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A pilot plant method was developed for hydrolyzing calcium metaphosphate and utilizing 
the hydrolyzate as a source of P205 and as a carrier of nitrogen in the production of 
granular high-analysis fertilizers. Hydrolysis was carried out by slurrying pulverized 
metaphosphate with hot water in a tank; sufficient acid was included to prevent thickening. 
A TVA-type ammoniator-granulator was used for ammoniation and granulation with other 
fertilizer ingredients. Ammonia absorption up to 3.3 pounds per unit of P206 in the 
hydrolyzed calcium metaphosphate was obtained, and the products had good physical 
properties. Methods were developed for using calcium metaphosphate to produce 
granular phosphates and no-nitrogen grades. 

ONSIDERABLE QUANTITIES of calcium C metaphosphate have been used 
successfully on a demonstration basis for 
direct application to the soil and in dry- 
mixed fertilizers. However, its wide- 
spread use has been limited by its low 
water solubility; the fact that it cannot 
be ammoniated, which is an  economic 
disadvantage in the production of mixed 
fertilizers; and its relatively fine particle 
size, required for proper agronomic re- 
sponse but objectionable in view of cur- 
rent demands for fertilizers in granular 
form. 

The  Tennessee Valley Authority has 
attempted to overcome these disad- 
vantages. Studies have been made also 
of methods for granulating calcium meta- 
phosphate either alone or with super- 
phosphates to give granular products 
with suitable agronomic response. In  
one process ( 5 )  calcium metaphosphate 
was treated with sulfuric or phosphoric 
acid in the first half of a TVA-type 
ammoniator-granulator, and ammonia- 
tion and granulation with other fertilizer 
ingredients were carried out in the sec- 
ond half. The ammoniated products 
had excellent physical properties, and 20 
to 40% of the phosphate was water- 
soluble. However, no ammonia-fixing 
capacity was realized from the calcium 
metaphosphate. The degree of ammoni- 
ation that was obtained in the process 
did not exceed the ammonia-retaining 
capacity of the acid and superphos- 
phates used in the formulations. This 
was an economic disadvantage. 

A process has now been developed 
which realizes a considerable ammonia- 
fixing capacity from the calcium meta- 
phosphate while retaining advantages of 
the previous process. The essential fea- 
ture of the improved process is use of a 
separate hydrolysis step in which pul- 
verized calcium metaphosphate is hy- 
drolyzed with hot water. The resultant 
slurry is fed to a TVA-type ammoniator 

together with dried recycle and various 
fertilizer materials to form granular high- 
analysis fertilizers. Acid is added with 
the water in the hydrolysis step as re- 
quired to prevent thickening. The cal- 
cium metaphosphate is converted largely 
to water-soluble forms that will absorb 
ammonia. The reactions that occur in 
the hydrolysis and subsequent ammonia- 
tion have been studied by Brown et al. 
( 7 ,  2). These reactions, which are some- 
what complex, result in formation of sev- 
eral previously unrecognized water- 
soluble phosphates. 

The present paper describes the im- 
proved process for hydrolysis of calcium 
metaphosphate and presents results of 
pilot plant tests of its use to produce sev- 
eral grades of high-analysis granular fer- 
tilizers. Described also are pilot plant 
tests in which pulverized calcium meta- 
phosphate was granulated alone and in 
mixture with superphosphates to pro- 
duce grades such as 0-61-0, 0-48-0, and 
0-56-0. Similar tests are described in 
which potash was included to make no- 
nitrogen grades such as 0-30-30 and 
0-40-20. 

Hydrolysis and Ammoniation 

Pilot plant tests of the hydrolysis of 
calcium metaphosphate with hot water 
and subsequent ammoniation of the 
hydrolyzate were preceded by small scale 
tests in which basic information was ob- 
tained. Most of these tests were carried 
out batchwise in a small vessel equipped 
with an  agitator. When finely pul- 
verized (-48- or - 100-mesh) calcium 
metaphosphate was slurried with 0.75 
to 1.0 pound of water per pound of 
P?Os in the metaphosphate and heated 
to about 170' F., an exothermic hydroly- 
sis reaction was initiated. The tempera- 
ture of the slurry rose rapidly to between 
200' and 220' F., and after about 30 
minutes 90% of the P ~ O S  was water- 

soluble. The hydrolyzate was viscous, 
and it usually solidified to form a hard 
but porous mass soon after agitation was 
stopped. However, the addition of a 
small amount of acid increased the 
fluidity of the hydrolyzate and appeared 
to accelerate the hydrolysis reaction. 
Tests indicated also that continuous hy- 
drolysis should be feasible. The hy- 
drolyzate from the continuous tests ap- 
peared to be more fluid than that pro- 
duced in batchwise tests. 

Ammoniation of the hydrolyzate in a 
slurry state by stirring in a beaker with 
aqua ammonia gave promising results; 
ammonia was absorbed to the extent of 3 
pounds per unit of PZOS in the calcium 
metaphosphate. The ammoniated ma- 
terial became dry and friable and ap- 
peared to have good granulation proper- 
ties. 

Pilot Plant. In the pilot plant, 
calcium metaphosphate was fed con- 
tinuously to a reaction vessel in which it 
was hydrolyzed with hot water alone or 
with a small amount of acid added. 
The hydrolyzate was fed continuously 
into a TVA-type continuous ammonia- 
tor, where it was ammoniated and 
processed with other materials to produce 
finished, granular products. Evalua- 
tions of the effects of variables in the 
hydrolysis step were based chiefly on the 
behavior of the hydrolyzate in the am- 
moniator and on analyses of the finished 
products. 

The  reaction vessel used for hydrolysis 
was a stainless steel cylindrical tank 14 
inches in diameter with a 4-inch conical 
bottom. The overflow was variable from 
18 to 34 inches above the bottom ol the 
cylindrical section. As little as 12 inches 
of freeboard was satisfactory. This hy- 
drolyzer was equipped with a turbine- 
type agitator driven by an  air motor. 
Pulverized calcium metaphosphate was 
fed with a belt-type volumetric feeder. 
Water was metered with a constanl- 

4 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  



level, orifice-type meter, and the acid 
used to maintain fluidity was fed through 
a similar type of meter. A steam-jack- 
eted heat exchanger was used to heat the 
water when desired. The rate of feed of 
calcium metaphosphate was 400 to 800 
pounds per hour. 

The pilot plant ammoniator was 3 feet 
in diameter by 3 feet long. This unit 
and auxiliary drying and screening 
equipment have been described (3, 6 ) .  
The hydrolyzed calcium metaphosphate 
was fed by gravity as a hot slurry directly 
to the ammoniator through a simple dis- 
tributor lvith a serrated slot as shown in 
Figure 1. This distributor remained vir- 
tually free from plugging and was easily 
cleaned. I t  was positioned about 8 
inches above the bed in the ammoniator 
and was located to distribute the hy- 
drolyzate over the first two thirds of the 
length of the bed. Acid and ammonia or 
ammoniating solution were fed thiough 
distributors located beneath the bed. 
The acid distributor was a drilled pipe 
that extended through the first half of the 
ammoniator. The  ammonia or solution 
distributor was of i:he slotted type (3) and 
extended the full length of the ammonia- 
tor. 

Water and Acid Requirements. At- 
tempts were made to operate uithout 
acid in the hydrolysis step. Frequent 
difficulties ivere experienced due to 
stoppages in the discharse line from the 
hydrolyzer and so!idification in the tank. 
Hoivever, the addition to the hydrolysis 
tank of a porrion of the sulfuric, phos- 
phoric, or nitric acid, required by the 
formulations, ensured fluidity. Require- 
ments of acid and water for satisfactory 
hydrolysis and fluidity were : 

lb./lb. PnOi in 
Calcium Meto- 

phosphate 
Water Acid 

Sulfuric acid (937, 
HnSO4) 1 0-1.2 0 . 2 2  

Phosphoric acid ( 5 3 %  
P20,) 1 0-1 .2  0.56 

Nitric acid (437, "0, )  1 . 0  0 . 4 8  

\Vhen higher proportions or acid were 
fed to the hydrolyzer, a thicker hy- 
drolyzate \vas obtained. and this was dif- 
ficult to distribute. The thickening was 
attributed to increased evaporation of 
water because of higher temperatures and 
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to the formation of additional complex 
compounds. Also, the ammonia absorp- 
tion by the hydrolyzed calcium meta- 
phosphate was significantly lower when 
higher proportions of acid were used. 
For these reasons any additional acid re- 
quired in the formulations was fed into 
the ammoniator rather than into the hy- 
drolyzer. The amount of water was held 
near the values shown in the tabulation, 
to decrease requirements of recycle for 
control of granulation and to limit the 
amount of water to be removed in the 
dryer. 

Effect of Particle Size of Calcium 
Metaphosphate. Tests in the pilot 
plant were made using calcium meta- 
phosphate pulverized to -14, -35, 
-48, and -100 mesh. The , - 14- 
mesh material did not hydrolyze to any 
appreciable extent even with extended 
periods of treatment; difficulty due to 
settling of the coarser particles in the 
hydrolysis tank was also experienced. 
The  -35-mesh material hydrolyzed con- 
siderably, but absorption of ammonia was 
not as great as with finer material. Best 
results were obtained icith the -48- and 
- 100-mesh metaphosphate; slightly 
higher degrees of ammoniation were ob- 
tained with the - 100-mesh material. 
The choice betlveen -48 and - 100 mesh 
\could be dictated by cost and difficulty 
of grinding. \Vhen -35-mesh or finer 
calcium metaphosphate was used, the 
hydrolyzate was a homogeneous, fairly 
viscous slurry which flowed readily by 
gravity through the piping and dis- 
tributor. 

Effect of Retention Time and Tem- 
perature in the Hydrolyzer. The 
nominal retention time in the hydrolyzer 
was varied from 6 to 30 minutes by 
variations in rate of feed of the calcium 
metaphosphate and by raising or lolver- 
ing the overflow level on the hydrolyzer. 
The minimum practical retention time 
for -35-mesh or finer calcium meta- 
phosphate appeared to be 16 to 20 
minutes. This Lvould require a tank of 
225- to 250-gallon capacity (about 3 by 
5 feet) for a 15-ton-per-hour granular 
fertilizer plant. 

Best hydrolysis and ammoniation were 
obtained ivhen the temperature in the 
hydrolJ-zer was 220' to 230' F. \\'hen 
sulfuric acid was used, the heat of dilu- 
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Figure 1 .  Distributor for feeding hydrolyzed calcium meta- 
phosphate in pilot plant ammoniator 
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tion of the acid and the heat liberated by 
the hydrolysis reactions maintained the 
temperature in this range. When phos- 
phoric or nitric acids were used, how- 
ever, it was necessary to heat the feed 
water to the hydrolysis tank to about 
160" F. to obtain hydrolysis tempera- 
tures of 220" to 230' F. Temperatures 
higher than about 230' F. resulted in ex- 
cessive evaporation of water from the hy- 
drolysis tank and difficulties due to 
thickening of the hydrolyzate. 

Production of Granular Fertilizers 

Several grades of granular high-analy- 
sis fertilizers Lvere produced in the pilot 
plant. Shown in Table I are the 
formulations, operating conditions, and 
test data from typical runs in which small 
amounts of phosphoric or sulfuric acid 
were fed to maintain fluidity. The quan- 
tities of water and acid used were in the 
ranges that give satisfactory fluidity. No 
tests with nitric acid are shown, because 
the use of nitric acid usually resulted in 
unaccountably high loss of nitrogen. 
Calcium metaphosphate, fed to the hy- 
drolyzer, supplied all or a major propor- 
tion of the phosphate in the formulations. 
In  production of most grades, additional 
acid was fed in the ammoniator as re- 
quired by the formulation. Recycled 
fines were used as a primary control of 
granulation; the rate ranged from 1000 
to 2000 pounds per ton of net product. 
The net degree of ammoniation of the 
calcium metaphosphate ranged from 2.7 
to 3.3 pounds of ammonia per unit of 
P2Oj supplied as calcium metaphosphate. 
[Ammoniation is calculated on the as- 
sumption of absorption of 5.8 pounds of 
ammonia per unit of P2Oj by the or- 
dinary superphosphate, 7.2 pounds by 
the phosphoric acid, and the neutraliza- 
tion of H2S04 to (KH4)&04. ] All the 
products were dried in a rotary dryer. 

12-12-12 Grade. Good results were 
obtained iyith a formulation for 12-12-12 
that included calcium metaphosphate 
(6.5 units of P 2 0 5 >  -100 mesh), ordinary 
superphosphate (5.5 units of PiOj), 
ammonium sulfate (3 units of N), nitro- 
gen solution (9.2 units of K),  and potas- 
sium chloride. For hydrolysis, 170 
pounds of \cater a t  room temperature and 
29 pounds of 92% sulfuric acid were used 
per ton of product. An additional 75 
pounds of sulfuric acid were fed in the 
ammoniator. In  one test, all of the sul- 
furic acid was fed to the hydrolyzer, 
but excessive thickening of the hy- 
drolyzate resulted and prevented comple- 
tion of the test. 

The  input degree of ammoniation for 
the calcium metaphosphate was 2.8, and 
the loss of ammonia as indicated by gas 
analysis was about 6YG. Control of 
granulation \vas satidactory with about 
1150 pounds of recycle per ton of net 
product. About 62y0 of the dryer prod- 
uct was of the desired -6- +20-mesh 
size. 
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8-16-16 Grade. The formulation 
tested for this grade consisted of calcium 
metaphosphate (1 1.2 units of PnOa. 
-35 mesh): ordinary superphosphate 
(4.8 units of P ~ O B ) ,  anhydrous liquid 
ammonia (2.6 units of N),  nitrogen solu- 
tion (4.1 units of Ir), ammonium sulfate 
(1.4 units of N), and potassium chloride. 
For hydrolysis, 50 pounds of sulfuric acid 
and 234 pounds of water per ton of prod- 
uct were used. An additional 126 
pounds of 90% sulfuric acid were fed in 
the ammoniator. The input degree of 
ammoniation for the calcium metaphos- 
phate with this formulation was 2.7 
pounds of ammonia per unit of Pz05 .  and 
loss of free ammonia was 3.8y6. Granu- 
lation was contrcilled easily by using a re- 
cycle rate of about 1000 pounds per ton 
of product. About 60y0 of the dryer 
product was - 6 +20 mesh. 

7-28-14 Grade. The formulation 
tested for 7-28-14 grade consisted of 
calcium metaphosphate (17.8 units of 
P?Oj. -50 mesh). ordinary superphos- 
phate (4.8 units of P2Oj). electric-furnace 
phosphoric acid (5.4 units of P?05  as 7876 
HsPOd). anhydrous liquid ammonia (3 
units of S), nitrogen so ution (4.1 units 
ofN),  and potassium chloride. All of the 
phosphoric acid (190 pounds) and 405 
pounds of water per ton of product were 
fed to the hydrolyzer. The water was 
heated to about 160' F. to give a tem- 
perature of 220' F. in the hydrolyzer. 
No additional acid \vas fed in the am- 
moniator. 

Granulation !vas good? with a rec)-clr 
rate of 900 pounds per ton of product. 
About 607, of the product from the dryer 
was -6 +20 mesh. The input degree 
of ammoniation for the calcium meta- 
phosphate was 3.2 pounds of ammonia 
per unit of P201 and the loss of ammonia 
\vas 6%. The loss of ammonia probably 
could have been decreased hy formulat- 
ing to a somewhat loiver degree of am- 
moniation. 

Tests were made of 
a 1 :4:2 ratio grade in which no ordinary 
superphosphate was included. Prior to 
the tests it was uncertain whether a grade 
as high as 8-32-16 could be produced be- 
cause of uncertainties as to the extent of 
dilution of the calcium metaphosphate by 
hydrolysis and the degree of ammoniation 
that could he obtained. The formulation 
consisted of calcium metaphosphate (24 
units of PzOj, -100 mesh), wet-process 
phosphoric acid (8 units of P205 as 53% 
P?Os): anhydrous liquid ammonia (2.8 
units of S ) ,  nitrogen solution (5.3 units 
of N),  and potassium chloride. All of the 
phosphoric acid was fed to the hydrolyzer 
together with about 500 pounds or water 
per ton of product. The water was heated 
to about 150' F. to give a hydrolysis tem- 
perature of 210' to 225 F. The amount 
of sulfuric acid fed in the ammoniator was 
varied from a maximum of 120 pounds 
per ton of product to zero by appropriate 
adjustment in the formulation. This re- 

8-32-16 Grade. 

Table 1. Production of Granular Fertilizers from Hydrolyzed Calcium 
Metaphosphate 

Grade 12-12-12 8-16-16 7-28-14 8-32-16 5-20-20 
Production rate, ton/hr. 0.96 1 . 0  1 .0  0 90 0.97 
Formulation, lb./ton 

product 

P?Oj (size in 
parentheses) 215(-100) 360(-35) 526(-50) 720( -100) 560(-35) 

Phosphoric acid 

Calcium metaphos- 
phate, 63% 

For hydrolysis 

Furnace 156.9% 
P?Oj) ' '" . . .  

IVet process (53% 
191 

287 

29 
170 

44@ 
. . .  

294 

561 

75 

394 
1150 

52 
234 
71 

1 98h 

133 

481 

126 

546 
965 

75 . . .  
40 9 
74 

204b 

. . .  
542 
69 

270" 

335 
133 Liquid ammonia 

Kitroeen solution 

48 1 

. . .  
420 

60-1 00 . . .  
Potassium chloride 

Recycle 
Moisture content, % 

Feed (calculated) 
Xmmoniator dis- 

Dryer discharge 
Screened product 

Lb. neutralizing NH3 
fed/unit P roa  in 

(60.5% K 2 0 )  

charge 

457 
910 

525 
2020 

687 
910 

5 .5  

4 . 5  
1 . 1  
0 . 9  

5 . 7  

3 . 7  
0 . 8  
0 .7  

13.0 

9 . 4  
4 4  
4 1  

14 .3  

10.9 
6 . 6  
6 . 7  

11.5 

8 . 5  
3 .5  
3 . 5  

2.8 2 .7  3 . 2  3 .3  2.9-3.8 meta hosphater 

Free NH3 by cas 
Loss, x 

5.8-6.1 

0 

216 
182 
164 
21 1 

3 .8  

0 

7.5-11.7 

0 

. -  
analysis 

PzO3 availability in 
metaphosphate 

Temperature. F. 
Hydrolyzate 
.\m.moniator product 
Granulator product 
Dryer product 

Screen analysis (Tyler), 

Granulator product 
Oversize (+6  

% 

6 1  

0 

3 . 3  

0 . 3  

218 
184 
168 

220 
196 
164 
194 

223 
188 
165 
155 

225 
195 
165 
170 195 

28.2 

66.8 

5 . 0  

27.5 

68 .8  

3 . 7  

21.6 

58.4 

20.0 

20.2 

74.2 

5 .6  

1 1 . 9  

79.2 

8 . 9  

mesh) 

mesh) 
Onsize ( -6 +20 

Undersize ( -20 
mesh) 

Dryer product 

mesh) 

mesh) 

Oversize ( + 6  

Onsize ( -6 +20 

Undersize ( - 20 

26.9 

62.4 

10 7 

30.8 

62.2 

7 .0  

16.5 

59 ,4  

24.1 

21.8 

70.4 

7 .8  

16.6 

73.9 

9 . 5  mesh) 
Chemical analysis of 

screened product, 
V" 

To;gl N 
NH? N 

12.0 
9 .2  

13 1 
12.7 
5 8  

7 . 8  
6 . 6  

17.9 

6 .9  
5 . 4  

7 .8  
6 . 5  

31.5 
31 .0 
15 .4  
15 .7  
1 0 . 0  
1 . 3  
6 .7  

5 .0  
5 . 0  

21.7 
21 .0 
6 . 2  

1 9 . 6  
, . .  

Total P?Oj 
Available P.06 
\V.S. P.05 
K?O 
CaO 
so, 
H z 0  

29.1 
28.5 
1 2 . 9  
14.1 
14.4 
6.7 

17 .3  
8 . 1  

1 5 . 9  12 2 
10.8 
21.6 
0 9  

. . .  

017 
. . .  
3 . 5  4 . 1  

a Kitrogen solution Type 414 (19-74-0); 41.4% total N, 19% free NH,, 74% ammonium 

Xitroqen solution Type 410 (22-65-0); 41.0% total N, 22% free NH,, 65% ammonium 
nitrate, 0% urea. 

nitrate. 0% urea. 

7.2 pounds per unit for HjPOI, and neutralizing H?SO, to (KH?)lS04. 
c Assuming absorption of 5.8 pounds of NH, per unit of PjO, by ordinary superphocphate. 
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sulted in a range of input degrees of ani- 
moniation for the calcium metaphosphate 
from 2.1 to 3.3 pounds of ammonia per 
unit of P205.  

Over-all operation and control of gran- 
ulation were good both with and lvithout 
the use of sulfuric acid in the am- 
moniator. Rec>.cle required for control 
of granulation W , B S  about 1 ton per ton of 
product. The data in Table I are for a 
test lvithout addition of acid in the am- 
moniator. Temperature in the ammoni- 
ator was satisfactorily high (190' F.) 
cvithout use of acid. About 70Yc of the 
product of the dryer \vas -6 +20 mesh. 
and the granules were unusually well 
rounded and uniform. The loss of am- 
monia \vith an  input degree of ammonia- 
tion of 3.3 was 3 7 c ,  In tests with 
coarser: -48-mesh calcium nietaphos- 
phate, the loss of ammonia was 5 to 
6%. 

\.cry moderate conditions of drying 
(product temperature of 150' to 155OF.) 
were used in the test sho\vn in Table I ;  
this resulted in high moisture content of 
6.3 to 7yc for the screened product. In  
other tests of this grade, drying at  a prod- 
uct temperature of 200' F. gave 2% or 
lower moisture Chemical analyses 
sho\ved that drying to 2yc moisture 
Mould give an 8-32-16 grade. 

5-20-20 Grade. The formulation for 
this grade consisted of calcium meta- 
phosphale (16 units of 13~Oj: -35 mesh), 
ordinary superphosphate (4 units of 
PzO:): anhydrous liquid ammonia (5  
units of Dj): and potassium chloride. The 
calcium metaphosphate \vas hydrolyzed 
with 333 pounds of water and 75 pounds 
of 90yc sulfuric acid per ton of product. 
From 60 to 100 pounds of additional sul- 
furic acid per ton of product were fed in 
the ammoniator to give a range of am- 
moniation of the calcium metaphosphate 
from 2.9 to 3.8 pounds of ammonia per 
unit of P?Oj. Loss of ammonia ranged 
from 7 to 1 lye. This is believed to be 
due to the use of coarse calcium metaphos- 
phate. The ternperature in the am- 
moniator was 190' to 200' F.. and gran- 
ulation \vas good with a recycle rate of 
about 900 pounds per ton of product. 
About 75 Tc of the prodiict from the dryer 
was -6 +20 mesh. 

Chemical and Physical Properties of 
Products. Chemical analyses of prod- 
ucts from the pilot plant tests indicated 
that the effective grade of the calcium 
metaphosphate in the formulations 
ranged from 5'2 to 587, available 
P?Oj as compared to 637, in original 
calcium metaphosphate. The variation 
in effective grade apparently resulted 
from variations in the degree of hydrol>-- 
sis and hydration of the calcium meta- 
phosphate. Therefore, some experience 
with the various formulations would be 
required to formulate accurately. 

The water solubilities of PzOj in the 
granular products of the several grades 
are tabulated: 

Table II. Production of Granular Phosphates and No-Nitrogen Grades 
from Calcium Metaphosphate 

Grade 
Production rate, ton/hr. 
Formulation, lb./ton product 

Calcium metaphosphate (63% PpOj) 
High-analysis superphosphate (5470 

P O : )  
Ordinary superphosphate (20% 

Phosphoric acid (78% H,PO,) 
Calcined dolomite (59% CaO, 38y0 

Potassium chloride (61 yo K?O) 

PTO,) 

MgO ) 

Steam 
\Vater 
Recycle 

Temperature, F. 
Calcium metaphosphate preheat 
Reaction drum 
Dryer product 

Moisture content, Yo 
Granulator discharge 
Dryer discharge 
Screened product 

uct, % 
+6 
-6 $20 
-20 

Screen analysis (Tyler) of dryer prod- 

Onsize after crushing oversize, % 
Chemical analysis of product, Lvt. % 

Total P 2 0 6  
Available P?Os 
\v.s. P?OS 
Free acid P?Oj 
KzO 
F 
CaO 
H?O 
a 40C; - 100 mesh. 
* Regular, 10070 -14-mesh size. 

0-61-0 
0.80 

1 989a 

. . .  

. . .  

. . .  

. . .  

. . .  

220-250 
400 

210 

152 
180-200 

2 . 4  
0 . 9  
0 . 9  

10.2 
77.4 
12.4 
83 

62.8 
61.6 
9 . 8  

. . .  

. . .  

. . .  

. . .  
0.9 

0-56-0 
0.91 

1155* 

820 

. . .  

. . .  

. . .  

. . .  
253 

59 
600 

. . .  
200 
174 

2 . 9  
1 . 3  
1 . 4  

2 .6  
65.2 
32.2 
67 

58.3 
56.5 
27.3 
0 . 2  

0 . 5  
23.7 

1 . 4  

. . .  

0-48-0 
1 . o  

1314h 

, . .  

712 
, . .  

. . .  

. . .  
250 

3 5  
500 

. . .  
195 
192 

3 . 7  
1 . 2  
1 . o  

1 0 . 0  
78.2 
11.8 
85 

49.5 
48.9 
10.2 
. . .  
. . .  
. . .  
27.1 
. . .  

0-30-30 
1 . o  

701b 

. . .  

. . .  
275 

83 
990 
255 

400 
. . .  

. . .  
222 
191 

3 . 1  
0 . 8  
0 . 5  

10.2 
77.1 
12.7 
84 

30.5 
30.1 
7 . 1  
0 .1  

31.4 
. . .  
. . .  
0 5  

0-40-20 
1 . o  

1102b 

. . .  

. . .  
216 

54 
669 
255 

. . .  
400 

. . .  
218 
196 

2 . 8  
0 . 5  
0 .2  

32.4 
58.4 
9 .2  

79 

42 ,3  
41.9 

7 . 5  
0 .07 

21.6 
. . .  
. . .  
0 . 2  

W.S. P20j, 
Grade % of T o f d  

12-1 2-1 2 48-50 
8-1 6-1 6 47 
7-28-14 45-47 
8-32-1 6 50-52 
5-20-20 30 

These water solubilities, except for a 
somewhat lower value for 5-20-20, are as 
high as are usually obtained with the 
same or equivalent grades when only or- 
dinary and triple superphosphates are 
used. 

The  granular ammoniated products, 
particularly those with higher degrees 
of ammoniation: were found by petro- 
graphic studies to contain substantial 
proportions of calcium diammonium 
pyrophosphate [Ca(NH4)2P?O;.H20]. 
This is one of the phosphatic compounds 
recently identified in ammoniation prod- 
ucts of hydrolyzed calcium metaphos- 
phate a t  TVA's research laboratories 
( 7 ) .  Agronomic tests are being made to 
determine whether such materials have 
unique agronomic properties. 

,411 of the products had good physical 
appearance. and the granules were strong 
and generally well rounded. In tests 
made to evaluate bag-storage properties, 
the products were stored in five-ply paper 
bags having one asphalt-laminated ply. 
The test bags were placed in the bottom 

four positions in stacks 12 bags high. 
The bags were inspected at  l-? 3-, and 
6-month intervals to determine the de- 
gree of bag set and caking. These tests 
indicated that the storage properties of 
the products were at  least as good as 
those of conventional products of equal 
moisture contents. Good storage with- 
out addition of a conditioning agent prior 
to bagging was obtained with the 
12-12-12 grade dried to 0.5y0 moisture 
content, the 7-28-14 and 8-16-16 grades 
dried to about lye. and the 5-20-20 
grade dried to about 3%. Conditioner 
was required, ho\vever: when the mois- 
ture content of the 12-12-12 was about 
1% and that of the 7-28-14 \vas about 
3%. The 8-16-16 and 5-20-20 \\.ere 
not tested at  higher moisture contents. 
The 8-32-16 grade was tested only at  the 
relatively high moisture content of about 
67G, and the results showed that greater 
drying of this grade would be required. 
even if conditioners were used. 

General Considerations. A poten- 
tial difficulty which must be avoided in 
application of this process is excessive 
thickening and setting up of the hydroly- 
zate in the hydrolysis tank and feed lines. 
In  the pilot plant this difficulty was 
practically eliminated by using the 
proportions of water and acid given in 
this report. I t  was necessary, however, 
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to empty the hydrolysis tank quickly if 
operation were discontinued for any ap- 
preciable length of time to avoid solid- 
ification. In  regular operation, it ~ o u l d  
be desirable to discharge the contents of 
the hydrolyzer to the ammoniator before 
a scheduled shutdown, and to provide for 
dumping the contents of the hydrolyzer to 
a salvage pit in emergency shutdowns 
when the ammoniator could not be op- 
erated. The hydrolyzate should form a 
solid mass that could be crushed and 
utilized. In the pilot plant the solidified 
material, particularly when only water 
was used for hydrolysis, was porous and 
friable, resembling superphosphate. 

A simple distributor of the type used in 
the pilot plant for feeding the hydrolyzate 
(Figure 1) should be satisfactory for use in 
large scale application. 

I t  appeared that the input degree of 
ammoniation of the calcium metaphos- 
phate should be held to about 2.7 to 3.0 
pounds of ammonia per unit of PlOj for 
best results. In  a few tests, good absorp- 
tion was obtained with degrees of am- 
moniation as high as 3.3. 

Granular Phosphates and 
No-Nitrogen Grades 

Methods were developed for granulat- 
ing calcium metaphosphate alone and in 
admixture Ivith superphosphates to pro- 
duce partially water-soluble granular 
phosphates and with potassium chloride 
to produce no-nitrogen (PK) grades. 
The most satisfactory procedure for gran- 
ulating calcium metaphosphate alone in- 
volved heating the material to 200' F. 
and feeding it to the granulation drum, 
where it was partially hydrolyzed by 
spraying with hot water. \\.'hen super- 
phosphates were used as supplementary 
material, granulation was accomplished 
by feeding steam beneath the bed and 
sprays of ivater above the bed; the cal- 
cium metaphosphate was not preheated. 
The latter procedure was used when po- 
tassium chloride was fed with calcium 
metaphosphate to produce granular no- 
nitrogen grades. Data from typical 
tests of the various grades are given in 
Table 11. 

This grade was made 
by granulation of calcium metaphos- 
phate alone. Best results were obtained 
when the particle size of the calcium 
metaphosphate was somewhat finer than 
the regular plant product. A screen 
analysis of material that proved satis- 
factory is given below, together with 
that for the regular size. 

0-61-0 Grade, 

Screen Analysis (Tyler), % 
- 1 4  -48  

Maferiol 4-14 f 4 8  +100 -100  

For granulation 0-1 33-40 17-20 40-45 
Regular size 0-2 55-60 25-30 15-20 

The calcium metaphosphate was pre- 
heated so that it was fed to the drum at 
200' to 220' F. TYater heated to 160' 

to 190' F. was sprayed onto the bed 
through two solid-cone nozzles located 
about 8 inches above the bed. The 
sprays were positioned 6 inches apart and 
were located to cover about two thirds of 
the length of the drum. No distributors 
were used beneath the bed. A better 
rolling action was obtained by changing 
the retaining ring a t  the discharge end of 
the drum to lower the bed depth from 8 
to about 4 inches. Best granulation was 
obtained with a water rate of 230 to 250 
pounds per ton of product. 

A product of good quality was ob- 
tained by either cooling or drying the 
granulated material. In the best tests, 
807, or more of the product was -6 
+20 mesh. About 15YC of the phosphate 
in the product granules was water-sol- 
uble. The moisture content of the cooled 
product was 1.6% and that of the dried 
product was less than 17,. The uncon- 
ditioned products behaved very satisfac- 
torily in bulk and bag storage. Agro- 
nomic tests sho\ved that the granules, 
which consisted of small particles of un- 
reacted calcium metaphosphate ce- 
mented together uith water-soluble prod- 
ucts of hydrolysis, gave results equal to 
those obtained with regular-size ( -  14- 
mesh) calcium metaphosphate. 

Attempts to granulate calcium meta- 
phosphate alone by using steam beneath 
the bed as the source of heat were unsuc- 
cessful. The main difficult) encountered 
\vas inadequate means for controlling the 
extent of hydrolysis at the proper level to 
promote granulation without causing ex- 
cessive stickiness and overagglomeration. 

0-56-0 Grade. Granular phosphate 
containing 56.57, available P 2 0 ~ .  about 
half of which was water-soluble, was pro- 
duced successfully in the rotary granu- 
lator by partial hydrolysis of regular-size 
calcium metaphosphate admixed with 
cured high-analysis (5470) superphos- 
phate ( 4 ) .  Calcium metaphosphate was 
used to supply 20 units of P?Os and high- 
analysis superphosphate to supply 36 
units. Steam was fed beneath the bed at  
a rate of about 250 pounds per ton of 
product, which \.vas sufficient to heat the 
material in the drum to 200" F. Hot 
water was sprayed on top of the bed at  a 
rate of about 60 pounds per ton of prod- 
uct for control of granulation. Good 
granulation, which resulted inabout65% 
-6 +20 mesh, \vas obtained. The 
product granules. which were dried to 
about 1 .57, moisture, remained free from 
caking in bulk storage and in bags. 
After 6 months of storage in bags there 
was a noticeable lveakening of the bags 
(five-ply paper with one asphalt ply); 
however? this was overcome by using 
bags with a polyethylene inner coating or 
by dusting the product with about 1.57, 
of calcined dolomite prior to bagging. 

0-48-0 Grade. A granular phosphate 
of 0-48-0 grade was produced by partial 
hydrolysis of regular-size calcium meta- 
phosphate admixed with ordinary (20%) 

superphosphate. The formulation con- 
tained 41 units of P20; as calcium 
metaphosphate and 7 units as ordinary 
superphosphate. Steam was fed be- 
neath the bed at a rate of 250 pounds 
per ton of product and water was 
sprayed above the bed at a rate of 40 to 
60 pounds per ton. The purpose of the 
steam was to give a temperature of 200" 
to 220' F. in the drum and to hydrolyze 
the calcium metaphosphate partially. 
The water rate \vas varied for control of 
granulation. Good granulation was ob- 
tained and control was easy; about 78% 
of the product from the dryer \vas -6 
+20 mesh. The product, \vhich con- 
tained 17, moisture, remained in ver)- 
good condition in the storage pile. Bag- 
storage tests of unconditioned product 
showed very little caking, but the bags 
were attacked somewhat in 3 months. 
Treating with a neutralizing agent such 
as calcined dolomite, lime, or ammonia 
probably Lvould prevent this attack. 

0-30-30 and 0-40-20 Grades. Gran- 
ular no-nitrogen fertilizers of 0-30-30 
and 0-40-20 grades were produced by 
partial hydrolysis of calcium meta- 
phosphate in admixture ivith porassium 
chloride. Initial tests Ivith steam be- 
neath the bed and sprays of water on the 
bed failed to give sufficient plasticity for 
good granulation. In later tests. phos- 
phoric acid and calcined dolomite 
( C a 0 - M g 0  mixture) were fed as supple- 
mentary materials; the additional heat 
and plasticity due to reaction of the 
dolomite and acid resulted in good gran- 
ulation. The use of granular potash re- 
sulted in better granulation than was ob- 
tained \vith nongranular potash. The 
formulation for the 0-30-30 grade was: 

Calcium metaphosphate 22 units 
Phosphoric acid 8 units 
Calcined dolomite 80 lb./ton of 

product 
Potassium chloride 30 units 

Steam (beneath bed) 
(granular) 

250 lb./ton of 
product 

The granules \rere not strong or \Yell 
formed as discharged from the granula- 
tor. However, after passing through the 
dryer they \rere satisfactory. About 
777, of the product from the dryer was 
-6 +20 mesh. The free acid content 
was only 0.1%; which indicated efficient 
neutralization of the acid by the dolo- 
mite. The product did not cake in bag 
storage, and in bulk storage only light . 
surface crust developed. However, bag 
rot occurred despite the low free acid 
content. Dusting of the granules with 
2.57, of a neutralizing conditioner such 
as calcined dolomite prevented the bag 
rot. 

The 0-40-20 grade was produced with 
a formulation very much like that for the 
0-30-30. The main difference was that 
only about 6 units of P205 as phosphoric 
acid Lvere required to give the necessary 
heat and plasticity for good granulation. 
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This product also required a neutralizing 
conditioner to prevent bag rot. 

analytical work was done by Frank Man- 
ning, Jr . ,  and Joseph Lee, Jr. 

Acknowledgment Literature Cited 

The authors acknowledge the assist- 
ance of J. s. Leivis, Jr.,  and M. A I .  Nor- 
ton, who supervised the pilot plant tests, 
and George Hoffmeister? Jr . ,  \vho super- 
vised testing of the physical properties of 
the products and assisted in the prepara- 
tion of this paper. A large part of the 

(1) Brown, E. H., Brown, \V. E., Lehr, 
J. R., Smith, J. P., Frazier, A. LV,, 
J .  PhJs. Chem. 62, 366-7 (1958). 

(2) Broxvn, E. H.. Lehr. J. R., Smith, 
J P., Broivn, i V .  E., Frazier, A. W.. 

(3) Hein. L. B.. Hicks. G. C.. Silver- 
berg, Julius. Seatz. L. F.. J .  AGR. 

Ibzd.. 61, 1669-70 (1957). 

C E L L U L O S I C  WASTES AS FERTILIZERS 

Microbial Decomposition and Nitro- 
gen Availability of Reacted Saw- 
dust, Bagasse, and Coffee Grounds 

The Fersolin process for making sawdust and other cellulosic 

FOOD CHEM. 4,318-20 (1956). 
(4) Phillips, A. B., Young, R. D., Heil, 

F. G., Norton, M. M., Ibid., 8, 310 
( 1 9 60). 

(5) Phillips, A. B., Young, R. D.: Lewis, 
J. S., Jr.,  Silverberg, Julius, Ibid., 5, 

(6) Yates, L. D., Sielsson, F. T., Hicks, 
G. C.. Farm Chem. 117, h-0. 7, 38-48 
(1 954)- 

Receiaed f o r  reoieze .March 7, 7960. Llccepted 
.Way 31, 7960. Dir,irion of Fertilizer and 
Soil Chemistry, 736th .MePiino. ACS, .Itlantic 
CiQ, .V, J.: Seljfernber l(li0 

839-44 (1957). 

W. B. BOLLEN and K. C. LU' 
Bacteriology Department, 
Agricultural Experiment 
Corvallis, Ore. 

wastes useful for supple- 
menting soil organic matter decreases decomposability, adds plant nutrients, and avoids 
microbial competition for available nitrogen. Microbial and chemical studies showed 
carbon-nitrogen transformations of Fersolins added to soil were less decomposable than 
the corresponding raw materials. Bagasse, most decomposable, gave a product showing 
greatest resistance increase. Reacted sawdust was most resistant. Coffee Fersolin 
showed a decrease in decomposability, but was less resistant than reacted bagasse or saw- 
dust. The imparted resistance is desirable for increasing persistence in the soil as well as 
decreasing nitrogen demands. All the reacted products carried nitrogen in excess of the 
requirements of microorganisms involved in their decomposition. 

RLATMENT OF SAWDUST Or other T cellulosic wastes lvith dilute sulfuric 
acid at high temperature decreases 
hydrolyzable carbohydrates and increases 
nonhydrolyzable lignin or ligninlike 
substances, giving a product more suit- 
able for use on the soil. IVood wastes 
and similar residues treated by the Fer- 
solin process (8) or a modification thereof 
( 9 ) ,  because of conversion of much of the 
cellulose to resistant complexes, are less 
readily decomposable than the raw ma- 
terials. This decreases or eliminates the 
microbial demand for available nitrogen 
when such organic products are added to 
the soil. imparts desirable lasting quali- 
ties, and prolongs physical effects. 
After the heat treatment, ammonia is 
added to neutralize the acid, and the 
processed material carries more than 
enough nitrogen for its own decomposi- 
tion. Some of the nitrogen is in organic 
combination. Use of phosphoric acid 
with the sulfuric in the primary treat- 
ment, or nutrient fortification of the 
product with mineral fertilizer, can en- 
hance value and economic feasibility. 

Present address, U. S. Army Chemical 
Corps Research and Development Com- 
mand, Biological tVarfare Laboratories, 
Fort Derrick, Md. 

Oregon 
Station, 

An economical method has been de- 
veloped for conversion of fine sawmill 
wastes into a useful agricultural product. 
The process, described by Farber and 
Hind (70), consists of treatment with 
mineral acids, addition of plant nu- 
trients, heating, and conditioning. The  
finished product, generally identified as 
Fersolin, is a n  efficient fertilizer carrier 
and physical soil conditioner. 

.4ppropriate analyses and soil micro- 
bial studies of raw and reacted sawdust, 
raw and reacted bagasse, and spent and 
reacted spent coffee grounds were made 
to evaluate these materials on the basis of 
their reactions under controlled condi- 
tions in the laboratory. 

Materials 

The soil used was collected from an  
area mapped as Salinas fine sandy loam, 
noncalcareous phase. A bulk sample 
representing the 0- to 6-inch horizon 
was passed through a 10-mesh sieve and 
stored in large tightly covered cans. 

One-hundred-pound samples of raw 
and reacted sawdust, coffee grounds, and 
bagasse were individually well mixed and 
5-pound representative subsamples were 
taken with a sample splitter. About 1 
pound of each subsample was ground 

through a KO. 800 screen (approximately 
60-mesh) on a Weber mill for an  analyti- 
cal sample and for use in the microbial 
studies, where fine materials are required 
to ensure adequate mixing with small 
quantities of soil and reasonable agree- 
ment between replicate treatments. 

Methods 

Moisture was determined as loss in 
weight by drying samples a t  105' C. for 
24 hours. 

Moisture capacity of the soil and or- 
ganic materials was calculated from the 
amount of water retained by samples in 
Gooch crucibles wetted from below by 
immersion, and then allowed to drain to 
constant weight in a moisture-saturated 
atmosphere. 

Exchange capacity and exchangeable 
cations \\.ere determined by the am- 
monium acetate method. This and 
other methods not specifically outlined 
are described in procedures used by the 
Oregon State College soil testing labora- 
tory (7). 

Ash was determined by ignition at  
900' C.;  total carbon, by dry combus- 
tion at  950' C . ;  total nitrogen, by the 
Kjeldahl method modified to include 
nitrates. Ammonium nitrogen was de- 
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