


























































































































































































liquid mixes is that ordinary super­
phosphate cannot be used. Producers 
of granular can be used rela­
tively large amounts of this relatively 
low priced phosphate sources and 
thereby gain in advantage in raw ma­
terial cost. However, manufacturing 
cost is lower for the liquids because 
of lower manpower and maintenance 
requirements. Depreciation charges 
are also lower and a lower markup 
per unit of production is necessary to 
obtain a reasonable return on invest­
ment. These two factors-raw ma­
terial cost and manufacturing cost­
appear to about cancel each other out, 
so that selling price for liquids is 
usually close to that for solids. 

Two of the factors involved in 
the comparison are difficult to evalu­
ate. The phosphate in liquid ferti­
lizers is completely water soluble 
whereas in most granulated fertilizers 
it is not. The higher solubility for 
the liquid may be an advantage in 
some situations but in others it is not 
particularly advantageous. The liquid 

mixes are also more convenient to use 
and require less labor for application 
on the farm. Neither of these ad­
vantages is very amenable to cost 
evaluation. 

(3) What is the present status 
of the complete liquid fertilizer in­
dustry, and is there a definite trend 
toward increasing production and 
consumption? 

There are at present approxi· 
mately 165 plants making liquid 
mixed fertilizer in this country. Cur­
rent production is estimated roughly 
at 250,000 tons per year. In com­
parison total production of mixed 
fertilizers over the country is about 
15 million tons. Thus the liquid mixes 
have not as yet attained a place of 
any significance. However, continuing 
growth is evident. There were only 
72 plants in 195'5 as compared to 165' 
now and new ones are reported fre' 
quently. Production in 1953-54 was 
reported to be about 27,000 tons as 
compared to the current estimated 
figure of 250,000 tons. 

Advantages and Disadvantages of TVA 
Cone Mixer. 

Allen S. Jackson 

W HEN any cone mixer is in­
stalled, whether it is put on 

an existing den or on a completely 
new den, the normal problems of rock 
handling and measuring and liquid 
control will appear. These usually 
present very small problems that are 
easily solved. 

Early cone designs would allow 
only a very narrow rate of operating 
range, usually in the neighborhood of 
from flooding rate to a rate of feed 
of 5 % less than flooding. Any reduc­
tion of rate beyond that would not 
give proper mixing. Modern cones, 
however, have good mixing with op­
erating ranges from flooding to ap­
proximately 50% of flooding. 

The use of strong acids present 
a problem in operating the cone. Heat 
of dilution raises the temperature high 
enough in the cone to cause large 
quantities of steam to be evolved. 
While this steam could certainly be 
controlled with proper fume hoods, 
the operators visibility in the cone is 
greatly reduced. Uniform results are 
not as easy to obtain with 93% or 
98% acid as it is with 78% acid. 

The life of the cone liner is quite 
variable. We normally expect a liner 
made of 10 gauge mild steel to last 
between 20,000 to 40,000 tons when 
used on a box or continuous den. On 
Sturtevant type dens, we expect the 
mild steel liner to last 5,000 to 10,000 
tons. Starting and stopping the cone 
is much more damaging to it than 
operating. In order to improve the 
start'stop life of a cone liner, we are 
experimenting with liners that have 
been Teflon lined, lead lined, coated 
with various Epoxy compounds, liners 
that are made entirely with reinforced 
plastics and various rubber coatings 
for steel cones. We are hoping to find 
a cone coating that will allow us to 
reach a 100,000 ton life for the liner 
under all conditions. 

When a given quantity of acid, 
water and phosphate rock are mixed 
together, no matter what means of 
mixing are used substantially, the same 
end product as far as analysis goes, 
will result. The cone gives some ad· 
vantages over pan type mixing in that 
mixing techniques will always be the 
same. The time going through the 
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cone is al ways the same. In cones an 
of the gasses are involved from the 
resulting mix in the den, none in the 
cone. The gasses percolating through 
the hardening bed of supe.r tends to 
make it a very light, honey'combed 
mass. Because of the short retention 
time in the cone, the mix going to 
the den is very fluid. Dens must be 
kept tight to contain the super. Ap' 
parently because of lack of stirring. 
the mix gives a feature to the finished 
super that is both good and bad. Super 
made in cones tends to have a very fine 
particle structure. Each individual 
particle of rock appears to retain its 
own identity. The resulting super be­
cause of its small particle size, is very 
easy to ammoniate. The small particle 
size, however, can make the super 
rather dusty to handle, which can be 
a nuisance in handling of it in both 
the mill, and if not granulated, in 
the field. 

The main advantage of a cone 
super mill is that the mixing ma' 
chinery is easier to maintain and has 
a much lower initial cost than any 
other conventional means of making 
super. Normal replacement of worn 
parts of the mixing unit, weighing and 
feed equipment, is estimated to be 
about 1 ¢ to 2¢ per ton. 

F. T. Nielsson 

1. Advantages. To realize fully the 
advantages of a cone mixer, the 
cone should be engineered by 
someone who has a record of ex, 
perience with cone mixers, like 
the FESCO group of Atlanta. 
The cone mixer has the following 
advantages in comparison with 
any other type of mixer: 
(a) Less initial equipment jnvest, 

ment. 
(b) A lower investment for 

structural supports and 111' 

stallation. 
(c) No operating power for 

mixing. 
(d) Exceptionally low mainten· 

ance. 
(e) N a moving parts. 
(f) Small space requirements. 
In common with other types of 
continuous mixers, the cone has 
the following advantages over a 
batch mixer: 
(g) Less personnel required for 

operation. 



(h) Fume recovery is better 
using the exhaust system de­
signed for a given tonnage 
batch system. 

(i) Acid can be diluted over a 
substantial range within the 
mixer. However, 66° Be 
acid should not be diluted 
within the mixer as some 
operators have found out 
to their sorrow. 

Drawbac~s. Some of the draw­
backs are those associated with 
any continuous mixer. These are: 
(a) Feeder calibrations must be 

made accurately and checked 
periodically. 

(b) The entire ground rock sys­
tem must be engineered to 
prevent flooding. 

(c) Some spent acids may be 
difficult to meter properly 
on a continuous basis. 

Some drawbacks are inherent with 
the cone, and the seriousness of 
these drawbacks depends upon the 
type of den used with the mixer. 
(d) The cone is not amenable to 

provide variation in rock­
acid proportions. 

(e) The cone requires a fluid dis­
charge and mixing is hin­
dered as net acid concentra­
tion is increased. 

(f) Maintenance is a function 
of stop and start operation 
because of acid drip from the 
nozzles. Less maintenance 
per ton is required when the 
cone is used with box or con­
tinuous dens than when it is 
used with Sturtevant dens. 

(g) The cone is so simple that 
apparently anyone should 
be able to build his own 
cone. However, there are 
certain noz;z;le sizes and cone 
dimensions that must be used 
over a given range of ton­
nage if good results are to be 
obtained. The ability of 
amateur to build their own 
cones is a drawback if their 
unsatisfactory results cast 
doubt as to the efficiency of 
the cone mixer in generaL 

I 'D like to just summarize. We've 
tried to indicate the advantages and 

disadvantages of a TV A cone mixer 
by comparing it as a piece of con­
tinuous equipment against other con­
tinuous equipment and also by com­
paring it as a piece of continuous 

equipment against batch equipment so 
that when you compare the cone 
mixer in comparison with any other 
type of super-mixer, it appears that 
it has less initial equipment invest­
ment because the thing isn't very 
heavy, you have less equipment for 
structural supports and installation. 
You've got the pump acid to assist 
them anyway, this cone mixer has no 
moving parts so you have no operat­
ing power. You have exceptionally 
low maintenance. You've got no mov­
ing parts, you don't have much space. 
And actually those of you who have 
been to TVA and have seen a cone 
mixer-I guess it's pretty old hat 
now, but I know years ago when peo­
ple used to come down there when 
I used to work there it was the biggest 
surprise to take a man up on the floor 
and show him this little cone, on triple 
especially, and the stuff went in and 
the stuff went out and the man just 
stood there and it was just like a 
tuba; I mean, it came in here and it 
went out there and people couldn't 
believe it until they saw it. So it is 
simple and on triple not too much 
trouble. With super, now, the big 
thing I do believe, though, is that 
if you are interested in the cone 
mixer, although I'm mentioning the 
advantages and disadvantages here, 
that you ought to get one from some­
body who has built one. Allen Jack­
son's outfit has put in a lot of cone 
mixers and they know what they're 
doing. A lot of other people have 
tried to put in cone mixers and you 
can get hurt awfully quickly. 

In common with other continuous 
mixers, I mean any continuous mixer 
of which the cone is an example, has 
some advantages over a batch mixer 
and these are that there is less per­
sonnel required for- operation, the 
fume recovery is going to be better. 
If you have a fume recovery system 
for a 20 ton an hour for a batch opera­
tion where you're working alternately, 
you know that you've got to handle 
about 40-ton per hour peak whereas 
if it's a 20-ton per hour system, you're 
Just handling 20 tons per hour. 

In any continuous mixer you can 
dilute acid over a fairly wide range. 
The only thing that you can't do is 
you cannot dilute 66° acid into a 
cone directly. Some people have tried 
it and two things happen. First, the 
heat of reaction or heat of solution, 
is so great that you get a pretty violent 
reaction when you're pouring in water 
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through some noz;z;les and 66 0 acid 
through other nozzles. The other thing 
is that due to the heat formed and 
also probably due to the fact that 66° 
acid isn't diluted all the way before 
it mixes with the rock you get a 
superphosphate that has practically 
no conversion. 

Now, the drawbacks of the cone 
mixer. Some of the drawbacks are 
the kind that you have with any con­
tinuous operation. One of them, of 
course, is that you've got to calibrate 
your feeder and if you're in can' 
tinuous operation with ammoniators 
you know you have continuous feeder 
trouble. You're apt to get into the 
same kind of trouble with any type 
of continuous system. The other 
thing is that a continuous rock feeding 
system is something that has to be 
really engineered, and again some of 
this is old hat to a lot of people, but 
until you've seen rock dust flood into 
a continuous operation, you just don't 
know what trouble is, because if it 
starts flooding you might as well go 
home and caU somebody else and 
start all over again and start engi­
neering from the beginning. And 
then also some spent acids may be 
quite difficult to meter properly on a 
continuous basis. Now those are 
troubles that any continuous system 
will have. The cone mixer has some 
inherent disadvantages of its own and 
the seriousness of the disadvantage de­
pends on what kind of bin you're 
using. The cone initially was designed 
for triple super. With sulphuric acid 
you're neutralizing two hydrogen 
ions. With phosphoric acid you're 
neutralizing only one hydrogen ion. 
Therefore you use twice as much phos­
phoric acid on a pound basis as you 
do sulphuric acid. Therefore you have 
twice as much liquid when you make 
triple as you do when you make super, 
something people don't realize, and 
because you have twice as much liquid 
you have a much more fluid mix and 
this cone mixer having no moving 
parts in it, just depending on spin of 
a fluid, if it's fairly fluid you get a 
lot of spin. Now as you go to sul­
phuric acid and your fluidity de­
creases, it stops, slows down, and 
you're in trouble. I mean, you just 
can't mix mud by itself, you just 
can't spin enough. So that's the big 
trouble with the cone mixer, that if 
you think that some day you're going 
to be in an operation where you're 
going to try the effect of 60 Baume 



acid all by itself, you had better take 
it easy before you start thinking about 
that in connection with a cone mixer 
because you can take any rock grind 
and any acid concentration and you 
can blend it physically, mechanically, 
but here you're depending upon 
fluidity and We do know that as you 
cut down the concentration of acid 
you're going to decrease the fluidity 
and when you do that you're going 
to be in trouble in a cone mixer. 
Also, because you have to have a 
fluid concentration, you can't run 
quite the acid concentration that you 
can in a batch mixer. Then also 
there's maintenance, you get acid drip 
from the n02;zle, so the more times you 
stop and start this acid drip eats on 
your cone a little bit. If you have a 
bin that takes only eight hours to 
fill you're stopping and starting once 
in eight hours. If you have a Sturte­
vant bin and filling it every hour or so, 
why, you have more acid dripping 
and you have a little more mainten­
ance. 

The big trouble with the cone 
mixer-this is just a personal observa­
tion-is that it's so simple that ap­
parently anybody ought to be able to 
build his own mixer. The trouble is 
that people go ahead and build their 
own mixer and don't realize that there 
is a little bit of theory involved in it. 
Not too much, but a little bit, and 
they build the mixer and it doesn't 
work and they think it is no good. 
That's why I said back in the begin­
ning you ought to talk to somebody 
who has put in some mixers because 
I know an actual example of how that 
can occur. I used to be down in Ala' 
bama and some big consulting com­
pany came down and wanted to know 
all about the TVA cone mixer. So 
I took them out and showed them and 
explained a little bit of theory and 
the next thing I knew I was hired by 
a private company and I happened to 
be in a triple plant that this con' 
sultant had built. And I was put on 
a train and told to go down to Florida 
and see what was wrong with this 
triple operation since it wouldn't 
work. The cone mixer wouldn't mix. 
And I looked at the blueprints on 
the train and I couldn't figure out 
anything wrong, and I got down there 
and the big trouble was that this man 
had seen a 40,ton an hour cone, took 
the whole thing down there and put it 
in an operation which was running at 
20 tons an hour. The important thing 

he didn't realiz;e is that the acid has 
to wet the inside of the cone. If 
the acid dribbles and the rock hits 
the cone you don't get a mixture. 
You have to have an acid swirl, the 
rock falls in the middle of the swirl, 
comes out, and you have a mixing 
section there. At TV A they had ¥s 
inch noz.:;les; he put in ¥s inch 
no"zles. All I had to do was to 
tell him to put in Ys inch nozzles 
and it worked. As I say, there are 
some simple things like that. It looks 
so simple that you think, anybody can 
do it. But before you go ahead think 
about it. I've heard of some other 
people who tried to copy cones. Oh, 
there is no need of our getting in 
an engineer designer for this, they 
say, there is nothing to this. Well, 
it's a little bit more complicated than 
that, and you've got to know what 
you're doing. 

A. S. Jack,son: I would like to 
show you one of the design changes 
that we made on a cone to increase 
the range of operation. When we first 
started using cone mixers three years 
ago we found that we could operate 
from the rate that the cone would 
begin flooding to somewhere between 
three and ten per cent less than the 
flooding rate. After that the rock 
dust began to show up in the bin, 
mixing was very incomplete and com' 
pletely inadequate. When we started 
working with continuous bins, people 
particularly with these lightweight 
bins would let their cutters wear out; 
they then must slow down the opera­
tion of the bin to continue to run, 
they begin to have trouble then with 
high insoluble, high free acid--just 
really inadequate mixing. If the 
velocity of the liquids or the swirl 
of the cone mixer were proportional 
to the distance away from the center 
of the cone, the shape of the swirl 
would be a parabola or something like 
that. If there were nothing to slow 
down the swirl the shape of the swirl 
would be a hyperbola. Actually the 
shape of the swirl or the mix in the 
cone is somewhere in between. The 
center of the cone discharge is never 
filled by the solid liquids. It may be 
filled by a little foaming right in the 
surface. Well, as you slow down the 
rate of running on this type of cone, 
you're dropping the level of your 
swirl, you open up a larger hole to 
pass the rock through. The change 
that we made was rather obvious and 
extremely simple. We set the footed 
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elbow down so as to make the rock 
or the liquid take the curve. It caught 
all of the rock coming through the 
cone and gave it one more twist. The 
ranges of the cone now is wider, if 
you make one for 40 tons per hour, 
it will operate very effectively down 
to 20 tons per hour. When we were 
using straight bottoms, if we were 
operating at 40 tons per hour, it 
might operate as low as 38 or 37 
bllt not lower. As Frank Nielsson 
said, when you are running can' 
tinuously a mild steel cone will fool 
you on the length of time that it 
will last. The original cones we made 
were made of 16-gauge black iron, 
purely for trial. After the shape was 
determined we we.re going to stain­
less or Hastelloy or some other ma' 
terial. We had comments from the 
very best people, people familiar with 
phosphate much more so than we 
were, that this cone would last any­
where from thirty minutes to two or 
three days. Well, it ran about 6,000 
tons. So the next cones we made we 
stayed with mild steel about ten,gauge. 
We got life on those cones of up to 
40,000 and 50,000 tons on a mild steel 
ten,gauge cone. Now this is using 60° 
acid. It will not last that long with 
strong acid. When we started putting 
cones on existing bins such as the 
Sturtevant we ran into trouble with 
the dripping of the acid as Frank 
told you, and the deterioration of the 
cones between batches. We found 
that the cone that should last 30,000 
or 40,000 tons now would last five 
thousand tons. Well, that ceases to 
be very economical because the cone 
liner of mild steel costs $70 or $80. 
We started experimenting first with 
various paints, various coatings. We 
started out I believe it was a poly, 
vinyl paint. That lasted maybe thirty 
minutes. We tried sprayed teflon. We 
tried the teflon films that were bonded 
to steel. The teflon films would last 
fine but we couldn't keep it bonded, 
and for this bonding we had a pro' 
fessional coating company do it. We 
did not try to do it ourselves. We have 
tried all plastic cones. They are rein' 
forced with glass fiber and various 

. types of plastic. They are in between 
-they do better than steel on Sturte' 
vant bins. They do not do as well 
as mild steel on continuous bins. We 
have a cone now in Use that is mild 
steel that is coated with an epoxiresin. 
It is on a Sturtevant bin. We ex' 
pect the results of that one to be 



somewhat between a little better than 
mild steel would normally last and 
not as good as mild steel would last 
on a continuous bin. There are lead 
cones being made. One of our cus­
tomers has made the prettiest lead 
cone I have ever seen. I expect the 
lead cone will give the best result. 
I do not know; it is just being tried. 
We are still experimenting with other 
compounds. Some of the rubber com­
panies are coating them for us with 
various rubbers, and we don't know 
yet. I would like to speculate just 
a second on the use of cones on con­
tinuous bins. I have seen several 
bins that were normal pugmill bins 
or pan mixer bins that have been 
converted to cones (makes diagram 
on blackboard). Assuming that is a 
normal Broadfield type of bin in 
which the pugmill generally dis­
charges very close to the rear. We 
feel-we have not tried it, now, but 
we feel that the cone mixer should 
be placed nearly half-way up the 
bin, so that it will form its own pile 
running to the rear on the surface and 
then coming forward in the pile. The 
idea of this arrangement is simply 
to delay this very, very fluid mix as 

it hits the bed with the cones right 
on the back with the pile being 
formed abruptly. These seals must 
be kept very tight to make it really 
satisfactory. We believe this will 
relieve it a little bit. But then we 
introduce one more problem. How 
do you start the thing. The wet 
super is extremely liquid as it is and 
will just come right off the end. In 
the second step we propose to incline 
the bin just a little bit to help start 
it. It will not help running, it will 
just help start it. Bins even with 
the cone on the back now are often 
started by building a dam of cubic 
super in it. But it's a lot of trouble 
and we would like to avoid it. 

Mr. Spillman: I would like 
to make one comment about the lead 
cone. We have one. We've used 
it about six weeks. We took it out 
a week ago. This was on a Sturtevant 
bin, therefore, intermittent operation. 

Dr. Sauchelli: What was the 
material? 

Mr. Spillman: Lead. 

Mr. Jackson: Hard lead or soft 
lead? 

Mr. Spillman: Hard lead. 

Mr. Jackson: We have had sev­
eral people's suggestions in talking 
about lead goods. They suggested 
soft lead with a minimum of animo 
will be the best lead. On Sturtevant 
type bins, I'm sure that's true. If 
it is a very high steady production 
unit then erosion may become a fac­
tor, the lead may be too soft, but r 
don't know. It probably would have 
to be varied with particular lead. 

.l?{uestion: On this cone that you 
put on your Broadfield bin-in other 
words you just put the elbow to the 
back and set the cone alongside of 
that Curve from the back? 

Mr. Jackson: The direction of 
the elbow, as far as the ejection of the 
liquid is concerned, makes no differ­
ence. It comes right straight back. 
We've looked at it inside the bin for 
8 j seconds and we can see it. But 
how far down I don't know. A long 
bin up to a third of the way; a 5hort 
bin maybe half the way. But I feel 
that it should be inclined to faciti­
cate the starting, even though it is 
an existing bin, you can still build a 
dam. They are awfully hard things 
to keep from leaking if you don't 
do something like that. 
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