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This paper outlines the technology offered by Petrocarbon Develop
ments Limited for hydrogen recovery from ammonia synthesis purge 
gat. The paper detente* the proceas aspects and considers the 
«ai'.onomics of installing and operating a typical unit. The effect 
on the ammonia plant is considered and the extensive opetatlng ex
perience Is used to discuss the plant flexibility.
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INTROOUCTION

The ever-increasing cost of hydrocarbon feedstock 
coupled with an Increase in demand for ammonia has 
created a situation where ammonia producers must con
tinue to increase the efficiency of their operation 
Cand where possible, maximise output of ammonia).

The majority of larger capacity single train ammonia 
producing units adopt the classical hydrocarbon reform
ing syntnesie gas production technique to provide feed
stocK for the synthesis of ammonia. In such cases it is 
necessary to purge a significant volume of gas from the 
ammonia synthesis loop in order to prevent build-up of 
Argc ' ind Methane.

Petrocarbon has, for many years, been aware of the poten
tial value o-f this purge gas and has to date designed, 
constructed and successfully commissioned twelve plants 
to recover hydrogen from it. Initially six of these plants 
were specifically designed to recover high purity hydrogen 
for sale to petrochemical companies on nearby sites. How
ever, current economics, in general, favour recycle of hy
drogen to the synthesis loop.

With this In mind, Petrocarbon has designed, constructed and 
successfully commissioned a further six hydrogen recovery 
units for the USA and Canada, specifically designed to pro
duce a lower purity hydrogen product for recycle to the 
ammonlj synthesis loop. The product also contains a signi
ficant quantity of nitrogen, but at the same time the inerts 
(Argon and Methane) are Kept to a minimum, making the gas suit 
able for recycle. Petrocarbon has currently been awardad a
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further three orders for similar units in the USA and 
Indonesia which are currently in the construction phase.

The current plants ere designed to produce a 9Oi hydrogen
rich recycle gas stream which contains less than 1.4*;
argon ♦ methane. This hydrogen-rich product is delivered

2to battery limits at 7 .4 Kg/cm g. The Plant also 
produces a fuel gas product which is delivered to battery 
limits at a pressure that matches the requirements on the 
ammonia plant.

Ammonia is recovered from the feed gas and delivered as 
saturated anhydrous liquid product at about 26 Kg/cm^g.



PROCESS DESCRIPTION

The process, shown in figure (1), is very simple and may 
be conveniently described in two sections:

- Pretreatment Section
where any ammonia present in the feed gas is removed 
by water washing and molecular sieve adsorption. The 
ammonia may be recovered as anhydrous liquid product.

- Low Temperature Section
where the hydrogen-rich purge gas is separated into a 
recycle hydrogen stream and a fuel gas product.

Pretreatment Section
Peed gas enters the Plant through a control valve at the 
desired process pressure, passes through the feed gas pre
heater and is admitted to the base of an ammonia absorp
tion column. Ammonia is removed from the gas by absorp
tion in a lean aqueous ammonia (or water) solution.

A rich aqueous ammonia solution is withdrawn from the base 
of the absorber, pre-heated and passed into an ammonle re
generation column. Rich solution can be delivered as pro
duct if required. The ammonia product is drawn off to 
battery limits from the regeneration column overheads via 
a condenser. Reboll is provided by using medium pressure 
steam. Hot lean solution is drawn off the base of the re
generation column, cooled, pumped tn high pressure and re
turned to the absrrber. Peed gas leaving the absorber, sub
stantially free from ammonia, is then passed into adsorbers,



where residual ammonia together with water from the absorp
tion operation are removed on molecular sieves. Two adsor
bers are employed operating on a fixed time sequence control 
such that one unit is on-line whilst the other undergoes re
generation.

Low Temperature Sec ion
The dry, ammonia-free purge gas from the adsorbers enters 
the cold box where the gas is 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 separation in a feed gas separator is 
carried out to produce a hydrogen-rich vapcur phase and a 
liquid phase containing some 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 
th9 fuel gas liquid to provide sufficient re-evaporation of 
liqLicv. c- cl the feed gas to the required temperature, 
while still maintaining the required pressure of the fuel 
gas. This hydrogen injection scheme is a patented feature of 
Pstrocartion plants.

The hydrogen product stream in warmed to approximately ambient 
temperature in heat exchange with the incoming feed gas and 
delivered to battery limits. The liquid phase from the separa
tor is expanded to fuel gas pressure along with the injected 
hydrogen and also evaporated and re-heated to approximately 
ambient temperature.



Fuel gas leaving the cold box heat exchanger Is split, a 
sidestream being used for aosorber regeneration and the 
remainder by-passed and rdxed with the spent regeneration 
gas. The combined fuel gas prodjct stream is then delivered 
to battery limits at the required pressure.
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FEED GAS COMPOSITION AND PLANT FLEXIBILITY 
The majority of large capacity single or 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. 
It should be noted the- thoughout the shift conversion cata
lyst life, the whole of the argon * methane level range is 
covered because of the decreasing catalyst activity. The 
composition of the purge gas from the synthesi- loop, also 
showri in Table A, varies over the range because of operator 
adjustment of the purge flowrate and the changing catalyst 
activity in the shift conversion, methanation and synthesis 
stages. Therefore the hydrogen recovery plant must be cap
able of operating over the whole range of the given composi
tions whilst maintaining the overall recovery of hydrogen. 
One of the primary considerations in the Petrocarbon process 
design is in fact flexibility.

TABLE A
RAW SYNTHESIS GAS AND LOOP PURGE GAS COr .POSITIONS

Component

Feed Gas to Synthesis 
Loop

Loop Purge Gas

Range 
Mole \

Normal Range 
Mole \ Mole \

Hydrogen 73-76 63 60-65
Nitrogen 23-25 21 19-22
Argon ) 4.5 3-5

) 0.8-1.5
Methane ) 6.5 7-10
Ammonia NIL 3.0 1.5-3.0

T emperature 38°C -23°C to 15°C
Pressure 2Approx. 28 kg/cm g 2approx. 140 kg/cm g



PERFORMANCE OF THE PETROCARBON PROCESS

The basic process. Figure 1 » is designed to produce a 90%
hydrogen-rich recycle gas stream which contains less than
1.1% argon ♦ methane. This hydrogen-rich product is de-

2livered to battery limits at 70 kg/cm g for recycle into 
the synthesis loop. The Plant also produces a fuel ga3 
product which is delivered to battery limits at the re
quired pressure. (Ammonia may be recovered from the feed
gas and delivered as saturated anhydrous liquid product at 

2about 26 kg/cm gJ. Table B shows the composition of the 
hydrogen-rich product and the fuel gas produced from this 
plant. While the product hydrogen composition remains 
the same, the fuel gas composition varies according to the 
pressure at which the fuel gas can be returned to the battery 
limits. However, the fuel gas composition usually falls in 
the range given in Table B.

TABLE B
HYDROGEN RECOVERY PLANT PRODUCTS

Composition Mole %

Component Hydrogen Rich Product Fuel Gas

Hydrogen 90 10-15
Nitrogen 8.5-9.0 40-50
Argon 0.7-0.9 1o;

Methane 0.3-0.6 25-33

T emperature approx. 15°C ,,o. approx.15 C
Pressure 270 kg/cm g See 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 requirements. As a guide. Table C shows the recoveries 
that can be expected for various fuel gas pressures. The 
recoveries are based on the normal composition of toe feed 
gas and hence if the fuel gas pressure is Known, ;he approxi 
mate fuel gaa composition can be calculated.

TABLE C
DEPENDENCE OF HYDROGEN RECOVERY ON FUEL GAS PRESSURE

Overall Cold Box 
Hydrogen Recovery, %

Fuel £as Pressure, 
Kg/c?n g

95 1.5
93 3
91 4

In addition to 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-

2quires additional cooling water and 4C Kg/cm g. steam.



PLANT CAPACITIES AND UTI .ITIES

Pptrocarbon currently offers a range of cryogenic hydrogen 
recovery plants suitable for most of the existing amnonia 
plant facilities in the world.

These hydrogen recovery plani3 are suitable for purge gases 
on single and multiple train ammonia facilities, where a 
single train capacity is currently 1000 MTPD. Table D gives 
the capacity and utility data eox two plant sizes assuming 
a normal feed gas composition. These data assume that re
covery of anhydrous ammonia has been incorporated in the pro
cess.

TABLE D

Plant Designation
Ammonia Plant Caparity
Aitino ni j Purge Gas flowraie (NCMH)
Ci.e. capacity of Hydrogen Recovery PI

HP1000
1000
9500

ant)

HP2000
2x1000
19000

Utilities
Power Consumption (kWh/h - average) 55 95
Cooling Water (M'Vh g 10°C rise) 36 75

2
Steam ikg/h g 40 kg/cm g for NH_ recovery) 630 1250

I
Molecular Sieve (kgs of 5A every 4 years) 1700 3300
Nitrogen, Dry. Oil-free (NCMH) 3-5 3-5
Instrument Air (NCMH) 50 50
Refrigerant (kcals/h g -33°C) 6300 8800

Capital Cost
Budget price for complete unit 
delivered sits
(Price basis - US Ooliars - Jan 1982) $900,000 $1,200,000
Estimated erected cost of unit 
inclusive of connection of off-sites $1,300,000 $1,700,000



ECONOMIC EVALUATION OF HYDROGEN RECOVERY UNIT

Thu potential returns on investment in a Petrocarbon hydrogen 
recovery plant vary to a large extent, depending on the mode 
of operation the ammonia plant operator h^s selected or is 
compelled to select because of physical constraints or bottle
necks. The investigations and decisions involved in selecting 
the mode of operation are beyond the scope of this paper. How 
ever, the varying modes of operation fall inLo three distinct 
options as outlined below. The figures given are based on a 
HP 1000 unit and should be used on a pro-rata basis to calcu
late data for the HP 2000 unit.

Case 1 - Fuel Saving
Maintaining the same ammonia production and recycling the hydro 
gen product to the synthesis loop saves feedstcck plus fuel gas 
Typical savings expected ars as follows:

Plant Designation HP 1000

Savings in natural gas feedstock and fuel
CNCMH], after making allowances for the
fuel value lost in the recycled H^ product. 800

Extra ammonia (MTPD] from ammonia wash and
stripping only. 4.5

In this case the reformer output of hydrogen is reduced by 
about 4-4.F*.
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Caae 2 - Increased Production Efficiency
Maintaining the same natural gas feedstock plus -fuel to the 
reformers and recyling hydrogen to the synthesis loop can 
increase ammonia production as follows:

Plant Désigna*„on HP 1000

Increase in synthesis loop ammonia
production (MTPO) 14.5

Extra aimonia recovered from wash and
stripping operation (MTPQ] 4.5

The extra compression and refrigeration energy is required to 
make the extra 14.5 MTPO of ammonia in the synthesis loop. 
This energy is equivalent to about 0.6 MM Kcal/metric ton of 
ammonia.

In this case the reformer output of hydrogen is reduced by 
about 1.6-2%.

Case 3 - Maximisation of Production
Maintaining the seme reformer output of hydrogen, provided 
that there are no limitations in equipment, the ammonia 
production can be Increased to the following:

Plant Designation HP 1000

Increase in synthesis loop ammonia
production (MTPO) 54

Extra ammonia recovered from wash and
stripping operation (MTPO) 4.5

Supplement of natural gas for fuel (NCMH) 1740

Extra compression and refrigeration energy is required to 
make the extra 54 MTPO of ammonia in the synthesis loop.
This energy is equivalent to about 0.6 MM Kcal/metric ton 
of extra ammonia.

It is clear from the above cases that there are many profit
able options for operating the hydrogen recovery unit. How
ever, with the potential for increasing the ammonia produc
tion by up to 6% the profitât:1lity of a hydrogen recovery 
unit is very high Indeed.



PLANT OPERATION EXPERIENCE

Although all of these plants are designed tc produce hydrogen 
product of 90% purlcy with varying recovery, depending on fuel 
gas pressure as shown in Table C. the operators in general wish 
to maximise the hydrogen recovery. Therefore the hydrogen in
jection is usually turned to zero and the recovery Increases to
around 95%. If the fuel gas pressure is moderately high at2about 4 kg/cm g, the hydrogen purity falls off to about 88% with 
a wO~sequent rise in r.itrogsn content and a small rise in Inerts 
levt . The effect of the increased inerts is very minimal on 
the synthesis loop and is usually overcome by increasing the 
purge rate by about 6-10% over the normal purge rate. The hydro
gen recovery units HP 1000 and HP 2000 both easily cope with this 
extra purge rate with no deterioration in purity or recovery. The 
big advantages of this mode of operation are:

1] highest hydrogen recovery
2] increased nitrogen recovery
3] No operator intervention required to maintain 

purity by varying injection rate.

When the plants operate in this mode they maintain very stable 
operation throughout the normal variations in purge gas com
position and flowrate expected during day to day operation of 
the ammonia plant.
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Tabls E below, shows the various operating modes that can 
be adopted with the same unit. These values are based on 
tests done on soma of the hydrogen plants already In opera
tion.

TABLE E
PLANT. OPERATIONAL FLEXIBILITY (Values are given In mole *)

Case 1 2 3 4 5

H2 purity 30 69.2 87.3 66.9 83.6
recovery 92 94.4 94.6 94.7 95.2

Inerts
Rejection 94 33.2 91.3 90.5 05.7
Increase in* 
Purge Rate 6 a 9 10 16.5
N2 Recovery 25 29.7 34.7 36.5 46.2

It Is assumed here that the operator maintains the same 
inerts in the synthesis loop throughout. The percen
tages given are approximate.

The unit has the extra capability to handle the extra 
purge rates quoted above.

From some test data gathered from our operating planes the 
operators found some benefits In purging herder than normal 
to reduce the inerts in the synthesis loop. Typically 
10-151 mors purge was processed and this resulted In a fall 
of Inerts by the same amount l.s. from say 13 down to 11.1%
Argon <• Methane. This saved power In the synthesis loop

2even though the hydrogen product was produced at only 70 Kg/cm g.



Because the plants only have one machine, l.e. reflux 
pump with its automatic standby, there is virtually no 
maintenance work required. The plant on-stream times are 
in excess of PQOO hours between shut-d.wns. The shut-downs 
are usually scheduled for the overall ammonia plant shut
down. In fact, some of th? cryogenic units have worked for 
12 000 hours or more before shut-dovm. There has been no 
evidence of any deterioration in performance whatsoever in 
the hydrogen recovery units. Molecular sieve requires re
placement every 4 - 5  years.

The gas savings and increases in production claimed in the 
above economic evaluation are borne out by data from four 
of the plants in operation today. No reliable data could 
be obtained from the others because of lack of good metering 
facilities on the ammonia plant.

inclusion
The installation of Petrocarbon hydrogen recovery units 
treating ammonia purge gas is an attractive proposition 
whether the ammonia plant operator is considering gas 
savings or boosted production. Petrocarbon HP 1000 and 
HP 2000 units have been shown to be economic and reliable 
In the field. The wide operating experience has shown the 
units to be more flexible than originally envisaged when 
yielding moderate recoveries of nitrogen with the hydrogen 
being recycled.
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Client Location
Plant Throughout 
MMSCFO Nm3/h

Hydrogen 
Purity 4

I.C.I. Agricultural U.K. 33.6 37,500 98
Sumitomo Chemical Japan a.8 9,800 98
Lummus/Pemex Mexico 8.3 9,200 PI
Montecatini Edison Sicily 9.7 10.900 98
Polinwx Poland 3.5 10.600 98
Pollmex Poland 18.5 26,000 98
Vistron U.S.A. 11.3 12,600 91
American Cy<_namid U.S.A. 12.5 14,000 90
Agrlco Chemical U.S.A. 8.4 9,400 90
Agrlco Chemical U.S.A. 8.4 9,400 90
Agrlco Chemical U.S.A. 17.4 19,400 90
C.I.L. Canada 14.2 15,900 90
P.T. Puerl 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
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