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Posters from Oil & Gas Journal enjoy a 
long "shelf life" – often hanging in offices, 
control rooms, training areas, and other 
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This particular poster illustrates in technical 
detail hydrocrackers that operate from 
mild to full-conversion severity. A process 
flow diagram and explanation of the  
major processes and units complement 
the image.

Since hydrocrackers upgrade lower 
quality, heavier-than-diesel crude frac-

tions, the timing of this new poster 
couldn’t be better. Today's refiners are 
striving to meet the ever increasing  
demand for a variety of higher quality,  
improved performance petroleum products. 

Seasoned industry professionals and new-
comers alike will refer to this valuable 
hydrocracker poster for years . . . what a 
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Delayed coking is one of the primary Bottom-of-the-Barrel processing 
options.  It is a semi-continuous thermal cracking process to convert 
residual  oils to lighter and more valuable products.   Petroleum coke is 
typically produced as a by-product, however, in some cases specialty 
cokes such as anode coke or needle coke, which has much higher value 
than fuel grade coke, is produced as primary product.   Needle coke is 
typically produced from FCC decant oil or thermal tars under specific 
operating conditions.  

Process Description
Heavy oil feeds such as vacuum resid or atmospheric reduced crude 
are preheated and combined with recycle from coker fractionator prior 
to being fed to the coker heater 1 where they are heated to a tempera-
ture in excess of 920 oF.  High pressure water or steam is injected into 
heater coils to increase tube velocity and minimize coke formation in 
the heater tubes. The effluent from the coker heater is fed into the coke 
drums 2, which allow sufficient time (delayed) to thermally crack the 
feed into gas, naphtha, distillate, gas oil, and coke.    Vapor from coke 
drum is routed to a fractionator 3, where it is separated into gases, 
unstabilized gasoline, distillate, heavy coker gas oil, and recycle.  The 
coker fractionator off gas is compressed in a wet gas compressor and 
fed to a gas plant along with the unstabilized gasoline where they 
are further separated into dry gas, LPG, and stabilized gasoline.  The 
gasoline, distillate, and heavy gas oil from Delayed Coker are typically 
hydrotrotreated prior to being further processed in other refinery units.

Delayed Coking Drum Cycle  
The number of coke drums are typically installed  in pairs with two 
coke drums served by one coker heater.  The feed stream is switched 
between these two drums.  One drum is on filling with heater effluent 
while the other drum is being steam stripped, water quenched, quench 
water drained, decoked, and then warmed up to be ready to receive 
heater effluent.  Typical coke drum cycle steps are listed below.  

Coking (On-Line Filling)
Steam coke drum to the  Fractionator then to the Blow Down 4 
Quench and Fill Water to the top of Coke Drum 
Drain the Water from the Coke Drum
Unhead Bottom and Top Heads (Because of safety considerations auto-
matic    unheading devices are commonly used )
Coke Cutting (Decoke)
Rehead the Coke Drum/Steam Pressure Test/Purge
Drum Warm-up using hot vapor from other Coke Drum 

Decoke System 
A decoke system 5 typically consists of;
Cutting Water Pump (Jet Pump)
Coke Cutting Equipment including Cutting Tool, Drill Stem, Drilling Water 
Hose, Decoking Control Valve, Enclosed Operator Shelter, etc.
Decoking Water Tank

High pressure water is typically used to cut the coke out of the drum.  
The Cutting Water Pump takes suction from the Decoking Water Tank 
and delivers the high pressure water through the hose to the top of 
the drill stem.  The drill stem is rotated with air motor or hydraulic oil 
system through a rotary joint.  The cutting tool is attached to the bottom 
end of drill stem.  First, a pilot hole is drilled from the top to the bot-
tom.  The cutting tool is then pulled up to the top and the coke is cut by 
slowly moving the cutting tool downward along the length of the coke 
drum.  

Coke Handling
The coke and cutting water fall out of the coke drum are directed to a 
large concrete pit or pad adjacent to the coke drums.  Water drained  
from the pit or pad are collected in a nearby settling basin which 
separates the coke fines from the water.  Water from the settling basin 
is pumped back to the Decoking Water tank for reuse.  The dewatered 
coke is moved by crane or front end loader to a crusher where the coke 
is crushed to a smaller size.  The coke is typically transported to stor-
age, railcar, ship, etc. using conveyor.  In some plants, the coke is cut 
directly into railcars or to a crusher and then sluiced as a water slurry to 
dewatering and storage facilities.    
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Hydrocracking is a petroleum refining process that upgrades low 
quality, heavier than diesel petroleum fractions—to more valuable 
finished and intermediate products. Hydrocrackers operate from mild to 
full-conversion severity, a term that refers to the levels of pressures and 
temperatures employed in a process[revise if I am misstating here]. 

Typically a once-through operation, mild hydrocracking is often used 
in refineries that also have fluid catalytic cracking (FCC) units. The mild 
hydrocracker improves the quality of the FCC feed by removing sulfur 
and nitrogen and infusing it with hydrogen (“hydrogenating”), while 
simultaneously converting some of the gas-oil feed to LPG, naphtha, and 
distillates (diesel and jet fuel). A full-conversion hydrocracker converts 
essentially all of the gas-oil feed to LPG, naphtha, and distillates.

Hydrocrackers can be designed to produce a large amount of high-
quality diesel. For this reason, hydrocrackers predominate in Europe 
where diesel consumption exceeds motor gasoline. Naphtha from 
hydrocrackers requires further processing with catalytic reforming to 
make it suitable to blend with gasoline. Naphtha from hydrocrackers 
is an excellent feedstock for aromatic hydrocarbon operations, which 
produce benzene, toluene and xylenes. 

A mild hydrocracker with an FCC can be a powerful combination for 
a refinery. The diesel from the mild hydrocracker can be sent directly 
to diesel blending. The light cycle oil (LCO) produced by the FCC that is 
running hydrocracker heavy gas oil is much better quality than LCO from 
an FCC with poor quality feed. FCC gasoline quality is also improved by 
running hydrogenated feed.

High capital cost can deter new hydrocracker construction. The 
hydrocracker reaction circuit is designed for high pressure (up to 3,000 
psig) and constructed with expensive, high alloys such as 347 stainless 
steel, Incoloy, and Duplex 2205. Hydrocrackers also have a high demand 
for hydrogen. Hydrocracking, however, is an attractive alternative to fluid 
catalytic cracking when production of jet and diesel fuel is important.

Process
A variety of hydrocracker flow schemes have been used. The 

following is typical.

Hydrocracker feeds are typically gas oils from the crude vacuum unit 
and the refinery’s coker. These feedstocks can become contaminated 
with Conradson carbon residue, metals, and coke fines. Proper filtration 

of the feed will prevent plugging of the top catalyst bed in the reactor, a 
serious problem that leads to shutting down the unit for maintenance. 
Typical filtration includes a system to back flush the unit automatically.

The filtered gas oil is pumped into the high-pressure reactor circuit 
where it mixes with hydrogen. The combined feed is heated by reactor 
effluent in the alloy feed/effluent heat exchangers-1-. The preheated 
gas oil and hydrogen mixture is further heated in a furnace-2- to a 
temperature at which the hydrotreating reaction can start. 

The hydrotreating reactor-3- contains several beds of nickel or 
cobalt and molybdenum catalyst. Sulfur and nitrogen removal and olefin 
saturation are the principal reactions that occur in the hydrotreating 
reactor. Other important reactions include metal removal and some 
aromatics saturation. Because these reactions are exothermic, releasing 
energy in the form of heat, one or more quench hydrogen streams may 
be needed to limit the temperature rise across each hydrotreating bed.

The hydrotreated gas oil/hydrogen mixture proceeds to the 
hydrocracking reactor-4-. The hydrocracking catalyst formulation and 
process conditions (temperature, pressure, and quantity of catalyst) are 
chosen to achieve targeted products. As for hydrotreating reactions, 
hydrocracking reactions are exothermic. A hydrocracking reactor 
typically requires one or more quench streams to limit the temperature 
rise across each bed.

The hydrocracking reactor effluent is cooled by the feed and routed 
to the hot high-pressure separator (HHPS) 5  . Formation of mercaptans 
in the hydrocracking reactor is undesirable. High mercaptan content in 
the naphtha portion of the reactor product precludes direct routing to 
a naphtha reformer. Typically, a short hydrotreating catalyst bed at the 
bottom of the hydrocracker reactor or in an enhanced hot separator 
lowers the mercaptan content. 

Vapor from the HHPS is further cooled by the feed and in the reactor’s 
effluent air cooler (REAC) -6-. As this stream is cooled, most of the 
hydrocarbons condense. Corrosive ammonium bisulfide can also be 
deposited inside the REAC. Strategies to minimize corrosion include: 

Water wash system to remove ammonium bisulfide from the REAC. 
Bifurcated (specially designed symmetrical piping arrangement) 

REAC inlet and outlet piping -7- to ensure proper distribution of the 
three phase (vapor, hydrocarbon liquid, and aqueous liquid) mixture to 
each REAC bay.

Proper selection of materials to withstand the corrosive 
environment.

Limitation of the mixture velocity in the piping and exchanger to less 
than 20 fps. (Higher velocities are acceptable with use of high-alloy 
metallurgy.)

The cooled HHPS vapor results in three phases, which are separated 
in the cold high-pressure separator (CHPS) -8-. Vapor from the separator 
moves to the recycle-gas scrubber where it is contacted with an amine 
stream to remove H2S. The scrubbed hydrogen is then compressed by 
the recycle-gas compressor-9-. The compressed hydrogen is mixed 
with fresh hydrogen from the makeup hydrogen compressors-10-. The 
mixed hydrogen stream then moves to the beginning of the reaction 
circuit and to the various quench streams. Rich amine from the recycle 
gas scrubber is sent offsite for regeneration.

Liquid from the HHPS is routed into the low-pressure hot flash drum 
(HLPFD) where dissolved gases vaporize from the liquid-11-. The vapor 
from this drum is cooled and mixed with the liquid from the CHPS. The 
three-phase mixture flows to the cold flash drum (CLPFD)-12-. Vapor 
and water from this drum flow offsite for treating. Liquid from the 
cold flash drum and hot flash drum move to the H2S stripper-13-. The 
stripper uses steam to remove H2S from the reactor products. Gas from 
the stripper is routed offsite for treating.

The complicated system of HHPS, CHPS, HLPFD, and CLPFD improves 
heat conservation, hydrogen purity, safety, and gas recovery.

The stripped reactor products are then preheated by various 
fractionator product and pumparound streams before final heating 
in the fractionator feed heater-14-. The hot reactor products flow to 
the fractionator-15- for separation into naphtha, kerosine, diesel, and 
hydrotreated FCC feed or unconverted oil. In a full conversion unit, 
most of the unconverted oil from the fractionator is recycled to the 
hydrocracking reactor. A small portion of the unconverted oil is purged 
to avoid buildup of heavy poly-nuclear aromatics (HPNAs) in the reactor 
loop, which would lead to excessive exchanger fouling. Full-range 
naphtha is produced from the overhead accumulator. Kerosine is drawn 
from the column and stripped of light material in a reboiled[“reboiled”? 
or reboiler?] sidestripper. Preheating feed to the fractionator cools 
diesel and fractionator bottoms. All products are finally cooled by air 
and cooling water and routed to storage or downstream units.
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