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Summa; -

This paper cutlines the tachnuloly offered by Petrocarbon Develop-
ments Limiigcd for hydrogen recovery from ammonia synthesis purge
gas. The peper descrites the process aspects and considers the
economics of installing and cperating & typical unit. The effert

on the ammonia plant is considered anc the extensive operating ex-

perisnces 1s used to discuas the plant flexibiiity.




INTROOUCTION

The ever-increasing cost of hydrocarbon feedstock
coupled with an incrsase in demand for ammonia has
created a situation whers ammonia producers must con-
tinue %o incrsase the efficiency of their operation

(and where pcssibls, maximise output of ammonial.

The majority of larger capacity single train ammonia
producing units adopt the classical hydrocarbon reform-
ing syntnesis gas procuction tachnigue to provide faed-
stock for the synihesis of ammonia. 1n such cases it is
necessary to purge a significant volume of gas from the
ammonia synthesis loop in order to prevent build-up of
Arge ' ind Methane.

Fetrocarhon has, for many years, bean aware of the poten-
tial valus of this purge gas and has to date designed,
constructed and suyccessfully commissioned twelve plants

to recover hydrogen from it. Initielly six cf these plants
were specifically designad to recover high purity hydrogen
for sale to petrochemicsl companies on nearby sites. How-
evar, current aconomics. in ganeral, favour recycle of hy-
drogen to the synthesis loop.

With this in mind, Petrocarbon hes designed, constructed and
successfully commissioned a further six hydrogen recovery
units for the USA and Canadas, specifically designed to pro-
dice & lower purity hydrogen product for recycle tc the
ammania synthesis loop. The product alsoc contains a signi-
fican* guantity o< nitrogen. but at the same time the inerts
(Argon and Mestheans) are kept to a minimum, making the gas suit-

able for recyclm. Petrocarbon has currently been awarded a




further three orders for similar uiits in the USA and

Indonesia which are currently in the construction phase.

The current plants are designed to produce a& 90% hydrogen
rich recycle gas stream which contains laess than 1.4%
argen + methane. This hydrugen-rich product is deliversd
to battary limits at 7 .4 kg/cng. The Plant also
produces & fugl gas product which is deliversd to battery
limits at a pressurs that matches the requiremants on the
ammonia plant.

Ammonia is recovered from the feed gas and delivered as

saturated anaydrous liquid product at about 26 kg/cng.




PRQCESS DESCRIFTION

The process, shown in figure (1), is very simple and may

be convenilently described in two sections:

- Pretreatment Section

where any ammonia present Iin the feed gas is removed
by water washing and molecular sieve adsorption. The

ammonia may be recovered as anhydrous liquid product.

- Low Tempsraturs Section

where the hydrogen-rich purge gas 1s separated into a
recycle hydrogen streom and a fuel gas product.

Pretrgatmont Section

Feed gas snters the Plant through a control valve at the
desired process pressurs, passes tnrough the feed gas pre-
heatsr and is admittsd to the hase of an amonla absorp-
tion column, Ammonia is removed from the gas by abserp-
tion in a lean aqueous ammonia {(or water) solution.

A rich aquscus amwwonia solution is withdrawn from the base
of the atbsorber. pres-hsated and passed into an ammonie re-
genaration column., Rich solution can be deliversed as pro-
duct 1f requiied. The emmonia produrt is drawn off to
battsry limits from the regeneration column overhsads via

a condenser. Reboil is provided by using medium pressure
stesm. Hot laan solution 1s drewn off the vase of the re-
generaticn column, cooled, pumped tn high pressure and re-
turned o the absc:ber. Feed gas leaving the absorber, sub-
stantially free from ammonia, is then passed into adsorbers,




where residusl ammonie together with watei' from the absorp-

tion operstion are removed on molecular sisves. 7Two adscr-

bers ars employed operating on a fixed time sequence control
such that one unit is on-line whilst the other undergoes rs-
genaration,

Low Temperatura Sec ion

The dry, ammonia-free purge gas from the adserbers enters

the cold box whers the gas 1s cooled in a cold box exchanger.
against revert hydrogen product and fuel gas streams together
with a small quantity of supplementary refrigeration. A
vapour/liquid phase ssparation in a feed gas separator is
carried out to produce a8 hydrogen-rich vapcur phase and a
liquid phese contair.ing soms nitrogen, a large proportion of
argon and methane, and a small proportion of dissolved hydro-
gen.

A small quantity of hydrogen product stream is injected into
the fusl gas lilgquid to provide sufficient rs-egvaporation of
liguics o+ ¢ 21 the feed gas to the required temperature,
while stZ1l. maintaining the required pressure of the fuel
gas. This iydroger injecticn scheme 1s a patented featurs of
Psircvcarbon plants.,

The hydrogen product stream is warmed to approxinately ambient
temparaturs in heat axchange with the incoming feed gas and
delivered to battery limits, The ligquid phase from the separa-
tor is expanced to fusl gas prassure along with the injected
hydrogsn and also ev/porated and re-heated to approximately
ambisnt tempcraturs.
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Fuesl gas leeving the cold box heat axchanger 1s split, a
sideatream being used for acsorber regenerstion and the
remainder by-passed and rixed with the spent regeneration
gas. The combined fuel gas product strsam is then delivared
to battery limits 2t the required pressurs.
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FEED GAS COMPOSITION AND PLANT FLEXISILITY
The majority of large capacity singlse cr multiple train

armonia units adopt the classical steam reforming route

for converting naphtha or natural gas into synthesis gas.

A typical composition cf synthesis gas is shown in Table A.
Tt should be nctad thel thoughout the shift conversion cata-
lyst 1ife, the whole of the argon + methane level range is
coversd because of the decrsasing catalyst activity. The
composition of the purge gas from the csynthesi loop, also
show: in Table A, varies over the range because of ogparator
adjustment of the purge flowrate and the changing catalyst
activity in the shift conversion, methanation and synthesis
stages. Therefors the hydrogen recovery plant must be cap-
able of cperating over the whole range of the given composi-
tions whilst mairtaining the overall recovery of hydrogen.
One of the primary considerstions in the Petrocarbon process
design 1s in fact flexibility.

TABLE A
RAW SYNTHESIS GAS AND LOOP PURGE GAS CONPOSITIONS
Fesd Gas to Synthesis Loop Purge Gas
Loop
Component Range Normal Range
Mole % Mole % Mole %
Hydrogen 73-76 83 60-65
Nitrogen 23-25 21 18-22
Argon ) 4,5 3-5
) 005-1 '5
Methane ) &.% 7-10
Amni& NIL 3-0 1'5'3.0
Tamperature 38°% -23% to 15%
Pressure Approx, 28 kg/:ng approx. 140 kg/cng
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PERFORMANCE OF THE PETROCAREON PROCESS

The basic prucess, Figure 1, is designed to produce a 30%
hydrogen-rich recycle gas stream which contains lsss than
1.%% argon + mathans. This hydrogen-rich procduct is de-
livered to battery limits at 70 kg/cng for recycle into
the synthesis loop. The Plant also produces a fuel ges
product which is deiivered to battery limits at the re-
quired pressure. (Ammonia may be recavered from the feed
gas and deliversed as saturated anhydrous liquid product at
about 286 kg/cng). Table B shows ths composition or the
hydrogen-rich product and the fuel gas procuced from this
plant. While the product hydrogen composition remains

the same, the fuel gas composition variss according to the
pressurs at which the fuel gas c=n be returned to the battery
limits., However, the fuel gas composition usually falls in
the range given in Table B.

TABLE Y

HYDROGEN RECOVERY PLANT PRODUCTS

Composition Mole %

Component Hydrogen Rich Product Fuel Geas
Hydrogen a0 10-15
Nitrgen 8.5-9.0 40-50

A!"Oh 0.7-009 9'14
Methane 0.3-0.6 25-33
Temperaturs approx. 15% approx.15°C
Pressurs 70 kg/cng Sea Table(C)
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The amount of hydrogen recovered depends on the pressure

at which the fuel gas must be returned to battery limits
because of the varying amounts of hydrogen product injec-
tion reguirements. As a guida, Table C shows the recoveries
that can be expected for various fusl gas prassures. The
recoveries are based on the nurmal compositicn of the feed
gas ancd hance if the fuel gas pressurs is known, .he approxi-

mata fuel gas composition can be calculatec.

TABLE C
DEPENDSKCE OF HYDROGEN RECOVERY ON FUEL GAS PRESSURE

Cverall Cold Box Fuel Ees Pressure,
Hydrogen Recovery, % kg/cm' g

85 1.5

93 3

91 4

In addition *o hydrogen, 97.5% of the ammonia present in the
feed gas can be recovered as 99.5% pure product by stripping
the rich solution from the wash operation. This section re-
quires additional cocling water and 4C kg/cng. steam,




PLANT CAPACITIES AND UTI .ZTIES

Patrocarcon currently cffers a range of cr-yogeni:c hydroger
rgcovery plants suitable for most of the existing ammenia

plant facilities in the world.

These hydrogen recovery plancz ars suitable for purge gases
on single and multipls train commonia facilitiss, whers a .
single train capac’ty is currently 1C0C MTPO, Tabla DO gives
tha capacity ancd utility ceta “ar two plant sizes assuming
a normal feed gzs composition. These data assume that re-

covery of anhydious ammonia has been incorporated in the pro-

cass.

TABLE O
Plant Designaticn HP1000 HP2000
Ammonia Plant Caﬁarity 100G 2x1000
Ammoniy Purge Gas ~lowrate (NCMH) 9500 130C0
({.e. capacity of Hydrogen Recovery Plant)
Utilities
Power Consumption (kWh/h - average) 35 a5
Cooling Water (M>/h @ 10°C rise) 38 75
Sctaam (kg/h g 40 kg/cng for NH3 recoxery] 630 1250
Molecular Sigve (kgs of SA every 4 years) 1700 3300
Nitrogen, Ory, Oil-free (NCMH) | 3-5 3-5
Instrument ALir (NCMH) | 50 50
Refrigerant (Kcals/h g -33°C) 6300 8800

Capital Cost

Budget price fur complete unit
dalivered site

(Price basis - US Oollers - Jan 1982) $300,000 | $1,200,000

Estimated erected cost of unit
inclusive of connection of off-sites 31,300,000 | $1,700,000
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ECONOMIC EVALUATION JF HYDROGEN RECOVERY UNIT

The potential returns on investment in a Petrocarpon hydrogen
recovery plant vary to a large extent, depending on the mode

of operation the ammnnia plant operator has selected or is
compelled to selsct because of physical constraints or bottle-
necks. The investigations and decisions involved in selescting
the moda of operation are beyond the scope of this paper. How-
ever, the varying modes of operation fall ini.c three distinct
options &3 cutlined below. The figures given are basaed on a

HP 1000 unit and should be used on & pro-rata basis to calcu-
late data for the HP 2000 unit.

Case 1 - Fusl Saving

Maintaininz the same ammonia production and recycling the hycro-
gen product to the synthesis loop s&ves feedstcck plus fuel ges.

Typical savings expectsd are as follows:

Plant Designation HP 1000

Savings in natural gas feedstock and fuel
(NCMH), after making eallowances for the

fuel velus lost in the recycled H2 product. 800
Extra ammonia (MTPD) from ammonia wash and
stripping only. 4,5

In this casa the reformer output of hydrogen is reduced by
about 4‘4. .C‘ .
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Casg 2 - Increased Production Efficiency

Maintaining the same natural gas feegstock plus fusel %o the
reformers and recyling hycrogen to the synthesis loop can

increass ammonia preduction as follows:

Plant DOesignat on HP 1000

Increase in synthesis ioop ammonia
production (MTPD) 14.5

Extra ammonia recoversd from wash and
stripping operztiocn (MTPO) 4,5

The extrs compresssion and refriger~tion energy is required to
makg the extra 14.5 M(PD of ammonia in the synthesis loop.
This energy is squivalant to about 0.8 M1 Kcal/metric ton of
ammonia.

In this case the reformer output of nydrogen is reduced by
abOUt 1-8‘2%-

Case 3 - Maximisation of Production
Maintaining the ssme reformer output of hydrogen, provided
that thers sre no limitations in equipment, the ammonia

production can be incrsased to the following:

Plant Designation HP 1000
Incresese in synthesis lcop armonia

production (MTPD) 84
Extra ammonia rscoversd from wash and

stripping operution (MTPD) 4,5
Supplement of natural gas for fuel (NCMH) 1740

Extra compression and refrigerstion energy is required to
maks the extre 54 MIPD of ammonia in the synthesis loop.
This energy is equivalent to about 0.6 MM Kcal/metric ton
of extra ammonis.

It 1s clear from the above cases that there are many profit-
able optione for operating the hydrcgen recovery unit. How-
ever, with the potential for increasing the ammonia produc-
tion by up to 6% the profitat’.ity of a hydrogen recovery
unit 1s very high indeed.
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PLANT OPERATION EXPERIENCE

Although all of these plants are Jesigned tc procduce hydrogen
product of S0% puricy with varying recovery, dapending on fuel
gas pressurs as shown in Tabla C, the uperators in general wish
tos maximise the hydrogen recovery. Therefore the nhydrogen in-
Jection is usvally tuined to zerc and the recovery increases to
around 95%. If the fuel gas pressure is moderately high at

about 4 kg/cng. the hydrogen purity falls off to about 88% with
a co~aaquent rise in ritrogsn content and a small rise in inerts
leve . The effect of the increasad inerts Is very minimal on

the synthesis loop and is usually overcome by incrsasing the
purge rate dy about 6-10% over the normal purge rste. The hycro-
gon rscover units HP 1000 and HP 2000 both easily cope with this
extra purge rats with no deterisration in purity or recovery. The
big advantages of this mode of operation are:

1) highest hydrogen recovery

2) increassd nitrogen racovery

3) No operator intervention regquired <o maintain
purity by varying injection rate.

When the plarits opersts ‘n this mode they maintain very stabla
oparation throughou¢ the normal varjations in purge gas com-
position and flowrats expected during day to day operation of
the ammonia plant,
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Tabls € below, shows the verious operating modes that can
be adopted with tho same unit. These values are based on
tests cone on some of the hydrogen plants slrsady in opera-
tion.

TABLE E
PLANT. OPERATIONAL FLEXIBILITY (Values are given in mole %)

Case 1 2 3 4 5
H2 purity ac 89.2 87.5 86.9 83,6
H2 recovery 92 94,4 g4.6 94,7 95.2
Inerts

Rejsction 94 33.2 91.3 90.5 85.7
Increase in*

Purge Rats -} 8 9 10 16.5
N2 Recovery 25 29.7 34,7 36.5 46.2

* It 1s assumed here that the opsrator maintains the same
inerts in the synthesis loop throughout. The percen-
tages given ars approximate.

The unit has the extra cepability to handle the extra
purge rates quotsd abovs.

From some test da:a gathered from our operating plancts the
opsrators found scme benefits in purging herder than normal

to reduce the insrts in ths synthesis loop. Typicslly

10-15% more ~urgs was procsessed and this resulted in a fall

of inerts by the sane amount i.e, from say 13 down to 11.1%
Argon + Methens. This saved power in the synthasis loop

sven though the hydregen product was produced at only 70 kz/cng.
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Because the plan<s only have one machine, i.e. reflux

pump with its automatic standby, there is virtually no
maintenance werk required. The plant on-stream times ars
in excass of 8000 hours between shut-¢ .wns. The shut-downs
are usually scheculed for ths overall ammonia plant shut-
down. .n fact, soma of the cryogenic units have worked for
12 000 hours or more before shut-down. There has been no
evidence of any deterioration in performance whatsoever in
the hydrogsrn recovery units. Molaecular sieve rsequires re-

placement svary 4 - S5 years,

The gas savings and increases in production claimed in the
above economic svaluation are borne ocut by data from four

of tha plants in cperation today. No reliable date could

be obtained from the others because of lack of good metering
facilities on the ammonia plant.

nclusicn
The installstion of Petrocarbon hydrogen rscovery units
treeting smmonia purge gas is an attractive proposition
whe~her tha ammonia plant operator is considering gas
savings or boosterd production. Petrocarbon HP 1000 and
HP 2000 units have been shown to be economic and reliable
in the field. The wide operacing experience has shown the
units to be more flexible then originally enviseged when
ylelding mcderate rscoveries of nitrogen with the hydrogen
being recycled.




-17-

' REFERENCES

HYDROGEN PECOVERY PLANTS - AMMONIA PLANT PURGE GAS
DESIGNED AND INSTALLED BY PETROCARECN DEVELOPMENTS LIMITED

Plant Throughgut Hydrogen
Client Location MMSCFO Nm™/h Purity %
I.C.I. Agricultural U.K. 33,6 37,500 88
Sumitoro Chemical Japan 8.8 9,800 S8
Lummus/Pemex Mexico 8,3 9,200 oq
Montecatini Edison Sicily 9,7 10,900 93
Polimax Poland 8.5 10,800 98
Polimex Poland 18.5 26,000 98
Vistron U.S.A. 1.3 12,600 91
American Cy.namid U.S.A. 12.5 14,000 90
Agrico Chemical ) U.S.A. 8.4 8,400 80
Agrico Chemicel U.S,A. 8.4 9,400 0
Agrica Chemical U.S.A. 17.4 19,400 90
c.I.L. Canada 14,2 15,900 S0
P. T, Pusri Indonesia 24.0 26,900 90
C.F. Industrias U.S.A. 18.2 20,400 87
C.F. Industries U.S.A. 18,2 20,400 87







