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ABSTRACT 

Humic acid (HA) in water can harm humans if it is regularly used or consumed. HA causes 
problems in the water, such as color, taste, and the formation of metal complexes. Therefore, it 
is necessary to degrade HA to address these problems. In this study, HA degradation was carried 
out using bismuth-doped TiO2 (Bi-TiO2) as a photocatalyst. The effect of Bi-TiO2 synthesized at 
various Bi concentrations and calcination temperatures on HA degradation was investigated and 
compared to pristine TiO2. Bi-TiO2 was synthesized via the sol-gel method and characterized 
using X-Ray Diffraction (XRD), Diffuse Reflectance Spectroscopy UV-Visible (DRS UV-Vis), and 
Fourrier Transform-Infra Red (FT-IR) Spectroscopy. The XRD analysis showed that the optimum 
calcination temperature was 500oC, with the highest crystallinity index (62.04%) and smallest 
crystallite size (11.95 nm). The DRS UV-Vis analysis showed that Bi-TiO2 1.5% led to the lowest 
band gap of 1.59 eV (λ = 782.33 nm), indicating that the photocatalyst was active under visible 
light irradiation. The FT-IR analysis showed an adsorption peak from the Bi-O bond at 802.39 cm-

1, which caused a shift in the Ti-O-Ti adsorption peak. The photodegradation test was conducted 
using a 30 mL volume of HA solution 50 ppm and a 50 mg mass of catalyst. The results showed 
that Bi-TiO2 1.5% exhibited the highest efficiency in degrading HA, achieving 68.54% under visible 
light irradiation for 180 minutes. These results suggest the potential of Bi-TiO2 as an alternative 
method for treating HA in peat water using visible light irradiation. 
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INTRODUCTION  

Clean water is one of the primary needs 

of living things, but its availability in nature is 

increasingly limited, along with high population 

growth. Industrial development also contributes 

to surface water pollution, such as organic 

pollutants and microorganisms, so the surface 

water quality decreases. In addition, peat water 

has not been used because it contains high 

levels of humic acid and vulvic acid, which can 

be detrimental to health. 

Humic acid (HA) is a complex compound 

having both aromatic and aliphatic components 

and is commonly found in nature, such as rivers 

and soil [1]. HA, presence in water and soil 

causes brownish to blackish colour. In addition, 

HA may react in the environment with metal, 

forming metal-humic acid ions [2]. Therefore, 

water disinfection using chlorine in water 

https://jurnal.uns.ac.id/jkpk
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containing HA causes the formation of 

trihalomethanes (carcinogenic compound) as a 

disinfecting byproduct that harms humans [3]. 

Common methods for HA removal in 

water include coagulation, flocculation, 

adsorption, and filtration. However, these 

methods have limitations such as high cost, not 

being eco-friendly, difficulty in separation, and 

low efficiency [4]. Amongst these methods, 

alternative methods, such as photocatalysis, 

are required to evaluate HA removal in water 

treatment. The photocatalysis semiconductor 

method has advantages, such as low 

production cost, environmentally friendly, and 

harmless. Photocatalysis has been extensively 

used for the degradation of organic pollutants 

because the photogenerated electron-hole 

pairs induce the formation of hydroxyl radicals 

(•OH). These •OH will degrade HA producing 

degraded products, such as CO2 and H2O [5]. 

 Titanium dioxide (TiO2) is a semicon-

ductor material that has been widely applied as 

a photocatalyst material. However, TiO2 has a 

wide band gap value (3.2 eV). The band gap 

value means that this photocatalyst is only 

active under UV irradiation as a light source and 

needs to be modified by doping. TiO2 doping 

with metallic elements such as bismuth (Bi) can 

form impurity levels between valence and 

conduction bands, causing crystal defects to 

extend the spectral range to visible light 

irradiation [6]. In addition, bi as a dopant can 

inhibit the recombination of electron-hole pairs 

during photoreaction.  

 Bi has been reported to have the ability 

to enhance the photocatalytic activity of TiO2 

under visible light irradiation. Bi-TiO2 has been 

synthesised for RhB degradation reaching 85% 

under visible light irradiation [7]. On the other 

hand, Bi-TiO2 has been syntesized for 

acetaminophen degradation, reaching 98% 

under visible light irradiation [8]. 

 This study emphasized the synthesis 

of TiO2 and Bi-TiO2 by sol-gel method at various 

Bi concentrations (0.5%, 1%, and 1.5% (w/v)) 

to investigate the effect of Bi doping on band 

gap (Eg) value. This synthesis used titanium 

tetraisopropoxide (TTiP) as Ti precursor and 

bismuth nitrate pentahydrate (Bi(NO3)3.5H2O) 

as Bi precursor. Also, this study was 

undertaken to investigate the effect of various 

calcination temperatures (400oC, 500oC, and 

600oC) of Bi-TiO2 on XRD patterns, crystallite 

size, and crystallinity index. As-synthesized Bi-

TiO2 was then characterized using XRD, DRS 

UV-Vis, and FT-IR to obtain crystal structure, 

optical properties, and functional groups from 

as-synthesized Bi-TiO2. Previous studies 

showed that Bi could be used to enhance TiO2 

photocatalytic activity under visible light 

irradiation for the degradation of organic 

pollutants. This study used various Bi 

concentrations and calcination temperatures to 

evaluate its photocatalytic activity on HA 

degradation under visible light irradiation for HA 

treatment in peat water. 

METHODS 

 All chemicals used for the present 

work were of analytical grade. Acetilacetone 

(C5H8O2, 99.9%), ammonium hydroxide 

(NH4OH, 25%), bismuth nitrate pentahydrate 

(Bi(NO3)3.5H2O, for analysis), and nitric acid 

(HNO3, 65%) were obtained from Merck. 

Humic acid and titanium tetraisopropoxide 

(C12H28O4Ti, 97%) were obtained from 

Sigma-Aldrich. Ethanol (C2H5OH, 99.9%) 

was obtained from Smart-Lab. Distilled water 

https://www.sciencedirect.com/science/article/abs/pii/S0167732216326472
https://www.sciencedirect.com/science/article/pii/S0141813019384545
http://www.pjoes.com/Removing-Humic-Acid-from-Aqueous-Solution-nUsing-Titanium-Dioxide-A-Review,85196,0,2.html
https://www.intechopen.com/chapters/59572
https://www.ingentaconnect.com/contentone/asp/jnn/2017/00000017/00000008/art00023
https://iwaponline.com/jwrd/article/9/1/31/41435/Tunable-band-gap-of-Bi3-doped-anatase-TiO2-for
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was used throughout the synthesis and 

photocatalysis activity test. 

 Instruments used for characterized 

samples were Diffuse Reflectance 

Spectroscopy UV-Visible (DRS UV-Vis), 

Fourier Transform-Infra Red (FT-IR), 

Spectrophotometer UV-Visible, and X-Ray 

Diffraction (XRD). The DRS UV-Vis was 

recorded on Agilent Cary 60, and BaSO4 was 

used as a reference for reflectance spectra. 

The FT-IR was recorded on Shimadzu IR 

Prestige 21 and was carried out in a 

wavenumber range of 4000-400 cm-1. The 

UV-Vis spectrophotometer was recorded on 

Shimadzu UV-1280 and was carried out 

using a wavelength range of 200-800 nm. 

The XRD was recorded on an X’PERT PRO 

PANanalytic X-ray diffractometer (Philips) 

using Cu Kα radiation (λ = 1.5406 Å, 30 mA, 

40 kV) in the range 2θ of 20-80o.  

Synthesis of TiO2 

 TiO2 was synthesized by sol-gel 

method and shown in Figure 1 [9]. Sol 

Ti(OH)n was made by mixing solvent A (acetic 

acid, distilled water, and ethanol) and solvent 

B (titanium tetraisopropoxide (TTiP) and 

ethanol) solutions. 2 mL acetic acid and 2 mL 

distilled water were dissolved in 26.5 mL 

ethanol. Then 7.5 mL TTiP was added slowly 

to 26.5 mL ethanol in a reflux flask. The 

mixture in the reflux flask was stirred using a 

magnetic stirrer, and 1 mL acetylacetone was 

added to the mixture. Afterwards, solution A 

was added in drops to solution B and stirred 

at 50-55oC for 2 hours to obtain a 

homogenous mixture. The obtained mixture 

was aged at room temperature for ± 1 month 

until a gel had formed. The obtained gel was 

dried at 85oC for 2 hours and calcinated at 

450oC for 3 hours.

 

Figure 1. Flowchart for Synthesis of TiO2  

 

Synthesis of Bi-TiO2 

 Bi-TiO2 was synthesized by the sol-

gel method and shown in Figure 2 [10]. Bi-

TiO2 was synthesized using Bi(NO3)3.5H2O 

by various Bi concentrations (0.5%; 1%; and 

1.5% (w/v)). A calculated amount of 

https://jurnal.untan.ac.id/index.php/jkkmipa/article/view/36559
https://www.sciencedirect.com/science/article/pii/S0025540811003837
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Bi(NO3)3.5H2O was dissolved in distilled 

water by adding a few drops of HNO3 

(qualitative) for better solubility. Following this 

step, the mixture was in drops to Ti(OH)n sol 

in a reflux flask and  4 to 5 drops of NH4OH 

were added and stirred for 2 hours using a 

magnetic stirrer. The obtained mixture was 

aged at room temperature for 24 hours. The 

gel was dried at 80oC for 2 hours and 

calcinated at 400oC, 500oC, and 600oC for 3 

hours.  

 

Figure 2. Flowchart for Synthesis Bi-TiO2  

 

Photocatalytic Activity of Bi-TiO2 for 

Humic Acid Degradation 

 Photocatalytic degradation was 

performed by the previous modified method 

reported by [11]. 30 mL HA solution 50 ppm 

was added to the photoreactor. The solution 

was added to a 100 mL Pyrex reactor, and 

irradiation was carried out using a 20-watt 

LED lamp above the batch photoreactor. 

Experiments were carried out in batch reactor 

(40 cm in width and 50 cm in height). The 

distance between the solution and the visible 

light source was constant at 15 cm.  

 50 mg of TiO2 and Bi-TiO2 (0.5%; 

1%; and 1.5% (w/v)) photocatalyst were 

added to HA solution. A 20 watt LED lamp 

(7.1 klx) was the light source. The solution 

mixture with photocatalyst was stirred and 

irradiated in the photoreactor for 3 hours. The 

photocatalytic activity was conducted at 

approximately 28oC using a circulating air 

system. The colloidal solution (5 mL) was 

centrifuged for 5 minutes at 1500 rpm every 

20 minutes, and the separated solution was 

obtained. The remaining HA concentration 

was measured by UV-Vis spectrophotometer 

at a maximum absorption wavelength of 254 

nm, and distilled water was used as a blank 

sample. The photodegradation (%) efficiency 

of HA  as a function of time is calculated by 

the equation : 

https://www.sciencedirect.com/science/article/abs/pii/S221334372100659X
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 % = 
Co- Cf

Cf
 × 100%  (1) 

Co is the initial concentration of HA (mg/L), 

and Cf is the HA (mg/L) in a period.  

 

RESULTS AND DISCUSSION 

Characterization by XRD, DRS UV-Vis, and 

FT-IR Analysis 

XRD characterization was used to 

investigate the crystal phase, crystallite size, 

and crystallinity index of the synthesized 

pristine TiO2 and Bi-TiO2. XRD patterns of 

pristine TiO2 and Bi-TiO2 at different 

temperatures are shown in Figure 3. Figure 3 

shows that different calcination temperatures 

affected the peaks from sharper, narrower, 

and higher intensity peaks with increasing 

temperatures [12, 13]. With increasing 

calcination temperature, diffraction peaks 

were steadily sharper and narrower, which 

attributed to the elimination of grain boundary 

defects during calcination temperature at 

500oC and 600oC [14]. The XRD results 

exhibit a specific diffraction pattern. The 

obtained pristine TiO2 peaks are 25.3o; 37.7o; 

48o; 53.9o; 55o; and 62.7o by planes of the 

anatase phase (JCPDS cards No. 12-1272). 

These peaks correspond to (101), (004), 

(200), (105), (211), and (204) crystal planes 

[15]. 

 

Figure 3. XRD Patterns of (a) TiO2, (b) Bi-TiO2 400oC, (c) Bi-TiO2 500oC, and (d) Bi-TiO2 600oC  

 

XRD patterns of Bi-TiO2 samples also show 

that there was no interference in the patterns 

due to Bi doping, such as no other diffraction 

peaks. This result shows that Bi has been 

successfully doped into a TiO2 structure by 

substituting Ti4+ in lattice sites [16]. The ab-

sence of other peaks shows that synthesized 

samples using a simple sol-gel method have 
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high purity [12, 17]. Pristine TiO2 and Bi-TiO2 

400oC have different peaks because of their 

calcination temperature, where calcination 

temperature affects crystal growth. At Bi-TiO2 

400oC, the crystal growth is improper, as 

seen from broad peaks and the absence of 

peak (211) due to the amorphous structure, 

resulting in a larger crystallite size and a 

smaller crystallinity index. The result identi-

fied that various calcination temperatures 

(400oC, 500oC, and 600oC) were still in the 

anatase phase. The anatase phase shows 

better photocatalytic activity than the rutile 

and brookite phases because it produces a 

larger surface area (smaller particles and 

crystal size) and slower recombination of 

electron-hole pairs [15].   

XRD analysis is used to determine 

crystallite size (D) [18] and crystallinity index 

(CI) [19]. D was calculated using the Debye-

Scherrer formula (Equation 2), and CI was 

calculated using the deconvolution method 

(Equation 3).  

D = 
K λ

β cos θ
    (2) 

CI (%) = 
area of each crystalline peak

total area
 × 100 (3) 

where D is the size of crystallite, K is the di-

mensionless shape factor (0.89), λ is the 

wavelength of Cu Kα radiation (1.5406 Å), β 

is the full width at half maximum (radian),  and 

θ is the angle of diffraction peak [20].  The 

average D and CI at various calcination tem-

peratures are shown in Table 1. At low calci-

nation temperatures (400oC), broad peaks 

are observed due to the amorphous structure 

of TiO2. D increased at a high calcination tem-

perature (600oC), whereas CI decreased be-

cause its calcination temperature affected 

crystal growth. The higher the calcination 

temperature is, the faster crystal growth 

goes. It was attributed due to the agglomera-

tion with enhancement in calcination temper-

ature that affected the crystallite size. Thus, 

the CI of 600oC is larger than 500oC, and the 

CI of 600oC is smaller than 500oC. Crystallite 

size increases with enhancement in calcina-

tion temperature, and the CI will decrease, as 

seen from the results in Table 1 [21].   

 Based on Table 1. the smallest D dan 

largest CI were obtained at 500oC, 11.95 nm 

and 62.04%. The smaller the crystallite size, 

the larger the surface area obtained, and the 

photocatalytic activity will increase [14, 15]. A 

smaller D is preferred due to its relationship 

with the surface area when applying photo-

catalytic materials. Additionally, higher CI is 

preferred due to its rigidity and highly ordered 

crystal structure. 

Table 1. The Comparison of D and CI Values 
   from TiO2 and Bi-TiO2 

Sample 
Temperature 

(oC) 
D 

(nm) 
CI 
(%) 

TiO2 450 33.15 50.01 

Bi-TiO2 

400 50.92 42.23 

500 11.95 62.04 

600 16.51 61.36 

DRS UV-Vis characterization investi-

gates synthesised samples' band gap (Eg) 

value. Moreover, this characterization shows 

whether Bi as a dopant succeeds or fails in 

reducing the Eg of TiO2 due to the substitu-

tion of Bi3+ cations into the TiO2 crystal lattice. 

Bi, as a dopant, can form impurity levels be-

tween valence and conduction bands, caus-

ing crystal defects to extend the spectra 

range to visible light irradiation (red-shift). 

These crystal defects cause a decrease in Eg 

value as the concentration of Bi increases. It 

means that the dopants can absorb visible 

light. The DRS UV-Vis spectra of TiO2 and Bi-

https://www.mdpi.com/2079-4991/12/2/210
https://www.sciencedirect.com/science/article/pii/S0925346721003384
https://www.sciencedirect.com/science/article/pii/S221478531630030X
https://pubs.rsc.org/en/content/articlelanding/2020/ra/d0ra06309f
https://www.mdpi.com/2073-4360/12/7/1559
https://www.mdpi.com/2073-4352/12/12/1750
https://www.sciencedirect.com/science/article/pii/S003040262100629X
https://pubs.acs.org/doi/10.1021/acsomega.1c00043
https://www.sciencedirect.com/science/article/pii/S221478531630030X
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TiO2 at various concentrations are shown in 

Figure 4. Based on Figure 4, it can be seen 

that a red shift appeared in the absorption 

spectra of Bi-TiO2 compared to TiO2. This is 

because the dopants can absorb visible light 

ranging from 400 to 800 nm [12, 20]. This red 

shift indicates the modification of the Eg 

value, which was calculated using the Ku-

belka-Munk function and Tauc plot [20]. From 

the spectra, Bi-TiO2, with the biggest amount 

of 1.5%, has the highest light absorption, with 

an estimated λ of 782.33 nm.  

 

Figure 4. DRS UV-Vis Spectra of (a) TiO2, (b) Bi-TiO2 1%, (c) Bi-TiO2 0.5%, and (d) Bi-TiO2 
    1.5% 

 

Figure 5. Relation Between Kubelka-Munk Function and Tauc Plot Toward Eg Values of (a) 
     TiO2, (b) Bi-TiO2 0.5%, (c) Bi-TiO2 1%, and (d) Bi-TiO2 1.5% 

 

The Eg value of TiO2 and Bi-TiO2 was 

measured by plotting (αհυ)1/2 against Eg as a 

Kubelka-Munk function and extrapolating the 

linear portion of the curve as a Tauc plot [22]. 

The relationship between the Kubelka-Munk 

function and the Tauc plot and the obtained 

Eg values is shown in Figure 5 and Table 2.  
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Tabel 2. Eg Values and Wavelength  

  Estimation of Samples 

Sample 
Eg  

(eV) 
Wavelength 

(nm) 

TiO2 3.14 395.08 
Bi-TiO2 
0.5% 

2.67 465.35 

Bi-TiO2 1% 1.94  640.13 
Bi-TiO2 
1.5% 

1.59 782.33 

 

The results show that Eg value 

decreased with increasing Bi concentration, 

from 3.14 eV to 1.59 eV. The reducing Eg 

value of pristine TiO2 after being modified by 

Bi showed the substitution of Bi3+ cations into 

the TiO2 crystal lattice. This is also supported 

by the expansion of the Bi-TiO2 spectra into 

the visible region due to the modification by 

Bi. Bi-TiO2 1.5% yielded the lowest Eg value 

of 1.59 eV. The smaller the Eg value, the 

wider the absorption region will extend to the 

visible light region, allowing it to become 

more active and absorb visible light.FT-IR 

characterization was carried out to determine 

bonds and functional groups in the sample. 

Furthermore, FT-IR is used to detect the 

presence of –OH groups adsorbed on the 

surface of the photocatalyst.    –OH groups 

on the surface produce •OH through reactions 

with hole (h+), which play a role in the 

degradation process of HA [23]. FT-IR 

characterization was carried out in the wave-

number range of 4000-400 cm-1. The ob-

tained FT-IR spectra is shown in Figure 6.  

 

Figure 6. FT-IR Spectra of (a) TiO2 and (b) Bi-TiO2 

 

 Based on Figure 6, a bond was ob-

served at 460.99 cm-1 by the stretching vi-

brations of the Ti-O-Ti bond. [24] has re-

ported that stretching vibrations of the Ti-O-

Ti bond were observed at 480.55 cm-1. The 

absorption band at 802.39 cm-1 corre-

sponded to stretching vibrations of the Bi-O 

bond. Sirimahasal et al. (2017) [25] has 

reported bond observed at 800 cm-1 for 

stretching vibrations of Bi-O bond. The bond 

observed at 1622.13 cm-1 corresponded to 

bending vibrations of the adsorbed –OH 

groups bonding to Ti. This result was related 

to the research by [26], that the bond 

appeared at 1623 cm-1. Meanwhile, the bond 

at 3147.86 cm-1 corresponded to stretching 
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vibrations of the –OH bond from adsorbed 

water molecules. This bond has similar 

results to the research by [27], showing a 

bond appeared at 3147.8 cm-1. 

FT-IR results show the redshift due 

to the formation of the Bi-O bond. The shift 

occurred due to the substitution of Ti4+ with 

Bi3+ cations. Following the addition of Bi, the 

absorption band of Ti-O-Ti shifted from 696.3 

cm-1 to 460.99 cm-1. The shift that occurred 

was caused by forming the Bi-O bond at 

802.39 cm-1. The shift toward a smaller wave-

number indicates that light absorption ex-

tends to a higher wavelength, as obtained by 

DRS UV-Vis spectra [28]. 

 

Photocatalytic Activity of Bi-TiO2 for Hu-

mic Acid Degradation  

The photocatalytic activity of the as-

synthesized Bi-TiO2 was investigated by de-

grading HA. HA degradation was carried out 

in a photocatalytic reactor for 180 minutes us-

ing as-synthesized pristine TiO2 and Bi-TiO2 

at various concentrations (0.5%, 1%, and 

1.5%) under visible light as a function of irra-

diation time [20]. The photocatalytic activity 

was carried out at various Bi concentrations 

with a calcination temperature of 500oC, the 

optimum temperature with the highest CI and 

smaller D. The absorbance was measured 

using a UV-Vis spectrophotometer at 254 nm 

[29]. HA degradation percentages is shown in 

Figure 7.  

 

Figure 7. Humic Acid Degradation Efficiency of (a) TiO2, (b) Bi-TiO2 0.5%, (c) Bi-TiO2 1%, and 

    (d) Bi-TiO2 1.5% 

 

HA with the highest to lowest degrada-

tion was obtained from Bi-TiO2 1.5%; 1%; 

0.5%; and pristine TiO2 samples, respec-

tively. As-synthesized pristine TiO2 has the 

lowest degradation percentage due to its Eg 

value, which is in the absorption region of UV 

light. On the contrary, bi-TiO2 1.5% has the 

highest degradation percentage due to its Eg 

value (1.59 eV). This is due to the enhance-

ment of the absorption region to visible light. 

Furthermore, the doping process prevented 

the recombination of electron-hole pairs, 

which enhanced the photocatalytic activity in 

the degradation of HA [30]. 

HA degradation occurs due to the in-

teraction between catalyst and photon on the 
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surface of TiO2. When TiO2 is exposed to 

photons from visible light irradiation, an elec-

tron (e-) transfer from the valence band (VB) 

to the conduction band (CB) (excitation state) 

will occur. Hole (h+) formed at VB and will re-

act with H2O or hydroxide ion (OH-), generat-

ing the formation of •OH. Meanwhile, e- on CB 

will react with O2 generating superoxide radi-

cal formation (•O2
-). Bi on TiO2 has a role as 

an electron-hole trap, hence inhibiting the re-

combination of electron-hole pairs. The ob-

tained •OH and •O2
- play a role in degrading 

organic pollutants such as HA. •OH and •O2
- 

are two main active radicals for organic mat-

ter elimination [31]. Based on Figure 5, it can 

be seen that the higher the dopant concen-

trations are, the higher the degradation per-

centage of HA obtained. With increasing Bi 

attention, the formation of •OH and •O2
- on the 

surface of TiO2 will increase due to further 

penetration of light through the solution, in-

creasing the degradation percentage [32]. At 

Bi-TiO2 1.5%, more Bi was used to trap elec-

tron and hole, inhibiting electron-hole pairs' 

recombination to further obtain •OH and •O2
-. 

The obtained •OH and •O2
- will degrade HA on 

the surface of the photocatalyst [33]. The pro-

posed mechanism for HA degradation is rep-

resented in Equation (4-8) below [30]. 

Bi/TiO2 + hv → TiO2 (e-) + bismuth (h+) (4) 

h+ + H2O → •OH + H+   (5) 

h+ + OH- → •OH    (6) 

e- + O2 → •O2
-    (7) 

h+ or •OH or •O2
- + humic acid → degraded 

products    (8) 

 
CONCLUSION 

In summary, Bi-TiO2 photocatalysts 

were successfully synthesized by the sol-gel 

method. Bi-TiO2 has become an economical 

and environmentally friendly method for 

degrading HA, as it utilizes visible light in the 

degradation process. Additionally, the 

photocatalytic method offers advantages 

over other conventional methods by 

producing •OH and •O2
- that break down HA 

into degradation products like CO2 and H2O, 

resulting in total mineralization. The Eg value 

of TiO2 dan Bi-TiO2 decreased from 3.14 to 

1.59 eV by increasing the amount of Bi (0.5% 

to 1.5%). It is identified that photocatalyst 

samples are active under visible light 

irradiation. However, the use of light in this 

study is a limitation due to its dependence on 

the photon energy that can be absorbed. 

Therefore, in future research, the use of 

sunlight as a light source could be 

investigated. Additionally, future research 

could evaluate the use of Bi-TiO2 composite 

materials with other materials as a 

photocatalyst for the degradation of humic 

acid, as this study only compared Bi-TiO2 to 

TiO2. Calcination under the temperature of 

500oC results in the smallest crystallite size 

dan largest crystallinity index (11.95 nm and 

62.04%, respectively). HA degradation 

reached 68.54% for 180 minutes of irradiation 

at the as-synthesized Bi-TiO2 of 1.5%. This 

indicates that Bi-TiO2 can be considered for 

use in larger-scale applications that utilize 

sunlight to degrade humic acid. This can 

optimize the photon energy from sunlight as 

a light source, increasing photocatalytic 

activity. Based on these findings, it can be 

concluded that Bi-TiO2 has the potential to 

serve as an alternative method for humic acid 

treatment in peat water.  
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