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ABSTRACT  

 

This study intends to comprehensively evaluate the application of graphene-based nanofillers 

obtained from rice husk waste in the field of membrane gas separation technologies. Graphene, 

owing to its distinctive structural characteristics, has emerged as a highly promising filler 

material for membrane fabrication in gas separation applications. This comprehensive review 

provides an in-depth evaluation of the diverse synthesis methods employed and the resulting 

properties of graphene obtained from rice husk waste materials, with an inclusive chemical 

mechanism of graphene formation from rice husk waste. Furthermore, this study reveals the 

inherent capabilities of graphene in enhancing the performance of membranes while also 

examining the influence of nanofillers on solubility selectivity. In conclusion, it is imperative 

to underline the need for additional research and development activities aimed at expanding the 

efficiency and scalability of the membrane fabrication process through the utilization of 

graphene nanofillers derived from rice husk waste. 
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1.0 INTRODUCTION 

 

The field of nanotechnology has 

emerged as a significant advancement, 

presenting numerous possibilities 

across diverse domains of study. 

Particularly, the nanofillers embedded 

within membrane formation for gas 

separation application are usually 

utilized to improve gas solubility 

selectivity and gas affinity towards the 

penetrant’s gas compound (surface 

adsorption) on the nanofillers surface 

[1]. Depending on the specific 

interaction between the nanofillers and 

the polymer matrix, these membranes 

can be categorized as either Mixed 

Matrix Membranes (MMMs) or 

Nanocomposite Membranes (NCMs). 

Furthermore, nanofiller can dislocate 

polymer chain packing and modify gas 

transport pathways via yielding 

appropriate transport channels at the 

interface connecting the polymer matrix 

and nanofiller [2]. 

As reviewed by Norahim et al. 

(2018), they have acknowledged that 

the principal function of the 

incorporating nanofiller is usually 

either to behave as a barrier for the 

unwanted molecule or to behave as a 

fast-track channel for the target gas [3]. 

In some instances, nanofillers often 

improve the polymeric membrane's 

mechanical and chemical stability [1]. 

Nanofillers could be categorised as 
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porous or nonporous [2], [4]. The 

permeability of porous nanofiller is 

higher and its selectivity is lower 

compared to nonporous nanofiller. On 

the other hand, nonporous nanofiller 

decreases the diffusion of bigger gas 

molecules, resulting in lower 

permeability [5]. 

The industrial application of 

nonporous nanofillers, including 

palladium, nickel, and zirconia, in 

membrane technology is currently 

limited due to their inherent 

characteristics of low permeability and 

high cost [4], [5]. Therefore, up to now, 

porous nanofiller is more favoured to be 

utilized due to their superior separation 

capabilities [6]. In the case of porous 

nanofiller, membrane’s gas transport 

properties can be modified by 

nanofiller's intrinsic separation 

properties [2]. In most cases, the 

nanofillers' pore structure and design 

are modified prior to their integration 

into the membrane matrix. 

In comparison to nonporous 

alternatives, porous nanofillers are 

more intriguing because of their 

remarkable gas uptake capacities and 

establish secondary transport pathways 

when incorporated into the membrane 

matrix of a particular membrane design 

[6]. The limitless potential for 

optimising the architecture of these 

porous nanofillers frequently 

encourages the concurrent 

enhancement of the membrane's 

permeability, selectivity, and stability 

characteristics, thereby facilitating 

progress towards industrial application 

[6]. 

 

2.0 GRAPHENE-FAMILY 

NANOFILLERS FOR 

MEMBRANE GAS SEPARATION 

APPLICATIONS 

 

The most commonly utilized nanofiller 

by the adsorptive membrane for gas 

separation application are zeolite 

nanoparticles [7], silica nanoparticle 

[8], TiO2 nanoparticles [9], MOF (like 

MOF-801, ZIF-7, ZIF-8, UiO-66, MIL-

101, and ZIF-7/8) [10]–[14], and 

graphene-family materials (like GO, 

rGO, CNT, and Graphene 

nanoparticles) [11], [15]–[19]. 

The above design of the nanofillers 

has the possibility to attain optimal 

permeability and improved selectivity, 

or both, respectively. Nevertheless, the 

massive prices of the current nanofiller 

materials limit their implementations 

for industrial applications [5]. Such a 

problem generates demand for new 

nanofiller materials for membrane 

fabrications. 

When materials technology 

progresses, several novel materials 

containing diverse functionalities and 

dimensionalities appear. Now, there is 

considerable interest in 2D graphene-

family materials (GFMs) on account of 

their exceptional structural 

characteristics [20]. Therefore, among 

the extensively researched nanofiller 

materials, GFMs nanofillers can be 

economically synthesised due to their 

ability to be produced from renewable 

resources, such as agricultural wastes, 

thereby serving as an economical 

alternative to the expensive commercial 

nanofiller materials [5], [21]. 

Although, research on agricultural 

waste based GFMs utilized as 

nanofillers for gas separation 

applications appears limited, it 

represents a promising avenue due to its 

potential for cost-effectiveness and 

sustainability. Despite this, there is a 

growing body of research on the subject 

as a result of its promising 

characteristics and outstanding 

outcomes [5]. This trend highlights the 

need for further exploration and 

development of agricultural waste-

based GFMs, alongside continued 

research on established sources like 

graphite, carbide precursors, and 

chemical vapor deposition (CVD). 
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Further research and development 

studies on manufacturing the membrane 

containing both agricultural waste-

based GFMs and other established 

graphene materials as nanofillers must 

be effectively evaluated and examined 

to optimize their performance and 

unlock their full potential in gas 

separation applications. 

GFMs are recognized as emerging 

nanofiller with various qualified 

features as a membrane material for gas 

separation application [18], [22]. 

Generally, GFMs consist of multiple 

graphitic carbon materials such as 

fullerenes, carbon nanotube (CNT), 

graphene nanoparticles (GNPs), 

graphite, and other graphene 

derivatives (like graphene oxide (GO) 

and reduced graphene oxide (rGO)). 

Graphene is a substance consisting of 

pure carbon, with atoms structured in a 

typical hexagonal lattice like graphite 

[23]. 

However, defining these GFMs has 

created misunderstandings in the 

scientific literature. The term 

“graphene” was first mentioned by 

Boehm et al. (1986), which indicates 

only to single-layer carbon; later, it was 

then formalized by the International 

Union for Pure and Applied Chemistry 

(IUPAC) [24], [25]. In 2013, Bianco et 

al. (2013) had proposed the first 

nomenclature for 2D carbon with the 

motive of achieving graphene study 

easier for other researchers where the 

term “graphene” is represented by the 

prefix “graph” from graphite and the 

suffix “ene” from the carbon-carbon 

double bonds [24], [26].  

According to Bianco et al. (2013), 

graphene is defined as a single-atom-

thick layer of hexagonally structured, 

sp2-bonded carbon atoms, which is not 

an integral component of a carbon 

substance but is freely suspended or 

adhered to a foreign substrate [26]. 

Consider this description, other 

representatives of GFMs of 2D 

materials cannot be called solely as 

‘‘graphene.’’ However, it should be 

identified using a unique multi-word 

expression that separates them from the 

isolated monolayer [26]. 

Therefore, the numerous type and 

terms of “graphene” can be subjoined 

depend on resulted graphene by 

“monolayer,” “bilayer,” “trilayer,” 

“layer,” “few-layer,” “multi-layer,” 

“nanosheet,” “microsheet,” 

“nanoribbon,” “quantum dots,” 

“reduced graphene oxide,” or 

“graphene oxide” [24], [26]. These 

classifications were established based 

on the electronic properties, carbon 

material properties (size, orientation, 

and degree of perfection), stacking 

structures arrangement, 

crystallography, and lateral dimensions 

(width) of fabricated carbon materials 

[26]–[28]. 

However, the free-standing 

graphene was reported to exist where 

the fabricated graphene exhibits 

massless Dirac fermions and high 

carrier mobilities. The observation of 

the electric field effect in graphene 

fabricated via mechanical exfoliation of 

a small amount of highly oriented 

pyrolytic graphite [27]. These 

groundbreaking experiments on 2D 

graphene material have secured 

Novoselov and Geim to be awarded the 

Nobel Prize in Physics 2010 [23], [28]–

[30]. 

As indicated previously, graphene is 

a mother of all graphitic forms, where 

in other words, graphene is a 

fundamental constructional unit, and it 

is considered the starting point for 

recognition of other dimensionalities 

graphitic allotropes [28], [29], [31]–

[34]. The graphene plane can be 

wrapped up into zero-dimensional (0D) 

fullerenes or known as buckyballs, 

rolled into one-dimensional (1D) 

carbon nanotubes (CNT), or stacked up 

a number of graphene layers into three-

dimensional (3D) graphite [2], [23], 
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[27], [28], [32], [35]. 

The utilization of graphene – a single 

layer of carbon atom – which 

corresponds to its 2D atomic crystal 

structures has drawn significant interest 

in membrane preparation due to distinct 

possibilities, such as high specific 

surface area which up to 2630 m2/g 

[36]; exceptional mechanical 

properties, specifically, a high Young’s 

modulus around 0.5 -1.0 Tpa [37], [38], 

large aspect ratio, high tensile strength 

of 130 Gpa [39], and flexibility, that 

meet the requirements strengthening the 

physicochemical properties of neat 

polymer; excellent thermal 

conductivity in the range of 4840 – 

5300 W/mK at room temperature [40], 

hence, it appeared as among the 

efficient heat dissipater materials; 

tremendously large charge carrier 

mobility in the range of 2000-5000 

cm2/V−1s−1 [41], allow graphene 

favorable as a filler to impart 

conductivity to the insulating polymer 

material; relative inertness; and better 

adsorption properties to all standard 

gases [1], [2], [23], [29], [42]–[44]. 

Therefore, graphene is held as a 

promising nanofiller intended for 

membrane gas separation applications 

and remained at the core of scientific 

research [44], [45]. 

Concerning the impermeability 

characteristic of graphene, some 

researchers propose the creation of pore 

within the graphene’s basal plane to 

create a sieving effect by exclude larger 

gas molecules but allow smaller gas 

molecules to pass through [1], [2], [23], 

[31]. While research by Janakiram et al. 

(2018) and Ebadi Amooghin et al. 

(2019) demonstrates the potential of 

manipulating interlayer spacing in 

graphene to create size-selective 

membranes for gas separation [1], [31], 

the benefits of incorporating graphene 

extend beyond this specific effect. 

Researchers exploit various properties 

of graphene to enhance different 

aspects of membrane performance. 

For example, graphene's high 

surface area and intrinsic porosity can 

create more pathways for desired gas 

molecules while hindering the passage 

of larger or less desirable ones. For 

instance, Zhao et al. (2013) used 

graphene oxide to increase water 

permeability and improve salt ion 

rejection in a polymer membrane [32]. 

Apart from that, Graphene's exceptional 

mechanical strength and chemical 

resistance can enhance membrane 

durability. Yu et al. (2015) incorporated 

reduced graphene oxide into a 

polyamide membrane, resulting in 

improved mechanical strength, 

chemical stability, and resistance to 

chlorine degradation compared to the 

pure membrane [33]. 

Apart from that, graphene can 

undergo surface functional 

modification to establish efficient gas 

transport pathways and to provide them 

with new characteristics [46]. Keep in 

mind that different functional group on 

functionalized graphene exhibits 

various kinds of characteristics [47]. 

 

3.0 AGRICULTURAL WASTE-

BASED GRAPHENE FOR 

MEMBRANE GAS SEPARATION 

APPLICATIONS 

 

The unconventional, economical, 

sustainable, and eco-friendly 

agricultural waste as a highly 

appropriate alternative start-up material 

for graphene preparation has pursued 

considerable interest among researchers 

to investigate more on discovering 

graphene performance derived from 

agricultural waste materials [48]–[53]. 

Agricultural waste is an organic 

material that generally comes from 

plants, an unwanted residue from 

agricultural activities, including crop 

residues, weeds, trunks, leaf litter, 

husks, or extracted forms like lignin 

[51], [54]. Agricultural waste materials 
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are currently popular due to their 

abundance, need for recycling, and 

great carbon source. Agricultural 

wastes primarily consist of 

carbohydrates, fiber, and proteins [55]. 

Apart from that, Safian et al. (2020) 

have stated that agricultural waste can 

be categorized as lignocellulosic 

biomass, which is also identified as 

plant dry matter [51]. Lignocellulosic 

biomass comprises three main natural 

polymers components: cellulose, 

hemicellulose, and lignin, along with 

minor components, including pectins, 

proteins, and minerals [51], [55], [56]. 

However, the amount of each 

component differs amongst different 

types of plant species and between other 

parts from the same plant type [51], 

[56]. 

The global agricultural waste 

generated is 998 million tonnes per 

year, and particularly in Malaysia, the 

agricultural waste disposed into 

landfills is 1.2 million tonnes per year 

[57]. The projected amount of 

agricultural waste will continue to 

increase as data provided by Ali (2020) 

that agricultural waste generation in 

Malaysia was 0.122 (kg/cap/day) in 

2009, and the estimated amount by 

2025 to reach 0.210(kg/cap/day) [57]. 

Agricultural wastes are worth revealing 

as the generated amount keeps 

increasing year by year at predictable 

locations, and policies concerning 

agricultural waste recycling have been 

established. However, agricultural 

waste generation still far outstrips the 

recycling capacity [51].  

Agricultural waste such as rice husk, 

rice straw, hemp fiber, tea leaves, 

coconut shells, sugarcane bagasse, 

orange peel, mango peel, dead camphor 

leaves, oil palm fiber, oil palm leaves, 

oil palm kernel shell, wheat straw, 

nutshells, palm oil empty fruit branch, 

and pulp waste (black liquor) have been 

utilized as a precursor for graphene 

synthesis [49]–[51], [58]. 

The appropriate graphene synthesis 

derived from agricultural waste varies 

on chemical composition and 

properties; however, its carbon content 

and morphology characteristics are 

critical factors for synthesizing proper 

graphene [51], [58]. According to Xie 

& Goodell (2014), all agricultural waste 

materials encompass long chains of 

carbon, hydrogen, and oxygen 

compounds, and their carbon content is 

as high as 55 wt% [59]. Therefore, 

various types of agricultural waste have 

its own specific techniques of synthesis 

that are appropriate for them. 

 

4.0 AGRICULTURAL WASTE-

BASED GRAPHENE SYNTHESIS 

METHOD 

 

Generally, most of the synthesis 

procedures for graphene derived from 

agricultural waste preparation are 

divided into three typical processes: 

pre-treatment, graphene conversion 

treatment, and post-treatment [51]. The 

pre-treatment process is set for the 

agricultural waste materials, where its 

need to be physically treated through 

chopping, shredding, washing with 

water, filtered, drying, and grinding 

[51]. This undertaken process step was 

set to ensure there are no impurities 

exist in the sample. 

For graphene conversion treatment, 

generally, the process of agricultural 

waste conversion to graphene involves 

concentrating the carbon content by 

removing other components through 

thermal treatment [51]. It is worth 

mentioning that the thermal treatment 

process of consolidating the carbon 

content within the agricultural waste 

materials by eliminating other light 

molecular weight compounds is called 

carbonization [51]. Carbonization is the 

thermal treatment process that 

consolidates carbon content within 

agricultural waste materials by 

eliminating other light molecular 
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weight compounds. The required 

temperature range for effective 

carbonization varies depending on the 

type of agricultural waste, the desired 

product, and the chosen carbonization 

method. The carbonization process 

typically occurs within a temperature 

range of 400°C to 900°C, according to 

studies conducted by researchers. 

However, the carbonization process 

frequently generates amorphous carbon 

instead of a graphitic-like structure 

[51]. 

According to Xie and Goodell 

(2014), carbon from agricultural waste 

materials after undergoing the 

carbonization process is usually 

amorphous; however, it can be altered 

from non-graphitic into graphitic 

carbon by undergoing a graphitization 

process [59]. Graphitization is the 

process of organizing carbon structures 

to create a graphitic-iclike structure 

[51]. 

There are two types of commonly 

utilized technologies in the 

graphitization process: catalytic 

graphitization and non-catalytic 

graphitization [59]. The catalytic 

graphitization of amorphous carbon has 

utilized transition metal as catalysts to 

stimulate the transformation of carbon-

derived agricultural waste from a non-

graphitic structure to a graphitic 

ordered structure at a particular 

carbonization temperature [51]. This 

catalytic method utilizes transition 

metals to facilitate graphitization at 

lower temperatures, it can be more 

expensive compared to the non-

catalytic method due to the cost of the 

catalyst. However, the catalytic method 

offers benefits such as improved control 

over the process and energy savings due 

to lower operating temperatures. 

Hence, it is worth noting that 

transition metal as a catalyst is the most 

critical component that impacts the 

catalytic graphitization process of 

numerous amorphous carbon [60]. Xie 

& Goodell (2014) have stated that the 

graphitization is relatively localized, 

where only the amorphous carbon that 

in contact with a transition metal 

catalyst will be transformed into 

graphitic ordered carbon throughout the 

catalytic graphitization process [59]. 

For more than 50 years, the 

researchers studied catalytic 

graphitization of solid carbon and 

developing the catalytic graphitization 

method due to numerous carbon 

precursors and catalysts [60]–[62]. 

Hence, it has been well established that 

certain transition metals, in particular 

iron (Fe), cobalt (Co), and nickel (Ni), 

have an apparent catalytic impact on 

graphitization of the product structure 

by the active phase and reaction 

conditions [60], [62]. Two mechanisms 

have been recommended for catalyzing 

the graphitization process of the 

amorphous carbon over transition metal 

catalyst: (i) the dissolution-

precipitation method, (ii) metal carbide 

formation and decomposition method 

[59]–[62]. 

In the case of the dissolution-

precipitation method, the amorphous 

carbon and transition metal catalyst 

were mixed and undergoing thermal 

treatment at a particular temperature. It 

has been described that the amorphous 

carbons tend to diffuse and dissolve into 

the transition metal until saturated 

carbon solubility reaches equilibrium 

condition during thermal treatment. 

Then, throughout thermal treatment 

completion at decreasing temperature, 

the transition metal will be 

supersaturated with carbon and 

precipitates in a graphitic-like structure 

since it has the lowest Gibbs free energy 

[59], [62]. 

Whereas for the second method, as 

the mix of amorphous carbon and 

transition metal catalyst undergo 

thermal treatment, a transition metal 

might initially react with amorphous 

carbon to form metal carbides, and 
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subsequently, it decomposes into metal 

and graphite [59], [61], [62].  

Throughout both recommended 

catalytic graphitization mechanisms, 

the reactivity of the transition metal 

catalyst with the amorphous carbon can 

be categorized into three groups, which 

is (i) metal that has low carbon 

solubility, (ii) metals can dissolve a 

substantial carbon; and (iii) metals that 

can form strong chemical bonds with 

carbon to form in the metal carbides 

[62]. 

On the other hand, non-catalytic 

technologies have been established to 

generate carbon with a graphite-like 

structure without a catalyst. Generally, 

the non-catalytic technologies involve 

thermal treatment in the absence of 

oxygen, known as pyrolysis [51]. 

Pyrolysis is a recognized thermal 

treatment process where the product 

depends on several parameter settings 

during the pyrolysis process, such as 

temperature, heating rate, and holding 

time [51].  

Agricultural waste materials, as 

Safian et al. (2020) point out, 

decompose around 300°C during the 

initial stage of a multi-step process for 

transforming them into graphene [51]. 

However, the exact decomposition 

temperature can vary depending on the 

specific type of agricultural waste used. 

KOH activation, often employed as part 

of this process, is a popular choice 

among researchers due to its flexibility 

in adapting to different materials and its 

ability to minimize the formation of 

unwanted oxidized carbon structures by 

maintaining an oxygen-free 

environment [55]. 

While this method offers advantages 

like flexibility and controlled oxygen 

exposure, it is crucial to consider 

potential drawbacks. The high 

temperature required for pyrolysis can 

significantly increase energy 

consumption, potentially leading to 

higher operating costs. The overall cost-

effectiveness of KOH activation, 

therefore, depends on several factors, 

including the chosen energy source and 

the scale of production. 

Exploring alternative methods that 

utilize different catalysts or activation 

agents and require lower processing 

temperatures could be a valuable 

avenue for future research. Such 

alternatives could potentially offer a 

more balanced approach, optimizing 

both cost and operational efficiency in 

the quest for sustainable and cost-

effective graphene production from 

agricultural waste. 

 

 

5.0 MECHANISM REACTION 

FORMATION 

 

When the reaction of KOH and RHC at 

high temperature occur, it is believed 

that carbon undergo oxidation process 

by producing carbon dioxide, hydrogen, 

metallic potassium, water, and 

potassium carbonate, whereas water-

soluble KOH undergo reduction 

process by producing potassium 

carbonate, evolved hydrogen, and 

carbon monoxide [63]. This reaction is 

believed to bring significant effects on 

the pore formation of resultant GRHC 

and it is better explained via redox 

mechanism reaction as follows: 
 

6𝐾𝑂𝐻 + 2𝐶 → 2𝐾2𝐶𝑂3 + 2𝐾 + 3𝐻2 ↑ 

 

2𝐾𝑂𝐻 + 𝐶 + 𝐻2𝑂 → 𝐾2𝐶𝑂3 +  2𝐻2 ↑ 

 

2𝐾𝑂𝐻 + 2𝐶 → 2𝐶𝑂 ↑ +2𝐾 +  𝐻2 ↑ 

 

2𝐾𝑂𝐻 → 𝐾2𝑂 + 𝐻2𝑂 

 

Apart from that, it is believed that the 

carbon is also undergo reductions for 

secondary redox mechanism reaction 

by reacting with water and carbon 

dioxide into volatile substance in the 

presence of KOH, that contribute to 

producing pore structures as they 

vaporized from carbon structure [63]. 

While the KOH undergoes oxidation 

(1) 

(2) 

(3) 

(4) 
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process by reacting with carbon dioxide 

and producing potassium carbonate and 

water. 
 

2𝐶 + 3𝐻2𝑂 → 2𝐶𝑂 ↑ +2𝐶𝑂2 ↑ + 6𝐻2 ↑ 

 

𝐶 + 𝐶𝑂2  → 2𝐶𝑂 ↑ 

 

𝐾𝑂𝐻 + 2𝐶𝑂2  → 𝐾2𝐶𝑂3 +  𝐻2𝑂 

 

According to Seitzhanova et al. (2018), 

RHC is believed to contain silica 

composite and serves as a template for 

pore formation while undergo redox 

reaction with KOH, where KOH 

undergo reduction process producing 

potassium silicates and water 

(Seitzhanova et al., 2018). For 

secondary redox mechanism reactions, 

potassium silicates undergo reduction 

process when react with water and 

carbon dioxide, resulting in potassium 

bicarbonate and silica. Hence, at the end 

of the chemical activation process, there 

is some white solid on top of the 

resultant sample but after washing 

treatment with hydrochloric acid and 

water, this white compound (potassium 

bicarbonate) will dissolve with water 

and remove from the resultant sample. 
 

2𝐾𝑂𝐻 + 𝑆𝑖𝑂2  → 𝐾2𝑆𝑖𝑂3 + 𝐻2𝑂 

 

𝐾2𝑆𝑖𝑂3 + 𝐻2𝑂 + 2𝐶𝑂2 → 2𝐾𝐻𝐶𝑂3 + 𝑆𝑖𝑂2 

 

At the end of chemical activation 

process, during washing with 

hydrochloric acid and water, the 

intercalated potassium compounds 

within the carbon structure such as 

potassium carbonate, metallic 

potassium, potassium oxide, and 

potassium silicates, become the 

simplest potassium compounds and 

were removed from the resultant 

material. 
 

𝐾2𝐶𝑂3  + 2𝐶 → 2𝐾 +  3𝐶𝑂 ↑ 

 

𝐾2𝐶𝑂3  + 2𝐶 → 𝐾2𝑂 +  2𝐶𝑂 ↑ 

 

𝐾2𝑂 + 𝐶 → 2𝐾 +  2𝐶𝑂 ↑ 

 

 

6.0 EXPLORING THE 

POTENTIAL OF GRHC 

 

A straightforward, economical, and 

scalable approach was demonstrated by 

Hiroyuki Muramatsu et al. in 2014 to 

produce graphene from rice husk waste 

that possessed consistent and smooth 

surfaces. This was accomplished by 

activating 5g of rice husk char (RHC) to 

25g of potassium hydroxide (KOH) in 

an impregnation ratio of 1:5, operating 

at 850 oC for two hours in the presence 

of air [52]. According to the authors, 

their product comprised edge-enriched 

graphene and monolayer corrugated 

graphene featuring nanoscale pores and 

topological defects the size of a few 

nanometers, as determined by HRTEM 

images. [52]. 

Apart from Hiroyuki Muramatsu 

study, there are several comprehensive 

studies also have concluded that since 

the chemical activation has been 

utilized towards the rice husk char 

(obtain from carbonization process of 

raw material, which is rice husk waste) 

at higher temperature (850oC) is held to 

obtain porous materials [63], [64]. 

As to be correlated to Raman 

spectroscopy, based on Muramatsu et 

al. (2014) study, their Raman spectrum 

displayed the 2D peak at 2692 cm−1 

with a half-width at half-maximum of 

39.3 cm −1 and intensity ratio I2d / Ig at 

1.57 that suggest the growth of 

monolayer graphene and agree to 

HRTEM observation [52]. They also 

have observed the decrease of the Id / Ig 

ratio of graphene sample compared 

with rice husk char sample, which 

signifies an effective removal of 

amorphous carbons [52]. They also 

have confirmed the high specific 

surface area of 2220 m2g−1 [52]. 

Hence, they have stated that the 

KOH has two main functions for the 

method in preparing graphene materials 

from rice husk waste materials, which 

is: (i) efficiently etching amorphous 

(5) 

(6) 

(7) 

(10) 

(8) 

(11) 

(9) 

(12) 
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carbon and (ii) assists in the graphene 

formation consists of stable and clean 

edges and induce porosity in carbon 

materials due to the gaseous/molten 

KOH penetrating behaviour [52]. 

Two years later, Rhee et al. (2016) 

have had adopted the KOH activation 

process toward the graphene 

preparation method; however, Rhee and 

his co-workers have slightly improvised 

and stated a more detailed preparation 

route than Muramatsu et al. (2014). 

Rhee et al. (2016) have demonstrated a 

detailed pre-treatment process, which is 

the carbonization process at various 

temperatures varying from 400 to 

600°C with a heating rate of 10°C/min 

to obtain rice husk char (RHC) [53].  

They have improvised activation 

method using different impregnation 

ratio of 1:4, which is 2.5 g of RHC was 

then mixed with 10 g of KOH and 

heated at the same activation 

temperature (850 oC) and activation 

time (2 hours) with a heating rate of 

10°C/min in air environment [53]. They 

have observed their graphene sample 

via TEM that comprises a corrugated-

paper-like structure with large-sized 

pores [53] as displayed in Figure 1. 
 

 
 

Figure 1 TEM images of a corrugated-

paper-like structure of rice husk-derived 

graphenes [53] 

 

 

They also have evaluated their 

graphene sample via Raman 

spectroscopy, which showed a strong G 

peak at 1583 cm–1, a comparatively 

broad D peak at 1353 cm–1, and a 

relatively sharp 2D peak at 2702 cm–1 

[53]. Hence, their intensity ratio of I2d / 

Ig at 1.21 suggests the growth of bilayer 

graphene. 

Compared to Muramatsu et al. 

(2014), the graphene sample prepare by 

Rhee groups has an intensity ratio Id / Ig 

of 0.66, which signifies their graphene 

sample has a lower amount of 

amorphous and disordered carbon 

within their graphene structure. They 

also have evaluated the specific surface 

area of their graphene product and 

found out that it is around 2943.3 m2g−1 

[53]. Therefore, they have concluded, 

on the basis of their findings, that the 

impregnation quantity of KOH has an 

effect on the morphology of resultant 

graphene by means of its penetrating 

behaviour, which exposes the carbon 

structure and increases the specific 

surface area of the graphene [53]. 

In 2017, two groups had further 

adopted the KOH activation process 

toward the graphene preparation 

method. They improvised the activation 

temperature at 700 oC [65] and 900 oC 

[66]. Sangkar et al. (2017) had 

mentioned that they have first 

undergone the carbonization process at 

600 oC for 2 hours in air. They have then 

proceeded for a similar activation 

process using 3g RHA to 12g KOH at 

an impregnation ratio of 1:4 at 700 oC 

for 2 hours in air [65]. The results 

demonstrated few-layer graphene with 

an ultra-thin crumpled-silk-veil-wave, 

sheet-like structure along with a 

specific surface area around 1225 m2g−1 

[65]. 

However, there is no analysis 

regarding Raman spectroscopy by 

Sangkar groups. While Singh et al. 

(2017) just generally stated that they 

had synthesized graphene by 

undertaken a carbonization process 

followed by an activation process using 
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3g RHA to 15g KOH with an 

impregnation ratio of 1:5 at 900 oC for 

2 hours in air [66]. They have observed 

that the produced graphene has few 

layers with an agglomeration of silica 

particles [66]. While their intensity ratio 

of I2d / Ig on the Raman spectrum, 

around 0.67, confirmed the trilayer's 

growth to a few layers of graphene [66]. 

In 2018, another group adopted the 

KOH activation process toward the 

graphene preparation method. 

Seitzhanova et al. (2018) have included 

the desilication process before 

undergoing the activation process 

towards rice husk in order to remove 

silica impurities [67]. It is known that 

the rice husk consists of 17-20% of 

carbon, and over 80% are silica 

impurities, with the remainder of other 

metallic impurities [58]. However, this 

information appears to contradict Xie & 

Goodell's (2014) statement that all 

agricultural waste materials, including 

rice husk, have a carbon content as high 

as 55 wt% [59]. Further investigation is 

needed to reconcile these conflicting 

statements and determine the accurate 

carbon content of rice husk. 

Hence, Seitzhanova et al. (2018) 

have taken inventive steps by includes 

the desilication process using one molar 

of sodium hydroxide (NaOH) and 

further heated at 110°С for 3 hours. 

Then, the prepared sample was washed 

5-7 times with distilled water to reach 

the equilibrium of pH ~7 and dried in a 

hot air oven for at least 2 hours at 110°С 

[67]. After that, the prepared sample 

was further activated using 1g RHA to 

5g KOH with an impregnation ratio of 

1:5 at 850 oC for 2 hours [67]. 

Compared to the KOH activation 

method's typical route, Seitzhanova and 

her co-workers had utilized argon 

instead of air as the medium for 

activation towards the prepared sample. 

Moreover, they also include the 

exfoliation process toward the prepared 

sample after activation process using 

hydrogen peroxide solution (H2O2, 

37%) for 48 hours in order to further 

remove amorphous carbon [67]. 

However, they have demonstrated a 

lower specific surface area of the 

produced graphene around 350 m2g−1 

[67]. As shown in Figure 2, TEM image 

revealed the edge structures of the 

fabricated graphene. 

 

 
 

Figure 2 TEM image of the fabricated 

graphene with edge structures [67] 

 

 

Besides, their produced graphene 

has an edge structure with several 

nanometers. The produced graphene 

also had topological defects and 

nanoscale pores. These undertaken 

results can be correlated with the 

intensity ratio of I2d / Ig on the Raman 

spectrum around 1.56 confirmed the 

monolayer's growth of graphene, and 

their intensity ratio Id / Ig of 0.87, which 

signifies their graphene sample still has 

an amount of amorphous and 

disordered carbon within their graphene 

structure even after exfoliation process 

using hydrogen peroxide solution for 48 

hours [67]. 

In the year of 2020, Yeleuov et al. 

(2020) had adopted the KOH activation 

process toward the graphene 

preparation method and try to remodel 

it a bit on activation setup by utilizing a 

vertical tubular furnace with argon flow 

as a gas medium [68]. Moreover, they 

also improvise the carbonization 

process by utilizing the rotating tubular 

furnace with argon flow as a gas 
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medium [68]. The resulting graphene 

product showed few-layer graphene 

with clean-edges layers containing 

defected and corrugated graphene 

structures via TEM observation [68]. 

These undertaken TEM observations 

can be correlated with the intensity ratio 

of I2d / Ig on the Raman spectrum, which 

is around 0.63, confirmed the graphene 

growth of trilayer to a few-layer. Their 

intensity ratio Id / Ig of 0.45 signifies 

their graphene sample has a small 

amount of amorphous and disordered 

carbon within their graphene structure 

[68]. Nevertheless, their intensity ratio 

Id/Ig is among the lowest value 

throughout the literature on the KOH 

activation process. Apart from that, 

they have obtained a surprisingly larger 

specific surface area around 3292 m2g−1 

of the graphene product [68]. 
 

 

7.0 CONCLUSION 

 

This comprehensive review has 

provided a more in-depth insight into 

agricultural waste materials as a 

precursor for graphene preparation, 

including its synthesis method, 

formation mechanism, and the 

properties of resulted graphene 

materials. Thus far, this paper reviewed 

several studies utilizing the KOH 

activation process on rice husk waste 

toward the graphene preparation 

method by discussing the progress 

made throughout the years.  
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