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In Jamuar, 1974 the Covermert cf India entered irnto agreement wiir
the United Rations Develo,mert Progsrame (UNDP) for the provision of advice
to lginsers India Limted (KIL) .r correxion with the design and constru -
tion of urea fertilizer plantc, “re advicee wa: to te prov.ded by three
experts, or: for rotar mach.r<o, one tor hysr Prissure pipework, and ore

for the partial oxidation Procars,

The exper! for hiqt preszire rirework bepar hic 12 month aLlipnmer
on 9 Decemher 1974 and terminated it on 5 Decemtcr 1975,

The long-range ot _cctive of the proect is to develop qua ckly Indian
capability in the field of fert.lizer manufacture from fuel oil ucing the
partial exidation process,

The immediate objectives are tc obtain proper advice and fuidance
during the detail engineering rtas of the fertilizer pProjects now :n hand,

As regards tle immediate ot jectivee, in particular the design of Ligh
prescure pipesmork, it is the op:nion of the expert that KIL now has sufficirnt
information and expertise to deci/m the ecssentials and to prepare standards
for high pressure pipework including des:.gn of high temperature/pressure
Piping associated with gasification processes,

GCreater safety in the operation of the ammonia and urea plants will be
ensured by application of the safcty policy changes to the process licensers
plant and instrument diagrams as advocated by the expert. These changes
includeds

(a) Relief valves which protect low pressure equipment downstream of
8 pressure let—down of liquid from a high pressure source should be siged
Yo cover abnormal conditions, such as failure of a let—down valve resulting
in loss of liquid and breakthrough of the high pressure gas;

() Adequate isolation between a high pressure system and a low pressure
system,

KIL were also advised io give particular attention to the installation
in chemical plamts of the correct materials,
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A centrelized piping design department, with a Piping liaisen officer
attached to the relevant Project sections, may give better results tham those
obtained by the task-foroe oconcept where the Piping design traughting tean
is attached to the pro ject section,

The process licensers of the fertilizer plants have provided BL with
advisory staff for the detail mechaniocal design of the Pipowosk, Te
expert?®s help has not been utilized in this respect,

The junior design staff of KIL should be given the opportunity to obtain

sxperience of plail construction and commissioning and %0 edtain knowledge
of maintenance probless,

The efficiency of the Company's operstion oould undoudtedly be inoressed
31 the staff were housed in one building or nearer together,




INTRODUCT I

InJanuary 174 the Governnemt of India entered into agreenent with the
United Nstions Development Progranme (INDP) for the launching of a project,
"Advice in Engineering md Process Enginsering for Pemtilizer Projects®
(IND/73/045). The Government co-operating agency was the Ministry of Petroleunm
wd Chemicals acting througr. Brgineers India Limited (RIL). The executing
agency vas the United Nations Industrial Development Organization (UN11O),

The advice was to te provided by three experts in (a) rotary cquipnent 3
(®) high pressure pipework as used in mwonia and ures plants; and (c¢) part.al
oxidafion process for synthesis gas productien.

The formal agreement was oompleted and cigned or 11 January 1774, The
project hed been sutmitied in November 1973 and the proposed start ing date
wes April 1974. The planed durstion wes 15 months.

The Goverment cortribution was to be Rs 405,000 w.d the UNDP comtribu~
tion w1 to be $UNH2,000,

J. Bicholson, expert in high pressure pipework, was appointed on
7 Decemder 1974 and on arrival in Indis was assigned to work with the RIL
Piping Desig Section,

P. San, manager of the Nechmical Engineering Design Section, was sppointed
8 counterpast =il June 1975 vhem K.D. Bamerjee, head of Piping Task<Porce
Pertiliser Group, was appointed.

The objectives of the project wers as followss

(2 leng-Tmge. To develop to the maximum extent md as rapidly s
poosibie Indien engineering design amd csmsultancy capability in the field of
fortiliser mewmfacture from fug) oil, wsing partial oxidstion processes based
on the 1stest technology;

(%) Jamsdistge To oMMain proper advice md guidmce during the detail
GEineering phase of the three fertiliser projects in the following areess
(1) Proper selection mnd spesifiostion of critical retary equipment
such a8 campresetas;

. (11) . Develogment of proper P & 1 diagreme for high-pressure pipework
in emonia end urea plasts frem the operetions point of view;




lasy Proje: election, Tpecification, amd tetailing of Righeprosaure
CTLtert e oo g ures tlatsy

(iv; Mdoptior of prorer technel gy amd ehoice of squipment for the
recovery ol carbor aid its recycling through the miial
vlstaticn reactor, with dep.ats dimposs) of ur=recycled -arbon
A wxliiary fuel, or in the Froduction ef aetive ocarvor,
carton tlacky

(V) CLeckiig or tre vaa,. deslmm supplied by the varsous procers
1i7ervore for thea progectay

(‘.'i) Foourin,s tha Proter o .ute of "t wd-by eTuipment , pares, mMc,,
e proyided frun w o perat ional [OLrt of Viewe
EIL ar~ vortracted in socimtion with the Peye Ingines ring Corpordioer.
of Japar for 1. folliair fartilizer Flamtes ot Phatinda in the Stgde of
Punjab, commissioning imte (Qctober 1977 sma Pariipat ia the State of
Haryana, COmBiceioning dste Feoruary 1978,

The technomnrco om.c fearibility study for the Govervment of Indig
Fertilizer Project (Bhatinda), BIL Job Noe0194, was completed ia
September 1773,

The feasllility study indicated a period of 30 memths frem the receipt
of deasign data from licemger to mechanical completion,

These plamts are each tegigned for thre following evipwts (M/m)l

Mwionia 297,000 (intermediste proguet) (vochmedegy Wy Maldor Tepagh)
Urea 511, 500 (fin.shed predewet as fortiliner) (Ny Pape)
Sulphur 6,600 ( by=product) (wy Toye)

The f-edstock for the process will de heevy feel oil, Goal will be used
for steam generstiom in & ceparste woiler rPlamt,

A drief description of 1he Swificstton, mmenis tpwihesis;, md wee
aynthesis procezses is 8iven in annex I,




1. mMiEsas
EL2iMac dasie Scmeiiation
Pering the empert?s assigeent BIL changed the oPruni atior of ¢ | SV
Gooign frem & eentralized piping design dopartaert 1o the taok ~Por-e arce;
in Whioh each preject sectiorn has ite aum Ppirg design wd detail seetion,
This orgunisetional change dirrupted for sepe tise the ralladeratior witr tre
Mring dosign pereannel. The eapertts Wporionce is that 31 certralized pi;.iny

dosign sestion with & liajsen Mping dosigner attoshed %o the prejeet ect. o
gives botter results. Mscidle rensms are:

(o) More efficimnt woe can Vo nade of the high calidre prping er.cineer;
(v) Greater manpower Menidilingy
(o) Dumand o Mighor Tealified poreernct is redoced)

4) Moo ineentives for premstien %o RMigher goudes wmithir
the piping sectiong

(o) Infermation end Mneviedge of papiag wort 16 cemtrelised
ond more anifernly applied

() Qeoser 15aisen san develep vith other Panetional sectien:,
1.0., voosels sad Sastrumsatetion.

M. MMt AAMNSc) 02 e SRERAL 204 aces Rlicis

o 6eteil Besheanicnl dosign of the M@ pressure Mpousrh was carried
ot Yy BIL 12 ¢)ese scllcheretion with the advicery staff of the plant licemser.
oteshed t¢ WL e services of e aupert wore net wiilised.

Slislazatie is fesi

Gpsstalist nouleige of other disciplines is not readily availadle ami
0o ossllodoretion normally asesciated with chentcal plamt desigh does net
@10t %0 %he wmitent 10 do mpested. The disporsal of staff in three Wildings
renste fren ek other ailitetes against geed calloderptsion.

dadien e atzien o sameri

mumhmtw”-ﬁ-m“'u!m.
%ere dao Som full slicdorettan Dotusen e Precess and operetiens staff
el ovesy offeort heo Vo Gnde Wy hen 10 iaglenent Mo rescmmendotions. e
dﬁMmdhm.Mdn'u!m.
et Bessly % o emstdosuile artent Yomn Auifillel.




duse arexaded

Awv. e was ‘endered to FIL persommel em R following owd octee

‘s Pire ‘es'ing of ball val vesy

07 ‘metalintion in chemiosl pisats of the cerrect anteriale as intendedy
“otarlishment Within the orgamisstien of aa infegmntion seationg
‘uliance notes foe L engiases visiting fereign comtruston)
iPARg se 'idR ~Nech-list)
A ssesemen’ of olectri- posistanee wel dod adingg
(OView and cHmBente n propesed Enamal fer inspeetion sad sxpeditingy
"Xa®ina'10n and ~emments with Poepest te trevings of stane pipiagy
“ommerts fHllewing oxamination of ammenis Plamt * ond ' Slagremey

Assesement of ball w!ve amfucterers’ (Mened]l ond Tager' werts
1¥'T]

Nesponsitiiitios of preject Piping perccunsl and preparetion of
dosign 211 manmal sy

(1 Layout of pipeween ssesciated wiih o sopresser wnd Yy
(@) Supportin, of rebolilersy
‘A upplier of Aigh preseusre val vouy

o) aolation of refermer catelyst twhes Yo aigping the traasfer (pigtail)
rubes (annem ')y

(p) "omments follewing oxamtneticn of wren plast ” end ! Glagraney

() rropeeed a-tien fer woparsiion of high pressnse Piplag steandardey
(r) weliing of all>ys for high tenpesetere Mntteny

() ‘ntermal thermal 1asulation of veessls, Nrmecse ond pipowerh

(t' Desben of Mirk Sempereters ‘sressure Sading semcinted with gass fie
ssiion Preceeses (eramen [11);

(w) Bosign of hNigh preseure tubes and Gotahor of o particnler Meadasd
adaitted (aamen 1V),

lafesmation concerning the following eudjostes me made ovilebl o

(s) “emtrel previems om stens reforning plasts of Jange totagreted
RISRis plamts with cenplen otenn yotenn)

(%) vapouriser feul iag predlcany

(o) Ssleeticn of Bieialo %o resiot potassins mi¢ csevesten )
8 deilers

(¢) w«uomuxmu...m

Ia edfitien, mmumoum-u“m
ma-mmuuummn.m“ aftamte &g .




The omporti®s vt 4> gt ., walt with recommr:-na+tions relat 1ry
te p.at sl

(8) 1t was sigertey trg o progurs Jetedoa, cystoe Licoge ol
be ro poeR B lity Ut evere TRt b e Soaer pregrur e, nerty  Pop
xaptle, ir 81 r@poval of ¢} ~oag ~d ameria ‘rom  high resmure =ty
.o0p Eymien Lo a Jow rrassur Lagr oy tre liniid wmmoria .8 nl.ect-1 in
s edenpet a8 Pigh pPersucr 0 FO vir . and tr. lowel of sgmomin liquid v
combpcliea ¥, lewel vert o) e ot gicr which ol lowe tie liogd -0
te flow Shrough ¢ somrel vai ¢ tC * ¢ low pressure t1ask ‘essel. Pror tre
flesh vesserl %00 1ijadd i3 flowecom o, 0a to the Morage /98s2] W the
flashes @neuis gas 18 Fei mrd Jaer rreseure contrele Ths esiemtial “ecatire
30 Sha8 She Tlamh vaisel must rave a re i f valve 10 protect Jhe ves:«l from
ovePrprecsur. el . on Wd tL® 'nic re.def vaiv Bst be 30 8121 a8 to take the
full @as "Wog shoul: tri-e be 3 ia. l.re T t1 level _omtrol system resu.lting
Mos sgmpiote 10os of liruii wmonis from tra high ;res.ure catchyot awd a gac
bi-aRPeugh inte the Yower [ reciir lash v By,

This seaign cafaguerd wa. .rewy:' to the Wtetic of tre plant licers: rs

Wl it was laer coafimes bt the | wit wesm gal - Lr Lhis respect.

(P) 8 nmder o€ AN we were founu of 3 Ligh ; ressure gymton, .50 ata,
bolng ivelated frem @ 10w [recsurc . tem by & ringle righ rressure valves The
risk hove is that & leaxing high ;v axure vilve or maleperstion ot valves, iem,,
e oonre of o dewmetromm low ressur valve befor the higt presaure valiv-,
00.14 regult in the ovepepressuri. at ior of the lower praesure ripewerk, W.th
tho pressure Qifferamtials iav-lve:, ‘ailure of the low pressure ~qu.pmert
wald W sert gin,

Pellowing Shis advice, « M."re .f specificstions for certain pipelines
@md valves was boing semsiserei iy Fil ia cellaborgion with the plamt
licsnsnge,

(0) 10 wes tooensd W2 wirese case 15 recesvary te moure the installe
S0en 1o dhanteal plte of the corrict mglorialse In resemt y:ares a mmber of
follurws have Gosurved Veoguse of the nistaien iastalldlion of o wremg matoerial,
suib & 59 plghe of 8i1¢ Meel in s vesssl dish should have boen cempletoly
of Jow dllay stesls The immpostior reguireneais t¢ seet this risk are cem-
cbdntuil o




I,  NOODATIONS

To iz rove «xjerience and lmowledg: within the Company, RIL shoul; " ak
ever erdeavour o give the Jounger staff cxp-rience of Plat cormructior. and
CORILCRl LG gy i f Foss.tle, the opportunity to vigit opersting plat: ‘or
diccucsions with perat ing and maintenance | troonnel e

&n cosential “actor ir the design of modem chemical plasts ig tre close
collaboration of rony digciplines, If it i to be fully effective in chemical
freineering censult ancy ang design, EIL chou). take all} Recessary steps ¢, ‘
snstitute speciali.g Fervices and to engure their fu]} involvement and Collam
voration in 411 ariects of the Company?s design and oonsultancy service , The
safet; of plamta snculd receive Farticular attention a8 it seams that some

procese licercepre ape securing more economic initial plant-cost W the ~rosion
°f safety core:dsr + iorg,

EIL . »w poss. ssec the infomation a1 “X.rrtise 4o fomulate standard.: l
for Ligh prescure Firing for ssmonia and urea symthesis plamts, 4 task~force
should be fermed fop the prerarstion of such -tandards and the asscciated j’ '
cpecificationse Tin collaboration of nntulurgi.rvt:. 2 ress shalys.ic 8pecialintg, ¥

and other dleciplineg . necessary and their farticipstion in tajs work ghoul |
be engured,

After a trial repiog of the task=forcn concept as applied to Piping

dt".isn’
EIL should Teconsider the organi

“otien of ity piping design orgmizion, This
#0uld be more effective if a1} sections could be bhoused in one building,

The Corpany zhould rview their imtema] communicat ions so as to kee; the
staff fully infomiea of 211 the aids and SXpertisc awailable,

Pociiily the presemt tagkeforces will develop imto separse divigion: of
the Company, out this is to take & very long-tem view,




E.l z

BRIEP DESCRIPTTION OF PRUCESS FOR ABA PERTILIZER PLANTS

“Eﬂezn
The ammonia plant will have & capacity of 400 tons per strear iay an!
the urca plant wiil nave s capacity of [,550 tone per strear tay of prillod

urea. The anriai on-s'ream factor for each plant will be -30 dayec,

i ) .
Heavy petroleum fractioms are gssified in & continuous non-catalytic
rartia; oxidation resctor under preesure and waste heat ie recover.d as hi.*h
preasure ctear, The carbon produced in the reaction is s:«parated in ‘he fror
of homogeneour carbon~cil slurry, e major proportion of thie carbon is re-
cycled and the remainder is burnt and the heat recovered. Two-stage Rectisnl
proceas 1s used for desulphurization aad decarbonization of the raw gas. Th-

decarbonized gas is then treated in a nitrogen wash unit to reduce the CO and
CO, content to traces.

Mmccois athesis

™e purified synthesis gus is compressed to 200 to 210 ke/on’ gauge
pressure by s centrifugal gas compressor driven by a steam turbine,

The ammonia synthesis plaat is of Haldor Topefe design and ures their
design of quench type ammonia syathesis converter.

The ooupling joints used for the loop pipework are ABA 2500 1b with
metal ring type zaskets.

Lsa mmibepis
The urea plant is designed by Toyo Engineering Corporation of Japan and
produces prilled urea by the totsl recycle process using smhydrous liquid
amonis and by-product carbon-dioxide frem the ammonia plant.

T™he synthesis section inoludes 00 ocompressor, liquid ammonia feed
pmps, liquid mmenis prebeater and 3 nm synthesis reactor.

The opereting conditien in the reactor is 250 kg/ o’ gauge pressure at
a temperature of 200°C,

The osupling joimts for the urea synthesis loop pipework are a special
Toyo trapped joint design.
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ISOLATION OF RSONER CATALYST TUER BY NIPPING
OF THE TRANSPIR (PIOTAIL) TuBRS

The obsect 18 to isolate & catalyst tube that hag failed in ecme Banaer -
either by the failure of 2 butt weld or a longitudinal oplit.

TL> failed tube has to be correctly identified and the exit and iales

Pigtails nipped to stop the gas escaping fram the tubde istc the fumace ‘
chagbers

It is imperetive thet g failed tude sheuld de diseovered o as
poseible to aveid oonseqiential danage to adjsoemt tutes o e T
wallc by the flame from the damaged tube. a3

The failed tube must be oorrectly ummu. Rhervise the
tube may be 1solated and mined,

An absolute isolation is not slwyr obtained, but almost o)
enough to enadle the Plant to de kept on otresa witheut lese op &
further damage, ¢

ldemtiCisatien of & Sailed tube

The following syRptams and acticn By assist in Mdemtifying & failed
tubes

Reduction in the 68 oxit tempersture of the failed tude

A sharp blue pencil of flame from the failure

Local overhesting of other tudes in the vicimity of the failusre
Incondensant briclwork adjsoent to the failed tude

A different noise level ag pieket W W ultrescaic leak detoction
quipment applied te the $0p flanges of the ocstalyst tudes

u.eof.amwmuunmn-rnm leak
Ameumumm«mrmm
swummutnxmdmen tube o

untn-mmmum-ﬂu»m itten of e -
an.dm“NMdm.mu‘




™e process foreman shouid be responeible for ‘the tlenti1cation L tne

failei tube and shou!d te aszsigted in this ‘agk Yty the d.'y or plan' encireer,

Normal practice is to nip the bottom gs oxit pigtail tubes f.rs* reriyze
nipping the inlet tubes first would reduce ‘t.e pas flow and the tute *emperg.

4]

ture, makin: the nip harder to acoomplish on the exit piwwtaal.

lllet £ Rigsi. tutes

Inlet gna p1gtail tuber: are comparatively rocl and tho.r LIpping .o a
fairly simple tank. Esecntial is that the tulte material wi'l w.thotan: @ ro
nipping cperation without cracking. Por thic reascn the t.ges chowly v ¢ s

fairly ductile steel. Tubes of oprdinary carorn steel are subtject te crocking
when nipped.

21l tuLeg

A nowmal op:rat ing temperature or the tubes 1g ac out .,SOCC. The tuvtee
muct te in a nippable conditiom. That isy thire nust not te excessive
carbordsation and the diamctrial growth must de within set limits.

It ic not possible to meggure the carburization when tne piant is corn
line., When the rlant is shut down and 0001, the degree of -arturigatior. may
be measured by an "Elcomcter. If it is asreased that +he tube will be over-

carburised befor~ the mext sohoduled plant shut down, the r.gt~11 tute st ol i
Ye replaced.

the diametral growth of the tude may be checkel when the plant 1s
opersing at the time of catalyot tube failure. This may te dome by means of
& g0 ho-go gauge.

The limit applied to Incoloy 800 tubes is a maximum diamet ral growth of
2 to ) per cemt. A recomd should be kept of the initial outside diameter of

each tube. If a tube at any time exceeds the allowable gruwth, it shouldi be
ﬂm.

el g &

If possible the tube should be nippled at a poinmt which will lcave space
for & further nip, dhould the figes nip %o uamicoessful. Allewance for the
@ocond aip sheuld de on the pressare side of the firet nipy i.c. related to
oAl flow - ialet pigtodl wpstvesm - owdlet pigtail downsatreaa.




‘he arount of ny Ba; te deteminedq by using wedg: gauges to measure the

dictance betweer the ¢lamy Flates of tre nipping tool,

Cire must be taker to aveid shearing the tube campletely,

A Later design ot too, tor the nipping of close-spaced tubeg which are

incorporated to prevent over-nipping.

in
bt envirorment las a ot o3

it shou.i be netey that, accomding to ASTH B407, & 13" nam.

the following manufacturing toleraacess
Cel$ 0.275 0.22%
litc lc'z‘"’ 1065

bore Bch. 140

Incoic; =LV tute 72y huve

Wall thicknecs

Tute outside liamet op

3afetys

Under nc circunstance

c should any sttapt be made to bend pigtaile whioh
have teen nipped.

The

person delegated to examine the nip should have available a4 heat -
recistant

v air-coolcd suit which should be worn if circumstances dictate.

Seners]

ICI Agricultura: Division Ltd  has developed nipping tools which,

together with a detailed 4

cscription of the procedure, are available from
them.

At the furmace design stage the number ad location of the

sight-holes
provided in the furnace chamber casing need very careful consi

deratiom in
relation to the identification of failed catalyst tubes.
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™R ME® OF NMAMOE U8 X THIFEMT IR/ IS BTY

This design sethad has bosn woed for the design of refemmer ogtalyst
tubes, hot gus exit pdpos frem the oafalyst tubes, 1.¢. exit tramafer or
pigtalil tubes, and of Lhe guo-ocllosting namifold tubes. It ean b applied
to tubing required to eperafie ia the cresp stress remge.

The 2aia aspects $e bo cmcidered ia desiging Mg ‘aapersture pipowerk
is the sirength in the ereep Fange, resitance o degredstian Yy the eaviron-
sewt and the weldadil ity of the naterial.

Scagth st

The strongth fastor woually adopled is the strenglh to Fugture ia
100,000 hours. This sizess t¢ rn@Pture say be ohtained frem She dafa provided
by the material nasmfastisrer or fren the caleulated larssa-lliller parmeter
and the larsce-lliller diagrean curve for the partiicular asterial.

The allowable safe design sirese is them obtained by applying a mutab.-
safety factor and the wall thicmess calculated by the use of the mcam
dimmeter formule.

An extre thickmese is allewed for carburizatiom/oxidiastion if comsidered
necessary.

The detailed procedure is as feollewse
A. OWtain the stress t¢ sugbuse in 100,000 hours

(1) frem the namufastusere® dats, or
(34) caloulste the lavesndiiller parnstor frem the fovmmla
Pewlzr (00 100m)
wbere P o lareendiiller parmeter
¢ - cmmstat
. ? - saiem twbe wall temperature (K)
" , R = taskgn 1ife A8 hewre
Pes gomarel w0 € » 1)
-t ¥ « 300,000 houre
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Ee  Froa the Larzon-Miller diagra fimd the mean rupture stregs (rr) relating
to the parameter (P) calculated.

Notes Since the graph covers a range of readings for each pareaster,

the mean value of the curve is suggested and op over-all smfety
factor adopted for cach duty as delow.

Ce Apply a safet, factor to €ive the allowable decign stress (fs) an
followss

Allovatle 1esign stress (fs) « Tupture stress (fr) 1 safety factor, Por
tue dutier indicated the writer suggests the folloviag safety feotors:
Reformer catalyst tubes 0.8

Figtail (tramsfer) tubes 0.8
Henders or manifoldg 0.6

De  Use the mean diameter formula to caloulate the reQuired wall thiclmess
} €iven the outside diameter of tubes

€iven the ingide diameter of tube

R
S ¢ n

where fs = allowadble design strene
P = internal ges presoure
t = vall thigkness
di « tube inside dimster
do = tube outside dimeter

whioh gives

thould be added 1o allow for the certurisstion/oxidstion , sy V32 4. o
1/ 1a. o¢ 1A in, extre.




Note this caloulation is based on the tangential stress dus to the
internal gas pressure. The tubes are generally supported so that the
longitudinal stress is very low in comparison with the tangential stress.

In a reformer tube, degredation of the metal always begims on the process
side and is initiated by carbturization, i.e., diffusion into combination with
the metal, giving & structure more readily oxidized by steam. Because of
the oarburisstion oxidisation effect, the practical operating limit for
H X 40 material was considered to de about 9eo°c. Purther opersting

experience say now indioste that this figure may be increased.

Tre prectice in the writer's exrerience vas that all spun cast reformer
tubes were intemally nachined, With referenca to ethylene fumaces an
cxperinental furmace has confirmed that bore-machined tubes were much less
affected by carburisati:n than as-oast bores,

The transfer tubes on many reformers are designed to take considersble
differential thermal expaniion between the catalyst tube and the gas collect-
ing mamifolds Por this resson they may de long and bent to suit a particular
shape 80 s to secure flexidbility, aocess, and reasomable ocompactness. This
explains the term "pigtail” tube used by some compamies,

These transfer tubes require a fair amount of flexidility., If the policy
of design and opsration is %0 nip the treanafer tube to isolate a catalyat
tube, the transfer tube requires to be maintained in a nippable ocondition.
This means that when the tube material has been carburised to a oertain extent
or diametrioal growth has exceeded a pre=determined amount, the tube is
replaced by & new tube. The trensfer tubes therefore have a fairly short
1ife and it is net necessary to add very much additional thickness, if any,
to the tube wall thickness for carburisation/oxidation allowanoe.

Bldahiliny

The intemal sackining of the spun cast tubes removes the porosity in
the surface metal of the oast bore. It alsc permits & more thorough examina-
tien of the casting materia) throughout the length of the tube. If porosity
exists after the Yore is mechined to sise, the scosptamce of the tube is '
doudiful,

The  Sendtncy of eatalyst 1o dridge across the tuds amd fom empty packets
vithin ostalyst-bed is also reduced if the tubes are Dere-machined.




The information available to the writer indicated the fellowings

Allays of the HP (25/35 Cr-Ni) type although more difficalt to weld
than HK 40 can be welded up to 1 in. in thickness. Alloye with higher alloy
contents, like supertherm and NA-22-H, can be welded with ffioulty up to
3/4 in. thickness. Thicker tubes My be unweldable. Iaformatiea CORCerning
welding should be sought before proceeding with the use of these alleys.

The information obtained from some tube-makers amd ohgineering coatrectors
should be treated with reserve. If possible, iaformation sheuld de odtaiasd from
plant operators. They are more likely to be able to give factual imformation
about the material under service conditiomns. T™he information *Ppplied by Henry

: Wiggins of the United Kimgdom (Huatingdom Alloys of the United States) relaiing
to Incoloy 800 stresses to rupture is an exasple of the dats mpplied by the
manufacturers which may be used subject to the applicatien of the requisite
safety factor and possible ocarburisation allowance.

With reference to reformer gas exit sanifolds, the design sheuld take
cognizanos >f the multiplicity of branches for oonnecting trensfer or pigtail
tubes and ensure that the material removed for these bramches is adequately
compensated,

It is a wise preomution to provide exocess metal in the amifold socket i

branches, to which the transfer tubes are welded, so that when replacement

of the tremsfer tubes is necessary the carburised metal My b ot awey
leaving sufficient sound metal for welding requireasnts,

Aamle calcuistiss

The following calculation snd diagrem for 25/20 Gn-Ni are fyem "A time-
temperature relationship to rupture amd oreep stressee® Y 7. Lavesn and
Jo Miller, Trens.ASMB, July 1952, (page 765).

Reformer catalyst tube - material 25/20 OnNi

A. (1) Inforsation supplieds
Opersting pressure = 300 1be /4s,’
Mxisun tube wall temperature - 900°C
Design 1ife = 100,000 hours
Internal diameter (nashined) « 4 in,
Safety factor - 0.0 Oarburisstion allewenee - 1D ta.




(11) Caleulate Laresn-Miiier pasamster (P)s

P-13z0 @ 8) 900027321173 K
.__nu‘_m O-esastent - 15
XY 5-100,000

Pren laresn-li 1ler diagrane
n-r-n.uumm-um/u’

Allowsdle dosign s99ese = 0.0 2 3000 « 1760 1be/ial

Wall NMC-W
' ol T
-l - AR
te0.370 in
Allowing foe carburiestien

$ o 0,372 ¢ 0129 = OulIT ine

4 nominal wall thicknese of 0.9 in, is therefore the minimmm sound wall
thicknese for the tube &0 installed.
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FRIBARUS FOR M1 MECCURE PIPING

EiL 49 ro* peseess piping =tandarie for the Lish prescure Liieanrs
srvociated with the urea spnthesis or the ammonia syntheui. alove *' o ra e
of the American A.8.4. standards, Bt they have in their pessession * uv.iar:
irwirgs supplied by licensers for wrea symthesis [larts, e pre. -
tampery ure duty of the present =tare smperia vlar'se uce the Pend 1Y ALCLA.
standa 9=,

It wau suggeetei %o BIL that they sheuld estadlisk 3 .mal: etudy rag; 4
coneiior geroral poliay with regard te Righ Ppreasure [irework tariir:. 'at:or
and that the follewing peints may de releowent:

Assesement of the poesidle requirensnts of RIL

Asscagment of information avallebdie

Censideration of the al termative designs

Consideration of the ecomnemios of the varieus slterrative.
Bvalvation of the provices opersting eupertiences

Pesiston on the pressure rangee te de standardised

Pellowing the stuly greus recemmendations, assessment of prieritie .,
prejarstion of werkload prugiusmes, and Bamageneat approval, it was further
suggesiod et o tesh-forve chould o fosmed te carry out the complete lesign
and pregaration of \he stendards and e asseciated speeifications. The
following aspoets wore siven for cencldovntion 4n the selestion of the type of
Joint and ecugl fagt

perianse ia stailar Gsties
Buliadility of seal

Safety - pesstidle failure snd entent

Gvoral] staplietty
Beristanee %0 ‘aapusntuse vartations

Sehised ~eugling Vel¢ Jending, $5.0. Volt stress
Seguisnd Sagoee of shill % Wwhe Seinte

Buse of seaswsttng Sotnte




& csjptance of pipine nisel Aghment

Aiption for sceeptanse of fittings, sush o0 sogfioe plates
Neldang reoquirement:

Axilability of matching oguipnent, valws ¢lo,

vommarieo: of geets

Aoiiance of preliferntion of stondnsde

Siares requi rements

Supplies imtigencus te Indig

A ceptability of mating flangee of diostatl e astertals

d:lgt of Joint sacemtly and serrespanding tabe
O < rall flex: bilivy

L'ring up »f flange:
FrTeired ac esridility fop o flanged jednt
necimtaree to videstion

Rojuired Acourassy of maehdfing

adopted 17 ivem in "Migh vamuu’m A oopy
of this Yosk is in the KIL lisvasy, (Wr. S. Moboww was W ®llagn »

Imperial Chetical Industries (rc1) ia Bglend st resgensdle for s grant fm!
of the 1C1 Derign (Stress) Marmal,)

The following standasds fer hgh preseuse ppmmt lene ring jeinte ond
oouplirgs were made sveiladle te KL fee helr guidance and sepies ore
a8tached (zee appendix).

Lo ls, Dm ascien -uumc

£0%0 2 Garbon steel fignged sige fotate }, K8 )
2 in. in‘m“m
6055 ) Garben stoel flanges sige Jetate ) »° s 20’

660 2 Grien stonl Nangat Mg goiste 390 %0 3 -
Smnesting ) por eant oo, olosl
Mot piped (]
ruu- -, )




bl han [“IRTSVITY Eoasso (ade) Zamilaigs

on ? :\. steel flamgel pipe jeaats 410 tnh " LI
§ ine 8 1ke ROBe bore

6078 ? arten stee! flanged pipe jeinte  41C to 413

SEERSOting  per sant 7, rteel

ot ho.“ oarlam steel

“n)e-u
12 1. ¢ 8% ir, Bor, Bove

600 2 Qe stes]l MNangel pipe Jotate 300 3, e 200”0
% 20easurce for sosiet spusmers
6 iay to g 10, IR, Dore

€1- ? Manget pige joiate - ) per et - i, On
o,
Mo %0 9 AR, Nel. dare

120 (] ) por oumd or. steel flanged pape . e
Jointe ot clcarunse for sosbet

Mn'su.-.n-

@2 8 x-‘m-«—-ﬁ-m o 200%
e %0 /B 10 oel)y Supe

Wese @ cintier stantests dawe Yo esed susccssfully over o peried of
g pure for amsnde goalests plant NomER,

The 1fosmttee av ovaileble 9 MBS 10 SufPictent for them %o prepere
he required standa.ds. IV was caghastond et %Ee and offert are required
e standerdise eash PaRgd Of pipowerh and asetniotel eguisaent, sush a¢ valves
and incteumants. e cefladeration of oy Slociglines 1o rogudred.

Fartesnsre o sogy & ¢ sstaleogue of prSpriotary jotat fittings (Oraylee)
wae nted %0 (5. Tio Yro of Jotnt sing 1o cambidastion with A.8.4. Nangee
fo now weed g 0B, o bemafit 40 @t o Blase 1,300 flangs 40 woed o
@lase 2,99 Gy and %9 Yolt Jending S0 Guite lew.

8 cogy we Htatnnd fren Iriticd Dhgiace Lod, of Bowsastile wpon Dpme, of
1% cotalagne of Migh preamyre walves and eimitted %0 BEL W he cuggesticn
Wt Bose Wivw @il b0 wet o0 oo oFf NP stendasde MP M@ Jrescure
i, Guih witee are wel \y M S0 emy M@ preseure agpltenttens.
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