Journal of American Science, 2011;7(7) http://www.americanscience.org

Improving the Wetability and Oxidation Resistance of Graphite by Coating
H. Rastegar ! M. Khoeini ', HR. Hafizpour ! A.Nemati >
L Department of Materials Science, Saveh Branch, Islamic Azad University, P.O.Box: 39187-366, Saveh, Iran

* Department of Materials Science, Sharif University of Technology, Tehran, Iran
hosseinrastegar@gmail.com

Abstract: In this research, the graphite powders were coated with Al,O; by hydrolysis of an Aluminum nitrate
aqueous solution. The surface of the graphite particles coated with Al,O; was investigated by XRD and the quality
of Al,O5 coating on the surface of graphite was observed by SEM and investigated by EDS. For detail investigation
on the surface of coated graphite TEM was used and then wetability and oxidation resistance were investigated. To
compare the effect of coating and antioxidant on oxidation resistance of graphite, Al and SiC were used as
antioxidant. The results showed that the surface of graphite flakes was successfully coated and modified so that
wetability and oxidation resistance of graphite greatly improved and the amount of antioxidant needed for
application of graphite in the refractory decreased.

[H. Rastegar, M. Khoeini, H.R. Hafizpour, A.Nemati. Improving the Wetability and Oxidation Resistance of
Graphite by Coating. Journal of American Science 2011;7(7):684-688]. (ISSN:  1545-1003).
http://www.americanscience.org.

Keywords: coated graphite, wetability, oxidation resistance, aluminum-nitrate.

1. Introduction of milling them to micron and nano-sizes [11]. Thus
About 65% of the refractories produced in the for effective use of graphite in castables, its poor
world are used in the steel making industry [1]. wetability and oxidation resistance should be
Considering the new steel making processes and the overcome. Some researches have tried to resolve
need for corrosion resistance refractories for elevated these problems by Coating graphite. Zhang and Lee
temperatures, use of pure oxide refractories is [12] heated a mixture of graphite and silicon in a
becoming more and more restricted [2]. The reason reducing atmosphere and deposited a SiC layer on the
for this is the high wetability of oxides with molten graphite surface and hereby improved surface
metals and therefore the high rate of corrosion in properties of graphite such as wetability. But the
these refractories, which in turn lowers thermal shock practical drawbacks of this method are the need for
resistance. This problem, however, can be resolved by high temperature and reducing atmosphere. Sakamto
introducing graphite into the oxide systems, because et. al. [13] prepared a mixture of SiC and graphite by
graphite reduces wetability and thermal expansion using a high energy mill to coat graphite with a SiC
coefficient, improves corrosion and thermal shock layer. The adherence between the two was, however,
resistance resulting in increasing of the service life of weak and easily broke during mixing with other
the refractories [1,3]. ingredients. Zhang and lee [14-15] and Zhoufu et al
Graphite, however, has some drawbacks. Firstly, [16] coated graphite with TiO, and Al,O; and SiO, by
its wetability is poor, a fact that limits its use in sol- gel and solution method. The problem with this
castables, because the amount of water required for method is its high cost of raw materials. Sunwoo et.
the preparation of the castables containing graphite is al. [17] coated graphite with ZrO, by the controlled
far more than that of the other castables which hydrolysis of a =zirconium oxychloride aqueous
deteriorate its physical and mechanical properties. solution. By this method the graphite wetability and
Secondly, graphite is prone to oxidation at elevated oxidation resistance were improved. This method is
temperatures [4]. also relatively costly. Yu et. al. [18] coated graphite
To improve the oxidation resistance of carbon, with TiO, by ethanol solutions containing various
metallic or none metallic additives such as Al, Si, amounts of an organic titanate and improved the
Al/Mg alloy, SiC and B4C have been used, but wetability, flowability and oxidation resistance of
problems such as Al hydration, formation of graphite. But the use of this method is restricted,
undesirable phases or decomposition of suitable phase because organic materials similar to surfactants often
will be occurred [5-8]. Furthermore, the negative role interfere with other additives such as deflocculants
of some additives and the fact that there is no accurate and also have very bad smell.
method for determining the best antioxidant should be In this research, graphite powder was coated with
considered [9-10]. On the other hand, the application Al,O5 by hydrolysis of an aluminum-nitrate aqueous
of these additives is limited, because of the high cost solution. This method is cheaper and proved to be
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effective in improving the wetability and oxidation
resistance of graphite.

2. Experimental procedure
2.1. Raw Materials

The raw materials used in this experiment
included natural flake graphite (purity <97%, grain
size <200um) supplied from Sinorth Minerals Group
Ltd. (China), Aluminum-nitrate and NH; (Merck,
Germany), Aluminum powder (Atomizer
International Co. Iran), and SiC powder (grain size
<10um, purity <92%) purchased from Saint-Gobin,
SIKA, China. Distilled water was used as solvent for
the coating process.

2.2. Coating Process

Aluminum-nitrate was dissolved in distilled
water to prepare a 500ml solution of 0.2M
concentration. This solution was stirred and heated at
60°C. In order to maintain PH at a constant, a small
amount of NH; was added to the suspension. 40g
flake graphite was added and stirred for 3 hours. The
coated graphite particles were separated by filtering
and vacuum pumping and then washed with distilled
water repeatedly until the filtered liquor showed the
natural pH. The coated graphite was then dried at
110°C for 24 hours and calcined at 700°C for 1 hour.

2.3. Characterization
2.3.1. Investigating the Quality of Coatings

In this research, the coated graphite and the
quality of the coatings in terms of adherence and
uniformity of the coatings were examined by XRD,
SEM and EDS. Finally, for detail investigations of the
coating quality on the surface of graphite TEM
images was taken.

2.3.2. Oxidation Resistance Investigation

To evaluate the oxidation Resistance of the
coated graphite and effect of this coating, graphite
pellets (as-received and coated) of 4cm diameter and
lem thickness were prepared and fired at different
temperatures (700, 850 and 1000°C) under oxidizing
atmosphere and the weight loss was measured. In
some of the pellets Al and SiC was used as
antioxidant and the amount of antioxidant was 50
wt.% of the graphite.

2.3.3 Wetability of Graphite

Floating process was used to study the of
wetability characteristics of graphite. In this process
10 grams as-received and coated graphite was added
to 100ml distilled water and mixed for 2 h. Then the
weight percent of the floated graphite over the
suspension was measured as floating ratio (F.R) using
the following equation [14,18].
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Weight of Floating Graphite y
Total Weight of Graphite

(F.R)%= 100

Lower F.R ratio shows a better wetability. The
samples investigated for wetability and oxidation
resistance are listed in Table 1.

Table 1. Coding of different graphites
Code

Composition of Graphite

G as-received Graphite
GC Coated Graphite
GS as-received Graphite with SiC

GCS Coated Graphite with SiC
GA as-received Graphite with Al
GCA Coated Graphite with Al

3. Results and discussion
3.1. Coating mechanism

During coating graphite by controlled hydrolysis
of the aqueous aluminum nitrate solution, maximum
amount of aluminum hydroxide should be formed
without precipitation. Thus, in order to have a proper
coating, the term of [AI’'].JOH]’ should have its
maximum before kg, (solubility limit) [19].

There are two ways to this aim:

1. Increasing the solution concentration to a level that
prevents precipitation. This means increasing [Al’"]
so that [AI*"].JOH ]’ is less than Kep.

2. Increasing pH to a level that prevents precipitation.
This means increasing [OH7] so that [AI’"].JOHT’ is
less than kg,. Therefore, to reduce the amount of the
main raw materials, i.e. aluminum nitrate, and to
prevent precipitation, the concentration of the solution
used was low (0.2M). To encourage the hydrolysis
reaction and formation of aluminum hydroxide pH
was increased by adding ammonia. The reason for
using ammonia is that it does not introduce
detrimental species such as Na. To encourage the
reaction and increase the kg, the reaction was
conducted at 60°C. Continuous monitoring of pH
during the coating process showed that pH was in the
range of 2.41-2.65 before adding ammonia. By adding
ammonia it was increased and during hydrolysis
decreased and in the last 30 minutes become constant
(3.8-4), showing that the hydrolysis was complete.

3.2. Phase and microstructure investigation

Fig. 1 shows XRD analysis of the coated
graphite. Presence of Al,O; in sample was confirmed.
To make sure that the coating is uniform and no
segregation occurred, SEM was used.
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Figure 1. XRD pattern of the graphite particles with
A1203.

Fig. 2a shows the SEM micrograph of the coated
graphite. It can be seen that the coating is almost
uniform and no sign of segregation of alumina is
observed. The EDS analysis of the sample (Fig. 2b)
revealed the presence of AlL,O; on the graphite
surface.

Figure 2a. SEM image of Al,O; coated graphite
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Figure 2b. EDS pattern of Al,O; Coated Graphite.
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Fig. 3 shows the coated graphite at a higher

magnification and it is obvious that by coating
operation, powders were not agglomerated.
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Figure 3. SEM image of Al,O; coated graphite.

Fig. 4 shows the TEM image of the as-received
and coated graphite showing the fluffy Al,O; layer
deposited on the surface of the graphite.

Figure 4. TEM images of (a) as-received and (b,c)
Al,O; Coated Graphite.
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3.3. Wetability and oxidation resistance

The study of the wetability (Fig. 5 and 6) showed
that the F.R ratio in the coated graphite was lower
than that of the as-received graphite, therefore it can
be concluded that the wetability of graphite was
developed by coating. The reason for the development
of wetability of graphite is attributed to the formation
of active surface groups like —OH and Al-O on the
surface of graphite [14,18].

Figure 5. Photographs of the floating process for (a)
as-received graphite and (b) coated Graphite.
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Figure 6. The Amount of F.R of as-received and
AlL,O; Coated Graphite

The ALO; coating also increased the oxidation
resistance of the graphite at all temperatures. The
improvement in oxidation resistance of graphite
powders was related to the change in the surface
condition of the powders. On the surface of the
graphite powders, there exist many effects such as
cracks and edges which are usually occupied by
hydrogen, oxygen and hydroxyl ions. Oxidation of the
graphite powders occurs initially at these defects.
During heating, the AI(OH); on the surface of
graphite powder reacts easily with the these ions on
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the surface of the graphite powders. The reaction
products mainly form chemical bonds with the surface
of graphite powders. Thus, defects such as edges are
covered and the H, OH, and O ions desorbed. On the
other hand, the coating prevents oxygen to contact
with the graphite. Fig. 7 reveals that the coating
reduces the oxidation rate even more effectively at
higher temperatures, perhaps because of the decrease
in permeability of the alumina layer due to sintering at
higher temperatures.
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Figure 7. Loss of Weight of as-received and AL,O;
Coated Graphite.

Fig. 8 shows the effect of Al and SiC as
antioxidant in as-received and coated graphite. It is
obvious that introducing antioxidant in addition to
coating improves the oxidation resistance. It seems
that the reason for this behavior during heating is that,
Al and SiC can be reduced by CO gas derived from
oxidation of C and then changed to Al,O; and SiO,.
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Figure 8. Effect of Al and SiC, as antioxidant in as-
received and coated graphite.



Journal of American Science, 2011;7(7)

http://www.americanscience.org

These products (Al,0; and SiO,) fill the areas on
graphite surface having no coating or in regions
where coating layer is thin and also fill surface
coating micropores and prevent from graphite
oxidation and overally reduce oxidation rate and
prohibit oxidation. But Al is more efficient than SiC,
because Al oxidation caused the formation of Al,O4
and AlLO; on the graphite surface bonded with
coating easily and filled micropores of coating,
therefore led to homogenous coating. The other
important result of Fig.8 is that with coating,
antioxidant amount decreased remarkably.

4. Conclusion

The effect of Al,O; coating on wetability and
oxidation resistance of graphite was studied. The
coated graphite by solution process did not introduce
agglomeration. The effect of coatings on oxidation
resistance of graphite show that by Al,O; formation
on the surface of graphite the oxidation of graphite
was limited in different temperature, under oxidizing
atmosphere. Using Al and SiC as antioxidant could
effectively enhance the oxidation resistance of
graphite, but Al is more efficient than SiC. Applying
coatings resulted in a decrease in the amount of the
antioxidant needed.

References

1. Golestanifard. F, Roshanfekr, S, Shojaie. A, 2006,
Role of Refractories in Steelmaking, Steel
Symposium, Iran, PP. 564-575.

2. Baker. B. H, Brenzy. B. Shultz. R. L, 1975, The
Role of Carbon in MgO Refractoeis, American
Ceramic Bulletin, 54, 7, 665-666.

3. He. H, Palco. S, Rigaud. M, 2003, Magnesia-
Graphite Cement Free Castables, Proceeding of the
Fourth International Symposium on Refractories,
Dalian China, PP. 21-28. 4. Zhang. S, 2004,
Hydration Behavior and Antioxidizing Effect of
Aluminium Powder Added to Oxide-Based Castable,
Proceeding of Tehran International Conference on
Refractories, PP 75-91.

5. Rigaud. M, 2004, Trends in the Steel Industry and
Developments of New Refractory Materials, Tehran
International Conference on Refractories, Tehran.
Iran, PP. 164-173.

6. Watanabe. A, 1987, Magnesia-Line-Carbon Bricks
or Ladle Furnace Slag Line, Takiabutsu Overseas,
Vol. 7, No. 1, PP. 35-43.

7. Hongxia. L, 2000, Synthesis of New Composite
Anti-Oxidants and Their Application to Carbon
Containing Refractories, China Refractories, PP. 3-6.
8. Yamaguchi. A, 1984, Control of Oxidation —
Reduction in MgO-C Refractories, Takiabutsu
Overseas, Vol. 4, No. 1, PP. 32-39.

688

9. Zhang. S, Marriott. N. J, Lee. W. E, 2000, Thermo
Chemistry and Microstructures of Mg-O Refractories
Containing Various Antioxidants, Journal of the
European Ceramic Society, 21, 1037-1047.

10. Shikano. H, 1998, Refractories Hand book, The
Thechnical Association of Refractories, Japan, PP.
170-182.

11. Nemati. Z. A, 2006, Corrosion and Hydration
Resistance of Magnesia-Graphite Refractories, Steel
Symposium, Iran, PP 589-609.

12. Zhang. S, Lee. W. E, 2002, Carbon-Containing
Castable: Current Status and Future Prospects, British
Ceramic Transactions, 101, 1, 1-8.

13. Sakamto. S, Ono. Y, Ono. T, 1995, Graphite
Containing Unshaped Refractories, UNITECR 95,
Vol. 2, PP 189-196.

14. Zhang. S, Lee. W. E, 2003, Improving the Water —
Wetability and Oxidation Resistance of Graphite
Using ALOs/ SiO, Sol-Gel Coating, Journal of the
European Ceramic Society, 23, 1215-1221.

15. Zhang. S, Hashimoto. S, Lee. W. E, 2003, Effect
of Coating Methods on Water-Wettability and
Oxidation Resistance of Graphite, Proceeding of the
Fourth International Symposium on Refractories,
Dalian China, PP 381-385.

16. Zhoufu. W, Houzhi. W, Yehua. P, Jialin. S,
Yanruo.H, 2003, Study on dispersion of Al,O;-
Coating graphite in Aqueous Slurry, Proceeding of
the fourth International Symposium on Refractories,
Dalian China, PP. 301-394.

17. Sunwoo. S, Kim. J. H, Lee. K. G, Kim. H, 2000,
Preparation of ZrO, Coating Graphite Powders,
Journal of Materials Science, 35, 3677-368.

18. Yu. j. Ueno. S, Hiragushi. K, 1997, Modification
of Raw Refractory Materials By TiO, Coating,
UNITECR 97, Vol. 2, PP 1019-1027.

19. Skoog. G. A , West. D. M, Holler. F. J, 1988,
Fundamentals of Analytical Chemistry, Fifth Edition,
Saunders College Publishing, Chapter 5.

7/3/2011



