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TA/84/2

START=UP IN THE USSR OF TWO OF THE WORLD'S THREE MOST
POWERFUL NPK GRANULAR FERTILISER PLANTS

P. CHINAL, CdF Chimie AZT, France —

INTRODUCTION

oﬁ the 29th of December 1932, in a factory at BYELQRE-
CHENSK, 120 km from KRASNOBAR, an engineer and 3 foreman of
Gendrale das Engrais (GESA), a company which has became

CdF CHIMIE ALZF (Azote et Fertilisants) {(Nitrogen and
Fertilisers) since its merger with AP, were starting up
the tubular reactor instailed in the granulator of the

fertiliser gplant.

The roar af the unit saunded pewerful im the midst of

the expectant and sLightLy anxious silence of the crowd
whish was present: npolitical persaonalities, press pecols,
televigion reporters, factory staff and fertiliser plant
parsonnel. ALl wete surprised that the start=up of such
a unit, somewhat shrouded inm mystery, should be such a
simple operatioen. A few minutes' hesitation were fol~-
Lowed by rejoicing and embraces, The television canmeras
were recording the event. The facttory, awarded the title
of. "factary of the 60th anniversary of ths USSR", r=2czi-
ved a telegram of congratulationz from the Centyral Com=
mittee of the Communist Party of tha Soviet Union.

Several days later, 1500 km further, a similar operation
was to tazke place at the MELEUS factory, in the Bashxir
Republic at the foot of the Urals (Figure 4).

For us, this day was the beginning of the =nd of 3 leng

adveniurs.,

This long adventure had startz2d at the end of §97%, uhen
the engingering company SPEICHIM had asked us for authori-
sation to cffer our progessz in r2sponse tc the reguest

of the Sgviet Import Organisation TECHMASHIMPORT, res-

ponsidle for purchasing 2 granular fertiliser units, sach
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with an annual capacity of 800,000 tonnes of NPK (17.17.17).

At the time, ne plant of such a size was planned any=-
where in the world. The project was ambitiocus anmd re=
flected the major regquirementsz of fertiliser by the agri=-
culture of the Soviet Unfon. The call for the Generale
des Engrais processzes was explained, without any doubz,

by the good results obtained a Yew years earlier during
the start up of the tws granular fertiliser units a2t vos-
KRESSENSK, 90 km from Moscow, which, already at that tiame,

ware the largest plants in the world.

The techno-commercial negotiations continued throughout
1974, particularly with the officials of the projects
Institute GUIPROCHIM, culminating in the signing of the
agreement between SPEICHIM and TECHMASHIMPORT on the

20th of December 1576, for the provision of the praocess,

the engineering and the equipment for three plants lLoca-

ted respectively at MELEUS, near the Urals, betweasn UFA

and CRENBURG, at GYELORECHENSK, near KRASNODAR {8lack sea)
and at RCZDOL near thne Carpathians (UKRAINE}.

The Soviet <lient assumed responsibility Tor plant construc-

rian.,

Thne meetings and the technical discussions whieh taok
place during the various phases of the preliminary pro-
ject and then during the final project made it possible
tao specify in detail all the elements of calculations aof
the design and implementation of the process and the
eguipment. During this periad, which lasted until 1978,
it was decided to instal .in parallel with the stirrad
ammoniation tank, z pipe reactor in the granulator.

So far as we were concernsd we should have preferrad to
eliminate the ammoniation tank {arensutraliser), whizh
seemed to us to be an old, obsolete teschnigue, but, for
security reazsons, it was retained. Ws shall ses later

that it has never been started ups.

The first start-up, at the MELEUS works, was planned for



September 1979,

Unfortunately, for a3 variety of ressons, the construction
of the three plants was $towed down and then practically

halted for many months.

The constructicn did not restart in a brisk manner at

the BYELORECHENSK and MELEUS sites until 19282, to cul-
minate in the ceremonies deseribed earlier, From this
date, the BYELORECHENSK and MELEUS plants were deemed

to have bheen started up, In fact, the construction had
not been completed and a considerable amount of work
remained te be carried out, particularly in the area of
"electrical equipment, instrumentation and equipment regu-

Latian.

The real start-~up did not take place until the =snd gF the
spring of 1983, ' |

THE AGREEMENT

The agreement had been signed for the provision of hard-
ware, engineering, technical documentation and know=hau
permitting the installation of three factories, sach
tapable of producing 2670 tonnes/day of NPK granuLar far—
tilisers, of the 17.17.17 type at the sitas to which we
have already referred, These plants were alzo to be
capable of producing other formulations, in particular:
73.20.20, 15,20.15 and 10.2C.240,

Product gquality

The 17.17.17 formulas was to be capabie of being produczed

from moncammonium phosphats or diammenium phosphate,

Far the theoreticzl nitrogen content of 17% (permiszibla
range * 0.3%), the ammonium nitrogen content could vary
between 10.2 and 10.5% in the case of mapoammonium ohog-

phate and between 12 and 12.5% in the case of diammoniun



phosphate,

The P205 was to be in a water=soluble farm, in excess of
The temperature of the finished product was to be balow
359,
The partiele size distribution of the product was to he -
as follows:
- granules fram 1 ta & mm 94 X
- granules from 4 to 6 mm 3%
~« granules below 1 mnm 3 %
- granyles above & mm 0%
Crushing strength grezter than 3Q kg/:m2
Free moisture in the final product 0,3% in the case of
moncammoniucm phospnate, and 0.64% in the case of diammon-—
ium phosphats, )
Guaranteed usages per 1 tonmne of finished product
Raw materials aor umit of based on basad an
serviges ” measure= BoM0-~ diammonium

ment ammonium phasphate

phoesphate
Ammonta 100? NH3 g 127 149
Nitric 100% HNO3Z kg 310 233
Phespharic scid P205 kg 174 174
Fotaszsium zshloride 40X K20 kg 234 286
Coating kg 15 13
il kg 5 S
Electricity kKWho 45 45
Steam, 8 bars kg 290 2210
Natural gas B200/Nm3 Nm3 13 13
Comprassed air Nm3 2.5 .5
Paw and 25?7 recycled
.5

Water m3 5.8
Sutphuric acid kg 15

(x
3

20

Lo
i~



Hzgiene standards

Atmaspherie ¢ontent of harmful masterisls _
dust 2 mg/n3 (0.0008 gr./cu.fFt)

fluerine compounds 0.5 mg/m3 (0.0002 gr./cu.ft)
ammonia 20 mg/m3 (0,009 gr./cu.fFt)

Gaseous chimmey stack discharges

dust ' 50 mg/m3 (0,013 gr./cu.Ft)
fluorine compounds 1.5 kg/h (3.3 1b/h)
ammania 10 kg/h (22. 1b/h)
NOX . 1 kg/h (2.2 Tb/h)

Liquid effluents

No Liguid effluent except for the calcium flucride sus—
pension formed in the second stage of gas scrubbing and

sent %o the purification plant.

The presence of this {aF2 suspension resultad from %the
requirement of the Saviet buyer for provision cf gas

scrubbing employing Llime in the second secrubbing stage.
In our process, there is normally no liguid efflusnt, all
the scrubbing Lliquors being recycled to the gramulation

stage.

Varification of guarantess

This was envisaged for one or other of the 17.17.17 for-
mulations and was to Last for & days durimg which & x 2670 = °
16,000 tonnes of fertiliser were to be praduced.

Raw marerials

The principal characteristics oF the rsw materials were

as TYollows:

ammonia 0 99.6X NH3 H20 0.4% oil 20 mg/lL
nitric acid S53% HNOZ Q.1% M2C4



phasphoric acid 54% P20O5

0.3% Cag
4.2% 503
0.75% Fe203
0.6% A1 203
0.04%Z MgQ
0.5% F

DESCRIPTION OF THE PLANTS

The 3 plants at BYELORECHENSK, MELEUS and ROZIDOL wera

tpecified to be identical,

£ach of them comprises three sub=groups:

3.1.

Manufacture of the concentrated ammonium nitrate

sglution

The halance~diagram of this sub=group is given in
Table 1.

It essentially comprises an ammonium nitrate satuy-

rator operating at atmesoheric pressure and supp=

tied with gaseous ammonia and nitric acéd heatad
to 609 (Figure 8).

The mist Leaving this unit is scrubbed inm a scrubber
group incorperating 3 venturi and a cyckcne calumn,

The scrubbing Liguer from this ynit ¥z a dilute soluticn
of ammonfum nitrate, kept zlighsly zcidic by zn

addition of nitric acid rontrelled automatically by

a pH matszr,

The smmonfum nitrate solution leaving the saturator
is conveyed to two falling=Film cermcentratocrs scop-
Lied with rot air at 1509.

The #7=98% corncentrated ammonium nitrate solution

is stored before 2eing usad in the granulation,
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The storage tank represents approximately 4 hours'

gperation,

The gaseous discharges leaving these concsntrators
are scrubbed in a2 venturi = cyclone column unit
tprayed with the same dilute nitrate solution as

the saturator scrubbers,

The nitrate solution produced in these gas scrubbers
is ecoanveyaed to the saturator,

The steam produced in the saturator, after it has

bean scrubbed, serves partly to heat the nitric acid.
The condensates formed are employed in the granula=-

tion gas scrubbing secetian,

The possibility of imstalling ademistar on the
nitrate saturator was envisaged, This eguipment
Wwas not installed in view of the sxgcellant results

obtained with the saturator,

Granulation

The granulation loop was specified in 1975 with an
ammoniation vessel {premeutraliser) and the sizing
af the eguipment was consistent with tnis basic
assumption. The running rate spacified at a50 t/h
had been c¢hanged to 800 t/h at the client's reguest,
During the negotiations we proposed to the client

*to replace the preneuctraliser with a pipe reactor,
but he preterred the two equipments fto be installed in
parallel, and the granulation lLoop group was Left

unaltered,

The balance=cdiagram of the sub~group is given in
Table 2.

The principal units are as follaows:

A

~ 1 granglator: 9 5 m, length 8 m, achesion drive,
(16'5") - (26'3")



Motor=driven ammonia cdistributor with variable
pas%tianing, (Figure 7)
(1a8') {151")
= 1 drier: 8 5.5 m, length 46 m, toothed ring drive,
2 motors = the drier ends in a trommel and a2
sauirrel-cage Llump=remover inmc¢orporated in the

gas outtltet hood. (Figure 9)

- 1 chute with automatic self-¢laaning between the

granulator and the drisr.

= 1 stirred 40+m3 working volume ammoriation
tank (preneutraliser). (1412 cu.Ft)
This tank has not been started up.
A pipe reactor installed downstream of the

granulater,
= & TRIO grinders, 1.40 m @ 0.6 m
- & two-stage gress screens, 10.5 m2 (113 sq. Ft)
- & twWo-stage rotary screens, 5.1 m2 ( 55 sq., Ft)

- % fans on the drier, rated at 150,000 m3/h with
corrasponding cyclone batteries. (88 300 ACFM)

= 1 fluidised bed c¢oaler, 45 m2 (484 sq. Ft)
(11'6™) (25'3")
- 1 coater 9 3.5 m, length 8 m, eguipped with an

assembly-for spraying aminoc oil under pressuras.

Some of this equipment was at the time (and perhags
still is) the largest ever made, in particular the
dryér and the fluidised bed coazter, and raguired
special studies,

3.3. Scrubbing of the granulatisn gases

The particularly demending requirements of the



agreement, in reszect of the plant discharges:
Mo Liguid discharges

Particularly pure gaseous . discharges

Fluorine 1.5 kg/h (3.3 1b/h)

NH3 10 kg/h {22 1b/h)
resulted. in the specificattion of a particularly
efficient gas scrubbing system which does not inter-
fere with plamt operation and which makesg it pos-
sible to reincorporate the scrubbing liguers com=-

plLetely in the granulation.

A+ the time, we had aLfeady developed suc¢h a sgys—

tem in some of our ¢wn plants, incorperating venturis
and cyclone coelumns supplied with phosphoari¢c acid
and/or sublphuric acid, meeting very severe reguire-—

ments in respect of pollution.

For reasansg of sacurity, our Soviet counterparts asked
us to provide 3 second scrubbing stage supplied with
milk of Lime, as we had done in the earlizr plants

at VOSKRESSENSK. The CaF2 suspension *hus pro=-

duced was to be treated in a purificétion statian

external to the nLanf.

In face*, since it has never been possible to have
Lime available, we have modified the circuits, The
plants have operated without any Liguid discharge

and meating the raguirements of the agreement in
respect of the gaseous discharges.

The balange-~diagram of this granulation gas scrub-

bing sub=grous is given in Table 3.

The first scrubbing stage is made ugp in the follow-

ing manner:

= & venturi-¢cyclone zolumn unit treszts the gases
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Leaving the granulator., Iz ig gprayed with an
acid solution of ammonium sulphate.

= two venturi=cyclone column units mounted in paral-
Lel treat the drier gases. They are sprayed with

the same soiution as thae« serving the granulator.

The 2nd scrubbing stage consists of twg venturicyclaone
column units between which the gases Lleaving the 1st
stage are distributed. The scrubbing solution is
acidified water.

START=UP OF THE INSTALLATIONS

Bath at the MELEUS and BYELORECHENSK sites, the raal
start=up of the plants did not take plags until the and
'of the spring of 1983. At MELEUS, & preliminary attemaot
at atarting up was halted for several weeks after the dig=
covery of 'a fault in the mounting of the taothed wheel

an the drver.

We decided not ta employ tha greneutraliser but only the
pipe reactor for producing-of the ammonium

phosphate slurry . The BYELORECHENSK factory was chosan
far the production of 17.17.17 based an diammonium phos=
phate and that at MELEUS for tha 1717.17 based on mona=-
ammonium phosphate.

A Leng period of very laborigsus sgeration of the plants
Began and was ‘charazterised By some slowness in the megh-
anical or electrical cemmisticning of the equipment and
particularly by very freguant interruptions in the sup-
ply of raw matarials ang services, making centinucus

operation of these plants impossinlae.

Thuz, in the menth of Septembar 42, 1t was stili impos=-
sincle to achieve continuouy:z aperazion of these glants for
more than 72 hours. The gearch for the oatimum valus af

various manufacturing paramaters was therafare far franm
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=35y, We were beginning to despair of succeeding in
achfeving an industrial proving cperation, nevertheless

“essential before the guarantee test.

When, at the end of September 23 at BYELORECHENSK and at
the end of Qctober 83 a2t MELEUS, it appearaed that it was
possible toa supply the plamts continucusly with rau mate=
rfals and services, and that means had besn provided tao
enable the stock of finmal products to be despatchad, we
decided to attempt the &=djys guarantee trials at eazh aof

the sites without further delay.

GUARANTEE TRIALS

The guarantee trials were run at BYELORECHENSK fraom 22ng

ta 28th September 83 and at MELEYNS from 18th to 24th
Qctober 33,

The average daily outputs abtained during thessa & daysz
were 3,014 t/day at BYELORECHENSK and 3,033 t/day at
MELEUS, against 2,670 taonnes guarantead. '

ALL the guaranteed values were met in practice, even

those which . apoeared the most demanding, such as discharges
into the atmosphere. The majority of the measur=sq values
were spbstantiaLLy bettar than those guarsnteed, In par=
ticular, it msy be noted that during the entire part of

the rtrials at MELEUS the sambustion chamber was stappsd.

The enly minor point of disagreement which arosze concer-
nad the particle sjze distribution aof the commercial
product. This was cannected to the nom=availahility ofF

standard scresns in thz2 Laberatories.

ALL of the results af guarantee trials in the 2 factoriess
at DYELORECHEMSK and MELEUS are ¢ollated din Tables 4 anc 5.
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COMCLUSION

This long adventure finmally ended well for two of the
three gigantic plants, Completion of construction of
the third plant, at ROZDOL, is expected at the end of
1985, 1ts stari=up should be greatly facilitated by the
experience acquired in starting up the first two.

The day of 1ts start~-up ogught to he a public holiday at
ROZDQOL as was the case at BYELORECHENSK and MELEUS and
it should be pogsible to say, as was written on a paster
telebrating the start-up of the BYELORECHENSK factory,"it
is a day of celebration (a red date) in the history of
the chemical factory. The c¢ontrol dask of the NPK plant
came tg Lifa, The command "run™ was given, and the pink

granules shot forward intec the happers ...

Accept, Motherland, the vitamins of fertiLity!"
(Figure 102

We are negotiating to add 4 pfpe reactor to the dryer
of these units, which would rajze theipr capacity to over

140 t/4% and would considerably mase the operation.
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Tabie 1 RESULTS OF GUARANTEE TEST-RUNS AT BIELORETCHENSK 2 - 18
Units Guarantee valuas Average results during the
guarantee runs
Duration hours 144 141 (3 h cureent breaks)
Daily productian tonnesz/d 2 670 2014
Product quality '
Total N+P205+K20 content pA 51 £3.25
total ¥ 17 £ 0.3 17.97 (absence of filler and
: coating)
NH&4-N % 12 - 12.5 12.79 ( “ !
NO3-N % 5 - 4.5 5.18 (" " "
- P205 % 17t 0.3 17.62 ( * " "
water soluble P205 % 90 + 82.70 _
K20 17 - 0.3 17.67 (absepce of filler and
- temp, finished product G < 35 coating)
~ erushing strength kg/cm2 > 30 60
. meistiure % < 0.5 0.37
Consumption
Ammonia (100 % NH3) tonne't 0.149 0.146
Nitric acid (100 # NHO3) " 0.233 0.225
Pass . 0.174 0.170
motassium chloride {5C % K28y 0,235 0,283
coating agent " 3.0158 0
gil u 0.005 0
sulphuric acid " 0.08 0.03
glactricity kwh/t 45 25.2
& bar steam tonne/t .229 0,107
natural gas
{PCI recycled = 8 200) Nm3/t 13 not measured -
Tresh and adjusted water Mm3/% 5.5 0.222
Noxtaus substanse content
of the atmesphere
Dust mg/m3 2 2.22
fluorine ! .5 0.13
ammonia " 20 3.54
Discharge in the atmosohere
Dust mg/m3 34 12,30
fluorine compounds kg/h 1.5 0.38
ammonia Kg/h 10 anmenia 15.81

Teakage




Tahla 5

RESULTS JF GUARANTEZE TEa.—QUVS AT MELEUS

2 - 17

Units Guaranteas valuas Average rasults during tha
guarantes runs

Duration hours 144 144
Caily production tannes/d 2 670 3 033
Product quality
Total N+P205+420 contant 3 51 51.3

total Y 172 0.3 16.3

ME4-N . 10.2-10.5 10.3°

NO3- N . §.5-6.8 6.6

P25 % 17 £ 0.3 17.15°

water soluble P205 ! 90 93.4

temp.finished product e < 38 3z

crushing strength kg/em2 » 30 103

mofstiurs ' ; < 003 0.2
consumztian .
Ammenis (10G % MH3) onne's 0.127 3.128
nitric aci¢ (100 % NHO3Z) " 0.310 0.295% .
£223 " 0.174 0.170
etasstum chlorids (80 % k2CY 0.286 0.284
coatinc agsny - J05015
atl " "0.005 0.004
suiphuric acid " 0.015 0.0008
alactricity kwh/t 43 28.6
g bar steam tonne/t 0.2%0 0.153
?Eé'frilcﬁihd = 3 200) Nm3/t 13 0.4
frastt - and adjusted water Nm3/t 5.5 0.3
Noxious substance zsntent ~
gr ohe atmosonera
Dust mg/m3 2 3.85 (flaps not cleaned)
fluorine " 0.5 0 |
ammenda u 20 22.7 (Tmakages 1n_loses and
Ofscharge in tne aimosohere Flances)
Dust mg/m3 20 16,8
Tiuorine compounds kg/h 1.5 - 0.17
ammonis kg/h 10 5.9




FIGURE & - THE MPK PLANT AT MELEZUS
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FIGURE 8 - AMMONIUM
NITRATE
SATURATCR

A e
FIGURE 9 - DRYER
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FIGURE 10 - POSTER ABOUT THE BIELORETCHENSK PLANT
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TA/84/2 Starvt~up in the USSR of two of the world's three most
powarful NPK granular fartilizer planta by P, Chinal, CaF
Chimie AZF, France »

DISCUSSION: Rapporteur J. CARIQU, COFAZ S5A, France

Q - Mr. R. MONALDI, Fertimont 3SpA, Italy

From the tables 2 and 3 it is not easy to evaluate the quantity
of the NH3 that enters in the scrubber. I should like to know the
quantlty of the NH2 that eacapes from the granulator.

A - When the plant is running In DAP the total amount of NH3I through
the gerubbing system 1s 127 of the NH3 in the product.

Q - Mr. L.K. RASMUSSEN, Superfos, Denmark
Which material 13 used to haat 627 HNO3 to AO°C?

A - Normally with 56-58% acid, 25/20 low carhen stainless steel. MNo
experience with 62X acid, but it should net raise any difficulcy.

Q — Mr. J.D. CRERAR, Norsk Hydro Fertilizers Ltd, United Kingdom
Pleagse give more details on how liquid effluent is avoided?

A - The acid and the scrubber liquer discharged from the gas scrubbar
are introduced in the pipe reactor and the watar 1is found as
steam Iin the drier and in the granulator.

Q - Mr. G. BRUSASCO, Fertimont SpA, Italy

Cansidering a production capacity of the ammonium nitrate plant
reported in the material balance of table 1, a pressurs reactor
with =steam recovery can rarduce to zero the ateam consumptian and
axport 6~7 t/hr of pure steam at & har. Why vyou have aot
considered to introduce this energy saving in such a huga piant?

A — Yes, but a lot of steam was available on the plant.
Q = Mp. V. SCHUMACHER, BAST, Germany

Would you please give some more technical datails ahant the
"motor driven ammonia distribhutors”™ and the "automatie
gsalf-claaning chuta"?

A - At the beginning a3 mobile chute was built in to avoid scallag on
the ammeoniaz pipes in the granulator. Recently AZF develeoped a -
¢hute which avoeids {nternal bearings. It is driven by a shaft and
hearg the pipe reactor. ‘

Q@ - Mr. N. KOLMEIJER, Windmill Holland, Netherlands

Is it more economic to achisvae a vervy lavge productiocn capacity,
ag Iin . U35R, in onz line, or ia two lines wich half the capacity
in parallel?
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It would take too lang to diszc¢uss all the economiz parameters,
but we favour more and more very hig units (for instance in USSR
in the last 15 years).

Mr. 8. BOUCHERAT, SCPA, France

Does tha very great length of the drier (40 m) not result in the
hreaking of grandles and tha increase of the recyele ratio?

No, numerous mezsurements were made in the AZF drierzs inm che USSR
and on NPK oplanta, hoth conventlonal {slurry process) and with
pipe reactars.



