REFORMER PLANT 
SPLITTER SECTION
Full boiling range naphtha (FBRN) is pumped from outside battery limit (OSBL) pump to the reformer plant. FBRN is normally stored in Tk-17. The same OSBL pump is used at plant start up to supply hydro treated naphtha (HTN) normally stored in Tk-9. Once inside plant boundary limit, FBRN is pumped to splitter tower (HT-V 001) through pump HT-P001A/B. There are also options here to feed FBRN direct from HBU via HT-FC116. A spill back arrangement exists (HT-FC111) to protect the pump HT-P001A/B from running drying. The FBRN is pumped to splitter tower at tray # 37 via heat exchanger HT-E001A/B. Normal flow here is 54-60 m3/h (@110% capacity) and pressure is 8–10 kg/cm2. Feed temperature increased from ambient to 95oC. Feed rate to splitter changes as the amount of “lights” changes in the feed. Splitter tower top temperature is maintained at 110oC. When lighter feed is introduced, LSRN rate of make increases and splitter level (HT-LI057) starts to drop, then HT-FC002 set point is increased to compensate. Splitter bottom temperature (HT-TI008) is maintained at 167oC to control IBP of bottoms at 90oC (194oF). The feed to hydro treater reactor is maintained at 36 m3/h (HT-FC011).

The purpose of splitter section is to split the FBRN into two fractions. Light Straight Run Naphtha (LSRN) constituting C1, C2, C3, C4 and C5 hydrocarbons is removed from top of the column. HT-PC036 maintains pressure on top of splitter overhead line at around set point of 2.5 kg/cm2. LSRN is condensed in HT-E009 and liquid accumulated in HT-V003 (Splitter overhead accumulator). The splitter top temperature is normally maintained at 110oC. A pressure differential control valve HT-PDC037 maintains a pressure differential between HT-V001 Splitter Tower and HT-V003 Overhead accumulator of 0.5 kg/cm2. If excessive condensation occurs due to HT-E009, then HT-PDC037 opens to maintain a pressure difference of 0.5 kg/cm2. Liquid from HT-V003 is either pumped via trim cooler to storage (Tk-16/07 for sweet) and sour (Tk-316/313 for sour) at flow rate 15 m3/h at HT-FC055 and 8 m3/h at HT-FC015 or returned as reflux ~ 15 m3/h using HT-P003A/B. LSRN RON is ~68-69.

From time to time solvent is desired to be made from the splitter as middle distillate from tray # 19. The Following conditions are set to produce solvent.  To go to solvent oil mode, reduce the splitter bottom temperature to 150–155oC, HT-TC010 is set around ~ 84-88oC. HT-H001 (Reboiler Heater) may even not be needed in solvent mode.

A solvent stripper vessel HT-V002 is used for the purpose of controlling initial boiling point (IBP) of solvent oil. The IBP is maintained at 113-117oF and FBP at 213-248oF. The Reboiler HT-E002 heat medium is steam of pressure12 kg/cm2. The temperature at the bottom of stripper is 108– 10oC. The solvent stripper level is controlled by HT-LC014 employing a control valve to control a draw off rate. The IBP is adjusted by HT-V002 bottom temperature (steam pressure ~ 12 kg/cm2/flow rate ~ 0.2 m3/h) solvent oil product is pumped to storage (TK-18) via tri, cooler (HT-E003). Whilst solvent is being made, LSRN is continued to be made also from top of the stripper. Ratio of solvent oil / LSRN make normally is 5-8 m3/h/ 10-12 m3/h. It is also possible to combine total solvent oil and LSRN make as one LSRN product at battery limit (B/L). Solvent oil is normally stored in Tk-18.

The heat for fractionation is provided by reboiler heater HT-H001. The bottom product from the splitter is split up into two parts, by two pumps HT-P004A/B, HT-P005A/B.

HT-P004A/B flow (36.3 m3/h) from the hydro treater reactor feed whilst HT-P005A/B flow (65 m3/h) via HT-FC021 controls flow to common convection and then HT-H001 (Reboiler heater). The splitter bottom temperature 167oC is maintained by heating bottom product in HT-H001 to 180oC before it returns to splitter. Flow in line to HT-H001 is normally 65 m3/h, there is a low flow alarm at 44 m3/h and if this flow further drops to 33 m3/h, all three-reformer heaters and Reboiler heater are tripped. This is to safe guard overheating of this line and prevent it melting in common convection zone.

HYDROTREATER SECTION
The heavy naphtha fraction from the bottom of splitter section with IBP around 90oC (194oF) is pumped to hydro treater section of plant through HT-P004A/B. Dimethyledisulphide (DMDS) is injected in HT feed at P004A/B suction. Purpose is to maintain Sulphur level in between 15–20 ppm. Hydro Catalyst can remove max. 158ppm Sulphur. The function of hydro treater section is to prepare naphtha feed for plat forming section by removing certain gases and metals, which are poisonous to plat forming catalyst.

At 110 % capacity of reformer plant, 36.3m3/h flow is set up. The line pressure at HT-P004A/B delivery is 30 kg/cm2. The feed is paned through HT-E001A/B where the temperature drops. The hydro treater feed is mixed with hydrogen from compressor SR-C001A/B and then passes through HT-E005A/B/C/D. Around 4000 m3/h H2 gas to HT-E005A/B/C/D and 28000 m3/h passes to reformer section. Compressor discharge is set @24.1 kg/cm2. If pressure goes above 24.1 kg/cm2, then spill back valve SR-PC076A/B opens and allow gas into SR-V001 (Separator). As its set point is 16.1 kg/cm2 this in turn opens control valve SR-PY054A to SR-V002 and send gas to fuel gas header. If SR-PC076A/B remains less than 24.1 kg/cm2 and S-V001 suction pressure remains less than 16.1 kg/cm2 then SR-PY054A will close, further SR-PY054B for hydrotreator section is closed to maintain the gas supply to reformer section.

The main flow control of hydro treater feed is done by HT-FC011, which is located before the process stream is combined with hydrogen. After passing through HT-E005A/B/C/D, temperature rises to 215oC at this stage, process stream is mostly vapors. It is then heated to 315oC by hydro treater heater, HT-H002. This vapor-phased stream at 315oC is then introduced into the hydro treater reactor HT-R001. The pressure at reactor inlet is 19.6 kg/cm2 and outlet is 18.4 kg/cm2. There is also a pressure differential HT-PD117 (1.5 kg/cm2) measures pressure across the reactor HT-R001. The reactor has a UOP catalyst (type S12, which uses hydrogen to decompose Sulphur, Nitrogen and Oxygen compounds contained in the hydrocarbon fraction. Also organo metallic compounds (such as arsenic/lead) are also removed. Hydrotreatment also saturates olefinic compounds (olefins contribute to coking). For plate forming catalyst arsenic and lead are permanent poisons, N2, S is temporary poisons. Small quantities of N2 will cause large off set in plate forming catalyst activity as well as deposit ammonium chloride salts.

Oxygen is converted to water and affects water/chloride balance in platforming catalyst. Sulphur compound produced H2S, Nitrogen compounds gives ammonia and ammonium chloride, oxygen is dehydrogenated to water, olefins become saturated (no double bond), halides form hydrogen halides. All these are removed in the stripper section. Metals (Arsenic, Iron, Calcium, Mg, Pb, P, Si, Cu and Na) are removed from hydrocarbon stream and remain in catalyst bed. Iron forms top layer. Metal loading of catalyst bed can be tolerated up to 2-3 weight percent, above this metal deposits produce channeling. 

As the catalyst ages, product quality may degenerate. This is corrected by increasing temperatures. If this doesn’t work, then either need to change catalyst or do catalyst regeneration. Scale or polymer formation on top of catalyst reactor may result in high reactor pressure drops and channeling. This is corrected by skimming. 

In order for hydrotreating to work, H​2/HydroCarbon feed ratio needs to be minimum approx. 89.8 nm3 /m3. Carbon deposition is minimized by keeping proper H2/HC ratio and by keeping catalyst temperature at proper level.

The gaseous process stream exiting hydro treater reactor (HT-H001) gives up its heat firstly to HT-E007 (stripper Reboiler) and then to HT-E005A/B/C/D (to heat up hydro treater feed from HT-P004A/B and HT-E001A/B). Temperature of HT-R001 effluent is near 313oC. BFW is injected after HT-E005 and caustic injection line for regeneration also exist. The hydrotreated naphtha reactor effluent is next condensed in HT-E010 before the liquid accumulates in separator HT-V005. This separator is maintained at 17.2 kg/cm2 by HT-PC084, which release excess gas in fuel gas header. HT-HC080 allows gas to be diverted to flare gas header if system pressure increase. The separator HT-V005 also separates sour water from its boot and sour water is allowed to drain during regeneration process.

STRIPPER SECTION
The liquid from bottom of separator HT-V005 passes through and is heated up by heat exchangers HT-E006 to a temperature of 165oC and is feed to stripper HT-V006 on tray # 6. The fractionation heat is exchanged in HT-E007 from reactor HT-R001 effluent. Bottom temperature is controlled by use of HT-HC100. The gases (H2S, light hydrocarbons and any H2) are removed from top of stripper, liquid condensed HT-E011 whilst overhead receiver HT-V007 allows these gases to be purged into the fuel gas header. A pressure control valve HT-PC108 maintained 8.1kg/cm2 pressure in this receiver. Excess H2S & H2, which have not been removed in HT-V005, are removed at in HT-V007 and sent to fuel gas header. Sour water layer from boot of HT-V007 is sent to drain. Hydrocarbon liquid layer is refluxed back into top of the stripper. The bottom product from stripper is cooled (HT-E006A/B) and from the reformer plat forming section feed. This infect is hydrotreated naphtha and if required is condensed in HT-E012 and cooled HT-E008 and sent to TK-9 for storage. The overhead section of stripper is protected from corrosion by unicore C chemical (filmer).

PLATFORMING SECTION
In order to make naphtha suitable for use as a gasoline, its octane number must be upgraded. The purpose of reforming process is to rearrange or reform the molecular structure of hydrocarbons by converting long chain n-paraffines to branched chain iso-parafins and to aromatic form. To improve yield of gasoline, catalyst are used, which produced aromatics at lower temperature and pressure as compared to thermal reforming (or thermal cracking). 

The dominant reaction is dehydrogenation of naphthenes to give aromatic hydrocarbons (e.g. cyclohexane produces benzene and methyl cyclohexane produces toluene). This generates hydrogen. Isomerization reactions produce aromatics hydrocarbons from naphthenes and paraffines.

At such elevated temperature and pressure, H2 evolved is used to promote cracking e.g. hydrocracking demethylation. A range of aromatics is produced to make a blend of reformat. A fuel (reformat) whose knocking behavior in the engine matches that of a blend of 90% Iso-octane and 10% n-heptanes for example has an octane number of 90.   

The hydro treated naphtha produced from stripper (HT-V006) bottom product, passes through HT-E006A/B and becomes feed to plat forming section. SR-FC001 controls flow to this section. Hydrogen and chlorine are injected before heating up plat forming feed. Tri chloro ethane TCE from SR-V011 is added to control chloride level (0.5 ppm max) in recycle-gas. Hydrogen at 24 kg/cm2 is also injected @ 28000 m3/h using SR-FC005. The hydrogen to hydrocarbon mole ratio must not be below 4.5. The ratio is important from maintaining certain hydrogen partial pressure and the sweeping action to prevent cocking inside the reactor. The temperature of the stream is around 118oC. It is heated by reactor effluent in SR-E001A/B/C.

Water / chloride balance is done before this stream passes through SR-E002A/B, when it is heated to 392oC. The feed is now mostly vapor and line pressure is around 19 kg/cm2. The process stream is further heated via common convection in 1st reformer heater (SR-H001) to 500oC as per design requirement to achieve RON (Research Octane Number). System pressure is 19.2 kg/cm2 at inlet and 18.6 kg/cm2 at outlet. The temperature drops to 485oC at outlet. In this 1st reactor dehydrogenation reaction i.e. cyclohexane to benzene and methylecyclopentane to toluene. There is a max. liquid hourly space velocity (LHSV) of 3. The design delta T for this 1st reactor (SR-R001) is 62oC (actual in Jan 2002 was ~ 85oC) 

The 1st plat forming reactor effluent is heated by 2nd heater (SR-H002) to 488oC before it is entered SR-R002 here further endothermic reaction type isomerization of naphthenes / paraffines and dehydrogenation occur resulting as drop in temperature to 455oC (delta T 32oC) compared to design delta T of 41oC. The actual delta T is lower than design because of more naphthenes in the feed than design. Similarly SR-R002 effluent is again heated up to 500oC by SR-H003 before entering 3rd and final plat forming reactor SR-R003. The resulting hydrocracking reaction decrease outlet temperature 483oC (delta T 17oC) compared to design delta T of 26oC. 

The process stream exiting SR-R003 gives up its heat in SR-E002A/B to heat up the reformer feed. It is cooled in SR-E006 (Stabilizer Reboiler) in SR-E001A/B/C, condensed in SR-E003 and further cooled in SR-E004 on its way to product separator SR-V001.

Hydrogen exiting top of the SR-V001 is recycled back to compressor SR-C001A/B. Excess hydrogen is sent to fuel gas header via SR-V002. This contains activated alumina and absorbs chlorides. If still excess hydrogen evolves then it is sent to flare gas header. SR-V001 liquid is pumped (SR-P001A/B) to stabilizer section from about a temperature of 45oC, it is heated up to 212oC in SR-E005A/B/C/D, before being feed (tray # 21) to stabilizer SR-V003. The overhead vapors are cooled in (SR-E009) / condensed in SR-E010 before accumulating in overhead receiver (SR-V004). Non-condensable gases are admitted to fuel gas system via SR-V002 using SR-PC094. This pressure controller controls stabilizer top pressure at 19kg/cm2. SR-V004 bottom liquid is refluxed back into stabilizer. The bottom product is cooled (SR-E005A/B/C/D  / SR-E007/SR-E008) before reformat product is sent to storage in tanks Tk-19/15. The rate of reformat make is controlled by stabilizer bottom level controller (SR-LC088). Stabilizer function is to remove light gases produced during the hydrocracking and to control product RVP (Reid Vapor Pressure) at max. value of 5.0 psi. 
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