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ABSTRACT 
The development of new tanning agents in the leather sector is urgently needed to cope with the increasing 
environmental pressure on the use of current tanning materials and processes. The best alternative tanning agent to 
replace chromium which is not environmentally friendly is titanium-based sulfate salts (IV).  These compounds are 
most recommended to be developed and used in new, cleaner tanning processes for the leather industry. The main 
source of Ti(SO4)2 comes from the mineral ilmenite (FeTiO3) extracted using H2SO4. The extraction process will 
produce a mixture of Ti(SO4)2 and Fe(SO4) in the H2SO4-FeSO4-Ti(SO4)2-H2O system at high acidity of H2SO4. The 
purpose of this study is to separate each of these compounds based on their solubility in methyl alcohol. This study 
discusses the comparison of feed and residue with FTIR, residual characteristics with XRD and XRF. While the results 
of quantitative analysis of each final product of Ti(SO4)2 and Fe(SO4) compounds using XRF. Qualitative results using 
FTIR show that Ti(SO4)2 images are different from FeSO4. The %recovery result in the optimal state of H2SO4 
extraction obtained Ti(SO4)2 was 20.6%, while FeSO4 was only 9.2% from the feed of 30 g ilmenite.    
Keywords: Titanium-Based Sulfate, Ilmenite, H2SO4-Feso4-Ti(SO4)2-H2O System, Solubility, Methyl Alcohol, FTIR, 
XRD, and XRF. 
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INTRODUCTION 
The process of tanning leather using chrome sulfate in the conventional way will be constantly under 
pressure from international regulations with the consequence that it is difficult to obtain environmentally 
friendly labeling.1,2 Thus, reducing dependence on chromium sulfate is a key target for this research. 
Alternative compounds to replace chromium sulfate agents must be naturally abundant, easy to obtain, low 
price, and environmentally friendly. One of the salt compounds as a substitute for chrome sulfate is titanium 
sulfate (Ti(SO4)2) which is easily available and non-toxic.3,4 The advantages of Ti(SO4)2 have long been 
known by Yadav that this compound has superacid (-Ho) strength with a value of 14.5. 5 While FeSO4 itself 
by some researchers has been used as a standard for the synthesis of several compounds such as α-Fe2O3 
nanoparticles, α-FeOOH and α-Fe2O3 nanorods, Fe2O3/CNTs supercapacitor electrodes, even as a material 
for shielding radioactive beta and gamma rays.5,6,7,8,9 The main sources of Ti(SO4)2 and FeSO4 are ilmenite 
minerals (FeTiO3) spread in several regions in Indonesia, including West Kalimantan, South Kalimantan, 
and Bangka Belitung Islands.10 Many researchers have done to obtain Ti(SO4)2 and FeSO4 from FeTiO3 
through a solid-liquid extraction process using sulfuric acid. However, the procedure is too complicated 
and uses a lot of unnecessary chemicals.11-16,20 Based on Liang17 the reaction of ilmenite with sulfuric acid 
under sulfuric acid conditions at a temperature of 298 K. 
 

FeTiO3(s) + 2H2SO4 → TiOSO4 + FeSO4 + 2H2O   (1) 
 

This reaction (1) will tend to shift to the right or product when the concentration of sulfuric acid is above 
16 M or more, but when the concentration of sulfuric acid is less than 14 M or lower and the temperature 
is below 100 °C then the reaction becomes18 

 

FeTiO3(s) + 4 H+
(aq) → TiO2+

(aq) + Fe2+
(aq) + 2 H2O (2) 
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Based on Han's research,18 there are distinctive differences in reactions (1) and (2), which is indicated by 
the presence of a typical 3rd phase formed in reaction (1) while not for reaction (2). The reaction product 
(3) is a typical layer with a colloidal form which is a solid-liquid equilibrium located in the middle layer.18,19 
Based on research by Zhang and Konigsberger, the colloid is a compound with the 
H2SO4−FeSO4−Ti(SO4)2−H2O system.15,19,20 The characteristics of the middle layer or reaction product (1) 
are insoluble in sulfuric acid and ethyl alcohol but highly soluble in water.14,15,16,21 Furthermore, the 
compound Ti(SO4)2 is insoluble in methyl alcohol, but FeSO4 is soluble, thus the compound 
H2SO4−FeSO4−Ti(SO4)2−H2O can be separated into Ti(SO4)2 and FeSO4 products, respectively.15,18,19,22 
Thus, the aim of this research is to provide information that the separation of FeSO4 and TiSO4 was 
successful in terms of the results of qualitative FTIR analysis and the results of semi-quantitative XRD 
analysis of ilmenite residue minerals extracted using methyl alcohol. 
                                      

EXPERIMENTAL 
Material and Methods 
Ilmenite minerals from PT Timah Tbk - Bangka, have gone through the zircon sand beneficiation process 
using a shaker table, wet magnetic separator, and flotation machine and sifted through 200 mesh. Other 
materials are sulfuric acid p.a 96%, ethyl alcohol 99.9%, and methyl alcohol 99.9% which are all made by 
Merck. Separation method of Ti(SO4)2 and FeSO4 using liquid-phase extraction. 
 

General Procedure 
Weighed as much as 30 g of ilmenite with a pass size of 200 mesh and put into a 500 mL three-neck flask 
reactor equipped with a condenser. Then put H2SO4 p.a (96% or 17.6 M) as much as 250 mL, then heated 
to 120 °C and stirred at a speed of 250 rpm and with 4 hours contact time. Then, into the three-neck flask 
added aquadest as much as 100 mL, cooled to 70 °C, and stirring continued for 60 minutes with heating at 
100 °C. Furthermore, the final product in the form of 3 typical phases, is taken in the middle phase (second) 
with a pipette and inserted into a separate funnel with 250 mL volume. The residual phase part or ilmenite 
that does not react is also taken and dried for known characteristics with FTIR and XRD. Then, into the 
separate funnel that has been in phase 3, washed with ethyl alcohol as much as 50 mL to reduce the 
remaining H2SO4 2-3 times. Finally, washed with methyl alcohol as much as 100 mL to separate between 
Ti(SO4)2 and FeSO4, where Ti(SO4)2 is in the water phase and FeSO4 in the organic phase. Then, the two 
products are dried, each weighed, and % recovery is calculated with these equations. 
  

% Recovery =
Weight of FeSOସ𝑜𝑟 Ti(SOସ)

Weight of feed monazite
X 100% 

 
Fig.-1: Illustration of Ti(SO4)2 and FeSO4 Separation 

 

Detection Method 
Fourier Transform Infrared spectroscometer (FTIR, ALPHA II MODULE ATR ZnSe), X-ray Fluorescence 
Spectrometer (XRF Malvern PANanalytical type High-Performance ED-XRF Epsilon 4), and X-ray 
Diffractometer (XRD PANanalytical Aeris type DY844 equipped with 161039 databases) and Scanning 
Electron Microscope (SEM) Hitachi. 
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RESULTS AND DISCUSSION 
Based on Tang, the molecular structure of ilmenite as FeTiO3 is a derivative of α-Fe2O3 which consists of 
several layers that are regular and alternating with each other.19 This regularity is characterized by the 
presence in each layer that is filled with Fe atoms in the plane (001) will be replaced by Ti atoms. This 
regularity is such that it results in densely arranged O layers, with alternating hexagonal shapes and 
schematic representations of FeTiO3 structures shown in Fig.-2. 

 
Fig.-2: The Simple Model of Ilmenite Structure as FeTiO3

25 

 

In Fig.-3, it can be seen that the XRD analysis sample results contained ilmenite minerals 46.6%, as well 
as other forms of titanium minerals in the form of anastase 1.9%, rutile 6.5%, tistarite 4.8%, ilmenite-
hematite mixture 29.8% and hematite 4.3%. While associated minerals such as xenotime 3.5%, monazite 
0.5%, zircon 0.8% and quartz 1.2%.   

 
Fig.-3: XRD Image of Sample Ilmenite Feed Before Reaction (1) 

 

Table-1: Results of XRF Analysis Before the Reaction (1) 
Compound Al2O3 SiO2 P2O5 CaO TiO2 V2O5 Cr2O3 MnO Fe2O3 
Conc. 0.628 3.952 1.276 0.156 38.477 0.129 1.091 1.2 30.964 
Unit % % % % % % % % % 
Compound La2O3 CeO2 Nd2O3 HfO2 Eu2O3 Y2O3 Er2O3 SnO2 As2O3 

Conc. 0.252 0.929 0.163 0.262 0.103 0.436 0.118 4.485 0.122 
Unit % % % % % % % % % 
Compound ZrO2 Nb2O5 Gd2O3 Ho2O3 PbO Yb2O3 TeO2 ThO2 U3O8 
Conc. 4.626 0.158 310 244.7 750.7 400 142.4 0.259 226.4 
Unit % % ppm ppm ppm ppm ppm % ppm 

 
Shown that Table-1 is the result of the characteristics of ilmenite feed content before the reaction process 
is carried out (1) using an X-ray Fluorescence Spectrometer. Table-1 shows that different instruments 
turned out to be in accordance with what is stated in the mineral content analysis using XRD (Fig.-3) namely 
anatase, rutile, tistarite, ilmenite, ilmenite-hematite, xenotime, monazite, zircon, and quartz. 
 

Comparison of Qualitative and Semiqualitative Reaction (1) Residues 
Based on reaction product (1), ilmenite residues after being reacted with 16 M H2SO4 or more, apparently 
undergo many changes in several functional groups. This can be seen in Fig.-4, and it can be shown that 
the ilmenite feed has an O-H stretching band group at 3401.4 cm-1, which is reinforced with a band at 1625.9 
cm-1.25,26,27 As a result of the appearance of these two bands, at 1112.9 cm-1 there is a deformed Fe(or Ti)-
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OH.27  The last appearance of the band at 612.2 cm-1 is the tretching of Fe(or Ti)–O and Fe(or Ti)–OH of 
lattice water libration.23,26 While ilmenite has been reacted with 16 M H2SO4 or more (reaction 1), there is 
a band shift at 3413.9 cm-1 which is still included as O-H stretching25 which is also strengthened by the 
band at 1625.9 cm-1.26 While the bands at 1205.3 cm-1 and 1112.9 cm-1 constitute V3(SO4) antisymmetric 
stretching and/or Fe–OH or Ti-OH deformation.21,28 Furthermore, the band at 1014.1 cm-1 is a symmetric 
of V1(SO4) group, and the band at 612.2 cm-1 is a Fe(or Ti)–O and Fe(or Ti)–OH stretching of lattice water 
libration.21,23,26 The appearance of the latter bands at 550.8 cm-1 and 476.9 cm-1 is symmetric of V2(SO4).28 
With the appearance of some bands 1205.3 cm-1, 1112.9 cm-1, 1014.1 cm-1, 612.2 cm-1, 550.8 cm-1, and 
476.9 cm-1 are predicted that the surface of ilmenite has changed by being reacted with H2SO4 16 M or 
more. Furthermore, to find out the changes in content in detail, the results of reaction residue products (2) 
compared to feed ilmenite will be discussed in the analysis with XRD (Figure-3 and Figure-5). 
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Fig.-4: FTIR Image Difference between Residual Ilmenite and Feed Ilmenite at 120℃ 

 
Fig.-5: XRD image of ilmenite residue after reaction (1) at 140℃ 

 

From Fig.-3 and Fig.-5 it turns out that before and after reaction (1) it can be compared that the mineral 
content of anatase (as a TiO2 mineral) in the residue rises by 3.2%. While rutile in the residue is also a 
derivative species of the mineral TiO2, its concentration also rises to 21.8%, where both minerals 
accumulate. It is based on Gao, that anatase is insoluble in H2SO4, so it will tend to accumulate in reaction 
residues (1). 29 Khan, in his research, that the resolution of anatase in sulfuric acid due to the occurrence of 
reverse reactions as follows30 

 

TiO2 + SO3 → TiOSO4        (3) 
TiOSO4    → TiO2 + SO2 ↑ + ½ O2 ↑     (4) 

 

While the tendency of rutile minerals to be insoluble in sulfuric acid 85% or more, has been explained in 
detail by Dubenko by making plots in the temperature range of 300 K-500 K versus Gibbs energy in the 
reaction below, 31 

 

TiO2 + 6(H2SO4.H2O) → Ti(SO4)2 + 4(H2SO4.2H2O)   (5) 
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In reaction (5) above, the change in Ti(SO4)2 → TiOSO4 in low acidity will not occur with a positive 
increase in Gibbs energy, so it is understandable that rutile is insoluble.27 Furthermore, the mineral tistarite 
with the formula Ti2O3 (Fig.-3) which is analogous to titanium (III) oxide, has undergone dissolution in 
sulfuric acid quite a lot and remains 0.4% in the residue (Fig.-5), while in the feed (Fig.-3) there is 4.8% 
and the reaction can be written, (https://www.chemicalaid.com/tools/equationbalancer.php, 25 Sep 2022) 
 

Ti2O3 + 3H2SO4 → Ti2(SO4)3 + 3 H2O      (6) 
 

Furthermore, when Fig.-3 and Fig.-5 are compared, it turns out that the matrix of ilmenite-hematite is 
insoluble and accumulates to 33.3%. While the mineral hematite itself is well dissolved in H2SO4 (Fig.-5) 
and only 1.8% of its content. Based on Liu and Vehmaanperä, the solubility of the mineral hematite as 
Fe2O3 in H2SO4 reactions32,33 

 

0.5 Fe2O3 + 2H2SO4 → Fe(SO4)2
- + H+ +1.5 H2O    (7) 

 

Then, in Fig.-5, it turns out that in the reaction residue (1), associated minerals such as xenotime and 
monazite as YPO4 and (Ce, La, Nd, Th)PO4 have undergone dissolution for monazite, while insoluble 
xenotime is even calculated in the residue to 18.5%.34 According to Xi.D, the dissolution of xenotime in 
H2SO4 becomes more difficult than monazite and is carried out at a temperature of 200℃-250℃ at a 
maximum temperature in reaction (1) of 140℃.34 Based on Berry L, the dissolution reaction of monazite 
in H2SO4 is as follows35 

 

2REPO4 + 3H2SO4 → RE2(SO4)3 + 2H3PO4     (8) 
ThO2 + 2H2SO4  → Th(SO4)2 + 2H2O     (9) 
Th3(PO4)4 + 6 H2SO4 → 3Th(SO4)2 + 4H3PO4    (10) 
2U3O8 + O2 + 6H2SO4 → 6UO2SO4 + 6H2O    (11) 

 

The minerals of zircon and quartz in the reaction residue (1) increased by 6.1% and 3.8%, respectively. 
This is estimated to be calculated during dissolution with H2SO4 and its insolubility. The solution turned 
out to be by El Fatah's research, that zircon and silica minerals would as insoluble residues in the 
purification of thorium in monazite using H2SO4. 36 While in the residue after the reaction (1) (Fig.-5), it 
turned out that the appearance of the mineral siderite-Mg was 1.5%. The formation of this mineral based 
on Romanek C can occur due to the gradual cooling of temperature after reaction (1) is complete, with an 
atmosphere of < 100℃.37 It turns out that the changes before and after the reaction (1) in Fig.-3 and Fig.-5 
have been by research by Jia L.38 By evaluating the data above, the TiOSO4 source of reaction (1) comes 
not only from the mineral ilmenite but also from its associated minerals such as tistarite. As for the source 
of origin of FeSO4 in the reaction result (1), only from ilmenite and hematite.  
 

Weight Loss and Surface Change of Reaction (1) Residue  
Based on Jia L, the residual weight of the reaction (1) will be affected by several variables such as 
temperature and contact time.38 While Purwani MV, in simple terms, the weight change can be observed 
weighing the result of the residue from the reaction (1).39 

 
Fig-6: Product Lose Weight of Reaction (2) Residues 
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In Fig.-6, it can be shown that ilmenite feed taken as much as 30 g will continue to lose weight during 
reaction (1). As a function of increased contact time and temperature, this has been in accordance with Jia 
L's research.38 In Fig.-6, it can be seen that after contact times of 240 minutes and 360 minutes and carried 
out at temperatures of 240℃ and 160℃, respectively, it is seen that the change in weight loss will tend to 
be constant. 
 

 
Fig.-7: SEM image of ilmenite feed (A) and (B) after reaction (2) 

 

In Fig.-7, it can be shown that the surface image before and after reaction (1) where the images (A) before 
reaction or as ilmenite feed and (B) after which are residues are observed at 10 μm each. The difference 
between the two lies in the density of the spherical aggregate particles, where before or feed (A) in the form 
of a separate solid. While in the residue of the reaction (1), in the form of a formless clumped solid. 
 

Qualitative and Quantitative Product of Reaction (2) 
The product of reaction (2) qualitatively or quantitatively will depend on the temperature and contact time 
of the reaction with conditions of 16 M or more H2SO4.17 Furthermore, after the third layer is separated 
with a pipette, the results and results are carried out. 

 
Fig.-8: The Weight Result of Phase 3 from after Reaction (1) is Formed 

 

From Fig.-8, it can be shown that the weight of the 3rd fraction containing a mixture of Ti(SO4)2 and FeSO4, 
turns out to take at least 4 or 6 hours with a temperature of 120℃ with a maximum weight of 19 g - 20.5 g. 
The temperature was chosen at 120℃ because it was in accordance with the results of FTIR; at the 
temperature of 140℃ is estimated that different species compounds have occurred in both Ti(SO4)2 and 
FeSO4 (Fig.-9 and Fig.-10). Furthermore, after separation based on solubility using methyl alcohol, 
according to Han, the difference in the qualitative image of the resulting compound between FeSO4 and 
Ti(SO4)2 with FTIR is shown in Fig.-9 and Fig.-10.17 

In Fig.-9 it can be seen that the effect of temperature application on reaction (2), where 100℃ and 120℃ 
have an image pattern similar to each other. Furthermore, based on research, that in Fig.-9 shows bands 
1178.7 cm-1 and 1056 cm-1 which indicate the presence of V3(SO4) antisymmetric stretching and/ or Fe-OH 
that has been deformed. While the band at 995.5 cm-1 is estimated to be a band of V1(SO4) symmetric 
stretching and 765 cm-1, 612 cm-1, 580.1 cm-1, and 552 cm-1 in the form of V4(SO4) antisymmetric or Fe-O 
stretching. 26 While the band at 433.2 cm-1 is estimated to be V2(SO4). 28 
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Fig.-9: FTIR Image of FeSO4 Isolation After Separation from H2SO4-FeSO4-Ti(SO4)2-H2O with Methyl Alcohol 

 

Furthermore, when reaction (2) is heated to 140℃ shown in Figure-8, there will be a new band at 1203.8 
cm-1, and there has been a shift at 1114.7 cm-1 and 1010.3 cm-1 in the form of V3(SO4) antisymmetric 
stretching and or Fe-OH deformed. 26 But bands at 765 cm-1, 580.1 cm-1 and 433.2 cm-1 remain as they do 
at heating 100℃ and 120℃. Thus, it can be predicted that the result of the reaction (1), when heated at 
140℃, the chemical molecular structure has undergone changes or is a different species from FeSO4.   
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Fig.-10: FTIR image of Ti(SO4)2 Isolation After Separation from H2SO4-FeSO4-Ti(SO4)2-H2O with Methyl Alcohol 

 

In Fig.-10, it can be shown that the isolation results of Ti(SO4)2 from reaction (2) heated at 100℃ and 120℃ 
have similarities and are identical both in the FTIR image and the number of bands. Seen in bands 1134.7 
cm-1 and 1031.4 cm-1 are bands of V3(SO4) antisymmetric stretching, but bands 984.6 cm-1 are V1(SO4) 
symmetric stretching. While 872.2 cm-1 and 784.2 cm-1 are bands of V(Ti-O) or V(Ti-O) stretching.28 
Furthermore, the band at 565.1 cm-1 is V4(SO4) anti-symmetric and the band at 432.4 cm-1 is the bonding 
model of φTiO6. 26,28 In Fig.-10, the result of isolation of Ti(SO4)2 from reaction (2) when heated at 140℃ 
has an FTIR image with different bands with 100℃ and 120℃.  The difference is marked by the shifting 
of the bands at 1183.5 cm-1 and 1053.9 cm-1 as V3(SO4) antisymmetric stretching, while 990.1 cm-1 
represents V1(SO4) symmetric stretching. 26 Furthermore, 769.1 cm-1 is a band of V(Ti-O) or V(Ti-O)s 
stretching but like the band at heating 100℃ and 120℃, the band 565.1 cm−1 is V4(SO4) antisymmetric and 
the band at 432.4 cm−1 is a bonding model of φTiO6.26,28 Thus it can be predicted that the result of the 
reaction (2), when heated at 140℃, the structure of the chemical molecule has undergone changes or is a 
different species from Ti(SO4)2.  
In Fig.-11, it can be shown that the % recovery Ti(SO4)2 will increase with the increase in contact time and 
temperature. Contact time is chosen at 4 hours or 6 hours, but the temperature should still be maintained at 
120℃. This is by FTIR data (Fig.-10) so that there are no different species of Ti(SO4)2 compound from the 
desired product. Meanwhile, the influence of contact times and temperature on FeSO4 isolation results can 
be seen in Fig--12, and it turns out that the %recovery of FeSO4 in selected 4 hours with a temperature of 
120℃ is only 9.2%, compared to Ti(SO4)2 which is 20.6% under the same conditions. It is estimated that 
there is still a lot of FeSO4 carried in washing with ethyl alcohol. 
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Fig.-11: Effect of Contact Times and Temperature on % Recovery Ti(SO4)2 

 

 
Fig.-12: Effect of Times Contact and Temperature on %Recovery FeSO4 

 

CONCLUSION 
Simple separation of Ti(SO4)2 and FeSO4 from H2SO4-FeSO4-Ti(SO4)2-H2O was found to be possible based 
on solubility in methyl alcohols. The experimental results showed that the qualitative residual results were 
different from feeds using FTIR. The residual content contains 9.6% ilmenite residue and 33.3% ilmenite-
hematite mixture as well as several other minerals such as rutile, tistarite, hematite, xenotime, monazite, 
zircon, and quartz. The product loses weight of reaction (2) highest residues at 4 hours or 6 hours and 
surface image between before and after reaction (2). The maximum weight of the middle layer results in 6 
hours of contact time. FTIR images between FeSO4 and Ti(SO4)2 show different functional groups and 
%recovery Ti(SO4)2 is optimal at the temperature of 140℃ with 23.67% weight while FeSO4 is only 10.7%. 
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