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Training Report of Different Block of Haldia Refinery Indian Oil Corporation limited Period of training:-June 25th to July 24th2007 Submitted by:• • • • • • •



Aritra Bhowmick Anup Kundu Lipika Das Pratik Gayen Pamela Bhakta Anup Kumar Gupta Dipankar Bag



Discipline-Chemical Engineering Haldia Institute of Technology, Haldia- 721657.



To The SPNM s IOCL, Haldia Refinery Respected sir, Most respectfully we, the 3rd year Chemical Engineering Students of Haldia Institute of Technology, have come to IOCL, Haldia Refinery to undergo our 4week’s summer-training period. We are very thankful to you for giving us such wonderful opportunity and guidance to experience practical application of our knowledge That we have gained in our college. Yours faithfully, Aritra Bhowmick



Anup Kundu Lipika Das Pratik Gayen Pamela Bhakta Anup Kumar Gupta Dipankar Bag Signatures of the SPNM s with seal:1. DHDS block:2. OM&S block:3. Quality control laboratory:4. Technical services:-



5. FOB block:6. LOB block:Acknowledgement We would like to express our gratitude to Mr.A.K.Das (SM-MS/HRD/TRG) for giving us such opportunity to have our summer training in such a giant industry and the information about the different parts of the refinery. Also we would like to express our gratitude to SPNM s who gave us all details of different blocks. Beside we are also very much indebted to all operators and officers for their active support and cooperation without whom this training would have been incomplete. By-



Aritra Bhowmick Anup Kundu Lipika Das Pratik Gayen



Pamela Bhakta Anup Kumar Gupta Dipankar Bag
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INTRODUCTION Haldia Refinery, the fourth in the chain of seven operating refineries of Indian Oil, was commissioned in January 1975. It is situated 136 km downstream of Kolkata in the district of East Midnapur, West Bengal, near the confluence of river Hoogly and river Haldi. The refinery had an original crude oil processing capacity of 2.5 MMTPA. Petroleum products from this Refinery are supplied mainly to eastern India through two Product Pipelines as well as through Barges, Tank Wagons and Tank Trucks. Products like MS, HSD and Bitumen are exported from this refinery. The strategic significance of this Refinery lies in its being the only coastal refinery of the Corporation and the lone lube flagship, apart from being the sole producer of Jute Batching Oil and Russian Turbine Fuel. Capacity of the Refinery was increased to 2.75 MMTPA through de-bottlenecking in 1989-90. Refining capacity was further increased to 3.75 MMTPA in 1997 with the installation/commissioning of second Crude Distillation Unit of 1.0 MMTPA capacity. Diesel Hydro Desulphurisation (DHDS) Unit was commissioned in 1999, for production of low Sulphur content (0.25% wt) High Speed Diesel (HSD). With augmentation of this unit, refinery is producing BS-II and Euro-III equivalent HSD (part quantity) at present.



Resid Fluidised Catalytic Cracking Unit (RFCCU) was commissioned in 2001 in order to increase the distillate yield of the refinery as well as to meet the growing demand of LPG, MS and HSD. Refinery also produces eco friendly Bitumen emulsion and Microcrystalline Wax. In addition, a Catalytic Dewaxing Unit (CIDWU) was installed and commissioned in 2003, for production of high quality Lube Oil Base Stocks (LOBS), meeting the API Gr-II standard of LOBS. This is the only refinery in the country to produce such high quality LOBS. In order to meet the Euro-III fuel quality standards, the MS Quality Improvement Project has been incorporated for production of Euro-III equivalent MS. Currently the unit is under stabilisation. At present, the Refinery is operating at a capacity of 5.5 MMTPA. Refinery expansion to 7.5 MMTPA as well as a Hydrocracker project has been approved for Haldia Refinery, commissioning of which shall enable this Refinery to supply entire Euro â€“III HSD to the eastern region of India.



OVERVIEW OF HALDIA REFINERY



DIESEL – HYDRO DESULPHURISATION UNIT PURPOSE: To reduce the sulfur content of the sour diesel and to produce sweet diesel with sulfur content of less than 0.25/0.05 % by wt. Sulfur removal:



Feed stocks to the union fining .Unit contain simple mercaptanes, sulfides and disulfides are easily converted to H2S. Feed stocks containing hetero atomic, aromatic molecules are preceded by initial ring opening and then sulfur removal followed by saturation of the resulting olefins. Nitrogen removal: De-nitrogenation is generally more difficult than desulphurization. The denitrogenation of pyridine proceeds by aromatic ring saturation hydrogynolysis and finally de-nitrogenation. Oxygen removal: Organically combined oxygen is removed by hydrogenation of the carbon hydroxyl bond forming water and the corresponding hydrocarbon. Olefin saturation: Olefin saturation reaction proceeds vary rapidly and have high heat of reaction. Aromatic saturation: Aromatic saturation reaction is the most difficult and exothermic. Metal Removal: Metals are retained on the catalyst surface by a combination of adsorption and chemical reaction. Removal of metal normally occurs from the top of the catalyst bed and the catalyst has a certain maximum tolerance for retaining metals. Metal contained in the crude oil are usually nickel and vanadium. Iron is found concentrated at the top of the catalyst bed as iron sulfide, which is corrosive. Na, Ca and Mg are present due to the contact of the bed with salted water or additives. Improper use of additives, to protect the fractionator overhead systems from corrosion or to control foaming, accounts for the presence of P and Si. Lead may also deposit on the hydro treating catalyst bed from reprocessing leaded Gasoline through the crude unit. The total metal retention capacity of the catalyst system can be increased by using a guard reactor or guard bed of catalyst specially designed for de-metallisation. Halide removal:



Organic halides such as chlorides and bromides are decomposed in the reactor. The inorganic ammonium halides sides, which are produced when the reactor effluent is cooled, are dissolved by injecting water into the reactor effluent or removed with a stripper off gas. Process Description: The DHDS unit is based on the diesel union fining process of UOP and is comprised of four main sections The feed section Reactor circuit section Separator or compressor section Fraction section



Feed Section The feed stocks consisting of mainly straight run gas oils and light cycle oil from FCCU from Storage first passes through feed filters and feed exchangers heated by stripper bottom’s material before entering a combined feed coalescer and surge drum . The feed surge drum provides surge volume to even out the fluctuations in the feed entering the unit .This surge volume allows the feed to the unit to be kept as constant as possible which maximize the catalyst life length. Feed from the feed surge drum enters the feed pumps where its pressure is raised to allow the feed to enter the reactor circuit. Feed from the feed pump is combined with the recycle gas flow .Combined feed passes through cold and hot combined heat exchangers where it is heated by reactor effluent material .Then the feed is sent to the charge heater where it enters the reactor circuit sector section. Reactor circuit section Combined feed from the feed section is heated to reaction temperature in the charge heater. Then the feed and recycle gas are proceeded in reactor 1 and 2 which contain catalyst chosen for its ability to absorb metal in the field and to provide the proper level of desulphurization required to meet a specified diesel product property. The reactor 1 has two beds with one intermediate quench point. Quench is required due to the heat of the reaction and the need to limit the



temperature rise to maintain the proper catalyst cycle length for the chosen space velocity. The reactor 2 is a single bed reactor. To monitor the operation of the reactors bed, thermocouples are providing at regular intervals. Reactor effluent material is cooled in the hot combined feed exchanger .Water is injected into this stream before it enter the separator condenser. After cooling to the appropriate temperature, this is separated in the separator into vapor and liquid hydrocarbons phases to decant the sour water phase. The vapor from the separator is cooled in the recycle gas cooler before entering the scrubber KO drum. The purpose of the recycle gas exchanger is to decrease the due point of the recycle gas so as to greatly lessen the possibility of condensing hydrocarbons material in the recycle gas scrubber, such HCs condensation contributes to the foaming of the amine.



SulphUr Recovery unit The sulphur recovery unit is designed to recover sulphur from the sour vapors originating from the following sources: Amine Regeneration (Unit 26) Sour Water Stripper (Unit 29) The process is a combination of conventional Claus process and the recently developed process for the selective oxidation of hydrogen sulphide. The SRU consists of the following sections: 1. A knock out Drum for the feed gas stream and fuel gas stream. 2. a Claus Section, consisting of a thermal stage and three reactor stages. 3. A super Claus stage. 4. a thermal Incinerator, burning the tail gas and vent gas of the sulphur. 5. Degassing System. 6. A Sulphur pit with degasifying facilities and sulphur yards. UNIT CAPACITY OF SRU



Design Capacity:



60 metric tons per day



Turndown Ratio:



30% on the normal feed gas rate



On-Stream Factor: 8000 hr per day FEED CHARACTERISTICS The feed stock of SRU is a mixture of “acid gas ex ARU” and “acid gas ex SWS”. The quality and quantity of H2S feed to the unit will vary depending on the shut down of the various preceding units. The unit should be capable of converting 99% Wt. of the H2S content in the feed streams to sulfur in all cases. PRODUCT CHARACTERISTICS The product sulphur meets the following specification after degasification, State:



Liquid Sulphur



Color: Bright Yellow Purity:



Minimum 99.9% on dry basis



H2S Content: 10 PPM wt. Maximum CATALYST AND CHEMICALS 1. CLAUS CATALYST: These catalysts are installed in the Claus reactor. 1st & 2nd reactor, CRS-31, 85%wt. titanium oxide 2nd & 3rd reactor, 98%wt. alumina with 2400 wt. PPM Na2O 2. SUPER CLAUS CATALYST: It is a catalyst for selective oxidation and consists of Al2O3 50% vol. SiO2 with iron (III) oxide/ phosphate 50%vol. Catalyst is premixed by 50%/50% vol. by manufacturers. 3. CERAMIC BALLS: A layer of ceramic balls (Denstone 57 type) is installed in the reactor as support bed.



4. CHEMICALS FOR BFW: In SRU a phosphate injection system is provided to increase the pH of boiler feed water to the WHB’s and condenser. To increase the pH, trisodium phosphate solution is injected and the concentration of phosphate solution in the boiler and condenser is kept at 50100 PPM. CHEMICAL REACTIONS INVOLVED IN SRU CLAUS SECTION: The main reaction in this section takes place at main combustion chamber. H2S + 3/2 O2 = SO2



+ H2O + Heat



The major part of the residual H2S combines with the SO2 to form sulphur, according to the equilibrium reaction 2 H2S



+ SO2 = 3/2 S2 + 2 H2O - Heat



By this reaction known as CLAUS Reaction, Sulphur is formed in the main burner and reaction chamber. SUPER CLAUS SECTION: In this section partial oxidation of H2S takes place according to the reaction 2 H2S + O2 == 2/8 S8 + 2 H2O + Heat PROCESS DESCRIPTION CLAUS SECTION: By the reactions described above sulphur is formed in vapor phase in the main burner and combustion chamber. The primary function of waste heat boiler is to remove the heat generated in the main burner. The secondary function of waste heat boiler is to utilize removed heat to produce MHP stream. The process gas from the waste heat boiler is passed into the first sulphur condenser, where the formed sulphur is removed from the gas. The process gas leaving the sulphur condenser still contains a considerable concentration of H2S and SO2. Therefore the essential function of the following equipments is to convert these components to sulphur. In the 1st, 2nd & 3rd reactor stages the H2S and SO2 again react to form sulphur but this time at low temperature. In the super clause stage, the remaining H2S is selectively oxidized to sulphur. For this reason it is essential that the combustion in the main



burner is such that in the down stream of 3rd reactor stage the amount of H2S in the range of 0.5- 0.7%vol. and the SO2 concentration is as low as possible. Before entering the first reactor the process gas flow is heated by indirect steam to obtain the optimum temperature for a high conversion of H2S and SO2 to elemental sulphur and simultaneously a high conversion of COS and CS2 to H2S and SO2. The effluent gas from the first reactor is routed to second sulphur condenser. The process gas flow in next routed to second steam re-heater and then to second reactor where equilibrium is established. The sulphur is condensed in the 3rd sulphur condenser. From the 3rd sulphur condenser, the process gas is routed to 3rd steam re-heater, and then passed to 3rd reactor when equilibrium is established. The sulphur is condensed in the 4th sulphur condenser. SUPERCLAUS SECTION: The process gas from the 4th sulphur condenser is routed to 4th steam re-heater then passed to reactor. Before it enters the reactor, a controlled amount of air is added. Proper mixing is obtained in static mixer. In the reactor sulphur S8 is formed according to the reaction mentioned above. The formed sulphur is condensed in 5th sulphur condenser. A sulphur condenser is installed downstream of last sulphur condenser to separate entrained sulphur mist. The sulphur condensed and separated in the condenser and coalescer is drained via the sulphur logs and sulphur cooler into sulphur pits. The tail gas leaving the coalescer still contains an amount of H2S which is dangerous if released directly to atmosphere. Therefore, the gas is thermally incinerated, converting residual H2S and sulphur to SO2 in presence of oxygen. After the gas is cooled in incinerator, waste heat boiler and super heater it is routed to the stock. In the incinerator and waste heat boiler, MHP steam is produced and in the super heater MHP steam from the unit is superheated before evaporation. SULPHUR STRIPPING PROCESS: The process sulphur contains H2S partially dissolved and partially present in the form of polysulphide. Without treatment of sulphur, the H2S should be slowly released during storage and transport. An explosive mixture may be created due to exceeding the lower explosive limit of H2S in air, which may vary from 3.7 volume % H2S at 1300 C to 4.4 volume % H2S at ambient condition. The shell sulphur degassing process has been developed to degasify liquid sulphur to 10 PPM wt. H2S / H2Sx which is the safe level to avoid exceeding the lower explosive limit. The function of this process is to enhance the decomposition of polysulphide and to strip the H2S from the sulphur. Simultaneously, the greater part is oxidized to sulphur. The air decreases the partial pressure of H2S and causes agitation and circulation of sulphur. In this way, the H2S content is reduced from approximately 350 to less than 10 ppm wt. the reduced H2S together with the air is routed to the thermal incinerator, in which it is oxidized to SO2.The degassed sulphur is pumped on level control to sulphur yard.



RESIDE FLUID CATALYTIC CRACKING UNIT Process Chemistry/Theory: Cracking process uses high temperature to convert heavy hydrocarbons into more valuable lighter products. This can be done either by thermal cracking or by catalytic cracking. Catalytic cracking process has almost surpassed thermal cracking because of inherent advantage of low temperature and pressure. Catalytic cracking produces high octane gasoline, a more valuable cracked gas and less of undesirable residual products. Theory of catalytic cracking is based on the carbonium ion formation and subsequent hydrogen transfer reaction. First step is the formation of a carbonium ion from the feed stock. Carbonium ion is readily formed from olefin. This reaction takes place on the active side of the catalyst. Once carbonium ions are formed, they may either crack to form a small olefin plus another carbonium ion reacts with another olefin to form a different carbonium ion, isomerizes or breaks the chain by donating the proton back to the catalyst. For dealkylation a tertiary amyl side chain comes off very easily. Propyl, n-butyl, ethyl chains are progressively more difficult to remove. The methyl group is generally not attached. Next step is associated with the hydrogen transfer reaction which converts olefins to paraffin. The source of hydrogen is another olefinic hydrocarbon on the catalyst which will progressively become more hydrogen deficient. This hydrogen deficient species will absorb very strongly to the catalyst surface and deposit the coke on the catalyst during reaction.



Brief process description: Fluidized bed catalytic cracking unit consists of the following sections: 1. 2. 3. 4. 5. 6. 7.



Feed preheat section. Reactor/ Regenerator section. Flue gas section. Catalyst handling section. Main fractionator section. Product recovery section. Amine recovery section.



Feed preheat section



Cold feed from F.C.C.U. feed tank and hot feed from process units are combined and received in storage drum. Cold feed enters feed surge drum on level control and hot feed enters surge drum on flow control. A water boot on the drum allows manual draining of water accumulated during start-up upset conditions. The feed drum pressure floats on the main fractionator by means of a balance line which ties into the fractionator below the LCO (light cycle oil) drawing chimney tray. Fresh feed is pumped by fresh feed pump to the preheat circuit. The feed preheat circuit comprises 11 heat exchangers in series. The fresh feed after preheat attains a temperature around 1880 C (for feed 3) and 2550 C (for feed 2). Fresh feed is heated in these exchangers against lean oil, HCN, LCO, LCO pump-around, HCO pumparound and slurry pump-around. For feed 2, final feed is preheated in the fired heater before being sent to the riser feed nozzles of the reactors. For feed 3, slurry pump-around passes completely. Feed heater will be operating at a minimum operating duty. If preheat temperature is still higher than the required, other feed preheat exchangers are by-passed also.



Reactor /regenerator section Preheated feed is finely atomized and mixed with dispersion steam in four feed injectors mixing chamber and injected to the riser. Above the feed injectors two HCO recycle oil injectors are provided to maximize distillate production. Above the recycle oil injectors, a recycle slurry backwash injector is provided. Also a visbreaker naphtha injector is provided below the feed injector at riser bottom. Dispersion steam (MP steam) is supplied through individual flow control to each injector for proper atomization and vaporization of oil. The fined atomized feed is contacted with hot regenerated catalyst and vaporizes immediately. The vaporized oil mixes with the catalyst particle and cracks into lighter more valuable products. The heat required for the reaction is supplied by hot regenerated catalyst. The residence time in the riser is approximately 2 sec. at design conditions. Riser outlet temperature is regulated by controlling the flow of regenerated catalyst by the regenerated catalyst slide valve (RCSV). Catalyst separation from hydrocarbons/steam vapour is necessary to avoid any undesirable continuation of the reaction which produces light gases at the expense of valuable liquid products.



After existing the initial separator the vapour passes through two high efficiency single-stage cyclones to complete the catalyst separation from hydrocarbon products, thus minimizing the amount of catalyst lost to product. The product containing a small amount of inert gas and steam flows to quench zone of main fractionator. Small quantity of catalyst contained in the product is carried to the fractionator slurry circuit. Pressure controller at the wet gas compressor knock-out drum provides the steady operating pressure of the reaction system. Catalyst emitting the initial separator is prestripped with MP steam to reduce coke yield and further stripped with steam. A series of baffles enhances the contacting of steam and spent catalyst. The stripping steam displaces the volatile hydrocarbon contained in the catalyst particles before they enter the first stage regenerator. The stripped spent catalyst flows down through the catalyst standpipe and spent catalyst slide valve (SCSV) which controls the stripper level by controlling flow of spent catalyst from the splitter. Spent catalyst flows to the first stage regenerator through a distributor which drops catalyst on the regenerator catalyst bed. 60%-70% of the coke is burnt in the first stage regenerator and rest in the 2nd stage regenerator. Combustion air for combustion process in regenerators is supplied by combustion air blower driven by steam-turbine. The hot regenerated catalyst flows to the 2nd stage regenerator through a lateral connection to the withdrawal well (WDW) from which catalyst flows down to the regenerated catalyst pipe (RCSP), The RCSV and 450 C stand section to the reactor riser base where catalyst begins the upward flow towards the fresh feed injectors. 1st stage regenerator internal primary and secondary cyclones and 2nd stage regenerator internal primary and secondary cyclones separate the entrained catalyst from the flue gas existing the 2nd stage regenerator. Flue gas existing both regenerators flows to the flue gas section.



Flue gas section The flue gas from the 1st stage regenerator passes through a double disc slide valve (DDSV1) for controlling the differential pressure between the 1st and 2nd regenerators. An orifice chamber is provided immediate downstream of the 1st and



2nd regenerator slide valve to reduce the flue gas pressure. As the flue gas passes through each plate the pressure is gradually reduced to the desired outlet pressure. The pressure reduction is the function of the fuel gas volumetric flow rate. To compensate for the varying flow rate through the orifice chamber the slide valve provides the flexibility needed in processing varying fresh feed rate. The CO rich flue gas exists the orifice chamber and enters the incinerator to convert CO to CO2 to comply with environmental emission requirement.



Catalyst handling Hoppers are used for storage and transfer of fresh equilibrium and spent catalyst. Hopper pressurization is required prior to loading catalyst into FCC. Pressure is lowered when catalyst moves from regenerator to hopper or for loading fresh catalyst. Blower air is used for transportation of catalyst and aeration connections are also provided. Batch loaders and purge streams are provided to prevent back flow.



Main fractionator column The fractionator 18C10 consists of 30 valve trays and 8 rows of shed decks. The reactor effluent, comprising of cracked hydrocarbon vapor, steam and inert gas enters the column at the bottom of the quench section. In this section, products are cooled and condensed. The slurry pump around and decanted oil are withdrawn from the bottom and returned to the top of shed decks. Entrained catalyst is removed from the decant oil in slurry filter 18S01. Fractionation liquid has a tendency for coking. Quench steam is injected to prevent this. Sponge absorber lean oil is withdrawn out of fractionator, cooled and used as lean oil in sponge absorber. Rich gas from bottom of absorber is returned to fractionator. The total fractionator overhead vapors consist of HCN, LCN, lighter hydrocarbons, steam and inert gases plus tower top reflux. These are condensed in overhead condenser 18EA11 and separated from the gas in overhead receiver 18B11.



Product Recovery System Wet gas from overhead receiver is compressed to 16.9kg/cm2 by 2 stage centrifuge compressor 18K10. The uncondensed vapors, medium pressure distillate and sour water are separated in 18B13. The uncondensed vapors are sent to primary absorber 18C14 for C3 and C4 recovery. The absorber overhead products are mixed with lean oil and get separated in the reflux drum 18B15. The unabsorbed vapors are routed to sponge absorber 18C15 and semi rich naphtha is pumped to the top tray of primary absorber. The rich oil from the bottom of the absorber is contacted with wet gas compressed effluent from the compressor before flowing to high pressure separator. The off gas



flow to amine section for H2S and CO2 recovery. The stripper is designed to remove inerts, C2 and lighter hydrocarbons from liquefied C3 hydrocarbon stream. The stripper overhead is cooled and collected. The stripper bottom is sent to a debutanizer where C3, C4 are separated. Its bottom is again sent to a naphtha splitter where heavy naphtha product (HCN) and light naphtha product (LCN) are obtained.



Amine recovery section The absorber gas from the sponge absorber contains majority of H2S resulting from cracking reactions plus CO2 entrained in regenerated catalyst as inert. These acidic gases are removed from absorber gas before being sent to refinery gas pool. To remove gases it is contacted with a 25% wt. solution of diethanol amine (DEA) in absorption tower 18C18. Entrained liquids are separated in a knock out drum prior to this. Lean DEA solution from top tray and sweet gas leaves from the top of the column, flows through wet gas knock out drum 18B20 and is routed to battery limits. The rich DEA and condensed liquid from knock out drums are flashed in another knock out drum and sent to CO incinerator. The stripped H2S and CO2 are sent to SRU.



OIL MOVEMENT AND STORAGE: This unit plays an important role in the storage of imported crude brought by tankers. Refinery storage tanks are used in storage of crude oil and finished petroleum products. Products from these storage tanks are dispatch for marketing by tankers, wagon, drums, cylinders etc. The mode of dispatch depends on the distance to be traversed and on the capacity of the pump. For the pumping of highly viscous oils, positive displacement type pump are used where as in the case of non viscous oil centrifugal pump are used.



Tanks:



Almost ⅓ of the refinery area is allocated for different types of tanks. They are designed according to the needs of the product conservation like in the case of MS, SRN there must be a provision to reduce the pressure produced due to the vaporization of these products and hence these are generally stored in floating roof tanks. By design they are four types: 1. 2. 3. 4.



Fixed roof tank Floating roof tank Fixed cum floating roof tank Doom type tank



Although several other design are also made according to the needs tanks are provided with a) Manhole on the shell and roof. b) Product inlet and outlet nozzle. c) Drains. d) Staircase and ladder. e) Mechanical type level gauge. arrestee



f) Open vane with wire mesh or Breather valve or vent with flame Depending on the service the tanks are provided with a) Sampling device



b) Temperature gauge c) Jet mixing nozzle d) Inert gas blanketing e) Steam heating coils Product is taken to this tank though the inlet by different pumps. There are two outlet one for blending and product conveying and another for drainage. Generally products from different units also contain some amount of water with them. This unwanted water is drained through that outlet. Some other important operation such as blending is also done by the outlets. In blending different oil are mixed up to meet the specifications of the final product oils such as Motor Speed Oils (MS), Diesel etc. Constant circulation of the product of tank is done for better mixing through these outlets.



Bitumen filling station : Production of bitumen: The bottom product of crude i.e. RCO (Reduced Crude Oil) is taken to a vacuum distillation unit where distillate lube is extracted. The bottom product obtain is SR (Short residue) which is mixed with solvent propane. Then it’s taken to a deasphalting unit where the asphalt is taken out which is black and hard having less penetration (2-10). There is a mixture of asphalt, SR and lube extract. There are three grades of bitumen: 1. 80/100 2. 60/70 3. 30/40 These are done based on penetration property. A needle with the help of a reference weight is introduced inside the bitumen, and it dips the least amount for 30/40 and most for 80/100. The temperature of bitumen produced it around 140˚C. Its temperature is later brought down in the BCU (bitumen cooing unit). Operation: 1. Drum filling: Weight of dry drum = 8 kg. (Approximate.) Weight of filled drum = 156.5 kg. (Approximate.) Empty drum is unloaded from truck and taken to a filling system by belt conveyers. The part consists of a pipeline through which the bitumen flows to the drum and twin arm and jack system to hold the drum upward for good contact with the filling tube. The mouth of the filled drum are sealed using a cap using air pressure. It’s then taken to digester where at a time 16 drums are digested (8 on each side). The fork lifter then takes the drum and stacked at a place. Then they are dispatch to different places by truck or railway wagon.



Truck loading: The bitumen also dispatches to different places though truck loading. Specific conveyer truck is taken to bitumen gantry and loaded. There are four such points for bitumen filling



Tank Truck Loading ( TTL ) :



The tank truck loading system consists of fourteen points through which different fuels are filled in trucks. The trucks consist of three (generally) chambers in which different fuels are filled as required. The fuels are pumped through the pipes and the PDM (positive displacement meter) measures the flow rate. There is also a liquid controller which removes the liquid vapour (if any). Different fuels like ATF ( Aviation Turbine Fuel ) , MS ( Motor Spirit ) , MTO ( Mineral Turpentine Oil ) , SKO ( Super Kerosene Oil ) , HSD ( High Speed Oil ) , JBO ( Jute Batch Oil ) , FO ( Furnace Oil ) , CBFS ( Carbon Black Feed Stock ) and Microcrystalline Wax are filled in this station .



Operation: The trucks are weighed and taken to the appropriate point where first the dip is checked. There is a mercury terminal in the gantry which display the specification of loading to be done for example the no. of chambers and capacity etc. on driver’s card punching .The loading operation is completed on supervisor’s card punching. Then the truck is weighed again. Subtraction of the tear weight and gross weight gives the net weight.



Tank Wagon Loading ( TWL ) : The petroleum products (mainly MS, HSD etc.) are also dispatch to different parts of India through railway wagon. Operation: Two types of wagon are used in this purpose viz. General Purpose and BPD (of capacity 64700 lit.) .A primary test is taken for body leakage. Again the dip is calibrated with the theoretical data. Initially 700 to 1000 lit. Product is given for leak-testing and then the tested wagons are filled with the products.



Tanker Operation: To import crude and some finished products such as MS, HSD, and The purpose of importing the latter two is that country wide demand of these two products is more than the amount produced in the refinery. Some other companies such as H.P, B.P also import crude from abroad. Types & Capacities of Tanker : 1. G.P(general purpose) series : Small ships (up to 25,000 tons) 2. M.C(medium capacity) series : 25,000 to 45,000 tons 3. L.R(low range) series : Three categories namely L.R-1,L.R-2,L.R-3(45,000 to 1,20,000 tons)



4. V.L.C.C(very large crude carrier) :1,20,000 to 2,80,000 tons 5. U.L.C.C (ultra large crude carrier) :( 2, 80,000 tons onwards) vessels of these type do not come to Indian ports. ► per day requirement of Haldia Refinery is 17,000 tons of crude ► as ships move up and downwards due to unloading, and in the time of tide and ebb tide a special type of joint (chickson) is used in the pipes between ship & shore. Hinge type joints are used in the coupling.



Effluent Treatment Plant (ETP): All the effluents from the refinery are subjected to a purification process in ETP. Hence, it is one of the important parts of the plant. Operation: Chemical effluents from all parts of the plant are generally taken to the new influent sump. Then they are given with physical, chemical and biological treatment to separate out the clean water and different effluents. The effluents are given with presetting time and top layer consist mainly of oil is taken out. In API bays the oil, water (with some amount of oil) and sludge is separated out by the slow movement of the effluents. Equalization pond gives a high residence time for the sludge to settle down. Lime solution, ferrous sulphate (also hydrogen peroxide for high sulphur content) is charged to clarify the water of different chemicals. Mechanically extra oxygen is mixed with this water in aeration tank for oxidizing to create microbes that eats the organic effluents during their short life cycle. At last the water is clarified and filtered in a sand filter. LPG Section : LPG stands for liquefied petroleum gas which is a mixture of mainly butane and propane and also some unsaturated hydrocarbons like propylene and butylenes. As per Indian standard specifications:a. Commercial butane b. Commercial propane c. Commercial butane propane mixture(LPG produced at IOC)



Areas covered with the LPG plant:1) Receipt of LPG from crude distillation unit. 2) Storage in Bullets & Horton sphere 3) Filling operation in cylinders & bulk 4) Dispatch in cylinders & by bulk 5) Transfer of liquid propane to Deasphalting unit •



LPG Bulk Storage :1) Horton sphere- Four number1500 m³ normal capacity. 2) Bullets-Eight number of 150m³ normal capacity



•



Bulk Storage:-



LPG and Propane are obtained from other units. Propane is stored in three bullets LPG in the rest five bullets. The LPG from the bullets is then transferred to Horton sphere. Horton Sphere :It consists of a pipe line through which the LPG enters and leaves when required. The vapour is removed through another pipe line. When the pressure inside the sphere increases the vapour is removed by a safety pop to the flare. The LPG in Horton sphere is filled up to 10.1 m, the height of which is 11 m. The quantity of LPG inside the sphere is measured by the gauges the top and the temperature of the LPG are also measured by it. •



Bullets :-



These gauges are used to check the level of LPG and Propane inside the bullets. For LPG the bullets are filled up to 210 cm to 220 cm, and for propane it is up to 160 cm, the height of bullets being 260 cm. Water draining and safety pop (for high pressure) are provided for both the systems. Bulk storage is done by mass flow meter. Bulk Loading:The trucks where LPG is to be filled are taken to the site of bulk storage. The weight of empty trucks and filled up trucks are found on a weigh bridge. Their information’s are sent to the control room which gives the approval for the amount



of LPG to be filled in. Two pipes are there in the filling site, one through which the product enters the truck cylinder and the other through which the vapour is taken out to the Horton sphere and the bullets. The trucks are filled up to the required level and then dispatched. There are six bulk filling sections and three weigh bridges having capacities 50MT, 30 MT, 50MT.



BITUMEN INTRODUCTION:Bitumen is stored in tanks at a temperature around 180ºc and before filling in the same drum it I cooled up to 100ºc. Bitumen cooling limit (BCU) consists of heat exchangers to condensate stream, which is generated by vacuum in bitumen coolers vacuum is maintained in the system by the steam ejects. OPERATING DATA:Inlet temperature of bitumen-180+2ºc Outlet temperature of bitumen-180+3ºc Maximum flow rate of bitumen- 36MT/H Minimum flow rate of bitumen-16 MT/H Bitumen inlet pressure to system -16ATA Bitumen outlet pressure to system-8ATA LIST OF EQUIPMENT AND THEIR FUNCTION:VESSEL:48-B-01 Steam drum 48-B-02 Seal pot HEAT EXCHANGERS:48-E01A/B/C bitumen coolers 48-E02A/B vapor condensers EJECTOS:-



48-J01A/B-Ejectors BITUMEN COOLING PROCESS:Bitumen is cooled in bitumen coolers by partial vaporization of DM water. Steam/DM water is separated in stream drum. DM water is feed back into bitumen coolers and steam is condensed in condensers .Units are located such the circulation of DM water in the system is by gravity. Steam pressure in the stem drum I maintained 0.5642 kg/cm² (abs). BITUMEN CIRCUIT:Bitumen flows through 3 vertical shells of 48E01A/B/Cin series. Inlet line is 4 inch and inters connecting lines between cooler is8 inch with provision of pressure gauge and temperature gauge .Bitumen outlet line from the system is also 8 inch and makes a goose heek before final exit to ensure flooding of 8E01A/B/C. Bitumen bypass lines are also provided across each bitumen cooler 2inch Dia flushing oil lines are also connected in bitumen lines steam lose also can be connected to coolers /lines by provisions made. DM WATER CIRCUIT:Operating pressure of stream drum is 0.542 kg/cm² (abs) steam drum is located above bitumen cooler to ensure high rate parallel circulation of DM water through tube side of bitumen cooler via 3inch line. Maximum DM water level in steam drum is controlled by funnel located 70mmabove center line of steam drum with discharge seal pad 48B02 where water level is to maintained for maintaining vacuum steam from condensate flow black drum vi 2inch line. NORMAL OPERATION:1. 2. 3. 4.



Check DM water level in steam drum. Check steam pressure in steam drum. Check inlet/outlet temperature of Bitumen &MP steam pressure. 6Nos of semi automatic filling machines (Altus, Italy) are provided to fill bitumen drum as weight controlled basis. 5. Filling empty drums to filling machine is done manually is a roller conveyor. 6. Drum centering and positioning at the filling point is automatic. 7. Filling valve closing is automatic with cutoff point set at 156.5 kgs. 8. Removal of filled drum from machine plat from and feeding to power driver roller conveyor is done manually. 9. Pressure filling is done through back pressure control valve with controller 4 kg/cm². 10. There is an electric counter to count the number of drum fills.



11. Open mouth of filled bitumen drums are taken at 4Nos. of diverters by chain conveyor, Forklift or jhumka there after take the said drum and stack in storage yard. a) Drum filling temperature oppose 100-120ºc. b) Filling pump capacity -85cum/hr with 9 kg/cm² 12. Total time for filling of one drum including feeding empty drums 2023seconds and removal of filled rum from machine from plot form.



Grade



Bitumen



Asphalt



30-40



Heavy extract 10-20



60-70 80-100 30-40 40-50



TANK TRUCK LOADING (TTL):The TTL gantry is designed for loading tank/truck/lorry of different capacities by use of PD meter with computer control sequential remote operation setting stop valve and remote operated values .The TTL loading automation will involve use of both existing MIS computer and new system comprising of super is sorry computer and batch controller. Utilize like steam service, water, Instrument air, Hot water facilities are also available in the country. TANK TRUCK CONTRUCTION:Tank truck of multi –compartment type 10-28KL capacity are used for dispatch of product by road and either be single product or on mixed load. Fitting of the tanks trucks (for each compartment):Manhole with cover-breather valve Fill valve- Discharge valve Dip pipe – Moster valve Vent pipe TANK TRUCK MUST MEET THE FOLLOWING STATIONARY REQUIREMENTS:-



a. Compartment wise calibration chart b. MVI Registration c. Explosive licence from CCE. EXPLOSIVE STIPULATIONS FOR TANK TRUCKS:Fuel tank (petrol/diesel engine) (In front of fire screen with a quick action cut off values) Maximum capacity of one compartment of tank should not exceed 5000 liters. Fire screen should extend upwards up to the top of the tank and downwards up to 30CM. Distance between fire screen &Tank – minimum is CM. Positions of exhaust pipe in front of fire screen Flame troop (spark arrestor should be provided to the open end of exhaust pipe) Electric wiring –Double pole wiring and a double pole moster cut-off switch Fire exiting osier – Portable fire exting visher (ISImark) Emergency valve Fill pipe (Bottom of the compartment) Vent pipe must be provided in each compartment. Vapor return pipe. Dip pipe. Discharge valve –One for each compartment.



QUALITY CONTROL LABORATORY The quality of petroleum products is measured in terms of various physicochemical characteristic in laboratory as national/ international standards. These physicochemical characteristics are supposed to have a sound correlation with the actual performance of the petroleum products when used in the field on different types of engines so these quality standards



as determined in the laboratories are highly regarded by all concerned and quality control has an important place in refining industry. In Haldia Refinery, quality is controlled mainly to meet Indian standard specification, customer’s tailor made requirements and to adhere to Excise and Customs Specifications. At the same time one strive to avoid quality giveaway because it costs more in term of operating cost to make that premium product. The Haldia Refinery laboratory is responsible for the certification of the finished products produced and dispatched for the analysis of process chemicals and water. The laboratory has three main sections: 1. Shift Laboratory 2. Analytical Section 3. Pollution Control Section



In the testing section of the laboratory the following tests are carried out: Acidity of petroleum products neutralization value: 1. Total acidity: It is a measure of combined organic and inorganic acidity. It is expressed in mg KOH/gm sample. 2. Inorganic acidity: It is a measure of the mineral acid present. 3. Organic acidity: It is obtained by deducing the inorganic acidity from the total acidity. Method: For total acidity the sample is extracted with neutral alcohol and is then treated with alcoholic potash 0.1(N). The inorganic acidity is determined by extracting the sample with warm water and titrating the extract with 0.1 (N) alkalis. Significance: It is an indication of the corrosive property of the products.



A.P.I. gravity/Specific gravity: A.P.I. gravity (American Petroleum Institute Gravity) is the expression of the density or weight of unit volume of material.



Mathematically it is expressed as: Degree A.P.I. = ((141.5*600 F)/Specific gravity 60)-131.5 Significance: Weight is important in determining freight rates, tanker cargoes and the power required for pumping. It determines whether product will sink or float in water or separate from water. A.P.I. gravity has importance over specific gravity as it is a whole number, hence easy to remember where as the specific gravity is in the decimal.



Aniline point: Aniline point of oil is the lowest temperature at which the oil is completely miscible with equal volume of aniline. Method: Equal volumes of the sample and aniline (10 ml each) are heated or cooled with stirring in a jacketed test tube and the temperature at which complete miscibility occurs is noted down. Significance: High aniline point indicates that the fuel is highly paraffinicand hence has a high Diesel index and very good ignition quality. In case of aromatics the aniline point is low and the ignition quality is poor.



Asphaltenes: The Asphaltenes content of a petroleum product is the percentage by weight of a wax free material insoluble in n-heptane but soluble in hot benzene/toluene. Method: The material is dissolved in n-heptane and the insoluble material consisting of Asphaltenes and way substances is separated by filtration through a fine filter paper. The waxy constituents are extracted under hot reflux with n-heptane and Asphaltenes are isolated by dissolving in hot toluene. Significance:



Asphaltenes in crudes from different sources will vary depending upon the quality of the crude.



Ash: The ash from a sample is the percentage by weight of the inorganic residue left after ignition of the sample under the prescribed conditions. Method: Known amount of sample is ignited and the carbonaceous residue left is heated to 9250c to 9500c in a muffle furnace. It is cooled and weighed as ash. Significance: This gives the idea of the ash forming impurities in the oil, mostly inorganic or metallic contaminants.



Bromine index: It is the number of bromine consumed by 100 grams of sample under specified conditions. By definitions bromine index is equal to 1000 times the bromine number.



Bromine number: Bromine number is the number of bromine consumed by 100 grams of the sample when reacted under given conditions. Method: The sample dissolved in CCl4 is treated at room temperature With an excess of bromide solution in presence of glacial acetic acid. The excess bromine is reduced with potassium iodide and the liberated iodine is determined by titration with sodium thiosulphate solution. Significance: Bromine number is an indication of the quantity of bromine reactive constituents in a sample. This test determines the ‘unsaturation’ or ‘olefinic’ type of hydrocarbons which have affinity for oxygen. Bromine reacts easily with olefin and quantity of combining can easily be determined thus affording a means of determining the olefin present in the fuel. Since these unsaturated hydrocarbons are gum forming, their use in aviation fuels is very limited.



B.M.C.I. (Bureau of Mines Correlation Index): B.M.C.I. = (48640/k)+473.7G-456.8. Where k=average boiling point in Kelvin (boiling point of 50% V distillate), G= density at 15oC. Significance: Higher the value of B.M.C.I. higher will be the aromatic content and the better the product of CBSF/ process oil.



Burning test: Method: Kerosene is burnt for 24 hours in a specified lamp, the flame conforming to a specified size and shape. At the end of the test period consumption of kerosene and the amount of char formed on the wick are measured and a qualitative assessment is made on the appearance of the glass chimney. Significance: This method evaluates the burning properties of kerosene that may be used as the illuminant and as a fuel for heaters, cookers, railway signal lamps etc. char formation is more, when fuel contains more aromatic compounds.



Cold test(freezing point): The freezing point is the temperature at which crystals of hydrocarbons formed on cooling disappear when the temperature of the fuel is about to rise. Significance: This method covers a procedure for the detection of separated solids in aviation reciprocating engine and turbine engine fuels at any temperature likely to be encountered during flight or on the ground.



Color: This is measured either by Saybolt Chromo meter or by Lovibond Tint meter or by ASTM colorimeter. Significance:



It is the indication of the degree of refining of products.



Carbon-hydrogen ratio: Carbon-hydrogen ratio can be calculated from the following formula: CH ratio= (74+15d)/ (26-15d). Where‘d’ is specific gravity at 150C



Cloud point: Cloud point is the temperature at which a cloud or haze of the wax crystals appear at the bottom of the test jar when the oil is cooled under prescribed conditions. Method: The sample is cooled at a specified rate and examined at definite intervals. The temperature at which haziness is first observed at the bottom of the test jar is recorded as the cloud point. Significance: It gives a rough idea of the temperature above which the oil can be safely handled without any fear of congealing or fire clogging.



Flash point: Flash point is the lowest temperature at which application of the test flame causes vapor and air mixture above the sample to ignite. Flash point of SKO/ATF/HSD is determined by Closed Cup Abel’s apparatus and that of FO/stack wax is measured by PMMC. Leavaland Open Cup is used for Bitumen and Lube Oil.



Fire point: Fire point is the lowest temperature at which the oil ignites and continues to burn for 5 seconds. Significance of flash point and fire point: These are not directly related to engine performance. They are, however important in connection with legal requirements and safety precautions involved in



fuel handling and storage and normally specified to meet insurance and fire regulations.



Flame height: This is a test prescribed by Central Excise for distinguishing kerosene from diesel for the purpose of excise levy. The test is similar to smoke point except in preconditioning the sample and wick and also the final reading. The flame height is read at the end of 15 minutes after the lamp is lighted.



Smoke point: Smoke point is the maximum flame height in m.m. at which the fuel will burn without smoking when determined in a smoke point apparatus when determined under specified conditions. The sample is burnt in a standard lamp with a specified wick for 5 minutes. The height of flame is then adjusted and read when it leaves no smoky tail. Significance: It is an important test for kerosene for their ability to burn without producing smoke. Higher the smoke point better will be its domestic use and railway signal lamps. It also serves as guide to asses the aromatic content of the kerosene.



Smoke volatility index: S.V.I. = smoke point +/- (0.42 * recovery) at 2040C Significance: Smoke volatility index gives a good indication of the smoking tendency of Jet propulsion fuels. It has been found that there is good correlation between S.V.I and carbon deposition in jet engine combustion chambers.



Viscosity Index: The viscosity index is an empirical number indicating the effect of change of temperature on the viscosity of the oil. The rate of change of viscosity with temperature is VI. Significance:



A low viscosity index signifies relatively large change of viscosity with temperature. Higher the VI better the lubricant is. It is determined by testing kinematic viscosity at two temperatures.



Vapour Pressure: Vapour pressure of volatile nonviscus petroleum product is determined by Reid method. This is the pressure exerted by the vapour when it is equilibrium with the liquid under the condition of test. For liquefied petroleum gas, the procedure is different and the determination should be done at 65 C. Significance: Higher vapour pressure entails loss of the product in storage and transportation. In case of motor spirit, it may cause vapour lock in the gasoline engines.



Ultimate analysis of coal: Ultimate analysis is the determination of carbon, nitrogen, oxygen and sulphur in coal. Ash and oxygen are determined by difference. It is carried out when we want to investigate the composition of the coal thoroughly. It is useful for combustion calculations.



Proximate analysis of coal: Determination of moisture, volatile matter, ash, fixed carbon and sometimes sulphur is referred to as proximate analysis of coal. The proximate analysis gives information about the practical utility of coal.



Octane number: Octane number of a fuel is the whole number nearest the percentage by volume of iso-octane in a blend of iso-octane (2, 2, 4-trimethyl pentane, octane number=100) and n-hepatne (Octane number=0). It matches the knocking characteristics of fuel. Method: This is an important test for rating the anti-knocking properties of the motor fuels. The knocking of the fuels is compared using blends of iso-octane and nhepatne in a single cylinder C.F.R. engine. This is done by varying the compression



ratio for the sample to obtain the standard knock intensity as defined by a guide curve and measured by an electronically controlled knock meter. Significance: Octane number requirements o gasoline engines depend on their compression ratio and if the fuel meets the minimum requirements in respect of octane number it ensures trouble free operation. Apart from being a nuisance the knocking in an engine may result the energy loss and severe damage to the engine.



Cetane number: The Cetane number of a diesel fuel is the percentage by volume of n-cetane in a blend of hepta methyl nonane (ά-methyl naphthalene) and n-cetane. Method: It is determined in a single cylinder C.F.R. engine by comparing its ignition quality with that of reference blends of known cetane number. The reference fuels used for this purpose are n-cetane (cetane number=100) and hepta methyl nonane (Cetane number=15). This is done by varying compression ratio for the sample and each reference fuel to obtain a fixed “delay period” that is the time interval between the start of injection and ignition. Significance: Cetane number is the index of ignition quality of a fuel. High cetane number fuel will facilitate the easy starting of compression ignition engines and lessen engine roughness. In absence of an engine the cetane number can roughly assessed by the formula: Cetane number= (0.72*diesel index) + 10. The above formula won’t hold good when ignition improver are added to the diesel fuel. In such cases engine testing gives only true ignition quality of the fuel.



Redwood Viscosity: Viscosity of a liquid is a measure of its resistance to flow. It is the time taken for a fixed volume of liquid to flow through a jet. Viscosity is an important property of a fuel and used for pump Design. Pump clearances are adjusted according to the viscosity.



Sulphur content: This is determined by lamp method or wick bold procedure For volatile petroleum products and by bomb method for heavier products. Sulphur in the sample is oxidized by combustion and is estimated volumetrically after absorption in H2O2 or by gravimetric method after converting to BaSO4. Significance: Sulphur in any form creates corrosion problem and its tolerance is limited. Beside these tests described the following tests are also performed in the testing section of the laboratory to specify the quality of the petroleum products – A. B. C. D. E. F. G. H. I. J. K. L.



Copper strip corrosion test. Calorific value determination. Density determination. Penetration test. Silver corrosion test for ATF (CL-1 rating). Carbon residue test. Cetane index test. Distillation of petroleum products. Induction period of gasoline (oxidation stability). Lead in gasoline test. Volatile matter test. Estimation of moisture in recycles gas of CRU by Fischer’s Reagent. (Iodine and SO2 in methanol).



TECHNICAL SERVICES: Profit maximization is the goal of every industry of any type. Profitability monitoring is one of the major objectives of Planning and Coordination cell of any industry. Various aspects of profitability monitoring are as described below: 1. Profitability: Profitability=product realization-input cost-operating cost Profitability elements are: • • •



Value creation. Efficient operation. Competitive advantage.



2. Critical areas: • • • •



Maximize gross income. Minimize input cost. Minimize operating cost. Ensure safety and environment compliance always.



3. Benchmarking parameters: • • • • • • • • • •



Refinery utilization. Energy intensity index (EII). Maintenance cost, US$/EDC. Volumetric expansion index. Value added index. Man power, equivalent personnel /100KEDC. Net margin, US $/Bbl of feed. Cash operating expense. Processing efficiency index. Return on investment.



4. Overview of profitable options: • • • • • • • • • • • •



Pricing and profitability aspects. Input cost optimization. Crude cost optimization. Purchased power and fuel. Operating cost reduction. Variable operating cost. Fixed operating cost. Chemicals and catalyst optimization. Repair and maintenance cost reduction. Fuel and loss. Working capital management. Product realization.



5. Pricing and Profitability aspects: • • • • • • • •



Administered pricing mechanism. Pricing of indigenous crude. Pricing of controlled products. Pricing of decontrolled products. Pricing of specialty products. Profitability estimation. Operating cost of units. System of price updating.



6. Optimization: • • • • •



Areas of optimization. Crude mix optimization. Crude T’put optimization. Product mix optimization. Maximization of high value products like LPG, MS, UL-MS, ATF, HSD, UL-HSD etc.



• • • • •



Economics for getting incremental margins. Optimization of severity of operations in units like HCU, VBU, DHDS. Optimization of secondary unit T’put. Optimization of intermediate streams routing. Optimization of hydrogen and naphtha.



CRU, FCC,



5. Distillates maximization: • • • •



Operational improvement. Optimization of fractionation. Low cost revamps of major secondary units. Black oil reduction.



6. Cost Reduction: Input cost: Crude or feed cost (95-97%in terms of financial inputs and 99% in terms of material balance). It comprises of (apart from FOB price of crude):• • • • • • • •



Ocean freight. Ocean loss. Insurance. Port handling charges. Custom duty. Demurrage on tankers. Inventory carrying cost of crude. Inland transportation cost.



Operating cost: 1. Purchased power and fuel.



2. Chemicals and catalysts. 3. Repair and maintenance. • • • • •



Inventory management techniques (EOQ). Inventory control. Ordering and carrying costs. Reorder point. Safety stock.



4. Establishments. • • • • • •



Canteen. Overtime. Medical. Bonus/incentives. Rewards. Other overheads.



5 .General administrative expense. 6. Depreciation. 7. Energy and hydrocarbon loss reduction: 1. Energy conservation. • • • • • • • • • •



Steam and power balance. Natural gas consumption. Furnace efficiency and boiler efficiency improvement. Improved heat recovery trains and heat integration. Heat exchanger efficiency and fouling. Insulation effectiveness. Energy balancing and auditing. Energy performance monitoring against benchmark and gap bridging. Adoption of best practices. Awareness amongst employees.



2. Hydrocarbon loss reduction. 8. Energy Audits: • • •



Heat recovery systems. Furnace efficiency improvement. Steam/power optimization.



• • • • • • • •



Power generation efficiency improvement. Heat loss through conduction/convection/radiation. Process improvements and new opportunities. HC loss control. Crude and product account. Slop minimization. Maintenance and inspection practices. Gap w.r.t. BM parameters and bridging plan.



Benchmarking: “Excellence is a matter of demonstrated competitive performance.” • • • •



Competitive performance. Benchmarking process. Performance indicators. Best practices and BM information.



10. Monitoring: • • • • •



Areas of monitoring. Process monitoring. Energy and loss monitoring. Static and rotary equipment health monitoring. Margin monitoring. Quality policy of Haldia Refinery



Haldia refinery, involved in manufacturing and supply of different grades of lube oil base stocks and other grades of petroleum products by refining crude oil, is committed to – • • • •



•



Satisfy its customers need and expectations and enhance customer’s satisfaction. Continually improve the effectiveness of the QMS and business performance. Cost saving through use of improved technology and other options. Producing products that shall be superior nation /contractual specification while manufacturing high degree of safety reliability and minimum impact to environment. Enhance competency & productivity through continuous training & involvement of people at all levels. Environmental policy of Haldia Refinery



•



•



•



The policy of Haldia refinery is to prevent pollution & to effectively minimize the impact on environment from its entire process of crude oil refinery employed for manufacturing & handling of all grades of petroleum products through consolidated efforts of all members of Haldia Refinery family. Haldia Refinery is committed for total compliance of all statutory environmental regulations while striving for continual improvement in environmental performance. Our endeavor is to bring down sulfur dioxides (SO2) emission to air improves treated effluent and achieve improved oil refinery from oil sledge & its safe disposal. Environmental performance will be reviewed to ensure the achievements of objectives for continual improvement which shall be demonstrated & communicated to all interested parties through a transparent, documented environmental management system.



“MSQ “Project - Haldia Refinery The quality requirement of Gasoline (Motor sprit) has become more stringent with respect to sulfur content (150 ppm) in recent years due to environmental stipulation (Euro – 3). Moreover, with improvement in design of automobile engines, the fuel requirement has also become changed to superior quality of higher octane to get better performance. To cater this improvement need, Haldia Refinery ha taken up Motor Sprit Quality Improvement Project (MSQIP) to produce minimum 350 TMT /year of Euro – 3 equivalents Gasoline. The project was approved by IOCL board on 26th May ’03 at an essential cost of 359 Cores. Under this project, three new unit’s viz. Naphtha Hydrotreater, Prime G+ selective Hydrodesufurization and isomerization have been installed. Isomerization of paraffin’s in light naphtha and reformat cut in presence of H2 in order to increase the octane number of these light cuts. Prior to ISOM, the naphtha fee is hydro treated in Hydro treating section in NHT unit. The isomerization is preceded by a benzene saturation section to control the benzene level in MS pool followed by isomerization section to improve octane number. Desulphurization of olefinic Gasoline from FCC unit, a selective fixed bed reactor section is located for selective hydrogenation of diolefinic compounds which are the gum precursors and sweetening of light fraction. Heavy Gasoline is treated in hydro – desulphurization section to reduce the sulfur content. Revamping of CRU unit was carried out to increase capacity augmentation for handling extra feed from NHDT unit under MSQ ands to operate at higher severity for improvement of octane number.



FUEL OIL BLOCK Fuel Oil Block is the unit that takes the imported crude oil from storage and performs the initial separation of broad components in an atmospheric distillation column. These broad products are further modified to other products which are



treated, stored and finally marketed. In this sense it can be called the mother unit of IOC (Haldia). The main sectors of this unit are as follows: 1. Crude Distillation Unit : a. Crude preheat exchangers, desalter, furnace b. Prefractionator section c. Atmospheric distillation unit d. Naphtha stabilizer e. Naphtha predistillation unit 2. Naphtha Caustic Wash Unit: 3. Amine Absorption and Refrigeration Unit: 4. Naphtha Pre-treatment Unit: 5. Catalytic Reforming Unit: 6. Kero Hydro Desulphurization Unit:



Crude Distillation Unit: Principle of operation: The crude oil from storage tanks (generally 35,000 cubic meters) is first taken to a set of heat exchangers for preheating to about 120 °C-130 °C and introduced to the desalter setup for 95% desalting. The crude is then heated to 260-265°C in second set of heat exchanger. Then it’s further heated up to 350-360°C in furnace. The hot crude is distilled in an atmospheric distillation column to draw the following products from different stages: Sl No 1. 2. 3. 4. 5. 6.



Stream Gasoline ( overhead ) Heavy Naphtha SKO / ATF HSD JBO RCO



Approx. Boiling Range(°C ) IBP – 140 110 – 120 140-271 / 140-240 271-320 / 240-320 320-360 / 320-380 360+ / 380+



Preheating method: In the first set of heat exchanger (11E01-02-03-04) the crude is heated up to 130135°C. The shell side hot fluid streams are a. Top circulating reflux b. Kerosene rundown



c. d. e. f.



Reduced crude SR gas oil High speed diesel ( R/D ) VB steam



Desalting mechanism: In desalting operation demineralizsed water is added and the emulsion is subjected to alternative electrostatic field. The sour bottom product is sent to a stripper and top desalted crude goes to the suction of booster pumps. Preheating crude after desalting: In the second set of heat exchangers (11E05-07-08) desalted crude is heated up to 265°C using following streams: a. b. c. d. e.



Kerosene circulating reflux JBO Gas ( oil ) Reduced crude oil Diesel circulating reflux



Furnace for heating: Preheated crude is further heated in a closed draft type furnace (11F01). The crude is heated in four passes in convection and radiation zones. The furnace is fueled with furnace oil (purged with steam) and fuel gas. Atmospheric Distillation section: In atmospheric distillation column the crude is distilled. The column consists of 41 packed column trays (MOC – Aluminum). 1. Overhead stream: Gasoline vapor and steam are obtained from the top of the column and condensed in a condenser (11F22 A/B/C). A part of the gasoline is used as reflux to maintain a fixed temperature at the top temperature of the column and other part of gasoline from condenser is send to stabilizer column. The condensed water is sending to desalter. 2 .Top circulating reflux: From 39th tray top reflux about 160°C is withdrawn by pumps and cooled to 90°C in heat exchanger 11E01 with crude oil and water coolers 11E33 A/B . Then it is passed back to the column.



3. Heavy naphtha draws off: Heavy naphtha from 35th tray is drawn and fed to stripper column (11C02D) for removal of light ends by using steam. Heavy naphtha from the stripper bottom is cooled 11E33 A/B and kept for blending with HSD. 4. Kerosene circulating reflux: Kerosene from the 28th tray of the column is taken and cooled in the shell side if the heat exchangers of the petroleum crude and send again to the column for temperature control. 5. Kerosene draws off: Kerosene is drawn from the 28th tray of the column and fed to stripper (11C02A) for same purpose. The kerosene from the stripper bottom is cooled through heat exchanger 11E18 and cooler and sends for further treatment in KDS section. A reflux stream from 28th tray is taken and returned to the column after heat recovery in naphtha redistillation reboiler and heat exchanger. 6. Diesel circulating reflux: Diesel from the 19th tray is taken, cooled and refluxed for temperature control. 7. Diesel draws off: The straight run gas oil is drawn off the 19th tray of column and fed to the stripped in the 11C02B by super heated steam. Main component of gas oil is HSD. Hydrocarbon vapor and steam from the stripper top is returned column. 8. Jute batching oil (JBO ) draw off : JBO is directly drawn from column and send to storage. Two types of Jute Batch Oil is produced i.e. clear and pale, depending upon their density. 9. Reduced crude: Column bottom is termed as reduced crude oil and send vacuum distillation unit of Lube Oil Block (LOB). Naphtha Stabilizer: IBP 140°C cut is fractionated in stabilization column (11C04) into two products •



Up to C4 (butane) hydrocarbon part taken from the top and send to the gas plant (U - 32).



•



Rest C5 – 140°C cut (bottom part) routed to naphtha redistillation column (11C05).



Naphtha Redistillation Unit: C5 -140°C cut is redistilled in naphtha redistillation column (11C05) in C590°cut (top) and 90-140°C cut (bottom). Top product is further mixed with caustic to remove H2S and send to caustic wash column for separation of naphtha and then water washed to settle the remaining caustic. Treated naphtha is stored in tanks. The 90-140°C cut from the redistillation column bottom is fed to catalytic reforming unit and the excess part (if any) is send to storage. Naphtha Caustic Wash Unit ( U-14 ) : C5 - 90˚C is treated with caustic to remove H2S before sending to the storage. Naphtha is washed with caustic solution in wash drum and the naphtha from the drum is water-washed and sent to storage while the caustic part is recirculated. Amine Treatment Unit ( U-15 ) : This section is consist of two part i.e. amine absorption and regeneration. Sour fuel gas after passing through a filter (to remove hydrocarbon liquid which causes foaming in the column) from the refinery is fed to amine absorption system (15C02) is to remove H2S. Lean amine is counter currently passed through fuel gas to remove 99% of H2S. Sweet fuel gas from the top of the column is passed to coalescer for entrained amine settlement. Rich amine from 15C02 column, hydro finishing unit and fuel gas amine absorption column exchange heat with lean amine and fed to a regeneration column (15C01) where stripped with steam to remove H2S. Remove H2S is routed to SRU. Naphtha Pretreatment and Reforming Units: Basic aim of these two units is to make motor spirit (MS) from the naphtha. In naphtha pretreatment unit (U-21) naphtha is set free of H2S and in catalytic reforming unit naphtha is reformed to increase the octane number. Choice of naphtha: Naphtha consists of mainly naphthalene (N) And aromatics (A). This N +2A are known as reforming index. As octane number is a function of aromatics content. Feed with high reforming index is high of naphthalene content is thus can be used for catalytic reforming. Again heavy cuts having high reforming index yields easier condition. But



unstable compounds in the part can lead to high coke formation which can deactivation catalyst. On the other hand light cuts devoid of naphthalene and aromatics, contains stable compounds which can’t be reformed even in presence of catalyst. This leads to the choice of feed towards the 90-140ºC cuts.



Naphtha Hydro Desulphurization Unit ( U-21 ) : In this unit naphtha is passed through a magnetic filter to extract the iron pieces. Naphtha is mixed with H2 and recycle gas and preheated in heat exchangers (21E01 A/B/C) using hot reactor effluent passing through the tube side. Again the feed is taken to an open draft furnace (22F01) for heated up to the reactor temperature. After heating it flow across the reactor containing Co-Mo catalyst for desulphurization reaction takes place. The effluent is then cooled in heat exchangers and taken to a separator drum consist of demister above which the H2S accumulates. Liquid is then preheated and sent to a stripper 21C01 column. The bottom of the stripper is reboiler in the furnace and overhead vapor is condensed. A part of it is refluxed and a part is taken out as pretreated naphtha.



Catalytic Reforming Unit ( U-22): In this unit the pretreated naphtha is reformed through three reactors in series in order to increase octane number. •



Reactions : 1. Dehydrogenation: 2. Isomerization: 3. Paraffin hydrocyclization: 4. Hydro cracking: The following reversible reactions take place in three reactors according to written below: 1st reactor: 1. Dehydrogenation



2. Isomerization 2nd reactor: 1. 2. 3. 4.



Dehydrogenation Isomerization Hydro cracking Dehydrocyclization



3rd reactor: 1. Hydro cracking 2. Dehydrogenation Process description: Pretreated naphtha is pumped to the heat exchanger’s (22E01) shell side. Hot reactor effluent flows through the tube side. Vaporized feed fed to the furnace 22F01 for further heating up to the reaction temperature. Then it is fed to flow reactor’s (22R01) high purity Al2O3 extrudates impregnated with .3% Pt and .3% Rh catalyst bed. Due to endothermic nature of the reaction the product temperature decreases and it is again fed to a furnace 22F02 and then to the catalytic reactor 22R02. The product again reheated and fed the third reactor 22R03. The hot reactor effluent is cooled down in a series of heat exchangers and the vapor – liquid mixture is taken to a separator. The gas from the top is recycled to the unit 21 and to KDS unit and liquid is fed to stabilizer column. Process operating variable : Octane number is a function of pressure and temperature and aromatic content of products. Temperature: An increase in reaction temperature leads to an increase in operation severity. More sensitive hydro cracking reaction leads to a high coke deposit decreases the catalyst activity. Reactor inlet temperature: In practice the reaction temperature are kept constant. Generally with a decreasing reaction temperature coke deposit in catalyst bed is small and hence gives catalyst gain. Sometimes due to high naphtha content the endothermic heat of



reaction is so high that it is impossible to make up for a furnace and a decreasing temperature patterns follow. Pressure: Although pressure during a operation can’t change, it can influences to a large extent the quality of the product. A decrease in pressure leads to a more complete aromatization, the desired object of reforming and at the same time limits hydro cracking, a parasitic reaction. Thus a lower pressure leads to a higher yield of desired products and decrease in amount of light products (from methane to butane). However as an adverse effect, a decrease in pressure leads to further deactivation catalysts as with the decrease in H2 partial pressure coke formation increases. This deactivation may be compensated to a large extent by an increase in recycle rate. Thus for optimum equipment design of a reforming unit a precise choice of operating condition (pressure and recycle rate) has to be made. This choice is guided by an economic balance between the yields to obtain the life of the catalyst and power consumption of recycle compressor. Space velocity: Reduction of space velocity favors hydro cracking. Thus increases octane number but reduces yield. Hence, temperature is kept low when reducing flow rate. Catalyst: Catalyst deactivation takes place due to coke formation, metal poisoning, water poisoning etc.



Kero Hydro Desulphurization Unit ( U-23 ): In this unit fuels like Super Kerosene ( SK ), Aviation Turbine Fuel ( ATF ) , Russian Turbine Fuel ( RTF ) , Mineral Turbine Oil ( MTO ) etc are processed here . What is done really is that the temperature of the atmospheric distillation column is set according to the need of the fuel to be processed and the sulphur is recovered from the fuel in form of H2S and send to SRU. Sometimes fuels like ATF, RTF stays in storage for long time, the dissolved oxygen content is high and risk to provoke the gum formation resulting in fouling of exchangers .Hence, these are dosed with some anti-oxidant . Just like that anti-wear additives, pro-conductive additives etc. are also punched after processing. Kerosene obtained from atmospheric distillation column contains sulphur. In this unit sulphur is removed from kerosene by hydrogen and using Co/Mo as catalyst. The reaction: H2 + S = H2S The reactor bed temperature is maintain at 325-340˚C and the pressure is about 25kgf/cm2 for easy separation and reaction kinetics. Raw kerosene from the storage is taken to the unit by pump and mixed with make up hydrogen. An increase in H2 pressure favors hydro-treatment and reduces coke deposit on the catalyst. The mixture is heated in heat exchanger’s shell side using hot reactor effluent in the tube side. Hot mixture of liquid and gases from the mixture are taken to the furnace 23F01. In furnace preheated hydrogen and kerosene are brought to reaction temperature. The furnace consist of two zones radiation and convection zones. The heated feed from the furnace then flows through the reactor 23R01 containing Co/Mo catalyst. In the reactor desulphurization reaction takes place along with some parasitic reaction generates H2. The effluent from the reactor is cooled and partially condensed in a series of heat exchangers and separates in two phases in a separator drum 23B01 where H2 is mainly separated out. The liquid from the separator drum is preheated and is then gone through a pressure let down from 20 kg/cm2 to 4 kg/cm 2 by control valve and is sent to the stripper column 23C01 and vapor phase is splited in two parts. One part is recycled while rest is sent to the lube hydro finishing section. A part of stripper bottom is reboiler in heat exchanger to recover heat from reactor effluent. The entire stripper bottom are cooled and sent to the storage as finished products. During ATF processing all the steps to knob off the sulphur are almost same with some minute changes ( like optimum temperature 330-380˚C ) and then additive dosing of run down product is carried out at a specific rate with a mixture ( an inflammable liquid mixture of toluene and benzene ) of Hicarion ( antioxidant ) and Stadis-450



( increases the conductivity ) . The main steps of RTF production are as follows: Production of SR RTF cut is started in CDU and taken to KHDS though a jump over line. Until the product of KHDS is on specification the rundown is not taken. Generally it is routed to SK and rundown of KHDS is sent to HSD tank. (Doped RTF can be down graded to SK/HSD) .RTF is a fuel with similar kind of property as MTO besides IBP-140˚C and FBP-240˚C. The different additive that are given as follows Pro-conductive additive: Sigbal antistatic additive Anti-oxidant additive: DBPC, anti-wear additive: Hitec 515 The main specification that are maintained given below Density: 775 kg/m3 Acidity: .4 to .7 mg EOH for 100cc of fuel Conductivity:



- at filling temperature minimum: 50 PS/m - At 20˚C maximum: 600 PS/m LUBE OIL BLOCK



In lube oil block the reduced crude oil from the Atmospheric Distillation Unit (ADU) is processed to produce lube base stock, slack wax, transfer oil feed stock(TOFS) etc. LOB contains the following ten units: Name of the Units Vacuum Distillation Unit (VDU) Propane De Asphalting Unit (PDA) Furfural Extraction Unit (FEU) Solvent De waxing Unit (SDU) Hydro Finishing Unit (HFU) Bitumen Treatment Unit (BTU) Vis breaking Unit (VBU) N-Methyl Pyrolidone (NMP) Extraction Unit



Unit No. U 31 U 32 U 33 U 34 U 35 U 36 U 37 U 38



Micro crystalline Wax Unit (MCWU) Catalytic De waxing Unit (CDWU)



U 39 U 84



LUBE OIL (BASE STOCK) MANUFACTURING Lube oil base stock manufacturing is basically a series of different secondary processing which a lube potent mother feed stock namely Reduced Crude Oil undergoes.



VACUUM DISTILLATION UNIT (U 31)



• •



Capacity :1111200 T/year Operating conditions : a. Feed inlet temperature : 286 0C b) Feed outlet temperature: 4000C



•



Vacuum column :



a. Flash zone temperature :3800 C b. Flash zone pressure : 100-125 mm Hg.



c. d. e. f. g.



Top pressure : 60-80 mm Hg. Top temperature : 800C Recycle to head temperature : 3750C Column base temperature : 3500C Stripping steam flow rate : 6780 m/hr.



Reduced crude oil from atmospheric unit or from tanks is the feed stock for Vacuum Distillation unit. Reduced crude oil is preheated to 285 0C in preheat exchangers and then to 4000C in the furnace. Steam is injected in the furnace to achieve vaporization / prevent coking of the furnace coils. The reduced crude oil then fractionated under vacuum in the column (31C01) to obtain the following streams. A high vacuum condition and steam are utilized to maximize the distillate recovery from reduced crude. Streams Gas oil Spindle oil Light oil Intermediate oil Heavy oil Short residue



Approximate boiling range TBP ( degree C ) 265-362 362-385 385-462 465-504 504-542 542+



Spindle oil, Intermediate oil, Heavy oil distillate and short residue are further processed to produce lubricating oil base stocks. Gas oil, Light oil and any surplus distillates are processed to saleable products.



PROPANE DEASPHALTING UNIT ( UNIT NO. – 32): This unit produces deasphalated oil (DAO) by removing asphalt from short residue obtained from Vacuum Distillation Unit (VDU). Solvent extraction process is chosen for removal of asphaltic material from short residue and deasphalted oil (DAO) is recorded. Propane is used as solvent and its properties near the critical temperature are required. Deasphalted oil is sent to Furfural Extraction Unit (FEU) for further processing as bright stocks. Asphalt is sent as fuel to TPS and as feed stocks to Bitumen and Visbreaking units.



Solvent specification: Name of component Weight Propane 97.5 Ethane 1.0 Butane By difference Operating Variables: Operating Variables and their effects are described below. The ROSE (Residuum Oil Super Critical Extraction) extraction column temperature and pressure gradient and solvent feed ratio are the most important among them.



1. Extraction temperature and temperature gradient Above 380 C propane has a negative temperature co-efficient in respect of asphalt and resin solubility. The top and bottom temperature are maintained at 680 C and 520 C respectively. These temperatures are raised depending on the feed stock and product quality that are desired. Increasing the top temperature will precipitate and further quantity of asphalts of gradually lower molecular weight. Feed temperature affects the top temperature to some extent. The bottom temperature is



maintained constant by maintaining the solvent entry temperature for a steady degree of extraction. 2. Temperature of the evaporator and stripper Top and bottom temperature are maintained in such a way that all propane and steam escape from overhead but no oil vapor should go with them. 3. Extraction tower pressure Higher the pressure is sharper the separation. Pressure is maintained at 40 kg/cm2, so that the solvent will remain in the liquid in the operating temperature. 4. Evaporator stripper pressure Proper pressure gradient is maintained between C-3 and C-4 so that the liquid flow can be smooth. The pressure in the evaporator column will depend upon the pressure in propane condenser E-6. The pressure in the stripper and condenser should be sufficiently low for maximum solvent recovery. 5. Solvent feed ratio Solubility of asphalt and resins in lower paraffinic hydrocarbons increases in the order C-4, C-3, and C-2. Solvent composition is maintained for steady product quality.



FURFURAL EXTRACTION UNIT (UNIT NO.-33): The Furfural extraction unit includes the following sections: 1. 2. 3. 4. 5.



De aeration Furfural Extraction Raffinate separation Extract separation Solvent recovery • from raffinate solution • from extract solution • from water-furfural & furfural-water mixture 6. Neutralized with Na2CO3 solution



One of the important characteristics of lubricants is the viscosity temperature relationship i.e. viscosity index. Viscosity plays a vital role in the lubrication of moving part of machine. Temperature increase in most of the applications are inevitable, viscosity tends to decrease, thus affecting the performance. A good lubricant should have viscosity variations within specified limits. A higher V.I. denotes less variation and such lubes are used in places where either temperature variations are high or viscosity specification is very straight. The low V.I. is due to presence of aromatics in the stock and can be improved by extracting out aromatics. Furfural is a good solvent for this purpose. The process is liquid-liquid extraction, where the extract phase is automatic-rich oil plus major quantity of solvent and the raffinate phase is comparatively paraffinic oil plus solvent. Solvent is recovered from the two phases by heating, flushing and stripping. Raffinate is routed to dewaxing unit for onward treatment while extract is either blended in F.O. pool or sent as Carbon Black Feed Stock. The solvent power and selectivity: The activity of a solvent to keep the hydrocarbon component in solution is called its solvent power. For the given hydrocarbons feed and at fixed solvent/feed ratio, solvents that can hold more of selecting hydrocarbons in solution can be termed as solvent with high solvent power.



Selectivity of a solvent indicates the degree of performance with which a component or a group is dissolved in it to from a mixture. Best solvent properties: • • • • • • • • • • • • •



High solvent power Low light-heavy selectivity and high group selectivity Much different B.P. from that of feed stocks processed Low melting point Density of 1.0 to 1.2 gm/cc Low surface tension Low toxicity High thermal/chemical stability Low flammability Low corrosively Low latent heat and specific heat Low viscosity at working temperature High bio-degradability



The temperature affects the operating parameters in a solvent extraction process. Hence, an optimum temperature is selected for economic operation. The effect of pressure is not appreciable extract for keeping liquids in liquid phase only. A higher pressure also helps in clearer separation. Solvent feed ratio is very much important parameter. A high ratio leads to better extraction but increase the operation costs. SOLVENT DEWAXING UNIT (UNIT-34): Feed of this unit is the distillate obtained from VDU either directly or after processing the same in Furfural Extraction Unit. Either of the following is used as solvent. 1. 2. 3. 4.



Bright stock (HVI, LVI). Heavy Neutral (HVI, LVI). Intermediate Neutral (HVI, LVI). Spindle Oil (HVI, LVI).



Objective: Objective of solvent Dewaxing Unit is to remove paraffinic hydrocarbons of the extract to bring down the Pour Point Value in lube base stock. In that case, it will be suitable for low temperature applications.



Theory: Dewaxing is a complex process in which extraction and crystallization followed by filtration occurs. The solvent blended extracts the lube oil (which is desired product) is crystallized from and the wax (i.e., undesired part) is collected from a two phase mixture of MEK and toluene. In Haldia Refinery toluene is used as solvent to dissolve the desired component of feed stocks.



Antiwax Solvent: Antiwax solvent, also called wax-rejecter (MEK) is use to avoid solubility of wax in oil solvent i.e., toluene. MEK is useful in this purpose for its poor oil miscibility character. Toluene and MEK should be blended in such a way so that it imposes highest solvent effect on oil and little solvent effect on wax. Oil Miscibility Temperature: Oil miscibility temperature is the lowest temperature of the blend which without any problem can be used Dewaxing purpose. Below this OM temperature a second oil phase which is rich in wax generates in addition to oil in solvent and wax phases. To avoid it, the dewaxing temperature is kept above oil-solvent miscibility temperature for the given solvent blend and feed stock. Otherwise the filtration becomes more erratic, wax contains more oil and also Pour Point of oil will be affected with increase in MEK in the blend. Crystallization: This process takes place with nucleation and growth. It is a very complex process in which both mass and heat transfer takes place in a multicomponent system like wax.



The size and shape of wax crystals are affected by: 1. Nature of feed stock. 2. Hydrocarbons composition. Normal paraffin = Plate type crystal Isoparaffins Napthenes



= Needle type crystal = Microcrystalline



Boiling ranges of the feed stock: As boiling range increases, its viscosity increases and composition changes from n-paraffin to iso-parrafins and napthenes. Again if viscosity increases more solvent is required for dilution which is necessary for crystallization and to reduce the precooling in chiller. Rate of chilling: Faster/sock chilling results finer crystals which clog the filter medium and also carry more oil into crystal lattices. Mode of solvent addition: Minimum solvent dilution at the time of nucleation provides the few nuclei of wax crystal and gives the best crystals for filtration. Wax cycle growth is also benefited by low concentration of initial dilution as well as long residence time in chillers. Low initial dilution concept is not applicable for high viscosity /high Pour Point feed stock but applicable and useful for medium/low viscosity stocks. Viscosity of crystalline media: The viscosity of media must be favorably low and uniform to keep the crystal size distribution to a limited range that would give good filtration rate. HYDRO FINISHING UNIT(UNIT – 35) The aim of the hydro finishing unit is to improve the color and the color stability of Lube Base Stocks. The process is a mild hydro treating one, using a catalyst made of sulphide from Group-VIII and VI A of periodic elements table, combined with non acidic carriers e.g., ones of the alumina type.



Many reactions are involved during hydro finishing and we can distinguish the following: 1. 2. 3. 4. 5.



Hydro-desulphurization. Mild hydro-denitrogenation. Olefins hydrogenation. Mild aromatics hydrogenation. Decomposition of other hetero molecules such as oxygenated compounds.



As a result of all these reactions the color and the color stability of the lube based stocks are improved. The overall performance can be connected with the hydrodesulphurization performance. BITUMEN TREATING UNIT (UNIT – 36) This unit produces two types of industrial grades bitumen (85/25 and 90/15) and three grades of straight grade bitumen (30/40, 60/70 and 80/100) from various stocks. The feed stocks used are vacuum residue reduced crude oil, light oil, asphalt from PDA and heavy extracts from furfural extraction unit. The bitumen’s are designated by the penetration number. Penetration number is defined as the number of units of 1/10 mm, a standard needle with 100gms load penetration into the asphalt mass in 5 minutes of a standard test temperature. Thus a 80/100 bitumen means that the quantity of penetration is between 8 and 10 mm. the unit is designed for a capacity of 10000 ton/yr of industrial grade and 90000 ton/yr of straight bitumen. The industrial grades are produced in batch process by air blowing through the feed streams and the straight grades are produced by continuous mixing of various feed streams. In the air blowing process, air reacts with resinous fractions, increasing its molecular weight and converting them into Asphaltenes. The length of air blowing is to be adjusted depending on the penetration characteristics desired.



VISBREAKING UNIT (UNIT – 37) Rightly viscous heavy oil products can be converted into lower viscous oil products by means of thermal process called Visbreaking (Viscosity Breaking). The main purpose of the unit is cutting down the viscosity and pour point heavy residues, which constitute a stable fuel oil component. Gas and stabilized gasoline are also obtained.



The feed has the following characteristic: Viscosity at 1000C = 5.05 cP. Pour Point = 270C Gas, gasoline and visbreaker tar are the products of this process. Amine regeneration unit, Kero-HDS unit and hydro finishing unit are all burned in the flare which was the main problem for decreasing air pollution so the installation of this unit became necessary. All H2S from the units are recovered as elemental sulphur (about 99.9%). The design intension of SRU is to recover sulphur from the feed and to allow a maximum of 10 ppm of H2S in the final flue gas going to the stack. SOLVENT EXTRACTION UNIT (UNIT- 38) The solvent used for extraction is NMP i.e., M-Methyl Pyrolidone. The unit handles 3 major streams extract, raffinate and water. The solvent recovery from both extract and raffinate phases is carried out in such a ppm level. The water vapour leaving drying column (38-C-10) is routed through the de aerator (38-C-01) and the contaminate NMP (if present) is absorbed by the feed meeting stream counter currently.



CONCLUSION Industrial training is very much important for chemical engineering point of view. Here all units very much important and every unit have an important objective. Form CDU, we are knowing how to occur physical separation and deferent products and various process equipment and unit operation Form VDU, we know how to occur physical separation and deferent products and various process equipment and unit operation. Here we are seeing how to occur vacuum. From DHDS, KHDS & SRU, we get wide knowledge of sulfur recovery which is much important for environmental aspect and we know how to remove sulfur and various process equipment and unit operation Today LPG &Gasoline are more important for automobile and domestic purpose, but form CDU, we get less amount LPG & Gasoline than our requirement. So, FCCU give LPG & Gasoline which is more important for our requirement. To increase octane no, CRU take a vital role. Haldia refinery take important role for Lube oil production and separation of aromatics wax and asphalt from lube oil is very much important. Above all from the point of view of a chemical engineering, it is very much important. Actually this plant is the application of mass transfer, heat transfer, fluid mechanics and thermodynamics which is close relation and heart of chemical engineering.
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