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About us

JSC PO "STRONG" was established with the aim of combining experience and competencies in
various industries: refining, petrochemicals, water treatment, filtration, food production, pulp and
paper production.

Production capabilities and extensive experience in design allow us to be a single supplier in
various industries.

JSC PO "STRONG" is a company providing complex services for design, production, installation,
warranty and after-sales service.

JSC PO "STRONG" is one of the few companies in the Russian Federation that carries out the
design, manufacture and installation of a full range of internal devices of columns and reactors.

Customers appreciate our approach to work, in which we become an integral part of their team,
going beyond traditional partnerships.

For the last years, JSC PO "STRONG" gained wide knowledge, practical experience, and high
appraisal of the leading world companies of oil and gas, processing and petrochemical industries.
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Reactor Internals

Feed diffuser

Description

Feed diffuser is diverting the incoming flow from the inlet nozzle to the reactor.

Designed as per customer requirements

In downstream reactors, the inlet nozzle is also used as a manhole for internal
devices introduction and catalyst loading.

In this case, the inlet branch with a smaller diameter and a 90° elbow is welded to the
flange. Feed diffuser can be attached to either this flange or installed in the groove
between the flanges.
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Assembly between flanges Assembly by welding

Depending on the flow dynamics in the top head of the reactor and
the process, the feed diffuser is made of plates, screen and
perforated plates.

The impingement plate faces the incoming flow, which can be
diverted through several channels, the size of which depends on the
diameter of the inlet pipe and the height of the branch pipe.

In up flow reactors, the feed diffuser is above the inlet nozzle. At the
request of the customer, the equipment can be removable, which
will allow easy cleaning of the parts.

Required design parameters:

* Length, number of channels and parts of the impingement plate
are determined by the hydrodynamics of the process, requirements
for the distribution of the flow between incoming gas and liquid, and
the design pressure drop.

« Static and dynamic loads are additional parameters for design.
Advantages of using feed diffusers:
* 3-D design ensures precise fitting of the sealing surface of the

reactor inlet and the flange of the inlet pipe

* Design features allow easy installation in the narrow space of the
nozzle

» Welding technologies allow controlling the weld strength and the
structure resistance in further operation

Application:

Gas sweetening, gas drying, desulfurization, hydrotreating,
hydrocracking, hydrogenation, etc.
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Liquid distributor trays

Description

Liquid distributor tray is distributing the incoming flow throughout the reactor
cross section.

Designed as per customer requirements

Performance of the catalyst in the axial flow reactors depends on the
hydraulics of the distribution system.

In both upward and downward flow reactors, uniformity of the distribution
significantly affects the transit time, as well as the use and deactivation of the
catalyst.

Flow distnbution over the bed

The distribution is critical for two-phase flows. When the liquid and gas mix, the
spreading of the liquid in the gas or the diffusion of the gas in the liquid have a
great influence on the chemical processes.

The fluid distribution system must eliminate the unevenness of the incoming
flow. It is necessary to control the pressure drop to maintain a constant flow
rate.

The distribution process is extremely important for high-pressure reactors with:
- Lower equipment costs by reducing the height of the hull;
- Reconstruction to increase throughput by increasing the capacity.

Flow is distributed through the nozzles attached to the distributor tray. Each
distribution nozzle narrows the flow using the Venturi effect. The design, model
and types of nozzles are designed for each specific case.

. | e | 2

Sieve tray Simple chimney chimney with
splashing plate

chimney with chimney with chimney with

top cap calibrated hole mitred end cap
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Required design parameters

» Design and operating temperatures, flow rate and physical characteristics of
liquid and gas, pressure drops across the distributor tray are necessary
technological parameters. Since the tray design is important for the process,

| the quantity, model and type of distributor tray nozzles are determined by the
process licensor.

| *+ Manhole size, maximum height of the liquid on the distributor tray,
permissible deviations of the shape, corrosion allowance are additional design
parameters.

Advantages of using distributor trays:

JSC PO STRONG produces different types of distributor trays and monitors
parameters that are key for equipment performance and process efficiency.

» Custom design that fit the application or detailed design as per the
specifications ensuring no interference with other reactor internal parts

* Fixing devices allowing holding each panel of the tray assembly
« Jigs for correct nozzles position, orientation, elevation, welding and verticality

Trial assembly

« Tight manufacturing tolerances on panels flatness

« Gaskets limiting the liquid leakage through the
panels’ joints

* Trial assembly is a standard control assessed by a
report whose given dimensions that have to match
vessel as-built dimensions

Liquid leakage test « On-site monitoring and technical assistance
services.

Application:

Hydrotreating, hydrocracking, hydrogenation, etc.



Reactor Internals

Support grids

Description

Reference grids are devices that serve to hold the catalyst in the
horizontal plane of the reactor vessel.

Designed as per customer requirements

The catalyst is chosen according to its efficiency, its stability and
selectivity. The necessary volume of the catalyst is loaded in layers
at a certain level in the reactor vessel.

The loaded layer is a set of ceramic balls and catalyst of various
types, each of which has its own specific size and density.

In the reactor, there may be one or more catalyst beds, and therefore a
different number of support grids.

In axial flow operation, prefabricated structure of the
support grid must withstand vertical loads. Grids should
be reinforced or supported by additional beams.

Support grid is mounted on a support ring welded to the
reactor shell. It is made of segments that are introduced
through the manhole of the reactor. Segments are
connected together by means of fasteners.

When designing, a gap is provided between the grid
and the inner wall of the shell to compensate for
thermal expansion, ease of installation, and in the case
of deviation from the shape in the manufacture of the
shell.
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Rope packing for catalyst sealing




Reactor Internals

Grids generally consist of parallel segments, but can also be made of
sector-shaped elements.

It is necessary to ensure the horizontal alignment of the assembly and the
tightness of the structure by sealing all the gaps.

In up flow reactors, support grids are located above the catalyst to prevent
fluidization of the bed.

Required design parameters

* Design and operating temperatures,
pressure drop, opening size and area
of the open area are necessary
technological parameters. To define
the grid design, flow characteristics
and technological cycles are required.

Parallel arrangement

* The manhole size, catalyst weight
and corrosion allowance are additional
design parameters.
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Advantages of using support grids

JSC PO "STRONG" develops and manufactures various types of support
grids for vessels up to 5800 mm ID and temperatures up to 670 °C.

The company monitors all characteristics that are critical to the lifetime of
the equipment and the process efficiency, using the latest available
technologies.

» Custom design that fits the application or detailed design as per the
specifications ensuring no interference with reactor side nozzles or
other internal parts

» Large open area of the grid, which ensures continuous operation
during the working cycle

« Special fixing devices allow fixing the grid in the up flow reactors and
during transportation of the shell with the grid inside

* High-quality machining of parts
» Weight of each panel can be limited for easy transport and installation
« Lifting lugs are sized in accordance with the installation technology

» Trial assembly and preparation of a report indicating main
measurements results

» Set of gaskets guarantees gaps not exceeding the catalyst particles
size

+ On-site monitoring and technical assistance services
Application:

Gas sweetening, gas drying, desulfurization, hydrotreatment,
hydrocracking, hydrogenation, etc.
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Quench injection, collection tray
and mixing chamber

Description

In reactors with multiple beds, the process includes a cooling phase between
two beds. This could be carried out by the injection of fluid, which is then
collected, mixed, before being redistributed over the following bed.

Designed as per customer requirements

The mixing system includes a horizontal collection tray, a mixing chamber
located below the tray and at least one passage from the collection tray to
the mixing chamber.

The chamber and the collection tray determine the two-phase mixing
process. On the passage, the liquid flows from the collection tray to the
mixing chamber. Preferably, in downstream reactors, there is at least one
outlet opening in the chamber.

For better mixing, the quench must be introduced into the region above the
collection tray. The direction of fluid is determined in such a way as to create
a vortex flow on the collection tray.

Quench injection ring Collection tray and mixing chamber

Required design parameters:

* Design and operating temperatures, liquid and gas flow rate, physical
characteristics, pressure drop on the quench injection system are necessary
technological parameters. Since the design of the quench injection system
significantly affects the process performance, the process licensor

. determines the quantity and type of spray nozzles, as well as their
configuration (simple ring pipe or header with laterals). For collection trays,
their quantity, shape and cross-sectional area of the outlet openings should
be designed. The size and shape of the mixing chamber also depends on
process parameters, since the residence time in the chamber affects the
mixing efficiency.

* Manhole size, the maximum liquid height on the collecting tray, acceptable
tray deflection, corrosion allowance are additional parameters for design.
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JSC PO "STRONG" produces various types of quench injection and mixing
systems, monitors all the characteristics that are crucial for the process
efficiency.

» Custom design in accordance with the specifications or technical
project, without changing the design of other reactor internals

* Fixing devices allowing holding each panel of the tray assembly

« Tight manufacturing tolerances for the flatness of the panel
surface

» Gaskets ensuring tightness at the panels’ joints

« trial assembly and preparation of a report indicating the main
dimensions measurements results

+ JSC PO "STRONG" provides monitoring and technical assistance
services at the installation site.

Application:
Hydrotreating, hydrocracking, hydrogenation.

Collection tray and mixing chamber Quench injection distributor
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Outlet collector

Description

Outlet collector is collecting the flow from the reactor towards the outlet vessel
nozzle.

Designed as per customer requirements

In down flow reactors, the outlet collector is either in a layer of ceramic balls
filling the bottom of the reactor, or under the support grid, where it distributes
the collected stream. Also, the outlet collector can be designed as an anti-
leakage device.

Outlet collector Outlet collector
immerged in bed below support grid

There are several types of collectors, depending on the shape of the reactor
bottom, process conditions and fluid dynamics: cylindrical shape, the most
common, as well as conical or hemispherical.

Also, the catalyst unloading nozzles and a process opening for cleaning the
outlet collector determine the outlet collector design.

In up flow reactors, the open area of the outlet collector is a parameter that
determines the uniformity of the flow.

Cylindrical Conical Hemispherical Conical
shape shape shape shape

Outlet collectors are located on the supports or centering ring. The locating
sleeve allows aligning the collector during installation, and serves for the
removal of gases.

Outlet collectors are made of segments introduced into the reactor through
the manhole.

In regeneration mode or up flow processes, the outlet collector is located
under the top nozzle in the opposite direction to the feed diffuser. The outlet
collector is used to hold the catalyst in case of fluidization of the bed and
possible entrainment of the catalyst.

Upflow 11
ourlet collector

Upflow conditions
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Required design parameters:

* Design and operating temperatures, pressure drop, nozzle size, opening
size and the area of the open area are the necessary technological
parameters. Additional conditions upon change of flow direction and process
cycles are required to define the type and size of outlet collector.

* Manhole size, catalyst weight and corrosion allowance are additional design
parameters.

Advantages of using the outlet
collector

 Custom design.

* Free flow area below the outlet collector
surface

* Large area of the open area of the slotted
grid ensuring a long work

» Special fixing devices allow the collector to
be fixed when operating in up flow reactors
and during transportation of the shell with an
installed collector

Axens outlet collector

* High-quality machining of parts

» Heavy duty devices are retrofitted to reduce
maintenance costs

« Lifting lugs are sized in accordance with the _
installation technology ’ ' —
» Trial assembly and preparation of a report Y

indicating the main dimensions 55 : A

measurements results reinforcing bars for heavy duty

* Fixing lugs are arranged in accordance with
the fasteners welded to the reactor shell.

+ On-site monitoring and technical assistance services.

Application:

Gas sweetening, gas drying, Sulphur removal, hydrotreating, hydrocracking,
hydrogenation, etc.
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Center pipe / Inner screen

- Description

= TE This device is the central slit screen in radial flow reactors. Its
H=~_ﬁ,=.=— 4 general shape is a cylinder, the outer surface of which is in contact
with the catalyst bed. As a rule, it is located inside vertical reactors
and collects or distributes the flow.

Designed as per customer requirements

The connecting nozzle can be located on the top or bottom. The
direction of flow can be from the inside out or from the outside
inward.

i 4 ..-F
. Fiow Out to In Fiow In to Out Fiow In to Out Ftow Qut to In
with Bottom Qutlet With Top Inlet With Bottom Inlet With Top Outlet

The center pipe is introduced through the vessel top manhole. It is mounted on
Ty supports that fix its position.

The center pipe is located in the high temperature and high flow concentration
zone and helps to reduce the temperature deformation of the shell, due to the
presence of space for thermal expansion along the axis.

Required design parameters: —

 Gas flow and pressure drop are the technological
conditions necessary for determining the outer

diameter, length, distribution system, area of the Apl 1 AP
N I

open area and deflector shape.

« Catalyst weight W, additional axial load F and : :

radial load AR, design temperature are additional " |

parameters for design. I ! '-

for center pipe

Advantages of using central pipes

Using the latest technologies in design and production, the company monitors
all the characteristics that are critical to the process efficiency.

* Equipment is mechanically designed with incorporating results of finite
element analysis assessing the loads transfer between the different parts as
well as in-situ tests and returnal experience of operating units

» Wedge wire screen high open area

13



Reactor Internals

* Laboratory monitors the metallurgy properties of
each element individually and the structure as a
whole in order to ensure the operability of the
equipment throughout its life time

» Welding technologies used and weld seams
control ensure the strength of the structure in
accordance with the mechanical requirements

* Verification of verticality and straightness is
carried out using laser measuring instruments at
each stage of production to ensure that the
equipment is tolerable with respect to the reactor
shell during installation

» Tight tolerances for both the equipment and the
vessel interface to avoid damage and leakage of
the catalyst during operation

* It is recommended to install a heavy

structure after the reactor vessel is in its
final position, except for horizontal
reactors.

* On-site monitoring and technical
assistance services.

Application:

Gas treatment. Platforming, Reforming,
CCR, ammonia converter, styrene.

Center pipe / scallops arrangement inside the reactor
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Scallops

B Description

Scallops form an outer screen in radial flow reactors. These devices are
located along the inner surface of the vessel. Scallops are installed inside
vertical reactors and distribute or collect the flow.

Designed as per customer requirements

Cover desk closes the gap between the center pipe and the scallop. Flow
direction can be from the inside out or from the outside inward.

. - t '
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Scallops are introduced through the vessel top manhole and are located on a
support ring welded to the shell.

Sy e « Scallops are installed on the vessel inner surface as hollow channels for

: distributing the gas flow from the walls to the center of the reactor. Each of
them is located adjacent to the next one. The flow moves along the axis of the
spiral and is limited by its cross-sectional area. The overall capacity of the
reactor is determined by the throughput of all the scallops.

S W

Flow cross section Annular space between
center pipe and scallops

To avoid thermal deformation of the shell in high-temperature processes, a
heat-resistant metal is used, deposited on the inner surface of the vessel.

Required design parameters:

5 3 ‘ 2 » Gas flow and pressure drop are the technological conditions necessary for
i determining the diameter of the scallops, the length, the cross-sectional area,
{ [ the area of the open area of the slotted grid

:, : « Catalyst weight, axial and radial load, design temperature are additional
) parameters for design.
15
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Advantages of using scallops

JSC PO “STRONG” manufactures several types of scallops. The company
uses the latest technology to assess the stability in different operating
conditions.

* Equipment is designed considering the catalyst loads during operation
» Gaps are allowed between scallops to compensate for the thermal expansion

« Parameters such as verticality, straightness, twisting and total length of
the scallops, have strict tolerances and are strictly controlled

« Stability of the structure during catalyst loading and with increasing 3 .1
temperature )

* Monitoring of deformation during welding

+ On-site monitoring and technical assistance services o

Ly

Punched plate type scallops Profile wire type scallops

Application:

Gas treatment, Platforming, reforming, CCR, ammonia converter, styrene.

Z ”’//’ i ii[\’\

i

General arrangement of scallops inside UOP center
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Outer Baskets

Description

Outer baskets are the outer screen components of radial flow reactors and are
located along the inner surface of the vessel.

As a rule, outer baskets are installed inside vertical reactors, distribute or
collect the flow.

Designed as per customer requirements

Cover desk closes the gap between the center pipe and the outer basket.
Flow direction can be from the inside out or from the outside inward.

[u ' P t - t
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Bottom Outlet With Top Inlet With Bottom Inlet With Top Outlet
The outer basket is mounted on a support ring welded to the inner wall of the
shell
% Thanks to the design of the outer basket, a greater space is provided between
the outer basket and the inner wall of the shell, which increases productivity.
The annular gap remains constant regardless of the flow direction. The outer
basket withstands mechanical loads from the catalyst bed and is not deformed
from the shell walls.
Flow cross section s
Annular space between
center pipe and outer basket
Required design parameters: ; 5
i « Gas flow and pressure drop are the technological A5 Ld |l R :
conditions necessary for determining the diameter (g Lyl
of the outer basket, the length, and the area of the : AP a o :
L5 open area. % i
“1.4% . Catalyst weight W, axial load F and radial load AR, 1 /o
il design temperature, operating cycle parameters are I‘d— —h:
| additional parameters for design. I / '

i Mechanical design parameters
for outer basket
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Advantages of using outer baskets

JSC PO “STRONG” manufactures several types of outer baskets. The
company uses the latest technology to ensure the stability of equipment in
different operating conditions.

* Equipment is developed considering catalyst loads
* To ensure reliability, various types of tests are carried out.

* When manufacturing, the tolerances of vertical, straightness, roundness,
flatness are carefully controlled.

+ Deformations are strictly controlled during welding.

» Outer basket can be made from sectors that are introduced into the reactor
through the manhole.

+ JSC PO “STRONG” provides monitoring and technical support services at
the installation site.

Application: Ak

Gas treatment. Platforming, reforming, OCR. Ammonia converter, styrene.

CCR reforming outer basket Styrene monomer outer basket

18
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Header & Laterals

Description

The collector/distributor is equipped with a header pipe with outlets that
ensure the optimal collection and distribution of gas or liquid, excluding the
formation of stagnant zones and ducts, generally contributing to increased

productivity.

P
—
o

Header & laterals of D 3000 mm

Designed as per customer requirements

Each project is studied in detail, starting with the design of the reactor and
fittings in order to ensure an optimal location between the collector and the
outlets in accordance with the shape of the bottom of the reactor.

+

star arragement
with draining zone

parallel arrangement star arragement

Each lateral can be mounted on a perforated pipe to optimize mechanical
strength and collection/distribution efficiency.

1| The branch has a collapsible design that allows dismantling only the slotted
screen during maintenance (for environments with a high degree of erosion

and corrosion)

single screen lateral pipe base screen lateral dismountable pipe base
screen lateral
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Required design parameters:

Fluid flow rate, reactor design, operating pressure and temperature
are the parameters necessary to determine the efficiency of
collection / distribution

« Catalyst weight, pressure drop are additional design parameters

o _
-

» develops, manufactures and provides technical support for a large
number of collection and distribution systems operating under the
most severe conditions.

* Device designs, type of slit screen and reinforcing elements are
designed in accordance with mechanical requirements, taking into account
the mobility of the layer and high pressure drops.

* The maximum efficiency of the collection and distribution process is
achieved by choosing the most preferred hydrodynamic model, which
excludes formation of stagnant zones and ducts.

Application:
 Hydrocarbon processes (PTA, MEROX, MTBE)
« Industrial water purification with ion-exchange, coal and sand filters

* In the food industry decolorization of glazes, chromatographic columns,
purification of ore (uranium, etc.)

20
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Technical description

Slot opening

Profile

Profile Wire

Profile wire types and dimensions

Reference 80 100 | 120 | 150 | B150| 183 | 180 | 220 | 224 | 300 | 330| 560 | 510

ARARAIR RRARIE AR AR AR AL A0 |

Width mm 0,76 | 1,00 | 1,20 |1,52| 1,52 {1,80|1,80| 2,28 |2,28|3,003,30| 5,00 | 5,00
Height mm 1,30 | 2,00 | 2,30 {2,50| 6,3 |3,70|4,50| 3,55 |4,50|4,62|6,35| 6,00 | 10,00
Weight g/m 5 11 15 | 21| 61 | 35 | 47 | 44 | 63 | 79 |125| 144 | 240

Support

Supports types and dimensions

Reference | C20 | C30 | XJS | 156 | 10X2 | 13X2 | 156X2 | 25X2 | 256X3 | 35X2 | 40X3

.,.‘|||Illl

Width mm 2 3 2,3 3,8 2 2 2 2 3 2 3
Height mm 3 5 4,8 55 10 13 15 25 25 35 40
Weightg/m | 40 100 74 112 | 160 | 210 | 240 | 390 | 580 | 550 | 960

Construction

Two constructions are possible

Normal construction Inverted construction

21
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Configuration

grh
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Infemaf axmf wire

Narmal external radial wire fcalled “wire base”™ |

Inverse external radial wire
@22t 91dmm from 25 pm 22210914 mm from 50 pm @50 40 290 mm from 250 pm

7| »m “!

J!‘ I*l
Normal internal axial wire ]l m |
minimum & 80 mm
fmade to measure]

from 25 pm - L Ll

Inverse external axial wire
minimum & 100 mm

Marmal internal radial wire
minimum & 100 mm

|made fo measure)
{m‘}fe o ‘%easure,l Normal external oxial wire from 75 pm
e minimum & 100 mm
{made fo measure/
frem 50 pm
60 %
Open area profile 80
. 50 % profile 100
The open area factor is: profile 120
. 40 % profile 150
_ slot opening profile 183
slot opening + wire width 30 % profile 220
profile 300
Also, see the graph of the open area for s b 2a0
different profiles and gap sizes.
10 %
0

0 200 400 300 400 700 800 200 1000 um

Material -304/1.4301 -316L/1.4401 -904L/1.4539/URANUS B6 -Hastelloy C276
-Inconel 600 and 800 series -Titanium T40 -Two-phase and super-two-phase alloy/1.4429 etc.
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We design, develop,
manufacture and install -
providing a high level of quality.

We provide high quality production and
services.

This implies the use of the latest industrial
technology, modern automation systems
and production management to increase
the efficiency of work.

We invest in the development of complex
software solutions to optimize processes
and ensure the safety of all our projects.

We use software solutions from process
simulation to hydraulic and mechanical
calculations.

We are constantly introducing new
approaches and technologies for
improving and improving the quality.
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JSC PO STRONG

Tel.: +7 (812) 640-63-93
Fax: +7 (812) 640-01-93
e-mail: info@zaostrong.ru

Address: 195112, St. Petersburg,
pr-t Malookhtinsky, d. 36
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