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Pyrolytic carbon (PC) from ethanol was deposited on the carbon monofilaments by cold-wall chemical vapour deposition. 
Scanning electron microscopy (SEM) and Raman spectroscopy were employed to characterize the features of PC. An 
interesting appearance of Raman spectra was obtained for the PC deposition at 1000 ℃. The value of I2700/IG is about 2.23 

and the feature is similar to that of the chemical vapour deposited graphene. It was concluded that the feature was induced 
by the regular microstructure of crystal grains with few defect in the sp

2
 domains.  
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1. Introduction 

 

Because of the high purity and controllable 

microstructure, pyrolytic carbon (PC) has attracted great 

interest in different research fields [1-4]. The carbon 

source used is mainly selected in a wide variety of 

hydrocarbon such as methane, propane and acetylene [5, 

6]. As the precursor is one of the most important factors 

determining the microstructure of PC [7], an exploration 

of new precursors would promote the development of 

carbon relative materials.   

Recently, ethanol has fascinated many researchers in 

the field of fabricating single wall carbon nanotubes with 

high purity at low temperature [8-12]. Compared with the 

traditional precursors, ethanol can avoid the co-exist 

appearance of amorphous carbon to a large extent during 

the pyrolysis process, which should be due to the existence 

of hydroxyl [13]. It has also been indicated that ethanol is 

a promising precursor for fabricating PC with unique 

microstructure [14]. However, the studies in this field were 

mainly focused on the hot-wall CVD. In this work, PC 

from ethanol was deposited on the carbon monofilament 

by cold-wall CVD and the microstructure was investigated. 

 

2. Experimental 

 

The laboratory-scale electrically heated cold-wall 

CVD reactor has been described by O. Féron et al. [15, 16]. 

Ethanol was used as carbon source and its vapour 

saturation was obtained with H2 carrier gas going through 

a bubbler maintained at 30 ℃ (Pethanol=15.7 kPa). The 

ethanol concentration was subsequently adjusted by 

diluting the saturated ethanol/H2 mixture in a further H2 

flow. For all the experiments, the total pressure and gas 

flows of H2 (carrier) and H2 (dilution) through the reactor 

were 101 kPa, 500 and 1500 cm
3
/min respectively. A four-

way valve was installed at the inlet of the reactor allowing 

the heating of the substrate under H2/Ar atmosphere before 

the introduction of the reactive (ethanol/H2) mixture. 

The PC coatings were carried out in a cold-wall 

reactor consisting of a vertical glass tube (L=450 mm, 

φ=20 mm) connected to gas inlet/outlet flanges on both 

ends (respectively, on top/bottom). A fixed pitch based 

carbon monofilament was used as substrate. It was 

electrically heated with constant intensity supply. Three 

samples A, B, C were fabricated at 1000, 1100 and 1200 ℃, 

respectively. 

The surface temperature was measured with a high-

resolution bichromatic pyrometer (Ircon Mirage). The 

morphology of the coatings was characterized with a field 

emission gun scanning electron microscope (SEM) 

(Hitachi S-4800). Raman spectroscopy is a suitable 

method for determining the microstructure of carbon 

materials [14-19]. In this work, Raman microprobe (RMS) 

analyses (HP800 from JY, France) were conducted on the 

longitude surface of PC coated carbon fibers. The 

excitation source was a He-Ne laser (λ=532.8 nm). The 

resolution of the laser probe was close to 1μm and the 

depth analyzed was of the order of 100 nm. 

 

3. Results 

 

Fig. 1 show the SEM images of transverse and 

longitude surfaces of PC coatings deposited at different 

temperatures. It can be seen in Fig. 1A that for the PC 

coating deposited at 1000 ℃, the carbon monofilament is 

surrounded by a thick layer of PC with a rough hackly 

fracture surface, about 1μm in thickness, corresponding to 

the medium-textured PC. The SEM image at large 

magnification (Fig. 2A) shows that the inside surface of 

PC coating was relatively dense with fine striations 

running parallel to the carbon monofilament axis. These 

striations may be normally related to the inheritance of the 

longitude surface of pitch based carbon monofilament. As 
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shown in Fig. 1B and 1C, multiple graphitic carbon layers 

arrange concentrically around the carbon monofilament. 

The parallel layer type structure indicates that PC seems to 

grow in the same lamellar way at high temperature. The 

SEM images of the PC layers deposited at 1100-1200 ℃ 

show growth character and preferred orientation, 

obviously corresponding to the high-textured carbon.  

 

 

Fig. 1. SEM micrographs of PC coatings deposited at 

various temperatures: image A, B, and C correspond to 

the cross section of coatings deposited at 1000, 1100, and 

1200 ℃, respectively; image D, E, and F correspond to 

the surface of PC coatings deposited at 1000, 1100, and  

              1200 ℃, respectively. 

 

 

Fig. 2. SEM images with high resolution of cross-section (A)  

and longitude surface (B) of PC coatings deposited at 1000 ℃. 

 
In Fig. 1, it can be seen that the PC coatings display a 

longitude surface structure dominated by the presence of 

globular features. The number of these globular structures, 

their roughness and their sizes seem to decrease as 

deposition temperature is raised. The globular features 

obtained at 1000 ℃ present uniform and compact globules, 

with diameter of about 250 nm (Fig. 2B).  

The spectra of Raman of PC coatings deposited at 

1000, 1100, 1200 ℃ are displayed in Fig. 3, respectively. 

The Raman spectra of samples show a typical 

polycrystalline graphite structure with the D band (for 

disorder) at 1350 cm
-1

 and the G band (for graphite) at 

1584 cm
-1

 [20]. The intensity ratio ID/IG and the full widths 

at half maximum (FWHM) of the D and the G band have 

been widely used to characterize the degree of in-plane 

crystallinity and the crystallite size of primary graphitic 

domains in carbons [21-26]. The intensity ratio ID/IG is 

inversely proportional to the crystallite size while the 

FWHM reflects the content of amorphous carbon. In 

addition, the appearance and shape of the second order 2D 

Raman spectrum with peak at about 2700 cm
-1

 can provide 

evaluation for the orientation of the crystallites in the three 

dimensional microstructure [27, 28].  

According to Fig. 3, it can be seen that with the rise of 

deposition temperature, the D and second-order bands 

grow in intensity, whereas the FWHM of the G band 

decrease. These changes suggest that the in-plane disorder 

as well as the level of graphitization increases with the rise 

of temperature. It is notable that a single, sharp 2D peak in 

PC coating is measured in Fig. 3A and the intensity of 2D 

band is about 2 times higher than that of G band. This 

feature is much different from the Raman spectra of other 

samples. Notably, the G peak intensity in the Raman 

spectra of the three samples is comparable. 
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Fig. 3. Raman spectra of PC coatings deposited at 1000,  

1100, and 1200 ℃, respectively. 
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Raman parameters for the PC coatings are shown in 

Table 1. The La value of crystal grain is also estimated by 

the value of R (ID/IG) according to the scale of the Tuinstra 

and Koenig relationship [20]. It can be seen that as 

deposition temperature increases, the value R and La 

decrease accordingly. The value of I2700/IG of sample A is 

about 2.23, which is much larger than that of the other two 

samples. It can be concluded that the PC coating deposited 

at 1000 ℃ has a distinctive microstructure which is much 

different from the other two samples investigated. 

 

Table 1. Raman parameters for the PC coatings deposited at different temperature. 

 

Sample T (℃) ID/IG La 

 (nm) 

I2700/IG FWHMD  

(cm
-1

) 

FWHMG 

(cm
-1

) 

FWHM 2700 (cm
-1

) 

A 1000 0.18 24.44 2.23 35.1 26.9 27.3 

B 1100 0.13 33.85 0.41 47.0 29.0 58.1 

C 1200 0.10 44.00 0.40 41.7 28.7 53.7 

 

 

4. Discussion 

 

It has reported that the 2D peak in graphite consists of 

two peaks 2D1 and 2D2 while the 2D peak in on single 

grapheme layer has only one component with roughly four 

times the intensity of the G peak [29]. The higher intensity 

of the 2D peak relative to the G band in a graphene 

monolayer is due to the triple resonance activation 

mechanism [30]. Escribano et al. [31] have indicated that 

the very narrow and strong 2D band appeared in the 

Raman spectra of glass carbon can be attributed to a very 

regular structure. In our work, the 2D band of sample 

deposited at 1000℃ is also narrow and strong, indeed it is 

two times high than that of the G band. Only the graphene 

fabricated by CVD has a higher ratio of I2D/IG [32]. The 

graphene nanosheets produced by a soft chemistry 

synthesis route have a broad and weak 2D band and it was 

attributed to the significant decrease of the size of the in-

plane sp
2
 domains due to oxidation and ultrasonic 

exfoliation in the fabrication [33]. Thus, it can be 

concluded that though PC from ethanol deposited at 

1000 ℃ has smaller crystal size than that of PC deposited 

at higher temperature, it has a regular structure with few 

defects in the sp
2
 domains.  

It is known that among the four dissociation reactions 

of ethanol as follows, the first two reactions are dominant 

under the current CVD conditions [34]. 

 

2 5 2 2 4M C H OH M H O C H        (1) 

2 5 2 3M C H OH M CH OH CH       (2) 

2 5 3 2M C H OH M CH HCO H        (3) 

2 5 2 5M C H OH M OH C H         (4) 

 
Park et al. [35] have studied the mechanism for 

thermal decomposition of ethanol using Ab initio 

molecular orbital theory. It is indicated that at lower 

temperature, the decomposition of CH3CH2OH occurs 

primarily by the dehydration reaction (1) while the 

production of CH3+CH2OH following reaction (2) 

becomes dominant when temperature is over 1200 ℃. In 

our work, it is assumed that the dehydration reaction 

which is dominant at low temperature may be the reason 

for the formation of PC coating with the unique 

microstructure. The appearance of H2O may suppress the 

generation of amorphous carbon and promotes the 

formation of crystal grains with regular microstructure. 

 

5. Conclusion 
 

The microstructure of PC coating from ethanol is 

greatly determined by the deposition temperature in cold-

wall CVD. The PC coating obtained at 1000 ℃ has a 

regular microstructure with few defects in the sp
2
 domains. 

The microstructure of PC coating from ethanol is closely 

related to the change of dominant species in the gas phase 

at different temperature. H2O which is dominant in the gas 

phase at low deposition temperature was presumed for the 

cause of the formation of unique microstructure observed.  
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