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Abstract: Battery is a device that can convert the chemical energy  
into electrical energy which can be used by an electronic device. 
Almost all portable electronic devices such as cellphones, laptops, 
flashlights, and remote controls use batteries as their power source. 
The working indicator of a battery is its capacity, its electrochemical 
cycling ability depends on the anode material. In general, battery 
anodes are made using graphite. However, graphite has limitations, 
namely the ease of short-circuiting. Because graphite has limitations, 
a graphite substitute will be made from a TiO2 nanocomposite with 
activated carbon. Nanocomposites are new materials that are formed 
through the combination of two or more compounds so as to 
produce a new property and have a nano size. TiO2 is used because 
it can reduce short cycles, good stability, high current density and can 
increase battery performance capacity. Activated carbon is used in 
order to expand the surface of the material to get a large capacitance. 
The activated carbon used in this article is cassava peel from waste 
that has not been utilized in order to reduce environmental pollution 
and can add economic value to the waste. The purpose of this 
research is to produce TiO2/Active carbon nanocomposites to be 
tested for structure and crystal size using XRD. TiO2/Active carbon 
nanocomposites were obtained using the sol-gel method. Variations 
in the mass composition of TiO2/Activated carbon used are 
40%:60%, 50%:50%, and 60%:40%. Based on the tests that have 
been carried out, the smallest crystal size obtained in the 40%: 60% 
variation is 58.4 nm with a Tetragonal structure for TiO2 while Cubic 
and Rhombohedral for carbon. 

Keywords: Activated Carbon, Crystal Size, Crystal Structure, 
Nanocomposite, TiO2. 
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1. Introduction 

Nowadays, almost all electronic items use batteries, because batteries are a reliable source of 
electricity for electronic goods that are portable and can be carried anywhere [1]. Because of the 
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large demand for batteries, of course we want a battery that is in good condition, such as one that 
doesn't heat up quickly and doesn't have the potential for short circuits. A battery is a tool used to 
store electrical energy to obtain an electric current so that it can be used to power remotes, 
cellphones, laptops, cameras and other electronic items [2][3][4]. The working indicator of a battery 
is capacity, its electrochemical cycling capability depends on the anode material [5]. In general, 
battery anodes are made using graphite. However, graphite has limitations, namely that it can easily 
cause short circuits [6]. Because graphite has limitations, a replacement for graphite from TiO2 
nanocomposites with activated carbon will be made. 

In recent times, the development of nanoparticles has led to the development of 
nanocomposites. Nanocomposites are new materials that are formed by combining two or more 
compounds to produce new properties and have a nano size with the aim of having better 
properties. [7][8][9][10]. Nanocomposites can be considered as solid structures with nanometer-
scale dimensions that repeat at different distances between the constituent shapes of the structure 
[11]. A nanometer is one thousandth of a micrometer, or one millionth of a millimeter, or one 
billionth of a meter [12]. Materials of this type consist of inorganic solids composed of organic 
components. Apart from that, nanocomposite materials can also consist of two or more 
inorganic/organic molecules in several forms of combination with a barrier between them of at 
least one molecule or have nano-sized characteristics. The bonds between particles that occur in 
nanocomposite materials play an important role in enhancing and limiting material properties. 
These nano-sized particles have a high interaction surface area. The more particles that interact, 
the stronger the material [13]. This is what makes the bonds between particles stronger so that the 
mechanical properties of the material increase. 
 One example of a nanocomposite that can be taken is the TiO2/Cassava peel activated 
carbon nanocomposite. Nanocomposites are receiving serious attention from researchers to 
produce new products and innovations that have high usability so that product modifications 
continue to emerge. This is caused by composite materials which are needed in all fields, one 
example is in the electronics field. This article will examine the manufacture of TiO2/Cassava peel 
activated carbon nanocomposites to determine the structure and crystal size. Titanium dioxide 
(TiO2) is a photocatalyst material based on its semiconductor properties. TiO2 is also non-toxic, 
has high thermal stability, and can be used repeatedly without losing its catalytic activity [14]. 
Titanium dioxide (TiO2) is a white dioxide compound. TiO2 is the most effective catalyst and is 
more often used than other types of catalysts [15]. TiO2 is used because it can reduce short cycles, 
has good stability, high current density and can increase battery performance capacity [5]. The use 
of TiO2 will be doped with activated carbon. Activated carbon is a porous material containing 85%-
95% carbon with a large surface area [16][17]. Activated carbon is used to expand the surface of 
the material and to increase its absorption properties [5]. The adsorption/absorption capacity of 
activated carbon can be increased through the activation process so that the pores are open and 
the surface area is larger [18]. A large surface area will get a large capacitance value, and vice versa, 
a small surface area will also get a small capacitance value. [19]. The material used to make activated 
carbon is cassava peel. The percentage of cassava skin is approximately 20% of the tubers so that 
per kg of cassava tubers produces 0.2 kg of cassava skin [20]. Cassava peel contains quite high 
levels of carbon, cellulose, hemicellulose and lignin at 59.31%, 50%, 35% and 30% [21]. Cassava 
peel contains a carbon element of 59.31% so it can be used to make active carbon [22]. 
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In research conducted by Zaldi & Ratnawulan (2021) entitled "The Effect of Composition 
Variations on Crystal Size of MnO-Fe2O3/PS Nanocomposite Layers as Self Cleaning", stated that 
variations in composition affect the structure and size of the crystals, where the crystal structure 
found was Cubic, Rhombohedral and Tetragonal, while the maximum crystal size obtained for 
MnO was 61.26 nm, Fe2O was 50.45 nm, and MnO-Fe2O was 53.08 nm [23]. In research conducted 
by Aflahannisa & Astuti (2016) entitled "Synthesis of Carbon-TiO2 Nanocomposites as Lithium 
Battery Anodes", the results obtained were different crystal structures and sizes for each variation 
of Carbon-TiO2 composition, namely variations of 5%:95% having a Rhombohedral structure for 
C and Tetragonal for TiO2 with a crystal size of 66.89 nm, variations of 10%:90% have a 
Rhombohedral structure for C and Tetragonal for TiO2 with a crystal size of 175.17 nm, variations 
of 15%:85% have a Hexagonal structure for C and Tetragonal for TiO2 with a crystal size of 99.52 
nm, and variations of 20%:80% has a Hexagonal structure for C and Tetragonal for TiO2 with a 
crystal size of 44.76 nm [5]. In research conducted by Susana & Astuti (2016) entitled "The Effect 
of LiOH Concentration on the Electrical Properties of Candle Shell Activated Carbon-Based 
Lithium Battery Anodes", obtained the results of different crystal sizes for each variation of LiOH 
composition, namely a variation of 0.2 grams is 5,136,018,136 nm, 1 gram variation is 586,979,465 
nm, and 1.5 gram variation is 5,870,281,736 nm [24]. 

Based on the background above, the problem formulation taken is how does cassava peel 
carbon, cassava peel activated carbon, TiO2, and variations in the mass composition of the 
TiO2/Cassava peel activated carbon nanocomposite affect the lattice constant, structure and crystal 
size? 

2. Materials and Method 

An experimental approach was used in making the TiO2/Cassava peel activated carbon 
nanocomposite to determine how variations in the mass composition of the TiO2/Cassava peel 
activated carbon nanocomposite affect the electrical properties. There are three variables that form 
this research, namely the independent variable, dependent variable, and control variable. Variations 
in the mass of the TiO2/Activated Carbon cassava peel composite were the independent variables 
in this study. The structure and crystal size of TiO2, carbon, activated carbon, and variations of 
TiO2/Activated carbon cassava peel nanocomposites are the dependent variables. Then 
carbonization temperature, carbon activator, carbon activation time, carbon milling time, and 
nanocomposite synthesis process as control variables. 

There are three stages in making activated carbon, the first is the dehydration stage, namely 
the sample is dried in an oven or under sunlight, the second is the carbonization stage, namely the 
dried sample is burned in a furnace at a predetermined temperature and time so that it becomes 
charcoal and then the charcoal crushed and sifted using a predetermined sieve size, and third is the 
activation stage, namely the sifted charcoal is soaked in the activator solution for a specified time 
[25]. In this research, the carbonization stage uses a temperature of 600⁰C for two hours, as in the 
research entitled "Utilization of Cassava Skin as Active Carbon Raw Material", in making active 
carbon from cassava skin with various carbonization temperatures from 300⁰C-600⁰C, producing 
active carbon which is carbonized at 600⁰C for two hours has the best absorption [26]. In this 
research, the activator used is NaCl, as in the research entitled "Characterization of Cassava Peel 
Activated Carbon (Manihot utilissima) with Varying Types of Activators", in making cassava peel 
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activated carbon with a variety of activators, the selected activator is used as an activator for quality 
characteristics. Cassava peel activated carbon is an activator of NaCl solution [16]. 

Nanocomposite materials will be made using the sol-gel method. The sol-gel method is a 
process for making inorganic materials through a chemical reaction in a solution at low 
temperatures. The sol-gel method is known as a fairly simple and easy nanoparticle synthesis 
method [27][28]. This method is a "wet method" because the process involves a solution as the 
medium. In the sol-gel method, as the name suggests, the solution undergoes a phase change to 
become a sol (a colloid that has solids suspended in the solution) and then becomes a gel (a colloid 
but has a larger solid fraction than the sol). In general, the sol-gel process involves the transition 
of the system from a liquid "sol" to a solid "gel". 

The nanocomposite material that has been made will be tested for its crystal structure and size 
using XRD. X-ray Diffraction (XRD) is a tool used to analyze the phases of crystalline materials 
[29]. X-ray diffraction is an analytical method that utilizes the interaction between X-rays and atoms 
arranged in a crystal system [30]. The material to be analyzed can be in solid form, powder form or 
flour. By using XRD, we can find out the mineral content regarding the structure of the material 
or the value of the crystal angle. X-ray diffraction is an analytical method that utilizes the interaction 
between X-rays and atoms arranged in a crystal system [30]. 

The equipment used in this research was a furnace, mortar and pestle, high energy milling 
(HEM), pH paper, spatula, petri dish, digital balance, measuring cup, magnetic stirrer hot plate, 
porcelain cup, sample mold, and felt tool. The materials used in this research were cassava peel, 
5% NaCl, distilled water, TiO2, PEG 6000, ethanol, and PVC. The testing tool used in this research 
is X-ray Diffraction (XRD). 

The process of making activated carbon begins by drying cassava skin under the heat of the 
sun and then carbonizing it in a furnace at a temperature of 600⁰C for 2 hours until it forms 
charcoal, the charcoal is crushed using a mortar and then 1 gram is set aside to be tested using 
XRD, after that the charcoal is soaked in a solution of NaCl 5 % for 24 hours then rinsed with 
distilled water until the pH is neutral, then the charcoal is dried in the oven at 120⁰ for 2 hours, the 
finished activated carbon is ground using HEM, and the activated carbon is then characterized 
using XRD [26]. 

The TiO2/Activated Carbon nanocomposite synthesis stage was carried out using the sol-gel 
method by mixing TiO2 with cassava peel activated carbon in successive ratios of 40%:60%, 
50%:50%, and 60%:40% for a total of 3.2 grams. 45 grams of PEG 6000 is dissolved in 60 mL of 
95% ethanol with a hot plate magnetic stirrer at a temperature of 50⁰C with a speed of 300 rpm 
until homogeneous then add TiO2/Activated Carbon and add 4 molar citric acid until the pH is 4-
5 then increase the temperature to 100⁰C at a speed of 1000 rpm for 1.5 hours to form a gel, the 
gel formed is calcined at 300⁰C until dry, the dry gel is smoothed using HEM, and the 
TiO2/Activated Carbon nanocomposite has been formed and then prepared according to the 
required tests [31]. 

XRD testing can provide information about the structure and size of the crystal. The crystal 
size can be calculated using the Scherrer Equation (1) below [32]. 

 

𝐷 = %&
' ()*+
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where, D is the crystal size (nm), k is the material constant of 0.9, λ is the x-ray wavelength (nm), 
and B is the Bragg diffraction angle. 

3. Results and Discussion 

The results of characterization using XRD tools for the samples are described as follows. 
The following is TiO2 characterization data using an XRD tool. 

 

 

Figure 1. TiO2 diffraction pattern 
 

Figure 1 is a graph of the diffraction pattern of TiO2 which was characterized using an XRD 
tool with five peaks visible in the graph which will be described in Table 1. 

 
The following is a table of results for each peak intensity and angle of 2θ TiO2. 
 

Table 1. Results of each peak intensity and angle of 2θ TiO2 

Pos. 
[⁰2Th.] 

h k l 
Crystal 

Size 
(nm) 

Lattice Constants 
 Crystal 

Structure a 
(Å) 

b 
(Å) 

C 
(Å) 

α 
(⁰) 

β 
(⁰) 

γ 
(⁰) 

27,441 1 1 0 93,158 4,594 4,594 2,958 90 90 90 Tetragonal 
36,063 1 0 1 93,158 4,594 4,594 2,958 90 90 90 Tetragonal 
41,235 1 1 1 96,683 4,594 4,594 2,958 90 90 90 Tetragonal 
54,292 2 1 1 96,683 4,594 4,594 2,958 90 90 90 Tetragonal 
68,991 3 0 1 114,54 4,594 4,594 2,958 90 90 90 Tetragonal 

 
Figure 1 is a TiO2 diffraction pattern tested using an XRD device. From Figure 1 it produces data 
such as those in Table 1. It can be seen in Table 1 that there are five highest peaks. The results of 
Table 1 obtained Tetragonal structure for the whole TiO2. By using Equation (1) obtained crystal 
size with an average of 98.9 nm. 
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The following is data on the characterization of cassava peel activated carbon using an XRD 
tool. 

 

 

Figure 2. Diffraction pattern of cassava peel activated carbon 
 

Figure 2 is a graph of the diffraction pattern of cassava peel activated carbon which was 
characterized using an XRD tool with two peaks visible in the graph which will be described in 
Table 2. The following is a table of results for each peak intensity and angle of 2θ cassava peel 
activated carbon. 
 

Table 2. Results of each peak intensity and 2θ angle of cassava peel activated carbon 

Pos. 
[⁰2Th.] 

h k l 
Crystal 

Size 
(nm) 

Lattice Constants 
 Crystal 

Structure a 
(Å) 

b 
(Å) 

C 
(Å) 

α 
(⁰) 

β 
(⁰) 

γ 
(⁰) 

31,539 0 0 2 17,467 2,464 2,464 6,736 90 90 120 Hexagonal 
44,482 1 0 1 23,289 2,464 2,464 6,736 90 90 120 Hexagonal 

 
Figure 2 is the diffraction pattern of cassava peel activated carbon tested using XRD. From 

Figure 2 it produces data such as those in Table 2. It can be seen in Table 2 that there are two 
highest peaks. The results from Table 2 obtained Hexagonal structure for both carbons and by 
using Equation (1) obtained crystal size with an average of 20.4 nm. 

The following is data on the characterization of TiO2/Cassava peel activated carbon 
nanocomposites with variations of 40%:60% using an XRD tool. 
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Figure 3. Diffraction Pattern of TiO2/Activated Carbon Cassava Skin Nanocomposite Variation 

40%:60% 
 

Figure 3 is a graph of the diffraction pattern of TiO2/Activated Carbon Cassava Skin 
Nanocomposite Variation 40%:60% which was characterized using an XRD tool with nine peaks 
visible in the graph which will be described in Table 3. The following is a table of results for each 
peak intensity and angle of 2θ TiO2/Activated Carbon Cassava Skin Nanocomposite Variation 
40%:60%. 
 

Table 3. Results of Each Peak Intensity and Angle of 2θ TiO22/Activated Carbon Cassava Skin 
Nanocomposite Variation 40%:60% 

Pos. 
[⁰2Th.

] 
h k l 

Crystal 
Size 
(nm) 

Lattice Constants 
 Crystal 

Structure 
Phase 

a 
(Å) 

b 
(Å) 

C 
(Å) 

α 
(⁰) 

β 
(⁰) 

γ 
(⁰) 

27,365 1 1 0 55,912 4,600 4,600 2,965 90 90 90 Tetragonal TiO2 
35,983 1 0 1 55,912 4,600 4,600 2,965 90 90 90 Tetragonal TiO2 
41,184 1 1 1 79,859 4,600 4,600 2,965 90 90 90 Tetragonal TiO2 
43,943 2 1 0 55,899 3,567 3,567 3,567 90 90 90 Cubic C 
54,202 2 1 1 79,859 4,600 4,600 2,965 90 90 90 Tetragonal TiO2 
56,552 2 2 0 55,912 4,600 4,600 2,965 90 90 90 Tetragonal TiO2 
63,943 3 1 0 39,929 2,456 2,456 10,04 90 90 120 Rhombohedral C 
68,881 3 0 1 55,912 4,600 4,600 2,965 90 90 90 Tetragonal TiO2 
82,146 3 2 1 46,579 2,522 2,522 43,24 90 90 120 Rhombohedral C 

 
Figure 3 is the diffraction pattern of the TiO2/Activated carbon cassava skin nanocomposite 

variation of 40%:60% tested using an XRD tool. Figure 3 produces data as in Table 3. It can be 
seen in Table 3 that there are nine highest peaks. The results from Table 3 show a Tetragonal 
structure for all TiO2, while Cubic and Rhombohedral for carbon. By using Equation (1), the 
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average crystal size is 58.4 nm. The following is data on the characterization of TiO2/Cassava peel 
activated carbon nanocomposites with variations of 50%:50% using an XRD tool. 
 

 
Figure 4. Diffraction Pattern of TiO2 Nanocomposite/Activated Carbon Cassava Skin Variation 

50%:50% 

Figure 4 is a graph of the diffraction pattern of TiO2/Activated Carbon Cassava Skin 
Nanocomposite Variation 50%:50% which was characterized using an XRD tool with eight peaks 
visible in the graph which will be described in Table 4. The following is a table of results for each 
peak intensity and angle of 2θ TiO2/Activated Carbon Cassava Skin Nanocomposite Variation 
50%:50%. 

 

Table 4. Results of each peak intensity and angle of 2θ TiO2/Activated Carbon Cassava Skin 
Nanocomposite Variation 50%:50% 

Pos. 
[⁰2Th.] 

h k l 
Crystal 

Size 
(nm) 

Lattice Constants 
 Crystal 

Structure 
Phase 

a 
(Å) 

b 
(Å) 

C 
(Å) 

α 
(⁰) 

β 
(⁰) 

γ 
(⁰) 

27,359 1 1 0 79,859 4,600 4,600 2,965 90 90 90 Tetragonal TiO2 
35,977 1 0 1 69,882 4,600 4,600 2,965 90 90 90 Tetragonal TiO2 
41,166 1 1 1 93,158 4,600 4,600 2,965 90 90 90 Tetragonal TiO2 
43,901 2 1 0 46,579 2,470 2,470 6,800 90 90 120 Hexagonal C 
54,268 2 1 1 69,882 4,600 4,600 2,965 90 90 90 Tetragonal TiO2 
54,268 2 1 1 69,882 2,470 2,470 6,800 90 90 120 Hexagonal C 
56,446 2 2 0 39,929 4,600 4,600 2,965 90 90 90 Tetragonal TiO2 
68,885 3 0 1 55,912 4,600 4,600 2,965 90 90 90 Tetragonal TiO2 

 
Figure 4 is the diffraction pattern of the TiO2/Activated carbon cassava skin nanocomposite 

variation of 50%:50% tested using an XRD tool. Figure 4 produces data as in Table 4. It can be 
seen in Table 4 that there are eight highest peaks. The results from Table 4 show a Tetragonal 
structure for all TiO2, while Hexagonal for carbon. By using Equation (1), the average crystal size 
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is 65.7 nm. The following is data on the characterization of TiO2/Cassava peel activated carbon 
nanocomposites with variations of 60%:40% using an XRD tool. 
 

 
Figure 5. Diffraction Pattern of TiO2/Activated Carbon Cassava Skin Nanocomposite Variation 

60%:40% 

Figure 5 is a graph of the diffraction pattern of TiO2/Activated Carbon Cassava Skin 
Nanocomposite Variation 60%:40% which was characterized using an XRD tool with eight peaks 
visible in the graph which will be described in Table 5. The following is a table of results for each 
peak intensity and angle of 2θ TiO2/Activated Carbon Cassava Skin Nanocomposite Variation 
60%:40%. 
 

Table 5. Results of each peak intensity and angle of 2θ TiO2/Activated Carbon Cassava Skin 
Nanocomposite Variation 60%:40% 

Pos. 
[⁰2Th.] 

h k l 
Crystal 

Size 
(nm) 

Lattice Constants 
 Crystal 

Structure 
Phase 

a 
(Å) 

B 
(Å) 

C 
(Å) 

α 
(⁰) 

β 
(⁰) 

γ 
(⁰) 

27,394 1 1 0 111,77 4,594 4,594 2,959 90 90 90 Tetragonal TiO2 
36,039 1 0 1 69,882 4,594 4,594 2,959 90 90 90 Tetragonal TiO2 
41,237 1 1 1 39,929 4,594 4,594 2,959 90 90 90 Tetragonal TiO2 
41,237 1 1 1 39,929 12,38 12,38 12,38 90 90 90 Cubic C 
44,572 2 1 0 46,579 2,470 2,470 6,800 90 90 120 Hexagonal C 
54,236 2 1 1 139,68 4,594 4,594 2,959 90 90 90 Tetragonal TiO2 
56,650 2 2 0 46,579 4,594 4,594 2,959 90 90 90 Tetragonal TiO2 
27,394 1 1 0 111,77 4,594 4,594 2,959 90 90 90 Tetragonal TiO2 

 
Figure 5 is the diffraction pattern of the TiO2/Activated carbon cassava skin nanocomposite 

variation of 50%:50% tested using an XRD tool. Figure 5 produces data as in Table 5. It can be 
seen in Table 5 that there are eight highest peaks. The results from Table 5 show a Tetragonal 



 
Fauziyah, et al. 

 
 Journal of Experimental and Applied Physics, Vol. 2, No. 1 (2024)     44 

structure for all TiO2, while Cubic and Hexagonal for carbon. By using Equation (1), the average 
crystal size is 67.7 nm. 

In tests using an XRD tool for three variations of TiO2/Activated Carbon nanocomposites, 
different crystal structures and sizes were obtained. From the results obtained, the crystal size of 
three variations of TiO2/Activated Carbon nanocomposites has a crystal size of <100 nm, 
therefore the three variations of TiO2/Activated Carbon nanocomposites used in this research 
have met the requirements for nano size. Nanocomposites are defined as multi-phase materials, 
where each phase has one, two, or three dimensions of less than 100 nanometers (nm) [33]. In the 
results obtained, variations in mass composition affect the structure and size of the crystals. From 
the data that has been obtained, it can be seen that in the variation of the TiO2/Activated Carbon 
nanocomposite variation of 60%:40% there is an increase in crystal size. The increase in crystal size 
in the TiO2/Activated Carbon nanocomposite variation of 60%:40% is caused by the mass of TiO2 
being greater than the mass of active carbon because TiO2 has a larger crystal size than active 
carbon. This is in accordance with research conducted by Zaldi & Ratnawulan [23] which states 
that variations in composition affect the structure and size of the crystals. In Aflahannisa & Astuti's 
research [5] obtained different crystal structure and size results for each variation of Carbon-TiO2 
composition. In Susana & Astuti's research [24] get different crystal size results for each variation 
of LiOH composition. Based on the lattice constants obtained, different edge lengths and angles 
are obtained because they have different crystal structures. The lattice constant for a Tetragonal 
structure has two equal and one different edge lengths (a=b≠c) with equal angles (α=β=γ) [34]. 
The lattice constant for a Cubic structure has the same edge lengths (a=b=c) with equal angles 
(α=β=γ) [35]. The lattice constant for Orthorhombic structures has different edge lengths (a≠b≠c) 
with the same angles (α=β=γ) [36]. The lattice constant for a Hexagonal structure has two equal 
and one different edge lengths (a=b≠c) with two equal and one different angles (α=β≠γ) [37]. The 
lattice constant for a Rhombohedral structure has two equal and one different edge lengths 
(a=b≠c) with two equal and one different angles (α=β≠γ) [38]. 

4. Conclusion 

This research was conducted to determine the structure and crystal size of variations in the 
mass composition of TiO2/Cassava peel activated carbon nanocomposites using an XRD tool. The 
results of this research show that the structure and size of the crystal will be influenced by the 
variation, composition and mass used in its manufacture because each material used has a different 
crystal structure and size. For the TiO2/Activated Carbon cassava peel nanocomposition, 
variations of 40%:60% obtained a crystal size of 58.4 nm with lattice constants a=b=4.6001 
c=2.9654 and α=β=γ=90° for the Tetragonal structure, a =b=c=3.5670 and α=β=γ=90° for Cubic 
structure, and a=b=2.4560; 2.5221 c=10.0440; 43.2450 for Rhombohedral structure. For the 
TiO2/Cassava peel activated carbon nanocomposition, variations of 50%:50% obtained a crystal 
size of 65.7 nm with lattice constants a=b=4.6001 c=2.9654 and α=β=γ=90° for Tetragonal and 
a structures. =b=2.4700 c=6.8000 and α=β=90° γ=120° for Hexagonal structure. For the 
TiO2/Cassava peel activated carbon nanocomposition, variations of 60%:40% obtained a crystal 
size of 67.7 nm with lattice constants a=b=4.5940 c=2.9590 and α=β=γ=90° for the Tetragonal 
structure, a =b=c=12.380 and α=β=γ=90° for Cubic structures, and a=b=2.4700 c=6.8000 and 
α=β=90° γ=120° for Hexagonal structures. 
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