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Abstract
This puper describes the feutures of the small 3ized
amuonia plunts producing ammonium bi-curbonate as the end
product, with capecities in the rangéngf 3000 to 15000MT
NH3/yeur in China,
The techno-economie comparison of processes and the
ocnditions for its development are discussed . also the

cptimum plunt scule is evaluated.

I. Prefuce

Numerous ammoniuz plants with a capucity of 3000
and 5000 tons per yeur huve been built over the past two
decudes in China. There were more than 1300 such cmmonis
piants in operation in 1980, some of them had been expanded
up to 10C00 tons ummonis per yeur, und some even larger.
Tihese plunts have supplied the Chinese agriculture with
i grezt amount of nitrogenous fertiliger——- mainly as
ammonium bicurbonute, and their production constituted
55% of the total ammonia production of China in that
vear, With wmmonium bicurbonute as fertilieer,we huve
ace mulated mdequate cxperiences in bagging, 3torage,
trunsportution and application, and have trained a fairly
lurge number of experienced engineers, supervisors and
technicians for the design, construction and operation
¢f anmonia plunt.

Furthe:rmore, capability of metallurgical ,mechanical
und chemicu]l industries in the localities were developed

to provide complete sets of equipuent for those plunts




incluaing all the processing equipment, instrumentathon
devices, facilities of utilities, as well us the capmlysts
and additives etc.

The smull sized ammonia plants of cur country adopted
the "Integrated ammonium Bicarbenute" process. ‘he outstand-
ing wdvuntuge of this process is to integrute the co removal
cf the ummonia sSynthesis gas and the ammonia processing in
one step. This makes it pos§ible %o pruduce solid nitrogenous
fertiiizer directly from ummoni:i: without the processing
section inherent to conventional schemes. By usjng thé"
"integruted ammonium bicurbnonute" techndlogy, the small
sized ammonia plunts man be buiit very quickly with less

investaent, und snc product cun be produced at lower cost,

II. Tre Ccnditions for the Development of
smull Sized zumenia Plants in Chinu
1. Feedstock

Bince cur ccuntry is atundunt in coul r¢sources, over
90% of cur srull sized ammoniz plants are based on anthracite
und coke as feedstbck,

The smnll sized amzonic plunts snow wide aduptability
towurds tne lump size of feedstock. tWormully the lump of
over 40 mill incters or not less thun 25 millimeters is to
bc desired, nowever, tue smuiler lumps or even fines waich
pecome nmore uvuiluble as u result c¢f mechunical mining can
«180 be used ufter brigquetting.

s smull sized plent with an annuel cupucity of 10000-




150001 ammoni. needs only 20000-—-30000 T anthrucite as
feedstock which cun be provided by the local small r:ines,

Similarly the requirements of the smuil sized ummonia
phants for water, electricity and steum ure ulso less and
cun be readily sutisfied irn th: vust areas nearby the
medium and smzll citie s in our coumtry.

(2) Process description

The production scheme is composed of prepurution of
feedstock, coul crushing, gusific.tion, desuiphurization,
compresskdan, co conversion, CO2 remcval and carbonization,
copper liquor scrubbing and ummonia sSynthesis etc. Numely:

The briquetting of unthracite fines with binderg

The prcduction of semi-wuter gus in the fixed bed gas
generater;

The desulphurization cf Semi-wuter gas with diluted
aqueous ammoniu recovered from the processs

The CO shift reaction under a given presure;

The CO2 remuvul by means of aqueous ammonia with the
formation of crystul ammonium biczrbonate;

The finul purificution of the synthesis gus with cuprous
ammoniu acetute,so0lution;

The synthesis of ammonia under 320 atmosphere ( or 200
utmosphere ) .

The block diagram of this process is shown as follows;
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The advantages of this process are:

1. The process is simple.

2. The CO in the converted gas is removed by means of
concemtruted uqueovs ummoniu with the formation of end
product, ummonium bicurbonute simul taneously, thus eliminating
the complete set of wmmonia processing gequipment. The
number of equipment is reduced by 12%, znd 30% in comparison
with the production of urea und of ammonium nitrate
respectively.

3. The CG2 remivul prcvides the udditionul desulphurize-
ticn , reducing tne hydrogen sultide content in tne synth-

¢Sis gas dcwn to 5--10 Mg/NM3 to mect the requirements
¢t cuprous ummonizn ucetate scluticn wush, hence tne Secon-
dury desulpaurazitice step 18 not necessury.

4, The concentruts. uquecus ammeniu not only shows high
CU2 ubcsorbing cupucity of 100 M3 002 in euch M3 of Solution
tut ulsc ensures high degree of purificution with the
residusl COp less thun 0.2 % in the sfflucnt. The ubscrption
proccecds ut :aubient temperwture cnd low pressure, without
ndditionul heuting und refrigeration fucilities.

5. The wmmeniua is recycled as feedstock to the curboni-~
zation secticn dn gaseocus stute at low pressure, hence the
refrigeration energy is suved.

6. The curbonization process is cpmparatively Simple;




the number of equipment are not many, and the manufacture
of equipment is not complicated. Host of the equipment are
made of common curbon steel and only a small zmount of ..
stainless.steel is required.

It must be noted that the product ummonium bicarbonate
uS a ncutral fertilizer, does not impair the soil. But
the nitrogen content (17%) is low, only eguivalent to 1/2.7
ureuz, hence the cost of product per unit nitrogen content
including the bagging, transportution und storage expenses
etc, are 2.7 times as high us that of urea. Purtanermore,
if the storage time is tooc long, ammonimm bicarbonate ¢
tends to ugglomerute and suffer loss in weigut, therefore
one has to consider whether it is economical :to scale up
production.

(3). Lubor source

In the 10000T'NH3/yeur ammoniu pluni,the wvuges of the
workers account for ubout 5% of the production cost. The
abundant labour resource is fuvouruble to the development
of 10000 ton uammoniua plants.

(4) Transportation conditions

Such ummopiu plants use the rew materiuls supplied by
the localities und the fertilizer products are consumed
locally. In most cuses the trunsportation radius is within
25 kilometers. The selling pticeé’of the products are
favourable both to the manufacturers aund customers.

I1I1. The techno~economic chursacteristics of the smull




sized ummonis plunts.

n comparison is mude for an ammonia plant with un annual
capacity cf 15000 ton ammoniu producing three different
end products, ammonium bicarbonute, ammonium nitrate und
urea respectively.

(1) Process

ammonium bicarbenate: the “integrated ammonium bicurbonate”
proceSs is used.

smmonium nitrate: the Medium Pressure Witric ncid Frocess
is used for nitric acia production. The ::mmonium nitrate is
produced in gronular form by atmospheric neutralizstion
vaccum evaporation und granulation.

Urea: The rledium Pressure Tntegrated Ureu Process is used.
This process is being tried out in an industrial demons-
tration piant.

(2) Techno-economic criteria(computisuns were muce on the
basis of & ton of nitrogen product).

1. Capital investment, (see table 1) was broken down to
ummoni4 unit, ammoniu processing unit and utilitics. The
miscellaneous items consists of the costs of test rum,
training, administrution of construction, and other unfore-
scen expenditures.

2. Energy consumption.

The total energy consumptions of the ammonia syathesis and
ammonia processing are comupried for different products,

( see tauble II )




The energy consumption per ton of nitrogen is used as

the index for compuarison.

Totul energy energy consumption of WH3 other energy
+
consumption = consumed by the product consumed by
the product
index

nitrogen content in the product
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Table I. Tre capitil Investments of tne three froducts
Ammon ia immonic . riscellunecud Totul sum Capitul
Producticny; prccessing Utilitivs items ¢f the Investment
whole plant| per ton
N/year
smmon ium
bicarbonate 100 uC 1¢0 100 100 100 \53
ammcenium
Nitrate
(includingl ; 11426 466,47 137.77 128,06 | 169.37 166.4
nitric-ucid)
Urea 115.55 267.37 140.74 116.85 141.66 136.1

e P——————



Table II.

three products

The compuriscn umong the energy consumptiocns of the

~ BEnergy consuption Energy consumption Totul energy .
vf nmmonia Synthe- of ammonia precess- cunsumption Comper.son
sis 1x106 ing 1x106 index 1x106 *
kcal/ton N keul/ton N keel/ton N
Ammon ium
bicurbonate 22.09 1.0 23.09 100
fmmon jum
Nitrate 23.44 3.92 27.36 118
Ureu 23.18 7.49 30,67 133

-01-
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3 « Cost
Cost of oroduct und transportation churges (taking 25 km
as the uveruge rudius of transportation of the product to th

the consumers) are listed for comparison.

Teble IIl. The zompaurison among the in-the-field

costs of the three products

unit: %
plant cost tranzg:;;::ion totul
O o 100 100 100
ﬁg’;‘,g‘é‘; 119.63 49.41 114.55
| Ures 108.12 36.96 103.07

Iv. The determinution of the plant scule of smull ammonia
.plunt.

It is evident frum the ubove "in-the-field" cost comparison
that the plant cost of the ammonium bicurbonate is the
lowest, whereus the trunsportation charges for ammonium
bZcarbonate are the highest. Therefore, the production
Scale of tbe ummonium bicarbonate plunt will be influenced
by the sale distance to a greuter ex%ent than the vrea plunt

The in-the~field cost of ammonium bicarbonate from ammonia

plant with different cuapucities are shown in table IV.
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Table 1IV.
The cupacity of
atamonia plant 4000 8000 5000 {25000 {30000 |40000
Ton/yeur

sverage truns-

portuticn 15 20 25 30 35 40

distunce (km)

Tr\~sportation.

churges (%) 60.29 |76.47 |160 |116.18]130.88|144.12

Plint cest . _

(uzn/ton) 115.38]106.38(10u |97.29 95,65 94.39
;

The with-field
i ccnsumer cost 111.98104.54 100 {98.46 197.82 |97.46
! (yuan/ton) ' ‘
'—

Busis for the compurison in tne above table:

The amount ¢f the fertilizer cousumed in the field--

8kg ditrozen/mu

Note: 6.6 mu equul to un acre. rransportution maans

transportuticn by truck.

It i3 ovident fpom the above tuble thut

.the in-tne-

LABL¢ field cost of the products for the pluné with a

cupucity of 4000-8000 ton ammoniu/year are ruther high.

although there is some de.reade in the in-the-field cost

with plunt scule over 15000 ton NH3/year, the margin is
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smull. Considering the ditrficulties with bagging ,Storuge
and reverse transportution after further scale-up, The
capacity of 15,000 ton of NH3 per year is considered to

be economically optimum for tae small ummoniu plant.
Beuides, it cun also be seen from the tuble III that

the cost of tne ummonium bicurbonute is by onlj 3% cheaper
thun that of ure«, wnen the plant has = capacity of 15,000
ten of ammonia, 1f the ammoniu - proauction reaches 23ooc
t/yeur, tne in-tne-field coust cf both products are basicelly
Lie same, But in case the ammonia producticn is over 3C000
t/yeur tbe ccst ¢f ureu beconmes lewer than thut of ammonium
bicurncnute. I1i° there ure opportunitics to build un
wnmoniu plant witn wn canual cupueity of 25,000 tons, it
i$ more preferaciw toprccessing tue dﬁ3 in*o ureu., For this
rzascn, we plan Yo switen tae vroduct froea amronimn bicur
oonite to urea in sune 295000 tuns amidl sized wmmonia plants.

V. Coneclusicn

1. Our country nus developed the smull sizod ammonia p
plunts over the pust twenty yeurs, whicn huve Supplied cur
agriculture with = lurge amount ¢f nitrozen fertilizers.

2. For the smull sized ammonia pl:ints using anthracite
as feedstoek nus enubled us to fully utilize the medium
and small coul deposits szattered over various areas,

3. In the small sized ammonia plunts, the "Integrated

ammonium Bicarbonute" process is used to produce  the
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solid fertilizer-ammoniun bicarbonute. ‘The combinution of
co removul with ammonia processing in one step, has reduced
the investment cost and lowered the production cost. |

4. »s the ammonium bicarbonste hus the diaadvanta‘as
of low ritrogen content and temdency to dec.apose, it is
nct sut.ole for the prolonged storage and long dMGe

transportution. Therefore, the ideal sige of such ammonia

plants should be about 15000 tons per year.







