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EFFECT OF IMPURITIES IN WET-PROCESS PHOSPHORIC ACIDS ON DAP GRADES
F. P. Achorn, E. F. Dillard, A. W, Frazier, and D. €. Salladay
Divisions of Agricultural and Chemical Development

National Fartilizer Development Center

Thiz study is the result of cooperative work between commercial diammnnium
phoephate (DAP) producers, TVA fiald chemical engineers, and TVA Fundamental
Research chemists. The purpose of the work was to discover the extent of grade
control problems in the DAP industry and to offer some solutions to these
problemz,. Filald engineers visiféd geveral commercial plants and obtained
operating data and samples. The engineers and chemfatas jointly evaluatad these
data. Table 1 showa analyses of sevaral typical commercial DAP products.
Fourteen samples ware analyzed. O0f thila total, 29 percent did not meet the
required 18-46-0 grade. Sources of phosphate rock for the DAP products were
Central Florlda, Northern Florida, North Carolinuz, and the western area.

Acids produced from these rocks have various impurity contents. TV; is
hesitant to designate materials such as iron, aluminum, magnesium, caleium,
and sulfur as impurities aince scme of these materials are excellent plant
nutrients. Howaver, for the purpose of thiz dizcusaion it 1s assumed thﬁt they
are impurities in phosphoriec acid. TImpurities considered were Mgd, Feals, F,
Alz0s, Cal, and 5. These impuritiez were totaled and plotted against the N
content, Figure 1 shows a plot of total impurity vetsus N content. Generally,
this plot shows that as the total impurity content inereases, the amount of N
decreases, Figure 2 shows the same result for Pz0m; namely, as the total lmpurity
content inereases, the Pa0d= content decreases.

Further investipgation showed that some companies were still able to
produce the required grade at high impurity contents, Additional investigations

showed that although the total impurity content iz ap important factor in on-grade
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production, a reduction in grade can be ﬁinimized if the impurities are combined
with a maximum amount of ¥ and citrate goluble Pi0s and a minimum of water. A
primary purpose of the Investigation was to determine operating procedures that
will allow a maximum combination of ¥ and citrate soluble Po0= with the
impurities present in the product. Aléu, it ig dezdirable that the N and

Pa0s be combined with the impurity at or near the N:P.O- welght tatio of DAP
{0,39:1).

In TVA's work with one company that uses Central Florida phosphate rock for
production of phosphoric acid, it was assumed that fmpurities in the product had
a high content of combined water or water of hydration (molecular water), which
caused a decrease in the total grade of the producit. Further investigations
showed that this azsumption was not entirely correct. The total water content
fwater of hydration frge water) doag affect the total plant mutrient contept
as would normally be expacted; the water acts as a diluent and helpa decrease the
N and P305 contents of the grade. Figure 3 shows a plot of total water content
versus N content of the grade. This plot shows that, genmerally, the higher the
total water content, the lower the N content., Figure 4 shows that there 1s a more
dramatic decrsase in the Pz0s content as the total water content increases.

However, when an attempt was made to plot the molecular water content versus
the N and Pa0as contents of the product, mo conclusion could be made concerning
the relationship between water content and total ¥ or Pa0s contents. Figures 3 and
6 indicate that there iz a general trend for the N and P;0s content to decrease as
the combined water increases. Additlonal microscopic analyses confirmed these
results and showed that the molecular water content of the impurities was not

one of the major causes for low N and/or PaOs content.
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Calcium Problems

Further investigariona at other DAP plants shoﬁed that acids with high
Ca contents usually resulted in products with low N contents (figure 7).
Obviocusly, Ca in the acid combined with some of the P20s to produce caleium
phosphates thus leaving less PzCs - available .for ammonjation. The Ca also has
"a dilvent affect om the grade. Investigatioms af aaveral phosphoric acid plants
showed that the zcids contain higher Ca comtents for several reasons, two of which
are:

1. Operation of the phosphoric acid unit at high extraction temperatures
which causes an unusually large amount of Ca as CaS0y to be dissolved
in the product acid from the plant.

2. The type of filter usad, maintenance of the filter cloth, or the type
of filter cloth used.

Obvicualy, the amount of Ca can be decreasesd by clarification. However,
this process 15 expensive and most ppoducers prafer to minimize the amount of
clarification conducted in their plants.

Generally, the apalytical data show that when the Ca0 content of the
product DAP was decreased to less than 0.6 percent, grade problems were easier

to rectify in the plants.

Iron Problems

The Ca0 content is pot the only cause for low-grade DAP. Other impurities
also cause problems. TFigure 8 shows a plot of Ruy0s (Al:0a+Fec0s) versus N
content of the DAP gamples., Generally as the RQDs content increased, nitrogen
content decreased. Other data show a different result for Pz0x in that increased
Rz0s content did not seem to have a great effect on the Pz0s content of the
.product; however, the results are erratic, Frazier has reported that F and 30a
contents do have a significant effeet on Pz0s5 content (1) (2). He has reported

that sometimes a citrate—insoluble (C.I.) FeNH,L(HPO,)» forms.
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Operating data were obtained from the plants that provided the DAP szamples
(table 1). This data along with some analytical results ére shown 1in table 2.
These data show that for products containing low F concentratioms (<2% F)
ratention time in the preneutralizer affects the amount of C.I. Py0s in the
product. These data show that as the retention time in the preneutralizer is
lncreased, C.I., Pz0s in the product also increases. Frazier reported that this
inereased C.I. Pals 1s caused by formation of relatively large-sized érystals
of FeNH4(HPO.}z. Obviously, the preferablae way to lower ratention time in the
preneutralizer is to decrease the effective size of this tank. Thiz can be
accomplished by one of the following:

1. Lower depth of slurry in the existing preneutralizer.

2. Install a smaller preneutralizer.

3. Install a pipe-cross or pipe reactor.

Some operators fear they will encounter high ammonila losses and low
evaporation of water from the premeutralizer iIf retention time ig decreased.

If thia is a problem, it might be preferable to inmstall two prenautralizers

as shown in the flow diagram of figure 9. This iz the flow diapgram used

by company F (table 2). The first prenentralizer is relatively large and 41is
operated at an Ni:P mole ratio of 0.6:1, Miecroscopic and chemical analyses show
that at this low degree of ammoniation there i= no reversion of Pz0s to an
unavailable form. Exit gases from this preneutralizer may contain fluorine;
however, the gases willl not contain WHa. BRecause of the large exposaed surface
area of slurry in the firat preneutralfzer, there 1z excellent evaporation

efficiency, The degree of ammoniation in the second preneutralizer results in
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a slurry having an N:P mole ratio of 1.4:1 to 1.5:1. Frazier reports that
C.I. FaNH,(HPQu): forma at the-higher degrees of ammoniatiom (1). Sincal
retention time in this preneutralizer 1s low, FelNH,(HPOL)z crystallizes as
small crystals having available Pz0=.

Thesa analytical results were compared with plant data ubtﬁined from
company F (table 2). Total retention time Iin this company's two premeutralizers
iz relatively high (135 minutes); retention time in the second prementralizer,
in which the N:P mole ratio of the slurry is 1.45:1, is low (28 miuukes). The
Cels Palm in this'cumpany's praduect is relatively low as compared with the C.I.
P;0s in the products of some of the other companies which alsc had relatively
high glurry retention time in their single preneutralizers.

. One company operated a preneutralizer In combination with a pipe-cross
reactar or pipe reactor sliphtly different from the design showvn in figure 10,
The design shown in figure 10 is that used in the TVA pilot plant for production
of DAP and it is TVA's recommended design for large plants. This i3 a reactor
with a very short alurry retention time. It is made of standard Hastelloy G 276
pipe fittings and can be operated as the only prenentralizer or in combinacion
with a first stage premeutralizer which would cperate at a low N:P mole ratio
{0.6:1). Slurry from the pipe~cross reactor should have an N:P mole ratio of
1.4:1 to 1.5:1. Commercial and pilot plant tests show that thiz reactor can be
successfully uszed to produce either dismonium phosphate (DAPF) or moncammonium

phosphate (MAP) or ammonium phosphate sulfare (APS).

Importance of Fluorine

The operating and analytical data in table 2 for products with f{luorine
contents in excess of 2% show that retentionm time in the preneutralizer has
little or no effect on citrate solubility of Pz0s in the product. Analytical

data show that when there i3 insufficient F in the produect to combine with the
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Fe, C.I. FeNHy(HPO,)z forms: cberating data cemfirm these analytical results.
These data show that as the F:Fez0s wt ratilo increases, the C.I1. P:0x decresses;
at an FiFea0s wt ratio of 2.3:1, the C.I. P20s is less than 0.1%. Theza data
suggest that F as ammonium fluoride (NH,F) should be added or returned to the
preneutralizers. In a two-stage preneutralizer operation this NH,F could he
obtained by scrubbing the exit gases of the first stage preneutralizer with zome
of the ammonia-containing exit gas from the ammoniator. This NH4F could then be
returned to the second stage preneutralizer. At the N:P mole patio in the slurry

from the second prenentralizer there is essentially no loss of fluorine,

Effect of Slurry Temparature

Data in table 2 also show that the temperature of the slurry from the
preneutralizar or granulaﬁor seemd to have little affect on the content of C.I.
P:0s in the product provided product temperatures from the ammoniation units are
less than 250°F for the preneutralizers and 210°F for the ammoniator-granulator.
Additional data are needed te determine if there is an upper temperature limit

for ammoniation.

Effect of Magnesium

Many phosphate rocks now availahle In the U.5. have higher magnesium contents
than were common in the recent past. Some U.S. DAP producers have expressed
concarn that it will be difficult to make DAP grade with phosphoric acid produced
from these rocks. Pilot-plant and commercial-scale-plant testz show that
maghesium content of the acid has much lesa diluent effect than Either calecium
or irom content in the acid (3) (4) (5). There is not complete agreement as to

the chemical composition of the magnesium compound in DAF; however, TVA's latest



microscopic examinations indicate it to be MgNH4PO4.Hz0. This compound does nﬁt
have the diluent effect of compounds containing Ca and Fe bacause its molecular
weight iz much less than the other diluents and because the magnesium is combined
with both N and P.

It has also been assumed by some operators that magnesium i1z the cause for
high viscoslities in prenmeutralizer slurriez. At TVA two samples of DAP were
analyzed both chemically and microscopically, One sample (IMC-1) contained only
0.38% magnesium and the other (IMC-2) contained 0.71%. These samples were
obtained from products produced in TVA's pilot plant. This pilot plant is similar
to the sketch of the commercial plant shown in figure 9 except that the pilot
plant has much smaller equipment and only one preneutralizer is used. Tts capacity
iz 0.5 ton per hOur: A summary of some operating and chemical data for the two
tests in which these preducts were produced is shown in table‘B. The microscopic
and chemical data of a DAP produet that has a relatively low Mg cﬂntent (IMC-1) are
shown in table 4 and the same type of data for a DAP product that has a higher
Mg content (IMC-2) is shown in table 5. Data in these tables show that within
the range of these tests magnesium seems to have little or no effect on viscosity
of the prenmemtralizer slurry, operation of the plant, or product quality.

Microseopic results show that when the FiFeo0s wt ratio in the phosphoric
acid feed is low (about 1:1) larger quantities (about 4.2%) of Fe—NH4-PO4-NHz0
form in the product than when an acid with a higher F:Feo0Oz wt ratio (about 2:1)
is used. Microscopic data also show the Fe-NHy~PO,—-NHz0 solid phase 1is of small
colliodal size, which vesults in formation of colliodal gels in the slurry.
Increased amounts of ecolliodal gels in preneutralizer slurry are one reason for

increased slurry viscosity. The summary of these regults ig tabulated balow:
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DAP Product Preneutralizar
HzPOy Feed - Percent by Weight Slurry
Tezt No. F:Faz05 Wt Ratio Fe—NHy~P0,~NH-0 Viscosity, cP
MC 1 1.02:1 4,2 46h
mc 2 2.17:1 0.96 166

When larger quantities of F are present in the glurTy, a coarser compound
such as Fe-NH4-PO4-F-Hz0 1s usually formed and highew slurry viscosities are
avolded. Therefore, it is concluded that Mg is not the contributing factor for
high viszcosities in the premeutralizer and that formatiom of the Fe precipitate
is the most {mportant factor. The Fe-NH,—PO,-NH20 forms in colliodal size when
retention time in the preneutralizer iz low. Therefore, to realize the benafits
of low retention time (low C.I.-P20s in product) and to aveid pumping problems
with highly viscous slurries, it is advisable that a plpe reactor be usad to
produce DAF., When this equipment (figure 10) is used, retention time during
preneutralization i3 low and highly viscous slurries can be sprayad unto‘the bed
of material in the granulator. In this way maximump availability of Pz0s can be

obtained and the difficulty of pumping hishly viscous slurries can be avoided.

Summary of all Significant Chemical Compounds in DAP

Table 6 shows the calculated percentages of each compound in a DAP sample
which was on-grade (18.2-46.2-0). Table 7 shows theass ssame percentages for a
DAP sample that was off-grade (18.0-45.6-0). Note the relatively large amount
(5.95.percent) of FeNH,(HPO4)z in the off-grade product. Because this compound
was precipitated as large crystals, it had a detrimental effect on the Pa0s of
the grade. Also note the relatively large quantity (4.2 percent) of calefwm
armondum phosphate, Ca(NH.)a(HPO.)z.Hz0, in the off-grade product. There was a

small amount (1.86 percent) of this diluent in the on~grade praoduct., This diluent
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ag well as the diluent effect of the 6.6 percent of amponium sulfate was at least

partially caused by the high gypsum contaent In the acid used to manufacture the DAP.

Summary

Results of this study identify the main problems in meeting DAP pgrade

specifications and suggest some possible solutions to these problems as follows:

1. The major source of grade deficiency in the commercial samples
which were investigated was calcium, Some solutions to this
problem are to maintain filter cloths in the phosphoric acid unit
in good conditlon, operate the phoaphoric acid unit at as low an
acid temperature as consistent with good operation of thia unit,
and partially clarify the acld bafore it 1= used,

2. In thé DAP unit the amount of Fezls and F in the acid affects the
content of C.I. P30s in the product. If the F:Fegla wt ratio i£ the
product can be kept above 2.3:;1, probably the C.I.-P20s content of the
product will he less tham 0.1 percent. At lower F:Fez0s; wt ratios, it is
advantageous to have low retention times in the preneutralizer and
ammoniator-granulator when the NiP mole ratio is 1.4:1 or higher.

3. Other data show that the N:P mole ratic in the slurry from the
preneutralizer te the granulator muat be above 1.4:1 to avoid nitrogen
deficiencies. At lower ratiocs the product will contain some MAP:
this causes nitrogen deficiency in the products.

4. The Mgz and Al contents of the acids have less effect on grade deficiency
than Ca and Fe,

5. To avoid highly viscous preneutralizer slurries when low preneutralizer
retention times are used, ensure that therea is sufficient F available

(F:Fez0s wt rtatio »2.0:1) to combine with the Fez0a to form coarse crystals.
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An alternative to this latter sugpestion 1s te replace the prensutralizer
with a TVA pipe reactor which is partially installed in the granulator

and discharges viscous slurry directly onto the bed of material in the

granulator.
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Chemical Analysis of Commercial DAP
Welght Percent

el - 11

Total P05 Total Total Toral Ha( Total Total Total Total Mg0, Fex0s

Sample H Total C.I. Fegals  Al.04 Mg Total Free Combined F Cad = F, Al,05, Ca0, §
A 18.13 46.5 0.07 1.6 1.3 0. 69 2.5 1.8 0.7 2.6 .44 1.3 7.83
B 18.2 46,2 .05 1.7 i.3 0.71 2.9 2.1 a.8 2.4 0.46 1.4 7.97
C 18.3 46.5 8.37 1.8 1.2 {i.62 1.9 1.7 a.z2 1.2 0.29 2.0 7.11
D 18.0 46,0 0.32 2.0 1.3 2.79 3.0 2.0 1.0 2.4 0.57 1.3 8.36
E - 1B.0 46,2 0.18 1.7 1.2 0.681 2.8 2.3 0.5 1.8 0.56 1.7 7.57
¥ 18.2 46.6 0.04 1.9 1.2 0.72 2.6 2.2 0.4 1.5 G.42 l.6 7.34
G 18.3 47.3 0.84 1.7 1.1 .58 1.7 1.4 8.3 1.7 0.40 1.4 6.88
H 15.2 46.8 0,01 1.8 1.2 .57 2.4 1.7 a.7 1.4 d.46 1.8 7.23
I 18.7 45.3 0.08 1.1 1.4 0.55 .68 1.9 a.7 2.5 0.43 1.7 7.68
J 18.7 47 .4 M1l 0.67 0.48 0,70 1.8 1.2 0.6 1.4 1.30 1.7 6.25
K 18.6 47 .4 il 0.67 0.48 0,69 1.7 1.2 0.5 1.4 1.30 1.7 6.24
L 17.1 44 . 8 0.10 0,86 1.7 0.63 3.1 2.3 0.8 3,2 1.80 1.7 9.8%9
M 17.2 46,7 0.46 1.57 2.1 0.71 3.7 2.8 G.9 1.7 G.69 1.4 8.17
] 17.9 45,2 8.0L 1.50 1.6 0,55 3.3 2.7 0.6 2.7 0.76 1.6 8.711



Table 2

Effect of Preneutralizer Retentlon Time on Citrate
Insoluble P.0s in DAP

Total Retention Citrate- Temperatures, °c {OF}
No. of Time in Insoluble Slurry to Product from Feola F Alz04 F:Fes0:
Sample Preneutrallzers Prencutrallzer (min) F.0s (E) Granulator Granulatop () (%) {Z) Wt Ratilo

Products of low F coatent (<23)

A 1 ai Nil 113{235) 99210} 1.9 1.5 1.2 0.79:
B 1] 48 Nil 118(245) 96 (205} 0.67 1.4 0.48 2.1:1
c 1 49 G.1 111(232) 92 (197} 1.8 1.4 1.2 0.78:1
1} i 6l 0.18 121(250) 96(205) 1.7 1.8 1.2 1.06:1
E 1 98 .84 110(2363 79(175) 1.7 1.7 1.1 1.0:1
¥ 2 135 0.37 116(240) B5(185) 1.8 1.2 1.2 0.67:1
Products with relacively high F content {>2%)
G 1 T4 0.32 107¢225) 96 (204} 2.0 2.4 1.3 1.20:1
H 1 B3 0.08 117¢242) 93 (200} i.1 2.5 1.4 2.27:1
I 1. 128 0.27 116{240) 99 (210} 1.7 2.6 1.6 1.53:1

Apetention time lst preneutralizer 107 min, 20d preneutralizer 28 min
W:P mole ratio lst preneutralizer = 1.15:1, 2nd preneutralizer 1.5:1.

El - 11
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Table 3

Pilor Plant Production DAP - Effect of Magnasium

Phosphoric Acid Analysis,

Mg0
Pa0=

F
FEQUQ
AYz04
Cao
3045
5102
Ratiosg
¥F:Fay(x
F:Mg0O
F:R;0a

Preneutralizer Slurry Operating Data

Temperatura, °c COF)
Vizaosity, P
Specific gravity

pH

N:P mole ratio

Slurry Chemical Analysis, %

N
P20s
HaQ (A.0.A.C.)

Teat No,
™e-12 mie-2° -
0,56 1.63
40.59 4(3.03
2.05 2.46
2.01 1.13
1.09 1.41
0.06 * 0.32
2.36 2.80
- 1.49
1.02:1 2.17:1
l.a6:1 1.51:1
g.66:1 0.97:1
109(229}) 107(224)
4B6 i 152
1.42 1.44
6.3 6.3
1.46:1 1.37:1
10.6 8.9
3é.8 36.7
20.1 29.0

Acombination 3 testa: NW-1, 2, 3
bCumbinatinn 4 testa: NW-4, 7, 8, 9



Table 4

Microscoplc and Chemical Analysis of DAP Product Having Low Magnesium Content, Weight Percent

Test No. IMC-1

C.I. Pa0s = 0.05 Percent
Slurry Viscosity 466 cP

Ni Mn Si Na

__Solid Wl % |y Ca N P,0s Fe Al Mg S0, Zn \'} Cr Cd U K
MgNIil, PO, 1.0 2.11 0.19 0.96 0.33

Cay50,4A184F43.12H,0 0.30 0.095 0.06 0.01 0.04

ZnNil, PO, 0.025 0.002 0.010 0.0092

CdNH 4 POy, 0.002 0.0001 0.001 0.0010

UOzNH, PO, 0.028 0.001 0.006 0.0190

NiNU, POy, 0.007 0.0006 0.003 0.0024

MnNH,POy, 0.083 0.007 0.035 0.0271

Nal.. PO, 0.20 0.024 0.0383

KH_ 1O, 0.14 0.0408
A1-NH,-PO,4—-F-1120 4.44 0.94 0.35 1.76 0.67

Fe~NH,~P0,4—NI0 4.90 0.23 1.94 1.22

Ca(NHy) 5 (1P04) 5. H 0 0.36 0.05 0.035 0.18

V=NHy,=PO,4~-F-H,0 0.05 0.009 0.003 0.017 0.0126

Cr-NHly=POy—F-11,0 0.03 0.006 0.002 0.01 0.0076

(NHy ) 281F, 1.16 0.74 0.21 . 0.21

(NH, ) 2504 6.24 1.32 4,54

Nl 11 POy, 6.74 0.82 4.16

(Nlly ) 2HPO,, 72.65 15.41 39.08

Free HL0 0.68

Summation 100.14 1.79 0.11 18.58 48.19 1.22 0.68 0.33 4.58 0.0092 0.0126 0.0076 0.0010 0.0190 0.0024 0.0271 0.21 0.0383 0.0408
Chemfcal analysis - 1.79 0.11 18.58 48.19 1.22 0.68 0.33 4.58 0.0093 0.0125 0.0080 0.0008 0.0187 0.0024 0.0273 0.14 0.0390 0.0408

9T - 11
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ble 5

Microscopic and Chemical Analysis of DAP Product Having High Magnesium Content, Weight Percent

Test No. IMC-2
C.I. Po0s = 0,37 Percent
Slurry Viscosity 166 cP
Solid Wl % F Ca N P,05s Fe Al Mg 50, Zn v Cr Cd U Ni Mn S1i Na K
MgNH, PO, . H20 4.15 0.37 1.90 0.65
CayS804A181F453.12H,0 0.05 0.02 0.01 0.002 0.006 0.0018
ZnNH4 PO, 0.018 0.001 0.007 0.0066
CdNH, POy 0.001 0.0001 0.0003 0.0005
UQ2NH, PO, 0.030 0.001 0.006 0.0203
NiNH, PO, 0.005 0.0004 0.002 0.0017
MaNH, POy, 0.09 0.008 0.038 0,0294
Nal; PO, 0.16 0.095 0.0307
F83K||1Q(P01‘)9-4“20 0-96 0.52 0.15 0.0356
Fe-NHy~PO,4—-NH,0 0.28 0.01 0.11 0.07
Fe~NH,-PO4-F-H50 3.59 0.66 0.24 1.23 0.97
A1-NH,~PO4~-F-H30 4.51 0.96 0.35 1.79 0.68
V-NH,~POy~F-1,0 0.05 0.009 0.003 0.017 0.0126
Cr-NHy~POy-F-11,0 0.03 0.006 0.002 0.01 0.0076
Ca(NHI‘)g(llp()q)z-HgO 0.36 0.05 0.04 0.18
(Nlly) 2S1Fg 0.91 0.58 0.14 0.143
(N, ) 2S04 3.88 0.82 2,82 ‘.
(NlL,) 2HPO, 75.81 16.08 40.78
(NH,) 2P0, 2.17 0.59 0.97
Free H30 1.06
Summation 98.11  2.24 0.06 18.66 47.66 1,19 0.682 0.65 2.826 0.0066 0.0126 0.0076 0.0005 0.0203 0.0017 0.0294 0.1438 0.0307 0.0356
Chemical analysis - 2.24 0.06 18.66 47.66 1.19 0.68 0.65 2.83 0.0067 0.0127 0,0066 0.0006 0.0204 0.0018 0.0293 0.2165 0.0311 0.0356

91 - 11



Table 6

Microscopic and Chemical Analysis of On-Grade DAP (18.2-46.2-0), Weight Percent

__Solld Wt % r Ca N P,0s Fe Al Mg S0, Zn ) Mn Cr cd U N1 S1
MgNL, PO, H20 2.92 0.25 1.25 0.43 0.01
CaqS0,A181F,5.1214.,0 0.36 0.11  0.07 . 0.01 0.04
ZnNH4 POy 0.02 0.002 0.008 0.0073
CANH,, POy, 0.0004 0.00002 0.0002 0.0002
UOLNH,4 PO, 0.03 0.001 0.006 0.02
NiNH, PO, 0.005 0.0004 0.002 » 0.002
MuNH, PO, 0.11 0.009 0.047 0.036
FeNily, (1PO,) 2 0.84 0.04 0.43 0.17
Fe=NH,~PO4-F-1_0 3.78 0.69 0.25 1.29 1.02
AL-Nil,=POy,-¥-H.0 4.44 0.94 0.35 1.76 0.67
V=NH~PO,-F-U,0 0.06 0.01 0.004 0,021 0.015
Cr-NH,~PO4—F-H.0 0.03 0.006 0.002 0.01 0.0076
Ca(Nily) 2 (11PO,) 5. H 0 1.86 0.26 0.18 0.92
(NH,) . S1Fg 1.08 0.69 0.17 0.17
(Nl,) 250, 5.71 1.21 4.15
(NHy,) 21IPO, 73.1 15.5 39.32
Nit, 11, PO, 1.85 0.23 1.14
Free B0 2.1
Summat Lon 98.3 2.45  0.33 18.2 46.2 1.19 0.688 0.43 4.19 0.0073 0.015 0.036 0.0076 0.0002 0.02 0.002 0.18
Chemical analysis 2.4 0.33 18.2 46.2 1.19 0.69 0.43 4.19 0.0077 0.0147 0.0369 0,0077 0.0002 0.0183 0.0017 -
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Table 7 ~

Microscopic and Chemical Analysis of Off-Grade DAP (18.0-45.6-0), Weight Percent

Solid WL % _F Ca N P,0s Fe Al Mg §0, Zn ) Cr cd u Ni Mn
MgNH, PO,y . 61,0 2.66 0.22 1.14 0.39
CaySO04A1S1F15.1200  0.72 0.23 0.15 0.02 0.09
ZnNH,4 PO, 0.01 0.001 0.004 0.004%
CdNil, PO, 0.001 0.0001 0.0003 : 0.0005
UO_NH, PO, 0.03 0.001 0.006 0.020
NiNI, PO, 0.004 0.0003 0.002 0.001
MaNH, PO, 0.09 0.008 0.038 0.029
FeNHy (P04 ) 2 5.95 0.30 3.07 1.21
Al-NH=PO4-F-1-0 4.71 1.00 0.37 1.87 0.71
V=N~ POy F-H,0 0.06 0.01 0.004 0.021 0.015
Cr—NU,— PO,y -F-H0 0.02 0.004 0.001 0.007 0.005
Ca(NHy) 2 (HPOL) 2. 1,0 4,22 0.59 0.41 2.10
(Nlh.);Sl.l"d 0.78 0.50 0. 12
(Nliy) 280, 6.59 1.40 4.79
(NH4 ) 2001204, 66.08 14.02 35.54
(NH3) 3P0y 4.20 1.15 1.88
Free H,0 2.7 .
Summation 98,8 1.74 0.74 18.01 45.67 1.21 0.73 0.39 4.88 0.004 0.015 0.005 0.0005 0.020 0.002 0.029
Chemical analysis 1.8 0.74 18.00 45.67 1.21 0.71 0.39 4.79 0.0043 0.0140 0.0055 0.0006 0.0199 0.0014 0.0283

81 - 11
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FIGURE 4
344
TOTAL WATER vs. PO,
IN DAP SAMPLES
324
@ TOTAL P,04
? G AVAILABLE P,0,
3.0+ & ®
1
|
|
28+ t?:
|
o, }
T I
264 [
2 |
= |
: |
24+ i
|
{
1
{
|
224 i
|
|
|
l
2.0+ :
|
|
|
|
1.8+ |
1
|
[
|
1.6 . ' :
44.8 45.0 46.0 47,0

AVAILABLE AND TOTAL P,04



o = -
o O n
d 1

WATER OF HYDRATION

o
®

0.4+

0.0

i1 - 23

FIGURE 5

COMBINED WATER vs. N
IN DAP SAMPLES

i7.0

18.0 19.0
TOTAL N



. 11 - 23

FIGURE 6
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TA/80/11 Effect of impurities in wet-process phosphoric acids on DAP grades hy
F.P. Achorn, E.F. Dillard, A.W. Frazier, D.G. Salladay, T.V.A., USA

DISCUSSION : (Rapporteur 'R, Schoemaker, UKF, Netherlands)
Q - Mr. R. [DS'IIE" S.A. CrUB, Smin

Could vou indicate for making DAP:

a) if ammonia losses from granulator are larger when using the conven—
tional preneutraliser system or the pipe reactor system

b) if this difference may be cpantified?

A - During the production of DAP, the losses fram the preneutraliser and
the TVA pipe cress reactor are essentially the same because they are
both operated at the same N:P mole ratio and slurry temperature,
Usually, the N:P mole ratio is 1.45 and the slurry temperature about
120° C. With these conditions, the amonia less is about 5% of total
NH5 input.

Q = Mr., A, VIILARD, APC Rouen, France

What is your opinion as to the role of aluminium in the increased vis~
cosity and in the possikle interaction between aluminium and flucrine?

A - Aluminium has a slight effect on increased viscosity of the slurry in
the preneutraliser; however, the leading contributors to high viscosity
are Fe and Mg, In slurries, low in F-content, an amorphous Fe-NH,—POp-
nH-0 gel forms. In a system low in Al and Pe, but high in Mg, usually
the My combines with F and P to form a Mg-NHj—PO4—nH-O amorphous gel.
The latter compound forms, when there is insufficient Al and Fe t
react with the F of the slurry,

Q - Mr. C. HOEE, DSM, Netherlands

What really i=s the relation between the data of table 1 and the graphs
of the figures 1 to 87 E.g., fig, 1 two points on the 18% N-line with
7.2 and 7.6% impurities, but in the data you see B.4 and 7.6: I am
missing the points M and N.

A more important question is related to statistics. In most of your
figures, the point L is playing an important role, Have you done
calculations about the statistical significance of the conclusions?

A - No, we did no statistical ealculations, but there were more points
available than shown in the graphs.

Q = Mr. Q. NEVES, Luchsinger, Brazil

Can you give an idea of maximum temperature achieved in pipe reactor
for prevention of insoluble P5O: in product?

A - In the production of DAP, the formation of insoluble PoOg in the TVA
pipe cross reactor is mot tenmperature related,
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What is the effect of low Pe)0y, low Ca, but MgO—content between 0.8%
_a:nd 1.5% on viscosity of slurry in DAP production? F:Fe,Oy ratio still
I 5.77 '

A - Results in high viscosity of slurry from preneutraliser, Small scale
tests show that magnesium can cause high viscosity problems in the
prencutraliser if an excess of fluorine is present over the amount
needed to precipitate the iron and aluminium as (Al Fe)=NHy~POs~F-H-0,
The precipitate in this case is an amorphous MoNH4HFPO, campound. The
obvious way to avoid this compound is to defluorinate the acid. This
can be accomplished by ¢perating the ammoniator scrubbers at a low N:P
mole ratio (less than 0.3) so that the F can be removed in the scrub—
bers.

Q - Mr. M. R. MINALDI, Montedison Spa, Italy

Tables 5, 6, 7 show an increase of free water with decreasing gqrades
of DAP. Is that due % a casual behaviour or is there any difficulty
during the drying step deriving from impurities present in DAP at
lower grade?

A - The difficulty in drying does increase as the Fe and Al increase
because these are granulaticon promoters., Their increase will tend to
cause the particle size of the recycle load to increase which tends
to increase the drying requirements., However, these are really
insignificant charges and the increased amounts of Pe and Al improve
the storage characteristics of the DAP,

What is the influence of acid impurities on the physical quality of
DAFP granules (hardness)?
A - Impurities such as Fe and Al improve the storage characteristics of DAP

Less is known about the effect of Mg. Some researchers believe that,
when the acid has a low Al and Fe content and relative high F and

Mg contents, an amorphous Mg-NHq—POp~F-nil,0 compound forms which may
cause caking of the DAP in storage, Generally, Fe and Al cause the
product to became harder than those produced from pure phosphoric
acid, Also DAP, 18-46-0 grade, that contains relatively large amounts
of Fe and Al (P,05 2.0%) has a higher critical humidity than does
pure DAP, 21-53-0 grade,

Q = Mr. T.R. BOULOS, National Research Centre, Cairo, Hgypt

What do you think will be the solution with F-deficient ores to
counteract the higher viscosity of acid slurry?

A - Prior to amoniation of the acid, ensure that there is sufficient
ageing and clarification of the acid to remove Al, Fe, Ca ard Mg.

Q - MI’. J.'I‘l.)- MTJE' UKF' NethErllarﬂS

a) On page 11-6 of your lecture, you suggest to make NH4F by mixing F-
bearing gases with NHy-bearing gases. Are you not afraid of mist
formation?
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b) Did you determine the crystal phase of the (NHy)o8iFg in your
samples being - or -modifications? (table 4,5,6,7)

a) The best way to obtain NHyF is t© form it in the reactor (preneu—
traliser) by reacting HF from the tail gas scrubber with amronia
added to the preneutraliser. In the US, tail gqas scrubkbers are fre—
quently used to scrub exit gases fram the granulator scrubber. HF
is in the exit gas stream from the granulator scrubber because it
is wsually operated at a N:P mole ratio of 0.3. 2mmonium fluoride
can also be produced by reacting ammonia with H,S5iFg.nH-O. The
NHsF is separated from the 5102' nH,0 by decantation.

b) We did not try to determine if the (NHy),SiFg in the samples was
in the - or =form. The values for (NH4%2SiE‘6 were calculated by
usirg microscopic and chemical analysis.

0 - Mr. M. GAURON, Cofaz, France

My question relates to the composition of the DAPs described in table
4 ard 5, They both contain aluminium fluorophosphate, one contains
iron fluorophosphate and the other not. Can you describe the physical
method which allows to distimguish between these two constituents in
the fertiliser matrix? Is the miscroscopic test sufficient?

Most of these compounds were determined by using a combination of
microscopic and chemical analysis. The results were confirmed by other

analyses such as Argon Plasma Emission spectrometry, X-ray diffraction
and Fourier Transform Infrared spectroscopy.



