
[Document Name]Specification [Title of the Invention] METAL TUBE FOR
PYROLYSIS REACTION [Technical Field] Wooll        The present
invention relates to a metal tube for pyrolysis reaction, which is
provided with ribs formed on the inner surface of the tube and is
suitable for use as a pyrolysis furnace tube, a reforming furnace
tube, a heating furnace tube, a heat exchanger tube or the like in
plants such as a petroleum refinery plant, a petrochemical plant or
the like. In particular, the present invention relates to a metal
tube for a pyrolysis reaction which is, for example, used in an
ethylene plant or the like, and more particularly relates to a metal
tube suitable for use as a tube in which olefins (Claes) are produced
from hydrocarbons by a pyrolysis reaction which occurs due to heat
supply from the outer surface of the tube. [Background Art] [0002]
Olefins (CnI-I2.), such as ethylene (C2114), are produced by
pyrolysis of the hydrocarbons (naphtha, natural gas, ethane, or the
like). In particular, to produce olefinic hydrocarbons (ethylene,
propylene, or the like), the hydrocarbons are supplied with steam
into a tube provided in a reacting furnace and heat is supplied to
the hydrocarbons from outer surface of the tube so that a pyrolysis
reaction of the hydrocarbons can be generated in the tube. The tube
is made of a high-Cr and high-Ni alloy as represented by a
25%Cr-25%Ni alloy, a 25%Cr-38%Ni alloy or the like, or is made of a
stainless steel as represented by AISI 304 type. [0003]       In the
above described pyrolysis reaction, it is necessary to transfer heat
(which is supplied to the outer surface of the tube) from the outer
surface of the tube to the inner surface of the tube efficiently, so
as to prevent unreacted hydrocarbons from discharging to outside of
the furnace. That is, the tube needs superior "heat exchange
characteristic". The heat exchange characteristic can be evaluated by
measuring the average temperature of fluid at the outlet of the tube.
When the tube has the superior heat exchange characteristic, the
average temperature of the fluid at the outlet of the tube is
increased. [0004]       A mixed gas composed of hydrocarbons and
steam is supplied into a steel tube from an inlet of the steel tube
with low pressure and high speed. Unreacted mixed gas and newly
formed gas due to the reaction move a long distance along the ribs
provided  on the inner surface of the tube. Therefore, the gas flow
is interrupted depending on the shape of the ribs. In this case, a
fluid in the central portion of the tube and a fluid in the bottom
part of the rib are separated. Thus, a mass transfer (reaction)
between the central portion of the tube and the bottom part of the
rib becomes insufficient, hi such cases, since the reaction products
are accumulated in the bottom parts of the ribs, an over pyrolysis
reaction occurs. On the contrary, the reaction becomes insufficient
in the center portion of the tube, leading to the yield loss. In
order to solve such problems, the tube should have superior
"pyrolysis reaction characteristics". The reaction characteristics
can be evaluated by the deviation of temperatures at outlet of the
tube, since the pyrolysis reaction characteristics depend on the mass
flow in the tube. 



[0005]       Patent Document 1 (JP 58-173022A) discloses a production
process of a tube with intratubular spiral ribs. In the above
production process, the tube with intratubula.r spiral ribs is
produced by torsional work from a metal tube with intratubular
straight ribs which is produced by hot extrusion processing. Patent
Document 2 OP 01-127896A) discloses a tube material for a heat
exchanger with wavy shape on the inner surface of the cross section,
in which the radius of convex curvature of the crests, RF, and the
radius of concave curvature of the valleys, Rs, satisfy a
relationship of Rs ?.'RF. [0006]       Furthermore, Patent Document 3
OP 08-82494A) discloses a tube for heat exchange. The tube is
provided with fins which are formed on the inner surface of the tube
at given pitches and extending to directions which intersect with the
tube axis. In particular, the fins are arranged in one or a plurality
of areas on the inner surface along the tube axis direction or in an
entire area on the inner surface. Patent Document 4 (JP2005-533917A)
discloses a tube with intratubular spiral fins, which is used for the
pyrolysis reaction process of hydrocarbons under the existing steam.
[0007]       The tubes with intratubular ribs or fins disclosed in
the above described Patent Documents, however, cannot balance the
"heat exchange characteristic" and the "pyrolysis reaction
characteristic", and cannot improve both of the characteristics
sufficiently. Thus, heat exchangeable tubes with intratubular ribs,
in which both of the characteristics described above are further
improved, were desired. [0008] Meanwhile, regarding the usage
conditions of metal tubes used in the pyrolysis reaction in a
cracking furnace of an ethylene plant or the like, the temperature
tends to become higher due to yield improvement, with a recent
increase of resinoid demand. In such metal tubes used for pyrolysis
reaction at higher temperatures, carbon is unavoidably formed due to
the pyrolysis reaction. Then, the carbon is attached to the 2  inner
surface of the tube and deposits on the inner surface. This
phenomenon is called "coking". 10009] 



When coking occurs, the pyrolysis reaction efficiency decreases since
the deposited carbon prevents transferring the heat supplied from the
outer surface of the tube to the mixed gas. Furthermore, the steel
tube becomes brittle since the accumulated carbon diffuses inside the
steel tube which causes carburization of the steel tube. Thus, the
damage of the steel tube is caused from the carburization portion.
Moreover, when the carbon, which is flaked from the deposited layer,
accumulates in the steel tube, the gas flow is interrupted and the
pyrolysis reaction is inhibited as well and causes the above
described damage. In addition, when the carbon deposits in large
amounts, serious accidents such as an explosion or the like may take
place. Therefore, a periodically flowing air and steam into the tube
so as to oxidize and remove the precipitation carbon i.e. decoking is
carried out in a practice. However, the decoking work leads to big
problems such as a shutdown during the decoking work and an increment
of man-hour or the like. [0010]       The inner surface of the metal
tube for pyrolysis reaction is exposed to the carburizing gas
atmosphere containing hydro carbon gas, CO gas, or the like.
Therefore, a heat resistant material having resistances to
carburization and coking in the carburizing gas atmosphere is
required as a tube material.       Patent Document 5 (JP 2005-48284A)
discloses a stainless steel tube that consists of a mother material
including 20 to 35 mass% Cr and the tube has resistances to
carburization and coking. The disclosed tube has a surface layer
comprised of a Cr-depleted layer that includes more than or equal to
10 mass% Cr and which thickness is less than or equal to 20 gm.
Although it is disclosed that protrusion, fin or the like may be
provided on the inner surface of the tube in the Patent Document 5,
the specific configurations are not disclosed at all. [Patent
Document 1] JP 58-173022A [Patent Document 2] JP 01-127896A [Patent
Document 3] JP 08-82494A [Patent Document 41 JP2005-533917A [Patent
Document 51 JP 2005-48284A  



[Disclosure of the Invention] [Subject to be Solved by the Invention]
[0011]     The present invention has been achieved in view of actual
situations described above, and an object of the present invention is
to provide a metal tube for pyrolysis reaction which has both
characteristics (1) and (2) described below.           (1) High
pyrolysis reaction characteristic which is achieved with frequent
contact of the unreacted gas in the center portion of the tube axis
to the inner surface (which is reaction site) of the tube.
(2) Superior characteristic for pyrolysis reaction, heat exchange and
resistance to carburization, which is suitable for use in the process
for pyrolytically decomposing hydrocarbons. [Means to Solve the
Problems] [0012]       In order to solve the above described
subjects, the present inventors investigated widely in order to
provide a metal tube for pyrolysis reaction, which accelerates the
pyrolysis reaction by increasing frequent contact with the unreacted
gas in the center portion of the tube axis to the inner surface
(which is the reaction site) of the tube and has superior
characteristic of heat exchanging and superior resistance to
carburization. Consequently, the inventors obtained the findings (A)
to (E) described below. [0013]       (A) In order to prevent
unreacted hydrocarbons from discharging to outside of a furnace, it
is necessary to efficiently transfer heat (which is supplied to the
outer surface of a tube) from the outer surface of the tube to the
inner surface of the tube. That is, it is necessary that the heat
exchange characteristic of the tube is superior. For this purpose, a
contact area between flowing gas in the tube and the inner surface of
the tube, or an area of the inner surface of the tube should be
large. [0014]        (B) The area of the inner surface of the tube
increases with increasing the number of intratubular ribs. Also the
area of the inner surface increases with increasing the rib height.
Furthermore, the area of the inner surface increases more when the
ribs are raised. at a sharp angle on the cross section than when the
concavo-convex shape, which curves gently on cross section, is formed
by the ribs.       The heat exchange characteristic, when heating
outside of the tube, is improved if the ribs have a sharp shape.
Since the total area of thinner parts of the tube, or the total area
of the bottom parts of the ribs is large when the ribs have a sharp
shape, the heat exchange characteristic is improved. However, the
high ribs may expand the distance from the tops of the ribs to outer
surface of the tube. In this case, since a thickness of the tube,
measured at the top of the rib, is increased, a heat transfer from
the outside of the tube becomes insufficient. Thus, the temperature
at the top of the rib decreases. As a result of foregoing, the heat
exchange characteristic deteriorates. [0015] 



(C) A mixed gas composed of hydrocarbons and steam is supplied into
the tube from the inlet of the tube with low pressure and high speed.
The gas, which is formed from the mixed gas by the reaction, moves a
long distance along the ribs provided on 4  the inner surface of the
tube. Here, the gas flow is interrupted depending on the shapes of
the ribs or the number of the ribs. In this case, since a velocity
deviation between a fluid in the central portion of the tube and a
fluid in the bottom part of the tube becomes excessive, and a mass
transfer (reaction) between the central portion of the tube and the
bottom part of the rib becomes insufficient. In such cases, since the
reaction products accumulate in the bottom parts of the ribs, over
pyrolysis reaction occurs. On the contrary, the reaction becomes
insufficient in the center portion of the tube, leading to the yield
loss. Therefore, it is necessary to reduce the accumulation of the
gas on the inner surface of the tube and also to uniformize the gas
flow on cross section. That is, it is necessary to improve the
pyrolysis reaction characteristics. [MI6]       (D) The pyrolysis
reaction characteristics of the tube are improved by increasing the
rib height, or by increasing the inclination angle of the spiral rib
to the tube axis. When the rib height is too high or the inclination
of the spiral rib is too large, however, the fluid flow is
interrupted at the bottom part by the rib. In this case, a fluid in
the central portion of the tube and the fluid in the bottom part of
the rib are separated, leading to an increase of velocity deviation
of the fluid. Consequently, the pyrolysis reaction characteristics of
the tube are deteriorated. Furthermore, when the number of ribs is
increased, the fluid flow is interrupted at the bottom part by the
rib. In this case, since the fluid flow which passes between the
bottom part and the central portion of the tube becomes stagnant, the
fluid in the central portion of the tube and a fluid in the bottom
part of the rib are separated. Consequently, the pyrolysis reaction
characteristics of the tube deteriorate. [00171       (E) For the
above described reasons, it is necessary to optimally determine the
number of the ribs formed on the inner surface of the tube, the rib
height, the inclination angle of the rib to the tube axis, and the
like in order to achieve a balance between the heat exchange
characteristic and the pyrolysis reaction characteristic. [00181
The present invention has been completed based on of the above
described findings, and the gists of the present invention is a metal
tube for pyrolysis reaction, described in following (I) to (4).
[13019]        (1)A metal tube for pyrolysis reaction comprising 3 or
4 spiral ribs, which have 20 to 35 degrees inclination to an axial
direction of the metal tube, provided on an inner surface of the
metal tube; characterized in that h/Di of 0.1 to 0.2 and h/w of 0.25
to 1.0 when a height of the each spiral rib is defined as "h", a
width of the each spiral rib at its bottom part is defined as "w" and
an inner diameter of the metal tube at the bottom part is defined as
"Di" in cross section of the each spiral rib. Note that "cross
section of the each spiral rib" means a cross section  



perpendicular to an axis of the metal tube. [0020]          (2) The
metal tube for pyrolysis reaction according to the above described
(1), characterized in that a cross-section shape of the each rib is
isosceles triangular.          (3) The metal tube for pyrolysis
reaction according to the above described (1) or (2), characterized
in that the spiral ribs are integrally-formed with a tube body by hot
extrusion          (4) The metal tube for a pyrolysis reaction
according to any of the above described (1) to (3), characterized in
that the metal tube is a tube which is used for a pyrolysis reaction
process of hydrocarbons. [0021]       Various shapes such as a
triangular shape, a trapezoidal shape or the like can be employed to
the cross section shape of the tube of the present invention. An
isosceles triangular shape is desirable among the triangular shapes.
An isosceles trapezoid shape is desirable among the trapezoid shapes.
In case of the trapezoid shape, a longer side among two parallel
sides is arranged on the bottom side. [0022]         Fig.1 is a
figure which explains the rib shape of the metal tube of the present
invention, which shows a part of the cross section perpendicular to
the tube axis. As shown in the figure, a rib 1 is provided on an
inner surface of the tube. The rib shape, shown here as an example,
is an isosceles triangular shape. In the figure, a rib height is
indicated by "h" and a rib width at the bottom part is indicated by
"w". A bottom inner diameter "Di" of the rib is an inner diameter of
the tube corresponding to the bottom part of the rib, and a mount
inner diameter "Dm" of the rib is an inner diameter of the tube
corresponding to a top of the rib. Note that the "isosceles
triangular shape" means a substantially isosceles triangular shape as
described below. [0023]         As described above, various shapes
such as a triangular shape, a trapezoidal shape and the like can be
employed to the cross section shape of the tube of the present
invention. Here, the triangular shape includes not only a proper
triangular shape but also a shape which is substantially considered
as a triangular shape. Moreover, the trapezoidal shape includes not
only a proper trapezoidal shape but also a shape which is
substantially considered as a trapezoidal shape. For example, the rib
may have rounded top as shown in Fig.l. This is same in the case of
trapezoidal shape. The corner of parallel side and, oblique side may
have rounded shape such as chamfered shape. Furthermore, the oblique
side between the top of the rib and the bottom part of the rib may
not always be a straight line. Especially, it is desirable that the
oblique side and the bottom part of the rib are connected by a smooth
curve. [00241  triangular shapes and an isosceles trapezoid shape is
desirable among the trapezoid shapes. The tube with ribs, each of
which is a continuous protrusion provided on the inner surface of the
tube, can be easily produced by a hot working process or a cold
working process when the rib shape is bilaterally symmetric as
described above. [Efficacy of the invention] 



[0025]         The metal tube in the present invention is a metal
tube for a pyrolysis reaction which has a superior heat exchange
characteristic and a superior pyrolysis reaction characteristic. By
using this tube, the production yield of olefins such as hydrocarbons
can be improved with low energy. In addition, since this tube has
superior resistances to carburization and coking, the operation rate
of the production apparatus can be improved. [Brief Description of
the Drawings] [0026]       [Fig. 1] Fig.1 is a figure which explains
the rib shape of the metal tube of the present invention, which shows
a part of the cross section perpendicular to the tube axis
[Fig. 2] Figure 2 illustrates the average temperature and the
temperature deviation of fluid at the outlet of the metal tubes
having various numbers of ribs and various inclination angles.
[Fig. 3] Figure 3 illustrates the effects of rib height and
inclination angle of the rib on the average temperature and the
temperature deviation of fluid at the outlet of the tubes.
[Fig. 41 Figure 4 illustrates effects of h/w, the ratio of rib height
"h" and rib width "w" at the bottom, and the inclination angle of the
rib on average temperature and temperature deviation of fluid at the
outlet of the tubes.       [Fig. 51 Figure 5 illustrates copies of
photographs, showing the cross section perpendicular to the tube aids
of tubes. [Best embodiment of the invention] [0027] 1. On the shape
of ribs       In order to optimize the rib shape, the following
simulation test has been conducted. 1-1. Simulation test 1      As
shown in Table 1, metal tubes for pyrolysis reaction with various
kinds of intratubular ribs with varying numbers, height, shape and
inclination angles were prepared, and the simulation test was
conducted using the condition shown in Table 2. 



[0028] [Table 1]    [0029] [Table 2]  [ono]      In this simulation,
the equations of mass conservation, moment conservation and energy
conservation of fluid in the steel tube were solved based on the
conditions shown in Table 2 without considering the pyrolysis
reaction by using a commercial computational fluid dynamics code.
Then, the flow and the thermal conductive behavior in the steel tube
were evaluated by the three dimensional simulation so as to calculate
an effective viscosity coefficient (an effective thermal conductivity
and an effective diffusion coefficient) in the tube. Note that, the
turbulent model was employed in order to consider the effect of
turbulent flow. The results obtained are shown in Fig. 2. [00311
In Fig. 2, a horizontal axis means the average temperature of the
fluid at the outlet of the steel tube. Higher value of this average
temperature means high heat transfer ability from the outside of the
steel tube, showing good heat exchange performance.       A vertical
axis in Fig. 2 shows an average of temperature deviation of the fluid
at the outlet of the steel tube. Lower value of the average of
temperature deviation means that the temperature is distributed
uniformly in the cross section of the steel tube. In other words,
when the value of the average of temperature deviation is large, the
temperature in the center portion of the steel tube is low, and the
portion near the inner surface is locally heated, showing poor
performance of the pyrolysis reaction. 



[00321      A value of the vertical axis in Fig. 2 (average of
temperature deviation) is equal to the value of A T which is obtained
by following formula 1, when the average temperature is defined as
"Tmeana0", and. a local temperature in the same cross section is
defined as 'Tiocal(K)". Note that, "3" indicates a cross section area
of a space in which the fluid passes through in the tube. [Formula 11
)26s [0033] From Fig. 2, the following conclusion can be obtained.
1) The heat exchange performance, represented by the average
temperature of the fluid at the outlet of the tube (horizontal axis
in Fig. 2), is increased by increasing an area of the inner surface
of the tube. The area of the inner surface of the tube is increased
by increasing a number of ribs.       2) The average of temperature
deviation at the tube outlet (" AT' calculated by the above formula
1), is decreased by increasing the inclination angle of the rib. That
is, the characteristic of the pyrolysis reaction is improved by
increasing the inclination angle of the rib. At the same inclination
angle, when the number of ribs is 3, the pyrolysis reaction
represents maximum performance. When the rib numbers are arranged in
descending order of the pyrolysis reaction performance, it is
arranged in order of three ribs, four ribs, two ribs, five ribs, one
rib and eight ribs. [0034]1-2. Simulation test 2      As shown in
Table 3, the effect of the rib shape was investigated by the
simulation test under the same condition as in Table 2, using tubes
with 3 ribs of various heights and various inclination angles. The
results are shown in Fig. 3. [0035]  [Table 3]  [0036] 



As is obvious from Fig. 3, by increasing the rib height, the average
temperature indicated by the horizontal axis is increased, i.e., the
heat exchange performance is improved. Also, by increasing the rib
height, the average of temperature deviation 11  indicated by the
veriticalaxis is decreased, i.e., the performance of the pyrolysis
reaction is improved. When the rib height is 4.0mm, however,
performance of the pyrolysis reaction is deteriorated. On the
contrary, the performance of the pyrolysis reaction at rib height of
10.0mm shows a small advantage, compared to those at the rib height
of 8.0mm or 9.0mm. There is so not much difference in the effect of
the inclination angle of the rib between 25 to 35 . [00371     As
described above, the characteristics of both heat exchange and
pyrolyric reaction are improved by increasing the rib height (h).
When the rib height is too high, however, the gas flow is interrupted
by the rib. Thus, the gas is stagnated at the bottom part, leading to
deterioration of the pyrolysis reaction performance. Also, the
temperature at the top portion of the rib becomes lower, leading to a
deterioration of the heat exchange characteristics. Furthermore, it
becomes easy to introduce coking and also makes it difficult to form
high ribs by hot extrusion or cold rolling. Meanwhile, when the rib
height is too low, the area of the inner surface of the tube becomes
smaller leading to deterioration of the heat exchange characteristic
and pylorisis reaction performance. [00381 1-3. Simulation test 3
As shown in Table 4, a simulation test under the same conditions as
in Table 2 was conducted, using tubes with 3 ribs of 5.5mm height
with various rib width" w", for the different inclination angles of
25 ,30 and 35 . The results are shown in Fig. 4. [00391 [Table 4]
[0040) 



As is obvious from Fig. 4, the performance of the pyrolysis reaction
is deteriorated by decreasing "h/w", where the rib shapes becomes
rather smooth wave. That is, the average of temperature deviation
indicated by the vertical axis of Figs. 2 to 4 increases with
decreasing the "h/w". On the contrary, the performance of pyrolysis
reaction is improved by increasing the h/w. When the b/w is small,
the area of the inner surface becomes small compared to when the h/w
is large with sharp shape of rib. Therefore, the average temperature
indicated by the horizontal axis of Figs. 2 to 4 is 13  decreased.
That is, the heat exchange performance has a tendency to be lowered.
[00411       From a view point of the manufacturing process of the
tubes, it becomes difficult to produce such tubes with high and thin
ribs, i.e., high value of h/w, by hot extrusion or cold rolling.
[0042] 1-4. Decision of the optimum shape ribs on the basis of
simulation tests        (1) Number of ribs       From the results of
the simulation test 1, a suitable rib number was determined to be 3
or 4. Desirable rib number is 3. 



(2) Inclination angle of rib       From the results of simulation
test 1, the inclination angle of the rib was determined to be 20 to
35 . A favorable angle is 25 to 30 .        (3) Shape of ribs
(relation among rib height "I?, rib width on the bottom" w", and an
inner diameter at the rib bottom "Di")       Suitable h/Di and h/w
were determined to be 0.1 to 0.2, and 0.25 to 1.0, respectively,
where h: rib height in the transverse cross section of the tube, w:
rib width at the bottom, and Di: inner diameter at the rib bottom.
[0043]       Rib height "la" was determined to be represented by
h/Di. Although various size tubes are used for a metal tube in the
pyrolysis reaction, it can be considered that a figure is a similar
figure when the heat exchange and the pyrolysis reaction on the inner
surface of the tube are considered. Therefore, the rib height "h" can
be normalized by h/Di. As shown in Fig. 3, results of simulation test
2, both performances of heat exchange and pyrolysis reaction are
improved by increasing the rib height "If to above or equal to 5.0mm,
and the improvement becomes evident when the rib is higher. Although
the heat exchange performance is improved by increasing the rib
height, the improvement effect on pyrolysis reaction performance is
saturated when the rib height is 8.0 to 10.0mm. From the view point
of tube manufacturing, tubes with lower height ribs are desirable
because of the easier rib forming. From the above described reasons,
the favorable rib height "I? was determined to be 5.0 to 10.0nun, and
a suitable range of h/Di was determined to be 0.1 to 0.2 because the
inner diameter at the bottom part "Di" of the tube used in the
simulation test 2 is 48mm. The upper limit rib height is favorably
8mm since the improvement effect of increasing rib height on the
pyrolysis reaction is saturated, in addition to the tube
manufacturing concern, i.e., tubes with ribs becomes difficult to
produce by hot or cold working. Therefore a further desirable upper
limit of h/Di is 0.17. [0044i       Next, the relation between the
rib height "I? and the rib width at the bottom "w" will be described
as following.        Considering the heat exchange characteristics
and pyrolysis reaction performance (fluid flow between the rib bottom
and the center portion of the tube), while also considering the
workability during rib forming, the rib shape should be characterized
not only by rib height "h" but also by the ratio between the rib
height "h" and the rib width at the bottom "w" (which is h/w). It can
be clearly seen from the results of simulation test 3, with the
decreasing hAv, the average of temperature deviation is increased,
and the performance of pyrolysis reaction is deteriorated. From such
results, the lower limit of h/w was determined to be 0.25. On the
contrary, since pyrolysis reaction performance is improved by
increasing the h/w, the h/w should favorably be large. Therefore, the
favorable lower limit is 035, and more favorable lower limit is 0.4.
[0045]       On the other hand, although the maximum value of hAv in
the simulation test 3 was 0.46, if li/w is increased, the
performances of both pyrolysis reaction (average of temperature
deviation) and beat exchange (average temperature) have a tendency to
improve. Also, although the h/w was not changed linearly in the
simulation test 2 using tubes with various rib height "h", as can be
seen from the values of rib height "h", and rib width at the bottom
"w", in Table 3, h/w was changed from 0.28 to 0.84, and performance
of both pyrolysis reaction (average of temperature deviation) and
heat exchange (average temperature) were improved by increasing the



[00471       As a method to form spiral ribs on the inner surface of
the tube, following methods of (a)-(c) are shown by the following
example.        (a) First, a tube with intratubular straight ribs, in
which rib height is uniform in the longitudinal direction of the
tube, is produced by using a hot exclusion piping press or a cold
rolling with a mandrel having an outer surface in which convex
portions corresponding to the bottom parts of the tube and concave
portions corresponding to the ribs of the tube are formed along a
direction parallel to the axis of the mandrel. Next, torsional work
is added to the tube with intratubular straight ribs, resulting in
tubes with intratubular spiral ribs. (b) A tube with intratubular
spiral ribs, in which rib height is uniform in the 15  longitudinal
direction of the tube, is produced by using a cold drawing type
piping machine with a plug having an outer surface in which convex
portions con:esponding to the bottom parts of the tube and concave
portions corresponding to the ribs of the tube are formed in a spiral
manner.      (c) A tube with intratubular spiral ribs is produced by
deposit welding to form ribs on the inner surface of the tube. [0048]
Among the above described methods, the production method, in which
spiral ribs are formed by the torsional work after forming the ribs
by the hot exclusion, enables to produce long products compared to a
ease when the tube is produced by the powder metallurgy or the
centrifugal casting, or a case when the ribs are produced by the
deposit welding. In this method, it is not necessary to connect a
tube with another tube by welding even when a tube longer than 10 m
is needed to produce. In addition, since the tube produced by this
method consists of the same material in a rib part and a mother tube,
the tube has an advantage of much better properties, such as
corrosion resistance, high temperature strength, or the like compared
to the tube with intratubular ribs produced by deposit welding using
different materials. Furthermore, the tube is suitable for usage
requiring high temperature strength, resistance to corrosion, or
resistance to carburization, for example, in a pyrolysis reaction of
hydrocarbons, or the like. [0049]      In the method of the forming
ribs by the hot extrusion, if the rib height is too high, the ribs
may be extruded not sufficiently along the mandrel shape. Thus, given
height of the rib cannot be obtained in some part. Therefore, in the
hot extrusion method, the rib shape to be formed is limited, and too
high ribs are not desirable. [0050] 3. Material of a tube      When
the superior resistance to carburization or coking is strongly
required, a tube with following chemical composition, having good
high temperature strength and enough hot workability, in addition to
superior resistances to carburization and coking, is favorable. Note
that, "%", regarding the component content, means "mass %" [0051] 



(0 A metal tube having a chemical composition consisting of, 0:0.01
to 0.6%, Si: 0.01 to 5%, Mn: 0.1 to 10%, P: less than or equal to
0.08%, S: less than or equal to 0.05%, Cr: 16 to 55%, Ni: 20 to 70%,
N: 0.001 to 0.25%, and balance Fe and impurities. [0052]      (2)A
metal tube further consisting of at least one or more elements
selected from at least one or more groups selected from ( i ) to (vi)
in addition to the above described chemical components. ( ) One or
two elements selected from Cu: 0.01 to 6% and Co: 0.01 to 5%.
(ii)One or more elements selected from Mo: 0.01 to 3%, W: 0.01 to 6%
and Ta: 0.01 to 6%. (20 One or two elements selected from Ti: 0.01 to
1% and Nb: 0.01 to 2%. (iv) One or more elements selected from B:
0.001 to 0.1%, Zr: 0.001 to 0.1% and Hi 0.001 to 0.5%. ( v )0ne or
more elements selected from Mg: 0.0005 to 0.1%, Ca: 0.0005 to 0.1%
and Al: 0.001 to 6%. (vi)One or more elements selected from rare
earth elements (REM) of 0.0005 to 0.15%. roma]       Efficacy of
above described chemical composition of each element is described
below, with their limitation reasons. 100541 0:0.01 to 0.6%       C
is an effective element for keeping high temperature strength, when
the content is more than or equal to 0.01%. On the contrary, since
toughness is markedly deteriorated by addition of more than 0.6%, the
upper limit is 0.6%. Favorable content is 0.02% to 0.45%, and more
favorable content region is 0.02% to 0.3%. 



[0055] Si: 0.01 to 5%      Si is needed as a deoxidizing element. In
addition, Si is an effective element to improve resistances to
oxidation and carburization. In order to obtain this effect, a
content of not less than 0.01% is needed. However, by the addition of
more than 5%, weldability is deteriorated, and microstructure is
unstable, thus the upper limit is 5%. Favorable content is 0.1 to 3%,
and most favorable region is 0.3 to 2%. [0056] Mn: a 1 th 10%
Mn is added in order to improve workability, in addition to the role
of a deoxidizer. In order to obtain this effects, a content of more
than or equal to 0.1% is needed. Furthermore, since Mn is an
austenite forming element, a part of Ni can be replaced by Mn.
However, an excessive addition of Mn leads to deterioration of
workability. Thus, the upper limit is 10%. Favorable content is 0.1
to 5%, and most favorable region is 0.1 to 2%. [0057] P: less than or
equal to 0.08%, 5: less than or equal to 0.05%      P and S
deteriorates hot workability by their segregation to the grain
boundaries, and favorably the contents should be decreased as low as
possible. However, excessive lowering of the P and S contents
increases cost in the production process. Therefore, the content of P
is less than or equal to 0.08% and the content of S is less than or
equal to 0.05%. Favorably P and S contents should be less than or
equal to  0.05% and 0.03%, respectively. More favorably, P and S
contents should be less than or equal to 0.04% and 0.015%,
respectively. [0058] Cr: 15 to 55%       Cr is an essential element
to obtain oxidation resistance, and a content of more than or equal
to 15% is needed. Although the content of Cr should favorably be
increased as high as possible, from the view points of oxidation
resistance and carburizing resistance, excessive addition leads to
workability deterioration or to unstable microstructure during the
use at high temperatures. Thus, the upper limit is 55%. In order to
prevent the above described disadvantages of workability
deterioration and unstable microstructure at high temperatures, the
upper limit should favorably be 35%. More favorably, the content
region is 20 to 33%. [0059] 



Ni: 20 to 70%       Ni is needed to obtain the stable austenitic
microstructure, a content of 20 to 70% is necessary corresponding to
the content of Cr. However, since excessive addition leads to
problems in the manufacturing process and increases cost, the
favorable region is 20 to 60%, and most favorable region is 23 to
50%. (0060) N: 0.001 to 0.25%       Ni is an effective element for
the improvement of high temperature strength. In order to achieve
this effect, a content of more than or equal to 0.001% is needed. On
the contrary, since excessive addition significantly deteriorates the
workability, the upper limit is regulated to be 0.25%. Favorable
content of N is 0.001 to 0.2%. [0061] In the present invention, one
or more elements shown below may be contained. One or two elements
selected from Cu: 0.01 to 5% and Co: 0.01 to 5%       Copper and Co
as an austenite stabilizer improves high temperature strength, and
each element of more than or equal to 0.01% may be contained. On the
contrary, when the content of each element exceeds 5%, hot
workability is markedly deteriorated. Therefore, the content region
of each element is regulated to be 0.01 to 5%. Favorable region for
each element is 0.01 to 3%. [00621 One or more elements selected from
Mo: 0.01 to 3%, W: 0.01 to 6% and Ta: 0.01 to 6% Mo, W and Ta are
effective elements as the solid solution strengthening elements for
improving the high temperature strength, and the effect can be
obtained when the content of each element is more than or equal to
0.01%. However, since excessive 



addition leads to deteriorations in workability and in microstructure
stability at high temperatures, Mo, W and Ta should be controlled to
be less than or equal to 3%, 6% and 18  6%, respectively: Favorable
content region of each Mo, W and Ta is 0.01 to 2.5%, and more
favorably 0.01 to 2%. [00631 One or two elements selected from Ti:
0.01 to 1 % and Nb: 0.01 to 2%       Ti and Nb are useful elements
for marked improvement effects in high temperature strength,
ductility and toughness, even with a small additional amount. These
effects cannot be obtained when the content of each element is less
than 0.01%. Further, when a content of Ti is more than 1% or when a
content of NI3 is more than 2%, the workability or the weldability is
deteriorated. [00641       One or more elements selected from B:
0.001 to 0.1%, Zr: 0.001 to 0.1% and 0.001 to 0.5%       B, Zr and Hf
are effective elements to strengthen the grain boundary and to
improve hot workability and high temperature strength. However, the
effects cannot be obtained when the content of each element is less
than 0.001%. On the contrary, since excessive addition leads to
deterioration in weldability, the contents of B, Zr and Hf are
regulated to be 0.001 to 0.1%, 0.001 to 0.1% and 0.001 to 0.5%,
respectively. [00651       One or more elements selected from Mg:
0.0005 to 0.1%, Ca: 0.0005 to 0.1% and Al: 0.001 to 5%       Each
element of Mg, Ca and Al is effective for improving the hot
workability, and the effect can be obtained when each content of Mg,
Ca and Al is more than or equal to 0.0005%, 0.0005% and 0.001%,
respectively. In addition Al can introduce marked improvement effect
for carburization resistance of a metal tube, since oxidized scale
consisting mainly of Cr and Al is formed under the carburizing
circumstances. For this purpose, the Al addition of more than or
equal to 1.5% is effective. On the contrary, the excessive addition
of Mg and Ca deteriorates weldability, thus the upper limit of each
element is regulated to be 0.1%. Furthermore, the excessive addition
of Al of more than 5% introduces intermetallic compound formation
within the alloy, leading to deteriorations in toughness or in creep
ductility.       Favorable content region of Mg and Ca is 0.0008 to
0.05%, and favorable Al content for improving carburization
resistance is 2 to 4%. 



[00661 One or more elements selected from rare earth elements (REM)
of 0.0005 to 0.15% Rare earth elements are effective for improving
the oxidization resistance, but the effect cannot be obtained when a
content of each element is less than 0.0005%. On the contrary, since
excessive addition leads to deterioration in workability, the upper
limit of the content is regulated to be 0.15%. Note that, REM is a
collective term showing 17 kind elements including Sc, Y and 15
elements of lanthanoid. Among 19  them, one or more elements selected
from Y., La, Ce and Nd should favorably be used. [0067] 4. Example of
producing a tube with intratubular ribs       A tube with 3 straight
ribs on its inner surface and a tube with 4 straight ribs on its
inner surface are produced from hollow billets having chemical
compositions shown in Table 5 by hot extruding using the mandrel
provided with concavo-convex corresponding to the shape of ribs.
After softening heat treatment of the tubes at 1150C, the tubes were
torsionally deformed by an inclination angle of 27 from the tube
axis, and finally the tubes are treated with product processing in
which the tubes are cooled in water after heating treatment of 1230C
for 3 minutes. Consequently, the tubes with spiral ribs having
dimensions shown in Table 6 are obtained Figure 5 illustrates copies
of photographs, showing the cross section of the tubes. As shown in
the figure, chipping on the top of ribs or cracking at rib bottom has
never been seen. [0068] [Table 5] 



Table 5 (Chemical composition of a steel specimen. mass %, Balance:
Fe and impurities.) C Si Mn P S Cr Ni Ma Ti B Al N 0.11 



1.45 0.38 0.014 0.0003 25.9 38.3 1.05 0.45 0.0021 0.017 0.0112
[0069] [Table 6]  



[Industrial Applicability] 10070]       A metal tube for pyrolysis
reaction in the present invention can improve the production yield of
olefins such as hydrocarbons with low energy because of superior
characteristics of both the heat exchange and the pyrolysis reaction.
Furthermore, the metal tube in the present invention can improve the
operation rate of the production apparatus because of good resistance
to coking. Thus, the metal tube in the present invention can be used
not only for producing olefins such as ethylene, but also as a metal
tube for pyrolysis reaction using for various kinds of pyrolysis
reaction.  What is claimed is:  1. A metal tube for pyrolysis
reaction comprising 3 or 4 spiral ribs, which have 20 to 35 degrees
inclination to an axial direction of the metal tube, provided on an
inner surface of the metal tube; wherein h/Di is set in a range of
0.1 to 0.2 and h/w is set in a range of 0.25 to 1.0 when a height of
the each spiral rib is defined as "h", a width of the each spiral rib
at its bottom part is defmed as "w" and an inner diameter of the
metal tube at the bottom part of the each spiral rib is defined as
"Di" in cross section of the tube.  2. The metal tube for pyrolysis
reaction according to Claim 1, wherein a cross-section shape of the
each rib is an isosceles triangle.  3. The metal tube for pyrolysis
reaction according to Claim 1 or 2, wherein the spiral ribs are
integrally-formed with a tube body by hot extrusion.  4. The metal
tube for a pyrolysis reaction according to any one of Claims 1 to 3,
wherein the metal tube is a tube which is used for a pyrolysis
section process of hydrocarbons.   




