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1.



DUTY OF THE PLANT



1.1



LICENSOR



March 2007 Rev. :0 Chapter : 1 Page :3 / 16



The CCR PLATFORMING PROCESS UNIT (Unit 013) is based on the UOP (Universal Oil Products) process. The Licensor has issued the following documents : • UOP Project Specification (Project 903369) CCR PLATFORMING PROCESS UNIT • UOP CCR PLATFORMING: General Operating Manual The CCR Regeneration Section (lUOP License) is also included in the CCR Unit (013). A dedicated operating manual describes the basis of design, flow description and normal / start-up and shutdown conditions of this section. 1.2



FUNCTION OF THE UNIT The function of the Platforming unit is to process the hydrotreated straight run heavy naphtha derived from Bach Ho crude oil to produce a high octane gasoline blending component. The plant capacity is 21100 BPSD (corresponding to 103496 kg/h) of heavy naphtha from NHT unit (012) and sweet naphtha. The catalytic reforming process is a catalytic refining process employing a bimetallic catalyst to upgrade low octane number naphthas to higher octane motor fuel blendings. The basic reaction of Platforming is to transform naphtenes into aromatics (most rapid and efficient reaction). The paraffins conversion is very small, and the aromatics hydrocarbons pass through the Platforming unit essentially unchanged. The required RONC of the reformate is 102. LPG is a valuable product so recovery of LPG in the naphtha complex is to be maximed Hydrogen rich gas is another product of the catalytic reforming reactions, required for the operation of units such as hydrotreatment units, isomerisation. Consequently, CCR is a “key unit” in the refinery. Hereafter are supplied the following documents: •



Diagrams showing all processes and utilities connections with other units FUEL GAS TO FG UNIT (037) MAKE UP GAS HYDROTREATED HEAVY NAPHTHA FROM UNIT 012



TO UNIT 012



CCR UNIT UNSTABILIZED LPG TO LPG RECOVERY UNIT (016)



REFORMATE TO TK-5107
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FUEL GAS FROM UNIT 037 HP STEAM MP STEAM LP STEAM FLARE TO UNIT 057



PILOT GAS COOLING WATER SERVICE WATER POTABLE WATER CCR NITROGEN (2)



CCR PLATFORMING UNIT (1)



COOLING WATER



(UNIT 013)



VACUUM CONDENSATE



PLANT AIR INSTRUMENT AIR REFINERY NITROGEN HP BFW



MP CONDENSATE



HP CONDENSATE



LP CONDENSATE



PLANT AIR OILY WATER



(1) Utility connections are common for Units 012/013/023 (2) For CCR regeneration section.
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Overall block flow diagram of the refinery
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2. ENVIRONMENTAL CONDITIONS 2.1



AIR TEMPERATURE a. b. c. d. e. f.



2.2



Maximum recorded Minimum recorded Maximum monthly average Minimum monthly average Design maximum Design minimum



41.4 °C 12.4 °C 34.4 °C 18.9 °C 36.0 °C 16.0°C



RELATIVE HUMIDITY a. Maximum monthly average b. Minimum monthly average c. Average monthly humidity d. Design maximum e. Design minimum



2.3



RAINFALL a. Maximum recorded annual b. Minimum recorded annual c. Average annual d. Maximum recorded in 24 hours e. Maximum rainfall intensity



2.4



89% 80% 85% 100% 40%



3052 mm 1374 mm 2268 mm 525 mm 40 mm for 10 min period 60 mm for 30 min period 108.1mm for 60 min period



SNOWFALL Not applicable



2.5



AIR BAROMATIC PRESSURE a. Maximum b. Minimum c. Average d. Design



2.6



1023.6 mbar 988.8 mbar 1009 mbar 1013 mbar



WIND a. Average velocity b. Maximum hourly velocity Direction No wind N/NE W/NW E/SE S/SW



3.2 m/s 42 m/s % of time for each Quadrant 43.8 9.7/6.2 4.1/14.3 12.8/6.7 1.1/1.0



The maximum velocity over a 2 minutes is 41.6 m/s for a return period of 50 years. The maximum velocity over a 2 minutes is 32.7 m/s for a return period of 20 years 2.7



ATMOSPHERE a. Extreme moisture b. Marine exposure c. Sand storms



- tropical climate - salt spray - not applicable



VIETNAM OIL AND GAS CORPORATION (PETROVIETNAM) DUNG QUAT REFINERY OPERATING MANUAL UNIT CCR (013)



March 2007 Rev. :0 Chapter : 1 Page :8 / 16



d. Copper-attacking fumes - sulphur e. Exposure to conductive or corrosive dusts (carbon, iron oxide, ammonium nitrates or phosphates, etc): NO f. Exposure to corrosive agents (nitric or sulphuric acids, chlorine, caustic, etc): NO g. Exposure to other pollutants originating from surrounding industrial plant: YES 2.8



MISCELLANEOUS DATA a. b. c. d. e.



Frost Level Not applicable Typhoon frequency 2 to 3 per year Thunderstorm frequency 102 storm days per year Temperature inversion occurrence Not applicable Earthquakes to be taken into account and design shall be as per code UBC, zone 2 f. The site is subjected to possible flood condition
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3. FEEDSTOCKS AND PRODUCTS SPECIFICATIONS 3.1



FEED CHARACTERISTICS



3.1.1



Heavy naphtha properties The Platformer is fed with hydrotreated Heavy Naphtha from Unit 012. The unit can also be fed with sweet heavy naphtha from TK-5104 during start-up in addition of the straight run hydrotreated heavy naphtha. Cf. Operating Manual - Unit 012 for Heavy Naphtha characteristics. Heavy Naphtha from NHT unit (Unit 012) will contain less than 0.5 wt ppm S (test method: D-4045) and less than 0.5wt ppm N (test method: D-4629) The Turndown of the CCR unit corresponds to 50% of the NHT unit (012) plus the sweet naphtha. Consequently, the capacity of unit is around 60% of the CCR design capacity.



3.2



PRODUCTS SPECIFICATIONS



3.2.1



Reformate Reformate is sent to the storage TK-5107 for blending. The required reformate properties are the following: Property



Value



Test Method



RONC



102 min



ASTM D-2699



MON



91 min



ASTM D-2700



C4- content, %vol



1% max



UOP 880



The molar composition of the reformate stream is the following: Compound



3.2.2



Reformate (mole %)



Ethane



ppm



Propane



0.02



i Butane



0.32



n Butane



0.92



i Pentane



1.87



n Pentane



1.25



C6+



95.6



Unstabilized LPG The debutanizer net overhead liquid is treated in the LPG Chloride Treaters D-1308 A/B and then sent to storage TK-5212 A/B/C/D/E. C5+ content in LPG product shall not exceed 1.1%mol max (test method: UOP-539). The molar composition of the unstabilized LPG stream is the following
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Unstabilized LPG (mole %)



3.2.3



H2O



0.006



H2



0.08



Ethane



0.21



Propane



36.61



i Butane



23.64



n Butane



33.87



i Pentane



0.88



n Pentane



0.05



C6+



0.06



Make Up H2 gas Net hydrogen produced in the Platforming Unit is recontacted in the Recovery Plus package (X-1301) and sent to chloride removal D-1302 A/B. After chloride removal, some of the net hydrogen is sent to the make-up gas multi-stage compressors (C-1202 A/B/C) in theNHT Unit (012), where it is pressurized up to the consumers (NHT, LCO HDT, Isomerization, NHT H2 storage drums) required pressure levels. Most of the net gas product is sent to Fuel Gas system (Unit 037) . The composition of hydrogen shall be the following in normal operation. Compound



Make up Hydrogen mole %



H2 (1)



93.3



Methane



2.5



Ethane



2.4



Propane



1.4



i Butane



0.1



n Butane



0.1



i Pentane



0.04



n Pentane



0.02



C6+



0.04



(1) Test Method : UOP 539 3.2.4



Fuel Gas Fuel Gas from the Debutanizer reflux drum can be sent to Fuel Gas Network (Unit 037). But normally, no flow is exported to FG network via the debutanizer reflux drum. Off gas from the debutanizer receiver is sent to the recovery plus system X-1301.
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OVERALL MATERIAL BALANCE OF THE UNIT The overall material balance presented here below is summarizing the UOP Heat and Material balance and Process Flow Diagrams considering that CCR is fed with Heavy Naphtha from NHT unit (012) and with Sweet Naphtha. This CCR design case is also corresponding to Lean Feed Case since C6s from NHT splitter are recovered in the PENEX unit (rich case is corresponding to PENEX alternate case : C6 from NHT splitter are recovered in the CCR)



DESIGN CASE (Kg/h) PROCESS INLET Hydrotreated Heavy Naphtha from Unit 012 TOTAL INLET



PROCESS OUTLET Reformate to TK-5107 Unstabilized LPG to Unit 016 Net Gas to Unit 012 Fuel Gas TOTAL OUTLET



103 496 103 496



DESIGN CASE (note 1) (Kg/h)



DESIGN CASE (note 2) (Kg/h)



ALT. CASE (note 1) (Kg/h)



ALT. CASE (note 2) (Kg/h)



92 224 3 220 4 603 3 449 103 496



92 224 3 220 4 592 3 460 103 496



92 224 3 220 4 363 3 689 103 496



92 224 3 220 4 357 3 695 103 496



Note 1 : corresponding to PENEX unit at SOR conditions Note 2 : corresponding to PENEX uhit at EOR conditions
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5. BATTERY LIMIT CONDITIONS 5.1



FEEDSTOCKS BATTERY LIMIT CONDITIONS Feed to the platforming unit comes from the Naphtha hydrotreater Unit (Unit 012). Heavy naphtha from TK-5104 can also be used for CCR start up or in addition of the straight run hydrotreated heavy naphtha. During Start Up, hydrogen is provided to the Platformer is provided via a connection from the NHT hydrogen storage drums D-1251 A/B coming to the suction of the recycle compressor C-1301. This hydrogen is provided to D-1251 A/B via hydrogen bottles for the 1st start up of the refinery and is filled-in via the 3rd stage of the make-up gas compressors (C-1202 A/B/C during normal operation.



ORIGIN Hydrotreated Heavy Naphtha NOTES: 5.2



Unit 012 (1)



OPERATING CONDITIONS AT B/L PRESSURE (1) (2) TEMPERATUR Kg/cm2 (g) E (°C) 9.6 118



(1) At grade – Unit 013 Battery Limit elevation is 6 m. (2) At P-1213A/B discharge after cooling in E-1206.



PRODUCTS BATTERY LIMIT CONDITIONS ♦ The reformate can be routed to storage TK-5107 for blending (normal operation), to light slops header (for off spec reformate) or to NHT (for start up) ♦ LPG is routed to LPG recovery unit 016, or to storage. ♦ The excess off gas from debutanizer receiver is sent, on pressure control, to the RECOVERY PLUS system X-1301. it is also possible to route off-gas to the Fuel Gas system (NNF) ♦ Part of the Net gas from chloride treaters is sent to hydrotreating unit (unit 012). Excess net gas is routed to the Fuel Gas system (unit 037).



DESTINATION Reformate Unstabilized LPG Make Up H2 Gas (2) Fuel Gas (3)



NOTES:



TK-5107 Unit 016 Unit 012 Fuel Gas Network (037)



OPERATING / DESIGN CONDITIONS AT B/L PRESSURE



Kg/cm2 (g) 3.5 / 13.1 14.0 / 23.5 4.7 / 14.5 4.0 / 14.5



(1)



TEMPERATURE



(°C) 38 / 65 38 / 65 38 / 160 38 / 160



(1) At grade – Units 012/013 Battery Limit elevation is 6 m. (2) From D-1302 A/B (3) From D-1303 (debutanizer receiver) & D-1302 (net gas chloride treaters)
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UTILITIES BATTERY LIMIT CONDITIONS



DESTINATION ORIGIN UTILITIES SUPPLY HP steam MP steam LP steam Cold Boiler Feedwater Instrument Air Refinery Nitrogen CCR Nitrogen HP BFW Cooling Water Fuel Gas Plant Air Service Water Potable Water Pilot Gas 20° Be Caustic UTILITIES RETURN HP Condensate MP Condensate LP condensate Vacuum condensate Cooling Water Oily Water Spent Caustic Flare



/



OPERATING DESIGN CONDITIONS AT B/L PRESSURE



(1)



TEMPERATURE



Kg/cm2 (g)



(°C)



OSBL OSBL OSBL OSBL OSBL OSBL OSBL OSBL OSBL OSBL OSBL OSBL OSBL OSBL OSBL



42.3 / 48.3 (2) 14.1 / 16.8 (3) 3.6 / 6.3 (3) 4 / 16.3 (2) 7.5 / 10.5(2) 7 / 11.7 (3) 8.5 / 11.7 (3) 60 / 89.2 (3) 5.2 / 9.2 (3) 3.3 / 6.7 (1) 7.5 / 10.5 (2) 5 / 14.2 (2) 2.5 / 5.5 (2) 2 / 6.7 (1) 1.5 / 5.5 (2)



380 / 450 250 / 320 160 / 230 60 / 115 35 / 65 30 / 65 30 / 65 112 / 160 32 / 70 46 / 75 35 / 65 30 / 60 30 / 60 30 / 75 40 / 70



OSBL OSBL OSBL OSBL OSBL OSBL OSBL OSBL



7.5 / 48.3 (2) 7.5 / 16.8 (3) 2 / 6.3 (3) 2.5 / 4.7 (2) 2.2 / 9.2 (3) 3.5 / 4.7 (3) 4.5 / 10 (4) 0.2 / 3.5(1)



170 / 450 170 / 320 133 / 230 50 / 110 47 / 70 36 / 65 38 / 65 38 / 210



Notes: (1) At grade – Units 012/013/023 Battery Limit elevation is 15 m. (2) At grade – Units 012/013/023 Battery Limit elevation is 12 m. (3) At grade – Units 012/013/023 Battery Limit elevation is 9 m. (4) At grade – Units 012/013/023 Battery Limit elevation is 6 m. HP steam is produced in the CCR unit in the heaters convection section to be used in the steam turbine CT-1301 and for the debutanizer reboiler E1308. Additional HP steam from interconnecting header is required to ensure the unit consumption (around 11 t/h).
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6. DESIGN FEATURES 6.1



CCR CATALYST Type of catalyst used in the CCR reactors is UOP catalyst R234. Catalysts from R230™ series are used to produce high octane reformate and hydrogen. R-234 catalyst is a low platinum version. Physical properties of R-230 series catalysts are the following: Circulating ABD (kg/m3) : 537 Static ABD (kg/m3) : 561 Nominal diameter (mm) : 1.6 Shape : Sphere R-234 platinum, wt% 0.290 R-230 series catalyst can be supplied in oxidized or reduced form. The following quantities of catalyst are required: Item number R-1301 R-1302 R-1303 R-1304



Service Reactor n°1 Reactor n°2 Reactor n°3 Reactor n°4 CCR Regeneration section TOTAL



Volume (m3) 11.6 13.5 14.9 15.9 25.1 81.0



Catalyst life is around 6 years. Addition of catalyst in continuous (0.55 m3) is required to compensate fines losses. For more information, MSDS are attached in § 6 of Chapter 9. 6.2



RECOVERY PLUS PACKAGE The RECOVERY PLUS System is designed by UOP to improve recovery of LPG and reformate from the Platforming ™ Process Unit net gas stream. Increased hydrocarbon recovery improves liquid product yield of more valuable products and increased hydrogen purity of the bet gas stream. The RECOVERY PLUS system combines a net gas stream with a slipstream of liquid from the Platforming Unit separator. The net gas and liquid streams are individually cooled and enter the absorber, where vapor and liquid contact occurs through countercurrent flow. Cooling promotes the absorption of LPG and reformate hydrocarbons that normally exits the Platforming process unit’s debutanizer column stabilization prior to being sent to storage. The gas stream exits the RECOVERY PLUS system to the chloride treater at the Platforming process unit.



6.3



DEBUTANIZER WATER WASH SYSTEM PROVISION Stabilizer column fouling sometimes occurs when the Platforming unit is processing naphtha with high levels of nitrogen. This is especially true when the Platforming unit is processing cracked naphtha or naphtha stock from inherently high niitrogen level crudes; the nitrogen and chloride combine to form ammonium chloride salts which deposit in the satabilizer feed/bottoms exchanger, on colum trays, and in the overhead system/
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Sallt build-up on column trays decreases the fractionation efficiency and can lead to off specification products. Typically, RVP control to reformate becomes difficult and the top to bottom column delta P increases. If the column is down for a turn around, the column and overhead system should be cleaned and inspected for corrosion. Steaming out the system should sufficiently clean the equipment of any ammonium chlorides salts which may be present. However, when column performance deteriorates du to salt plugging it is not always convenient to shut down and clean. The provision of water connections located at the discharge of the debutanizer reflux pumps and on the top line of the debutanizer T-1301 allow the removal of chloride salts in débutanizer tower while remaining on line. 6.4



DIFFERENCE BETWEEN NHT AND CCR CAPACITIES. CCR design capacity is 21 100 BPSD, considering Heavy Naphtha from NHT Unit at its design capacity (HN production: 82 947 kg/h) and addition of Sweet Naphtha (20 549 kg/h). Turndown of the CCR Unit is 60% of its design capacity, corresponding to the turndown of the NHT Unit (50%) plus Sweet Naphtha (20 549 kg/h).
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7. GAS AND LIQUID EFFLUENTS The following document will be attached: 8474L-200-NM-6200-002



Liquid Effluents Inventory for units 12-13-23
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2.1.8



RECOVERY PLUS system



2.1.9



Chemical injection



2.2



DEBUTANIZER SECTION
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1. THEORY OF PROCESS The following is a discussion of both naphtha and catalyst chemistry involved in the Platforming process. The subjects of naphtha chemistry and catalyst chemistry have been segregated as much as possible to make the discussion easy to follow. However, the two subjects are necessarily and inherently interrelated and some overlap of subject matter in the ensuing sections is unavoidable. The subject material has been presented with the assumption that the reader is familiar with basic organic chemistry and the concept of thermodynamic equilibria. 1.1 PLATFORMING HYDROCARBON CHEMISTRY 1.1.1



Composition of Platforming feed and product Feed naphtha to a Platforming unit typically contains C6 through C11 paraffins, naphthenes, and aromatics. The purpose of the Platforming process is to produce aromatics from the naphthenes and paraffins, either for use as a motor fuel (because of their very high octane ratings) or as a source of specific aromatic compounds. In motor fuel applications the feed naphtha generally contains the whole range of C6 through C11 hydrocarbons, essentially maximizing the amount of gasoline produced from the crude run. In aromatics applications, the feed naphtha generally contains a more select range of hydrocarbons (C6; C6-C7; C6-C8; C7-C8) which serve as the source of the desired aromatic product. For either application the basic naphtha chemistry is identical. However, aromatics processing, in most cases, emphasizes C6 and C7 hydrocarbon reactions which are slower and more difficult to promote. Naphthas from various crude sources vary greatly in their "ease of reforming". This "ease of reforming" is primarily determined by the amount of the various hydrocarbon types (paraffins, naphthenes, aromatics) contained in the naphtha. Aromatic hydrocarbons pass through the Platforming Unit essentially unchanged. Most naphthenes react rapidly and efficiently to aromatics. This is the basic reaction of Platforming. Paraffins are the most difficult compounds to convert. In most low severity applications, there is only a small amount of paraffin conversion to aromatics. In high severity applications, paraffin conversion is higher, but still slow and inefficient Figure 1 indicates the hydrocarbon conversion that must take place in a typical Platforming operation on a "lean" naphtha (high paraffin, low naphthene content) and on a "rich" naphtha (lower paraffin, higher naphthene content). For the richer feed, less paraffin conversion will be necessary, making the operation much easier and more efficient. To provide a better understanding of Platforming hydrocarbon chemistry, the next sections will detail the types of individual reactions, relative reaction rates, heats of reaction, equilibrium constraints, and pressure and temperature effects involved in these overall hydrocarbon conversions.



1.1.2



Platforming reaction The following reactions take place in the Platforming process to an extent dependent on the severity of the operation, the quality of the feed, and the catalyst type. a. Dehydrogenation of Naphthenes The final step in the formation of an aromatic from a naphthene (either a cyclohexane or a cyclopentane) is the dehydrogenation of a cyclohexane; see
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Figure 2. The reaction of a cyclohexane to the corresponding aromatic is extremely rapid and essentially quantitative. Naphthenes are obviously the most desirable feed components because the dehydrogenation reaction is easy to promote and produces by-product hydrogen as well as the aromatic hydrocarbons. This reaction is very endothermic. It is promoted by a metal catalyst function and is favored by high reaction temperature and low pressure. The discussion of catalyst add and metal functions is contained in the § 1.2 Catalyst Chemistry section. It is now important to only note which reactions are catalyzed by the acid function and which ones are catalyzed by the metal function. b. Isomerization of Naphthenes and Paraffins (1) The isomerization of a cyclopentane to a cyclohexane, shown in Figure 3, must occur as the first step in converting the cyclopentane to an aromatic. This isomerization involves ring rearrangement and the probability for ring opening to form a paraffin is quite high. Therefore, the reaction of alkylcyclopentanes to cyclohexanes is not 100% selective. The reaction is strongly dependent on the processing conditions. (2) Paraffin isomerization, shown in Figure 4, occurs readily in commercial Platforming operations but at typical operating temperatures the thermodynamic equilibrium is not strongly in favor of the more desirable (higher octane) branched isomers. In motor fuel applications this reaction does make a contribution to octane improvement of the naphtha. lsomerization reactions result from carbonium ion intermediate reactions. These reactions are promoted by the acid function and are only slightly dependent on operating pressure. c. Dehydrocyclization of Paraffins Dehydrocyclization of paraffins, shown in Figure 5, is the most difficult Platforming reaction to promote. It consists of a very difficult molecular rearrangement from a paraffin to a naphthene. In the case of light paraffins, equilibrium considerations limit this reaction. The paraffin cyclization step becomes easier as the molecular weight of the paraffin increases, because of increased statistical probability for the formation of the naphthene. Somewhat counteracting this effect is the increased probability of the heavier paraffins to hydrocrack. Dehydrocyclization is favored by low pressure and high temperature. Both metal and add catalyst functions are needed to promote this reaction. d. Hydrocracking Because of the strained ring isomerization and ring formation reactions that the feed alkylcyclopentanes and paraffins must undergo, and because the catalyst needs to have an acid function, the possibility for acid-promoted hydrocracking, depicted in Figure 6, is strong. Paraffin hydrocracking is relatively rapid and is favored by high pressure and high temperature. The disappearance of paraffins from the gasoline boiling range via hydrocracking does concentrate aromatics in the product and hence contributes to octane improvement. The reaction does, however, consume hydrogen and result in lower reformate yield. e. Demethylation Demethylation reactions, shown in Figure 7, generally occur only in very severe Platforming operations (high temperature and high pressure). Under certain conditions it may occur during the startup of a semi-regenerative Platforming Unit following catalyst replacement or regeneration. The reaction is metal catalyzed and is favored by high temperature and pressure. It can be inhibited by attenuation of the catalyst metal function by addition of sulfur or a second metal (as in some bimetallic catalysts).
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f. Dealkylation of Aromatics The dealkylation of aromatics, shown in Figure 8, is similar to aromatic demethylation differing only in the size of the fragment removed from the ring. If the alkyl side chain is large enough, this reaction can be visualized as acid catalyzed carbonium ion cracking of the side chain. The dealkylation reaction is also favored by high temperature and high pressure. Table 1 summarizes the conditions that promote the reactions that take place in the Platforming process. Table 1 – Platforming reactions



Naphthene Dehydrogenation



M



Promoted by Temperature High



Naphthene Isomerization Paraffin Isomerization Paraffin Dehydrocyclization Hydrocracking Demethylation Aromatic Dealkylation



A A M/A A M M/A



Low* Low* High High High High



Reaction



Catalyst



Pressure Low Low High High High



* Low temperatures favor higher iso/normal ratios; rate of isomerization increases with increasing temperature Because of the wide range of paraffins and naphthenes included in the Platforming Unit feed, and because the reaction rates vary considerably with the carbon number of the reactant, these reactions occur in series and in parallel to each other forming the rather complicated overall reaction scheme indicated in Figure 9. 1.1.3



Relative reactions rates In experimental pure component work, individual hydrocarbons were reformed in a pilot plant unit. Compounds studied were normal hexane, methylcyclopentane and cyclohexane in the C6 hydrocarbon group, and normal heptane, methylcyclohexane and dimethyl-cyclopentane in the C7 group. Operating pressure was varied between 5 and 21 kg/cm² and reaction temperature was varied between 450 and 550°C. Hydrogen to hydrocarbon mole ratios were nominally 5 to 7, using recycle hydrogen. Most tests were of short duration and were designed to establish relative rates of reaction and the effect of operating conditions on selectivity to aromatics. Data from runs with pure compounds made at low conversion were used to estimate the relative reaction rates for the various C6 and C7 hydrocarbon types investigated. Adsorption effects, catalyst deactivation, and other factors would alter the relative rates in a blend of compounds or in a commercial naphtha feed, but this analysis provides valuable insight into the basic Platforming kinetic mechanism. The results of the kinetic analysis are summarized in Table 2. The reaction rates are reported relative to the rate of dehydrocyclization of normal hexane.
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Table 2 : Relative reactions rates C6 and C7 hydrocarbons Hydrocarbon Type Carbon No. Reaction Class Isomerization Paraffin Naphthene Dehydrocyclization Hydrocracking Decyclization (ring opening) Dehydrogenation



Paraffin C7 C6



Alkylcyclopentanes C6 C7 relative reaction rate*



Alkylcyclohexanes C6 C7



10 1.0 3.0



13 4.0 4.0



10 -



13 -



-



-



-



-



5 -



3 -



100



100



* Data determined from initial rates for pure components and mixtures of pure components. All rates relative to rate of dehydrocyclization of normal hexane. The primary reactions for the C6 and C7 paraffins proceed at significantly different rates. The rate of dehydrocyclization for hexane is one-third that of hydrocracking so the fraction of the normal hexane converted to benzene is relatively low. Normal heptane hydrocracks at about the same rate as normal hexane so the faster rate of dehydrocyclization (about four times that of hexane) leads to significantly greater fractional conversion to aromatics for normal heptane in comparison to hexane. Both paraffins are isomerized rapidly to the various possible isomers. Reactions of the naphthenes show marked differences between the alkylcyclopentanes and alkylcyclohexanes. Cyclohexane types dehydrogenate very rapidly and completely to aromatics. The cyclopentanes react at a much slower rate and undergo both isomerization to form the corresponding cyclohexanes and ring opening to form paraffins. The ratio of the rate of isomerization to the total rate of reaction (isomezation plus ring opening) is an indication of the expected selectivity to aromatics for the alkylcyclopentanes. This ratio is 0.67 for the methylcyclopentane and 0.81 for dimethylcyclopentane. The ease of isomerization increases with carbon number and the C8+ alkylcyclopentanes have relatively high selectivities to aromatics. The paraffins show the lowest reactivity and the poorest selectivity for aromatic formation. The alkylcyclopentanes, while more reactive and selective than paraffins, still provide less than quantitative yields of aromatics. The alkylcyclohexanes are converted very rapidly and quantitatively to aromatics. 1.1.4



Heats of reactions Generalized heats of reaction for the reactions of paraffin to naphthene, naphthene to aromatic, and paraffin hydrocracking are shown in Table 3. Table 3 – Typical heats of reaction



∆H (Kcal/Mol H2)



Reaction Paraffin



Naphthene



+ 10.5 Endothermic



Naphthene



Aromatic



+16.9



Endothermic
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-13.5



Exothermic



Dehydrocyclization of paraffins and dehydrogenation of naphthenes are both very endothermic as manifested commercially by the large temperature decreases across the first two Platforming reactors. Generally, the last reactor is promoting a combination of paraffin dehydrocyclization and hydrocracking reactions and the total kinetics in this reactor may be either endothermic or exothermic depending on processing conditions, feed characteristics, and catalyst. 1.1.5



Equilibrium considerations Most modern motor fuel Platforming Units operate at conditions such that the degree of conversion of the major components in the feed is not limited by equilibrium. However, BTX (*) naphtha feeds contain high concentrations of light hydrocarbons, and for these feeds, the level of conversion is affected by equilibrium. The least reactive and most strongly influenced by thermodynamic factors are the six-carbon-number hydrocarbons. The effect of temperature and hydrogen partial pressure on equilibrium conversion will be examined for this system. A similar analysis would apply for seven- and eight-carbonnumber hydrocarbon systems, but the degree of thermodynamic limitation would be much lower. (*) BTX = benzene, toluene, xylene. The technique used to calculate equilibrium ratios for the various reactions is illustrated by the following example. Consider the reaction of normal hexane (nC6) undergoing dehydrocyclization to form methylcyclopentane (MPC). k1 nC6 MCP + H2 k2 where k1 and k2 are the forward and reverse reaction constants, respectively. At equilibrium, the following equation is valid (PMCP ) (PH2 ) k1 = (PnC6 ) k2 where Kp is the equilibrium constant and P is the partial pressure of the component. The larger the value of Kp, the more favorable the reaction. The equilibrium ratio for this reaction then becomes



Kp =



(PMCP ) = (PnC6 )



Kp (PH2 )



Values of Kp can be calculated from the thermodynamic properties of the reactants and products and then the extent of equilibrium limitation established. Figure 10 shows the effect of temperature and hydrogen partial pressure on the equilibrium ratio for the conversion of normal hexane to methylcyclopentane. It can be seen that, in general, the equilibrium ratio is low, but improves rapidly as temperature is increased and hydrogen partial pressure is decreased. It must be noted that the level of MCP in the reactor must be reduced below the equilibrium value before there will be any net conversion of hexane to cyclic materials. Since the rate of hydrocracking is inhibited by lower hydrogen pressures, the selectivity of the hexane to aromatics is greatly enhanced by low pressure, high temperature operations. The isomerization of methylcyclopentane to cyclohexane does not involve hydrogen as a product or reactant, therefore the equilibrium ratio is a function of temperature only. The effect of temperature on the equilibrium ratio of cyclohexane to methylcyclopentane is illustrated in Figure 11. The equilibrium ratio is quite low over the normal Platforming temperature region and decreases slightly as temperature is increased. This low
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equilibrium ratio inhibits conversion of methylcyclopentane to cyclohexane because the cyclohexane concentration must be reduced to very low levels before the forward methylcyclopentane reaction can proceed. The complexity of the ring isomerization reaction and the unfavorable thermodynamics combine to reduce the selectivity of methylcyclopentane to benzene substantially below 100%. The dehydrogenation of cyclohexane to form benzene is the most rapid and simplest of the Platforming reactions. The effects of temperature and hydrogen partial pressure on the equilibrium ratio for this reaction are illustrated in Figure 12. The formation of benzene is highly favored over the entire range of typical Platforming operating conditions. Thus, this reaction is essentially irreversible and thermodynamic factors have little effect on selectivity. 1.1.6



Effects of pressure and temperature on reaction selectivity As an extension of the pure component equilibrium pilot plant studies, the effects of pressure and temperature on the selectivity to aromatics for normal hexane, methylcyclopentane, and normal heptane were investigated in detail. These hydrocarbons have low selectivities and thus optimization of operating conditions to maximize the selectivity is the key to improved yields of aromatics. The effect of operating conditions on normal hexane selectivity to benzene is illustrated in Figure 13. Here the selectivity to benzene is defined as the mole ratio of hexane converted to benzene divided by the total moles of hexane converted (conversion was based on disappearance of total hexane so that iso-hexanes in the product were treated as unconverted normal hexane). This is, in essence, the extent to which the dehydrocyclization of hexane is occurring. As shown in Figure 13, normal hexane selectivity to benzene increases with temperature at each pressure. This is due to equilibrium shifting in favor of dehydrocyclization with increasing temperature. Selectivity improvement with decreasing pressure is due to the combined effects of improved equilibrium ratio and a suppression of the rate of hydrocracking. At a reactor temperature of 538°C, decreasing the plant pressure from 14 kg/cm2g to 9 kg/cm² g increases the selectivity of normal hexane to benzene by 33%, while a further decrease to 5 kg/cm² g yields a 70% improvement over the selectivity at 14 kg/cm²g. Benzene yields from hexane precursors will be greatly enhanced by operating at high temperature and low pressures. At these conditions, however, the rate of coke formation is very high, and catalyst stability becomes a primary concern. The effect of process conditions on the methylcyclopentane selectivity to benzene is illustrated in Figure 14. Methylcyclopentane shows the same trend of improved selectivity with increased temperature and reduced pressure as noted for normal hexane. At comparable conditions, however, the methylcyclopentane selectivity is two to three times as large as the hexane selectivity. The best selectivity (about 70%) was obtained at 7 kg/cm² g pressure and 538°C reactor temperature. Increasing the pressure to 21 kg/cm² lowered the selectivity to about 50%. Thus a 40% improvement in methylcyclopentane selectivity to benzene is obtained by operating at the lower pressure. Figure 15 summarizes the results obtained when normal heptane was processed at various conditions. Heptane selectivity to toluene follows a pattern similar to that found for normal hexane to benzene. Again, the improvement in selectivity as temperature is increased and pressure decreased is due to the combined effects of improved equilibrium ratio and a suppression of the rate of hydrocracking. For example, at a reactor temperature of 538°C, reducing plant pressure from 21 kg/cm² g to 14 kg/cm² g increased heptane selectivity to toluene by 30% while a further reduction to 7 kg/cm² g pressure provided a selectivity 60% greater than that at 21 kg/cm² g pressure. Heptane selectivity to toluene is two to three times higher than hexane selectivity to benzene at identical operating conditions.
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The preceding pure component work indicates that the processing conditions utilized can greatly affect the selectivity to aromatics for the C6-C7 paraffins. Specifically, more aromatics are produced at low pressure, high temperature conditions. Note, however, that the catalyst stability becomes a constraint as moves are made toward conditions favoring increased aromatics production. 1.1.7



Reactor profiles : commercial Platforming data Having considered the relative rates of the various Platforming reactions, equilibrium constraints, and heats of reaction, the overall Platforming process can now be examined. Consider a low pressure, motor fuel operation from the aspects of hydrocarbon concentration, product quality, and temperature profiles as the reactants pass through the reactor system. The following data were obtained from a commercial, four reactor Platforming Unit. Feed, product and inter-reactor samples were taken in such a manner as to follow hydrocarbon conversion and product quality through the reactors. The profiles from this unit vividly demonstrate the practical aspects of the hydrocarbon chemistry discussed above. Figure 16 shows hydrocarbon types yield, expressed as moles of the particular hydrocarbon type per 100 moles of feed, across the reactor system. The lines at 0.1, 0.25, 0.50, and 1.0 fraction of total catalyst indicate individual reactor boundaries and points of sampling. Note that in this particular operation, aromatic formation is 22, 10, 5.5, and 5.5 moles per 100 moles of feed respectively in reactors 1, 2, 3, and 4. Because of their rapid reaction rate, 95 percent of the feed cyclohexanes disappear in the first reactor. Slower to react, the cyclopentanes disappear at rates of 4.5, 4.0, 1.0, and 0.5 moles per 100 moles of feed through reactors 1 through 4. Paraffin disappearance on an absolute molar level is comparable to cyclopentane conversion (4.0, 4.0, 7.0, and 6.5 moles per 100 moles of feed) but on the basis of percent converted per mole of specific hydrocarbon feed, the paraffin conversion is much lower. Table 4 quantifies the conversion of each hydrocarbon type based on the amount of that hydrocarbon in the Platforming Unit feed. Table 4 – Paraffin and naphthene conversion per reactor Reactor No.



1



2



3



4



Total Conversion



Conversion of Feed Hydrocarbon Type, Percent Cyclohexanes



95



3



0*



1*



99



Cyclopentanes



39



35



9



4



87



Paraffins



7



7



13



12



39



* Concentration Too Low To Accurately Measure. Figure 16 and Table 4 demonstrate the rapid quantitative conversion of cyclohexanes, the slower conversion of cyclopentanes, and the very slow paraffin conversion. Note that isomerization is not included in paraffin conversion. Figure 17 demonstrates the effect of cyclopentane carbon number upon the rate of conversion. In reactor one there is generally either no change at all, or actually an increase, in the absolute amount of methylcyclopentane. Such an increase could result from cyclohexane isomerization but is generally only observed in low severity units. Figure 17 shows the more rapid conversion of the heavier cyclopentanes; C9 and heavier cyclopentanes are essentially completely converted in the first two reactors. C8, C7, and C6 cyclopentanes react progressively slower.
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Figure 18 shows the paraffin content of the reactant stream (moles of paraffin per 100 moles of feed) across the reactor system. It is interesting to note that in the first two reactors there is an increase in the absolute amounts of C6 and C7 paraffins present. This is due to cracking of the heavy paraffins (note the rapid disappearance of C9 through C11 paraffins) and possibly to decyclization of C6 and C7 cyclopentanes back to corresponding paraffins. The more rapid conversion of the heavier paraffins results from increased ease of ring formation, dehydrocyclization, and increased rate of hydrocracking. Figure 19 shows increasing isomerization in the C6 through C8 paraffin fraction across the reactors. These iso/normal ratios approach but do not reach equilibrium values. lsomerization plays a role in octane upgrading of the remaining paraffin fraction. One of the more interesting aspects of these results is demonstrated in Figure 20. This figure shows aromatic content by carbon number (again in moles of aromatic per 100 moles of feed) across the reactors. The absolute amount of an individual aromatic formed, of course, depends on the amount of precursors in the feed. However, the rates at which the aromatics form are indicative of the kinetics of the aromatic-forming reactions. C10 and C11 aromatics are all formed in reactors one and two; there is no net formation of these aromatics in the last two reactors. Figure 18 does indicate conversion of C10 and C11 paraffins in reactors three and four and it is felt that some of the converted paraffins are dehydrocyclizing, but that an offsetting amount of dealkylation to lighter aromatics is occurring. C7 through C9 aromatics continue to be produced throughout the reactor system. Inspection of the previous figures show that very little C7-C9 aromatic production in reactors three and four can be attributed to naphthene conversion, because most of these naphthene precursors are converted in reactors one and two. This aromatic production must then be attributed to paraffin dehydrocyclization and dealkylation of heavier aromatics. Finally, very little net benzene production occurs in reactor three and none occurs in reactor four. This is the result of rapid cyclohexane conversion in reactors one and two, slower methylcyclopentane conversion in reactors two and three, and minimal hexane conversion. Hexane conversion at these moderate severity conditions was low, as expected. More severe processing conditions (lower pressure) are employed in modern Platforming Unit designs to increase conversion of hexane to benzene. Figure 21 shows octane increase across the reactors. Predictably, the octane rating increases more rapidly in the first reactors, a result of the extensive naphthene conversion. Octane upgrading in the last reactors results from the slower isomerization, hydrocracking, and dehydrocyclization. Finally, Figure 22 shows the reactor temperature profiles. The inlet and outlet temperatures can be measured commercially; the shape of the profile was determined by a Platforming kinetic model. 1.2 CATALYST CHEMISTRY 1.2.1



Dual function Platforming catalyst chemistry Examination of the reactions listed in Table 1 and Figure 9 shows that some of them are acid-catalyzed while others are promoted by a metallic hydrogenation-dehydrogenation catalyst function. As such it is necessary that a Platforming catalyst have a proper balance between the metal and the acid function as shown in Figure 23. This is important to minimize hydrocracking while maximizing the dehydrogenation and dehydrocycilization reactions. This balance is maintained by proper H2O/Cl control during a semi-regeneration catalyst cycle and proper regeneration technique. The importance of water/chloride control can be illustrated by imagining the catalyst surface as a ball and stick model with aluminum and oxygen atoms in a regular pattern upon which hydrogen and hydroxyl groups are randomly arrayed. The vapor phase HCI
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and H2O are in equilibrium with the surface hydroxyl groups and chloride. Too much water in the vapor phase will force chlorides from the surface leading to an underchlorided catalyst. While too much chloride in the vapor phase has the reverse effect. Therefore, proper control of water/chloride ratios is crucial in maintaining an active acid site. On the other hand, the metal sites (and of course the acid sites) are affected most dramatically during catalyst regeneration. Using the ball and stick model, one can imagine a platinum-chloride species somehow attached to the surface (i.e. through an oxygen or aluminum atom). No one is quite sure of the anchoring mechanism but the presence of chlorides in an oxidizing atmosphere is instrumental in redispersing the platinum on the surface. Temperature also affects mobility of platinum and retention of chloride. The classical picture of a dual function catalyst involves two separate and distinct sites with the reacting molecule migrating from one site to another. Current thinking leans toward a modified picture in which a single site or single complex is responsible for the entire reaction sequence. It should be pointed out that presently it is only a concept and is not supported by unequivocal evidence. It is known that the method of catalyst preparation affects the activity to at least the same extent as the absolute level of active ingredients, indicating that a specific arrangement is critical. In addition, since the rates of the reactions over a modern Platforming catalyst are high, one must question the mass transfer limitations that would be involved in migration between separate sites. The concept of a single complex site does not affect the innate dual-functional nature of a Platforming catalyst. The surface must still possess both acidic and metallic characters. The acidic character is mainly responsible for the formation of carbonium ions by either extraction of hydride ions or addition of protons to double bonds. Carbonium ions are, in turn, the intermediates in such reactions as isomerization and hydrocracking. The metal function is responsible for the extraction of hydrogen from hydrocarbons, the splitting of hydrogen molecules and subsequent addition of hydrogen atoms to unsaturated species. Combination of these two functions into a single complex site allows these reactions to occur in a concerted fashion. 1.2.2



Effects of pressure on catalyst design For special purposes, the acidity of a Platforming catalyst can be increased. The best example of this is the R-15 LPG Platforming system, where the target is the production of propane and butane. This was accomplished by adding another acidic component to a Platforming catalyst. Figure 25 illustrates the effect of such increased acidity on product distribution in the case of a relatively mild processing of a mid-continent naphtha. If this same catalyst system is now operated at a lower pressure, there is a dramatic shift in product yields because the acidity or cracking nature of the catalyst is significantly reduced. Figure 26 illustrates the effect of lowering pressure on the performance of an R-15 catalyst. At 7 kg/cm²g, R-15 behaves very nearly like a standard Platforming catalyst. The pressure effect translates to standard Platforming catalysts where lowering reactor pressure reduces cracking tendencies and increases selectivities of naphthenes and paraffins to aromatics (as previously discussed). Figure 27 illustrates the relationship between pressure and yield of light hydrocarbons for a given Platforming system. As the pressure is decreased, there is an increase in C5+ yield and hydrogen with a subsequent decrease in light gases. The source of the light hydrocarbons is the cracking of paraffins. The yield of aromatics from paraffins can increase by as much as 40% as the pressure is decreased from 35 to 11 kg/cm² g. Figure 28 shows that this is the result of a substantial decrease in hydrocracking and an associated improvement in the selectivity of them paraffins to aromatics.
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With the increase in C5+ yield due to lowering reactor pressure, there is an increase in the octane-barrel yield with the optimum occurring at higher octane severities*. Figure 29 illustrates that for a constant feedstock lowering reactor pressure from 21 kg/cm² g to 7 kg/cm² g the optimum octane for maximum octane barrel shifts from around 96 RONC to about 99 RONC. Likewise in Figure 30, if pressure is held constant, as the feed N+2A content increases, the optimum RONC for maximum octane barrel increases. * Octane barrel yield is defined as C5+ volume yield (barrels) times C5+ RONC. 1.2.3



UOP Platforming catalysts The type of information presented above on the relationship between pressure and yield encouraged UOP to focus attention on low pressure Platforming some time ago. The yield advantages in that region are obvious, but the problem is catalyst stability. Figure 31 illustrates the effect of increased octane and decreased pressure on catalyst stability. Taking advantage of the optimum octane for maximum octane barrel from Figure 29 would result in a six fold deactivation rate.
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1.3 FIGURES ATTACHED TO THE PLATFORMING CHEMISTRY Figure 1 : Figure 2 : Figure 3 : Figure 4 : Figure 5 : Figure 6 : Figure 7 : Figure 8 : Figure 9 : Figure 10 : Figure 11 : Figure 12 : Figure 13 : Figure 14 : Figure 15 : Figure 16 : Figure 17 : Figure 18 : Figure 19 : Figure 20 : Figure 21 : Figure 22 : Figure 23 : Figure 24 : Figure 25 : Figure 26 : Figure 27 : Figure 28 : Figure 29 : Figure 30 : Figure 31 :



Hydrocarbon Types Volume Conversion in Platforming Naphthene Dehydrogenation Naphthene Isomerization Paraffin Isomerization Paraffin Dehydrocyclization Hydrocracking Demethylation Aromatic Dealkylation Generalized Platforming Reaction Scheme Normal - Hexane/Methylcyclopentane Equilibrium Cyclohexane/Methylcyclopentane Equilibrium Cyclohexane/Benzene Equilibrium Selectivity of Normal Hexane to Benzene Selectivity of Methylcyclopentane to Benzene Selectivity of Normal Heptane to Toluene Hydrocarbon Types Conversion - Reactor Profile Cyclopentane Conversion - Reactor Profile Paraffin Conversion - Reactor Profile Paraffin Isomerization - Reactor Profile Aromatic Formation - Reactor Profile C5+ Research Octane Rating - Reactor Profile Temperature - Reactor Profile Properly Balanced Catalyst Acid Site Standard Platforming Catalyst Versus R-15 Effect of Pressure on Yield Structure of R-15 Catalyst Effect of Pressure on Yield Structure Effect of Pressure on Paraffin conversion Octane - Barrel Yield Response to Octane and Pressure Octane - Barrel Yield Response to Octane and Feed Composition Effect of Octane and Operating Pressure on Catalyst Deactivation
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2. PROCESS FLOW DESCRIPTION 2.1 REACTION CIRCUIT 2.1.1



Feed preheater section The platformer feed, hydrotreated heavy naphtha, coming from the Naphtha Splitter (Unit 12), enters the unit on flow control 013-FIC-003. This feed is filtered in filters to remove any particles which may plug the welded plate-type exchanger E-1301. In normal operation, the feed is directly supplied from the Naphtha Splitter (T-1202) via the Stripper Feed Naphtha Splitter Bottoms cooler (E-1206). The setting of the flow controller 013-FIC-003 is kept constant and the fluctuation in the upstream unit (NHDT unit) will be detected by the level fluctuations in the splitter bottom (012-LI-019). A recycle hydrogen rich gas is also supplied to the Combined Feed Exchanger E-1301 where it is mixed with the feed stream. The combined feed (liquid feed + recycle gas) is heated up by heat exchange with the reactor effluent in E-1301 (true counter-current exchanger designed for minimum pressure drop and maximum heat recovery). The combined feed is then sent to the Charge Heater H-1301 to be heated up to the desired temperature (controller 013-TIC-001) before entering the first reactor.



2.1.2



Charge heater and inter heaters The heat and reheat section consists of the Charge Heater and three Interheaters between the reactors. In the reactors, the chemical reactions that occur are mostly endothermic, and so the outlet temperature of each reactor is less than the inlet temperature. The function of the interheaters is to raise the temperature of each reactor’s effluent back up to reaction temperature for the next reactor. The Charge Heater and the Interheaters in UOP Continuous Platforming Units are contained in a single, partitioned, multi-cell heater box. The heater box has a convection section to recover heat from the flue gas to generate HP steam. Fuel Gas used in the heaters firing systems is supplied from the FG Header from unit 037, in which Fuel Gas produced in all the units is mixed.



2.1.3



Reactors The reactor stack is composed of four reactors constructed together to form one large vessel. The bottom heads of the individual reactors are used to divide this vessel into separate reactors. In order to have a low pressure drop, the reactors design is radial flow where hydrocarbon enters at the top of the reactor and flows across the catalyst bed from the outside to the inside of the reactor. Process vapors then flow through the center pipe and out the reactor. Internal expansion joints are built into the vapour outlet lines of all the reactors, except the bottom one, to counteract thermal expansion of the vessel. Catalyst enters at the top of the reactor, flows down through the reactor, and exits at the bottom. The Platforming Unit is equipped with the CCR Section, and the reactor stack is equipped with reactor internals that permit catalyst transfer series flow through the stack; i.e. from one reactor to the next. Additional exterior equipment is provided to transfer a spent catalyst form the reactor stack to the Regeneration Equipment and return regenerated catalyst from the Regeneration Equipment to the reactor stack. The temperature of the process vapor drops rapidly in going through the catalyst bed, since the reactions are very endothermic. Therefore, they must be reheated before they
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enter Reactor No. 2 to support further reactions. After reheating, the vapors go to the No. 2 reactor where the process is repeated. Since small temperature changes can have large effects on the reactors performance, the feed temperature is closely controlled by temperature controllers (013-TIC-001, 003, 005 and 007) located on process outlet of each heater, which regulate the fuel gas firing of the respective heater/interheater (H-1301, 1302, 1303 and 1304). 2.1.4



Reactor effluent Leaving the Reactor N°4, the effluent is split into two streams : ♦ one stream is used to heat up the recycle gas injected at the bottom of reactor N°4. The temperature of the recycle gas outlet controls the flow of the effluent stream through the Reactor Purge Exchanger E-1302 (013-TIC-013), ♦ the other stream is partially cooled by exchange with the combined feed stream in the Combined Feed Exchanger E-1301. These two streams are mixed downstream exchanger E-1301 and then further cooled in the Products Condenser E-1303. After cooling, the reactor effluent is sent to the Separator D-1301 to separate H2 rich vapor from the hydrocarbon liquid product.



2.1.5



Reactor effluent separator In the separator D-1301, the cooled, condensed reactor effluent is separated into a condensed liquid hydrocarbon and a hydrogen rich gas stream. A wire mesh is provided inside the Separator D-1301 to catch any liquid entrainment. After compression by the recycle compressor (C-1301), the gas stream is split into two streams : ♦ the majority of the gas stream is recycled back into the reaction section (to mixing with the platformer feed upstream of the Combined Feed Exchanger (E-1301) and to the bottom of reactor n°4(via E-1302), ♦ the remaining stream, so called Net Gas is cooled in the net gas cooler E-1304 and then sent to the RECOVERY PLUS system X-1301 to allow the recovery of LPG / Reformate which remain in the net gas stream. The pressure of the reaction loop is controlled at the level of the separator D-1301 off gas line. This pressure control is performed by 013-PIC-004 acting on split range on two control valves 013-PV-004A venting to flare and the second 013-PV-004B releasing net gas to the fuel gas circuit. In case of a pressure increase, the controller output first opens the 013-PV-004B and then the vent to the flare, by the valve 013-PV-004A. The Separator liquid is pumped on level control 013-LIC-002 by the separator pump 013-P-1301A/B to be recontacted with the liquid effluent from the RECOVERY PLUS system X-1301.



2.1.6



Recycle compressor The recycle compressor C-1301 is driven by a steam turbine CT-1301 using HP steam from HP steam header.
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LP steam from the turbine exhaust is condensed in the surface condenser E-1311 (using cooling water). Condensate is pumped and routed to the vacuum condensate system. 2.1.7



Steam generation HP Steam is available from interconnecting header. But HP steam is also produced using HP Boiler Feed Water from Header. BFW is preheated in the convection section SG-1301 of the heater H-1301/02/03/04 before entering the disengaging drum D-1306. Steam is then heated through the convection section of heaters.



2.1.8



RECOVERY PLUS system The RECOVERY PLUS™ system contains five circuits that are described below. PFDs and PIDs of this package are attached in §3 of Chapter 14. a. Refrigeration Circuit The refrigeration circuit in the RECOVERY PLUS™ system is a pressurized closed loop. The propylene refrigerant flows to the Combined Chiller X-1301-E03 through LV-571. The pressure drop across this valve vaporizes a portion of the liquid refrigerant, and the resultant phase change chills it to the required operating temperature. The chilled liquid refrigerant level is maintained 50 mm below the top of the tubes of the Combined Chiller. The frothing of the refrigerant in the Chiller covers the rest of the tubes. Rich Net Gas and Lean Oil pass through their respective tube bundles, cooled by refrigerant evaporation. The vaporized refrigerant that leaves the Combined Chiller enters the suction of the Refrigerant Compressor X-1301-C01. The Refrigerant Compressor capacity increases (loads) or decreases (unloads) as required to maintain the setpoint from TIC-579, controlling the temperature of the Lean Oil to the Absorber. Within the Compressor, refrigerant vapor comes in contact with circulating synthetic lube oil, which aids compression while lubricating and cooling the Compressor. Mechanical energy and warm oil heat the refrigerant to a temperature well above the condensing point. The compressed gas/oil mixture discharges from the Compressor to the Oil Separator X1301-V02. In the Oil Separator, the refrigerant disengages from the oil and passes overhead through coalescing elements where entrained oil is removed. Oil buildup from the downstream side of these elements is sent back into the compressor suction via a liquid oil drain line. The refrigerant leaves the top of the Oil Separator and enters the shell side of the Refrigerant Condenser X-1301-E06, where it exchanges heat with the cooling water and condenses. The lower section of the Condenser acts as a refrigerant surge capacity. A level should be maintained in this lower section of the Condenser, to maintain adequate liquid head pressure to operate the Lube Oil Cooler X-1301-E04. Condensed refrigerant drains from the Condenser and is cooled further in the Subcooler X-1301-E05, before entering the Combined Chiller. A portion of the condensed refrigerant bypasses the Subcooler and is used in the thermosyphon Lube Oil Cooler, which cools the lube oil for return to the Compressor. The refrigerant from the Lube Oil Cooler is returned to the inlet of the Refrigerant Condenser. b. Oil reclaimer System Entrained lube oil in the refrigerant stream settles in the shell side of the Combined Chiller, where refrigerant boiling occurs. This lube oil is drawn off the bottom of the chiller shell to avoid accumulation; the lube oil gravity settles to the bottom of the Chiller. Due to the rapid boiling of the refrigerant, this lube oil does not necessarily form a
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distinct interface with the refrigerant. Also, the refrigerant is somewhat soluble in the lube oil. The lube oil is reclaimed via a small continuous draw off the lube oil/refrigerant mixture, which is heated to vaporize the refrigerant fraction and returned to the compressor suction. Heat is provided to the Oil Reclaimer system from the Lube Oil circuit. c.



Lube oil circuit



Lube oil is continuously supplied to the Compressor to lubricate and assist in compression. Separation of the lube oil/refrigerant mixture is achieved in the Oil Separator X-1301-V02. This is a two stage separator, using gravity settling in the first stage and coalescing elements as the second stage. The bottom of the Separator serves as an oil reservoir and is equipped with a level gauge for positive oil level indication. A thermostatically controlled Oil Separator Heater X-1301-H01, maintains the oil temperature for proper oil viscosity during Compressor shutdown. The Lube Oil Pumps X-1301-P01A/B transfer lube oil from the Oil Separator to the Compressor. The oil temperature to the Compressor is controlled by TCV-593, which allows hot oil to bypass the Lube Oil Cooler X-1301-E04 and recombine with the cooled oil. Lube Oil passes through a 10 micron element filter, Lube Oil Filters X-1301-F02A/B (10 micron), before the oil is fed to the bearings, balance piston, shaft seal, compression chamber and hydraulic capacity actuator. d. Net Gas Circuit The NET GAS IN passes through the Vapor Exchanger X-1301-E02, where it is cooled by exchanging heat with the RICH NET GAS. The RICH NET GAS then enters the vapor side of the Combined Chiller where it is further cooled. Some condensation of heavier hydrocarbons occurs as the gas is cooled. Leaving the Chiller, the RICH NET GAS enters the Absorber below tray 10. Passing upward through the Absorber, the gas is contacted with the chilled Lean Oil which absorbs hydrocarbons from the gas. The H2 rich gas (LEAN NET GAS) leaves the top of the Absorber, is then heated in the shell side of the Vapor Exchanger and sent to the Net Gas Chloride Treater (outside RECOVERY PLUS™ battery limits). e. Liquid Circuit The Lean Oil in the RECOVERY PLUS™ system is a slipstream from the Lean Oil Separator (outside RECOVERY PLUS™ battery limits). The rate of the LEAN OIL is controlled by FIC-580. This stream flows to the Liquid Exchangers X-1301-E01A/B, where it is cooled by exchanging heat with the absorber rich liquid. The LEAN OIL enters the liquid tube side of the Combined Chiller where it is further cooled. TIC-579 adjusts the refrigeration circuit to control the temperature of the LEAN OIL leaving the Combined Chiller. Leaving the Chiller, the LEAN OIL enters the Absorber above tray 1. The liquid flows counter-current, absorbing hydrocarbon from the rising gas. Leaving tray 10, the liquid accumulates in the bottom of the Absorber. The Absorber liquid level is controlled by LIC-573. Rich Oil Pumps X-1301-P02A/B send Rich Oil to Liquid Exchangers X-1301-E01A/B. The Rich Oil (net liquid) is heated in the shell side of the Liquid Exchangers and further warmed in the shell side of the Subcooler. The RICH OIL then flows to the Debutanizer Feed Bottoms Exchanger (outside RECOVERY PLUS™ battery limits).



Recovered gas from X-1301 is sent to the Net Gas Chloride Treaters D-1302 A/B to remove chloride components by activated Alumina (chloride is absorbed onto the alumina). The Net Gas Chloride Treaters outlet gas is separated into two streams :
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♦ one stream is sent to the first stage of the NHT make up compressor suction drum D-13 ♦ one stream is sent on pressure control, via 013-PV-004B to the fuel gas system, The liquid from the RECOVERY PLUS system is sent to the Debutanizer section. 2.1.9



Chemical injection



2.1.9.1



Chloride injection package X-1307 Chloride and water are injected into the feed stream to obtain optimum activity and selectivity of the catalyst. Chloride from storage D-1399 is injected by means of the Injection Pump P-1305 (for startup) or the Chemical and Condensate Injection Pumps P-1304 A/B which has a two piston cylinder and common driver. Chloride is injected into the feed upstream of the Combined Feed Exchanger E-1301. The cold condensate which is received in the Condensate Break Tank D-1307 is injected into the feed stream downstream of the Combined Feed Exchanger E-1301, by means of the Chemical and Condensate Injection Pump P-1304 A/B.



2.1.9.2



Sulfide injection package X-1396 Sulfide from sulfide storage drum D-1396 is injected via the sulfide injection pumps P1306 A/B in the Feed from NHT stripper at the inlet of the combined exchanger E-1301.



2.1.9.3



Phosphate dosing drum X-1397 Phosphate is injected from phosphate feed drum D-1397 via the phosphate injection pump P-1397 A/B to the Steam disengaging drum D-1306



2.2 DEBUTANIZER SECTION The Debutanizer is used to control the vapor pressure of the gasoline by fractionating all but a predetermined amount of C4’s (butanes) overhead. The amount of butane left in the gasoline will help determine the vapor pressure of the gasoline. The LPG product shall contain less than 1.1% mole C5+ and the reformate shall contain less than 1% vol C4 minus. The liquid hydrocarbon from the following streams is pressurized or pumped through level controllers and mixed at the inlet of the Debutanizer Feed-Bottoms Exchanger E1306 A/B/C/D : ♦ Liquid from RECOVERY PLUS system (X-1301), ♦ Liquid from the separator (D-1301) via pumps P-1301 A/B, ♦ Liquid from Net gas chloride treaters (D-1302 A/B) via pump P-1308. The mixed liquid is heated up by heat exchange with the Debutanizer bottoms liquid in the Debutanizer Feed-Bottoms Exchangers E-1306 A/B/C/D, and enters the Debutanizer T-1301 column above tray N°21. The overhead from the Debutanizer is partially condensed in the condenser E-1309 and the trim cooler E-1310. The effluent of this condenser is separated into vapor and liquid phases in the Debutanizer Receiver D-1303 :
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♦ The hydrocarbon liquid is pumped from the Receiver by the Debutanizer Overhead Pumps P-1302 A/B on flow control 013-FIC-011 reset by the Receiver level controller 013-LIC-005, and split into two streams : One stream is returned as reflux to the Debutanizer, The other stream, LPG product, is sent to the LPG Chloride Treaters D-1308 A/B and then sent to the battery limit on flow control 013-FIC-010 reset by the sensitive tray N°8 temperature controller 013-TIC-027. In normal operation, the cut point between LPG and reformate is performed by this temperature control in tray N°8 of the column. ♦ The vapor phase (C4 and lighter) leaves the receiver and is routed to the RECOVERY PLUS system on pressure control to regulate the Debutanizer overhead pressure (013-PIC-012). ♦ The sour water is removed from the Receiver boot on interface level control (013LIC-004) and sent to the battery limit (and further to the Sour Water Stripper Unit) The stripping vapors in the lower portion of the column are provided by a steam reboiler -E-1307. The heating medium (high pressure steam) is flow controlled (013-FIC-009) on the HP condensate to achieve the required duty of the Debutanizer Reboiler E-1307 The stabilized material, so called reformate, is removed from the bottom of the Debutanizer on level control 013-LIC-003 and partially cooled in the Feed-Bottoms Exchanger E-1306 A/B/C/D. Further cooling is performed in the Debutanizer Bottoms Cooler E-1308 and Trim Cooler E-1305 A/B before reformate is being sent to the battery limit to storage.



VIETNAM OIL AND GAS CORPORATION (PETROVIETNAM) DUNG QUAT REFINERY OPERATING MANUAL UNIT CCR (013)



CHAPTER 3



DESCRIPTION OF UNIT CONTROL



CONTENTS



1.



DESCRIPTION OF FLOWS WITH CONTROLS



1.1 Description of integrated control loops of the unit 1.1.1 Charge / Interheaters temperature outlet control 1.1.2 Reactor section pressure control system 1.1.3 Separator Level control 1.1.4 Net Gas Chloride Treaters Level Control 1.1.5 Steam generation controls



2.



OPERATING CONDITIONS



3.



PROCESS VARIABLES



3.1 Major Platforming independent variables 3.1.1 Catalyst type 3.1.2 Reactor temperature 3.1.3 Space velocity 3.1.4 Reactor pressure 3.1.5 Hydrogen / Hydrocarbon ratio 3.1.6 Charge stock properties 3.1.7 Feed additives 3.2 Platforming dependent variables 3.2.1 Catalyst activity 3.2.2 CCR Platforming Reactor quench 3.2.3 Catalyst selectivity 3.2.4 Catalyst selectivity to aromatics 3.2.5 Catalyst stability 3.2.6 Effect of Non-SRN on catalyst stability 3.2.7 Endothermic heat of reaction 3.3



Figures attached to the Platforming process variables



3.4



RECOVERY PLUS SYSTEM



March 2007 Rev. :0 Chapter : 3 Page :1 / 55



VIETNAM OIL AND GAS CORPORATION (PETROVIETNAM) DUNG QUAT REFINERY OPERATING MANUAL UNIT CCR (013)



4.



INTER-UNIT CONTROL SCHEME



5.



UNINTERRUPTIBLE POWER SUPPLY (UPS)



6.



COMPLEX CONTROL DESCRIPTION



March 2007 Rev. :0 Chapter : 3 Page :2 / 55



VIETNAM OIL AND GAS CORPORATION (PETROVIETNAM) DUNG QUAT REFINERY OPERATING MANUAL UNIT CCR (013)



March 2007 Rev. :0 Chapter : 3 Page :3 / 55



1. DESCRIPTION OF FLOWS WITH CONTROLS 1.1 DESCRIPTION OF INTEGRATED CONTROL LOOPS OF THE UNIT 1.1.1



Charge / Interheaters temperature outlet control PID reference:



8474L-013-PID-0021-010 8474L-013-PID-0021-011 8474L-013-PID-0021-012 8474L-013-PID-0021-013



The purpose of the Charge heater / Interheaters (H-1301/1302/1303/1304) temperature outlet control system (013-TIC-001/002/003/004) is to control the temperature of the product outlet from the heaters to the reactors. The temperature control system (013-TIC-001/002/003/004) is operating as a master controller in a cascade with the fuel gas firing controls based on fuel gas pressure (013PIC-618/621/6624/627) 1.1.2



Reactor section pressure control system PID reference:



8474L-013-PID-0021-017 8474L-013-PID-0021-019 8474L-013-PID-0021-020



The purpose of the Separator D-1301 pressure control system (013-PIC-004) is to control the reactor section pressure. During normal operation, pressure controller 013-PIC-004 will operate in split range, opening first valve 013-PV-004B at chloride treaters outlet to Fuel Gas system to maintain the compressor suction pressure, and then the valve 013-PV-004A (located upstream the RECOVERY PLUS system) to send excess gas to the Flare 1.1.3



Separator Level control PID reference:



8474L-013-PID-0021-017 8474L-013-PID-0021-019



The purpose of the Separator D-1301 level control system (013-LIC-002) is to control the level of the bottom of the separator, by means of a split range controller with three outputs. During normal operation, level controller 013-LIC-002 will first open valve 013-FV-580 to ensure lean oil circulation in the RECOVERY PLUS system X-1301, and will open then valves 013-LV-002A (and B) to maintain liquid level in the separator and to feed the debutanizer T-1301. The opening of the valve 013-FV-580 is also function of the lean gas flowrate (013-FT565) which adjusts the 013-FIC-580 setpoint in order to maintain constant the required rich net gas / lean oil molar ratio.
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Net Gas Chloride Treaters Level Control PID reference:



8474L-013-PID-0021-020



The purpose of the Net Gas Chloride Treaters D-1302 A/B level control system (013LIC-010/011) is to control the level of liquid hydrocarbons in the treater in operation, by increasing or decreasing the length of the stroke on the proportional pump P-1308. 1.1.5



Steam generation controls PID reference:



8474L-013-PID-0021-032 8474L-013-PID-0021-033



Heater box has a convection section to recover heat from the flue gas. The heat that is recovered is used to generate steam. The objective of the generation controls is to control the level on Disengaging drum D1306 at a constant setpoint, based on the high pressure steam demand (013-FT-615), as a major disturbance, like a feedforward variable, that impacts the level. Since the demand increases, the level decreases, with a consequent action to increase the boiler feed water flowrate (013-FT-616).
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2. OPERATING CONDITIONS Refer to the Process Flow Diagrams 8474L-013-PFD-0010-001 thru 005 included in section § 2 of Chapter 14.
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3. PROCESS VARIABLES The purpose of this section is to discuss the major Platforming operating variables, their relation to unit performance and the estimation of shifts in performance due to operational changes. The operating variables which are the most pertinent are shown in the following table. For practical purposes, these variables are sufficient to define a Platforming operation. Major Platforming Variables Independent Variables



Dependent Variables



−



Catalyst Type



−



Catalyst Activity



−



Reactor Temperature



−



Reactor Effluent Yields



−



Space Velocity



−



Product Quality



−



Reactor Pressure



−



Catalyst Stability



−



H2/HC Ratio



−



Charge Stock Properties



−



Feed Additives



Although there are inter-relationships between the variables (for instance the reactor temperature, reactor pressure, and reactor effluent yield relationships discussed in chapter 2 - § 1 theory of the process), this section treats each independent variable separately where possible. 3.1 MAJOR PLATFORMING INDEPENDENT VARIABLES It is of interest at this point to discuss briefly and qualitatively the effects of the major process variables on Platforming Unit operations. 3.1.1



Catalyst type Catalyst selection has been tailored to the special processing requirements of Continuous Platforming. The UOP Continuous Platforming catalyst has been optimized with respect to yield, activity, and coking tendency. As such, basic catalyst formulation, chloride level, platinum level, and activator level are not discussed in this section.



3.1.2



Reactor temperature The temperature at which the Platforming reactor catalyst beds are held is the major control parameter the refiner uses to meet product quality requirements. Platforming catalysts are capable of operation over a wide range of temperature with little adverse affect on product yield and catalyst stability. However, very high temperatures, above 560°C, may cause thermal reactions which will decrease reformate and hydrogen yield and increase the rate of coke laydown. Reactor temperature can be defined in two fashions, either Weighted Average Inlet Temperature (WAIT) or Weighted Average Bed Temperature (WABT). These can be calculated as follows:
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total nbr of beds



WAIT =



∑ (weight fraction catalyst in bed i x T



inlet Bed i



)



i =0



total nbr of beds



WABT =



∑ i =0



3.1.3



(weight fraction catalyst in bed i x (



Tinlet Bed i + Toutlet Bed i )) 2



Space velocity Space velocity is a measure of the amount of naphtha which is processed over a given amount of catalyst over a set length of time. When the hourly volume charge rate of naphtha and the volume of catalyst are used, the term is Liquid Hourly Space Velocity LHSV When weights are used, the term is Weight Hourly Space Velocity (WHSV). Either is applicable in monitoring a Platforming Unit operation when a set catalyst density and volume is involved. LHSV, hr-1, is commonly used by UOP since most refiners define their charge rate on a volume basis, and hourly rates give conveniently sized numbers. Volume of feed per hour LHSV = Volume of catalyst in Reactors The LHSV is measured in h-1, and the volume of feed is based on the specific gravity of the feed at 15°C. Space velocity has an effect on product quality (example: octane number). The higher the space velocity (lower residence time), the lower the product RONC or the less the amount of reaction that occurs at a fixed WAIT. Increased reactor temperatures will offset this effect. Within normal Platforming design parameters, space velocity has little effect on the unit yield performance. At very low LHSV, thermal reactions can occur to a sufficient degree to decrease reformate and hydrogen yields. While there is no known upper limit on space velocity, reactor temperatures have to be increased in order to maintain the product quality (RONC) and above a certain point, can again cause unfavorable thermal reactions which will lower yield performance.



3.1.4



Reactor pressure Because of its inherent effect on reaction rates, hydrogen partial pressure is the basic variable, but for ease of use, the information which follows has been adjusted so the total reactor pressure can be used and the hydrogen purity is not needed. UOP uses the last reactor inlet pressure as the average catalyst pressure since 50% of the catalyst is usually in the last reactor. Separator pressure, as an operating parameter, is of limited value since the system pressure drop varies from unit to unit and can be considerably different even within the same unit as charge rate, recycle gas rate, recycle gas gravity, etc. change. The reactor pressure affects the Platforming Unit yield structure, reactor temperature requirement, and catalyst coke rate. Reactor pressure has no theoretical limitations, although practical design limitations have an effect. Decreasing the reactor pressure will increase the hydrogen and reformate yield, decrease the temperature requirement to make the product octane, and increase the catalyst coking rate.
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Hydrogen / Hydrocarbon ratio Hydrogen/hydrocarbon (H2/HC) ratio is defined as the moles of pure hydrogen in the recycle gas per mole of naphtha charged to the unit. Recycle hydrogen is necessary in the Platforming Unit operation for purposes of catalyst coking rate. It has the effect of sweeping the reaction product and condensable materials from the catalyst and supplying the catalyst with readily available hydrogen. An increase in H2/HC ratio will move the naphtha through the reactor at a faster rate and supply a greater heat sink for the endothermic heat of reaction. The end result is decreased catalyst coking rate with little effect on the product quality or yields. The effect of H2/HC ratio on the catalyst coking rate is not due to the recycle gas alone. The hydrogen in the net gas has the same effect as the hydrogen in the recycle gas in decreasing the catalyst coking rate. This effect, however, is less in the first reactor and more in the last reactors because most of the net hydrogen is produced in the first reactor. As will be described later, to compute the effect of H2/HC ratio on the catalyst coking rate, Figure 20 is used. When using Figure 20, a total H2/HC ratio must be defined that takes credit for the hydrogen produced in the reactors. The total H2/HC ratio for the effect on catalyst coking rate only is defined as the H2/HC mol ratio in the combined feed to the reactor plus 70 percent of the net hydrogen produced on a mol H2 in net gas to mol of feed basis.



3.1.6



Charge stock properties The charge stock properties which are pertinent to this discussion of Platforming variables are as follows : Property



Laboratory Method



Source of Stock Initial boiling point (IBP) Mid boiling point (50%)



ASTM D-86 Distillation



End boiling point (EP) Paraffin Content (P) Naphthene Content (N)



UOP 880 (Hydrocarbon Types)



Aromatic Content (A)



Generally, the computation procedures described later on are based on correlations of pilot plant and past commercial data. The preferred PONA analysis is UOP Method 880. The UOP Method 273 will tend to give inaccurate naphthene results for full boiling range feedstocks because of the presence of polycyclic naphthenes. The UOP Method 777 is the method of choice if the olefin content is high (>2 LV%). These correlations are to be used to characterize straight run naphthas only. Estimation of other feeds such as FCC and coker naphthas fall outside the range of these correlations. Charge stocks with low IBP's [less than 77°C will generally contain a significant amount of C5- material. The pentanes in the feed cannot be converted to aromatics and, therefore, these pentanes will pass through unconverted, isomerized and/or cracked to



VIETNAM OIL AND GAS CORPORATION (PETROVIETNAM) DUNG QUAT REFINERY OPERATING MANUAL UNIT CCR (013)



March 2007 Rev. :0 Chapter : 3 Page :9 / 55



light ends. Because of their low octane, they will dilute the overall reformate octane and result in higher (C6+) octane-severity in the Platforming Unit. On the next page is an example of the effect of C 5's on reforming severity. Charge stocks with low EP's have C6 and C7 hydrocarbons concentrated. These are the most difficult species to reform. On the other hand, charge stocks with high EP's cause higher catalyst coking rates. They also contribute significantly to high reformate endpoint. The following example helps to illustrate this dilution effect and provide a means to estimate the new RONC severity (needed for the proceeding correlations for activity, stability and yields). a. Process Conditions Feed Rate 1,590 m3/day (10,000 BPD) Reformate C5+ Yield, LV-% Reformate C5+ RONC Total Pentanes in Feed (From Feed GC)



82.08 98.2 3.0 LV-%



n-Pentane



1.7 LV-%



i-Pentane



1.0 LV-%



Cyclopentane 0.3 LV-% If individual pentanes are not known, assume 40% of total is iso-pentane and 60% is npentane. b. Compute Total Product Octane-Cubic Meters (Octane-Barrels) Feed



x



Yield



x



RONC



1,590 m3



x



8208



x



98.2



=



128,158 octane-m3



(10,000 BBL



x



8208



x



98.2



=



806,026 octane-barrels)



c. Compute Product C5 Octane-Cubic Meters (Octane-Barrels) (Assume 90% of C5 in Feed Goes to Product) Feed



x



(C5 Fraction to Product) x RONC



n-pentane



1,590 (10,000



x x



(.017 x .9) (.017 x .9)



x x



63.0 63.0



= =



1,532 9,639



octane-m3 octane-barrels)



iso-pentane



1,590 (10,000



x x



(.010 x .9) (.010 x .9)



x x



92.3 92.3



= =



1,321 8,307



octane-m3 octane-barrels)



cyclo-pentane



1,590 (10,000



x x



(.003 x .9) (.003 x .9)



x x



101 101



= =



434 2,727



octane-m3 octane-barrels)



total C5’s



1,532 (9,639



+ +



1,321 8,307



+ +



434 2,727



= =



3,287 20,673



octane-m3 octane-barrels)



d. Compute Total Octane-Cubic Meters (Octane-Barrels) Produced In Reactor Total Product



-



Total C5’s from Feed



=



Total Produced in Reactors



128,158



-



3,287



=



124,871



octane-m3
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-



20,673



=



785,353
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octane-barrels)



e. Compute Total Cubic Meters (Barrels) Produced in Reactor Total Product



-



Total C5’s from Feed



=



Total Produced in Reactors



(1,590 x .8208) ((10,000 x .8208)



-



(1,590 x .03 x .9) (10,000 x .03 x.9)



= =



1,262 7,938



f. Compute Actual RONC = 124,871 octane - m 3 1,262 cubic meters 785,353 octane - barrels ( 7,938 barrels



cubic meters barrels)



Total Octane Produced in Reactors Total Product Produced in Reactors



= 98.9 RONC = 98.9 RONC)



Therefore, the C5+ RONC that should be used for activity, yield or coking rate calculations in this case is 98.9 rather than the reported 98.2. The effects of C5 in feed will be greater as the product octane and/or pentanes in the feed increase. 3.1.7



Feed additives It is assumed that chloride addition to the regeneration section is sufficient to maintain the recommended chloride content of 1.1-1.20 wt-% chloride on the regenerated catalyst for R-30 series catalyst and 1.2-1.3 wt-% for R-130/230 series catalyst. CCR catalyst is R-234. Normally, chloride and water addition to the Platforming feed is not necessary while the regeneration section is in white burn operation.



3.2 PLATFORMING DEPENDENT VARIABLES In this portion of the Process Variables Section, the effects of the Platforming independent variables on the major dependent variables is discussed. More importantly, methods for estimating the effects of operating changes on one or more of the dependent variables is illustrated. 3.2.1



Catalyst activity Catalyst activity is a term used to describe the temperature at which a particular catalyst must be operated to produce a given product quality. In this discussion, the catalyst temperature will be defined exclusively as the WAIT or weighted average inlet temperature. Product quality as it applies to motor fuel operations is defined as the C5+ RONC or research octane number clear. The C5+ RONC is defined as the total RONC of the C5+ product reactor effluent. If the reformate stabilizer operates as a debutanizer, then the C5+ RONC will be very close to the RONC of the bottoms product of the stabilizer. However, if the stabilizer operates as a depentanizer or a dehexanizer, then the C5+ RONC may be different from the RONC of the bottoms product of the stabilizer. This is because the C5+ product that leaves as overhead liquid from a depentanizer or dehexanizer will not be included in the bottoms product, which is analyzed for RONC by the laboratory.
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The effect of C5's in the stabilizer overhead liquid on the stabilizer bottoms RONC varies depending on the amount of C5's in the stabilizer overhead and the RONC of the stabilizer bottoms. The following example helps to illustrate this effect and provide a means to estimate the new RONC severity (needed for the correlations for activity, yields and coking rate). a. Process Conditions 1,590 m3/day (10,000 BPD) 5.0 LV-% 80.0 LV-% 99.0 RONC 100 LV-%



Feed Rate Stabilizer Overhead Liquid Yield Stabilizer Bottoms Yield Stabilizer Bottoms Octane Stabilizer Bottoms C5+ (from lab) Stabilizer Overhead Liquid C5+ (from lab) n-pentane



12



LV-%



i-pentane



6



LV-%



C6+



2



LV-%



b. Compute Total Produced C5+ Octane-Cubic Meters (Octane-Barrels) Feed 1,590 (10,000



x x x



Yield .80 .80



x x x



C5 Fraction 1.00 1.00



x x x



RONC 99.0 99.0



= =



125,928 792,000



octane-m octane-barrels)



n-pentane



1,590 (10,000



x x



.05 .05



x x



.12 .12



x x



63.0 63.0



= =



601 3,780



octane-m octane-barrels)



iso-pentane



1,590 (10,000



x x



.05 .05



x x



.06 .06



x x



92.3 92.3



= =



440 2,769



octane-m octane-barrels)



C6+



1,590 (10,000



x x



.05 .05



x x



.02 .02



x x



76.5 76.5



= =



122 765



octane-m octane-barrels)



Total C5+



125,928 (792,000



+ +



601 3,780



+ +



440 2,769



+ +



122 765



= =



127,091 799,314



octane-m octane-barrels)



Stabilizer Bottoms



3



Stabilizer Overhead: 3



3



3



3



c. Compute Total Produced C5+ Cubic Meters (Barrels) Feed 1,590 (10,000



x x x



Yield .80 .80



x x x



C5 Fraction 1.00 = 1.00 =



1,272 8,000



cubic meters barrels)



Stabilizer Overhead



1,590 (10,000



x x



.05 .05



x x



(.12 + .06 + .02) (.12 + .06 + .02)



= =



15.9 cubic meters 100 barrels)



Total C5+



1,272 (8,000



+ +



15.9 100



= =



1287.9 8,100



Stabilizer Bottoms



d. Compute Actual C5+ RONC =



cubic meters barrels)



Total C 5 + Octane Produced in Reactors Total Product Produced in Reactors
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= 98.7 RONC



799,314 octane - barrels = 98.7 RONC) 8,100 barrels



Therefore, the C5+ RONC that should be used for activity, yield or coking rate computations in this case is 98.7 rather than the reported 99.0. The effects of C5 in the stabilizer overhead will be greater as the product octane and/or the pentanes in the overhead liquid increase. The WAIT requirement to meet a given C5+ RONC is obviously affected by many things. At the outset of a run with fresh catalyst, one would expect that the WAIT required would only be affected by the feed character, RONC desired, feed rate, and catalyst type. However, things are not this simple. An operational upset could occur which will effect the water-chloride balance and the apparent catalyst activity will change. There is a simple calculation procedure for estimating the start-of-run (SOR) WAIT requirement. This SOR WAIT is the temperature at which a fresh catalyst loading would operate in order to produce a certain RONC from a feed characterized by a certain N and A content and charged at a given LHSV. There are at least two important ways at which this estimate can be put to use: i. CCR Platforming Unit WAIT target at startup. ii. CCR Platforming Unit Delta WAIT (predicted SOR WAIT minus actual WAIT) for tracking catalyst activity with respect to regeneration cycles. The first use, (i), is fairly straightforward. The calculation enables the process engineer or supervisor to estimate the WAIT required to meet product requirements. Number (ii) requires some explanation, but the reader will note that the concept is simple. The basic idea is to determine a number (Delta WAIT) which puts the catalyst temperature requirement on a consistent or normalized basis for comparing day-to-day operation. This would not be necessary, of course, if the Platforming Unit ran at the same conditions (feed N and A, RONC, LHSV) all the time. Of course, this is seldom the case. What Delta WAIT does, then, is normalize reactor temperature data with respect to Platforming feed N and A, RONC and LHSV. It is defined as the difference between the WAIT the CCR Platforming Unit is operating at, given the three parameters above, and the fresh catalyst WAIT requirement for the same parameters. It is the activity difference between the real catalyst and fresh catalyst. Tabulation or graphical plotting of Delta WAIT is a natural follow-up. In maintaining a plot, the engineer can monitor the effects of operating changes made to remedy a catalyst activity problem due to, for instance, a feed sulfur upset. In this case, Delta WAIT can be plotted versus regeneration cycles. It probably would take a few catalyst regeneration cycles for the catalyst activity to get back to normal, so on a day-to-day basis, the engineer can track the improvement in activity. Disruptions in and recovery of the water-chloride balance can also be tracked using the Delta WAIT calculation and plot. The SOR WAIT requirement calculation is now explained. The figures used are not meant to cover all the variables which can affect the apparent fresh catalyst activity. Predictions of the SOR WAIT requirements from the figures should, however, be within plus or minus 3°C of the actual requirement. Below is an outline of how the computation proceeds, with reference to the appropriate Figures for CCR Platforming applications:
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Step List -



RONC N and A N + 3.5A LHSV Catalyst Type
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- Actual Unit Operating Data-



b. Estimate SOR WAIT at 1.0 LHSV



Figure 1



c. Estimate Correction for actual LHSV



Figure 2



d. Add the results of b and c to give SOR WAIT The following numerical example is presented in order to give the refiner a guide for computing the SOR WAIT requirement. CCR Platforming Unit (Metric Units) a. Process Conditions Catalyst R-34 RONC 95 1.9 LHSV, hr1 Feed N, LV-% 15 A, LV-% 8 N + 3.5A = 15 + 28 = 43 LV-% b.



c.



d.



From Figure 1 SOR WAIT = 494°C at 1.0 LHSV From Figure 2 Correction = + 16°C 1.0 to 1.9 LHSV SOR WAIT requirement SOR WAIT = 494 + 16 = 510°C



Suppose that the CCR Platforming Unit on the day in question was running an actual WAIT of 518°C. The engineer would tabulate and plot for this day the following Delta WAIT (Delta WAIT equals predicted SOR WAIT requirement minus actual WAIT): Delta WAIT = 510-518 = - 8°C In other words, the catalyst activity is 8°C below that of fresh catalyst. Day-to-day calculations would allow the engineer to assess the catalyst activity on a normalized basis and determine whether it is along the lines that would be expected. The temperature-octane response for a Platforming Unit is shown in Figure 3. This chart can be used to estimate the changes in the WAIT required to switch daily RONC target. 3.2.2



CCR Platforming Reactor quench DEFINITION : Platforming reactor quench is a phenomenon which occurs in the catalyst bed if the feed characteristics and process conditions are such that there exists more catalyst than required in the front reactors to convert the naphthenes to aromatics. The result is a large temperature drop in the front reactors. A portion of the catalyst in the reactors is at temperatures which do not thermodynamically support the forward Platforming reactions as depicted in the SOR WAIT Figure. In fact, the catalyst volume
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could be reduced somewhat in the front reactors and still maintain the same temperature drop. A quenched reactor, therefore, appears to have less catalyst and the catalyst appears to be less active than the SOR WAIT Figures would indicate. Therefore, if quenching is occurring in the refiner's unit, the catalyst's activity may appear below that of fresh catalyst. MEASURING QUENCH : Computing the amount of quench in a unit is an important part of accurately computing the Delta WAIT. There is an empirical correlation to adjust the predicted SOR WAIT requirement for the measured quench effects. It uses the reactor inlet and outlet temperatures, the catalyst distribution, and a constraint on the difference between the actual WAIT and the actual WABT. The constraint is shown as Basis #5 of Figure 1. If the term (WAIT-WABT) is greater than 20°C, then a correction for quench must be added for SOR WAIT requirement. CORRECTING THE SOR WAIT FOR QUENCH a. Compute the WAIT. b. Compute the WABT. c. Compute the Measured Quench (MQ). Measured Quench (MQ) = WAIT - WABT d. Compute the SOR WAIT Quench Correction (QC): Quench Correction (QC) (°C) = MQ (°C) - 20°C NOTE: If QC is less than zero, set QC equal to zero. e. Compute the corrected SOR WAIT (SORC WAIT): SORC WAIT = SOR WAIT (from Figures and Table) + QC NOTE: If QC equals zero, then SORC WAIT = SOR WAIT and there is no quench correction. f. Compute the corrected Delta WAIT: Corrected Delta WAIT = SORC WAIT - WAIT The following numerical examples are presented in order to give the refiner a guide for computing the SOR WAIT requirement corrected for quench. CCR Platforming (Metric Units) a. Process Conditions WAIT, °C WABT, °C SOR WAIT, °C b.



Measured Quench (MQ) = 527 - 503 = 24°C



c.



Quench Correction (QC) = 24 - 20 = 4°C



d.



SORC WAIT = 525 + 4 = 529°C



e.



Corrected Delta WAIT = 529 - 527 = 2°C



Unit



527 503 525
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In other words, the catalyst activity corrected for quench is 2°C above that of fresh catalyst, rather than 2°C below that of fresh catalyst. 3.2.3



Catalyst selectivity Selectivity is defined as the tendency of a given catalyst and the operation of that catalyst to produce the desired material. In most Platforming operations, the most desired material is reformate or more specifically the yield of C5+ liquid. Also, for the purpose of this section and those to follow, product quality will continue to be defined as C5+ RONC, the research octane number clear. The selectivity of a Platforming catalyst and operation is dependent upon several variables. The effects of Platforming feedstock characteristics (N and A content, 50% boiling point and end boiling point), product quality (RONC), and average reactor pressure on selectivity to C5+ liquid is discussed. There are two sets of four selectivity curves. One set is for full-boiling-range naphthas, which are generally defined as having an initial boiling point of 82°C and an end boiling point in the range of 176-204°C. The other set of curves is for light-boiling-range naphthas which have an end boiling point less than 176°C. Two sets of selectivity curves are needed because in general the relative selectivity of reforming reactions increases with increasing boiling point of the naphtha.



Process Variable



C5+ RONC Feed Naphtha N+2A Average Reactor Pressure 50% Boiling Point



CCR C5+ YIELD DELTA Straight Run Straight Run Naphtha Naphtha Endpoint Less than Full Boiling 176°C Range Figure 4 Figure 5 Figure 6



Figure 8 Figure 9 Figure 10



Figure 7



Figure 11



A preliminary glance at the selectivity curves allows the following general conclusions to be made: a. C5+ yield increases with a decrease in average reactor pressure. Furthermore, comparing the pressure effect at two octane levels and constant N+2A shows the higher the octane, the larger the increase in yield. b. C5+ yield decreases as octane is raised at constant reactor pressure and feed N+2A. c. C5+ yield generally increases with an increase in feed naphtha N+2A at constant pressure and RONC. The effect becomes less pronounced as feed changes occur at high N+2A value. It is important to realize that in the following procedure absolute yields are not computed. The estimate gives the shift in yield in going from a base condition (the current Platforming operation, for instance) to a new case. Sample computations of the C5+ yield change estimate for a full-boiling-range naphtha are given below
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1.



2.



95 34/10 54 110 5.0



Averages RONC N+2A



94 57



RONC Effect, Figure 4 A. C5+ yield decrease = -.62 LV-% RONC B. Yield Delta = (-.62) (2) = -1.24 LV-%



4.



N+2A Effect, Figure 5 A. C5+ yield increase = .195 LV-%/(N + 2A) B. Yield Delta = (.195) (-6) = -1.17 LV-% Pressure Effect, Figure 6 A. C5+ yield increase = 1.4 LV-%/7 kg/cm²g B. Yield Delta = (1.4)(2)/(7) = 0.40 LV%



5.
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CCR PLATFORMING UNIT (METRIC UNITS) Process Conditions Base Case RONC 93 N/A, LV-% 40/10 N+2A, LV-% 60 50% Point, °C 130 Avg. Rx. Press., kg/cm²g 7.0



3.



6.



50% Point Effect, Figure 7 C5+ Yield Delta = -1.4 LV-%



7.



Overall Yield Change Net Yield = (-1.24)+(-1.17) Delta +(0.40)+ (-1.40) = -3.41 LV-% Total
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Case A



Sample computations of the C5+ yield change estimate for a light-boiling-range naphtha are given below:



1.



2.



3.



CCR PLATFORMING UNIT (METRIC UNITS) Process Conditions Base Case RONC 98 N/A, LV-% 36/10 N+2A, LV-% 56 50% Point, °C 105 Avg. Rx. Press., kg/cm²g 5.5



96 30/10 50 115 4.5



Averages RONC N+2A



97 53



RONC Effect, Figure 4 A. C5+ yield decrease = -0.92 LV-% RONC



Case A
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B.Yield Delta = (-0.92) (2) = -1.84 LV-% 4.



N+2A Effect, Figure 5 A. C5+ yield increase = 0.25 LV-%N+2A B. Yield Delta = (0.25)(-6) = -1.50 LV-%



3.2.4



5.



Pressure Effect, Figure 6 A. C5+ yield increase = 3.8 LV-%/7 kg/cm²g B. Yield Delta = (3.8)(1)/(7) = 0.54 LV%



6.



50% Point Effect, Figure 7 C5+ Yield Delta = -1.0 LV-%



7.



Overall Yield Change Net Yield = (-1.84)+(-1.50) Delta +(0.54)+(-1.0) = -3.80 LV-% Total



Catalyst selectivity to aromatics Selectivity to aromatics is defined as the tendency of a given Platforming catalyst and the operation of that catalyst to produce aromatics. The selectivity to aromatics of a Platforming catalyst and operation is dependent upon several variables. The effects of operating severity (C5+ RONC) and feedstock composition (paraffins, naphthenes, and aromatics in the feed) is discussed. For a given catalyst system and plant configuration, the conversion of an aromatic precursor in the feed to an aromatic depends primarily on operating severity (C5+ RONC). The higher the C5+ RONC, the higher the conversion of the aromatic precursor will be. However, not all of the additional conversion that takes place at higher C5+ RONC produces aromatics; some of the additional conversion produces light gases. Aromatic selectivity is defined for a given hydrocarbon type, as the percent of the compound that is converted that goes to an aromatic hydrocarbon rather than light gases. The emperical correlations show the effect of changes in benzene, toluene, xylenes, and A9+ aromatics yields over a range of C5+ RONC. Each curve uses a feedstock parameter that is a combination of the paraffins, naphthenes, and aromatics in the feed for the respective aromatic. These feedstock parameters are weighted toward the naphthenes and/or aromatics because of the poor selectivity of the paraffins to convert to the respective aromatic. The following emperical correlations are for predicting a change in aromatics production with R-30 or R-130 series Platforming catalyst: AROMATIC Benzene Toluene Xylenes A9 + Aromatics



FIGURE Figure 12 Figure 13 Figure 14 Figure 15
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It is important to realize that in the following procedure absolute aromatics yields are not computed. The estimate gives the shift in aromatics yield in going from a base condition (the current unit operation, for instance) to a new case. A sample calculation of the aromatics yield change estimate is given below:



a. Process Conditions



Feed : C6 C7 C8 C9+ Total



Base Case LV-% P N 8.6 1.7 14.0 3.4 15.3 4.4 33.0 10.4 70.9 19.9



A 0.5 1.5 2.8 4.4 9.2



Base Case LV-% P N 19.7 4.1 35.4 9.4 20.6 5.1 0.6 0.2 76.3 18.8



A 0.8 3.5 0.6 4.9



C5+ RONC: 99 Feed : C6 C7 C8 C9+ Total C5+ RONC: 99 b. Parameters



P6 + N6 + 2A6 3 P7 + N7 + A7 2 P8 + N8 + A8 2



P9 CORR



Base Case



Case A



5.6



12.3



11.9



30.6



14.9



16.0



26.2



0.6



c. Benzene, Figure 12 A Base Case Delta Benzene at 5.6 = 2.0 LV-% B. Case A Delta Benzene at 12.3 = 5.8 LV-% C. Benzene Yield Delta = 5.8 - 2.0 = +3.8 LV-% FF d. Toluene, Figure 13 A. Base Case Delta Toluene at 11.9 = 5.0 LV-% B. Case A Delta Toluene at 30.6 = 18.5 LV-% C. Toluene Yield Delta = 18.5 - 5.0 = 13.5 LV-% FF e. Xylene, Figure 14 A. Base Case Delta Xylene at 14.9 = 11.0 LV-% B. Case A Delta Xylene at 16.0 = 12.0 LV-% C. Xylene Yield Delta = 12.0 - 11.0 = 1.0 LV-% f. A9+, Figure 15
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A. Base Case Delta A9+ at 26.2 = 23.5 LV-% B. Case A Delta A9+ at 0.6 < 0 ⇒ = - 2 LV-%* C. A9+ Yield Delta = -2 -23.5 = -25.5 LV-% [*NOTE: This value can be estimated from the curve by extrapolation because Delta A9+ Aromatics Yield decreases by 1 LV-% for each 1 LV-% decrease in P9 CORR at 99 C5+ RONC.] g. Total Aromatics Yield Change Net Yield Delta = (3.8) + (13.5) + (1.0) + (-25.5) = - 7.2 LV-% FF 3.2.5



Catalyst stability Catalyst stability is a measure of the coke-forming tendency of a given catalyst. For CCR Platforming Units, apparent catalyst activity usually remains the same under normal operating conditions. However, the coke-forming tendency of the CCR Platforming Units catalyst will significantly affect the continuous regenerator's operation. As more or less coke is formed, changes in the Platforming Unit and regenerator operations will be required to ensure that coke burned is equal to or greater than coke formed in the reactor section. In the following discussion, calculation procedures for estimating the effects of process variables on the coke-forming tendency of the catalyst will be illustrated. In CCR Platforming Units, the measure of catalyst coke rate is the Relative Coking Factor. The Relative Coking Factor is used to estimate the effect of changes in the operating conditions of the Platforming reactor section on the rate of coke production. The rate at which a given catalyst forms coke is set by the process variables listed below.



Process Variables C5+ RONC Feed Naphtha N+A Feed Naphtha End Point Avg. Rx. Pressure Hydrogen/Hydrocarbon Ratio



CCR Relative Coking Factor Figure 16 Figure 17 Figure 18 Figure 19 Figure 20



These curves are based on a combination of pilot plant and commercial data. The data are normalized to eliminate inter-relationships between variables as much as possible. The figures therefore, give the Relative Coking Factors in terms of single variables. The rate at which a given catalyst forms coke also depends on the charge rate to the CCR Platforming Unit. With all the other process variables listed above constant, the change in coke laydown rate is proportional to the change in charge rate. The following numerical examples illustrate how the stability measures for CCR Platforming Units are estimated. These examples demonstrate how to estimate the Relative Coking Factor and the change in coke production between a base case (the current CCR Platforming Unit, for instance) and a new case. In using the procedure, one point cannot be overemphasized: to derive the greatest possible accuracy in estimation of a new coke laydown rate, the process variables (including feedstock) should be held constant for one complete turnover of the reactor catalyst before actual coke laydown can be compared to the estimated value. Likewise, when calculating the base coke laydown rate, the reactor inventory should be turned
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over one full time at constant processing conditions before the base coking level can be established. Since many refiners do not always run with constant feedstock for one full catalyst cycle at a time, this estimation method should be used only to show a direction and a rough approximation of expected coke laydown rates. The reader should also realize that any significant periods of Platforming operation without catalyst circulation will increase the amount of carbon on the spent catalyst above the level calculated by the estimating procedure. When used with the proper caution regarding process variable changes, this estimated coking procedure should allow the refiner to better anticipate regenerator coke loadings as his processing needs vary. CCR EXAMPLE (METRIC UNITS) a. Process Conditions



Charge Rate, m3/day N/A, LV-% End Boiling Point, °C Total* H2/HC Ratio, mol/mol Avg. Rx. Press., kg/cm²g C5+ RONC CCR, kg/hr



Base Case 2500 20/10 177 2.25 5 100 450



New Case 3000 30/10 191 1.5 5.5 96 550



Spent Catalyst Coke, wt%



4.5



?



b. Coke Laydown Rate (Base Case)



Coke Laydown Rate =



Spent catalyst coke x CCR (100 - Spent catalyst coke)



Coke Laydown Rate (Base Case) =



kg coke 4.5 x 450 = 21.20 (100 - 4.5) hr



c. Coke Laydown Rate (New Case) RCFB = Relative Coking Factor (Base Case) RCFN = Relative Coking Factor (New Case) * Total H2/HC mol ratio equals the H2/HC ratio to the reactor plus 70% of the net hydrogen produced on a net gas to feed mol ratio basis. Coke Laydown Rate Coke Laydown Rate m 3 D N (RCFN ) (RCFN ) (RCFN ) (RCFN ) (RCFN ) = x 3 (New Case) (Base Case) m D B (RCFB ) (RCFB ) (RCFB ) (RCFB ) (RCFB ) RONC N + A EP (Fig 16) (Fig 17) (Fig 18) (3000) (.4) (1.05) (1.52) = (21.20) (2500) (.98) (1.42) (1.2) = 15.35 kg/hr coke



Press. H 2 /HC (Fig 19) (Fig 20) (1.30) (3.35) (1.38) (2.0)
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d. Spent Catalyst Coke (New Case) Coke Laydown Rate (New Case) x 100% Spent Catalyst Coke = CCR + Coke Laydown Rate (New Case) 15.35 = x 100% 550 + 15.35



= 2.7 wt-% coke CCR EXAMPLE (ENGLISH UNITS) a. Process Conditions Base Case 20,000 28/10 350 5.0 125 100 450 3.8



Charge Rate, BPD N/A, LV-% End Boiling Point, °F Total* H2/HC Ratio, mol/mol Avg. Rx. Press., psig C5+ RONC CCR, lb/hr Spent Catalyst Coke, wt-%



New Case 18,500 26/10 350 4.5 125 98 450 ?



b. Coke Laydown Rate (Base Case)



Coke Laydown Rate =



Spent catalyst coke x CCR (100 - Spent catalyst coke )



Coke Laydown Rate (Base Case) =



3.8



(100 - 3.8 )



x 450 = 17.78



lb coke hr



c. Coke Laydown Rate (New Case) RCFB = Relative Coking Factor (Base Case) RCFN = Relative Coking Factor (New Case) Coke Laydown Rate (New Case)



=



Coke Laydown Rate (Base Case)



x



(BPD N ) (RCFN ) (RCFN ) (RCFN ) (RCFN ) (RCFN ) (BPD ) (RCFB ) (RCFB ) (RCFB ) (RCFB ) (RCFB ) B



RONC N + A (Fig 16) (Fig 17)



= (17.78)



(18,500) (20,000)



(0.61) (1.0)



(1.11) (1.05)



EP (Fig 18)



(0.76) (0.76)



Press. H2 /HC (Fig 19) (Fig 20)



(1.0) (1.0)



(0.63) (0.54)
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= 12.37 lbs/hr coke



d. Spent Catalyst Coke (New Case)



Spent Catalyst Coke



Coke Laydown Rate (New Case) x 100% = CCR + Coke Laydown Rate (New Case) 12.37 = x 100% 450 + 12.37



= 2.7 wt-% coke 3.2.6



Effect of Non-SRN on catalyst stability As mentioned previously, these relative coking factors are for straight run naphthas (SRNs). For situations where other stocks such as FCC and coker naphtha are included as part of the feed, a rough approximation can be made of their impact on coking or deactivation. But to do this, one must have a characterization of the feeds that went into the Platforming Unit feedstock blend so as to evaluate each one separately and sum up their effects to get the overall impact. The deactivation rate or coke rate relative to a SRN will increase by about 1.6 times for an FCC naphtha and by 2.0 to 3.0 times for a coker or thermally-derived naphtha depending on end boiling point. To minimize the coking effect, the coker naphtha end boiling point should be constrained to a maximum of 177°C with a desired endpoint of about 160°C. The yields on FCC naphtha will be comparable to a SRN of the same characteristics. But because of the nature of a coker naphtha (produced in a hydrogen-deficient environment) the C5+ yields will generally be worse than a SRN of comparable PONA. The difference appears to be in the C5/C6 naphthene ring distribution with coker naphthas having more of the less selective alkylcyclopentanes. Hydrocracked naphthas have deactivation rates and yields similar to straight run naphthas and as such can be treated like SRN. Raffinate Processing Raffinate processing is difficult because of the poor selectivity of C6 and C7 paraffins to aromatics. As mentioned previously, lower pressure improves the selectivity of paraffins to aromatics and as a result, a CCR Platforming Unit is more ideally suited for raffinate processing than a semi-regenerative Platforming unit. For illustrative purposes, the pitot plant yields are shown below for a raffinate of the following composition: (see next page) This figure illustrates the poor C5+ yield on raffinate at typical semi-regenerative and CCR Platforming Unit pressures. Of course, even higher pressures will result in even lower yields. Note that lowering the pressure from 17.6 kg/cm²g to 5.3 kg/cm²g improves the yields by 10-15 LV-% at 85 RONC.
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Estimating stability and yields for a raffinate blend is beyond the scope of this section. But it should be noted that the estimation technique is iterative and involves looking at the raffinate stream as independent from the SRN. The raffinate stream is like C5's in the feed in that it drags down the product RONC requiring the SRN to be processed at a higher severity to compensate (i.e., if target blend was 98, then the SRN portion of feed may require 101 RONC to offset the RONC achieved, say of 90, on the raffinate at a fixed WAIT). 3.2.7



Endothermic heat of reaction The final portion of this section will address an estimating procedure for the endothermic heat of reaction for a given Platforming Unit operation. The endothermic heat of reaction, when regularly calculated for a fairly constant charge stock PONA and reformate octane number, may be used as an indication of catalyst deactivation. The decreasing heat of reaction shows the decreasing aromatics forming ability of the catalyst. These curves do not correct heat of reaction for charge stock composition or product octane number because of the complexity of these relationships. If these values vary, the heat of reaction will also vary. The total delta T over the catalyst is directly related to the total heat of reaction. While the heat of reaction is not a function of the H2/HC mole ratio, the total delta T is, due to the diluent effect of the recycle gas. LHSV does not materially affect the heat of reaction. Using Figures 21A and 21 B or Figures 22A and 22B, the heat of reaction may be determined when the following are known: Recycle gas purity (mole percent hydrogen) H2/HC mole ratio Total delta T Charge stock molecular weight The heat of reaction value as calculated from these graphs indicates the aromatizaton ability more accurately than total delta T. The following examples demonstrate the use of the figures in calculating the heat of reaction. HEAT OF REACTION (METRIC UNITS) 1.



Total delta T (all Platforming reactors) Hydrogen/Hydrocarbon Ratio Recycle Gas Hydrogen Purity Charge Stock Molecular Weight (MW)



2.



From Figure 22A Total heat of reaction (HR) = 460 (150/100) (KJ/kg of naphtha)



3.



= 690



From Figure 22B MW correction = +22 (150/100)



4.



150°C 3 80% 115



The correct heat of reaction :



= +33
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= 690 + 33 = 723 KJ/kg of naphtha
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3.3 FIGURES ATTACHED TO THE PLATFORMING PROCESS VARIABLES Figure 1 :



SOR WAIT Requirement At 1.0 LHSV



Figure 2 :



WAIT Requirement Correction for LHSV



Figure 3 :



Temperature - Octane Response



Figure 4 :



Effect of C5+ RONC on C5+ LV-% Yield



Figure 5 :



Effect of Cyclic Content on C5+ LV-% Yield



Figure 6 :



Effect of Reactor Pressure on C5+ LV-% Yield



Figure 7 :



Effect of Boiling Range On C5+ LV-% Yield



Figure 8 :



Effect of C5+ RONC on C5+ LV-% Yield



Figure 9 :



Effect of Feed N + 2A on C5+ LV-% Yield



Figure 10 :



Effect of Reactor Pressure on C5+ LV-% Yield



Figure 11 :



Effect of Boiling Range on C5+ LV-% Yield



Figure 12 :



Delta Benzene Yield



Figure 13 :



Delta Toluene Yield



Figure 14 :



Delta Xylene Yields



Figure 15 :



Delta A9 Plus Aromatics Yield



Figure 16 :



Effect of C5+ RONC on Relative Coking Factor



Figure 17 :



Effect of N+A on Relative Coking Factor



Figure 18 :



Effect of Charge Endpoint on Relative Coking Factor



Figure 19 :



Effect of Average Reactor Pressure on Relative Coking Factor



Figure 20 :



Effect of H2/HC Ratio on Relative Coking Factor



Figure 21A :



Total Heat of Reactor From Total Delta T



Figure 21 B :



Molecular Weight Correction to Heat of Reaction



Figure 22 A :



Total Heat of Reaction From Total Delta T



Figure 22 B :



Molecular Weight Correction to Heat of Reaction
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3.4 RECOVERY PLUS SYSTEM The two major variables that effect RECOVERY PLUS™ efficiency are Lean Oil temperature to absorber (TIC-579) and Lean Oil flow rate (FIC-580). The setpoints of these parameters were considered to optimize recovery operations. a. temperature The temperature at which the RECOVERY PLUS™ system operates has a great effect on hydrocarbon recovery. However, consideration must be given to economics, metallurgical constraints, and icing. 1. Economics The setpoint for TIC-579 has been set to provide the most economic recovery possible, while safely operating outside the predicted hydrate formation point. Lowering this setpoint results in more compressor duty and overall utility costs, but also could result in hydrate formation. UOP is to be contacted before lowering this setpoint, as it may have safety as well as operational consequences. Please see the following sections on metallurgical constraints and icing-hydrate formation for more information. 2. Mettalurgical constraints The metallurgy for the unit is based on a MDMT (Minimum Design Metal Temperature) that is determined based on instrumentation safeguards. Without these safeguards in place, the refrigeration system has the capability of refrigerating the system to very low temperatures. To avoid this, TALL-581 is set to shut down the Compressor before the piping reaches the rated MDMT for the piping. TALL-581 is located at the coldest point of the system. Please refer to Appendix C for the setpoint of TALL-581. 3. Icing Hydrate formation Ice formation and/or hydrate formation may occur if misoperation in the reforming unit creates a high water content in the Rich Net Gas. This condition can also occur if the setpoint for TIC-579 is decreased below the recommended setpoint. See Appendix C of the Vendor Operating Manual for the recommended setpoint. Icing or hydrates may form depending upon the water content of the Rich Net Gas, and temperature of the gas prior to contacting the liquid in the Absorber. Figure 3.4.1 is a plot of Temperature (TIC-579) vs. Rich Gas H2O mol ppm. At design conditions, the moisture MUST BE less than 
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