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Abstract
This article analyzes the causes and treutment of the
frequently found defects on converters and illustrates %he
merits of regular pericdical insvection whick would
guarantee sutisfzuctory performance and economical results

in aamonia converter cperation.

I. ZPreface

samonia coaverter is z major equipment in nitrogen
fertilizer production. Fcr its successful cperztion, not
dcubt, we need raticnal design, suitable cuteriul of

conssructicn, good manufucturing technclogy, high qualicy

t-

ncicllation, adzquute creration and precise ccntrecl.

cesiizs, it's important to nuve regular nericdical inspectic

80 ws to fina cut tas existance of develcrment of defaets

-

upcn wiich we can analyze toneir nature., nftcr correct
evalu.ticn, preoper treutment can be given in tine. During
operetion, the defect3 may develop until z critical point
nr dirension i& reasched, thus cau3ing severe damage. fais
procedure will discover them early enough for treatment

80 138 to guutantee Safety uad economy in ammonia converter

operaticn.
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We hauve established regulations for pericdiczl irnspec-
tion and examination of ammonia converters and other pressure
vessels, which have been successfully for many years.

II.

01. Requirement:

Judging oy our experience in cperation and from the
accidents occured on ammoniz converters in many ccuntries,
the importance of regular periodical inspection of ammcniz
cecnverters and pressure vessels is obwiously zattucied tc.
Mzny countries including China nuve esteablished ccde or
reguizticn fcr regular pericdical inspection Ier all pressure

va2ssels in service., Caina 2z

al3c male tne 2c4e tc 3uit

)]

the histcricsl oackgrcund, rebricaticn and operution techniqﬁe,
maintenance and eiisuing concition ¢f the converters in
Service,

48 the pericdicul inspection of the converters is to ue
carried out during operation, its fime Scnedule, procedure
and items %tc bte investigated have to be well chosSen und

arranged s¢ a8 to avoid un-economicul interrupticn of




operation and to be able to find any existing defects timecliy
and effectively. aAccording to cur regulaticn the periodical
inspecticn includes external, internal =znd overall inspeci.c:.
at a specified inspectior intereal and witn itemized datails.
Becides, there are special inspections icr special ceses
such as resuming operation ¢f converters after out of two-
year Service, installation at a new site, resuming service
after oodirfication of vessel cocnstructior, ete. Fursuerzmor ,
tae detuil3 and reguirement are aulsc specified ror nenjzers 1°.
inspecticn.

02. Procedure of Periodicel Inspecticn

Inspection und examinaticn are tc be cerrisd cut cn sdas.
“where is, as is", with re3tricted snace =znd liaited oraii-
tions, suck as: (1) The converter cen de¢ turned or moved
arcund as desired. (2) The conditicns cn Site prevent the
usuge of instrument of high precision or of large scule,
like electronic sScunner, X ray sStress analyzer, laser Stress
unalyzer, photcelasticity instrument,ete. (3) rhe sen3itivity
cf tue indtrumeﬁt may be ispuired oy the stain or rust

accumulated cn the surfuce of the converter which nus been




in operation for some time. (4) In order to safeguardé tks
converier in serviceable conditicon, only non-destructive
detecting metnods are suiteble. Measures which could weck
the strength of tre converter should not be tuaken. Tae zcst
commonly used ncn-destructive detecting methods wre: musneti:z
pigmentwtion, super-sonic and radicactive detections, field
metallographic cr cocuting film metullcsraphic examination,
caemical composition enlysis, depth of fracture or crzck
detecting, nydruulic test and resistunce strain measurement.

acecerding tc cur experiznng grnined in the pericdic
inspections of pressure vessels like ammocnia converters
~0d wita thoe above menticned apvaratus a zroup of well
trzined technecisns capable of selecting wnéd manipulating
the correct instrument and proper methods for any sSpecific
joby can, no dcubt, detec*t the defects in time. JudBing by
the scope, size and nature of defects found, effective
measures can be taken for treatment.

For many years, we have detected @ 10t ¢f defects of
ammoniz converters in time, including those inherited

during fabricution stuge and those sStarted cr developed




during operation. By correct anlysis and proper treatment,
we have successfully safeguarded the proper and economical
operation of so many varieties cf nonverters.

Howerver, new methuds of degect detection are aow veing
developed and under triais, wnich will, no doubt, imprcve
our technic along this line.

# III, The Mcst Frequently Found Daefects during Periodicai
Inspecticn of ammonia Ccnverters
O1. The most frequently found defects

By pericdical insgzetion ¢f wmceniu cunverters, the
m.3t frequently feund dcefects are: ccrresicn, decabonizaticn.
eracas luacriited frem fabricativ.s, crzcks of welding ana
devalcepmant cf hair crociis aurisg ogeration. The defzets
detintes auring pericdical insvection on 24 z2caverters ars
125%24 in tie fullowing table. These defects cun ve divided
into éwo ca*tcgericd: tnose innerived vefcre servicing,

Suca us cracks inherited from fubricution and welding
deluzy crucks: thcse develcped after servicing due to
ogeraticn conditions, (Such us pressure, temperature,

workizg medium and duration 0f sService, etc.) like dstfects




_——-_——

Tuble: The most frequently found defcets

ammoniu Converters

Defects &
Causes
No. Percentugo
Corrosion 3 12.5 Prolonged sorvice
&
. ]
De-carbonization 2 8,3 Operating technology and

adequucy of intervals
assembling process |

Crucks Inheritud from .
10 41,7 Quulity of fubrication

faubrication
Welding deluy cruacks 9 37.5 Welding cechnic
Develoupment o1 huir
crucks after servicing 4 16.7 Prolonged service
Craucks from putched

welds 3 12.5 Welding technic




of corrosiocn, de-cabonization, development or tuir crucks
or cracking from patched welds, etc. Sczetimes, tue lattier
is developed from the former category. However, it's cbvicuos

that most of the defects are formea or develuped afier servi

ct

cing, except these inherited from fabricativn. =S the
converters designed becomes bigger and bigger in size wzd
low allcy high strength steci is extenaiveiy used, the
cccurance of delayed craclkzing caused oy woeldlisx exisus,
Most of defocts are detected after several aiaared acurs 4y
severzl hundred doys wfter operation. Tuereby, it zmpi..oizes

the crtance or tn
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after operation Zor d4ctecting tais kinc of uefs2s.
Tgvelopment c¢i zorrceive defects iu tadr ciraCks o
only ve 22%cCte’ nrlter e number ¢f perivaical iLispecticrs,
For exrmploe: a »rick 3mm. dscp, extendiug Laii of its
sircunference is found inside of a 20g steel 600 multilcyor
ammoniu converter arlter 9 years in scrvice; a 960 unit is in
service for 3C years, no defect is found Shrcugh regulac
pericdicsl inspections for all those yerrs, until lately -

detrimental defect is detected. We have, therefore, tc keep
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on practising regular pericdical inspecticns tc detect
defects in time So as to provent any pcssible disastrcus
caused by the development of minor defect.

02, The nature of the defects detedted in regular per-
icdicel inspection of ammcnia converters.

In order to evaluate the seriousness of the defect und
to find out the proper treatment, we have tc anzlyze its nature
and cause of formaticn cr development if any. It's iafluencca
by gnd clcsely relzted with the following foctoers constru-
ction of the equipmcnt, Baterial of constrﬁgtion, teorication
Frcoess, cperation conditicneg, duration of service; ciusssi-
ficevicn,3ize und location of defect. Co-crdinnticn of
diversifizd techniecal incwladge is essentizl fce tue .
evalucticn cf defects. Tne items to be studieq are 3
follcws:

(1) Investigaticn of the general ccnditicns of ths
equipnent, including its specification, construction,
operating conditions, reccrds of fabricution, installation,
operation, maintenance and repair, and especiully the

reccrds of previcus regular pericdicel inspections.

o~

———




(2) Loading analysis: tc¢ muke sure of the lcading
condition and working perameters at the lccality of the
defect and its vicinity Such us wull werking temperzture
and pressure, frequeacy ¢f stoppage and lcading, temperature
changes, nature and magnitude of loading, etc.

(3) iaterial of construction: chemical anslysis,
metzllic construction and metallogruphic Structure.

(4) Stress enalysis: the nature and magnitude of tka
stress c¢n the shell and  the determinaticn of the stress
at thne lceculity cf the defect which cun be anzlyzsd oy
calculaticn and resistuiice Sirzin meusurexent.

(5) Mucroscepic and microsSccpic anulysis: s cize
and profile of the defect =nd the chanzes ¢I i%s metolilogr-
Gpuic structure cun be verified by ncn-destructive detection
=nd field metcllographic checks. Thereby, tue chzracteristic
and causes ¢f formution of the defects discuvered during
regular pericdicul inspection cun be deteruined. For
example, we have a 900 converter with a fourged shell.

For 30 yewrs in serwice nc¢ defect was fcund. In derch 1980
a ccncentrated cracking area was discovered by megnetic

check, 630mm from its tci cpening. There were more thun
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40 lateral crucks. It wes unsafe for further service. We m
made the following analyses:

(1) By analyzing earefully the exis:ing conditions of
the vessel, the cuse history of the operution znd records
of regular periodical inspections in tne past, it wus cleu
that conaitions were normal; the defects occured and
developed nout long age.

(2) By magnetic und superscnic chec¥s, wc fcund thot tre
crucks covered zn 2rea of 5Scm, 3tartcé frovm the inner
surfuce to¢ a depth of 22-24mm. Tac individuzl croack hid a
iength of 3-1Cmm. %We thcught that this wus the only crackin_
3tepspct we found on the sheil.

(3) We found the muteriul of ccenstructicn of th= vedsel
waS unacmogenesus lccally tarough cucrerul investigation
¢f its chemicel anz=lysis, mechazniczal strengti testing wnd
we tallographic studies.

(4) The lcading und stress dut. (f tae 3pecific areu
were cezlculated and eviluated.

(5) Dy waking field metalcgraphic check on tw.e inner
surfuce and couting film metullogruphic checks én the

cri.cking area, slight nydrcgen corrosion was found dn




the inner surfuace and around the crucks. Besides, non-
metullic fereign muterisl was found in the crucking areu.

In conclusion: it's the result of grzduzl devel .pment of the

haeir cracks and the existence o¢f non-metallic foreign muveri. .

under the inluence of high temperature wind pressure a.d
#oriting medium in the 30 yewrs of serwice.

IV. Treatment of Detects Detected in Periodicul Inspecticn

¢f ammonia Converters

Thrcugh pericdiczl inspection, sScme detrimental defects wre
found whicn are veycnd repuir wnd muke toe unit wisale to
operate any lenger. Fur exiaple: we aave @ 20g stesl aulti-
lzyer zmmoniua converter 700 in size. Waen in service, the
vessel azs z lceil uutv apobt wuica nappens juite often,.
cuusing locul decartoniziuticn. Tkhe carbon cuntent arcgs
frem 0.19% to C.05-C.1 7%, In Hei's impect test, X=0.03-
O.O4kg-m/cm2 From metullographic study, it's appurent nunis
peurlite was ccmpletely decarbonized inte ferrite. The
vessel hus8 tc be discarded. Hcwever, accuraing te cur
statistics, mec3t of the converters' defects detected cun
be repaired by preper treautment and we put the unit buck

to service conforming to safety code, and make tne best
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out ¢f it. In tne prccess cf regular pericdical iaspecticn,
the defects detected are evuluuted quuntitatively and
quulitatively tc guarantee the s.fety coperution «f coenverters,
upon which proper conciusion can te drawn £cr chusing the
correct treatment according to the concrete cunditicns 25
disggssed in the fullowing paragraphs.

For minor crucks on the surfuce, ccnventionul filing, /
pelishing or grinding muy suffice. Of course, *ae strengtn
 f tre vessel should not be impzired; othsrwise zdditiinul
measurés should be tuken. In cuse of deep crucks Lr severe
currodicn, which muy weiaken the vessel, welding undsr
restricted regulzticns is reccmmended. The internzl stress
subjected by the vessel in service, waich cun te detzriiized
by resistance 3truin measurement, will sServe =3 = gulde to
guurantee its cperaticn in sarety.

If the defect is beycnd repair cn sit:, it hus tc re
returned to the shop for cverhauling. For excmple: we nave
a 1190 converter with a single luayer weldea Shell of 14in
MoV steel. arter cne year service, 90 crucks were detected,
which were welding delay crucks scattering cn the inside

anu outside surfuces., ifter repuiring in the shop. it wes
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put back t¢ service and cperated ncrmally ever since.
Moreover, acccrding tu cur stutistics wnd analysis,

cracking is the most common defect jetected through

periovdical inspecticns. Refering t¢ the theory ¢f ccnven-
tional mechenics, no crucking is permissible in aigh
pressure vesse.., To its contrury, in the moccéern theory cf
fructursl mectunics rapidly developed in the 1960s, it's
believed thzt tnis kind of ideal cuse never exists. There
bound tc bte defect und non-comcgeneity. Judging by the
position and 2ize of ths defect or cruck, tihe remaining
life of the vessel can be culculated tu ensure ccntinuation
cf safe operaticn, In recent yeurs, tce the.ry cf fructur:l
Zicnwnics nus teen aptlied to evaluute crzcizs or defects

¢f zmmeniz converters us ua reference fur defezt treatzent.
Pur exanple, cn 8ix 1010mm 14/mMcVB steel multi-luyer
amzonie converters, ths fcllowing steps zre taken tc anzlyze
the longitudinul und transverse welcing delay crecks:
determinaticn ¢f fructurul mechunics parzmeters; imitaticn
fuilure and fatigue tests of pressure vessel with defecté
Subjected to internul pressure; low circulzticn fatigue

test un the vessel secticn with cracks. In conclusion:




fhe portion with mincr circumferentizl crzcks is not the
weukest point of the vessel, its axiul fuctor of sufety
remains adequate, the cracks are not enlurged, and tke
resSidue life of troe vessel remains cvar 241104 tines, even
tacugn the portion without crack. fails tangenti:=3ly. It's
estinated thut thede Six converters witih circumferentiul
crucks of 42mm (mex.) in length will remezin in service for
ancther 20 years cr mcre under the designed oper=ticn
per:meters.

The uzcoustic emissiin tuchnic develiped receantliy hrus

-

been used during nycraulic tesSt ¢i pressure vesssls fur
detecting the cccurznce of any develcpment ¢f cor:ci and
tie starciang pcint <f crzeis fir deternciniang tee arimeters
cf frocturzl mecaznics. Ye aznve few (c2casions using
accous{ié emissicn technic for detection I pressurz vessels
in the fielu.

However, uccording tc vur experience in the last faw
yeurs, acoustis emission tecnnis is proeved tc be effective
in the field aetection fur disclusing the pregressive

activities of the sub-criticul crucks during operuticn.

The acoustic emissicn technic will open = new phuse in




field detectiun of acfects anéd the trend of treeatment.

Conolusion

From the foregcing discussicns, It's cbvious that a
pressure vessel as ummoniu converter bcunds tu nave soume
minor defects or cracks, becuuse its rubrici:tion is raetaer
uOMPllCét&d, it subjects tc hish temperature and pressure
and i3 is contuct witn corrcsive mediuns fer long time
ceatinucus operaticn. Bven though it's well designed,
cuastructed «#ita c.refully chcsen meterial, sSkilliully
ﬁnnjcateq . ad strictly tested defects Iruna during
‘raric.ticn r develcped in the ccurse ¢f cpes.uwliilzi are

un-avcicakle, We auve %u rely un pericdicel jrsmecticn

cacean trewitoent. Thut's tae way t2 keep Tue equipment v

~

o-ud wirxing conditicns for leng torm cnersticn 4o safsiy
il good econowy. Qur regul=ticn ¢ bncerning pericdicul
inspeeticn ¢I pressure vessel Such wS LLIClLz. scaverters
und tne like is practicual. I's an effective merns tc
=feguurd the equipment achieved an eccncemizil cperuticn.
By pructising pericdical inspecticn in the field, we may

encounter some restricticns, difficultied or inconvenience




However, by utilizing proper cacsen treataent, nc dcuot,

we can detect the existing defects in time und treat
ther effectively tu achieve the gcal of safe and econcomiccl

operutiocon f ammoniz converters.







