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NCUT’s PP-19 unit isatubular reactor system
designed to carry out a variety of experimental programs
in distillate hydrotreating and hydrocracking. It is best
suited for testing hydroprocessing catalyst and feedstocks
under commercially realistic conditions. Operated by
NCUT’ s experienced staff, this unit has consistently
generated precise data on catalyst stability, yield
distribution, gas make, and hydrogen consumption.

Table 1. PP-19 capabilities at a glance

Maximum temperature | 450°C 842°F
Maximum pressure 207 bar 3000 psig
Feed rate 20-400 g/h 0.04-0.88 Ib/h
Maximum gas rate 300NL/h 11.2 SCF/h

Design Features

Asindicated in Figure 1, PP-19 is a bench-scale
reactor system that consists of asingle reactor, a high-
pressure separator, and a stabilizer. Gas flows once
through the system. PP-19 is configured to simulate a
commercial single-stage hydrocracker or hydrotreater.
The reactor is operated in down-flow (trickle-flow) mode.

The PP-19 reactor is heated by afour-zone electric
furnace. The reactor tubes used are approximately 1 m
(39.4in.) long and, depending on program requirements,
havel.D.sof either 254 or 3.81. cm(1in. or 1.51in.).
Normally, the reactor is fitted with 0.6 cm (1/4 in.)
thermowell housing twelve thermocouples. The
combination of four-zone heating and twelve-
thermocoupl e temperature monitoring systems alows
very precise control of the requisite (imposed)
temperature profile in the reactor. The maximum
operating temperature rating of the reactor is450°C at a
total pressure of 200 bars.

The volume of a2.54 cm-1.D. Reactor is
approximately 350 mL. Of this volume, up to 150 mL can
be occupied by the bed of diluted catalyst, which
corresponds to approximately 125 mL of catalyst. At the
inlet and outlet of the catalyst bed in the reactor, there are
beds of glass beads ranging in size from 0.5 to 0.8 mm
and stainless steel packing. This configuration facilitates
temperature control by isolating the catalyst bed from the
high-heat-loss ends of the reactor. It also provides good
liquid distribution and preheating of liquid to the desired
bed inlet temperature. The catalyst bed itself is diluted
with 0.2 mm glass beads to minimize axial dispersion and

provide good catalyst wetting. These measures are
essential for accurate scale-up of experimental results.

Figure 1. PP-19 in series-flow hydrocracker configuration

PP-19 has a gas-blending facility that allows the
mixing of fresh hydrogen with hydrogen sulphide and
another gas (eg. ammonia) at desired concentrations. The
flow rate of each of the gasesis controlled by Brooks
mass flowmeters between 0 and 300 NL/h. Consequently,
blended gas can be fed to the reactor at adesired flow
rate.

The 10 L (2.64 gal.) feed tank can be maintained at
temperatures up to 70°C (158°F) to improve the pumping
of viscous feedstocks. Feedstock is pumped to the reactor
by a Whitey diaphragm pump at rates between 20 and 400
o/h. However, the optimum feed rate is between 50 and
200 g/h.

The product handling section consists of a high-
pressure separator (HPS) with a demister, a continuous
atmospheric distillation column, and a stabilizer. If
required, reactor effluent can be cooled prior to entering
the HPS. A water-wash facility is available with a
maximum water rate of 200 g/h (0.44 Ib/h). A water
removal system isavailablein the stabilizer. The
stabilizer is used to better define the cut between the gas
and liquid portions of the hydroprocessed product.

PP-19 is fully automated using the PC-based control
package, Paragon TNT, with no local control. The PP-19
control system is part of alarger computer system with a
supervisory computer constantly monitoring the key
operating conditions in the unit, and handling any
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emergency situation. A combination of unit hardware, and
monitoring and control software, makes it possible to run
PP-19 unattended overnight and on weekends.

Stream Analysis and Data Work-up

Gases leaving the stabilizer column are directed to
the vent with a dlipstream analyzed up to four times daily
by an online MTI analytical instrument QUAD refinery
gas analyzer (based on HP5890 GC). During atypical test
program, 24-hour mass balance runs are conducted twice
aweek. Feedstock and product amounts are carefully
measured; samples are analyzed for carbon, hydrogen,
and heteroatom content. These data, together with the data
acquired on line, are then used to perform detailed
calculations of carbon, hydrogen, and overall mass
balances. Figure 2 shows typical values of the mass
balances during a recent program.

Data reconciliation and mass balance calculations are
performed in a customized Microsoft Excel spreadsheet
developed at NCUT. This spreadsheet application also
calculates hydrogen consumption, detailed (SmDis) yield
distribution, hydrogen partial pressure, and other
characteristics for each mass balance period. It
automatically generates trend plots of the key operating
conditions, raw analytical results, and calculated data

Staff

(e.g., Figure 2) to facilitate quality monitoring of the data
generated. The spreadsheet application is used throughout
the program to monitor the performance of the unit, to
communicate between the staff participating in the
project, to store program data and perform detailed
calculation, and to communicate with the client. Printouts
of this spreadsheet, including tables and figures, are part
of the final report prepared for the client at the end of
each program.
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Figure 2. Mass balance datain atypical program

Zbigniew Ring obtained his Ph.D. from the University of Toronto in 1988. Before joining NCUT, he worked at the Shell
Canada Ltd. Oakville Research Centre as a senior research engineer. Zbigniew’ s professional experience includes catalyst
testing, trickle-bed reactor scale-up, process development and modeling of distillate hydrocracking, and residue

hydroconversion.

Tom Crothers worked for Shell Canada Ltd. for 20 years, progressing from a process operator to the supervisor of 30
complex pilot plant units. With NCUT, Tom has been responsible for the integrity of the pilot plant units, setting up the pilot
plant area, training operators, writing manuals, and implementing appropriate safety procedures.

Contact:

Dr. Zbigniew Ring

Manager, Secondary Upgrading and Refining

Phone: (780) 987-8679
Fax: (780) 987-5349
E-mail: zring@nrcan.gc.ca
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