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The method of producing ammonia on a ocamercial scale through catalytic synthesis
hes boen kmown for almost 60 years. Initially, the synthesis §a8 necessary for this

produced from ooks.

Several procceses for the production of Syntheeis ges directly from ooal or ligmi
which have been use a8 a basis for large commercial plants are descrided.

The Winkler gasifier with fluidised bed,

The lurgi m gasifier whioh gasifies the ooal in a fixed fuel ded in
ocounterflow, and

The Seppere-Totsek gasifier which gesifies the coal in suspension oonsurrently,
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imoluding ancillary units for the corresponding plants are stated. The oapital and
operating ocosts have been determined and the production costs for 1 ton of smmonia have
been shown by comparing the various feedstocks, based on the price of the feedstooks

free works. Some general reasons for favouring the selection of coal or lignite as feed-

etook for the production of ammonia are shown.

Pinally, an example of the annual foreign ourrency expenditure for the produotion
of 1000 tons/day NE, is shown for & case where indigenous coal is available and fuel
oil or naphtha, rup-ctwoly, have to be paid for with foreign currenoy. As a oomparison,
also the annual foreign currency expenditure is stated which would be necessary for
Amporting 1000 tons/day liquid ammonia,

Tws, it is evident that even today, the production of ammonia from lignite or
e%al can be advantageous and economical if certain prerequisites are fulfilled as ie
porticularly the case in developing countries with own coal deposits.
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I. HISTORY

1. The method of producing ammonia on a commercial scale from hydrogen and
nitrogen by catalytic synthesis has been known for nearly 60 years. In the {irst

few decades, the hydrogen required for the synthesis of ammonia was alrnost

exclusively nanufactured in coal based plants, whev the synthesis gas was prod-

uced from coke oven gas or direct from coal.

2. Inthe course of time, particularly in the period following the Second World

War, natural gas and petroleum fractions - predominantly fuel oil and naptha -
were introduced to producc synthesis gas for the synthesis of ammonia. The

chief reason for this was the favourable price of pctroleum and natural gas

compared to the price of coal.

II. VARIOUS COAL GASIFICATION PROCESSES

3. Although most of the ammonia manufactured throughout the world today is
produced in petroleum and natural gas based plants, many lignite and coal based

piants have been built in recent years.

4. A description is given of three processes for producing ammonia synthesis

gas from solid fucls which have been used for the construction of large commerc-

ial plants after the Second World War,

\Vinkler Gasifier

5. The Winkler Gasifier ‘(Figure 1) is & gasifier in which predominantly small

sise brown coal or soft coke from brown coal is gasified with oxygen and steam
ader normal pressure in a fluidised bed. [l] LZJ A typical crude gas analysis
t the outlet of the gasifier is shown in Table L




6. In the last two decades, the following ammonia synthesis plants, using
Winkler Gasifiers, have been built:

Ammonia ‘
Production Yepr
Asot Gorasde, Yugoslavia ' 50t/24 h 1950
Empresa Nacional Calvo Sotelo,
Puertollano Works, Spain 140t/24 h 1950
Asot Sanayii TAS., ' |
Kdtahya Works, Turkey 120t/24 h 1950
Neyveli Lignite Corporation, |
Neyveli Works, India ' 300t/24 h 1959

7. Further Wirkler Gasifiers have been installed during this porlocl in t.he

USSR, CSSR and Bulgaria. Portatius [ 3] has reported on the new dovolop-
ments of the Winkler Gasifier in the Leuna Works, Gorman,Dcmocratlc |
Republic. - |

Largi Pressure Gasifier

8. A further process for the production of oynthuil gas for the eynthesis of
ammonia is the Lurgi Pressure Gasification Proceu [v Ft.uu ¢ showe

a sectional view of a Lurgi Gasifier. With thil process, u.ntt. or bk\lmlmo
coal, over 3 mm in sise, is gasified in counterflow with oxygen and steam at a

presoure of about 30 ati in a fixed bed on a grate. A typical crude gas analysis
at the outlet of the gasifier is shown in Table 1. "

9. Anadvantage of the Lurgi Pressure Gutﬁ‘ca'tiéd;lﬁv-ocuic ie the uﬂn; of

compression energy due to implementation of the process under pressure,

because only the gasification oxygen need be compressed, and not the essent~
fally hmrw of syntheels gas produced. The crude synthesis gas,
however, contains methane and higher hydrocarbons. Inthe course of gas
treatment, these constituents must be removed. The mathane fraction can be
separated and also reformed to synthesis gas through catalytic steam nfwm




10, The following ammonia synthesis plants, using this process, have been .+ 5
built: |

Ammonia
, P:oduction Year
Daudkhel, Pakistan 60t/24 h 1956
Naju Fertilizer, Korea 150t/24 h | 1962

In South Africa, there is a very large synthesis gas plant with Lurgi Pressure
Gasifiers in which synthesis gas is produced for the synthesis of hydrocarbons.
Tall gas from the hydrocarbon synthesis plant is processed to ammonia there,
Furthermore, plants for the production of fuel gas (town gas) have been built.
Koppers-Totrek Coal Dust Gasifier

11. A third process for gasifying lignite and coal is the Koppers-Totzek Coal !
Dust Gasification Process [ 5] . + Figure 3 shows a Koppers-Totzek Gasifier.

A mixture of coal dust and oxygen and, if necessary, a small amount of steam,

is fed to the gasifier from several sides through special burners. Partial
oxidation of the coal dust takes place in concurrent flow at norm:si ﬁreunro.
Adjagent to the burner, temperatures of abc.mt 2, 000°C prevail. The produced
eyathesis gas leaves the reactor at a temperaturc of about 1,500°C, Subse-
quently, the heat of the synthesis gas is utilized in a special steam boller for
the production of high pressure steam.

12, Due to the high reaction temperatures, the synthesis gas does not contain

Mgher hydrocarbons, The methane contont of the gas is only about 0. 02 Vol, %.
Depenling onthe reactivity of the coal, up to 99% of the carbon is gasified,

Practically aay type of coal can be gasified, independent of sise, caking quality,
ols, A typlanl gas analysis at the outlet of the gasilier is shown in Table I,




vt . e A o e e

S —

#3

13, Coal based Koppers-Totzek plants for the production of synthesis gas for
the synthesis of ammmonia have becn built, as follows:

Ammonia

Production Yoar
Typpi Oy.,
Oulu Works, Finland 120t/24 h 1950 .
Nihon Suiso Kogyo Kaisha, Ltd., | | "
Onahama Works, Japan 100t/24 h 1954
Emprou Nacional Calvo Sotelo, SR | o
Puentes Works, Spain .. lo0t/24 b 1954
Chemical' Fertilizser Co,, lad., = S
Mae Moh Works, Thailand | ~ l00t/24 h 1963
Azot Sanayii TAS., -
Kutahya Works, Turkey 340 ¢t/24 b 1966
Nitrogen Chemicals of Zambia, ' o -
Kafue Works, Zambia | 100 t/24¢ h 1967
Nitrouenoun Fertmun Industry S. A. ' ,' o
Ptolemau Works, Greece -40% ¢/24 b 1969
The Fertiliser Corporation " T R
of Isdia Lud., ‘ | . under
Ramagundam Works, India | " 900t/24 b construction
The Fertilizser Corporation o |
of India Lad., ‘ ‘ - 1 ender

Talcher Works, India ~ .~ 900t/24h  construetion

Il. EXAMPLE OF A PLANT CONSTRUCTED

14. In the following, the production of ammonia fyom coal is described in
detail, using a plant already constructed as an example. The plant described
is the Kitahya Plant of Asot Sanayil TAS, Ankara, Turkey, which prodacn
340 tons ammonia per day.

13. Figure ¢ shows a simple block diagram d‘ﬂm plant. R Ulustrates that ] '
only raw browa coal, water -nd olcctﬂc power afo mnury for the production

of amumenia; and, of course, small amounts of chemicals and catalysts.

- - ‘ ) _i i o N e . ; )




16. The composition of the raw brown coal charged is shown in Table II. The
raw water is supplied from wells adjacent to the Works. The cooling water is
recirculated and recooled. The boiler fced water is produced in an ion exchanger
unit. The complete ammonia unit is self-sufficient with regard to steam, and

the electric power is supplied from the local power grid.

Coal Preparation Unit

17. The coal is supplied to the Works in railway wagons from an open-cast
mine about 15 km away. An open coal storage unit is provided in the Works,
which can stock coal to cover a period of about 6 weeks. From the storage
unit, the coal is passed via a crusher, where it is broken to 2 size of below
30 mm, to the coal crushing and drying unit, In this unit, the coal is dried
from a water content of about 45% to about 8% and is crushed {n a tube mill
to a fineness of 80% under 0,09 mm. The dust contained in the waste gas
from the drying unit is almost ;omplctely removed in clectrostatic precipit-
ators to fully suffice regulations governing the prevention of environment
pollution, The coal émnhing unit comprises two streams, each for 60% of the
total capacity. The brown coal dust produced is fed to the gasification plant

pneumaticaily.

Air Fractionation Unit

18. The oxygen necessary for the gasification plant, and the pure nitregen
required for the cyuthéois 'ad mixture, are recovered in an air fractionatien
plant. The air fractionation plant consists of two streams, each for é0% of the
total ca{pu:ity. |

Gasification Plant

19. The gasification plant (Figure 3) consists of 4 Koppers-Totsek gasifiers,
3 for dpofitl&; and 1 as standby. A special foature is the high degree of
carbon. 'nliﬁeuion. in the KM; Plant it is about 99%, although the ash

| emuat of the coal, nhruﬁ to dw coal, is between 35 and 40%.
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20, The larger part of the coal ash in the gasifier is liquid, and flows off ina
continuous strcam, In the ash cxtractor under the gasifier, the ash flows into
a water bath wherc it is granulated to a size of about 3 - S mm, This slag is

free of carbon, causes no dust and is suitable for making roads and paving.

21, A minor part of the coal ash iy entrained with the gas passing through the

waste heat boiler downstream the gasifiers, and is subsequently removed with

water in scrubbers and mechanical washers. The wash water is circulated
through the secttling tanks and cooling tower., The sludge accumul \ted in the |
settling tanks is pumpod through a pipeline to a disposal poiut about 2 km from

the plant. The cooling watcr discharged from the cooling water circuit is

utilized as make-up water for thc wash water circuit, »0 that there is no

{ additional water consumption in the wash water system,

22, The entire low pressure scction (coal preparation unit, wash water system
and gasification plant) is monitorcd and serviced from a central control unit
! (l‘t;ur-' 6).

Gas Treatment and Ammonia Synthesis Unite

! 23, From thc gasification plant, the ygas is passed through a gas holder o the
crude gas compressors, where it is compressed toa pn“u#o'ol about 10 ata.
The crude gas comprossors arc dosigned as turbo~compressors. Two com-
pressors are provided, each with a cupacity of 60% of the total capacity.

24, The gas is passed {rom the compressors toa Sulfinol desulphurisation plamt
) in which the H,S and organic sulphur contained in the gas are removed to a total
sulphur content of below 20 ppm.

25. The gas is next convoyed to the Ligh pressure eem}sﬂneu (piston com-
pressors), which compress the gas to a pressure of about 500 att necessary for
the cyaihais. Two compressors, each with a capucity of 60% of the totel
capacity, are provided,
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26, After the first compression stage, CO conversion is carried out at a
pressure of about 25 ata., Subsequently, the C‘.)2 i8 removed in a cold methanol
wash, at about minus 45°C, The cold mcthanoi wash  is combuned with the
post-installed liquid nitrogen wash, where the residual CO and other impurit-
ies are removed from the gas and the synthesis mixturc 31-{2 + lNz is adjusted,
27. The synthesis of ammonia tukes placc at a pressure of about 500 ata,

The synthesis circulation is effected by an injector fecd with iresh high pressurc
synthesis gas. The ammonia synthesis plant is provided with a semi-coouled
spherical ammonia tank, which can accommodate the ammonia produced in one
week,

28. The entire high pressure section (Figure 7), including the air fractionation

unit, is controlled and operated from a ceantral control unit (Figure 8),

IV. COMPARISON OF OPERATIONAL FIGURES
USING LIGNITE, COAL, FUEL OIL AND NAPHTHA
29. A comparison is now given of the most importaut operational figures for
the production of ammonia when 1sing the abovementioned fcedstocks. Natural
gas as fecdstock has not been included in the comparison, because coal will

hlrdly ever be considered as feod if natural gas is available locally.

30, The dompt rison was based on fecdstocks with analytical data as shown in
Table III. Table IV shows the consumption figures for icedstock, water and
povuf reforred to one ton NHB' The consumption figures for lignite and coal

are understood to refer to wet coal with watcr contents as stated in Table 1IL

V. COMPARISON OF ECONCMY

31, Heveinafter, we show t'h-‘ptodnctl.en costs for ammonia when using the ;
fesdatoaie stated in Table Il Ty




32. When determining the capital expenditurc, plants for the production of 1, 000
tons ammonia per day arc used as a basis. Incach case, facilitics are provided
for storing a month's supply of fcedatock and a week's production of ammonia,
Furthermore, the plant costs include units for steam production, cooling water
recovery and feed water prceparation, as well as the iten.s necessary for the
complete Works, such as the acquisition of land, tracks and roads, adminis-
tration building, laborutories, repair workshops, and fencing, as well as erec-

tion and civil work.

33, The investment cost for a completc turnkey, 1, 000 tons per day, ammonia

plant for the varions feedstocks is as follows:

For lignite US$ 40 Mill,
For coal US$ 39 Miill.
For fuel oil US$ 30 Mill,
For naphtha US$ 25 Mill,

34, The capital costs per ton ammonia have been calculated at a rate of interest

of 7% and a 12 year amortisation period, The following considerations have been

based on 8, 000 operating hours per year.

35. The costs for feedstock, water and power, as well as chemicals and catalyste,
servicing and administration have been taken into account when determining the
operating costs. It is assumed that the necessary steam will be produced in the
plant. The cost of electric power has been adapted in a suitable relation to the
relevant cost per BTU of the feedstock. The capital and operating expenditure,
calculptod,accordiﬁg to the aforementioned prerequisites, is plotted in Figure 9
ag&k’sﬁt the cost of the various feedstocks. The cost of feedstock is understood
fres Works, that is, including the cost of transportation to the Works,

36, It can be seen that, with favourable coal prices, the production of ammonia
from Mgnite or coal is quite competitive with fuel oil or naphths, This applies
MIIV when the price of fuel oil or naphths is burdened with transportation
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costs, duty or taxes,

37. From a technical point of view, the production of axnmonia [rom lignite or
coal prescnts no prublems. For all types of coal there arc suitable gasilic-

ation processcs, the high standard of which has becn proved beyond all doubt.

38, Moreover, considcrations of national econo.ny may favour the sclection of
coal as a basis for the production of ammonia. From a national point of view,
the discovery of local coal deposits can offer many advantages, for instance,
mining of the coal will provide additional jobs, Once the coal resources aro
Leing oxploited, the coal can be used also for other ;;urposce. In many cascs,
rational mining mecthods and favourable coal priccs can only be achieved when
a large consumer, for instance, a nitrogen plant, guarantees to accept large
amounts of coal continuously. This means that coal will be available also to
other consumers art favourable prices which, inturn, will attract other branches
of industry to the arva, and domestic coal can be supplioed to the population
cheaply. The construction of a nitrogen plant can be a great advantage to the

development of a whole district.

V1. FOREIGN CURRENCY REQUIREMENT

4

39, In a country which has its own coal rcsources but, as mentioned above, no
crude 0il, also the shortage of foreign currency can favour the use of coal,
Table V shows the forcign curroncy requirement fo;- the construction and opor-
ation of ammonia phnts uiing various fecdstocks. For lignitc and coal, it is
assumed tht 50% of the total invcstment costs will have to be paid in foreign
currency by a crudit, to be paid back over a pariod of 12 years, on which an
interest of 7% per annum will be charged.  This rosults in an annual capital
service for dopreciation and intercet of 12, 6% of the plant capital. In the case
of fuel oil and naphtha, it is also assumed that 50% of the total investment costs
will have to be paid through a forcign currency crecit, as above, and that the

fuel oil or naphtha will have to be procured with foreign currency. For fuel




oil, it is assuined that a foreign currency portion of US$ 12 per ton, and for

naphtha US% 24 per ton, will be roquired,

40. It can be recognised that, under the abovementioned conditions, a coal
based plant will require considerably less foreign currency than a plant for

which the fcedstock has to be procured with foreign currency. To complete

-

the data, the foreign currency which would be required to import liquid
ammonia, has been entered in Table V. US$ 40 per ton has been assumed

as foreign exchange portion of the price of ammonia.

VIl. SUMMARY

iR e

41. The production of syntacsis gas bascd on coal or lignite, known for many
decades, has been continuously developed and has now reached a technical

f standard corresponding to that of the modern chemical industries. Althou‘h
nowadays the bulk of ammonia is produced on the basis of natural gas or

g mineral oil products which in most parts of thc world are cheap as compared
with coal, nevertheless coal or lignite bascd plants have been built time and
‘again quite recently. Several plants are at present under construction, The
manufacture of ammonia from coal or lignite can be economically competitive

; even today, especially if cheap solld fuels are available and mineral oil products
1& are encumbered with high transportation costs and other charges. Also general
z and overlying aspects may favour the choice of solid fuels as feedstock for the

g synthesis of ammonia, such as the saving of foreign exchange. In countries

§ with rescurces of cheap solid fuel, the production of ammonia on the basis of

| this indigenous raw material should be seriously taken into consideration,
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A«Costs for Depreciation, interest, Maintenance,
VS Dellar Labor, Administration, Catalysts and Chemicals

per ton Ammonia B:Costs for Feedstock Power and Rawwater

¢




Winkler Gasifier | Lurgi Pressure | Koppers-Totzek
Gasifier Gasifier

Feedstock Browncoal Coke | Hardcoal | Hardcoal |Lignite
Crude Gas Analysis
CO+H,S % vol. 184-260 280-323 120 130
8 00- 001 | Traces | Faces
CnHm 02- 02 - -
(o0 - 300-400 24-16.4 81 59
H, 400-480 380-3%4 A3 | 290
CH, V-5 09-13 Q1 al

Rh
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