Modares Civil Engineering Journal

Volume 26, Issue 5, 2026, 81-96 [ \
DOI: 10.48311/mcej.2025.117685.82874 Tarbiat Modares

University

Life Cycle Analysis of the Synthesis and Photocatalytic Application of
Non-Metallic Semiconductor Nanosheets for Rhodamine B Removal with
an Environmental Sustainability Approach

Afsaneh Shahbazi'’

1. Department of Environmental Technologies, Environmental Sciences Research Institute, Shahid Beheshti University,
Tehran, Iran.

Abstract Review History
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materials has emerged as a promising, green, and energy-efficient solution, offering complete Accepted: May 30, 2026

degradation of pollutants into harmless minerals, unlike conventional methods that often merely transfer ~Keywords

pollution. Graphitic carbon nitride nanosheets (g-CsNas), a metal-free, visible-light-active photocatalyst, Life Cycle Assessment
has garnered considerable attention for its high thermal stability, scalability, and favorable Nanosheets, Non-metallic
physicochemical properties. However, the energy-intensive nature of synthesizing nanostructured
catalysts demands a quantitative environmental assessment—a Life Cycle Assessment (LCA)—to .
validate the technology’s true sustainability beyond functional performance metrics. Addressing this Environmental
critical gap, this study conducted a comprehensive LCA, adhering to ISO 14040/14044 standards, to  Sustainability
quantify the environmental burdens associated with both the production and the application of g-CsNa4 in

RhB dye degradation. Environmental impacts were assessed using the SimaPro 10.2 software and the

globally accepted ReCiPe 2016 method at both the Midpoint (e.g., Global Warming, Water Use) and

aggregated Endpoint levels (Human Health, Ecosystems, and Resources). The LCA results revealed a

fundamental structural challenge: In the catalyst synthesis phase, electrical energy consumption was

identified as the single, dominant environmental hotspot, contributing over 97% across all 22 Midpoint

impact categories and approximately 97.5% to 99.8% across the Endpoint damage categories. This high

dominance was directly attributed to the severe reliance of the high-temperature calcination process on

the region's carbon-intensive, fossil fuel-based electricity grid. Conversely, the contributions from

precursor materials (melamine and nitrogen) were consistently negligible, registering below 3%. In the

photocatalytic application phase (wastewater treatment), the structure of the hotspot fundamentally

shifted: the overall environmental cost was predominantly carried by the embedded environmental cost

within the g-CsNu catalyst itself. The catalyst's embodied burden accounted for approximately 78% of the

total damage across all three Endpoint categories (Resources, Human Health, and Ecosystems). The

operational electricity required for the visible-light reaction became a secondary contributor, accounting

for less than 23% of the total burden. This finding conclusively demonstrated that the main

environmental impact of the overall treatment process stemmed not from the operation, but from the

initial, heavy "environmental investment" required for the high-carbon synthesis of the catalyst. To

mitigate this structural challenge, a sensitivity analysis simulating a 95% reduction in electricity

consumption during the g-CsN. synthesis phase was performed. The results validated the direct

relationship between the catalyst's embodied burden and the carbon intensity of its production: the

catalyst’s contribution to final Endpoint damages plummeted by over 92%, dropping to less than 6%

across all damage categories. With the structural burden of the catalyst neutralized, the operational

electricity consumption for the treatment process became the new dominant hotspot, contributing over

90% of the remaining impacts. In conclusion, this LCA study provides a critical, quantitative assessment

revealing that the environmental sustainability of non-metallic semiconductor nanosheet photocatalytic

technology is inextricably linked to the decarbonization of the synthesis process through the adoption of

low-carbon electricity, and the maximization of the catalyst's operational lifespan and recoverability to

distribute the high embodied environmental cost. This strategy is crucial for the technology to fulfill its

potential as a truly green and sustainable solution for advanced wastewater treatment.
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Table 1. Life Cycle Inventory (LCI) for the degradation of 50 mg
of RhB dye from 1 liter of aqueous solution using the g-CsNa

photocatalyst
Life Cycle Inventory
Stage - -
Unit  Amount  Material
g 10 Melamine
Photocatalyst synthesis mL 450 Nitrogen
kWh 6 Electricity
. 0.3 g-CsNa
Photocatalyst application .
kWh 1.65 Electricity
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Table 2. Midpoint-level environmental impact assessment results for the synthesis of the g-CsNa4 photocatalyst

Impact category Unit Total Melamine Nitrogen Electricity
Global warming, Human health % 100 1.6775 0.0054 98.3171
Global warming, Terrestrial ecosystems % 100 1.6777 0.0054 98.3169
Global warming, Freshwater ecosystems % 100 1.6774 0.0054 98.3172

Stratospheric ozone depletion % 100 0.7518 0.0060 99.2422
lonizing radiation % 100 1.8654 0.0317 98.1028

Ozone formation, Human health % 100 2.3998 0.0093 97.5909
Fine particulate matter formation % 100 3.9092 0.0214 96.0694
Ozone formation, Terrestrial ecosystems % 100 2.2792 0.0085 97.7123
Terrestrial acidification % 100 4.1005 0.0114 95.8881
Freshwater eutrophication % 100 16.6070 0.0926 83.3004
Marine eutrophication % 100 11.5006 0.0049 88.4945
Terrestrial ecotoxicity % 100 29.0338 0.0013 70.9649
Freshwater ecotoxicity % 100 9.0845 0.0066 90.9090
Marine ecotoxicity % 100 25.3304 0.0013 74.6683

Human carcinogenic toxicity % 100 6.9639 0.0463 92.9898
Human non-carcinogenic toxicity % 100 8.9977 0.0358 90.9665
Land use % 100 8.2231 0.0252 91.7517

Mineral resource scarcity % 100 9.2655 0.0052 90.7293
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Water consumption, Human health % 100 13.2540 0.0332 86.7127

Water consumption, Terrestrial ecosystem % 100 30.2949 0.0776 69.6276
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Fig. 1. Midpoint-level impact assessment results for the synthesis of g-CsN. photocatalyst
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Table 3. Endpoint-level impact assessment results for the synthesis of the g-CsNa photocatalyst

Damage category Unit Total

Melamine Nitrogen Electricity

Human health % 100
Ecosystems % 100
Resources % 100

2.3952249 0.010133  97.59464
2.553358 0.006812  97.43983
1.0973212 0.001833  98.90085
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Fig. 2. Endpoint-level impact assessment results for the synthesis of g-CsN4 photocatalyst
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Table 4. Midpoint-level impact assessment results for the degradation of 50 mg of RhB dye from 1 liter of aqueous solution using the g-CsNa

photocatalyst

Impact category Unit Total g-C3N, Electricity
Global warming, Human health % 100 77.99 22.01
Global warming, Terrestrial ecosystems % 100 77.99 22.01
Global warming, Freshwater ecosystems % 100 77.99 22.01
Stratospheric ozone depletion % 100 77.83 2217
lonizing radiation % 100 78.03 21.97
Ozone formation, Human health % 100 78.12 21.88
Fine particulate matter formation % 100 78.39 21.61
Ozone formation, Terrestrial ecosystems % 100 78.10 21.90
Terrestrial acidification % 100 78.42 21.58
Freshwater eutrophication % 100 80.71 19.29
Marine eutrophication % 100 79.75 20.25
Terrestrial ecotoxicity % 100 83.08 16.92
Freshwater ecotoxicity % 100 79.31 20.69
Marine ecotoxicity % 100 82.35 17.65
Human carcinogenic toxicity % 100 78.93 21.07
Human non-carcinogenic toxicity % 100 79.30 20.70
Land use % 100 79.16 20.84
Mineral resource scarcity % 100 79.34 20.66
Fossil resource scarcity % 100 77.89 22.11
Water consumption, Human health % 100 80.07 19.93
Water consumption, Terrestrial ecosystem % 100 83.35 16.65
Water consumption, Aquatic ecosystems % 100  158.57 -58.57
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Fig. 3. Midpoint-level impact assessment results for the degradation of 50 mg of RhB dye from 1 L of aqueous solution using the g-CsNa4
photocatalyst
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Table 5. Endpoint-level impact assessment results for the degradation of 50 mg of RhB dye from 1 liter of aqueous solution using the g-CsN4
photocatalyst

Damage category  Unit

Total g-C3N4 Electricity

Human health %
Ecosystems %
Resources %

78.11 21.88
78.14 21.85
77.89 22.10
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Human health
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Fig. 4. Endpoint-level impact assessment results for the degradation of 50 mg of RhB dye from 1 L of aqueous solution using the g-CsNa
photocatalyst
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Fig. 5. Sensitivity analysis results for two scenarios: baseline and 95% reduction in electricity consumption during the synthesis of g-CsNa
photocatalyst, at the midpoint level
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Fig. 6. Sensitivity analysis results for two scenarios: baseline and 95% reduction in electricity consumption during the synthesis of g-CsNa
photocatalyst, at the endpoint level



Soeed 4l

b @039y 55 DA 55 38 i GBleydes Slmiogil GBS 9B 3 )5 5 i Sl a5, Julo

s At Jleel i 53 (e & ghe 3 A0 1A (55l
S A VIS ol s Sy 4 o
2 GCNs g S () 5bas 02 50 Al bl o b O 5
F oy an) Sl ialS U aY )-\L;ﬁ&@éa.ﬂéuwi
L Joels Ui Gl o8 sl Ol ks 2alS ul (s Ao
515 0l (ol iy sa 330 (3l it bS5 3 0V
G511 B (ol L Ods wils p Lacils sl
ol ool 48 A bis e el 05 @ ksl Slles S S
Sy dals ond sl psbar b pebies a5l

So i pliws 45 3,8 (S ens sk opl g o
el 5 OB 5l e Ol BB K,
e Sla By ann s Ol oS Col el s Ll
N SR B PR P S g B U F
Do pds 3 55,8 Gl Sals YT SiA el s
sdme sliial Sl 5 olss (5l a3l edile Bl (ol
e sb a5 ba AT 3 (65l Lol C B
bl calo ausa U el anaaly eslinad sl sue 5 oslinl
ol JelS il 5 de Bl @ e adas O Al ,a
33,5 Ghome 4yl O el ST 555k
S,

oS a 53y iy g oSS (S g Zule ) ey 5
Llei o S a5l
Bl o,

OF Sl s adlie ol s 35 6l (s o )la5 o
R
O iy 35 s

(o ol ol Cd g Ao s V0 (g5l L
5 Lpesls ks 5 ot (hag5 planil canllles (ol Juli

w‘m\)a%&f‘)dw&@&‘ﬂ)}&)&
Sb s

A5 a8 SS b b s Sl G ol o
Famae SFoh il

el 05 03l o g Jogn lasll ) Wlie ol s

Qf

ol 6ot Jlesl b el JUT 51 Lol 2l s

53 GCNe C U 58 s a0 53 B B e ($e 3 0
G $Ae 3 A0 Jlals L as ol 0L - b0 ol e
S 4 e el s a3 GON g e )3 b s
P GON e o ln jiba (P SE) dL 35 ds s 7 )
sl oS Ay Ao s /A 550> 4 (Resources) b eis
(Ao s VWA ol Sl & o ko3 AT L5 j2alS
i (ECOSystems) L0l 3Lup 5 035> 53 «od 5 oo 4 35
Ol—udl G 03 5 53 9 e ;3 0/0 550> - §-G:N
95 534S Cosl il s )5 OV 554> 4 (Human Health)
5l EalS ol sl 0L | Ay AY Sl iy ialS o) e
i sl oy o S sl 0L BB oy 4 S
Colda 0-CoN W 55 a5 s 5 il 5 oS W s ST 5 Dl
S ek by e plaws (55 L sy clarl LBl
ey o 4 o LU i s e L el Sl
Slkes 035 4 ol (Hbr o) (spnsbon ol 53 ez
Sl ol A8 3 e s (iile SLs O B ae) wdad
CandblS 5 51 JelS jsb 4 ) e jlaee e slas S

a3 g et ahea Aul b (gleang &

& S 4o =¥

Sl = (LCA) ol a5 C"L’-' sl s ol s
b5 RNB. IS 555y 55 Aol 3 s Jaomn BT o
b s Sl s olle Il S b ot a5 ol g-CoN
S5l i 36 3 oS Jb s sl SISET 1 e Jaes
A3 AV Sl G e L Sl oS3 0 Sy (S
(aizs) 3 LS 3L sl atlid ol canl 0518 Ol sie o
ol 3 et e G-CaNa Ll JlS & g0 0 L
VA s5d age L BB atig s Jaoes 4 50 > 1
(i ) ole mhw glacaul ol s I lile s
352 0T e ol opl i3 S and (W O3l p s 5 Ol S
Slrkas (5551 e 1 6 wtheas Aol b I e L oS
ol sl S 5 sl e (51 e ) AL O
g as S olas cJUls s

Lol s S ol s ol b ablie )



VE 8 Jlus B oleis Y§ 0,95

o3 Ulyes (pwdige ool alone

References

(1]

(2]

(3]

[4]

(5]

[6]

[7]

(8]

(9]

[10]

Oladoye, P.O., Kadhom, M., Khan, l., Aziz, K.H.H.
and Alli, Y.A., 2024. Advancements in adsorption and
photodegradation technologies for Rhodamine B dye
wastewater treatment: fundamentals, applications, and
future directions. Green Chemical Engineering, 5(4),
pp.440-460. doi: 10.1016/j.gce.2023.12.004.

Islam, T., Repon, M.R., Islam, T., Sarwar, Z. and
Rahman, M.M., 2023. Impact of textile dyes on health
and ecosystem: a review of structure, causes, and
potential solutions. Environmental Science and
Pollution Research, 30(4), pp.9207-9242. doi:
10.1007/s11356-022-24398-3.

Pavithra, K.G., Kumar, P.S., Jaikumar, V. and Sundar
Rajan, P., 2019. Removal of colorants from
wastewater: A review on sources and treatment
strategies. Journal of Industrial and Engineering
Chemistry, 75, pp.1-19. doi:
10.1016/j.jiec.2019.02.011.

Kumar, A. and Pandey, G., 2017. A review on the
factors affecting the photocatalytic degradation of
hazardous materials. Material Science & Engineering
International  Journal, 1(3), pp.106-114. doi:
10.15406/mseij.2017.01.00018.

Rawal, J., Lee, S.-Y. and Park, S.-J., 2023. Facile
synthesis of a GO-g-C3N4/BaTiO3 ternary
nanocomposites for visible-light-driven photocatalytic
degradation of rhodamine B. Chemosphere, 345,
p.140479. doi: 10.1016/j.chemosphere.2023.140479.

Gaikwad, R.P., Naikwadi, D.R., Biradar, A.V. and
Gawande, M.B., 2023. Photocatalytic one-pot
conversion of aldehydes to esters and degradation of
rhodamine B dye using mesoporous graphitic carbon
nitride. ACS Applied Nano Materials, 6(3), pp.1859—
1869. doi: 10.1021/acsanm.2c04846.

Mishra, P.P., Behera, D., Suman, S., Das, N.,
Tripathy, B.C., Kumar, J. and Behera, A.K., 2025.
Synergistic efficiency of modified banana leaf derived
cellulose-g-C3N4 hybrid composite: a sustainable
approach for visible-light-driven photodegradation of
dyes. RSC Advances, 15(17), pp.13712-13727. doi:
10.1039/D5RA01156F.

Song, P., Sun, S., Cui, J., Zheng, X. and Liang, S.,
2021. Organic dye-reformed construction of porous-
defect g-C3N4 nanosheet for improved visible-light-
driven photocatalytic activity. Applied Surface
Science, 568, p.150986. doi:
10.1016/j.apsusc.2021.150986.

Barjoveanu, G., Teodosiu, C., Bucatariu, F. and
Mihai, M., 2020. Prospective life cycle assessment for
sustainable synthesis design of organic/inorganic
composites for water treatment. Journal of Cleaner
Production, 272, p.122672. doi:
10.1016/j.jclepro.2020.122672.

Bartolozzi, 1., Daddi, T., Punta, C., Fiorati, A. and
Iraldo, F., 2020. Life cycle assessment of emerging

a0

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

environmental technologies in the early stage of
development: a case study on nanostructured
materials. Journal of Industrial Ecology, 24(1),
pp.101-115. doi: 10.1111/jiec.12959.

Ramadan, B.S., Wibowo, Y.G., Anwar, D. and
Maryani, A.T., 2024. A review of life cycle
assessment of nanomaterials-based adsorbent for
environmental remediation. Global NEST Journal,
26(7), 06216. doi: 10.30955/gnj.06216.

Rashid, S.S., Harun, S.N., Hanafiah, M.M., Razman,
K.K., Liu, Y.-Q. and Tholibon, D.A., 2023. Life cycle
assessment and its application in wastewater
treatment: a brief overview. Processes, 11(1), p.208.
doi: 10.3390/pr11010208.

Popowicz, M., Katzer, N.J., Kettele, M., Schoggl, J.-P.
and Baumgartner, R.J., 2025. Digital technologies for
life cycle assessment: a review and integrated
combination framework. The International Journal of
Life Cycle Assessment, 30(3), pp.405-428. doi:
10.1007/s11367-024-02409-4.

Luo, Y. and Su, R., 2024. Environmental impact of
waste  treatment and  synchronous  hydrogen
production: based on life cycle assessment method.
Toxics, 12(9), p.652. doi: 10.3390/toxics12090652.

Senddo, R.M., da Silva, J.C.E. and da Silva, L.P,,
2025. Comparative life cycle assessment of the
fabrication of visible-light-driven  photocatalytic
TiO2—carbon dots nanocomposites for wastewater
treatment.  Nanolmpact, 38, p.100556. doi:
10.1016/j.impact.2025.100556.

Ogbu, C.A., Alexiou Ivanova, T., Ewemoje, T.A,,
Alabi, H.A. and Roubik, H., 2025. Towards
environmentally sustainable water management in
Africa: a comprehensive review of life cycle
assessment studies in water and wastewater treatment.
The International Journal of Life Cycle Assessment,
30, pp.956-979. doi: 10.1007/s11367-025-02434-x.

Aquino de Carvalho, N. and Gilbertson, L.M., 2023.
Comeparative life cycle assessment of graphitic carbon
nitride synthesis routes. Journal of Industrial Ecology,
27(3), pp.1008-1020. doi: 10.1111/jiec.13390.

Sahoo, S., Mahamallik, P., Das, R. and Panigrahi, S.,
2024. A critical review on non-metal doped g-C3N4
based photocatalyst for organic pollutant remediation
with sustainability assessment by life cycle analysis.

Environmental Research, 258, p.119390. doi:
10.1016/j.envres.2024.119390.
Veiga-del-Bafio, J.M., Pérez-Lucas, G., Andreo-

Martinez, P. and Navarro, S., 2025. Bibliometric
analysis on graphitic carbon nitride (g-C3N4) as
photocatalyst for the remediation of water polluted
with contaminants of emerging concern. Catalysts,
15(2), p.115. doi: 10.3390/catal15020115.

Rajaeifar, M.A., Akram, A., Ghobadian, B., Rafiee,
S., Heijungs, R. and Tabatabaei, M., 2016.
Environmental impact assessment of olive pomace oil


https://doi.org/10.1016/j.gce.2023.12.004
https://doi.org/10.1007/s11356-022-24398-3
https://doi.org/10.1016/j.jiec.2019.02.011
https://doi.org/10.15406/mseij.2017.01.00018
https://doi.org/10.1016/j.chemosphere.2023.140479
https://doi.org/10.1021/acsanm.2c04846
https://doi.org/10.1039/D5RA01156F
https://doi.org/10.1016/j.apsusc.2021.150986
https://doi.org/10.1016/j.jclepro.2020.122672
https://doi.org/10.1111/jiec.12959
https://doi.org/10.30955/gnj.06216
https://doi.org/10.3390/pr11010208
https://doi.org/10.1007/s11367-024-02409-4
https://doi.org/10.3390/toxics12090652
https://doi.org/10.1016/j.impact.2025.100556
https://doi.org/10.1007/s11367-025-02434-x
https://doi.org/10.1111/jiec.13390
https://doi.org/10.1016/j.envres.2024.119390
https://doi.org/10.3390/catal15020115

Soeed 4l

b @039y 55 DA 55 38 i GBleydes Slmiogil GBS 9B 3 )5 5 i Sl a5, Julo

[21]

[22]

[23]

[24]

[25]

[26]

biodiesel production and consumption: a comparative
lifecycle assessment. Energy, 106, pp.87-102. doi:
10.1016/j.energy.2016.03.010.

Bijari, M. and Shahbazi, A., 2025. Flow-driven
engineering of g-C3N4 nanosheet for additive-free,
one-step, and sustainable synthesis of high-efficiency
photocatalysts. Materials Today Communications, 49,
p.114208. doi: 10.1016/j.mtcomm.2025.114208.

Charpentier Poncelet, A., Helbig, C., Loubet, P,
Beylot, A., Muller, S., Villeneuve, J., Laratte, B.,
Thorenz, A., Tuma, A. and Sonnemann, G., 2021. Life
cycle impact assessment methods for estimating the
impacts of dissipative flows of metals. Journal of
Industrial Ecology, 25(5), pp.1177-1193. doi:
10.1111/jiec.13136.

van Zelm, R., Hennequin, T. and Huijbregts, M.A.J.,
2025. Performing life cycle impact assessment with
the midpoint and endpoint method ReCiPe. Nature
Protocols, 20, pp.3400-3411. doi: 10.1038/s41596-
025-01207-y.

Nizam, N.U.M., Hanafiah, M.M. and Woon, K.S,,
2021. A content review of life cycle assessment of
nanomaterials: current practices, challenges, and
future prospects. Nanomaterials, 11(12), p.3324. doi:
10.3390/nan011123324.

Bhanderi, D., Lakhani, P. and Modi, C.K., 2024.
Graphitic carbon nitride (g-C3N4) as an emerging

photocatalyst ~ for  sustainable  environmental
applications: a comprehensive  review. RSC
Sustainability, 2(2), pp.265-287. doi:

10.1039/D3SU00382E.

Faccani, L., 2022. Nano-photocatalysts: design, up-
scale and characterisation models. PhD thesis,

[27]

[28]

[29]

[30]

[31]

[32]

University of Parma.

Patra, R., Dash, P., Panda, P.K. and Yang, P.-C.,
2023. A breakthrough in photocatalytic wastewater
treatment: the incredible potential of g-C3N4/titanate
perovskite-based nanocomposites. Nanomaterials,
13(15), p.2173. doi: 10.3390/nan013152173.

Arvidsson, R., Nguyen, D. and Svanstrom, M., 2015.
Life cycle assessment of cellulose nanofibrils
production by mechanical treatment and two different
pretreatment processes. Environmental Science &
Technology, 49(11), pp.6881-6890. doi:
10.1021/acs.est.5b00888.

Gavankar, S., Suh, S. and Keller, A.A., 2015. The role
of scale and technology maturity in life cycle
assessment of emerging technologies: a case study on
carbon nanotubes. Journal of Industrial Ecology,
19(1), pp.51-60. doi: 10.1111/jiec.12175.

Kim, H.C. and Fthenakis, V., 2013. Life cycle energy
and climate change implications of nanotechnologies.
Journal of Industrial Ecology, 17(4), pp.528-541. doi:
10.1111/j.1530-9290.2012.00538.X.

Arvidsson, R., Kushnir, D., Sandén, B.A. and
Molander, S., 2014. Prospective life cycle assessment
of graphene production by ultrasonication and
chemical reduction. Environmental Science &
Technology, 48(8), pp.4529-4536. doi:
10.1021/es405338k.

Kazemi, A., Bahramifar, N., Heydari, A. and Olsen,
S.1., 2018. Life cycle assessment of nanoadsorbents at
early stage technological development. Journal of
Cleaner Production, 174, pp.527-537. doi:
10.1016/j.jclepro.2017.10.245.

Engineering journal, 26(5), pp.81-96.

S outsd gl Alia oyl 45 365
w2 gl Ol & 4igSr

Shahbazi, A., 2026. Life Cycle Analysis of the Synthesis and Photocatalytic
Application of Non-Metallic Semiconductor Nanosheets for Rhodamine B
Removal with an Environmental Sustainability Approach. Modares Civil

45


https://doi.org/10.1016/j.energy.2016.03.010
https://doi.org/10.1016/j.mtcomm.2025.114208
https://doi.org/10.1111/jiec.13136
https://doi.org/10.1038/s41596-025-01207-y
https://doi.org/10.1038/s41596-025-01207-y
https://doi.org/10.3390/nano11123324
https://doi.org/10.1039/D3SU00382E
https://doi.org/10.3390/nano13152173
https://doi.org/10.1021/acs.est.5b00888
https://doi.org/10.1111/jiec.12175
https://doi.org/10.1111/j.1530-9290.2012.00538.x
https://doi.org/10.1021/es405338k
https://doi.org/10.1016/j.jclepro.2017.10.245

	1- مقدمه
	2- روش‌ تحقیق
	2-1- تعریف هدف و دامنه
	2-2- فهرست موجودی چرخه حیات
	2-3- ارزیابی آثار و پیامدهای چرخه حیات
	2-4- تحلیل و تفسیر

	3- نتایج و بحث
	3-1- ارزیابی پیامدهای سنتز فتوکاتالیست g-C3N4 در سطح میانی
	3-2- ارزیابی آثار سنتز فتوکاتالیست g-C3N4 در سطح نهایی
	3-3- ارزیابی آثار تخریب 50 میلی‌گرم رنگ RhB از ۱ لیتر محلول آبی با استفاده از فتوکاتالیست g-C₃N₄ در سطح میانی
	3-4- ارزیابی آثار تخریب 50 میلی‌گرم رنگ RhB از ۱ لیتر محلول آبی با استفاده از فتوکاتالیست g-C₃N₄ در سطح نهایی
	3-5- آنالیز حساسیت

	4- نتیجه‌گیری
	قدردانی
	تعارض منافع
	سهم نویسندگان
	منابع مالی
	بیانیه هوش مصنوعی
	References

