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1.

INTRODUCTION

The Soviet Union is known to be & pioneer out of the
most industrialized countries throughout the world in & large-
scale sammonium nitrate production used by agriculture u‘ Tertili-
ser.

The problem of development and rapid commercialization of
modorn plants based on progressive technology, has arisen due
to an extensive progran, achedule%f%%e &es%eventies, of nitro=-
gen fertilizer production necessitating considersble expansion
of existing and construction of new plants,

A process and new equipment designs for high quality granu-
lated ammonium nitrate production in 1400 tons daily capacity
plants have been developed in State Scientific Research and
Design Institute of NHitrogen Industry within the last three
Years on the basis of the experience accumulated in relation to
the designing, engineering and operation as well as on the dasis
of comprehensive analysis of physical-chemical regularities of
the process and selection of the most ¢ptimum conditions of its
implementation. '

- The aims and purposes put forward when designing and engi-
neering this plant, in brief, boil down to the followings

1. Pirstly, providing the possibility to cut down oapital
invetments and operation costs compered to the best analogous
‘prodocti submitted carlier as well as the possibility of the
project rQaliut:Lon within the shortm period of time.
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2.

2, Solution of this complicated problem was ccnsidered

to be inseparable from the task of providing conditions for
turning out cheap,  high quelity product, which ,proPertywiso
is not inferior to the best Soviet and Toreign specimens.

3, It was also equally inportant, when designing and
engineering a large plant, to solve the problem of boosting
labor productivity of the personnel operaiing this plant. ‘

I

4. We felt obligatory to carry out designing and engineering
with duo consideration to the best known achievements of Soviet |
and foreign experience.

5, Lastly, we sel up a task to eliminate fron granulated

monium nitrate technology all thoe drawbacks end defects duilt
up during past decadest since these bdeing earlier tolerable ‘
in relatively small units,can not be toclerzted in the case of
operation of large plants. D

Among these ares

a) Air and water pollution with harmful industrial efflu-
ents. |

b) processing of various industrial wastes from adjacent ‘
units into ammonium nitrate.

o) Property instability of initial raw materials.

d) Widely established practice of duplicating equipment
as stand-by.

|
|
|

|

The basic and the most rational ways and means for tcniwins‘

the aims and goals mentioned above are as follows: : .‘
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1. Limitation in the selection of initial raw zaterials,
orientation on normal operating conditions of the plent as

well as continuous supply of ammonia and nitric acid with

pre-set parameters, _
2. All-round simplification of the prodess-line; . e

and apparatuses aimed at minimizing a number of technological

operations and communications from the beginning to the very
end of production cycle.

3. Equipment scaling-up. |

4. Intensification. |

5. Bearch for technicel decisions Preventing from water
and air pollution with harmful industrial effluents,
| 6. Rationul equipment layout in the buildings,

7+ Automation of control and regulation of the basic
processes in the plant.

BRIEF CHARACTERISTIOS OF BASIO
TECHNICAL DECISION3 ADOPTED IN THE
OOURSE OF DESIGNING PROCHGS KQUIPMENT
OF A LARGE PLANT, -

fingle capacity of s larse plant
put forward in the project is to be 1400 toms pomzﬁours in
round figures ( or to be more exact-1363 tons per 24 hours)

or 450 thousand tons & year with the operation period equal to
m w‘o - ‘
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Table I
Capacity per stream ( in tons per 24 hours) .
at existing plants in the US3R, and as

offerred by foreign companies.

1. Plents operating in the USSR 425 -570
(ty¥pical project in 1964)
Poreign companies

2. Kaltenboc France ' 600
3, Kaltenbac, Plant in Pulavi (Poland) 1200
4, CoJ B Ltd., England 500
5, Foster Wheeler (USA) €76
§. Chemico (USA) 1800

7. C&I Girdler (USA) 1500
8. Continental Engzneering (Holland) ) 1060
9, 1CI (England) 1050

As seen from the above data the accepted capacity of

a large plant is in compliance with modern technological level,

2 Process flowsheet
Neutralizatioa process is carriea out at atmospherioc

pressure (1,05 atm.abs.) through the interaction of preneated
50-60% nitric acid (up to 80°C) and gaseous ammonia (up to 120°C)
95%-96% solution of NH,'_NO3 obtained is evaporated in a film
magsexchange evaporator. The melt with 99,8-99,5% concentration
ig then filtered and goes to prilling in a granulation tower,
where it is converted into a granulated product through air

cooling. The latter is then additionally cooled down to 40-45°C

¢ - i ————
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in the fluidized bed apparatus occupying the whole cross section

of the tower bottom, and conveyed to bagging section.
to improve the finished product quality,

In order
it is treated with a

special composition ( disperser) prior to packing in Polyethy-
lene bags.

Exhaust air, leaving the tower and the evaporator is

purified from ammonium nitrate particles before discharging into
atmosphere. Control and regulation of the

basic process para-
neters are automated.

3. 8pecific features of the process

and the ent ern

All the main assemblies of the process system have been
revised 1n order to obtain maximum simplification and optimige-
tion, Deligning of new non-typical equipment was aimed at deve-
loping highly productive process line containing minimum number
of monotypic apparatuses and units,

Basic fcatures of fhe process and equipment developsd for
& large plant are as follows:

3¢1 Only 100% gaseous ammonia and nitric acid with the
concetration not below 58% are accepted as initial components
for ammonium nitrate process.,

Due to stringent limitations in the choice of initial raw |
materials elimination of a number of p:éoceu asseblies and

units was made possible. Refusal to use dolonite and phosphate

additives,since they failed to improveammonium nitrate quality,

has resulted in a further simpliﬁcation of the process line
and the quipmont concerned,



It should be noted that all the ~roposals of foreign compa-
nies for the supply of granulzted ammonium nitrate planﬁn contem=
plate only liquid ammonia and nitric acid with the concentration
ranging from 54% to 65% as initial raw ratericls ( with the excep-
tion of C.J.B.Ltd. usirg 49% nitric acid).

3,2 Neutralization process procends at atmospheric pressure
with nitric acid and aruonia beiny preheated,

A neutralizer with a smeil reaction veliune and irtensive

natural circulation has been special.iy designec in order %o

carry out this process. Julce steam formed in the course of nitrio
acid neutralization with ammcnia is purified at the top of neu=-
tralizers from ammonia particles snd wmw :la nitrate solution

droplets. The Jjulce steam is purified dewm %c complete absence

e e B i mm e

of ammonia and ammoniwm nitrats residual cuulent cqual to SOmg/kg

Final evaporation of 9% - Y6% ammonium nicrzte solution fore
p med in the course the neutraliration process, wus ﬁade vossible ‘
using only onc massexchange evaporatcr.

3.3 An original design of an evaporator has been developed
making it possible to obtain dcep solution.evaporation te highly ;
concetrated melt with residual humidity cqual to 0.,1-0.2% :

3.4 Granulation section has bcon designed In a different
way, the diffcrence being theh all the air red into the tower,
passes through the fluidized bed of c¢ccoicd down granules vlaced in

the whole tower bottom avea. This method makes it nossible to achie-

e e AR e eSS st

ve uniform air distribution along the tower cross section as well

e s

as to reduce cooling degree of granules in flight; for example,

instead of 70-80°C in modern towers, thc ¥Yemperature at the end




of flight amounts to 125-130°C.

Their further cooling and recrystallization { i.e. removal

of considerable amount of heat approiimately 455) is transferred
to a fluidized bed.

With the rluidized bed screen placed uuder the whole cress
section of the tower, air linear velocity in the tower will be
equal té?;reset velocity of air coming throaghtbSroen holes.
Linear velocity of the latter depends upon desirable average
granule size and granulometric composition of the product. In
order to cool down fluidized bed grahules with the preset diame-
ter averaging 1,9 mm, this volocity should amount to 1.4 m/sce
thus exceediip air velocity in the towers with 16 m. diameter,
instailed at existing plants, by tha factor of 443

Due to more than rourfold increase of linear air velo: 1ty
in the tower, 8ﬁ5ying dens ity has Laen raisec epproxinatvely to
the same value resulting in a corresponding decrease of the
tower cross section as compared with the existing towers,

In order to obtuin unifornm density when spraying the tover
with the melt droplets, stationary, sprinkler-like granulators
have been adopted, New, original apparatus design hes been dave-
loped for cooling and recrystallization of fluidized bed gra-
nules permitting to make the most efficient use of specific
features of this processa,

Intensification of the granulated product manufacturing
process llkcl it pos3ible to cut dowm expenditures for the con-
ltruotion of the bulkiest and most expénsivs buildinss.
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3.5 For the very first time in the Soviet and worlc=
wide practice & technological line for the marufacture of
granulated ammonium nitrate has been developed.including
purification ( in 2 spccially designed apparatus) of the air
discharged from the granulation tower and messsxchange CVAPO—
ratore.

The new system makes it possible to produce granulated
ammonium nitrate without eir and water pollution as well a8
to get rid.of cooling water éonsumption.

Therefore, when engineering‘iarge plants, cxpenditures fOﬂ
the construction and operation of water recycle cooling towrers .
and services pipelines, providing water supply for the whole
piant as well as for the units for ion exchange purification
of juieé stoam condensate, are no longer necessary.

3,6 The plant 1s equipped with a specially designed
highly efficient machinery making it possible to mninimize
the number of machines and apparatuses in @& plant and to
simplify the process line. ' g

The plant comprises the following basic units.

| Table 2
Neutraliszer 2
Evaporator Area=700m°) | 4 |
Grapulation tower ( 12 meters diameter) ?
with a built - in doudble stage cooler in
a fluidised bed 4
¥ashing scrubber 1 '

Air fans with the'captcity of 50,200 and

500 thousanA cubic meters for each item 1




Auxiliary heat exchangers (aciaq,

ammonia and air hoaters) for each item 1

Centrifugal pumps-2 for each item wit,
second one being standby
Collectors and other auxiliary equipment
usually 1 for each item

Total number of process apparatuses, machines and 1itting
devicos anmount to 58, including 14=1lifting devices, ? punps
and 18 extremely small apparatuges with the total weight of
2,2 tons ( granulators, preneutralizers, hydrsulic locks, baths
and other equipment),

8tainless steel consumption for the plant amounts to 171
tons ( including 161 tons tor o large units) an& 47 tons for valvos
fittings and piping. Total stainless steel consumption for the
plant including exhaust air Pipe (29 tons), amounts to 218 tons,

Stainless steel heat exchanger surface (acid herter and
evaporator) equals 825 mz. weight = 43,43 tong,

The number of machines in continuous work is 3 (2 fans and
1 pump). It should be noted that the proposals gcudmitted recently
by & number of well known companies (Kaltenbac, Ca&lL Girdler,
Chemico and other) do not specify standdby basic machinery for
large process lines. | ' ;

3. Bquicgent lavout

8pecial attention was drawn to the equipmant layout in the
buildings. Its distinguishing characteristics lie in positioning
buic equipment in the shape of a vertical cascade: 2 neutralisers
on top and an evaporator ( standing almost on the same level), '
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followed by a granulation tower with the fluidized bed
apparatus below, termineting in finished product conveyors.
Fans and air hcaters are located outside.

The plant is designed as one granulation tower capped
by a superstructwrefor the operation staff. This layout mskes
it possible to eliminate practically all thc pumps from the
process line. In 1971 we have developed another version of the
flowsheet and equipment layout for the pumping of & highly on-
centrated melt to a separate grﬁnu]ation tower by means of a
special pump.

5. Pinished product quality

The finished product will consit by 96% ( dy weight )
of 1=3 mm spheroidal granules with the average diameter anmomnting
to 1.9 mm, Fractional screening of this product i3 not required
and this stage is eliminated from the production process.
Nitrogen content in the product dry matter is 34,8/, humidity
« 0.1.-0.2% ( by Fischer); reaction is neutral,weakly alkaline
(not more than 0.05% when calculatea into mH;) or weakly acid
(not more than U.02% whea calculated into HNUD); the product
is 100% loose, the granules retaining their shape after half
year storage in welded polyethylene bags.

Table 3 below indicates that qualitywise the product
sanufactured in a large plant willy not be inferior to the

specification for ammonium nitrate made by foreign companies.
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H H H :
zﬂeaaure :Large ?Kalten— iICJB ,Foster :(

hemi-‘C&T :C&I ‘Io

gunit  :capa- bac *Eng-.Wheeler:co {GirdeGiratog-
. ieity .France :land! usa USA ller :ler ‘leng
. H la.nt: : ‘ : LUSA :ugA
: :USSR | : . : ;Bel-: :
: i : i : J s Slum; ;
| Nitrogen
| ’ 5“08 54.8 3"‘08 3400 3308 3505 3400 3‘“’05
gcontent
than 0,2 - = -
j (by Fischer)
fcranule mm 1-3 -3 4.3 1.3 ougue 1-3.5 Data 1.2-
8
size Average ~4,0 not 3+
size
1,9 avai-
dub=-
le

Consumption figures

Process losses of raw materials

and power consumption are mini-

mized in a large plant. Table given below shows comparative figuras

relating to the consumption of raw materials and pover consumption

per ton of finished product calculated as 100% ammonium nitrate (35¢as)

der norsal operation. Comparison is drawn between the characteristics

of the Boviet process systems and the systems developed by the foreign
companies.

R S T
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13,

; Zs0peration of the plents,

8implicity of the proceas line, powerful, hishly efficient
equipment, and thercfore, small number of the apparatuses and machi-

nes in the plant as well as complex automation and rational equipe

ment layout mekes it ;ossible to limit oporating personnel ( only
35=40 people). Under normal operating conditions the plant is
attended by 3 people per shift: operator at control pannel and

2 operdtor = inspectors.
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fertilizer technology; Goskhimizdat,1963,
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N.I, Gelperin; V.G, Ainstein; V.B. Kvasha, - Basis of fluidizod
bed technology, Chemistry publishers,1967.

B.A. Kagakova, - Bagis for the calculation of fluidized bed
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u. JloYHuunYgAbHa s LEENT aogu.aé’oggn’/&;
| mmoi R L EPEEIITIC - 67
6
en e
3 L 3 |
; 9
5
. i vo | amanm | el ox
4 b I o
- | £p%| e Hi _
2 9
: nk
. 2 < A
]
yd k | !
L%K 2/ i
¥
éwuﬁvqtm ' &Eﬂﬁ rore oSoguaves ia
o NHS . |
T = e s
e mPOMIaITIOP |
¥ JonelmparssamopP Ql pwe-pocyion smimpame
§ Bonapriod W :
6 Mpomirbivel okpysle nk-m,oo&m Kowgeweam
YIWdlﬂlqopdﬁM err- eokol®rd ﬂ'ﬁ
’ T raont Iu:ya ren - RO e re
X &s- ‘o.s,yx
A Naeoe .
nwm»
= e 2
o RAyaned ‘u
. Bownuramop
H ¢
| th L ;
o .
| PS— S— ———_----—J




e
USRI

(8,08

i1mesy

IRATTR

ST

&oww O g8 rimomeeliny













1. “3 heater

2. HNO3 heater

3. Neutralizer

4. Preneutralisger

5« Bvaporator

6. Washing scrubdber

7. Bydraulic lock for the melt
8., Mlter

9. Air hecater

10, Tank .

11, Centrifugal pump

12 8fipeying unit.

15.\ Fluidised ded granules cooler
14, Yan. |

Abreviations
Ak - nitric acid |
14 = gaseous ammonia
pac -~ ammonium nitrate solution
2 - stess

KR =~ steam condensate

Ol <~ juice steem

- 18R = juice steam condensate
 ge - air

19.
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1.
2.
3.
s,
5¢
6
7.
8.

9

Rlevation
I-1

Legend
Rnshutor 10.
m«o, heater 1.
Neutralizer 12.
Preneutraliser 13.
Evaporator
Washing scrubder 1%,

Hydraulic lock for the melt 15.

Pilter
Alr heater

4

16.
17.
18,
19.

Tank for tho solution

Centrifugal pump

Spraying unit
Pluidized bed granules

gooler b

Yan

F4ilter washing bath
Tank for condensate
Condensate washing bath |
Hydraulic lock

S8olutions storage

. 20, Drainage tank

21. 8udbmerged pump
22. 8tean humidifier

23, 8tean collector ‘ L

Plan at £ 0,00 level
nn.n_‘tz.uml
Flan 8t 59,3 level
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SUOURY
JARG-CAPACITY PLANTS FOR THE PRODUCTION Op
GRANULATED VOIONTUM NITRATE 1/
by
A «Te Zotov

State Institute for Ritrogenous Fertilizers
Ministry for Chemical Industry UBSR

On the hasis of a comprehensive analysis of the physico-chemiocal principles
governing the process and the selection of the optimum conditions for carrying it out,
& process has been developed and new equipment designed in the Soviet Union for the

manufacture of granulated ammonium nitrate of high quality in plants of high production
oapacity (1,400 tonnes per day),

The process developed and the equipment used in themse high-capacity plants

differ from the methods currently used in the world for the industrial production of
amonium nitrate in a number of interesting ways:

1. The products - n process is ocarriod out without contaminating tne air or
wier with harmful substances. ’

2. Technologioal losses of raw materials and of the finished product are kept
t0 a minimunm,

3. The production process is ocarried out without using cooling water. There is
thus no need for any expenditure on installing and operating cooling towers in the

& Mo viowe and opinions expressed in this paper are those of the author and do not

neccssarily roflect the vicws of tho secrotariat of WNIDO. This document has been
" reproduced witacud formsl editing.
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water circulation system or on installing enginecring systems for supplying woter

to the production process.

4. The capacity of ithe process for producing thce granulated product is in-
creascd, which means that the spccific volume of the granulation tower can be
congiderably rcduced, i.e., crpcnditurc on the comstruction of the most bulky and

cxpensive item can be reduced.

. After ganulation the product is 96 per ceant by weight granulcs of 1=3 mm
diameter, the average diameter heing 1.9 mm.. There is no meed for fractional

screening of this product.

€. Packed in polythenc bess, the ¢ranulated product doce not deteriorate during
long storage,

7. The plant is fitted wath spccially developed high-output reliable equipment,
which in addition to simplifying the technological process considerably reduccs
capital investment and operating costs.

8. JAutomation of thc main production opcrations and on oppropriate layout of
the equipment in the plant makes it possible to operate the plant with.a small
service astaff,

The starting materinl for tiic processe is 58 to 60 per cent nitric acid and
&sooue ammonic.

Ammoniw: nitrate intended for use in apgriculturc as nitrogenous fertilizer is
produced with a dry-product nitrogen rontent of 34.0 per cent, while the moisture
content in the final product ie noi more than 0,2 per cent.

The process of neutralizing the nitric acid with gascous ammonia i8 carried out
close to atmospheric pressure.

The nqueous aiirnte solution obtained is concentrated in a film-type mass-
oxchange unit. The mclt is then semt for prilling to a high-capacity granul-~tion

tower, where by air-cooling it is turned into the grannlated product. This is further ‘

cooled to the required temperaturc in ~ fluidized-bod plant under the towcr and
sent for pockirng.

Before heing released into the atmospherc, the hot dry air exhaust from the

granulation tower and cvaporator is purificd to remove truces of ammonium nitrate
dust.,
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Consumption of raw matcrials and power per tomme of finished product is as

followss
Goseous ammonia (100 per cent)
at a pressure of 3 atmospheres (absolute) 213 kg
58-60 por cent nitric necid
(vith respect to 100 per cont acid) 794 kg
Scturated steam at a pressure of
14 atmosphercs (absolute) 100 kg

Elcotricity 2€ Xwh









