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COIUlOSION IN AIDIONIA PLANTS 

Ammallia (Niia) ta the prblc!pal form ill wldcb fixed nltropn ta aft!Jable for 
the manufacture of fertllisen In tbe world toda7. Oar proce-• for manu
fKtartns ammama utlllse atmO...-ric air u the acnrce for mtrotm and 
natural pa for prodacm, b.Jdrolm. The proce•• can be divided Into the 
foJ.lowtns .tap•=-

A. Sulplmr removal. 
B. Natarai au 8team retormma. 
c. CO cmwraicm. 
D. C0i remOftl. and recoYel':J. 
B. S;,ntbem P• campre•aan and Ammonia .,mhem. 
P. Coolm1 qstem. 

Caa of grfase cgmtn11re of the ammmla S"PRR•IOE• 

1. 

Tbe faction of the• caadenHn ta to cool the steam ill abell llide 
(Temperature 58.4° c. Pre•nre 0.19 Ke/cm2) b:J Ha coolinJwater 
ill tabe Ade (Temperature 32°C .. and pre•nre 3 to 5 K,/cm2). 

From iDitW. mrt up of ammmta conon.on problem• were uperienced 
Oil all companenU of mam candeuen. 

Caaden•ra tube• are mllde of Aluminium Bra•• which 18 co1uddered 
Ritable for ... water .,,rv.lce at low ftlocitie•. 1'be recommended for 
demp - water ftlociUe• for umn, Alumlnlum Bra.• with renstance 
to imp:lqemeat attack in ... water Amee i• 2.1 - 2. 25 m/Sec. 

l 
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2. V1ptl tnrcti• and miCrolCOPic mmWaticm 

2.1. Appearance of extemal surface of the tube. 

Tbe whale area wu covered with brown scale. Widely 
..,react mnm corrosicm wu 3een longitudinally ad it 
waa bitter <Photo 1>. 

2. 2. Appeannce of internal surface of the tube. 

The whole area was covered 1rith brownish black scale. 
After deacaJtn1 l•Jrap was folDld to take place langitadi
nan,. and no siptflcaat corroaian was observed in other · 
areu. See Photo <2>. 

2. s. View of croa aecticm and microscopic obaervatian. 

The view of cross RCUon and microscopic obaervaticm of 
lanlitwffnaJ and circmnferential cross aection at the Inked 
and corrnded part are shown ill Photo 3 • 4. The leakage 
is cau..ct evidently by the corrosion of outaide. Bo.ever 
ill8ide of tube, ver:r aUatrt corroaian is recopizecl as •1lcnnl 
Photo (4.d). 

2. 4. Severe pittmc at random usually noted cm the inner 811l'face 
of d:i9tribut1an chamber, retum cb•mher, baffle plates, 
.apportiq rods and covers after peeling o~ epoxy. 

3. DilCQfliqp apd ct•• ot failure 

3 .1. The Aluminium Brass tubes are CODsidered not suitable a 
material In oar condenHra from denen and aotual operatioo 
point of view. A• the •ea water velocity is excessive enoup 
to cause lmplnplm:~ dtta.ck to the tubes material from illr...de. 

3. 2. Corrosion of outside due to ammaaia generated by decomposi
tioa of •mtne• <morph•Hne) or ammonia which added for 
neutrallzaticll of boiler feed water. 

Tbe corro.too rate of AJmnlntvm Bras• apc>•ed to steam 
cc:mden11&te CGDtalzdnl bilb caacentratian• of the neutrallzfnl 
nbatuace• (1. e. In air co0Hn1 zane) 1- nearly tlve time• 
areawr than that obaened In ccmdenaate coataiDiq no additicm 
apnt. . 

• 

__ J 



•• 

3.3. 

~ 1. 

4.2. 

4.3. 
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PeeUna off the protective coating i• the main cauae of 
inner surface corromon of channel•. Thia peeUnc off 
coattnc 18 uaually occur which cause the steel surface 
to be in contact with mea water and very dEep pitting 
waa developed. 

Kodif1inl tube• xuterial of the surface condenaer•. 
Both Cu/Ni '10/30 and Titanium were put under investi
ptim a• alternative material.8. 

It wu recommended to replace the ai8ting channels 
with rubber lfntn1 iDatead of F.pozy coating. 

Screens at Ra water pumps sectim should be of more 
narrow wire me8hea to prevent large 80lida and marine 
powtb to eac11.pe and Piuuinl the tubes. 

4. 4. Proper Ra water chlorination to prevent plugging of tube• · 
~ 1arp marine erowth. 

I 
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Photo l :.J 

Photo 1 I: 
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T 
In:> id.: 

Photo& Y ;. : 

Photo 3 :B: Corroded part longitudinal. 
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PhoccCI A: End point of luked pare 
shown in Photo ls.\. 

Photo If ""· .... Corroded part shown 
in tihoto 18 B. 

t 
I 

Outside 

Ph. • Lf :::>: 

Ph.it" J{,D: 

C0r c.:>d1:d part sl1.,, •• , :..n 

18 d. 

Sl1~lit cc.,rrud.:d p.;L·t 

0 C ~ IS idt:. 
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Case of Overhead Cond~nser 

1. Introduction 

Function of this condenser is to recover ammonia from 
purge gas by cooling with sea water. T~!e following are 
design and operation condition•=-

Shell side Tube side 

Material Carbon steel Bimetallic (Carbon steel 
ammonia side. 
Cu.Ni 70/30 Sea water 
s;ide). 

Fluirl circulated Ammonia Sea water 

De ~ign tressure 
Kg/cm • 

23 5 

Operation pressvre 
Kg/cm2. 18 3 

Design temperature 
100 80 oc . 

Operation temper-
a tu re oc . 

Inlet 49 35 

Outlet 40 40 

This condenser is of fixed tube sheet type made of carbon steel, 
cladded by 10 mm. thick Cu.Ni 70/30. Tube sheet layout 
standard for 4 passes. 

The first overhead condenser put on line on August 1977 and re
placed by a new one with the same specifi~ations on June 1978 
due to low cooling efficiency. The new one was opened after 1 O 
days of operation for inspection. 
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f) V; ~,"!:111 T .... c:."'T'\.On+; "9'\ -· ---- -.... -.... -------
2. 1. Visual inspection of the first condenser. 

2.1.1. Tube sheets were found covered by heavy 
salt deposhs of w:ute and blue colour. 
These salt deposits were heavier on west 
side tube sheet than that of the eastern one. 
(See Photos 1 & 2), after cleaning of tube 
sheets it was noted that a corroded groo\•e 
around the tube :md {l - 6 mm. depth) and 
some of these tubes end were found 
completely eaten out - See Pbotoc 3_ 4. The 
surrounding areas on the tube sheet s were 
subjected to corrosion of 5 m. m. maximum 
depth. Generally it was clear that corrosion 
is more severe in the west tube .iheet that 
in 4Jle east one - See Photos No. 5, 6. 

2.1.2. East Bonnet: 

Partition plates edges were found severely 
corroded at their contact with the tube sheet 
as illustrated in Photo No. 7. A luster film 
of crystalline deposits green in colour were 
found adherent to the internal surface of 
bonnet bet ween its two partition plates i.e. 
in the 2nd and 3rd flow passes as illusti:-ated 
in Photo No. 8. 

2.1. 3. West Bonnet: 

Was found covered with heavy salts deposits 
and its. partition plate edge was also found 
corroded at its contact with the '~ube sheet 
{See Photo No. 9) • 

2.1. 4. The three Magnei:;ium anodes fixed on the 
partition plates of the east Bonnet were found 
completely missed and ~~.e supporting bolts 
wer~ corroded out, One of the bolts was found 
completely missed leaving a hole at its 
position. (Sec Photo No. 7). 

2. 1. 5. Pres sure teat was carried out at 23 Kg/ cm 2 
using water detec .. ing agent, water was found 
to seep !rolll around 31 tubes on east side and 
18 tubes on west side as shown in figures {I) 
and (2). 

I 

I 
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Chemical Analysis 

r:hemical analysis of the deposits collected from the surface of 
west tub.: sheet and east bonnet inner surface (2.1. 2) showed the 
results as follows. Mainly composed from sea water salts and 
C'Jrrosion products. 

Sample (1) Sam12le (2) 

Tube sheet Bonnet 

Loss on Ignition Wt.% 39.96 35.44 

Ca 19.41 1. 52 
Mg 19.8 6.57 

Cu 0.16 0.45 
Ni 0.08 0.012 

Zn 0.12 0.24 

Fe 0.56 1.13 

Na 1. 29 27.52 

K 0.022 0.098 

NH3 0.007 0.052 

Cl 1.13 1.16 

s04 0.77 2.46 

co3 8.24 7.31 
SiO 2 1. 25 0.67 

2. 3. Tw0 tubes were pulled out from the condenser and thickness 
measurement carried out gave the reading in a rang~ of 
2. 6 - 2. 3 mm. which :i.s within the design specification 2. 77 mm. 
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2.4. Visual inspection of the 2nd overhead condenser E-1501 B. 

The new condenser was opened after lOdays of opera+.:i.01"1 +'~r 
visual inspection which showed the following: -

2. 4. 1. Tt;.be Sheets: 

(' .>rrosion grooves (1. 0 ·· 2. 5 mm. depth) were noted 
on limited areas around the tube ends of 52 Nos. tubes 
also the surrounding areas of ~hese tubes were sub
jected to corrosion of 4 mm. max. depth. 

2. 4. 2. East Bonnet: 

It was found in a good condition except slight corrosion 
on the edge of the partition plate. 

2. 4. 3. West Bonnet: 

It was found in satisfactory condition. 

2. 4. 4. Magnesium Anodes: 

2 Anodes were founu eat en out 75% and the third one was 
completely missed. Inspection report had been issued 
for repairing the above remarks. 

3. C~USES OF FAIL URE AND DISCUSSION 

3. 1. Improper sealing between tu res end and tube sheets 

From the attached drawing No. (3) of tube en::i arrangement it is 
clear that the outer surface of the tube end inside the tube sheet 
consists of two metals carbon steel and Cu/Ni 70/30 of 20 mm. 
length to avoid contact of sea water with carbon steel. Ammonia 
may be leaked from a point of bad expanding till it became in 
contact w~th Cu/Ni material of outer tube end. Then severe 
corrosion took place on the Cupro Nickel outer tube surface and 
on the outer surface of the inner Cu/Ni tube causing ammonia 
leakage to sea water. 
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The sea water containing leaked ammonia attacl.ed the 
Cu/Ni layer on the tube sheets at both condenser ends. 
This attack is remarkably increased in :he order from 
the 1st to the 4th passes with the exception of the main 
sea water inlet and outlet at the east side. This is due 
to tha~ at the inlet the sea water is free from ammonia 
while at the main outlet the ammonia contaminent in sea 
water has been consumed in the corrosion reactions with 
copper and precipitation of sea water salts. (See Fig. 4). 

The chemical analysis of deposits which are concentrated 
on the west tube sheet showed that these deposits are 
ma.inly corrosion products of tubes end, tube E1.eets, 
Magnesium anodes and salts normally present in sea water. 

3. 2. W rang choice of sacrificial anodes 

l\fagnesium anodes are used economically and efficient only 
in m1..:dia of high re~istivity (sea water of low resistivity}. 
They should generally not be used when the tempErature i~· 
higher than approximately 45° C. in fresh water. In sec. 
wai:er their life is short. In sea water Magnesium anodes 
give high driving potential which caused peeling off of epoxy 
coating in some areas of the east bonnet internal sur~ace and 
became highly cathodic whi<..!l led to electrocherr ical decompo
sition of sea water salts. This is ci..e&.r from the analysis of 
the lust11re film of crystalline deposits which found on the 
internal surface of east bonnet (27. 5% Sodium) see the attached 
c!"iemical analysis report. 

3. 3. Galvanic corrosion 

The potential difference exists between the partition plates 
made of carbon steel and the tube sheets of Cu/Ni on contact 
with each other after peeling off of coating and anodes consum
ption produced electron flow between them. 

Thus currosion ~tart and continuP.i on the l~sc corro3ion re
sistant metal (-.:a:..·bon steel of the partitior plate - anodic1 
caused it to be eaten out. 
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4. RECOMMENDATIONS 

4.1. Magnesium anodes should be replaced by Zinc 
alloy anodes "C-sentry" which are t !le suitable 
and effident anodes for cathodic protection in 
sea water medium. Bakelite or rubber washers 
should be fixed under the bolt heads and nuts to 
avoid galvanic corrosion of partition plates. 
However study and evaluation in hand to use 
Aluminium anodes which is better than Magnesium 
anodes in ;:.ea water service. 

4. 2. Pressure test with the application of water detect
ing agent should be carried out on any new condenser 
before putting on line to check that proper expanding 
has been done by tha Manufacturer in case of rolled 
to tube sheet tubes arrangement. 

4. 3. An tubes ends were over expanded with special care 
to leaking ones which were plugged. The corroded 
grocvea on tube sheet and corroded tubes ends to be 
filled by welding us:.ng Mon~l 67 filler wires and gas 
welding. 

4. 4. New design of tube end illustrated in Fig. (3) is to be 
revised for future arrang.?ment. 
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CORROSION IN UF.EA PLANTS 

In '."'."ecent Urea Plants, corrosior: problems have been mostly, t~ough 
not completely overcome. Ge,.,~rally speaking such inorganic corrosion 
resistant materials as glass lining cannot be used due to high preS11Ure 
and such organic corroaion resistant material as polymers cannot be 
used due io high temperature and erosion susceptibility of these 
materials. Metal is the only suitable material. in Urea Plant. 

Corrosion problems in Urea Plant occur mainly in the reactor and let 
down valve, the high pressure decomposer ana tile carbamate pump. 

General Proceas descr-~ption 

Urea is produced by the following two-step equations 

ACl.IJlonium 
Carbamate Urea Water 

The first reaction is assumed to go to completion but the second reaches 
equilibrium. Excess ammonia favours the Urea yield. Accordingly, the 
reaction product in the Urea synthesis reactor is a liquid mixture of un
converted ammonium carbamate excess ammonia, Urea and water. The 
ammonium carbamate is a highly corrosive intermediate. High temper
ature near 200° C encoui:-age corrosion in the urea reactor. The reactor 
is generally of vertical cylindrical type, with internal baffle plates in 
certain instnnces. 

The reaction product is usually heated in t."ie next decomposition section, 
where unconverted ammonium carbamate is decomposed into ammor.J.a and 
carbon dioxide gases. The urea solution thus formed is finally concent
rated to 99. 7"/o urea. The overhead gas from decomposers is condensed 
and recycled into the reactor by the recycle solution pump. 

l 
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Case One Urea Plant Reactor 

1. Introduction 

In April 1978 the reactor lining was in several places 
repaired , patches were applied, partly in the form of 
straightened lin~r material partly in the form of new 316L 
material. Between April 1978 and February 1979 there 
have been 5 stops due to leakages, the leaks were the result 
of pin holes in repair w ds and S. C. C. in the patch. MateriaL 
the lining had been pressed inward in two plac~s over lenf,ths 
of 7 and 2 metres. 

Reactor is consists of 75 mm carb~n steel, clad with a 5 mm 
lining of A. I. s. I. 316L. The effective on stream time is 
approximately 12 years. 

2. Visu"l Inspection 

2.1. Compartment Bl - Bs 

The lining at the south side had been pressed inward 
over a width of about 110 c. m. and a length of about 
710 c. m., this area comprised compartments B2 
through Ba. The lining was generally black and slighi:y 
roughened, there was no •.J'isually detectable difference 
:.~tween the dislocated lining and that which had remained 
in the original position. 

At the nortbern side of the reactor there were small 
bulged areas in the lining of compartments B4, B5, Bs 
and Ba. 
The circumferential welds anci the longitudinal welds 
showed selective attack and haj been repaired in places. 

2. 2. Compartments Bg - B14 

In compartments Bu, Bi2 and 13 the lining at the south 
side had been pressed inward; this area was about 1. 8 m. 
long and O. 5 m. wide. The lining, the welds and the 
internals in compartments B9 through B14 did not visually 
differ from the top section of the reactor as regards 
corrosion. 

l 
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2. 3. Comp.J.rtments B15 - B22 

In compartment Bz1 six small bulges areas were 
found. The circumferential welds and the longi
tudinal welds showed selective attack and had been 
parUy repaireu. 

2. 4. Wan thickness measurements 

Shell : - Carbon steel 

The thickness vati ed : 

From 76. 6 to 80. 2 mm. in Biz and 

From 76. 8 to 79. J mm. in Bi3 

Lining: 

According to the measurem eits, the wall thickness 
varied from 4. 3 to 5.1 mm. with an average of 4. 7 mi.u.. 

Assuming that the original wall thickness of the lining, 
prior to start-up was 5. 1 mm. it can be concluded that 
the wall thickness d~crease over a period of 11 years 
amounts to o. 4 mm. which corresponds with an annual 
corrosion rate of 0. 04 rm. 

3. Macroscopical examination 

Two bridge strips taken from bulged and removed liner were welded 
(April 1978) on south ea.dt and south west boundaries of replaced liner 
section on this liner belt. Both strips leaked from cracks or pinholes 
on parent metal and caused two successive plant shutdowns. 

3. 1. South east - Bridge strip 

Examination of the removed strip revealed a deep 
(mechanical) dent on the back surface of the strip 
(Macrograph No. 1), A series of branched cracks 
were found spread all over the back surface of the strip 
(Macrographs No. 2). 

3. 2. South west - Br dge strip 

L~aked from two neighbouring pinholes developed on 
liner surface medium side. 

l 
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3. 3. Bride"e stri1) on Bs (South west bou.."lda.ry) 

T!i.e strip was fro.i..a bulged and removed liner and 
was removed as a preventive action. Back side 
of removed strit> was fo~d severely subjected to 
corro!:>ion attack on local areas. A cross section 
midway one of corrosion pits is shown in Macrograph 
(3). 

3. 4. Bridge strip on liner belt B12 

This strip was carefully removed with the "'eld metal 
for examination and revealed the following:-

Cracking immediately adjacent to weld beads 
See Macrograph No. (4). 

Corrosion attack across weld deposit.3 was noted 
mostly at top start points of the weld. 
Macrograph No. (5). 

Cracking in the parent metal close to welds heat 
affected zones. 

Deep corroded holes and cuts in welcs heat 
affected zones. Macrographs No. 6 - 9. 
Corrosion anrl surface blisters on parent metal of 
the strip were also noted. Macrog::-aphs No.10 & 11. 

4. Microscopical Examination 

4. 1. Specimens from bridge strips on B5 & B5 -

Original lining bulged and removed, 

General structure of the material was found gooc! 
and r~·P.e of abnormaEtiEs (Micrograph No.12) 

Nurr.crous cor: asion pits formed on local areas on 
back surface of the st:-ips (Micrographs No. 13 - 17). 
and . 

A pattern of several cracks radiated from each of 
the formed pits. Cracks propagated with extensivE: 
branching and displayed a transcrystalline mode of 
progression (Micrographs Nos. 13 - 2 2). 

l 
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A f'l c:_ • ,. " • • - • ,....._ 
-x. "'. ~pc.:lilifai:i .1.rom on age S"trlp on .012 -

New liner ma~erial. 

General structure of the material exhibit 
icllomeginity in austenite grain size 
(Macrographs Nos. 23 - 25). 

Corrosion and/ or cracking of strip material 
developed mostly in vidr....ities close to weld 
joints as shown in Macrographs Nos. 26 - 28. 
Cracks were noted to penetrate through weld 
metal as Micrographs NosJ 29 - 31). 

Cracks displayed intercrystalline mode of 
prograssion as shown in Micrographs Nos. 
32 - 34. 

Signs of grain boundary sensitization were 
noted in areas confined to heat affected zones 
of welds (Micro~ - ?hs Nos. 35, 36). 
Dispersed preci.~iit .1.te was noted at austenite 
grain boundaries ahead of propagating crscks . 

5. Discussion the causes of failure 

5. 1. Transgranular corrosion was detected with a result 
of brancl:Ed cracks in al.i..:~enitic stainless steels. 
This type of s. C. C. occured on strips taken from 
bulged-and-removed liner sections. The residual 
stresses induced in the material from bulging and 
subsequent straightening of bulged sections to re-use 
them. When. stressed material come into contact 
with chloride ion crackinl! initiated. Chloride ions 
may be due to contaminat..on of process liquid due to 
leaks at some condensers which use sea ;water and 
the sources of chloridr- ions on the i..ack side of the 
liner may be due to steam injected through leak 
detection holes between shell and lining. 

5. 2. Intercrystalline (Intergranular corrosion). 

This type of cracking can be occured when stainless 
steel contains more than 0. 03% C. and not stabilized 
by N iboium or Titanium and tr.at it has U!'ldergon.e 
thermal processing (Welding or heat treatrre nt) in the 
so cillcd sensiti ;ation range (500° C - aoo° C). 
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Under this temperature the low carbon grades may 
subject to harmful effe~ts. For eaample 316L material 
may fail in the test for resistance to intergranular 
corrosion (Huey test) after heating for only one hour at 
650° c. 

5. 3. Bulge in reactor lining could be attributed to microcni.cks 
either at weld or pit liquid ammonium carbamate at lining. 
The liquid oozing through the crack on~e it reached to the 
gap between the liner and shell the liquid flashes since 
the pressure is essentially atmospheric releasing NH3 
and C02 and depositing solid carbamate. Accumulation 
of urea and corrosion products te:id to plug the weep holes 
and permit a pressure build up behind the liner. Eventually 
the crack opens wider and larger amounts of liquid flow 
through until all the liquid cannot of flash away. 

6. Recommendations 

6. 1. The new lining plat es, thiclmess 6 mm. pressed down, 
spot welded an1 covered up with patches fot' all the weld
ing work, 'I'hermanit 191 SH electrodes was used. 

6. 2. Chloride content in the process stream and in steam must 
be strictly controlled. 

6. 3. For future orders of linL"'lg material, suppliers will be 
asked to submit material test certificate and Huey test 
results. The remaining bridge strips that were not re
placed during the last repair job have to replacP.d. 

6. 4. Additior..al 15 Nos. new weep holes been drilled directly 
adjacent to the backing strip, so that during operation each 
compartment is connected to at least one open weep hole. 

,. 5 Dissolved 02 content is essentially in the actual process ) . . 
liquid therefore its determination in the liquid will be 
carried. 

l 
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