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EFFECTS OF IMPURITIES ON PRODUCTION OF TA/B4/6

DIAMMONIUM PEOSPHATE

M. M. Handley, IM & C, U=a

INTRODUCTION

The abundance of high guality commercial phosphates is
declining worldwide. It iz expected that the high-grade
phosphate rock resources from present commercial phosphate
mines will gradually be depleted and replaced by lower
grade rock containing more impurities, Also, the opening
of new phosphate deposits may produce phosphate rock
containing significantly different levels of 1lmpurities
than those of present commercial rocks.

In late 1982, an exploratory pilot plant scale Diammeonium
Phosphate (DAP)} production study was run using wet-process
phosphoric aclid containing various levels of added
impurities. The equipment used for the study was
International Pertillzer Development Center's (IFPC) Pilect
Plant at Muscle Shoals, Alabama, U.S.A.

The main chiective of the study was to make a preliminary
gvaluation of the effects of three maijor impurities —-— iron,
aluminum, and magnesium -~ on the producticn of DAP and on ithea
product's chemical and physical properties.

DESIGN OF THE EXPERIMENT

The granulation pilot plant tests were conducted according
to & two-level, three-variable factorial design.

A baseline 40% P205 acid was prepared in IMC's New Wales
plant from a selected central Florida phosphate rock, The acid
was cooled, aged, then shipped to IFDC in three tank cars. The
caseline acid had the following composition (wt.3):

Tapie
?20g 38,70 Cal 0.05% 801 3.18
AlsQ4y 1,15 Mg 0.86 Fas01 1.09
F 1.82 Sioz g.71 B0 17.16

Immediately before sach test run, the baseline acid was_
"splkeg“ with different levels and combinations of al13+, mgi+,
and FPe>T, To perform this "spiking," alumina, magnesium



fluosilicate, and iron powder were usad. Bench scale work
had established that a clarified acid "spiked" with these
impurities would produce essentially the same solids upen
aging as a commercial acid with the same level of

impurities., It was recognized that large amcunts of fluorine
are associated with the magnesium in magnesium floosilicate
and therefore the results of the experiments confounded the
effects of magnesium with those of fluorine. This
magnesium—-fluorine confounding was accepted, and it was
decided to run with the confounding at Sirst and then make
additional tests to separate the effects of magnesium and
fluorine. On test efforts requiring high iron, hydrogen
peroxide was also added to oxidize part of the diszsolved

Fed® to Fe3*. The amount added was that reguired to

return the electromotive force (EMF) of the acid to the value
found in the unspiked baseline phosphoric acid.

The factorial test required eight test efforts, together
with three midpoint replicates, to establish the linearity
and variance of the results. Besides these eleven test
efforts, the following isolated tests were also included:

(1) A test with high Mg2* but lower F~ by using

magnesium svlfate rather than magnesium fluosilicate, (2) A
test with high Fe2¥, (3) A test with high Mg2+ and high
Fed+ put lower F=.

The bigh and low values of the different impurities were
computed as weight ratios relative te P»05. Low values
were accepted as those present in the baseline acid. BHigh
and Intermediate (midpeint) values were obtained after
addition of impurities to the baseline acid. Following are
the actual ratioz obtained upon averaging results from three
laboratories:

Iable 2
Chtainead Obtained Obtained Obtained

Aly03/P205 MgO/P20s5 Fep03/P30g F/P305
Height Ratio Weight Rakio Weight Ratio Weight R3tio

Bigh 0.0360 0.0420 0.0545 0.0714
Midpoint 0.0312 0.0292 0.0392 0.0452
Low 2.0281 g.clsi 0.0283 0.03790

This is equivalent to the following values in §8 BPL Rook
(31.1% P70g)

Als0sg MgO Fasln
High 1.12 i1.31 1.57
Midpeoint 0.97 3.3 1.22
Low 0.87 0.59 g.78

Table 3 contains a listing of the test effarts.
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PROCESS DESCRIPTION

Three type 316L stainless steel tanks, each with a holding
capacity of 4.5 m3 were unsed to prepare the acid treatments.
During mizing, the acid was heated to about 709 - 80°C
uging steam coils, and cross-recirculated between the tanks.
After the acid was homogeneous, batches of 1.2 m3 were
transferred to a smaller heated tank which fed the pilot plant,

The IFDC pilet plant equipment and process (Figure 1)
used were variations of the TVA process. The equipment
arrangement closely duplicated the IMC-New Wales commercial
unit, The most notable variations were: The use of a
recycle heater to simulate industrial-scale recycle
temperature, and the use of a positive~displacement lobe pump
to move the slurry from the preneutralizer to the granulator.

Phosphoric acid, with the prescribed content of
impurities, was fed at a controlled rate to a recirculation
tank of a Venturi-type scrubber used to c¢lean the exhaust gas
from the drum granulator. It was desired that the resulting
liquor from this scrubbing would contain enough nitregen to
maintain a NH3/H3POas mole ratio between 0.40 and 0.50;
therefore, extra ammonia was added directly to the granulator
off-gases to maintain the deszired mole ratio. The liguor
holding capacity of the scrubbing system was 300 liters.
Foaming in the scrubbing system and in the preneutralizer was
controlled by using a sodium salt of sulfonated oleic acid,
The stream from the scrubber was used to control the
production rate of the plant.

The scrubber liquor was introduced into the
preneutralizer above the liguid level. The prenentralizer
was 61 cm in diameter and 207 cm deep., The agitator was
fitted with axial-flow, downward-thrust turbines. The normal
depth of slurry in the preneutralizer was about 62 cm above
the cone which is equivalent to retention times of about
25~98 minutes depending on production rates., Ammonia is
injected in at a level with the bottom turbine blade. The
temperature of the slurry was maintained between 1109C and
116 Cl

Slurry was transferred to the granulator by a variable
speed positive displacement pump. A drilled pipe slurry
distributor fitted with an air atomizer was used to
digtribute the slurry onto the bed.

The drum granulator was 92 cm in diameter and 1.8 m
long, A 15 e¢m retaining dam was located 61 cm from the
discharce end. The granulator was operated at a rotational
speed of 16 RPM, which is equivalent to 36% of its critical
speed. AaAmmonia gas was fed to the granulator through a
drilied pipe sparger.



The rotary dryer was 92 ¢m in diameter and 7.3 m long.
It was operated cocurrently. Its operational speed was
7 RPM. The superficlal velocity of the gases through the
dryer was about 2.7 m/second.

Screening was done using a 3.35 mm opening oversize
screen, and a 1.18 mm undersize screen, Oversize material
was routed to a single shaff chain mill. OUndersize material
together with a fraction of the product, was returned to the
granulator asz recycle,

The recycle heater was coperated to maintain recycle
temperature at about 75°C at the inlet to the drum
granulator which is closer to commercial plant conditions
than the 409C which otherwise would have been obtained due
to the large heat losses typical of small capacity pilot
plants.

DAP PRODUCTION

The DAP production test efforts were run in random
order. Fach effort consisted of three main tasks: (1)
Addition of the impurities to the baseline acid. (2)
Several short test runs (at leas® 5 hours) to flush ocut and
condition the startup recvcle material., (3) An extended
test run of about 11 hours. Average conditions and samples
were taken duoring the latter part of each of these test
runs,

Target variables were:

Preoduction Rate: 250 ke/hour

Recycle/Product Ratio: 4

NH3/H3POy mole ratic of preneutralizer slurry: 1.45

Recycle Temperature: 7359C

Preneutralizer Slurry Temperature: 1100C-116°C

Ammonia addition to drum granulator: 170% of
stoichiometric

A summary of data taken on the extended runs is listed in
Table 4.

RESULTS

Tables 5, 6, 7, and 8 contain results from the analytical
and physical measurements carried cut on the products.

In general, the results of these studies show, as
expected, that the criginal productz are rather similar in
thelr basic composition., The main componsnts in the products
are DAP, Ammenium Sulfate, and Monoammonium Phosphate with
small amounts of other minor constituents.



Chemical analyses of the water insoluble (W.I.) fractions
and solid phase identification carried cut at both I¥DC and
the Tennessee Valley Authority (TVA) do reveal several facts
that should be of interest to the Fertilizer Industry. TVA
was able to newly characterize the salt
MgAl (NH4) 2H(PO4)2F3. This salt was correlated with
high citrate insoluble (C.I.) P05 and the salt's
formation related to long retention time in the reactor during
production. This material has been seen in commercial
products, and its degree of citrate solubility decreases with
increasing crystal size.

The choice in operation, therefore, seems to be between
the citrate soluble amorphous gels with their operating
problems and the formatlon of citrate-insoluble crystalline
products that do not significantly affect operations.

A statistical correlation of the variakles versus C.I.
P04 and W.I. fraction are shown in Table 9.

The main surprise from this correlation is that there is
no significant effect of Aluminum in the starting acid on the
Aluminum in the W.I. fractlen, However, the fact that
relatively bigh levels of fluorine were present in all the
experiments may explain this absence of effect. The power of
fluorine to complex aluminum 1s well Xnown.

A linear regression procedure was carried out on the
data. MNo significant twofold or threefold interactions were
detected. All the resulting models were linear, with the
exception of the preneutralizer slurry viscosity which showed
a logarithmic response to the Al;03/Pp0g5 weight
ratios, The model pertaining to tge end product grade is

(1) N (%) = 20.83 - 47.41 X3 ~ 18.02 X5 - 15,52 X3

{2) Total P50g = 47,98 + 70,17 X3 - 69.54 X5 - 23.34 X3
Where: N(%) = Total N in end product on dry basis
Total PoO0s(%) =  Total P»0g5 in end prcduct on &

dry basis

L]
=
It

Al703/P70g weight ratio in feed acid

™~
b
n

Mg0/P705 weight ratio in feed acid

-
LN
]

Fes03/Pols weight ratio in feed acid



Basically, the results show no exotic chemical

reaction., The factors associated with the

Fap03/P205 and MgQ/P,05 term fit a dilution

model well., However, the factors aszcociated with the
Al;03 are greater than explained by dilution. But when
the extended runs are modeled with differences in MAP
produced along with the DAP, it becomes apparent tha: the
high aluminum runs shifted the production toward greater
MAP, less DAP; thus the positive term for the P30g
factor, and corresponding negative term for  N. This
effect is considered to be due to mass transport effects
caused by high viscosities during the run along with the
dilution effect.

SUMMARY

A sumpary of the effects of the impurities studied on

the grade and physical properties of DAP produced and on the
granulation pilot plant operation are listed as follows:

1.

Aluminum showed the most severe effects cn operations.

It affected the DAP grade by decreasing the ability to
incorporate nitrogen (preobably through effects on mass
trapgfer} thus decreasing ths NH3/H3PO4 mole

ratic. Also, it was the greatest contributor to
increased viscosity of preneutralizer slurry with the
result that the pilot plant production rate had to be
decreased to be able to pump and distribute the slurry in
the granulater. On the other hand, products made with
acids having a high aluminum content exhibited decreased
moisture penetration during bulk storage at high moisture
conditions.

Iron addition showed the mest effect on nitrogen grade,
but showed less effect than aluminum on a
welght-for-weight basis on plant operation. Iron &id
adversely affect preneutralizer viscosities but not to
the same degree as aluminum. No iron effect was noted
upon the physical properties of the end products.

Magnesium also lowered nitrogen grade but not to the
degree that iron dves. The magnesium alse had a tendency
Lo lower C.I. P305. However, it is falt this is due

to the fluorine added with the magnesium. Granulation
improved with magnesium as did the prenentralizer slurry
fluidity, Products made from acids with nlgh magnesium
were more hygroscopic, which adversely affects their
storage properties. A test using magnesium sulfate in
supplying magnesium to the fzed acid did not show
significant differences from the high magnesium~high
fluorine test, sxcept for the C.I. percentage,



Basically the results show that there is little chemical
interaction among the impurities but rather their effects are
the normal combining weight reactions and the grade dilution
one would expect from these chemicals. Therefore, as
phosphate rocks tend to run toward any particular impurity
such as MgQ, it can be offset by lowered gquantities of the
other impurities without compromising the final grade of DAP.

The work also reinforces work that has shown citrate
ingoluble P20g5 is not an effect of the iron, aluminum, or
maghesium (within the boundaries of the test work) but rather
is affected by the operating conditicns in the reactor along
with the level of fluorine present. Higher fluorine levels
tended to reduce C.I. P05 as well as reduoce reactor
viscosities.
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Table 3. Description of Extended Test Rung

Acid Treatment

Baseline

A

B

AB

C

AC

BC

ABC
Midpoints I
Midpoints I1
Midpoints III
B (low F)

BC (low F)@
C (no Hy03)

_Test

7-187
7-206
7-191
7-212
7-197
7-204
7-200
7-208
7-202
7-210
7-216
7-214
7-199
7-218

—Date

7/29/82
10/1/82
8/12/82
10/20/82
8/31/82
9/23/82
9/13/82
10/7/82
9/17/82
10/14/82
10/29/82
10/25/82
9/8/82
11/4/82

Part of the
Statistical

——Design

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yesg
Yes

Yalue of Impurjty/P205 Weight Ratio_ in the Acid

—B205__

Low
High
Low

High

Low

High
Low

Righ
Midpoint
Midpoint
Midpoint
Low

Low

Low

-MgQ -Fe203 —F__
-R205 -P205__ -P205
Low Low Low

Low Low Low

High Low High
High Low High

Low High Low

Low High Low

High High High
High High High
Midpoint Midpoint Midpoint
Midpoint Midpoint Midpoint
Midpoint Midpoint Midpoint
High Low Low

High High Highd
Low High Low

a. Although it was intended to have a low F/PgOs weight ratio in this test run by defluorinating the acid

through heating, chemical analyseas showed

the screened product,

igh F/P305 weight ratios in the feed phosphoric acid and in



Table &4 Summary of Ayerage Data Collected During Exteuded Pilot-Plant Test Rung Producing DAP

Acid Trestment

Test

Date

Calculsted production rate, kg/houtb
Test duration, hour®

Period aversged, bour:minute

Grsaulator scrubber:
Acid feed rate, k;lhoutb
Aumonia feed rate, kg/hour
Nil3/H4P04 wole ratio/liquord
Temperature of liquor, °C
Besidence time, minute
Prenevtralizer:
Liquor feed rste, kg/hour
Axnmonis feed rate, kg/hour
HH3/d3P04 mole tntiolllurryd
Tewmperature of slurry, ©C
Residence time, minute
Density of slurry, kg/litex
ph of aluxry
Viscosity of slurcy, cpd
Granulstor:
Slurry feed rata, kg/bour P
Aumonia feed rate, kg/hour
Amaonis feed, as & X of
etoichionetric®
Water fe=d rate, kg/hour
Recycle feed rate, kgfhour
Recycle particle size medisan, wm
Tewperature of recycle, ©C
Tenpexature ¢f Jdisclarge, ©C
pH of discharged
Disbarge particle size medisu, =mf
Recycle/product xstio
Derum speed, rpm
Dryer:
Airflov rate (outlet condilion-).
nd fLour
Air velocity (outlet conditions),
xfsecond
Tewperature of fertilizer discharge,®C
Tenperatnre of air dxacharge, o¢
Relative humidty of air d)scharge b 3]
Relative huwidty of smbient air, 1
Tewperature of smbient air, ©C
Drum spced, rpu
fcreened product:
Meximow particle size, mm
Miniaum particle size, sm
phd

Baseline A B AB c AC BC
7-187 1-206 7-191 7-212 7-197 7-204 7-200
7-29-82 10-1-82 8-12-82 10-20-82 8-31-82 9-23-82 9-13-82

255 213 260 290 11a 188 249
7.7 11.6 12.3 11.4 11.4 11.2
12:00-15;30 17:30-19:30 18:00~20:00 17:30-19:30 17: ;g:;ggg 18:00-19:30 18:00-20:00
302 236 301 314 206 226 285
0.0 8.6 12.5 8.5 8.0 0.0 9.1
0.423 0.476 0.386 0.430 0.416 0.495 0.430
42 50 47 50 50 37 50
92 134 99 97 146 131 101
293 216 285 297 196 212 277
51.7 66.5 A7.6 62.5 62.6 47.4 42.1
1.441 1.445 1.442 1.458 1.438 1.513 1.460
114 114 113 115 113 97 113
60 . 70 60 54 79 85 (3
1.515 1.518 1.522 1.530 1.503 1.544 1.548
6.6 6.5 6.7 6.6 6.7 6.6 6.5
68 3,844 63 118 2,040 30,0¢0 86
293 229 284 317 191 234 280
32.3 23.6 24.5 24.2 24.2 23.6 24.2
206 181 160 145 224 235 174
18 26 26 26 26 26 26
1,013 796 1,044 1,051 576 936 1,051
2,90 2.40 2.89 3.08 2.43 2,45 3.02
75 74 74 72 68 71 75
15 77/818 81 82/868 71 70 79
7.9 7.8 8.0 7.9 8.3 8.1 7.8
3.22 2,88 3.7 3.27 2.91 3.15 3.60
4,0 3.3 4.0 3.6 3.2 5.0 4.2
14 16 16 16 16 16 15
5,180 5,710 5,330 . 5,520 5,520 5,500 5,450
2,58 2,84 2.65 2.75 2.75 2.74 2.71
81 ral 84 94 91 87 91
93 103 9% 104 103 100 100
12 BA 8 4 12 5 13
80 35 88 70 87 48 73
30 27 27 21 27 23 29
7 7 7 7 7 ? 7
3.35 3.35 3.35 3.35 3.35 3.35 3,35
1.70 1.18 1.70 1.18 1.70 1.18 1.18
7.8 1.7 7.8 7.8 8.0 8.0 7.7

ABC
7-208
10-7-82
189
1.6
14:00-16:00

206
14.5
0.535

134

196
65.7
1.417
114
78
1.489

575
209 .
22,4
192

(0}

27
660
2,76

82/868
1.7
3.18
3.5

16

5,440

2.71
92
104

68
2)

3.35
1.18
1.7

(Cont inued)



Table 4 Summayy of Aversge Dats Collected Durjug Extended Pilot-P

Acid treatment
Test
Date
Csalculated production rate, kg/hour®
Test duration, hour®
Period averaged, hour:minute
Granulator Scrubber:
Acid feed rate, kg/hour?
Aumonia feed rae, kg/hour
N3 /B3P0y wole ratio of liquord
Temperature of liquor, °C
Besidence time, minute
Preneutrelizer:
Liquor feed rate, kg/hnour
Ammonis feed rate, kg/hour
NH3/H3PO, wole ratio of llurry‘
Teuperature of slurry, °C
Residence time, minute
Density of slurry, kg/liter
pH of llurryd
Viscosity of slurry, cPd
Cranulator:
Slurry feed rate, kg/hour b
Ammonia feed rate, kg/hour
Aumonis feed, as a I of stoichiowetric®
Water feed rate, kg/hour
Recycle feed rate, kg/hour
Becycle particle size median, maf
Tewperature of recycle, ©C
Temperature of discharge, °C
pH of discharge
Discharge particle size median, waf
Recycle/product ratioh
brum speed, rpm
Dryer:
Airflow rate (outlet conditions), m3/hour
Air velocity (outlet conditionsd), m/second
Tewperature of fertilizer discharge, °C
Temperature of air discharge, ©C
Relative humidity of air discharge, 13
Relative huwidity of ambient air, X
Temperature of sambicut air, 9C
Drum speed, rpm
Screened product:
Maxinum paxticle size, ma
Minjuum particle size, sw
pud

uns ducing DAP (Continued)

Midpoint I  Midpoint I1 Midpoint III B(low F) BC(low F)*  C(no Hy0,)
7-202 7-210 7-216 7-214 7-199 7-218
9-17-82 10-14-82 10-29-82 10-25-82 9-8-82 11-4-83
262 203 196 248 274 167
11.8 1.2 11.5 10.8 11.3 12.0
16:00-18:00 17:30-19:00 17:30-19:00 17:30-19;30 15:30-18:30 15;30-17:30
303 220 207 283 302 193
1.1 15.6 5.1 6.7 14.7 0.0
0.450 0.503 0.463 0.446 0.404 0.490
50 49 50 45 4 37
105 146 149 103 107 141
274 203 196 272 276 199
53.0 53.6 63.9 58.3 51,7 31.2
1.454 1.455 1.455 1.440 1.468 1.458
13 114 115 114 114 115
66 75 77 62 60 85
1.552 1.490 1,558 1.536 1.556 1.565
6.6 6.6 6.5 6.6 6.7 6.6
231 A49 428 187 170 592 o
|
286 211 215 273 300 180
23.6 23.6 23,6 23.3 24.4 22.7 =
154 260 207 157 161 227 !
26 36 39 26 26 42
979 702 657 1,030 1,039 706
3.12 2.81 2.53. 2.73 2.93 1.83
1 75 73 74 74 70
81 81/868 69/748 81/868 79 70/798
7.6 8.0 7.9 7.9 8.0 8.1
3.52 3.31 3.00 3,04 3.44 2,14
3.7 3.5 3.4 4.1 3.8 4.2
16 16 16 16 16 16
5,440 5,500 5,050 5,180 5,520 5,050
2.1 2,74 2.51 2.58 2.75 2.51
90 91 93 9 92 ')
101 106 106 104 104 105
10 4 6 7 7 4
47 55 76 58 45 45
3l 20 19 19 29 16
7 7 7 7 7 7
3.35 3.35 3.35 3.35 3.35 3,15
1.18 1.18 1.18 1.18 1.18 1.18
1.6 8.0 1.1 1.7 1.6 7.9




Notes for Table 4

h,

i.

Although it was intended to have a low F/P705 weight ratio in this test run

by defluorinating the acid through heating, chemical analyses showed high

F/Py05 weight ratios in the feed phosphoric acid and in the screened product,
These rates were calculated by equating all the P505 flow rates in the plant

to the Pp0y fed to the preneutralizer.

Period during which slurry was fed to granulator.

&3 determined by method outlined in Appendix A.

Stoichlometric is defined as the feed rate of ammonia required to bring the
preneutralizer slurry from its N/P90s5 weight ratio to that of DAP (0.391).
Defined as the screen opening that would retain 50% by weight of the material,
Second temperature denotes the temperature of material spilling over the internal
retention dam inside the granulator,

Defined as the weight ratio of measured recycle rate to the calculated production
rate,

N& = not available,

Measured at the stack.



Table 5 Results of Chemical Determinations ou Samples Tgken During Extended Test Buas (wt !!‘

Teat
Feed acid (IMC, New
Wales laboratory):
Total P05
A1504
HgO
Fea03
) 4

Hy0 Karl Fischer
Feed acid (indicated)

Total Py0g

Al,036

Mg08

Fej048

¥

Scrubber liguor (IMC,
Florence Lab.):
Total N
Total P05
Preneuralizer slurry
(IMC, New Wales
laboratory):
Total N
Total Py05
Granulator discharge
(IMC, Flocence
laboratory):
Total H
Dryecr discharge
(IMC, Florence
laboratory):
Total N
5,0
Recycle
(IMC, Florence
laboratory):
Total N
Hqa0
Screened product
(IMC, Mew Wales
laboratory):?
Toral R
Totsl P05
CI Pp0¢
Aly0q
Hg0
Fey03
¥

Ca0
504
Product moisture, 13

Baseline

=187

39.713
1,03
0.83
0.95
1.69

37.55

39.91
1.00
0.81
0.99
1.83

2.6
40.7¢

12,87
41.08

18.92
48,25
0.44
1.2
0.98
1.20
1.91
0.04
3.4l
1.66

A
1-206

46.99
1.81
0.90
1.06
1.22

26.88

43,31
1.58
0.84
1.13
1.95

18.32
48,57
0.11
1.77
0.94
1,26
1.56
0.01
3.66
1.32

B AB

39.44° 42.68
1.10¢ 1.50
1.65¢ 1.71
1.04¢ 1.08
3.49¢ 3,03
NA®  30.45

38.87 42.46
1.12 1.46
1.67 1.77
1.05 0.99
471 5.55
3. 3.6

41.1 44.9

12,96 12.63

41.26 42.12

17.7 17.9
3.5 2.8

18.0 17.9
2.4 2.3

17.9 17.9
2.6 2.3

18.42  12.96

46.27  46.86
0.17 0.02
1.33 1.62
1.98 1.96
1.24 1.10
3.38 3.24
0.05 NA
3.76 3.50
2.60 1.88

c

41.21
1.30
0.84
2.00
1.50

34,56

40.28
1.26
0.72

"1.98
1.85

4.2
42.4

13.36
43.50

16.23
47.67
0.35
1.50
0.85
2.35
1.75
0.35
3.64
1.96

AC

39.16
1.41
0.72
1.98
1.58

37.62

39.20
1.35
0.74
2.00
1.80

18.15
41.1
1.46
1.65
0.91
2.44
1.88

3.46
1.46

BC

36,55
1.00
1.52
1.82
3.26

37.95

39.01
1.06
1,59
1.9
4.79

17.99
45.83
0.05
1.24
1.86
2.31
3.46
NA
3.26
2.52

ABC

=191 7-212 7-197 7-204 1-200 7-208

43.67
2.05
1.81
2.15
2.84

27.13

42.05
1.62
1.79
2.16
5.49

3.7¢
44.0¢

11.99
41.43

17.0¢
3.2¢

17.2¢
2.4¢

17.0¢
2.5¢

17.55
46.53
0.07
1.80
1.98
2.39
3.16
0.02
3.29
1.78

Hidpts I Midpts II  Hidpts III  B(low F) BC(low F)®  C(no Hy0;)
1-202 1-210 1-216 1-214 1-199 1-218
41.60 46.30 45.85 41.24 4.1 42.12
1.34 1.44 1.33 1.03 1.08 1.14
1.26 1.35 1.41 1.69 1.85 0.76
1.74 1.64 1.57 1.10 2.04 2,254 -
2.42 1.72 1.88 1.46 3.12 1.28
32.10 26.52 26.63 33.69 28.86 33.07
39.72 42.80 43.82 40.52 40.87 41.29
1.24 1.36 1.35 1.05 1.12 1.09
1.27 1.22 1,22 1.68 1.76 0.77
1.712 1.65 1.56 1.1 2.03 2,18
3.34 3.74 3.83 1.83 5.01 1.86
3.5 4.7 3.9 3.0 4.0 3.1
43.8 46.3 46.3 42.1 44.8 40.2
12.72 13.01 12,55 12.93 12.51 12.83
42.06 44 5 42.28 42.00 40.72 44.27
17.2 17.8 17.9 17.7 17.4 18.4
3.3 3.2 4.2 3.3 3.2 2.6
17.4 17.9 18.1 17.9 17.2 18.5
2.5 NA 2.3 2.1 2.3 1.4
17.5 17,8 18.0 17.9 17.01 18.5
2.4 NA 2.5 2.3 2.4 1.5
17.81 18.14 18.41 18.12 17.85 18.36
47.03 47.51 47.53 46.95 46.28 48.04
0.27 0.03 0.03 0.02 0.07 0.21
1.47 1.51 1.46 1.21 1.26 1.27
1.50 1.41 1.32 1.95 1.99 0.89
2.04 1.83 1.69 1.29 2.30 2.54
2.72 2.23 2,03 1.64 3.57 1.53
Ty 0.02 HA 7Y 0.01 0.05
3.42 3.42 3.58 5.70 3.54 3.56
2.44 2.35 2.28 1.80 2.46 0.72
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Hotes for Table 3

A1}l samples except where noted correspond to the second sampling pericd of the

particular test run,

Altheugh it was intended to have a low F/Pp0g welight ratlio iIn this test run

by defluorinating the acid through heating, chemilcal analyses showed high

P/P205 weight ratios in the feed acid and in the screened product.

ﬁnalysls carried out on a sample from the first sample period of the test run,
ciudes 0.34% of iron in the Fetl state.

ﬁa = pot available.

Obtained by averaging results from IMC {Hew Wales}, IMC (Florence), and IFDC

laboratories.,

Obtained by assuming the weight ratic of this 1npur1ty to P20g is the same &s

that found in the screened product,

Obtained by assuming the weight ratlo of F/P205 to be as expected with the

actual addition of magnesium fluosilicate.

Screened product analysis is expressed on a dry basis,

Free F30 in product, not included in above product analysis.

vl -9



Table 6. Chemical Analysis of Water-Insoluble Solids in DAP Sanples From Extended Test Rung®

Midpoints Midpoints Midpoints B BC c
Baseline A B aB C AC BC ABC 1 II 11 (Low F) (Low F)P (NoH,0;)
Test —1-187 . 71=206 1=191 1=212 7-197 7-204 7-200 7-208 _7-202 _7-210 = _ 7-216 _7-214 1-199 =
Content, %:
Ca0 0.86 0.38 0.76 0.53 1.03 0.54 0.51 0.41 0.46 0.43 0.45 0.33 0.62 0.31
Al2Oy 10.83 12,14 9.57 10.79 8.19 7.94 7.22 8.59 9.45 9.03 9.53 8.54 7.34 7.85
F 106.18 7.41 16.21 16.57 7.54 7.28 13.47 11,04 10.84 9.27 10.21 6.99 13,75 6.41
M30 1.55 6.29 12,49 12,56 6.22 4.93 10.88 9.27 8.96 8.62 9.66 12,58 11.50 5.55
04 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0,1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Fe03 9.33 8.02 8.29 8.02 15,72 12,54 14.05 11.66 12.10 10.97 11.48 7.78  14.16 15,68
K0 0.05 0.06 0.05 0.07 0.08 0.07 0.05 0.04 0.04 0.06 0.05 0.03 0.09 0.04
Total N 5.21 4.69 3.19 .n 4.86 6.67 3.19 3.32 4.47 3.53 3.60 4.15 3.08 4.73
P05 33.9 37.4 25,4 27.2 36.7 39.4 28.0 28.8 33.6 31.6 33.5 37.0 29.1 35.5
Na50 0.20 0.16 0.33 0.34 0.24 0.14 0.22 0.29 0.24 0.27 0.27 0.15 0.33 0.13
5i0, 5.5 2.7 8.9 6.7 3.9 4.1 8.2 5.2 6.4 3.8 4.1 4.0 6.7 3.7
Hy0 of con-~ .
stitution 11.8 15.7 13.9 15.1 15.1 10.5 10.1 16.5 13.4 15.1 13.3 18.7 11.7 14.4
a. Water insoluble fractions were obtained by following the procedure outlined in Appendix A,

Although it was intended to have a low F/Py0s weight ratio in this test run by defluorinating the acid through heating,

showed high F/P;05 weight ratios in the feed phosphoric acid and in the screened product.

chemical analyses



Table 7. WHater-Insoluble Solid Phases Present in DAP Sanples from Extended Test Runs

Midpoints Midpoints Midpoints B BC C
Baseline A B AB C AC BC ABC 1 II IIX {Low F) (Low F)a (No Hy09)

Test -1=187 . 7-206 712191 7-212 7-197 7-204 7-200 1-208 _7=202  _ 7-210 _ 7-216 _ 7-214 ~1=199 7218
Insoluble solid

phases prezent;

b c d

Fe (NHy) 5 (HEOy) oF M - - - M M - m - m - - - m
Hgalarge2ih0 m - M M m - M M - M M m M ~
MgRilFO, < Ha0 m - - - - - - - - - - m - M
ALNILHEO4F m - m - - - - - - - - m e m
MgNH;FO4 <6110 - - - - - - - - - - - - - T
(Al,Fe) Ny (HPO,;) g )

0.583,0 m - n - m m - - - - - - - -
Fe (HoP0y) - 2i1,0 T - - - - - - - - - - - - P
Fe3(PO4)2-8H0 - - - - - - - - - - - - - T
Mhidentified T - - - - - - - - - - - - -
Silica get T -~ m m T - m n - m m T m -
Axorphious m M m m M m m M "M M M M m M

a. Although it was intended to have a loy F/P205 weight ratio in this test run by defluorinating the acid through heating, chemical analyses
showed high F/Py0g weight ratios in the feed phosphoric acid and in the screened product,

b. M represents a major occurring phase; at least 40% by weight,

C. =~ represents a phase not found in the analyses,

d. m represents a winor occurring phase; between 10% and 40% by weight,

e. T represents a phase occurring in trace amounts; less than 108 by weight,




Table 8. Physioal Properties of Sorpened Produgts From Extended Rngg.

Criticsl Moisture

Crushing Bulk Rolative Noisture Moisture Holding

Test Aoid Treatmoent __Strength Densjity Humidity Akgg;gg;gnb goueggggionb gnpgglgxb
(kg/granule) (mt/m?) (% RH) (mg/om?) (om) (mg/om?)
7-187 Buseline 4.8 0.79 65-15 196 1.8 109
7-206 A 5.2 0.80 65-15 180 1.5 120
7-191 B 3.7 0.85 65-175 204 2.1 97
7-212 AB 5.0 0.82 635-75 209 1,.6° 131
7-197 c 4.6 0.78 65-75 206 1.6 129
7-204 AC 4.1 0.82 65-175 193 1.3 149
7-200 BC 4.8 0.84 65-75 1%0 2.0 95
7-208 ABC 5.4 0.80 65-15 193 1.6 121
7-202 Kidpoint X 5.7 0.84 65-75 198 1.6 124
7-210 Nidpoint II 5.1 0.85 65-75 169 1.8 94
7--21¢6 Midpolat III 4.7 0.86 65-175 148 1.5 98
7-214 B(low F) 5.2 0.81 65-15 217 2,.0° -109
1-199 BC(Low FW)4d 4.2 0.82 65-15 204 1.9 107
7-218 C(no H50,) 3.8 0.83 65-15 204 1.4 146

9
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a, Moasunred in sccordance with TVA Bulletin 147, (Physicsl Propertios of Fertilizer and Mothods for
Moxsuring Them), bt

b. MNeasurecd after 72 hoars at B86°F and 80% rplative humidity,

6. Ponotration was not uniform, streaking of moisture through othorwise dry aroas.

d. Although it was intonded to have a low F/P20s weight ratio in this test run by defloorinatiug the
acid through heating, chsmical analyses showed high F/ons wolght ratios in tho food phosphorioc acid
and In the scroemed product.



Table 9, BSummery of Statisticai Apalysis of Correlation of Production Variables

Yersug C.I. P20s and W.X. Fractiop bata

Production variables Effect (a.c)

2ad intexactions C.l. Pp0stP) 3 w,x, fraction ~Al_  _HMg_  _Fe F P20s
Al 0 + ] 0 - 0 0
Mg 0 — + 0 + G + -
Fe 0 + - - + - 0
Al «Myg - 0 0 0 g 0 0
Al «Fe 2 g 0 0 - a 0
FesMy - 0 0 (| 0 0 0
&l-Hg-Fe 0 0 1 0 0 0 ]

g+
¥ ou

c.

Effect based on significance at the %0% confidence level.

The large coefficient of variation calculated for these correlations probably contributes
to the lack of affect caleulated for C.I. P30s.,

- = negative effect; + = positive effect; 0 = inglgnificant effect,

81 - 9
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TA/84/6 Effects of impurities on productian of diammonlum phosphate

hy M.M. HANDLEY, IM & C, USA

DISCUSSION: Rapporteur 5. SWANSTROM, Kemira Qy, Finland

Mr., M. MIYAMOTO, Nissan Chemical Industries, Japan

In table 1, do vou have an anmalysis of sodium oxide Na20?
The baseline acid contained 0.077 Na20.

Mr. K.L., PARKS, Agrico, USA

How 13 the DAP moilsture determlined and were the samples ground or
unground?

The samples were determined immediately upon catehing them from
the test runs, thay were unground samples.

Mr. N. HUMMADI, Jordan Fertilizer Industry, Jordan

What is the water soluble P205 1{in the final product {(in % of
toral)?

It varied somawhat on each tasat affort.

What was the P content in the DAP produced, any limit of F in DAP
imposad by rvepulations in USA?

Therea are no regulations on the amount of F in DAP. The DAP
raported stoichiometrically to the product.

Any foaming problems in the prenautralizer?

We had no foaming problems in the pren. utralizer, in the scrubbar
there ware some.

Mr. M. BARLOY, Office Togolais des Fhosphates, Toga

What is inm vour opinion the {influence, if any, of Al, Fe and Mg
on:

- the plant output, related to the granulacion rare

- the caking tendency in the bulk storage.

My <conclusions are that each of thess chemicals basically has
effect but on a molecular weight baais they are assantially
equal. T would expect from our tasts on the high Mgl preoduct that
at some vpercentage of Mg0 we would start having caking orohlems
with final product upon storage. However it is problably higher
than tha Mg0 we reached in our tests.

Hr. J.D. CRERAR, Norsk Hydro Fertilizecs Ltd, Unitad Kingdom

Haanihydrate process oproduces phosphoric acid with much lowaer
alaminium level than concentrated dinvdracs procass scid. Would
you speculate on the effect on DAP production using hamthydrate
acid?



I do nor think I can specuiate on that, I do mnot know enough

about the acid, I  Thave never run DAP from actld produced hy the
hami process.

Mr. K. DALY, Compagnie des Phesphates de Gafsa, Tunisia

Do the impurities Fe203 , Al203 and Mg® have an influence on the
particle size of the product coming out of the graanulator?

Yes. In all cases with all the test sfforts we ran with all three
I{mpurities, we had granulation problems all the time: T think we
solved probably the most effect on granulation of Mg0Q, next with
iron and least with aluminium.

Have you tested the affact on the recyecle rate?

No. The idea was originally to test a chemical, so0 we ctriad to
maintain conatant plant effort all throughout.

Mr. Y. COTONEA, CdF Chimle AZF, France, Mr. G.H.M. CALIS, UKF,
Nethearlands

Could you confirm that the viascosity of the slurry i3 hetter with
the high content of magnesium?

With the high magnesium runs we had lower viacosity than we did
with high alumianium and high Lron. But I did net put this on a
mole basis, so T am not sure that I can counfirm that.

- Mr. D. IVELL, Norsk Hydro Fertilizers Ltd, Unitad Kingdom

In the high Al ae¢fid tests no more ammonia was added to Lthe
granulator than in the other tests. Could not nitrogen grade hava

bean made at the expense of a l1ittle higher ammonia loss in the
scrubber?

No, we actually ran an extra test runoing much more
stolchliometric, trying te get much more ammnonla 1ate the
preneudtralizer and we ware unable to. We also overammoniated the
granrulator. No guccess.

Mr. J.A. BENES, Uhde GmbH, Germany

Were you, as a Tesult of the tests deseribed here, able to raduce
the cltrate~inzoluble P205 in DAP product from your new plant in
New Wales? If vesa, how did you do it?

The main thing we found out which reinforced the work we had done
was that the temperature and the retention time were Lhe two

critical factorsgs alonzg with the fluorine levels, if vyou have
control of that in the preneutvalizer. By reducing retention time
and holding temperaturas as low as possihla vou atill keep the
fluidity, we were able to reduce the CI's.

Mr. J.C. ABRAHAMSE, UKF, Netherlands

Your tasts waere carried ocut with magnez{um fluosilicate and




maganeslum sulfate. Did vyou notice an effect from silicakes on
production aand on product's properties?

No we did not. As to the runs that we repeated with magnasium
eulfate versus cthe fluosilicate, we did not sea2 a great deal of
difference.

Mr. P. BECKER, COFAZ SA, Fraace

Da vou have an explanation why aluminium reduces the granule's
porasity?

I do not have. I am sure it has to do with the viscosity and the
fact that we were really making a MAP along with the DAP with the
aluminium Ttuns.





