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INTRODUCTION

Modem large scale process chemical and fertilizer 
plants handle corrosive fluids at high pressure and 
temperature and velocity conditions. Higher efficiency 
and increasing reliability in plant operation have 
become a necessity ns the penalty cost from a shut-dearn 
is severe. Demanding conditions of service for the 
various eouirnent emphasize the need for mere critical 
selection of materials of construction to meet the 
high tennerature and treasure resuired for the 
manufacture.

Development of nev corrosion r esistart materials and 
newer corrosion protection systems have, no doubt, kept 
in race uith the advances in chemical process technology
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aThis paper deals with the experiences gained in 
decade of successful operation of a complex fertiliser 
unit in Madras Fertilisers Ltd., India. Sene case 
histories of corrosion failures experienced in an 
armonía plant, the remedial/corrosion prevention 
measures adopted and their success/failure are 
high-lighted.

Madras Fertilisers Ltd. operates a 750 MTD ammonia,
880 MTD urea and 1900 MTD NPK complex plants since 
1971. During the 10 years of successful operation, 
corrosion failures due to stress corrosion, pitting, 
erosion-corrosion, corrosion fatigue, hydrogen 
attach, high temperature creep were experienced in 
MFL's ammonia plant equipment. Some of the case 
histories are discussed, here.

CA35-1 : Stress Corrosion Cracking - Reformer Comnonsnrs

During pressure testing in 1971*-} we observed leaks 
thru the veld areas at the top inlet portions of the 
reformer. Detailed inspection showed longitudinal and 
circumferential cracks at the weld areas of the inlet 
hair-pin tube weld-cap and at the reformer tube 
stub-ends.(Slide 1) Such crack? at the reformer tube 
were considered unusual in reformer operating history 
of many plants in the world.

Metallurgical investigations of both the SS 321 
(18-8-71) inlet pigtail weld cap and EK-1̂  (25 Cr. 2; li) 
reformer stub ends were done. The cracks were 
observed to be transgranular and intergranular in nature in HK-ho 

reformer stub end and started from the weld and 
nropagated on either side of the heat affected zone 
areas.(Slides 2, 3) The cracks in the inlet pigtail weld cap were



essentially intergranular in nature..(Slide U) The cracks 
had a tendency to propagace further when ground«
The failures were identified due to stress corrosion 
cracking« Snail traces of chlorides or alkali present 
in the steam naphtha mixture entering the reformer 
tube combined with the residual veld stresses were 
identified as the sources for the large scale stress 
corrosion cracks 'bserved in the reformer components.
We replaced all I-fX-lC stub ends with Inconel 600 
(72 Ni, 16 Cr) alloy ana velded the used reformer 
HK-40 tube with the new Inconel 600 stubs using high 
nickel electrode. Inconel 600 alloy was considered 
immune to chloride stress cracking and to a large 
extent against caustics upto 250°C. The cracked 
portion of the inlet pigtail weld caps were cut out 
and repair welding was done with shortened weld caps 
of the same material.

In 1976, we experienced similar longitudinal and 
circumferential cracks at the weld areas in both the 
tube end and inlet pigtail weld cap. But this time 
we did not observe -any cracks in the new replaced 
Inconel 600 alloy stub ends. The cracks were found 
only in the HX-dfO reformer tube portion. Metallurgical 
investigation identified these failures, once 
again, due to stress corrosion cracking. Repair welding 
was done after cutting out the cracked portions and 
using Inconel 600 alloy stub ends for the repaired 
tube. In the case of the inlet pigtail, the weld cap 
portions were removed and modification to the inlet 
pigtail arrangement was done.
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In 1?'7S, we observer similar longitudinal ?.r.d 
circunfe r s nt i al cracks. But this tine cracks were 
seer, only at the Inconel 600 alloy stub ends-.(Slider 5' 
IK-4-0 reformer tube portions did not develop any 
cracking. Also no cracks were observed at the ir.let 
pigtail stub. Stress corrosion cracking due to 
caustics/chloride present in steam naphtha nixtu.e 
was identified the cause for the failures observed 
in the Inconel 6GC alloy. In our experience, both 
design and material changes did not prove to be a 
success as on every occasion the problem faced was 
different and independent of the changes made. Such 
repeat problems were also unheard in the history 
of reformer operation in India and ether countries.

To overcome this stress corrosion cracking problem 
we considered several proposals. Of these we 
attainted stress relieving the welds at S6C°C 
(HK-mO  to Inconel oCG or EK-bO - KK-wO) for bZ 
minutes on an experimental basis in 1978. All the 
experimentally stress relieved welds did not develop 
any further cracking in seven months. Encouraged by 
this success, we stress relieved at 860CC/mill 
annealed at 980 C for one hour all the other stub 
end welds during the two shutdowns in 1978 and 19SC» 
All the stress relieved stub ends did not develop 
any cracks*

In our experience, this approach of stress 
reljeving/nill annealing the weld areas has been a 
success. The repeated stress corrosion cracking 
problem at the reformer top E7>-b0 stub end velds 
has been practically minimised/elimir.ated. The 
occurence was due to a combination of stress ana 
corrosion of which the left over stress seemed 
to be dominant especially in view of the repeated 
cutting and welding done during 197^-78.

The
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during 197^-76« In this heat exchanger cooling water 
flows thru the tube end steam is condensed under vacuum 
on the shell side. The tube material is inhibited 
Admiralty brass (70 cu, 29 zn, 1 3n).

Metallurgical analysis of the failures indicated two 
mechanisms of stress corrosion cracking. In one case, 
a local dissolution (de-zincification) plus intergranular 
stress cracks were observed.(Slide 6) Cracks were initiated at the
dezincified areas and started fr 
These indicated that the ie-zinc: 
acted as stress raisers.

the ID surface, 
led areas could have

In a case, circumferential cracks at the middle
of 'he ba fie supports were observed. Intergranular 
stress cracks were found to propagate from external
to internal surface.vSlide 7) In the sound oortions of the 
tube, the micro-structure was found to be normal, 
fine grained alpha phase.

In both the failures, a noticeable corrosion product 
was observed. An accelerated stress corrosion test, 
per ASTM 3 15^, using Mercurous-nitrate solution was 
done to determine the sensitivity of the good portions 
of the tubes for stress cracking. Fine intergranular 
cracks developed in this test indicating high residual 
stresses were left over in the good tubes which were 
supplied in half-hard condition.
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nickel alley, 
(c) titanium.

r.dsnser Admiralty tubes. Three 
aerials *ere considered, viz. (a) error 
(c)•austenitic stainless steel and 
Ultimately we decided to use the sam

inhibited Admiralty Brass material in ar.'ealsd 
condition instead of half-hard condition. The 
exchanger after the retuting and except for two 
isolated failures is in service without further 
problems curing the last 6 years.

CAS1-3• Stress Corrosion Cracking - Hear Rxchqnror 
S3 Bellow

A third- case of stress corrosion cracking was 
experienced in the stainless steel 321 ClS-3 Ti) 
expansion bellow of our methanator heat exchanger .(Slide 
Synthesis gas exchanges heat on both the shell and 
the tubes in this exchanger before entering the 
methanator. The first year of operation, we 
experienced cracks, in the SS 321 expansion bellow 
given for the shell. The cracks were identified as 
caustic stress corrosion cracks due to small carryover 
K2CO0 and moisture along with the synthesis gas at 
the outlet of our C02 absorber.

Local re1'air welding was done in the cracked bellow. 
Replacements with new bellow design and materials 
of Inconel 600 and S3 321 were considered. Replace­
ment was done with 33 321 and new design in 197’e-. 
Along with this,design improvements were made to 
the saddle supports for the overhang portions of the 
shell. This bellow is in service from 197^ without 
further problem.
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In our cnmonia plant, we nave four high speed centrifugal 
compressors. This problem relates to the Labyrinth 
seals of the process air compressor. Process air 
compressor is operating at 9*h )0 rpm. Seals form en 
important part of high speed centrifugal compressors, 
Labyrinth seals with a series of circumferential hrife 
edges are provided for these compressors and are used 
as shaft seals for interstage shaft and impeller eye 
sealing. For an optimum compressor performance, ¿he 
sealing between the labyrinth seal and the rotor should 
not be damaged due to rubbing, erosion and corrosion. 
Close labyrinth seal clearances are usually maintained 
to remit operation with minimum seal leakage and for 
high compressor performance. The life of the labyrinth 
seals, thus, is critical for the compressor performance 
and efficiency.

Labyrinth seals are affected due to wear or rubbing 
when rotor vibration is increased and also due to 
corrodents present in the atmosphere. Hrosion, due to 
high velocity of air, is aggravated further by carry­
over water particles in air. Due to this the labyrinth 
seal knife points get eroded and the water particles 
containing traces of.COo, NH3, 302, , 02 etc.
corrode the seals.(Slide 9) Labyrinth seals ovieinallv siiTvnli<»rt 
were made .of cast aluminium alloy (92 Al, 6 3n, 1 Cu, 
0.6-1.0 Fe, 1 3i) with hardness /100 3HJI. ?Iev 
replacements of the same material lasted only a few 
months. Heavy seal leak occurred again resulting in 
some loss of compressor performance efficiency. 
Installing air moisture separators and knockout drum
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at the suction side minimised the frequency of 
erosion corrosion to sene extant.

To solve this we considered use of Ilickei silver C6*7/5 Cu, 
195 Sr , 125 Hi) and Aluminium Bronze (Al - 115, ?e-*+5.

erosion and 
and water pa 
0? vapours.

55, Cu-8l5). Both materials offer excelle 
corrosion resistance to high ~elecity ?,ir 
rticles containing traces of CC2 , NK3 , 302 
Vie used Aluminium Bronze to A3TM 3 1hO

?

Alloy 9D in place of the aluminium alL-y at the end 
seals of L.P. Compressor which performed well for 
16 months. Seal leakage was considerably reduced
from 7% to 35. An improved seal with changed design 
made of S .3. 30^ was available in 1978 and we started 
using this for the shaft end seals which worked in a 
similar way like aluminium bronze.

CAS5-5: Brosion-Corrosion - COo Absorber

Reformed gases (H2, 'bj CC2, CO, CE^, Ar, etc.) leaving 
the shift converters hare to be free of all impurity 
gases before compression in the synthesis compressor.
*Catacarb Process1 of CO? removal is employed in cur 
CO? Ab-orber '..here the reformed gas at 25 kg/cm^ and 
150°C is sent from the bottom and catacard solution 
(2tf to 285 K?C03 and inhibitors) is circulated from 
the top three distribution packing columns.

Gas channelling was suspected in 1979 at the bottom 
oed porti ns of the absorber. Detailed visual and 
ultrasonic thickness examination in 180 revealed 
severe corrosion and erosion signs at the bottom
bed.(Slid* 10) As a preventive measure, ve repair built the 
affected portion (250 ft ) by overlaying using



austenitic 33 92. ectrcies . Th s rerair overls." built 
up 3S areas were stress-relieved in-situ usina special 
infr*- red beater pads. (Slide 11) Although the gas channelling 
continues, or.-stream thickness measurements indicated 
no further corrosion in the repair overlay portion 
of the shell.

f* . rtr‘o'o o •-J V » V»3 —w., — 'TO fAvco ?*__• W,̂WW ..t—.»l Wli* . a.
i m p e l l e d s p a c e s r i :ic-s a m p 3113713

Impeller spacer rings and sleeves, shrunkfit on the 
rotor, of process air comoressor, broke into two 
pieces in service after three years. The broken 
spp.csr rings and sleeves were between the ¿fth and rth stage 
impeller of the low pressure stage rotor. (Slide i2>-A-simiiar 
failure occurred ir. the CC>2 compressor rotor. We 
observed cracks ir. the spare rotors, in storage, all 
in the spacer rings and sleeves.

Visual examination of the broken spacer rings showed 
chevron share .markings, typical of a rapid brittle
fracture. (Slide l'3l in addition to the fracture there was a
transverse fatigue crack at a severely worn out area 
that 0 rob ably occurred after the spacer ri igs and 
sleeve broke ir.oo owe "ieces.

Kj croscopic ex.'minatior. of the failed LP sta?e spacer 
and sleeve showed consistent grain size and tempered 
martensite expected of a heat treated ’ % Cr stainless 
steel material.(Slide lU) The broken spacer ring and sleeve
contained considerable amount of corrosion deposit, 
numerous pitting and sore fretting on the inner diameter. 
Pitting was more extensive on the QD surface.
Examination showed the origin of the brittle fracture 
was from a relatively large corrosion pit. The 
shear lip observed at the brittle fracture area
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indicated that stresses responsible for the fracture 
'/ere tensile in nacure and in a peripheral direc-ion. 
These stresses couic. have developed luring shrinl: fit 
installation on the rotor.

Hardness neasurenents of the failed parts gave values 
of 3 ^  to k-?0 3ST. Manufacturer1 s hardness 
specification was 210 to qi+O BEIT and spacer ring end 
sleeve material to Din x 32 Or 13 (equivalent to k-20 S3). 
X-ray diffraction and electron diffraction of the 
surface corrosion product disclosed then to be 
essentially iron ouides and noisture particles could 
have initiated the corrosion pits. Thsss pits could
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urea manufacture, We use a booster COo centrifugal 
compressor operating at 9CC0 rpm and developingО
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is sent to the uns'i т nnt 1 on funthen connressi.n in 3, 
~o c*̂ *0 '*40 O'2 0i n ̂ ОСП'.'ПО 3'0‘"% - ?~±s 00 c 3 to n ссппп^ззот*
has inter and aft-r coolers for cooling the gas<

We experienced small lead's at the cotton of the CO2 
inter coder in the first rear of operation- Initial!'/ 
the i o p o s  ter ad uo » late"” we creviced a 2U" vide 
carbon steel patch at the bettors of the shell. During 
a ceriodic inspection, 2 observed a a ecu liar corrosion 
pattern• Severs oorrosaon was noticed or.y ip a local 
band and this was in line with the internal baffle 
support plate ares.. Some liruid entrainment (moist 
CO2 vapours) had occurred in the crevices between the 
baffle and the shell at she cold end of the exchanger. 
The width of the corroded band was only 0,50" (13*0 mm) 
and this was observed on all the 8 baffle sueport 
areas.(Slide 16) In all other areas of the CS shell on-streaai 
thickness measurement did not indicate any corrosion. (Slide 17)

To overcome this peculiar crevice corrosion, at the baffle 
supports, ve provided SS strip pads on-stream 
at the localized areas without shutting down the
ammonia plant. Exchanger was in service till 1?75 
before we replaced with new 3S ЗСч- shell. This S3 
exchanger she?! installed in 1976 has be^n vorhing 
•..fell since then.

C13Z-7Crevice Corrosion - Gr.ronr.diomido inter C~el or
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Overhead condensers A £ 3 in the CCb reno--?.l section 
are beat exchangers -mere hot CO2 gas frcr the 
regenerator flows on the shell side and coclingwater 
flows on the tube side. After 3 "ears in service, 
we observed pin hole leaks on the shell at areas 
adjacent to the vapour outlet nozzle in both the 
condensers.

The corrosion pattern observed was not unifora 
throughout the vapour outlet nozzle. Localized 
impingement and pitting corrosion, due to moisture 
laden CO2 vapours, was observed on the shell around 
the outlet nozzle pipe. Detailed thickness measurements 
on both the exchangers confirmed that the pitting 
and impingement was restricted only to a local portion 
around the vapour outlet nozzle. We provided SS 30U 
reinforcement pads(Slide 18) around the affected and corroded 
areas these exchangers are in service for the

last 6 years without any further problem.

CASS-9: HTDROGSIT ATTACK - B0IL3R FZSD WATER - 
PR5EEATS3 SXCHAsGBR T132S

Boiler feed water preheater exchanger is located at
the down stream of the arr.on.ia converter where neat
exchan re takes rlace. Svnthesis gas at l̂ fC kg/cm^
and 300°C flows on the tube side and heat is exchanged
to produce steam, on the shell side. Alloy steel tubes
(a'i Cr-C.5 moly) are used against high temperature
hydrogen attack and creep. In the design of this
exchanger strength welding between the tube and the
tube sheet was given in addition to strength rolling.(Slide 19)
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5 '.'0.3 observed which could be the 
tearerature hydro gen attack seen
\ f Cil̂ *Ort9 3l2-—Oy !7 P t*. P‘*'*j q ero
high h?.riness observed in the 
loavirg the tube without stress 
strength welding.

A new exchanger was installed in 1976 with the sane 
design and material but care was taken to stress 
relieve all the tube to tube sheet strength welds, 
after the welding. Heat affected zone hardness of 
the low chrome steel tube (2? Cr - G,~. ho) was reduced 
to lower than 21>C 3EZ7 against any possibility of 
delayed high temperature hydrogen attack. The 
exchanger is in service for the last 5 years without 
ary further problem.

CASS-10: EHDRCG5H ATTACK-CARBON STZ5L FORCING:
AKMOHIA CCKVERTZR

We observed surface dooarburication and intergranular
penetration duo to permeation of hi=Ji temperature
hydrogen gas in the too carbon steel forging of the
ammonia converter.(Slide 20) Carbon steel used in high
temperature hydrogen service is susceptible fer
hydrogen attack. API 9^1 gives the ’Nelson Curve
Limit* for different materials in this service. In
our case, ‘Nelson Curve’ limit is 232°C for hydrogen
partial pressure of 131*. kg/ca^ (1900 psi) for carbon steel.

To protect the medium 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 200-2l+0 
kg/cm2 and at k-̂ 0°C. In our case the top forging
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could have OCCn 3̂  On " ** "■ t
To protect a-rains*; hyàr
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external stsen -vsnenán

33-in hi~hc. ter.ge. ture. 
gen autack, an improved 
’'resided and also a continuous 
or r?nr:er:ent to maintain the

forcing tennenatures below the 'Nelson curre limit'.

NIIRIDINO - CONVERTER ^•rrr-W- ITGER TUBES

Converter exchanger located down stream of the 
ammonia converter handles lean S7n gas on the shell 
side at 21f0 kg/ca“ and k-20 C and converted syn gas at 
2kC cg/cm~ and 4-90°C on the tube side. Shell and the 
tube materials were originally made of alio/ steel 
3 Or - 0.9 No. Low all03>- steels, operating above 
if=-C°C and 20C-5C0 kg/cm^ in synthesis service are 
susceptible for nitriaing after 5-3 years (U0,000 to 
60,COO hrs) period. '•? experienced frepaent tube 
failures during 1976-73. Examination of the failed 
tubes indicated depth of nitriding and in some of the 
tubes the depth was of the order of 0*5 to 0.6 an. 
Nitriding gives rise to a high hardness of *+50“550 3HN 
embrittling the tubes

The tube bundle './as changed in 1973 with 3S 30’+ tubes. 
SS 3Q*f or S3 31C materials have appreciably lower 
nitriding rate in this service temperature and 
pressure compared to low chrome alloy steels. This 
exchanger has be n performing well after the 
retailing with 3S 20k- in 1973.

CONCLUSION

Considerable experience has been gained from the 
different failures in the 'Case Histories' presented 
and discussed in this paper. Direct and indirect 
cost due to corrosion failures and equipment down-time
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is er.orr-us. 
car. occur ir.sr 
selection. C; 
reduced, in th

:oi_r. failure could be effectively 
event of an occurence, by a -roper

and systematic diagnosis of 
an evaluation of all the co 
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MFL’s experiences in solvir.r scr.e of these corrosion 
failures may be useful to those who experience 
similar problems in the ammonia plant equipment.

*
«


