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Abstract

This article analyzes the causes and treatment of the 

frequently found defects on converters and illustrates the 

merits of regular periodical inspection which would 

guarantee satisfactory performance and economical results 

in ammonia converter operation.

I. ggftfflfie

ammonia converter is a major equipment in nitrogen 

fertilizer production. For its successful operation, not 

doubt, we need rational design, suitable material cf 

construction, good manufacturing technology, high quality 

installation, adequate operation and precise ccntrcl.

Besides, it's important to have regular periodical inspection, 

so as to fina cut the existence of development of defects, 

upon which we can analyze their nature. After correct 

evaluation, proper treatment can be given in time. During 

operation, the defects may develop until a critical point 

or dimension id reached, thus causing severe damage. This 

procedure will discover them early enough for treatment 

so as to guafcannee safety and economy in ammonia converter

operation.



We have established regulations for periodical inspec­

tion and examination of ammonia converters and other pressure 

vessels, which have been successfully for many years.

II. Requirement and Procedure of Periodical Inspection cf.

KinmnniM C n n r e r t a r a

01• Requirement :
Judging by our experience in operation and from the 

accidents occured on ammonia converters in many countries, 

the importance of regular periodical inspection of ammonia 

converters and pressure vessels is obviously attached to.

Many countries including China have established code or 

regulation for regular periodical inspection for all pressure 

vessels in service, China has also made the cede tc suit 

the historical background, fabrication and operation technique,
mmaintenance and existing condition of the converters in 

service.

i-3 the periodical inspection of the converters is to be 

carried out during operation, its time schedule, procedure 

and items tc be investigated have to be well chosen and 

arranged so as to avoid un-economical interruption of



operation and to be able to find any existing defects timely 

and effectively. According to our regulation the periodical 

inspection includes external, internal and overall inspection, 

at a specified inspection interval and witn itemized details. 

Besides, there are special inspections for special cases 

such as resuming operation of converters after out of two- 

year service, installation at a nev site, resuming service 

after modification of vessel construction, etc. Furohernor , 

the details and reguirement are also specified for nonperi 11. 

inspection.

02. Procedure of Periodical Inspection 

Inspection and examination are tc be carried cut or:

"sphere is, a3 is”, with restricted space and. limited condi­

tions, such as: (1) The converter can be turned or moved, 

around as desired. (2) The conditions on site prevent the 

usage of instrument of hi^h precision or of large scale, 

like electronic scanner, X ray stress analyzer, la3cr stress 

analyzer, photcelasticity instrument,etc. (3) The sen3itivity 

cf the instrument may be impaired by the stain or rust

accumulated on the surface of the converter which has been



In operation for some time. (4) In order to safeguard the 

converter in serviceable condition, only non-destructive 

detecting methods are suitable. Measures which could weak 

the strength of the converter should not be taken. The most 

commonly used ncn-dsstructira detecting methods are: magnet 

pigmentation, super-sonic and radioactive detections, field 

met alio graphic or coating film mctaiicgraphic ejcaminaticn, 

chemical composition anlysis, depth of fracture or crack 

detecting, hydraulic test and .resistance strain measurement

According to our experience gained in the periodic 

inspections of pressure vessels like ammonia converters 

and with the above mentioned apparatus a group of well 

trained technecians capable of selecting and manipulating 

the correct Instrument and proper methods for any specific 

job., can, no doubt, detect the defects in time. Judging by 

the scope, size and nature of defects found, effective 

measures can be taken for treatment.

For many years, we have detected a lot of defects of 

ammonia converters in time, including those inherited 

during fabrication stage and those started cr developed



during operation. By correct anlysis and proper treatment, 

we have successfully safeguarded the proper and economical 

operation of so many varieties of converters.

However, new methods of defect detection are now being 

developed and under trials, which will, no doubt, improve 

our technic along this line.

III. The Host Frequently Found Defects during Periodical 

Inspection of ammonia Ccnvert.ers 

01 . The most frequently found defects 

By periodical inspection of ohmcniu converters, the 

mo3t frequently found defects are: corrosion, aecabonizatim, 

cruoac iiii.crJ.ted from fabrication, cracks of welding and 

development cf hair crack3 during operation. The defects

detected uurir.g periodical inspection on 2A converters arc- 

lis^ed in the following table. These defects can be divided
S’

into two categories: tnose inherited Defers servicing, 

suen as cracks inherited from fabrication and welding 

delay cracks: those developed after servicing due to 

operation conditions, (such as pressure, temperature, 

workiig medium and duration oi service, etc.) like defects



Table: The moat frequently found defects

Defects
juiunonia Converters

&
Causes

ho. Percentage

Corrosion 3 12.5 Prolonged sorvice

De-carbon izat ion 2 8,3 Operating technology and 
adequaoy of intervals 
assembling process |

Cracks inherited from 
fabrication 10 41 .7 Quality of fabrication

Welding delay cracks 9 37.5 Welding cechnic

Development of hair 
cracks after servicing 4 16.7 Prolonged sorvice

Cracks from patched 
welds 3 12.5 Welding technic



of corrosion, de-cabonization, development of hair cracks 

or cracking from patched welds, etc. Sometimes, the latter 

is developed from the former category. However, it's obvious 

that most of the defects are formed or developed after servi 

cing, except those inherited from fabrication. ~s the 

converters designed becomes bigger and bigger in size ana 

lew alley high strength steel is extensively used, the 

occurence of delayed cracking caused by welding exists,

Most of defects are detected after several sundred hours ~o 

several hundred days after operation. Thereby, it empL^oizes

the inpcrtar.ee ci the first rcur.d of periodical in sp e e d_

after operation for detecting tuis kina of uefecc.

Development of corrosive defects had' cracks -can 

only be detected after a number cf periodical iaspecticro.

?or example: a crack 3cm. deep, extending- half vf its 

circumference is found inside of a 20g steel 600 multilayer 

ammonia converter after 9 years in service; a 900 unit is in 

service for 3C years, no defect i3 found through regular 

periodical inspections fer all those years, until lately a 

detrimental defect is detected. *e have, therefore, to keep



-8-

on practising regular periodical inspections to detect 

defects ¿n time so as to provent any possible disastrous 

caused by the development of minor defect.

02* The nature of the defects detedted in regular per­

iodical inspection of ammonia converters*

In order to evaluate the seriousness of the defect and 

to find out the proper treatment, ve have to analyze its nature 

and cause of formation or development if an:/. It's influence^ 

by and closely related with the following factors constru­

ction of the equipment, material of construction, fabrication 

process, operation conditions, duration of service; classi­

fication, size and location of defect. Co-ordir, a tien of 

diversified technical knowledge is essential fee the . 

evaluation of defects. The items to be studies are as 

follows :

(1) Investigation of the general conditions of the 

equipment, including its specification, construction, 

operating conditions, records of fabrication, installation, 

operation, maintenance and repair, and especially the 

records of previous regular periodical inspections.
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(2) Loading analysis: to make sure of tiie leading 

condition and working parameters at the locality of the 

defect and its vicinity such as wall working temperature 

and pressure, frequency of stoppage and loading, temperature 

changes, nature and magnitude of loading, etc.

(3) Material of construction: chemical analysis, 

metallic construction and metallographic structure.

(4) Stress analysis: the nature and magnitude of the 

stress on the shell and the determination of the stress 

at the locality cf the defect which can be analyzed by 

calculation and resistance strain measurement.

(5) Macroscopic and microscopic analysis: i'he size 

and profile of the defect and the changes cx its metailcgr- 

aphic structure can be verified by nen-destractive detection 

and field metallographic checks. Thereby, the characteristic 

and causes cf formation of the defects discovered during 

regular periodical inspection can be determined. For 

example, we have a 900 converter with a forged 3hell.

For 30 years in service no defect wa3 found. In March 1980 

a concentrated cracking area was discovered by magnetic 

check, 630mm from its toe opening. There were more than
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40 lateral cracks. It was unsafe for further service. We m 

made the following analyses:

(1) By analyzing aarefully the exis;ing conditions of 

the vessel, the case history of the operation and records 

of regular periodical inspections in the pa3t, it was clear 

that conditions were normal; the defects occured and 

developed not long age.

(2) By magnetic and supersonic checks, wc found that the 

cracks covered an area of 5cm, started from the inner 

surface to a depth of 22-24mm. The individual crack had a 

length of 3-1 Com. We thought that thi3 was the only crackir.w 

stopspet we found on the shell.

(3) We found tne material of construction of t&e vessel 

was unhomogenecus locally through careful investigation

of its chemical analysis, mechanical strength testing and 

metall©graphic studies.

(4) The loading and stress data of tne specific area 

were calculated and evaluated.

(5) I'y making field metalographic check on tae inner 

surface and coating film metallographic checks dn the 

cracking area, slight hydrogen corrosion was found dn
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the inner surface and around the cracks. Besides, non- 

metallic foreign material was found in the cracking area.

In conclusion: it's the result of gradual development of the 

hair cracks and the existence of non-metailic foreign matcri. 

under the inluence of high temperature ana pressure aad 

working medium in the 30 years of service.

IV. Treatment of Detects Detected in Periodical Inspection 

of iimmonia Converters

Through periodical inspection, some detrimental defects arf 

found which are beyond repair and make tne unit unsafe to 

operate any lcngei*. Fur example: we nave a 20g steel multi­

layer ammonia converter 700 in size. When in service, the 

vessel has a local hut opot which nappens quite often,, 

causing local decart jnizaticr.. The carbon content drops 

from 0.19# to 0.05-0.17#. In rfei's impact te3t, ¡¿=0.03- 

0.04kg-m/cm From metallographic study, it's apparent that 

pearlite *a3 completely decarbonized into ferrite. The 

vessel has to be discarded. However, according to our 

statistics, most»'of the converters' defects detected can 

be repaired by proper treatment and we put the unit back 

to service conforming to safety code, and make the best
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OUt of it. In the process cf regular periodical inspection, 

the defects detected are evaluated quantitatively and 

qualitatively to guarantee the s.ifety operation of convertors, 

upon which proper conclusion can be drawn for chosing the 

correct treatment according to the concrete conditions as 

discussed In the following paragraphs.

Per minor cracks on the surface, conventional filing,  ̂

polishing or grinding may suffice. Of course, the strengtn 

of tne vessel should not be impaired; otherwise additional 

measures should be taken. In case of deep cracks or severe 

corrosion, which may weaken the vessel, welding under 

restricted regulations is recommended. The internal stress 

subjected by the vessel in service, which can be determined 

by resistance strain measurement, will serve as a huide to 

guarantee its operation in Safety.

If the defect is beyond repair on sito, it has to ce 

returned to the shop for overhauling. For example: we have 

a 1 190 converter with a single layer welded shell of I4»*ln i

i'loV steel, after one year service, 90 cracks were detected, 

which were welding delay cracks scattering on the inside 

ana outside surfaces. After repairing in the shop, it was
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put back tc service and operated normally ever since.

Moreover, according to our statistics and analysis, 

cracking is the most common defect detected through 

periodical inspections. Refering to the theory of conven­

tional mechanics, no cracking is permissible in high 

pressure vessel. To its contrary, in the modern theory of 

fractural mechanics rapidly developed in the 1960s, it's 

believed that tnis kind of ideal case never exists. There 

bound tc be defect and non-homogeneity. Judging by the 

position and sine cf ths defect or crack, the remaining 

life of the vessel can be calculated to ensure continuation 

cf safe operation, In recent years, the theory cf fractural 

mechanics has been applied to evaluate cracks or defects 

cf ammonia converters as a reference for defect treatment. 

Per example, cn six 1010mm l4i4nMcVB steel multi-layer 

ammonia converters, the following steps are taken tc analyze 

the longitudinal and transverse welding delay cracks: 

determination cf fractural mechanics parameters; imitation 

failure and fatigue test3 of pressure vessel with defects 

subjected to internal pressure; low circulation fatigue 

test on the vessel section with cracks. In conclusion:
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i'he portion with, minor circumferential cracks is not the

weakest point of the vessel, its axial factor of safety

remains adequate, the cracks are not enlarged, and the
4residue life of the vessel remains ever 24X10 times, even 

though the portion without crack fails tangentially. It*s 

estimated that thede six convert era with circumferential 

cracks of 42mm (max.) in length will remain in service for 

another 20 years cr mere under the designed operation 

parameters.

The acoustic emission tachnic developed recently h^s 

been used during hydraulic test of pressure vessels for 

detecting the occurence any development of cr-.c-ic ana 

the starting point of cracks for determining t^e ¿.ammeters 

of fractural mechanics. We have few occasions using 

aceoustic emission technic for detection of pressure vessels 

in the field.

However, according to our experience in the last few 

years, acoustic emission teennie is proved to be effective 

in the field detection for disclosing the progressive 

activities of the sub-critical cracks during operation.

The acoustic emission technic will open a new phase in
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field detection of defects and the trend of treatment.

V. Conclusion

From the foregoing discussions, It's obvious that a 

pressure vessel as ammonia converter bounds to nave some 

minor defects or cracks, because its fabrication is rather 

complicated, it subjects to high temperature and pressure 

and is ia contact with, corrosive mediums fcr long time 

continuous operation. Sven though it's well designed, 

constructed with carefully chosen material, skillfully 

fabricated --.nd strictly tested defects f^una during 

■.cn'oric-tion or developed in the course of opc^aticn are 

un-avcidable. We have to rely on periodic?! inspection to 

detect the defects in time on- to repair them by properly 

chosen treatment. That's the way to kevp the equipment ir 

Oood working conditions fcr long torn cper*jt-$:n in s&f* iy 

and good economy. Our regulation concerning periodical 

inspection of pressure vessel such as acmcna- converters 

and tne like is practical. It's an effective means to 

safeguard the equipment achieved an economical operation. 

By practising periodical inspection in the field, we may

encounter some restrictions, difficultied or inconvenience
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However, by utilizing proper chosen treatment, no doubt, 

ve can detect the existing defects in time and treat 

thee effectively to achieve the goal of safe and economical 

operation of ammonia converters.




