Heavy Oil Hydrotreating System and Heavy Oil Hydrotreating Method

Field of the Invention

The present invention relates to the field of heavy oil hydrotreatment, in particular to a
heavy oil hydrotreating system and a heavy oil hydrotreating method.

Background of the Invention

At present, the demand for oil products, including gasoline, kerosene and diesel oil,
especially motor gasoline, in the oil product markets in China and foreign countries, still
tends to increase continuously, while the demand for heavy oil products such as heavy
fuel oil tends to decrease. At the same time, the properties of crude oil become worse
increasingly, but the environmental laws and regulations become stringent increasingly
around the world, putting forth increasingly strict requirements for the quality of oil
products. Therefore, how to convert heavy oil products into light oil products and
upgrade the quality of gasoline and diesel oil products economically at reasonable costs
has become a focus of attention in the oil refining industry in China and foreign
countries.

The main purpose of heavy oil hydrogenation processes (e.g., residual oil hydrogenation
processes) is to greatly decrease the contents of impurities in the residual oil raw material,
including sulfur, nitrogen, and metals, etc., through hydro-treatment, convert the
non-ideal components in the residual oil raw material, such as condensed aromatics, resin
and asphaltene, etc., by hydrogenation, improve the hydrogen-carbon ratio, reduce the
content of residual carbon, and significantly improve the cracking performance. The fixed
bed residual oil hydrogenation technique is a heavy oil deep processing technique. With
the technique, in a fixed bed-type reactor that contains specific catalysts, atmospheric or
vacuum residual oil is processed by desulphurization, denitrification, and demetalization,
etc., at high temperature and high pressure in the presence of hydrogen, to obtain light oil
products as far as possible. The technique is one of important means for converting
residual oil into light oil products. The fixed bed residual oil hydrogenation technique is
applied more and more widely, owing to its advantages including high yield of liquid
product, high product quality, high flexibility of production, less waste, environment
friendliness, and high rate of return on investment, etc.

In the existing fixed bed heavy oil hydrotreating process, all reactors are usually
connected in series. Therefore, a large quantity of guard catalyst has to be loaded in the
first reactor to cause the impurities and scale in the raw material to deposit. Such an
operation may cause compromised overall metal compound removing and containing
capability of the catalyst because the pressure drop in the reactors is still low in the final
stage of operation of the apparatus in some cases owing to low activity and low
demetalization load of the catalyst system charged in the first guard reactor. If the catalyst
activity is increased, the pressure drop will be increased quickly and the running period
will be shortened, but the catalyst performance hasn't been given full play; therefore, it
will be difficult to maintain appropriate activity of the catalyst in the first guard reactor.



Moreover, there are many factors that must be considered in the entire operation process
of the heavy oil hydrogenation apparatus, such as emergent state/stop, fluctuation of
properties of the raw material, or sudden increased contents of impurities (e.g., Fe, Ca) in
the raw material, etc. Therefore, a common practice is to maintain the catalyst in the first
guard reactor in a low reaction activity state, mainly for the purpose of intercepting and
depositing the impurities and scale in the raw material and maintaining the demetalization
reaction at a low rate; usually, the reaction temperature rise in the reactor is low, and the
pressure drop is kept at a low level in the entire running period. To that end, a large
quantity of demetalization catalyst has to be charged in the follow-up demetalization
reactor mainly for promoting the demetalization reaction and providing enough space for
accommodating the metal compound and carbon deposit removed in the hydrogenation.
As aresult, a great deal of metal is deposited in the demetalization reactor inevitably, and
the load of demetalization reaction is high. Usually, the reaction temperature rise in that
reactor is the highest. Though the pressure drop in that reactor is low in the early stage,
the pressure drop in that reactor is increased first and increased at the highest rate among
the reactors in the middle stage or final stage. That fact becomes a major factor that has
adverse influences on the running period and stable operation of the apparatus.

The patent document CN103059928A has disclosed a hydrotreating apparatus, an
application of the hydrotreating apparatus, and a residual oil hydrotreating method. The
invention described in the patent document provides a hydrotreating apparatus, which
comprises a hydrogenation guard unit and a main hydrotreating unit connected in
seriessuccessively, the hydrogenation guard unit comprises a main hydrogenation guard
reactor and a standby hydrogenation guard reactor, and the volume of the main
hydrogenation guard reactor is greater than the volume of the standby hydrogenation
guard reactor. In the hydrotreating process, the main hydrogenation guard reactor and the
standby hydrogenation guard reactor are used in alternate. The process utilizes the main
hydrogenation guard reactor and the standby hydrogenation guard reactor in alternate and
can treat residual oil with high calcium content and high metal content, but has a
drawback that a reactor is kept in idle state, which causes increased investment and
decreased utilization ratio of the reactors; in addition, the problem of increased pressure
drop in the lead reactor can't be solved radically.

The patent document CN1393515A has disclosed a residual oil hydrotreating method. In
the method, one or more feed inlets are added on the first reactor in the heavy residual oil
hydrogenation reaction system, and the original catalyst grading is changed. The next
feed inlet is used whenever the pressure drop in the catalytic bed in the first reactor
reaches 0.4~0.8 time of the design pressure drop of the apparatus, and the feed inlet that
is used originally may be used to feed recycle oil or mixed oil of recycle oil and raw oil.
The process can effectively prevent pressure drop in the bed layers and prolong the
running period of the apparatus, can increase the processing capacity of the apparatus,
and is helpful for improving material circulation and distribution. However, the process
has drawbacks such as increased manufacturing cost of reactors, increased initial pressure
drop, and lowered utilization ratio of reactor volume.

The patent document CN103059931A has disclosed a residual oil hydrotreating method.
In that method, under hydrotreating reaction conditions, the residual oil raw material and
hydrogen flow through several reactors connected in series successively; oftload



operation is performed after the apparatus operates for 700~4,000h, specifically, the feed
rate of the first reactor is decreased or kept unchanged, the feed rate of the reactors
between the first reactor and the last reactor is increased, and the increased residual oil
raw material is fed via the inlets of the middle reactors. The method alleviates the
increase of pressure drop by changing the feed loads of the reactors, but can't change the
increase tendency of pressure drop in the lead reactor radically. Viewed from the result of
actual industrial operation, the pressure drop will reach a design upper limit quickly once
it is increased; moreover, changing the feed rates at the inlets of the reactors is adverse to
stable operation of the apparatus.

The patent document CN102676218A has disclosed a fixed bed residual oil
hydrogenation process, which comprises the following steps: (1) feeding a mixture of raw
oil and hydrogen into a first fixed bed-type reactor, and controlling the mixture to contact
with a hydrogenation catalyst for hydrogenation reaction;(2) feeding the mixture of raw
oil and hydrogen into the first fixed bed-type reactor and a standby first fixed bed-type
reactor when the pressure drop in the first fixed bed-type reactor is increased to
0.2-0.8MPa, and feeding the resultant of reaction into follow-up hydrogenation reactors.
In that process, the first fixed bed-type reactor and the standby first fixed bed-type reactor
may be connected in parallel or in series, or configured in a way that one reactor is used
separately while the other reactor is kept in a standby state. However, the drawbacks
include: the utilization ratio of the reactors is degraded since a reactor is kept in idle state
in the initial stage, and the problem of increase of pressure drop in the lead reactor can't
be solved radically.

The patent document CN103540349A has disclosed a combined poor heavy oil and
residual oil hydrotreating process, which comprises: prehydrotreating heavy oil and/or
residual oil raw material in a slurry bed reactor, separating the gas phase from the liquid
phase, and then hydro-upgrading the liquid phase product in a fixed bed, wherein, the
slurry bed prehydrotreating portion includes a slurry bed hydrogenation reactor and a
slurry bed hydrogenation catalyst;the reactors used in the fixed bed hydro-upgrading
portion mainly include the following reactors in sequence: two up-flow-type deferrate
and decalcification reactors, an up-flow-type demutualization reactor, a fixed bed
desulfurization reactor, and a fixed bed denitrification reactor, wherein, the two
up-flow-type deferrate and decalcification reactors may be connected in series or in
parallel, or configured in a way that one reactor is used separately while the other reactor
is kept in a standby state. However, the process has drawbacks such as mismatching
among the running periods of the stages, high investment, and high operation difficulties.

Contents of the Invention

The purpose of the present invention is to overcome the problem thatthe existing heavy
oil hydrotreating method cannot fundamentally solve the problem of reactor pressure
drop increase, thereby affecting the running period and stability of the apparatus, the
present invention provides a heavy oil hydrotreating system and a heavy oil hydrotreating
method. The method provided in the present invention employs a simple process flow,
and can greatly prolong the running period of a heavy oil hydrotreating apparatus and
maximize the utilization efficiency of catalyst,simply by making simple improvements to



the existing apparatus.

The present invention provides a heavy oil hydrotreating system, which comprises a
prehydrotreating reaction zone, a transition reaction zone, and a hydrotreating reaction
zone that are connected in series, and sensor units and a control unit, wherein, the sensor
units are configured to detect pressure drop in each prehydrotreating reactor in the
prehydrotreating reaction zone, and the control unit is configured to receive pressure drop
signals from the sensor units;

In the initial reaction stage, the prehydrotreating reaction zone includes at least two
prehydrotreating reactors connected in parallel, and the transition reaction zone includes
or doesn't include prehydrotreating reactors;

In the reaction process, the control unit controls material feeding to and material
discharging from eachprehydrotreating reactor in the prehydrotreating reaction zone
according to pressure drop signals of the sensor units, so that when the pressure drop in
any of the prehydrotreating reactors in the prehydrotreating reaction zone reaches a
predetermined value, the prehydrotreating reactor in which the pressure drop reaches the
predetermined value is switched from the prehydrotreating reaction zone to the transition
reaction zone.

In the heavy oil hydrotreating system described in the present invention, the
predetermined value of pressure drop in the prehydrotreating reactor is 50%~80% of a
design upper limit of pressure drop for the prehydrotreating reactors, preferably is
60%~70% of the design upper limit of pressure drop.

Preferably, in the initial reaction stage, the prehydrotreating reaction zone includes 3~6
prehydrotreating reactors, preferably 3~4 prehydrotreating reactors.

In a preferred embodiment, in the initial reaction stage, the transition reaction zone
doesn't include any prehydrotreating reactor;moreover, the control unit controls material
feeding to and material discharging from the prehydrotreating reactors in the
prehydrotreating reaction zone according to pressure drop signals from the sensor units,
so that:

when the pressure drop in oneprehydrotreating reactor reaches the predetermined value,
the prehydrotreating reactor is switched from the prehydrotreating reaction zone to the
transition reaction zone, and is named as a cut-out prehydrotreating reactor I, and the
prehydrotreating reaction zone, the cut-out prehydrotreating reactor I, and the
hydrotreating reaction zone are connected in series successively;

when the pressure drop in the next oneprehydrotreating reactor reaches the predetermined
value, the prehydrotreating reactor is switched from the prehydrotreating reaction zone to
the transition reaction zone, and is named as a cut-out prehydrotreating reactor II, and the
prehydrotreating reaction zone, the cut-out prehydrotreating reactor II, the cut-out
prehydrotreating reactor I, and the hydrotreating reaction zone are connected in series
successively;

The other prehydrotreating reactors are treated in the above-mentioned method, till all of
the prehydrotreating reactors are connected in series.

Preferably, the hydrotreating reaction zone includes 1~5 hydrotreating reactors connected



in series, more preferably includes 1~2 hydrotreating reactors connected in series.

In a preferred embodiment, in the prehydrotreating reaction zone, the discharge outlet of
any one prehydrotreating reactor is connected through a pipeline with a control valve to
the feed inlets of other prehydrotreating reactors and the feed inlet of the hydrotreating
reaction zone, the feed inlet of any one prehydrotreating reactor is connected through a
pipeline with a control valve to a supply source of mixed flow of heavy oil raw material
and hydrogen, wherein, the control unit controls material feeding and discharging by
controlling the control valves corresponding to the prehydrotreating reactors.

The present invention further provides a heavy oil hydrotreating method, which
comprises: mixing the heavy oil raw material with hydrogen, and then feeding the
mixture through the prehydrotreating reaction zone, transition reaction zone, and
hydrotreating reaction zone that are connected in series;

In the initial reaction stage, the prehydrotreating reaction zone includes at least two
prehydrotreating reactors connected in parallel, and the transition reaction zone includes
or doesn't include prehydrotreating reactors;

in the reaction process, when the pressure drop in any one of the prehydrotreating
reactors in the prehydrotreating reaction zone reaches a predetermined value, the
prehydrotreating reactor in which the pressure drop reaches the predetermined value is
switched to the transition reaction zone, wherein, the predetermined value of pressure
drop in the prehydrotreating reactors is 50%~80% of a design upper limit of pressure
drop for the prehydrotreating reactors, preferably is 60%~70% of the design upper limit
of pressure drop.

Preferably, in the initial reaction stage, the prehydrotreating reaction zone includes 3~6
prehydrotreating reactors, preferably 3~4 prehydrotreating reactors.

In a preferred embodiment, in the initial reaction stage, the transition reaction zone
doesn't include any prehydrotreating reactor;in addition, when the pressure drop in
oneprehydrotreating reactor reaches the predetermined value, the prehydrotreating reactor
is switched from the prehydrotreating reaction zone to the transition reaction zone, and is
named as a cut-out prehydrotreating reactor I, and the prehydrotreating reaction zone, the
cut-out prehydrotreating reactor I, and the hydrotreating reaction zone are connected in
series successively;

when the pressure drop in the next oneprehydrotreating reactor reaches the predetermined
value, the prehydrotreating reactor is switched from the prehydrotreating reaction zone to
the transition reaction zone, and is named as a cut-out prehydrotreating reactor II, and the
prehydrotreating reaction zone, the cut-out prehydrotreating reactor II, the cut-out
prehydrotreating reactor I, and the hydrotreating reaction zone are connected in series
successively;

The other prehydrotreating reactors are treated in the above-mentioned method, till all of
the prehydrotreating reactors are connected in series.

Preferably, the pressure drops in all of the prehydrotreating reactors are controlled so that
they don't reach the predetermined value at the same time, and preferably the time
difference between the times when the pressure drops in two adjacent prehydrotreating
reactors in which the pressure drops are closest to the predetermined value of pressure



drop reach the predetermined value of pressure drop is not smaller than 20% of the entire
running period, preferably is 20%~60% of the entire running period.

Preferably, the pressure drops in eachprehydrotreating reactor in the prehydrotreating
reaction zone are controlled so that they don't reach the predetermined value of pressure
drop at the same time by setting operating conditions and/or utilizing the differences in
the properties of the catalyst bed layers,

more preferably, the pressure drops in eachprehydrotreating reactor in the
prehydrotreating reaction zone are controlled so that they don't reach the predetermined
value of pressure drop at the same time, by controlling one or more of different catalyst
packing heights in eachprehydrotreating reactor, different feed rates of
eachprehydrotreating reactor, different properties of the feed materials, different
operating conditions, and different catalyst packing densities under a condition of the
same packing height.

In the case that the approach of controlling different catalyst packing densities in
eachprehydrotreating reactor under a condition of the same catalyst packing height is
used, in eachprehydrotreating reactor connected in parallel in the prehydrotreating
reaction zone, the maximum packing density is 400kgm’~600kg/m’, preferably is
450kg/m’~550kg/m’;the minimum packing density is 300kg/m’~550kg/m’, preferably is
350kg/m’~450kg/m’;

preferably, the difference between catalyst packing densities of two prehydrotreating
reactors in which the packing densities are the closest to each other is 50~200kg/m’,
preferably is 80~150kg/m”.

In the case that the approach of controlling different feed rates of eachprehydrotreating
reactor is used, the ratio of volumetric space velocities of material feeding to two
prehydrotreating reactors of which the feed rates are the closest to each other is 1.1~3:1,
preferably is 1.1~1.5:1.

In the case that the approach of controlling the properties of feed materials in
eachprehydrotreating reactor is used, the difference between metals contents in the feed
materials in two prehydrotreating reactors of which the properties of feed materials are
the closest to each other is 5~50ug/g, preferably is 10~30ug/g.

In the case that the approach of controlling the different operating conditions in
eachprehydrotreating reactor is used, in the operating conditions of two prehydrotreating
reactors in which the operating pressures and volumetric space velocities are controlled to
be the closest, the difference in operating temperature is 2~30°C, preferably is 5~20°C;or
in the operating conditions of two prehydrotreating reactors in which the operating
pressure and operating temperature are controlled to be the closest, the difference in
volumetric space velocity is 0.1~10h™, preferably is 0.2~5h™".

Preferably, in the material flow direction, hydrogenation protectant,
hydro-demutualization catalyst, and optional hydro-desulphurization catalyst are charged
in eachprehydrotreating reactor in sequence;hydro-desulfurization catalyst and
hydro-denitrogenationresidual carbon conversion catalyst are charged in the reactors in
the hydrotreating reaction zone in sequence.

Preferably, the operating conditions of the prehydrotreating reaction zone include:



temperature:  370°C~420°C, preferably 380C~400°C;pressure: 10MPa~25MPa,
preferably 15MPa~20MPa;volume ratio of hydrogen to oil: 300~1,500, preferably
500~800;liquid hour space velocity (LHSV) of raw oil: 0.15h"'~2h™, preferably
0.3h"'~1h™".

Preferably, the hydrotreating reaction zone includes 1~5 hydrotreating reactors connected
in series, more preferably includes 1~2 hydrotreating reactors connected in series.

Preferably, the operating conditions of the hydrotreating reaction zone include:
temperature:  370°C~430°C, preferably 380C~410°C;pressure: 10MPa~25MPa,
preferably 15MPa~20MPa;volume ratio of hydrogen to oil: 300~1,500, preferably
400~800;liquid hour space velocity (LHSV) of raw oil: 0.15h'~0.8h™, preferably
0.2h"'~0.6h™".

Preferably, the heavy oil raw material is selected from atmospheric heavy oil and/or
vacuum residual oil; more preferably, the heavy oil raw material is blended with at least
one of straightrun wax oil, vacuum wax oil, secondary processed wax oil, and catalytic
recycle oil.

The heavy oil hydrotreating system and the heavy oil hydrotreating method provided in
the present invention have the following advantages:

(1) In the initial reaction stage, the prehydrotreating reaction zone includes a plurality of
prehydrotreating reactors connected in parallel, so that the overall metal
removing/containing capability of the entire catalyst system is greatly improved.

(2) In the heavy oil hydrotreating system provided in the present invention, when the
pressure drop in oneprehydrotreating reactor is increased to a predetermined value,
the prehydrotreating reactor is switched from the prehydrotreating reaction zone to
the transition reaction zone connected with the prehydrotreating reaction zone in
series, so that the pressure drop will not be increased anymore; instead, the pressure
drop will be increased slowly within a controlled range, till the apparatus is shut
down; thus, the running period of the entire apparatus is not limited by the pressure
drop in a prehydrotreating reactor.

(3) In the heavy oil hydrotreating system provided in the present invention, by adjusting
the prehydrotreating reactors in eachprehydrotreating reaction zone from parallel
connection to serial connection, the problem of rapid increase of pressure drop in the
prehydrotreating reactors is solved, and the flexibility of operation of the apparatus
and the adaptability of the raw material are improved.

(4) In the heavy oil hydrotreating method provided in the present invention, by arranging
the prehydrotreating reactor in a parallel connected layout, the metal containing
capacity of the catalyst system is greatly improved, and thereby the stability of the
system is enhanced, so that the increased of pressure drop in the apparatus is
controlled, and the running period of the apparatus is prolonged.

(5) The heavy oil hydrotreating method provided in the present invention can maximize
synchronous deactivation of the catalysts, and thereby improve the operating
efficiency of the apparatus and improve economic benefit.

(6) In the heavy oil hydrotreating method provided in the present invention, by



optimizing and adjusting the catalyst performance and process parameters in the
prehydrotreating reaction zone, in conjunction with utilizing high-activity
desulphurization and residual carbon removing catalysts in the follow-up procedures,
the desulphurization and residual carbon removing performance is ensured, while the
metal removing/containing capability of the entire catalyst system is improved.

Other features and advantages of the present invention will be further detailed in the
embodiments hereunder.

Description of the Drawings

The accompanying drawings are provided here to facilitate further understanding on the
present invention, and constitute a part of this document. They are used in conjunction
with the following embodiments to explain the present invention, but shall not be
comprehended as constituting any limitation to the present invention. In the figures:

Fig. 1 is a schematic diagram of an embodiment of the heavy oil hydrotreating system
according to the present invention.

Detailed Description of the Embodiments

Hereunder some embodiments of the present invention will be detailed. It should be
understood that the embodiments described here are only provided to describe and
explain the present invention, but shall not be deemed as constituting any limitation to the
present invention.

The ends points and any value in the ranges disclosed in the present invention are not
limited to the exact ranges or values; instead, those ranges or values shall be
comprehended as encompassing values that are close to those ranges or values. For
numeric ranges, the end points of the ranges, the end points of the ranges and the discrete
point values, and the discrete point values may be combined to obtain one or more new
numeric ranges, which shall be deemed as having been disclosed specifically in this
document.

The heavy oil hydrotreating system provided in the present invention comprises a
prehydrotreating reaction zone, a transition reaction zone, and a hydrotreating reaction
zone that are connected in series, and sensor units and a control unit, wherein, the sensor
units are configured to detect pressure drop in each prehydrotreating reactor in the
prehydrotreating reaction zone, and the control unit is configured to receive pressure drop
signals from the sensor units;

In the initial reaction stage, the prehydrotreating reaction zone includes at least two
prehydrotreating reactors connected in parallel, and the transition reaction zone includes
or doesn't include prehydrotreating reactors;

In the reaction process, the control unit controls material feeding to and material
discharging from eachprehydrotreating reactor in the prehydrotreating reaction zone
according to pressure drop signals of the sensor units, so that when the pressure drop in
any of the prehydrotreating reactors in the prehydrotreating reaction zone reaches a



predetermined value, the prehydrotreating reactor in which the pressure drop reaches the
predetermined value is switched from the prehydrotreating reaction zone to the transition
reaction zone.

In the heavy oil hydrotreating system provided in the present invention, the
predetermined value for the prehydrotreating reactors preferably is 50%~80% of a design
upper limit of pressure drop for the prehydrotreating reactors, such as 50%, 52%, 54%,
55%, 56%, 57%, 58%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%,
1%, 72%, 74%, 75%, 76%, 78%, or 80%, or any value between a range constituted by
any two of the values. Preferably, the predetermined value is 60%~70% of the design
upper limit of pressure drop. In the present invention, the design upper limit of pressure
drop refers to the maximum value of pressure drop in the reactors. When the pressure
drop in a reactor reaches the value, the reaction system should be shut down. The design
upper limit of pressure drop usually is 0.7~1MPa.

In the heavy oil hydrotreating system provided in the present invention, in the initial
reaction stage, the transition reaction zone may include or not include prehydrotreating
reactors. Preferably, in the initial reaction stage, the transition reaction zone doesn't
include any prehydrotreating reactor.

In the heavy oil hydrotreating system provided in the present invention, in the reaction
process, the prehydrotreating reaction zone includes at least one prehydrotreating reactor.
Moreover, if the prehydrotreating reaction zone includes only two prehydrotreating
reactors in the initial reaction stage, the operation of switching a prehydrotreating reactor
from the prehydrotreating reaction zone to the transition reaction zone has to performed
only once;if the prehydrotreating reaction zone includes three or more prehydrotreating
reactors in the initial reaction stage, the operation of switching a prehydrotreating reactor
from the prehydrotreating reaction zone to the transition reaction zone may be performed
once or more times. Preferably, in the initial reaction stage, the prehydrotreating reaction
zone includes 3~6 prehydrotreating reactors, preferably 3~4 prehydrotreating reactors.
Further preferably, the operation of switching a prehydrotreating reactor from the
prehydrotreating reaction zone to the transition reaction zone is performed so that only
one prehydrotreating reactor exists in the prehydrotreating reaction zone in the final stage
of reaction.

In the heavy oil hydrotreating system provided in the present invention, in the initial
reaction stage, the transition reaction zone may include or not include prehydrotreating
reactors. In the reaction process, when a prehydrotreating reactor is switched from the
prehydrotreating reaction zone to the transition reaction zone and the transition reaction
zone includes a plurality of prehydrotreating reactors, the plurality of prehydrotreating
reactors in the transition reaction zone may be connected in series and/or in
parallel;preferably, the plurality of prehydrotreating reactors in the transition reaction
zone are connected in series;optimally, the plurality of prehydrotreating reactors in the
transition reaction zone are arranged in series, and, in the material flow direction in the
transition reaction zone, prehydrotreating reactors switched from the prehydrotreating
reaction zone earlier are arranged at the downstream, while prehydrotreating reactors
switched from the prehydrotreating reaction zone later are arranged at the upstream.

According to an optimal embodiment of the heavy oil hydrotreating system provided in



the present invention, in the initial reaction stage, the transition reaction zone doesn't
include any prehydrotreating reactor, and the prehydrotreating reaction zone includes 3~6
prehydrotreating reactors, preferably includes 3~4 prehydrotreating reactors;

Moreover, the control unit controls material feeding to and material discharging from the
prehydrotreating reactors in the prehydrotreating reaction zone according to pressure drop
signals from the sensor units, so that:

When the pressure drop in oneprehydrotreating reactor reaches the predetermined value,
the prehydrotreating reactor is switched from the prehydrotreating reaction zone to the
transition reaction zone, and is named as a cut-out prehydrotreating reactor I, and the
prehydrotreating reaction zone, the cut-out prehydrotreating reactor I, and the
hydrotreating reaction zone are connected in series successively;

When the pressure drop in the next oneprehydrotreating reactor reaches the
predetermined value, the prehydrotreating reactor is switched from the prehydrotreating
reaction zone to the transition reaction zone, and is named as a cut-out prehydrotreating
reactor II, and the prehydrotreating reaction zone, the cut-out prehydrotreating reactor II,
the cut-out prehydrotreating reactor I, and the hydrotreating reaction zone are connected
in series successively;

The other prehydrotreating reactors are treated in the above-mentioned method, till all of
the prehydrotreating reactors are connected in series. In the embodiment, among all of the
prehydrotreating reactors connected in series, according to the order in which the
pressure drops reach the predetermined value, prehydrotreating reaction zones in which
the pressure drop reaches the predetermined value earlier are arranged at the downstream,
prehydrotreating reaction zones in which the pressure drop reaches the predetermined
value later are arranged at the upstream, and prehydrotreating reactor in which the
pressure drop reaches the predetermined value first is arranged at the most downstream
position.

According to an embodiment of the heavy oil prehydrotreating system, as shown in Fig. 1,
in the prehydrotreating reaction zone, the discharge outlet of any one prehydrotreating
reactor is connected through a pipeline with a control valve to the feed inlets of other
prehydrotreating reactors and the feed inlet of the hydrotreating reaction zone, the feed
inlet of any one prehydrotreating reactor is connected through a pipeline with a control
valve to a supply source of mixed flow of heavy oil raw material and hydrogen, wherein,
the control unit controls material feeding and discharging by controlling the control
valves corresponding to eachprehydrotreating reactor.

In the heavy oil hydrotreating system provided in the present invention, the hydrotreating
reaction zone may include 1~5 hydrotreating reactors arranged in series, preferably
includes 1~2 hydrotreating reactors arranged in series.

Fig. 1 is a schematic diagram of a preferred embodiment of the heavy oil hydrotreating
system according to the present invention. Hereunder the heavy oil hydrotreating method
and the heavy oil hydrotreating system provided in the present invention will be further
detailed with reference to Fig. 1. However, the present invention is not limited to the
embodiment.

As shown in Fig. 1, the heavy oil hydrotreating system and the heavy oil hydrotreating
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method provided in the present invention comprise: a heavy oil raw material is mixed
with hydrogen to obtain a mixture F, then the mixture F is fed through a feeding pipeline
1, a feeding pipeline 2 and a feeding pipeline 3 into a prehydrotreating reaction zone and
a hydro-desulfurization reaction zone connected in series, wherein, the prehydrotreating
reaction zone includes three prehydrotreating reactors arranged in parallel, i.e.,
prehydrotreating reactor A, prehydrotreating reactor B, and prehydrotreating reactor C,
the feed inlets of the prehydrotreating reactor A, prehydrotreating reactor B and
prehydrotreating reactor C are connected with the feeding pipeline 1, feeding pipeline 2
and feeding pipeline 3 respectively, the outlet of the prehydrotreating reactor A is split
into three branches, the first branch is connected through a pipeline 6 to the feed inlet of
the prehydrotreating reactor B, the second branch is connected through a pipeline 7 to the
feed inlet of the prehydrotreating reactor C, and the third branch is connected through a
pipeline 10 to the feed inlet of a hydro-desulfurization reactor D;the outlet of the
prehydrotreating reactor B is split into three branches, the first branch is connected
through a pipeline 4 to the feed inlet of the prehydrotreating reactor A, the second branch
is connected through a pipeline 5 to the feed inlet of the prehydrotreating reactor C, and
the third branch is connected through a pipeline 11 to the feed inlet of the
hydro-desulfurization reactor D;the outlet of the prehydrotreating reactor C is split into
three branches, the first branch is connected through a pipeline 8 to the feed inlet of the
prehydrotreating reactor A, the second branch is connected through a pipeline 9 to the
feed inlet of the prehydrotreating reactor B, and the third branch is connected through a
pipeline 12 to the feed inlet of the hydro-desulfurization reactor D;the pipeline 1 is
provided with a valve 101, the pipeline 2 is provided with a valve 102, the pipeline 3 is
provided with a valve 103, the pipeline 4 is provided with a valve 104, the pipeline 5 is
provided with a valve 105, the pipeline 6 is provided with a valve 106, the pipeline 7 is
provided with a valve 107, the pipeline 8 is provided with a valve 108, the pipeline 9 is
provided with a valve 109, the pipeline 10 is provided with a valve 1010, the pipeline 11
is provided with a valve 1011, the pipeline 12 is provided with a valve 1012, the resultant
oil obtained in the hydro-desulfurization reactor flows into a separator E and is separated
to obtain liquefied gas 14 and resultant oil 15 generated by hydrogenation, and the
resultant oil 15 generated by hydrogenation may be further fractionated into different
distillates. The prehydrotreating reactor A, the prehydrotreating reactor B, and the
prehydrotreating reactor C are respectively provided with a sensor unit (not shown) for
monitoring pressure drop in them; in addition, the heavy oil hydrotreating system further
comprises a control unit (not shown) configured to receive pressure drop signals from the
sensor units and control the valves corresponding to the prehydrotreating reactors
according to the pressure drop signals.

In the heavy oil hydrotreating system described above, the prehydrotreating reactor A, the
prehydrotreating reactor B and the prehydrotreating reactor C may be deactivated in any
order, and the switching operations may be performed according to the following six
schemes:

Scheme 1: The pressure drops reach the predetermined value of pressure drop in the
sequence of prehydrotreating reactor A, prehydrotreating reactor B, and prehydrotreating
reactor C.

(1) At the start-up, the valve 101, valve 102, valve 103, valve 1010, valve 1011, and
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2)

€)

(4)

valve 1012 on the pipeline 1, pipeline 2, pipeline 3, pipeline 10, pipeline 11, pipeline
12 are opened, and the valve 104, valve 105, valve 106, valve 107, valve 108, and
valve 109 on the pipeline 4, pipeline 5, pipeline 6, pipeline 7, pipeline 8, and pipeline
9 are closed;

The pressure drops in the prehydrotreating reactor A, prehydrotreating reactor B and
prehydrotreating reactor C are detected with the sensor units; when the pressure drop
in the prehydrotreating reactor A reaches a predetermined value, the pressure drop
signal from the sensor unit corresponding to the prehydrotreating reactor A is
transmitted to the control unit, and the control unit executes regulation and control of
the valves after receiving the signal; specifically, the valve 101 on the feeding
pipeline 1, the valve 1011 on the pipeline 11, and the valve 1012 on the pipeline 12
are closed, the valve 108 on the pipeline 8 and the valve 104 on the pipeline 4 are
opened, so that the prehydrotreating reaction zone (including the prehydrotreating
reactor B and the prehydrotreating reactor C), the prehydrotreating reactor A, and the
hydro-desulfurization reaction zone are connected in series, and a switching
operation from parallel connection to serial connection is accomplished at this point;

When the pressure drop in the prehydrotreating reactor B reaches the predetermined
value, a pressure drop signal from the sensor unit corresponding to the
prehydrotreating reactor B is transmitted to the control unit, and the control unit
executes regulation and control of the valves after receiving the signal; specifically,
the valve 102 on the feeding pipeline 2 and the valve 108 on the pipeline 8 are closed,
and the valve 109 on the pipeline 9 is opened, so that the prehydrotreating reactor C,
the prehydrotreating reactor B, the prehydrotreating reactor A, and the
hydro-desulfurization reaction zone are connected in series; thus, a second switching
operation from parallel connection to serial connection is accomplished at this point;

When the pressure drop in the prehydrotreating reactor C reaches the design upper
limit, the entire reaction system should be shut down.

Scheme 2: The pressure drops reach the predetermined value of pressure drop in the
sequence of prehydrotreating reactor A, prehydrotreating reactor C, and prehydrotreating
reactor B.

(1)

2)

At the start-up, the valve 101, valve 102, valve 103, valve 1010, valve 1011, and
valve 1012 on the pipeline 1, pipeline 2, pipeline 3, pipeline 10, pipeline 11, pipeline
12 are opened, and the valve 104, valve 105, valve 106, valve 107, valve 108, and
valve 109 on the pipeline 4, pipeline 5, pipeline 6, pipeline 7, pipeline 8, and pipeline
9 are closed;

The pressure drops in the prehydrotreating reactor A, prehydrotreating reactor B and
prehydrotreating reactor C are detected with the sensor units; when the pressure drop
in the prehydrotreating reactor A reaches a predetermined value, the pressure drop
signal from the sensor unit corresponding to the prehydrotreating reactor A is
transmitted to the control unit, and the control unit executes regulation and control of
the valves after receiving the signal; specifically, the valve 101 on the feeding
pipeline 1, the valve 1011 on the pipeline 11, and the valve 1012 on the pipeline 12
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3)

(4)

are closed, the valve 108 on the pipeline 8 and the valve 104 on the pipeline 4 are
opened, so that the prehydrotreating reaction zone (including the prehydrotreating
reactor B and the prehydrotreating reactor C), the prehydrotreating reactor A, and the
hydro-desulfurization reaction zone are connected in series, and a switching
operation from parallel connection to serial connection is accomplished at this point;

When the pressure drop in the prehydrotreating reactor C reaches the predetermined
value, a pressure drop signal from the sensor unit corresponding to the
prehydrotreating reactor C is transmitted to the control unit, and the control unit
executes regulation and control of the valves after receiving the signal; specifically,
the valve 103 on the feeding pipeline 3 and the valve 104 on the pipeline 4 are closed,
and the valve 105 on the pipeline 5 is opened, so that the prehydrotreating reactor B,
the prehydrotreating reactor C, the prehydrotreating reactor A, and the
hydro-desulfurization reaction zone are connected in series; thus, a second switching
operation from parallel connection to serial connection is accomplished at this point;

When the pressure drop in the prehydrotreating reactor C reaches the predetermined
value, the entire reaction system should be shut down.

Scheme 3: The pressure drops reach the predetermined value of pressure drop in the
sequence of prehydrotreating reactor B, prehydrotreating reactor C, and prehydrotreating
reactor A.

(1)

)

)

At the start-up, the valve 101, valve 102, valve 103, valve 1010, valve 1011, and
valve 1012 on the pipeline 1, pipeline 2, pipeline 3, pipeline 10, pipeline 11, pipeline
12 are opened, and the valve 104, valve 105, valve 106, valve 107, valve 108, and
valve 109 on the pipeline 4, pipeline 5, pipeline 6, pipeline 7, pipeline 8, and pipeline
9 are closed;

The pressure drops in the prehydrotreating reactor A, prehydrotreating reactor B and
prehydrotreating reactor C are detected with the sensor units; when the pressure drop
in the prehydrotreating reactor B reaches a predetermined value, the pressure drop
signal from the sensor unit corresponding to the prehydrotreating reactor B is
transmitted to the control unit, and the control unit executes regulation and control of
the valves after receiving the signal; specifically, the valve 102 on the feeding
pipeline 2, the valve 1010 on the pipeline 10, and the valve 1012 on the pipeline 12
are closed, the valve 109 on the pipeline 9 and the valve 106 on the pipeline 6 are
opened, so that the prehydrotreating reaction zone (including the prehydrotreating
reactor A and the prehydrotreating reactor C), the prehydrotreating reactor B, and the
hydro-desulfurization reaction zone are connected in series, and a switching
operation from parallel connection to serial connection is accomplished at this point;

When the pressure drop in the prehydrotreating reactor C reaches the predetermined
value, a pressure drop signal from the sensor unit corresponding to the
prehydrotreating reactor C is transmitted to the control unit, and the control unit
executes regulation and control of the valves after receiving the signal; specifically,
the valve 103 on the feeding pipeline 3 and the valve 106 on the pipeline 6 are closed,
and the valve 107 on the pipeline 7 is opened, so that the prehydrotreating reactor A,
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4)

the prehydrotreating reactor C, the prehydrotreating reactor B, and the
hydro-desulfurization reaction zone are connected in series; thus, a second switching
operation from parallel connection to serial connection is accomplished at this point;

When the pressure drop in the prehydrotreating reactor A reaches the predetermined
value, the entire reaction system should be shut down.

Scheme 4: The pressure drops reach the predetermined value of pressure drop in the
sequence of prehydrotreating reactor B, prehydrotreating reactor A, and prehydrotreating
reactor C.

(1)

2)

3)

(4)

At the start-up, the valve 101, valve 102, valve 103, valve 1010, valve 1011, and
valve 1012 on the pipeline 1, pipeline 2, pipeline 3, pipeline 10, pipeline 11, pipeline
12 are opened, and the valve 104, valve 105, valve 106, valve 107, valve 108, and
valve 109 on the pipeline 4, pipeline 5, pipeline 6, pipeline 7, pipeline 8, and pipeline
9 are closed;

The pressure drops in the prehydrotreating reactor A, prehydrotreating reactor B and
prehydrotreating reactor C are detected with the sensor units; when the pressure drop
in the prehydrotreating reactor B reaches a predetermined value, the pressure drop
signal from the sensor unit corresponding to the prehydrotreating reactor B is
transmitted to the control unit, and the control unit executes regulation and control of
the valves after receiving the signal; specifically, the valve 102 on the feeding
pipeline 2, the valve 1010 on the pipeline 10, and the valve 1012 on the pipeline 12
are closed, the valve 109 on the pipeline 9 and the valve 106 on the pipeline 6 are
opened, so that the prehydrotreating reaction zone (including the prehydrotreating
reactor A and the prehydrotreating reactor C), the prehydrotreating reactor B, and the
hydro-desulfurization reaction zone are connected in series, and a switching
operation from parallel connection to serial connection is accomplished at this point;

When the pressure drop in the prehydrotreating reactor A reaches the predetermined
value, a pressure drop signal from the sensor unit corresponding to the
prehydrotreating reactor A is transmitted to the control unit, and the control unit
executes regulation and control of the valves after receiving the signal; specifically,
the valve 101 on the feeding pipeline 1 and the valve 109 on the pipeline 9 are closed,
and the valve 108 on the pipeline 8 is opened, so that the prehydrotreating reactor C,
the prehydrotreating reactor A, the prehydrotreating reactor B, and the
hydro-desulfurization reaction zone are connected in series; thus, a second switching
operation from parallel connection to serial connection is accomplished at this point;

When the pressure drop in the prehydrotreating reactor C reaches the predetermined
value, the entire reaction system should be shut down.

Scheme 5: The pressure drops reach the predetermined value of pressure drop in the
sequence of prehydrotreating reactor C, prehydrotreating reactor B, and prehydrotreating
reactor A.

(1)

At the start-up, the valve 101, valve 102, valve 103, valve 1010, valve 1011, and
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2)

€)

(4)

valve 1012 on the pipeline 1, pipeline 2, pipeline 3, pipeline 10, pipeline 11, pipeline
12 are opened, and the valve 104, valve 105, valve 106, valve 107, valve 108, and
valve 109 on the pipeline 4, pipeline 5, pipeline 6, pipeline 7, pipeline 8, and pipeline
9 are closed;

The pressure drops in the prehydrotreating reactor A, prehydrotreating reactor B and
prehydrotreating reactor C are detected with the sensor units; when the pressure drop
in the prehydrotreating reactor C reaches a predetermined value, the pressure drop
signal from the sensor unit corresponding to the prehydrotreating reactor C is
transmitted to the control unit, and the control unit executes regulation and control of
the valves after receiving the signal; specifically, the valve 103 on the feeding
pipeline 3, the valve 1010 on the pipeline 10, and the valve 1011 on the pipeline 11
are closed, the valve 107 on the pipeline 7 and the valve 105 on the pipeline 5 are
opened, so that the prehydrotreating reaction zone (including the prehydrotreating
reactor A and the prehydrotreating reactor B), the prehydrotreating reactor C, and the
hydro-desulfurization reaction zone are connected in series, and a switching
operation from parallel connection to serial connection is accomplished at this point;

When the pressure drop in the prehydrotreating reactor B reaches the predetermined
value, a pressure drop signal from the sensor unit corresponding to the
prehydrotreating reactor B is transmitted to the control unit, and the control unit
executes regulation and control of the valves after receiving the signal; specifically,
the valve 102 on the feeding pipeline 2 and the valve 107 on the pipeline 7 are closed,
and the valve 106 on the pipeline 6 is opened, so that the prehydrotreating reactor A,
the prehydrotreating reactor B, the prehydrotreating reactor C, and the
hydro-desulfurization reaction zone are connected in series; thus, a second switching
operation from parallel connection to serial connection is accomplished at this point;

When the pressure drop in the prehydrotreating reactor A reaches the predetermined
value, the entire reaction system should be shut down.

Scheme 6: The pressure drops reach the predetermined value of pressure drop in the
sequence of prehydrotreating reactor C, prehydrotreating reactor A, and prehydrotreating
reactor B.

(1)

2)

At the start-up, the valve 101, valve 102, valve 103, valve 1010, valve 1011, and
valve 1012 on the pipeline 1, pipeline 2, pipeline 3, pipeline 10, pipeline 11, pipeline
12 are opened, and the valve 104, valve 105, valve 106, valve 107, valve 108, and
valve 109 on the pipeline 4, pipeline 5, pipeline 6, pipeline 7, pipeline 8, and pipeline
9 are closed;

The pressure drops in the prehydrotreating reactor A, prehydrotreating reactor B and
prehydrotreating reactor C are detected with the sensor units; when the pressure drop
in the prehydrotreating reactor C reaches a predetermined value, the pressure drop
signal from the sensor unit corresponding to the prehydrotreating reactor C is
transmitted to the control unit, and the control unit executes regulation and control of
the valves after receiving the signal; specifically, the valve 103 on the feeding
pipeline 3, the valve 1010 on the pipeline 10, and the valve 1011 on the pipeline 11
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are closed, the valve 107 on the pipeline 7 and the valve 105 on the pipeline 5 are
opened, so that the prehydrotreating reaction zone (including the prehydrotreating
reactor A and the prehydrotreating reactor B), the prehydrotreating reactor C, and the
hydro-desulfurization reaction zone are connected in series, and a switching
operation from parallel connection to serial connection is accomplished at this point;

(3) When the pressure drop in the prehydrotreating reactor A reaches the predetermined
value, a pressure drop signal from the sensor unit corresponding to the
prehydrotreating reactor A is transmitted to the control unit, and the control unit
executes regulation and control of the valves after receiving the signal; specifically,
the valve 101 on the feeding pipeline 1 and the valve 105 on the pipeline 5 are closed,
and the valve 104 on the pipeline 4 is opened, so that the prehydrotreating reactor B,
the prehydrotreating reactor A, the prehydrotreating reactor C, and the
hydro-desulfurization reaction zone are connected in series; thus, a second switching
operation from parallel connection to serial connection is accomplished at this point;

(4) When the pressure drop in the prehydrotreating reactor B reaches the predetermined
value, the entire reaction system should be shut down.

The heavy oil hydrotreating method provided in the present invention comprises: mixing
the heavy oil raw material with hydrogen, and then feeding the mixture through the
prehydrotreating reaction zone, transition reaction zone, and hydrotreating reaction zone
that are connected in series; wherein,

in the initial reaction stage, the prehydrotreating reaction zone includes at least two
prehydrotreating reactors connected in parallel, and the transition reaction zone includes
or doesn't include prehydrotreating reactors;

in the reaction process, when the pressure drop in any one of the prehydrotreating reactor
in the prehydrotreating reaction zone reaches a predetermined value, the prehydrotreating
reactor in which the pressure drop reaches the predetermined value is switched from the
prehydrotreating reaction zone to the transition reaction zone.

In the heavy oil hydrotreating method provided in the present invention, in the initial
reaction stage, the prehydrotreating reaction zone includes at least two prehydrotreating
reactors connected in parallel. In the follow-up reaction process, as the pressure drops in
the prehydrotreating reactors reach the predetermined value gradually, the
prehydrotreating reactors in which the pressure drop reaches the predetermined value are
switched from the prehydrotreating reaction zone to the transition reaction zone, till only
one prehydrotreating reactor is left in the prehydrotreating reaction zone.

In a case that the prehydrotreating reaction zone includes two prehydrotreating reactors
arranged in parallel in the initial reaction stage, in the reaction process, when the pressure
drop in either of the prehydrotreating reactors in the prehydrotreating reaction zone
reaches the predetermined value, the prehydrotreating reactor in which the pressure drop
reaches the predetermined value is switched to the transition reaction zone, till the
pressure drop in the remaining prehydrotreating reactor in the prehydrotreating reaction
zone reaches the design upper limit (usually is 0.7~1MPa); at that point, the entire
reaction process is terminated, and the entire reaction system should be shut down.

In a case that the prehydrotreating reaction zone includes three or more (preferably 3~6,
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more preferably 3~4) prehydrotreating reactors arranged in parallel in the initial reaction
stage and the transition reaction zone doesn't include any prehydrotreating reactor, in the
reaction process, when the pressure drop in a prehydrotreating reactor reaches the
predetermined value, the prehydrotreating reactor in which the pressure drop reaches the
predetermined value is switched from the prehydrotreating reaction zone to the transition
reaction zone and is named as cut-out prehydrotreating reactor I, and the prehydrotreating
reaction zone, the cut-out prehydrotreating reactor I, and the hydrotreating reaction zone
are connected in series successively;

When the pressure drop in the next prehydrotreating reactor reaches the predetermined
value, the prehydrotreating reactor is switched out from the prehydrotreating reaction
zone and is named as a cut-out prehydrotreating reactor II, and the prehydrotreating
reaction zone, the cut-out prehydrotreating reactor II, the cut-out prehydrotreating reactor
I, and the hydrotreating reaction zone are connected in series successively;

The other prehydrotreating reactors are treated in the above-mentioned method, till all of
the prehydrotreating reactors are connected in series. In the embodiment, among all of the
prehydrotreating reactors connected in series, according to the order in which the
pressure drops reach the predetermined value, prehydrotreating reaction zones in which
the pressure drop reaches the predetermined value earlier are arranged at the downstream,
prehydrotreating reaction zones in which the pressure drop reaches the predetermined
value later are arranged at the upstream, and prehydrotreating reactor in which the
pressure drop reaches the predetermined value first is arranged at the most downstream
position.

In the heavy oil hydrotreating method provided in the present invention, the
predetermined value is 50%~80% of the design upper limit of pressure drop, such as,
50%, 52%, 54%, 55%, 56%, 57%, 58%., 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%,
68%, 69%, 70%, 71%, 72%, 74%, 75%, 76%, 78%, or 80%, or any value between the
range constituted by any two of the values. Preferably, the predetermined value is
60%~70% of the design upper limit of pressure drop. In the present invention, the design
upper limit of pressure drop refers to the maximum value of pressure drop in the reactors.
When the pressure drop in a reactor reaches the value, the reaction system should be shut
down. The design upper limit of pressure drop usually is 0.7~1MPa.

In the heavy oil hydrotreating method provided in the present invention, the pressure
drops in all of the prehydrotreating reactors are controlled so that they don't reach the
predetermined value at the same time. Preferably, the difference between the times when
the pressure drops in adjacent two prehydrotreating reactors in which the pressure drops
are the closest to the predetermined value reach the predetermined value is not smaller
than 20% of the entire running period, preferably is 20-60% of the entire running period,
such as 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, or 60%. In the present invention,
the entire running period refers to the duration from the time the heavy oil hydrotreating
system is started to operate to the time the heavy oil hydrotreating system is shut down.

The pressure drops in the prehydrotreating reactors in the prehydrotreating reaction zone
can be controlled so that they don't reach the predetermined value of pressure drop at the
same time by setting operating conditions and/or utilizing the differences in the properties
of the catalyst bed layers. Preferably, the pressure drops in the prehydrotreating reactors
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in the prehydrotreating reaction zone are controlled so that they don't reach the
predetermined value of pressure drop at the same time, by controlling one or more of
different catalyst packing heights in the prehydrotreating reactors, different feed rates of
the prehydrotreating reactors, different properties of the feed materials, different
operating conditions, and different catalyst packing densities under a condition of the
same packing height.

In one embodiment, in the case that the approach of controlling different catalyst packing
densities in eachprehydrotreating reactor under a condition of the same catalyst packing
height is wused, in eachprehydrotreating reactors connected in parallel in the
prehydrotreating reaction zone, the maximum packing density may be
400kgm’~600kg/m’, preferably is 450kg/m’~550kg/m’;the minimum packing density
may be 300kg/m’~550kg/m’, preferably is 350kg/m’~450kg/m’. Further preferably, the
difference between catalyst packing densities of two prehydrotreating reactors in which
the packing densities are the closest to each other is 50~200kg/m’, preferably is
80~150kg/m’. Specifically, the catalyst packing density in the prehydrotreating reactor
that is cut out first is set to the highest value, the catalyst packing density in the
prehydrotreating reactor that is cut out at last is set to the lowest value, and the catalyst
packing densities in the prehydrotreating reactors are decreased successively in the
cut-out order. Different catalyst packing densities may be achieved by graded loading of
different types of catalysts. For example, the catalyst packing densities in the
prehydrotreating reactors may be controlled to be different from each other by adding
hydrogenation protectant, hydro-demetalization catalyst, and hydro-desulfurization
catalyst in different proportions.

In another embodiment, in the case that the approach of controlling different feed rates of
eachprehydrotreating reactor is used, the ratio of volumetric space velocities of material
feeding to two prehydrotreating reactors of which the feed rates are the closest to each
other may be 1.1~3:1, preferably is 1.1~1.5:1.

In another embodiment, in the case that the approach of controlling the properties of feed
materials in eachprehydrotreating reactor is used, the difference between metals contents
in the feed materials in two prehydrotreating reactors of which the properties of feed
materials are the closest to each other may be 5~50ug/g, preferably is 10~30ug/g.

In another embodiment, in the case that the approach of controlling the different
operating conditions in eachprehydrotreating reactor is used, in the operating conditions
of two prehydrotreating reactors in which the operating pressures and volumetric space
velocities are controlled to be the closest, the difference in operating temperature may be
2~30°C, preferably is 5~20C;or in the operating conditions of two prehydrotreating
reactors in which the operating pressure and operating temperature are controlled to be
the clo§est, the difference in volumetric space velocity may 0.1~10h™, preferably is
0.2~5h".

In the heavy oil hydrotreating method provided in the present invention, the operating
conditions of the prehydrotreating reaction zone may include: temperature: 370°C~420C,
preferably 380°C~400°C;pressure: 10MPa~25MPa, preferably 15MPa~20MPa;volume
ratio of hydrogen to oil: 300~1,500, preferably 500~800;liquid hour space velocity
(LHSV) of raw oil: 0.15h"'~2h!, preferably 0.3h™'~1h". Here, the pressure refers to the
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partial pressure of hydrogen at the inlet of reactor.

In the present invention, the average reaction temperature in the prehydrotreating reaction
zone 1is apparently higher than the reaction temperatures in the heavy oil
hydro-demetalization reactors in the prior art, which usually is 350°C~390°C. In the
method provided in the present invention, through optimization of the process flow, the
prehydrotreating reaction zone arranged in the front part eliminates the drawback that the
running period is limited by the increase of pressure drop, and the reactors can operate at
a higher temperature; in addition, the higher reaction temperature is helpful for giving full
play to the performance of the charged catalyst system, beneficial for hydrogenation
conversion of large molecules and removal of impurities.

In the heavy oil hydrotreating method provided in the present invention, the hydrotreating
reaction zone may include 1~5 hydrotreating reactors arranged in series, preferably
includes 1~2 hydrotreating reactors arranged in series.

In the heavy oil hydrotreating method provided in the present invention, the operating
conditions of the hydrotreating reaction zone may include: temperature: 370°C~430C,
preferably 380°C~410°C;pressure: 10MPa~25MPa, preferably 15MPa~20MPa;volume
ratio of hydrogen to oil: 300~1,500, preferably 400~800;liquid hour space velocity
(LHSV) of raw oil: 0.15h™'~0.8h™", preferably 0.2h'~0.6h™". Here, the pressure refers to
the partial pressure of hydrogen at the inlet of reactor.

In the heavy oil hydrotreating method provided in the present invention, a fixed bed
heavy oil hydrotreating technique is used, one or more of hydrogenation protectant,
hydro-demetalization catalyst, hydro-desulfurization catalyst, and
hydro-denitrogenationresidual carbon conversion catalyst may be charged in the
prehydrotreating reactors in the prehydrotreating reaction zone, and one or more of
hydro-desulfurization catalyst and hydro-denitrogenationresidual carbon conversion
catalyst may be charged in the reactors in the hydrotreating reaction zone.

In a preferred embodiment, in the material flow direction, hydrogenation protectant,
hydro-demutualization catalyst, and optional hydro-desulphurization catalyst are charged
in the prehydrotreating reactors in sequence;hydro-desulfurization catalyst and
hydro-denitrogenationresidual carbon conversion catalyst are charged in the reactors in
the hydrotreating reaction zone in sequence. With the catalyst charging method in the
preferred embodiment, the metal removing/containing capability of the entire system is
greatly improved, and the increase of pressure drop in each of the prehydrotreating
reactors is controlled with a controlled range by adjusting the catalyst grading. The
catalyst system charged in the prehydrotreating reactors connected in parallel in the
prehydrotreating reaction zone is mainly for the purpose of removing and containing
metals, so that the hydrogenation conversion capability for large molecules (e.g., resin
and asphaltene) in the raw material is strengthened, and thereby a basis is set for the
follow-up deep desulfurization and conversion of residual carbon to make the
hydro-desulfurization reaction zone helpful for further depth reaction. Therefore,
compared with conventional techniques, in the method provided in the present invention,
though the proportion of the hydro-demetalization catalyst is increased to a certain degree,
the overall desulphurization activity and residual carbon hydrogenation conversion
performance are improved rather than degraded.

19



In the present invention, the hydrogenation protectant, the hydro-demetalization catalyst,
the hydro-desulfurization catalyst, and the hydro-denitrogenation and residual carbon
conversion catalyst may be catalysts commonly used in fixed bed heavy oil hydrotreating
processes. These catalysts usually utilize a porous refractory inorganic oxide (e.g.,
alumina) as a carrier, and oxides of VIB and/or VIII metals (e.g., W, Mo, Co., Ni, etc.) as
active constituents, with different other additives (e.g., P, Si, F, B, etc.) added selectively.
For example, the FZC series heavy oil hydrotreating catalysts produced by the Catalyst
Branch of China Petroleum & Chemical Corporation may be used.

In the heavy oil hydrotreating method provided in the present invention, the heavy oil
raw material may be a heavy oil raw material commonly used in fixed bed heavy oil
hydrotreating processes, such as atmospheric heavy oil or vacuum residual oil, and is
usually blended with one or more of straight-run gas oil, vacuum gas oil, secondary
processed oil, and FCC recycle oil. The properties of the heavy oil raw material may be:
sulfur content: <4wt%, nitrogen content: <0.7wt%, metal content (Ni+V): <120ug/g,
residual carbon value: <17wt%, and asphaltene content: <5wt%.

Hereunder the effects of the present invention will be detailed in specific embodiments.
In the embodiments and a Comparative examples of the present invention, the raw
materials include of three materials, i.e., raw material A, raw material B, and raw material
C, the properties of which are shown in Table 1; the properties of the heavy oil
hydrogenation catalyst is shown in Table 2; the charging method of the catalyst in the
embodiments 1~4 is shown in Table 3, the charging method of the catalyst in the
Comparative examples 1~4 is shown in Table 4, the reaction conditions in the
embodiments 1~4 are shown in Table 5, the reaction conditions in the Comparative
examples 1~4 are shown in Table 6, and the reaction results in the embodiments 1~4 and
the Comparative examples 1~4 are shown in Table 7.

In the following examples and Comparative examples, the prehydrotreating reactor A,
prehydrotreating reactor B, and prehydrotreating reactor C are reactors in the same form
and size.

Examples
Example 1

In this example, the switching operation is performed with the above-mentioned scheme
5, i.e., the predetermined value of pressure drop is reached in the sequence of
prehydrotreating reactor C, prehydrotreating reactor B, and prehydrotreating reactor A.

In this example, raw material A is used in the prehydrotreating reactor A,
prehydrotreating reactor B, and prehydrotreating reactor C, the total charged amount of
catalyst, properties of feed material, and material feed rate are the same for the
prehydrotreating reactor A, prehydrotreating reactor B, and prehydrotreating reactor C,
the catalysts are charged into the prehydrotreating reactor A, prehydrotreating reactor B,
prehydrotreating reactor C, and hydro-desulfurization reactor D with the methods shown
in Table 3, the operating conditions are shown in Table 5, and the reaction results are
shown in Table 7.
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Example 2

In this example, the switching operation is performed with the above-mentioned scheme
5, i.e., the predetermined value of pressure drop is reached in the sequence of
prehydrotreating reactor C, prehydrotreating reactor B, and prehydrotreating reactor A.

In this example, raw material B is used in the prehydrotreating reactor A,
prehydrotreating reactor B, and prehydrotreating reactor C, the properties of the raw
material B are shown in Table 1, and the liquid hour space velocities (LHSV) of material
feeding to the reactors are different from each other, specifically, the LHSV of the
prehydrotreating reactor A is 0.2h™", the LHSV of the prehydrotreating reactor B is 0.32h™,
and the LHSV of the prehydrotreating reactor C is 0.44h™". Catalysts are charged into the
prehydrotreating reactor A, prehydrotreating reactor B, and prehydrotreating reactor C in
the same way as shown in Table 3, the operating conditions of the reactors are shown in
Table 5, and the reaction results are shown in Table 7.

Example 3

In this example, the switching operation is performed with the above-mentioned scheme
1, i.e., the predetermined value of pressure drop is reached in the sequence of
prehydrotreating reactor A, prehydrotreating reactor B, and prehydrotreating reactor C.

In this example, raw material A is used in the prehydrotreating reactor A, raw material B
is used in the prehydrotreating reactor B, and raw material C is used in the
prehydrotreating reactor C, the properties of the raw materials are shown in Table 1. The
feed rates of the prehydrotreating reactor A, prehydrotreating reactor B, and
prehydrotreating reactor C are the same, catalysts are charged into the prehydrotreating
reactor A, prehydrotreating reactor B, and prehydrotreating reactor C in the same way as
shown in Table 3, the operating conditions of the reactors are shown in Table 5, and the
reaction results are shown in Table 7.

Example 4

In this example, the switching operation is performed with the above-mentioned scheme
5, i.e., the predetermined value of pressure drop is reached in the sequence of
prehydrotreating reactor C, prehydrotreating reactor B, and prehydrotreating reactor A.

In this example, raw material C is used in the prehydrotreating reactor A,
prehydrotreating reactor B, and prehydrotreating reactor C, and the feed rates are the
same. The average reaction temperature in the prehydrotreating reactor A is 365°C, the
average reaction temperature in the prehydrotreating reactor B is 375°C, the average
reaction temperature in the prehydrotreating reactor C is 385°C, the average reaction
temperature in the hydro-desulfurization reactor D is 383 °C, the catalyst charging method
is shown in Table 3, the operating conditions are shown in Table 5, and the reaction
results are shown in Table 7.

Comparative examples
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In the following comparative examples 1~4, a conventional serial process is used, and
other aspects are the same as those of the examples 1~4.

Comparative example 1

4 reactors are also employed in this Comparative example, i.e., reactor A, reactor B,
reactor C, and reactor D, which are connected in series successively. Material A is used in
this Comparative example, the properties of the raw material A are shown in Table 1, the
feed rate and properties of feed material of the reactor A are the same as the overall feed
rate and the properties of the feed material. The total charge amounts of the catalysts in
the reactor A, reactor B, reactor C, and reactor D are the same as those in the
prehydrotreating reactor A, prehydrotreating reactor B, prehydrotreating reactor C, and
hydro-desulfurization reactor D in the example 1, but the charge amounts of different
catalysts are different from each other, the catalysts are charged with the methods shown
in Table 4, the operating conditions are shown in Table 6, and the reaction results are
shown in Table 7.

Comparative example 2

4 reactors are also employed in this Comparative example, i.e., reactor A, reactor B,
reactor C, and reactor D, which are connected in series successively. Raw material B is
used in this Comparative example, the properties of the raw material B are shown in
Table 1, the total feed amount and the properties of feed material at the inlet of the reactor
A are the same as those in the example 2. The total charge amounts of the catalysts in the
reactor A, reactor B, reactor C, and reactor D are the same as those in the corresponding
prehydrotreating reactor A, prehydrotreating reactor B, prehydrotreating reactor C, and
hydro-desulfurization reactor D in the example 2, but the charge amounts of different
catalysts are different from each other, the catalysts are charged with the methods shown
in Table 4, the operating conditions are shown in Table 6, and the reaction results are
shown in Table 7.

Comparative example 3

4 reactors are also employed in this Comparative example, i.e., reactor A, reactor B,
reactor C, and reactor D, which are connected in series successively. In this Comparative
example, a raw material mixed from raw material A, raw material B and raw material C
in the same proportion is used, the total feed amount and the properties of the mixed feed
material at the inlet of the reactor A are the same as those in the example 3. The total
charge amounts of the catalysts in the reactor A, reactor B, reactor C, and reactor D are
the same as those in the corresponding prehydrotreating reactor A, prehydrotreating
reactor B, prehydrotreating reactor C, and hydro-desulfurization reactor D in the example
3, but the charge amounts of different catalysts are different from each other, the catalysts
are charged with the methods shown in Table 4, the operating conditions are shown in
Table 6, and the reaction results are shown in Table 7.

Comparative example 4

22



4 reactors are also employed in this Comparative example, i.e., reactor A, reactor B,
reactor C, and reactor D, which are connected in series successively. Raw material C is
used in this Comparative example, the properties of the raw material C are shown in
Table 1, the total feed amount and the properties of feed material at the inlet of the reactor
A are the same as those in the example 4. The total charge amounts of the catalysts in the
reactor A, reactor B, reactor C, and reactor D are the same as those in the corresponding
prehydrotreating reactor A, prehydrotreating reactor B, prehydrotreating reactor C, and
hydro-desulfurization reactor D in the example 4, but the charge amounts of different
catalysts are different from each other, the catalysts are charged with the methods shown
in Table 4, the operating conditions are shown in Table 6, and the reaction results are
shown in Table 7.

Table 1: Properties of Raw Materials

Item Raw Material A Raw Material B | Raw Material C
S, wt% 3.32 2.86 2.35
N, ng/g 3,566 3,320 4,200
Residual carg)on (CCR), 13.50 12.62 11.46
wt%
Density (20°C), kg/m’ 987.6 984.0 976.5
Viscosity (100°C), mm?/s 130.0 112.0 69.0
Ni+V, ug/g 105.0 82.0 63.0
Fe, ng/g 8 5 10
Ca, ng/g 5 5 3
Table 2: Main Physical and Chemical Properties of Catalysts
Designation | FZC-100 | FZC-12 | FZC-13 FZC-41
of Catalyst B B B FZC-28A | FZC-204A | FZC-34B B
Residua
Type of Protectan | Protectan | Protecta | Demetallizi | Demetallizi | Desulfurizi | 1 carbon
Catalyst t t nt ng agent ng agent ng agent | remove
r
Particle Four-bla | Four-bla | Four-lea | Four-leaf Four-leaf Four-leaf Four-le
af
shape de wheel | de wheel | fclover clover clover clover
clover
Particle
diameter/m | 6.0~8.0 | 3.2~42 | 1.5~1.8 1.3~1.6 1.1~1.6 1.0~1.6 1.0~1.6
m
Swength/N-| 5100 | >80 | >80 >10.0 >12.0 >120 | =120
(mm)
Packing
density/kg. 700 410 410 460 480 540 595
>
Specific
surface — 100~150 100(; 51 110-145 135~185 140~180 160(; 20
area/mz.g—l
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Pore
Volumel/cm >0.30 >0.75 >0.75 >0.80 >0.55 >0.48 >0.42
3.g
Wear rate,
mY% <2.0 <2.0 <2.0 <2.0 <2.0 <15 <L.5
Chemical | i Ni | Mo-Ni | Mo-Ni | Mo-Ni Mo-Ni Mo-Ni | Mo-Ni
composition
Table 3: Catalyst Packing Methods in Examples 1~4
Reactor A Reactor B Reactor C Reactor D
Exampl | FZC-100B: FZC-12B FZC-13B . | FZC-34B:
el FZC-12B FZC-13B FZC-28A:FZC-204A | FZC-41B=3.7
FZC-13B FZC-28A=2:4:4 : Average packing
FZC-28A=1:5:2:2 Average packing | =2:3:5 density=605kg/m
Average packing density=465kg/m3 Average packing 3
density=410kg/m3 density=522kg/m3
Exampl | FZC-100B: FZC-100B: FZC-100B: FZC-34B:
e? FZC-12B FZC-12B FZC-12B FZC-41B=3.7
FZC-13B FZC-13B FZC-13B
FZC-28A=1:1:3:5 FZC-28A=1:1:3:5 FZC-28A=1:1:3:5
Exampl FZC-100B: FZC-100B: FZC-100B: FZC-34B:
e3 FZC-12B FZC-12B FzZC-12B FZC-41B=3.7
FZC-13B FZC-13B : | FZC-13B :
FZC-28A: FZC-204A=1:1:3:3: | FZC-204A=1:1:3:3:2
FZC-204A=1:1:3:3: |2
2
Exampl | FZC-100B: FZC-100B: FZC-100B: FZC-34B:
e4 FZC-12B FZC-12B FZC-12B FZC-41B=3:7
FZC-13B FZC-13B FZC-13B
FZC-28A=1:1:3:5 FZC-28A=1:1:3:5 FZC-28A=1:1:3:5
Table 4:Catalyst Packing Methods in Comparative Examples 1~4
Reactor A Reactor B Reactor C Reactor D
FZC-100B: FZC-13B FZC-28A FZC-34B:
FzZC-12B FZC-28A=5:5 FZC-204A=5:5 | FZC-41B=4:6
Comparativ | FZC-13B =1:7:2 | Average packing | Average packing | Average packing
e example 1 | Average packing | density=460kg/ | density=487kg/ | density=605kg/
density=403kg/ | m’ m’ m’
o’
Comparativ | FZC-100B: FZC-13B FZC-28A FZC-34B:
e example 2 | FZC-12B FZC-28A=5:5 =10 FZC-41B=3:7
FZC-13B=3:3:4
C . FZC-100B: FZC-13B FZC-28A FZC-34B:
o 1V3 FZC-12B FZC-28A=5:5 | FZC-204A=4:6 | FZC-41B=3:7
© CXAMmpPe S | pzC-13B=3:3:4

24




o | FZC-100B: FZC-13B [ FZC-28A FZC-34B:
Ompar‘; 12 FZC-12B - | FZC-28A=5:5 | =10 FZC-41B=3:7
€ eXampie & | p7¢.13B=3:3:4

Table 5: Reaction Conditions in examples 1~4

| Examplel | Example2 | Example3 | Example4

Prehydrotreating reactor A

Reaction pressure,

MPa 16.0 16.0 16.0 16.0
LHSV, h! 0.32 0.20 0.32 0.32
Volume — ratioof | ¢ 650 650 650
hydrogen to oil

%eactlon temperature, 380 380 380 365

Prehydrotreating reactor B

Reaction pressure,

MPa 16.0 16.0 16.0 16.0
LHSV, h" 0.32 0.32 0.32 0.32
Volume - ratio of 650 650 650 650
hydrogen to oil

%eactlon temperature, 380 380 380 375

Prehydrotreating reactor C

Reaction pressure,

MPa 16.0 16.0 16.0 16.0
LHSV, h” 0.32 0.44 0.32 0.32
Volume — ratioof | ¢, 650 650 650
hydrogen to oil

%eactlon temperature, 380 380 380 385

Hydro-desulfurization reactor D

Reaction pressure,

MPa 16.0 16.0 16.0 16.0
LHSV, h’' 0.53 0.53 0.53 0.53
Volume ~ ratioof 650 650 650 650
hydrogen to oil

Eéeactlon temperature, 380 385 380 383

Note: The maximum design value (i.e., design upper limit) of pressure drop for all
reactors is 0.7MPa.

Table 6: Reaction Conditions in Comparative Examples 1~4
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Comparative | Comparative | Comparative | Comparative
Name
example 1 example 2 example 3 example 4
Reactor A
Reaction pressure, MPa 16.0 16.0 16.0 16.0
LHSV, h! 0.96 0.96 0.96 0.96
t\(/)ocl)lillme ratio of hydrogen 650 650 650 650
Reaction temperature, ‘C 370 365 370 370
Reactor B
Reaction pressure, MPa 16.0 16.0 16.0 16.0
LHSV, h” 0.96 0.96 0.96 0.96
Volqme ratio of hydrogen 650 650 650 650
to oil
Reaction temperature, ‘C 376 372 376 375
Reactor C
Reaction pressure, MPa 16.0 16.0 16.0 16.0
LHSV, h™ 0.96 0.96 0.96 0.96
Volqme ratio of hydrogen 650 650 650 650
to oil
Reaction temperature, ‘C 380 377 380 380
Reactor D
Reaction pressure, MPa 16.0 16.0 16.0 16.0
LHSV, h’' 0.53 0.53 0.53 0.53
?gocl)lillme ratio of hydrogen 650 650 650 650
Reaction temperature, 'C 385 382 385 386

Table 7: Stable Running Period and Properties of Oil Generated through Heavy Oil

Hydrogenation

Example 1

Comparative

example 1 Example 2

Comparative
example 2

Running
period

12,300h, wherein,
the pressure drop
in the reactor C
reaches 0.42MPa
in  6,800h, i.e.,
60% of design
upper limit;the
pressure drop in
the reactor B
reaches 0.52MPa
in  9,800h, i.e.,
74% of design
upper limit;the
apparatus is shut

11,300h, wherein,
the pressure drop in
the reactor C
reaches 0.40MPa in
5,800h, i.e., 57% of
design upper limit;
the pressure drop in
the  reactor B
reaches 0.48MPa in
8,700h, i.e., 70% of
design upper
limit;the apparatus
is shut down at
11,300h, the

The pressure
drop in the
reactor B
reaches the
design upper
limit in
8,400h, and
the
apparatus
has to be
shut down.

The pressure
drop in the
reactor B
reaches the
design upper
limit in
8,200h, and
the
apparatus
has to be
shut down.
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down at 12,300h,
the pressure drop
in the reactor A

pressure drop in the
reactor A reaches
0.7MPa, 1ie., the

reaches  0.7MPa, design upper limit.
ie., the design
upper limit.
g%r%;’yg o 935.9 938.8 933 934
S, wt% 0.46 0.45 0.38 0.40
N, pg.g’ 1473 1580 1560 1634
CCR, wt% 5.80 5.60 5.40 5.84
Ni+V, pg.g” 13.3 14.6 15 13
Example 3 Comparative Example 4 Comparative
example 3 example 4
Running 11,600h, wherein, | The pressure | 15,200h, wherein, | The pressure
period the pressure drop | drop in the | the pressure drop in | drop in the
in the reactor A |reactor B |the reactor C |reactor B
reaches 0.47MPa | reaches the | reaches 0.50MPa in | reaches the
in  6,820h, i.e., | design upper | 7,800h, i.e., 71% of | design upper
67% of design | limit in | design upper | limit in
upper  limit;The | 8,330h, and | limit;The pressure | 9,800h, and
pressure drop in | the drop in the reactor | the
the reactor B | apparatus B reaches 0.55MPa | apparatus
reaches 0.52MPa |has to be|in 11,300h, 1i.e.,|has to be
in  9,432h, i.e., | shut down. 78%  of  design | shut down.
74% of design upper limit;the
upper limit;the pressure drops in
pressure drops in the reactors A, B
the reactors A, B and C are 0.70MPa,
and C are 0.65MPa, and
0.52MPa, 0.59MPa
0.60MPa, and respectively before
0.70MPa the apparatus is shut
respectively before down finally.
the apparatus is
shut down finally.
g%rlél;f’g e 933 930 928 929
S, wt% 0.46 0.43 0.39 0.37
N, pg.g’ 2130 2043 1930 2037
CCR, wt% 4.90 5.20 5.35 5.87
Ni+V, ug.g” 13.4 15.2 12.2 15.6

It is seen from the results in Table 7: the heavy oil hydrotreating method according to the

present
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hydrotreatingapparatus.

Example 5

The reactors, raw material, charge amounts of catalysts and types of catalysts in the
reactors, and reaction conditions in this example are the same as those in the example 1,
but the switching operation scheme is different from the example 1, as follows:

When the pressure drop in the prehydrotreating reactor C reaches the predetermined
value, the prehydrotreating reaction zone (including prehydrotreating reactor A and
prehydrotreating reactor B), the prehydrotreating reactor C, and the hydro-desulfurization
reaction zone are connected in series, by virtue of the regulation and control exercised by
the control unit;

When the pressure drop in the prehydrotreating reactor B reaches the predetermined
value, the prehydrotreating reactor A, the prehydrotreating reactor C, the prehydrotreating
reactor B, and the hydro-desulfurization reaction zone are connected in series, by virtue
of the regulation and control exercised by the control unit;

When the pressure drop in the prehydrotreating reactor C reaches the design upper value,
the entire reaction system should be shut down. Please see Table 8 for the reaction result.

Example 6

The reactors, raw material, charge amounts of catalysts and types of catalysts in the
reactors, and reaction conditions in this example are the same as those in the example 1,
but the switching operation scheme is different from the example 1, as follows:

When the pressure drop in the prehydrotreating reactor C reaches the predetermined
value, the prehydrotreating reaction zone (including prehydrotreating reactor A and
prehydrotreating reactor B), the prehydrotreating reactor C, and the hydro-desulfurization
reaction zone are connected in series, by virtue of the regulation and control exercised by
the control unit;

When the pressure drop in the prehydrotreating reactor B reaches the predetermined
value, the prehydrotreating reactor A, the prehydrotreating reactor C/prehydrotreating
reactor B, and the hydro-desulfurization reaction zone are connected in series, and the
prehydrotreating reactor C and the prehydrotreating reactor B are connected in parallel,
by virtue of the regulation and control exercised by the control unit;

When the pressure drop in the prehydrotreating reactor B reaches the design upper value,
the entire reaction system should be shut down. Please see Table 8§ for the reaction result.

Table 8:Stable Running Period and Properties of Oil Generated through Heavy Oil
Hydrogenation

Example 1 Example 5 Example 6

Running period | 12,300h,  wherein, | 10,500h,  wherein, | 11,400h, wherein, the
the pressure drop in | the pressure drop in | pressure drop in the
the reactor C | the reactor C reaches | reactor C  reaches
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reaches 0.42MPa in
6,800h, i.e., 60% of
design upper
limit;The pressure
drop in the reactor B
reaches 0.52MPa in
9,800h, i.e., 74% of
design upper
limit;the apparatus
is shut down at
12,300h, the
pressure drop in the
reactor A reaches
0.7MPa, i.e., the
design upper limit.

0.42MPa in 6,800h,
ie., 60% of design
upper limit; The
pressure drop in the
reactor B reaches
0.52MPa in 9,800h,
i.e., 74% of design
upper limit;the
apparatus is  shut
down at 10,500h, the
pressure drop in the
reactor C reaches
0.7MPa, 1i.e., the
design upper limit.

0.42MPa in 6,800h,
re., 60% of design
upper limit; The
pressure drop in the
reactor B reaches
0.52MPa in 9,800h,
re., 74% of design
upper limit;the
apparatus is shut down
at 11,400h, the pressure
drop in the reactor B
reaches 0.7MPa, i.e.,

the design upper limit.

Density (20C),
g/cm’

935.9

936.2

936.0

S, wt%

0.46

0.49

0.48

N, pg.g’

1473

1538

1492

CCR, wt%

5.80

5.85

5.81

Ni+V, pg.g’

13.3

16.0

14.2

It is seen from the results in Table 8: the switching operation scheme in the preferred
example of the heavy oil hydrotreating method according to the present invention can
further improve the stability of operation of the apparatus and prolong the running period
of the heavy oil hydrotreating apparatus.
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Claims

A heavy oil hydrotreating system, comprising a prehydrotreating reaction zone, a
transition reaction zone, and a hydrotreating reaction zone that are connected in
series, and sensor units and a control unit, wherein the sensor units are arranged
to detect pressure drop in each prehydrotreating reactor in the prehydrotreating
reaction zone, and the control unit is arranged to receive pressure drop signals
from the sensor units;
in the initial reaction stage, the prehydrotreating reaction zone includes 3-6
prehydrotreating reactors connected in parallel, and, in the initial reaction stage,
the transition reaction zone doesn't include any prehydrotreating reactor;
in the reaction process, the control unit is arranged to control material feeding to
and material discharging from the prehydrotreating reactors in the
prehydrotreating reaction zone according to pressure drop signals of the sensor
units, so that:

when the pressure drop in one prehydrotreating reactor reaches a
predetermined value, the prehydrotreating reactor is switched from the
prehydrotreating reaction zone to the transition reaction zone, and is named as a
cut-out prehydrotreating reactor I, and the prehydrotreating reaction zone, the
cut-out prehydrotreating reactor I, and the hydrotreating reaction zone are
connected in series successively;

when the pressure drop in the next one prehydrotreating reactor reaches the
predetermined value, the prehydrotreating reactor is switched from the
prehydrotreating reaction zone to the transition reaction zone, and is named as a
cut-out prehydrotreating reactor 1l, and the prehydrotreating reaction zone, the
cut-out prehydrotreating reactor Il, the cut-out prehydrotreating reactor I, and the
hydrotreating reaction zone are connected in series successively;

the other prehydrotreating reactors are treated in the above-mentioned
method, till all of the prehydrotreating reactors are connected in series;

preferably, the predetermined value of pressure drop in the prehydrotreating
reactor is 50%-80% of a design upper limit of pressure drop for the
prehydrotreating reactors, more preferably is 60%-70% of the design upper limit

of pressure drop.
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The system according to claim 1, wherein in the initial reaction stage, the
prehydrotreating reaction zone includes 3-4 prehydrotreating reactors;
the hydrotreating reaction zone includes 1-5 hydrotreating reactors connected in

series, more preferably includes 1-2 hydrotreating reactors connected in series.

The system according to claim 1 or 2, wherein in the prehydrotreating reaction zone, the
discharge outlet of any one prehydrotreating reactor is connected through a pipeline with
a control valve to the feed inlets of other prehydrotreating reactors and the feed inlet of
the hydrotreating reaction zone, the feed inlet of any one prehydrotreating reactor is
connected through a pipeline with a control valve to a supply source of mixed flow of
heavy oil raw material and hydrogen, wherein the control unit controls material feeding
and discharging by controlling the control valves corresponding to the prehydrotreating

reactors.

A heavy oil hydrotreating method, comprising: mixing the heavy oil raw material with
hydrogen, and then feeding the mixture through the prehydrotreating reaction zone,
transition reaction zone, and hydrotreating reaction zone that are connected in series;
wherein, sensor units are arranged to detect pressure drop in each prehydrotreating
reactor in the prehydrotreating reaction zone, and in the reaction process, a control unit is
arranged to receive pressure drop signals from the sensor units;
in the initial reaction stage, the prehydrotreating reaction zone includes 3-6
prehydrotreating reactors connected in parallel, and in the initial reaction stage,
the transition reaction zone doesn't include any prehydrotreating reactor;
when the pressure drop in one prehydrotreating reactor reaches the

predetermined value, the prehydrotreating reactor is switched from the
prehydrotreating reaction zone to the transition reaction zone, and is named as a
cut-out prehydrotreating reactor I, and the prehydrotreating reaction zone, the
cut-out prehydrotreating reactor |, and the hydrotreating reaction zone are
connected in series successively;

when the pressure drop in the next one prehydrotreating reactor reaches the

predetermined value, the prehydrotreating reactor is switched from the
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prehydrotreating reaction zone to the transition reaction zone, and is named as a
cut-out prehydrotreating reactor 1l, and the prehydrotreating reaction zone, the
cut-out prehydrotreating reactor Il, the cut-out prehydrotreating reactor I, and the
hydrotreating reaction zone are connected in series successively;

the other prehydrotreating reactors are treated in the above-mentioned
method, till all of the prehydrotreating reactors are connected in series;

wherein the predetermined value of pressure drop in the prehydrotreating
reactors is 50%-80% of a design upper limit of pressure drop for the
prehydrotreating reactors, preferably is 60%-70% of the design upper limit of
pressure drop.

The method according to claim 4, wherein in the initial reaction stage, the

prehydrotreating reaction zone includes 3-4 prehydrotreating reactors.

The method according to claim 4 or 5, wherein the pressure drops in all of the
prehydrotreating reactors are controlled so that they don't reach the predetermined
value at the same time, and preferably the time difference between the times
when the pressure drops in two adjacent prehydrotreating reactors in which the
pressure drops are closest to the predetermined value of pressure drop reach the
predetermined value of pressure drop is not smaller than 20% of the entire

running period, preferably is 20%-60% of the entire running period.

The method according to claim 6, wherein the pressure drops in each
prehydrotreating reactor in the prehydrotreating reaction zone are controlled so
that they don't reach the predetermined value of pressure drop at the same time by
setting operating conditions and/or utilizing the differences in the properties of
the catalyst bed layers,

preferably, the pressure drops in each prehydrotreating reactor in the
prehydrotreating reaction zone are controlled so that they don't reach the
predetermined value of pressure drop at the same time, by controlling one or
more of different catalyst packing heights in each prehydrotreating reactor,

different feed rates of each prehydrotreating reactor, different properties of the
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10.

feed materials, different operating conditions, and different catalyst packing
densities under a condition of the same packing height.

The method according to claim 7, wherein in the case that the approach of
controlling different catalyst packing densities in each prehydrotreating reactor
under a condition of the same catalyst packing height is used, in each
prehydrotreating reactors connected in parallel in the prehydrotreating reaction
zone, the maximum packing density is 400kg/m3-600kg/m?®, preferably is
450kg/m3-550kg/m?®; the minimum packing density is 300kg/m3-550kg/m?,
preferably is 350kg/m?3-450kg/m?;

preferably, the difference between catalyst packing densities of two
prehydrotreating reactors in which the packing densities are the closest to each
other is 50-200kg/m?3, preferably is 80-150kg/m?.

The method according to claim 7, wherein in the case that the approach of
controlling different feed rates of each prehydrotreating reactor is used, the ratio
of volumetric space velocities of material feeding to two prehydrotreating
reactors of which the feed rates are the closest to each other is 1.1-3:1, preferably
is1.1-1.5:1;

or, in the case that the approach of controlling the properties of feed materials in
each prehydrotreating reactor is used, the difference between metals contents in
the feed materials in two prehydrotreating reactors of which the properties of feed
materials are the closest to each other is 5-50ug/g, preferably is 10-30ug/g.

The method according to claim 7, wherein in the case that the approach of
controlling the different operating conditions in each prehydrotreating reactor is
used, in the operating conditions of two prehydrotreating reactors in which the
operating pressures and volumetric space velocities are controlled to be the
closest, the difference in operating temperature is 2-30°C, preferably is 5-20°C; or
in the operating conditions of two prehydrotreating reactors in which the
operating pressure and operating temperature are controlled to be the closest, the

difference in volumetric space velocity is 0.1-10h™, preferably is 0.2-5h™.
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11.

12.

13.

14.

15.

The method according to claim 4 or 5, wherein in the material flow direction,
hydrogenation  protectant, hydro-demetalization catalyst, and optional
hydro-desulfurization catalyst are charged in each prehydrotreating reactor in
sequence; hydro-desulfurization catalyst and hydro-denitrogenation residual
carbon conversion catalyst are charged in the reactors in the hydrotreating

reaction zone in sequence.

The method according to claim 4 or 5, wherein the operating conditions of the
prehydrotreating reaction zone include: temperature: 370°C-420°C, preferably
380°C-400°C; pressure: 10MPa-25MPa, preferably 15MPa-20MPa; volume ratio
of hydrogen to oil: 300-1,500, preferably 500-800; liquid hour space velocity
(LHSV) of raw oil: 0.15h*-2h, preferably 0.3h-1h,

The method according to claim 4, wherein the hydrotreating reaction zone
includes 1-5 hydrotreating reactors connected in series, preferably includes 1-2

hydrotreating reactors connected in series.

The method according to claim 4 or 13, wherein the operating conditions of the
hydrotreating reaction zone include: temperature: 370°C-430°C, preferably
380°C-410°C; pressure: 10MPa-25MPa, preferably 15MPa-20MPa; volume ratio
of hydrogen to oil: 300-1,500, preferably 400-800; liquid hour space velocity
(LHSV) of raw oil: 0.15h-0.8h™, preferably 0.2h71-0.6hL.

The method according to claim 4 or 5, wherein the heavy oil raw material is
selected from atmospheric heavy oil and/or vacuum residual oil;
preferably, the heavy oil raw material is blended with at least one of straight run

wax oil, vacuum wax oil, secondary processed wax oil, and catalytic recycle oil.
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