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Figure 2. Influence of  composition 
on reactivity of zinc frits 
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mixing during the molten stage is impor- 
tant in making a glass for agricultural 
purposes. Homogeneity of the glass a t  a 
given level of reactivity has not been 
shown, in itself, to affect vegetative re- 
sults. Ho\vever, the procedure for 

making a frit is simpler, since the melt is 
not stirred or otherwise mixed. The 
preparation of frits is also preferred 
because their reactivity is less affected by 
differences in composition. 

Influence of Chemical Composition 

The molar compositions of suitable 
sodium-zinc glasses are given in Table I. 
To  define the type of material, zinc in the 
glass is arbitrarily assigned the composi- 
tion of ZnzSi04. the only kno\vn silicate 
of zinc (5). The ratio of the matrix 
silica (excess of that in the form of 
Zn2Si04) to sodium oxide content varied 
from 1.9 to 2.2 with homogeneous 
glasses and from 1.9 to 3.1 with the frits. 
Hence, these materials may be char- 
acterized as solutions consisting of 
2 Z n 0 .  SOn and NasO. nSi02. \vhere n 
has the value of about 2 to 3. 

The release of zinc from frits con- 
taining potassium or aluminum is com- 
pared with that from the sodium frit in 
Figure 2. The frits \rere clear glass, 
except in a few cases at low reactivity, as 
depicted by broken line segments of the 
curves. \Vithin the useful range of 
reactivity, the curves are nearly parallel. 
Thus, the sensitivity of zinc release to 
differences in composition \vas much the 
same for each type of frit. 

The molar ratio of the acid and basic 
constituents largely determined re- 
activity of the frits. as sho\vn by the data 

FERTILIZER A N A L Y S l S  

Quantitative Analysis of Mixed 
Fertilizers by X-Ray Diffraction 

in Table 11. At a given level of reactivity. 
the ratio of ‘.acidic” oxides (Si02 and 
A1203) to basic oxides (Xa20, KLO, and 
ZnO) was sensibly constant. Potassium 
oxide merely replaced sodium oxide, 
and alumina replaced silica 11 ith little or 
no effect on the release of zinc. 
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An x-ray diffraction method is described by which the compounds in mixed fertilizers are 
identified and their amounts determined quantitatively. Spinel (MgAI2O4) serves as an 
internal standard. The method is sufficiently accurate to yield practical information on the 
mineralogical composition of mixed fertilizers, and results are reported of the analyses of 
typical fertilizers. 

ROMLECGE of the mineralogical K composition of a mixed fertilizer 
is a great help to\vard understanding the 
reactions involved in i ts  manufacture. 
its caking during storage. and its be- 
havior in the soil. Chemical analysis 
yields little information on the actual com- 
pounds in a complex mixed fertilizer. and 
petrographic examination is hampered. 
considerably more than are x-ray meth- 
ods, by the colloidal and gelatinous ma- 
terials present in many mixed fertilizers. 

Present address. Chuo UniLersity, 
Tokyo. Japan. 

Development of Method 
Ando and Matsuno ( 7 ,  2) adapted the 

quantitative x-ray diffraction method of 
analysis (3, 4) to fertilizers. Spinel 
(MgA1204) served as an internal stand- 
ard; its diffraction peaks are relatively 
free of interference from those of many of 
the compounds in mixed fertilizers, the 
intensity of its principal peak is virtually 
unaffected by the grinding required in 
preparing samples for examination, it 
has a moderate x-ray absorption coeffi- 
cient, and it is inert to the common 
fertilizer components. 

The procedure based on spinel was 
developed further and applied to the 
analysis of different types of fertilizers. 
Calibration curves were made for some 
20 compounds and several solid solutior s 
often present in mixed fertilizers. Intei- 
ferences of diffraction peaks of the com- 
pounds with those of spinel \%ere identi- 
fied, and corrections uere made. The 
method yields dependable information 
on the mineralogical composition of 
mixed fertilizers, and the results are in 
reasonable agreement \\ ith those of 
chemical analyses. 
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No. 

Table I. Precipitated Apatite 
Product 

Precipifafion .- Relafive 
- Temp., Time,a peak Composifion, 70 

OC. min. pH heighfb Ca P F CaO P:Os 

.A 75 7 7 8 1 . 0 0  37 .2  18 4 0 0 52 1 42 2 ~~ 

B 65 2 7 8  0 8 5  3 6 5  1 8 2  0 4  5 7 0  4 1 8  
C: 50 0 2 5  8 2  0 6 8  3 5 4  1 8 5  0 0  4 9 6  4 2 4  

l in i r  of addition of reagents. 20 = 31.8" 

3 0  35 

Figure 1. X-ray diffraction patterns of precipitated 
apatites 

Reference Compounds. Reagent 
grades of common fertilizer salts, such as 
ammonium and potassium phosphates, 
chlorides, sulfates, and nitrates, were 
used directly from stock bottles as refer- 
cnce compounds when their diffraction 
patterns shoived impurities to be in- 
consequential. Preparation of the less 
common salts is describrd. 

SPINEL, MgA1204. An equimolar 
mixture of magnesia and alumina 
(reagent grades) \vas moistened, pellet- 
ized, and calcined for 30 minutes a t  
1600' to 1670' C. The product was 
ground to -200 mesh. 

SYSGETITI:. (SH~,K.)nS04.CaS04. 
H20 .  hlixtures of ammonium, potas- 
sium, and calcium sulfates were re- 
peatedly moistened. ground, and dried 
at  80' C. until homogmeous. Better 
results \Yere obtained when 370 of the 
ammonium sulfate \vas replaced by its 
weight of diammonium phosphate; the 
product then consisted of crystals ivith a 
habit more like that of  syngenite in 
mixed fertilizers. 

3NH4Dj03. (NH4)2S04. Salt was 
crystallized by slow cooling of a boiling 
saturated solution of "4N03 and 
(NH4)2S04 in mole ratio 6 to 1 ( 9 ) .  

2KH4KO3. (SH4)?SO4 ASD "4x03. 

2KhT03. Stoichiometric mixtures of the 
component salts ivere repeatedly mois- 
tened. ground, and dried at 70' C. 
until the x-ray diffraction pattern of the 
product sho\ved no peaks of the com- 
ponent salts. 

ANHYDRITE. CaSO?. Calcium car- 
bonate ]vas treated with a slight excess 
of concentrated sulfuric acid. The mix- 
ture \vas heated at  160' C. to volatilize 
the excess acid. The rrsultant crystal 
particle size \vas - 10 micron. 

A mixture of 8 grams of CaCO3, 30 grams 
of 65y0 H3PO4, and 10 grams of con- 
centrated H2S04 \vas heated at  90' C.  
The mixture was filtered, and the 

PLASTER OF PARIS, C:aS04.0.jH?O. 

product was washed with acetone and 
air-dried. The  crystal particle size 
]vas - 10 micron. 

HYDRATE, Ca(H2P04)Z. H20.  Calcium 
carbonate was treated with twice the 
stoichiometric amount of 657, phos- 
phoric acid. The mixture was filtered, 
and the product was washed with ace- 
tone and air-dried. The crystal particle 
size \vas - 10 micron. 

ANHYDROUS DICALCIUM PHOSPHATE, 
CaHP04. A suspension of the dihydrate, 
C a H P 0 4 .  2H20, in boiling water was 
filtered, and the product was washed 
with acetone and air-dried. The  crystal 
particle size was -25 micron. 

APATITE, Caj(P04)3(0H,F). Crystal- 
line apatites prepared by conventional 
methods (7) \Yere unsatisfactory as refer- 
ence materials because they gave much 
sharper peaks than the apatitic material 
in fertilizers. Suitable reference apatitic 
materials were prepared by rapidly 
mixing in 1 liter of water 100 ml. each 
of an 0.85M solution of Ca(N03)2 and a 
0.57M solution of (NH,)?HPOd. Fluo- 
rine was incorporated by adding small 
amounts (I to 20 ml.) of a 1.9,M solution 

hfONOCALCIUM PHOSPHATE hfON-0-  

of SH4F. 

The compositions of three such prepa- 
rations are shown in Table I and their 
x-ray diffraction patterns are shoum in 
Figure 1. The crystal size of the pre- 
cipitates decreased and their peaks de- 
creased in height and increased in width 
as the temperature of preparation \vas 
loxvered and as the rate of combining the 
reagents \vas increased. The composi- 
tions of the precipitates \yere never quite 
that of Caj(P04)3(OH.F)-the ratio 
of calcium to phosphorus was allvays 
low-and as the crystal size decreased 
the composition shifted even farther to- 
ivard a less basic calcium phosphate. 
The x-ray diffraction patterns of the 
precipitates resembled closely those of 

the apatitic materials in fertilizers, how- 
ever, and the precipitates. Ivhich had an 
apatite-like structure, were called apa- 
tites for convenience. 

SOLID SOLUTIONS. Mixtures of the 
component salts [ (NH4)$04 and K2S04, 
NHdCI and KCl, NH4H2P04 and 
KH2PO4, NH4N03 and KNOI] were 
repeatedly moistened, ground, and dried 
at  70' C. until the x-ray diffraction 
pattern of the product showed no peaks 
of the component salts. 

Procedure. The diffraction patterns 
were obtained with nickel-filtered copper 
radiation from a North American Phillips 
Geiger counter diffractometer operating 
at 35  kv. and 15 ma. The  optical s!.stem 
contained a 1" divergence slit and a 
0.005-inch receiving slit. 

The samples (about 250 mg.) \\.ere 
packed into a holder with a rectangular 
chamber 10 by 20 mm. and 1 mm. deep. 
The chart speed was 0.5 inch per minute, 
the scanning rate 1' per minute (all 
angles referring to diffraction patterns 
are Bragg angles, 28). In  most of the 
work, the scale factor was 8, the time 
constant 4 seconds. 

Diffraction patterns of three double 
salts and five solid solurions are listed in 
Table 11. Diffraction angles and rela- 
tive intensities of the compounds and 
solid solutions often present in mixed 
fertilizers must be determined in calibrat- 
ing the method and allowing for inter- 
ferences. 

reference compound \vas tested to deter- 
mine the extent of grinding required 
and the largest crystal size that would 
yield reproducible diffraction peak 
heights. Thus, equal weights (100 to 
200 mg. each) of monoammonium phos- 
phate and spinel were mixed by light 
grinding in a 56-mm. agate mortar. 
After each minute of grinding, the sam- 
ple was scraped from the surface of the 
mortar with a spatula and the grinding 
was continued. After each 2 minutes 
of grinding the pattern of the sample 
\vas run and the heights of the mono- 
ammonium phosphate peak at  16.6' 
and of the spinel peak at 36.8' \\-ere 
measured. 

In 10 minutes of grinding the ratio of 
the heights of the two peaks became 
constant; microscopic examination of 
the sample showed that the maximum 
particle size \vas 30 microns. Less than 
10 minutes of grinding \vas sufficient 
for most of the reference compounds, and 
a particle size of 30 microns or less \vas 
satisfactory for all the compounds. 

The effect of crystal size on the ratio 
of the peak height of the sample to that 
of the internal standard (spinel) \vas 
studied with t\vo samples of ammonium 
syngenite. One. without added phos- 
phate, had an initial crystal size of about 
100 microns; the other, ivith a small 
addition of phosphate, had an initial 
crystal size of -10 micron. The 
sample Lvith the smaller crystals (more 
like the syngenite found in mixed 
fertilizers) yielded constant peak-height 

PREPARATION OF SAMPLES. Each 
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ratios with no more than 5 minutes of 
grinding, but the coarser, phosphate-free 
syngenite required more than 15 minutes 
of grinding. 

CALIBRATIOS CURVES. To prepare 
calibration curves: 50 mg. of spinel and 
200 mg. of a mixture of the reference 
compound with a powdered diluent 
(borosilicate glass or calcite) were 
ground together in an agate mortar for 
10 minutes. The ratio of the height of 
the selected peak of the reference com- 
pound to that of the 36.8' peak of spinel 
was determined for several kno\\-n con- 
centrations of the reference. 

With some reference compounds, such 
as solid solutions of ammonium and 
potassium chlorides, peak areas lvere 
more reliable than peak heights. For 
patterns of these materials. the scanning 
rate \\-as decreased to 0.25' per minute, 
but the chart speed \\-as still 0.5 inch 
per minute. 'The chart paper was 
uniform, and satisfactory measurements 
of peak areas were obtained by cutting 
out and iveighing the areas. 

When free of interference from other 
compounds, all the calibration curves 
were straight lines through the origin 
when the ratio of peak heights (or peak 
areas) \\-as plotted against concentration 
of the reference compound as weight 
per cent of the sample. The calibration 
curves are summarized in Table I11 as 
the ratio of the height (or area) of the 
selected peak to that of the standard 
peak (36.8') of spinel for mixtures con- 
taining 257,  of the reference compound. 

The diffraction pattern of diam- 
monium phosphate contains a large peak 
at  15.8' and a small peak with about 
11% of the intensity at 36.8'. Inter- 
ference of the 36.8' peak of diammonium 
phosphate with the same peak of spinel 
is corrected for by subtracting 11% of the 
15.8' peak from the 36.8' peak. Al- 
though no peak of diammonium phos- 
phate interferes with the 18.9' peak of 
spinel. peaks of many other fertilizer 
salts do: so that this peak of spinel is 
inconvenient for use as the standard. 

Ammonium nitrate, form I I I ?  when 
present as a solid solution of 9570 
"*NO3 and 5% KK03, also interferes 
with the 36.8' peak of spinel and is 
corrected for by subtracting 22y0 of the 
27.4' peak of the ammonium nitrate 
from the spinel peak. 

Solid solutions of ammonium and 
potassium salts of the same anion are 
common constituents of mixed fertilizers. 
The position and intensity of the charac- 
teristic peak of each solid solution change 
continuously \\-ith change in the ratio of 
the cations. I t  \vas necessary to pre- 
pare several compositions in each series 
of solid solutions and to determine the 
position and intensity of the selected 
principal peak for each. Calibration 
curves were then prepared for samples 
containing 257, of each composition, 
\vith the 36.8' peak of spinel as the 

Table II. Powder Diffraction Patterns 
2e 1 / 1 1  28 1/11 

3NHaN03, 2NHaN03, 
(NHa)2SOd (NH4)2S04 

28 1/11 

NHiKSOi  . 
CaS04. H20°  

1 1 . 5  7 30 .4  44 
31 .2  27 
34 .6  10 
36 .1  34 
37 .2  14 
37.7 12 

36 .5  7 
37 .7  13 1 6 . 4  18 

17 .2  16 
17 .7  12 
1 8 . 5  47 

38 .6  9 
40 .6  3 

(NHa,K)HzPOa' 1 8 . 8  16 
1 9 . 4  27 
21 .4  24 

~~ 

39.7  10 
42 .4  20 

16.85 40 
21 .4  6 
23.65 100 

~ 

22.2  16 
22 .7  7 
23 .3  14 

NHaN03.2KN03 
20 .8  5 
24 .2  2 
26 .9  100 
29 .4  40 
32 .1  21 
38 .6  25 
42 .4  15 

Spinel, MgA1204 

29 .3  26 
29 .7  44 
33 .8  29 
3 4 . 3  6 
38.1 16 

NH4KS04' 
17 .2  14 

24.0 8 
24 .5  6 
26.1 8 
27 .2  60 
28.0 100 
28.7 49 
29 .6  8 20 .7  100 

23 .0  22 
28.9 62 
30 .2  87 

30 .0  24 
30 .7  44 
32 .1  9 18 .9  40 

31.2 37 
36 .8  100 
44 .7  5 5  

34.9 23 
35 .9  14 
3 9 . 5  12 
40 .1  11 
42 .0  21 

i'iHdC1 + 4KCl' 
28 .1  100 
40 .1  28 
4 9 , 7  I 

N H I K S O ~ .  
CaS04, H 2 0 5  38 .3  9 

39 .5  5 
40 .9  18 9 . 0  100 

1 5 . 3  60 
18 .1  18 
1 9 . 0  25 
1 9 . 5  18 8 . 8  9 

11 .7  9 
13 .1  6 

20 .7  17 
22 . o  13 
22 .5  13  1 6 . 2  10 

17 .8  52 
18 .8  55 
19 .4  9 

24 .8  40 
26 .5  27 
27 .4  40 

1 6 . 9  17 
1 9 . 5  16 
22 .7  63 
26 .2  60 
2 7 . 4  100 
27 .7  84 
30 .4  17 

21 .1  9 
22 .2  7 
23 .5  19 
26 .9  98 
27.1 100 
27 .9  68 

31 .5  34 
34 .1  72 
35 1 5 

3 1 . 4  28 
31 .6  1 5  
32 .4  31 
35.2 13 

a Equal weights of NH4 and K salts. 
Solid solution ; proportions on weight basis. 

Table 111. Calibration of Peaks of Fertilizer Compounds 
(Each compound present as 25'3 of a mixture bvith an inert diluent; 200 nig. 

mixed with 50 mg. of spinel) 
of mixture 

28' 
8 . 8  

1 / 1 2  
0 . 8 3  

Compound 28O 
27 .1  

l / l s a  

0 .47  
9 . 0  

1 1 . 6  
1 4 . 7  
15 .2  
1 5 . 3  

0 .39  
1 .31  
0 .76  
0 . 3 7  
0 .25  

27 .4  
2 7 , 9  
28 .0  

0.45d 
0 . 3 8  
0 .50  

28 .1  
28 .1  
28 .3  

2 . 4 6  
3 ,201  
3 .30  

28 .8  0 .78  
30 .2  0 . 4 9  
31 .8  0 .32  
31 .8  0 .26  
32 .6  2 .90  

0 64 
0 .32  
0 . 5 0  

NH,Cl-KCle 
KC1 1 5 . 8  0,428 

1 . 2 5  
0 .19  
0 . 9 5  
0 . 4 7  
0 .73  
0 .86  
0 .46  
1 . 8 3  
1 . 2 5  

1 6 . 6  
1 7 . 8  
2 0 . 4  
22 .3  
23 .5  
23 .6  
2 4 . 0  

32 .7  
39 .7  
3 3 . 8  25 .4  

2 6 . 9  
K N 0 3  

Ratio of height of indicated Deak to 36.8' Deak of mind.  
Solid soluticn; equal weights of SH,  and K salts. ' 

"95% N H A N O , ( I I I I  + 5% KP-- ~ " \  ~~ ," -- . \us.  
d .Aft& subiraction of22'3 of 27.4' peak from 36.8' peak. 
e Solid solution: 20'7" NHrC1. 8Owp KCI. 
1 Ratio of peak areas. 
g After subtraction of llyo of 15.8' peak from 36.8' peak. 

Described in Table I .  
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0 7 '  I l o  
20 40 60 80 
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NH,CI, 9: OF SOLID SOLUTION 

1 

Figure 2. Calibration curves of solid solutions 

Each solid solution comprises 25y0 of sample; 200 mg. of sample mixed with 50 mg. of  spinel. 
tensity ratio is that of salt peak-spinel peak a t  28 = 36.8 '  

In- 

Upper left. NH4HzP04-KHzP04 
Upper right. (NHalzS04-K2S04 
Center left. (NHdzSOd.CaSO4. HzO-KzSOr.CaS0,. H 2 0  
Center right. NHICI-KCI 
lower left. NH4N08-KN03 

standard. The results of these calibra- 
tions for five common solid solutions are 
shown in Figure 2. 

When the peak of a solid solution of 
NH,H?POr and K H ~ P O I  is a t  16.67', 
for example, the solid solution contains 
15% K H ~ P O I ;  for a mixture containing 
25Yc of this solid solution. the intensity of 
the 16.67' peak is 1.10 that of the 36.8' 
peak of spinel. 

Solid solutions of ammonium and 
potassium syngenites have nvo usable 
peaks. The position of one peak moves 
from 8.85' to 9.12' as the potassium 
syngenite increases from 0 to 70% of the 
solid solution, Ivhereas that of the other 
peak moves only from 15.2' to 15.3' in 
the same concentration range. The rela- 
tive intensity of the peak at  about 9', 
however, changes more rapidly with 
change in composition than that of the 
peak at 15.2'. 

Solid solutions of ammonium and 
potassium nitrate interfere with the 

diffraction pattern of this final mixture 
was recorded. 

Apatite and dicalcium phosphate 
usually were determined on the water- 
insoluble fraction of the fertilizer. This 
fraction was obtained by rapid washing 
of a 4-gram portion of the -100-mesh 
fertilizer on a fritted-glass filter \+ith 
500 ml of water. The residue \vas 
washed with acetone, dried at 50' C., 
and ueighed; 200 mg. of the dried 
residue \vas then mixed ivith 50 mg. of 
spinel. and the mixture was ground in the 
agate mortar for 10 minutes. The  
apatite and dicalcium phosphate con- 
tents uere  determined in the usual 
manner and calculated on the basis of 
the original sample. 

The peak used for the 
determination of each compound (Table 
111) was chosen on the basis of its relative 
intensity, the reproducibility of its height, 
and its freedom from interference by 
peaks of other compounds. LVhen inter- 
ference was unavoidable. corrections 
were made. For example, ammonium 
sulfate interferes with the 16.6' peak of 
monoammonium phosphate. When 
both these compounds are present. 327, 
of the 20.4' peak of ammonium sulfate 
is subtracted from the 16.6' peak to 
obtain the corrected peak height for 
monoammonium phosphate. Al- 
ternatively, the 23.4' peak of mono- 
ammonium phosphate can be used for 
the determination. 

Peaks of many common fertilizer 
salts interfere with the peaks of apatite, 
and it is convenient to avoid much of 
this interference by determining apatite 
on the water-insoluble fraction of the 
fertilizer. Even then. however. an- 
hydrite interferes, and 5% of the 25.4' 
peak of anhydrite is to be subtracted 
from the 31.7' to 31.9' peak of apatite. 
Other interferences are sho\vn in Tablr 

Discussion. 

36.8' peak of spinel, and the interference 
changes with change in composition 
of the solid solution. Thus, if the peak 

solid solution contains 15% KNOS, and 1 

13% of the 27.6 peak is to be subtracted $8 20 
from the 36.8' peak of spinel. With 2: 
this correction, the intensity ratio of the 5 I O  

sample containing 257, of the solid solu- 
tion is 0.455. 

Interference is minimized by slow 
scanning of the sample spectrum, and for 
best results slow scanning and use of peak 

recommended, 

of the solid solution is a t  27.6'; the 

0 

a. ' a 20 
areas rather than peak heights are 

ASALYSIS OF FERTILIZER SAMPLES. 

by repeated quartering, \vas ground to 
A 50-gram sample of fertilizer, obtained 

-3j-mesh, and a 5-gram portion of this 
z 

0 
material \.vas then ground to - 100-mesh. 4.0 4.5 5 .0  5.5 6.0 6.5 
A mixture of 200 mg. of ground fer- AMMONIATION,  LB. N H 3 / 2 0  LB. P205 

tilizer and 50 mg. of spinel then was 
ground for 10 minutes in an agate Figure 3. Effect of degree of am- 
mortar, as in the preparation of the moniation on composition of am- 
reference compounds, and the x-ray moniated superphosphate fertilizers 
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Sample 

Grade 
N-P-K 
N - P ~ O ~ - K Z O  

Formulation, Ib./ton 
NHB, anhydrous 
Nitro en solution 

( N H ~ ) z H P O I  
Ordinary super- 

phosphate 
Concd. superphos- 

phate 
H z S O ~ ?  66" Be. 
KC1 

( N H ~ % S O ~  

Dolomitic limestone 
Other filler 

Ammoniation of OSPd 

Compn., 7c, by chem. 
anal. 

Total 
"4 
Urea 

N 

P 
Total 
AO.4C "available"/ 
Tt'ater-soluble 

K 
Ca 
S 
P205 

Total 
AOAC "available"/ 
Water-soluble 

KzO 
CaO 
SOa 

CaHPOl 
Apatite 

K?SO4, CaSOd.H?O 

CaSO4 
Cas04 . l / ~ H 2 0  
Dolomite 
Quartz 

Table IV. 

~ 

OSP-1 

3-5-10 
3-1 2-1 2 

77 
. . .  
. . .  
. . .  

1244 

75 
400 

258 
. . .  

4 .4  

3 .2  
3 . 2  

. . .  

5 . 0  
4 .6  
2 .6  

10 .3  
12.4 
8 . 5  

11 .3  
10.6 
6 . 0  

12.4 
17.4 
21.2 

10 
, . .  

. . .  

9 
. . .  

. . .  

. . .  

4 

4 
4 

11 

8 

. . .  

. . .  

. . .  
1 

21 

12 
5 

. . .  
7 - 

Total 92 

OSP-2 

4-5-1 0 
4-1 4-1 2 

105 
. . .  
, . .  

. . .  

1260 

. . .  
147 
410 

60 
. . .  

4.7 

3 .8  
3 . 8  

, . .  

6 . 4  
5 , 3  
2 . 5  
9 .1  

15 .6  
9 . 4  

14.6 
12 .2  
5 .7  

11 . o  
21.9 
23.4 

9 
. . .  
. . .  

10 
. . .  

. . .  

. . .  

6 
t . .  

. . .  
3 

17 

7 
. . .  
. . .  

1 
23 

9 
5 
2 
3 

95 
- 

Fertilizers Based on Ammoniated Superphosphate 

All PzOj f rom Ordinary Superphosphate 

OSP-3 OSP-4 OSP-5 OSP-6 

4-5-1 0 
4-1 2-1 2 

. . .  
183" 
. . .  
. . .  

1210 

, . .  

. . .  
394 
21 3 
. . .  

5 . 6  

4 . 2  
3 . 2  
1 . o  
5.9  
5 . 5  
1 . 4  

10.1 
15.5 
7 . 8  

13.5 
12.5 
3 .1  

12.2 
21.7 
19.4 

9 
, . .  
. .  

13 
. . .  

. . .  

. . .  

3 
. . .  
. . .  

2 
17 

11 
. . .  
, . .  
, . .  
20 

5 
3 

10 

93 
. . .  - 

6-5-10 
6-12-1 2 

60 
165h 
. . .  
. . .  

1183 

. . .  
100 
397 

163 
. . .  

5,O 

5 .8  
5 .0  
0.2 

5 . 6  
5 . 5  
2 . 3  
9 . 4  

12.9 
9 . 0  

12 .8  
12.5 
5 . 2  

11 .3  
18.0 
22.4 

11 

I 

10 

. . .  

. . .  

. . .  

. . .  

8 
. . .  
. . .  

2 
12 

4 
5 
2 
2 

22 

7 
. . .  
. . .  

7 
93 
- 

10-4-8 
10-1 0-1 0 

. . .  
484b 
. . .  
. . .  

1037 

. . .  
150 
334 

104 
. . .  

4 .8  

10.0 
6 . 8  
0 .6  

4 . 5  
4 . 2  
2 . 1  
9 . 3  

1 0 . 4  
8 . 4  

10.2 
9 . 6  
4 . 9  

11.2 
14.6 
20.9 

12 
5 
3 

12 
. . .  

. . .  
6 

8 
. . .  
. . .  

3 
9 

4 
1 
5 
1 

18 

9 
. . .  
. . .  

4 
100 
- 

10-4-8 
10-1 0-1 0 

25 
364c 
95 
, . .  

1030 

. . .  
175 
334 

42 
. . .  
5 . 4  

1 0 . 0  
8 . 0  

, . .  

4 . 5  
4 . 5  
1 . 8  
8 . 1  

10.4 
10 .3  

10 .4  
10.3 
4 . 2  
9 . 8  

14.5 
25.8 

12 
4 
3 

18 
. . .  

. . .  
3 

5 
. . .  
, . .  

3 
9 

3 
4 

, . .  

. . .  
18 

5 

2 
3 

92 

. . .  

- 

OSP-7 

6-3-7 
6-8-8 

. . .  
183a 
190 

, . .  

810 

. . .  

. . .  
263 
554 

. . .  
6 . 6  

5 .9  
4 . 4  
1 . 5  

3 . 8  
3 .7  
0 . 3  
7 . 1  

7 . 3  

8 .7  
8 . 4  
0.7 
8 . 5  

18.2 

. . .  

. . .  

7 

7 

14 

. . ,  

, . .  

. . .  

. . .  

1 
, . .  

. . .  
2 

12 

6 

1 

14 

2 

20 
3 

89 

. . .  

. . .  

. . .  

- 

OSP-8 OSP-9 

5-4-1 2 
5-1 0-1 5 

87 
69c 
. . .  
, . .  

1034 

. . .  
163 
500 
200 
. . .  
4 . 9  

4 . 8  
4 . 5  
. . .  

4 . 7  
4 . 4  
1 . 3  

13.1 
1 3 . 4  
8 . 8  

10.8 
1 0 . 1  
2.9 

15 .8  
18.7 
22.0 

12 
, . .  

, . .  

16 
. . .  

, . .  

. . .  

2 

3 
3 

13 

10 

. . .  

. . .  

. . .  

. . .  
24 

2 
2 
5 

92 
. . .  - 

a Solution 425 (27-0-39) contains 10% (NH4)&Oa. 
Solution 430 (20-68-6). 
Solution 440 (2670-0). 

d Pounds of neutralizing ammonia per 20 pounds of available P z O ~  fed as ordinary superphosphate. 
e Assuming concentrated superphosphate ammoniated to 4.0 pounds per unit of P2Oi. 
f Soluble in water and neutral ammonium citrate solution. 

8-7-0 
8-1 6-0 

. . .  
365' 
. . .  
. . .  

1735 

, . .  

50 
. . .  
. . .  
. . .  
4 . 3  

8 . 1  
5 . 9  

. . .  

7 . 3  
7 .1  
4 .1  

16.6 
10.8 

16.8 
16.2 
9 . 3  

23.3 
27.1 

. . .  

. . .  

. . .  
7 

, . .  

10 
9 

. . .  

. . .  

12 
, . .  

. . .  
5 

10 

. . .  
, . .  

, . .  

. . .  

. . .  

28 
4 

3 
88 

. . .  
- 

P z 0 5  f rom 
OSP and CSP 

SP-1 SP-2 

5-9-17 
5-20-20 

127 
. . .  
. , .  
, . .  

47 8 

654 
113 
688 

. . .  

. . .  
6 . 1 ~  

4 . 8  
4 . 7  
. . .  

9 . 8  
9 . 3  
4 .7  

13.8 
11 . o  
5 , 2  

22.4 
21.2 
10.7 
16 .6  
15.4 
13.0 

11 

4 

2 

, . .  

. . .  

. . .  

. . .  

11 
. . .  
. . .  
6 

14 

19 

10 
3 
3 

3 

. . .  

. . .  

. . .  
4 

90 
~ 

15-6-1 2 
15-1 5-1 5 

. . .  
534c 

404 

222 

80 
329 
496 

. . .  

. . .  

. . .  
5 . 9 e  

16 .0  
12.4 
. . .  

6 . 7  
6 . 6  
5 . 1  

11 .3  
3 .4  
6 . 3  

15.4 
15.1 
11.7 
13 .6  
4 .8  

15.7 

10 
5 
8 

. . .  
10 

5 
. . .  

7 
13 

3 
5 

16 
7 

. . .  

. . .  
, . .  
. . .  

3 
, . .  

. . .  
2 

94 
-~~ 
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Table V. Distribution of Nutrients in Fertilizers Based on Ammoniated Superphosphate 
PzOj from 

OSP and CSP 
Sample OSP-I OSP-2 OSP-3  OSP-4 OSP-5 OSP-6 OSP-7 OSP-8 OSP-9 SP-1 SP-2 

_. All PzOs from Ordinary Superphosphofe -~ ~ 

Grade 
N-P-K 3-51-10 4-5-10 4-5-10 6-5-10 10-4-8 10-4-8 6-3-7 
s-P 10 .-E;! 0 3-1.2-12 4-12-12 4-12-12 6-12-12 10-10-10 10-10-10 6-8-8 

Ihstribution. (7, of 
N N 4-"f 

Distribution. ;. of P' 
",I3 >PO, 

.\patite 
Precipitated$ 
Unreacted rock 

Distribution. ' i .  of K" 
KCl 
KSO:, 

81 
, .  

. . .  
16 
. .  

28 

. .  

. .  

. .  

22 

4 
20 
1 9  

. .  

- -  
-7 3 

6 

41 
. .  
. . .  

2 
48 
. . .  

63 
. . .  
. . .  
18 
. . .  

26 

. . .  

. . .  

. . .  

25 

3 

11 

33 
16 

40 

. . .  

. . .  

. . ,  
, . .  

3 
60 
. . .  

75 
. . .  
. . .  
13 
. . .  

41 

. . .  

. . .  

. . .  

14 
. . .  
. .  
. . .  

7 

45 
8 

57 
. . .  
. . .  
. . .  
47 
. . .  

58 

4 
20 

. . .  

. . .  

20 

. . .  

. . .  

. . .  

38 

8 

8 

38 
2 

22 
20 
10 
6 

56 

. . .  

. . .  

. . .  

46 
13 
9 

13 
. . .  

18 

. . .  

. . .  
4 

48 
. . .  
3 

. . .  
16 

31 
6 

22 
4 

24 
3 

46 
18 

Based on total amount shoivn by chemical analysis. 
j )  .\OAC "a\-ailablc." soluble in neutral ammonium citrate solution. 

39 41 
9 . . .  
8 34 
8 2 

23 32 

, . .  . . .  

3 

30 7 
, . .  . . .  
. . .  . . .  
. . .  . . .  
15 11 

36 56 
1 3 

19 45 
19 . . .  
. . .  6 

53 47 
10 . . .  

5-4-12 8-7-0 5-9-1 7 13-6-1 2 
5-10-1 5 8-1 6-0 5-20-20 15-1 5-1 5 

69 , . .  62 21 
, . .  20 . . .  7 
. . .  . . .  17 14 

4 25 28 7 
. . .  . . .  . . .  23 

36 17 4 

. . .  29 . . .  15 

, . .  . . .  . . .  8 
. .  , . .  , . .  . . .  

11 44 30 28 
. . .  . . .  45 - 

I 
, . .  

. . .  . . .  . . .  

44 21 21 12 
4 5 2 - 

40 , . .  72 74 
, . .  . . .  . . .  24 
. . .  . . .  33 . . .  
. . .  . . .  6 . . .  
44 . . .  5 . . .  
. . .  . . .  . . .  

111. \vhich includes only the stronger 
peak3 of the compounds. 

The intensity of a peal; in an x-ray 
diffraction pattern varies lvith the ab- 
sorption characteristic of the sample. 
To determine \vhether this effect was a 
significant source of error, a series of 
samples \vas prepared with linear ab- 
sorption coefficients! /I. in the range 80 to 
160 cm. -i Each sample cnntained 207, 
ammonium sulfate. 20yO spinel, and 607c 
of a mixture of anhydrite and boro- 
silicate glass. Patterns of' the samples 
\\.ere run, and the intensities of the 
20.4" peak of ammonium sulfate and 
the 36.8' peak of spinel \\ere measured. 
The ratio of the intensities of the two 
peaks remained constant. thus demon- 
strating the validity of the use of an 
internal standard in this ml-thod of x-ray 
analysis. 

'I he apatite in mixed fertilizers usually 
i s  present in colloidal forms that give 
diffuse x-ray patterns. In the prepara- 
tion of reference samples of apatite, 
attempts were made to precipitate the 
apatite in forms Lvhose x-ray patterns 
ivcre like those of the apatite in fertilizers. 
On  this basis. apatite B (Table I. Figure 
1) was the reference for fertilizers based 
on superphosphate; apatite C for nitric 
phosphates. In calculating the chem- 
ical composition from the x-ray analysis, 
hoivever. the apatite \vas assumed to 

have the stoichiometric composition of 
Ca5(P01)30H; fluorine usually \vas 
ignored. 

Gypsum was an uncommon constit- 
uent of the fertilizers and its presence 
usually indicated that it had been added 
as a filler. Considerable difficulty \vas 
encountered in the preparation of cali- 
bration curves for gypsum, as the gypsum 
dehydrated slowly during the grinding. 

Reference samples of monocalcium 
phosphate monohydrate also were diffi- 
cult to prepare because the platy 
crystals tend to orient preferentially 
during grinding. Resultant errors in 
the calibration curve are not significant 
\\hen the fertilizer contains only small 
amounts of monocalcium phosphate, but 
further study Mill be required to adapt 
the x-ray method of analysis to fertilizers 
containing large amounts of this com- 
pound. 

Solid solutions \cere formed at all 
compositions in the systems (YHJ *SO4- 
K2S01 and N H ~ H L P O ~ - K H ~ P O , ,  but in 
the system NHICl-KCl potassium chlo- 
ride-type solid solutions were formed 
only in compositions containing less 
than 30% NH4C1. 

In  the system NH4N03-KNO3. mly 
"4N03 (111)-type solid solutions were 
formed in compositions containing less 
than 30Yo KxO3.  Compositions con- 
taining 30 to 727, KN03 \\ere mixtures 

of "?NO3 (111)-type solid solutions 
and the double salt, NH1N03. 2KN03. 
At the K N 0 3  end of the concentration 
range, as much as 5% of the KN03 could 
be replaced by its equivalent of NH1N03 
Lvithout changing the potassium nitrate 
structure, and it was found that the 
potassium nitrate in mixed fertilizers 
invariably contained substituted am- 
monia. Compositions in the range 72 
to 95% K N o 3  were mixtures of the 
ammonia-substituted potassium nitrate 
and the double salt, T\"*N03. 2KN03 .  

The results of the x-ray analyses show 
that extensive reactions among the 
original components take place in the 
preparation of mixed fertilizers. For 
example, potassium chloride \vas the 
only source of potassium in all the ferti- 
lizers examined, but the fertilizers con- 
tained several other potassium salts. 
The extent of these reactions varied ivith 
variation in particle size of the starting 
materials. In  incompletely reacted 
fertilizers, some additional reaction oc- 
curred during the grinding of the sample 
for x-ray analysis. This change. holv- 
ever: can be detected by comparing a 
pattern of the lightly ground material, 
Lvithout addition of the internal standard, 
Lvith the pattern of a sample prepared 
for quantitative analysis. 

A S  a compound such as apatite be- 
comes colloidal, the intensity of its peak 
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Table VI. Ammonium Phosphate Fertilizers 
Sample 

Grade 
N-P-K 
N-P20s-K20 

Formulation, 1b.jton 
“3, anhydrous 
(“a)2S04 
Hap04 
H ~ S O I ,  66” Be. 
KC1 
Filler or conditioner 

N 
Compn., 70, by chem. anal. 

Total 
“4 

Total 
AOAC “available”6 
Water-soluble 

P 

K 
Ca 
S 
PzOs 

Total 
A0.4C “available”8 
Water-soluble 

Kz0  
CaO 
so3 

Quartz 
Total 

H2O 

Distribution. %. of Pi 

Distribution, yCc, of Kf 
KC1 

AP- I 

11-21-0 
1 1-48-0 

270 

2133fl 
129 

204d 

. . .  

. . .  

1 1 . 2  
1 1 . 2  

2 0 , 8  
20 .7  
20 .0  

2 . 4  
3 . 7  

47 .6  
47 .5  
45 .7  

3 . 3  
9 . 2  

. . .  

. . .  

. . .  
4 

67 

8 
. . .  

. . .  

. . .  

. . .  
t . .  - 
79 

, . .  

7 
73 

7 

87 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

AP-2 

16-21-0 
16-48-0 

388 

2133“ 
172 

. . .  

. . .  

. . .  

1 6 . 3  
1 6 . 3  

20 .7  
20 .7  
1 9 . 8  

0 . 0  
2 . 4  

47 .5  
47 .5  
45 .2  

0 . 0  
6 . 0  

. . .  

. . .  

. . .  
10 
35 
44 
. . .  
. . .  
. . .  
. . .  
. . .  - 
89 

. . .  
13 
26 
57 
, . .  

45 
50 
. . .  

. . .  

. . .  

. . .  

AP.3 

18-20-0 
18-46-0 

. . .  

. . .  
. . .  
. . .  
. . .  
. . .  

1 8 . 7  
18 .7  

21 .0 
2 0 , 9  
1 7 . 9  

0 . 4  
1 . o  

48.1  
47 .9  
41 .1  

0 . 6  
2 . 6  

. . .  

. . .  

. . .  
4 
2 

75 
. . .  
. . .  
. . .  
. . .  
. . .  

~ 

81 

. . .  
4 
1 

85 
. . .  

2 
84 
. . .  

. . .  

. . .  

. . .  
a bret-process, 20% P, 45% P206. 
b Source and composition unknown. 
c Wet-process, 14% P, 32% PnOs. 
d Gypsum from wet-process H3P04. 
8 Soluble in water and neutral ammonium citrate solution. 
f Based on total amount shown by chemical analysis. 

AP-4 

16-9-0 
16-20-0 

169 
932 
792* 

, . .  

. . .  
225 

16 .9  
16 .9  

9 . 2  
9 . 2  
8 . 1  

< 0 . 1  
1 2 . 4  

21 . o  
21 . o  
1 8 . 5  

< O . l  
31 . O  

. . .  

. . .  

. . .  
52 
11 
20 
. . .  
. . .  
. . .  
. . .  
9 

92 
__ 

. . I  

65 
8 

25 
. . .  

32 
51 

. . .  

. . .  

AP-5 

14-6-1 2 
14-1 4-1 4 

340 

88lC 
852 
468 

15 

. . .  

1 4 . 5  
1 4 . 5  

6 . 6  
6 . 5  
6 . 2  

1 1 . 0  
0 . 0  

1 2 . 2  

15 .1  
1 5 . 0  
14 .1  
1 3 . 2  
0 . 0  

30 .5  

10 
35 
15 

8 

7 
20 

2 

97 

18 
51 
12 
12 

. . .  

. . .  - 

. . .  

62 
28 
7 

33 
82 

5 

decreases, and when the particle size 
decreases below 0.1 micron the peak 
broadens. Peaks of solid solutions. such 
as those of ammonium and potassium 
chlorides, are broad when the composi- 
tion is not uniform. With broad peaks, 
concentrations are determined more 
accurately from the areas under the 
peaks than from the heights of the peaks, 
but interference of other compounds is 
more serious with peak areas than \vith 
peak heights. Use of the peak area is 
necessary with some constituents, such 

as solid solutions of ammonium and 
potassium chlorides, and would be 
advantageous with other constituents, 
notably other solid solutions and apatite. 

Analyses of Commercial Fertilizers 

Commercial mixed fertilizers from 
ten producers were examined by the 
x-ray method. The fertilizers fell into 
three groups: ammoniated super- 
phosphates, ammonium phosphates and 
ammonium phosphate sulfates, and ni- 
tric phosphates. The chemical analyses 

and formulations of the fertilizers are 
tabulated, but the conditions of manu- 
facture, such as particle size of solid raw 
materials and temperature, which affect 
the extent of the reactions of the ingre- 
dients, are not known. 

Ammoniated Superphosphate Fer- 
tilizers. The formulations, chemical 
analyses, and x-ray analyses of nine 
fertilizers (OSP-1 through -9), based on 
ammoniated ordinary superphosphate, 
are shown in Table I\’. Samples 
OSP-3 and -7 were semigranular ; the 
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- 
Table VII. Nitric Phosphates“ 

Sample 

Grade 
N- P-K 
N- P20j-KzO 

Compn., Vc, by chern. anal. 
h- 

‘1:otal 
XH4 

P 
‘Tot a1 
.LiOAC ‘‘available”h 
\Vater-soluble 

K 
Ca 
S 
P?Oj 

Total 
AOAC “available” 
\Vatu-soluble 

K20 
CaO 
SO8 

Degree of ammor.iationc 
Compn.. Sc2 by x-ray 

“4C1 

CaHPOI 
Apatite 

Quartz 
To tal 

Distribution, yc, of NHd-Nd 

Distribution, yc, of Pd 
NI-14HzP04 
CaHPOa 
Apatite 

f’recipitatede 
Unreacted rock 

Distribution, Tc. of Kd 
NI-[4NO3 2Kxo3 

NP-  1 

20-9-0 
20-20-0 

20 .5  
11 . o  

9 . 0  
8 . 9  
3 . 0  

9 . 1  
. . .  

. . .  

2 0 . 5  
20 .4  

6 . 9  

1 2 . 7  
. . .  

. . .  
1 . 1 5  

. . .  
50 

8 
, . .  
. . .  

30 
, . .  

. . .  

. . .  

. . .  
5 

93 
- 

. . .  
80 

9 
. . .  
. . .  

24 
76 

0 
0 

. . .  

NP-2 

20-4-0 
20-1 0-0 

20 .0  
1 0 . 7  

4 . 4  
4 . 3  
0 . 7  

1 0 . 2  
4 . 0  

1 0 . 0  
9 . 9  
1 . 5  

1 4 . 3  
9 . 9  
1 . 6 5  

. . .  

. . .  

. . .  
52 

9 

14 
6 
2 
3 
4 

90 

. . .  

. . .  

. . .  
~ 

. . .  
85 

8 
. . .  

, . .  

. . .  
73 

24 
1 

. . .  

N P - 3  

14-6-1 2 
14-1 4-1 4 

1 4 . 0  
7 . 0  

6 . 5  
6 . 4  
0 . 3  

1 1 . 8  
9 . 3  
. . .  

1 4 . 9  
1 4 . 6  

0 . 8  
1 4 . 2  
1 3 . 0  

, . .  

1 . 1 0  

15 
5 
, . .  

. . .  
42 
26 

1 
. . .  
, . .  

. . .  
3 

92 

56 
13 

~ 

. . .  

. . .  
30 

. . .  
91 

1 
2 

9 9  
Q Formulations not available. 
b Soluble in water and neutral ammonium citrate solution. 
c (CaO - SOa + N H 4  - N03)  /P. where formulas denote number of moles of indicated 

Theoretical ammoniatior, to give CaS04. CaHPOa. SH?H?POI .  and “4- components, 
so9 IS 1.00. 

d Based on total amount shown by chemical analysis. 
6 AOAC ‘.available.“ soluble in neutral ammonium citrate solution 

Table VIII. Chemical Composition of Fertilizers 

~~ 

Composition, % 
N 

Somplen Analysis Total NHa 
OSP-6 X-ray 8 . 7  7 . 0  
10-4-8 (10-10-10) Chemical 1 0 . 0  8 . 0  
OSP-3 X-ray 7 . 6  5 . 4  

AP-3 X-ray 1 7 . 0  1 7 . 0  
18-20-0 (18-46-0) Chemical 1 8 . 7  1 8 . 7  

20-4-0 (20-10-0) Chemical 20 .0  10 .7  

8-7-0 (8-1 6-0 j Chemical 8 . 1  5 . 9  

NP-2 X-ray 19 .1  1 0 . 0  

Designation same as in Tables IV through VII.  

P K C O  S PzOj  K 2 0  C a O  SO3 

3 . 7  8 . 2  11 .1  9 . 4  8 . 5  9 . 9  15 5 23 .6  
4 . 5  8 . 1  1 0 . 4  1 0 . 3  1 0 . 4  9 . 8  1 4 . 5  2 5 . 8  
6 . 2  
7 . 3  

1 6 . 2  1 0 . 5  1 4 . 2  , . .  
1 6 . 6  1 0 . 8  1 6 . 8  , , .  

22 .7  26 .2  
2 3 . 3  27 .1  

18 .1  . . .  , . .  1 . 0  41 .5  , . .  , . ,  2 . 4  
2 1 . 0  . . .  . . .  1 . 0  48 .1  . . .  . . .  2 . 6  

4 . 3  , . .  10 .1  3 . 9  9 . 8  . . .  1 4 . 2  9 . 7  
4 . 4  . ,  . 1 0 . 2  4 . 0  1 0 . 0  . . .  1 4 . 3  9.9 
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rest were \vel1 granulated. The grades 
represented by the samples are very 
popular and account for about 20% of 
all mixed fertilizers consumed in the 
Cnited States in 1962 (8). The degree 
of ammoniation ranged from 4.3 to 6.6 
pounds of KH3 per unit of available 
P2Oj in the ordinary superphosphate; 
6 pounds of NH3 per unit of PzOj 
usually is considered the maximum that 
can be used without excessive loss of 
ammonia (6). All the potassium was 
supplied as potassium chloride. 

The distribution of ammoniacal nitro- 
gen, phosphorus, and potash in the 
various compounds is shown in Table 
V. The x-ray analysis showed that 
ammonium and potassium salts of the 
same anion often were present as solid 
solutions, but for convenience the 
individual salts are reported separately. 

Except in OSP-9, Lvhich contained no 
potash, most of the ammoniacal nitrogen 
\vas present as ammonium chloride and 
ammonium syngenite, (NH4)ZSOd. 
CaSO,. H n O .  Ammonium chloride, 
\vhich accounted for 39 to 817, of the 
total ammoniacal nitrogen, resulted 
from reactions of potassium chloride. 
The formation of ammonium syngenite 
increased \vith increased degree of am- 
moniation, as sho\vn in Figure 3. Mono- 
ammonium phosphate \vas present in all 
samples and ammonium sulfate was 
present in four samples. 

Five fertilizers (OSP-4. -5: -6, -8: 
and -9) had been made \t-ith nitrogen 
solution containing ammonium nitrate. 
Ammonium nitrate was present in 
potash-free OSP-9 as both the single salt 
and the double salt, 3NH4NO3. (”4) 2- 

SO,. In the other samples, ammonium 
nitrate reacted with potassium chloride 
to form potassium nitrate which ap- 
peared either as the single salt or as the 
double salt. ;“;H?N03,2KN03. 

Several samples (OSP-3, -4, -5, and 
-7) had been made with nitrogen 
solutions containing urea. Chemical 
analysis shoived these samples to con- 
tain 0.2 to 1.57, urea nitrogen, but urea 
\vas not detected by x-ray analysis and 
was found petrographically only in 
OSP-7. 

Monocalcium phosphate, the principal 
phosphatic compound in ordinary super- 
phosphate, is converted on ammoniation 
to monoammonium phosphate: di- 
calcium phosphate, and apatite. T\vo 
of the fertilizers (OSP-1 and -8) con- 
tained unreacted monocalcium phos- 
phate, probably as the result of non- 
uniform ammoniation, since other 
samples with the same degree of am- 
moniation contained no monocalcium 
phosphate. Data from samples OSP-1 
and OSP-8 Tvere omitted in correlations 
of composition Ivith degree of ammonia- 
tion. 

The predominant xvater-insoluble 
phosphate was apatite. Most of the 
apatite \vas soluble in neutral ammonium 

citrate solution (AOAC “available”) 
and must have been formed in the 
ammoniation reactions, since its amount 
increased regularly from 21 to 56Yo of 
the total phosphorus as ammoniation 
was increased from 4.3 to 6.6 pounds of 
NH3 per unit of P 2 0 j  (Figure 3).  This 
increase in apatite with increasing 
ammoniation was reported also by 
Hignett and Brabson (5). The apatite 
insoluble in neutral ammonium citrate 
solution (1 to 167, of total P) was sho\vn 
petrographically to be largely unreacted 
phosphate rock. 

The proportion of phosphorus present 
as dicalcium phosphate ranged from 7 
to 19%. apparently independently of the 
degree of ammoniation. The propor- 
tion of phosphorus present as mono- 
ammonium phosphate ranged from 7 to 
487, and generally decreased as the 
degree of ammoniation increased (Figure 
3 j .  Small amounts of monopotassium 
phosphate ivere present in some of the 
samples. 

Potassium chloride reacted extensively 
Tvith ammonium salts to form ammonium 
chloride and potassium nitrate? sulfate, 
and monobasic phosphate, each of which 
formed double salts or solid solutions 
\vith ammonium salts of the same anion. 
The most significant conversion of 
potassium. however, was that to potas- 
sium syngenite, KzSO,. CaSOI. HzO, 
usually as a solid solution with am- 
monium syngenite. Potassium syngenite 
is only slightly soluble in \vater (am- 
monium syngenite decomposes readily) ; 
about half the potassium \vas converted 
to this relatively insoluble form in all the 
fertilizers examined. 

Calcium sulfate was present in all the 
fertilizers. Dolomitic limestone had 
been used in five formulations, and dolo- 
mite \vas detected in all these samples. 
No other magnesium compound \vas 
detected by either x-ray or petrographic 
examination. Quartz constituted 3 to 
7% of nearly every fertilizer. 

Included in Tables IV and V are data 
on two fertilizers prepared by am- 
moniation of mixtures of ordinary super- 
phosphate and concentrated super- 
phosphate. In SP-1 about 25% of the 
phosphorus \vas supplied as ordinary 
superphosphate and 757, as concentrated 
superphosphate. In SP-2 about 15% 
of the phosphorus \vas supplied as 
ordinary superphosphate, 13% as con- 
centrated superphosphate. and 72% 
as diammonium phosphate. The 
amount of ammonia fed as anhydrous 
ammonia (SP-1) or ammonia-am- 
monium nitrate solution (SP-2) sup- 
plied about 6 pounds of SH3 per unit of 
P 2 0 5  in the ordinary superphosphate: 
assuming that 4 pounds \vas fixed per 
unit of P 2 0 5  in the concentrated super- 
phosphate. These degrees of ammonia- 
tion are about the maximum obtained in 
most plants (6). 

In both fertilizers about 307, of the 

phosphorus was present as monoam- 
monium phosphate. Although 72Y0 of 
the phosphorus in SP-2 \vas fed as diam- 
monium phosphate, only 45% of the 
phosphorus in the product \vas in that 
form. The water-insoluble phosphorus 
was present as dicalcium phosphate and 
apatite. About 757, of the potassium 
chloride remained unreacted. 

Although both fertilizers prepared 
with concentrated superphosphate con- 
tained considerable sulfate, SP-1 con- 
tained little syngenite and SP-2 con- 
tained none. I t  appears probable that 
the relatively high ratio of phosphate to 
sulfate in these fertilizers suppressed the 
formation of syngenite. The formula- 
tion of SP-2 included a relatively large 
amount of ammonium nitrate; about 
257, of this salt reacted with potassium 
chloride to form ammonium chloride, 
and the rest \vas present as free am- 
monium nitrate and the double salts. 
2NH41\;03. (NH4)2S04 and 3NHdiVOa 
(”4) 2SO1. 

Ammonium Phosphates and Am- 
monium Phosphate Sulfates. Analyses 
of five fertilizers in which all the phos- 
phorus was supplied as phosphoric acid 
and all the nitrogen was ammoniacal 
are shoivn in Table VI .  Information 
on the formulations is incomplete, but 
wet-process phosphoric acid probably 
was the source of phosphorus. Different 
ratios of nitrogen to phosphorus were 
obtained by varying the degree of am- 
moniation of the phosphoric acid and 
the proportions of sulfuric acid or am- 
monium sulfate. 

Fertilizers ,4P-1, -2, and -3 contain 
little sulfate and are of the type known 
as ammonium phosphate fertilizers. 
Fertilizers such as AP-4 and -5, which 
contain large amounts of sulfate, are 
kno\vn as ammonium phosphate sulfates. 

In all these fertilizers, nearly all the 
phosphorus was present as mono- or 
diammonium phosphate; AP-5 con- 
tained a little monopotassium phosphate. 
Materials such as these that are pre- 
pared from \vet-process phosphoric acid 
contain a small amount of a gelatinous 
mixture of iron and aluminum phos- 
phates that accounts for the rest of the 
phosphorus but is not detected by x-ray 
examination. 

The small amount of syngenite in 
AP-1 \vas formed from the gypsum which 
\vas added as a filler. 

Nitric Phosphates. Results of anal- 
yses of three nitric phosphates are shown 
in Table 171 .  The formulations of 
these fertilizers are not known, but it is 
apparent that SP-1  and -3 were prepared 
Lvith nitric and phosphoric acids and 
NP-2 was prepared with nitric and 
sulfuric acids. 

In the absence of potash (NP-1 and 
-2), most of the nitrogen \\.as present 
as ammonium nitrate. In the presence 
of potash (SP-3), all the potassium 
chloride \vas converted to potassium 
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nitrate which then formed the double 
salt, N H 4 K 0 3 .  2KN03 .  In  contrast to 
the superphosphate-based fertilizers, most 
of the water-insoluble phosphate in the 
nitric phosphates was dicalcium phos- 
phate; the apatite in NP-2) which ac- 
counted for 24% of the total phosphorus, 
\vas nearly all in the precipitated form 
and resulted from the high degree of 
ammoniation. The only water-soluble 
phosphate, found only in NP-1, was 
monoammonium phosphate. 

The high degree of ammoniation of 
YP-2 probably resulted also in the 
formation of considerable syngenite; 
the unreacted calcium sulfate was pres- 
ent in all three states of hydration- 
anhydrite, hemihydrate, and gypsum. 

Evaluation of Method 

Because of the uncertainti’cs introduced 
by line broadening, interferences, and 
reactions occurring during the prepara- 
tion of the sample, it is difficult to esti- 
mate the accuracy of the x-ray method 
of analysis. The accuracy probably is 
best determined by comparison of the 
chemical composition computed from 
the results of the x-ray analysis with that 

obtained by chemical analysis, as in 
Table VIII. Compositions computed 
from x-ray analysis are usually lower 
than those determined by chemical 
analysis, and the difference was as large 
as l8Y0 for total phosphorus. Errors in 
the x-ray method are to be expected 
because of the presence of small but 
significant amounts of such compounds 
as iron and aluminum phosphates in 
colloidal forms that are not detected by 
x-ray. 

I t  appears that the uncertainty in the 
x-ray results for most major constituents 
is between 5 and loyo, whereas for 
monocalcium phosphate monohydrate, 
apatite, and some of the solid solutions 
the uncertainty may be as high as 25y0. 
Even with these uncertainties, however, 
the x-ray method of analysis yields 
valuable information on the mineral- 
ogical composition of mixed fertilizers. 
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This roundup of “new approaches” 
in pesticide research provides broad 
yet specific background for further 
re search i n t h is f ast-c h ii n gi n g fie Id . 
These eight papers, mlostly by re- 
search men in the U. s. Department 
of Agriculture, were given before a 
symposium sponsored by the Pesti- 

NEW APPROACHES TO PEST 
CONTROL AND ERADICATION 
cides Subdivision of the Division of 
Agricultural and Food Chemistry at 
the 142nd Meeting of the ACS in 
September 1962. 

New approaches include eradica- 
tion of species . . . chemosterilants 
. . . the development of insect attrac- 
tants . . . the discovery of “antifeed- 
ing“ compounds . . . the breeding of 
field crops for insect resistance and 

disease resistance. Continued ener- 
getic research is needed to keep 
ahead of insect encroachment. 

If you are interested in a “bird’s- 
eye view” of recent insecticide re- 
search, this volume offers you a 
unique vantage point. I t  will have 
lasting reference value for those at 
work on this urgent problem. 

74 pages. Pa per bound . Price: $3.75 
. .  
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