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IITRODUCTIOB 

In Chapter II, a 4eta.ile4 discussion of the 

specifications for high grade fertilizers is given. 

I have attempted to show, through a comparimi'n with the 

products with which they must compete as fertilizers, 

why the ammonium salts of phosphoric ac14 are desirable. 

Granting that the ammonium salts of pho"sphoric 

acid are desirable as fertilizers, and that their 

importance in the fertilizer industry is assured, I 

undertook this series of experiments in January, 1928 

with the idea of obtaining information that would be 

of benefit to the manufacturer. 

The results obtained from the series of experiments 

on the thermal decomposition of both mono and di mmnonium 

phosphate salts give to the manufacturer an accurate 

comparison of the action of the two salts under the 

same heating conditions, as well as their individual 

action. !he data obtained from this research are given 

beginning with Chapter IV. 

As far as I have been able to ascertain, this 

problem is original. 
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mtai,te r I 

PREFACE 

It is my intention to present to the reader in this 

pa:per an aoeount. as accurate as labors. to ry apparatus aw. 

technique will permit. of the decomposition of both mono 

and di ammonimn phosphate. 

It would inaeed be impossible to list all those to 

whom I em indebtea for information~- but throughout the 

experiment. journals end boun4 periodicals a'failable in 

the Chemical Library of the University of Alabama were 

used. Acknowledgment will be maie to the autho~s 

throughout this paper where their info:tmation has been 

of benefit. 

To Ur. A. M. Kennedy I wish to express my appreciation 

for his ever-ready willingness to assist the students under 

him when ever possible. making always available to each; 

criticisms gained through years of experience in research 

work, To work with him I consider a pleasure. 

To Dr. Jack Montgomery I Wish to express my appreciation 

for the interest he has shown, and for the criticisms he 

l 

has given me. throughout my work at the University of Alabama. 

!o Dr. Stewart J. Lloya, under whose charge the work 

was ce.rrie4 out~ I owe appreciation for the many valuable 

suggestions offered. 

I take this opportunity to express my gratitude to the 

Alabama Power Company at whose expense the work was done. 



Chapter II 

THE DESIRABILITY OF AMMONIUM PHOSPHATE AS A 
'FERTILIZER 

To understand the importance of ammonium phosphate in 

the fertilizer industry. it is necessary that a discussion 

of the standards of high grade fertilizers be given. and 

also a comparison with the competing products, 

Physical properties as well as chemical properties are 

of importance in the judging of a good fertilizer. Below 

are listed, with discussion of each, the qualities that are 

to be oonside red in ,judging a suitable product. 
l 

(1) Hygrosoopicity. Hygrosoopioity means the ability 

of the fertilizer salt to take moisture from the air. The 

'difference is one of degree only, as all soluble salts take 

water from the air when the aqueous vapor pressure in the 

air is greater than the vapor pressure of the salts. 

Obviously then, the salt with the greatest vapor pressure 

will be the least hygroscopic, This condition affects the 

product in several ways, The moat important is its effect 

on drillability, which will be discussed later. Some salts 

completely liquify in damp weather, others become sticky. 

end many of them cake when redried. This naturally 

influences the storage conditions, as well as the nature 

of the container that must be employed. 



!he following table rank the synthetic fertilizer 

salts as to the ease with which they extract moisture from 

the air. 

Salts, 

Oa(IO ). 
3 2 

1 .. i . f ., .. 

:la »03·~~-----~-~--- ... -------... ----.. -----""--1z.oa-~-- ..... ----23.,46 
/ ... / .. '., ... 

V 

llt4 Cl--~,. ..... --~•-------------.~~---••••18.91--••----••-•24.66 
j 

(JR4 )2 S04•""-------------•--•-•·•••l4.20•""-.... - .... ..,25.s2 
~ 

(1!4 )2 BP04-----------------,.•--••-,14.59-•----•-""•26.Z6 

IR4Hr94------------••--•••----~----l~,z~----------29.57 
DzP04•-•••-•••-------•-------••••--16.3S•••~-----•29.60 

DGz•·•----•------•-••••---------•-•16.58-----•-•·•29.'ll 

In !able 1. above; the synthetic salts now being v.sed 

as fertilisers are listed in or4er of the vapor pressv.re 
.. ' . "" 

of their a•turated solutionaG at ao0 c. an4 zo0 e. !llua 

ea {IOz )2 has a vapor pressure of its saturatea ~olutie:a 

a:t 20° C. equal te 9 ,61 Mg. of :s:,; at ~o° C. this :,res sure 

inereases to 14,SZ Kg, of Hg. !he greater the pressure ot 

a salts saturateo solution, the less hygroscopic is the 

salt, 



(2) D~illabilitf• Drillability is the case with which• 

the particles of salt may be distributed through the drills 

and into the soil. This depends upon (1) content of mois

ture; (2) humidity at the time of distribution; (3) degree 

of divi,sion of the particles. Where the particles are not 

uniform; segregation has a tendency to take plsoe, 

especially if the particles are not of the same specific 

gre:vi ty. 

(Z) l!E oent of plant fooA~ Phosphorus, potassium, an4 

nitrogen are the essentials of all plant life, and are 

usuall7 expressed in their relation to fertilizer as:-

BRz, P2o5 and x
2
o. A fertilizer contsining 100~ of any 

combination of the three named above, would be classed 

as having a plant food value of 100~. 

(4) Highl:y conce;ntratea fertilisers. Concentrated 

fertilizers are a saving to the manufacturer. not onl7 in 

trsnsportation, but in storage, bagging, and labor per 

unit volume of plant food. For example, a fertiliser 

containing 50~ plant food value ea.n be handlei for about 

one half the oost and one half the labor required for an 

equivalent emount of some other brand containing 25" 

plant food valuet providing, of course, that the 
l 

constituents are of the seme materials, 

( 5) Burning or toxic effect, or the effect on see4 

germination. By experiment it hes been found that sulphates 

an4 chlorides are hannful if used in large quantities. The 

l. u. S. ,- Departmen-£ of Igrlouiture. Bui. 1179. 
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~ause is not thoroughly understood. Many investigators 

believe it is due to the increased osmotic pressure of 

th• soil solution which retards the absorption of water 

l>y the plant. 

(6) Effect on the gualit~ of the Eroduot, !here is 

no way of ascertaining just what effect a salt will have 

on a particular orop unless it is first experimented with 

on a small scale. For example, it has been ascertained 

by experiment that chlorides decrease the yield of sugar 

in the sugar beet; likewise the starch in the potato. In 

certain cases it has been noticed that the bur.ning qualities 

of tobacco have been injured. 

(7) The olassifioation of fertilizers. 

1. Ordinary~ under 20% plant food value. 

2. High analysis, 20-zoi plant food value. 

3. Concentrated. above zo% in plant fooa 

value. 

The average product on the market today has a plant fooa 

value of about 16"';; an.a usually in the proportion:- 3.5% 

:tm3 • 9.c,% P2p5 ~, and 3.51b x:2o. It is possible to obtain 

a fertilizer with e. plant food value of 80%, only by 

combining n 3; P2o5 and K20 to form new salts with other 

acids ana bases. It is impossible to obtain a fertilizer 

with a plant food value greater than 32~ from the by

produot and mineral deposits of today. 

!he formation of new salts from the essentials of 

plant food constituents to gain a more highly concentrated 

5 



·product is rapidly gaining favor among the manufacturers · 

of fertilizer today. As is true with any new idea in its 

embryonic stages. people are prone to stick to the old way; 

in time. however. they will accept the advantages made 

possible by the birth of a new phase in the fertiliser 

industry. 

Before the last war there were no ooncffntrate4 

fertilisers on the market at all, and even less then 2~ 

of those on sale were of oless 2. In 1926 there were 110 

products of class 2~' and l'l products of class z. being 

1~ of the whole. 
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COllCEN!RATED F.ERTILIZEBS AND AMMONIA 

The results of the atmospheric nitrogen prooess 

development were the beginning of a new period in the 

fertiliser industry. 

Before the war, Germany imported large quantities of 

nitrates. Early in the war these supplies were out off; 

and she had to turn to other sources for the amount neeted 

in manufacturing her explosives. Through the development 

of the atmonpheric process, she was producing enough 

nitrates of her own to be independent of other sources. 

After the war their chemists concentrated their thoughts 

upon some means by which they could use the excess 

nitrogen, since they no longer needed such a large amount 

for explosives. !heir thoughts naturally turned to 

agriculture, the only other industry that coul4 possibly 

use such a great amount. 

!he ammonia and nitric acid obtained in the 

manufacturing of explosives are not suitable as fertilisers, 

but they are in such condition as to be of value when 

combined to form synthetic salte with other acids and bases. 

~he product obtainea is a concentrated fertilizer. 

The United States has not advanced in the production 

of synthetic fertilizers; as the Europee.:m. countries have. 

We have only one small plant located at Muscle Shoals, 

Alabama. !his plant has been'idle since the war, which 

seems to be the destiny of all cymamide plants~ or else 

they operate under their rated capacity, the cost of 



proauation being very high, Germany produces about eight 

times as much atmospheric nitrogen a year as we do, 

8 



Production. 

REPORT OF NITROGEN INDUSTRY FOR 
1926 

Nltrogen in short tons. 

Synthetic----------------- 12,800---------------- 4% 

By-produot----------------145,200----------------45i 

Im;eorts. 

Chilian~--- .. ---~----- ..... - .... - .. .-160~~700-----,l!IJI-------~--.... 
51% 

l!iscellaneous--------~---- 5. 000----------------• 
Only 4i of our nitrogen supply was made synthetically 

at home. To forge ahead as other countries have, we hal 

to expsnd to a greater production. 
1 

This year; for the first time, nitrogen fixed within 

the United States is an important part of the total supply~ 

and for the first time domestic production is going 

directly into fertilizer. It is predicted that the air 

nitrogen output of the United States plants for the year 

1930 will be three or four times as great as that of last 

year, and will be equivalent to some 600.000 tons of 

Chilian nitrate of soda. 

9 
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PRODUCTS WITH WHICH AMMONIUM PHOSPHATE 
MUST COMPETE 

FolloWing Will be listed the synthetic salts now usea 

as fertilizers, with a short discussion of each. 

Calcium nitrate. Ca (N03 )2 • Calcium nitrate contains 

15.5~ nitrogen and 2a.oi calcium. This salt is not used 

in the United Stat•s,· but finds wide application in Bu.rope. 

!he cheap power there makes its manufacture profitable. Por 

many years it has been prepared as RJUkem and Notoaaen in 

Iforway. 

Caloium nitrate is a good fertilizer~· but has its 

limi tationth Its chief disadTantages are its low nitrogen 

contents and its hygrosoopicity. The normal salt C~(N03 )2 f 

4 H20 liquifies readily when exposed to moderate amounts 

of moisture. The l'orwegian product is shipped. in air• 

tight kegs. Concentrated mixtures containing this salt 

cannot be drilled satisfactorily in humid weather. 

In Germany; ammonium ru.tra.te is aaaea during the 

evaporation of calcium nitrate to decrease its solubility 

and also to bring up the nitrogen content of the produot. 

Some claim that the addition helps the physical properties, 

while others hold that 1 t has no eff'eot. 

It is statea that nitrates in general hydrol7za easily 

in water-logg·ed soils, forming an acid con41 tion which ma, 

do more harm than good. Nitrates have the advantage ot 

producing quicker results than other radical fo:rms. 

10 



l 
Ammonium sul;ehate. (NH:4 ) 2 so4 • .Ammonimn sulphate 

produoes an acid condition in soils that are deficient in 
2 

lime. Experiments on some soils show that after continued 

use the effect 1s so pronounced as practically to imhibit 

growth; while corresponding limed soils give good yields, 
3 ' 

!he by-product material sometimes contains pyridine and 

other toxic impurities, and the presence of free acid in 

many eases causes the bags to rot quickly. 

By-product ammonia and most of the synthetic salts 

appear in this form, Sulphuric acid is a cheap anl 

convenient carrier and its use has become so general that 

it will be hard to displace in spite of its undesirablt 

qualities. 
4 

Urea (NB:2 )2 co. Urea is the most oonoentrated of 

nitrogen solids, containing about 46~ nitrogen. Because 

of this it is used to a great extent in small gardens~· and 

is generally applied in the proportion of one teaspoonful 

of urea to one gallon of water. Nearly a million dollars 

were spent in :&u:rope in advertising urea~· but the sales a1a 
not increase as were expeetea, Urea may be preparec!l from 

NH~_ . 
2 im.3+co2~ 

0
~co .. -+--H2o, Urea is hard to drill in 

4amp weather as ft cakes badly and is very hygroscopic. Bo 

toxic effect, except from the saturation of the soil by 

the urea; oan be noticed. !l?his may be caused by the over 

11 



~s• of any soluble salt • 

. Ammonium oh~ori4e, :tm:401. This salt has the tendency 

to make soils acid, and often as with other chlorides~ 

decreases the yield within the plant. For example~ it 

decreases the sugar in the sugar beet a.nd the starch in the 

potato. The per cent of ammonia is about ZS~ and might 

serve to react with other su·bstances to form highly 

oonoentrated products. 
l 

Ammonium nitrate. H 4No5 , Ammonium nitrate g!ves 

good results as a fertilizer. The salt, however~ is 

extremely hygroscopic~ thus becoming difficult to dis

tribute. Because of its high nitrogen content. which is 

about zsi~ and because it is such a good fertilizer; 

considerable work has been done trying to counteract its 

hygroscopic nature, ~his has been somewhat overcome by 

mixing with other salts. This salt is still better for 

a fertilizer because the radical is the nitrate fo:rm of 

nitrogen. 
2 

Calcium ozanam1ae. ca CN2 or Cl'. l'Ca. Calci'wn 

cyanamide has been used extensively in both the raw anl 

the adulterated forms. but it is now giving way to 

nitrogenous products obtsine4 from direct synthetic 

ammonia. 

As a fertilizer it has many undesirable qualities. 

Its dustiness makes handling a;sagreeable, but this 

12 



condition is somewhat overcome by treatment with oil and · 

the hydration of free lime. The toxic effects are probably 

due to the formation of dioyanodiamide (C2R4N4 ). More 

than 50 lbs of it per ton of commercial fertilizer is 

considered harmful. The oommeroial material contains 

only 25% ammonia, and for this reason it would not be 

suitable for preparing concentrated products. 

l 
AWONIUM PHOSPHATES. 

The ammontam salts of phosphoric acid seemingly 

have the greatest future of all the synthetic salts. 

Their use in this country has so far been largely 

confined to yeast culture, bread improvement~ and fire 

pr,oofing materials. In Germany their use as a fertilizer 

is increasing. 
. ' 

Mono ammonium phosphate, NH4H2Po4 and di ammonium 

phosphate (NH4 )2 HP04 ; are the only ammonium salts of 

phosphoric that are stable enough to be used as fertilizer 

materials. Even the di ammonium phosphate salt Will break 

down slightly in damp weather at temperatures around 100°c. 

These two salts contain the highest per cent of plant 

food essentials of all salts, with the exception of 

potassium phosphate. Most fertilizers contain only one 

plant food essential. while these salts contain two eaoh. 

Two of the best fertilizers that contain just one 

1. Waggaman & Easterwood., Phosphoric Acid,, Phosphates 
~na Phosphate Fertilizers, PP• 182-310. 
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'plant food essential are acid phosphate and ammonium 

sulphate. 

Mono ammonium phosphate contains 76.6% plant food; 

-while di ammonium phosphate contains 79.5% plant fooa. 

A mixture of the two containing 275 parts of di ammonium 

phosphate, 20 parts of potassium phosphate. and 114 parts 

of potassium nitrate, gives the most ooneentra.ted 

combination that ea.n be ma.de with the food ratio that is 

now being used. Di mmnoniwn phosphate is the most 

concentrated stable compound of nitrogen and phosphorus 

possible. 

From Table 1 it is seen that outside of the potassium 

compounds, emmonium phosphate is the least hygroscopic of 

all the salts listed. The mono salt is not as hygroscopic 

as the di salt. 

The preparation of the mono salt is simple. The 

proper amount of NH3is passed into a 75% H3Po4• The 

mixture heats up because of the reaction. becomes pasty. 

and the crystals of the mono salt form. It is then 

necessary to centrifuge the substance in order to remove 

the crystals of mono mnmonium phosphate from the mother 

liquor. When the product is 100% pure, its eomposi tion 

is:- m3 14%~ P205 61.72%~· and does not contain aey water 

of crystallization. 

The preparation of di ammonium phosphate is not quite 

so simple. The :tm3 is passed into concentrated R3Po4 ; the 

heat of reaction being so great that at a point midway 

14 



· between the mono and di salt, the solution will not take,• 

up any more smmonia gas. !he whole mass is then ooole4 

to a solid glassy-like mass, and by the addition of 

strong liquid ammonia the reaction can be carried to 

completion to form the di salt. When pure, the di salt 

contains 25.8~ BRz• 53.8~ P2o~~ and does not contain 

water of crystallization. Drying of this salt must be 

at low temperatures to prevent iecomposition. 

15 
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Chapter III 

RELA!IOWSHIP OF PHOSPHORIC AOID AND AMMONIUM PHOSPHA!E 

!he oost of production of phosphoric acid on a commercial 

scale is a serious problem~ The possibilities of marketing 

ani ma.ki~ ammonium phosphate available as a fertiliser for 

the farmer aepenas upon whether or not a cheaper method for 

the manufacturing of phosphorio acid can be devisel • 

!he ammonia used in reacting With the phosphoric aoil 

to form the conoentrate4 ammonium salt is prepared by the 

Baber-Bosch Process; and hae provel satisfactory from ever., 

standpoint. 

Several processes have been usea for the manufacture 

of phosphoric aoid; with sueoess to some ext6nt; either in 

the laboratories or on a oommereial scale. To give the 

reader an idea of the methods. a short discussion of eaok 

will be given. 

!h• methods are:-

( 1) Liljenroth Pro.oeas. 

(2) Bleotrie Aro Process. 

(3) Sulphuric Acic1 Process. 

(4) Fuel Fired Furnace Process. 

(5) Derr ?rocess. 

l 
Lil3tnroth :Process. 

. 4 

!his process consists 1n,the collection of the 



FLOW SUE! .OF LILJEJROTR Ei.OCESS. 

f Steam. ~ 

ll.lectrio 
furnace 

Pho sph.o rus ) 
.J, 

hosphorie acid 
converter. 

Phosphoric Aei4 

Neutralizer 

f Ammonium 
Phosphate 

Ry4rogen 

ynthetic amm.oni 
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elemental phosphorus evolved when phosphate rock, silica and 
l 

carbon are heated together in the electric furnace, and 

subsequently oxidizing the phosphorus, with steam as a 

catalyst. 

!he P205 is then co~verted into H3Po4 b~ the following 

reaction:- P2o5+,-3 H20~----2 R3Po4• 

The hydrogen that passes off in reaction l above, is 

collected and used in preparing synthetic ammonia, which 

is the other product necessary for the production of the 

ammonium phosphate salts. 

!he disadvantage in this process is that it requires 

the installation of an elaborate system of condensers, for 

the collection of the phosphorus vapors. Host catalyst 

are poisoned easily, making doubtful the completion of the 

oxidation of the phosphorus by the steam. The dir·eot 

oxidation of the phosphorus vapors as they are given off 

from the furnace by air, appears to be a simpler scheme, 

even though no valuable by-products are obtained. 

l 
ELEC!l!RI O ARC P BOCESS ., 

fhe evolution· of elemental phosphorus (P2 ), will 

occur when silioa, tri-oalcium phosphate. and carbon are 
2 

heated together at high temperatures. !he elemental 

phosphorus is then oxidised to phosphorus pentoxicle and 

18 



~hen to orthophosphorio acid. 

Reactions: .. (1) Formation of elemental phosphorus. 

Ca3 (P04 )2+ 5 C -+ 3 080 + 5 CO +- P2 

(2) Jormation of lime silioates. 

CaO + Si02 ~ Ca~i03• 

(3) The oxidation of P2 and CO to P2o5 ani 

CO2• 

lt P2 + 5 0 -+ P2o5 • 

2. 2 00 -1- o2 ➔ 2 CO2• 

(4) The conversion of P2o5 to H3Po4• 

P205 -r 3 H20 ~ 2 R3Po4 • 

Phosphorus can be reduced without the use of carbon 

by silica at temperatures from 1600° - 1800° c. At this 

temperature the silica becomes a relatively strong acid 

ana is able to displace the phosphoric aoid in the rook. 

forming silicates of lime and free phosphoric anhydride. 

This reaction may be carried out at temperatures between 
0 0 

1300 and 1500 C, by the use of a reducing agent. 

The shaft and crucible types of fur.ne.oes have been 

used. The shaft type has the advantage, as its efficiency 

in the utilization of the heat formed by the burning of 

the carbon monoxide and phosphorus in the top of the 

furnaQe is the greatest. The retention of this heat aids 

in the process of breaking down the new charge. 

The carbon, silica, and phosphate rook is charged into 
l 

the furnace in the following ratio; 

t. Chemlstr.z ana Meta11ur,a, Vo1. 3o. p. 21. 
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1 lb of silica for 1.4 lbs of lime. 

1 lb of carbon for l lb of phosphorus • 

• 32 lbs of e. for 1 lb of iron oxide. 

Continuous charging of the furnace is neeessary in 

order that a marked depth can be hel4. This does way with 

the arcing over of the electrodes. With everything running 

smoothly, it is possible to obtain a product practically 

free from impurities with a recovery of about 95 per cent. 

The Federal Phosphorus Company at Anniston, Alabama. 

claims a product with the following analysis:-

Iron----------------------0.02%. 

Arsenic oxise-------------0.0~. 

Advantages· of the proeess. 

(1) Pure product obtained. 

(2) The conditions for a reducing atmosphere 

are ideal. 

{3) The heat is localized, reducing radiation 

losses. 

(4) Low grade rock may be used satisfactorily. 

l 
SULPHURIC ACID PROCESS. 

To treat phosphorus with sulphuric acid so as to 

convert completely their P2o5 contents into H3Po4• The 

1. 
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· insoluble residue if filtered off. Reaction:- ca3(PO 
4

)2+ 

z n2so4 --'7 2 H1Po4+ z case4• 
The impurities contained in the phosphate rock are acted 

upon and brought out as the phosphates of these metals. 

Because of these impurities a high grade rock must 

be used in order to decrease the amount of sulphuric 

acid needed. Rock containing as high as 8~ iron ana 
alumin'Ul should be rejected. 

The phosphoric acid obtained by this process is 

then neutralised with ammonia. 

Preparation. 

The phosphate rock is dried, crushed, and 

pulverized and then passed into containers. lined with 

lead or acid proof brick, containing H2so4• !he rock is 

aere acte4 upon by the acid, the time depending upon the 

eoneentration of the acid solution. Usuall~ requiring 

from four to six hours. 

After the reaction ceases, the clear solution~ which 

is the phosphoric acid, is drained off, the average 

recovery being around 90~. 

Ammonia gas is passed into this solution until the 

mixture is neutral, The smmonium phosphate crystals are 

recovered oy fractional crystallization. 

1 
!HE FUEL FIRED FURNACE. 

fhe advantage in the fuel firea furnace process rests 

1. United States :Oepartmen~ 21. Agriculture, Bui. No.· 11'1§. 
~· 2. JlaeDovell~ c. ff., Problems of Muscle Shoals, P• 25. -----
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ln the fact that the heat produced by this means is much 

cheapter than that obtained from the electric current. 

The reaction that go on in this process are the same as 

those in the electric furnace process. 

Should there be a great increase in our electric 

power de~elopment, many believe that it would still be 

eoonomioally unsound to dispose of this power for 

manufacturing phosphate fertilizers as cheap as these 
l 

products must be made. 

The location of the plant furnace has to do with 

the selection of heating units close to the phosphate 

mines. 

Experiments were carried on with this type 

furnace by the United States Department of Agriculture 

at Arlington, Virginia. Difficulties caused by 

mechanical defects were experience4, but results showed 

that when the furnaoes were operating efficiently. the 

phosphorus was almost completely reduced, and that the 

consumption of fuel was so low as to bring the cost 

under that of either the sulphuric aoid or electric arc 

process. 

The furnace experimented with was a combination of 

the crucible ana blast types. The crucible was 12 feet 

long, 2 feet wide, and 2 feet high at the center. A 

circular opening 10 inches in diameter lea from the 

1. lfaeDove11; O. · H,, Problems of ltusale Shoats, p. 23. 
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micldle of the crucible to a. she.ft 7 feet high, having the .. 

general shape of a blast furnace, with a maximum diameter 

of 2 feet. The fuel was furnished by two oil burners 

situated as each end of the cru.oible at an angle of 60° 

from the horizontal, This permitted the furnaces to play 

directly on the hearth. The pressure of the oil could be 

varied from 50 - 100 pounds per square inch, ana the air 

entered at from 2-8 ounces of pressure. Both the furnace 

and the burners had to be water cooled, and carborundum 

brick used in order to withstand the intense heat. !he 

temperature for the reactions re.ngea from 1400° - 1100° c. 
The ordinary phosphate rock contained many small 

particles of rook which were blown out of the furnace 

by the blast. To do away with this a system of 

briquetting was trial. This was done by mixing the 

ground rook as it came from the mines, with coke~ san4 ~

and about 12~ moisture. This combi~ation was subjected 

to a pressure of from one-half to one ton. A 'Silioa 

lime ratio of 69 to 32 with 12~ coke gave the best results. 

The small dimensions of the furnace were a dis

advantage, as the heat had to be concentrated on the 

hearth ln order to keep the flem.e from softening the 

charge higher up, thereby causing it to reach the hearth 

too quickly, ana· consequently not exposing it to the 

maximum temperature long enough to effect a complete 

reduction. Impun.t1es in the oil necessitated a high 

pressure which forced the flame into the stack, an4 this . 
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.probably aceounts for some of the poor yields. ?lore 

trouble was caused by the formation of scaffolds which 

form easily in small shafts. A furnace of commercial 

size would no doubt overcome some of these difficulties. 

A better system of pre-heating the air and a means of 

raising the temperature of the oil are also advised. 

The products of combustion. as in the electric 

furnace. pass first into a auat oatbher. through a 

regenerator. into a oQttrell preoipitator. 

there was usually enough moisture in the charge 

to oon-vert the phosphorus anhydride to orthophosphorio 

acid. 
l 

DORR P,ROCESS • 

The initial cost of this process for the production 

of phosphoric acid is relati-vely high; it gains this b~ok 

however in the following ways: (1) reduction of labor: 

(2) eeorease in fuel: CZ) recovery of a fairly concentratee 

product. 

Preparat-ion. 

The phosphate rook is first ground so as to pass 

through an eighty-mesh screen, The ground rook is than 

passed through a series of three lead-lined chambers w1 th 

agitators. containing diluted sulphuric acid, The heat 

given off by the dilution of the acid, along with the 

heat of reaction from the action of the acid on the 

phosphate rock, brings the temperature of the whole mass 

1, Waggaman & 'Basterwooil. l'hosphorlo !oi4. !hosphates · 
and Phosphate fertilizers. 
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up to nearly boiling. The complete decomposition of the 

phosphate rook takes place in from four to six hours. 

depending upon the concentration of the aol(} solution 

and the rook. 

From the la.st of the lead-linea tanks, the solut!on 

is pumped into the first of a series of tanks known as 

Dorr tanks. The agitators are so arranged that the thick 

part of the solution is thrown toward the center, where 

a pipe leading to the second Dorr tank carries it over. 

The thick material and the phosphoric acid that have been 

formed are shot dolVIl a trough to a distributing box. The 

acid is pumped to a condenser where it is filtered and 

concentrated. 

The insoluble residue with its absorbed solution 

of dilute phosphoric acid is discharged from the second 

Dorr tank to a third~ fourth, fifth and sixth Dorr tank. 

During this process all the soluble P2o6 is taken out. 

rt is claimed that 99i of the P2o5 contained in the 

phosphate rock may be extracted by this process. 
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Chapter IV 

THERMAL DECOMPOSITION OF MONO AND DI AMMONIUM PHOSPHA!ES 

By this series of experiments I aim to ascertain the 

rate of decomposition of both mono and di ammonium phosphate 

salts, at increasing temperatures, thereby converting them 

into phosphoric acid (H3P04 } and ammonia gas (NH3 ). The 

rate of decomposition is calculated by determining the 

number of cubic centimeters of a standard solution of 

sulphuric acid that are neutralized by the ammonia driven 

from a two gram sample of the salt, in a specific time; and 

at a constant temperature. 

During the entire experiments over a period of nine 

months, the salts were subjected to the same heating 

conditions, therefore the results are an accurate comparison 

of the reactions of both salts. 

In order that we could subject the salts to the same 

heating conditions, it was necessary that an electric 

furnace with the heating elements so constructed that any 

temperature up to 360° a, could be reached and held at will. 

be made. This was aeeomplished, not without considerable 

work, by the use of nichrome wire coils, calculated for the 

desired heating units, and alundum cement. After several 

trials a final product was obtained which would serve the 

purpose as well &a could be expected, with the aid of a 

rheostat. 

The selection of a suitable substance to be used as 

a .bath or heat medium was next considered. After experiments 

27 



.at low temperatures, paraffin was selected to serve up to~ 
0 0 

200 c. For temperatures above 200 c., sodium bi-sulphate 
0 

was used as it has a melting point of 132 C ~· and a very 

high boiling point. On oooling the sodium bi-sulphate 

ioes not expand to break the container as did a number of 

other substances which were tried. 

The reactions for the thermal decomposition of both 

mono and di ammonium phosphates are: 

fl) Decomposition of mono ammonium phosphate by heat:

(a) NH4H
2

P04+ Heat~ NH3 (Gas)+ H3Po4 • 

(b) Reaction of the 1rn:3 with H2so4 • 

2 NH3+ H2S04 ~ (NH4)2 so4. 

(2) Decomposition of di arnmoniwn phosphate by heat: 

(a) (NH4 )2 HP04 +Heat~ 2 NH3 + H
3
P04 • 

A DISCUSSION OF THE ACIDS OF PHOSPHORUS. 

All three of the phosphoric acids are derived from the 

stable pentoxide. 

Orthophosphoric acid. (H3Po4 ) Orthophosphorio acid 

repnsents the greatest degree of hydration of the stable 

pentoxide. It is this form that all other acids of 

phosphorus tend to pass when in solution. Pure hydrogen 

phosphate is prepared by burning white phosphorus in air 

and completing the oxidation with nitric acid. The 
. 0 

compound forms colorless crystals which melt at 40 c. 
A solution of orthophosphorio "acid is a.n acid of medium 

strength and is tri-basio, Therefore it is capable of 
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forming three series of salts. according to whether one. 

two. or three hydrogen atoms are replaeed by metals. 

This aoHl may. be 
0 

p1epared by heating orthephosphorie acid to 213 c. 
·o 

forms colorless glassy crystals which melt at 61 c. 
Reaotion: 2 H3J?o4 -,. JI2o ~ H4P2o,,. 

It 

Mete.phos;ehorie acid• (HP03 ) Metaphosphorie aei4 

is obtained by heating either the ortho. or pyro forms 

of the aoic1. 

l• HzP04 ~ HP03 + B2f. 
2, H4P20'1-> 8 HP03 + H20, 

Meta.phosphoric acid is first formei when the pentoxicle 

sots with water, It is a glassy~like substance known as 

glacial phosphoric acid, and has a high melting. The 

acid and salts exist in a variety of polymetric forms; 

the acid having the general formula of (HP03 )n• 
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DISCUSSION OF THE EXPERIMENT PROCEDURE 

For the calculation of the weight of ammonia that is 

driven from the salts of mono and di ammonium phosphate in 

a given time, two grmn samples of each of the salts are 

placed in 75 cc hard glass test tubes, number 2 and 3 in 

the diagram on the next page. These tubes are placed in 

30 

the bath, 4, held at the desired temperature by the furnace, 

5. A glass tube led from the outside to the bottom of each 

of the test tubes, in order that the air coming in by force 

of an aspirator, through these tubes, will serve to carry 

the liberated ammonia gas to two 100 cc flasks number 6 and 

7', by way of a second glass tube reaching only one half 

inch down the test tubes. The 100 cc flasks are fitted as 

are the test tubes, with the long end short tube arrangement, 

as .before the short tube carrying the gas from the flask. 

!fhe flasks act only as a trap for any phosphoric acicl 

already formed, that might be brought over by force of the 

aspirator. The ammonia gas passes from these traps to the 

bottom of another set of 75 oo test tubes, 8, and 9. in 

the dia.grem. containing sulphuric acid, where it reacts to 

form ammonium sulphate, the ammonia bubbling up from the 

bottom through a .5 normal solution of sulphuric acid. In 

the sulphuric acid solution are placed a few arops of 

ooehinea.l, used as an indicator to show when all the a.ei4 

has been neutralized by the ammonia, In the presence of 

an acid, cochineal gives an orange coloring, and when the 

solution is neutral, the color changes to a purple. The 



\ 

1. Bleotrioal heat indicator. 
a. tube containing sample of mono ammonium 

phosphate. 
z. Tube containing sample of di ammonium 

phosphate. 
4. Sodium bi~sulphate bath. 
5. Electrical fumaoe. 
i. Trap jar for the mono sample. 
Ff. Tra:p jar for the di sample,. a. Solution of R2sot for the calculation of the 

ammonia given of from the 41 sample. 
9. Solution of H2so4 for the calculation of the 

ammonia given ofr from the mono sample. 
10. Bottle containing RCl to be usea to indicate 

when the ammonia gas is passing through the 
systems. 

11. Aspirator used to pull the gas liberated 
through the systems. 

12. If. tube used to equalize the pressure on 
lloth systems. 

l>IAGR.AM OF THE APPARATUS US~l>. 
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'Short tubes leading from these test tubes go to a T tube~~ 

which serves to equalize the pressure on the two systems, 

ever a hydrochloric aoii chamber, and to the aspirator. 

!he hyd:r,oohloric aoid chamber serves to indicate, when 

the aspirator is pulling the gases through the systems, 

at such a rate that the ammonia does not have time to 

react with the sulphuric ao1a. 

Each cubic eertimeter of .5 normal sulphuric acid 

solution neutralized by the ammonia gas, shows that 

,00874 grams of ammonia has passed from the salt • 

..I 
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EXPERIMENTAL DATA 

The following graph sheets and calculations represent 

the evolution of ammonia, from two-gram samples. of mono 

and di mnmonium phosphate, at various temperatures. as a 

funetion of time. For example. only the di system will be 

discussed. in the graph on the next page. at a temperature 
0 

of 275 C, and during a period of ten minutes. The 

ammonia evolved from a two gram sample of di ammonium 

phosphate, neutralized 3'1 cos. of a .5 normal solution 

of sulphuric acid. Each co of the acid neutralized 

requires .00874 grams of ammonia. Therefore the weight 

of ammonia evolved equals to the number of ocs of the 

acid solution, or 3'1 times .,0074 or .03233 grams of 

ammonia evolved during ten minutes. from a two g~am sample 
0 

of di ammoniUJI phosphate at a temperature of 2'15 c. 
For every calculation at the various temperatures 

in graph sheet number l, a new sample of each salt was 

used. Each reading therefore represents only the number 

of ocs of a .5 normal solution of sulphuric acid that will 

be neutralized by the ammonia evolved from a two gram 

sample of that salt, at that particular temperature, and 

during a ten minute period. From this the weight of the 

ammonia evolved is oaleulatea. 

The relationship of each of the points numbered 

1. 2. 3i 4, and l',2',3'.4', is one of comparison only. 

comparison of the weight of ammonia evolved from the 

.same salt at different temperatures, and a comparison 
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of the weight of e.mmonia evolve4 by different salts at 

the same temperatures. 

TIJPE@ATURES USED 

,, 

55 

ccs us.ea. 
! Meno-Di -

wt of e 2 evolvea in 
titrations. 10 minutes. 

Mono. Di. Mono, Di. 
l, ----850 --- 15 -- so~- 1v.v ---- 24.2----~oezso---.12254 
2. ----275 --- 25 -- 50-- 6.5 __ ..,_ 

3, ----,300 --~ti!"' 25 -- 50-- 2,5 ........ 
4. ----325 --- 15 -- 15-- ·2.1 ..~~-

l, Time for ea.eh test a minutes. 

a. Aoid and base ,5 normal, 

z. 2 gram samples usei, 

13,5;_ ____ 0,4!9--•·31813 

10.0----.10925-•-·34925 

i1.T----,ll274~--,46584 



. THE EVOLUTION OF 00,!0NIA FROM MONO AND DI AMMONIUM PHOS
PHATE AT VARIOUS TEMPERATURES, AS A FUNCTION OF TIME. 

Two gram sampies of mono and di ammonium phosphate are 

placed in their respective test tubes, and these tubes are 

placed in the bath at the desired temperature. !he graph 

sheets of the results for the temperatures. 250° c. 300° c. 
are given with detailed calculations. 

The heat decomposes the salts to evolve ammonia gas~ 

leaving phosphoric acid in the tubes. The ammonia is pulled 

through the system, as explained in detail in the experiment 

procedure, where it reacts to neutralize a .5 normal solution 

of sulphuric acid. The amount of the acid neutralized depends 

of course upon the smmonia evolved. For every cubic 

centimeter of a .5 normal solution of sulphuric acid 

neutral1ze4. 008'14 grams d'f ammonia will be required. B7 

titrating a .5 normal solution of sulphuric ae14 that the 

ammonia evolved from the two gram samples had reacted with. 

at intervals o:f ten minutes, using a specific quantity of 

the acid solution ea.oh time, it is possible to determine 

the rate of the deoomposition of the salt. 

For example; at 250° c. during the first ten minutes 

that the ammonia from the di sample passed through 50 cos. 

of the .5 nonnal aeid solution, the solution was titrated 

and found that 26 ecs. of the acid had been neutre.lizea. or 

that 26 times .00874 grams of ammonia had been evolved from 

the two gram di sample. 

This procedure is continued at intervals of ten minutes 



for a series of twenty tests, or until the weight of 

ammonia evolved during the last ten minute period is very 

small. When the amount of the acid neutralized during any 

ten minute period of the series is as small as one cubic 

centimeter, the seale of the graph sheet is changed from 

one square equals one cubic centimeter, to ten squares 

e~ual one cubic centimeter. This enables the results to 

be expressed accurately. 

The results are simply a series of twenty successive 

tests, of ten minutes each, with their calculations, for 

the weight of the ammonia evolved by the decomposition of 

the salts at that specific temperature. The total weight 

of ammonia evolved from the samples during the series of 

tests may be obtained simply by adding the weights of 

ammonia evolved during each ten minute test. 

After it has been ascertained by experiment that 

both mono and di ammonium phosphate wou.ld decompose at 

temperatures higher than 125° c., the temperatures for 

the study of the decomposition were raised to 250° c •• 
0 

for the low reading and ~25 c. for the high reading. 

This caused the results to be more pronounced for each 

ten minute period, also enabling the sample to be com

pletely decomposed in one day. 
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fitrations. Wt of ammonia evolvea in 10 
.Mono. Di, Mono. minutes. Di. l.---- 17.7-------- 24.2-------.06380-----------.02254 

2.---- 22.4-------- 44.5-------.02272-----------.04807 

3.---- 23.7-------- 48.0-------.01136-----------.01748 

4.---- 23.6-------- 24.6-------.01223-----------.00874 

5.---- 24.0-------- 24.1-------.01136-----------.00786 

6.---- 24.1-------- 24.2-------.00874----------~.00699 

7.---- 24.1-------- 24.3------~.00874-----------.00611 

8.---- 24.1-------- 24.2-------.00786-----------.00699 

10.---- 24.3-------· 24.s-------.oos11-----------.oos24 
11.--•- 24.4-------- 24.4-------.00524-.,.-----"'!'•---00524 

14.---- 24.7-------- 24.7-------.00262-----------.00262 

!fates:- 1. Temperature----"'-------250 degrees. 
2. Semple weight•-•-------2 grams, 
3. Acid and base .5 normal, 
4. Di sample neutralized 25 COs of the acid in 9 

minutes. (l) 
5. Test number 4. 13 minutes long. 
6. 2 minutes late starting test aff, number 10. 
'l. l minute late >$taking test number II off• 
s. 2 minutes taking off n~ber 19. 
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SUBJECT-.-......... ------------------------ ---------.,;_..;.....__..f'1LE No._. -

------------------------Acc. No._ ___ __,· t_l....___ _ 
_________________ __.:._ _____________ __.._ ___ --,.-SHEET. ___ ToTAL IN COMP----



Tit rat ions. 
Mono. Di. 

1,---- 6.5------ 13.6--------

Wt. of ammonia evolved in 10 
Mono. minutes Di. 

.07429-----------.31813 

9.----11,0------ 14.2-------- .00874-----------.00699 

11.----14.0•----- 14.3--·----- .00874-----------.00611 

13,•-•-14.3--......... 14.4-------- .006ll••--.. ------.00524 

15.----14.5------ 14.5-------- .00437-----------.00437 

16.----14.5------ 14.5-------- .00437•----------.00437 

l. Temperature---------275 degrees. 
2. Sample weight-----~-2 grams. 
3. Acid and base .s normal. 
4. 15 OCs of the acid used for f:lacll test with the mono 

salt sample 
5. With the :Dis- 50 cos used for test No. 1. 

25 OCs used for test No. 2. & 3. 
6. 15 ccs used from test No, 3., to test No. 20. 
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!itrations, Wt of ammonia evolved 1'n 10~ 
Mono. Di, Mono·. minutes. Di 

l----.. 2.5----------lo-.. --------,10925--------.34960--Grams. 

4--•-13.0••--------13.l--------.01748--------.01660-... " 

6-----14.2----------13.'1--------.00699---------.01136--" 

IO!ES:-

1. Test nmber 6 ran two minutes over time. 
2. 50 CCs of acid solution usea for test number 1. 25 

cos used for test number two. 
3, 15 cos. acid solution used for all other tests. 
4~ Acid solution .5 normal. 
5.. 1 CC acid solution reduced shows that ,00874 grams 

of ammonia gas has been liberated by the heat from 
the salt. o 

6. Temperature of experiment was 300. 
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Ti tratione. Wt of ammonia evolvea in 10 
Mono. Di. Mono. Di. minutes 

l-----2.l--•------21.7--------.11274-------.46684----Grams. 

,. 

ff 

8----13.6---------13.5--------.01223------··01311----- " 

10----14.l---------14.l--------.00786-------.00786---- n 

ll----14.l---------14.l--------•00786-------.00786---- n 

NOTES:-

1. 75 CCs of aaid solution used for nt$ber 1, Di. test. 
30 CCs for number two. 15 CCs for all other samples. 

2. Temperature 321° c, -
3. Aoid and base .5 normal. 
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Chapter V 

GEBRA.L CONCLUSION 

(1) The modern movement in the fertilizer inliustrr is

towara eoncentratea proaucts. !his movement is stimulatel 

by saving in freight, labor, storage. etc; the cheap pro

duction of synthetic ammonia which for other than the 

fertilizer industry has a limited use: end the excellent 

showing which these produots have mate in the field • 

.Ammonium phosphate fulfills the specifications for high 

grade fertilizers. and, because of some of its properties, 

is more desirable than any of the products with which it 

must compete. 

(2) The temperature employea for the preparation of

mono and di ammonium. phosphate must between so
0 

o. anl
· o

125 c. !his includes the zone for precipitation and 

drying, 

(3) The rate at which the ammonia is driven off

both the mono and di ammonium. phosphate salts is a 

fun.otion of the temperature. 

(4) The re.te at whieh di ammonium·phosphste is

broken down to form mono emmontum phosphate is a function 

of the temperature, At 250 o. this deoomposi tion takes 

place in approximately ten minutes. At ��is temperature 

the deoomposi tion of mono ammonium phosphate to form 

phosphoric acil is &)proximately nine-tenths complete in 

fifty minutes. 
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Respectfully submitted to the College of Arts and 

Soienee, University 0f Alabama, 

August 1930. 
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