) will reduced to Au(I). The hypothetic reaction was:

+ + ⇄

+

− + −aq SC NH aq Au SC NH aq

s

Au-SMQA(s) Cl ( ) 2 ( ) ( ) [ ( ) ] Cl ( )

SMQA ( )
2 2 2 2 2

Desorption in medium HCl tend to be more stable because HCl can
supply the Cl− for desorption of Au(III) from the surface of SMQA [41].

The amount of Au(III) ion desorbed by column system (Solid Phase
Extraction, SPE) shown in Table 5. From the table we can observe that
KSCN was the best desorption agent in HCl solution. However, for
safety and environmental excuse, application using thiourea or Na2S2O3

was also suggested because there are no significant different in per-
centage of desorbed Au(III). The good material is if materials have a
good reusability. The good reusability of the material is the chemical
structure is not change and it doesn’t decrease the sorption capacity.
The reusability of SMQA shows that in four times sorption-desorption

Fig. 5. Effect of medium acidity of sorption Au(III) on SMQA (mass sorbent
0.1 g, contact time 120min, pH 5.0, RTP).

Table 2
BET-specific surface area, and BJH-porosity of SG, SMA, and SMQA by SAA
using gas nitrogen.

Materials Specific Surface Area
(m2 g−1)

Total Pore Volume
(mL g−1)

Pore Diameter (Å)

SMA 98.410 0.080 1.6798
SMQA 164.682 0.804 9.7623

Table 3
Thermodynamics parameter by Langmuir and Freundlich isotherm models (pH 5.0, RTP, contact time 120min, 100mg adsorbent in 20mL solution).

Material Langmuir Freundlich

SMQA b (mole/g) b (mg/g) K (mole/L)−1 R2 E (kJ mol−1) B (mole/g) B (mg/g) n R2

3.781× 10−4 74.47 14809 0.997 23.95 23.66× 10−4 466.02 1.84 0.959
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cycle there is no significant differences. But, at fifth cycle desorbed Au
(III) was decreased (Fig. 6). The application of SMQA in gold mining
effluent shows that the desorption of Au(III) only 0.000593 %, this can
be caused by competition with another metal ion in effluent.

3.6. Sorption-desorption study in gold mining effluent

Materials SMQA was then applied to gold mining effluent from
landfill traditional mining in Punti and Penengah Village, sub-distric

Pelawan, District Sarolangun, Province of Jambi. The result of 2.0 g
sample can be seen in Table 7, where A1 and A2 was Punti Village, B1

and B2 was Penengah Village, C0 was initial concentration of of Au(III)
in sample, W was sample weight, V was volume of solution sorbed, and
Ce was concentration of Au(III) in equilibrium. From Table 7 we can
conclude that the gold mining effluent still have content of AuIII in
location A and B by average 11.86 μg/g and 5.84 μg/g, respectively. If
we count as a percentage there are still have 0,000,593 % and
0,000,292 % in location A and B, respectively. These results also reveal
that there are any different amounts of gold in any location in Jambi.
For comparison, Table 8 has shown the analysis of gold by several re-
searchers.

Previous researcher using the Dowex M 4195 material has very good
reusability. Six hundred milligrams of Dowex M 4195 chelating resin
can be used as high as greater than 100 times experiments without any
loss in its sorption behavior [43]. STBTU has very good stability and
could be recycled many times without affecting its sorption capacity
[44]. Compare with these, SMQA has one advantage: higher capacity.
The use of SMQA as ‘resin’ in SPE system is a very beginning step and
need more development to improve the reusability, stability, and se-
lectivity. SMQA originated from rice hull ash that very high abundance
in Indonesia make everyone can develop this material in order to re-
cover precious metal that also Indonesia, especially Jambi Province has
high abundance of gold.

4. Conclusions

It has been succesfully synthesized the new material that potentially
to recover Au(III) in gold mining effluent. Characterizations this ma-
terial by FT-IR, XRD, SEM and GSA analyzer show that the material has
characteristic parameter of SMQA. Optimum pH of sorption Au(III) on
SMQA was 5. Sorption capacity by Langmuir monolayer sorption was
74.47mg/g and approximately 6 times greater than multilayer sorp-
tion. Kinetics sorption studies by Lagergren, Ho, and RBS models shows
that the sorption Au(III) in this research have the suitable condition
with RBS models. Desorption study using Na2S2O3, SC(NH2)2, and
KSCN as desorption agent in HCl solution was there are no significant

Table 4
Linearity and sorption rate parameter of sorption Au(III) in various kinetics model (200mg sorbents on 100mL Au(III) 100mg L−1, pH 5.0, RTP).

Materials Lagergren Ho RBS

R2 klag (min−1) R2 kHo (min−1 mol−1 L) R2 ka
(min−1 mol−1 L)

kd ×10−3 (min-1) ka/kd(mol−1 L)

SMQA 0.938 0.0620 0.970 59.93 0.988 77.29 4.74 16308

Table 5
Desorbed Au(III) ion from SMQA materials in batch system using
several desorption agent in 0.5mL HCl 1M solution (100mL Eluent
1M, 20 g Au-SMQA, contact time 60min, RTP).

Desorption agent Desorbed Au(III) ion (%)

Na2S2O3 94.25
92.10

SC(NH2)2 95.20
95.01

KSCN 95.20
95.01

Table 6
Desorbed Au(III) ion from SMQA materials in column (SPE) system using sev-
eral desorption agent in 0.5 mL HCl solution (0.5 g sorbent, flow rate 1mL
min−1, contact time 60min, RTP).

Sorption repetition
(n)

Desorbed on Au(III) (%)

Na2S2O3 1M, HCl
1M

Tiourea 1M, HCl
1M

KSCN 1M, HCl
1M

1 89.15 89.95 92.25
2 86.85 89.76 92.20
3 84.31 86.00 87.25
4 79.99 80.50 84.31
5 60.75 63.32 65.45
6 44.53 46.50 55.29
7 21.45 26.92 31.65

Fig. 6. Repetition of reusability SMQA in desorbed Au(III) using several deso-
rption agent in HCl solution (100mL eluent 1M+0.5mL HCl 1M, contact time
60min, 20 g Au-SMQA).

Fig. 7. Sorption profile of Au(III) onto SMQA a function of time (0.1 g mass
sorbent, 20mL Au(III) 100mg L−1, pH 5.0, RTP).
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different of amount of desorbed Au(III) from SMQA (Na2S2O3=94.2
%; SC(NH2)2= 95.2 %; KSCN=95.2 %). The reusability of SMQA
shows that in four times sorption-desorption cycle there is no significant
differences. The application of SMQA in gold mining effluent sample
Sarolangun, Jambi, Indonesia shows that gold mining effluent still have
gold level content 0.000593 % (b/b).
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