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“ha world output of ammoriiumaul; nate 8, t ' a lwiye o tert, derivel an & ~&'r  uita

co- product., It can be uaed aB cal Lun precipltant o0 6 L' GOAPaLte P DoceRu,

In *q1m process the aciution tto.ned after o glilatir Of panarnate roc with

ritrie as1! e treatel witt ammoraar gul nhate,
fha calcotum 1l precipitetmi snd removed am ,rv e

“hen producing, for inetance, o par cent water-acludle U ) an the end product,

t
1

al’ of the dissolved solut:in, topetier witl the ammoriumsulphute, 18 fed to the pre-
cinitation section, The precaipitatinr conditions are «bh:ger 11 such & way that u g psum

i ¢btaired which can be filtere: narily,
The Tiltrata i1s collectad and fedl to the neutralization and eveporalisn sections.

The rneutraligation, being a delicate part of the procesa, 18 very wall controlled
hv automatic pH control. The svaporation poses apecial problems, due tc the nature of
the rroducts, for thes( materials have a boiling point whioh lies below the crystallise-

tics noint of ammonium phosphate at conceintrations of over AC per cent.

1; “The views and opinions expressed in this papsr ara those of the author
und do not necessarily reflect the views of the socretariat of UNIDO,
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Depending on the sethod of obtairing the end product, eveporation is carried out
to 99 per cemt for prilling and to 99 per osnt for granulation.

Which of these methods should be chossn strongly deponds on the provailing situation
and on the product deeired.

Usually, for high capacities of botween 700 and 1800 tons, with only & fow grades
being wanted, the prilling procees of fers mOTe economic sdvantages. Por lower capacities,
with a greater variety of gredes, the granulation night bde ohosen.
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he use of spmonium sujphate in the produetion of nitrophosphates;

L 1 r ruced

1. Iptr ti
Wiy _empopive suiphe'e ee 8 res mgterig)?

™e coneumption of assonius sulphste es u straight fertiliser shows mot omly

s relative, but aleso an absolute decrease

The producet can be bought at vorld-sarbet prices, which oftem ouly eover the
tranepert cos'e, vhile the attrogen and suiphur are free

If sgmounium sulphate is considered as s ree saterisl for high-sutrient campuunde
it is vortheils to investigaie hos this situation shell de comtimued.

T™he greater part of the world ou put of asmonius suiphats is obtained as &
caprolactam (ras material myloa) co-product, in mGet cases 4 5 tone of aEBOA iun
sulphate 15 produced por ton of eaproiactiam

Some processes are aveilable which produce less emmonius sulphate, ¢.g.
Menisarbon's nev Wy anphesphate process, which yie'ds ocaly ! 8 toas of AS per
ton of caprolactas, ams MASF ‘s pricess, pruiuciug 2 6 tons of AS per tem of

capreisstan

Teday's caproiactan produel ion smounts to | 3 elliioa tess, giving $ siliton
tome «f ammoniue su!phale

Por 1974 & capruimtiam production of 1,000,000 toms Le eavisaged, giving &
proguction of around 7 sillian tons of sascaius sulphats (see Fig. 1).

T cemelusion wight be 'hat there is a temdency towards a lower retie eof
MmBonium sulphate Lo cagrolactan, but sith the esisting pruduction uaite

the average viil be svssvhers around 72 % tons of esmonlwe

suiphate por tom of caprolactan. This puts & stap o the insrease of the
ammonive suiphete preduction, shieh will level out st 7-8 sillica tuls por yeer.
T™he conouaption of emmualus sulphate vill ressh o lovel of 3 3 siliien tens por
yoe- \n 1978 (present cunsuaptios abuu! 3 sillion tuas)

Prom the above considerstiens it 1s seer that smmosnius suiphete san b weed
vory o9il s & rov saterial
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11, The S3sicarbon prvsess for the predystion of swmpennds 30th AMA.
yater-soluble P O, sontent

Although having at its disposal eam OlDA-type calcium-nitrate erystalliostion
process, DM largel) turmed to the precipitation process.
Ve shell nnw reviee, step by step, the mest . fatereeting parts of the proeess.

1, _Digeaties pecilon

The digestion of the phosphste ruchk can be dons eith 5-10 % less mitris eeid
than would be nseded if equimolar ratios had to be ueed. This is ia cvatrast
with the crystallisation process. which requires aa Sncess of mitrie scid of

wp to 38 % (most of which later on appears as assonius aitrate) te obtain s
20~ U paterial of B0 % water-solubility.

The maia resctions shich oecur in the digestion stage are!
c.,oo‘)z ¢ 8 —u, —— ’C'(ma)a ¢ ul‘ro‘

w, . ., e t':n(m,)2 + mr J
C@, . m' > Ccfl),)‘ * n,o co.
m {10 ) ﬁ!o — mgmam‘).:

11 the ebovement lamed comvenient !0,/‘!1”0. vatio L8 uweed, the siaimwe WP ﬂ.
ra.io of the profuct viil de sround 1 ¢, depending to scue outent on the type
of phosphate rosh and desired water-solubility (sve rig. 3).

3. Preciptitetion gnd (jlirstion sectlo
A2 enmenive cuiphate svlution and the digested roeh sclution are fod to the
firet preecipitation resactor, i1a a cortain ratic,

The sédtition of the sulphate has Lo be done carefulily, is such o say that aA

sastly filterable precipitate o cbtaimed [t i, of course, possible te bind
alnest all Whe caleius Lons a8 calcium oulphate, I1n which case the filtrete,
after propur treatmeal, ylelds 90-10U | veter-scluble amseniwe phosphate .

it o ¢ifforeat sater-solubdiiity (s preferred, part of the digestios 1iquid esan

b short-etreuited around the precipitation, shich ssans that the final solutien




will conteia the desired amunt of calcium phoephate. In this wvay the vater
scolublliity of the final product can be controlled as desired.

e sain precipitation reactions are:

c-m:)n ‘ (ml‘)aao. — f‘om‘ + au‘uo,

Ca(l,m‘), ¢ (lu‘),w‘--ocuo‘ ¢ m‘ngro‘

Ths slurry, containing the gypaln o c-n‘ “0. is continmously fod te o
tilogg pan filter, vis s sescond reastor.

The filtration, shich 1a completed in ome revolutios of 360 *, can be divided
into the following stages:

-~ firet filtretion

- 9 or 3 vashings of the gypowm cale

- dry'‘ng of the cae by suctiom

- resoval of the cale

T™he caey filtersbility is shown oa the aest teo slides. Silide 1 shews thet

the produet is slmoet dry after the first pan; slide 2 shews that the gypoum 1o
oasily removed. A special type of fiiter sloth has te he uaed during thie
operetiesa.

3:.Boutrelisetion end gvapersiiod

T™he collected filltrate 1o neutralised with ssmenia. This 10 » duiicate proeess
step, bocause in the prosustion of fertilisers of lower veter-seolubility tee
high o pll valwe vill couse formation of tricalsiumphosphates, which norwally
resuite in a lower water-solubility - as wvanted -, but slse influenees the
eitrate~solubtliity.

On the other hand, 1f NPX (s produced with EC1 in the laBt stage of the preeess
too low o pil value say factlitate decomposition of the predust ia ateek. )
e mouirslisstion resction s exctheruic and, doponding oa Iit’o‘-ntu and
vator-solubility, bejling in the meutPaliser is possible.

T™he satin nsutralisetion resctions ore:




- Cam‘

co(ma)‘ t Oy :ua:,

o
u‘m‘ . Kl!' NH‘HEPO4

- - & g
WrF ¢+ Ca (!U,)2 + Alﬂla ‘“(”03 + C‘F2

‘ snnandl) .
Ca(mn)z un;m‘ + ms u(nzm‘)2 + au‘noa

The proper degree of neutralisstion is obtsined by automatic pH comtrol,

After meutrallsst! lon, the solutivon has to be concentrated., The evaporation of
sater also presents some specis! problems in this case. In the first place this
is due to the fact that sitnin u wide range of concentrations *he boiling point
of the sixture is unde' the crystsllisation-temperature of ammonium-phosphate
(Fig. 3) 1n the second place diff{culties say be caused by the presence of
gYpsum if s product of lower mutrient value is desired.

A circulation-type svaporstion, however, gives very ygood service for this
purpose. A teo-stage unit is chosen for ressons of economy. In the first stage
the solution is concentrated from 50% to 75% at a boiling temperature of about
190 °c. In the second-siage evaporation the tesperature of the circulating melt
is about 17V c’C, and 18 bept vwel. abuve Jbe crys.allisatiom point.

The selt (s nov rendy to reccive 'ts final  fopw. A sslection ean be made out

of two arthods: prilling or granulating.

4. Shaping

Por capacities over /UU metric tons/day, the capital investment will be lower
for s prilling plaat than for s granmulation plant., For a production of approx.
100U toms/day, the difference is in the order of 207. The power consusptiona

and heat requirements are msore fsvourable in the priliing operation (compare

resoval of water out of a melt snd out of & #0lid granule). Another great

sdvantage of prilling is the simple operation and the smooth running of the
plant . The recycle will be about 107%, vhereas with a grauulation operatioa it

sight rise to 400%, However, there is a limit to the composition of compounds

to be prilled. Materisls with a high viseosity and a high percentage of solids

in the welt (for instance NPK's with a low N to onaﬂ'ntlo and s high KCl-~




content) may pose problems in prilling. PFor wore detailed information I refer
to other sources (Lit. 1, 2, 3).

11I. Economics of the procesa

Comparisons for grass-root plants based on different processes have been made

on several occasions (Lit, 4, 5, 6).

We w#ill here restrict ourselves to dealing with a special cuse wvhere a fertil-
1zer production unit is available.

Starting from the fact that the oxisting production is based on »hosphoric

acid and nitric acid, we will look more specitically at extension of such a
plant with @ nitric acid digestien and precipitation-filtration stage,

It will be clear that the dicision to rebuild is largely dependent on the price
of ammonium sulphate.

It does not matter whether phosphoric acid has to be bought or is produced by
the same company. In the first cuse the purchase price has to be considered,

in the latter the sales price.

For ease of calculation, only one product (viz. 17~17-17) and one capacity

(600 tons/day) will be considered.

Table I gives the cost piices of the product based on the two different product-~
ion methods.

Table 11 gives the total out-of-pocket coats, including the difference in man-
povwer requirements and maintenance.

The difference in cash~flow can be calculated from table II; 1t amounts to

C = 200,060 (~3.70 + 0,112 Y ~ 0,37 X).

This relation is presented in Fig, 5, for different P205~pr1col. as a function
of the asmonium sulphate price.

The graph is helpful in estimating the ammonlum-sulphate price, {f a certain .
profit on new inveastment (s demanded.

For example, 1f the DCF (based on 10 years, before taxation) on new invest ment
has to be 15%, the mintmum cash-flow for an Investment of $ 3.5 mm has to e

JOO,000 $ per yeor. For & present phosphoric-~acid price of $ 130 per ton of

P20., the ammonium-sulphate price has to be maxtimum $ 20 psr ton C.1.F,




This seans that o fertiliser profiucer,

pesition to Wy asmonium-sulphate at
realiss a profit of

oo using phosphoric acid and in a

® price lower than $ 30 per ton, can
at least 15% on his new invested capital.
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