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with copocities from 500 to more Lien 2000 actric tons of ®i T D-frrtilizer. er 37y

hove beon eonatructed

The by-pooduct of ecaleciun nite te is woriolly convartel to on aamonium nitrate
solation by mcons of cmmonic ~ndt carbon diovide.  Dependiag on the rotio between I and
F205 in the praduct, more or losm 2f this solution 1 fod hack to the nitrophosphotce
process oo o socarce of nitrogen to the NF/ﬁP(-nrodurtu ony orenss of ammonium nitrate
sulution con e processed to cmmenium altrote vnd/or armontwa nitrote limestone fortiliz-

or,

Besed on mors than thirty veors! oreduction oypericnce horsk Hydro hio mode mony
improvements concerning equinment, instrument: tion, procoss and product control cte.,
and this is utilized in the compery 'o threo plants in Nerway, where the cepocity is
more thon one miilion tuns of proaducts per vear. The process has proved tu be very
flexible as to row moterials ond rooduct formulations,  The storage nroperties ord the

cgronomic effect of th products .re vepy sotisf ictory,

The Horsk Hydro process has for some yeers been <ffered on the world market, and
the poper gives informotion regording new plants utilizing the process. ‘tecentl o
plant for &00 tons per dey was put in operction in the United Stotes.  sadther plant
with o copacity of 2200 metric tons wer doy i3 beoing built in Lung. e, In Llomcnic

four new plentn will heve o tot 1 crrneeity Of more ticn 10900 Lons per 4o -, Tn thesc

eountries they heve very strict rogulotinas concerning pollation of « ir . nd viter, and
the vrocess in well fitted to wect thuse regilations.  "hen the now rirnta hove been
sterted up, the total copacity of plont: using the Morst llydro nitrophosnhote process

will be more thoan 5 million tons of ¥R and NEK--fertilizar ner year,
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Fo INTRODBUCTLON

1., For obvious rcasons there is a growi ng tewdency among {armers
to apply complex fertili zers, due. fertilizers cont ainiug two or
three of the maiun plant. autei enmts Ny Poand Ko Theve are wany

kinds of such fertilizevs, ni trophosphates bheing vne of them,

2. The Norsk Hydro nitrophosphate Process is hascd on the Odda
method, which was invented in Norway in 1928 by Lrling Johnson.
The rock phosphate is dissolved in nitvie acid, and no sulphuric

acid, sulphates or Phosphoric acid is nceded,

3. For morc¢ than thirty vears the 0dda method has been utilized,
especially in Europe, for the production of large amounts of NP
and NPK-fertilizer., Until a fow years ago the water solubili ty
of the phosphorous content of the product (WSP) was only 30-40
Percent. This was considered satisfactory in the countrics
where the product was tsed.  But as is well known probably most

other countrics want a mucl high r water solubility,

4. Norsk Hydro hes made many Aimportant. improvements of the process,
still utilizing the original Odda amcthod,  These improvemenut s
have not only 1¢ad to u technically and cconom:t cally advanced
process, but also to more concentraterd products with higher catent

of watersolublc phasphorous and improved physical propertics.,

5. During the four years the Norsk ilydro process has been
offered on the world market a capacity ol about 4.6 willion
metric tons per vear has becen orp is being installed in different
countries. Togcether with {he compainy's own production the total
capacity of plants using this process will shortly be about

0 million metric tong per year. ‘

Ve THE PROCESS

6. In this paper we will concentrate on some of the main

features of the process.  As a background a snrvey of the whole




process will fivst beopivern. che process and the operating
experience acquirerd with 1t aredeseribed in more detail

elsowhere (1,21,

a. Survey

- o e
7. A simplified flow-sheet. is showa in the appendix.

8. The rock phosphate is dixsolved in §8-00% nitric acid. The
heat evolved raises Lhe temperature /W-SO”(', depending on rock
phosphate pi opertics,  Caloium ;g pemoved from the solution as
Ca(NUB)Z-Ml.,(), by erystallization and subsequent filtration on
rotary tandem {ilters. The crystals are washed with nitric
acid and some watoer in the seeond tiltration stage. The wash

acid is returnced to the rock dipestion step.

9. The mother Liguor is then neubralized with ammonia gas.
Ammonium nitrate solntion is adued to obtain the required
N/l’ZOS—x-m,in in the product. The wiater cont.ent of the

mmtr.:nli red lignor is redneed to obout 0,57 by evaporvation,

The NP-mclt. is mixed with veeycled tines, and if required also
with potassinm salt and other additives.  The wixture is then
prilled iu an aiv=cooled tower.  The pel 11e are cooled, screened
and coated witlh a conditioning ozenl belove leaving the plant

as finished NU'- ovr NPE=fortitizacr,  Oversize is crushed and

returned to the scrcens, The §Fioes are recveled to the wixer.

10. 'The caleinm nitrate from the Pitter is melted and can be
converted to ammonime nitrate solution and calcium carbonate
with ammonia and carbodn dioxide.  Sowme of the ammonium nitrate
produced can bhe fed bark ta Lhe niLrophosphate provess as a
nitrogen source, the amornt beiwe dependont on the ,\"/P,,()S-
ratio in the product, fhe amumonim nitrate solution r';n' also .
be made into AN=prills tor fertilizer ov explosives; or into
ammonimm sitrate Himestone fertiivzer (AND), utilizing the

calcium carvbon o which is producad in Lhe couversion process.

11. Norsk Hydien has its own madern provesses for the conversion

of caleinmm nitrate and production of AN= and ANL-prodocts.

—,__ﬁ
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These processtes are alse liceenceod and uscd in other countvies
b-

"hey are non descerrboed dn o chis o pajier,

12, The: ealeinm nifoate ron altaon, 3f vrequired, be processoed
into @ caleinm nitrate fertilizer containing 165,57 witrogen,
Yhis {fertilizeor containsg some ommonium nitrate and water ol
crystaltlization,  Under vormal conditions ihe storaye propertics
arce very goad, and Noeskh Hydro pirodices about. one mitlion tons

ol il per yeac.

L., Some SI_}('('i:.‘-\ﬁ 1catures of t.he o trup)mmg!w;ﬂ C_process

13. For many vears a close cooperation has taken place between
the people running the company's thvree NP/NPR-plants and a
rather big wronp of speciaiists from rescarch and development,
Tdeas and sugnestions have been flowing in both dircetions, and
cxperiments have bren carricd ont. in laboratory, pilot plants
and on full scale 2o the plants.  Tn this way cach step in the
process has beeu improved and optimized, both with regard to the
caguipment. itse T and the way of aperating it,  Instrizasentation
and process aml product coutrol have pluaved an important part
in Lthe development. L Js net possiblie to dea! with all of thes
aspects in a bricf pape., and oo Llerefore hao o to scesblrict one-

selves to sone sclected points,
Crystallizalion of calcium nitrate:

Lé. The main purpssce of removing calcium from the digestion
liguor is to preven! formation of jusoluble caleium phosphates
famatite) duripg ncut ralization with amwonia and to inercase the
water solubility ol tne plospherous conteat of Lhe product. A
low Ca/P-ratio in the mother | iquor will give a high solubility,
t.ec. high contert of ammenium phosphates.

15, The Ca/P=weielt ratio in the digestion liquor is normally
2,2 - 2.0, depending on type ot rock phosphate uscd.  Common
practice in Lhe Odda method has been to cool the digestion
liquor to '§ - 2(_!0(‘, cesulting iu a Ca/P-ratio in Lhie mother

Tiquor of 0,8 -~ 1.1 and 2§ = 405 wsi,

[




16. Norsk Hydro has develope b thed and o prent. for

l'chC(,ivOll of Lhe Ca/P-ratic Lo 0,3 = G.4 by (rt'\:nt.ul.i.jzution of
calcium nilyrave. This method hos bLeen in specesstual gperation
for 4 - § yeara., 1t is advanlageons fop amany raasonss Some of
them are:d

The water solubility ol Lhe VPe=copLent increases
to about &5 peroeent.

The conceptratoun of nrlricnts in the prodnet increases.

Many nitrophosphitoes contadndug potassium chloride
arc liable to s¢ Li-susbadning decomposition. This
liability is rery substantially Necreascd and for

normal formulbations it iq claminated (3 ).

The inercased removal of caleium niLrate from the
liquor makes Lt possible Lo formnlate products with

auch lower N/P=ratio than bhetore.

The reduced content of solids ((ndll’“‘i) in the NP=mclt

to be priltled fucilitates the prilling operation.

17. Norsk ilydro was the fivrst company, and is probably still]

the only one, to practsce {his cxtreme removai commercially.

18, 1f rprequired, the Nevsk Hydro process can of course also be

operated at a4 higher Ca/l=1atic,

19. To attain RO - B850 WsP ig is neeessary Lo cool the
. . . L0
digestion 1iqguor to about. minus 5 €, the cxact temperaturc

being dependent on kind and amount ot impuritics presont.

20. The cr“.\-'st,.‘l.!]i/.\t,jnn i corried out in A mmher of batch
type tank crvstallizors with internal coonling coils. The
crystallizers ape £illcd, vooled and empt ied one adter another
in o certain ceyelus. This gives a contiunous low of cooled ‘
suspension icom the crystallizer hattery and o continuous 1ow
of cooling wedium into it. The cooling wodrum is most often a

cirentating ammonia solntion, bue other Liguids can also be used

11 some places water can boe weed tar part of the conling, The
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heat removed can be used for evaporation of lTiquid ammonia, which

in turn can be usecd in the neutralization section,

21. The carciully designed equipment jor crystallization, and
the sclected operating justruct.ions cnsurce high heat transfer
coefficients, and the capacity per unit crystallizer volume is
conzcquently very high. The caleinm nitrate crystals are coarse
(about 1 mm) and upniform in sizc. This is important for the

subsequent filtration.
Separation of caleium nitrate crystals from mother liquor:

22, Most companies practicing the originel Odda method use
centrifuges for this scparation, Norsk llydro uses rotating
tandem filters of the company's own design. The coarse and
uniformly sizcd crystals and the special design result in a very
high filtration rate. Solid impurities in the suspension do no
affect the ratc. The content of mother liquor in the washed
crystals is very low. Phe filters are very reliable in operation

and require very little maintenance.
Evaporation ef ncutruliczed a=liquor:

23. The water content is reduccud to 0.5% at about 180°C and at

a low pressure. To prevent crystallization of ammonium phosphate,
clogging cte. it is nccessary to Lhave a thorough knowledge of the
chemical and physical properties of the liquor. Norsk liydro uses
equipment of their own design. The availability of the plant is
very high. The instrumentation and process control allow Lhc
evaporation section to operatc automatically with very little
supervision. No potassium chloride is added to the liquor before
evaporation, Tﬁis is to avoid any possibility of thermal

decomposition.
Mixing of NP-melt with potassium salt and possibly other
additives:
24. The potassium source can he either K2504 or KCl. When
mixing KC1 with a hot nit.rophosphate melt the viscosity of the

mixture has, dune to chemical reactions, o strong tendency to




increase to such a degrce that prilling is impossihle. Norsk
Hydro has carried out very m ch theorctical and pr:xctical
research and development worlk Lo suppress these rcactions.
These efforts have resulted in equipment and way of operation
which allow addition of very Large amounts of KC1 without
increasing the viscosity too much. The mixer gives a very
efficicent distribution of the potassium salt in the NP-melt.

The equipment is simplce and jnexpensive.
Prilling:

25. The NP=-melt or NPK=mixturc is formed into Wlrops" in the
top of the prill tower by means of a rotating perfnrated

prill bucket which is specifically designed LO prevent cloguing
and to give an even distribution of the prills in the air-
cooled tower. From Lime to time the bucket has to be cleancd.
1t is then rcplaced by a fresh bucket. The change of buckets

is done very quickly by means of a special device.

26. The solidificd prills arc removed from the tower with a
rotating towcr bottom or a rotating scraper. The amount of

of f-size (+1 4 mm) is low, normally helow 10%.

27. The advantages of the p:illing process are for example
high capacity in onc train, low recycle rates and hold up in
the equipment, no need for drying of the product, low investmoat
and maintenance cost. ‘The prilling process is especially
advantageous tor high capacily plants but can be used
econamrically for small plants too, for instance down to about
500 metric tons per day. Normal pug mill/drum granulation car
also be used 1in Norsk Hydro's proccess, but normally prilling i

preferred.

28, It is very easy to conirol the proaduct compositlion, because
of the process itself and the low hold up, Also the size of e

prills 1is casily and quickly controlled.

29, When nitrophosphates containing RC1 is granulated in NOIL
pug mills and rotating drwn granmlators, the favge amount of
ferti lizer wmaterial in the equipment rather often starts to

deconposc ("1'11‘6"). This does not happen in the prilling

e e
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process, bccanse the temperature and composition etc. are much
better controlled and the retention time at high temperature is

very low.

30, In one of the Norsk Hydro plants more than 2000 tons of

NPK=-fertilizer is prnduced in one prilling tower per day.
Pollution conirol:

31. The process is well suited for efficient pollution control,
and procedures and equipment have been worked out to minimizc
the amounts of liquid and gaseous effluents. In new plants
under construction these amounts are quite ncglipible and well
below even very strict demands.

TIT. RAW MATERIAL FLEXIBILITY

32. The nitrophosphate process rcquires rock phosphate, nitric
acid, ammonia, KCl and/or K?_SO4 and a conditioning agent.

Ammonia and carbon dioxide are necded for thec conversion of

calcium nitrate to ammoniwm nitrate. Off~gases from urea-plants

can often be used for this pvrpose. The rccovery of N, P205
and K20 is in the raug: of 97 -~ 997,

33. With the exception of rock phosphate it should not be
necessary to give any special comments on these raw materials.

Normal qualities are used, with no extraordinary requircments,

34. Different types of rock phosphates can be used in Norsk
Hydro's plants, from Kola, various paris of Africa and U.S.A.,

Israel etc.

35. It is normally advantageous to use rocks which are not too
low in concentration. The cost of transportation per ton of

PZOS is lower, the amount of impuritics to the proccss is
decreased etc. Poor rocks most often have a high calcium content
and therefore require more nitric acid for digestion, the crystal-

lizer load and calcium nitrate production are increased etc.

36.

Norsk Hydro has special rescarch people for inwstd gating the
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ngefulnes  of new types o 1o k phosphates i laboratory and
pilot plantn.  betore waking the tfinal conulusion it is often
neccessary to try Lthe rock on & full technical scale in one of

the plants.

TV, LRODUCTS.  QUALITY AND GRADL FLEXIBTLLITY.

47. The minimun }5:3‘205 ratio in the \NP/NDPK product is determined
by the ratio hetween qitric acid and rock phdr.ph.'\Lc (P20S) fed
Lo the digsstion stap and hy the depgree of calcium nitrate removal

in the rr'yst,alli.zntjm\ step.

38. For most rock phosphates and for products with 80 - §64 WSP

the minimum N:P,0p ratio in Lhe product is about 0.6. DBy addition
< D

of ammonium nitrate to the process the N:PZOS ratio can be incrcased

to any level.

39, 1t 411 the calceium nitrate from the filtration step is
converted to armonium nitrate and returned {o the nitro-
phosphate process, the N:I‘2()5 ratio will bhe about 2:1 din a
product with 80 = 55 WaP (somewhat dependent on C:\/PZOS in rock).
40. The }axidmn K.)(szl’,,()q ralt .0 is Lo sone degree depeudent on

N:I’ZOS ralio but can be very hieh, for instance more than 2:1.

41. NMove than thirty dififcerent formilat itons have been produced
commercinlly in vorsk Hydro's plants. Lxamples of possible
formilations and concentrations are 17-17-17, 22-11-11, 13-13-26,
24-23-0, 15-20-15.

42. 'The svorage propertics of the products are very satisfactory,
both in bnlk and baes. The bulk density is high, 1.1 - 1.2 kg
per (‘m3. The product is not dusty.

A3, A lot of ug\'j(ultlu‘ul cxperimeuts in different conntries
have shown that the effect of the producks is very good both with
regard Lo N, P oand K, fully comparahie with the best of single

nubriem fertilizers.
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V., PROCESS ECONOMICS

A4. It is rather complicated Lo male a comparative cost
calculation between dit{event NP/NPR=processes, with ditioeoa.
raw materials, may be different nut ricent concentrations, no

of them making more than onc fertilizer simuld Lancously ete.

Still more complic Led s it to caleulate the tLotal cost whewn th
fertilizer has becn applied to L. fictds. The cost caleculations
may also give di {ferent results for dif1erent. location of the

plants, avai labi tity of raw mat :rials, Lransportation cost et Coe

45. llowever, some calenlation: have been published (4,5, 0),
all of them concluding that. tho economy of the Odda method is

very favourable, cven with very low sulphur prices.

46. More detailed informaticn revarding investwent cost, raw
material and utility cousump.cion ete. can be obtaincd from

Norsk Hydro's licensees.

VI. NORSK IYDRO'S ¥ TROPHOSPHATE PROCIESS
ON THE WORLD MA2TET

47. Norsk llydro stavted 1, first NP/NPR-plant in Norway in
1936. The company now has { hvee plants in operation in Nobao
Total capacily is 1.2 = 1.4 amillion metric Lons per year, some =

what dependent on tho formu | ation of the products. Two ol thu

plants have prill towers, tio: third ])ug;mi'I]/th'um-gr‘mnﬂnt.i ol

48. TFour years ago the com} auy started licensing of its ferl.-
1izer processes On the world aarket. The know=how 18 offercd
through lhmphreys t (lasgow, suetand, Latrgei Gescllschaft,
Germany and \\'nj lman=Vower Gas .S AL ALYl thesce companics ar.
working with no peosraphical i mitation.

49. Titl now the following piants are in operation or under
construction outside Novway .

a) Once plant in North Carclyna, U.S. A, with a capacity
of 900 short tops ol \P/ aPK per day. Products with

about 507 WEP can he pro baced. A plani. for converslo
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of calcium nitrate into ammonium nitrate coluiion is included.

b) One plant under coustruction in Hunpary. The maximum
capacily is about 290() metiric tons ot NPK per day. The
water sotnbility (wsP) b0 - 86, The caleiwn nitrate is
convertoed to ammoniwn nitrate solutiou. The amount of
ammonium nitrate being uscd as a nitrogen sonrce in the
NPK~plant is dependent on formulation of the product . The
excess of ammonjum nitrate will be processed into ammonium
nitrate limcestone fertitizer in an appurtenant plant. 1In
this plant the caleium nitrate from the filters also can be

processcd into calcium nitrate fertilizcr, when wanted.

c) Four NP and NPK-plants under construction in Roumania. The
capacity of cach of the plants ig about 2700 metric tons
per day. Water solubility is 857, Conversion plants for

calcium nitrate into ammoniun nitrate solution are included.

50. When these plants have been started up the total product:ion
capacity of plants using Novsk livdro's nitrophosphate process

will be about 6 million metris tons oi NP and NPK per year.
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