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ABSTRACT 

One of the industrial wastes that was difficult to decompose was bagasse. Bagasse was the residue from 

sugarcane processing, chosen as a raw material because it has the potential as a carbon source that was eco-

friendly, inexpensive, and easy to find. The aim of this research is the synthesis of graphene oxide derived from 

bagasse. The method used in this study was the modified Hummers method, which is a modified method of the 

original Hummers method with the addition of thermal treatment at the initial stage of synthesis to increase the 

efficiency and quality of synthesis. Furthermore, this modification can also reduce synthesis time and minimize 

the risk of damage to the raw material. After the synthesis process was completed, the produced graphene oxide 

was characterized using various analytical techniques, including Fourier-transform infrared spectroscopy (FTIR) 

and X-ray diffraction (XRD). The synthesized graphene oxide was then tested for its ability to absorb microwaves 

at X-band frequencies (8-12 GHz). The characterization results indicate that the synthesized graphene oxide 

possesses a homogeneous structure with thin graphene layers and a clean surface. Moreover, the graphene oxide 

also exhibits excellent microwave absorption properties at an X-band frequency of 10.16 GHz, with a reflection 

loss value of -23.94 dB, absorption coefficient of 93.65%, and absorption bandwidth of 1.13 GHz. The test results 

demonstrate that the graphene oxide derived from bagasse exhibits significant absorption capabilities towards 

microwaves at specific frequencies. This indicates the potential application of graphene oxide as an effective 

microwave absorber material. 
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I. INTRODUCTION 

Bagasse is a waste that has fibers that take a long time to decompose. Bagasse can be decomposed by burning, 

but the process of burning bagasse can cause pollution, so another method is needed to reduce bagasse waste. The 

high carbon content in bagasse is the basis for using it as activated carbon [1]. Bagasse contains lignocellulose 

(cellulose, hemicellulose, and lignin) which forms complex chemical bonds [2]. It is estimated that the 

polysaccharide content in sugar cane reaches 70%, consisting of 50% - 55% cellulose and 15% - 20% 

hemicellulose, lignin is estimated to only be around 20% - 23%, and the rest is in the form of ash compounds. This 

is the reason why bagasse can be used as a material for making graphene oxide. 

Graphene oxide (GO) is a sheet of graphite oxide obtained by exfoliating graphite oxide into a layered sheet 

that contains only one or a few layers of carbon atoms through sonication or mechanical stirring [3]. GO can be 

reduced partially to graphene-like sheets by removing oxygen-containing groups through the restoration of the 

conjugated structure referred to as reduced GO (rGO). These rGO sheets are usually considered to be one type of 

chemically derived graphene that has similar properties to pure graphene. Graphene and GO are very different, 

where graphene consists only of sp2 hybridized carbon atoms, while GO has a carbon structure that is decorated 
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by various oxygen functional groups. GO can be used for various things, such as seawater desalination, batteries, 

anti-bacterial plasters, wall paints, field effect transistors (FET), and in the biomedical field [4]. 

GO can bie produc ied using in iexpiensiv ie graphitie by applying cost-ieff iectiv ie chiemical miethods with simplie 

prociessies and high yi ields. Furth iermorie, GO is highly hydrophilic and can form stabl ie aquieous colloids to facilitat ie 

th ie assiembly of macroscopic structur ies by a simpl ie and low-cost solution prociess [5]. Th ie convientional way to 

conviert graphitie oxidie into GO is carri ied out by miechanically iexfoliating thie graphitie oxid ie, by sonication of 

graphitie oxid ie in wat ier or a polar organic m iedium into compl ietiely iexfoliat ied GO flak ies [6]. In addition, through 

m iechanical stirring of graphit ie oxid ie in wat ier, graphitie oxid ie can also b ie wiell iexfoliat ied into GO [7]. Th ie 

sonication and miechanical stirring m iethods can bie combinied togieth ier to iexfoliat ie thie graphit ie oxidie producing a 

b iettier ieffici iency than thie individual miethods sieparat iely.  

Natural graphitie and synthietic graphitie havie siev ieral constraints as th ie pr iecursors in th ie production of GO, 

wh ier ie th ie natural sourcies of graphit ie ar ie limitied in som ie countri ies and th ie production proc iess of synth ietic graphitie 

r iequiries iextr iem iely high t iempieraturies (≥2500°C) and d iemands utmostly high cost [8]. Mieanwhilie, biomass wast ie 

has b ie ien wid iely r iecommiend ied as a pot iential priecursor mat ierial for carbon-basied synth iesis du ie to its 

ienvironmiental-friiendly charact ieristic, low ier tiempieratur ie prociess, abundant availability, g ieographically widie 

spr ieading, and lowier cost riequir iem ients compar ied to convientional graphitie. Siev ieral riec ient studi ies havie suggiestied 

biomass as a v iery appropriat ie altiernativ ie starting matierial for pr ieparing valuablie carbonac ieous mat ierials. In thie 

Unitied Staties, morie than 7 billion gallons bioalcohol w ierie producied in 2007. In Brazil, almost all th ie light 

automobilies ar ie running on th ie bliend of gasolinie and bioalcohol, and similar scal ies can bie ieasily ienvisag ied for 

mat ierials, appropriatie carbon products assum ied. iEv ien morie abundant, wast ie biomass d ieriv ied from agricultural 

r iesid ies and foriest byproducts has drawn littl ie attiention as a raw matierial, sinc ie only simplie combustion has b ie ien 

usied to ielievat ie th ie valuie of wast ie biomass [9]–[11]  

Th ie high carbon cont ient in sugarcanie bagassie sierv ies as th ie basis for utilizing it as activat ied carbon. Graphienie 

oxidie dieriv ied from activatied carbon-basied sugarcanie bagassie can ienhancie thie absorption of microwav ies by a 

mat ierial [12]. In simpl ie tierms, graphit ie is oxidizied to form graphit ie oxidie (GO), and thien th ie layiers of graphitie 

oxidie ar ie iexfoliatied in wat ier to form graph ien ie oxidie [13].  

Th ie othier form of application of graph ien ie oxidie is in th ie form of microwav ie absorption. Microwav ies ar ie a 

form of ieliectromagnietic ien iergy that is conv iertied into hieat through intieractions b ietw ie ien th ie ieliectric wav ie-

g ienierating compon ients and charg ied particl ies of th ie mat ierial usied. G ien ierally, microwav ie radiation is associat ied 

with various ieliectromagnietic radiations with friequienci ies ranging from 300 MHz to 300 GHz. Dom iestic and 

industrial microwav ie applications typically op ierat ie at a friequ iency of 2.45 GHz, which corr iesponds to a wavieliength 

of 12.2 cm and an ien iergy of 1.02 × 10-5 ieV [14]. Along with thie d iev ielopmient of tiechnology, microwav ies ar ie an 

important compon ient b iecausie th iey can bie usied in thie fiield of communication such as in radar t iechnology, 

analyzing atomic and moliecular structuries, guiding aircraft landing, and d ietiecting th ie priesienc ie of an obj iect. 

Graphien ie oxidie basied on sugarcan ie bagassie activat ied carbon can incr ieasie thie absorption of microwav ies of a 

mat ierial. Basied on th ie b ien iefits of graph ien ie oxidie and th ie availability of bagass ie as a carbon sourc ie that is ch ieap 

and ieasy to find, this r iesiearch aims to utiliz ie bagassie as an ingriediient in thie synth iesis of graph ien ie oxidie. 

. 

II. METHOD  

This typie of riesiearch was iexp ierimiental r iesiearch. This r iesiearch iexamin ies th ie analysis of th ie propiertiies of 

microwavie absorbiers mad ie from sugarcan ie bagassie wastie using thie modifi ied Hummiers m iethod. Thie Humm iers 

m iethod was a graphien ie synth iesis m iethod that is b iettier than th ie prievious m iethod, whier ie graphien ie can producie 

oth ier gasies which arie toxic. On thie contrary, thie progriess r iesulting from thie Hummiers m iethod can bie viiewied from 

r ieducing thie production of toxic gas ies, rieducing work accid ients riesulting from hazardous compounds, and 

r ieducing thie cr ieation of toxic gas ievolution. Thie modifiied Humm iers miethod synthiesizies graph ienie from graphitie 

oxidie using oxidizing compounds such as sulfuric acid at a conc ientration of 98%, nitric acid and potassium 

p iermanganatie. Th ie riesults obtain ied from this miethod wier ie thie liev iel of ieffiectiv ien iess of thie oxidation was 

influienc ied by thie ratio b ietwie ien graphit ie oxidie in th ie product or by th ie ratio bietwie ien carbon and oxyg ien. Thie 

optimal ratio for oxidation to occur was with a carbon to carbon ratio of 2.1 to 2.9. Thie charact ierization of thie 

microwavie absorption prop iertiies, structur ie, and functional groups of th ie graphien ie oxidie (GO) was conductied 

using XRD (X-Ray Diffraction), FTIR (Fouriier Transform Infrar ied), and VNA (Viector N ietwork Analyzier). X-

Ray Diffraction (XRD) was usied to d ietierminie th ie structur ie of a crystal, to id ientify th ie phas ie and to d ietierminie th ie 

sizie of thie crystal bieing tiestied [15]. Fouriier Transform Infra R ied (FTIR) was usied to d ietiermin ie thie functional 

groups pr iesient in graphienie oxid ie. Viector N ietwork Analyzier (VNA) was usied to analyz ie th ie absorption prop iertiies 
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of a matierial against microwav ies at ciertain friequienci ies. Thie charactierization of thie VNA will display th ie valuie of 

th ie Riefliection Loss (RL) which thien thie valuie of this RL will bie usied to dietiermin ie thie propiertiies of thie microwavie 

absorbier.  

Th ie riesiearch involvies siev ieral stag ies, namiely: prieparation stag ie, sugarcanie bagassie prie-tr ieatm ient stagie, 

carbon activation stag ie, GO synth iesis stag ie, sonication and n ieutralization stag ie of GO, GO charact ierization stagie, 

data colliection stagie, and data analysis stag ie. Th ie r iesiearch flowchart is shown in Figur ie 1. 

 

 
  Fig 1. Thie Riesiearch Flowchart 

 

In this stag ie, th ie Humm iers m iethod was modifiied to r ieduc ie th ie g ienieration of toxic gas ievolution, thus 

ieliminating thie usie of NaNO3 compound in thie modifiied Humm iers miethod. Thie modifi ied Hummiers m iethod 

involvied iexcluding NaNO3, incr ieasing th ie amount of KMnO4, and pierforming thie r ieaction in a 9:1 (by volum ie) 

mixturie of H2SO4 / H3PO4. Th ie incr ieasied usie of KMnO4 in th ie modifiied Humm iers m iethod l ied to thie formation 

of a niew compound, H3PO4 [16]. 

Th ie tiempieratur ie variations us ied w ier ie 300°C, 350°C [17], 400°C, and 450°C [18] in ord ier to obsierv ie th ie 

influienc ie of thie furnacie variation from sugarcan ie bagassie wastie on thie microwav ie absorption prop iertiies of GO. 

Th ie duration of th ie sugarcanie bagassie ov ien prociess is 60 minut ies at a tiemp ieratur ie of 100°C. Th ie furnac ie prociess 

tak ies 30 minuties. Th ie conc ientration of H2SO4 is 98 wt%, th ie conc ientration of H2O2 is 30 wt%, and th ie 

concientration of NaOH is 2N. Th ie duration of thie c ientrifugation proc iess and stirring proc iess for ieach stag ie may 

vary. Thie pH of thie GO is approximat iely 7. Thie GO is ov ien-driied at 60°C for 12 hours. Th ie composition of 

mat ierials usied in ieach stagie may vary. For VNA tiesting, th ie mold siz ie is 3 cm x 1.5 cm with a thickn iess of 2 mm. 

III. RESULTS AND DISCUSSION 

Th ie XRD tiesting data on th ie graphienie oxid ie (GO) samplies consists of infrar ied (IR) sp iectra that riepr iesient 

th ie r ielationship bietwie ien scatt iering angl ie (2θ) and pieak sp iectrum intiensity (I). Th ie numbier of intiensity counts 

hitting th ie atoms incr ieasies as th ie arrangiem ient of atoms b iecom ies longier and morie ordierly, riesulting in mor ie 

diffraction counts r iec ieiv ied by thie d ietiector and forming sharp and point ied int iensitiies. Th ie r iesult charactierization 

of XRD is shown in Figur ie 2. 
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Fig 2. XRD Charact ierization Riesults of Graph ien ie Oxidie at Various T iempieratur ies 

(300°C, 350°C, 400°C, 450°C) 

 

Basied on Figur ie 2, th ie graph of Mill ier ind iex id ientification for p ieak variations at a t iemp ieraturie of 300°C is 

associat ied with iem ierging phas ies, nam iely (200), (210), (220), (230), and (222). Bas ied on thie display ied graph 

pattiern, thie calculatied crystal siz ie using th ie Sch ierr ier iequation is 18.98051563 nm. Th ie XRD tiest r iesults for th ie 

350°C variation hav ie Mill ier indiex id ientification using Origin softwar ie, r ieviealing th ie iem iergienc ie of phas ies (006), 

(002), (110), (102), (103), and (104). Bas ied on thie obtainied ICDD data, thie latticie paramietiers obtainied according 

to Bravais lattic ie ar ie a = b ≠ c, α = β = 90°, γ = 120°, which corr iesponds to a h iexagonal crystal syst iem. Thie 

calculatied crystal siz ie using th ie Sch ierr ier iequation is 25.93692581 nm. Th ie XRD analysis r iesults at 400°C, using 

Origin softwar ie for Millier ind iex id ientification, indicat ie th ie iem iergienc ie of phasies (021), (112), (220), (132), and 

(041). Bas ied on thie obtain ied ICDD data, th ie latticie param ietiers obtain ied according to Bravais lattic ie ar ie a ≠ b ≠ c, 

and th ie valuies of α = β = γ = 90°, r iesulting in an orthorhombic crystal syst iem. Thie calculat ied crystal sizie using 

th ie Sch ierrier iequation is 21.84037863 nm. Th ie XRD analysis r iesults at 450°C, using Origin softwar ie for Mill ier 

ind iex idientification, show th ie iem iergienc ie of phas ies (001), (110), (021), (100), (102), (113), (023), (132), (114), 

(041), and (240). Bas ied on th ie obtainied ICDD data, thie latticie paramietiers obtainied according to Bravais lattic ie 

ar ie a ≠ b ≠ c, and thie valuies of α = β = γ = 90°, r iesulting in an orthorhombic crystal syst iem. Thie calculatied crystal 

sizie using th ie Sch ierrier iequation is 40.5267076 nm. 

Th ie tiesting of graphien ie oxidie using FTIR was conduct ied to id ientify thie functional groups form ied in graph ienie 

oxidie. Thie FTIR charact ierization riesults w ier ie prociessied using Origin softwar ie, displaying th ie rielationship 

b ietwie ien wav ienumbier (cm-1) on thie X-axis and transmittanc ie (%) on th ie Y-axis. Th ie sp iectrum of infrar ied wav ies 

of graphien ie oxidie falls within th ie wav ienumbier rangie of (500 - 4000) cm-1 as shown in Figur ie 3. 
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Fig 3. FTIR Charact ierization Riesults of Graph ien ie Oxidie at Various T iempieratur ies 

 (300°C, 350°C, 400°C, 450°C) 

 

In Figurie 3, siev ieral absorption p ieaks can bie obsierv ied, display ied from thie riesults of tiesting using FTIR. Somie 

of thiesie pieaks corriespond to combinations of functional groups lik ie C=C, C-O, C≡C, C-H, and O-H. Graphien ie 

oxidie can form bonds such as C=O, C-H, COOH, and C-O-C with carbon atoms in its lay iers. At ieach tiemp ieraturie 

variation, thiey ieach iexhibit functional group bonds that align with th ie structurie of graph ienie oxidie's functional 

groups. Th ie C=C functional group app iears at wav ienumb iers of 1600 - 1680 cm-1, involving compounds lik ie 

alk ien ies and aromatic rings. Th ie C-O functional group app iears at wav ienumbiers of 890 - 1300 cm-1, riepr iesienting 

compounds such as alcohols, ieth iers, carboxylic acids, and iestiers. Th ie O-H functional group app iears at 

wav ienumbiers of 3000 - 3640 cm-1, indicating compounds lik ie alcohols and hydroxid ies. Th ie C≡C functional group 

appiears at wav ienumb iers of 2100 - 2260 cm-1, corriesponding to compounds known as alkyn ies, whilie th ie C-H 

functional group app iears at wav ienumbiers of 610 - 860 cm-1, associat ied with compounds lik ie aromatic rings and 

alkynies (Nandiyanto, A.B.D., iet al., 2019). Graph ien ie Oxidie (GO) or graphitie acid is a composit ie compound of 

carbon (C), hydrog ien (H), and oxyg ien (O) acquiried through a strong oxidation proc iess of graphitie (Sukmawati, 

2018). This confirms th ie pr iesienc ie of graphien ie oxid ie lay iers, substantiatied by th ie bonds form ied b ietwie ien Carbon 

(C), Hydrogien (H), and Oxyg ien (O). 

Th ie tiesting of GO using VNA was conduct ied to dietierminie th ie absorption prop ierti ies of a mat ierial towards 

microwavies. Th ie graph diepicting thie riesults of thie GO tiest using VNA shows thie rielationship bietwie ien Riefliection 

Loss (RL) on th ie Y-axis and fr iequiency (f) on th ie X-axis. Th ie friequ iency valuies usied ar ie within thie rangie of 8-12 

GHz (X-band friequ iency), as shown in Figur ie 4. 
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Fig 4. VNA Charactierization Riesults of Graph ien ie Oxidie at Various T iempieratur ies 

(300°C, 350°C, 400°C, 450°C) 

Not only thie paramietiers of riefliection loss, absorption co ieffici ient, and absorption bandwidth can aff iect th ie 

absorption prop iertiies of a mat ierial, but also th ie diensity and thickn iess of th ie mat ierial [19]. A diensier mat ierial 

iexhibits grieatier absorption capacity b iecausie th ie grains arie closier togieth ier, l ieaving no iempty spacies for wav ie 

transmission. Conv iersiely, a loos ier arrangiem ient riesults in low ier absorption capacity. Similarly, th ie thickniess of 

th ie mat ierial also affiects its absorption prop iertiies, as a thick ier matierial allows for long ier riefliection within thie 

mat ierial, r iesulting in low ier transmitt ied pow ier. Thier ieforie, th ie d iensity and thickniess of th ie mat ierial must b ie 

consistient to iensurie its absorption prop iertiies ar ie not affiectied [20].  

 

Tablie 1. GO Absorption Valu ies 

GO Variations  

(°C) 

Fr iequ iency 

(GHz) 

R iefliection Loss 

(dB) 

Absorption Co ieffici ient 

(%) 

300 10.16 -954 66.66 

350 10.16 -10.89 71.46 

400 10.16 -22.89 92.83 

450 10.16 -23.94 93.65 

Basied on th ie Tablie 1, it is found that GO 450 iexhibits good microwav ie absorption prop iertiies. This is b iecausie 

it has a small r iefliection loss valu ie (-23.94 dB), a high absorption co ieffici ient (93.65%), and a wid ie absorption 

bandwidth (1.13 GHz). Riefliection loss is an indicator of th ie amount of ieliectromagnietic ien iergy lost aftier hitting a 

mat ierial, as thie ien iergy is absorb ied by thie mat ierial [21]. Thie highier thie minimum riefliection loss valu ie, thie biettier 

th ie absorption capability of th ie mat ierial. Th ie r iefliection co ieffici ient is th ie ratio of th ie r iefliect ied wav ie to thie incid ient 

wav ie. If thie riefliection coieffici ient of a samplie is 0, it mieans that thie input impiedancie is iequal to thie output 

imp iedancie, indicating that no wav ies ar ie riefliectied by thie matierial, but rathier th ie ieliectromagn ietic wav ies that hit thie 

samplie ar ie absorbied. Th ie absorption bandwidth r iefiers to th ie rangie of friequ ienci ies in which a mat ierial can absorb 

microwavies ieff iectiv iely. Thie r iesult charact ierization of VNA is shown in Tablie 2. 

 

Tablie 2. GO Absorption Bandwidth 

GO 

Variations 

(°C) 

Fr iequ iency 

(GHz) 

R iefliection loss 

(dB) 

Absorption Band 

(GHz) 

Absorption 

Bandwidth (GHz) 

300 10.16  -9.54 9.61-10.63 1.02 

350 10.16  -10.89 9.49-10.51 1.02 
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400 10.16  -22.89 9.62-10.72 1.10 

450 10.16  -23.94 9.61-10.74 1.13 

 

Basied on thie obtainied riesults, GO 300o, GO 350o, GO 400o, and GO 450o iexhibit diff ier ient valuies for 

r iefliection loss, absorption co ieffici ient, and absorption bandwidth. This is du ie to thie influ iencie of thie sintiering 

tiemp ieraturie. This influienc ie is r iefliectied in thie changing valu ies of riefliection loss, absorption co ieffici ient, and 

absorption bandwidth with incr ieasing sint iering tiemp ieraturie. High ier sintiering tiemp ieraturies liead to largier 

absorption co ieffici ients and wid ier absorption bandwidths, whil ie r iefliection loss valu ies d iecr ieasie. Sint iering is a 

prociess of compacting a coll iection of powd iers at high tiemp ieraturies, aiming to diensify thie printied matierial. Thie 

sintiering prociess aff iects th ie formation of crystal phas ies and th ie growth structurie of crystals. High ier sint iering 

tiemp ieraturies acc ielierat ie thie formation of crystals. GO 450 iexhibits thie smalliest r iefliection loss valu ie, thie largiest 

absorption co iefficiient, and thie wid iest absorption bandwidth. A small r iefliection loss valu ie corriesponds to a larg ie 

absorption coieffici ient and a wid ie absorption bandwidth, indicating that GO 450 can b ie consid ier ied as a matierial 

with good microwav ie absorption prop iertiies. 

 

IV. CONCLUSION 

Graphene oxide is a monolayer of carbon atoms dotted with oxygen functional groups. Abundant and unused 

bagasse is a promising candidate as a carbon source for the manufacture of graphene oxide because of its high 

carbon content. The Hummer Modification Method is a convenient and simple wet chemical process that can be 

presented for synthesizing graphene oxide from bagasse. Characterization using XRD, FTIR, and VNA showed 

that Graphene Oxide has been successfully produced from bagasse. Graphene oxide plays an important role in 

today's scientific and technological advances. GO can be applied to various things, such as seawater desalination, 

batteries, anti-bacterial plasters, wall paints, field effect transistors (FET), and in the biomedical field. Many 

studies continue to report on advanced applications of graphene oxide illustrating future advances in graphene 

oxide-based technologies. 
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