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 Iron(III) oxide (hematite) was synthesized by combustion method of iron citrate in 
producing ultra fine powder. It was then deposited using pulsed laser ablation onto n-

type Si wafer supported by using Al buffer layer. Graphite target were then pulsed laser 

ablated onto the metal catalyst at high temperature of 500 °C. Carbon nanotube bundles 
with encapsulated metal catalyst were observed from the array of bundles formed at the 

Silicone wafer by the PLAD condition used. Temperature analysis for metal catalyst 

was conducted using thermogravimetric analysis(TGA). Crystallinity of the metal oxide 
formed was recorded using X-ray diffraction method (XRD). Morphology for the 

carbon structure was confirmed using electron microscopy (SEM)and transmission 

electron microscope (TEM).  
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INTRODUCTION 

 

 Various types of metals have been studied as catalyst for carbon nanotube production[1,2] for almost two 

decades since the claimed of helical microtubulesof graphitic carbon discovered by Iijima [3]. The interest in 

this carbon-based material is widely acknowledged for its exceptionally great mechanical [4,5] and electrical 

properties[6] later known as carbon nanotube. The most prominent potential only surfaced recently when a bulk 

of aligned carbon nanotubes served as a carbon nanotube, CNT cathode to tunnel electrons off the tip onto a 

phosphor screen acting as field emitter device. A more versatile technique could be employed in verifying the 

growth behaviour by using oven-laser ablation [6-8].  

 This paper reports the effect of temperature at substrate towards the growth orientation of carbon structures. 

A substrate heated at an elevated temperature optimized previously at 500 °C during pulsed laser ablation of 

carbon was found promising reported in this paper to achieve vertically aligned bundles of CNT encapsulated 

with catalyst. 

MATERIALS AND METHODS 

 

 A resistive-based electric plate heater was designed and fitted into the developed pulsed laser ablation 

cross-chamber (Fig. 1). Condition for previously produced bamboo-like carbon nanotube (CNT) constitutes 

layers of web-liked structures was revisited for comparison purpose[9,10]. Heat source was introduced at 

substrate site to activate the catalyst meant to affect the morphology of carbon structure growth. 

 In this experiment, n-type Si wafer substrate was mechanically attached onto a quartz glass covering the 

resistive coil. A K-type thermocouple is located 5 mmalong the same axis of plane away from the heating coil. It 

is connected to external Carbolitetemperature control system through electronic feed-through. Aluminium layer 

of 50 nm served as barrier layer is pre-deposited using thermal evaporator onto the 2-inch Si wafer. This layer is 

utmost important to prevent Fe from reacting with substrate [11]. Deposition of the catalyst and graphite were 

performed by using pulsed laser ablation (second harmonic Nd:YAG laser equivalent to 532 nm wavelength, 

frequency of 1.50 kHz, laser fluence at target was 87mJ/cm
2
). A temperature of as hot as 2000 °K could be 

achieved at the laser spot by this condition [12].  

 A catalytic layer of Fe thin film was then deposited onto the Si wafer (100). Fe2O3 powder was pressed into 

pellets (13 mm in diameter and 7 mm thick of 2 gram). The ablation performed on catalyst target was at room 
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temperaturein anAr environment (about 28°C, background pressure optimised at 80 Pa).The catalytic thin 

filmablated on substrateswas optimised at 5 minutes.  

 Graphite pelletsacted as feedstock however (12mm in diameter and 5mm thick) was used as ablation target 

during the second stepof ablation. Si wafer substrate with catalyst film was optimized and heated at 500 

°Cduring graphite ablation for 20 minutes. Pressure contained within the cross-chamber during carbon ablation 

for maintaining a plume shapewas at 333 Pa of Arbackground gas. The target was rotated to avoid local heating 

during pulsed laser ablation [13]. The Si wafer substrate was sent for characterization after cooling down of 

electric heater. 

RESULTS AND DISCUSSION 

 

 Combustion method of ammonium iron citrate complex was used in preparation of very pure α-

Fe2O3powder [14]. Heating of ammonium iron citrate complex was controlled at 400 °C in a well-ventilated 

fume cupboard. Ammonium ion used to neutralize the iron citrate complex tends to release hazardous by-

product during the combustion process. Red pine branches produced were crushed into powder form later 

moulded into pellet of 13 mm diameter. Those pine branches were closed in the form of α-phase iron(III) oxide. 

Sintering temperature were found peak at 593 °C according to thermograph (TGA) recorded (Fig. 1). Thermal 

analysis performed showed those red pine branches prepared started to releases heat by 500 °C contributed the 

exothermic reaction as recorded by differential thermal analysis (DTA). 

 

 
Fig. 1: Schematics for the enhanced version of the Pulsed Laser Ablation Deposition (PLAD) system in 

University Putra Malaysia. 

 
 

Fig. 2: Thermograph recorded by the thermogravimetric analysis (TGA) of the final product for iron citrate 

complex. 

 

 It is attributed to the energy required to release impurities from raw material trapped within lattice plane. 

Heat-treatment at 550 °C performed at those pine branches found product have the most intense peak that 

matched the known standard (JCPDS 01-079-1741). The XRD peak signature were found to be in α-phase well 



71                                                                       Sengchoy Liew et al, 2014 

Advances in Natural and Applied Sciences, 8(2) February 2014, Pages: 69-74 

 

 

before any further heat treatment [14-15]. Sintering process performed at 550 °C was found to produce better 

crystallinity plane of hematite (Fig. 3). Pulsed laser ablation process performed at the catalyst exceeded this 

temperature by far and therefore emitted particles condensed on Si wafer substrate surface would be of very 

pure phase hematite.  

 The threshold sintering temperature of as-prepared iron(III) oxide were manipulated in assist to the growth 

of carbon structure process. Iron(III) oxide powder prepared was pressed into pellet form used as for laser target 

without further heat treatment. It was found that the iron(III) oxide catalyst remained at the Si wafer substrate 

being covered by web-liked of carbon structure staggering above the catalyst while the whole ablation process 

performed at room temperature (Fig. 4). Wetting condition for graphite vapour ablated by the pulsed laser at the 

liquid state of catalyst could not achieved under this condition [16]. The catalyst ablated at the Si wafer should 

be activated by elevated temperature. Liquid state of the catalyst could be used to allow incoming of graphite 

vapour to formed metallofullerenes intermediate while its crystalline plane drifted as observed being sinteredat 

550 °C during XRD analysis (Fig 3). Further incoming of carbon vapour ablated by pulsed laser would form a 

solid structure once cooled at room temperature. The formation of iron carbide around and beyond this transition 

temperature is crucial as the intermediate for the formation of aligned carbon nanotube [17]. It was an idea 

proposed and widely knowledge until being verified experimentally. This Vapor-liquid-solid (VLS) theory was 

once again proven to be rigid in explaining the growth of carbon structure.  

 Pillars structure of carbon was found at the substrate once the catalyst was activated during pulsed laser 

ablation of graphite. A well-formed microstructure was grownat the substrate when the temperature during 

graphite ablation was at 500°C as depicted in Fig.4 using Joel JSM 6400 operated at 20 kV of working distance 

18.6 mm. The protruding structure was found to be prominent as compared to condition where vapour carbon 

ablated being quenched at substrate (Fig. 3). 

 

 
 

Fig. 3: XRD spectrograph recorded the comparisons of the iron oxide with sintering temperature at 550 °C. 

 

 
 

Fig. 4: SEM micrograph showed layers of web-liked carbon structure deposited using pulsed laser ablation at 

room temperature staggering above the catalyst deposited. 

 

 This anomaly suggests that carbon nano-structures on non-heated Si wafer substrates during ablation tend to 

grow over the whole surface, and thus forminglayers of web-like structures. It is consistent with the reformation 

of graphite sheets after being ablated from graphite pellets. It suggested that pillars formation observed follows 

others’ route of growth. The formation of graphite layers requiring the sp2 hybridisation of carbon atoms is 

insufficient to support the growth mechanism of the carbon structure’s protrusion from the substrate face. The 

vapour-liquid-solid (VLS) growth mechanism could be used to explain the formation pillar-like structure [18]. 
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The carbon base source must be initially dissociated from the feedstock in vapor state.It was then diffused into 

the agglomeration of molten catalyst that has to be melted while adhering at substrate. Acts as the medium for 

diffusion of carbon atoms until super-saturation. This process further transforms the carbon atoms into graphite 

lattices within the molten catalyst, leaving the precipitate as a tube starting from the molten catalyst surface. 

Bundles of carbon nanotubes observed in transmission electron microscope (TEM) served as the basic building 

block for the pillar-like structure (Fig. 6). Temperature gradient is once again created once the structure 

protrudes from the heated substrate. It caused the tip to agglomerates incoming flux of carbon atoms thus 

forming amorphous state of structure at random mushroom shape. + 

 

 
 

Fig. 5: SEM micrograph showed deposits from graphite target being formed onto Fe catalyst layer at elevated 

temperature of 500 °C. 

 

 
 

Fig. 6: TEM micrograph at one of the pillars successfully extracted from the substrate. 

 

 Iron(III) oxide of sufficient amount ablated at substrate is by controlling the duration of catalyst being 

ablated during pulsed laser ablation process. It enables the encapsulation of iron(III) oxide inside carbon 

nanotubes (Fig. 6). Bundles of carbon structure tube in nano-sized ranged were seen encapsulated with darker 

substance (Fig. 6). The heavier atomic mass was attributed to the catalyst metal used during the growth of 

carbon structure confirmed by EDX  (Fig. 7). It bounces off the electron beam used by the transmission electron 

microscope (TEM) in resolving the micrograph as shown in Fig. 6. Bundles of CNT encapsulated with catalyst 

were the result of van der Waals interaction force exists between the CNT [19]. It was however possible caused 

by the ferromagnetism behavior of catalyst used [20]. The pulsed laser ablationprocess performed between 

theMorin transitiontemperature and Neel temperature for hematite. The ferromagnetism behavior that 

contributed towards the agglomeration of catalyst during the growth processare subjected to verification. Further 

investigation are however on-going for the effect of ferromagnetism behavior in assist to the aligned effect of 

CNT. 
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Fig. 7: EDX micrograph records over the area of pillar structure. 

 

Conclusion:  

 The heat supplied to the substrate during deposition affects the physical properties of carbon 

microstructures. This paper lead to the present of intermediate stated in the VLS growth model. Catalyst 

activation using high temperature 500 °C at substrate are found sufficient to form the intermediate for the 

aligned growth of carbon pillars. Temperature gradient terminates the protruding growth length of carbon 

structure. Bundles of CNT were found to be those pillars of microstructure formed at substrate encapsulated 

with the catalyst used. 
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