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A Study of Ammoniation Reactions in a 
Fluidized Bed of Superphosphate 

LYLE F. ALBRIGHT, 
H A N S  HAUG,' a n d  
K. S. A N A N T H A  R A M A N :  

School of Chemical  Engineer ing 
Purdue Universi ty,  
Lafayette, Ind.  

Superphosphate fertilizers were ammoniated with anhydrous ammonia in a fluidized-bed 
reactor over wide ranges of operating variables to obtain products containing up to 9.7% 
(by weight) ammonia. The results show that the chemical reactions are probably occurring 
predominantly in the liquid phase present in or on the fertilizer granules. Free moisture 
contents of the fertilizer of about 0.6 to 15% are preferred; lower contents result in 
slow ammoniation and higher amounts cause agglomeration. Phosphate reversion was very 
low and relatively independent of operating conditions. 
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Figure 1. Flowsheet for fluidized-bed ammoniator 
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Figure 2. Free moisture content of triple superphosphate 
as a function of relative humidity of air in static experiment 

8 

a 
n 

- 4 0 -  
W 
l- 

I 
v) 
0 2 30- 
w 
3 
v) 

a 
a 

Tern p e r a  t u re: I30 O E 

Particle size: -20  + 28 mesh 
0 Relative humidity of Air: 71 * 2 %  
II 
w 

LL k? !A I20 I80 240  
9 60 

TIME, MINUTES 

Figure 4. Effect of contact time and of pretreatments on 
the free moisture content of triple superphosphate in the 
fluidized bed 

( A )  Untreated material; (6) molerial stored 16 hours at 130 '  F. 
after addition of 5% H20; IC) material stored 3 3  days at 1 3 0 '  F. after 
addition of 5% H20 
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Figure 5. 
humidity of air in the fluidized bed after a t  least 1 hour contact time 

Free moisture content of triple superphosphate as a function of relative 

Temperature 13OOF. 
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Figure 3. Free moisture content of 
ammoniated triple superphosphate 
(8.34% NHI) as a function of relative 
humidity of air in static experiment 

facilities. They are, however? not com- 
pletely satisfactory for detailed investiga- 
tions of the ammoniation process because 
local conditions-in particular, tempera- 
ture and ammonia concentration-vary 
widely throughout the bed of superphos- 
phate. A bomb-type reactor with a 
mechanical agitator was used by LYhite: 
Hardesty, and Ross (9)!  who avoided ex- 
cessive temperature rises by keeping the 
rste of ammoniation very l o i ~ .  

A fluidized bed has been reported to 
give excellent results in air-drying of 
superphosphate fertilizer (2). Trojan, 
Jara, and Vanacek ( 6 )  describe the use 
of a fluidized-bed reactor for the am- 
moniation of superphosphate. Only 
a very low degree of ammoniation wzs 
obtained, but the claim was made that a 
fluidized bed could be operated more 
economically than the drum-type am- 
moniator. However, those authors 
failed to present any quantitative argu- 
ments, and furthermore, they neglected 
to give such essential information as 
reactor temperature and composition 
or type of superphosphate used. 

Fluidized-bed reactors probably would 
give good temperature control. In 
addition, the possibility of using mix- 
tures of ammonia \vith an inert gzs 
offers an  additional degree of freedom 
over conventional designs. Such a re- 
actor system was employed in this in- 
vestigation, which was undertaken for 
the purpose of gaining new information 
on the ammoniation reaction. 

Experimental Details 
Equipment. The flowsheet for the 

ammoniator is shown in Figure 1. The 
fluidized-bed reactor was constructed 
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Figure 6. Ammoniation run 7 
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Figure 7. Effect of relative humidity of gas phase on ammoniation a t  130" F. 

from a borosilicate glass tube, 2.5 inches 
in diameter and 30 inches long. A sin- 
tered-glass insert for dispersing the 
gas uniformly in the bed was positioned 
near the bottom of the reactor. The  
reactor \vas jacketed for about 2 inches 
bcloiv the sintered glass and for 16 inches 
abovt .  \\'atcr from a constant-tem- 
pmitui'e Lvater reservoir \vas circulated 
through the jacket. 7'he fluidizing gas 
\\-as a mixture of air. ammonia. and  in 
sonic cases steam; these gases Ivere 
metertd by either rotaineters or orifice 
flowntters. The  ammonia and air were 
preheated in coils immersed in a n  oil 
bsith beforc being mixed in the mixing 
pot lvhich \vas positioned just under the 

reactor. .1. gas by-pass around the 
reactor and  a gas sampling valve Lvere 
also provided. Gas lines were heated 
where necessary to prevent condensa- 
tion of moisture. Temperature in the 
fluidized bed and in the gas space above 
it were me:sured lvith thermocouples 
(TC). Superphosphate samples \Yere 
taken by pushing a glass thimble through 
a gas-tight seal into the fluidized bed. 

Materials. T h e  triple superphos- 
phate used was purchased locally, 
and its composition was: total P?O,> 
48.57,; water-soluble PyOj: 39.47,; 
citrate-soluble P ~ O B .  8.8%; citrate- 
insoluble P?Oj, 0.37,; CaO: 21.67,; 
SOa, 2.5%; F: 2.67,; , 4 1 2 0 3 ;  1.87,:  

FenOa, 3.2%; free HzO, 1.0%. I t  
had been manufactured from Florida 
phosphate using wet-process phosphoric 
acid, and  was of the dense, granulated 
type. T h e  fertilizer was crushed and 
screened to obtain -14+28, -16+20, 
-20+28, -28+48, and -28+60 Tyler 
screen sizes. Commercial-grade anhy- 
drous ammonia was used in all ammo- 
niation runs. 

Operation. A total of 200 to 600 
grams of superphosphate was used for 
each batch run. In the first phase of 
the project, no steam was used in the 
ammoniator. Instead, a calculated 
amount  of water was added and  
thoroughly mixed Lvith the superphos- 
phate. The  mixture was placed in a 
closed ,jar and kept for at  least 20 hours 
in an  oven maintained a t  the temperature 
a t  Ivhich the reactor \vas to be run. For 
startup, the temperature in the oil bath 
and the !\rater jacket plus the flow rates 
of the air and the ammonia were adjusted 
to the desired level before the fertilizer 
\vas introduced into the fluidizingcolumn. 
Temperatures \vere recorded and several 
samples were taken during the run. 

In the second phase of this research, 
the superphosphate was placed directly 
in the reactor Lvithout adding any water. 
I t  ivas then fluidized with humidified air 
(prepared by mixing line air and steam) 
for at  least 1 hour. This time was found 
to be sufficient to establish an  apparent 
equilibrium bet!\ een the humidity of the 
air and the free moisture in the super- 
phosphate. Just prior to the stzrt of the 
ammoniation, a sample of the fertilizer 
\vas taken. 1Vhen the f l o ~ v  of ammonia 
\vas started, the relative humidity of the 
gas mixlure was kept constant by de- 
creasing the air flo\v slightly to com- 
pensate for the ammonia flo\\. 

Analysis. All ammoniated samples 
were analyzed for free moisture and 
for ammoniacal nitrogen. and. \\.hen 
desirable. for total, \vater-solublej citrnte- 
soluble. and citrate-insoluble P2C)j: using 
the methods specified by the Association 
of Official Agricultural Chemists. Free 
moistnre content in the fertilizer was 
obtained by drying a t  room temperature 
over magnesium perchlorate in a vacuum 
desiccator for a t  leest 48 hours. 1Vater 
vapor and ammonia in the fluidizing 
gas stream were determined by absorp- 
tion on  magnesium perchlorate and in 
sulfuric acid, respectively. 

Equilibrium Moisture Tests. A 
series of static moisture tests were made 
to determine the true equilibrium be- 
tween the moisture content of the super- 
phosphate and the relative humidity of 
the surrounding atmosphere. For this 
purpose. samples of -28+48-mesh 
superphosphate fertilizers were stored for 
several weeks at  constant temperature 
(80 or 130' F.)  in sealed jars over sulfuric 
acid of known ivater vapor pressure: and 
changes of the sample \\.eight lvere re- 
corded as a function of time. 
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Results 
All sizes ( - 14+ 

28- to -X+60-n1rsli) oC dry super- 
phosphate \vcre fluidized satisfactorily 
with air flow rates of 4.5 standard 
cubic feet per minute (scfm) or inore. 
rquivalrnt to at least 110 s c h  per square 
loot of reactor cross  section. .A mixin? 
it'st indicatrd that colorcd frrtilizer par-  
ticles \\-ere \\-ell mixed \\-ith uncolored 
ones ivithin .5 to 1 0  seconds. S o  segrega- 
tion \\.ith r e s p r c ~  to size o r  shape \vas ob- 
srrvrd.  A t  free moisture contents of 
about 1 .5yc or higher. agglonic~rarion brs- 
camr srrious. causing poor fluidization 
and mixing. iittrition \vas negligible. 

Initial ammoniation runs  ivere made 
\vith superphosphzte containing up  to 
1.57, rrer moisture and \vith mixtures of 
air and ammonia; [his fluidizing p-as 
mixture had a relative humidity of less 
than .55; in all cases and had an am- 
monia concentration of8.155<, b!- volume. 
Initial rates of ammoniation during a 
run \\'ere quite high. and during this 
initiai period. tc=mperature rises of about 
10" to l i 3  1;. \\-ere recorded. 'l'he re- 
action then slo\ved do\vn rapidly and 
practically stopped after 20 minute.;: 
during this time. the temperature rc- 
turned to rhe starting value. . l h e  
ammonia pickup by the superphosphate 
in a run \v%s higher at lo\\- temperatures 
and \vith fertilizers that initially con- 
tained more free moisture. The  maxi- 
mum pickup obt?ined durinrg these 
runs \\.as only about .5.0yG (by \veiqht) 
ammonia in the final product. I n  a l l  
cases. the free moisture content of the 
fertilizers had decrei.sed during the hatch 
runs to essenti~lly zero. 

'l'hese prcliniinar)- results cle.. r1!- in- 
dicated 1ha.t the moisture content or 
the fertilizer \vas most important for 
ammoniation. 'l'hc zmmoniation in a 
d ry  fluidizing qris \\ E S  accompanird by 

avatcd by the heat 
thermic chemical re- 

actions). \\'hen thr solid msteriel dried 
out. the arnmoni.irion re ,ction became 
very slo\v 2nd pcrh:rps even stopped coni- 
pletely. .i spc~i.:l r u n  \vzs then made 
at 110" 1:. to demonstrdtr thc newisit!- of 
having moisturtx present in the siiper- 
phospharr. .4t rhe end cf e: ch 20- 
minute period. more \vpter \\- s ?dded 
to givc a moisrurr content of 127;. In 
60 minutes ofarnmoniition. the In-rerial 
h,:d picked up 7.655% ainmoni 1 .  

Equilibrium Moisture Content of 
Triple Superphosphate. Since fluid- 
ization \vith dr!- gas mixtures causes 
dehydration of the superphosphare. 
humid gas \vas co-isidered as a means o f  
preventing- or a t  least minimizins the 
dryirg.  Hence tests \yere made to de- 
termine the qui l ib r ium moisture content 
of the fertilizer 2 s  a function of tempera- 
ture and of the rektive humidity of the 
contacting 2ir. Three to 4 iveeks \\.ere 
rrquired to establish the equilibrium. 
'I'he results of these static t r r t s  ? r e  shojvn 

Preliminary Runs. 
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Figure 8. Effect of relative humidity of gas phase on ammoniation a t  180" F. 
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Figure 9. Effect of particle size on ammoniation 

in 1-igurr 2 .  Sh,irp increasrs of the Ircc 
moisture content of the solids \\-ere noted 
at relativr. humidities above 6( 
location of the critic21 humidity. ~ v h e r e  
drliqucscence scts in. \ v r s  not asceririnrd. 
hut it is r\.ident thzt \sirh incrr:isinq 
temperature. this critical point \\-auld be 
displacrd io\vdrds I o ~ v c r  relative humid- 
itirs. 

Static moisturc tests \\-ere also made  
\vith an ammoniated fertilizer (8.3';; 
SH:{) at 1.30" I;. ~I'his rni te~inl  had 
somew.hat higher equilibrium moisture 
contrnts than the unammoniatrd super-  
phosphrte. : s indicated by Figure .?. 

'l'he moisture content of the unainnio- 
Iii-trd frrrilizrr ~ ' 2 s  next dcterniini~d in 

the fluidized bed its a function 0 1  iiinr! 
trmpri.arure. and tiun1idit) of the r i r .  
After 1 hour. the frez moisture conrent 
h2d u s u ~ l l y  rrrched \vhAt appearrd t o  be 
a constant value. Ho\\ L ~ c r .  thest- valucs 
varied, depending LIJIOI? the initisl inois- 
iurc content and prvtreLi[ment oC thc 
suprrphosphate. For example. 1igui.e 4 

vdrious moisture contcnt; before fluidiza- 
tion behaved \vhrn treLred under thr  
same conditions in the fluidizrd bed. 
I'he free moisture conrr'nts obtained after 
1 10 4 hours of fluidizdtion obviously do 
not represent true equilibrium vrlues. 
1 1 ~ s ~  transfer o r  diffusion of thr moisture 
to o r  from the interior of the particlr is 

jho\\.s ho\v thret. si-rIiL>les 1>1.ctrrrtrd LO 
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Temperature:  130°F; 
Relat ive humid i ty :  60% 
Par t i c l e  size: - 2 0 ~ 2 8  mesh 

70 80 90 

TIME, MINUTES 

Figbre 10. Effect of ammonia concentration in t h e  g a s  phase  on ammonia t ion  

Discussion of Results 

1 l i t .  eii;.crs of ~e i i i~x~ra t i ! rv .  tiioistutc 
contctit.  and p:lrticle size a rc  i n  general 
iigrr'c~iiicnt tvith thr ohscrvarions rc- 
i ~ o r t e d  b!. Kuinagai. R ~ p l ) .  and Hardest!. 
1.j I .  I\.hc.n waction rL i tes  are eompa i~cd ,  
ii in t i s t  be rcrncmbcrcd that i n  the 111.ecent 
i n \  esrigation. rrlativc,l\- coarse su1irr- 

rial could undoubtrdl! be aininoniatcd 
in a fluidized btd 1)). modifying t h r  design 
and !io\v rates. 

. I  hc ainrnoniatiori rcnct ion is obviousl! 
a \ . ~ ~ r y  complex p toccss~  but most of thr 
obser\.ations can be explained by assum- 
ing that the acrual chemical rractions 
occurred prirn3rily in an ac1ucous liquid 
ph;se. Rader ( i )  in 1948 had 2ivc.n 
iniorination on  the existence of such a 
phase. T h e  reaction prcsiiinabl!. inusl 
consist o f a t  lezst the follo\\.ing s teps:  

p h ( ~ S ] ~ h a t r  \vas Lised. l l l i ch  fincl. innte- 

Solution of ammonia in  [he liquid 
phase. Some ionization \\.auld occur at 
this stage. 

Solution. accompanied by h>-drolysis. 
of monocalcium phosphate and othei. 
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Table I. Degree of Ammoniation and Phosphate Availability 
D e g r e e  o f  

Ammoniation Run 
Ammoniation 

l b .  N H R  -. 

S a m d e  
" 3  

Temp.  Humid. ,  concn., Porficle size 
No. O F .  % % mesh No. 

Unammoniated triple superphosphate 
130 70 7 . 5  -20+28 L. 

3 

4 
7 

8 

9 
10 
1 3  
14  
1 5  
16 

21 

23 

25 

130 

130 
130 

130 

130 
130 
130 
130 
130 
130 

180 

180 

180 

60 

50 
38 

60 

60 
60 
60 
38 
60 
60 

63 

12 

30 

Q Dried in reactor. 

5 

7 . 5  

7 . 5  
7 . 5  

7 . 5  

7 . 3  
7 3  
3 . 6  
3 . 6  

7 . 5  
1 5  

7 . 5  

7 . 5  

7 . 5  

9 a  

9. 
-20+28 3 

-20+28 5 
-2O+28 2 

4 
7 
9 

-28+48 4 
9 

-16+20 9 
-204-28 5 
-204-28 9 
-20+28 8 
-2O-l-28 6 
-20+28 46 

l o b  
12. 
14" 

-2O+28 4 
7 

-20+28 4 

-20+28 4h 
7. 

lob 
1 2 c  
146 

7 c  

7 

__- 
Time, min. % N H I  

0 

Per  
unit % p 2 0  
P,Oj roto\ 

0 4 8 . 5  
15 5 0 2  2 1  4 8 . 4  
40 6 6 9  2 8  48 5 
1 5  5 2 7  2 2  48 4 
40 7 01 2 . 9  4 7 . 9  
15 5 . 5 5  

3 2 . 1 6  
10 4 . 0 5  
30 6 . 6 0  
60 8 . 3 4  
10 6 . 0 6  
60 9 . 6 8  
60 6 . 1 5  
40 7 . 2 9  
90 8 .08 
60 7 .31  
30 7 . 1 6  
I5 5 . 7 7  

5 . 6 5  
105 7 . 5 5  
_ -  
13  

165 7 19  
180 7 96 
IO 5 70 
60 9 15 
IO 4 . 9 3  
60 6 . 1 9  
15 6 04 

2 . 3  4 8 . 3  
0 . 9  4 8 . 5  
1 . 7  4 8 . 5  
2 . 8  4 7 . 5  
3 . 6  4 6 . 6  
2 . 6  4 7 . 2  
4 . 3  4 5 . 5  
2 . 6  4 7 . 4  
3 . 1  4 6 . 8  
3 . 5  4 6 . 9  
3 . 1  4 7 . 1  
3 . 1  4 6 . 6  
2 . 5  4 6 . 9  
2 . 4  4 7 . 6  
3 . 3  4 6 . 4  
3 . 1  46 8 
3 . 4  4 6 . 8  
2 . 4  4 8 . 1  
3 9  47 .O 
2 0  4 8 . 2  
2 . 6  4 7 . 4  
2 6  4 7 . 4  

7 5  5 2 5  2 2  48 3 
105 6 9 2  3 0  4- 3 
165 5 8 9  2 5  48 0 
180 7 5 3  3 2  4- 7 

9 End of ammoniation period. c End of conditioning period. 

% p 2 0 :  
W o t e r  
Soluble 

3 9 . 4  
2 5 . 3  
2 3 . 9  
2 5 . 9  
23 8 
2 5 . 4  
3 2 . 2  
2 7 . 3  
2 5 . 8  
2 5 . 2  
2 4 . 9  
2 3 . 0  
2 4 . 8  
2 4 . 1  
2 4 . 7  
2 5 . 6  
2 4 . 5  
2 4 . 9  
2 5 . 6  
2 4 . 3  
2 4 . 2  
2 3 . 8  
2 4 . 3  
22 8 
2 4 . 7  
2 3 . 2  
2 4 . 1  
2 6 . 1  
22 8 
2 4 . 6  
2 2 . 7  

% P2Q 
Ci t rate  
Soluble 

8 . 8  
21 .5 
23 .O 
2 0 . 9  
2 2 . 4  
2 1 . 2  
1 5 . 0  
1 9 . 5  
1 9 . 9  
1 9 . 6  
2 0 . 5  
2 0 . 8  
2 0 . 7  
21 . o  
2 0 . 4  
1 9 . 7  
2 0 . 2  
2 0 . 3  
2 0 . 2  
2 0 . 2  
20 3 
21 . o  
21.7  
2 2 . 3  
21.7 
2 2 . 4  
21 .5  
2 0 . 5  
22 .7  
2 1 . 6  
2 3 . 2  

% P ? O ,  p a ,  
Ci f rofe  Avoiloble 

0 . 3  99 3 
1 6  96 - 
1 6  96 7 
1 6  96 
1 6  96 5 
I '  96 5 
1 3  97 4 
1 -  06 4 

lnroluble % of Tofol 

1 8  96 2 
1 8  96 2 
1 8  9 6  2 
1 . -  9 6 . 3  
1 9  9 6 . 0  
1 7  96 3 
1 8  96 2 
1 8  96 2 
1 9  9 6 . 0  
1 '  9 6 . 4  
1 8  96.2 
1 7  96 [I 
2 1  9 5  5 
2 0  75 . -  
2 1  95 6 
1 . 9  9 s  . 9  
1 . 8  9 6 . 3  
I .8 O h , ?  
I .8 96 2 
1 . -  9 6 . 5  
1 8  96.1  
1 . 8  9 6 . 3  
1 . 8  96 2 

salts in the liquid phase. \Vater of 
hydration would presumably be liber- 
ated at this point. 

Diffusion of the dissolved components 
or ions in the liquid phase. 

Chemical reaction. 
Crystallization of the reaction prod- 

Transfer of water vapor to or from 
ucts. 

the liquid phase. 

Each of these steps proceeds at a certain 
rate which depends on the local condi- 
tions, and therefore on the operating 
variables of the ammoniator. 

The  proposed mechanism is supported 
by several observations. First and per- 
haps strongest, the rate of ammoniation 
was very low for dry superphosphate. 
I n  addition, the results of the condition- 
ing runs (Figures 11 and 12) demonstrate 
that ammonia was lost! probably because 
of desorption of the dissolved: but as yet 
unreacted, ammonia from the liquid 
phase during the conditioning periods. 
!\/hen the ammoniation portions of these 
runs \\ere started, presumably much of 
the initial ammonia take-up involved 
merely dissolving ammonia in the liquid. 
Some of the ammonia losses during the 
conditioning runs irere possibly caused 
by decomposition of reaction products, 
such as diammonium phosphate. This 
salt has a higher decomposition pressure 
in aqueous solutions than in the crystal- 
line state (5, 8), and therefore reverse 

reactions would occur mainly for that 
fraction of this compound that was dis- 
solved. The  formation of \vater-insolu- 
hlr di- and tricalcium phosphates is not 
reversible. 

Figure - indicates that a relative 
humidity of at least about 30% is re- 
quired for obtainine a reasonable rate of 
ammoniation. 'This lower limit co- 
incides crith that observed for caking of 
superphosphate fertilizers in storsgr. 
xrhich becomes noticeable a t  the same 
relative humidit)- and is commonly 
thought to be caused by processes in- 
volving a liquid ph:se. Further evi- 
dence is seen in the crystallographic 
identification of the products of the am- 
moniation reaction 13). The occurrence 
of fairly well developed crystallites cer- 
tainly seems to imply th,lt a liquid phase 
\\'as present. 

In  the unamrnoniated superphosphate. 
the liquid phase \rould be saturated xrith 
respect to the phosphates and other salts 
present. .4t the start of the ammonia- 
tion. the rate of absorption of ammonia 
would be high since the initial steps Ivould 
involve saturation of the solution phase 
and reaction of the dissolved salt Ivith 
ammonia. Once the phosphate ions 
\yere depleted from the liquid phase, the 
subsequent steps\vould probably be much 
sloiver. The  dissolution of unammoni- 
ated salts, as well as the transport of 
the salts and of ammonia Xvithin the liquid 

phase, \ \ -odd  depend on  molecular dif- 
fusion and therefore be sloir, as \\-as in- 
dicated. for example. by the static equi- 
librium moisture derermination. Thus: 
the concentration of unammoniated salts 
in the solution phase \rould decrease dur- 
ing the rra.ction. and a fraction of the 
ammonia absorbed b>- the fertilizer 
particles ivould be present in an  un- 
reacted form. Fiyures 11 and 12 show 
that this fraction ma)-  have been quite 
high after the rraction had proqressed 
for a \\-bile, The  relatively minor 
cffecr of the ammonia concentration in 
the fluidizing gas. illustrated by Figure 
I O ,  indicates that the gas phase resistance 
to ammonia transfer \\.as not rate deter- 
mining in the over-all process. The  
ionic reactions in the liquid should be 
very fzsr:  and the net rate of reaction 
must be controlled largely by diffusion 
and solution processes lrithin the par- 
ticles. 

Under the conditions present in the 
fluidized bed! reaction 1 probabl>- went 
to completion. Table I shoxrs that 
the phosphate reversion \vas uniformly 
loiv and independent of operation condi- 
tions. This suggests thar rraction 3 did 
not occur. Impurities. such as fluorides, 
\rere presuma bl>- responsible for the loss 
of availability that occurred during the 
initial stages of ammoniation, The  final 
degree of ammoniation thus appeared to 
depend primarily on  reaction 2 .  
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I 
A m m o n i a t i o n  R u n '  16 
Temperature 130°F 
Relat ive h u m i d i t y  of g a s  6 0 %  
"3 c o n c e n t r a t i o n  i n  gas 75% 
Part ic le  size - 2 0 + 2 8  m e s h  

~ 

i I 
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Figure 1 1 .  
relative humidity 

Effect of intermittent operation on ammoniation a t  130" F., 60% 

Figure 12. 
relative humidity 

Effect of intermittent operation on ammoniation at  180" F., 50% 

Higher temperatures have a complex monia partial pressure is lo\vered. be- 
vffrct. Thry  accelerate the chemical cause of the higher decomposition pres- 
reactions, but apparently a t  the same sure of diainmonium phosphate. In  
time the final degree of ammoniation addition. temperature \vould affect the 
that could be attained ;at H given am-  solubilities of ammonia and of the un- 

sinmoniated and ammoniated salts in the 
liquid phase. The  rate of crystal!iza- 
tion of the ammoniated salts \\-auld prob- 
ably also be temperature dcpendent. 

The  ammoniation efficiencies. i.e.! the 
fraction of the ammonia entering the 
reactor that \vas absorbed bb- the suprr- 
phosphate, !rere quite lo\\.. In  the most 
favorable case. \\.irh 3.hC< S H ; j  in the 
sas at 130' F.. efficient)- reached 415{ 
during the first 3 minutes. This could 
undoubtedly hr very much improved 
by suitable modifications of the process. 
Of coursc. the unreacted ammonia could 
also be recirculated. The  loss of phos- 
phate availability \vas lo\ver than that 
( 7 0 )  published for T\-.\-t)-pe reactors. 
Further Ivork is being planned in this 
area to establish operating factors aflrcr- 
ing phosphate reversion. 
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