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AMMONIUM nitrate from a number of ordnance and industrial
-plants in the United States and Canada became available as such

for use as a fertilizer in the spring of 1943. The material first offered
for sale proved to be unsatisfactory, owing to its marked tendency
to cake and to its property of absorbing moisture from the air under
humid conditions. When it was originally placed on the marlet its
behavior was such as frequently to render it completely undrillable
and entirely unsuitable for saparate application in the field. Despite
these drawbacks ammonium niirate has certain advantages that male
it clesirable for use as a fertilizer., It is a cheap source of nitrogen
and its agronomic value us a fertilizer has been amply dewnonstrated
in numerous field tests in comparison with other nitrogenous mate-
rinls. It was therefore recognized that any improvement that could
be made in its mechunical properties would supply a pressing need.
in view of the shovtage of nitvogen that prevailed during 1942 and
the increased general demand fov feriilizers that developed in 1H3.
The War Production Board accordingly requested the Division of
Soils, Fertilizers, and Irrigation to undertake investigations on the
production of - tistactory anmumonium nitrate fertilizer.,® Iuvestign-
tions were at once undertaken in cooperation with produeers in this
country and in Canada. and the results may be summarized as follows.

SUMMARY

Ammonium nitrate has been produced commercially by the methods
of crystallizing. graining. and spraying.  Each particle of mono-
erystalline ammonium nitrafe as obtained in the Oslo-Iyystal process
consists of a single crystal, whereas the particles of sprayed or arained
material consist of auggvegates of evystals. The grained ammonium
nitrate is about twice as porous as the monocrystalline material and
the sprayed material about Hyve times a2 POTOUS. These differences in
porosity have a marked effect on the capacity of the different types
of ammonium nitrate to hold absorbed moisture and on their tendency
to cake under varying climatic conditions.

A slight change in moisture content has a greater elfect on the
caking of ammonium nitrate than a corvesponding small ehange in
any of the other facrors that affect its tendency to cake. The most
effactive conditioning agents for reducing the caking of ammonium
nitrate are Celite. Dicalite. Kittitas and other forms of kieselguhr,
kaolin and other types of clay. plaster of paris. and triealeiom
phosphate. .

The most efective water repellents for decreasing the rate of mois-
ture ahsorption from the aiv are mixtures of parafim with petrolatum
or asphaltum and of petrolatum and parafin with asphaltum or rosin.

Granular ammonium nitrate fhat has been treated with 0.5 to 1.0
percent of an effective water vepellent plus 2.0 to 5.0 percent of a
suitable conditioning agent or with 3.0 fo 3.4 percent_of a suitable
conditioning agent alone will remain in a drillable condition for pro-
longred periods in piles al least 12 ntg= high. provided it is dry when

stored and the bags are sufliciently moistureproof to keey it drv
througheut the storage period. Bags now on the market ave eapuble

1The work wng suppertad in pact by a grant fram the Office of T'roduetion
Rescarch aud Developrient, War DProductiion Boanwd.
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of maintaining properly conditioned ammonium nitrate in s saiis-
Ffactory mechuanical condition for at least a year in the most humid
sections of the country.

Tests under carefully controlled conditions with standard farm
equipment indicate (1) that the drillability of any given material
increases with the umiformity of its particle size; (2) that the sprayed
ammonium mtrate now on the market is more drillable than the
grained material, owing to diflerences in particle size; and {3) that
granular wmmonium nitrate that has been treated with a water
repellent and a conditioning agent is move drillable under conditions
of high humidity than when treated with a conditioning agent alone,
Although a double treatment with a water repellent and & condition-
mg agent greatly improves the drillability of ammonium nitrate
under conditions of high humidity, the use of o water vepellent is
not considered necessary in sections where the prevailing humidity is
relatively low.

FERTILIZER MATERIALS CONTAINING AMMONIUM NITRATE

Ammonium nitrate eannot be considered a new fertilizer material
except when used direetly as such. Its consumption as a fertilizer in
the United Stules during the past 15 years varied fron a mmimum of
1,000 tons in 1982 to a maximum of 423,000 in 1943—t. Until
recent]y it was not marketed as such but in association with one or
more other materials to form the products known as Nitrogen Solu-
tion, Leunasalpeter, and Cal-Nitro. '

NitrocEN Sorurion

Nitrogen Solution is the frade name given to a series of solutions
prepared by dissolving anhydveus ammonia in solutions of ammo-
nium nitrate of the desired concentration. These solutions ave used
only in the preparation of mixed fertilizers or in the ammoniation of
superphosphate for the preparation of base goods (33).t The four
grades of solntion that have thus far been placed on the marlet
vary in the proportion of free ammonia to ammoninm nitrate. The
solution with the highest content of free ammonia and the lowest
content of ammonium nitrate has the highest vapor pressure and
can be cooled to the lowest temperature belore the “salting out” of
ammoninm nitrale takes place. .\ solution of this kind is best
adapted Tor use during the coldest season of the vear. The other
Nitrogen Selutions are adapled (¢ more genern] use and nre mavketed
according te the demands of the fertilizer manufact srer,

LEUNASALPETER

Leunasalpeter is the trade name given to a double salt of ammeo-
nium nitrate and ammoninm sulfafe (S0 5 422). DBotween 19206 and
1931 it was imported from (lermany in relatively large quantities for
use in mixed fertilizers, hul importations censed in 1932, [t hias never
been produced in this conniry, and the economics af Teriilizer produc-
tion and consumption are such that theve is little Tikelihood that it
will be produced in the United Stales ot any {ime in {he near future.

tItalie numbers in parentheses refor to Tiierature Cited, p, 78,
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CAL-NiTRO

Cal-Nitro (A-N-L) is the trade name of a fertilizer material con-
taining ammonium nitrate. It was first produced in Germany, where
it was known also as I allkammeonsalpeter. A similar product manu-
factured in England is known as “Nitro-Chalk” (12, p. 431). Cal-
Nitro containiag 20 percent of nitrogen is now being produced in
this country, whore it is sometimes sold under the trade name of
A-N-L feriilizer (37). In the production of this malerial, finely
divided dolomite is mixed with a hot selution of ammonium nitrate
to form a shurry that is sprayed from the top of a granulating tower.
The granules that collect at the bottom of the tower are first cooled,
then dried in a rotary drier, treated with about 5 percent of a con-
ditioning agent, and stored in an air-conditioned wurehouse in which
the hmnndify of the air is continuously maintained helow the hygro-
scopic point of the material.

PREPARATION

The Arst experimental plant for the production of syntlietic am-
monia was put in eperation at Ludwigslafen, Germany, in 19140,
Methods for the oxidation of byproduct ammonia to nitric acid
were developet somewhat eavlier. The first of these oxidation plants
was built at Westphalia, Germany, in 1900, Synthetic nitric acwl,
however, was fvst produced at Notodden. Norway, in 1905 by the
arc process.(3). AMethods for the production of synthetic nitric
neid and for the oxidation of ammonia to nitvie acid were thus
Jnown befere the development of (he synthetic ammonia process.
The production of ammonimm nitrate Trom synthetic ammonia and
synthetic nitric acid immedintely followed the commercial production
of synthetic ammaonia.

MONGCRYSTALLINE AMMONIUM NIFRATE

The first ammoniam nitrage to contain synthetic nifrogen was that
produced at Notodden. Novway. fron synihetie nitrie acid und by-
product. ammonia (7). This process congisted in neutralizing the
nitrie acicl with ammonia. concentrating the resulting solution in
vacuum evaporators, discharging the concentrated solution into
trough-shaped crystallizers that oseilluted ahout their horizontal axis
to facilitate the formation of pure crystals without enclosure of
mother liquor, and separating the crystals from the mother liquor by
nee of contrifugals. Subsequent Improvements in the process have
related particilarly to modifieation of the erystallizing equipment,
with a view to the formation of lavger sized crystals (22).

The latest development in the preparation of monocrystalline am-
monium nitrate is known as the Oslo-Krystal process; the product
is commenly seferred to ag Krystal ammontnm nitrate. In the opera-
tion of this process the solution from neatralizers containing 80 to
85 percent of anmumonium nitrate at T5° to 80° (. ig mixed with mother
liguor of (8-percent coneentration and pumped to o vacuum evapor-
ator at 6l-mm. pressure. The discharge from thig evaporator 18
passed at 58° to 60° toa second evaporator operafing at - to 15-mm.
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pressure. The bottom of this evaporator conmects with a erystallizing
tank. The supersaturated solution entering this tank from the second
svaporator is uniformly conducted npward through a dense suspen-
sion of crystals. The classifying action in the erystallizing tank keeps
the fully grown erystals suspended in the bottom layer, the smalidst
crystals in the top layer, and the intermediate sizes suspended be-
tween. The saturated solution leaving the erystallizing tank is mixed
continnously with the solution from the neutralizers, the mixture is
again supersaturated to the desived extent, and the cycle is repeated.
The fully grown crystals in the bottom of the erystallizing tank
are pumped a5 n sugpension to centrifugals in which they are sep-
arated from the mother liquor. "The liquor is returned to the system,
while the centrifuged salt containing 0.8 to 1.0 percent of moistuve
is further dried in a stewn-heated rotary drier to a moisture content
of about 0.1 percent.® This process for producing monogrystalline
ammenjum nitrate has been used on « pilot-plant seale by the Military
Chemical Works, Ine., Pittsbure, Kans., and the Tennessee Valley
Authoerity, Wilson Dam, Ala. Monocrystalline ammonium niteate
has been produced by other metheds on u commercial seale by the
TWelland Chentical Works, Lid.. Welland, Ontario, and the Consoli-
dated Mining & Smelting Co. of Cinada, Ltd.. Trail. British
Columbia. The erystailizing processes formerly used hy these
concerns have since been replaced by methods of spray mranulation.

GRANUEAR AMMONIUM NITRATE

Ammaonium nitrate can be granuiated (22) by the methods of shred-
ding, rotary drying, graining, and spraying. The wethods of shred-
ding and refary drying are adapted to the granulation of ammoninm
nitrate in & finely divided condition, as that produced by crystalliza-
tien. The other methods of graining and spraving are adapted to
the granulation of ammonium nitrate in the form of a hot concen-
trated well of the salt. Three methods are now in use for the con-
centration of a selution of ammonium nitrate to give a melt of the
maierial in o form suitable for granulation. These are known as the
Hi-Pan evaporation (£3, 27, 28). viecuwm gvaporation (73, and film
evaporation (14} methods. Any one of the three might be ugsed as a °
preliminary step in the preparation of ammoniwm nitrate for cranu-
Iation by either graining or spraying, but in actunl practiee the ITi-
Pan evaporation method is commonly used in the oranulation of
ammonimm nitrate by graining. while one of the other two methods
ir nsed in the spreying process.

The methods of graining and ¢praying give the most uniform
product with vespret to Lath size and shape of granule. The avernge
particle size of the sprayed material as produced at present is some-
what larger than that of the grained matevial.  Tlither of these
methods produces a satisfactory particle size for use in mixed ferti-
lizevs, but the larger particle size of the sprayved material gives it an
advantage Tor use as o top dressing.

SIPENCRR. TN, A, PRODUCTION OF & SATISFACTORY FERTTILIZER GRADE AMMONIUM
wiTnaTE.  War Pred. Bd. Proj. Tipt. 122, 34 pp, ilus. 1044 [Procossed.]
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SHREDDING

Tn the shredding method of granulating ammonium nitrate the
solid material to be granulated is moistened with water, if necessary,
and pressed through o perforated plate or other device. Aleans are
provided for cutting the filaments of material formed in this way
nto suitable lengths as they issue from the shredding device, The
process is better adapted to the preparation of materials in the form
of large than of small pellets. The eylindrieal pellets obtained by
this method can be given a move spherical shape by rolling them
while soft in a revolving drum. Altheugh ammeniwm nitrate has
been granulated by shredding on a pilot-plant seale, this method has
not given suflicient promise to justily commercial developmant,

ROTARY DRYING

Rotary drying ia similar to the ghredding method, in that jt is
applicable only to the granulation of linely divided solid materials.
In the granulation of finely divided monocrystalline ammonium
nitrate, the material is first treated with steam to raise the temperature
of the mass and to increase its moisture content to b to 10 percent. 'Lhe
moisture necessary for granulation decreases with increase in the
temperature of the material. The treated material is (hen rolled in
a rotary dram until granulation takes place. .\ very uniform product
ean be obtained in this way, but the granules first formed have a
tendency to break down in the process of dvying. This can be largely
prevented by subjecting the moist granules to o preliminayy cooling
and by recireulating & puart of the dried materinl through the drier
for the purpose of quickly reducing the average moisture content of
the mass. Larger granules can be produced by this method than have
so far been prepared by either the graining or the spraying method,
Although this methed is particnlarly adapted to the granulation of
superphosphate (78) and mixed_fertilizers containing anunonium
nitrate (30), it is not vecommendel for the conimercial granulation of
ammoninm nitrate as such.

GRAINING

In the process of graining ammonium nifvate. a fusion of the salt
containing 1 te 2 percent of water, such as that produeed by ITi-Fan
evaporation, is run into n cireular shallow vessel equipped with
mechanical plows and jucketed for cooling with water or heating
=ith stenm. The rotation of the plows ngitates the material during
the process of erysiallization, This prevents the formation of a solid
mass, as the moisture is eliminated by the heat that is fist developed
by the crystallization of the material and later supplied, after a
preliminary cooling, by steam or hot water in the jacket of the grain-
ing apparatus. The size and uniformity of the particles of ammo-
nium nitrate granulated by graining vary with the concentration or
percentage of moisture present and the rate of drying. When these
factors ave properly adjusted and controlled, the uniformity of the
product is second only to that produced by spraying.

This method of graining has long been used in the production of
ordnance ammoninm nitrate. Tt has the disadvantage that it oper-
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ates as a batch process. A continuous method of graining has recently
been developed in this country on a pilot-plant scale. In the opera-
tion of this process, use is made of the standard graining kettle, but
after such modifieations as will permit continuous withdrawal of the
grained ammonium nitrate.

SPRAYING

In th: spraying process o spray of molten ammonium nitiate is
allowed to fall in's tower throngly a counter-current flow of cool air.
In their fall the sprayed liquid droplets congenl as spherical particles
of more or less uniform size. "Ilie molten selution of ammoniwm
nitrate may be subdivided into droplets (1) by allowing it to flow
by gravity into a vessel provided with o sereened or perforated bottom
{20); (2) by directing a jet of air at right angles to a stream of the
liquid as it issues from a snitable opening (24) ; (3) by allowing it to
flow into & perforated eylinder that rotates nt such speed that the
liguid breaks up inte smell droplets as it issues from the perfovations
(6} 3 (4) by delivering it ta o rapidly revolving surface in the form
of a plate (21}, cup {39). hovizontal exlinder (1.2), or other device;
or {5) by passing it inder pressure through a spraying nozzle (7, 838).

Although various devices have been used on an experimental scale
to produce a_spray of fused atmmonium nitrate, the roiatable hovi-
zontal eylinder and the spraying nozzle mre the only deviees now
being used on a commereial seale in the United States and Canada
for this purpose.

In the method that malkes use of a rotatable horizantal evlinder
(12), the fused material to be sprayed is fed fo the eylinder through
f box containing a weir that is adjacent to, but does not touch, a hori-
zontal line along the surface of the eylinder, On overflowing the weir
the liquid makes contact with the ascending side of the rotating
cylinder. whereby o film is distributed on the drum surface from
which it is thrown tangentially by centrifugnl force. The eylinder is
heated with steam to maintain the material in a molten condition. A
shield is provider! to intercept that part of the spray stream that
leaves the cylinder al nn angle below the horizontal,  The sprayed
particles are allowed to drop through o tower against s counter
current of air for a distance of nbout 85 feet. This process is now
being used in the preparation of Cal-Nitro, The product so produced
is not surpassed by any other fertilizer material with respect fo
uniformity in size and shape of granules.

The spraying nozzle is used in the granulation of sueh fusible mn-
terials as sodivm nitrate (76) and nren {3%), as well a5 of ammonium
nitrate (35, 96). The nozzle can be so0 directed in the spraying tower
that the spray leaves it in (1) a hovizental, (2) an upward, or {3) a
downward direction.

The downward direction has the disadvantage that the particles
produced when the nozzle is in this position possess an initial velocity
when starting to fall and therefore require a higher tower for an
equal eooling effect.  TWhen the sprayed nurticles leave the nozzle in
an upward direction they must reverse their divection hefore starvting
to fall. This prolongs the time that they remain in suspension in the
air and permis the use of a Jower fower. Thus the time taken for a
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dropiet to rise 4 feet and then fall B feet is equivalent to that ve-
quired for a straight fall of X~ feet, when X = A - B - 2v/4 + B.
If A = 9 teet and B = 40 feet, then X = 03 feet. This shows that
a 40-foot fall when the droplets first rise to o height of 9 feet is
equivalent to n fall of 63 feet when the materinl 15 sprayed in a
horizontal direction.

The height of the tower in any spraying process niust be such that
the droplets become sulliciently congealed i theiv fall to withstand
the shock to which they are subjected when striking the bottom of
the tower. Large droplets take o longer tine to cool than smull ones,
and the height of 1he tower must therefore be inerensed with increase
in the size of the sprayed granules.

The congealed granules that reanch the Lbotiom of the tower pass
through rectangular hoppers to endless belts that convey them to
the drying equipment. FFans nre located at either the bottom or the
top of the tower for forcing or withdrawing wir through the tower,

The method of granulating a ferribizer by spraying the fusedmate-
rial into the top of u tower has always been referred o iu the publica-
tions of this Division as the spraying process, and the particles of
granalar malerinl ure spoken of as granules. The process has also
been ealled the shotting methed.  In Canada it s known as the pritl-
ing method. the particles are veferred to as prills, and the product
prepared in this way is sold under the trade name of Xitraprills. The
particles of o granular Tertilizer are also oceasionally spoken of as
pellets, but this terms would seem to apply more properly (o the pur-
tieles of feeding stuils produced by the shredding method. “The prod-
net known ax Niteaprills is now being produced by the Welland
Chemical Works. Lt Welland, Ontario: Aberta Nitrogen Praduets.
Ltd., Calgary, Albertas and the Conzolidated Mining & Smelting Co.
of Canada, Ltcl., Teail. British Columbia, Grained sonmoniunt nitate
is now being produced hy the Tennessee Valley Authority, the Her-
enles Powder Company, and by ordimamee plants in diflerent parts of
the TInited States.

In this publication the individual partieles of Krystal wanmoninm
nitrate are veferred {o as monovrystals,

PHYSICAL PROPERTIES

The principal properties of ammonium nitrate that alfect its use as
a Tertilizer are its erystal form, hardness of purticles, solability, eak-
ing tendency, antd hygroscopeity,

Crysral Forw

Ammoninm nitrate differs from other fertilizer materials in that
it is capalle of undergoing severad crystalline modilicatlons, the trans-
Tormation of one from another heing accompanied by measnrable
volume and thermal ehanges. Arcording to Hendrieks, Posnjuk, and
Kracel (20), amumonium nitrate is cubie above 125.2° C.; tetragonal
Between 125.2° and 84.2°; orthorhombic hetween S12° and 32.3°;
orthorhombic pscudotefragonal hetween 3237 and =18 and tet-
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ragonal below —18°, as shown in figure 1. The rate {32) at which
these transformations take place as the maderial is cooled down from
200° or heated up from 10° is shown by the eurves in figure 2. These

eurves show that when
thearthorhoinbie form
“is maintained at 28°,
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psedoietragonal form
in about 9 minutes;
and that aé « tempera-
ture of 84° the psendo-
tetragonal form will
be largely converted
into the ortherhombic
fotm agnin in about
the same lenuth of
tine,
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transformation on the
appearance of mono-
crystais is indicated
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graph shown in figure 3. The clear crystals on the left were dried
at a temperature below 3%° C.; the opaque crysta’s on the right weve
dried at T0° and eooled to room temperalure.

In its prepuration by either the graining or the spraying methods,
ammonium nitrate is cooled over a range of temperature thak is capa-
ble of bringing abont several tvansformations in the form of the
crystal. Itis tToubtful, however, whether any subsequent change in
erystal form takes place during ovdinnry conditions ol storage.
Swinmer temperatures frequently exceed 32.3° . (90.2° T.), but
tests made under commercial conditions of storrge indieate that the
temperature of any considerable quantity of the material when stored
in sections of the counivy where miost fertilizers ave used is not Tikely

Ficore d—Aonceryvstaliine ammonium witrafe: Moy evystals op the lofg
dried below 32° C.; opngue orystuls on the right dried nbove 32° C. X 16,

Manre 1~~Effect of crystal lransformelions on the erushing strengih of o
smple of wmmonivm nitrale graniwleos propared by the volarvy drping wethod

Tost Prertiment Muolsture |' Crusl

g
Irinsir strengih
conteat nt 259 €2, |

Fanpda per
Pereend npisere fnch
flonged Lo 507 €, for 11y lwnirs, cooled in 259, e heeia [Ehiry
Rului-utcd o 82% £, overaipht, conted (e 257 . .3',
T . R _ a2
ok, Tlehenlod to 40° €1 overnlght, coobed to ¥5% . . V]
No b 0 L e el e A2
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to reach 32.3° C. during the time that the surrounding air exceeds
this temperature.

It would be expected that repeated fluctuntions of the temperature
ol a granule of ammonium nitrate above and below the 32.3° C.
transition point would tend fo wealken it.  This was found to be the
case as shown by the data in table 1. Tt was also found that repented
fluctuations of temperature above and below 32.3° (6. ineveased the
tendency of o mass of ammouniumin nitrate grannles to cake under
pressure. This is in agreement with what might be expected, inas-
much us the applied pressure would tend 1o break up the weakened
granules and thereby cause (hem (o he compressed together into a
solid s, TL may be coneluded, therefore, that vepented changes in
the exystal form of ammonium nitrate would incrense its tendency to
ralee under pressure, but snel changes as do aclually take pluce under
commercind conditions of storage nre considered to he of litile more
than academie interest.

Aieroscoric EXAVINATION

A microscopie examinaiion of spraved, grained, and monocrystal-
Tine anmuoniwm nitrate as produced by Alberta Nitvogen Products,
Lid. «(ANPL), the Tennessee Valley Authority (T'VA), and the
Mibitary Chemieal Works, Ine, (MOW)( respectively, was made by
8. B flendricks. of the Division of Soils, Fertilizers, nud Tiigation.
His findings may be summarized as Tollows: '

1L Baeh purticle of mosoerysinbine simontum nilenlo eonslsts of w single
erysfatl, wheeens the geanuies off fhe sprayed aud grnined materinls consist of
apgmremiles oF crvstals,

2. Partieles of monoerysialline mimpoptam nibmie of 10mesh size contnin
snore volds Than Thase of Haonesh, indisating that o void spaee 9 tho sntle-
vind inevesses with the sise of the ervstinls,

d Most of (be vold spaee Inoomoneerysindline annnonivie aiteaie thel hag
Bieenn adr-dried nt oo huwidity below its hygreoseopic peint i flled with wly
rather than witer,

4 Didermipation of refmeibve Bdlees with e petrographie mileroscope
slivwered Hinl $he monoerystals exmminet wors i artharbomske pseodaotetragona!
asid thal they hmd not pasas] Shroweds the 3204° O teansition polaf,

Arranexe Dexsiry

The apparent densilies of the tiree typex of ammonini nitrnie—
sprayed, grained, and wonoerystatline - wre given in iable 2. The
apparent density of the purticles in bulk represents ihe ratin of the
weigght of the maferinl yequired to fil1 o iter evlinder to the welaht

Tame . Apprrest density of wuomopinm niteale of diffevent Lipes

H 1- Appacent densits of -
Type of minlerial i IPrathueer - p T me—
i Cetighes Tndmdk o Avorsge poctloln t

el 3, . ' 053 .
Spm}fﬂ.-. L . : . T 150
Qradne) ... . . THA : RN 165
Monaerystulline A : LT {.0¢

T obelermined by S 15 LEendeiel,
200 prroductian.
2 Ouprent produetlos,
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of the same volume of water, The cylinder was filled by adding small
increments of the material while the cylinder was gently tapped. Each
value given in the table represents the mean of five deterrminations.

The snparent density of the average particle was determined by
noting the density of an organic liquid that will hold the grester part
of the particles In suspension. The absolute density of ammonium
nitrate 3s 1.72 {34). ‘The values obtained for the apparent density
of the average particle of sprayed, grained, and monocrystalline am-
moninm nitrate were 1.56, 1.65, and 1.69, respectively. These data
indicate that the ANPL sprayed partieles contain ou the average
10 percent of voids, the TV A grained particies about 4 percent, and
the MCW monocrystalline particles less thian 2 percent.

HannNESS or PARTICLES

The crushing strengths of ANPL granules and of MOW erystals
of ammoniam nitrale were determined by means of the upparatus
deseribed by Hardesty and Ross (7). Under this method of testing
i1, was found that the granuies of such nouplastic materials as super-
phosphate and mixed fertilizers showed a definite erushing strength
that varied with their size, shape, and moisture content. All crushing-
strength tests with mmmonium nitrate were accordingly made with
dry uniferm samples of known puarticle size. The granules and crys-
tals of ammoniam nitrate were found to differ from those of the
other haterinls tested in thai they exhibiled plastic properties and
frequently failed to show u definite crushing point.

Crushing-strength tests weve made with old and enrrent ANPL
geanules and with MW erystals dried below and nhove 32° (. The
numbers of particles of each of these four smmples that had fo De
tested n order to obtain 50 that showed a definite crashing strength
were Gk, 55, 128, mid 117, respectively. These tesis indicate that the
MOW crystals ave even more plastic in their properties than the
ANTPL granules.

The results obtained in these crfushing-strength tests ave given n
the third column of table 3. The values obtuined indicate thab the
sprayed granules of the ANPL current production are considerably
harder than the old-production granules and that MOW crystals dried
below 32° C. are harder than those dvied at u femperature above the
transition point.  Aceurate datn with the MOW erystals were hard to
obtain, however, owing to their plasticity and jrregular shupe and to
the Tact that their resisiance fo erushing is less in {he divection of
their longitudinal axis than in the bransverse diveetion. The TVA

ManLE S-—{"rushing steength and bregk-down i tumbling tost of dry awmaniim
nitrate granules and erysiels

Crushing streoth | Partfoles having | aatr-fow
Type of mnaterinl Progducer ol pariicies, definlie crusiing 1:1:::‘,‘{,]{[1?:&:?
5 1o 10 s noint i :

oty Pereent \ Percent
Sprayes!, ald produetion. ... .. ANPL. . 1,30 i I w65
Sprayod, current production... .. oo 247 1T N
Mengerystolling, ” drled  helew Y
1 MOW_ ER i .05
.\fon:mrystn!linc. drled shoave
32 AU

oy
T ; L3 -::sl [

e e e e s e e -
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granules were too. small lo be conveniently used in these crushing-
strength tests, :

The percentage of brealk-down that oceurred when the materials
were subjected to a tumbling test is shown in the last column of table
3. The test consisted in tumbling 200 grams of 5- to 14-mesh samples
in 16-ounce bottles end over end for 48 hours and then determining
the proportion of each material that passed the 14-mesh sieve. The
test indicated that the MCW crystals have the greatest tendency to
break down under the conditions of the test and the ANPIL current-
production granules the least.

Ammonium nitrate granules ave compured in crushing strength
with those of other well-known materials and mixtures in table 4.
Lanne d—=Retelive crushing strengih at 30° €. of dry yreniles af vurions fer-

litizer anglerialy aid wmivtures

Tt e e e e — A el e e
|

Methiod of  { Crushing stremith v eppgiying strangth
. 1ol single granules
wranulation i to & tosh in Mmuys

Ferlitlzer inilerind

-I'
!\ Pawndx per
1 Powndy agaare inch

Hommssn s

ing

h
140
230
120
220
114
180

a5

1
Ammoebhan phosphate .. . Iiﬂiﬂl’?’lll‘}'illﬂ.,..
Aquneninu nlienln . . sproaying.
De.r . .. .. e Doeeatlo
Potasslam nleemte ., 00 v ometlD,
Sothan nlieate... .. . . [ PRI i :
Mised fortilizera o o0 LD Kotary deying. . .

~NAeommare

Voo .. ... U T i S
Superplhosphates 0 0 L L D gL .
Voo .. ... ... PPN JR [ .

1040 production.

2narrent production,
3 Granutnted o give hurd depse granules,
4 Gennuinted to glve solt peraus granules,

e

|
|
|

Most. of the granules used in the test were between 6 and 8 mesh.
‘The crushing strength of sphevieal granules of smaller diameter was
crleulated on the basis thal this factor vavies direetly with the square
of the dimmeler. 'The results show that ammonium nitrate granules
range in erushing strength between those of other materials and mix-
tures and that they nre sufliciently strong to withstand vensonable
handling and {o support the londs to which they would normally be
subjected in stornge (/7).

Sorateirary

A comparison of the solubility of ammonium niteate at different
temperatures with that of severnl other fertilizer salts (table 5) shows

Tante S--Solubility of fertitizer muatervinls in water
firiny per (M grams of waeler)t

] ) N

TP Caromnnivm [ Hodiam Anunenlam | Palessinm | Tolassium

Femperntire nftrute nilrale snlfnte vhlwrido sulfnle

oL op,
§ a2 . ) 50,0 27, 4
an 0, ool a1,
40 ; L ! 51,0
a0 ! ; . 88, 1
Bl ; g
1w @y |

tPrem Allwerten Seidell {044, .
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that at ordinary temperatures the solubility of ammonium nitrate
oxceeds that of any of the other matevinls listed. Its solubility s also
influenced by temperature to u greater degree than’ that of any other
fertilizer materinl. Temperature changes, on the other hand, have
rvelatively little effect on the solubility of some matevials, as ammo-
nium sulfate. The high solubility of ammonium nifrate and the
mavked effect « £ temperature on its selubility are important factors
influencing its tendency to cake, ns discussed " ster in greater detail.

DETERMINATION OF MOISTURE CONTENT

A slight change in the moistire content of soluble fertilizer sulis has
been shown to have a greater eflect on their mechanical condition than
a corresponding sinall change in any other factor that affects their
tendency to calce (3). It was felb that this should hold particularly
true for annmonium nitrate, beeause of its high solubility and wide
yavintion in solubiliby with teniperature. An accurate method for the
determination of moisture in wmmonium nitrate became imperative
therefore if any progress was to be made in improving its mechanical
condition.

1t 35 known that nmmeoniwn nitrate undergoes slow decomposition
at 100° C., and it did not seem, therefore, that the official method (4)
was adapted to the deleymination of moisture in_n material of this
kind. With a view to finding a suitable method, sets of standard
ammonium nitrate samples were prepared and submitted to a number
of laboratories in which determinations for moisture in this material
are lknown to have been made. The samples were accompanied by
the request that they be analyzed by such methods as are considered
hest suited for the determination of their moisture content. The
standard samples prepaved for this collaborative study are given in
table 6 and the vesults in table 7.

Standard sample ANTT No. 1 was selected from a commercinl ship-
ment that had been stored in a dry place. Sample ANTPL No. 2 was
also selected trom a connmercinl shipment, but its moisture content
was increased by spraying with water while it was being rolled in a
rotating dram. Sample WCW No. 3 was collected at the plant before
it was dried to the point desived for shipment. TVA samples Nos. 4
and § were taken hrom commercial shipments that had been stored in
bags for a period of 3 months at 55° F. at o relative lwunidity of 80

Panrgs Gee=Niaedard apomanbicp witvale sanples?

St snanple N, Py of granules Trealinent Maisbura
Souree anil sninple N [ Iy of ¢ en fn sample -

Alberta Witrogen Produets, TLid.: . .
ANPL N0 ) mm e WO amene, o eme vt am Orjginnl.
ANPL N0 2onamamem e nmiiam d 0.5 pereent, WD -+3.56 pereent Added,

Kiltilas,

weilnnd Gliemien! Works, Lid.:
WCW N, 3 . . L Noneo Qriginal.

Tennessee Valley .
PTFA N0, | Gruined | Absorhel.
WA NG Beeecmmmm e ssimn e S — Do.

Cellie,

Mliitary Chemienl Works, Ine.: i
MOW N e omecvmme- - o | Monoerystulline Monr Orlglnal,
HOW N0 T cmmmmermmmmemmem 1 PR (Rl [1) .

1 flesults of soelyses shown i tnhle 7.
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Taoee T.—Moisture in standard emmonivm nitrale semplos

»

Moistore in samples ' —

Collabarntor Method
ANPL|ANPLIWCW | TVA | TVA [ MOW | MOW
No.l | ¥o.2 | Kod | No.d [ No.5 | Wo.6 | No.7

Peroent | Pereend | Pereent { Pereent | Percent { Pereend | Precent
Albhertn Xilrogen | 2 howrs in oven gl 013 2,97 0.7 075 0.492 a.17 0.76
Troduets, 1.4d. an° ),

Do Tighor (15} NG ] ] .49 .1 80
Hoereules 'owder Co_ | 2 113:1:1(-5 in oven at’ Lt ] BT . Ba W13 LAl
il .

Bolvay Process Coo ... 2 hours In vaeunm . 5 . i) L& .7

At {0 C,

Division of Sells, Fer- | 50 B;)lgs in oven at.
700 O

tilizers, and Irripation. .
1x Alral7g° C.through . el . Al . 8
. sninple for 4 hers.
Consalidnied Mining | 4 Tours in oven ol . . LG . )
& Smrelting Co,, 1d.| B0 to 88 (°,
Wellnnd Chomienl | Dry air ol 65° 1p . A . . . LOf
Works, Lil. 70° C, {hrough
snmple for 40 min-
. utes.
Milllery Clhemidenl | 5 hours in oven ab
Works, Ine. 00,
2 hmgrs in oven at

Alrat60° Q. throuph
sanple for @ inurs.

5 hours in oven ai
100° 0

‘Tupnesseg Vatley Awn- | Tev ode st o0® O,
ihority. thronglsaniple for
6 hours.

Dry air ot 7° C,
throughi=amle lor
& hounrs,

20 hours in oven ol
e o,

Aean - . 273

e Gible 6 for type of gramubes and lrentment.

percent.  Samiples MCW Nos. 6 and 7 were prepared on a pilot-plant
seule; No. 6 was dried as completely as was considered practical
undar commercial conditions, and No. 7 was represented as being only
pareiadly dried. The moisture in samples ANPL No. 1, WCW No. 3,
and MCW Nos. 6 and '/ represents original moisture that had not been
ehminated by drying, while that in samples ANPL No. 2 and TVA.
Nos. 4 and 5 represents moisture that had been added or absorbed
subsequent to drying.

The results reported by the collaborators for the moisture in the
samples and the methods used in the determination of moisture us
shown in table 7 show good agreement in general, considering the
hygroscopic nature of the sumples submitied for analysis. The re-
sults obtained with the Fisher mnethod (/4) show good agreement
with the avernge values, but this method 15 not considered to be
pdapted to general use in fertilizer lnborntories for the reason thut
it gives water of hydvation in addition to free moisture in materials
wnd mixtures confaining water of hydration. The other methods
uged by the collaborators wuy be considered as adaptutions of the
following three methods: (1) Drying in an air oven at 70° C. for 20
hours; (2) drawing air at 70° C. through the sumple for 2 hours;
or {3} drying in o vacuum at room temperature over Anhydrone for
20 hours.
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- Moisture was determined by these three methods in sumples ANPL
No. 2, WCW No. 3, TVA No.4, and MCW No. 7. The results ob-
tained are given in table 8, which shows that the first two procedures
PaBLE 8.—Rales at which standard samples of ammonium vilrole decrenge in
weight on drying by different methods
AIRL OVEN AT 70° C,

Toss In welphié of sompls
ANTE Wow TVA MOW
No. 2 Ne.# N d Nu. ¢

Tine of dryitg (hours)

Pereent Pereend FPereent Pereent
2. 0. 56 .48
LT Pyl
.10 . Gh
.35 A

IR L

b

13101012
REEZR

3 ;::'i
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b
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VAQUUM OVER ANHUYDRONE AT ROOML

(1] (L]
Liif LAY
38 S
-t e

i) LT

=t
o

3

o on

IRkl il
AT

B,
i2
18,
21
38,

%

give cinsely agreeing vesults for moisture in all sumples tested and
that the method of drawing air at 70° €. through the sample for 3
hours is equivalent to 24-hours’ drying in un air oven at the same
temperature. The air-flow method has the advantage, therefore, of
being more rapid than drying in an air oven and for this reason it is
better adapted for use in control worl.

The table further indicates thaé samples ANDPL No. 2 and TVA
No. 4, which contain only added or absorbed moisture, can be com-
pletely dried in a vacuum over Anhydrone in 24 hours, bub that this
method of drying does not eliminate within the same period nll the
original moisture in such samples as WCW Ne. 3 and MGW No. 7.
The results indicate that a purt of the original moisture in ammonium
nitrate is present as occluded moisture and thab this moisture is more
difficuit to vemove than absorbed moisture,

The moisture in monoccrystalline ammonium nifrate, which drying
in vacuwmn over Anhydrone failed to remove, amounts to about 0.35
percent of the weight of the crystal. The data in table 2 indicate
that nearly 2 percent of the volune of MCT crystals is void. It must
follow, thevefore, that the greater part of the void spree in the erystals
is filled with air rather than water,

HYGROSCOPICITY

A material is said to be hygroscopic when it absorbs moisture from
the air at ordinary temperatures and humidity. This oceurs when
the pressure of water vapor in the atr exceeds that of the saturated
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solution of the material, The relative hygroscopicity of the more
‘common fertilizer materials as determined by Adams and Merz (2)
is indicated in table 9, which shows that calcium nitrate is the most

Tanck ), —Reletive hygroscopieitics of soludle feriilizer malerials

TTanldity of afr in equilibeium with solurated selution of material nf—
FeactMzer matering

we { e | wee E wec | wee | oo | owa

Pereent | Percend | Pereeut 1 Percent | Pereent | Pereent

54, . 407 B 6
7 &4, 4 5 5
0.5 Fa. 2 .7
T4 T2 0.1
7.0 3.7
818 782
70.5
&5
[N]
1 IR T]
5.0
05 4
.8 ]

hygroscopic, ammonium nitrate is next, and potassium sulfate is the
least hygroscopic of the soluble fertilizer maferials.

Cnleinm nitra e e — oo
Ammenlem nitrale,

Sodium chioride
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TEMPERATURE AND Huaninriy RELATIONS

The temperature and humidity velationships that influence moistire
absorption by ammonium nitrate can best be undevstood by reference
to figure 4. The curves in the figure show (1) the variations in the
pressure of satnrated aqueons vapor in the nir (absolute hamidity, or
100 pereent relative humidity) at different temperatures between 0°
C. (32° F.) and 50° C. (122° F.}; (2) the aqueois vapor pressures
for the same temperature range ut 60, 63, 70, and 75 percent satura-
tion (velative humidities) ; and {3) the vapor pressures of saturated
solutions of ammenium nilrate at different temperntures between 0°
and 50° . (2). The ammonium nitrate enrve cuts the curves corre-
sponding to relative humidities of 73, 70, 65, and 60 percent at ternper-
atures of 10°, 15°,21.5°, and 28.5° C., vespectively.

This means that ab these temperatures animonium nitrate is in
equilibrimm with the water vapor in the air at the relative humidities
indicated, or, in other words, that the pressure of the water vapor in
the air at each specified temperature and humidity is equal to that of
a saturated solution of wnmmoninm nitrate at the same temperature.
It the water vapor in the aiv af any given temperature exceeds that
of a saturated solution ot ammenium nitrate af the same temperature,
moisture will be absorbed. Tf the conditions ave reversed, however,
50 that the water vapor in ithe air is less than that of a saturafed
golution of ammoninm nitrate, a drying of the muaterial will take
Istace as @ vesnlt of loss of moisture fo fhe surrounding atr.

The curves in figure 4 further show that at temperatures below
freezing, the pressure of saturated or purtially sutnrated water vapor
in the air s very small compared with that in the air at ssimmer tem-
peratures. Tt would be expected. therefore, that ammonium nitrate
wonld exhibit little tendency to absorh moistarve from the air af tem-
peratures below freezing, even when the relative humidity approaches
100 percent.

677101 %—10---2
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A_satarated solution of ammonium nitrate lias & vapor pressure of

18,9 mm. of mercury at 30° C. (86° F.). The aqueons vapor pressure
of the nir at the same temperature and u rvelative humidity, for ex-
ample, of 50 percent is only 15.8 mm. Ammoniuns niteate will there-
fore not absorb any moisture from the nir under these conditions. If
the temperature were to drop to 20° (. (68° F.) without change in
the water vapor in the air, the aqueous vapor pressure would then
remain the same at 15.8 mm., but the relative humidity would have

* 7 incrensed to 00 percent. 1f the ammonium nitrate were not allowed

75

70 RELATIVE HUMIDITY

100 %
65 75 %
70 %
65 %
€0 %

[
o

wn
L4 ]

v
o]

b
o

L7
[4]

1]
o

/ _SATURATED
/#l/ NHgNO3

SOLUTIONSA

]
L]

k™
T
o
o
s
w
x
[
o
0
.
w
w
w
-3
=40
<
£
w
o
=
W
I
w
e
o
x
o
%
=

n
L= ]

o4 i i J ]
oC. 0 c, 20°C, 30° G, 40 ¢, 50°¢C,
{32"F.} {50° F.) {6B"F.} (86" F.} (104" F.) {12z~ .}
TEMPERATURE
Frourny 4~—Varintions with femperatine of (1} the aqueons vapor pressure in
ale corvesponding to vavlous relative humidltios; and {2} 1he vajior pressure
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to cool during the same interval, the vapor pressurc of its saturated
solution would still remain at 18.9 nun, and no absorption of moisture
would take pluce, as the relative humidity of the surrcunding air is
incrensed to 90 percent.  If the temperature of the rmmonium nitrate
i allowed to decrease with decrense in the temperature of the alr,
however, the vapor pressure of irs saturated solution nt the lower
temperature of 20° C. will be only 117 mm. as compured with an
aqueons vapor pressure of 158 mm. in rhe survounding wiv, and @
marked absorption of moisture wiil then take place.

It ammonium nitrate were to be granulated by the spraying method
in a very humid s.tion of the country, it might be expected thut the
air in the spraying tower would have to be dried if absorption of
moisture by the sprayed material is to be prevented, That this is
not necessary is shown in figure 4. According €6 the figure the vapor
pressure of a saturated solution of wmmonium nitrate at +3° (. (113°
F.) is 38 mm. This js higher than that represented by the pressure
(32 mnw) of water vapor in the airat 30° C.and a relative humidity
of 100 percent. It follows thercfore that it sprayed ammonium
nitrate is not cooled below a temperature of 43° (i the spraying
tower it will not absorb any moisture at air temperatores helow 30° G,
even at a relative humidity of 100 percent. [t should not be neces-
sy therefore to dry the urr passed through the tower in the process
ol spraying ammonium nitrate, provided the niteate is collected at a
temperatnre 10° to 139 C.above that of the sierounding air.

These observations show that ammonium nitrate can he stored with-
out danger of moisture absorption (1) by maintaining the velative
humidity of the air below that at which ammoniom nitraie absorbs
moistare, or {2} by maintaining the nmmonium nitrate ab a temper-
alure about 10° (o above that of the surrounding air,

The velative hniidity of the aiv below which ammaoniinn nitreate
tloes not absorh meisture varies from 75 percent at 10° ¢, (50° TV)
o 32 pereent af 407 C0 (HHS Fo)o The pressure of water vapor in
the air gt 10% Coand aovebative humidity of 75 pereent amounts to
about T o A0 Cloand (he same relative humidity (he pressure
of water vapor in the air is about $1.5 mim.. or nearly six (imes as
great.  This explaing why ammonimm nitrate absorbs moisture more
rapidly dorving ot weather than in winter and why ihe relative
hunidity alone gives little or no indication of the behavior of animo-
ninm niteate with respeet to moisture absorption. Fo know this the
temperature also must be specified,  Inasmnelr ws the temperature
varies grently in different seetions of the conntry and in the sanie
section at different sensons. the behavior of ammoninm nitrate in
different loenlities and at dilferent seasons may vary greatly, even if
the relative Timidity were to remain unchungod.

Locarenx axn Howviorry REnATions

Dt on the manner in which sanmoninm nitvale is likely fo behave
under norinal conditions in different parts of the country are given
in table 10, This table shows for eael month (1) ihe avernge monthly
temperature over a period of 20 years for the plaves listed (7.4); (2)
the average monthly agneois vapor pressure over the same period;
and (%) the difference beiween the average aquesus vapor pressure




Taste 10.—dverage 'nonthly temperatire for 20 years, agverage aqueous vapor pressure (V. P.) in the air; vapor pressure of saturated
s;)lzmon of ammonium nitrate, and the difference between the laticr two at the average monthly tempemtme for different places m
- the United Stules i

January February © March

Vapor Vapor ) Vapor
Average Vapor pressure Average Vapor pressure . Average Vapor pressure
Averize aqueaus pressure of air Averago agaeons pressure of air Average aqueous pressire of air
{emper- vapor . of saturated] ~vapor temper- vapor ol saturated} —vapor temper- vapor lof saturafed| —vapor
ature pressure | solutionol | pressure ajure pressura | solution of | pressure ature pressure | solution of | ‘pressure
of air NHNO; {of satarated of pir NHiNOs {of saturnied ol air NILNO: ol saturated
NHNOg NN Oy NHNQC:
solutiont solution? solutioni

Mm.of M. of Mm, of Mm; of M. of AMm. of Afm. of M., of Mm, of
mercury mereury mereury wmercury mercury mercury , mercury merciry mercury
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Tantk 10-~dverage monthiy temperaturve for 20 years, average agueous vapor pressure (V. L) in the air, vapor presgure of saturated
solution of wmnioniwm: nitrale, and the difference between the latter lico at 1he average monlhly tempereture, for different places <n
the Cnited Stutes—CGontinuel
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Tante 10~—:Average monthly temperature for 20 years, average agueons vapor pressure (V. P.)in the air, vapor pressure of satwrated
solution of ammonium nitrate, and the difference between the latter Lico al the qrerage monthly temperature, for different places in
the TUnited States—Continued
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Tasre 10~~Average montlily temperature for 20 POars, qreraye aqueons rapor pressures (Vo ) in the air, vapor pressure of saturated

solution of ammonium nitrate, and ihe difference bebween the latler tico al the o verage monthly temperature, for different places in
the United-Ntates—Continueil
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A Miwus sfzn indicites ammoniuin niteate will dry out under average conditions; plus value that ammonium nitrate will absorb moisture.
*Average temperature below freezing, )
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and that of a satorated ammonimn nitrnbe solution afi the average
monthly temperature. A minus sign for this differential value indi-
cates that ammonium nitrate will dry out under the average conditions
prevailing at the place indicated, while a plus value indicates that it
will absorb moisture. The Jarger the plus value the faster the rate at
which noisture will be absorbed.

The table shows that al such places as Tampa, Fla., New Orleans,
La., and San Juan, 1. R.. moisture will be absorbed by minmonium
nitrate under normal conditions every month in the year, while the
opposite will usnally hold true for every month ns a whole at Denver,
Colo., lrort Worth, Tex., and Wichita, Kans.  In maost places anano-
nium nitrale will show a gain in moisture absorbed in summer, but
not in winter.

RATE OF MOISTURE ABSORPTION

A material begins (o absorb moisture from theair when the pressuve
of the water vapor in the surrounding tir exceeds that of the vapor
prossure of ils safurnied solution. The rafe al which moisiure is
absorbed will vary with the diflerentinl hetween (he two vapor pres-
sures and with sueh other Tactors as the surface area of the materinl
axposed (o the air, the movement of the air with respeet to {he mule-
rial, and other factors, N may thus hiappen that o sample of one
materinl may absorh moisture af a faster raie than another, even
though its hygroscopicity may actually he less than that of the second
materinl. .\ study was necordingly underiaken of methods Tor reduc-
ing the rate al which ammoniom nitrate sbsorbs moistwre by conting
it with various materials with u view (o reducing its exposed surface
ured.

Alwrrion o MeasvriaisN

In muking this study i was imperative that all comparative mens-
urements of 1afes of moisture absorption e made under sueh candi-
tions 1hat all faclors affecting rates of moisture absorption be kept
constant exeepting the one under test.  Ii was Telt that the method
and apparatus desoloped by Yee and Davis (40) complied with these
requirements in the most xalisfactory way. It was accordingly used
in a1l subseuent tesis on the value of various couling agenis Tor ve-
dueing the e nt whieh immonium nitrate absorls moisture frony the
air. The appuratus used in Uris methad consists of a wetal humidity
chamber provided with an ahaminam top having six equally spaced
holes through which ihe samples wre introdueed into the chamber.
'The samples are placed in 2-inel shallow dishes with flat boltoms and
vertical sides. The dishes are supportesd by haskets suspended within
{he chumber. A saiurated salt sohdion with an excess of the solid
salt is contained in n shallow glass vessel in the botiom of the chamber.
Continuous elrendation of the wde witlin the ehamber is mnaintained
by weans of o fan operaiing i a speed of 350 v poom. The entive
apparatus is placed jna constant-lemperatnre roem ai U N

T mnking a determination, 4-grun sangples of The material or mate-
rinls to be tested are weighed into the sample dishes, the surface of
the material in the dighes is made as simooth as possible. and the dishes
are then placed in (he humidity chamber. At the end ol any desired
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interval (1 or 2 hours), the sample dishes are taken out of the hu-
midity chamber and weighed with the covers on to determine the
increase in weight. They are then replaced in the chamber for another
like interval before reweighing. 'The increases in weight for the
various time infervals are caleulated us moisture-absorption rates in
percentzge of the sample. .\ relative humidity of 724 percent was
found most convenient for determining the rate of moisture absorp-
tion of variously treated ammonium nitrate samples. This humidity
was obtained by use of a suturated solution of sodinm nitrate.

Moisture-Horpixne Capraciry

Satarated solutions of all three types of ammonium nitrate—
sprayed, grained., and monoerystalline—have (he same vapor pressure
at a given temperature and all absorh moisture at essentially the same
rate when exposed under the same conditions in a humid atmosphere,
as shown in table 11. The particles of granular ammonivm nitrate,

Tante 1l—Effeel of eonditioncrs on the rate «f achich wwononivn nitrale of
different types absorbs moislure af 30° . wnd a relutive Toumidity of 72%
poreent

Canditinnee wdded ATolsture absorhud In—

Parliele o e ces e e s

Type of mnteriol 7 gy

I*oreent of - A s i
NHNOS - Tined § 2hours 4 heurs |G haors

C e C e s e L e

Mesh - . © Pereent o Percend | Pereent

WAL i e, 11,86 2,08 ML 10
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as already explained, arve somewhnt porous for the reason that the
are made up of aggregates of erystals. The particles of monocrystal-
line ammonium nitrete on the other hand are nonporous and are in-
capable of holding any appreciable quantity of moisture except on
their swrface. There is therefore o difference in the quantity of
motsture that the geanular and monoerystalline materials will absorb
before they Lecoms dripping wet.  Thus the solution phase in asunple
of monocrystalline mmmoninm nitrate containing 1.5 pereent of mois-
fure will tend (o seftle oat in 1he bottony of the container on standing.
This quantity of moisture will nat separate out as a solution phuse
from grannlar ammonium nitrate. Figure 5 shows that the MOW
crystnls have beconse joined Together by a greater volume of solution
than the ANPL granules, although both types of material were ox-
posed fo the same humidity for the same length of time.

ErFEct oF WArER REPELLENTS

The hygroscopicity of a ey mixture of ammoniamn nitvate with an
inert material is the same whether the mixture contains little or much
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Pk o Spraved gepodes (enreent peilluetiond on itthi, oneerystals on
lefl, A weviter vuinme of suplie salition Jeins e megocer=titls (han thue
cranithe- ftor hotl Bgve et exjresml to the ssie hainidhiy for the smme
fensih of time, = 14,

ammoninm sitete. Phe mte at which sael 2 mixtore absorbs mois-
e at aidities above the hyvgroseopic point of stmoniuim nitete
1< ot the sune Toiall proportions of aminonitinn aitrde bat inereases
with inerense i the content of the aammonion aibeme anb) the eon-
contmstion of the niteate 1 sullicicnt to forn o saturated-solntion
Taver uver the exposed saefree of the muanple within the peris] of the
fomt.  Whet tHhis neetirs 1o Tupther inerease i the mte of moisture
absorption with inevease in e proportion ol the A nitrate
will tndee place,

Fa view of the forecoing. it would be expeeted that admixture of
ammanion hitraie with @ relatively sull propertion of o condition-
g agent in the for of o finely divided. water-insolubde nterial
would bave fitthe oifvet i redueing its rate of molstiare aheorption.
That thi i~ aetonily the epde is shown by the data i table 1 Fhe
iabte shows that materiads sueh s kpolin, the diflTerent 1ypes of
Kieselonhe, aned trieateiwm phosphiate bave little or no valne in re-
dueing the rte at whielr ammonin nitrate ub=orhs moistnre from
the i at a bmidity above i hveroseapie point. A naterial sueh
s phosphate roek that cantains eideiune earbonate way react with
the anmomium niteate (o fserosse rather than deerease its rie of
meistre phsorption,
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The opposite effect was found to be true, however, in the case of
such materials as petrolatum, paraflin, and rosin, which act as water
repellents and are capable of forming u more or less im pervious layer
over the crystals or granules of ammoniwm nitrate, The value of these
corting ngents as rvetavdunts of moisture absorption by anumonium
nitvate was studied by Krase, Yee, and Braham (27) about 20 years
ngo. Petrolatnm was reported in this investigation to be more cffee-
tive as a coating agent than varvious mixtures of pavaflin and rosin.

In the method of conting deseribed by Cairns {8) grained ammo-
niwm nitrate is (reated with 0.1 to 0.2 percent of petrolatum, followed
by the addition of suflicient rosin-parafin mixture in the proporiien
of 80 fo 20 to make the total mixture of petrolatum and the rosin-
paraflin mixture equivalent to 1 percent of the product.

The results obtained in the present investigation with water-re-
pellent conting agenls ave given in tables 12 to 14 In making these
tests the coating material or mixture was heated (o Fusion and sprayed
onto the ammonium nifrate while it was being volled in a eement
mixer. Duving the treatment the simmonium nitenie was mainiained
at atempernture of about 80° ¢, When coating smnll batches, it was
found convenient to dissolve the conting agent iy earbon tetrachloride.
The resulting solution was then ponred over the mmmoniom niteate
at a temperatnre of about 50° (% while it was being rolled in & small
dram.  The temperaiure of the materinl was then inevensed to a
maximam of about 88° C. {o drive off the carbon tetrachloride and
leave a uniform coating of the water repellent on the surface of the
granules. The concentration of the enrbon telrachioride was such
thaf the desired coating of the water vepellent was obtained when
suificient cavhon tetrachloride was added to wet the enfire mass. "The
results obtained with the two methods of applying the conti ng agent
agreed very closely,

The results given in table 12 indicate that the most efficient coatings
consist of combinations of equal parts of paraftin with petrolatum or

ALy 1E—Lule af wmoisture absorption by eauted gna wneoaled groanlay om-
mogniwm nilrate (13- o 2-neesh) wt 30° O and o refative humidity of 72.
prreent

, \ wied § i Mutstore nhsorbed in—
L. ‘ N Podncanledded i -
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TanLe 13.—Hffect of water-repcliont coatings on the rate af which ammonium
nitrate of different 1ypes absorbs moisiure af 30° C. and e relative hunidity
of 72.4 percent

Wator repollent added 1 Wloisture absorbed In—

Type of ammeninm nitrate | Parblelo size |
NINOa Kind 2 ligurs | 4 hours | 0 howrs

Mush Percent | Percent | Percend
lL@ 23. 08
Spreyed 10-20 : o
Ll
11.92
Grained 1010 i . .
i}

Fineeryslels oo ..

Coorse erystals_ oo

L Companents of water repellent added In equal proportion: WP = paraffin-petrolaiura ;
PRP = petrelatum-rosin-parailin,

TanLe 14—Bffcet of varying the proportions of pelrolatum, resin, und purefin
(PRE) on the rafe at which granilar eoumonivm witvale (70- to 20-moesh)
absorbs mofshre af 30° C. and a refative humidity of 72.4 percend

PRE ndded Mofsture nbsorbed in—

Pereent of NHNDa Proportlon of compenents | 2 hours 4 hours b hours

Pereent Pareegnt Pereent

11. 86 23, 68 3416
Nt
.ol
L0
.58
.43
i

ot ot et bk T 3 et
It it et D bk
A e Ll e

asphalt or of petrolatum and paraffin with rosin or asphalt. The
coating agent most commonly used in Canada for the commercial
treatment of ammoninm nitrate consists of & mixture of equal parts
of paraffin and petrolntum. In the United States preference is given

" to a mixture of petrolatum, vosin, and paraffin, This PRP mixture,
as it is commonly called, is about equally effective in reducing rate of
moisture absorption by all types of amunonium nitrate (table 18), and
the affectiveness of the mixture is not changed very much by a four-
fold change in the proportion of any one of its compenents (table 14),
The addition of a conditioning agent to the petrolatum-rosin-
paraffin coating nullifies to some extent the effect of the water repellent
in reducing rate of moisture absorption by ammonium nitrate, as
shown in table 15. In the tests in which Dicalite, plaster of paris, and
tricalciwn phosphate were directly compared, Dicalite without ex-
ception had nullified the effect of the water repellent to the grentest
"extent and tricalcium phosphate to the least extent. The extent to
which a conditioning sgent nullifies the effect of a water-repellent
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Tasre 13.—Dffect of a doubdle coating of a water repellent and o contitioning
agent on the rate at which granular cmmonium nitrate (10- to 20-mesh}
absorbs moistare at 30° 0. and a rclative humidity of V2.4 percent

Whoter repe]lnnt(PRI’)_mlded Cenditioning agent added Dlofslure ahsorbed ln—

Puarcentege of | Proportion of TTT. - :
NEHNO; | components NH:NO; Kiod 2bours | 4 hours | 0 hours

Pereent Percent | Percent | Percend
Wone 2332 k|

4, B
Cecil soll colloid . T
Yolelny, N 11.73
Faclin 3. .70
T'ricalcium phosphate______. 3 3.148
None. .

8L
4,82

Plaster of parls._ ..
Tricaleium phosphate.
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Lrieule{tn phosphate...
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coating varies not only with the conditioning agent nsed but also
with the composition of the coating agent.

The rate at which ammonium nitrate abserbs moisture when coated
with PRP (1:1:1) decreases slightly with time of storage, but the
reverse is true when the PRP coafling 1s followed by a second coatin z
of a conditioning agent. Different conditioning agents differ in the
rate at which they tend to nullify the effect of the conting agents.
Tricalcium phosphate not only has a small initial effect on the PRP
coating, but the rate at which its effect increases with time of storage
is also relatively small.

FACTORS IN CAKING TENDENCY

The principal factors that affect the eaking of fertilizer materials
are : (1) Moisture content, (2) particle size, (3) storage pressure,
{4) temperature and duration of storage, and (5) treatment with
conditioning agents,

The effect of these different factors in promoting caking varies
greatly with different fertilizer materials, Thus, time of storage and
applied pressure have little effect on the caking of well-cured super-
phosphate and monoammonium phosphate (), but hoth factors have
a marked effect on the caking of sodium nitrate, ammoninm nitrate,
and other materials of rvelatively low fusibility. The effect of the
different factors mentioned on the caking of ammonium nitrate was
determined by the method of Adams and Ross {8), which consists in
subjecting a sample of the material to a pressure of 12 pounds per
square inch for 7 days at 80° C. in a cylindrical homb of special
design. The bomb is 2 inches in internal diameter and has a total
weight of 234 pounds.

MolsTure

Slight changes in moisture content, as previously stated, have a
eater efiect on the eaking of ammonium nitrate than a correspond-
ingly small change in any of the other factors that affect its tendency
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to cake. This result might be expected for the reason that the solu-
bility of ammonium nitrate and the variation of its solubility with
temperature exceeds that of any other fertilizer material. A decrease
in moisture eontent or a lowering of the temperature witl, therefore,
result in o greater deposition of crystals than witi tuke place-for a
like change in any other fertilizer material. The knmitting together of
the crystals that nccompanies their deposition is & charncteristic of
the materinl undergoing reerystallization. but it usually canses the
material to cake info a solid mass. A gradual incrense in moistare
content on the other hand witheut an accompanying drop in tempera-
ture has the opposite cflect—the erystals that weve deposited ave re-
dissolved and the havdness of the original cake is decreased.

While the presence of moisture may reduce caking under certain
conditions, it greatly interferes at all times with the dvillability of the
material. It is also true that a given drop in temperature or humidity
will cause a greater deposition of erystals in moist. than in dry amno-
nium niteate and will correspondingly increase the degree ot cuking
of the moist material. Owing to the effect of these climatic factors on
the caking of ammonium nitrate, it was expected and fests showed
that its tendency to cale vavies greatly in different localities.®

The effect of a decrease in moisture content on the caking of anmmo-
nium nitrate 3s shown by the data in table 16, In making the tests

“Panik 16—FEffcet of change in {he moisture content on the caking of animonium
nitrate arhen the lemperature €30° (L), thme of storage (7 days), und 1he
applicd presspre (12 (s, por square incl) remainnd congfant ‘

Molsture eontenl !

farticle ——— - ¢ cmm - - i
Type of nmmenium nitrate - g ©, . , Crushine strength
: fndtinl @ Finnl ‘flecrease dur- of brlgmiets
© Ol Sorame

tercent ' Prreent \ Prreent Fonnds por spuare Treh
. 9 i 4 23
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! i . i} - X &0
smell erystals .. ..o . e 3 L LA -}5
=5

N | . n
Bprayed el emeend LA ] : -
H A o LOL —. 4%
’ I -0
.28 B -, 14
Large eryslnlio e e e e mr e ; . s P =4
; . L3811 -2

represented by the data in the table samples of ammenium nitrate
containing varying quantities of meisture were stored in the caling
bomb i «u constant-temperature roont at a relative humidity below 60
percent. Partial drying therefore took place during the 7-duy storage
period. The results given in the table show that the extent of caking
inereased with Joss of moisture when all other factors were kept
constant and that a relatively slight Joss of moisture may cause a
marked change in the degyee of caking.

s Apaws, J. T, Tove, T S, and ftoss, W. TI. STORAGE BXPERIMENTS WITH
VAMOUSLY CONDITIGNED AMMONIUM NTFRACE VERTILIZERS. Div, Soil angd Fert,
Invest. Ties. pt. 26, 16 pp. 1044 [Processed. ]
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AMMONIUM NITRATE AS A FERTILIZER B4l

It becomes evident therefore that a study of the effect of various
{actors on the caking of ammonium nitrate is possible only when the
moisture content. is kept absolutely constant throughout the period of
the test. This was accomplished by using only dry material in the
study of the other factors aflecting eaking and by stoving the caking
bombs in a constant-temperature room having a relative humidity
below the point at which the ammonium nitrate abserbs moisture
from the air,

A comparison of the data in table 16 with the results given in tables
17 and 21 shows {1) that different types of ammoniam nitrate show
different degrees of caking when other factors are the same; (2) that
granular ammonium aitrate cakes less than the monoerystalline mate-
rial: and (3) that treatment with conditioning agents reduces eaking
of ammonium nitrate even when dry.

Tasre 1T.~Effeet of particle size on e caling of dry ammoninm witrale when
subijected to an gpplicd pressure of 12 pownds per square ineh In a dry pluce
for T days at 48° C,

: o . .
viie of ammantium nitea _ Dartiele Crushing strength
™ u e of hrinquels

] " Pownds per square i nu\n

Voo .. .
Smalerystalso.. oo . L el
Large orystnlg, o e e e

Owing to variations in their physical properties some differences in
the caking tendeney of dilferent types of ammonium nitrate would be
expected. s previously explained ANPL granular material is some-
what porous, while the MCTW muterial is essentially nonporous.
Consequently, when a limited quantity of water (1.0 percent or less)
is sprayed onto ANPL ammonium nitrate while it is being rolled in
a drum, a considerable proportion of the water is absorbed and held
within the granoles. A subsequent lowering of the temperature will
ciruse deposition of erystals within as well as outside the granules.
To the extent that this depesition of crystals takes place on the sur-
face of the granules it induces ealdng. but to the extent that it oceurs
within the granule it tends to inerease the hardness of the granule.
The crushing strength of 1 granule or erystal is wenlened, howerver,
by a repeated gain and loss of moisture and by fluctuations in temper-
ature above nnd below a fransition point.

In the ease of ihe nonporous monecrysialline ammonium nitrate,
all absorbed moisture must remain on the surface of the particle
(He. 3 anel any deposition of crystals az a result of a lowering of the
temperature or loss of ineisture will he limited to the sarface of the
particles,  Climatie changes Tollowing the absorption of a limited
quantity of moisture is. therefore. likely to cause n greater degree of
eaking in monoerystalline than in granular nmmonimn niteate of the
same particle size”

TRpe fuclnote 6, oo 30
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PawvicLE Size

An inerease in the purticie size of ammonivm nitrate, as well as of
other fertilizer materinls, lessens their tendeney to eake by decreasing
the points of contact belween the particles muel their sirtace avea per
unit weight. The farther apart the centers of {wo adjoining particles
are, the easier it is to break them when they are joined by a given
deposition of materizl. A material will therefore calke Joss if the
particles are ]‘11'"0 vather than smintl and 3t the parvticles ave sphevical

rather than ircegular inshape. Lhe treatment known ag granulation,
especially when it leads to the formarion of spherical pacticles, is
particularly eflective in decreasing the poinds of confaet hetween par-
ticles and therefore it nilords one of the most eflective nieans for
decreasing the eaking of solnble salts,

The ANEPL ammoniunt nitrate first used in this investigntion was
prepared. us previously explained, by spraying a welt of ihe material
containing about -f to d peveent of moisture,  In the subsequent deving
of the sprayed materinl, smiall crvstals were deposited on the surlace
of the granules. as shown In flignre 6. .. These projections on the
granules increased the points of contaet befween them. with the result
that the product prepaved in this way exhibited a grealer tendeney to
cake than fhe cwrrent matertal [|Il" 6. /). The cranules of this
Tatest production are not only move uniform and gpherical than those
of the envlier product. but the material as a whele nlso shows less
tendeney fo cake and is more free flowing. The type of granules
produced by the praiming meihad s shown in figure 7.

The monocrystalline ammoniom nitvate vsed in this investigation
(fig. 8) wasnot so vnilorm in shape as the sprayed material. Ilaving
therefore more points ol contact between its pariicles, it exhibited a
greater tendeney to enke than was true of the granuwlar minterinl of
similar particle size when all other facters were the sune, This is
indicated by the data in table 17, which show that lnvee crvstals of
ammonimin nilrate eake less than small crystals, while the sprayed
ammonium nitrate in turn shows legs (endeney to calie tian the mono-
crystalline malerial of the same mesh size.

Tt should he emphasized that these and all subsequent tests were
made with the materinls in the form in which they were originally
produeed. “The surface uniformity of the pariicles of all hp('q ot
ammoninm nitrate i serfously impaired when they are aulyjected to
repeated drying following ahsarption of moisture, and the areas of
contret between them is greatly inereased, as shown in figave 8

The sereen analyses of the different types of ammoniom nitrate now
on the market nnd of ofher inorganic nitrogenons materials are shown
in table 18, The data in the table show that the average particle size
of the carvent production of AXNPL sprayed ammonium nitrate is
somewhat lTarger than the old-produciion material and that this in
burn is consider ably Targer than the commereially grained amnoniom
nitrate now on the market. ‘The Champion Br and sodinm niteate does
not difler greatly in particle size from the current production of
sprayed ammaonium nitrate, and the particles of both in turn are
somewhnt larger than those of the MAveadian sodinm nitrate.
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a drop in temperature or humidity. It the moisture content is in-
creaged without change in temperature, re-solution of the deposited
crystals may talre place and the degrec to which the material is caked
may actually decrease, as previously explained. This will not prove
true, however, if the pressure to whiclt it is subjected is sufficient to
squeeze ont absorbed moisture and erush the moist granules into a
solid mass.

Ammoniem nitrate differs from most other fevtilizer materinls in
that it exhibits plastic properties and will therefore enke under
moderate pressure in n perfectly dry condition. The application of
pressnre to a plastic materinl increases i(s tendeney to cake (1) by
making its particles conform to the shape of their neighbors, thus
incrensing ihe surface avea of contact hetween then. and (2) by
causing the erystal particles to enmesh each other. whereby they tend
to adhere to each other even though no recrystudlization lias taken
place.

The data given in table 3 indivate. as alveady explained, that mano-
erystalline ammonium nitrate s somewhat more plastie than ihe
granular material, The plastieity of all types tends ta deerense with
decrease in femperature.  Ammonium niten{e under pressure in stor-
age might therefore be expected to show a greater cakiug tondeney
during sunnser storngee than in winter.

The results of yarations in pressure on the eaking oF anmimonium
nitrate show that (e crashing ~treagth of the hriguets hecomes
greater with iperense in the pressure o which they were subijected
during formation ttable 1435, While applied pressire has (hus 2
marked elleet i inereasing the vaking of anunonivag niteate, it has
little etfeet In inevensing the eaking of suelt nsterials as nononinmo-
ninm phosphate amd superphosphate (.25,

Tanre Yo Fficel of pressure an the ealing of ey swmanivm witrafe when
stored in o drp place foy 7 daits of a0 (0,
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TEMPERATURE ANO TH RATION OF STOHAGE

An inerease In temperature increases (he solution phase of most
soluble fertilizer salts and afleets thelr caking in o manner similar to
an merease in the moisture content, .\ drop in temperature has the
effect of causing n erystallization of salts from the solution phase.
The effect of remperature on solubility i< mueh greater Tor ammoninm
niteafe than for ammoniinn salfate ctable 3y, T wonld be expeeted.
therelore. that a temperaiure ehange wonld have a groater elfeet on
the ealding of anmioninm nitraie than of inmoeniam salfate, and {his
5 known to he tre.
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It would be expected also that a change in temperature would have
a greater effect on the eaking of ammonium nitrate when moisture is
present than when it is dry, Table 20 shows this and also that the
tendency of ammonium nifrate to enke incveases somewhat with in-
crease in temperature even when perfeetly dry. This result should
follow, for the reason that an increase in temperature has a marked
effect in increasivg the plagticity of ammonium nitrate.

The efleet of time of storage on the eaking of amwonium nitrate
when the mutrial is dvy and all other factors are kept constant is also
shown in table 2, The data show that under thie conditions of the
lest the degree of caking increased with the time of storage. The

Tanney 20,-- Fffeet of ehanae in lime or bempoeddure of giarage en eeling of
graniler aupnonivm nilvate (8- o Monesdip 2 onuistare, 008 poreend ; applicd
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enking that takes place in dry ammoniom nivate is due in large meas-
ure to its plastic properties, as alveady explained. and o gradual
inerease in caking with tinie of storage is therefore ta he expected.
Thiz may not hokl true, however. when the storage perivd is accom-
panied by vhanges in sueh Factors as temperature, pressure, and
moisture content. The intluence of thve of stornge on caking will then
represent the algebrnic sun of the combined eifects of the {hree factors
meniioned.  Thus, the tine of storage has little effect on the eaking
of ammonimm nitrate when the applied pressure is decreasing while
the temperatire and moisture content are fnerensing.

CONDETIONERS

The method of improving the mechanical condition of a fertilizer
by mixing it with w linely divided water-insoluble material is known
as condivoning,  Thix freatment is particularly eflective in the cnse
of such solible materials as polassinin nitrate and potassinin ehloride,
which are relatively nonhygroscopic and have o marked tendency to
cake in o linely divided condition. When o linely divided, water-
inzoluble material is mixed with a fertilizer of this kind. the fine
particles of the insoluble material adhere 1o and form a coating over
the morve sticky surfoees of the soluble particles. and its mechanical
contlition ix therehy greatly improved {263,

Among the materials that have been used as conditioning agents ave
peat and other orgafic mmmonisies, lime, magnesia. limestone, dolo-
mite. Kieselgrubir, kaolin, tale, phosphate rock, clay. bentonite, plaster
of pacis. and cetealvinm phosphate,

The organic ammonintes have long heen used as conditioners in
mixetd fertilizers, but their wse as condiGioning agents for annmonium
nitrate & not to be vecommended, becnuse of the fire hazard,  Suclh
basie materials as e and mpanesia repet with annneniumn niteate
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to evolve ammonia, and they ave therefore not suited as conditioning
agents for this material,  Tinely divided Hmestone also reacts slowly
with ammontun nitrate (0 form calehwm nitpate, and ax a eesult its
use a8 o condilioning agenl tends to inerease rather than decrease the
tendency of the nnwuonium niteate o cake, Finely divided dolomite
and phosphale rock nve also unsatisfactory, heeruse of the caleite thut
they are likely to contain.  The materiads used in this investigntion
as conditioning agents for mumoniwn nitrate have therefore beon
Hmited to kaolim and other tlaylike materials. varving types of kigsel-
guly Trom different sonrees.plaster of paris.and ricaleimn phosphate,

An applieation of a relatively sail guantity {3 to 5 pereent) of
any one of these materials ax 8 coattuy to ammonium nitrate hax a
very marked effeet in reducing Hs tendeney to eake,  This is shown
by the data in table 20 aud by the resudts obtained in the large-senle
storage tosts, deserthed on papes 12 o 5%,
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The effectiveness of ditferent conditioning ngenls hn reduc’ 1 the
tewdeney of mmmonium nitiate 1o enke varies with sueh factors as
the size, shape, hrdness, mnd frietiona] characteristies of s particles,
The pariiele sizes of some of the comlionine aeents sed in these
tests nre shown in table 22, Aceording to the dala in this wide £9-
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calcium phosphaie had the smallest particles of any of the materials
listed and the diatomaceous earths had the largest. Numerous tests
have shown that tricaletum phosphate is more effective as a con-
ditioner for mmumonhwsn nitrate than any of the other materials, but
the diatomacecous earths are more effective than kaolin, It would
seem therefore that while the value of a materinl ag a conditioner for
smmoninn nitrate inereases with decrense in the size of its purticles,
it does not always follow that the conartioner with the smallest par-
ticles makes the most efficient material for this purpose.

Certain types of clay and of kieselguhr have the property of ab-
sorbing moisture from the nir at ordinary temperatures and handdity.
That the quantity so absorbed will vary with the relative hunidity
ix shown by the data in table 25 and the curves in fHigure 9. Thus,
Volelay at a temperatuwre of 30° C. will absorh 105 percent of its
welght of moeisture al a relative hamidity of 23.0 pereent, 15.5 per-
cent at a relative humidity of 5.0 pereent, and 240 percent at a rela-
vive humidity of D04 pereent (). I Veleny that had been in
caailihbriun with air at D04 pereent relative humidily were nsed as
a conditioner for ammoniwm nitrate, which was then stored in a
molstureproo! bag. the omidity of the aiv in the bag would renmain
at 60.0 percent when the temperature is in the neighborhood of 30°.
At this humidity the Volelay would evolve about 7.0 percent of mois-
ture, which would be absorbed by the ammonium niteaie. If any
drop in temperature subsequently took place. the tendency of the
anmioninm niteate to eake wounld nullity to some extent the eifective-
ness of the conditioner.

If the Volelay had been in equilibriom with nir at 23.0 percent
relative humidity before being applied to the ammonium nitrate, it
wonld then have a moisture content of only 1.3 percent, Inasmuch
as the humidity of the air in the moistureproof bag would remain at
GiLg percent as before, the added Velelaxy would absorb moistuve, if
present, from the ammoniam nilrate unlil it veached equilibriem with
a relative humidity of 6.0 percent. The moisture abserbed by the
Volelay under these conditions wonld total about 7.0 percent. 'The
accompanying decrease in the moixiure content of the ammoninm
nitrate would result, as before. in an increase in the fendency of the
materinl to euke.
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Inasmuch as an active conditioning agent has the property of ab-
sorbing a limited quantity of moisture from the air nt a humidity
below that at which ammonium nitrate takes up moisture, it might
be expected that n lot of ammonium nitrate that had been trented
with a conditioning agent of this kind might shew a slightly higher
moisture content than when it had not been treated or when treated
with an inactive conditioning agent. This has been observed to be
the case in conunercind storage tests. This activity on the part of
many materials that are otherwise snited as conditioning agents for
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ammoniwm nitrate can be quickly destroyed by heating to a tempera-
ture of about 500° C.

A treatment of this kind, however, would ndd greatly to the cost
of the conditioning agent. A more practical proecedure for elimi-
nating any exchange of moisture between the conditioning agent and
the ammonium nitrate consists in drying the conditioner £o o moisture
content that is in equilibrium with ammeonium nitrate or with a rela-
tive humidity of 60 percent at 30° C. The Kittitas curve in figure 9
shows that this material, for example, is in equilibrium with o relative
humidity of 60 percent at 30° C. when its moisture content is 5.5
percent, Kittitas that has been dried to this moisture content and is
prevented from further change by storage in moistureproof bags,
when necessary, will therefore neither inerense nor decrease the
moisture content of the ammonium nitrate to which it is applied as
a conditioning agent.

The curves in figure 9 further show that Dicalife 659V and Celite
(-20116 are in equilibrium with ammonium nitrate at moisture con-
tents of 6.6 and 4.4 percent, respectively. Conditioning agents such
as Dicalito 675V, Celite £-20115, and knolin, which do not absorb
any appreciable quantity of moisture at ordinury hwnidities, do not
have to be stored in a moistureproof bag o1 other enclosure to prevent
absorption of moisture,

'The nse of a conditioning agent that will absorb moisture from
ammonium nitrate might prove advantageous, provided it will dry
out the ammoninm nitrate and not give up the absorbed moisture
aguin ab a lower humidity. This can be accomplished by use of
plaster of paris as a conditioning agent. Yt was feund that when 2.5
pounds ef this material was rolled for o few minutes with 50 pounds
of granular ammonium nitrate in a cement mixer and the resulting
coated product was stored for a few days in n closed container, auto-
matic drying of the ammoniwn nitrate took place from an initial
moisture content of 0.75 percent to (.04 percent. DPlaster of paris
by itself eakes quite havd. but the cake formed when 5 parts of the
material is diluted with 95 parts of ammonium nitrate should be rated
as soft. The gypsum formed by reaction of the plaster of paris with
the moeistura in the ammoninm nitrale vetaing the moisture with which
it combines and serves as a good conditioning agent. In subsequent
tests it was found that varying percentages of noisture can be re-
moved from the ammonium nitrate in this way up to the maximum
oceurring in the freshly sprayed or grained maferial. The process
could probably be of practical application enly if provision could be
made for storing the trented material in bulk in an air-conditioned
warehouse. Such eaking as would take plee during the bulk storage
would be wutomatically broken up in the process of bagging the
material for shipment.

Storage tests indicate that when a conditioning ngent is properly
applied it is effective in reducing the eaking of all types of ammonium
nitrate. Such conditioning agents ns Kittitas, Celite, Dicalite, or
kaolin seem to adhere equally well to granular or moncerystalline
rmmonium nitrate, elthough the distribution of the coating agent is
likely to be more uniferm on sphevical particles than on those that
are irregular in shape. The quantity of conditioning agent usually
applied to sprayed or grained smmoninm nitrate is in the neighbor-
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hood of 8.0 to 4.0 percent. Applications in excess of 3.0 percent are
likely to undergo segregation.” This was indicated in laboratory tests
in which sprayed and monoerystalline ammonium nitrate samples of
8 to 14 mesh were coated with 6.0 percent of Kittitas and then shaken
for 15 minutes on a 60-mesh sereen. The quantity of the conditioning
agent that remained on each material ut the end of the test wus ap-

“ proximately 8.5 percent of the weight of the sample. Slight agitation
quickly reduced the conditioning agent adhering to the gamples from
6.0 to 5.0 percent, but the agitation reguired to reduce it to 3.5 percent
exceeded that to which the materials would normaily be subjected
under ordinary conditions of handling undl storage.

LARGE-SCALE TESTS ON STORAGE BEHAVIOR

The data preseated in the first part of this bulletin were based -on
the results of laboratory experiments. The results indicate that the
tendency of anunoninm nitrate to absorh moisture from the air can be
decreased by coating the granules with w water-repeilent material, 13
o petrolatum-rosin-paralim mixture. and that its tendeney to cake can
be greatly reduced by treating the dry material with 3 to 5 percent of
a suitable conditioning agent and keeping it dey throughout the stor-
age pertod. It was recognized, however, that the behavior ot nmmo-
ninm nitrate in storage is subject to so many factors that conelusions
respecting the relutive value of different (reatments should not. be
adopted as final until the Jaboratory experiments were supplemented
by large-scale storage tests. These were carried out under commercinl
conditions. The ammonium nitrate maierials used in the tests were
supplied by Alberta Nitrogen Products, Ltd., Calgary, Canada, and
the Tennessee Valley Anthority, Wilson Dam, Ala. The material from
Calgary was granulated by spraying, while that from the Tennessee
Valley Authority had been prepared by the graming process. Both
materials were subjected to various coating and conditioning treat-
ments for use in the storage tests.

SPRAYED AND GRAINED NITROGENOUS NMATEREALS

The first storage tests sere made to compare the caking tendency of
the sprayed and grained ammonium nitrate then on the matlket with
that of Cal-Nitro and sodium nitrate. The tests were made in the
fertilizer warehouse of the Division of Soils, Fertilizers, and Trriga-
tion, at Beltsville, Md. This stornge test began on Augnst 20, 1943.
Teach bag containec 100 pounds of material, and the bags of each lot
were piled nine high. The piles were arranged in rows 4 feet apart
and 1 foot apart in the row. The hags were retained in an upright
position by 2- by 4-inch supports placed on botl sides of each pile.
The materials used in the test were as follows:

1. Chilean nitrate of soda, Champion Iirand.
2. Avcadian nitrate of soda.
3. Cal-Nitro,
4. Calgary granular ammonimmn nitrate dijuled with 2 percent af coarse
limestone,
Samie pukerinl ng 4, conditioned in the Division with 2 percent of
Dicalita,
Same material as 4, conditloped iu the THvislen with 4 percent of
THeadte,
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7. TVA ammonium nitrate conted by tle producers with 1, pervent of a
petrolatum-roslu-parafin mixture plus 4 percent of kieselguhr.

8. Bame matevial as T, coated by the producers with 1 percent of petrolatum
plus 4 percent of kuolin,

None of these materials were in a caked condition when placed in
storage. Those that were eaked when received were crushed, screened,
and rebagged, if necessary, before being used in the caking tests. All
materinls were stored in the bags.in which they had been originally
shipped.

A final mspection was made of the caked condition of these mate-
rials on November 20, 1943, 3 months after they had been placed in
storage. The clrill test, the drop test, and the crushing-strength test
were used in comparing the caked condition.

Klectric hummer-drill test—In this method, the hardness of o mate-
rial is determined by the time taken to drill a I-inch hole into a-bag
of the material to u depth of 5 inches. The drill was operated at
106 volts. ’

Drop test.—1In this test » bug of the material is dropped four times,
once on each side and on each cdge, from a height of 8 feet. "The
proportion of the material that will not pass n £-micsh screen after
Tour drops of the bag is tulen us u mensure of the caked condition of
the whole.

Crushing-strength test—After each bag is dropped, tests ave made
by hand to defermine the hardness of the Iumps that remain in the
bag. These are clussified as follows: Soft (8), breaks under finger
pressure; medium havd (M), breaks under hand pressure; havd (H),
does not breal under hand pressure but readily breaks under foot;
and very hard (VH), dificult to brealc under foot. Following the
drop test a bag of material will normally contain lumps of varying
size and hardness. Different individuals therefore are likely to as-
sign o different hardness rating to the same mater==? when making
the crushing-strength test. To Insure o reasonable degree of accurncy
In making this test it is important to select lumps of uniform size.

The results obtained in these caking tests wre given in table 24,
which shows that ull three methods agree faivly well in compuring
the caked condition of different baws of the saume material, ag Chilean
nitrate of soda or either one of the TY'A products. They do not agree
so well, however, when used to eompare the mechanical condition of
snch different materials as the coated and nncoated Calgary ammo-
nium nitrate. It has been noted that anmoenium nitate that has
undergone serious caking will not again eale as hard when crushed, -
screened, and exposed for a second time to the same conditions of
storage. The uncoated Calgary product had undergone a previous
and much more severe eaking at the time of jts shipment, which may
explain the hrittle condition of the materinl at the time of the storage
test. )

The degree of enking of the granular Chilean nitrate of soda was
shown to be consideraldy Jess than that of the Arveadian nitrate of
soda and less than for any of the winmoninm nitrate samples. The
data nlso mdicate that an applieation of 2 percent or less of a con-
ditioning agent to ammonium nitrate nmay actually merease rather
than decrease its caling tendency.
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TarLe 24.—Caking tests with different nitrogenous materials .efter -months’ storage (Aug. 20 to Nov. 20, 1948) at Beliéviue, Md.

Chilean nitrate of soda 4 Arcadian nitrate of soda Cal-Nitro ANPL NHNO;, uncoatedv

Position.-of bag in pile, :
top to hottom Yamps Lumps Lumps Lutnps
g Tima of Time of Time of Time.of
drilling 1~ drilling drilling . drilling
: Weight - | Hardness!? Weight | Hardness? Weight | Hardness? Weight - | Hardness?

Seconds Po(unds Seconds Pounds Seconds ‘Pounds Scconds Pounds
2 3) 18 SRS

]
15

Fourtho s e v cmmemumuninn { } I 25
Fifth : ] [ 22
> - ! . . 59
%vcmh 61- 5 40

Bighth... ' 4 - 34
Bnl tom . ) 5 q 46

ANPL NN Oy, plus . ANPL NHNQs, plus TVA NHNO,, plus 1.0 percent TVA NHiN O3, plus 1.0 percent
2.0 pereent Dienlite 4.0 pereent. Dicalite PRP plus 4.0 pereent Celite petroiatum plus 4.0 percent kaolin

Position of hag in pile, :
{opto botiom K Lumps L Lumps Lumps ; Lumps
. Time of Time of T, . Time of Time of
drilling drilling L drilling - ) drilling
Weight | Hardness! Weight - Hardness? Weight | Hardness! Weight | Hardnesst

Seconds Pounds Seconds Poumls Seconds Pounds Seconds Pounds™
® Q] [Q] ¥

POP o irnnmim s ciama - -
A —— T SRR ?
Fourth e e M : 0
Fifth 0
Sixth ) 3
Seventho__L__, { : 4 2
Eighth. 220 5 ; - : ¥
Bottom . 19

HINLTA0IYOYV J0 “\Ldda 'S,{:fl 'ZIG NITZTING TYOINHOAL

18 = sofL M = amedium ; T = hard; VI = very haud.
2Dl plunf,ed fhrough material before instr ument was turned on
"8 No eaking; bags not dropped.
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Samples were withdrawn from two bags in each pile for moisture
determinations. The results, giverr in table 25, show that Cal-Nitro
and the TVA samples contained more moiséure than any of the other
materinls, Fad their initial moisture content been as low as in the
other materials, the extent to which they caked in the storage test
would no doubt have been considerably Jess,

Tanie 25— oisture content of nilrogenous materials wsed in storape test

Positlon of
Fertilizer materinl . sempled b %ﬂ?ﬁﬁ?
i from top of pilg

Percent -
0.09

Chlieso pitrate of 000 oeee o oooirevnans. JRSTURRRERNP £ 7171 1+ 11
Arcadian nitrete of soda . - Sevent

Tig
A N O e e -

. Eiphth

o2 Paprbh .. oeeeos
Thied

£ TR CL Fle
Plus 4.0 percent Diealite.. - Third.
U - 1 1
TYA nmmoeniun nitrare: :
Plus 1.0 pereent PRP plus 3.0 peroent Colite oon me mee o Third._ 1. oeeeeee
L0 ool el T T FPourth. !
I’l:h'ipf‘u pereent pelpelttnm pus 4.4 pereent kpolin

1] . e mmme e memame o

Errzct or CoNpiTioNERs

The second storage tests were undertaken to compure the caking
tendency of variously treated lots of sprayed ammenium nitrate as
supplied by Alberta Nitrogen Products. Lid. In this fest, set up at
Norfolk, Va., the bags of encl lot were piled 10 high. The priles were
arranged I rows as in the previous storage test and the bags were
retained in an upright position by means ot navrow boards that ex-
tended from pile to pile between the fith and sixth bags. This
method of supporting the piles in an upright position proved satis-
factory for the valve-closure bags. It docs not suflice, however, to
support bags that are closed with a wire tie, for the reason that bags
of this type are more reund in shape than those having sewn or valve
closures.

The 16 Jots of ammonium nitrate used in this storage test weve
shipped from Calgary, Alberta, Canada, on August 30, 1943, and were
placed in storage at Norfolk on September 14, The lots conted with
(L5 to 1.0 percent paraflin followed by a serond coating of 3.0 to 5.0
percent of Kittitas were superior in mechanical condition to any of
the other lots at the time of unloading the ear in which they were
shipped. The grentest degree of caldng was observed in the lot that
had been treated with 2.0 percent of limestone.

Tn examining this shipment at the time it was unloaded, it was
observed that some of the bags, such as ot 15 had a hard crost just
inside the bag. This crust. which adberéd somewhat to the inner
Iiming of the bag. varied from aboul 15 to 2 inches thiel. T.ot 16,
as shown in table 26, was treated with 1.0 percent of ilittitus and was
loaded into the bags at a temperature of 51° (' A saturated solution
of amwmonium nitrate at this temperature has a vapor pressure of 45
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TasrcE 26— echanical condition of different lots of ANPL ammonium nitvate
after j-months' storege (Sept. 14, 1043, te Jan. 18, 1944) ut Norfolk, V.

Trentmenl l Nolstore content ot— | Estimated
Napgelng | wzniber of
tenper- ¢ ; hings suited

- " wore ¢ Thne of Final fn- | for divect
Water repellent ! Conditloner b banging ! spootlon | application
H L}

, . Perceat i Pereent
1.6 pureent poarmilin. 40 percent Kittlins, . 4.0 015
'L O, 3.0 peroent Kithias....

T ——
4.0 pereent Kirtilas,
o-.. 1.0 pereetit hentonite
T 2gpercent Kitillas
[ S
| 1.0 pereent paraffin,_.
0.5 perevnt parnflin..
INOT . . risaaa
- 0.8 pereent parafiin,

20 prreent beatonite. .
2.0 nereent Kittitas....
Y < 14
W e O e ... LD pereent Kitlktas.. i
I3 ; da amem e 20 porepnt Mmestone . o
' '

[ ¥R ET-L RN - TR b ) L]

110 baps in eqel lor

mm. of mereury. Water has a vapor pressure of 45 mm. of mercury
at o tempervature of 36°. It follows, therefore, that if the temperature
of the ountside aiv was below 862, which it undoubtedly was at the
time the bags were Alled with ammonium nitrate at 51°, moisture
would be distilled from the ammonium nitrate and he condensed on
the interior lining of the asphalt-laminated bags in whieh it was
shipped. This condensed molsture would cause a partial solution of
the granules in contact with it. When the bags were later shipped to
u warmer climate, the condition with respect to temperiture gradient
in the bag would in a measure be reversed. Redistillaiion of moisture
from the inner lining of the bag to the ammonium nifrate within the
bag would then take place. with resulting recvystallization of the
ammonium nitrate that had gone into solution. That & crust will
form within the inner lining of a bag as » result of a fluctuation in
temperature #s described was confirmed by laboratory fests.

Lot 10 of the same shipment was loaded info the bags at a tempert-
ture of 37° (. The vapor pressure of a saturated solution of ammo-
nium nitrate at this temperature is equivalent to about 25 mm. of
mercury, the same as that of water at about 23° C, While the outside
temperature at the time the bags were loaded is wot known. it 38
certnin thal the initial temperature gradient within this lot of bags
was Jess than in the ease of lot 16. Lot 10 aiso differed from lot 16
in that it was coated with 0.5 percent paraffin as well as 1.0 percent of
Kittitns. Tt would be expected, theretore, that this lot would show
little orsi0 more caking in fhe area adjacent to the inner lining of the
bag than in the central part. and no caked avea was found.

The formation of & thin crnst within the inner lining of the bag
offers the disadvantage that it is difficult to break up without leaving
a residue of small hard lnmps thronghont the nmss of ammonium
nitrate. These lumps tend to clog up the delivery tubes of the fer-
1ilizer Qistributor and thereby interfere with the drillability of the
material. Tt was apparent that the formation of this crust could be
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readily prevented by lowering the bagging temperature. VWhen this
was done, no crust was observed in subsequent shipments.

The final inspection of these different lots was made on, Janunary 16,
1944, at the end of a L-month storage period. when the degree of
caking was determined by the drilling, drop. and crushing-strength
tests. In making these tests it was assumed that any bag of matenal
that had a drilling time of Tess than 30 seconds or that conlained only
soft lumps after the drop test was snited for diveet npplication in the
field. By thus comparing the vesults obtained in the threo types of
tests it was possible to determine the number of bags in eaeh pile that
was suited for divect use as u fertilizer and to arrange the different
lots of material in the descending order of their mechanieal condition
(table 26).

The results obtained in these final stornge tosts agrec on the whoele
with laboratory observations mude in the interval betwoen the setting
up of the storage tests and their final inspection. The least degree of
eaking occurred in the lots thar had heen treated with (0.3 to 1.0 pereent
of parafiin plus 3.4 to 5.0 percent of Kittitas. All 10 bags in each pile
of these lots were considered to he suitable for divect application in the
field. The Tots that had been treated with 4.0 percent of Nittitas or
of bentonite were also found to be in a satisfactory condition through-
out. The observations made indicate. however. that the use of 2.0
pereent or less of such a conditioning agent as Wittitas is not sufficient
to prevent eaking of anmumonium nitrate in storage. This holds true
whether or not the material ix couted with wax hefore the addition of
the conditioning ngent.

The moisture contents of the different lots at the time of bagging
were determined by (he prodocer, while the final moisture contents
were determined by this Division. The differences hetween the two
sets of determinations are small and probably within the limits of
experimental error. Noappreciable quantity of moisture thus appesrs
to have been either absorbed or fost during the sterage peviod, The
diflerences observed in the caking of the different lots would. there-
fore. seem to be u faivly good indication of the velative effectiveness
of the different treatments,

‘The manmer in which cuking ocenrred in these storage tests, as well
as_in the Beltsville storage fests previously deseribed. nmy be con-
sidered as being of four types. as follows: (1) A condition of unitorm
hardness throughout the bag, (2) a cuked core surrounded by u pre-
teeting Iayer of unenked material. (3) a hard crust just inside the bag
surrounding a core of uncaked material, and (1) more or less cetached
lumps of varving hardness interspersed throngh material of a rela-
tively less degree of caking,

A vaviation in the hardness of the type of eaking outlined undey
the first type can be readily detected by all three methods of cnking.
Owing to the protective action of the uncaked part outlined wnder
the second type as well as in that sutlined under the fourth, the calred
part s not so likely to break readily in the drop test as when the
caking occurs asa evust on the outer section of the contents of the bag.
A materinl caked as ountlined under the second or fourth tvpe is
therefore likely to show u higher proportion of lumps in the drop test
than one caked nnder the third type. even though the hardness and
degree of caking is the same in both cases, The hammoer-deil] test
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tends in o sense to offset the dvop test, in that it gives low resulis
where the latter gives high resulis, and vice verse.. Thas the drop
test tends to give a Iow plopo;tion of lumps for hard, brittle mate-
rials and a hrrrh proportion of Tumps for naterials that cake as ont-
lined under t\ pes 2 or £ The hammer-drill test, on the other hand,
tends to give high vesults for hard. brittle materials and low results
for those that cake s outlined under ¢ or L.

In the drop test, allowing the bag to fall four times from a height of
3 feet is considered (\qm\.z]eni to the handling to which #t would
normally be subjected n the process of being blupped from the plant
or warchouse to the favmer’s field. The extent to which the material
remains in a caked condition after the dvop test is, therefore, o better
indieation of its mechanical condition as judged by the farmer than
any hardness test, irrespective of how aceurate the havdness test may
be. The hammer-drill test was accordingly omitéed in all subsequent
storage tesls.

Errect oF Logatiox

In the large-seale storage tests previously described no appreciable
change in the moisture content of the ammonium nitrate was ob-
served throughout the storage period, Tt was recogmnized, however,
that the behavior of the material might have been very different had
the storage tests been made in sections of the country wheve the
humidity is such s to eause absorption of meisture by the ammonium
nitrate. An extended sevies of tests was accordingly undertaken in
which ammoniwm nitvate was placed in storage wnder commercial
conditions at six ditferent Jocations in some “of the more humid
sections of the conntry (table 27). Storage tests weve also seb up at
Beltsville, Md.. in cold-storage rooms under controlled conditions of
temperature anc humidity,

The materials used in these storage tests were a spraved ammoninm
nitrate (AXNDPL) produced in Canada, a grained domestic product
(TVA), and a monecrysialline product (AMCW) prepaved by the
Oslo-Krystal process. .\ Jist of the treatmients fo which each of the
materirﬂs was subjected in theie prepuration, and their mechanical

nalysis are given in fable 28,

The test materials were shipped from the producing plants directly
to the storage sites. Insefar as possible any set that had oceuned
during transit was brogen up before the diflerent lots were put in
storage. The bags of each type of material were then stacked close
together in a vow 7 piles long and 12 bags high on boards laid on the
floor. There was an air space between cach row, but the bags in each

row were in confact wnd thus supported each other, ATl nmtel‘ifﬁs
were placed in storage in {he bags in which they were shipped.

Three inspections were made of the maierials stored at New Ovleans.
Raleigh, Stoneville, and Wilson Dam. and 2 at each of the other
locations with the exe eption of Pittsburg, Kans.. wheve only 1 inspec-
tion wag made. Tn mnaking these uh()m!:rms the bags of 1 pile of
each lot of material were vemoved and subjected to the drop test. The
results obtained in this fost are given In table 29 for the materials
stored at the different locations under commereial conditions and in
table 30 for the materials stored in the cold-storage rooms. These tables
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Tapue 27.—Location, storage condition, and storage and inspection dutes of large-scale storage fests

Location

Cooperating organization

Condition of storage

Datc of storage for—

Date of inspection

ANPL
ammoniunt
nitrate

TVA
ammonium
nitrate

First

Scecond &

Baltimore, Mdeeeivaroeemnai,.

New Orleans, Lo v neoos
Raleigh, N, Covomininninesiin,

Stoneville, Miss, ... ..o limn

Wilsor Dam, Alasiieennnn
Beltsville, Moo, comuvnniiin

ROOI Acivniimnnniiann
Room 2 cue iunna
Room 13

Fertilizer Manufacturing Cooperative,

Armour Fertilizer Works..o.. . ooiooe
North Carolina Agricultural Experi-
menial Station.
Mississippl Agricultural Experimental
Station. .
Tennessee Valley Authoriby. . oucev..o
Bureau of Plant Industry, Soils, and
Ag‘ricultuml Engineering:
o,
dao.
do.

Room18.....

do

Room Z...
Pittshurg, Kans........

JO [
filitary Che

Open conerctearéaway on the shore of thie bay. .

Large frame building with conerels 1000 mmmun .z
Second ficor of brick dairy barn oo i

Sr;}nll corrugited iron building with conerelo
oor.

Large hollow-tile building with concrele Hoor....
Second floor of cinder-block building....._......

§5° F.; uncontrolled humidity.......
5a° F.; relative humidity, 80 percent. .
5° F.; relative humidity, 75 percent
F,; relative bumidity, 60 percent

Dee. 27, 1043

Dec. 23, 1043
Jea, 5, 1044

2, 1044

9, 1044
T 1044

Jan,

Jan.
Jain

S . B
do

| Dee. 10, 1943

Toe. 29, 1043
Jan. 5, 1944

2, 1044

Jan. 9, 1944
Dee, 31, 1943

Jan.

do.

do

do,

tlo.

do.

75° F.; relative humidity, 65 percent
Frame barn without 1000 eeeu o emaeee. P

Jomwaado,
Mar, 17, 1044

do. -
Mar. 17, 1044

1944
Mar. 20

Mar, 1
Mar. 13

Feb. 25

Feb, 22
June 20

Dao.
Do.

Do,
May 30

194
Mny‘%

May 12
May 16

May 0
May 4

1Final inspections were made between Nov: 30 and Dec. 9, 1944, at New Orleans, Raleigh, Stoneville, and Wilgon Dam (see table 36).
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TABLE ,28.--»Tl'm‘tti,n('ui.s- and sereen analysis of lols of ammoniwm nilrale used in storage tests in dszm'('ni locations

-

HENLINOIYDY J0 ‘LdEd 'S ‘N ‘G16 NITFTIAD TVOINHOIAL

reatment j Sereen analysis (mesh)

Water ropvnont ¢ Conditioner ! - 20-40 40

e e o e Gyt e b b SR — - - e s mestass | e

Percent Pereent
17

[\ S \ou(' brmmm et

(lux pclccnt \VP . e s e e e : 21
NOne: ... e e e .l.ﬁpurcmt }\lmms s S 3 S 1
ﬂopvrwnt Wik R ) IS i 38 1

None aeaes e NODG. e . E 58
1.0 pment PRI e D porcom Celige. 0L PO X 55

oo L0 pereent kaoling . Lo O 28 53
4.0-peréent plaster of paris. Lol ’ &8
4.0 percent suapstouo - 2 h
None.... . .. ; : X

7
5

. e o .
()..!por it . R "()pmcunt Dicatile.
"(!pemcnt Prowmix. i 4 None...
0.2 pereent PRY 0o : dOporwnL Diealite. . ... .
RO [ AT & ¥ 1)0[1‘0111.1)!«.:\1119, S , ‘ 16

WP oz paraflin-pelrolatomy PRI = putrol:n(mn»roshrpumllin; and l'rcmix iz 1 prirt of PIE plus 3 parts of Diealite mixed Lefove applying.




"J.‘.-\mn: L Cuking- tesl awelih variously treated lobs of ammoniion nitrate in storage tests al different locations? showing weight* and
hardness® of lumps formed

FIRST INSPECTION

Bummm ¢, Md, New Orlenns, Ya. llulm;.h, N. O, Stoneville, Miss, Wilson T)nm, Alp. Beltsville, Md.

\\'oh.m Iunmness~ \\'L-iy,ht Tardness 3 W cigm ]mrdncss Weight | Hardness wmm Hardness Welght | Hardness

Poun d.sl Lo mtd:( Pound, a( Powmdy Pounids Pounds
} 0 ) 1

Sto M
StoM
S

wn
~
ey

D

5
AL Stodl

e i o Sio M
ALtail” b Slod | 20 y St M
Sig il i 5 : Sto M B s O
3 StoH

bR A
.

UM | ST SO E I P ) &
'I‘\’\I\n 1. NERRE Sl SRRV SN Moll M g1t Hto VI

U OO L S S PV P P ST SL S SRR SRS S N

:\Q"l:]llét'().g,,.,.“, J E 8 3
A N0, ] 5 B 2
0 } Silodl S m " 2 4
BloM 5 8 25
j 5 8 ta I Sta M 13
. P POV USRS ST, : 0 ] , [P - SRV S PUSORAEN
ANPLNO 2o o oo b o 3 Y to ] ‘ Stod | o' S0 af 7§ Stodl ]
;l\‘\\'l\,ll\xwii(lmm" hy) N Stodl 5 5 S . 62
VA No OO .. USRI F I pCI ] [EUS S JERTRE to I
TVA N dawsincman e b Siel e sl 1 Mtol . 421 MtoH I to VH 86

YIZITITYAT V. SV ZLVHLIN WAINONINY

1 See table 2 for stovige and inspection dates,
2 After 1 drop of bag at Beltsville : 4 diops at all other locntions.
S = osoft; M = medium ; I == havd; VI = very hard;




TABLE 30.~Caking tests with variously trcated lots of ummonium witrate after §¥-months’ storage (Dee. 81, 1948, to June 20, 1944)

wnder contro

vt

Room 13
{35° ¥; #hpercent
relntive humidity)

Weight Hardness

ANPLNO A e vl
ANPL N0, 3., .0e

TVA NO. 5B somnsnn
TVANO, TCmvmmnaa o vimmrn e
TVA N, (Cacansnensn-
ANPL N0 2oenein s wain
ANPL NG, Loeii s ecnsdimamanin
PVANO. J s mmr s wmm s

N

1 After 1 drop of bag,

i
!
[
!

Potnds

18
o1l
ol

0
1
ol
i
L
2
4

&
4
4

LIPS —

5 i o i 4 s

Room 18
(85° 1,; 60 pereent
relative humldityy

Weight E Hardness

DR, SR, S
3

Pounds

2§ = soft; M == medium; W = hard; VIT == very hurd,

Room A
(85° P.; unvontrolied
relative humidity)

Weight

Pounds

Hardness % Weight,

S

ftoont 23

Pouiuds

Hed canditiony at Beltsville, M., showing dceight® and hardness?® of Tumps forined

(75" 15 65 pereent
relative humidity)

Hardness

MtoVH

Room 2
(55° I.; 80 percent
relative humidity)

Harduess

S} (R ——

5

HEATTADIUOY GO "LIHA *§ 11 ‘TT6 NILATING TVOINHOTL
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give the average weight of lumps per bag for each pile of material,
This value does not show the variation in the degree of caking in the
different bags of a pile of any type of material, but it does aftord a
convenient means for comparing the relative degrees of caliing of tle
different Jots. The bags were piled 10 high in the cold-storage rooms
and 12 high at all other locations. Tn making the eaking tests the
bags at ail locations except Deltsvilie, Md. were dropped + times.
This standard test brings out the difference between the nadly ealed
materials and those that Jdo not set very muneh, but it is too drastic
for differentiating between materials that show very little caking. To
bring out the liner distinctions. the materials stored in the fertilizer
house and in the cold-storage rooms at Beltsville, Md.. were dropped
only once Liefore sereening,

The data in tables 20 and 30 show also the range of hardness of the
Iumps in eacly pile of the varions materials. The sprayved mumonium
nitrate LANPL) contained a small quantity of hard lumps of a
coating or conditioning agent or what appears to be serapings from
the equipment used in the preparation of the material, Lumps of this
Kind would interfere with the dvillability of what might otherwise
be a product of excellent mechanical condition. These Iumyps are now
being removed by sereening at (he point of production and they were
not Tound in subsequent shipments.

The unconditioned mmmonium nitrate and the amnienium nitrate
that had been treated only with a water repellent enked to an objec-
tionable degree. While the lumps in these materinls were sof in
some eages, this was due to the fuct that moisture had been absorbed
during storage and there had heen no opportunity for the material
to dry out agnin. The AXPL lots that had been econditioned with
Kittitas stood up better under storage than any of the others. In
only ene eage did the average weight of lumps per bag exceed 1.0
percent, and In all cases the lamps were soft except for the small
quantity of havd Jumps that were Intvoduced, as alveady explained, in
the provess of manufacture. The TVA products suffered from the
presence of a large propovtion of fines. as shown in table 25, These
tended o inerease the enking of the material and the hardness of the
resulting lumps,

The relative degree of eaking of the diiferent lots of ammonium
nitrate i8 further shown hy the data in table 1. This table gives the
estimated number of bags in each pile suited for direct appHeation in
the fickd. Al the bags in eaeh pile of AN, Nos. 3 and + were con-.
~ =idered to be xuited for direct applieation.  This held true for all the
Joealions at which the storpge tests were made. I'VA No. 5B rve-
mained in as good o mechaniceal condition as either ANPI, No. 3 or
ANTPL No, L at see, but not all, locations.  This T.A muterial was
decidedly superior to TVA Nos. 60 and TC. The storage tests at
all loentions indieste very clearly that uncenditioned ammonium
nitrate is not suited to the Terfilizer trade.

On the basis af the observations made at the various loeations at
which grannlar ammoenium niteate had been stored, it would seem
that the different lots may be wted in deereasing order, as shown in
table 32,
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Tasne 3l—Mechanieal condition of variously treated lots of mmmoninm nifreie -
in larye-seale storage tests at different locgtions .

iPiled 10 bags higit In storape roows nt Bellsviile, M, ; 13 bugs hgh at other toentions)

Fsibtmaled nmnber of bags In pilo suitabio lor direet applleation at ¢imn of
finnj Inspection at—

! } Boltsville, Md,
Tindtl | New Ua- | Stone- ! Wilson | Belts. _
mare, Oxk‘uns, fokeh, = villp, | Pan viilm, I [ N 4
M, I La, I N, I Mliss. | Ala. Ay R(!mm;m;nm’ Iimmi‘!'{olt;m Room
Yo AN 2 2

i 1 ]-- ha_\.1

! 10!
! i
ig!

10

in’

ANPL No. 4

RSt

i
TVA No, 7000
TVA No, 6

3
1
I
L

L)
Do b ] O e 31T R

TYA No. 1.

Panne 32, —Ruting in decreasing order of various brewiments on Tols of
gritedir amntanisom wifrale

i e L e e s e s
Tk i Wrier ropellont Conditioning pront

ANPL No. 4o B pereead peleotaln-parniiba miviure .1 3.0 peveent Kititins,
ANPL No, 1. Co Do I,

TVA No. S8 R [n-rr:cm nvlwhtum TR pqrnllm mixbre. L 40 pervent Celit. }
VA Xo, 70 i -8 pereent jaster of parls,
TVA No. ol _ .. . A pereentt Renling

TVA Na, 5C.. LAl 4.8 pereent sorpstone,
ANPL No, 2. os pereent wtrolatim- mruilm JEEES- T FELTR L Nonwe.

ANPL No. 1. svona] None_ e To.

TVA Ng, 80.. [ pt‘runi pel: elnti-rusin. purn!!!u wiklare... o,

TVANo Lo N e ons veman [ Do,

MONOCRYSTALLINE AMMONIUM NITRATE

The storage tests with several lots of MCTV monocrystalline amnio-
nium nitrate were initiated at a later date than those with the granulay
miterials. These Jots were supplied as experimental material with
the request that they be i!.!.corpomted in the storage tests. The results
obtnined ave given in table 33, Tn making these tests the bags of
material stored at Beltsville, \Id. were dlopped only once, while
those stored at New Orleans, La., and Pittsburg, Kauns., were subjected
to the standard four-drvop test. The unconditioned MCW material
At Pittsburg and at New Ovlenns contained no lumps after the drop
test, while similar materin] at Beltsyille showed decided caking. The
Tots of material at Pitisburg and New Orleans contained n excess of
0.80 percent of moisture, however, and it was felt that this was suffi-
cient to Inbuicate the surfoce of the exystals and thus permit them to
slip apart. The material stored at Beltsville, on the other hand, con-
tained only Q.07 percent of moisture, or essentially the same as the
initin} moisture content. No re-solntion of interlocked crystals could,
therefore. have tuken place, and a enked condition would have resul ted
beeause of the plastic nature of the matevial. The vesults obtained
with the monocrystaliine material further indicate that the condition-
ing agents used were not so effective in reducing the caking of large
clyshis as of granular materials,
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JABLE 33.-—Caking lests with variously ireated Iots of MOW monncrysialline
arunoninm nitrate ufter storuge at different Iocationd, showing weight* and
hardness® of lumps formed

BELTSVILLE, MD., MAR, i4 7O IUNE 25, 194t

Arrangement | MCW No.: | MCWNo.2 | MOWXo.3 | MCOW No.4 | MCW No. s
of bags in plin

{rom top 1o
- Bard- | ... . - . "
bottom weteht| Tied” §wotrit| B0 | weigne| B | wotgnt] T8 | ywapgne] o

Pou r-;?‘a Founds Pm”:; dy Pounds Pounds
} 30

29

wmnminninmin

LA M

=

BIPTSNURG, KANS, MAR

]

| s o
-Stu.\t[_

0 ' 818 : !
Eloventh. ] |.. i ¢ |S 16 AT l It

tAfter 1 dvop of b at Beltevlilo ; after 4 draps o New Orlenns and Pittsburg,
2H o= sl M o= medinm ) 11 = Juit s VIL == vory b,

MoISTURE ABSORPTION IN STORAGE

Moistare determinations were made on each loi of material at the
beginning of the tests and ngain at each inspection. A representative
sample for analysis was obtaned in an open bottle by passing it back
and forth under the sereen us the material was being screened during
the drop test. The sample was always taken from the bag next to
the boltow of the pile. The results obtained ave griven in table 34 for
the lots stored at the different Joeations and in table 85 for those
stored in the cold storage vooms at Beltsville, Md. The tables show
{1} that for any given lot of material the moisture absovbed increased
with increase in the humidity of the location in which it was stored;
and (2} that for any given location the meisture absorbed by the
TYA materials exceeded that absorbed by the ANPL materinls, The
relatively high absorption of moisture by TVA No. 7C was no doubt
due o hydration during storage of the plaster of paris used as the
cenditioning ugent,

Fixan Inspecrion

A final inspection of the anmmonium nitrate samples stored af Wil-
son Dam, Ala., Stoneville, Miss., New Orleans, La., and Raleigh, N, C.,
was made during the period between November 30 to December 9,
194 The materinls had heen in sinrage Tor a period of abont 11
months.  Consideralide variation was found in the moisture content
of the matevials since the previons inspection during May 1044,




5131 TRCHNICAL BULLETIN 912, U. 8. DEPT. OF AGRICULTURE

Tapre d-—Gain i moisture nontent of variously ireaied lots of emmonium
nitrate during storage?® at different locations

Daliimore, |Neow Orleans, | Stoneville, Rojeigh, Wilsgit Dam, | Deltsville,
Mad., In. Migs, N, : Ala, Md.

Fe- P o Do i ; g i Pe- | Pe-
Qain fied 1G‘mn viod men flod Joln

e ‘ Prr-

Dieys Pays

1wl g
182
142
132 1

1 8ea tables 27 amd 33 for dates of storage and ingpeetion.
? Btored at Pittsharg, Knns.

TABLE 83,-—1oisture content of variously trealed lots of ammonfwm nitrate
after dlh-montis’ storaye under controlied conditiony «f Bellsville, Ald.

Moistore content ot end of storage period, June 20, 1514

Iniid
medslure TRoom 13 Toom 18 . Rapmn 23 Toom 2

confent, @i Fads | (B°Fipo | (BeomA ogue pias | (@0 F 50
Tee, 31, 1043 | percent percent (85° F.iun- [ “poreant percent
relative relative | controlled | rogiivg relatlvg

bumidity} | weldity) | Bumidditt) | hupmidicd | humidiey)

Pergent Pereant Pereent Trreeat Hereent Perreeut
0,12 0.5 0. 03 0.17 0.32 0.74
) 07 .30 5
L5l Y a2
L3 . .20

-1 . - .
35 X M 8

-16 L L La2 - i)
2 . O 201

I Moisture gontent after storage of 215 mouths, Dee. 31, 1043, to Mar. 14, 1044

Wiile most of the bags showed a slight increase in moisture content,
2 few showed « decrense. It was fnrther observed that the bags that
had absorbed sufficient moisture during the humid season to Decome
wet showed such & marked incresse in hardness at the time of the
final inspection #s to make it difficnlt to pry them apart. This was
fo be expected, in view of the marked drop in temperature and
humidity that had occurred since the previous inspection. Tt has been
shown that caking occurs in ammonium nitrate when crystallization
takes place from the solution phase as n result of a drop in tempera-
ture or a drying out of the materinl. Both factors opersted between
the previous and the final inspections. A marked inerease in caking
was therefore to be expected in the case of the materials storved in the
mﬂi'e permeable bags, and this was found to be the case, as shown in
table 36.




TasLE 86—Caking tests awith variously: ireateéd lots of ammonium nitrate in final storage tests at different locations?

New Orleans, La. Raleigh, N. C. Stoneville, Miss. ‘Wilson Dam, Ala.

A Lumps Lumips N Tumps . Lumps
Moisture Moisture Moisture Moisture

content content content content L
Weight 2 | Hardness 3 Weight 2 | Hardness 3 Weig}xt 2 | Hardness 3 Weight? | Hardness 3

" Percent Pounds Percent. Pounds Percent Pounds Percent
2] 1 0 0.8 1 0.82

ANPLNo.4 oo .
ANPL No. 3_... - [ .36
TVANO0. 5B oo : 5 1.43
TVA No.7C - . 30 1.40
TVANO. 6C. 1ol 7! 40 15
TVA No.8C.. k
ANPL No, 2.__ . . 74 ’ 07
ANPL.No. 1. . 92 |- .04
TVAN0.9C.____ . ...
TVANo. 1 98 ] .13

1 At thie end of a period of approximately 11 months.
2After 1 drop of bag.
38 == soft; M = medium; H = hard ; VH = very hard,

UAZITIIAAL ¥V SV GLVIEIN HOINONKY |
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The results of the final inspection emphusize the nccessity of
thovoughly drying the wnmonium nitrate belore bagging and storing
in moistureproot bags in a dry building. They further indicate that
it the material contuing nuy considerable percentage of moisture it
is inndvisable to carry it in storage Irome the hot hamid wenther of
summer into the cool dry sweathier of late fall or winter. Only the
ANPL amumoniom nitraie that had been irealed wilh 6.5 percent ol
a pelrotatum-paradlin mixture plus 3.4 percent of Kitlitas, and with
3.5 pereent of Kittitas alone (sumples ANPEL Nos, 4 and ), renuined
in a satislaetory condition for diveel applieation in the fiekl st the
end of the Tt-montlt storage peried. The condition of the other
materials wonld place them in essenlinlly the same order as was done
at the time of the second inspection {see table 32).

EFFECT OF BAGS ON STORAGE BEHAVIOR

In the study of the hygroscupicity of ditferenl (ypes of anmonium
nitente, it was fownd that the nnconted ANPL and TV.A waterials
dilfered but littie in thelr rates of moistioe absorption (tahle 11). It
was Further Tound that coating either product with a waxlike ov
water-repelient material greatly reduced its rate of moistire absorp-
tion, but hal the widitton of o conditioning materind, such as
icieselanlir, more or less nullified the effect of the water repellent,
This nullifying effect inereased with time of storage wntil, after a
periad of several months, there was little difference in rate of mols-
ture alworption helween mansonium nitvale trented with wax and
Kieselguhe und the same waterial treated with kieselguhy only.
~OfF the types of ammoniun nitrate vsed i the storage fests, Tob
CANTIL Moo 3 had been treated with 0.3 pereent WP 4 335 pereent
Kittitas while lot ANPL No. 5 had been treated with 4.5 percent
Kittitag only. The results given in Gables 36 and 33 show that (he
initial effeet of the wax coating in reducing rle of moisture absorp-
tion was entirely destroved during the storage period. It will be
noted also (hat both lots of ammonium nitiate eontained a little
higher percentage of maisture af the endl of the storage period than
the untreated ammonium nitrate, This may huve heen due in part
to moisture absorbed by the Kitfitas itself, as explained on pages 39
to 41, and to the fact that the condifioned materials did nol eake,
altheugh (he untreated ammonium nitrate did eake and was therefore
less subjeet to movement of air through the mass.

The data in {ables 3 and 85 show further {hal when there is a
positive differential in vapor pressie et ween the ondside and inside
of the bugs in whieh they are stored, TV anmoninm nitrate absorbs
moisture more rapidly than the eorresponding ANPL maferial under
the same conditions of temperanture and humidity.  This was partie-
ulirly noficeable in the materials stored in roon 2 at Beltsvitle, Md.
According (o the data in (ahie 31 the TV.A materiads absorbed more
moisture i 244 months than the ANPL O 515 monthis, altheugh the
conditions of slorage with one exception were the same for both t ypes.
The one exception was (he yuality of The bags used. Boll types of
materint were stored in {he same bags in which they were shipped.
The package used in shipping the ANPL ammonium nilrate was a
§-nly wultiwall paper hag with 1/90-pound asphalt-Taminated layer
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and valve closure. The TV.A material was shipped in a burlap bag
with pieated paper Haing atiached to the inside of the butlap with
asphall und closed with a wire tie.

it was observed in storage tests in humid aveas that the burlup bugs
frequently beeante deipping wet, while the paper bags with an asphalf-
Lunimaied layer renmined relatively drv. The nnimonium nitrate
in the wet burlap bags was Founel to he undrillable, whereas the made-
rial i unbroken asphalt-liinated maliiwali paper bags of pood
guality was asnally in suitable condition for direet applieation in the
field® These observations indieate fhiat ithe moisture-resistant bays
usedd in these Targe-senle storage tests differ groatly in their perme-,
ability to water vapor and i the proteciion thal they aflerd to
ammonium nitrate stored under homid conditions. .\ stady was
accordingly undertaken of the relaiive permeability to wader vapor
of the different types of bags that ave now heing nsed or might be
used in the shipment and storage of sunnonium nitmie.

Bac-Sronace Tasrs

In naking bag-starnge tosts the bags were fitted with cranular am-
moniuin niteate that hnd been conditioned with 3.5 pereent of Iltitus
Lo prevent caking, The tops of the bags were closed with plywood
clamps bolted together in suel way ag (o insure against iy leakage
of water vapor through the closures, “Phis wmethod of closure aflorded
a convenient menns for opening and elosing the bags Tor the removal
of samples. The bags were stored in an air-conditioned room thak
wis madntained at a temperntnre of 35° (. (95° 1) and a relative
humidity of 80 pereent. An Indiana sunpler was used to withdraw
samples Tron dilferent parts of each bag Tor moisture determinations
ar intervals of 1 month. The results ohtained ave given in (able 37.

The vesults show (1) that ammenium niteate in o new burlap bag
witly nsphalt-attached ercped and plented paper lining will absorl
more thin (wice as el mgisture 001 month wnder the condifions of
the test as a paper bag containing one S0-30-M-pound asphalt-Temi-
nated layers (23 that {he permeability to waler vapor of multiwall
paper bags with one 368-30-3-pound asplindt-laminated Iayver is at
least {wiee as grend ax that of bags confaining twe J0-30-3pound
asphalt-luminated ayers of the same quality: (3) that (he perime-
ability of the asphall-laminaied Tayers in certain makes of bags mny
e wreador than thal iy other bags of the swme (vpe thal contain u less
welght of axphallum: and (4) that there is very little dilference as a
rude i the permeability 1o water vapor of bhurlap Iags with double
asphalt dayers and mnlibwall paper bags eontaining two asphali-
Taminated layers,

The difference in vater vapor pressure et ween {he outside and (he
inside of @ hagr of animoniwm niteate wader the conditions of fhe fost
i# equivalent to aboat 1.5 nun. of merewry (224). The corpesponding
differential i pressuve that would prevail in (he ease of bugs of
ammentum sitrale stoved in eonnuereinl warehouses will difler greally
i dtiTerent loeadities nnd in the same Joenlity 81 different seasons of
the yearons showaw in table 320 T be assomied (hal (e fransinission

FHoss, W, ML AWNONITM O NPRAYE N peErto wien,  IHv, Soll and Feet
Invest. Res. Tpf, 17, 24 . 16H4. [ Feovossel. )
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Tapre 37— oizture absorbed by granular eammonium nitrale stoved in mulli-
wall peper bags und in buwrlup baps of different {ypes wt 95° I, and
relative humidity of 8¢ peroent

MULTIWALL PAPER DAGS

Moisture abserbed nffer—
Type of bog - ="

1 randhi 2 inonlha

Pereent fercent
5-;)1)!. wilh oue 20-25-25-pound A-L-L i _____._. N s

-— LA3 ]
.rpl)' \\‘ll.h one 30-36-30-3 1 A-I-L 167
1,00
s piy u'lth two 25-25--pound A-‘b—b.-_.-_-_-__h__-_q. LA

dn

eoeotlo
ti-p!.\'?. with bwo 30-30-30-4 i A-1-L.
[£{r]

o
do.
4o
do...,

B b—pl}' \\ith one 30-108-30-peund A-l~lo oLl

(:-;:1)“ \\':llz two JO-0-38-pound A=l e,
JEp— [

BURLAY BAGS

Lurlagy, with rsphmil-nitachied single-plontad puper lin-
ing on inside.
B el Burlap, with ubphaii.-xnl.tnchcd single-erinklod papor o
ing on ioside.
BBeneeeeeeeo| 30-pound crinkied kraft, A-perid asphall, 40-nomiul
iﬁ-o[unce birlag, ﬂi)poumi asphalt, 3t-pound criakied
sralt?
-4 1o,
J3-pounyd t.'re;:!:(! braft, S5-potnd asphnit, 48-paynd 10-
aanee burlup, 55-pound ssphalt, 40-pound ereped kratl,?
40-pound_1d-cunce burlnp, ﬁ"rimund asphalt, G-potnd
t.rc‘pl.(i kraft, is-pound asphait m-ponnd creped kenlt 2
(10,
da,
da
tda

do, S
B-13.... L TV Barlap, with asphait-attached bmg,k-crm!\lcd paper -
ing on inside.

‘Ahplmn}:{m!nnwd 1::59:‘.
2 Frum outside to fuside.

Tante 38.—Arvcrage wmonbhly differential wn vapor pressire between the ontside
anid ingide of ammonium nilrole buys stored in different localities for the
periods indicuted

Place of stornge
Poriod of
storitgo
{1944) Buitimore, Hadeigh, Memnphis, Norlolk, Snvanmil, [ New Orleans,
. N O Pon, Va. Ga, L.

M of Mo of M. of A, of Al of Ao, of
THETCHEY HETOULY THETENTY werciry ETCHIY Mercury
Jan-Mar . ooo..- =L 40 023 =005 012 . £
ApreJunc__ 4 LA
Fly-Sept i 3 2.4 4,47
Qef~Dee. .| o A 1,23

Yeoriy
A¥RIHge... 77 216
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of water vapor through o bag is proportional to the time of storage
and to the differential vapor pressure between the inside and the out-
side of the bug, then the period of storage in un air-conditioned room
at 35° C. und o relative humidity ot 80 percent that will be equivalent
in water vapor transmission to a storage period of 1 year (29) at each
of the pluces listed in table 38 will be as follows:
Egnivatent storege period (days)
n room ab 835° €. (95° /) and o
Storapge of 1 yeav at: relative humidity of 80 percend
Baltinwre, M, . 4
Raleigh, N, C, pes
Memphis, Toenn, .. o7
Norfoll, Vo, ... . 4
Bavunnah, G, L., . 73
New Orlemns, Lol oouiereiiiiinerannnnss . 78

These results indicate that the 2-months’ storage period to which
the bags were subjected in the air-conditioned reom at 85° C. and
a relative humidity of 80 percent is equivalent, with respect to mois-
ture fransmission, to storage for tle greater purt of a year in the most
humid sections of the country. It s also apparent that a storage
period of 1 month under the conditions stated is equivalent to 1 year
or more in such places as Memphis, Italeigh, Baltimore, and «ll points
north (29).

The role played by bags in the storage of ammonium nitiate in
humid areas was further demonstruied in o second series ol tests. In
these tests, pranular ammonium nitrate that had been conditioned
with 3.5 percent of Kittitas wus stored in the air-conditioned room
at 33° Coand a velative humidity of 80 percent for n peviod of 2 weeks,
The temperature was then further increased and the humidity was
lowered to 40 pereent for 2 days to enuse a partial drying ont of the
material through the bags. Although all bags contained the same
material and were treated in exactly the same way, their contents
showed 2 marked variation in caking that was closely correlated with
the permeability of the bags to water vapor.

Thus the. material In the hags that permiited a relatively high ab-
sorption of moisture and a corvesponding Joss of moisture during
the dvging period showed a marked degree of eaking at the end of
the test. Iattle or no caking, however, was found in bags that pre-
vented any appreciable transinission of water yapor in either direction
throughout the period of storage. This experiment shows conclusively
that the degree of caking that smmonium nitrate undergoes when
stored i hmid seetions of the country depends in Inrge measure on
the permeability to water vapor of the bags in which it is stored.

PERMEABILITY ‘'t WATER VAPOR

‘The results obtained in the bag stovage tests depended on the leak-
age or permenbility to water vapor of the bags as a whole rather than
on that of the walls alone. A determination of the permeability to
water vapor ot the walls of hags of different types was made by
means of a modification of the water-vapor permeability cell as de-
scribed by Carson (92). The permienbility cell used in this determina-
tion is shown in cross section in figure 10. The cell consists of an
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] aluminnm dish g with
(hrended top containing
w desiceant @ o bag sam-
ple that g cut in the
Torn of o cirewdar disk
f1oa brass ring e, 1/16
ineh o width, that
serves as n hearing for
disk 43 an open cap d
thai is eapable of bheing
serewed onto the disiia
AAOMAT T ST AT S YL and makes contact with
it DESICCANT : it through the mediun
L5 T P A S AR D of the ring ¢ and the
disk &1 e w cover o
for elosing  the  cell
f—— 2 INCHES while it ix being
welghed.  The perne-
e 10 Wiler-vapar porineability eefl, :Ii}”i{‘\' cell swhon assem-
Bled is 2 inebes in di-
ameter and 14y inches high, The construction of an ahawinma cell
of this Iind & such it o sunple cud From a bag i ihe manaer
desertbed by Hoss and Yee 2273 can be quickly muesnted in place to
give an airbight conneetion and as guickly detached withont The ne-
cessity of having {o alineh wnd remove a wax seal, ax described by
Carson (9).

Whenwnking a lest. about ¥ grams of Anhydrone is placed in the
bottom of the dish « ¢fig. 1), the bag sample and brass ving e are
cenfered in place, nud the open cap « v serewed on Hahtly o make
an airtight connection oo the waxed edwe of (he bag somple that
serves as a masker, The enlive assembly with the cover removed s
then placed in a humidity ehauber of the tvpe deseribed by Yee and
Davis (40). The lnanidhity ehomber is provided with a fan and con-
tains a swlueated solution of potussing solafe. [t ix placed in a
eonstapl-temperalirs romn af 307 €, sdurated solution of polas-
sinm sulfate gives a velative humidity of 96.3 pervent at (his fompoera-
lure (2}, The differential in waler vapor pressnre belween (he
oulside and the inside of {he bag sanple under these condifions is
equivalent to 3.7 mm. of mercury,

The permexhility of the bag sanple undee this differential of vapor
pressure was determined every day for T davs. The gain in weight
duving the first 3 days while the bag sample wis helug saturated with
moisture was disearded. Doring (his period the enin in weight was
exeessive. A eonstanl gain tn weighl was generally maintained dne-
ing the rest of the experiment. Phe permeability of (he smaple was
ealenlated from Lhe average wain in weight during (e Jast 4 days,
I was expressed in ferms of grams of waler passing throngh a 100-
square-inch aven of the sample for 21 hours at 96.3 pereenl relative
hamidity and a femperainre of 30° C0 To ollsel ivvegularitios in e
bog, tests were made with six samples taker: Trom different parés of
the hag and the averawe (aken Tov the teue perimcability,

The ordinavy kenlT Tayvers of muliwall piper bags hive Hitile or no
moisiwre-prooiing vilue. This properiy as o ride is confined o fhe
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agphalt-laminated Jayers alone. Some of the new wet-strength layers
nsed in some types of bags, however, seem to retard the passage of
moisture through the wall to a slight extent. For this reason all
layers from cuch bag were used in the tests,

The results obtained by this method of delermining the velative
permeability to water vapor of bags of different types are given in
table 30, in comparison with (he corresponding data in table 37, ‘The

Tapir 3 —Rosistanes of bugs of diferent types to watervupor ransmission,
us deterstined by peemeahility und storage fesis
Number 2 welpht Pormenbllity expreseed Moksture abisarbod

Iag * and No. of sspl 3 : L s sl warer per 1o P month n
. usphalt Byees ~HH
ol splu _“r sonare inebes per 24 boars 2 storage lesl

With singlo nsplint laver: Vuuibers Pounds
3 TP . [T

ereent

. I [ ]
Pkl w .l 125
. 154
g
N1}

\'.’itgduuhh’ ssprhall layers:

P

SR LN T

[CYEy Sy

P13 obashityy begsy B amtdibwall pagaer bags,

BAE NGO, (S5 R el v oeelalive Dumidby of 95 pereent,

BApEGT 0 85° POy and norelative lninidivy of 86 percont.
dafa i table 39 show that the twomnethods of (esting place (he bags in
the same order when they differ considerably in thehr resistance to
water vapor. Phus. both methods of Lesting show that bags with 2
single asphalt layer are about (wice ax permenble (o water vapor as
those with two asphalt Tayers. The two methods of testing, however,
do not always place the bugs in the same order when Che diflerences
in their resistanee to waler vupor arve not great.  This is die Lo dr-
regularities in different parts of the same bag and (o imperlections in
the botton and longitudinal seams.  Owing to these variations in
bags of the smme and of different types, the storage test s considered
more acenrate Tor each bag as a whole han the ibortory perme-
ability test. Tt hiag been observed that when baps show iviegulavities
i different parts of the sume bag. (he vesnlts obtained in duplicate
tests and with the two different methods of Testing do not show so
close agreement as do results with bigs that are of more uniform
consiroetion,

LICTIT-PENEFRATION I'EST

While storage in anair-conditioned room under carefully controlled
condlitions is the most reliable method for conparing the relative per-
meability to waler vapor of bags of dilferent {vpes. the resulis thus
obtained can he approximmied very elosely and mnch more rapidly
by a method recently developed v this lnboratory.  ‘This method
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consists in placing o part of the bag or of an asphalt-laminated layer
over o pround-glass window in a Tox that contains a bright light.
When different boags are examined in this way in o derkroom tTI(’.)'
often present o very dilferent appearance, as shown by photographs
(fig. 11). ‘These photographs were made by exposing; over o printing
box, a sensitive filny pliced in contact with a section of a burlap bag
‘or an asphalt-lnminated layer in o printing frame,

An examination of the data in table 37 shows thal the resulis ob-
tained in the storage fests wre in good agreement with what might
have been expected from the yuality of the bags, as indicated by the
illustrations in fignve 11,

- New bags were used in all the storage tests, and the only handling
to which they were subjected was that ineident to the filling and the
closing of the bags. The primary object of the storage tests was to

Taere 1L~ Light teansmiiled through bags of different fypes {soe tahle 37) :
A, Row T15 B, Noo W1y ¢, Ned P Dy Noo P-3, erumpled ; A, No. B-5;
and [/, No. 1'%,
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compare the permenbility to water vapor of bags of diflevent fypes
and makes, 1t was thought inadvisable to make tests with used bags,
inasmuch as there was no way of knowing the relative degree of
handling to which different bags had been subjected.  Photographs
made of bags indicate that their permenability o waler vapor conld
be impaired by moderately rough handling, ~ .\ paper bag that was
originally of betler quality than another might, thevelore, show Tess
resistince {o water vapor. owing (o greater crumpling of the asphalt-
Inminated fayvers as a result of rough handling, “Tlhus, it was tell fhat
storage tests made with wsed bags might lead to wrong conclusions
regpecting the relative werits of different males of bags,

BAE SEAMS AND CLOSLURES

The different mefhods used by the manufacturers in closing {he
botton: il sides of the burlap bags used iu the storage lesls are as
follows: Cemented center seam with folded and sewn bollom ; folded
and sewn bottom and side; and cemented center seam with sewn bot-
tont and overlapping cemenied tape of the same material as the hag.

Al makes of the multiwall paper bags used in the storage tests,
with one exception, were constracted with gusseted sides and sewn
bottoms.  The one exception was one consteueted i the form of »
sucle with cemented center seam and pasted bottom. The walls of
these 5-ply multiwall bags with 1wo asphalt-loninated lavers were of
very good quality, bul the bags examined were defective in that a
water-soluble paste was used in closing the bottom.  For this rensou
openings frequently developed in the hottom of the bags, thus per-
mitting leakage of water vapor,

A the paper bags with self-lorming gussets had cemenied cenfer
seams. The different methods used in closing the bottom of the bags
were & Follows: Sewn with cemented bound-over ereped-paper tape;
sewn with cemented bound-over creped-paper tape and wax-dipped ;
sewn with cemented bound-ever creped-paper tape plus a second paper
tape coverimg the needle (hread ; and sewn with conented bound-over
creped-paper tape plus a second paper iape covering the needle thrend
and wax-dipped.

Two methads huve so fur been used in closing bags used in the ship-
ment and stovage of waumonium nitrate, These consis{ of wire Fes and
valve closires.  Valve bags lave proved satisfactory, provided the
valve is properly constrneted and closed. 11 not properly ¢losed some
ol the wmmenium niteate will low through the opening in the valve
and spread over other bags In ihe swme pile.  Tn humid areas the
spitled material will Yiquefy amd canse delerioration of the outes
layers of the bags with which # comes in econtact. Little or no leak-
age takes place from valve bags that ave properly elosed.  Any leakage
that takes place Trom standard valve bags s due 1o enrelessness or
inexperience on the part of workmen,

Wire tieg for ammonium nitrate hags have he disadvanbages that
(1) they fend o sliv off and cut the necks of bags; (2) they rust and
breal, theveby allowing (he mmmoninm niteate (o flow over and
destroy olher bags in turns (3) they give n more or less rounded shape
to the bags, thus inereasing (he difliendty of maintaining piles in an
upright position; and (4} they Trequently permif some leakage of

ETTI61%- 16 5 :
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water vapor through the closure. These disadvantages are so serious
that the use of wire ties Tor mmmonium nitrate bugs is now being
veplaced by valve or sewn closures.

Imporrance oF Bac REcoexizen sy Inousriy

The importanee of the part played by bags in the storage of ammo-
nium nitrate s now recogtized by all the leading ammoninm nitinke
producers. Steps are being iaken to replace bags of the type repre-
sented by bag No. B-1, listed in table 3%, wigh mudtivall paper bags
having tweo asphali-lmniuated Inyers or fheir eyuivalent in burlap
bags, Bags that weel the following specilications, reading from the
inside to the outside. are considered suiisfactory for service in the
storage of animoniwn nifrafe:

Five-ply mmitiwail piper g vl bag:
Consisting of - Consisting of
(hie - Lo O-pound  asphialt- Si-pound erinkll kralt papoer.
Lhuninnied e s-penngd asphalt,
Twe D-pound  winenl kealt dr-pound erinkied kenlt paper.
Loy fnyors, Aa-pouid msphait,
One TH- bt OU-ponnd asphadi- H0-pounad 10-eunce buring.
faininnted inyive Cotoenieil conder sem,
e FO-pound  dowestreteh Sewn ond daped pver botton,
erope-eiper lnyer Sown o elosure,  with o bonmid-over
Sewrt bodtern and valve tog, wis- erinkled paper Hipe, wak-gipped,
il
Waterprond slue b seiups,
Aspliadi-oninated  luek-Jn sleeve,
o wax-dipped sown elisasre,

in the ease of the bivlap bag the ventend erinlled keaft and the
outer burdap Iayer sy be inferchunged without haviag any sppre-
einble effect on ils permeability to water vapor. For overseas ship-
ment an extra laver. such ax H-pouimd nxbural keaft. s added,
preferably an the nride of the multiwall paper bag,

The vesistance of asphalt-lined bags to water vapor can be greally
impaired by filing the hags with smonium nitrate al too high o
temperatire. This injury to amwonium nitvate bags i now being
prevenied by cooling the materind o 40° (. (104° T, or below,
betore translerring # to the bags, Willing the bags too tull or using
bags of wnnstally sGH walls inerenses the tendeney of mmmoninm
nitrate to eake,

DRILLABILITY

Al ovdinary sumper tempernfures wntreated ammoninn nitrade
may be freely exposed to the air without danger of moisture absorp-
Lion, provided the relative humidity remains below 60 percent. This
Tnnidity s above the monthly avernge for all seasons in cortain
coctions of the couniey. but it is below the uvernge prevailing in the
more humid seetions of the Southeast, where most fertibizers are nsed,
Exposure of antrealed ammonium nifrate in areas of high humidity
is therefore Tikely fo resuw)t i rapid absorption of motsture, partieu-
larly during the hof limid wonths of the snmiver season.?

AW errakER, €W, LaoxpsTios, ¥l Ter T, Y, oand ofhicrs, orinnaninrey
BEOVARIGUN TYFES OF AMMONITW  NITRAIE rERTILzaes, Div, Soil and Fert,
Tavest, Hes, Rpl 25, 26 pp,, Hlus, 1844, ['rocessed.)
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It has been shown that certaiis water-repellent coatings will reduce
Jor short periods the rate at whiel ammonium nitrate ahsorbs mois-
ture vnder umid conditions, but that for adequate protection. under
commereinl conditions dependence nwst be placed o the bag rather
than on any irentment with a wajer-vepellent.  When amnionivm
nitrate is to be distribured i the field, however, it must he removed
frony the bag in which it was stored and shipped.  Auy (reatient that
wotld nfTord protection during the relativety shoet period vequired Lo
distribute it in the field might therefore he oxpected to have a bene-
Heinl effect on s drillability, A experimental study was necordingly
undertaken of the ellfectiveness of different treatments on the qrili-
ability o anrmonione niteate under eonditions of high humidity. The
tests 1 weee made (1) ander contvulled conditions in o eonstani-
temperatiove, constant-humidity room, umd (2) i the feld.

Tesrs v Am-Coaorrioximn Roow
MATERIALS

The materials psed in the drillability tosts, together with theiv
seveett mutlyvsis and moisture content, arve listed in (able 40, The dif-
ferent Jots of mmntoniun nitrate were supplemented with a sumple
of Chilean nitrate of soda, which served s a standard. The avergge
purticle size of the latest {ype of ANTL simmonium uitrate (samiples
Nos. T aml 8) s soniewhatl lurger than the ANTPT nmaterial used in
the stornge tests (samples Nos. 2, 8, dcand 3) and the average particle
size of the Talter in turn is considerably Tnrger than any of the TVA
malerils. The diflerences in the particle size of the Chilean nitvate
of soc and the WOW and MOW ammonimn niteie were nol great.
Al suniples used in the fests had an initial low-moisture content. and
nll were passed through o coarse mesh sereen to remove abnormal pae-
ticles wnd umps,

PROCEDLEE

CThe deillability of the different maderials listed in tuble 40 was
studied : (1) By reprated passage of each al vegulay intervaly through
standard conmeveral fertilizer-distributing equipnment with exposure
1o controlled conditions of temperature and umidity, referred to as
exelic-exposure tests: (2} by passing ench materinl through the sune
equipnient alter exposure in thin layers under controlled conditions
ol temperature aad humidity for varying periods of tine, referred to
ag static-exposure tests: and (3) by determining the uniformity of
distribution before and after exposure, referved To as unitermity-ol-
distrilmtion tesls.

[Exeept when otherwise noted. all tests under coutrolled conditions
were made al T5% to 777 1 and worelative humidity of 80 to 82 percent
- an airsconditioned room thal housed the fertilizer distributors

®AI fhe deiHabilily tests were e with erdpinent doslgied aod Baenighed
by 1he Division of Faem Uower ol Machinery, of (his Bureaw, sl operated
under the supervisiin ol I, G, Selioonleber and (L AL Cumings,
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Iftgrw 12, -Assembly wsed ineyelles and =tatic-exposiire fesls,

(g, 12} aud other equipment used in the iests, These condifions wre
not the most gevere that Tertilizers may encounter, hut they may be
considered (ypical of conditions that Trequently oceur in the more
humid areas where feretilizers are widely used,

EQLLMENT

Thiee commuon Lypes of fortilizee-distributing mechanisms or feeds
in which distineOy different mechunical principles are employed were
nsedd in the eyelie- and static-exposure fests,

fa) Cravily Teod cansisting ol sl series of adiasiabte openings (o the botion
of 4 lopper, dheve which o reslfype ngitidor rotifes, This Lepe is
opmonly need far broadesse applicstlons,

(Y Rofating-plade Teed, eousisting of 2 shinllow civenlae paa with e wali
al {he pevipliery (it serves as the boliom of (he hopper. The
furtftizor is permiltted (o retnaine ot 2 regubtated depih on the outwiaed
setton of the plate and s vemoved by oo smalt plow. Bow appli-
eations mre often erde with this (ype ol mechanism,

() Sine-wheel feod, copsigfing of o eolalling bavizontal civeulne plate with
projectiens or Nnsers extetdling beyond the pertphery, The sine wheet
is Joealed intetiniely aboye the hopper botten, aml s the wheel
pofalos e nngers pass over ao openitg in the boltom ol the pper
where (e fertilizer B8 dispenyed,  An inellned  plie known as (the
baek prale shickls o ceelion of the featl wheel us well w8 the delivery
apening, s preventing uneolralied  (low ol fertilizer feome the
Bupper. Phe material is earrled between the fugers ol the feed wlicel
and (e goandity dispensed depends on The vl Ing speed ol the teed
wheel, i some enses, an adjustabde gate in e buck plate above the
Ingers s used to augment the reate of adjustment. "Thix dype I8
ixpical of that wsed in grain deills
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Tarre

40.~3laterials used in- drillability tests

Sample

Treatment

Screen fractions

(mesh)

Water repellent !

ConJitionar

10

10-14

14-20

20-40

-~40

Moisture
content

\}'iirate (i( sods, Champion Brands

None.

NPL ammonium nitrate;

NONCme e oo maen

-.do
035 percent WE.,
NODC.coeninn
0.5 percent WP....‘-A..

~do_.
3.5 percent Kittitas

Nono.

0.42 percent WP
0.62 percent PRP._

2.8 pcrcent Celite____.
29 pi:rcent Celite.
a0

1.0 percent PRP._...0.. 7.

de

No. 9. .
WCW smmonium nitrates
No, 1

No. 2

No.

3
TVA nmmomum nitrate:
1

None,
0.88 percent OF.-.__ ...
0.80 pereent O Pu....

None.

2.0 percent tricaleium phios-
phate.
5.0 pereent Dicalite. .. ..._..

4.7 percent Celite..
5.0 percent Celite
5,0 pereent plaster of paris...

None. -

1.0 percent peirolatuni. ...
1.0 [:;xrccnt PRPueitinar
(+]

QO il o

No, 3¢
MCW ammonium nitrate:
No. 1

None,

4.0 pcrcent l\aolm._..-.*_‘”.

4.0 percent kaolin._________

4.0 percent plaster of pnris..,

Mone .

No. 2

No. 3

0.2 pereent PRP_ oo
2,0 pereent Premix.

]

2.0 pereent Dicalite ...

$

Pereent
-

Percent

57
70
59

101

Percent
19

26
20
28
27
21
15

15
25

25

31

14
16
17

Percent,
14

Percent
4

[
QNG R D e NI

I et

O 00

Pércent
0.02

WP = parafiin-petrolatum ;

ing.

PRP = petro]n,tum~rosin-p:n-uliiu; or = oil-parafiin; undi’rcmix = 1 part PRP plus

3 parts Dicalite mixed before apply=

UMAITHIATE V SV GLVECIN ROINONINY.
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Five identical dispensing mechanisms of exch type were zssembled
to form a unit. The three units were mounted on o common frame
and driven by a single power unil wo that five materials could be
tested simultaneously i each of the three types of mechanism. Ihach
unit could be individually conlrolled by meuns of suituble clutches on
a central eountershatt, and interchangenble drive sprockets permitted
independent changes of tlie speed of the rotaling purt of each unit as
required to obtain the desived delivery rates. The hoppers were ad-
justed to deliver approximalely 100 ponnds of an average mixed
fertilizer, with due consideraltion given to the usual spacing of dis-
pensing units on each type of machine represented. The size of the
delivery opening and the speed of the rolating parts were the snme
for each of the five miechanisms constituling o hopper unit,

For the uniformity-ol-distribution tesis. use was made of cquipment
developed. by the Division of Farm Power and Machinery of this
Burenu {fig. 13). A enrringe consisting of n row of 23 metn) com-
partments. each 1 ool square, is moved along o Uraclo under o fertilizer
distributor at o coustant rate while the distvibutor is likewise operated
at a constant rafe. The vompurtments have sloping sides that: con-
verge to n small funnellike opening,  The ferlilizer (hat falls into
each compartment passes Infu a container under the mouth of (he

Biovwe 13.—~Ilguipment used jn uaiformity-of-disteibution lest.
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funnel. This equipment makes it possible to collect and weigh the
quantity of fertilizer distributed on each successive squave foot. It
. was used indoors but, because of its size, not: in the air-conditioned
room. Star-wheel and rotating-plate dispensers were mounted on
this 1nachine. These were similar to those used in the cyelie- and
static-exposure Lests, except that the star wheel was equipped with a
mechanical knocker that tended to clean each finger as it passed over
the opening where the fertilizer is dispensed.

CYCLIC-EXPOSURE TESTS

The same quantity of cach of five materinls selected for testing was
placed in separnte heppers of each of the distributing units, and the
dispensing equipment was then eperuted for an accurately measured
imterval of sufficient, length to permit the discharge of an adequate
sample into tared cans. The discharged muterials were weighed at
once without removil from the room and the receptacles replaced
under the hoppers. The operation of the dispensing units was then
continued until the hoppers were empty, except for small quantities
of material in the corners. This routine was repeated twice at 214-
to 3-hour intervals. Toach maferial was thus exposed to the temperd-
ture and humidity ot the room for § to 6 howrs and was passed through
the dispensing units three different times.

The results obtained in these tests are shown in table +1. where the
uantities deltvered in unit thme arce expressed as o percentage of that
delivered hefore the inaierind had been exposed to the hnmid atmos-
phere. The gravity-feed hopper gives the most severe fest, hat un-
Tortunately this is less consistent (han that afforded by eithier of the
other two types of hoppers.

The results of the tests reported in table 41 indicate tliat no one of
the three types of distributing equipment used was sufliciently necuyrate
to measne small differences 1 drillability between the diflferent mate-
rials. The dafa do indiente. however, that the drillability of ammo-
nim nitvate is (1) inereased by treatment with a petrolatum-parailin
or a pefrolatum-rosin-paraflin. mixture and a sintuble conditioning
stgent, and (2) thab so treated it is equal to or superior in drillability
to that of untreated granular Chilean nitrate of sodn.

While a soft waier-vepellent coating, as petrolutum or oil, may
have a marked effect in veducing the rmte at whieh ammoniam nitrafe
absorbs moisture, it decreases its Quvillability by increasing the tend-
ency of the particles to stick together, This is particnlarly noticeable
in the case of TVA sumple No. 3, which was trented with 1.0 percent.
of petrolatum. The use of petrelatum alone as a water repellent was
discontinued in the full of 1033

STATIC-EXPOSURE 'TESTS

In making the static-exposure tests 1 gation of each material to be
studied was placed in each of four cloth-bottomed trays and exposed
in the air-conditioned room Tor 8.6, and % howrs. The layer of mate-
rial in the trays was abont half aninch thick and was actually exposed
to the alr on both upper and ower surfaces, since the ¢loth bottom of
the tray offered little resistance to the passage of atmospheric mois-
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Tasre 41—Relative drillability, on basis of 100 for fi

as ‘indicated by cuyclic-exposiure tests vith gravzty -feed, rotating-plate, and. star-whcel distributors

first period, of nitrate of soda and of variously treated lots of ammoninm mtrate,

Treatment

Gravity feed in—

Rotating plate in—

Star wheelin—

%

‘Water repellent t Conditioner

Second
period

Third
period

Second
period

Third
period

Second
period

Third
period

Nlll‘}:te of soda, Champion Brand:
Yo

A\*PL amumoninm nitrntes

"0.a pereent W

'&
NONCanelceia oie ,.“._."Nf None.

U< [ O,
Nong..... 35 perccrit Kittitas.
0.5 percent W aeloaias ~do..

\mw perccnt Celite.,.

No.
\\*0{}’ ammonium nitrate:

No. 1

2.9 y:iercent Celite.

"2 percent tricaleium phos-
phate.

L1 (SO PSP S 5.0 pereent Dicalite, —aae ...

Nong . . 4.7 pereent Celite...o.. — e

No.*’
No

“1-0,88 pereent O

.3
TV, \ ammomum nitrates

5.0 pcrcent Celiteoeoae

0.80 percent OP.... 5.0 pcrcont plaster of pnrfs..:

None..
1.0 percent petrolntun
1,0 percent PRP_....

o N ONC ey s v g v mmmm -
D 2 pereent PRP. 420 crceut Dxcalitc-
2.0 percent Premix

Percent
$0

9N

Percent
76

0
86
(il

103
40

Percent.
97

9%

92
92
92
93
102
99
85

106

97
102
65

98
90
121
120
96
96
96

Percent

95

Ke !
112
n7

96
90
)

Percent
8

e

0
94

L Percent.
9

. 83
94
05
93

101
100

WP = paraffin-petrolatum ; PRP = p(‘tmlutum-rosin-purnﬂin; OP == gil-parafiin ; and Premix = 1 part PRI plus & parts Dicalite mixed before apply-

ing.

.z; e
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TABLE

Somple

Water repellent t

Nitrate of soda,” Champion
Brand;

0, b,
ANPL ammoninm nitrate:
1

No. G..,.-., v
By ’D. Tpmn ctmmnn

&

No. .. .
W C\\' wnmonium nitrates
1Y TS
No.2...
NOBuaroneewm

TVA ammonium nitrate:

.} Non
1405 perceut. W

<o) Noneeeo. .. .

Nonee.. oo ...
0.42 percent WP

1062 pexcent]’ln’

1.0 percent PRPP.
RO [« SO R I

None.ce ool
0,85 pereent or..
0.80 pereent QP

L0 pereent PRP .

(4 £ SR,

None.

o .-
0.5 per cont Wr....
N

2~—Relative drillability, on the basis of 100 for

Treatment

Conditioner

2.8 pcx wnt Celile..

2.9 pereen tCeliteg

5 PR L T
2,0 percent tricalefom
phosphate,

2.0 pereent Diealife....

4.7 pereent Celite
5.0 pereent Celite., ..
5.0 pereent plaster of
paris.

4,0rpercent Celite......
4.0 percent kaelin.. ...

0.2 percent PRP_.

-} 20percent Premix

-1 None .

2.0 pereent; Dicalite.

cro Tour's exposure, of nitrale of soda and of variously treated lots of
emmoniwom. Aitrate a8 indicated lu static- c.rmsmc tesls with gravity j('('(l, rota'zng—p?ulo, and star-wheel distributors

Gravity feed in -

hours

Pereent
n

[}
hours

Percent

0
3y
0
0

@
10
8

22
12
147

hours

Pereent
25

Rotating plate in—

3
hours

-

6 )
hours | hours

Percent
84

Pereent] Pereent
3
&7
03
13
[i5:]
H8
84
03

k]
82
il

71
69

50
10
a7
e
03

3

Star wheel in~—

Moisture in sample
alter exposure of—

hours

Pereent

7

38
82
60
52
60
§2

(RS
67

14
30

7
81
08

hotrs

9
hours

3 0
houwrs | hours | hours

Pcrccn(

8
3
67
)
96

Percent
54

@
. Bt
8

l’t‘rcenl Pcrce‘nt
)

Percent
1

PR
WD e
Sipngntagn

S O

1tape

WERMmPNHDLED G

=
=1

=
*
(]

R

k=)
popEge PO o
1A LE o e IR TNY

bt il
wos
—Eoe =3

o
2N

~»

L
1.

e
S

WP = p.uqmu-peuolumm PRP = petrolutum 1oqm-p-uuﬂin 5 OP = oil-paraflin; :md Premix = 1 part PRP plus 3 parts Dluﬂite mixed before apply-

ing,

2 Moisture 1ost from sample by d

ripping.

& Passcd through dispenser partly by liguid flow.,
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ture. The four trays were placed in various random positions in
special frames made for supporting them, and these were so arranged
that ench would receive about the same quantity of civeulating con-
ditioned air. At the conclusion of the exposure, the fonr trays of
each material were emptied into a small concrete mixer and mixed to
insure uniform moisture content thronghout. A small sample for
moisture determination was taken at the conclusion of the mixing,

The exposed materials were then passed through the dispensing
units, care being taken to use the snme hopper unit for the same
material in each test. The quantilies delivered per unit time with
each dry material were previously determined in triplicate, and the
average of these values was used in ealculating the relative drillability
of the different materials, In testing the exposed materials, the de-
Livery was continued over & longer period in many cases in ovder to
obtain a reliable sample of material and to average out minor vavia-
tions. Such dafa were caleulated back to the time intervals found
convenient in testing materials with good drillahility—2 minutes for
the gravity-feed distribotor, + minutes for the rotating plate, and 8
niinutes for the star wheel.

Liighteen materials were selected for the static-exposure tests. The
quantities delivered on zero exposure ave given the value of 100 in
table 42, and those delivered alter exposure are expressed as per-
centages of that value.

The results obtained in the stafic fests are in general agreement with
those reported for the cyelic tests.  They show, us before, that ammo-
nium nitrate treated with a petrolatum-paraflin ov petrolatum-rogin-
paraffin mixture and o suitable conditioning agent is move drillable
than the untrested material and at least as drillable as the untreated
Chilean nitrate of soda. The static test was carvied ont under more
severe conclitions than the eyclic tests as regards moisture absorption,
It might be expected, therefore, that treatment of the ammaonium
nitrate with a water repelient might have a more beneficial effect on
drillability under these conditions than a coating of a conditioning
agent. The results given in the table show that this is the case.

UNIFORMITY-OF-DISTRIBUTION TESTS

In the uniformity-of-distribution experiments both the rotating-
plate and the star-wheel types of fertilizer-dispensing units were
employed. After the material to be tested was placed in the hopper
the dispensing mechanism was operated until feeding became uniform,
then the train of compartments was passed under the dispensing unit
at the rate of 134 miles per hour. IBach compartment was brushed
down to make certain that all material flowed into the collecting
receptacle. The results were vecorded in the order in which the com-
partments passed under the dispensing unit. When studying the
effect of exposure to high relative humidity on the uniformity of
distribution, the materials were first exposed in the trays for 3 hours,
s in the static tosts. All tesis were made in duplicate, 2 series of 95
weights each being taken for each material tested. The series of
compartments were always started under the star-wheel hopper at
the same point in the delivery cycle in order to eliminate so far as
possible any variation in the operation of the equipment. The data




TasLe 43.—Uniformity-of distribution of nitrale of soda and of variously treated lots of wmmonium nitrate from rotating-plate and
star-icheel hoppers after 3-howrs' exposure at 75° to ¥7° F. and a relative hwmidity of 80 to S2 percent

‘Ireatment

Rotating-plate hopper

Star-wheel hopper

Sample

Water repellent 1

Average quantity
delivered

Varintion
cocflicient

Averago quantity
delivered

Variation
coeflicient

Conditioner

Dry

After
exposure

Alter

Dry | exposure

) Alter
Dry | exposurg Py

Aftor
exposurg

Moisture
content

Nit:{fte gl sods, Champion Brand:

a0, .
ANPL ammonium nitrate:
No.

Nong,

No. 8
No. 9

SRV ¢ [ B
1.0 percent PRP.._..,

do.

No.
TVE\“' ammoniom nitrate;

0,
MCW ammonium nitrate;
No. 1

1.0 percent PRI

-

None.

Noiige, N
3.5 percent Kittitas....
2.0 pereent tricaleium
phosphate, |
5.0 pereent Diealite....
4.0 percent kaotin

None

No. 2
3

0.2 percent PRP_.__.
2.0.percent Premiy,

2,0 percent Dicalite, .

Grawms
6. 75
27
3.21

2,05
5,05
3.03

3.31
3,16

~AWEP = parafiin-petrolatum

PRY

petrolatumerosin-paraflingg and

Pereent
25,7

20.3
18,1

1.8
14,8
aL3

20.9
17.3

Grums
1470

2.38
2.40

2.76

235

Percent
3.2

Iz

._....,_.
&g &
et td O o W

bk bt
b ad M

Gricms | Gramg
120 0. 62

M
U7

40
100

Percent
a2

.27

=35

2

48.3
3.0

446
2L6
&L.3

60,2
&L G

+23
-6
£H2
.52

+50
.50

=0
02

Percent
70,7

78.4
.4

37,4
95,0
107.9

64,3
627

Percent
0..50

2.88
112

L.38

Premix = 1 part PRY plus-3 pirts Diealite mixed before applying.
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were evaluated by use of means and coefficients of variation computed
for each series of 50 observations. The distributing mechanisms used
were similar to those of the static and eyelic tests and hence subject to
about the saune variations, but because of the large number of obser-
vafions made in each test the results are considered relatively more
reliable.

The resnlts obtained in the uniformity-of-distribution tests indi-
cate that all the materinls when dry were dispensed from the rotating-
g{late hopper with about the same degree of uniformity (table 433,
Freater varviations ocenrred in the case of the stavr-wheel hopper. The
data show that of the materials tested the ANPL and MCW ammo-
nium nitrate that had been treated with a PRP mixture and a con-
ditioning agent were diztributed most uniformly after exposure and
that the most hrvegular distrilbution ocenrred in the gase of the corre-
sponding T'V.A materinl.  These results indicale that when other
factors are the same the wuniformity with which wmmoniun nitrate
can be distributed inereases with inerease i the size of its parvticles.

This was further demovstrated in statie-drillability tests with two
lots of untreated ANDPL ammonium nitrate of 6 to 10 mesh and 28 &o
40 mesh. The proportion of the comser mesh matevial that was
delivered from the gravity-feed, rotating-plate, and star-wheel dis-
tributors atter an exposure of § honrs nwmoonted to 22, &4, and -4
percent, vespeetively, of the unexposed samples. The corresponding
delivery rates for the Bner mestomaterial were 2.0 61, and 23 pereent,
regpectively.

Fizro TesTs
EQUIPMENT AND MATERIALS

The field {ests were made by hand distribntion and with a T-feot
International ITarvester broadeast-Tertilizer distributor. The hopper
of the distributor was partitionel into four compartiments to permit
the simultuncons festing of four materials. The distributor was
pulled at a uniforny ride hy o small fmelor

The dispensing mechanism of (his distributor consists essentindly
of 2 reciprocating mesh-type plate, the meshes of which are filled by
the gravitational low of the material through closely spaced cross
slots in the hopper boitem. The charge of fertilizer n the meshes s
carried horizontally to delivery slols in a Jower deck (hat forms o
elosed chaunel and supports the mesh plate. The delivery slols are
oflset far enough trom those 1n the hopper hettom to prevent any un-
controlled flow of the material. .\ reciprocating agitator working
immediately above the slois in the hopper bottom serves to keep the
slots uniformly filled. When the fertilizer leaves the delivery slots it
Talls onio a spreader board that seatters the individual streams of
fertilizer and also serves as o windshield to prevent the material from
blowing abeut. '

The materials selected Tor the lield tests were Chilean nitvate of
soda. Champion Brand:; ANPL anmmonium niteate samples Nos. 4
and 53 and TV A smmonium niteate sample No. 60 (table 40}, Al
materials were taken divectly from the bags, which were opened only
as used. The distributer was set to deliver 120 pounds per aere of
the TV.A sample. Rafes obtained with the other materials differed
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somewhat from this, owing to differences in their volume weights and
flow properties.

PROCEDURE

In the machine tests the distvibutor was dviven at a rate of about
115 miles per hour over a piece of meadowland where the ground was
hard and reugh. Both the hand and machine tests were made between
g: 30 a. . and 2: 30 p.m.on a diy when the temperature yavied Trom
72.5° to $1.0° I, and the relative humidity from 935 to 68 pereent. In
spite of the moderately severe conditions of the test, all materials
were dispensed with apparent uniformity throughout the period of
the test and no clogging of (he mechanism wus nhserved.

RESULLS

AN of the muterials, especindly the nitrate of soda and the TVA
aminpninm nitrate, tended to aceumulate on the spreader board to
some extent and to fall off in lmnps at intervals when more jolting
ocenrred than usual. The TV material tended to bridge in the hop-
per afier about the first howr and the Fertilizer adhering to the board
appeared welter than the other materials, The ANPL sample No. &
appenred wetter on the distributing Board than ANDPL sample No. B,
and the No. 4 mample together with TV.A sample 6(* appeared fo
Le slighQy werter i the dispensing meclianism and in the hopper than
any of the other materials. Small drops of Tiguid appeared on the
parts of the mechanism handding these two materials.

The (uantities and sereen analyses of the different materials adher-
ing to the spreader hoard after Hy-howrs” operation of the distributor
are given in table L

PTanc - Quantity and soreen aunlyses of the different makerinls adhering to
Hie sprender bonrd after Pa-howrs il operation of distribufor

gerven analyses

Material Treatrient Quantity  sioygerial fram boured Freesh inatecial
i board

o N st w0 anesh |+ 50 mesh =80 inggh

Nilrnte of stla, Choa- - i
plot Heand. thrams {ereent Pereend Percerd | 'ercent
b 1T PO | . aH o] k) 03 7
Amanoningm pitrnles L :
ANPL No, o, - . SApereent Kiltitas, 31 14 L 045 -
ANPLNo. 5.0 . .. DApeeeent WD pius 1 W ) 050
i pereent KA Liina, )

TVA N GC.. ..~ . Lopereent DI plos 174 56 14 jti} 1

4.4 preeens, knulin, '

4
3

The higher propovtion of tnes in the material adbering to the dis-
tributing bonrd in relation to that in the Fresh mafevial indicates that
the fine fractions in the oviginal material were responsible for most
of the acenmulation and that this would be Targely eliminated in
muterials that do not contain fine fractions.

Al of the materials could be distributed satisfactorily by hand
under the conditions of the test, The finer grained TVA sample was
not so casily handled ns the granular materials of lager particle size.
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.

This materinl also tended to blow about more than the others, None
‘'of the materlals took up enough moisture during the test peviod to
interfere with hand distribution.

The behavior of the materinls in the field tests is in general agree-
ment with thut observed in the drillability tests made under controlied
conditions. The results us a whels indicate that the drillability of a
material inereases within lintits with increase in the size of its par-
ticles and that a sample of ammonium nitrate that has been treated
with & double conting ol an effective wafer repellent, and a suitable
conditioning ageunt is more drillable under humid conditions than one
that is untreated or treated with o conditioner only, 1t would scem,
therefore, that wmmaoniom nitrate intended for use in the more humid
areas of the South should preferably be conted with a water repellent
as well as o conditioning agent, bul that the use of a waler-repellent
cotting would be unnecessary in the treatient of sprayed ammoniumn
nitrate intended Tor use in the centinl and novthern sections of the
United States.
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