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Optimizing the methodology for the production of reduced 
graphene oxides (rGO) by laser irradiation, chemical, thermal, 

and combined routes 
 
Graphene has multiple potential applications [1], due to its unique structure, with extraordinary electrical, optical, 
mechanical or thermal properties. Some of these applications include energy generation and storage, electronic 
devices, nanocomposites, supercapacitors and so on [1].  
Several approaches have been developed for producing graphene [2] and graphene based materials. These 
graphene based materials have paid a lot of attention because of their versatility, lightweight, abundance and 
their large surface-to-volume ratio in some cases. One of the most promising graphene-like materials in terms of 
high yield, low cost and easily up-scalable is the reduced graphene oxide (rGO) produced by chemical routes. 
The strategy for rGO chemical production is based on the oxidation of graphite to graphite oxide (GO) followed 
by exfoliation to obtain graphene oxide. Subsequent reduction processes afford a variety of rGOs with tunable 
Carbon-to-Oxygen (C/O) ratios depending on the reducing agent and reaction conditions although never results 
in complete removal of oxygen-containing groups [3]. Since the presence of residual functional groups and 
defects can alter the structure and properties of reduced graphene oxide (rGO), the application of feasible 
reduction strategies to obtain high quality rGO with low number of defects is crucial [4]. In this work, some 
routes have been proposed and optimized for reduction of GO for comparison and optimization purposes. 
These approaches include laser irradiation [5], ascorbic acid addition [6], thermal expansion [7,8] and combined 
chemical and solvothermal reduction [9]. rGOs from each approach were characterized chemical, structural and 
morphologically in order to obtain precise information to apply these rGOs to the appropriate application. 
GO was prepared following the Hummer’s method [10] with slight modifications. Laser irradiation was made 
using an infrared laser that reduces the graphene oxide [5], converting the initial graphene oxide compact layer 
into a three dimensional open network of exfoliated graphene flakes. Synthesis of rGO by ascorbic acid as 
green reducing agent (rGO-AA) was carried out by dispersing of GO in ultrapure water and reduction at room 
temperature. Thermal reduction and exfoliation was simultaneously performed inserting graphite oxide in an 
electric furnace For the solvothermal assisted reduction, a GO aqueous solution was treated with L-ascorbic 
acid, transferred to PTFE-lined autoclaves and heated at 120 ºC for 24h. 
The obtained rGO samples were characterized by XRD, SEM, BET and other techniques. These 
characterizations were performed in order to obtain adequate information to select the best application: high 
conductivity for electronical applications and high surface area to volume ratio for pollutant removal or energy 
storage (hydrogen, batteries and supercapacitors). One of the promising applications is the hydrogen storage, 
in which high surface area is highly recommended. Wherefore, BET analysis provides surface areas 
information, important parameter in the sorption capacities of these rGO samples (table 1). Laser irradiation 
treatment has provided the high surface area.  



 
 

Table 1. BET analysis of rGOs samples reduced by different methods. 

Sample Specific surface area (m
2 
g

-1
 ) 

rGO-AA 37 

rGO-AA-T 27 

rGO-thermal 338 

rGO-Laser 742 
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