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SUMMARY

TECHNICAL AND ECGNOMIC SURVEY OF NITROGENOUS FERTILIZER PRODUCTImy

b LFANASL EV

N.A. Afanasyev

State Institute for Nitrogenous Fertilizers
Ministry for Chemical Indastry USSR

1. Trends in the production and supply of nitrogenous fertilizers, the share of

such fertilizers in the total amount of fertilizer produced and eupplied to agriculture,
changes in the types of nitrogenous fertilizer produced. Statistics for 1960, 1965,
and 1970, plans and requirements for 1975 and 1980.

Discussion of the rapid development of nitrogenous fertilizer production, changes
in the range of types produced, future trends in the range cf types, partioularly in
connexion with increases in production. Importance of the production of various kinds

of mixed fertilizers.

2. Production cost per unit of nitroger for different fertilizers (~mmonium nitrate,
urea, ammonium sulphate, aqueous ammonia, and anhydrous ammonia) at typical cnterprises
in the USSR accerding to statistics for 1965 and 1970.

Price levels at which fertiligzers are supplied to agriculture.
Additional costs (transport, storage, application).

Cost per unit of nitrogen dclivered to the soil.

3., Influence on the cost of nitrogen in fertilizers of manufacturing capacity

£nd production technology for ammonia, nitric acid, and various fertilizers. Cost

:7 The views and opinions cxpressed in this paper are those of thce author and do not £
necessarily reflect the views of the secretariat of WIDO. This document has beon @

reproduced without formal editing.
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statistica acoording to design datas

4.

(a) Comparative
(b) Comparative

Influence of the

Recommendations.

cost of nitrogen in ammonium nitratc ~nd uren;

cost of nitrogen in solid and liquid fortilizers.

cost of nitrogon on mixed fertiliszcrs.
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Produstion of ainer 1, psibicul-cily, nlbivgeauus

tosbirisars In Lhe Boviet Ualon hes Leen Jucreused
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acluaiags
Wiooogenous Q677 203 448 568 "3 S00 246
F2:908070Uu8 1.09 2.1 3e2 8.8 9,5 2% 297 !::imng

Tissogenous

L #2=ilizers,

s4cent 294 16,5 44,3 137 37 - -

2.5~ 2AT10 "t 1e4 130,917 13 1 11 - - >

439 0.7 0.3

—— _—

;i@ 30 signal.cant rise of natural gas proauction ana Geve.iop=-
390t 37 the gas neTtwork there was no feedstock limitation oa
3@ ise 22 the ammonia and nitrogenous fertiliters productiom
rowen.
.:2d<tions cr phospaorous fertilizer productvion usvelopment
%ere 20T 80 ravorable. As a result, nitrogenous fertiliszers
irevall on the marxet, though the demsnd sets the desirabdle
T 1 2,0z ratio at adbout 0.9.

e four-rold increase of fertiliser production in the
-48T %en years vogether witk other contributing factors
cesuits in an increase of the agricuitural production, which
3annot be astributed to the extvension of the sowing area
amounving fo> vhe period to oanly abouv 3 percent, Yields of
18in crops nave increased as folloxs ( in 100 kg/hecture per

ABRUR) §




'958=60 1956=70
Jrain orops 10.1 13.7
Sugar-ovet 184 227
Jotson (raw) 20.5 28,1
Tegetables 101 131
Juaflower 91 131

e Jurther agricu.tural producvion growea will aiso de
Asﬁdancd nainly due to the yield increase, which ougat vo
¢ secured by the fur:-er incresse or tvhe fertiliger
sToduction and by better application practice; e,g. the
§ain crop yield is designed to rise by 1975 by 400 kg/ha .
’r alaoet by 30 p.c.

Tot onliy tne total fersiliser progduction has been

-acTeased, out the range or fertilizers producec 1as been
:xtenaed consideraoly, too, with particular acceat on high-
(raae rertilizers and nitrogenous liquid fe-tiliszers. ™e

L

.slann for complex fertilizors 18 not enough covered by

‘_:cv. tnich results in ths nccosszty of preparing rer'i ~3ing
AlxTures oerore the application.

. Te change in the production structure is shown in
*2e Zollowing ctaole.




Ratio
1960 196 1970 Note
> 1970/1960
ARROD1UR nitrate 73¢3 S5.0 44,5 2.7

Tr e a (46 p.c.N) 2.1 1M.1 27.4 N
somplex fertili--:rs

: 1 %0 17'900..‘[ -~ 1.0 307 -

ggnugiul sulphate

Zie3 Pece N 7.9 10,0 7.3 2.2

dauid fertilizers

&0 to j2 pec.d) 2.8 14,0 14.5% Selb Mainlv acua

MMIACDL 4

Jther 309 249 2.6
%otal 100,0 100,00 100.0

% i3 tnown, tnat ammon:ul nitracte nad deen used as
2 ait>ogenous fertilizer on & large scale first in the
3oviet Union, and this experience was lately used in other
tounvries.

=%t i3 al30 known, that the effective application of
MmozlIul aitrate is posaiblo only provided the product
3 of a hizh quaiity, its essential characteristics bdeing
10sense of caxing. !haro4nre many methods of producing
ree-rlowing ammonium ni*rate. Ba§1cally, these are oprillirz
sf hAizhly concentrated melt (95.7-99.8 p.c.), improvement
:? rill stability by the addition of magnes..m nitrate

> aemunium sulphate or by coating with a surfactaat, e.g.

Jdspersing addiive "HF", and cocling of the prills.




n

?12£shcd product aanil ue vacced in polyetnyiene or
-aainated papur vagu. Dua So-islderation sna’l ove given to the
tlimnasion of rinec anG to coeting operat.ons.

All the natuoas mantioned Anovo increase the cost
:7 ammonium uitrate, YUt enavle a considerable saving and
Te1ustTion of labow: reguirement at the staxe of application.

he ceveiopmneny of urea proaubtlon in the USSR was
iiled At the 3upply of un additxonalkfaed'source ( to make
o] xar the lack of procein in the cattle feed). Hovover.
2 1ecznion has besn nade lator to -olvo the ahovp problll
37 the aevelopmant or synshetic profatn proauction and by
1xXvension of the natursl nrotein resources, and by now
*Be 5ulk of tho uros produced is used as fertilizer,

»illed urea :n notable for gooa phyniéal properties,
ind quite stable in ta- rtorage bovh in §apez bags and in
suik.
| | The following complex Certilizers are prodused by the
soviet induecry:

ARG " wewe . — ]

¥ J X
$4srosmopnorin xR 17
¥itroanzophos 23.9 2.8
¥Yitrophoaka 1 1 1
immopaos 11,5 a0
2 sumonhos 19 a8
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Research woric is being mede on the development of
SArtoammopnossa process.

Also, producad an the USSR are such couiplex/mixed
fepsilizers as those on the basis of ammonium nitrate,
superphosphate, and potassium chloride (anothar plant
sroduces similar fertilizer based on urea); mixed fertiliszers
dased on straizht fertilizing materials are produced on
3overs, special plants located in the consumption areas,

dmmoniunm suiphate is produced on the basis of che
20Ke oven gas ard as a by-product of caproiactas plants, on
<de acetylene-based acrylonitrille plants, and on tane
dlants using the processas involving by-production of
ammonta-rich gas containing sulphur dioxide as an impurics.

Among the liquid fertilizers aqua amronia is applie. ‘n
e USSR most widely. The aqua arzonia production amountec
9 70,300 ton in 197C {based on N)e 3everal plants have been
lesigned specially for the 6Jua ammonia production. 3y now
ey are under axvension and 2roduce other fertiligers, too,

Anhydrous ammonia is applied to-day cnly on tne
sxperimental scale, but its application is to be widened.

Nere are plants producing: a) carbamate solutions on
26 basis of urea Relt, ammonia gas, and carbon dioxide;

3) aiirogen solutions basea on ammoni.m nitrace and urea

.30peceX)s ©) comples liquid fertilizers on the basis of

iAmmonia, phospaoric ac.d, urea, and potassium chloride
9 =3 =3),




Among other fertilisers sodium, potasaium, and calcium
115TATES can o¢ mentiopea.

-alcium cyansmide is used as au intermeuiate for otner
laemicais and for cotton defolistion,

Ammonius chloride will be produced at a rate of up
%9 Y5 pec. 0Of the total aitrogen production a8 a2 by-progduct

’T 3ae soda ash process.

Me Zurther development of the fertilizer iriustry wilil
3¢ designed to meet the requaremsnta of the agricu.turs.

2o demand for individual kings of nitrogenous
Zariilizers for the present time amounts o the followng

v2.iu88 {DPeCo,t

- _ vame ~anr
AENONLUE nitrate 2.1 2.0
. Irea. e Te7
:omplex fertilisers 35.5 54,8
Ammonium sulphate . 3.8 2.1
Yitrogen solucions 8,8 2.9
Jther | o "1 St
| 1069 20C.0

3oviet and foreign exverience in the field of produstion
aad application of fertilisers suggests an increase of urea
2Toportion in the future productioa pattern, considering
% %o be a fertiliser equivalent to agmonium nitrate on the
%08t of soils and for the most of Grops,




<t {3 aiso advissblie to ancrease the proportvion of
.2:uzd fertilizers vw.th anhydirous ammonia being chaaged
$Tuaually for aqus ammonia and to promote the deveior- :nt
"¢ :>apiex and mixed fertiliser production.

Jelow nere will be givem A& comparative evaluation ofs;
i, ammoniua nitrate and urea;

3. dizguad and solid nitrogenous fertilisers.

3valuation o complex fertilisers is Oeyong She seope
;£ sals report,

3 she 3OSt gereral sense dquivaient amouncs of
adividual aitrogemous fertilisers 4o not dsiter muca ia
saelir effgats.

VYevertheless, many crops respond differently to differeat
Jaruilizers shousn applied in equivalent amouats, the
1.27erence in Tesponce being dependent on the kind of soil,
'iymavic conditions, mode of application (into the irrigstioa
vater, by plane, etc.), and at varying pospnorus and
Jotassium content of the soil.

Terefore, nitrogenous fertilisers, similar to any
Jsasr, shall be applied in conformity with the recommendations
i agro—-schemical services aad ladoratories.

Jrom the economic poiat of view fersilisers di’fer
auSh &% the stsages of produssion and application, whea
1oupared on e equivalemt nutrieat sontemt basis.

e esoncmis of fertiliser producsion is iaflusssed

J7 WMo process perfernanses.




wlquid fertilizers are most advantazeous due to
~ower production costs, whereaas for the appiication tue mast
Zavorable are aigh-grade fertilizers.

<%t 1s worth to make a comparative evaluation of:

a) urea and smmonium nitrace

%) anhydrous ammonia, aqueous ammonia, and mixed
aitrogen solutions;

t) 308t advantageous solid and liquid fertilizers.

Yitrogen cost in fertilizers is deceruined primarily by
<he cost of smmoniu. This amounts ir the primary cost of
Jea © 80 p.c., ammonium anitrate - to 70 p.c, (including
4mon18 used for nitric acid production), and aqua ammonia-
30 95 p.c.

<dtest developments in the natural gas-hased smmonia
sroauction, sucn as production upescaling, waste-oeat
Secovery, etc. ensure ammonia cost saving by 30-40 p.c.,
>sdusing the contridution ot ammonia in the fertilizer cost
2.4. Z>om 70 to 57 p.c. ir smmonium nitrate cost).

Tus, saving in ammonia cost sasures a reduction
2 208%8 vl every nitrogenous fertilizers.

A8 it was mentioned earlier, ammonium nitrate and urea

Are aitrogencus fertilisers, produced on the largest scale,
gmonius sulphate being a dy=product of various processes.

ieverai existing plants produce urea with nitrogen
‘988 ust 10=1S p.c. more, than that in ammonium nitrate.
e Zurcther improvemeats of the process will eanable
:oEgiete eiiaination of the cost difference.




71th the view to current developments in she field of
aitric acid, ammonium, nitrave, and urea production, 1t
18 wortuh %0 compare prospective characzterist cs of the wwo
Tertilisers froa the points of view of producers and consumers
he table below ahows the feddstook requireasncs

2% * zoa of aitrogen

R L e —
Usse (from AmNBoOnia nicrase
she solution (dased on nitric
recycle acid trrom stoe
Process) single pressure

STOCesS
L T TR N
AERoaia soa 1.27 1.28
arboa diowmide
SY=-proauss Y

aamonia plang) von 1.63 -

latizoid

2AT0L TS ¢ - O« I8(0.1% &a

Ieha~
processes)

Rt 5 ah 400 120

iteam coasumption toa 3.9 -

3roauswion Ton - Je5

t3cliag waver -~ 08 300

Japar bdasge piece 8 [

Tatural gas (fuel) Na’ - 102

W

-2 she following vadble a comparisen is made o3 She

a813 of 1 voa N, pereent.




irea (&8 p.c.8) ammodium
11Trate
W5 PeG. M)

WM

s, Jpecific capisal cost :
i <he basic plamt 02 | 100

ci%%0, of the whole
ongiex 108 100

2) tto, of he sterege,

2aanling, and
13 _icacionm flc.t}ittn ” 100

Tozal » 100
<perating costs
1) ssaufacturiag 108.5% 100

3, 2andling,scorage,and
sa;.;catioa ’ Ky 100

S3sal >, ] 100

Iquivaleans costs ( K coss + 0.15 sapital coss)
| .‘S 00

2e above data show a coasidersble seving storase,
lahdling, and application costs due %o a higher nitrogen
:ontent of urea (by 25 p.c.). Therefore, the change of
4rsa Jor ammonium aitrate will result in the overall
janlag in the masional economy of about S percent.

-2 addivion vo favorable storege and handling
J>opersies of prilled urea, consideration mus civen w0
uvantages and drewbasks of its manufecturiang process.
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imong the formers one must nenti&h hiiminatién'bf e engive
gllxinoid catalyst required tn produce nitric acid used as
7spastock-for ammonium- nitrate manufacturing., A considerable
luccess has been made though in the worx devoted tvo the
roblem or suostitution of platinoid by cneaper and more
ssadily available materials, This will enahle the eliminaTion
:2 dependence on the imporss of platinoid eauzau.
danufacturing of urea is a more sonnistlcated process
A8 co:pn:?d to the niiric acid and ammonia nitrate Processes,
Ana accoraiag %o our experience tne rormar involves much
20re srooiems in operation, especially at tane plants
:perated by personnel which has not aquired proper tra-ning.
irea and ammomium nitrate are fully intercnsngeable
3 Tegark “he ac3t of crops. However , pice requires ures
> mlndﬁlul suidhate),pretrerably, Ammonium nitrate s
33T =nouxn adequate Ior the crop, |
~-A "6 cthar land. acccrdiag vo conclusions made by
1938 :2 tte agro-unenlstn. the use of ures i1s not advasadie
w=an 1,,.134 ) 4 plano (1.a. without burying 1nto the sci
=a;ec;a._7 for a;kaline soils.

R |

I:ea 13 1sed succonaful-y for extra-roct feedins for

'

peet ] spnracion o? mixed tcrtxlizora. and as an additive to

1% assls ‘eea.
*23, Jne just cancludo. that annoniua n‘trate and
e9 49 quite incorcnnncoabls. '1th cortain anvnntagut of

‘\

oea, and .nora is not any ccanonic reltrictiona to the

.2valypment of the urew producsion.
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jsavistical dasa of lass years shov a consideravle

Jte of urea capacity growsh in many towatries.

A Ngnaricant plase is occupied by usea ‘a tae world
' usolg vhe liquid nitrogenous fertilisers aaaydrous

umonia proved 8o be the most effective.

"™g table Below shovs comparable coarscteristics of
1ilydsois ‘atmonid and ‘aimonius Bivrate. based om 1 vom of

nIToLen,
SR £ ladedrous Ammoaive
:uam costs , L .

, murmm ~ $0 - 100
u. vy L [ CRE * oW
I%orage,and '

B TR SRR R PRR AR SRR T
Jporuuq com
A8 :
- 108 100
ta. 2 0w
Iquivaiene costs
- FnaaVe 15 capital

308% s T, -

308%) (3 00

it Ve g

~The Tesulting votal seving is dus to the iaving et
“he ssage. ¢f maaufacturiag, as far as the direcs




ipplication of ashydrous amsonia eliminaces tho cost of
_ﬁm Aitrese sanufacvure,

Jn the osher hand, diroct application of aamonta

18cess1TaTes the use of expensive storase and application
“acilities im the region of consumption and the appropriate
2 ,oncing costs and depreciation.

Do bdesic advancage of direct spplication of anhydrous
iEmon1a proceeds from 2=j-fold labour saving as compared to
s0lid fervilisers at every etage.

2aTa given in the table sbove are caiculated on tne
issumption of the optimum anhyirous ammonia sSupply system
J:88T - basic storage - field, and plant - basic storuge~-

lical storage~ fiald with dasic=to-locai storage capacity
T332 o 331 and with 4500 t isothermal storage tanks at the
5813 storages.
ihould the supply syuvea pattern be far from that,
*ege i0cal storage tamks be of 50 t capacity and designed f.er
28 operasing pressure of 16 kdcn (G), any saving due to
7he aahydrous ammonia application is lost completely.
Jdererore. it 1s vital to chose an effecient
Supply pestern using highly economic storages und handling
‘asilities.
it should be noted, that the calculated effect cun be
0%aiaed oaly in the case of a large-scale direct application .
¥ smhydrous ammonia, when there will be no need in the
construction of solid fertiliser plants, and anhydrous aucmiu,~
"Ll 2 ecocumulated to meet the seson requirements, |
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Today, when capacity of smmonia plants reacheg
- 400,000--400,000 t/year, the smnonia requirement of appropriate
fertilizer menufacturing plants being 160,000-200,000 t/year,
elimination or the latters would result in the probdiem of
aseorodotion of all this quantity of ammonia, or one should
provide for the direct application of the amonia prodiuced

in excess of the requirements of the reprocessing facilities,
*-%¢ IT an smmonia plant capacity is 400,000 t/year, and
S8 smmonia requirement of & complex fertilizer plant is
250,000 t/year, the excess 50 t/year ammonia csn be sent
2or the direct application,
AD L% was nentiomed earlier, the most wide use is made
-n the USSR of aqua amnmonia as a ligutd fertilizer containing
only 20.% pec. N.Aqua ammonia is stored and trensported an
“anks decigned for the pressure of 0.5 kg/cmzc.
sperating costs ror application of aquua ammonia are
adghor, than those for annydrous ammonia because of lower N
tonvent ol the rormer. The general economic indices of
' 7--dquecus and anhydrous ammonia do nct differ much 12 the
“:i{isvance bctween production and consumption areas does no:
xceed 100 km. The longer the distance, the greater an
advancage of aghydrous ammonia.
3cononis advantages of aqueous ammonia in comparison
%0 she solid fertilizers (ammonium. nitrace) due to the
naguracturing saving are obvious,Neverthelessz, a low nitrogen
*onveat and nitrogen loss in an eventual feijiure zo

<ecp the design storage conditions max.: cne consumers ve




e 1§ -

y72er & Teduction of She aqua ammonia use.

0 sace full use of the existing svorage amd spplicatioa
‘satlivies. avoiding the negative effect of low nitrogen
:oa%8at of agueous aumonia, a proposition hus been made
T3 136 gitrogen soiutions and complex liquild fersilisera.

Ve 1478 an experience or manufacturing nitrogen solutions ba~
sed :z urea synthesls products. The nitrogen content of the
Ti3al product is weintained at a level of 29 $o 32 p.c.
-3encing :n seson, tne winter solution being poorer to

1v71d tze risk of orystallysation. According to the data
1mallsdie,carbamate solution can be stored in carbon steel
angs ac Temperature up to 30°C. Agro-chemists report a

11za sugar-oeet yield after application of carbamate solution.

2 economy or the carbamate solusion asanufacturing cam .
‘2 avajuated in cerms of 1 ton N coat (p.c.)s

LIWSCUS ARBICALAe ¢ ¢ o ¢ o o o o o o 00

SADDAMATE S0LUTIOR « o « o o o & o o 10665

Z>illed urea (bagged) . . . . . .. M4

L%ar correction to account for the effects of bandling,
TITIRe. and application coats the values above will change
a3 Zoiiows | "

aqueous ammonid . . . . . . . . . . 00

carbamate eolution . . . . . . ... 93

“ri2led urea (bagged) . . . . . . . 122

‘raducstion of carbamates snould bde assumed reasonadble

1T “ne >lants manufacturing prillod urea.
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Vitrogea solutions of various N contens cam be also
repared on the basis of ammonium nitrave, ursa, and ammonia.
"™e presence or ammonium nitrate increases the COrrosivivy of
a8 soiutions and necessitates the addition of inhibitors
3p =he uge of stainless steel as the material of comstructios
29r al. %he aquipment handiing the so.utions.

28 Zar a8 the agricuiture needs a vast supply of
:omplex Tervilizers, and the use of liquids assures s lasouw™
saviag, 1t is reasonadle to establish the productian of
--qu1d complex fertilizers based on smmonia, pnospaoric acid,

AN 20TaSA O ON UreA ANG AENON1UR DROSPRATES.

- — 298cjugions ang Recogmengagions _

T™he proauction of nitogenous rertidisers in the
<33R was increased for 10 years by 5.4 times, and sheir
Wppilies to farms - by 5 times. In the following ten vears
1533 a13rogeous ferviliser production will rise by 2.4 times.

e development or the nitrogenc.s fertiliger production
+aa0ied 4 considerable growtn of crop yields.

e Jor tne same period the variety or fertilizers
sT2dyced was coasiderably widened, with growing role of hish.
Zade and liquid ferctilizers. The Soviet industry produces
caplex, coupl.oi-nind, and mixoed fertilizers, the production
)T 26 latters being based on straight fertilisers qnd

»JcaTed in consuaption areas.
Je COmNplex Zertilizers are needed by the agriculture
1088 urgently. Of the nitrogenous fertilizers priorivy sust

S 1760 TO ANEODIUR nitrate, urea, 4nayarous AENORlA. AAC




WL ITcgen soiuvions.
~+ he .above performance da‘:a snow that AnLydrous awmoni.
-3 the moav--advantageous nitrogenous fertilizer froa the
3C1a% of 7iew of soonony. imong the solid nitrogenous
Tarvilisers vhe best indices are qharacteristic of urea,
Me bdasic advantage or anhydrous ammonia, as well
A8 Juaer liguid fertilisers is the lakour saving at tne
3Thpas O% Both manufacturing and Application. 5 )
- AfPovahemical properties of variqus nitrggenous R
-7 swviligers do not diffsr much. ‘ L
-Ur :Yperlsnge;shows, that the start-up and oparatios
)T 1rea pro:ees involve considerable difficulties at those
.-a:.ta. thich are nov oporated by adoquntely t:ra.inod
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: “"!C"!nl.t..

R L 1)

ey

4, aylno- aquoous ammonia (20.5 p.c. ﬁ is rathor widely

..ud ia chc U.aSR a8 fo'-tilizcr. To ovorconi tho negatin
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::‘.‘ac: o lnw nitmmm ~on'~nt: cr *'hia product efforfa were
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::;‘;:.ed S.n tho tield of ianuracture and use of nit:rc.sen
u.n:ionl. Carbamate solutions can hc unufactured proﬁubly

1% .ne .u-u Plants. A particular lttoncs.on should be given
T %he proauction of liquid complex fertilisers.

e Programs of tartilinr nuppuu n«ting the existing
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snd ;rolpocun denandn cu be drawn up by auy intorestcd
.un':riu.
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The \.cn-tmuon or one hrgc-acalc plant “for two or more
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sountries, 11’ thn dcund ot uch ot 'chan is lower,than the
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3apasity of a modern large-scale plant (200,000 to 450,000
com smmonia in a single stream). The most profitadble
2ertiliser production can be based on natural gas or liquid
aydrocarbons (including naphtha),

We decision on tkhe fertilizer production prograa
3aould oe based oa the recommendations of agro-chemists,
saging into consideruction locel manufacturing and spplicatioa
:onditions.

Als0, considersd should be the expediency of fertiliser
.aports from contiguous councries (instead of the
sscablishment of 1its own production), relying on the
widitional yiell of crops due to the aprlicatioan of
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