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Electron field emission was investigated from multi-walled carbon nanotubes (MWCNT)/polyethylene 

oxide (PEO) composites with (5, 15, 25, 33, 40 and 50wt.% of MWCNTs). The resulted samples were char-

acterized using Raman spectroscopy to estimate The MWCNTs-PEO (Nanotubes-Polymer) interaction 

through the shifting or width alteration of the peaks. The SEM micrographs were issued to investigate the 

surface morphology of the samples. In addition, and in order to gain additional understanding of the filler 

content and the samples thermal stability; the TGA technique was applied. The current density versus ap-

plied electric field J(E) and current stability of the prepared composites were measured using a range of 

voltages. Here, the 33wt.% composite displayed the lowest turn on field of 6.51V/µm, whereas the highest 

current density achieved was 1.17mA/cm2 by the 40wt.% composite. 
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1. INTRODUCTION 
 

In order to develop a novel, strong, light, conduc-

tive, smart and multifunctional composite materials, 

polymer matrices have been reinforced with carbon 

nanotubes. These tubes have exhibited excellent field 

emission features, a low threshold field, and a high 

current density [1]. On the other hand, and in order to 

exploit the flexibility of polymers, earlier studies have 

focused on integrating CNT emitters into flexible de-

vices [2-4]. Hence, the objective of this study is to in-

vestigate field electron emission of MWCNTs embedded 

in polyethylene oxide thermoplastic matrix, the loading 

of MWCNTs is between 5 and 50 wt.%. PEO is chosen, 

as it is miscible with water in all ratios due to hydra-

tion of its ether oxygen [5]. To ensure MWCNTs disper-

sion; the tubes were non-covalently functionalized with 

sodium dodecyl sulfate (SDS) anionic surfactant. In 

this work, ultrasonic dispersion technique was applied, 

because wrapping the nanotubes with SDS, guarantees 

that the tubes previously separated by ultrasonication 

will not rejoin [6]. 

 

2. EXPERIMENTAL SET-UP  
  

MWCNTs used as received, they were of 95 % puri-

ty,  50 nm diameter and lengths between 10 and 

15 m, purchased from Chengdu Organic Chemicals 

Limited, China. MWCNT/PEO composites were fabri-

cated by solution casting method. To obtain stable 

suspension; MWCNTs were ultrasonically dispersed 

using sodium dodecyl sulfate as surfactant; typically 1g 

MWCNTs and 1g SDS were dissolved in 100ml of de-

ionized (DI) water, the solution was ultrasonicated for 

2 hours at 25W. To fabricate composites; 1g PEO was 

thoroughly dissolved in 50ml DI water and mixed with 

solutions having different MWCNTs weights, making 

six mixtures containing between 5 and 50 wt.% of 

MWCNTs. Each mixture was thoroughly mixed and 

subjected to ultrasonic agitation for 2 hours.  

The produced liquid composites were poured in Petri 

dishes and left for several days to dry in air and room 

temperature. Dried thick films of about 60m thickness 

were cut in rectangular shapes with surface areas be-

tween 0.13 and 0.32 cm2, then pasted on polished N-type 

Si (100) substrates. The composite films were analyzed 

using scanning electron microscopy (SEM), Raman spec-

troscopy at 532 nm and thermogravimetry. Field electron 

emission measurements were conducted at vacuum level 

of about 110 – 7 mbar, utilizing a source meter unit con-

nected to a computer. The I-V characteristics were ob-

tained at bias voltages up to 1.1 kV and stability curves 

were measured for about 34 minutes at 600 V. 

 

3. RESULTS AND DISCUSSION 
 

Figure 1 shows raman spectra of MWCNT/PEO 

thick film composites before and after electrons 

extraction (Figure 1(a),(b)). In Figure 1(a), the 

uppermost plot is obtained from the pure MWCNTs. 

The second trace shows the spectrum obtained from 

composite sample with 50wt.% MWCNTs loading. The 

D, G and G’ peaks are present in addition to C-H 

stretching bands of PEO, the latest bands intensities 

are much lower than the G’ band intensity. The third 

trace shows that 40 wt.% sample exhibits the same 

features as 50 wt.% with higher intensities in C-H 

stretching bands. The same thing can be said for 33, 15 

and 5 wt.%, where the C-H bands increase in intensi-

ties compared to G’ whenever the carbon portion de-

creases, which implies that a well dispersion of the 

nanotubes within the polymer matrix was achieved. 

PEO skeletal vibrations between 400 and 1500 cm – 1 

and far infrared region below 400 cm – 1 appear clearly 
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in the low loading samples, with reduced intensities 

when the MWCNTs fractions augment. 
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Fig. 1 – Raman spectroscopy of MWCNT/PEO thick films (a) 

before FEE measurements and (b) after FEE measurements 
 

The D and G peaks have up-shifted in all prepared 

films; the G peak shifting was as high as 16.66 cm – 1 in 

40 and 50 wt.% composites. The D and G shifting to 

upper frequencies was probably on one hand due to the 

nanotubes dispersion and disentanglement and on the 

other hand to the compression force exerted by the 

polymer molecules on the carbon tubes walls, as it was 

reported by McNally et al. [6] in a previous study but 

using MWCNT/PE composite.   

After FEE measurement (Figure 1(b)), the same 

band features with slight differences were obtained. 

However, the spectra appear smoother than before FEE 

measurement, particularly in 5 and 40 wt.% composites. 

Here, contrary to the before FEE measurement case, the 

G-band down shifted in 40 and 50 wt.% and reached 

8 cm – 1 in the two samples. Whereas D-band showed a 

down shift in four out of the six samples (5, 15, 25 and 

33 wt.%) and no change in two (40, 50 wt.%). This D and 

G bands down shifting infers that less compressive force 

is exerted on the carbon tubes after exposure to FEE 

measurement. We relate it to the evaporation of the 

cathode material (prepared composites) to the anode 

during exposure to high voltage and low pressure. In 

fact, Purcell et al.[7] have reported that the temperature 

at the tip of a single MWCNT could go up to 2000K. In 

addition, PEO polymer holds a low melting point of 57-

73 °C [5]. The mechanical stress demonstrates its 

influence on the FEE results.  

The intensity ratio ID/IG suggests that almost all the 

emitters exhibitted higher disorder after FEE 

measurement. For instance; 5 and 40 wt.% samples 

show that their ID/IG increased from 0.56 to 0.87 and 

from 0.52 to 0.64 respectively. This augmentation sig-

nifies the increment of sp3 hybridized carbon and spe-

cifically represents damage and defect sites in the 

tubes resulted from high voltage and localized heat. 

Figure 2 (a-f) shows the SEM micrographs of 5 to 

50 wt.% MWCNT/PEO composites respectively. 5 wt.% 

sample exhibits a smooth surface containing pores of 

about 8µm length and 2 µm width. The size of these pores 

diminishes gradually until they disappear for 50 wt.%, 

leading to rougher and rougher surfaces having more 

compacted nanotubes with nano and micro protrusions 

that formed after MWCNTs addition. It is noted that 

these protrusions are necessary for local electric field 

intensification in the electron field emission [8, 9]. 

Extremely, in Figure 2(f) corresponding to 50 wt.% 

sample, some MWCNTs agglomerates are seen in the 

matrix, usually resulting from the Van der Waals in-

teraction. Apparently, in 50 wt.% the CNTs could not 

be wrapped perfectly, totally due to the high quantity 

of MWCNTs. Generally, the SEM micrographs indicate 

that a well and homogeneous dispersion was achieved.  

Figure 3 shows TGA curves of the pure PEO and 

MWCNT/PEO composites. PEO started an abrupt deg-

radation at about 335 °C and lost 95.5 wt.% of its 

weight at 401 °C, the DTG curve displayed a sharp 

intensive and symmetric peak at 346 °C. Thus, the 

decomposition of the polymer PEO appeared in only 

one stage, whereas all the prepared composite films 

showed two stages decomposition. 

We remarked that the first stage was in a long inter-

val of time with a slow process of weight loss. The DTG of 

this first transition yielded more than one peak for all 

samples, except for 5 wt.% which resembles the DTG of 

PEO as the MWCNTs portion is very small. The presence 

of more than one peak in the DTG curve indicates the 

presence of multiple components which confirms the oc-

currence of different carbonaceous structures in the sam-

ples. This is due to the interaction between the MWCNTs 

and the polymer chains which caused changes in 

MWCNTs C-C bonds. This result is emphasized by the 

Raman spectroscopy, which showed relatively high ID/IG 

ratio. It is reported that changes in C-C bonding indicate 

the adhesion of PEO chains to MWCNTs sidewalls [10]. 

The second stage of TGA decomposition displayed at 309-

411 °C, was abrupt and steep and is due to breaking of the 

main chain of PEO in the composite.  

The current density-electrical field J(E) curves  

from MWCNT/PEO cold cathodes (Figure 4), were 

modeled according to Fowler–Nordheim theory [9, 11]. 
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where A  1.5610 – 6 AeVV – 2, B  6.83107 eV – 3/2Vcm – 1,  

is the work function, taken to be equal to that of graph-

ite (5 eV) and  is the field enhancement factor. The 

known linear Fowler-Nordheim plot is as follows: 
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Fig. 2 – SEM micrographs of the six MWCNT/PEO thick films composites (a) 5 wt.%, (b) 15 wt.%, (c) 25 wt.%, (d) 33 wt.%, (e) 

40 wt.% and (f) 50 wt.% 
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Fig. 3 – TGA of pure PEO and 5 wt.%, 15 wt.%, 25 wt.%, 

33 wt.%, 40 wt.% and 50 wt.% MWCNT/PEO composites 
 

where, linear fitting of equation (2) would obtain the 

field enhancement factor . The approximately linear 

attitude of the Fowler-Nordheim (FN) (Figure 4(b)) 

suggests that the yielded current is produced by the 

field electron emission mechanisms. 

The turn-on field (Eto), threshold field (Eth) and the 

field enhancement factor (); are useful parameters, 

which are practical for comparison with other emitters. 

Hence, the values of Eto (the applied field to produce a 

current density equal to 10 µAcm – 2), the Eth (the ap-

plied field at an emission current density of 0.1 mAcm – 2) 

and the  for each film, deduced from current density-

electrical field curves, are drawn in Figure 5. It can be 

seen that the 33 wt.% composite displayed the lowest 

turn on field of 6.51 V/µm, whereas the highest  
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Fig. 4 – (a) Current density versus the applied electric field 

and (b) Fowler-Nordheim plot of the films with different 

MWCNTs weight concentrations 
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Fig. 5 – Turn on field, threshold field and enhancement fac-

tors for the different MWCNTs wt.%. 
 

current density was 1.17 mA/cm2, achieved by the 

40 wt.% composite, which showed 8.36 and 8.76 V/µm 

turn on and threshold fields respectively. To our 

knowledge, field electron emission from MWCNTs/PEO 

thick films (60 m) has not been investigated so far. 

However, regarding just MWCNTs, Lyth et al. [3] have 

investigated the FEE of acid oxidized MWCNTs depos-

ited by means of dip coating on paper substrates, the 

Eth ranged between 0.8 and 11.6 V/µm. Where, the Eth 

is defined as the applied field at an emission current of 

1 nA. 

Obviously, always regarding Figure 5, there is no line-

ar relationship between the MWCNTs loading and field 

emission characteristics, as was observed in earlier stud-

ies regarding other polymer composites [12,13]. Since the 

CNTs are homogeneously dispersed, the nano-

tubes/polymer interface is strong enough to effectively 

enhance the electrical, thermal and mechanical properties 

of the composite [14]. However, when nanotubes density 

increases, the electric field on a singular nanotube become 

screened by the CNTs in the vicinity [15]. Nilsson et al. 

found out that highly packed CNT films did not provide 

the best FEE results [16].  

The stability of our samples was tested by current in-

tensity measurements while maintaining constant 

voltage for 2000 s (Figure 6). Generally, all the samples 

exhibited a satisfaction in stability.  

Samples with 25 wt.% and 33 wt.% showed a great 

stability for the whole period. While, after 420 s; 5 and 

15 wt.% maintained a significant stability. The current 

of 40 and especially 50 wt.% had dramatic up and down 

fluctuations. The normal trend in current decreasing  
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Fig 6 – Current stability in about 2000s period time for thick 

films with different WCNTs weight concentrations 
 

and some fluctuations; is probably the result of dynam-

ic rearrangement of emission sites. The local Joule 

heating and the large electrostatic force have their 

influence on the films. In deed, the substantial electro-

static force can even peel the CNTs from the substrate 

and deteriorate the film’s performance [17]. 

 

4. CONCLUSIONS 
 

MWCNT/PEO composite thick films were prepared 

by the ultrasonication technique. The SEM showed 

roughness and protrusions resulted from MWCNTs 

addition and played the key role in electrons emission. 

TGA and Raman spectroscopy emphasized the good 

adhesion of the polymer chains to the nanotubes walls. 

The thermal stability of PEO was improved by the 

incorporation of MWCNTs in the polymer matrix. Re-

garding field electron emission, Regarding field elec-

tron emission; the best enhancement factor (β) and the 

lowest turn on field were 1853 and 6.51V/µm respec-

tively, achieved by 33wt.% emitter. The highest current 

density (1.17mA/cm2) was produced by 40wt.% compo-

site. The MWCNT/PEO thick films emitters presented 

a high degree of stability during 34min emission, ex-

cept for 50wt.% which had a dramatic up and down 

fluctuations, most obviously at about 1400s. In this 

view, we are confident that the devices based on 

MWCNT/PEO will show enhancements in the FEE 

field. 
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