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Highlights 

 Residual carbon formation from entrained-flow gasification fine slag was revealed. 

 Vitrinite is prone to achieve a higher conversion level at entrained-flow conditions. 

 Vitrinite residual carbon has more active sites, giving a higher gasification activity. 

 

1. Introduction 

Entrained flow coal gasification technology is widely used in the field of coal gasification 

technology [1-2] while it will produce a large amount of fine slag, which causes environmental pollution, 

energy waste and other problems [3]. Therefore, the residual carbon of gasification reaction with different 

macerals was prepared under rapid heating conditions in this study, and the carbon conversion and 

physicochemical structures were analyzed, which could help to deepen the understanding of the 

correlation between microstructure of the coal and macroscopic reaction properties. 

2. Methods 

In this study, Meihuajing coal was selected to be separated and enriched macerals by density 

gradient centrifugation and different macerals were gasified at 1300 °C and H2O/O2 conditions in the 

drop tube furnace (DTF, Figure 1) to collect residual carbon.  

 

Figure 1. Schematic diagram of the heating device of the DTF 

3. Results and discussion 

The carbon conversion was calculated by using Eqn. (1) for the collected residual carbon, where 

M0 was actual inlet quality of maceral enrichments in the dry and ash–free basis, and M was the quality 

of residual carbon collected after the gasification, carbon conversion of the bar graph was shown in 

Figure 2.   It could be found that the carbon conversion of MHJ – V and MHJ – I were 69.94 % and 

58.26 %, while ∆2 gave a difference of 4.71 % between the volatile content of the two, and it was obvious 
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that ∆1 was much larger than ∆2, which implied that the carbon structure of the coal maceral enrichments 

contributes more to their conversion. Overall, MHJ – V reacted more deeply compared to MHJ – I under 

the entrained–flow conditions.  

                                                               Xdaf =
𝑀0−𝑀

𝑀0
                                                       (5) 
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Figure 2. Volatile content and carbon conversion of different maceral enrichments 

Scanning electron microscope was used to observe the surface morphology of different maceral 

enrichments and residual carbon, as shown in Figure 3. It could be seen that the surface of MHJ – V was 

relatively smooth and flat with densely arranged particles, while the surface of MHJ – I was rougher, 

which might be due to the fact that some of the minerals were not completely removed were assigned 

to the MHJ – I in various forms. Observing the surface morphology of residual carbon, the surface of 

MHJ – VC was severely corroded, a large number of porous structures appeared, presenting a clear 

honeycomb structure, while some clearly visible small microporous appeared on the surface of MHJ – 

IC. The above results were consistent with the carbon conversion of maceral enrichments in Figure 2, 

indicating that MHJ – V was more likely to realize the gasification reaction under high temperature, 

short residence time and H2O/O2 gasification conditions. 

 

Figure. 3 Micromorphology of maceral enrichments and residual carbon 
XRD was used to characterize the microcrystalline structure of the residual carbon of different 

maceral enrichments under rapid heating conditions, and the stacked aromatic lamellae similar to the 

graphite (semi – graphite) structure was called "microcrystals", as shown in Figure 4, which showed that 

the peaks of 002 and 100 of residual carbon are prominent compared with those of the original maceral 

enrichments, implying that the high – temperature gasification process had led to the development of 

the carbon structure in the direction of ordering [4]. 
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Figure. 4 XRD patterns of maceral enrichments and residual carbon 
 

To further understand the differences in chemical structure of the residual carbon of different 

maceral enrichments, the carbon microcrystalline structure parameters were given in Table 5. The 



aromatic lamellae diameters (La) and stacking heights (Lc) of MHJ – I were higher than those of MHJ 

– V, suggesting that the aromatic rings of MHJ – I had a higher degree of condensation and graphitization. 

Due to the shedding of aliphatic side chains and oxygen – containing functional groups, the Lc of MHJ 

– IC increased, and the number of aromatic lamellae stacked increased, which led to the decrease of the 

d002 and the closer arrangement of the macromolecular structure, at the same time Lc and La of MHJ 

– IC were higher than those of MHJ – VC, indicating that the ordering process of carbon microcrystalline 

structure of MHJ – IC was faster at higher gasification temperature and H2O/O2 conditions. 

Table. 5  Structural parameters of carbon microcrystals 

Sample  fa =
A002

A002 + Aγ
 Lc =

KCλ

B002cosθ002
 La =

Kaλ

B100cosθ100
 d002 =

λ

2sinθ002
 

MHJ – V 0.267 1.125 2.038 0.362 

MHJ – I 0.396 1.160 2.714 0.361 

MHJ – VC 0.724 1.156 2.943 0.358 

MHJ – IC 0.834 1.256 3.161 0.350 

Note[5,6]: 𝜆 – the wavelength of Cu Kα rays (nm) was used, 𝜆 = 0.154056 nm; 

𝜃002，𝜃100 – the diffraction angle (°) corresponding to the 002 and 100 peaks; 

𝛽002，𝛽100 – half peak width values (rad) for peaks 002 and 100; 

𝐾𝑐，𝐾𝑎 – constants, 𝐾𝑐 = 0.89, 𝐾𝑎 = 1.84 

4. Conclusions 

Under rapid heating conditions, compared with the Inertinite residual carbon, the vitrinite residual 

carbon has a richer pore structure, a larger specific surface area, a lower degree of graphitization, and a 

higher reactivity. 
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