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ABSTRACT 

This research was conducted to determine the effect of solid/liquid ratio (s/v), temperature, and 
stirring Speed on per cent extraction of iron using oxalic acid from Averrhoa bilimbi. The variation 
of the solid/liquid (s/v) is 10%, 15% and 20 (%), the temperature variations used are 30, 60 and 
90 oC, while the variation of the stirring Speed uses 200, 400 and 600 rpm. Some basalt rock 
samples are put into the reactor and leached using an oxalic acid solution from Averrhoa bilimbi. 
Within a certain period of time, the filtrate was taken and analyzed for Fe content using Atomic 
Absorption Spectroscopy. The residue was analyzed using XRF and XRD. The results showed 
that the highest percentage of iron extraction for basalt rock leaching experiments using oxalic 
acid from Averrhoa bilimbi was achieved at a temperature of 90oC, 10% of solid/liquid ratio, 400 
rpm stirring speed and 120 minutes of leaching time with a percent iron extraction of 65.90%. 
XRD analysis results showed that the compounds formed in the residual leaching were Anorthite, 
Ferrosilite, Cristobalite and quart low. 
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INTRODUCTION 

Basalt rock reserves in Indonesia 

reach more than 1 billion tons. Widespread 

from Sumatra, Java, Kalimantan, Sulawesi to 

Papua. In Lampung Province, basalt rocks 

can be found in East Lampung, scattered in 

several areas including Mataram Baru, 

Jabung, Bumi Agung, Marga Tiga, 

Sukadana, and Labuhan Maringgai. The total 

resources in the area are more than 10 

million m3 [1]. So far, basalt is only used as a 

foundation stone for building houses. Along 

with the development of technology and 

science, basalt rock can be processed into 

basalt fibers [2,3], basalt castings [4], and 

ceramics [5,6]. The basis for the 

determination can be processed into basalt 

fiber, foundry basalt or basalt rock by 

calculating the acidity modulus (Ma) or acidity 

coefficient (Ka) and or metal silicate index 

(Nx) [7]. In the basal smelting process, the 

viscosity value is related to the melting 

process. The content of iron and aluminum 

affects the basal smelting process. Elemental 

iron affects the crystallization process, 

viscosity, and resistance to acid. At the same 

time, the aluminum element affects the water 

resistance [8].  
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Elements incorporated into gabbro–

basalt raw materials influence these 

properties in different ways. Thus, alkaline 

earth metals reduce the melting temperature. 

Aluminum (within a specific concentration 

interval), silicon, and titanium increase the 

viscosity of a melt and decrease its 

crystallization ability. Magnesium, calcium, 

manganese, sodium, and potassium reduce 

the viscosity to varying degrees.  Iron also 

decreases the viscosity and expands the 

casting range of a melt. At the same time, low 

ferriferous castings manufactured from 

gabbro–basalts have a high compression 

strength. [9] 

Basalt is also used in the foundry 

process for the manufacture of tiles and slabs 

for architectural applications, and in tubing. 

Cast basalt has been used in industrial 

applications because of its high abrasion 

resistance, the properties of basalt fibers 

resemble those of glass fibres. However, 

basalt fiber has the advantage of being 

workable at higher temperatures than glass 

fiber, and is more stable in highly alkaline 

liquids. CBF production is a fledgling industry, 

with many leading manufacturing companies 

less than 20 years old and technological 

advances rapidly [10,11,12,13] 

The high iron content in basalt rock 

needs to be reduced to obtain an appropriate 

acidity coefficient (Ka). One way is by leach-

ing the basalt rock. Leaching is a solid-liquid 

extraction process. Liquid solid extraction is 

separating the solute contained in a solid by 

bringing the solid into contact with the sol-

vent. The solid and the solvent mix, then the 

solute dissolves in the solvent [14]. Several 

researchers have leached basalt stones 

us¬ing orthoboric acid [15], hydrochloric acid, 

and oxalic acid [16], as well as leaching using 

bacteria[17]. The leaching process in this 

study used an oxalic acid reagent derived 

from Averrhoa bilimbi. Unfortunately, Aver-

rhoa bilimbi is very limited in use, so much of 

it is left to waste. This research will discuss 

the effect of solid percent, temperature, and 

stirring Speed in basalt rock leaching using 

oxalic acid from Averrhoa bilimbi as the 

leaching reagent. Basalt rock character-

iza¬tion before leaching was carried out us-

ing XRF and XRD, and the leaching solution 

was analyzed for Fe elements using AAS. At 

the same time, the residues of the research 

re-sults were characterized using XRF and 

XRD.were characterized using XRF and 

XRD. 

 

METHODS 

Material  

The material used in this study was 

basalt rock from East Lampung, with the 

results of the XRF analysis shown in Table 1. 

Table 1. Results of analysis of basalt stones 
in East Lampung using X-Ray 
Fluorescence (Panalitycal Epsilon 3 
XLE) 

No Compound Percentage (%) 

1 Na2O 1.806 
2 Al2O3 17.345 
3 SiO2 47.588 
4 K2O 0.684 
5 CaO 11.105 
6 Fe2O3 15.957 
7 MnO 0.27 
8 Cr2O3 0.102 
9 Ag2O 0.137 

Extraction of basalt rock 

The experimental stage was initiated 

by reducing the size of the basalt rock using 

a jaw crusher and milling to obtain a size of 

74 microns. The basalt powder was then 
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dried at a temperature of 105-110°C for 2 

hours. Finally, basalt powder before leaching 

was analyzed using XRF and XRD. 

The next step is the extraction of 

oxalic acid from Averrhoa bilimbi. Several 

Averrhoa bilimbi were blended and filtered 

until a solution of starfruit was obtained. Then 

the NaOH solution was added to the 

Averrhoa bilimbi solution and heated at 90°C 

for 150 minutes. Then CaCl2 1 N is added to 

form a white precipitate. The solution is 

filtered. The precipitate formed is dried in an 

oven and then added with sulfuric acid to get 

the oxalic acid filtrate.  

The last stage is the leaching 

process. Leaching was carried out by varying 

the solid/liquid ratio (s/v), namely 10%, 15%, 

and 20%, temperature variations of 60 oC and 

90°C and stirring Speed of 200 rpm, 400 rpm, 

and 600 rpm for 2 hours. Every particular time 

the leaching result of the filtrate was taken 

and analyzed using AAS Shimadzu AA-7000 

to determine the dissolved metal. While the 

residue was analyzed using XRF and XRD. 

 

RESULTS AND DISCUSSION 

Effect of Solid/liquid ratio (s/v) on the 
percent of Iron extraction in basalt 
leaching 

In this leaching experiment, one of 

the variables studied was the solid/liquid ratio 

(s/v), where the solid/liquid ratio (s/v) was 

varied in the range of 10%, 15%, and 20%. 

The fixed conditions of the experiment were 

a temperature of 30oC and a stirring speed of 

400 rpm. The experimental results on the ef-

fect of solid/liquid ratio (s/v) on percent ex-

traction of iron in basalt leaching are shown 

in Figure 1. 

From the experimental results shown 

in Figure 1, it can be seen that the greater the 

solid/liquid ratio(s/v), the smaller the percent 

extraction of iron dissolved in the leachate so-

lution. For example, in the experiment with 20 

solid/liquid ratio (s/v) percent, it was seen that 

the percent iron extraction obtained reached 

44%. However, when the experiment was 

carried out by reducing the solid percent to 15 

percent, an increase in the percent extraction 

of Fe was 56% at 120 minutes. This is be-

cause, at a higher solid percent, the slurry 

density is higher. Therefore, the mobility of 

oxalate ions will decrease, and transport of 

Fe2+ ions to in bulk of the solution becomes 

slow. Therefore, the decrease in solid percent 

will increase the ratio of the leachate solution 

concentration to the weight of the basalt rock 

provided. In general, the higher the reagent 

concentration, the faster the reaction rate will 

be so that the iron extraction obtained will be 

higher[15]. 

 

Figure 1. Effect of solid/liquid ratio (s/v) on 
basalt ore leaching on percent iron 
extraction 

 
Effect of temperature on the percent of 
iron extraction in basalt leaching 

The percentage of Fe extraction as a 

function of time at various leaching tempera-

tures in this study is shown in Figure 2. In 
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general, temperature greatly affects the reac-

tion rate. According to Arrhenius, an increase 

in temperature will increase the rate of the 

leaching reaction so that with the same leach-

ing time with a higher temperature, the per-

centage of metal extraction will be higher. 

 

Figure 2. Effect of solid/liquid ratio (s/v) on 
basalt ore leaching on percent iron 
extraction 

 
At this higher temperature, the acti-

vation energy of the Fe dissolving process 

will decrease so that in the same leaching 

time, more Fe can be dissolved. The experi-

mental results show that the temperature in-

crease from 30°C to 60°C only slightly in-

creases the percent extraction of Fe, which is 

about 2% after 120 minutes. However, a sig-

nificant increase occurred from 60°C to 90°C. 

The extraction percentage that can be 

achieved at this temperature is 65%. Be-

cause high temperatures will increase the dif-

fusion of oxalate ion species to be higher, in 

addition, at high temperatures, it will cause 

the solution to become increasingly dilute. 

Thus the mobilization of Fe2+ ions in the bulk 

of the solution becomes faster[13]. 

 

Effect of Stirring Speed on the Percent of 

Iron extraction in basalt leaching 

In addition to variations in solid/liquid 

ratio (s/v) and temperature, this experiment 

studied the effect of stirring Speed on percent 

extraction of Fe. The experimental fixed con-

ditions were solid/liquid ratio (s/v) 10%, tem-

perature 90°C. The experiment results on the 

effect of stirring Speed on percent extraction of 

iron in basalt leaching are shown in Figure 3. 

 

Figure 3. Effect of stirring Speed on basalt 
ore leaching on percent iron 
extraction 

 

Figure 3 shows the leaching process 

with various stirring speeds, 200 rpm, 400 

rpm, and 600 rpm. At a stirring speed of 400 

rpm, the iron element dissolved in the reagent 

was the highest at 56% when taking the 

sample in the 120th minute. The stirring 

Speed affected the physical contact between 

the sample surface and the leachate solution: 

the faster the stirring causes, the more 

frequent contact with the ore to dissolve Fe 

metal[11]. 

XRF and XRD analysis of basalt before 
and after leaching using oxalic acid from 
starfruit 

The residue that produced the 

highest percent extraction was analyzed 

using XRF and XRD. The results of the 
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analysis of compound content can be shown 

in Table 2. 

Table 2. XRF results of basalt rock leaching 
residue using starfruit extract 

 
No. Compound Before 

leaching (%) 
After 

leaching (%) 

1 Na2O 1.806 0 
2 Al2O3 17.345 14.947 
3 SiO2 47.588 46.437 
4 K2O 0.684 0.800 
5 CaO 11.105 12.630 

6 Fe2O3 15.953 8.180 
7 Ag2O 0.137 0 
8 MgO 3.107 1.536 
9 TiO2 1.572 1.592 

 

Based on Table 2, the highest oxide 

compounds are SiO2 of 46.437%, Fe2O3 of 

8.180%, CaO of 12.630%, Al2O3 of 14.947%. 

Other compounds are present in very small 

amounts in ppm. From the data above, it can 

be seen that the iron content has decreased 

by almost half. Based on that data, the acidity 

coefficient (Ka) can also be calculated with 

the following calculations [18] 

 

𝐾𝑎 =  
( 𝑆𝑖𝑂2+𝐴𝑙2𝑂3+𝑇𝑖𝑂2  )

(𝐶𝑎𝑂+𝑀𝑔𝑂+𝐹𝑒𝑂+𝐹𝑒2𝑂3+ 𝑁𝑎2𝑂+𝐾2𝑂)
  …….(1) 

 

The stoichiometric FeO formed was 

calculated to obtain 2.863 so that the 

coefficient of acidity (Ka) in this experiment 

was 2.42. Meanwhile, to produce basalt 

casting, the required Ka value is in the range 

of 1.5-1.8[18]. 

The results of XRD analysis on 

basalt powder before leaching and residue 

after leaching for 120 minutes at 90oC are 

shown in Figure 4. 

 

Figure 4. XRD diffractogram pattern of basalt 
sample before leaching (symbol: 

=Anorthite,=Iron Silicate) 
 

Based on Figure 4, the 

characteristics of the basalt sample before 

leaching are dominated by the peaks of the 

phases, namely the Anorthite and Iron 

Silicate phases. Figure 5 shows that the 

diffractogram pattern is dominated by phase 

peaks such as Anorthite, Ferrosilite, 

Cristobalite, and low quart according to XRF 

analysis results showing a decrease in iron 

content so that SiO2 compounds appear at 

their peak after leaching[17].  

 
Figure 5. XRD pattern of basalt sample after 

leaching temperature variation of 
90oC 

(symbol:= Anorthite, = Anhydrite, =Quartz 
low, =Ferrosilite, =Cristobalite) 
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CONCLUSION  

Based on the results of the 

experiment, analysis, and discussion that 

have been carried out, Iron extraction from 

East Lampung basalt stones can be done by 

leaching using oxalic acid made from 

Averrhoa bilimbi. The highest percentage of 

iron extraction for basalt rock leaching 

experiments using oxalic acid from Averrhoa 

bilimbi was achieved at a temperature of 

90oC, 10% solid percent, a stirring speed of 

400 rpm, a leaching time of 120 minutes with 

a percent iron extraction of 65.90%.- Acidity 

coefficient (Ka) in the basalt rock leaching 

experiment using oxalic acid from Averrhoa 

bilimbi was obtained 2.42. XRD analysis 

results show that the compounds formed in 

the leach residue are different from Anorthite, 

Ferrosilite, Cristobalite, and low quart 

 

ACKNOWLEDGEMENT  

 The authors acknowledge the facilities, 

scientific and technical support from 

Advanced Characterization Laboratories 

Lampung, Indonesian Institute of Sciences 

through E- Layanan Sains, Lembaga Ilmu 

Pengetahuan Indonesia. Contributors 

statement: in this paper, all authors are the 

main contributors. 

REFERENCES  

[1] K.Isnugroho, Y. Hendronursito, & D. C. 

Birawidha, “Characterization and utili-

zation potential of basalt rock from East-

Lampung district”. In IOP Conference 

Series: Materials Science and 

Engineering, Vol. 285, No. 1, p. 

012014,2018. IOP Publishing 

doi:10.1088/1757-899X/285/1/012014  

 

[2] K.Pareek,  & P. Saha” Basalt fiber and its 

composites: An overview”. In Pro-

ceedings of National Conference on 

Advances in Structural Technologies 

(CoAST-2019), Vol. 1, pp.3, 2019. 

 

[3] H. Jamshaid, “Basalt fiber and its appli-

cations”. J Textile Eng Fashion Technol. 

vol.1, no.6,pp254‒255,2017. 

doi:10.15406/jteft.2017.01.00041  

[4] I Bykov, Z. D.Bogatyreva, L. F. Le-

karenko,  & V. A. Bogno, “Basalt stone 

castings with enhanced thermal-shock 

and acid resistance”. Glass and Ce-

ramics, vol.47, no.4, pp.138-141, 1990.  

doi: 10.1007/BF00679925  

 

[5] B.Matović, S. B.Bošković, & M.  Logar, 

“Preparation of basalt-based glass ce-

ramics”. Journal of the Serbian Chemical 

Society, vol.68,no.6,pp. 505-510, 2003. 

doi: 10.2298/JSC0306505  

 

[6] M.Cocic, M. Logar, B Matović, & V.Po-

harc-Logar, “Glass-ceramics obtained by 

the crystallization of basalt”. Science of 

Sintering, vol.42, no.3, pp. 383-388, 

2010. 

doi:10.2298/SOS1003383 

 

[7] E ,Zimin, &  Khodakova. “Chemical 

Composition of Rock Suitable for the 

Production Basalt Fibers Resistant to 

Corrosive Media”. Glass and Ceramics 

Journal. Vol.73, pp.3-4. 2016 

doi: 10.1007/s10717-016-9830-y    

 

[8] S. Asis, “Pengaruh Waktu Pengilingan 

Mengunakan Ball Mill Terhadap Ukuran 

Partikel Batuan Basalt. DINTEK, 

vol.11,no1,pp. 13-17, 2018 

 

[9] Z. Babievskaya, N. P. Dergacheva, 

Sergey Victorovich Fomichev, & V. A. 

Krenev. “Modifying the composition of 

gabbro basalts by leaching with hydro-

chloric and phosphoric acids”, Theoret-

ical Foundations of Chemical Engi-

neering, Vol 44, no.4, pp 580-583,2018.  

doi: 10.1134/S0040579510040391 

  

https://doi.org/10.1088/1757-899X/285/1/012014
https://doi.org/10.15406/jteft.2017.01.00041
https://doi.org/10.1007/BF00679925
https://doi.org/10.2298/JSC0306505
https://doi.org/10.2298/SOS1003383
https://doi.org/10.1007/s10717-016-9830-y
https://doi.org/10.1134/S0040579510040391


  JKPK (JURNAL KIMIA DAN PENDIDIKAN KIMIA), Vol.6, No. 2, 2021,  pp. 131-137          137 

 

[10] N.N. Morozov, V.S. Bakunov, E.N. Mo-

rozov, L.G. Aslanova, P.A. Granovskii, 

V.V. Prokshin, &A.A. Zemlyanitsyn. 

“Materials based on basalts from the 

European north of Russia. Materials 

based on basalts from the European-

north of Russia”. Glass Ceram. 

Vol.58,no.3–4,pp.100–104, 2001. 

doi:10.1023/A:1010947415202 

 

[11] M. Černý, P. Glogar, V. Goliáš, J. 

Hruška, P. Jakeš, Z. Sucharda, & I. 

Vávrová, “Comparison of mechanical 

properties and structural changes of 

continuous basalt and glass fibres at 

elevated temperatures”. Ceramics-

Silikáty, vol.51,no.2, 82-88,2007.  

 

[12] C.Scheffler, T.Förster, E. Mäder, G. 

Heinrich, S. Hempel, V. Mechtcherine. 

“Aging of alkali-resistant glass and bas-

alt fibers in alkaline solutions: evalua-

tion of the failure stress by Weibull dis-

tribution function”. J Non-Cryst Solids. 

Vol.355,pp.2588–2595, 2009.  

doi: 10.1016/j.jnoncrysol.2009.09.018   

 

[13] B. Johannesson, T. I. Sigfusson, H. 

Franzson.”Suitability of Icelandic basalt 

for production ofcontinuous fibres”. Ap-

plied Earth Science Transactions of the 

Institutions of Mining and Metallurgy. 

Vol.128,No.3, pp. 73-78, 2019.  

doi 10.1080/25726838.2019.1575650  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[14] C. J. Geankoplis, . Transport Pro-

cesses and Unit OperationsThird Edi-

tion. United States. Prentice-Hall. Inc. 

pp. 725-726. 1993. 

 

[15] N. P.Dergacheva, N. V. Kochetkova, S. 

V.Fomichev, & V. A Krenev,. “Basalt 

leaching with orthophosphoric acid. In-

organic Materials, vol.45,no.12, 

pp.1366-1369, 2009.  

doi: 10.1134/S0020168509120115   

 

[16] J. B Chapman, D. J. Weiss, Y.Shan & 

M.Lemburger, “Iron isotope fractiona-

tion during leaching of granite and bas-

alt by hydrochloric and oxalic acids”. 

Geochimica et Cosmochimica Acta, 

vol.73, no.5,pp. 1312-1324, 2009.   

doi:10.1016/j.gca.2008.11.037   

 

[17] J. U.Navarrete, I. J. Cappelle, 

K.Schnittker & D. M. Borrok, “Bioleach-

ing of ilmenite and basalt in the pres-

ence of iron-oxidizing and iron-scav-

enging bacteria”. International Journal 

of Astrobiology, vol.12,no.2, pp.123-

134, 2013. .  

doi: 10.1017/S1473550412000493   

 

[18] N.F Drobot,  O.A. Noskova, A.V. 

Khoroshilov, A.V. Steblevskii, S.V. 

Fomichev, &V.A. Krenev. “ Effect of 

Iron Content on the Sintering of Ground 

Basalt into Ceramics”. Inorganic Mate-

rials Journal. Vol.50,no.3,2014.  

doi: 10.1134/S0020168514030042  

 

https://doi.org/10.1023/A:1010947415202
https://doi.org/10.1016/j.jnoncrysol.2009.09.018
https://doi.org/10.1080/25726838.2019.1575650
https://doi.org/10.1134/S0020168509120115
https://doi.org/10.1016/j.gca.2008.11.037
https://doi.org/10.1017/S1473550412000493
https://doi.org/10.1134/S0020168514030042

