
Abstract 

Field emission properties of expanded graphite 
composite have been studied. Composite has been 
synthesized via shear mixing expanded graphite in 

-terpineol and ethyl cellulose. Field emission 
properties, of screen printed composite has been 
measured at a static applied electric field. The 
details of the analysis have been presented.  

1. Introduction

Field emission (FE) is a quantum mechanical 
phenomenon in which the kinetic energy of the 
electrons in the direction of applied electric field is 
essentially responsible for electron tunneling into the 
vacuum [1]. For metals and semiconductors, FE could 
be observed in electric field regime of 10–100 V/μm 
which is typically two orders of magnitude high as 
compared to the FE from carbon nanotubes [2]. In 
recent years, FE studies on graphitic carbon have 
become important issue from the point of view of 
technological applications as well as fundamental 
sciences. Graphene is a two–dimensional monolayer 
of hexagonally arranged carbon and bunch of such 
sheets is termed as graphite which could serve as a 
source for the FE. In such systems, FE mainly occurs 
via edges and bends  (folding edges), however, the 
current density could be influenced by the edge 
dangling or  bond states, condition of edge 
termination as well as their  geometry (armchair or 
zigzag), local band structure of the bend and 
orientation of the graphene sheets with respect to the 
applied electric field. 

A considerable amount of work related to the FE 
characteristics of the graphite [3] has been carried out. 
The nanostructured graphite of sheet thickness ~ 10–
50 nm, grown by CVD synthesis, have shown 
magnitude of turn–on–field ~ 5 V–μm–1 and field 
enhancement factor, , in the range of 50–500 [4]. 

Free standing graphite sheets, synthesized by rf 
plasma enhanced CVD technique, of layer thickness ~ 
1 nm have shown turn–on–field ~ 4.7 V–μm–1 at a 
threshold of 10 μA–cm–2 [5]. In another study, nano 
carbon films, synthesized by CVD technique, of layer 
thickness 2 nm–20 μm have shown turn–on–field ~ 10 
V–μm–1 with corresponding field enhancement factor, 
, 500 [6]. In most cases such studies were carried out 

on as–grown graphitic films of layer thickness in the 
range of a few hundred nm to a few μm. In general, 
not much attention has been paid to FE studies of 
expanded graphite, synthesized via composite 
approach which is scalable for vacuum 
microelectronics and other applications. From the 
point of view of technological applications, it is of 
interest to explore FE parameters of expanded 
graphite composite, in order to obtain significant 
advantages in terms of turn-on-field and enhancement 
factor, without degrading the emission stability, 
significantly. In this contribution, we report that the 
threshold–turn–on field for a expanded graphite (EG) 
composite, could be obtained upto ~ 8.02 V/μm with a 
mean field enhancement factor, m, 700±20 and 
geometric field emission area ~ 10–14/cm2. The field 
emission properties have been studied at a static 
applied electric field.

2. Experimental  

The readily available expanded graphite (EG) ~ 0.5 
mg was mixed with about 9.5 gm –terpineol (C10H18
O, (R)–2–(4–Methyl–3–cyclohexenyl)–2–propenol)) 
and subjected to the ultrasonication process for 12 h. 
Furthermore, the solution is mixed with ethyl 
cellulose and subjected to premixing for a period of 
30 min. In addition to sonication, adequate shear 
stresses have been applied so that the graphene sheets 
untangle and disperse uniformly in the ethyl cellulose 
matrix. The mixture was employed to the calandering 
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process, for a residence time of ~ 15 min, by utilizing 
a commercially available laboratory scale three roll 
miller. The intense shear mixing occurred between the 
narrow gap of the rolls as well as the mismatch in 
angular velocity ( 3 = 3 2 = 9 1) of the adjacent rolls
due to compressive impact as well as shear stress [7]. 
The mill setting has been controlled electronically and 
the viscosity of the material was monitored during the 
calandering process.  

The collected composite employed to the screen 
printing process to develop the cathode layers. The 
porous stencil diaphragm of area 1×1 cm2 was placed 
on top of an Indium Tin Oxide (ITO) coated glass 
substrate. The composite was placed on the screen, 
and a squeegee (rubber blade) pushed to-and-fro for 
3–4 times so that the composite uniformly entered into 
the screen openings and deposited onto the ITO 
coated glass. These cathodes were dried in the oven 
for ~ 30 min at 90OC and subjected to the annealing 
process at 450OC for about 10 min under nitrogen 
ambient, to remove the volatile organic components 
from the cathode. A large number of cathode layers 
have been fabricated. Following this, the tape 
activation treatment has been carried out [8] which 
selectively removed the mechanically weak over layer 
graphene sheets and oriented transverse sheets 
predominantly so that the basal planes protrude 
perpendicular to the surface.  

The surface morphology of the cathode layers were 
examined by field emission scanning electron 
microscope (FESEM, JEOL, 30 kV).   

Field emission measurements have been carried out 
at a static applied electric field, in a diode type 
configuration, at a base pressure of 10–7 Torr. Super 
used steel (SUS) was used as an anode to collect the 
electrons. The inter–electrode distance was kept 
constant ~ 200 μm. The static field was varied from 
0.5 V/μm to 12 V/μm. 

3. Results and discussion 

Fig. 1 shows recorded FESEM micrograph for EG-
composite cathode layers. The image has been taken 
in a cross-view. It can be seen that thin graphene 
sheets were lying on the ITO coated glass substrate. 

Fig. 2 shows variations in the measured current 
density, J, as a function of applied electric field, E.
The J–E cycling has been carried out for about ~ 4 to 
5 times, to obtain stable, reproducible characteristics. 
It can be seen that, over 0.5 to 7.0 V/μm, no 
significant variations in the FE current density has 
been observed, however, beyond 7.0 V/μm the 

magnitude of current density changes dramatically 

Fig. 1. Recorded SEM image for EG composite. 

and observed to be strongly field dependent. The local 
density of FE current could be expressed by most 
commonly used Fowler–Nordheim equation in the 
voltage–based notion [9]: 

     ]
V

b
[exp

)t(

VaJ
23

2
F

22
loc

F  (1) 

where V is the applied voltage,  is the conversion 
factor for the voltage–to–barrier–field (the field at the 
graphene edge that determines whether FE occurs), 
Jloc is the local current density,  is the local work–
function (~ 5 eV), a and b are universal constants 
(with a=1.541433 × 10-6 A–eV–V–2, b=6.830890 × 103

eV3/2–V–μm–1), and F and tF are mathematical 
functions known as the Nordheim functions, evaluated 
at the Fermi level. Tabulations of the special field 
emission elliptic functions F and tF are given in the 
literature [10]. The value of F is typically ~ 0.70 for 
carbonaceous materials [11]. For a parallel–plate 
arrangement with the electrode separated by a gap of 
thickness d, we have d , with  = 1 (for flat 
cathode). And the field enhancement factor, , is 
defined as “  = barrier–field / macroscopic field 
(applied field)”.  
    From the inset of Fig. 2 mean–field enhancement 
factor, m, has been computed to be 700±20. The 
corresponding area participating in the field emission 
process is found to be ~ 1.26 × 10–14 / cm2. The 
magnitude of threshold turn–on–field is found to be ~ 
8.02 V/μm measured at a value of current density 10 
μA / cm2.
    In general, edge and bend, their geometry (arm 
chair, zigzag) and condition of termination are 

P1-77 / P. S. Alegaonkar

IMID '07 DIGEST776 .



responsible for the electron FE from the graphene 
sheets. At the edge and bend, the depletion of local  

Fig. 2. Variation in current density as a function of 
applied electric field (inset shows 
corresponding Fowler–Nordheim plot)  

barrier–field takes place as a result the current density 
enhances at lower magnitude of macroscopic–field. 
Moreover, the local direction of the edge with respect 
to the applied field and local electronic states on the 
edge are also responsible for the electron emission 
phenomena. The carbon atoms present on the edge of 
the basal plane have valance bonds in the dangling 
state. The electronic orbital of the dangling bond 
states tend to appear at the edge and protrude along 
the direction of the applied field, contributing in the 
electron FE phenomena. However, at the folding edge, 
the local band structure of graphene is changed due to 
the change in the degree of overlap of p  electronic 
orbital of carbon atoms which in turn change the state 
of hybridization from sp2 to sp3. The thickness of such 
folding edge is typically 1–2 nm which is 4–6 
graphene layers (TEM not shown) and is transparent 
to tunneling electrons at a lower sub–threshold regime 
[12]. 
   Thus, it is crucial to study field emission 
properties of expanded graphite composite. The result 
offers insight to use such nano–sheets for future 
electron emission device applications.  

4. Summary

Field emission properties of expanded graphite 
(EG) composite have been studied. Initially, readily 
available EG powder was admixed with –terpineol 
and ultrasonicated for about 12 h. The obtained 
solution was premixed for about 30 min with ethyl 

cellulose. Following this, the mixture was subjected to 
the three roll milling (calandering process) for a 
period of 1 h. The composite has been screen printed 
on ITO coated glass substrate and after annealing 
subjected to field emission study. Measurements were 
carried out at a static applied field mode over a range 
of 0.5 to 12 V/μm. The threshold turn-on-field is 
observed to be ~ 8.02 V/μm (at a magnitude of current 
density ~ 1 μA/cm2). The field enhancement factor is 
observed to be 700±20 with corresponding geometric 
area participating in the field emission process ~ 1.26 
× 10–14 / cm2. The field emission occurred via edges 
and bends in the graphitic sheets; moreover, their 
geometry (arm chair, zigzag) and condition of 
termination also played curial role in the process.  
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