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{nerease in Amcnis profwstiem. Plant cape xitiss of 1300 M. T/dey
o4 shove, at eme time oonsidered gigantic smd wtepdo,have besame
s realiyy. With the increase in w.pacitiecs, there = am attempt to
aquesse all the energy poseible eut of vaste process heat for
inereasing thermal officiencies. Theso have lel to iatrieste plemt
1oy outs vith imerease in sises of equipment, pipelimes, bends and
olbevs vhieh in rn have imeressed the vulnerehility of plast te
fallures and thus affesting safely Ve beth oquipsnt and pereamnel.
Emoe the need for safely.

hd sp\lty Chie? mneor, The Fertiliser Corporation of India Ltd., Trombay Unit,
India

1/ T™he views and opinions expressed in this paper are thoge of the author and do
not necesearily reflect the views of the seoretariat of UNIDO.
This document has been reproduced without formal editing.

1d,75-9253






1.1 Sefoly inn operation ~nd naintaran o iy nwenticey e funed
with rainteining continuity of produntion =% ita coe® 7 ralely to
aam, material nd machines. ertainl they av¢ ir »-11 1, €
2ualy in oporatian and maintenancs af plents [r attsa’nd, production
foldcm, produstion continuiw im ut <a. u oo pucsan L@ af o,
mazh'aes and material vill dinprovs, i vur voowr e hive ade an
i2leiob to 14st out soon of the major scfoty nsrn~a i-bereat in any
faconie plant 1 4t cperation aud muintenna-e, o cttemt iz clso
Lale 40 ot out scaw of the safs precticcs tind wili go ﬁlmc way in
crercomdng thoso hazardms sitwtions, Strcan haa hoon ladd parti-
erlirly cn oparation and main‘anance of Alr (dquifreiien plants in 02
g7 ilication processec, handling of catalvets, ‘h.ir salety, reduotiem
o7 corrosion and erosion, their emtrel in voicu  fustions, pre-
uittlve aad prevantive malntmance proosiwe , z..at o plant and
piscunel, Various persaunel protoctive d.oii~ov Favn Alie hom
dault with,

1.2 To date there 18 no viable vim pvsons 4% ¢ ey prohuce
‘2 ch comarcial 80ale in Mrvirads A® tmnam/tae an ra ‘ced in any
Jomonie plant, All processes ers based an low ter;+atures,

Various hesards dus to presence of hydrooorbe-s, il o m cxides
antering with process air ,their avoidsnce and naceunpry rotien when
thess are preseut have been deltwith, landling stvopenie liquide
tal othsr various operstional and mint~ienos probleme with Aue
rogerd t«o'uu?nta have beon discueeng,

Ted Vorious cotalysts veed in Amionia plents canntitute 2 to
5% of total investment, But their parformance anl 1ife is wore
irportant than thedr nost, dun te leng Jumbtime.: recured for replace-
ment in case of ipactivity ar detericratiey in perfoviice,
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1.4 Vardc Ui trputll’ eTTonicn and aroAtln pamamema sacountered
ond thalv cmar do o moveals) e e 4y Ao 2l Suoa o srated a9
for a8 poestle, Tuijtts (T metec.tl fraovatious ans ~dvwces in
tedhuclogs, ermrovicn arl arosiwr do ou. ™ on. Amaca tha ner-ggity

faor thei~ comtye’,

15 lercoide pinnia prosuss vnro erdoa: in %0ldd, liquud and
GWe0us phrsed and ezen procume n; £ tep Snvolves tandling of taade

end explosive grroe sand licuids 14 e wica raogs of terperatures and
presswmes, /iu3suros iras ncwr sxof heric 4o hundrods of etacepheres
and taperat.res frem ~200%0 L, 16,070 e very ccamon. Frocsss flowe
vary firam savecel ¥ o thounmpie of W cepending on plant capacities,
L1 theve pacsscitain fin rutemtic canirol of all Lhe above verisbles
lest'they lead to cafety lareads. idcwu hind~ aad thoir skill are mot
adequate “o thiz type of cosratianud co.iral, Moraover, the
oparaticis will bo hime cuntuntag. Reace the paad ’rr sutamtic
emtrals “hls ir acidoved i brepa-Libing Al “ho ivportard
oritical pr esc -ariatles lide 1re um, ‘empe atiao, Tlows,
levals, gz compoudifcn oo, bk euatinly located rartral rocs
vhere svitihle cotiw can be anftint 0 fevedicvely, Alayms sre
al80 providAA ~lor; vitn suitebls, melet, ahut down domced to
a7old huran slipe, wchine rad squpment failvres, Suiteble ‘dme
tllovanse is alro aede In tetuinge or alziwe and sercty devioes
to over cane inhisont lue lug o ncrd borir 7 instrumente aad con-

ral eircuits betvcoen rersing the alnurnalitr end the effect of
carractive action to te taken, Thi: is the easoncs of fail safe
instrumiatation in Jomcuis plants sud is en imparten’ fer operatien
from safety point of view 83 any o.hor eamenivablo fsotar,
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Introduction
Mxonia Frocess Technology

Sef'sty hasards, pereannel safety ¢
persannel protective equipments.

a) Safety hazards in Amonia Plant
b) Fersonnel safety in Amonic Plant
¢) Personnel protective equipoent for
perconnel eafety

Unroliable naturs of power supnly end
its consequences

Safety of plant during power failurcs
and emergency power sup-ly

Avoidance of explosive mixturee anc
fire hagards etc,

Air separation olants far 0, gessification
process

Cperational and maintemance consicerations
for air separation plante,

a) Hagardous irpurities in air sevarstion
units and their control during operetion.

b) Other operational and msintemance
cansiderations,

Catalysts: Haddling, reduction and control

Process control consideration for large
amonis plants.

a) Fail safe instrumentetion
b) Process contral: Terperaturc, pressure,

flov, level control, alarms, contimuows
amalysere, time lag in relay of data
Aitematic wip s;stems for safety
Presoure relieving devices
Folluteats from h:mh plant and their eantrol
Corrosion and controls
Changing samcepts of mintemance fer safely

Muchinery sd equipamt failwre provention

7. Treining end ite impertanse
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INTRODUCTION

Depending on the typo of Amnonie Flant, operation and
mintenance consideratims for safety of the plant also differ,
But, there are certain factors with regard to safety which are
camnan to all plants,

Safety is from my understanding is simple and straight-
farth - the protection of humen 1ife, their limbs and health,
True safety is sometimes confuse with the protection of conti-
nmuity of production and equipment of mmchine perfarmance.
Certainly they are interlinked, becauge failure of equipments
lead to safety hasards, Mmdamental difference between the con-
siderstion of safety and the consideration of continutiy of pro-
duction and equipment performance is, that with regard to safet;
ve don't yamble, nor do we take calculated risks, even though at
times these consideretions may be at odd with economic considera-
tioms,

If safety is attained, production follows, and production
ocomtinuity is attained, equipment performances wil' improve. Both
are complemmmtary to eech other,

Over tho past decade there has been & phenomenal growth
of Amamia productiom. Plant capacities, gigantic and .+ ;1- at
vhich pecple weed %o soeff at a decade ago have becowe very much
a reality. Amenis tankers are oroseing the mythioal seven seas
carrying ammonia from countr: o coumtry from coal pit heads or
from ell/gne preducing omtres to consuming areas, Capacities of
1900 Mt/day end cheve have alieady becoms & realily partisularly
in West. In India Seo ve have plants alresdy wider advance stages
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of ocompletion with capacities over amd above 1000 MI/day, With
these increasing oapacities, there is am attempt to squeese all
the epergy possidble cut of stesm and waste process heat in arder
to incresse the cmstreen tharmal officiencies. These have lead
to camplioated Jmmania Plant layouts, which ave in turm increased
the vulnerability of plant to failures and hasards and time affect-
ing safety to both equipment and persaamnel. V“hen plant lay out is
camplicated, these are increasing mmber of beads and elbows, With
large capacities piping and equipment get larger, wall thicknesses
increase and the met effect is, the whole system get less and less
flexidble, It is not the pressure and tempersture thay hold that
comts but it is the stresses developed. The larger the equipments,
lesser is their flexidbility and they are more prone to failures and
in turn safety suffers,

Amonia Frocess Teclmology:
Prom a technological angle, 4he production of Amonis from

any hydrocarbon feed stock essentially comsists of the following
ocperstions:

Froduction of rev gas from feed stock by inter action either
with stess and air or stesm and oxygen (either high purity O or
euriched air); the aimbers 1s to get maximum yields of (COH,)),

Using carbon momaxide in this mixture to resct with stesa
in the presance of a catalyst, to yleld additional quantities of
hyérogen,

Isolation of By (along vith N, if preseat in rew gas) fram
the mixtwre by removing oarbon dioxide by absorption/descrption
Prooesses,

et

-




e airm o

Eliminating last traces of rartor i e ar:
compounds or canverting thess objectianable impurities to
acceptable impurities (1.e. Methanation).

Correcting the composition of mixture of &, & K, to
s propartiam of 3:1,

Mnally jatalytic s/nthesis of amania from the .2 &
Hy mixture,

Verious factores influence the exa-t process sequencs,
Piret and foremost is the hy irooarbon feed ttock. epending
on the feed stock two distinct gasification routes have been
vell established, They are:

1. Stesm Refarming

2, Fartial oxidation or axygen gesifi-atiom.

1) Steam Refarming:-
This is more smenable to lighter fesdstocks like
naturel gas and straight run naphtha, The processing sequence

is a8 followes-
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2, 0, Gasification:

2
Thie is bet m.ite t. hyrrocartons ha ir hi her ©/H
ratio or which are hes .y, This is the omly sltermative for
Gasificstion of these feed stncks, since thare '.eavy hydrocar-
bons may crack and form lot of carbon 'ua t heav: cokin, which

will roduce the catalyst sctivit. in thn case of =tean roforming

and also the problem of hydro-desu'phurisation of feed stock,

The procesr steps and sequarceal arran emert ic as follows:

v . \ /‘ N\
( 041/Coml




-8-

Partial ogidation techniques for gasificatiom of heavy
liquids hydrocarbons are well established, as evidenced by
Sell & Texaco processes. There is camsidereble interest in
this area towards increasing pressures, Pressures upto #5 W-zg
ere a reality gsificstion pressuwes upto 160 ke/m’g are in the
pilot plant stage and have every chance of suceeding in the neer
future. Ancther area is the avoidance of pure Oy and use of air/
enriched air,

In the field of coal gasification two Cermen fires lurgi,
Koppers & Totaek, have developed processes. ‘“heress Koppers &
Totsek is a ghsification at atmospheric pressure, pressure in the
Lurgl process is as high as 25.C k(/azg.



Safety Haserds, Persamnel Safety & Persamnel Protective

hﬂu tar Frsonnel Safety in Amaonia Plant,

inherent in eny Amania Plant.

inflaamable,

1ife.

hasards are wall mowm,

temperatare offects are all too familiar,

potential safety haseards.

ovents in ay ammonia plant is encther hasardous ares.

Ve have listed down some of the major safety hasards

1. Handling of kydrocarban fesd stocks which are highly

2, Hand) ing of teodic and inflamaeble gases at high tempe-
retures and preesures - In many partr of the dwroniz Plant these
canfined gases are well asbove their ignition temperatur<e, which
means if mixed vith Oy or eir immsdiate fire or +xplosian reeulte,
3. Also these inflammable gases are frequently confined in
large vessels vhich contains large quantity of stared emeryg.

failure or rupture can result in consicersble damage and loss of

'S Apother hasard to safety wvhich is well known an” is a
subject of lang dream out dircussions and :tudies is ~orreosiom
aad erosion of pipes amd equipmemts. The resultc of theze two

5. Motal or material deterioration - Thie occure in ane foarm
or smother, frem ame end tc the other end of an dmonia Flant,

Such plewnses a5 & sigas phase, carban precipitation, nitriding
hydrogen attach, caustic ambrittlemsnt, vibretion fetigue and low

6. The large volume starages of liquid ammonia is also e

7. Nandling of catalysts and chemiocals which are recurring,
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8. Mnother hasard vhich affecte the surrounding comsmity
at large in additian to wvarking personnel is the plant effluemts
let off to the ground and atssosphere. This is most significamt
vhep plants are situmted near thickly populated urban and setro-
palitan centree,
9. Higher noise levels are another hasardous ares to per-
sconel safety. The grmblin, and scresching sounds of compressors
aad pups are of much higher frequency then human eardrm.a: cam
tolerate, Mareover it impedes proper camruniocatiom.
., last but not least are of course umse failures, suchs e
ignorance, lack of weining, lasimess, overwark, poor housekeeping,
lack of co-erdimstion and disregard to safety codes and prectices.
R) these are part and parce) of the Aw amia Plant irres-
pective of their sise and shape. Ve can only tr; to mimimise thece
hasards to a great extent, with the technolegical edvemces ia
mterial and process techmalogy and implemsntation with fail safe
aperation and maintentnce amd stigict adherence to safety prectices,
Byt uman errors, failures amd slipe will always be vith us, The
arerience of several operating plants is a wealth of knowledge to
avoid some of the wmimewn hagardous ares,



2, Persamel Sefety In Mmmis Planto:

GUreat personnel hasards » t ip the handling of "hemicals
and gases in Ammania Ilante, In al) cases affected individual
should be given effactive first aid and prompt medica’ attentian,
The following outlines wil) ;dive the affwct ~f the gmser and cheri-
Mls tiat we rome acrose in Pﬂz plant,

1. B, : Ae euch it is not toxi:. lowever yasecus hydrogen in
large quuatities is ssphyxiating.

2. (arban Monamide: This is highly poismous. The gas has
wtallic odour and taste ani its mixture with air is flamrable and
onplosive. fmposure to " causer severe asphixiaticn, Maximm
alloweble concentration in air is ¥0 ppm. 20 ppm i.e, twice the
alloweble concentration cean cause heada-he in 2 - 2 howrs. 4O pm,
four times the alloweble concentration wi'l -ause nausea and head-
ache in 1 - 2 hours, & ppa, 8 times the taxic limit can cause
hendache dissiness and nauses in ¢ an hour, If exposwre lasts far
2 howrs collapse can occur. Hx; osure at highar concentration can

result in collapse and death immediately. Acute poisanin, somstimes

canses of sight,
3. Carbon di-oxide : Maximm allowable in air ie 50X ppe,
Intoxiocation from CC, causes . headache, vertigo, d;sphea,

@roveinecs, weakness, disginess and nuscular wealness. .ollowing

the initial excitement high concemtretions may result in coma . death,
4o B,S: Maximum allowable concentration in air is 20 ppa. Mo
mterial is dengerously poisencus highly inflam able, corrosive to
the qres and respiretory tissuer and tract, and at incressing con-
cantrations more and more Marmful and a1 cauee impediate death,



5. NHB: Mnhydrous ﬂ'l3 can ceuse irritation to the skin,
micous membranes and reepiratory wryans with poseible fatal
results, iiquid s onia can cause severe burns on contact with
siin or delicate tissues, Fhysiclosical response to various

concentrations of ammonia in air ere as follows:

a) Muximm detectable odowr 53 ppm
v) Maxisam concentration far

prolanged exposure 100 ppm
c) Mxima concentration fur

shart exposure »0 - 500 ppa
d) Minisam amount causing imme-

diate ‘~ritation to the throst 8 ppm
o) Minimr amount causing imme-

diate irritation to the eyes 698 pym
£) Minipum amount causing coughing 1720 ppm
g Jangerous for even short exposure 2500 ppm
h) Rapidly fatal for even short exposire SN - 15000 prm
hericals:

MEA; 12C03 and Caustic : Because of their stromg alkaline
nature, are injurious to eyes and skin. My contact with eyes, to
any part of body ar clothing should therefore be avoided. In case
of contact immedistely flush skin ar eyes or affected part with
plenty of water far at least 15 mimutes., I. eyes are affected
immediate mediocal attention to be obtained.

These have low aral toxicity salt water should be takem to
induce vamiting if comsumed.

Rersonnel should not be allowed to enter these vessels o~
taminated vith above chemiocals unless these towers are thoroughly
flushed with water,




The other chemicals like activators and inhibitars are
also injuricus to body, skin and eyes, '"A is one such, Arsenic
uoed as inhibitor is highly pois.@wus and fatal if gres into the
body., In cases like this salt water is to be given to induce
vamiting and then 'vetar is to be callei!, Metlanol used in
Rectierl procecs of acid gas racoval,

Noise is a hazard:

Hman ears ara sersitive to froquerciec between ' and
15,000 evele ‘rac, But the ph,sical and ps; chological respanse to
different frcquencies var;, the hi, her a.ditle froquencies, being
the more demag.'; ones, There is no universa’ly agreen apom
standard regarding noise levels, But there are noise contrnl
safet; ordert in vayious states, If ths limits are exceed for the
specified durations the ure of ear protrctors is recomrended,

The large capacit rompre:sors and pumps and Ammonia !lant
are the main culprits as regard to ncise levels, Their grumbling
and screeching sounds hamer upan human eardrums like sledge hamsers.
It is always essential to maintain these machinee in top warking
condition, sc that noise levels will be ninimum., Vibration analvsis
checks on rotating and moving mmchines are to be carried out regular-
1y and any corrective measures required should be efTected at the
esarliest opportunity.

Noise levels will be more during start up operatioms, dus o
venting of gas ar air etc. at downstrean of machines and equipments,
Normal prectice is to provide vent silencers at the venting point.

Righer noise levels are detrimental with regard to camsmni-

cation during operetian which if not proper may lead to coatly mis-
takes resulting in less of 1ife, damage to equipment plant and machine,




Noise Comntral : Seme of the msasures nscesser; for
noise cantrol are:

1. Safe opsration and better maintemance of machines,

2, Veut silencers at suctian and discharge of machines aad
equipments.

3. Accoustioally lagged campressor bays and comteol rooms.
4 Accoustically lagged piping and equipment work.

5. Long stacks and vents.

3. Sersmal Protective mt for Peresammel Safety,

Amonia Plant is wually & large camplex vith moving
machines and hot equipments, Working persomnel should weer tight
fit clothes, there should not be loose flaps or strings. Looss,
tarn ar ragged rament. shall not be worn near moving parts oar
machines, hmuummmamuwtmum
also should have a protective toes,

1. Head Protectiom:

Normlly workers in an ammamia plant are aposed to fall-
ing objects, since some maintemance job or othcr cantinuously goes
m. In addition there are valves and lines -om.:.m.: almost at head
level., lNamce operators should be made to weer hard hats or helmsets.
These helmets should have less than 0.4 kg. wt, and thay should be
made of non cambustible or slow burning material. In ad itien thay
should be nan-canductars of electricity. These hats should have a
brime all aromd to protect the head, face amd back of the neek,
2, Mair protection:

Rair should not be 1oose and falling on the sides, ALl
persms working near moving machines should put on helmets o oaps
to cover their heir,
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3. %e rotection:

Suitable ee protection shall be proviied or all workers
porfarming agy opereation vhich ma endangsr their eyea, ‘or
emmple handling of caustis, MA, “arbomate solutians and liquid

ammonia, Norwmblly goggles are supplied to variers, iarkers whoce

vision requires the use of cuarrective lenses in spoctacles shail be
provided with gogylea af ane f the following t pes.
a) Goggles, the protactive lens of whi:: proviie the praper
optical correctiam.
b) Gog.les which can be worn over carrective spectacles without
disturbing the adjustmant of the spectacle: or
c) Gog;les which incarparate corre tive lenies mounted insiie
the proteciive lenses,
a) Goggle lenses shail be not less than 38 mm in height and
4he5 mm in width., If 1t is circular it should vce of minimm 5 mm
diasster and in additian there should heve soft «-¢ caps to fit
lizat so that splmehing liquid ar vapars should not mter the eyes.
o) Goggles amd shields for welders and grinders and those who
are working nsar furmaces and boilers where their e es are exposed
to glare shall have filter lenses or vindows conforuing to absarptien
standards scospted by the cempetant suthority.
& dr Pretoctian:

N veriung ia intense pralanged neicy areas should vesr

suitable ear plugs er earwnffs., These should be clesmed daily and
hapt ia emtainers.
s, Protestive Suite:

Wrhere aipesed 4o owrresive @ haraful substences shall wee
liguid and @8 proef pretestive suits and hoeds,




dsbestos suits for protection vhere sudden fire ar
explosiom may ocewr during emergency operations. This should
cansist of boots and also helmet,

6, prons:

These ahould not be worn near moving sachiner;. Usually
these are far aperatians in plant laboratories amd far operatars
handling carrosive liquids. For corrosive liquids suc: as ceustic,
acids etc. should be made of naturel rubber or gmthetic rebber.
These are Cer body protection.

7. Bad and arm protection:

ihea wing gloves camsiiereation should be given to the
hagards to vhilh the vearer may be emposed. G eves foar electri-
cians should be made of rubber. Toves for hot swroundings emd
oquipmats should be of asbestos. @oves far handling chemiocals
libe osustic amd carbuncte should be of rubber, 7er oUme purposes
just amly far protection cotton gloves ma be used,

8. Poot pretectiem:

FMthWcmMJJMMc
viile handling cerresive liquids. oot wear shall not have any
nﬂ‘b-eo\oolcwothrt-vruuhrmou«ﬁ'm
lishle to wrente sparks.

9. Tospiretewry Mrotestian:

In Selesting respiretery oquipmsut, the faollawing censidere-

Vims cheuld bo talen into acsemt.

1 Frecsss mnd cenditians Wt ereste he wpenwse.

8. Do chenisal, piyeical tanic or other hosardow properties
of the subotines frem wideh protectien 1o required,

3 h-\n&hmhhﬁﬁwﬁ”‘o
vetrs the oqguipamet and the mowberence @& restrictien of ssvemsnt




in the working area end
b The faoilities to maintenance, upkeep and supervision
of wee.

In sddition these protective equipment shall be capable
of fitting various facial cantours vithout leaidng.

Various types of Respiretory equipment and their use are
detailed below:-
1. Machanical filter respiretors: These are used as protec-
tim sgainst dust and they should not be usei against solvent
vapours, injurious gases ar in atrmospheres dificient in . These
filters shall be changed whaen breathing re:istance becomes uncom-
fortadle,
2, Chemicai Cartrid;e Respiratorc and Janister tvpe masks:
These should not be wvorm ir. any confined space or in an: other place
that is poorly vemtilated ar in atmospher: deficient in 0,. Minimm
Oy requirement should be 16%. It should not be use: where sore then
ane gus is present (for e.g. CO & H,5), The cancentration of the
88 sguinst vhich it is used should not be nore than 2%,

Whils using, befere and after, the following checks should
b0 carried out. The; are:

1. Oheok fer physical vear and tear

2, Cheok far leaks.

1, Check for ommister whether serviceable ar not.

& (heek for area amd comcemtration of ges. Thir should be

used enly in epen aress.
M e firet sign of doubt there canister should be replaced.
Various typee of camisters that are cssamtial in ammonia plaat are:




.
1, NH? Gas Mask 1 Por l(3 only
2, CO Gas Mask ' For 0O anly
3. S Gas Mask : For HyS only
dee Universal Gas Mask : Any of the abave gaves,
5. Fresh air blower mask and hose respiratars.
a) These should be used far work in dangerous atmcsphere in all

cases vhere the work is of such nature and oarried out in such
Places that the fresh air supply can be safely maintained and (b)
Shall be used for non-emergency operations in atmospheres in which
the content of dangerous gas or fumes is too high far the safe use of
canister or cartridge respiratare, (c) T™his can be used in any place
even it is gonfined or without ventilation providec the blower is
kept at a safe distance in free atmosphers.

In the case of hose respirators pressure shall not exceed
21 1b/3q" absalute and there should be a filter far dust and moisture.
The hose should be one inch sise and shall be of non collapsible tyepe.

Oxygen breathing ap-ratus ar O, masks: Thece masks should be E
used for. 5
1, Workers engaged in fire fightin;, rescue ar repair work in i
atmospheres containing high concentrations of gases (1.s. mors tham 2%),
2, dress deficient in 0, (i,e. less than 16% Q).
3 Workers whose respiratary argans must be protected and vho are
situated at mare than 45 metres feom the closest possible source of
sufficiently pure air, provided however, that in such case the use of
filter respirators is not permitted. Care should be taken in the
usage of these masks,
(1) These should be worn mly by experienced and trained persns
(2) ™e 0, cylinders should be charged at a preesure not exoeeding 150
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atacspheres and a visible gsuge which should indicate pressure
continuously so that the amount of 0, in the cylinder remaining
oan be ascertained.

3 These cylinders should delivery 0, less than 2 litres/
ninute. Inspection and maintenance of breathing apparatus:

At intervals not exceeding anv month, every breathing
apparatus shall be:-

1. Bxamined by a coapetant and authorised person with regard
to its general condition ans with particular attention to any deli-
cate and perdshable parts and

2, Tosted for leakage

3. All meters and valves an O, masks should be checked for
operation and accuracy,

These apparatus should be under the direct supervision of
a competent and authorised persan.

The cartridge and cannister type respiratar masks shall be
cleaned and thin face pieces str-ilised after each use. Face pieces
and air lines or hocec should be washed with scap and water, rinsed
in clear. water and dried befare bein; put awva,. Breathing apparatus
used by e parson shall not be used by another before it has been
washed with soap and lukevarm water and then sterilised,

It is not sufficient to have equipments for personnel pro-
testion or for safety. It is of utmost importance t> train the actual
users. It is particularly important in large modern ammonia plantc,
for perscnal safety is always in danger in cases of hasards and emer-
gencies. So there should be workers trainin; programe in the use of
these safety equipments, In addition these safety protection equipment
should be located in plant in eaesy accecsible places, in sufficiemt
numbers. The plant personnel should be ver: whll acquainted with the
location of these equipments.




UNRELIABLE RATURE OF POWER SUPPLY AND ITS CONSEQUENCLS IN AM'ONIA PLANT

The main problem in India, every Amania Flant faces is unpre-
dictable matawe of pover supply. The power situstian becomes very
acute particularly in summer manths, We face lot of frequency snd vol-
tage dips. requent fluctuatians of voltages are & nwmal feature.
There arec many total power failures ton, Norsal under voltage insten-
tanecus releases are a narm) feature of any synchrapous or inductiom
motor for beavy duty. A a result slight fluctuations are sufficient
to trip these motors. Power situation has become so unpredictable,
these things ha;pen wvhen you least expect it to happan. The net reeult
is frequant shut down of plants. Apart from the production loss it
entails many other difficulties sters in, in addition to safety of plant
and perscunel. Some of the common occurences dus to these emer,ency
shut downs are:

1. Sudden development of leakages in stesm & gas lines.

2. Thermal shocks to various equipments,
3. Thermal shocks to various catalysts in converters.
4. Gas & solutions backing into downstresm sections due to sudden

fluctuations in precsure and their consequent problem,
5. Damage t> tower packings, which are sade of porcelain or stane
vare snd are fragile and vulnerable due to frequent shocks. Added to
this, there is the probles of plant lighting, “wther due to tripping
of cooling tover pumps cooling water supply wvill be discamtinued so also
instrusent air supply. X1 these vill give rise to potential hasards
vhich may give rise to fatalities.
romammwmmmmum
self sustained wvith energy conservetion. Almost all compresser drives
are steta turbines. Only some critioal and small motors are camected




wvith electric drives.

SAFETY OF PLANT [URING FOWER FAILURIS AND' HMEKGENCY
EOWIR_SUPTLY

Normal practice in any ammonia plant is to instal & generatar
oot drivem by diesel engine which will take over the critical load im
the event of a power failure. This critical lomd consists of (1)
Muintaining cantinuity of conling water supply to critical areas (2)
Muintaining Instrment air supply (3) Mainteining amronia storege pre-
ssures vith sufficient refrieration (4) ‘mergenc; lihting and power
apply to all instrusents varking on electrical energy to sound alarme
otc. (5) Maintain ci:culstion in boilers.

Continuity of water supply:

In the case of a total power failure, conling tower circulating
pamps vill also stop. There are areas in plant which will require con-
tinuous water supply evem after the plant is shut down. ~‘or e.g. shall
reactors. At the time of shut down these vill be at s teuperature of
1400°C at "'+ inside. Combustor nose of thece reactors is vater cooled,
In case the vater supply fails the nose will get heated up due to heat
backing to the camiustor nose fram blocked gases. The cambustor may get
damaged or it may burst. Memce it is neces:ary to maintain camtinuity
of water supply in these areas. This is done by Maving a spare pump of
ssall cepacity which will take start and wvork on the emsrgency power
spply sad will supply vater to critical areas,

As s altermative an overhsed tank for water is provided which
vill take over the supply of water to critical areas in the case of
failure of cooling water,

Coatimuity of Instrwment air supply:

Normally there vill de am imstrusent air bottle which wvill

maintain the swpply of air to isstrments for at least for some time,



ti1 complete plant is shut dwn in an arderl; way in the event of
& pover failure, It is also not wncommon to have sn instrument air
compressar running on critical emergency power supply to msintain
instrument air pressure.

Boiler circulation:

In the event of power failure a shut dom of boiler circulat-
ing pump, there is always ane spare pusp which will be steam drivem
which will take over or can be put in line. It is nececsary that
boiler circulation should be maintairsd othervi:e briler tubes or
coils ray get dnmaged. Thi¢ circulation should cantinue as long the
tube and coils are hot.

Mmmonia storage refrigeration:

Pressure in smmonia storeges is being maintained by a conti-
nuous refrigerating system. In the event of a power failure, these
storage vapar pressures will start rising if altermnate refrigeratien
arrangenents are not there, Usually an alternate refrigeration system
is provided which will run an power suppl- from ewmergency feeder. Or ’
else emergency venting systems are to be provisied. These vapors are
normelly vented through flare stacks after burning,

Emergency 1ighting:

This is most impartant particularly if power failures occur

during night to teke proper and complete shut down of plants, and far

plant persannel to carry an their work.
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Mcidance Bxplosive Mixtur:s, fire Hasards stec.

Operation of any ;esification procese invclves potential
hasards of explosion, fire and tomicity. The arcas where utaost
care is to be taken are listed below:

Hydrocarbopd: Cere must te exercisced in the handling of hydrorarban
feod stocks in both liquid and case~us states. In openin,; any of the
feed stock lines far changing of blinde in flanges or for maintenance,
care should be taken to prevent seepa; e of the hydrocarbons toward
furnaces or other combustion sourcos, It is particularly important
that all hydrocarbons be kept sway frum an;” potential leakage of Oae
With respect to coal, while handling dusting is a problem. Thiis dust
1s highly flammable and e en a mdnor spark will create an explosion.
So 1t should be emphasized in these arems, there shouid he no use of
naked flame, smoking should e strirtl: prohibited and lightin; in
the area should be explosin proof.

The other points, that are of importance in handling of
hydrocarbans, particularly naphthe are:

1, Receiving tank and feod sup;ly tank to gasification units
should be different.

2, Receiving tank should be drained for water at regular inter-
vals, Froper settling time should be givem to received naphtha or
Rydrocarbons befare it can be cannected to plant.

3. Rmp suction line should be at least mne foot above from the
tank bottom,

These are the stepe to avoid explosive mixtures dus to carry
over of wvater alomg vith hydrooarbans to shell resctors or other gesi-
ficatim wnits,

The other points that are of importance from safety angle are:

1) electrical contimuity of naphtha hydrooarbon lines and equipments,
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et the flmges. (2) Proper earthing of maphtha/oil starege temk

wd provision of lightming arrester. (1) Use of nem eparking

Sosls while doing maintensmce jobs on equipmsmt adling ydro-
carbans,

[7Y 0, because of its great capacity for reacting vith lydro-
carbams should be ocarefully controlled, Oxygen valve gland leaks
tnd packing leaks should be camtimuously mamitored. irest care
Mldbohknwmvmtuycmhctvﬂhmn.doﬁy
mterials in valves amd pipin, or squipmmnt. Any mewly installed

ar repaired equipsent in axygen service must be tharoughly degreased
dried and inspected prior to contact with Op. Whemever possible
these lines and equipments should be purges’ with l2 or steam bdefore
opsning out far inspection amd mmintemence, Durin, operetion of any
Oy gasification process it is ecoential to admit hydrocarbon fesdstesk
to the reactor or gasifier first and then amly aRygem/stess aiztre,
In cubting reactants out of the aystem, the order should be reversed
i,e. 02 should be cut off firet, to avoid the presence of {res wxygem
which is 1ikedy + -y an explosion,

Rroduct Gases: There are noreally sixtures of COz, co, l!’ Cl‘ﬂ
other hydrocarbons alamg wvith !!23 in varying cempositions. These are
highly combustible and they burm with lov lwminocity. If leaks are
there they should be rectified at the eerliest oppartumity. No risk
is vorth taking as far as these gases are cancerwmed. Before opeming

out any equipments for maintemance or while doing amy mmintemsmce jebs,
wmtemmnhndhuohwwmm-d
Wn-pmwupmm«mm. Rere is
mnﬂnqmm,numun,mm..mwm.
hluimndudpuwu—hn-umujﬁmx




1. l! - Mmplosive limits : 4.1 to 748 by volume in air

2, CO - Emplosive limite : 12,5 to 748 b, volume in eir
3. K,S - Ymplosive limits : 4.6 to 468 b, volume in iar
be Axamis - . 15,6 %0 27.5% b, volume in 8ir

Other points to be kept in sind for avoidance of fire aad
axplosive aixture are
1) Hydrocarban handlin - systes should be as far as poesible
free of leaks. This is mare so, particularly in rase of liguic
hydrocarbon handlin, pumps, 1f leaks are there it should not be
alloved to spill and should be collecte 1n a tank,
2, Mr/Q, should not be allowed to enter an. equipmect wch
YAl VRAer ghf oF MNGKiA pressur«, earlier, unless it is purged out
thor cughly. 1
3. Gas leaks if any in the plant are to be immedistely aor at |

She esarliest qppartumity rectified so that they mmy not prove fatal,




AIR SEPARATION PLAMTS “OR OXYGIN GASL ICATTON PROCISES.

Uptil now there is no viable warm process that ~an produce
02 on commercial scale in hundreds of tannes/day which is the require-
st of ‘srtiliser Asmonic Mantz, A1 the comrercial processes are
based on low temperature, basic rav material being air fram atmosphers.
As is the case with all other technical low temperature plants, air
separation plant consists of four constructicnal units i.e,

a) Air compressors

b) Heet fxchangers for air and product streans

c) Fractiomation columns

d) Refrigeration equipment, such as expansion machines ar

expansian valves,

Although all these mnits are of equal impartance and are
indespensable, the heat exchangers are of particular impartance,

There are some in which the heat axchanger is coupled with the removal
of vater and carbon di-oxide and some in which thase two processing
stages are conducted separatel;, The latter system required additional
squipment, The every-day names of these air separation plants are
derived from the differences of these systems. For examples:

a) Molecular sieve plants or Desh/midifier plants.

b) Regenerator plants

c¢) Revex Plants and

d) A combination of Revex and Molecular sieve ~r Begenerator

and Molecular sieve plants,

In the laymut of Molecular sieve plants, after compressiam
the air flows through the molecular sieve adsorbers fn wvhich wvater and
carben di-oxide are remcoved or oarbon diomide is removed saparately by
ostic vash. It is thn cooled down in the heat emchangers and passes

B i
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into the 'sual fractiomation columns,

In the layout for rogenerator plants, the candensation of
vater and carbon di-axide and in addition sublimation of the
lattar into one of the product streams take rlace in the reyenera-
tars. le enerators are containars filled with material of high
heat capac{t-. Air and product gases fl-w thr ». L these alter-
nativel. from and tc fractionstion -alumns,

The featurs of revex plants also, is similar to re eneratar
plints w-irh comtines the fin~ti-r ~f heat exchan;s an?! water olus
‘ 02 removal befare the air is sent to fractiomation ~ol wmns. All
these systems or & combination >f an- of the tw, aro a feature of
an;; Air leparation ™ants,

If wve take as an wmam;le a plant i whi~h »nl +4r and arbmm
di-axide free air is to he ceparate at a p-wer cons .mt.m of 1°0F,
the molecular sisve plant wa.ld have a puwer cons .mption of 173%1, the
regenerator plant »f 1°4% and ravex plant of i, It 1s the re ene-
ration of adsorber: that is recponsible Cor the hi h additiral power
congumption of this t;pe of plant. It : mainl. the “hange o v 1l o3
in the repenerators ar revex units that ar~ reenonsible far the
increase in power cunsurption in the other two vlants,

Mo’ ecular sieve ~ds-rber ~lants rsquire the least attan*<ion by
operating peramnel, This applies ¢t atart-up, normal operation and
also to shut-down. A particular advanta,e is that these plants mar be
left in cold state after shut down.

Regenerator plant: and revex plants roquire a certain amsunt of
operational skill, There arm strict . «= that must be fol)owed when
starting 'p these plants. During the cool down pariod the cold enda
of the Regeneratorr ‘Re-exes must be kept at a lover temperature that

the low temperature section in order to avoid the accrmulation of ice




and carban di-cxide snow. A further requirement in the case of
revex. plants is that not onl  ‘uring norwal operation hut also
during cool down proce:s, it mst be possible for the -ater and
carbon dioxide to be completsly sublimmted, that it cAre must
alwe’s be taken t» mnsure that the permissible temperature
difference is mhintained, Start-up adsarbers are often used to
facilitate start up of levax plants.

Bven under normal conditions the temperature of the rege-
nerstors and i'svi-xes :ust be monitored and kept within the pre-
scribed limits of the plants are left in the cold state after
shut-down, p: 2~autionary measures must be taken when the are
atarted-up a,ain, If, howe er, the instructions far use are
adhered to - and with a certain amount of care - this is easily
possible these plants can alsc be adopted tc suit any required
conditicns at short notice and vithout an; difficulties of opera-

‘tion developing.

t

A most important roblem is that of corrosian of low teape
ratures, A distinction has to be made in twn types of carrosion.
‘me of these arises in connectiun with @& plants that are out of
operation and thus at ambient tesperature mostly during prolonged
shut-downs., The other type of corrosion affects the plants that
are actually in operation, Corrosion appears at the point where
the plant is cooled down There are various carrossive cempounds
in air. The tendency is for these compounds to cause corrosSion
where the air is cooled, causing its water contemt to precipitate
and from an aqueous solution in combination vwith the corroding
companents. The type of plant that is least mndangered by corro-
sion is the regeneretar plant. Regenerstors can be chesply mamp-
fectured from any required material, such as for emmmple Aluminiwm,
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but it is also possible to use =tesl, In this way it ie possible

to eliminate any corrosion problems, Mole~ular sieve plants are
aare corrosion prane than the regeerator plants. Molecular

sieve is the carrosian sensitive part ir that case. HRevux plants
an the other han! are corrosion sensitive he-ause some kind of
solder ir used in combination with aluminium to make the revex.

Such combinations tend to form loea'l cells, <f a revex plant is
operated vith air crntainin- corrosion components, the air must be
passe! thro.gh a vater wash belore it is al owed t. enter tne revex.

Plants of any sise that are construsted for the extractiam of
gaseous products will Lsuall. operats et pre cur«s between 4 ani ¢
bars /atms. [t is anly in the case of thece plants ‘e weneratsrs-
Revexes are used in pra:tise. Wherever large quantities of liquid
air are required, hi her pres ures are used, Tw, di:tinct methods
be use: for this' either oroce : air is comprec:ed to the higher
pressurc of else the separation plant operetin, ata lower pressure
is combined w.th the Air ar Mitro.en c¢ycle operatin; at a higher pre-
ssure. Plants of this kind are usually molecualr sieve t,pes. If
plate type heat exchangers are to be used, 50 atas is the max. per-
missible pressure. This limit being set by the material strength of
the plate type beat exchanger. If the tube type heat exchaner is
t. be used there is no objectiom to going up to pressures of evemn
00 ba.s/atmosphere,

Reciprooatin compresszors have be-n largely replace! by rotat-
ing compreesors vhere lov pressure plants are concerned, Turbo
compresscors are used in almost all large plants, Reciprocating
compressars are used mostly for compressing product gases.

Sorew type compresscars are used anly in special cases. The
reason bein; that in air separation plsats pressures are required




which are not within the efficient operatin, raunge of these cumprussars,

The well estab’ished 4mb’e col'mn s cter 18 & compon feature al!

air separation plants. The operational range of the entire plant is
determined b, the columns s-atew in an eur plant. A ,reat deal of deve-
lopment has been done n col.mn tra,s. Modarn tryas operat~ at high gas
ani liquid speeis and have & wide workin: range,

“or making air ceparation plants L has teern ar the most part
replaced by steal!, a’uminim a ‘o 8 and Y alwuiniur, within the plants
practicalli. all tube t;pe heat ex hangsar: have been replaced b, plate
t;pe heat excha ers an! Tlange canections b welding conneclions etc.

lpto now ani  the Jmaller type of plant has been cmpletely
automate. and wvatn the minimum of expanditure, Usually the automation
>f large plants has been re trirt- t renote r .irol, Valves that
require constant mmitaring such as for example, the control -alve far
reflux tc¢ the pr - sure col-uns .evel ol liquid ©, Irom colum. Sup are
aLtamat .caliy controlled., The remainin, val.es are permanently adjusted,
M alarm switch off s -stem 18 fitted. In the ewent ! any ma!functioming
that may result in the impurity of the product and deanger in the plant
sutomatic shut down takes place. The plant is started again by hand. if
uninterrupted produrtion is essential and this bein, tnc case with all
plants operator: are alwa s availat!e and the; take over when an alarm
is given.

At present most of the old air <eparation unit: ir Indie are
essentially of Cu, Alumini-m and Brass constructica. iecent trend is to
make use of S, Aluminium ard Aluminium allqgys., Jome of the units use
slagwool as insulating material in Mae cold bax. lowever, .5, and
Alurdpium construction - wherever good quality rock is available,
sxpanied perlite ma be made use of.

G B v o
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Safety in tomnage plants is of prime importanco.
Mafartumately there are no Indian tandards until now with
regerd to installation and testing procedure for tonnage O,
plants and Oy/Xy pipe 1ine distribution system,
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OPERATIONAL AMD MAINTENANCE CONSI(ERATIONS

- ———— —— - P = - — -

1, Hasardous Impurities in Air Separation Unit and their contral _
during separation,
The careful momnitoring and control of certain contaminants

entering with the procecss air are essential to the continued safe
operation of ASU. The principal impurities affectin; safe opera-
tion are acetylene and axides of N,. Hydrocarbons other than acety-
laie present additional hazards although less familiarity existe
with these substances,

In many plants near the vicinity of Air Separation Plants
Nitrict Acid and refiner; are locate’, In order to avoid the intake
of contaminated air, the air intake location has to be fixed after
giving due consideration to the wind direction. If the ground level
concentration of gases is high then s tall air intake tower should
be built, so that leagt -sntaminated air is taken inside the box.

Suitable filters should also to be proviced to remove the
particulate dust. A water wveshing is also provided in arder to
scrub the contaminated gases befare it enter the air dax.

Wercver copper equirment are used insice the cold box
specialmre has to be exercized to see no ammonia gets into the bax
vhich othervice will damage the copper equipment,

Acetylene is the most fesred of the hydrocarbons beceuse of
its highly explosive nature and because of its low solubility in
liquid O;. Beosuse of thedir relative insoludbility large ssomts of
acetylene in salid form can build wp. The actual quantity of which
cannot be determined by analyeis. In practice, the presence of
acetylene in the veporiser liquid in excee: of 1 ppm is considered as
a dangerous iwdt, Sufficient to justify shutting down of the plant,

CRE T SIS TNE - S e S
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purging a1l contamimate’ liquids. This lower figure in the
vaporiser has been established as it is important to maintain
acetylens in solution at all times,

Oxides of N, also introduce hasards if present in the
air entering the Air Separation Unit, This is particularly
there if any hydrocarbon material is also prceent at the same
time, oven in low concentrations, Temporar; peaks can be tole-
rated if they are of shart duration (ane or two hours), but if
cancentretion in excess of 0,05 ppm persist for longer periods,
the contaminated 1iquid must be purged and the source of cata-
aination removed. The upper limit of oxides of K, is 0.1 ppm.

The behaviour of hydrocarbans, other than acetylene, is
less predicatble, unless theactual impurity can be clearly idemti-
fied, Coertain wmsaturated hydrocarbons are kmown to be dangerous,
but the presence of relatively high concentration of some of the
wsaturated hydrocarbons can be tolerated, The normal mthhod of
snalysing far hydrocarbons is to measure the quantity of 002 pro=
duced on complete combustion of hydrocarbon in a sample of liquid 0,.
The quantity of CO, there is therefore employed to establish limite
of safe operatian. The total concentration of Rydrocarbans other
then acetylene in the vaporiser liquid should not be permitted to
axceed 150 ppm expressed as moles of (0p/msle of 0,, lLimits for
individual hydrooarbens are given in tahle that follows:

When sbnormal conditions exist, steps should be takem to
elixinate the impurities by changing over of the hydrocarbon filter
and if necessary, by generous purge of low pressure columns and
vaparisers. If in spite of these steps, the concentration of
hasardous conteminants continue to dbuild up over the specified mexi-
mm lisdt, it will be necessary to divert the air feed and to purge
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the comteminated liquids.

It should be noted that the only creterion for such
action should be the candition of the liguids in the main vapo-
riser and L.P, columns. Although tolerable limits sre 1isted
for the impuritiee in the entering sir, satirfactory conditions
at this point do not necessarily indicate safe operation, nor
does the lack of these conditions necessarily indicate the
presence of immediate danger. This fact can be sstablished by
careful analysis of the liquid O in the vaporiser of L.P.Column.

Hovever, if due to a combimation of circumstances, the
acetylene content of the air feed should greatly exceed 1 ppm,
it may be necessary to shut down the air plant until these comn-
ditions can be corrected., After shutting down, the liquids in
L.P. colums and vapariser should thes be carefully amalysed during
the durstion of shut down ani if necessary sufficiently purged out.

If the plant has been shut down for 8 long period, better
to drain the liquids. Or else concentration of hasardous impurities
should be checked and a decision should be taken to retain or drain
the liquid. When the plant is started a considerable smomt of
liguid will be vaporised during initial stages and thus the camcen-
tration of impurities in the retained liquid will increase. Care,
therefore, should be taken to ensure that these contaminants are
well belov normal levels, Otherwise, it would be better and so far
that these liquids be purged and fresh liquids produced.

It is always advisable to drain a small quantity of liquid
both from vapariser and low pressure colusms at regular intervals
80 that these impurities will not build up to abmormal limits during
operation. These impurities shouid be checked at least cnoe in an
8 hour shift,
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Concentration limits for hazardous conteminante whem

operating:
Cantaminant 1.,Py Columg Muin veporiser
Normal /fbnarmal Normal Ronoreal
(Vol/Val - in ppm)

{ 4 10 170 10 100
ketylene *¢ n.2 0.6
thane *ne

Bthylene | each 2.5 25 7.5 75
Propane }""

Propylene | each 1.5 15 £ 50
Butane ] *®

Butanes | each 0.5 5 1.5 15
Pentanes * each .1 0.6 0.2 2.0
Hexanes * 0.C2 0.C5 0.655% .15
Total HC 5 50 15 150

Note: Total hydr carbons as Yol fra ti-n methane equivalent
® Limited by valatility in O, exchanger,
* imited by solubilit in Mair vapariser,
+0 |ipited by maxims 15) ppe in bulk liquicd phase,
Arity of products: Of the products N, purity is the most important.
Op in N2 product as impurit above 10 ppm is hazardous and it should
never be allowe: to exce -} beyond this while the plant is running, At
150 prm normally a nigh 0, in K, alarm will sound in th- control room
a8 well as N, compressar. Immeliatels N, to NU should be cut off and
N, should be vented at the compressar suction til!l conditions become
narmel again, Otherwise it may form an explosive mixture inside
nitrogen scrubting unit and rupturin: the equipment, endangering both
percomnel and equipment,

Purity of products is maintaine! by the sdjustment of pure and

impuze K, refluwxes tc low rrossure column, These reflux stresns are
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tohchebdtcmirozommulunazcoinwmlho\t
shift and accordingly these refluxes adjusted so that purity of
K; vill not be upset.

Gne other regular snalysis which should be carried out
hﬂnmlzulhmfa‘ihotmwt. This wvill give ws
the extent of O, recovery. If the 0% in vaste is more O, recovery
will be less and this will require again adjustasnt in refluxes

vithout upsetting X, puriy.
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QFHER OPFRATIONAL CONSIIERATIONS

1. Operation of hydrocarbon adsorbers on vhose performmnce
hinges the plant safety.

These are mostly aituated on the strean going to Low Fre-
ssure columms as feed. There are plants which use them in mare
than ame location, Normmlly silioa gel is adsorbent., Molecular
sievea are also being extensively use’, Thece are always in pairs.

When the plant is running normal witho't any disturbances
or upsete these adsorbers will be in line for about a veeks dura-
tion., After wards it wil) be cut out of line after putting in line
the spare e mnd then regenerated to a temperaturs of 250°C with
sither air of .2 to get rid of adsorbed hydrocarbons and then
cooled and kept as standby.

Annually the saterial should be inspected and if it is
degrided it is to be replaced,

At times in plants rituate- near petroleun refinerics or
petrochemical complexes there is high concentration of hydrocarbons
in fecd air, In such emsrgencies it is normal practice to put in
line the fresh adsorder so that abnorsal build up of hydrocarbons
vill not be there in low pressure columns and vapouriser liquids,
This is a safety precaution.

Other creterion are (1) uwwsually high pressure drops across
the adsorbers (2) 0il break through into the bax - Oil will contami-
mate the adsorbnt and will reduce their adsorption efficiemcy.

2, Operatin of Ar-Oil adsorber, R, - Oil adsarbera Air Dryers.

011 or moisture btreak through into the plant equipment and
exchangers creates all sorts of problems in addition to safety.
These will duild up unmenmlly high pressure drops across exchangers,
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0il film will reduce the cold or heat exchange between procuus
streans, In addition oil is a hydrocarbon which if breaks
through into 02 rich areas in highly hasardous and is a poten-
tial hazard.

Fxplosions and rupturing of equipments cannot be rulsd out.
In addition condensing moisture alony with few ."02 et~, in exchan-
gors is hi-hl- corrosive tn equipments,

So it iv essemtial that we take care that oil and moisture
do not break throvg;h into the box. This can be acsmplished by
proper operatisn o° dryers ani nil 3dsarher-. Material use: in oil
adsarbers and driers is either activate: alumina or Molecular sieve,
Air driers are normlly in pairs or in thre 's with regular re ene-
rative and adsarption c:'cles raaging from 8 hours to 16 hour
duration. Proper attantiom shonld be paid to maintain the regenera-
tor tempereture and the coolin, rate for better performance of these
adsorbers, Metsrial in thi- driers or deh midifiers is normally
chan;'ad during annual turn around. Jther ~reterinn far changing; is
unusual dusting or pressure drop and breaks;e of the material due to
upscts and sudden failures in plant operation. 7il adsarbers are
always in pairs, There are norma!lr in line for a duration of 40 dars
to 6 days depending on the adsorber oapacity. Normally material
chan;/ed after thi: duration a”ter nuttin; in line the spare ona,
Other creterion for changing is inefficient oil adsorption and
excesnive pressure drop and unusual dusting. In the choice of drying
agent the material should be such that it does not disinte;rate
during heating and cool ing So that there won't be an dust carry
over when it is in line, It is important that for better working
of these de-oilers oare should be taken in the operation of compressors

from where the oil ori,-inates. FProper precsution should be taken that

4
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oil drops are ~hecked ever; da, and corre~tec if required,
Check should be kept on oil consumption ir the hi,h pressure
recipiocatin; compressars for both N, & Aur - K

of baxes,

In air separation plants insulation is the moat important
thing, if baxes are not properl: insulate heat will leak into
the s/stem and upset the »laut candition. Various trpes of
insulating meteriales that are in usc wre.

1. Mineral wool or slagwoal

2, "erlite ar nckwool

3, Celita

4, Silire % Acbestos, Magnesia

5. Fram plass,

“irct and foremns regquir~ment it it shorld not contain »il.
Lines and equipments are usually lagged with “oam glas:c, Box is
filled with 3la; wool or mineral wool or perlite., ‘tner tvme of
insulations are a!so used to lag lines and equipment. ‘la,wool
filling or taking out ic a laborious job, .are should be taken
wvhile filliny and takin; out slag wool because it piercea the skin,
Hersonnel varkin; should be provided with “ace Shield and goggles
and overall to wewer the body.

Dafrost & Solvent washing:

Operation of any low temperature process very smch depends
on the sfficient heat and cold exchange in ‘xchangers. Reaardless
of the efficiency of CO, and moisture removal. (ver a period of
time while the plant is in line impurities like moisture oil + 002
that have slipped through cet accumulatec in these exchn;er: and
fara a filn on exchanger surfaces.
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Usually Air Bages are completely derimed during the annual
turn & round, Other occasions when this is done is vhenever my

maintenance job is dane in the bax and inturnal of the equipmeats
get exposed to atmospheric air,

In N,wash Uhits also complete derimin; is dane during the
anmial turn around. Rartial derimin; of affected exchangers is
dane vhenever pressure drop across the exchangers and cald losses
at vara end increases,

With deriming anly moisture and CO, if any are driven aut,
But oil and heavy hydrocarbons accumulated will remain as such
since these requirec ver: high tempersturee, The alternatiwe is
solvent vashing of the affected portims.

Solvents used for solvemt washing are:

1. Trichloroethylene (TCE)

2, Mothylene Chloride

3. Chlorothene M

4.  Carbon tetrachloride (OCL4)
5. Acetame,

Qf these Trichlarosthvlems, Chlorothene M and Carbomste
trachloride are the most videly used solvents, These have got high
oapacity for oils., These solvents have high solution power wad are
valatile sufficiently, so that treces remaining oan be readily
removed at the temperature used in deriming. Solvent should be
pumped in the opposite directiom to the normaml flov in the equipmemt.
Usually all exchangers require sclvemt washing once in two years.
Novever, it should be remmmbered that before solvent wasking asd
camplete defrosting whols bax should be sufficiently varmed wp after

draining all the liquid,
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Nher Operational and Maintenance hagards:

In addition to the norsal asards encountered in gas
producing plants there are ad itional hasards associated with ‘he
operation of an Alr ‘eparation nit and thase require certain
additional safet: precautions, These arise mainly frm the pre-
sence of O, in gaseous or liquid fosm and from the use of very
low temperatures,

0,: Even matarials ~iffirult to burn in air, burn easily in
02. Parts of the equipment within air separation unit cantain
almost pure 02 in liquid 3tate and this may react even expl-sively
in contact with smal' quantities of flamrable subrstances for these
reasons, it is nece:sary to prevent an; (lam-able material from coming
into contact with 02 and to avoid all possibilities of imitiom
wvhenever O, is present. Thus no oil or grease Aepneits should be
perwmitted to accumulate or remain answhere in the vicinity of ‘he
air separation wnit or ans ‘ther axygen equiprent. Anr rags whi-h
mey have becn used for wiping up oil spil'age chould be kept in
close’ metal containers and in no omse should they be left near the
00ld box or oarried in the pockets of clothing.

Por their am protection, operators and vorkmsen should not
be alloved to wear oily or greas; clothin; or wear oil stained
gloves, When working on or near oxygen equipment. There are ocoa.
sions vhen liqudd 02 {s withdravn from the plant and consequently
high local concemtration of 0, oan ocewr. Special care should be
taken in theee vicinities. In general the area surrounding should
be treated as a hasardous location and the same strict caution
observed a8 with highly flamrable organic gases.

When maintenince work is conducted on the ASU or any other
0, equipment, precaution should be taken similar to those employed




vesnel should

on refinery prect:ce 1 hmzarams locations,  Ghe
be completel: ‘i:comnected an! all line: blanle oit, The veusel
should then be carefully aud - om; letely purjul with 2.1 velore auy
w or work done or ndertalern, Non sparkin, tcole chien: be o used
at all tum~. Al cipoe and Tittun, o oAb 1 be ineta et Trec o0
fiw toble il nnd ;reases and whain threaded ‘oint ar- .. .. .ary,
no white lead,  rease or pipe T'i!.in, compounda co:ian g o1l
shoul! be vaad, when »  ompoun! 1 nener sar, compoan! of jetharge
and glycerin or “r. hlsrecet's ione ma  te | aed,

“hould 1t be fornd ne-essar at an tume to enter the cold
bow, care snv )i be take: to provile adequat: vatila'ion ss local
pocge!s of ., car be pra.ent due to minor leaka in ‘'.e wqudpment
‘nd high concentrations i oXygen can therefore coour. ot humid
a‘ways by remempered that the onl; "sare” ")2 Sy cantretion i3 that
ex.8tin, in atmospheric air,
ow tenperature:

Lu handlin, all low tenperature materiais, a:iitional
cazar-ds due entirel, to the low t mperature are present., Injuries
suzh as "enld burns" or actua’ fre zin,” of the handle r other parts
of the bod. can readily orcur un'e:: (TeAt care 1s taxen. ‘hen with-
drawing liquid from the plant t-1 samlin or Tor -~thsr purpoces care
shold be exercicec as the introdurtian of ~>1" liquid into a warm
versel resulte in the , eneration of large quantitie: - very cold gus
and the vislent boilin, which or-urc mas also produce some :plashing
of the lqiquid. ‘Dcves and protective go,;:1s2 should therefore be
worn whenever handling containers of low temperature liquids and dir-~et
contact vith any low temperature materials should be scrupulously

avoided,




NOU: Mtrogen scrublin, unit treats gases which are highly

in!lamnable and in certain rnrentrations are mxplosive. .hen
maintenance vark is comviuctad on the "2 scrubbings wnit or
nrroriated equipment pre-a tions sho.'d te taren sinilar to

thoan employe’ n refiner: pra-tice { v hazarisns lneatim,

Ay- vesasl on Wt ot warl. 18 to be nerfarma’ shoilt te completel s

A1 tconnecte an' &'’ ‘:nea blanxed ~fr, The vessel gh. . lite
completely purgei with N, belore any mmjor work is lone, N
aparking tonls aho' 1! be uss at al. times=. if 1t 1s nece sary

t« enter the cold bx ,T-at care ani pre aution should be exsrciced,
1¢ any leaks have jeveloped within the unit pocket of lijuit add
h;rirocarbans and ;eses may be hald in the insulation for consider-
able pariods, f expon-1 this liquid will vaporise pr--turin; large
quantitiss of {lammatle ga=. ‘»ner-us ventil**ion is ther:fore
reqiuired an: time =uch vork is rarried -t

The danger rm Nz should not be ijrore:, Although N2 is
nmn-toxic an atmosshere of NZ will not survort h man lite and oAn
thus be as dangero:s to life as the presence of tuxic gases and
Adeath ~an result from suffo-ation, A~ vesss! ar enclosed space
which has containe. or heen purged by N, should therefore be purgsd
with air before bein, : ~tered,

N, Bleading of baxes:

Mother point which is ver; much important and moetly over-
looked is the purgin; of the box with Ny continuousl . Prong
should be tharough and evenl: distributed in the whole of the box.
This is to avoid atmospheric air gettin, into the bax wher: leakage
of hydrogen and hydrocar'on are like'y to be present.

Maintananoe of plant machinery and equipments:
Mostly maintanance problems arise in rotating machines 1ike

02 pumps, Oz compressars, air compressors and W2 compressars,
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Muintenance of air separeticn and gas separatiom plants calls for
good knowledge of aryogenic engineering because of special materials
of canstruction involved like Ou, A, brass, bromse and S.S. The
physiocal properties of these materials at very lov tesperatures
differ so drestically from those camonly encoumtered under narmal
condition,

For axample: 1. Some metals become very brittle at low
taparature, This is true of particularly carbon steel. Disastrous
fallures of engineering structuros bave been attributed to this ceuse.
On the othar hand stainless stesls bahave very wall. Sodo non-ferrous
mtals like A1, ore and nickel.

2. Electrical resistances of pure metals are extremsly small

at lov temperatures. Some metals have sero resistance below a certain
tempereature, This phencmenon is Inam as super conductivity,

3. Thermal canductivity of pure metals and mon-crystalline
salids increases greatly at low temperatures.

e In all 1ov temperature apparatus and equipment proper insula-
tion is of parssomt importance and since one of the best insulators

is vacomm, high vaccm techniques are of great isnortance in lov tem-
perature technology.

Nearly all the comman structural metals can be used. Ordinary
oarbon steel 1is not often used for those parte which become cold,
because of the lov temperature embrittlesent., Ou and btres: find many
places in the lov temperature procees on account of their high reflecti-
vity for thermal rediation and oan be joined very easily, although their |
softness and rather low mechanical stremgth are distinct disadvantages.
Their malleadbility at low temperature makes them relatively safe than
other metals, 33 of types 04, M7 are extensively used for low

tempereture. Froocess 1ines vhere good tensile strength and gnod ispact

e
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recistance are required, Alsc thece rteels have lov thermal can-
ductivities, sc they are very good far use as insulating surports
for inlet and ocutlet lines cowrunicating betveen cold and warm
equipments. S.0, type 347 is preferred because of it: stability -
areas adjacent to welds are le:s apt to be damaged by overheating,
Faissivity of S.5. 18 5 to 8% which is rether high a8 compared to
2% for Al and 1.5 t0 2,C% for Ou. I,0, are more difficult to soft
sclder than Cu and OCu alloys. A rather corrosive flux is required
to remove the refractary oxides, Such a flux must be used carefully
and be campletely remove  after the ‘oint iz finished, tecause
residual flux may corrode through their stainless steel linee and
develop leaks insidc the bax. Fresent trend is tovards the use of
Auminive and 1ts allgys due to the full development of Argon are
welding proceis,

Gasket materials for flange joints:

Relatively soft gaskets are smployed in the harc compre-
ssion flerpes., Although Teflam or PITE arc use: sucresefully at low
temperatures. Special precsutions must be taken to compensate for
the large thermal contraction.

Soft metals like lead, Cu, and aluminiux have been surcess-
fully used as gasket materials. These can be vaccum tight over a
vide reage of tamperatures. It has been found bensficial to use a
film of special type of grease on gasketr to be use’ at low tempers-
tures, Mnly appreved jeining or glsnd packing materials should be
uodtcgm. Mixture of sodium silicate and china clay is a
suitadble seqling agmt fe& flmred jeints, P.T.F.E is weed for
packing the glands of the high pressure liquid O, plunger type pumps.




Teaks irside the ~olo baox:

le. .o, sp irside the cald bax cugtitite a maicr mintennrco

watier, Cemevel of mireral or elay wood nsvlatian rnd leterticn of

exact g-ot af' leans are jarorious johg, leske e eicp mauniys due to
vitraticon of drprgerl. sup orted pipeliurer,  or eypuple p.pe - ines

rneted witl ogens 1 eng iners, liquist ox pen plhoger panpr v

enfrifv /" pumps ‘renomit a o eal of Litratin. ne ctler oar-a

Jiere icmks de el-p rre tle var o ing ex baper: wherc the alternate
(atho of plates and fin t e ex hargere are b jected alternate!  to
twe 1. .tveremt prosvuie: and oonsequent vitrsatiwm, Neraal tope of
ta.llwres are Cracis,
va.ves inside th) -old Lom:

~e have a5 ~ome acrms valver in:-ife the ~ol hax, le.clop-
ir irterral leaks v -land leals and valves becmin; in-perabie due
to 2ufle *‘ n the a 1ndle, “lantc have teen shut down on a couple of

necrgions for replac.ny of reconditioning of thece valves, The non-

return tyre talves 1n the air exit line from “e,-enera'~r: and taversing

Q5 e . £ i AR, PSR e R e

axchanger: also ievelop 'eaks sometirmes, Thes are norma'ly of
fal-per t:pe with hinges and ceals vhich wear out,
Meh ressure liquid Oxy en Pumps:

H.P, Oxygen pusp at Trombay is a 20 stage vertical centri-
fugal cryogenic pump having a mechanical seal, Initial stages of
plant operstion there wers many failures of these pumps mainly due to
the problem of mechanical eeals and dus to vibretion of rotating
slements, The original couplin; desiyn was changed to a mare rigid
type. lMechanical seal was changed to grease lubricant seal, Since
this modification was ocarried out no other serious problen had deen
experienced and the pumps are giving satisfactory service. Where

gaseous oxygen is produce’ these are compreesed by means of multi




sta,e camprercars which are lubricated by “wmineralised water, It

13 esnential to ensure that no oil cr foreign neterial enter the
compressor which would cause explosicn, The quality of demineralised
water and the regular flow should be positiiely engured to avoid such
hagards,

High Praccure Mr end W, Corpressors:

There are ured to corprecs air upte 20 kg/rrm?'g ard nitrog.en

wrto N kiSemt e uoually,  uection to the comprocsor on air 3. 'e is
1 t J i

wostly from an air chiller where thi: air is chi''e  with water. ‘Le
to thie saturated mir we have the problen ~° earton steel gurtion line
gettin, corroded ard the rocultant rust foulin: the suction strainer
nlso breaking throuch it, qetting: earrie’ ~er te ~nrpress.r cylinders,
Tiic damages cylinder valves and piston rin s and the cylinder cliners
and causin - frequent breahdown of oquiprent, As a romedisl measure we
have suction cateh pot packe! with reschip ringe to act ae an additional
strainers, We prepose to change over the line tn that of .7, and also
providing an additionnl parallal strainer for cleaning purpnges while
tre machine is in line,

We had twn serious failures or the air ride .*' stage alter
cooler air discharge line bursting, resultin; in c -nai’erable damage
to equipments. We use mineral oil as lubricatin: media n our air
comprec=or cylinders. It has been suspected that cracked carbon from
the mineral oils in presence of air has cause the explosion. Now to
avoid this we keep a check on o0il drops thorou;hly and also keep a
check an oil consumption. We also clean the after cooler and piping
vith Trichloroethylene at re;ular intervals to remove deposito” carbon
and oll,




Tzbo Campressars:

The main problem we have is frequent fouling of intercoclere.
This is mainly dus to the salt dust and other corrosive particles
sucked along with air, This problem is acute., Theee intercoolers
got fouled up vithin en year. The intercoolers are of admiralty brass
twbes and aluminium fins,

Reversing Exchangers:

We have a plate and corrugated fin ¢pe of aluminium
«xchemgers vhere heat transfer, CO, and moisture removal from air are
carried out by successive condensation and sublimatiam. Air ani waste
lzpuptunrndatuguhr intervals, Moftbopwclzu
also taken through this exchanger to maintain the proper cold balance,
Ater 4 years of operation inter path lealage was ocbserved vith air
leaking to veste K, and pure K, stresms contaainating the pure X,
product. ‘han conditions beceme worse, this contaminated part of l2
vas vanted immediately down stream of Revex train, In '74 we have
changed the whals Revex train, After 4 months of operation in the new
exchenger also interpath leakage was observed vith bulging of ane of
the care plates., The possible ressans far the fallwre of these Revexes
oculd be (1) Water & CO, fressing and their subsequemt corrosion.

(2) Maufacturing defect (3) or faulty material. The leaky core

replace: vith a salvaged block,
Rpansion Engine:

We have three vertical Reciprocating Engines for epanding
air frem 180 kg/m’g. The problems experienced are -
1. Jaadequate cooling hardly 100 to 110°C as against 142°C
2. Undue vibratiom of the machine (3) Very vide flov fluctuatioms.
To overccme these (1) The design of emheust cem profile has been
chenged (2) Speed has been reduced from the original 380 rpm to 300 rpm.
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(3) Automatic oapacity ocomtrol hes been chamged to msnual comteol,
A1 these have overcoms the problems to some axtemt tut performance
of the machine as regards to cooling, thare is not such improvemsnt.
Vidbration has been reduced to & considerable extent. We have had
seversl bad experiences of oil breakthrough into 4.5,U. K & S
because of the wide flow fluctuations of there machine., The filters
at the exhaust ve clean it once in fifte n days.

Sviteh vara exchengers:

These are plate and fin type exchangers to exchange cold
between product synthesis gas and incoming feed jas, %e have some
times experienced cracking up of comnecting pipinge, because of
caustic oarry over from decarbamation eystem,

Feed Gas Dv~artanstion Towers:

These are to remcve last traces of CO, after hot potash
and MEA yagh vith caustic wash, The carbon steel vessel provided for
this was found to have carroded and eroded in the region of feed gas
inlet, The thickne:ss was found to be cousideradly reducecd., The
vesse]l has becn welded with reinforcement plates from ou’tide,
Mitrogen Scrubbing Columns:

We had to replace this columm in ame of our units since CO
wvas breaking through continuously after liquid N.2 serubhin,., We have
cut the original column and have found one or two trays damaped and
tilted. The exact resson for this damage is not known.
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CATALYSTS : HARDLI%;, REDUCTION Al CONTROL

Sefety in the large amonia plents not an)- is concernad
Hith the protectian of persnnial and oquipment but aiso should be
directe? towards the pr-tection of cata’ -st: that are used at each
step in procecsing. The catalysts usei re resent 2 - 3% of the
total plant investment. But improper use of thenm, however -~an re-
sult in an appreciable los: not on'y in the valus of the catalyst
itself but, acre important, in terms -~ loet protiction, It should
be apprreciated that the desipns of the new large ammania plants
impose much more severe operatin; conditians on the catalysts than
do the alder low precsurc plants. Hi her pre:sures ani temprratures
greater throughput resu’ting in hisher pressure drops across the
catalysts and ;roater expansion and contraction ferces on the
catalysts all contribute to thia more sever service. In arder to
realize the nmaximum utilisation of catalrsts, it is essential that
the plant operators have a tharou.h working knowledge of the catalrtic
units and the operatin; procedures to be used with the catalysts to
ensure the safe and efficient performance of catalysts.

General Handling Procedures:

There are a mmber of general rules for handling and operat-
ing any catalyst. Potential safet; hagards not anly to the catalysta
but alsc to the nersonnel associated with the uze of handling of the
catalysts are outline: here in below,

1. Most catalysts used in modern ammonia plant are quite rugged,
but they can be damaged by rough handling., Particular oare must be
given during charging of the catalvsts to avoid demging them.

2, A1 catalysta are screemed before shipment, however, there
vill be some dusting and possible breakage in transit and handling.
It is recommendied that all catalyste be scresned bef-re charging to




the reactar, In swe canas 't is not ..o onnary Lo oscrween it ajl,
but cartainly the bottom ~rtim of ea-h drmim sho:l' *a scre:mnod,

1, n charging catal/sts to a canvorter cae mus* he tarzan

2
not tu lrow them from too roat a tui ht,  urth r nare ust te
taken Jhi:le 1wdin, ¢- even' ! ‘rit-.ta the awtara:, Tioa

e dune Yy pouring the cnta’ yatr o orect! fron the ira aroa

o r hargin, throw b 2 Tuneel with a lan, it whicn 00 Doaai®ls

ane: ot bt mare around inaile the rea tor, £ it i “elt ne-s -ar:

to wave a jersonel irniie, in whi W rge, he Lalll stan: n hoarls

o Aistribute his or their weisht ~ver 2 lar,e aree an! provart
lamage o the ~atalyst,

4o The state »f t.»o -ata :8t: ag Jn'iver=! "ha 1 -« immm 1.9,
is it phyrophoric aor nogroscopl anl suitaile -recmt, ana shgaerved

if roquired,

‘., “atalyst use! in mrmonia nlint are mogtlc in rad: e stata,
ensrally speaking, thesa should he recx.dise hofore rernr :n - tha
oz n ~invarter or heflore npenin: the roactor for an nairn’anAnce
wvork ar natalyst exanination.

€. ‘I’ parcannel are to enter a rea tor the catal -su cho? ) first
be nxidised if required, The va:ceY sho:1d then be thory. hl. purged
and personnel should be pro~vided with sufficient and adequate salsty
equipment before entaring the vessel.

T The vendors recom endations should be followed in the handlin,
loading;, start up operation and durin_ shut down.

8. If the catalysts are not to he reused again theoy can be taken

out as such after thorou hly puryin- and conling down the catalyst be:

and also by keeping inside an inert gms atmosphere. The precautions

to be taken further depends on the t,pe of catalyst. Howover it is

important that we always have available wvater hoein,: facilities nearby.




Production of ammonia from an’ feed stock involves the

fallowing basic steps.
1. Removal of sulfur from feed stock,

2. Rav synthesis gas production (i) by steam naphtha refors-

ing and subsequent air axidation (ii) by partial axidation with

high purity 0,.

1, Co~axidation with steaa,
be CO, removal by liquid scrubbing.
5. Removal of residual trace quantities of CO by methanation ;

or by liquid nitrogen scrubbing.
é. Ammonia synthesis.
Each of these steps vith the mxception of step No.4 is a catalytic .

. -

process in the cass of plants based on steam reformin; plants and
with exception of step No.st, 2, 4 and 5 in the case of partial

oxidation plants.
Desulfurisation of feei stock (Natural gas ’Naphtha)

Of all the catalysts that are used in ammonia production,
the activated carbon used to derulfurire natural gas iz the anly one
that is combustible, The i;nition tempr: ature in air can be as low
as 200 - 210°C for carbons imnregnated with irom or cu and this
should be kept in mind when storin; ani! handling. Before removing
this activated oarbon it should first be regenerated. In order
increase the sulfur \dsorption of these activated carbon beds, they
are usually impregnated with axides of iran or cu or botn,

The second system is the cobalt molybdate and sinc oxide
desulfurisation. This presents no real hasard during handling
operation. Normal precautiom should be taken during loading and

uwnloading to ensure that excessive dusting does not occur. Persammel
handling the catdlyst should be protected against possible ingestiom
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of catalyst dust vhich 15 ver- harmful,

During start up zinc 2oride catalyrt is not reduced but only
cobalt molybtate, Put cobalt molsbdate catal/st has inmown to cause
e dangerow situation, This can arise when heav; fendatocks are
being refamed and it ic consi lers’ nece:sar; for the primary reform-
ing crtalyst to be reduced prior t» start 'p of the plant proper.
When this ope'atiomn is to be carriesd out, the normal technique is to
recy-le a procacs gas stream - ntairing H,, CO % ‘702 thr~upgh the
desulfurisation system and then into primary reloraing catalyst when
this is done at reasonably hiph nrecsures thes cobalt mol:-bdate
catalyzes mothanation reartisn in the gas stream, In one of the plants
in erman- vhere a deiulfurize: rea~tor was severel. damagad due to
A run away roaction taking nlace durin start up. As & general rule,
it is advisable to limit the 70O plus “Qr, content ~f an- As strean
passing through cobalt mol-bdate bed to not more than 5% durin,: the
redurtion. By thiz means if conditions are suitable for methanation
reaction to take place the total tempcratwre rise through the ted vil
not be sufficient to ceuse damage to either catalyst or reactor,
Frimary and secondary Reformin,- Cetalyst:

Jor best operation of primary and secondary relormers certain
set procedures to be followed. The weight of catalyst loaded to each
tube should be determined and recorded. Tubes should be vibrated to
prevent bridging, If bridging does occur hot spots will develop. 4t
best this results in shorter tube life and could also result in tube
failures, If furnace temperature is to be control'ed by ome, or two
tubes production losses will occur. The reformer catalyst in commer-
cial plant are also associated with following froblems. (1) Coke
formation, (2) Sulfur poisoning (3) Assenic poisoning (4) Poisoning
dmtomz,cunnd&iaf“dct.ookoto.




The greatest single Masard to guard arainst in the operation
of primary reformers is the loss of steam fed. This will result in

carbon formation with phyrsical break up of catalyvst and plugging of

the tube., In extreme cases this vill result in repid over heating
of the tube with subsequent rupture and a potential fire hasard, The J
usual procedure for guarding against steam failure is by interlocking
the gas/naphtha and steam flow controllers which will cut off both

simu)taneously in the event of stear failure,

While putting a reformer back in operation after a steam
failure the tubes should be observed Tor not spots vhich will indicate
whether catalyst breakape or tube plug up has occured, If carbon has
been formed in the tubes it can usually be remove by steaming for 8
period of time. In severe cases the carbon can be removed by the
addition of air to the steam.

Severe cases of carbon formation are hasards mot only to the
reforner furnace but to virtually every ocatalytic unit in the system.
Mnother problem scometimes encountered in primary reforser is break uwp
of catalyst dus to warry over of liquid water, to the refoarmer tube
dus to thermal strosses developed,

Secondary Reformer:

Operation of secondary reformer oatalyst is relatively troudle
free. In several cases there have been mechanical failures in air and
gnthesis gas distribution nossles vhich have resultec in the directiom
of high velocity stream on to the catalyst vhich has resulted in over
heating and fusing of the catalyst.

A potential hasard of secandary reforming is stoppage of
Smthesis gas flov to reformer which might oocur due to upset in primary
reformer., Provisions must be made for diverting the air from the
secondary reformer in such instamces, Another potential problem is




putting too much air into the secondary, whi.h wo ld result in
ovarheating and pos.iblie dama, e to atalysi.  in~e thir catar rst
plsc operates at a hoh temperature care miat te taien t. pravent
arns water car.y over t. thr catal;st,
Sttt Tonversion alel st

Hh temperati.re shift:i- i+ ‘emperrlure 8nift catalrast,
"ke ve “ormer chua oL resent onl - min r avat: peobiems, There
are no -newn hazards involved in hanilin, . @ ow catal. st huring
rorzal initial loaling. “her placin - the ir » chrome hi b tempera-
ture snift cata’:st: on sirear, certain preca:ty s shou’ o be tulen,
Tiere have hwe:n instanc . where air 1e used turunc the initial
heat up of a nev plant., The air [lows thro.t primr and secuniary
relarmer: and the hi,’h teunerature shift converter when 8lea: becomes
available, stean flow i: ostat’ished and the sir 1w ir discontopued
if air is in eontact with hi l te~nerature o-'~nver.ion zatalyst at
termerature: a-ove 5%‘0-", it 17 poscitle for the rephite i~ tke
catai; et to react with s, The romlt r, hig? terperatur. w. . damage
the catelyst.

Reduced iron chrome ~atalysi: ere pioropu vl 8us wil!
oxidise wvhen expose’ to air. when use. catal st i. to be discarded,
it can be removed in the roduc.d state with no “4ifiiculty, if certain
precautions are taken. The catal;st bed should be purye- wits I.’z/atao.::
and then cooled to the ambisnt turpsrature. The top and bottoc manvaye
erc then opened and the catal; st rezoved, As the catal st leaves the
reactor it should be sprayed with water and it should be kept wet until
it ic removed from the plant area,

Irom chrome Co-conversion catalysts have becn damajed while
preging with inert gas, wvhen using ras from air inert jas genarator
analyses should be made to ensure that the N2 is 0, frec. There have




been several instances of foling; of the hiph temperature catalyst
bed by salid deposition on the top of the bed, tut these prodlems

have been relatively minor. They have been correcte’ by removing
the top partion of the catalyst and e'iminmating the source of solid
contamination by vacuming of the t-p layer. Durin, thir pariod
the bed is kept under inert atmosphere.
Llowv temparature Co=Conversion Catalsst:

low temperature Co-Converrimn catalysts are more susceptible
to poismning and to damage from o-erheatin; than any other catal;sts
used in ammonia plants. The active iniredients of this t:pe of
catalysts are cu and sinc and there are no special precautions
required in the handling of these oata'yste during loading. The
reduction of LTS catalyst is highly exothermic and if proper care is
not taken during re‘uction the catalyst can be earily overheated.
Adequate recuction facilitiee should be available and these should @
include meters for metering an® control’ing the flow of both the ‘
carrier gas and K. Froedures for removal of user ostalyst cem be

similar to those for removal of HTS catalysts. If the catalyst is

to be disoarded it can be remove’ in the reduced ctate, If the
catalyst is to be reused, it must be oarefully oxidised out of service.

LTS oatalysts are very censitive to sulfur an’ chloride
poisoning and every precaution should be taken to minimise the
possibility of sulfur cosprnds and halogen compounds from contacting
the catalyst. Process steam should also be chloride free. HIS oatalyste
can also contain sulfur and should be properly desulfurized prior to
add tting gas to the LTS eonverter lubricating oils used in air
compressors, also should be sulfur and chloride free,

LTS oatalysts are also very semsitive to hich temperatures.
Thoee in excese of 350°C vill permanently dsmmge the catalyst.




Sevoral cases of catalyst overheatin, Jgve reesulted in plants
vhich ure & direct quench system betwern HIG # [T, Hence the
catalyst ie to be guarde’ a,ainat failure of quench,

Methanatian Cetalyst:

The operation of methanator precent safety problems some-
what unique in an ammonia plant. An upset in CO2 removel/CO shift
system can result in exceusive carton oxides being fed to the
rcactar. The rosultins high terperaturer can eesily axcerd the
design and cafe vorking terperature of methanator ves:el, Irotec-
tion ngainst high temperature is obtained by use of & high tecpera-
ture alarm systen that sutommtically by pas:es the ted when a prcset
temperature is excecded, It is alsn ne-arsar: to clore the block
vaives to the methanator fo that no s v 11 flow throvgh, At me
plant during an upset in the "“»2 rerc~val systen, high terrerature
activated the alarm and autcmatica’ly oponnd the bypuse valve, The
plant operators did not close the block valves in the methanatr feed

line. As a result a small flov of g&e ¢ ntinued tn flow throuch and

terreratures in the methanator rx.cccded 1300°7, Tortunately reactor
4id not rupture, but only deformed.

“ormation of nickel carbonyl is also a poesitility in a
methanator, Mckel carbmyl is extrerely toxic and whrnever men ere
going to enter or open a reactor stringent precautions should be
folloved to ensure that nickel carbemy! is not present. 'wen in a
closed system carbanyl formatirn should be preventec since nickel can
be removed from the catalyst with the resultiny loss in activity.

Conditions faviuring nickel carbonyl formation are high pre-
ssures, high Co-Concentrations, temperatures in the range of 50°C to
200°C and the presence of a catalytically active nickel, Sulfur

compomnds if present act as promoters to carbanyl formatiom. Mickel




carbonyl formation is most likely to occur during ~tart up ~nd shut
down, Methanntars stiould not be kept bleocku: in tnder process jas

that contains (¢, A1 CO should Le purge’ from the system tefore

the reactar is coaled below the norma! operating temperatire,

Hth new catalyst, i the axirised stale there is no probles
since the nickel is not catalytically active and it does not becume
reduced until tewperatures are reacted that arc above the maxisug }‘
tecperature which nickel carbonyl can be forrmed, If & cald reduced *;‘

methanatim catalyst io to be placed back on stream with CU containe

ing feed a8, it must be assumed that some carbnyl will be farmed,

If the gas is to be heate’ to terperatures above 40"°( subsequantly

s R R R

nickel carbanyl will be cdecomposes, If the gas is venter! during
start up, precautions need to be taken to ensure that persanrel are
not exyosed to vente gms. “ar rhould be birnt in a flare,
Aronia Synthesis Catalysts: ‘,
Amonia s;mthecis catalyst can be divided into tw: general

typec. The conventional catalyet is supplied as magentite (FedX4)

wvhich has been troate with various promotors, The cecond type is a
pre-reduced catalrst which i sup-lied as metsilic irom with a stadbi-
lising surtace coverin of Fed04. The latter catalyst has advantage
of needing little reduction. But there have Le n ocrasions vhen drums
of prereduced catalystz on exposure to air have got overheated and
oxidised completely with considerable increaee in temperature,
Generally there drune are sealed. But it ic very important that it
should be checked, Vthile staring a checl should be kept m the A~a
temperaturs,

Reduction of conventional catal: sts is of a fairly lengthy
procedure, but cannot normally be considered a hazardrus operation,
It is probably more to be considered a problem of avoiding the
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deactivaticn of the catalyst than of any particular hazard being
devel oped,

Ko serinrus problems re'a‘in; ts the ratalyst have been
wperienced in the amronis synthesiz converter in the new plants,
Athough the catalyst 1o subject tc poisoning; froem g/ en, the
aarmal purity of s/ntheris res enterin; the am.onia lyop is such
that virtua! 'y no hazard to the catalyst ic presented from this
surce, Mother problem is the oil from the syntheeis compressars
containin; sulfur in varyin- degr«es. This also is eliminated in
the modern plants wit: the uce of rentrifugml comprescors and
sul fur free 0il, Othar catalyst poisons are oxvgen compourds like
carton monoxide, carton dioxide and wvater vapnor. Mwon; thece water
vapour and ((R are of less cansequence and arc essentially romoved
in the secondary condensation of amrenia an’ hence they will not
build up in synthecis loop. But CO builds up in the loop end in
concentrations more than 20 ppm reduces the catalytic activity
gradually and in hicher concentrations ~onverter becomee unstable
and to put it back in line it may take a few hours depanding wn the
extent of poisoning. But in mocern ammonia plantc with respect to
these oxygen compounuc purification steps are much betier and break
through of these compounds into s:mthecis loops if a ver: rere
phencmena,

Phospharous, halogen compounds and arscemic are other catalyst
poisans, Metallic compounds of lead, tin, bismuth, copper a.d zinc
are also catalyst poisans,

The poisaning effects of ha'ogens anc halogen compounds
particularly Cl1, is very severe, These halogens deactivate the
aancnia catalysts by depletin: aliali promotors. Very extensive
depletion of potassiun promotor has been experiemced in many units,

o
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Mnother problem vith ammonia synthesic catalyst in the

past has been the gracal build up preesurc drop due to attrition

of the catalyet during operation. To overcome this the newest
development is the removal of edpes an- cornars of the catalyst
by polishing. This giver a catalyst that is more uniform in
shape and size and which has a hi her packing density in the

reactor. The initial pressure drop for a given volume of catalyst 5
is higher than that for a bed of irregular shaped particles, But
anticipation is that attrition loss and prercurc drop build wp wil 5
be muck less and will result in longer catalyst life,
M onie synthesis rcaction is highly exothermic and hence ‘

care must be exercised Auring the initial redu-tion and subsequent
operation to prevent owverheating an< damage of the catalyst,
Awrther during reduction build up of water vapor in the gas should
not be rapid. This can be control'ed by controlling the reduction
temperature,

The reduce’ catalyst ic highly ohyrophoric and care must be
taken when removing for change out. If proper care i: taken oxida-
tion step is not nececsary.

In & genorel way these are tome aspects relatin; to catalyst
handling, reduction and control in any ammonia plant. The real cost
of catalysts used ic ultimately determined by the tonnes of ammonia
produced and not by initial cost. In the nev large, single train,
high pressure plante 1life of the catalyst is more important, since
a change out will require long down times of the plant. Operating
canditions of the new plante subject the catalyst to more severe
service and there is much less or very little margin for error in
plant operatiom,
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Bigh tempereture shift converter
—Catalyat chenging.

Activities

load reductio, shutting down and isolating
from other sections,

Depressurising the system
Slip plate removal for making K,
connection for purging

¥ parging and cooling down the converter
to make the converter free from CO and Bp

Slip plating job for isclating the converters
Removal of Desuperheaters
Opening of Manholes

Quenching with vater hose (after breaking)
the brick lining of manholes

Catalyst diccharging

Cleaning insi-ie, grate and vire mesh with water
Charging of oatalyst

Fixing up of Thermccouplas

Rutting Refractory brick work and cloeing
the manhales

Baxing up manholes
leak testing and rectification of leaks
Slip plate removing

Reating with X2 wpto 150° C temperatawre in
bottom bed

Heating with steaa

Introduction of gas for reduction of the catalyst

Loading upto 50%
Loading upto 100%

Total time taken

Dgwetion

2.0

6.9

4.0
12,9
6.0
440

12.9
36.0
12,0
36.0

2.9

4.0
8.0
8.2
12,0

7 ey
8.0
28.9




ANNEXURE- 11,
SOMHSIS CONCRTER CATALYST “HANGING
— —— haza.
1. Reductian of load from maxim.a to 10 kg/Cl?'g
pressurs. 1.7
2, Continue circulation for brynging down the
temperature from 500 to 250°C 3.9

3. Jepressurising the unit below 25.0 k;*/cz"’g
and started purging an! eonling ((xilation} is
not done nowadays, basket is takem out in

M trogen atacsphere) . 3]
Slip plating 1.0
Jpening the head bottam cover 80,2
Openir g the other conne~ting pipelines € .,0
Taking out the hasket 8.2
8. Cleaning the reactor vith Trichlorosthylene 24.0
9. Charging of catalyst in spare basket is dane
simultanecusly wvhile other maintenance jobs
are in progress ML
", Introduction of spare basket in the gonverter 8,9
1, Bamxing up bottem cower 12,9
12. Glapnd pacldng at bottm and top 8.7
13. Testin; of bottam cover gasket and gland pacidng
by K, &
1%, Baxing up of top covers, 24,0
15, Pinal gland packing 4.0
16, Thersocouples fixing and boxin; uo 8,0
17. Leak testing rectification and fina) testing
(include starting up of camprecsor) 22
- 18. Reduction vith Heater on (In the case of
4 prereduced catalyst and 192 hrs. in the otes of 36.0
: unreduce! oatalyst)
19. Loading graduldlly upto 120% 24,9
Total time taken 1) Prereduced 364, hrs.
2) Unreduced 520 hrs,




FRUSHS © NCGOL CONGLATATION. OR LAR ' ATAOHIA Plicl.

1, fail safe amnonia instrumentation:

Most of tho now Amnania plant- e-ploy the eingsl» train cn-
cept., This 4asi,n ns a - Yied to the lar-« planta s made man -7
the older multi train plants o~ nwmy all- oisoleta, ¥ tha -~ her
hand the simple train p’ant has n: i1nherent wea'nes - that i,
failure in a sin;le cormponent th- "aa: Mn." 5 L. pon ma) cAuBe
a failure in the antire plart,

It is for thi« reas-n that n.. plant . trul; ". in-le train",
The object thus is to identify the critical elersnte ani re.nforce
them. Ujare eq.irmentc arn nryviied in man instan~ - s “or example
in Boiler fe-d pumpe, hot potash ~uims, T4 pumps, sta: *, turto
wenerators and sevaral other instan es. {ia -enerai r.lm ~an be
stated that if a particular item is a machine inv:lvin; rather complex

moving parts and if insta’led cozt of a spare iz reasnavle, then

sparing of an equipment ic justi”ied + + ‘! {nsurance, Therefare,

to some extent, most new large scale plants are, in fart, to sume
degrea multi train plants,

Consider now & typical control circuit. The set o components
of almost any automatic conirol circuit fits the criteria »f a complex
mechanical devics and the coet of a spare control circuit ic a reason-
able figure. Why they are not plants equipped . ith epare control
circuits?

To some extent of-course spare instrumentetion is provided,
Por axample, check ther—ocouples are installed whare d:mani advisable,
various overtides are provided on controllers and -arcade cantrol
systems and slarms and trips are installed in many circuits, Actually,
however, thic degre- of sperine is minimal. Contrnl -~ircuits in

generdl are not spared,
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tr T ar it norve e rrie purege pn rpte Yoller tee omapr,

e e ertan trer A sere o fr el w0 b e ten Tor
N BT T UM TR ML AR S RTINS ST S
me:t ter peved Torow o te into A - re R S
mreration W o srgne! do o roee et vaa th o s entat s o ar Lt
that the cpare v re con T oaprt e e bpoone b oip b e

Lot requires a con iy T cter o Frore s e ForalT et
1t et o ukich A ictiz, deh Yetuvern e o0 Unlge o) v e
Troaent o lete st oaptt e taty v orny o e
sob, tut & crohititive ma ctunance ard tpa i et o 0
ropited, The yeter ~f 3 oe o ' te rom lex rvslvie, multipoe
lopis rirevit . An atteept t rhiese 2 hi her oo ree ot peTiebilit
throug b "d-plicat ion™ witd "the prorent ctate >0 art” =1 hardwars,
wou ' be . elf lefeatirg. ibn mdtipli-ity of heriuarc, s:tl the
associsted legic, woerld precent « operational an’ mairteran: e horror,
Uge o' ‘omputer "ontrolt

Irecent da corputer technoleg, particulerl in the realr
ol direct diital contrel, or [ can vepir t- & roah thic protler,
The computer cou' , to take a particilarly cimp'e exa ple. uncertake
the lean solient {low nntral task, It can daternmire the vehavi 'r of
thr trancmitter, the reasonableness of the measur -ment high and low
measwremant alarm limit:, meesurem-nt compensation, fet noint limits,
devistion limits, contrnl behaviovr, “eturmine rertricte! valve output,
filter circuit and fluid Aymemic noiser, At the same time it could
rocognise the pos:ibility of instrument tubing failure, mmp instability
or feilure, pipe line plugging or rupture, exchim er bypassing end
leakage and & host of s=imilar parameters in this Yoop. This logic in
turn vould provide output logic patterns through calculetion of this




system and adjust released unit operetions accardingly. This is
poseible today, but only costwise it is prohibitive,

Control circuite must remain, for the prorent we must
anticipats instrmmentation failurer an. atterpt to s ften the blow
of such failure by conei eration of "fail safe” -~hilosophy. In its
simplest farm the "fail safe" philosophy r-quirer the propar choice
of the least hazardous talve artion in the cvercof inttrument air
failure. It involver ad'ition of a’arm and trip circuits, it same-
times invcalves the use of awverrids contrnl circuit,

The main objective of any Am onia plant process control
systam or safet. instrumentation is protection of versonnel, meche-
nical equipment and catalyst inventary locked up in proce~sin; units,
Activation of plant sh' t down system for any other reason is unnece-

ssary.




—67)=

Frocess Cantwal: Temperature, prercure, flov and level controls,
Alarme and comtinuous snalysers.

Atommtic cantrol)ers are videly used in any dmmonia plant
to ensure a safe and stesdy stats operation ance the plant ic put on
streap. Most of the opcratians in Awonia plant temnd to be difficult
and tedious hence the need far autccontrol., The three ppoces: vari-
ables that are to be controllel at every ctage of operatian of pro-
cess in ammania plant are pressure, temperature and flov, Mnother
7arisble ji.e, to be 'mtro’''ed is leve'. I an hands hovever ski'led
they ma be are not amenariec ¢ this type of operstiopal contrals
where slight change in one cr the other of thes wariables zay upset
the whole plant and resu't ir rafst’ hazards both tow equipment,
material and personnel,

Measurement is & fundaments! requisite to autometic, semi-
automatic or manual process cantral. The most commanly usec tempera-
‘ure elements in am.onia plant: are therroroupler of PlatinumeRindium,
Chromel ~Alume]l and Copper-Constantan dependirg on the temperature
range. Dial thermoreters (mercury filled of cas {illed) and Bimetallic
(iron-Invar) thermometer are also videly used. 4s rcpards to flow
measurement most videly used elements are orifices and rotameters,
Bourdan geuges Diaphre;m elements or certain t pe of bellows or
floatc of different types are used as prersurc clements. lLevel
moasurement is done by floats or level muges with slipht glese.

Theeo measuremsnte at every step is esrential for any type of
control of any procecs., This iz indicative of what ic happening in a
closed vessel, a tover, or & reactor ete. They act as guices,

It is to be remembered that while startir, the controllers
should alwgys be on mamml and only after stoady state conditions are




a Lieved thie process @Foulc be put on auto. Hefore taking in lann
it Jhaldéd be cheched thorou Ll far proper cooration anl cantral.,
™ merns of automatic prooers ontre! s eten prace e A be cone
tro .od continuw 61y and precicely t five more uniform ani steedy

¢ ndit.ons without to- oany upset. thur ersurirn, contiruity of

pro - ooticn and a'ss saletr of plant equivment: an - - erntor- at tle
sare time, o proce i, wuat: jike ‘el arpers, - nthe Lo runver-
tar:, c=’onverter. where read-tions are ver: fast an’ much t o rapi:
tc be controlled manw. -, The. ma - hive r.u awey reactions remlt-
ing in uneete terjeratures or the: ma; cini rlt. etrar cue to losr
of temperature of -atelyst beds, The loes of level. in absarber in
hot potash gystem ma; result in a mishap with high pressurc gas
backing intc the low pressure lines an. low pruessure Re,vnerator.
The essential idea of an- control syster is that the procers and
controller from & closed loop of action and response. There is feed
back of information from the output of a process to a controller,
which regulates the process in arder to hold the output to any desirec

value. Hence the name "fe.d back contro”

JAetur-
Set poirt Actunting + Manipulated — bance
Reference input rror ' Control varisble | variable
) . 8ignal | ” Zlements - ! Controlled
"< )_' ~

. b . ’variable
+ t — FProcess
Feedback I
variable

?o;:d &ek
— Elemente 1

Block diagram of a feed back control system.
The compaonents of a simple control system can be seen from the
above block diagram. Most of the control systems in large ammonia plante

are based on mainly pneumatic system. There are some areas vhere




ale tric and alectir n.c rtrol ~atenn are sned,  dn e ren oot

aptem Air 1c ~.ovlied Lo tha Aaphysw U oAa o tre] nlve, o
most contyel sosters thi- oreccpe o1l e tho rapge of 7 opely

to 15 pelg mnge, standardiaed Yooa e nent Yol inatrorent
manufrcturer An usAre.  Chate AT sope specisel eoptome bk e
other ranges,

Mode of control .0 s control valve wtetlor it i tar
procsure, temparature, 1w or iovel, in ester o i e Jane, muy
differerco 18 in the aar.c.ng elemrnt or tha reamorin elomemnt,

Ao, Maplay and Proce: £ “@ta loyging rrn!l worling Alerme.

Az-onia plant, Tor that met'er arn nlant ~ontain b nireds
of aquipment and machiner. It ir narmal proct: « ag w0'1 27 a nele:
mearure to trancmit almost 21 the irportent an’ crity a) prooow
variables to a centrrlly Yocated contral r m anl et the date dis-
played on panel mounts ' ;Ay;we or et ree-rded ¢ vtim (8ly in grephs
charts., These chartr will dva the stati: and trand of the proces:
variables, This econtinuity, is important not onl. foar poet morter
btut also for instantaneous changr: that may hive t~ be carried cut to
keep the procecs variables in check an’ to provent unnecs csapy up:ets
an! hegards. Moreover sitting in th: contr~l room the operator w i
get an ovorall picture of the plant ag a whnle reth r than an isolated
equipment. Normally alarms are also provided for earh o: the veriables
for two limits i,e.minirmum or maximum, low or high as a Satet, measur:
ani to avoid Immen slips. For example: The level of a tower say
carbanate absorber, there is a lower cafe limit below which a level
should mot go so that there is & safe liquid seal in the s-stem. As
soon as the level comes to this minimum level, the field located switch
vill transmit signgl and sound an alarm. Simidarly too high a level

wvill result in carry over of liquids along vith as streams, may be




resulting in prohlems in downstroam 'CA r.atem 416 to cartmate
carry over. To avoid ruch hanvening : normal'y panel mounted
alarms are prov: e’ whi h wil' sound alarme and at the nape time
the source of the abnormality in the control roam itrelf! giving
sulficient time even to (et to the spot an! adjunst the abnormality,
This ic an insurance egminst instriment fai'ires an’ mman el ipe,
vhich are camnon to ever~ a-ronis o'ant., Very critical measure-
@ent that is under control will have as an sxarmle hick level alarm
(set at %) and 1ov level (%) mlarm. “Ven in places where there
are automntic control relvey, there act as a check in case of
abnormalities, This is ane of the most impartant things in am onis
plant ar any chemical plant,

Jata loggin; is another important thing, Thie is esrential
for the post mortem of nlant ~onditiona over and atter a period of
time. Nov a days with the acvent of computor: even digital data
logging is possible and is being done even in India., This will

avoid human ervor vhich are very frequent t» creep in.

Continuous Analysers in Amranis Plant :

Continucus Analyeis of composition of product geses from a
SmAll side stroam sample is important for rafe speration of ammonia
plant, to control at evary ctage vhat is haprening. For example, Cﬂ‘
in shell unit product gases along with reactar temperature, gives an
idea of what exactly is happening, inside the reacter. Similarly,
purity of Op product and K, purity the products of air separation
givez us an 1dea as to what is to be done, vhather the process is

balanced or any further adjustrent is r .quired for exemple in reflux
rates. The rate of Nz to K, in synthesis mixture, vhether it is in
order vhether it requires any change and so on, This shows hav
important is continuous analysis is for any process. The analysers

|
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that are important in asmonia plant opsratim are:

Methane analyser for pasificetion unite,

This vorkt on infrared principle,

02 product purity anal ser in Air separation unite,

This vorks on the uncomran physica! nroperty exhidited
to a significant extent anly by oxveen, R gas displaces other
gases {row strng magnetic iel's parmittin, their measuremnt,
This nrroperty is known as paramagnetiss,
3, ® in B tha' i{s W product purity analyser

Thece analysers emplyye ~hemical fue' ce'lr, Here
principle of rise in temp«reture due to exotnermec reaction of

unknown (@ in small traces is emplo,ed,

4. R {in symthesic mixtire (Ttin Amlysers)

These are mostly based on therma! conductivity -rinciples,
5, CO & C(R Analysers in traces at the outlet of K2 wash
columa or Methanator outlets,

These again vork on the in'rared principle. Time lag in
relay of data and autometic cantrole,

The purpose of a control system is to hold the procees
variables within limits so that the vrocess ocutput fal'e within the
range desired from performance cgiterion.

If there were no disturbances there would be no need for
cantrals. But there always will * . .me. Like wise if all parts of a
process respanded immediately, corrective action instituted at once and
the errar signal drought back to sero vith no time passing, the problea
of sutcmatic ontrol would be eimple. However processes and all parts
of their control systems have charscteristics that retard changes and
respanses initiate: by the changes. These delaying charscteristics
shift the time scale of the response of system element to an input change,




They also cause distartion af the form of the chanje as it pasaes
throughthe element, Thia dealar in responce in rela,; of -data and
anmutmati- controls is ca.led time 1ap,  The problem of procacs
control is to overcone these time delays ani t- hold the value of
contraolled ~ariable at ‘he desired level,

Tine lag i3 *ue to thre: propertiss of the - tar -
‘apacitance, rezistance and transport or-ead time. ‘ipa L tunce
the propert’ of the :ysteam toad is' tn new energy level whereas
redistance is the propert: that will resict thee capa~it. changwe,
The third properts found in nro-esses an! ~-ntrol srstems an! which
contributes ts time la; is the time requirs to rarr- a change “yrom

one point to another in the sycten. Thin is dead time or transporta-

tion lag.




ATMATIC TRID

Tk SAATY

]

The interest in autxxtir tr.p s stems stenc [rom tie fact
that at tumes tie; can be the source o7 operating difficultias,

The, run cause needlers plant trips an' as a res't o atrito.te to
such thin;/c as a cngtlsr pradiction 'ne an?! axce sive .ear and iamae
tn the equirment, [“annequenily there is a real intersest in limiting
the u8e of trip circuits to on' s those areas havin, a neni »f automa-
tic protection. It ir pan -a!'r Lalicved that theas are arsas whera
a2 rapid responss to a procars upset or equinment maliunctiom is
requirnd in order to avoid

1) kndangering personnel

2) Costls equipment damage

3) ralanged unit down time,

Botiy the concept of rapid actinn and, either persc-ne! safetyr
or major coct dama;s &re impartant in determinin; the avtomatic trip
prote-tion. I'or example many process upsets would, if left imattended,
result in unit damage of major porportions. But the unit respon.e is
slow enough so that operators an take the nececsary action to recover
or make tha decision t~ shut down bef re conditins reach a haza dous
situation. Alarms ars provi‘ed in thece cases an. operators ars
trained to respon! to deviations in normml operatin - conditioni,

It is interesting to note that virtualiy al' ammonia plants
have autometic trip s-ctems on certain nrocess equipment and the use
of circuits on compression equipment ie virtually univers=al, Hovever,
except for the compressor oil system trip circuits there is little
agresment on which process upsets require automatir trip protection.

It is accepted that certain unique desipn characteristics in a
given plant may require special considerations, But, there are enough
similaraties among ammonia plants.
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Reformer Munace Trips: We find the following sources of dange..

1. Amxrnace over pressure: Hazard is @at vhen positive
pressure occurs, the hot fuel gms will escape from the furnaco
casing, This is a personnel hazard and covld also result in damage
to the furnace itself, !
2. Momentary fuel loss: Hazard is that an explosion can occur
if fuel is reintroduced without reignition of the burners.

3. Peod loss: Huzard {s that secon’ary reformer ostalyst can
become overheated and fuse if air flow is continued vhen feed flow is
lost.

hs Stean loss: lasard is that the primary reformer catalyst
can be lost due to coling of fe<? 1is not shut off vhen the stean flow
is lost.

Process stean generation: Actuatin: shut down of procecs equipment

due to a failure in the onsite steem ;eneration is usually used to

protect the heat exchange equipment from operatin; dry and overheating. \
Usual trips nesociated vith are

1. Stean loss

2, Boiler feed vat:r supnly loss

3. los” of steam drum level

4. lome of boiler circulation vater flow,

In the case of boiler feod water supply loss and loss of
boiler circulation watar flov the signal is used mostly to cut ia the
spare pump and not as a plaat trip.

But mostiy it is left %o operating personnel te taks effective
sotian in case of failures as stated sbove, because scme of them may
be momentary sad may cause unusually large nusber of trips.

Mell safety shut down system for partial cwidatiom:

T™his is a wmique system. The important aspect of the shmt

down operation is that the ratio of axygen to hydrocarbem be kept
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under control at all times in arder to prevent (1) high temperature
damage to the reactor linin; and (?) to prevent explosion and
resultant damage to equipment and personne! due to the formation of
explosive mixtures due to excess oxygen.

The thut down system is of the electro pneumetic tipe,
vhere in an electric signal from the instrument detecting an abnormal
condition de-energises e solencid 3 vay valve in the mmster shut down
air system, blocking the air supply and causin- the system to lose
air pressure. Thus each reactor unit is shut down in a manner similar
to that occuring on loss of instrument air npressure,

A shut down sequence i{s initiate’ automatioally upon attain-
sent of any of the following abnormal operating conditions!

1. Mgh ratio ®/hydrocarbon feed stock

2, Low ® flow to reactor

3. low hydrocarbon feed pressure inlet to feed stock preheater

4. lov flow steam to PSPH

5. low flow steam %o reactor.

If any of the above sbnormal conditions is reache’ by sny of
the 5 variadles, the followin; events take place.

1. Oxygen feed is cut off by the quick elosing shut off valve,

2, Maphtha feed supply is stepped by the pnematiocally
operated time delay svitch at the naphths charge pump. The effect of
this delay is %o prevent (R bWreak through from the resctor.

3. The shmt “ovn alare is sounded by the action of pmematic
svitch in the meter siuit dewn aystem.

™he le8e of air pressurs couses cerresponding 3 way pneumatis
valves to bleck the air mpply aad vent air fram the diaphwages of the
cerrespanding process ommirel valves, In the case of maphtia charge

pup the 1lese of presoure ia the gystem acts o the time delay switeh




directly without an intermediate, diachragm valve. This pneumatic
switch includes an adjustment for dela-in; the shut off of power
for as long as &0 seconds. Thus excent for the nccurance of a
power failuras, naphtha fee’ to the reactor may be continued for a
period of time alter the 02 supoly is stopoed.

Maruatly operated 3 way valve is provide  on the control
prnel of each unit for starting that wnit, This valve by passes

the solennid operated valves in the pneumatic control circuit, As

soon as the unit reaches normal operating condition, the valve is
manually switched from bypass to the normal running position. In
this latter position the shut down s;/stem is in service.

In modern Shel) plants thern is one more safeguard i.e,
shut down due to high temperature reactor bed. This is to safeguard
against unusually high temperaturc and explosive situations that may
occur dus to excessive water oarry over with naphtha both for liquid
and vapor phase and also to integrate the shut down system in the
case of flame out off FCPHs when vapor naphtha is the feed.

Feed stock preheater burmer oontrol:

Originally the Honews!l control system was there which pro-
vided saleguard for any number of burners. The system provides an
adjustable preignition purge period, an adjustable trial for pilot
and min flame ignition, alarm and silencing eircuit. The system
provides eut off of all fuel in the event of flame failure thus
safeguarding against possible explosions.

Nt frequent flame outs cocured dus § improper mounting of
flame seanners and problems with electronic cireuit cempomemts,

Origzinal honeywell protectoglow s’stem was replaced with
fireye systen. locatiam of amplifier control syetem chaaged ia ader
to keep it away from Mot surreumdings of feed stock preheaters,
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Flame seanners were relooater for proper viewing, Now

they are vorking fine,

The other trips used in Ammonia Plant are:

1. loss of secondsary reformer air: This ia usually used to ~
shut the air valve, probably in order to prevent a surge of air flow
vhen the air supply is required. lepending on the plint design some
units are required to protect an air preheat coil by introducing

stean upstream of the coil when air is lost. This also serves to

keep 2 positive flow in order to prevent back up of ~ombustible gases
into the air line, This trip is narmally used to trip synthesis
compressors also,

2. loss of level i: CO2 absorber is used to actuate a trip
cireuit., Usually rich salution let down valve is closed, This serve:
to protect the regens.ator system from damage caused by loss of liquid
seal in the bottom of the abeorber an’ escape of pre: surised symthesis
¢gas. It is also actuatin; shut off of air injection to regenerater

80 a8 to protect against a possible explosive condition,

3. A fow plants employ & trip of the methanator on loss of COZ
solution flow, But usually spare pump is cut in wvith a simal.

be Theare is an automatic trip on high methanator tesperature to
shut down the reactaor, to trip the down streaa compressor, or both.
This protection against runawvay resctions catalyst and equipment damege.
5. The fired start up heater in amronia synthesis loop when used
is frequently protected with sutomatic trip circuits, In this unit a
ocil rupture cam result in a sericuws fire due to escaping high preasure
synthesis gas. There is trip agninet lose of gas flov and loss of fuel
to protect against possidility of overheating and possidbility of am
wplosien camsed by mommmtary fus! fuilure,
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Centrifuga! comprescor trip circuits:

1. lube 0il - loss of pressure
2, loss of seal oil - low level
3. High KO drum level

4. Hgh discharge temperature
5. Eigh oil temperature

6. Vibration/Axial displacement
7. Underspeed,

Fc.31: Is for mac..ine protection. Ranid rorponse to & loss of ol
is critical for minimisin- damage to machine. Universally eeployed,
¥o.Z: Alsc universally employrd except in air compressors. Trip
protection constituter persomnel as we). as equipment protection due
to the fire hazard asrcociated with loss of geal oil,

No.3: This is to protect the rotor from sxcecsive liquid carry over
due to a2 flooded KO drum,

No.6: Very rarely used. It iz used only as an alarm.

Reciprocating comprecgor trins

1. Frame lube 0il losz of press re
2. RKegh X0 drum level

3. Iow (or bigh) suction nrereure

be lose of cooling wvater pressure

5. Keh discharge tempera:ures

6. Vitration,

¥o.1 Universal

No.2 Veary rerely

¥o.3 ™his 1s miversally erplayed but on occasions also for
high suction. This is generally wse to protect red overloads
caused by a suction precsure wmoarcion into an weafe regiom. lev
suction trip is provided as o sffeguard (1) against 1iquid or
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solution carry over from towers upstroam of cagrecsors (P) If
the suctiom is from a ¢gas halder to prevent the failuro or
crunbling of ¢as holders dus to vacuum creation. Time delay
between detection of trip condition ani initiation of the trip
is of rea) importance. Thir amountr a time perind during which
the plant can return to a nontrip ~~ndition vithout havin, the
trip occur. This is very useful: in orcer to allow for instru-

,8ufficient time for the
ssnt swings, or to allow for operator rrrovery of a unit if he
cAn respond in time, Altcrmatively in cases requirin; rapid
equipment shut down, this further delays t 1 achievrment of a
safe condition,

A vypase svitch in the control ro~m can be usefu' in
avoiding a trip due to an instrument malfunction (if -aught in
time) or to provent a wnit shut down if the ope:ator judges he
oAn recover given some more time, Thd risk is that the operator
vill decide agrinst the trip end then not be able to recover but
vill instead axtend the "unsafe”™ conditiom long enough to cause
damage. Nence much thought should also be given in having bypese

svitches,

lefarwer amd Murnace

1. Real 1086 - lov fuel prossure.

2. Lese of araft - lew draft.

3. Induced draft fam shut dowm

4. Poroed dreft fan shut dowm

5. Post 1088 - lov preceure or flow

6. Stesn 1ess - lev flov/lov stemm/fred retie
7. B supply lose ~ lov pressure/flov

8. Less stemn drm level - lov level

9. Lose of boller cireulatiom flow - lov ow
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Uther procere equipment

1. Mr loss to secon'ar- reformer - low air flow

2, HMgh secondary refarmer teaperature - high bed/coil tep.

3. HMgh LTS temperatmume - Hich inlet temperature

be loss of C(R Penoval solition flow - low flow or low purp
diecharge pressure

5. loss of COR tover levels - low leve! abs rber /re eneratur

6. Yethanator hi,h temperatire

7. Amoniz converter start up heater fuel lose - low fuel

pressurc./f'lane detectar
8, loss of gas flow to aronia start up prehoater - lov flow
to procers gas
9. Hch temperature am-onin converter start up prcheater -
High stack’/procent outlet terperature.
Instrunent sir system:

The success of 1i h prcessurs and high temperetuire plants is
mainly due to the instrunentation and sophisticated methods of
medsurement of pwcess varisbles, Without their ¢uie everythin:
will go evay., Most of the instrirments are overat.d pnevmatically.

¥hile for man- apnlications, i.e. general nlant esquipments,
oil is an 2id and a lubricant, it is deleterious for the pnoumetically
operated procect control instruments. So do the moisture, Nesigners
soldan face thic music. Any modern plant hae an insta’ led instrimen-
tation worth about 3 - 5% of the total plant cost. Thir it a meagre
amount when compared with the disaster that can happen to the
equipment and operating personnel die to failure of instrumeate
because of the fouling of o1l and moisture in paeumtic <ysten,

The oil normal’y comes from the cylinders of instrusent air
compreecor where it ic used as a lubricant, This oil even affects
the vorling of the dexymidifying action of the alumina or moleculapy




“Ala

sicves, The adscrbent loses its action by the ingrese of oil
vhich farms & coating on these solid particles, The net recsult
is instrument air is wet and oily. This spoils or ‘ama, e: many
diaphragms of relays and control valves, in ad ition ad in; up
trcmendously to our maintenance efforts and coct. Indirectly
this also adds to unrelisble performance of the instrument,
since in an one of the thousande and odd of penumntic relays
car misbehave and upset everything.

‘o it is esrential that mly oil and meisture frec air
is supplied to the instnment mains. Thi: can be ensured by
ad 'ing an oil adcorber in adliton to the delwnidifers already
existing fn any plant, so that on'y o0il, moisture and dusffree
air iz supplied to instrument system. There should be a regular
check on the perfarmancs of thie system by checkin;, dew pointc
regqulerly. Any ma'functioning in thir system is to be rectified
izmediately,
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PRESSURE RELIEVINC_SERVICES

Theee are safety devices mounted on lines and vessel: so
a8 to protect the equipment and operating personmel from failures
due to excessive pressures building up inside the system. There
are several codes which govern the installation and maintemance of
these safety devices, the world ovar. In India we bave got the
code far Unfired Pressure vessels by Indian Standarde institutiam.
As per this code,
1, Brery pressure vessel covered by this code shall be pro-
vided vith a pressure relieving device in accordance with the
provisions of this section emcept where othervice states as below:
2, Whan the source of the prossure external to the vesrel and
under such positive control that the prezsurc in the vezsel oamnot
excee’ the maximum working precsure for the vessel at the operating
temperature, a pressure relief device need not be direct! y provided
on the vessel,
3. Vessels that are to operate completely fil ed with the
liquid shall be equip-ed vith a liquid relief welve unless othervise
protected against over pressurs,
e "hen a vessel is fitted vith a heating coil or element
vhose failure might incresase the normal pressure in the vessel the
decigned relieving capacity of the protective device shall be
adequate to prevent this inoreese.
5, Vestel: intended to operste under vacuum conditions umless
designed for full vacwum shal be provided vith & vacum breek
relief devices,
6. Vessels intended for internal pressure vhich were likely to
be subjected to partial vacuam, say due to the cool - of contents
shal! be provided with a coabined pressure vacum relief device wnlees
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the vessel is designed for ful’' vacuum.

Designs:

1. The protective dewi.es used shall be suitable for the
conditions of service and shall be adequate far duty.

2, In genaral relief valvee are preferred for vessel pro-
tactin, tart bursting discs or & combination of relief valves and
bhwrating discs may be prefereble in certain circumstances.

Relief walvee: 1. Sprin; loaded relief valves are preferied, but
other types like wvalvcs fitted vith a weight or with lever and
wight loading are acoeptable, provided that they are equally safe,
2, Fillot valve control or other indirect operation of relief
valves is not permitted unless the design is such that the main
valve vill open automatically at the cet pressurc anc discharge to
the full oapacity, should the pilot or suxiliar; dewvice fail.

3. The relief valves shall be designed that they cannot be
inedvertantly loaded beyond the set prescure (4) The desi¢gn of
valves shell be such that breskage of any part will not obstruct
the free and full diccharge of the fluid under pressure,

Dursting dises: The usc of a tursting disc as a precsure relieving
device is preferred. (a) whers pressure rice may be so rapid as to

be analogous to combustion or erlosion so that inertia of a relief
valve vould be a disadvantage, (b) Where service conditions may
Lnwolve heavy desposits ar guing up, such as vould render a relief
walve iagperstive and [¢) Where even mimute leakage of Nuid eamot
be telersted.

Dareting dises may be sownted in series vith a relief walve provided
that (a) the mesrismm presswre of the ramge for vhich the Aisc is
dosigned 40 st does act amoec’ the mxisam voriing pressure of
the presoure vessel (b)) The cpsuing provided through the dise after




broakage is sufficient to prerent interference with the proper

functioning of the relief velve (c) In case of bursting disc

fitted on the discharge side of a valve, back pre. sure cannot

te built up and so influence the liftin; pr. -urc oi the valve,
Fwery bursting disc shall have a snecified ant eerti-

fied bursting pressure at a specified temperature, It shall be

cortified by the manufacturer to burst vithin *5% of ite certified

burstin;: pressure at the specified temnorature.

Jelief Valve: Iwery Relief valve shal' incarporate nermanent

narking as follows:

1. Manufacturers identification

2. Nominal inlet/outlet sizes

3. DJesign precsure and tempe:ature and

4, Certified capacity in kg. of fluid/mixture

Bursting Disc. It should be stamped ' ith the fol' owing information:

1. Manufacturers identification
2, Size

3. Bursting precsure

4. Coincident disc temperature and
5. Capacity of discharge

Unless the sise of the disc is insufficient in which case the dise
shall be contained in a seale’ envelope prior to the installation
and envelope should be clearly marked with the above infosemtion.

A register of bursting disc data should be kept by the user
for each vessal protected by a bursting dise with segvice conditione,
Inspection and maintenance

Safety and prercure rolief devices: The safety valve equip-
ment and other pressurc relief devices such as rupture dises safety
valves ete. should be inspects and tested as frequent'y as possible
but at least onoe in a yesr,



ILATARS TOM KSONTA DA A THID S T

With development of inuastry, the nrobloms of nollition
have come intc nrominencs, There are now strist overament
controls as to the offlue.ts that one ean iischarge to from any
plant either tirmugh roind or to atmosphere, Thia iz porti-
cularly important ts »linta 3ituatod ia this'y sooula‘ed areas
or metropalitan centres or near ricers and ~eas t vhish thess
effluents arc normally Ai-~harped thr-yh the Araina,:e systan,

The charactoristicc of vast> water qoing out and their
affect on plant and fishe! turn and socisty at large are liste”

down below and the poerirle vays of contrsl ing fre als- oninciated,

Pollution potantial of waste waters from Amonia Mants:

1. pH: The pH o wasts wmters ray vary Cror aridic to alka'ins,
This will cause taxicit; to fish and other acuatic life and also to
plant culture, The toxirity of pH tn fish iz dependr on other
factors such as temperature, dissolved & anl other anions and
cations. The direct lathal effect: are not prohiced within the

pH range of 5 to 9.5, tut for optimun productivit., the pH should
be within 6,3 to 8,3,

The partisular wvaste wators wi'!, hence, require some neutra-
lisation befors discharge t» maintain the pH within the nermiassible
range,

2, Am:onia: The taxicity of am-onis to aguatic animals is
directly related to the ammmt aof undissociated an nium hydroxide
in the so¥ution which i1 turn is & function >f pll. Thus a high
concentration of ammonia ins in wator at a low pH may not be as
tavic as at a hicher pi, The tamicit: s due to the reduction in
the ability of heamaglobin to combine with oxyyen and consequent
suffooation of fish, A concetretion of 2,5 mg/litre of N{z in the
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pH range of 7.4 to £.5 is cansidered harmful to fish,

3. Oils: 0Oils denmending unon its nature, affects fish 1ife
by interfering with respiration, removing food sources (alzse)
interfering vith spawning, de-oxy ensating wvater and causing
diroct taxicity.

be Carbon diaxide: In addition to the above, the waste waters
also sometimes contain CO02, The toxdcit: of COR to fish depends
upon the sesitivity of the fish and other environmental factors.
The lethal concentrations vars from 50 to M0 mg/l. Some maore
delicate marine species may even be more sensitive and may be
hazmed at concentrations below tho:e mentioned above. On the other
hand, toxicity due tn» amronia is reduce’ by the nrncence of COR
persumably due to ths lowering of pH.

5. Aceni:: Arsenic is poisanous and taxic to fish in concentre-
tions varying from 1.1 to 2,4 mag/l. The tolerable concentration
reported is 0,7 mg/l, The limit for arsenic generally accepted for
fish and other aquatic 1life is 1.0 mg/l.

Treataent Methods:

Prelininory treatment will consist of equalisation for averag-

ing of flow and to even out the variations in the characteristics of
the waste vaters, 2 would be followed by neutralisation for pH
control,
1. Awonia: Various methods for the removal of Smmonia from
liquid wastes are available, These include stemm stripning, air
stripning, biological treatment, ion exchange, chl rination end
simple lagoming.

Biological treatment for waste waters containing smmonia can-
sists of nitrification of ammania to nitrates by micorbial action
and followed by denitrification if necessar; to W again also Yy

micorbial action.
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rsenic: The treatment for arsenic may be Ailution with sufficient
quantity of water. The other alternative would be segregation of
this particular streeam and evaparation to econcentrated sludge which
is suitably disposed off after fillin:, It ma- also be disposed of
by burying in sealed cantainers or by burgin; out to sea, This is
a serious problem for plants having vetrocoke process for
C® removal,

OIL: Various methods for oil removal are availsble. These include
gravity separation, air floatation, chemi-al coagulation etc,
Generelly simple gravity separation would be sufficient.

C02: CG, removal may be achieved by aeration ar oy chemical treat-
ment vith lime,

Alr Pollution:

In any amuonia plant there are bound to be upsets every now
and then. During these periods large quantities of cases containing
CO, 2 are to be vented upstreax of equipment and machinery and also
during start up and stabi isation of indivi-ual units. These have
to be burnt in a flare stack before being vented to atmosphere.
Upharaful CQR & H20 and usual'y they are burnt, (ne other pallutant
1.0, possibily present is H2S, thi: also to be burnt in flare stack
or prefersbly treate: in claus units., So that S may; be recovered to
avoid sulfur oxides emission,

As can be seen wvarious procorses are there for effluent and
waste conirol. 4s regards to & particular route it depends an the
local conditions and will have to ba decided case b case basis,
However, it is essential that pollution should be cantrclled so thet
it vill net be hasardous to commmit;- at large,
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CCRRNSINN AN CONTRULS

Corrosion not only in metals but answhore =l3e (e... non-
metals and orpmnic compounds which are ueec as materials o
construction) is a fact of life, As far as intutry is concerned
it is bacieally an econonie prublam whieh se V= A g~ientific
salution,

The cnaracteristic of rever:ion to it natura' state, vhi-h
is the basic cause of rorrosinn I an- material r- -~ 'tin, in lamape
to the capital eguipment and machinery and c-nsequent loc . of pro-
duction, apart frm posin; safet: hazards, To a developin  coun'ry
lilie ours replacement of machinery and equipmen® is not anly
expensive but also dif“ieult, since we have to depeni n-st!- on
irport: for thi:z »~urnose, vhish involve protre~tsd sracadural
del>ya through 'GI', Hence the immortance and imminent nend to
control corrosion.

Yodern am-onia »lant- male use of mnst of the unit process
2nd unit operetion and we ancounter every type of corroeion to a
varying degres, Variocus £arms ol ¢ rrosion enrountered are:

1. General corrosinn or uni”orm thinning down:

This is the most com on form ant proceeds uniformly ovar the
entir: surface by chemi~al or electrochenica’ reactions. The metal
becomcs thinner and ultimately fails, This is encountered in almost
every pipe line and equipment.

2, Pitting or local corrosion is the nuet destructive form of
corrosion. In this case most of the surface of the metal shows
practically no attack and the corrosion is looated in more or less

corrosion in
isalaved areas., Jor example the Hot Fotash Repenerators and Absar-

bers of carbon atoel'in areas vhere corrosion inhibitor do not comes

in contact particularly just abova the packing beds. The same ocan be

R S e 1ot
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overcome by inc-:asing eoncentration ¢ corro8ion inhi*i‘srs apn!
also by lining the arfect: 4 arnas with L. Vinin .

3. Intar Fanulng earroriom corciste of e w tivs or
Toealimed atta : at the bt . nilarier n® the metaltli er c+a's, The
12-2 “r, M 3.7, are partir lap'- “tgcentii e b this 4pe a0
attack, when tho  re rat pier! hopt troat T atherwise
atabilisal,

4o In tran granular o troas Tootalline atiack cracks lue to
carresion proces  throuysh the crycbale ol metal or alla s nob cope
forming tc the boundaries alons,  ™+° pag i+ o otrees
corro2ion ""ati;ue cunversi o,

5. Trosion corrosion/impir ‘enent attac: o ~urs whon corr o Lon
is sunplemented with me-hani -2 Or abracive con.it. w9 g.ch as LivLn,:
fluid: or fluid st-cams, xamles o el ment that <yl er this
kind of' cor-osion are wumps, wvalve y Dipetines espe ia - at albowy
and tees, heat exchancer an' coila or heat transfer, ihe main
cause {or ac elerate! e fect due to this tops ol attach 15 that the
protective film forme: as the metal surface is ntinuousl  remsvad lue
to mechanical factar and is subjected to & fr:.h corrosion attack.

Thus a metal genera'ly reristant in ardinary staiment condition fails
re;idly unler the<e conditions, Lg. Naphtha vaoriser, pipes carrying
synthesis mixtures, chrome moly al lo steels are more e: ective to
cambat this corrosion,

6. Stress corrosion is the result of corro: ion attack acculos
vated by internal siresses or externall, applied stresses (0.g. Ten-
perature pressure etc.). In practically all instance- stress corrosion
mnifests itself in the farm of cracks. Almost all the metals are
susceptible to this attack. The attack depends in general on three

basic factrs i.e. strecs, concentration and nature of chemical
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envirorment and the tempsrature. L[.0, caustic emtrittiement in
towers and boilers, failures S,S, liner carrying oxypgen and steem
nixtares,

7. The damagin: effect of simultaneous action of corrosion
and cyclic stresees on metals is known as carrosion fatigue, e.g.
Narbo compres:or impellars, centrifugral pump impellars.

8, Fretting corrosion is caused where slight relative move-
ment occurs between highly Louded surfaces Eg, connecting rods,
suspenwion springs ete,

9. Pilm corrosion is the type of corrosin which occurs under
lacquer paints and meta'lic coatingsa in the form of hair like filaments,

10, Weld decay is snecial tpe of rorrosin of austentic stain-
less stenl which occur at specific zones away from a weld. In this
case the metal adjacent to the welds is sutject.d to inter granular
deterinration or exmosure t~ corrosie mndium whereas thr metal
nrorer and weld meta’ are relatively Ir»e of the trouble.

11, Swphur attack: The attack due to sulfur compounds Eg,
“ired heaters and pasi‘ication reacters etc.

12. Oxidation on exposure to air ¢'owly or in @ atmospheres at
high temperatures L, Rat or scale formation,

13. Mitrogen attack: In surface ~f pipes tuhes and reactors
vescels in cracking or reforming plants. The weld is damaged due to
intensive N2 absorption from the mixture of ;ases. Corrosion of
structurel muterials: & pipelines and equipments: Structurel aaterials
are exposed to broadly three types of condtions,

1. Atmoephare (2) Unier vater (3) Underground.

Corrosivenese of atmosphere: It is observed that that intemsity of
the corrosion attack in different parts of the country varies conei-
derably, the reasons being the differences in oconditions of exposure.
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Rmidity, temperaturc fluctuations, rein fall, dew and pollution
of & place are the contributin, factors for ataosphrric corrosion.
Corrosion being an electrochemica? rhenomenon, exictence of an
electrolyte ic essential “or the roaction, In cnse of atmnspheric
corro ion, the curface n" tha netal rete an elrrtralite through the
precipitatimn process lilke rain, dow cte. ‘wen » thin [i'm of
moigture condenced on the surfree Aug to high antient hupnidit, and
fluctuation in temperature is mfficient to ctart corrogior, This
gets ag raverted due to precence of ~crrogive pol utent:s in the
atmosphere (NHB, €0y, 303, €1,, Ha, 09, ete,)

Protective monsures:

Comon practice is o provi-e & s itable coating on the sur-
face, plastic laminate: stre) parts are teir; iner-asingl: used,
Various t.pes of wye-pers inclvdiry olesti- tapers lanmineted with:
(roage and corrosion inhit:torc are uned ".r the protection of over-
heac lines, Hovever, paints and mete'1:ic “oating: are nerheps the
best and widely used fo r the protccticn of struectures ~ipelines
end equipments, Coating she'ld te irpervirus ~ontinuous and froe
from pores. The most important single factor ic the choice o1 the
préemer coat, The primer shovld contain inhititing pigments to
exercise it: influence on the electrol:'te, which may diffu-e through
the finishing coate and wnder coate, Such pifments include rod lead,
metallic chromate and metallic 1ead. The most wicely used top
coats for shel! are aluminium, iron oxice, micareous iron oxice,
graphite, leaded sinc codde, white lead and titanium dioxide,
¥here exceptianally corrosive conditions have to be met paint: in
phenolic resins chlorimated rubber polyester and ephoxide reeins are
used,




Underground Corrosion:

Corrosiveness of the soils vary within vastly wide renge
from plece to place and ic renera'ly expreesed in terms of its
resistivity. Joile havin: reeistance lower than 1000 Ohm’cm are
se" erely corrocive,

“ulphate recucin: bacterial in an aerat«d water log ed soil
provides highly corrosive conditions,

Corrssion in uniervater sirfac: main'y depenis on the
chericsl neture ol ihe water like pH, ealt content and accesribility
of axrcen. Coatings of betumin, coal-tar or epax  ~al tar jive
exce'lent protection. Now a days matl.odic protection it also
extengively use’ for the undergrouni an’ immersed structures. In
the cherical process of corrosirn o potentiel is established i.o. a
certein voltage is establizhed betvern the iron pipe and surround-
ing s0il as e recu't of this chemicel reection., By application of a
suitable roverse volta:e, reaction would stop which means corrosion
does rot teke place. Thic scheme is knowras Cathodic protection,
Solving corrosion probleme b prevention:

No discussion of corrosion problen weils be complete without
recognisin; that bty far the best wvay to folve & corrosion problen
is to prevent one from occuking, Thi: can be ac ammlished best while
the new plant ic being designed by keeping nbreast with technological
advances in material specificetins, innovetion in production pro=
cosset and from past experiance,

2)  With good cooling tower water treatment.

3)  lith good boiler fee water treatment.

4) By providing a larger thiciness at baids anc tees and jointe
and atthre most fragile pointe,

5)  Lining equipments.
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6) Lse of irhititore “uring solvent han'ling procesres.

7) Avnicin: as far as »oscitle the maxber >f bends an’ tees
{ and eltows, . reventive measurce: ‘8lrr checkin, of thicknege of
pipe liner &nl aquipnent by non dertruetive terting methinde like
ultrasaniec an radioyranhs aned ilentif 4r.- the criticsl areac in
the nlant and kecpin, o recors? »f mearurcmert- ar- comm:rin;: ther

with the actual thickne <, arrective action wherever is nececsar:

should be effecte., ..o .. replrcenent nt tle atacted rortion of
pipe or finding out het'sr mrteria’ ol eonstruction etc. .n the

cas: of equipment: the atfecter mortion s8tuli e cit.er lined or

ropairoed or reinforced wherever ic necesear - ac & stor ;ep measure’
permanent measure. Tl causes for theoccur:ence of these defecte
1re to be identified ani posrible corrcetive measurer to he devisec
to overcome the protiems,

“tress corrnsicn: tres. corrocion is tre reault of
corrosion attack ar-elarnted b~ internal st-escos or externally
arnlied strosree. The attack depends in enerel on the three basic
factoare, i.c, stross, the concentration anc nature of corrosive
enirament and the temperature, Thie usuaily appears in multiple.
or fomilies of crack-. This also resultc usuall; and predomirantly
88 A result of residual strceres. Thir is of considerable concern
baecause of the posribility that a strers carrogion crack, growing to
critical dimension in the wall of pressurise’ equipment, would propa-
gate in a fast drastic mode with catastrophic consequences,

Stress corrosion in Hot Fotash Unite:

Al the rcsearch vith Hot Potash Units have shown that
cracking only took place vhen the oorrosion potential exce-ded
certain valves depending an the oarbonation index. Prober are
installed in these units to measure the electrochemical potential.
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For exsmple, Air is injected to mmintain it at a satisfactory
level in vatrocoke units, Thir air is injected to hold and
mintain the pentavelent arsenic levol betwe~n the arbitrarily
set values,

In the Benfield and Catacarb syctems mostly Vanadium
is used as the corrosion inhititor. Expurience is that therc is
no in service, strocs corrosion craclkdn; in vanadate inhibited
carbonate cystem,

Cracking of towers has been almost invariably associated
with wvelds., There are instances when complete towers have been
replaced, This is mainly due to insufficient stress relieving of
wealds, mainly done in plant sites,

Awr onie system:

Stross corrorion is encountered in units and equipments
handling asmonia to varying degrees. [Ixperimental y it has been
ascortained that an ad ition of 0.7% vater inhitite cracking of
carbon stecl and alloy ste-1s., At reduced water levels, thare
appears to be measurable decrease in ductility showing onset of
stress corrosion cracking.

It has be-n ascertained that strecs corrosion cracking in
this system is caused by presence of R and M, The precence of C(R
may ageravete the situation, 417 the 'vessels and pipin/s etc. made
for ammnonie service should be suitably heat treated. Another area
where stress corrosion is encountered in B gasification processes
is in (@ steamlines. We have had several failures of (R/steam lines.
On metallogrephic examination 1t has be n found that corrosion and
cracking vas due to chlorides coming with steam. M that time we had
only oation exchangers in our dimineralisation system., A present
we have mnion excheangess thus affecting total diminerelisatiom.

Thie problem has not recurre” since them.
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Wenching and hoat recovery wnits in ™ shLift rection: is
anothar aroa whore stres: carrosion is ence ntered, This is mainly
due to thn procence of (8 & K20 whicl wil! forr carbonic aeil ap+
cause stress corrosion of squipment anc liner, !ldern pre-tice i~
to o for complets stainlea: ste 1 scuipment in there units,

Aepect: of water treatront in cor:arirn control,
Cooliny tower water:

“pen recircilating ccnlin vater yotems lerend Cor gue es:-
fu) operation upon the uce of effe-tive vater troatrant to contre?,
corrosion, foulin , micrabiolo 1ca? growth o de gitioc on the
heat tran:fer surfrces, The co:t of the troatmant Jereus tie ~o. t
of repairs and downtire is an imnortant faicr i the chri‘e of
me2gures to be adnpte, Prondly there are for ~tiectiver in tr at-
ing conlin, water each relate t- the ~thar ard a'! irportant to the

corrosion engineers, There sr-:

1. Preventin;: scale formation an coolin - surface,

2, ‘reventin, corrosion of metal in contact with coolin;: water
3. Preventing fouling of the conl in; swflacas

4. Preventing deterioration of the wool.

1) Preventing scale formation: ‘mjor scale Jorming constituents are
CeC03, Calcium Phosphate calrium stlphate and rorrosion producte,
Scale formation can be preventer by lime softenin: or ion exchange,
Scale forming salts decrcase in snlubil it vith increasin, pH,
Lowerin; the pH with s 'phuric acid helps t- prevent scale farmation,
2) Provention of carrosion: Proventive neaswres can be subdivided

into the following (i) Corrosion control by pH and dissolved solid

oontral (ii) corroeion control by the use of inhibitore (iii) Corrosion

control by the use of cathodic protection.
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Most widely use’ inhibitor combination im chromate - pdoly
phosaphate, “odium chromate an! sodium poly phosphate are used,
This furnishes protection a;ainet corrosion as wel'mas scale
formation., Chromate is a 7ood cor osion irhibitor whereas poly
nhosphate prevents the precipitetion of c-ale forming salte, The
other inhibitort which ars in use are 8ndivm nitrite, sotium
silicete and sodium benzoate, DBut experience has shown that
chromate pdly phosphate combination is very effoctive {n corrosiom
control, The effective concns. are 40 ppm of poly phosphate and
A rm of chromate. pll is control'ed b dosing sulphuric acid as
and when required, To avoid fungi and alpal formation which
usuelly foul the conler or condenser surfaces sodium hypochlorite
or CR is doged pericdically to give a shock to these orgsanic
growth, A residual Cl, or 7.5 prm should alvays be maintained,
Purther pH shm1d be maintained elishtly above so that weter is
alvaye alkaline., At pH below 7.7 i.e. in acidic region f ngus
growth 185 accelerated, Addition of a quaternary amine alwo wash

out co'onies of bacterias,

In spite of best of thesr troatment occasional fouling of
coolers and condenser does exist, DBack fushing, aqua blasting
roding and chemical cleamin; of scales and rust or decayed orpanisms
have to be undertaken frm time to time, It is alvays a good
practice to take a side sty am and a’c a coagulating agent and then
filter and recycle,

Boiler Feed llater:

Correct design of fe " vater treatment syetem and circulating
water cycles for rtesm raising units necersitates careful attention
to all variables including materials of construction and temperature
and pressure conditions, but especially water quality control.
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The boiler feed water shen.'! carrespand ty the f-1lswi . quality.

o salids Mo palide
Hliea, mg/) 0.3 -3, Tl to T
Siliea, max. agN 1.9 1.
pH 5« 1.2
P. Aimlinity mgA1 )
Hardness n 0]
Chlorides 0 0
Phosnhates amght, 2 to 4§ 0
rirasine mz/1 (max.) 0.1 s
Jpecific ~onductance 15 to ¥
Specific canductance (!tx,) 50
JAssolved axygen mg/l N.02 N2

The values under 'lo. solids' sre most frequent!) - app ied and
represent what now may be considered standared. “ith proper contrsl
of both make up water qualit and the e fects > leakage: i any
of undesirable material into the steam cyele throu h use of conden-
sate polishing. It ma; be feasible to emnloy the "lo solids' ap..-oach,

In the "o snlids' treat-ant voldtile chemicals 'mj and W -dragine
are fod to the condensate., In the low salids troatment sodim
hexameta phosphate is fed to the Boiler water and Amionia and hdrasine
to the condensate,

Of late severel condensate polishin - z-stem ha - ¢ heen developed,
One amon_ st then is a simple sodium cation exchange fai owed by
seolite softening.

Demineralisation of make up vater is norme'ly af’ecte by a
primary eation exchanger, & anion exchanger and nixed bed exchanger
and a degessifiwr, in betwen, before the aninm exchanger. The
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Degassifier is preferadbl; in two stages and varking under vacuum
so that traces of dissolved (®® " CO2 are neglisihle. However it
{3 of prime importance thet a cantinuous blow down or bleed is

kept in boiler circulatin: water so that vimtever impurities or

salids present, they don't accumulate. 5% bleed is a standared

for any amonia plant,

| Stean L - ' Supface Diminerli- -
- Cenera- * Stean » conden- sation
tion , Yo f ser syetea
[ » ) ‘ .._...__' [, ‘- ——— g —
I
Sodium l ) |
Hexameta . ¢
Phosphate ' Mow Conden-
dom sate
s pampe
foed ¢ | Deherator .....{Condmch b Make up |
" pape T 'POUNM | paps J
le .,
rli3 & hdrasine

A eempact stesm eycle in Apmonis Plamt,
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CHANGING COMC.DTS 2 MAINT NANCE

Today increasing pre: ure is being appliasd an sporation and
maintemance people .o increase nrodu tivity and profitebility of
course vithout overridin the safet; an;le and at as low a -oct as
poasible,

A failure of a single machins or squipnent or a breakdown of
@ critical equipment can shut down the antire plant ani {t very
often doos. The 10es due to this will run into laes of rupees,

Henoe the impartance of maintaining the squipment in running candi-
tion alvars, The aim should be to keup the plant going on as far as
ponsible,

A good maintenance organisation should have properl, trained
people in each trade at all levels, or unes maintenarce orcanisation
tn be effective, ane should have work order gysten with enough plann-
ing, scheduling and paper work to ensu . that work is ready as somn
88 the persnnel is aveilable, so that they will be proiuctive for as
wany hours of the day as possidle, 'ith proper methnds with the
mterial readily aveilable in hand, the supervisor nowing wvhat to be
done, md the vorker knowing what to do, the productive working hours
could be extended. There should be & history of failure and break
dows an each and every machine 80 that in the long run break downs or
failures my de predicted or prevented by prodictive or prevantive
maintenance,

Regardloss of how it is dome, the preventive maintenance programme
=t have,

1. legular imspection and record of plant equipment and facilities,
Duriag this, oenditions thet may eause eguipment failure &r damage to
he mdhine my be neted. Fer this plant operation and maintenance men
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has one advantage of sening the machine running,

2, Necossary maintenance either in running condition i€ it is
possible, or aschedulod and well planned stonna,es whenover it is
necessary to correct such conditions., lmscheduled brzak downs
and failures are an operators nijhtmare ani are also hazardous to
both plant and persomnel. In adiition it will be time consuming
since it ha~pens when ‘ou least expect. The dama e also i8 much
more. There is roal semnse in the age old adage "stiteh in time
saves nine" as far as maintanance is concerned,

Substantial savings can be made b concentratin - meintenance
efforts on
1. The machines which have caused the  reatest amount of pro-
duction down time and break downs an! which ars dangerous.

2, Those which hava cort the greatest amwnt ~f maney to keep
repaired,

3. Thor s which ere inonera.ive the ;reatest number of times in
the past.

Predictive maintenance:

Things have changed substantially vith the arrival of single
train, hi;h volume plants, PFreventive maintenance in those plamnts
no lonjer means dissembling equipment routinely, for inspection. Noy
1t means diagnosing the sxect condition of each and every part of
equipment and plant by means ’grf.mm, non destructive testing. The
objective is the avoidence of unnecessary shut down. This is called
predictive mintenance. There are two distinet fields in predictive
mintenance. One is the monitaring of vibrations in running; machinery
or rotating machinery such as lsrge compresases, turbines and pumps,
fans and blowers., The other field is checldng fer crack, carrosiom
and erosion in pipes and vessels,

< ek i SRR e wires
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Instrunents t)at assist in prodictive maintenance are

1. Vibration anA ‘requenc;: ana’:raars (Melancing: rotating
machinery),
2, fetal thivkness moasurin,: instrments (Wtrasonics and

radiosraph;),
3. locatin  cracks in metals (d,-e pen:trates),
4. Noise measurin, inntriuments.
Vibration: ‘requency o° vibration telis, what is causin; the
vibration rnd* is thorefare the most importan' measure of vibration,
B comparin, th. frequenc’ o vibration tq rotatini sneed an! multi-
ples o rotating spo:ris the particlar part causing the vibration and
the trouble vith that mart can te pinpointed, Those vibration meters
can be prrmanentl; mountai an “ibrations nonitorot in conral room
At a predotormined vibration a-plitude,
Ultragonics © "adiograph : The two most widel,; used tools for the
onstrean checkin, of corrosion, erossion in pipes and vessels, detect-
ing of flawcs and ~racks in materials and inspecting of walds,
Ultrasaonic or 'Vtrasound testin consists of projection of high
{requency sound waves into almost aryr material. Their behaviours is
usel as a means of judgin the properties of material, measuring
thiciness and corrosion ‘erssion retes. This technique has developed
to a point where even fatigue can be detecte earl., bafore the actual
damace occurs,

The entire area of non destructive testing is in its infancy,
It is visualised that the plant of future wil) have permanent ultra-
sonic test stations at al' rritical areas vired to a central contro!
room. These vill be campletely monitared to that operatar vill be
forvarned of the inpending denger limits. In thie manner, all arcas
of the plant vhere integrity of operations and safety are of vital
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importance vould be under constant surveillance,

1 e S R

Contract Maintenance:

Contract maintenance is becoming more and mare a narwal
phenomsnan as compared to permanent staff engaged in maintenance
work. Admittedl; there are areas like repackin  of tower, r
catalyst chargin;, cleanin; of heat exchanger: and cleaning of i
boilers and its tubes and things 1ike that which are labour i
intensive and do not require such high technological skill,

But saintenar.c :© of machines like compressor and pumpe
require high technieal sjidill, Ouwr country has not advanced to
that stage of development where we can pet people skilled in these
specialised jobs, At the prerent ctage of development the anly
salution seams to be to pro-ide for adequate mmber oI pers:nnel
for naintenance waric.

& t failure prev

My unacheduled and unanticipatad event occurin: in the
operation ol a procecsing plant constitutes a portential hesard,
Additionally such events inevitable represant s potentially signi-
ficant loss, loss {rom si nificant damages, lo#s resultin, from
loos of production, loss as pepresented by resultin; increased
insurance,

However ther~ are man; items which are comnon regardless of
the process or plant, which ~an signifircantly improve on streas
perfarmance, In a simnlified form we can discus: these unier five

broad areas.

1. Properly detailed purchase specifiocation vhen orderin_ for

materials and accessories,
2, Design audit to cheek for performance ocapabilit; mechanioal
inte rity and adequacy of critical items,
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3 Froper enginearin analysss of al’ the mchinery and
modifice tins,

b Incorparation of monitorin : s _,-eta-/i.mtnmmtltion..to
warn about inciepient hazards ani dan-ers,

5. Preventive and predicrtive maintenance programs for

safoty of machines and to prevent hasards and failures ‘ror their
occurrence,

Monitorin, instrmentation: [t is very distressing to
realise that a larce proportion ~ lisasters resultin  from mecha-
nical failure, would not have o~ urred had mor.itorin; instrumenta-—
tin been instalied which would have detected and riven warning of
incipient failure,

In ooet instanc: -, a mrhirer ~ormonent which ic in langer
of failin; pives obwious varnin: c1pr-, U r example th- bearir sil
and piston ring, temperature ricer, if either component i+ over
loaded or wearin , pedectal virvation nnc:.- . v levels in-r-ase in
a turbine or comprercor an’ in man instanca , there is a marked
daterioration in operatin- nerforman -e.

To a significant extent, wochanica" failures ~an be traced
to & hign proportion of failures occurrin,: in a few critioal or
ailure sensitive components; bearin , gears, seals ring, piston ete.

To design the optimm monitoring s.stem it is necessary that
ve oorrelate data on the wa’ in which component: fail under operating

conditions, includin: fai'ure time and overload tolerances, g, 1
showe the carrelation of design information with regard to detection
systeme,
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These components contrin certein otvious lorntions where
incipient failire ma; be nonitored in an micbaie, cesearch to a
vary significant exter* has nroviced 8 basic wncere erding of the
failvre procers, how ‘cterioretion of thege corponents alfoct  oter
performance, nnd im.ortea.d. wiot pe of irs yurentation will
detect impendin; failvre, Te t olc are at hind to levelop ifgno-
etic o :tene which will det ct failvre ‘and or “etnrioration in arny’
civir. pince of machir.ery,

Mal . sis of an gt of ‘sl re: we an re we'l ware that

it is rarc for a fai'ure t~ oceur te to a £in,-'r cauge, I most
cases, 8 comnlex of ir.teractir; cirystences conspire to cause the
final catastroph. It fallevs tht cormlete anrweres to the £a) low-
ing cuerticns nre a Cimdarenta) necesit- in the “ov-l prent of an
adecuate monitorin, : . -oten:

1. at is the cequenc: of eonts whicl. lead to failure”

2, lhat affects worlc ‘he operatin; variables have an the
failure process?

3, that vaz the effect of desigr. variebles®

4o L.ich meagurcment: are hect eile t. serse imending

feilures and vhat de, rec of acrurecy i8 roquires?

5, 'hat steps can he talen to arrest the failure process once
it iz started?
é. How do impendin; failu ee an- procee in, failures affect

overall mechine nperation.

Coneicerable instrumentation is inv lved in obtaining thie
information,

Modern instrunmentation techniques have adianced to the
point where it is practical to measure dircetly or indircctly a

8ecifisd number of desired variables. Mg, 3 below gives a diagram
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of approech used to mrarurco spe ified varisbles far exarple shaft wear,

TIOTT

Suxtchmg Unit
Bridge for Aidio amplifier f . Tmpm-ature!
Clearance sha't woar cireuit
Heasurement “ecorcad 8ignal ] - ]
- | _

—d 0 R -
[Io-d pick ﬂ rmwaw“] | Memory |
B !

Miso. equpt. . l -
l Cantroller

Test rocording
system I Wergency

)

J

Reduction of potential hasards:

In new amnonia units the number of field velded connection is
being reduced and welce’ joints are bein; relocated to avuid welds in
hot, highly strossed regions. Clearancer and thermal epansions are
bein; carefully roviewed carefully to reduc: the poseibility of
excessive loading {rom unexpectrd restraintt or constrainte, Metal
teperatures at cwme nointe where failure: have occured are being
reduced in order to increere ctrenght. Use of strainere on inlet
1ines scems the onl., arsver to avoi’ dama s to large amount of foreign
meteriel being foni in niping. Vibration momitoring equipment on
beerings of hich speed céntrifupal compre: rors and drivers though
expensive, secms highly derirable. It should be pointed out that
this roquire (ood maintunance on the part of the user or its wvorthless,

. e . e . o



MAitmatic shut down of high speed centrifugal compressors
in the event of rotor axial shift is highly desireble, provided

& roliable measurirg instrunent devices can be installed,
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TRAINTNG AND TTS TMPORTANCE

Failures undoubtedly fo'l-w a probability curve determinec
by the reliebility of individual companents. It is not poscible
to say that anly good opcratian will prevent all the problems that
have occured,

Conversely it can be ascerte. that trained and alert
operetors can forestall man types of potenticll serious failures
by early detection of warnirg s;mptoms, ‘ompetence and exparience
is of particular importance in the operation of sensitive heat
balenced tnits where eventc feed upon themselves., A unit operating
smoothly can be down in minutes, due to an error with probable
dapage to equipment or catelret., On the other hand good operation
wvill often carry a uvnit through with: only machire stoppages and
resterts without eny major upset,

It ic indeed & paradoxdcal situatior that tliece new and
highly automated plants are in a sense more dependant on the hunan
factor for the safe and profiteble than the older smaller wmits.
The risks and costs of failure: are magnified with increasing plant

size end level of operator efficiency should be camnensurete.
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