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LEE/65/VIII

FRODUCTION OF AMMONIUM PHOSPHATE IN A STRAY TOWER

By L.G. Nilsson (AB Forenade
Superfosfatfabriker, Sweden).

Sunmary

A spray tower procems for producing ammonium phoaphate has
been investigated im our laboratories in Landskrona.
Phosphoric acid mixed with some sulphuric acld Lis eprayed into
gaseous ammonla in a tower. The heat of reaction between the
ammonla mnd the moid is sufficiently lerge to evaporate the
water in the droplets while they mre falling through the tower,
and a dry powdery produot is removed from the bottom. A atream
of gas ie withdrawn from the lover parts of the tower and pasaed
to m condenser where the weter vapour formed in the reactlion ia
removed. The ungondensed gas is heated and reciroulated back
to the top of the tower and mixed with the ammonia feed.

The minimum atrength of the acid that can be used ia
determined by the fact that the amount of heat avolved by the
reaction must be sufficient to evaporate the water.
caloulations of the heat balance in our plant show that for pure
phosphoric aclid a concentration of at least 45% P 05 wlill be
necesaary. It sulphuric mcid is added, lowsr P 6 =
aoncontrationu‘é&n be used. A formulation dinggag has been
asonstructed, showing the relationship between the PEO - and
H.90 -concentrations of the feed acid for various amognta of
heat added to or lomt from the syatem.

The product obteined from an acid containing 38 - 39% P205
and 7-6% H 30, 1s & fine powder, T5% through ASTM 120, with an
approxim&ta o%mpoﬂition of 19.5% N, 44.5% P 05 and 2.8% 3. The
molar ratio of the ammonium pgoaphato im 1.35. Ita bulk
density ia as low as 0.5 g/om”, but a sample has been
puccessfully granulated to hard sharp-edged perticles with a
bulk density of 0.8 g/om>.

Introduction

The spray tower process for producing ammonium phosphate
from wet-process phosphoric acld has been investlgated 1n our
laboratories in landakrona for some years. In this process the
acld ia sprayed into an ammonis atmosphers in a tower. The
heat of reaction between the ammonie and the acld is sufficlent
to eveporate the water in the acid droplets, and the product can
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be removed ams a dry powder from the bottom of the towsr. The
BpTey process ham been in use in Japan for many years, but 1t was
decided to carry out this investigetion to gain firmt-hand
knovledge of the procesa.

The main advantagee of the process are:

Dry ammonium phosphate with a high molar ratio NiFQ, inm
obtained. The capital and operating costs for a Bpray towar
plant are lower than the costs for a conveniional slurry process
of aqual oapacity.

The dimadvantages of the procemsa are:

The product 1s & powder, which normally muat be granulated.
Further, to produce a pure diammonium phosphate one has to use a
phosphoric aoid with a minimum concentration of about 45% PEO .

A veaker aoid contains more water than can be evaporated by tﬁu
heat of reaction. Aa the heat of reaction between ammonis and
smulphuric acid is somewhat higher than between ammonia and
phosphoric acid, a weaker acld may be used if mized with a proper
amount of sulphuric acid. However, the product will then
necesparily be a mirxture of phosphate and sulpmte.

Apparatus

The pilot-plant is ahown schematically in figure 1. The
spray tower (1) consists of a welded oylindrioal shell, 2 m. in
diameter and 4 m. high, with a flat bottom and a done-shaped
roof. It ims externally inaulated with mineral wool, and the
process ;may be cobserved during operation through a coupls of
windows. The tower im made of mild steel. A rotating disk
eprayer (4) im positioned in the centre of the roof. It has a
capacity of 200 = 250 kg/h, and all parts ln contaoct with the
acid are made of stainless steal.

The aold is pumped from & 2 m° tank (2) through a rotameter
(3} to the sprayer. ILiquid ammonia from m mobile tank (capacity
1.5 ton) is evaporated by steam in a shell-and-tube heat
exchanger (5). The vapour passes through a rotamester (6) to an
annuler ohamber (7) surrounding the upper mrt of the sprayer
unit, where it le mired with reolrculated gas. Thia chanber ims
extended downwards by a tube, arranged ooncentrically around the
sprayer, and ending juet above the rotating disk. By this
arrangement the paths of the droplete emitted from the aprayer
are bent downwards by the issulng gas, and the amount of
unreacted acld reaghing the walls of the tower is reduced.

The dry product 1e continuocusly removed from ihe bottom of
the towser. A rotating rake (8) pushes the powder down through a
vertioal tube to a rotating disk discharger (9). The vertioal
tube ia kept filled with powder to prevent gas leskage from the
towar.
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The gae, mainly asmmonla and water vapour, and some alr, 1is
withdrawn from the tower through a number of openings in the
mhell positioned along & c¢circumference one metrs above the
bottom. These outleta are squipped with mtaal sheet "syelids"
to avold excesaive entrainments of molida. The gas atreama are
collected in a duct (10) encireling the tower, snd led through a
mineral wool ldnasulated cyolone (11) to & water-cooled vertiocal
shell-and-tube condenser (13) where momt of the water ia
condenaed, The condenmate runms down through s column (14)
filled with Raschig rings, where dissolved ammonia is stripped
off by direct steam, The gas from the top of the condenasr
pamass through a gas fired superheater (155 to the circulation
fan (16) and back to the mixing chamber (7).

During the investigationa certaln parts of the .apparatus
heve been changed. At firat the acld wam atomized by means of
a pressure nozzle, with the ammonia lesulng from an annular slit
of adjustable width around the noeszle. The recirculated gase
entersed the tower through ports placed one metre above the
bottom and was taken out at the top. Breakdowna ocqourred
regularly because the nozzle became plugged with molid
lmpurities in the scid, and it wams dacided to change to the
rresent rotating disk sprayer. At the pame time, on advice
from the manufacturer of the new sprayer, the racirculation of
the gas was changed to the co-current system umed now, with the
g&s ontering around the sprayer. Thlw waes done to prevent the
atomired droplete from raeaching the upper parts of the tower, as
menticned earlier. (It is, however, possible that batter
rensults could be obtained with countercurrent recirculation of
the ges in & tower of aufficiently large diameter, ss the more
fully reacted droplets would then be in contaot with relatively

dry gaﬂ).

The heat baleancs

Acid mixture J’ \L Ammonia
Hout — = — —7 ___,__> Water vapour
addad or ‘
loat <_ - - =
Produact

Figure 2. 3implified ppray tower system for the heat balance
celculationa,
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When producing ammonium phosphate gnd ammonium sulphate by
the apray process, the heat balance is of speclsl aignificance.
If the heat of reaction is not sufficient %o avaporate the water
in the scid and alsc compensate for any lospes from the tower,
additional heat must be aupplied. To obtain a relationship
between the neceasary concentrationa of H,50 and PEO in the
faed acld, the heat balance ham been aalcala%ad for tﬁa syaten
shown schematlcmlly in flgure 2. Tor the calculations the
followlng three resctlons have baen conaldered.

NE, (g} + H3P04(1)"—i FH.E.PO, (o) &H = -32.0 keal/mol

4ttty
2NH3(3) + 33m4(1)~+(m4)2HP04(c) AH = -50.% kcal/mol

2N (g) + 1,50, (1) —> (NE,),80, (¢) AHa -65.9 keal/mol.

Based on experience gained from the pllot plant, the
following aspumptions concerning the operation variables have
been nmade. The temperature of both the acld and the ammonia
(gas at slightly sbove stmospheric pressura) entering the
process is supposed to be 15°C, The product ie & crygtelline
malt mixture leaving the tower at a temperature of 1107 ¢C. Ite
apscific heet has been taken as 0.3 kcal/kg C. Water vapour
1o withdrawn from the mystem at 110°C.  The heats of dilutlon
for the phosphoric and sulphuric acidm, given in the literature
and confirmed by laboratory tests, are taken as conatant within
the concentration limlts. This approximation has only a alight
affect on the result. Finally a value of 1.95 hae been set for
the moley ratio N:PO4 in the produont.

The results of these caloulatione are shown graphically in
figure 3. As can bs sesn, a linear relationship betwean the
H.80. and P.0_ concentrations ies obtained. The thick unbroken
1§n¢4raprmugn§u the case vhen the heat of remction is Juast
snough to evamporate all the watar and hrins the temperature of
the product and the water vapour up to 110°C. Parallel to thie
1ine are the lines for conmtant deficlt and excess heat in the
syatem. In practice there will always be & certain heat lcas
from the towsr, so that an ecid giving an exceas hent of
repctlion muat be usad. There arae, howaver, caseés when tha
spulphur oontent of the product must be low and this may prohibit
the use of enough eulphurie acid to fulfill the heat
requirementa. An extreme example of this would be the
production of pure ammonium phosphate from an acid pontalning
less than about 43% P.0.. Extra heat must then be supplied to
the sysatem, for inutaﬁci by heating the airculating gas.

Figure 3 also ahows the resulting P.O_ content of the
product for a glven compoaltion of the m%ié. AB the product is
& pixture of diammonlum phoaphate and ammonium sulphate, the
nitrogen content will be constant at 21% N, since both the
ingrediants have the assme nitrogen content. For instanoce, an

acld mizture containing 35% PéO5 and 17% 5,50, will give an
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FIGURE 3, HEAT BALANCE IN THE SPRAYTOWER BASED
ON THEORETICAL VALUES,
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exocess amount of heat of nearly 80 keul kg aoid mixture and o
dry product conteining 21% N and 40% PEOB' -

In the pilet plant we have used an aoid with & .
concentration of 38 - 39% P,0. and 7 - 8% H 80, . According to
figure 3 this acld gives an ofcess heat of fbodt 20 koal/kg acid
mixture. This is correct only for a chemlcally pure acld.
Normally wet-process phosphoric acld containa e graat deal of
impurities, which will reduce the water content of the aoid and
theraby reduce the amount of heat needed to evaporate the water.
In & heat balance diagram for ordlneary wet-process phosphoTric
acid, the balsnce line would be momewhat displaced towards lower
ncid concentrationa.

Operation

During normal operation of the plent, using an acld mixture
containlng 38 - 39% PEO end 7 - 8% HESD , the production rute
has been 170 - 200 kgodfy product per-hotr. About 20% of this
1a tsken cut through the cyclons. It should ba possible to
reine the productlon capaclty of the plant conalderebly with the
pame tower dimensiona, but in ti camse a sprayer of greater
capacity would be needed.

Tha product obtained from the above merioned acld haa the
composition of approximately 19.5% N, 44 .5% P,0; and 2.8% 8.
Acoording to figure % the theoretical K- and PSO -gontenta in
the product should ba about 21% resp. 4T, This’discrepancy im
due to impurities in the wet-process mcid umed. The impurities
amount to 5 - 6% of tha dry product.

As we dld not have access to phosphorlc acld of higher
conoentration, no attempts weres made to produce pure ammonium
phoaphate, However, & certaln amount of sulphur in a fartili-
zer 1s no disedvantage, as sulphur 1s an lmportant plant
nutrient in iteelf.

Am the droplets fall through the fower, ammonia im abmorbed
from the gas, and water ia svaporated into the gae. To achleve
a high rete of reactlon the conoentration of ammonia should be
high, and the water should be removed from the gam as fast aa
ponaible. Thip meena that the rate of gas clrculatlon muat be
above & certain minlmum. During the trials a constant
olrouletion rate of about 800 Nm’/h was meintained. The
tnmgurature in the tower should be at leamt 105 C and preaferably
110°¢. The temperature of the ges leaving the sondenser was
about 60°C, corresponding to a water vapour oontent of 20 - 25%.

Tn order to mvoid a blanketing affect around the droplets,
the concentration of air in the gas must be kept low. A8 the
product outlet in the bottom of tha tower ip not quite gan-
tight, & small overpreseurse of aboul 20 mm of water is meintalned
in the tower. Alao, care is taken to prevent alr leakage into
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the oirculation gas, which is at below-atmospheric pressure
boatween the outlet of the tower and the elrculation fan.

As menticned earlier, the circulating gam enters the tower
through an amnular concentric tubs around the sprayer. With
the type of sprayer used, s flow ares of this tube giving a gas
velocity of 10 m/e at the outlet was found to be suitable to
efficiently deflect the atomized dropleta from the roof and the
uppar part of the wall of the towsr.

In the pllet plant, mcid ism fed to the sprayer at a
constant rate during a run, while the ammonia feed rate ia
regulated by hand to give a constant preasurs in the tower.
This mode of opsration seems to be the easisst way of
controlling the procese, and ahould be applicable in a
commercisl socale plant on an automatic bmsis,

The mwain causes for losm of ammonia in the TProcess are
leaknge through the product outlet from the towar, entrainment
in the product and inefficlency of the etripping column. The
firat two of these cauees appear to be rather ineignificant,
In most of the trials omrried out until now, a atripping column
was ueed which was not designed for this kind of service, and
losnes as high am 5% were messured. A new properly designed
column has now been installed, but no meamurement of 1ta
efficiency ham yet been made. However, the losmes of mmmonia
are estimated to be below 1%.  In addition, product particles
vhich are not recoversd in the eyclone will dismolve in thae
condenaate and leave the proceas through the stripping column.
Determlnationa of P 05 and 804 in the condensate during the
exparinents showaed E loas of 2% of the production due to this
offeact. The old cyclone has now beasn replaced by a more
efficlent one, but no quantitative measurements have been made
so far,

The product. Cheractariatica and uses.

From an acid containing about 39% P,0_ end 7% H,30, a
product conteining 19.5% N,44.5%P.0_, 228°% 3 and 022%°molsture
wae obtalned, The lmpurlties amgugted to about 6%, The
product was very fine-aized, 75% through ASTM 120 (i.e. 75% with
an effective diameter less than 0,125 mm). The molar patio
N:PO, was 1.95, which is rather high compared with that of
ummoﬁium phosphate produced by the alurry process.

Ordinarily, the product aes withdrawn from the gpray tower
will not be marketable in that form, To inoreamss 1te bulk
denslty and in genersl make 1t easier to handle, a granulatlon
Btep has to be added. Wet granulation with subsequent drying
vill usually not be suitable, as this leads to loaeens of
amponia.,  (However, i1f a high N:PO, molar ratio is not
easential, the product may be uprinﬁled vith & amall amount of
rhosphoric aoid before or during granulation). A better method
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seems to be the so-called "compacting process”. Agcording to
thim method, the powder is contlnuously pasmed betweaen two
heavy rolls, which are pressed together. The powdar la
compressed and appears as flekes vhich are broken and screened
to give hard, eharp-edged particles of depired aslve range.

The powder usually has to be heated befors it is oompacted 1n
this way, and thim again increanes tha danger of smmonia
loswes. By edding urea to the powdar as aupplementary
nitrogen, the heating can probably be omlitted. Thim method of
compacting has been tried on the pure product NP 19.5-44.5 and
on the product mized with ammonium sulphate and potassium
ohloride to give NPK 15-15-15, with satisfaotory results. Eha
bulk density of the pure product was increased from 0.5 g/em

as powder to 0.8 g/m’ after compacting.

The experiments with the apray tower procesa nave glven
patisfactory results and a lerger plant may he bullt bamed on
the experience gained. Coneidering itm low bulk density, the
product mseems suitable for uss in conneotion with mome other
type of NPFE-process or as a Iaw material for producing mixed
NFK-fertilisers granulated by the compacting process.
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DISCUSSION

Mr. L, G. NILSSON {A.B. Mrenades Supnrfonf&tf&brikﬂr. Sweden) i

In recent years there han been a world-wide trand towards wore
highly concentrated fertilisers. Much of this concentration has
been achieved by using ammonium phoaphate inmtead of superphosphate
as the sourcoe of phosphorus. A large number of processes for
producing both pure ammonium phosphate and NFE fertilisers baszed
on ammonium phosphates have baen developed. In our laboratoriea at
Landskrona, the spray-tower procens for producing ammonium rhoaphaten
has been investigated and im dascribed in thias paper. The advantages
of thie process are that a dry product with a high molar ratio ia
cbtained and that the capltal and operating ¢oatm of the proceas
are comparatively low, ‘

The principle of the apray-tower prooess is that the acid - in
our case a mixture of phosphoric and sulphurio acides - ia aprayad into
an ammonia atmosphere. The heat of reaction evaporates the water
in the acid, and thae product is extracted from the bottom of the towsr
as a dry powder,

In our pilot plant, we have umed an a0ld with & concentration
of 19% P,0_ and 7% sulphuric acid. The soid 1s fed to a rotating diac
SpTAYRT Elgcad in the top of the tower. The amponia, together with
alroulating gas, enters the tower through a tubas arranged voncentrically
around the mprayer. The gas containing the evolved water vapour 1m
led from the tower through a oyclone, whers entrained particles are
collected. The ga8 is led to a condenaer, whers most of the water
vapour is removed. Dimsolved ammonia in the condensate is atripped off
by direct steam in & racked column, The gas from the condenser in
duperheated and recirculated to tha towsr. Ammonia im mized with the
clroulating gas at the inlet of the tower.

The Bpray tower operates at about 110°¢ and is held at a slight
ovar prespure to avold inert ges -~ in this asse, alr - sntering the
aystem.

Ivo main types of losses of materinl are sncountered in thias
provess. Ammonia is lost, owlng to leakage in the aystem : the amount
is difficult to estimate but probably does not exceed 2% of the
input. Salt dust carried over to the condenser dimsolves in the
condensate and im lost in the ntripping oolumn. The amount of product
loat in this way depends on the efficiency of the oyclone, but i1t ham
been found to be less than 1%.

Vhen an acild of %9% P,0. and 7% H_ 30, is uaed, one obtains a
product containing 19.5% N,“44.5% PO and40.2% moisturs. The average
particle aize is about 0.1 mm., 4 g?nﬁulatad 15-15-15 NFK fertilimer,
containing the spray-tower product as the aole source of yhoaphorus,
has sucoessfully been made by the compaoting procems. The produat
can also be used am an ingredient when producing NFK fertilipers by
some other processe or in another plant.
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Mr, J.P.A, MACDONALD {Scottish Agricultural Industries Lid., U.K.)

The process described in this interesating paper follows thae
present trend towards processes whioch are sutothermic. By that 1
mean that the heat of resction in the proceae provides the total heat
requirement for moiweture removal, heat losmes, etc. The many and
varied methoda which are belng studied at prement will lead to a
more general understanding of the prinoiples involved, and this
paper is a useful addition to ocur fund of knowledge.

On page 5, information 1s glven on the method of calculating
hest balance, From thia &t appears that the product and water vapour
leaving the system at 110 C are not taken into mcoount. In addition,
neat is required for the superheater (item 15) and the smmonia dis-
tillation column (item 14). Can the author please indicate the
overall thermal efficlenoy of the process when these factors are
taken into acoount?

Again on page 5 and slsewhers, 1t ip explained that ths product
which ia a finely divided powder leaves the process at 110 C. Does
any ceking occur in atorage, or doea the product have to be cooled or
treated in any way to improve ite keeping qualities. The moset
important conelderation relates to the methoda of ume referred %o on
pages B and 9. As stated, s low-density fine powder is not likely
to ba found suitable for wet granulation, and so compactlon with urea
and potessium chloride ie muggested to give preducte such as RFK
15-15-15. Does the author have any information on the overall
woonomics of producing such WPK products by sprey-drying followed by
compaction in compariscn with the conventional slurry processens?

My, NILSSON : The heat 8055 from the product and water vapour
leaving the tower at 110 C is taken into acoount when calculating

the heat balance, but the superheater snd the distillation column are
not taken intc account. The overall thermal efficlency im difficult
to omlculate exactly, because we have a gam—-fired superheater, and
the only way open to ua ia to measure the temperature of the
elroulating gas before and after ths superheater, The temperaturs
difference in this cewe ia sbout 30°C. Am far as the distillation
column im concerned, we use direct stesan at the rate of about 35 kg.
of steam for a production of 180 kg/hour,

Our product is free flowing and we have not met with any merioua
ocaking problen.

We have not carried out any exaot compariscn between a slurry
process and the process using a spray-towver and s compecting plant,
but I think it ip obvious that the capitel coet of the latter process
opust be muoh lower then for a alurry prooess plant.

Mr. M. DETUNCQ (Péchiney-3t.Gobain, France) : Is 1t not beneficigl
to fesihot phoephoric mold into the aspray tower, e.g. at BO -~ 100°C,
which would permit a reductlon in 1lts concentration for the same
proportion of aulphuric acid?
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Doea the condenser become rapldly blocked up? How do you clﬁah-it?

What is the overall steam consumption of this plant, and, in

-. particular, what is the smteam conmumption of the guperheater:

Mr. NIL3S50N : No attempt has been mede to ume hot phosphorio acid

in our pilot plant, but I think it could be used without any difflculty.
if the right conatruction matnr%nlu ware uged¢ An increase in the
teuperature of the acld from 15 to BO-100" would decrease the

required concentration of pure phosphoric acld from 43% to about 40%
P,O.. The heat balance shown in Fig. 3 would be dieplaced to & deficit
hga% of -40 keal/kg.

The ocondenaer we have is a tube heat exchanger, in which the gas
rasaes inaide the tubes. The amount of duat entering ths condenmer
depends on the efficlency of the cyolone. We previously had a
cyclone with a relatively low efficiency, but not even in thim case
did we have any serioum trouble with blocking in the condenser. This
depends, I think, on the condenmed water, with which we have washed the
condenser scontinuously. If we want to olean the condenser, we can
eaplly teke away the column, and the condenaer tubes can ther be oleaned
wilth a brush on a long shaft.

Steam 18 used for two purposes in the plant : firstly, am.direct
sieam for distillation of the condensate, and mecondly in a haat
exchanger for vaporisation of ammonia. As I mentioned before, we use
about 35 kg steam per hour for dietillation at 2 atm. overpressurs for
s production rate of 180 kg/hour. For evaporation of ammonia, 55 kg
gteam per hour at the same pressure and production rete ims used. In
total, we use about 80 kg. steam per hour.

Mr. P. MORAILLON (Pdchiney-St. Gobain, France) : Have trials been made
without any additlon of sulphurio acld?

Can you glve any information on the flow propertles of the produot
obtained? Can i1t be aetored in a sillo without difficulty?

Do you think that by ueing higher towsra it would be possible to
obtain a product with a larger average particle size, thua avoldling
subssquent granulation?

With regard to the heats of reactlion quoted on page 5, they are
given with liquid phoaphoric and sulphuric ecids and are valid for 100%
acids. Where a solution is uaed - and thia 1g the case in practice -
the heats of reaction are lower, Im it not necessary to subtract the
dilution heat ¢f the sulphuric or phosphoric acild?

Mr. NIIS30N 1 We have made no trialas without sulphuric acid, becauss
we have no evaporated ecid in Landskrona. The highest concentration
we had waes the gemi-hydrate acid referred to in Mr. Hakansson's paper,
1.e. 42% P 0., and this is not eufficient.

In my opinion, it is very difficult to etore a fertilimer in &
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silo, and I do not think this ammonlum phosphate can be etored
in this way.

It is, 1indeed, posmible %o achleve larger particles, but 1%
is difficult to may whether this could be achieved by means of
a higher tower. I think the oirculation of a diluted slurry to
the sprayer could glve larger gralns in the product.

The reactlon heats on page 5 are, indeed, for 100% acldm,
but in the heat balence dlegram the dllutlon heats are taken into
account, On page 5, I write : "The heats of dilutlon for the
rhosphoric and sulphurle aclide glven in the literature and conflrmed
by laboratory teats are taken am constant wlthin the concentration
limite." But, to be exact, we would not have straight lines 1n the
balance diagram just because of the dilution heata,




