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INTRODUCTION : -

Saudi Arabizn fertilizer Company has a 600 ton single train
. ammonia 3lant and 1, 000 ten cingle train urea plant alongwi th
other required facilities, The plant was originally built on
turn-key basis by CHEMICO - USA and was put in commission
" early 1970,

The urea autoclave was designed ar'd constructed by Messrs,
Mitsubishi Heavy I-dustries - Japan, This vessel is designed
for a pressure of 4,000 psig at 460°F, operating pressure and
temperzture are 3200 psig and 384°F respeciively, The general
arrzngement and design of the vessel is as shown in the
s atizchment-I of this report, The construction comprises of
muliilaver sheli in carbor sizel with forged top and boitom, The
inside cylindrical section of the vessel is lined with 16 mm thick
SS,316-L plate, The iop and botiom heacds do not hzve the liner
but have 2 1/4" weld overlay in SS-316-L, The over ail height is
90 icet ano ID is 5 feet, The interrnal c.::struction of the autoclave
comprisec of 3 feed inlets st ihe boitcin «ith distributor aome
for proper miving, There are 19 irzvs in the vessel with 4 ft,
spacing. The vessel is made of 16 cylincers welded tog=iher
to make a long vessel, Each c¢cylinder kas 2 weep heles ithrough
the muliilaver shell, These weep Loles are 1o indicate a
failure of the liner in the cylindrical section,

OPERATING HISTORY AND FAILURE

Until fugust 1978, there had been ro major difficulties or fzilures
cexperieniced with this vessel, Fegular inspection of the reactor
vas carried out in each annual plant turnaround.

On 10th Auguest 1978, the auloclave developed a leak thrcugh the
pottomn forging, The urea plant was shutdown and ‘he vessel was
opened jor inspeciion. Exaimination of the {ailure revealed that
wide srea around toitom disiribuior was severly eroded/corroded,
The exient of dariaged arez is shown in the attachment-II, At one
location, the melal was complietely corroded and while in service
it developed a smail rupture, Al the point of ‘ailure, the op2ning
was 1,5" long and 2bout 0,2" wide, There were no visible bulges




¢r deformiiies on the cutside surface of the autoclave bottom,., The
material loss in the corroded area varied from 0.:3'" to 3" at certain
locations, Generally, the loss was about 2" at mosit places,

REPAIR PROCEDURE . .

Several alternatives were considered for repair, The¢ manufacturers
were also contacted, Safco's recommendations for repair procedure
were as follows-

1, Remove damaged S, S, overlay,

2, Grind any sharp contours {or preparation to depcsit weid
metal,

3. Build up #11 cavities by mancal metal arc using E-7016

electrode, Continue {o build up until coriect wall thickness
is reached =211 over., Aft.r each bead of weid depoesit, care
te taken to ;remove zll slag inclusion, At the end of carbon
steel welding, the entire surface should be ground out
. smoothly iv prezparation of dre-ponetrant inspeciion, Subse-
quent w0 dye-penétiant incpeciion of the carvon steel weld,
the entire surface is to be depusiied vith one layer of
E309 - 4 :nm electrode, Aiter this overiay, the surface is
ground {o remove all inclusicns and surface defects, Post
veld heat ireatment to the repaired area is to be conducted te relieve
the metal of all weld siresses, The heat treatment procedure
is shown in appendix-1Ti, After the post weid heat treaunent,
deposit the entire surface with E-316L- 4mm electrode in 2 lavers,
Include also the unafiected areas of the bottorn head for the
final overlay,

4, Reascemtbtle ! e bot.om distributor,

5. Ultrasorically check ihe repaired arez thorocghly for any
weld defects,

6. Hydro-iest the reacior to full test pressure of 5,C00 psig,
%he rate of precsare rise, the rholding time and-rate of
pressure crop curing cepressurizing are shown in the
aprendix-IL,
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The manufacturers recommendation received later was ba..ically

ame as hzs been sdopted by Safco, The orly point of variar-e being
Mitsubishi had recoinmended an initial preheat of $00°F to remove
defused Lydrogen: and subsequently {o continuously maintain a
preheat of 4u8°F. Safcc had concidered preheating but decided that
it is rot practical without the use of air cooled suits, Since these
were nct available, prensating was not done, Eowever, it was felt
that contirvous weld operation and high ambtient ternperztures will
mainiain a high metal temperature of say 150°F overall ard about
200°F at points clese to weiding operation,

TAUSES OF FAILURE

-The fzilvre of the totiom of urea reactor is atiribuied to t! ¢ gradual
thi x..i*.g out of -he S. S oV emav over a px.r‘od of *.me .I.hC‘ thin;';ing

vesze :-.nc'.— c?e:':rior i on ofS S 318 L "cxd denesit, A'xo‘n‘—r actor

which cceid have coniributeg is tive oxygen content in the CO2 {ead

io the reactor. Ii is pussible thal the oxygen conient was #cwaliy lower than
indicated because cf Jaulty insirumerntiacton,

It has beer found that SS-316-L weld overlay is susceptible to urez

attack over a period of service, A new c¢lecircde by ihe trede nsame

of Therrmenit 1°/la H has vezn developel and is claimed to be betier

than £- 316-L, Th2 manufacturer of the actoclave is new recommend-

ing use of inis iinpreoved elecirode,

CONCLUSION

\We have compared the periormance of our auioclave with ihat of others
and foinc that ihe vescel hus given satisfactory service zs can be expected.
The fzil:;e expericnced in Augest 1678 co ld have peer averied if we had
2 ‘Céria':".cd the proper thickaess of the weid cverlay on the bottom at the

time of ingpection 2ducing May 1978 rurnaround. The repairs carried oat
b\ Safco were referr=d 10 (i Indepencdent meizliurgical consultant who has

endorsed our :pprosch and rzethod of repair, The repeirs were ~arried
oit with vimos! care and at the fasiest speed corsisient with the quality
reqiuired for the job, The erniire Saico manpower was geared up to ensure
ithat no iime was lost in the decicicn marding process or availability of
material or manpower,

During the entire period the urea autoclave wag down for repairs, the
ammonia plarnt was kept cperating normally, stcring tlie prod.clon in
:he ammoni- tark, At the concl:usion of the repair work, -the smmenia
inventory reached the maxdmum of the storage capacity, Tnis ammoria
inventory, however wis consumed beiore the end of the year 1978
achieving a reccrd production of over 260, 000 tons of urea,
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MIHTS RECOMMENDATION OF IHYDRAULIC TEST FOR UREA éfACToR----..L APPENDIX
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Appendix-II

STRESS RELIEVING OF UREA REACTOR

' The botom head of the urea reactor was stress relieved alter repairs
on 20.8. 78, H:ating was decne by using 22 prds of Cooper hzat make
flexible pad heaiers of size 16" x 6. 75" each with an output of 3.25 KW,
16 pads were used un the outside and 6 on the inside. The pads on the
oricide were secur=d to the head by welding §,S, st.:ds on the head and
ising S.S. flais curved to suit the curvaiure of the head. They were
further seccred by S,S,bands, The 6 p=ds inside were pesitizned and

held by refraciory bricks.

For close monitcring of iernperature, 9 thermocouples uniformiy
disiriovied, 6 on the outsice, 3 on the incide were :sed, The eiiective
hezting are2 and the monitoring area of nads «nd thermocouples were
clezrly marked in a sketch and each iexd tagged 1o facilitate close
conircl on stress relieving.,

¥awaol was used Jor fasulzting 21l the furfaces, Al th2 manholes
snC noszize were toxed op with Howouol packing to prevent Leat locses,

he [ollewing procedure wis used ior cirecs relieving:

Rate of heating Upte 600°F - Any rate but not less than

- -
-

3 notss

600°F to 1150°F - At the rate of 100°F/hr.

Soaking '~ Sozking itemperature : 1150°F
Soaring Hme : 8 hrs,

Rate of cooling 1150 to 600°F at “he rate of 100°F /hour.
€00 io 200°F zny rate - insulztion remioved

zt 200°F = Vac-All was used for further cooling,

Preparation work 24 ho.'rs
Heaiing and ~onling 36 nours

60 hours
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