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Abstract— The furniture industry in Jepara utilizes wood-fired ovens that generate exhaust emissions containing carbon monoxide, 
which pose potential risks to both the environment and public health. One promising approach to reducing CO emissions is the 
application of TiO₂ photocatalysts, whose photocatalytic performance can be enhanced through Fe doping using an 

environmentally friendly Fe source derived from rusty iron waste. TiO₂ photocatalysts can be applied in the form of coatings. This 

study aimed to analyze the Fe content of rusty iron waste, synthesize and characterize TiO₂-Fe, develop a prototype test chamber 

for TiO₂-Fe coating application, and evaluate its effectiveness in reducing CO emissions from wood-fired oven exhaust. X-ray 
fluorescence (XRF) analysis revealed that rusty iron waste contained 99.49% Fe (as total Fe content), demonstrating its suitability 
as a dopant source for TiO₂-Fe synthesis. TiO₂-Fe was synthesized using Fe:TiO₂ mass ratios of 1:2, 1:1, and 2:1. Scanning 
electron microscopy (SEM) analysis showed that the 1:1 mass ratio produced smaller particles with a more homogeneous 
distribution and lower agglomeration, while UV–Vis diffuse reflectance spectroscopy (SR-UV) analysis indicated the greatest 
reduction in band gap energy, from 3.2 eV to 2.8 eV. Application of the TiO₂-Fe coating in the prototype test chamber achieved a 

maximum degradation efficiency of 81.8% under visible-light irradiation, outperforming both commercial coatings and TiO₂-FeCl₃ 
coatings. These findings demonstrate that TiO₂-Fe derived from rusty iron waste has significant potential as a functional 
photocatalytic material for mitigating air pollution. 
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1. INTRODUCTION 

Jepara Regency, Central Java Province, is famous 
for its flagship products, one of which is furniture. This is 
evident from the number of workers and business 
operators employed by the furniture industry. Based on 
BPS-Jepara Regency, there are 237 units of wood 
furniture industry in Jepara Regency. The well-known 
products of the Jepara furniture industry include tables, 
chairs, cabinets, kitchen sets, buffets, and doors. Before 
manufacturing these products, the wood to be used is 
dried by removing its moisture content in a wood-fired 
oven at an average temperature of 100°C. Many wood 
furniture industries in Jepara have wood-fired ovens. 
These wood-fired ovens use firewood as their heat 
source. The smoke contains carbon monoxide (CO) at 
concentrations of approximately 500–700 ppm [1]. The 
emissions from the wood-fired oven chimneys are 
released into the atmosphere without any treatment.  

Carbon monoxide (CO) is a toxic gaseous pollutant. 
When inhaled by humans, carbon monoxide can cause 
respiratory problems. This is because CO binds to 
hemoglobin in the body, thereby disrupting the delivery 
of oxygen throughout the body [2]. In addition, CO can 
also cause cardiovascular disease, acute kidney failure, 
hypertension, acute brain injury, brain lesions, 
decreased lung capacity, tissue hypoxia, and low birth 

weight (LBW). Currently, the public still has limited 
information regarding solutions to reduce carbon 
monoxide (CO) levels; therefore, further research and 
development are needed. In this study, the researchers 
will reduce the carbon monoxide content in wood 
furniture oven emissions using a photocatalyst with iron 
rust waste as the dopant source.  

A photocatalyst is a catalyst that can accelerate 
chemical reactions using light. Photocatalysis is a 
process that combines photochemistry and catalysis. 
Materials that can be used in photocatalytic processes 
include semiconductors such as TiO₂, ZnO, Fe₂O₃, CdS, 

GaP, ZnS, and WO₃ [3]. This study uses TiO₂ as a 
catalyst because it has large pores and a high specific 
surface area, is inexpensive, abundant in nature, non-
toxic, and stable under light. However, it has a limitation 
in that it cannot absorb radiation beyond the UV range (λ 
<388 nm). Therefore, to enhance the catalyst’s 
performance by improving its ability to absorb visible light 
wavelengths, the TiO₂ material was modified by 
incorporating iron rust waste into the TiO₂composition. 
Common Fe sources used as dopants typically come 
from expensive commercial materials such as FeCl₃, 

FeNO₃, and Fe(C₅H₇O₂) [3]; in this study, an 
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environmentally friendly Fe source is used, namely 
inexpensive and abundant rusted iron. The purpose of 
using Fe from rusted iron is to implement a green 
chemistry approach in terms of the materials used.  

The coprecipitation method was chosen in this study 
because of its advantages over other synthesis methods. 
Unlike sol-gels and solvothermals that require strict 
temperature and pressure control and the use of 
complex precursors, or solid-state methods that require 
high calcination temperatures that are energy-
consuming, coprecipitation can be performed at low 
temperatures with simple equipment, affordable costs, 
and relatively short synthesis times [4]. Meanwhile, the 
synthesis of Fe-dopedTiO₂was carried out using the 
solid-state reaction (SSR) method. The solid-state 
reaction method involves reacting one solid with another. 
The advantages of this method include an easy 
preparation process, simple equipment, and the ability to 
maintain phase purity [4]. Research on photocatalysts 
has been conducted by Xia, H et al. [5]. That study 
developed a waterborne coating of Fe/N/Co–TiO₂ to 
reduce CO content in vehicle exhaust. The study 
successfully reduced CO concentration by 25.20% under 
visible light. The study used multi-doping, which can lead 
to a decrease in photocatalyst efficiency. Therefore, an 
optimal dopant concentration is required so that the 
photocatalytic process achieves maximum degradation.  

Given this background, the application of coatings to 
chimneys has never been done before. The novelty of this 
study lies in the creation of a TiO₂–Fe coating applied to 
chimneys from the exhaust of Jepara wood furniture 
ovens, which is expected to reduce CO. Additionally, the 
Fe we used was sourced from rusty iron waste, which is 
widely available in the environment. The objectives of this 
study are to analyze the Fe content of rusty iron waste, 
synthesize and characterize Fe-doped TiO₂ from rusty 
iron waste, create a prototype test chamber for applying 
the TiO₂-Fe coating, and study the effectiveness of the 
TiO2-Fe coating on the exhaust stack of a Jepara wooden 
furniture kiln. 

2. EXPERIMENTAL SECTION 

2.1. Materials 

The materials used in this study were rusty iron waste, 
37% hydrochloric acid (HCl), 25% ammonium hydroxide 
(NH₄OH), distilled water, titanium dioxide (TiO₂), ferric 

chloride (FeCl₃), water-based resin, and commercial 
coating. 

2.2. Instrumentations 

The equipment used in this study included an analytical 
balance, filter paper, watch glasses, funnels, an oven, 250 
mL and 600 mL beakers, 100 mL and 500 mL Erlenmeyer 
flasks, a mortar, a pestle, pH indicator paper, a hot plate 
stirrer, a neodymium magnet, aluminum foil, a magnetic 
stirrer, a Scanning Electron Microscope (SEM), X-ray 
Fluorescence (XRF), and a Specular Reflectance UV-
Visible Spectrophotometer (SR-UV). 

2.3. Analysis and Characterization of Fe Content in 
Iron Rust Waste 

This process consists of: sorting rusty iron waste using 
a magnet. Next, the rusty iron waste is dissolved in 37% 
hydrochloric acid (HCl) at a temperature of 70°C for 1 
hour, after which the iron (Fe) solution is filtered twice 
using filter paper. Next, 25% ammonium hydroxide 
(NH₄OH) is added until a pH of 5 is reached using a hot 
plate. The iron (Fe) solution is neutralized with distilled 
water. It is then dried in an oven at 115°C for 90 minutes. 
Finally, it is ground in a mortar to form a powder. In the 
next step, the iron(III) oxide (Fe₂O₃) powder was calcined 
at 600°C for 1 hour. The percentage composition of the 
iron(III) oxide (Fe₂O₃) powder can be determined using 
XRF (X-ray fluorescence) analysis. 

2.4. Synthesis and Characterization of TiO2-Fe 
Photocatalysts from Iron Rust 

The resulting iron(III) oxide (Fe₂O₃) powder was then 
mixed with TiO₂ in ratios of 1:2, 1:1, and 2:1. The mixture 
was ground for 2 hours until homogeneous. Next, a 
calcination process was carried out at 500°C for 3 hours. 
After calcination, the material was ground again to break 
up clumps and obtain a finer result. Subsequently, to 
observe the morphology and particle size, 
characterization was performed using Scanning Electron 
Microscopy (SEM), while UV Vis Reflectance 
Spectroscopy (SR-UV) was used to observe shifts in 
absorption wavelengths and evaluate changes in the 
bandgap energy (Eg) resulting from Fe doping in TiO₂ 

under various ratios. Additionally, TiO₂-Fe was 

synthesized from TiO₂-FeCl₃ using a 1:1 ratio of s as a 
reference (control). 

2.5. Designing a Test Chamber Prototype 

The test chamber prototype was designed by 
researchers using AutoCAD Inventor. The resulting 
design was then engineered and fabricated in-house with 
the assistance of craftsmen, based on the findings of the 
literature review. The design of the apparatus was scaled 
down to laboratory size, as furniture wood ovens are 
generally larger Fig. 1. 

 

Fig. 1. Design of the test chamber prototype 

 
The design consists of several components: a 

chimney, a reactor box, a smoke hose, a combustion 
chamber, and a smoke pump. The resulting test chamber 
is shown in Fig. 2. 
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Fig. 2. Overall view of the test chamber prototype: (a) front view, 
(b) top view, and (c) side view 

Meanwhile, to ensure the uniformity of the CO gas 
output, the flow rate was calculated using Eq. (1). Where 
Q is gas flow rate (m3/s), A is cross-sectional area of the 
chimney (m2), s is distance traveled by the gas over time 
(m), and t is time the gas is in motion (s). 

𝑄 =
A x s

t
 

 
(1) 

2.6. Application of TiO2-Fe 

The coating application process was carried out using 
various TiO₂–Fe materials prepared in three mass ratios: 
1:2, 1:1, and 2:1. Each composition was mixed with a 
water-based resin and distilled water to produce a 
homogeneous solution. The solution was then applied as 
a coating to the chimney surface inside the test chamber. 
After the coating process was complete, carbon 
monoxide (CO) concentration measurements were taken 
using a CO meter to determine the effectiveness of the 
TiO₂–Fe coating in reducing CO emissions. The amount 
of carbon monoxide degraded (in %) was calculated 
using Eq. (2). Where 𝐶𝑜 is initial carbon monoxide 

concentration and 𝐶𝑓 is final carbon monoxide 
concentration 

%Degraded =
𝐶𝑜−𝐶𝑓

𝐶𝑜
×  100%  (2) 

This process was repeated three times. The following 
controls were used in this study: an uncoated chimney, a 
chimney coated with a commercial coating, and a 
chimney coated with a TiO₂–FeCl₃ coating. The 
application process was conducted under sunlight 
(exposed to visible light) and compared to conditions in 
the dark. 

3. RESULT AND DISCUSSION 

3.1. Analysis and Characterization of Fe Content in 
Iron Rust Waste 

The iron rust waste used in this study was collected 
from rusted iron around MAN 1 Jepara. The synthesis of 
Fe2O3 was carried out using the coprecipitation method. 
This method was chosen because it is the simplest, most 
efficient, and most economical. The iron rust waste was 

sorted to separate it from impurities and other materials. 
Next, dissolution with 37% HCl was performed to dissolve 
the Fe present in the iron rust Fig. 3. The reaction that 
occurred during this process can be described in Eq. (3). 

Fe₂O₃(s) + 6HCl(aq) → 2FeCl₃(aq) + 3H₂O(l) (3) 

The solution is filtered to remove impurities. 25% 
NH₄OH is added to the filtered solution and stirred using 
a magnetic stirrer until the pH reaches 5. This process 
produces a precipitate and results in Eq. (4). 

2FeCl3(l) + 3H2O(l) + 6NH4OH(l) → 
 2Fe(OH)3(s) + 6NH4Cl(l) + 3H2O(l) 

(4) 

Next, the sample is washed with distilled water to 
neutralize the solution and remove any remaining HCl 
and impurities from the precipitate. The precipitate is 
placed in an oven to remove moisture from the sample, 
resulting in Eq. (5). 

2Fe(OH)3 (s) + 6NH4Cl (l) + 3H2O (l) → 
 2FeOOH + 6NH4Cl (l) + 5H2O (l) 

(5) 

In the next step, the iron(III) oxide (Fe₂O₃) powder is 
calcined, resulting in Eq. (6).  

2FeOOH(s) + 6NH4Cl(l) + 5 H2O(l) → Fe2O3 (s) (6) 

(a) 

 

 (b) 

 

Fig. 3. Rusty iron waste (a) before and (b) after the 
coprecipitation process 

Next, to determine the percentage of elemental 
content in iron(III) oxide (Fe₂O₃) powder, testing was 
conducted using the X-ray fluorescence (XRF) method. 
This analysis aimed to confirm the presence of Fe₂O₃ and 
determine the total iron content in the rusty iron waste. 
The XRF analysis results are presented in Table 1. the 
rusty iron waste shows a dominance of Fe with a 
concentration of 99.49%. These results indicate that this 
material has a high metal content and has potential as a 
feedstock for the synthesis of photocatalytic materials. 
Meanwhile, other elements such as Cr, Zn, Sn, and Pb 
 

Table 1. Elemental composition of iron rust waste based on 
XRF test results 

Element Content (%) 

Fe 99.49 

Cr 0.082 

Zn 0.103 

Sn 0.035 

Pb 0.29 
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are likely derived from residues of the rusty iron dredging 
process. Low-concentration metals (<1%) do not affect 
the effectiveness of the Fe doping process into TiO₂, as 
low concentrations generally do not have a significant 
impact on either the Fe doping process or the TiO₂ crystal 
structure. 

3.2. Synthesis and Characterization of TiO2-Fe 
Photocatalysts from Iron Rust 

In the synthesis of TiO₂–Fe using the solid-state 
reaction method, since it does not require additional 
solvents and is classified as a green synthesis method [4]. 
Fe and TiO₂ mixed in mass ratios of 1:2, 2:2, and 2:1 were 
\then ground to create a homogeneous material and 
maximize the interaction between Fe and TiO₂. After 
grinding, the mixture was calcined to optimize formation, 
resulting in the best possible material. The resulting TiO₂–
Fe material was then analyzed using Scanning Electron 
Microscopy (SEM) to observe surface morphology and 

particle size. Observations were conducted on samples 
at a magnification of 10,000x. The SEM results are shown 
in Fig. 4. 

Based on Fig. 4., the results of SEM analysis at 
10,000x magnification show the presence of particle 
agglomeration, which is the process of nano-sized 
particles combining to form larger structures [6]. In Fig. 4. 
(c), the agglomeration level is lower than in other samples, 
so the material has a larger surface area. A large surface 
area plays a crucial role in enhancing photocatalytic 
performance by providing more active sites that support 
the photodegradation process. This is consistent with the 
research by Mohtar et al. (2021) [7]. Meanwhile, Fig. 4(a), 
4(b), and 4(d) show particles that tend to be larger and 
clumped together, indicating a higher degree of 
agglomeration. This condition results in a reduced 
surface area, thereby decreasing the number of active 
sites and lowering the photocatalyst’s effectiveness 
compared to the sample in Fig. 4(c). 

 (a)  

 

 (b) 

 
(c) 

 

(d) 

 

Fig. 4. SEM images of (a) TiO₂–Fe (2:1), (b)TiO₂–Fe (1:2), (c) TiO₂–Fe (1:1), and (d) TiO₂

Next, to determine the band gap value, SR-UV 
analysis was performed. The results of the analysis are 
shown in Table 2. UV light has a wavelength range of 
100–400 nm, while visible light falls within the range of 
400–750 nm. Table 2. shows that Fe doping causes a 
wavelength shift toward the visible light region (greater 
than 400 nm). This is consistent with the research by 
Mancuso et al. [8].  

In addition, there was a decrease in the Eg value of 
TiO₂ from 3.2 eV to 3.1–2.2 eV in Fe-doped TiO₂. Based 
on research by Wahyuni et al. [9], the optimal Eg range is 
approximately 2.4–2.8 eV, as it provides good visible 
optimal Eg value can increase the photocatalyst activity 
under exposure to visible light by shifting the wavelength 
towards the visible light so that the percentage of CO 

degradation is more optimal. Based on Table 2., it can be 
observed that Fe-doped TiO₂ with a 1:1 mass ratio yields 

an optimal Eg value of 2.8 eV. For the TiO₂:Fe mass ratio 
of 1:2, an Eg value 3.0 eV, indicating that an excess of 
TiO₂ can reduce the available active surface area of the 
catalyst [10]. 

Table 2. Bandgap energy and wavelength values for TiO₂ and 

TiO₂-Fe photocatalysts 

Material λ (nm) Eg (eV) 

TiO2 388 3.2 

TiO:Fe (2:1) 402 3.1 

TiO:Fe (1:1) 442 2.8 

TiO:Fe (1:2) 556 2.2 
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3.3. Construction of a Test Chamber for Jepara 
Wooden Furniture Ovens 

The test chamber prototype consists of several 
materials, namely: galvanized steel for the reactor box, 
which measures 100 cm x 50 cm x 60 cm and serves as 
the outer layer of the chimney to protect against smoke 
and moisture exposure during the process. There is also 
a 6 cm diameter steel pipe serving as the chimney, coated 
with a protective layer, and a 3 cm diameter steel pipe, 
150 cm long, which functions as the inlet for smoke from 
the wood-burning furnace into the reactor box. The wood-
burning stove, measuring 40 cm x 40 cm x 43 cm, serves 
as the primary source of g s and is used to burn wood, 
producing smoke. Additionally, a smoke pump is used to 
force the smoke out of the stove into the reactor chamber. 
A CO meter is the instrument used to measure the 
concentration of carbon monoxide (CO) produced. The 
test chamber prototype can be seen in Fig. 5. 

 

Fig. 5. Test chamber prototype 

The uniformity of the CO gas output was determined 
by calculating the average flow rate from each chimney. 

The calculation results are shown in Table 3. The 
average CO gas flow rate measurements from the four 
stacks yielded relatively uniform values, with an overall 
average of 7.63 × 10^−4m³/s and a significance value 
of 0.999 (p > 0.05), indicating that there is no 
significant difference between the average flow rates 
of the four chimneys. These results indicate that the 
CO gas emitted from the four chimneys has a relatively 
similar flow rate, suggesting that the chimneys operate 
uniformly in discharging the gas. 

Table 3. Flue gas flow rates in the test chamber (n=3)  

Chimney Average 

1 7.63 x 10-4 

2 7.63 x 10-4 

3 7.65 x 10-4 

4 7.61 x 10-4 
 

Average 
 

7.63 x 10-4 

F 0.005 

Sig. 0.999 

 

3.4. Results of TiO2-Fe Application for CO 
Degradation 

TiO₂-Fe photocatalyst was applied as a coating on the 
chimneys of Jepara wooden furniture kilns with the aim of 
reducing the levels of carbon monoxide (CO) produced 
during the combustion process. The testing process was 
conducted by igniting the wood-burning furnace until 
smoke was produced; the smoke was then pumped 
through a hose into four chimneys, each of which had 
been coated. Additionally, a control chimney was used to 
compare the effectiveness of the synthesized TiO₂-Fe 

photocatalyst with TiO₂-FeCl₃, an uncoated chimney, and 
a commercial coating. At the end of the chimney, the CO 
level is measured using a CO meter. The CO meter works 
by inserting the probe tip into the end of the smoke 
chimney so that the resulting emission levels can be 
detected by the device, allowing for the observation of the 
effectiveness of TiO₂-Fe in the combustion produced by 
the wood-fired oven. 

The mechanism of CO degradation by TiO2-Fe 
photocatalyst coating goes through several stages. In the 
first stage, the coating is exposed to visible light so that 
the electrons in the valence band are detected towards 
the conduction band and leave a hole in the valence 
band, the presence of Fe doping helps to suppress the 
electrone-hole pair recombination and expand the 
absorption of light towards the visible beam, thus 
increasing the photocatalytic efficiency. The second 
stage, i.e. the electrons produced in the previous stage 
react with the oxygen adopted on the catalyst surface to 
form superoxide radicals (O2•-), while the hole reacts with 
hydroxide ions or water that is absorbed to form hydroxyl 
radicals (•OH). The third stage is the adsorbtion of CO at 
the active site of the coating surface. The next stage is 
CO oxidation, where the adopted CO reacts with hydroxyl 
and superoxide radicals to become CO2. The last stage 
is the desorption of CO2 from the coating surface, so that 
the active site is empty again.  

CO degradation reactions are included as 
heterogeneous photocatalytic oxidation reactions. This 
reaction is photoinduced by utilizing the formation of an 
electrone-hole pair due to light absorption to produce a 
reactive oxygen species that oxidizes CO into CO2 in Eq. 
(7). Dopan Fe in TiO2 coating functions to increase 
charge carrier recombination, so that CO degradation is 
more optimal compared to TiO2 coating without doping. 

2CO(g) + O₂(g) → 2CO₂(g) (7) 

3.4.1. The effect of variations in TiO₂–Fe mass on CO 
degradation efficiency  

Photodegradation of CO using Fe-doped TiO₂ coatings 
was conducted with different mass variations, applied under 
dark conditions and under visible light exposure. The results 
of the percentage of CO degraded are shown in Fig. 6. 

The 1:1 TiO₂–Fe mass ratio yields the most optimal 
CO degradation efficiency under visible light exposure at 
85.2%, compared to the 2:1 and 1:2 mass ratios. In the 
1:1 mass ratio, the balanced mass ratio between Fe and 
TiO₂maximizes light absorption, thereby making the CO 
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degradation process more effective. In the 2:1 TiO₂–Fe 
ratio, the small amount of Fe results in suboptimal visible 
light absorption. This is because the amount of Fe dopant 
is insufficient to extend light absorption into the visible 
region. Conversely, in the 1:2 variation, the excessive 
amount of Fe actually covers part of the TiO₂ surface, 
causing reduced light absorption and lowering the 
effectiveness of the degradation process. This is 
consistent with the SEM and SRUV characterization 
results, as well as with previous research by Mancuso et 
al. [8]. 

 

Fig. 6. Results of CO photodegradation efficiency using TiO₂–
Fe coatings with varying mass fractions under visible 
light exposure and in the dark condition (n=3) 

In addition, the data in Fig. 6. show that CO 
degradation is more effective under visible light exposure 
than in the dark. This is because light energy helps 
activate the TiO₂–Fe catalyst, whereas in the dark, the 
catalyst’s performance decreases significantly [11]. 

3.4.2. Comparison of the effectiveness of the optimized 
TiO₂–Fe photocatalyst with undoped TiO₂, TiO₂–

FeCl₃, and a commercial coating  

The TiO₂–Fe photocatalyst with the optimal 1:1 mass 
ratio from the previous stage was then compared in terms 
of effectiveness against undopedTiO₂, TiO₂–FeCl₃, and a 
commercial coating. 

The TiO₂–Fe 1:1 mixtureexhibits the highest CO 
degradation rate compared to the others. The commercial 
coating was only able to degrade 18.2% of the CO. 
Meanwhile, TiO₂ degrades CO by 52.5%, and TiO₂ FeCl₃ 
is capable of degrading it by 63.6%. This confirms that 
TiO₂–Fe exhibits the most effective performance in CO 
degradation. The data clearly indicate that 
undopedTiO₂is less effective, as the Fe content can 
cause a shift in the wavelength toward the visible light 
region, thereby increasing the available active surface 
area. 

In addition, the concentration of CO resulting from 
degradation was calculated and compared with the 
maximum safe limit of 400 ppm, in accordance with the 
ANSI Z21.47 standard [12]. The results of this 
comparison with the standard limit are shown in Fig. 8. 

The CO concentration did not exceed the safe limit in 

the TiO₂–Fe 1:1 mass ratio, which resulted in a 
concentration of 153.3 ppm. Meanwhile, in the other 
stack, the CO concentration exceeded the safe limit. 
These data reinforce that the TiO₂–Fe mass ratio of 1:1 
is the most effective condition, as it not only exhibits the 
highest degradation percentage but also produces a CO 
concentration below the safe quality standard. 

 

Fig. 7. Comparison of the effectiveness of various 
photocatalysts in CO degradation 

 

Fig. 8. Comparison of CO concentrations with quality 
standards for various coating variations 

4. CONCLUSION 

Based on the research conducted, it can be concluded 
that rusty iron waste can be recycled into Fe₂O₃ material 
using the coprecipitation method. XRF characterization 
shows that rusty iron waste contains Fe with a 
concentration of 99.49%, which can be used as a dopant 
source. The synthesis of Fe-doped TiO₂ was carried out 
using the solid-state reaction method. Analysis results 
using SEM at a 1:1 mass ratio showed smaller particle 
morphology, more homogeneous distribution, and lower 
agglomeration. Based on SR-UV testing, there was a 
decrease in the Eg value of TiO₂ from 3.2 eV to 3.1–2.2 
eV in Fe-doped TiO₂. The most optimal Eg reduction was 
observed in the 1:1 mass ratio, at 2.8 eV. The test 
chamber prototype that has been constructed can be 
used to evaluate the effectiveness of the coating in the 
treatment of exhaust fumes from Jepara wooden furniture 
ovens. Based on the ANOVA test results, a significance 
value of 0.999 (p > 0.05) was obtained, indicating that 
there is no significant difference between the average 
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flow rates of the four chimneys. The efficiency of theTiO₂–
Fe coating in reducing CO levels in oven flue gas is most 
optimal at a 1:1 mass ratio under visible light, with a 
degradation rate of 81.8%, outperforming the commercial 
coating (18.2%) and the TiO₂–FeCl₃ coating (63.6%). The 

1:1 mass ratio of TiO₂–Fe showed that CO concentrations 
did not exceed the safe limit of 153.3 ppm (<400ppm). 
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