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Wednesday Morning Session, Nov. 6,1963 
The Thirteenth Annual Meeting of the Fertilizer Industry Round Table. 

CHAIR;\IAN SAtJCHELLl: \\Tel­
t:ome to the Thirteenth Annual 
Meeting of the Fertilizer Industry 
Round Table. It certainly is good 
to see so many old familiar faces 
and to see many new faces. 

Before 'I proceed with my com­
ments, I want to emphasize that we 
are anxious to have you send in 
your questions for our question 
and answer period. I think you 
have been given cards and we hope 
that you will help us by sending in 
problem questions and then we can 
handle them through our panel on 
Thursday afternoon. 

Many important things have 
happened in our fertilizer industry 
since our initial meeting back in 
]951. Since our industry is found­
ed upon chemical science and tech­
nology and is closely linked with 
agriculture, it was natural that the 
winds of change blowing across the 
chemical and agricultural fields 
would be felt also by our industry. 
The ferment of change is still going 
on and, in our case, it is affecting 
not only the technology but also 
the corporate structure of our in­
dustry. 

A tremendous impetus was im­
parted to all units of our economy 
during and following the :First 
'Vorld vVar. Perhaps the most out­
standing even t of that period was 
the achievement of Fritz Haber, in 
Germany, of synthesizing ammonia 
from atmospheric nitrogen. That 
success stands as a shining mile­
stone in man's struggle to secure 
himself against the threat o[ 
famine. 

Having this small economical 
source of nitrogen available, the 
fertilizer industry made rapid ad­
vances in its technology and pro­
duced economically many impor­
tant nitrogenous materials, among 
which are anhydrous ammonia, 
ammonia solutions, ammonium ni-

Chairman Vincent Sauchelli presiding. 

trate, calcium nitrate, urea and 
cyanamide. 

Other equally important de­
velopments included the commer­
cial production of ammonium phos­
phates by reacting ammonia with 
phosphoric acid, the thermal pro­
cessing of phosphate rock, acidula­
tion of phosphate rock with nitric 
acid in combinations with other 
mineral acids, and the several am­
moniation and granulation pro­
cesses. Marketing services to farm­
ers were improved and the cost of 
plant food to [armel's has heen 
kept down below that of other in­
puts used to produce crops. 

The rapid development 0\ am­
monium phosphate technology is 
a recent occurrence. The construc­
tion 01 facilities for and the pro­
duction of diammonium phosphate 
for use in formulations of mixed 
fertilizers, both solid and liquid. 
are such ,as to constitute a trend. 

Another major development 
during the past five years is the 
growth of the so-called bulk-blend­
ing business which has been great­
ly helped by the availability at at­
tractive prices from old line manu­
facturers of component materials of 
fairly uniform granule size. 

Thus 'we see another trend in 
the making comprising the market­
ing of bulk fertilizers, custom ser­
yicing on the farm of bulk-blend 
and liquid mixed fertilizers and the 
parallel dependence upon soil test­
ing as a basis for determining spe­
cific nutrient recommendations. 

Another feature of recent de­
velopments in the industry is the 
increasing emphasis on marketing 
in its broadest sense. Management 
is being forced to study and apply 
principles of marketing to .serve the 
new agri-business type of farmer. 
This does not mean the subordina­
tion of the production department 
in any way, but rather a strength-

ening of the business along mod­
ern merchandising practices. 

Granulation and ammoniation 
undoubtedly will continue to ex­
pand and steadily supplant conven­
tional fertilizer processing opera­
tions in the older fertilizer man lI­

facturing areas of the country. 
Let me cite some .statistics rc­

lating to fenilil,ers in the United 
States: 

Since 1950 the consumption of 
fertilizers in the United States 
jumped from 18 million to 25 mil­
lion tons and the plant nutrient 
content increased from 3.9 millions 
to 8.3 million tons. 

The average nutrient content 
of mixed fertilizers has increased 
from 22 per cen t to 32 per cen t. 
Liquid fertilizers and bulk-blend­
ing with custom service have be­
come big business. 

Total nitrogen consumed in 
1950 was one million tons as N.; 
in 1962 three million 378 thousand 
tons. Total production of phos­
phate rock mined in 1950, II mil­
lion; in 196], 19 million long tons. 

Triple superphosphate pro­
duction increased by about 250 per 
cent in that interval. 

Total farm expenditures for 
lime and fertilizers in 1950 amount­
ed to $978 million; in 1961 to $1.5 
billion. 

Ours is a big industry. 

Although much of these re­
markable increases may be attrib­
uted to the Second \VorId War and 
the Korean War, the upward trend 
during the life of our Round Table 
has been continuous. It may be 
well to note, moreover, that there 
is hardly a commercial crop grown 
now in our country which is being 
fertilized as high as could pro!1t­
ably be done. Agronomists have 
pointed out that for some crops. 
for example forest crops, it wouht 



pay to increase the nitrogen appli­
cation three- to five-fold over the 
present rate, other nutrients to bal­
ance, of course. 

It is important that we remem­
ber this: the increase in farm pro­
ductivity did not occur because 
people work harder, but because 
agricultural industry as a whole 
utililed science to develop energy, 
machines, products and processes, 
all of which make it possible for 
fewer persons to produce more and 
better things with less physical 
labor. 

In 1961 each acre of cropland 
in the United States was producing 
65 per cent more than an acre did 
in 1920. Technology made the d if­
ference. 

Thus we see that science and 
industry constitute an essential 
partnership whose ultimate pur­
pose is to promote the welfare of 
mankind. Ours is a world industry 
and its potential for continuous 
grmvth is vast. In 1961 approxi­
mately 31 million tons of plant nu­
trients were consumed by 'world 
agriculture. Of this grand total, 
the United States accounted for 
about 25 per cent, and we have 
only about six per cent of the 
world's population and only about 
13 per cent of the world's arable 
land. 

Authorities estimate that in 
order to produce the extra food 
and fiber required by the expected 
population of the year 1980 world 
consumption of plant nutrients 
should be about 70 million tons, 
an increase of some 50 million tons 
over last year's consumption. 

So the fertilizer indmtrv world­
wiele has no reason to be llown in 
the mouth. [1 has wonderful pros­
pects. 

Although the production of 
food in most countries is rising, at 
least half the world's population, 
we are told, is hungry or badly un­
dernourished. The fertilizer proh­
lem in developing countries is chief­
ly one of capital rather than pro­
duction. These countries are be­
ginning to learn that a first req uire­
ment for national success is a pros­
perous, productive agriculture. 
This is precisely what communism 
has universally failed to achieve. 

Now, permit me to make this 
observation. Our purpose in com-

ing here is to pool our thoughts 
and experience toward increasing 
efficiency in fertilizer technology. 
This is a forum where operating 
personnel, particularly, assemble 
for this main purpose. The ulti­
mate aim of our pooled efforts is to 
provide fanners with improved fer­
tilizer materials with which they 
will be helped to grow food, feed 
and fiber at lower pre crop unit 
cost of production. 

Advances heretofore and those 
to come in the future have been 
and will be contributed from many 
sources such as improved varieties 
of plants and livestock, radical in­
novations in agricultural machin­
ery, lower cost and the freer avail­
ability of electrical and fossil fuel 
energy, better utilization of water 
resources and improved agricultur­
al chemicals comprising fertilizers, 
pesticides and weed-killers. 

As Sir John Russell, world 
authority, put it recently: hunger 
need not be feared for the next 40 
years, if we apply ollr present 
knowledge to the full. or all the 
factors necessary to that end none 
is more essential than an abundant 
supply of fertilizer materials, the 
indispensable tool for agricultural 
success. 

So much for historical review. 
Now to turn to our program. A 
few preliminary remarks are per­
tinent to this opening session. 

It has always seemed to me 
that in developing a fertilizer that 
the technologist and operating per­
sonnel at the manufacturing plant 
should know or be familiar at least 
with some of the important soil­
fertilizer chemical reactions and the 
specific crop demands for certain 
nutrients. In other words, the dull, 
repetitive routine of plant opera­
tions would become greatly more 
tolerable and interesting if the 
operators could know more of the 
end application of the product they 
manufacture. 

For such information and 
guidance. competent counsel from 
agronomists and soil scien tists is 
available and should be sought 
and, vice versa, the latter would 
broaden and deepen their knowl­
edge of the use and behavior of 
fertilizer materials by acquainting 
themselves with their physical and 
chemical characteristics through 
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discussions with manufacturing 
personnel. The gain would be 
mutually beneficial. 

The behavior of the fertilizer 
in the soil environment is the prin­
cipal aspect of fertilizer use over 
which the fertilizer technologist 
can exercise some measure of COH­

trol. He has means at his disposal 
for adj usting the reaction pattern 
of the fertilizer in the soil and is 
thus responsible for the behavior 
of his product in the fertilizer-soil 
reaction. 

At the same time, he must pro­
vide those nutrient elements re­
quired by the cultural practices in 
the area in which the fertilizer is 
marketed. 

It has happened that in the de­
velopment of suitable economical 
processes for concentrating and 
granulating high analysis fertiliz­
ers the fertilizer-soil reactions of 
the end product and plant needs 
have not generally received ad­
equate consideration. 

For example: in the commer­
cial crop area of the sou theastern 
region, in fact, throughout the 
Coastal Plains area of the Atlantic 
seaboard calcium and sulfur are 
generally in minimum supply. Con­
sider that generally the amount of 
calcium and sulfur in the whole 
plant exceeds the total amount of 
phosphorous and it seems obvious 
that instead of being regarded as of 
secondary rank these two nutrient 
elements are entitled to be classified 
as of equal rank with nitrogen, 
phosphorous and potassium; hence; 
it would seem reasonable to con­
sider that triple-superphosphate, 
which has had its calcium-sulfate 
component removed during its 
manufacture might not be as ap­
propriate for the southeastern reg­
ion as is normal superphosphate 
which has a high proportion of 
calcium-sulfa teo 

This may explain why many 
agronomists in this region and fur­
ther north along the Atlantic sea­
board continue to recommend 
medium grades of mixed fertilizers 
which can be formulated with 
single super and why the ruiddle­
west favors high analysis mixtures 
formulated with triple super and 
phosphoric acid. 

Other factors are involved, I 
know, but I am now consideriI17 
only the agronomic aspect. v 



\\'e are honored in having 
with us for today's session the very 
competent staff of the United 
States Fertilizer Laboratory of the 
U.S.D.A. at Beltsville, Maryland. 
This is an unusual innovation and 
a treat. The Director, Mr. \Y. L. 
Hill, our good friend of long stand­
ing, needs no formal introduction 
here. He has been with us on our 
program before. He has kindly 
consented to prepare a comprehen­
sive discussion of the physical amI 
chemical properties of fertilizer ma­
terials in which his entire staff will 
participate. 

In 1933 the Tennessee Valley 
Authority Board of Directors was 
authorized by an Act of Congress to 
establi~h and operate laboratories 
and experimental plants [or the 
purpose of improving and cheap­
ening the CGst of nitrogen and 
other fertilizer products. 

I dare say you are all familiar 
with the efficient research in prod­
ucts and processes subsequently 
conducted at VVihon Dam. Not all 
of you perhaps arc as familiar with 
the work and achievements of the 
V.S.D.A. Fertilizer Laboratories 
conducted first when they were 
located at Arlington, Virginia and 
later when they moved to Beltsville. 
They have a great tradition of ser­
vice to our fertilizer industry: 

Initial research in the syn­
thesis of ammonia processes, inves­
tigations into processes for high 
analysis, complex or chemically 
combined plant nutrients, segrega­
tion of components, reduction of 
useless filler and the number of 
grades, initial studies leading to 
commercial processes of granula­
tion, improvement of methods of 
chemical analysis, compilation of 
statistics of production and con­
sumption, research on many phases 
of phosphate rock and derivatives, 
thermal processes on deftuorination 
of phosphate rock, initial studies 
utilizing radio isotopes in agricul­
tural research, and many other 
achievements too numermis to re­
count at this time. 

I refer to these accomplish­
ments to remind you and particu­
larly the younger members of our 
industry that the U. S. Fertilizer 
Laboratory and its distinguished 
Director have a long and honorable 
record of service to agriculture and 
to our industry. Their willingness 

to participate in our program IS 

heartil y appreciated. 

Developments in 
Fertilizer Materials 

W. L Hill, Panel Leader 

i\f r. Chairman, 1 appreciate 
the kind things you have just said; 
especially do I appreciate them be­
cause I didn't know you were going 
to say them. 

Indeed, this program is an ex­
periment, folks. It started out as a 
typical experiment, being original­
ly conceived as a half-day session 
and then was immediately stretched 
to a full day by oreIer of the Board. 
1 hope you do not find it too thin. 

I am supposed to be an ex­
pediter here. I do not know exact­
ly what an expediter is supposed 
to do, but one woman told the 
ether, "If we did it, it would be 
called nagging." (Laughter.) 

I would like to make some 
cOIltri but ion to this day. I am very 
much in the position or the very 
small man on the bus. A very, very 
fat lady got on a crowded bus and 

Fertilizer Materials 
Development Categories 

I. Raw materials N, P. K and 
auxiliary necessities 

2. Kinds cf consumer materials 
3. Quality improvement 
4. Manufacturing procedures 
5. Trade specifications and test 

methods 
(i. Distribution patterns 
7. Consumption trends 

Slide l. 

The development of fertilizer 
materials can be considered from 
the standpoint of seven or eight de­
velopment categories. One not on 
the slide is the location of facili­
ties, the disposition of the facilities 
in the country. These meetings 
have in other years stressed number 
lour. You are going to stress some 
aspects of it tomorrow and next 
day. We shall nct touch the sub­
ject today. Like the gadfly, we shall 
drop down and touch first one and 
tben the other of the other listed 
categories and try to make a fairly 
well-balanced program. 

Now, we shall take a look at 
the size of the industry we are part 
of, which is indicated in the next 
slille. 

Production and Consumption, 1960/61 

Coverage 

Area 

World 

N.and C. America 
USA 
USA 
USA 

Nu~rients 

:'>J, p"O", K,O 
N 

Pear; 
K 20 

Production 

33,000,000 
m. tons 

29% 
38% 
33%* 
23% 

Consumption 

29,500,000 
m. tons 

26% 
26% 
23% 
23r;;~) 

* Exclusive of phosphate l"Oel-;:. Slide 2. 

glared: "Isn't some gentleman 
going to give me a seat?" And this 
very small man rose and said, 
"Madam, I'd be willing to make a 
contribution." (Laughter.) 

1'd like to make some sort of 
a contribution, and it seems that I 
can very well show some figures 
that will enable JOu to make your 
own comparison of what we are 
doing in this country with respect 
to the world situation. 

First, I shall indicate the 
ground we are going to cover. May 
I have the first slide. These slides 
were not made for you folks in the 
back of the room, but we will do 
the best we can with them. Copies 
will be available at the close of the 
seSSIOn. 
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The world had some 33 mil­
lion metric tons of N, P 20;; and 
K20 produced in 1961. North and 
Central America did a little less 
than a third. The USA accounted 
for somewhat more than a third of 
the nitrogen, about a third of the 
phosphorus and a little more than 
a fifth of the K 20. 

\Ve didn't do bad on consump­
tion either. You will observe that 
the countries in which a lot of fer­
tiliLer is produced also consume 
a lot of fertilizer. The moral is that 
exportation is something that spills 
over after we supply our own 
people. Perhaps Europe is the ex­
ception to this rule. 

Let's see what the nitrogen sit­
uation is, in regard to the con-



Continent- to Continent Traffic in Nitrogen Fertilizer, 1961 
Total 1,384.000 m.t. of N 

Share going 10-

N·IC.) 
Continent Shore Europe Asia Africa Oceania S. Amer. Amer. Undelnd. 

.. ---_ ... __ ...... 

% % % % % 01 % % /0 
Europe 78 51 16 1 7 16 9 
Asia 3 24 18 JO 13 35 
Africa 
Oceania <1 79 21 
S. America 11 34 2 3 60 
N. (C.) America 8 <1 58 <1 8 33 

.. __ .... 
-------~- - --- ... 

Slide 3. 

tinent-to-continent traffic in nitro­
gen. 

Just a word of explanation. 

vVe show up pretty good on 
these multi-nutrient things. We do 
not look so good on ammonium 
sulfate, though ammonium sulfate 
has a slug of the world's business. 
\Ve do not look too good with am­
monium nitrate, but we shine with 
anhydrous ammonia and solutions. 

There are some things of inter­
est that are hidden in the first and 
last items. They are shown in the 
next slide. I need not make any 

Slide 5. 

Some materials included in first and 
last items in the table above 

...• -~ ..... --------------~ 

Fertilizer 

Calcium nitrate 
Cyanamide 
N at. organics 
Am. phosphates 
Sodium nitrate 
Other 

Percentoge share in 
consumption in­

World USA 

4 
3 

2 
1 
4 

0.3 
0.3 
0.6 
4 
2.2 
0.4 

comment; after all you folks can 
read. 

You are aware, I am sure, that 
I have not given you anything to 

show trends; I have only compared 
patterns. My associates wouldn't 
let me say anything about what's 
happening from one year to the 
next, and I am perfectly happy to 
leave that part to them. Dr. Clark 
will now pursue this nitrogen 
thing further, commenting on such 
developments as in his judgment 
merit comment in the allotted time. 

The first column of figures repre­
sents the continent'es share in the 
total traffic in nitrogen continent­
to-continent traffic. For example, 
Europe takes 78 percent of it, 
South America comes second with 
II and we fell third with 8. The 
other columns tell you where it 
goes. For instance, the Europe ex­
portation went: 51 percent to Asia, 
16 percent to Africa and so on. 
South American, 34 percent went 
to Europe and so on. We sent 58 
percent to Asia and 8 percent to 

South America and then about a 
third of it went to undesignated 
destinations. You see, nitrogen 
moves. 

Nitrogen Fertilizer Developments 

K. G. Clark 

Now let us look at the nitrogen 
in materials and mixtures. With 
this type of information it is diffi­
cult to separate what we think of 
as a mixed fertilizer and what we 
have as multi-nutrient materials. 
Furthermore, some of these things 
are called complex fertilizers over 
in Europe, thus I lumped them all 
together under two and three nu­
trient fertilizers. 

Farm Nitrogen Consumption by 
Materials, 1961 

Fertilizer 

2- & 3-nutrient 

Percentage share in 

consumption in-

World USA 

fertilizers· 24 38 
Am. Sulfate 22 4 
Am. nitrate 30 16 
Anhyd. & aqua NH3 7 25 
Urea 5 3 
Solutions 10 
Other 12 4 

"Mixed and compound fertilizers and 2-nutrient 
primary materials. 

Slide 4. 

D URING the last half of the 
19th century the principal 

sources of nitrogen for agricultural 
use were the natural organics com­
prising miscellaneous seed meals, 
animal and bird manures, and 
waste products of the fishing and 
meat packing industries. In the 
mid-nineties development of the by­
product coke oven provided small 
quantities of ammonium sulfate 
for fertilizer use. However, at the 
turn of the century organic mate­
rials supplied about Ys of the ni­
trogen in fertilizers, with Chilean 
nitrate and byproduct ammonium 
sulfate largely supplying the bal­
ance. 

Since then, development of the 
are, cyanamid, and synthetic am­
monia processes for the fixation of 
atmospheric nitrogen has provided 
agriculture with increasing 
amounts of chemical nitrogen for 
fertilizer use so that by 1950 the 
natural organic materials as a class 
supplied less than 1/25 of the total 
fertilizer nitrogen and in 1962 sup­
plied less than 1 percent. 

The arc and the cyanamid 
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processes were developed in Eu­
rope around 1900. The cyanamid 
process was established in Canada 
in 1909, and during \\Torld War I 
the United States constructed a 
cyanamid plant at Muscle Shoals, 
Alabama. The plant at Muscle 
Shoals went through a short test 
period and then was maintained in 
a stand-by condition until it was 
remodeled by the Tennessee Valley 
Authority in the 1930's to become 
a phosphate furnace plant. 

Synthetic Ammonia 

The first synthetic ammonia 
plant went into production in 
Germany in 1913, and the first in 
this country at Syracuse, New York, 
in 1921. By 1928 eight such plants 
had been constructed in the United 
States with an estimated annual 
productive capacity of 116,000 
short tons of nitrogen. Between 
1928 and 1940 the number of do­
mestic plants varied between 8 and 
11, but in 1940 the productive ca­
pacity of 8 plants then in operation 
had risen to 380,000 tons N. The 



Slide 6. to be less economic for nitrogen 
fertilizer than the direct synthetic 
ammonia processes. 

Table 1. Hydrogen source and estimated annual capacity of synthetic 
ammonia plants' 

Hydrogen 

Source 

Natural gas 
Oil refinery 
Chlorine plant 
Acetylene plant 
Coke oven gas 
Fuel oil 

Total 

Number of 

Plants 

49 
6 

10 
2 
2 
1 

70 

Estimated annual capacity 

1000 tons N Percent of lotal 

4940 
628 
295 
103 
94 
33 

6093 

81.1 
10.3 
4.8 
1.7 
1.5 
0.5 

99.9 

1 Compiled from Advances in Nitrogen Fixation in Fertilizer Technology and Usage, 1963. 

The geographic distribution of 
fertilizer nitrogen facilities by re­
gions is shown for 1963 in Table 2. 
The upper portion of the table in­
dicates that there were 57 byprod. 
uct ammonia. 27 synthetic ammon­
ia, 9 ammonium nitrate, 15 am­
monium phosphate, and II urea 
plants east of the Mississippi. The 
lower portion of the table shows 
that there were 6 byproduct am­
monia, 43 synthetic ammonia, 14 
ammonium nitrate, 19 ammonium 
phosphate, and 8 urea plants west 
of the Mississippi. Byproduct am­
monia plants are concentrated in 
the Middle Atlantic and East 
North Central regions, whereas 
synthetic ammonia plants are con· 
centrated in the West North Cen­
tral, 'West South Central, and Pa­
cific regions. 

Soil Science Society of America, and other sources. 

number of plants increased to 18 
in 1945, 19 in 1950, 35 in 1955, and 
to 70 in early 1963 as indicated in 
Table 1. 

Productive capacity which was 
rated at 1,327,000 tons N in 1945, 
rose to 2,920,000 in 1955 and to 
6,093,000 tons in 1963. The No­
vember 2, 1963, issue of Chemical 
\\leek lists 75 active synthetic am­
monia plants with an estimated an­
nual productive capactiy of 6,409,· 
000 tons N with further increases 
in numbers of plants and capacities 
imminent. 

As shown in Table I the hv­
drogen required for ammonia sy~­
thesis presently is derived from six 
different sources. Natural gas is the 
hydrogen source in 70 per cent of 
the 70 plants listed with 81 per 
cent of the total rated capacity. 
Water gas which was the hydrogen 
source for 89 per cent of the plants 
in 1926-1927 is not a source today. 
The average capacity of the six oil 
refineries and the 49 plants using 
natural gas as the hydrogen source 
exceeds 100,000 tons N per year 
in comparison to 35,000 tons for 
plants deriving hydrogen from the 
other four sources. Capacities of 
the 70 synthetic ammonia plants 
range from about 9,000 tons N per 
year to 380,000 tons with a median 
capacity of some 91,000 tons. 

Nitrogen solutions were intro­
duced to the fertilizer industry in 
1928 for use in the ammoniation 
of superphosphate and the super­
phosphate content of mixed ferti­
lizers primarily to reduce their 
acidity and improve their physical 
condition, but also as a means of 
decreasing the unit cost of nitro­
gen and increasing the nutrient 
content of fertilizer products. A 
plant for the direct synthesis of 
urea from ammonia and carbon di-

oxide went into production in 
J 932. Anhydrous ammonia was 
first used for direct application in 
irrigation water (nitrogation) and 
injection in the soil (nitrojection) 
in 1937 and 1938. The direct ap­
plication of solid ammonium ni­
trate was initiated about 1945. 

The production of synthetic 
ammonium sulfate first equaled or 
exceeded the production of byprod­
uct ammonium sulfate in the per­
iod 1951 to 1954. In the mid-fifties 
some of the coke oven plants began 
the production of ammonium phos­
phates to improve their marketing 
situation. Other segments of the 
fertilizer industry are now produc­
ing these materials in appreciable 
tonnages. 

The \Visconsin Process for fix­
ation of atmospheric nitrogen as 
nitric oxide by a thermal method 
was studied at Lawrence, Kansas, 
in 1953 and 1954 in a plant de­
signed to fix about 9 tons of nitro­
gen per clay. This process for the 
production of nitric oxide and its 
conversion to nitric acid was found 

Production 

Equivalent ammonia produc­
tion increased from about 1,797,000 
tons NH" in 1 950 to about 5,952,-
000 tons in 1962, or an average in­
crease approximating 340,000 tons 
per year. Ammonia production in­
dex numbers for the period J 950 
for selected years through 1962 are 
presented in Table 3. Byproduct 
sources accounted for about 13 per 
cent of total ammonia production 
in 1950, but only about 3 per cent 
in 1962. Byproduct materials ex­
hibited a decrease of some 6,000 
tons equivalent NH3 per year dur­
ing this period: aqua ammonia 

Table 2. Geographic distirbution of fertilizer nHrogen facilities, 19631 

Ammonia 

Region Byproduct Synthetic 
~~----

No. No. 

New England 1 I 
Middle Atlantic 21 6 
South Atlantic 4 
East North Central 26 7 
East South Central 9 9 

Sub-total 57 27 
West :Korth Central 1 12 
vVest South Central 1 17 
Mountain 3 3 
Pacific 1 11 

Sub-total 6 43 
United States 63 70 

Ammonium 

Nitrate 

No. 

3 

6 
9 
6 
4 
2 
2 

14 
23 

Ammonium 

P>hosphate 

No. 

5 
7 
3 

15 
3 
4 
4 
8 

19 
34 

Urea 

No. 

2 
2 
2 
5 

11 
4 
2 

2 
8 

19 

'Compiled from Advances in Nitrogen Fixation in Fertilizer Technology and Usage, 1963 
Soil Science Society of America; U. S. Department of Commerce, Bureau of the Censua Current 
Industrial Report;; and other sources. 
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Table 3. Equivalent NH3 Production-Index Numbers, 1950 100' 

Byproduct Plants 2 Synthetic 

Calendar Aqua Ammonium Ammonia 
Year Ammonia Sulfate Total Plants 3 To,tal 

1951 106 108 108 114 113 
1955 71 122 117 208 196 
1956 76 llO 109 216 202 
1960 64 78 82 308 279 
1961 57 74 77 333 300 
1962 58 74 75 369 331 

1 Computed from U. S. Department of Commerce, Bureau of the Census Current Industrial 
Reports Series; and U. S. Department of the Interior, Bureau of Mines Minerals Yearbook Coke 
and C'J1::tl Chemicals and Nitrogen Compounds Seri€'5. 

21950 production: aqua amnlonia 23,387 short tons RNa, ammonium sulfate 207,754 short 
a 1950 production: 1.565.569 short tons NH,. 

production decreased 42 per cent 
and ammonium sulfate 26 per cent. 
Synthetic ammonia production in­
creased 269 per cent in the period 
1950 to 1962, or an average of 346,-
000 tons NH3 per year. The rate 
of growth of synthetic ammonia 
production, however, was about 50 
per cent greater in the p~riod 19GLl 
to 1962 than in the period 1955 
to 1960. 

Consumption 

Fertilizer nitrogen consump­
tion by kind of material is shown 
for selected years in Table 4. The 
use of fertilizer ni trogen increased 
from 1,960,500 tons in 1955 to 
3,379,400 tons in 1962, or an in­
crease of 72 per cent. The straight 
line annual increase or trend over 
this period amounted to 210,000 
tons N. The ra te of increase be­
tween 1960 and 1962, however, was 
more than twice that of the 1955 
to 1960 period. 

The annual upward trend in 
tons of N during the 1955-1962 
period was as follows: anhydrous 
ammonia 68,000, mixed fertilizer 
51,000, nitrogen solutions 49,000, 
ammonium nitrate 18,000, urea 
12,000, ammonium phosphate 
products 9,000, aqua ammonia 
6,000, ammonium sulfate 2,000, 
ammonium nitrate limestone 1,000, 
and natural organics 500. Simi­
larly, annual downward trends in 
N tonnages were exhibited as fol­
lows: sodium nitrate 4,000, calcium 
cyanamide 2,000, and calcium ni­
trate 200. During the 1955-1962 
period the use of nitrogen in mixed 
fertilizers increased 41 per cent 
from 804,000 to 1,129,000 tons N in 
comparison with the following per­
centage increases in the chemical 
nitrogen applied to the soil in vari­
ous forms: nitrogen solution 887, 
urea 331, anhydrous ammonia 169, 
ammonium phosphate products 
116, aqua ammonia 115, ammon-

IUm nitrate limestone 32, ammon­
ium nitrate 27, natural organics 
24, and ammonium sulfate 5. Per­
centage decreases in the use of calc­
ium nitrate, sodium nitrate, and 
calcium cyanamide were 15, 34, 
and 54, per cent, respectively. In­
creased use of rna terials in 1,000 
tons N between 1955 and 1962 
were: anhydrous ammonia 490, ni­
trogen solutions 341, mixed ferti­
lizers 325, and ammonium nitrate 
and urea 102 each. The percent­
age of the total nitrogen supplied 
by mixed fertilizers declined from 
41.0 in 1955 to 33.4 in 1962, where­
as the percentage supplied by an­
hydrous ammonia, aqua ammonia 
and nitrogen solutions increased 
from 19.2 in 1955 to 38.0 in 1962. 
In addition to the three last-m~n­
tioned materials, only ammonium 
phosphate products and urea sup­
plied greater proportions of the 
total N in 1962 than in 1955. 

Specialty Materials 

Urea-form, a slowly available 
high analysis synthetic nitrogen 
material of low solubility, was mar­
keted by three United States manu­
facturers for the first time in 1955 
after several years of experimenta­
tion and development. Subsequent­
ly, France and the Soviet Union in­
dependently developed processes 
for the production of similar urea­
formaldehyde reaction products. 
Small quantities of these products 
are reported to be in use. Urea­
form is a specialty material and be-

Table 4. Nitrogen consumption, by kind of material, year ended June 301 

----

1955 1960 1961 1962 Trend 2 

1,000 % to'al N 1,000 % tolal N 1,000 % total N 1,000 % total N 1,000 % total N 

tons N tons N tons N tons N tons N 
---------------

Mixed fertilizer 804 41.0 1,017 37.2 1,071 35.3 1,129 33.4 51 -2.5 
Ammonium nitrate 375 19.1 416 15.2 447 14.7 447 14.1 18 -0.9 
Anhydrous NH3 290 14.8 582 21.3 661 22.0 780 23.1 68 3.3 
Ammonium sulfate 109 5.6 112 4.1 116 3.8 115 3.4 2 -1.1 
Sodium nitrate 99 5.1 73 2.7 66 2.2 66 1.9 -4 -2.0 
Ammonium nitrate 

limestone 74 3.8 55 2.0 50 1.7 98 1.4 1 -0.5 
Phosphate products 53 2.7 94 3.4 102 3.4 114 3.4 9 0.4 
Aqua NH,3 47 2.4 85 3.1 86 2.9 100 3.0 6 0.3 
Nitrogen solutions 38 2.0 195 7.1 293 9.7 379 11.2 49 2.3 
Urea 31 1.6 65 2.4 92 3.1 133 4.0 12 0.6 
Natural organics 14 0.7 13 0.5 17 0.6 17 0.5 0.5 -0.2 
Calcium cyanamide 14 0.7 9 0.3 8 0.3 7 0.2 -2 -0.8 
Calicum nitrate 9 0.4 8 0.3 R 0.3 7 0.2 -0.2 -0.1 
All materials 1,961 99.9 2,738 99.G 3,031 100.0 3,379 99.R 210 

1 Compiled from u. S. Fertilizer Laboratory report series: Consumption of Commercial Fertilizers and Plant nutrients in the United States. 
3 Straight line annual increase or decrease 
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cause of its higher raw materials 
and manufacturing cost necessarily 
commands a higher price per unit 
of contained nitrogen than more 
50luble chemical fertilizers. 

In 1961, magnesium ammon­
ium phosphate (8-40-0) was intro­
duced as an insoluble material 
with delayed availability. Since the 
finely divided material exhibits 
quite rapid availability, the de­
layed availability of the product 
largely results from an increase in 
particle size. This product is mar­
keted in three particle size ranges 
to provide varying rates or avail­
ability. 

Considerable effort has been 
expended since the introduction of 
urea-form and magnesium ammon­
ium phosphate in developing other 
slowly available sources of chemi­
cal nitrogen. Among the alterna­
tives examined are (a) reaction of 
urea with aldehydes other than 
formaldehyde, (b) coating granu­
lar soluble materials with moisture 
resistant materials, such as ele­
mental sulfur, resins or plastic films, 
(c) encasement of soluble fertilizer 
in perforated plastic bags, (d) in­
corporation of soluble material in 
a tarry or asphaltic matrix, and 
(e) screening of other nitrogen 

compounds of low solubility with 
reference to their suitability for 
agronomic use. 

'Vorkers in Germany appear 
to have concentrated on the reac­
tion of urea with actealdehyde and 
crotonaldehyde. Crotonaldehyde, 
an unsaturated aldehyde, is report­
ed to react with two moles of urea 
and to rearrange into a definite 
chemical entity, crotylidene diurea, 
without polymerization. On the 
other hand urea-forms are consid­
ered to be mixtures of several poly­
methylene ureas of different de­
grees of polymerization. 

Recently gylcoluril a reaction 
product of the dialdehyde, glyoxal 
(CHO.CHO), with two moles of 
urea has been suggested as suitable 
for specialty fertilizer use in the 
United States_ The theoretical ni­
trogen content of this material is 
39.4 per cent. 

Plastic coated urea already has 
appeared on the market as have 
coated mixed fertilizers_ In such 
cases the rate of dissolution of the 
soluble component may be con-

trolled by the thickness of the coat­
ing, by the degree of coverage of 
the individual granules, or by both. 
Reports indicate that the coating 
material constitutes 10 to 15 per 
cent of the product. Since such 
products cannot be considered as 
water-insoluble nitrogen sources, 
attention will need to be given to 
laboratory methods for evaluation 
of their dissolution characteristics 
for purposes of quality control and 
to correlation of these characteris­
tics with crop response or the needs 
of the crop. The same considera­
tions apply to soluble materials en­
cased in perforated plastic bags or 
incorporated in an insoluble ma­
trix. 

The Tennessee Valley Author­
ity has studied the preparation and 
agronomic properties of oxamide. 
This material may be produced 
from ammonia and natural gas 
with hydrogen cyanide and cyano­
gen as intermediate products. Oxa­
mide has a theoretical nitrogen 
content of 31.8 per cent and is in­
soluble in water, but like magnes­
ium ammonium phosphate largely 
owes its delayed availability to the 
particle size effect rather than to 
its chemical nature. 

An uncoated urea sulfur mix­
ture containing 40 per cent nitro­
gen and 10 per cent sulfur was 
marketed this past season on the 
West Coast. The sulfur is incorp­
orated in this mixture as a nutri­
ent rather than as a physical means 
for decreasing the rate of dissolu­
tion of the contained urea. Simi­
larly, an anhydrous ammonia-sul­
fur solution, 10 to 15 per cent 
elemental sulfur and 70 to 74 per 
cent nitrogen, wa~ introduced this 
year for use as a direct application 
material in sulfur deficient areas of 
the Northwest. 

Now, unless there are ques­
tions, I will close and thank you 
very much for your attention. 
(Applause.) 

CHAIR"'IAN SAUCHELLI: Let's 
have any questions of the speaker? 

(No response.) 

DR. CLARK: No questions, 
Vince. 

DISCUSSION LEADER HILL: Ev­
erybody apparantly believed what 
he said about nitrogen falling out 
of mixed fertilizers. I have heard 
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some complaints that they weren't 
selling ammoniating solutions but 
they were selling nitrogen for di­
rect application. Perhaps that is 
the way it is going to be. 

Now, we shall leave nitrogen 
for a while and talk about phos­
phorus. Nitrogen, being in the 
atmosphere, is scattered all around 
the world, and it is available to 
anybody who has the facilities to 
win it. Nature's storehouse of 
phosphorus, on the other hand, is 
piled up in a few places. The next 
slide shows the world situation 
with respect to phosphate reserves. 

Phosphate Rock Reserves and 
Production, 1961 

World reserves, nearly 47,600 million long 

Ions of rock 

World produdion, 46 million long Ion. of 

rock 

Share in Shore in 

Location of world world 

producing reserves produclion 

fields % % 

N. Africa 52 24 
lJSA 29 42 
USSR 16 19 
Total 97 85 

3<j~ or reserve provided 15 % of production 
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You will notice that North 
Africa has more than 52 percent 
of the world's phosphate rock, and 
the United States has 29 percent. 
The United States, North Africa 
and Russia have 97 percent, and 
they produce 85 percent of the sup­
ply. The point I want to make is 
that 3 percent (we get it by dif­
ference) of the reserves are provid­
ing 15 percent of the supply. This 
means that the few small deposits 
scattered around in faraway places, 
but lying close to points of need, 
are being mined out at a dispro­
portionately rapid rate. Conse­
quently, these people are looking 
for new phosphate deposits close by, 
and when you have a find, the next 
question is: How does it react? 
Will it make superphosphate? Can 
you use it for direct application? 

For some years now, we have 
been fiddling around with this 
problem of trying to find a way to 
get some idea of the value of a new 
phosphate, or an old one for that 
matter, without going to the rather 
expensive procedure of running it 



through a lot of acidulation tests 
and doing a lot of field tests. Some 
years ago we took a look at rocks 
from the known producing fields 
and came up with a reactivity scale 
of a fashion which was roughly 
about like this: bone is the most 
reactive, then some of the North 
African rocks, Florida pebble next, 
then some of our western rocks, 
and the compact apatites, such as 
the Kola apatite and apatite from 

Brazil and other scattered places, 
at the bottom of the scale. 

Recently, rock has been dis­
covered in Peru, in Lower Cal­
ifornia, and in South Africa here 
and there. 'Ve have made tests on 
specimens of these and come up 
with what we think is a good in­
dication of just what the rock is 
good for. Mr. Caro will tell you 
something of what we are doing 
now and have been doing. 

are shown the various tests to 
which we put these rocks. 

Character of Phosphate Rock: Variation With 

Geographic Origin And Changes Induced By 
Heat Treatment 

The second column represents 
a quick reaction with a 30 per cent 
solution of phosphoric acid. It is 
a laboratory test designed to indi­
cate how much phosphate is made 
available in 10 minutes' reaction 
with dilute phosphoric acid. In 
the third column is the two per 
cent citric acid test for available 
P 205 which is used in Europe. The 
American neutral ammonium cit­
rate test for available P 205 gave 
the relative results shown in the 
following column. Next is a rela­
tive ranking based on measurement 
of a physical property, the specific 
surface area. The heading "car­
bonation" in the next to last col­
umn refers to the apatite-carbonate 
content which I mentioned before, 
amI in the last column is shown 
the relative buckwheat yield ob­
tained in a greenhouse test. vVe 
have found that yield of buckwheat 
is also a very good measure of re­
activity. 

J. H. Caro 

A. CTlJALLY, I am going to re­
n port this morning on two 
phases of our program on charac­
terization of phosphate rock. One, 
as Mr. Hill has mentioned, is the 
establishment of a reactivity scale 
for rock, and the other is a study 
of the properties of rock as affected 
by calcination. 

It is a well known fact, and I 
am sure most of you are aware of 
it, that phosphate rocks mined 
from different geographic deposits 
exhibit differences with regard to 
their behavior in reactions with 
acids, both mineral acids such as 
sulfuric acid in fertilizer plants 
and soil acids when the rock is ap­
plied directly as a fertilizer. 

The differences are especially 
prominent with respect to rate of 
reaction, or as we call it, reactivity. 
In our laboratory, we have been 
studying and measuring the prop­
erties of the rocks that cause these 
differences in reactivity and we 
have been able to set up, by means 
of a number of classification tests, 
a relative scale for direct compar­
ison of different deposits. 

Chemically, the components of 
rock that are known to affect reac­
tivity are fluorine and carbonate. 
In general, the higher the degree of 
fluorination the higher the crystal­
linity of the material and the lower 
its reactivity; conversely, the great­
er the degree of carbonation, the 
more carbon dioxide is evolved on 
add attack and the higher the re­
activity. 

We have found that the car­
bonate that is an actual part of the 
apatite crystals in the rock has a 
greater effect on reactivity than 
does carbonate that is present as 
a separate compound; that is, as 
free calcium carbonate. 

As a matter of fact, the con­
tent of apatite-carbonate is one of 
the basic indexes from which we de­
rived our relative reactivity scale. 

Let's look at these indexes as 
applied to a series of well-charac­
terized rocks. 

In the body of this slide, the 
relative reactivity is given a letter 
rating from A to D in decreasing 
order of reactivity. Across the top 

The rock varieties that were 
initially subjected to these tests 
are shown in the first column. 
These are very well characterized 
rocks and they form the basis for 
our scale. \Ve have a supply of 
each in the laboratory and we are 
able to compare new and less well 
known deposits with these. 

As you see, Tunis rock exhib­
its high reactivity no matter how it 
is measured. The reactivity de­
creases as we proceed down the ta-

Slide II. 

RELATIVE ROCK REACTIVITY INDICATED BY DIFFERENT TESTS 

ROCK TYPE CLASSIFICATION BY TEST PROCEDURES 
OR SOURCE 300/0 2% NEUTRAL SPECIFIC CARBON- BUCKWHEAT 

CITRIC AMMONIUM 
~P04 ACID CITRATE SURFACE ATlON YIELD 

TUNIS ROCK A A A A A A 

CURACAO ROCK - A B C A B 

FLORIDA 
ROCK :I B B B fI B A A 

FLORIDA 
ROCK 1I - - C B B B 

IDAHO ROCK - C C C B B 

TENNESSEE 
BROWN ROCK C C C B C C 

VIRGINIA 
APATITE 0 0 0 0 0 0 
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bIe, with the rocks falling roughly 
into the order shown. Virginia ap­
atite is the least reactive in every 
case. 

The vertical line in the middle 
of the slide shows the point at 
which we had to chang-e measuring 
methods. Pores to the left of the 
line were measured with use of a 
mercury porosimeter, the proce­
dure involving the simple forcing 
of mercury into the pores of the 
rock uader a known pressure. To 
the right of the line, a much more 
complex and involved method is 
necessitated, in which nitrogen de· 
sorption isotherms are used to mea­
mre the volume of the extremely 
fine pores. 

It is quite evident that in the 
coarse pore region there is little to 
choose among the four calcium 
phosphates shown. The differences 
are all in the fine pore region to 
the right of that line, and you can 
see quite quickly that the higher 
porosity materials in the fine pore 
region are also the most reactive 
materials. 

Steamed bone has a very high 
porosity throughout the fine pore 
region. The Tunis rock has a peak 
at about .005 microns, which is 
approaching molecular dimensions 
in pore size. The Florida specimen 
has somewhat less porosity in the 
fine region, but the pores are still 
concentrated at the extremely fine 
end of the scale. The Virginia 
apatite has obviously fewer fine 
pores than the other varieties. 

\\!e concluded from these mea· 
surements that the distribution of 
the pores in a rock has a definite 
bearing on reactivity, and so we 
can measure the porosity of any 
rock and predict its reactivity on 
the basis of this general pattern. 

Quite apart from the develop­
ment of our reactivity scale, :Vir. 
Hoffman and his associates, work· 
ing independently a few doors 
from us, developed a reactiVIty 
scale for rock based on consecutive 
extractions with a two per cent 
solution of citric acid. Agreement 
between the two scales is excellent 
and, actually, either one is valid. 

\\!e noticed in cornparison of 
these tests that the me Isurement 
of surface area is not guite as good 
an index as the chemical tests or 
the greenhouse test. The letter des­
ignations, as you can see, are in a 
somewhat different order, and yet 
we felt that physical properti2, 
must indeed have some effect on 
reactivity. \Ve consequently de­
cided to examine the porosity of 
the rocks, looking to possible reh· 
tionships to reactivity. Slide 13. 

This is the type of thing we 
orne up with. The figure exhibits 
the pore distribution in v:lrious 
types of phosphates. Pore diameter 
is shown on the horizontal axis, 
while the vertical axis denotes the 
volume of pores of euc'l diameter, 
expressed I01arithmically. 

The figure shows four curves, 
comparing the porosity of steamed 
bone with that of three of the na­
tural phosphates-the Tunis rock 
of hi1h reactivity, Florida pebble 
of intermediate reactivity, and rel· 
atively unreactive Virg-inia apatite. 

I might mentio:l in passing 
that steamed bone, being the most 
reactive c3.lcium phosphate known, 
would have an assigned letter des­
ignation in our scale of AA. It 
reacts almost instantaneously with 
acid, thus providing an excellent 
reference standard. 
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The basis for the consecutive 
extraction scale is shown in this 
figure. The vertical axis shows the 
cumulative percentages of soluble 
P 2 0 5 and the horizontal axis shows 
the number of extractions by three 
different extractants. Mr. Hoffman 
at this time was comparing extract­
ants as a measure of available P2 0 5 • 

Proceeding from left to right 
in the figure, the panels show ex­
tractions with two per cent citric 
acid, neutral ammonium citrate, 
and alkaline ammonium citrate, re­
spectively. The citric acid and the 
alkaline ammonium citrate meth­
ods are used in Europe to evaluate 
available P 20,. 

The citric acid puts the rocks 
in a definite order, which doesn't 
change with consecutive extrac­
tions. On the other hand, both 
neutral ammonium citrate and al­
kaline citrate give inordinately 
high rankings to high-alumina 
phosphates (from Senegal and 
Connetable Island) and there are 
changes in ranking.> with succeed­
ing extractions. 

Mr. Hoffman observed that af­
ter four extractions with two per 
cent citric acid, a convenient reac­
tivity scale ranging from zero to 

100 was obtained. Steamed bone 
gives a value of 100 on that scale, 
while the Connectable Island alum­
inum phosphate is dose to zero. 
This, then, was the basis for his 
reactivity scale. 

By dividing the figures on the 

Index of Solubility Based on .4 
Repetitive Extractions with 2 percent 

Citric Acid 

Index Value 

10 
9 

8 
7 

6 

5 

Representative Varieties 

Of' Source of 

Mineral Phosphates 

Steamed bone 
Curacao and Tunis 
Morocco 

South Carolina land 
Florida pebble 
Tennessee brown 
Idaho, Conda 

4 Montana, Garrison 
3 
2 Virginia apatite 
I Kola apatite 
() Connetable Islands 

(AlP04 ) 
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left by 10 Mr. Hoffman set up a 
scale of zero to 10 and ranked the 
various rocks and calcium phos­
phate on that scale, as shown in 
the next slide. 

Steamed bone has a ranking 
of 10, followed by the North Af­
rican rocks and then the domestic 
deposits in South Carolina, Florida, 
Tennessee, Idaho, and Montana. 
The lower reactivtiy rocks include 
Virginia apatite, Kola apatite and 
the Connetable Islands aluminum 
phosphate. 

The interesting thing here is 
that Kola apatite, which !VIr. Hill 
pointed out comprises 16 per cent 
of the world reserves of phosphate 
rock, is a very low reactivity mate­
rial and yet this is the material 
that people in the Soviet Republics 
are largely using as their base fert­
ilizer phosphate. 

Source of Rock 

Christmas Island 
Peru 
Florida 
Utah 
Ocean Floor 
Togoland 
Phalaborwa 
North Carolina 
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Index of 

Solubility Rating 

7 
10 
7 
6 
9 
6 
I 
8 

Now we see what use can be 
made of a ranking scale of this na­
ture. Here are some of the promi­
nent deposits ranked along with 
some new finds and some less well 
known deposits. The ranking is, of 
course, on a scale of ten. 

The Christmas Island rock has 
a ranking of about 7, which is 
characteristic of island phosphates. 
In Peru, on the Sechura Peninsula, 
there has been a relatively recent 
find of great extent and import-

ance. This is a highly reactive 
rock, as you can see, ranking close 
to steamed bone. The Florida rock 
has a ranking of 7, Utah 6, ocean 
floor phosphate 9. This last repre­
sents material obtained off the 
coast of California, where a large 
deposit of phosphatic nodules exists 
on the ocean floor; commercial ex­
ploitation of these nodules is being 
considered. In Africa, in Togoland, 
there is a deposit now being mined 
commercially. It has a ranking of 
6. The Phalaborwa rock, which 
has ranking of 1, is a deposit in 
South Africa which forms the basis 
for the South African phosphate 
fertilizer industry. This deposit is 
being actively exploited commer­
ciallv and vet it is a material of 
very/low re~ctivity. Many of you, 
I am certain, are interested in the 
new deposits in North Carolina 
which will be on the market in the 
near future; as shown, this is a 
highly reactive material having a 
ranking of 8. 

I should point out that many 
of these high reactivity materials 
are unfortunately of relatively low 
grade and considerable beneficia­
tion has to be done by means of 
flotation and calcination to bring 
them up to acceptable grade levels. 

We turn now to the second 
phase of our project. As you well 
know, much of the rock that is 
marketed today is calcined by 
the producer to upgrade the prod­
uct and to remove objectionable 
organic matter. Commercial calci­
nation is accomplished in a variety 
of kiln devices throughout the 
world. Proces&es differ with respect 
to reaction temperature and reten­
tion time of the rock in the 
calciner. 

In order to provide basic in­
formation on the effect of these 

Effect of Calcination on Physical Properties of Phosphate Rocks 

Particle fine Pore 

Source Treatment Density Pore Volume Surface Area Portion 
--..... - .... --~ 

g/ml ml/g m 2 Jg % of to:al pores 

Morocco Uncalcined 2.26 0.104 16.1 79 
Calcined (910°) 2.72 0.049 1.4 70 

Peru Uncalcined 2.34 0.080 29.9 80 
Calcined (900°) 2.67 0.043 0.6 17 

Florida Uncalcined 2.39 0.095 16.5 83 
Calcined (815°) 2.36 0.083 7.1 65 

Idaho Uncalcined 2.54 0.053 5.6 34 
Calcined (775°) 2.57 0.053 1.2 2() 
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processes on the pmperties of rock, 
we measured in the laboratory 
such characteristics as surface area, 
porosity, amI density both before 
and after calcination. 'We also mea­
sured the volatilization of carbon­
ate in the rock during calcination. 

Here are some of the data. On 
the left are listed four commercial 
deposits of importance which are 
being calcined presently-in I\Jo1'­
occo, Peru, Florida and Idaho. 

The second column shows the 
treatment and the temperature of 
calcination. These are commercial­
ly calcined materials and you can 
see that the calcination tempera­
ture for the various processes varies 
from 910 degrees for the Morocco 
rock down to 775 for Idaho rock. 

'What happens to the rock 
when it's caldnedat these temper­
atures? In the third column we see 
the effect on particle density. Ob­
viously, there is a rather marked 
effect on density in those materials 
calcined at higher temperatures; 
conversely, there is relatively little 
effect at the lower temperatures. 

The same observation applies 
with respect to pore volume. A 
sharp decrease is seen in pore vol­
ume for calcinations at the higher 
temperatures; a relatively lower de­
crease at the lower temperatures. 
No change at all was found in the 
Idaho material. 

The surface area shows a very 
sharp change. The :\forocco rock 
drops from 16 down to about l~ 
sq uare meters per gram on calcina­
tion at 910 degrees C. The Peru­
vian rock drops all the way from 
about 30 to 0.6 square meter per 
gram on commercial calcination. 
The reactivity in these materials is 
obviously lowered by calcination. 
The effect on the last two in terms 
of surface area is less pronounced 
but it's there, 16~ down to 7 for 
the Florida and from 5 ~ down to 
around one square meter per gram 
for the Idaho material. 

The last column indicates the 
proportion of the total pores that 
occurs in the fine pore region that 
you saw to the right of the vertical 
line in the earlier slide. Obviously, 
the decrease in fine pores brought 
about by calcination is greater than 
that in coarse pores. 

Since the effect of temperature 
was apparently quite marked, with 
a direct rf'lationship between tem-

16 Moroccan Rock ---
.4 

Surf(.;ce 
12 

area 
/0 

( ~2) 
8 

6 Utah Rock 

4 

2 

100 
400 

500 
1000 1200 

1100 
600 

700 
800 

900 

Temperature of calcination (OC) 

Effect of temperature of calcination on the surface 
area of Phosphate Rocks (100 - 150 Mesh l. 

Slide 17. 

perature and size of effect, we un· 
dertook systematic study in the lab­
oratory of changes in temperature, 
to determine just what changes oc­
curred in the physical character of 
rock. 

Here is one result, typical of 
many others we obtained. The fig­
ure shows the change in surface 
area of Morocco and Utah rocks 
with increasing temperature. The 
temperature of calcination is 
shown along the horizolltal aXIS. 

This temperature was increased for 
each neries of test specimens in 100 
degree increments. The vertical 
axis denotes specific surface area in 
square meters per gram. It is quite 
evident that there is a sharp break 
at around 550 to 600 degrees for 
the Morocco rock, with the surface 
area practically disappearing in cal­
cinations at SOOG and above. 

Utah rock also shows a break 
in the same region but it is less 
pronounced. As a matter of fact, 
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for any calcination temperature 
above 700 degrees, the Utah rock 
has a more open structure than 
does the Morocco rock. This con­
stitutes a reversal from their natur­
al state. 

In terms of porosity, we have 
the effect on pore distribution of 
change in calcination temperature. 
On the vertical axis pore distribu­
tion, change of pore volume with 
pore size, is shown, while the hori­
zontal axis indicates the pore size, 
increasing to the right. The small 
insert is merely a completion of the 
lines in the major part of the 
graph. 

As you can see, the uncalcined 
material has relatively high poros­
ity and relativel y fine porosity, with 
a distribution peak at about 50 to 
60 angstroms pore radius. Calcina­
tion at 450 degrees decreases the 
porosity, but the peak remains at 
about the same pore size. Higher­
temperature calcinations produce 
still further decreases in porosity. 
At 650 degrees, a shifting of the 
pore distribution in the direction 
of more coarse porosity becomes 
evident. Between 650 and 750 de­
grees the sharp break in structure 
noted in the previous figure occurs. 
At 750 degrees, there are very few 
pores in the fine region, and at 850 
there are practically none at al1. 

Interestingly enough, the com­
mercially calcined material appears 
to have been treated under condi­
tions corresponding to the verge of 
t!1e structural collapse. \\Te observed 
this repeatedly in the commercial 
materials that we measured. Com­
panies calcining rock on a produc­
tion scale apparently have found, 
through force of experience, the 
optimum conditions of temperature 
and retention time. IVlaximum 
benefi t of calcination is achieved, 
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yet the undesirable collapse of the 
physical structure is avoided. The 
point I want to make is that these 
processors are on a narrow edge; a 
slight increase in temperature will 
produce a much less satisfactory 
material. 

The final slide [ have shows 
a further extension of our work on 
calcination. Morocco rock was cal­
cined at 650 degrees and the time 
of calcination at that temperature 
was varied. The total length of the 
bar indicates the total porosity in 
the material; the black bar intli­
cates the fine pores that exist in the 
rock, these from zero to 300 ang­
stroms pore radius, corresp,;nding 
LO the area to the right of the ver­
tical line in the earlier slide. 

The uncalcined material has 
high porosity and has a large num­
ber of fine pores. vVith increase in 
time at 650 degrees the total por­
osity does not change very much. 
As you can see, there is a small 
regular decrease to about the three 
hOllr treatment and then a small 
regular increase down to one week 
treatment. vVe aho performed a 
two-week calcination, not shown in 
the figure, which showed a continu­
ation of the effect. A slightly high­
er total porosity "as obtained than 
in the sample calcined for one 
week. On we other hand, the fine 
pores decreased regularly and prac­
tically disappeared after long-time 
tre:ttment. 

As a result of these observa­
tions, it becomes evident that three 
types of physical structure in phos­
phate rock can be obtained. They 
l.lclude a high-porosity material 
having mostly fine pores, such as 
the uncalcined material at the top; 
a high-porosity material with very 
few fine pores, such as the long­
term calcination sample at the bot­
tom of the figure; or a low-porosity 
material with few fine pores, such 
as that obtained by calcination at a 
higher temperature, 

vVhen future research shows 
us just what type of rock is best 
for a specific use, I think it will be 
possible by manipulation of manu­
facturing techniques to arrive at 
the exact type of material desired. 

This is the kind of thing we 
are doing today in our laboratory; 
we hope to continue investigations 
of this type as specific problems 111 

the area of rock characterization 
and calcination arise. 

Thank you. 

(Applause.) 
DISCUSSION LEADER HU,L: 

Thank you, M1'. Caro. 
Now, are there questions? You 

see, you folks are going to have a 
little participating to do here. 

MEMBER: In the first slide 
there was an indication of two dif­
ferent kinds of Florida rock being 
used. One was indicated Florida I 
and the other Florida II. 

The question is: \\That is the 
difference in composition of those 
two Florida rocks, and why are 
they labeled in two different ways? 

MR. CARO: They were two dif­
ferent grades, actually. 

MEMBER: Can you give us 
some details on the chemical an­
alysis of P 2 0 5 and iron and alum­
inum in Florida rock? 

MR. CARO: Not at the moment. 
I can get it for you but the basic 
differentiation was in grade of 
phosphorus. The one at the top 
is higher grade. 

DISCUSSION LEADER HILL: Any 
other questions? 

MR. CHRISTOPHER PRATT: I 
think that those of us in the phos­
phoric acid industry would very 
much like to know how the rela­
tively unreactive rocks could be 
tickled into high reactivity by, say, 
some added catalysts or perhaps 
choosing lesser rocks where there 
is some indigenous catalyst. I won­
der if this is on the research pro­
gram? 

DISCUSSION LEADER HILL: M1'. 
Caro had no comment on that 
angle of it. 

[ shall comment in the best 
way I know. 'That would be a very 
worthy goal. vVe have not had this 
angle in mind, although we have 
recognized the need [or something. 
The main problem is that we 
haven't had any ideas that were 
worth pursuing. You see, the folk 
who make superphosphate are not 
too much concerned, or were not 
in other years, with moderately 
small differences in reactivity, be­
cause they throw the stuff out on a 
pile and let it lie there until next 
spring. As time goes on they will 
be more and more interested in 
that sort of thing. The man who 



is making phosphoric acid, of 
course, is pretty well in a box, and 
he has to get whatever P 20" he is 
going to get while the slurry is be­
ing sloshed around. To him, reac­
tivity really means something. We 
should keep this need in mind and 
perhaps someone can get an idea of 
how to do it. At one time I though 
that calcination of certain rocks 
would trickle them up, as a conse­
quence of pore formation from 
CO 2 evolution, but these fellows 
have about exploded my theory. 

Any other questions? 
(No response.) 
\Ve shall look at phosphorus 

materials with the aid of a slide. 
I have done the same thing h ere 
that I did for nitrogen. 

Farm Consumption of Available 
Phosphorus by Materials, 1961 

Fertilizer 

2- & 3- nutrient 
fertilizers ... 

Normal 
s u perphos pha te 

Triple 
superphosphate 

Bas ic slag 
Phosphate rock 

(dir. appl.) 
Other 

Percentage share 

in consumptio,n in-

World USA 

37 85 

35 4 

4 8 
12 0.3 

7 0.9 
5 2 

¢'Mixed and compound fertilizers a nd 2· 
nutrient materials. 
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Normal superphosphate makes 
a pretty big splash world-wide; it's 
not splashing at all in this country. 
Basic slag is no particular item in 
this country but world-wide it rca l­
Iy co unts up, and most of that, of 
course , is in Europe. 

The next slide shows some 

Some materials included in first and 
last items in table above 

Fertilizer 

Percentage share 

in consumption in-

World USA 

i\Jonoam. phosphate, 6.'1 
Diam. phosphates 3 3.1 
Calcium 

metaphosphate 
Nat. organics 
Bone meal 
Phosphoric acid 
Other 
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0.7 
0.2 

things that we are more interested 
in. I do not have the world pic­
ture for a lot of these materials, but 
yo u can see the comparisons that I 
have made. 

Any fertilizer that has phos­
phorus in it has to be analyzed, 
which means anyone of these 
things listed in the last slide and 
mixtures contammg them. vVe 
have talked a great deal in years 
gone by about method improve­
ment. As a matter of fact, it h as 
been going on since I can remem­
ber, and, if you can rely on pub­
lished papers, it goes all the way 
back. Indeed, we have improved 
things, especially have we improved 

preCISion and accuracy. Neverthe­
less, the one thing that would count 
for the most, and mean the most to 
the industry and to people who 
have to do analytical work, is to 
find a way to save the time of the 
analyst. \Ve haven 't done too well 
in this sphere of effort . 

There are some things going 
on now that should enable us to 
save more time than we have in the 
past. One of our men, Mr. Ferretti, 
has been playing around with the 
idea of an automatic determination 
of phosphorus in fertilizer. He will 
tell you something about his find­
ings with an automatic analyzing 
instrument. 

"- ----- ---- "- ----

Automatic Analyser for Phosphorus 

R. J. Ferretti 

T HE object of this study was to 
develop a simple, rapid and 

accurate automated method for the 
determination of phosporus in fer­
tilizier materials. 

The Technicon Autoanalyzer, 
looking from right to left, consists 
d a sampler, proportioning pump, 
colorimeter and a recorder. The 
sampler has a turntable tha t holds 
40 sample cups. The only sample 
preparation required is a 20-
minute acid digestion of one gram 

of Eertilizer material made to 500-
millimeter volume. The acid-in­
soluble material is allowed to set­
tle, then the solution is poured into 
the cups. 

For materials containing more 
than 35 per cent P 20 5' one gram is 
digested and diluted to one liter. 
Known standards are interspersed 
with the unknown samples a t peri­
odic intervals. Since they are 
pumped into the same flowing 
stream and are treat ~d alike under 
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ideal conditions and identical con­
ditions, the comparison is absolute. 

The sample solution, the 
vanado-molybdate reagent, diluent 
water and air are aspirated into 
this system from their receptacles 
through the action of a pump and 
converge into a common line by 
means of a glass fitting. The 
air-segmented stream is pumped 
through two mixing coils, a time­
delay coil, through a continuous 
flow cuvette in the colorimeter and 
then the percent transmission is 
registered on the recorder. 

ing obtained on a series of tripli­
cate standard solutions covering a 
range of two and a half to 35 per 
cent P2 0 5 • Each peak represents a 
sample. The chart paper is gradu­
ated in 5-lOths per cent transmis­
sion. These lines aren't visible on 
this slide. 

The difference in peak heights 
between duplicate samples of a one­
tenth per cent transmission unit is 
eq ual to the per cent of P 205 shown 
on this next slide. 

For example, the difference in 
peak heights of one-tenth per cent 
T between duplicates at the two 
and a half per cent level is equal 
to a difference of 0.02 per cent P 20;, 

'10 i' "c~ 0.1 %7 %PZ05 

2.5 .02 
5 .02-.03 

10 .03 
15 .04 
20 .06 
~5 .07-.08 
3:l .10 
:~5 .13 
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between those two samples, while 
at the 35 per cent level, the dif­
ference is 0.13 per cent P 20 5 • Dif­
ferences in peak heights of one­
tenth per cent transmission occur 
frequently. Differences of two­
tenths per cent transmission occur 
occasionally, and very rarely, dif­
ferences of three-tenths per cent T 
or more. 

This slide shows a series of 
standards, in triplicate, each series 
preceded by a high P 205 standard. 
Carry-over of phosphorus due to 
contamination of the sample tube 
is apparent in the blank, two and a 
half, five and ten per cent P·zOi> 
levels. In this particular run, at the 
two and a half per cent level, there 
is a difference of 6-10ths per cent 
transmission or 0.12 per cent P 20" 
between the first peak and the 
other two. At five per cent P 20;, 
there is a difference of 3·10ths per 
cent T or 0.07 per cent P 20 5 and at 
the ten per cent level, the differ­
ence is 2-10ths per cent T or 0.06 
per cent P 205' 

A water wash is also pumped 
through the system between each 
sample. It takes approximately 10 
minutes for the first sample to get 
through the system and be record­
ed. Each sample thereafter takes 
one and one half minutes or 40 
samples per hour. 
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There are three ways to over­
come this contamination: one, a 
selenoid attachment that would 
permit the sample tube to dip into 
a container of distilled water im­
mediately after it comes out of the 
sample cup, thereby flushing out 
the tube. 

The second, would be alternat­
ing cups of distilled water with 
the samples. The disadvantage of 
this procedure is that the number 
of determinations is reduced from 
40 per hour to 20 per hour. 

The third, and the one that we 
use when the approximate concen­
tration of the P205 in the samples 
is known, is to group the samples 
so that a very high sample does not 
precede a low sample. 

This is the way we grouped 10 
Magruder samples analyzed in 
duplicate for total P 2 0 5 • Four 
standards, in duplicate, were also 
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interspersed in this run. The only 
precaution taken was not to have 
a low P Z0 5 sample follow a very 
high one. To check the precision 
of this instrument, this run was 
made in the morning and again 
in the afternoon on three successive 
days for a total of six analyses on 
each duplicate sample. 

These were also analyzed twice 
by the Quimociac method. The 
results are given in the next slide. 
These ten Magruder samples were 
grouped for this table from low to 
high P Z0 5 content. They weren't 
analyzed in this order, but in the 
order shown on the previous slide. 

Totol P205 

5-15-30 

A and B are duplicates of each 
sample. Good agreement was ob­
tained between the Quimociac 
method, which is the first line 
across, and the autoanalyzer which 
is the second line in each group. 

The accuracy on these samples 
was obtained using a method re­
quiring only one weighing, one di­
lution for each sample, covering a 
range of approximately 8 to 4:8 per 
cent P 20" and analyzed at the rate 
of 40 samples per hour. 

These data and other data ob­
tained over the past year have 
shown the autoanalyzer to be suf­
ficiently accurate for routine pur-

(liquid I 20-10-5 ( Synthetic) 15-15-15 0-20-20 

a b 

QMX 7.56 7.52 
AAX 754 7.54 .. S.D. .024 .030 

" c.v. .318 .398 .. Range .06 .08 

5-20-20 

a b 

QMX 19.23 19.13 
AAX 19.31 19.21 .. S.D. .061 .100 

" C.V. .316 .521 
" Range .18 .29 

a 

10.08 
10.11 

.038 

.376 

.09 

a 

34.21 
33.90 

.104 

.307 

.30 

Rock 

b 

10.10 
10.16 

.044 

.433 

.11 

b 

a 

9.90 
9.95 

.027 

.271 

.07 

0.46-0 

a 
.~ .. ---~ ...... 

34.25 48.54 
33.98 48.75 

.1I3 .152 

.333 .312 

.30 .40 
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b 

9.68 
9.78 

.047 
,481 
.13 

b 

48.58 
48.69 

.158 

.325 

.42 

a b 

15,41 15.33 
15.41 15.45 

.054 .082 

.350 .531 

.15 .16 

18-46-0 

a b 
...... ------~~-

46.95 46.89 
47.08 47.18 

.168 .161 

.357 .341 

.50 .40 

a b 

21.41 21.50 
21.41 21.61 

.065 .083 

.304 .384 

.17 .26 

18-46.0 

a b 

47.56 47.56 
47.58 47.65 

.216 .160 

.454 .336 

.62 .38 



poses. Greater accuracy and pre­
cision could be obtained if the sam­
ples high in phosphorus were di­
luted to a larger volume or half 
gram samples used instead of one 
gram. 

The differences in standard de­
viations between duplicates as seen 
under the 5-20-20 sample in the 
lower left hand corner and the 18-
46-0 over on the right were occa­
sioned by one low value on each 
sample. No results were discarded. 

The analysis of plant material 
such as corn, alfalfa and beans con­
taining less than one per cent P 205 

was no problem. This work was 
done by Bill ] ackson and Carl 
Erickson in our group. Three to 
five grams of plant material were 
dry-ashed at 525 degrees centigrade 
for four hours, the residue was 
taken up in dilute hydrochloric 
acid, made to a volume of 100 ml, 
and the acid-insoluble residue was 
allowed to settle before pouring 
into the sample cups. As a refer­
ence procedure, aliquots of the 
same sample were taken and the 
phosphorus determined by a modi­
fication of the method of Barton 
using an Evelyn colorimeter. This 
method has been used in the Fer­
tilizer Laboratory for a number of 
years. 

This slide shows very good cor­
relation between the two methods 
on over 150 analyses of plant ma­
t~rial. The results illustrate the 

high degree of accuracy that is ob­
tained when analyzing samples hav­
ing a P 2 0 5 concentration within a 
narrow range. 

Preliminary data on neutral 
ammonium citrate extracts of fer­
tilizer materials obtained with the 
Autoanalyzer and the Quimociac 
method showed good agreement at 
concentrations of phosphorus pen­
toxide below 15 per cent. Above 
the 15 per cent concentration agree­
ment was poor. This is shown in 
the next slide. 

Standards containing neutral 
ammonium citrate show citrate in­
terference at approximately 20 per 
cent P205 and become progressively 
worse as the phosphorus content in­
creases. We hope to study this 
problem very thoroughly because 
a rapid procedure for the direct de­
termination of available phos­
phorus would save a lot of time 
and money for laboratories having 
a large number of samples to an­
alyze each day. 

A group in Missouri is work­
ing on a method for potash in neu­
tral ammonium citrate extracts 
with the use of a flame attachment 
with the autoanalyzer. If both 
methods are developed, then phos­
phorus and potash can be simul­
taneously determined on the same 
sample. The equipment needed for 
this simultaneous determination 
would be a sampler, a pum?, a 
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colorimeter, a flame attachment 
and a dual pen recorder. 

We have never analyzed soil 
samples for phosphorus, but since 
the phosphorus content of most 
soils is very low, it would be neces­
sary to increase the sensitivity. 
"",,'ith this instrument there are a 
number of ways to do this. For ex­
ample, by using a sample tube with 
a larger bore diameter and thereby 
aspirating a larger sample into the 
system, or by eliminating the water 
diluent tube, or by inserting a 15 
millimeter flow cell into the system 
instead of the 6 millimeter flow 
cell that we use here. 

I would like to mention a few 
other considerations. This auto­
mated method eliminates a great 
deal of human error, which occurs 
when it is necessary to pipette ali­
q uots, prepare standard solutions, 
titrate, filter and so forth. While 
samples are being analyzed, the 
operator can be doing something 
else, such as weighing and digest­
ing additional samples. There is a 
permanen t record of the analyses. 

In approximately one and a 
half years of operation we have had 
no breakdowns of the intrument, 
and very little maintenance was re­
quired. The cost of the reagents 
per thousand analyses is $38. 

DISCUSSION LEADER: Any ques­
tions? 

A MEMBER: What wave length 
are you using? 

MR. FERRETTI: 420 millimi­
crons. 

DISCUSSION LEADER HILL: 
Other questions? 

A MEMBER: What is the cost 
of the equipment? 

.MR. FERRETTI: There are two 
ether parts. There is a dialyzer and 
a heat bath that comes with this 
equipment. The total cost would 
be around .$5,000, but we don't 
n~ed those two pieces in this pro­
cedure, because no heat is required 
to develop the color. As I under­
stand it, .$5,000 for the total est i­
mette, but for what we have here, 
it is around $3,800. 

DISCUSSIO;\l LEADER HILL: 
Ot'1er questions? 

I think many of you have seen 
t'lis thing and maybe some of you 
have one of your own, in place. 

By the way, is there anyone 
here who has one of these or a 
similar thing in his shop? Is there? 



W{ would like to see your hand. 
(N 0 response.) 

They haven't bought them yet. 

Other questions? 
MR. FERRETTI: I would like to 

say one more thing. 

This instrument can be used 
for any colorimetric method. It's 
very easy to change filters; it's not 
only for phosphorus. Common­
wealth Edison in New York has, I 
believe, over 30 of these instru­
ments where boiler water is an­
,alyzed for iron, silica, calcium, 
phosphates, etc. 

A MEMBER: Perhaps 1 missed 
a point, but is this autoanalyzer 
good for analyzing phosphate rock 
samples? 

MR. FERRETTI: Yes, it's just a 
matter of diluting it to the range 
of phosphorus content, which is 
one gram to five hundred. But, if 
you were analyzing phosphate rock, 
or triple super, or similar materials, 
you could increase the accuracy 
and precision of the instrument by 
diluting into a range where these 
slight differences in peak heights 
make little difference in P ~(\, con­
tent. 

DISCUSSION LEADER HILL: 
\Vould you like to comment on 
where the instrument is being 
studied? 

-----'"'' ----

MR. FERRETTI: Yes. C. H. Per­
rin, of Canada Packers in Canada, 
is working with it for nitrogen. I 
don't know the latest on that. And 
C. \V. Gehrke has adapated it to 
potash in ammonium carbonate 
solution. He is also attempting to 
use it on neutral ammonium cir­
trate solution. 

DISCUSSION LEADER HILL: Any 
other questions? 

A MEMBER: \Vhat is the name 
of it? 

Mr. Ferretti: Technicon Auto­
analyzer-made by Technicon In­
strument Corporation, Chauncey, 
New York. 

DISClJSSIOJ'.i LEADER HILL: Any 
other questions? 

(No response). 
\Ve shall pursue analytical 

methods a bit further and Mr. Hoff­
man will speak to us briefly on 
methods for analytical control, par­
ticularly with reference [0 statu~ 

of methods. I would like to apolo­
gize to these gentlemen. They were 
supposed to speak in the reverse 
order. ,",Vhen we had the caucus 
the other day, I got the order on 
the paper wrong, and so they're 
speaking in the order that I have it 
on the paper rather than in the 
enier they preferrell. 

(Laughter.) 

--_ ...... _--

Analytical Control and the Fertilizer Industry 

W. M. Hoffman 

Actually it is probably better 
tint Ren did precede me, b~cause 
it makes my talk a little e:lsier, 
now that you have seen one of the 
instruments that 1 am going to 

mention here. 

The role of the fertilizer con­
trol chemist has changed signifl­
<:antly in the last 35 years. Then 
his duties involved the analysis of 
low to medium grade fertilizers 
and raw materials, such as, tZlnk­
age, 16·20)f superphosphate, and 
kailit. The producticn of ferti­
lizers was nothing male than a 
mixing operation and the control 
chemist worried only about sam­
plin!Y and the details of the vari­
GllS c-' determinations used in hi~ 
bboratory. He had time to de· 

velop and practice good workable, 
precise techniques. Unfortunately, 
this utopian way-or. life was not to 
last and the position of the analyti­
cal laboratory was destined to be­
come more and more important in 
the fertilizer industry. 

The practice of ammoniatioll 
of superphosphates ushered in an 
era of techninological advances, 
which cley;ued the manufacture of 
[ertili/ers from an almost "alchem­
ical" art to a highly scientific 
o[)eration. These revolutionary 
changes in processes and tech­
niques did not extend to the 
analytical laboratory. There. it 
was still necessary to determine 
nitrogen by Kjeldahl distillation, 
phosphorus by the volumetric a Ill-
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monium molybdate method, ami 
potassium by the gravimetric Lin­
do-Gladding method. The lot of 
the laboratory was not an easy 
one. They were dealing wi th large 
volume, bulk materials, varying 
in chemical and physical character­
istics and with materials which 
varied tremendously in composi­
tion before, during, and after 
processing. With management call­
ing for more and closer control, 
there was no time available for the 
study and adoption of new and 
faster methods of analysis. 

The control chemist found 
ways of improving his operation. 
An idea or a quick test, picked up 
during conversations with other 
chemists, from industry, or state 
control laboratories, or the Fed­
eral government often found its 
way into his routine. His attend­
ance at meetings, such as the Con­
ference of Chemical Control Prob­
lems sponsored by the NPFI, the 
American Chemical Society, or the 
AOAC exposed him to other im­
portant development in the field of 
analytical chemistry. Constant pe­
rusal of the literature, both scien­
tific journals and fertilizer trade 
organs, was necessary. The paucity 
of publications concerning analyti­
cal procedures by fertilizer chem­
ists is further evidence that either 
there was no time cO make the 
necessary measurements or that 
company policy did not allow these 
publications. However, this was a 
very minor inconvenience when 
one realizes the real role of the 
control laboratory. They are there 
to protect the manufacturer's most 
priceless asset, its reputation, its 
brand name. 

Management's attitude toward 
the control laboratory has ;:tl80 un­
dergone changes during this 
period. Formerly, the laboratory 
was looked upon as a necessary evil 
but has now risen in stature to a 
point where it is considered a very 
important member of the team. 
This change is taking place and 
can be shown by reviewing the 
addresses of management on the 
general topic "Management and 
the Role of the Chemical Control 
Laboratory." In 1957, at the first 
Conference of the Chemical Con­
trol Problems, M. D. Sanders, 
Swift & Co., answered it in this 
way. "I think you will agree that 



he can be a varsity player on the 
management team if he will culti­
vate and apply his specialized skills 
and knowledge to both the day to 
day operations and troubles of his 
plant, and to the long-term hopes 
and plans of his company." Two 
years later at the same conference, 
Nelson C. 'White, International 
Minerals & Chemical Corporation, 
spoke in this manner: "It (the 
control laboratory) should be one 
of the strongest links in the man­
agement chain, connecting re­
search, production and sales, acting 
as an extension of each and insur­
ing a strong safe bond to the cus­
tomer." If one notices the choice 
of the words 'can', in one case, and 
'should' in another, it can be in­
ferred that recognition of the labo­
ratory's merit was not completely 
accepted then. This year, and again 
at the same conference, Elwood I. 
Lentz, \Vestern Phosphates, Inc., 
tells how to obtain this recogni­
tion. "Speed, accuracy, reliability, 
and cost consciousness will win 
higher esteem for the control chem­
ists." How can the chemist achieve 
these goals? 

Chemical analysis in the ferti­
lizer industry can he separated in­
to three equally important opera­
tions - preparation of the sample, 
estimation of the particular com­
ponent, and the interpretation of 
raw data. 

In the fertilizer industry, from 
the time of exploration, the proc­
essing of the materials, their in­
corporation into fertilizer mix­
tures, and finally to the marketing 
of the final product, sampling is 
of paramount importance. If the 
small amount of material in the 
bottle that the analyst takes to the 
balance is not representative, all 
of the values obtained from it 
are worthless. There can be no 
compromise of speed or cost con­
sciousness in sample preparation. 
In fact, more time might well be 
spent in studying the techniques 
of sample preparation than study­
ing accuracy and precision of a 
particular analytical method. 

The area, in which the control 
chemist must consider new tech­
niques and organization, involves 
the present methods of analysis. 
The efforts of the various task 
forces of the Chemical Control 

Committee of the NPFI to im­
prove the reliahility and accuracy 
of our time-honored methods is 
commendable but they still have 
not decreased the time of analysis. 
The same thing can be said about 
the newer methods adopted by the 
AOAC. In the last two years, I 
have visited the phosphate rock 
mining operations in both Florida 
and the western states and in al­
most every laboratory, the conver­
sations eventually centered upon 
the urgent need for speedier meth­
ods. The ohvious answer to this 
problem is instrumentation, hut 
this is only part of the answer since 
most instrumental methods suffer 
because of their manipulative re­
quirements. The real answer is an 
instrument which will do the ali­
quoting, add the color reagent, 
mix, read the optical density, and 
record the result-or an automated 
instrument. The instrument should 
have application in the laboratory 
and as an onstream analyzer. 

Many companies are now 
making just such instruments­
chromatographs, colorimeters, mass 
spectrometers, pH analyzers, X-ray 
analyzers, flame photometers, auto­
matic balances, etc. Their use in 
the chemical processing industries 
is on the increase since the payout 
period of the instrument seems so 
much shorter than the firms anti­
cipated. For example, a $15,000 
chromatograph in an alkylation 
unit in a refinery paid off the ini­
tial investment in 3 months hy 
smoothing out operating coucli­
tions and cutting the number of 
daily control tests from 24 to four. 

There are instruments appli­
cahle to routine control work in 
the fertilizer industry. The first 
one to come to mind is the Auto 
Analyzer manufactured by Techni­
con Controls, Inc., hut there are 
others-the Robot Chemist by Re­
search Specialists, Inc., the Titra­
lyzer by the Fisher Scientific Co. 
or the Bausch and Lomb Data Ac­
quisition System. It is true that 
some are not as fully automated 
as others but all can yield signifi­
cant savings in time. vVe have had 
an Auto Analyzer for a year and 
a half and Mr. R. Ferretti reported 
on an automated method for phos­
phorus applicable to fertilizers and 
fertilizer materials at the 1962 
AOAC meeting. Response from 
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Vlsltmg analysts and requests for 
copies of the method have indi­
cated considerable interest in this 
type of phosphorus analysis. Three 
weeks ago at the AOAC meeting 
Dr. C. W. Gehrke, of the Univer­
sity of Missouri, reported on the 
application of this instrument to 
the analysis of potassium in mixed 
fertilizers. The Technicon Co. 
claims that their automated system 
can replace the Kjeldahl method 
for the determination of nitrogen 
but I know of no confirmed data 
on fertilizers. They have also in­
troduced a Solid Sampler which 
eliminates the preparation of solu­
tion from many determinations. 
So, you can see, what a boon an 
instrument like this could he to the 
fertilizer control laboratory. 

The rock producing com­
panies are starting the move to 
instrumentation and automation. 
Two companies (Swift and Vir­
ginia-Carolina) have looked into 
the use of X-ray flourescent spec­
trophotometers for their rock con­
trol work. Davison and Central 
Farmers are looking at the Rohot 
Chemist and hoth American Cyana­
mid and IMC have Auto Analyzers. 
Baumann, Roberts and Bell, of 
IMC, reported at the Septemher 
ACS meeting, on the use of the 
Auto Analyzer for automatic sul­
fate ion determinations in wet 
process acid systems. They reported 
sulfate analyses accurate to S% in 
12 minutes and further stated that 
they planned to use this system for 
complete automation of sulfuric 
acid control at the digestion step_ 
This operation should lead to max­
imum extraction of the phosphate 
rock P20r, and production of a 
rapid filtering gypsum cake. 

In order to keep up with the 
tremendous advances in technol­
ogy, automation of chemical con­
trol must make steps as the one 
just mentioned. For example, IMC 
opened a new giant phosphate acid 
plant in Bonnie this year. Produc­
ing acid at the rate of 900 tons 
of P2 0 5 per day, this plant uses 
closed circuit television and other 
electronic and mechanical refine­
ments in a highly automated sys­
tem. Four production employees 
per shift operate the whole plant. 
I wonder how many chemists are 
needed for the chemical control for 
this plant. 



Since most states either have 
or will adopt the minimum toler­
ances set up by the AAFCO for 
the secondary and micro-nutrients, 
the fertilizer companies, to stay in 
active competition, will have to 
gu<;rantee these nutrients. vVhen 
it comes to deciding how to analyze 
for elements, such as Zn, Fe, Cu, 
Ca, Mg, or Co, serious thought 
should be given to a relatively new 
instrumental system atomic ad­
sorption spectrophotometry. It is 
rapid, accurate, and relatively free 
from interferences. 

Other new techniques, such 
as gas chromatography, polarogra­
phy, thermochemical titrations, x­
ray Huorescence, and others may 
well find their way into the ferti­
lizer laboratory. 

Unfortunately, the move to 

automated control is not simple. 
Initial experimentation will prob­
ably be done in the company's re­
search facility and the information 
gained must be made available to 
the control chemist. Lines of com­
munication mUst be established 
and maintained. Armour Agricul­
tural Chemical Co. opened a new 
research laboratory in Atlanta in 
April of this year. The analytical 
section is engaged in methods of 
analysis in their research and de­
velopment program. Raw phos­
phate materials are analyzed by a 
combination of methods: photo­
metric, X-ray fluorescence and dif­
fraction, differential thermal anal­
ysis, flame photometric, and atom­
ic adsorption analyses. This is a 
very worthwhile program. Let us 
hope that some of their research 
findings help the chemists in Ar­
mour's rock and mixed fertilizer 
production laboratories. 

The adaptation of automation 
to on stream control is complicated 
by the sampling system. If the sam­
ple is removed manually from the 
reaction, treated, and carried to 

the instrument the problem is not 
too serious. This is not the case 
when continuous chemical monitor­
ing is desired. Development work 
will be necessary to free the analyti­
cal value of sampling error. 

The biggest deterrent in the 
move to automation instrumenta­
tion is the cost. The initial cost 
of m05t of the instruments is not 
cheap although most of the ones 

mentioned are priced below SlO,-
000. There will abo be develop­
mental costs and these can be quite 
sizeable. 'While the proof of justi­
fication will be on the control 
chemist, management must study 
any proposals seriously and be 
willing to make some gambles. 

In reference to the interpre­
tation of data, there is little to say. 
All laboratories, I'm sure, use con­
trol charts of one kind of another 
[or handling their results. Another 
aspect of automation which should 
be mentioned, at this point, is the 
coupling of digital readout mecha­
nisms with the instrument system. 
The preferred technique is prob­
ably printing on tape or paper of 
measurements, such as milliliters 
of titrant or optical density. In 
many cases, the readout mechanism 
can be programmed to read direct­
ly in me percentage of the nutrient 
being analyzed. 

In conclusion, I would like to 
say that now is the time for lerti­
lizer chemists to apply the ever­
increasing revolutionary changes in 
analytical control to their opera­
tions. In so doing, the laboratory 
will become a recognized, integra! 
part of fertilizer manufacturing. 

DISCUSSION LEADER HILL: 

Thank you, Bill. 

Are there any questions on 
Mr. Hoffman's comments? 

(No response.) 
( notice that we have one of 

our people from the Department 
of Agriculture. Mr. Pate, our 
Branch Chief, is sitting over here. 
He doesn't get out to this type of 
meeting very often. I think I 
would like him to stand so that 
you can all see who Bill Pate is. 
He's been around Agriculture for 
a long time. Will you stand, Mr. 
Pate? He's an expediter too. 

(Mr. Pate arose, applause.) 
At this time I want to show 

figures that depict the world pot­
ash situation in a manner similar 
to the way nitrogen and phos­
phorus were presented. \Ve shall 
take a quick look at reserves. Pot­
ash, you know, is piled up in a 
few places. Oddly enough, all the 
potash that we know of, except a 
little that comes out of Chile, is in 
the northern hemisphere. Perhaps 
there should be more potash in the 
northern hemisphere than in the 
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southern hemisphere, because there 
i:; more land mass in the northern 
hemisphere. Probably 60 to 70 per 
cent of the lanel mass is in the 
northern hemisphere, but 1 am 
told there is no geologic reason 
why there shouldn't be potash in 
the southern hemisphere, if people 
would just look for it. 

Potassium Reserves and Production, 
1961 

World reserve. of bedded deposits, >70,-
000 million s. t. of Ore 

World produdion, 9.3 million s. t. of KzO 

Location of Share in Shore in 

pradu<:ing world world 

fields reserves production 

0/0 % 

Europe 62 74 
Canada 26 I 
USA > 1 23 
Asia 3 1 
Other 8 1 

Less than 1 % of reserves provided 23% 
of production. 

A few countries control the 
potash situation. You will notice 
that we have less than one per cent 
of the reserves, yet we produced 
23 per cent of the supply in 1961. 
The picture is different now that 
the Canadian pnxluction is in. 
The showing in 1961 is a feather 
in our cap in one way; in another 
way we are using up our stuff. 
Sometimes when we pat ourselves 
on the back, it's like the man who 
had the checker-playing dog. Some­
one commented "That is a smart 
dog," and he replied, "Well, he's 
not so durned smart; I beat him 
three times out of five." 

(Laughter) 
The next slide shows how 

potash appears in our fertilizer. I 
do not have anything for the 
world. \'\le do not know what oth­
ers are doing. It is interesting to 

Farm Potassium Consumption by 
Materials, 1961 

Ferlilizer 

2- & 3- nutrient 
fertilizers 

Potassium chloride 
Potassum sulfate 
Nat. organics 
Potassium nitrate 
Other 

Percentage .hare 
in consumption in-

World USA 

87 
12 

I 
0.5 
0.1 
0.1 



me that 87 per cent of our potash 
goes into these multinutrient ferti­
lizers; 85 per cent of the phos­
phorus goes in there, and only 38 
per cent of the nitrogen. As was 
noted earlier, the nitrogen has 
fallen out of mixed fertilizers. 

That completes my slides, but 
I want to mention another element. 
Sulfur is such an important nutri­
ent element that we ought to say 
something about it. 'Vorld pro­
duction in 1961 was 110 million 
short tons of S. That includes both 
native and recovered. North Amer­
ica produced 68 p~r cent of it (we 
did 51, .\1 exico 12 and Canada 5) , 
Europe produced 11, 9 per cent 
coming from France, and Japan 2 
per cent, whereas 19 per cent was 
scattered around here and there_ 

The essential elements in 
plants come to us in triads. There 
are carbon, hydrogen and oxygen, 
about which we hear very little. 
\Ve have the major fertilizer triads, 
N. P and K, and the so-called 
secondary ones: Calcium, mag­
nesium and sulfur. \Ve spent 40 
years taking the sulfur out of fer­
tilizer, and now, it looks like we're 
going to have to spend a little time 
trying to get it back in. Of course, 
they took it out as a sulfate. Some 
folks want to put it back as ele­
mental sulfur. 

Then we have iron, manga­
nese and boron; copper, zinc, and 
molybdenum; fluorine, possibly 

vanadium and a blank space for 
funre use. Finally, we have cobalt 
and selenium, which are needed 
for animals. Since the latter two 
are wanted in the forage, fertilizer 
people must take notice of them. 

Thus, we have some 17 or 18 
elements that are of importance 
in plant or animal nutrition. The 
next generation will have to rassle 
with all of them. They are going 
to have a good time. You see, the 
geneticists are glvmg us high­
yielding strains. We are cutting 
down our acres and making more 
grow on an acre. We are irrigat­
ing and doing many things that 
tend to expand the areas of defi­
ciencies in some of these less com­
mon elements. Consequently, 
some fertilizer people are getting 
excited about ways of handling the 
micronutrients. One man asked 
me yesterday, "How are you going 
to get those on the soil?" And my 
answer was, "1 do not yet know." 
In any event, you are going to do 
it. 

There are sundry carriers for 
these less common elements. The 
glasses, better known perhaps as 
frits, are just one type of carrier. 
Somebody asked the other day if 
they were any good. Well, we 
think they are. They have :1 place, 
and so Mr. Holden at this time 
will tell us something about the 
findings and his notion of frits and 
other carriers of boron and zinc. 

Micronutrient Carriers for Fertilizer Use 

E. R. Holden 

DECENT surveys have shown 
l.\.. that the incidence of micro­
nutrient deficiency has been in­
creasing. High yield-producing 
crops are drawing more heavily on 
nutrient supplies of the soil. Or­
ganic and other low analysis fer­
tilizers, containing significant 
amounts of micronutrients, have 
been replaced with high analysis 
materials containing only negligi­
ble amounts of micronutrients. 
Crop rotation and land-resting 
practices which tend to maintain 
micronutrient supplies in the root 
zone are becoming a thing of the 
past. ·With these technological 

changes, it is clear that the micro­
nutrients will have to be included 
in fertilizer programs on a some­
what increasing scale. 

Before considering the micro­
nutrient materials themselves, it 
should be recognized that the ob­
jective is to maintain micronutri­
ent levels in certain normal ranges. 
Within these ranges, growth of the 
crop is unaffected by differences in 
uptake. 

Below the normal range, the 
crop is deficient, and both yield 
and quality of the crop are ad­
versely affected. Insufficient molyb­
denum slows conversion of nitrate 
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to protein. Copper deficiency low­
ers sugar content and has an un­
favorable effect on the flavor of 
citrus. Low boron levels lead to 
poor cell structure, dry or mushy 
spots, and other faults in fruit and 
vegetables. Iron, copper and man­
ganese play an important role in 
chlorophyll formation. Each micro­
nutrient is vital to the step-wise 
process of building plant com­
pounds of higher and higher ener­
gy levels. 

At high levels, the micronutri­
ents can be toxic to (he crop, toxic 
to animals consuming the crop, or 
otherwise affect quality of the ulti­
mate product. Copper, for exam­
ple, catalyzes oxidative chan.s-es, 
and less than one part per million 
impairs the taste of beer. (Laugh­
ter.) At such levels only on2 or 
two pounds of copper a day would 
ruin the beer supply of the entire 
country! This could be a serious 
matter to some people, maybe less 
so to others. 

Of real concern to everyone, 
though, is a recent finding by Dr. 
Denham Harmon of the University 
of Nebraska. His studies have 
shown that copper content of the 
blood is significantly higher in 
men who have had a history of 
heart attacks than in men of the 
same age who have been judged 
to be free of heart disease. 

Impurities in micronutrient 
materials pose some other far­
reaching implications. Every year 
there are a number of cases of de­
mentia that are traceable to lead­
poisoning. The number of people 
affected subclinically would, of 
course, be unknown. Cadmium, 
which accumulates in the liver, is 
suspected of being the cause of 
some infant fatalities and of pos­
sibly shortening the life span. We 
do not have enough information 
concerning the physiological effects 
of nonessential elements to reach 
definite conclusions, but until we 
do. suspected impurities should be 
held to low levels. 

Micronutrient needs are said 
to be very specific for different 
soils and crops. There are, of 
COUrSI!, differences between the na­
ture of a micronutrient problem 
and that of a major or secondary 
nutrient problem. Some of the dif­
ferences become evident if we con-



Figure 1. 

sider a case of sulfur deficiency 
and then compare it with a ZinC 

deficiency problem. 
Alfalfa was grown on a low 

sulfur soil, purposely adding no 
sulfur in order to observe the ef­
fects of sulfur deficiency. In the 
first two harvests, yields were a 
little lower than with added sulfur, 
but there was little difference in 
appearance of the crop. In the 
third harvest, yield dropped to less 
than one-half, and in the fourth 
harvest to less than one-tenth of 
that with added sulfur. 

The appearance of the crop 
during t!le foun!l h:uve:; t is shown 

in figure I. On the left, the sulfur 
deficient plants, now yellowish 
green in color, simply stopped 
growing. The middle p ot had re­
ceived elemental sulfur, and the 
pot on the right, sulfate sulfur, each 
at the level of 80 pounds per 
acre. By this time, the normal 
plants had removed approximately 
70 per cent of the applied sulfur. 
Considering the amount of sulfur 
used and its structural importance 
to major plant compounds, one 
wonders why sulfur has been rele­
gated to the status of a secondary 
nutrient. 

''''ith the same amount of 

Figure 2. 
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total growth, recovery of a micro­
nutrient would ordinarily amount 
to only two or three per cent of the 
amounts used in correction of de­
ficiency. Many crops that produce 
less total plant material remove 
less than one per cent of the 
amount added. 

Figure 2 shows Sericea lespe· 
deza growing on two soils contain­
ing about the same amount of ex­
tractable linc. On the left, the 
lespedeza on a western calcareous 
soil is severly deficient in linc. 
There was only about 50 per cent 
survival past the small plant stage 
and the typical little leaf symptom 
of zinc deficiency is so pronounced 
that the plants look like a different 
species. On the right, the same 
crop is growing normally on neu­
tral Florida soil. At the time that 
this picture was taken, two cuttings 
had been taken from the pot of 
normal plants, none from the zinc­
deficient plants on the left. Finally, 
when a cutting could be taken 
safely from both pots, there was 
a six-fold difference in the accumu­
lated total yield. 

In parallel pots, alfaUa, lima 
Lean, amI red clover grew vigor­
ously from both soils with no symp­
toms of zinc deficiency. On the sur­
lace, it might seem that linc was 
needed specifically by lespedeza, not 
by the other crops. As it turned 
out, this was nut entirely true. The 
data showed that yields of alfalfa 
,md red clover on the western cal­
careous soil had actually been lim- . 
i ted by insufficient zinc. 

The potential benefit from 
micronutrient fertilization , as indi­
cated by these results, varies vastly 
with kind of crop. There are also 
very large differences in the toler­
ance to high levels of the micro­
nutrients. The differences in toler­
ance n arrow the range of applica­
tion. However, there still remains 
a low range that is suitable for 
most crops, and micronutrient 
levels should be held within such 
range by whatever method is most 
practical. 

In the development of micro­
nutrient carriers, research efforts 
have been concerned largely with 
special purpose materials. Slowly 
soluble forms have been under 
study as a possible means of min­
imizing leaching losses. Metal che­
lates have been introduced for use 
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more especially in areas where up 
take is low because of alkaline soil 
conditions. These special types 
broaden the spectrum of micronu­
trient materials available to meet 
the widely varying needs of crops. 

The advantage of using a slow­
ly soluble carrier in a coarse tex­
ture soil is illustrated in figure 3. 
The effect of a boron glass on 
boron content of alfalfa over a 
nine-month period is shown by the 
solid line; results with an equiva­
lent amount of borax, a readily sol­
uable form, are shown by the brok­
en line. As indicated on the right, 
use of the glass decreased boron 

content of early harvests and in­
creased boron content of later 
harvests when uptake was the least. 
That is, the glass protects the crop 
from toxic concentrations in early 
growth and has more ability to pre­
vent deficiency in late growth. The 
overall effect of the glass is to re­
duce seasonal variation in boron 
content of the crop. 

CAllemanite, a calcium borate 
mineral, has been used with some 
success in supplying boron to crops. 
In coarse form, it dissolves slowly 
enough to provide a measure of 
protection during the sensitive 
seedling stage of growth. However, 

Figure 4. 

Zn UPTAKE __ -<""'\ Q,oC:;l..--Zn UPTAKE 
LITTLE 
AFFECTED 

COARSE 
MATERIAL 

Zn CARRIER 

SPHERES OF" 
INFLUENCE 

FINE 
MATERIAL 

SPACIAL EFFECT OF ZINC .CARRIER FINENESS 
AT EQUAL ZINC RELEASE 

24 

INCREASED 
SIGNIFICANTLY 

dissolution is relatively rapid and 
its effect on uptake after a period 
of about six weeks becomes much 
the same as readily soluble boron. 

Figure 4 depicts the need for 
fineness when zinc is supplied in 
the form of a slowly soluble glass or 
other such carrier. Metal micro­
nutrients are much less mobile in 
the soil than boron; consequently, 
the spheres of influence surround­
ing particles of the carrier are 
small. As shown on the left, a 
coarse glass, having much material 
coarser than 200-mesh, provides few 
particles, and there is little chance 
of root penetration into zones of 
high zinc concentration. Under 
this circumstance, the effect of a 
zinc glass on uptake is very low. 
The manner in which a finely-di­
vided glass affects uptake is illus­
trated at the right. In this case, 
composition of the glass has also 
been altered so that it releases no 
more zinc than the coarse glass; 
that is, zinc release, as determined 
by extraction with ammonium ace­
tate, is the same as that of the 
coarse glass. With the greater fine­
ness, a much larger number of glass 
particles are added to the soil, so 
that plant roots penetrate spheres 
of influence no matter what direc­
tion they take in the soil. 

Typical particle size distribu­
tion curves are illustrated in figure 
5 by results obtained with a boron 
glass and those obtained with a 
multinutrient glass. Each point on 
these curves represents the percent 
of glass having a diameter in the 
range midway to the adjacent di­
ameters enumerated on the hori­
zontal axis. 

Studies have shown that in the 
optimal range of release the larg­
est particle diameter should not be 
greater than about 12 times that of 
the smallest particle. About 70 to 
80 percent of each glass is within 
such range. Mean diameter can be 
shifted either to the right or the 
left with little consequence to the 
performance of a boron glass. That 
is, fineness of a boron glass can be 
varied provided that composition 
of the glass is also altered so as to 
compensate for differences in fine­
ness. 

Permissible variation of par­
ticle size is a great deal smaller with 
zinc or other metal micronutrients. 
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A line glass is not suitable for crop 
u~e unless ground to pass 200-mesh, 
or below 74 micron size. \Vith this 
limitation, fineness cannot be var­
ied very much without an unreason­
able increase in grinding cost. 
Thus, in making a zinc glass, com­
position of the glass, as it affects 
release rate, must be controlled 
closely in keeping with the re­
quired narrow range of fineness. 

Extractable Zinc Vs. Crop Zinc 
(Lakeland Soil 3 PPM of Zinc) 

Increase in 

Am. Acetate Zn·Contenl 

Extr. Zinc. 01 Alfalfa" 

Material % of Total PPM 0/0 h 

ZnSO, 100 15.6 100 
Hemimorphite 100 7.1 45 
Willemite 30 3.0 19 
Sphalerite 0 0.0 0 

a Ave. of 3 harvests. b ZnSO. = 100 

Zinc release from certain min­
eral materials, having a fineness of 
H to 47 percent through 200-mesh, 
is tabulated above, using zinc sul­
fate as the basis of comparison. 
Hemimorphite, a hydrated zinc 
silicate, dissolved completely when 
extracted 16 hours with ammon­
ium acetate, pH 4.0 In vegetative 
tests, it increased zinc content of 
alfalfa about one-half as much as 
zinc sulfate. vVillemite, anhydrous 
zinc silicate, released 30 percent of 
its zinc to ammonum acetate and 
increased zinc content of the crop 

I ~ percent as much as zinc sulfate. 
Sphalerite, a zinc sulfide, released 
no zinc either to ammonium ace­
tate or to the crop. 

The correlation of ammonium 
acetate extractable zinc with zinc 
content of the crop suggests that 
the extraction method would be 
useful in rating zinc availability of 
mineral or byproduct materials. 
Extractable zinc, though not neces­
sarily immediately available, could 
be regarded as an approximation 
of the amount of zinc that would 
dissolve in the soil over a period 
of a few months. When this test 
was applied to a few commercial 
grades of zinc oxide, extractable 
zinc was found to range between 
70 and 85 percent of the total zinc. 

Metal chelates have been of 
much interest and their use in cor­
recting micronutrient deficiencies 
in crops has been increasing, es­
pecially in western states. It is al­
most impossible to have a complete 
understanding of the influence of 
metal chelates on crops because 
they affect uptake and within-plant 
mobility of other elements simul­
taneously. An excellent group of 
symposium papers on the subject 
was published in this year's March­
April issue of Agricultural and 
Food Chemistry. This information, 
being availahle, need not be con­
sidered in detail here. 

The value of a metal chelate 
is very dependent on method of ap-
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plication. The chelate can provide 
a much-needed increase in mobility 
when micronutrients are to be 
banded in an alkaline soil. The in­
fluence on uptake may also be some­
,,,hat greater than inorganic forms 
when the materials are mixed with 
the soil by plowing under broad­
cast applications. However, when 
the micronutrients are to be mixed 
,,,,ith the soil, the use of a chelate 
would not ordinarily be necessary 
for other than very extreme soil 
conditions. 

An interesting special use is 
made of a metal chelate in the 
growth of "acid-loving" plants such 
as roses, <[L,tleas and hydrangeas. 
Apparently these plants require 
high iron levels, as would be avail­
able under acid soil conditions. Be­
cause of this high iron require­
ment, specialty fertilizers contain­
ing chela ted iron are now being 
recommended for such plants. 

Micronutrient deficiencies in 
orchard and nut groves present an­
other special condition where che­
lates can be used with advantage. 
Soil applications of iron, copper, 
zinc or manganese tend to become 
fixed near the surface of the soil 
and fail to reach the depth of tree 
roots. Chelates can be used to over­
come this immobility, but their 
application to soils for this pur­
pose is not usually recommended 
because of the danger of severe tox­
icity. 

Growers often prefer to spray 
the foliage. In this method of ap­
plication, chelates offer the out­
standing advantage of being less 
toxic than inorganic salts. Foliar 
application is growing in popular­
ity, particularly where the metal 
chelate can be included with a nec­
essary insecticide or fungicide 
spray treatment and very little ex­
tra work is involved. 

In summary, the degree of 
benefit derived from micronutrient 
applications varies vastly with dif­
ferent crops. However, if soil sup­
ply of a micronutrient is low for 
one crop, it is probably low for 
most other crops. The tools for 
meeting special soil problems are 
slmvly soluble carriers and metal 
chelates. Present information is suf­
ficient to justify their careful use. 
Nutrient availability of mineral 
or byproduct materials can be esti-



mated by extracting such materials 
with ammonium acetate, pH 4.0. 
Use of materials containing appre­
ciable amounts of elements sus­
pected of being detrimental to hu­
man health should be avoided. 

Thank you. 
(Applause.) 

DISCllSSION LEADER HILL: Does 

anyone have a question? 'Ve have 
a minute or two. 

(No response.) 
Hearing none, we shall turn 

this thing over to the boss, and he 
will tell you what you're supposed 
to do for the next two hours. 

CHAIRMAI'\ SAI;CHELLI: Thank 
you, Bill. It has certainly been a 

very interesting and worthwhile 
session. 

(Announcement.) 
vVe will stand adjourned until 

two o'clock, and we will start 
promptly at two. 

(Applause.) 
(The session adjourned at 

twelve-fifteen o'clock p.m.) 

Wednesday Afternoon Session, November 6, 1963 
The Round Table reconvened 

at two o'clock p.m., Chairman 
Sauchelli presiding. 

CHAIRMAN SAUCHELLI: Let's 
come to order, please. 

I think we will resume our in­
teresting program that was started 
this morning. vVe will turn the 
meeting over to Director Hill once 
more. 

DISCllSSION LEADER HILL: One 
agricultural thing high in the pub­
lic conciousness and in the mind 
of Congress these days is the water 
budget. There's a limited amount 
,of water in the country. Rain falls 
on the land; part of it soaks in, and 
part of it runs off. Sometimes we 
consume water in a way that it is 
returned to the streams, and then 
sometlmes it's consumed in a way 
thar it is not returned to the 
streams. There's a lot of talk and 
rassling in vVashington as to who 
is going to get the money to do 
something about it. 

Fertilizer people have not been 
too much concerned about water 
economy in the past, but I think 
they should be, because it could 
very well be that the next genera­
tion will be using one kind of fer­
tilizer in a dry year and another 
kind in a wet year. 

There'!; a water budget in the 
fertilizer plant. VVe know roughly 
what it ought to be, but we can't 
tell what it is without analyzing for 
water, and that is one of the most 
difficult things that we have to clo. 
The next paper by Mr. Caro is con­
cerned with methods for determin­
ing water. He is the Associate 
Referee in the Association of Offi­
cial Agricultural Chemists. I think 
there is more interest among the 
fertilizer people in water determin­
ation now than there ever has been, 
and so it seems to me that con­
siderable progress is being made 
these days. 

Determination of Water in Fertilizers 

J. H. Coro 

T HE water content of fertilizers 
is determined routinely in 

hundreds of laboratories and 
plants throughout the country. 
The determination is made for a 
variety of reasons, principally in­
cluding the control of manufactur­
ing processes, the prevention of 
caking, the attainment of proper 
chemical characteristics in the pro­
duct, the minimization of freight 
costs, and the realization of nutri­
ent guarantees. Yet in few other 
.areas of analytical endeavor in the 

fertilizer industry is there so little 
true understanding of exactly 
what is being determined and ex­
actly how to carry out the deter­
mination most effectively. This 
afternoon 1 shall attempt to shed 
at least some light on the situation 
so that you will better appreciate 
the problems confronting the con­
trol chemist at your plant. 

'Vater occurs in inorganic com­
pounds in an astonishing variety of 
combinations. Let's look at these 
combinations as they are com-
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manly thought to exist. First, there 
is water of constitution} water that 
is an integral part of the molecule 
but not actually existing as water 
until released by heat or chemical 
reaction. A typical example is the 
heating of monocalcium phosphate 
to give off water, with the forma­
tion of calcium metaphosphate. 
Next, there is coordinated water, 
which includes the commonly 
Next, there is coordinated watei~} 
known hydrate water or water of 
crystallization) such as the hydrate 
in monocalcium phosphate mono­
hydrate. This water is bound to 
the cation of the molecule by co­
ordinate linkages, but the exact 
nature of the binding forces is not 
clear. 

Complicatiing the picture is 
the fact that not all water of cry­
stallization is coordinated water. 
Some, such as one mole of water in 
zinc sulfate heptahydrate, is com­
bined as so-called anion water. This 
'water is hydrogen-bonded to the 
anion of the molecule rather than 
to the cation and is more tightly 
held than coordinated water. Other 
water of crystallization may be 
neither coordinated nor anion 
water, but is present as zeoli tic 
water. This water exists between 
layers in the crystal lattice and is 
sometimes rather difficult to re­
move. An example of this type is 
the hemihydrate of calcium sulfate. 
Still other water of crystallization 
may be considered as lattice water) 
bound to neither cation nor anion, 
or may be present in indefinite 
amounts in hydrous colloidal 
material. 

All these modes of water com­
prise bound water) water that is 
held by intramolecular forces of 



one type or another. Binding 
energies vary from mode to mode 
and the release of water is con­
tinuous or step-wise, depending on 
the manner in which it is com­
bined. Apart from all this, there is 
also free wa icr on the surfaces of 
most solid compounds. This is, of 
course, water that is simply ad­
sorbed on or near the surfaces and 
which is released quite readily on 
application of heat or vacuum. It 
is commonly known as moistw-e, 
although this term is often applied 
loosely to bound water as well as 
free water. 

As you have undoubtedly 
gathered by now, the accurate, 
quantitative determination of 
water in inorganic materials is not 
quite the simple procedure it is 
supposed to be. \Vhile it is true 
that not all types of water occur 
in all fertilizers, enough of them 
occur often enough, and the 
stability of the fertilizer com­
pounds varies enough, that no one 
anal ytical method will suffice for 
all types of materials. Thus, the 
analyst is faced with the proper 
choice of a method for his partic­
ular material. 

\\That methods are available? 
Once again the profusion is 
astonishing. There are methods 
based on reaction with acyl halides, 
with acetic anhydride and other 
anhydrides, with calcium carbide, 
with calcium hydride, and with 
magnesium nitride. There are 
colorimetric methods based on re­
action with cobalt chloride or 
cobalt bromide. There are methods 
utilizing polarography, chromato­
graphy, infrared and ultraviolet 
spectrophotometry, nuclear mag­
netic resonance, mass spectrometry, 
vacuum ultraviolet absorption, or 
glow discharge. There are radio­
chemical methods. There are physi­
cal methods, based on measure­
ment of turbidity, density, vapor 
pressure or dewpoint. There are 
sonic techniques. There are 
thermal and electrical methods in­
volving the measurement of 
thermal conductivity, heat of 
vaporization, heat of reaction, 
dielectric constant, or coefficient of 
friction. In short, there are enough 
methods available that one has a 
wide choice. 

There are also six methods 
that I have not mentioned up to 

now, which happen to be those 
most commonly applied to ferti­
lizers. Each of them may be applied 
to certain materials but each of 
them also has limitations that im­
pair its usefulness. I would like to 
point these out. 

First, there is the oven drying 
method. Now everyone has an oven 
and it is a simple thing to put a 
sample in it and measure the weight 
loss, but it takes the better part of 
a working day to obtain results 
and, after all, one measures weight 
loss, not water content. Obviously, 
if there is any appreciable decom­
position of the sample so that 
volatile consti tuents of the ferti­
liLer are evolved other than water, 
such as fluorine, ammonia or 
carbon dioxide, the weight loss 
would be higher than the actual 
water content. 

Furthermore, complete re­
moval of some of the more tightly 
held types of water is often very 
difficult, reqUIrIng temperatures 
far above those normally used in 
the oven method. Then, too, some 
dehydrated fertilizers are very ef­
ficient desiccants in themselves, so 
that they pick up water very 
rapidly after removal from the 
oven and can even remove water 
from some less efficient desiccants 
when they are placed in the 
desiccator to cool. Finally, ovens 
in different locations vary widely 
with respect to capacity, tem­
perature uniformity, temperature 
control and the like. 

All these factors contribute to 
loss of accuracy and precision in 
the oven method, yet it is still, as 
I shall point out shortly, the best 
method we have for many ferti­
lizers and is at present the only of­
ficial method for total water (free 
plus hydrate water) in fertilizers. 

Next, there is the vacuum des­
iccation method, the procedure 
used most commonly for determin­
ation of free water in fertilizers. 
Don't expect an answer in a hurry 
with this one, because it takes at 
least 16 hours' drying to get an ac­
ceptable result. This method, too, 
depends on weight loss, so it is 
not specific for water. 

The amount of water removed 
from the sample depends on the 
efficiency of the desiccant used as 
well as on the freshness of that des­
iccant. One inherent error which 
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is often overlooked is the fact that 
even those materials in the sample 
that have low vapor pressure may 
be evolved in significant quantity 
during the lengthy time required 
for analysis. Yet, because of the 
relatively mild conditions, this 
procedure is often used to calibrate 
faster methods and is at this time 
the only official method for free 
water. 

Third is vacuum oven dry­
ing. This method combines heat 
and vacuum, but once again weight 
loss is measured rather than water 
content. It does have an advantage, 
though, over straight oven heating 
in that heat-sensitive materials such 
as urea or diammonium phosphate 
may be dried without undue de­
cOmpOSitIOn. Conditions may be 
adjusted in the vacuum oven so 
that weight losses corresponding to 
those obtained in the vacuum des­
iccator are achieved in only two­
hours, thus giving a faster method 
for free water. Vacuum ovens are 
already in use in numerous labora­
tories and we are now in the proc­
ess of submitting the method to 
collaborative study, looking to its 
adoption as an official AOAC pro­
cedure. 

Use of the thermal balance, or 
moisture balance as many call it, is 
another weight-loss method. The 
instrument is, in effect, an auto.­
matic oven in which relatively high 
heat is applied to the sample for 
a relatively short time. Although 
rapid, the procedure does not have 
the precision of the more conven­
tional methods. Especially poor re­
sults are obtained on fertilizers 
having high free acid contents. Be­
cause the many thermal balances 
on the market have differing de­
signs and are based on at least 
two different mechanical principles, 
rather extensive preliminary tests 
are required for each one to find 
the proper setting of the controls. 
Yet, with proper preparation, the 
thermal balance can be set to give 
results for free water that are ac­
ceptable for routine check work. 

The last two methods are not 
weight-loss procedures, hence are 
more specific for water. The first 
of these is Karl Fischer titration. 
This involves a chemical reaction 
with Karl Fischer reagent-a com­
bination of pyridine, sulphur di­
oxide, and iodine-to yield a meas-



ure of free plus hydrate water. The 
method is rapid, accurate and has 
wide applicability to both inorgan­
ic and organic compounds. It has 
been successfully applied to numer­
ous fertilizer materials, but unfor­
tunately has failed in other in­
stances. Specifically, free carbon­
ates and ammonia interfere with 
the titration, the water in hydrat­
ed calcium sulfate cannot be titrat­
ed quantitatively, and monocal­
cium phosphate monohydrate gives 
an obscure end point. -

-Where these difficulties do not 
exist, Karl Fischer titration offers 
an excellent solution to the prob­
lem of water determination. Re­
sults are usually slightly lower than 
those obtained by weight-loss meth­
ods because the inherent positive 
error of the latter is eliminated. 

A promising method [or free 
water alone which we are current­
ly investigating involves extraction 
of the fertilizer with dioxane, fol­
lowed by Karl Fischer titration of 
the extract. 

Finally, we come to azeotropic 
clistil1a tion, in which the water in 
the sample is distilled out and 
trapped in a measuring cylinder 
with use of a water-immiscible car­
rier fluid such as benzene or xy lene. 
Since the volume of water is read 
directly, the method is seemingly 
specific for water. However, other 
volatile water-soluble components 
will add to the aqueous volume 
and give high results. Moreover, 
excessively large samples are re­
quired for materials of low water 
content, and these samples are de­
stroyed in the determination. For 
example, 100 grams of a material 
containing one per cent H 20 will 
yield only one milliliter of water 
in the receiver. Another difficulty 
is the adhering of water drop'ets 
on sidewalls of the apparatus, caus­
ing poor accuracy and precision. 

In spite of these problems, dis­
tillation seems to be the best way 
to determine water in liquid fer­
tilizers and phosphoric acid. An 
especially good procedure for use 
with wet-process acid involves dis­
tillation with heptane after precipi­
tation of the phosphorus with an­
iline. 

Those are the methods. It is 
quite evident that each is imperfect 
in its own way, and that no one 

method will give exact results in 
all fertilizers. The obvious ques­
tion is, then: "·Which method 
should be used on which fertilizer?" 

In my u'1pacity as AOAC ref­
eree on water, I am charged with 
the responsibility of answering this 
question in the best possible way 
in the light of present knowledge 
and present needs. I would there­
fore like to conclude my remarks 
with a summary of my recommen­
dations for determination of water 
in the various fertilizer materials. 
I make these recommendations with 
full awareness of all the imperfec­
tions in the listed methods, and 
with the secure knowledge that the 
recommendations will change dras­
tically as further research is con­
ducted in this area. 

Oven heating at 100°C for total 
water and vacuum desiccation [or 
free water are the preferred meth­
ods for phosphate rock, superphos­
phates, mixed fertilizers not con­
taining urea, monoammonium 
phosphate, and calcium metaphos­
phate. For ammonium sulfate, pot­
assium salts, and sodium nitrate, 
oven heating at 130 0 is preferable 
to the lower temperature. Vacuum 
desiccation is best for free water 
in these 111 a terials also. 

For diammonium phosphate, 
urea, and urea-containing mixed 
fertilizers, total water should be de­
termined by Karl Fischer titration 
and free water by vacuum desicca­
tion. 

For liquid fertilizers and phos-

phoric acid, azeotropic distillation 
with heptane and aniline is recom­
mended. 

Two very promising methods 
for free water that have not yet 
been tested sufficiently to be recom­
mended without reservation are 
vacuum oven heating and dioxane 
extraction-titration, both of which 
appear to be feasible for use with 
all solid fertilizer materials. 

DISCUSSION LEADER HILL: 

Thank you, Joe. 
Any questions? 
Everybody knows how to de­

termine water, I suppose. 
It is an interesting thing. I be­

lieve there is some chance of get­
ting people to use different and bet­
ter methods now, but a few years 
back it didn't make any difference 
what you developed, they were 
going to use the drying oven. 

Any comment that anyone 
cares to make on the water busi­
ness? 

There is a side to the farming 
business other than fertilizers. 
There is the lime side. \Ve put on 
lime to adjust the acidity to some 
suitable level. The big thing in 
lime is agricultural limestonc-22 
million tons annually. That is a 
sizeable pile of limestone. Lime­
stone is not shipped very far, but 
it is big business. 

Dr. W-hittaker will now give 
us some 0.£ his wisdom on liming 
materials and their characteriza­
tion and whatever else in his j udg­
ment might be of interest to you. 

Development in Agricultural Liming Materials 

c. W. Whittaker 

Developments in soil liming 
materials may well be considered 
in two categories; those things or 
events that affect the marketing or 
use of the industry's main product, 
agricultural limestone; and the 
minor or new materials now com­
ing into new or increasing use. 
Agricultural limestone, or ground 
limestone, as it is often called, con­
stitutes 90 percent of the total ton­
nage handled by the industry, per­
haps as much as 95%. 
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Activity Ratings 
Agricultural limestone must 

commonly meet specifications lim­
iting two properties, the particle 
size or fineness and the potential 
or total neutralizing power com­
monly expressed as the calcium car­
bonate equivalent. \Ve shall not be 
concerned here with the latter. The 
fineness is an index of the reactiv­
ity of the limestone or the rate at 
which it may be expected to react 
in the soil. This is based on the 



assulllption tha t the finer the par­
ticles are the faster the materia! 
will react. While fineness may be 
the main factor governing reactiv­
ity it is not the only one. The 
chemical cOmpOSitIOn, especially 
the relative proportions of calci urn 
and magnesium carbonates impuri­
ties, degree of crystallinity, and 
other factors may also playa part. 

It would be very convenient if 
a chemical method for rating lime­
stone reactivity could be found that 
would integrate the effects of all 
these factors in the same manner 
that they are integrated in the soil. 
A few years ago Professor Axley 
and a graduate student at the Uni­
versity of Maryland, proposed a 
method in which a limestone sam­
ple is reacted for a fixed time with 
the disodium salt of ethylenedi­
aminetetraacetic acid (EDTA) un­
der standardized conditions and 
the residual EDT A determined, 
thus obtaining an activity rating. 
I'his is not to be confused with the 
determination of total calcium and 
magnesium by means of this san}e 
reagent. 

In a <:omprehensive collabora­
tive study, reported in the J uly­
August Agronomy Journal, this 
method was tried by 12 collabora­
tors on 3~1 limestones. Results ob­
tai ned by the collaborators varied 
bu l not more than would be ex­
pected of a group using a new 
method for the first time. 

Twelve limestones selected 
from the 34 were incubated with 12 
soils for various periods and read­
ings of soil pH am! of amounts of 
(:arbonate decomposed, or of lime 
requirement after incubation, were 
taken. These 12 were also rated 
by another EDT A reagent, the tri­
sodium salt. Table 1 shows aver­
age correlations (r-values) of pH 
readings, 326 in all, with ratings by 
the two reagents and with the 
CaCO; contents of the samples. 
The averaging; of the r-values was 
done by the HZ" conversion as rec­
ommended by Snedecor. The rat­
ings with the trisodium reagent 
cmtehted a little better than those 
with the disodium reagent. How­
ever, the percent of CaCOo predict­
ed the activity in the soil about as 
well as the ratings by either rc­
agent. 

Table 1. "Averaged" correlations of 
activity ratings of limestones with 

Soil pH. 

28-39-Days 6 Month. 

N a~ EDTA rating 
l\'a" EDTA rating 
CaCo" % 

0.85 
0.89 
0.86 

0.81 
0.90 
0.88 

Table 2 summarizes the efficien­
cies of the two ratings and of the 
CaCO" content in accounting for 
the variations in soil pH and in car­
bonate consumed among the var­
ious limestones. The values in the 
table are coefficients of determina­
tion or the square of the correlation 
coefficient, and the range shown is 
that between results on the various 
soils. Ratings by the trisodium 
reagent appear to be slightly more 
efficient but the simple percentage 
of CaCO, is about as good. It 
would appear that the EDTA 
method, or some other, could be de­
veloped to a higher state of efficien­
cy. 

Table 2. Efficiencies of Ratings 
(Range of r" x 100) 

Soil pH 

Na"EDTA OG to 77 
Na"EDT A 81 to 83 
CaCO" % 71 to 77 

CoCO,; consumed' 

55 to 82 
61 to 89 
(is to 84 

*Or lime requirements after incubation. 

Wet Versus DIY Sieving 

The question of wet versus dry 
sieving of agricultural limestones 
comes up repeatedly. Recently at 
Beltsville a study was made of the 
comparative results by the two 
methods en 30 limestones that had 
been chosen to gi"e a range of mag­
nesium content. These samples 
were (a) sieved dry in the conven­
tional manner or (b) washed on a 
U. S. number 270 sieve, dried, and 
then sieved in the usual way. The 
latter procedure is referred to here 
as "wet sieving." Thirteen frac­
tions wcre obtained in each case. 

Figure 1 * is a barograph illus­
trating the Clyerage results on the 30 
limestones. As expected, the great­
est differences were found in the 
finer fractions where the washing 
caused a great deal more material 
to pass. This may be attribute!l to 
the removal of very fine particles 
that tend to cling to larger particles 
and 50 do not appear in their prop-
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U. S. SiEVE NUM9-ERS 
170 200 Lto 1 00 70 36 .40 30 :1O j 6 12 8 

SIEVE OPENINGS~ u 

Average mechanical analyses of 30 agricul .. 
tura! limestones by wet and dry sieving. 

Figure 1. 

er SIZe class, and to the slaking of 
aggregates that when unslaked 
would remain on the coarser sieve. 

U. S. SIEVE NUMBERS 
2702001.4010070 50 40 30 20 16 12 

50 lOll 200 500 1000 2000 
SIEVE OPENINGS~ " 

Average mechanica! analyses of 30 agricul­
tural limestones by wet (t,1d dry sieving, 

Figure 2. 

This is illustrated 1H it diller­
ent manner in figure 2* where the 
avera?;e cumulative percent pass­
ing, a more <:ommonly used method 
of expressing sieve analyses, has 
been plotted on a probability scale 
against the logarithm of the sieve 
Gpening in microns. On the aver­
age the method of sieving would 
not appear to be so important be­
cause the lines on the pIet fall 
close together. Results on individ­
ual samples, however, varied wide­
ly. Figure 3* shows results on a 
\\'isco:lsin limestone where the 
method of sieving would seem to 
be unimpcrtant; but noti<:e the 
wide differences on a Nebraska 
lim:::;to:1e shown in Figure 4*. Both 
these limestones are included in 
the average results shown in figures 
I ami 2. 'Yet sieving would enable 
many limestones to pass particle 

'Figures 1 through 5 are reproduced from 
the Journal of the Association of Official 
Agricultural Chemicals. 
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size specifications that would other­
wise fail. 
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The prewashing of the wet 
sieving may also increase the 
CaCOo equivalent of between-sieve 
fractions as shown in figure 5"'. 

CaC03 EQUIVALENT (AVERAGE) 

96 

95 
% 

CoC03 94 

EQ. 
93 

92 

u.s. SIEVE NUMBERS 
i I f Ii! I 

40 50 70 100 140 ZOO 210 

COARSE »0 FINE 

Figure 5. 

This effect is probably due to the 
removal of some of the noncalcare­
ous impurities in the prewashing. 
Since the determination of the 
CaCOo equivalent IS normally 

"Figures 1 thriugh I) are reproduced from 
the ournal of the AllSociation of Official 
Agricultural Chemicals. 

made on the unsieved sample the 
method of sieving would have no 
effect on the value obtained. Wash­
ing of the limestone prior to mark­
eting, if economically feasible, 
would however, enable some sam­
ples that would otherwise fail, to 
pass the minimum CaCO, equiva­
lent requirement. 

Gehrke and Johnson recently 
reported that some limestones that 
have been wet as in outdoor storage 
amI then dried, tend to aggregate 
so that less passes the numbers 40 
and 100 sieves. Addition of clay 
followed by wetting and drying 
had the same effect. 

It would appear that wet siev­
ing, with its greater reproducibility 
and more accurate estimate of all 
the fine particles, including those 
resulting from the slaking of aggre­
gates, could well be a more real­
istic guide to the reactivity of a 
limeswne than dry sieving. 

Particle Size Specifications 

This group is aware of the 
widely varying particle size specifi­
cations for agricultural limestone 
in the various States where the 
stone is handled under the Agricul. 
tural Conservation Program. The 
American Society for Testing and 
Materials now has a subcommittee 
on agricultural liming materials 
that is considering standard speci­
fications and methods of testing. 
Dr. Stanley Barber of Purdue Uni­
versity, a member of that commit­
tee, has suggested five grades of 
agricultural limestone to be based 
all percentages passing the num­
bers 40 and 100 sieves, and a min­
imum CaC03 equivalent. The3e 
suggestions will be discussed and 
probably voted upon at the next 
meeting of the Committee in Febru­
ary. I shall not discuss these except 
to note that the Committee is anx­
ious to get the views of as many 
interested persons as possible. It is 
hoped that the activities of this 
ASTM Committee will be a step 
toward the standardization of lime­
stone specifications. 

Slags 

Blast furnace slag has long 
been used for soil liming but never 
in any great volume. The volume 
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annually used in agriculture at the 
present time, some 69,000 tons, is 
about a quarter of one percent of 
the total processed slag. Studies are 
now in progress on the use of thi.'\ 
slag, mixed with soil, peat, or sand 
as a subgrade for golf greens and 
lawns. This, of course, is hardly a 
liming operation in the usual sense. 
The per acre rates of application 
are many times what would be used 
for routine soil liming. I recently 
saw greens growing on these slag 
subgrades at Penn State. They 
looked very good. 

Some 13,000,000 tons of open 
hearth slag are produced annually. 
About half of this is returned to 
the blast furnace for recovery of ad­
ditional iron, but the other half 
is available for agricultural or 
other uses. vVe understand that a 
process for the granulation of open 
hearth slag is now being success­
fully developed. This should great­
ly facilitate the use of this slag in 
agriculture both for soil liming and 
as a phosphorus carrier. Experi­
ments are underway on the use of 
both the air-cooled and granulated 
forms of this slag for soil liming 
and for other purposes at the New 
Jersey, Ohio, and Indiana Experi­
ment Stations and perhaps at some 
other points. At Purdue it is being 
tried as a source of manganese in 
areas deficient in that element. 

A recent arrival in the field 
of agricultural slags is low carbon 
ferrochromium slag. A byproduct 
of the production of low carbon 
ferrochromium, this slag is now 
being produced at the rate of about 
100,000 tons annually. Many thou­
sands are used annually for soil 
liming. This is a "falling" or dis­
integrating slag that breaks up into 
a fine powder as it cools due to a 
change in crystal form. Grinding 
or granulating is thus not needed. 
Ninety eight percent of the test 
sample passed 200 mesh. Table 3 
compares the composition of the 
slag with that of a blast furnace 
slag and a high-calcium limestone. 
The data are for individual sam­
ples analyzed at Beltsville. Note 
the high CaCOs equivalent of this 
slag that makes about 1700 pounds 
of it equivalent in neutralizing 
power to a ton of pure limestone. 



Table 3. Comparative Composition of Low-Carbon Ferrochromium Slag, Blast 
Furnace Slag and Limestone 

these days and want liming mater­
ials analyzed. We used to deter­
mine the calcium carbonate equiv­
alent and felt pretty well satisfied 
with that. Then, we began to state 
the amounts of calcium and mag­
nesium. Now, people want to know 
how much of other things are 
there. Hence, we have an analyti­
cal job. Of course limestone carries 
a complement of micronutrients 
and 1 suppose the day is coming 
when we will have to determine 
the micronutrients as a routine 
chore. 

-------- --------- ---

CaO Si0 2 
-- ---------

% % 
Low-Carbon 
Ferrochromi um 

Slag 55.0 25.5 
Blast Furnace 

Slag 33.6 31.0 
High Calcium 

Limestone (1) (1) 

(1) Not determined. 

The chromium content of this 
slag was a cause of some concern 
because of the possibility that 
chromium taken up by crops might 
be injurious to the crops, or render 
them toxic to animals. Recent ex­
periments with corn and alfalfa 
at Beltsville, however, have indi­
cated that the chromium is not 
taken up to any singificant extent 
by these two crops. No reports of 
chromium toxicity from the use of 
this material lor soil liming have 
come to ham!. 

Cement Kiln Flue Dust 

Approximately a million tons 
of cement kiln flue dust could be 
made available for use in agricul­
ture annually. Table 4 shows the 
average composition of 21 dusts 
selected as being representative of 
the industry. Like the slag just de­
scribed, it is a finely divided mater­
ial. . This dust has been used as a 
potash fertilizer. On the average 
however, its potash content is 
rather low for that purpose, al­
though individual dusts may have 
potash contents up to 13% K 2 0. 
Tests at Beltsville have indicated, 
however, that it is an excellent soil 
liming material, with the potash 
and sulfur contents as important 
plus values. 

Table 4. Average composition of 
cement kiln flue dust 

Lime (CaO) 45.04% 
Magnesia (MgO) 1.97% 
Total Potash (K 20) 4.54% 
Soluble Potash (K2 0) 2.85% 
Silica (Si02 ) 15.43% 
Sulfate (503 ) 6.60% 
CaC03 Equiv. 82.36% 

DISCUSSION LEADER HILL: 

Thank you, Dr. -Whittaker. 

CaO CaCOo Cr 

Si02 Equiv. MgO Tot. Sol. 
---------,--

% % % % 

2.15 117.9 9.2 0.88 .0015 
None 

1.08 87.2 14.8 detected 
None 

99.2 (1) detected 
--------

'''Ie have a few minutes for 
questions. 

(No response.) 
VVe are getting pretty smart 

Mr. Chichilo will describe the 
status of analytical methods for the 
odd elements in limestone and tell 
us some of the things he is doing_ 

Method of Analysis of Liming Materials 

P. P. Chichilo 

Introduction 

M ORE than 23,000,000 tons of 
agricultural liming mater­

ials are being applied annually to 
soils of the United States. The 
main objectives of these applica­
tions are to neutralize soil acidity 
and to supply calcium and mag­
nesium. However, most liming ma­
terials are not pure calcium and 
magnesium compounds and in the 
application of these materials other 
elements which have agricultural 
significance, are being added to the 
soil. 

Table I shows the tonnages 01 
elements added annually to United 
States soils by the application of 
agricultural limestone. These ele­
ments are not spread uniformly 
over the land because of great var­
iations in the composition of lime-

stones. Through liming, some areas 
may be receiving enough of certain 
elements to meet crop needs, while 
in other areas, the amounts pres­
ent in limestone may have no sig­
nificance. 

As fertilization and liming 
practices are put on a scientific 
basis, detailed knowledge 01 the 
total composition of such materials 
becomes desirable. At the sugges­
tion of the Association of Ofhcial 
Agricultural Chemists we have 
been investigating methods for the 
determination of aluminum, iron, 
manganese, phosphorus and titan­
ium in silicate and carbonate lim­
ing materials. The aim of the study 
is to select methods which are rap­
id, accurate, and suitable for rou­
tine use with ordinary laboratory 
facilities. Colorimetric methotl:; 
seem most suitable at this time. 

Table 1. 
Tons of Elements Added Annually to Soils of United States Farms by the Use 

of Agricultural Limestone. 

Element 

Calcium 
Magnesium 
Silicon 
Aluminum 
Iron 
Potassium 
Sulfur 
:YIanganese 
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Tons Added 

6,900,000 
1,1 00,000 

540,000 
100,000 
98,000 
52,000 
25,000 

7,600 

Element 

Sodium 
Fluorine 
Phosphorus 
Zinc 
Vanadium 
Boron 
Copper 
Molybdenum 

Tons Added 

6,900 
5,300 
4,800 

710 
250 

92 
62 
14 
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Fiqure 1. 

Methods of Analysis 

Figure I shows. where the 
methods selected fit mto the Of­
ficial Scheme for the analysis of 
liming materials. The Official 
Scheme is indicated by the solid 
lined blocks on the left. 

In this scheme silica is dehy­
drated with perchloric acid. The 
R20,~ group and calcium and mag­
nesium are determined in the fil­
trate from the silica separation. 
This same filtrate is used as the 
sample solution in the present 
study of colorimetric methods for 
alu~inum, iron, manganese, phos­
phorus, and titanium. 

Bases for the methods are: 
formation of a colored "lake" by 
aluminum with ammonium aurin· 
tricarboxylate (Aluminon); forma­
tion of an iron derivative of 2, 4, 6-
tripyridyl-s-triazine CTPTZ); oxi­
dation of manganese salts to per­
manganates with potassium period­
ate; reduction 0.£ molybdophos­
phoric acid to a heteropoly blue 
product; and for:nat~on of a chelat.e 
complex by tItamum and ch­
scdium-l, 2-dihydroxy benzene-3, 5-
disulfonate (Tiron). 

The adequacy of the directions 
in the methods was established by 
the use of ruggedness tests. In these 
tests variations were made in the 
amounts and order of addition of 
reagents, duration of heating time, 
rate of cooling, etc. After the rug­
gedness tests were completed, lim­
ina- materials including: limestones, 
bl~st furnace slag, and cement kiln 
dust were analyzed using the meth­
ods selected. National Bureau of 
Standards standard limestone sam­
ples were used to check the accur­
acy of the methods. 

The following is a brief out­
line of the methods being studied. 

Aluminum: - Transfer an ali­
quote of sample solution « 80 p.g 

Analysis of liming Materials (Percent I 

Material AI Fe Mn P Ti 
~ .... --.. -- . ~- ~~--- ... ~-.. .. .... ~--... ~ ... 

Limestone I a 2.23 1.07 .035 0.60 .104 
Dolomite 88 .05 .07 .003 .001 .005 
Limestone 145 1.38 .87 .039 .027 .077 
Blast Furnace Slag 6.53 .46 .668 .002 .235 
Cement Kiln Dust 2.74 2.10 .140 .023 .158 

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

._M __ .-.. -----~~ 

Fiqure 2. 

AI) to a 100 ml vol. flask and dilute 
to 20 ml with water. Add 2 ml 
thioglycolic acid solution (I 
solution) , 0.5 ml anti foam solution 
and 10 ml aluminon solution. Place 
the flask in boiling water for 20 
minutes, cool and make to volume. 
Measure transmittance at 525 l11p. 
and determine aluminum by re­
ferring to the standard curve. 

Iron:-Transfer an aliquot of 
sample solution « 100 p.g Fe) to 
a 100 ml vol. llask. Add 3 ml hy­
droxylamine hydrochloride solu­
tion (10% solution), 10 ml TPTZ 
solution, and ammonium hydrox­
ide to a permanent violet color. 
Add 10 ml sodium acetate buffer 
solution and dilute to volume. 
j\[easure transmittance at 593 mp' 
and determine iron by referring to 
the standard curve. 

Manganese: To an aliquot 
of sample solution « 500 fLg Mn) 
in a 150 ml beaker, add 25 ml of 
acid mixture (HNO" H"P0 1) 

and 0.3 g. potassium periodate. 
Bring to a

C 

boil and keep at boiling 
temperature for 10 minutes after 
the color appears. Transfer to it 50 
ml vol. flask, cool, dilute to volume, 
and mix. iVleasure transmittance at 
525 mfL and determine manganese 
by referring to the standard curve. 

Phosphorus:-Transfer an ali­
guot of sample solution «75p.g 
P) to a 100 ml vol. Hask. Add 5 
ml ammonium molybdate solution, 
5 mi hydrazine sulfate solution, and 
dilute to 70 ml. Place flask in boil­
ing water for 9 minutes. Cool and 
dilute to volume. Measure trans­
mittance at 827 mp' and determine 
phosphorus by referring to the 
standard curve. 

Titanium: - Transfer an ali­
quot of sample solution « 75 p.g 
Ti) to a 50 ml beaker and dilute 
to 25 ml. Add 5 ml Tiron solution 
and ammonium hydroxide drop­
wise until the solution is neutral 
to Congo red paper. Transfer to a 
50 ml vol. flask, add 5 ml sodium 
acetate buffer and dilute to volume. 
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Add 25 mg of dithionite and meas­
ure transmittance at 410 mp' within 
15 minutes after the addition. De­
termine titanium by referring to 
the standard curve. 

Results 

Figure 2 shows the results 
of the analysis of five liming ma­
terials using the methods just 
outlined. Aluminum and iron are 
relatively high in liming materials. 
Aluminum ranged from 0.05% in 
dolomite to 6.53% in blast furnace 
slag. Iron ranged from 0.07% in 
dolomite to 2.10% in cement kiln 
dust. Manganese ranged from 
0.003% in dolomite to 0.67% in 
blast furnace slag. Phosphorus and 
titanium are relatively low in these 
samples. 

The methods for these five ele­
ments are now being subjected to 
a collaborative study among several 
laboratories. 

Other Work 

Finally, I would like to call 
your attention to a colorimetric 
method for silica which is more 
rapid than the classical gravimetric 
procedure and is more convenient 
for large numbers of samples. In 
this colorimetric method, the sam­
ple is fused for 5 minutes with 
sodium hvdroxide. The melt is dis­
solved in' dilute acid. A complex 
is formed between silicic acid and 
ammonium molybdate. This silico­
molybdate complex is reduced to 
molybdenum blue and the trans­
mittance of the solution measured 
and compared to standards. The 
colorimetric method was studied 
collaboratively among eleven lab­
oratories in 1962 and is now an 
Official Method. 

(Applause.) 
DISCUSSION LEADER HILL: 

Thank you, Pete. 

Any comments, questions? 
(no response.) 



I have a question. '''hat is the 
interest in titanium in limestone? 

MR. CHICHILO: \Ve determined 
titanium just to have a picture of 
the total composition. If you deter­
mine calcium, magnesium, silica, 
iron, aluminum, Inanganese, phos­
phorus and titanium, you can ac­
count for 99.5 per cent of thc sam­
ple. 

DISCUSSION LEADER HILL: Some 
15 years ago there was a rising in­
terest in the use of radiophosphor­
us as a means for labelin~ phos­
phate fertilizers for usc in field 
tests. A pfGduction program was 

started in a vcrv \'crv small way 
about [948 in B~l~will~. The peak 
of intercst was passed around 1952 
and has fallen irregularly through 
the veal'S until it is now pretty 
smaIl business. There is still ;t 
sizeable number of people scattered 
around who feel the need for 
labeled fertilizer to conduct the ex­
periments they have envisioned. 

Mr. \Vieczorck has been rUll­
ning the production show for the 
last 10 years. He will now tell you 
a little something about what he is 
doing and how the business is go­
ing. 

Experimental Fertilizer Production at Beltsville 

G. A. Wieczorek 

T ODA Y you have heard of some 
of our work on mtrogen, phos­

phates, lime, micronutrients and 
many other things. vVe are also en­
gaged in the preparation of n umer­
ous laboratory test preparations on 
a small scale, including those con­
taining radioactive phosphorus. 

Abollt 1940 there was it mount­
ing interest in the use of isotopes 
in medicine, industrial work, amI 
in agriculture. About that time 
word went around that the atomic 
reactor could produce as byprod­
ucts many of the physiologically 
essential elements in quantities suf­
ficient to do a reasonable amount 
of testing, and there were a number 
of meetings held here in Washing­
ton. A group of industrial and go\'­
ernment men met and formed a 
committee and our Vincent Sau­
chelli, I believe, was the first chair­
man. They worked out the finan­
cial backing and research planning 
for the beginning of the broad 
program. 

A decision was made at that 
time to centralize the work at Belts­
ville because cf the hazards of the 
isotopes, the necessary regulations 
anc! authorizations, and waste dis­
posal problems. I t was also desir­
able to strive for uniformity of the 
radioactive, physical, and chemical 
properties of the materials, partic­
ularly those to be compared with 
one another. Licenses were issued 
by the Atomic Energy Commission 
on a project basis for awhile. and 

then on an annual basis to a radio­
logical committee wi thin the De­
partment of Agriculture. 

Figure I is a production rec­
ord of the annual output in pounds 
of P e()", a total of all the materiab. 
It can be seen that initially there 
was a rather rapid increase in the 
output, because many 01 the experi­
ments were on a large scale. Em­
phasis was on sources of phosphor­
us: superphosphate, monoammon­
ium phosphate, calcium meta and 
other {used materials, and also 
phosphate rock. However, we were 
not able to use irradiated phos­
phate rock in agronomic experi­
ments, because of the many differ­
ent. nuclides formed. Their pres­
ence greatly confused the interpre­
union of the results. 

~1Ihlj .. 1. ;CUlS 
(F 'uo:r:ocrffi HRTn:zr~s 

,,., 
Figure 1. 
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About 1954 emphasis shifted 
to smaller experiments of better de­
sign. \\'e began producing mater­
ials for unilorm experiments ancl 
shipped them to several states sim­
ultaneously so that work could he 
done on a number o[ soils under 
different climatic conditions on olle 
crop such as corn or grain. Then, 
interest shifted again to mixed fer­
tilizers of higher analysis. Studie~ 
were made of yariations in water 
solubility 01 the phosphate, dilter­
ences in particle size, and the ef­
fects of adtling nitrogen and phm­
phorus (simultaneously or alter­
nately) on uptake and yield. 

Recently, as l\Ir. Hill has 
said, interest in this ('ountry, has 
dedined, though it has increased ill 
foreign countries, particularly in 
water soluhle materials such as am­
monium phosphates. In the last 
couple of years we'\'e shipped thou­
sands of weighings of superphm­
phate by air to a group or cooper­
ators under the auspices oJ the In­
ternational Atomic Energy Agency. 
Studies were made 01 dillerent 
types and rates 01 application ill 
ali(lilioll to irrigation practices lor 
rice in Pakistan, Indonesia, the 
Philippines, Korea, India. and 
Hungary. 

The plant occupies it small 
area at the west side of the Plant 
Industry Station. It consists of two 
2-story cinder block buildings. The 
workers enter the plant and take oil 
their outer clothing, and each put;, 
on a special uniform, hat, lacc­
shield, respirator, and shoes \""hieh 
arc kept in the plant at all time,. 
A film badge and sometimes also 
dosimeters are worn to indicate the 
amount of exposure received. 

There are two main haz;tnb 
incurred while working with iso­
topes. One is the radiation itself. 
which for p:J2 is a beta rediation, 
and the other is particulate COIl­

tamination by ingesting dust. 

Checks must be made contin­
ually on the total amount of radia­
tion that each lllall receives, and 
frequent checks on dust concentr;l­
tions. One of t he tests is an a 11-

alysis of the urine, which is done 1)\ 
precipitating the phosphorus and 
comparing the assay to that of ;\ 
known amount of activity. The 
amount of P-32 that can be toler­
ated in the body is something like 



IO microcuries, and the amount 
that can be breathed safely continu­
uously is very, very small. In the 
room where the men change clothes 
there is a hand and foot monitor 
for checking possible contamina­
tion as they leave the plant. 

The P-32 isotopes arc supplied 
by the Union Carbide Nuclear 
Corp., Oak Ridge, Tennessee, as 
'separated phosphorus', which con­
tains no P-31 atoms, and in the 
form of H 3P04 dissolved in dilute 
HCI. The specific activity is quite 
high, but it is reduced at once by 
dilution to permit safe h andling. 
The radio active solution is assayed 
by the supplier, and this permits 
quite close control of the speci fic 
activity of each batch. 

For several years we were sup­
plied P-32 as irradiated KH 2P04 ; 

we estimated the amount of activity 
it contained, and weighed the salt 
needed for each batch. Later on, 
the salt was supplied in an assayed 
solution. Now, sulfur is irradiated 
to produce pure P-32. Thus we 
have a supply of beta radiat ion un­
contaminated with radioactive 
potassium, which is a gamma emit­
ter. 

The radioactive solution is de­
livered to Beltsville in a small 
bottle, centered in a tin can, which 
is in turn centered in a cardboard 
box. The package is opened be­
hind a lucite shield, and the bottle 
is emptied and washed into a vol­
umetric flask or directly into a con­
tainer in which a batch is to be 
made. Large bottles of isotopes are 
placed in a lucite container which 
acts as a shield, and the solution is 
poured into shielded graduates. 
Close estimates of the amount of 
exposure per minute and the re­
quired time are prepared in ad­
vance of each operation. 

P-32 is considered a modera te­
ly hazardous istope, and when in­
gested into the body it goes to the 
bone. It has a half-life of 14 days 
and an energy of about 1.7 million 
electron volts. This means that 
there is sufficient energy to permit 
experiments of considerable dura­
lion for crop work without h av ing 
too high a specific activity a t the 
beginning of the experiment. This 
is for our own protection as well as 
those who use it. 

Figure 2. 

Figure 2 shows the mixmg 
equipment in which phosphate 
rock is acidulated with a tagged 
acid solution. Most of our requests 
have been for ordinary or concen­
trated superphosphate, or for ma­
ter ials in which one or the other is 
it source of the phosphate. Two op­
erators work as a team, one or the 
other always monitoring with a 
beta-gamma survey meter. 

The acidulations are carried 
out in an 8-gallon stainless steel 
can; the batch weighs about 15 
pounds. The mixer rotates in one 
direc tion, the paddles in the other. 
'Ve have experimented with differ­
ent rocks, but mostly we have used 
a high-analysis, finely ground Flor­
ida rock. Some of the rocks which 
have come to our attention recent­
ly, such as those from Baja, Cali­
fornia, Peru, and North Carolina, 
occur naturally in a rather finely 
divided condition. We have noted 
that fractions of the unground 
rock, such as the 100-150-mesh frac­
tion, do not react nearly as rapidly 
as a similar fraction of the ground 
rock. Little or no difference in 
phosphate availability is noted af­
ter several days of curing, however. 
In the radioactive superphosphate, 
which we acidulate one day, cut out 
the next, then analyze, often am­
moniate or incorporate in a mixed 
fertili zer, weigh field applications 
and ship, all within a week, we are 
concerned with the uniformity of 
the surface area of the phosphate 
source. 

The curing oven opera tes at 
70° C, with 90% of the air recircu­
lated. It holds G of the 8-gaI. cans. 
The cans are handled with a long 
bar with a cradle hook, to permit 
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the man to keep his distance from 
the high activity. 

Figure 3. 

Figure 3 is a picture of the 
excavator. This is a framework 
into which a can of cured super­
phosphate is clamped . The frame 
is changed from a vertical to a hor­
izon al position, and the can is ro­
tated at about 40 rpm. A long bar 
with sharp edges is inserted into the 
center of the materia l and gradual­
ly moved outward to the edge. 
Thus the superphosphate is shaved 
into a hopper and falls into an­
o ther can. The operator is protect­
ed by the upper lucite shield, 
through which he can see, and the 
lower metal shield which swings 
aside to permit removal of the can­
ful of pulverant product. 

All of our equipment is housed 
in masonite shielding with filtered 
exhausts. The exhaust pipes go 
out above the roof, and we fre­
quently check for possible contam­
ination of the outside atmosphere. 
This must be done also on water 
drainage from the sinks. In many 
of our preparations we have fil­
trates or some washing solutions, 
material overages, and paper trash 
which constitute the radioactive 
waste. This is stored in a shielded 
area through several half-lives be­
fore disposal in a designated area. 

A disintegrator is used to fur­
ther pulverize the superphosphate. 
It m ay not be completely cured, 
and it is difficult to grind super­
pho~phate when it is not complete­
ly dry. The disintegrator is a stain­
less steel cylinder 18 in. diam., 12 
in. long, with perforat ions in the 
outer surface equivalent to a No. 
12 U. S. standard screen. There 



are about 30-35 pebbles, 1 in. 
diam., inside the cylinder, and they 
force the superphosphate through 
the perforations into a hopper 
which empties into a cement-type 
mixer on the floor below. The ma­
terial is fed into the cylinder by 
means of a long-handled scoop, 
about Y; pound at a time. Infra­
red lights are mounted above the 
rotating cylinder, and they serve to 
dry the equipment if it should get 
clogged. 

After the mixing operation, 
the material is stored in covered 
cans awaiting results of analyses. 
Based on the P20;; content, the dif­
ferent weighings are made for the 
field a pplica tions. 

Several other pieces of equip­
ment are used for processing radio­
active material. These include a 
V-shaped mixer, 1 cu. ft. capacity, 
equipped with a hollow tube in the 
axial position around which the 
mixer rotates horizontally. The 
tubing is perforated, and ammonia, 
steam, moist gases, etc. can be ad­
mitted from either end. 

Materials of high specific ac­
tivity are prepared in a hood which 
has three sliding panes of glass for 
frontal access. Inside there is a 
water bath in which a 10-gallon 
stainless steel can is mounted. 
Stirrers and blowers are provided 
for solution or air agitation, and 
the water bath can be operated 
from e to 100° C. Ammoniations, 
precipitations, and preparation of 
slurry mixed fertilizers are conduct­
ed in this equipment; also the pro­
duction of small lots of individual 
phosphate salts, either soluble or 
insoluble in water. For example, 
tagged solutions of phosphoric acid 
or of a water-soluble phosphate are 
added dropwise to an agitated solu­
tion of a calcium or magnesium 
salt, or a lime slurry, with pH and 
temperature control. Ammonia is 
often used in these preparations. A 
suspension of dicalcium phosphate 
dihydrate is digested at 98-100° to 
convert it to the anhydrous form. 
Often the preparations are washed 
with acetone to remove excess 
water or phosphoric acid. Filtering 
is accomplished with the lise of 
porous stainless steel discs, fritted 
glass, or porous clay tubes. 

An evaporator for mixed fer­
tilizers, which we call a grainer, 

and which was constructed by our 
shop, is seen in Figure 4. It is 
somewhat similar to the equipment 
in the hood but has a strong set of 
paddles that scrape the sides and 

Figure 4. 

bottom of the stainless steel can 
containing the batch. A small 
blower agitates warm air over the 
surface of the slurry, and a nega­
tive pressure is maintained in the 
enclosure by a strong blower which 
removes the evaporated water 
through a filtered exhaust stack. 
Infrared lights are mounted above 
the surface of the slurry to mini­
mize the cooling effect of the evap­
oration. 

Over the years we have had 
many requests from cooperators for 
mixed fertilizers with little or no 
variation in certain physical or 
chemical properties. However, they 
also wanted to know whether their 
tests were glvmg results close 
enough to those that would be ob­
tained with the use of materials 
that were commercially available. 
vVe decided to make two kinds of 
slurry mixed fertilizers. 

One we call the synthetic or 
mixed-salt type in which we start 
with pure, separately tagged dical­
cium phosphate and/or mono- or 
diammonium phosphate. \Ve then 
add other ingredients to give ~I ser­
ies of mixed fertilizers in which a 
specific property such as the water­
or citrate-solubility of the phos­
phate is varied stepwise. Combina­
tions of nitorgen and potassium 
salts are used, and a filler which is 
usually diatomaceous earth. This 
filler does not contribute any ap­
preciable differences in physical or 
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agronomic effects as sand, clay, or 
limestone may do. 

The other type is called the 
commercial type, since we start 
with a superphosphate, usually am­
moniated, or an ammoniated nitric 
phosphate. Other salts and a filler 
are added to the slurry which is 
then evaporated to dryness. \J\lhen 
the material is dry, it is ground 
in a hammer mill, mixed, analyzed, 
weighed, packaged, and shipped as 
pulverant material or it is granulat­
ed and reanalysed before shir}ment. 

The granulator that we use is 
a simple framework on which stain­
less steel drums ()f different sizes can 
be mounted. The drum is rotated 
at about 30 rpm and can be tilted 
to any angle. Water is sprayed onto 
the tumbling mass of ground ma­
terial. The operator stands behind 
a lucite shield and observes the 
course of the granulation; he uses 
long, thick rubber gloves to protect 
his hands and forearms. Some dry 
fines are kept until near the end 
of the spraying and are added to 
control the size buildup. Infrared 
lights are mounted around the can 
to provide some drying so the prod­
uct can be screened and the yield 
measured. Further drying is usual­
ly necessary. Experiments on par­
ticle size require close control of 
chemical composition, so that 2 or 
3 pre-runs are made to determine 
as closely as possible the conditions 
which give a satisfactory product 
throughout the particle size range. 

In recent years there has been 
more uniformity among experi­
menters on the acceptable particle 
size spread. Six to twenty mesh is 
now widely used. 

Variations in composition oc­
cur frequently among the various 
particle size fractions in a series in 
which many different fractions are 
represented. Some typical analyses 
are shown in Figures 5 and 6. Two 
sets of materials were prepared for 
experiments at Michigan State Uni­
versity. One .series of the mixed 
salt type, 12-12-12 grade, was pre­
pared at 6 different levels of water­
soluble phosphate content. The 
ratio of the amounts of dicalcium 
phosphate and monoammonium 
phosphate was varied throughout 
the whole range. Results of an­
alyses are shown in Figure 5. 



12-12-12 Fertilizers 
Mixed-Salt Type 

Water-sal. P 205 

% a-f Total 

Intended range 

0-3 

8-10 

18-20 

28-30 

40-45 

85-90 

Found 

1.8 
1.5 
9.0 
9.1 

18.0 
18.2 
28.2 
29.6 
41.2 
41.9 
81.6 
81.6 

Total N 

% 

11.4 
11.9 
11.3 
12.1 
11.0 
12.1 
11.7 
12.0 
10.9 
12.0 
10.8 
11.5 

12.6 
12.1 
12.4 
12.2 
12.7 
12.6 
13.0 
12.1 
12.0 
12.0 
11.3 
12.1 

Total K20 

% 

11.7 
11.7 
11.7 

11.7 
11.9 
12.2 
11.8 
12.0 
12.1 

Granule 

size 

Mesh 

4-6 
28-48 

4-6 
28-48 

4-6 
28-48 

4-6 
28-48 

4-6 
28-48 

4.6 
28-48 

Figure 5. 

Results of analyses of a series 
of a commercial type of mixed fer­
tilizer, ammoniated nitric phos­
phates in this instance, are given 
in Figure 6. The first member of 
the series, the low water-soluble 
one, is the true nitric phosphate. 
However this material always ex­
hibits some water-solubility, be­
cause of the fact that some 
NH,H2 PO., is formed in the am­
moniation step, and there is some 
influence on the water solubility 
of the CaHPO I by the water solu­
ble salts present. vVe have used 
magnesia to facilitate the prepara­
tions of materials of reproducible 
low water solubility. 

A mechanized tablet machine 
is available for processing certain 
rna terials that are difficult to gran­
ulate, such as dicalcium phosphate 
or most of the water-soluble phos­
phate salts. Although the opera­
tion is not characteristic of com­
mercial fertilizer manufacture, we 
have ta bletted for tests in which 
it is desired to maintain close con-

trol of the weight of particle, or 
where a comparison is to be made 
among a large group of different 
materials of variable granulatabil­
ity. 

A series of tabletted materials 
was prepared and tested in the 
laboratory and greenhouse to deter­
mine the effect of soluble salts on 
the water-solubility of water-insolu­
ble salts such as dicalcium phos­
phate. Most of the salts could be 
grouped into three distinct classes, 
depending on their effect, whether 
it was a severe effect on solubility, 
a moderate one, or a negative ef­
fect. Availability tests in the green­
house were in good agreement with 
these results. 

\l\Te also granulated a series of 
materials for the comparison of 
ordinary superphosphate with mix­
tures of dicalcium phosphate with 
either monoammonium phosphate 
or calcium sulfate in several differ­
ent particle sizes. Rate of applica­
tion and effect of the fixing capa­
city of the soil was studied; difler-

Figure 6. 

._-------

Water-sol. P 20;; 

% of Total 

Nitric Phosphates 
Commercial Type 

------------
Available P20;; 

% of Total Total N 
-------- - --- -------- ------- - --------- -

Intended 

10 
25 
34 
55 
70 

100 

Found 

14.7 
32.0 
41.3 
56.9 
69.7 

100 

75.4 
89.8 
91.6 
93.7 
95.2 

100 

% 
17.6 
19.2 
20.3 
21.2 
22.0 
25.2 
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% 
20.5 
21.2 
21.1 
22.3 
22.9 
25.4 

ences among the particle sizes were 
noted. 

Figure 7. 

An electric furnace is shown 
in Figure 7. It is heated by globar 
elements and is operated up to 
1450° C. Calcium metaphosphate 
glass is tagged by adding alternate 
layers of ground Ca (PO a) 2 and ac­
tivity in a clay crucible and heat­
ing to 1100 0 c., holding for 30 
minutes, and pouring onto a cold 
steel plate to quench. The glass is 
broken into fine lumps, and ground 
in a hammer mill to -40 mesh. 
Fused tricalcium phosphate is pro­
duced by preparing a charge con­
sisting of a material wi th a Ca 0 / 
P 2 0;; ratio of 1.40 and saturated 
with Si02 , added in alternate layers 
with the labeling compound in a 
quartz crucible, and fusing at 
1450°. The product is g uenched 
by pouring the melt into an agi­
tated water bath, broken up, and 
ground to pass a 40 mesh screen. 

The large electric furnace 
holels 6 or 7 large crucibles each of 
6 lb. capacity. We have two small­
er furnaces which hold single cru­
cibles, and a muffle furnace for 
heating platinum crucibles. Pyro­
phosphates and slags have been 
tagged on occasion. 

After the radioactive mater­
ials are prepared and analyzed, they 
are weighed for shipment either in 
bulk amounts or in calculated por­
tions for direct application in field 
experiments. The weighing opera­
tion is carried out in assembly line 
fashion. The first man stands be­
hind a shield and removes some 



material trom a can with a long­
handled scoop. 

He weighs into a weighing 
scoop on a shadowgraph scale, with 
an accuracy of .0 gram. The 
next mall takes the scoop and 
dumps the portion into a mason 
jar, of pint, pint, or quart capa­
city. A specially designed cap is 
used, • .vhich consists of a galvani/ed 
lid with porcelain insert, a round 
rubber ring without lip, and a card­
board disc which is waxed on one 
side. The waxed disc adheres to 
the jar top when the cap is re­
moved, thus minimizing the possi­
bility of dust coming out of the jar 
onto the user. The third man puts 
the capped jar into a cardboard 
telescope tube which he tapes and 
places into a cardboard carton for 
shipment. 

The elapsed time between the 
receipt of isotopes at Beltsville to 
the date of shipping is usually 6 to 
H days. Since the half-life of P-32 
is 14 days, and the user has his 
plants ready [or the fertilizer as 
soon as it is received, significant 
results can be obtained for 3 or 4 
months without the necessity of 
large rates of specific radioactivity 
during manufacture. 

vVe have shipped something 
like 50,000 weighings in the 15 or 
16 years of operation, a nd we have 
used about 230 curies and about 
3,000 pounds of P 20:; during this 
period. There have been over 1100 
separate shipments, generally in the 
spring of the year; and this is a 
good estimate of the number of ex­
periments that have been. conduct­
ed. There have been about 500 
published papers reporting the re­
sults. 

\Vhen the jars are received at 
their destination, they are again 
monitored, radiation levels are de­
termined, and tests for contamina­
tion are made. A metering hopper 
designed by the Agricultural Engi­
neering Division of the ARS is used 
to dispense each application onto 
a conveyor which is attached to a 
tractor. A uniform application can 
be made broadcast, in a furrow, or 
at a series of points. 

Besides P-32 we use some other 
isotopes for agricultural research. 
One of them is S-35, with which we 
tag elemental sulfur or calcium sul­
fate. \Ve also have used Ca-45 in 

calcium sulfate. and Sc-46 for tag­
ging sand grains [or work on the 
movement of sand particles in 
stream bells. A very high tagging 
rate of gamma activity was used. 
Gamma radiation is much more 
penetrating than the beta which is 
emitted hy P-32. \Ve use several 
different isotopes, rubidium, iod­
ine, caesium, barium, and gold to 
tag fine glass beads for fallout tests. 

The laboratory has been en­
gaged in the preparation of numer­
ous materials other than those con­
taining radioactivity. Frequently 
we synthesize J OO-lb. lots of mixed 
fertilizer, either sl urried or dry­
mixed. Sometimes commercial ma­
terials are used as bases to which 
other chemicals are added. 

A few years ago a study was 
made of the effects of zinc com­
pounds on the caking of fertilizers. 
A 4-12-12 mixed fertilizer was 
chosen for the tests, and zinc sul­
fate, carbonate, basic carbonate, or 
chelate was added. Slurry-mixing 
of all the ingredients resulted in a 
fertilizer which was non-caking un­
til it was subjected to pressure such 
as in bag storage tests. The mater­
ial was fine-grained, and when sub­
jected to pressure gave cakes of 
rather high crushing strength. Am­
moniation of superphosphate be­
fore incorporating it into the 4-12-
12 reduced the caking. Use of am­
monium nitrate increased the cak­
ing somewhat. Zinc chelates re­
duced the caking tendency. 

Some work was done with coat­
eel fertilizers for control of rate of 
dissolution. \'Ve used road oils and 
similar materials, water glass, par­
affins, and resins. It is difficult to 
characterize such materials. 

\Ve have added molybdenum 
in various percentages to super­
phosphate for work on alfalfa in 
the Southeastern States. Several 
mixed fertilizers were prepared for 
ion exchange studies, consisting of 
superphosphate mixed with cal­
cium nitrate, ammonium sulfate, 
and potassium salts of the three 
mineral acids. These tests were 
also conducted in the South. 

V\'e have prepared glasses con­
taining minor nutrients, and these 
have been incorporated into phos­
phates and mixed fertilizers for the 
study of effects of storage or of soil 
solutions on the availability of the 
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glass components. At present we 
are working on the addition of ele­
mental sulfur to concentrated sup­
erphosphate and to mixed fertiliz­
ers. 

D ISCLSSIO:\ LEADER HILL: 

Thank you, George. 

One of the problems with the 
radioactive labeling work has been 
that you get ready to make 100-
pound batches and folks want 5 
pounds, or 500 pounds. The basic 
problem is to provide equipment 
of the right size to do the job we 
are asked to do. 

Before presenting the next 
speaker I should emphasize two or 
three points that have emerged to­
day, at least they have come to my 
mind as being the overall things 
that stand out. 

If one compares our doings 
with the pattern of fertilizer busi­
ness in the world, it will be seen 
that we have a very good standing 
in a good many particulars, but 
not in all particulars. \Ve are not 
ahead in everything, and I think it 
is welJ that we realize that we are 
not. f'or example, we do not look 
so good on exports. Maybe some of 
the compani~ which you folks 
work for would like to change that; 
and perhaps if we get oiled up a 
little more, it will cIlange. 

Another thing is that fertiliz­
ers nowadays are being made for 
specific purposes. You are not just 
going out and making fertilizer 
and then trying to sell it, but you 
are making fertilizers for particular 
purposes. 1 think that's a good 
thing. 

The last thing that I shall men­
tion is that we have speeded up the 
production line. We have used 
automatic devices to produce our 
fertilizers, to run them through the 
line, but over in the control labor­
atory we are getting on with 50-
year old methods and with 50-year 
old procedures. I am not thinking 
so much about analytical proce­
dures, but we simply have not auto­
mated control procedures, amI this 
is a job that management is going 
to have to do. I do not know whose 
fault it is that this feature has not 
received more attention, but it 
seems to me that updating control 
operation is a very, very important 
part of the business of making fer­
tilizers. 



vVe have saved the best to last. 
The last speaker listed on the pro­
gram is Mr. Scholl, but Mr. Scholl 
prefers to speak through Gordon 

Schmidt this afternoon. Gordon is 
Mr Scholl's running mate and what 
the one knows the other one knows. 
They speak the same language. 

Trends in Fertilizer Consumption 

G. W. Schmidt 

DURING the next few minutes 
I want to discuss the differ­

ent classes of fertilizers consumed, 
the proportions of nutrients in the 
fertilizers, the changes in the fer­
tilizer materials and say something 
about the prices of fertilizers. 

There are several approaches 
one can use in covering this. He 
could use the brassiere approach 
and cover a couple of points briefly, 
or use the slip approach and cover 
the whole subject lightly or use the 
girdle approach and cover the 
broad aspects of the matter. 
(Laughter.) I shall use the girdle 
approach. 

Great Lakes, and beneath this reg­
ion is the East South Central. The 
area with the figures 13 over 3 is 
the '\lest South Central. The 
Mountain region is west of these 
two and the last region on the 
left hand side of the map is the 
Pacific. 

Each of these regions has a 
number above the line and one 
below. The upper numbers repre­
sent the percent consumption in 
1962 and the lower numbers rep­
resent the percent consumption in 
1945. 

This chart shows that fertilizer 
consumption is shifting from the 

DISTRIBUTION-1945 AND 1962 
PERCENT 

This is a map of the United 
States showing the regional divi­
sions which we use for showing our 
fertilizer consumption. I will be 
referring to these regions in sub­
sequent charts. The first one in the 
upper right hand corner is New 
England, the next one down is the 
Middle Atlantic. The South Atlan­
tic Region is located in the lower 
right section of the map. The East 
North Central region is next to the 

~.'.-

Key 
1962 
1945 

Eastern section of the United States 
to the West. In 1945, 81 percent 
of the total fertilizer consumption 
was used east of the Mississippi 
River; in 1962 only 63 percent was 
used in that area. The most de­
cided change during the period 
1945 through 1962 occurred in the 
'\lest North Central region. Cur­
rent consumption of all fertilizers 
in the West North Central region 
is 3,464,603 tons compared with 
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only 462,265 tons in 1945. Fertil­
izer consumption is now higher in 
all regions of the U. S. except New 
England where consumption de­
creased slightly since 1945. 

Chart 2 shows that more fer­
tilizers are consumed as mixtures 
which are applied during the plant­
ing season followed by top-dressing 
materials. The greater spread in 
material consumption may partial­
ly be explained in that more ma­
terials, such as ammonia and nitro­
gen solutions are being used during 

MIL. TONS -FERTILIZER 
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the planting seasons. Also more 
materials used for bulk-blends are 
being reported as materials rather 
than mixtures. Consumption of 
fertilizer in 1962 totaled over 26 
million tons 16 million tons of 
mixtures and 10 million tons of 
materials. These tonnages repre­
sent an increase of 79 percent for 
mixtures and 137 percent for ma­
terials since 1945. 

Chart 3 divides the national 
consumption by classes presented in 
the previous chart into regional 
consumption. Consumption in 
New England has generally de­
creased. During the period 1945 
through 1955, there was generally 
a marked increase in all other reg­
ions. After 1955, regional con­
sumption shows wide variations, 
some classes increasing and some 
decreasing. Mixture consumption 
has been about the same in the 
Middle Atlantic region since 1955. 
Consumption of materials in this 
region started decreasing in the 
early 1950's and has remained rela­
tively unchanged for the last sever­
al years. 

The South Atlantic region has 
consistently used the largest ton­
age of fertilizer. In recent years. the 
increase in mixture consumption 
has been slight but steady, al-
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though not always exceeding the 
previolls year's conslImption, 
Changes in direct application ma­
terial consumption have been in­
significant throughout the period 
covered in this discussion, 

In the East Xorth Central 
region since 1954 mixture con­
sumption has decreased slightly 
whereas consumption of materials 
increased, During the period 194:5 
through 1962 the greatest growth 
in fertilizer usage was in the 'Vest 
North Central region and was fol­
lowed closely in the East North 
Central region, Consumption in 
these two regions, respectively, 
changed from ,about one-half mil­
lion tons to about 3,5 million, an 
increase of 3 million tons and from 
2.2 million to nearly 5 million, an 
increase of 2.7 million, 

Not much change has taken 
place in the }~ast South Central 
region since 1950 with either class 
of fertilizer. Consumption of both 
mixtures and materials has in­
creased at a fairly rapid rate in the 
\Vest South Central region. Moun­
tain region consumption is still rel­
atively low compared to other reg­
ions in the United States but shows 
increase in both classes. Direct ap­
plication materials are increasing 
much more rapidly than mixtures 
in the Pacific region. Very little 
change has taken place in the non­
contiguous areas with either mix­
tures or materials. 

Chart 4 shows the increase in 
use of nutrients in mixtures in the 
United States, Available P Z0 5 has 

Maferials 

Mixtures 

always been used in the largest pro­
portion, followed by KzO and ni­
trogen, One ton of mixed fertilizer 
in 1962 is equivalent to 1.5 tons 
used in 1945 as the composition of 
mixtures has shown almost con· 
tinual increases in nutrient con­
tent. In 1945 the total primary nu­
trient content amounted to about 
21 percent. In 19(i2 this had m· 
creased to about 33 percent. 

PERCENT NUTRIENT CONTENT 
MIXED FERTILIZERS 
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Chart No. 5 shows how the 
proportion of nutrients in mixtures 
has changed since 1945. In 1959, 
nitrogen surpassed the percentage 
of K2 0 used in mixtures and has 
continued to be used in greater 
proportions since then. The per­
centage of available P 2 0 U used in 
mixtures has increased each year 
since 1945, but at a much slower 
rate, In 1962 the average primary 
nutrient content in mixtures was 
7.01 percent nitrogen, available 
P20;; 13.48 percent, and K 20 12.17 
percent. 

Nutrients in all fertilizers have 
increased considerably as shown in 
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chart 6, Nitrogen increased con­
tinuously from 630 thousand tons 
in 1945 to 3 million 371 thousand 
tons in ] 962. Tonnage of available 
P2 0:; has more than doubled since 
1945 and K20 consumption has 
nearl y tripled. 

MIL TONS-CONSUMED AS FERTILIZER 
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1 
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The next chart emphasizes the 
rate of nutrient consumption in­
crease in all fertilizers. This index 
of nutrient consumption uses 1945 
as the base year. The increase for 
nitrogen is greatest at 435. Avail­
able P, 0:; at index 107 increased 
twofold from 1,353,027 tons to 2,-
807,039 tons in 1962. Index 211 
for KzO tonnage shows a three·fold 
increase since 1945 consumption of 
729,439 tons to 2,270,537 tons in 
1962. 

INDEX (1945=100) CHANGE IN CONSUMPTION 
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Chart 8 shows the use oJ pri­
mary nutrients in all fertilizers by 
regions. Years on this chart are by 
five-year intervals. Consumption of 
nitrogen has been increasing rap­
idly in all regions. In recent years 
the vVest North Central region has 
shown the most gain in nitrogen 
consumption. Seven hundred thou­
sand tons of nitrogen were record­
ed in the West North Central in 
1962. Cun-ent consumption of 
available P 205 and K20 is highest 
in the East North Central region. 

MIL TONS-N CONSUMED AS MATERIALS 

trogen in bonemeal, natural organ­
ics, phosphate and potassium prod-

MIL. TONS CONSUMED REGIONALLY 

The increase of nutrients in 
mixtures and the increase of IlU­

trients in all fertilizers has been 
shown. It is of interest to mention 
the more important direct-applica­
tion materials used. Anhydrous 
ammonia consumption has increas­
ed rapidly as shown on chart 9. 
Ammonium nitrate has generally 
been a large supplier of nitrogen, 
but its rate of increase is much 
Jess than for anhydrous ammonia. 
Nitrogen solutions (including aqua 
ammonia) are increasing rapidly 
and the nitrogen tonnage now ex­
ceeds that of ammonium nitrate. 
The level of consumption of am­
monium sulfate has dropped since 
1957 and appears to have leveled 
ott. Sodium nitrate has shown very 
little change for several years. Urea 
consumption has risen since 1958. 

Tonnage of nitrogen in all 
other nitrogenous materials have 
remained about the same. These 
materials include ammonium ni­
trate-limestone mixtures, calcium 
cyanamide, calcium nitrate, the ni-

Hcts and other chemical nitrogen 
products. 

Chart J 0 shows the use of some 
major phosphate products. In the 
past the majority of PzO" from di­
rect-application materials was sup­
plied by normal superphosphate. 
Currently the major portion is sup­
plied by triple superphosphate .and 
nearly as much by the ammonium 
phosphates; that is 11-48-0, 13-39-0, 
16-20-0, 27-14-0 and 21-53-0. There 
is very little change in the COIl­

sumption of phosphate rock (in­
cluding colloidal phosphate) and 
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">0O, 
$uperphosphOte: 22% -and undo. 

200 

1950 1955 1960 

40 

other phosphate materials. Other 
phosphate materials include basic 
slag, calcium metaphosphate, phos­
phoric acid and the P "O~ provided 
by bonemeal, natural organics and 
other phosphate products. 

I do not have a chart for K"O 
direct application consumption. It 
has remained mostly unchanged. 
About 87.0 percent of the KzO is 
supplied by potassium chloride, a 
little over 5 percent by potassium 
sulfate, around 4 per cent by nann­
al organics and around 3 percent 
by other K 20 products. 

The final graph shows the re­
lationship of the retail cost per ton 
oE all fertilizer with the average 
plant nutrient content and the re­
tail cost per unit of fertilizer. 

% CHANGE IN NUTRIENT CONTENT AND COST 
(1910-14=100) 

The percentages for the period 
shown is based on the years 1910-
14 - 100. The top line on the 
graph represents retail cost per ton 
of fertilizer. The second Jine indi­
cates that along with this increase 
in cost, the plant-nutrient content 
has generally paralleled this rise. 
The retail cost per ton was calcu­
lated by dividing the fertilizer ex­
penditure by the farm consumption 
and expressed on the chart as per­
cent change from the J 910-14 per­
iod. The average plant nutrient 
content was found by dividing the 
tons of plant nutrients by the total 
consumption (including secondary­
and trace nutrients). Toward the 
ends of the top two lines, the space 
between them gets narrower. This 
is due to an increased use of lower 
priced, high analysis products go­
ing into the manufacture of fertil­
izers. A lower retail cost per unit 
results from an increased plant nu­
trient content as this was calculat­
ed by dividing the retail cost per 
ton by the percent plant nutrient 
content. 



This covers my presentation, 
and if there are no questions or dis­
cllssion I will yield control of the 
speaker's stand to :VIr, Hill. 

(Applause,) 
DISCUSSlo:-.l LEADER HILL: 

Thank you, Gordon. 
Any questions or comments? 
(No response.) 
Hearing none, Mr. Chairman, 

our presentation has corne to an 
emL I had very little to do with 
the organization of this program, 
The speakers deserve the credit. I 
was merely the expediter, who did 
as he was told, It has been a 
pleasure to be with you today. I 
hope you folks have gained as much 
from it as we have, I thank you for 
your attention and the opportun-

it y of serving you, 
(Appla use.) 

CHAIR:\[A:-.1 SAI'CHELLl: As I 
said in my opening remarks, we 
were in for a treat and it has been 
a high privilege to sit through a 
presentation by the entire stall of 
the Fertili,,,er Laboratory, and \ve 
want to thank you very much 
Director Hill, and also the different 
members of the stafL 

Are there any comments? This 
crowd certainly has been rather 
mute today, Our purpose, as I con­
stantly have emphasized, is to have 
discussion from the floor, and we 
haven't had any discussion from 
the floor at all today. 

Does anyone have any com­
ments to volunteer or questions to 
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fire at this round table group here? 
(:\ 0 response.) 
Our Secretary tells me that the 

registration is 50 more than at this 
same time last year, but that the 
number of questions in that ques­
tion box is still meagre. \Ve need 
more questions for tomorrow after­
noon's session, \Ve want to make 
the question and answer period to­
morrow as highly interesting as we 
possibly can, with your help, of 
course. 

Since there are no comments 
and no questions, we stand ad­
journed until tomorrow morning 
at nine o'clock sharp, 

(Applause.) 
(The meeting adjournell at 

four-fifteen o'clock p.m.) 



Thursday Morning Session, Nov. 7, 1963 
The Round Table reconvened at nme o'clock a.m. 

MODERATOR REYNOLDS: Good 
morning. I think we might as well 
get started, everyone is ready to go 
and we're right on time, and our 
schedule that we maintained yester­
day we will try to carryon through 
today and give you some time for 
discussion in the halls, corridors. 

Since the Round Table began, 
we have discussed many subjects 
and highlighted many themes, but 
the one subject which has carr;ed 
through from one year to- the next 
is instrumentation and more specif­
ically liquid and dry feeding equip­
ment for continuous processing. 

Other more immediately pop­
ular suhjects have been discussed, 
dropped and reviewed at a later 
date but not so the subject of 
meters and scales. Process design 
and operating techniques have 
changed with great rapidity during 
the years and perhaps instrumenta­
tion, specifically for our industry, 
the fertilizer industry, is still catch­
ing up. 

J. E. Reynolds, :\Joderator, presiding. 

In any event, the expenditures 
for process improvements are not 
directed towards the major pieces 
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Scales and proper weights have 
often been described as the back­
bone and vital nerve center of our 
industrv. 'Without scales, either for 
calibra~ing or actually weighing. 
we are lost, completely lost. 

Considerable progress has been 
made in all phases of instrumenta­
tion but have our plants actually 
kept pace with improved accuracy 
and control of our dry feed sys­
tems? The most accurate contin­
uous feeder is no better than the 
preventive maintenance and the 
system for assuring its accuracy. 

Our first speaker this morning 
is one of two gentlemen we are very 
familiar with who have been on 
ollr program in the past and they 
are coming again before us to dis­
cuss the hows .and whys of calibrat­
ing amI maintaining continuous 
feeding scale systems. 

Schaffer Poidometer 
Continuous Weighing 

Systems 

A. F. Cooke 

Thank you, Mr. Reynolds; 
gentlemen. 

We are not using slides be­
cause we feel that we can better 
interpret our Poidometer with this 
line drawing. Figures I, lA, 2. 

Before 1 start, 1 would like to 
introduce the man that I call NIr. 
Poidometer. He is vice president 
and secretary of the Schaffer Poi do­
meter Company and I am sure that 
many of you know him. 

George 'Weiland, stand up, 
please. 

Actually, he knows more about 
Poidometers than I do, but he says 
he's not used to making speeches, 
so it's: -"AI, you do it." 

The Schaffer Poidometer is a 
gravimetric feeder, as opposed to a 
volumetric feeder. It feeds by 
weight any free·flowing, dry mater­
ial. 

The Poidometer has a simple 
weighing platform which runs from 
the idler roller to the tail pulley. 
The Poidometer shown in figure 2, 
has a scale platform of 4 feet, 6 
inches; suspended in the middle is 
the weighing roller. 

'I'his weighing roller is hooked 
up by a series of mechanisms to the 
scale beam and to a gate which 
rides up and down inside the gate 
Box. Figure 1. 

Very simply, you put the 
weight that you desire on the scale 
beam, that weight representing the 
amount of material per foot of belt. 
Then, the material comes down 
through the hopper (the hopper, 
figure lA, on the Poidometer may 
be connected directly to your bin 
with a slip joint) and out over the 
scale platform. If you have set, let 
us say, 10 pounds on the scale 
beam, and nine pounds come out, 
the series of linkages will raise the 
gate, and vice versa; if 11 pounds 
come out, it will lower the gate. 
This control enables us to guaran­
tee at least 99% accuracy,-some­
times better if all conditions are 
favorable. 

1 say it's simple; it is. One of 
our mottoes is: "Set it and forget 
it." \Ve don't mean to forget it 
completely because any piece of 
equipment requires maintenance, 
but we think that this requires the 
least maintenance that is possible, 
but it does require an understand­
ing of the machine so that you 
know just what you are supposed 
to get and what you are supposed 
to do. 

\Ve like to suggest that you 
make sure the machine is clean, 
that the knife edges are kept clean, 
and renewed when they become 
dull. 

\Ve like to suggest that the 
scale beam be kept clean and that 
it doesn't have a lot of dust hang­
ing on it, since this will affect the 
weight. 

We like to suggest tha t your 
rollers not collect dust, because, 
this, again, may affect your accur­
acy in your weighing. 

I would like to call your atten­
tion to another thing, the rugged­
ness of this machine. It is built 
on the heavy, six inch ship chan­
nel. It is heavy aU the way 
through. In fact, to go back a 
little, if 1 may digress, I would like 
to tell you that this Schaffer Poido­
meter is the oldest gravimetric feed­
er in the world. The first machine 
was built way back in 1912 and it 
has been built and sold ever since 
then. It has been improved, of 
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course, as the years have gone 
along, but the principle has stayed 
the same. 

\Ve feel that this machine is 
simple, rugged and easy to main· 
tain. \Ve export a number of these 
machines, and one of our customers 
who exports them to the mountains 
of South America has told us "\Ve 
like your machine because when it 
is installed in the mountainous 
areas of Peru, for instance, we do 
not have the machinists and the 
mechanics we have in the United 
States, we may have one man that's 
a mechanic, the rest of them are 
laborers. \Ve like your machine 
because it required very little main· 
tenance, it's very simple and even 
an Indian in Peru can operate it 
with a little bit of instruction." 

Now, when it comes to testing 
this machine Incidentally, before 
I tell you that, let me tell you that 
we build this, of course, in several 
sizes. \Ve have what we call a 
heavy duty machine which is built 
on this six inch channel, which has 
a four-foot·six platform and we 
build a light duty machine which 
has a two·foot-six-inch platform. 

The light duty and the heavy 
duty may have the same width belt. 
Incidentally, we designate 20 inch 
machine because it has a 20" wide 
belt, a 30 inch machine has a 30 
inch wide belt and a 10 inch ma­
chine has a 10 inch wide belt, and 
,,0 on. 

We build a 20 inch light duty 
and a 20 inch heavy duty machine. 
The reason for the light duty ma­
chine is that very often the capacity 
that is needed is only about half, 
or less than half, what a heavy duty 
machine will take, and, of course, 
we can build the light duty at a 
lower price, and while it is not as 
rugged as the heavy duty, it still 
stands up because it is not handling 
as much material. 

If, when this machine is put 
into a plant, and you want to check 
it to make sure that your scale 
beam is in balance,-place a cer­
tain weight on the scale beam 
(either this slide weight or a weight 

on the weight hanger) and with a 
four·foot·six·inch machine, put two 
and a quarter times that amount of 
weight over this weighing roller 
and the Poidometer should be in 
perfect balance. 



In other words, all you need to 
do is to put a weight two and a 
quarter times the weight that you 
have up there and that will balance 
your machine. You don't need a 
chain or anything else. That's all 
you need. 

vVhen we test the machines in 
our shop before shipping them, 
and we think this is even better, 
we run a certain amount of mater­
ial over the belt, 10 feet or 20 feet, 
and then weigh it and check 
against the scale beam setting. 

The testing is very, very sim­
ple. There's not much to it, but 
it will give you the actual weight 
that you are getting from the rna· 
chine. 

There are a few refinements 
we have made on the Poidometer. 
For instance, we have a little gate 
here. with a push button that 
comes down here, and as long as 
there is material being fed through 
the machine this gate is pushed 
forward so that the arm remains 
ofl' of the push button. If, for some 
reason, the material from your bin 
into our Poidometer should fail, 
this gate will slide back and the 
arm will contact the push button 
and stop the Poidometer. It will 
stop it with material on the belt so 
that when you run again, you still 
have a fuB load on the Poidometer. 

If you have two or three ma­
chines operating together, ~md if 
they are wired together, when one 
stops, all stops, therefore your mix­
ture does not vary. 

The drive end can be furn­
ished to your specifications. In 
years past we have generally furn­
ished a motor and a reducer. \Ve 
can furnish you it motorized re­
ducer, we can furnish vou a var­
iable speed motorized u~it, we can 
furnish you any type drive that you 
want. 

Now as far as maintenance is 
concerned, we have a number of 
things that we suggest that you do. 
First of all, the belt is endless, and 
that belt is made to our specifica· 
tions hy one of the rubber manu· 
facturers. If your helt should wear 
out and you buy a piece of belting 
and put it together with the usual 
type of stitching you have destroyed 
the accuracy of that machine. You 
must have an endless belt that is 
uniform throughout. 

This is one of the things that 
needs replacing occasionally, de­
pending on the abrasiveness of 
your material and the sharpness of 
it. If it is more or less uniform 
material, the belt will last for a 
long time. 

The only other item that needs 
replacing occasionally are the knife 
edges which are in this area that 
connects the linkage. There aren't 
too many of these, five sets to a ma­
chine; five knife edges and five 
knife edge bearings. They must be 
sharp and they must be properly 
maintained as far as cleanliness is 
concerned. 

Another thing we get orders 
for occasionally is the hearings 
that are used in this machine. The 
Poidometer is ball bearing equip­
ped, except the bearing on the pul­
leys. The head pulley and the tail 
pulley are equipped with bronze 
bushings, and after trying variolls 
types of bearing material, we find 
these are very satisfactory. 

Actually, with the exception 
of those few items, replacements 
are practically nil, because, i r the 
machine is properly kept, properly 
cleaned, properly taken care of, it 
is simple to maintain, and there is 
very little wear. 

The installation of the ma­
chine is also rather simple. vVe 
send it to you on skids, partly crat­
ed, and all you need to do is to be 
sure that it is level when you build 
your piers or mounting. It must be 
level both this way and that way. 

Then after it is level, make 
sure that your scale beam weight 
balances the weight that you set 
on here, and that is about all there 
is to it. 

Now, we have a rather simple 
method of keeping a record of your 
run. \Ve have here a Durant Pro­
ductimeter whic his again built to 
our specifications, so it is dust-tight. 
It registers a foot of belt travel, 
and all you need to do at the end 
of the day is multiply the number 
of feet of belt travel by the weight 
up here on the scale beam, and 
you have the number of pounds 
or tons that have run. 

In case you want this to reg­
ister in tons we can furnish a Pro­
ductimeter with such a recording. 

Agitators are placed inside the 
hopper in case you have material 
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that might stick in the hopper, of 

that might not flow very readily .. 
These agitators will keep the ma­
terial flowing. 

Again, as I say, if you give the 
normal maintenance that you give 
any piece of equipment, there is no 
reason why you should have any 
trouble with it, ami there is no 
reason why it should not give you 
the accuracy that you desire. 

If you are sure that it is prop­
erly set, that the weights balance, 
that it is level, this Poidometer 
should last for a long time and give 
you just the accuracy you desire 
with as economical a maintenance 
program as necessary. 

MODERATOR REYNOLDS: Thank 
you, 1\1r. Cooke. 

Do we have any questions? We 
have a few minutes here. 

A .:\.cfE;VfBER: Mr. Cooke, you 
have three or four capacity ma­
chines? 

MR. COOKE: Three or four ca­
pacities, yes. \Ve have-our small­
est machine is a six inch which is 
a light weight, then we go to a ten 
inch heavy duty and light duty, 
a 20 inch hea vy duty and ligh t 
duty, a 30 inch heavy duty and 
light duty, and a 36 inch heavy 
duty and light duty. 

vVe have also built a 48 inch 
heavy duty machine. I'm sorry, the 
30 and the 36 do not have the light 
duties, the 30, 36 and 48 are the 
heavy duty machines. The range 
of capacities for these machines runs 
from about a ton per hour on the 
six inch Poidometer to about 350 
tons per hour on the largest Poido­
meter. 

Are there any other questions? 
A M1-::VfllER: What was the bot­

tom range you said? 

MR. COOK1-:: One ton per hour 
is about the minimum. This is a 
continuous operation 24 hours a 
day. If we get down below one 
ton we are a little afraid of the 
accuracy because the machine is 
not small enough. 

One thing I would like to tell 
you is that this machine is being 
used in the cement industry as well 
as your fertilizer industry, and 
there are a number of them out in 
this industry. It is being used in 
the process industry, it is being 
used by the refractory people, such 



as General Refractories and Har­
bison-'Valker. It haS' been used bv 
a few concerns for filling railroad 
cars. They will set it to feed .JO 
tons into a railroad car, 50 tons or 
whatever that car will take and we 
furnish a cllt-oll, and when the -10 
tons is reached the Poidometer 
stops, and the railroad accepb the 
weight o( the car. 

;\[ODERATOR REY;\;OLDS: 1 have 
a question. How often should the 
machine be calibrated while it"s in 
lise? 

;\fR. GEORGE '''EILAND: It de­
pends on how accurate j'()l1 really 
are. f would sav that at least ollce 
a week a mechanic should go up 
and check these various things and 
make sure the knife edges are 
pointed straight up and down. YOlt 

can look in the machine here where 
each knife edge is and you can see 
whether it's vertical. If it is sort of 
lying to the side, then it isn't set 
properly. 

MODERYI'OR REYNOLDS: 'Vhat 
was referring to was actually 

while you are, as in Ollr case, gran­
ulating mixed fertilizer and YOll 

have your dry feet! coming across 
the feeder. How often should the 
amount being fed across the feeder 
be checked? 

MR. "'ULAND: It. vvouldn't 
hurt to do that once a day. 

iVCODERATOR REYNOLDS: Is that 
sufficient? 

MR. "VnLAND: Yes. 
.MODERATOR REYNOLDS: One 

time a day? 

MR. \Vl:lLAND: vVhat they can 
do there very easily is just take two 
pieces of sheet metal 12 inches 
wide, just cut down on the belt, 
scrape that off onto a little scale 
pan and weight it. It only takes a 
minute. 

iVJODERATOR REYNOLDS: I think 
the industry is checking it much 
more frequently than that. That's 
why I was wondering. If once a 
day is sufficient, then we are doing 
an awful lot of unnecessary work. 

Does anyone have any com­
ment on this feature? Are you all 
only checking your dry feed once 
a day? 

"IR. ALBERT SPILLMAt\: Joe, I 
have a comment. 

\\'e have a number of Schaffer 
Poidometer scales in several of our 

plants amI we have a hopper above 
the scale which holds five tons. Anv 
time we wish we can measure lha't 
five tons. "'e do it abont three or 
lour times a day. 

MR. 'VEILAND: That again de­
pends on how accurately you want 
to check your feed. 

i\JODERA1"OR REYt\OLDS: 'Vhat 
i~ the accuracy of the Poidometer? 

i\IR. "VEILA"D: 99 per cent. A 
lot of places it's evell better than 
that. 

MR. COOKE: May I make a re­
mark there? 

l\IODERATOR REYt\OLDS: Cer­
tainly. 

MR. COOKE: On accuracy, we 
have found in our shop, when we 
have tested these machines before 
shipment, we have been able to get 
99.5 per cent. Rut don't forget 
what YOll get out in the field de­
pends on conditions which are a 
little different than they are in our 
shop. They're actually perfect 

there, and so we will not stick our 
neck out and guarantee 990 per 
cent. You may get it, hut 99 is as 
far as we'll go, but they can get 
more than that. 

MODERATOR REYNOLDS: In 
other words, what you are saying is 
plus or minus one per cent. 1 think 
that with liquid meters and so on 
they are coming down to stay with­
in a half of one per cent, so you 
have one that is a half of one per­
cent and one that is nne per cent 
and you have some difference there 
between the two of them. 

I think we should move on to 
our next speaker and after the 
next speaker we can come back if 
,ve need any followup. 

MODERATOR REYNOLDS: Our 
next speaker will continue this dis­
cussion of dry feeding. Don \Var­
ren of Omega Scale has been with 
us before, so it is good to have him 
back and we will turn the program 
over to Don. 

---_ ...... _---- ._---------_ ........ _----

Omega Gravimetric Feeders in Formulation of 
Fertilizer 

D. L. Warren 

FIRST of all let's consider some 
desirable features to look for 

in a gravimetric feeder. It should 
be as accurate and sensitive as it 
can be made, while bearing in 
mind that it must offer a decent 
service life. The weigh belt should 
be driven positively by some sort 
of drive which will not allow slip­
page. The feeder should be sup­
plied with a variable speed drive 
on the belt for changing rate. This 
allows a direct-reading totalizer. It 
oilers the opportunity to use a con­
stant heavy belt load which will be 
in a range of weight which will 
allow the scale section to operate 
at the most efficiency. The control 
gate should be Gperatcd by supple­
mental power and not depend on 
actual weight changes on the beam 
through leverage. The parts in 
contact with the material should be 
stainless steeL The finish should be 
corrosion resistant. The unit 
should be suitable for installation 
several ways, even the unorthodox 
ones, such as suspension from over­
head &tructures by steel rods. 
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A few installation tips: Avoid 
excessive vibration, although some 
vibration will help. It seems to 
keep the feeder "loose." It helps to 
keep the various moving parts freed 
up. On the other hand, it should 
be isolated from excessive vibration 
which would be imparted to the 
unit, or its mounting structure 
from heavy conveyors, shaker 
screens, pulverization equipment, 
dryers, ammoniators, etc. A bin 
gate between the feeder and the 
hopper makes a lot of sense. If 
maintenance has to be done, such 
as changing a belt, it is very desir­
able to be able to isolate the feeder 
from the hopper. Always leave 
room to change the belt, catch sam­
ples and do routine maintenance 
around the unit. \J\Te realize that 
frequently the feeder has to be in­
stalled in an existing building 
where space is at a premium, but 
please bear in mind that your own 
maintenance man and, if you have 
a service engineer from B-I-F, are 
probably not former acrobats with 
the Barnum and Bailey circlls. 



They should have some means of 
approaching the feeder without 
having to hang from rafters, or 
stand in a pay loader. 

Here is a must: The feeder 
should never be mounted directly 
over the ammoniator. The atmos­
phere found in a fertilizer plant 
with its corrosive vapors and abra­
sive dusts is bad enough by itself, 
please don't accentuate problems 
by allowing it to be directly ex­
posed to the fumes and dust from 
the ammonia tor. 

Various methods of hopper 
agitation, such as plate agitators, 
pulsing sides of hoppers or pulsing 
air bladders may be used. Of, 
course, a vibrator is effective, too, 
but should never be used in a man­
ner which would allow it to main­
tain vibration only when the feed­
er is running. It should at least be 
integrated with the feeder switch 
so that it cannot vibrate when the 
feeder is shut down. Better than 
this, a system of using a contactor 
on the feeder belt which would 
give a shot of vibration at certain 
intervals of feeding should be used. 
This could be further improved by 
the addition of a timer so that the 
frequency as well as the duration 
of the "shot" of vibration could be 
controlled. 

Some sort of screen directly 
above the inlet chute is important. 
Many times fertilizer will build up 
in the corners of a hopper, become 
caked and then shake loose and 
drop down into the unit. This 
doesn't work very well. After all 
the gravimetric feeder is not a rock 
crusher. 

Here are a few comments on 
calibration: Take a little time to 
read the instruction book. We 
realize that this is a breach of code 
for some people, but believe me it 
helps. 

·When calibrating the feeder I 
would like to propose the DvVT 
theory (distance, weight and time) 
for calibration. This is very simple 
arithmetic and it goes like this: 
The poise on the scale beam is set 
to a certain value. This will de­
termine the actual weight per unit 
of belt. Then with a variable speed 
drive the belt speed is changed for 
different rate requirements. Then 
lastly we check the number of units 
of belt we require per minute, so 

there is your formula. Distance or 
units of belt travel, weight which 
is the amount of product on a unit 
of belt and then units of belt per 
unit of time. vVhen calibrating the 
unit is is well to take these separ­
ately. The first thing to do is set 
the poise on the desired unit of belt 
and in this case we recommend 
loading the belt ,as heavily as pos­
sible. The Omega scale can be set 
anywhere between 5 and 36 lbs. per 
foot and I would recommend a 
minimum of 20 lbs. per foot of belt 
because after all the scale is more 
accurate near the top of its capacity 
than near the bottom. After setting 
the poise the feeder should be run 
until it is controlling nicely. Then 
a sample should be caught. 'N e 
would like to see at least 10 units 
of belt, or in this case, of course, 
200 lbs. caught. If, however, this is 
not feasible catch as large a sample 
as you can. If 10 feet are run off 
and the sample weighs between 
plus or minus 1 of 200 lbs., and 
it does this three consecutive times 
then the weighing is all right. If 
it varies more than J %, but the 
three weighings are still within 1% 
of each other this means that you 
are controlling all right, but the 
tare has to be adjusted until the 
output agrees with the poise set­
ting. If, however, the three samples 
are not close together then you 
should start looking for trouble in 
the scale system. Look for friction 
in the system, a broken flexture in 
the weigh deck, a worn knife edge, 
perhaps a frozen bearing or loose­
ness in the linkage from the weigh 
deck to the controller. After the 
load is established and the feeder 
is controlling at the correct setting 
per unit of foot it is very simple to 
go to the variable speed drive, set 
up the rate and check out through 
the use of the totalizer the units 
per minute so that the speed per 
setting can be calibrated over the 
range of rates required. This can 
be set up on a chart and expressed 
as Ibs. per minute, tons per hour, 
whichever is more suitable for your 
operation. 

Once a feeder has been check­
ed out using the material weighing 
technique then it is a simple mat­
ter to make up some test chains, 
such as 7i or % inch coil chain 
which can be hooked on to the 
feeder for use in calibration. This 
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is not quite as accurate as live 
samples, but is very good for a 
quick check. 

On maintenance scheduling, 
of course, it should be obvious that 
the cleaner the feeder can be kept 
the better it is going to run. Of 
course, we realize these are not 
sitting in a nice clean doctor's of­
fice, but are in a fertilizer plant 
and therefore, recognize that it will 
always have a certain amount of 
dust and sticky materials in it and 
on it, but a few points to note in 
cleanliness are: the bottom of the 
side plates which can score and cut 
a belt if the material is allowed to 
build up on the bottom side, the 
area on top of the weigh decks, the 
area around the scale beam and 
scale leverage system and the area 
around the control gate. 

As far as the chains on the 
side of the feeder belt are con­
cerned, we highly recommend the 
use of the silicone grease prior to 
start up if possible, but in any case, 
after start up, because this extends 
the life of the chains tremendous­
ly. Note, we do not recommend 
regular grease because I can think 
of no better grinding compound 
than a mixture of fertilizer and 
grease and this would cut the 
chains out rather rapidly, but the 
silicone grease seems to get in there 
and do a good lubricating job 
while actually preventing the entry 
of dust. 

In figure I we show the 
Model 37-M Omega B-I-F Feeder 
with the various covers removed. 
On the left ,side you will notice a 
handwheel with the rate indicator 
attached. This controls the output 
speed of the variable speed drive 
which, of course, controls the belt 
speed. The unit can be furnished 
with a 0-100% setting, or a direct 
reading rate setter which can read 
in lbs. per minute, tons per hour, 
kilos per hour, etc. Moving to the 
right and higher we notice the gate 
raising and lowering mechanism 
and this gate is powered in both 
directions and does not depend on 
gravity to dose. The cables are 
1,000 lb. test stainless steel. "Next 
to the right is our Sens-A-Gram 
mechanical controller which offers 
good accuracy and sensitivity and 
correction proportional to devia­
tion. Looking inside through the 
top you will notice the stainless 
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Figure 1. 

steel side plates which guide the 
material along the belt. Be sure 
these are adjusted with the dis­
charge end slightly higher than the 
inlet end. Moving back to the left 
in the scale compartment you will 
notice the totalizer which actually 
reads in belt feet, but through 
sprocketing can be set up to read 
directly in lbs. Next is the alarm 
system. The alarm works directly 
off the scale beam which is the fast­
est and most effective way to do 
this. ","' hen the material supply is 
cut off the scale beam immediately 
drops and the alarm switch closes. 
Next are the adjustable magnets 
which are the stabilizers for the 
scale system. Next is the scale beam 
itself with the adjustable poise. 
The scale reads 0-36 Ibs., but again 
we recommend loading it up as 
high as possible. Our rule of 
thumb for setting- this up is to use 
a weight roughly equivalent to y; 
cubic foot per foot of belt because 
that is the volumetric limitation. 
If, therefore, we were feeding dry 
fertilizer mix which would weight 
50 to 60 Ibs. per cubic foot we 
could easily carry a 20 lb. load, or 
25 lbs. Next to the right is the 
adjustable tare weight and then 
dropping down to the belt com­
partment you will notice the sealed 
bearings, the sprocket drive, the 
belt with the attached chain, part 
of the scale leverage system and 

over to the right the discharge end 
sprockets. On the far right in the 
end of the feeder is the flop gate 
which en~bles samples to be caught. 

Hi-weigh Feeder-Top View Showing 
Sens-A-Gram. Ton Tex Belt and Feed 
Gate Mechanism. 

Figure 2. 

Figure 2 shows a closeup of 
the gate mechanism with the equal 
percentage drums which allow the 
gate travel to tie approximately 
proportional to the opening. "When 
the gate is operating down at a 
fairly low position the increment 
of change for a certain amount of 
correction is smaller than when it 
is wide open. This makes for a 
more stable feeding and less fluct­
uation. This particular one shows 
a non-flood rotor which we use 
when feeding rock dust. The rotor 
is driven by the output of the var­
iable speed drive giving us a vol­
umetric non-flood control directl y 
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ahead of the gate. This means its 
speed is proportional to belt speed. 
About I 0% of the material is recir­
culated in the rotor and the gate 
takes care of trimming it out to 
the actual desired gravimetric rate. 

Hi-Weigh Feeder-Side View With 
Chain Guard Removed. 

Figure 3. 

Figure 3 shows the drive com­
partment which is covered with a 
heavy duty fiberglass chain guard. 
You will note that all the com­
ponents are driven by a roller chain 
so there is no possibility of slip­
page throughout the system. This 
also ·shows the linkage between the 
scale beam and the Sens-A-Gram 
controller. 

Hi-Weigh Feeder-End View of Samp· 
ling Gate Open Discharging Feed Into 
Sampling Bin. 

Figure 4. 

In figure 4 you can see the 
sample gate, or Hop gate in action. 

Omega Model · .·37-04 Hi-YVeigh Belt 
Gravimetric I'eeder ·(With Hopper Agi­
tators and Rololock. 

Figure 5. 



Figure 5 is a complete vIew 
of the 37-04 with the phosphate 
rock dust arrangement. The top of 
the hopper can be seen wi th a 9" 
x 15" access hole so tha t the feeder 
can be attached underneath the 
large supply hopper, or can be fed 
with some sort of a conveyor when 
feeding flood able materials like 
rock dust. ''''e never want the feed­
er directly imposed or mounted 
under huge billS. We recommend 
a restriction between the supply 
bin and the "working" bin or hop­
per attached to the feeder. Over 
to the left or rear of the hopper you 
will notice a baffle and this is set 
up so that as the pockets o[ the 
rotor below rotate and fill with ma­
terial the air in the pocket is al­
lowed to go back up the baffle and 
not up into the material which 
would cause excessive aeration. On 
the back side of the hopper you 
will notice a pair of perforated 
plate agitators and there is a pair 
on the front side as well not shown. 
These oscillate in direct proportion 
to How because they are driven oft 
the sallle variable speed drive that 
drives the belt ami the rotor. This 
makes a moving wall and eflective­
ly prevents arching, bridging ami 
rat holing. The rotor itself as men­
tioned earlier will control flooding 
and furnish a volumetric supply 
ahead of the gravimetric gate. 

Omega Model 37-20 Hi-Weigh Belt 
Gravimetric Feeders Feeding Various 
Dry Fertilizer Ingredients Onto A Con­
veyor Belt. This System Accurately 
Proportions the Dry Ingredients For A 
Granulation Process. 

Figure S. 

In figure 6 we show an 
actual installation in a fertilizer 
plant which was installed in the 
Midwest about seven years ago. 
There are four feeders, one on sup­
erphosphate, one on triple super, 
one on potash and one on either re-

cycle or solid nitrogen, depending 
on the formula. These feeders have 
had a rough life, but received a 
reasonable amount of maintenance 
ancl have given excellent service 
over the years. I'd like you to 
notice a sort of an outline above 
the variable speed transmission and 
on the back of the chu te below 
the hopper. That is the angle of 
repose of fertilizer, gentlemen, the 
feeder was actually covered up with 
that much fertilizer amI I brushed 
it oft' and also brushed a good deal 
of it out of the scale compartment 
before these pictures were taken. 
Perhaps I should have left it on to 
really show these feeders in their 
"working clothes." 

In summary, I would like to 
say that with a minor amount of 
housekeeping and a little common 
sense maintenance the feeder will 
give you a long and accurate ser­
vice life. Keep a good load on the 
belt and don't change it. Make all 
your changes by using the variable 
speed transmission when different 
rates are required. ''''hen catching 
samples catch your weight per unit 
of belt, don't ever bother wi th a 
stop watch until everything else 
has heen broll~ht in to the required 
accur.ICY and remember the D''''T 
system of calibration - distance 
which is actually units of belt 
travel, the weight which is the act­
ual Ibs. of material per unit of belt 
and finally, time which is done 
last and entails taking the number 
of units of belt obtained per min­
ute at the various settings on the 
variable speed drive. 

Thank you. 

A MEMBER: Don, have you 
done anything to keep the scale 
from building up, the use of Teflon 
or anything of that nature? 

MR. VVARREN: No, we haven't 
used any Teflon. W'e have used a 
thin stainless collar which has been 
applied to that with good success. 

MEMBER: 'Ve have seen it with 
Teflon used, but the hygroscopic 
material will get built up on it. 

MR. '''' ARREN: That"s a good 
idea, though. V,le've had questiom 
about the chain, the chain will 
freeze up sometimes after the feetl­
er has been shut down for a while 
and we have found that this silicon 

grease, J think it is. made by Dow, 
will prolong the life of the chains. 

I know that just ordinary 
grease is not very good because I 
can't think of a better grindin...~ 

compound than grease mixed with 
fertilizer, but this silicon grease 
seems to stick down in there where 
it belongs and keep the dust out, 
and it is, of course, a very good 
lubricant. 

I am talking about the chains 
which are attached to the belt. 

A MEMBER: One thing you 
didn't mention that we have found 
contributes to inaccuracy is the 
build-up on your screen. You 
showed the stainless skirting. Have 
you ever considered Teflon on the 
skirting or using TeHon? 

MR. WARREN: No, we have not 
considered using Teflon on the side 
plates, but it sounds like a good 
idea to me. 

We have a model which we 
have been furnishing for the field 
which has a Teflon barb edge on 
it and that probably could very 
well be applied to these fertilizer 
feeds. 

MODERATOR REYNOLDS: 

Thank you very much, Mr. 
Cooke, and, Don V\Tarren. 

The foregoing discussions were 
concerned primarily with improved 
and assured control of dry raw ma­
terial feed to a continuo.us process 
system. 

Further control is often need­
ed to check the tonnage of pro­
duction going to the bin, to the 
storage bin. If overs or shorts oc­
cur when a bin is emptying, we 
often ponder whether the raw ma­
terials were weighed and metered 
properly, the plant food shrinkage 
was excessive, or if shipping 
weights could have been off. 

A continuous weighing scale to 
check the indicated tons produced 
would provide a check point in our 
investigation to at least substanti­
ate the tonnage of material which 
entered the bin to begin with. 

Our next speaker, Mr. Dave 
Kennedy of the Toledo Scale Com­
pany, will discuss the subject of 
continuous weighing of bulk ma­
terials to storage bin. 



Continuous Weighing Bulk Material On Conveyor 
Belts 

David W. Kennedy 

A SCALE is a bottleneck! A 
scale is a bottleneck in any 

production process. It is a con­
sumer of space-of time-of labor. 

Yet <l scale is where 1 measure 
my production, where I count my 
dollars, where I meet my customer. 

Many of you gentlemen have 
h ad these thoughts. These two con­
li icting sets of thoughts, these dis­
advantages and advantages of this 
very necessary piece of measuring 
equipment; it is these thoughts 
that have crea ted the demand for 
a scale that provides weight meas­
urement without being a produc­
tion bottleneck. The answer is the 
total izing belt conveyor scale. 

Definition 

Let 's define this kind of scale. 
First, it is not a rate measuring de­
vice; it does not measure or control 
pounds per unit time. Rather it 
totalile,. we sometimes say in i(" 

gHli('s, the weight of bulk m a terial 
that has passed over it. A typical 
example of such a totalizing belt 
scale i~ \lOW shown on the screen. 
Figure I . Notice the basic part~ : 

weighbridge for weight sensing, 
belt speed pickup, and totalizing 
sca le head with per cent of belt 
loading indication . 

Leg'ai Status 

Now that we have defined this 
scale equipment, a more important 
matter to you is its legal status. The 
importance lies in the fact that the 
lega l status of this equipment is 
not the same as that of a common 
di al or beam scale, and it is in a 
sta te of transition. 

In most States scale equipment 
used only as a production tool is 
not subject to any form of inspec­
tion; it is a internal measuring 
device and has no legal status. 
However, where a commodity is 
bought or sold over a scale, the 
sca le acquires a legal status which 
is governed by cne or more legal 
and i or q uasi-legal bodies. It then 
must meet specified accuracy re­
g u irements. 

There is a variety of' these 
governing bodies, so we wi ll limit 
our discussion to those of' concern 
to your industry. First among these 

Figure 1. 
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are the State and local \\'eights 
and Measures authorities. These 
are agents of th eir respective gov­
ernments and have full lega l au­
thority including condemnation of 
faulty equipment. Their accuracy 
standard is normally ± 1/ I O~~ and 
their other requirements a re gen­
era ll y based upon National Bureau 
()f' Standards Handbook 44. 

The other group o f concern to 
you is the Railroad Bureaus. The 
railroads have established Weigh­
ing and Inspection Bureaus to sup­
ervise and contract for Weight 
Agreements with private and rail­
road-owned scales. These Bureaus 
are concerned wi th the tariff deter­
mination of commodities and ma­
terials sh ipped or received by rail. 
They have the right of approval of 
scale equipment both as to type 
and specific performance. There 
are [our Bureaus and they have 
divided the nation geographically. 
The requirements of the Burea u 
a ppea r to be in a state of transi ­
tion . 

\!\That acc uracy can be expect­
ed from a totalizing belt conveyor 
scale? H ere we have a c1assi(' case 
of ('{Ivr:ai ernptur-Iet the buyer be­
ware. Be sure that when you dis­
cus~ accuracy with a vendor of slH:h 
equipment that you have a clea r 
definition of wha t is being discuss­
ed . A common habit i~ to discuss 
inSil'/lrIzcn t accuracy rather than iu­
stal/I'd acc urac y, and on this type 
of scale operating conditiom affect ­
ing accura(,y are of greates t impor­
tance: fer example, on our own 
equipment we guarantee instru· 
ment accura(,y of :!::' O.2 ,!~ but in­
stalled accuracy is ::t:. 0.4% , and 
thi ~ latter i~ on approved installa­
tiom only. These p ercentage fig­
ure." arc based UPO!) I ull capacity, 
as is normal on single range scales. 
The factors affecting insta lled ac­
('uracy will be discussed later in 
thi, talk. Anticipated in stall ed ac­
curacy o f' belt totalizing scales will 
var ;. Ir(;m -::: OAO (, to ~ 20,{, 0 1 

appi'G\'ed insta llations, depending 
u pOll the make. 

Generally the integrating bell 
conveyor scale will not m eet the 
legal accuracy requirements for a 
buying or se lling situation; in fact, 
f'rom the figures given you so far, 
this would appear to be universally 
true. Yet we have said some o f 
these requirements app2ar to be in 



a state of transition. In our own 
case we have recently had a totaliz­
ing belt conveyor scale in North 
Carolina accepted by the Southern 
\lVeighing and Inspection Burea u 
for certified weights for carloading 
of sand and crushed stone; how­
ever, this particular scale checkell 
out at an amazing ± 1/ 10% ac­
curacy. 

gether in an integrator in the scale 
head. The resultant integration is 
displayed on an odometer type of 
counter as an indication of weight 
which has passed over the scale. As 
we now see on the screen, figure 3, 
this is expressed by the equation 

T 

\V = \ w. v. dt. 
o 

Figure 2. 

An alternative systems, figure 
2, guamnteed to meet -+- 1/ 10<;70 ac­
curacy and legal requirements, is 
now shown on the screen. This is a 
system of weighing a continuous 
flow of bulk materials, by breaking 
it into individual hopper drafts . It 
is called an Automatic Bulk 
Weighing System and it totalizes by 
in effect adding the net weights of 
each hopper load, through taking 
the difference between the full and 
empty weight of each draft. 

Theory of Operation 

Now let us look at the general 
theory of operation of integrating 
belt conveyor scales. There are two 
inputs: incremental weight and 
belt speed. The incremental weight 
is that instantaneous weight sensed 
by the scale weighbridge. Belt 
speed measurement is necessary 
even on a so-called constant speed 
belt, because belts do vary in speed 
with load. 

These inputs are brought to-
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Figure 3. 

Types of Integrating Belt 
Conveyor Scales 

In examining the types of in­
tegra ting belt conveyor scales, we 
will look at the basic elements of 
these units. The first of these is 
the weighbridge, figure 4, and a 
modern example is shown on the 
screen. This design utilizes a single 
weigh idler. 
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Figure 4. 

There are others that utilize two 
idlers. The arrangement shown 
has the advantage tha t the complete 
assembly may be direct ly inserted 
in a conveyor frame in place of a 
single ex isting idler. Weigh bridges 
range in design [rom pure mechan­
ica l to pneumatic-mechanical sens­
ing. The unit shown is electro­
mechanical, using a modest lever 
system to impart a tension pull to a 
bonded strain gauge load ca ll: this 
type of arrangement has the a dvan­
tage that there is essenti ally no de­
flect ion in the weight sensing pro­
cess, a very important feature be­
cause it greatly reduces belt tension 
variations, a major cause of error 
in a totalizing belt conveyor scale. 
Use of the load cell increases cor­
rosion resistance in the meauring 
system, and makes remote indica­
tion easy. 

Notice the use of flexure sta­
bilizers in thais weighbridge design, 
figure 5. These are very important 
to assure that the scale senses only 
true gravitational force; this we see 
now in a new slide. This weigh­
bridge is constructed with rigid 
parallelogram stabilizers in both 
the longitudinal and lateral direc­
tions. In the upper half of the slide 
it can be seen that the longitudinal 
stabilizers prevent forces due to 

weigh idler friction from being 
transmitted to the weight sensing 
mechanism. In the lower half of the 
slide is described the lateral stabil­
izer parallelogram. The purpose 
of this lateral stabilizer arrange­
ment is to eliminate any possibil­
ity of error due to uneven loading 
across the belt. These stabilizers 
enable the weight to be registered 
correctly regardless of its relative 
position across the belt, thereby 
eliminating a common source of 
location of the belt speed pickup 
is important; it should be on the 
under side of the carrying portion 
of the belt to prevent pick up of 
material, and it should be located 
close to the weigh section to accur-



device. such as a pendulum. while 
in an electronic scale the weight is 
in terpreted by a servo system. 

Figure 5. 

The operation of C le such 
m echanical integrator i, shown on 
the screen in schematic form. figure 
ti. \Ve can see the speed and load 
(incremental weight) inputs com­
ing together in the ball and disc 
integrator, with the resulting inte­
grated output to the weight totaliz­
ing counter. Notice that as the 
.speed increase, or as the load in­
creases pushing the ball carriage to 

the right. the totalizing counter 
runs faster. This integrator is able 
to integrate negatively when weight 
indication is back of I.ero due to 
tare weight variations in the belt; 
this feature is very important in 
calibrating the zero of the scale, 
providing compemation thereafter 
for belt tare weight variatiom_ 
Patented differential geal'lllg. 
shown on the next figure of this in­
tegra tor, prevents the dou ble ball 
carriage from riding ill the center 
at zero load, and thus prevents this 
major cause of wear when the belt 

error in totalizing belt conveyor 
scales. 

The second basic input is belt 
speed and it is picked up by a roll­
er in contact with the belt. The 
ately reflect speed to the weighing 
loca tion, since belt speed is not the 
same at all points on a belt. Selec­
tion of the basic type of speed pick­
up. electrical or cable-driven 
mechanical. will depend upon the 
remoteness of the scale head. Elec­
trical belt speed transmitters are of 
the selsyn or tachometer variety; 
the selsyn is preferred because it is 
absolutely accurate, while tacho­
meters can have errors in the 0% 
range. 

These two inputs of increment­
al weight and belt speed are joined 
in the scale head. Methods of 
doing this depend upon the form 
of the inputs and the type of inte­
gration used. Most manufacturers 
use one of a variety of mechanical 
integrators, in which belt speed is 
rotational motion and weight is a 
linear motion. In mechanical scale 
systems the weight becomes linear 
in the motion of the counterforce 
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bration, a test pan is then slung 
below the weighbridge and the test 
pan is loaded with weights, the belt 
running empty, through the range 
of the belt loading. This second 
calibration will differ from the first 
by a weight value wihch becomes 
a correction factor. For successive 
calibrations only the test pan and 
weights need be used, the estab­
lished correction factor being ap­
plied. Of course, in the long run 
an actual check with material is 
recommended. Notice that the pro­
cedure just described eliminates 
the very expensive calibrated test 
chain, which still is not able to 
perfectly simulate belt tension ef­
fects under operating conditions. 
Obviously, if it is not practical to 
capture and reweigh the bulk ma­
terial in your operation, there are 
alternative, less accurate calibra­
tion methods. 

Figure 7. 
Application Engineering 

runs unloaded. Figure 7, also shows 
the dust tight housing of this inte­
grator, an important feature in the 
fertilizer industry . 

The final item in considering 
types of integrating belt conveyor 
scales is a brief look at available 
accessories. There are a variety of 
remote weight information devices: 
digital totalizers, digital weight 
printers, analog chart load record­
ers, and analog load indicators. 
Control devices include cutolf of 
device feeding the belt after a pre­
set quanti ty has passed across the 
scale, and analog control of belt 
loading through feedback control 
of the device feeding the belt. 

Calibration 

How does one calibrate a total­
izing belt conveyor scale? This is a 
subject which has been much dis­
cussed. However, at the recent an­
nual Instrument Society of Amer­
ica Conference in Chicago, there 
seemed to be agreement on calibra­
tion methods among the many rep­
resented manufacturers of totaliz­
ing belt conveyor scales. The prob­
lem centers on the fact that belt 
tension affects weight sensed, yet 
belt tension varies with belt load­
ing in even the best conveyor. The 
problem then is one of simulating 
belt tension over the range of belt 
loading conditions, and this can't 

be done except by actual loading. 
The best method of initial calibra­
tion is to use live material as in 
weighing, running at approximate­
ly the 25 % points from zero to full 
belt loading. Thi~ material is then 
captured and weighed on a conven­
tional scale. Truly amazing accur­
acies are sometimes achieved by 
this method; we have experienced 
agreement of better than 1/ I 0% in 
some instances. In this initial cali· 

In considering the application 
of integrating belt conveyor scales, 
there is a number of things to be 
reviewed. Before you buy be sure 
that you are considering all costs; 
for example, some manu[acturer~ 
do nOl include the necessary new 
idler as part of the scale price, and 
some require modification of your 
conveyor bed by you. Then there 
are calibration costs; these and 
other costs woule! vary with the ae-

Figure 8. 
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cessibility of the selected installa­
tion point. You may want to modi­
fy your conveyor to include a grav­
ity belt take-up, which is the pre­
ferred method for good weighing. 
For the long run consider the avail­
ability of service facilities for the 
unit you select. 

The schematic on the screen, 
figure 8, contains tips for installing 
such a belt scale. \Ve have already 
mentioned the gravity take-up and 
the proximate location of the belt 
speed pick-up. There should be 2 
or 3 idler spacings between weigh 
idler and loading point (or tail 
pulley). We recommend 30 feet 
between weigh idler and any point 
of slope change. The slope itself 
may be up to any degree that will 
still carry the product properly. 
Belts may be any standard arrange­
ment from fiat up to 45° troughed. 
Try for a location relatively free 
from vibration, corrosive atmos­
pheres, and winds which can cause 
weighing error. 

Most important, consider the 
accuracy you will really get-that's 
what you are buying. In doing this 
remember that those units which 
have the least vertical movement 
will have the least belt tension var­
iations, and that these variations 
are a major cause of error. 

Conclusion 

We have reviewed the contin­
uous weighing of bulk materials on 
conve)or belts. It's been sort of a 
do-it-yourself kit for consideration 
of a totalizing belt conveyor scale. 
\Ve have talked about advantages 
and disadvantages. Remember one 
powerful advantage; if this kind of 
equipment will meet your stan­
dards, it is the least expensive 'way 
to "beat the bottleneck." 

MOD.ERATOR REYNOLDS; Thank 
you very much, Dave. 

Are there any questions? 
1 have a question concerning 

installation. The initial picture 
vou showed looked like the belt 
~as on an incline, Does it have to 
be horizonal or can it be on an in­
cline? 

.MR. KENNEDY; The belt may 
be inclined up to any degree that 
will carry the load. In other words, 
it could be, for example, more than 
20 per cent. Of course, the incline 
is taken into consideration in the 

design and calibration of the par­
ticular unit. 

.\fODERATOR REYNOLDS; Thank 
you. 

Any other questions? 
A MEMBER: How do you com­

pensate for variation in the weight 
of the belt? 

;VIR. KENNEDY; How do we 
compensate or take care of varia­
tion in weight of the belt itself? 
In other words the tare weight of 
the belt. This is taken care of in 
the initial calibration because of 
the fact that this unit is able to in­
tegrate negatively and positively, 
So even if the weight variation of 
the belt would even be represented 
by a wave form, the unit could still 
take care of this. 

What happens is, the belt is 
run empty and you simply let it 
run empty and make your adjust­
ments until such time as there is 
no indication on the weight count­
er. At that point you know that 

you have properly compensated for 
the tare weight of the belt. Now, 
of course, we recognize that belts 
change. Some belts can even ab­
sorb moisture. There are problems 
which are not automatically taken 
care of but a regular check of the 
belt can take care of this. 

MODERATOR REYNOLDS; \Ve 
have time for one more question. 

1 believe they are all satisfied. 
Dave, you did a real fine job. 

Thank you very much. 
Our next speaker continues 

the discussion of our theme to 
achieve greater refinement in the 
techniques of our industry. 

Automation is occurring in all 
ends of processing and has recently 
moved into the area of packaging 
and bag closing. Mr. \V. R. Rumo 
of the Howe-Richardson Scale 
Company will review this subject 
and present a current report on the 
possibilities of relating this to the 
fertilizer industry. 

Maintenance and instrumentation in the Area of 

Automatic Weighing and Bag Closing Equipment 

W. R. Rumo 

ALTHOUGH my presentation 
is called ":Ylaintenance and 

Instrumentation in the Area of 
Weighing" we won't be discussing 
maintenance schedules and meth­
ods of caring for automatic bagging 
equipment, but ra ther how, 
through the use of instrumentation, 
Howe Richardson Scale Company 
developed advanced weighing 
equipment that requires low main­
tenance under the most rugged and 
severe operating conditions. 

Approximately 7 years ago 
Richardson Scale Company realiz­
ed that advances in weighing 
equipment were not keeping 
abreast with equipment advances 
being made in other major indus­
tries. It's true the weighing indus­
try has developed automatic sys­
tems for proportioning materials 
by weight and provided various 
means to record, store and select 
formulas as well as several methods 
for the read-out at remote locations 
which permit complete automation 
of the weighing process. This, how­
ever beneficial, is not related to 
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speed and accuracy consideration 
and ultimately maintenance bene­
fits. 

It is generally accepted that 
speed and accuracy in weighing 
equipment are not compatible. 
One is sacrificed for the other. For 
instance, if we are to obtain high 
speed, accuracy would be sacrificed. 
H we are interested in accuracy, 
we obtain this through the sacri­
fice of high speed operation. 

In an effort to improve the re­
lationship between speed and ac­
curary, it was decided to investigate 
the factors which influence those 
two functions. Unfortunately, these 
factors occur simultaneously and 
over a very short time period of 
less than one second. It is impos­
sible to observe all factors as they 
occur and much more impossible 
to detect small differences that oc­
cur in these factors from one con­
secutive weighing to the other. 

'Ve require some means of 
photographing or recording these 
factors as they occur so that com­
parisons between weighings in 



terms of weight differences and fac­
tors could be made to establish 
wbere weig:1t inaccuracy occurred. 

A rather thorough search of 
instrumentation available to indus­
try at the time resulted in the selec­
tion of a device known as a record­
ing oscillograph which, toguher 
with co:nmon transducers, permits 
conversion of forces, deflections, 
vibrations and other factors into 
electrical signals. The oscillograph 
records the several factors on a 
strip of paper as the weighing pro­
cess takes place. After the weighing 
is completed and the actual weight 
of that particular weighing estab­
lished, comparison of the trace and 
the weight is made to pinpoint 
origin of inaccuracy. 

The recording oscillograph 
permits recording factors as they 
occur in time spans of less than 
one-thousandth of a second. In­
creasing the speed of the paper 
chart passing through the oscillo­
graph permits expanding or magni­
fying these factors so they can be 
read easily. 

The performance of a stan­
dard scale at the beginning of our 
investigation is shown in Figure 
(l). The trace patterns are of sev­

eral factors influencing tbe weigh­
ing accuracy. An analysis of the 
trace permits evaluation of each 
factor and its contribution to the 
total scale performance. 

By means of this instrumenta­
tion, it is possible to establish tl1( 
areas of scale operation wherein 
the inaccuracy is generated and to 

what degree. With this tool, we 
can also evaluate guite well the 
effect, on over-all performance, of 
a design or component change. 

Comparing the trace patterns 
of many consecutive weighing;; 
from a given scale results in an 
excellent index of the factors ac­
cording to the degree to which they 
affect the performance of the scale. 
Concentrating on those factors 
which have the greatest adverse af­
fect on performance resulted in a 
well defined scale development pro­
gram. 

New component designs when 
completed were incorporated into 
the scale and oscillograph traces of 
the performance permitted critical 
evaluation of the new design. 

Tbis approach to evaluation 
of existing weighing equipment 
provided the basis for generating 
a much better scale; one having a 
performance capability exceeding 
by far that which was available at 
the time. 

In addition to equipment de­
sign, it was possible, through this 
instrumentation, to further re­
search activity in related areas of 
material handling and material 
How. Tbe performance of weigh­
ing equipment, in general, depends 
to a considerable degree on the 
uniformity of material flow from 
storage to the scale. Research in 
this area resulted in new theories 
and concepts in material handling, 
which wben put into practice. 
raised the level of scale perform­
ance. 

Howe Ricbardson Scale Com­
pany, after five years of intensive 
research and development activity, 
establisbed a design concept which 
resulted in the development of the 
"Speedac" family of scales. The 
term Speedac is usd to emphasize 
that the two functions speed and 

Fiqure 1, 
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accuracy, while not compatible 
bave been brought closer together 
permitting higher speeds with high­
er accuracy to be achieved in tbis 
scale to a degree not possible in 
standard equipment. 

Speed<lc scales operate in ex­
cess of 20 weigbings per minute on 
a single unit. The operation incor­
porates full How and dribble feed 
permitting accuracy of 2 Sigma 
(95% of tbe welghings) to be with­
in plus or minus 1 ounce or better. 
This speed and accuracy is accom­
plished in a stable operation. The 
stable operation is important since 
many standard scales are operated 
in excess of 20 weighings per min­
ute but not in a stable manner. 
This reHects in the very poor ac­
curacy obtained. 

Originally the primary pur­
pose of the development program 
was the improvement of the oper­
ating performance, specifically 
speed and accuracy. It was, how­
ever, through the accomplishment 
of this basic objective that an ex­
tremely valuable by-product re­
sulted. Tbis came in the form of 
substantial reduction in mainte­
nance requirements for the Speed­
ac scales. 

One area of investigation re­
vealed that components such as 
valves, air cylinders, switches, re­
lays, etc. were required not only 
to operate at high speeds, but abo 
with uniform, consistent action. 
Thorough research into available 
components from many sources of 
manufacture resulted in the selec­
tion of those which, in combina­
tion, gave the highest possible level 
of performance. 

The history of several bundred 



Speedac installations during the 
past three years indicates that this 
method of component selection has 
substantially improved the service 
record for automatic high speed 
bagging sca les. Users of Speedac 
carry less replacement components 
in stock and emergency service is 
rare. 

Not every weighing equipment 
appli ca tion requires high speed 
and accuracy. Every scale, however, 
should be able to sustain rugged 
operation with minimum mainte· 
nance. 

Howe Richardson has built 
into the standard line of bagging 
scales, as many of the improve· 
ments, both in design and com· 
ponent selection, from the Speeclac 
investigation as possible. The mod· 
el ESO·] OB fertilizer bagging scale 
(sec Fig. 2) has in this way bene­

fited from the Speedac d esign. The 
fertilizer bagger is capable of 20 
weighings per minute on SO and 
80 pounds with an accuracy of 4 
ounces. It is designed specifically 
for the rugged environment of the 
fertilizer plant incorporating many 
fealllres that enables it to put out 
the tonnage continuously through­
Ollt the season. 

Figure 2. 

l\10DERATOR REYNOLDS: Thank 
you, '\1r. Rumo. 

1 think we will move on to our 
next speaker. 

Steady continuous advance­
ment has been made in the field 
of liquid flow control. The orig­
inal simpl e flow meters were per­
haps sufficiently accura te to sati,-

factoril y meter the requirements 
for low analysis mixed fertilizers. 
However, with the double strength 
grades, improved accuracy is now 
req uired. A change in accuracy of 
eYen one haH of one per cent can 

very reatlily substantiate direc t con­
tribution to our profits. 

Our next speaker, Ml'. AI Sim· 
mons, will discuss the recent ad· 
vances in liguid flow metering sys­
tems. 

Maintenance And Advances In Liquid Flow Meters 

A. G. Simmons 

From the titl e my subj ect 
would appear to be almost two 
different subjects, but in reality 
both phases, New Flow-Meter De­
velopments and Flow-Meter Main­
tenance, are only part of a com­
mon fertilizer production COI1-

cern, the best possible accuracy 
of liquid How-metering. To m ain­
tainand improve uniformity of 
product existing How instruments 
must have their inherent accuracy 
maintained and other m ore accur­
ate How-meters must be found if 
the eXlstmg instruments, even 
though properly maintained, do 
not supply the necessary precision. 

In the process of seeking b et­
ter accuracy and .a t the same time 
using only How-meters that are 
truly compatible with the liquids 
of a mixed fertililer plant. three 
basic types of How-meters have 
come into use: first, the rotometer, 
second the electromagnetic How­
meter and third the turbine How­
meter. 

The rotometer has a t various 
times been used on all mixecl ler­
tilizer liquids. It has been found 
satisfactory or compatible with all 
of them except wet process phos­
phoric acid. 

The electromagnetic How­
meter has again been used on all 
Huids and been found satisfactory 
on all of them, the only problem 
being the need for a non-standard 
lower conductivity unit for use on 
anhydrous ammonia. The turbine 
How-meter, which is the n ewest and 
most accurate of the meters, is ap­
plicable only to anhydrous am­
monia and water, due to the prob­
lems of solids, viscosity, and / or 
corrosion inherent in nitrogen 
solutions, sulfate acid and phos 
acid. 

The operating principles of 
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the rotometer and the elec tromag­
netic How-meter are by now quite 
familiar to you gentlemen oJ the 
industry, but even these m eters had 
some n ew wrinkles added in the 
past year. Some fertilizer plants, 
looking for increased accuracy of 
simple How-indicating meters have 
gone to a 2S inch scale rotameter 
which does offer increased accuracy. 
This meter is not truly a n ew meter 
in tha t it has been available to 
inti lIstry for more than lO years, 
but its use in the fertilizer plants 
has only come about with this need 
for increased accuracy. 

The magnetic flow-meters have 
not changed in basic operation but 
constant development has led to 
more compact and reliable recorder 
instruments of transisterized con­
struction, smaller magnetic How­
meters themselves, and also a mag­
netic How-meter whose lined pipe 
section can be removed and readily 
replaced in the fertilizer plants in 
the event that a liner is damaged 
during operations. 

The How-meter least known to 
fertilizer people and, therefore, 
really the only radical new devel· 
opment in How-metering is the tur­
bine !low-meter. This unit is ex­
tremely compact, a one-inch flange 
meter being onl y eight inches in 
length and having a diameter less 
than the Hanges themselves. You 
can get some idea of the size of a 
one inch turbine meter from this 
unit in my hand which is one with 
pipe threaded end connections 
rather than flanges, but as you see 
it is extremely compact. The unit 
can be mounted in any a ttitude in 
a pipe line and produces an elec­
trical ou tpu t proportiona l to flow 
rate which can be feci to an indi­
cator, recorder, totalizer or con­
troller. 



The How-meter itself consists 
of a straight-through flow body, 
rotor support parts and a freely 
rotating rotor or turbine each 
blade of which creates an electrical 
pulse on passing the pickoff coil 
mounted on top of the meter. The 
rate at which pulses are created is 
proportional to the velocity of the 
Huid going through the How-meter 
and so the turbine meter is a true 
volumetric How-meter independent 
of density inHuences. 

Its accuracy guarantee is plus 
or minus one half of one per cent 
of any How rate over its range, and 
this range is considerable. This 
particular meter is a one inch 
meter with a range of .5 to 50 gal­
lons per minute, and its error is 
only half of one per cent at any 
point on that range. This means it 
is half of one per cent at .5 gallons 
per minute as well as at 50 gallons 
per minute. 

The turbine flow-meter also is 
not truly new from a use stand­
point since it was developed for 
liquid fuel rocket testing as early 
as 1950 and has been used for high 
accuracy test work and missile How 
measurement since that time. Only 
in recent years, however, has it been 
used widely in industry in applica­
tions requiring high accuracy. Since 
anhydrous ammonia is used as a 
rocket fuel, the turbine meter had 
experience with high accuracy met­
ering of this Huid and it was only 
a matter of time before it began to 
be used in ammonia production 
plants and finally in mixed fertiliz­
er plants themselves. 

These are the newer develop­
ments in the field of liquid How­
metering. How, then, does one de­
termine which type of How-meter 
should be used in a given plant? 
This decision must be made on the 
a<:curacy required, the cost of the 
instrument, the maintenance re­
quired, and individual plant con­
siderations such as the type of 
maintenance personnel available 
and whether a relatively clean and 
vibration -free area is available for 
high a<:curacy instruments. Since 
the subject of accuracy is a vital 
one in the choice of How-meters and 
in their maintenance, let us review 
the accuracy guaranteed for each 
of the three types of How-meters 
mentioned. 

Here it might also be well to 

explain the a<:curacy statement 
somewhat since a great deal of con, 
fusion exists on this score. Accur­
acy listed by a manufacturer is the 
maximum error which may be en­
countered in a flow-meter when 
compared to a completely accurate 
calibration standard. The meter 
may, of course, give much better 
absolute accuraey than that which 
is guaranteed and it will most def­
initely provide repeatability of 
flow reading to better than one half 
of the accuracy guarantee. 

The rotameter in its most COIU­

manly seen forms, the 10 in<:h and 
5 in<:h metering scale without cali­
bration, has a guaranteed accuracy 
of plus or minus two per <:ent of 
maximum flow reading. For a met­
er having a range of 1,000 to 10,-
000 pounds per hour, a<:curacy is 
plus or minus 200 pounds per hour 
at 10,000 and also plus or minus 
200 pounds per hour at 1,000. The 
10 inch or 5 inch scale rotometers 
can also be supplied with an actual 
flow calibration so that they give 
an accuracy of one per cent of the 
maximum flow rate. Then the 
error on a 10,000 pound per hour 
How-meter would be plus or minus 
100 pounds per hour at 10,000 and 
100 pounds per hour at 1,000. The 
meter gives readings over a 10 ton 
range. 

The 25 inch scale rotometer 
whi<:h I mentioned before as a 
higher accuracy instrument is con­
sidered a precision accuracy flow­
meter rather than an industrial ac­
curacy How-meter. Its guaranteed 
accuracy is either plus or minus 
one per cent or plus or minus one 
half of one per cent of any flow 
rate on its scale, accuracy depend­
ing upon the number of calibra­
tions run on the meter. Here the 
accuracy is stated differently and 
means a one per cent 2000 to 10,000 
pound per hour flow-meter, the 
ranges are somewhat shorter on the 
long scale meters, has an error of 
plus or minus 100 pounds per hour 
at 10,000 but only plus or minus 20 
pounds per hour at 2,000 This 
meter gives readings over a 5: 1 
range. 

The magnetic How-meter, on 
the other hand, has a guaranteed 
a<:curacy of at least plus or minus 
one per cent of maximum flow 
rate, which, again, means on a 10,-
000 pound per hour maximum flow 
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plus or minus 100 pounds per hour 
at 10,000 or at 1,000 pounds per 
hour. However, when a magnetic 
flow-meter is supplied with a con­
tinuous range adjustment, its range 
can be changed by rotating a dial 
on the recorder and its accuracy 
can be maintained at close to plus 
or minus one per cent of any read­
ing. 

For example, if a <:ertain form­
ulation required a flow of 10,000 
pounds per hour and the magnetic 
How-meter is set for a full scale 
range of J 0,000 pounds per hour, it 
will record this flow with an ac­
curacy of plus or minus 100 pounds 
per hour. If later another formula­
tion requires only 3,000 pounds 
per hour flow and the magneti.c 
How-meter range is not changed, ac­
curacy of this How will be plus or 
minus 100 pounds per hour at the 
3,000 level. However, by changing 
the range knob in the recorder in­
.strument so that full scale on the 
meter is now 3,000 pounds per 
hour, this flow can then be metered 
with an accuracy of plus or minus 
30 pounds per hour. The magnetic 
How-meter gives readings from ° to 
whatever maximum flow is set on 
the recorder. 

The turbine meter, as previ­
ously mentioned, has the highest 
accuracy of any of these available 
meters, plus or minus one half of 
one per cent of any How meter rate 
over its wide range. A turbine met­
er can be supplied with a range 
of 10 to 10,000 pounds per hour 
over which the one half of one per 
cent makes it accurate to within 50 
pounds per hour at 10,000 and .Os. 
pounds per hour at 10. Readings 
over a 100 ml flow range can be 
made with the turbine meter. 

The second fa<:tor mentioned 
in selecting a flow-meter, cost, var­
ies considerably with the type of 
meter and its function. Assuming 
construction for nitrogen solutions 
with all welded parts of stainless 
steel, I would like to give you a 
general idea of what these meters 
cOst. In a simple indkating unit 
the varities of meters that we have 
been discussing cost about as fol­
lows: 

I) An uncalibrated rotameter, 
either the armored or the glass tube 
type, with a 10 inch or 5 inch scale. 
would cost approximately $225_ 
Calibration of this meter 50 that 



accuracy is plus or minus one per 
cent of maximum raises this price 
to $275. 

2) The 25 inch scale meter 
with one per cent accuracy over the 
full scale runs $400, whereas a half 
per cent calibration on the type 
of meter adds another $100 to the 
price. 

3) The magnetic flow-meter as 
a simple indicator costs approxi­
mately $1,000, with plus or minus 
two per cent of maximum flow 
accuracy. 

4) The turbine flow-meter also 
can be supplied as a simple indi­
cator at a price of roughly $800, for 
plus of minus one per cent of rate 
accuracy. 

Since a large number of plants 
today are using recording devices, 
let us look at the prices of record­
ing meters also. 

I) A recording 5" scale roto­
meter costs in the neighborhood 
of $600 to $700, with an additional 
$50 for one per cent calibration. 

2) 25" scale rotameters are not 
available with recordings. 

3) A recording magnetic flow­
meter approximately $1500. 

4) A recording turbine meter 
approximately $1400. 

The third factor mentioned in 
determining suitability of any met­
er was maintainence. As most of vou 
know, indicating pyrex tube r~to­
meters obviously need practically 
no maintenance, other than period­
ic cleaning and replacement of an 

OCGlsional broken tube. Transmit­
ting rotometers, on the other hand, 
require some periodic maintenance 
because they are handling air and 
slowly become dirty. Cleaning of 
the transmitters and filters and as­
sociated receiving equipment is 
necessary. Automatic controllers 
also require this type of mainte­
nance. Most of the plant instru­
ment people or maintenance peo­
ple who have looked after instru­
ments are capable of doing this 
type of work. 

Magnetic flow-meter, routine 
maintenance can be done by most 
mechanics since it involves simple 
adjustments of the recording in­
strument. Complete periodic 
checks of the magnetic meter and 
its recorder are required to main­
tain accuracy and can be only done 
properly by a trained instrument 
man or a factory representative. 
Since' this type of check is done in 
most cases only every three or six 
months, a service contract with 
the supplier of the instrument can 
take care of the necessity of having 
a trained instrument man to main­
tain the magnetic flow-meter. 

Turbine flow-meter mainte­
nance is of the same nature as that 
of the magnetic flow-meter. Day-to­
day adjustments of the receiver 
instrument are easily done while a 
periodic complete check by a 
trained instrument man or factory 
repersenttaive is required for max­
imum meter performance. 

These, then, are of the flow-

meters being used today in fertil­
izer plants and some of the reasons 
why one meter is chosen over an­
other. The most accurate flow in­
struments naturally require the 
most careful handling and main­
tenance, if they are to continue to 
be accurate. However, the cost sa\'­
ings through improved control of 
ingredients are so great with these 
higher accuracy meters that more 
and more ferti/iler plants are tak­
ing the necessary steps in their 
facilities and operations to be able 
to use them. 

l\JOlmRAToR REYNOLDS: Do we 
have some questions? 

A MEMBER: VVllat about re­
mote indicating meters versus tur­
bine meters? 

MR. SIMMONS: All types of re­
mote indicating equipment are 
available. The turbine meter puts 
out an electrical signal and this 
can be fed into almost any type of 
an indicator, totalizer, controller at 
remote locations. 

MODERATOR REYNOLDS: Any 
other questions? 

Any questions for the previous 
speakers? vVe have a few minutes 
here, we could entertain some ques­
tions. 

Since we have no questions, 
apparently everyone is satisfied. vVe 
wish to thank you for your atten­
tion this morning, you've been a 
very patient audience. 

vVe will adjourn now until 
our two p.m. session this afternoon. 

Thursday Afternoon Session, November 7, 1963 
The Round Table reconvened 

at nvo o'clock p.m., Mr. A. Spill­
man, ;Vroderator. presiding. 

MODERATOR SPILLMA:"I: Will 
the meeting come to order, please. 

Gentlemen, I wish to take this 
opportunity to say hello to many 
of you old-timers attending this 
meeting: and on behalf of your 
Executiye Committee we welcome 
all of YOll people who have come 
here for the first time. 

Your Committee has had no 
easy task to arrange this program, 
with timely up-to-date subjects. 

'''Ie have had many executive 
meetings during the year, analyzing 
the suggestions received from this 
membership for possible topics to 
be discussed. 

The subjects we are discussing 
during this three-day meeting are 
the results of careful considera­
tion by your committee, and we be­
lieve are representative of your 
suggestions. 

I wish to take this opportunity 
on behalf of the entire member­
ship to thank Tom Athey, a good 
friend of the Round Table, Tom's 
associates, and the Raymond Bag 
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Company for the very fine party 
they gave us last night. 

Immediately after the two sub­
jects to be discussed this afternoon, 
we will have a question and answer 
period. 

The first topic for discussion 
this afternoon is: Man-U-Pak Meth­
od of Fertilizer Production. 

This paper will illustrate a 
concept of producing granular 
mixed fertilizers, bagging, palletiz­
ing, storing and shipping. 

The paper will be given by 
l\Ir. "'alter Sackett, Junior. 



nMAN-U-PAK" Method of Fertilizer Production. 

Walter J. Sackett, Jr. 

Thank you, Ml'. Spillman. 
Ladies and gentlemen. 

vVe are pleased to have the op­
portunity to speak to you today 
on what we feel is the fertilizer 
plant of the future. 

It represents a drastic depar­
ture from the fertilizer plant as we 
know it today. vVe feel that the 
old cliche, One picture is worth ,a 
thousand words, applies here, and 
therefore will make our presenta­
tion through a series of slides. (See 
Composite Drawing # 1) 

Man-U-Pak, a new concept 
in fertilizer production, in which 
granular fertilizer is manufactured, 
packaged and warehoused in one 
continuous operation. 

Incidentally, we felt that the 
chicken and the egg was the best 
representation of exactly what we 
are talking about, manufactured 
and packaged in one operation. 

The following shows a plant 
of this new design. Its capacity is 
based on 500 tons per day. Manu­
facturing goes on around the dock. 

The packaging and warehous­
ing are accomplished in one eight­
hour shift. 

Packaging shipments are made 

·U. S. and Foreign Patents Granted. 
Othen; pending. 

from warehouse. Bulk products are 
handled at the plant's bulk ship· 
ping terminal. 

This plant offers better utiliza­
tion of labor, greater product qual­
ity control, lower cost storage facil­
ity, improved working conditions. 

This is a view of the overall 
plant. 

How does it differ from other 
plants? vVe will try to show you. 

Receiving solid-state TaW materials. 
Here we show materials being 

unloaded in bulk from either hop­
per bottom or box cars by means 
of an undertrack Bulk-Toter* (l). 

This has the ability to convey 
and elevate the materials to a shut­
tle belt (2) which takes them to 
anyone of five raw materials bins 
(3) . 

Receiving liquid-state raw ma­
terials. 

Here we see our liquid storage 
system consisting of tanks for an­
hydrous ammoniating solutions, 
various acids that we will use in 
the process (4). 

Transfer of solid raw materials. 
Here we are charging by a 

front-end loader our various solid­
state raw materials into a large 

boot hopper with grate (5) to an 
elevator (6) to the initial screen­
ing and batching part of our opera­
tion. 

Screening, compounding and 
blending solids raw materials. 

Here our materials go over our 
scalping screen (7) through a bin 
selector (8) to a six-compartment 
hopper system (9). 

Frcm the hopper system we 
drop tl.e materials to our Blend­
weigh II< Scale Hopper (10) where 
they an. mixed and weighed in one 
operation. 

Transfer of solid material blend 
to process. 

Ou~' batch is then fed by grav­
ity to another Bulk-Toter conveyor 
(I I) which transfers it to a surge 
hopper over ollr continuous weigh­
ing machine (12). 

Transfer of liquid raw materials 
to the process. 

Here we are merely showing 
the pipelines for the various liquid 
raw materials from storage to the 
metering equipment (13). 

Continuous weighing of solid 
blend to ammoniator. 

Here we have our material in 
our surge hopp~r, transferring it 
across our continuous weighing ma­
chine (12) to our ammonia tor ele­
vator (14). 

The amm:miator elevator then 

~ 
~ 

Fig. I. Manu-U-Pak Method of Fertilizer Manufacturing. 
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elevates the material to the ammol1-
iator-granulator level. 

Continuous metering of liquids 
to the ammoniator. 

Here we show our panel board 
(15) and pipelines carrying meter­

ed liquids to the ammoniator-gran­
ulator. 

Ammoniating reactions and pel­
letizing. 

Here we show our continuous 
TV A-type ammonia tor-granulator 
(16) , where liquids are introduced 
under the cascading bed of solid 
raw materials_ 

Drying. 
Here our plasticized mass is 

put through a rotary co-current 
dryer (17), either gas or oil fired. 

Cooling. 
The material then goes 

through a rotary counter-current 
moler (18). 

Cyclone air control. 
Here we show our air system 

as handled through a common duct 
to twin cyclones (19). 

Fume scrubbing system. 
From the cyclones our air goes 

through a suitable wet-type scrub­
ber (20), thence to the exhaust fan 
(21), and then in to atmosphere. 

Pellet classification. 
Here we are taking our cooled 

material by way of a conveyor (22) 
to an elevator (23) amI across a 
double-decked classifying screen 
(24) . 

Fines are spouted back to our 
ammonia tor elevator (14). 

Oversize is milled and return­
ed to the screen, the ammonia tor or 
dryer, as desired. 

In this particular case, we are 
spouting them right back to the 
screen. 

The product is spouted to a 
fixed-frame reversible belt conveyor 
(25) . 

Bulk product shipping terminal. 
Here our product is being 

taken to our bulk shipping termin­
al, which is composed of an over" 
head six-compartment silo (26). 

This will be the only place m 

*V. S. and Foreign Patents Issued. 

the plant in which we will store 
finished goods in bulk. 

New Revolutionary Man-U-Pak. 
Reduces wasted man-hour,s, 

eliminates pile segregation, creates 
new high standards of product 
quality controL 

l\'e realize that it is pretty 
easy to make such claims, but we 
can back them up. 

Vp till now we have been 
talking in terms of a more or less 
standard unit, more modern and 
better designed than most, but 
still pretty orthodox_ 

From here on the Man-V-Pak 
plant is substantially different. 

Product transfer from process 
to packaging reservoir. 

Here we are reversing our 
product belt (25), taking the ma­
terial to a stub-elevator (27) and 
to our packaging reservoir (2R). 

Product packaging. 
Here we show our product go­

ing through our three-compart­
ment reservoir (28). 

Each compartment has the ca­
pacity to hold one complete eight­
hour run from the manufacturing 
lIni t. 

From this reservoir we are go­
ing to two bagging lines (29). 

Product warehousing. 
Here we show our fork-lift 

operators taking palletized bagged 
goods from the bagging lines to our 
warehouse. 

All the area in green is low­
cost warehousing (30) space. This 
is based on using a PVC bag. 

Product shipments from ware­
house. 

Here we show bagged goods 
being: loaded on trucks directly 
from warehouse by our fork-lift 
0pl;r;otors. 

Shipping has no direct tie-in at 
all with our packaging operation. 

.vIan-V-Pak study reveals amaz­
ing reduction in man-hours per 
ton of direct labor. 

In our Man-V-Pak plant raw 
materials receiving and manufac­
turing will operate three eight­
hour shifts per day. 

Packaging, warehousing and 
shipping will be done on a one­
shift basis, however, in this one 
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shift we can handle all the mater­
ial produced by the manufacturing 
unit in the previous twenty-four 
hours. 

Here we show our receiving 
operation crew of two men, receiv­
ing at the rate of twenty-one tons 
per hour. 

This material costs .0952 man­
hours per ton. 

Our manufacturing is done on 
the same three-shift basis, five-man 
crew manufacturing at the rate of 
twenty-one tons per hour. 

The cost here is .2380 man­
hours to a ton. 

Total receiving and manufac­
turing cost, .3332 man-hours per 
ton. 

At the same time we have a 
twelve-man crew in our packaging 
operation, packaging 63 tons per 
hour. 

This is adding .1905 man­
hours to our ton. 

Our warehousing, two men 
warehousing at a rate of 63 tons 
per hour adds .0317 man"hours to 
our time. 

Shipping from warehouse, two 
men shipping at the rate of 63 
tons per hour, .0317 man-hours is 
added to our ton here. 

Our total packaging, ware­
housing and shipping cost is .2539 
man-hours to the ton. 

For the entire operation our 
cost is .5871 man-hours per ton. 

Non-productive labor and 
overtime wages due to seasonal con­
sumer buying are sharply reduced 
by Man-U-Pak. 

Here we are showing the typ­
ical labor utilization in a conven­
tional plant, during an early sea­
sonal period. 

\Ve have a crew of eleven men. 
\Ve bring these men in at seven­
thirty in the morning, and from a 
period of seven-thirty until eleven­
thirty that morning, one truck 
shows up in the yard with an order 
of eight tons of fertilizer. 

These men fill that order, they 
are all dependent on that order. 
They are going at a rate of two 
tons per hour for that four hours. 
So that fertilizer on the truck has 
cost of five and a half-hours per 
ton. 

From the hours of twelve to 



four the trucks start coming m. 
They start to bag and ship at nor­
mal rate, thirty tons per hour. 

During a four-hour period 
they ship a quanti ty of 120 tons. 
Thjs fertilizer has cost us .3666 
man-hours per ton on the truck. 

But at four o'clock "lNe haven't 
finished. \Ve still have trucks in 
the yard. So we have to keep these 
eleven men for overtime. 

During a three-hour pe"hd, 
three-hour overtime pe'i:)(\, fnm 
four-thirty to seven-thi tv we baa 
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and ship at our maximum rate, 
thirty tons per hour. Our eleven 
man crew ships a total of ninety 
tons. This fertilizer is costing us 
.55 man-hours per ton. 

During that day we had our 
eleven-man crew for eight hours of 
straight time. During those eight 
hours they shipped a total of 128 
t?ns. This averages out to be about 
SIxteen tons per hour. 

This fertilizer has cost us .687.15 
man-hours per ton. 

During the three hours uf over­
time we bagged and shipped ninety 
tuns total. This fertilizer has cost 
us .55 man-hours per ton. 

During this one particular day 
we had 31.0678 non-productive 
man-hours. And our total man­
hour-per-ton cost for our shipping 
is .63007. 

Non-pruductive labor and 
overtime wages due to seasonal 
consumer buying are sharply re­
duced hy Man-U-Pak. 

No seasonal problems with 
Man-V-Pak. 

~ere we show the same day in 
the . bfe of a Man-U-Pak plant. 
DUrIng the hours of s~ven-thirty 
to eleven-thirty, we bring in a four­
teen-man crew. This is for our 
l~ackaging amI warehouse opera­
tIOn. 

Now, when they only have one 
truck in the yard, these people are 
not at all dependent on that situa­
tion. From seven-thirty to eleven­
thirty they bag and warehouse at 
the rate of 63 tons per hour, a total 
of 252 tons during that four hour 
period. This fertilizer warehouse 
has cost us .2222 man-hours per 
ton. 

Fro:n twelve to four the tI'ucks 
stan coming in, but these people 
don't know anything about it. 

They don't have to. They bag and 
warehouse at the rate, the same 
rate, the same constant rate of 63 
tons an hour, quantity of 252 
tons, constant cost of .2222 man­
hours per ton. 

Now our shipping. 'Ve do 
have a forklift operator during this 
period that is dependent upon 
orders. So during this period the 
first eight hours in this same day 
this forklift operator ships 128 tons, 
the same as in our orthodox unit. 
This is a rate of 16 tons per hour, 
but we only have one man depend­
ent on these orders, so this cost 
amounts to .0525 man-hours per 
ton. 

The forklift operator has to 
stay on overtime, the same as our 
full crew did wi th the orthodox 
plan. 

From four-thirty to seven-thir­
ty, he loads out at the rate of 3[) 
tons per hour, a total of 900 tons. 
This fertilizer has cost us .05 man­
hours per ton. 

Our total non-productive man­
hours during this day amounts to 
3.7436 and our total cost of ship­
ping is .0573 man-hours per ton. 

N on-productive labor and 
overtime wages due to seasonal 
consumer buying are sharply re­
duced by Man-U-Pak. 

Here we show the comparison 
between the conventional plant and 
t~e Man-U-~ak plant. Our ship­
pmg operatIOn summary. During 
this same day in a conventional 
plant we have a total of 41.0678 
total non-productive man-hours. In 
the Man-U-Pak system, we have 
3.743G non-productive man-hours. 
Our total shipping cost in the con­
ventional plant .6307 man-hours 
per ton; in the Man-U-Pak plant 
a total of .0573 man-hours per ton. 

Man-U-Pak improves working 
conditions and upgrades products. 

In the conventional plant we 
have dust, contamination and attri­
tion from op~n-bin storag~. Man-U­
Pak plants present no dust con­
tamination or attrition from prod­
uct stured in sealed bags. 

Cumparing the Man-U-Pak 
product quality control to existing 
methods. 

Here we have some samples 
from bags. \Ve have taken our 
sample from a conventional plant 

60 

producing granular fertilizer. This 
fertilizer has cume from the manu­
facturing unit, been dumped in 
storage bins, run over, picked up 
by payloatlers, dumped inw eleva­
tors, run across scalping screens 
and then put into a bag. vVe 
haven't got a Man-U-Pak plant in 
existence, but if we did the mate­
rial would be coming off the belt 
and going directly tu the bag. 

Now in a conventional plant 
we fi.nd in a sample from a bag 
that IS supposed w be granular fer­
tilizer 7.175 per cent through a 20 
mesh, but with the same product 
that would be coming off the prod­
uct belt fwm manufacturing in the 
Man-U-Pak plant, we have .517 or 
a little over half of one per cent 
through a 20 mesh screen. 

Man-U-Pak shows a 1400 per 
cent improvement in fines reduc­
tion. 

Man-U·Pak eliminates seasonal 
pwblems, attracts better help, im­
proves working conditions, pro­
duces higher quality pwducts, re­
duces costly overtime and banishes 
elu plica ted effort. 

That's it, ladies and gentle­
men. We feel that the hen had a 
pretty good idea when she packaged 
her product the way she did. \Ve 
think that our Industry could take 
a lessun from her. 

lVloDERATOR SPILLMAN: There 
we have it, men. If this thing 
could be worked out according to 
the thinking of the Sackett Com­
pany, it looks like we could have 
o~e of the most economical opera­
twns. 

Are there any questions? \Ve 
uught to have some questions here 
for Mr. Sackett. 

MR. SAM GCSHIN (Con.sumers 
Cooperative Association, Kansas 
City, Missouri): Yuu mentioned 
the 500 tons a day, a 24-hour oper­
ation, and by rough calculation 
this would be about 150,000 tons 
a year. 

I was wondering who had a 
plant that would do that, or wheth­
er this thing could be scaled down 
to, say, a 50,000-ton-a-year plant? 

MODERATOR SPILLMAN: vVaI­
ter, will you come up here and an­
swer that question, please? 

MR. GlJSHIN: The big advan­
tage is the continuous op~ration 24 



hours a day, but you can't do that 
unless you have certain volumes 
and I was wondering whether you 
had different siled plants and 
could give us some idea of the cost 
of these plants? 

MR, SACKETT: Sir, actually the 
plant has been worked out so far 
in theory-the theory of the idea 
more than anything else. 

''''e would certainly be able to 
scale it down. But, so far as giving 
you a figure on what a plant of this 
size would cost right now, I could­
n't do it. ',\Te have been working 
more on the theory of the idea and 

have not actually estimated the 
plant costs, as yet. 

:\IODERATOR SPILLMAN: ,\re 
there any other questions? 

Thank you, ''''alter. 

Yesterday :\Ir. J. H. Caro, U.S. 
D.A. Fertilizer Research Labora­
tory, Beltsville, discussed all the 
possible methods for determining 
moisture in the chemical labora­
tory. 

Our next subject to be dis­
cussed is moisture relationships in 
fertilizer production. This paper 
will be given by our good friend, 
James W. Lewis of du Pont. 

The Effect of Certain Variables Upon the Condition 
of Granular Mixed Fertilizers 

J. William lewis 

This report deals with results 
of a study of the effect of certain 
variables upon the condition of 
granular fertilizers. The study was 
a cooperative effort between Du 
Pont and a manufacturer of mixed 
fertilizers and was conducted un­
der spring and summer conditions. 

The objective of the program 
was to determine the relative im­
portance of moisture, particle size, 
and quantity of nitrogen derived 
from ammoniating solution on the 
caking characteristics of several im­
portant grades of fertilizer. 'Ye 
were particularly interested in bag 
set during prolonged storage rather 
than primary pile set. 

Manufacturing equipment used 
in the study was typical of a TVA 
plant. In consisted of a TVA am­
moniator-granulator, dryer, cooler, 
double deck classification screens, 
and provision for complete recycle 
of crushed -over-size and fines. 
Grades were produced at normal 
production rates under normal op­
erating conditions, except when 
necessary to control certain vari­
ables under study. 

Grades chosen for the study 
were 8-16-16, 12-12-12, and 16-8-8. 
The variables were as follows: 

grade and a high level, using 
8 units [rom solution in the 
8-16-16 and 16-8-8 grades and 
9 units from solution in 12-
12-12. 

b. Each solution level was 
made at two moisture contents. 
These levels were (a) less than 
I per cent and (b) greater 
than 1.5 per cent with a spread 
of at least 1 per cent between 
the maximum and minimum 
at each solution level. Mois­
ture was determined by the 
vacuum oven method wherein 
the samples were exposed for 
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':I hours in a closed vessel heat­
ed to GO degrees centigrade 
and evacuated to 20 inches of 
mercury. 

c. Each moisture level was 
produced at two rang~s of par­
ticle size. The first, designated 
as "standard" particles size, 
was produced using a #6 top 
and # 16 bottom screens on a 
double deck hummer, while 
the second range, designated 
as "coarse," utilized a #6 top 
and # 14 bottom. This, then, 
resulted in 8 samples with diff­
erent characteristics for each 
grade. Figure I shows the 
samples and variables schemat­
ically. 

The study consisted of two 
phases: (a) the laboratory phase, 
and (b) the warehouse storage 
phase. 

The laboratory phase consist­
ed of an accelerated exposure test 
wherein all samples placed under 
constant pressure in a controlled 
humidity room. The samples were 
exposed in a 40-mesh stainless steel, 
wire screen cylinder with a two­
inch diameter. Polyethylene discs 
at the top and bottom of each sam­
ple restricted moisture penetration 
to the vertical walls of each cylin­
der. During exposure, all samples 
were subjected individually to a 
constant compacting pressure 
equivalent to material in the bot­
tom bag of a stack 18 bags high. 
After exposure, the resulting cake 
was removed from the cylinder. 
Crushing pressure needed to dis-
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tilrb the cake was measured In 

pounds per square inch. 

Exposure tests were made by 
running a set of samples in dupli­
cate through a temperature-humid­
ity cycle. A typical exposure was 
six hours at 90 degrees Fahrenheit 
with a relative humidity of 60 per 
cent followed by a 16-hour drving 
period at 80 degrees F. with ;ela­
tive humidity at 40 per cent. Sep­
arate sets of samples were run 
through a similar cycle at humid­
ities of 70 and 80 per cent. Sam­
ples representing each of the eight 
production runs for each of the 
three fertilizers were always ex­
posed simultaneously and in dupli­
cate. Fresh test samples representing 
one group were used for each ex­
posure and four exposure groups 
were tested for each of the three 
humidity levels. In total, this 
;,mounted to 576 samples tested. 

At the time the sample matc­
rial was shipped to the laboratory. 
a sufficient quantity was bagged to 
provide four stacks of each sample, 
12 bags high and stored in the 
plant ware!10use. These stacks 
were then examined at 2-, 4-, 8- and 
12-week intervals. A total of 288 
bags-96 for eadl grade-were ex­
amined and evaluated at the end of 
each time interval wi th particular 
concern for the evaluation at the 
close of the 12-week period. 

The bags from warehouse 
storage were examined in several 
ways. 

1. The first examina tion, 
termed the "spike test," was made 
on each bag in the stack. For this 
test, a device holds a spike about 
the size of a ten penny nail on top 
of a bag of fertilizer. The device 
is also equipped with a weight 
which drops a fixed distance on top 
of the spike. A measure of the rela­
tive bag set was determined by the 
number of drops required to drive 
the spike into the fertilizer. 

2. After the spike test, the bags 
were removed from the stack and 
alternate bags were dropped once 
on the side from a height of four 
feet. Each bag, whether or not 
dropped, was then opened and 
poured across a four mesh screen 
and the per cent passing through 
the screen v.as determined. 

After a little experience with 

the spike test, we soon learned to 
judge how hard the bag set would 
be and whether or not the ferti­
lizer would be free flowing with or 
without the drop. 

3. The contents of each bag 
were also examined visually and 
certain "judgment factors" were 
exercised in grading the product. 
However, for practical reasons, we 
relied principally on the results of 
the first. two tests in arriving at our 
conclUSIons. 

vVe are sure you can appreci­
ate the difficulty in operating a 
plant to produce a product whose 
moisture and screen classification 
were within the ranges prescribed 
for these variables. Indeed. some 
samples did not meet the exact re­
quirements. Nevertheless, we felt 
that the data obtained and the 
conclusions reached were reliable 
on a statistical basis. 

vVe do not believe it approp­
riate. nor does time permit us to 
present the complete data to this 
group. vVe will, therefore. confine 
our remaining remarks to the con­
clusions reached as a result of this 
study. 

Conclusions: 
1. There was an extremely 

close correlation between the cia ta 
obtained in the laboratory and 
that from storage bags. ThaI is, 
samples which had the iowe,;t 
crushing strength after the labor­
atory exposure also had the least 
bag set in storage. Likewise. those 
with the higher crushinO" strength 
had the harder set. c' L 

2. Product moisture influence, 
the caking of a particular grade of 
fertilizer significantly mOl'e than 
any of the other variables under 
study. Low moisture samples caked 
approximately 35 per cent less 
than high moisture samples of a 
given grade. 

3. Particle size in the two 
ranges studied was of secondary 
importance with the "co"use" sarr{­
pIes caking about 15 per cent less 
than those with" standard" part­
icle size. It should be noted, how­
ever, that we probably did not se­
lect particle size ranges with 
enough diflerential and it is quite 
probable that material with a high­
er percentage of fines would shoow 
a significantly harder bag set. 
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4. The level of ammoniating 
solution had the least effect and 
was masked to some extent bv 
moisture and particle size. I 

5. Perhaps the most significant 
(:onclusion was that each of the 
three variables meI1lioned was 
?vershadowed by the total nitrogen 
III the formula. In comparing the 
three grades is was found that the 
caking tendency increased substan­
tially even though the moisture 
content decreased as the nitrogen 
increased from 8-16-16 to 12-12-12 
to 16-8-8. This indicates that as 
the nitrogen content is raised, bet­
ter granulation and lower moisture 
content is necessary to provide a 
free flowing prod uct. 

6. The effects of all these vari­
ables are additive. The harde~t 

bag set was experienced with 16-8-8 
material produced at the higher 
solution level, higher moisture 
content, and standard particle size. 
In contrast. the 8-16-16 at the low­
er solution level, lower moisture 
level, and coarse particle size was 
in the best condition. 

. 7. From a practical standpoint, 
It was further concluded that to 
produce a fertilizer with the least 
tendency to cake, we should: 

a. Have about 80 per cent 
minimum on #16 screen although 
some latitude may be exercised de­
pending on the particular grade. 

b. Moisture contents should 
range about as follows: 

8-X-X and below 1.5% maximum 
8-X-X to 12-X-X 1.0% maximum 
12-X-X to 16-X-X 0.5% maximum 

These conclusions are the con­
sensus of people involved in per­
forming and evaluating the test 
program. ~We hope that those of 
you, who lIlay be experiencing diffi­
culty with bag set. will find this 
information of value in solving 
your problem. 

l\fODERATOR SPILLvIAN: A good 
many of you have written in and 
asked for this topic, apparently 
some of you have had difficulty 
with your moisture.>. Now is the 
time to put the questions to IVlr. 
Lewis. 

Bill, I'd like to ask you a 
question. 

On low nitrogen grades, 5-10-
lO or 6-12-12. I understand that 
some folks can get by with three 
per cent moisture and we're dryin)! 



down to one and a half per cent 
moisture. 

lsi t necessary to dry down tha t 
lo·w on a 5-10-10 or a 6·12·12? 

:VIR. LEWIS: I think on the ba­
sis of the results of this study the 
lower you get the moisture, that is 
down in the range of one and a 
half per cent, the much better guar· 
antee you have that bag set is going 
to be reduced to an absolute mini­
mum. You may never correct it 
entirely. 

Certainly the way to reduce it 
is to get that moisture down in this 

case in the range of one and a half 
to two per cent, and as you go up 
with nitrogen you have to get pro­
gressively lower. That was what 
the data indicated. 

A i\f1.::\1BER: Bill, did you do 
any work with J-4-X grades at all? 

MR. LEWIS: No, just the grades 
mentioned. 

MODERATOR SPILLMAN: Thank 
you, Bill. 

vVe now come to the question 
and answer period and this part of 
your program will be off the rec­
ore!. 

Question and Answer Period 

Alvin B. Phillips 
Panel Leader 

Allen S. Jackson 
John H. Daniel, Jr. 
Myron E. Ruston 
Elmer C. Perrine 
Frank T. Kielsson 
John O. Hardesty 

Questions Discussed: 

Panel 

I-Is it desirable to react sulphur­
ic acid and ammonia or ammon­
ium nitrate-urea solutions in a 
pre-neutralizer? 'Vould it be 
preferable to use an ammonia­
ammonium nitrate solution? 

2-How can we figure a realistic 
moisture between raw materials 
and granulated mixer fertilizers? 

Are we interested 111 Total 
\Vater, Free Water or someplace 
in between? 

3-Are there any advantages using 
liquid nitrogen containing car­
bon dioxide for manufacturing 
mixed goods from the stand­
point of better mechanical con­
dition, and to granulate and 
agronomic value? 

4-Granulated mixtures dried 
down to I y~ % moisture or low­
er, although containing clean 
classification 6 + 16, appear 
to be extremely dusty when 
handled. Are there any known 
additives available to include in 
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the formula to relieve the dust­
ing. 

S-How important is a rotary gran­
ulator following a rotary am­
moniator? Or if a combination 
rotary ammoniator granulator 
is used how much granulation 
is accomplished in the granu­
lator section? 

6-Are there any new developments 
on screening between the dryer 
and cooler? How do higher an­
alyses screen at this point. 

7-\Vhat is the best method of in­
trod ucing a pre-neutralized 
slurry into an ammoniator gran­
ulator? 

Comments: This question and 
answer period was a highlight. The 
panel did an excellent job thor­
oughly discussing in much detail 
each of the questions posed. Many 
members in the audience got into 
the act discussing the questions. 
Discussion from the floor was spon­
taneous and revealed that these 
production men don't always agree 
on production methods. 

After two and a half hours 
discussion this session was adjourn­
ed at 5 p.m. 

.\fODERATOR SPILL~\fAN: Thanks 
Alvin Phillips for leading this 
question and answer period and 
congratulations to you and your 
associate panelists [or a job well 
done and thanks to the members 
for their spontaneous questions 
and answers from the floor. This 
has been an interesting session and 
no dcubt has highlighted this con­
ference. Thank you. 



Friday Morning Session, Nov. 8, 1963 
Messrs. J. E. Reynolds and A. Spillman, Moderators, presiding. 

The Round Table reconvened at nine o'clock a.m. 

MODERATOR REYNOLDS: Good 
morning, gentlemen. 

The practical and specific pro­
cessing techniques of our industry 
have always been a most heavily 
integral part of your Round Table, 
and this year is no exception. I 
think it was indicated yesterday 
afternoon during the panel when 
we had a lot of specific questions 
discussed-we really are glad that 
your questions came through and 
.ve only wish that we had had 
Inore. 

This Friday's session is direc­
ted towards the everyday problem 
associated with the subject of am­
moniation and granulation. During 
the past 10 years the need for in­
creased plant food recovery and 

higher granulation efficiencies have 
become even more pressing. Orig­
inally product sizing of minus 4 
plus 28 mesh was satisfactory, but 
this is no longer true. Granulated 
mixed fertilizer products must be 
much more uniform and patterned 
after the so-called BV's which are 
in the minus 10 plus 12 mesh 
range. 

Our first speaker this morning 
will discuss granulation techniques 
of some of the most difficult grades, 
and particularly those in the 1-4-4 
ratio. vVe have had discussion in 
the past concerning granulation 
techniques, ammoniation of these 
grades, and we are very happy this 
morning to have Mr. Joe Sharp of 
Spencer Chemical with us to dis­
cuss this subject. 

-~.-.....--------------------.-------

A Study on Granulation of 5-20-20 and 6-24-12 at 
Different Ammoniation Ratios 

Joe C. Shorp 

This presentation will only 
deal with the effect of varying the 
ammomatlOl1 ratio and factors 
closely associated with the success 
or failure to achieve good granula­
tion. Many things wei'e tried be­
fore any real success was achieved. 
The studies were made by \'\1. A. 
McPherson and N. E. Barr of Spen­
cer C:lemical Company Technical 
Department. The initial Pilot 
Plant run was made on July 8, 
1957, and the concluding run on 
February 17, 1958. Thus, you can 
see this is a review, rather than a 
recent stud y. 

It is hoped that the information 
will be of help to at least some of 
you. Many of you will recall what 
a struggle it was to granulate these 
two grades properly in the early 
days of granulation. Possibly there 

are days now when you run into 
problems because of lack of con­
sistency of raw materials, faulty 
equipment or for some other rea­
son. Even the weather may share 
in the blame and perhaps the 
cause of these problems. 

The work on 5-20-20 was start­
ed, by deriving all of the nitrogen 
from 414 (19-74-0) solution, the 
P 205 from the combination of nor­
mal and triple superphosphates 
and K20 from muriate of potash. 
The ammoniation rate using this 
solution was 2.3 lbs. of free am­
monia for each unit of P 20ij in the 
formula derived from the com­
bined superphosphates. Stearn was 
used as an aid to granulation. Even 
so, granulation was not good at 
this ammoniation ratio. 

The importance of ammonia-
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tion ratio was recognized after sev­
eral unorthodox experiments were 
made, so the authors report. In the 
first of these experiments 100 lbs. 
of sulphuric acid were added to the 
5-20-20 formula and the super­
phosphates adjusted to balance out 
to the ton. This reduced the am­
moniation ratio on the combined 
superphosphates to lIb, of am­
monia per unit of P"05' The prod­
uct over-granulated and melted in 
the drier. 

It had been noted previously 
that on startup, when the dry raw 
materials were added to the am­
moniator in order to cover the 
sparger, before solution and steam 
flow was started, a period of the 
good granulation occurred before 
sufficient solution had been added 
to reach the calculated ammonia­
tion rate. By the time the full am­
moniation ratio was reached, gran­
ulation dropped off noticeably. 

The next step was to use gran­
ular triple superphosphate without 
acid. The product over-granulated 
and showed signs of further ag­
glomeration in the drier. To de­
termine why over-granulation oc­
curred with granular superphos­
phate at 2.3% ammoniation rate 
(2.3 Ibs. of ammonia for each unit 

of P 20,,) and that pulverized triple 
superphosphate at the same am­
moniation rate under-granulated, 
free acid analyses were made on the 
two superphosphates. The granu­
lated product contained 6.9% more 
free acid than the pulverized mate­
rial. This meant that 700 lbs. of 
granular triple superphosphate 
would require 13 lbs. of free am­
monia to bring it to the same pH 
of the pulverized triple superphos­
phate. It is believed that the diff­
erence in free acid content account­
ed for the difference in the granu­
lation characteristics. 

The above experience led to 

the conclusion that somewhere be-



tween an ammoniation rate of 1 J~ 
and 2.3% good granulation could 
be achieved and the product could 
be heated to a sufficiently high tem­
perature in the drier to remove the 
necessary moisture without destroy­
ing what had been accomplished in 
the ammonia tor. 

In order to verify this conclu­
sion, a combination of ammonia 
and 318 (8-72-0) solution was used 
to supply the nitrogen in 5-20-20. 
To start with, a 5% ammoniation 
ra te was used, then ammonia was 
decreased and 318 (8-72-0) solution 
increased in such a way as to keep 
the total nitrogen in the formula 
constant. As the ammoniation rate 
approached 2%, the product in the 
ammoniator changed from dry 
crystalline particles to smooth 
round granules. By altering the 
ammoniation rate, granulation 
could be made good or bad at will. 
It should be pointed out at this 
time that the ammonium nitrate 
content was changed along with 
the ammoniation rate. As the am­
monium rate decreased, the am­
monium nitrate content increased. 
Thus, there were two factors that 
contributed to better granulation. 
However, Messrs. McPherson and 
Barr did some later work on 12-12-
12 that contained large quantities 
of ammonium nitrate on which 
they varied the ammoniation rate 
and obtained results similar to the 
5-20-20 findings. 

On 6-24-12, all the nitrogen 
was derived from 340 (12-69-0) sol­
ution. An extremely good granula­
tion resulted. This was an am­
moniation rate of 1.77%. When 
490 (34-60-0) solution was used as 
the source of nitrogen and ammon­
iation rate brought to 2% with the 
use of sulphuric acid, poor granu­
lation resulted. On another run 
490 (34-60-0) solution was used t~ 
obtain a 2 % ammoniation rate 
without the use of sulphuric acid. 
Ammonium nitrate was added for 
the balance of the nitrogen re­
quirement. Very good granulation 
was obtained. ·When 448 (25-69-0) 
solution was used to obtain a 2% 
ammoniation rate and ammonium 
nitrate added to supplement the 
nitrogen, granulation was as high 
as 80% of particle size range be­
tween 6 and 20 mesh. 

Other important factors in pro-

moting uniform granulation were 
even solution and steam distribu­
tion, temperature and the kind of 
triple superphosphate used. \'\Thile 
5-20-20 could be satisfactorily gran­
ulated in the temperature range be­
tween 150°F. and 21OoF., the tem­
perature had to be very near 
200°F. for fi-24-12. A lOOF. varia­
tion would seriously impair granu­
lation. Success was never attained 
using pulverized triple superphos­
phate. \Vhat might be termed a 
medium-coarse potash was used 
throughout the study. A TVA-type 
ammonia tor granulator was used. 

Conclusions: From McPherson 
and Barr's work, there seems little 
doubt that amoniation ratio affects 
granulation of 5-20-20 and 6-24-12. 
Best results were obtained when 
the ammoniation rate did not 
exceed 2 Ibs. of free ammonia per 
unit of P 205 from the combined 
superphosphates and the supple­
mental nitrogen derived from am­
monium nitrate. It made little diff­
erence whether the ammonium ni­
trate was part of the solution that 
furnished the free ammonia or 
whether it was added as a solid. 

The formulas for optimum 
granulation are not the most eco­
nomical insofar as raw material 
costs are concerned in most cases. 
Substantially all the P 20" is water 
soluble which mayor may not be 
a compensating factor. 

MODERATOR REYNOLDS: Thank 
you, Joe. 

Are there any questions of Mr. 
Sharp? 

A MEMBER: What are the bag 
storage characteristics? 

MR. SHARP: Bag storage tests 
were not run on this particular lot. 
This was just strictly a matter of 
trying to find the best way to ob­
tain granulation. 

However, in these grades bag 
set is not a real problem, because 
even with the amount of ammon­
ium nitrate you put in here it is 
not enough to be of particular 
bother. You never run into any 
problem where you get the mois­
ture content down as low as one 
per cent. 

MEMBER: One per cent? 
MR. SHARP: Yes, you probably 

can get by wi th a Ii ttle higher per 
cent of moisture on these, but good 
safe moisture is one per cent. 
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MODERATOR REYNOLDS: Let's 
have another question. 

A MEMBER: I would like to 
know what the particle size on the 
pulverized material was? 

MR. SHARP: I can't give you 
accurate particle size but it was a 
coarse triple superphosphate and 
a medium coarse potash, and nor­
mal superphosphate was pulverized. 

MODERATOR REYNOLDS: Does 
anyone else have any questions or 
comments to contribute on this 
subjects in relation to this 1-4-4 
ratio? Are there any other tech­
niques here that might contribute? 

From a strictly granulation 
standpoint, this is probably one of 
the most discussed grades, like 5-20-
20 or fi-24-12, it's one of the most 
difficult grades to wrap up to re­
duce your oversize, to reduce your 
fines. 

Joe. 
MR. SHARP: I'd like to make 

one other statement. This work is 
not intended to be the final way to 
make 5-20-20 or 6-24-12. I know a 
lot of you who do it other ways 
but this is just information that is 
a contribution to the knowledge 
on granulation of these two type 
grades. This is not intended to be 
the final analysis and the final 
formulas that you would want to 
use, but it is some additional in­
formation. 

MODERATOR REYNOLDS: Any 
other information? 

If not, we will move on to our 
next speaker. Chances are at the 
end of the session this morning, we 
can have some other questions that 
y~m will have thought of by that 
tIme. 

Continuing on, as indicated 
early this morning, we are on the 
subject of ammoniation granula­
tion so without any further com­
ments, I will turn the session over 
to Mr. George Gilliam of the Nitro­
gen Division who will give us a 
general review and bring us up to 
date on ammoniation. 

Ammoniation Summary 

George R. Gilliam 

Introduction 
The practice of combining am­

monia with acid materials in the 



manufacture of complete fertilizers 
is known as ammoniation. The 
ammonia may be added in the 
form of anhydrous, aqueous or as 
ammoniacal salt solutions. The 
amount of ammonia added per 
unit of P "0" is known as the am­
moniation rate. 

Ammoniation of superphos­
phate is almost entirely an Ameri­
can development and is possible 
because our major crops show ex­
cellent response to citrate soluble 
P ~05' In areas where water soluble 
P 20" is required, ammoniation is 
not used, or it is limited to very 
special cases. Although the basic 
principles on the use of ammonia 
as a source of nitrogen and as a 
neuralizing agent for acid phos­
phates were reported in the litera­
ture during the second balf of the 
nineteenth century, commercial 
practice in the United States had 
its beginning in the early 1930's. 
This was at the time synthetic am­
monia processes had been estab­
lished and low cost nitrogen be­
came available to the fertilizer in­
dustry. 

:For the fertilizer manufacturer, 
ammonia is the lowest cost and 
most concentrated source of nitro­
gen. However this product has its 
limitations. It is a gas at ordinary 
temperature and pressure and thus 
requires pressure equipment and 
special techniques for handling in 
the liquid state. Also, the amount 
of ammonia nitrogen introduced in 
any given formulation is depend­
ent upon the capacity of the raw 
materials to absorb and fix am­
monia. By converting anhydrous 
ammonia to an aqueous solution 
the need for pressure equipment 
can be overcome. This type of solu­
tion has had wide acceptance by 
fertilizer manufacturers. Limita­
tions are high water content 
(about three units water per unit 
of nitrogen added) and capadty of 
other fertilizer ingredients for am­
monia. Because of these factors 
the nitrogen industry developed at 
an early date the so-called nitrogen 
solutions. 

This development, utilizing 
the high solubility of nitrogen salts 
in ammonia and water, gave the 
fertilizer industry a single liquid 
source containing both neutraliz­
ing ammonia and neutral nitrogen 
salts. These solutions offered a 

form of nitrogen which was easier 
to handle and cheaper than the 
combination of ammonia plus solid 
nitrogen materials. It was through 
nitrogen solutions and ammonia­
don practices that the nitrogen 
compounds of urea and ammonium 
nitrate became available to the fer­
tilizer industry many years before 
they were available in solid form 
for agricultural use. 

Early Commercial Practic.e 

Prior to the time nitrogen so­
lutions and ammonia became avail­
able to the fertilizer industry. 
mixed fertilizers were essentially a 
blend of solid materials. Their 
manufacture was basically receiv­
ing and storing raw materials and 
processing these materials through 
a batch mixer in weight ratios to 
produce a desired N-P-K grade. 
The material was denned for a 
sufficient time to allow it to reach 
chemical equilibrium, packaged 
and shipped in a form suitable for 
agricultural use. \Vith these [aeil­
ltles the transition from solid 
sources of nitrogen; such as, sod­
ium nitrate, ammonium nitrate, 
guano and other organic materials 
to the new forms of liquid nitrogen 
was relatively simple. All that was 
required for processing was to con­
vert the mixer into an ammoniator 
by installing a sparger for dispers­
ing liquids. Additional equipment 
included an air compressor or 
pump, a measuring tank, and pip­
ing to carry the liquid nitrogen 
from storage (usually the suppliers 
tank car) through the measuring 
tank to the ammoniator. The 
process then became batch loading 
of the solid ingredients into the 
mixer and ammoniating at a selec­
ted rate and time to give optimum 
absorption of ammonia. The batch 
was then discharged to a conveyor 
belt which transported the warm, 
moist goods to storage. 

The bulk of the fertilizers 
made were of low nitrogen analy­
sis and they contained normal sup­
erphosphate as the major source of 
P "05' Ammoniation rates were 
limited to 20 to 30 pounds of am­
monia per 1000 pounds of super­
phosphate to avoid P 20r. reversion 
in storage. Nitrogen sources in li­
quid form available at this time, 
other than ammonia, were COI11-
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posed of ammonia-sodium nitrate­
water, ammonia-ammonium ni­
trate-water, and ammonia-urea-wa­
tel'. Total nitrogen ranged from 
37 to 45%. Because of the low am­
moniation rate, solution nitrogen 
allowable for any formulation was 
about 0.3 per cent per unit of P 20;,. 
Use of anhydrous ammonia al­
lowed only about one half this 
amount of nitrogen. In addition to 
benefit of low nitrogen cost, am­
moniation improved physical con­
dition of the fertilizer and reduced 
bag rot through neutralization of 
free acid. There was very little 
change in processing methods dur­
ing the next fifteen to eighteen 
years. 

Developments 

Following World War II, the 
ever-growing need of American ag­
riculture for more and better ferti­
lizers, especially high nitrogen 
grades, resulted in a series of tech­
nical advances in fertilizer technol­
ogy. Coolers were installed to re­
move heat developed from ammon­
iation. This resulted in a cooler 
and also drier product to storage, 
thus improving condition and re­
ducing P 20:; reversion. \;\lith lim­
ited control of temperature, am­
moniation rates were pushed up­
ward with some operators balanc­
ing the cost of P 20:; reversion 
against the advantage of low cost 
solution nitrogen. 

About this time work conduct­
ed in both government and private 
laboratories showed that pile mois­
ture and temperature were the ma­
jor factors affecting product concH­
tion and P eO:; reversion, thus ex­
ploding the theory that reversion 
was directlv related to ammonia­
don rate. I This was a signficant 
development, opening the door to 

greater use of ammonia and solu­
tion nitrogen and leading directly 
to higher nitrogen grades. As plant 
food content per ton of fertilizer in­
creased, product condition became 
more and more a limiting factor. 
In each case where condition prob­
lems existed, reduction of moistnre 
was proven to be the practical an­
swer. Lower moistures were ob­
tained through the use of improved 
superphosphate and nitrogen solu­
tions having lower moisture con­
tent and the installation of dryers 



amI coolers by the fertilizer manu­
facturer. 

Although 1 have not men­
tionetl granulation, this develop­
ment was very much in evidence 
during this period. It was through 
granulation that the high liquid 
phase resulting from increased am­
moniation rate could be tolerated 
and more low cost nitrogen could 
be added as solution. 

One can readily see at this 
stage that fertilizer manufacturing 
was becoming much more complex 
than that which existed prior to 
1950. Ammoniation rates had been 
doubled for normal superphos­
phate to the present 6.0 to 6.5 
pounds per unit of P~Oii' Rates of 
2.5 to 3.5 pounds were being used 
for triple superphosphate. Dryers 
and coolers had been added and 
granulation was common practice 
rather than the exception. 

The contribution from T.V.A. 
of the continuous ammoniator-mix­
er was a major advancement in fer­
tili.l:er processing. This was the 
first continuous unit ever designed 
in which the ammonia absorption 
equalled that of the batch mixer. 
In addition, the rolling type action 
promoted granulation, and a con­
tinuous uniform feed to the dryer 
was possible. This unit has virtu­
ally replaced the batch mixer in 
full granulation plants. 

In plants that did not have 
drying and cooling equipment, 
higher nitrogen solution usage was 
accomplished through semigranu­
lation. Here sulphuric aciel was 
added with the nitogen solution 
in quantities necessary to neutral­
ize the excess free ammonia. The 
high heat of neutralization served 
both to remove water and promote 
granulation. 

Phosphoric acid, both wel­
process and furnace grade, has be­
come important in ammoniation 
practices with high-analysis dry fer­
tilizers and liquid fertilizers. In 
solid fertilizers it can be ammoni­
ated to rates of 7.2 to 7.5 pounds 
of ammonia per unit of P20". The 
moisture in wet-process acid com­
pares favorably with that of im­
proved 20% superphosphate at 
about eight pounds of water per 
unit of P 204' Ammoniation in li­
quid fertilizer manufacture is con· 
trolled to obtain the maximum 

solubility of the ammonium phos­
phate salts. The ammoniation rate 
normally employed is 7.7 to 8.1 
pounds of ammonia per unit of 
P 20 •. 

Phosphoric acid has proven 
satisfactory for partial ammonia­
tion in the pre-neutralizer. This 
practice was first introduced in 1957 
by Virginia-Carolina Chemical 
Corporation. Ammoniation rates 
up to about 4.7 pounds of ammon­
ia per unit of P 20;; can be ob­
tained followed by further ammon­
iation in the mixer up to the nor· 
mal 7.2 to 7.5 pound rate. 

Current Practice 

The various processes and de­
velopments which I have briefly 
described more or less cover am­
moniation as it exists in the ferti­
lizer industry today. The price diff­
erential ini tiall y existing between 
liquid and solid nitrogen exi:>ts to­
day and it indicates the use of as 
much ammonia and solution nitro­
gen as possible. There are approx­
imately eighty nitrogen solutions 
on the market, many of which only 
have slight differen~es in compos;-

tion. Most have technical reasons 
for their existence. In general, the 
choice of solution for any given 
grade would be one having the ra­
tio of neutralizing ammonia to ni­
trogen salts needed to satisfy form­
ulation, production economy, and 
agronomic requirements. 

Looking ahead, what is needed 
today are developments pointing 
the way to higher ammoniation 
without sacrificing economy. 

l\[ODERATOR REYNOLDS: Thank 
you, George. 

Do we have any questions? 

I think what we will do after 
the next speaker is ask all three 
speakers to come up to the center 
table. I am sure by that time we 
will have some followup questions 
from the floor. 

\Ve will move on to our 
next speaker continuing on with 
the subject of granulation. George 
gave us an excellent presentation 
here bringing us up to date on 
ammoniation from the beginning 
to the present. Bob Church of the 
tIu Pont Company is going to give 
us a similar Summary here relating 
to granulation.' , 

Fonnulation for Optimum Granulation 

Robert J. Church 

A simplified approach for eval­
uation of fertilizer formulas, with 
respect to their ability to produce 
the optimum degree of granula­
tion, has been developed. This 
method is based on the amount of 
heat developed when anhydrous 
ammonia is reacted with the acidic 
ingredients commonly used in the 
granular type of fertilizer formula­
tions (Table I). 

In the granulation process, the 
more important variables are (I) 
the formula, (2) the manufactur-

ing equipment, and (3) the oper­
ating conditions (Table ll). Of 
these three variables, the formula 
is subject to the greatest variation 
in any given individual manufac­
turing plant. As illustrated, the ra­
tio of liqui(l phase to solid mate­
rials is the basic variable in the 
formula. Considering these basic 
variables, there is an obvious cor­
relation between the amount of li­
quid phase and solid materials re­
quired for granulation. Further­
more, there is the correlation be-

Table I. Rates and Heats of Ammoniation 

Material Readed With 

Ammonia 

Normal Superphosphate 
Triple Superphosphate 
Phosphoric Acid 
Sulfuric Acid, 66°Be 
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Rate of Ammonialion, 

Ibs. of NH" 

Per unit of P~05 

Heat Released 

Per lb. of NH3 

B.T.U.s calories 
-- --_ .. - ......... __ .- -_._---

5.8 
3.8 
7.2 
0.324 

1430 
1540 
1780 
2940 

39.7 
42.8 
49.4 
81.7 



Table II. Important Variables in Granulation quality of the granulation of these 
formulas is illustrated in Figure 2. 

L Formula 
A. Liquid Phase 

(1) Water 
(2) \Vater Soluble Salts 

VARIATION OF HEAT CONTENt IN 
~-20~20 GRADE FERTILIZER PORMULA5 

(3) Heat Generated by Reaction of Ammonia with Acidic In­
gredinets 

B. Solid Materials 
II. Manufacturing Equipment 

III. Operating Conditions 

tween the specific components 
which make up the liquid phase, 
i.e., the amount of water, the water­
soluble salts, and the heat gener­
ated by the reaction of ammonia 
with the acidic ingredients present 
in the formula. 

A relationship between the ta­
tal nitrogen of the formula and the 
total heat from the reaction of am­
monia (primarily from ammonia­
ting solutions) with the acidic in­
gredients, has been developed and 
is illustrated in Figure 1. This re-

RELATIONSHIP OF TOTAL HEAT CONTENT TO 
TOTAL NITROGEN IN GRANULATION fORMULAS 

tOTAl.. NITROGEN I'%.) 

lationship was developed from stud­
ies of published reports on granula­
tion, and of many practical gran­
ulation formulas. As illustrated, 
the total heat required for granu­
lation decreases as the total nitro­
gen increases. The curves labeled 
"maximum" and "minimum" de­
scribe the area where good granu­
lation has been obtained. The 
"optimum" curve represents the 
average total heat that is desel i1:>ed 
by the maximum and minimum 
curves. Though granuLthn may 
occur either above the maximum 
or below the minimum curves, the 

best granulation, as reported, has 
been found to occur in the area be­
tween the two curves. The total 
heat content is expressed as calo­
ries/IOO grams, and can easily be 
converted to BTU/ton by multi­
plying by the factor 36. 

The curves were developed as 
follows: 

1. The graunlation of a variety 
of formulations for a 5-20-20 grade 
fertilizer (Table III) containing 

The heat for Formulas A and E 
was therefore used to describe 

Table III. Formulation of 5-20-20 Grade Fertilizer 

Analysis, % 
Materials Moisture Plant Food Formula, (Ib). 

A B C D E 
Anhydrous Ammonia 82.3% N 125 125 84 84 84 
Solution 440* 6.0 44.0% N 77 77 77 
Normal Superphosphate 7.0 20.0% P20;; 439 25 514 98 262 
Triple Supehphosphate 5.0 46.0% P 2O" 696 876 663 844 773 
M. Potash 61.0% K 20 656 656 656 656 656 
Sulfuric Acid 66°Be 6.8 U8 348 43 275 182 

Total (lb.) 2034 2030 2037 2034 2034 
Ammonia Supplied, lb. 125 125 101 101 101 
Ammonia Capacity, Ib 125 189 102 169 143 
Heat of Reaction, 

caI/lOO gm 6750 9720 4780 7750 6610 
... ---~ ... --- .. --... ---~~--. 

*Solrrt:cn 440 (Z2-66-0) 

triple superphosphate was dis­
cussed at the 1960 Fertilizer Round 
Table meeting. (2) As the author 
stated, the total heat for Formula 
A at 6,750 cal/IOO gm., and Form­
ula E at 6,610 cal jl 00 gm., was 
sufficient for good granulation. 
However, little improvement in 
granulation was found on increas­
ing the total heat to 9,720 cai/IOO 
gm. as in Formula B or in Formula 
D at 7,750 cal/IOO gm . .In Formula 
C, the decrease in total heat to 

4,780 cal/IOO gm. was sufficient for 
good granulation, even though the 
amount of water soluble salts was 
increased which presumably would 
have increased the effectiveness of 
the liquid phase. The relationship 
of the total heat to the described 
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the area of good quality granula­
tin for the 5-X-X grade fertilizers. 

2. To complete the definition 
of the curves for good quality 
granulation, six additional formu­
las are illustrated in Tabel IV. 
Formulas F, G, H, and I, were used 
successfully to produce good quali­
ty granulation during normal pro­
duction runs. Poor granulation was 
obtained from Formula J, having 
a total heat less than described for 
the minimum heat needed for good 
granulation. Formula K represents 
a formula having too high a total 
heat along with too much liquid 
phase which, when tested in lab­
oratory-scale granulation equip­
ment, produced a severely over­
granulated product. The total heat 



Table IV. Formulas Used to Describe Granulation Curves 
RELATIONSHIP Of HEAT CONTENT TO 

Formulas (lb.) 

F G H K 
Materials 8.16-16 10-10·100 15·10·10 16·8-8 10·20-20 15-10·10 

Solution 455* 379 
Solution 405** 
Solution 435** '* 
Urea 45% 
Amm. Sulfate 20.5% 
H aP04 54.5% 
H 2S04 60° Be 180 
H 2S04 66°Be 
ROP 20% 713 
CSP 46% 405 
M. Potash 60% 550 
FiIler 

Total (lb.) 2227 
Total Heat Content 

cal./lOO gm 5610 

365 

224 

208 

1038 

343 
56 

2234 

6020 

·Solution 445 (3()"()"43) contains 10% CO •. 

257 

984 
295 

229 

338 
3 

2106 

4650 

297 

950 
294 
41 

267 
257 

2106 

4740 

330 

125 

132 

876 
667 

2139 

4500 

414 

572 
370 

134 

338 
288 

2116 

8300 

"Solution 405 (38-0-38) contains 8.5% COz; 4'70 other material. 
···Solution 435 (38-()..40-10) contains 9.2% Co.; 10% ammonium sulfate. 

would be 3,430 cal/lOO gm. for 139 
pounds of the add (i.e., 2,460 call 
100 gm. for 100 pounds of acid plus 
970 caljlOO gm. for 39 pounds of 
acid). Further, the heat liberated 
for the ROP would be 940 cai/IOO 
gm., and for the CSP it would be 
1,280 cal /100 gm. (4) (Figure 5). 

of each of these formulas, as re­
lated to their respective total nitro­
gen, is illustrated in Figure 3. 

11.WSTRAl'lON Of ThE OEVELOPMENT ~ THE 
OPTIMUM GRANULATION CURVES 

Using Figure 1, in evaluating 
a particular formula with respect 
to its ability to produce a quality 
granular product, the formulator 
needs only to know (1) the amount 
of mineral acid available in the 
formula, (2) the units of P 20;" 
and (3) the ammoniation rate for 
the phosphate source. \Vith this 
information, the total heat of the 
formula is calculated as the sum of 
the heats of reaction of the ammon­
ia with the acidic ingredients. The 
granulation ability of the formula 
is then determined by relating the 
total heat to the total nitrogen 
through the use of these curves. 

For example, the determination of 
the granulation ability of a 12-12-
12 grade fertilizer(3) would proceed 
as follows (Table V) : 

Table V. 12-12-12 Grade Fertilizer 

Matericrls 

Solution 410* 
Ammonium Sulfate 
Normal Superphosphate 
Triple Superphosphate 
M. Potash 
H 2SO. 66°Be 

'Solution 410 (22-66-0) 
** Ammoniation Rate: 

(41% N) 
(20.5% N) 
(20% P 205) ** 
(46% P20r.) ** 
(60% P20~) 

Normal sup"rphosphate ::::- 5.8 lbs. NH./unit P,05 
Tr'ple Superphosphate = 3.8 Ibs. NHo Unit P"O, 

Amount NH" Heal Content 

(lb.) (lb.) cai/lOO gm 
-,-~,~ ,,-~--

451 +99 
297 
415 -24 940 
355 -31 1280 
480 
139 -44 3430 

2137 lb. 5640 

1. Determine the total free am­
monia from the ammoniating solu­
tion; in this case, 99 pounds of free 
NH,,: 

RELATIONSHIP OF HEAT CONTENT TO 
AMOUNT OF SUPERPHOSPHATE IN fORMULA 

2. Determine the ammoniation 
rate and the units of P 20 5 for the 
particular superphosphate source, 
in this case: 

Normal super (ROP) = 5.8 lb. 
NH,,/unit P20" for 4.15 units. 
Triple super (CSP) 3.8 lb. 
NHa/unit P20:; for 8.00 units. 

3. U£>ing the calculating charts 
determine the heat liberated for 
139 pounds of 66° Be HeSO, (Fig­
ure 4). The total heat liberated 
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4. The total heat liberated 
would be 5,640 caljlOO gm. for the 
12-X-X grade fertilizer and as seen, 
the total heat falls close to the max­
imum curve (Figure 6) . 

EVAL.UATION OF GRANULATION AelUTY 
Of A I!H5-15 GRADE fERTIUZER 

TOTAl ~lnWGEN [%1 

Curves for the rapid calcula­
tion of the heat of the reaction of 
ammonia with phosphoric acid are 
illustrated in Figure 7. As in the 

RELATIONSHIP OF HEAT CONTENT TO 
AMOUNT OF PHOSPHORIC ACIO IN FORMUlA 

. 
H, JIl'O.4 IN rottMVU t UNl'N PJ:o,) 

case of the solid superphosphates, 
the formulator needs only to know 
the number of units of P 20 5 sup­
plied by the specific type of phos­
phoric acid in order to determine 
the desired heat value. 

The subject of preneutraliza­
tion has been discussed in a num­
ber of papers presented at the Fer­
tilizer Industry Round Table meet­
ings. The results of a preliminary 
study of a limited number of form­
ulas, indicate the possible applica­
tion of this evaluating method. 
For example, the manufacture of a 
15-15-15 grade granular fertilizer 
was discussed at the 1962 Fertilizer 
Industry Round Table(5) (Table 
VI). The total heat of the formula 

Table VI. Preneutralization of a 15-15-15 Grade Fertilizer 

Manufacturing 

Point Materials 

Preneutralizer Solution 440* 
H 2S04 66° Be 

Ammoniator Solution 440 
Amm. Sulfate 
Diam. Phosphate 
Triple Super. 
H 3 PO. 
M. Potash 

Total 

·Solution 440 (27-70-() 
"Correction of H"".t Content: 

Amount NHs Heat Content 

(lb.) (lb.) (cal/100 gm) 

372 +88 
275 -88 6760** 
210 +52 
145 
138 
310 -27 570 
127 -25 1650 
490 

2067 lb. 8980 

676() cal/lOG gm. calculated heat content 
- 4480 eal/lOO mg. 2/3 of above, as heat loss 

2280' eal/100 gm. total effective heat from preneutralhe,. 
thus 2280 cal/lOO gm. 

-1-. 2220 

Total 4500 cal/l00 gm. ior Point X, Figure 8) 

was calculated to be 8,890 cal/Ioo 
gm., i.e., 6,750 cal/JOO gm. at the 
preneutralizer and 2,220 cal/ 100 
gm. at the ammoniator. For the 
normal granulation process this 
amount of liberated heat would be 
far in excess of the normal amount 
of heat required for good granu­
lation. 

If the preneutralizer is consid­
ered to be primarily a means of dis­
sipating the heat evolved from the 
reaction of ammonia with a min­
eral acid, i.e., sulfuric acid, then it 
would be reasonable to assume that 
a substantial portion of the 6,760 
cal/100 gm., formed in the pre­
neutralizer, would be lost before 
the aqueous slurry was added to 
the ammoniator. Thus, for this 
specific case, it was assumed that at 
least two-thirds of the heat of re­
action was lost during the pre­
neutralization step. The total heat 
of the 15-15-15 grade fertilizer 
would then be 4,500 calflOO gm. 
(point X, Figure 8) instead of 

EVALUATION OF PRENEUTRALIZAT10N rYf>E fORMULAS 
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8,980 cal/100 gm. (point Y, Fig­
ure 8). The preneutralizer would 
now contribute only 2,280 cai/lOO 
gm. to the subsequent granulation 
instead of the 6,760 cai/IOO gm. as 
ini tally calculated. 

Inspection of other preneutral­
ization formulas indicates a reason­
able degree of justification for the 
above assumption. For example, if 
the total heat for Formulas L, M, 
and N, are corrected for the heat 
loss as previously described (Table 
V II) ! r;,') the resulting total heat of 
these formulas then show a prom­
ising degree of correlation with the 
curves describing optimum granu­
lation (Figure 9). The results of 

EvALUATION OF PRENEU1RALIZATION TYPE FORMULAS 

~ " 
'l'OHlL NITRQGEN {,%I 

evaluation of Formulas 0, P, and 
Q, (Table VII) (7,8), as illustrated 
in Figure 9, show that further study 
of this particular type of granula­
tion process is needed. 

The use of steam in graunla­
tion is a third area where this 
method of evaluation of a formula 



Table VII. Preneutralization Type Formulation 
Example of Correction of the Total Heat Content 

Formula l 15.15-0 Grade 
............ -~------------.. -~~~~ ..•..... ~ ...... 

Manufacturing Amount 

Point Materials (lb.) 

Preneutralizer Solution 448* 
311 } 

H"SO. 66° 250 
H"PO. 176 

Ammoniator Solution 448 377 
Normal Super. 1017 

2131 lb. 

Formula N 15-15-15 Grode 

Preneutralizer Solution 448* 302} 
H:!SO. 66° 242 
H:<PO~ 272 

Ammonia tor Solution 386 
Normal Super. 750 
M. Potash ]75 

2127 lb. 

formula M 16-8·8 Grode 

Prene u tralizer Solution 410* * 596 1 
H 2S04 66° 

Ammoniator Solution 410 
Normal Super. 
Triple Super. 
M. Potash 
Filler 

*Solution 448 (25-69-0) 
**Solution 410 (19.78-0) 

353 ( 
205 
560 } 
133 
270 

20 

2137 lb. 

Heat Content 

(ca11100 gm) 

8350 

2240 

10590 

9300 

1600 

10900 

8790 

158D 

10370 

Table VIII. Preneutralization Type Formulation 
Formula 0 16·20·0 Grade 

Manufacturing 

Point 

Preneutralizer 

Ammoniator 

Preneutralizer 

Ammoniator 

Preneutralizer 

Ammoniator 

Materials 

Solution 448* 
H 2S04 66° 
Solution 448 
Normal Super. 
Triple Super 

Formula P 

Solution 370** 
H"P04 
Analyzed NH3 
Triple Super. 

Formula Q 

Solution 370** 
H.,P04 
Solution 370 
Normal Super. 
Amm. Sulfate 

'Solution 448 (25·69-0) 
"Solution 370 (17-67-0) 

Amount Heat Content 

(lb.) call100 gm) 

384 1 308 7580 
349 
350 } 3720 
718 

2109 lb. 11300 

13·39-0 Grode 

488 t 
515 5310 

87 
1085 4050 

2175 lb. 9360 
16-20·0 Grade 

434 1 405 4500 
325 
900 2160 
190 

2250 lb. 6660 
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Corrected 

Heat Content 

(cal/l00 gm) 

2780 

2240 

5020 

3100 

1600 

4700 

2930 

1580 

4510 

Corrected 

Heat Content 

cal/100 gm) 

2530 

3720 

6250 

II 70 

4050 

5820 

1500 

2160 

3660 

might be useful to the formulator. 
Two formulas are used to illustrate 
the simplicity of this method of 
evaluation. (9) Based on the assump­
tion that dry steam is used, then 
for each pound of steam, 27 cal/ 
100 gm. of heat will be available 
for the granulation process. Thus, 
in Table IX, it is seen that 105 
pounds of steam are used in Form­
ula R to supply about 2,840 call 
100 gm. In Formula S, 150 pounds 
of steam are used to supply about 
4,050 caljlOO gm. The total heat 
of both formulas, as related to the 
curves describing the area for op­
timum granula tion is illustrated in 
Figure 10. 

1 'lOOO 

~ i 6000 

EvALUATION OF GRANULATION fORMULAS 

USING STEAM 

1_ 

~ ~ooo f--r-"t---~-

t -­
I 

10 'a: 
TOTAL NITf«)GEH t%l 

This method of evaluating the 
quality of the granulation of ferti· 
lizer formulas, produced in the con­
ventional granulation process, has 
been used successfully over the past 
two years. The curves, as described 
in Figure I, are adequate for use 
by any formulator. The effective­
ness of this evaluating method 
could be greatly improved, how· 
ever, through the development of 
similar curves for a specific manu· 
facturing plant. These new curves 
would then reflect more precisely 
the effects of the liquid phase on 
granulation while holding constant 
the variables in the manufacturing 
equipment and operating condi­
tions. For example, a more accu­
rate measure of the quality of the 
granulation could be obtained by 
a study of screen analysis, heat con­
tent, ,;ml formulation data. Also, 
it may be desirable to study the 
effect of the producion rate and the 
physical nature of the solid mate· 
rials on the quality of granulation. 

In summary, a simplified ap· 



Table IX. Granulation Formulas Using Steam 
Formola R 6·12-12 Grade 

Heat Contenl 

Materials Lb •• Steam (co11100 gm) 

Solution 448* 273 
Normal Super. 1200 2760 
M. Potash 393 
:Filler 214 

105 2840 
--. __ . 

2080 lb. 5600 

Formula S 6-24- 24 Grade 

Solution 448* 211 
D. A. P. (18-46-0) 155 
Triple Super. 888 2200 
M. Potash 787 

150 4050 

2041 lb. 6250 

'Solution 448 (25-69-0) 

proach to evaluating the quality of 
granulation as produced in the 
conventional granulation process, 
has been developed and its use in 
practical formulations has been il­
lustrated. This method of evalua­
tion is based on the relationship of 
the total nitrogen to the total heat 
liberated from the reaction of am­
monia with the acidic ingredients 
present in a particular fertilizer 
formula. ·With further study, this 
method of evaluation may also find 
use in those processes utilizing pre­
neutralization or steam. 
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MODERATOR REYNOLDS: Thank 
you very much, Bob. 

Let's hear some comments 
from the floor. I am sure we have 
some questions. 

A MEMBER: I would like to 
ask Bob what consideration in the 
test work he did what sort of ratios 
he actually used and did he con­
sider recycle at all? 

MR. CHURCH: In this process? 
MEMBER: Yes. 
MR. CHURCH: No. Ratios and 

recycles were not considered. The 
amount of recycle was unknown in 
~T~any of. the illustrated examples. 
I he subject of the paper presents a 

possible way for determining the 
a.bility or the capability of the par­
ticular formula to produce a good 
granular product. 

As pointed out, in maybe a 
very rapid fashion <..t the latter end 
of the talk, these curves would rep­
resent, or we believe should be 
used as a guide in formulating a 
granular product. More preCise 
curves could be obtained by eval­
uation of specific formula as based 
on the operation conditions in a 
specific plant. 

These curves were developed 
as based in part on work reported 
by members in the industry. 

'Ve have no data on what the 
production rate was in any of these 
formulations because in most cases 
it was not reported. 

MODERATOR REYNOLDS: Any 
other questions? 

A MEMBER: Did you relate the 
heat liberated to bed temperature? 
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:VIR. CHURCH: No, we didn't, 
again because such information 
was not available. 

MODERATOR REYNOLDS: Has 
anyone else tried to coordinate this 
information, tried to develop simi­
lar curves perhaps or charts? I 
think there has been quite a bit of 
discussion on this subject, as indi­
cated by some of the questions yes­
terday and also some of the dis­
cussion in the halls, so apparently 
we are in fact interested in the re­
lationship between temperature 
and some of the liquid phase 
studies. 

Some work was done several 
years ago on the subject of liquid 
phase. I don't know whether tem­
perature study with liquid p~lase 
was tied in or not. 

George, do you have any com­
ments to make on that? 

MR. GILLIAM: The answer is 
yes, we tied in heat with liquid 
phases but I wouldn't want to gel 
into discussion on it. 

I do have one question I 
would like to put on the floor 
though. I don't know whether Bob 
has mentioned that we use steam 
as an aid in granulation. Steam 
has become important or of a great 
deal of interest you might say in 
granulation, as a source of heat. 

Right at the moment I do not 
have a figure on how much of the 
heat that we supply as steam is ac­
tually recovered in your granula­
tion process. That is, if we want 
3,000 calories of heat, can we put 
in that amount of heat from steam 
and actually get 100 per cent effic­
iency recovery in the ammonia tor, 
or do we have to put in more steam 
and take a 60 per cent factor and 
the other 40 per cent is lost. 

That is, how much can we re­
cover, how much heat of the actual 
steam added can we recover in the 
efficiency of granulation? 

·MODERATOR REYNOLDS: George 
is asking a question here concern­
ing efficiency of steam. 

Does anyone have any com­
ments on that? Joe you did consid­
erable work on steam several years 
ago also. vVas your experience in a 
plant related to 100 per cent re­
covery? 

MR. SHARP: Joe, I am not able 
to quote any data on that. I am 



sure that you do not recover it all 
and I certainly don't remember 
any data, but since steam is some­
thing that doesn't affect the form­
ula itself, you just sort of adjust 
that to get the best granulation. 

Now in the case of sulfuric 
acid or something like that, you've 
got to be more careful, or at least 
you should, some operators aren't. 
But so far as the steam, we really 
never did run a heat balance on it 
in the ammonia tor. 

MR. CHURCH: Steam was as­
sumed to be of 100 per cent quan­
tity and as such we made our calc­
ulations on that basis. 

MODERATOR REYNOLDS: Thank 
you, Bob. 

;V(EMBER: "Vas there any factor 
for water added in the formula. 
No. 

MEMBER: Total water. 

MR. CHURCH: Not on total wa­
ter. Using only data as reported, 
in the majority of cases, there was 
no mention of the amount of sup­
plemental water used, if any, in 
the granulation process. 

MODERATOR REYNOLDS: 'Ve 
have time for a couple more ques­
tions. Perhaps many of you can go 
back to your plant dur':ng the next 
year and develop similar informa­
tion and we can see if we can get 
some correlation here. 

If there are no questions, then 
I will turn the program back to 
Dr. Sauchelli. 

Thank you very much for 
your attention. 

CHAIRMAN SAVCHELLI: That 
certainly is a very interesting ap­
proach to this problem of granula­
tion. It certainly ought to stimu­
late must interest. 

Our Thirteenth Anniversary 
Meeting is coming to a close. From 
the comments expressed and those 
overheard here and there, I judge 
we have another successful Round 
Table. 'Ve certainly hope so. 

'Ve trust each of you is taking 
home many ideas and suggestions 
that will help you in your work. It 
may not be amiss to re-emphasize 
that this Round Table is your for­
um, that you create the substance 
of the agenda through your sub­
mi tted problems and suggestions. 

\Ve, of the Executive Committee, 
are ever grateful for such coopera­
tion which, in fact, is indispensable. 
I constantly emphasize that this is 
your meeting, not ours, yours, and 
if you want to make it really worth 
while it is necessary for your gen­
erous participation by sending in 
problems and suggestions that will 
be of use to the industry. 

\Ve have been your committee 
for many years; you have wanted it 
that way, and we are willing to 
continue. There is plenty of work 
connected with this Annual pro­
gram. I would like to take this 
opportunity to pay tribute to my 
fellow members of the Committee 
for their unstinted cooperation. 
\Ve give our time and energy to 
this work without any financial re­
ward. 

On behalf of the Round Ta­
ble, I want to thank all of the 
speakers who have contributed to 
making these 1963 sessions a mem­
orable success, and you all for 
coming and sharing with us your 
knowledge and experience in fer­
tilizer technology. 

\Ve usually have a short bus­
iness meeting at this time, and I 
will call on our Secretary-Treasurer 
for his report. 

H01JDSI-:~ MARSHALL __ (Secre­
tary-Treasurer): Members of the 
Round Table, Your Secretary has 
been fairly active this year. J want 
to compliment everybody (m their 
registration card fill-out because 
we onl y had 10 returns and I 
think maybe they switched jobs, 
and, really, that is phenomenal 
when you consider that we have a 
mailing of close to 1,000. 

It has been the policy of the 
Secretary's office to mail notices to 
those who registered, of course, and 
also to those who have attended in 
the past two years, and we have 
been using those lists. 

It is our feeling that these 
proceedings, as they accumulate, 
will deyelop into quite a textbook, 
and we are getting pretty close to 
10 of them now. 

There were three mailings last 
year, one a summary of the meet­
ing and a solicitation of questions 
and answers. \Ve didn't get too 
many replies back on the solicita-

73 

tion. \Ve do hope that we will get 
more this year. 

Then we wrote letters to 40 or 
50 members and we got about a 70 
per cent reply, which was very 
helpful in formulating our pro­
gram. 

Your membership list that you 
paid your $1.50 for will be out the 
first week of December. That's our 
target date on that, remembering, 
of course, that all of us are working 
our own spare time on this. 

The Secretary's office has avail­
able for purchase '58 and '59 re­
prints of the proceedings. \\Te have 
about 75 of each year left. \\Te 
have no '60's, so please hold on to 
the '60's, as they are a collector's 
item right at this moment. '61 and 
'62 we have about 150 of each. 

\\Te also have a stock and we 
will put those four years (1958, 
59, 61, 62) together for $10 as we 
did the others to fill out your file. 

We also have reprints avail­
able of the Maxwell, the Hoffmeis­
ter and the Poundstone articles 
that were published last year in 
connection with the talk on blend­
ing, and blending materials. They 
are available, the three for $2.00. 
A lot of you people may want to 
have these reprints or give them 
away and the Secretary will be hap­
py to receive orders therefor. 

Our proceedings this past year 
were a little delayed through sick­
ness and a lot of other things that 
happened, but we hope we can get 
again a target date of late March 
or early April. 

Your Secretary is going to 
write you some more letters asking 
for questions. Please give us an­
swers. 

Now, we will get back to the 
critical situation regarding the 
money of the realm that keeps this 
organization going, the Treasurer's 
Report. 

Last year, September 30th we 
had 51,007.33 cash balance. Re­
member,-thongh that last year we 
only reported for II months. This 
report covers 13 months. It ,vas be­
cause of t'le meeting in October 
last year. 

For this year, October 1, 1962 
to October 31, 1963: Registration 
$3,354.99. Now, how come the 99 
cents? "Ve had a Canadian check. 



The memhership list $250.00 
income. Here is a little item that 
you probably don't realize but it 
is a big item, 1962 to 1963 sales of 
proceedings. That is over and 
above the individual proceedings 
that each of you receives. $1,675.-
38, some more of that foreign ex­
change in there. Making a total of 
cash received $5,280.37. Added to 
the bank balance. that means we 
had $6,287.70 to account for. 

The meeting costs last year 
were SH8.38. that's the projector 
and all the other incidental costs. 
The membership list costs, this is 
the year up went the red, S302.49. 
vVe have to have the membership 
list so we'll tolerate that little do­
nation from the proceedings kitty. 
The proceedings costs, transcript 
$279.58, printing, and that includes 
the reprints, $3,406.35, mailing 
$217.03, supplies and handling, 
$156.20, making a total of $4,059.-
16. 

That is your meeting, your 
membership and your proceedings 
costs. 

Now for operating your Secre­
tary's office, your Secretary-Treas­
urer's office, the secretarial expens­
es. assistance. supplies. mailing and 
stationery supplies, of course, and 
meeting expenses, $918.35. Re­
member, that's 13 months this 
year, making a total of expendi­
tures of $5,728.38. 

Recapitulating the outlay, we 
had cash handled during the year 
$6,287.70; we spent $5,728.38; cash 
on hand October 1st, $559.32. and 
the bank balance is of the same 
figure. 

That is the report of your Sec­
retary-Treasurer. 

Next year's meeting is set in 
this Hotel the second week in No­
vember after election, 'Vednesday, 
Thursday and Friday. November 
lith, 12th and 13th, and I can 
assure you that we will be ac­
commodated here and it is our 
plan, this next year, to move the 
meeting over to the Ballroom 
and we will have more of a Round 
Table than we have here. They 
have agreed to give us the Ball­
room because we realize this is be­
ginning to look like a revival meet­
ing here and we don't want that. 
So we will get back to the circular 

seating of our Round Table next 
year. 

Thank you. 

CHAIRMAN SAUCHELLI: Thank 
you, Mr. Secretary-Treasurer. 

I keep emphasizing that we afe 
not in the book printing business 
and that the Proceedings are some­
thing that are byproduct but that 
the real substance of our meetings 
are the discussions. I want to refer 
to yesterday afternoon's session 
which has been widely acclaimed 
as something that goes back to our 
original purpose and intent where 
we had spontaneous participation 
and without recording. 

I think the fact that the talks 
may be recorded acts as a damper 
on a great deal of discussion. Peo­
ple are reluctant to have their com­
ments recorded and therefore are 
unwilling to get up and partici­
pate in the discussions. 

After yesterday's demonstra­
tion, which proved our theory, we 
have decided that next year we 
will have at least two afternoon 
sessions similar to yesterday after-

noon's session where problems will 
be handled and discussed frankly 
and fully by panelists and the mem­
bership and, o[ course, to have it 
succeed we would like to have 
problems and questions from you 
in advance so that we can make a 
selection, determine an appropri­
ate panel and then organize it so 
that we can have a really lively 
meeting such as occurred yesterday 
afternoon. 

I think everyone of us who 
was here yesterday afternoon was 
buoyed up in spirit. That's the 
answer to making this a real lively 
Round Table Meeting as we used 
to have it prior to the formality 
that has crept into our meetings. 

I see Mr. 'Vayne King down 
there just a little bit itchy. Wayne 
King, first let me say, is a good 
host and a great personality. We 
all like him. in fact, we all love 
him. But he has a way with him 
and as I say he has been itching to 
come up here on the platform as is 
his wont in the past. 

'Wayne, I'll give you an oppor­
tunity to get it off your chest. 

Eledions of Executive Committee 
Wayne King 

Thank you, Vince. This will 
only take a minute and a half. It 
pertains to the technicality of our 
informaritly. You have to have a 
plan even for informality, as they 
keep telling you every two years, 
when they have to elect who is to 
be greatest in the kingdom here. 

''\lith Doc bouncing that for­
eign exchange thing around here a 
minute ago, I just happened to 
think, as many of you. I have two 
master's degrees. I have one in 
mathematics and that entitled me 
to play with figures, see. 

And we of the Nominating 
Committee met in solemn session 
on the third floor of the Gas Light 
Club last night-this is true. I don't 
know about the solemn part, but 
anyway, we carne up with a very 
definite suggestion, and all you 
have to do is agree with me, be­
cause that's the way I'm going to 
do it anyway. 

For Chairman-this is for a 
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two-year session-and they are priv­
ileged to alter this and augment 
the Committee, I'll think he'll 
agree with us, that they have the 
power of attorney, anyway, and 
that would be Vince Sauchelli, 
chairman, .and Albert Spillman 
and Joseph Reynolds, and then, as 
you probably know. Doctor 
Marshall, he was elected emeritus. 
or something, and he carries on on 
account of he's got that $560, you 
see. 

So without getting into -
Would you like to hear this story 
I told over at the Gas light Club 
last night? 

CHAlRMAN SAUCHELLI: There 
are ladies here. 

MR. KING: All right, I'll tune 
it up or down, as the case may be. 

I don't think it's so damn fun­
ny, but they laughed. 

Many years ago, a hundred 
years ago I had two grandfathers, 
both of them were colonels in the 



Army, Colonel King and Colonel 
''''ayne, that's where I got my 
name. Anyway, General Robert E. 
Lee came up in the front lines 
there near Petersburg during the 
siege of Richmond and he says­
my grandfather was a captain and 
he says, Captain, how are you fixed 
for forces? '1\' ell, he says, There's 
me and this wounded corporal and 
this drummer boy. Lee says, How 
many Yankees are there out there? 
He says, There's about 5,000 of 
them. General Lee says, Charge. 

That's the way it goes. Now, 
if you're in agreement with me, 
let's all say "charge:' See how loud 
you can bellow. That's the com­
mittee for two years. Okay. 

(A chorus of "charge".) 

CHAIRMAN SAUCHELLI: Thank 
you, 'Vayne. He's inimitable. 
There's no one just like him. 

It's always a pleasure to wel­
come guests or visitors from over­
seas to our meetings, amI appar­
ently the Round Table is being no­
ticed o"erseas because, as the Sec­
retary has indicated, the sale o[ 
proceeding is worldwide. We get 
requests from practically every 
country on the globe for our pro­
ceedings. 

At our present session we have 
visitors from Korea, Australia, 
Puerto Rico, France, Mexico and 
Canada and there is one from one 
of the South American countries 
which has not been specified. 

1 think we would like to have 

these people rise and we will give 
them some applause to welcome 
our guests from overseas. 

It is always a pleasure to have 
them and we hope more will come, 
because as I get around a little bit 
too, 1 find world-wide interest in 
fertilizers and in our fertilizer in­
dustry. There isn't a capitol of any 
nation on earth that isn't inter­
ested at the present time in fertili­
zers, because of the connection with 
food. The fertilizer industry is 
really gaining stature world-wide 
and we should be proud to be such 
a part of that world-wide industry. 

Our thanks also to our trade 
press for their diligent coverage of 
our transactions. I am going to ask, 
as has been my custom, to have the 
members of the press rise so that 
we can see who they are. I guess 
you know all of them. But let's 
have a big applause for them. 

They work hard, probably the 
only real hard workers at these ses­
sions, and it isn't easy to record 
these meetings and we on the Exec­
utive Committee are always glad 
to have their help and sometimes 
our Secretary is particularly inter­
ested that they don't steal all his 
thunder, as he wants some of the 
papers for the proceedings. 

Are there any questions. any 
comments from the floor that refer 
to this meeting or to our plans for 
next year? I would really like to 
have you express yourselves on it. 

'Vhat do you think of the slIg-
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gestion for a question and answer 
period two afternoon sessions next 
year and without recordings? 

Let's hear some comment. 'Ve 
don't want to do anything that 
isn't in full agreement with the 
sentiments of the Round Table. 

Joe. 
MR. SHARP: Vince, I'd just like 

to pass along the comments that I 
have heard by other people. They 
think it was the highlight of this 
meeting, and I certainly agree with 
them. 

CHAIRMAN SAUCHELLI: Thank 
you. 

Does anybody else have any­
thing to say for the good of the 
order? George "Walton. 

MR. GEORGE WALTON: I am 
very sure that all of us would hate 
to leave here without saying a very 
warm thank you to our Executive 
Committee. 

CHAIRMAN SAUCHELLI: Thank 
you very much George. and I am 
sure [ speak for the Committee in 
saying our heartfelt thanks for your 
confidence in us and your assis­
tance. 

Remember, our planning for 
next year is beginning right HOW. 

We need your help. Let us have 
your problems and suggestions. 
Remember the dates for next year 
and you'll be hearing definitely 
from us, and if there is nothing 
further, no further comments or 
anything else. we stand adjourned 
until next year, and good luck to 
you all. 
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