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CHAPTER 16



COKE



16.1. INTRODUCTION



Coke is a gray to black solid carbonaceous residue that is produced from petroleum during thermal processing; characterized by having a high carbon content (95%+ by weight) and a honeycomb type of appearance, and insoluble in organic solvents. (ASTM D-121) (Chapter 2) (Gruse and Stevens, 1960; Guthrie, 1967; Weissermel and Arpe, 1978; Hoffman, 1983; Austin, 1984; Chenier, 1992; Hoffman and McKetta, 1993; Speight, 2000; Speight and Ozum, 2002). Coke consists mainly of carbon (90–95%) and has a low mineral matter content (determined as ash residue). Coke is used as a feedstock in coke ovens for the steel industry, for heating purposes, for electrode manufacture, and for production of chemicals. The two most important categories are green coke and calcinated coke. This latter category also includes catalyst coke deposited on the catalyst during refining processes; this coke is not recoverable and is usually burned as refinery fuel.



16.2. PRODUCTION AND PROPERTIES



Petroleum coke is the residue left by the destructive distillation of petroleum residua. That formed in catalytic cracking operations is usually nonrecoverable, as it is often employed as fuel for the process. Delayed coke (Table 16.1) is produced during the delayed coking process—a batch process—from vacuum residua (Chapter 2) (Speight and Ozum, 2002). The carbonization (thermal decomposition) reactions involve dehydrogenation, rearrangement, and condensation. Two of the common feedstocks are vacuum residues and aromatic oils. In the delayed coker the feed enters the bottom of the fractionator, where it mixes with recycled liquid condensed from the coke drum effluent. It is then pumped through the coking heater to one of two coke drums through a switch valve. It is at 480–500°C. Cracking and polymerization take place in the coke drum in a nominal 24-h period. Coking is a batch operation carried out in two coke drums. Coking takes place in one drum in 351
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coke Table 16.1. Description of Delayed Coke Carbon Forms Delayed Coke



Needle coke Lenticular/granular Mixed layer Sponge Shot Amorphous



Incipient mesophase Mesophase



Ribbonlike parallel-ordered anisotropic domains that can also occur as folded structures Lenticular anisotropic domains of various sizes that are not aligned parallel to the particle surface Ribbon and lenticular anisotropic domains of various sizes in curved and irregular layered arrangements Porous microstructure with walls that are generally anisotropic but with pores and walls that vary in size Ribbon and lenticular anisotropic domains arranged in concentric patterns to form shotlike coke Isotropic carbon form closely associated with parent liquor. Higher in volatile matter than incipient mesophase Initial stage of mesophase formation. Transition stage between amorphous and mesophase Nemitic liquid crystals. Lower in volatile matter than incipient mesophase



Table 16.2. Description of Fluid Coke Carbon Forms Fluid Coke Layered Nonlayered Aggregates Amorphous Incipient mesophase Mesophase



Anisotropic carbon domains aligned in concentric layers parallel to the particle surface similar to an onion-like pattern Anisotropic domains are not aligned parallel to the particle surface Fragments of anisotropic domains Isotropic carbon form closely associated with parent liquor. Higher in volatile matter than incipient mesophase Initial stage of mesophase formation. Transition stage between amorphous and mesophase Nemitic liquid crystals. Lower in volatile matter than incipient mesophase



24 h while decoking is carried out in the other drum. A complete cycle is 48 h. Coke is cut from the drum with high-pressure water. Large drums are 27 ft in diameter and 114 ft flange to flange. Fluid coke (Table 16.2) is produced during the fluid coking process—a continuous process in which heated coker feeds are sprayed into a fluidized bed of hot coke particles that are maintained at 20–40 psi and 500°C (932°F) (Chapter 2) (Speight and Ozum, 2002). The feed vapors are cracked while
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forming a liquid film on the coke particles. The particles grow by layers until they are removed and new seed coke particles are added. Coke for the aluminum industry is calcined to less than 0.5% volatiles at 1300–1400°C (2372–2552°F) before it is used to make anodes. Petroleum coke is used for a number of purposes, but its chief use is in the manufacture of carbon electrodes for aluminum refining, which requires a high-purity carbon low in ash and sulfur free; the volatile matter must be removed by calcining. In addition to its use as a metallurgical reducing agent, petroleum coke is used in the manufacture of carbon brushes, silicon carbide abrasives, and structural carbon (e.g., pipes and Rashig rings), as well as calcium carbide manufacture, from which acetylene is produced: coke Æ CaC2 CaC2 + H2O Æ HC∫CH



16.3. TEST METHODS



The test methods for coke are necessary for defining the coke as a fuel (for internal use in a refinery) or for other uses, particularly those test methods in which prior sale of the coke is involved. Specifications are often dictated by environmental regulations, if not by the purchaser of the coke. The test methods outlined below are the methods that are usually applied to petroleum coke but should not be thought of as the only test methods. In fact, there are many test methods for coke (ASTM, 2000, Volume 05.06) and these test methods should be consulted when either more detail or a fuller review is required. 16.3.1. Ash The ash content (that is, the ash yield, which is related to the mineral matter content) is one of the properties used to evaluate coke; it indicates the amount of undesirable residue present. Some samples of coke may be declared to have an acceptable ash content, but this varies with the intended use of the coke. For the test method, the preparation and sampling of the analytical sample must neither remove nor add mineral matter (ASTM D-346). Improper dividing, sieving, and crushing equipment, and some muffle furnace lining material, can contaminate the coke and lead to erroneous results. In addition, a high sulfur content of the furnace gases, regardless of the source of the sulfur, can react with an alkaline ash to produce erratic results. To counteract such an effect, the furnace should be swept with air.
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coke



In the test method (ASTM D-4422), a sample of petroleum coke is dried, ground, and ashed in a muffle furnace at 700–775°C (1292–1427°F). The noncarbonaceous residue is weighed and reported as the percent by weight ash. As already noted, the ash must not be understood to be the same as the mineral content of the petroleum coke. In addition, ashing procedures can be used as a preliminary step for determination of the trace elements in coke and, by inference, in the higherboiling fractions of the crude oil. Among the techniques used for trace element determinations are flameless and flame atomic absorption (AA) spectrophotometry (ASTM D-2788, ASTM D-5863) and inductively coupled argon plasma (ICP) spectrophotometry (ASTM D-5708). Inductively coupled argon plasma emission spectrophotometry (ASTM D-5708) has an advantage over atomic absorption spectrophotometry (ASTM D-4628, ASTM D-5863) because it can provide more complete elemental composition data than the atomic absorption method. Flame emission spectroscopy is often used successfully in conjunction with atomic absorption spectrophotometry (ASTM D-3605). X-ray fluorescence spectrophotometry (ASTM D-4927, ASTM D-6443) is also sometimes used, but matrix effects can be a problem. The method to be used for the determination of metallic constituents is often a matter of individual preference. 16.3.2. Calorific Value (Heat of Combustion) The calorific value (heat of combustion) is an important property, particularly for the petroleum products that are used for burning, heating, or similar usage. Knowledge of this value is essential when considering the thermal efficiency of equipment for producing either power or heat. Heat of combustion per unit of mass of coke is a critical property of coke intended for use as a fuel. In one test method that is suitable for coke (ASTM D-3523), the sample is supported on surgical gauze and placed in a heated chamber that is open to air at the top. The temperature of this sample is compared with that of an equal reference quantity of surgical gauze contained in an identical chamber. Tests may be conducted for durations of 4–72 h or longer. Other methods using an adiabatic bomb calorimeter (ASTM D-2015, ASTM D-5865) are also available. When an experimental determination of heat of combustion is not available and cannot be made conveniently, an estimate might be considered satisfactory (ASTM D-6446). In this test method the net heat of combustion is calculated from the density and sulfur and hydrogen content, but this calculation is justifiable only when the fuel belongs to a well-defined class for which a relationship between these quantities has been derived from accurate experimental measurements on representative samples. Thus the
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hydrogen content (ASTM D-5291), density (ASTM D-5004), and sulfur content (ASTM D-1552, ASTM D-3177, ASTM D-4239) of the sample are determined by experimental test methods, and the net heat of combustion is calculated with the values obtained by these test methods based on reported correlations. 16.3.3. Composition The composition of petroleum coke varies with the source of the crude oil, but in general, large amounts of high-molecular-weight complex hydrocarbons (rich in carbon but correspondingly poor in hydrogen) make up a high proportion. The solubility of petroleum coke in carbon disulfide has been reported to be as high as 50–80%, but this is in fact a misnomer, because the coke is the insoluble honeycomb material that is the end product of thermal processes. Carbon and hydrogen in coke can be determined by the standard analytical procedures for coal and coke (ASTM D-3178, ASTM D-3179). However, in addition to carbon, hydrogen, and metallic constituents, coke also contains considerable amounts of nitrogen and sulfur that must be determined before sale or use. These elements will appear as their respective oxides (NOx, SOx) when the coke is combusted, thereby causing serious environmental issues. A test method (ASTM D-5291) is available for simultaneous determination of carbon, hydrogen, and nitrogen in petroleum products and lubricants. There are at least three instrumental techniques available for this analysis, each based on different chemical principles. However, all involve sample combustion, components separation, and final detection. In one of the variants of the method, a sample is combusted in an oxygen atmosphere and the product gases are separated from each other by adsorption over chemical agents. The remaining elemental nitrogen gas is measured by a thermal conductivity cell. Carbon and hydrogen are separately measured by selective infrared cells as carbon dioxide and water. In another variant of the method, a sample is combusted in an oxygen atmosphere, the product gases are separated from each other, and the three gases of interest are measured by gas chromatography. In the third variant of the method, a sample is combusted in an oxygen atmosphere, the product gases are cleaned by passage over chemical agents, and the three gases of interest are chromatographically separated and measured with a thermal conductivity detector. The nitrogen method is not applicable too samples containing 
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