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A B S T R A C T   

The present study aimed to determine the correlation between graphitization parameters during the 
manufacturing of isotropic graphite blocks, including temperature, residence time, and heating rate, and the 
physical properties of the obtained graphite blocks. It was found that during graphitization, nitrogen- and sulfur- 
containing gases were generated, and the isotropic graphite blocks exhibited volume shrinkage, and their 
apparent density and bulk density increased, regardless of any changes in the process parameters, due to the 
intrinsic microstructure of the isotropic coke. Graphite blocks with varying graphitization temperatures and 
residence time exhibited increased bulk density and open porosity but decreased flexural strength and electrical 
resistivity compared to carbonized blocks. It was also confirmed that the heating rate process parameter was 
related to gas release rates and crystallization. In addition, it was observed that micron-sized pores were created 
around the developed graphite layered structure with increasing graphitization degree.   

1. Introduction 

Isotropic graphite blocks are widely used in various applications 
where high strength is required, such as nuclear reactors, aerospace 
components, and mechanical parts [1–4]. Isotropic graphite blocks are 
produced by mixing isotropic fillers and binders and then subjecting 
them to a series of processes, including forming, carbonization, 
impregnation, and graphitization [5]. 

The graphitization process inevitably involves heat treatment at 
2200 ◦C or higher temperature to make sure that graphite blocks have 
high heat and chemical resistance and high electrical conductivity [6,7]. 
The blocks undergo volume shrinkage and densification while being 
heat-treated at graphitization temperatures, as the (002) d-spacing of 
the hexagonal structure decreases, leading to an increased degree of 
crystallinity [8]. In the meantime, however, hetero atoms (sulfur and 
nitrogen) contained in the carbon-based materials are released in a 
gaseous form, resulting in the formation of pores and cracks inside the 
graphite blocks by irreversible expansion. This phenomenon is called 
puffing [9]. The release of nitrogen is known to start at around 1400 ◦C, 
followed by the release of sulfur at around 1600 ◦C [8–11]. 

The degree of expansion caused by puffing is related to the 
arrangement, domain size, and pore structure of the coke [12]. Unlike 

needle coke with a lamellar microstructure, isotropic coke has a mosaic 
structure and thus is less affected by puffing because the release of ni
trogen- and sulfur-containing gases can be more effectively facilitated 
[13]. Accordingly, the coefficient of thermal expansion (CTE) is higher 
in isotropic coke than in needle coke, while the effect of puffing is larger 
in needle coke than in isotropic coke. 

In a previous study, K. I. Fujimoto et al. prepared green bodies with a 
diameter of 20 mm by mixing needle coke and mosaic coke with binder 
pitch. The obtained bodies were then subjected to graphitization while 
being heated up to 2500 ◦C, and puffing curves were measured over the 
entire temperature range. In the needle-coke specimen, the diameter 
changes rate (ΔL/L) sharply increased in the temperature range between 
1600 and 2500 ◦C. During cooling, the extruded material was found to 
contract, but its volume was larger than its initial level. In contrast, with 
the mosaic-coke specimen, the expansion rate started to increase at 
1500 ◦C, but the degree of expansion was significantly smaller than in 
the needle-coke specimen. Furthermore, the shrinkage rate during 
cooling was higher in the mosaic-coke specimen than in the needle-coke 
specimen, and thus the final volume of the extruded material was 
smaller than its initial volume [8]. 

The process parameters for graphitization include the final (graphi
tization) temperature, residence time, and heating rate. The final 
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temperature and residence time are closely related to the level of 
densification, which results from an increase in the degree of crystal
linity of the graphite blocks. The heating rate is related to the formation 
of pores and cracks accompanied by the generation of volatile gases [6, 
8,14]. Consequently, the physical properties of isotropic graphite blocks 
can be improved by adjusting these graphitization process parameters. 

In fact, extensive research has focused on puffing inhibitors and ways 
of changing the properties of graphite blocks during graphitization, in 
efforts to determine how puffing affects the graphitization process when 
fabricating electrodes using needle coke [8–12]. However, little 
research has considered how graphitization process parameters affect 
the graphitization behavior of isotropic graphite blocks fabricated using 
isotropic coke, which is relatively less affected by puffing. Most studies 
on isotropic graphite blocks have compared the mechanical properties 
and chemical resistance of different commercial isotropic graphite 
blocks for nuclear applications [15,16] or ways of improving their 
strength using ultra-fine particles [4,17]. 

In the present study, isotropic graphite blocks were prepared using 
isotropic coke and coal tar-based binder pitch, and the obtained blocks 
were then subjected to graphitization while varying the final tempera
ture, residence time, and heating rate. Their shrinkage rate, density, 
mechanical strength, and electrical resistivity were also measured to 
determine how these properties were correlated with the graphitization 
process conditions. 

2. Experimental procedure 

2.1. Forming and carbonization 

Isotropic coke was pulverized into powder with a particle size of 10 
㎛ or less, and the obtained powder was mixed and kneaded with coal 
tar-based binder pitch. The mixture was then subjected to uniaxial 
compression molding to obtain green bodies with dimensions of 10 × 10 
× 50 mm3. Carbonization was then performed in a tube furnace filled 
with nitrogen gas, in which the green bodies were heated at a rate of 
2 ◦C/min to 1000 ◦C and kept at the temperature for 1 h. 

2.2. Graphitization 

The calcined isotropic coke and isotropic carbonized blocks were 
heat-treated using a resistance-heating vacuum graphitization furnace. 
Graphitization conditions about process parameters are summarized in 
Table 1. Table 2 shows photo of heat-treated graphite blocks for various 
graphitization conditions. Visual observation did not show any pecu
liarities, such as cracks, on the surface after graphitization. 

2.3. X-ray diffraction of graphitized isotropic coke 

Changes in the crystallinity of the calcined isotropic coke were 
analyzed for the applied graphitization temperature, residence time, and 
heating rate using an X-ray diffractometer (XRD, Smartlab, Rigaku). Cu- 
Kα1 with a wavelength of 1.5406 Å was used as an X-ray target source, 
and all XRD spectra were measured in the scanning range of 5–60◦ and 
at a scanning rate of 1◦/min. Afterward, d-spacings were calculated from 

the 2θ values obtained from each peak using the Bragg equation, and the 
Lc and La were also estimated based on the full width at half maximum 
(FWHM) values using the Scherrer equation. La size of calcined isotropic 
coke was calculated with FWHM of (10l), and graphitized isotropic coke 
was calculated with (100). XRD analysis was measured four times for 
each sample and expressed as average value and dispersion. 

The degree of graphitization of the graphite blocks can be calculated 
using Equation (1) according to the applied graphitization conditions 
[18,19].  

G(%) = {(3.440 - d002) / (3.440–3.354)} * 100                                     (1) 

G(%): Degree of graphitization. 
3.440: Interlayer spacing of fully non-graphitized carbon (Å) 
3.354: Interlayer spacing of the ideal graphite crystallite (Å) 
d002: Interlayer spacing obtained from the XRD spectra (Å) 

2.4. Apparent density 

The dimensions and weights of the carbonized blocks obtained at 
1000 ◦C and the graphite blocks heat-treated according to the graphi
tization process conditions were measured to determine changes in the 
apparent density of the graphite blocks compared to the carbonized 
blocks. Three carbonized blocks were graphitized for each process 
condition, and their dimensions were determined by measuring the 
width, length, and height three times using vernier calipers and aver
aging them. 

2.5. Bulk density and open porosity measurement 

The bulk density and open porosity of the carbonized and graphite 
blocks were measured using Archimedes’ method [20,21]. Three spec
imens were prepared for each process condition, and their dry weight, 
underwater weight, and saturated weight were measured. The specimen 
was dried in an oven at 100 ◦C for 24 h and the dry weight was 
measured. Then, the specimen was soaked in boiling water for more 
than 3 h and cooled down to room temperature, and only the water on 
the specimen surface was removed with wet gauze to measure the 
saturated weight. Finally, the underwater weight of the specimen soaked 
in distilled water was measured. Based on the results, their bulk density 
and open porosity were calculated using Equation (2) and Equation (3), 
respectively.  

Bulk density (g/cm3) = WeightDry / (WeightSaturated - WeightUnderwater)     (2)  

Open porosity (%) = {(WeightSaturated - WeightDry) / (WeightSaturated - 
WeightUnderwater)} * 100                                                                    (3)  

2.6. Flexural strength measurement 

The flexural strengths of each specimen were measured using a 
universal testing machine (UTM) according to ASTM D 7972. Three 
specimens were prepared for each process condition. During the tests, 
the upper loading point was placed right at the center of each specimen, 
in both the longitudinal and transverse directions. Each of the two lower 
loading points was placed 20 mm away from the center. All measure
ments were performed at a loading rate of 0.5 mm/min, and the flexural 
strengths of each specimen were calculated using Equation (4).  

Sb = 3WI / 2bt2                                                                              (4) 

Sb: Flexural strength (N/cm2), I: Distance between the two points 
(cm), W: Maximum load 

b: Specimen width (cm), and t: Specimen thickness (cm) 

Table 1 
Process conditions for graphitization.  

Graphitization process parameters Values taken Fixed conditions 

1. Temperature 1-1. 2400 ◦C Heating rate: 2 ◦C/min 
1-2. 2600 ◦C Residence time: 1 h 
1-3. 2800 ◦C 

2. Residence time 2-1. 1 hr Heating rate: 2 ◦C/min 
2-2. 2 hr Temp.: 2800 ◦C 

3. Heating rate 3-1. 2 ◦C/min Temp.: 2800 ◦C 
3-2. 20 ◦C/min Residence time: 1 h  
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2.7. Electrical resistivity measurement 

Electrical resistivity measurements were conducted according to the 
potential drop method described in ASTM C 611. Three graphite block 
specimens were prepared for each process condition, and the corre
sponding potential drop between the voltage terminals, their cross- 
sectional area, current level, and the distance between the voltage ter
minals was measured, and based on the results, the electrical resistivity 
of each specimen was calculated using Equation (5).  

⍴ = eS / il                                                                                      (5) 

⍴: Electrical resistivity (Ωcm), e: Potential drop between the termi
nals (V), 

S: Cross-sectional area of the specimen (cm2), i: Current (A), and l: 
Distance between the terminals (cm) 

2.8. Observation of microstructure 

The Microstructure of the isotropic graphite block with respect to the 
graphitization conditions was observed by using an optical microscope 
(OM, Nikon ECLIPSE, LV150) and a scanning electron microscope (SEM, 
JEOL, JSM6500). In Table 2, the top face of the graphite block was 
micro-polished to 0.25 ㎛ without mounting. After acquiring 48 bright 
field images while moving the position at a magnification of 50, OM 
images obtained an image with an area of about 10 × 10 mm2 by world 
mapping. SEM images were observed at 100x and 500x magnification. 

3. Results and discussion 

3.1. X-ray diffraction of graphitized isotropic coke 

Fig. 1 is the XRD spectra of isotropic coke with respect to the 
graphitization conditions. In Fig. 1(a), the 2θ position of (002) shifted to 
the right as the graphitization temperature and residence time 
increased. However, 2θ of graphitized isotropic coke at 20 ◦C/min 
shifted the position of 2θ to the left compared to that at 2 ◦C/min. In 
Fig. 1(b), the calcined coke showed a (10l) peak, and as the graphiti
zation temperature increased, the (100) and (101) peaks gradually 
decomposed. 

Fig. 2 and Table 3 present changes in the XRD parameters of the 
isotropic coke with respect to the graphitization process conditions. The 
(002) d-spacing of the calcined coke (at about 1400 ◦C) was measured 
and found to be 3.465 Å, and the crystallite sizes Lc and La were 27.0 Å 
and 56.8 Å, respectively. 

As the graphitization temperature and residence time increased, the 
(002) d-spacing continued to decrease while the crystallite size 
continued to increase. Thus, at the graphitization temperature of 
2800 ◦C, the (002) d-spacing was 3.366 Å, Lc was 258.1 Å, and La was 
383.8 Å when the residence time was 2 h. It was also found that the 
crystallinity was higher when the residence time at 2800 ◦C was 2 h than 
when it was 1 h. The degree of graphitization, which was 66.0% at 
2400 ◦C, continued to increase with increasing graphitization temper
ature and residence time; when the residence time at 2800 ◦C was 2 h, 
the degree of graphitization was 85.7%. 

Table 2 
Photo images of graphite blocks. 
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The heating rate during graphitization also affected the crystallinity. 
When 2800 ◦C for 1 h, d002 of isotropic coke graphitized at 2 ◦C/min was 
3.368 Å, Lc was 248.0 Å, La was 373.5 Å, and the degree of graphitization 
was 83.7%. On the other hand, the isotropic coke graphitized at 20 ◦C/ 
min decreased crystallinity. d002 was 3.371 Å, Lc was 242.9 Å, La was 
359.5 Å, and the degree of graphitization was 80.5%. 

3.2. Effect of temperature and residence time 

As previously described, isotropic graphite blocks were produced at 
different graphitization temperatures of 2400 ◦C, 2600 ◦C, and 2800 ◦C; 
the heating rate was 2 ◦C/min, and the residence time at each graphi
tization temperature was 1 h. At the graphitization temperature of 
2800 ◦C, however, the residence time was set to up to 2 h, unlike the 

Fig. 1. XRD spectra of isotropic coke with respect to the graphitization conditions. (A colour version of this figure can be viewed online.)  

Fig. 2. Changes in the XRD parameters of the isotropic coke with respect to the graphitization conditions: (a) d002, (b) Lc, (c) La, and (d) G (%). (A colour version of 
this figure can be viewed online.) 
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other cases, to examine the effect of the residence time. Changes in the 
volume, weight, and apparent density of the graphite blocks were 
examined with respect to the graphitization temperature and residence 
time, and the results were compared with those obtained from the 
carbonized blocks, as shown in Fig. 3. 

The volume shrinkage rate was found to increase with increasing 
graphitization temperature. At 2600 ◦C and 2800 ◦C, however, there was 
no significant difference in the shrinkage rate. There was also no sig
nificant trend found in the weight change over the entire graphitization 
temperature range. This was attributed to the fact that almost all im
purities that had remained in the block after the carbonization process 
was released in the temperature range of 1500–2000 ◦C, resulting in no 
significant weight difference over the experimental temperature range. 

Meanwhile, the shrinkage rate and apparent density were found to 
increase with increasing residence time. This was attributable to an in
crease in crystallinity. At 2800 ◦C, the (002) d-spacing was smaller when 
the residence time was 2 h than when it was 1 h, as previously discussed 
in the XRD analysis of the isotropic coke. 

The physical properties of the graphitized blocks were examined and 
compared in relation to the graphitization temperature and residence 
time, as presented in Fig. 4. The bulk density and open porosity of the 
graphitized blocks were greater, regardless of the graphitization tem
perature, compared to the blocks carbonized at 1000 ◦C, but their 
flexural strength was lower. However, the graphitization temperature 
was found to have no significant effect on these physical properties. In 
contrast, the electrical resistivity tended to decrease with increasing 
graphitization temperature. 

These property analysis results demonstrate that high-temperature 
graphitization is required to produce isotropic graphite blocks with 
low electrical resistivity. It was, however, determined that high- 
temperature graphitization is not necessarily required to produce 

typical high-density, high-strength isotropic graphite blocks. The suit
able graphitization temperature can be determined based on production 
costs, maximum operating temperature, and the particular field of in
dustrial application. 

There was no significant difference in the physical properties of the 
graphite blocks with respect to the residence time; all measurements 
were within the allowable error range. 

D.B. Fischbach [22] analyzed the correlation of the graphitization 
temperature and residence time with the (002) d-spacing in pyrolytic 
carbon. During the tests, the residence time was increased on a log scale. 
At 2700 ◦C, the (002) d-spacing continued to decrease over time when 
the residence time remained in the range of 101–102 min. At 2900 ◦C, 
however, there was no significant difference in the (002) d-spacing 
when the residence time was in the range of 101–103 min. S.H. Chi et al. 
calculated the degree of graphitization of four commercial isotropic 
graphite blocks for nuclear applications by XRD analysis. According to 
the researchers, the isotropic graphite blocks exhibited a degree of 
graphitization ranging from 78.9 to 84.7% [15]. 

Accordingly, if one intends to achieve the desired decrease in the 
(002) d-spacing and the resultant increase in the degree of graphitiza
tion, it would be necessary to either increase the graphitization tem
perature to over 2800 ◦C or lengthen the residence time while 
maintaining the graphitization temperature. 

3.3. Effect of heating rate 

To examine the effect of the heating rate during graphitization on the 
physical properties of the obtained isotropic graphite blocks, the 
graphite blocks were heated to 2800 ◦C at different heating rates of 2 ◦C/ 
min and 20 ◦C/min, and changes in their volume and weight after the 
heat treatment were measured, as shown in Fig. 5. When the heating rate 
was 2 ◦C/min, the volume of the graphite block contracted by 6.8%, and 
its weight decreased by 1.8%, leading to a 5.4% increase in apparent 
density. At 20 ◦C/min, the volume of the graphite block contracted by 
4.6%, and its weight decreased by 1.8%, leading to a 3.0% increase in 
apparent density. 

Regardless of the heating rate, all of the graphite blocks tended to 
contract after graphitization, but the shrinkage rate was about 32.3% 
smaller when the graphitization heating rate was 20 ◦C/min than when 
it was 2 ◦C/min. This phenomenon can be explained by the following 
two reasons. 

First, it can be attributed to the fact that an increasing heating rate 
sharply accelerates the release of nitrogen- and sulfur-containing gases 
in the temperature range of 1400–2000 ◦C. Indeed, Y. Kawano et al. 
reported that during the graphitization of coal tar-based needle coke, 
puffing was more pronounced when the heating rate was higher because 
nitrogen- and sulfur-containing gases could be activated in a shorter 
time [23]. Thus, the reduced shrinkage rate observed in the isotropic 
graphite blocks at a heating rate of 20 ◦C/min can be attributed to the 
rapid release of such gases during graphitization. 

Second, when the heating rate was higher, the processing time at 
each temperature was shorter, and this may lead to a decrease in the 
crystallinity. At a heating rate of 2 ◦C/min, it took about 14.2 h to reach 
2800 ◦C. At a rate of 20 ◦C/min, it took about 2.3 h. Therefore, the 

Table 3 
Changes in the XRD parameters of the isotropic coke with respect to the graphitization conditions.   

Calcined 2400 ◦C 2600 ◦C 2800 ◦C 2800 ◦C 2800 ◦C 

(at about 1400 ◦C) for 1hr for 1hr for 1hr for 2hr for 1hr 

(2 ◦C/min) (2 ◦C/min) (2 ◦C/min) (2 ◦C/min) (20 ◦C/min) 

2θ 25.69 26.32 26.42 26.44 26.46 26.42 
d002 (Å) 3.465 3.383 3.371 3.368 3.366 3.371 
Lc (Å) 27.0 238.8 247.8 248.0 258.1 242.9 
La (Å) 56.8 309.4 364.6 373.5 383.8 359.5 
G (%) – 66.0 79.9 83.7 85.7 80.5  

Fig. 3. Changes in apparent density with respect to the graphitization tem
perature and residence time. (A colour version of this figure can be 
viewed online.) 
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observed difference in the degree of graphitization is caused by a six- 
time shortening of the graphitization duration. 

The physical properties of the graphitized blocks were examined and 
compared concerning the graphitization heating rate, as presented in 
Fig. 6. Regardless of the heating rate, these graphitized blocks exhibited 
increased bulk density and open porosity but decreased flexural strength 
and increased electrical resistivity compared to carbonized blocks. The 
increased bulk density was attributed to a decrease in the (002) d- 
spacing of the graphite blocks after graphitization, while the increased 
porosity was considered to be due to the removal of remaining 
impurities. 

The decrease in the flexural strength and the electrical resistivity was 
attributable to the increased degree of graphitization and the increased 
porosity. Notably, at a low heating rate of 2 ◦C/min, all physical prop
erties of the graphite blocks were found to be excellent. At a heating rate 
of 20 ◦C/min, there was a large deviation in the flexural strength mea
surement of the graphite blocks. This was attributed to the non-steady 
and rapid release of gases occurring at high heating rates, which 
caused the graphite blocks to have an irregular microstructure. 

The apparent density and physical properties of the graphite blocks 
with respect to the graphitization parameters in the present study are 
summarized in Table 4. 

Fig. 4. Physical properties of the graphite blocks with respect to the graphitization temperature and residence time: (a) Bulk density & porosity, (b) Flexural strength, 
and (c) Electrical resistivity. (A colour version of this figure can be viewed online.) 

Fig. 5. Variation (%) in volume and weight with respect to the graphitization 
heating rate. (A colour version of this figure can be viewed online.) 
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3.4. Microstructure 

Fig. 7 shows OM and SEM images with respect to the graphitization 
conditions of isotropic graphite blocks. It can be confirmed in the SEM 
that the black areas in the OM image are pores. The difference in 
porosity in the OM world mapping images with respect to the graphi
tization conditions does not seem to be significant, and the measured 
porosity is in the range of 9.7–12.4% (Table 4), showing no dramatic 
difference. The reason why the number of pores observed in the image 
appears to be more than the measured value is that the polished surface 

was focused on during the OM observation (i.e., the shallow focus at the 
pore). However, the surface morphology before and after graphitization 
can be clearly distinguished by enlarging the images, as shown in Fig. 8. 

Fig. 8 is an enlarged SEM image at the 10 ㎛ scales. In Fig. 8(a), the 
pore walls are smooth and round, and the surface around the pore is 
smooth. In comparison, Fig. 8(b) has a very complex shape. The pore 
wall is rough, and a zebra pattern can be found around the pore, and a 
layered plate can be easily observed inside the surface. These zebra 
patterns and layered plates are thought to be observed due to the 
development of a graphite layered structure, which can be said to be 

Fig. 6. Physical properties of the graphite blocks with respect to the graphitization heating rate: (a) Bulk density & porosity, (b) Flexural strength, and (c) Electrical 
resistivity. (A colour version of this figure can be viewed online.) 

Table 4 
Apparent density and physical properties of the graphite blocks with respect to the graphitization parameters.  

Temp. (◦C) Residence time (hr) Heating rate (◦C/min) Variation (%) Physical properties 

Volume Weight Apparent density Bulk Porosity (%) Flexural Electrical 

density strength Resistivity 

(g/cm3) (MPa) (μΩm) 

Carbonized (1000◦C) - - - 1.70 9.7 38.0 45.8 

2400 1 2 − 6.0 − 1.7 +4.3 1.79 11.3 34.1 15.9 
2600 1 − 6.9 − 1.9 +5.3 1.80 11.0 30.9 12.9 
2800 1 − 6.8 − 1.8 +5.4 1.78 12.2 33.2 10.8 

2 − 7.2 − 1.8 +5.8 1.79 11.8 30.3 11.3 
1 20 − 4.6 − 1.8 +3.0 1.75 12.4 30.3 12.0  
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evidence that the degree of graphitization increases. 
In addition, it was observed that micron-sized pores were also 

generated around the developed graphitic layered structure. Although it 
is not yet clear, it is thought that if a graphitic structure develops within 
a certain volume, the shrinkage effect will leave pores. 

After numerous discussions, we determined that this phenomenon is 
evidence that the flexural strength and electrical resistance decrease 
simultaneously with increasing graphitization degree. 

4. Conclusions 

In the present study, changes in the apparent density and physical 

properties of isotropic graphite blocks were examined concerning 
graphitization process parameters, and the major findings are as follows. 

All of the isotropic graphite blocks exhibited volume shrinkage, 
along with improved density and electrical properties, regardless of any 
changes in the graphitization process parameters. 

It was confirmed that the graphitization temperature was the most 
significant process parameter affecting the properties of the graphite 
blocks. After the release of nitrogen- and sulfur-containing gases, the 
graphitization temperature had the most significant effect on the de
grees of crystallinity and graphitization. As the graphitization temper
ature increased, d002 tended to decrease while the crystallite size 
increased, as a result the electrical conductivity increased. 

Fig. 7. OM and SEM images of isotropic graphite blocks. SEM images were magnified from white boxes of OM images. (A colour version of this figure can be 
viewed online.) 
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To determine the effect of residence time on the physical properties 
of isotropic graphite blocks, a longer residence time needs to be applied. 
In the present study, at a graphitization temperature of 2800 ◦C, an 
increase in residence time from 1 h to 2 h only led to a decrease in 
flexural strength; an expected dramatic decrease in electrical resistivity 
was not observed. 

The graphitization heating rate was found to be closely related to the 
release rate of nitrogen- and sulfur-containing gases in the temperature 
range of 1400–2000 ◦C. Notably, as the heating rate increased, the 
release of gases sharply accelerated, which suppressed the volume 
shrinkage of the isotropic graphite blocks. The heating rate process 
parameter also determined the entire process time required for graphi
tization, thereby affecting the crystallization of the graphite blocks. 

It was observed that micron-sized pores were created around the 
developed graphite layered structure through microstructure examina
tion, which is determined as evidence that the flexural strength and 
electrical resistance simultaneously decrease with increasing graphiti
zation degree. 

In this experimental condition, the importance of parameters in the 
graphitization of isotropic graphite block can be listed as follows; 
Temperature > Heating rate and > Residence time. 

In the present study, changes in the shrinkage rate and the physical 
properties of the isotropic graphite blocks were examined and compared 
for the graphitization process parameters. These results are expected to 
help with the selection of suitable process conditions for graphitization 
while considering production costs and fields of applications. 
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[6] A. Ōya, H. Marsh, Phenomena of catalytic graphitization, J. Mater. Sci. 17 (1982) 
309–322. 
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