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CONTROL SYSTEM METHOD AND APPARATUS FOR CONTINUOUS LIQUID
PHASE HYDROPROCESSING

FIEL.D OF INVENTION

This invendion relates to a process, apparatus, and method of control for a
hydroprocessing process where the reactants are held predominately in the quid state and it
is no longer necessary to circulate hydrogen throughout the catalyst. Relevant prior art may
be found in U.S. Class 208, subclasses 58, 59, 60, 79, 209, and 213, Addifional rclévant art

taay be found in U.S. Class 137, subclasses 171, 202, and 392, as well as other classes and

subclasses.

BACKGROUND OF THE INVENTION

The present invention is directed to a continuous liguid phase nydroprocessing

process, apparatus and prooess control systems, whersin the need to circulate hydrogen gas
through the catalyst is eliminated, This is accomplished by mixing and/or flashing the
hydrogen and the oil to be treated in the presence of a solvent or diluent in which the
hydrogen solubility is high relative to the oil feed. Thepresent invention is also directed to
hydrocracking, hydroisomerization and hydrodametaﬁzaﬁﬁn.

In hydroprocessing, which includes hydrotreating, hydrofinishing, hydrorefining end
hydrocracking, a catalyst is used for reacting hydrogen with a petroleum fraction, distillates,
resids, or other chemicals, for the purpose of saturating or removing sulfur, nifrogen, oxygen,
metals or other contaminants, or for molecular weight reduction (cracking). Catalysts having
special surface properties are required in order to provide the necessary activity to
accomptish the desired reaction(s).

In conventional hydroprocessing it is necessary to fransfer hydrogen from & vapor
phase info the Hquid phase where it will be available to react with a petroleum molecule at
the surface of the catalyst. This is accomplished by circulating very large volumes of
hydrogen gas and the oil through a catalyst bed. The oil an& the hydrogen flow through the
bed and the hydrogen is absorbed into a thin film of oil that is distributed over the catalyst.
Because the amount of hydrogen required can be large, 1000 to 5000 SCFE/bbl of liquid, the
reactors are very large and can operate af severe condifions, from a few hundred psi to as
much as 5000 psi, and teraperatures from around 400°F-900°F,

The temperature inside the reactor is difficult to control in conventional systems. The

tempersture of the oil and hydrogen feed in the reactor can be controlled; bowever, once the
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feed is inside the reactor, there no adjustments to the system that can raise or lower the
temperature of the oil/hydrogen mixture, Any changes in the reactor temperature must be
accomplished through an outside source. As a result, conventional systems often inject cold
hydrogen into the reactor if it becomes too hot, This method of cooling a reactor is expensive
and is a potential safety risk.

While controiling the temperature of the reactor is ofien 2 difficult task in
conventional systems, controlling the pressure of the hydroprocessing system is mucﬁ
sasier task. Pressure conirol systems are used to monitor the pressure of the system, release
pressure through a valve if the pressure becomes too great, and to increase the pressure of the
system if the pressure becomes too low. A pressure control system cannot be used to control
the pressure on a single hydroprocessing reactor; however, this is of no seriocus consequence
and instead pressure is maintained on the entire syster, not on mdividual reactors.

One 65 the biggest problems with hydroprocessing is catalyst coking. Coking occurs
when hydrocarbon molecules become t00 kot in an environment where the amount of
hydrogen available is insufficient. The molecule cracks to the point that if forms coke, 2
carbonaceous residue. Cracking can take place on the surface of the catalyst, Isading to coke
formation and deactivation of the catalyst,

A conventional system for processing is shown in 1.8, Patent Number 4,698,147,
issued to McConaghy, Jr. on October 6, 1987, which discloses 2 SHORT RESIDENCE
TIMRE HYDROGEN DONOR DILUENT CRACKING PROCESS. McConaghy “147 mixes
the input flow with a donor dilueni to supply the hydrogen for the cracking process. After the
cracking process, the mixture is separated into product and spent diluent, and the spent
diluent is regenerated by partial hydrogenation and returned to the input flow for the cracking
step. Note that McConaghy ‘147 substantially changes the chemical nature of the donor
diluent during the process in order to release the hydrogen necessary for cracking, Also, the
MeConaghy ‘147 process is limited by upper {emperature restraints due to coil cokdng, and
increased light gas production, which sets an economically imposed limit on the maximum
cracking temperature of the process.

U.S. Patent Number 4,857,168, issued fo Kubo et al. on August 15, 1989, discloses &
METHOD FOR HYDROCRACKING HEAVY FRACTION OIL. ¥ubo ‘168 usesboth a
donor diluent and hydrogen gas to supply the hydrogen for the catalyst enhanced cracking
process. Kubo ‘168 discloses that a proper supply of heavy fraction oil, donor solvent,
hydrogen gas, and catalyst will limit the formation of coke on the catalyst, and the coke
formation may be substantially or completely eliminated. Kubo “168 requires a cracking
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reactor with catalyst and a separate hydrogsnaﬁng reactor with catalyst. Kubo ‘168 also
relies on the breakdown of the donor diluent for supply hydrogen in the reaction process.

1.8, Patent Number 5,164,074, issved to Houghton on November 17, 1992, shows 2
HYDRODESULFURIZATION PRESSURE CONTROL apparatus for cont'élﬁng pressure
in a combination hydrodesulfimzation and reforming process wheren the pressure of 2
hydrogen-rich gas source from the reforming process is adjusted by coordinately
manipulzting 2 vent control vaive for the reforming process in a manner that insures
meximum utilization of available hydrogen for desulfurization before any of the hydrogen
from the reforming process is vented through its own vent valve.

U.S. Patent Nummber 4,761,513, issued to Stsacy on August 2, 1988, shows 2
TEMPERATURE CONTROL FOR AROMATIC ALKYLATION PROCESS. The
ternperature control is a guench system that uses 2 msthﬂaﬁng agent as 2 guench medium
that is introduced between sequential reaction zones in a reactor. The proportion of vapor
phase and Hgwd phase methanol is adjusted to control the enthalpy of the methylating spent
and provide temperature reduction by the vaporization of the Hquid component of the
methylating age:

BRIEF SUMMARY

In accordance with the present disclosure, a process has been developed wherein the
need to circulate hyc“iro gen gas throngh the catalyst is eliminated. This is accomplished by
mixing and/or flashing the hydrogen and the oil to be treated in the presence of 2 solvent or
diluent in which the hydrogen sotubility is “high” relative 1o the oil feed, in 2 constant
pressure environment, 5o that the hydrogen is in solution.

The type and amount of diluent added, as well as the reactor conditions can be set so
that a1l of the hydrogen required in the hydroprocessing reactions is available in solution.
The oil/difuent/bydrogen solution can then be fed to a reactor, such as a plug flow or tubujar
reactor, packed with catalyst where the oil and hydrogen react. o additions! hydrogen is

required, therefore, the hydrogen recirculation is avoided and the trickle bed operation of the

teactor is avoided. Therefore, the large trickie bed reactors can be replaced by much smaller

reactors (gee FIGS. 1, 2 and 3). The continuous liquid phase reactors provide more control
over the reactor temperature, virtually eliminate catalyst coking, reduce light end
hydrocarbon production and can make the system safer,

The present disclosure is also directed to hydrocracking, hydroisomerization,

hydrodemetalization, and the Hke. As described above, hydrogen gas is mixed and/or flashed



togather with the feedstock and & diluent, such a5 recycled hydrocracked product, isomerized
product, or recycled demetaled product, so as to place hydrogen in solution, and then the
mixture 1s passed over 2 catalyst.
A principle object of the present disclosure is the provision of an improved continuous
Beuid phese hydroprocessing system, process, method, and/or apparatus,
Another object of the present disclosure is the provision of an improved
hydrocracking, hydroisomerization, Fischer-Tropsch and/or hydrodemetalization process.
Another object of the present disclosure is the provision of a control method for a
reactor in & continuous Ligquid phase bydroprocessing system, process, method or apparatus.
Another object of the present disclosure is the provision of an improved apparatus for
controlling & continuous liquid phase hydroprocessing system, process, method and/or
apparatus,
# Another object of the present disclosure is the provision of a liquid level control
method for 2 reactor in & continnous Hquid phase hydroprocessing system, process, method or
Another object of the present disclosure is the provision of a pressure control method
for the vapor phase inside a reactor for 2 confimuous Lquid phase hydroprocessing systern,
process, method or epparatus,
Another object of the present disclosure is the provision of an improved continuous
Hquid phase hydroprocessing system, process, method, and/or apparatus wherein the Hquid
may flow into the reactor from either the top of fhe reactor or the bottom of the reactor.
Another object of the present disclosure is the provision of an improved continuous
Hquid phase hydroprocessing system, process, method, and/or apparatus whersin the design
of the system may feature a single reactor, multipie reactors, and/or multipte bed reactors,
Another object of the present disclosure is the provision of reducing light end
hydrocarbons in 2 contiruons Hquid phase hydroprocessing system by venting excess gas at a
constant rate directly from the top of the reactor.

Accordingly, in one aspect, there is provided a reactor for a continuous liquid phase
hydroprocessing system, wherein liquids react with hydrogen dissolved in the liquids at a catalyst surface
to form reacted liquids, excess hydrogen gas, and light end hydrocarbon gases and said liquids additionally

serve to minimize fluctuations in the temperature of the reactor, comprising: (a) a vessel having a top and a
‘ bottom; (b) a catalyst bed containing catalyst particles which fill a majority of said vessel; (¢) inlet to allow
a mixture of liquids with hydrogen dissolved therein to enter said vessel wherein the inlet to the vessel is at
the top of the vessel; (d) an upper zone of said vessel adapted to temporarily house gases inside said vessel;
(e) a substantially isothermal lower zone of said vessel adapted to temporarily house liquids, surrounding
said catalyst bed inside said vessel; (£) an outlet to allow said reacted liquid to exit said vessel; (g) a control
system to adjust the quantity of the liquids in the vessel or to adjust pressure of the hydrogen gas by
increasing or decreasing the amount of hydrogen added to said liquids; (h) a vent to allow said excess
hydrogen gas and said light end hydrocarbon gases to leave said vessel through said top of said vessel; and

(i) a valve to adjust the amount of gas leaving said vessel through said vent.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a schematic process flow diagram of a diesel hydrotreater;

FIGURE 2 is a schematic process flow diagram of 2 resid hydrotreater;

FIGURE 3 is a schematic process flow dlagram of a hiydroprocessing system;

FIGURE 4 is a schematic process flow diagram of a muliistags reactor system;

FIGURE § 1s a schematic process flow diagram of a 1200 BPSD hydroprocessing
it

FIGURE 6 is a schematic of a down flow reactor system where the quantity of liquid
in the reactor is controlled by the level of the Hquid in the reéctor;

FIGURE 7 is 2 schematic of 2 down flow reactor system where the guantity of liquid
in the reactor is controlled by the pressure of the gases in the reactor;

FIGURE § 15 a schematic of an up flow reactor system where the quaniity of iquid n
the reactor is controlled by the level of the liguid in the reactor;

FIGURE 9 is a schematic of an up flow reactor system where the quantity of iquid in
the reactor is controlled by the pressure of the gases in the reactor;

FIGURE 10 is a schematic of & down flow two reactor gystem where fhe quantity of
liguid in the reactor is controlled by the level of the liquid in the reactor;

FIGURE 11 is a schematic of a down flow two reactor system whers the quantity of
liguid in the reactor is controlted by the pressure of the gases in the reactor;

FIGURE 12 is a schematic of an up flow two reactor system where the quantity of
Tiguid in the reactor-is controlled by the level of the liquid in the reactor;

FIGURE 13 is a schematic of an up flow two reactor system where the quantity of
Hquid in the reactor is controlied by the pressure of the gases in the reactor;

FIGURE 14 is a schematic of a down flow single reactor system with two catalyst
beds where the quantity of liquid in the reactor is conirolied by the level of the liguid in the
reactor;

FIGURE 15 is a schemaiic of a down How single reactor system with two catalyst
beds where the guantity of hquid in the reactor is controlled by the pressure of the gases in
the reactor;

FIGURE 16 is a schematic of an up flow single reactor systern with two catalyst beds
where the quantity of liguid in the reactor is controlled by the level of the liquid in the
reactor;
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FIGURRE 17 is a schematic of an up flow smgle reactor system with two catalyst beds
where the quantity of liquid in the reactor is controlled by the pressure of the gases in the
reactor;

FIGURE 18 is a schematic of 2 single bed, down flow reactor with a Hquid level
controlier for use in a continuous liquid phase hydroprocessing process; and

FIGURE 19 is a schematic of 2 muiti-bed, up flow reactor with two pressure

controlters for use in a continuous liquid phase hydroprocessing process.

DETATLED DESCRIPTION

We have developed a process where the need to circulate hiydrogen gas orhave a
separate hydrogen phase through the catalyst is eliminated. This i8 accomplished by mixing
and/or flashing the hydrogen and the oil to be treated in the presence of a solvent or dilnent
having a relatively high solubility for hydrogen, in a constant pressurs environment, so that

the hydrogen in is solution. Exoess hydrogen is mixed and/or flashed into the oil/diluent

solution so that the maximum capacity of the oil/diluent solution for hydrogen is utilized.
Hydrogen in excess of the amount scluble in the oil/diluent solution remains in the vapor
phase.

The type and amount of diluent added, ac well as the reactor conditions, can be set so
that all of the hydrogen required in the hydroprocessing reaction is availabie in solution. The
oil/diluent/hydrogen solution can then be fed to & plug flow, tubuler or other reactor packed
with catalyst where the ol and hydrogen react. Mo additional hiydrogen is required, therefore,
hydrogen recirculation is avoided and the trickle bed operation of the reactor is avoided (see
FIGS. 1, 2 and 3}. Hence, the large trickle bed reactors can be replaced by much smaller or
simapler reactors (see FIG. 18).

in addition to using much smaller or simpler reactors, the use of 2 hydrogen recycle
compressor is avoided. Because all of the hydrogen required for the reaction may be
available in solution ahead of the reactor, there is no need to circulate hydrogen gas within
the reactor and no need for the recycle compressor. Blimination of the recycle compressor
and the use of, for example plug flow or tubular reactors, greatly reduces the capital cost of
the hydrotreating process.

The reactors in the present invention may be altered in design and in number to
accommodate the specifications required of the product, given a specific feed. To achieve the
desired product specifications from a particularly contaminated feed may necessitate the

addition of an additional reactor. Even in the case where multiple reactors are required, the
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reactors of the present invention are preferred to conventional reactors because their smaller
size and more simple design still resulls in a reduction of capital cost when compared to
conventional systems. In addition to ulilizing multiple reaciors, it is also possible to house
muliiple catalyst beds within a single reactor housing, The creation of multiple-bed reactors
{see FIG. 19) further lowers capital cost by utilizing a single reactor vessel to house multiple
catalyst beds. The catalyst beds may contain the same catalyst type, or they may contain
different catalyst typesto more efficiently accomplish the product specification goal.

Most of the reactions that take place in hydroprocessing are highly exothermic, and as
aresult, a great deal of heat is generated in the reactor. The temperature of the reacior can be
controlled by using a recycle stream. A confrolled volume of reacior effluent can be recycled
back to the front of the reactor, using a reheater ag necessary, and blended with fresh feed and
hydrogen. The recycle stream absorbs heat created by the reaction of the feed and hydrogen
on the catalyst and reduces the femperature rise through the reactor, The reactor temperature
can be conirolled by controlling the fresh feed temperature, using s preheater as necessary,
and the amomnt of recycle. In addition, becanse the recycle stream contains molecules that
have already reacted, it also serves as an inert diluent. The present invention provides further
control of the temperature of the reastor through the use of a continuous liquid phase reastor,
as opposed to the conventional tickle bed reactors where only a thin flm of iguid is
distributed over the catalyst. The advantage of 2 continuous liquid phase reactor is that
liquids, in general, have higher heat capacities than gases, The greater the heat capacity of 2
given molecule, the greater ability that molecule has for absorbing heat from its surroundings
while undergoing a minimal increase in temperature itself. A continuous Hquid phase reactor
acts as 2 heat sink, absorbing excess beat from the reactor to equatize the femperature
throughout. With the introduction of the continnous liguid phase reactor, the process
becomes much closer to being isothermal, reducing a typical 40°F-60°F (22°C-33°C)
temperature difference between the reactor inlet and reactor outlet to approximately a 10°F
{5.5°C) temperature difference. In addition to reducing the temperatiwre difference between
the reactor inlet and reactor outlet temperatures, the continunous Hquid phase reactor also
serves to greatly reduce the problem of hot spots developing within the catalyst bed.

Using the present invention for hydroprocessing, coking can be nearly eliminated
because there is always enough hydrogen available in solution to avoid coking when cracking
reactions take place. This can lead to much longer catalyst life and reduced operating and
maintenance costs,
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Another problem found in hydroprocessing is the production of light end hydrocarbon
gases. These molecules, predominately methane, are an undesirable product which, in great
enough quantities, must be recovered, at additionat cost. These light ends increase in
quantity as the femperature of the reaction goes up. The problem of light end production is
further compounded by the tendency for a reactor to develop hot spots, areas where the
teraperature increases significantly above the set temperature for the reactor. To combat this
otcurrence, conventional hydroprocessing systems employ the use of quench boxes which are
placed throughout the reactor. The quench boxes serve to inject cold hydrogen into the
rezcior to reduce the temperature inside the reactor, Not only is hydrogen au expensive
chioice for cooling the reactor, it can pose a safety bazard. The design of the quench boxss
and the method of controlling how they iniroduce hydrogen into the reactor are vital, because
an error could cause the loss of control of the entire system. A runaway reaction could be
started, possibly creating an explosion. Using the present invention for hydroprocessing,
cracking is greatly reduced, often by a 10-fold reduction, through the use of a continuous
liguid phase reactor working also as a heat sink io create a reactor environment that is close
10 isothermal. This near isothermal environment eliminates the need for cold hydrogen
quench boxes, reduces the capital cost of hydrogen required for the process and increases the
safety of the system. |

With the introduction of 2 continnous liquid phase reactor, thers is aneed to be able to
control the temperature of the quid in the reactor and thus, the heat sink which allows the
system fo remain close 1o isothermal. By controlling the amount of recycle fluid and the
temperature of the fresh feed, it is possible to control the ternperature of the liquid in the
reactor, and maintain the heat sink, without the need for hydrogen guench boxas,

Another issue that arises with the introduction of « continuous liquid phase reactor is
the need for a process for controlling the guantity of that liguid. This is accomnplished by one
of two ways. First, the quantity of liquid in the reactor can be controlled by maintaining the
lguid in the reactor to a specified level (See FIGS. 6, 8, 10, 12, 14 and 16). In this process,
there is a specified liquid level range within the reactor which must be maintained. fthe
level of the hiquid rises too high, the emount of hiydrogen in the oil/dilvent/hydrogen mixture
going info reactor will be increased 1o lower the liquid level. If the level of the liquid drops
too low, the amount of hydrogen in the oil/diluent/nydrogen mixture going into the reactor
will be decreased to allow more liguid to enter the reactor. In the second conirol process, the
quantity of Hquid in the reactor can be controlled by maintaining the pressure of the gases

inside the reactor (See FIGS. 7, 9, 11, 13, 15 and 17). The excess hydrogen and light end
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hydrocarbon gases inside the reactor are held fo 2 specified pressure, If the pressure of those
gases becomes foo great, the amount of hydrogen in the oil/diluent/hydrogen mixture
introduced into the reactor will be decreased to achieve optimal pressure. Tf the pressure
drops too low, the amount of hydrogen in the oil/diluent/hydrogen mixture will be increased.
In a hydroprocessing system where multiple reactors or multiple bed reactors are nged, the
quantity of liquid in the reactors or, in the case of 2 multiple bed reactor, surrounding the
catalyst beds, can be controlled by the exclusive utilization of sither multiple liguid level
controls or multiple vapor pressure confrols of the gases in the upper portion of the reactor, or
the two conirol methods may be combined, in various combinations, within the same system,

The present invention alse differs from conventional technology in that excess gas can
be vented directly from the reactor. In conventional hydrotreating, the venting of gases
directly from the reactor is not possible becauss hydrogen gas must be circulated through the
reactor. If gas were to be vented directly from conventional reactors, a great deal of
hydfogen would be lost or used inefficiently. Because the present invention utilizes a
continmous hquid phase reastor, it is not necessary to cireulate hydrogen through the reactor,
and therefore, the only gases inside the reactor are excess hydrogen and light end
hydrocarbon gages. Venting excess gas directly from the reactor allows more efficient
control of the system by minimizing the time needed for the system to adjust after changes
are'made to the vent gas flow rate or the addition of hydrogen to or subtraction of bydrogen
from the system,

FIG. 1 shows a schematic process flow diagram for a diesel hydrotreater generally
designated by the numeral 10. Fresh feed stock 12 is pumped by feed charge purap 14 to
combination arez 18, The fresh feed stock 12 is pumped by feed charge pump 14 fo
combination ares 18, The fresh feed stock 12 is then combined with hydrogen 15 and
hydrotreated feed 16 to form fresh feed mixture 20, Mixture 20 is then separated in separator
22 to form first separator waste gases 24 and separated mixture 30. Separated mixture 30 is
combined with catalyst 32 in veactor 34 to formn reacted mixture 40. The reacted mixiure 40
is split into two product flows, recycle flow 42 and continuing flow 50. Recyols flow is
pumped by recycle pump 44 to become the hydrotreated feed 16 which is combined with the
fresh feed 12 and hydrogen 15.

Continuing flow 50 flows into separator 52 where second separator waste gases 54 are

removed 1o create the reacted separated flow 60. Reacted separated flow 60 then flows into

 flasher 62 to form flasher waste gases 64 and reacted separated flashed flow 70. The reacted
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separated flashed flow 70 is then pumped into stripped 72 where stripper waste gases 74 are
removed to form the output product 80.

FIG. 2 shows a schematic process flow diagram for avesid hydrotreater generally
designated by the numeral 100. Fresh feed stock 110 is combined with solvent 112 at
combination area 114 to form combined solveni-feed charge pump 122 to combination area
124, The combined solvent-feed 120 is then combined with hydrogen 126 and hydrotreated
feed 128 to form hydrogen-solvent-feed mixture 130, Hydrogen-solvent-feed mixture 130 is
then separated in first separator 132 to form first separator waste gases 134 and separated
mixture 140, Separated mixinre 140 is combined with catalyst 142 in reactor 144 to form
reacted mixture 15C. The reacted mixture 150 is split intotwo produet flows, recycle flow
152 and continuing flow 160. Recycle flow 152 1s pumped by recycle pump 154 to become
the nydrotreated feed 128 which is combined with the solvent-feed 120 and hydrogen 126.

Continuing flow 160 flows info second separator 162 where second separator waste
gases 164 are removed to create the reacted separated flow 170. Reacted separated flow 170
then flows into flasher 172 to form flasher waste gases 174 and reacted separated flashed
flow 180. The flasher waste gases 174 are cooled by condenser 176 to form solvent 112
which is combined with the incoming fresh feed 110.

The reacted separated flashed flow 180 then flows into stripper 182 where stripper
waste gases 184 are removed to form the output product 190,

FIG. 3 shows a schematic process flow diagram for a hydroprocessing unit generally
designated by the rumeral 200,

Fresh feed stock 202 is combined with a first diluent 204 at a first combination area
206 to form first dilveni-feed 208, First diluent-feed 208 is then combined with 2 second
diluent 210 at second combination area 212 to form second diluent-feed 214, Second dituent-
feed 214 is then pumped by diluent-feed charge pump 216 to third combination area 218,

Hydrogen 220 is input into hydrogen compressor 222 to make compressed hydrogen
224, The compressed hydrogen 224 flows to 8 third combination area 218,

Second dilueni-feed 214 and compressed hydrogen 224 are combined at third
combination area 218 to form hydrogen-diluent-feed mixture 226. The hydrogen-dituent-
feed mixture 226 then flows through feed-product exchanger 228 which warms the migturs
226, by use of the third separator exhaust 230, to form the first exchanger flow 232, First
exchanger flow 232 and first recycle flow 234 are combined at fourth combination area 236
to form frst recyele feed 238.

16
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The first recycle feed 238 then flows through first feed-product exchanger 240 which
warms the mixture 238, by use of the exchanged frst rectifier exchanged exhaust 242, fo
form the second exchanger flow 244, Second exchanger flow 244 and second recycie fiow
246 are combined at fifth combination area 248 to form second recycle feed 250.

The second recycle feed 250 is then mixed in feed-recycle mixer 252 to form feed-
recycie mixture 254, Feed-recycle mixture 254 then flows into reactor inlet separator 256.

Feed-recycle mixture 254 is separated in reactor inlet separator 256 to form reactor
inlet separator waste gases 258 and inlet separated mixture 260, The reactor inlet separator
waste gases 258 are flared or otherwise removed from the present systemn 200.

Inlet separated mixture 260 is combined with catalyst 262 in reactor 264 to form
reacted mixture 266, Reacted mixture 266 flows into reactor ouflet separator 268.

- Reacted mixture 266 is separated in reactor ountlet separator 268 to form reactor outlet
separator waste gases 270 and outlet separated mixture 272. Reactor outlet separator waste
gases 270 flow from the reactor outlet separator 268 and are then flared or otherwise removed
from the present system 200,

Outlet separated mixture 272 flows out of reactor outlet separator 268 and is split info
large recycle flow 274 and continuing outlet separated mixture 276 at first split area 278.

Large reeycle flow 274 is p‘umpéi through recycle pumps 280 fo second split area
282, Large recycle flow 274 is split at combination area 282 into first recycle flow 234 and
second recycle flow 246 which are used as previously discussed.

Continuing outlet separated mixtore 276 leaves first split area 278 and flows into
effluent heater 284 to become heated efftuent flow 286,

Heated effinent flow 286 flows into fivst rectifier 288 where it is split into first
rectifier exhenst 250 and fivst rectifier flow 292, First rectifier exhanst 290 and first rectifier
flow 292 separately flow into second exchanger 294 where thetr temperature difference is
reduced,

The exchanger transforms first rectifier exhaust 290 into fivst rectifier exchanged
exhaust 242 which flows to first feed-product exchanger 240 as previously described, First

sed-product exchanger 240 cools first rectifier exchanged exhaust 242 even further to form
first double cooled exhaust 296.

First double cooled exhanst 296 is then cooled by condenser 298 o become first

condensed exhaust 300, First condensed exbaust 300 then flows into reflux accumulator 302

where it is split info exhaust 304 and first diluent 204, Bxhaust 304 is exhausted from the

11
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system 200, First diluent 204 flows to first combination area 206 to combine with the fresh
feed stock 202 as previously discussed.

The exchanger transforms first rectifier flow 292 into first rectifier exchanged flow
306 which flows into third separator 308. Third separator 308 splits first rectifier exchanged
flow 306 into third separator exhaunst 230 and second rectified flow 310,

Third separator exhaust 230 flows o exchanger 228 as previously described,
Exchanger 228 cools third separator exhaust 230 to form second cooled exhaust 312.

' Second cooled exhanst 312 is then cooled by condenser 314 to become third
condensed exhaust 316, Third condensed exhaust 316 then flows info reflux accumulator 318
where 1t is split into reflux accumulator exhaust 320 and second diluent 210, Reflux
accumulator exhaust 320 is exhausted from the system 200. Second diluent 210 flows o
second combination area 212 to rejoin the system 200 as previously discussed.

Second rectified flow 310 flows into second rectifier 322 where it is split info third
rectifier exhaust 324 and firgt end flow 326, First end flow 326 then exits the system 200 for
use or further processing. Third rectifier exhanst 324 flows into condenser 328 where it is
cooled to become third condensed exhanst 330,

Third condensed exhaust 330 flows from condenser 328 into fourth separator 332.
Fourth separator 332 splits third condensed exhanst 330 into fourth separator exhaust 334 and
second end flow 336. Fowrth separator exhaust 334 is exhausted from the system 200.
Second end flow 336 then exits the syster 200 for use or further processing.

FIG. 4 shows a schematic process flow diagram for g 1200 BPSED hydroprocessing
unit generally designated by the numeral 400,

Fresh feed stock 401 is monifored at first mounitoring point 402 for acceptable input
parameters of approxisﬁataly 260°F (127°C), at 20 psi (138kPa), and 1200 BBL/D, Tile fresh
feed stock 401 is then combined with a diluent 404 at first combinzation area 406 to form
combined diluent-feed 408, Combined dituent-feed 408 is then pumped by diluent-feed
charge pump 410 through first momnitoring orifice 412 and first vaive 414 to second
combination area 416,

Hydrogen 420 is input at parameters of 100°F (37.8°C), 500 pei (3447 kPa), and
40,000 SCE/HR (1133 m for) into hydrogen compressor 422 o tuake compressed hydrogen
424. The hydrogen compressor 422 compresses the hydrogen 420 to 1500 psi (2896 kPa to -
10,342 kPa). The compressed hydrogen 424 fiows through second monitoring point 426
where it is monitored for acceptable input parameters. The compressed hydrogen 424 flows

th:i‘ough second monitoring orifice 428 and second valve 430 to second combination area 416,
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First monitoring orifice 412, first valve 414, and feed forward indicator and controller
(FFIC) 434 are connected to feed indicator controller (FIC) 432 which controls the incoming
flow of combined diluent-feed 408 to second combination area 416, Similarly, second
monitoring orifice 428, second valve 430, and FIC 432 are comnected to FFIC 434 which
controls the incoming flow of compressed hydrogen 424 to second combination arsa 416,
Combined diluent-feed 408 and compressed hydrogen 424 are corribined at second
combination area 416 to form hydrogen-diluent-feed mixture 440, The mixture parameters
are approximately 1500 psi (10,342 kPa) and 2516 BBL/D which are monitored at fourth
monitoring point 442, The hydrogen-dilnent-feed mixture 440 then flows through feed-
product exchanger 444 wheich warms the hydrogen-diluent-feed mixture 440, by the use of
the rectified product 610, to form the exchanger fiow 446. The feed-product exchanger 444
works at approximately 2.584 MMBTU/MR (756 kW),

The exchanger flow 446 is monitored at ffth monitoring point 448 to gather
information about the parameters of the exchanger flow 446.

The exchanger flow 446 then travels mio the reactor preheater 450 which is capable
of heating the exchange flow 446 at 5.0MMBTU/HR (1456 kW) fo create the preheated flow
452, Preheated flow 452 is monitored at sixth monitoring point 454 and by TIC 456,

Fuel gas 458 fiows through third valve 460 and iz monitored by pressure indicator and
controller (PIC) 462 to supply the fuel for the reactor preheater 450, PIC 462 is connected to
third valve 460 and temperature indicator and controller (T1C) 456,

Preheated flow 452 15 combined with recycle flow 464 st third combination area 466
to form prebeated-recycle flow 468. Preheated-recycled flow 468 is monitored at seventh
monitoﬁng point 470, The preheated-recycled flow 468 is thep mixed in feed-recycle mixer
472 to form feed-recycle mixture 474, Feed-recycle mixture 474 then flows into reactor inlet
separator 476, The reactor inlet separator 476 has parameters of 607 LD, x 10°07S/S (1.52m
x 3.05m).

Peed-recycle mixture 474 is separated in veactor inlet separator 476 to form reactor
inlet separator waste gases 478 and inlet separated mixture 480. Reactor inlet separator waste
gases 478 flow from the reactor inlet soparator 476 through third monitoring orifice 482
which is conmected to FI 484, The reactor inlet sepavator waste gases 478 then travel through
fourth valve 486, past eighth monitoring poinf 488 and are then flared or otherwise removed
from the present system 400.

Liquid indicator and gontrolier (LIC) 490 is connected to both fourth valve 486 and
reactor inlet separator 476.
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Inlet separated mixture 480 flows out of the reactor inlet separator 476 with
parameters of approximately 590°F (310°C) and 1500 pst {10,342 kPa) which are monitored
at ninth monitoring point 500.

Inlet separated mixture 480 is cormbined with catalyst 502 in reactor 504 to form
reacted mixture 506. Reacted mixture 506 is monitored vy TIC 508 and at tenth monitoring
point 510 for processing control, ')fhe Teacted mixture 506 has parameters of 605°F (232°C)
and 1450psi (9997 kPa) as it flows into reactor outlet separator 512,

Reacted mixture 506 is separated in reactor outlet separator 512 to form reactor outlet
separator waste gases 514 and outlet separated mixture 516. Reactor outlet separator waste
gases 514 flow from the reactor outlet separator 512 through monitor 515 for PIC 518, The
reactor outlet separator waste gases 514 then travel past eleventh monitoring point 520 and
through fffh valve 522 and are then flaved or ofberwise removed from the present system
400.

The reactor outlet separator 512 is éonnected to controller LIC 524. The reactor
outlet separator 512 has parameters of 60” LD, x 10’07 5/8 (1.52m x 3.05m).

Outlet separated mixture 516 flows out of reactor cutlet separator 512 and is split into
both recycle flow 464 and continuing outlet separated mixture 526 at first split area 528.

Recyele flow 464 is pumped through recyele pumps 530 and past twelfth monitoring
point 532 to fourth monitoring orifice 534, Fourth monitoring orifice 534 is connected to FIC
536 which is connected to TIC 508, FIC 536 controls sixth valve 538, After the recycle flow
464 leaves fourth monitoring orifice 534, the flow 464 flows through sixth valve 538 and on
fo third combination area 466 where it combines with preheated flow 452 as previously
discussed.

Outlet separated mixture 526 leaves first split area 528 and flows through seventh
valve 540 which is controlied by LIC 524. Outlet separated mixture 526 then flows past
thirteenth monitoring point 542 to effluent heater 544,

Orufiet separated mixture 526 then travels into the effluent heater 544 which is capable
of heating the outlet separated mixture 526 at 2.0 MMBTU/R (879 kW) to create the heated
effluent flow 546, The heated effiuent flow 546 is monitored by TIC 548 and at fourteenth
monitoring point 550, Fuel gas 552 fiows through sighth valve 554 and is monitored by PIC
556 to supply the fuel for the effluent heater 544, PIC 556 is connected to eighth valve 554
and TIC 548,

Heated efftuent flow 546 flows from fourteenth monitoring point 550 inte rectifier

552. Rectifier 552 1s connected to LIC 554. Steam 556 flows into rectifier 552 through
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twentieth monitoring point 558, Retwrn diluent flow 560 also flows into rectifier 552.
Rectifier 552 bas parameters of 427 LD. x 54’-0” §/8S (1.07m x 16.46m). |

Rectifier dituent 562 flows out of rectifier 552 past monitors for TIC 564 and past
fifieenth monitoring point 566. Rectifier diluent 562 then fHows throngh rectifier overnead
condenser 568. Rectifier overhead condenser 568 uses flow CWS/R 570 fo change rectifier
diluent 562 to form condensed diluent 572. Rectifier overhead condenser 568 has parameters
of 5.56 MMBTU/HR. (1629 ¥W). '

" Condensed diluent 572 then flows info rectifier reflux accumuiator 574, Rectifier
refiux accummnlator 574 has parameters of 42”7 LD, x 10707 8/8 (1.07m % 3.05m). Rectifier
reflux accumulator 547 is monitored by LIC 592. Rectifier reflux accummlator 574 splits the
condensed diluent 572 into three streams: drain stream 576, gas stream 580, and dituent
stream 590,

Drain stream 576 flows out of rectifier reflux accumulator 574 and past monitor 578
out of the systers 400,

(ias siream 580 flows out of rectifier reflux accumulator 574, past eightesnth
monitoring point 594, and through pumyp 596 to form pumped diluent stream 598, Pumped
diluent stream 598 is then sphit into diluent 404 and return dituent flow 560 at second split
area 600. Dilvent 404 flows from second split aree 600, through tenth valve 602 and third
monitoring point 604, Diluent 404 then flows from third mcnitoxiﬁg point 604 to first
combination area 406 where it combines with fresh feed stock 401 as previously discussed.

Return diluent fiow 560 flows from second split area 600, past nineteenth monitoring
point 606, through eleventh valve 608 and nto rectifier 552, Eleventh valve 608 is connected
to TIC 564.

Rectified product 610 flows out of rectifier 552, past twenty-first monitoxing point
612 and into exchanger 444 to form exchanged rectified product 614, Exchanged rectified
product 614 then flows past twenty-second monitoring point 615 and through preduct pump
£16. Bxchanged rectified product 614 flows from pump 616 through fifth monitoring orifice
618, Sixth monitoring orifice 618 is commecied to FI 620, Exchanged rectified product then
flows from sixth monitoring orifice 618 to twelfth valve 622, Twelfth valve 622 is connected
to LIC 554. Exchanged rectified product 614 then flows from twelfih valve 622 through
twenty-third menitoring point 624 and into product cooler 626 where it is cooled to form
final product 632, Product cooler 626 uses CWS/R 628, Product cooler has parameters of
0.640 MMBTU/HR (187.5 kW), Final product 632 flows out of cooler 626, past twenty-
fourth monitoring point 630 and out of the system 400,
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FIG. 5 shows a schematic process flow diagram for a multistage hydrotreater
generally designated by the numeral 700. Feed 710 is combined with hydrogen 712 and first
reoyele stream 714 in area 716 to form combined feed-hydrogen-recycie stream 720. The
combined feed-hydrogen-recycle stream 720 flows into first reactor 724 where it is reacted to
form first reactor output flow 730. The first reactor output flow 730 is divided to form first
recycle stream 714 and fivst continuing reactor flow 740 at area 732. First continuing reactor
flow 740 flows into stripper 742 where stripper waste gases 744 such as H,S, NH;, and 5,0
are removed to form stripped flow 750.

Stripped flow 750 is then combined with additional hydrogen 752 and second recycle
stream 754 in arsa 756 to form combined stripped-hydrogen-recycie stream 760, The
combined siripped-hydrogen-recyele stream 760 flows into saturation reactor 764 where it is
reacted to form second reactor output fiow 770, The second reactor output flow 770 is
divided at area 772 to form second recycle siream 754 and product output 780.

FIG. 6 shows 2 schematic for a down flow reactor system, generally designated by the
nurneral 800 where the quantity of liquid in the reactor is controlied by the level of the lignid
in the reactor, Fresh feed stock 802 flows into first split area 810 through first orifice 804,
Recyeled reacted product 956 flows into second orifice 806 and the combined recycled
reacted product and feed, 812, exits first split area 810 through third orifice 808. Combined
recycled reacted product and feed 817 then enters mmixer 820 through first mixer inlet 824
where it is combined with hydrogen 832, which enters mixer 820 through second mixer inlet
828, The quantity of hydrogen 832 is confrolied by hydrogen valve 830. Recycled reacted
product/feed/hydrogen 822 exits mixer 820 through mixer cutlet 826 and flows into réactor
840 through reactor inlet 842, Inside reactor 840, recycled reacted product/feed/hydrogen
822 flows through catalyst bed 860 where itreacts. Asrtecycled reacted
product/feed/ydrogen 822 reacts, hydrogen gas and light end hydrocarbon gases, 845, may
come out of solution and acoumulate at the top of reactor 840, Gases 845 are removed from
reactor 840 through reactor orifice 847. Thetate at which gases 845 are removed fom
reactor 840 through orifice 847 is coptrolled by vent valve 870,

The level of the liquid recycled reacted product/feed/hydrogen 822 is monitored at
level controller 850 which is above catalyst bed 860, I the level of Hguid recycled reacted
product/feed/hydrogen 822 rises above the desired liquid level, level controller 850 will
signal to hydrogen valve 830 to increase the amount of hydrogen to mixer 820, If the level of

liguid recycled reacted product/feed/hydrogen 822 drops below the desived liguid level, level
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controller 850 will signal to hydrogen valve 830 to decrease the amount of hydrogen into

mixer 820,

Reacted liquid 846 exits reactor 840 through reactor outlet 844, Reacted liquid 846
flows into second split area 940 through fourth orifice 942 where it is split info two flows,
sphit reacted product 952, wiich exits second split area 940 through fifth orifice 944, and
recycled reacted product 956 which exits second split area 940 through sixth orifice 946.
Recyeled reacted product 956 is pumped through recycle pump 960 before mixing with fresh
feed 802 at first split area 810.

FIG. 7 shows a schematic for a down flow reactor system, generally designated by the
murneral 1000 whers the guantity of liguid in the reactor is controlied by the pressure of the
gases in the reactor. Fresh feed stock 1002 flows into first split area 1010 through first orifice
1004. Recycled reacted product 1156 flows into second orifice 1006 and the combined
recycled reacted product and feed, 1012, exits first split area 1010 through third orifice 1008,
Combined recycled reacted product and feed 1012 then enters mixer 1020 through first mixer
inlet 1024 where if is combined with hydrogen 1032, which enters mixer 1020 through
second mixer infet 1028. The quautity of hydrogen 1032 is controlied by hydrogen valve
1030. Recycled reacted product/feed/hydrogen 1022 exits mixer 1020 through mixer outlet
1026 and flows into reactor 1040 throngh reactor inlet 1042, Inside reactor 1040, recycled
reacted product/feed/hydrogen 1022 flows through catatyst bed 1060 whers it reacis, As
recycled reacted product/feed/bydrogen 1022 reacts, hydrogen gas and light end hydrocarbon
gases, 1045, may come out of solution and acoumulate at the top of reactor 1040, Gases 1045
ére removed from reactor 1040 throﬁg‘n réactnr orifice 1047, The rate at which gases 1045
areremoved from reactor 1040 through orifice 1047 is controlled by vent valve 1070,

The pressure of excess hydrogen and light end hydrocarbon gases, 1045, are
monitored at pressure controller 1050 which is above catalyst bed 1060, If the pressure of
gases 1045 rises above the desired gas pressure, pressure confroller 1050 will signal to
hydrogen valve 1030 to decrease the amount of hydrogen to mixer 1020. If the pressure of
gases 1045 drops below the desired gas pressurs, pressure controller 1050 will signal to
hydrogen valve 1030 to increase the amount of hydrogen into mixer 1020.

Reacted product 1046 exits reactor 1040 through reactor outlet 1044, Reacted
product 1046 flows into second split area 1140 through fourth orifice 1142 where it is split
into two fiows, split reacted product 1152, which exits second split area 1140 through fiffh
orifice 1144, and recycled reacted product 1156 which exifs second split area 1140 through
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sixth orifice 1146, Recycled reacted product 1156 is pumped through recycle pump 1160
before mixing with fresh feed 1002 at first split area 1010.

FIG. B shows a schematic for an up flow reactor system, generally designated by the
numeral 1200 where the quantity of Hguid in the reactor is controlied by the level of the
liguid inthe reactor. Fresh feed stock 1202 flows into first split arez 1210 through frst
orifice 1204. Recycled reacted product 1356 flows into second orifice 1206 and the
combined recycied reacted product and feed 1212, exits first split area 1210 through third
orifice 1208. Combined recycled reacted product and feed 1212 then enters mixer 1220

through first mixer inlet 1224 where it 1s combined with hydrogen 1232, which enters mixer

© 1220 through second mixer inlet 1228. The quantity of hydrogen 1232 is controtled by

hydrogen valve 1230, Recycled reacted product/fesd/hydrogen 1222 exits mixer 1220
through mixer outlet 1226 and flows info reactor 1240 through reactor miet 1242, Inside
reactor 1240, recycled reacted product/feed/hydrogen 1222 flows through catalyst bed 1260
where it reacts, As recyckéd reacted product/feed/hiydrogen 1222 reacts, hydrogen gas and
Hght end hydrocarbon gases, 1245, may come out of sohution and accumulate at the top of
reacior 1240, Gases 12435 are removed from reactor 1240 through reactor orifice 1247, The
rate at which gases 1245 are removed from reactor 1240 through orifice 1247 is controlied by
vent valve 1270,

The level of the liquid recycled reacted product/feed/hydrogen 1222 is monitored at
ievel controller 1250 which is above catalyst bed 1260. Ifthe level of liguid recysled reacted
product/feed/hydrogen 1222 rises above the desived lguid level, level controlier 1250 will
signal to hydrogen valve 1230 to increase the amount of hydrogen to mixer 1220, If the level
of liquid recycled reacted product/feed/hydrogen 1222 drops below the desired Liquid level,
level contraller 1250 will signal to hydrogen vetve 1230 to decrease the amownt of hydrogen
into mixer 1220.

Reacted product 1246 exits reactor 1240 through reactor outlet 1244, Reacted
product 1246 flows into second split avea 1240 thyough fourth orifice 12472 where it is split
mto two flows, split reacted product 1252, which exits second split area 1340 through fifit
orifice 1344, and recycled reacted product 1356 which exits second split arsa 1340 through
sixth orifice 1346, Recycled reacted product 1356 is pursped through recyele pump 1360
before mixing with fresh feed 1202 at first split area 1210,

FIG, 9 shows a schematic for an up flow Teactor system, generally designated by the
numeral 1400 where the quantity of liquid in the reactor is controlied by the pressure of the

gases in the reactor. Fresh feed stock 1402 flows into first split ares 1410 through first orifice
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1404, Recycled reacted product 1556 flows into second orifice 1406 and the combined
recycled reacted product and feed, 1412, exits first split area 1410 through third orifice 1408.
Combined recycled reacted product and feed 1412 then enters mixer 1420 through first mixer

-inlet 1424 where it is combined with hydrogen 1432, which enters mixer 1420 through

sscond mixer inlet 1428, The quantity of hydrogen 1432 is controlied by hydrogen valve
1430, Recycled reacted product/feed/hydrogen 1422 exits mixer 1420 through mixer outiet
1426 and flows into reactor 1440 through reactor inlet 1442, Insidereactor 1440, recycled
reacted product/feed/hydrogen 1422 flows through catalyst bed 1460 where it reacts. As
Tecyeled reacted product/feed/hydrogen 1422 teacts, hydrogen gas and light end hydrocarbon
gases, 1445, may come out of golution and accumulate at the top of reactor 1440, Gases 1445

are removed from reactor 1440 through reactor orifice 1447, The rate at which gases 1445

“are removed from reactor 1440 through orifice 1447 is controlled by vent valve 1470,

The pressure of excess hydrogen and lght end hydrocarbon gases, 1445, are
monitored at pressure controller 1450 which is above catalyst bed 1460, If the pressure of
gases 1445 rises above the desived gas pressure, pressure controlier 1450 will signal to
hydrogen valve 1430 to decrease the amount of hydrogen to mixer 1420. Ifthe pressure of
gases 1445 drops below the desired gas pressure, pressure controller 1450 will signal to
hydrogen vatve 1430 to increase the amount of hydrogen info mixer 1420,

Reacted product 1446 exits reactor 1440 through reactor cutlet 1444, Reacted
product 1446 flows into second split area 1540 through fourth orifice 1542 where it is split
into two flows, split reacted product 1552, which exits second split ares 1540 through fifih
orifice 1544, and recycled reacted product 1556 which exits second split area 1540 through
sixth orifice 1546, Recycled reacted product 1556 is pumped through recycle pump 1560
before mixing with fresh feed 1402 at first split avea 1410,

FIG. 10 shows a schematic for a down flow two-reactor system, generally designated
by the numeral 1800 where the guantity of liquid in the reactor is controlled by the level of
the liquid in the reactor. Fresh feed stock 18072 flows into. first split area 1810 through first
orifice 1804. Recycled reacted product 1956 fiows into second orifice 1806 and the
combined recycled reacted product and feed 1812, exits first split avea 1810 through third
orifice 1808, Combined recycied reacted product and feed 1812 then enters first mixer 1820
through first mixer inlet 1824 where it is combined with hydrogen 1832, which enters first
mixer 1820 through second mixer inlet 1828. The guantity of hydrogen 1832 is cantrolled by
first hydrogen valve 1830. Recycled reacied product/feed/hydrogen 1822 exits fivst mixer
1820 through first mixer outlet 1826 and flows into first reactor 1840 through first reactor
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inlet 1842, Inside first reactor 1840, recycled reacted product/feed/hydrogen 1822 flows
through first catatyst bed 1860 where it reacts. As recycled reacted product/feed/hydrogen
1822 reacts, first catalyst bed hydrogen gas and light end hydrocarbon gases, 1845, may
come out of solution and accumulate at the top of first reactor 1840. First catalyst bed gases
18435 are removed from first reactor 1840 through first reactor orifice 1847, Therate at
which first catalyst bed gases 1845 are removed from first reactor 1840 through first reactor
orifice 1847 is controlied by first vent valve 1870,

The level of the liquid recyeled reacted product/feed/hydrogen 1822 is monitored at
first level controller 1850 which is above first catalyst bed 1860, If the level of quid
recycled reacted product/feed/hydrogen 1822 rises above the desired Hquid level, first level
controller 1850 will signal to first hydrogen valve 1830 to increase the amount of hydrogen to
first mixer 1820, If the level of liquid recycled reacted product/fesd/hydrogen 1822 drops
below the desired Hquid level, first level controlier 1850 will signal to first hydrogen valve
1830 to decrease the amount of hydrogen into first mixer 1820,

’ First catalyst bed product 1846 exits first reactor 1840 through first reactor outlet
1844, First catalyst bed product 1846 flows inte second mixer 1880 through third mixer iniet
1884, where it is combined with hydrogen 1892 which enters second mixer 1880 through
faurthﬁi}mr inlet 1888, The quaniity of hydrogen 1292 is controlied by second hydrogen
valve 1890, First catalyst bed product/hydrogen 1882 exits second mixer 1880 through
second mixer outlet 1886 and flows into second reactor 1900 through second reactor inlet
1902. Inside second reactor 1900, first catalyst bed product/hydrogen 1882 fiows through
second catalyst bed 1920 where it reacts. As fivst catalyst bed product/hydrogen 1882 reacts,
second catalyet bed hydrogen gas and light end hydrocerbon gases 1905 may come ot of
solution and accumudate at the top of second reactor 1900. Second catalyst bed gases 1905
are removed from second reactor 1900 through second reactor orifice 1907, The rate at
which second catalyst bed gases 1905 are removed from second reactor 1900 through second
reactor orifice 1907 is controlled by second vent valve 1930,

The level of the first catalyst bed product/hydrogen 1882 is monitored at second level
controller 1910 which i1s above second catalyst bed 1920. If the level of first catalyst bed
product/hydrogen 1882 rises above the desired Hiquid level, second level controlier 1910 will
signal to second hydrogen valve 1890 to increase the amount of hydrogen to second mixer
1880. Ifthe level of first catalyst bed product/hydrogen 1882 drops below the desired liquid
level, second level controller 1910 will signal to second hydrogen valve 1890 to decrease the

amount of hydrogen into second mixer 1880.
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Reacted product 1906 exits seoond reactor 1900 through second reactor outlet 1904.
Reacted product 1906 flows into second split area 1940 through fourth orifice 1942 where it
is split into two flows, split reacted product 1952, which exits second split area 1940 through
fifth orifice 1944, and recycled reacted product 1956 which exits second split area 1940
through sixth orifice 1946, Recycled reacted product 1956 is pumped throngh recycle pump
1960 before mixing with fresh feed 1802 at first split area 1810, -

FIG. 11 shows a schematic for a down flow two-reactor system, generally designated
by the numeral 2000 where the quantity of liquid in the reactor is controlled by the pressure
of the gases in the reactor. Fresh feed stock 2002 flows into first split area 2010 throngh first
orifice 2004, Recycled reacted product 2156 flows into second orifice 2006 and the
combined recyeled reacted product and feed 2012 exits first split area 2010 through thivd
orifice 2008, Combined recycled reacted product and feed 2012 then enters first mixer 2020
through first mixer inlet 2024 where it is combined with hydrogen 2032, which enters first
mixer 2020 through second mixer infet 2028. The queantity of hydrogen 2032 is controlled by
first biydrogen valve 2030. Recycled reacted product/feed/hydrogen 2022 exiis first mixer
2020 through first mixer outlet 2026 and flows into first reactor 2040 through first reactor
inlet 2042, Inside first reactor 2040, recycled reacted product/feed/hydrogen 2022 flows
through frst catalyst bed 2060 where i reacts. As recycled reacted product/feed/hydrogen
2022 reacts, first catalyst bed hydrogen gas and light end hydrocarbon gases, 2045, may
come out of solution and accumulate at the top of first reactor 2040, First catelyst bed gases
2045 are removed from first reactor 2040 through first reactor orifice 2047, The rate at
which gases 2045 are removed from first reactor 2040 through first reactor orifice 2047 is
controlied by first vent valve 2070,

The pressure of excess fivst catalyst bed hydrogen and light end hydrocarbon gases
2045 are monitored at first pressure controller 2050 which is above first catalyst bed 2060, If
the pressure of first catalyst bed gases 2045 rises above the desired gas pressure, first pregsure
conirolier 2050 will signal to first hydrogen valve 2030 to decrease the amowrt of hydrogen
to first mixer 2020, If the pressure of first catalyst bed gases 2045 drops below the desired
gas pressure, first pressure controller 2050 will signal to first hydrogen valve 2030 to increase
the amount of hydrogen into first mixer 2020,

First catalyst bed product 2046 exits first reactor 2040 through first reactor outlet
2044. First catalyst bed product 2046 flows into second mixer 2080 through third mier inlet
2084 where it is combined with hydrogen 2092, which enters second mixer 2080 through
fourth mixer inlet 2088, The quantity of hydrogen 2092 is controlled by second hydrogen
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valve 2090, First catalyst bed product/hydrogen 2082 exits second mixer 2080 tarough
second mixer ouflet 2086 and flows into second reactor 2100 through second reactor inlet
2102, Inside second reactor 2100, first catalyst bed product/hydrogen 2182 flows through
second catalyst bed 2120 where it veacts. As first catalyst bed product/hydrogen 2082 reacts,
second catalyst bed hydrogen gas and light end hydrocarbon gases 2105 may come out of
solution and acoumnulate at the top of second reactor 2100.. Second catalyst bed gases 2105
are removed from second reactor 2100 through second reactor orifice 2107, The rate at
which second catalyst bed gases 2105 are removed from second reactor 2100 through second
reactor orifice 2107 is controlied by second vent valve 2130,

The pressure of excess second catalyst bed hydrogen and light end hydrocarben gases
2105 are monitored at second pressure confrolier 2110 which is above second catalyst bed
2120, 1f the pressure of second catalyst bed gases 2105 risss above the desired gas pressure,
second pressure coutroller 2110 will signa! to sscond bydrogen vaive 2090 to decrease the
amount of hydrogen to second mixer 2080. If the pressure of second catalyst bed gases 2105
drops below the desired gas pressure, second pressure controller 2110 will signal-to second
hydrogen valve 2090 to increase the amount of hydrogen into second mixer 2080,

Reacted product 2106 exits second reactor 2100 through second reactor outlet 2104,
Reacted product 2106 flows into second split area 2140 tﬁmn@ fourth orifice 2142 where it
is spiit into two flows, split reacted product 2152, which exits second split area 2140 through
fifth orifice 2144, and recycled reacted product 2156 which exits second split area 2140
through sixth orifice 2146. Recyoled reacted product 2156 1s pumped through recycle pump
2160 before mixing m’ffn fresh feed 2002 at first split area 2010,

FIG. 12 shows a schematic for an up flow two-reactor sysiem, generally designated
by the numeral 2200 where the quantity of liguid in the reactor is controlied by the level of
the Hquid in the reactor. Fresh feed stock 2202 flows into first split area 2210 through first
orifice 2204. Recycled reacted product 2356 flows into second orifice 2206 and the
combined recycled reacted product and feed 2212 exits first split area 2210 through third
orifice 2208, Combined recycled reacted product and feed 2212 then enters first mixer 2220
through first mixer inlet 2224 where it is combined with hydrogen 2232, which enters first
mixer 2220 through second mixer inlet 2228. The quantity of hydrogen 2232 is controlied by
first hydrogen valve 2230, Recycled reacted product/feed/hydrogen 2222 exits first mixer
2220 through frst mixer outlet 2226 and flows tato first reactor 2240 throngh first reactor
inlet 2242. Inside first reactor 2240, recycled reacted product/feed/hydrogen 2222 flows
through first catalyst bed 2260 where it reacts. As recycled reacted product/fesd/hydrogen
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2227 teacts, first catalyst bed hydrogen gas and light end hydrocarbon gases 2245 may come
out of sohrtion and accumulate at the top of reactor 2240. First catalyst bed gases 2245 are
removed from first reactor 2240 through first reactor oﬁﬁce 2247. Thevate at which first
catalyst bed gases 2245 ére removed from first reactor 2240 through first reactor orifice 2247
is controlled by first vent valve 2270.

The level of the liquid recycled reacted product/feed/hydrogen 2222 is monitored at
first tevel controller 2250 which is above first catatyst bed 2260. If the level of liquid
recycled reacted product/feed/hydrogen 2222 rises above the desived lquid level, first level
controlier 2250 will signal to first hydrogen valve 2230 to increase the amount of hydrogen to
first mixer 2220. I the level of liquid recycled reacted product/feed/hydrogen 2222 drops
below the desired liquid level, first level controller 2250 will signal to first hydrogen valve
2230 to decrease the amount of hydrogen into first ‘Iﬁixer 2220,

First catalyst bed product 2246 exits first reactor 2240 through first reactor cutlet
2244, First catalyst bed product 2246 flows into second mixer 2280 through third mixer inlet
2284 where it is combined with hydrogen 2297, which enters second mixer 2280 through
fourth mixer inlet 2288. The quantity of hydrogen 2292 is controlled by second hydrogen
valve 2260, First catalyst bed product/hydrogen 2282 exits second mixer 2280 through
secc}ﬁd mixer outlet 2286 and flows into second reactor 2300 through second reastor inlet
2302. Inside second reactor 2300, first catalyst bed product/hydrogen 2282 flows through
second catalyst bed 2320 where it reacts. As first catalyst bed product/hydrogen 2282 reacis,
second catatyst bed hiydrogen gas and light end hydrocarbon gases 2305 may come out of
solution and accumulate at the top of second reactor 2300. Second catalyst bed gases 2305
are removed from second reactor 2300 through second reactor orifice Z307. The rate &
which second catalyst bed gases 2305 are removed from second reacior 2300 through sscond

eactor orifice 2307 is controlied by second vent valve 2330.

The level of the first catalyst bed product/hydrogen 2282 is monitored af second level
controtler 2310 which is above second catalyst bed 2320, If the level of first catalyst
bed/nydrogen 2282 rises above the desired Hauid level, second level controlier 2310 will
signal to second hydrogen valve 2290 fo increase the amount of hydrogen to second mixer
2280, If the level of first catalyst bed product/hydrogen 2282 drops below the desived liguid
level, sécond level controller 2310 will signal to second hydrogen valve 2290 to increase the
amount ofhydrogsn into second mixer 2280.

Reacted product 2306 =xits second reactor 2300 through second reastor outlét 2304.
Reacted product 2306 flows into second split area 2340 thrbugh fourth orifice 2342 where it
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is split into two flows, split reacted product 2352, which exits second split area 23406 through
fifih orifice 2344, and recycled reacted product 2356 which exits second split area 2340
through sixth orifice 2346. Recycled reacted product 2356 is pumped through recycle pump
2360 before mixing with fresh feed 2302 at first split area 2310,

FIG. 13 shows a schematic for an up flow two-reactor system, generally designated
by the numeral 2400 where the quantity of liquid in the reactor is conirolled by the pressure
of the gases in theteactor. Fresh feed stock 2402 flows info first sphit avea 2410 through frst
orifice 2404, Recycled reacted product 2556 fiows into second orifice 2406 and the
combined recycled reacted product and feed, 2412, exifs frst split area 2410 through third
orifice 2408. Combined recycled reacted product and feed 2412 then enters first mixer 2420
through first mixer mlet 2424 where it is combined with hydrogen 2432, which enters first
mixer 2420 through second mixer iniet 2428, The quantity of hydrogen 2432 is controlted by
first hydrogen valve 2430. Recycled reacted product/feed/hydrogen 2422 exits first mixer
2420 through first mixer outlet 2426 and flows into first reactor 2440 through first reactor
inlet 2442, Inside first reactor 2440, recycleﬁ reacted product/feed/hydrogen 2422 flows
through first catalyst bed 2460 where it reacts. As recycled reacted product/feed/hydrogen
2422 reacts, first catalyst bed hydrogen gas and light end hydrocarbon gases 2445 may come
out of sotufion and sccnmulate at the top of first reactor 2440, First catalyst bed gases 2445
are removed from first reactor 2440 through first reactor orifice 2447, The rate at which first
catalyst bed gases 2445 are removed from first reactor 2440 through first reactor orifice 2447
is controlied by first vent valve 2470.

The pressure of excess first catalyst bed hydrogen and light end hydrocarbon gases,
2445, are monitored at fivst pressure controller 2450 which is sbove first catalyst bed 2460,
If the pressure of first catalyst bed gases 2445 rises above the desired gas pressure, first
pressure controller 2450 will signal to first hydrogen valve 2430 to decrease the amount of
hydrogen to first mixer 2420, If the pressure of first catalyst bed gases 2445 drops below the
desired gas pressurs, fivst pressare controlier 2450 will signal to first hydrogen vatve 2430 to
increase the amount of hydrogen into first mixer 2420,

First catalyst bed product 2446 exits first reactor 2440 through first reactor ouilet
2444, Fizst catalyst bed product 2446 flows into second mixer 2480 through third mixer iniet
2484 where it is combined with hydrogen 2492, which enters second mixer 2480 through
fourth mixer inlet 2488. The guantity of hydrogen 2492 is controlled by second hydrogen
valve 2490. First catalyst bed product/lydrogen 2482 exits second mixer 2480 through

second mixer outlet 2486 and flows into second reactor 2500 through second reactor inlet
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2502, Inside second reactor 2500, first catalyst bed product/hydrogen 2582 flows through
second catalyst bed 2520 where 1 reacts. As frst catalyst bed product/hydrogen 2482 reacts,
second catalyst bed hydrogen gas and light end hydrocarbon gases 2505 may come out of
solution and accumulate at the top of second reactor 2500. Second catalyst bed gases 2505
are removed from second reactor 2500 through second reactor orifice 2507, The rate at
which second catalyst bed gases 2505 are removed from second reactor 2500 through second
reactor orifice 2507 is controlled by second vent valve 2530,

The pressure of excess second catalyst bed hydrogen and light end hydrocarbon gases,
2503, are monitored at second pressure controlier 2510 -which is above second catalyst bed
2520. If the pressure of second catalyst bed gases 2505 rises above the desired gas pressure, |
second pressure controller 2510 will signal to second hydrogen valve 2490 to decrease the
amount of hydrogen to second mizer 2480, If the pressore of second catalyst bed gases 2505
drops below the desired gas pressure, second pressure controlier 2510 will signal to second
bydrogen valve 2490 to increase the amount of hydrogen into second mixer 2480,

Reacted product 2506 exits second reactor 2500 through second reactor outiet 2504,
Reacted product 2506 flows into second split area 2540 through fourth orifice 2542 where it
is split into two flows, split reacted product 2552, which exits second split area 2540 through
fifth orifice 2544, and recyoled reacted product 2556 which exits second sphit area 2540
through sixth orifice 2546, Recyoled reacted product 2556 is purnped through recycle pump
2560 before mixing with fresh feed 2402 at first split area 2410,

FIG. 14 shows 2 schematic for a down flow multi-bed reactor system, generally
designated by the numeral 2800 where the quantity of liquid in the reactor is controlled by the
level of the liquid in the reactor. Fresh feed stock 2802 flows into frst split area 2810
tbrough firgt orifice 2804, Recycled reacted product 2936 flows into second orifice 2806 and
the combined recycled reacted product and feed, 2812, exits first split area 2810 through third
orifice 2808, Combined recycled reacted product and feed 2812 then enters first mixer 2820
forough first mixer inlet 2824 where it is combined with hydrogen 2832, which enters first
mixer 2820 through second mixer orifice 2828. The guantity of hydrogen 2832 is controlled
by first hydrogen valve 2830. Recycled reacted product/feed/hydrogen 2822 exits first mixer
2820 through first mixer outlet 2826 and flows into reactor 2844 through Teactor inlet 2847,
Inside reactor 2840, recycled reacted product/feed/hydrogen 2822 flows through first catalyst
bed 2860 where it reacts. As recycled reacted product/feed/hydrogen 2822 reacts, frst
catalyst bed hydrogen gas and light end hydrocarbon gases 2845 may come out of solution

and accumulate at the top of reactor 2840, First catalyst bed gases 2845 are removed from
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reactor 2840 through first reactor orifice 2847, The rate at which first catalyst bed gases
2845 ave removed from reactor 2840 through first reactor orifice 2847 is controlled by first
vent vatve 2870.

The level of the liguid recycled reacted product/feed/hydrogen 2822 is monitored at
first level controller 2850 which is above first catalyst bed 2860. If fhe level of Hauid
recycled reacted product/feed/hydrogen 2822 rises above the desired liquid level, first level
controlier 2850 will signal to first hydrogen valve 2830 to increase the amount of hydrogen fo
first mixer 2820. If the level of liquid recycled reacted product/feed/hydrogen 2822 drops
below the desired Yiquid level, first level controlier 2850 will signal to fivst hydrogen valve

2830 1o decrease the amount of hydrogeﬁ mto mixer 2820.

First catalyst bed product 2846 flows into second mixer 2880 through third mixer

inlet 2884 where it is combined with hydrogen 2892, which enters second mixer 2880

through fourth mixer inlet 2888, The guantity of hiydrogen 2892 is controlied by second
hydrogen valve 2890, First catalyst bed product/hydrogen 2882 exits second mixer 2880

through second mixer outlet 2886 and flows throngh second catalyst bed 2920 where it

reacts. Ag first catalyst bed product/hydrogen 2882 reacts, second catalyst bed hydrogen gas
and light end hydrocarbon gases 2903 may come out of solution and accumulate at the top of
second catalyst bed 2820, Second catalyst bed gases 2905 are removed through second
reactor orifice 2907, The rate at which second catalyst bed gases 2905 are removed from
through second reactor orifice 2907 is controlled by second vent valve 2930.

The level of the Hguid first catalyst bed product/hydrogen 2882 is monitored at
second level controller 2910 which is above second catalyst bed 2920, If the level of liguid
first catalyst bed product/hydrogen 2882 rises abave the desired lignid level, second level
controiler 2910 will signal 1o second hydrogen valve 2890 to increase the amount of
hydrogen to second mixer 2880. If the level of Yguid first catalyst bed product/hydrogen
2882 drops below the desired liquid level, second level controller 2910 will signal to second
hydrogen valve 2890 to increase the amount of bydrogen into second mixer 2880

Reacted product 2906 exits reactor 2840 through reactor outlet 2844. Reacted
product 2846 flows into second sphit area 2540 through fourth orifice 2942 where if is sphit
into two flows, split reacted product 2952, which exits second split area 2940 through fifth
orifice 2944, and recycled reacted product 7956 which exits second split area 2940 through
sixth orifice 2946. Recycled reacted product 2956 is pumped through recycle pmmp 2960
before mixing with fresh feed 2802 at first split ares 2810,
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FIG, 15 shows a schematic for a down flow multi-bed reactor system, generally
designated by the numeral 3000 where the guantity of liquid in the reactor is controlied by the
pressure of the gases in the reactor. Fresh feed stock 3002 flows into first split arsa 3010
through first orifice 3004. Recycled reacted product 3156 flows into second orifice 3006.313{1
the combined recycled reacted product and feed, 3012, exits first split area 3010 through third
orifice 3008. Combined recyc}éd reacted product and feed 3012 then enters first mixer 3020
through first mixer inlet 3024 where it is combined with hydrogén 3032, which enters first
mixer 3020 through second mixer inlet 3028. The guantity of hydrogen 3032 is controlied by
first nydrogen valve 3030. Recycled reacted product/feed/hydrogen 3022 exits first mixer
3020 through first mixer outlet 3026 and flows into reactor 3040 through reactor inlet 3042,
Inside reactor 3040, recycled reacted product/feed/hiydrogen 3022 flows through first catalyst
bed 3060 where it reacts. As recycled reacted product/feed/hydrogen 3022 reacts, first
catalysf bed hydrogen gas and light end hydrocarbon gases 3045 may come out of solution
and acoumulate at the top of reactor 3040, First catalyst bed gases 3045 ave removed from
reactor 3040 through first reactor orifice 3047. Therate at which first catalyst bed gases
3045 are removed from reactor 3040 through first orifice 3047 is controlied by first vent
valve 3070,

The pressure of excess first catalyst bed hiydrogen and light end hydrocarbon gases
3045 are monitored at first pressure controlier 3050 which is above first catalyst bed 3060. If
the pressure of first catalyst bed gases 3045 rises above the desired gas pressure, first pressure
controlier 3050 will signal o first hydrogen vatve 3030 to decrease the amount of hydrogen
to first mixer 3020. If the pressure of first catalyst bed gases 3045 drops below the desired
gas pressure, first pressure controller 3050 wili signal to first hydrogen valve 3030 to increase
the amount of hydrogen into first mixer 3020.

First catalyst bed product 3046 flows into second mixer 3080 through third mixer
inlet 3084 where it is combined with hydrogen 3092, which enters second mixer 3080
through fourth mixer inlet 3088, The quantity of hydrogen 3052 is controlied by second
hydrogen valve 3090. First catalyst bed product/hydrogen 3082 exits second mixer 3080
through second mixer outlet 3086 and flows through second catalyst bed 3120 where it
reacts. As first catalyst bed product/hydrogen 3082 teacts, second catalyst bed hydrogen gas
and light end hydrocarbon gases 3105 may come out of solution and acoumulate at the top of
second catalyst bed 3120. Second catalyst bed gases 3105 are removed through second
reactor orifice 3107. The rate at which second catalyst bed gases 3105 are removed from

through second reactor orifice 3107 is controlied by sscond vent valve 3120.
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The pressure of excess second catalyst bed hydrogen and light end hydrocarbon gases
3105 are monitored at second pressure controller 3110 which is above second catalyst bed
3120. If the pressure of second catalyst bed gases 3105 rises above the desired gas pressure,
sscond pressure controller 3110 will signal to second hydrogen valve 3090 to decrease the
amount of hydrogen to second mixer 3080. If the pressure of second catalyst bed gases 3105
drops below the desired gas pressure, second pressure controller 3110 will signal to second
bydrogen valve 3090 to increase the amount of hydrogen into second mixer 3080.

Reacted product 3106 exits reactor 3040 through reactor cutlet 3004. Reacted

- product 3106 flows into second split area 3140 through fourth orifice 3142 where it is split

into two flows, split reacted product 3152, which exits second split area 3140 through fifth
orifice 3144, and recycled reacted product 3156 which exits second split area 3140 through
sixth orifice 3146. Recycled reacted product 3156 is pumped through recycle pump 3160
before mixing with fresh feed 3002 at first split area 3010, '

FIG. 16 shows a schematic for an up flow mulii-bed reactor system, generally
designated by the numeral 3200 where the quantity of liqnid in the Teactor is controlied by the
level of the liquid in the reactor. Fresh feed stocl 3202 flows into first split area 3210
through first orifice 3204, Recycled reacted product 3356 flows into second orifice 3206 and
the combined recycied reacted product and feed, 3212, exits frst split avea 3210 through third
orifice 3208. Combined recycled reacted product and feed 3212 then enters first mixer 3220
through first mixer inlet 3224 where it is combined with hydrogen 3232, which enters first
mixer 3220 through second mixer inlet 3228, The guantity of hydrogen 3232 is controlied by
first hydrogen valve 3230, Recycled reacted product/feed/bydrogen 3222 exits first mixer
3220 through first mixer outlet 3226 and flows into reactor 3240 through reactor nlet 3242,
Inside reactor 3240, recycled reacted product/feed/hydrogen 3222 flows through first catalyst
bed 3260 where it reacis. As recycled reacted product/feed/hydrogen 3222 reacts, first
catalyst bed hiydrogen gas and light end hydrecarbon gases, 3245, may come out of solution
and accumulate at the top of reactor 3240. First catalyst bed gases 3245 are removed from
reactor 3240 through first reactor vrifice 3247, 'Lhe Tate at which first catalyst bed gases
3245 are removed from reactor 3240 through first reactor orifice 3247 is controlled by first
vent vaive 3270,

The level of the lguid recycled reacted product/feed/hydrogen 3222 1s monitored at
first level controller 3250 which is above first catalyst bed 3260. Ifthe level of Hguid
recycied reacted product/feed/hydrogen 3222 rises above the desired hiquid level, first level

controller 3250 will signal to first hydrogen valve 3230 to increase the amount of hydrogen to
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first mixer 3220, If the level of liquid recycled reacted product/feed/hydrogen 3222 drops
below the desired Hquid level, first level controller 3250 will signal to first hydrogen valve
3230 to decrease the amount of hydrogen into first mixer 3220, .

First catalyst bed product 3246 flows into second mixer 3280 through third mixer
inlet 3284 where it is combined with hydrogen 3292, which enters second mixer 3280
throngh fourth mixer inlet 3288. The quantity of hydrogen 3292 is controlled by second
hydrogen valve 3290. First catalyst bed product/hydrogen 3282 exits second mixer 3280
through second mixer outlet 3286 and flows through second catalyst bed 3120 where it
reacts. As first catalyst bed-prodnctfnyémgeﬁ 3282 reacts, second catalyst bed hydrogen gas
and light end hydrocarbon gases 3305 may come out of sclution and accumulate at the top of
second catalyst bed 3320. Second catatyst bed gases 3305 are removed through second
reactor orifice 3307, The rate at which second cataltyst bed gases 3305 are removed from
through second reactor orifice 3307 is controlled by second vent valve 3330,

The level of the first catalyst bed product/hydrogen 3282 is monitored at second Isvel
controller 3310 which is above second catalyst bed 3320. Ifthe level of first catalyst bed
product/hydrogen 3282 rises above the desired liquid level, second level controller 3310 will
signal to second hydrogen vaive 3290 to increase the amount of hydrogen to second mixer
3280, Ifthe level of first catatyst bed product/hydrogen 3282 drops below the desired liguid
level, second level controller 3310 will signal to second hydrogen valve 3290 to increase the
amount of hydrogen into second mixer 3280,

Reacted product 3306 exits reactor 3240 through reactor outlet 3244, Reacted
product 3246 flows into second split area 3340 through fourth orifice 3342 where it is split
into two flows, split reacted product 3352, which exits second split area 3340 through fifth
orifice 3344, and recycied reacted product 3356 which exits second split avea 3340 through
sixth orifice 3346, Recycled reacted product 3356 is pumped through recycle pumyp 3360
before mixing with fresh feed 3202 at first split area 3210,

FIG. 17 shows & schematic for an up flow multi-bed reactor system, generally
designated by the numeral 3400 where the quantity of liguid in the reactor is controlled by the
pressure of the gases in the reactor. Fresh feed stock 3402 flows info first split area 3410
through first orifice 3404, Recycled reacted product 3556 flows into second orifice 3406 and
the combined recycled reacted product and feed, 3412, exits first split avea 3410 through third
orifice 3408. Combined recycled reacted product and feed 3412 then enters first mixer 3420
through first mixer inlet 3424 where it is combined with hydrogen 3432, which enters first
mixer 3420 through second mixer inlet 3428, The quantity of hydrogen 3432 is controlled by
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first hydrogen valve 3430, Recycled reacted product/feed/hydrogen 3422 exits first mixer
3420 through first mixer outlet 3426 and flows info reactor 3440 through reactor inlet 3442,
Inside reactor 3440, recycied reacted product/feed/hydrogen 3422 flows through first catalyst
bed 3460 where it reacts. As recyeled reacted product/feed/hydrogen 3422 reacts, first
catalyst bed hydrogen gas and light end hydrocarbon gases, 3445, may come out of solution
and accumulate at the top of reactor 3440, First catalyst bed gases 3445 are removed from
reactor 3440 through first reactor orifice 3447, The rate at which first catalyst bed gases
3445 are removed from reactor 3440 through orifice 3447 1s controlled by first vent valve
3470.

The pressure of excess first catalyst bed hiydrogen and light end hydrocarbon gases,
3445, are monitored at first pressure controiler 3450 which is above first ca,téiyst bad 3460,
If the pressure of first catatyst bed gases 3445 1ises above the desired gas pressure, first
pressure controller 3450 will signal to first hydrogen valve 3430 to decrease the amount of
hydrogenio first mixer 3420, If the pressure of first catalyst bed gases 3445 drops below the
desired gas pressurs, first pressure controller 3450 will signal to first hydrogen valve 3430 to
increase the amount of hiydrogen into first mixer 3420,

Pirst catatyst bed produoct 3446 flows into second mixer 3480 through third mixer
inlet 3484 where it is combined with hydrogen 3492, which enters second mixer 3480
through fourth mixer inlet 3488, The quantity of hydrogen 3492 is controlied by second
hydrogen valve 3490, First catalyst bed product/hydrogen 3482 exits second mixer 3480
through second mixer outlet 3486 and flows through second catalyst bed 3520 wheres it
reacts. As first catalyst bed product/hydrogen 3482 reacts, second catalyst bed hydrogen gas
and light end hydrocarbon gases 3505 may come out of solution and accumulate at the top of
second catalyst bed 3520, Second catalyst bed gases 3505 ars removed through second
reactor orifice 3507. The rate at which second catalyst bed gases 3505 are removed from
through second reactor orifice 3507 is controlled by second vent valve 3530,

The pressure of excess second catalyst bed hydrogen and Bght end rydrocarbon gases,
3505, are monitored at sscond pressure confroller 3510 which is above second catalyst bed
3520, Ifthe pressure of second catalyst bed gases 3505 rises above the degired gas pressure,
second pressure controlier 3510 will signal {o second hydrogen valve 3490 to decrease the
amount of hydrogen to sscond mixer 3480, If the pressure of second catalyst bed gases 3505
drops below the desired gas pressure, second pressure controller 3510 will signal to second

hydrogen valve 3490 to increase the amount of hiydrogen into second mixer 3480.
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Reacted produet 3506 exits reactor 3440 through reactor outlet 3444. Reacted
product 3446 flows into second split area 3540 through fourth orifice 3542 whers it is split
into two flows, split reacted product 3552, which exits second split area 3540 throngh ffih

- orifice 3544, and recycled Teacted product 3556 which exits second split area 3540 through

sixth orifice 3546, Recycled reacted product 3556 is pumpped through recycle pump 3560
before mixing with fresh feed 3402 at first split avea 3410,

FIG. 18 shows a schematic for a single bed reastor with 2 level controller foruseina
down flow continuous liquid phase hydroprocessing process, generally designated by the
number 4000. Reactor 4000 is composed of vessel 4010, having an inlet orifice, 4042, and an
outlet orifice, 4044. The interior of reactor 4000 is divided into two zones, an upper zone,
4020, containing gases 4025, and a significantly larger lower zone, 4030, containing catalyst
bed 4060, composed of catatyst particies 4062, and Hquids 4035,

Level controller 4050 is used to maintain the quantity of liguids 4035 in lower zone
4030 at a level above catalyst bed 4060. Vent 4047 releases gases 4025 from upper zone
4020 at a predetermined constant rate. Vent 4047 isreguiated by vent valve 4070.

FIG. 19 shows a schematic for a multi-bed reactor with pressure controllers for use in

an up flow continuous liguid phase hydroprocessing process, geperally designated by the

number 4200, Reactor 4200 is composed of vessel 4210, having an inlet orifice, 4242, and an

outlet orifice, 4244. The interior of the reactor consists of a first catalyst bed, 4260,
composed of catalyst particles 4262, followed by amixer 4280, which 1s then followed by a
second catalyst bed, 4320, composed of catalyst particles 4322,

The portion of reactor 4200 located between reactor inlet 4242 and mixer 4280 is
divided into two zones, an upper zone, 4220, containing gases 4225, and 2 significantly larger
lower zons, 4230, containing catalyst bed 4260 and Haunids 4235,

Pressure controlier 4250 is used to maintain the pressure of gases 4225 in upper zone
4220 at a predetermined pressure. Vent 4247 releases gases 4225 from upper zone 4220 at a
predetermined constant rate. Vent 4247 is regulated by vent valve 4270.

Mixer 4280, comprising 2 first inlet 4284 {o introduce Hiquids 4235 into mixer 4280, &
second inlet 4288 to introduce hydrogen into mixer 4280, and an outlet 4286 leading to
second catalyvst bed 4320,

The portion of reactor 4200 located between mixer 4280 and reactor outlet 4244 is
divided into two zones, an upper zone, 4350, containing gases 4355, and 2 significantly larger

lower zone, 4360, containing catalyst bed 4320 and liquids 4365,
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Pressure controller 4310 is used to maintain the pressure of gases 4355 in upper zone
4350 at a predetermined pressure. Vent 4307 releases gases 4355 from upper zone 4350 at 2
predetermined constant rate. Vent 4307 is regulated by vent valve 4330,

In accordance with the present invention, deasphalting solvents include propane,
butanes, and/or pentanes. Other feed diluents include Hght hydrocarbons, light distillates,
naphtha, diesel, VGO, previousty hydroprocessed stocks, recycled hydrocracked product,
isomerized product, recycled demetaled product, or the like,

EXAMPLE 1

A feed selected from the group of petroleum fractions, distillates, resids, waxes, hubes,
DAQ, or fuels other than diesel fuel is hydrotreated at 620K to remove sulfur and nitrogen.
Approximately 200 SCF (5.66 m”) of hydrogen must be reacted per barrel of diesel fuel to
make specification product. The diluent is selected from the group of propane, butane,
pentane, light hydrocarbons, light distillates, naphtha, diesel, VGO, previously
hydroprocessed stocks, or combinations thereof A tubular reactor operating at 620K outlet

temperature with a 1/1 or 2/1 recycle to feed rafio at 65 or 95 bar is sufficient to accomplish
the desired reactions.

EXAMPLE 2

A feed selected from the group of petrolenm fractions, distillates, resids, oils, waxes,
lubes, DAQO, or the like other than deasphalted oil is hydrotreated at 620K to remove sulfur
and nitrogen and to saturate aromatics. Approximately 1000 SCF (28.32 m*) of hiydrogen
must be reacted per barrel of deasphalted oil to make specificatior product. The diluent is
selected from the group of propane, butane, pentane, light hydrocarbone, light distillates,
naphthe, diesel, VGO, previously hydroprocessed stocks, or combinations thereof. A tubular
reactor operating at 620K outlet temperature and 80 bar with a recycle rafio 0£2.5/1 is

sufficient to provide all of the hydrogen required and allow for a less than 20K temperatire
rise through the reactor.

EXAMPLE 3

A continnous liquid phase hydroprocessing method and apparatus as deseribed and
show herein.
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EXAMPLE 4

In a hydroprocessing method, the improvement comprising the step of mixing and/or
flashing the hydrogen and the oil to be treated in the presence of a solvent or diluent in which
the hydrogen solubility is high relative to the oil feed.

EXAMPIR S

The Example 4 above wherein the solvent or diluent is selected from the group of

" heavy naphtha, propane, butane, pentane, light hydrocarbans, light distillates, naphthea, diesel,

VGO, previously hydroprocessed stocks, or combinations thereof,

EXAMPLEG
The Example 5 above wherein the feed is selected from the group of oil, petroleum
fraction, distillate, resid, diesel fuel, deasphalted oil, waxes, lubes, and the like.

EXAMPIET

A continuous liquid phase hydroprocessing method comprising the steps of blending a
feed with a diluent, saturating the diluent/feed mixture with hydrogen ahead of a reactor
reacting the feed/diluent/hydrogen mixtare with & catalyst in the reactor to saturate or remove

sulfior, nitrogen, oxygen metals, or other contaminants, or for molecular weight reduction or
oracking,

EXAMPLES

The Example 7 above wherein the reacior is kept at a pressure of 500-5000 psi (3447
kPa - 34 4773kPa}, preferably 1000-3000 psi (6895 kPa — 20,684 kPa).

EXAMPIES
The Example 8 sbove further comprising the step of running the reactor at
supercritical solution conditions so that there is no solubility limit.

EXAMPLE 10

The Example 9 above further comprising the step of removing heat from the reacior
effluent, separating the diluent from the reacted feed, and recycling the dituent to a point
upstream of the reactor,
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CEXAMPLE 11

A hydroprocessed, hydrotreated, hydrofinished, hydrorefined, hydrocracked, or the
like petroleum product produced by one of the above described Bxamples.

EXAMPLE 12

A reactor vessel for use in the improved hydrotreating process of the present
invention inclndes catalyst in relatively small tubes of Z~inch (5.08 cm) dlameter, with an
approximate reactor volume of 40 £ (1.13 m®), and with the reactor built to withstand
pressures of up to about only 3000 psi (20,684 KE’a};

EXAMPLE 13

In 2 solvent deasphalting process eight volumes of n-butane are contacted with one

volume of vacuum tower bottoms. After removing the pitch but prior to recovering the

- solvent from the deasphalted oil (DAO) the solvent/DAO mix is pumped to approximately

1000-1500 pst (6895 iPa — 10,342 kPa) and mixed with hydrogen, approximately 500 SCF
(25.4 m°) 5, per barrel of DAQ. The solvent/DAO/hydrogen mixture is heated to
approximately S80K-620K. and contacted with catalyst for removal of sulfur, nitrogen and
saturation of aromatics. After hydrotreating fhe burtane isTecovered from the hydroteeated
DAQO by reducing the pressure to approximately 600 psi (4137 kPa).

EXAMPLE 14

At least one of the examples above including multi-stage reactors, wherein two or
more reactors are placed in series with the reactors configured in accordance with the present
invention and having the reactors being the same or different with regpect to temperature,
pressure, catalyst, or the like, and/or multi-bed reactors, wherein two or more catalyst beds

are placed in 2 single reactor in accordance with the present invention.

EXAMPLE 135

Purther to Bxample 14 above, using multi-stage reactors to produce specialty
produsts, waxes, lubes, and the like,

Briefly, hydrocracking is the breaking of carbon-carbon bonds and
hydroisomerization is the rearrangement of carbon-carbon bonds. Hydrodemetalization is the
removal of metals, vsually fom vacuum fower bottoms or deasphalted oil, to avoid catalyst

poisoning in cat crackers and hydrocrackers.
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EXAMPLE 16

Hydrocracking: A volume of vacuum gas oil is mixed with 1000 SCF (6895 kPa) Hy
per barrel of gas oil feed and blended with two volumes of recycled hydrocracked product
(diluent) and passed over a hydrocracking catalyst at 750°F (399°C) and 2000 psi (13,789

kPa). The hydrocracked product contained 20 percent naphtha, 40 percent diesel and 40
percent resid. '

BXAMPLE 17 .
Hydroisomerization: A volume of feed containing 80 percent paraffin way ismixed
with 200 SCF (5.66 m®) H, per barrel of feed and blended with one volume of isomerized

product as dituent and passed over an isomerizing catalyst at 550°F (287.8°C) and 2000 pst

- {13,789 kPa). The isomerized product has a pour point of 30°F (-1°C) and a V1 of 140.

EXAMPLE 1R

Hydrodemetalization: A volume of feed containing 80 ppm total metals is biended
with 150 SCF (4.25 kPa) H, per barrel and mixed with one volume of recycled demetaled
product and passed over & catalyst of 450°F (232°C) and 1000 pst (6895 kP*a). The product
contained 3 ppm total metals.

Generally, Fischer-Tropsch refers to the production of paraffing from carbon
monoxide and hydrogen (CO and H, or synthesis gas). Synthesis gas contains CO», CC, H;
and is produced from various sources, primarily coal ornatural gas. The synthesis gas is then
reacted over specific catalysts to produce specific products.

The Fischer-Tropsech synthesis is the production of .hydmcarbons, almost exclusively
paraffing, from CO and H; over a supported metal catalyst. The classic Fischer-Tropsch
catalyst is ron; however other metal catalysis are also used.

Synthesis gas can and is used to produce other chemicals as well, primarily alechols,
although these are not Rischer-Tropsch reactions. The technology of the present invention
can be used for any catalytic process where one or more components must be transferred
frorn the gas phase to the Hquid phase for reaction on the catalyst surface.

EXAMPLE 19

& two stage hydroprocessing method, wherein the first stage is operated at conditions

sufficient for removal of sulfur, nitrogen, oxygen and the like [620K, 100 psi (689 kPa)],
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after which the contaminants ¥,S, NH; and water are removed and a second stage reactor is

then cperated at conditions sufficient for aromatic saturation,

EXAMPLE 20

The process as recited in at least one of the exaraples above, wherein in addition to
hydrogen, carbon mono:dde: (CO) is mixed with the hydrogen and the mixture is contacted
with aFischer-’Iropsch catalyst for the synthesis of hiydrocarbon chemicals.

EXAMPLE 21

The process as recited in at least one of the examples above, wherein the guantity of
the liquid feed/dilnent/hydrogen mixture inside the reactor is controlled by the level of the
lquid feed/diluent/hydrogen mixture and reacted Hguid feed/ditnent/hydrogen mixture in the
reactor.

The level of the lignids in thereactor is held above the top of the catalyst bed in the

Teactor and monitored by 2 level controller. Asthe level of the liguids in the reactor rises or

falls, the amnount of hydrogen added to the feed/diluent mixture is adjuéted to lower or raise,
respectively, the level of the liguids in the reactor.

EXAMPLE 22

Theprocess as recited in at least one of the examples above, wherein the quantity of
the liquid feed/dilaent/hydrogen mixture inside the reactor is controlied by the pressure of the
excess hydrogen gas and light end hydrocatbon gases at the top of the reactor.

The pressure of the gases at the top of the reactor is held to a specified pressure
appropriate for the particular application, with respect to the feed and the desired product
specifications. As the pressure of the gases at the top of the reactor increases or decreases,
the amount of hydrogen added to the feed/diluent mixture is adjusted to decrease or increase,

respectively, the pressure of the gases at the top of the reactor.

In accordance with the present invenfion, an improved hydroprocessing,
hydrotreating, hydrofinishing, hydrorefining, and/or hydrocracking process provides for the
removal of impurities from lube oils and waxes at a relafively low pressure and with a
mininnm smount of catalyst by reducing or eliminating the need o force hydrogen into
solution by preséure in the reactor vessel and by increasing the solubility for hydrogen by

adding a difuent or a solvent or choice of diluent or solvent. For example, a diluent for a
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heavy cut is diesel fuel and a dituent for a light cut is pentane. Moreover, while using
pentane as a diluent, one can achieve high solubility. Further, using the process of the
present invention, one can achieve more than a stoichiometric requirement of hydrogen in

solution. Also, by utilizing the process of the present invention, one can reduce cost of the

pressure vessel and can use catalyst in small tubes in the reactor and thereby reduce cost.

Further, by utilizing the process of the present invention, one may be able to eliminate the
need for a hydrogen recycle compressor,

Although the process of the present invention can be utilized in conventional
equipment for hydroprocessing, hiydrotreating, hydrofinishing, hydrorefining and/or
hydrocracking, one can achieve the same or a better result using lower cost equipment,
reactors, hydrogen compressors, and the like by being able to run the process at a lower
‘pressure, and/or recyeling solvent, diluent, hydrogen, or at least aportion of the previously
hydroprocessed stock or feed.

While the invention has been shown in only some of its forms, it should be apparent
to those skilled in the art that it is not so Hmited, but is susceptible to various changes and
modifications without departing from the scope of the invention. Accordingly, it is

appropriate that the appended claims be construed broadly and in a manner consistent with
the scope of the invention. ‘
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CLAIMS

A reactor for a continuous liquid phase hydroprocessing system, wherein
liguids react with hydrogen dissolved in the liquids at a catalyst surface to
form reacted liquids, excess hydrogen gas, and light end hydrocarbon
gases and said liquids additionally serve to minimize fluctuations in the
temperature of the reactor, comprising:

(a) a vessel having a top and a bottom;

(b) a catalyst bed containing catalyst particles which fill a majority of
said vessel,

(c) inlet to allow a mixture of liquids with hydrogen dissolved therein to
enter said vessel wherein theinlet to the vessel is at the top of the vessel,

(d) an upper zone of said vessel adapted to temporarily house gases
inside said vessel:

(e) a substantially isothermal lower zone of said vessel adapted to
temporarily house liquids, surrounding said catalyst bed inside said vessel,

(f) an outlet to allow said reacted liquid to exit said vessel;

(g) a control system to adjust the quantity of the liquids in the vessel or
to adjust pressure of the hydrogen gas by increasing or decreasing the
amount of hydrogen added to said liquids;

(h) a vent to allow said excess hydrogen gas and said light end
hydrocarbon gases to leave said vessel through said top of said vessel; and

(i) a valve to adjust the amount of gas leaving said vessel through

said vent.
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The reactor of claim 1 wherein the control system has an upper zone of
gases and a substantially larger lower zone of liquids surrounding a
catalyst, comprising (a) an indicator located on said reactor; (b) means for
sensing the quantity of liquid in said reactor; (c) an indicator reading
obtained from said sensing means; (d) means for converting said indicator
reading to an indicator signal; (e) a computer to receive said indicator signal;
(f) means for transmitting the indicator signal fo said computer; (g)
a software program fo interpret seid indicator signal and make
adjustments based on said indicator signal; (h) means for converting said
adjustments to an adjustment signal; (i) means for transmitting said
adjustment signal; (j) a hydrogen control valve, located upstream from
said reactor, which adjusts the amount of hydrogen going into a reactor
feed; (k) means for interpreting the adjustment signal at said hydrogen
control valve; and (I) means for adjusting said hydrogen control valve

based on said interpreting means.

The reactor of claim 2 wherein: the indicator on the reactor is a liquid

level indicator.

The reactor of claim 2 wherein: the indicator on the reactor is a gas
pressure indicator.
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