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The invention discloses a catalytic reforming system and a method thereof. The system comprises a heating device and a reaction
device and Is characterized In that the reaction device (2-1, 2-2) Is connected with a high-pressure separator (4); the high-pressure
separator (4) Is connected with a stabilizer system (6); the lower part of the stabilizer system (6) Is connected with an extraction
system (8) through a pipeline; the extraction system (8) iIs connected with a raffinate oll cutting system (/) through a pipeline on one
hand, the middle part of the raffinate oll cutting system (7) Is connected with another reaction device (2-3, 2-4) through a pipeline
and the heating device (1-3, 1-4); coal oll is directly recovered by the lower part of the raffinate oil cutting system (/) through a
pipeline; and the other end of the third reaction device Is connected with the high-pressure separator through a pipeline. The

catalytic reforming system and the method thereof have the advantages of high treatment capacity, liquid yield, aromatic
hydrocarbon yield and hydrogen output.
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Abstract
The invention discloses a catalytic reforming sysiem and a method thereof, The system
comprises a heating device and a reaction device and is characterized in that the reaction

- device (2-1, 2-2) is connected with a high-pressure separator (4); the high-pressure separator

(4) is connected with a stabilizer system (6); the lower part of the stabilizer system (6) is
connected with an extraction system (8) through a pipeline; the exiraction system (8) is
connected with a raffinate oil cutting system (7) through a pipeline on one hand, the middle
part of the raffinate oil cutting system (7) is connected with another reaction device (2-3, 2-4)
through a pipeline and the heating device (1-3, 1-4); coal oil is directly recovered by the lower
part of the raffinate oil cutting system (7) through a pipeline; and the other end of the third
reaction device is connected with the high-pressure separator through a pipeline. The catalytic
reforming system and the method thereof have the advantages of high treatment capacity,
liquid yield, aromatic hydrocarbon yield and hydrogen output. |
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Naphtha Productive Aromatic Hydmcarbon Reforming System and Method thercof

Technical Field
The invention relates to a catalytic reforming system and a method thereof, in particular to

a naphtha productive aromatic hydrocarbon reforming system and a method thereof.

Backgrou rt

With the rapid development of automobile industry and the increasing demands of
petrochemical industry for aromatic hydrocarbon, in particular to increasingly senous
requirements of the state for environmental protection, catalytic reformed gasoline becomes
one of ideal blending com1ionents in new standard gasoline by means of its high octane rating,
low olefin and trace sulfur. A large amount of hydrogen sources contained in a catalytic
reformed by-product is provided for improving the gasoil quality and developing the
hydrogenation industry, Therefore, as an important refinery process for producing high-octane
petrol gasaline and aromatic hydrocarbon, catalytic refornnng plays a more and mare important
role in the chemical industry.

At present, a catalytic reforming device is mainly divided into two types, namely a
semi-regenerative reforming device and a continuous reforming device according to the
catalyst regeneration mode. Due to different characteristics, the two types of catalytic
reforming devices are selected by each refinery according to their different raw material
processing requirements.

Due to Jow investment, flexible operation, low operating cost and applicability to different
production scales and the like, the semi-regencrative reforming device still occupies an
important position.

Since the advent of platinuim/rheniuin catalysts, semi-regenerative reforming catalysts are
fully developed in research and application, thereby achieving comparatively high level.
Capacity expansion is one of ways to solve the pressure of treatment capacity enlargement
confronted by the semi-regenerative reforming device. But, as for a device without greatly
increased load, the best protection method is to increase the feeding airspeed through
improving the activity of the catalysts, thereby improving the treatment capacity of the device.

On the other hand, reforming feedstock comes from different places, and naphtha, coker
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gasoline and other secondary processing oil with low potential aromatic content account for an
increasing proportion in the reforming feedstock, so that the reforming feedstock are more and
more remarkably inferior. The inferior feedstock makes higher requirements for the activity of

the catalysts.
Therefore, it is an urgently technical problem for the naphtha productive aromatic

hydracarbon reforming system and the method thereof i1s how to improve the treatment

~capacity as well as the liquid yield, the aromatic hydrocarbon output, the octane value and the

hydrogen output.

Contents of the Invention

One of aims of the invention is to provide a naphtha productive aromatic hydrocarbon
reforming system capable of improving the treatment capacity as well as the liquid yield, the
aromatic hydrocarbon output, the octane value and the hydrogen output and simultaneously

providing high-octane petrol products. -
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_In order to achieve the purpose, thu invention adopts the following schcmes that

-A naphtha productive a,rqmatw hydlocarbo,n reforming system, wluch comprises a heating
device and a reaction device connected. with the heating device and is charactenzed in that the

‘reaction device is divided into two parts; a first and/or a second 1cac{nop{,dg\c‘l.cg.\1_5\\ connected

with a raffinate oil cutting system through a high-pressure separator, a stabilizer tower system

and an extraction system; and the raffinate ol cutting system is also connected wit a third

and/or fourth reaction device.
A preferred technical scheme, characterized in that the bottom part of the reaction device

is connected a high-pressure separator lhrough a pipeline; the high-pressure separator is

| connccted with a stabilizer system through the pipeline and also connec:ted with a feedstock
; .supply system through the pipeline. and a comp1essor the lower part of Lhe stabxluur system 18

, connecte.d with an extractmn system thxough the pipeline; the c.xnacucm syslem 18 connected

with a raffmate oil cuttmg System through the pipeline on one hand, and mixed aromatic

-~ hydrocarbon 1s recovcrcd by t.he extmcuon system Lhrough the p1pehne, ]1ghl raffmate oil 18

'recovered by the upper pftrt of the 1afﬁnate 011 cutting systcm through Lhe pxpelm:. and the

middle part of the raffinate oil cuttmg system is connected with another reacuon device (a third

reaction device) through the pipeline and the heating device, and coal oil is recovered by the
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lower part of the raffinate oil cutting'\s'ymém' through the pipeline; the other eénd of the third
reaction device is connected with a cooling device and the high-pressure separator through the
pipeline. I | o '

A preferred technical scheme, characterized in that the reaction device 1s connected with a
second reaction device through a second heating device.

A preterred technical scheme, characterized 1n that the third reaction device consists of
two reactors vertically connected in series.

A preferred technical scheme, characterized in that the third reaction device is connected

with a fourth reaction device through a fourth heating device.

A preferred technical scheme, characterized in that the reaction device consists of two
reactors vertically connected in series. =

Another aim of the invention 1s to provide a naphtha productive aromatic hydrocarbon
reforming method for improving the treatment capacity as well as the liqﬁ‘id yield, the aromatic
hydrocarbon output, the octane value and the hydrogen output and Simultaneously providing
high-octane petrol products. . . e

~ A naphtha productive aromatic hydrocarbon reforming method, comprising the following

steps of reacting crude naphtha with a distillation range of 80-185 DEG C afier being heated by
a heating device in a reaction device, wherein the reaction device has an inlet temperature of
470-530 DEG C, an inlet piessure of 1.6-1.9 MPa, an outlet temperature of 410-460 DEG C
and an outlet pressure of 1.5-1.8 MPa; carrying out high-pressure separation to a cooled
reaction product in a high-pressure separator, wherein the high-pregsuljc separator has an
operation temperature of 35-45 DEG C and an operation pressure of 1.2-1.4 MPa; after the
high-pressure sgparation, dehvcnn g a part of hydrogcn and 1eu.u'1ung thc other part of hydrogen
into a feedstock pipeline and another reaction device through a compre:ssor reating a
reformate in a stabilizer (ower system, wherein the stabilizer tower system has a tower top
temperature of 100-120 DEG C, a tower top pressure of 0.8-1.05 MPa, a tower bottom
temperature of 220-240 DEG C, a tower bottom pressure of 0.85-1.10 MPd angd a reflux ratio of
0.90-1.15; recovering dry gas, liquefied gas and a small quantity of water from the tower top;
treating teformate with a distillation range of 71-195 DEG C obtained from the tower bottom in
an extraction system, wherein the extraction system has an operating temperature of 80-110

DEG C, an operating pressure of 0.6-0.8 MPa, a solvent ratio of 2.5-3.5 and a backwash ratio
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of 0.4-0.6; after the extraction, recovering mixed aromatic hydrocarbon and cutting other components
after entering a raffinate oil cutting system from the top part, wherein the cutting system has a top
temperature of 58-86 DEG C, a top pressure of 0.1-0.3 MPa, a bottom temperature of 155-195 DEG
C, a bottom pressure of 0.15-0.34 MPa and a reflux ratio of 20-60; 5 recovering coal oil from the
bottom and recovering light raffinate oil from the top; recovering refined oil through a lateral line,
wherein the lateral line has an outlet temperature of 100-140 DEG C and an outlet pressure of 0.12-
0.25 MPa; reacting the heated refined oil in another third reaction device and carrying out high-

pressure separation to an obtained reaction product in the high-pressure separator.

A preferred technical scheme, characterized in that a reaction product from the reaction

device is reacted in a second reaction device after being heated by a second heating device; and an

obtained reaction product is subjected to high-pressure separation in a high-pressure separator.

The extraction system in the invention is an extraction system disclosed in patent numbers 15

of CN200310103541.9 and CN200310103540.4, which comprises a solvent recovery system and a

washing system.

The stabilizer tower system and the raffinate oil cutting system m the invention are

conventional systems, which respectively comprise a tower, an air cooler, a water cooler, a return

tank, a reflux pump, a tower bottom pump and the like.

The heating furnace and the condensing device in the invention are conventional devices.

All catalysts used in the reactors in the invention are conventional reforming catalysts.

Advantages:

Compared with the prior catalytic reforming process, the naphtha productive aromatic
hydrocarbon reforming system and the method thereof have the advantages that after a reacted 25

product is subjected to extraction and raffinate oil cutting, generated refined oil is further reacted in
an another reaction device after being mixed with recycle hydrogen, so that the treatment capacity ot

the system is improved, the liquid yield, the aromatic hydrocarbon yield and the hydrogen yield are

greatly improved, and high-octane products are simultaneously provided.

The invention is further described as follows through attached drawings and specific

implementation manner, but it does not mean that the protection scope of the invention 1s



)

10

15

20

25

30

CA 02715744 2010-08-12

Limited.

Briel Description of the Drawings
Fig. 1 is a flow diagram of embodiment 1.
Fig. 2 is a flow diagram of embodiment 2.
Fig. 3 is a flow diagram of embodiment 3.

Best mode of Invention Realization

Embodiment 1
Fig, 1 is the flow diagram of embodiment 1, which comprises the following steps of

reacting raw refined naphtha with a distillation range of 80-185 DEG C, a sulphur content of
0.5 ppm, a nitrogen content of 0.5 ppm, 2 metal content of 5 ppb, a water content of 5 ppm, an
alkane content of S5 percent (m), a cyclane content of 35 percent (m), an aromatic hydrocarbon
content of 10 percent (m), a octane number (RON) of 65, a density of 741 kilograms/m™ at a
temperature of 20 DEG C and a flow capacity of 12.5 tons/hour after being firstly subjected to
heat exchange and then being heated by a heating furnace 1-1 in a reactor 2-1, wherein the
airspeed (The airspeed is equal to the raw refined naphtha divided by the total volume of
catalysts) is 30 h', the proportion of catalysts filled in the reactor 2-1, a reactor 2-2, a reactor
2-3 and a reactor 2-4 1s 1:1.5:2:3.5, and the reactor 2-1 has an inlet temperatore of 470 DEG C,
an inlet pressure of 1.6 MPa (absolute pressure), an outlet temperature of 410 DEG C and an
outlet pressure of 1.5 MPa (absolute pressure); reacting an obtained reaction product after being
heated by the heating fumace 1-2 in the reactor 2-2, wherein the reactor 2-2 has an inlet
temperature of 470 DEG C, an inlet pressure of 1.6 MPa (absolute pressure), an outlet
temperature of 410 DEG C and an outlet pressure of 1.5 MPPa (absolute pressure); carrying out
high-pressure separation to the reaction product after being subjected to heat exchange and
being cooled by a condenser 3 in a high-pressure separator 4, wherein the high-pressure
separator 4 has an operating temperature of 35 DEG C and an operating pressure of 1.2 MPa
(absolute pressure); after the high-pressure separation, delivering a part of hydrogen with a
flow capacity of 0.84 tons/hour and a yield of 3.2 percent (weight), wherein pure hydrogen has
a-flow capacity of 0.40 tons/hour; returning the other part of hydrogen to a feadstock pipeline

and a heating furnace 1-3 through a compressor 3, wherein before being returned to the heating
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furnace 1-1, hydrogen/oil has a volume ratio is 800:1, and before entering the heating surface
1-3, the hydrogen/oil has a volume ratio 15 1200:1 (Firstly carry out heat change to the
hydrogen/oil before entering the heating surface); treating a reformate abtained by the
high-pressure separator 4 in a stabilizer tower system 6, wherein the stabilizer tower system 6
has a tower top temperature of 100 DEG C, a tower top pressure of 0.8 MPa (absolute pressure),
a tower bottom temperature of 220 DEG C, a tower bottom pressure of 0.85 MPa (absolute

- pressure) and a reflux ratio of 0.90 m/m; recovering dry gas, liquefied gas and a small quantity

10

20

2h

30

of water with a flow capacity of 0.31 tons/hour from the tower top; treating reformate with a
distillation range of 71-192 DEG C obtained from the tower bottom in an extraction system 8,
wherein the extraction system 8 has an operating temperature of 80 DEG C, an operating
pressure of 0.6 MPa (absolute pressure), a solvent ratio of 2.5 and a backwash ratio of 0.4, and
the solvents used are sulfolane; after extraction, recovering mixed aromatic hydrocarbon with a
distillation rapge of 102-192 DEG C, a trace contained in sulphur content incapable of being
detected, an alkane content of 0.16 percent (m), a naphthene content of . 1.84 percent (m), an

aromatic hydrocarbon content of 98 percent (n1), an octane number (RON) of 118, a density of

851 kilograms/m® at a temperature of 20 DEG C, a flow capacity of 9.7 tons/hour and an

aromatic hydrocarbon flow capacity. of 76.05 percent (weight), cutting and separating obrained
raffinate oil entering a raffinate oil, cutting system 7 from the top, wherein the raffinate oil
cutting system 7 has a top tempetature of 58 DEG C, a top pressure of 0.1 MPa (absolute
pressure), a bottom temperature of 155 DEG C, a bottom pressure of 0.15 MPa (absolute
pressure) and a reflux ratio of 20 ni/m; recovering coal oil with a distillation range of 147-185
DEG C, a trace contained in sulphur content incapable of being detected, an alkane content of
96% (m), a cyclane content of 1.84 percent (in), an aromatic hydrocarbon content of 2.16 %(m),
an octane number (RON) of 44, a dé.nsity of 796 kilograms /ma’ at a temperaturc of 20 DEG C

and a flow capacity of 1.25 tons/hour from the bottom; recovering light raffinate o1l with a

distillation range of 71-80 DEG C, a trace contamed in sulphur contenlz incapable of being

detected, an alkane content of 75.88 percent (m), a cyclane content of 24 percent (m), an
aromatic hydrocarbon content of (). 12 percent (m), an octane number (RON) of 77, a density of
685 kilograms /fm’ at a tcmpeJ, ature of 20 DEG C and a flow capacu,y of 0. 4 tons/hour from the
top; ensuring that the total liquid yleld is 90.8 percent; recovering refined 011 (threu-anu teeding)
with a distillation range of 80-147 DEG C, a trace contained 1n the sulphur cohtent incapable of
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being detected, an alkane content of 92 percent (m), a cyclane content of 6.72 percent (m), an
aromatic hydrocarbon content of 1.28 percent (m), an octane number (RON) ‘of 55, a density of
721 kilograms/m’ at a temperature of 20 DEG C and a flow capacity of 9 ‘tons/hour through a
lateral line, wherein the lateral line has an outlet temperature of 100 DEG C and an outlet
pressure of 0.12 MPa (absolute pressure); reacting the heated refined oil in the reactor 2-3,
wherein the reactor 2-3 has an inlet temperature of 470 DEG C, an inlet pressure of 1.6 MPa
(absolute pressure), an outlet temperature of 410 DEG C and an outlet preésurc of 1.5 MPa
(absolute pressure); reacting an obtained reaction product after being heated by a heating
furnace 1-4 in the reactor 2-4, wherein the hearting furnace 1-4 has an inlet temperature of 470
DEG C, an inlet pressure of 1.6 MPa (absolute pressure), an outlet temperature of an 410 DEG
C and an outlet pressure of 1.5 MPa (absolute pressure); and carrying out high-pressure
separation to an obtained reaction product after being mixed with the reaction product from the
reactor 2-2, being subjected to heat exchange and being cooled by a condenser 3 in the
high-pressure separator 4. ‘

The reforming catalysts used in the invention are Pt and Re reforming catalysts; and a
carrier of each catalyst is composite y-aluminum oxide with two concentrative hole peaks
prepared by forming and baking a mixture after a GM diaspore and Ziegler synthesized
byproduct prepared by adopting an alumina sol hot oil aging process 1§ mixed with a SB
diaspore according to a certain proportion. On the catalyst, the Pt content s 0.10-1.00 percent in
weight, the Re content is 0.10-3.00 percent in weight, and the C1 content 1s 0.50-3.00 percent
in weight. The catalyst has the characteristics of high activity, high selectivity and low carbon
deposit,

The total liquid yield in the invention is equal to total flow capacity of mixed aromatic
hydrocarbon, coal oil and light raffinate oil divided by the raw feeding amount,.

The yield of aromatic hydrocarbon is equal to the flow capacity of the mixed aromatic
hydrocarbon divided by the raw feeding amount.

The yield of hydrogen is equal to effluent hydrogen amount multiplied by hydrogen punty
and then divided by the raw feeding amount.

The physical and chemical praoperties of the catalysts used by the reactor 2-1 and the

reactor 2-2 are shown as follows:
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Specific Intensity | Pore volume | Banked specific Ptm Re m

N/cm ml/g gravity ¢/m) percent perceat

183 0.52 0.75 0.25

The physical and chemical properties of the catalysts used by the reactor 2-3 and the

. ¢)
surface-area m’/g

reactor 2-4 are shown as follows:

- Specitic Intensity | Pore volume | Banked specitic

surface-area m®/g N/cm ml/g gravity g/ml

The measuring methods used in the invention are shown as follows (the same below):

1

- 1. Distillation range: GB/T6536-1997 Petroleum Products-Determination of Distillation;
‘_ 2. \Sul“p“hur conteﬂt: SH/T 0689:2000 Sfaﬁdm'd Test Method 'fcnf Dgt;ﬁﬁnaﬁon of Total
Sulfur m nght 'Hydroca;‘t;oﬁé, Motor-F‘i\lél"s and Oils (Ultra\)iole-t' Fluorcscence), - .
3. Mercaptan ‘Sulphur: GB/T1792:1988 Distillate Fuels-Determination of Mercaptan
Sulphur (Potentiometric Titration Method); .
. 4, _A’lltéﬁne‘: -S‘Hff023'9-92\\~“1‘hin?ﬁil1ﬁ. Packing Coliunn-Chromatdgr;ﬁfﬁﬂ;; "
3. Aroifﬁali"c I-Iydx'ocm;bon: GB/T11132-2002 Standard Test Method for Hydrocarbon Types
in Liquid Petroleum Products (Fluorescent Indicator Adsorption Method)
6. Octane Number: GB/T5487 Test method for motor gasoline octane Number (Research
Method);
7. Density: GB/T1884-2000 Crude Petroleum and Liquid Petroleum Products-Laboratory
Determination of Density--Hydrometer Method o
- 8. Cyclane: SH/T0239-92 Thin-film Packing Column-Chromatography;
.~ 9. Metal in oil: ASTM.D 5708-2005 Test Methods for Detcmnin;'-l‘tignjof Nickel, Vanadium,
and Iron in Crude Oils and Residual Fuels 'by Inductively Coupled Plasma (ICP) Atomic
-Emission Spectrometry | .
10. Nitrogen Content: SH/T0704-2001 Chemiluminescent N-determining Method
(Sampling Boat) '

Embodiment 2
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Fig. 2 is the flow diagram of embodiment 2, which comprises the following steps of
reacting raw refined naphtha with a distillation range of 80-185 DEG C, a sulphur content of
0.54 ppm, a nitragen content of 0.5 ppm, a metal content of 5 ppb, a water content of 5 ppm, an
alkane content of 53 percent (m), a cyclane content of 36 percent (m), an aromatic hydrocarbon
content of 11 percent (m), a octane number (RON) of 68, a density of 743 ktlog,ran:ls/m.3 at a
temperature of 20 DEG C and a flow capacity of 12.5 tons/hour after being firstly subjected to

- heat exchange and then being heated by a heating furnace 1-1 in a reactor 2-1; ensuring that the

airspeed (The airspeed is equal to the raw refined naphtha divided by the total volume of
catalysts) is 3.0 h™, wherein the proportion of catalysts filled at the upper part of the reactor 2-1,
the lower part of the reactor 2-1, the upper part of a reactor 2-2 and the lower part of the reactor
2-2 18 1.5; 2: 3.5, the reactor 2-1 has an inlet ternperature of 480 DEG C, an inlet pressure of
1.8 MPa (absolute pressure), an outlet temperature of 430 DEG C and an outlet pressure of 1.7

MPa (absolute pressure) and consists of two reactors which are vertically connected ju series,

and a heating furnace 1-2 is arrapged between the reactors; carrying.out high-pressure

separation to an obtained reaction product after being reacted by the reactor 2-1 and cooled by a

condenser 3 in a high-pressure separator 4, wherein the high-pressurg separator 4 has an
operating temperature of 40 DEG C and an operating pressure of | 3MPa (absolute pressure);
after the high-pressure separation, delivering a part of hydrogen with a flow capacity of 0.83

tons/hour and a yield of 3.2 percent (weight), wherein pure hydrogen has a flow capacity of
0.40 tons/hour; returning the other part of hydrogen to a feedstock pipeline and a heating

fumace 1-3 through a compressor 5, wherein before being returned to the heating furnace 1-1,

hydrogen/oil has a volume ratio of 800:1, and before entering the heating surface 1-3, the
hydrogen/oil has a volume ratio of 1200:1 (Firstly carry out heat change to the hydrogen/ail
before entering the heating surface); treating a reformate obtained by the high-pressure

separator 4 in a stabilizer tower system 6, wherein the stabilizer tower system 6 has a tower top

-lemperature of 102 DEG.C, a tower top pressure ot 0.95 MPa (absolute pressure), a tower
. bottom tcmperature of 22'7 5 DEG C a towe1 top pressure of 1.0 MPa (absolutc pressure) and a

reflux ratio of 0.99 m!rn recovermg dry gas, liquefied gas and a sma]l quanmy of water with a
flow capacity of 0.32 tons/hour from the tower top; treating reformate with a distillation range
of 71-193 DEG C obtained from the tower bottom in an extraction sysitem 8, wherein the

extraction system 8 has an operating temperature of 90 DEG C, an operating pressure of 0,7
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MPa (absolute pressure), a solvent ratio of 3 and a backwash ratio of 0.45, and the solvents
used are sulfolane; after extraction, recovering mixed aromatic hydrocarbon with a distillation
range of 102-193 DEG C, a trace contained in sulphur content incapable of being detected, an
alkane content of 0.11 percent (m), a naphthene content of 1.87 percent (m), an aromatic
hydrocarbon content of 98.2 percent (m), an octane number (RON) of 118, a density of 851
kilograms/m3 at a temperature of 20 DEG C, a flow capacity of 9,67 tons/hour and an aromatic
hydrocarbon flow capacity of 75.81 percent (weight); cutting and separating obtained raffinate
oil in a raffinate oil cutting system 7, wherein the raffinate oil cutting system 7 has a top
temperature of 59 DEG C, a top pressure of 0.1 MPa (absolute pressure), & bottom temperature
of 158 DEG C, a bottom pressure of 0.16 MPa and a reflux ratio of 30 m/m; recovering coal oil
with a distillation range of 147-185 DEG C, a trace contained in sulphur content incapable of

heing detected, an alkane content of 96 percent (m), a cyclane content.of 1.87 percent(m), an

‘aromatic hydrocarbon content of 2.13 percent (m), an octane number (RON) of 44, a density of
795 kilograms /m” at a temperature of 20 DEG C and a flow capacity of 1.28 tons/hour from

the bottom; recovering light raffinate oil with a distillation range of 7]80 DEG C, a tace
contained in sulphur content incapable of being detected, an alkane content of 73 percent (in), a
cyclane content of 26 percent (m), an aromatic hydrocarbon content of 1 percent (m), an octane
number (RON) of 77, a density of 685 kilograms /ma’ at a temperature of 20 DEG C and a tlow
capacity of 0.4 tons/hour from the top; ensuring that the total liquid yield is 90.8 percent
(weight); recovering refined oil (three-anti feeding) with a distillation range of 80-147 DEG C,
a trace contained in the sulphur content incapable of being detected, an alkane content of 91

percent (m), a cyclane content of 7.52 percent (m), an aromatic hydrocarbon content of 1.48

‘percent (m), an octane number (RON) of 55, a density of 720 kil.ogrm11.$/m3 at a temperature of

20 DEG C and a flow capacity of 8,8 tons/hour through a lateral line, wherein the lateral line
has an outlet temperature of 120 DEG C and an outlet pressure of 0,19 MPd (absolute pressure);
reacting the refined oil after béing heated by the heating furnace 1;3 in.the.rcactor 2-2, whereln
the reactor 2-2 has an inlet tempermure. of 480 DEG C, an inlet pressure of 1.4-1.7 MPa
(absolute pressure) (1.6 MPa is preferred), an outlet temperature of 430 DEG C, an outlet
pressure of 1.3-1.6 MPa (absolute pressure) (1.5 MPa is preferred) and consists of two reactors
which are vertica]ly connecied in series, and a heating furnace 1-4 is arranged between the two

reactors; and cartying out high-pressure separation to an obtained reaction product after being

10
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subjected to heat exchange and being cooled by the condenser 3 in the high-pressure separator

4,
The physical and chemical properties of the catalysts used by the reactor 2-1 are shown as

follows:

Specific Intensity | Pore volume | Banked specific Ptm Re m
surface-area m/g N/cm ml/g gravity g/ml percent percent
0.52 025

The physical and chemical properties of the catalyst used by the reactor 2-2 are shown as

follows:

Specific Intensity | Pore volume | Banked specific Pt m Rem
surface-area m%/g N/cm ml/g gravity p/ml percent percent

045

.
' -

Embodiment 3

Fig. 3 is the flow diagram of embodiment 3, which comprises the following steps of
reacting refined naphtha with a distillation range of 80-185 DEG C, a sulphur content of 0.45
ppm, a nitrogen content of 0.5 ppm, a metal content of 5 ppb, a water content of 5 ppm, an
alkane content of 54 percent (m), a cyclane content of 34 percent (m), an aromatic hydrocarbon
content of 12 percent (m), a actane number (RON) of 67, a density of 743 kilograms/m’ at a
temperature of 20 DEG C and a flow capacity of 12.5 tons/hour after being firstly subjected to
heat exchange and then being heated by a heating firnace 1-1 in a reactor 2-1; ensuring that the
airspeed (The airspeed is equal to the raw refined naphtha divided by the total volume of
catalysts) is 3.0 h™', wherein the proportion of catalysts filled in the reactor 2-1 and a reactor 2-2
is 1:2, and the reactor 2-1 has an inlet temperature of 530 DEG C, an inlet pressure of 1.9 MPa
(absolute pressure), an outlet temperature of 460 DEG C and an outlet pressure of 1.8 MPa
(absolute pressure); carrying out high-pressure separation to an obtained reaction product after
bemg subjected to heat exchange and being cooled by a condenser 3 in 2 high-pressure separatar
4, wherein the high-pressure separator 4 has an operating temperature of 45 DEG C and an

operating pressure of 1.4 MPa (absolute pressure); afier the high-pressure separation, delivering
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a part of hydrogen with a flow capacity of 0.9 tons/hour and a yield of 3.0 perccnt (weight),
wherein pure hydrogen has a flow capacity of 0.375 tons/hour; returning the other part of
hydrogen to a feedstock pipeline and a heating furnace 1-2 through a compressor 5, wherein
before being returned to the heating furnace 1-1, hydrogen/oil has a volume ratio is 800;1, and
before entering the heating surface 1-2, the hydrogen/oil has a volume ratio is 1200:1 (Firsty
carty out heat exchange to the hydrogen/oll before entering the heating suiface), treating a
reformate obtained by the high-pressure separator 4 in a stabilizer tower system 6, wherein the
stabilizer tower system 6 has a tower top temperature of 120 DEG C, a tower top pressure of
1.05 MPa (absolute pressure), a tower bottom temperature of 240 DEG C and a tower top
pressure. of 1.10 MPa (absolute pressure) and a reflux ratio of 1.15 m/m; recovering dry gas,
liquefied gas and a small quantity of water with a flow capacity of (.33 tons/hour; treating
reformate with a distillation range of 71-195 DEG C obtained from the tower bottom in an
extraction system 8, wherein the extraction system 8 has an operating temperature of 110 DEG
C, an operating pressure of 0.8 MPa (absolute pressure), a solvent ratio of 3.5 and a backwash
ratio of 0.6, and the solvents used are sulfolane; after extraction, recovering mixed aromatic
hydrocarbon with a distillation range of 10]1-195 DEG C, a trace contained in sulphur content
trace incapable of being detected, an alkane content of 0.10 percent (m), 4 naphthene content of
1.40 percent (m), an aromatic hydrocarbon content of 98.5 percent (i), an octane nuniber (RON)
of 119, a density of 851 kilograms/m® at a temperature of 20 DEG C, a flow capacity of 9.2
tons/hour and an aromatic hydrocarbon flow capacity of 76.05 percent (weight); cufting and
separating obtained raffinate oil mn a raffinate oil cutting system 7, wherein the raffinate oil
cutting system 7 has a top temperature of 86 DEG C, a top pressure of 0.3 MPa (absolute
pressure), a bottom temperature of 188 DEG C, a bortom pressure of 0.34 MPa (absolute
pressure) and a reflux ratio of 60 m/m; recovering coal o1l with a distillation range of 146-186
DEG C, a sulphur content trace incapable of being detected, an alkane content of 95 percent (m),
a cyclane content of 1,68 percent (m), an aromatic hydrocarbon content of 3.32 percent(m), an
octane number (RON) of 45, a density of 795 kilograms /m’ at a temperature of 20 DEG C and a
flow capacity of 1.59 tons/hour from the bottom; recoverimg light rafﬁnafc oil with a distillation
range of 71-80 DEG C, a sulphur content trace incapable of being detected, an alkane content of
75.85 percent (m), 4 cyclane content of 24 percent (m), an aromatic hydrocarbon content of 0.15

percent (m), an octane number (RON) of 77, a density of 685 kilograms /m” at a temperature of
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20 DEG C and a flow capacity of 0.48 tans/hour from the top; ensuring that the total liquid yield
is 90.16 percent; recovering refined oil (three-anii feeding) with a distillation range of 80-147
DEG C, a trace contained in the sulphur content incapable of being detected, an alkane content
of 93 percent (m), a cyclane content of 6.70 percent (m), an aromatic hydrocarbon content of 1.3
percent (m), an octane number (RON) of 55, a density of 722 kilograms/mr™ at a temperature of
20 DEG C and a flow capacity of 9,2 tons/hour through a lateral line, reacting the refined oil
after being heated by the heating fumace 1-2 1n the reactor 2-2, wherein the reactor 2-2 has an
Inlet temperature of 530 DEG C, an inlet pressure of 1.9 MPa (absolute pressure), an outlet
temperature of 460 DEG C and an outlet pressure of 1.8 MPa (absolute pressure); and carrying

out high-pressure separation to an obtained reaction product after being subjected to heat

exchange and being cooled in the condenser 3 in the high-pressure separator 4.

The physical and chemical properties of the catalysts used by the reactor 2-1 are shown as

Intensity | Pore volume | Banked specific [ Ptm Rem
surface-area m/g N/cm ml/g gravity g/ml percent percent

183 0.52 0.75 025 | 025

The physical and chemical properties of the catalyst used by the reactor 2-2 are shown as

Intensity | Pore volume | Banked specific Pt m Rem
surface-area m®/g N/em ml/g gravity g/m] yercent percent

036

Industrial Application

The naphtha productive aromatic hydrocarbon reforming system and the methed thereof

follows:

Specific

follows:

Specific

have the advantages that compared with the prior catalytic reforming process, after a reacted
product is subjected to extraction and ruffinate oil cutting, generated refined oil is further
reacted in the another reaction device after being mixed with recycle hydrogen, so that the
reatment capacity of the system is improved, the liquid yield, the aromatic hydrocarbon yield

and the hydrogen yield are greaily improved, and high-octane products are simultaneously

provided.

3 (
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What 1s claimed 1s:

1. A naphtha productive aromatic hydrocarbon reforming system, which comprises a
heating device and a reaction device connected with the heating device and 1s characterized 1n
that the bottom part of the reaction device 1s connected with a high-pressure separator through a
pipeline; the high-pressure separator 1s connected with a stabilizer system through a pipeline and
also connected with a feedstock supply system through a pipeline and a compressor; the lower
part of the stabilizer system is connected with an extraction system through a pipeline; the
extraction system 1s connected with a ratfinate o1l cutting system through a pipeline on one hand,
and mixed aromatic hydrocarbon 1s directly recovered by the extraction system through a
pipeline on the other hand; light raffinate oil is recovered by the upper part of the raffinate oil
cutting system through a pipeline, and the middle part of the raffinate oil cutting system is
connected with another reaction device through a pipeline and the heating device, and coal oil is
directly recovered by the lower part of the raffinate oil cutting system through a pipeline; and the
other end of another reaction device is connected with a cooling device and the high-pressure

separator through a pipeline.

2. The naphtha productive aromatic hydrocarbon reforming system according to claim 1,

characterized 1n that:

said reaction device is connected with a second reaction device through a second heating

device.

3. The naphtha productive aromatic hydrocarbon reforming system according to claim 2,

characterized 1n that:

sald another reaction device i1s connected with a fourth heating device and a fourth

reaction device.

4, The naphtha productive aromatic hydrocarbon reforming system according to claim 2 or

3, characterized in that:

said another reaction device are two reactors vertically connected in series.

14
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5. The naphtha productive aromatic hydrocarbon reforming system according to claim 4,

characterized in that:

said reaction device are two reactors vertically connected in series.

6. A naphtha productive aromatic hydrocarbon reforming method, which comprises the
following steps of reacting raw naphtha with a distillation range ot 80-185 DEG C after being
heated by a heating device in a reaction device, wherein the reaction device has an inlet
temperature of 470-530 DEG C, an 1nlet pressure of 1.6-1.9 MPa, an outlet temperature of 410-
460 DEG C and an outlet pressure of 1.5-1.8 MPa; carrying out high-pressure separation to a
cooled reaction product in a high-pressure separator, wherein the high-pressure separator has an
operating temperate of 35-45 DEG C and an operating pressure of 1.2-1.4 MPa; after the high-
pressure separation, delivering a part of hydrogen and returning the other part hydrogen to a
feedstock pipeline and an another reaction device through a compressor; treating a reformate in a
stabilizer tower system, wherein the stabilizer tower system has a tower top temperature of 100-
120 DEG C, a tower top pressure of 0.8-1.05 MPa, a tower bottom temperature of 220-240 DEG
C, a tower top pressure of 0.85-1.10 MPa and a reflux ratio of 0.90-1.15; recovering dry gas,
iquetied gas and a small quantity of water from the tower top; treating reformate with a
distillation range of 71-195 DEG C obtained from the tower bottom in an extraction system,
wherein the extraction system has an operating temperature of 80-110 DEG C, an operating
pressure of 0.6-0.8 MPa a solvent ratio of 2.5-3.5 and a backwash ratio of 0.4-0.6; after
extraction, recovering mixed aromatic hydrocarbon and cutting other components in a raffinate
o1l cutting system, wherein the cutting system has a top temperature of 58-86 DEG C, a top
pressure of 0.1-0.3 MPa, a bottom temperature of 155-195 DEG C, a bottom pressure of 0.15-
0.34 MPa and a reflux ratio of 20-60; recovering coal oil from the bottom and recovering light
raffinate o1l from the top; recovering refined oil through a lateral line, wherein the lateral line has
an outlet temperature of 100-140 DEG C and an outlet pressure of 0.12-0.25 MPa; and reacting

the refined o1l in the another reaction device; and carrying out high-pressure separation to obtain

a cooled reaction product.

7. The naphtha productive aromatic hydrocarbon reforming method according to claim 6,

characterized 1n that:

15
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a reaction product from said reaction device 1s reacted in a second reaction device after
being heated by a second heating device, and a cooled obtained product is subjected to high-

pressure separation in a high-pressure separator.

16
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