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Process description

* Synthesis gas (mole ratio H, and N,, 3:1) is compressed to operating pressure
(100-1000 atms depending on conversion) and sent through a filter to remove
compression oil. Temperature guard converter then converts CO and CO, to
methane and removes traces of moisture, H,S, P, and As.

* The cool gas is fed along the outside annulus of the tubular converter that
provides cooling of the exothermic catalytic reactor bed at center of the
converter. The preheated gas flows next through the inside (center) the tubular
packed bed containing porous iron catalyst at 500-550°C.

* Produced ammonia gas with 8-30% conversion (depending on the process) is
recovered by condensation with cooled water first then with ammonia
refrigerant.

* The unconverted hydrogen and nitrogen gases are recycled back to the reactor
for 85-90% vyield.
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Major engineering problems

* Thermodynamic and kinetic considerations: Highest equilibrium vyield of the

catalyst reaction (ammonia synthesis) is obtained at high pressure and low
1/2
temperature. Yield of ammonia, Yyp, =(KpYN2Y§’2PT) / and equilibrium

constant K, is inverse function of temperature as it is an exothermic reversible
reaction. Like SO, oxidation the ammonia synthesis reaction is favoured by low

temperature, but to compromise reaction kinetics it is carried out at higher
temperature 500-550°C.

* The multistage reactor is not feasible economically due to the high cost of high-
pressure reactor vessels.

* The mole fraction of ammonia in exit gas x decreases with increase in space
velocity V. The relationis, x = fV™"; n < 1, if bed is at correct temperature and
n > 1, when bed is at too low temperature due to high space velocity.

* Space timeyield Y = Vx = V1™ (m3 product/hr m3 catalyst)
* High space velocity V results a) increase in cost of ammonia recovery because x is

lower. b) Increase of pumping cost Continue
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Catalyst development: Objective of the catalyst is to improve yields at lower
temperature and pressure. It is based on iron oxide promoted by alkali or non-
ferrous metal oxide like, K,0 (1-2%) and Al,O; (2-5%). Iron oxide is fused in an
electric furnace and promoters are added. Solidified mass is grounded to desired
particle size. A promoted iron catalyst is developed in Europe (Mont Cenis process)
that allows lower temperature of 400 °C and pressure of 100 atms.

Process design modifications: The modifications for the ammonia process are:

Very high pressure (900-1000 atms., 500-600°C, 40-80% conversion)— Claude,
Dupont, L Air Liquide.
High pressure (600 atms., 5000°C, 15-25% conversion)— Casale

Moderate pressure (200-300 atms., 500-550°C, 10-30% conversion)— Haber-
Bosch, Kellog, Fauser, Nitrogen engineering corporation.

Low pressure (100 atms., 400-425°C, 8-20% conversion)

Modern trend is to lower pressure and increased recirculation rate. It promote lesser cost of
reactor vessel. Nowadays centrifugal compressor is used, and the plant produces near about
1000 ton/day ammonia from a single reactor at low production cost.
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Process description

« Ammonia and carbon dioxide gases are compressed and added to the high-
pressure autoclave reactor that is cooled by external water jacket. The residence
time of the reactor is 1.5 to 2 hrs on continuous basis. A mixture of urea,
ammonium carbamate, water, and unreacted gases (ammonia+CO,) is produced.

* The liquid effluent is fed to flash-evaporator with gas-liquid separator and
condenser at 27 atms pressure, where unreacted gases and water are separated
as top product or high pressure recycle to be sent at the reactor inlet. The
agueous urea-carbamate solution at the bottom product is sent to atmospheric
flash drum where further decomposition of carbamate takes place. The off gases
from this stage is recycled to reactor and few percent of it is purged to fertilizer
making process.

* The bottom product of the atmospheric flash drum is 80% aqueous urea solution
which can be used as urea fertilizer or sent so vacuum evaporator to obtain
molten urea containing less than 1% biuret. The molten urea is sprayed at the
top of prilling tower or granulation tower dispersed in cooling air from bottom.

Continue



L.ow Pregsuré re@ycﬂp gos: -————/\ To NH M@?’L
Nk, €6 0 NHs By-Fro Usege
(69, ~ NHaNO3 (HL,S 04)

, Hhigh Precsure vecyclt Sbubon

Y
CHH,{GO&NHL}N}-@ S
@Gz)Hsz) :4 i
i N Hy off-gole
0132 /Flash e
i %?;J st (Z) B ee | o
s |185°C | eris
%‘S 180 AHmS . N b0 - e ¢
%( mg I @gnﬂlnSd}(’ . h
<]
i Ny (25 mold) 2 . g
1 L0
e COo (| mA) (B Sesm  ratqun
- EVCJPY‘O\J@}"
. ] @
go%aq\ugu& ured 60 ,[;g-@
Foy Ny Liguor (<1% Biuret)
produdts .
99
Mollen)
Ured

Urea produchion froclss




* To prevent the formation of biuret (>1%) the temperature of the urea is kept just
above the melting point and processing time is limited to 1-2 sec in this prilling
operation.

Major engineering problems

* For the optimum economic yield of urea production, operating conditions of an
autoclave reactor such as, temperature, pressure, flowrates and ratio of feed gases
must be controlled.

* Urea production rate increases with pressure and temperature up to 170-180 °C.
Above the temperature production rate reduces sharply. The operating pressure
should be above the dissociation pressure of carbamate. ( e.g., dissociation pressure is
180 atms at 190 °C.

* Urea production is not carried out at maximum temperature, pressure and with excess
ammonia because of the following reasons:

1.

Operating pressure increases capital (material inventory of reactor) and operating cost
(compression).

Increased temperature accelerates decomposition of urea to biuret that is detrimental to
germinating seeds and toxic to animals.

Above conditions increases corrosion rate that gives higher design cost. Continue



« Ammonium carbamate stripping operation in the flash evaporator is favorable at low
pressure, and temperature should be below 110°C if hold-up time exceeds 1-2 sec to
avoid biuret formation.

* Recompression of off gases is problematic because of corrosion and formation of solid
carbamate in compressors. Unreacted off gas must be recycled by pump after forming
solution. Few portion of it is purged and used economically.

* To prevent formation of biuret vacuum drying of 80% urea solution and granulation
operation (Prilling) must be carried out just above the melting point of urea with
minimum residence time of several seconds.

* The exothermic reaction in the autoclave is cooled by coils, wall cooling, or by
increasing reactants flowrate to absorb heat.

* To prevent corrosion in high pressure NH;-CO, process, high-cost silver or tantalum
liners are used in the autoclave with Hastelloy C, titanium, SS 321, aluminium alloys
used in the other parts. Minimum temperature and pressure with excess NH; are
required to avoid corrosion in stainless steel autoclave.



* Process modifications

1.

Once-through process: Off gasses are used elsewhere. Expensive ammonia is recovered by
neutralization with acid to produce ammonium salts.

Hot-recycle process: Off gases are heated, compressed and recycled with precise temperature
control to prevent solidification of carbamate in the compressor. The recycled hot gases increase
the cooling load of the reactor.

‘Inventa’ process: Unconverted ammonia is absorbed in aqueous urea nitrate solution, stripped
and returned to the autoclave. It provides better temperature control and reduces cooling load.

‘Chemico’ process: Carbon dioxide from off gases is stripped by monoethanolamine (MEA) solvent
provides better temperature control. It is then recompressed and recycled.

Solution recycle (Montecatini): Recycle gases are absorbed in reaction product water to make a
solution and pumped back to the reactor. It provides better temperature control in the autoclave
but requires higher T, P and excess ammonia for good conversion.

Allied chemical high pressure process: This process is operated in Visakhapatnam, India at 275
atms and 400 °C with high conversion of 75% per pass and does not recycle carbamate. A
zirconium-lined reactor is used to minimize corrosion.

Toyo Katasu process: Carbon dioxide formed in the shift reaction of ammonia process is absorbed
by a mixture of hot carbamate solution (urea plant) and ammonia (ammonia synthesis process) and
fed to the urea reactor. Indian Explosives Ltd. in Uttar Pradesh employed the process with total
recycle.
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Concentration of nitric acid to 95% is obtained by following methods:

1.

By concentrated H,SO,: Rectification by 93% H,SO, in silicon-iron or stoneware packed
towers produces concentrated nitric acid (>70%) and 70% H,SO, that can be distilled to
higher concentrations.

By Mg(NO;), (developed by Hercules powder company, 1958): Magnesium nitrate solution
(70-75% Mg(NO;,), ) is fed to a dehydrating tray tower with dilute nitric acid (57-60%). The
salt solution removes water at 100°C or higher to cross the azeotropic concentration (68%),
allowing rectification of dilute nitric to concentrated one.
The dilute Mg(NO,), can be reevaporate to concentrate.

Operating costs of Mg(NO;), process are half of the costs that by H,SO,. Capital costs are onle
70%. It gives improved quality and yield of acid produced.

Major engineering problems

* High temperature one step converters at intermediate pressure favour the increased conversion.
Optimum temperature increases with gas velocity.

* Platinum-Rhodium alloy catalytic surface improves yield.

* Lower temperature favours operation efficiency of the absorber.

* Increasing pressure favours physical absorption rate and shifts chemical equilibrium to produce
higher strength acid.

* Rate of absorption depends on concentration of NO, in gas phase.
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