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than the normal hydrotreating catalyst and are often designed to have some reduced level
of desulfurization or denitrification activity.

PROCESS FLOW

The actual flow echeme of the UOF Unionfining procese varies, depending on the appli-
cation. Figure 8.3.9 provides a generic look at the flow schemes of a UOF Unionfining unit.
The feed is exchangsed with the reactor effluent, mizxed with recycle hydrogen, and then
heated to reaction termperature in a fired heater, The combined feed then flows through the
reactor, which containg the catalyst that will accelerats the reaction, The reactor effluent is
cooled in exchange with the feed and then in a series of coolers before being separated in
a vapor-liquid separator. The vapor pottion ig recompressed, combined with fresh hydro-
gen, and refurned to the reactor feed, The liguid portion is fod to a fractionator, wheres it is
stripped of light ends, H,5, and NH,,

UNIONFINING APPLICATIONS

Generally speaking, the most commeon way to categorize hydrotreating applications iz by
feed type. This section provides general information on a limited number of Unionfining
applications.

Naphtha Unionfining

The main use of the hydrotreating process in naphtha applications iz in the preparation of
feedstocks for the naphtha reforming unit. The reforming process requires low levels of aul-
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Impact of Feedstock Quality and Processing Objectives

The eaze of processing a feedstock depends on the nature of the asphaltenic molecule and
the distribution of contarminants throughout the resin and asphaltens fractions, Relative
processing severity is dependent on feedstock type and processing objectives (Fig. 5.4.5).
Consequently, the process operates over a large range of operating conditions: 1300 to
3000 Ibfin? and 0.10 to 1.0 LHSV. Beedstocks with high contaminants, such as vacuum
regidues, typically have higher pressures and lower space velocities,

Process Flow

A simplified flow diagram of the TTOF RCD Unionfining process iz presented in Fig. 8.4.6.
The filtered liquid feed iz cornbined with makenp hydrogen and recycled separator offoas
and sent first to a feed-effluent exchanger and then to a direct-fired heater In this flowr
scheme, the direct-fired heater iz shown ag a two-phase heater, but the alternative of separate
feed and gas heaters is also an option. The mixed-phase heater effluent is charged to a guard
bed and then to the reactor or reactors. As indicated earlier, the guard bed is loaded with a
graded bed of catalyst to guard against unacceptable pressure drop, but this catalyst alzo per-
forme some impurities removal . Remowal of the remaining impuarity ocours in the reactor.

The RCD Unionfining reactors uge a simple downflow design, which precludes prob-
lermns of catalyst carryover and consequent plugging and ercsion of downstream equiprment.
Becanse this reactor system has three phasss, uniform flow distribation iz cmcial. JOF
provides special reactor internals to ensure proper flow distribution. The reactor-effluent
stream flows to a hot separator to allow a rough separation of heavy liguid products, recy-
cle gas, and lighter liquid products. The hot separator overhead iz cooled and separated
again to produce cold separator liquid and recycle gas, which is scmibbed to remove HS
before being recycled. A portion of the scrubbed recycle gas iz sent to mernbrane separa-
tion to rgject light components, mainly methane, that are formed in the reactor, If thess
components are not removed, they could adversely affect the hydrogen partial pressure in
the reactor. Hot separator liquid iz fed to a hot flash drum, where the overhead is cooled
and mixed with cold separator liguid, and the mixture i charged to the cold flash drum.
Bottoms from both thehot and cold flash dmims are charged totheunit’s fractionation sye-
termn, which can be 2ot up to cither yield low-mlfar fuel oil or match feed specifications for
downstream processing.
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Process Applications

Astrends toward heavier crudes and lower fuel cil demand have become evident, UOP has
devoted increased attention to bottome-of-the-barrel processing, Az a result, several flowr
schemes that offer a variety of advantages have been developed. The most cormrmon of
these flow schemes iz shown in Fig. 8 4.7, Atmospheric residual oil is directly hydrotreat-
ed to provide FCC feed. Hydrotreating allows a high percentage of the cnade to be cat-
alytically cracked to gasoline while maintaining reasonable FCC catalyst consnmption
rates and regenerator 80 emissions. Hydrotreating can also help refiners meet some of the
newly emerging gasoline sulfur specifications in most parts of the world.

For upgrading residual oils high in metals, the best processing route may be a cornbi-
nation of solvent extraction (UOF/FWUSA solvent deasphalting process) and the RCD
nionfining process, The DA process separates vacuurmn residual oil with a high metal
content into a deasphalted oil (DAOY of relatively low metal content and a pitch of high
metal content. The pitch has several uses, including fuel oil blending, solid-fuel produc-
tion, and feed to a partial-oxidation unit for hydrogen production. If the metal and
Conradson carbon content of the DAOQ are sufficiently low, it may be used directly as an
FCC or hydrocracker feed component, In somes cases, however, hydrotreating the DAO pri-
or to cracking ie desirable, as shown in Fig. 8.4.8. Thiz combination of processes shows
better econornice than either process alone, The amrangement provides an extremely flexi-
ble processing route, because a change in feedstock can be compensated for by adjusting
the ratio of DAO to pitch in the SDA unit to rmaintain DAO quality. In some cases, the
treated matetial can be blended with virgin vacuam gas oil (VGO) and fed directly to the
colversion unit,

When the RCD Unionfining process is used to pretreat coker feed (Fig 8 4.9, it reduces
the yield of coke and increases itz quality and produces a higher-quality cracking feed-
stock.

Of course, these examples are just a few of the bottom-of-the-barrel upgrading flow
schemes involving the RCD Unionfining process. The correct gelection of flow scheme iz
typically specific to a given refiner’s needs and crade type.
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on thizs same fzed can conmme 1200 ECFE of hydrogen and make 108 volumes of C+
product out of 100 volumes of VGO feed. The mazinmum volume sxpansion is achieved in
a recycle mode operating at an RCF of 700 to 733"F (which maximizes diesel fuel yield),
More hydrogen can be consimed in a recycle hydrocracker if the RCFE is dropped so that
lighter products are made. An RCF of 350°F maximizes the production of jet fuel while
consuming about 2000 SCFE of hydrogen. Mctor gasoline yield is mazimized at 380°F
ECF and aromatics (via catalytic reforming) at somewhat lower RCE

With more aromatic feedstocks, the amaount of hydrogen consimed and the ameount of
expansion will be higher than shown. Scott, Mayer, and Meyer™ have taken this represen-
tation even further by assuming the heavy naphtha produced by hydrocracking will umal-
ly be catalytically reformed, so that sorme hydrogen will be recovered. Also, the light gases
produced in the hydrocracker can be uzed as feedstock to a hydrogen plant, Therefore they



