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Gasification of glycerol for hydrogen production in supercritical water was studied in a fluidisation bed system 

with the presence of Na2CO3 and ZnCl2. The experiment results show that temperature is the key factor and 

pressure has a minor effect on glycerol gasification. Higher temperature and pressure are in favor of glycerol 

gasification. Gasification performance of glycerol decreases with the increasing concentration, and 35wt. % 

glycerol was gamified stably during long time operations. Gasification efficiency increases and molar fraction 

of CO decreases with Na2CO3 addition. ZnC12 addition has no significant effect on the gasification efficiency, 

but it improves the selectivity of hydrogen in gas product. It is implied that the supercritical water fluidisation 

bed system is effective for hydrogen production by biomass gasification. 

1.  Introduction 

Silicon carbide (SiC) is a new high-performance non-oxide ceramic material. Due to the advantages of low 
density, high hardness, wear resistance, high modulus of elasticity, thermal conductivity, thermal shock 
resistance and chemical stability, SiC is an ideal material under high-temperature, strong erosion conditions. 
The applicability of SiC is expanded by nanotechnology, especially for the preparation of nano-SiC composite 
coating. We used electro-brush plating procedure to prepare Zn-doped nano-SiC composite coating on the 
surface of component. This technique can produce uniform, dense and well-bonded deposited layer on the 
surface of component using simple equipment at low cost and short cycle. The coating prepared can help 
prolong the service life and erosion resistance of the component. 

2. Experimental 

2.1 Principle 
A certain amount of insoluble nano-SiC particles are added into the plating solution and uniformly dispersed 
using a stirrer. The nano-SiC particles can adsorb the cations, or Zn ions, in the plating solution. During 
cathodic reaction, the nano-SiC particles are deposited on the surface of the particles together with the Zn 
ions, thus forming the composite coating. The nano-SiC particles not adsorbing the cations are also 
transported to the surface of the component. Though they are not involved in the cathodic reaction, the 
particles are embedded into the deposited layer as impurities, achieving the effect of enhancing dispersion. 

2.2 Single factor design 
The influence factors studied were content of nano SiC, content of zinc chloride (ZnCl2), and voltage and pH 

value. 

2.3  Electro-brush plating procedure  
A composite layer was deposited on the surface of aluminium alloy using electro-brush plating from the mixed 

solution of ZnCl2, SiC, polyvinylbutyral (PVB) and sodium dodecyl sulfate (K12).  

2.3.1 Configuration plating solution 
Wetting nano SiC, nano SiC is slowly added into the vortex of 20 ZnCl2 ml solutions, stirring 10 min, forming a 

first solution, 0.75 PVB g as a binder and 0.025 K12 g as a dispersant to form a solution of 30 ZnCl2 mL 

solution; the first solution and the second solution mixed with electric mixer, stirring 1.5 H. 
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2.3.2 Pre-treatment of Electro-brush plating 
(1) The first large cut copper brass sheet cut into standard size with scissors (1 cm * 5 cm). 
(2) First with 400 sandpaper polished brass surface 20 min, with 800 mesh sandpaper brass surface 15 min, 

finally with 2000 mesh sandpaper brass surface 10 min, burnish finished with lens paper wrapped spare. 
(3) Ethanol wipe: surface polished brass with cotton dipped in ethanol, remove the dust on the surface of oil. 
(4) The electric net oil removal: the negative electrode plate, the positive electrode is connected with the pen, 

the use of 12 V voltage, brush plating 3~5 times, with distilled water washing. 
(5) Activation process: the negative electrode, the positive electrode is connected to the substrate, 12 V 

voltage, brush plating until the surface is dark red, as soon as possible with distilled water to maintain the 

surface of the parts to prevent dry spots, re oxidation. 

3. Result and discussion 

3.1 XRD 

3.1.1 Effect of temperature on the composite coating 

 

Figure 1: X-ray diffraction spectrum of nano zinc-doped silicon carbide composite coating of different 

temperatures 

In Figure 2, the XRD spectra of zinc doped nano SiC composite coatings were expressed at different 

temperatures. The peak intensity of X- - ray diffraction spectra increased with the increase of brush plating 

solution temperature, which may be due to the increase of temperature, the conductivity of the coating, and 

the efficiency of the brush plating. When the temperature rises to 25, the diffraction peak intensity of the zinc 

doped nano SiC composite coating is the strongest, and the diffraction peak of SiC is obvious. Then, as the 

temperature continues to rise, the peak intensity of X- ray diffraction pattern is decreased, and the SiC 

diffraction peaks cannot be found in the composite coating. Because the electric field strength decreases with 

the increase of the temperature of the plating bath, the decrease of the SiC particle adsorption capacity, and 

the increase of the temperature, the increase of the ion thermal motion, decreases the viscosity of the SiC 

particles. So the best temperature of plating solution is about 25 degrees centigrade. 

3.1.2 Effect of pH on the composite coating 

 

Figure 2: X-ray diffraction spectrum of nano zinc-doped silicon carbide composite coating of different pH 

values 
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From Figure 4 it can be seen that with the increase of pH value, the intensity of SiC diffraction peak is 

gradually increased, but when the pH value is increased to 5, the intensity of SiC diffraction peaks in the 

coating is decreased. This may be due to the increase of the pH value of the plating solution, the amount of 

hydrogen will decrease with the concentration of hydrogen ion in the plating solution, and the adsorption 

capacity of the cathode surface to the SiC particles will be increased, so that the deposition of SiC particles 

can be improved, and the co deposition of SiC particles is promoted. However, when the pH value rose to 5, 

the concentration of hydrogen ion in the plating solution is decreased, and the active hydrogen atom  on the 

cathode decreases, so the complex ion is reduced. And the growth rate of nano SiC solid particles cannot 

catch up with the increase of the deposition of the zinc coating, so the content of SiC particles in the final 

brush coating decreases with the increase of pH value. So in order to obtain good composite brush plating, 

plating solution pH value of the best control in 5 is appropriate. 

3.1.3 Effect of voltage on the composite coating 

 

Figure 3: X-ray diffraction spectrum of nano zinc-doped silicon carbide composite coating of different voltages 

It can be seen from Fig. 1 that as the voltage increases; the diffraction peak of SiC in the coating is enhanced 

and becomes the strongest at about 12V. As the voltage further increases, all peaks in X-ray diffraction pattern 

are weakened. This is because as the voltage increases, the cathode current density increases, and leading 

to higher overpotential and electric field strength. As a result, the cathode has higher adsorption on SiC 

particles, which is in favor of the forming of Zn-SiC coating. But as the voltage further increases, too high 

current density will cause massive hydrogen production and hence the reduction in the adsorption of SiC 

particles to the cathode. Fewer SiC particles are deposited and there is a decline in the content of SiC 

particles in the coating. Therefore, the optimal voltage is 12V for depositing the composite layer.  

3.1.4 Effect of SiC content on the composite coating 

 

Figure 4: X-ray diffraction spectrum of nano zinc-doped silicon carbide composite coating of different Nano-

SiC concentrations 

It can be seen from Figure 3 that when the content of nano SiC is 10 g/L, the diffraction peak of SiC is 

relatively weak. As the content of nano SiC increases, the diffraction peak of SiC is enhanced. But the 

diffraction peak of SiC is weakened with the increasing content of nano SiC after the content of nano SiC 

reaches 20 g/L. The reason is that with higher content of nano SiC particles, there will be more SiC particles 

transported to the cathode in unit time, leading to higher probability of SiC particles being adsorbed and higher 

probability of SiC particles entering the coating[10]. After the content of SiC particles in the plating solution 

reaches 20g/L, there will be a balance in the adsorption of SiC particles onto the cathode. As more nano SiC 
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particles suspend in the plating solution with the increasing content of SiC particles, greater area of the 

composite coating is occupied by the SiC particles. Consequently, some active sites are covered and lose 

effect, and the deposition rate of SiC particles decreases. Therefore, the optimal content of nano SiC in the 

plating solution is about 20g/L. 

3.2 SEM 
Metal atoms are deposited in a regular pattern in electro-brush plating. They begin to pack together to form a 

crystal lattice. Fig. 5a shows the SEM image of pure zinc coating deposited from pure ZnCl2 solution, and Fig. 

5b shows the SEM image of composite coating deposited from zinc-doped nano SiC solution. 
 

   

Figure 5: a 25℃, voltage 12 V from the bath with nothing b 25℃, voltage 12 V from the bath with nano-SiC 

The addition of nano SiC particles makes the composite coating more uniform and denser. As seen from 

Figure 5b, the coating is denser and has smaller pores and more refined grains [12]. The nano SiC particles 

not only enhance the polarization of the cathode, but also reduce the over potential of nucleation reaction. 

This is favourable for the formation of new crystal nuclei and the inhibition of aggregation and growth of the 

nuclei. As a result, the coated metal substrate is refined with smaller cellular grains. This will effectively reduce 

the porosity of the coating while increasing the density. 

3.2.1 Effect of voltage on composite coating 
It is generally believed that the cathode over potential and electric field strength will increase as the voltage 

and the cathode current density increase. More Zn ions will be adsorbed onto the cathode, and higher cathode 

current density can increase the deposition rate of metal substrate and decrease the limit time. For this 

reason, high cathode current density promotes the entry of the Zn ions into the coating. 
 

 
a -10 V                                           b -12 V                                         c -14 V 

Figure 6: SEM images of the composite coatings obtained under different voltages 

Figure 6 shows the morphology of the composite coating obtained under different voltage. It can be seen from 

Figure 6b that the grains are smaller and more uniform. Figure 6c shows many pores on the surface of 

coating. As the voltage increases, cathode current density, over potential and electric field strength all 

increase. Consequently, more SiC particles are adsorbed onto the cathode, which is favourable for the 

formation of Zn-doped nano-SiC composite coating. As the voltage further increases, hydrogen will be 

produced massively due to high cathode current density. Fewer SiC particles are adsorbed onto the cathode 

and the content of SiC particles in the coating decreases. Therefore, the optimal voltage is 12V. 

3.2.2 Effect of pH value on the composite coating  
As shown in Figure 7a and c, the SiC particles are loosely and unevenly distributed. The grains in Figure 7b 
are much smaller and refined and evenly distributed. This is probably because the hydrogen ion concentration 
in the plating solution decreases with hydrogen production and more SiC particles are adsorbed onto the 
cathode. The code position of SiC particles is enhanced on the surface of the coating. After the pH value 
increases to 5, the hydrogen ion concentration of the plating solution decreases constantly. The number of 
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active hydrogen ions on the cathode decreases dramatically, and fewer complex ions are reduced. Thus the 
optimal pH value is about 5. 
 

     
a - at pH value 4                             b - at pH value 5                       c - at pH value 6 

Figure 7: SEM images of the composite coatings obtained under different pH values 

3.2.3 Effect of SiC content on the composite coating 
Compared with Figure 8a and 8c, the grains in Figure 8b are smaller and more uniform with smaller pores and 

smoother surface. The SiC particles are loosely and unevenly distributed in Figure 8a.The nano particles in 

Figure 8c are poorly dispersed and some particles aggregate. The reason is that as the SiC content increases, 

some nano SiC particles settle to the bottom of the flask and excess SiC particles collide with each other and 

aggregate. The nano SiC particles not adsorbed onto the cathode and not embedded into the coating will also 

shed off by colliding with other particles. This explains the reduction in deposition of the composite coating and 

the phenomenon of particle aggregation [15]. Therefore, in electro-brush plating, the SiC content should be 

neither too high nor too low, and 20 g/L is considered the optimal. 
 
 

 
a -15 g/L                                       b - 20 g/L                                     c - g/L 

Figure 8: SEM images of the composite coatings obtained under different levels of nano-SiC 

3.2.4 Effect of ZnCl2 content on the composite coating 
Figure 9 shows the surface morphology of Zn-doped nano-SiC composite coating under different ZnCl2 

content. In Figure 9a, the SiC particles are loosely and unevenly distributed. The coating surface is smoother 

in Figure 9b with denser and more evenly distributed grains and smaller pores. The nano SiC particles are 

poorly dispersed in Figure 9c and some aggregate together. 
 

 
a - Zinc chloride content 65 g/L      b - Zinc chloride content 75 g/L  c - Zinc chloride content 80 g/L 

Figure 9: SEM images of the composite coatings obtained under different levels of zinc chloride 

4. Conclusions 

We prepared the Zn-doped nano-SiC composite coating by electro-brush plating with high hardness, wear 
resistance and erosion resistance. The optimal conditions were voltage 12V, pH value 5, nano-SiC content 20 
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g/L and ZnCl2 content 75g/L. The composite coating obtained under the optimal conditions had much better 
performance compared with pure Zn coating. The presence of nano-SiC particles made the coating denser 
and the grains smaller and more uniformly distributed. 
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