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Claims 

 

1. A method of forming a metal oxide/reduced graphene oxide composite film , the 

method comprising: 

providing a graphene oxide dispersion; 

adding a metal oxide to the graphene oxide dispersion to form a metal 

oxide/graphene oxide dispersion; 

forming a metal oxide/graphene oxide film by filtering the metal 

oxide/graphene oxide dispersion using a directional flow directed assembly;  

adhering the metal oxide/graphene oxide film on an absorbent material; and 

reducing the metal oxide/graphene oxide film using a reducing agent to form 

the metal oxide/reduced graphene oxide composite film;  

wherein the absorbent material is suitable for absorbing excess reducing 

agent during reduction of the metal oxide/graphene oxide film. 

 

2. The method according to claim 1, the method further comprising: 

modifying the dimensions of the metal oxide/graphene oxide film before 

reducing the metal oxide/graphene oxide film. 

 

3. The method according to claim 2, 

wherein the dimensions of the metal oxide/graphene oxide film is modified 

to below 3 cm in length and below 1 cm in width.  

 

4. The method according to any one of claims 1 to 3, 

wherein reduction of the metal oxide/graphene oxide film is carried out in a 

vessel; and 

wherein the metal oxide/graphene oxide film is arranged on a wall of the 

vessel. 
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5. The method according to claim 4, 

wherein metal oxide/graphene oxide the film is arranged on the wall of the 

vessel such that the length of the metal oxide/graphene oxide film is 

substantially vertical. 

 

6. The method of claim 4 or claim 5, wherein the film is arranged such that all sides 

of the metal oxide/graphene oxide film are equally exposed to the reducing agent. 

 

7. The method according to any of claims 4 to 6, 

wherein the vessel is an autoclave. 

 

8. The method according to claim 7, 

wherein the reducing agent is selected from any one of hydrazine, hydrazine 

hydrate, urea or a combination thereof.  

 

9. The method according to any one of claims 1 to 8,  

wherein forming the metal oxide/reduced graphene oxide composite film 

further comprises treating the metal oxide/reduced graphene oxide composite 

film with acid after reducing the metal oxide/graphene oxide composite film. 

 

10. The method according to claim 9, 

wherein forming the metal oxide/reduced graphene oxide composite film 

further comprises drying the metal oxide/reduced graphene oxide composite 

film after treating the metal oxide/reduced graphene oxide composite film 

with acid. 

 

11. The method according to any of claims 1 to 10,  

wherein the metal oxide is added to the graphene oxide dispersion by adding 

a metal oxide precursor to the graphene oxide dispersion; and 
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wherein the metal oxide precursor is reacted in the graphene oxide dispersion 

to form the metal oxide. 

 

12. The method according to claim 11, the method further comprising: 

  further adding an oxidizing agent to the graphene oxide dispersion; and 

wherein the oxidizing agent oxidizes the metal oxide precursor to form the 

metal oxide. 

 

13. The method according to any of claim 11 or claim 12, 

wherein sonication is applied after adding the metal oxide precursor to the 

graphene oxide solution. 

 

14. The method according to any one of claims 1 to 13,  

wherein the metal oxide is selected from manganese oxide, vanadium oxide, 

cobalt oxide, nickel oxide, molybdenum oxide, ruthenium oxide, palladium 

oxide, chromium oxide, titanium oxide, copper oxide, iron oxide and zinc 

oxide. 

 

15. The method according to any of claims 1 to 14,  

wherein providing the graphene oxide dispersion includes exfoliating graphite 

oxide. 

 

16. The method according to claim 15, 

wherein exfoliating the graphite oxide comprises centrifuging the graphite 

oxide. 

 

17. The method according to claim 15 or claim 16, 

wherein exfoliating the graphite oxide comprises applying sonication to the 

graphite  
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18. The method according to any of claims 15 to 17, the method comprising: 

forming graphite oxide from graphite. 

 

19.  The method according to claim 18, 

wherein forming graphite oxide from graphite comprises oxidizing graphite 

using concentrated sulphuric acid and potassium permanganate. 

 

20. A composite film formed by the method according to any of claims 1 to 19. 

 

21. An electrode comprising the composite according to claim 20. 

 

22. The electrode according to claim 21, wherein the electrode is a free-standing 

electrode. 

 

23. The electrode according to claim 21 or claim 22, wherein the electrode has an 

areal capacitance of more than 150 mF cm
-2

. 

 

24. The electrode according to any of claims 21 to 23, wherein the electrode has 

an areal capacitance of more than 300 mF cm
-2

. 

 

25. The electrode according to any of claims 21 to 24, wherein the electrode has 

an areal mass of more than 1.5 mg cm
-2

. 


