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(54) Title: TWQO PHASE HYDROPROCESSING

{57) Abstract

A process where the need to circulate hydrogen 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. The type and amount of diluent added, as well as the reactor conditions, can be set so that all of the hydrogen required in the
hydroprocessing reactions is available in solution. The oil/diluent/hydrogen solution can then be fed to a plug flow reactor packed with
catalyst where the oil and hydrogen react. No additional hydrogen is required, therefore, hydrogen recirculation is avoided and trickle bed
operation of the reactor js avoided. Therefore, the large trickle bed reactors can be replaced by much smaller tubular reactor.
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TWO PHASE HYDROPROCESSIN G

BACKGROUND OF THE INVENTION

The present invention is directed to a- two phase hydroprocessing process and
apparatus, wherein the need :o_éirculale hydrogen gas through the catalyst is climiﬁ‘aged.
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 fecd. The present invention is also directed to hydrocracking, hydroisomerization and

.hydrodemetalization. g

In this specification, where a document, act or item of knowledge is referred to or
discussed, this reference or discussion is not an admission that the document, act or ifem
of knowledge or any combination thereof was at the pribrity date publicly available,
known to the public, part of the common general knowledge; or known to be relevant to

an attempt to solve any problem with which this specificarion is concerned.

In hydroprpccssihg which includes hydrotrearing, hydrofinishing, Hydrorefining

- and hydrocracking, a catalyst is used for reacting hydrogen with a petroleum fraction,‘

distillates or resids, for the purpose of sarurating or removing sulfur, nitrogen, oxygen,
metals or other contaminants, or for molecular weight reduction (ceacking). Catatysts
having special surface properties are required in order te provide the necessary activity to

accomplish the desired reaction(s).

In conventional hydroprocessing it is necessary to transfer hydrogen from a vapor
phase into the liquid phase where it will be available 1o react with a petroleum mﬁlecule
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 and the hydrogen flow through
the bed aﬁd the hydrogen is absorbed into a thin film of oil that is distributed cver the

catalyst. Because the amount of hydrogen required can be large,
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1000 to 5000 SCF/bbl of liquid, the reactors are very large and can operate at severe
conditions, from a few hundred psi to as much as 5000 psi, and temperatures from
around 204.44C - 482.22C (400°F - 900°F).

A conventional system for processing is shown in U.S. Patent No. 4,698,147,

. issued to McConaghy, Jr. on October 6, 1987 which discloses a SHORT RESIDENCE

TIME HYDROGEN DONOR DILUENT CRACKING PROCESS. Mchx'taghy 147
mixes the input flow with a donor diluent 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 mput flow for the cracking step Note that. McConaghy *147 substantlally changes . .

the chemical nature of the donor diluent during the process in order to release the

hydrogen necessary for cracking. Also, the McConaghy. *147 process is limited. by ... ...

upper temperature restraints due.to coil coking, and-increased light:gas. production,. . .0

which sets an economically imposed limit on. the maximum cracking temperature of
the process. 7 -
U.S. Patent No. 4,857,168, issued to Kubo et al, on August 15, 1989 discloses
a METHOD FOR HYDROCRACKING HEAVY FRACTION OIL. Kubo ’168 uses.
both a donor diluent and hydrogen gas to supply the hydrogen for the catalyst
enhanced cracking process. Kubo ’1'68 discloses that a proper supply of heavy fracti‘on
oil, donor solvent, hydrogen gas, and catalyst will limit the formation of coke on the
catalyst and the coke fonnatmn may be substantially or completely eliminated. Kubo
168 requires a cracking reactor with catalyst and a separate hydrogenating reactor with
catalyst. Kubo *168 also relies on the breakdown of the donor diluent for supply

hydrogen in the reaction process.

SUBSTITUTE SHEET (RULE 26)
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' The prior art suffers from the need to add hydrogen gas and/or the added
complexity of rehydrogenating the donor solvent used in the cracking process. Hence;-

there is a need for an improved and simplified hydroprocessing method and apparatus.

SUBSTITUTE SHEET (RULE 26)
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BRIEF SUMMARY OF THE INVENTION

Inaccordance with the present invention, a process has been developed wherein

" the need to circulate hydrogen\ gas through the catalyst is eliminated. ' This is

accomplished by mixing and/or flashing the hydrogen and the ol to be treated in the -
presence of a solvent or diluent in which the hydrogen solubility is "high" relative tc.> .
the il feed so that the hydrogen is in solution.

The typé and amount of diluent added, as well as the reactor conditions, can
be set 50 that all of the hydrogen required in the hydroprocessiﬁg reactions is availabl¢
in solution. The oil/diluent/hydrogen solution can then be fed to a reactor, such as a
plug flow or tubular reactor, packed with catalyst where the oil and hydrogen react.
No additional hydrogen is recjuired, therefore, the hydrogen recirculation is avoided
and the trickle bed operaticn of the reactor' is avoidcd. .Therefore, the large trickle
bed reactors can be replaced by much smaller reactors (see Figs. 1, 2 and 3),

The present invention is also directed to hydrocracking, hydroisomerization,
hydrodemetalization, and the like. As described above, hydfogen gas is mixed and;’or
flashed together with the feedstock and a diluent such as recycled hydrocracked
product, isomerized product, or recycled demetaled product so as to place l;ydrogen
in sqlution, and then the mixture is passed over a catafyst. ,

A principle object of the presem' invention is the provision of an improved two
phase hydroprocessing system, process, method, and/or apparatus,

Another object of the present invention is the provision of an improved
hydrocracking, hydroisomer_ization, Fischer-Tropsch and/for hydrodemetalization

PIOCESS.

SUBSTITUTE SHEET (RULE 25)
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Other objects and further scope of the applicability of the present invention will
bccofné apparent from the detailed description tofollow, taken in conjunction with the .

accompanying drawings, wherein like parts are designated by like reference numerals.

' SUBSTITUTE SHEET (RULE 26)
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWIﬂG

Figure 1 is a §chematic proﬁess flow diagram of a diesei hyd.rotrearter.' \

Figure 2 is a schematic procéss flow diagram of a resid hydrotrea:;r.

Figure 3 is a schematic process flow diagram of a hydroprocessing system.
“Figure 4 is a schematic process fiow diagram of a multistage reactor system.

Figure § is a schematic process flow diagram of a 1200 BPSD hydroprocessing

SUBSTITUTE SHEET {RULE 26)
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DETAILED DESCRIPTION OF THE INVENTION

We have developed a process where the need to circulate hydrogen gas or a’
scparate hydrogen phase through the catalyst is eliminared. This is' accomplished by
mixing and/or flashing the hydrogen and the oil to be treated in the presence of a solvent
or diluent having a relatively high solubility for hydrogen so that the hydrogen is in
solution. The present invention therefore provides a method for treating an oil feed with
hydrogen in a reactor, comprising at least one of mixing and flashing the hydrogen and
the oil feed to be treated in the presence of a solvent or diluent so that the percentage of
hydrogen in solution is greater than the percentage of hydrogen in the oil feed and
forming a substantially gas-free two liquid phase- feed/diluent/hydrogen mixture and
introducing the gas-free mixture into the reactor. The present invention further provides
the method as recited in claim 1 wherein the solvent or diluent is selected fror'n the group
of heavy naptha, propane, butane, pentane, light hydrocarbons, light distillates, naptha,

diesel, VGO, previously hydroprocessed stocks, or combinations thereof,

Th.e type and gmoun‘t of diluent added, as well as the reactor conditions, can be.
set 5o that all of the hydrogen required in the hydroprocessing reactions is available in
solution. The oil/diluent/hydrogen solution can then be fed to a plug flow, tubular or
other reactor packed with catalyst where the oil and hydrogen react. No additional
hydrogen is required, therefore, hydrogen recirculation is avoided and the trickle bed
operation of the reactor is avoided. Hence, the large trickle bed reactors can be replaced

by much smaller or simpler reactors (see Figs. 1, 2 and 3), '

In addition to using much smaller or simpler reactors, the use of a hydrogen
recycle compressor is avoided. Because all of the hydrogen required for the reaction is
made available in solution ahead of the reactor there is no need to circulate hydr:?gen gas
within the reactor and no need for the recycle compressor. Elimination of th?: recycle
compreséor and the use of, for example, plug low or tubular reactors greatly reduces the

capital cost of the hydrotreating process.

Most of the reactions that 1ake place in hydroprocessing are highly exothermic and
as a result a great deal of heat is generated in the reactor. The tempémture of the
reactor can be controlled by using a recycle stream. A controlled volume of reactor
effluent can be recycled back to the front of the reactor and blended with fresh feed

and hydrogen. The recycle stream absorbs some of the heat and reduces the



WO 98/59019 PCT/US98/13075

8
temperature rise through the reactor. The reactor temperature can be éontrblled by
controlling the fresh feed temperature and the amount of recycle. In addition, because
the recycle stream contains molecules that have already reacted, it also serve;s as an
inert diluent,

5 One of the biggest problems with ﬁydroproceésing is catalyst coking, Bec;ausé
the reaction conditions can bcr quite severe cracking can take place on the éuxfaﬁc of

the catalyst. If the amount of hydrogen available is not sufficient, the cracking can

e lead to coke formation and deactivate the catalyst. Using the present inveﬁﬁon for
B hydrop'roccssing, cuking .can be nearly eliminated because there. is always enough
210.: ‘hydrogen available-in solution to avoid coking when cracking‘reﬁctions 'fé;ke piéce;‘
: ' " " [This can lead to much ionger catalysf life and reduced operating and maintenance
costs,
te s e oo FIGURE 1 shows a Ischc_maﬁc; process flow diagram for .a'dieﬁe'l_hydrotrcaterr:;i S

generally designated by the numeral 10. _Fresh feed stock 112 is pumped by feed .
et 15 _charge pump 14 to combination area 18. The fresh feed stock 12 is then co:ﬁbim;d .
- ' with hydrogen 15 and hydroireated feed 16 to form fresh feed mixture 20. Mixture
. 20 is then separated in separator 22 to form first sepaiﬁtor waste gases 24 and
separatéd mixture 30. Separated mixture 30 is combined with catalyst 32 iﬁieacmr |
| 34 10 form reacted mixture 40, The ;eacted mixturé, 40 is split into two product flows,
20 recycle flow 42 and continuing flow 50. Récycle flow 42 is pumped by recycle pump |
44 1o become the hydrotreated feed 16 which is combined with the fresh feed 12 and
hydrog;:n 15.
Continuing flow 50 ﬂow; into separator 52 Qhere second separato; waste gases

54 are removed to create the reacted separated flow 60. Reacted separated flow 60

"SUBSTITUTE SHEET (RULE 26)
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then flows into flasher 62 to form flasher waste gases 64 and reacted separated flashed
flow ;IO. The reacted separated flashed flow 70 is then pumped into stripper 72 where
stripper waste gases 74 are removéd to form the output product 80,

. FIGURE 2 shows a schematic process flow diagram for a resi;i hydrotreater
generally designated by the numeral 100. Fresﬁ feed‘ stéck 110 is combined with

solvent 112 at combination area 114 to form combined solvent-feed 120. , Combined - |

solvent-feed 120 is the pumped by solvent-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-lB‘Z to,fdrrh first separator waste .. . 4 ;

gases 134 and separated mixture 140. Separated mixture 140 is combined with catalyst -

142 in reactor 144 to form reacted mixture 150.. The reacted mixture 150 is split into

- two product flows, recycle. flow 152 and. continuing flow 160.. Recycle flow 152 is -

pumped by recycle pump 154 to become the hydrotreated feed 128 which is combined

with the solvent-feed 120 and hydrogen 126.

Continuing flow 160 flows into 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 gas?s 174 and
reacted separated flashed flow 180. The flasher waste gases 174 are cooled by
condenser 176 to fqrm solvent 112 which is combined wifh 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 10.

SUBSTITUTE SHEET (RULE 26)



WO 98/59019 PCT/US98/13075

v 10
FIGURE 3 showé a schematic process flow diagram for a hydroprocessihg unit
géneral]y designated by the numeral 200.
Fresh feed stock 202 is combined with a first diluent 204 at first c_qmbiﬁation
~ area 206 to form first diluent-feed 208. First diluent-feed 208 is then comﬁined With
5 asecond diluent 210 at second combination area 212 to form second diluent-feed 214,
Second: diluent-feedl214 is then pumped by diluent-feed charge pump 216 to third

combination area 218. .

"3y Hydrogen 220 is input into hydrogen compressor 222 to make compressed '

::7:: " hydrogen 224. The compressed hydrogen 224 flows to third combination area 218,

::'.f L1000 Second diluent-feed 214 and cbinpres'sed Hydfogeri 224 are combined-at third = - -
‘:"; *'"combination area.218 to form hydrogen-diluent-feed mixture 226. The ‘hydrogen-" - -

 diluent-feed mixture 226 then flows.thiough feed-product exchangér 228 which warms ... ... .|

PRI the mixture 226, by use of the third separator exhaust 230, to fom"thé:ﬁrstlexchangcr Rl

flow 232, First exchanger flow 232 and first recytle flow 234 are combined at forth
e 15 combination area 236 to form first recycle feed 238. | ‘
The first recycle feed 238 then flows though first feed-product exchanger 240
which w:ifms the mixture 238, by use of the exchanged first rectifier exchanged exhapst
242, to form the second exchanger flow 244, Second exchanger flow 244 and iecond
recycle flow 246 are combined at fifth combination area 248 to form second recycle
20 feed 250.
The second recycle feed 250 is then mixed in feed-recycle mixer 252 to form

feed-recycle mixture 254, Feed-recycle mixture 254 then flows jnto reactor inlet

separator 256.

SUBSTITUTE SHEET (RULE 26)
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Feed-recycle mixture. 254 is separated in reactor inlet separator 256 to form

reactof inlet separator waste gases 258 and inlet separated mixture 260. The reactor.

_inlet separator waste gases 258 are flared or (otherwise _remb;zéd from the present

system 200. |

5 Inlet separated mixture 260 is combined with catalyst 262 in reactor 264 to form
reacted mixture 266.‘ Reacted mixture 266 flows int.o reactor outlet separator 268.

Reacted mixture 266 is separated in reactor outlet separator 268 to~form

reactor outlet separator waste gases 270‘andr outlet separated mixture 272, Reactor

'outlet separator waste gases 270 flow from the reactor outlet separator-268 and are

DI 10 then flared or otherwise removed from the present system.200.
. L Outlet separatedv mixture 272 flows out of reactor outlet separator 268 and is

split into large recycle flow 274 and continuing outlet separated mixture 276 at first

Dk ... -split area 278.

e Large recycle flow 274 is pumped through recyl'cle pumps 280 to second split
: 15  area 282, Large recycle flow 274 is split at combination area 282 into first recycle flow
Y . 234and second recycle flow 246 which are used as previously discussed.

, Cpmiygj_qg outlet separated:mixture 276_‘leaves first split area 278 and flows
into effluent heater 284. to become heated efﬂuént flow 286. ; ’
Heated effluent flow 286 flows into ﬁmt rectifier 288 where it is split- into first
20 rectifi.c'r- exhaust 290 and first rectifier flow 292, First rectifier exhaust 290 and first
r;:étiﬁer flow 292 separately flow into second exchanger 294 where their temperatures
difference is reduced.

The exchanger transforms first rectifier exhaust 290 into first rectifier exchanged

exhaust 242 which flows to first feed-product exchanger 240 as previously described. ‘

. SUBSTITUTE SHEET (RULE 26)
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First fééd-pmduct exchanger 240 cools first rectifier e;(changed exhaust 242 even
further to form first double cooled exhaust 296,

First double cooled exhaust 296 is theﬁ cooled by condenser 298 to‘pccor'ne first

condensed exhaust 300. First condensed exhaust 300 then flows iﬁto reflux

accurmnulator 302 where it is split into exhauét 304 and first diluent 204 ‘E.xhauSI 304

is exhausted from the 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

wﬂd@v 306 which flows into third separator 308. Third separator 308 splits first rectifier

- exchanged flow 306 into third separator exhaust 230 and second rectified: flow 310, ~

 Third separator exhaust 230 flows to exchanger 228 as previously described.

':Exchah'gcr 228 cools third separator exhaust 230 ¢ form second cooled exhaust 312.

Second cooled exhaust 312 is then cooled by condenser 314 to become third 545 77h

condensed exhaust 316. Third condensed exhaust 316 then flows into reflux
atl:cumulator 318 where it is split into reflux accumulator exhaust 320 and seconﬂd
diluent 210, Reﬂux accumulator exhaust 320 is exhausted from the system 200
Second dlluent 210 flows to second combination area 212 to rejoin the systc:xtir 200 as
previously discussed.
Second rectified flow 310 flows into second rectifier 322 where it is split into

third rectifier exhaust 324 and first end flow 326. First end flow 326 then exits the

system 200 for use or further processing. Third rectifier exhaust 324 flows into

- condenser 328 where it is cooled to become third condensed exhaust 330

Third condensed exhaust 330 flows from condenser 328 into founh separator

332. Fourth separator 332 splits third condensed exhaust 330 into fourth separator

)

SUBSTITUTE SHEET (RULE 26)
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exhaust 334 and second end'ﬂ‘c_;w- 336. Fourth.separator exhaust 334 is exhausted from

the system 200. Second end flow 336 then exits the system 200 for use or further

* processing.

FIGURE 4 shows a schematic process flow diagram for a 1?00 BPSD

. hydroprocessing unit generally designated by the numeral 400.

Fresh feed stock 401 is monitored at first monitoring point 402 for acceptable
input parameters of approximately 126.66C (260°F), at 20 psi, and 1200 BBL/D. The
fresh feed stock 401 is then combined with a diluent 404 at first combination area 406

to form combined diluent-feed 408. Combined diluent-feed 408 is the pumped by

to second combination area 416.

Hydrogen 420 is input at parameters of 37.77C (100°F), 500 psi, and 40000

SCF/HR into hydrogen compressor 422 to,_ma‘kc corlnpressqd‘ hydrogen 424. T‘he-‘

hydrogen compressor 422 compresses 'the hydrogen 420 to 1500 psi. The compressed

hydrogen 424 flows through second monitoring point 426 where it is monitored for

acceptable input parameters. The compressed hydrogen 424 flows through second

“monitoring orifice 428 and second valve 430 to second combination area 416.

First monitoring orifice 412, first valve 414, and FFIC 434 are connected to 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 connected to FFIC 434 whichi controls the incoming flow of compre.ésed
hydrogen 424 to second combination area 416. Combined diluent-feed 408 and
compressed hydrdgen 424 are combined at second combination area 416 to form

hydrogen-diluent-feed mixture 440. The mixture pﬁrameters are approximatély 1500

SUBSTITUTE SHEET (RULE 26)
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psi and 2516 BBL/D which are monitored at fourth monitoring point 442. The
hydrogen-diluent-feed mixture 440 then flows though feed-prbduct exchanger 444

‘ which warms the hydrogen-di]u_ent-feed mixture 440, by use of the rectified product
610, to form the exchanger flow 446, The feed-product exchanger 444 works at
5 approximately 2.584 MMBTU/HR.
The exchanger flow 446 is monitored at fifth monﬁoring point 448 1o gather
“information about the paraxﬁeters' of the exchanger flow 446,
- The exchanger flow 446 then travels into the reactor preheater 450 which i:

o c"apaﬁle of heating the exchange flow 446 at 5.0 MMBTU/HR to create the preheated

oL s,

' ’Fu‘el gas 458 flows though third valve 460 and ‘is monitored- by PIC 462 o

and TIC 456.
vgeend 15 Preheated flow 452 is combined with recycle flow 464 at third combination a;ea
466 to form preheated-recycle flow 468. Preheated-recycle flow 468 is monitored at
seventh monitoring point 470. The preheated-recycle flow 468 is then mixed in feed- *
recycle. mixer 472 to form feed-recycle mixture 474. Feed-recycle mixture it74 then
flows into reactor inlet separator 476, The reactor inlet separator 476 has parameters
20 of 152.4cm LD. x 3.048m -Ocm /S (60" LD. x 10" 0" S/8).
Feed-recycle mixture 474 is separated in reactor inlet separator 476 to form
~ reactor inlet separator waste gases 478 and inlet separated mixture 480.‘ Reacor inlet

separator waste gases 478 flow from the reactor inlet separator 476 through third

monitoring orifice 482 which is connected to FI 484. The reactor intet SEpArator waste

SUBSTITUTE SHEET (RULE 26)
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gases 478 then travel through fourth valve 486, past eighth monitoring pomt 488 and
are then flared or othewnse removed from the prescnt system 400
L]C 490 is connected to both fourth valve 486 and reactor inlet separator 476.
Inlet separated mixture 480 flows out of the reactor inlet separator 476 with
5  parameters of approximately 310C (590°F) and 1500 psi which are monitored at ninth
momtormg point 500. | ‘
Inlet separated mixture 480 is combined with catalyst 502 in reactor 504 toform
. reacted mixture 506. Reacted mixture 506 is monitored by TIC 508 and at tenth
. : lmonitoring pﬁint 510 for prdccssing control. The reacted mixture 506 has parameters
:.:..: IQ ~of 318.33C (605°F) and 1450 psi as it flows into reactor outlet sgpaﬁrat‘or>512. '
KL ' .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
meonitor 515 for PIC 518, The rcactor outlet separator waste gases 514 then travel
15  past eleventh monitoring point 520 and through fifth valve 522 and are then ﬂared or

otherwise remcved from the present system-400.
| The _rgat;t.or outlet separator 512 is connected to controller LIC 524. The

reactor outlet separator 512 has parameters of; 152.4cm x 3.048m - Ocm /8 (60" L.D.

x 10°-0" 5/8). :
20 .Ou_tlet separated mixture 516 flows out of reactor outlet separator 512 and is
split into both recycle flow 464 and continuing outlet separated mixture 526 at first
split area 528

Recycle flow 464 is pumped through recycle pumps 530 and past twelfth

" monitoring point 532 to fourth monitoring orifice 534. Fourth monitoring orifice 534

SUBSTITUTE SHEET (RULE 26}
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is connected to FIC 536 which is connected to TIC 508. FIC 536 controls sixth valve
538. After the recycle flow 464 leaves fourth momtormg orifice 534, the flow 464 ﬂows
through sixth valve 538 and on to third combination area 466 where it combmes with
preheated flow 452 as previously dlscussed
Outlet separated mixture 526 leaves first split area 528 and flows through

seventh valve 540 which is controlled by LIC 524, Outlet separated mixru‘re 526 then

 flows past thirteenth monitoring point 542 to effluent heater 544,

Outlet separated mixture 526 then travels into the effluent heater 544 which is'

capable of heating the outlet separated mixture 526 at 3.0 MMBTU/HR o create the

«.. +heated effluent flow 546.. The heated effluent flow 546 is monitored by TIC 548 and’ L

at fourteenth monitoring point 550, FucI gas 552 ﬂows though eighth valve 554 and

lS mun;tored by, PIC, 556 to. supply the fuel for the effluent heater 544 PIC 55645

.. connected:to eighth valve 554 and TIC 548, -

Heated effluent flow 546 flows from fourteenth monitoring point 550 int_o‘

g rectifier 552, Rectifier 552 is connected to LIC 554, Steam 556 flows into rectifier

552 through twentieth monitoring point 538. Return dlluent flow 560 also flows into

rectifier 552. Rectifier 5§52 has parameters of 106.68cm LD, x 16. 4592m -Jcm §/S (42"

LD. x 54°-0" §/3).

Rectifier diluent 562 flows out of rectifier 552 past monitors for TIC 564 and
past fifteenth monitoring point 566. Rectifier diluent 562 then flows through rectifier
ovhd. condenser 568. Rectificr ovhd. condenser 568 uses flow CWS/R 570 to change
rectifier diluent 562 to form condensed diluent 572, Rectifier ovhd. condenscr 3568 has
parametcrs of 5.56 MMBTU/HR

Condensed diluent 572 then flows into rectifier- reflux accumulator 574,
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Rectifier reflux accumulator 574 has parameters of 106.68cm 1.D. x 3.048m -Ocr,n S/S
(42" LD. x 10°-0" §/S). Rectifier reflux accumulator 574 is monitored by LIC 592.-
Rectifier reflux accumulator 574 splits the condghfsed diluent 572 into three streams:”
drain strearﬁ 5§76, gas stream 580, and diluent stream 590.
' Drain stream 576 flows out of rectifier reflux accumulator 574 and past
monitor 578 out of the system 400, |
G-as‘strcam 580 flows out of rectifier reflux accumulator 574, past a monitoring
for PIC 582, through ninth valve 584, past fifteenth monitoring_pcl)int 586 and exité the
system 400. Ninth valve 584 is controlled by PIC 582. '

Diluent stream 590 flows out of rectifier reflux accumulator 574, past eighteenth -

_ monitoring point 594 and through pump 596 to form pumped diluent stream 598.

at second split area 600. Diluent 404 flows from second split area 600, through tenth ...

valve 602 and third monitoring point 604. Diluent 404 then flows from third
monit.oring point 604 to first combination area 406 where it combines wifh frcsﬁ feed
stock 401 as previously discussed. |

Return diluent flow 560 flows from second split arca 600, past ninetcenth

, ’
monitoring point 606, through eleventh valve 608 and into rectifier 552. . Eleventh

" valve 608 is connected to TIC 564.

Rectified product 610 flows out of rectifier 552, past tweny first monitoring

point 612 and into exchanger 444 to form exchanged rectified product 614. Exchanged

rectified product 614 then flows past twenty second monitoring peint 615 and through

product pump 616. Exchanged rectified product 614 flows from puriip 616 through .

fifth monitoring orifice 618. Sixth monitoring orifice 618 is connected to FI 620.
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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 twelfth vaive 622 through twenty third monitoring pomt 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/I—IR. Final

product 632 flows out of cooler 626, past twcniy fourth monitoring point 536 and out
of the system 400.
FIGURE 5 shows a schematic process flow diégram for a multistage

hydrotreater gcnera]lﬁ.r designated by the numeral 700, Feed 710 is combined with

" hydrogen 712 and first recycle stream 714 i aréa 716 to form combined feed-

hydrogen-recycle stream 720. The combined feed-hydrogen-recycle stream 720 flows

Vi first Teactor 724 where it is recied to form first reactor output flow-730, The- -+ -

" first reactor output flow 730 i divided to form first Tecycle stréam 714: and first + = .

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 H,0 are removed

to form stripped flow 750,

Stripped ﬂow 750 is then combined w1th additional hydrogcn 752 and second
recycle stream 754 in area 756 to form combmcd stripped- hydrogen-recycle stream
760. The combined stnpped-hydrogcn-recycle stream 760 flows into saturation reactor
764 where it is reacted to form second reactor output flow 770. The second reactor
output flow 770 is divided at area 772 to form second recycle stream 754 and product
output 780, | |

In acoorclance with the present invention, deasphalting solv.en'ts include propane,

butanes, and/or penianes. Other feed diluents include light hydrocarbons, light
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distillates, naptha, diesel, VGO, previousty hydroprocessed stocks, récycled
hydrocracked product, isomerized product, recycled. demetaled product, or the like. -
Example 1 |

Diesel fuel is hydrotreated at 620 K to remove su1ﬁ1r a'n;:li“nitrogen.
Approximately 200 SCF of hydrogen must be reacted per,bafrel of diesel fuel to make
specification product. Hydrotreated diesel is chosen as the diluent. A tubular reactor
operating at 620K ouﬁet temperature with a 1/1 or 2/1 recycle to feeﬁ ratio at 65 or
95 bar is sufficient to accomplish the desired reactions.

Example 2

; .' Deasphalted oil is hydrotreated at 620 K to remove sulfur and nitrogen and to

_saturate aromatics. Approximately 1000 SCF of hydrogen must be reacted per barrel

of deasphalted oil to- make- specification produce. - Heavy naptha is chosen as the

- diluent and blended with the feed on an equal volume basis. A tubular. reactor

operating at a 620 K outlet temperature and 80 bar with a recycle ratio of 2.5/ is
sufficient to provide all of the hydrogen required and allow for a less than 20 K

temperature rise through the reactor.

. E‘.xamp‘ le 3

The same as Example 1 above except that the diluent is selected from the group
of propane, butane, pentane, light hydrocarbons, light distillates, naptha, diesel, VGO,

previously hydroprocessed stocks, or combinations thereof.

. Example 4

The same as Example 2 above except that the diluent is selected from the group
of propane, butane, pentane, light hydrocarbons, light distillates, napthé; diesel, VGO,

previously hydroprocessed stacks, or combinations thereof,
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Example 5
The same as Eicamp]e 3 above excepr that the feed is selected from the group |
of petroleum fractions, distillates, resids, waxes, lubes, DAQ, or fuels other'thar; diesel

fuel,

Example 6

The same as Example 4 above exc'ept that the feed is selected from ﬁle group

of petroleum fractiops, distiliates, resids, oils, waxes, lubes, DAO, or the like other

than deéspha]ted oil.

Example 7
A two phase’ hydroprocessing method and apparatus as described and shbwn

herein.

- In-a hydroprocessing method, the improvement comprisin'g"‘tﬁe'étep'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.

Example 9

‘The Exaﬁple 8 above wherein the solvent or diluent is selected from th;; group
of heavy naptha, propane, butane, pentane, light hydrocarbdn;, light distillates, ;apiha,
diesel, VGO, previously hydroprocessed stocks, or combinations thereof. - -
Example 10

The Example 9 above wherein the feed is selected from the group of oil,
petroleum fraction, distillate, resid, diesel fuel, deasphalted oil, waxes, 1uPes, and the

like.
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| A two phase hydroprocessing method comprising the steps of blending ‘a feed

with a diluent, saturating the diluent/t_'eed mixtﬁre with hydrogen ahead of a reactor,
reacting the feed/diluent/hydrogen mixture with é catalyst iﬁ the réactor t‘o‘saturate or

5 rcmové sulphur, nitrogen; oxygen, metals, or other'contamin'ants, or for molecular

weight reduction or cracking,

Example 12
St The Example 11 above wherein the reactor is kept at a pressure of 500 - 5000
s psi, preferably 1000 - 3000 psi.

sgeeet 10 Example 13
St The Example 12 above further comprising the stép of running the reactor at

super critical solution conditions.so.that there is no solubility limit. .

o - Example 14
ot ~ The Example 13 above further comprising the step of removing heat from the

15 | reactor affluent, separating the diluent from the reacted feed, and recycling the diluent
toa pdint. upstream of the reactor. ' |
Example 15 |
A hydroprocessed, hydrotreated, hydrofinished, hy&réreﬁned, hydrocrfacked, or
the like petroleum prodﬁct produced by orne of the above describéd Examples.
20  Example 16 |
- A reactor vessel for use in the improved hyﬂrotreaﬁx;g proces§ of the present
invention includes catalyst. in relatively small tubes of 5.08cm ( 2-inch) diameter, with
an approximate reactor volume of 1,1326m’ (40 ft,*), and with the féactor built to

withstand pressures of up 10 about only 3000 psi.
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Example 17
In a solvent deasphulting process eight volumes of n butane are contacted with
one volume of vacuum tower bottoms. After removing the pitch but prlor to
rccovermg the solvcnt from the dcasphaltcd oil (DAO) the soIvent/DAO mix is
5 pumped to,approximately 1000-1500 psi and mixed with hydrogen, approximarely 900
SCF H, per barrel of DAO. The solvent/DAO/H, mix is heated to ap'p'roximate_ly
390K-620K and contacted with catalyst for removal of sulfur, nitrogen aud saturation
v " of aromatics. After hydrotreating the butane is recovered from rhe hydrotreated DAQ
by reducing the pressure to approximately 600 psi.
P10 | Examg-!e 18
At least one of the examples above including multi- stage reactors, wherein two

' orhore reactors are placed in series with the reactors conﬁgured in accordancc with ..

to temperature, pressure, catalyst, or the like.
e 15 'Exainple 19,
Further to Example 18 above, using multi-stage reactors to produce specialty
" products, waxes, Jubes, and the like. 3
Briefly, hydrocracking is the breaking of carbon-carbon bonés, and
hydroisomerization 'is- the vrearrang.ement of carbon-carbon bonds.
20 Hydrodemetahzanon is the removal of metals, usually from vacuum tower bottoms or
deasphalted oil, to avoid catalyst poisoning in cat crackers and hydrocrackers.
Example 20

Hydrocracking: A volume of vacuum gas oil is mixed with 1000 SCF H, per

| barrel of gas oil feed and blended with two volumes of recycled hydrocracked product
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(diluent) and passed over é ﬁydrocracking catalyst of 398.88C (750°F) and 2000 psi.
The hydrocracked product contained 20 percent haphtha, 4Q percent diese! and 40
pcrcep.t resid.

Example 21

Hydroisomerization: A volume of feed containing 80 percent paraffin wax is

'mixed with 200 SCF H, per barre! of feed and blended with 6ne volume if isomerized

product as diluent and passed over an isomerization catalyst at 287.77C (550°F) and

2000 psi. The isomerized product has a pour point of -1.11C (30°F) and a VI of 140.

*Example 22

. Hydrodemetalization:. A volume,~0£kfeed...cuntainingv.80.e:ppmft_otal‘lmetals. is

blended with 150 SCF H2 per barrel and mixed with one volume of recycled demetaled

product and ‘passed over a catalyst at.232. 22C (450"F) and.1000 psi....The. product

contamed 3 ppm total mctals

Generally, Fischer-Tropsch refers to the prod_uction of paraffins from carbon
monoxide and hydrogen (CO & H2 or synthesis gas). Synthesis gas contains CO;, co
and H, and is produced from various sources, primarily coal ot natural gas. The
synthesis gas is then reacted over specific catalysts to produce specific prodﬁcts.

" Fischer-Tropsch synthesis is the production of hydracarbons, almost e’g(clusivcly
paraffins, from _CO and H, over a subported metal catalyst. The classié Fischer—
Tropsch catalyst is iron, however other metal caralysts are also used.

Synthe51s gas can and is used to produce other chemicals as well, primarily

alcohols although these are not Fxscher-’l‘ropsch reactions. The technology of the

- present invention can be used for any catalytic process where one or more components

must be transferred from the gas phase to the liquid phase for reaction on the catalyst
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Example 23
A two stage hydroprocessing method, wherein the first stage is qperz;ted at
conditions sufficient for removal of sulfur, nitrogen, oxygen, and the like @20 K, 100
5 psi), after which the contaminate HZS, NH, and water are removed and 2 second stage

reactor is then operated at conditions sufficient for aromatic saturation, *

. Example 24
e, : The process as fccited in at least one of the examples above, wherein in
" ¢ - - addition to hydrogen, carbon monoxide (CO) is mixed with the hydrogen and the

¢ oo -1 - mixture is contacted with: a Fischer-Tropsch catalyst for the synthesis of hydrocatbor;' o
chemicals.
-.In_accordance. with the present invention, -an-.improved 'hydroproccssing,n

. hydrotreating, hyd:ofinishing,‘hydx;orefining,,and/or hydrocracking process provide_s'f.or
- the removal of impurities from lube oils and waxes at a rélatively low pressure a;ld '

with' a'minimum amount of catalyst by reducing or eliminating the need to force

hydrogen into solution by pressure in the reactor vessel énd by increasing the solubility :
for hydrogen by adding a diluent or a solvent For example a d11uent for a heavy cut
is diesel fuel and a diluent for a light cut is pentane. Moreover, while using ;;entane
as a diluent, one can achieve high solubility. Further, using the process of the present
20 invention, one can achieve more than a stoichiometric requireme‘ht 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‘fm.d thereby

reduce cost. Further, by utilizing the process of the present invention, one may be

able 10 eliminate the need for a hydrogen recycle compressor,
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Althougﬁ the process of the present invention can be utilized in conventional
equipment for hydroprocessing',‘ hydrotreating, hydrofinishing, hydrorefining, and/or
hydrocracking, one can achieve the same or better result using lower cost equipment,
reactors, hydragen compressors, and the like by being able to run the process at a lower

pressure, and /or recycling solvent, diluent, hydrogen, or at least a portion of thé préviously
hydroprocessed stock or feed.

The word 'comprising’ or forms of the word 'comprising’ as used in this deécription

and in the ¢laims do not limit the invention claimed to exclude any variants or additions.
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CLAIM OR CLAIMS . _ ‘ e
What is claimed is:
1. A method for treating an oil feed with hydrogen in a reacior, comprising at least

one of mixing and flashing the hydrogen and the oil feed to be treated in the presence of
5 asalvent or diluent so that the percentage of hydrogen-in solution is greater than t};e
v percentage of hydrogen in the oil feed and forming a substantially gas-free two iiquid
phase feed/diluent/hydrogen mixture and introducing the gas-free mixture into the

reacror,

N

2. The method as recited in claim 1 wherein the solvent or diluent is seleétéd from
10 the group of heavy naptha, propane, butane, pentane, light hydrocarbons, light distillates,

. naptha, diesel, VGO, previously hydroprocessed stocks, or combinations thereof.

3. ‘The method as recited in claim 2 wherein the feed is selected from the group of

s seee e

oil, petroleum fraction, distillate, resid, diesel fuel, deasphalted oil, waxes, lubes, and

speciality products.

oot 15 4. A two liquid phase hydroprocessing method comprising the steps of blending a
feed with a diluent, saturating the diluent/feed mixture with hydrogen ahead'of 4 reactor

- and forming a gas-free two liquid phase feed/diluent/hydrogen mbctdre, reacting the
gas-free feed/diluent/hydrogen mixture with a catalyst in the reactor to saturate or remove

sulphur, nitrogen, oxygen, metals, or contaminants, or for molecular weight reduction or

20 cracking.

5. The method as recited in claim 4, wherein the reactor is kept at a pressure of
500 - 5000 psi.

6. The method as recited in claim 5, further comprising the step of running the

reactor at super critical solution conditions so that there is no solubility limit.

£
25 7. The method as recited in claim 4, wherein the process is 2 multi-stage pro&css

using a series of two or more reactors.

8. The method as recited in claim 6, further comprising the step of removing heat
from the reactor effluent, separating the diluent from the reacted feed, and recycling the

diluent to a point upstream of the reactor.

)
3 9. The method as recited in claim 4, wherein multiple reactors are used to saturate
or remove sulphur, nitrogen, oxygen, metals, or contaminants, or for molecilar weight

reduction or cracking.
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10. The method as recited in claim 4, wherein a controlled portion of the reacted feed~

is mixed with the blended feed ahead of the reactor,

11.  The method as recited in at least one of claims 7 and 9, wherein the first stage is

operated at conditions sufficient for removal of sulfur, nitrogen, oxygen, and

] contaminants from the feed, ar least 620 K, 100 psi, after which,dthe contaminant

H,S5, NH;, and water are removed and a second stage reactor is thien operated at |

conditions sufficient for aromatic saturation of the processed feed.

12. The method as recited in at least one of claims 1 and 4, wherein in addition to
hydrogen, CO (carbon monoxide) is mixed with the hydrogen and the résultant -
feed/diluent/hydrogen/CQO mixture is contacted with a F1scher-Tropsch catalyst in the

reactor for the synthesns of hydrocarbon chemlcals

13, Ahydroprocessed, hydrotreated, hydroﬁnishcd, hydrorefined, hydrocracked, wax,
lube, hydroisomerized, hydrometalized, or Fischer-Tropsch product produced by at least

one of the methods of at least one of the claims 1 - 12 and 14 - 22.

14.  The method as recited in claim 5, wherein the reactor is kept at a pressure of
1000-3000 psi. '

15. - The method as recited in claim 4, wherein the reactor is kept at a pressure of
500 - 5000 psi.

16.  The method as recited in claim 4, wherein the reactor is kept at a pressure of
1000-3000 psi. '

17. The method as recited in claim 4, further comprising the step of running the

reactor at super critical solution conditions so that there is no solubility limit.

18. The method as recited in claim 4, wherein the process is a multi-stage process

using a series of two or more reactors. P
19.  The method as recited in claim 18, further comprising the step of removing heat
from the reactor effluent, separating the diluent from the reacted feed; and recyclmg the

diluent to a point upstream of. the reacror.

20. The method as recited in claim 4, wherein multiple reactors are used to saturate
or remove sulphur, nitrogen, oxygen, metals, or contaminants, or for molecular weight

reducrion or cracking,

21. The method as recited in claim 4, wherein a controlled porticn of the reacted feed

is mixed with the blended feéd ahead of the reactor,
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22, The method as recited in at least one of claims 19 and 21, wherein the first stage is

operated at conditions sufficient for removal of sulfur, nitrogen, oxygen, and
contaminants from the feed, at least 620 K, 100 psi, after which, the contaminant H,S, NH,
and water are removed and a second stage reactor is then operated at conditions

5 sufficient for aromatic saturation of the processed feed.

23. A hydroprocessing method comprising:
combining a liquid feed to be treated with hydrogen in the presence of a solvent or
diluent wherein the hydrogen is dissolved and the percentage of hydrogen in solution is
greater than the percentage of hydrogen in the liquid feed to form a substantially

10 hydrogen gas-free !{quid feed/diluept/hydrogen mixture, and then contacting the liquid

feed/dilvent/hydrogen mixture with a catalyst in the reactor.

2 e, 24. A method according to claim 1 and as herein described with reference to the
o examples or drawings.
L) : . ‘.
sreved 25. A method according to claim 4 and as herein described with reference to the

s 15 examples or drawings.

26.  Amethod according to claim 24 and as herein described with reference to the

examples or drawings.

20 PROCESS DYNAMICS, INC ‘ 15 October 2002
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