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SUTARY

The present articls deecribes tha repeated and unusual
occurrences of streee corro-ion failures st the top
inlat materiel components of the primary reformer
furnece in en Ammonias Plant. Expsrisnce in repeir

end remad::! sctione to reduca such incidence of
feilure is aleo discuesed in thie paper.

INTRODUCT JON

Medres Fertilizere Limited, India, opesrates e 750 MV/dey
Ammonis Plent. Catalytic reforming of steam hydrocerbon
mixturs is the procese adopted for the menufecturs of
esmonie., The raformer furnace is of Haldesr Topsoe
(Denmark) design snd has two radient side-fired furneees.
The steam naphtha mixtures ere paseed thru vertically
kept reformer tubse inside tha reformer furnacs.

Cech reformer furnsce hes 120 reformer tubes - 6% ODx18/16°

thick. Tha rsformar tubes ers fsd from inlet heedete

thru inlet pigtaile and ths reformed gas lesves thru oute

let pigtails connected to bottom collectors. Stasm=

naphths mixtura (4.581) enters the reformer tubes et

35 kg/eq.om and 450°C. f -



Reformer furnaces requitre heat resistant high alloy castings
and wrought nickel-chromium alloys. Centrifugally cast

heat rasistant alloy HK 40 i8 one Of the most widely used
material for the reformer tubss operating upto 950°C.

The reformer tubes in Madras fertilizers (td. are made

of centrifugally cast HK 40 alloy (25 Cr, 20 Ni, 0.4% C).
This material hus excellent creep rupture properties,

good corrosion resistance against attack by furmace gases.
and a difinite sconomic advantage over similar wrought
iron-chromium=nickel alloys.

In our case the reformer tube terminates, at the top; in

a HK=40 stub-snd. The stubeend has a loose carbon steel
flange which is boltedto the inlet hair-pin tube (fig. 1)
The inlet hair pin tube uxtended, in the original arrange-
ment, about 18" inside the reformer tube. The inlet pig-
tails and ruformer top stub-snds are outside the reformer
furnace roof,

HISTORY OF FAILURES

In 1974, after 3 years of operation, during pressure
testing after new catalyst loading, we observed leaks

in some of the reformer tube top stub-end welds.
Subsequent inspection revcaled extensive cracking both
longitudinal and circumferential-in the reformer tube
stub onds (HK-40) and inlot pigtail (SS 321) weld cap
welds., Such cracking in roformer furnace components is
considered unusual although similar instances of failures
have been experienced in a few steam=-naphtha reforming
furnacaes clsewhere, in mid'60s and early*70.




Detailod metallurgical uxaminations wore done on the
cracked reformer tuhe stub und (HK 40) and inlet

pigtail (55 321). The failud stub end and inlot pigtail
weld cap exhibited both transgranular and intergranular
mode of cracking (fig. 2 and 3). Both the lungitudinal
(transverse) and tho circumfurential cracks originated

at the inside surface and at ths heat affucted zone (HAZ)
of the parent materials. Many of the longitudinal cracks
extanded to both sides of the wueld., The circumferential
cracks originated at thu intorfsce of tho top weld layer
and HAZ at the I D., and propagatod to the top layer of
weld in the transverse (thicknuss) direction.

Predominent transgranular cracking in both the ruformur tube
stub-ond and inlet pigtoil weld-cap led to the conclusion
that failure wans by struss corrosiun cracking. Presence

of intorgranular cracking obscrvod along with transgranular
cracks suggusted that both chloride and caustic stross
corrosion cracking cuuld be thu mochanism for the massive
fmilures. Small traces of chiooride and alkali prosont in
thu stoam entering the raformer furnace was considerod

the possible source of corrodunt., Residusl weld stross

was also the causu for both longitudinal (transverse) and
circumforential cracking.

Repair welding of used reformer components is oftan
considercd difficult bucause of the micro-structural
changes associoted with high tomporature operation and
also because those changus make it difficult to adopt the
same original manufacturing welding prcocdure. In our
case, ropair welding was done using high nickel-chromium
fillar wird and clectrodes (Inconul 82 and Inconel 182).
Most of thu cracked HK 40 stubends were replaced with



Incc1el-600 (72 Ni., 16 3r.y 7 Fe.) all 'y because of its
known resistancu tu chlulide stress corrosion cracking
and also due to its3 ready availability.

In 1976, after 21 months of operation since repair welding
and replacing most of the reformer tube stub ends with
Incocnel-600, we experienced a similar cracking problem

in both the HK=40 tube HAZ and the inlet pigtail weld

cap. Repesatod condensation, concontration of high
temporature chloride and/or caustic, in thc enpty zonas
above the ruformor furnacu was considurcd the mechanism

of the struss corrosion failures. To ovurcome this, tho

inlet pigtail arrangement was modified,

Mhotable oxception, in the 1976 failure, was that the
Inconol =600 stub vnds did not devulop any cracking. We,
thurefore, roplaced cll the rumaining HK=40 stub-"nds
with Inconel-600 adopting the same rupair weld procedure
donu in 1974.

In Manuary 1978 - 14 monmths aftcur replacing the stub ends
in all 24C “t o ity T-roncl 600 and modifying the inlet
pigtail assemblies, wc uxpuricncud a similar large scalo
longitudinal and circumfurcontial stross corrosion cracking.
This cracking, howevur, was significantly differont from
the previous failures and was found mostly in the high
nickel Inconcl 600 stubs only. Struss corrosion cracking
by high tomperature caustics and high lofeover oeld stross
Was considercd the muchanism for the Inconel 600 stub end
failurog,

CORRECTIVE MEASURES

Having oxpericnced threo similar failures in 4 ycare with
differont materials and design modifications to thc top
inlot rcformer componunts, wo considored saevoral proposals

to prevent this occcurence.




Soveral quostions which arose uwcrei-

i. How to prevent contact of welded HK 40 and
Inconul=-600 from high temperaturg chlorides
and or caustics pruscnt in stcam and what mcthods would
bc rcalistic and cconomically justifiablu.

{i., Would stress rclioving of thu top stub cnd
wclds (botucen usid HK=40 tubu and Inconcl-
600/HK-40 stubs) considcrably bring doun
the rusidual stroussus and ruduct tha chancos
of strcss corrosion cracking and if so what
aru the practicnl difficultics in performing

a high tompurature struss rolicve anncaling.

{1ii. Would lowcring thc concuntration of tho cor-
rodents by procuss improvemunts reduce tho risk

of such failur.s.

iv. Would any othur pruventive mothead against diruct
impinaumunt of the corrodents ir tho weld zonocs
be possiblu and tho relativ. succeuss of such
mothod.

On carcful cxamination cf thusu nltornatives, stross
reliuvving the weld nreas huldout much promisc and uWas

adopted.

High nickcl-chromium-iron OF iron=chromium=nickcl ~lloys
arc not routin.ly subjectud to thermal stross relicf as
a part of th. manufacturing procudurc. Insufficiunt
scrvice data on th. succuss of such struss rolicved
HK-40 and Inconcl alloys in rcformer scrvice and tho
practical difficulticus involvid in thu hoat trontment
discouragcd us from attompting this altcrnativo during



tho cvarlicr failurcs. Howevaer, in January 1978, w0 Ox-
porimontally struss-rclicved 8c+ welds of HK-40 and
Inconel 600 at 870°C and installed these in sorvice.

Thuso experimuntally strosserelieved rupair welds did

not dovclop any cracking in saven months exposure whcn
inspucted in Septembor 1978, whercas tho as ropaired

wolds devoloped stross cracks similar to the threc oarlior
failures (1974 - 78).

Having idontificd the rolo of rosidual weld strusses in
the scvurity of the crackingy we expurimentally studicd
and cvaluated the owffécts of various huat truatmont and
welding parameters, Figures 4 and 5 show the yield stross
vs. tumperature curvus for cast HK-40 and Inconul-B82 filler
wirc. Incongl-82 valucs are similar to Inconcl-600.

From these curvas, it is cluar that Inconcl-600 alloy

has highcr yicld strongth than HK-40. For our dosign
temperaturc (45000). th. reusidual wold stress may become
approximatcly 36,000 psi (2530 kg/sq.cm) for HK.40 and
approximately 45,000 psi (3760 kg/sq.cm) for Inconol-600.

X=ray strcss analysis was don. to know the ¢ffect of heat
trecatment for difforent heating ond cooling cyclus. Maxie-
mum rulief in residual strusscs was attained whun hoat
trecated at 980°C with slou cecoling., Wo also estimated

the rcesidual stroesscs in the machined cdge of thu tubus
prior to wulding. To our surprisc, thu machining strusscs
duc to grinding, cutting, turning werc found to bc as high
as 40% of thc yicld stroess of the matcerials. In order

to safequard against possible chances of introducing

excessive machining strusscs, the machined tubu ands
weTe also mill-anncalud at 980°C prior to welding.




From our dxpuricncu high nickol alloys liku Inconel 600
(72 Ni, 16 Cr) did not havu a significantly highor stross
corrosion resistancu against aétack by ~lovatad tumporaturo
caustice. Thuruforu, in Suptembur 1978 whun wu had to
roplaco tho stub unds as thu old onus had bucomu short

due to ropuatod cutting and ruwulding wu rovertod to

HK-40 estub onds. Thu wold zonu on the catalyst tubu

was hoat troatud at 980°C prior to welding and again.

aftor complution of the wolding. The part roplacud

tubos aru in sorvico fur ovur ten months.,

CONC LUS I ON

Tho rupeated struss corrosion failures uxpaorioncud at
thu inlaet maturial , portions of thu ruformor tubos in
MFL Ammonia plant and thu uxtent and soverity of such
cracking aru unusual in the histury of roformer oporating
plants in and outsiu Irlia., Considorable exparionco has
buon gained From th.ose Failures and thu subsuquent
metallurgical studius. High rusidual wuld stross at

the stub und wold rogion was iduntifiod as primarily
rosponsiblu for thy struss cracking. Ropeated repairs
acculeratu! the timo=to=failuru ratu. Huat truatment

of thu stub and wield zonus to mill.anneal torperature
(980%): is practical and would considurably bring down
tho rusidual stressus. Thu rusidual strussus will bo
loss than 20% of thu yiuld struss, This appoars to be

an offoctivoe muthoi of roducing thu incidonco of strouss
corrosion failuros in futuro.
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Intergramular cracking in sensitized inconel-allay 300
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