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A fluidized bed reactor is  a useful experimental tool for the ammoniation of triple super- 
phosphate fertilizers at temperatures up to 300' F. The degree of ammoniation was 
found to increase at higher ammonia concentrations and relative humidities in the gas 
phase. Initial reaction rates increased with increasing temperature, ammonia concentra- 
tion, and relative humidity. The loss of availability of P 2 0 6  was always very small (maxi- 
mum of 2.4%). A fluidized bed reactor can be operated to ammoniate triple superphos- 
phates to 7 to 8.5% ammonia by weight in 10 to 15 minutes or less under easily con- 
trolled conditions. 

HE IMPORTANCE of several operating T variables for the ammoniation of 
superphosphate fertilizers has been pre- 
viously discussed by several investigators 
( 7 .  2, 5). Further information a t  high 
temperatures is desirable since high 
localized temperatures sometimes occur 
in rotary-drum reactors, such as those 
developed by TVA ( 6 ) .  High tempera- 
tures may be a factor in phosphate re- 
version plus nitrogen losses; however, 
the time that the fertilizers are a t  such 
temperatures in the reactor may be 
rather short. 

fluidized bed reactor has been used 
recently ( 7 :  -I) for the ammoniation of 
granular superphosphate fertilizers with 
ammonia. .A fluidized bed allowed rela- 
tively good temperature control for 
batch ammoniations. If this type of 
reactor \\.ere used on a continuous flow 
basis, even more uniform temperatures 
could undoubtedly be .maintained. Pre- 
vious investigations in such a reactor were 
limited to temperatures ranging from 
about 80" to 180' 1;. Higher initial 
rates of ammoniation occurred as a 
result of higher temperatures, higher 
relative humidities of .[he fluidizing gas, 
smaller particle size:.. and increased 
ammonia concentrations. Less than 2% 
P (494 P.05) was usua1l.y converted to the 
citrate-insoluble form. Relative hu- 
midity in the gas stream \vas kept a t  about 
30yc to maintain B significant am- 
moniation reaction at  130' F. Previous 
results ( 7 )  clearly indicate that the am- 
moniation reaction occurs in the liquid 
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water phase present on the surface of the 
particles. The ammoniated salts then 
crystallize from this liquid phase (3) .  

The present investigation was made as 
a continuation of the earlier investiga- 
tions with the fluidized bed reactor. 
Temperatures up to 300' F. were 
employed in the present study, and gas 
mixtures with higher ammonia con- 
centrations and higher relative humid- 
ities \vere used. 

Experimental Procedures 

The apparatus used was similar to that 
built earlier (7), but it was modified so 
that temperatures up to 300' F. were 
obtainable in the reactor. A clear 
mineral oil was heated to high temper- 
atures in an auxiliary bath, and this 
oil was then circulated through the 
jacket surrounding the reactor. As in 
the previous investigation ( 7 ) >  the air, 
steam. and ammonia were each metered: 
heated in a constant-temperature bath, 
mixed, and passed through a fritted 
disk to fluidize the fertilizer particles in 
the glass reactor. 

Three triple superphosphateswere used 
in this work. One was manufactured 
using phosphoric acid of the electric 
furnace process? and the other two 
using phosphoric acid of the sulfuric 
acid process. One of the latter fertilizers 
had also been used earlier ( 7 ) .  All 
three fertilizers had similar analyses, 
and contained approximately 220/, P 
(50% available P205). The super- 
phosphate fertilizers were crushed and 
then screened to obtain a fraction be- 
tween 20 and 28 Tyler standard mesh. 
which was used in all the experiments of 
this work. 

Relative humidities were calculated 

by using the ideal-gas law approxima- 
tion to find the partial pressure of the 
water in the fluidizing gases, and dividing 
by the vapor pressure of pure water a t  the 
same temperature. Initial moisture 
contents of the phosphate particles were 
obtained by preconditioning the fertilizer 
for about 90 minutes with a fluidizing 
stream of air of the same relative 
humidity as that used during the run. 
A batch size of 250 grams of fertilizer 
and a total gas flow rate of 148 standard 
cubic feet per minute per square foot of 
cross-sectional area were used. 

The analytical procedures employed 
for nitrogen and phosphorus were those 
specified by the Association of Official 
Agricultural Chemists. Nitrogen analy- 
ses are considered accurate to about 
.tO.l% based on ammonia. The 
phosphates were analyzed by the Purdue 
Biochemistry Department; the ex- 
perimental uncertainty was estimated 
to be i 0 . 5 7 ,  P2Oj for the soluble and 
total fractions and +0.1% P2Oj for 
the citrate-insoluble fraction. The free 
moisture of fertilizers was determined by 
placing the samples in a vacuum des- 
sicator over magnesium perchlorate for 
4 days. These analyses are considered 
to be accurate to within +0.5% on an 
absolute basis. 

Ammoniation runs were made a t  
various combinations of the following 
conditions for up to 180 minutes: tem- 
peratures-130', 180', 250', and 300' 
F. ; relative humidity of gas mixtures- 
0 to 55%; and ammonia concentration 
of gas mixture-3, 8, 15, 30, and 56%. 
Variations in the operating conditions 
caused some uncertainty in the data 
reported in this work. The ammonia 
concentrations and the humidities of 
the fluidizing gas were estimated to be 
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Figure 1 .  
moniation of triple superphosphate at  180" F. 

Effect of relative humidity of gas phase on am- 
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Figure 2. 
during run at  250" F. 

Ammonia pickup, temperature, and free moisture 

accurate to within 2 and loyo, respec- 
tively, on a relative basis. 

Results and Discussion 

Free Moisture Content of Fertilizer. 
The present investigation clearly in- 
dicates that relatively dry fertilizers can 
be ammoniated at temperatures from 
180' to 300' F. Earlier results ( 7 )  
had shown that no significant ammonia- 
tion would occur a t  130' F. unless some 
free moisture was initially present on the 
fertilizer. Conditioning of the ferti- 
lizers with dry gases for a t  least 1 hour 
resulted in fertilizers with low moisture 
contents; however, some moisture was 
undoubtedly still present especially in 
the interior of the particles. When the 
ammonia and fertilizer were initially 
contacted in the fluidized bed, signif- 
icant ammoniation reactions occurred 
as indicated by sharp increases in the 
temperature. For runs a t  180' F., 
a peak temperature ranging from 224' 
to 264" F. was obtained during the 
first 2 to 3 minutes of the run. The 
temperature rises were roughly propor- 
tional to the rates of ammoniation. The 
250' F. runs had peak temperatures up 
to 325' F., and the 300' F. run peaked 
at  351' F. Tvithin about 7 minutes 
after the start of the run. the tempera- 
ture had leveled off to within about 
1 1 '  F. of the desired operating tem- 
perature; this temperature was main- 
tained for the remainder of the run. 

During the initial stages of the am- 
moniation run, the fertilizer particles 
generally appeared quite moist. The 
particles sometimes became so moist 
and sticky that serious agglomeration 
occurred, stopping the fluidization. If 
fluidization stopped, the run was dis- 
continued and the fertilizer quickly re- 
moved from the reactor; otherwise the 
fertilizer tended to "set up" so that re- 
moval from the reactor was difficult. 
The initial ammoniation reaction at  
180' F. or higher apparently released 
sufficient water of hydration to create a 
liquid phase for the succeeding am- 
moniation reactions. 

The free moisture content of the 
fertilizer was related to the relative 
humidity of the fluidizing gas ( 7 ) .  
Figure 1 sho\vs the results for t\so runs 
at  180' F. with a gas containing 30Yo 
ammonia. Each run had a similar 
initial rate of ammoniation although the 
relative humidities varied from 0 to 
12%. After 3 to 5 minutes, however, 
the degree of ammoniation for the run 
with 12y0 humidity became significantly 
greater than that for the other run. A 
series of runs was also made at  180" F. 
in which the gas mixture contained 8% 
ammonia and the relative humidities 
varied from 0 to 55%. Results of this 
latter series of runs also indicate, as 
did previous comparable results ( 7 ) .  
that increased moisture content pro- 
motes a higher degree of ammoniation. 
Decreasing the ammonia concentration 
from 30 to 8% in these tlvo series of 
runs decreased the degree of ammonia- 
tion. 

Figure 2 shows the degree of am- 
moniation (expressed as weight per 
cent ammonia in the dried ammoniated 
material): the free moisture content, and 
the temperature in the fluidized bed. 
respectively, as a function of time for a 
run at  250' F. The rate of ammonia- 
tion (amount of ammonia absorbed 
per unit weight of superphosphate per 
unit time) was highest a t  the start of 
the reaction. This high rate caused a 
rapid increase in the ammonia content, 
a sharp initial temperature rise, and 
also a sharp initial increase in the free 
moisture content. The free moisture 
content then decreased slowly for the 
remainder of the run. 

At 250' F., the agglomeration of the 
fertilizer particles during the initial 
stages of the reaction limited operation 
to relatively low concentrations of 
ammonia in the gas plus low relative 
humidities. The actual concentrations 
of steam in the gas a t  higher tempera- 
tures were often high even though the 
relative humidities were lo,v. Two 
runs at  250' F. with a 4yo ammonia 
concentration indicated that changing 
the relative humidity from 0 to 2.5% 

had little effect on the ammoniation as 
seen in Figure 3. .Actually the run 
with 070 humidity indicated a higher 
initial rate of reaction probably because 
the liquid phase formed offered less 
resistance to mass transfer of the am- 
monia in solution. Figures 1 and 3 
indicate that the degrees of ammonia- 
tion at  the ends of the runs Fvere signif- 
icantly higher for the 180' F. runs than 
for the 250' F. runs. 

Ammonia Concentration in Fluidiz- 
ing Gas Mixture. Two series of runs 
were made to determine the effect of the 
ammonia concentration in the fluidizing 
gas mixture. -At 180' F. and Lvith a 
relative humidiry of 127,> both the rates 
of reaction and the degrees of amrnonia- 
tion for 120-minute runs increased as 
the ammonia concentration \vas raised 
from 8 to 30% ammonia. The degree 
of ammoniation varied from 6.3 to 
8.1%. At 250' F. and ni th  a relative 
humidity of O%, increasing the con- 
centration of ammonia from 4 to 8% 
had a similar significant effect on the 
rate; the degree of ammoniation in- 
creased from 5.6 to 6.77,. 

Limits of Fluidization. IVhen the 
ammonia concentration was held con- 
stant during the entire run, the approxi- 
mate limits of fluidization ivithout 
agglomeration were as shown by the 
dashed lines in Figure 4. The limits 
decreased significantly with increased 
temperature, relative humidity, and 
ammonia concentrations. Each of these 
factors caused high initial rates of 
ammoniation and hence high release 
rates for the \vater of hydration. 
Batch runs passed through an initial 
critical stage; if fluidization could be 
maintained during this critical stage, 
the fertilizer then tended to "dry" and 
became less sticky during the final stages 
of the run. One method of successfully 
passing through this initial stage without 
agglomeration was to start at low am- 
monia concentrations, relative humid- 
ities, and/or temperatures, and to in- 
crease at  least one of the above grad- 
ually throughout the run. Figure 5 
indicates the results of such a run at  

348 A G R I C U L T U R A L  A N D  F O O D  C H E M I S T R Y  



?- I 

2 50: 
a \  
z '  
z 40- 

0 

5 '  

8 

2 301, 
w \  
0 z 20- 

0 
5 
a 

8 6  
w' 
t 
E 5  

8 
v) 

E 4  0 Relatlve Humidity 2 5 %  

$ A Relative Humidity 0% 

Temperature 25OoF 
NH3 Concentration in Gas 4% 

vr 
z 3  
5 p 

0 180°F Fluidized 
0 180°F Agglomerated 
0 250°F Fluidized 
0 250°F Agglomerated 
V 300'F Fluidized 
A 250eF 3 I Arnm/Unamm Mixture Fluidized 
A 25OoF 3 I Amm /Unamm Mixture Agglomerated- 

'. 

- 
\ 

'\ 

\ 
\ 

. . 
1 ,180°F '. ', 2 5 W F  ,3 I Mix 

1- 
\ 0-\. . -. ,0!\-2500F \ . 1 El A'A s-. - 

),o>30OoF 
0.' ' " 

1 
I 2 00 20 40 60 B O  io0 120 

=u 
Figure 3. 
moniation of triple superphosphate a t  250" F. 

TIME, MINUTES 

Effect of relative humidity of gas phase on am- 

2 5  5c 75 ,30 I25 '50 175 
TIME, MINUTES 

Figure 5. 
tion in gas phase on ammoniation a t  250" F. 

Effect of stepwise increase of ammonia concentra- 

250' F. using a gas with a relative 
humidity of 2.5%. T h t  concentration of 
the ammonia was increased by steps 
from 4 to 56Y0. Each increase of the 
ammonia concentration resulted in a 
significant increase of i:he reaction rate 
and ammonia pickup. Even at  the end 
of the run! significant ammoniation still 
occurred. 

Another method foi preventing ag- 
glomeration was to use a mixture of 
ammoniated and unammoniated ma- 
terials. Figure 6 indicates the results of 
a run in which the initial fertilizer 
mixtures contained :!576 of unam- 
moniated superphosphate plus 7S70 
ammoniated (5 .8y0 ammonia content) 
superphosphate. The limits of fluidiza- 
tion \vex significantly enlarged at  
250' F. by this technique as shown by 
Figure 4. Presurnabl!. they would be 
enlarged i n  a similar manner a t  other 
temperatures too. Less Lvater of hydra- 
tion \could of course be released for 
mixtures of this type. and the ammoni- 
ated portion of the fertilizer apparently 
acted as a moisture sink for water that 
was released. Such mixtures simulate 
the conditions that \vould be found in a 
continuous flow type of fluidized-bed 
reactor. 

Conditioning the fertilizer before am- 

RELATIVE HUMIDITY OF GAS PHASE, 'A 
Figure 4. 
a t  various temperatures 

Limits of fluidization of triple superphosphate 
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Figure 6. Effect of stepwise increase of ammonia concentra- 
tion and relative humidity of gas phase on ammoniation of 
3: 1 ammoniated:unammoniated mixture a t  250" F. 
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moniation was also important in regards 
to agglomeration. The limits of fluidiza- 
tion as indicated in Figure 4 were de- 
termined using fertilizers that had been 
conditioned prior to the run with air at 
the same relative humidities as the gas 
mixture employed for the ammonia- 
tion portion of the run. A special run 
was made in which the fertilizer was 
conditioned first Ttith dry air a t  250' F., 
then for 90 minutes with air a t  250' F. 
and a relative humidity of 11.8%. 
The ammonia flow \vas started to 
produce a gas mixture containing 0.57, 
ammonia; later, the ammonia con- 
centration was sloivly increased to 307,. 
A run was successfully performed (with- 
out agglomeration) by this technique 
outside the limits indicated b) Figure 
4 for 250' F. Presumably the condition- 
ing of the fertilizer with dry air removed 
some of the water of hydration. Fur- 
ther experiments are necessary. however. 
before the importance of such a method of 
conditioning the fertilizer can definitely 
be determined. 

Temperature Effect. The effect of 
temperature for runs at 070 relative 
humidity and 47, ammonia concentra- 

tion in the fluidizing gases is shown in 
Figure -. Initial reaction rates were 
very similar and much higher a t  250" 
and 300" F. than at  180" F. Possibly 
the release of the water of hydration, 
necessary to start the reaction at  070 
relative humidity, is the rate-controlling 
step at  180' F. The decreased degree of 
ammoniation of the fertilizer for these 
runs as compared with runs at  higher 
relative humidities \vas apparently caused 
by a lack of moisture, as was also noted 
earlier ( 7 ) .  

A run was made at  250' F. in which 
the relative humidity of the fluidizing 
gases was maintained a t  5.476. The 
run u a s  divided into GO-minute cycles 
in which the fluidizing gases contained 
for the first 30 minutes of the cycle 
30% ammonia. followed by 30 minutes 
Lcith no ammonia. Two and a half 
cycles were completed. During the 
ammoniation portion of each cycle, 
the degree of ammoniation in all three 
cases reached approximately 7.07,. Dur- 
ing the portion of the cycle without 
ammonia, the ammonia content of the 
fertilizer quickly decreased to about 
5.7 to 5.8Y0 and appeared to level out 
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Table I .  Ammonia Absorption 
Efficiencies 

Run Humidify, NHB in ciency, 

180' F. STARTING TEMPERATURE 
36 0 4 52 

Relative Fffi- 

No. % Gas, % % 

250' F. STARTING TEMPERATURE 
27 0 4 65 

a Run 33 was operated with a 3: l  
mixture of ammoniated and unammoniated 
fertilizer. 

3OOOF X- 
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Figure 7. 
and 0% relative humidity of gas phase 

Effect of temperature on ammoniation a t  4% ammonia concentration 

Table II. Degree of Ammoniation in 2-Hour Runs 
Made in Fluidized Bed Reactor 

Run 
No. 

42 

21 
18 
22 
23 
1 9  
7 

24 
8 

12 

27 
25 
30 
38 
40 

35a 
35b 
35c 

fnifial 
Maximum Relofive Free 

Temp., Humidify, Moisfure, NH3 in 
' F. % % Gas, % 

130" F. STARTING TEMPERATURE 
. . .  57 1 . 8  30 

180" F. STARTING TEMPERATURE 
231 0 0 . 0  15 
253 0 o n  30 . .  .. 

234 12 0 . 0  15 
234 12 0 . 0  15 
264 12 0.05 30 
224 13 0.06 8 
236 40 0.17 15 
225 42 0.28 8 
224 55 0 . 9 7  8 

250" F. STARTING TEMPERATURE 
296 0 0 . 0  4 
325 0 0 . 0  8 
267 2 . 5  0 . 0  4 
. . .  5.8  0 . 0 5  30 
. . .  11.8 , . .  30 

300' F. STARTING TEMPERATURE 
351 0 0 . 0  4 
. . I  0 0.01 30 
. . .  2 . 4  0 .04  30 

Degree of 
Ammonia- 
tion, % 

8 . 8  

6 . 1  
7 .0  
6.6 
6 . 6  
8 .1  
6 . 3  
8 . 6  
8 .2  
8 . 4  

5 . 6  
6 . 7  
5 .9  
7 . 8  
8 . 3  

6 . 3 ~  
7.2b 
7.4b 

L I I *  

01 I 

Figure 8. Effect of temperature on ammoniation during step- 
wise increase of ammonia concentration and relative humidity 

2 5  50 7 5  100 125 150 175 
TIME, MINUTES 

of gas phase 

5 60-minute run. b 60-minute continuation from previous 
portion of run 35. 

by the end of the 30 minutes. These 
results clearly indicate that some of the 
ammonia was rather easily removed 
from the fertilizer. I t  is thought that 
most of ammonia which was removed 
was merely dissolved in the liquid phase. 
Probably not many of the ammoniated 
phosphate salts which were actually 
formed and crystallized were decom- 
posed. The present results when com- 
bined with previous results a t  130' and 
180" F. ( 7 )  clearly indicate that the 
"decrease" in the degree of ammonia- 
tion is more severe at  higher tempera- 
tures. 

The results of stepwise increases of 

the ammonia concentration and rela- 
tive humidity of the gas phase for am- 
moniation runs at both 180' and 300' F. 
are shown in Figure 8. The increase of 
the initial reaction rate because of 
temperature may be observed in the 
first period. In the second period, 
the increase of the ammonia concentra- 
tion from 4 to 30y0 at  the same rela- 
tive humidity of Oyo gave similar in- 
creases of the ammonia content a t  both 
temperatures. In the last period, the 
addition of steam to obtain relative 
humidities to 2.4 and 40YG, respectively, 
for the 300' and 180' F. runs, signifi- 
cantly increased the rate of ammonia- 

tion at  180' F. but not a t  300' F. .41- 
though the relative humidity was small 
a t  300' F., the steam flow was about 
one half that for the 180" F. run. 

Ammonia Absorption Efficiencies. 
The absorption efficiencies (fraction of 
entering ammonia that reacted with the 
superphosphate) were calculated for runs 
at  different sets of operating conditions. 
The weight fraction was calculated for 
the first 3l/'2 minutes of a run from the 
flow rates, the amount of solid material 
present. and the ammonia content of 
the fertilizer. The efficiencies found for 
several runs are given in Table I. 

The absorption efficiencies would, of 
course, decrease for these batch runs as 
the run progressed beyond the initial 
3l/? minutes. The initial efficiencies 
were essentially independent of the 
relative humidity, but increased rapidly 
with higher temperature and lower 
ammonia concentrations. The lowest 
calculated efficiency, 9%, was that of the 
3 : I  ammoniated: unammoniated mix- 
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ture. This is reasonable since the 4.6% 
average ammonia content a t  the start 
of the run did not permit a large in- 
crease of the over-all degxe  of ammonia- 
tion. 

Fertilizer Mixtures Ammoniated. A 
comparison was made between three 
superphosphate fertilizers a t  180 F. 
using a gas mixture containing 8yc 
ammonia and with a relative humidity 
of 137,. The results of these runs in- 
dicate that the ammoniation charac- 
teristics were quite similar. Probably. 
the results of the present investigation 
should apply relatively \yell to all typical 
superphosphate fertilizers. 

An ammoniation run was made a t  
130' F. using a uniform mixture of 
closely sized particles that consisted of 
55.6yc (by weight) of triple super- 
phosphate and $4.47, poi.assium chloride. 
No experimental difficulties were ex- 
perienced. and the ammoniation results 
(based on the triple superphosphate 
fertilizer present) \\.ere essentially iden- 
tical io those without potassium chloride. 
The potassium chloride seemed to act 
essentially as an inert solid. 

Degree of Ammoniation. The de- 
gree of ammoniation (the amount of 
ammonia reacting with a given super- 
phosphate) is obviousl). affected by a 
large number of variables. The single 
most important variable is the length of 
time of the run. In all cases, even after 
120 minutes of operation, ammoniation 
reactions were still continuing. but a t  a 
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relatively low rate. Based on results 
( 7 )  in which up to several weeks were 
required before an equilibrium free 
moisture content could be determined, 
similar times would probably be re- 
quired for transfer of the ammonia to 
the center of each fertilizer particle in 
order to complete the ammoniation 
reactions. 

Table I1 indicates the degree of am- 
moniation obtained in some 120-minute 
runs. These results probably give 
quantitative comparisons of the ulti- 
mate degree of ammoniation that could 
readily be obtained when superphosphate 
fertilizers are contacted with ammonia 
for long periods of time. The degree 
of ammoniation increased with in- 
creased ammonia concentrations plus 
increased relative humidities-i.e., with 
increased free moisture contents for the 
fertilizer. In general, the degree of 
ammoniation obtained for these rela- 
tively long runs also increased with low 
temperatures. Higher temperatures 
might logically be detrimental to high 
degrees of ammoniation because of de- 
creased ammonia solubility in the liquid 
phase and because of partial decom- 
position of the ammoniated phosphates. 

Phosphate Reversion. The phos- 
phate analyses of the ammoniated and 
unammoniated fertilizers of this investi- 
gation indicate that only about 1.3 to 
1.8% of total P (3 to 47, of total P?Oj) 
was converted on a relative basis to a 
citrate-insoluble form during ammonia- 

Ammoniation of Triple Superphosphate 
Fertilizers with Gaseous Ammonia and 
with Nitrogen Solutions 

MMOSIATIOS of superphosphates is an A important operation in the pro- 
duction of high analysis fertilizers, and a 
continuous rotary-drum reactor similar 
to that developed by the Tennessee 
Valley Authority is often employed ( 9 ) .  
In this method. the ammonia or nitrogen 
solution is introduced and distributed 
under a rolling bed of fertilizer. Fre- 
quently, the ammoniated fertilizer is 
granulated either in the ammoniator or a 
subsequent rotary-drum granulator. 

Previous investigators (2, 5) have also 
used a rotary-drum reacior to investigate 
the factors affecting the ammoniation of 
superphosphate. Temperature? particle 
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size. and initial moisture content of the 
fertilizer were found to be important 
operating variables. More recent in- 
vestigators ( 7 ,  6), using a fluidized-bed 
reactor, have given further information 
on the ammoniation reactions between 
triple superphosphate fertilizers and 
gaseous ammonia. The ammoniation 
reactions almost certainly occur in the 
liquid phase associated with the fertilizer 
particles. Although considerable work 
has been done on the ammoniation 
process, more information is needed to 
solve the problems of nitrogen losses and 
phosphate reversion. Both of these 
losses can occur during or possibly after 
the ammoniation process (3,  7. 8 ) .  
These difficulties become more severe with 
an increased degree of ammoniation- 
that is. increased amount of ammonia 
absorbed per unit weight of P ? 0 5 .  

tion. The reversion that did occur was, 
however, apparently not dependent on 
the degree of ammoniation, temperature, 
or ammonia concentration. The pres- 
ent results are similar to those found 
earlier in the fluidized-bed reactor a t  
lower temperatures ( 7 ) .  
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In the present ammoniation in- 
vestigation, a rotary-drum reactor was 
used. The quantitative effects of several 
important operating variables were in- 
vestigated using both gaseous ammonia 
and nitrogen solutions. The results 
support the theory that the ammoniation 
reactions occur in the liquid phase 
present on the fertilizer particles. 

Experimental Details 

Experiments with Nitrogen Solu- 
tions. Figure 1 illustrates the ammoni- 
ation equipment used for runs with 
nitrogen solutions. The stainless steel 
rotary-drum reactor was 14 inches in 
diameter and 6 inches long and could 
be rotated at  22, 32, or 40 r.p.m. Four 
inlet or outlet lines constructed of I/*- 

inch i.d. stainless steel tubes entered the 
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