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Poocess Desciintion

Skotches of o typical amronia synthesis lorp
and & moders convaiter losign will be o' tached
to the paper.  Tni, ,euion will give a prief
descrintion of the process and will indicate
tho i fsrencns be.twu,n tocps based on synthesis
gas From 2 riformer nd to se from a Partial
O«ldation Flant.

Safcty Consliderations

This scction will 2ive suogzetlons and recormendations
on the safety aspects o1 deslan of ammonla synthesis
loops,
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INTRODLCTiON

The ammonia synthesis luop is potentially a very hazardous section
of the ammonia plant. Be.ides containing a highly combustible
hydrogen rich qau, the loon is cperated at high pressure (from !50
to 330 atmosphercs) ond ot o wide band of temperatures ranging from
500°C in the converter down to =207C in the catchpot.

Despite these tormidable process conditions, serious accidents are
rare on ammonia synthesis loops and the ioop is only a minor
contributor to downtize on 1 targe modern armonia plant.“)
There is, of course, stili room fcr improvement on this reiatively
good past record and this can be sccomplished by continuing critical

analysis of operation tcchniyues, malntenance procedures and - the

subject of this paper - synthesis loop design.

PROCESS DESCRIFTiON

Before proceeding to consider the safety aspects of the synthesis
loop design, 2 brief description of the process will be given. A
typical flowsheet is shown in Fig.! and a modern converter design
T NN

Synthesis gas containing 75% hydrogen and 25% nitrogen mey be
produced by a number of different processes. The most common of
these is the steam reiorming route but more recently, due to ..lhortm
and cost of sultable feedstock:, partial oxidation of fue! ol and
coal gasification arc becoming more widely used. The type of ‘'front

end'' process used has littie effect on the baslc arrangement of the

synthesis ioop but uay infiuence selection of process conditions and

also the type of ammonia recovery system to be used,
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Reverting to Flo. | (whici shows a fiowsheet duvcloped for a partial
oxldatlon pl-nt) 1t can be seen that synthesls ga is first compressed
In the synthesis gas compressor and then mized with civeuiating gas

at the suction of the circulator, The clrculator Iy an integral part
of the synthesls gas compressor and forms the last whecl of the final
casing of the compressor. From the el rculator, the comblned yas s

fod 1o the conve: tor after Peing probeated iaa e intovehionger,

The converter | llustrated in Fig.lt is an 1Ci guench type converter.
Gas enters the converter at the top and fiows downwards througn the
annulus between the cartridge and the converter sheii. The gas Is
then preheated In an Internal exchanger before passing through a
central tube to the top of the catalyst bed. As the gas flows down
through the catalyst bed the synthesis gas reacts to form ammonia.
Cold synthesls gas Is Introduced at two polnts in the catalyst bed
by means of Patented lozenqe type distributors. The hot gas passing
from the catalyst bed exchanges heat with incoming converter feed gas

before leaving the counverter.

The converter effluent gas is 3 source of useful heat and, in the flow-
sheet |llustrated, |s used to ralse steam and preheat high pressure
boller feedwater. After thls stage, heat is transferred to the cold
converter feed gas In two gas Interchange’s. The residual heat cannot
be usefully employed and Is removed by, flrstiy, coollng In a water

cooler and then by heat exchange with evaporating amonia In a chiller.

The ammonia which has condensed during the cooling process |s scparated
in a catchpot and then let down In two stages before passing to storage.
One mjor dl fference between the loop | 1llustrated In Fig.| and a loop

based on purl fled reformed gas Is that the very low inert level of the




synthesic e o on toal Craons volantary paaye Bs oot
requited from i sriL taop s the balance i maint. fned by

pasgaq( af oot e IR vith the grmonig ["f)dlht.

SAFETY CONSIDERATIONS

This section of the pager ontaits suggestions and recommendations

on the sale dusivn of Gmcnia synthesis foops. It is recognised
enat cheeo e oo, . Sroac L vamente, i betooon meniners
of the same company., on rueguirements for safe design. it must be

stressed that the advice given here reflects the personal opinions
of the authors and is not recessarily the view of thelr companies

or of the sections ¢f the Lusine.s in which they work.

Safety In its widest sensc will be considered in this section,
This will include prevention -t downtime as well as employee and

equi pment safety,

A. PROCESS DESIGN

Modern ammonia plants, using ~entritugdl compressors, have used a
number of difierent am. Hni loop designs ranning from low pressure
loops with extensive use of refrigeration to non-refrigerated ioops
working at high pressure and relying on water or a combination of
alr and water cooling. The cholce of toop pressure for ammonla
plants using the steam reforming route has not been infiluenced by
safety considerations and, indecd, there is no evidence to show that
selection of either iow or high pressure has any effect on prant
safety for this type of plant. For the new generation of partial
oxldation plant, however. there do  appear to be grounds for using
moderate loop pressures, This is because the combination of very

low Inert contenl syutnesis ¢.. and high pressure can result in high




temperature in the fitst bea of the ammonla converier and potential

consequent darage tc catulyst and conver‘er ipicrnale,

On steam rrfnrming based plante the point of addition o mab.e - up qas

is an important consideration in the design of the loop.,  The
vreterrcd point of entry is the llguid ammoni. containing region
between the secend interchanaer and the rhiilor, This is tn
prevent the formaticn of sniid arvoniumearhar 1te "rhokes' which
can occur under certain conditions in the presence of moisture,
(202 and gaseous amnonia. Anmonium carbamate is a stress corrodent
towards certain steels and particular care shouid be taken to avoid
formation in compressors, particuiarly those having impeliers of
rivetted construction.(z) For partiai oxidation plants, when the
gases have been through methanoi wash and nitrogen wash plants,
carbon dioxide and moisture shouid be abscnt from Lhe synthesis gas
and consideration may then be given to nake-up gas addition at the

iniet to the circulator (which is the best point trom process

design considerations) ., This is the scheme iltlustrated in Fig.t.

B, SPECIFICATIONS

When preparing equipment specifications it is essential to lay down
a safe and consistent set of design conditions for the loop and
associated equipment. Some suggestions concerning design conditions
arc given beiow:

a) Al equipment in the loop should be designed for the same

design pressure regardless of the fact that there may be

#n appreciable pressure drop around the ioop.




b) The low pres~iiv units 1 ihe refrigeration system should
be designed for an arple avgle above n. nal operating
pressure. e becanse the e anlty vk ot subamblent
temperaturcs dnd, on stoppaqe of the refrigeration compressor,
pressures an ise fairly rapidiy due to heat galn from the
atmosphere. Ine margin between operating and discharge
pressure will ullow some time to take actlon to prevent rellef
valves filting and, It amnonia has to be vented, wlil cut down
the venting rate dur to the lower evaporation rate at the

higher pressure,

c) When specliying de.ign tomperatures it is Important to conslider
the consequences of upstream exchanges (such as boller feed-
water heaters) operating at different foads to design. it
is not sutfliclent to simpiy add a standard margin to normal

operating tcmperatures.

Besides the specification of safe des.gn condltlons for equlpment
the vetting of vendur design and selection of materlal of construction
Is of prime importaice, One serlous fallure of an ammonla toop

exchanger has been attributed to materlail seiection and defective
(3)

heat treatment.

C. INSTRUMENTATION, TRIP SYSTEM, PIPING AND VALVES

This Is an extunsive area for discussion witi regard to safety,

Some of the moie imporiant safety considerations are discussed

below for seivcted process areas of the ammonla synthcsls plant.
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a)

Catchpot/Le! down sysLlen:

It is essenilil to salvyoard the an o rour fetdown vesyed

against oveipressure o , ‘O viow threugh of G40 trom the  catehpot,
The relicl valve U the Tetd s v e s, be Capabie o nassing
all possible gas frop all exits on the catchpot Some companies

have a level Liip on the catihpot which ¢ loses (he letdown valves
on low level, PYothis is the case, this mut be reqarded as an
addlitional precautjon ond must not gtfecr e basis tor relief valve
slzing given above, |y should be ~tressed that the re ief valves
are sized to deal with 4 Maximum gac rate; thes will not deal wlth
liquid displaceo by the gas. It Is advisable to Include o high

level alarm on (he Hash vense] .,

It is recommended that the bypass wvalve around the catchpot level
control valve should have the same characteristics as the maln
control valve. In fact, our pretference is to have two swi tchable
level rontrol valves iy parallel rathcr than a manual bypass valve,
One of the advantages of this arranaement is that it make-x complete

on llne trip testing of this Important safety system possible.

The catchpot should have a high level trip to protect the clrculator
against carryover of llquid ammonia. The level trips on the catchpot

should be completely siparate from the level control ler,

Regarding the Piping betweer the catchput and the letdown vessel, It
Is recommended that this Is all to high pressuyre specl ficatlon, as it
Is not possible to Predict with any accuracy how the pressure falls

In this two phase flow reglon,




b)

c)

d
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Start-up Heater

Although this is only w.ed occastonally and is sometimes desligned for o
shorter ltite than continuow. iy cperuting bualers, it must be equlpped
and Instrumented to the standards. of continuously used bheaters. For
example, the heater must be protected by low flow or pressure trips on
the fuel supply toaether with tlame falture detection on main and pllot

burners ctc.

Synthesis Gas Compressor/Clrculator
It Is understood that this machine Is the subject of another paper but

two polints are worth noting here.

The machine must be tripped and automatically Isolated and blown down on
fal lure of seal ol supply so that gas blow from potent ially falled seal

does not enter comprecssor house, 3

The suction and Interstage relief valves must be sble to accommodate gas

pass ing back through the machine and through the antis urge bypass |ines.

The position of auxilldary equipment such as oll supply tanks, oll pumps,

control llnes and cables should be examined in relatton to flre hazards.

Refrigeration System

1 £ the refrigeration compressor should tripout, It |s advisable to trip

the circulation flow arcund the loop. If this 1s not done, heat will
continue to be transferred to the loop chillers and this may result In
chiller relief valves blowing and the loss of an appreciable amount of
emmonia from the re frigeration system. It Is however possible to design
an ammonla loop to opcrole at part rate withoul the tef riycration system

In operation.

The refrigeration system RV's must be able to handle chi Vler tube fallures.
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e)

f)

9)

o

Loop Cooler/Cuudenser

if a water ccoler exchanger Is i,e6 n the loop it is  ccommended that
the low pressurc side of the conler Is protected by bursting discs.
These dlscs should be sized for the Cooiing watcr displaced by the flow
of gas through both ends of a hroken tube. The size based on water dis-

placed |s much greater than that cdlculated from gas fiow alone.

Loop 8 lowdow:

To cope with emergencies such as leaks which have fired, a loop blow off
should be provided sufficiently large to biow down the loop to the avall-
sble purge nitrogen pressure as quickly as possible.  When operating the
blow off valve care shouid be taken not to depressurise so rapidly thet

the allowable differential pressures for the converter and other equlp-

ment are exceeded.

For clrcumstances such as loss of loop circulation, it is advisable to
guard agalnst possible overheating of tne converter sheli by maintaining
® slow flow of gas through the converter annulus.  This can be accompiished

by depressurising slowly through the nomal purge line.

General

i) Liquid ammonia 1ines which can be "biocked |n" should be protected
against overpressure due to thermal expansion by the installattion
of rellef vaiver. The possibility of amronia hammer inltlated by the

too rapid ciosing of control or trip valves should also be con-

sidered.

H1) Vents from the ammonia synthesis section should not be combined

with vents contalning carbon dioxide to prevent the blockages due

to the formatlon of ammon|um carbamate. 1f the vent system is

purged then steam should not be used as the purge medium for vents




contalning ammenia. Lroid amaenia must rot be introduced

into the veet  ysion oo duew ulation wiid undoubtedly occur

followed by dicpdacenent ol Stwgn of the liauid into the atmsphere.

Care should th. refore t> taken in the design that pump priming
lines for example are roturned to @ liquid system or to 8 liquld

amonia dunp veove! or other safe location in which evaporation can

toke place.

11i) In qencral the nurver ot flances in the loops should be minimised
because If a leak does occur there is a good chance that it will

fire and production will have to be stopped. (4)

lv) Flange leakage con e lerqgely prevented by steady operation of the

loop and the avoidance of rapid temperature fluctuat ions,

v) Quench converters of the typc shown are generally stable and the
instrumentation required is relatively simpie by dynamic models do

exist (5) in which Toop stapility can be cxamined.
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SUMMARY

Reitabliity and safety are of prime tmportance to all parties
concerned In the design and operation of anmonia synthests loops.
Surveys have shown that the standard |s reasonably high In
existing large amwonia plants.  However, efforls are being made
ond must be made towards further improvement. The purpose of
this peper has been to give some indication of measures which

can be taken at the design stage to further this aim.
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