\J

International
Fertilizer Industry

Association

IFA Technical Conference

Kallithea, Greece
5-7 October 1982

International Fertilizer Industry Association - Secretariat: 28 rue Marbeuf - 75008 Paris - France
Tel. +33 153 93 05 00 - Fax +33 1 53 93 05 45/47 - ifa@fertilizer.org - www fertilizer.org



TA/82/5

QPTIMIZING USE OF ENERGY IN THE PRODUCTICN OF
GRANULAR AMMONIUM PHOSPHATE FERTILIZER

F. P, Achorn, D, G, Salladay
{Tennesses Valley Authority, U.5.4A.)

The most popular phosphata fertilizers in the U.S. are granular ammouium
phosphates, About 10 million tomnes of granular diammonium phosgphate (DAP) and
about 1.3 million tonnes of monoammonium phosphate (MAP) are producad annually
(1), The total energy reguirement for production of these fertilizers is about
2,8 billion kcal which is equivalent to about 300 million liters of fuel oil
per year (2). The average aenergy consumption in the manufacturs of thase two
granular ammonium phosphates is shown in the follewing tabulation:

Average Enerpgy Congumption in Production
' of Ammonium Phosphates

kcal/ta x 103

: Import
Product Fuel Flectricity Staam Total
DAP 81.4 95,5 - 48,0 224.9
MAP 136.6 122,12 21.9 280.7

a, Matric ton

Thase data show that in the manufacture of DAP, about 43 percent of the
energy is consumed as alectrical energy and 36 percent as fossil fuel to dry
the product. The remaining 21 percent is consumed az Imported ateam, which in
most instances is delivered as surplus steam from sulfurie acid plants. In
the manufacture of MAP, larger quantities of fossil fuel are requirsd to dry
the product (49% of total) and larger quantities of alectrical energy are
requived for the equipment (about 44% of the total). Also, a larger total
amount of energy is tequired to manufacture MAP as compared to DAP, 280,700
versus 224,900 kcal/tonme. Processes for production of MAP and DAP ars basad
on technology developed in the late 19350's and early 1960's (3) (4).

A flow diagram for the conventional process for production of MAP and
DAP is shown in figure 1. 1In thiz process phosphoric acid flow to the system
is divided between the scrubber and the preneustralizer to maintain the N:iP
mele ratio in the scrubber between 0.35:1 and 0,7:1. With these operating
parameters there is minimum eavolution of fluorine from the scrubber (3).
Watar is added to the scrubber {in comtrolled amounts to maintsin the specific
gravity of the scrubber slurry in the range, 1.3 to 1.5, The partially
neutralized scrubber slurry is then pumped to the preneutralizer whers more
phosphoric acid and water are added and the slurry is ammomiated to ap N:P



mole ratie of 1.45:1l. Slurry from the preneutralizer is them sprayed onto
recycled material (fines, crushed oversize and product) in the ammoniator-
granulator (hereafter called the granulator) and further ammomiated to DAP,
This granulay product is then dried, cooled and screened to remova produgt—
size material, Concentration of acid used in the process usually depends
upon locations of the phosphoric acid and granulation plants. If both plants
are at the same location, acid stremgth is usually about 40 percent P0s. At
this strength only a minimum amount of water must be added to the serubbar
and praneutralizar. If the acid i3 shipped to a distanr loecation, it is
usually shipped as merchanc=-grade acid containing 52-54 percemt P30s. When this
strength acid is used, a large quantity of water must be added to both the
gcrubber and preneutralizer. Usually the preneutralizer is operatad so that
the moisture countent of ths slurry fed to the granulator 1s about 15 parcent
for production of MAP and 20 percent for DAP, Product from the granulator is
dried, cooled, and screensd to remove product-siza matarial. Oversize is
crushed and recycled with £ines to the granmulator.

This paper shows procedures for minimizing the amount of water added to
the system and describes improved methods for removing moisture from the
granulator so that the amount of fossil fuel required to dry the product can
be significantly decreased.. By removing more water from the granulator it
is also possible o dacrease the recycle rates required to efficisntly
granulate the products. Therefore, less electrical emergy is raquired to
procduce the oroducts. Use aof steam can and should be eliminated in the
production of MAP or DAP.

There has been considerable increase in the quantity of merchant-grade
phosphoric acid used in intsrnational trade, Im 1980 about 1 willion tons
of P20s as merchant-grade phosphoric acid was exported from the U.S. Many
transportation companies now offer ships that can transport 25,000 to 30,000
tonnes of acid. Many of these ships are invelved with suitable sconomically
interesting backhaul combinations. Therefore, more phosphoric acid will
probably be shipped in the future, There is increaased shipment of phosphoric
acid in the U,3, In the past faw years considerable amounts of phosphoric
acld have been shipped by barge on the Mississipvi River. This seid has baen
convertad to either DAP or MAP at a location some distance from the phosphoric
acid unit. TVA and others have developed processes that efficismtly use
enargy stored in this phosphoric acid,

MONOAMMONTUM PHOSPHATE

MAP is becoming very popular im the U.3., both as 10-50-0 to 11-55-0 MAP
grades and as monoammonium phosphate sulfate (MAPS) gradea of 16-20-0=1233,
11-48-0-43, etc. Significant amounts of these materiszls ara also produced
in other countries. The most popular procedure for msaufacture is to receive
merchant-grade phosphoric acid and dilute it as it 1s added to the praneutrai-
izer and scrubber. This is done so that the slurry from the preneutralizar
can be pumped and sprayed into the granulator. TVA has found that adding
water i3 not necessary if a small quantity of sulfuric ascid is used as a
scrubbing medium for the granulator exhaust gazges and if the pilpes—cross
reactor (PCR) such as shown in figure 2 is installed inside the granulator.
By using this equipment and operating procedures, difficulty with pumping



viscous ammonium phosphate slurriaes 12 eliminated, The merchant-grade phosphoric
acid can be fed directly to a PCR where it is reacted with ammonia, scrubber
liquor, and a small quantity of sulfuric acid. The hot melt., at about 150°¢

and containing 2 percent Hz0, is used to granulate recycled matarial fed to
theogranulater. The tamperature of melt from the PCR {3 usually kept below

1507C by addition of scrubber liquor to a separate sparger within che PCR. The
plant and the PCR operatea well when about 30 pounds of sulfurie acid per ton of
product is added to the PCR. This amount of sulfuric acid halps prevent scale
from forming inside the reacter and pravents plugging of the PCR.

Tablae 1 shows a summary of data from thres geparate plants In which MAP
was produced from merchant-grade phosphoric acid containding 52-57 perceunt Pz0s.
In the first two tasts an 11-53-0-25 grade was produced and in the third test
the nominal grade was 12-48-0=55, In the first two tests a conventional
TVA-type rotary ammoniator-granulator was used and part of the acid and ammonia
was added to the granulator; however, 735-90 percent was added to the PCR. In
the third test a rotary granulator was used and the depth of material in the
bed was very shallow, about 20 centimeters. In this plapnt no acid or ammonia
wasg added to the rotary sranvlator and the melt was spraad onto tha rolling bed
by 3 specially designed melt distributor shaped similar te a flooding nozzle
used to broadeast fluid fertilizers,

In all tests, water was used as a scrubbing medium and ics pH was adiustad
to pH 3.0-53.0 by adding a small quantity of sulfuric acid. Thers was almosi no
loss of ammonia or fluorine from the plant stacks., Io the first two tasts tha
PCR was operated so that heat flux was between 9,300 and 11,700 keal/hr.em?.

The reactor operated satisfactorily at these hest fluxes; howevar, it performed

better at higher heat fluxes of 19,500 and 23,000 kecal/hr.cm®. At the lower
fluxes there L5 a tendency for the PCR to droal and occasionally form some

ovars. ze becauss of nonuniform distribution of the melt acrwss the bed. In

production of the 12-48-0-55 grade a heat flux of about 60,000 kecal/hr.cm?® was

usad, At this flux a specially designed melt distributor is required so that

the bed within the granulator will not be displaced. Beést results. have been

received when the ovtimum flux of 23,000 keal/hr,cn® was used. Although in

some instances optimum conditions in the PCR were not maintained, excellent

heat comservation was achieved. ALl of these plants formerly used preneutral-
izers to produce MAP and consumed between 111,000 and 139,000 kcal/t as fossil
fuel to dry the products. By using the PCR (test 1) znd an acld containing

52.5 percent Pa0s, plant operators were able to decreass fuel requirsments by

80 percent. In another plant (test 2), an acid centaining 57 parcent Pzi0s was

used; no fuel was required to dry the product. Test 3 was conducted in another
plant and larger quantities of sulfuric acid weve added ian the PCR alomg with °

merchant-grade phosphoric acld contadinding 32.5 percent Pz0s so that the resulting
grade was 12-48-0-55, B8y using this quantity of sulfuric acid in the formulation
it was posgsible to produce an azxcellent 12=48-0-5S5 grade without nead for fusl in
the dryer; only a4 small pilot burner was usad,

These data show thae PCR made it possible to ramove about 206 kilograms
of water per tonne of product added to the system wichout need for fusl te
dry the product. Howevaer, some companies using the PCR have found it



advisable to use about 20 percent of the fuel formarly used when operating
the preneutralizer. They report this fuel is necassary to keep exhaust gasas
from the dryer and coolar above their deaw point so that wet material will not
form in the dry dust collecting systems.

In many instances the phosphoric acid plant 1s located near the ammonium
phosphate unit; therefore, there is little or no advantage in concentrating
phosphoric acid used in these complexes. Usually the acid is concentrated to
about 40 to 45 percent P:0s and {3 used to produce DAP or MAP with the
conventional preneutralizer procass,

This past year TVA engineers have worked with companies using the PCR to
produce MAP, MAPS, and DAP from this medium strength acid., The following
data was obtalned from one of these plants. Obviously, with the lower
strength acid more watsr must be removed from the granulator teo avoid
-condensation of meisture within the bed of material im the granulator. This,
in turn, will cause increased recycle rate and higher moisture content in the
product discharging from the gramulator into the dryer. TFortunately, partial
pregsure of water vapor above material in the granulator is relatively high
and the partial pressure of the ammonia above this solution is low. Figure 3
shows 3 curve of the partial pressure of watsr and ammonia at N:P mole ratios
for the ammonia-phasphoric acid-water system at 75%¢ 6). The highest
temperature ac which partial pressuras were obtained was 75°C. This is abgut
25°C less than the nominal operating temperaturs in the granulator., AL 75°C
the partial pressure of warter above the saturatad solution having an N:? mole
ratio of 1:1 (MAP) was about 127 mm Hg, This and other data were used to
calculate this partial pressure 'above the saturated selution at 100°C anmd
it was found to be about 220 mm Hz., At this high partial pressure for
water it should be relatively easy to remove water vapor from the granulator
by passing enough air through the granulator. Unfortunataly most granulators
are sealed om their feed end, Zxhaust 2ir is withdrawn at the discharge end
of the granulator, However, most of this air is pulled through the open end
of the hood at the discharge end of the grauulator and through the discharge
chute between the granulator and dryer. Usually very little air is drawn
into the feed end of the granulatar.

In the commercial plant tests a 16-20-0-135 MAPS was produced using
phosphorie acid containing about 43 perceant Pp0s. Originally, the company
had encountered problems in removing meoisture from the pgranulater and full
benefit of the PCR was not realized, The feed end of the granulator was
cpened as much as possible so that air could be drawm into and through the
granulator., ' Also, the large 41 centimater diameter support beam was used
as an alr duct to convey air inte the feed end of the granulator. Fipure
4 shows a sketech of this granulator. To use the central support beam as
an air duct the company installed two 20 centimeter nipples into the
large 41 centimeter diameter support beam, In this way air was drawn into
the open feed end of the granulator and through the support beam. With this
aquipment arrangement it was possible to have inereased air flow through the
granulator, Material from the granulator was dried in a standard rotary
dryer and no attempt was made to coal the product. Crushed ovarsize and
fines ware returned to the granulator.



When this plant was operated in a couventicnmal manner without the
increased air flow through the granulator, tha average production rate was
363 tonnes per day of the 16-20-0-135 grade. By using the PCR and increasing
air flow through the granulator it was possible to incraase the production
rate to 544 tonnes per dav,

Table 2 shows the aperating data and formulation used in this plant.
The PCR was 153.2 centimatars in diametar and 6.1 maters long. The PCR was
constructed go that it had a slotted discharge l.3 centimetars wide and 1.5
neterg long, All phosphoric aeid usad in the formulation was added to the
gerubbear, Alse sulfate liguer containing 7 parcent N, 8 parcent § and 67
parcent Ha0 from a sulfuric acid plant was added to the scrubber., The
gerubber slurry was maintainad at an N:P mole ratio of 0.4:1 by splitting
the phosphoric acid faed so that a small quantity was added directly to the
PCR., All zecrubber slurry and sulfuris acid used in the formulation werae
also added te the PCR, Ammenia was premixed with enough water to maintain
a HzO:NH; weight ratio of 0,4tl to 0.5:1, This quantity of water helped to
maintain a PCR skin temperature of about lE?QC; this skin temperature Iz uswally
about 20 percent less than the temperature of the melt discharged from the PCR.
In this teat enoupgh ammonia was added so that the resulting N:P mola ratic of
the melt from the PCR was 1.0:1. It was estimated that the recycle rtate was
about 3.8 tonmes of racycle per tomne of product. The temperature of the matarial
diacharsed from the granularcor was 937C, Airfleow thyough the granulator was kapt
at about 425 cubic meters per minute; the calculated equivalent air velocity was
1.4 meters par second (effactive afrflow area agqual 707 of szrapulator gross
gection). The amount of fuel uszed in the drver was decrsased to about 55,600
keal per tomne, which is about 40 percent of the normal requirement. The dust
load from the granulater did not appear to inerease; it was measurad to be only
0.46 percent of the total production rate. Ammonia loss was aceeptable, though
higher than antiecipated., It iz believed that part of the higher ammonia loss
was due to a pooarly deaigned ammonia sparger in the granulator. TFigure 4 shows
the recommended design for the ammonia sparger,

DIAMMONTIIM PHOSPHATE

Usinz the PCR and increasing the alrflow through the zranulator sheould
also be helpful in production of DAP,  TVA has made many pilot=plant tests
of the productlon of DAP using the PCR. However, only one commerelal plant
in the U.5. uses a PCR for preducing DAP; it 15 used in combination with a
conventional preneutralizer, 1In this plant the sarubber 1s operated at an
W:P mole ratlo of 0.4:1 to 0.7:1. With these operating conditions there is
vary littla loss of fluorime from the scrubbers. The scrubber slurry is
further ammoniated in a premneutralizer so that the slurry within the °
prenautralizer has an N:P mole ratio of 1.45:1 and a tempaerature of 118 C.
The preneutralizer 1s operated at the beiling point; at this temperature the
gpecific gravity of the slurry is about 1,3.

Data shown in che curve of figure 3 Inddicate that at this N:P mole
ratio the partizl pressure of water above the saturated solution in the
preneutralizer should be highi whereas, the partial pressurs of ammouia



remaing relatively low. Unfortunately, the praneutralizer is usually operatad
in & near-equilibrium statae, Only anough axhaust pas i3 withdrawn from it to
inszure that there iz no loss of ammonia into the surrounding area. Larger
quantities of water could he exhausted from the premeutralizaer if air were
blown into it, The partial pressure of water vapor abovae the saturated solu—
tion in the preueutralizer at 118°C was calculated to be about 720 mm Hg using
thae formula established by D. A. Kruglov, et al of the Ivanov Instituta of
Chemical Technoloegy in the USSR (7)., Partial pressure of ammonia above
saturated solution at this temperature is about 40 wm Hg. Therefore, if air
were passad through the preneutralizer relatively large quantities of water
could be removed without adversely affacting smmonia loss from the plant since
the exhaust gas from the preneutralizer is scrubbed with phosphoric acid. Im
this way it should be possible to use phosphoric acids conraining <40 percent
Pal0g without adversely affaecting the plant production rate; and z2ome of the
energy raquired to concentrate the acid from f£ilter grade containing 28-30
parcent Pa0s to medlum strength acid containing 40-45 parcent Pz0s could ba
avolded. One objection given to the use of a forcad-air blower Lo pass air
inta che preneutralizer has been fear of entrainment loss from the
preneutralizer.

Probably a more convenient means of using high partial pressura of watar
in the saturated solution i3 to use a pipe reactor such as the TVA-PCR as a
preneutralizer and install this reactor inside the granulator. By using a
preneutralizer of this design it is possible to spray the hot slurry across an
air stream that passges through the granulator. This equipment arrangement is
shown in figure 4. QOther companies are consgidering the use of a forced—-air
blower to pass air into the feed end of the granulater. This design is shown
in figure 5. The large center support beam usaed to hold the ammonia spargers
in the granularor is alsoc used as a duct to couvey forced air intoc the
granulator.

The PCR iz usgually operatad at an absolute praessure of 2 to 5 atmosphares.
At the higher prassures tha partizl pressure of water above tha saturatad
solurion in the PCR is substantially higher than when the reactor i3 operated
at atmospherie pressure. When melt 1z discharged from the raactor, partial
pressure of the water vapor in the melt 13 an average between the partial
prassure at armospheric pressurs and at the alevated pressuyre within tha
reactor, Therefore, the petential for removing more water from the malt and
granules 1s greater when the pressure-type reactor such as the PCR 1s used.
The one U.35, company using the PCR for producing DAP has fabricated the reactor
from type 316L stainless steel common pipe fittings. The reactor is shown in
figure 6, It was originally made of 25.4 centimeter pipe., It was latar.
altered go that meost of the plpe was 15,2 centimeter in diameter with a 10.2
centimeter circular pipe discharge. The granulator is 3.4 neters in diameter
and 7.6 meters long.

The plant has a throughput capacity of about 454 tonnes per hour. The
flow diagram for the process is the conventional ome and i3 similar to that
shown in figure 1. 1In 2 productiom test a rtate of 89 tonnes per hour was
maintained for several days. Results from this tast are shown in table 3.



Weak phosphorie 2cid comtaining 30 percenr P;0s was fad to the scrubbar aloug
with some medium atrength acid containing 42 percent Pgls. Avarage strength

of the acid fad to the scrubber was about 38 percent Pp0s. This serubbaer slurry
was fad both to the preneutralizer and to the PCR. Calculatiens show that about
23 parcent of the total production was made by the PCR and the remainder was

made through use of the prensutralizer. The proportions of phesphoric agid fad
to the scrubber and to the preneutralizer resulted in an N:P mole ratio of 0.80:1
in the scrubber slurry. Ammonia was added to the premeutralizer and te the PCR.
The average recorded feed rates showed that the N:P mole ratic of the slurry from
the preneutralizer and PCR zhould be about 1,46:1. Chemical amalysis of grab
gamples of this slurry shows the mole ratios to be somewhat higher than thg
desired ratins. Temparature of the slurry from the preneuwtralizer was 12570 and
from the PCR 160°C at 3,47 atmospheras gage pressura. Betause the reactor is
operated under pressure, it is possible to increase heat content of the melt
discharged from the reactor as compared to the slurry sprayed from the
preneutralizer,

The plant operated wall under these gonditions and a nominal 18-46-0 DAP
wag produced which had good particle gize distribution and excellent hardness.
The recycleiproduct weight ratio in this test appeared to be substancially
less than the 3:1 recycle ratio notmally required in DAP plants. Moistura
content of the product from the granulator was only 2.9 percent, which is
significantly less than the 4 percent moisture nermally obtained for this
product. when the conventional DAP process is used (8)., Unfortunately there
was low airflow through the granulator during this test. However, in aspica
of thisz advarse condirion, this cempany has expariaenced an incresasaed produc-—
tion rate from about 1,633 toones per day before the PCR was installed to abour
2,178 tonnes per day after its imnstallation. It is balieved that although the
PCR operation dees not account for all of the lncrsased production rate, ir is
the major reagen. Alsoc the company reports some savings in the amount of fossil
fuel required to dry the product.

IMFROVED DRYING EFFICIENCY

There are many design criteriz for rotary dryars and coolers normally
uged in U,.8, plants producing ammondum phosphates. In thias paper, howevar,
wae discuss optimum operating conditions and alterations that can easily be
made to Improve drying efficiency,

Some companies producing ammonium phosphate have found it advantageous
to use exhaust sases from the cooler asz szecondary alr to the dryer. A flow
diagram of a plant using this system is shown in figure 7. Ezhaust gases
from the dryer can be either filtered in a bag filter or passed through a
sorubber, When gthe bag fillter i3 used tha exhaust temperature from the
drver mist be high enough to insure that the gas remains above its dew point
when passing through the bag filters. Some companies pass the air from
granulators through the dryer. In these instances the amount of water added
to the granulator Ls kept as low as possible. This procadure may not ba
practical for plants producing ammonium phosphata.



The retention tfime Is sometimes low in dryers used to dry ammonium
phosphate. In some instances it is ag low as 6 minutes. Pilot plant data
have shown that in drying ammonium phosphate fertilizers, ratention time
In the dryer should be 20 minutes (9). A 20-minute retention time may not
be practical, but most design engineers azsociataed with the U.S. fertilizser
industry agree that this retention time should be between 10 and 20 minutas.
Some companies have increased retention time in rotary dryers and coolers by
installing larger retaining rings at the discharge eud of the rotary equip-
ment. One other {mportant facter to improve drying affieciency is to maintain
4 desirable velocity of the drying gas through the dryer. Pilot plant and
commercizl plant results show that the optimum veloeity of air through a
dryer should be about 2 wmetars per second. At this veloecity thers should be a
good drying efficlency without excessive dust losses.

SUMMARY

Optimum use of energy in the fertilizer industry has become ineraasingly
lmportant because ¢f the dramatic increase in its cost, These SNBYEY Costs
will continue to increase, Some ways of improving the efficiency and use of
energy in the manufacture of granular ammonium phosphate (MAP and DAF) ara:

1. Use presgsure reactors such as the TVA-PCR for emmoniating phcsphnric‘
acid, By using the oressure reactor it 1s possible to increase the

energy level of the ammonium phosphate slurry as it is pumped into the
reactor.

2. Increase airflow through the granulator. This increasad flow should
help to lower the moisture content of the product from the granularor.
Therefore, less fossil fuel is required to dry the product,

3. Increase receation time and airflow through rotary dryars and coolars.
The optimum practical retention time in rotary dryers and coolers is
between 10 and 15 minutes. The optimum air veleaity is about 2.1
meter per second.

4, Use cooler exhauat gas as secondary air to the dryer. In ehis way
the sensible heat of the coclar exhaust can ba used.
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Table 1

Production of Monocammonium Phosphate
Using the TVA-~Type Pipe-Cross Reactor (PCR)
and Merchant-Grade Phosphoric Acid (52-57Z% P30s)

Test Number 12 Zb 3¢
Grade 11-53-0-2S 11-53=0-25 12-48~0=58
PCR diameter, cm 15.2 20.3 15.2 .
PCR length, m - 3.05 5.49 3.05
Production rate, tonnes/hr 22.7 22.7 25.0
Formulation, kg/tonne
PCR d d a
Anhydrous ammon%a 73.0 100 138
Phosphoric acid
52.5% P20s 765 - 944
57.0% P0s - . 837 -
Sulfuric acid
93% H2SO4 42 35 -
96% H2SO04 - - 64.5
Water (to PCR ammonia sparger) 25 30 44
Scrubber liquor to PCR i w3 45
Total water to PCR (calculated) - - 237
Granulator
Anhydrous ammonia 64,5 37.5 -
Phosphoric acid
52.5% Pa0s 252.4 - -
PCR Operating andi:icns
Temperature, C 129 127 132h
Heat flux, kcal/hr.cm? 11,718 9,843 60,157
Ammonia loading, gNHa/hr.cm® 30 13 61
N:P mole ratio 0.6 0.77 1.0

Granulator Operating Counditions
Recycle rate, tomnnes/hr 86.2 72.6 72.
Recycle ratio,

[ ))

tonnes recycle/tonne product 3.8 3.2 2.9
N:P? mole ratio 1.0 1.0 1.0
Airflow,
estimated across bed, m°/min 198.2 198.2 -

Air velocity m/sec 0.91 0.76 -

pH fertilizer 4.0 3.9 4.0

Moisture - - 2.9
Dryer Fuel Requirement, kcal/tonne 27,201 0 0J
Scrubber, pH 4.0-5.0 4.0-5.0 3.5-4.0
Product Chemical Analysis (%) K

N 11.2 11.4 10.2

P20s 53.4 52.8 45.8

Al203 1.6 - -

Fe203 1.6 - -

F Q.3 - ’ -

S 2.5 - -

H20 1.0 6 1.14
Scresen Analysis (%)

+6 0.3 0 -

-6 +14 96.7 93.1 -

-14 +16 98, 98.7 -

-16 100.0 100.0 -
Average Crushing Strength, kg 4,49 - 4.44

a. 2.4 x 4.9 meters granulator Ohio U.S.A.

b. 2.7 x 6.1 meters granulator Missouri U.S.A.

c¢. 2.7 x 11.0 meters granulator Sweden

d. Ammonia at room temperatura

e. Ammonia at -~33°C Sp Gr 0.62

f. Produced from Florida phosphate rock

g. Not measured

h. 10 cm insert in discharge end of PCR

i. Assume only 707 granulator cross-section available for airflow
j. Pilot burmer om low fire

k. Grade low bec;g§§ racycle contzined superphosphace
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Table 2

Production of Monoammonium Phosphate Sulfate Using TVA
Pipe-Cross Reactor and Medium Strength Phosphoric Acid (40-50% P30s)

Test Number
Production rate, tonnes/hr
Grade

Granulator size, D x L, m
PCR diameter, cm

PCR length, m
Formulation, kg/tonne

PCR

Phosphoric acid?® (43.5% P20s, 30% Hz0)
Byproduct ammonium sulfate liquor (7% N, 8% S, 67% Hz0)

Sulfuric acid (937% H2SO04)

Ammonjia

Water

Scrubber seal tank slurry (60% H20)
Total water PCR (calculated)

Granulator

Weak acid slurry (23% P.0s, 25% CaSOs, 43% H0)

Ammonia

PCR Operating andicions
Temperarure, C (skin temperature)
Total, kcal/tonne
Ammonia loading, gNHa/hr.cm®
Slurry to PCR, N:P mole ratio
Melt from PCR, N:P mole ratio

Granulator Operating Conditioms
Temperature material, C
Recycle rate, tonmne/hr
Recycle ratio

Granulator
N:P mole ratio
Airflow, m>/min (estimated across bed)
Air velocity, m/sec
pH

Electricity, kcal/tonne
Dryer fuel, kcal/tounne

Dust loss from gramulator, kg/hr
% of total product/hr

Ammonia loss from granulator

kg/hr
% of total NH; in processc

a., Via scrubber

b. Premixed with ammonia in ammonia sparger
c. Recovered by phosphoric acid in scrubber

4

22.7
16-20-0-13S

3.05 x 6.1
15.2

6.1
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Table 3

Production of DAP using PCR and Preneutralizer

Test Number
Production rate, tonnes/hr
Formulation, kg/tonne product
To Scrubbers
Waeak phosphoric acid (27.1% P20s)

Strong phosphoric acid (44.2% Pa0g)
Caleulated acid strength, % Pa0s

To Preneutrallzer
Scrubber liguor (N:?P mole ratio 0.80)
Ammonia (gaseous)

Ta PCR
Serubber liquor (N:P wole ratio 0,30)
Ammonia (gaseous)
Caleulated Z total production for PCR
Production rtats PCR

Te Grapulator
Ammonia (gaseous)

Oparating Results

Preneutrallzar
N:P molae ratio
Temperature slurry, °c
Sp Gr slurry

PCR
N:P mole ratio
Temperarure melt, °q
Pressure, atm gage (psig)
Sp Gr

Granularor
M:P mele ratiog
Matarial discharge temperature, s

Calculated Results
Racycle ratio (from screen analysis)
tounes recycle/tonne product
Heat flux PCR, keal/hr.cm®
Ammeniating volume gNHa/hr.em®

Obtained by ticration during operatien
Based on chemical analysis of sample
¢. Chemical analysig of composite sample

L=
- A

(average)

39

462
783
19

970
61

287
18
a3
20

61

1.46% (1.50)°
125
1.57

1,462 (1.56)°
160

3.47

154

1.73% @€
100

2.0
3,273
11.1
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TA/82/5 Optimizing use of energy in the production of granular ammonium phoaphate

fertilizer, by F.F. ACHOEN, D.G. 3ALLADAY, (Tennesses Valley Authority, US3)

DISCUSSION : (Rapporteur : FP. BECKER, COFRZ SA, Franca)

2
i

Mr. K.J., BARNETT, Norsk Hydro Fertilizers Ltd, United Kingdom .

The paper describes how 4l centimeter support beam iz uzed to duct cold air
through the granulator. Has there been any attempt to channel the cold air towards
the rolling bed?

Yes, through drilling holes to face the bed and with the use of the TVA-PCR and
additional alr flow we were able to increase the production rate of a 16-20-0
grade from 400 (with preneutralizer) to 600 tons per day (with PCR).

Mr. P, CHINAL, Générale des Engrai=z 35a, France

On figure 2, wash liquor is to be introduced at 2 different places of the pipe
reactor, What are the reasons?

A smail amount of scrubber liquor or fresh water is added directly to the anhy-
drous ammonia sparger to help the reactor operate smoothly with a minimum of
vibrations and ammoniz loss. The other quantity of scrubber liquor is added to
help control temperature of the melt within the reactor.

Mr. J.Th. BOONTJE, UKF, The Netherlands

Have vou made some calculaticons about the amount of water actually being evapora-
ted in the acid scrubber?

We have always assumed that the scrubber operated adiabatically. Therefore, any
water that enters the scrubber is evapcrated and discharges from the stack of
the scrubber. In actual practice we find no difficulty with the water balance
around the scrubber and granulator. This is probably because some ammonia is
lost from the granulator and the scrubher functions as a first-sztage reactor.

Mr. ¥. COTONEA, Geneérale des Engrais SA, Trance

Don't you have problems with the granulator exit air flume? Don't you have exces-
sive condensations?

We have experienced some condengation of water from exit gases from the granula-
tor. This condensation has not caused any problems. Air sampling tests show
there are entrained droplets of water in the exit gases from the granulator
which carry over into the scrubbex. These calculations show that in some ins-
tances the exhaust ga=zes are saturated 165% of total saturation. However, the
steam and water convey some heat to the scrubber and some heat .is added to the
scribber by neutralization of the ammonia loxs from the granulator. Therefore,
gbout. the same amount of water is lost from the zcrubber as is conveyed to it
from the granulator.

Mr. P. NIEHUES, Uhde GmbH,” Gexmany
Although TVA has been publishing for a long time that the production of DAP is

possible with the pipe reactor there is no plant through-out the world aceording

Lo our investigations that produces DAP exclusively according to the TVA pipe
reactor process,

In case of the plants in the USA only 23% are produced by means of the pipe cross
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reactor, The plant in Australia is obviously run more humid and thus no energy
iz economized (please refer to proceedings of the 27th annual meeting Fertili-
zer Round Table 1977, discussicen on page B1).

What are the reascns for the fact that no producer has decided up to now to
build a new DAP-plant ace. to the TVA PCR process? Even the new plants of
Grace and IMC having been put into operation this year were again built with
a pre-neutralizer.

Has the blockage problem of the PCR which mainly oceurs in case of a higher
mol. ratio, i.e. when producing DAF, been salved?

I believe all three gquestions concerning the utilization of the TVA pipe-Ccross,
reactor for the production of diammonium phosphate relates to its acceptance

by the fertilizer industry. TVA recoghizes the fact that this process has not
besn accepted by the diammonium phogphate industry and we do net have a good
reason for this non-acceptance. We have enough pilot plant data to show that
through the use of the pipe-cross reacter it is possible to conserve zome energy
in the production of diammonium phosphate. These data and data from one plant
indicate that through the use of the PCR it also may be possible to increase
production rate of the plant. Further, it iz believed that because of low reten-
tion time in the PCR it is possible to produce a granular DAP of low citrate
insoluble P265 content as compared to those products using a preneutralizer
process.

A second quastion relates to the blockage prohlems of the PCR. The one commercial
firm that now uses the PCR in combination with a preneutralizer reports they no
longer encounter problems with PCR blockage if it is cleaned periodically using

a mizxture of steam and ammonia. This is accomplished by using the correct shut-

- down procedure for the PCR, namely " shutting off the acids pricr to the ammonia.
Before the ammonia addition iz discontinued steam is mixed with the ammonia for

a short pariod of time. Then the ammonia and condensed steam are allowed to
remain in the pipe for geveral hours. At the end of this peried the scale that
has formed in the reactor will be easily blown from it when it is again reacti-
vated. Thiz c¢leaning is usually accomplished during the weekly turn-around period
that these plants take for maintenance purposeas,

Mr. E. AASUM, Norsk Hydro, Norway

For DaAP, what iz the expected minimum water content in the melt fed into the
granulation before particle size formation will detarmine the recycle ratio?

The minimur water content is usually about 10% when the PCR is operated in the
DAP mode. At this water content the recycle ratio was calculated to be about
2.0:1 pounds recycle per pound product.

Pilet plant data show that through the use of the PCR it is possible to produce
DAP with a recycle ratio of 2:1.

My, N, KCLMEIJER, Windmill Helland, The Netherlands

Is it really peossible to introduce scrubber ligquer in a pipe reactor when making
chloride containing NPK?

Is there not too much corrosion?

Yes, we have used scrubber ligquor into the PCR. These PCR are made of HASTELLOY
C 276 which resist corrosion by chlorides. Probably cne of the reasons is the
chlorides are in the form of ammeonium chloride because the reactor is operated

at a N:P mole ratio of 1.0 and the scrubbers are operated at a pH of 5.0.
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My. J.D. CRERAR, Norzk Hydro Fertilizers Ltd, United Kingdom

In table 3, you give a recycle ratio of 2.0. How can this be compatible with the
declared output of 89 t/h with a2 solid circulation of 454 t/h. The recycle ratio
iz 4.0, I helieve.

Obvicusly the full capacity of the circulating load was not utilized. The recycle.
ratic was calculated from screen analyszig of the product from the granulator, -
drvyver and cooler as I indicated in the table,

I have substantiated these results with pilot plant results which show that
when the PCR is used the recyocle ratio iz uszually between 2.0 and 3.0 pounds
of recycle per pound of product.

Composed with the draft tube pressure neutraliser which operates at up to 2
atmespheres (without an agitator), what are the thermodynamic advantages of

the pipe crosz reactor?

I cannot make the comparison because I am not aware of a draft tube reactor.



