


















































































































































men-these questions are most per­
tinent-and some answers will be 
forthcoming. 

Chemical and physical studies 
of modified diammonium phos­
phates have been made in the lab­
oratory and in the various types of 
mixed-goods plants. In thermal 
stability experiments the results in­
dicate that a modified diammonium 
phosphate is relatively stable at 
temperatures up to 275 0 F.-retain­
ing most o( its nitorgen at this 
temperature, even with an extend­
ed exposure time. To graphically 
illustrate may we have the first 
slide. 

The object was to determine 
the thermal decomposition char­
acteristics of the N-P grade at ele­
vated temperatures for periods of 
time coincidem with those encount­
ered in the manufacture of mixed 
fertilizers. 

On this slide the temperature 
in degrees F is plotted against loss 
of nitrogen in pounds of nitrogen 
per ton of N-P grade. The red 
curve indicates a relatively small 
loss of N at normal ammoniator 
operating temperature. At 300° F. 
the loss is in the range of 4 pounds 
of nitrogen per ton of modified 
diammonium. Please note-the ex­
posure time was 30 minutes which 
should be ample for a particle to 
travel through the ammoniator and 
dryer. Initial moisture content was 
1.25%. 

The next slide shows the ef­
fect of different initial moisture 
levels, ranging from 0 to 10%, on 
loss of N. The loss is small, yet 
measurable. The exposure time 
was 30 minutes; the temperature of 
the N-P grade was constant at 230° 
F. Maximum loss of nitrogen un­
der these conditions proved to be 
1.2 pounds per ton of N-P grade. 

In batch, semi-granular oper­
ations wherein sulfuric acid is used, 
the temperature is expected to rise 
higher with low initial moisture in 
the mix. The fully-integrated plant 
operation presents the opposite pic­
ture-higher moistures in the am­
moniator coupled with air swept 
beds lower the temperature. These 
compensating conditions in each 
type of plant hold dissociated ni­
trogen losses to a minimum, and 
for all practical purposes a min­
imum of 99.5% of the original ni-

trogen in the N-P grade is retained 
in the mixed goods. 

U sing granules of modified 
DAP in the fully·integrated systems 
allows a reduction in overall hea t 
loads in the ammoniator. You re­
call that balanced mixed-goods 
formulas having a heat load of 
125,000 to 140,000 BTU's normally 
have good chance of producing a 
large percentage of on-sized gran­
ules. Successful experiments have 
been performed in fully-integrated 
and semi·granular plants wherein 
the heat load was reduced to a total 
of 75,000 BTU's per ton of mixed­
goods producing an on-sized range, 
minus 6 plus 20, of about 80%. 
The reduced heat load lowers the 
fertilizer temperature in the am­
moniator to the 175 to 200 0 F, 
range. 

Again, let us turn our thoughts 
to moisture and temperature. The 
N-P grade is more susceptible to 
particle size reduction in an am­
moniator wherein the mix contains 
a high moisture and medium tem­
perature. The high moisture, tem­
perature and the attritioning action 
forces a particle size reduction by 
putting a portion of the surface in 
solution. As the smaller particles 
roll to the top of the bed other 
small materials are affixed to the 
surface. The induced air, sweeping 
over the bed momentarily chills the 
surface, evaporating enough water 
to tighten the mechanical bond for 
another cycle through the reaction 
zone. The alternate heating and 
wetting in the reaction zone fol­
lowed by cooling and partial dry­
ing in the air·swept zone tends to 
build laminated surfaces resulting 
in strong hard granules. In the 
meantime, that portion of liquid 
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phase, formed by the dissolution of 
the surface, is busy gathering other 
particles to form granules. 

In the semi-granular plants, 
the same physical action takes 
place, but to a lesser degree because 
of the lower initial moisture. 

Calculating a practical prob­
ICtll from the moisture and temper­
ature graphs - should a formula 
contain 550 pounds of modified di­
ammonium phosphate per ton of 
mixed goods at a mixing tempera­
ture of 230 0 F and at 10% mois­
ture it would require an excess am­
monia absorption capacity of ap­
proximately 0.3 pounds. Should 
the temperature be increased to 
the scope of good standard operat­
ing procedure, the dissociation 
could amount to 1.5 pounds of free 
ammonia. The adsorption of 1.5 
pounds of free ammonia requires 
slightly less than 5 pounds of 66° 
Baume sulfuric acid. 

A general rule may be estab­
lished - for very 100 pounds of 
modified diammonium phosphate 
used in a formula add one (1) ad­
ditional pound of sulfuric acid. 
Thank you gentlemen. 

MR. CARNELL: Thanks very 
much, Barney. 

I think Barney didn't get the 
tomatoes and eggs, so don't throw 
them now. 

The panel is now open for 
questions and again I would like to 
say if there is anyone else who is 
in the phosphate producing busi­
ness, any of these materials, he'd 
like to join us we would certainly 
be glad to have you. 

Last night we got around in 
Barney Tatum's room there to kind 
of sketch this thing out and figure 

/.1 

0.8, 

L 0$ p()uoI'l d.!; 

(it N'pi L 

it·;t 

30 



out what we were going to say and 
Mr. Al Spillman and Doc Marshall 
dropped by and we got into one of 
the biggest discussions and argu­
ments you ever heard, so we said 
that if that happens multiplied by 
about 400 today we might all turn 
tail and run, but anyway we are 
open to questions and we hope 
some of the same thing will de­
velop that did in Barney's room 
last night. 

Do you have any questions? 
A MEMBER: I wonder if the 

previous speaker would comment 
on the effect of this nitrogen loss 
on the moisture determination in 
18-46-0. 

l'vIR. CARNELL: To whom are 
you directing that question, please, 
sir? 

SAME MEMBER: To Mr. Ta-
tum. 

MR. CARNELL: Mr. Tatum. 
MR. T ATL\<I: I think I have an 

understanding of the question. My 
understanding is, if we had differ­
ent moisture levels in the initial 
diammonium phosphate would we 
have different losses of nitrogen. 
Is that essentially the question? 

SAME MEMBER: Yes. 
MR. TATUM: That's essential­

ly it? 
vVould you come on up here, 

sir, so that we might all hear? 
SAME MEMBER: My question 

is, if you were running a routine 
control on the moisture content of 
the finished 18-46-0 in your produc­
tion how does the loss of nitrogen 
affect this determination. Are you 
getting a relatively true value of 
the moisture or are you incorpor­
ating just a total loss which in­
cludes nitrogen or ammonium loss. 

MR. TATUM: That, in effect, 
has been one of our studies in the 
laboratory. 'Ve have given it con­
siderable consideration in the an­
alysis of this nitrogen that it does 
not interfere with the moisture de­
termination. It has heen a very dif­
ficult thing for us to separate mois­
ture and nitrogen but we have been 
successful in doing that in our lah­
oratory, after a period of study of 
about six to eight months. 

MR. CARNELL: Barney, if I 
may and he doesn't mind answer­
ing I think there is someone else 
here who can certainly give some 
good ideas on that. 

ML Caro of USDA have 
looked at this effect. 

MR. JOSEPH H. CARO (U. S. 
Department of Agriculture): I 
have done some work recently with 
the vacuum oven as a proposed 
method for moisture and I have 
also included the official AOAC 
methods for moisture and I have 
used diammonium phosphate as 
one of my test materials. 

If you are going to run total 
water as given by the AOAC at 
100 degrees in the oven you will 
lose nitrogen from diammonium 
phosphate, but if you run the mois­
ture methods, that is free water 
with the vacuum oven at 50 de­
grees you will not lose nitrogen. 
Nor will you lose it if you run the 
official method in a vacuum desic­
cator for free water, but the total 
water situation is a difficult one, 
as Barney said, to separate out the 
nitrogen from the water. 

MR. CARNELL: Thanks very 
much. 

A MEMBER: I wonder if you 
tried the air flow method there. 

MR. CARO: Yes, I tried the air 
flow method and the air flow meth­
od does show some loss of nitrogen 
at two hours which is the official 
time, the 60-degree air flow method 
at two hours, begin to lose some 
nitrogen but it is not terribly great; 
if you go beyond two hours, up 
she goes, you lose nitrogen. 

However, the vacuum desicca­
tion method, which is quite simple; 
anybody can toss a sample into a 
vacuum desiccator for overnight, 
will behave quite satisfactorily In 

this respect. 
MR. CARNELL: Thank you. 
MR. NIELSSON: The only thing 

that bothers me here. I don't know 
if Mr. Caro is working with diam­
monium or modified diammonium 
and by past experience the vapor 
pressure of ammonia over a DAP 
solution is much higher than a 
solid. Therefore, when you get 
DAP 21-53-0 wet you lose ammonia 
in a hurry at elevated temperatures. 

Normally then as an arbitrary 
factor we assume that from liquid 
fertilizers you can ammoniate to a 
one to three nitrogen P 205 weight 
ratio making 8-24-0, that gives you 
8.2 pounds per unit of P Z05' If 
you take 21-53-() and back it off 
you don't lose any nitrogen if you 
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ammoniate in making 8-24-0. This 
is a very liquid solution. 

If you take that data and take 
21-53-0 then you come back by our 
method of calculation we say that 
DAP 21-53-0 has a minus equiv­
alent or has an equivalent of minus 
four which would mean that you 
have to take care of four pounds of 
ammonia per hundred pounds of 
material and roughtly one pound 
of ammonia means three pounds 
of 66° acid so on 21-53-0 we would 
add 12 pounds of 66° acid for every 
hundred pounds of 21-53-0 to make 
sure that we don't lose any nitrogen 
during granulation and we are as­
suming there that we are ending 
up with a 8.2 pounds per unit am­
moniated P,,05 (electric furnace 
product.) 

Electric furnace or 21-53-0 is 
fine and finally goes into solution 
in a hurry. 

Is your figure of one pound of 
sulfuric acid for this modified DAP 
so low because modified DAP is 
essentially different from true DAP 
or is it because your particles are 
so large that you don't get the solu­
tion or you don't get the ammonia 
loss? 

MR. TATUM: It is without a 
doubt tied up with particle size. I 
feel that if you were to take this 
material and grind it to those small 
crystals that you might find in 21-
53-0 that you would have essential­
ly the same thing. 

I feel that without a doubt 
that itis particle size that helps to 
control the nitrogen loss in this 
case. 

MR. CARNELL: Yes, sir. 
A MEMBER: On this figure of 

one pound of acid decomposition 
how is that affected if your mixed 
muriate of potash with ammonium 
nitrate and some of the other 
things we have in a regular fer­
tilizer mix. Will the decomposition 
occur at a lower temperature or 
just what happens? 

MR. TATUM: "Ve have used 
this material in all types of plants 
at all different temperatures and 
with all types of potash and we 
find that there is no relative dif­
ference in the loss of the nitrogen 
as we would have this compared 
with the laboratory results. 

Does that answer your ques· 
tion? 

MR. CARNElL: 'Vouldn't you 



say, Barney, that there should es­
sentially be no difference between 
this and using diammonium and 
sulfuric acid in conventional ma­
terial and any other way. The fact 
that you just mentioned one pound 
-many people have been formulat­
ing products on their conventional 
formula except substituting diam­
monium, haven't they? 

MR. TATeM: Yes, that's right. 
Another question, too, that 

came up that since you saw on the 
slide that this was essentially 18-46 
the question that has come up to 
us is "vVhat effect-or suppose we 
were to change this analysis to 16-
48?" Now, we do not have that 
experience with 16-·18, but we feel 
that the results would be essential­
ly the same, provided that you 
know that you have the same par­
ticle size. I can see some strange 
things on that but I feel as though 
the loss would be-if we could con­
sider this loss-would be just the 
same. 

The cliammonium phosphate 
content in 16-48-0 is about two 
thirds and we would have one-third 
monoammonium phosphate and 
with this 18-4fl-O we would have es­
sentially 85 per cent diammonium 
phosphate and 15 per cent mono. 

In other words, you are really 
up so close to diammonium phos­
phate that you could hardly be able 
to tell the difference anyway. 

I don't think we could tell 
that much difference. 

l\fR, CARNELL: Any more ques­
tions? 

}fR. ROHERT 1\TIlLS (Chemical 
Construction): I don't have as 
much interest in the uniformity as 
I do in process and 1 would like to 
ask Mr. vValstad, between the dis­
integrator and the trarl',fer convey­
ors on his triple flow sheet he shows 
a chain mill, I believe, and a ro­
tating drum. I wonder if he would 
care to say what prompted him to 
do that; whether it is purely to im­
prove product or actually what his 
reasons were. 

lVfR. 1VALSTAD: As you know. 
the Florida Pollution Cornmission 
is very intere~ted in fluorine leav­
ing the phosphate plants and this 
equipment was put in to remove 
fluorine from the fresh green triple 
before it was put into our storage 
piles. VV c had a choice of either 
removing it there or putting a col-

lection duct the full- length of the 
storage building which is 1,000 
feet long in order to catch fluorine 
coming off the pile. 1:Ve thought 
this was the better approach. 

I think Mr. Chesson, our 
Plant Manager is here; would he 
care to comment on that? 

MR. VVALSTAD: vVe would like 
to have you comment on the use 
of the chain mill and the tumbling 
drum for fluorine removal. 

MR. CHESSON: Actually this 
equipment went into operation 
about two weeks ago. vVe are very 
well impressed with the function. 
The chain mill was a piece of 
equipment we selected thinking 
that it would be one that would 
not cake seriously and it has proved 
to be that way. It is successful in 
disintegrating material to essential­
ly minus half inch. 

The rest of the equipment, the 
chutes and the like, you gentlemen 
are familiar with the trouble we 
have with chutes, it seems like VOll 

can't make them straight enough or 
wide enough. There have been 
some problems in this respect. 

The tumbling drum, again we 
have have scaling in the tumbling 
drum; its basic function is gOOll. 
''Ve are scrubbing the fluorine irom 

the triple before it goes into the 
curing pile. This was a primar~ 
objective and it is successful in that 
respect. The physical counting 
problems I don't think will be so 
severe that they will plague us in­
definitely. They will be worked 
out. 

A MEMBER: ''''hal about the 
fluorine? 

MR. CHESSON: It does not have 
the fluorine content at the time 
of shipment that it had before, but 
without this equipment we were re' 
moving the fluorine from the cur­
ing pile and it accentuated our 
fluorine pollution problem and in 
Florida you are well aware of the 
intensity of this problem. 

MR. CARNELL: Thanks very 
much. 

I am told that that is all the 
time we are going to have for ques­
tions and 1 certainly want to thank 
each of you [or your interest ana 
partici pa don. 

MODERATOR SI'ILL:\lAN: Thank 
you, Ed Carnell and your associates 
for the discussion on phosphates. 

MODERATOR SPILLMAN: Our 
good friend Dr. W. L. Hill, will dis­
CllSS his studies on variability of 
Superphosphate shipments. 

Address by W. L. Hill 

Mr. Chairman, l\Iembers of the 
Roundtable. Here I stand preci~e1y 
in the position described by the 
clergyman, Viz: "You will find 
when 1 get lip to preach [ don't 
know, and I have ~erious doubts 
that God Almighty or the Devil 
knows what it is I am going to say:' 
Now J know what I would like to 
talk about, however, I haven't got 
it figured out as to how to say it. 
I would like to call your attention, 
however, to certain changing a tti­
tudes on the part of the State of­
ficers under whose surveillence 
your fertilizers move to the farm. 
i have been sitting around many 
State Control Chemists Association 
,vleetings, They are talking in pri­
vate, they have not talked in pub­
lic yet. \Vhat they are saying i, 
this, that they would like to judge 
the fertilizer man 011 the basis of 
the performance of the plant, say­
ing take his shipments, the an-
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alysis of his consecutive shipments 
over the season or over a period, 
the average that they would get 
would be what the man's objec­
tives are; that is what he is shoot­
ing for. Then they "would be COIl­

cerned about how much he varies 
from that; how much he goes up or 
down, which is measured in terms 
of the standard deviation of that 
averag-e. 

1 began wondering then hmv 
the Superphosphate People are do­
ing in that respect. I a~ked some 
of our Producers and Users for 
their shipper's analysis. of ship­
ments, 

You knovv these folks, when 
they give this information, they 
want to make sure that you are 
going to attach the name of the 
producer to the results that arc 
reponed. therefore, I am going to 

do that and the first one will be 
identified "No, one'" Laughter. 



Variability of Superphosphate Shipments 

Consecutive Stand. dev. 
analyses by P,O, of Caef. of 

Plant No. Dole producer % average variation 
Number % % 

Total Phosphoric Oxide 

April, 1960 55 20.76 O.ll 0.53 
May, 1960 55 20.79 0.16 o.n 
July, 1960 55 20.78 0.10 0.48 

1" 3 months 165 20.78 0.13 0.63 
2 1960 50 20.50 0.10 0.48 
3 1960 50 47.65 0.44 0.92 
4 1960 50 48.91 0.31 0.63 

Available Phosphoric Oxide 

2 1960 50 20.20 0.05:' 0.27 
3 1960 50 46.72 0.55 1.] 8 
4 1960 50 46.70 0.44 0.94 
51> 1960 10 46.70 1.11 2.39 

--~ .. -----.. ~ 
1'1 Den analyS€S over same period: Total P,O, 19.86'';;;, S.D. 0.29, C.V. 1.46%. 
h User's analyses of 10 cal' lots from same producer. 

You will note on the blackboard 
I will show a number of observa­
tions and the averages and the stan­
dard deviations of the average. 
Note - Plant one for April 20.76, 
lVlay 20.79 and July 20.78 and on 
the standard deviation, which is the 
measure of the varia bility there was 
respectively .11, .16 and .10. Up a 
little in May and dropped down 
in July. Folks, that is on straight 
superphosphate and 1 am reminded 
of the little boy that took his re­
port cal'll home. He had all "A's" 
on it. He showed it to his daddy 
and his daddy said "'Yell, son, 
that is pretty good." The little boy 
replied "Prelty good, hell, dad, that 
is perfect." Laughter. I think that 
is about perfect. I would like to 

indicate here that we also had the 
den analysis over the ,a me period 
and they did not do too badly on 
the dens. Towl pzO,. analysis of 
the den ayeraged 19.81i with stan­
liard dc'>i:ltions of .29. Thal is 
pretty good for 2OC:~) superphos­
phate. 'Yel! I thought that was too 
good, we go to plant #2. ship­
ments during 1960. 'Ve had 50 ob­
servations and what do you think 
he did? We got 20,50 \\'ith a stan­
danl deviation of .1 n. That is the 
result ,dill ordinary superphos­
phate. I suppose most anybody can 
do that. Everybody knows how to 

make ordinary superphosphate. 
Plant #3, shipments 1960, 

triple superphosphate, 50 observa­
tions. This plant had an average 
17.(;5 with a standard deviation of 
.t!. 

Plant #4, shipments 1960, 
triple superphosphate, 50 observa­
tions. This fellow had an average 
48.91 with a standard deviation of 
.31 just the reverse of what I 
thought it would be, however, that 
is the way it came out. That is 
pretty good, too, of course. These 
results are total P 2 0:;. I wanted re­
sults on available P eO., because that 
is the way you market it. Plant 2 
showes 20.20 A.P.A. with standard 
deviation of .05, plant 3 ,howes 
16.72 A.P.A. with standard devia­
ton o[ .55. Plant 4 shows standard 
dcvia tions of ,44. 

'Yhat does all this mean folks? 
This i, what the shipper says each 
year. "yre took the samples and 
analyzed them and this is the sum­
mary or the work that was per­
formed on those analysis. That is 
all it is." 

But there is a rule-this is the 
variability now among- shippers. 
There is a rule in statistical theory 
that examins yariability that says 
the variability within the ship­
ments is one thing and the vari­
ability among shipments is another 
thing and it says that the variabil­
ity among shipments must be or 
will be at least as big as the -val" 
iability within the shipment. 

I have #5 on the chart. He is 
not a producer of wperphosphate. 
He is a user. He had ten carloads. 
He is saying what he got and I sus­
pect that he received hi, material 
from this "Bird" up here - right 
there. ~O\V vou see when we sent 
it to him it had a f>tandard devia-
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tion of .44 but when he got it it 
looks like the standard deviation 
was 1.11. 

Most of you have already done 
a pretty good job for ordinary 
superphosphate and there is at 
least one fellow in this summary 
not doing too badly with triple 
superphosphate_ I don't know 
what the others are doing but if one 
can dot it, the rest of you can. 

I have heard a lot of talk about 
the reasons why you cannot do 
things, you do not have the money 
or you cannot control variables. 
An 1 want to say is this: Another 
little story, the colored fellow in 
the deep South. He got put in jail 
and he sent for his lawyer and his 
bwyer went around and said "Slim, 
what did you do to get in? He told 
him. He said, "Why they can't put 
you in here for that." He said, "I 
don't know about that, boss, but 
they is doing it." Laughter. 

MODERATOR SPILLMAN: Thank 
you very much Dr. Hill. We are 
going to deviate from our program 
somewhat. The Potash Panel will 
be first on the program tomorrow 
morning. Joe, I will turn this meet­
ing over to YOll for your topic on 
instrumentation. 

iVCODERATOR REYNOLDS: Thank 
YOLI very much, AI. 

\\,11y don't we take a couple 
lIlinutes of ,tanding here. 1 know 
that the chairs are getting a little 
bit on the hard side. In the meall­
time, can the instrument Panel 
come on up to the front and we 
will be set for that discmsioll. 

I ns I r 1I1II e J1 ta I i (J J1 

:\IODERATOR REYNOLDS: Dur­
ing lhe initial period of teclmolog­
ical growth in the granulated mix­
ed fertililer field instrumenta lion 
features ha\'e received their lipS 

and downs of approval. Serious er­
ror in recommendations of improp­
erly protected equipment and ap­
plication have resulted in the drop 
back to selection of extremely sim­
plified system_ 'which sacrificed ac­
curacv. 

:\fally hundreds of thousands 
oj dollars were spent in the selec­
lion of process equipment with 
only a small percentage of the ap­
propria tion directed toward estab­
lishing adequate controls. 

This choice was not necessarily 
the desire of man, hut possibly be­
call~e accurate instruments had not 



caught up with the needs of our 
particular industry. 

An evaluation of our process 
equipment reveals now that we are 
basically sound in our arrange­
ment, sizing and selection. The fer­
tilizer industry has been busy train­
ing personnel, establishing operat­
ing techniques, increasing daily 
production and eliminating bottle­
necks in bulbs and of course we all 
know there is no substitute for 
these efforts required. 

Kow we are in the position to 
reduce the inefficiences and losses 
which will persist. Also, but this 
time, advances have been made in 
the availability of instruments for 
our particular industry. A better 
understanding of mutual problems 
exist between supplier and user of 
equipment. 

Perhaps rough accuracy was 
sufficient initially, but now we must 
narrow the range between our 
highs and our lows. Plant food 
variations must be controlled. To 
be specific, this section of the pro­
gram will discuss operation, main­
tenance and selection of proper in­
struments to measure liquid flow, 
dry raw material flow and provide 
efficient moisture removal. 

Control of liquid flow has been 
discussed in many ways. One of 
the most widely endorsed instru­
ments of the past few years is the 
magnetic meter. 

Our first speaker, NIr. A. G. 
Simmons, District Manager for 
Fischer & Porter Company, will dis­
cuss magnetic flow meters, applica­
tion, selection and installation and 
new developments. 

Address By A. G. Simmons 
Mr. Reynolds, Gentlemen of 

the Round Table. 
The previous speakers have, 

on occasion, mentioned the mag­
netic flow meter which I feel is a 
good testimonial to the acceptance 
that this meter has had in fertilizer 
plants in the past several years. \Ve 
would like to discuss here today 
primarily some of the few prob­
lems that have been encountered 
with the magnetic flowmeter; pri­
marily because of its newness and 
the lack of familiarity of plant per· 
sonnnel on all levels with the m':t:f 
and with the advantages th~t it h:15. 

First, before getting i::1t::> these 
practical aspects of the magnetic 

flowmeter, let me review for some 
of you who may not be completely 
familiar with the meter some of the 
basic operating principles. 

The magnetic flowmeter is es­
sentially a simple AC generator in 
which the flowing fluid is the arma­
ture and the electrodes act as 
brushes. You see here the fluid, a 
moving conductor passing through 
an extremely uniform electromag­
netic field. 

The magnetic flowmeter fol­
lows Faraday's basic law of electro­
magnetic induction which states 
that the movement of a conductor 
at right angles through a magnetic 
field produces a voltage in a plane 
mutually perpendicular to the field 
in the direction of the movement. 

The voltage produced is direct­
ly and linearly proportional to the 
velocity of the conductor. The con­
ductor here is your fluid; the mag­
netic field is created by electro mag­
nets shown above and below the 
moving conductor and flush elec­
trods on the side of the fluid con­
tainer; a piece of pipe, pick up the 
induced voltage as this conductor 
passes through t!1e field. 

Since with a given pipe size the 
volumetric rate of flow is depen­
dent solely on the flow velocity. The 
induced voltage then from a mag­
netic flowmeter is directly propor­
tional to volumetric flow. 

Therefore, we have in the 
magnetic flowmeter a meter ,,,,,hich 
will give you a volumetric flow 
independent of influences of vis­
cosity or density or solids content 
of the fluid itself. 

In the actual concept of the 
magnetic flowmeter the actual pro­
duction concept as we know it to­
day the unit is constructed of a 
stainless steel tube, which is lined 
with a non-conductive material. In 
the fertilizer industry this has pri­
marily been teflon with on some 
occasions a vitrious enamel liner 
being used to insulate the fluid from 
the metering tool. 

The flush electrodes, which are 
the only conductive piece in con­
tact with the fluid, can be con­
structed from very inert materials 
so that an essentially corrosion re­
sistant meter can be easily made. 

Generally, the construction, as 
I said of fertilizer industry meters 
has been teflon liners and Hastel­
loy-C electrodes with only an oc-
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casional deviation to something 
more exotic in electrodes such as 
tantelum or platinum for pot acid 
service. 

In this diagram you will see 
the electromagnets in a saddle 
shape above and below the tube 
and in the cutaway in the center 
you can see how the electrodes 
come through the liner to carry the 
induced voltage into the calibra­
tion circuitry. 

This, of course, is a picture of 
the primary element only; the ele­
ment which actually senses the flow 
and its induced signal is then 
passed on into a potentiometric 
circuit which does the indication 
for recording of flow and of course 
accomplishes the additional func­
tions of totalization or contro1. 

We look here brieflv at a block 
diagram showing the ~omponents 
of a complete magnetic flowmeter 
recording system showing the flow 
signal going into a different am­
plifier and on into the circle am­
plifier and into the circle motor 
panels. 

The second signal that you see 
on the botom is the balancing sig­
nal; actually the output of the mag­
netic flowmeter is not taken as only 
the induced voltage, but is taken 
as a difference between the induced 
field voltage and the output vol­
tage in order to take care of some 
of the deviations in magnetic flux 
density in the AC current system. 

This, then, briefly is how the 
magnetic flowmeter operates, what 
it looks like and as 1 have men­
tioned, it has been widely used in 
the fertilizer industry because of its 
basic characteristics. A higher ac­
curacy than has heretofore been 
available in a meter suitable for 
this type of service and immunity 
to viscosity changes in the fluid, a 
particular advantage in handling 
phos acid, a completely clean de­
sign with no moving parts in the 
fluid allowing for fluids which have 
in them solids or materials which 
might coast out on moving parts and 
influence the reading of the meters. 

This flowmeter will pass solids 
and in the event that there is some 
settling out which coats the entire 
pipeline it can be cleaned in the 
same manner as the pipeline. 

To go on then to the practical 
aspects of using magnetic flowmet­
ers and some of the problems that 



we have found in case histories of 
many, many magnetic flowmeter 
installations in the fertilizer indus­
try. 

'We find that among the prin­
cipal problems with the magnetic 
flowmeter has been the obtaining 
of absolute accuracy which is in­
herent in this meter. The magnetic 
flowmeter has an accuracy of plus 
or minus one per cent of the max­
imum flow rate for which it is orig­
inally sized. This means, however, 
that when operating at low ftow 
rates you do not obtain this accur­
acy. The accuracy of the meter is 
always rated as a percentage of the 
maximum flow_ 

In many installations we find 
that these meters have been over­
sized to provide for some future 
condition or it has not appeared 
important to pin down the flow 
rate very closely. 'Ve then have the 
problem of the customer coming 
back and rightfully saying this met­
er is giving us an accuracy of four 
per cent when you said it was ac­
curate at one per cent. 

We find that without an un­
derstanding of just what this meter 
can do and how it should be sized 
that we cannot give the one per 
cent accuracy. vVhen a customer 
talks in terms of having obtained 
four per cent from the meter we 
invariably find that he is operating 
down around 25 per cent of chart 
and if you figure out one per cent 
of maximum flow at 25 per cent of 
chart is four per cent of his rate 
of ftow. 

The way to get around this 
as I said, to size the meter so that 
your operating condition is as close 
as possible to the maximum. How­
ever, this is not always possible in 
.that you run various grades of ma­
terial and you run different flow 
rates for these grades. 

The answer to this has been a 
range adjustment in the secondary 
instrument itself. This illustration 
shows this dial adjustment in the 
lower left hand side of the case 
reading in feet per second allowing 
a setting of velocities between one 
and 30 feet per second as the max­
imum full scale reading. 

This, then means, that for dif­
feren tgrades and different operat­
ing conditions the plant operator 
can readjust the instrument to take 
full advantage of this one per cent 

accuracy. In each case where we 
have found a plant complaining 
about accuracy it has only been a 
simple adjustment of this range 
knob to narrow down the range so 
that the operating condition is up 
around 80 or 85 per cent of the 
chart reading that brings them 
back to one or one and one half 
per cent accuracy. 

Over on the blackboard 
which now in the dark you can't 
see-is the basic formula for cal­
culating just what your setting 
should be on this range knob in 
order to obtain any given gallons 
per minute flow as full scale on 
the meter. 

In other words this dial, which 
reads in feet per second, is set ac­
cording to this formula; the gal­
lons at which you are operating are 
on the right hand side of the form­
ula and are divided by the square 
of the meter diameter. N ow this 
meter diameter is stamped on the 
flowmeter itself, on a tag attached 
to the flowmeter, each one varies 
just slightly and therefore they are 
individually measured and this in­
formation supplied with the meter. 

The factor of .408 on the right 
is a combination to make this come 
out directly. Now this adjustment, 
as I said, is extremely important 
from the standpoint of getting the 
accuracy from this meter. Here is 
a meter which will ,give you accur­
acy, which will let you turn out the 
same type of product time after 
time, so we urge you all to look at 
this, ask questions about it of the 
suppliers, but try to get your meter 
in the proper operating range be­
cause it can really benefit you hav­
ing this additional accuracy. 

Onto the other problems 
which we have found in different 
cases. The second group deals gen­
erally with the installation of the 
magnetic meter itself. vVe show 
here in our first slide-these are all 
cartoon versions, incidentally - in 
this first slide we show a preferred 
installation system for a magnetic 
flowmeter. 

You will note that it is ar­
ranged in a bypass so that it is very 
easily cleaned. In some of your 
services you do have a material be­
ing deposited on the walls of the 
pipeline. Eventually, as this de­
posit changes the diameter of the 
inside of the meter you will have 
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flow error in the meter, therefore it 
behooves you to periodically clean 
it out and this is the simplest type 
of installation to accomplish that 
clean-out. 

Likewise in this installation 
the meter is shown in a vertical di­
rection-vertical installation, which 
is the preferred installation from 
two standpoints. First, although 
this is not a great problem in fer­
tilizer plants, it insures that the 
meter section is always full of fluid. 
In a horizontal line it is possible 
to get a partially filled meter which 
reads the velocity of the fluid prop­
erly, but it also figures in the air 
that is going through along with 
the fluid and therefore for the 
liquid alone you are getting a 
slight error in reading. 

In this installation is pointed 
out the one problem to look out 
for if you are installing your mag­
netic flowmeter in a horizontal di­
rection. That is, that the electrodes 
should be positioned not on top 
and on the bottom, but on the sides, 
because when they are on the top 
and bottom the one at the top 
tends to get all those air bubbles 
clustered around it and the air is, 
of course, quite an effective insula­
tor. 

The only thing that can pos­
sibly happen in your horizontal in­
stallation is that after you have 
shut down the fluid any solids in 
the material will then tend to settle 
to the bottom of the magnetic flow­
meter and more cleaning than nec­
essary might be encountered in a 
horizontal installation. 

The next slide deals with an 
old fertilizer problem-it's nothing 
new with magnetic flowmeters-but 
it deals with dust and corrosive 
HIms and vibra Lion and all of the 
problems that the instrument mak­
ers have been beating you people 
over the head with for years, I 
think; but, obviously, this unit as 
well as any other instrument has 
to be located where it will perform 
and where it will have a reasonable 
life. You cannot attach the record­
ing device directly to a column 
which is also in contact with heavy 
vibrating equipment. 

Those of you who have tried 
it know that you can not even keep 
the ink in the recorder and it goes 
all over the place, so that if you 
have vibration problems and you 



do not have a suitable location for 
it, then it becomes very wise to try 
to rig up some sort of a shock 
mounting to take care of these vi­
bration problems. 

The dust and corrosive fumes, 
of course, can be taken care of bv 
simply running an air purge int~ 
the instrument case. This assures 
that the air will be constantly 
bleeding out of the case and the 
fumes and dust cannot get in. This 
will make a considerable difference 
in the life of the instrument. 

Next we go back to problems 
which are unique with the mag­
netic flowmeter and we deal with 
the problem of protecting the liner 
in the magnetic flowmeter. This 
liner is the insulating piece be­
tween the fluid and the metering 
elements themselves and if it be­
comes cut the meter is shorted and 
inoperative. 

Therefore, when you are do­
ing any moving of the meters-in 
other words, if you have a system 
where possibly you may be running 
several materials through the flow­
meter, you might be changing your 
lines from time to time, it would 
be wise to do as is shown in this 
illustration, attach spool pieces to 
the end of the meter which then 
will take all the bouncing as this 
meter is moved around, rather than 
exposing the ends of the liner 
which overlap the flanges and can 
be damaged to accidental damage. 

Many people have, in moving 
their meter from the crate to the 
installation site, attempted to walk 
this meter on its end such as you 
would with a barrel. 

This cuts the lining. vVe have 
even had some users who have act­
ually snipped off the pieces of liner 
which come out around the flanges. 

This may sound silly, but it 
has happened. 

So these are things to avoid, 
and incidentally, in one of the fur­
ther things that we wiII discuss, the 
grounding of the meter, 'having 
these spool pieces on here you can 
connect your grounds directly to 
those spool pieces and therefore in 
moving the meter you will not be 
constantly connecting and discon­
necting grounds. 

The next item that we will 
take up is the grounding of the 
magnetic flowmeter, which has 
proved to be a very essential part 

of satisfactory operation of the 
meter. 

Actually the real necessity of 
grounding this meter completely 
was not even realized by the man­
ufacturers until they went into 
some of the chemical pipes at 
which point we found we had no 
contact whatsoever with the fluid 
and it was necessary to get some 
sort of a ground between the meter 
bodies and the fluid in order to 
have the system operate properly. 

Therefore, on all of the meters 
that we are supplying today we 
have ground flange straps attached 
to the flanges and to the body so 
that your operators will realize 
that this must be done. 

In addition, almost all of these 
things that we are talking about 
at the moment, are discussed in a 
small tag which is attached to each 
one of the magnetic flowmeters that 
is shipped out. 

Naturally these things are also 
in our instruction bulletins, but we 
find that this tagging procedure, 
again in this cartoon form that 
we're showing here, has been very 
effective in guiding operators to 
proper use of the meters. 

For grounding itself it is neces­
sary in a metal pipe line simply 
to attach the ground straps on the 
meter to the metal pipeline either 
to the flanges or the pipeline itself 
and then to a good ground such as 
as a cold water pipe. 

In plastic pipe it is necessary 
to provide an insert flange which 
will go between your meter flange 
and your piping flanges and acts­
this must be a metal flange which 
will give you a grounding contact 
with the fluid. 

On the same subject of elec­
trical precautions with magnetic 
flowmeters immediately comes to 
mind the handling of the signal 
cable from the magnetic flowmeter 
which is carrying quite a low-vol­
tage induced signal back to your 
secondary instrumentation. This 
signal cable must be the special 
signal cable supplied by the manu­
fact\uer and it must be run inside 
a conduit for protection and for 
isolation from stray electrical pick­
up. 

This means that in that con­
duit you do not run any of the 
power sources either to the meter 
or to any other type of equipment. 
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Again a final problem to look 
for on installation is to make sure 
that all of the equipment that has 
been supplied with the installation 
kit is used. 'We have discussed most 
of these pieces; we supply in addi­
tion a dusting talc for use on the 
flanges and on the gaskets so that 
when you disassemble the meter at 
a later time it does not tend to pull 
the liner away from the meter. 

\Ve supply also seals for the 
conduits so that you can keep mois­
ture out of the inside of this meter 
where it will damage the coils. 

This covers most of the instal­
lation problems that we have found 
in our different operating histories 
of the magnetic flowmeter in the 
fertilizer industry. 

One further thing that might 
be mentioned is in the start up of 
the meter after a shut down-this 
is something that has caused peo­
ple troubles-after having the met­
er shut down for 24 hours or 8 
hours or what have you, the oper­
ator zeros his instrument again be­
fore starting and finds that he is 
getting errors. 

'VeIl, the answer to this is that 
the meter should be flushed out 
before this zeroing procedure is 
tried because of what has settled 
out and the fact that you do not 
have your normal process fluid in 
the meter at that time and filling 
the meter. 

All of these things that I men­
tion are in the instruction bulletin~ 
they are on the tags which we are 
now supplying with the meters, but 
these are the things that have come 
to light during our several years of 
experience in the fertilizer field 
with this meter. 

vVe have on the table by the 
door some prints of what we call 
helpful hints to the housewives 
which are these fine points which 
have been overlooked in so many 
installations. These are in a pile 
on the table by the door and are 
available on your way out. 

In further assisting in the ser­
vice of this instrument there are 
many other hints in this little bul­
letin. 

To go from problems of what 
we consider our problems of the 
past we think that most of the peo­
ple who are now using meters 
have been inf()rmed and that the 



precautions which are now being 
taken with new meters will pre­
vent this sort of thing in the future, 
let me just dwell briefly on the 
newer things in the magnetic flow­
meter line. 

First of all you will see in this 
coming years transistorized or solid 
state secondary units for the mag­
netic flowmeters. There is already 
available an indicator which is 
transistorized and during this next 
year a recorder also which is tran­
sistorized will be available. This, 
of course, eliminates any of your 
problems with electronic tubes as 
well as reduces the size of the sec­
ondary instrument considerably. 

The magnetic flowmeter is also 
pushing into much lower conduc­
tivity fields, initially limited to a 
minimum conductivity of 20 mi­
cromhos per centimeter, it is now 
available for conductivity as low as 
one tenth of a micromho per centi­
meter. 

This means that it is within 
the realm of possibility that by the 
end of this year there will be a 
number of installations handling 
anhydrous ammonia in addition to 

these other more conductive fluids 
that have been handled in the past. 

Also the magnetic flowmeter is 
getting into mass flow measure­
ment. In other words a measuring 
device which will give you pounds 
without regard for density changes 
in the material. This is accom­
plished by using it in conjunction 
with a radiation density gauge, 
both of which read out on a single 
recorder in terms of mass flow. 

These then are the things 
which we have found with the mag­
netic flowmeter and which we look 
forward to with the magnetic flow­
meter and we feel that this device 
will be around for many years 
helping you people and other in­
dustries as welL 

Thank you. 
MODERATOR REYNOLDS: Thank 

you, AI. 
The next speaker on the pro­

gram is also taking a big interest in 
our industry and its future. Mr. 
Bill Strauss, Manager, Chemical In­
dustry Sales, Foxboro Company, 
will discuss case histories and new 
developments in instrumentation 
for the fertilizer industry. 

Case Histories and New Developments In Instru­
mentation for the Fertilizer Industry 

W. I. Strauss 

I N today's forward-looking soci­
ety it is certainly not appropri­

ate to dwell at length on past 
achievements. However, it is al­
ways profitable to look back and 
see what we have accomplished so 
that we • .an better acknowledge 
what the future has in store for us. 

A brief look into the fertilizer 
industry of yesteryear would show 
that our production methods were 
aided by such simple but very use­
ful forms of instrumentation as 
pressure gages on tanks and outlets 
of pumps, thermometers in vessels 
measuring liquid temperatures or 
placed in dry feeds on conveyor 
belts, thermocouples measuring the 
temperatures of various points in a 
process such as at the dryers, and 
flow instruments which indicate 
quantities of various ingredients 
fed into our processes. If there 
were records, and in many cases 

they were necessary, a man with a 
log sheet would record the various 
values at specified time intervals. 
These records, although better than 
none at all, were far from sufficient 
when previous operations were to 
be analyzed because they only 
showed random point readings and 
not trends. 

It is at this point that we can 
make a sharp division from the past 
to present even though some of the 
time-honored methods of measure­
ment are still used in non-critical 
locations. The instrument compan­
ies, along with some users, realized 
the existing limitations and devel­
oped an instrument recorder. 
Whether the records are on round 
or strip charts is of little conse­
quence since we can now have daily 
continuous records for the use of 
production people. If laboratory 
analysis shows that a product does 
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not meet specifications, it is now a 
very simple matter to look at the 
records of the operation and find 
out where corrective action should 
be taken. The recorder also pro­
vides the operator with constant 
data on how his operation is pro­
ceeding. 

This instrumentation worked 
very well up to a point. vVhen the 
variables that were being manually 
controlled changed only gradually, 
it was perfectly satisfactory for an 
operator to look at the record on 
the instrument, see if a change was 
required, and turn a valve in the 
process line for a correction. If the 
correction was not enough or too 
much, there was stilI time for an­
other try at it. As specifications be­
came tighter, this type of manual 
control did not suffice. Instrument 
people then developed an automat­
ic controller. In this discussion it 
is not necessary to cover the evolu­
tion of electric or pneumatic con­
trol functions. As we all know, we 
have available proportional, reset 
and derivative control. What did 
this control do for use? It simply 
did automatically those process ad­
justments the operator once had to 
do manually. The instruments 
were equipped with internal feed­
back which enabled them to sense 
if the change it was making was cor­
rect; and if it wasn't, to make an 
additional adjustment. 

A specific example is the use of 
instruments on phosphoric acid or 
nitrogen solution. In the begin­
ning a rotameter was used, with 
corrections for temperature and 
viscosity. Soon indication was not 
enough and a recorder was used. 
Along came the development of the 
magnetic flowmeter which elimin­
ate~ the need for temperature and 
viscosity corrections for volume 
flow measurements. However, oper­
ators still made corrections manu­
ally. Finally, with the reliability of 
the measurement established, auto­
matic control was utilized, with the 
result that what was formerly a pro­
duction headache is now a routine 
operation. 

Where to next? First of all, as 
some manufacturers are aware, 
more and more variables should 
necessarily be recorded and con­
trolled on one floor, another sev­
eral hundred feet away and still 
another on the floor above. Effici-



ent operation would require too 
many operators. \Vith automatic 
control and the advantage of meas­
urement transmission, a centralized 
control panel is not only practical 
but a necessity. From the control 
point generally one operator can 
control all variables in the plant: 
flow, temperature, level, pressure 
and analysis. It might be advan­
tageous to add a flow or graphic 
presentation of the process in the 
centrallized control room to assist 
the operator. Certainly, industrial 
instruments, although ruggedly 
built and designed for plant opera­
tion, work more efficiently and have 
less maintenance requirements 
when housed in the clean atmos­
phere of the control room. Some 
producers of fertilizers now have 
centralized control rooms that have 
dust-free atmospheres, probably the 
only spot in the plant to commend 
such gracious living. It is, however, 
a necessity for efficient plant opera­
tion. 

Automatic control has become 
routine for instrument manufac­
turers. For example, exact ratios of 
two liquids fed into a process can 
be controlled automatically within 
highly accurate tolerances. Certain­
ly better quality product should re­
sult. An article written recently by 
'Mr. Paul F. Truitt of NPFI states 
"Fertilizer manufacturers over­
formulate at an annual loss of an 
estimated 6 to 8 million dollars." 
Instruments, correctly applied, will 
assuredly help reduce these losses. 

So much time is lost between 
the sample taking and the labora­
tory report that this technique can 
not cope with high speed proces­
sing. Our production rate per hour 
is too high to afford the luxury 
of laboratory analysis for produc­
tion control. Continuous in-line 
anaylysis instruments, on the other 
hand, offer vast improvements in 
production control and product 
quality. There are many proven 
and tested analysis instruments on 
the market today. pH, ORP, con­
ductivity and capacity are all rou­
tine. Relating troublesome vari­
ables to any of these measurements 
affords a rather simple solution to 
what may appear on the surface an 
unsolvable problem in production. 

This does not mean that in­
struments will obsolete the labor­
atorv. Instead, the laboratory will 

be relieved of routine production 
checks and could devote more time 
to fruitful research. Nor does it 
mean that we have reached Utopia 
and that as soon as a production 
problem is discovered or an im· 
provement desired one merely ob­
tains the counsel of an instrument 
manufacturer. Granted many prob­
lems could be solved this way. 
However, there is a great need for 
certain instruments that are not 
available today. The need for con­
tinuous in-line analysis instruments 
for moisture content of both feed 
and product would be most advan· 
tageous, as would continuous an­
alysis of nitrogen. These are a few 
of the instances where new solu­
tions are needed. 

Now that we have looked into 
the past and present accomplish­
ments and peered into the crystal 
ball of the future, it can be seen 

that we are only on the threshold 
of what is in store for us. There 
are many successful production im­
provements ahead and these can 
only be realized by a joint effort on 
the part of both fertilizer and in­
strument manufacturers. 

MODERATOR REYNOLDS: Thank 
you, Bill. 

To go on to our next speaker. 
T'hroughout this program we have 
heard considerable emphasis placed 
on better control of liquids going 
into process. Likewise we must 
maintain the same level of controls 
with the feed of the dry materials. 

We requested one of the gravi­
metric feeder manufacturers to pro­
vide an insight into how improved 
weight accuracies can be achieved. 

It is my pleasure to introduce 
Mr. Don Warren of the Omega 
Machine Company. 

Discussion of Gravimetric Feeders In Fertilizer 
Formulation 

D. L. Warren 

I AM glad that Joe Reynolds 
scheduled this talk under the 

heading of Instrumentation be­
cause the Gravimetric Feeder as 
well as meters, controls, recording 
devices, etc., is an instrument. Un­
fortunately, too many people have 
used Gravimetric Feeders more as 
rock crushers in the past. 

Several reports earlier in this 
program have given you informa­
tion regarding the wide chemical 
variations in fertilizer ingredients. 
'While they are reasonably wide 
from a percentage standpoint, they 
are probably not nearly as wide 

as physical vanations, and in par­
ticular, the bulk density. Here are 
a few examples of the wide varia­
tions which can be found in a few 
well know fertilizer ingredients. 

This will immediately indicate 
to you the importance of having 
feeding equipment which can com­
pensate for density changes. \Vhen 
this is done an accurate flow is 
maintained by weight and this, of 
course, adds up to formulating 
closer to grade-more profits. Grav­
imetric Feeders offer a great deal 
of flexibility in formulation if they 
are of a type which have a wide 

Bulk Density Range-lb./ Cu. Ft. 

Sample Sample Sample Sample 
Mat'l. No.1 No.2 No.3 No.4 

Super HI 54.5 62 73.7 79 
LO 45.5 50 58.8 65 

Ammonium HI 68.7 58.7 67.9 63.4 
Sulphate LO 58.5 47.6 58.7 49 

Ammonium HI 72 55 55 68 
Nitrate LO 62 50 47 62 

Potash HI 76.7 72 76 
LO 66.2 66 63 
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range of rates. They can generally 
be added to existing plants with­
out taking up too much extra space. 
If they are set up as a multiple ap­
plication, by that I mean one feed­
er for each of the generally used 
ingredients, they can all be set to 
deliver their particular part of the 
formula directly to the ammonia tor 
and eliminates a batching step. 
"With these feeders we can give you 
secondary instrumentation, such as 
totalizers and recorders. Another 
advantage is the built-in alarm sys­
tem and they can also be used tor 
pacing secondary flows if flmv re­
sponsive blending is desired. 

The features to look for in 
Gravimetric Feeders are: 

a. Variable speed belt-allows di­
rect-reading totalizer, heavy 
beam load and simple weight 
check. 

b. Positive drive weigh belt, 
wherein slippage cannot occur. 
some sort of toothed drive 

c. As accurate as possible com­
mensurate with a decent ser­
vice life. 

d. Supplemental power [or the 
operation o[ the control gate­
if the actual weight of the 
beam through leverages is ex­
pected to control the gate then 
friction can frequently cause 
inaccuracy. 

e. Stainless steel parts in contact 
with the material being fed. 

£. Suitable for suspension type 
installation where head space 
or other reasons limit the 
available floor area. 

g. Shear pins are a must. Inci­
dentally, we recommend that 
as a part of supervision sheer 
pins be inspected. \Ve fre­
quently find that people use 
oversize shear pins and need­
less to say, this can cause a 
great deal of damage. 
Here are a few installation 

tips: 
a. Avoid excessive vibration. 

Over vibration is not harmful; 
m fact, I feel that it even 
helps. It keeps the feeder oper­
ating freely. Excessive vibra­
tion, however, which can be 
imparted to the mounting 
structure under the feeder 
from pulverization equip. 
ment, conveyors, screens, etc., 
can be detrimental to accur­
acy. 

b. Never, never mount directly 
over the ammonia tor. This 
method of installation has 
caused more inaccuracy and 
probably lost more money 
than any mistake that can be 
made in the application of 
equipment in a fertilizer 
plant. 

c. A bin gale for isolation of the 
feeder from the hopper is rec­
ommended. H a belt is to be 
changed, or other mainte­
nance has to be done, it is al­
ways nice to out the flow from 
the hopper. 

d. Always leave room to change 
the belt, catch samples and do 
routine maintenance around 
the unit. 

e. Have the unit accessible to 
operators and maintenance 
men. Occasionally, we see 
these suspended from rafters, 
in almost impossible posi­
tions, and IS it obvious that 
feeders in these locations will 
not get the attention they 
need. 

f. There are several methods of 
hopper agitation, such as pul­
sating sides to the hoppers, 
plate type agitators, or vibra­
tion. VIbration is mentioned 
last here because it is only ef­
fective if carefully controlled. 
It should be integrated with 
the feeder switch so that it 
cannot vibrate when the feed­
er is shutdown. Even better, 
a simple system of contractor 
on the feeder belt in conjunc­
tion with a lime delay relay 
allows, not only control of the 
duration of the time the vi­
brator IS on, but also can 
make the vibration intermit­
tent and proportional to flow. 
Obviously, if vibration is con­
tinuous the fertilizer can be 
packed into the throat of a 
feeder with the resultant 
troubles. 

g. A bar screen close to the inlet 
chute of the feeder is a must. 
Even though the materials 
may have been re-pulverized 
and screened, it is possible for 
the product to build up in the 
corners of a hopper, etc., be­
come caked and then drop 
down into the feeder. Of 
course, the shear pins should 
give if a large lump gets wedg-
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ed under the gate and pro­
tects the equipment, but, if, 
as mentioned earlier, oversize 
pins have been used - watch 
out. In operating the feeder 
let me repeat: 
1. It is not a rock crusher; 
2. When all else fails - read 

the instruction book; 
3. We like to use the D. VV. T_ 

Theory (Distance, Weight 
and Time) of calibration. 
This is just simple arith­
metic and we know that a 
certain weight of material 
is carried per foot of belt 
and when this is multiplied 
x time, we, of course, have 
rate. \Vhen checking or 
calibrating a feeder the 
three parts of this equation 
should be checked separate­
ly. If we run off, for ex­
ample, 10 feet of belt and 
the belt load is set for 30 
pounds per foot we should 
have 300 pounds. If, after 
three samples are taken it 
is found that the weight is 
not 300, but that the differ­
ence from the desired load 
is about the same on each 
of the three samples then 
we know that it is merely 
a question of changing the 
tare weight. If the three 
samples show wide vana­
tion then it is not tare and 
other points should be 
checked, such as friction in 
the system, breakage in the 
scale leverage system, froz­
en bearings, etc. Once we 
have established a definite 
load per foot of belt then 
by varying the speed of our 
belt through our speed 
changer it is very simple to 
come up with a rate based 
on tons per hour, or 
pounds per minute, which­
ever is more convenient. 

4. \\Then taking samples the 
longer sample that can be 
taken the better. This re­
duces the human error in­
volved. 

5. Once a feeder has been 
checked out using the sam­
ple catching and weighing 
technique it is very simple 
to set up some test chains 
which can be fastened at 
the inlet chute and allowed 



to lie flat on the belt, as the 
belt is run. 'Working from 
the scale beam on the feed­
er it is simple to come up 
with a value for these 
chains and thereafter these 
can be used to simulate the 
live load. 

6. 'Ve repeat-don't use heav­
ier shear pins than the 
manufactuer recommends. 

7. '\latch out for build-up 
around the weigh belt, 
scale leverage, feeder link­
age, drive, control gate. Be­
cause in these areas any 
build-up will not only 
cause inaccuracies, but 
will contribute to exces­
sive wear in the equip­
Inenr. 

B. Try to limit the person­
nel authorized to operate 
and maintain the teeders 
to a few who have been 
checked out on tne unit 
and know what they are 
doing. One ot the great­
est problems in this field 
is people with "fingerit­
is." Tnese are the people 
wllo don't know what 
they are doing, but walk 
up and turn a knob, or 
reset a rate changer, rnove 
a tare weigHt, belore they 
have analyzed the prob­
lem and Isolated II ac­
cording to the D. W. T. 
Theory mentIOned above. 

In conclusion, 1 would like 
to tell you a little story that hap­
pened 1Il a tenillzer plant WlllCn 

indicates the way some segments 
of the industry regard Weir equip­
ment. 1 was starung up a plant 
and the manager had tUld be not 
to use any tools because of the 
union, He saHl 1 will send over 
some maIntenance and produc­
tion men and 1 want you to train 
them very carefUlly. H'el1, when 
the maintenance men sl1oV\ed up 
it was oovious tnat tHei had been 
usetl to v, 01 r-lng 0,1 pIeces of 
equipment wnerein welding 
torclles, heavy hammers and big 
pipe wrencnes were reqUired, be­
cause that was what eao} of three 
men carried with them respective­
ly. 

I told them that I would 
show them the calibration tech­
nique and asked one of them to 

remove the guard from the chain 
drive on the side of the feeder. 
This guard is made up of lam­
inated fiberglass with polyester 
resin reinforcement and is strong 
functionally. Many of you may 
have seen me lay this guard on 
the ground and jump all over it; 
during demonstrations of the 
equipment. We think it is fairly 
rugged. The man removing the 
guard, however, thought it was a 
piece of steel and exerted quite 
a lift on it when removing it. Of 
course, it was much lighter than 
he had anticipated and he looked 
around, surprised and asked me 
what is this material. I told him 
it was laminated fiberglas. He 
then turned to one of his other 

The Application of Heat 

co-workers and said "Joe, did you 
know this was fiberglass?'. Joe 
said "I sure did, I tried to weld 
a bracket on to it last week_" 

MODERATOR REYNOLDS: Thank 
you, Don. 

'I'here is one more person on 
this particular panel. 

Of equal importance to the 
production of high quality granu­
lated mixed fertilizers is the mois­
ture removal techniques that are 
used. 

T'he principals of drying are 
well known, but how do we control 
the application of this hear? 

lVlr. Bill Law, Industrial Sales 
Manager, Minneapolis-Honeywell, 
will !.hscuss this subject. 

\V. J. Law 

I vVILL discuss today the use of 
instrumentation or temperature 

control and the measurement of 
temperature on granulator drying 
kilns. 

Moisture content of your prod­
uct is the variable to be controlled 
and all our efforts on recommenda­
tion of suitable control systems, has 
this end result in mind. 

It is difficult if not impractical 
to measure and control continuous­
ly the actual moisture content of 
your products as it is discharged 
from your drying equipment. This 
is usually done in your laboratory 
on a spot test basis. 

This requirement of moisture 
control was fulfilled by controlling 
the exit air temperature from dry­
er at approximately 250°F. for a 
particular product specification. It 
was shown that if this exit air tem­
perature was controlled within plus 
or minus 5°F. the moisture content 
of product would hold within spec­
ifications. 

It is possible to control exit 
air temperature by insertion of a 
thermocouple or measuring ele­
ment in breeching or ducting im­
mediately as it leaves the exit end 
of dryer. This measuring element 
is connected by wire to a circular 
chart recorder potentiometer grad­
uated 0 to 600 0 F., which throttles 
the fuel to burner in very small in-
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crements on a slight change in tem­
perature away from set control tem­
perature point. 

A control of this type, either 
electric or pneumatic operated, 
connected to a control actuator on 
fuel line, should give a straight line 
control of exit air temperature. 

Such a system has a distinct ad­
vantage over hand control as the 
operator can preset his exit air 
temperature say at 265 0 F., for 
brand (X) product from a pre­
vious record of successful opera­
tion after moisture check-this con­
trol point index can be increased 
or decreased by operator to obtain 
results desired. Once established 
this temperature can be cOiltrolled 
without too much attention from 
the operator. 

This is the practical method 
of temperature contol OIl most 
dryer units. 

In order to guard against ex­
cessive air temperatures from burn­
er chamber, an indicating control 
pyrometer is installed to measure 
temperature of throat or inlet air 
to dryer. The burner could raise 
combustion and throat temperature 
beyond a point of safety and ham: 
the firebrick, sheet metal or the 
product itself. This controller can 
take over and cut the fuel to a low 
or off position until the temFera­
ture is lowered to a sate operating 



condition. Normally this instru­
ment will not operate except as 
a high limit or a watchdog. In 
some installations a recorder IS 

used for this measurement or just 
an indicator without control. 

On some critical products the 
temperature of the finished prod­
uct is measured, recorded, and COIl­

trolled. This is accomplished by 
a thermocouple in the product it­
self as it leaves the dryer. 

Other applications only re­
quire the recording feature with a 
top limit control to cut burner to 
low position. 

\Vhenever fuel is fired on in­
dustrial ovens or dryers, it is neces­
sary to install flame safeguard 
equipment to cut-off fuel on flame 
failure or main burner or pilot. 
During oplration it is possible to 
lose flame for a short duration, due 
to momentary fuel failure, excessive 
drafts, dirty burners, failure of con­
bustion air. If this occurs flame is 
lost, and fuel comes back on, there 
is a possible explosive hazard due 

Sampling and Analysis 

to accumulation of raw fuel in 
combustion chamber, especially 
"\Then an attempt is made to relite. 
'Vith this flame safeguard equip­
ment consisting of an ultra-vision 
detector, sighted on flames, as soon 
as flame is lost-the unit will im 
mccliaely cut-off fuel and require 
a sequence on manual start-up 
when fuel is again available. 

(Applause.) 
MODERATOR REYNOLDS: Thank 

you very much, Bill. 
\Ve are really indebted to this 

group of experts here for their 
presentation. \Ve are sorry we 
don't have time for some questions. 

vVe are going to cover one 
more topic. Mr. Frank Nielsson is 
going to pinchhit here for our good 
friend, Jim Archer, who was unable 
to attend this session. He is going 
to discuss the subject of Sampling. 
The program indicates "Automatic 
Sampling" but I believe that Frank 
has a little different version here 
on sampling and I am sure it will 
be well received. 

F. T. Nielsson 

T HE industry is conscious of 
the importance of shipping 

quality fertilizer, that is, fertilizer 
which will meet analysis guaran­
tees, satisfy customers, and comply 
with state control laws. 

:'\Tow, how do we go about the 
job of determining that our prod­
ucts meet these standards? 

The answer would appear to 
be rather simple take a sample 
and make a chemical analysis. 

I wonder if the answer is as 
simple as it sounds. 

The late Dr. "V. F. Hillen­
brand, chief chemists, U. S. Bureau 
of Standards, made this statement: 
"The sampling of the material that 
is to be ana'Y':ed is always a matter 
of importance and frequently a 
more important operation than the 
analysis itself." 

The comments which I will 
make will be confined to the taking 
of samples and the problems in­
volved and the technique which the 
control man must prescribe as he 
goes about the business of deter­
mining whether or not the fertiliz-

ers of bis company meet standards. 
Perhaps, the logical approach 

for the control man is to refer to 
the section on sampling, as it ap­
pears in the publication of Official 
Methods of Analysis of the Associa­
tion of Official Agricultural Chem­
ists, and determine if these instruc· 
tions are adequate for the job and, 
for the present, let us confine our 
thinking to the first sentence of 
the section which reads: "Use slot­
ted single or double tube, or slotted 
tube and rod, all with pointed 
ends." This sentence deals with 
sampling instruments but details 
as to design and dimensions are 
not given. Therefore, the control 
man may use one of many instru­
ments and still comply with the in­
structions. 

For example, either of the 
two instruments having the follow­
ing dimensions should be sa tisfac­
tory: 

Tube Slot 
Length Diameter Width 

%" Double tube 26" ~" 
1" Double tube 20" }" Ys" 
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The slot width or width of opening 
which receives the sample is Ys" 
for the larger tube compared to 
}'2" for the smaller tube. 

Sample men are human and 
will ordinarily select the smaller 
tube, since the sample can be taken 
with less effort. 

A double tube sampler of the 
80 called "Indiana design" is dif­
ficult to operate, as fine particles of 
fertilizer sift between the two sec­
tions and the instrument will not 
open to receive the sample. How­
ever, the instructions state that a 
single tube is satisfactory. There­
fore, samples are often taken with 
the single tube section of the sam­
pler. 

\Vhen only the single tube sec::­
tion is used a portion of the sam­
ple core can easily be lost as the 
sample is withdrawn, because the 
opening in the tube which receives 
the sample is exposed to the torn 
edge of the bag. 

The following analyses were 
made on duplicate samples taken 
with the single tube sampler and 
shows the effect of sample loss: 

0-20- 20 Fertilizer 
Nitrogen A.P.A. Potash 

0.00 19.50 15.90 First Sample 
0.00 21.90 17.80 Second Sample 

The A. P. A. is more than 2 units 
higher in the second sample and 
the potash approximately the same. 

The large diameter double 
tube is shown on the attached 
sketch and its design is such that 
the problem of freezing of the 
double section does not occur. 

This example gives the screen 
analysis comparision of samples 
taken with the small (Column C) 
and large diameter sampler (Col­
umn A) and of a sample taken by 
riffling the entire bag to laboratory 
size (Column B) . 

12- 12-12 Fertilizer 
% Retained on 

Screen Size 1" Sampler Bag %" Sampler 

(A) (B) (C) 
4 Mesh 0.6 0.9 0.4 
6 Mesh J 3.2 IS.1 8.7 
8 Mesh 33.6 31.7 21.2 

10 :Mesh 53.1 5l.0 37.1 
16 Mesh 92.3 89.9 83.7 
20 Mesh 95.4 93.3 83.3 

-20 Mesh 4.6 6.7 11.7 

The screen analysis of the sample 
taken with the large sampler is es­
sentiall y the same as the bag; 



whereas, the sample taken with the 
smaller sam pIer differs from the 
bag; hence, we can conclude that 
the smaller diameter does not re­
ceive or loses large particles. 

If the fertilizer was completely 
homogeneous, the proper propor­
tion of particle size would not be 
of importance. However, few fer­
tilizers are completely homogeneous 
and the next example gives the ef­
fect on analyses caused by the sam· 
pIe not containing the proper pro­
portion of particle sizes. 

Granular 20-0-20 Fertilizer 
Sampled With Nitrogen A.P.A. 

Double Tube 20.00 
Single Tube 16.53 

Potosh 

20.75 
23.56 

The sample taken with the larger 
diameter double tube has a very 
good analysis; whereas, the sample 
taken with the smaller diameter 
single tube indicates a substantial 
underrun in nitrogen and an over­
run in potash. 

After a sample is taken it must 
be reduced to laboratory size and 
this, according to the instructions, 
is accomplished preferably by riffl­
ing or by mixing thoroughly on a 
clean oil cloth. 

Riffling is the preferred meth­
od. Several types of riffles are com­
monly used, many of which are not 
satisfactory in the hands of a non 
technical sample man. A riffle 
which does not have a guide or 
other means for determining that 
the sample is evenly distributed 
over the dividing section is not sat­
isfactory. 

The next example demon­
strates what can happen to an an· 
alysis when the sample is not prop­
erly distributed on the dividing sec­
tions. 

10-2-10 Fertilizer 
Nitrogen A.P.A. Potash 

9.01 2.25 10.80 Cut No. 1 
]0.90 2.14 9.79 Cut No. 2 

The fertilizer collected in one 
pan (Cut No.1) indicates an un· 
derrun on one unit in nitrogen; 
whereas, the fertilizer collected in 
the other pan (Cut No.2) incH· 
cates an overun in nitrogen. 

Riffles are available which have 

a feed hopper positioned above the 
dividing section which restricts the 
fertilizer thus providing an even 
distribution of the flow to the di­
viding section. 

The next example gives the 
analysis of a sample which has been 
divided three times or reduced in 
size by means of a riflle having the 
feed hopper feature. 

oratory portion is taken from a 
sample scattered over the surface of 
the cloth compared to a sample as­
sembled or rolled into the center of 
the doth. Note: 4-12-12. 

Observe that the analysis of 
the sample rolled to the center be­
fore taking the laboratory portion 
agrees reasonably well with the 
guarantee; whereas, the analysis of 

10- 2-10 Fertilizer 
Sample Nitrogen A.P.A. Potosh 

No.1 10.44 2.37 10.20 North Portion 
10.46 2.37 10.06 South Portion 

No. 2 10.50 2.39 10.08 North Portion 
10.40 2.37 10.10 South Portion 

No. 3 10.53 2.38 9.90 North Portion 
10.53 2.37 10.01 South Portion 

The North Portion represents the the sample not rolled to the center 
fertilizer collected in one pan and shows a substantial underrun in ni-
the South Portion represents the trogen and r\P A and all ovenlll In 

fertilizer collected in the other pan. pOLash. 
Under Sample No.1, the nitrogen Summary 
is 10.44 compared to 10.46; under Detailed procedures, in order 
Sample No.2, the nitrogen is 10.53 to obtain better agreement belvveen 
compared to 10.53. Observe the state and industrial laboratories, 
good a,greement in A. P. A. and were called for by the past pres i-
potash. dent of the Association of Amer-

Finally, the laboratory sample ican Fertilizer Control Officials. 
must be taken. Usually the sample The data presented indicate 
is placed on a doth and rolled that detailed sampling instructions 
thoroughly to mix. are necessary in order to obtain rep-

After rolling the sample is nor- resentative samples. 
mally scattered over the surface of A company's most preciolls as-
the doth in a thin layer. A small set is its reputation and ability to 
representative portion must be distribute quality products. \Vhen 
taken for the analysis. This is done a laboratory fails to use sound 
with a scoop by taking portions sampling and laboratory technique 
from the entire area. -reputations suffer. 

Dense heavy partides lay dose Thank you. 
to the doth and it is very difficult MODERATOR REYNOLDS: Thank 
to obtain a representative labora- you very much, Frank. 
tory sample from a thin layer and Remember we are meeting 
it is preferred to roll the fertilizer here tomorrow morning at 9 
into a pile in the center of the doth o'clock; we sure appreciate your 
and flatten the pile to about t:i." staying with us; your cooperation 
thick with a plasterer's hawk be- and your attendance. 
fore taking the laboratory sample. Thank you. 

The next example shows the (The Meeting adjourned at 
difference in analyses where the lab- five-forty-five o'dock p.m.) 

4-12-12 
Nitrogen A.P.A. Potash 

Sample rolled to center 
before taking laboratory 
portion 3.70 12.23 11.89 
Sample not rolled to center 
before taking laboratory 
portion 2.75 11.41 13.99 
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Friday Morning Session, Nov. 4, 1960 

The Round Table reconvened at nine o'clock a.m., Messrs. Joseph 

Reynolds and Albert Spillman presiding. 

,\IODERATOR SPILLMA:'>I: Good 
morning to all of you. 

Toda your Potash Panel will 
conclude our format on standardi­
zation of raw materials. We are 
confident the producers of raw ma­
terials will carefully consider the 
problems discussed yesterday by the 
User-Mixer panel and will do 
everything that possibly can be 
done to improve nomenclature and 
uniformity, both chemical and 
physical. The leader for our Pot­
ash Panel is our good friend, Dr. 
Ed Kapusta of U. S. Borax Com­
pany. Other panelists are: N. T. 
\Vendt, American Potash & Chem­
ical Company, D. J. Bourne, Du­
vall Sulphur, Ben Heck, Interna­
tional Minerals and Chemical Com­
pany, Dean Gidrey, Potash Com­
pany of America, and Van Rogers, 
Southwest Potash Company. \Vith­
alit further comment, 1 turn the 
meeting over to Dr. Kapusta. 

DR. E. KAPUSTA (U. S. Borax 
Company): Thank you, AI. At 
this time, I would like the partic­
ipants in the Potash Panel to take 
the front seats. vVe need as manv 
people as we can get up here i~ 
front for moral support, so if the 
Potash people will please take their 
places. 

;\lembers of the Round Table: 
on behalf of my associates in the 
potash industry and myself, I 
would certainly like to thank you 
for this opportunity of appearing 
on your panel to discuss this topic. 
I see we have a wide awake, alert 
group here and we will certainly 
appreciate any questions or com­
ments you might have on this after 
we have finished with our presen­
tations. 

You are all aware of the ad­
vances in fertilizer technology 
which have taken place during the 
past decade. You have had the de­
velopment, application of granula-

tion processes, you have had the 
continuing trend toward the manu­
facture of higher analysis fertiliz­
ers, you have had the growth of 
bulk blending, liquid fertilizers. 
These are some that are more 
prominent. 

Some 01 these advances, of 
course, were made possible by the 
development 01 newer and im­
proved types ot raw matenals by 
the basic raw materia! suppliers. 
In other cases, tile applicatIon of 
the::;e newer technologles brought 
about the need lor dUlerent or un­
proved types of products. VVe, tne 
po lash pro<1ucers, as well as the ni­
trogen and pnosphate producers, 
have investeu considerable sums 
botll in research and process devel­
opment and in plant lllvestment to 
proville }OU witn what we hope are 
tIle types of products whicn you 
need in your operatIOns and we, 01 
course, continue to <10 research to 
develop newer and better prod­
ucts lor your use. Accordingly we 
welcome this seSSIOn to gain a bet­
ter idea of the types at materials 
which you WIll be wanting now and 
pernap~ In tne tuture, as advance­
ments in technology continue. 

Many of you in attendance 
here are engaged in production and 
other technical activities. I am sure 
you are all aware of the problems 
which arise in attempting to make 
a wide variety of products in large 
tonnages as we in the potash in­
dustry do. As has been mentioned 
previously by speakers on the Phos­
phate Panel, although it is phys­
ically possible to make just about 
any kind of product you want, us­
ually it is not economically prac­
tical to do so. Somebodv has to 
pay for this thing. I think' we have 
to be reasonable about stating the 
types of products which we think 
we need. I think we have to have 
a better idea of the types of prod-
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ucts which we need for our opera­
tions before we can set down def­
inite specifications. 

The assignment as initially 
made to this group was that of de­
scribing to you the properties of 
the agricultural potash products 
currently being marketed. 

In the past few days, the base 
of discussion has been broadened 
somewhat. There have been ques­
tions ra ised concerning tolerance in 
specifications, others have spoken 
on methods of manufacture as they 
may affect properties of their par­
ticular products, consequently I 
have asked the members of this 
panel to, if they wish, go beyond 
the description of the properties of 
their particular products and touch 
upon any related fields of produc­
tion or use of these materials. 

Our format for this morning 
is going to consist of each of the 
individual company representatives 
describing their particular prod­
ucts and making any other appro­
priate remarks. I would ask you 
please to defer questions until' we 
have the presentation from each of 
the participants. In that way we 
may avoid any repetition and subse­
quent speakers may answer ques­
tions which may arise. 

\Ve hope to keep to a rather 
tight schedule. I have advised the 
,peakers to limit their remarks to 
ten minutes, I think we can do it, 
and, again, we want questions; we 
would be delighted to answer them. 

To get the ball rolling here 
this morning we are going to call 
upon Nelson T. vVendt with the 
American Potash and Chemical 
Corporation. As you all know, 
American Potash and Chemical is 
the only major producing company 
not located in Carlsbad. Nelson, it 
is a pleasure for me to introduce 
you to this group. 



American Potash & Chemical Corporation Potash 
Materials for the Fertilizer Industry 

cultural J\I uriate, a crystalline prod­
uct guaranteed 60.5 per cent min­
imum K 20 (95.8 per cent min. 
KC] equivalent). 

Nelson E. Wendt (2) our Granular Agricultural 
1\,1 udate, a compacted coarse gran­
ular product also guaranteed 60.5 
per cent minimum KzO (95.8 per 
cent KCI equivalent) . 

.A MERICAN Potash & Chemical 
n Corporation has been produc­
ing potash salts for the fertilizer 
industry since 1916 at its Trona, 
California plant, located on the 
edge of Searles Lake in the North­
ern part of the Mohave Desert. In­
cidentally the word TRONA, the 
town name and the long-established 
trademark [or products of my Com­
pany, is of Egyptian origin and 
refers to a double salt sodium car­
bonate sodium acid carbonate 
found in reefs on the Eastern edge 
of Searles Lake. At the Trona 
plant, the dense alkaline brine, 
pumped from the porous salt body 
of Searles Lake, is treated by evap­
oration followed by fractional crys­
tallization to separate potash from 
the other brine components-main­
ly sodium chloride (salt), sodium 
sulfate (salt cake) , sodium carbon­
ate (soda ash) , sodium tetraborate 
(borax), and a variety of other 
chemicals including lithium and 
bromine. 

The potash is separated as 
muriate or KCI. Carefully con­
trolled conditions of crystallization 
in Swenson crystallizers, washing, 
drying, and screening of a portion 
of this potash result in our present 
Standard (or crystalline) Agricul­
tural Grade of Muriate of Potash 
for the fertilizer industry. Part of 
the potash mentioned goes to a bat­
tery of Komarek-Greaves pelletizers 
where it is compacted, crushed and 
screened, to give our present Gran­
ular Agricultural Grade of Muriate 
of Potash. 

Some of the potash is also con­
verted to Sulphate of Potash. For 
economic reasons, incl uding our 
location, production cost factors, 
etc., our Agricultural Sulphate i'i 
marketed in only a limited sale:; 
area roughly comprised of the elev­
en we~tern states. Finally, in pass­
ing, I would mention that we re­
process and recrystalli/e another 
portion of our potash to produce a 
high quality Chemical grade 1\fur­
iate of Potash for a substantial 
chemical industry market. 

Of primary interest here today, 

then, are the two grades of muriate 
which we have most recently de­
veloped for the fertilizer industry, 
namely: 
(J) our Standard or Regular Agri-

Our specification Sheet for the 
Standard material reads as follows: 

Standard Agr:culi'ural Muriate of Potash 

Spcdficatiom 

Analysis 

K} . .J 
.l:.y. uivalen t 
~a2B407 
HeO 

KCl 

tv\iscel(onOOU:i Imp'Jri,ies"- * 

Krlr-I . NaCI-IA5%: 
. H 2S-.0073% 

CUlnJL;iva Screen Analysis 

U. S. Sieve No. 
8 mesh 

20 
30 
50 

IOU 
200 
Poured Density lbs.jcu. it. 
Storage 

Wet 8asis 

Guarantee 

60.5 % min. 
95.S min . 

0.50 Inax. 

Guarantee 

SOC;{-, min. 

Angle of Repose from horizontal 
* Typlc:tl analysis is unweighted average of 6 months production ana:yses. 

Cnweighted average of Septcluber 1960 vroduetion~ 

Typical' 

01.23% 
90.93 

0.31 
0.05 

Typical' 

0.1 
10 
36 
90 
99.2 
99.8 
70.6 
72.7 
37° 

Our Specification Sheet [or the Granular material reads as fo11m'\:5: 

Standard Agricultural Muriate of Potash 

SpecillcaHons 

Analysis 
Kt () 

Equivalent 
NCl)).O, 

KCl 

H"O 
MbcoffaneOU5 

U. S. Sieve No. 

n me:,!. 
S 

18 
:\0 

100 
20:> 

Anc:lysis 

Poured Dell~it\ Ibs. cu. It. 
Stora~e 

Wet Basis 

Guarantee 

60.5 
95.S 
0.50 

~i~ min. 
11Ull. 

max. 

Guarantee 

~)O 

!N.2 
min. 
nnn. 

Angle of repose from 11OrilOillal 
Typical analyi': .. , unweighted an'1'age of 6 month::;: pr(lilllC'tion annlY~0;:;. 

,~.,~ Unweighted average of S('l1tembE'l" 1960 production. 

8G 

Typical' 

61.36% 
97.13 

0.31 
0.09 

Typical * 

o 
0.4 

70 
95 
9~1.2 

99.6 
59.7 
62.7 
39' 



Our present production speci­
fication for the Standard Grade is 
a screen analysis of 80 per cent or 
better on a 50 mesh screen. For the 
Granular, our present production 
specification is 90 per cent mini­
mum on 30 mesh, and 99.2 per cent 
on 100 mesh (cumulative basis). 
Generally speaking, our plant is 
now accomplishing this. This is 
not to say that we have not had 
some deviations from time to time. 
In developing these newer grades 
and the processes to provide them, 
we have had our problems. One 
of these has been the friability of 
the Granular Muriate. vVe under­
stand the problem and believe we 
are well on the way to controlling 
it. 

In conclusion, in our contacts 
with you in the fertilizer industry 
we have found differences of opin­
ion, and changing opinions, as re­
gards acceptable grades of potash 
for specific processes, or certain 
grades, or individual operations. 
The situation has not been static. 
Nevertheless, we have had a move 
towards a fairly definite product 
goal based on generally expressed 
needs and our production process 
capabilities. During this year I be­
lieve we have made major progress 
in that direction. Furthermore, we 
have due on stream in mid-L961 a 
new evaporation plant which not 
only will increase over-all produc­
tion capacity, including potash, hut 
also will improve the efficiency of 
our operations. How much further 
we can economically go towards 
more exacting chemical or screen 
specifications, more grades for 
specific purposes, narrower screen 
limits, etc. is always an important 
question. lVe believe we can do 
most anything if the market justi­
fies it and the cmtomer is willing 
to pay the cost. 

Thank you for this opportun­
ilv to tell you about our materials. 

Thank you. 
DR. KAPI Sf A : Thank you, 

:'\elson. 
Our next speaker is Douglas 

Bourne with Duval Sulphur R: Pot­
ash Company. 

Douglas J. Bourne 

;\fR. DOCGL\.s J. BOl-R:'-:E. 

Thank you, Ed. 

I can remember when our in­
structions to our producing people 
involved only operation with the 
highest recovery ,ve could get. \Ve 
are using a ba~ic flotation process 
lor ollr principal separation and 1 
think plooably five out of the sen:n 
lllajO{ ploducers in the country are 
1I~ld6- a si,mlar process or an adap­
utio_} Ulereot. I'his is not ancient 
1I1S((}{y, LIlS IS a scant eight ,cars 
ago \tV .. en p;OdUCl (1 ualn y was 01 
,.,:condat y Importance to potash 
P,Ull uce, s ami efficiency in recover, 
· ... tS L.c pllInary aspect in our opel'­
;.l10n. 1 illS liotatlon proces~ has a 

number of inherent faults, one of 
which is that in crushing are 
YOll end up with material which 
wiH run perhaps 15 to 20 per 
cent minus 100 mesh. After we 
had been producing for two or 
three years our sales people advised 
us that it would be quite desirable 
il we could provide for our custom­
ers a granular material, perhaps 
10 per cent of our production could 
be diverted into this market. 

vVe put in the screening ca­
pacity to handle this 10 per cent 
of production and skimmed off the 
lOp par't of our flotation product 
and we had what we understood 
was a quite acceptable product 
then as a granular material. or 
course, you can imagine what hap­
pened to the remaining product 
which already had 15 to 20 per 
cenl minus 100 mesh in it when we 
look the bulk of the extremely 
coarse material out of it. 

\Ve were then faced with the 
cnigrna or the dilemma that has 
faced liS all at one time or another, 
what to do with the little ones, how 
to make big ones out of little ones, 
and as you know if you have fol­
lowed potash processing at all there 
arc number of different ways in 
which this metamorphosis can be 
blOlIght about. 

\\'e had the rather dubious dis­
tinction of pioneering the high 
pressure Allis-Chalmers compacters 
on potash production. \\'e now 
produce two potassi um chloride 
products, both reel products which 
is again typical '\'ith the flotation 
process: one is a standard material, 
the other a coarse. Our prOlluct­
tion has a\'eraged about 60.9 per 
cent K"O oyer the past seyeral 
years. There is some yariation, of 
course, day to day and car to car 
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but I would estimate that it would 
be on the order of perhaps 2 tenths 
per cent K"O above or below the 
(jO.9 figure. 

The screen analysis specifica­
tion, which, as we have heard many 
times, is all important today, with 
respect to our standard we have 
perhaps 10 per cent plus 20 mesh 
and we hold the minus 100 mesh 
to less than 2 per cent_ Our coarse 
product holds the plus 8 mesh to 
I per cent or less, if possible, and 
we have been told that the most 
desirable plus 10 mesh figure for 
the coarse product is between 10 
and 15 per cent. 'We also try to 
hold to that, and at the same time 
keep 95 per cent plus 28 or better 
and less than 2 per cent minus 35 
mesha. These are all Tyler screens. 

W'hen I mentioned that we are 
currently producing these products, 
I did that with a purpose. You all 
are well aware of the somewhat sea­
sonal nature of potash shipments 
and while all producers ship a sig­
nificant tonnage of material direct­
ly from production, we all have 
extensive warehouse facilities. 

Just prior to the heavy ship­
ping season, in the spring of the 
year, it is not uncommon for pot­
ash producers to have between 100 
thousand and perhaps 3 or 400 
thousand tons of material in stor­
age. Now you can appreciate, put­
ting 100 thousand tons of, let us 
say, a standard product in a ware­
hOllse at a given screen analysis and 
then attempting to withdraw all of 
this tonnage car by car at the same 
screen analysis, it is a difficult prob­
lem. 'Ve have other problems of 
course, almost as varied and com­
plex as the manufacturers' prob­
lems. 

I would like to say that we 
would be most anxious t; join with 
the other producers and with the 
i nd lIstry in general in standan 1 iz­
ing nomenclature. 

Again, at the risk of being rep­
el i l iolts, I would like to 111<1 ke per­
haps a trite statement that we are 
most anxious to provide our CllS­

tomeI'S with the most suitable prod­
l](t we can, ob"iollsl), if we can 
find Oltt what they ,,',lIlt and if we 
can make it at a prolit. 

Thank you. 
DR. KAPI''>lA: Thank \Oll vcr\' 

1 IlliCh. Doug. 
Because our prog-r;II11 was 



.changed from yesterday afternoon 
to this morning, unfortunately, 
Dick Powell had to leave town, 
however he has asked one of his 
associates, Bob Heck to speak 
about International's potash prod­
ucts. 

Coarse Muriate of Potash IKC1) 

MR. ROBERT HECK: Thank 
you, Ed. 

Che,mical Specifications 

Physicol Specifications 
(Tyler standard sieve sizes) 

10 mesh 
+14 mesh 
+20 mesh 
+28 mesh 

Range 

60.6 -61.3% 
0.10- 0.12% 

9-15% 
<14-56% 
78--88% 
95-99% 

Typical bulk densily-75 Ibs/ft" 
Angle of repose-32 to 34 degrees 
Typical Chemical Analysis 

K _______ ... ___________________ 51.06% 
Mg _______ O.09% 
Ca ________________________________ 0.05 % 
N a ________________________________ 0.63 % 
CI _____________ . ___ . ____________ A 7 .24% 

So" 
Br_ 
Insol 
H 20 

Typical 

60.7% 
0.10% 

1<)01 
~ /0 

50% 
83% 
97% 

Guarantee 

60.0% 
no guarantee 

________________ 0.42% 
_ ___________ .________0.065% 

Unlike some of the people who 
have appeared on this panel be­
fore in the last two days, 1 feel 
that I can come before you as an 
expert on potash and give you some 
of the specifications on IMC pot­
ash. The reason I say that I am an 
expert is because I have been with 
this industry since January and 
along with that I am more than 50 
miles away from home, I carry a 
slide rule, and I have a generous 
expense account, and you can't be 
any more expert than that. 

Granular Muriate of Potash (KCll 

Since the processes for mining 
and recovering potash have already 
been briefly described and some of 
the problems associated with this 
have also been described, I will con­
fine my remarks to the specifica­
tions on International Minerals 
products. Could I have the first 
slide, please. 

(Slide) This slide shows the 
screen analysis on standard mur­
iate of potash as processed by In­
ternational Minerals. This product 
contains from 60 to 61.5 per cent 
K 20, the typical product being 60.6 
per cent and a guarantee of 60 per 
cent K~O. The moisture varies be­
tween one tenth and 12 hundredths 

Chemical Specifications 

mesh 
+8 mesh 

Physicol Specifications 
(Tyler standard sieve sizes) 

+10 mesh 
+14 mesh 
+20 mesh 

Range 

60.0 -61.0% 
0.10-0.12% 

9-11% 
45-55% 

74-86% 
94-98% 

98.5-99.5% 

Typical bulk density-75 Ibs/ft" 
Angle of repose-32 10 34 degrees 
Typical Chemical Analysis 

K __________________50.42% 
Mg___________________ ___ __ 0.10% 
Ca _____________ _ __________ 0.05 % 
Na 0.86% 
Cl 

I. M. & C. Potash Slides 
Standard Muriate of Potash (KC II 

Chemical Specifications Range Typical Guarantee 
---- ....... _--- ........ ------~ ...... ~--------.-~ .... ---~ 

K 20 
Moisture 

Physical Specifications 
(Tyler standard sieve sizes) 

+20 mesh 
+28 mesh 
+35 mesh 
48 mesh 
65 mesh 

100 mesh 
+200 mesh 

60.0-61.5% 
0.1- 0.12% 

13-21 % 
34-42% 
60-68% 
78-86% 
89-99% 
95-99% 
98-100% 

Typical bulk density-75 Ib.!ft" 
Angle of repose-32 to 34 degrees 
Typical Chemical Analysis 

K _______________ ___ . ___________ 50.54% 
Mg______ ___________________ 0.11 % 
Ca _______________________________ 0.05 % 
N a ________________________________ 1.00% 
Cl ______ _ ________________ ..17.26fjc 

SO, 
Br 

60.6% 
0.1 

17% 
38% 
64% 
82% 
94% 
97% 
99% 

60.0% 
no guarantee 

Inso 1 ____________________ . ________ _ 

H 20 
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S04 

Br _ 
Insol 
H,p 

Typical 

60.4% 
0.1 

1 O<j~, 
50'j~ 

80% 
96% 
99% 

Guarantee 

60.0% 
no guarantee 

_____ ._. _____________ 0.51 % 
__________________ _____ 0.065 % 

__ 0.73% 
_ _______ _______ 0.10% 

per cent with the typical product 
being one tenth. I won't go into 
detail on the screen analysis; you 
can see that on the slide. 

The typical bulk density of 
this product is about 75 pounds per 
cubic foot, the angle of repose is 
32 to 34 degrees. 

This is a typical screen an­
alysis on coarse muriate of potash. 
This product has a typical KzO 
content of 60.7 per cent, guaranteed 
minimum of 60 per cent. Moisture 
content is in the same range as 
standard, typical bulk density is 
68 pounds per cubic foot, and angle 
of repose 32 to 34 degrees. 

This slide shows the typical 
screen analysis on the granular 
muriate of potash. This product 
has a typical K20 content of 60.4 
per cent, guaranteed 60 per cent, 



and moisture range about the same 
as the other products described, 
typical bulk density of 64 poumls 
per cubic foot, angle of repose 32 
to 3,1 degrees, 

This product, Sul-Po-Mag, has 
a typical KzO content of 22.3 per 
cent, guaranteed 22 per cent, mag­
nesuim oxide typical content of 
18.5 per cen t, guaran teed 18 per 

Sulphate of Potash IKzSO,1 

Chemicol Specifications 

Physicol Specifications 
(Tyler siandcrrd sieve sizes) 

+14 mesh 
+20 mesh 
+28 mesh 
+35 mesh 
+65 mesh 

100 mesh 
+200 mesh 

Range 

50.0 -52.4% 
1.50- 2.l8~~ 
0.10- 0.12% 

5-11 
6-16% 
7-23% 
9-27% 

27-43% 
42-62% 
79-93% 

Typicol bull< densily-75 Ibs I fl" 
AI,gle of repose-32 10 34 degrees 
Typicol Chemicol Analysis 

K 
.Mg _________________ __ 0 .69(;:;" 
Ca______________________ _ 0.11 

Na 0.10% 
C1 1.35% 

This slide shows the typical 
screen analysis on sulfate of potash. 
This product contains 51.5 per 
cent K"O, which is the typical an­
alysis. The moisture content is in 
the same range as the other prod­
lIcts described. Chlorine is guaran­
teed at 2.5 per cent maximum. 
This product has a typical bulk 
density of 85 pounds per cubic 
foot, angle of repose 32 to 34 de­
grees. 

50,--­
Br 
In501 
H"O 

Typicol 

51.5% 
2.0% 
0.10% 

80 ' /0 
11% 
15(10 
18% 
35% 
5')01 
~/o 

86% 

Guorontee 

50.0% K~O 
2.5% maximum 

no guarantee 

_______54.19% 
_,, ________ 0.005% 
__________ 0.33% 

0.10% 

cent, chlorine maximum 2.5 per 
cent, water varies between 1200ths 
and 1500ths. The typical bulk 
density is 100 pounds per cubic foot 
and the angle of repose on this 
product is 32 to 34 degrees. 

This last product described is 
a water soluble double sulfate pot­
ash magnesia and the magnesium 
in this product as described is 
water soluble. 

At the present time Interna-

Sul-Po-Mag@ 

Che,mical Specification, 

K"O 
~IgO 

Cl 
H"O 

Physical Specificalions 
(Tyler slandard sieve sizes) 

+10 mesh 
+ 14 mesh 
-1-20 mesh 
+28 mesh 
+35 mesh 
+48 mesh 
+(j5 mesh 

Range 

22.0 -22.9% 
18.0 18.8% 
1.5 2.3% 
0.12- 0.15% 

Typical 

22.3% 
18.5% 
2.07~ 
0.14% 

18-22% 20<j~ 
34-,16% W% 
60-68% 59% 
68-84% 76(:10 
81-95% 88% 
95-99% 97% 
98-100% 99% 

Guarantee 

22.0% 
18.0% 

maximum 2.5% 
no guarantee 

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

Typical bulk density-75 Ib,/fl" 
Angle of repose-32 10 34 degrees 
Typical Chemical Analysis 

K ________________ _ 

Mg 
Ca 
Na 
CI 

]8.68% 
1.30~~ 

_____ 0.05% 
____ 0.76% 

9""0'­
.-;) • 0 

So. 
Br 
Insol 
H"O 
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___ 67 .39:;~ 
. ().()05~~ 

___ 0.33% 
_____ .0.] 4% 

tional :\Iinerals ships potash from 
Carslbad, New Mexico and in the 
ncar future we will be shipping 
from the Esper Hazey mine in Sas­
katchewan, and the screening speci­
fications on products in this plant 
will probably be about the same as 
the ones described here. I noticed 
when 1 said this that Dr. Kapusta 
grinned. 'Ve are digging a good, 
deep well and we feel that we will 
be in production at Esper Hazey 
some time next year. 

Thank you. 
DR. KAl't:STA: Thank you, 

Bob. The grin was not occasioned 
by the remark. I remembered a 
joke someone told at the Gaslight 
last night, really. 

It is now my pleasure to intro­
duce to you Dean Gidney of the 
Potash Company of America. As 
many of you know, Dean has been 
active in many phases of the potash 
industry. He is presently, of course, 
Vice President in Charge of Sales 
for PCA. Dean. 

Dean R. Gidney 

Thank you very 111uch, Ed. 
Dr. Kapusta and members of the 
Fertilizer Round Table: I am 
somewhat embarrassed at appear­
ing on this panel of technical ex­
perts. Probably the only excuse 
that I can give you for my being 
here is that all of the technical 
people in our company are busy 
in Carlsbad making the potash 
which you will require next spring. 

In one respect I feel that I 
am qualified for this panel because 
my service in the potash industry 
goes back almost to the days when 
the fertilizer industry was an in­
dustry of cow manure and kainite. 
Now it is a highly complex chem­
ical proces~ industry. All of the in­
terest in standardization, in nom­
enclature, in physical character­
istics and analysis of potash is a 
fairly recent development. 

At the time when the original 
producers began producing potash 
in Carlsbad, New Mexico and a 
California producer had been pro­
ducing for many years, our custom­
ers couIa not have cared less about 
the screen size of the potash. They 
did not care a great tleal about the 
actual analysis. The reason for this 
was simply that when the highest 



potash content of fertilizer was 
around 8 per cent and when the 
average was closer to 4 per cent it 
did not make much difference. The 
only reason that they cared about 
analysis was because of freight 
costs; it was cheaper to ship a 60 
per cent material per unit of KzO 
than it was a 25 or 30 per cent, but 
if you used 25 or 30 per cent potash 
you needed less Cape Henry sand, 
or Cape Henry phosphate. So, in 
those days, our sole interest was to 
make KzO and make it as fast as we 
could. The customers were happy 
and satisfied and in many cases if 
you sold a man manure salts he 
was most grateful to you. This was 
particularly true when vYorld vVar 
II cut off imports of Potash from 
Europe. 

In the 1930s we offered such 
products as 25 per cent manure 
salts, 30 per cent processed manure 
salts, which was a mixture of 25 
per cent and 60 per cent, 50 per 
cent processed muriate, and 60 per 
cent muriate. Our only problem 
with regard to physical character­
istics at that time was the setting 
up of the material. Many of you 
in the room know some of the old 
timers who had very descriptive 
phrases for the way this material 
set up. These colorfully descriptive 
phrases are better left unquoted, 
but it is true that on some occasions 
when we shipped bagged potash we 
were shipping granular-one gran­
ule to the bag! 

(Laughter.) 
So, as you can see, this interest 

in screen sizes is recent and really 
began about the time of the Korean 
'"Val' with the accelerated trend to­
ward high analysis fertilizers. It 
was the development of such high 
analysis fertilizers which led to the 
need for granulation of fertilizers. 
As you manufacturers know, as you 
made high analysis material in the 
powdered form, you encountered 
the setting up problem, which, in­
cidentally, had been solved by the 
potash industry during the war. I 
will not say that the solution was 
100 per cent complete, but the 
physical condition of your potash 
is much better than it used to be, 
because the potash companies dis­
covered how to keep the material 
from setting up. The method 
which worked on potash did not 
apply to compound fertilizers and 

some other solution had to be 
found. 

The apparelll solution was 
granulation. This development was 
at first welcomed by the potash in­
dustry because we felt that the 
product which we had to offer you 
at that time was the optimum prod­
uct for the manufacture of granular 
fertilizer. We believed that the best 
granular fertilizers were going to be 
homogeneous and we believed with 
USDA and other experts that the 
best homogeneous fertilizer was 
going to be made with fine mater­
ials. \Ve soon discovered that at 
least for the time being we were 
in error, and you all know better 
than I that history of how, when 
you went to continuous ammonia­
tion, you found that the fine ma­
terials did not agglomerate well, 
particularly in low nitrogen grades, 
and that you had to have coarser 
materials. T'his led to the develop­
ment of some of the present prod­
ucts which the potash industry now 
offers you. 

I might go back for a moment 
to say that prior to the war there 
was one other development initi­
ated by the Carlsbad producers. 
That was the development of a 
potash for direct application, a pot­
ash which was then known as gran­
ular and first appeared as 50 per 
cent muriate ami ultimately be­
came 60 per cent granular muriate. 
Tbis was originaJl y developed as a 
direct application product. 

'Ve then had going into this 
period of fertilizer granulation, 
which really gained impetus in the 
early 1950s, two products: the stan­
dard material and the granular ma­
teriaL The new methods of granu­
lar fertilizer manufacture apparent­
ly called for a ne"\I~. product midway 
between the two old ones. From 
then on each potash company ex­
temporized based on the require­
ments and requests of its customers. 
As a result we now have products' 
which are substantially the same 
but which have different names and 
which we hope to standardize in 
nomenclature for your sake as well 
as for ours. 

I have now been asked to tell 
you in general the products which 
the Potash Company of America 
offers to the trade. \Ve have a very 
wide variety of products and rather 
than read off to you the analyses 
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here, we have placed over on the 
table typical analyses of our various 
products. \Vhen I say typical, I am 
referring to the actual analysis of 
the material which we have shipped 
over the past six months. 

,"Ve produce, as you know, bas­
ically by the flotation process. Pot­
ash Company of America was the 
original producer of potash by 
flotation in the world. Prior to the 
advent of Potash Company of 
America all muriate of potash had 
been made by crystallization. Since 
the construction of our original 
plant, there have been many adap­
tations and our product now is a 
combination of floated product, 
fused product and compacted prod­
uct with some crystallized product 
as well. 

Our three main products are 
the standard muriate of potash 
with which you are all familiar, the 
product to which we now refer as 
special granular, which is the mid­
dle range product, basically minus 
8 plus 28, and the product we call 
coarse granular, and here is where 
nomenclature becomes confusing to 
us as well as to you. The coarse 
granular in our lexicon is the big­
gest product and is basically a min­
us 6 plus 14 product. 

We also have a crystallized 
muriate of potash which rullS be­
tween 62 and 63 per cent K20 and 
is a white wholly soluble product 
whose application is primarily in 
the liquid fertilizer industry. 

VVe also have sulfate of potash 
which is converted [rom muriate at 
two places, at Dumas, Texas by the 
Hargroves process arid at Ft. 
'Worth, Texas by Mannheim pro­
cess. 

The last, but not least of our 
products is our chemical grade 
muriate which is guaranteed 99.9 
per cent KCI minimum. 

Our differentiation of muriate 
products now is achieved by screen­
ing. There is a limit to what can 
be accomplished by screening and 
it is an expensive process. As Doug 
Bourne pointed out, screening ma­
terial into a warehouse does not 
guarantee that each car coming out 
of tha t warehouse will have the 
screen analysis that went in. 

Potash Company of America 
is anxious to produce its products 
in the forms which will be most 
satisfactory to the fertilizer indus-



try. \Ve realize that there are as yet 
no definite standards and that 
changes in the nature of the prod­
uct required will continue to take 
place. It is impossible for any pot­
ash company to economically pro­
duce potash on a job order basis. 
For that reason any standardization 
of product must be on a very broad 
classification basis. On that basis 
we would welcome a standardiza­
tion of nomenclature, with the 
realization that within the broad 
classifications there is still room 
for differences between various 
companies' products. It is generally 
true that the smaller the original 
range, the greater are the expendi­
tures for capital and for operations. 
Our industry, like all others, must 
be guided by economists. 

\Ve have learned a great deal 
from you folks in the fertilizer in­
dustry. Thank you all very much 
for your time and your attention, 
and thank you, Ed. 

(Applause.) 

P. C.A. Potash Slides 

Typical Analysis 
Standard Muriate of Potash 

Constituent Percenl 

Volatile at 130°C 0.10 
Volatile at 250°C 0.11 
Water Insoluble 0.45 
Silicon Dioxide Si02 0.11 
Hydrous Oxides R Z0 3 0.26 
Calcium Ca 0.04 
Magnesium Mg 0.06 
Sodium Na U5 
Potassium K 50.43 
Chloride CI 47.60 
Bromine Br 0.06 
Sulfate SO. 0.17 
Heavy Metals as Lead Pb 0.01 
K,p 60.75 
KCl 96.17 

Typical Screen Analysis 
Standard Muriate of Potash 

Mesh Cum. % 

20 5.0 
28 17.0 
35 35.0 
48 60.0 
65 82.0 

100 93.0 
ISO 97.0 
200 99.0 

-200 1.0 

Typical Analysis 
Special Granular Muriate of Potash 

--... ~--... ~.---.. --.. --.. --

Constituent Percent 

Volatile at 130°C 0.14 
Volatile at 250°C 0.17 
'Vater Insoluble 0.76 
Silicon Dioxide Si02 0.23 
Hydrous Oxides R~03 0.35 
Calcium Ca 0.07 
Magnesium Mg 0.12 
Sodium Na 0.99 
Potassium K 50.31 
Chloride CI 47.39 
Bromine Br 0.05 
Sulfate S04 0.31 
Heavy :\1etals as Lead Pb 0.Dl 
K 20 60.60 
KCl 95.95 

Typical Screen Analysis 
Special Granular Muriate of Potash 

Mesh Cum. 0;. 

6 0.0 
8 3.0 

10 26.0 
14 60.0 
20 85.0 
28 96.5 
35 97.5 
48 98.5 

-48 1.5 

Typical Screen Analysis 
Coarse Granular Muriate of Potash 

Mesh Cum. 0;. 

6 1.0 
8 45.0 

10 90.0 
14 95.0 
20 97.0 
28 98.5 
35 99.0 

-35 1.0 

Bulk Weight of Products 
---"' ... --~ .. -~ 

Lbs./Cu. Fl. 
Loose Packed 

Standard Muriate 74.00 81.25 
Coarse Granular 

Muriate 60.75 66.25 
Special Graunlar 

:Yluriate 60.50 65.75 
Chemical Grade 

Muriate 62.75 68.75 
Soluble Muriate 61.25 67.25 
Sulphate (Ft. Worth 

Prod.) 74.4 90.0 
Sulphate (Dumas 

Prod.) 58.8 99.9 

91 

Typical Screen Analysis 
Sulfate of Potash 

Produced 01 Dumos, Texas 

Mesh Cum. "10 

10 
14 
20 
28 
35 
48 
65 

100 
200 

-200 

10.0 
30.0 
45.0 
60.0 
70.0 
75.0 
85.0 
88.0 
95.0 

5.0 

Typical Screen Analysis 
Sulfate of Potash 

Produced 01 ForI Worth, Texas 

Mesh Cum. 0;. 

20 5.0 
28 7.0 
35 10.0 
48 15.0 
65 30.0 

100 60.0 
200 92.0 

-200 8.0 

Typical Screen Analysis 
Soluble Muriate of Potash 

Mesh Cum. % 

35 1.0 
48 15.0 
65 60.0 

100 90.0 
200 99.5 

-200 .5 

Typical Analysis 
Sulfate of Potash 

Produced at Fort Worth, Texas 

Constiluent 

Volatile at 130°C 
'Vater Insoluble 
Silicon Dioxide SiO~ 
Hydrous Oxides R 2R, 
Calcium Ca 
Magnesium Mg 
Sodium Ka 
Potassium K 
Hydrogen H 
Chloride CI 
Sulfate SO. 
Heavy Metals as Lead Pb 
Acidity as Free H 2SO} 
K 20 
K"SO. 

Percent 

0.03 
0.45 
0.11 
0.26 
0.04 
0.06 
0.74 

43.42 
0.01 
1.68 

53.58 
0.Dl 
1.49 

52.30 
96.76 



Typical Analysis 
Sulfate of Potash 

Proclucad at Dumas, Texas 

Constituent Fercent 

Volatile at 130°C 0.02 
Water Insoluble 1.02 
Silicon Dioxide SiOe 0.23 
Hydrous Oxides R 20 a 0.26 
Calicum Ca 0.03 
Magnesium Mg 0.12 
Sodium ~a 1.16 
Potassium K 43.00 
Chloride CI 1.80 
Sulfate SO, 53.37 
Heavy Metals as Lead Pb 0.01 
Acidity as Free H 2SO4 trace 
K2 0 51.80 
K 2SO', 95.83 

Typical Analysis 
Coarse Granular Muriate of Potash 
~----

Constituent Percent 
- --

Volatile at 130°C 0.10 
Volatile at 250°C 0.14 
Water Insoluble 0.97 
Silicon Dioxide Si02 0.33 
Hydrous Oxides Rz°:< 0.44 
Calicum Ca 0.05 
Magnesium Mg 0.15 
Sodium Na 0.S5 
Potassium K 50.39 
Chloride Cl 47.41 
Bromine Hr 0.05 
Sulifate SO, 0.18 
Heavy l\Ietals as Lead Pb 0.01 
K 20 60.70 
KCl 96.09 

Typical Analysis 
Soluble Muriate of Potash 

Constituent Percent 

Volatile at 130°C 0.02 
\\fater Insoluble 0.01 
Silica SiO" 0.005 
Hydrous Oxides R 2O" 0.002 
Calcium Ca 0.002 
.Magnesium Mg 0.0003 
Sodium Na 0.40 
Potassium K 5l.S9 
Chloride Cl /17.66 
Sulfate SO, 0.007 
Bromine HI' 0.025 
Heavy Metals as 

Lead Pb 0.0001 
K 20 62.50 
KCl 98.94 
~----------

DR. KAPUSTA: Thank you very 
much, Dean. 

Our next speaker is Van Rog-

ers of Southwest Potash Company 
and comes to us from Des Moines. 
He doesn't sound like he belongs in 
Des Moines, he sounds more like 
he belongs back home in the south 
some,v·here. Van, it is a pleasure for 
me to introduce you to this group. 

J. Van Rogers 

MR. J. VAl'i ROGERS. JR. (South­
west Potash Company): Mr. Chair­
man, Members of the Fertilizer In­
dustry; Southwest Potash is proud 
to paritcipate in this program of 
the Fertilizer Industry Round 
Table. Privileged, because attend­
ing this meeting are a group of in­
dividuals made up of production 
personnel dedicated to the ultimate 
objective of producil\~ the best ag­
ricultural fertilizers for use by the 
ultimate consumer, :Vir. Farmer, so 
that he in turn may produce an 
abundance of fiber, food and meat 
for the world's population. 

As a supplier of muriate of 
potash we in turn are charged with 
the responsibility of supplying the 
fertilizer industry of this nation 
with top, high grade muriate of 
potash. 

This is a working group, and 
as a working group reminds me of 
the young paratroop lieutenant 
who was returned to this country 
during \Vorld 'Var II and upon re­
turn the medical officers deemed 
that he had battle fatigue. He was, 
therefore, assigned to do adminis­
trative duties here in the Pentag-nn 
lhlilding in vVa;.hington. 

Southwest Potash Corporation 
produces at this time three types 
of muriate of potash: uniform stan­
dard muriate, coarse standard mur­
iate, granular muriate. A typical 
analysis of our uniform standard 
muriate is 60.0S per cent. The 
range screen, typical screen an­
alysis +28 to 100 using the Tyler 
screen. 

In our coarse standard muriate 
our typical analysis is 61.02 per 
cent, our typical screen analysis 
ranges from -!--10 to +28 mesh. 

1 n our granular muriate our 
typical analysis is 60.05 per cent 
with a screen range of +8 to +20 
mesh. 

Most of these products, as is 
the case of all the potash producers, 

(\(> 
,'-

Were developed, as Mr. Gidney 
pointed out, as a result of many dif­
ferent factors entering into the fer­
tilizer industry in the manufactur­
ing of mixed goods. The potash 
producers have attempted to pro­
duce the type and guality of ma­
terial which has been demanded by 
the industry and most of you over 
the years have written the type of 
material which we now produce, 
because it was through you that 
most of LIS learned what you want­
ed. 

There have been great varia­
tions in the demand or the requests 
for different types of particle sizes 
and this again is due to the differ­
ent types of processes used by you 
in the manufacture of mixed goods. 
In addition to that, it is quite com­
mon for a producer on a national 
basis to take the pieces of the infor­
mation which has been developed 
and from them develop a particle 
range size, a product with a typical 
analysis which can be utilized 
throughout the whole country. 
This may not in individual phases 
fit your particular operation exact­
ly but f daresay that overall the 
products which are produced today 
and shipped to you are very nearly 
the same type product that you 
desire. 

It has been brought out in the 
panels preceding this that many of 
you would like to have information 
in advance as to what you are going 
to receive. In the case of South­
west Potash Corporation, each time 
a car is dispatched from Carlsbad 
a shipping memorandum is sent to 

you immediately containing the an­
alysis of the car, the water content, 
the car number anc! the weight. If 
there is additional information 
which is required, I am sure that it 
will be brought out in the discus­
sion to come. Thank you very 
much for your attention. 

DR. KAPt'STA: Thank you very 
lIluch, Van. 

Edwin C. Kapuska 

Gentlemen, I want to tell you 
about some real potash products 
now. Here they are (exhibiting). 
We are the U. S. Borax and Chem­
ical Corporation; we were the form­
er U. S. Potash Company, the first 
producer in the Carlsbad basin. 



You bave heard some mention this 
morning of types of processes for 
producing potassium chloride. ''\le 
happen to produce potassium chlor­
ide by a crystallization process, that 
is, the major bulk of our products 
are produced by crystallization. vVe 
also prmluce a product by a com­
bination tabling and floating oper­
alion. 

I do not know how familiar 
many of you are with potash, with 
how it is made. I will go through 
it very briefly. The potash ore as 
found in Carlsbad is essentially a 
mixture of potassium chloride and 
sodium chloride. The trick, of 
course, is to separate the two. There 
are two ways in which it can be 
done, two ways commonly used. 
The first is dependent on differ­
ences in solubility of potassium 
chloride and sodium chloride. This 
permits you to dissolve and re-cryc­
tallize potassium chloride from a 
solution of sodium and potassium 
chloride. 

The second method is depen­
dent upon the differences in spe­
cific grayity between sodium chlor­
ide and potassium chloride. This is 
the principle used in flotation. 

Crystallization gives you a 
white potash, pure potassium chlor­
ide is white. The color that you see 
in the red potash is impurities 
which have remained in the prod­
uct simply because the method of 
extraction cannot remove them. 
trial use. I would like very briefly 

Description 

Higrade Granular Muriate of Potash 
62/63 % K,O 

Coarse 

Higrade Granular (HIGRA:,\) ~luriate of Potash is made in a special recrystallization 
process to produce coarse, white crystals of high purity and uniformity-hath in 
chemicals and particle size analysis. It offers excellent free-flowing storage and 
handling characteristics. 

Typical Chemical Analysis 
Potassium Oxide Equiv. 
Potassium Chloride 
Sodium Chloride 
Potassium Bromide 

(K,O) 
(KC]) 
(NaC!) 
(KBr) 

Typical Particle Size AnalYSis 

Cumulative 

62.34% 
98.67 
0.94 
0.03 

Tyler Series 
8 Mesh 

10 

Per Cent Retained 
o 

13 
14 46 
20 78 

Magnesium Sulfate 
Calcium Sulfate 
Moisture and Volatile 
Other compounds 

Tyler Series 
28 :V1esh 
35 

--35 

CMgSO.) 
(CaSOI) 
(150°0 

0.03 
0.02 
0.28 
0.03 

CumulQtive 
Per Cent Retained 

93 
98 
2 

.herage Bulk Density (pounds per cubic foot) Loose pack: 58 Tight pack: 76 

HIGRAX'S larger particle size makes it ideally suited for manufacturing practically 
all types of mixed fertilizers, incuding granulated mixtures of high potash content. 
It may be mixed with suitably sized nitrogen and phosphate materials to form stable 
mixtures of uniform analysis. 

to go through some slides now and 
discuss each of these individual 
products with you, if I may, please. 

The U. S. Borax and Chemical 
Corporation markets three major 
lyp~s of agricultural muriate of 
potash. \Ve also market a technical 
grade potassium chloride for indus-

(Slide.) Our first product is 
Higrade muriate of potash, it is a 
so-called standard muriate of pot­
ash. Please note the analysis: 62 to 
63 per cent K~O. This product is 
produced by crystallization. It is a 
white crystalline product of uni­
form analysis. It is treated with an 

U. S. Potash Slides 
Higrade Muriate of Potash 

62/63% K.O 

anti-caking agent to reduce caking 
and to assure free flow. You see 
the typical chemical analysis below 
it: KCI 98.5 per cent, on a K20 
equivalent that is roughtly 62.3 per 
cent, principal impurities, sodium 
chloride, moisture content, and 
notice this. Actually, that is mois­
ture in volatile at 150 degrees centi­
grade, .1 per cent. Below that, par­
ticle size analysis. You see that es­
sentially it is a minus 35 plus 150 
mesh product. Incidentally, do not 
bother to copy these numbers 
down, I have at the side table a 
quantity of brochures giving all of 
this data and in fact giving more 
detailed information. The bulk 
density, loose pack, 67 pounds per 
cubic foot, tightly packed, 72 
pounds per cubic foot. Angle of re­
pose 33 degrees. 

Standard 
Description 

Higrade 11uriate of Potash is a white crystalline product having the highest purity 
and uniformity available for agricultural purposes. It is spedally conditioned to remain 
free-flowing and resist caking-for trouble-free storage and handling. 

Typical Chemical Analysis 

Potassium Oxide Equiv. 
Potassium Chloride 
Sodium Chloride 
Potassium Sulfate 

(K20) 
(Kc!) 
(":.JaC!) 
(K,SO,) 

Typical Particle Size Analysis 

Cumulative 

62.30% 
98.52 

1.19 
0.07 

Tyler Series 
28 )'1e5h 
35 

Per Cent Retained 

48 
65 

o 
2 

19 
60 

Potassium Bromide 
Magnesium Sulfate 
Moisture and Volatile 
Other compounds 

Tyler Series 
100 ~re;;h 
150 

-150 

(KBr) 
(MgSO,) 
(150°C) 

0.06 
0.01 
0.12 
0.03 

Cumulative 
f"er Cent Retained 

84 
93 
7 

Average Bulk Density (pounds per cubic foot) Loose pack: 67 Tight pack: 72 

Higrade Muriate of Potash is a preferred source of potash in the manufacture of 
conventional mixed fertilizers and many types of granulated fertilizers. High purity 
and excellent physical properties make it an ideal source of potash for the production 
of moist fertilizer mixtllres. 
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Our second product listed here 
is our Higrade Granular muriate 
of potash. It is essentially in the 
so· called coarse classification. 
Again, please note the analysis: 62, 
63 per cent K20. It is a white crys­
talline material, very uniform an­
alysis again, conditioned to prevent 
caking. Chemical analysis: K20 
average 62.4, moisture 0.2 per cent. 
Particle size analysis is listed below. 
Essentially this product is a minus 
8 plus 35 mesh, or if you define it 
as 90 per cent through a given 
range of screen sizes, it would be a 
minus 8 plus 28 mesh. 

That is, incidentally, one thing 
I think we should clarify and that 



is definition of sizes. You have to 
put limits on that; you cannot say 
generally speaking a product is a 
minus 8 plus 28, because if you gen­
eralize in that way, I doubt very 
much that you are going to find 
anything that is 100 per cent with­
in those limits. So you do have to 
define limits when you are talking 
about products. 

This, we would call a minus 8 
plus 28 mesh product. Bulk den­
sity: loose pack 68, tight padl 76. 
Angle of repose, about 30 degrees. 

these materials as we view them. 
The standard agricultural muriate, 
the finely divided product, we feel, 
is best suited for use in conven· 
tional mixed fertilizers, it is very 
useful indeed in the manufacture 
of granulated high nitrogen grades, 
some granular intermediate nitro­
gen potash grades. Again this 
would depend specifically upon the 
formulation you are using and, of 
course, the material is highly useful 
in the manufacture of liquid mixed 
fertilizers. 

Granular Muriate of Potash 
59/61 % K,O 

Granular 
Description 

Granular Muriate of Potash is a 
bination tahling and flotation 
assures free-flowing and 

reddish-pink crystalline product made hy a com­
: Larger particle size and dust-free condition 

properties during handling and storing. 

Typical Chemical Analysis 

Potassium Oxide Equiv. 
Potassium Chloride 
Sodium Chloride 
Potassium Sulfate 
Magnesium Sulfate 

Typical Particle Size Analysis 

(K20) 
(KCI) 
(NaCl) 
(K,SO,) 
(MgSO,) 

Cumulative 

60.19% 
95.08 
3.48 
0.17 
0.09 

Potassium Bromide 
Calcium Sulfate 
Moisture and Volatile 
Other compounds 

(KBr) 
(CaSO.) 
(150°C) 

Cumulative 

0.08 
0.08 
0.20 
0.82 

Tyler Series 
6 Mesh 
8 

Per Cent Retained Tyler Series Per Cent Retained 
93 o 20 Mesh 

9 28 97 
10 44 35 99 
14 78 --35 1 

Tight pack: 75 Average Bulk Density (pounds per cubic foot) Loose pack' 67 

Granular Muriate of Potash is an ideal source of potash for direct application pur­
poses ... where potash alone is required for specific crop or soil conditions. It also 
is widely used in mixed fertilizers where a larger size potash particle is preferred. 

(Slide) This is our third major 
agricultural muriate, our granular 
60 per cent KeO. The two previous 
products are made by crystalliza­
tion, this product is made by com­
bination tabling flotation opera­
tion. Note that whereas the two 
previous products were white, this 
is a red to pink crystalline material 
material, it is non-caking by virtue 
of some of the agents used in the 
Hotation and tabling operations. 

Chemical analysis-please note 
the difference again. This is es­
sentially a 95 per cent KCl or 60.2 
per cent K20 product whereas the 
others were above 62 per cent K20. 
Moisture again here very low 0.2 
per cent. Particle size analysis. Es­
sentially the product is a minus 6 
plus 20 mesh material by our def­
inition. Bulk density: loose pack 
67, tight pack 75 pounds per cubic 
foot. Angle of repose 31 degrees. 

Those are all the slides. 
I would like to now very brief­

ly cover the major areas of use of 

Our second product which I 
listed which was our coarse prod­
uct, minus 8 plus 28 mesh material 
is most suitable for use in granula­
tion of the low nitrogen-high pot­
ash grades. I might remark that the 
reason behind the manufacture of 
this product was the need for a 
material of that type for granula­
tion of these grades. As you all 
know, granulation moved ahead 
most rapidly in the midwest. The 
principal grades in the midwest are 
the 1-4-4 ratios, which grades gave 
the most difficulty in granulation, 
consequently manufacturers desired 
a product other than the available 
standard materials for that use. \Ve 
conducted a survey of a good num­
ber of manufacturers as to the type 
of product which they desired for 
that particular application and I 
might say that the answers we re­
ceived depended upon the number 
of people we talked to. I think 
everyone had an idea, I do not 
think anyone was really certain as 
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to what they did need. They knew 
what they wanted but they were 
not sure of what was needed. We 
attempted to help out a little bit in 
this regard. We did run several 
full pla-nt scale tests to try to deter­
mine if we could what a proper 
particle size range might be for a 
product for that application. 

The result was our Higrade 
Granular. The product, then, is es­
sentially intended for use in gran­
ulation of the lower nitrogen, the 
more difficult to granulate mixed 
fertilizers. It has been used, of 
course, in granulation, and in other 
types of fertilizers as well. 

Our third product, our graIl­
ular 60 per cent muriate was orig­
inally intended as a direct applica­
tion material. That is where its 
major use had been prior to the ad­
vent of granulation. With granula­
tion, however, people began to llse 
it in granulating, again, these low 
nitrogen-high potash grades. It is 
used in that area, still its principal 
application is as a Direct Applica­
tion material. It is also finding use, 
of course, in the manufacture of 
physical mixes or in the manufac­
ture of semi-granular types of mix­
ed fertilizers. 

Those are the major areas as 
we see them. \Ve would appreciate 
any comments that you might have 
in that regard. 

It is needless to say, it is our 
desire to provide you with the types 
of products that you want or need 
for your operations. We do wel­
come this opportunity to tell you 
about the kinds of products we 
have and there is one very impor­
tant point I have overlooked. 

On our coarse and granular 
materials we run a screen analysis 
on every shipment. The analyses 
which were presented to you in the 
form of these slides are averages of 
over a year's production and I 
might say that they are not - we 
have tossed out-of course, you are 
going to one or two rotten 
apples they deviate way 
away, but these are very good lig­
ures. \Ve think they are very reli­
able figures. The important thing 
is that we do run screen analysis of 
every car. If you desire that infor­
mation about any particular ship­
ment, we would be delighted to 
send it to you and, naturally, of 
course, the chemical analysis is also 



run on every shipment. 'Ve feel 
we have to do that to be able to 
provide you with materials of top 
quality on a very consistent basis. 

As far as our standard material 
goes, we do not run a screen an­
alysis on every shipment; we do 
not feel it is necessary. The pro­
cess has been perfected, it has been 
in operation for many years and 
I think. although we do check it, 1 
think monthly, at the present time, 
and it does not deviate from either 
the screen or the chemical analysis 
which we have listed here. 

I again thank you for this op­
portunity of talking to you and we 
would be happy to entertain any 
questions you might have. 

Discussions: 
A MEMBER: Most of the fig­

ures that you have given are close­
ly in line with others. One of the 
fellows back here has a problem, 
though, that maybe somebody 
could help him solve. Several of 
you here have given the angle 01 
repose as being below 30 degrees. 

DR. KAP{'STA: Yes. 
SAME ME:\IBERS One of the fel· 

low~ back here has the problem 
where he can't seem to get his un­
der ·15 degrees, because it's on the 
roo[-

DR. KAPGSTA: Say it again. I 
missed part o[ that, because it's on 
the -

SAME MEMBER: It's on the 
roof. 

DR. KAPUSTA: It's on the roof? 
:":lAME MEMBER: On the roof, 

yes. '''''hat techniques have any of 
the potash companies developed to 
classify potash into the various 
grades for the granulator? 

DR. KAPUSTA: Actually, Doug, 
being more of an expert in the 
handling of the materials from the 
production standpoint, we do have 
a warehousing problem. I do not 
know the design of the warehouses, 
so I cannot really answer your 
question. I 'would prefer to refer 
this to Doug, if I might. Doug, do 
you understand the question? 

:VIR. BOURNE: Do you mean 
that there is some release of finer 
particles while you are granulating? 

SAME MEMBER: Yes, 'Vhat has 
been done with regard to the am­
moniator or what-have-you? Have 
you developed a technique for the 
liquid phase to help to operate 
with a particular grade of potash? 

DR. KAPl;STA: I'm sorry. 1 
misunderstood the question. As far 
as what have we done to maximize 
the use of standard potash mixed 
fertilizers; is that it? 

To answer your question, what 
we have done, we have worked with 
manufacturers in an attempt to 
find out what the operating char· 
acteristics are when various types of 
fertilizers are used and I would 
rather, Doug-if you speak about 
the ammonia tor, I do not believe 
that you have any excessive dust 
losses in the ammonia tor. You may 
be referring, of course, to chemical 
reactions between sulfuric acid and 
potassium chloride producing hy. 
drochloric acid combined with am­
monia to make ammonium chlor· 
ide. 

vVe have attempted, in this 
particular field, to get the best in· 
formation possible. 'Ve do not, 1 
am afraid, conduct any pilot plant 
experiments on our own to try to 
reduce, or gather information for 
that purpose. 

1 do not think that answers 
your question, but we have worked 
with manufacturers in an attempt 
by means of changing formulations, 
by means of materials handling 
changes to pennit them to use var­
ious of these materials in specific 
grades. 

MR. ALBERT E. HENDERSON 
('Vilson & Toomer Fertilizer Co.) : 
I think the problem, and it is a 
serious problem, is he trying to get 
the angle of repose hack in the 
building and not on top of the 
building, using fine potash on a 
granular grade of, say, an 0-14-14. 
The first two or three hours there 
is not much trouble because you 
start out relatively cold and you 
do not have a lot of fine particle 
potash and it granulates real well. 

DR. KAPUSTA: Are you using 
coarse potash or are you using stan­
darel now? 

MR. HENDERSON: Standard. 
DR. KAPLSTA: In 0·14-14. What 

are we formulating with, sulfuric 
acid and phosphate rock? 

MR. HENDERSON: No. 
DR. KAPVSTA: Are you just 

using moisture to wet down these 
materials, steam, hot water? 

MR. HENDERSON: Hot water. 
DR. KAPLSTA: Right. 
MR. HENDERSON: After you 

have run, say, three or four hours, 
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you begin to get a considerable 
amount of real fine potash in your 
ammonia tor, a sort of a recycle, 
and dust from the cyclones, and it 
is very difficult to granulate. I have 
been told that you just cannot gran· 
ulate potash. 

DR. KAPUSTA: You can granu· 
late straight potash, but 1 am afraid 
-that is in the type of system you 
are talking about, but I am afraid 
you are going to find exactly what 
you have found out, the stuff does 
not hold up after it has been dried. 
J think that is the problem you are 
running into, if you use water as a 
wetting agent. Of course, what is 
granulation? It is the sticking to­
gether of these particles through 
the interface and then crystalliza­
tion. You do not elIect a very 
strong bond between the potash 
particle and the superphosphate 
particle. I think the most successful 
attempts at granulating no nitro­
gen grades, using standard mater­
ials, has been through the use of 
some sulfuric acid and phosphate 
rock to make use of the heat of 
reaction and the plasticity which 
results from that. I think the 
people at TVA have conducted sev· 
eral experiments on that now and 
I might say I would agree with you, 
it is exceptionally difficult to do it 
the way you are doing it, because 
the crystals break down after a 
while and you do get dust. 

Let me say this, I do not think 
all the dust you are getting is pot­
ash; I think that you are also get· 
ing some phosphate dust too. 

MR. HENDERSON: Ed, I'm try­
ing to offer a solution. 

DR. KAPUSTA: Okay, have you 
got one? I'll listen. 

MR. HENDERSON: If you get 
the mixture real wet in the am­
mania tor, it will granulate, provid­
ed you do not use normal stan­
danis. If you get it wet enough, 
it is simply mud and I presume that 
you form a lot of oversize in the 
dryer and as it comes back to vour , , 
crushing equipment, you get 
enough seeds to begin to granulate 
again, so you do not really have 
a problem if you get it wet enough 
and run long enough. 

DR. KAPUSTA: 'Ve thank you 
for the solution, AI, but practically 
speaking, some of the people-I see 
Al Phillips sitting there, and I 
know Al has done work on granula-



tion of no nitrogen grades and I 
do believe that they have successful­
ly done that in the TVA ammoni­
ator and again through the use of 
sulfuric acid in conjunction with 
some p:lOsphate rock; is that right. 
AI? 

MR. PHILLIPS: That's right. 
DR. KAPUSTA: I believe several 

people are following that method 
rather than the old method of at­
tempting to wet it down. Al may 
have a new and novel way of re­
ducing or eliminating the need for 
sulfuric acid in this particular oper­
ation. 

A MEMBER: Ed, I apologize 
for my first question. I only wanted 
to get some sort of discussion. 

DR. KAPUSTA: You had me 
confused. I must say that I do not 
think I was completely awake and 
I did not quite get your point. 

SAME MEMBER: I only wanted 
to get some discussion going on 
some of the products people use. 
1£ Al will stand up and tell us 
something about what TVA did, I 
am sure people will appreciate 
~vhat they have done on use of acid 
in phosphate rock. "Vithout fig­
ures, AI, just roughly what hap­
pens? 

DR. KAPUSTA: AI, we would be 
delighted to have you cover that, 
if you would, please. 

MR. A. B. PHILLIPS (Tennessee 
Valley Authority): Thank you, I 
would be glad to try. 

As Ed has pretty much sum­
med up, in these no nitrogen grades 
in which, as it has been pointed 
out, it is difficult to granulate the 
potash that if they would use some 
rock and acid along with super­
phosphate and potash that we 
could get more heat and more plas­
ticity and that would allow us to 
make stronger granules and better 
granules than we can make with 
granulating with steam and water 
alone. 

'Ve have some information in 
TVA on formulations that work 
best and we would be glad tn send 
you some information on the work 
that we have done on this. vVe 
have gone from 0-14-14 on up to 
0-26-26, if I remember right, by 
using various acids and various 
phosphates in this operation. 

DR. KAPUSTA: Are there any 
questions? There is one behind 
')'ou, AI. 

A MEMUER: As this phosphate 
rock passes through the TVA Am­
moniator, what -

DR. KAPUSTA: "Vould you ad­
dress your remarks into a micro­
phone, please? I am afraid that 
otherwise many of these people 
cannot hear what you are saying, 
sir. 

SAME MEMBER: This is just a 
short question. '"-\That percentage of 
the phosphate rock is converted to 
available P 20) 

DR. KAPUSTA: AI, what per­
centage of the phosphate rock is 
converted to available P "05? 

MR_ PHIl.LIP: You can get very 
good conversion just like you do in 
superphosphate operations if you 
are careful to proportion the rock 
and acid properly, as you do when 
you make superphosphate, and if 
')'ou have the moisture content 
right, we found it was quite impor­
tant to use some steam also in these 
variants in order to get good con­
version. 

DR. KAPUSTA: That is related 
to the need for moisture, is it not? 

Oh, I see, you would have ex­
cess water anyway. 

Are there an')' further com­
ments on that? 

MR. JACK FREDERICK (Sohio 
Chemical Company): I was wond­
ering if they had tried taking super­
phosphate that was fresh rather 
than one or two days old? 

DR. KAPUSTA: I really do not 
know. I imagine you would have 
some materials handling problems. 
Al Henderson. 

MR. HENJ)ERSO]);,: vVe tried us­
ing fresh super, as a matter of fact, 
we tried using some several hours 
old and it does granulate very well, 
but, as you mention you have a real 
serious material handling problem; 
in fact, it was so serious that we 
quit. 

(Laughter.) 
DR. KAPUSTA: Do we have an')' 

other questions from the audience? 
How about some questions for 
these gentlemen seated around this 
round table? Are there any ques­
tions you would care to direct to 
them? 

MODERATOR SPILI.MAN: I have 
a question. \Ve have had a good 
many people ask us to convey to the 
potash companies whether or not 
the various processes of refining the 
potash have any effect on granula-
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tion processes. Some of the people 
say to me that certain types of pot­
ash will not granulate and other 
types will, and we were wondering 
if the various refining processes in 
the potash mines have any effect on 
this particular operation? 

DR. KAPUSTA: My opinion 
would be that it is based somewhat 
on actual test work where we com­
pared the granulation character­
istics of the 5-20-20 using as a source 
of potash the flotation potash and 
comparing that to the granulation 
characteristics using our high grade 
value which is a re-crystallized pot­
ash and essentially these materials, 
the two potash sources were about 
the same size; pretty close, in fact, 
and there was no real difference 
that could be noted in the granula­
tion tendency of that mixture un­
der those conditions. It would be 
my opinion that there would be no 
real significant differences. Others 
may care to comment on that. 

I will tell you one thing, color 
did not have much to do with it. 

I do not know whether that 
answers it, AI, but these were plant 
tests and that was one of the things 
that we did look into, and that is 
our conclusion. 

Dick Tayloe. 
MR. RICHARD D. TAYLOE 

(Smith-Douglas Co.) : Ed, has there 
been any work done on granula­
tion using a chemical grade of pot­
ash rather than one with a caking 
agent in it? 

DR. KAPUSTA: The answer 
again, I do not know what exper­
ience others have had, but I speak 
from our experience. "Ve had a 
series of tests comparing the use of 
our technical grade with the use 
of our standard high grade agricul­
tural muriate which is treated for 
non-caking, and the technical grade 
is not, however, in this particular 
test to insure arrival of the mater­
ial in some sort of condition, we 
did put in some kaolonite. You 
have then really a comparison of 
two conditioning agents, kaolonite 
being one and the other being the 
organic. vVe found in that test 
again-we did a lot of work with 
5-20-20, and in those particular tests 
there was no noticeable difference 
whatsoever. 

MR. TAYLOE: \Vhat I was get­
ting at there is that the flotation 
reagent which sticks on the potash 



interferes with the solubility of the 
potash and it might be that that is 
the thing that is interfering with 
the binding of the small particles. 

DR. KAPUSTA: I do not believe 
it is that significant, Dick; yes, that 
was the reason for running the 
tests, to find out whether or not the 
agent that was being used was ad­
versely affecting the granulation 
characteristics of that product. 
Again, our conclusion was if it was 
we sure did not see it and the plant 
did not operate long on either one. 

Are there any other questions? 
AI? vVe're conducting a wonderful 
dialogue here. 

MR. HENDERSON: Ed, to an­
swer that question about no caking, 
anti-caking agents to potash, we 
have used various types of foreign 
potash which is much finer than 
domestic standard. As a matter of 
fact, when we first started doing 
this, everybody told us, "you simply 
can't granulate with potash that 
fine." vVhen you use a foreign 
grade of potash with no anti-caking 
agent, although it is very fine, it is 
no problem to granulate with it. 
But in the last year and a half the 
foreigners have begun to add anti­
caking agents anll some of them 
really went overboard, like they 
put two to three times as much 
anti-caking agent in the potash as 
domestic people do, and that stuff 
is impossible. You cannot granu­
late it, even on ]2-12-12 or 10-10-10, 
with the foreign granular or coarse 
potash you simply cannot handle it. 

I think that answers the ques· 
tion. 

DR. KAPUSTA: AI, I think 
there is probably one point, of 
course, the reason they went to a 
caking an anti-caking agent 
was the stuff caked like crazy. 

MR. HENDERSON: Oh, yes; 
there's no question about that. 

DR. KAPUSTA: Of course, I 
think the reason for that was prob­
ably the amount of magnesium 
chloride in it, which does a beauti­
ful job in small quantities in pro­
moting caking and it might pos­
sibly work that same way in gran­
ulation also. 

1 appreciate your comments on 
that. 

MODERATOR SPILLMAN: I'd like 
to comment on that, too. I can 
go along with Al on those com­
ments, because we too use some 

foreign potash and definitely there 
are certain types of foreign potash 
that granulate beautifully and 
others you cannot do a thing with. 
I do not know what the reasons 
are for it, but that is our finding. 

DR. KAPUSTA: Of course, when 
you start to run granulation tests, I 
think one of the most important 
variables is particle size and you 
do have to compare materials of the 
same size or as dose as you can 
come in size. That may be a more 
important factor, and I think it is, 
than the matter of an agent or not 
having an agent on the material. 

Are there any other questions, 
please? 

(l\' 0 response.) 
Thank you very much, gentle­

men. Again, we appreciate the op­
portunity of appearing on your 
program and discussing these mat­
ters with you. 

(Applause.) 
MODERATOR SPILLMAN: Thank 

you very much, Ed., to you and 
your panelists for thoroughly dis­
cussing the potash phase of our 
subject on standardilation of raw 
materials. 

Joe, our subject on standard· 
ization is through, and I will turn 
the meeting over to YOll. 

MODERATOR REYNOLDS: Thank 
you, AI, and thank you, Potash 
Panel. 

I think, of necessity, we need 
to go through with our business 
meeting. \Ve are running a little 
bit behind but we will, as Vince has 
summed it up in the past, make it 
very informal and short. 

BUSINESS MEETING 

MODERATOR REYNOLDSS 1 think 
probably the first item of business 
is the Treasurer's Report, and the 
Secretary's Report, so I will turn 
the meeting over to Dr. Marshall. 

DR. H. L. MARSHALL (Secre­
tary-Treasurer of the Fertilizer In­
dustry Round Table): Members 
of the Round Table: Your Secre­
tary-Treasurer's office, functioning 
for the year 1959 to 1960 has 
handled ~bout 900 or better pro­
ceedings mailed out; it has also 
mailed a few 1958 proceedings, and 
it has prepared and distributed 3 
mailing notices, 1 in January, an­
other one in July and another one 
in October. 

There had previously been 
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some CrItIosm about not enough 
notices, and we commit­
tee feels that these three notices 
would probably be sufficient. 

As of ten o' dock this morning 
the total registration for this meet­
ing was 425. If some lucky person 
here will step forward later and see 
me he will be rewarded. 

Your Secretary, too, imple­
mented the directive of last year 
has sent to the Agricultural Experi­
ment Station libraries and, in the 
same institution, either to the 
Agronomy Department or the Ag 
Engineering Department copies of 
the 1958 and '59 proceedings to be 
deposited in their libraries. The 
response back from that has been 
gratifying and they are all very 
happy to have them and it is our 
hope that they will be used in some 
of the course work they do in these 
universities to orient it and get it 
standardized. If it is the pleasure 
of the group, we will continue this 
next year. 

Your Secretary also musl have 
tentative orders for any large num­
ber of proceedings of the 1960 
Round Table, please, by January 
I st, when we will start to print the 
proceediI\~s. 

\Ve are at the present time 
storing quite a few of these things, 
rent free, but we do need to limit 
that amount of storage that goes 
into a person's basement. I will 
admit that we cannot give you a 
price, but we can give you a range 
of about $3.50 to $3.75. That is the 
best we can do at this point, be­
cause we do not know how many 
pages we have, the pictures and 
what this lady is going to charge us, 
and all that stuff, so that all goes 
into that. 

Your Treasurer's Report IS as 
follows: Starting with the date 
October 31, 1959 .for audit pur­
poses, because of the bank state­
ments, I had to dose on ·September 
30, 1960 and take the indicated bal­
ances up to October 30, 1960. Last 
veal' on October 31, 1959, we show­
~d a balance of $453.16. 

The 1959 Registration was 
$3172.50. The 1959 Membership 
Lists were $216.00. The 1959 pro­
ceeding sales, and that includes 
some '585, $841.10. The total cash 
handled from October 31, 1959 to 
1960 was 54,682.76. 

Your disbursements: 1959 in-



cidental costs of meeting $93.70, 
1959 Membership List $201.40. We 
made $14.53 on that deal. 1959 
to '60 secretarial services $190.00. 
1959 proceedings cost $2,84651. 
1959 to '60 secretarial office opera­
tion costs, that is mail, notices, ad­
dressograph plates and we had to 
buy a file, $227.86. The total dis­
bursements through September 30 
were 53,559.24. 

Recapitulating, the income $4,· 
682.76, the disbursements through 
September were $3,559.54, a cash 
balance of September 30, 1960 was 
$1,123.22, but during the month 
of October we had checks outstand­
ing of $200.00, we deposited $26.50, 
which left to be deducted from the 
September 30 balance $173.50, 
which gives the treasury a cash bal­
ance of $949.72 as of Hallowe'en. 

(Applause.) 
MODERATOR REYl'\OLDS: Thank 

you very much, Doc. Doc Marshall 
does a really tremendous job on 
this Secretary-Treasurer's report 
and we are all indebted to him. I 
can assure you that it is a twelve 
months job with him, seven days 
a week. You are liable to get a 
telephone call at ten o'clock at 
night or seven o'clock in the morn­
ing, or just whenever he has some­
thing on his mind. \Ve are really 
indebted to him for his fine efforts. 

I guess also, from a formality 
standpoint, we should have an 
auditor's verification of all these 
facts and figures. Joseph Bosman, 
Frank N ielsson. 

MR. JOSEPH BOSMAl'\, (Audit­
ing Committee): Mr. Chairman, 
I had the books, went over them 
and as far as I could see they 
seemed to be in good shape and 
so I put my signature on it and 
turned it over to Frank Nielsson 
and I think that he found the same 
thing and has his signature on the 
books. 

MODERATOR REYNOLDS: That 
is correct. '-Ye have received them 
back with signatures so they must 
be in order. Thank you very much 
for helping us on that. 

As far as other business, the 
Meeting Dates for 1961, so far as 
hotel arrangements are the 8th, 9th 
and 10th of November. You will 
notice that is one week later than 
this year. Hotel arrangements and 
accommodations are closely sched­
uled. In past years, we have gone 

back and forth between these two 
weeks. Does anyone have any ob­
jection or any confHcts that we are 
not aware of which will not permit 
us to hold those dates? 

(No objection registered.) 
Do I hear a motion from the 

floor concerning this? 
MR. WAYNE KIl'\G (The W. S. 

Tyler Company): I rise to a point 
of order. 1 move that we accept 
these dates, but I think someone's 
got their decimal point in the 
wrong place. 

MODERATOR REYNOLDS: I have 
a NIl'. 'Westinghouse calendar. 

MR. KING: I move we accept 
the dates as outlined. 

MODERATOR REYNOLDS; It is a 
~Wednesday, Thursday and Friday. 
\Ve have a calendar contlict here. 
I hear the motion; is there a sec­
ond? 

(The motion was seconded.) 
MODERATOR REYNOLDS; The 

motion is made and seconded. All 
those in favor of the dates as men­
tioned, please indicate by the sound 
of "aye." 

(A chorus of "ayes.") 
Opposed. 
(No response.) 

T'he dates will stand, then. 
Doc has just mentioned that 

the desk is being closed as far as 
official business. There are some 
notices and papers out there and 
those persons who might have 
missed please go by and pick those 
up. 

As for any other comments, it 
is alwa ys our pleasure and privilege 
to have visitors with us from across 
the oceans. This year we have two 
persons here from Australia, one 
person from England. Are those 
persons still here, I believe the two 
people from Australia are with us, 
but 1 do not know whether they 
are in the meeting at this time or 
not. VV ould you please stand so 
that we may recognize you. 

(Those visitors present arose, ap­
plause.) 

\Ve certainly extend you a wel­
come and hope you can come back 
next year. 

Someone mentioned that we 
had quite a large group from our 
friends and neighbors in Canada. 
As my consideration, they're home 
folks, and we are always glad to 
have them and everyone else who 
can make the meetings. 
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Another item here, just for in­
formation. I believe that the 
Round Table will agree with this. 
\Ve sent a cablegram to Dr. Sau­
chelli in far away India giving him 
a little report on the meeting in ap­
preciation for his guidance in past 
meetings and regretted that he was 
not able to make this one. 

(Applause.) 
vVe are, of course, indebted to 

the press, the trade association and 
trade journals for their coverage of 
the meeting, we are always glad to 
have them and we try to work with 
them very closely and they with us. 
\Ve also appreciate Miss ~Withers 
who has become part of our meet­
ing, she has covered the last three 
or four sessions and she does a real 
fine job and we are indeed appre­
ciative of her efforts. 

One other comment here, as 
far as clarification, the papers and 
discussions. of course, are the prop­
erty of the Round Table. There 
has been a question asked as far as 
circulation of these papers, or turn­
ing them over to publications, and 
we do reserve the right through 
your Round Table to control those 
at least until we get our proceed­
ings out. Many of the papers will 
be reported upon in the trade 
journals, which is fine, but as far 
as the official discussion paper that 
is the property of your Round 
Table. 

This is supposed to be a busi­
ness meeting, so I would ask at this 
time: Is there any old business 
which should corne before the 
meeting? Mr. \Valton. 

MR. GEORGE '-\TALTON (Ten­
nessee Corporation): I know that 
modesty forbids you from paying 
tribute to the people who are re­
sponsible for this, but I think we 
should all express our apprecia­
tion to those gentlemen on the 
committee, vourself and Doc and 
Al Spillman', who have given so 
much time to the organization of 
this. I think we would be very reo 
miss if we did not pay some tri­
bute to you. 

(Applause.) 
MODERATOR REYl'\OLDS: Speak­

ing for your Executive Commit­
tee, we appreciate your comments. 
The way that we work this, just 
to give you a little example, when 
we get into difficulty on questions, 
someone sends in a question, we 



get hold of our friends, like YOll 

people there in the audience, and 
you would be surprised but we 
get about 85 to 90 per cent accept­
tance from this group which high­
lights the point that this is your 
meeting, you feel a responsibility 
for it as do we, and it is a real 
pleasure to be able to work with a 
fine group like this, I can assure. 
speaking for all of our committee. 

Is there any new business? 
(No response.) 

As far as any other comments. 
know our time schedule is set, 

but if you will all be patient with 
us, we are going to go right on 
through. v\Te have a panel which 
is coming up now and then we 
have other people carried over 
from yesterday. Ed Glocker was 
very kind to go along with us and 
he will discuss his paper at the 
conclusion of this next panel. I 
will now turn the meeting back 
to Al Spillman. 

MODERATOR SPILLviANS First, 
may I express my appreciation to 
those with whom I had contacts 
this year and to all the panelists 
for the wonderful cooperation 
given us. 

Last year we had an excellent 
discussion on pre-neutralization 
given by Phil Stone, Virginia-Caro­
lina Chemical Company, Grant 
Marburger, Spencer Chemical 
Company, George Gilliam, Allied 
Chemical, Frank Keenen, du Pont, 
Arthur Hansen, American Agricul­
tural Chemical Company, and N. 
K. Alfrey, ,V. R. Grace & Com­
pany. Our 1959 proceedings fully 
covered these discussions, in ad­
dition to a good many questions 
and answers from the floor. Any 
of you who have not received a 
copy of our 1959 proceedings, and 
are interested to have this infor­
mation, please write to Dr. 
Marshall. 

Our membership has reques­
ted we discuss again preneutraliza­
tion this year to bring the subject 
up-to-date on economics, formula­
tion, smog problems and other per­
tinent available data. 

The panel on Preneutraliza­
tion today is comprised of: G. C. 
Marburger, Spencer; H. Garrett, 
Minute Maid; R. D. Young, T.V.­
A.; Norval K. Alfrey, 'W. R. Grace 
& Company and George Gilliam 
of Allied Chemical. Will you gen-

tlemen come to the table at the 
I'ron t, please. 

Preneutralization 

Grant C. Marburger 

P REi\' EUTRALIZATION 
equipment was installed in 

the fall of 1958 at the Omaha 
plant of Farm Fertilizers, Inc., and 
has been used to produce 8,000 
to 10,000 tons of fertilizer during 
the past two seasons. This experi­
ence creates vvorthwhile informa­
tion on the preneutralization pro­
cess that will he of value to the 
rest of us in the mixed fertilizer 
industry. Tom Hoshall, Produc­
tion Vice President, has agreed to 
having their experience presented 
at the Round Table and the fol­
lowing report endeavors to present 
this story. 

For background, let's review 
the process of granulation at the 
Omaha plant into which the pre­
neutralization equipment was ad­
ded. Raw materials are screened 
into a cluster hopper and weighted 
into a scale hopper. This mixture 
is elevated and conveyed to a 
feeder that meters it into a TVA 
type ammonia tor granulator, 6' in 
diameter x 80' long. From the 
granulator the material drops into 
a 5' x 32' dryer and then into a 
second dryer, 6' x 35', which is 
alternately used as a cooler. Exit 
this vessel it is elevated into a 
small cooler 5' in diameter x 10' 
in length. A double deck product 
screen is used exi t the cooler. The 
oversize from the screen falls to 
a chain-mill type crusher and is 
returned to the screen. The fines 
are collectell in a large recycle hop­
per from which they are removed 
by a gravimetric feeder and fed 
into the TVA ammonia tor at a 
controlled rate. 

Figure I is a sketch of the pre­
neutralization equipment which 
later will be shown by photo­
graphs. The tank has a diameter 
of 5' and a height of 7'. It is con­
structed of 10 guage, # 316 stain­
less steel. A 3" overflow outlet is 
located 3" from the bottom, and 
the preneutralized slurry flows by 
gravity through this 3" uninsula­
ted line into the ammoniation sec­
tion of the TV A ammoniator 
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SCHEMATIC OF PRENEUTHALIZATION 
EQUIPMENT AT FARM FERTILIZERS, INC 

Figure 1. 

granulator, located one floor below 
the tank. The discharge into the 
ammonia tor is made through the 
open end of the pipe. Better re­
sults probably would be achieved 
with some arrangement to give bet­
ter distribution, but as yet it has 
not been attempted. At the bottom 
of the tank a second 3" outlet 
joins the 3" overflow pipe .and is 
used at the end of the run to 
empty the tank. A 3" diaphram 
valve controls the rate of flow from 
this line and a plug is used to open 
or close this outlet. The valve ori­
ginally installed left a gap between 
the bottom of the tank and the 
seat of the valve just long enough 
to fill with slurry and solidify 
during operation, and this salting 
out made the valve useless. The 
plug screws into a couple welded 
into the tank at the outlet, and 
has a handle extending to the top 
of the tank. A safety overflow is 
located 4' from the tank- bottom. 
It's purpose is to prevent spilling 
over the top of the tank should 
the regular overflow become 
plugged. 

All 3" lines were originally 
installed from carbon steel because 
of the cost difference between car­
bon steel and stainless steel in the 
3" size range. I t has since proven 
necessary to substitute stainless 
steel sections at the most corrosive 
points. Philip Shugart, Superin­
tendent, and Mel Anderson, Assis­
tant Supertendent, have reduced 
costs by making pipe out of stain-



less steel plate. They arc the plate 
and then weld it together. 

In the original installations, 
two other 3" valves were included 
that permitted dosing the flow in­
to the ammoniator and directing it 
to a disposal tank in the event of 
a plant breakdown. These two 
valves were eliminated, primarily 
because of difficulty in plugging 
caused once again by salting out 
justahead of the valves, but also 
because the chances of their be­
ing needed seemed remote_ 

A hood and exhaust stack, con­
structed of lumber, were placed 
over the tank for removal of fumes 
and vapor. The 24" x 24" stack 
effectively removed fumes by na­
tural convection without the use 
of a blower. A thermocouple well 
and a valve for sampling were also 
included in the tank. Tempera­
tures are taken close (0 the bottom 
of the tank near the sparger out­
lets. A mixture is used as shown 
in the drawing, this one being a 
Model D3 Lightning, I HP. 

The flow into the tank is 
made through supply lines that 
enter at the top and connect to 
the sparger located on the bot­
tom. One line is for phosphoric 
acid, one for sulphuric acid, and 
the third carries a combination of 
SPENSOL and water. The sparger 
arrangement is a series of drilled 
pipes as shown in the drawing. A 
number of sparger arrangements 
have been tried, but this is the 
one presently in use. 

Before preneutralization equip­
ment was added to the plant, flow 
meters existed for all raw materi­
als. vVith the addition of the tank, 
a second flow meter for SPENSOL 
was added permitting the use of 
ammoniating solutions simultane­
ously in the tank and in the am­
mania tor. In addition, all other 
existing flow meters were valved 
so that the material could be for­
mulated into either vessel. 

During the original plant 
startup some grades were produced, 
and some raw material used, that 
causelt considerable turbulence and 
consequent splashing from the 
tank. To correct this splashing, 
an extension of two feet was ad­
ded to the tank height as the sim­
plest method to change the exist­
ing construction. This extension 
can be seen in the photographs. 

From an equipment design 
viewpoint, one or two other equip­
ment changes would be made if the 
installation were to be done over. 
A flat lid, closing off the tank, 
would be used with an opening 
that connected directly to the stack 
(eliminating the hood), and the 
mixer would he installed vertically 
in the center of the tank lid. An 
increase in mixer horsepower 
would also be made, for some 
grades and formulas create a high­
ly viscous slurry. A caution should 
also be added, horn from experi­
ence, to future installers of pre­
neutralizers to make the slurry 
line as vertical as possible with 
no horizontal or relatively flat sec­
tions. These contribute to exces­
sive surging in the flow of slurry 
to the ammonia tor. Insulation 
placed on the slurry line also 
seemed to help this problem, re­
ducing surging in the flow when 
dumping the preneutralizer at the 
end of a run. 

Some method of stopping re­
verse flow in the acid and solution 
lines to the preneutralizer is 
needed. During a momentary shut­
down, pressure was lost on the 
sulphuric acid tank. The acid con­
trol valve did not shut off tight 
enough and the back flow of acid 
to the sulphuric acid tank siphoned 
slurry up out of the preneutrali­
zer. This of course solidified and 
was very difficult to get out. Check 
valves have been installed on the 
acid line at Omaha. Vacuum 
breakers might also be practical. 

One other change that is more 
Spencer than Farm Fertilizers (in 
other words they may disagree), 
is to bring the SP.ENSOL line iuto 
the side of the tank instead of from 
the top. The seven feet of heat 
treatment this pipe received could 
be sufficient to flash the ammonia 
in the SPENSOL to a vapor, and 
when ammonia is released at the 
sparger as a vapor instead of as 
a liquid, it is more prone to es­
cape and create nitrogen loss. 
Piping this supply line through 
the side of the tank instead of 
down from the top eliminates this 
possi bili ty. 

The cost of this equipment 
when originally installed included 
SllOO for the tank, $600 for the 
mixer, and $130 for the tempera­
ture indicator and capillary. Ad-
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ding $450 to these figures for the 
additional flow meter brings the 
total for these parts to about $23-
00. Exact costs were not isolated 
for all the other items, but $800 
would cover the cost of pipe, 
valves, and fittings for a total in­
stalled cost between $3,000 and 
S4,000. 

Production 

Four major grades are pro­
duced by :Farm Fertilizers using 
the preneutrali7er; and a consider­
able tonnage has been run of the 
grades 16-20-0, 15-15-0, 15-15-5, 
and 20-10-5. 

The grade 16-20-0 was ori­
ginally made from II units of 
SPENSOL and 50 units of am­
monium sulfate at 12 tons per 
hour. It is now produced using 
160 units of SPENSOL at the 
same rate of production with a for­
mula costs savings of $2.50 per 
ton. The complete formula is 
shown in Figure II. Phosphoric 
acid has also been used in this 
formula, but triple works better. 
Figure III shows the preneutraliza­
tion formula for 15-15-0 and IS-IS­
S using all nitrogen from ammonia­
ting solutions. Previously, 15-15-0 
was produced with 10 units of solu­
tion and 5;,~ units of ammonium 
sulfate at 12 tons per hour at a 
cost disadvantage of approximately 
$3.50 per ton. All of these grades 
have been run at 15 tons per hour, 
but 12 tons per hour works better. 

This 15-15-0 formula frequent­
ly is varied by substituting am­
monium sulfate for one or two 
units of SPENSOL. It's hard to op­
erate with 15 units from SPENSOL 
because the large quantity of nor­
mal superphosphate in the formula 
necessitates a lot of SPENSOL go­
ing into the TVA ammoniator in­
stead of into the preneutralization 
tank. 

vVhen speaking of production 
rates obtainable with preneutralj­
zation, one penalty should be men­
tioned. A delay of approximately 
one hour is encountered in order 
to get the tank filled, so an hour 
of production time is lost. 

The grade 20-10-5 runs well 
using as high as 19 units of am­
moniating solution. The formula is 
shown in Figure V. The produc­
tion rate is 10 tons an hour on 
this formula with recycle ratio esti-



mated at less then 1 to 1. An over 
formulation of one unit of nitro­
gen is presently used. 

Although this formula runs 
satisfactorily, the product doesn't 
store too well. Part of this may be 
due to the lack of sufficient cooling 
capacity at the plant. The granules 
are soft and a wet crust will form 
over-night on top of the pile. 

As an interesting comparison 
of storage conditions experienced 
with a grade like 20-10-5, removing 
six units of SPENSOL from this 
formula and replacing three of 
them with anhydrous ammonia and 
three with ammonium sulfate re­
duces the pile set and improves 
storage conditions considerably. 
The moisture content of product is 
kept generally at Yz% to I %. Pro­
duction rates are decreased to 8 
tons per hour, more heat is created, 
and the l-equired recycle ratio in­
creases to approximately 1 to 1. 

I don't think Phil and Tom 
were very anxious for me to men­
tion this formula, and I agree that . 
it doesn't follow the basic prin­
ciples of good formulation practice. 
But yet it does present some inter­
esting data on storage conditions of 
a high nitrogen inverse ratio grade. 

Storage characteristics of this 
material are interesting. For any 
goods less than 20 units, no more 
trouble is experienced on mechan­
ical condition in storage than was 
previously encountered before pre­
neutralization. So for the grades 
16-20-0, 15-15-0 and 15-15-5, the in­
crease in ammonium nitrate con­
tent from the increased use of solu­
tions has not created problems. If 
any hot material is bagged, trouble 
will be encountered. Remembering 
that this plant is undersized on 
cooling, 20-10-15 causes some 
trouble. 

Operation Methods 

\Vater is used as a control of 
temperature in the preneutraliza­
tion tank. As water is added, the 
temperature decreases in the tank, 
and as it is reduced, the tempera­
ture increases. Temperature is held 
in the range of 275°-300°F. on the 
four grades produced. 

Although it is possible to use 
water as a control of liquid phase 
in the granulator, this practice is 
not llsed at the Omaha plant. This 
is true because in the high nitro-

gen grades produced, the removal 
of moisture is difficult because very 
little heat can be used in the dryer. 
Therefore, adding water as a con­
trol becomes prohibitive. At the 
same time, control has to be close 
because granulation will swing 
quickl y from dry to wet in this 
operation. Therefore, control is 
achieved by the alternate method 
of controlling fines recycle, and 
equipment to better accomplish 
this end has recently been modified 
at the plant. 

Acidity control is also used ex­
tensively. A slurry sample is taken 
from the tank once or twice a day 
and analyzed through a pH meter. 
Acidity will effect the degree of 
granulation, amount of fumes cre­
ated, and hygroscopicity in the 
product pile. For these and other 
reasons pH samples are used as an 
overall check of operations. 

VVhen starting a production 
run, water is first added to an ap­
proximate depth of 10" which is 
just enough to cover the sparger 
pipes. SPEKSOL and acid, or 
acids, are then turned on at full 

rate of feed according to the form­
ula. \Vhen the liquid level reaches 
the overflow, the rest of the plant 
is turned on. 

VVhen the production run is 
ready to be shut down, the amount 
of preneutralized slurry in the tank 
is estimated in order to make the 
run come out even. Raw material 
How to the tank is stopped, and the 
tank is dumped from the bottom 
valve and then flushed with water. 

It was at first difficult to gauge 
the correct rate of flow when dump­
ing the tank through the bottom 
valve, but with experience it has 
become relatively trouble free. 

Contrary to early estimates, 
cold weather has not proven to be 
an operating hazard with prcneu­
tralization. The overflow line has 
plugged several times and will do 
so if the plant is shut down for 
about an hour. The slurry has 
cooled off in this length of time 
and the pipe has also become cold. 
The operators have learned, how­
ever, that the addition of watcr to 
the slurry helps prevent this 
trouble. 

16-20-0 
.~---~ .. -

Units 
Pounds Per Ton N P K 

Spcnsol 448 (25-69-0 733 16.5 
H 2 SO4 (66°) 308 
Triple 718 16.5 
Normal 350 3.5 

2109 16.5 20 0 

FIGURE-2 

15-15-0 
-_ ..... _---

Unil. 
Pounds Per Ton N p K ------_ .. -----

Spensol 448 (25-69-0) 688 ]5.5 
H 2 SO4 (66°) 250 
Phosphoric Acid 176 4.9 
Normal 1017 10.1 

2131 15.5 15.0 0 

15-15-5 

l'nils 
Pounds Per Ton N K P 

~-~--... -~ 

Spensol 448 (25-69-0 688 15.5 
H 2 SO4 (66°) 242 
Phosphoric Acid 272 7.5 
Normal 750 7.5 
Potash 175 5.25 

2127 15.5 15.0 5.25 
FIGURE-3 

101 



20-10-5 
------

Pounds Per Ton Units 

Spensol 448 (25-69-0) 
Sulfate of Ammonia 
H"SO,j 
Phosphoric Acid 
Normal 
Potash 

FIGURE-4 

MODERATOR SPILLMAN: Thank 
you, Mr. Ivlarburger. 

Our next speaker will be 1\,1r. 

N p K 

844 19.0 
190 2.0 
430 
318 8.4 
159 1.1; 
170 5.27 

2111 21.0 10.0 5_27 

R. D. Young from T.V.A. gIvmg 
their experience on preneutraliza­
don, Mr. Young. 

Pilot-Plant Work On Preneutralization At TVA 

R. D. Young 

I '''OULD like to thank Joe 
Reynolds and the Committee 

for this opportunity o[ discussing 
some of the pilot plant work at 
T.V.A. 

After preneutralization was 
first discussed at the of this 
group in 1957, we began to receive 
a large number of inquiries at 
TVA, both in correspondence and 
in discussions with visitors, con­
cerning this new ammoniator-gran­
ulator tool. At first we were of the 
opinion that sufficient work was 
being done in actual plant-scale 
application that pilot-plant work 
on our part might not be desirable. 
As interest in preneutralization in­
creased over the next year or so, it 
seemed advisable to do at least 
enought pilot-plant work to allow 
an independent evaluation of this 
phase of ammoniation-granularioll 
work so that we could haye first­
hand information in reply to the 
numerous questions. This was the 
basis on which our preneutraliza­
tion studies 'were initiated. As we 
got into the work, greater adyan­
:rages became apparent and a wider 
yersatility of preneutralization was 
realized. As a result, the greater 
part of our pilot-plant work on am­
moniation-granulation for the past 
18 months has been concerned in 
some manner with preneutraliza­
tion. This discussion is designed to 
point out some of the over-all con­
clusions reached in this work as 
well as to report details of certain 

studies which ~eem to be of impor­
tance. 

An over-all evaluation of this 
experimentation has demonstrated 
that very important advantages can 
be obtained through use of a pre­
neutralizer. Remoyal of a large 
part of the water and dissipation 
of much of the heat of reaction in 
a preneutralizer can be very bene­
ficial in: 

I. Allowing use of more econom­
ical formulations for several 
conventional grades of granu­
lar fertilizer 

2. Inlproving production and de­
creasing recycle requirements 
for special types of granular 
fertilizers such as the inverse 
ratio grades (20-10-10, 
and X-O-X grades (11)-0-16, 
etc.) 

3. New pro<:ess applications such 
as the TVA process for pro­
duction of granular diarnmoI1-
ium phosphate 

Description of Pilot-Plant 
Equipment 

Most of the work has been 111 

conjunction with our TVA ammOll­
iator-granulator pilot plant at pro­
duction ra tes of 0.75 to 2 tons per 
hour. Our earliest efforts were di­
rected toward determining the most 
suitable type of prereaction equip­
ment. First we tried premixing the 
acid amI ammoniating fluid in a 
concentric pipe positioned tangen­
tially on the wall of a tank. The 
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idea was to obtain sufficient mixing 
due to a swirling and jet-like action 
that mechanical agitation would 
not be necessary. Mixing was not 
satisfactory and copious evolution 
of fumes was experienced. Later 
efforts were in the direction of 
greater dispersion of the reactants 
rather than bringing them together 
initimately. An agitator was in­
stalled in the tank and separate 
open-end spargers for acid and am­
moniating solution were used. This 
gave considerable improvement, 
but fuming still was a problem. 
The most satisfactory arrangement 
which eventually evolved consisted 
of separate, circular, drilled-pipe 
spargers with holes directed toward 
the center of the tank. The am­
monia sparger was positioned be­
low the acid sparger and both were 
below the bottom turbine impeller. 
'With this type of arrangement, 
"hot spots" or areas of intensive 
reaction were avoided and fuming 
was controlled at a satisfactory 
level. 

The preneutralizer tank used 
in most of our work was 14 inches 
in diameter and 3-1/2 feet high. 
It was equipped with two turbine­
type impellers on a single shaft 
driven by a variable speed air 
motor. The spargers, as mentioned 
previously, were the circular, drill­
ed-pipe type of 1I4-inch pipe size. 
Type 316 stainless steel was usetl 
throughout for construction of the 
preneutralizer. The slurry pro­
duced in the preneutraliLer was 
discharged through a side overfiow 
pipe at a 2-foot level. Gravity flow 
was utilized from the preneutra­
lizer to the ammoniator. The tank 
was equipped with a hood and an 
air ejector system for exhausting 
the moisture-laden o fl' gases. 

This type of preneutralizer. 
we believe, embodies several princi­
ples that should be important in 
design of commercial-scale units. 

1. The equipment is compara­
tively simple, and use of gra­
vity flow avoids pumping a 
hot, abrasive slurry. 

2. Turbine-type agitators ap­
pear to be best for the vis­
cous slurries usuallv encoun­
tered and for good I ammonia 
absorption. . 

3. In sizing the preneutralizer 
tank. our work indicates a 
nominal retention time of 6 



to IO minutes. \Ye have found, 
however, that surface area 
[or evaporation of water and 
volumetric capacity for am­
monia loading are of equal or 
perhaps greater importance. 
\\'e have obtained good re­
sults with evaporation rates as 
high as 300 pounds 01 water 
per hour per square foot 01 
surface. For large-scale design, 
not more than 200 pounds per 
hour per square foot would 
be recommended, however. 
Ammonia loading of 35 to 
50 pounds of ammonia per 
cubic foot of preneutralizer 
liquid per hour has been satis­
factory. 

4. Adequate freeboard of at 
least 25 per cent should be 
provided. 

~). Maximum dispersion of reac­
talltS to avoid "hot spots" is 
essential and can be obtained 
by the use of circular, drilled­

pipe ~pargers. 
6. A good exhaust system for 

handling the load 01 water 
vapor is essentiaL 

Operation and Control of the 
Preneu tralizer 

At the start of our work we 
had heard of the necessity for close 
control of free acidity and other 
factors, so we were uncertain as 
to the proper guidelines for con-
11'01. As the work progressed, we 
found that just as in the ammonia­
tor, correct proportioning of r;:ac­
tants is the main concern. Propor­
tioning became the primary con­
trol, with pH being used as a 
spot check. Our pH measurements 
were made with narrow range pH 
paper on samples of slurry diluted 
abollt 4 to I with water. Tempera­
ture in the preneutralizer was 
fOllnd to have a pronounced effect 
on loss 01 ammonia, on fuming, 
and on the amount of evaporation 
obtained and final moisture con­
tent of the preneu tralized sl urry_ 
A most convenient means for con­
trol of temperature in the preneu­
tralizer was through addition of 
water directly to the tank for eva­
porative cooling. The usual range 
of control of temperature was 250 0 

to 275 0 F. After some experience, 
pH and temperature measurement~ 
could be used to ensure operation 
of the preneutralizer under the de-

sired conditions. ',"ith proper con­
trol, loss of ammonia was low; 
fuming was moderate; and effluent 
of the lowest water content com­
patible wi th sufficient fluidity for 
gravity flow and good distribution 
could be ensured. 

Distribution of Preneutralized 
Slurry 

Because of the nature of the 
preneutralizer slurries, distribu tion 
beneath the beel in the ammoni­
ator is impractical. Efficient distri­
bution of the slurry on top of the 
beu is (Iuite important, both from 
the standpoint of good granula­
tion and for efficient ammoniation 
if further ammoniation of the 
slurry is desired. 'Ve have tried 
several types of distributors in 
pilot-plant work. The main points 
for consideration are that the dis­
tributor should be simple, free 
from restrictions that would lead 
to plugging with solids, and easily 
cleaned, preferably during opera­
tion. 

The type of distributor that 
we have had the most success with 
is our so-called "saw-toothed" dis­
tributor. The original version of 
this distributor is shown in Figure 
I. It is essentially a section of 1-1/2-

modification of this distributor 
which largely overcame this prob­
lem by positioning the saw-toothed 
slot an inch or so ou tboard from 
the wall of the pipe is shown in 
Figure 2. 

Figure 2-

Modified "Saw-Tooth" Distributer 

Another type of distributor 
which showed promise used com­
pressed air impinging on a stream 
of slurry flowing from an open­
end pipe. For some slurries the 
cooling effect of the air was too 
great and caused too rapid crystal­
lization of the material with resul­
tant lumping. A pipe distributor 
with a series of holes along the bot­
tom, of the type reported to give 
satisfactory service in plant-scale 
units, did not work well in pilot 

I~" STAINLESS STEEL PIPE 

Figure 1. 

Distributor for Feeding Nitric Phosphate Extraction Slurry in Pilot-Plant Ammoniator 

inch stainless steel pipe closed at 
one end, with a serrated or saw­
toothed slot along one side. The 
preneutralized slurry flowed by 
gravity into the open end of the 
pipe and the stream was divided 
into a number of individual 
streams that dripped onto the bed 
of material in the ammonia tor. 
This distributor provided a fairly 
good pattern, but difficulty clue 
to the individual streams of slurry 
combining in contact with the wall 
of the pipe was experienced. ;\ 
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plant because of plugging of the 
small holes that were required. 

Feed Materials Used and Grades 
Tested 

All of the various acids-sul­
furic, wet-process and electric-fur­
nace phosphoric, and nitric-were 
used in our test work. These were 
preneutralized with nitrogen solu­
tion anti/or anhydrous ammonia. 
Gaseous as well as liquid ammonia 
was tested. A large number of 
grades of fertilizer were prod ured 



in the various applications. These 
included: 

1. Conventional grades - 13-39-
0, 16-20-0 

2. Inverse ratio grades - ]6-8-8, 
20-10-10, 30-10-0 

3. X-O-X grades 16-0-16,20-0-20 
'1. Diammonium phosphate 

grades 21-53-0,] 8-46-0, 16-
48-0, 14-35-14, 17-17-17 

Conventional Grades: The 
main incentive for use of a pre­
neutralizer in producing the con­
vendal grades is the ability to use 
lower cost formulations. The ec­
onomy results primarily from the 
use of a larger proportion of nitro­
gen solution and ammonia. Good 
results in plant-scale operatio:1 
have been reported for 12-12-12 
grade with all nitrogen from solu­
tion. vVe did not test this grade 
in the pilot plant but did pro­
duce 13-30-0 Wit~l all 13 units of 
nitrogen from solution and am­
monia and 16-20-0 wi th 14 uni ts 
of nitrogen from solution. These 
grades were quite easily produced 
and granulatioa was controlled 
with a recycle ratio of about 1. 
Typical rata tests of 13-39-0 and 
16-20-0 are s:1Own in Table 1. 

Table II. Production of 20- 10-10 

Grade 

Production rate, ton/hr. 
Feed to preneu tralizer 

Solution 370 (17-67-0) 
Sulfuric acid (94%), lb. 
Phosphoric acid 
Water, lb. 

Conditions in preneutralizer 
NH3 fed, of stoichiometric" 
Slurry 

Temperature, OF. 
pH 

''''ater evaporated, lb./ton 
Loss of NH:J' % 
vVater content of preneutralized slurry, 

Feed to ammonia tor 
Solution 370 
Diammonium phosphate 

Triple superphosphate 
Recycle ratio 

20-10-10 

16 units N 
4GI 

83 

95 

268 
1.8 

183 
0.5 
5.5 

2 units N 
( 2 units N, 
( 5 units P 20 S 

5 units P 20." 
l.0 

ft Fer amm(mia'jo:l to diammonium phosphate and ammonium £ulfatc* 

370 and 2 units of nitrogen diam­
monium phosphate at a recycle 
ratio of I. When all 20 units of 
nitrogen were supplied as solution 
370, the recycle ratio was 1.9; a 
test without preneutralization in­
dicated that a recycle ratio of 

20-10-10 

18uniBN 
!.-

6.5 units P "OS 
50 

89 

285 
4.3 

161 
2.7 
9.0 

2 units N 

3.5 units P eO; 

1.9 

Table I. Production of Conventional Grades 

ration with these X-O-X fertilizers, 
most of the formulations were 
based on preneutralization of ni­
tric acid with ammonia to produce 
grades of higher analysis. Grades 
ranging from 16-0-16 to 20~0-20 

were produced with all of the ni­
trogen supplied as nitric acid and 
ammonia. Data for typical tests 
are shown in Table III. The nitric 
acid (58% HN03 ) was preneutra­
Hzed virtually to completion with 
anhydrous liquid ammonia. The 
preneutralized slurry was fed to 
the ammonia tor-granulator where 
it was mixed with potassium chlo­
ride and limestone filler required 
for the particular grade. Recycle 
fines were used to control granula­
tion. A small amount of ammonia 
(about of total) was fed to 
the drum to ensure removal of 
any trace of free acidity and to 
give a pH of about 7 for the fin­
ished fertilizer. The granules were 
particularl y well rounded, very 
much resembling prills, and had 
good stora.ge properties when a 
coating agent was used. 

Grade 

Production rate, ton/hI'. 
Feed to preneutralizer 

Soluiton 370 (17-67-0) 
Phosphoric acid 

Conditions in prencutralizer 
NH:,:H:;PO.1 mole ratio 
Slurry 

Temperature, OF. 
pH 

'Vater evaporated, lb./ton 
Loss of NH3 , % 

13-39-0 

2 

9 units N 
14 units P 20" 

1.27 

16-20-0 

2 

8 units N 
11 units P 20' 

1.25 

\Vater content of preneutralized slurry, 

276 
5.2 

50 
1.7 

10.7 

277 
4.8 

50 
1.8 

10.4 
Feed to ammoniator 

NH3 (anhydrous liquid) 
Solution 370 
Ammonium sulfate 
Triple superphosphate 
Ordinary superphosphate 

Recycle ratio 

Inverse Ratio Grades: Our 
studies of preneutralization in the 
so-called inverse ratio grades were 
primarily with 20-10-10 grade. 
Grades of this type are difficult 
to produce and require high re­
cyclc if preneutralization is not 
used. \Ve produced 20-10-10 with 
18 units of nitrogen from solution 

4 units N 

25 units P 20." 

1.2 

6 units N 
2 units N 

9 units P 20 G 

1.0 

about 6 would be required. Data 
for tests of 20-10-10 are shown 
in Table 11. 

x-o-x Grades: Preneutraliza­
tion of nitrogen solution with sul­
furic acid has been used quite 
widely in the production of grades 
such as 14-0-14 on commercial 
scale. In our pilot-plant experimen-
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Diammonium Phosphate 
Grades: The new TVA process for 
production of granular diam­
monium phosphate utilizes a pre­
neutralizer and continous ammoni­
ator as the heart of the process. 
.Mr. A_ B. Phillips discussed de­
velopment work on this process 
on \Vednesday; therefore, I will 
only touch lightly on thi, phase 



Table III. Production of X-O-X Grades 

G~odc 

Production ralC, ton/hr. 

16-0-16 

0.75 

20-0-20 

0.75 
Feed to prencutralizer, lbo/ton product 

l'\ itric acid (59~'~ H:\, OJ 1295 
206 

35 
1.0 
2 

301 

1617 
253 Liquid ammonia 

Input moisture content, 
l'\ H,,: HNO" mole ratio 
Loss of NH", 
'Vater evaporated, lb./ton 
Slurry 

Temperature, 0 F. 
pH 
'Vater content 

Fed to ammoniator, lb./ton product 
Liquid ammonia 
Potassium chloride 
Limestone 

Recycle ratio 
pH of product 

of our preneutralization studies. 
In preneutralization phosphoric 
acid, the slurry is very thick at an 
NH:l H.,P04 mole ratio of about 
1 and becomes increasingly fluid 
as the 1''1 tio is increased to allou t 
1.5. Loss of <lmmonia increases 
rapidly as the ratio approaches 
1.5. 'Ve used the highest ratio that 
could be used without exessive loss 
of ammonia; this ratio was in the 
range of 1.25 to 1.35, showing a 
pH of 5 to 5.5 when wet-process 
acid was used. H acid more con­
centrated than about 42 per cent 
P.,O_ was used, sufficient water was 
a(id~d to the preneutralizer to give 
an effective concentration of 40 
to 42 per cent P:JOc.. The tempera­
ture in the preneutralizer was 
about 250 0 F., and the effluent 
slurry contained 18 to 20 per cent 
water. 

The straight diammonium 
grades 21-53-0 wi th electric-furnace 
acid and 18-46-0 to 19-49-0 with 
wet-process acid as well as com­
plete grades such as 14-35-14 and 
17-17-17 were produced. Recycle 
ratios ranged from 1: 1 to 3: 1. 
Without a preneutralizer the re­
cycle requirements would have 
been much higher. 

Conclusions 
In summation, I would like 

to point out again that our work 
has shown that preneutralization 
can be used to advantage in several 
phases of ammoniation-granula­
tion work. Fmm one half to two 
thirds of the water and heat of 

258 
4.2 

10.0 

6 
524 
503 

2.5 
7.1 

35 
0_98 
o 

272 

260 
1.0 

19.2 

6 
652 
117 

3.9 
6.7 

reaction can be removed in a pre­
neutralization step for many for­
mulations. Economy in formula­
tion can be realized, production 
of certain grades can be simplified, 
and production rates of high nitro­
gen grades can be increased due 
to a decrease in req uiremel1l of re­
cycle. The reaction equipment is 
comparatively simple and inex­
pensive and control is not too dif­
ficult. 'Ve do not feel, however, 
that a preneutralizer is a "cure-all" 
or should be considered for use 
in all plants even though savings 
due to cheaper formulations are 
indicated. There is some additional 
complexity in control, another 
piece of equipment to operate, and 
another potel1lial source of diffi­
culty. Probably only those plants 
where technical help is above 
average and where present practice 
of granulation is well under con­
trol should consider use of pre­
neutralization. 

MODERATOR SPILLMAN: Thank 
you very much, Mr. Young. 

r\ext, we will have Mr. Gar­
rett from Minute Maid give us 
his story on preneutralization. Mr. 
Garrett. 

Gentlemen: I have had several 
people ask me why a representa­
tive of Minute Maid was on a 
Roundtable discussion since they 
primarily think of us in connec­
tion with orange juice. However, 
we do operate enough groves that 
we thought our tonnage justified 
us going into our own production 
of plant foods. 
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Use Of A Preneutralizer 

Harold Garrett 

FIRST, I would like to give 
you a very brief background 

of yfinute Maid Groves operations 
as it pertains to the Fertilizer Di­
vision. The Plant is located at Dr. 
Phillips, Florida, approximately 
ten miles Southwest of Orlando. 
,\Ve now operate 21,000 acres of 
groves throughout the State and 
are in the process of planting 
another 11,000 acres of young 
groves. So the operation of this 
plant is primarily for our own use. 
This is an enviable position in the 
Fertilizer Industry, in that we have 
a captive market: and since I have 
a voice in the recommendations, 
the number of analyses is held to 
the barest minimum, and the tons 
of plant food required can easily 
be determined. Consequently, 90% 
of our plant food is held to one 
analysis a year. 

Our principal grade contains 
14 units of ni trogen with varying 
amounts of potash and secondaries, 
for ·instance; the fall grade is a 
14-0-7 with six units of magnesium. 
'Where something different is re­
quired in the field, we generally 
add this by a supplementary ap­
plication of straight materials. 

As far as I know, the Minute 
Maid plant is unique in its opera­
tion, inasmuch as our entire pro­
duction is based on making high 
analysis nitrogen, X-O-X grades, 
entirely from solution nitrogen 
through the use of a preneutralizer. 
The plant was originally designed 
to produce 20 tons an hour. 'Vith 
a 14% nitrogen fertilizer we have 
been able to produce up to 12 
tons an hour but have a much 
smoother operation when we are 
on stream at 10 tons an hour. The 
chief limitations seem to be the 
capacities of the preneutralizer, 
dryer, cooler and hammer-mill. In 
this talk I purpose to confine my 
remarks to the preneutralizer and 
problems associated with its opera­
tion. 

The preneutralizer is a verti­
cal, cylindrical tank, 54 inches in­
side diameter, 80 inches high, with 
a three inch diameter overflow 
pipe placed 42 inches from the bot­
tom of the tank. The tank is ele­
vated so the product can overflow 



and feed by gravity into the granu· 
lator. The top of the preneutra· 
lizer was left open and stainless 
steel pipes carrying the acid and 
the solution were brought in at 
the top and down along the sides 
of the tank to horizonal spargers 
four inches from the bottom. The 
nitrogen solution sparger was U 
shaped consisting of two parallel 
pipes 12 inches apart with holes 
directing the solution toward the 
center. The acid sparger was placed 
in the middle between the two 
sides to direct the acid toward the 
solution. A large valve was pro­
vided in the bottom of the pre· 
neutralizer to drain the charge in 
case of unscheduled shut·dowllS. 
Fumes were removed by a stack 
approximately 20 inches square 
which was hung over the middle 
of the tank and vented through 
the roof of the building. Agitation 
was provided by a Lightnin mixer 
revolving at 1200 RPM's. This is 
a brief description of our preneu· 
tralizer as it was originally set up. 

The agitator was originally 
hung over the edge of the tank. 
In a short time the motor was 
badly corroded and had to be re· 
placed. Maintenance on the motor 
was reduced considerably by build­
ing a brace on the side of the tank 
at the top and by introducing the 
shaft at an angle through the side 
of the tank. 

There has been practically no 
corrosion problem with the soIu· 
tion sparger. It is made of #316 
stainless steel and the original 
sparger is still in operation. The 
acid sparger has given us consider­
able trouble. Black iron spargers 
were found to last about eight 
hours. Hastelloy B spargers lasted 
about six hours. After considerable 
trial and error we are now using 
Hastelloy C spargers which have 
not 8ho·wn any appreciable wear 
after ten months continuous opel'· 
alion. 

The solution line into the 
tank is made of # 316 stainless 
steel and holds up very well. The 
acid line was originally #304 stain­
less steel which broke down in a 
short time. vVe are now using 
# 316 stainless steel for the acid 
line and it is holding up satisfac­
torily. 

The reaction between the acid 
and ammonia causes a considerable 

turbulence. VVe have found it 
necessary to bolt a lid on the top 
to prevent the hot material from 
spiHing out over the top onto per· 
sonnel on the Roor. A large hole 
was left in the cover so the fumes 
could escape up the stack, which 
was hung so the end was about 
12 inches above the hole in the 
cover. At times there was insuffi­
cient draft in the stack and fumes 
escaped into the building. This 
was corrected by lengthemng the 
stack from 20 to 30 feet. 

The most serious problem in 
the operation of the plant has been 
the excessive fuming and loss of 
material from the preneutralizer. 
Early in the operatlOn it was ex· 
tremely difficult to keep the pre· 
neutralizer from fuming. This 
caused a heavy, bluish smog which 
settled around the plant area. 
When the air movement was slight 
and the humidity high, this smog 
was a considerable nuisance to the 
surrounding community. There 
were many theories as to the cause 
and nature of the fumes and many 
changes were made to correct the 
condition. 

1 would like to brieRy mention 
a few of the things we have done 
which have helped to reduce fum­
ing. First of all we tried to reduce 
the violence of the reaction in the 
preneutralizer by changing from 
a 66° Be' to a 60° Be' acid. This 
more dilute acid was of some help 
but did not solve the problem. 
Various arrangements were tried 
with the spargers and finally we 
have placed the acid sparger on 
one side of the tank and the nitro­
gen sparger on the other side of 
the tank with the openings faced 
away from each other toward the 
wall of the tank. This has been the 
best arrangement of those to date. 

In the early stages of the opel'· 
ation the acid content of the final 
product in the preneunalizer was 
controlled by analyses. \Vith ex­
perience we have found that the 
aciditv can be controlled by a 

trainc.J operator without taking 
samples for analysis. \'\Te standard· 
ize the operation by using 41.4% 
nitrogen with 19% free ammonia, 
60° Be' add and water to hold 
the temperature at 275°·290° 
Fahrenheit. In practice we have 
found that the neutralizer will 
fume when the charge contains 
more than 0.5% excess acid. Thus 
by observing the fumes coming 
from the ~tack our operator is able 
to adjust the excess acid to within 
0.2%,-0.3%. 

Fuming is now a minor prob­
lem in our operation. vVe are cur· 
rently concerned with excessive 
oversize granules due to surging of 
solution from the neutralizer into 
granulator. This is due to the ex· 
treme turbulence from the reac· 
tion. Perhaps we may be able to 
modify the agitator to correct this 
condition. 

"'e are now operating the 
plant with a minimum of Chemi­
cal controls during the manufac­
ture. The operator, through ex· 
perience, has the feel of the opera· 
tion and by noting the condition 
of the product, the fumes from the 
preneutralizer, can make the 
proper adjustments to keep the 
plant running smoothly. The con· 
trol of the finished product is 
through analysis in our Laboratory 
at Plymouth, Florida, and adjust· 
ments are made on our feed sys· 
terns to take care of. any inaccura· 
Cles. 

Basically, I can sum lip this 
discussion in this manner, as the 
personnel in the plant operation 
became better trained and reached 
the point 'where they were able to 
recognize the primary underlying 
reasons for the troubles, the big 
problems o[ yesterday became 
minor incidents of today. 

Thank you. 
(Applause.) 
MODERATOR SI'ILLvIAN: Thank 

you very much. 
Our next speaker will be 

George Gilliam of Allied Chemical. 

Preneutralization Equipment AndOperation 

George G. Gilliam 

Thank you AI. Fellow mem· 
bers of the Round Table. Of 

!O6 

course, my subject is also pre­
neutralization, and 1 think from 



the remarks that have been preYi­
ously expressed, we can look into 
the future and say preneutraliza­
don is going to have rather wide 
application in this ever changing 
Lertilizer industry. As we original­
ly investigated the preneutraliza­
don technique. it was mainly [or 
the purpose of making X-O-X 
grades. and from there we went to, 
) Oll might say, the inverse ratio 
grades. Somebody asked me why 
,ve call a 20-10- IO inverse ratio; 
that \\-e should call that a straight 
ra tio grade and a 4-12-12 the in­
verse ratio grade. vVhen we con­
sider standardization of nomencla­
ture. maybe our Committee should 
take that under consideration. 

The use of a preneutralizer 
or prereactor in the manufacture 
of mixed fertilizers was first dis­
closed at the Fertilizer Round 
Table in 1957. At tbis time, Mr. 
Floyd. of The Virginia Carolina 
Chemical Company, described VC's 
successful operation of a preneu­
tralizer for making a granular 14-
0-14 material. Again in 1959, pre­
neutralization was included on the 
Fertilizel- Round Table program. 
Discussion at this time covered 
slIch phases as design considera­
tions, commercial experience, eco­
nomics, product quality amI the 
broad possibilities of the preneu­
tralizer process for manufacturing 
high analysis materials. In view of 
the above it seems appropriate 
here that we consider equipment 
and some of the operating vari­
abies. 

First Equipment. The basic 
unit is the stainless steel tank in 
which the acids (sulphuric, phos­
phoric or both) are neutralized 
with ammonia. This tank is nor­
mally located in a fertilizer graml­
lation plant above and as close as 
possible to the fertilizer mixer. 
Mounted on top of the preneutral­
iLer lank is the agitator drive moto]' 
with the shaft extending down­
\\'ard into the tank. Also, connected 
to the top of the tank is the vent 
stack ror carrying off water vapor. 
1 nside the tank mounted vertically 
along the wall and extending ont 
through the top are the feed pipe~ 
Jor the two acids, the ammoniating 
solution and water. HorilDlltal 
pipe spargers with a single rO'.\' of 
holes are installed on the bottom 
ends of both acid lines and the 

solution line to giw better distribu­
tion of these materials in the tank. 
To reduce the possioility ot direct 
contact of Mrong aciel WIth solu­
tion, the solution feed line is lo­
cated on the opposite side of the 
tank frfom tHe acid lines. The 
slurry overllow line is connected to 
the side ot the tank about a wird 
of We distance dCHVl1 lrom tile top. 
'1 'he emergency overi1ow line is also 
connecteu to we side of the tank 
above the slurry overliow line. '1 'he 
thermocouple connection may be 
located in any convenient place OIl 

the side of the tank belOW the 
slurry level. Connected into the 
bottom of the tank is a Hush bot­
lorn tank valve and drain line. 

~ow let us consider opera­
tions. Tllere are several ways to 
start up and operate the preneu­
traJizer unit amI aU are ,assumed 
to be satisfactory. The method 
which 1 will describe here has 
been proven in both pilot plant 
and commercial operatIOn, 

Start-up. .First the equipment 
is checked over to make sure every­
thing is in order. . fnen the auto­
matIC temperature controller is set 
at tile predeternuned operating 
temperature. \Vater is wen fed 
manually into the tank until the 
level is two to four inches above 
the spargers. Tile top of the tank 
is close(l and the unn is ready for 
operation, The agitator is turned 
on and the acid and solution valves 
opened ,imu1taneollsly and grad­
ually brought up to full rate. After 
tbe feed is started 15 to 30 min­
utes wilI be req uued lor the pre­
neutralilcr tank to fill to the over 
How line. This allows ample time 
for the other equipment to be put 
in readiness for Immediate start-up 
as soon as the first slurry reaches 
the mixer. 1\ 0 additional water is 
added to the preneutralizer until 
after the slurry has reached the 
desired operating temperature, at 
which time the automatic tem­
perature controller wiH feed water 
as required to control the unit at 
this temperature. Having reached 
the operating temperature in the 
preneutralizer tank and the slurry 
is overflowing smoothly to the 
mixer, the unit will operate con­
tinuously with minimum of atten­
tion. From time to time during 
operation the slurry pH or free 
acid content should be checked to 
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make sure that the acid and the 
~olution are being fed in the 
proper proportions. 

Shutdowl/. The slurry in the 
pre neutralizer will solidify if al­
lowed. to cool appreciably below 
operatmg temperatures. Therefore 
it is necessary to drain the slurry 
at the close of operation. This is 
accomplished by shutting off the 
feed to preneutralizer and hand 
feeding the slurry to the mixer 
through the bottom drain valve at 
approximately the same rate as it 
was being fed through the over­
How line. vVhen the preneutralizer 
tank is empty, solid feeds to the 
mixer are shutoff and the system 
closed down, As an alternat~ pro­
cedure, it is possible to dilute the 
s!:lrry sufficiently to pernlit storage 
without solidification. However, 
about half the slurrv must be 
drained to provide sp~ce for the 
required water, corrosion of the 
acid sparger is increased, and at 
start-up a large volume of dilute 
slurry mllst be worked ofI be­
fore operating temperatures are 
reached. Because of these reasons 
we would suggest dilution with 
water be used only when emer­
gency conditions do not allow 
normal draining of the slurry into 
the mixer. 

Operating Variables. For any 
preneutralizer installation there 
are a number of factors that can 
be varied which mav affect the 
ease and efficiency ~f operation. 
These include the following: 

TClil perature, For prenentrali­
Lation we normally consider op­
eration with the slurrv at the boil­
ing point. Therefore~ the operat­
ing temperature determines the 
amount of water in the slurry and 
this in turn will affect recycle and 
granulation. Formation of smoke 
and loss of ammonia also are de­
termined in part by the operating 
temperature and may become sig­
nificant as temperature is raised. 

Amll10niatillg Solulion. Tech­
nically any of the ammoniating 
solutions sold may be used. How­
ever, since the fixed to free nitro­
gen in these solutions is different 
the slurry compositions made from 
each solution will be different. Ac­
cordingly, we can expect a change 
in the amount of water and the 
viscosity of the slurry as we shift 



from one solution to another for 
a given operating temperature. 

Acids. Neutralization is usual­
ly uone by sulphuric, phosphoric, 
or a combination of both. Again 
slurry composition will vary as the 
ratio of these acids is changed and 
significant changes in viscosity and 
water content of the slurry can re­
sult. 

Slurry pH. As slurry pH's .are 
raised ammonia losses are in­
creased, as the pH's are lowered 
fume formation increases. As a re­
sult the optimum pH for operation 
represents a compromise at which 
both lo~ses and fumes are low. The 
best value of pH will depend pri­
marily upon the solution and acids 
in the formulation and the oper.at­
ing temperature. 

Throughput Rate. Through­
put rate does not affect operation 
until it is increased to the point 
where adequate distribution of so­
lution and acids can no longer be 
maintained or until the capacity of 
the surface for disengaging water 
vapor is exceeded. 

In closing we can say that the 
use of preneutralization has now 
proven itself commercially for the 
production of high 'analy~is ma­
terials of good storage characteris­
tics_ Future growth of this process 
will depend on the relative prices 
of solution and solid nitrogen and 
the increased demand for high 
nitrogen mixed grades. 

(Applause.) 

MODERATOR SPILLMAN: Thank 
you, George, for that very splendid 
information on preneutralization. 

Our next speaker is Norval K. 
Alfrey, W. R. Grace & Company 
who ,NiH speak to us on preneu­
tralization developed by the W. R. 
Grace Company. 

Thank you AI. Members of 
the Round Table. This will be a 
description of recent improvements 
to the concentric type prereactor. 
It is a progress report since the de­
tails of the unit were described dur­
ing last year's Round Table pro­
ceedings. 

Norvel K. Alfrey 

T HE concentric pipe prereactor 
is a simple piping arrangement 

which permits preneutralization of 
sulfuric and phosphoric acids with 
ammonia. It is a continuous flow 
sparging system which offers sig­
nificant technical advantages when 
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used in mixed fertilizer granula­
tion. In our Davison Chemical 
granulation plants, its use has vir­
tually eliminated the notorious am­
monium chloride fume cloud. Al­
so, it has reduced nitrogen losses 
from the ammonia tor-granulator. 
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Figure J. ARRANGEMENT OF PREREACTOR IN GRANULATION PUG MIXER 
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Figure I shows sketches of an 
early concentric pipe prereactor. 
Many of you have seen them in the 
1959 Round Table Proceedings. 
The unit has a blending section, a 
reaction section, and a discharge 
section. 

In the blending section anhy­
drous ammonia, nitrogen solution 
and water are blended together in 
a pipe. They are then discharged 
through a single pipe into the re­
actor tee. Sulfuric and phosphoric 
acids blend together in a one inch 
pipe which discharges into an acid 
nozzle. The acid nozzle passes con­
centrically through the reactor tee 
and utilizes a simple showerhead 
arrangement for discharging the 
acids into the reactor section. The 
reactor section is a three inch teflon 
lined pipe which is four feet long. 

The acids are neutralized by 
ammonia in the reactor section 
which is flanged to a discharge 
pipe. The discharge pipe shown in 
figure I is simply a teflon lined 
three inch pipe drilled with one­
half inch holes at six inch intervals 
along each side. The pipe extends 
eight feet into the mixer. 

A one inch air supply line is 
connected to the acid line as it 
enters the acid nozzle. The air 
flow is controlled by a sodlenoid 
valve which is activated from an 
automatic timing device. The pur­
pose of this arrangement is to per­
mit the reactor and discharge sec­
tions to be given a periodic air 
purge to prevent the discharge 
holes from clogging. 

Fio-ure 2 is an actual photo­
graph ~f the mixer exhaust stack 
during typical granulation opera­
tions. The larger of the two stacks 
is not in use and acts as a control. 
The smaller is the mixer exhaust 
stack, and a faint whisp of con­
densing steam can be seen emitting 
from it. The sulfuric acid being 
used in the formulation is neutral­
ized by ammonia in the prereactor. 
Neutralizing the acid before it en­
ters the mixer prevents the acid 
from reacting with muriate of pot­
ash. By avoiding this reaction, 
chlorides are not released and the 
ammonium chloride fume clout! i~ 
avoided. 

The photograph was taken 
during a wann summer afterllO;Jl1. 
A large volume of steam is being 
exhausted from the mixer. Because 



Figure 2. 

of the warm day, it is not visibly 
condensing and consequentlv the 
effluent appears to be virtually in­
visible. Using the prereactor elim­
inates the need for a mixer exhaust 
fume scrubber. 

Chemical analyses of the mixer 
exhaust gases were taken while pre­
reacting ammonia, sulfuric acid, 
and nitrogen solution. The nitro­
gen solution contained both am­
monium nitrate ancl urea. The an­
alyses showed no evidence of de­
composition having occurred. 
These results have strengthened 
·our belief that since all ammonia 
formulated passes through the pre­
reactor, the resultant high pH of 
the acid neutralization environ­
ment discourages decomposition of 
the nitrogen compounds. 

The pipe reactor has drastical­
ly reduced nitrogen losses from the 
ammoniator-granulator. Its use 
prevents localized acid overwetting. 
It also assures a more carefully reg­
ulated sparging of the ammonia­
tion fluids. These factors are in­
strumental in assuring more com­
plete ammoniation reactions with 
less nitrogen loss. With several 
formulations, ammoniation is so 
complete that even the odor of am­
monia is eliminated from the steam 
leaving the mixer. 

Thus far only the advantages 
and technical poten tialities of the 
system have been described. It is 
probably equally important to de­
scribe the problems which its use 
has entailed. Our early work at 
our Curtis Bay Maryland plant 

showed that all of the plant's usual 
fluids required in the granulation 
of any of their grades could be pre­
reacted. These included 60 and 66 
degree Baume' sulfuric acid, elec­
tric furnace phosphoric acid, nitro­
gent solution, anhydrous ammonia 
and water. Water was used only 
as needed for granulation control, 
thus of course in some instances it 
was not used at all. All of the 
fluids were successfully prereacted 
in whatever proportions were war­
ranted by raw material economics. 

Later, at another plant instal­
lation, difficulty in prereacting 
wet process phosphoric acid was en­
countered. Its use caused internal 
dogging of the discharge pipe. 
Also, with the low nitrogen 1-4-4 
ratio grades, the prereactor caused 
startup operations to be more dif­
ficult. Heavier startup recycle was 
encountered and greater time was 
required to accomplish leveled out 
operations. Several months of oper­
ation went by before we realized 
that the prereactor caused this 
problem by doing too good a job. 
It preneutralized the acid so effici­
ently that only steam, hot salts, hot 
water, and ammonia were left to 
aid the granulation. This was en­
tirely adequate in most instances, 
however, it was not adequate for 
rapid startup leveling out with the 
high potash grades. vVe needed the 
aiel of a small amount of acid di­
rectly in the mixer to compensate 
for the cold equipment and mater­
ials during the startup. 

This need, coupled with the 
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problem of internal clogging from 
using wet process phosphoric acid 
led us to a change in the design of 
the prereactor. We have added a 
separate acid sparger which permits 
us to bypass the prereactor with a 
small amount of the acid. The by· 
pass acid enters the mixer from a 
sparger located on top of the pre· 
reactor discharge pipe. We usc this 
bypass only when needed to aid 
granulation and to prevent internal 
clogging from wet process phos­
phoric acid. Neither the phosphor­
ic acid nor the small amounts of 
sulfuric acid bypassed create an ex­
haust fume problem. With most 
grades full benefit from using the 
prereactor can be realized. ''''ith 
the others, maximum opera ting 
convenience is achieved while still 
preneutralizin,g most of the acids. 

Another improvement has 
been made to the pre reactor in re­
cent months. The discharge pipe 
with its one-half inch drilled holes 
has been replaced by a block sparg­
er. 

Figure 3 shows the arrange­
ment used to adapt a block sparger 
as a prereactor discharge section. A 
smaller block sparger is shown lo­
cated above and immediately adja­
cent to the prereactor block. The 
smaller block is for the bypass acid. 
Both blocks are adaptations of the 
original which was designed by 
Spencer Chemical Company. 1 t 
was described by Mr. Joe Sharp in 
the 1959 Round Table Proceedings. 
''''e have found that the block as­
sures more uniform distribution of 
the fluids. Its deep slots corrode 
more slowly than thin drilled pipe 
orifices. Also its use has so greatly 
reduced clogging that at one of our 
plants, the air purge system has 
been completely removed. 

In conclusion, we feel that the 
principal of pre reacting in the 
sparging system offers the advan­
tages of fume elimination and re­
duced nitrogen losses. '''' e have 
made significant progress in our ef­
forts to accomplish trouble free per­
formance. Nevertheless, we feel 
that further progress can and will 
be made in the future. I thank 
you. 

MODERATOR SPILLMAN: Thank 
you very much, Norva!' 

This completes the preneutral­
ization program. vVe have had an 
excellent review bringing us up to 
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date on preneutralization. Are 
there any questions for the panel? 

A ME~IBERS Yes, why does 
Minute Maid use a 14-0-7? You 
have to have phosphate even in 
Florida, don't you? How do you 
supply it? 

MR. GARRET: Maybe that's a 
good question. There is an argu­
ment right now going on in Florida 
as to just how much phosphate is 
required in groves. Certain loca­
tions differ in the required phos­
phate. vVith others, it is question­
able because we think we have 
enough phosphate in the soil. I 
mentioned the fact that we do 
apply straight materials whenever 
we think necessary. 

MODERATOR SPILL~IAN: Anv 
other questions? (No response.) , 

There being no further ques­
tions, I would like to turn the 
meeting back to Joe and thank you 
all for your kind attention. 

On behalf of our entire Round 
Round Table, many thanks to 
Tom Athey and his associates for 
the excellent treat Thursday eve­
ning. 

MODERATOR REYNOLDS: 
Our final speaker on the pro­

gram was very gracious in holding 
off until today. You are all quite 
familiar with our schedule prob­
lem, but Mr. Ed Glocker of vV. R. 
Grace & Company, Research, was 
gracious enough to hold over until 
today to discuss Statistical Evalua­
tion of Nitrogen Losses in Dry­
ing. Ed. 

MR. E. GLOCKER (lV. R. Grace 
& Company): Thank you, Joe. Sev­
eral centuries ago the alchemists 
had a few very definite goals. They 
wanted to transmute metals. they 
wanted the elixir of life. they 
wanted a universal solvent. As their 
successors. we have done pretty 
well on this transmutation prob­
lem. The elixir of life, we have 
just sort of scratched the surface 
with our vitamins and antibiotics, 
and we have given up completely 
on this universal solvent, because 
bag rot just isn't in it with the 
container problem we'll have there. 
So it has fallen to a group in an­
other field to come up with 
a universal solvent. The mathema­
ticians have come up with some 
statistical methods that help us to 
attack these problems we have 
heard discussed for the last several 
days. and I couldn't help but sit 
here and say that when I first add­
ed statistics to my chemical vocabu­
latory some of these words were on 
the side that we said, well, we 
won't use these words: sigma, 
standard deviation, and that kind 
of thing. But it turns out that these 
things are very useful, and the fact 
that the mathematicians have 
come up with these tools means 
that we not only have a language 
problem, but I think we have an 
iron curtain sometimes. I was 
gratified to hear that much of the 
material that you have heard on 
statistics at this conference and 
other conferences has made some 
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sense to many of you. There are 
a few others that I know who are 
still puzzled by all of this, so r have 
come here todav to tell vou how 
we have started / to study 'our part 
in the $2,600,000 loss of nitrogen 
that Dr. Hignett has estimated oc­
curs in granulation each year and 
how we have taken his advice to 
study this on the plant scale, of 
course, without disturbing the 
plant, but before I do I would like 
to just explain a little bit or try 
to poke a couple of holes in this 
iron curtain on the language prob­
lem. 

First of all, statistics is essen­
tially as simple as chemistry. In 
chemistry we have a nucleus and 
we have a cloud of electrons going 
around it; in statistics we have 
data which has an average and a 
whole cloud of individual points 
that have been part of making up 
the average and our samples are 
simply particular items out of the 
possible cloud. All the statistician 
does is to say, we will not only 
measure the average, we will meas­
ure the dispersion of the data that 
have gone into making up this 
average. Secondly, he helps the re­
search man, the engineer, the 
chemist to establish the rules of 
the game before the game is played. 
vVe all have gathered data and 
then looked at it and said, what 
in the hell does this mean? So, if 
we establish the rules of the game 
ahead of time, we are much better 
off. 

In our case, it was the old 
problem of comparing nitrogen in 
versus nitrogen out of the section 
of the system we were going to 
study, our dryer. From the statisti­
cal standpoint we said, we will 
have a difference which we will 
measure between in and out. if we 
do have a difference, and if we 
have an apparent difference, it has 
to overcome a handicap. Now I 
shouldn't mention that word be­
cause a handicap brings up golf, 
and if Joe Sharp is still here, he 
knows I'm not a golfer. It was 
only because the rain came down 
at the ninth hole that I could quit 
while I was ahead and 1 was ahead 
because I still had one ball left to 
play with. But anyhow, we have 
this handicap. The handicap is 
the degree of dispersion which our 
data must overcome before we can 



say that ,ve have found a winner. 
In this case, a difference has to be 
significantly greater than the acci­
dental dispersion or the random 
dispersion that always occurs in 
any measurements before we can 
say that we have a winner. 

It happened then that we said, 
let's study our dryer; we suspect 
that in our dryer operation there 
Illay be some loss going on and 
we'll attack it from that point. ''Ve 
wanted to use a sufficient number 
of tests to get good precision and 
accuracy in our work, we wanted 
to find fairly small differences be­
tween the nitrogen in and out of 
the dryer. \Ve decided then to 
take 12 samples of material enter­
ing the dryer over a period of a 
couple of hours to detect the fluc­
tuations inherent in our process 
and our measurements and our 
sampling and in our analyses, and 
all the different things that help 
to add to the randolll variation and 
use this as an estimate of the ran­
domness. ''Ve took a similar num­
ber of samples of the material out 
of the dryer at the same period of 
operation, but these we mechani­
cally averaged by compositing. vVe 
said to ourselves, the variation out 
certainly can't be any greater than 
the variation in. Twelve samples 
of the material going in adequate­
ly measures the cloudiness of our 
data, the fogginess of it, the handi­
cap. The compositing of the ma­
terial out will reduce the number 
of analyses our laboratory will 
have to perform, so you can see 
that the tests involved 13 analyses. 
If we can have the first slide, I will 
show you what the combination 
score card and playing field looked 
like. 

(Slide) The average analysis 
of dried product is the line through 
the center established in the par­
ticular case by the composite of 
outgoing materiaL The limits on 
the randomness of process samples 
were the boundaries within which 
we would expect points to fall if we 
have no loss. Now, obviously, if 
we have a loss, they are going to be 
above the outgoing average line, 
therefore, I think we should shift 
up for the ingoing points and be 
significantly above the average line 
for the outgoing product. 

The way we set this thing up 
was to say that unless the difference 

between our average in versus our 
average out was above a certain 
point, ,ve have demonstrated a dif­
ference. :\ handicap in the usual 
sense is something subtracted from 
our score. The statistician doesn't 
subtract a handicap, he divides by 
the handicap. and he divides by the 
adjusted standard deviation which 
is adjusted in terms of the number 
of points averaged or the number 
of samples composited. 'Ve were 
able, by the number of samples we 
took, to expect to detect differences 
in the range of the standard devia­
tion which our individual samples 
measured. 

The next slide (slide) will 
show how in the first plant these 
points looked. It looks as though 
we have a slight lowering of the 
points below the outgoing level. It 
looks like the material going in is 
a lower nitrogen level than the out­
going material. Obviously, we are 
not making nitrogen. vVe will 
come back to our interpretation of 
what this means, but here, at least, 
we have not demonstrated a loss 
and we seem to have demonstrated 
a gain. Statistically this was a 
nificant gain. This is not showing 
anything except the way the data 
looked. It doesn't show you any of 
the statistical arithmetic at all. But 
this turned out to be a significant 
increase in nitrogen out of our dry. 
er. 

The second slide will show us 
how another plant looked. This 
was Plant A. (Slide) At B again 
we had something which was a sig­
nificant change in nitrogen but in 
the direction of a gain. \Ve were 
not making nitrogen, but here it 
shows that the nitrogen has gone 
up. 

The third slide ( slide) shows 
that in Plant C it rode along pretty 
much evenly, the seemingly slight 
increase in the individual dots 
above the discharge line was not 
significant in this case. So we do 
not have a winner in terms of our 
difference. The winner has not 
oyercome its handicap, so in plant 
C, at least, there has been no 
change. 

The next slide (slide) will 
show how we tried to interpret this 
seeming gain of nitrogen in the 
dryer by comparing the nitrogen 
in and out on the basis of the P 205 
in and out and on the basis of the 
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nitrogen versus KcO in and out. 
In this case, the interpretation that 
I have put on this is the following: 
that the absence of a significant 
change in relation to P 205 and the 
absence of a significant change in 
relation to K~O means that some 
non-nitrogen materials are being 
swept over to the side during a re­
cycle so that the dryer is losing ma­
terials other than the nitrogen con­
taining product and the recycle will 
come back after while and go back 
into the product, and the net re­
sult, of course, would be that at the 
start-up we will have a little higher 
nitrogen in our pile and at the end 
we will have a little lower nitrogen 
and our formulation will be off. 
Then it is a matter of which bags 
the state control officials pick up as 
to whether they think we have been 
deficient. So, all in all we have put 
in the right amount, but the sep­
aration of the material through the 
dryer could give us trouble. 

In any event, we have not dem· 
onstrated a nitrogen loss, at least in 
Plant A. The next slide will show 
how it looked at Plant B. 

(Slide) Again, we had a seem­
ing increase in nitrogen through 
the dryer. \'Ve also have a signif­
icant increase in terms of nitrogen 
versus P~05' no increase when we 
compare nitrogen in on the basis 
of K 20. In this case, it indicates 
to me a loss of P ~05 fines to the 
cyclone which would go back 
through the system and again we 
would have the same trouble over 
the seeming deficiency at the end 
of the run in terms of nitrogen be­
cause it has been diluted by the re­
cycle. It can only go in the direc­
tion of dilution which would throw 
our formulation off and the mater­
ial in, but it is not being propor­
tioned right through the run. 

The final slide (slide) shows 
us how Plant C looked. 1£ we re­
call something about the spread of 
these points, we can see that Plant 
C is doing very, very well in keep­
ing the dryer discharge about even 
with the input material and also 
that the variation is slight. They 
have good control of the nitrogen 
seemingly but in comparison with 
the other charts the nitrogen P 205 

figures have quite a spread. It 
looks almost as if some change had 
taken place in the process. 



This did not prove a nitrogen 
loss through the dryer, nor did it 
help us to uncover anything that 
might say there was separation in 
dust going to the cyclone, a dif­
ferentiation among the components 
or any of that sort of thing. At 
least in none of the three cases 
should we have cause to worry 
about our dryer operation. 

I think it is ,gratifying that, if 
we are going to try to pin down 
nitrogen losses in our plants, at 
least in these three places we should 
not keep looking to the dryer. vVe 
need to consider other possibilities, 
other points in the system and 
probably something about how the 
results that the plant manager sees 
may be due to this trend of the re­
cycle continuing to dilute the ni­
trogen containing material so that 
we may find out that it's more ap­
parent than real and we need to do 
something about the problems we 
have heard mentioned before of 
keeping the material integrated in 
our plant, not allowing this cyclone 
dust, if that is what one of the 
problems is, to cause the trend in 
the direction of a dilution of our 
nitrogen components. Of course, it 
can happen the other way too, be­
cause we can take nitrogen out 
along with phosphate for ammoni­
ating, but since we are studying ni­
trogen losses I looked at it from the 
standpoint of how we could inter­
pret these changes. 

In conclusion, I would say 

that we should look elsewhere 111 

our plant than to our dryer. 
I would like to give a lot of 

the credit to Fritz Alfrey who was 
the one who was in charge of the 
project, to Joe Reynolds whose 
plants wanted the study made, and 
I simply helped as the man who 
tried to lay the ground rules before 
the game was played. 

Thank you, gentlemen. 

MODERATOR REYNOLDS: Thank 
you very much, Ed. Are there any 
questions? Ed has performed a real 
service to our industry. Ed has 
appeared before this group and 
similar groups during the last three 
or four years. I think all the way 
through this meeting you have seen 
reference to statistics and many of 
us a few years ago were really out 
in left field. I think we are getting 
a little bit closer now. As he says, 
we at least know what some of the 
ground rules are and some of the 
interpretations. 

Are there any questions or any 
comments? This ties right in to 
our standardization and uniform­
ity. 

vVe have finally reached the 
end of our two and a half days' pro­
gram. From your comments we 
have overheard in the rooms and 
the corridors and up and down the 
halls, it seems as if we have had a 
good meeting. vVe certainly hope 
we have. There have been many 
new ideas advanced and there have 
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been a lot of new thoughts brought 
out in the meeting. 

As far as trying to sum up the 
meeting, I am not going to do that. 
I think that some of the comments 
that were made initially on our 
opening day still hold. I think we 
all realize that this is our group 
and it is a group as a whole, every­
one is important, everyone can 
come here, each and every person, 
express himself and that is what we 
want. You will be hearing from us 
very shortly as far as next year's 
program. vVe have some ideas and 
we have requested many people 
here in particular to accumulate 
ideas from your areas, because to 
keep your interest we have to have 
help, 'Vie have to have your ideas, 
so send them along to us. 

As far as anything else before 
our group, I just want to express 
my appreciation for the opportun­
ity of being Chairman this year. I 
have really enjoyed it, being most 
appreciative of your patients, your 
kindness in helping us through this 
one. 

I want to thank the Executive 
Committee for also helping, every­
one has pitched in and made this 
a good meeting. I am sure I will 
see many of you between now and 
next November, but don't forget 
November Rth, 9th and 10th, 1961, 
back here at the Mayflower. Our 
1960 program is adjourned. 

Crhe Round Table adjourned 
at 12:45 o'clock p.m.) 
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