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Abstract  

Formation of compact graphite was studied in 

experiments where ductile cast iron samples were 

repeatedly melted and solidified. In each cycle, the 

Mg-treatment faded leading to a gradual change in 

graphite shape from nodular shape to compact 

graphite and eventually flaky graphite.  

In situ X-ray observations of nucleation and growth 

of compact graphite shows how the graphite 

nucleates as individual, nearly spherical particles that 

form protrusions in the interdendritic space, and 

eventually merge to form large 3-dimensional 

networks of compact graphite aggregates.  
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1. Introduction 

 Compacted graphite (CG) iron was developed more 

than 50 years ago and is widely used in the 

automotive industry due to its outstanding 

combination of mechanical and thermal properties [1]. 

While the size and morphology of graphite in CG 

iron play a key role in determining its properties [2], 

the evolution of CG during solidification is still not 

fully understood. There are several aspects of growth 

of CG which are investigated by ex situ interrupted 

solidification techniques and post-solidification 

characterization, such as scanning electron 

microscopy (SEM) [3,4]. It is often reported that CG 

grows from near spherical embryos, which in contact 

with the melt branches further, developing into CG 

[5–7]. This degeneration and branching of graphite 

occur by twin boundary defects [5,8]. Furthermore, 

CG precipitating directly from oxides and sulfides 

was also detected by metallographic examination [9]. 

Recently, the morphology of CG obtained at different 

solidification stages was characterized using 

laboratory X-ray tomography (CT). It was found that 

CG evolves from spheroidal to cluster-like graphite, 

and then interconnects with each other, resulting in 

large CG clusters [10]. 

In the present work, we use an upgraded 

synchrotron X-ray CT setup combined with a 

bespoke high-temperature environmental cell [11] to 

directly observe the nucleation, growth, and 

branching process of CG during solidification, and 

resolve local instantaneous microstructural variations 

around the graphite.  

 

2. Experimental Procedure 

 The initial composition of the material and all 

details pertaining to the experimental set-up is 

described in a previous investigation [11]. For this 

experiment synchrotron X-ray absorption-contrast CT 

was performed at the beamline I12, Diamond Light 

Source, UK, equipped with a high-temperature 

environmental cell. The sample with a size of Ø2 × 

12 mm was encapsulated in a Ø2.1 mm argon filled 

quartz tube. 

The sample was repeatedly heated and cooled. In 

each cycle, the sample was heated to 1178 °C, briefly 

held to ensure the material melted within the whole 

gauge volume, and then cooled at a rate of 0.3 °C/s to 

1000 °C. The present analysis is based on the last 

cooling cycle. During the time-resolved 

high-temperature solidification experiment, a 

monochromatic beam and a PCO edge camera were 

used for tomographic imaging. In total, 200 

tomograms were acquired, each consisting of 720 

projections and with a frame rate of 182 Hz (or 4 s 

per tomogram). Finally, the graphite morphology of 

the entire sample was characterized after 

solidification at room temperature using laboratory 

X-ray CT and SEM. 

 

3. Result and Discussion (Times New Roman 

10BF) 

 The first graphite particle is detected at 1129 ˚C. 

The nucleation rate increases and thousands of 

graphite particles form at temperatures between 1117 

˚C to 1099 ˚C. Most graphite embryos are in a 

spheroidal shape, and a few have plate-like shapes. 

The plate-like embryos are found to grow very fast 

compared to the spheroidal embryos, and develops 

into a highly branched aggregate structure, resulting 
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in the CG particles as the dominating morphology in 

the volume. Moreover, it is observed that the majority 

of primary graphite nucleating in the early stage and 

more than half of the graphite forming in the last 

stage are found to be SG at the end of solidification. 

Most secondary graphite forming in the intermediate 

stage, however, is observed to develop into CG. The 

majority of graphite embryos develop into graphite 

particles with a lower sphericity, while 9% of all 

embryos retain their high sphericity during growth. 

By tracking the size evolution of single CG 

extremely high growth rate can be observed in the 

late stage of solidification. For the first time we 

directly observe graphite nucleating at different sites 

and growing into larger sizes, followed by the 

development of branches and interconnections with 

each other (Fig. 1). To further investigate the role of 

the particle interconnection in the formation of CG, a 

new parameter, connectivity, is defined as the number 

of single particles involved in the formation of a CG 

particle at the end of solidification. The correlation 

between the size and the connectivity shows a clear 

positive linear relation. Moreover, by relating the 

carbon concentration to X-ray attenuation, it can be 

observed that some particles grow in thin channels of 

liquid interconnecting and forming one large, 

complex CG particle. We thus hypothesize that high 

carbon concentration, i.e., thin melt channels, induces 

the development of branches and interconnection of 

particles. 

Fig. 4 Storyboard of the evolution of a compacted 

graphite particle showing nucleation, growth and 

interconnection. 

 

4. Conclusions (Times New Roman 10BF) 

 During repeated melting and solidifying of a ductile 

cast iron sample, it was discovered that: (i) CG 

graphite is detected initially in mainly spheroidal 

shapes but with few particles in plate-like shapes, (ii) 

except for initial growth and branching, 

interconnection of graphite particles plays a crucial 

role in the formation of CG, and (iii) CG grows much 

faster than SG during subsequent cooling in solid 

state. Furthermore, the growth and branching of the 

graphite appears to be induced by high carbon 

concentrations, i.e., thin melt channels between solid 

structures. 
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