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primary reformer had experienced a hot spot on the

north wall, abour 34 m below the roof level. The plant

\ was immediately shur down and an entire inspection of

the reformer was conducted. Internal inspection revealed a crack

on riser A, located abour 3 m below the reformer roof. The crack

developed on the north side of riser A against the north wall of the

reformer. Accordingly, a failure analysis was requested to assess the

failed riser condition, define the roor cause and come up with
corrective acrions.

The reformer has been in service since 1987. It consists of

eight rows. Each row contains 50 vertical catalyst tubes with a

riser in the middle. Burners are fixed at the reformer roof. Feed

goes through catalyst tubes coming from a header toward a man-

B Secondary cracks were observed.

Failure analysis of a primary

Investigation revealed the root cause was creep rupture

A. AL-MESHARI, A. BABAKR and M. AL-RABIE, Saudi Basic Industries Corp.,
f Saul '!

ifold where the product is collecred and flows up through risers
out to a secondary reformer.

Risers operating conditions can be summarized as:

® Number of risers: eight

® Medium: HC + steam

® Flowrate: 139,971 kg/hr = 28,865 kg/hr HC + 111,106
kg/hr steam

® Riser inlet temperature: 799°C

® Riser outlet temperature: 832°C

¢ Riser inler pressure: 35.15 kg/em?® g
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Carbides coarsened and coalesced at grain boundaries.
High concentration of secondary carbides precipitate
inside the dendrites (400X, etched).

Micrograph of one of the crack tips revealed the cause
was creep rupture,

e Riser outler pressure: 34.03 kg/em? g
® Riser skin remperature: §90°C
e Marerial of construction: 25Cr-35Ni-Nb (cast).
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Creep microvoids could be seen through the
microstructure (200X, etched).
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Creep internal cracks were observed in some samples
(50X, unetched).

Investigation. Two representative '\;}|n!-|r:.\ were submitted
for analysis. One portion was taken from riser A, where the fail-
ure took place. The other piece was taken from riser B.

Visual inspection of the riser A sample revealed that a crack
developed longitudinally (Fig. 1). Parv of the crack was through
the weld while the rest was through the base metal. Secondary
cracks associated with the main crack were observed as well
(Fig. 2). Some plastic deformation in the form of bulging had
been noticed, especially in regions around cracks. The material was
nonmagneric,

As Fig. 3 shows, no signs of cracks or bulging were observed on
the riser B sample. The weld seemed intact and in sound condi-
rion, et the marterial was nor magnetic. Not much wall loss had
been observed in both samples.

Six samples were prepared for mertallography from riser A,
Three were selected from the cracked area, i.c., crack tips. The rest
were selected from regions away from the crack. Four samples
were cut from the riser B portion, two from the welding area and

the other rwo from base metal.




Minor creep ruptures were noticed within the matenal of
both risers (50X, unetched),

Optical microscopy revealed austenite microstructure with
carbides, coalesced and coarsened, precipitating at grain bound-
aries. Additionally, secondary carbides were observed within
marrices (Figs. 4 i and 5). Fi ig. 6 discloses the nature of the crack.
This photomicrograph confirms that the crack was caused by
creep rupture. Almost all sample microstructures h;ul microvoids
7—10). Some
microvoids had oriented and linked up, constituting internal and
external cracks.

and stress ruptures in different stages (Figs.

As for riser B welding, which visually looked sound, a high
concentration of microvoids was found. The weld microstruc-
and 12).
Micro-hardness testing was conducted for the riser materials

ture was austenitic-rich with carbides (Figs. 11

in different locarions. Base meral hardness ranged from 267 Hy
to 305 Hy, whercas welding hardness was abour 296 Hy, The
tabulared hardness value is typically 185 Hv. Material chemical

analysis, using spectroscopy, gave an almost typical composition
of 25 Cr-35 Ni+Nb alloy.

Discussion. Creep, per its definition, causes the material ro
undergo time-dependent plastic deformation that leads to changes
in component dimensions (e.g., bulging). Creep ruprure usually
involves secondary cracks associated with the main crack,

The creep process usually involves three distinct stages. The
first, called primary creep, is the region in which the material
initially undergoes elastic strain produced by the applied load.
Still within the same region, increasing plastic strain at a decreas-
ing strain rate comes after the initial elastic strain. Following pri-
mary creep is the secondary creep stage, where the creep rate is
constant at a minimum rate, Design life of a heat-resistant alloy
can be estimated based on the length of the secondary creep
pcriud. The marterial experiences p|;1_\ric' deformation but the
lAt'L‘!‘l\'l’.'['_\‘ Pl'\')((ﬁ\\l conrnues il'l [hl\ 5‘;]\2{'.

The tertiary creep stage is the region in which the strain rate
drastically increases with rapid extension to fracture. When the
material that undergoes creep approaches the tertiary region,
rounded microvoids start nucleating through the marterial
microstructure. As time goes on, some microvoids start aligning
and link up, forming creep minor cracks and ruptures. Since this
is the situation of the current case, risers A and B experienced
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linked up and oriented to form such a crack (50X,
unetched).

final-stage creep, in which the marerial is not valid ro be used.
As indicated from the marerial data sheer, design life of ris-
ers is 100,000 hr (abour 11.5 yr). However, the tisers had been in
service for about 140,000 hr (16 yr). Fig. 13 illustrates the influ-
ence (Jf‘”]nc d5 \V{.‘” as [cmpc['.l[t[rr aon Tht' l'lljlli]l'llll'll Stress V'JIUC
needed to produce ruprure. Obviously, as temperature, exposure
time or both increase, minimum stress to produce rupture
decreases. For instance, after 1,000 hr of exposure to 870°C ser-
vice, minimum stress to produce rupture is about 47 MPa.
However, at the same temperature and after 100,000 hr of
exposure, minimum stress to produce rupture is abour 25 MPa.
So as exposure time approaches 140,000 hr, minimum stress to
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Both time and temperature influence the minimum stress

value to produce rupture.

produce ruprure is expected to be considerably below 25 MPa and
whether the marerial can still withstand process loads is in doubt.
It should be emphasized thac these dara are obrained from con-
trolled ideal laboratory experiments. However, it is very diffi-
cult ro determine the exact design life of reformer furnace tubes.

Alloy mechanical properties change as a function of time and
temperature. This change of mechanical properties is artributed
to the change in marerial microstructure. Most heat-resistant
alloys rely on carbide precipitation 1o provide adequate creep
strength. However, an optimum size of carbides qualifies the
material to exhibit good creep resistance withour adversely affect-
ing the material mechanical properties significancly. Virgin 25 Cr-
35 Ni alloy microstructure would show presence of stringers
that shape primary carbides precipitating ar grain boundaries.

Once the alloy is subjected to the service temperature, pri-
mary carbides start to convert to more stable carbides called sec-
ondary carbides. As time goes on, more secondary carbides pre-
cipitate at grain boundaries and within the matrix. Grain boundary
carbides start coarsening and coalescing as a result of long expo-
sure to high-temperature service, leading to a significant decrease
in the alloy mechanical properties. This process takes a relatively
long time, about the design life, to fully degrade material per-
formance, and the marerial is considered aged.

Precipitation and crystallizarion of a high amountr of carbides
will induce internal stresses within the marterial. As they grow ar
grain boundaries (carbides coalesced and coarsened), brittle frac-
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Creep voids and cracking were observed
in the weld (50X, unetched).

ture will occur through the
carbide layer and grain
boundaries. In fact, carbides
accumulation leads to loss
of ductility and toughness.
The material
expansion becomes very
ll_‘)\'\',

Riser material 25 Cr-35
Ni+Nb is considered one of
the most common alloys
used in reformer furnace
applications. Niobium addi-
Tion Improves stress ruprure

thermal

strength through formation
of niobium carbides thar are
more stable at higher temperatures. Also, presence of niobium
improves carburization resistance, but lowers ductility.

Recommendations.

® All risers must be immediately replaced with new material
of the same type as the original one. The existing material cannot
be guaranteed to handle process loads as it ages.

® Caralyst rube replacement should be considered with risers
replacement.

® The reformer owner should have conducted a thorough
tube life assessment immediately after they passed cheir design
life (i.e., 100,000 hr),

BIBLIOGRAPHY

Farnell, I W, “Modern Techniques for Optimisatian of Primary Reformer Operation;”
Synetix, [chnson Matthey ( stoup, 2003
www.erc \Llli\,
Hill, Timothy, Koch Refining: and Pine Bend, “Hearer Tishe Life Management.” ERA Tech-
Houston, Texas, 2000 '
s, "Heur Resistunt Castings-lron Base Alloys.”
Abadu, Al Grand Rapids, “Why Do Heat-Resist
Mich./Advanced Ceneritugals Led., Cambridge, Wiseo
Dias, S, K. B, Ravi Kumuar, 5. Palic Sagar, Ri M. Ghosh, D. K. Bhattacharya and A. Mirra,
Magnetic Chiaracterisation of In-Service Process Heater Tube,” Navional Metallurgicl
Lahormatory, Jamsh \||wn. India.
Eyekmans, Mare, Charles Laire and Lawrent D'ambros, " Fvaluaung the Conditon & Remuin-
inig Life of Older Power Plants,” Laborelec, Belgium
Grabke, Hans, "Carbursation, Carbide Formatian, Mewal Dusting, Coking.™ Mareriaii in
Tetmologije. Germany, 2002, pp, 297-305 7
Janke, C. E., and F. A. Simonen, “Creep-Ruprure Properries for Use in the Life Assessinemt
of Fired Hearer Tubes,” Flear-Resistant Marevials, Fonransg, Wisconsin, 1991
Metallography and Microstrucrore,” ASM Inrernational, M
Ninth kdition, 1989

Acme

s Fail?,” Steeltech Lid. and

&y Handrook. Yolume 9,

Abdulaziz Al-Meshari has been a failure analysis enginget
for Saudi Basic Inglustries Corporation (SABIC Technolegy Ce
luball, Saudi Arabia, since 9. He h
sion engineaning and scienc
and Tec

Vter)
fegree in corro-
chester Institute for Science
nology UMIST)Y. Mr. Al-Mesharn can be reached at e-mail

an M5

fram the University of i

MeshanAl@savic.com

oirosion-engineer cum failure analysis

Ali Babakr has been a «

adwsor for Saudi Basic Industries Carporation (SABIC), Jubail, Saudi
Arabia, since 2000, He holds PhD and MS degrees in metallurgy
from the Unwersity of Idaho_ Dr. Babakr also has

netic materials manufacture and apph
ad

canb




Copyright of Hydrocarbon Processing is the property of Gulf Publishing and its content
may not be copied or emailed to multiple sites or posted to a listserv without the
copyright holder's express written permission. However, users may print, download, or
email articles for individual use.



