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Description

Background of the Invention

[0001] This invention relates to delayed coking, and
more particularly to an improvement in coker furnaces
associated with delayed coking units.
[0002] In the delayed coking process, a petroleum re-
siduum is heated to coking temperature in a coker fur-
nace, and the heated residuum is then passed to a cok-
ing drum where it decomposes into volatile components
and delayed coke. The delayed coking process has
been used for several decades, primarily as a means of
producing useful products from the low value residuum
of a petroleum refining operation.
[0003] Coker furnaces typically include multiple
banks of heater tubes wherein each bank is comprised
of a series of straight sections connected by return bend
elbow fittings. During the operation of the coker unit, in
which the coker feedstock is heated to temperatures of
482°C (900°F) or more, the furnace tubes become
fouled by coke deposition on the interior surface of the
tubes. As this fouling process progresses, the furnace
efficiency drops, and progressively more severe furnace
conditions are required to heat the incoming feed to cok-
ing temperature. As a result of this internal furnace tube
fouling, it is necessary to periodically decoke the furnace
tubes.
[0004] There are several methods used to decoke the
furnace tubes. In some procedures, the furnace is taken
out of service during the decoking procedure. In other
procedures, only a part of the tube banks are removed
from service. In all cases, production is either halted or
reduced during the furnace decoking process.
[0005] One decoking procedure, sometimes referred
to as on-line spalling, involves injecting high velocity
steam and cycling the furnace tube temperature
enough, such as between 538°C (1000°F) and 704°C
(1300°F), to cause contraction and expansion of the
tube, with resultant flaking off of the accumulated coke
deposits, which deposits are then blown from the fur-
nace tubes by steam flow. This procedure can be carried
out on a portion of the tube banks while another portion
of the tube banks remains in production.
[0006] Another decoking procedure involves injection
of air along with the steam at some stage of the decok-
ing. Because the tubes are still very hot during the de-
coking, the air combusts the coke deposits, such that
there is a combined spalling and combustion of coke.
[0007] The above-described decoking procedures,
including variations thereof, are well understood by
those in the coking industry.
[0008] A common problem in decoking is that coke
particles removed by the decoking process cause ero-
sion of the furnace tubing, particularly at the return bend
elbow fittings connecting adjacent straight sections of
furnace tubing.
[0009] In the past, the erosion problem has been ad-

dressed in a number of ways, including using an erosion
resistant metal composition, using very thick-walled pip-
ing, and in some cases by adding a weld overlay to the
most erosion-prone sections of the piping.
[0010] US Patent No. 2,123,144 relates to an appa-
ratus for elevated temperature services for use in car-
rying highly heated liquids and gases under pressure.
Ferrous alloys, such as 4 to 6 chromium alloy can be
used in the oil refining industry but are unsuitable for
use at high temperature. A ferrous alloy containing from
8 to 10.5 percent chromium, from about 1 to not over
about 2.5 percent molybdenum and not over 20 percent
carbon is disclosed which has good properties at high
temperature.
[0011] , In U.S. Patents Nos. 4,389,439 and
4,826,401 to Clark, a technique for improving the ero-
sion resistance of metal surfaces is described. The tech-
nique includes a boron diffusion step to improve the ero-
sion resistance of metal piping.

Summary of the Invention

[0012] The present invention relates to a delayed cok-
ing furnace according to claim 1.
[0013] According to a further aspect of the invention,
the erosion resistance of furnace tube fittings is en-
hanced by subjecting the interior surface of the fittings
to a diffusion hardfacing process according to claim 2.
The resulting hardfaced surfaces provide increased life
of the fittings compared to untreated fittings, providing
increased safety and improved operating efficiencies.

Brief Description of the Drawings

[0014]

Figure 1 is a schematic view of a portion of a de-
layed coker unit.
Figure 2 is a view showing a section of a coker fur-
nace tube bank.
Figure 3 is a cutaway view of a section of a coker
furnace tube bank showing flow of material during
decoking of the tube bank.
Figure 4 is a cut-away view of a return bend fitting
showing the effects of erosion on the fitting.
Figure 5 is a cross section of a return bend fitting
taken along the line 5-5 of Figure 2.

Description of the Preferred Embodiments

[0015] The present invention is directed to delayed
coker units of the type shown generally in Figure 1. As
shown therein, feedstock from feedline 10 passes
through furnace 12 where it is heated to coking temper-
ature and then fed to one of a pair of coke drums 14.
[0016] Figures 2 and 3 show portions of a furnace
tube bank, of which there are often two or four in a coker
furnace, with each tube bank comprised of a plurality of
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straight sections 16 with the ends of adjacent straight
sections connected by return bend fittings 18, shown as
180° elbow fittings, but sometimes comprised of a pair
of 90° elbow fittings with short straight connecting sec-
tions (not shown).
[0017] The furnace tube banks are subjected to high
temperature, as the feedstock must be heated to from
454°C (850°) to 482°C (900°F) or even higher.
[0018] The furnace tube bank is typically made from
a high temperature service material such as a 9 percent
chromium steel.
[0019] As the coking run progresses, the interior sur-
face of the tube bank becomes gradually fouled by dep-
osition of coke on the interior surface of the tube banks.
This fouling reduces the furnace efficiency to the point
that periodically, such as every few weeks or months, or
in some cases after one or more years, the furnace
tubes must be "decoked" to restore furnace efficiency.
The decoking process results in spalling or flaking off of
coke particles, which are then carried from the furnace
by the steam flow.
[0020] In any decoking process in which coke depos-
its are removed from the tube surface, an erosion prob-
lem is created by the high velocity flow of coke particles,
particularly in the return bend fittings of the tube bank.
This flow is illustrated in Figure 3 where coke particles
impact on the inner surfaces of return bend 18. In Figure
4, an eroded area 22 is shown in fitting 18 creating a
reduced thickness area, which can compromise safety.
Eroded fittings such as shown in Figure 4 are cut away
from the straight tube sections and replaced by welding
a replacement fitting onto the straight sections.
[0021] A typical furnace tube bank might have from
twenty to twenty-five straight sections in the radiant sec-
tion of the furnace, with adjacent straight sections being
connected by return bend fittings. The erosion problem
becomes increasingly severe as the flow progresses to-
ward the outlet of the tube bank, due to the increasing
accumulation of coke particles and increased flow ve-
locity due to increasing temperature and decreasing
pressure toward the outlet. While it is beneficial to re-
duce erosion in all the tube bank return fittings, a major
benefit can be obtained by having an erosion resistant
fitting at the last five or six return bends in the tube bank.
[0022] The above-discussed erosion problem is ad-
dressed in the present invention by hardfacing the inner
surface of the fittings 18 to increase the erosion resist-
ance of the fittings. A preferred hardfacing treatment in-
volves subjecting the inner surface of the fittings to a
boron diffusion hardfacing procedure, although alterna-
tive diffusion surface treatment may be used.
[0023] The diffusion hardfacing treatment results in a
hardened surface layer 24 as shown in Figure 5, al-
though the actual layer is typically a few thousandths of
an inch (2.54 cm) in thickness, much less than that
shown in Figure 5. The hardfaced layer 24 may be pro-
duced by masking off the outer surface, packing the in-
terior with a powdered boron compound, and heating

the boron compound in a reducing atmosphere to cause
boron to diffuse into the surface of the fitting. Hardfacing
by diffusion is a known procedure and is readily availa-
ble in the industry.
[0024] The use of return bend fittings having a diffu-
sion hardfaced inner surface, on new tube banks or on
replacement fittings, can extend the life of the fittings
and increase the safety of the operation.
[0025] The essence of the present invention is in pro-
viding an erosion resistant surface on the inside of the
return bend fittings in a coker furnace tube bank, result-
ing in reduced erosion and safer operation.

Claims

1. A delayed coking furnace comprising:

an inlet to and an outlet from said furnace;
at least one bank of heating tubes connecting
said inlet and said outlet in which said bank of
heating tubes have adjacent straight tubes;
elbow bend fittings composed of approximately
9 percent chromium steel with an interior sur-
face, wherein said bend fittings removably con-
nect said adjacent tubes; and
a boron diffusion hardfaced layer from a boron
compound applied only on said inner surface of
said bend fittings to resist erosion of said bend
fittings from impact of said coke particles during
decoking.

2. A process for resisting erosion of bending fittings
composed of approximately 9 percent chromium
steel which connect adjacent straight heating tubes
in a coker furnace during decoking, which process
comprises:

subjecting only an interior of said bend fittings
to a boron diffusion hardfacing process, where-
in said hardfacing resists erosion from impact
of coke particles during decoking.

Patentansprüche

1. Ofen mit verzögerter Verkokung, umfassend:

einen Zulauf zu und einen Auslauf von dem
Ofen;

wenigstens eine Gruppe von Heizrohren, die
den Zulauf und den Auslauf verbinden, wobei
die Gruppe von Heizrohren benachbarte Gera-
drohre hat;

Rohrkrümmer bestehend aus Stahl mit etwa
neun Prozent Chrom mit einer Innenfläche, wo-

3 4



EP 1 093 505 B1

4

5

10

15

20

25

30

35

40

45

50

55

bei die Rohrkrümmer entfernbar die benach-
barten Rohre anschließen; und

eine gepanzerte Bor-Diffusionsschicht aus ei-
ner Bor-Verbindung, die auf die Innenfläche der
Rohrkrümmer aufgebracht wird, um Beständig-
keit der Rohrkrümmer gegen Erosion durch
Einwirkung von Koksteilchen während der Ent-
kokung zu erreichen.

2. Verfahren, um Rohrkrümmer bestehend aus Stahl
mit etwa neun Prozent Chrom, die benachbarte ge-
rade Heizrohre in einem Verkokungsofen während
des Entkokens verbinden, gegen Erosion wider-
standsfähig zu machen, wobei das Verfahren um-
fasst:

Behandeln einer Innenfläche der Rohrkrümmer
mit einem Bor-Diffusions-Aufpanzerungsver-
fahren, wobei die Aufpanzerung Widerstands-
fähigkeit gegen Erosion durch die Einwirkung
von Koksteilchen während des Entkokens be-
reitstellt.

Revendications

1. Four de cokéfaction différée comprenant :

une entrée vers ledit four et une sortie de celui-
ci,
au moins une rangée de tubes de chauffe re-
liant ladite entrée et ladite sortie, dans laquelle
ladite rangée de tubes de chauffe comporte des
tubes droits adjacents,
des raccords courbés en coude composés
d'acier à approximativement 9 pour cent en
chrome avec une surface intérieure, où lesdits
raccords courbés relient de manière amovible
lesdits tubes adjacents, et
une couche durcie par diffusion de bore cons-
tituée d'un composé de bore appliqué seule-
ment sur ladite surface intérieure desdits rac-
cords courbés en vue de résister à l'érosion
desdits raccords courbés du fait de l'impact
desdites particules de coke au cours du déco-
kage.

2. Traitement destiné à faire résister à l'érosion des
raccords courbés composés d'un acier à approxi-
mativement 9 pour cent en chrome qui relient des
tubes de chauffe droits adjacents dans un four de
cokéfaction au cours du décokage, lequel traite-
ment comprend :

le fait de soumettre seulement l'intérieur des-
dits raccords courbés à un traitement de dur-
cissement par diffusion de bore, où ledit durcis-

sement résiste à l'érosion due à l'impact de par-
ticules de coke au cours du décokage.
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