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Abstract 

Indonesia has not been separated from the problem of remaining washing in the amalgamation process of 
gold mining which is classified as still containing heavy metals, especially mercury (Hg). If the dangerous 
Hg heavy metal is wasted into the environment, it can cause various problems in the environment and 
especially can threaten human life. Disorders caused include lumps, tumors, nerve damage, brain damage, 
and even death. Therefore, it is necessary to handle gold mining waste before being disposed of to 
eliminate Hg content, so that gold mine waste is no longer dangerous for humans or the environment. 
Meanwhile, on the other hand there was a long-standing event which until now and was considered a 
disaster, namely Lapindo mudflow. The purpose of this study was to find out how to reduce the content of 
heavy metal Hg produced from the amalgamation process of gold mining by adding activated sludge by 
HCl. The activation of the Lapindo mud causes the impurity mineral component that cannot function as a 
binding group of heavy metal ions which leaves a lot of pore in the mud. Increasing the number of pores 
causes the surface area of the touch field of mud which has an active group of silanol. This results in a 
greater and more effective absorption of Hg heavy metal ions. Heavy metal ions will be trapped in the 
pores of the mud which have many active silanol groups. The more silica found on the surface of the 
touch field, the more heavy metals can be absorbed during the adsorption process. In this study qualitative 
and quantitative tests were carried out on the effect of using activated sludge from Lapindo mud on the 
binding of active ingredients from heavy metals Hg. Analysis of qualitative data is done by observing the 
presence of white deposits formed as a result of the qualitative test. Quantitative data analysis is carried 
out by weighing the white sediment formed. This study was also supported by a SEM test to observe the 
surface morphology of HCl activated sludge material. Based on the results of the study, it was found that 
the greater the concentration of HCl activator, the greater the binding capacity of the sludge to heavy 
metals Hg. According to the results obtained in this study, the best HCl concentration as a Lapindo mud 
activator is 0.4 M. Because the activated sludge with this treatment has the best ability to absorb heavy 
metals Hg up to 96,06 %. This is in line with the SEM test which shows that Lapindo mud which is 
activated by 0.4 M HCl has a large amount of pore so that it can absorb Hg heavy metals. 
Keywords 
adsorbtion, activated mud, mercury (Hg) 

1. Introduction
Mining technology is indeed progressing, but often the impact of waste on the environment is often not noticed.

One of the hazardous waste producers that can damage the environment is the waste from the gold mining industry 
(Halimah, 2003). This waste has considerable potential in improving pollutants in the environment. In the process of 
extracting gold in mining, mercury is currently still used as its main ingredient (Diaz, 2000). If the mercury is released 
into the water around the mine it will certainly be able to flow into the river, even to the sea. Bioaccumulation of Hg 
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in gold mine wastewater which is carried along into these waters can cause the accumulation of Hg organic 
compounds in the body of marine fish, which can allow Hg to enter the food chain, and can disrupt both the 
environment and human health (WHO, 2013). Therefore a management is needed to minimize the potential for Hg 
pollution in the environment.. 

Mercury is a toxic substance in the form of elements, compounds or ions. Therefore, it is necessary to handle 
waste containing mercury species. During this time, waste containing mercury can be handled through the adsorption 
method using activated carbon (El-Agroudy, 1999). However, handling mercury using the adsorption method using 
activated carbon still has the disadvantage that the adsorbent material is still dependent on natural materials, one of 
which is wood. At present the demand for wood for the furniture and paper industry is very high. If wood is 
continuously utilized, it will certainly cause environmental balance to be disrupted. If plants continue to decrease, 
CO2 pollution will increase, because the plant photosynthesis that occurs will be less and less. Therefore it is 
necessary to have alternative adosorbent materials that can be used to absorb mercury from gold mining waste. 

Meanwhile, on the other hand there was a long-standing event which until now and was considered a disaster, 
namely Lapindo mudflow. Lapindo mud is an event of leaking of natural gas drilling that occurred in Sidoarjo 
Regency, East Java, which has a negative impact on the community on their lives (Jalil, et. al., 2010). Lapindo mud is 
indeed a mudflow disaster which until now has not been able to be stopped, but it would be nice for academics from 
the students to conduct research to explore the potential of Lapindo mud into something that is beneficial to the 
community. So far it has never been suspected that Lapindo mud has a lot of potential to be used as something useful. 
Lapindo mud is a natural resource (SDA) that is rich in valuable minerals. Lapindo mud contains various mineral ions 
which are pore-filling impurity compounds in sludge such as Ca2+, Mg2+, Fe3+, and Al3+(Mustopa and Risanti, 2013). 
The four minerals cannot function as binders for heavy metal ions. However, these minerals actually become a 
nuisance in the process of binding heavy metal ions such as ionic elements of mercury (Hg), so that the disturbing 
minerals must be removed so that the heavy metal adsorption / binding process such as Hg can take place well 
(Trimayanto and Cahyaningrum, 2019). 

Moving on from the various problems and potentials, in this scientific work a study was conducted on the 
utilization of activated Lapindo acid hydrochloric acid as an adsorbent for the remaining active ingredients of heavy 
metal Hg. It is expected that the activated sludge from Lapindo mud that will be developed can help in handling 
mercury heavy metal waste which mainly comes from gold mining waste and gold processing. In this study, a number 
of Lapindo mud samples that have been activated previously using HCl solutions with different concentrations were 
tested to adsorb the remaining active ingredients of heavy metal Hg. 

 
2. Materials and Methods Used 
2.1 Activating Mud 

Activation Lapindo mud activation is carried out in the following some stages. First, Lapindo Mud in Porong 
Sub-district, Sidoarjo Regency, which will be used as a base for making activated sludge. Six glasses of chemicals 
are provided, each of which is filled with 100 grams of Lapindo mud and added 10 mL of aquadest in beaker 1, 10 
mL of HCl 0.125 M in beaker 2, 10 mL of HCl 0.25 M in beaker 3, 10 mL of HCl 0.5 M in beaker 4, 10 mL HCl 1 
M in beaker glass 5, and 10 mL 2 M HCl on beaker 6. Soaking process is carried out for 24 hours. Lapindo mud 
which has been muted with HCl and aquades is separated from the rest of the activator. Activated sludge is left at 
room temperature to dry. 

 
2.2 Uji Scanning Electron Microscopy (SEM) 

In this study the surface of the sludge activated by HCl was tested using the Scaning Electron Microscope 
(SEM) instrument. The purpose of testing using the SEM instrument is to obtain a more detailed form (micro and 
macro structure) of the surface of the mud that has been activated by HCl with a concentration of 0.05 M, 0.1 M, 0.2 
M, 0.4 M, and mud with addition of distilled water to the control treatment. 
 
2.3 Qualitative Test of Binding of Metal Hg 

To find out the binding of Hg metal waste in samples can be done through qualitative test methods with the 
following some stages. First, dry activated sludge that has been made through immersion in HCl solution with 
different concentrations of concentration or soaking with distilled water placed in a beaker and added 100 mL of 
HgNO3 solution with concentration of 25 g / L in each beaker. Let stand ± 3 hours while occasionally stirring so that 
the activated sludge can bind the active ingredients from the sample. Filtrate filtration is carried out, the filtrate from 

1707



Proceedings of the International Conference on Industrial Engineering and Operations Management 
Pilsen, Czech Republic, July 23-26, 2019 

© IEOM Society International 

each treatment was put into 4 test tubes for qualitative testing. Each filtrate is added 3-5 drops of hydrochloric acid. 
If after adding hydrochloric acid there is no white precipitate formed, the adsorption test is qualitatively successful. 

 
2.4 Quantitative Bonding Test for Metal Waste Hg 

To find out the adsorption of Hg metal waste in samples can be done through quantiitative test methods with 
the following steps. First, deposits from the qualitative test process are carried out by filtering using filter paper 
(which has been weighed by mass). Deposits on filter paper are heated to a temperature of 100oC until the mass is 
constant. Deposits along with filter paper are weighed. To determine the sediment mass, the mass of the process 
results is reduced by the initial filter paper mass. 

 
2.5 Test of Atomic Absorbance Spectrophotometer (AAS) for Mercury 

This test is conducted to determine the remaining mercury concentration from adsorbed waste. To find out the 
residual ion mercury in the sample can be done through the following stages. First, dry activated sludge that has 
been made through immersion in HCl solution with different concentrations of concentration or soaking with 
distilled water placed in a beaker and added 100 mL of HgNO3 solution with concentration of 25 g / L in each 
beaker. Let stand ± 3 hours while occasionally stirring so that the activated sludge can bind the active ingredients 
from the sample. Filtrate filtration is carried out, filtered filtrate was carried out by the AAS test to determine the 
mercury ion concentration. 
 
3. Results and Discussion 
3.1 Activation of Lapindo Mud 

Preparation were made before the research was conducted, such as making HCl solution with different 
concentrations consist of 0.05 M, 0.1 M, 0.2 M, and 0.4 M. The purpose of making the difference in concentration 
of HCl was to determine the effect of HCl activator concentration on the binding capacity of sludge with heavy 
metal mercury (Hg) and look for the best HCl concentration that can be used to activate Lapindo mud. In this 
immersion, aquades was used as a control activator. 

The first step starts with the immersion process. Where Lapindo mud is weighed with an analytical balance of 
100 grams each which is placed on the basis of five beakers. The five beakers containing Lapindo mud will be 
immersed with 5 solutions as an activator. In the first beaker, 100 ml of 0.05 ML HCl solution was added. In the 
second beaker, 100 ml of 0.1 M HCl solution was added. In the third beaker, 100 mL of 0.2 M HCl solution was 
added. In the fourth beaker, 100 mL of 0.4 M HCl solution was added. In the fifth chemical glass, 100 mL of 
aquades solution is added. This immersion is carried out for 24 hours so that the activation process runs optimally. 
The addition of HCl to Lapindo mud has caused the mud structure to become more refined. After 24 hours of 
activation, the mud is heated at 100oC to reduce water content. 

 The activation method used in this research is activation method using hydrochloric acid (HCl). HCI is an 
acid that is classified as a strong acid which can release almost all of its hydronium ions. This hydronium ion can 
activate minerals in Lapindo mud. Lapindo mud contains various mineral ions which are known as impurity 
compound that fills the pore of mud such as Ca2+, Mg2+, Fe3+, and Al3+. The four minerals cannot function as binders 
for heavy metal ions. However, these minerals actually become a disturbance in the process of binding heavy metal 
ions such as ionic elements of mercury (Hg), so that the disturbing minerals must be removed so that the heavy 
metal adsorption / binding process such as Hg can take place well. 

In this study, the aim of activation using HCl is removing impurity minerals. The four ions (Ca2+,  Mg2+, Fe3+, 
and Al3+) will react when HCl is added to form each acid compound according to the following equation: 

Ca2+
(aq)

 + 2HCl(aq) → CaCl2(aq) + 2H+
(aq) 

Mg2+
(aq) + 2HCl(aq) → MgCl2(aq) + 2H+

(aq) 
Fe3+

(aq) + 3HCl(aq) → FeCl3(aq)  + 3H+
(aq) 

Al3+
(aq) + 3HCl(aq) → AlCl3(aq) + 3H+

(aq) 
The mud activation process in this study will dissolve the impurity mineral ions as CaCl2, FeCl3, MgCl2, dan AlCl3. 
These compounds are compounds that are easily soluble in water, so they are easily washed with water. 

Not only functioning as a purifier of impurity minerals, but HCl activators also function as activating reagents 
of polysilic compounds in mud. When the polysilic compound in the mud reacts with HCl, it will activate the group 
which produces polysilanol [=Si(-O-H)2]n. Polysilanol compounds are compounds that have silanol groups. The 
silanol group is an active group that can function as a binder of heavy metal ions such as elemental mercury ions 
(Hg+ and Hg2+). Hg+ ions can act with silanol groups to produce complexes [=Si(-O-H)2]n, while Hg2+ ions can act 
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with silanol groups to produce complexes [=Si(-O-Hg)2]n. The following is a reaction equation between polysilanols 
with elemental mercury ions (Hg+ dan Hg2+): 

[=Si(-O-H)2]n + Hg+ → [=Si(-O-Hg)2]n + 2H+ 

2[=Si(-O-H)2]n + Hg2+ → [=Si-O-Hg-O-Si=]n + 2H+ 

Bonds that occur between atoms in these complex compounds are covalent bonds. Covalent bonds are one type of 
bond that is very strong. This causes the complex compounds to be stable and not easily re-ionized, so that heavy 
metal ions will be adsorbed perfectly. 

The process of activating the Lapindo mud causes the impurity mineral component that cannot function as a 
binding group of heavy metal ions which leaves a lot of pore in the mud. Increasing the number of pores causes the 
surface area of the touch field of mud which has an active group of silanol. This results in a greater and more 
effective absorption of Hg heavy metal ions. Heavy metal ions will be trapped in the pores of the mud which have 
many active silanol groups. 

 
3.2 Scanning Electron Microscope (SEM) Test 

 Scanning Electron Microscope (SEM) is an electron microscope designed to observe the surface morphology of 
a solid object directly. In this study, the SEM test was used to observe the surface morphology of activated sludge 
material, to obtain a more detailed form (micro and macro structure) of the surface of the sludge activated by HCl 
with a concentration of 0.05 M, 0.1 M, 0.2 M , 0.4 M, and mud by adding aquades to the control treatment. The 
SEM test results are in the form of micrographs resulting from scanning electrons from the tested sludge. 

The SEM test in this study was carried out using 10000 times magnification. Based on the SEM testing that has 
been done, the results of the Lapindo mud micrograph are shown in figure 1 below: 

   

  

a 

c d 

b 
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Fig 1: SEM micrograph of Lapindo mud activated HCl: (a) activated by aquades (control treatment), (b) activated by 

0.05 M HCl, (c) activated by 0.1 M HCl, (d) activated by HCl 0.2 M, and (e) activated by 0.4 M HCl. 
When compared, figure 1 (a) with figure 1 (b, c, d, and e) shows a change in the porous structure of the mud 

without the addition of activators with the sludge activated by HCl. These results indicate that the concentration of 
activators can affect the size of the pores of Lapindo mud. Activation of sludge using HCl causes the pore size to 
increase and make a new pores form. The activation of Lapindo mud using HCl causes a reaction to transfer ions 
(hydronium) H+ to the mud material and eliminate impurity minerals so that the diameter of the pore slurry 
increases in width. Based on the SEM test with a magnification of 10000 times, the mud pore diameter data were 
obtained as follows: 

 
Table 1: Activated Mud Diameters of Pore and Kinds of Pori. 

 
 
 
 
 
 
 
 
 
 
 

 
Based on data from table 1 and figure 1 it is known that the greater the concentration of activator (HCl) causes 

the pore size of the mud to be smaller, but the number of pores is increasing. Morphology of sludge with activator 
(HCl) 0.4 M has the most pore structure with the smallest diameter among the other sludge which is 0.201-0,671 
μm, the resulting pore size is included in the mesoporous structure. The increasing number of pores formed will 
certainly expand the surface of the mud, so that the mud will have a lot of space that can absorb heavy ionic 
elements of mercury (Hg). 

 
3.3 Quantitave and Qualitative Test of Acitvated Mud 

 Qualitative tests of activated mud were carried out by adding 100 mL of 0.01 M HgNO3 (colorless solution) 
and left to stand for three hours while stirring occasionally. Next, solution is filtered with filter paper so that residues 
and filtrate formed. Filtrate is put into test tube and added 3-5 drops of 0,1 M HCl (colorless solution). This test give 
positive result by the presence of Hg+ ions if white precipitation is in the form of HgCl based on the equation: 

Hg+ + HCl → HgCl + H+ 

Based on testing, qualitative and quantitative data are obtained as follows: 
 

 

 

No. Activator Consentration (HCl) 
(M) 

Diameters of Pore 
(µm) 

Kinds of Pore 

 0 (control) 3,015-7,527 Macropore 

1. 0,05 0,917-8,768 Mesopore- Macropore 

3. 0,1 0,893-2,573 Mesopore 

4. 0,2 0,615-1,187 Mesopore 

5. 0,4 0,201-0,671 Mesopore 

e 
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Table 2: The presence of precipitation and its mass based on the results of qualitative and quantitative test. 

No. Activator Concentration 
(HCl) (M) 

Presence of 
Precipitation 

Precipitation 
Mass (g) 

1. 0 (control) + 0.0126 
2. 0,05 + 0.0107 
3. 0,1 + 0.0085 
4. 0,2 + 0.0045 
5. 0,4 - 0.0007 

 
Information:  + : there is precipitation  

 - : there is no precipitation 
 

Testing the presence of Hg+ ions were carried out by adding 3-5 drops of HCl into filtrate. If there is no white 
precipitation of HgCl or HgCl2 after added by HCl, thus the qualitative adsorption test is completely success. The 
product of mud activation process in this study is polysnilanol [=Si(-O-H)2]n. These compound can react with 
mercury heavy metal such as mercury (I) ions (Hg+) and mercury (II) ions (Hg2+).  

In this study, the activated mud with HCl successfully binds and precipitates the active compound in the sample 
proven by the presence of white precipitate in residual binding filtrate test of the activated mud’s active ingredient. 
Based on the test have been carried out, precipitation mass decreases as addition of concentration increases in each 
treatment. The graph of precipitation mass data analysis result is shown Figure 2: 

 
Fig 2: The effect of HCl concentration towards precipitation mass. 

 
Based on Figure 2, HCl activator concentration depends on the binding capacity of the mud with Hg ions. In 

the lapindo mud activation process shows that the greater HCl concentration, the greater binding capacity of the mud 
toward Hg ions. According to the result of this study, the best HCl concentration as the Lapindo mud activator is 0.4 
M. 

Polysianol compound was effective in binding and precipitating heavy metal ions, such as mercury (Hg) 
(Kurniati, 2013). These compound will react with metal ions to form stable complex. Silanol group is an active 
group that has function as a binder of heavy metal ions such as mercury ions (Hg+ dan Hg2+). Hg+ ions can react 
with silanol group yields [=Si(-O-Hg)2]n complex, while Hg2+ ions react with silanol group yields  [-Si-O-Hg-O-Si-] 
complex. The equation of polysilanol and mercury ions (Hg+ dan Hg2+) shown below: 

[HCl] (M) 

m
 p

re
ci

pi
ta

nt
 (g

) 
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[=Si(-O-H)2]n + Hg+ → [=Si(-O-Hg)2]n + 2H+ 

2[=Si(-O-H)2]n + Hg2+ → [=Si-O-Hg-O-Si=]n + 2H+ 

The bond type that occurs between atoms in these complex is covalent bond. Covalent bond is belongs to very 
strong bond. This causes the complex compound become stable and hard to be re-ionized, thus the heavy metal ions 
will be adsorbed perfectly. 

The activation of Lapindo mud causes impurity mineral component cannot binds the heavy metal ions, thus 
leaves a lot of pore in the mud. Increasing the number of pores increases the mud surface area which have silanol 
active group. this results in a greater and more effective absorption of Hg ions. Heavy metal ions will trapped in the 
mud pores that have a lot of silanol active group. The more silica that found on the surface area, the more heavy 
metals can be absorbed during the adsorption process. 

 
3.4 Atomic Adsorbance Spectofotometer (AAS) Test 

The test using Atomic Adsorbance Spectofotometer (AAS) to find supporting data from reducing mercury ions 
concentration along with increasing HCl activator concentration in each treatment quantitatively. Thus the 
relationship between HCl activator concentration and Lapindo mud absorption capacity that has been activated by 
HCl will be found. Based on testing, the quantitative and qualitative data obtained as follows: 

Table 3. Data from test result of concentration (M) of mercury ions using AAS. 
No. Activator Concentration (HCl) 

(M) 
Concentration 

(ppm) 
1. 0 (control) 12,7 
2. 0,05 10,8 
3. 0,1 8,7 
4. 0,2 5,8 
5. 0,4 0,5 

 
Based on data above can be inferred that concentration of mercury ions decreases as long as HCl activator 
concentration increase. This following table shows decreasing ions concentration along with increasing HCl 
activator concentration.  

 
Figure 3. The effect of HCl concentration towards mercury ions concentration. 

 
Based on graph above can be inferred that the greater HCl concentration, the greater decreasing mercury ions 
concentration, or in another words absorption capacity of mercury ions by activated mud is getting bigger. Based on 
these data also can be known that the decreasing mercury ions concentration in the greater amount is known at the 
greater activator concentration 0.4 M. 

 
4. Conclusions and Recommendations 

[HCl] (M) 
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4.1 Conclusios 
Based on the result and discussion, it can be concluded that heavy metal (Hg) level in gold mining waste can 

be reduced by adding activated mud by HCl, which the concentration affects the surface area of mud. The greater 
concentration of HCl activator, the smaller mud pores, but the number of pores getting bigger so that the activation 
process of Lapindo mud,  shows that the greater concentration of HCl, the greater capacity of mud binds the heavy 
metal (Hg). Based on this study, the best HCl concentration as an activator of Lapindo mud is 0.4 M. 
 
4.2 Recommendations 

It is recommended for researches and reviewers about this material by conduct the research 
to know absorption capacity  from Lapindo mud that has been activated by HCl and applying the 
adsorbent that has been developed in society so that problem of detergent-waste can be solved. 
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