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REPORT 

AddendULl 

At the end of paragraph ii) ~ Tl!e ar~icles referred to ca~ be found in 

Chemical E'gineering, 12 February 1<379 and 12 March 1979; 

id.B0-)0'.)29 



O!,·~niza.-;ion ot~ ":he C.:insul1;ation '!i!eeti::.g 

In a.ccorda.nce nth ":he resolutions of ";he ln~ria.l :Developmen"t 

3oa.rri. of ;JNI:)O, wilich st:-essed -:ha neeC. f.:Jr training of na:tio:ca.l 

pcMotmd for ind.uetrial development, UNI::)O -:o~her with -;b,e 

..'ra.b Jeci.erat_~cn_ of Chemical Fertilizer Fr-'lciucers (A.:~) hold a 

Semimr in Baghdad., !:aq, lll Ma.rr-1-. 1978, on :!ey ?actor-s of 

~sing P::-odr..ctivity ill F-ertilizer Plant&. It ;a.a a. :-esult of -;ru.s Sem.i!lar 

that UNIUG -pro"90aed. t_o SAmJV~-~ ~~ hold ": 1?-is Technical Consul ";atiol! 

on Corrosion in Fertilizer Pl~so 

The pro~e _ _!c~--t~a go~~~t~~n ~~~ns_:>~ ~=~-~o~~~tion,; 
i.n kind by SAEDV!X U together "Al.th "the Swedi3h Cvr:"Oaion In.sti"tu"te. 

?i:cancial assistance anci. suppo" was also obtained ~rom the Swedish 

ImernP.tioual Develo!>Dlent ~uthority ( SI:!lA). 
--- - - ----·- - -------- - - ---- -- -

The Consul~ation Kenin« wa.a ~ttu.ied cry- 11i.%temi participants 

trom ten different developiJl« coumriea. 1'~_e 1~trial J~elupment 

Cmtre !'or Arab States ( iIIC.\S) r')l!resentative, Mt-. Jaaim !ti. Ganim. 

attended. the meet~a.s a.n cbae?"'Ter. 

Mr. L. !.J.ndblad. 

SI:::JA -..as represent ad cy 

The teclmical prognmDe lB8 ,1a.nned by s.umvIL U in close 

-=o-o'Pera-tion with U"lfIDO. Mr. C. Keleti, Senior Industrial Dneiopml!D"t 

Officer, Chemical. Indnatried Sectior, ~ of:icer in cliarge on behal! 

of UifIDO, with Mr. W. Kaael npresentin.g ion-C'~ermnenta.l Organization 

and 3usinoas a.nd Industrial Ins-ti tu·i:iO"l Co-o'Perat:.on Section of tm:DCJ. 

The :neeti~ were chaired bf' ~. !ils~ran Passon of ~ ~. 

The cons-u.l" .. .-:\tions inclft.ded the following a.c:_ntiea: 

Th~ f i~ two days vere d.ncri ed. to 

Ste.l aeaea.rcll Cmtre ot Silll>r.X .lE: 

series o! lectures at 

- corrosi~n resistance and tes-t1ng methods; 

- ·qti.a.Zrti ta.tive :1«ta.llogra-phy in production control; 

- :nech.anica.l ;:>ro!)er<;iea ai::.d. -;eating methods; 

- 'lfeldi~ methods and li&terial3. 

-------------------
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It ..as combined wi-:h visits to the r~aearch la.borai:~ries a.t the 

Steel Research Centre. Two d.s;rs ·.rere der7oted -:o nrrievillg 

materials problems in some basic processes and to the presentai;ion 

of sf:Ven papers by' the participants on corrosion problems in t~eir 

respective plants. Countries presenting papers included Bangladesh, 

China, India., Indonesia., Kuwait, Xauritiua and Saudi Arabia. 

During 'he11e sessions the pa.rticipants 3.:~o !J.a.C. -:::.e o-pportu.n:i.ty 

to Visit pa.rt ot the SABDVIX steel melting anC. -;ace ill'Ociuetion plazrta. 

Tue f'if'th day' '188 spent in Stockholm !fi. th the Swedish Corrosion 

Institute (SCI) during which sessions were devoted to a.tmos-pheric 

corT011ion, corrosion inhibitors, anti-rust pai?Iting and a. 'Vl ·dt to 

the SCI laboratories. 

---~------

• 



----.ls an introduction to the presemation-of coimtcy pa:pers ~DVIK -

gave a. stat~s repo~ on eacL. individ.ua.l p!"Qcess anci.. t:ne ma:teri.als problems 

associate~ ·.ri.th it. 

Anlnonia Plan'ta 

Bangladesh 

Mr. M.:>. Sa.yeed. present~ his pa-pe:t" .rn/WG.305/5 on the ahorasal 

660 ?fl'/D cwnonia/urea plant. In his presentation h.e ?Ointed ou-t 

several process design bottlenecks aa well u corrosion arul 

fouling probl- nperienced a~ the Ghoraaal plant. In particular 

he mentioned tre reformed. gas waste heat boilers mere fculing 

occur:'ed frequantq a~er start up of the plant due to plugin.g 

of the header,drai.n lealca.ge of tube sheets of the ~etha.nator 

effluent economizer. and f:!"eqUent failure of #el~ joint in the 

elbow pol'tion of the outle+. line :.':-om the m;etha.na'tvr. ilelcii~ 

joint also failed in the inlet: of the synthesis economizer a,'T; -:he 

outlet of synthesis converters. He also listed. a ?IWDbe.r cf tube 

failures in heat excbanger3.Amongs't the remedies he listed 

preventive :nea.au.res taken at the plant ~nst corrosion. These 

included 

a) 4:!J.e use of pentavalent ~enic in solution as per design, 

meinta.ining cl:ioride and i::-on coment in solution at C.esi~ 7a.:.ues; 

b) the use of limii:ed dose of !i'V'tirazine in the BFW after 

daa.erator :o minimize dissolv<9d oxygen; 

c) the a.ddii:ion of po~.hu&t>hates i:o the boiler; 

d) the ad.di~ion of chlorine a.nd poJ..nhos~h.a.te c.i:l...-oma'te 

to the cooli~ tow~~. 

~ 
Mr. Yilie Zhong :-.f the Chemical Industry De9ign and Engineering 

Insti tut .:J presented a pa-per on "t'"l!=iC3.l eqni pmen"t corrosion 

phenomenon in J.a.r~e seal!'! ammonia plauts" !D/".iG. ~03,' .:l. 

In th.is ;>r"!eenta.tion the followi~ wer~ rev~·Jwed: 

":i' :teboil _. cor1'0sion: 

c· 

-~--~-~ --- ~ --
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In the discussion tll.a.t followed, i: was ?Ointed out !ha.t ~n case 

of reformer tubes emphasis should be givm on material selection 

for the tubes, the mamll'a.cturing and welding proce<in.res !o be 

used and inspection techniques developed and available to· estimate 

t~e residual life of th.e tubes as follow up of the case study 

presented in the paper. 

In ease ot the circulating pump comidcration could b"I 

given to use ilSi-414 or :n-Reai.at iron could b~ an answer 

to the pump impeller. 

~ 
~ case study on the stress corrosion failures in reformer 

furnace ccmponents was present&d. by ~. C. V. Srinivasan of 

*-dras ?er.il; .. ::er Limited, I!)/WG • .303/3. 
In his conclusions he point r,d o•rt that heat treai:ment of the 

stub and weld zones to mill-ai:meal te1111>erature (980°c) is 

practical and WC'Uld considerably bring down the rnicma.l stresses. 

The ~e~i~ual str~sses will be less than 20 per cent of the 

yield s+.reas. The method a.ppean to be an effective "AY to reduce 

the irlCidenma of stn111s cc;rroaion in the future. 

In the discussion that followed. it wa.a pointed out that 

a. likel:r possibility of dev point condensation existed causing 

stress corrosion failures. 

Indonesia 

In absence of Mr. U. Sumitro, his pa:per on th, cor:-osion of 

co
2 

stripper gas reboiler in P.T. Pupuk,Sriwi.djaja, ies presented 

by SABDVIX rgpresei:rta.tive, ID/WG.303/2. 
Daring the discussion that followed, it was pointed out 

tha.t the problem in the stripper or reboiler is generally due to 

";he higher temperature (> 120°c - 130JC) ..,b.icb. may :-eS'..i.lt in 

concentration, loss of inhibitors and also higher velocities. ~he reme~y 

tnought ey thP. author of the pa!)er was to insta.11 a. re~ric"tinJ?; 

orif~ce a.t the iiqu....d inle1: nozzle ;o increase the total liquid 

fi.ot-· nn the "ho"t end" of the "t"eboiler. 1'h.l.s c-:Jrrection ioli.11. be 

evaluated. during t.he nex! shut down in 198c. 

---------



-:--

Mr. Lillld.ell of ~ :::-eviewe<i. !he e%perience i::i. a. pa!)er pr~sezrteci. 

c::i urea.. E:e rr.iaved. the :::i.istorica.l ~und of 

a) Total recycle ~cess; 

b) Improved total ?'9ey'Cle proceus ', :~nteciison); 

c) Stripper process ('.'":a.icari>on1 

n " ( Sma P:-ogett i) • 

In close co-opsruion with Stuicarbon SAIIW:X: developed a. stainless stee: 

2BE6s(25C:/22B'r/2.iXcf11) ~c: at:ripper tubes resulting in a followi:c.g eq:ien----~~= 

- '?he presence of o~gen in the process sol'!Itioi:. will lcee~ d.own 

corroaion rate bT keeping the stainless neel pa.esive; 

Increaae in -:eaperature wi:l accelerate corrosion rate; 

SABDVIX 2BE69 .a.a.a higher mechanical. strength t ban 

316L t;nies and ha.a better corrosion nsistance when 

compared with 316L or 317L. 

Stress 

2BE69. 

Sa.udi Arabia 

is a.l.so better ·ritb. 

Mr. I • .U Malcanzi presented. his pa~er on the following 

corrosion problems at the ~ 4rabian ?ertili:er Conzpa.n;r ( SL-'"'CO), 

I.!l/WG.303/6: 

a.) Corrosion in the urea reactor boi:tom: ":he repair of -the 

unit was made by a.n overlay .,eld uai~ ~hemanit 19/1 SE: 

ll.a.viDg superior corrosion resistance to ~ 316L origin.all:! useri.; 

b) Corrodon in ME.\ heat e:mhanger used. for desulphuriza.tion 

of NG where SlFCO faced corrosion problem in the d.ome side of 

MEA heat excha.llger. The following suggestions were made by 

the partici~ants: 

i: Use of a purifier 3hould be ado'!)t ed to reduce ~he 

i~n cont en1: in tr e ME.1 301 ut ion ~ccordin.g to Mr. Sa7eeC. 

of :3a.n.gladesn: 



Kuwait 

,. 
-o-

ii; Mr. 3erner of SANDV!X pointed out that there 

are some good publications on cor.!."Osion in ~ exchange~ 

ma. -.a.y of a.voiding such corrosion. lie volunteered ~o 

make these ~ublications available to Mr-. Ma.kanzi of SA..t"'"'CO; 

iii) Mr. Nabi of Kuwait suggested th.at molar ratio 

should -ce kept l"v to a.void corrosion; 

iv) Ml". Srinivasan said that in India he also faced 

vapour corrosion. Re sugested cla.d:ing (plain 18/~-­

~~lvu_!~~pblem; 

v) FolloviJ:l8 references to EA. c .. rrosion were given: 

a.. llydrol.&rbon processing, ~st 1971, pp.109~111 

';Stop MEA,.....(,,')? Unit Corrosion"; 

b. Hydrocarbon Processing, September 1973, pp.151-155 

"Gas Plant Start Up Problems". 

Mr. B.S. Abdel Na.bi pretlented his paper, IJ:)/WG.303/7, 

on corrosion problems experienced in aanonia. and urea plants. In b.is pa.'91!r 

h.e highligi:Ited the corrosion problems connected with 

a.) Sulphur removal; 

b) Natural gas steaat reforming; 

c) CO coIIVer3ion; 

d.) C o2 removal and recover:r system; 

e) Synthesis gs.a compression and aanonia synthesis; 

f) Cooling Systems. 

Duri~ the discu:Jsion that followed. the experience on the use 

of 316U and 26/1 for handling ·~M./NH3 ca.rbama"be solutions with 

reciprocating pumps were high.lighted. The 316Lll SS has been used 

in high pressure pipes success:fu.i.ly in connenon with urea solutions. The 

u;;;e· of ferritic material( 26C7.'/1 !t!o) attracted in-:erest 8 - 10 years 

a.g-o. It resulted,however, in intergranular corrosion and brit~leness 

after ·.,eldi~ and ha.a, therefore,not been used to great erterr.. 



Sulnhuric lcid ?l~rrt= 

~erience frcm a sclphuric acid '?lam in T-:misia ·.ras 

summa.ri zed by Mr. :a encila.r!'a.da: 

a) For th~ eascari.e cooler fabricated o:~ iro:i, pittiz:.g cor--osion occ-..ir:-ed. 

on the inle-t and outlet parts. The tmirpera.ture of the a.cid was 

100°c a.t the inlet (bottom) and 70°c at the outlet (top). The 

high temperature was erpla.:ined b;r the fact that the inlet and 

outlet parts ·..rare -plastic coa.i:ed and tlr.is only pa...-tia.11.y cooled • 

.1mong tile proposed solution.s of the proolem, more effec-t:..ve 

plastic coa.tin.g and stainless stee.i ._-ere me!Itioned.. -.- stainle9s stee.:.. 

is to be used, the whole cooler should be -ucilanged and :!lOt only 

the corroded parts, otherwise problem& ·.nth galvanic corrosion of -:he 

carbon steel is expected. Sinc:e the temperature is :::"a.ther high, 

plastic coa:tings of PVC or 3imila.r mat eria.1. ilere not reco111Denci.ed. 

b) ?or the absorption acid of 100°c stainless steel type 2<Xr/ 

_0~i/11~51i_!o/i.5_Cu_(~ 5), corresponding to SANDVIX-2mC6§, ~been 

put in to replace cast iron o:::i which corrosion problems had ocCUr:"ed. 

'!'he S1:air..less 3teel had been in service for one year now with.out failing. 

c) 
--- -- --- - - -------------

Corrosion problems ~i: the ~ube plate inlet of so
2 

of 430°c en 

tubes of SiCrAl were mentioned. 

·i ~ l.:i ~he a.bso~tion column a"t the ".l.pper part for col'ldensation o:"" 

sulphuric a.cid 316 tY!le of steel had been rspla.ced by UB 6 C.ecause of 

the very high corrosion ra.te • 

.lno~her question was rai3ed ~bout co1TOsion problems i~ s~o~~ 

tank:3 for sulphuric acid. Cne of the answers ;ias that if "the liquid. lev~:. 

could. oe varied !'requent.:.7 and corrtiIDlousl:r, ther~ ·..auld oe no ccr-"".)s:cn 

problem. Abo r'.lober llning ·..as p~9oaed. 



Mr. Srinivasan poi?Ited out the Si-?e ma.teria.l ( 14.5 per cent 

Si) to be suitable for sulphuric a.cid. 

Mr. Coma.rmond. co11111ented on the difference between the sulphuric 

acid of up to 40 per cent concentration and the ··non -.iater like" behaviour 
.... 

a.t higher concentrations. The a.r.:tivit:r of :a· in the concentrat~ acid in 

diffi-lllt to evaluate. 

A corrosion ca.ae in sulphuric acid prodnction was mentioned. 

In a ioucle pipe heat exch.~r (see figure 1), corrosion 

as e""tPerienced a.t the inlet. 

,Ji'-------~ 
.;-~~~sulphur 130°c 

~ . corrosion 

ti 
Fig. l steam inlet 140°c 

Suggested solution~: 

a) Change of the S1:eam direction; 

b) Change of the "nozzle" ri.eaign. 

Nitriding of 304 in rich synthesis gs.a (synthesis Side) a.t 400-
o 500 C was discussed. Which service life can b~ erpected? 1s an 

answer it wa.s claimed that a.1107 800 has a. very good resistance to 

nitriding at temperatures up to 550°c due to its ru~h chromium and 

nickel content3. 1.ISI 30L1 has a. reasonable resistance to nitridir'..;;;-

at iOO~C in the order of 0.02 'JIIJJ/year and i3 acr,ept~ble also at 

somewhat higher t~mperat.ures. ?err1tic stainless steels have a hi~~er 

~itririiZU?" rate than ~he ~-3tenitics. 



~·T. ~s"ter~o.:.m ;-resen-ceci. -:ne paper "SJ.lnJVIK Sanicro 28 a. 

!:u.g-n a..:..:..cy spec:.a..i.. ~"tee.: :·or ::iea-; exchan.gers :n :;i!i.osphor:.c a.ci.:i 

?.l3.?It s" . 

Questions were raised a.bot:.t <;he ~s. ':'-o. th.a-; ~. Keleti 

ha.C. the expuience :cat a:t lea.st a.Uoy 20 "::rpe of ::ta.inless st eel 

·AS necessary. However, pumt>a fabricated of ORABtJS :=16 or SENRI:OT Z!V9 

have _supe:o:-i~;- Hai.stance against eorroe~on when hand.ling phosphoric 

acii s.1.urries. Fluorine scrubber3 fan impellers ·Aere epox;r coated 

'5'.aatelloy "C". They stood 1.ip for a limi-:ed. time. ?~r:-~:ti~-a.u_~eni--=ic 

s-ca.inlesq steels show long serTice lives ;,i:z.eu u.seC. in the :gumps. ::n :srae. 

"the ::.mpellen of PVC 'ilere at-:a~l.ced by 3:C1. In :toll.and P'lC a.gita'tors w-:re U" ·:i 

(the acici there held 1000 ppm Cl-, to be co~ared .n.-:b. Jordan !"Jcic ·n-:h 

3000 :?PDl c: in the process solution). 

-- ------ ---·-- ---------------

In ;ihosphc ric acid cone.mt rat or, i-t wa.e poi.I:.tecl. olI't -that :::tea."t 

~r tubes ma.Ce of Sa.nicro 28 have sup .. .rior performance 

co~a.rt~ -..nth earl~~- test~ci.:_~~erials, e.g. )l'ionel __ (alloy 82.5). 

'!'he qo.estion ·..ra.s raised if taere was a:ay ~~erience of Sanicro 28 

in -:he tube reactor in TSP produc1:ion. The answer was no, ~1; ,juci.ging' 

by "th.e pro-pertiee of Sanicro 28 SANDVIK expectA this alloy -;o '::le 

·:m econnmcally very att::-a.cti'le alternative for inst.::\llce ~o E.a.atei~oy C, 

~e problem in !J.anciling HF from phosphoric acid !"eactc.rn 

;.iaa mentioned. H~telloy C 14S sa.id. <;c. have a limit ed. serrice 

lif1_ as fan bla.c'.es in contact with SiFJ.-~" A high-c~miun alloy 

•..,a.a recommended., since crromiun in t ~.e alloy ..,er.r st~~2.7 decreases 

tile CO!"':")aion :'3."t e in solutiOOEl con"ta.inin.2' ? • :':TPe 2".'Cr/3 l]"i/ 3 • 5~/~. 5Ca 

·-;.1._ ... ;z~i1e 3.n i:icres.3ed sernce :i:'~. 

------------ ------------~------- ---------------
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Hard.facing was ment::.oneci. as an alternative to solve erosion­

corroaion problems. As 3Uitable bard.facing alloys, stellite, 

:itn-alloyed C-steel and ferritic chromium steel were s~ggested. 

Hard.facing with stellite bas solved erosion-cor!"Osion problems 

in spinning baths. 

It was pointed out that really qa.alified. welders were needed. 

!or bardf'acing. Otherwise there is a. risk !o_r improper operation 

a.mi low a....herence of the bardfacing layer resulting in spalling 

of the layer. 

It was ment:onsd. that l"ll.bber lining of piping and tanits 

oft en was the simplest and cheapest solution of corrosion problems. 

There are, however, difficulties in estimating the service life. 

?tt:Luri t i us 

Mr. G. Coma.rmond presented his paper on case histor:r in a. 

nitric acid pla.nt, ID/WG.303/1: Corrosion problems encow:rl:ered 

at Riwritius Chemical and Fertilizer Plant. 

He described in his paper the failure due to corrosion of the 

tail gas rehea.ter used in the high pressure aanonia. o:z::ida.tion process, 

ca.usizig cracking of the tube sheet ma.de of 321 stainless st eel ( 18/8) , 

ta.il gas temperitl.g' heater, where 304L tubes have been replaced by 

SAlIDV1X 3RE60. In this conne:z::ion the author qa.estioned whetil.er SANDV:K 

2RE10 would not have been a. more appropriate replacement. CoITOaion 

a.t the cooler condenser fabricated of SS tY'9e 430 was also 

reporter a.nd described a.a crevice corrosion in this ver.r 

informative pa.per. 

SA1IDV:K recommendations included cerlain tests to be ma.de 

in the field and offered 'their 9P.rvices 'to evaluate 'the same. 



It ·£e ?Oimeci. out by ?tr. 'leleti that in NPK-~rr.ila:t ion 

";here a.re a.brasive conditions in the ~umps. .d. !'::-ecr.iently ~ed JJaterial 

for ca.sin.gs a.nd. impellers in the USA the fer:-itic-a.U8temtic Cci.
1

)1;il 

( 26Cr5Ni2Mc 3Cu) in Ger.n&ny" 28/ a. Mo anci. in UK British. a~eci!":. ca.t ion 

R-53 were us1:sd. Mr. Keleti promised to send !i!r. Comarmond tb.e 

r1!leva.nt specifications. In gomeral, ferritic-a.ustenitic 

or ·:a:-'iena.cl~ :' '!::"!'::::;.-: 3i;a.inless st eels are used. to solve a.bra.a ion 

problems. Commen--;a ·..;ere ma.de on some problems in puarps, i~ellers, 

storage ta.r.kz :n ;;.n ~onium nitnte plant. 316 im"Pellers :'ail 

vaey fa.a-:, while plastic impel.:.ers give an ~rovement. 

In a. storage tank for NII'1N0
3 

- slurry steam heated 316 h.eai;ing 

coils pitted. TyJie 25Cr/22Hi/2.1 Moill as recoaaend.ed. to solve 

this problem, since this grade ha.a a. be-cter resiS"tance to pitting. 

1 V1:1.lve in .USI 304L is fr~'Uentl.y corroded in contact ;ri th 

ammonium nitrate 14.0°C. Tyi;>e 25/20 wa.a recomnended as a. replacemen"t. 

A back pressure va.lve corrodes in a. week in a slurry of ~,:;o~, .. :; 

phosphoric acid a.nd KCl. A change in design to a. ball valve ..as 

recoD1Dended, also a. change< of ::a&t aria.ls to Duriron ( 1A..5Si/Fe I or 

ca.rbornnd.nm. 

T-.rpe 20Cr/34Ei/2. 5Mo/3Cu/Nb and duplex stainless steels ( e.~. 

22cr15.5Ni/JMo/N) were also mentioned a.a alternative :aai:eria.1..s. 

Construction Materials for Seawater Cooling 

Mr. Ma.ts '!1ynell, SL"lDVIK AB,pr~sented b.is paper introducing 

the subject, 

In conne:r~ . ..in <nth -:ne ?resentation o~ his pa-per "Cor:-osion ;iroblems 

er;>erienced in ammoru.a. a.nr< u.r~a. plants" ~. lbd.ul Nabi mentioned -:ha.t ;...:J. 

testa oein.g- run wi·:h ll.107 625 two tubes we.re pl'.l.ggeci after onl.7 -toro 

month~' 3ervice. The fa.ilu.r~ could be due to 3ome fabrication defect, 
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but it was difficult to ju~ the true cause si?lce the inves-tiga.tion 

w.a not finished.. In any case the infoni&tion wae 7eT"J 3UTPrising to the 

audience considering that llloy 625 ( 6Hfi/22Cr/9Mo/3Fe) bas -oeen mown 

to be practical~ immune to seawater corl"(.,sion. 
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::l. ~e ?ar.icinant..; ~aluation 

Sixteen pa.rtici?ants anci. one observer !'!-om the developing 

countries complei:eU. the eval';!ation :or.ns of ~rr:::c. 

The general concensua or the opinions is 3.S follow: 

The prcgl'Bmllle of the ?eclmi.cal Cumulta.tion on Corrosion 

in Fertilizer Plant a w:.a. appropriate and sufficient i~ concep-::, 

but the dura'tion was too short. Ten daiYts to two weeks would. 

hr•e been better for duration ti.me allotted to C&rr7 cut this 

progl'Bale. 

?40&1: of ":he participants considered the si::e of the group 

ad.equate and felt they imegrated well into tne group. 

The aJority of the participants :!'el-: thai: the practical aspects 

should be stressed. and felt that 1110re emphasis sllould b& given to 

veld.i.Jlg proced.ura of stainless steel. They felt that the 

theoretical part and. the nwaber of plant visits were ad.equate. 

The coverage tor individual studie!! w.a too little. 'The 

t raj n; ng mai: e.cial used -. adeqnat e. 

The time al.lotted for professional c:c~ with t!J.l'J exp6...-ts, 

fellow participants a.nd. organizing stat!" waa su:tf'iciect. 

The part i ci pa.ma f' el't that they cenef'!t ed from ~ n1t exchange 

of information with the professional staff a.nd. other pa.rticii)anta 

but to lesser enimt t°?'Oll tile f~017' 1ta.f!'. 

The general opinion a;preased on vh.ther the pro~e wa.a 

r'!levant to the situation in their coimtries was divided. 

!tfa.jorit7 of the participams reco1111encied tb.a"t -:he :;:>M~amme 

3 nould be r~~ea~e~ i~ 1.nO~he~ devela~ed count:""?" a.s they benefiteci ~!'()m ~he 

meeting to a sufficient e:i:tem; anri. -:hi3 ;rill be !'9cognizer i::. ~!:l.ei:-

h.ome coimtries. 
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~tions and ~oamendations by panicipant11 are a.a follows: 

1. More data and consideration should be given to ~he economic 

aspects on ct.rroaion prevention. 

2. Coum?'1' papers preseming case studies should be distrii:nlted 

~11 pa.rticipan'ta at 1-..rt one 20irth before the Consultation 

11ff"t1~ is co11Yened to allow prep&rer;ion ~or their con'tribution. 

3. !be practic:U side of the Consultation should be ~ized, 

particule.rJ.7 u fa.r u welding procedure9 are concerned. 

4. S>re empbaeia should be given to fabrication of equipment, 

h•t treatmcrt ,f'om:ing, cutting ami inspection procedures. 

5. Fertilizer prochu:~ shou.l:d be inrtted. to participate and 

prueut. their own experiences in corrosion in their plants. 

IV. Conclusions a.:vi Recoamendatians 

Conclusions 

Th.a• waa a general ~-ent amongst the participazrta that 

a) the progrume provided for the '?echnical. ConaultAioion meeting 

11&8 :satiafactor;r; 

b) they benefited f:-011 the programme and obtained Villuable information 

on corroaion to take back to their home countries; 

c) the ~ime was too short to enter into sufficient detailed 

discussion on certain a&l)ecta of corrosion and how to prevent it; 

d) the material aspects of corrosion were well covered in the 

various papers p: aemted., but some practical a..pecta on how 

to prevent co?'T'Oeion could have been dealt with in mere detail. 



~· t. ~ ' : ' . . ' . ., .. ~ 

__ ., s-

!tecome:iciations 

·!'here .-a a ~eral ~"!emen;: amongst the par:icipam s "=ha;; 

ai future consultatio~ ~eetings on corros~o~ in ~ero;ili=er 

?lams should oe convened~~ and ~hat in or.ier -;o cover 

the subject ll0?'9 fully a--: lee.at -; an days to -;"° 01eek3 sboul.C. 

be allocated f1Jr this 11eetillg; 

'b) in order to ~rove the prog:'Bale, it .a reco-endeci that -:he econoau. 

as-pec"?;a on corrocion pr~en-tion ahould. be increaaed fc,,r i'il.~ pro~ 

c) an increased emp.b&ais_.siiculd be given to ~ical aa-pects of 

cor=asion prnention a.mi tha~ such as welding procecillres, e<rllpmet:r: 

fabrication techniques, heat treatment, fomill.g anci. inst'ection proceci::-

d) a. f'o."Cllre progrsmn should also include experiencl!S of :'ertilizer 

mazmta.cturers; 

e) coumr.r papers should be c.irc::1lat e<i. a ~l!th before t.lle =:en 

meeting to selected. par:icipazrts in order tha~ -:he;r can :Jl&ke --;b.ei: 

appro¢ate contribution a:t the meati:ig. 



Country 

Eanglad.uh 

~, Peopl4 1 s 
Republic of 

!!:!!! 
CROWltilll:!Y, ?oizul Haider 

ZHOIC, !ili e 

Egrpt, Arab Republic HA.XU, *imoud 
of 

OMB, Rizk 

India. SAIT, A.. Iaail 

SRill!'T~, c. 7. 

Addrff s 

Chi~! Eng:i.neeX" of 1;he 
JlaiDt enance De~11e:nt 

Una Fertilizer ?actor,r 
GhorN&l 
Dacca 

.!i:lclitioml Chief Operation 
X&mpr 

Ure& ?er:ilizer ?actor:r 
Ghoraaal 
Dacca 

Deputy Chief Enginee:r 
Chemical !miuatr,r Pla.rmj~ 

I.nstitute 
Peid.llg 

Deputy Chief Engineer 
Chemical Imiuatr,r Design acd 
3n.~eering Imti tut e 

Ch~"'• Szechuan 

Head of Izist>ection Depa:-tment 
A.bu Qir ?ertilizer and 

Chemica.l Ind.uatry 
Uuanciria 

!4Lin1: enance ~r 
..1.bu Qir Fertilizer anci 

Chemical Indnatr.r 
Alexandria. 

Plant Ezigineer 
The Fertilizer Gld Chemicals 

Travam:ore Ltd., 
Cochin Diviaion Ph.I: 
P.O. i.mb&lame<iu, Pin 682303 

Senior I.na~ection ~~neer 
~ ?ertilizer :td., 
M!Mi:J:'aa 6 OCC6 8 
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Countrr 

Inci..onet)ia. 

Kuwit 

auritiua 

Saudi Arabia 

Tunisia 

Superimend.er.t o:· ~pec:ic::: 
Je~1:11ent 

P .!'. ?u>ri 
Sei Sel~...r 
P.O. 3ox c84 
?al embi;.ng 

.lllIXJL JA.BI, Baha'a El-Din Corrosion Inspector 
Petrochemical Indnstries Co. 
P.O. Bo:c 91 16 

COJam!Cls1), Germain 

Ahmadi 

Procus Enginf"dr of the 
Tecl:nical :C .. ~ment 

*11ritius C!iemie&l. and. 
?ertl.lizer :nd. 

P.O. "3o:c 344 
Port-Louis 

Saudi !a.sic I:ldnst?'!.es Co~., 
P.O. Box 5101 
Rij1Milr. 

X&im ~· ~-Ueer 
SA?CO 
P.O. 3o:c 553, DCllZlllBll 

Prodnction ~ 
General :?er;ilizersCo. 
P. o •. .Bo:c 280 
Roms 

ETo j ect En.gineer, Ammonia-urea 
General Fertilize~ Co. 
P. o. 3o:c 280 
;101118 

:aJmCRARRADA., Mohamed -------rec.b.D.ic&i-,ldVi3er on 
1Ch8lifa. ..lppro-pria.t e Tecimolo~ 

Read ot Seetion 
S.I.~.P.E. 
~of~ a Postal "~" ---­
Sfu 



Obse:"V"en 

Name 
GAll!X, M. Ja.sim 

LnmBUD, T.,a.rs 

LUEJ',, w. 

IEI.ETI, Cornelius E. 

Address 

Industrial :levelopment Centre 
for Arab Stat es ( IIX:..\S) 

~ lm.e Robeapi9r:-e 
'l'wli s, Tunisia 

(tela CCPMAG 12337) 

Techr.d -:al Adviser on Appropria.t e 
T•.clmologr 

Read ot Section 
Svrldiah International Dnelo~ent 

Authority (SIDl) 
Birger Jarlsgatan 16 
S 105 25 Stoclcholm 
Sweden 

Industrial Develo~.mt Of!icer 
Non--Ooven:imental 07:ga.nizations 

and Business and Industrial 
In.stitu~ions Co->peration 
Section 

Unit ed. ?rations !:ndustrial 
· Development Organization (UliDO) 
P.O. Box 400 
A-1400 Vienna 
Austria 

Senior Industrial Dnelopment 
O!!icer 

Chemical Industrias Section 
unno 
P.O. Box 400 
A.-1400 Vienna, 1ustria 
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--------- ·------ ------ -----·-- -----·------------··· - - - -

----- --=------- - ------= ----:----· - - -- ·---= --

TECHNICAL CO?lSULTATIOl O!J CORROSION u ?EaT!t.:ZER PUN'l.:i 
Sa.ndviken, Svaden, 27 - ~ 1 A.wmst 1 a7q 

---·---- -- ----- - ---·- - -- --

!umber of participant a: 
----=---=--=- ~--=--------... ' 

16 participants a.mi 1 obserTer 
comple1:i:lg thia form, Year: 

The following sta'tistics emerge: 
------- ----·-- --· 

appropria.te 

not appropriate 

If not <!.ppropriate, please sta.t~ ~·1h:;: 

1979 

2. ifuci.t i:. your opinion a.eout the levol of ";he ;,ro~2!:".=ic? 

too high 

suf!"icient 

too low 

3, I~, in your o;i~ion, the progr~.me: 

too ::ipecia.lized 

tuu >.,..,..~,, (cov"',,...;,.- •.,.·o 
"""- vu.\.l. ' '-- --·~ .., 

correct in it::i concept 

:nuch too ::r.or-+; 

.... ,,,,.... __ ,,,.... .... 
~u- - '.;....,.,, 

- ~ ·' '"". ~ ............. , .... ,, . .,' 
., .., ~ .. - ~ ..... 

? . 
••• ;,,. ·.:·oc,..;. (by eig!lt pa.r+;icipa.nts, 
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too J_ :o..r :,·-; 

.:. ... ,_ ,_')r;:'.l : ... ·..: 

toa 

.. ._.,..... ... .... -· ... . 
,.-...... 
L_;: 

!"117 L-..=.-

,.... -- ~ .. -~..; .: .... - ,- ... , .. 
~- .... ~ .L .... 1 ··-·.;. "".1. 

~::..~1.. ~ ·:-: ~- '2 :.:-: :. ...; 

a~~'-·' .;·:~(;. :; • 

(~.\-· '" ... ::::-::. . .:· .-_1 0 ... U !_;\i~i_r::_i..~.:_...);.:iJ.. l···.rr-._"':_~ ?!"::'f'"";~:::.c~> 

IJ:i:;::ic.:..~::.::',~. 

iI r:o:, -···J· 

i'• ;t , ... _ 
~·~-:..: j:1c..::y ~n' .. ~~: ... -<.~"..:.iCJ.l.i.l.·.:.~;';, vr a·l2r~:~w.::.i:·:.cd 

·?. i7ha:t iz yc".;.r or:L:.ion a'::out the ffCneral chu..ractcr of: the proi;ra.mr::c 
Should it I i!'l u-oi..:.!' o~inion be: 

mere 

a:; it 

8. Ho~·r ,.:a.s, in :,•ol:r opi~ion :.) the c:.nount of practic;:,.l :raini.r .... .:;? 

too much 

adcq1.ia. t e 

too little 

too rr.any 

adequ.._tc 

too fc:.; 

too many 

adequa:e 

too :e;•..; 

b) the a.mount of theoretical studie~ (lectures): 

c) the number of study vi~its: 

Plc;:..::;r, ::;t2:t.~ your ::::-..ic;:r:stion !.or chan:;cs, if an.y: 

9. ~n1at i3 your opinion ~bout the time allotted for individual studies? 

toe 1:-.uc:i 



with staff of ~he 
factoric::;: 

yes 

no 

yes 

no 

yes 

no 
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for a nrofc~sic~~: 

12.. Did JOU ce1:'3fi t f~om "tha.t exchange 

•t1i th ir~ i:I".ictor::::: much 

little 

with :cl::..a•·r much 
par~icipants: ::..itt::..e 

~ith ::;taff of ~he much 
factcri~s: little 

Ol 

13. Did. ;rou feel ~ha.t you could. influence the prog:-cx.me conten~? 

much 

somewhat 

little 

not a.t a.d.l 

14. Did you find the progrc:..rrur.e as conduct~d relevant to the 
si tua.tion in your home count::": 

to some extent only 

to a ::ufficient exten"': 

15. D::> you :hi:-..k -:hi::: p1--og:-:.irune should '::le !'C!pe<i:ted? 

no 

.. ,....; ·:· .. -............ _,, 



..... ~ 
,J..u • 

,~ 

-1. 

r: ~ ... -.:::' .. \# :-__:.: -· .. 
-= .... 
.:.. -· 

in : .. li.C :...;~ . .:.:r~: ,_;v~.::: ~ :.·~· 

Lu~ ~~~~~~r p~ac~ 

in :'.. rie·rr:;lcpin'_~ country 
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I)o :roa f~e!. -':.iJ..::".-t :r::n.i.r ?a~ticip2.:tio!1. in "'.,hi::; ~ro:_::::-<..rc':'e 
i1~G 'ct.!:-:~fi~-~~,_: ~r~":... pr-'JL~::sionai:~{? 

to a very s;;nll c~te:nt m 
to ::;one e::-:ent ~ 
to a :::;1.A.ff~c~e~!-~ c:·::tcnt 

rr; 
.__} 

to a l1il=·~: 2::-tcnt I? ? 

to a ~~c~t ~=-:~e:it r::-7 -V8:J."°7:,r 

15. "l)o you tr.i!"ll~ -:::<:. t the ·11l2.l i!'icat ions yot~ :7.~:r ~a-;c n::quir0d. 

will be :;.~ec:Jc::-"-i:..:2d. in you::: hone co-..:.nt·:r? 

yes 

no 



_,,,,, ... _ --

:.is<: of 3ack~und. P1ne!'s :Jrov:.d.ed. ?y SA.1.'TIJV:K _;.:3 3.n<i Siledish Corrosion ::::ls"ti 4::~.r: e( ~c::: · 

;,u.G..;.ity ;.ssura.nce - a. :.ru.st in the P!'Od.uc-tion 
•Jf Depencia.ole ::ons-::::"J.ction Y,a-;;aria.ls 

2. CarT'!nt T.:rpes ~f S'ta~ess Steels, lickel 
.llloys, ~itanium, T'.Ultalum and Zirconium 

3. Chemical ma1.ysis Serv-ice to ?!'Odu.ction 
Control and Qu.ali~y 1ssura.nce 

4. Qua:Ititative Metallograph;y in Production 
Contrcl - especially refarri~ to Non­
metallic ::nclusions in Steel 

::;. :.fechanical Properties and Tes'ting Methocis 

5. various 'I'J?es of Cor!'Osion 

7. Standard. Specifications :or Stainless ~be 
a.nd Sheet 

3. Some ispects of Manufacture of .lpparatus in 
Special Yiateria.ls 

9. Stainless Pipe Componen:ts, In't!'Od.uction 

1 O. :felding Methods 

11 • ~a.ruling and ;./elding of ':.ilbes in'to 
'!''.lbe-eb.eet s 

12. Welding Met aria.ls, ;;el ding ~etall urg:r 

.l.mmonia. 

1 l. • ~Titric Acid. 

• c:: 
I ~ • ur~a 

Sulphuric .lcid 

1 i. Inorganic Fertilizers 

Phosphoric Acid. 

.... a Cunstr~ction Material3 for Sea.water Cooli~~ 

R. !{iessli~.g-

S. ~e~rci.sson 

:a. Karlsson 

:a. I.ltrk 

:i.-G. Persson 

S. 3eI'!lharosson 

!t. 'Ost er!iolm 

3:. Gyllens'ten 

L.M. Larsson 
m flestbers-

3. Lund.qvist 

3. :..undqvist 

3 • Lunci.qvist 

3. Larsson 

u. '..;..mci.t!E 

J. :unci.el::. 

s. 3ernDa.r:iason 

TJ • Lundell 

a. usterholm 

a. \1 . . .• 
~ e.!..~3't:ri:m 
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20. Presentation of SCI 

21. Activities at SCI in the ?ield of Informa'tion 
and Education. Film "Corrosion Prevention 
b7 Design" 

22. Atmoe-pheric Corrosion 

23. Anti-rut Painting 

24. Corrosion Inhi_bj.tors 

AUTHOR( s) 

E. Mattson 

G. SVendeni>ls 

V. Kucera 

L. Igetoft 

A. Thorin 



L1st of Pat:.ers 'Orovid.ed by 0iC:JO as Back:r--ound In.fcrma::ic.~ 

SYMBOL NO. 

ID/'WG.221 /e 

ID/:iG. 221 /22 

ID/WS.221/23 

ID/WG.221/JO 
( :D/171) 

Stress Corroaion Craclcing in Ammonia. 
Plant a 

Cor:rosion P:roblem in Air Sepa.ra.tion Plant 

Co?TOeion Control in Ammonia Plants 

Ret>ort on the UNIDO/FAO :nterreg.iona.l - . 
Meeting on Safety in the Design and 
Operation of Ammonia Plants 

Mer7yn E.~. '!'urner 
Imperial ChemicQ.J. 

Imiwr:ries Limi~' 
.1gricult-:.a-a.i. Jiv:.s:.. 
3illi~, l.;1{ 

.l.S. Cha-cha. 
J''!rtilizer Corpora.­

a f L"'ldia. ( ?CI ; 
Gorakhpur, India 

V.5. Pilla.i 
Zuari ~ Chemica~.,. 

L-: ci. • 
Zuarinaga.r, India. 

UN:!)O Secretaria.t 



SY?mOL 'JO. 

!D/WG.303/1 

ID/WG.303/2 

!::l/WG.303/J 

ID/w1i. 303/ 4. 

!D/WG.303/5 

ID/WG.303/6 

I:!)/WG.303/., 

rn/-..ro.303/8 
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LIST OF P~ (PART!CIP-~Sl 

Countq Pa.oer 'by Mauritius 
Corrosion Problems encoumered at 
th6 Mauritius Chemical and 
Fertilizer Ind.wrtr,y 

Countr;r Paoer fl'Om Indonesia. 
The Corrosion of co, Stripper Gas 
Reboiler in P.T. Pupuk Sriwidjaja, 
Incicnesia. 

Countr;y P~ner from India 
Stress Corrosion Failures in Reformer 
Furnace Components 

Countrx Pa.oer from -:he P'!Onle's 
Re"DUblic of China 
A Presentation of 'l'j'1)ical EO)l.i~e!I'C 
Corrosion Phenomenon in La.rge Sea.le 
A.mmcnia. Pla.?Its 

Countr;; Paner from Banzladesh 
Urea Fertilizer Fa.ctor.r, Ghorasal, 
Dacca, Bangladesh, 660 mt/d ?Tatural 
Gas baaed Amnonia Plant 

Countl";'[ Pa.ner from Saudi d.ra.bia 
Special Corroeion P!'Oblem and -:!le 
Re-pair a.t SAFCO 

Countr;z Paner from Kuwait 
Corrosion Problems experienced in 
Ammonia. and Una Plants 

.!L'TROR( S) 

G. Comarmond 
The Mauritius Chemical 

and Fertilizer 
Industr,y Ltd. , 

Port Loui!!, Jll.uritiua 

u. s·wzaitro 
P.T. Pupuk Sriwidjaja 
Palembang, Indonesia 

C. V. Srinivasan 
Macira.s ~ertilizers Ltd.. 
Madras , India 

Yilie, Zho~ 
Chemical Industr.r ~esi.l!?l 
and ~eering Insti -:U't e 
Szechuan, and 
Wei.min, Sun 
Chemical I!ldnstr:r 

Planning Institute 
Peking, China. 

M.D. Sayeed 
0:-fV' ?ertilizer Factor.r 
Ghorasa.l, Dacca, 
:Eangladesh 

I. 11-M:Lka.nzi 
Saudi-d.rabian ?ertilizer 
Company, ~.FC8 
~, Saudi 1ra.bia 

B.H. A.bdel Nabi 
Petrochemical Industries 
Co., lhmadi 

Kuwait 

• 
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