


Photo #2. Top of Reactor Pocatello Liquid Fertilizer Plant. 

type is dissi pating the heat generat­
ed by the reaction. If the heat 
were not removed, the contents of 
the reactor would soon reach their 
boiling point, and ammonia losses 
by vaporization would become sub­
stantial. A cool reactor also runs 
more smoothly as it is free of the 
bumping associated with collapsing 
vapor bubbles. The Blackfoot re­
actor uses a thin film of water run· 
ning down the outside of the re­
action tank to remove heat from 
the product. This water film is 
produced by an ordinary lawn 
soaker wrapped around the cir­
cumference of the tank near the 
top. 

Photo #4. Liquid Fertilizer Reactor. 
Twin Falls. Idaho 

The Twin Falls reactor uses 
air to cool its product. A cooling 
zone in the top of the tank con­
tains a number of spray nozzles 
which spray hot solution down to­
ward the surface of the product in 
the tank. A blower on the outside 
of the tank directs a stream of cool 
air upward against the spray and 
the solution is cooled by evapora­
tion. 

The reactors at both Twin 
Falls and Blackfoot were designed 
for the production of 8-24-0 solu­
tion from wet-process phosphoric 
acid but could be easily modified 
to convert superphosphoric acid to 
10-34-0. 

only about eight feet high x five 
feet in diameter can produce 200 
tons per day of 10-34-0 solution. 
The acid and water are fed 
through open end pipes and enter 
the surface of the liquid in the re­
actor. There are two perforated 
ammonia ring spargers, one just 
below each of the two turbines. 
The flow of cooling water through 
the heat exchanger is automatical­
ly controlled so that the reactor 
temperature is held constant at 
about 160°F. The proouct leaving 
the reactor is pumped to a two-pipe 
heat exchanger where it is cooled 
by water to about 110° F before 
entering the day tanks. This cool­
ing helps to keep the rate of poly­
phosphate reversion low. Material 
in a full day tank is circulated for 
about two hours, sampled, and an­
alyzed. If the material is off-grade, 
additional acid, ammonia, or water 
may be added. When it has been 
determined that a day tank is on 
grade, its contents are transferred 
to the large storage tank, which has 
a capacity of about 70 Otons. 

Photo #3. Liquid Fertilizer Plant. Twin Falls. Idaho. 

A second type of reactor is one 
commonly used in the Intermoun­
tain West near the points of use. It 
consists of a mild steel storage tank 
which is equipped for recirculation 
to ammonia and acid spargers so 
that the entire tank is a reactor. 
The reactors at the Simplot Soil­
builder Units in Blackfoot and 
Twin Falls, Idaho, are of this gen­
eral type. One of the serious prob­
lems in operating a reactor of this 
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Another means of contending 
with the problem of reaction heat 
is to make a less concentrated prod­
ucts than 10-34-0. One liquid fer­
tilizer producer, makes a 7-21-0 
product from superphosphoric acid 
and cools the freshly-made prod­
uct by mixing it with a large quan­
tity of previously-made product 
held in storage. In this way, the 
heat is dissipated without the use 
of any cooling equipment. 

One of the advantages of mak­
ing a neutral solution is that cor­
rosion rates are very low, only a 
few mils per year on mild steel. 
As a result, it is possible to use 
piping, storage tanks, pumps, and 
valves made of steel in handling 
the products. 

The neutral solutions made 
from superphosphoric acid normal­
ly store well, espedally in cool 
weather. Usually tbere are enough 
polyphosphates in solution to pre­
vent the settling out of iron and 
aluminum compounds such as oc­
curs in solutions made from reg­
ular wet-process acid. A persistent 
problem with vVestern superadd 
has been the settling out of mag­
nesium compounds in the finished 
solutions, but this difficulty is grad­
ually being overcome. 

The duration of allowable 
storage time is dependent on out­
door temperature, the acidity and 
polyphosphate content of the solu­
tion, and the concentrations of me­
tallic impurities in the product. 
High storage temperatures, low 
pH's and high concentrations of 
the metallic impurities all limit the 
storage period. This is because a 
certain minimum ratio of poly­
phosphates to dissolved metals in­
troduced by the add must be main­
tained, and high temperature and 
low pH hasten the reversion of the 
polyphosphates to ordinary ortho­
phosphate, which has no sequester­
ing value. 

Superphosphoric acid enjoys 
several economic advantages over 
merchant grade wet-process acid: 

I. Because of the high P 205 con­
centration of superadd (70% 
vs 52% for merchant add in 
Simplot's case) the superadd 
may be shipped for about 
25% less, per unit of P 205' 
This, coupled with relatively 
low cost of converting the 

superacid to neutral solutions, 
makes the installation of re­
actors attractive in areas re­
mote from the acid source hut 
near the points of use. 

2. Because more concentrated 
solutions may be made from 
superadd than from mer­
chant acid, they may be trans­
ported and applied more 
cheaply. For example, if a 
1,100 gallon application truck 
is to apply 10-34-0 made from 
superadd or 8-24-0 made [rom 
merchant acid, the advantage 
of the 10-34-0 may be seen as 
follows: 

Products 
Density 
Weight of 1,100 gallons 
Units of Plant I·ood 

8-24-0 
10.85 lbjgal 
11 ,935 lb 
191. 

The load of 10-34-0 contains 
about 50% more units of 
plant food and, as a result, 
may be handled for about 
33% less cost per unit of plant 
food applied. 

3. The high-analysis, high-den­
sity products, because of their 
lower application and trans­
portation costs and the extra 
mileage gotten out of appli­
cation equipment, permit liq­
uid-mix plants to broaden 
their distribution areas and 
handle increased volume with­
out purchasing additional ap­
plication equipment. Accord­
ing to one operator, his radius 

-of operation is doubled when 
he uses 10-34-0 as compared 
to 8-24-0. 

At present the liquid fertilizer 
producer still has some problems 
to contend with in the manufac­
ture of solutions from wet-process 
superadd. 

For example, if a liquid-mix 
unit is not properly equipped to 
handle superadd, difficulty may be 
experienced because of the high 
viscosity of the acid. Some difficul­
ties may also arise if the superadd 
is stored at high temperatures for 
extended periods of time or stored 
at too low a polyphosphate con­
tent. In the case of high-tempera­
ture storage, tripolyphosphates 
may form which will cloud both 
the superadd and subsequently 
the solutions made from it. There 
are at least two recorded instances 
of too-low analysis superacid turn-
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ing solid in storage; this apparent­
ly is because there were not enough 
polyphosphates in solution to 
sequester the metallic impurities, 
and the impurities precipitated 
out in large quantities as sludge. 
Also the solubility of the acid it­
self is lower at the lower P 205 con­
tents. 

The operation of well-de­
signed liquid-mix reactors is almost 
completely trouble-free. An excep­
tion to this rule is the off-control 
operation of a reactor, which if 
severe, can result in the production 
of a sludgy product. 

10-34-0 
11.85Ib/gal 
13,035 lb 
287. 

Most of these difficulties can 
be avoided completely through the 
use of proper equipment and pro­
cedures, and it is the author's opin­
ion that they are more than offset 
by the advantages of using super­
phosphoric add. 

Commentary on Slides 

I. This is the liquid fertilizer 
plant at the J. R. Simplot Com­
pany's Pocatello complex. The 
large, light-colored tank in the 
right foreground is for super­
phosphoric acid storage, and 
the large, dark-colored tank in 
the left background is for 10-
34-0 storage. 

2. In this view, the superadd 
surge tank is shown at left of 
center, and the concentrator 
feed tank at the center. 

3. Here, the top of the 10-34-0 re­
actor is shown through a maze 
of piping. The mixer drive is 
at center background and a 
vent line appears at the right. 
This line goes to a blower out­
side the building and provides 
protection for the operator in 
case a large quantity of am­
monia is accidentally released. 

4. This shows the reactor outlet 
where the product passes 
through a weir box in which 
stands a pH measuring assem­
bly. This is part of the pH 
control loop which regulates 
the ammonia flowing into the 
reactor. 

5. This is the control panel from 
which both the superadd con-



centrator and the 10-34-0 re­
actor are operated. 

6. At the center foreground is the 
alloy gear pump which feeds 
superacid to the 10-34-0 reac­
tor. The variable speed drive 
is remotely controlled from the 
panel shown in the previous 
slide. 

7. This is the two·piece cooler 
which cools the 10-34-0 being 
pumped to storage. The 10-34-
o is in the outside pipe allow­
ing some heat loss by (onvec­
tio~l. 

B. This is an overall plant view 
with a typical tank truck being 
loaded with 10-34-0 solution. 

9. In this view, the superacid stor­
age tank is seen at the left. Part 
of the superacid concentrator 
may be seen at extreme upper 
right. 

10. This slide shows the shell and 
tube heat exchanger which 
heats superacid being taken 
out of storage. 

I L This is the Blackfoot, Idaho, 
Simplot Soilbuilder liquid fer­
tiliier plant. 

12. The tank in the center is the 
Blackfoot solution reactor. It 
contains a Maas reactor unit 
and is equipped with circulat­
ing equipment. The cooling 
water distributor is at the top 
of the tank walL 

13. This is the Twin Falls, Idaho, 
Simplot Soilbuilder liquid fer­
tilizer plant. The solution re­
actor is in the center. 

1·1. This view shows the cooling air 
blower and air ducting. 

15. The warm air leaves the reac­
tor above the angular ring at 
the top. The product is made 
below the level where the air 
ducts enter. This reactor util­
izes swirl rings and spargers 
and the reaction occurs 
throughout the liquid mass. 

16. This view shows the reactor 
controls and circulating pump. 

17. Another load of Simplot liguid 
fertilizers. 

MODERATOR PHILLIPS: Frank, 
thank you very much for doing a 
splendid job of reading this Inper, 
but don't go away. 

I'd like to ask the panel to 
come up here to the table now so 
we can try to answer any questions 
that you might have on this series 
of talks. 

A CONFEREE: 1 would like to 

ask a question about the corrosion 
of the Nionel tubes. They have 
considerable trouble, I understand, 
in the Florida phosphate cone'en­
trations with Nionel tubes but 
from 1\'1r. \Veber's talk, I under­
stand that the first stage seems to 
be the only problem that you have 
in this series. My question is this: 
Are there no problems in the use 
of Nione! tubes when you go all 
the way from 30 to 54 per cent 
P 2°:i? 

MR. \VEBER: ~While Karbate is 
now generally used, we are suc­
cessfully using N ionel on the sec· 
ond or third stages of series-operat­
ed units and so long as only strong 
add is in contact with the tubes, 
the Nionel stands up quite well. 
Therefore, you could use Nione! 
on a single-stage unit if you were 
concentrating to at least ,17 per 
cent P"Oz' 

Is there another question? Yes, 
Doctor? 

DR. MUKHERJH: I would like 
to pose a few questions to the 
panel, if I may. 

One is whether the type of 
rock affects the transition temper­
atures from gypsum to hemi-hy­
drate and from hemi-hydrate to an­
hydrite in the wet-process? 

Mr. 'Neber mentioned a suf­
ficiently designed reactor system 
and I was wondering whether the 
design of the reaction system had 
to be varied to handle different 
types of rock. 

The next question is, are there 
legal restrictions anywhere in the 
United States as to fluorine emis­
sions in phosphoric acid plants? 

Next, is the byproduct gypsum 
from phosphoric acid plants util­
ized in this country? 

On the super acid, I have two 
questions. One is, most of the dis­
cussions this morning has been on 
70 to 72 per cent super acid. I 
have seen references to 81 to 83 
per cent acid. '!\That is the exper­
ience on this? 

From Mr. Phillips' paper, we 
gather that there are two factors 
involved in corrosion, not merely 
the water content but also the ef­
fect of the various other materials 
present in the acid. Now does it 
mean, therefore, that for every 
bat~h of acid one has to run a cor-
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rosion test before one could de­
pend on whether it could be 
shipped in carbon steel containers 
or not? The next point is, what is 
the present status of phosphoric 
acid as a commodity for sale? Is 
it available for sale and if so, what 
tonnages are being handled? 

MODERATOR PHILLIPS: The 
panel here has been taking some 
notes and we will take these ques­
tions up one at a time in the order 
you asked them. 

MR. WEBER: First, Dr. Muk­
herjee asked whether the type of 
rock affected the transition temper­
atures from gypsum to hemi-hy­
drate and from hemi-hydrate to an­
hydrite? 

The amount of impurities in 
the acid would affect the tempera­
ture and concentration transition 
point but not to a very great de­
gree except in the case of sulfuric 
acid. In this case, the transition 
concentration is essentially a func­
tion of the total amount of sulfuric 
acid and phosphoric acid. 

The second question on 
whether the reaction system has to 
be varied to handle different types 
of rock. \!\Tith most normally used 
commercial rocks there is not much 
diflerence. It the rock is highly re­
active, such as Morocco, we might 
use lower detentions than with, for 
instance, Florida rock. 011 the 
other hand, there are some phos­
phate rocks which are much less 
reactive, such as Kola rock where 
we normally use greater detentions. 

As to legal restrictions on 
fluorine emissions in phosphoric 
acid plants, this is becoming more 
and more restrictive, particularly 
in Florida where they have exper­
ienced damage to vegetation and 
they have made fairly exhaustive 
studies. 

They are now putting limita­
tions on the total fluorine emis­
sion from any plant and, whereas 
at one time this was 100 pounds of 
fluorine per day, it has been re­
duced to 50 pounds and they are 
now talking 25 pounds. 

They are also putting limita­
tions on the total fluorine emission 
in any particular area and refuse 
to issue licenses for the construc­
tion of new plants if there is al­
ready a concentration of plants in 
any particular area. 



As to whether the byproduct 
gypsum from phosphoric acid 
plants is utilized in this country, 
to my knowledge, at the present 
time there is no such usage. N atur­
at gypsum of high quality is very 
generally available at quite low 
prices. The byproduct gypsum is 
used in other countries, particular­
ly in Japan, for gypsum plasters 
anti wallboard and in snme cases as 
a cement retarder. Gypsum is also 
used in some parts of the world as 
a material from which to produce 
ammonium sulfate. 

MODERATOR PHILLIPS: In an­
swer to Dr. Mukherjee's questions 
on super acid, I do not have any 
information on the production of 
81 to 83 per cent P :;02 ,vet-process 
super acid. As you mention, there 
have been references to the pro­
jected pmduction of acid of this 
strength in recent news articles. 
Perhaps there is someone in the 
audience who can furnish some in­
formation? 

I am sure it would not be nec­
essary to measure the corrosion rate 
of each batch of acid to determine 
whether it can be shipped in car­
bon steel. However, 1 believe cor­
rosion tests should be made on 
acid from a given plant and they 
should be repea ted when there is a 
drastic change in conditions, such 
as the use of a new type of rock, at 
least until more experience is 
gained in handling the acid in 
carbon steel. I think there has 
been little wet-process super acid 
offered for sale; most of it as pro­
duced for internal use by the pro­
ducer. Perhaps there are some in 
the audience who could verify this? 

EDWIK Cox, III: I would like 
to say something on the corrosion 
problem, sir. 

The only reason I would like 
to t~lk about the corrosion prob­
lem is not from our own exper­
ience with superphosphate but we 
did do quite a bit of work on cor­
rosion. There arc many factors 
that must be taken into account in 
the use of laboratory corrosion 
data. These are the effect of welds, 
stresses from mechanical working, 
electrolytic corrosion because of 
dissimilar metal and so forth. 

MODERATOR PHILLIPS: Thank 
you. \lVe try to consider these in 
our corrosion tests but I am sure 

there is no substitute for practical 
experience. 

Yes, Dr. vVaggaman? 
DR. \V AGGA:MAN: I would like 

to get your opinion as to whether 
0.8 per cent fluorine would be ob­
jectionable in a phosphate rock 
used for making phosphoric acid. 
In the case of this new deposit in 
Peru which is being developed, 
fresh water is not available. 

MR. \VEBER: It would be ex­
tremely dangerous. \lVe have had 
experience with rocks with much 
lower fluorine than this or where 
the water supply contained signif­
icant amounts of fluorides and it 
had caused very severe corrosion in 
the phosphoric acid plant. The 
stainless steels normally used do 
not stand up to a mixture of fluor­
ine, phosphoric and sulfuric acids. 

For moderate amounts of 
fluorine, it is possible to use h\gher 
and much more expensive alloys 
and other materials of construction, 
but this adds considerably to the 
cost of the plant and, if the rock 
were being generally merchandised, 
plan ts not specifically designed to 
handle such high fluorine rocks 
would not be able to use the rock. 

DR. \VAGGAMAN: That would. 
not apply, I don't suppose, to sup­
erphosphate? 

no. 

you. 

MR. 'VEIIER: I don't think so, 

DR. \VAGGAMAN: Thank you. 

MODERATOR PHILLIPS: Thank 

A CO:\,FEREE: I believe one of 
the gentlemen on the panel stated 
that magnesium was chela ted by 
the polyphosphate in his work on 
granulation, but the paper submit­
ted on the Simplot Company oper­
ation ~tated that magnesium was 
difficult to sequester in the pro­
duction of liquid fertilizers. 

MODERATOR PHILLIPS: I believe 
Dr. Nielsson went off to catch a 
plane. I know this was one of the 
problems mentioned by Petersen in 
his paper on super acid produc­
tion. He said that phosphate rock 
with magnesium could not be used 
because the magnesium was not 
readil y sequestered. 

MR. ACHORN: I, too, ques­
tioned this. This is one of the rea­
sons why water softeners have to 

be used in liquid fertilizer plants. 
The magnesium reacts with phos-
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phoric acid and ammonia to form 
a relatively insoluble compound. 
The water softeners arc used to 
remove the magnesium prior to the 
introduction of the water into the 
liq uid fertilizer mixture. 

~lODERATOR PHILLIPS: Is there 
another question for the panel? 

1 certainly want to thank this 
panel for the fine papers they have 
contributed and their companies 
for releasing the information that 
made these papers possible. 

CHAIRMAN SAUCH .. :LL1: That 
expresses the opinion of all of us. 
I think we have had. a splendid 
session this morning, worthwhile in 
every possible way, very practical 
and useful information. 

1 want to take this opportun­
ity to just mention a few things. 
We have had 13 visitors or guests 
here from overseas, one from Mor­
occo, three from Italy, two from 
Scotland, one from England, one 
from India, four from Puerto Rico, 
one from Aruba of the Antilles and 
a delegation of 48 friends from 
across our northern border. \lVe 
don't consider the laHer foreigners. 
\Ve are certainly pleased always to 
have visitors here from overseas 
and from Canada. 

1 would like to recognize our 
foreign visitors. Please stand. We 
always like to welcome our visitors 
from overseas. I know several have 
already left. 

One of our great aids is The 
Trade Press. \Vill you please stand 
so that we may recognize you. It 
is always helpful for the fine pub­
licity from their respective maga­
lines. 

They are really fine workers. 
They keep busy here. 

l\Ir. Secretary, do YOll have 
anything else you want to add. 

DR. MARSHALL: Nothing more. 

.1 thank my associates on the 
Executive Committee for their fine 
cooperation. Thanks to the man­
agement of the Mayflower Hotel 
for their helpful cooperation in 
making our stay here pleasant. 
They have tried to help in every 
way to make our meeting pleas­
dnL 

\Ve stand adjourned until next 
year. Now remember let us have 
your suggestions [or our 1965 meet­
ing, November 10-11-12. 
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