


based products. These develop­
ments should greatly aid the 
growth of the fluid fertilizer in­
dustry in the future. Because of 
the comparative ease with which 
Huids are handled, transported, 
and applied to the soil, continued 
growth of this industry is ex­
pected. 
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MODERATOR ADAMS: Thank 

you for that excellent paper. Are 
there any questions? 

It looks like you have covered 
your subject real well. Our chair­
man suggests that we all stand up 
and stretch for a minute. 

Our program continues with 
Polyphosphates and Suspension or 
Fluid Fertilizers. We regret that 
Mr. Formaini was not able to at· 
tend to give the next talk. My 
associate, Mr. George R. Gilliam 
and I have agreed to give this 
talk and I hope you will bear with 
us. 

Fluid Fertilizers Containing Polyphosphate 
and Micronutrients 

R. E. Formaini* 

Introduction 
Significant quantities of inor­

ganic micronutrients may be in­
corporated into liquid fertilizers 
when products contain polyphos­
phates.1 The quantity of micro­
nutrient soluble differs for each 
metal, and it is influenced by sev­
eral factors. 

Some information is avail­
able concerning micronutrient 
compatibility in solution2•3 and 
salt-suspension4 systems, particu­
larly for zinc" This paper pre­
sents micronutrient solubility data 
for boron, copper, iron, molybde-

• Contribution from Allied Cbemical Corp., 
Agricultural Division, Research Department, 
Hopewell, Virginia. 
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num, manganese and zinc .in fluids 
containing wet-process 10-34-0, 
urea-ammonium nitrate solution 32 
and muriate of potash. In addi­
tion, procedures for incorporating 
metals into coIel-mixed, salt sus­
pensions will be given. Discussion 
will be limited mainly to the 
metals which depend upon seques­
tration for dissolution. 

Solubility Limits 
The metals boron (B) and 

molybdenum (Mo) supplied as the 
usual commercial sodium salts are 
soluble to the extent of at least 
one percent in Huid fertilizers. 
Since sequestration is not involved 



Table 1 

Solubility of Metals in Wet Process 10-34-0' 

Pounds Metal Per 100 Pounds P20.2 

P.O. In 
Metal" Final Mix, % Stable 1 Day' Stable 1 Week' 

Cu+2 15 and above 10.0 8.0 
6 to 15 9.0 6.0 

Fe+3 6 and above 2.6· 2.6 5 

Mn+2 30 and above 0.6 0.2 
15 to 30 0.4 0.2 

Zn+2 28 and above 10.0 6.0 
15 to 28 6.0 4.0 

---~.----.-~.----.---.. -----. ._-.--

Notes: 
1 10-34-0 Containing 1.8 pounds Fe per 100 pounds P 20 5 initially. 
2 Can be used for solutions or suspensions. 
3 Supplied as sulfates, chlorides, carbonates and for ZnO. 
4 Time elapsed before a precipitate formed in solutions. 
5 Does not include Fe in 10-34-0. 

in solubility and one percent is ex­
cessive to normal needs, we will 
turn our attention to the other 
micronutrients. 

The solubility of copper (Cu), 
iron (Fe), manganese (Mn) and 
zinc (Zn) in N-P-K liquids is de­
pendent upon the polyphosphate 
content in the system. However, 
product stability is determined by 
metal and P20 5 content. This is 
shown in Table 1 which gives data 
for metal sulfates, carbonates and 
chlorides, and for zinc oxide in 
10-34-Q containing 0.6 percent iron 
and having at least 58 percent of 
its phosphate in the polyphos­
phate form. As shown, substantial 
amounts of Cu, Fe, and Zn are 
sequestered but Mn has limited 
solubility. In addition, metal con­
tent at saturation increases with 
P20 5 content, but product stability 
decreases with increase in metal 
content. 

Micronutrient Mixtures 

Maximum metal content of 
fertilizers containing micronutrient 
mixtures may be computed by us­
ing the weighted average method 
and the values in Table 1. The 
following solution grades are ex­
amples when 30 percent of the 
polyphosphate is used for Cu and 
the balance is used for Zn: 

9-27-0-0.8Cu-0.5Fe-I.9Zn 
8-8-8-0.2Cu·0.IFe·O.3Zn 
8-16-8-0.5Cu·0.3Fe·0.7Zn 
5-10- I 0-0.3Cu·0.2Fe·OAZn 

Metal Content of 
Suspensions 

Since the problem of solubility 
is not involved with suspensions, 
more metal than that specified in 
Table 1 can be used. The limiting 
factor, in this case, is product 

Table 2 

Grade 
Ratio 

1-1-1 
1-2-1 
1·2-4 
1-3-1 
1-3-3 
1-3-6 

Note: 

Maximum Suspension Grades with Copper" 

Metal to PeOn Weight Ratio 

10,100 

13.6-13.6-13.6-1.4Cu 
10.2-20A-1O.2-2.0Cu 
6.7-13A-26.8-1.4Cu 
8-24-8-2ACu 
6.6-19.8-19.8-2.0Cu 
4.6-13.8-8-27.6-IACu 

20,100 

11-11·11-2.2Cu 
7-14-7-2.8Cu 
4-8-16-1.6Cu 
6-1 S-6-3.6Cu 
4-12-12-2.4Cu 
3-9-J8-I.SCu 

1 Prepared from urea-ammonium nitrate solution 32, 10-34-0, KC} (62 % 
KzO) and CUS04 (25.2% Cu) and stable for 24 hours. 

136 

viscosity which may be controlled 
by preparing lower grades. 

In this respect, maximum 
plant food content was found to 
be related to the type and quantity 
of metal added and the P20 5 con­
tent of the suspension. Severity 
of thickening was in order 
Mn> Fe> Zn = Cu which is the 
reverse of the preferential order of 
sequestration. The influence of 
metal source on thickening was 
minor except for Cu and Zn. Sus­
pensions with copper and zinc suI· 
fates were more thixotropic than 
those with other salts. Selected 
grades given in Table 2 to 5 illus­
trate the preceding statements and 
show the highest metal contents 
attained for which no reduction 
in plant food due to thickening 
was required. 

Maximum Metal Content 
of Suspensions 

Maximum grade for micronu· 
trient mixtures may be computed 
using the data herein and assum­
ing the preferential order of se­
questration is Cu Zn > Fe > 
:\1n. However, N-P-K suspensions 
have been prepared and applied 
having the following metal con­
tents: 

1.0ro B or Mo 
(maximum tested) 

4.0% Zn or Cu or Zn + Cu 
1.5% Mn or Fe or Mn + Fe 
3.0% Fe + Zn (Fe 1.2ro) 
2.5% Mn + Cu or Fe + Cu 

(Cu = 1.0ro) 
4.5 % Total metals 

(Fe + Mn 1 % max.) 
These data are shown graphi­

cally in Figure I. It should be 
mentioned that clay content was 
decreased as metal content was in­
creased. At the maximums indi­
cated, no clay was used. This was 
necessary to maintain viscosity be­
low 700 centipoises. 

Fig. 1, see page 138. 

Mixing Procedures 
lVIicronutrients are more effi· 

ciently added to suspensions in a 
batch mix tank rather than in ap· 
plicators or nurse tanks. \\Then the 
mixture is to contain up to one 
percent metal, the micronutrient 
may be added to the liquid used 
to develop clay pregel. Using large 
amounts of micronutrients, addi· 
tion should be made just prior to 



potash addition, the final mixing 
step. 

Micronutrients may be added 
as finely divided solids, water 
slurries, or preferably. as solutions. 
With each, the rate of addition 
must be slow to prevent agglomera­
tion and avoid forming heavy gels 
which can occur while adding 
micron u trien ts_ 

Suspension Storage 
In some cases, suspensions con­

taining micronutrients will thicken 
to a slight degree after mixing. 
Thickening may result from down­
ward temperature change but 
mostly to continuing chemical re­
actions. For this reason, we recom­
mend applying the material as 
soon after mixing as possible. If 
application is delayed, mechanical 
agitation should be provided to 
prevent possible gelation. 
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MODERATOR ADAMS: \Ve will 
move along with our program. 
Mr. Edward Platz will tell us a 
little bit about the manufacture 
of Liquid and Suspension Ferti­
lizers, right from the plant. 

Editor's Note: Sorry at time 
of printing we did not have the 
notes from Mr. Platz's discussion. 
l\Jr. Platz spoke from the cuff and 
our transcriber was not operating. 
\Ve will try to include :Vir. Platz's 

Grade 
Ratio 

H-l 
1-2-1 
1-2-4 
1-3-1 
1-3-3 
1-3-6 

Table 3 

Maximum Suspension Grades with Iron' 

Metal to P205 Weight Ratio 

5:100 

14-14-14-0.7Fe 
10.5-21-1O.5-1.0Fe 
7 -14-2S·0. 7Fe 
8-24-S-I.2Fe 
6.S-20.6-20.6-1.0Fe 
5-15-30-0.75Fe 

10:100 

11.5-11.5-1 L5-1.2F e 
8-16-8-1.6Fe 
4.5-9-1S-0.9Fe 
6-1S-6-l.SFe 
4.5-13.5-13.5-1.3Fe 
3-9-IS-0.9Fe 

1 Prepared from urea-ammonium nitrate solution 32, 10-34-0, KCl (62 % 
K20) and Fe2 (804) g (27ro Fe), and stable for 24 hours. 

Table 4 
Maximum Suspension Grades with Manganese' 

Grade 
Ratio 

Metal to P 20. Weight Ratio 

1-1-1 
1-2-1 
1-2-4 
1-3-1 
1-3-3 
1-3-6 

Note: 

2:100 

14-] 4-14-0.28Mn 
11-22-11-0.44Mn 
7 -14-2S-0.2SMn 
S-24-S-0.4SMn 
7-21-21-0.42Mn 
5-15-30-0.30Mn 

5:100 

12.5-12.5-12.5-0.6Mn 
1O-20-10-1.0Mn 
6-12-24-0.6Mn 
7-21-7-1.0Mn 
6-1S-1S-0.9Mn 
4-12-24-0.6Mn 

1 Prepared from urea-ammonium nitrate solution 32, 10-34-0, KCI (62 % 
K 20) and Mn804 (27.3% Mn), and stable for 24 hours. 

Table 5 

Maximum Suspension Grades with Zinc' 

Grade 
Ratio 

Metal to P20. Weight Ratio 

1-1-1 
1-2-1 
1-2-4 
1-3-1 
1-3-3 
1-3-6 

Note: 

10:100 

14-14-14-1.4Zn 
IO.5-21-1O.5-2.IZn 
6.9-13.S-27.6-1.4Zn 
S-24-S-2.4Zn 
6.7 -20.1-20.1-2.0Zn 
4.8-14.4-2S.8-1.4Zn 

20:100 

11-1l-1l-2.2Zn 
8-16-S-3.2Zn 
4.5-9-1S-l.SZn 
6-1S-6-3.6Zn 
4-12-12-2.4Zn 
3-9-1S-1.8Zn 

1 Prepared from urea-ammonium nitrate solution 32, 10-34-0, KCI (62% 
K20) and ZnS04 (36% Zn), and stable for 24 hours. 

message in our 1969, Round Table 
Proceedings. 

MODERATOR ADAMS: Thank 
you, Ed, for that personal testi­
mony on your way of operating 
the liquid fertilizer operation. 

He personally runs the plant 
and knows all of the ins and outs. 
1£ you have any questions, he will 
be around and you can ask him 
later. I will turn the meeting back 
to our Chairman Dr. Sauchelli. 
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CHAIRMAN SAUCHELU: Thank 
you, Billy. 

That certainly was a refresh­
ing experience to have Mr. Platz 
explain his method. 

'Ve are nearing the end of 
these present sessions and I take 
this opportunity to thank all of 
the speakers for their unstinted co­
operation in making this meeting 
the success that it admittedly was. 
\Ve should recognize the efforts 



FIGURE I 
COMPATIBILITY OF BORAX. SODIUM MOLYBDATE 

AND METAL SULFATES WITH SUSPENSIONS 
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MICRONUTRIENTS 

of the speakers who generously 
give of their time and expendi­
tures to share with us their knowl­
edge and experience, and particu­
larly those who come from over­
seas at great expense to be able to 
share with us their knowledge and 
experience. Also, we thank the em­
ployers who permit their men to 
participate in these meetings. 

I thank my associates on the 
Executive Committee, and espe­
cially that tireless worker Dr. 
Marshall, for their loyal coopera­
tion, and Miss .10 Ann 'Withers 
for her patient and alert record­
ing of the talks and comments. 

Thanks also to the personnel 
and management of the Mayflower 
Hotel for their courteous help and 
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I sincerely hope we have not ne­
glected our foreign guests. We 
want to make sure at all of our 
sessions that our foreign guests 
have been well taken care of. 

I do want to express our ap­
preciation to the representatives of 
the trade press. At every meeting 
of the Round Table we have had 
the good fortune to get friendly, 
helpful publicity. 

Our Secretary has arranged to 
have the next Annual Meeting 
held at this hotel on November 
5, 6 and 7 of 1969. Please record 
the dates. Meanwhile, please re­
member to send us your sugges­
tions. Don't wait until it is too 
late. 'VVe need your suggestions 
and problems for building up an 
interesting and helpful agenda for 
our next meeting. 

Unless there is something else 
to be brought before the group, 
I want to declare that our meeting 
is adjourned until next November, 
about 50 weeks away. 

(Applause.) 
(The .Meeting adjourned at 

eleven-fifty-two o'clock a.m.) 
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Managing Director 
Agia Mariner Chemical Corp. 
Vasilissis Sofias ewe 55 
Athens, Greece 

Parsons, James E. 
Department lVlanager 
Shellstar, Ltd. 
lnce Marshes 
Near Chester, Cheshire, Great Britain 

Pelletier, G. H. 
Production Manager 
Belle Dune :Fertilizer, Ltd. 
Belle Dune, N. B., Canada 

Pelitti, Enrico 
Vice President 
C & I / Girdler 
256 McCullough Street 
Cincinnati, Ohio 45226 

Platz, Edward A. 
Owner and Manager 
Plant Food Chemical Co. 
Cranberry, N. J. 

Reynolds, Joseph E., Jr. 
Manager, Manufacturing Operations 
W. R. Grace & Company 
100 N. Main Street 
Memphis, Tennessee 38110 

Robinson, Robert E. 
Engineer 
Atlanta Utility Works 
E. Washington & Martin Streets 
East Point, Georgia 30344 
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Rosenbloom, Wm. J. 
Engineering Coordinator 
Mobil Chemical Company 
150 East 42nd Street 
New York, New York 

Ruhlman, E. Robert 
Fertilizer Specialist 
U. S. Tariff Commission 
8th & E Streets, N.W. 
Washington, D. C. 20436 

Rushton, William E. 
:\fanager Phosphate Dept. 
Swenson 
15713 Lathrop Avenue 
Harvey, Illinois 60426 

Sackett, Walter J., Jr. 
Exec. Vice President 
A. J. Sackett & Sons Company 
1701 S. Highland Avenue 
Baltimore, Maryland 21224 

Sakshaug, Gaute 
Agronomist 
N orsk Flydro 
Boygkivdoy Alii 2 
Oslo, Norway 

Sauchelli, Vincent 
Consultant 
303 Overhill Road 
Baltimore, Maryland 21210 

Schrader, Robert F. 
Product Manager, Pkg. Systems 
St. Regis Paper Company 
W. Nyack Road 
W. Nyack, New York 

Scott, William C. 
Asst. to Chief-Process Engineering 
Tennessee Valley Authority 
Muscle Shoals, Alabama 

Sheldrick, William F. 
'Manager, Technical Service 
Fisons, Ltd. 
Harvest House 
Felix Stowe, Suffolk, England 

Sisto, Adolfo 
Operations Manager 
Guand Mex., S.A. 
Insurgentes Sur 1079 
Mexico City 18, D. F., Mexico 

Sorensen, R. W. 
Chief Engineer 
American Oil Company 
910 S. Michigan Avenue 
Chicago, Illinois 60680 



. Spillman, Albert 

Retired 
4005 Glen Avenue 
Baltimore, Maryland 21215 

Spillman, Joseph B. 
Marketing l\fanager 
Enjay Chemical Company 
60 'Vest 49th Street 
New York, New York 10026 

Strelzoff, Samuel 

Senior Vice President 
Chemical Construction Corporation 
320 Park Avenue 
New York, New York 10022 

Tice, E. A. 

Application Engineer 
International Nickel Company 
67 'Wall Street 
New York, New York 10005 

Vinke, C. H . 

vVindmill Fertilizer Works 
Vlaardingen, Holland 

Whittington, Joe 

Ag-Chem. 
202 Cedarcroft Road 
Baltimore, Maryland 21212 

Withers, Jo Ann 

Reporting Service 
1728 North St. N.W. 
Washington, D. C. 20036 

Young, Ronald D. 

Chief Process Eng. Branch 
Tennessee Valley Authority 
Muscle Shoals, Alabama 

Note: There were many more participants who did not announce their 
names when asking or ans'wering questions. 
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