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G Mean + SD  Std. Error p-value

Silver 4.957 +1.457 0221

0.000
Conventional 6.618 +1.202 0221

Demineralization depth descriptive statistics and
Two-way ANOVA between the overall location levels

Location Mean Std. Error p-value
Coronal 5.767 0271

Middle 5783 0271 0.993

Cervical 5.811 0271
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Biomass
Source

Synthesis Method

Pollutant

Adsorption
Capacity (mg/g)

Oil palm empty fruit
bunch

Reduced graphene
oxide

Carbonation and oxidation

Methylene blue (MB)

50.07

Ab Aziz et al. (2023)

Oil palm frond juice | Graphene shell Pyrolysis Methylene blue (MB) 75.45%-99.13% removal Teow et al. (2020)
composite
Dates seeds Graphene oxide  Graphitization followed by modified | Insoluble phenothiazine-  4.88 Al-Zahrani et al. (2022)
Hammar's method derived dye
Low-quality dates Graphene glass Pyrolysis Tetracydline (TC) 17122 Graimed and Tark Abd
hybrid Al (2022)
Rubber seed shells | Graphene oxide  Graphitization followed by modified | Congo red (CR) 29938 Nizam et al. (2022)
Hammar's method
Low-quality dates Graphene sand Pyrolysis Congo red (CR) 333 Khan et al. (2019)
hybrid Methyl violet (MV) 2,564
Oil palm leaves Graphene oxide  Catalytic acid spray Copper (Cu) 94.33 Fathy et al. (2019)
Low-quality dates Graphene coated  Pyrolysis Copper (Cu) 7.10 Abd Ali (2019)
sand
Low-quality dates Graphene glass Pyrolysis Lead (Pb) 38.639 Graimed and Tark Abd
hybrid Ali (2022)
Low-quality dates Graphene sand Pyrolysis Lead (Pb) 781 Khan et al. (2019)
hybrid Cadmium (Cd) 793
Rubber seed shells | Graphene oxide ~ Graphitization followed by modified | Cadmium (Cd) 10765 Nizam et al. (2022)

Hammar's method
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Photocatalyst Removal efficiency (% Equilibrium time (| Light medium Generated ROS References

‘ ZnFe,0,(ZFO)@RGO ‘ 734 1 ‘ Solar light 0 Behera et al. (2019)

‘ ZFCN@20PPY ‘ 92 2 ‘ Visible light 0 Dasetal (2020)
AGCrO/Ag/ ‘ % 1 | Visble light -OH and -0, = Kumar et al. (2019)
BiFeO;@RGO

‘ NaYEYb,Tm@TiO, ‘ 97 2 ‘ Solar light - Ma and Li, (2019)

‘ CuFe,0,@MC ‘ 8077 15 ‘ uv - ‘Tamaddon et al. (2020)

‘ MOF mediated Ag/ZnO/C ‘ 98.11 1 ‘ Visible b and -0,  This work

Bold values indicate the finding of current studies.
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Sample Spiked Recovered amount by modified Recovered amount by ICP-
amount (mM) electrode (mM) OES (mM)
Urine sample 04 039 £ 0.02 042 % 0.04
Spiked ground water o1 0,09 £ 0,01 0.11 % 0.04
Spiked municipal supply 04 040 £ 0.02 041 £ 0.05
water
Spiked RO water o1 0,08 £ 0.02 0.11 % 0.04
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\[e} Sensing element techniques Ref

1 Commercial lithium flame photometer BWB Technology (2025) (Li Flame Photometer)
2 6,6'-dibenzyl-14-crown-4 ether modified gold electrode 0.1 mM Singh and Kumbhat (2021)

3 Lithium-selective membrane-based voltammetry 31M Cuartero et al. (2016)

4 LiMn,0,-Modified Electrochemical Sensor 50 pM Suherman et al. (2019)

5 Fluorescent sensor based on spiropyran isomerization 47 pM Kang et al. (2021)

6 Li* selective glass optode 04 mM Ando et al. (2009)

7 Ag@CNCs modified gold clectrode

5 UM (0.03 ppm)

Present work
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Test Specimen Std. Deviation g *Sig. (2-Tailed)

parameters P Value
‘ Without AgNPs 10 ‘ 2942 3487 1102
VMH (MPa) 0.000
‘ With AgNPs 10 ‘ 3014 ‘ 1995 ‘ 0.631
‘ Without AgNPs 10 ‘ 0183 ‘ 0032 ‘ 0010
Ra (jm) T 1 0.534
‘ With AgNPs 10 ‘ 0191 ‘ 0024 ‘ 0.007

*Puvalng was slriificint 3£ P < 0.05,
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Overall
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Middle

Cervical

Coronal

Middle

Cervical

Mean

4541 £ 1.186

5401 + 1.609

4.928 £1.535

6.993 £1.229

6.165 +0.974

6695 £1.323

P-value

0361

0236

Demineralization depth descriptive statistics and t-test
comparison of different loca

adhesive groups

tion levels between

Location Group Mean +SD = P-value
Silver 4541+ 1186

Coronal 0000
conventional 6993 41229
Silver 5401 % 1.609

Middle 0173
conventional 6.165+0974
Silver 4928 +1535

Cervical 0000

conventional

6.695 +1.323
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Kinetic models with regression Parameters

coefficients

Pseudo-first order model (R* = 0.949) qe = 10696 mg/g; k; =
0014
Elovich model (R* = 0.945) a=409,p =003

Intra-particle diffusion model (R* = 0.88) Kig = 008, C = 201
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rameters Values

Freundlich Isotherm Model

N 129
Ko 24432
- 095

Temkin Isotherm Model

Ar (L/mg) 74
By (J/mol) 1673
br 1506

R 090
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Adsorbent

GO (5)@NiAL LDH (800-1,000 mg/L)

MnFe;0,@Ti0,-rGO (200 mg/L)
Chitosan modified GO (300 mg/L)
GO-Kaolinite-Poly (vinyl alcohol)
(100 mg/L)
RGO-M (200 mg/L)

GO-ZnAINi LDH (10 mg/L)

Adsorbate CIP Optimum Adsorption capacity
Conc. conditions (mg/g)
10 mg/L PH 6; 180 min 1792
30 mg/L PH 5 60 min { 7588
40 mg/L 100 rpm; pH 3.5; 210 min 44843
20 mg/L 500 min ‘ 79.11
5 mg/L 150 rpm; pH 6.2; 24 h ‘ 1089
1 mglL 180 rpm; pH 7; 60 min ‘ 1069

References

Priyanka et al.
(2024)

| Chang et al. (2021)
Parashar et al.
(2023)

Huang et al. (2020)

‘ Tang et al. (2013)

‘ Present work
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Biomass Source Reduction Steps Application Reduction

Time
Green tea extract 1. Green tea extract was added to GO. Electrochemical detection of sunset 6h Vatandost et al.
2. The mixture was refluxed, and the rGO yellow in food products (2020
gradually precipitated.

3. The product was centrifuged and dried in an
oven overnight.

Sugarcane bagasse 1. Sugarcane bagasse was dried in an oven, Adsorption of methyl blue dye 2h Gan et al. (2019)
Caesalpinia sappan L. ground into fine particles and sulfuric acid  Cyclic voltammetric study showed good 6h Destiarti et al.
was added into the bagasse solution at 60°C. electrochemical properties (2024)

2. The obtained solution was added into GO
dispersion, followed by stirring and reaction
for 2 h.

3. The resulting dispersion was centrifuged and
washed with water.

1. C. sappan was extracted by maceration using
96% ethanol.

2. The extract was mixed with GO, sonicated,
transferred into a hydrothermal autoclave
and heated in an oven.

3. The 1GO was separated by centrifugation and
the residue was washed and finally dried in an

oven.

Palm oil leaves 1. Grinded and dried palm oil leave was added | Electrochemical studies concluded a 3h Amir Faiz et al.
into distilled water, heated using magnetic  better voltage-current response of rGO (2020)
stirrer at 70°C for 30 min and at room in comparison to GO

temperature for 3 h.

2. The solution was centrifuged and mixed with
GO solution.

3. The suspension was refluxed at 100°C for 3 h,
centrifuged and dried in the oven for 24 h.

Date palm fruit 1. Na;MoO, Zn (NO5)z, and graphene oxide Anticancer activity and 4h Ahamed et al.
was added to date palm extract. cytocompatibility (2022)
. After stirring, the reaction mixture was heated
in a water bath at 60°C and then dried at
120C.
. The resulting precipitates was heated to 500°C
for 1 h.

N

w

Date palm fruit 1. Copper sulfate solution was added to Antibacterial and cytotosic 1h Athinarayanan
graphene oxide solution while stirring. performance etal. (2018)
2. After adding date palm syrup, the reaction
mixture was incubated at 85°C for 1 h while
stirring.
3. After cooling to room temperature, the
obtained precipitate was centrifuged, washed,
and dried in an oven.

Date palm (Phoenix dactylifera L), | 1. The four plants were washed, dried at room 2h Ousaleh et al.

Cannabis Sativa L, Citrus lemon L, | temperature, and crushed into fine powder. (2020)
and Punica granatum L 2. The powder was added to a solution of

methanol/water, extracted using microwave-
assisted and the extracts were filtered.

3.GO powder was dispersed in distilled water,
maintained under ultrasonic and natural
extract solution was added.

4. The solution was agitated, centrifuged, and
washed.
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Carbon Source Graphene Material Surface Area

(m?/g)
Graphite Graphene 2,630 Abdellah et al. (2023)
Populus wood Graphene 1,317.1 Ekhlasi et al. (2018)
Copperpod Graphene oxide 76.448 ‘ Mishra et al. (2023)
Subabul Graphene oxide ‘ 72653 ‘ Mishra et al. (2023)
Pine Graphene oxide 69296 Mishra et al. (2023)
Oil palm Graphene oxide ] 280.122 Yaqoob et al. (2021)
Banana peel Graphene oxide 345.79 Allende et al. (2024a)
Nettle (Urtica dioica L) Graphene oxide 3549 Tondro et al. (2021)
Areca nut husk | Graphene oxide 142.369 Barooah et al. (2024)
Sugarcane dry leaves Reduced graphene oxide 15.46 Thangaraj et al. (2024)
Date-palm seeds Graphene oxide 287 Al-Zahrani et al. (2022)
Tea waste Graphene-like [ 2,407 Beissenov et al. (2024)
Coffee waste Graphene-like 3,486 Beissenov et al. (2024)
Date-palm seeds Graphene-like 17 ‘ Bin Sharfan et al. (2024)
Low-quality dates | Graphene 224 Khan et al. (2019)
Low-quality dates Graphene 175 Abd Ali (2019)
Low-quality dates Graphene 105 Graimed and Tark Abd Ali (2022)
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Raman Graphene Sand Graphene glass hybrid Graphene glass hybrid  Conventional
Spectroscopy Hybrid (date palm) (date palm) (Graimed and  (oil palm) (Vasudevan Graphene (Mbayachi

(em™) (Khan et al., 2019) Tark Abd Ali, 2022) etal, 2023) et al,, 2021)
D Band 1370 1,110 13535 1,350
‘ G Band 1,580 1,632 15853 1,580

‘ 2D Band 2760 E 2 2,700
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Raman and FTIR GQD1 (cm™) (Saleemetal.,, 2023) GQD2 (cm™) (Saleem et al., 2023) Conventional GQD

(cm™) (Chua et al., 2015)

D Band 1,381 1364 1350
‘ G Band 1,590 1,580 [ 1575
‘ C — O vibrational band 1,420 1399 1,390
| 0 — H hydroxyl group 3,285 3392 [ 3,400

' C = Cstretching vibrations 1,567 1527 1,600

C = O stretching carbonyl group 1,645 1751 1720
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SIGESS

Approach

Advantages

Limitations

Carbonization and

 Simple process

© Dehydration pretreatment is needed

activation  Shorter reaction times  Use of toxic chemicals for activation
 Can create a porous structure © Thermal instability, and corrosivity of produced materials
Pyrolysis  High carbon yield  Encrgy-intensive due to high operating temperatures
© Wastewater treatment or solid-liquid separation is | ® Raw biomass with less than 10 wt% moisture is required
not required
 Adjustable characteristics of produced materials
Hydrothermal o Cost-effective  Sophisticated, and pressured equipment is needed

Molten salt

Microwave-assisted

® Energy-efficient
® No need for feedstocks pre-drying
® Operates under relatively moderate conditions

© Environment-friendly

 Even temperature distribution
© Increased reaction speeds
 Regulated reaction environment

® Short treatment time

 Uniform heating distribution
© Lower environmental impact
 Higher carbon concentration

® Extra expense of separating the solid and liquid products
o Significant water discharge

 Quality of produced graphene is influenced by process factors

 Potential corrosion processes at high temperatures
@ Side reactions and salt volatility may hamper industrial scale up

© Costly equipment
@ Scale up is challenging
 Reaction monitoring is difficult

Flash joule heating

® Fast

o Scalable

@ No need for any harmful or dangerous chemicals
© No need for further purification steps

 Need for conductive materials

 Specialized equipment capable of withstanding the extreme conditions is required

 Environmental and safety challenges associate with the extremely high temperatures
and rapid heating rate
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Agricultural Waste

Graphene Matel

Synthesis Steps

Ref

Wheat straw Graphene oxide 1. Wheat straw calcination Dawood Saleh et al. (2023)
2. Modified Hummer’s method to produce GO
Corncob Graphene oxide 1. Corncob alkalization Tinh et al. (2023)

Sugar beet bagasse

Paddy Straw

Oil palm empty fruit bunch

Sugarcane dry leaves

Coconut shell and coconut coir

Graphene oxide

Graphene quantum dots

Graphene quantum dots

Reduced graphene oxide

Reduced graphene oxide

s

2. Cellulose bleaching and pyrolysis
3. Modified Hummer's method to produce GO

1. Sugar beet carbonization
2. Modified Hummer's method to produce GO

. Dry/ball milling
. Hydrothermal process
. Heating in autoclave

. Ultrasonication

. Cellulose extraction
. Ultrasonication

. Hydrothermal process
. Heating in autoclave

pwe e

Pyrolysis in two steps without the use of a reducing agent or catalyst

Ferrocene-catalytic oxidation in a muffle furnace

Faghiri and Ghorbani (2020)

Chaturvedi et al. (2022)

Mahalingam et al. (2022)

‘Thangaraj et al. (2024)

Tamilselvi et al. (2020)
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Young's
Modulus (TPa)

Thermal Conductivity (W/  Electrical Optical

m °K) Conductivity (S/m)  Transmittance (%)

Specific
Surface Area
(m?/g)

Graphene

Graphene Oxide

Reduced
Graphene Oxide

1 (Papageorgiou et al,,
2017)

0.207 + 0.023 (Suk
et al, 2010)

250 (Avornyo and
Chrysikopoulos, 2024)

(484 +0.44) X 10° 10 (5.30 + 0.48) x 10° | 6,500 (Joshi et al,, 2023) 97.7% (Joshi et al,, 2023)
(Balandin et al,, 2008)

72 at an oxidation level of 0.35 and 457107 (Jaafar etal,, 2018)  85% (Sharma et al,, 2021)
around 670 at an oxidation level of 0.05
(Chen and Li, 2020)

1187 1,481 75% (Sharma et al., 2021)
(3,000 °K annealing temperature) (Zeng (3,000 ‘K annealing
etal, 2019) temperature) (Zeng et al.,

2019)

2,630 (Abdellah et al.,
2023)

736.6-2391
Avornyo and
Chrysikopoulos
(2024)

110.16-2745
Avornyo and
Chrysikopoulos
(2024)
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Date Palm Part H (wt. %) S (wt. %)

| Seed 441 ‘ 6.1 ‘ 09 | 06 483
‘ Leaf 50.4 ‘ 63 ‘ 11 ‘ 0.4 a8

‘ Stem 38.1 ‘ 52 ‘ 08 ‘ 03 556
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Graphene
oxide

Graphene
sand hybrid

Graphene
coated sand
Graphene
sand hybrid

Graphene
glass hybrid

phenothiazine-
derived dye

Congo red
Methyl violet

Copper

Lead
Cadmium

Lead

Dosage
(g/L)

0.05

25
05

20

Time
(min)

30

180
45

90

45
45

90

pH

55

627

Initial
Concentration
(ppm)

11

200
200

10-100
10-100

50

Equilibrium

Freundlich

Langmuir

Langmuir

Langmuir

Kinetics

Pseudo-
second
order

Pseudo-
second
order

Pseudo-

second
order

Pseudo-
second
order

Thermodynamics

Non-spontancous and
exothermic

Spontaneous and
endothermic

Spontaneous and
endothermic

Al-Zahrani
etal.
(2022)

Khan et al.
(2019)

Abd Ali
(2019)

Khan et al.
(2019)

Graimed

and Tark
Abd Ali
(2022)






OPS/images/cover.jpg
& frontiers | Research Topics.

Nanomaterials for
affordable biomedical
devices, environmental
and energy applications

Eaiteaby

A R P
A -






