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URE.a .. REACTOR 

INTRODUCTION 
.. . .. 

Saudi Arabi:i.n fertilizer Cof!lpany has a 600 ton single train 
ammonia ~1-..nt and 1, 000 ten ~ingie tr&i.n urea plant alongv4 th 
other required facilities. The plant was originally built on 
turn-key basis by CHEMICO - USA and was put in commission 
early lOiO. 

The urea autoC".lave was designed c;.nd constructed by Messrs. 
Mits:.!bishi HeG.v!· .I:-·-:iustries - Japan. This vessel is designed 
for a pressJre of 4,, 000 psig a.t 400°F, oper;;iting pressure and 
ternpi::rature are 3~00 psig and 3S4'::>F respectively. The gener.al 
arrang<:m~:it c...'ld d~s!gn of the vessel is as sho,.,n in the 
;:tt\:;.c!Lr.nent-1 of this report. The constn.:ction compr-ises of 
mu!t::~yer shell in ca.rbon st~el wi:h forged top and bottom. The 
inside cy!..i."ldrical sc:ction of the vessel is lined v.ith 16 mm thick 
SS. 316-L pl&te. The iop ar.d ~ottom he;o.cs do not have the liner 
but have a 1/411 weld overlay in SS-316-L. The over ~n height is 
90 foH anci ID !s 5 feet, The intcrna.l c•_;·:.::tr·.;c!ion of thl' ~ 1.;tocla •.-e 
co:ny:-!ses of 3 ft-e:rl inlet5 c;t the bottc.rn .-·ith distrit-L:· • .:-·r de.me 
for proper mb::i.ng. There a.re 19 tray~ in the i·essel \..·ith 4 ft. 
spacing. The vessel is ma.de of 16 cylinr~rrs ·.velded togr:tht:r 
to ir.ai<e a long vessel. Each cylli<!c:r .t&s 2 weep belts througr. 
the multilayer shell. TheSt:" 'JH:ep holes :ilre to indic::..te a 
failure of the liner in !he cylindrical section. 

OPERATTI~G HISTORY A~D Fl\.ILlrRE 

Until ... !..ugiJst 1978, thtre had beE:n r.o major difficulties or fa'!lures 
experienced v:ith th.is \'es::.<-1. Regular faspectio:i of the reactor 
was carriE:d out :n e.ach "-'lilual plant turn&round. 

On 10th Ai.:il:£! 19':'8, the a:..:t.oclave devefoped a leak t.hr0ugh the 
bottom forging. The urea plant ·.•:as shut~own and ~he \·essel was 
opE:ned for inspection. E>:a.minu.tion of the failure revealc.-d that 
v:ide :o.rt>a &rO"L;nd bo;tom dis:ribl:tor w&s sew·rly eroclr.·d/ corroded. 
ThE=- e>..-u:·nt of d2r.1agerl :.:..re~ is shown in foe o.~!achrr:c>nt-11. At one 
location. the m~~al w&s cc,mpktely corroded ru!d '"'hi!e in sE:r\'ice 
it d~velopcd a ::;m&ll r~pt~re. At the point of :";.ilure. 1he op:?ning 
was 1. 5" long and ,:)o•Jt O. 2" wide. The-re wt!re no visible bulges 
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t,r dPformities on the outside surface of the autoclave ~ottom. The 
material loss in the corroded area Vll.ried from o. ~5" to 311 at certain 
locations. Generally, the loss was about 2" at most places. 

REPAIR PROCEDURE 

Several alternatives were considered for repair. Th<· manufacturers 
were also contacted. Sa!co's recommendations for repair procedure 
were as follows-

1. Remove cam aged S.S. overlay. 

') -· 

3. 

.· 

Grind ;my ~h;c.rp contours for prep•ration to depcsit weld 
metal. 

Build up i<.ll c.&vities by rr.c..ncal metal •re !.?sing E-7016 
electro<le. Continue to build up until correct wall thickness 
is reached ::i.11 O\·er. Aftt reach btad of wcid <le posit, care 
be taken to remove all sh.g inch:sion. At t:ie end of c•rbon 
steel welding., the ~n~fre surf-.ce should be ground out 

- smoot~ly in p!"epc:.ratio:1 cf cye-I-·C-nctr;.nt i.r:~.pec-tic.n. s~~se­
q~1ent to c!ye-pt:nctn .. nt ir.!;p(~e::fon of the co.rl:.vn s'!.Pc:l .,...£>1d., 
the er.tire surface is to be depusi'~ed wi~h o:-.e 1ayie-r of 
E309 - 4 .mm elect:·C'de. _4.fter this O\'erlay, the surface is 
ground to rerr.o"·e ;s.ll inch.is!ons and surface defects. P!>:;t 
v.·eld h'?•t tre•-t..ment to the repaired &rea is to be c.cnducted to re::!.ievc 

the metal of ;.,ll -., ~le! stresses. The heat treatment proced:.ire 
is shown in ~ppendix-IH. After the post weld heat tre&trnent, 
deposit ~he entire surface with E-316L- 4mm elE:-ctrode in 2 layers. 
Include a.lso the unaffected areas of the bottom head for the 
final overl:.y, 

4. .Reassemkile ~ 1e bot-.. om distributor. 

5. Ultrasoni::c.lly check the rcpa.ired -.re:z. thoro.:ghly for any 
w~ld defects. 

6. Hydro-i~.:;t the re;c\or to full tcsi pre~ sure c.if 5, 000 psig. 
the rate o! pr~ss~re rise, the r.c;l:!ing ti.rr,e and· rai:e o! 
pre£sure c!:-op rlu.ring depressurizi.,6 a!'e sho·.1:n in the 
a J •!'endiJc- II. 
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The manufacturers recommendation receh·ed bter was ba .. ically 
sea.me as has been ;dopted by Setko. The or:ly point o! varhLr -:e being 
Mitsubishi had recommended ~...n initial preheat oi .;oo°F to remove 
deiused h:;drogen·. and subse:q-:Jently to continuously maintain a 
preheat of 4vC°F. Safc:o had c('lnsid-:red preheati.~g but decided that 
it is Poot practical w!t!lout tr.e use of :Ur cooled suits. Since these 
,.,.·ere ·not av:si!a.ble, preho:&ting was not done. However, it was ielt 
ti1at contir.uous ""·eld operation e:.nd high ~rn~;i•~nt ~emperatures will 
m;;.i.n-:.<.~~ a h:igh :r.etal temper·ature of say l 5u°F overall cu.d about 
2000F at poi.'lts close to weldb.g operation.,. 

".:'~.USES OF FP-ILURE 

-The f;~:t•re of the bonom of t:rea re-.cto.:- !s attributed to t~ '! gradual 
~r .... in!l!r:g Qat of the S.S. o·,;er~ay ovEr a period C1f time. Th<: thi."l:;ing 
of v;elci ov~rlr.y ·wc;s d·~e to h!fh vek0city oi the flJid cn·:e!"'ing the 
ve:~.=-e! o:.nd ce:•.!:-!o~;;.tion of S. s. 315 L wcJd ck~c::it. Anotr.t:r factor 
which cc.~ld r.:..ve ci::•!'!tr!tl;t.::ti !s tl.c C':·:y&tn co!l:l:nt in the C02 foed 
to the reactor. It is ro~sible that the OX/gen c:c•ff'Ccf!t was ~t.:-...nlly lower th?-ll 

ind!C'ii.H·~ t.ec~u:;e e:f ::ail~y :i.'1.~i.r-ur':H:r.t~~on. 

It has bf:en found t::-.t SS-316-L weld ow·;l«y is susc~ptib~c to ure~ 
attack o·,,er a p<:'riod oi strY"ice. A new c~1.:ctrc·de by ;_he trc: .. tie :;~.me 
of Therm""lit 19/15 H ~as Lc·.:n devC:lup':C ~d is da.i.11E:d to l.•l' hetier 
than E- 316-L. The manufacturer of the •::.:tocl&ve is new rcc-ommend­
ing :.zse o: this i.rnpr-oved elec1:-ode. 

CO!\CLCSlO~ 

We ha\.·e compa::-t-d the pe!'formance of o·.:r a;.;'trH.:1;;.·Je with fr:;;t of others 
and fo..:nd that ihe ·.·essel h&~s gh·e!l s;;.tisfactory scrvke c.s can be expected. 
The fa.il:&·e cxv~:·:(·nced in A~g:st 1976 co :ld ::ave o~E:r. av~rtoed i! we h-.d 
;.sc~rtai.ncd the prcfwr th)c·k.1.:~s of the weld C\'E:rlcy on the bo!tom at the 
time .of !."lspc-ctfon d~.ring .:.i;.y 19";8 turnil.roL..1-.d. The np:a.irs c•rried o.lt 
by S::..!co '.;c-re re:"err-::ci -:.o : .... ~ :.r,dt:p~r.Ct::-!.t :n~~::.:: .. q;icotl CCl!lS•il~:;;nt wh., has 
endei-:.·sed O.!:" :.ppr0•ch ~.d Jr;c~hod uf rf"p::.J"r. !.;'E' rcpwlrs \:.;ere ~'r:-ied 
o..&t with •.:!mes! c~:-c -.nd at the fastest s::>c~d <:N:sistent wiih the quality 
r~q::ired for the job. The t-r.tire S&fco m-.npowe .:- was gemarc-d up to en~ure 
tli&t no time v:as lost in the dech:icn m &~:ing procC'ss or • n:il:ability Qf 
l"!'l:i.terfal or mnnpower. 

During the entire period the Llrea ~utoc1a~e was dov.n for repairs. the 
ammonia pl~:r.t 7r':as kept cpcraU:ig n'1rmally. stcring the prod·.;c~on in 
~he a...~moni-". t•r.k. At the concl.:sion of the repak work, ·!he -.mmC\.nb. 
inventory re-.chcd the m&xim;.im of the ~tt1rage capacity. This ammoc.i:a. 
in\'~ntory, howc·~·er w:;.s cons·.uned bc:.L'c,re the end or the ~-ear 1978 
achit:ving a reccrd production o! over 260, 000 tons of urea. 

'' 
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App~ndix-III 

STRESS RELIEVI.!'!G OF CREA RE . .\CTOR 

The bottom he;;.d oi the urea reOictor was stress relieved after repairs 
on 20. 8. i8. E :c.tir:g \\·;.s dcne by ;,,:sing 22 p;..ds oi Cooti'!:r :-i~at rr.ake 
nexibl~ p•d h~~t!:rs of size 16" x 6. 75 11 c::ach ...... -:th an outp:.:t of 3. 25 KW. 
16 pads were ·_:sE:d lJO the o;.itside ~d 6 on the Lriside. The p;;..ds on the 
o,1i~ide were s~cur£-d to th~ head by -..·tlr.ing S.S. sL:ds on the he~.d and 
.1sing S.S. n-.~s c,.;.rvtd to s·.1it the ct:r·.-:-.-~'Jre of the head. They were 
furtlit.r scc;;red by S.S. 'bands. The 6 p~cs inside were pcsiti:.·.Ll~d uid 

held by refr:;.ctury 1:.ricks. 

For c!ose monitc·ring of ier:lperature, 9 ~"le:r~ocou?les '.;niformiy 
distri·:::i::teda 6 en th.: o:.itsice:, 3 on the bside were ..:sed. The ei'i'ect:ve 
hea~::-.g a..-ea and :h~ ::::loni!or:ng ;ire:a. o~ n:a.ds enc thermoc:c·~~·:!.es were 
cle~::ly ~c..rk~d ir. & s~e:tch end eo.ch ie:•d tagged to fo.cili:ate close 
contrc-1 on stress .:-e:lie"·ing. 

Ka.··~~-:>2 V.CiS :.:s~d for :.:1s~2c.t~g 2ll !he fu!":ac~s, Ali th~ mc..nholes 
Ol1C ::c.·:zl~s -.~·e::-e t-~x~d ..:p ·.-.-i!h ~~~-,,·\;o! p;sc¥.ir:g to p:-e,:~1~t ~ .. t:"m.t :o£"~es. 
Tf.~ ~ol!:: .-.i:.g p1·~cc-G ..... re \·,;::s t.:std 1or !:~C:~s rclic·"ing: 

So a kine 

R4te of cooling 

Pn.:paratiun \A. o!"k 24 ho.·rs 

36 ho~1rs 

60 hoi.:rs 

L'pto Goo°F - Ar:y :-;..te b:it '."lot less t:~an 
3 :Oo'_; :·s 

600°F to 1!50°F - At the N.tc of lCJOc-F/hr. 

so~.king terr.pcra.ture 

So -.J.:in g t: r:" e 8 rl!"S • 

1150 to 600"F at :he r;.te of l oo°F /hour. 

- - - .• -
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