
















































































































































The Eyman Process 
George Walton 

I want to express my apprecia­
tion to the members of the hard­
working and efficient committee 
for inviting me to talk about this 
process which we have installed at 
our Lockland, Ohio plant. Instead 
of calling our product semi-granu­
lar, we have chosen the name 
grained as being more descriptive. 
I am quite aware that Webster 
would find the word "grain" and 
granular pretty much synonymous, 
but for some reason the word 
grained has not been used among 
all the pelletized, pebblized, granu­
lated, granulets and so on, and I'm 
hoping it will convey a somewhat 
different product. 

The reason we chose a name 
that was not that of semi-granular 
is that in too many instances semi­
granular simply means that you 
have the old powdered fertilizer 
with enough granules to take it 
out of the class of the conventional 
fertilizer as we knew it, but that 
semi-granular fertilizer still re­
tained all of the disadvantages of 
poor storage, poor graining quali­
ties, plus the added disadvantage 
of - and here we get that word 
again, "segrega.tion". Anybody who 
tries to handle a semi-granular 
fertilizer over any kind of a con­
veyor system will find, as pointed 
out this morning by one of the 
speakers, that when you drop it 
on a conical pile the outside of 
your pile is a beautiful granular 
fertilizer, the center of the cone 
gets all the fines. The farmer gets 
one bag of granules and one bag 
of fines which doesn't make him 
any too happy. 

That semi-granular product is 
usually made by introducing solu­
tions and acids in a whirling mass 
in a conventional mixer. Now it 
takes a brave man to get up here 
and appear to contradict some of 
the statements made by such an 
expert as Elmer Perrine and if I 
appear to contradict some of those 
statements I hope I will be able to 
point out that the system we are 
talking about varies somewhat 
from the processes he was refer­
ring to. 

Our grain product I can abso­
lutely state is dust-free. It has a 

much wider size range than any 
of your fully granulated products 
and it is comparatively free of the 
objections that I mentioned about 
the semi-granular products; that 
is, poor storage qualities, poor 
drilling qualities and segregation 
to a large extent. 

I must say that I'm indebted 
to Mr. Louis Eyman of the North 
Ag Chemical Company, Forest 
City, Iowa, for permission to de­
scribe this process to you since he 
has a patent-applied-for on it. 

The initial installation as we 
have it-as we had it at Lockland, 
followed in detail the layout of 
his mixing unit. \Ve've since made 
some changes which we feel have 
given us an improved product and 
increased production. 

The mixing and graining is 
accomplished by batch system in 
a one and a half ton Atlanta Util­
ity mixer - and I'm not being 
paid by Atlanta Utility lor adver­
tising you could do the same 
thing in any other conventional 
mixer, in which all of the flights 
have been cut down to within five 
inches of the shell excepting in 
the last 12 inches at the exit end. 

A sparger of somewhat simi­
lar design to that in use in a TVA 
amonialor was installed to permit 
introduction of solutions, acid, an­
hydrous ammonia and water below 
the rotating bed of solids. In other 
words, the solids are not being 
whirled as they are in a mixer as 
you buy the mixer; you cut some 
of the flights, you see, and you 
get a conical rotating bed such as 
you get in the TVA ammonia tor. 

A mixing cycle of three and 
a half to four and a half minutes 
is maintained depending upon the 
grade and the formula used. The 
mixer discharges to a cooler. In 
our case the discharge is to two 
coolers approximately six feet by 
twenty feet each, not because we 
think that's any better than a six 
by forty, but we just happened 
to have them on hand. I think 

as good a reason as any 
other. 

Originally the cooled product 
was sent directly to storage, but 
we found that there was enough 
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oversize-in other words, plus four 
mesh standard screen size-to cre­
ate dust when reduced to size in 
the shipping mill. \Ve therefore 
introduced a scalping screen to 
take off the oversize material and 
return it to the mixer, as is done 
with both oversize and fines in 
your conventional granulating 
systems. 

\Ve found that this recvcled 
material being virtually ine:t on 
the second trip through the mixer 
helped in the graining process and. 
increased our through-put of sat­
isfactory size product. In other 
words, though we took part of it 
and recycled it we actualy got 
better production, particularly in 
the high nitrogen grades like 
12-12-12 or 10-10-10 where over­
agglomeration is frequently a 
problem. 

No attempt is made to elimin­
ate the minus 20 mesh material in 
our process with the result that 
our product contains a much larg­
er percentage of the minus 20 mesh 
fraction than is found in the gran­
ulated pelle ted or pebbled or what­
ever you want to call them fer­
tilizers that are now on the market. 

However, when sufficient care 
is exercised in shipping to avoid 
good product sized material being 
sent to the mill when it should 
have passed through the screens 
into the bagging hopper the grain 
fertilizer will contain less of the 
minus sixty fraction than the prod­
uct of your conventional granulat­
ing systems. 

In other words you will have 
very little fine dust; practically 
none. 

The granulating processes us­
ing driers produce pellets with an 
anhydrous coating which by abra­
sion between particles is rubbed 
off-I had the word "scuffed off" 
and my secretary said she couldn't 
find the word "scuffed" -almost 
fume-like irritating dust is the re­
sult. 

In our graining process the 
drying is accomplished by heat of 
reaction so that the surface of each 
of the granules contains a certain 
amount of the liquid phase or 
moisture, which acts as a binder. 

The question, naturally arises, 
without artificial drying can we 
use as much solution in our form­
ula as those who do use artificial 



drying. I've heard statements, and 
Mr. Perrine just made it previous­
ly, that some of the operators are 
getting ten uits of N from solutions 
in 10-10-10 and 12-12-12. 

I've seen a great many more 
who don't attempt to go above 8 
units in either of those grades. As 
a result, I don't feel too disappoint­
ed that we regularly use 7 and a 
half units from solution; that's 
solution 490 we are using. 

Bear in mind we don't have 
the cost of fuel for drying and a 
Jot of the other expenses that are 
incurred in full granulation such 
as power, maintenance and so on. 

Also I firmly believe that if 
and when we get to the point 
where we can do some experiment­
ing with some of the more con­
centrated solutions that we can 
probably introduce higher amounts 
of solution. In other words, I firm­
ly believe our product will stand 
more ammonium nitrate than we 
are now putting in. 

1Lhe advent to the market of 
diammonium phosphate has fur­
ther narrowed the margin there of 
saving between solution and solid 
forms of nitrogen in the higher an­
alysis grades, that is, in addition to 
its being a decided aid to graining, 
the slight amount of savings in 
formula costs between the conven­
tional granulating systems and our 
process is therefore much less than 
the difference between the operat­
ing and maintenance costs of the 
two systems, to say nothing of the 
difference in the original invest­
ments, which is very considerable. 

I might tell you that I figured 
-originally on the full granulation 
system and got the okay to go 
ahead with it and then we investi­
gated the Eyman process and fig­
ured that that would take the place 
'of it. 

This graining process is most 
successful when a preponderance of 
the solids fed to the mixer is in 
granular form although some fines, 
as Mr. Schmalz pointed out, in 
either the phosphates or potash ap­
pear to be beneficial to act as bind­
,ers and coaters. 

'In the absence of granulated 
normal super those formulas which 
are high in triple super and potash, 
both in granular form, yield a big­
ger percentage of coarse grains 
than those of low potash content 
made with non-granulated normal 

super. Depending upon the formu­
la used, from 80 to 90 per cent of 
our product as made 'will pass a 
standard four mesh and be retained 
on a 20 mesh screen; excepting in 
the cases of 3-12-12 and 10-10-10, 
virtually 100 per cent will be re­
tained on a 40 mesh screen. 1Lhat's 
far from being dust. 

For some reason, which we 
haven't yet determined, we have 
difficulty in agglomerating lO-10-10 
and usually wind up with 5 per 
cent to 8 per cent passing the 40 
mesh screen. That formula has 
given us some trouble. 

Now I won't elaborate on the 
3-12-12. 1Lo be honest we don't give 
a darn about graining 3-]2-12. It's 
been put on the market at such a 
price that we try to discourage the 
use of it, as a matter of fact. 
(Laughter.) 

That's the economics of it. 
The absence of dust, that is, of 

minus sixty mesh fraction is to my 
mind due to the agglomerating ef­
fect of the high heat and the steam 
present in the mixer. You see the 
steam is held under pressure in our 
mixer. Of course we do have a re­
lease valve so we don't build up too 
much pressure. \Ve haven't had an 
explosion yet. 

One noticeable advantage of 
the system is the greatly reduced 
amount of fume and dust as com­
pared with the TVA ammonia tor 
and drier. Again, this is probably 
due in part at least to the fact that 
mixing is carried on under steam 
pressure of in an airswept vessel as 
in your TVA aml11oniator. 

The other obvious advantages 
are the exceedingly small capital 
outlay. Anybody with a mixer and 
conveyor and a cooler can go into 
it, and you have savings in main­
tenance and operating costs. 

Your conventional granulation 
system requires a tremendous 
amount of power. 

I believe that's about all I can 
think of now that might be of in­
terest to you. To my mind it is 
like all granulating systems, more 

of an art than an exact science, and 
as such is successful in direct ratio 
to the expertness of the operator. 

Even your conventional gran­
ulating system is far from being 
a scientific method. I think if you 
will recall, I believe it was Mr. 
Hill, pointed out that your raw 
materials have stratification, which 
means that they are not in the same 
physical condition every time you 
feed-all the time while you're feed­
ing to the mixer and actually even 
in the TVA ammoniation system 
your operator is the key to the 
whole thing, in my opinion. 

Some of myoid friends in the 
fertilizer industry and opponents 
at the poker table have said they 
are going to bombard me with 
some questions. I'm going to fool 
you. This was an idea of mine, but 
the actual work was carried out by 
our chemical engineer, Mr. Lanier, 
so if you get me out of my depth, 
he's here to answer those questions 
and I'll call on him. 

CHAIR?vfAN REYNOLDS: 1Lhanks 
very much. 

\Ve're going to hold these 
questions till the end and then the 
four speakers will have a chance to 
get this bombardment. 

The design features of a liquid 
distribution system are extremely 
important in the efficiency of am­
moniation and granulation. Im­
properly designed distribution sys­
tems promote localized, over-am­
moniation; P 205 reversion; and 
ammonia loss. 

In the case of granulation, 
over-agglomeration of granules and 
mixer build-up go hand in hand 
with improper liquid distribution. 

Spencer Chemical Company 
has developed a distribution sys­
tem termed a "Block Sparger" 
which was greatly assured an even, 
steady flow of liquids into the raw 
materials. vVe are very fortunate 
and pleased to have Mr. Joe Sharp, 
Director of Technical Service of 
Spencer Chemical Company, to dis­
cuss the features of the "Block 
Sparger." 

Spencer Block Sparger 
J. C. Sharp 

My part on the program as I 
understand it was on semi-granula-
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tion, too, so I'm not going to leave 
out anything I've already written 



down. I'll go ahead and talk about 
it some and then at a later time 
discuss the Block Sparger. 

Under' semi-granulation, in 
order for any material to agglomer­
ate it won't unless there is a wet­
ting medium or liquid phase pres­
ent. 'Vater or moisture is a basic 
ingredient of liquid phase; al­
though other liquids are used in 
formulas they are converted to 
solids through chemical reaction 
and the materials are brought to­
gether. The water present plus the 
desired salts constitute the liquid 
phase. 

For example, if there's a hun­
dred pounds of free water in a ton 
of fertilizer and it has dissolved in 
it 200 pounds of compounds, solu­
ble salts, then you have 300 pounds 
of liquid phase present. 

Temperature has a great deal 
to do with liquid phase because 
most fertilizer salts are more solu­
ble in hot water than they are in 
cold. There's more to it than just 
getting liquid phase; you must 
have some materials present that 
have some plasticity or else it won't 
agglomerate. You can't agglomer­
ate potash by itself, dolomite by it­
self or sand. By having some of the 
plastic materials you can bind 
those materials along with it. 

Probably semi-granulation in 
fertilizer first occurred in the man­
ufacture of superphosphate. This 
was caused by the handling of wet 
superphosphate from the reaction 
and this was not a desirable result. 
It made the product of ammonia­
tion difficult and usually also be­
cause it was rather hard and diffi­
cult to grind, and since we waste 
P 205, purging was necessary quite 
often. 

A well known nitrogen pro­
ducer pointed out the advantage 
of granular properties of ammoni­
ated goods in a company publica­
tion copyrighted in 1945. He may 
have pointed it out earlier than 
that, but this is the oldest one 1 
could find. He had this to say: 

"A discharge from the mix­
er fertilizer ammoniator with ni­
trogen solution is warm and 
somewhat moist to the touch. 
When cooled it becomes dry 
and friable, the desirable gran­
ular properties. 

"The ammonia nitrate con­
tained in nitrogen solution is an 

excellent agent for promoting 
granulation, tending to agglom­
erate the objectionable fine par­
ticles and thus reduce dusting 
and sifting of materials through 
the bag. 

- The bags have changed, too.-
"U nder some conditions fer­

tilizer made with nitrogen solu­
tion have pronounced granular 
characteristics." 

'Vhen this publication was is­
sued the author could recommend 
three per cent ammoniation. It 
seems pretty tame after yesterday'S 
discussion, doesn't it? 

The greater advancement into 
semi-granulation came as a result 
of new fertilizers in the fertilizer 
industry in the late ] 940' s. Prior 
to this time the farmers in the 
:VIidwest got their plant foods 
mainly from triple superphosphate 
and ammonium nitrate. Potash 
was not used at that particular lo­
cation to any significant extent. 

Accustomed to these concen­
trated materials when the fertilizer 
plants did start to appear out there, 
they met quite a bit of resistance 
in selling low analysis grades to the 
industry. In producing high an­
alysis fertilizer to satisfy the de­
mand, using nitrogen solutions 
with salts of nitrogen, the solution 
phase just happened to be almost 
ideal for the agglomeration. 

The original work on these 
grades, namely 10-20-0 and 9-36-0 
was carried on in a small plant 
with a one and a half ton batch 
mixer. Because this slow method 
of production was used, quick cool­
ing was not hard to accomplish 
which resulted in forming fine 
granules with relatively low mois­
ture content. Many of these grades 
were made in the two ton batch 
mixer with almost no means of 
aerating or cooling. The pellets 
were soft and soon turned into 
mud. Reversion was terrific al­
though the ammoniation rate was 
only slightly above three per cent. 

After necessary steps were tak­
en to cool the product quickly, as 
soon as it left the mixer, this plant 
was also able to make a product 
with good qualities, almost satis­
factory quality, we might say. 

Many mixers started produc­
ing these grades but were not well 
pleased with the storing qualities 
of the product when bagged. This 
led to the installation of cxperi-
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mental type driers to remove mois­
ture so that these products could 
be stored satisfactorily. 

The first drier, I believe, was 
a used alfalfa drier which lasted 
one season. It wasn't too long after 
this experience before continuous 
ammonia tors came into being 
along with screens for classifying. 
This, of course, led to complete 
permeation. 

In order to produce semi-gran­
ulation to an acceptable extent in 
a low analysis grade, if we don't 
just normally have the right 
amount of liquid phase, it is neces­
sary to add acid, and generally sul­
furic acid is the one that's used. 

Proper aeration greatly en­
hanced drying and the properties 
of the fertilizer were better when 
sulfuric acid was added to the mix­
ture, but there were other prob­
lems that carne up. The reactiod 
between sulfuric acid, potassium 
chloride and nitrogen solution can 
produce quite a smog. This smog 
settles to the ground and harasses 
neighbors, and then they start a 
little harassing all their own. 

The method of introducing 
the acid in the nitrogen solution, 
as well as the amount of the liquid 
used, generally influence the vol­
ume of the smog forming. 

Introducing these liquids as 
evenly as possible and in a manner 
in which they are diluted with 
other material before coming in 
contact with each other is the best 
way to reduce this smog. 'What this 
is really saying is eliminate local 
hot spots with even distribution 
and allow some time for mixing of 
the liquids with the solids before 
the liquids come in contact with 
each other. 

Now, regarding cost, the 
grades that require sulfuric acid to 
neutralize excess ammonia from 
the nitrogen solutions, the. form­
ulae are generally lower when mak­
ing the same grades without the use 
of the acid. 1£ there is more excess 
free ammonia when all the nitro­
gen is derived from the solution. 
the formula cost is generally in­
creased by the cost of the acid re­
quired to bring about semi-granu­
lation. 

Now the Block Sparger was de­
veloped by the technical depart­
ment of the Spencer Chemical 
Company and it has seemed to do 
a very good job of meeting the COIl-



ditions of mInImUm smog forma­
tion. Although the block sparger 
is designed for continuous ammon­
iation, it has been used successfully 
in a few batch mixers. Some day 
its use in a batch mixer may be 
dominated by the Eyman p~Hent. 

This shows an isometric cut­
away of the block sparger. One 
side is for the acid and the other 
side is for the solution. This is the 
sulfuric acid side here and this is 
the solution side. There are 
grooves in these blocks; that's 
where it gets its name. They arc 
three quarters inch from here to 
here by six inches and the length, 
of course, depends upon the length 
that you want. 

There is a gasket that sepa­
rates the acid from the solution, 
and since you are generally feed­
ing more solution than you do 
acid, this side over here is ma­
chined down so tha t you get a 
separation greater than that the 
gasket itself gives you. 

QUESTION: What is your block 
made of, Joe? 

MR. SHARP: It's made of car­
bon steel, it can be made from any 
metal you want to make it from, 
depending on how much money 
you've got to spend for it. 

I might say in this regard, 
since I've been to this meeting I've 
gotten one unsolicited testimonial, 
and this was used in a continuo LIS 

ammonia tor, too. It wasn't a batch 
mixer. They have been able to get 
17,000 tons of production with the 
use of one block sparger made out 
of carbon steel. I asked this gentle­
man how much he had been get­
ting out of the carbon steel sparg-
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ers he had been using, and he said 
1,500 tons, so that's quite a spread. 

CHAIRMAN REYNOLDS: Thank 
you very much, Joe. 

Without further comment 
from myself here, I'd like to turn 
this over to the discussion period. 
We have the four previous speakers 
at the Round Table just waiting 
for these questions. 

MR. LARRY LORTSCHER (Spen­
cer Chemical Company): I have a 
question for Ted Schmalz. 

Ted, your talk yesterday indi­
cates you've done quite a bit of 
work in determining what your 
nitrogen losses are in your various 
plants for various grades. Do you 
have figures that you can give us to 
compare in your rotary semi-gran­
ulation nitrogen losses versus your 
full complete granulation plants? 

MR. SCHMALZ: In that respect, 
I'd say empirical relations between 
the granular and the semi-granular 
operations are comparable. You 
would probably lose ,similar 
amounts of ammonia at the same 
ammonia levels. That's about all 
I can tell you on that. 

MR. LORTSCHER: In other 
words, no higher? 

MR. SCHMALZ: No, I don't 
think it's any higher. 

CHAIRMAN REYNOLDS: Anyone 
else care to comment on that ques­
tion? 

MR. PERRINE: I want to take 
a little bit of exception to that be­
cause I think in the semi-gr;a:ula. 
tion insofar as you are den ving 
quite a lot of your heat for the 
granulation from acid you are 
quite apt to have quite a loss of 
nitrogen. Where you have that tre-
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mendous amount of sulphuric acid 
you'll get sometimes premature 
granulation that closes off the sup­
erphosphate particles 'from further 
ammoniation. As uniform as we'd 
like to have these things, we know 
there's not 100 per cent uniform­
ity. You'll have the possibility of 
some of the acid reacting on the 
ammonium nitrate that perhaps is 
a worse condition under semi-gran­
ulation than you'll have in the bet­
ter regulated full granulation sys­
tem. 

The figure we showed here­
I think that chart we had up there 
did not show the nitrogen-tha t 's 
just one; but we formulated one at 
10.5 nitrogen and it showed a 10.1 
at a four tenths unit, but that was 
on about 8.2 units nitrogen from 
solution and that should be com­
pared with a loss of perhaps the 
same amount of nitrogen from say 
ten units of nitrogen from solution 
in the full granulating which 
would represent maybe, oh, rough­
ly, 20, 25 per cent more loss of ni­
trogen on a comparable basis. 
Now, maybe Mr. Schmalz was not 
taking that into consideration, 
when he made that statement. 

MR. SCHMALZ: I'm not going 
to take exception to it. 

CHAIRMAN REYNOLDS: Any 
other experiences on semi-granu­
lation that might tie into that ques­
tion? 

MR. CHARLES LUBOW (Star 
Fertilizer) : 

Mr. Walton, I am not a mem­
ber of your poker table_ You can 
accept that as a challenge, if you 
wish. (Laughter.) But I am in the 
fertilizer business and several years 
ago we were invited to Mr. Dudley 
George's plant up in Richmond, 
Virginia to witness the Eyman pro­
cess. I think what they were doing 
there was using a type of super­
phosphate that was a little coarser 
than the balance of the pile. Now 
what superphosphate do you use? 

MR. WALTON: In the Middle 
West, of course, most of our popu­
ular analyses are much higher than 
you'll find in the East or South. 
Consequently, the majority of our 
grades contain large amounts of 
triple superphosphate and we use 
either the granulated or coarse pile 
run triple superphosphate in our 
grades. 

Does that answer your ques­
tion? 



.:\IR, LUBOW; Yes, I think that 
answers the question, but I think 
here in the Eastern seaboard we 
have difficulty in finding that type 
of merchandise, To get a coarse 
grade from the pile, that's almost 
im IX)ssible, 

,MR, vV ALTON; Well, I could 
tell you where you could get it, but 
advertising is not allowed, (Laugh­
ter.) 

CHAIRMAN REYNOLDS; I saw 
six hands go up in the back, 

Any other discussion? I'm sure 
there are more questions, 

MR. J. HOWARD McNEILl. 
(Monsanto Chemical): I'd like to 

ask Mr. Perrine if he has any range 
of pH in this semi-granulation with 
batch formulas? 

MR. PERRT:-lE: No, I do not. 
Sorry to say. That's probably one 
of these refinements we're going to 
have to get into. 'Ve're kind of 
new in this. I don't believe we 
have it too well on the granulated 
grades which have been going now 
rather full blast for seven or eight 
years, Does anybody else have 
something to offer on that? 

CHAIRMAN REYNOLDS; Any dis­
cllssion on that question? 

Any other questions? Discus­
sion? 

MR. PACL O. SCHALLERT (Ten­
nessee Corporation): I do not un­
derstand how the block sparger is 
mounted in the mixer? Is it mount­
ed by sparger arms inside the twins 
of the mixer? 

Mr. SHARP: \Vell it's mounted 
j list almost identically as a TVA 
sparger is mounted; supported the 
same way and I imagine there are 
probably a couple of dozen differ­
ent ways to support them, but the 
pipes tha'!: you saw sticking up top 
connect with pipes that run dowll 
from the central "upport and of 
(:nllrsc thal has to b.: well anchOlT(1 
with sufficient flat iron metal­
some way to give it the strength to 
staY in there. 

. I don't think that it's anv 
harder to mount than the othe~ 
type sparger. I think it's about the 
same. 

MR. SCHALLERT: One thing 
more on that. I wonder if you ever 
contemplate or tried making that 
out of carbon or graphite? Bci'1g 
as massive as it is you might be able 
to use those and still have enough 
structural strength ir)r it to sland 
up and still withst'lnd the corm· 

sion instead of going to the Hastel­
loy C spargers. 

MR. SHARP: \Vell, we haven't 
done anything on that. It might be 
a possibility. \Ve've never contem­
plated going any further than just 
having Hastelloy C lips for the 
place where the solution, or rather 
the acid-on your acid side would 
come in contact with it. 

This thing hasn't had too wide 
a use yet. \Ve've had quite a few 
throughout the country and they 
don't cost too much money actual­
ly, but one thing that I failed to 
point out when I was up there, is 
machining the face of this block to 
get an good even flow is most im­
portant. If you don't-it's a pretty 
much of a precision piece of equip­
ment-and if you don't have it even 
then it just doesn't give you the 
proper distribution and the main 
advantage, I think-I believe you 
can say the main advantage, it 
gives a good pattern and I think 
that's a good advantage, - but I 
think the main advantage is that 
you have so much more space that 
can corrode away before it destroys 
the pattern of your sparger. 

You have that metal there, of 
course, three-quarters of an inch 
thick, each block; then you have­
I don't recall the dimension right 
now, but it's an inch and a half, 
maybe, between the groove portion 
of the block sparger and the out­
side lips, so you do have quite a bit 
of metal there that will have to cor­
rode away before you lose your 
pattern-completely lose your pat­
tern, 

Of course, any time you begin 
to lose it, I'm sure that you begin 
to lose efficiency somehow. There's 
no question about that, but it's not 
completely destroyed. 

CHAIRMAN REYNOLDS; Any 
other questions? 

MR. \V ARREN A. BUTTON (Free­
port Sulphur Company) : My ques­
tion is directed to each of the 
gentlemen at the table. 

Mr. \Valton has indicated he 
prefers granular raw materials in 
the Eyman process. Is this true of 
the other semi-granular processes? 

MR. SHARP: Since it's close by, 
semi-granular is such a broad term, 
it just depends on what it takes to 
satisfy the trade. No one is anxious 
to do too much more than he 
has to to sell his product and 
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go to too much extra expense. Cer­
tainly if you want to approa",h 
complete granulation as near as 
you can, then you need to start 
off with some granular products to 
begin with be,:<;use you just don't 
have enough of plastic materials, 
you don't have enough control 
over liquid phase to bring about 
the proper conditions without 
starting off with a little help. 

CHAIRMAN REYNOLDS: Do you 
have anything to add to that? 

NiR. SCHMALZ: I've just got one 
small comment. vVe made a grade 
in the South, top dresser grade 
20-0-20 which is a completely gran­
ular dry mixed material so you can 
get anything you want, as Mr. 
Sharp says, you can get full gran­
ular materials and not do anything, 
Jet somebody else do it for you, or 
you can start out fine and go 
through the grief and misery that 
you have to go through to get gran­
ulation. Suit yourself. 

MR. PERRINE: If you're speak­
ing of semi-granulation as the pro­
cess rather than the product a 
method by which you change the 
physical shape and size of the prod­
ucts, I would say that you would 
want finely divided superphosphate 
in order to get the maximum 
amount of ammoniation there as 
we've observed about, I think, 30 
mesh particle on superphosphate, 
Larger than that you would drop 
off very rapidly on granulation. 

Then if you have semi-granu­
lated particles there you will do 
one of two things; either build up 
tremendous large particles or fail­
ing that you will get-I'm not going 
to use the word "segregation" -
we'll have a separation of particles 
there which detracts from the qual. 
ity of product. 

You can't ammoniate super­
phosphate very high. You're going 
to be running up the total cost of 
your product by the use of sulphur­
ic acid usually. 

CHAIRMAN REYNOLDS: I think 
all the speakers have mentioned 
modifying the flights in the mixers 
eve:1 to the point that a new mix­
er out on the siding is modified 
before it gets into the milL 

Do we have any comments 
from some of the mixe~ people? In 
other words, are we faced with hav­
ing two types of mixers? 



A VOICE: I could take a crack 
at that if you want me to. 

Unfortunately, quite often as 
you know, you gentlemen and our 
good customers and those of the 
other mixer manufacturers here 
expect these mixers to do quite a 
few things. No one here has 
brought up the ugly word of "dry 
bulk blending" and the numerous 
other things you expect this mixer 
to do. 

vVe would just love to be able 
to design a flight which you could 
pull in and out like a Shick Injec­
tor Razor-but if we make them 
for the semi-granular process such 
as my friend, Mr. vValton-I say, 
friend, advisedly if we make it 
that way and it discharges slower, 
which it will when we cut the flights 
off, then somebody says, "1 can't 
get the doggone thing to unload," 
and if we bring them up then the 
flights are too high. 

So all I can say is if you people 
can help us design a multiplicity 
of flights, we'll be happy to coop­
erate. 

CHAIRMAN REYNOLDS: Robie, 
you were up also a minute ago. 

MR. R. E. ROBINSON (Atlanta 
Utility Works): I really don't have 
much to add. Possibly one thought 
-Mr. 'Walton did bring out very 
clearly that he trimmed down only 
part of the length of the drier cut 
off toward the intake end of the 
mixer, but he did leave his full 
flight, or essentially his full flight, 
at the discharge end and there are 
indications there, though, that that 
does revamp this mass flow pattern. 

Now you can still adjust for 
that and ~till get good results, but 
we would' just say this, be careful. 

CHAIRMAN REYNOLDS: An­
other thing that was mentioned 
was this build up of steam and 
pressure in these mixers and I 
think there was some mention as 
far as relief valves and escape 
hatches and a few other things. 

Does anyone care to elaborate 
on how that's accomplished? 

MR. CLARENCE B. KIRBY (AI· 
lied Chemical Corporation): I'd 
like to say something about these 
flights we can get away from. I've 
had a little bit of semi-granulation 
experience-the best semi-granula­
tion that I've done had a 16 inch 
flight; just room to get the pipes 
in there and I think that when we 
<ut off the flights too much we 

have trouble in discharging and 
leaving material in the mixer that 
builds up oversize before the next 
batch. 

CHAIRMAN REYNOLD: Thank 
you. 

vVe've really started something 
it looks like. That's what we want. 

MR. JOHN A. STARK (Coopera­
tive GLF Exchange): I'd like to 
know if anyone has thought of 
screening the finer particles out of 
the semi-granulation and re-intro­
duce them? Is this a good idea or 
is there too much segregation in 
small particles if you did it and 
if they haven't tried it, why haven't 
they? 

MR. POWELL: 
\l\1e have done quite a bit of work 
-we put a Tyler hummer after the 
three-quarter ton batch and screen­
ed out all the fines and reversed 
the oversize and came back over 
the screen and recycled that also. 
Surprisingly enough the analysis 
has held up extremely well. I 
didn't believe it would do it, but 
it did. They have an extra Tyler 
hummer-it's an expensive propo­
sition, but it will work all right. 
Recycle roughly 250, 300 pounds. 

CHAIRMAN REYNOLDS: Thank 
you. 

MR. PERRINE: You can recycle 
as much as 400 pounds in products 
-I'm thinking of an 8-16-16, I be­
lieve it is. Bear in mind you're put­
ting back into your process there, 
well in that case there, a fifth of 
your ton, cooling the product and 
you've paid out good money to 
get that product back. It's a choice 
of whether you want to tolera te the 
troubles that fines will give you as 
we've shown on the table up here 
by Mr. Hill, I believe it was-and 
you have that problem then of pay­
ing to get the heat back that you 
took out. 

There is recycling being done. 
It's not set up for it very well; they 
have to weigh the stuff back in and 
in the batch operations there's 
usually not an automatic way for 
getting it back in there as you have 
in continuous operation. 

By the way there's very little 
continuous operation going on in 
this because in a continuous am­
moniator - I can't recall offhand 
any place where they're doing that 
and not granulating. It's inherent­
ly a product for the continuous sys­
tem of granulating. 
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MR. LARRY LORTSCHER: One 
other answer on that last question. 
One extensive job I worked on was 
a semi-granulation. vVe ran into 
the problem the mixer boys cau­
tioned us on. If you start putting 
in more in that mixer than it's de­
signed for, especially when you get 
in these wet plastic materials, we 
ran into a heck of a lot of trouble 
in trying to maintain tonnage rate 
by going 25 per cent more in that 
mixer. 

Now the man finally sett!ed on 
about 10 per cent more and evep 
that causes som{. problems, bnt that 
would indicate when y')l.!. start put­
ting recycle back you can't hold 
your fold-you've got to take a part 
of }our charge, so you will reduce 
your through-put rate e,-en H,ore so 
than you can do by using higher re­
cycle in the continuous granuL:ttion 
system. 

CHAIRMAN REYNOLDS: Are 
there any other comments. vVe've 
mentioned several different types 
of distributions systems here. Are 
there any -Jthers that you're V:lrlic­
ularly proud of that you might 
want to bring before the group? 

A VOICE: This doesn't have to 
do with distribution. I'd like to 
have someone comment on the 
problems they've had with cleaning 
and so on. 

CHAIRMAN REYNOLDS: George 
"'Talton. 

MR. vl\1 ALTON: Nobody was 
more amazed than myself when we 
started on this process we're using­
I'd been through all these pains of 
trying to make a semi-granular ma­
terial only to find the mixer coated 
up after an hour's work had to be 
dug out. Apparently this rotary 
movement with the sparger im­
bedded in the solids tends to keep 
the mixer very, very clean and 
we've had, other than a little build­
up on the top of the sparger itself, 
we've had very, very little trouble 
with build-up in the mixer. 

I'd say we seldom, if ever, 
change-stop to clean out more 
than at the change of shifts. 

A VOICE: I wonder if anybody 
else has had any experience with 
the mixer in any other process. 
would care to comment on that? 

MR. SCHMALZ: If you choose 
to call it build-up that requires 
periodic rapping with a maul or 
something of that nature, a real 



difficulty, why you do have some of 
that, we've found it in our opera­
tions. It requires fairly constant 
attention; normally you'd put on a 
set of knockers which stand you in 
pretty good stead; but your dis­
dlarge chutes and your elevator 
buckets and one thing and another, 
do have some build-up in our oper­
ation. You do have to take care 
of it; there's no two ways about it. 
1t depends on how much trouble 
you consider that. 

DR. FRANK T. NIELSSON (In­
ternational Minerals and Chemical 
Corporation): I think that the 
basic thing that some people have 
lorgotten in all this discussion is 
that to them the word "Eyman" 
process is a magic word, and "semi­
granulation" seems to be a not 
magic wonL 

Now we have some plants that 
ammoniate bad tries and turn out 
a variety or products. I'm not talk­
ing about conventional-you might 
.call them your Eyman process or 
you might call them semi-granula­
tion. To us the difference is this, 
that if you take all granular raw 
materials and you sprinkle them 
with a little bit of solution, a lit­
tle bit of acid, you end up with 
a good looking product and it 
hasn't gotten sticky and it doesn't 
get very hot and it comes out look­
ing good and you don't have any 
problems and it'll cost you a little 
bit more. 

Then if you want to do it a 
little bit cheaper and you don't 
have the good raw materials, take 
the powders and put in a lot of 
solution, you put in a lot of acid, 
you find the stuff is sticky, it lumps 
up and you've got some problems 
and your stuff looks so, and you 
-can't call Eyman semi-granulation. 
What most people, to my mind, 
I may be wrong, Mt. Walton, 
but I think I'm right in this 
because without the word "Eyman" 
-I don't know what the word 
"Eyman" means actually,-but we 
have some plants that turn out as 
good a product with nothing but 
a batch mixer without a cooler 
using some half baked recycling 
-deal with an elevator. I think 
Mr. Stockman was telling me he 
doesn't know if Eyman can make 
as good a product as he's doing­
it looks as good as the stuff from 
one of our high investment plants, 

but the formulation costs are com­
pletely out of line, 

Now you go down on the East 
Coast where the boys are trying 
to make 5-10-10 with fine muriate 
and fine super and trying to make 
that stuff stick and those boys 
have got problems and their stuff 
is semi-granulation, which means 
half there, more or less. 

I think that if you will talk 
to the people who have done a 
little bit of all, both granulation, 
the semi-granulation and maybe 
some of the Eyman type and just 
get their reaction from time to 
time, I think you will find out 
that I'm not too far wrong when 
I say that this Eyman type process 
is not what we would call a gran­
ulation, it's bulk or blending of 
solution and acid, 

But it's not too far off because 
we're using nitro super, the nitro 
triple that's got ammoniation of 
1.82 pounds per unit and you're 
comparing that with a man that's 
using triple that's got three to 
four pounds per unit. 

Some of you don't know it, 
when you start getting granular 
super - and we make both super 
and triple if you start using 
granular super you're getting six 
pounds per unit, you're going to 
slow down to two and a half to 
three pounds and it's just a horse 
of a completely different color and 
the boys who have tried what we 
call semi-granulation they've had 
cleaning problems and they've had 
dust problems; they've got fines 
problems. 

CHAIR"fAN REYNOLDS: I think 
as far as this type of discussion 
here on semi-granulation goes, as 
the opening speaker mentioned, I 
think it's a very relative term, 
as Mr. Walton's secretary couldu'[ 
find "scuffed" or whatever the word 
was in the dictionary. This is prob­
ably the same thing. (Laughter.) 

It probably covers a broad 
band of fertilizer practices and 
products. 

MR. EMERSON JONES (Allied 
Chemical Corporation): One com­
ment on this build-up problem, 
We have found two little things 
that can be causing excessive build 
up. One of them Mr. Robinson 
mentioned; that is, if you do not 
get your end holes on your spray 
pipe spraying against the side of 
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the mixer you're apt to cause ex­
cessive build-up. 

The second thing is, you have 
a lot of down time and cause that 
mixer shell itself to cool down so 
that you get a salting out of the 
liquid phase right up there against 
the shell and it will cause excessixe 
build-up. We found a lot of times 
it actually pays to run right on 
through the noon period rather 
than shutting down and letting the 
system cool off. 

CHAIRMAN REYNOLDS: Thank 
YOll. He makes a very good point. 

Any other discussion? ,\Ve have 
time for about one comment more 
or question or anything to be 
added. 

(No response.) 
If there's no other question, 

then we'll turn the program over 
to Dr. Sauchelli. 

Thank you very much for your 
patience and your cooperation. 

(Dr. Sauchelli then resumed 
the Chair.) 

CHAIRMAN SAVCHELLI: This 
next item, as I mentioned earlier 
this morning, should be of interest 
to all of you. It's going to deal 
with a new, indespensable tool in 
industry; . many industries are 
using it; we could perhaps use it 
to a greater extent in our own in­
dustry. 

You folks have been very, 
very patient and kind and I know 
that you pay these speakers the 
finest compliment, the courtesy of 
dose attention. We know that 
these speakers have put a lot of 
time and energy into their prepa­
ration and we show our apprecia­
tion by close attention. 

I'm going to dare you to stand 
up one minute, then we shall re­
sume with the next speaker. 

(Stretch.) 
The next speaker is a member 

of the Reliability and Statistics 
Group of the senior staff of Booz, 
Allen Applied Research, Incor­
porated, at Bethesda, Maryland. 
Before joining his present organi­
zation he was an assistant professor 
of statistics at the George Washing­
ton University and during his 
seven years in this capacity he 
served as a private consultant on 
industrial and government con­
tracts. 

He's had wide experience as 
a teacher and as a practical investi­
gator, It gives me great pleasure 



to call on Dr. Chester McCall, who 
is going to give us a preliminary 
or more or less elemen tary discus­
sion on statistics. 

I suggested to him that he con­
sider a mixed audience. There are 
many of you in the audience that 

undoubtedly are quite familiar 
with this subject of statistics; oth­
ers are not quite. and it's very 
difficult for a speaker to project his 
talk to a mixed audience and I'm 
sure that we'll all appreciate what 
Dr. McCall has to tell us. 

Statistical Quality Contol 

Chester H. McCall, Jr. 

It is my pleasure to discuss 
with you today a subject which 
is quite close to my heart. As trite 
a beginning as this might appear 
for a talk, I can state quite sincere­
ly that my understanding and ac­
ceptance of the principles under­
lying the field of statistical quality 
control have proven invaluable 
during my seven years as a Uni­
versity professor and in my present 
work. When discussing a subject 
as esoteric as quality control to ,a 
lay audience, I find myself in the 
same position as when I was an 
instructor beginning a new semes­
ter. Before entering the classroom 
for the first time, one is inclined 
to ponder over the expected audi­
ence of students. Each one has a 
different background and each one 
is attending for a different reason. 
Some may be present because they 
have been forced to attend; others 
ma y be sincere in their desire to 
learn more of this subject. In your 
case, you may be curious about the 
mysteries of this thing called SQC 
(Statistical Quality Control). Be-

fore you, if I may do so, I would 
like to place myself in the position 
of a teacher. It is most important 
that I do not lose your attention, 
yet I do not wish to appear so basic 
as to insult your intelligence. Let 
me, therefore, make an assumption 
one is forced to make at the start 
of a new course. The student 
doesn't know me-I don't know the 
student. I want to be sure that 
he leaves the first session with the 
feeling that "maybe this subject 
isn't as bad as I've heard," Un­
fortunately, in discussing a subject 
with you in such a limited period 
of time, from my point of view 
there is no opportunity to do any 
long range convincing. Instead, I 
shall attempt to discuss with you 
some of the basic concepts of Sta­
tistical Quality Control and give 

you some indications of the sig· 
nificance of this field. Mr. Vance 
\Vard, in a talk tomorrow, will re­
late the subject to your specific 
areas of interest. 

I should first like to emphasize 
the difference between Statistical 
Quality Control and Quality Con­
trol. Perhaps I can best do this 
with an example. Recently, I vis­
ited a plant in New England and 
was introduced to the Quality Con­
trol manager. My purpose was to 
study the reliability program with­
in the plant. However, during my 
stay, it became necessary to learn 
something about the quality con­
trol procedures which were used. 
It was most revealing to learn that 
quality control in this case meant 
process inspection and control, 
and nothing more than a culling 
process to weed out the obvious 
defectives in the production. No 
attempt was made to utilize a basic 
scientific approach to the quality 
control program. No attempt was 
made to feed back the information 
gained during sampling to provide 
improvements in production. This 
in turn would have given greater 
control over output and as a result 
increased the profit of this particu­
lar firm. I do not mean to criticize 
what was done in the name of 
quality control. But I do wish to 
emphasize the fact that this kind 
of quality control can work few 
miracles for the practitioners. One 
must utilize the scientific method 
in setting up the quality control 
program; one must take advantage 
of the techniques which have been 
made available to us in the theo­
retical statistical research being 
conducted throughout the country. 
And above all, one must provide 
some method to take corrective ac­
tion as a result of the use of sta­
tistical quality control. 

I have told you what statisti-
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cal quality control is not; perhaps 
it would be well for me to tell you 
what I feel it is. A program which 
uses statistical quality control util­
izes the most modern techniques of 
applied statistics to provide meas­
ures of production witbin a plant 
in such a way that problem areas 
can be indicated rapidly and with 
the desired accuracy. Such a pro­
gram should also suggest the neces­
sary channels through which ap­
propriate action can be taken to 
rectify the areas which are danger­
ous from a production point of 
view. One must realize that the 
use of statistical methods in a qual­
ity control program cannot tell 
you when some action is called for. 
The manager-the person in a po­
sition of authority-should use the 
results of SQC as an indicator of 
the need for corrective action. In 
testing the reliability of a piece of 
equipment, statistics can tell 
whether the actual reliability is 
meeting standards; if standards are 
not met, it is rather difficult to con­
ceive of a situation in which sta­
tistics will point to the exact part 
of the equipment (for example, a 
tube), and say "There your prob­
lem is; correct it and all will be 
well." 

And so we see that Statistical 
Quality Control can serve as a tool 
for the manager of some phase of 
a plant's activities to assist him in 
deciding when corrective action is 
necessary. This corrective action 
may take the form of adjusting 
some serious defect or of noting 
how production has improved be­
cause of some other change in a 
process. 

We may well ask "vVhat is the 
foundation on which SQC rests its 
case?" It is my sincere belief that 
the area of SQC rests its case finn­
lyon the foundation of probability 
theory. vVe rely on the fact that 
there is a regularity in nature and 
that we are capable of predicting 
behaviors when this regularity is 
occurring. A person could stand 
and watch a crap table for a long 
period of time. If the dice were 
unbiased, the laws of chance 
would, in the long run, be operat· 
ing and we would be able to pre­
dict with some degree of success 
the occurrences of the possilYle com­
binations of the two dice. Similar 
things are true in studying the re-



suits in tossing a single true coin 
a large number of times. \Ve are 
accepting the fact that statistical 
regularity will, in the long run, 
bring up heads about as often as 
tails. 

Where, you may well ask, does 
this regularity crop up in produc­
tion processes? Imagine the situa­
tion which occurs when several 
chemicals are combined to provide 
a fertilizer with a specific mix. Can 
we state that there is never any 
variation in the amount of each of 
the components going into the 
product? How many of you have 
ever opened a box of cereal and 
wondered whether you were get­
ting the amount stated on the box? 
Certainly the government has ex­
pressed more than a passing in­
terest in this problem. vVe must 
accept, therefore, the fact that 
variability is with us, no matter 
how much we should like to avoid 
tflis possibility. 

Each bag of fertilizer can be 
likened to a large lot of shells 
which are ready for shipment. The 
procuring group is interested in 
the proportion of good shells in 
the lot; the buyer of the fertilizer 
is interested in the proportion of 
each chemical in the sacks. In the 
case of the shells, it would be a 
simple matter to fire all shells and 
give the procuring group a guaran­
teed statement about the propor­
tion of defectives in that lot. But, 
what does it matter if we state' 
with 100% confidence that 95% 
of the shells were good. The buyer 
wants to know with some degree of 
assurance that 95% of the shells . 
will be good. In a similar way 
the buyer of the fertilizer want~ to 
know with some degree of assur­
ance that he is getting what is 
stated on the bag. If we assume 
that the chemists could make no 
mistakes in correctly indicating the 
proportions of the chemicals in the 
fertilizer, we might be able to make 
some statement about each bag 
after we had mixed it thoroughly 
and made the necessary laboratory 
evaluation. But this is too costly 
and time consuming, so we are 
forced to select a sample of bags 
for this study. And further, we 
often do not examine the entire 
bag, but select samples from several 
positions within the bag. This is 
done to enable one to examine the 

possibility of heterogeneity within 
the bag. As soon as we agree to 
study the proportions of each 
chemical within the samples which 
have been selected, we are faced 
with a decision problem. How far 
away from the requirements can 
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our results be and still be consid­
ered consistent with the standards? 
This question is similar to the one 
which one could ask in tossing a 
coin fifty times-how far from 25 
heads can my results be and still 
not cause me to suspect that the 
coin is biased? Here is where sta­
tistical regularity enters into the 
picture. 

Studies of processes of the kind 
involved in your industry have 
shown that variations about regu­
larity seem to follow a pattern 
which resembles ,a distribution re­
ferred to as the normal distribu­
tion or the Gaussian distribution. 
Figure I indicates the typical nor­
mal curve. Assume, if you will, 
that we are examining the propor­
tion of nitrogen in a fertilizer. If, 
in fact, we are meeting require­
ments, the results will be expected 
to vary from sample to sample. 
In general, we will find the largest 
number of sample results close to 
the requirement. Results more dis­
tant from this average will be less 
frequent. In fact, if we sampled 
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often enough, we should be able 
to make some statement, for a 
process in control, about the pro­
portion of times we would expect 
results to be less than a stated 
amount or more than a stated 
amount, or even between two 
stated amounts. This ability, when 
a process is in control, to predict 
results in advance of sampling is 
the basis of SQC. You will note, 
we do this predicting prior to 
sampling, not after the results are 
in. 

If you will now allow me to 
turn the normal curve in Figure I 
on its side, we see that it appears 
in this form in Figure II. Note that 
the central or expected value is 
parallel to the base. If we were 
to label the base scale as sample 
number 1, 2, 3, and so forth, we 
could then set up a fairly simple 
graph, referred to as .a control 
chart. The lines labelled U.C.L. 
(upper control limit) and L.C.L. 
(lower control limit) serve to in­

dicate when corrective action may 
be necessary. At stated intervals of 
time, a sariJ.ple, or samples, could 
be taken and the proportion of, 
say, nitrogen computed. This value 
could then be plotted on the chart. 
Successive values of the sample re­
sults could be charted and we 
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would then have an indication, 
graphically, of the way in which 
production was progressing, with 
respect to the stated standard. The 
plot of these sample values would 
be sufficient to give us some indi­
cation of the consistency of our 
process. For example, if successive 
sample values kept increasing, one 
would suspect that something 
could be happening to the feed­
in machinery. Corrective action 
would be called for. In Figure III. 
I have indicated one possible SC" 
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quence of results for a nine-day 
period. At the left is a drawing 
o[ the expected normal variation 
about the desirable proportion. 
You can see quite well that things 
are progressing according to laws 
of statistical regularity. However, 
if we examine Figure IV, even a 
novice in this ,area would suspect 
that something was wrong. Pro­
duction is quite erratic; many of 
the sample values have jumped out 
beyond reasonable expected varia­
tion. Some action is definitely 
called for. 

There are rules of the game 
by means of which one can say 
that this is too unusual a situation 
for me to continue production. It 
is time to stop and examine things 
before they get worse. These rules 
are too specific and in some cases 
too lengthy for me to mention now. 
One of these is obviously a search 
for a trend in the behavior of the 
sample results. However, these 
rules are such that we can state 
what risks we are willing to take 
in making the decision to investi­
gate production. Obviously, when 
we base our action on sample re­
sults, we are drawing an inference 
from only a segment of the possible 
information. There are risks as­
sociated with generalizations from 
sample results. It is the use of 
probability which allows us to 
specify, in advance, the risks we 
are willing to accept. 

If one uses the results from 
several samples to plot a control 
chart for averages, there is one 
most important item which is often 
overlooked. Things can, on the 
average, be quite satisfactory, 
while the results which make up 
this average tend to vary wildly. 
Averages are dangerous statistical 
beastS; without some measure of 
the variation of the elements go-

ing into these averages, we are 
often in considerable danger. A 
chain is as strong as its weakest 
link; no one would be crazy enough 
to accept a shipment of links which 
were, based on sample results, on 
the average quite acceptable. One 
would require some measure of the 
variability of these values; one 
would require some control over 
the variation within the process. A 
technique most widely used today 
involves setting up controls on the 
ranges of the observations which 
go into the averages being ust.'Cl for 
control. To illustrate this, suppose 
that we select five samples daily 
and make laboratory determina­
tions of the proportion of nitrogen. 
The results of this would be five 
numbers. From these five we could 
get an average and so plot this 
figure on the nonnal control chart 
indicated in Figure II. It would 
also be of considerable interest to 

plot the range along with the 
average. This is most frequently 
accomplished by setting up a range 
chart, such as I have indicated here 
in Figure V. You will note that the 

1---""1-2~3"9- 5' 6 7 d 3' II) II /213 l't 

Figure V 

averages are plotted on the upper 
part of the chart and the ranges 
are plotted along the lower part 
of the chart. Our process may, on 
the average, be within control, yet 
the ranges could be too great. Such 
a problem is of concern when we 
are faced with the necessity of 
meeting government specifications, 
for example, on the mixes. Too 
wide a range could conceivably 
mean that we are not controlling 
individual bags well enough to 
meet specs. On the average using 
enough fuel to successfully launch 
a missile is not enough. We want 
to be sure that we are close enough 
to that average to assure ourselves 
with a high degree of probability 
that a large proportion of the mis-
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siles will be successful. So, toa, we 
must be sure that the variability 
about the average is small enough 
to be consistent with whatever re­
strictions have been imposed on the 
process. 

The average and range (often 
referred to as X-bar and R) charts 
are the two original charts in the 
quality control area. Today we 
find new charts being introduced 
to bring the application more in 
line with the advanced findings in 
the statistical areas. It is of prime 
importance that we understand 
and accept what is indicated by 
the results of sampling. 'While at 
George 'I\rashington University, in 
my lectures I used control charts 
as illustrations of how the laws of 
probability behave, I have never 
found a case where I lost face with 
my students because probability 
just didn't work for me. 1 feel con­
fident that one could make this 
same statement with the same de. 
gree of certainty in the applications 
within your industry. 

Before closing, let me indicate 
other important areas where statis­
tical quality control can play an 
important role. By properly de­
signing the sampling procedure, it 
would be possible to exert a control 
over more than just the entire pro­
cess. Raw materials could be sub­
jected to acceptance sampling. 
Within the plant, it would be pos­
sible, for example, to pinpoint some 
of the trouble areas. I have seen sit­
'uations where control charts indi­
cated machines which were faulty, 
technicians who were in disagree­
ment with the general results, work 
'shifts which were inconsistent with 
each other. This has been accom, 
plished by simply sitting down and 
defining the areas where trouble 
could conceivably exist. The tech­
niques of SQC are then called into 
play so as to evaluate the possible 
effects of these areas of concern 
on the process. It may wen be that 
the break of control in a process 
is only due to the hiring of a new 
individual who is just learning how 
to perform his function. SQC can 
be a useful tool to management. 
One should not cast it aside as a 
toy for "the others" to play with. 

A chemist, with whom I was 
associated for several years, made 
the following statement about 
SQC. "Chet, you let me get into 
one of the smaller plants in our 



industry and let me apply the tech­
niques of statistical quality control 
to their prod uction and manage­
ment functions. I would be will­
ing to stake my reputation that 
this plant would soon have the 
others out of business or it would 
be forcing them to get into the 
statistical quality control area." He 
had reason to feel so strongly about 
the wonders of SQC: the basic fac­
tor which influenced his advance­
ment in his profession was his ac­
ceptance of the methods of statis­
tical sampling and the associated 
('ol1troL 

I sincerely hope that l have 
conveyed to you today the strong 
feelings I have about the impor­
tance that statistical quality con­
trol can play in the modern indus­
trial program. I will not go so far 
as to say he who does not use SQC 
\vill be lost; but I will state that 
he who uses proper! y the tools 
which are available will no longer 
he at the back of the pack but will 
be taking the long strides forward 
into the region of scientific manage­
lllcn t. 

"''''here does one start in setting 
lip an S.Q.C. program? 

Here, the cooperation of man­
agement, production, and sales, 
Wilh the aid of competent statisti­
cal help can indicate the channels 

to follow. Problem areas must be 
studied; sources of variation must 
be analyzed and isolated. These 
are but a few of the starting points. 
One must basically consider the 
entire process to ascertain where 
S.Q.C. can be most beneficial. 
S.Q.C. can be applied to any situa­
tion in which some characteristic 
(which can be measured or count­
ed) is subject to variation. 

"" "" "" 
1 t would be well for member 

firms to consider joining the Amer­
ican Society for Quality Control 
and its Chemical Division. For fur­
ther infonnation, write to A.S.Q.C., 
Hil \\'. \'\'isconsin Avenue, :Mil­
waukee, V{isconsin. 

;; ;; ;; 
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Remarks by Mr. H. E. Hefler 

Hon1ontal Dmm Type Mixer 
in 1,2 and 3 ton sizes by \Vorth-
ington Corporation. 

Charging time in the \Vorth­
ington Mixer is 30 seconds. 

Mixing time in the W orthing­
ton Mixer is 1 minute. 

Discharge time in the \Vorth­
ington Mixer is 30 seconds. 

So that the anhydrous am­
monia and nitrogen solution is not 

sprayed directly on bare metal it 
is recommended the entire charge 
be in the drum before starting solu· 
tion. Some operators prefer to al­
low the drum to revolve 5 to 6 
times after charge before starting, 
the solution. 

~.\ny system that will direct the 
spray toward the mass of dry ma­
terials and not toward the bare 
surfaces of drum and blades. 
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COItirol, Cowden, D. J., Prentice-Hall, 
Inc., Englewood Cliffs, New Jersey, 1957. 

CHAIRMAN SAUCHELLI: Thank 
you, Dr. McCall. I know that your 
message is very much appreciated 
here. As our industry goes more 
and more into precision, into 
measurements, and into engineer­
ing, I'm sure that more units in 
the industry are going to take ad­
vantage of Statistical Quality Con­
trol. 

vVe at National Plant Food 
Institute have just completed a 
study of sampling. The experiment 
was designed by two of the out­
standing statisticians in the coun­
try and we just got a taste of it 
and I'm so enthusiastic about it 
I'd like everyone in the industry 
to become more familiar with it 
and also have a few more units 
in the industry adopt it as a tool. 

vVe have a minute for ques­
tions. 

(No response.) 
You've been a very fine audi­

ence and a very patient one and 
this shows interest in the program. 

Tomorrow morning we'll start 
at nine-thirty. We'll have a brief 
business meeting prior to the 
planned program. \Ve hope that 
all will be on hand at nine-thirty. 

(The meeting adjourned at 
four fifty five () 'clock, p.m.) 

The \Yorthington Mixer is de­
signed so that material can be fed 
through the charging side of the 
unit while the discharge door on 
the opposite end of the mixer is 
closed. 

To keep the mixer tight dur­
ing ammoniation and granulation 
the vents which are supplied must 
be put to proper use. 

The rate of introduction of 
solutions will vary depending upon 
the type of system being used. 



Friday, Morning Session, Nov. 6, 1959 
The Round Table reconvened at nine-thirty o'clock, a.m. 

CHAIRMAN SAUCHELLl: Let's 
come to order now, Good morning. 
It certainly is a pleasure to see so 
so many alert faces in the audience 
this morning. This is a grand 
group; it certainly can take a lot 
of punishment and- (Laughter.) 
they stay up most of the night and 
they are still bright and cheery on 
the third day. That's great. 

We're going to start this ses­
sion with a brief business meeting. 
As I emphasized in my opening re­
marks the other day, one of the 
characteristics of our organization 
is that it is very informal and 1 
think the members have indicated 
that they want to keep it informal. 
"Ve want to get away from the 
stereotyped sort of organization. 

Our business meetings have al­
ways been brief and to the point. 

The first order of business will 
be to ask the Treasurer to give his 
report. 

Dr. Marshall. 
(Dr. Marshall then presented 

the report of the Treasurer.) 
CHAIRMAN SAUCHELLl: Thank 

you. 
I'll hear from the Auditing 

Committee. "Vho's going to speak 
for the Auditing Committee? Joe 
or Frank? "Slugger" Nielsson. 

DR. F. T. NIELSSON: Mr. Bos­
man and I have both examined the 
books of the Treasurer and found 
them in good order and believe 
that Dr. Marshall should be com­
mended upon the efficiency and the 
general excellent conduct of his of­
fice. 

CHAIRMAN SAUCHELLI: This is 
a job that takes a lot of time. vVe 
are fortunate in having a Treasurer 
who-he accuses me of having 
changed his whole relationship 
with the members here. He says 
that instead of being greeted with 
"How are you?" the greeting is 
"How much do you want?" 
(Laughter.) 

He's sometime blunt but ap­
parently you have to have a hard­
boiled Treasurer in order to keep 
afloat. 

Dr. Vincent Sauchelli, presiding 

The next order of business is 
on organization and I'd like to 
have an expression here-remem­
ber, as I said the other day, your 
Executive Committee serves as a 
handmaiden to the organization 
which acts as a Committee of the 
·Whole. This is your meeting; we 
try to reflect your suggestions; your 
thinking and present on our 
agenda problems that all operat­
ing men are interested in. 

So these meetings are your 
meetings. The Executive Commit­
tee does not try to impose its pro­
gram on you; you are the ones that 
create the program and 1 hope you 
keep that in mind because we need 
ideas for next year and we'd like 
to have each and everyone of you 
write in to me or to any of the 
members of the Committee, - Dr. 
Marshall or Al Spillman or Joe 
Reynolds, - your ideas as to what 
we should do, what items for next 
year's agenda and any suggestions 
.as to how the meeting should be 
organized to be more effective and 
interesting. 

I recognize our good friend, 
Wayne King, We didn't hear so 
much from him this year; last 
year he was very much on the job. 

MR. vV. "V. KING: Thank you, 
Doctor. 

I rise here to a point of order. 
You know a good meeting just 
'doesn't happen; it's the result of 
careful planning and a lot of sweat 
and blood. 

If you get a good horse, you 
know, you don't shoot him. He 
was talking about keeping him 
afloat; always remember, Doc, if 
you think you're drowning and 
you're going down for the third 
time, maybe you counted wrong. 
(Laughter.) 
-I'll give you a little nautical story, 

A friend of mine, this Admiral 
and his wife were entertaining a 
Captain in the Navy and the wife 
had an intriguing necklace on of 
signal flags. The Captain says, 
"Madam, what does that mean?" 
"Well that means," she said, "my 
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husband gave me this necklace. It 
says '1 love you'." He looked at it 
pretty good and he couldn't re­
member any signal like that had 
anything about "I love you" busi­
ness, so he gets home that night 
and he gets his book out, his signal 
book, . and he remembered the 
sequence of the flags and by golly 
there it was all right. There it was, 
it says "Permission granted to lay 
alongside." (Laughter.) 

I could go on like this for an 
hour and a half, but -I wish to 
place in nomination, Dr. Vincent 
Sauchelli as Chairman, Albert 
Spillman and Joe Reynolds, Jr. for 
a two-year tenure of office in the 
Fertilizer Industry Round Table. 
N ow, of necessity, this has to be 
informal; we don't want to get in­
corporatt.>d; there's aU kinds. of 
angles to this thing. It must be in­
formal and the members of this 
Committee must be readily avail­
able to each other; it's just an ab­
solute necessity. 

N ow as a permanent thing­
my friend that is'nt going to drown 
here-Dr. Marshall as the perman­
ent Secretary and Treasurer. What 
is your pleasure here? Do IOU want 
someone-I'll entertain any kind of 
a motion, perferably one that we 
dose the nominations. 

(Laughter.) 
(The motion was duly made 

and seconded.) 
All in favor say "Aye." 
(A chorus of "Ayes.") 
Contrary? 
(No response.) 

I declare them elected. I think 
it's informal enough; we're allowed 
to do that. 

Thank you, Doctor. 
(Applause.) 

CHAIRMAN SAUCHELLI: Joe 
Bosman. 

MR. J. BOSMAN: I have to tell 
you gentlemen what an excellent 
job our officers have done this year. 
You see for yourselves the results of 
their endeavor, so I make a motion 
that we all give them a rising vote 
of thanks if that's in order. 



(Standing ovation.) 
CHAIRMAN SAUCHELLl: Thank 

you all and I know I speak for all 
members of the Executive Commit­
tee. \Ve certainly appreciate your 
confidence and this vote of thanks. 

The next thing to decide is on 
next year's meeting. \Ne have that 
in mind. \Ve can return to this 
hotel on November 2, 3 and 4 next 
year if that is your wish. We 
thought that the first week in Nov­
ember has ben apparently adopted 
by the Round Table as a desirable 
period in which to meet and the 
facilities here have been exception­
ally good; the management has 
been very cooperative and appar­
ently it was your desire, as indicat­
ed last year, to continue to meet 
in Washington. We assume that 
that's what you'd like to continue. 

Now next year is an election 
year and about the second week 
would be a bad week in which to 
try to have a meeting and therefore 
we thought that November 2nd, 
3rd and 4th; at one time we 
thought perhaps only a two-day 
meeting might suffice, but we've 
checked, we've had a randomized 
sampling of your wishes here and 
apparently those who have ex­
pressed themselves think that we 
still should continue as we have, a 
three-day meeting, terminating on 
the third day at noon so as to give 
folks an opportunity to get away 
conveniently; so if it is your wish to 
convene next year in this hotel on 
November 2, 3 and 4-that's Wed­
nesday, Thursday and Friday, just 
as this year, let's have a show of 
hands. 

(A showing of a majority of 
hands.) 

Well, I think that will be it. 
As one means of helping you 

for next year the hotel is prepared 
to take your reservations now. 
Those who have had difficulty in 
getting reservations this year just 
be wise. Usually November is a 
month of a lot of conventions and 
conferences here in Washington 
and it's a good idea to register in 
advance for next year's meeting; 
November 2nd, 3rd and 4th. 

Now as to the question of ex­
hibits and so on. We want this 
meeting, as I said, to be informal 
and to be a meeting where operat­
ing personnel have an opportunity 
to exchange ideas, to discuss their 
problems and aU on a technical 

hasis. on a non·commercial basis. 
'Ve respect wholly and appreciate 
the sales departments in all organ­
izations. I've always said the heart 
of any organization, is the sales 
staff. 

But this is a meeting, it has 
been right from the start, a meeting 
for operating men, production 
problems and so on and there isn't 
much time to do justice to exhibits 
and the cost of bringing these ex­
hibits here is tremendous. 

Now it might be possible to 
hire a suite in the hotel and each 
have his exhibits there and full op· 
portunity, to visit; but this-I've 
had several complaints-this idea 
of having just exhibits round the 
wall and very little time in which 
to discuss them and so on, has been 
sort of a handicap to the exhibi­
tors. I don't know what your re­
action is, so we'll have a couple of 
minutes discussion on it to see what 
is your feeling.-Is anybody willing 
to talk on that? 

MR. vV. JACOBI: I'd like to ex­
press my feeling about it and sec 
how all of you people feel about 
it. 'Ve've been in this Round 
Table thing, I guess, for quite a 
few years and we feel that it should 
be kept on an academic plane and 
as soon as you bring sales people­
and Lord, I love them-into a thing 
like this, it immediately becomes 
competitive. 

In other words, one fellow has 
a better looking booth than the 
other one. His sales manager comes 
down and says, boy, you flubbed 
the ball this year; next year we're 
going to have a better one. And 
the next thing you know you're 
going to start taking up half your 
room with exhibits. 

Now I feel that practically 
every production man in this room 
receives literature from our com­
pany, from all our competitors, 
from people who make screens, 
from people who make elevators; 
I'm sure that everyone of you at 
some time or other gets that liter­
ature throughout the year, and 
everyone of you knows that if you 
drop the word that you're going 
to put in a new plant there are 
9,000 salesmen who will descend 
on you. 

So I actually don't think that 
the purpose of this meeting is to 
peddle your goods. I think the 
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purpose of this me~ting is for peo­
ple like myself and others in other 
companies to be available for any 
questions which you may have of 
a technical nature to discuss in­
formally at a time where you don't 
have your phone ringing and 9,000 
trucks at the dock waiting to be 
loaded. 

I think the whole purpose of 
this meeting is to be able in a re­
laxed way to get together with one 
another and say, all right, let's cut 
out all the sales talk; what are the 
basic facts of this, that and the 
other thing, and as far as we are 
concerned in our company, if 
money is needed in the way oE 
whatever these booths cost to sup­
port the organization, I'm sure 
any of the suppliers and mem­
bers of the Round Table, that if 
this extra money is needed, why 
have the booths? Say we ned $25 
from you for this worthy cause 
and I'm quite sure that everyone of 
us in this room would be very hap­
py to donate or set it up on a reg­
ular basis, but I do believe that if 
we allow this-and I can remember 
the first meetings where we had 20 
people and it's grown to 400-If we 
start making an exhibit out of it, 
it's either going to drop dead in 
another couple of years or it's go­
ing to be so big that it becomes 
big business and we will lose this 
informal Round Table spirit which 
we have at the present time. 

CHAIRMAN 5AUCHELLI: Thank 
you, Bill. 

(Applause.) 
Is there any contrary opinion? 
That's the answer, Bill, I think 

it expresses very definitely the will 
of the group. 

Yes, Allen, Jackson? 
MR. ALLEN JACKSO:N': I'd like 

to say something on the other side. 
Some of us don't have quite the 
sales staff to get around to see all 
these people; to send all the liter­
ature that they might need. 

I believe that a booth or a dis­
play of technical features, some­
thing special, that the various com­
panies would have; you bring it to 
an atmosphere where people are 
going to talk between themselves 
on special features; not the sales­
man trying to sell everybody, but 
to bring machines or devices that 
may be different where you can dis­
cuss it with other people who may 
have used them. 



I think it is the starting point 
for a lot of progress. I think these 
displays are simple enough; they 
are not offensive and I think 
they've helped a lot. 

CHAIRMAN SAUCHELLI: I think 
we can make provision for a table 
for you to put your literature on, 
but I feel strongly that we want to 
keep this Round Table a forum 
for discussion of production prob­
lems by production men and in the 
limited time that we have to con­
centrate on those problems and on 
those informal gatherings here in 
the hall. Now any manufacturer 
that wants to hire a suite and dis­
play his goods and so on is perfect 1 y 
welcome to do that, but the Round 
Table seems to me is not the place 
for it and 1 think the majority ex­
pression in applauding Jacobi 's 
comments is indicative of the feel­
ing. 

vre have a program-we wallt 
t9 try to terminate by n oon and we 
have a very interesting program 
here this morning, one of major 
iliterest to all production men. ' Ve 
hav~ a carryover from yesterday 's 
agenda. 

The next speaker is one of ollr 

good Canadian friends. Last year 
he missed an opportunity to come 
to Washington and give his lecture. 
I need not emphasize again what 
I emphasized last evening about 
the importance of statistical qual­
ity control. It 's coming to be more 
and more used by all industry, by 
agronomists a nd by the chemical 
engineers and the business leaders 
and others; all beginning to get in­
terested more and more in statis­
tics. 

There are not many units in 
the fertilizer industry that 1 know 
of that have employed statistical 
(luality control in their plants as 
a too l to help the production man, 
but Canadian Industries, Ltd. of 
Montreal is one company tha t ha s 
employed statistical quality control 
and we are really fortunate in hav­
ing with LIS this morning one of 
their representatives, Mr. Vance 
Ward, who has actually used it. 

Last evening YOll had a prelim­
inary discussion by Dr. McCall who 
gave YOll some of the definitions 
and just led you into it briefly. 

This morning Mr. Vance 
Ward will show how SQC is actual­
ly applied . 

Practical Applications of Statistical Quality Control 
in the Manufacture of Agricultural Chemicals 

R. Vance Ward 

Y ESTERDAY afterlloon, l\1r. 
Chester McCall of Bool.-Allen 

Applied Research talked to you 
about some 01' the basic concepts of 
sta tis tical quality control. In my 
talk this morning I would like to 
expand the SlI bject by telling you 
how we h ave been able to use some 
of these basic principles with the 
Agricultural Chemicals Divisioll of 
Canadian Industries Limited. 1 
will discuss applications of S.Q.C. * 
to bag weight filling control, the 
problem of m eeting guaranteed all­
alysis. blending efficiency ;md th e 
study and control of laboratory 
sampling and testing procedures. 

A Simple Application of S.Q.C. Is 
Filling Control 

In the chemical industry ill 
general the simplest and often the 
most rewarding application of 

S.Q.C. is to control the net COII ­

tents of packages. Chemicals ,are 
expensive and any system that can 
be used as an aid to control the 
filled weight and improve the over­
a ll product yield will provide a 
good return. 

1 would like to illustrate the 
applica tion of S.Q.C. to filling con­
trol with a piece of quality con­
trol demonstra tion equipment 
called a Quincunx Demonstra tor 
Figure 1). 1 t can b e used to repre­
sent a production machine, and 
for the purpose of my talk this 
morning J will use it to represent a 
bag filling machine. The beads in 
the hopper at the top will represent 
bags waiting to be filled and the 
action of the beads falling through 
the hopper and the maze of pins 
into the vertical slots will represent 
the variation inherent in the filling 
operation. 

You will notice the normal 
bell shaped distribu tion of bea~ls 
and how this compares with an 
actual distribution of filled bags 
(Figure II ) that was obtained from 
a n actual bag filling machine. 

The Frequency Distribution is a 
Useful Tool 

A frequency distribution is 
very simple to construct and it can 
be very useful to you in determin­
ing the precision of your bag filling 
machine. If you weigh approxi­
mately J 00 consecutive filled bags 
from a Inachine and construct a 
frequency distribution, it will give 
you a good idea of the natural or 
inheren t variation that you ca n 
expect. 

This should be the first step 
in setting up an S.Q.C. system to 
control the n et fill; tha t is, to 
make a frequen cy distribution to 
determine the "process capability" 
of the filling machine. 

The Way We Used to Control 
Filled Level 

Before explaining the S.Q.C. 
system we have introduced I would 
like to d escribe the control pro­
cedure that we used in one of our 
works to control filling and in fact 
still use in some of our loca tions. 

Filling control was formerly 

"Statistical Qua lity Control. 



FIGURE V maintained by weighing individual 
bags as they passed over a dial scale 
which was placed in the conveyor 
system leading from the filling ma­
chine. The machine operator was 
instructed to change the machine 
setting if he observed over or un­
derweight bags. 

SETTING ADJUSTt.lENT FOR OPTIMUM OPERATING CONDITIONS 
AVAILABLE PzOs IN 9-12-18 GRADE MIXED FERTILIZER 

Our S.Q.C. study pointed out 
that this procedure of controlling 
the filling level based on the re­
sults of individual bags was not 
sound. The statistical explanation 
is this: from the analysis of the 
frequency distribution (Figure II) 

FIGURE II 
DISTRIBUTION OF INDIVIDUAL MIXED FERTILIZER 

BAG WEIGHTS 
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it was shown that if the machine 
setting was held constant, individ­
lIal bags would vary randomly 
about the mean by -+- 1.0 pound. 
\ Vhen the filling operator checked 
one bag chosen at random, this bag 
could be off the true setting by as 
mllch as a pound and yet this 
would not necessarily rcHect a 
change in the machine setting-it 
could be the result of random fill­
ing variation. If the operator 
changed the setting, he would be 
changing the distribution mean 
i.e., the bags would vary by ± 1.0 
pound about a different level. 
Thi;; o\'cradjustment tended to in-

: . I 

crease the overall variation 111 bag 
filling-. 

A Recommended S.Q.C. 
Procedure to Control Filling Level 

To correct this problem of 
overadjustment we have taken the 
scales out of the conveyor system 
and discontinued the procedure of 
weighing- each individual bag. The 
lIew procedure is to take a sample 
of six filled bags at random times 
during the day and to plot the 
average and range (heaviest minus 
lightest bag) on an S.Q.C. chart 
(Figure II I). Provided the plotted 
points remain within statistically 
determined limits, the operator has 
heen instructed not to interfere 
with the machine setting. How­
ever, points occurring outside the 
limits on the average chart indicate 
that the machine setting has 
changed and points occlirring out-

FIGURE III 

S.Q.C. AVERAGE AND RANGE CHART 
FILLING 80 LB BAGS OF FERTILIZER 

(NO MACHINE ADJUSTMENT MADE DURING THE DAY) n=6 
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side the limits on the range chart 
indicate excessive variation from 
bag to bag which would probably 
require machine maintenance to 
correct. 

This S.Q.C. system has re­
sulted in improved uniformity of 
filling and has also had some secon­
dary advantages such as increased 
throughput because of less adjust­
ment and reduced scale mainte-
nance. 

A Statistical Approach to Meeting 
Guaranteed Analysis 

In the remainder of my talk 
I would like to present a statistical 
approach which r feel could he 
used to determine the extent that 
wc can use in-process statistical 
quality con trol economically in the 
agricultural chemicals field. 

Just as weights of filled bags of 
fcrtilizer foUow a normal frequen­
cy distribution, so will the sample­
to-sample test results that w(: ob­
tain [rom the chemical analysis of a 
mixed fertilizer. For example, thc 
frequency distribution in Figure IV 

FIGURE IV 
BATCH TO BATCH VARIATION IN P20S ANALYSIS 

9-12-18 GRADE FERTILIZER 
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illustrates the batch to batch yaria­
tion in the routine analysis of avail­
able p"O;;. 

It should be emphasized 
strongly at that stage that this ap­
parent variation in quality has four 



contributing factors I) the sample, 
2) the testing procedure, 3) the 
raw materials and 4) the process. 

In Figure V this batch to batch 
variation is represented by the 
smooth curve "A." You will notice 
that, if on the average, the formula 
calls for an available P 20 S of 12%, 
there will be a sample variation in 
the analyses and some batches will 
appear to have as little as II 
P 203 and some as much as 13% 
P Z0 5 • 

If it is mandatory that no 
batches should have an apparent 
plant food content below nominal, 
then as illustrated in curve HB," the 
mean level would have to be raised 
three standard deviations or 1 % 
above nominal. This would assure 
that almost all analytical test re­
sults would appear above the nom­
inal specification. 

Now it seems unfair that the 
industry should have to be pen­
alized with this amount of overage 
just to obtain an apparent test re­
sult above nominal. Raw mater­
ials contribute significant varia­
tions which for the most part are 
uncontrollable. We know that 
sampling and testing errors con­
tribute significantly to the varia­
tion in analytical test results and 
that actually the true variation in 
quality is less than indicated. Final­
ly in order to obtain the greatest 
benefit from high volume business, 
we must accept a certain amount 
of process variation. 

These arguments support the 
case for providing a minimum spec­
ification and if this is done, then 
the mean plant food content can 
be lowered as illustrated in curve 

In order to lower the average 
overage still further, the problem 
becomes one of reducing the ap­
parent batch to batch variation in 
test results and this is where statis­
tical quality control techniques 
could be used. 

Of this whole approach to the 
problem of meeting guaranteed an­
alysis, one of the most important 
things to keep in mind is that con­
trol procedures cost money. If we 
must spend money to reduce these 
apparent variations in test results, 
then this cost must be offset by a 
saving which in this case would be 
the ability to reduce the overage 
closer to the nominal. This is 
illustrated in curve "D" where the 

test to test variation has been re­
duced and con~equently we were 
able to lower the overage. 

The Key to Quality Control is to 
Study Process Variations 

As was pointed out earlier in 
this paper, the variation in the test 
results that we observed in di­
agrams, A, Band C is due to samp­
ling, testing, raw materials and the 
process. 

You have probably heard 
many times that the objective of 
statistical quality control is to 
build quality into the product-not 
inspect it. To phrase this state­
ment a different way our main em­
phasis in applying statistical meth­
ods should be in finding ways to 
reduce and control process varia­
tion. It is interesting to me that 
from the literature I have read it 
would appear that the main em· 
phasis in the application of S.Q.C. 
to agricultural chemicals has been 
in studying the problems of samp­
ling and testing. Another basic 
cause of variation is the process and 
it should not be overlooked. 

We Use S.Q.C. to Control 
Blending Efficiency 

One application of in-process 
S.Q.G. is the control of blending 
efficiency. At the batch mixing 
operation, the raw ingredients are 
added into a weigh hopper from 
overhead storage bins. At some of 
our works the weigh hopper is sus­
pended from a print weigh scale 
and as each ingredient is added, the 
weight is printed cumulatively on 
a paper tape. After all the ingredi­
ents have been added, totalling 
about 2,000 Ibs., the batch is fed 
into a rotary batch mixer. 

The importance of adding the 
correct quantity of each ingredient 
at mixing had justified the pur­
chase of the print weigh scales. In 
actual practice these scales provid­
ed so much data that it was difficult 
for the operator and the foreman 
to assess rapidly and accurately var­
iations in the additions of raw ma­
terials. 'Ve felt that possibly an 
S.Q.C. sampling and control chart 
procedure would present the data 
in a more suitable fonn. 

A study of the weight data 
showed that the raw material 
weights were nonnally distributed. 
Figure VI shows the distribution of 
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FIGURE VI 
WEIGHT DISTRIBUTION OF SUPERPHOSPHATE IN 

MIXED FERTILIZER 
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the amount of superphosphate in 
100 batches of a mixed fertilizer. 

'Ve decided that in order to 
obtain the optimum use of the raw 
maerial weight data we would 
check the batch weight results for 
5 batches each day chosen at ran­
dom. These random batch results 
were plotted on a statistical quality 
control chart which was kept at the 
mixing operation. From the results 
the operator was able to gauge his 
performance which resulted in a 
considerable improvement in batch 
uniformity. 

S.Q.C. Can be Used to Reduce 
Testing Errors 

There is a considerable amount 
of literature available on the ap­
plication of S.Q.C. to study and 
control sampling and testing varia­
tions· and in my talk I do not 
intend to discuss this application 
of S.Q.G. Suffice it to say that these 
causes of variation are very signifi­
cant and statistical quality control 
accuracy and precision charts can 
be used in the laboratory to isolate 
and control technician and testing 
equipment variations. Statistical 
sampling theory can help shed 
some light on the problems of bulk 
sampling·t 

In Summary S.Q.C. is a Valuable 
Tool 

I hope that the two talks that 
have been given at this Round 
Table on S.Q.C. have shown you 
that the various· techniques of 
S.Q.C. can be of help to you in 
solving some of your quality prob­
lems. The techniques are not really 
difficult, they take a little under­
standing and probably the greatest 
obstacle in obtaining acceptance of 
S.Q.G. is in educating people as to 
what a valuable contribution qual­
ity control statistics can make. I 
hope I have been able to give you 

*800 reference page, part 1. 
tSee reference pa.ge. part 2. 



some insight into the type of prob­
lems that S.Q.C. can help solve. 
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CHAIRMAN SAUCHELLI: Thank 
you, Mr. \Yard. That certainly 
was excellent. It was one of the 
best lectures on the subject that 
I've ever listened to. \Ye at the 
National Plant }'ood Institute have 
been making use of this statistical 
tool in that research project that is 
sponsored by the Institute on samp­
ling. 

Also he referred to the Ma­
gruder Fertilizer check sample that 
the control people are engaged in. 
\Ye're making use of this sta­
tistical tool in that series of con­
trol tests. So, we've made a begin­
ning. I sincerely hope that more 
in the industry will study this new 
tool and learn to apply it. 

Is there any question that any­
one wants to fire at Mr. Ward? vVe 
have just a few minutes. 

MR. \Y. SOUTHWORTH: I don't 
have a question for Mr. 'Yard, but 
I would like to ask a question of 
the production people in the audi­
ence here. After hearing this pres­
entation by Mr. Ward, I wonder 
how many of you production peo-

pIe feel statistical quality control 
might be of help to you. I wonder 
if we could have a show of hands? 

CHAIRMAN SAUCHELLI: An ex­
cellent question. Would there be a 
show of hands on that? 

(A showing of several hands.) 
You know I've often thought 

that we might hold a seminar on 
this in order to familiarize more 
production men with this SQC and 
open it to suggestion sometime; I 
try to encourage as many people as 
possible to get acquainted with it 
and get their feet wet. 

A question here? 
MR. LORTSCHER: In trying to 

get at your plant food variance 
there and using statistical quality 
on that and in the course of a 
shift's run, how many samples do 
you have in mind it would take in 
the course of an eight-hour shift to 
start to make this treatment val­
uable? 

MR. ,tV ARO: I would like to 
use past data on this as much as 
possible. This to me is not really 
SQC as a control on an hourly 
basis or anytbing. This is an ex­
ample where you might use fre­
quency distributions and varia­
tions to set up what your formul­
lation should be. 

Is that what you wanted? 
MR. LORTSCHER: Yes. 
MR. VYARO: I wanted to get 

some idea of what my present var­
iation is in my testing and my pro­
cessing and my raw materials. You 
probably got this from some an­
alyses that you've done. You just 
take your analyses that you have 
done on a certain, say, on one type 
fertilizer. If YOU make a distribu­
tion of past 'analyses that you've 
done you'll get a frequency distri­
bution as a result. Is that right? 

MR. LORTSCHER: Right. 
MR. \YARO: If you take that 

frequency distribution you can see 
how high you would have to set 
that above normal in order to make 
sure that no further results would 
appear below normal or below 
specification, if there's a lower spec 
below that. 

Once you've got an idea of 
your variation-

MR. LORTsCHER: In other 
words, you take a plant that per­
haps takes one sample per shift out 
of production. You could use 
enough past history of that and 
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still utilize this data and derive 
some meaningful-

MR. WARD: Oh, yes. I'm quite 
sure that is a start. Now the thesis 
of what I had to say is once you 
see where you are-for example, if 
it tells you that you've got to put 
two per cent more plant food in for 
anyone, because of variation, then 
you can begin to associate that with 
the cost of being able to get more 
precise answers .and it's only worth 
whatever you can save in getting it 
down. 

MR. LORTSCHER: Thank you. 
MR. MARBURGER: You agree 

with one sample per shift here. 
How about one per week, What's 
the limit here? 

MR. \YARO: I don't know; I 
haven't really agreed on one per 
shift either. (Laughter.) 

I'm afraid I'm not a statisti­
cian that will come in and tell you 
you should take five or six from 
each batch. This is not the answer, 
but 1 think it must be associated 
closely with what food content you 
have to put in in order to meet the 
control procedure that you have at 
present. 

If you do it once a week and 
it gives you a certain variation and 
you can set your mean two or three 
per cent over fill and you're happy 
with this against the cost of doing 

. the testing, leave it at once a week. 
But if you look at it and you say 
it's too high and I've got to do 
something about it, then you've got 
to find ways of improving your con­
trol; in other words, reduce your 
variation, and as you reduce your 
variation you can reduce your aver­
age level of content, is that right? 
-your formulation. So what I'm 
trying to do is trying to find ways 
of counterbalancing the cost of this 
business on a practical basis. 

MR. LORTSCHER: But you're 
really getting-

MR. CLEGG: Could I interrupt 
you for a second? I think the ques­
tion was, you know, we took a lot 
of samples, perhaps samples of each 
batch. vYe give you the data, you 
analyze the variation and you said 
we must sample every so many 
bags. I think that's the infonna­
tion they're looking for. 

MR. \tV ARD: As to the number 
of batches. 

MR. CLEGG: The number of 
samples you have to take to give 
vou some idea of the variation. 



We took samples of each batch and 
then you analyzed the data and 
told us how frequently we should 
sample. 

MR. WARD: I'm trying to 
think what the exact number was. 

MR. CLEGG: I don't remember 
a specific case, but I think that's 
the information you're looking for 
and that depends on the variation 
that you have in your equipment 
from batch to batch or hour to 
hour continuously. Could you an­
alyze that data for us? 

MR. ''\:'ARD: Primarily though, 
if you look at the variation you got 
and you are willing to set your 
plant food content high enough 
you would still only need to take 
relatively less samples than if you 
want to get closer control of it. 

}VIR. LORTSCHER: But to get a 
look at possible process control, am 
I right in assuming you'd have one 
sample per shift, probably wouldn't 
give you enough information to 
lead you to make improvements, 
process wise. 

MR. VVARD: Exactly. You're 
right. I think what we're confusing 
is two stages here; a preliminary 
stage to see where you would have 
to set your plant food content with 
your existing situation and second­
ly, what control-is it worth spend­
ing the money on to improve this 
level. Okay? And I think my first 
example was what have I got now 
and what kind of money have I got 
to play with to improve it. 

CHA[R~IAN SAUCHELLI: Thank 
you, thank you very much. I think 
we'H have to go on with our pro­
gram. 

vVith your indulgence I want 
to take one mintue here to wel­
come friends and guests from over­
seas. Increasingly, we have had at­
tendance here of men from differ­
ent countries. 

At this meeting we have nine­
teen from countries outside the 
United States. Australia, India, 
China and a fine delegation from 
our neighbor to the north, Canada. 
'Ve're always glad to have people 
from other countries visit us and it 
just shows the spread throughout 
the world of this great fertilizer in­
dustry in which we are interested 
and engaged in. 

It's spreading and what we do 
here through our proceedings is 
eagerly sought by your colleagues 

overseas. Our visitors who are 
here, will they please stand. 

(The visitors arose: Ap­
plause.) 

Our next item is one that has 
aroused intense interest. It started 
at one of our Round Tables and 
since then there's been intense in­
terest throughout the country. I'm 
talking about pre·neutralization. 

''\:'hat is "pre-neutralization" 
and its place in the mixed fertilizer 
manufacturing process? What are 
its advantages, disadvantages; what 
specific equipment is needed? 
These and other facets of this in· 
teresting subject are to be pre­
sented and discussed by our dis­
tinguished panelists. 

We know the subject is very 
much alive among operating men 
and none of us is going to be dis­
apPoluted in his expectation of a 
thorough analysis of the problems. 

We hope that we'll have time 
to permit a discussion period and 
that there'll be many questions or 

pertinent comments that you will 
make. 

The panel comprises the fol­
lowing: Philip Stone, Virginia­
Carolina Chemical Corporation; 
Grant Marburger, Spencer Chem­
ical Company; George Gilliam, Al­
lied Chemical Corporation; Dr. 
Frank Keenan of du Pont and Fritz 
Alfrey of the ''\:'. R. Grace and 
Company, and we also have Art 
Hansen of the American Agricul­
tural Chemical Company, who'll 
come in a little later and I hope 
we'll have an opportunity to hear 
his comments too. 

Dr. Keenan is going to con­
centrate on the conditions required 
for the successful use of Uramon 
Ammonia Liquors in Preneutrali­
zation operations. 

Fritz Alfrey of Grace is to tell 
us about the development of a con­
centric pipe reactor and of its de­
sign and purpose in pre-reactions. 

Phil Stone will lead off with 
the place of the preneutralization 
process in the fertilizer plant. 

Preneutralization 

Philip E. Stone 

V -C's development work on the 
pre-neutralization process and 

the application of the process to 
factory scaJe operation was com­
pleted in the early spring of 1957. 
Later that same year, at the Fer­
tililer Industry Round Table, the 
process as llsed by V-C was dis­
closed to the fertilizer industry. At 
this time the use of a pre-neutraliz­
er or pre-reactor in the manufac­
ture of mixed granular fertilizers 
had received very little attention 
from the producers. After the 1957 
Round Table meeting considerable 
interest was developed in pre-neu­
tralization. V-C, for example, re­
ceived numerous inquiries about 
the process from the United States 
and also from abroad. 

During 1958, studies of the dif­
ferent applications of the process 
were started by several different 
groups. Many nitrogen producers 
showed interest in pre-neutraliza­
tion and some companies began ex­
tensive test programs at bench 
scale and pilot plant levels. As 
time passed, the knowledge and ex-
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perience gained by these studies 
was applied to several factory scale 
operations across the country. The 
results of these commercial opera­
tions have not been generally re­
ported. Today we hope to learn 
more about pre-neutralization as 
practiced at these relatively new in­
stallations. 

The process which V-C uses 
today is essentially the same as that 
described by Floyd at the Round 
Table meeting in 1957. Only X-O­
X grades, such as 14-0-14 and 8-0-24, 
are presently produced. Low free­
ammonia solution is reacted with 
sulfuric acid in a preneutralizer 
tank, and the hot liquor which re­
sults is then mixed with potash 
and limestone in a rotary type am­
moniator-granulator. The granules 
formed are dried, screened, cooled, 
and coated prior to bagging. Since 
] 957 thousands of tons of granular 
goods have been successfully pro­
duced with the V-C pre-neutralizer. 
Much has been learned and natur­
ally some improvements have been 
made. vVe would like to discuss a 



few of these improvements, and 
aho comment briefly on some of 
the problems which the pre-neu­
tra I iza tion process presents, 

Fan tor Removal of lVater 
('({jJo)', "'hen the V-C pre-neutral­
iter was first installed, a fan was 
placed in the stack above the re­
action tank to assist in the removal 
of water vapor from the building, 
Since then it has been learned that 
no Jan is needed, The V-C stack 
is made of %-indi marine plywood, 
It i, 18 inches square and approxi­
mately 25 feet high, There is a 
hood at the bottom of the stack just 
above the reaction tank, The orig­
inal fan has now been removed. 
The stack stands up well against 
'water vapor and other gases, and 
does an excellent job of removing 
the gases from the tank areas in the 
building, 

Hot Liquor Distribution, To 
improve the uniformity of the 
granular product, both chemically 
and physically, V-C originally used 
an over-flow trough for distribution 
of the hot liquid on the rolling bed 
or solids in the ammoniator. The 
trough was about three feet long, 
and fitted with a cover to prevent 
solids from dropping in from 
above. The liquor flowed over the 
lip of the trough by gravity onto 
the solids bed in sheets or in several 
different streams, This method 
gave generally good distribution of 
the liquid but it was not very de­
pendable, Frequent cleaning of the 
lip of the trough was needed to as­
sure good distribution, 

The method finally adopted 
by the factory operators and the 
one in present use still employs an 
open trough, The liquor does not 
overflow the trough but discharges 
to the solids bed through orifices 
drilled in the bottom of the trough. 
At present, eight orifices are used 
about six inches apart. The hot 
liquor flows through the eight 
openings continuously and little or 
no attention is required to keep 
them open and flowing freely, 

The trough is nothing more 
than a six-inch steel pipe cut in 
half the long way with the ends 
dosed to form a trough, and with 
half-inch holes drilled through the 
hottom about six inches apart. V-C 
plans to extent the length of the 
present trough to provide about 
sixteen discharge openings instead 
of the eight openings now in use. 

This will be done to improve still 
further the uniformity of chemical 
composition and the uniformity of 
particle size of the products, 

Plants which mix hot liquor 
with solids in a pug mill are not 
too concerned with liquor distri­
bution as an aid to mixing, The 
pug mill apparently does a very 
good job of mixing liquids and 
solids, Plants which already oper­
ate with a TVA type ammonia tor, 
however, may have trouble justify­
ing a pug mill for production of a 
few pre-neutralizer grades. 

Sparger for Sulfuric Acid. In 
the beginning, the acid sparger was 
made from 3] 6 stainless steel pipe, 
The openings in the pipe became 
enlarged after very short use, Sev­
eral other materials were tried 
without success, Finally an acid 
sparger was made from Hastel10y 
C. This sparger has been in use 
for several months and there is no 
indication of excessive wear. The 
nitrogen solution sparger and the 
pre-neutralizer tank are both made 
of 316 stainless steel and these 
items are still in good shape after 
many months of use, 

Caking Pl'Oblems. To avoid 
caking, V-C dries pre-neutralization 
grades to about 0.5 per cent mois­
ture. In addition to this, the gran­
ules are coated with anti-caking 
agent, As a further precaution 
against caking, 14-0-14 is not held 
in bulk storage for long periods of 
time, This grade is bagged soon 
after production to avoid moisture 
pick-up from humid atmosphere. 

Reason tor Pre-Neutmlization, 
Low-cost nitrogen solutions are 
widely used by the fertilizer indus­
try, Granular grades containing up 
to about eight per cent nitrogen 
are often formulated with all of the 
nitrogen requirement from solu­
tion, However, granular grades 
having nitrogen contents above 
eight per cent commonly utilize 
some sulfate of ammonia in the 
formula when conventional pro­
duction methods are used, Sulfate 
is added to these high nitrogen 
grades to prevent the formula mix 
from becoming too wet and over­
granulating, The sulfate content 
of the formula generally increases 
as the nitrogen grade increases, For 
example, a conventional 12-12-12 
granular formula might contain 
400 pounds of sulfate, whereas a 
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I G-8-8 formula might contain as 
much as 800 pounds of sulfate, 

Sulfate nirogcn costs about 25 
to :30 cents per unit more than 
solution nitrogen, Therefore, from 
the point of view of formula cost, 
the use of sulfate nitrogen is not 
desirable, The pre-neutralization 
process provides a method of pro­
ducing high-nitrogen grades with 
less high-price sulfate nitrogen and 
more low-price solution nitrogen, 
Formula savings may sometimes 
amount to as much as two to four 
dollars per ton, depending upon 
such variable factors as formula 
in present use, fertilizer grade, and 
delivered costs of materials, 

It is not difficult to detemline 
the savings that are possible by 
switching from conventional meth­
ods of production to pre-neutraliza­
tion methods. This can be easily 
done and the potential savings are 
often very attractive. The evalua­
tion of the storage and handling 
qualities of the pre-neutralization 
products, however, is an entirely 
different matter. Most people in 
the business of producing mixed 
granular fertilizers are reluctant to 
make radical changes in formula­
tion without knowing with certain­
ty the effect of the changes upon 
the quality of the products pro­
duced, 

Pre-neutralization methods can 
be expected to grow only as fas as 
factory experience proves that pre· 
neutralization products can be pro­
duced with consistently good stor­
age and handling qualities, We be· 
lieve that the Round Table mem­
bers are more interested in the star· 
age and handling properties of pre­
neutralized grades than in any 
other phase of the subject. We are 
therefore hopeful that those people 
with firsthand information on the 
subject will come forward today 
and give us the benefit of their ex­
perience on this important subject, 

CHAIRMAN SAUCHELLI: \Ye'll 
wait until the end for the discus­
sion period, 

The next panelist will be 
Grant ;\of arburger of Spencer 
ChemicaL 

MR. GRANT MARBURGER 

(Spencer Chemical), I admire the 
fine tone that Phil started this off 
in an so I'm going to follow him 
and giye a brief definition of by 
intent here. 



One, I have tried to pull out 
what are the important aspects of 
the processing itself. 

Two, is to summarize a cross 
section of the few installations-the 
results that have been achieved on 

a commercial scale. In other words, 
none of this data is specifically tied 
down to a given case that all put 
together would come to some final 
answer for your application in your 
own plant. 

The Use of Preneutralization 

Grant C. Marburger 

T HE use of a preneutralizer to 
manufacture granulated mixed 

fertilizers is a recent development 
in the fertilizer industry that has 
followed granulation itself by only 
a few years. Neutralizers have been 
used for many years to produce 
ammonium sulphate, nitrate and 
phosphate. The preneutralizer is 
an adaptation of the neutralizer. 

Preneutralization has a place 
in mixed fertilizer plants for the 
production of high nitrogen grades. 
Flat ratios such as 1·]-1 comes un­
der this billing, and inverse ratios 
such as 2-1-1 and 3-2-2. Other de­
velopmental work will be reported 
today on a preneutralization pro­
cess that includes low nitrogen 
grades. 

In high nitrogen grades, over­
granulation is the basic problem. 
If some of the excess temperature 
and liquid can be removed by prior 
reaction, a reduced liquid phase is 
achieved. Stated more directly, pre­
neutralization removes heat and 
moisture from the reacting mater­
ials in the preneutralizer before the 
reacted material enters the granu­
lator. 

Now let's jump to the ques­
tion, why use this process? There 
are two primary reasons that will 
determine its potential use in a 
plant. The first is economics and 
the second is the production of 
what I shall call "exotic" grades. 

First comes the consideration 
of economics. Whether prenue­
tralization is advisable in your 
plant depends on a formula cost 
calculation to determine whether 
money can be saved on grades pres­
ently being produced. The eco-
10mics depend on your delivered 
cost of raw materials, which is 
largely a function of the plant's lo­
cation. An example will illustrate 
this point, and Figure 1 is a com­
parison between two plant loca-

tions. At Location No. 1 the cal­
culated formula savings is 901" per 
ton, yet at Location No. 2 it 
reaches $3.52 using the same form­
ula and vaqing unly the delivered 
cost of raw materials. Obviously 
the possibilities of installing prc­
neutralization equipment are en­
harlCed where the savings are great­
er. There are many plants in the 
United States where no costs sav­
ings would appear on a grade like 
12-12-12; the example shown in 
Figure 1 is to illustrate the differ­
enCt.'5 between locations. 

The difference in cost savings 
depends on three things (Figure 
2) : 

1. The cost spread between solid 
and liquid nitrogen. 

2. The cost spread in phosphates 
(normal and triple, or normal 
and H aP04 ) 

3. The cost of H 2S04 , 

In the second plant location 
there is a greater spread between 
solution and ammonium 'sulphate 
(82¢ vs. 41.), H 2SO! is cheaper, 
and there is a greater spread be­
tween normal and H.3P04 (68( vs. 
38¢). These three combinations 
created the greater savings. 

The second of the two pri­
mary reasons for preneutralization 
is that it makes possible the pro­
duction of inverse ratio grades. 
Examples are 20·10-5, 16-8-8, lS-
10-10, 14-0-7, and 15-15-0. The need 
for these grades is a market consid­
eration in your sales area. If a po­
tential market exists, is developing 
or can be developed, the process 
becomes worthy of consideration. 
Figure 3 illustrates some of these 
inverse ratio grades and their form­
ulation. 

Beyond these two primary rea­
sons for considering preneutraliza­
tions as applicable to your plant 
there are some secondary benefits 
that may be achieveable. As ex-
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perience is gained, some of these 
secondary benefits may prove to be 
primary reasons for its utilization. 
In other words the full value of 
side benefits will be ascertained 
from operating experience in the 
industry. There isalready a grow­
ing fund of data from present pro­
duction plants. 

The first is less recycle. Re­
cycle requirements to control excess 
liquid phase are drastically reduced 
by the use of the preneutralizer. 
By removing heat and moisture the 
need for so much dry material is 
removed. To the plant that utilizes 
recycle as a control for over-ag­
glomeration, the effect of a reduc­
tion in recycle is to increase the 
production rate of the plant. In 
plants not so equipped, it allows 
the production of high nitrogen 
grades using all solution as the 
source of nitrogen. 

For instance, in the production 
of 16-20-0, using H aP04 , a recycle 
ratio of aproximately 3 to 1 is 
required. In commercial produc­
tion this has been dropped to less 
than I to I. In the production of 
12-12-12, obtaining all the nitrogen 
from solution, the required 2 to 1 
recycle rate can be reduced. I don't 
have commercial data on this 
grade, but estimates are at less than 
I to I, say 0 to I. Commercial pro­
duction data (or two other grades 
might be o( interest: 

20-10-5 10 or 2 to 1 
14-0-14 0 to I 

Pilot plant data is as follows: 
14-0-14 0 to ] 
20-10-10 1 to 1 (Spensol, 

18-36-0 

11-48-0 
16-48-0 

Triple, H aP04 ) 

2 to 1 (Spensol, 
Triple, HaPO.) 

20 to 1 
20 to I (Am­

monia, H aP04 , H 2S04) 

It is interesting to notice that the 
last grade was made with an all 
liquid formula, granulating on a 
bed of recycle only. 

Another secondary benefit is 
less fumes. vVhen the neutraliza­
tion of ammonia is carried to com­
pletion prior to its introduction 
into a bed of materials containing 
potash, the formation of NH4 CI 
is eliminated. Ammonium chloride 
aerosol is generally considered the 
most troublesome fertilizer plant 
fume. 

You will not, however, escape 



entirely from fume considerations 
when contemplating preneutraliza­
lion. Excessive temperatures will 
create fumes and apparent decom­
position of material. Also when 
the preneutralizer is run on the 
acid side. fuming will result. If the 
acidity is kept below 2% (as 
H 1S04), fuming can absolutely be 
eliminated. It is rather striking to 
see an exhibition of this from a 
preneutralzer plant stack. As the 
operator raises or lowers the acid­
ity, the fogging increases or de­
creases. Originally our pilot plant 
operator glanced at the stack to 
control this acidity because it was 
visible from his platform, but a 
simple chemical test has now been 
put into commercial practice that 
can be performed by any plant 
man. It is also comforting on this 
fume question that we have not 
encountered any major fume prob­
lem on installations in operation 
today. 

Less nitrogen loss can also be 
included in this list of preneutral­
ization benefits as a distinct pos­
sibility. I would say the least on 
this subject because nitrogen loss is 
so dependent upon the basis of 
comparison used and other factors. 
But to pass on some "order of 
magnitude" that has been obtained 
today in commercial experience in­
dicates ~ unit loss on a 20-10-X 
grade and less than Y:l unit on 16-
8-8, 14-0-7, 15-15-0, 15-10-10 and 
16-20-0. A more complete discus­
sion on nitrogen loss becomes in­
volved with equipment design, 
which other panelists are covering 
here today. 

Itemizing these points. the ad­
vantages to be considered when 
evaluating the potential use of pre­
neutralization in your plant are: 

Primary Reasons 
I. Economics 
2. Production of "exotic" grades 

Secondary Benefits 
3. Less recycle 
4. Less fumes 
5. Less nitrogen loss 

It's beyond my dreaming capacity 
that all five of these will ever be 
realized in anyone plant. That's 
too much to expect from a few 
thousand dollars, a tank and some 
pipe. 

Now let's cover a few subjects 
at random under the heading of 
production experience. 

The thing that impresses a per-

son when he first sees an operation 
of this nature is its simplicity and 
ease of operation by plant per­
sonnel. Specialists. or extensive 
training. or complicated control are 
not neded as many of us envisioned 
at first blush. Production rates that 
are ultimately possible are not 
known. Most generally there's a 
bottle-neck in some other part of 
the plant that doesn't allow the 
preneutralization section full per­
formance. Today's experience 
ranges at 13 to 15 tons per hour. 
and higher rates have not had time 
to be fully resolved. We pacify 
ourselves with the knowledge that 
it wasn't long ago we hadn't even 
considered using 20 units of Spen­
sol and 10 units of phosphoric acid 
in a formula or the recent applica­
tion of granulating with an all 
liquid formula, let alone be con­
cerned with high tonnages. How­
ever, production rates are a neces­
sary concern, and the answers will 
be forthcoming in the near future. 

There have been some initial 
problems limi ting production rates, 
all concerned with this preneutral­
izer tank itself. that resolve around 
an inter-relationship of violency of 
reaction, splashing or spattering. 
surging. and mixing. Splashing it­
self is not of concern. for with a 
closed vessel it cannot hurt any­
thing. Surging from the tank into 
the ammonia tor is correctable by 
several methods. But the inter-re­
lationship of these isolated prob­
lems with nitrogen loss, amount of 
mechanical mixing. and the sparger 
arrangement becomes a more com­
plicated problem in equipment de­
sign. 

Operating control is by temp­
erature, which can be controlled by 
the amount of water added to the 
preneutralizer. The operator man­
ipulates his temperature indicator 
with a water line and valve to the 
preneutralizer. 

It's hard to separate produc­
tion problems and equipment de­
sign considerations in a discussion 
of this nature. The production 
problems we have encountered re­
late directly to the tank size. and 
more specifically to water loading 
and ammonia loading. So let's look 
briefly at these considerations. The 
evaporative water loading (Figure 
4) of a preneutralization tank is 
the water evaporated per square 
foot of surface per hour. The 
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amount of water that must be 
evaporated has been calculated III 

Figure 5 from thermal data. It 
shows an excess heat balance of 
287,900 BTU's per ton. This heat 
must be dissipated to maintain the 
proper operating temperature for 
that grade. and the calculated 
amount of water for evaporation is 
256 pounds per ton. This amount 
of steam must be disengaged from 
the top of the tank. Translating 
this to tank size, Figure 6 shows 
that a 3' diameter tank would re­
quire 362 pounds of water flashing 
from the surface per square foot 
per hour. Of course at a higher 
production rate the evaporation 
load goes up, but as the tank size 
increases its water loading de­
creases. Somewhere there will be 
an upper limit to the amount of 
evaporative water loading and a 
larger tank becomes necessary. 
Violent reaction and splashing are 
some of the penalties of an under­
sized tank. 

Ammonia reaction l()ading 
(Figure 7) is the pounds of am­

monia per cubic foot of liquid per 
hour. The example shown is for 
16-8-8 at 15 tons per hour in a 5' 
diamter tank with a 3' liquid level. 
which results in 33 pounds am­
monia per cubic foot per hour. 
Again (Figure 8) as the ,tank di· 
ameter increases the ammonia load­
ing decreases. 

Figure 9 summarizes these 
characteristics for two grades. To 
translate some meaning to these 
numbers, let's establish a range of 
permissible operation. Commer­
cial operating experience on water 
loading indicates better success 
when operating somewhere in the 
100 to 150 range. T'here are other 
variables that must be taken into 
account for final design. For in­
stance. 150 has been unsuccessful in 
the more viscous slurry created 
with the use of phosphoric acid, 
whereas it has been opera table with 
an ammonium sulphate slurry. If a 
wa ter loading of 100 to 150 is ap­
proximately the proper operating 
range, the size of the tank becomes 
important. Experience on am­
monia loading might indicate suc· 
cessful operation at 35, and once 
again as seen. from the table. the 
larger tank becomes indicative. 

There are other considerations 
besides this approach that material­
ly affect the equipment sizing prob-



lems, and consequently operating 
problems. However experience 

substantia tes the importance of a 
large size vessel where high nitro-

gen grades or high rates of produc­
tion are desired. 

Comparison of Formula Costs at Two Plant locations 
12-12-12 Without Preneutralization 20-10-5 

Spensol 
H 2S04 

Kormal 
H"P0 4 

Potash 

Inverse Ratio Grades 
15-15·0 

Spensol 
H 2S04 

Normal 
Triple 

Spensol 
Sulfate 
lL,SOI 
Super 
H"P0 1 

Potash 

8 Units 
4 Units 

93 Lbs. 
6.5 Units 
5.5 Units 
12 Units 

Location # 1 Location 

$41.t!2 Per Ton $40.31 Per Ton 

12-12-12 

Spellsol 
H~SOI 
Super 
H"P04 

Potash 

With P,eneutralization 

12 Units 
207 Lbs. 
8.1 Units 
3.9 Units 
12 Units 

$40.90 $40.31 

Cost Savings $ .92 Per Ton .$ 3.'17 Per Ton 

Raw Material Delivered Costs 
Location #1 location #2 

Spensol $1.42/ 41~ $1.361 82( 
Sulphate $1.83 \ Spread $2.18\ Spread 

H"S0 4 
S .012 $ .0075 

Super $1.1 01 38¢ $ .80, 68(: 
HaPO• $1,48\ Spread $1.48 \ Spread 

Spensol 
H"S04 

Normal 
Triple 
Potash 

16-8-8 

893 
481 
353 
237 
167 

2131 

715 
431 
552 
104 
267 

2069 

Spensol 
H 2SO4 

Potash 
Filler 

15-10·10 

SpensoI 669 
H 2S04 388 
:\formal 430 
Triple 247 
Potash 334 

2068 

Water loading 
(Preneutralizalion Tank) 

Evaporative Water Loading 

14-0·7 

Potash S .56 $ .56 lbs. H"O Evaporated Per Ft. 2 Surface (per hr.) 

Heat Input 

Pre neutralizer Design Calculations 
16-8-8 

(Heats of Solution, Reaction, Dissolution) 
16 Units 31,610 BTU 

Heat Out-Go 
(I) La tent & Sensible Heats, Materials 

16 Units @ ] 3,230 BTU 212,100 BTl! 
(2) Extraneous Heat Loss 

(Q= UAl', T) 6,000 

218,lOO BTU 
Total Heat Out-Go 

Exces~ Heat Requiring Additional \Vater 
Latent & Sensible Heats 
of H"O Evaporation - 1126 BTU jLb. 

Additional vVater Needed to Evaporate -
287,900 BTU /Ton 

1126 BTU/Lb. 

506,000 BTU (TOll 

218,100 BTU /TOll 

287,900 BTU /Ton 

Ammonia Loading 
(Preneutralization Tank) 

669 
307 
827 
291 

2094 

677 
400 
233 
750 

2060 

Water loading 
16-8-8 

Ammonia Reaction loading =: lb •. NHR Per Ft. 0 liquid (per hr.) 

lbs. H"O Evaporoted Per Ft. 2 Surface (per hour) 
Diameter 

Tank 

3' 
5' 
7' 

10 Tans/Hr. 

362 
130 
66 

20 Tons/Hr. 

724 
260 
132 
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Example: 

]6-8-8 @ ]5 T/H1'. 
5' <p Tank 3' Liquid Level 
16 Units X 92 Lb. NH)Unit_133.5 Lhs. ~H{/T()n 

133.5 X 15 T/H1'. 
- 33 Lbs. NH,iHr./Ft.3 



Ammonia loading 
16-8-8 

lbs. NH~l Per ft." (Per Hour) 

Tank 10 Tons! Hr. 20 Tons/Hr. 

Diameter 

;j' 
5' 
7' 

83.8 I ti7 .ti 
30.1 60.2 
15.4 :W.H 

Water loading 
15 Ton/Hr. 

Tank 12-12-12 16-8-8 

Diameter 

3' 
5.1 
7' 

405 
14G 
74 

543 
187 
96 

Ammonia loading 
15 Ton/Hr. 

Tank 

Diameter 

12-12-12 16-8-8 

99 
35.G 
18.1 

CHAIR:\I;\X SAljCHELLI: Thank 
you, Grant. That was very interest­
ing. 

The next panelist is George 
Gilliam 01 AlIie(\ Chemical. 

;\IR. GEORU: Gll.LIA:\.f (Allied 
Chemicals): The two previous 

125.8 
45.2 
23.1 

speakers have talked a good deal 
about preneutralization and as a 
IT(luest of our hard working com­
mittee to submit storage date I'm 
going to confine my remarks to big 
storage data on preneutralization 
grades made in connection with 
our pilot plant studies at Hopewell. 

Storage Data on Preneutralized Grades 

G. R. Gilliam 

I :"oJ connection with our pilot 
plant studies or the use of a 

pre-readOJ' for manufacturing high 
analysis fertilizers in which all ni­
trogen is derived from solution we 
also included bag storage tests on 
products made. Grades made in­
cluded J4-0-14, J!j-O-8 and two Hi­
H-8 materials. Since formulation 
and process conditions may in­
fluence the handling and caking 
characteristics of a given fertilizer 

material. information on both will 
be described along with the stor­
age data. 

The 14-0-1 ,1 amI lti-O-8 ma ter­
ials were formulated with a nitro­
gen solution having a composition 
of 19 per cent ammonia, 72.5 pc:' 
cent ammonium nitrate, H.J· per 
cent water and a total nitrogen con­
tent of 41 per cent. Sulphuric acid 
(6fi O Be) was used to neutralile 
the free ammonia. Regulal' non-

Table 1. 
Formulations-Lbs. Per Ton 

Fertilizer Grade 

J:-'ormula 
Nitrana 4M (19 NH3 4IN) 
]'\itrana 7 (25, 3 ],\H~l 45N) 
Normal Super (18. 96 A. P. A.) 
Triple Super (44. I A. P. A.) 
H aP04 (58.2) 
H~S04 (93) 
KCI (60 K 20) 
Dolomite 

14-0- 14 

693 

412 
473 
490 

16·0-8 

790 

465 
270 
555 

16-8--8A 16-8-88 

801 
735 

560 fi46 
133 

89 
353 389 
270 270 

20 20 

D~ 

granular muriate of potash was the 
soun:e of KeO and dolomite was 
used for filler. The dolommite par­
ticle size was about 80 per cent 
through 200 mesh. For the Hj-8-8A 
formulation the same raw materials 
were used with the addition of nor­
mal and triple superphosphate to 
supply the P/)". In the case of the 
1 Ii-H-8B formulation a nitrogen 
solution having a composition of 
25.3 per n:lH ammonia, 69,2 per 
cent ammoniuIll nitrate, 5.5 per 
cent water and a total nitrogen con­
tent of 45 per cent was used. Nor­
Illal superphosphate and wet pro­
cess phosphoric acid were used to 
supply the P "0". Other raw mater­
ials were the same as in the pre­
vious products. Of the materials 
charged, ammoniulll nitrate con­
sidered by many to be the most in­
fluential factor affecting caking 
varied from 502 pounds per ton for 
the 14-0-14 to 5HO pounds per ton 
for the Hi-8-8A ma terial. Data are 
shown in Table I. 

Basic process equipment em­
ployed in making these four ma­
terials was a pre-reactor, pug mill 
mixer, dryer, cooler, screens and 
crusher. Total throughput capa­
city was about 1 ()OO pounds per 
hour giving a production rate at a 
one to one recycle ratio of 500 
pounds of product per hour. Prod­
lIct size was taken as minus 6 plus 
20 mesh. For the 14-0-14 and I n-O­
R grades all of the nitrogen solu­
tion and acid were processed 
through the pre-reactor and over 
flowed continuously as a slurry to 
the pug mill at a temperature or 
291 C F and a water content of 5.8 
per cent. ,Vhen this slurry was 
combined in the pug mill with the 
KCl, dolomite and recycle the re­
sulting mix was at a temperature of 
about 185 OF and contained 2 to 3 
per cent water. From the pug mill 
the mixture was passed to the dryer 
where the moisture was reduced to 
one per cent or less. Material from 
the dryer was fed to the cooler and 
out of the cooler to the screens 
where the oversize went to the 
crusher, the product size taken out, 
and fines returned to recycle. In 
the case of the 16-8-8 materials a 
portion of the nitrogen solution 
was fed to the pug mill to ammon­
iate the superphosphates. The re­
mainder of the nitrogen solution, 
all of the sulphuric acid, and, ill 
the case of the lfi-8-8B formulation, 



Table 2. caking over the entire test period. 
The 14-0-14 was free flowing at the 
30 day inspection and the 16-0-8 
had only a slight bag set requiring 
only one drop of the bag to make 
it completely free flowing. At the 
90 and 180 day inspections both 
materials showed the same condi­
tion as observed on the 16-0-S at 
the 30 day inspection. The 16-8-S 
materials, having a somewhat low­
er initial moislUre, showed good 
condition with the exception of the 
uncoated 16-8-8B material at the 
ISO day inspection. Both the coat­
ed and uncoated l6-S-SA and coat­
ed 16-8-8B materials were free flow­
ing at the end of30 and 90 days of 
storage and showed only a slight 
bag set after ISO days of storage. 
The uncoated 16-S-SB was free 
flowing after 30 days, had a slight 
bag set after 90 da ys, and was 
severely caked after ISO days of 
storage. Data are shown in Table 
3. 

Operational Data 

Fertilizer Grade 14-0.14 16-0-8 16-8·8A 16·8·8& 

Temperatures of 

Pre-reactor Slurry 29] 291 293 284 
Dryer Feed 187 183 176 144 
Dryer Product 187 171 199 185 
Cooler Product 140 136 158 129 

Moisture. % 

Pre-reactor Slurry 5.S 
Dryer Feed 2.1 
Product Out 0.2 

the phosphoric acid were fed to the 
pre-reactor. Conditions in the pre· 
reactor for the 16-S-SA fonnulation 
were essentially the same as for the 
14-0-14 and 16-0-8 grades. For the 
16·S-SB formulations a somewhat 
higher slurry moisture and a slight­
ly lower pre-reactor slurry tempera­
ture were used. Other process con­
ditions through the dryer, cooler, 
screens and crusher were the same 
as for the other three products. To 
determine the benefit of a coating 
agent on the product storage char­
acteristics sufficient product from 
each grade was coated with a two 
per cent clay coat to supply mater­
ial [or storage tests. In this partic­
ular case a kaolin type clay having 
a specific surface of about 16,000 
cm~ per gram was used. However, 
other days or kieselguhrs with 
equivalent total surface would 
serve equally as well. Process oper­
ating conditions are shown in 
Table 2. 

Actual storage data on these 
products were obtained over a six 
months storage period. All test 
bags were on hundred pound size 
and were placed in positions two 
and three from the bottom in piles 
twelve bags high. Five ply bags 
consisting of three paper and two 
inner asphalt liners were used in 
all cases. The storage area was a 
one story unheated cinder block 
building with a concrete floor. 
Each test bag was inspected and 
graded for degree of caking at the 
end of 30, 90 and ISO days of stor­
age. (Actual time of storage be­
tween inspections was 30, 60 and 90 
days.) The uncoated 14-0-14 and 
16-0-8 products having an initial 
moisture content of 0.7 and 1.0 reo 
spectively, were found to be severe­
ly caked at each of the inspection 
periods. These materials had a 
hard bag set requiring two or more 

5.8 S.S 6.5 
2.6 2.3 2.7 
1.0 0.4 0.3 

drops of the bag on the flat side 
from a height of about three feet to 
break the bag set. Both of these 
materials would be expected to cake 
rather severely in either bulk or 
bag storage. Somewhat lower in­
itial moistures would be expected 
to improve storage condition. Both 
of these materials with about the 
same initial moisture and coated 
with 2% clay showed essentially no 

Table 3. 
Bog Storage Tests 

Fertilizer Grade 14·0-14 16-0-8 16-8-8A 16-8-88 

/ 
Kaolin Coat (I) 0 2 0 2 0 2 0 2 

Initial iVloisture, 01 0.69 0.60 1.01 0.90 0.44 0.48 0.28 0.40 /0 

Inspections and Grade (2) 
30 day D A D B A A A A 
90 day D B D B A A B A 

180 day B D B B B D B 
Final Moisture, (r:" 0.93 1.03 1.05 0.79 0.S6 0.93 0.97 /0 

(1) Kaolin Clay Specific surface of about 16,000 cm2jgm. 
\ 2) Grading Code - A - Free flowing when bag is removed from pile. 

B Fl"€e flowing after one 3-foot drop on flat side. 
C Lumps remaining after one a·foot drop on fiat side. 
D Two or more 3-foot drops required to break bag set. 

These data would indicate 
that X-O-X fertilizers, made by the 
pre-reactor process, should be dried 
to a very low moisture level, pre­
ferably below 0.5 per cent, and 
should be coated with an inorgan­
ic coating material such as clay or 
kieselguhr in order to have good 
condition in storage. For the N-P­
K grades, made by this process, 
good condition would be expected, 
provided product is dried to a low 
moisture level, preferably O.S per 
cent or less. The addition of a 
coating would be beneficial but not 
as important as on the X-O-X 
grades. 

CHAIRMAN SAUCHELLI: The 
next panelist will be Dr. Frank 
Keenan of the duPont organiza­
tion. 

DR. FRANK KEENAN (duPont): 
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Gentlemen, I think our preceding 
panelists have set the tone of this 
symposium in sort of two direc­
tions; one is that it"s a verv com­
plicated subject; secondly: that 
we're all feeling our way a bit. It's 
better to say it that way than the 
blind leading the blind, I think. 

But it is complicated and be­
cause of that and the early stage 
of development in which it finds it­
self in the industry, I think we 
ought to take one step at a time 
and as least insofar as I'm con­
cerned this morning, I'm going to 
stick to the characteristics of the 
preneutralizer itself when we're 
talking about urea-ammonium­
water systems, because in operating 
any preneutralizer, be it a tank or 
the other devices such as the mix­
ing jet sparger that we'll hear 



about subsequently, I think what 
we first need to know are the char-

actenStiCS of the solutions we're 
dealing with in the preneutralizer. 

Performance of Uramon® Ammonia Liquors In 
Preneutralization 

Frank G. Keenen 

D URING recent years, pro­
cesses for granulating fertil­

izers appear to be utilizing more 
and more acid (sulfuric and/or 
phosphoric). Introduction of this 
acid directly into the ammonia tor­
granulator has created problems. 
Some of these, at least, may be 
resolved by partially or completely 
preneutralizing the acid with the 
ammoniating solution before intro­
ducing it into the granulator. The 
operation of a preneutralizer-be it 
a tank, mixing jet sparger, or other 
mechanical conuivance-requires a 
knowledge of the physical and 
chemical characteristics of each 
particular ammoniating solution 
and the products resulting from its 
reaction with the acid. This paper 
deals primarily with the preneu­
traliza tion characteristics of "U ra­
mon" ammonia liquors (common­
ly called UAL). vVe do not pro­
po.')e at this time to delve into the 
complexities of the entire granula­
tion process. 

It seems especially appropriate 
to clarify the performance of urea 
in this process in view of the con­
fusion that appears to exist. The 
confusion results from the fact that 
the chemical reactions involving 
urea under preneutralizing condi­
tions an; completely different de­
pending on whether the system 
does or does not contain ammon­
Jum nitrate. Any attempt to apply 
data from urea-ammonium nitrate 
solutions to urea solutions contain­
ing not nitrate or vice versa leads 
10 completely erroneous conclu­
s:ous. Since both compositions are 
in general use by the fertilizer in­
du~try, it is obviously to the best 
interests of all concerned that this 
distinction be understood and all 
technical information be accurate­
ly identified. 

Inasmuch as the breakdown of 
urea in aqueous acid systems in the 
absence of ammonium nitrate un­
der preneutralizer operating co~di­
tions can only produce carbon di-

oxide and- ammonia, the excite­
ment about urea decomposition 
leading to evalution of toxic gases 
from preneutralizers is obviously 
unfounded and erroneous. This 
has been thoroughly covered in al­
ready published articles (Croplife 
-May 11, 1959) and need not be 
repeated here, since gas evolution 
oUler than carbon dioxide relates 
only to ammonium nitrate-urea 
combinations. Consequently, the 
operation of a preneutralizer us­
ing UAL is completely safe and 
practical, since no inflammable, 
toxic, or explosive gaseous products 
are evolved. Control of pH, tem­
peratures ,and liquid ratios can be 
quite flexible in tllis respect. 

A major point of concern is, 
of course, the stability of urea as 
it passes through the preneutral­
izeI'. It has been. known for man) 
years that during long periods of 
several weeks in hot storage piles 
(120 to 160 degrees Fahrenheit) 
urea partiall y "breaks down," i.e., 
hydrolyzes into ammonia and car­
bon dioxide. I'or example, in 
mixed fertilizers containing five to 
seven per cent moisture stored at 
140 degrees Fahrenheit, the rate of 
breakdown is around five to six per 
cent per week. Reduction of the 
moisture content to one per cent 
or less, as is normally done in gran­
ular goods, limits the extent and 
rate of hydrolysis. Temperature 
also is a major factor-the hydro­
lysis rate being negligible below 
120 degrees Fahrenheit storage tem­
perature but increasing as the tem­
perature rises. This has led many 
to jump to the erroneous conclu­
sion that at preneutralizer operat­
ing temperatures (220 to 250 de­
grees Fahrenheit), urea should 
break down almost instantaneously. 
Such "conclusion jumping" has 
overlooked the time factor in this 
chemical reaction. 

It has been found that in 
strongly acid solutions in the ab­
sence of ammonium nitrate the ex-
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tent of urea hydrolysis during a 
seven-minute hold-up time in the 
preneutralizer tank is around two 
per cent at 220 degrees Fahrenheit, 
four per cent at 240 degrees Fahren­
heit, and eight per cent at 250 de­
grees Fahrenheit. Doubling the 
hold-up time in the tank to 15 min­
utes approximately doubles the ex­
tent of this hydrolysis. The pH of 
the solution has relatively little ef­
fect on hydrolysis during these 
short-time intervals. Since cost and 
flexibility of operation require that 
preneutralizer tanks be as small as 
feasible anyway, it is not likely that 
hold-up time would exceed 10 min­
utes in any unit. In fact, the use of 
an eductor-sparger type mixing 
device appears quite feasible for 
UAL solutions. In such a device, 
the contact time is but a few sec­
onds, and urea hydrolysis is hardly 
detectable. 

''''hile on the subject of urea 
hydrolysis, reference should be 
made to a paper presented by Ove 
Jensen at the 1955 Round Table 
Discussion. In that paper, he cited 
plant operating experiences with 
UAL in a typical granulation pro­
cess that showed urea hydrolysis 
through a 10-minute granulator 
plus 15 minute dryer amounted to 
less than five per cent. This has 
been confirmed many times since 
1955. 

Now as to what happens as sul­
furic acid is neutralized with UAL, 
Figure I shows the composition 
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range using UAL-S as typical ex­
ample. This is based on 129 
pounds of 60 degree Be sulfuric 
acid which contains 100 pounds of 



100 per cent sulfuric acid and 29 
pounds of water. Complete neu­
tralization is reached at approxi­
mately 1.26 pounds of UAL-S. The 
ammonium sulfate produced, of 
course, exceeds its solubility so that 
as neutrality is approached, the 
slurry becomes thicker. Simultane­
ously, water is being boiled-off by 
the heat of reaction. From the 
standpoint of plant operations, 
therefore, it becomes a matter of 
determining the optimum degree 
of neutralization that will give the 
slurry consistency best for handling 
and granulating. 

The amount of water that is 
boiled-off in the preneutraHzation 
step is important, yet quite difficult 
to define at all accurately. "Vater 
boil-off is affected by heat losses 
through radiation which in turn, 
relate to equipment design, loca­
tion (inside or outside the build­
ing) , winter vs summer operation, 
rate of throughput, strength of 
acid, and other minor factors. 
Likewise, operation temperatures, 
plant lay-out, and granulation de­
sign, i.e. rotary or pugm ill , and 
specific formula characteristics will 
dictate the kind of a slurry re­
quired. The inter-related complex­
ity of these variables tend to dis­
courage any attempt to carry per­
formance data from one unit to 
another or from small to plant­
scale operations. However, the fol­
lowing general information may be 
useful as a starting point. 

Neutralization up to around 
70 per cent of the acid in a con­
tinuous preneutralizer tank operat­
ing at 225 to 250 degrees Fahren­
heit with any of the several UAL 
compositions yields llowable slur­
ries. Under these conditions in an 
open tank, approximately eight 
pounds of water are boiled-off per 
unit of nitrogen added as UAL. 
For example, to each 129 pounds 
of 50 degrees Be sulfuric acid can 
be added 85 pounds of UAL-S (1.8 
units N) which would boil-off 
around 15 pounds of water. In ad­
dition to the water removed, the 
carbon dioxide present in the UAL 
as ammonium carbamate is 
evolved. This carbon dioxide im­
proves the efficiency of steam re­
moval and is particularly helpful in 
an eductor-jet sparger in keeping 
the slurry line swept open. Occa­
sionally in a tank preneutralizer, it 

tends to cause some foaming, bu t 
this is readily controlled by adding 
an an ti-foam agent. 

Although water could be add­
ed to the preneutralizer to control 
slurry flowability, it seems that this 
vitiates the major objective of pre­
neutralization i.e., to remove ·watcr. 
Sulfuric acid stronger than 60 de­
grces Be is not recommended as the 
increase in concentration leads to 
undesirably violent lOeactions. If 
the acid source is 66 degrees Be, 
some dilution would be desirable. 
Phosphoric acid may replace all or 
part of the sulfuric without .ad­
versely affecting operations, in fact 
they seem to run a little more 
smoothly with phosphoric acid 
present. 

In conclusion, "Uramon" an1-
monia liquors have no properties 
or lead to any reactions that in any 
way preclude their use in preneu­
tralizer operations. T'he break­
down or hydrolysis of urea is not 
excessive during the short-time in­
tervals (under 10 minutes) 111 

preneutralizer tanks even up to 
temperatures of 250 degrees Fahr­
enheit, and the absence of any Ram-

mable, explosive or toxic gases 
makes their safety particularly ap­
pealing. 

CHAIRMAN SAUCHELLI: Thank 
you, Frank. It certainly shows how 
far we've advanced in our tech­
nology. You can see by these charts 
and these discussions how very few 
of the old timers-when Frank first 
started getting around the fertilizer 
industry, conceived of such ad­
vances and such progress. 

The next panelist is Arthur 
Hansen of the American Agrietll­
tural Chemical Company. 

MR. ARTHUR HANSEN (Amer­
ican Agricultural Chemical Com­
pany): Thank you, 1\,1r. Chairman, 
Members of the Round Table. The 
process which I am about to de­
scribe is called the automatic pug 
process. vVhy this name was chosen 
I do not know since the process is 
not automatic and we did not use a 
pug mill. 

But actually a pug mill could 
have been used but ,ve used a cuff 
light screw conveyor and found it 
to be quite satisfactory, but here 
on however, I will refer to as a pug 
mixer. 

Pilot Plant Production of Mixed Fertilizers from 
Preneutralizer Fluids 

Arthur Hansen 

T HI S process will describe the 
preneutralization of nitrogen 

solution with 60° Be sulfuric acid, 
75% phosphoric acid and mixtures 
of both acids and the blending of 
the resulting fluid with dry solids 
to form high analysis mixed fer­
tilizer. 

Objective 
The objectives of this work 

were as follows: 
1) To enable use of more liquids 
in formulas with little or no solids 
recycle. This would then result in 
lower formula costs and higher 
production rates. 
2) A better process for high an­
alysis and X-O-Y type or nitrogen 
potash grades. 
3) Low cost water soluble fertil-
izer. 

Figw'e 1-This pictures the 
pilot plant flow diagram. Note 
that there are two points for ad· 
clition of nitrogen solution for com­
plete N-P-K grades. 

The dry solid raw rnaterial;; 
were fed into a ribbon mixer and 
batch mixed. The mixture was 
then passed thru a pilot continu­
ous ammonia tor to fornl an am­
moniated base. This was subse­
quently blended with preneutral­
izer fluid granulation was con­
trolled by means of a small water 
spray. For most of the grades pre­
pared-the sole source of nitrogen 
was a standard 41 NH1N03 con­
taining 22% NH3, 12% water and 
66% NH4 NOJ -very little granula­
tion water was used (from 10-40 
pounds per ton) -recycle was used 
to return cyclone dust (40-60 
pounds per ton) only-except for 
the 18-18-18 water soluble grade. 

Figure 2 - This illustrates 
the pilot plant equipment arrange­
ment. This center unit point is 
the preneutralizer tank - which is 
designated as the melt tank. Except 
for that material entrained in the 
cyclone-there was no provision in 
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the process for fines removaL At 
the time of this work, which was 
the year 1~)55, granulation was a 
secondary objective. Most of liS 

will remember that, 5 years ago, 
the substitution of one unit nitro­
gen solution resulted in a dollar 
per unit cost saving. Therefore no 
sulfate 0/ ammonia was used in this 
work. 

The prodllction rates used 
varied between 900-1400 pounds 
per hour. For olle grade 18-18-18, 
the prodw liOll rate 'was quite low 
(300-400 pounds I hour) . 

The piece of equipment which 
limited the production rate was the 
rotary dryer. I think this is true 
for many operating plants today. 

The problem here with very 
high nitrogen grades is to prevent 

rANK COVe:R~ 
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Figure III 
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over-granulation and "puddling" 
in the dryer itseJ L It is probable 
that a counter current type dryer 
would be more efficient for very 
high nitrogen grades. 

1"i[.';1In: 3 - This presents a 
detailed view of the preneutral­
izer tank. The basic outline of this 
tank and the preneutralization 
scheme was obtained from TVA. 

To improve mixing, the tank 
was modified with mixing balHes. 

A Lightnin gear motor re­
volved the stainless steel agitator at 
·425 RPM. 

The tank itself was construct­
ed of mild steel which showed little 
wear after almost 1000 hours of 
operation. The tank was 4 ft. high. 

The acid feed lines consiste(l 
of ;4" stainless steel pipe (#316). 

Note that the nitrogen solu­
tion line is located outside the 
tank. This caused some difficulty 
during the shutdown because the 
high density reaction fluid would 
back into the line. This problem 
was eliminated by means of a 
steam blowout arrangement. Origi­
nally the solution line was located 
inside the tank-but this caused 
flashing of the solution and erratic 
behayior of the rotameter. Various 
piping arrangements and air cush­
ions were tried but we ended up 
by relocating the feed line outside 
of the tank. 

Another problem was that of 
buildup of stalactites and a thick 
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layer of solidified fluid on the top 
and upper sides of the tank. 1\fuch 
of this was caused by the splash 
due to the violent reaction taking 



Figure 7 

Analyses of Mixed Melts 

Experiment No. 43·132 56-1M 

Figurcd-dry (27.10-9.15-0) (26.80·25.50-0) 
Figured-lO% H:P (24.40-8.23-0) (24. ] 0-22.90-0) 
Expcctcd-5%N Loss (23.20-8.23-0) (22.90-22.90-0) 

10% H 2O 

Actual- H~O 
N 

u; Am.N. /0 
0-; 
;0 P20 J 

or S04 /0 

place. We did experience from 30· 
40 pounds of buildup during the 
first hours operation of a run. This 
problem was reduced considerably 
by insulating the tank, and install­
ing a revolving screen just above 
the liquid level. 

Because the preneutralizer 
fluid discharged in surges-between 
5 and 10 seconds apart-a small 
weir box was installed by the 
discharge spout. This improved the 
subsequent blending of the fluid 
with the dry base. 

9.35 10.10 
25.00 23.25 
17.36 16.53 
7.20 23.80 
X 7.51 

12-0-10 grades are shown. The 
8-0-24 is a common tobacco starter 
grade prepared with K2S04 • 

Note that a small amount of 
superphosphate was added as a low 
cost conditioner for the remaining 
grades. 

FiguTe 9-Typical formulae 
for 12-12-12, 12-24-8, ]2-24-12 and 
13-13-13 are shown. 

Conclusions 
Advantages 

1. The key advantages of pre­
neutralization is that the heat of 
reaction between the ammonia 50-

56-188 56-18C 

(26.80-25.50-0) (26.80-25.50-0) 
(24.10-22.90-0) (24.10-22.90-0) 
(22.90-22.90-0) (22.90-22.90-0) 

8.00 11.30 
22.67 23.00 
16.21 16.23 
23.56 21.64 

8.76 8.06 

lutions and acids may be fully 
utilized to drive off excess water 
from these liquids. It is ideally 
suited for 600 Be strength acid and 
for nitrogen solutions low in NH3 
content. 

2. A larger amount of liquid 
may be incorporated in a formula, 
making it ideal for grades exceed­
ing 12% Nand X-O-Y type grades. 
Thirteen units from nitrogen solu­
tion of low ammonia content 
(22%) may be added to these 

grades without requiring recycle 
for granulation controL For phos­
phate containing grades, part of 

The retention time in this 
tank, which had a 200 pound ca­
pacity was between 20 and 45 min­
utes-depending on the grade being 
made. 

Figure 8 

FiguTe 4 This illustrates 
dearly the difference between 
H sP04 and H

2
S04 , These pH 

curves were prepared using dilute 
solutions. From experience, it was 
determined that the desired pH 
values were 3.0 for H 2S04 and 
about 6.7 for H 3P04 • These points. 
represent a compromise between 
NH3 loss and liquid fluidity. 

Figure 5 - This shows the 
physical effect of pH on the flu­
dity or solidification tendency of 
preneutralizer liquid. 

The pH has a marked effect on 
the number of units N from solu­
tion which can be incorporated in 
a fertilizer formula without "pud­
dling". 

Figure 6 These time-heat­
ing curves illustrate the thermal 
stability of sulfate and phosphate 
preneutralizer fluid. 

FiguTe 7 Here are some 
analysis of preneutralizer fluid pre­
pared with mixed acids. 

Figure 8-Typical formulas 
for the 8-0-24, 14-0-14, 10-0-10, and 

Formulas - Actual & Recommended 

Nitrogen-Potash Grades 

Actual Formulas 8..010-0-24.70 14.80-0· 14.80 10.50-0-10.20 

Materials 

No.2 Soin. (40.50% N) 415 722 518 
H 2S04-a9° Be. 322 584 407 
Dolomite 368 0 0 
Muriate of Potash 

(60% K2O) 0 503 350 
Sulfate of Potash 998 0 0 
R.O.P. 0 200 400 
Limestone 0 262 515 

21I3 2271 2180 

Recommended Formulas 8.40·0· 24.70 14.80-0-14.20 10.50·0· 1 0.20 

No.2. Soln (41% N) 410 722 512 
H 2S04 -60° Be. 336 591 420 
Dolomite 376 0 0 
Muriate of Potash 

60% KzO) 0 472 340 
Sulfate of Potash 998 0 0 
R.O.P. 0 200 200 
Limestone 0 287 709 

2112 2272 2181 

98 

12.60-0-10.20 

623 
503 

0 

340 
0 

200 
553 

2218 

12.60-0-10.20 

615 
505 

0 

340 
0 

200 
558 

2218 



Figure 9 

Formulas - Actual & Recommended 

Complete Fertilizers 

Actual Formulas 12.60·12.20-12.20 12.60·12.20-12.20 12.60-24.50-8.15 12.60-24.00-12.00 13.65-13.00-13.00 

(Dry 80se) (Pre-Ammo 80se) (Pre-Ammo 80se) (Pre-Ammo 8ase) (Pre·Ammo 8ase) 

No.2 Soln (40.50% N) 500 388 388 384 458 
No.3 Soln (40.50% N) 0 231 236 238 217 
H 2SO,j-59° Be. 273 304 220 147 359 
Muriate of Potash 407 403 227 400 433 
Sulfate of Ammonia 234 0 0 0 0 
Triple 362 334 930 825 475 
R.O.P. 414 491 0 0 222 
H aP04-75% 0 0 97 179 0 
Limestone 0 53 64 20 40 
Dolomite 0 0 0 0 0 

2210 2204 2207 2193 2204 

Recommended Formuah 12.60-12.20-12.20 J 2.60- J 2.20-12.20 12_60-24.50-8.15 12.60-24.00- J 2.00 13.65- J 3.00-13.00 

(Pre-Ammo 8ase I (Pre-Ammo Base) (Pre-Ammo Base) (Pre-Ammo Base) 

No.2 So[n. (41 N) Not recommended 613 616 615 666 
from dry base 

H ZS04-60° Be. " 316 227 152 371 
Muriate of Potash 403 272 400 433 
Triple 334 930 825 475 
R.O.P. 491 0 0 222 
H"PO, 0 97 179 0 
l-imestone 48 67 21 40 

2205 2209 2192 2207 

Basic Equipment Sizes - Pilot Unit this (5-6 units) IS used to pre­
ammoniate the base. The re­
mainder is added as preneutralizer 
fluid. 

Afelt Tank 

PU{!. Mill 

Cooler or Dl)'er 

Cyclollc- (for Dryer 
plus Cooler) 

Fan 

Fan 

Total Height 
Liquid Heights 
Inside Diameter 
\Vall thickness 
Material 
Capacity= 130 lbs. water 

Length 
Screw Diameter 
Discharge opening 
Material 
R.P:M. 

Length 
Inside Diameter 
\Vall thickness 
Material 
R.P.M. 

42 inches 
21 inches 
16 inches 
~ inches 
l\Wd steel 
195 Ibs. melt 

6 feet 
9 inches 
9" x 9" 
Mild steel 
112 

12 feet 
16 inches 
~ inch 
Mild steel 
14 

Inside volume 16.7 ft." 

Diameter 16 inches 
Overall Height 7 feet 

Melt Tank Ys HP 
Capacity=300 dm at Ys SP 

Cyclone 2 HP (for handling dryer plus cooler) 
Capacity= 1000 dm at 4" static pressure 
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3. Since the acid is preneu­
tralized, side reactions with muri­
ate, dolomite and other solids are 
eliminated. All of the acid is 
thereby utilized, and also, fume 
problems are reduced. 

Disadvan tagcs 

1. To obtain maximum bene­
fits and formula flexibility, pre­
ammoniation of the superphos­
phate is required. This is not a 
serious drawback, since 4-5 units 
nitrogen solution may readily be 
batch mixed with the base. 

2. Anhydrous ammonia can­
not advantageously be used in the 
preneutralizer tank. Therefore the 
process is not suited for such 
grades as '1-16-16 and 5-20-20. This 
is not a disadvantage, however, if 
the preneutralizer is regarded as 
a supplementary piece of process 
equipment. It is entirely probable 
that the preneutralizer may be 



used in conjunction with the TVA 
ammolliator ~ particularly if the 
TVA reciprocating pipe is used to 
distribute the Iluid on the rolling 
bed. 

3. There is a problem of 
startup and shutdown of the re­
actor. To avoid 1/2-3/4 hour 
startup time, the reactor may be 
shut down on the previous day's 
opera tion by adding some water 
to it, and keeping the contents hot 
with a small steam coil or electric 
heater. However, drainage of the 
reactor is necessary if a different 
acid is to be used. 

4. Contact H 2S04 66° Be can­
lIot be advantageously used in the 
reactor. This is because it is neces­
sary to replace all the water driven 
off by the reaction. Otherwise the 
fluid becomes so hot and dry that 
the ammonium nitrate will destroy 
itself and go up in smoke. If we 
replace all of the water we are 
driving olf~we are then nullifying 
the basic purpose of the reactor. 

5. In order to obtain the de­
sired physical features of the 
process (i.e. prevention of pud­
(Iling and overgranulation) it is 
Ilecessary to sacrifice up to or 
the total nitrogen input. 

Production Rates 
Output Capacity an 10 TPH factory 

Automatic Pug Process 

Estimated 

Units N' Production 

Grade from No.2 NS Tons per Hour 

8-0-24 8 14.5 
10-0-10 ]0 13.5 
12-0-10 12 12.0 
J 4-0-14 14 10.0 
14-0-14 12 12.0 
12-24-8 12 10.0 
[2-24-12 12 10.0 
13-13-13 13 10.0 
20-0-20 12 12.0 
14-14-14 14 9.0 
14-14-] 4 12 12.0 
15-15-15 14 8.5 
18-18-18* 18 4.0 

Production "aLe; are limited by the tendency 
of a high-nitrogen fertilizer to melt, or 
"puddle" in the dryer. 
*This water~soluble grade requires considerable 

recycle (66 % ), and could be made by using 
the recycle feed syswm for llluriate basel and 
the base reeder for recycle. 

The unique characteristic of 
the pug mill process is that larger 
amounts of formula liquid can 
be handled. The 14-0-14 grades 
prepared in this work contained 
over 1300 pounds (722 No.2 NS 

Equipment Sizes 

10 TPH Factory Unit 

Melt Tank 

Height 
Diameter 
Material 

Pug Mill 

Length 
Screw Diameter 
Discharge Opening 
;Vlaterial 

Dryer & Cooler 

Length 
Diameter 
Material 

Cyclone 

Diameter~6 feet 
Overall Height~24 feet 
inlet Duct--lJ~ it. x 3 ft. 
Outlet Duct-13 fL diam. 

Fan-Melt Tank 1 Hp 

Calculated 

9.85 feet 
3.28 feet 

16.8 ft. 
28 inches 

22.6 feet 
5 ft. 

Capadty=HlOO dm at !/sf! SP 
Fon-Cyclone (lor hanling Dryer plus Cooler) 

Capacity=15,OOO dm at 4" static pressure 
HP=30 

Recommended 

10 feet 
3 ft. 3 in. 
Mild Steel 

20 ft. 
24 inches 
2 ft. x 2 ft. 
Mild Steel 

,10 feet 
S feet 
Mild Steel 

Comparison of Pug Process With Continuous Ammoniation Process 

10 8 Units from No.2 NS 
without recycle 
witholl t pre-ammo. 
base. 12-12-12 grade 

but not 
recommended 

Units from Ko. 2 NS 
without recycle 
with pre-ammo. base 
12-12-12 grade 

5 + 7 
hatcher 

12 
pug 

5 4 = 9* 
batcher + ammo. 

Units from No.2 NS 
with 30% recycle 
with pre-ammo. base 
12-12-12 grade 

Recycle not 
required 

5 (j-- II * 

Units from No.2 NS 
without recycle 
8-0-24 grade 

8 

Units from No.2 NS 
'Nithout recycle 
Hc-0-14 gyade 

12 

Units from No.2 NS 
with 30% recycle 
14-0-14 grade 

14 

*Estimated~perhaps slightly on the high side. 

584 H"SO.) of formula liquid 
per ton of product. 

CHAIR:\1AN SAUCHELLI: Thank 
vou. 
, A word of explanation. 'Vhen 
I was organizing this panel I'd 
already had the completed panel, 
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then got into conversation with 
Arthur Hansen and thought he 
had something of interest, so we 
invited him to participate. I'm 
sorry that we had to rush him. He 
had a very fine paper; lots of work 
on there, but perhaps this whole 



subject seems to be of tremendous 
interest and maybe we'll have to 
continue it next year. 

The next panelist is our good 
friend, Fritz Alfrey. He's going to 

tell us about this new development 
of 'V. R. Grace Research Labora­
tories. 

l\[R. N. K. ALFREY ("T. R. 
Grace and Company) . 

A Concentric Pipe Prereactor for Liquid Raw Ma­
terials in Mixed Fertilizer Manufacture':-

N. K. Alfrey 

M ANY of you will remember 
the description of the Dav­

ison-Trenton granulation process 
presented at the 1956 Round Table 
by Mr. J. E. Reynolds. The pro­
cess uses a double shaft pug mixer 
as an ammoniator-granulator. Us­
ually each liquid raw material is 
introduced into the pug mixer 
through a separate set of pipes. 
The add discharge pipes are 
paired with either anhydrous am­
mOl1la or nitrogen solution dis­
charge pipes in several arrange­
ments, all of which are designed to 
help assure that as much acid as 
possible reacts with ammonia in 
preference to the other ra,v ma­
terials. 

these difficulties we developed a 
concentric pipe prereactor which 
permits all liquid raw materials to 
be combined and reacted, then in­
troduced into the ammonia tor in a 
single stream. 

Figure I shows the general ar­
rangement of the concentric pipe 
prereactor as it is now being used 
in three of our granulation plants. 
Each liquid raw material is meter­
ed and supplied to the prereactor 
through conventional instruments 
and piping which is not shown. 
Each supply line is provided as 
shown with a gate valve, a check 
val ve and a pressure gage immedi­
ately upstream from the prereac­
tor. 

The ,Yater and nitrogen solu­
tion, supplied through I inch 
pipes, blend in a I Y; inch pipe tee 
and subsequently discharge from a 
perforated I inch pipe into a 6" 

pipe section which h 42 inches 
long. Anhydrous ammonia is su­
plied through a I Y; inch pipe, 
then flmvs through a 3 inch pipe 
tee and enters the 6 inch pipe 
section where it blends with the 
nitrogen solution and water. The 
pre-blended liquids then flow 
through a 3 inch pipe section into 
a 3 inch pipe tee which is referred 
to as the reactor tee. 

Sulfuric and phosphoric acids. 
supplied through I inch pipes, pre­
blend in a one inch pipe tee and 
subsequtntly flow through a I inch 
acid discharge pipe which passes 
concentrically thrOl\.~h the reactor 
tee and terminates in a simple 
showerhead arrangement 3 inches 
inside the reactor pipe section. 

The showerhead is I ~ inches 
outside diameter and has 25 drilled 
discharge holes, each 3/16 inch in 
diameter. Its purpose is to break 
up the acid flow into many small 
streams, thus assuring that neutral· 
ization by ammonia is largely com­
pleted in the 3 inch diameter by 
,1 foot long reactor pipe section. 

The discharge pipe is 3 inches 
in diameter by 10 feet long and has 
eighteen Y; inch diameter dis­
charge holes which are located 
along each side at 6 inch intervals. 
A 40 inch inside diameter trough 
is welded into the midline of the 
bottom of the pug mixer for the 
purpose of supporting the prerc­
actor discharge pipe. The pre­
blended and prereacted liquids dis-

Paired pipe liquid sparger sys­
tems are well known, not only in 
pug mixer amoniators, but also 
in the more common rotary drum 
type ammonia tors. One major 
problem associated with the use of 
cOllYentional liquid sparger sys­
tem, is that some or the acids us­
ually react with potassium chloride 
to form hydrochloric acid, which 
in turn reacts with ammonia to 
form ammonium chloride in the 
form of a dense white fume which 
constitutes an atmospheric poIlu­
latH. A.l1other difficulty is incom­
plete amllloniation and possible de­
composition of the various nitro­
gen com pounds to nitrogen losses 
and a possible personnel hazard 
due to the toxic nature of some of 
the gases. Also, under certain- con­
ditions, the decomposition gases 
111 a '" cause flash fires ill the am-
111Oniator. 

Figu~e I 

III an attempt to overcome 

t'<'This description is based on information 
from the pape,' entitled "Prereactol' For 
Liquid Raw Materia]s In Mixed Fertilizer 
Manufacture" lJY G. L. Bridger and N. K. 
Alfrey. prESented at the ACS meeting in At­
lantic .City on September 16. 195,). 
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~harge laterally into the lower reg­
Ion of the pug mixer approximate­
ly 2 feet beneath the surface of 
the bed of dry materials. The de­
sign and location of the discharge 
pipe was made with due regard for 
efficient ammoniation of the super­
phosphates and uniform wetting 
of the dry materials. 

A one inch compressed air 
supply line enters the blended 
acid line in a simple pipe tee. The 
air line is equipped with a solenoid 
valve which is arranged with an 
automatic timing device so that on 
a preset timing cycle which is us­
ually five minutes, a short two or 
three second blast of compressed 
air passes through the reactor and 
discharge pipe sections and assures 
that the discharge orifices remain 
open. 

Hydro-pneumatic accumula­
tors (Greer Hydraulics, Inc., 
Brooklyn, N. Y.) are located in 
the nitrogen solution supply line 
and in the preblended nitrogen 
line for the purpose of dampening 
out pressure pulsa tions caused by 
the blending and reaction actions. 
Each accumulator is a 5-gallon 
steel vessel equipped with a spring 
loaded feed valve and contains a 
rubber bladder which is inflated to 
five pounds of pressure or about 
one-half of the line pulse pressure. 
In nonnal operation the line pres­
sure pulses between 2 and 10 psig. 

Sevaral corrosion resistant ma­
terials of construction are used 
for the various prereactor compon-

Fig. 2. An early plant prereactor 
installation. 

Fig. 3. Negligible visible fume from mixer exhaust stack. 

ents. The pre-blending section is 
constructed of type 304 stainless 
steel. The reactor tee is type 316 
stainless steel and the acid dis­
charge pipe is Hastelloy C. The re­
actOr pipe section is teflon lined 
mild steel and the discharge pipe 
is teflon lined type 316 stainless 
steel. The teflon lining has shown 
excellent resistance to the severe 
neutralization reaction environ­
ment. After 10 months of plant 
service, the original reactor section 
shows negligible deterioration. 

Figure 2 is an overall view of 
an early plant prereactor installa­
tion before accumulators were add­
ed. The vertical section receives 
and preblends nitrogen solution, 
water, and anhydrous ammonia. 
The discharge pipe is visible enter­
ing the pug mixer and is flanged 
to the reactor pipe section. 

Figure 3 shows the typical ap­
pearance of the mixer exhaust 
stack during granulating opera­
tions. The larger of the two stacks 
is not in use and acts as a control 

stack. The smaller is the mixer 
exhaust stack and a faint whisp of 
condensing steam can be seen emit­
ting from it. The notorious white 
mixer exhaust fume cloud is virtu­
ally eliminated by the prereactor. 
No odors are normally detectable 
in the gases, however, at the higher 
ammoniating rates a slight odor of 
ammonia can be detected. 

Tables I and II show typical 
liquid usages and plant operating 
data with prereactor. The prere­
actor is used for production of all 
grades required by the plant. This 
is believed to be an advantage over 
other preneutralizers. The differ­
ent 5-20-20 formulations are shown 
to indicate the flexibility of the 
prereactor. Recent experience has 
indicated that when using wet 
process phosphoric acid, it is im­
portant to start the liquid flows in 
the order (1) water, (2) nitrogen 
solution, (3) anhydrous ammonia, 
(4) sulfuric acid (when used), 

and (5) phosphoric acid. Starting 
the wet process phosphoric acid 

Table I. Typical Proportions of liquids Prereacted 
Lbs.!Ton of Fertilizer Product 

Sulfuric Phosphoric 

Anhydrous Nitrogen Acid Acid Additional 

Grade Ammonia Solution' (66° Be· H2SO 4 ) (75% HsP0 4 ) Water 
- - - ------ -----"- .. --~-- - - - -

3-12-12 77 (3) *'II< 105 210 
5-20-20 
(Formula A) 125 (5) ** 125 350 

5-20-20 
(Formula B) 98 (4) ** 50 (1) u 105 300 

5-20-20 
(Formula C) 77 (3) ** 96 (2)" 55 130 (37i) *** 275 
10-20-10 48 (2)" 410 (87i ) ** 80 150 (4) *** None 
12-12-12 510 (I07i) ** 115 None 
15-15-15 750 (15~) ** 225 150 (4) ** * None 

• 41.4 % N, 6% Urea, 19% free NHa, 65.6 % NH,N03, 9.4 % H20 
•• Units of N . 

• ... ' Units of P205 
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Table II. Granulation Plant Operating Data With Prereaetor. 

15-15-15 

3-12-12 

5·20·20 
(Formula) 12-12-12 

Production Rate 
(Tons/Hour) 36 
Recycle Rate 
(Tons/Hour) 25 
\Va ter Usage 
(Lbs/Ton Produced) 210 
Material Temperatures, OF 

Recyde Entering Mixer 
Material Leaving Mixer 

flow last is apparently important 
to preventing internal clogging. 
This circumstance is a recent oc­
currence which was not encoun­
tered with electric furnace acid 
and our experience is thus limited. 
However, we believe tbat with the 
correct startup procedure and per­
haps with minor changes to the 
discharge section, wet process acid 
can be used satisfactorily. 

Both 60° Be' and 66° Be' sul­
furic acid have been successfully 
used in the formulations. Nitrogen 
solutions containing both urea and 
ammonium nitrate are commonly 
used without apparent decomposi­
tion occurring. However, our tests 
for evidence of decomposition are 
not completed. We believe that 
since all ammonia formulated 
passes through the prereactor, the 
resultant high pH of the acid neu­
tralization environment may pre­
vent or greatly reduce decomposi­
tion of the nitrogen compounds. 

The production rates, recycle 
rates and water usages shown are 
not appreciably different from 
those when we were using paired 
pipe spargers in these plants. The 
temperatures shown are also simi­
lar to our previous experience, 
ex.cept that with the 3-12-12 and 
5-20-20 grades, the temperature of 
the material leaving the mixer is 
between 10 and 15° F. higher than 
with paired pipes. This is believed 
to be caused primarily by im­
proved ammoniation and decreas­
ed ammonia losses which result in 
more heat being released from 
the neutralization reaction. 

In conclusion, we don't be­
lieve that the concentric pipe pre­
reactor is the final answer to the 
liquid distribution problem. In­
stead, we prefer to consider this 
presentation to be a progress re­
port on the present state of devel-

125 
205 

36 20 15 

25 <)-... :J 40 

350 None None 

115 120 120 
200 170 175 

opment of a prereactor which has 
been shown in plant operation to 
have certain advantages over other 
systems. Further experience will 
undoubtedly result in improve­
ments and may also reveal limita­
tions which are not now recognized. 

CHAIRMAN SAUCHELLl: Thank 
you, Fritz. That certainly was an 
excellent presentation. 

Now we're ready for ques­
tions. Our panelists are prepared 
to answer your questions and I'm 
sure there must be a lot of interest 
in these discussions. Remember 
this discussion period is an import­
ant function of our Round Table 
and we look to the discussion pe­
riod with a great deal of interest. 

MR. L. V. CLEGG (Canadian 
Industries Limited): I understand 
that you must be careful not to use 
waste acid in this preneutralization 
system. Is this applied to all waste 
acids or just certain types? 

CHAIRMAN SAUCHELLl: vVho 
wants to answer that? 

MR. GILLlA;\>l: \Ve do not nec­
essarily say that waste acid can't 
be used, but if you use waste acid 
you'll want to know the composi­
tion of its impurities and what 
effect this will have chemically on 
your other materials in your pre­
neutralizer or prereactor at the 
temperatures at which you propose 
to operate. 

CHAIRMAN SAUCHELLl: Grant, 
do you have any comments? 

MR. MARBURGER: I think we 
have said in the interests of safety 
that spent sulfuric acid shouldn't 
be used in the preneutralization 
tank. This is based on just the 
fact that the organic material 
could become nitrated and accum­
ulate in the system. There's no 
positive proof on this, but this is 
the worry. 
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CHAIRMAN SAUCHELLI: Art, do 
you want to answer? 

MR. HANSEN: No, I don't 
think so. 

CHAIR:\iAN SAUCHELLI: Any 
other comments? Phil? 

MR. STONE: I'd just like to say 
that I think spent acids vary too 
much in composition for us to 
say here whether they can or they 
can't. It just depends on the com­
position of the add as has been 
pointed out. It might be certain 
spent adds that have certain accep­
table compositions can be used 
very satisfactorily, but I think 
again, it's a matter of knowing the 
components that make up your 
spent acid. 

CHAIRMAN SAUCHELLI: Frank, 
do you have something? 

DR. KEENAN: No. 
CHAIRMAN SAUCHELLI: \"'hat's 

the next question? 
MR. RICHARD POWELL (Inter­

national Mineral and Chemical 
Corporation): I'd like to ask Phil 
Stone-what is the size of the hose 
in the bottom of the trough; sec­
ondly, you mentioned you're using 
an anti-caking; is that coating 
agent-where do you have it? 

MR. STONE: The first question, 
the diameter of the hose in the 
bottom of the trough that distrib­
utes the hot liquor onto the tum­
bling bed of solids is a half-inch. 

The second question had to 
do with the type of anti-caking 
agent that's applied? 

MR. POWELL: Yes. where do 
you have it? 

MR. STONE: This is applied at 
the time-at the cooler discharge 
before storage of the product in 
bulk pile. \Ve have been doing 
this right along because in the 
first place it offered a good point 
at which we could apply it and 
probably reduce caking in the bulk 
pile. 

. We have used two or three 
different coating agents. We are, 
right now, in the process of testing 
a third one. I'm leaning strongly 
towards the kiln and clay type of 
coating agent in preference to 
some of the others to cut down on 
this dusting that occurs in the 
factory, sometimes to the extent 
where our tractor operators can't 
see to run their vehicles. That's 
the type of coating agent we're 
using and we're using maybe. 20 



pounds to the ton and sometimes 
higher. 

CHAIRMAN SAUCHELU: Any 
comments or questions on this side 
of the room? 

AfR. 'VA ITER 'V. VVHITLOCK 
(Texaco, Inc.) : I have a comment 
I'd like to make. Several years ago 
several of my colleagues in the 
East St. Louis Plant of the Illinois 
Farm Slipply Company did a little 
experimenting with what we called 
an external reactor. vVe were run­
ning a pilot plant at the rate of 
ahout a half ton or a ton an hour 
and ,ve used a two-foot section of 
three-inch pipe for preneutralizing 
the solution B and sulfuric acid 
in the absence of an agitator or a 
flight mixer or ejector pipe agi­
tator. In order to get a little more 
intimate mixing we filled the pipe 
with glass marbles. 

Needless to say, the reaction 
was quite violent. 'Ve lost some of 
-our marbles. (Laughter.) 

I should be careful in saying 
that. Most of the fellows are here, 
Ben Anderson, 'Valt Monti, and 
Seymour and so forth. I say this in 
pointing out, after listening to all 
the fine papers and presentations 
here this morning that there is no 
one way to accomplish any particu­
lar end resul t. 

I think that we all should be 
ve,y careful and cognizant of these 
facts and know what we are at­
tempting to do in order to follow 
the end result. If we want to use 
an all urea solution we go along 
with that; if we want to use an 
ammonium nitrate solution we 
have another type. 'Ve have a pug 
mill; we use the type of ejector 
th,]t the Davison people have de­
scribed and there is no standard 
pat answer as we can see here. 
the right line or track in getting 
the end result. These fellows have 
done a wonderful job. I think, in 
clearing up the muddy waters [or 
a lot of us. 

CHAIRMAN SAUCHELLI: Thank 
you, You're trying to stress the 
principles and as has been said, 
there are no two plants in the fer­
tilizer industry alike and it makes 
it very difficult for standardizations 
in it, 

Do you have' a commen{? 
A VOICE: The comment there 

brought a thought to mind that 
might be worth mentioning. AI-

though we haven't done any test 
,vork in that direction yet, we 
know of no reason why the con­
centric pipe prereactor could not 
be used in rotary ammoniators. 

CHAIRMAN SAUCHELLI: Other 
coments? 

MR. BRUCE SHERMA:\l (Olin­
Mathieson Chemical Corporation): 
I'd like to ask Mr. Stone how many 
units of nitrogen he's getting on 
14-0-14 and what recycle rates. 

'\fR. STONE: 'Ve're getting 
about ten units of nitrogen from 
solution, four from sulphate. Gen­
erally, we have varied it back and 
forth, but this is about what we've 
settled on and on what we operate 
at present. 

The second portion of your 
question had to do with amount 
of recycle. Recycle amounts to 
about a quarter to one. Sometimes 
a little higher, sometimes a little 
lower, but with good favorable 
particle size on the part of sul­
phate and other solids and a good 
operator you needn't have recycle 
any larger than 25 per cent. 

CHAIRMAN SAUCHELLI: This 
gentleman has been recognized 
down here. 

A VOICE: I'd like to ask Mr. 
Alfrey-the water you're putting in 
your system now, are you control­
ling your reaction too as you also 
control your granulation? You 
show water, but you don't say how 
you determine what goes in as 
water. 

MR. ALFREY: That's an excel­
lent question that I didn't clear 
lip in the description. The water 
being used is based strictly on re­
quirements for granulation. There 
are no other considerations ·given. 
One consideration we do have 
which is a policy generally insofar 
as order of introduction of the 
liquid goes. 'Ve usually start the 
water off first. 

CHAIRMAN SAUCHELLI: I sa,v 
two hands here. 

MR. CHARLES EVERHART (U. 
S. Industrial Chemicals Company): 
I'd like to ask :VIr. Alfrey if he 
would discuss his problem with 
the wet process acid. Do you think 
the seriousness of it will prevent 
the use of it in his type of opera­
tion? 

MR. ALFREY: I'd be happy to 
hazard a guess in answer to your 
question. Actually the difficulty 
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that we're encountering is with 
large ammonia dosages and rea­
sonably large phosphoric usage 
and at least medium to small us­
age of water. Consequently the 
difficulties are tendencies of the 
sales, that are formed from the re­
action between the acid and the 
ammonia, to collect on the inner 
surface of the pipe and act as an 
interference to the flow. 

My own optimistic guess on 
this thing is that some of the other 
difficulties that we encountered 
previously during this first year of 
plant operation were a lot greater 
than this difficulty and some of 
those, I thought, we might not be 
able to solve and we ended up 
solving them; but this one looks 
rather small in comparison and I 
think we can solve this minor dis­
charge pipe design arrangement, 
but I might be wrong. 

CHAIRMAN SAUCHELLI: Ques­
tion. Tom Hoshall? 

MR. TOM J. HOSHALL (Farm 
Fertilizers, Inc.): I would like to 
ask Mr. Alfrey how did you get 
rid of the steam out of the pipes. 

MR. ALFREY: The photo­
graphs that you saw of the exhaust 
system with steam visibly condens­
ing in the exhaust stack is the sale 
point of discharge of the steam 
for the system. The steam comes 
up through the mass of material 
and dissipates into the exhaust 
system. 

CHAIRMAN SAUCHELLI: A ques­
tion here? 

MR. LARRY LORTSCHER (Spen­
cer Chemical Company): I'd like 
to make an observation. I think it 
would help answer Mr. Hoshall's 
question. I notice in the recycle 
rate put on the slides that :Mr. 
Alfrey's system has a tendency to­
wards higher recycle req uirements 
on some of the higher nitrogen 
grades than with the open tank 
system. 

So that the steam which he 
may be talking about, may be the 
neutralizer flushing off and going 
out the stack. In his system, he's 
not got quite as low a recycle, al­
though he's got other advantages. 

CHAIRMAN SAUCHELLI: Do you 
agree, Fritz? 

MR. ALFREY: Yes, I slIre agree 
with what he's speaking or there 
as a possible expectation. So far, 
T might comment, 'we have oper-



ated this device almost completely 
according to accepted plant ex­
perience and previous plant pro­
cedure. ·We're quite anxious to get 
into some test work with some 
2-1-1 grades and some X-O-X 
grades to see what we can do, but 
I would expect, as a general com­
ment, that what Mr. Lortscher 
here has said, would be true. To 
what extent it's true, I don't know. 

CHAIR:'vIAN SAUCHELLI: Any 
other comment? 

MR. MARBURGER: I'd like to 
add a little more comment to 
that In the open tank we think 
of preneutralization in terms of 
coming out of the tank, and the 
slurry going into the bed of the 
ammoniator at a very low moisture 
content. This isn't an absolute 
necessity, but down into ranges of 
one per cent water in the slurry 
exit and when you're down into 
that low you do get into the large 
amount of steam flash off. 

CHAIR:VIAN SAUCHELLI: Tom 
Hoshall. 

MR. HOSHALL: I'd like to ask 
\fr. Alfrey if we can get some 
plans for this thing. 

MR. ALFREY: I appreciate 
your question - I don't know if 
this is a fair answer or not. The 
paper that I took my description 
from was presented to the recent 
ACS meeting and now belongs to 
the American Chemical Society. 
\Ve have submitted it to them for 
their choice of publication. They 
have the publication rights on the 
paper. Does that answer your 
question? 

\Iaybe Dr. Bridger or some­
body could elaborate on that; I 
don't know. 

CHAIK\fA:-.I SAVCHELLI: Is Dr. 
Bridger here? I think we're going 
to have it for the proceedings, I'm 
sure. 

DR. G. L. BRIDGER (\Y. R. 
Grace & Company): If anyone is 
interested, just write us and we 
·will try to tell you what you want 
to know. 

.\CR. RODGER SMITH (Eastern 
States Farmers' Exchange) I know 
there are some views among the 
panel on safe operating tempera­
tures of these preneutralizers. It 
might be expanded upon a little 
more and secondly, possibly \1r. 
Alfrey might give a little informa-

don as to what temperatures they 
do experience in the pipe, the 
reactor pipe, in his unit. 

MR. ALFREY: So far as precise 
data showing actual temperatures 
inside the pipe during operation 
with the various formulations are 
concerned we haven't gathered 
that type of data. 

\Ve have a general impression 
that the range of temperature we 
encounter varies, depending on 
concentrations of the acid, the 
amount of acid and ammonia us­
age and the production rate. But 
we think, speaking of the very low 
nitrogen grades up to the high acid 
usage grades, we're probably rang­
ing from somewhere in the neigh­
borhood of 220 degrees Fahrenheit 
to temperatures under 400 degrees 
Fahrenheit. 

I think the life of the thin 
Teflon liner has indicated that 
we're not approaching tempera­
tures that would begin to shorten 
Teflon life. 

CHAIRMAN SAUCHELLI: Ques­
tion? 

MR. CLARENCE B. KIRBY (Al­
lied Chemical Corporation) : ·With 
the reactor pipe what would hap­
pen if sulphur were to stuff the 
holes up completely? 

MR. ALFREY: 1 assume if the 
entire discharge system were dog­
ged what would occur inside the 
pipe particularly with the temper­
atures?-That has happened to us, 
once, only. This was on a very 
early prototype where our Teflon 
lining was not anchored down on 
the discharge pipe and its rate of 
expansion was dilferent from that 
of steel and it expanded over the 
holes and clogged them. 

The pressures that we enCOUIl­
tered were just equal to the maxi­
mum pressure on the supply sys­
tem. In this particular circum­
stance we were using anhydrous 
ammonia in the formulation and 
the maximum pressures that we 
encountered were equal to the an­
hydrous ammonia pressures. 

I might mention a safety fea­
ture on that point. \Ve have a 
policy in our plant of offering a 
pressure relief vent on any anhy~ 
drous ammonia system between 
valves. A vent of tl;is type just be­
yond the most downstream valve 
~r the anhydrous in this system, 
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I think, would take care ot all 
pressure problems of that type. 

Does that answer your ques­
tion? 

CHAIRMAN SAUCHELLI: Does 
that answer your question all 
right? 

MR. KIRBY: Yes, sir. 
CHAIRMAl\ SAUCHELLI: Ques­

tion here? 
MR. EDWARD A. HEISLER 

(Baugh & Sons Company): I have 
two questions for Mr. Stone. 

First, is an agitator necessary 
in this type of reaction vessel? 
\Vhat would be the location of the 
preneutralizer? I presume you'd 
want it as close preferably over 
the ammoniator, but that's just 
my supposition and third, what 
sort of control tests are necessary 
to keep it running? 

MR. STONE: Your first ques­
tion, is an agitator necessary. vVe 
were very hopeful that an agitator 
would not be necessary and we 
tried to do without it, just as we 
tried to do, and were successful in 
doing without this little fan that 
we originally put in the stack to 
take water vapor away. 

vVhen we tried to operate 
without an agitator in the tank 
we had considerable nitrogen loss 
in the form of ammonia from the 
tank and we concluded that an 
agitator was necessary. 13ut I would 
like to say that I'm not at this 
time completely sure that it isn't 
possible to operate without an agi­
tator and our .attempts to operate 
without an agitator have not 
ceased. vVe are hopeful that there 
will be some way to go about this. 
Right now our liguid level above 
the spargers in the tank is, in my 
opinion, too low. It's only about 
18 inches and when we put in the 
new tank in another few months 
this tank will give us a cleeper liq­
uid level above the spargers in the 
bottom of the tank and at that 
time I'm hopeful that we can at­
tempt again to operate without the 
agitator because this is a direction 
towards simplicity and low cost 
which I think in the fertililel­
business we're all after. 

The location of the preneu­
tralizer is, as you suggest, on the 
floor level above the ammonia tor­
granulator that we use and located 
in such a way that the overflow 



discharges into a three-inch line 
and flows directly down into the 
entrance to the ammoniator-gran­
ulator where the solids enter and 
it is at that point that the hot 
liquor is distributed on the bed 
of tumbling solids. 

Your last question, I think, 
had to do with the control of the 
operation. The only controls that 
we have for the operation is tem­
perature and this is regulated by 
means of water added to the re­
actor tank. vVe prefer not to add 
water at this tank and many times 
we do not add water at the tank, 
but we have temperature that is 
recorded at the tank and registered 
on the control panel downstairs 
where the operator is situated. 

:vIR. HEISLER: I'm sorry, Mr. 
Stone, my question really was pH 
control. I imagaine you have to 
operate slightly on the acid side 
to avoid ammonia losses. I was 
wondering whether you run peri­
odic tests of that sort of thing on 
that? 

MR. STONE: We think pH is 
probably a very important prob­
lem. We're always after a simple, 
easy way to do things to keep it 
that way for our operators. We 
have no idea what the pH is on 
the hot liquor discharge from the 
tank. Our controls do not involve 
pH measurments; we, at one time 
thought about it and we still turn 
rhis over in our mind, but it's 
another function for a man to 
perform and we've been successful 
without the use of any pH con­
trol. The only thing that we do 
is to calibrate our liquid flowme­
ters with good accuracy and make 
damned sure that the liquids are 
entering the tank in the proper 
proportions to each other. 

This may give us a little ex­
cess acid to make sure that we 
catch all of our anhydrous. \Ve 
don't think this is a disadvantage 

in making X-O-X grades because 
we have plenty of limestone down­
stairs to take care of this little 
additional acid. 

CHAIRMAN SAUCHELLI: We 
have time for a couple of more 
questions. 

A VOICE: I believe Mr. Mar­
burger mentioned some test for 
acidity which was pretty accurate. 
Could you describe that? 

MR. MARBURGER: I'll touch on 
it. I have a procedure written up 
that explains it fully, but it's a mat· 
tel' of the o;)erator taking a little 
dipperful of the slurry coming 
down and then with a 100 milliliter 
beaker; and he does need a pipette. 
These other chemicals involved are 
tenth normal sodium hydroxide 
and some methyl-red indicator and 
this will give him the per cent of 
acidity as sulfuric acid and he'll 
quickly find an operating range of 
maybe it's .2 or .5 or 1. I think we 
said originally two per cent. Above 
that you're getting into fuming 
problems, although that frequently 
is too high. 

CHAIRMAN SAUCHELLl: An­
other question? 

MR. EVERHART: Mr. Marburg­
er or Mr. Gilliam, do you exper­
ience blockage in the discharge air 
line of the open tank, If you do, 
do you have any control device to 
cut off your system? 

MR. GILLIAM: \Ve would not 
expect any blockage in the dis­
charge line of your slurry from 
your neutralizer tanks since we pur­
posely overdesigned the size of that 
so as never to run over half full. 
Now you can picture under certain 
conditions of temperature that if 
for some reason you're shut down 
and material -has a chance to salt 
out, that line can become blocked. 

'What little experience I've had 
with commercial units, most of 
them have an emergency overflow 
line installed above if such block· 
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age should take place; but, I be­
lieve this is a minor problem and 
it's recognizing that you're dealing 
with a slurry that does have a salt­
ing out temperature at something 
above room temperature, depend­
ing upon the water content of the 
slurry, 

Does that answer your ques­
tion? 

CHAIRMAN SAUCHELU: How 
many folks here would think we 
ought to put this subject on our 
program next year? There would 
probably be more plant experi­
ence and so on. Let me see a show 
of hands of those that think we 
ought to continue. 

(A showing of a majority of 
hands.) 

It's of increasing interest and 
perhaps we'll consider it. That 
leads me to urge once more upon 
you all that we need ideas for next 
year's program. It's our concern 
to make next year a better program 
if possible. 

I'm sorry we have to cut off 
here. You've been a grand audi­
ence and cooperative and on behalf 
of the Executive Committee I want 
to thank all speakers for their gen­
erous participation; their giving us 
their time and a lot of work put 
into these papers. I also want to 
acknowledge publicly my apprecia­
tion to the National Plant Food In­
stitute for permitting me to devote 
time and secretarial service for 
work on the Round Table, 

I think from the comments 
that I've heard, we've had a fine 
meeting this year and we all look 
forward to convening again next 
November. Let us all hope that 
we'll have as good if not .a better 
meeting. 

\Ve stand adjourned then un­
til 1960, November 2, 3 and 4. 

(Applause.) 
(The meeting adjourned at 

twelve forty-five o'dock, p.m.) 
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