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this exanp Xperi or applying a buf
i nner 19l lopelafioonMieatdckdr. t ube used in a hydrocarbon pyrolysis reactor and
a diffusion barrier, nanely a silica filmcoat forned thereon, to

conpensat e for PrBicukslyndn pstiuming fheliinveatiamc afiernthe) felteeis €ompested in a
nmechani cal : t l rrd.er
s Do o HREEBA poldl FAGHBE UGG Witk TEbfke drfuutZeAR0n nilRs W DA ST
| ayer. As camieenf #5000 kgfhb/eoil ap600-8@)7Curiden®s kpfcni?he nrekal alkiowinde dxcathdedaint t he
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was passe @fﬁ’%at&aﬁnflhe\%%gqg?mﬁu? Ioiwerao{]i‘oéﬂ%fm%%‘w_ﬁflﬁs feg?w@.(ﬁé 1% M50zt her
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based on the total weight of the steam to coat the inner wall of the tube.
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t et raet hoxysi Ifthe thieknaso iy belowdt i, e filnj desedt sarvo ad Adatrichelf the aticlaessunt

of 0.6 % by wei 8ht for 10 hours, to evaluate the resultant coat s 11 MAR
2003 WO 0FEKeegs 92 pokthedfpn tands g7psel pHhor ptwe as He temperPiEe Wsskat i on was

conpl eted, the resultant coat.fil e 1 i I ron
m croscope wWith Lr?peoél pceocx:?pl‘flbonl ?%Ihﬁodrgﬁ 0 %ng%?g%h@%ﬂﬁéesgeﬁp% ﬂ%‘ﬂ&??fgﬁ%ﬁ%ﬁh
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test the thermal strength of the coat film a test piece was maintained for
60 5 R6ur hogr. ob@reerss.itthe arashivwrgupsgonniaing iosbeees filbrreremoved tastoamni ng

el ectron rgioﬁﬁ ?r?ocrg e %gﬂfﬁla{m orrll-(firrlliﬁgg metat ldflgoﬁ%eg @uib%?c foir Iarﬁeposition material
include volatile silicone alkoxides such as tetracthoxysilane and tetramethoxysilane;
titanium alkoxides such as titanium Zert-butoxide, titanium ethoxide, and titanium
isopropoxide; and aluminum alkoxides such as aluminum acetylacetonate and aluminum
30  isopropoxide. These are used alone or in combinations thereof. Non-limiting carriers
include nitrogen, helium, argon, carbon dioxide, air, oxygen, and steam. Among them,

steam is more preferred in the pyrolysis in view of saving production costs.
The alkoxide may be introduced into the reactor tube, for example, by diluting it
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Exarrpl e 2 In this exanple, another test was ear ned out to eval uate igﬁ@
ability of preventing 10 and reduci ng’ the formati on and deposit of R(ZWB
the inner walls of a reaction tube in a hydrocarbon pyrolysis reactor
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illustrated and describ herein wi t hout departing fromthe spirit and the
scope of the invention as defined by theg appended cl ai ns. 1 1~ MAR 2003
1. A nmethod of on-line coating a continuous inorganic coat filmon the
inner walls of a the reaction tubes in a hydrocarbon pyrolysis reactor for
preventing the formation and deposit of cokes on the inner wall,
conpr|5|ng forning a buffer layer directly on the inner walls of the
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In addition, sufficient mechanical/thermal strength can be obtained by introducing
a buffer layer between the tube metal and the barrier to provide a coat film having an
appropriate thickness. Also, residual coke can be removed by impregnating a catalyst for
5 gasifying coke on the diffusion barrier without adverse effects on the recovery section.
According to the invention, it has been confirmed that in order to assure the
function of the coat film for inhibiting the carburization of the metal components in the
inner walls of the reaction tubes, the thickness of the coat film must be about 4 um. In
performing the method of the invention, the increasing rate of the pressure at the inlet of
10 the reactor is reduced to below 1/2; thus, the operating term of the reactor can be
considerably extended.
The present invention will be described in greater detail by means of the

following non-limiting examples.

15 Examplel
In this example, an experimental test for applying a buffer layer between the inner
walls of a metallic tube used in a hydrocarbon pyrolysis reactor and a diffusion barrier,
namely a silica film coat formed thereon, to compensate for the thermal expansion
difference and increase the mechanical/thermal strength between the metallic tube and the
20  barrier was performed. A mixture of chromium oxide and silica was used as a buffer layer.
As material for the vapor depositions of the chromium oxide and the silica, chromium
acetyl acetonate and tetraethoxy silane were each used. For the purpose, 1.2 g of
chromium acetyl acetonate was dissolved in 36 ml of tetrahydrofuran.
As shown in Figure 1, a tubular tube (0.68 cm in inner diameter and 69 c¢m in
25 length) made of a high nickel alloy was installed within the heating furnace. The tube was
adjusted at an inlet temperature of 620°C and at an outlet temperature of 750°C. Then,
steam preheated at 450°C was passed through the tube at a flow rate of 100 g/h for 8 hours,
together with 0.5% of tetraethoxysilane and 0.01% of chromium acety! acetonate, based on
the total weight of the steam, to coat the inner wall of the tube. Observation under a
30  scanning electron microscope of the resultant coat film showed that a resultant buffer layer
of a metal oxide having a thickness of about 3-4 pm was formed.
After the buffer layer was formed, tetracthoxysilane was continued to be injected
into the tube in an amount of 0.6 % by weight for 10 hours, to evaluate the resultant coat
8
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under a scanning electron microscope with respect to its morphology and thickness. The

he” coating operation was completed, resultant coat was examined
diffusion layer was confirmed to be a solid film having a thickness of 7-11 zm.

To test the thermal strength of the coat film, a test piece was maintained for 60

5 hours at 1000°C and then slowly cooled.  Observation under a scanning electron

microscope confirmed no loss occurred in the film.

Example 2
In this example, another test was carried out to evaluate the ability of preventing
10 and reducing the formation and deposit of coke on the inner walls of a reaction tube in a
hydrocarbon pyrolysis reactor. A sample reaction tube which is made of HK4M (Cr: 25%
and Ni: 25%) was installed in the reactor as shown in Figure 1, and the inner wall of the
tube was then coated according to the same procedures described as in Example 1. Ethane
was subject to pyrolysis in the reactor under the reaction conditions given in a table below.
15 After the pyrolysis reaction, a scanning electron microscope examination showed that the
formation of coke on the inner walls was dramatically reduced as compared with the

uncoated tube.

Table
20 Feedstock Ethane
Inlet Temperature (°C) 600
Outlet Temperature (°C) 845
Reactor Pressure Atmosphere
Weight Ratio of Steam/Ethane 0.3
25 Conversion of Ethane (%) 80
Operation Period (hours) 2
Example 3

In this example, a solution of an inorganic alkaline metal compound, calcium

30  acetyl acetonate was further injected onto the silica diffusion barrier for 7 hours in an
amount of 0.067% by weight with respect to the amount of the steam concurrently injected,

to form a decoking layer on the diffusion barrier. The formation of coke was continuously
eliminated during operation. The solution was prepared by dissolving 1 g of calcium acetyl

9
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combination of the buffer layer and the diffusion barrier, the same test as described in
5 Example 2 was performed, and it was then observed under an scanning electron

microscope. As a result. no coke formation was observed.

Example 4
The results obtained from the tests done above were applied to a commercial
10  pyrolysis reactor (KBR Millisecond pyrolysis reactor). Immediately after the combustion
process of coke was completed, the inlet and the outlet of the reactor were adjusted at
620°C and 730°C. respectively. Then, 74 kg/h per tube of the steam preheated to 620°C
was injected into the reaction tubes in the reactor, together with 0.002% by weight of
chromium acetyl acetonate and 0.2% by weight of tetracthoxysilane, for 8 hours, to have
15 the inner walls of the reaction tubes coated.

Upon completion of the coating operation, a feedstock, naphtha was charged into
the reactor after the temperature was elevated to a temperature for carrying out the
pyrolysis of the naphtha by 60°C per hour. The level of the coke formed was observed by
monitoring the pressure change at the inlet of the reactor. The pressure changes before and

20  after coating the inner walls of the reactor tubes are plotted in Figure 2. As can be seen
from Figure 2, the increasing rate of the pressure after coating is about half of that before

the coating.

Industrial Applicabili
25 As described above, according to the invention, it is possible to prevent the
production of coke during the pyrolysis reaction of hydrocarbons in a pyrolysis reactor and
remove the coke through the gasification thereof. This allows the cycle run length of the
reactor to be extended. Accordingly, it is also possible to save the costs of combustion of
the coke and to increase the production capacity of the target products. Further, according
30 to the invention, carburization and deterioration of metals on the reactor tubes by the
barrier function of the diffusion barrier can also be inhibited. This extends the life of the
reactor tubes. The invention has another advantage in that a coat film having an improved

mechanical/thermal strength can be obtained without causing any adverse effects during

10
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5 modifications can be made in the embodiments of the invention illustrated and described
herein without departing from the spirit and the scope of the invention as defined by the

appended claims.
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kg/em?,

3. The method of claim 1, wherein the carrier is one selected from the group

consisting of nitrogen, helium, argon, carbon dioxide, air, oxygen, and steam.

4, The method of claim 1, wherein the inorganic coat film is deposited by
introducing the metal alkoxide in an amount of 0.001-10% by weight based on the total

amount of the carrier into the reactor.
5 The method of claim 1, wherein the inorganic coat film is 4-12 zm in thickness.

6. The method of claim 1, wherein the metal alkoxide and the chromium compound
are each introduced into the reaction tubes in an amount of 0.001-10% by weight, based on

the total weight of the carrier.

12



10 10 10<10%& ()-!SS+$10%&' ()-! @+$10%&' ()-gghhpiiiiaB7=&$ 10 U310%

U& ()-"10% U& ()-!6Ss$10% U U& () f10% UR' ()-s"10% U& ()-#10% T1 MAR 2003
U& ()-iiiiBjjjkrkm\V3s!109%& ()- Y 109%& ()- 3S10%&' ()-3!109%& ()-

F@10%& ()-'110%& ()- 10 U 10 Urk

| ul I | mdEmV 3s! 10949! 109&' () - 3! 109%& () Y! 109%&' () - F109%& () -

10%& () - 3s) 10%&The ridRRER EHAE EORME3 5! ﬂ@aﬁoﬂc\ntw (1)0% Sy weight.
10%& ()-S)T109%& ()-' s!10%& ()-I $10%&' ()-"110

oppppppp-g~\ =3s! FS10% & ()- !> LI 10% (& ()-! I 10%()(&' ()- 10 10

10=10%& ()-1! 10% - - pu8vv dE~\ =3s! &s<10% & L910% & () - GFF(! 10% &
()-3'10% &.()-zT “ﬁen%awﬁ@f?fm 1, woogeip the b Ufﬁ%rl%r SR indlgicknese” " Headi ng
23] ¢c" "Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph

Font ~* (3> §Zdf myxe fetddl JfReraY bubibMIRS 12Uor'Z Wt WSS The: me@bBlkoxide is one
i @CFI KLMXQ SVX[\ " dgi r kno- quSTU\/V\XYZ[\]’\ * abcdef ghi j kI mmopqgr st uvwxyz{| } ~6

Ti nes Newsﬂgm;ﬁmrrath@@mrecomvng oRtetractEorysilangy tibamethenydilane. titanium tert-
| #$%&' 3456789:

<o @acheiig oSS, A prinshassy] 85 rABh AL DV pgPRXce:

and a combination thereof.

10. The method of claim 1, wherein the chromium compound is one selected from the
group consisting of chromium acetyl acetonate, chromium carbonyl, chromic (IIl) 2-

ethylhexanonate, and chromic (HI) hexafluoroacetyl acetonate, and a combination thereof.

11. The method of claim ‘2, wherein the alkaline metal or alkaline earth metal is one
selected from the group consisting of potassium acetyl acetonate, potassium tetramethy!
heptanedionate, potassium acetate, calcium acetyl acetonate, calcium tetramethyl
heptanedionate, calcium acetate, magnesium acetonate, magnesium tetramethyl
heptanedionate, magnesium acetate, barium acetyl acetonate, barium tetramethyl
heptanedionate, barium acetate, lithium acetyl acetonate, lithium tetramethyl

heptanedionate, and lithium acetate, and a combination thereof.

12. The method of claim 2 or 9, wherein the alkaline metal or alkaline earth metal
compound is introduced into the reactor in an amount of 0.001-10% by weight based on

the total amount of the carrier.

13. The method of claim 2 or 9, wherein the barrier is 0.1-2 zon in thickness.
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