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fTaiilures Celur in a chewical zlznt
due L2 szeveral couses. Some cass hishories
on th2 varisus It—es :f corresion failures
exrTarisnced in lnirus Ferhilicents arminis
plant, the Temedial and 2orrosidc mreventicn
measures adontzd and ithe success/failure
are nighlighted in this zzper.

INTRODUCTION

Modern larze scale process cnemical and fertilizer
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aper dezls with the experiences gzined in a
decaie of successful ozeraticn of a compiex

unit in Madrzs Fertilicers Ltd., India. Scome case
histories 0 corrosion failures experienced in an
amnonia plant, the remedial/corrosion vrevention
measures adopted and their success/failure are

highlighted.

Madras Fertilizers Lid. overatss a 750 MTD ammonia,
880 MTD urea and 1900 MTD NPX complex plants since
1971. During the 10 years of successful operation,
corrasion fzilures due to scress corrosicn, pitting,
erosion-corrosion, ccrrosion fatigue, nydrogen
attack, high temperature creep were experienced in
YTL's amuonia plant eguizment. Some Of Cthe case
histories are discussed. here.

During oressure testing in 1974, we observed leaks
thru the weld areas at the top inlet norticns of the
reformer. Detailed-inspection sbowed longitudinal and
ircumferentizl cracks =2t the weld areas of the inlst
nair-pvin tube weld-can and a2t the reformer tube
stub-ends. (Slide 1) Such cracks at the reformer tube
were considered unusuzl in reformer operating history
2f many olants in the world.

Metallurgical investigations of both the SS 321

(18-5-71) inlet piztail weld cap and EK-40 (25 Cr. 27 i)
reformer stub ends were done. The cracks were

observed tO be transgranular and intergranular in nature in AK-40
reformer stub end and started from the weld and
oropagated on either side of the heat affected zone
areas.{Slides 2, 3) The cracks in the inlet pigtail weld cap were




essentially intergranular iz nature.(Slide 4} The cracks

nad a2 tendency to pronacate Turther -#&2n ground.
FS

The failu~es were identified daue tc stress corrasion
cracldinge. Small traces of cilorides Or alkaii present

=

n the steam naphtha zizture entering the reformer
tube comoined with the residual weld stresses were

-

identifiasd 2s the sdrces for the large scale stres

n

: - - : o 3 . +
corrosion cracis “cserved in The refirner CCrh 2onencs.

We rezlaced all FX-L0 stub ends with Inconel €00

(72 Ni, 16 Cr) ailoy and welded the used reforrer
HK-4+0 tube with trh2 new Inconel 600 stubs using ni
nickeél electroce. 1inconel 6C0 alloy was consicdere
immune to chloride stress cracking and to a large

. . o]
extent zgainst caustics urto 250°C. Tne cracked

‘.'7
Ca
d

vortion of the iniet »nigtzil weld cars were cut 2ut

(1']

and rerzir welding was done with skortened weld caps

of the seme materiai.

In 1976, we exteriznced similar lcmgifiadinal and
circumferential cracks at the weld areas in ooth the
tabe <¢nd and inlet vigbtail weld cap. But this ftime

we did not oStserve <eny craclis in the new replaced
Inconel 600 21loyv stub encs. The craciks were found
only in the ZX-40 reformer tube zortion. Metallurgical
investigation ider<ifiac ihese  failures, once

again. due to stress corrosisn cracking. Repair welding
was dene after cutting o1t the cracked rortions and
using Inconel €00 2112y siud ands 0T the repaired
tube. In the case of tre inlet g , the weld cap
portions were removed and modification to the inlet

pigtalil arrangement was done,

iccail
n
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In 107C, we oObservald similar Icongitudina: and
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erentizl CICli3e. But thiz ¢

e Inconel €0C =1lo7

a
cracking. AlsO no crzacis were dbserved at the inlat
vigtail stub. 3Stress corrosion crzcking

czustics,/chlorice cresent in stear naththz mizitu_e
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23 identifiad tha nzuse for th2 failures cbssrreqd
o ) P ¥a ., - P - - -
in the Inccnel EC0C 2120v. 1In cur exgarisnce, ootnr

< = b

. “ . . .

design and materizl changss did net drove o %e 2

S1§
success as on 2vary occasion the troblem fzced wes
different and irdevendent ¢f the changss rmada, Such
ra

neat prosliems Were 21s0 unheard in the aistory

7o ovsrcome this stress corrosion craciing provlem
we c¢onsidered several nroposals. Of these w

P dm 3 : < ) N O
attemnted stress relisving the welds ai 86C°C
ZK-4#0 to Inccnel 6CC or EX-4G - ZK-40) Tor 4§

minutes on an experimental basis in 1976. A1l the

®
J

erinentally stress relieved welds dicd not devalorn
ny further cracking in seven months. snecurazed or
this success, we stress relisved at 860°C/mill
annezled at $80°C for one hour alil the otrer stub
welds durinz thz two shutdcvms in 1978 and 19£C.,
1 the stresc relieved stub ends did not devrelop
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In our experience, this appzroach 97 strass
relieving/mill annealing the weld zreas has been a
succes3. The repeztad stress corrosion cracrxing
yroblem at the rafcocrmer top ZX-40 stub end welds
has ve2r practically minimised/eliminated. The
occurence was due v0 a combination of stress ana
corrosion of which the left over stress seemed
to be dominant ecpecilally in view Of the repeated
cutting and welding done during 197%-78.

_




during 1974~ ger ¢o
flows thru the tube 2nd steam is ¢ondensed under vacuun
1

on the shell side. The fuhe mataria

Metallurgiczl 2analwsis 27 the fz2ilures indicatad T
mechanisms of stress corrosion cracking. In one case,

a local dissolution (de-zincification) plus intergranular
stress cracks were observed.(Slide £) Cracks were initiated at the
zrted Trom the ID surfzcez.

he Ze-zinciliad ar2as could have

o . = a1 P 3 3
In 3 ~ewvony case, clroumferential cracks zt the middle
e’ 2 granular

Pad

of "z n2 fle sunnorts were dvserved. Inter
stress cracis wer2 Tound o nrogazate from sxliarna

'..J

to internal surface.(Slide 7) In the sound vortions of the
tube, the micrn-stricinr2 was Zound to e normal,

3 ——ny S 3 T - - -
fine zrained 2213012 Thz32,

ble corrosion zroduct
was ogcservad. An accelieratad stress corrosisn test,
per ASTM B 154, wsing Hercurous-nitrate solution was
done to determine tne the zood portions
of the tubes £or stress craclin tergzranular
in tnis test indicating high residual
od t

ubes which were

cracks develoned
gtr2sses ware left over i

n
supplied in n2lf-hardi condition.
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Slving <ie strss: corrosion nrcbiamz aerteriznesd I
r) ~ a A S m A Sen C an T e ys A L ARREN
v2e 3 2C2 cond:Inser admirzity tud2s. Thres

teria’s ere considered viz. (a2) cunoo-
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22 < 3 > >, 4 0
conéition iastsas of nalif-nerd cecnciticon. The
D o) - e Fa 4=
exchanger 2:t2 the ?PuuCng and exce:L for two
1s50lated fail £

s
exsansion nelloyw 27 our onethaznator nezt exchangzarJ(Slide 8)

23 nezt On votn trn2 shell ané

metnanater. The {irst year of Operation, we
experienced cracks in the SS 321 expansion bellow
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Local rer=ir weliing was done in the cracked %ellow.

0
0
)3
4]

Renlacewnnuo with new bellow desizgn and materi
£ Incorel 600 znd 38 321 were considered. Rwenlzce-
ment was done with 33 321 and new design in 1974.
Along with this,d2sign imnrovements wer2 made ©9
ne saddle supmorts f2;- the overharg nortions o7 the
shell. This nellow is in service f{rom 1974 without
further oroblem.
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Iz vur :omonia nlzani, we nave four high snteed cenirifugal

compressors. This nrod

sezls 9f the nr2c2ss 2ir compressor. Process 2ir
compressor is o-2rciing 2t 9LDD rom. Seals Tom 2n

important varc 37 2izh sreed ceniriiu
Labyrianth seals with a serie

edges are provii
as shaft seals 2

2> these compressors and are used
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2
interstage shzt and impelizsr eye

sealing. For an ontimum compra2s:zor Jerformance, che
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sealing ovetween the lzbyriath seal zand tre rot:
not ve damaged dus €0
Close labyrinth seal cizarain

to permit onzration with minimurm seal leniage and Tor

seals, thus, is criftical for the compressor parisrmance

and efficiencyr.

Labyrinth seals are affected due to wear or rubbing
when rotor 7ibra2tinn is increased and 2150 dus to
corrodents »resz:nt in the atmosrtinere, 3Zrosion, Zue €0
high velocity of 2ir, 15 2:zgravated further by c.rry-
over rater part e

seal 'mife et eroéed and the water varticles
containing
corrode the seals.(Slide 9) Labyrinth seals nviginallv sunnlied
were made of cast aluminium alloy (92 Al, € 3n, 1 Cu,
0.6-1.,0 Fe, 1 31) with nardness /100 BEN. New-
replacenents of the same material lasted only a few
months. Heavy seal leak occurred again resulting in
some 1.038s 9f compresszor verformance efficiency.

Installing air moisture sevarators and imockout drum
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av wne sucticn side minirmjized the Iragusncy of

2r233ion ¢corrisisn O somz2 extant.
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9% Sn, 12% #i) apd Alvainium 3ronze (Al - 113, Fe-43,
‘:".n _‘,oj,ﬂ, v_l"U1 J) Both ma i

To solve tais we ccnsidered use of Nieksl silver (673 ou,
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and watesr particiss sontaining traces
0y vapours. «We used Aluninium 3ronze t9 ASTM 3 140
All>y 9D in place of the aluminium all.» 2t the end
sezls of L.P. Compressor which performed well for

15 menthse S=2al lezxage was consideradbly reduced
crom 7% to 3%. An izproved seal with changed design
nade of S.8. 304 was availaple in 1978 and we startad
using this for the2 shaft end seals which worked in a2
similar war like 2luminium bronze.

g

CASE-5: Srosion-Corrosisn - CO» Absorber

Reforazed gases (3p, N2, COp, CO, CH,, Ar, etc.) leaving
the shift converters nave to be .Jree of all impurity
zases oeforsz C”EV-QSSLOW in the symthesis compressor.
tCatacarb Procezs! of COp removal is employed in cur
COp abudrber here th2 refdrmad za3 at 25 kg/cm? and
150°C 1s sent from the bottom and catacarb sdlution

(24 to 287 X,C03 2nd inhibitors) is circulated from

the tov three distribuiicn pacldng columnse.

Cas channelling was suspected in 1979 at the bottor
ved porti ns of tr2 absorber. Detailed visual and
ultrasonic thicimess examination in '80 revealad
severe corrosion znd 2rosion signs at the bottom

bed.(Slids 10) As a preventive measure, we repair built the
affected vortion (250 ftz) by overlaying using

—
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austonisic 35 2l 3¢ireiaz. Thas rTevair o7Irla Tulls

3

up 38 arezs wersz stresz-rellagad in-siitu usinz zuoacial
iafrec red heater dads.(Slide 11) Although the Zas channelling
continues, or-stream thickness measurements indicated

no further corrosion in the revair overlay portiox

m~ ~ysp STy MMM TIAS D
T_CUZ - PROCES3 AT COTRI35TR.

IMPILLER SPACZR 2I13S A¥D 3LIZTES

Impellar spacer rings and sieeves, shrunkfit on the
rotor, of process 21r comnressor, broxe into two
pieces in service alter three years. The troken

d

sl2eves were hetween the Y%th and Ttk stage

impeller of the 1ow Hressurs stage rotor. (Slide 12)-A-similar (
failurs cccurred in Tths (0, 2ompr

2s530r rotsr. We ’

$ 3 - E PR
Tisuid examinatisn 27 the b
\po)

o)
chevren spare mariiings, tyeiczl of a

2
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fracture.(Slide 13) In addition to the fracture there was a
transverss fatizis crzceiz at 2 32varely wors Jut area
that 2robadhly Jdzcurvad after the spacer rigs and

- syl 1 oy e =
slaevs prik2 into Iyt ~laces,

M erosconic 2 mination of the fzi=d LP stagze soiacer

and sleeve showved consistent Zrain size and tempered

martensite expvected of a heat treated ° ¥ Cr stainless

steel material.(Slide 1L) The broken spacer ring and sleeve
contained counsiderabl2 amount of corrosion deposit,
nunerous zitting and scre fretting on the inner diazetar.

3

Pitting was more 2xtasnsive on the OD surface.
Examinafion showed ths origin of the orittle fractu:r:
was from 2 relativaly large corrosion pit. Tie

-~

shear 1lip orserved a2t the brittle fracture area
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Were censlile 11 noture 3nc 1n 2 2erilnsral 2ATeC. i,
. - - . - LS = . 2 ate Moo
Thas2 stress2s ¢o.la nave QEev2,3D280 ZuTing Snrinl IV

Hardness measurements of the failed varts g
of 340 to 450 327. Mamufacturert!s hrardness
”»

specification was 210 to 240 23EY and stzcer Ting and
sleeve materizl £0 Din x 32 Cr 13 (eguivalent to 420 S3).

X-ray diffraction and electron diffraciion of taz
surface corrosion sraduct disclosed them £9 De
essentially iron 2xides and moisture varticles could
have initizted th2 corrasion nits. Thesz nict

fracture apreazrznes of th2 fail

Pl

5
have occurrad whan the coupraessor w23 idi2. Tne
Iare wzs eoneliasitTe oF

corrasion fztigue sriginsiing {rom a corrds3iism it {Slide 15)
Tigh stress resuliing from Che shmunxlift appiicciion

w2s a2 factor f2r Che crack initiztion and rrozization.
Tigh hardness vzlues indicoted that tempering w2z dine

in the rznge of hiO-iOOOC rroducing this material

nighly notch sansitive. . Failure was trnerelsrs

To ovarcome tnis nprovlem, new impeller spacer riizs
and sleeves wers made of the same material to DIl =
32 Cr 13 (S8 %20) but wit! in the rang2 =7

t
210 to 240 3EM. 3ince 1975 th
the spacer rings and sleeves due to emdrittlensnt and
corrosion pitting w23 not experianced. All srtacers
and slseves in the spare rotors of beth 2ir c¢c2mnressor
and COp comrressor were renlaced with nardness
210-240 BEN. Both the rotors are used without
further problenm.

_|
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CA3Z-7: Crevice Trroosicn = Coroondignids Infar To31l-aT
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2Co regener-iicZn I 2tn2 In The —wmoniz —lant Iom
pvan A uo"-ct‘ -~ 3 ‘ven o v 533t lala] antg -
172z Tanuiz Ao 2 182 2 230723TeT Lwo con I‘l-_‘ca.
-~ K - Qnr . -
eomnrszi0r operziing 2% 3000 roTo 2nd develoning
2 .
. <A - o
13 kg/cm® pressurs, Th2 comnr2ssed 0o gas Irom this
4 . = - > SV e, - - >
is sent tou Ttha ures zlani Ior Turthar osmonressiin in 2

'3 3 ~ &~ = -3 i T e

inter cocler in thes irsh yzar of operz2tion. Initiallis

) Ly oA T - 3 }

the leak wars zatched un, Later we rrovided a 24" ide
s - Y - % PN o~ Ly ) - .

cz27hon ste2l natenr 2t Shie votiom 97 the shell, Irling

nattarn. 3ewvsre 2C-TIs1Cnh was noticed or.y ir a loeal
;

fhe width of the corraied band was oniy 0.50" (12.0 =)
and this was o2bsorzad 2n 231 the 8 paffle sunvort
sreas.(Slide 16) In all other areas of the CS shelil on-stream

thickness measurement did not indicate any corrcsion. (Slide LT7)

Ts overcome this veculiar crevice corrosion, at the haffle
supports, we provided SS strip pads on-streanm

at the localized areas without shutting dowm the

aamonia glant. Zoschonzar was in service till 1377

pefore we renlacéd wiin new 38 3C+ snell. This S8
excnanzer shell inszalled in 1972 nas be=n worlidng

«vell siacz2 then.
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Cvarhexd condznsers a & 3 in the C0o removral sactiom
rem272l sactioe
cre heat excnanpgers wnere not ;02 gas frcm the

regeneratdr {lows on the s:i2li side and e2clingmater
flows on the Tube side. Alter 3 72ars in service,
we Svservad rzin hole leaks on the shell at areas
adiacent to the varour outiet nozzls in both the

concensarse.

The currosion pattern Shserved was not uniform
throughout the wvapour outlet nozzle. LoczliZed
impingement and pitting corrosion, dus to mcisture
lzden CO» vapours, was Observed on the shell around
on both th2 exchangers confirmed that the zitiing

and imningerent was restricted only to a local portion
around the vapour outlet nozzle. We provided SS 304
reinforcement pads(Slide 18) around the affected and corroded

areas and these exchangers are in searvice for the

last 6 vears without any further probisanm.

CASE-9: H7DROGEN ATTACK - BOTLZR F=ED WATER -
PRTEEATER ZYLCTANGER TU3ES

and 300°C flows on the tube side 2nd hazt is enchznzad
to produce steam on the shell side, Alloy steel tubes
(24 Cr-0e5 moly) are used against high temperature
nydrozan attack and creenp. In the desizgn of this
exchznger strength welding between thz tube and the

tube sneet was given in addition to strenzth rolling.(Slide 19)

tne outlet nozzle vipe. Detailed thickness measurements
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A new excihanger was installed in 1976 with the sane
design anc naterial but care was taken to stress
relieve all the Taba to tude shezel strength welds,
after the weldinz. EHeat aifacted zone hardness 27
tne lov carome stz2el tube (2t Cr - 0.5 ¥o) was recduced
to lower than 24G 3= zzzinst any possibility of
delayed high temnarziure hydrogen attack. The
exchanzer is in zervice £or th2 last § years withzut

ary further nrotlecm.

CASE-10: FYDRCGEN ATT:CK-CiRBON STIZEL FCRGING:
AMYONTA COHVERTZR

We Observed surizaze decariurizaticn and intergranulzr

(b

- & Y s
~e-tion of nigh temperaiu:

penetration &uz <0 =
hydrogen zas in ths top carbon stesl forginz of the

ammonia convurter.(Slide 20) Carbon steel used in high

temperature hydrogen service is susceptible fcr

hydrogen attack. API 9kl gives the 'Nelson Curve

Limit? for Jdifferent materizls in this service. In

our case, ‘Welscn Curvet! limit is 232°C for hydrozen
partial pressure o 13k I{g/cm2 (1900 psi) for carbon steel.

To protect the =mz2cdium carbon steel forgings, the
earlier designs of 1960s provided special insulation
canisters against any direct impingement Or contact
of synthesis gas entering the converter at 20¢-240
kg/cm? and at 450°C. 1In our ccse the top forzing
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To no2t2et 232in3t nydrisen zitacik, an imnrowad
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extarnzr gtazn suenching a2rr=ngenent £2 naintzin
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Gi33-11: NITRIDING - CONVERTIR =T AICER TU3SS

Conw2rt2> exchangar locata2d down stresm of the
ammonia convarter handles lean syn 325 on the shell
2 o)
side 2t 240 kz/om® and 420°C and converted syn gas at
-]

240 tz/cm® and #90°C on the tukre side. Shell and the
tube materizls were Originally made of 21lor steel

3 Cr - 0.9 llce Low 211ov steels, onerating abdbove
450°C and 20C-50% .:g/c::2 in synthesis servigce are
suscertible o7 nisriding after §-3 years (4C,000 to
60,700 hrs) p2ridd. e esimmeriencad freruent tube
failures during 1874-73. Examinztion of the failed

o9

tubes indicated dertn 97 nitriding 2nd in some 2f the
tubes tiie denth wa2s 2f the order of 0.5 to 0.5 mm.

Nitriding givas =ise t9 2 nigh hardness of 450-550 BH
enorittling tne tubes

The tube dundlz was chznged in 197% with 8S 3CLk tubdes.
S Al

P .
m~co2vizls nave a-zreciabls

nitriding rac n this s2rvice tamzeratu
pressure comparad to low chrome 21loy ste2els. This
excnanger has e n perfosming well aiter the

COUCLISION

Congiderable experience nas been gained from Che
different failurss in ths tCase Histories'! nresented
and discussed in this tapver. Direct and indirect
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