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1. INTRODUTION

  Carbon black (CB) plays so important a role in rubber compounding technology and in evaluation rheological, mechanical and processing behaviors. It is also well known that carbon black has been largely used in a reinforcing agent for pneumatic tire industry. The requirements for tire materials have become increasingly specialized and diversified in recent years.

  While, it is noted that good mechanical properties and long durability of the composites depend greatly on the reinforcing agent – rubber matrix interfacial adhesion, since the load stress transferred from the matrix to the reinforcing agent would require strong adhesion at the interfaces of the constitutive elements rather than a high cohesive density. In addition, the degree of adhesion at interfaces of solid depends on the surface energy, active functional groups, energetically different crystallite faces, and so on[1]. Wu[2] reported that surface free energies of semicrystalline solid were strongly related their crystalline structure. His data suggested that the transcrystalline polymer surfaces might have very high surface free energies due to increase of surface cohesive density. Van Oss et al. found[3] that the contact angle of liquid on polar polymer film was due to the electron acceptor-donor force oriented polymer molecules.

  In this work, we studied surface free energy that applied to above method for carbon black. Moreover, one of the most important properties of carbon black is the specific surface area, based on adsorption properties. During these adsorption studies, the surface treatment may significantly influence on the physical surface properties of carbon black. For this purpose, the objective of the present work is to study the effect of chemical treatments on carbon blacks and to investigate the roles of adsorption, microstructure, and surface free energy properties of the carbon blacks studied.

2. EXPERIMENTAL

  Materials, and sample preparation. Virginal carbon blacks denoted in UCB (namely, N220) were supplied by LG Chem. Co. of Korea. The samples denoted in HCB and KCB were prepared with 0.1N H3PO4 and 0.1N KOH, for the impregnation of polar functional groups on the carbon blacks, respectively.

  Surface properties. The acid (A.V.) and base values (B.V.) of the carbon black surfaces were determined by Boehm’s method[4]. In the case of acid value measurement, about 0.1g of the filtered through membrane paper and titrated with 0.1N HCl solution. Likewise, the base value was determined by converse titration. The pH of the carbon blacks studied was measured according to ASTM D1512 based on the boiling and sonic slurry method.

Adsorption surface areas of the carbon blacks studied were measured by N2-gas adsorption at 77K with automated adsorption apparatus (Micromeritics, ASAP 2400). Prior to each analysis, the blacks were outgassed at 298K for 6hrs to obtain a residual pressure of less than 10-3 torr. Also, the adsorption from solution has been widely used for the determination of the surface area of carbon blacks such as in the iodine adsorption method according to ASTM D1510. 

Determent interior structure of carbon blacks. Determine the d-spacing (d002) of the carbon blacks measured by means of a Rigaku Model D/MAX-Ⅲ B X-ray diffractometer, employing CuK( (Ni-fillered) radiation. 

  Contact angle measurements. Contact angles were measured using the sessile drop[5] method on a Rame-Hart goniometer. About 5(l of wetting liquids was used for each measurement at 20℃. Wetting liquids used for contact angle measurements were deionized water and diiodomethane.

3. RESULTS AND DISCUSSION

  Table 1 shows the results of surface and adsorption properties of the carbon blacks before and after chemical treatments. It can be seen that the chemical treatments do significantly change in pH, acid-base values, iodine number, and specific surface area. This seems to a consequence of the effective surface organic functional groups deposited in the surface of the carbon blacks after surface treatments. 

Table 1. Surface and adsorption properties of the carbon blacks studied


     pH
     A.V. [meq/g]
     B.V. [meq/g]
     I.N. [mg/g]
     SBET [m2/g]

     UCB
     7.0
     50
   70
     97
     118

     HCB
     2.6
     110      
   13
     15
     18

     KCB
     7.1
     70
   90
     92
     118

While, it is noted that at low process temperature below 800℃, the surface functional groups of carbon are less stable and then develop acidic group, such as hydroxyl groups. On the other hand, when the process temperature is higher then 800℃, the surface functional groups are more stable and increase the basic oxide, such as pyrone and chromene groups[6]. As a result, the iodine adsorption amount and specific surface area of the HCB sample, is drastically decreased after acidic surface treatments, as seen in Table 1, Therefore, it is said that the strong acid-base reaction between basic carbon black and acidic chemical solution gives an increase of the blocking of microprobes of the carbon blacks manufactured industrially by 1400℃, whereas basic chemical treatment do not significantly changed in iodine adsorption and specific surface area properties.

As seen in Table 2, the results of XRD indicate interior changes, are significantly changed with chemical treatments. Also the modified carbon blacks at increasing of the parallel layer groups diameter (La) and thickness (Lc) are resulted in the decrease of modulations on the half-width (β). This effect is probably due to decreasing of specific surface area or increasing of particle size that the types of chemical modified carbon blacks showing tarry coating on their surface exposed in acidic surface functional groups. For this reason, c-axis is not changes (d002), nevertheless a-axis greatly develops (La, Lc). Therefore, it is assumed that this gives rise to new interface characteristic with increased surface free energy of a solid. 

Table 2. Micorstructural properties of the CBs studied in XRD measurement

    d002 (nm)a
       β
     La (nm)
     Lc (nm)

     UCB
      0.37
       7.4
      3.9
       1.9

     HCB
      0.37
       1.1
     27.1  
      13.3

     KCB
      0.37
       3.6
      8.1
      3.97

a : the interlayer spacing of CBs
  Table 3 shows the results of surface free energy and its component of the carbon blacks before and after surface treatments. The observation suggests the values obtained by contact angle measurements are related to a given chemical surface treatment. It is then interesting to note that acidic and basic treatments lead to increase the surface free energy which is mainly due to its higher. So, the increase of the specific component may be attributed to the introduction of free radical or functional group on the carbon surface, thereby, the carbon surface becomes more active, finally leading to increased the degree of adhesion between filler and polar matrix. However, it is not evident that a good relationship exists between high polar carbon blacks. And it is ignored in the case of the carbon black treated by basic solution, resulting in increasing the London dispersive component of the surface free energy.

Table 3. Surface free energy ((S) and its London disprsive ((SL) 

and specific ((SSP) components of wetting liquids measured at 20℃

Water and Diiodomethane
(SL (mJ/m2)
(SSP (mJ/m2)
(S (mJ/m2)

         UCB
10.2
11.7
21.9

         HCB
6.5
30.2
36.7

         KCB
14.0
22.2
36.2

4. CONCLUSION

It is thus concluded that basic chemical treatment of carbon blacks lead to an increase in the either dispersive or specific component without significantly changing the iodine adsorption amount, specific surface area, parallel layer groups diameter and thickness. For this work, an effective and optimized surface treatment of reinforcing blacks may be necessary to improve the degree of adhesion at the filler-matrix interface for high-performance rubber composites.
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