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• Technical Bulletih No. 912 • 
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r:)Il\{ONIUU nitrate from a number 'of ordnance and industrial 
"plants in the United States and Canada became available as snch 

for use as a fertilizer in the spring of 1943, The material first offered 
A •
for sale proved to be lUlsatisfactory, owing to its marked tendency 
to cake anci to its property of absoL'bing moisture from the air under 
humid conditions, vVhen it was origInally placed on the market it" 
behavior was such as frequently to render it completely undrillable 
and entirely unsuitable for sf'.parate application in the field. Despite 
these drawbacks ammoniulll nitrate has certain advantages that make 
it desirable for use as a fertilizer. It is (~ cheap SOUl'ce of nitrogen 
and its agronomic value (tS a fertilizer has been amply demonstrated 
in numerous field tests in comparison with other llitl.'ogenous mate

() rials. It was therefore. recognized that any impl'oYement that could 
be made in its mechanical properties would supply n. pressing need, 
in view of the shol'taf!c of nitrogen that preyailed during 10+2 and 
the increased general demand for fertilizers that <1eyeloped in HH3. 
The War Production J30ard accordingly requested the Diyisioll of 
Soils, Fertilizers. and Irrigation to undertake hwestigations on the 
production of ,'; ti~factor.r ammonium nitrate. :fel'tj}jzer.3 Illyestiga
tions were at once undel'takE'1l in eoopE'ratioll 'with pl'odneel's in this 
country and in Cfmada~ and the results may bE' slImmnrized as follows. 

sU~nIARY 

~<\Jmnonilllll nitrate 11afl been prodll('('(l commercially by the methods 
of crystallizing. gl':dnin~. an(l sl)),{t:rin~. Eaeh particle of 111ono- • 
crystalline ammoni.um nitl'tltp a~ obtainecl in the Oslo-Krystal process 
consists of a single crystnl. wllE'rens the pn rtklE's of spmyed or f!rainec1 
material consist of agf!l'egntf>s of cl'),stals. ThE' grninNl ammoniu111 
nitrate is about twice uS porous ns. the monoerystallille material and 
the spl'ityed material about liTe timefl as pOl'ous. These dHi'el'ences in 
porosity haw a marked E'fi'ect 011 the en.paeity of the dill'<,>!'ent types 
of ammoniulll nitratE' to hold abSOl'l>Nlllloisttu'e a11d on t1)(>i I' tE'ndf>llcY 
to cake under yarying climatic conditions. -

A slif!ht ch,lIl~E' in moistm'E' eon\E'nt has: a gl'eat<.>l' ('ffeet on the 
caking of ammoniulIl nitrate thnn a eOl'I'E'spondinp: sll1all rhange in 
any of the other factors that uli'E'et its ten<1('IH'Y to e:lkE'. 'I'll(> most 
effectiye conditioning agent;:; for l'E'du('ing thE' eltking of al11lllOnimn 
nitrate are Celite. Dicalite, Kittitas awl otllel' forms of kieselguhr, 
kaolin and 0t11~t· typE'S of ('la~·. plastE'r o'f paris. and trieakium 
phosphate.

The most E'fi'eetiyc. water l'E'jJE'llentsfol' deel'C'asing thE' rail' of mois
ture absorption Jrom the nil' arl' lllixturE's oJ pnl'allin with pE'tl'OlntuI11 
or asphaltl1111 lmd of pl'tl'Olntllll1 nnc11Hll'afiill with asphaltum 01' rosin. 

Gl'nnulal' ammonium nitratE' flwt 11ft" hE'E'll tl'l'atNl with II,:! to 1.0 
percent oJ all E'fl'N·th·(' water repE'llE'llt plu:'t 3.0 to 0.0 ])('l'('('nt of n 
suitablE' ('omlitioning' :lgE'nt 01' with :1.!1 to ;;.1) p('t'cl'nt of :1 suitable 
conditioning agC'llt (donI' willl'emain in a cldllnbll' (,()ll{lition fot' pl'O
10lF'E'd p<'>rlocl" in pi1('~ nt IE'lIs! l~ 1m,!!:, high. pl'oyjd('(l jt- j~ th'~' ",11('11 

. sto;'ed and thp 1mgs nl'C' ~l1m('i('ntl~· llloistm;E'IH'()of to kN'11 it dry • 
tlll'oughout the stora~E' ])E'1'io<l. Bngs 110W on tlle mal'li:(·t art? {'apnble 

• The work was supportp.d in pal:t hy a g'I'(Int [1'('111 thl' Ol\il.'e of I"l'oduction 
Research aud Dcrcloprncnt. ,ral' Production Boar!l. 
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AMMONIUM NtTRATE AS A Fl'1RTILIZER 

of maintainIng properly conditioned aIIDnonium nitrate in a satis
·factory mechttllical condition for at least a year in the most humid 
sectIOns of the country. 

Tests under carefully controlled conditions ,yith standard farm 
equipment indicate (1) that the drillability of any given material 
increases 'WWi the uniformity of its particle size; (2) that the sprayed 
ammonium nitrate now on the market is more drillable than the 
graine(l material, owing to differences in particle size; and (3) that 
granular ammonium nitrate that has been treated with a water 
repellent and a conditioning agent is more drillable under conditions 
of high humidity than 'when treated with a conditioning agent alone. 
Although a double treatment with a water repellent and it condition
ing agent greatly hnproves the drillability of ammonium nitrate 
muler conditions of high humidity, the use of a water 'repellent is 
not considereclnecessary in sections where the prevailing humidity is 
relatively low. 

FERTILIZER MATERIALS CON'l'AINING AMMONIUM NITRATE 

,Ammoniulll nitrate cannot be considered a new fertilizer material 
except 'when used dircctly as such. Its consumption as a fertilizer hI 
the Unitecl StatcR during the past 15 years v:tried from fI, minimum of 
1,000 tons in 1032 to a maximum of ·1:25,000 in 19-1:3-44. Until 
recently it was not marketed as such but in association with one or 
more other materials to form the proclucts known as Xitrogen Solu

• tion, Leunasalpeter, and Cal-Nitro. 

NITROGEN SOLUTION 

Nitrogen Solution 'is the tmde namc given to a series of solutions 
prepared by dissolying anhydrous anullonia in solutions of ammo
nium nitrate of the desired cOl1eentnttion. These solutions are used 
onJy in the prepamtion of mixed :l'ertili%ers or in the :llllmonintion of 
supcrphosphate for the preparation of base goods (33):1 The four 
grades of solution that h::t.Ye thus Jar been placed on the market 
vary in the proportion of :free ammonia to ammonium nitrate. The 
s01utjon with the highest content of free ammoni::L amI the lowest 
content of ammonium nitrate has the higheilt vapor pressure and 
can be eooled to the lowest temperature before the "salting out" of 
ammonium nitrate takes place. .A solution of this kind is best 
ada.ptecl Jor usc during the eoldest senson of the year. The other 
Nitrogen Solutions are adapted to mOI·e. p-eneL"n1 USe and :tl'e marketed 
according to the demands of the fel'tilizer manufaef 'Jl"cr, 

LEt;NASALPETEIl 

• 
Leunasa.lpcter is the tJ'a<lc l1:l.l1le givcn to n. c10uhlc salt of ammo

nium nitrate and a.nHllonilllll sull'a(e (1J. p . .1-1;3). Hetweell ID~G and 
1031 it was imported from (1el'mal1yin relatively large qunntities Jor 
usc in mixccl fel'ti1i%e)"s, bll( inlpOl'tntions ceased in InB~. It has never 
been produced]l1 tl~i5 c()llnh'~·. and the ec()n~l1li~':{ ()I'~el'li.lizcl' pt'Od\1~
tion and consumptlOll a.l'C such illat (hel"(, 1$ IIft1(' hke1.JllOod that It 
wjJl be produced in (he PJ)1t('(l 8tn(es at any lime in OJ(> l1e:<1' future. 

•Italic nnmbm'!'l in pnl'rntllel'lf'B l'efpl' In Ll!pl'lIl'Ill'r (,it!~,I, II, ,S, 
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GAL-NITRO 

Cal-Nitro (A-N-L) is the trade name of a. fertilizer material COlO.- • 

taining ammonium nitrate. It was first produced in Germltny, where 

it ,vas known also as Kallmmmol1salpeter. A similar product manu

factured in England is Imown as "Nitro-Chalk" (11, ';y. 431). Ua.l

Nitro containi.'I.g 20 percent of nitrogen is 110W being producecl in 

this country, Wllel'e it is sometimes sold under the trade name of 

A-N-L fertilizer (37). In the production of this material. Jinely 

divided dolomite is mix('il with lthot solution of lunmoniulll 'nitrate 

to tonH a slurry that is sprayed from the top of a gl'a;nnlating tower. 

The granules that collect at the bottom of the to'lver arc f-irst cooled, 

then drieci in a rotlu'Y (h'ier~ treated with abont 5 percent oj! a con

ditioning agent, and stored in an uir-condi.tioned wlLrehouse in which 

the llluniclity of t11C ail' is continuollsly mftintained helow the hygro

scopic point of the materill1. 


PREPARATIO~ 

r.rhe first. expel'imental plant 'fot' the, production 0'£ synthef:i.c {lm

monh was put in (~peL'lltl()n ltt LlI(\\\?igslmfen. G<.'rJ1lan~·. in llno. 

",Methods for the oXi<1ntiOll 0 r bYPI'()(luet amJ11onin. to nitl'ic acid 

were eleyelopNl SOll1<.'what ea1'li(,I'. TIl(' lit'sf of' these oxi(lation plants 

was built at "\Yestphal in. Gel'many, in 1nOD. SYllthetic nitric acil1, 

howe1'er, was first Pl'OdllC<.'d at )\otO<l<I<.'ll, XOl'\l'llY. ill lD(1) by the 

arc process. ('J). )I<.'tl\ods '1'01' the protlurtion 01' synthetic nitric • 

acid amI JOl' the oxidatioJl of fll11l1lonin to nitl.'ic [trid ",el'e thus 

known before, the dcyelopment of the synthetic nmlllonitL pl'Ocess. 

The ]?l'Oclllction of allul1011i 11m nitrate ,from synthetie ftmmonia and 

synthetic nitric aciel inl1llNliately followed the commel'cial pL'odllclion 

01' synthetic nmmonin. 

MO;,\'OCnYS'I'ALLI~E Al\t:lI01'iIC'l\1 NITRATE 

The firs/' ammonium nitrate to contain synthetic nitrogen wns that 

produced at XO{mWPll. XOl'way, 'from Rynthetie nitl'ic acid fl11<l by

product al111l10nilL (1). This PL'OC('SS eOllsistetl in nelltra lizing the 

nitric; ncW with ammonia. COllcentrtlting tlH' r('sulting solutioll in 

vaCLulllt ey!tpOl'nt()l'R, disehal'g-in:,r the l'ollcentl'n/'N1 ;01 II t ion into 

trough-shnped cl'ystallizers that osci1111ted n.hout their horizontal axis 

to :facilHnte the 'format ion 01: PUI'(' (')',\'sl'als without' en(~losl1re of 

mother liquor, und septLL'ating the erystals from the motller liquoL' by 

nse of centri'il1gnls, ~nhscqnel1t imp:r:01'ementR ill the l)]'O('eRS hlwe 

relnted pn.rtiel1lal'ly to 1l10dificntioJl of the crystallizing- equipment, 

with n, l'jew to the JOl'mation of In.1'g('l' sized crystals (8J). 


Tho latest dewlopment in the prcparntion of 1l10110C'I'ystalline am~ 
mOlliuJ11 nitrate js known ItR the Oslo-'Krystal process; the product 
is coml11only j'C'ft'l'l'('(l to as Kl'YHtnl mnmonium nitrate. In the opera
tion of: this pro(,ess the s()ll1lion f\'OHl ]wutl'ulizcl's ('ontaining 80 to •. 
85 percent o{(IIl1n1onium nit'ratl' at 75° to HO° C,is mixed with mother 
liqnor of {is-pe1'('ent eOJ1eentl'ntion !Ind pnll1l~('(l to a ,Yft('HUm lwapo~-
atol' at {iI-111m. pressure. 'fhe (hs('hnl'ge '1'rom thIS ('1'aporatol' lS 
passed at 58° to GO° to !l se('ond evaporator operating- at 10- to lil-mm. 



' ..~ ,. ~_ c~~ ,~", • ",r,. ~ ~. '.6' ";.. ."~, ,c-.·.",.~,"q.;i·" ," 
, , , ,{~;, 

" 

AMMONIUM NITRATE AS A. FERTILIZER 5 

• 
pressure. The bottom, of this evaporator connects with n crystnllizinO' 
tank. The supersnturatecl solution entering this tank from the second 
evaporator is uniformly concluctecl upward through a dense suspen
sion of crystals. The classifying action in the cl'ystallizillg bl11k keeps 
the fully grown crystnJs suspended in the bottom layer, ihe smallest 
crystals in the top layer, and the interJJ1ediat,e sizes suspended be
tween. The saturated solution Im~Ying the cl'ystallizi11g tank :is mixed 
continuously 'with the solution from the neutralizers, the mixture is 
again snpersatUl'ated to the (lesil'ecl extent, ::mc1 the cycle is repented. 

The funy grown crystals in the bottom of the crystallizing tank 
are pumped as a suspension to ccnLding-als i11: 'which they are sep
arated from the mother liquor. The liquor is returned to the system, 
'"hile the cent,rifuged salt cOlltnining D.S to 1.0 peL'cent of moisture 
is further dried ill a steUln-hcllted rotary drier to a moisture content 
of about n.t percent.\; This processfOl' producing 1ll0nocl-ystnlline 
ammonium nitrate has been used on a pilot-plant scaJe by the .Military 
Chemien] ,Yorks, Inc., ]?ittsbmg, KilJ)S,~ ltnd tlle Telll1eRSee ,ralley 
Authority, ,Vilson Darn, Ala, .:\Ionocl'ysUllline ammonium nitrate 
has been produced by other methods on 11, commel'C:ial scale by the 
Wellnnd ChemicallYol'ks, Ltd" lYelland, Ontario, and the Consoli
dated :'Ifining &, Smelting Co. of Cnnada, Ll(L Trail. nl'itish 
Colulllbia, '1'111' (,J'ysl:allizing pro(,esses formerly m:;(·d hy theRe 
concerns hlwe Binee been rcph\ced hy ]))e>thods of spl'ny granulation. 

• GRANULAR A;\t:lfONIU~1 NITRATE 

Ammonium nitrate can be granulated (29) by the mrfhods of shred
ding, rotary drying, gra.ining, nne! spraying. Thl' methods of shrecl
ding and rotary drying are ad:tpl:ed to the granulation of ammonhun 
nitrat(' in fL finely divided condition, HS thut produced by crystalliza
tion. The otller methods of graining and spraying ilee ac1nptcd to 
the gl'(U1ulatiol1 of ammonium nitl'ate in tll(' form of a hot conce11
tl'n.i'('d 111('lt of the salt. Three. methods lLI'l' now in use. foJ' t!le C011

centl'ntion or fL solution of: ammonium nib'ate to gin' n ml'lt of the 
ma/('rial in II :£o1'm sultabl(' -for !!I'finnlntion. Th<.>s(\ n J'(' known flS 1'he 
Hi-PHn ('Yapol'ation (1';,117 . .?8). YlH'llUIl1 e:nlpol'tltioll UL ancl11lm 
(wn,poration (10) 111<.>(ho<1s..An)' one of the Ihl'e(' might h(l 11£-;('<1 as n. 
pl'rlilllinary ~t('p hl the prcpal'nticm of' HI11)l1oniUl11 nit'ral'(, -for granu
lution hy ('itlH'l' gl'uining 01' spmving. hut in netnal rH'ilC'li('r (11(' Hi
Pan ('yfl.poration methocl is ('onimonly lI~e<1 in t11n gl':nnllntion of 
ammonium nltmt(' by gl'ft1nin:y, while' one of the other two methoels 
i" m:;('cl in the spl·i'.ying lJJ·()('(·ss. 

• 

l'h(\ 1Y1('tho<1R of graining antI spl'ayin,!!,' :yin' the most llni form 
PI'O(~tl('t' ':ith l'Nqwd to both siz(' l~n<l sltf[lW 0 f gt'n1Utlp. The- ,RY('rage 
pn.Jtlr1(' SIZ(' of the SI)J'uyp(l llHli'l'l'lrt! as PJ'odll('~(l nt,!!'rsrnt J~ some
what In.l'g(·l· than that () r (h(', g-ralllNl matel'llll. l'AhC'l' of: these 
metIlOds pl'oclll('r::; n sHtisfH('I()I'~' particle pi/:(' 1'01' liSt' in llliXNl frl'ti
liZ(,l'R. but Hl(' lal'p:(>rpal'tklp siz(' of tll(' Spt'ayrd material giWR it an 
ndvantag(' fol' usn as fL top dl'(':;sing. 

• SPE~Cf;Jt. K, .\. 1'It()m'r'I'ro~ OV A R.\'rTSF.\("/'ORY n:wrrr.I%F;R WL\m; A:\OIOXIU)( 
NITItATE, Wnt' Prod. Bu. Pl'oJ. TIpt, 122, 34 pp., ilIus. 10·\·1. [Pror?css('d.} 
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SHREDDING 

In the shredding method of granUlating ammonium nitrate the 
solid material tQ be gl'n,nulntecl is moistene<\ with 'water, if necessary, 
and pressed through a pedorated plate 01' other clevic(l. Men,ns are 
provided 1m; cutting the filaments of material :tormecl in this way 
into suitn,ble lengths n,s they issue 1rom the shredding device. The 
process is bettel' adaptetl to the pl'eparMion 01 materials in. the form 
of In,rge than of SUHLU pellets. The eylindricttl pellets obtained by 
this method can be given a 11'10\'0 spherical shn.pe by rolling them 
while soft ill n. reyol\'in~ thnm. Although n.mmonitull nitrate has 
been gmullln.ted by shredding on it pilot-plant scale, this method has 
not given suHicient promise to justify corumercin1 clevelopm.:mt. 

ROTARY nRYl:-:C 

Rotat'y drying is similur to the shredding method, in that it is 
applicable only to the grlUlUlatiorl, or flnely divided soliel mater·iuls. 
In the gl'ftlmlation of Jinely dh'ided monocrysta,lline ammonium 
nitrate, the. mn,terial is .first treated with steam to mis~ the temperatme 
or the mass n,lHl to incrense its moisture content to [) to 10 pel·cent. The 
moistme neces:::al'Y for granuhttion decreases with illCl'('itSe in tlle 
temperature or the ll1atel'inl. The treated material is then rolled in 
a rotary dram !Intil granulation takes phlce. ~'- Yl'ry uniform product 
can be obtllinell in this "IVa.\', bnt thl~ [!l'Unules first fOl'TIwd 11n,,,0 n. 
tendency to brenk down ill tlte pl'oe('ss 01' drying. This C'llll bC' largely 
prevented by subjecting the moist granules to fI, preliminary cooling 
and by ):eciI:culating ll, Ptllt of the dried m!ttcl'inl throllgh t1l(~. clriel,' 
for the purpose of quickly redueing the !tTernge moisture content of 
the mass. J.Jarger grannIes can be produced by this method thn,n have 
so fn.l' been prepared by either the graining 01.' the. spraying method. 
.Although this metho(l is pln'ficuln.dy ac1n,ptec1 to the granulation of 
superphosphntc (18) nncl mixed fertilizers contn.ining ammonium 
nltrn.te (30) I it. is not recommended :for tho commercial grttl1ulation of 
ammonilnn nittate as such. 

CRAI;"\INC 

In the process of graining (unmolliuJ1l nitrate. n. :fusion of the salt 
containing 1 to :2 per('ent of wn,ter. su('h as that produced by IIi~Pan 
evaporation, is run into a circular sI1a.11ow yessel equipped with 
mechanical plows ttnd jn,cketed :for cooling with wnter 01' heating 
;;-ith 5te[\,m. '1'he l'ottttion of the plows agitates the material during 
the process of crYstallization. This pl'eyents thCc format.ion or n, solid 
mass, as the moistnl'e, is eliminated by the 11('at that is first. developed 
by ~he. crystaJli~ntiol1 of the material an~l later: suppli~d. afte1: a 
prell1mnnry coolmg, b~r steam or ~lOt w~tel' m the )nck~t of the gt'al1l
inO' nppll.Tatl1s. The sIze anc11.11\lforI111fy of the pnrtJcles of. all1TI1Q
ni~m nitrate gr:mulated by gnlining "ary with the. concentrntion 0[' 

pcrcentage of moisture present and the. rate of c1ryin~. "~ht'n these 
factors aTe propel,'Jy ac1]l1stec1 amI cont.rolled, th£'; lI111:fornl1ty of the 
product is second only. t? that prodneed by spl'rtymg. . 

This method of grammg hns long bt'en used 111 the productIon of 
ordnance amn'lOnium nitrate. It has the dis!tdvll11tage thot. it opel.'

• 


• 


• 
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http:pln'ficuln.dy


"'.' 
':", ' 

AMMONIUM NITRATE AS A FERTILIZER 
t 7 

• ates as a batch Pl'OCesS. 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 stanc1:trd graining kettle, but 
after such modifications as will permit continuous withdrawal of the 
grained ammoniulll nitrate. 

SPR.AYING 

In tlu spl'aying process [t sprny of molten ammonium nitrate is 
nllowed to fall in :1. tOWel' through a cOllutcl'-cnrrentflow of cool ail'. 
In their fall the sprayedliquicl ell'oplcts congenJ as sphel'ic:tl piLrticles 
o:f more 01' less unHol'Il1 size, T11e molten soIutjon of ammonium 
nitrate 111ft)' he subdivided into droplets (1) by allowing it to flow 
by gravity into a vessel provided with a. s('l'eened or pel'fomtecl hottom 
(;25); (2) by directing t1 jet of ail' at right nngles to a stream of the 
liquid lU:; it issnes from a suitable opelling (2.n; (3) by allowing it to 
HO,\T into a perforated cylimle.l' tlInt rotates at snch speed tlwt the 
liquid brenks up into small dropiNs as it issues :t'l'om the perforations '. 

(0); ('1) by delivering it to a mpiclly l'e\'olying sUl'l'ace in the form 
of a phtte. (;21). cup (3,9), hOl'izOllln.1 cylinder (12),01' other (1c~\Tice; 
01' ([)) by passing it uncleI.' pr('ssUl'(' throngh [i spl'r~y.ing nozzle (1,38) . 

• 
.A1though various devices have be('lt m;ed on an experimental scale 

to pl'oduce a spray of lused lIlnmoniull1 nitrate, the l'otatable llOri
zontal cylinder ancl the spraying nozzle are the only devices now 
being used on ft C0l11111('l'cial scale in the rnited SlnJes fmd Cftnada 
fol' this p llr pose, 

In the method that Hutkes use of a rotatahle horizonh11 e:vEnder 
(1;3), the fused matCl'inl to be sprayed is fed to the c~rlinder through 

fL box containing ft weir that is adjacent to, but does not touch. a hori
zontal1ine along the surface of the cylinder. On OYcl'f1owing the weir 
the liquid makes contnct -with the asecnding side. oJ the rotating 
cylinder, wh('reby a film is dist1'ibuled on the drum sln,rflee from 
which it is thrown tangentiftlly by centrifugal :1'o1'ce. The cy]imler is 
heated with steam 1·0 maintain the material in a molten condHion. A 
shield is p1'oyicl('(l. to intercept that part of the spray stream that 
leaves thc cylinder at fin angle below the horizontal. The sprayed 

pnl'ticles are allowed to drop through n to\yl.' I.' against a. counter 

current of air for [L distance. of about 85 ferr, This process is now 

being used in the prepamtion of CnJ-Nitro, The product so produced 

is not surpassed by any other fel'tili~('l' material with respect to 

unHormH:y in size and shape o:f gJ'nllt1II.'~. 


The spl:a.ying nozzle 1S used in t1le gmnUlation of surh fusible ma

trrials as sodium nitratl.' (JfJ) and urea (,18), fiS well as of ammonium 

nitrate (35, .1fJ), The nozzle can he <i0 dbwted in the spl'aying tower 

that tlJespmy lenves it in (1) a horizontal, (2) un upward, or (3) a 

downward db'pction, 


The dO\vnwul'd dir('dion lws the disndYantngp, that thn particles 

• produced when the nozzle, is hl this J1ositiol1 possess 1m initial velocity 
\vhen starting to fan and 111Crefo/'C. requir(', a. higl}el' towel' for an 
equal cooling effect. When the sl)}'a.yed particles leay(\ thc nozzle in 
an upward diredion they mnst reYrl'se f.heir direction hefol'e stm:ting 
to Iftn. This prolongs the time that they l'c:'main in sllspension in the 
air and permits thn use of [I, lower towel', Thus the time taken Ior Il 
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droplet to rise 11 feet and then fnll B feet is equiva1.ellt to that re
quired for a sb'aight fall of X feet! "\vhenX =.il + B + 2\1 A + B . 
If.11 = l) feet and 13 = 40 feet. then X = 63 feet. This shows that •
a 40-foot faU when. Uw droplets first rise to a l1ei~ht of !) 'reet is 
equivnlent to a fall of 63 feet when the materialls sprayed in n 
horizontal direction. 

The height of the lower in any spmyil1g process must be sl1ch thttt 
the droplets become sllflieil'llUy congenled in their j'llll to withstand 
the sIwek to which tlH'Y n.re sllbjl'cted when strikinp: the bottom of 
the towel'. Lnrge dropll'ts Ulke n. longer time to cool than small ones, 
nne! the height oJ thl' towl'r must thl'refore be illcre:u:led "'ith illel"t';U:ie 
hl the size oJ the sprayed granules. 

The (,Ol1genlNl gl'nnules that 1'e(l('h the bottom of the to \\"e I' pass 
through l'l'ct:lllgl1IHI' llOppers to l'ndless belts thnt ('om'l'Y t!lPIlI jo 
the, drying equipment. FallS nl'e loeatl'(l at eilher the bottom or the 
top of tbe towel' :t'Ol' t'oreing 01' witlidl'awillg ah' thl'oup:h the tmn')', 

The method of granulating areHil1Z!.'I: by spraying the :l'uti!.'d matp
rial into the top of a tow!.'1' has uh\'uys bCPllrefe)'l'l'<l to ill tlll' publica
tions of thi::=; J>h'il:lion us t lll' Spl,lt)'ing pl'ocess. and 0)(' 1ml'( i(,](ls of 
gl'llllu1n.l' Jl1atel'inllll't' SPOkC'Il of as p:ranules. TIlt' l)l'()('('ss has also 
been cal1e<1 the shottingllH'thod, In Ctlnada it is known as the pl'ill
jng method. (h£} pal'! ie'l('}; nr!.' 1'dt')'1'!.'<1 to as })rills, nnd the pl'odll<'t 
prepal'e(l in tId;; ",nris sold 1111\1('1' the trade name of XHrnpl'j]]s. The 
pal'tides of n, gmll11lal' fel,tilizer aL'e also o('t'asiolla 11y Hpo1wll of as 
pellet!'>, but this tC'1'1l1 woul(1 S!.'('nl to :tpply J1l01'(, P1'Operly to thl' }):l1'- • 

tides or I'l'c(ling stufts pl'mlu('pd hy the shn'([dillg IIw{hod, Th" pl'o(l
uct known as XilrHpl'iIIs is HO\\' h£'i1lp: ])I'odu('ed by t\Jp ,Yellnnd 
Chemi('nl ,Yorks. Ltd.. 'YpIla1ld. Olltal'io; .\ Ihpl'tn Xit1'ogpn ]>1'0<1I1<'1S. 
Ltd., Calgary.•\liJPl'ta; and tlH' ('ollsoli(lntp(} "Iininp: & :-1l11elti1lg Co. 
of Cannda, Ltd,) '['mil. Bl'itish Columhia. (i1'niIH'd 1l1llilloniuIIlllitl'ale 
is now bping p,'odu(,p(l hy \til' Tf'llilessP('. Yn1k,r .\lIthol'it,\'. [11(' Ht,l'
('ules Powdel' COlllpHny, II.nd b.,' o]'(lnH1H'P plnnt:, in dill'''1'PI1\ pn.1'f~ or 
the l}nitt'(l Stn tps, 

In this pnlJlieafioll lilt' in(lh'idUlIl pnl'ticll'S or Kl'ysta1 t\1lJlllOlliIl111 

nitratC' 111'(' 1't'i'l'I'I'(><I () H!' lIIollot'l'ystal:,. 

PHYSICAL PHOPERTI ES 


The pritwi pal pl'Opf'l'lies oj' n 1n1l10niUillllHl'1l tt' t Ita t aJI't'd its use as 

n. fertili%('L' are it;; (,1',Ystal -forlll. hal'dll<'ss of pal'ti('ll's. soluhility, cak

ing tendenry, and hygl'()scopi('ity, 


CnYS'I'A!, .F'OH;\\ 

Ammouillnl 1\ i It'at(' differs Jl'OIll of hpJ' Jt'l'tiJi Z('I' mn 1l'I'i ItIs in tl1a t 

it is Cnl?abl(' ~f lll1<}(',rgoing s<',-eml cl'~'stn1lin(' mo(l i!ienliol1s. til" tl'nns

fOl'J11ttflOll oJ 011(> '11'oIH anothpl' IWl11g tH'<'olllpnn1Pc1 by Ul<'Hsl1l':lhle 

vol\1111e, and tht'l'm:t1 chnnges. ,.:\I'('ol'dillg to IJpu<1ridnl. Posnjltk, and 
 •Kracek UW), 11ll111loJlium nitrn{C' is ('lIlIie ahoY(' 1~:;,~<> U.; jptmgonn.1 
between 12ti,2° nIH1 Hl.2°; orthol'homhie IwtW(l('ll XL:.>.O and 32.3°, 
ol"thol'hombie pSC'lHIOll't mgollnllll'l Wt'l'll a~,a' II 11<1 ~,J8<: and tct~ 
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-e;o e;o 100 150° TEMPERATURE (·c.l 
rt'r(JlTIU~ l,-Cl'rfltn! tl'flllSitiol1S lind volume ('hllllg'I!S In Illtlllloninm nitl'llte. IlS 

Il fnnctlOll of: telllpel'lltUl'e. ." 

I'Ilgonnl below -18 0 
, al'; shown il1 figlll'p 1. 'rhe 1'n.t:e. (852) nt whkh 

these tl'lll1sformations tilke place as the ma/I.'l'inl is cooled down from 
100° 01' hellte.d up from 10° is shown by the ('IIl'ves in figure 2. These 
('lUTes show that when 
the. ol'thorhom b k 1'O),)1l 100 r-"--,---.--,--.,--r-.,--r---r-,---, 

is mainta,11wd at 28 0 
, 

jj; will undergo more 
or less complet(~o tl'ans- "'" 
-formation in t,o t:he ffi 
pSelHlof;{ltragon:L1 :form ~ 
in about flO minutes; ~ 
ll11d thai; at 11 tempem- -; 
ture of 3+0 the pseudo- ~ 50 
tetragolllLl form ,yill ~ 
be lal'gely cOllyerted :5 
int.o the. ol.-t.horhombic ~ 
fotm again hl aboul; ~ 
the s:mle length of ~ 
time.. 

The effect of one. 
transformation on the 0±-~--~~~-L~5~0~~~--~--~~10~0~ 
appea,monee of' 1110no TIME (MINUTES) 
crystals is j nd iClli:cc1 It'Hll'ltt: 2.-Rllte of tl'lllll;f()J'mutiOll of the two 
by t h ephotomicl'o- ol:lh(ll'homhlc fOl'llIs or IlllnllOllill1Il nltrute. 
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graph show11 in figure 3. The clear crystals on the left were dried 
at a tempertlture below 3go C.; the opaque crystals on the right were • 
dried, Itt 70° and cooled to room tempemtul'e. 

In its l)rCparation by either the graining or the spraying methods, 
Ilmn~0nium nitrate is cooled over a range of tempel'lltul'e that is capa
ble of. bringil1~ about sevel'll] tl'llnSf01'111ations b1 the form of the 
crystal. It is (loubtiul, however, whetheL' any subsequent f'?hnnge in 
crystal form takes place during ordinary conditions 01: stomge. 
Summer tempemtUl'es frequently exceed 32.3° C. (!)O.2° Ii'.), but 
tests made uncleJ; commercial conditions of storage indicate that the 
temperature of any considerable quantity of the materinl whem stored 
in sections of the count:J:y where most Jmotillzel's aTe useclis not 1ike1y 

• 
;P 

" li'l(11.'lIf; 3.~)I()no(·I·ystnllin(· HIlIIl1()lIilllll lIitl'utp: (!Ieul' (!I'y::;t:nls 011 the left 
dried below 320 0.; opllque crystals 011 the right dl'ied aboye 32° O. X In. 

TABLE 1.-Effect of nrY·3f(ll tnll/,SfOI'1I1nt.ioll.s on the crushin{/ Mrrllfllh of (I 

sam.ple Of ammoniuln nitmtc graul/Tlw prr[lIt:rrll 1)/1 Ow 1'Otlll'l! ,zrllillIl mclholl 

~":~c::-T' 'rrl!utIUt'f1t 
_i___ c 

1",1t /11/,' l><r 
S'Ii.lllre j'/lch 

155 
~oo 
1U5 
US 

GO 
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• to rench 32.3 0 C. dm:ing the time thnt the S\l1'!'ounding nil' exceeds 
this tempemture, 

It would be expeettld tlw,t repented Jiuctwttions of the temperat.ure 
of n grannIe of ammoniulll nitmte aboy!>' llnd below the a~.3° C, 
transition point would tenc1 to weaken jt. This was found to be the 
case as shown by the dttht in table 1. 11:, WIIS 111so Jound that repeated 
fluctuations of tel11pel'ntul'e above and below :12.:1 0 C. increased the 
tendency of n~ Hlass of. ammolliulH. nitmt:l' gl'nnnles to cake 1.1I1del' 
pl'essllre, 'l'h is is in agl'eement with what might be expected, inas
much as the flppliecl pressul'e w(ltll!1 tend 10 ul'eltk up the weakened 
gL'al1uJes and thel't'by calU~e tht'1ll 10 be COIIII)J'('fiSl'd togetht'l' into It 

sol ill muss. It may be conl'lmled, t1H'J'efOI'C, HHlt repeated changes in 
the cl'yst:llfoJ'lli of illll1l10niuI1l ll.itmil' WOll1<1. illt'I'ctlSe it's tendency to 

.'}

pake und(,I' PI'('HSUre, but slIe'1l elin,11gps liB do IIdtmll,\' tnlw plaee under 
('omm(l,l'ei:t1 ('ondltions 0 f sloJ'uge 111'(' ('Ol1sidpI'pd to hp of Iilile more 
than aca<l('l1lie inl:(,I'e8t. 

MWIIOSCOI'[(! EXA." [NATION 

A rn.icI'os('opi(' PXfllllillaliol1 of' SPI.'il),('d, gruined, find llIo11o('r.ystal

line, IIntlllolliul1\ llit I'a((', ilS pl'odll('('(l by A Ib('l'tIL Nil:rog(,H PI'ocluel's, 

IA'd. ·(.AXPL), the Tenn('ss('('. Yallpy Authol'ily ('I',TA), and the 

n[i]itlu'y (,h('lltipal ,VOI'ln;, IllC', (MC"T). 1.'(lspt'l,tin'I,Y, ,,'as made by 


• 
R.13. IIp))(It']('ln.;. or t11(1 Divi::;iOI1 of Soils. /,\·\,tili:t,PI's, n.lltllt.'l'l/.!a.ti()1l, 

His findings I1IHY bl' SlIl1\ll1l1l'i:t,l'd liS follo",s: 


1. glleh pllI'tlr'lf' of lllOIlOPI·YRt·II111111.' llllllllOlllllIll n1t'l'ni(' ('oll;;;IHtH ot' II Hingle 
t'I'y;;;fa I, \\'1I(,I'(~:tR till' g'I'/1 IIIIII.'H of Ilw Rlll'UrNl anrl g'I'a 1/1('(1 111:1 tpJ'j:II;;; ('OI1HIHt or 

1IA'A'l'('!!lItp." or f'1'rHtnlH. 


2. PIII'tielpH of 1lI1l1l1l('I'YHI(11111l1' a 1I11111l1llulil nit 1'(1 (I' of W.IIlPS!1 HI:'.(\ contn in 

1Il11I'" ,'oJlls IlInll 1110;;;(' of In.IIl(IHII, 111(1II'ul111;": flillt: fll(' \'old SPII(,(\ III th(l HIIlI!'· 

rill! lrH'l'PIlSPH witli till' Hi:'.!' oi: llll' ('I'~'HlnIH, 


a. ;\IOH[ of the \'old SPIll'H In IIInJl"('\'~'HfnIIiJlP 11111111011 ill 111 lIitl'nlr thnt lias 

IJl'pli ail'·<1l'ip(1 nl: n hlllllidltr hplo\\' its IIYg'I'OHt'Opit' poillt. is tnlC'(l with ul.' 

l'Uitlpl' tlilln wat('.'. 


.1. fjptpl'mlnntioll nfl'prl'flrfh'!' ill(1i('PH \\'Ith IiiI' ])I't"o~:I'n[)hic rnll'I'OHCOpe 

f-Ihu\\,pd t hill 1I1!'IIII1I1O('I'~'Hf:t IH (,l(ll 1I1i1I1'1I \\'1'1'1' H II ol'f'hlll'hOlIlII!(' ]IHC'lHlotctl'ngonul 

111111 tllat t1H'.\' IIl1d lIot PII"S!'!! 1111'0111.:11 till' :t.!,;{D ('. 11'1II1Hltioll 1)OIIlL 


AI'I'Alm~'I' J)gN!'ITY 

TIl(' lIPpill'('111 d('Il~itips 01' tlw tltl'(l(' tYlll';'; or 1I1111110ni1l1ll lIiIJ':tl(' 

Rpl'Il,Ypcl, /.!J'n.in('d, II I1Il 1I1(j11(J(:I'Y~( 11;11 i11(' ':\ I'P /.!i "(,II ill Iahh' ,2, ,'1'hr

Ilppnl'(ll1t dC'llSiL\' of' lilp pal't 1('lps III hltlk I'P]lI'(,SC'l1tH 1lip· mIlO 01' tlte 

\\'(light of tltp lI'wlpl'inl l'l'(ptil'p(l [0 lill n litpl' (',Ylindpl' (0 tl1(> w(·ip:ht 


'l\\/IU;~. . I/ilif/l'('/It tll'IIIIi/1f of /lllll/lOniulII lIil/'II/('O./ lliff/'/'('II! //lWs 

A )JplIl'l'lll density of,,·· 
'ryp~ ulmnll'filll I'rmllHw 

I.·'"!iclr'.s In -hlllkl'~v:II~~"'I~:~~::-

• SPr(IYNtl., j ANJlI., 0,1;,<;:' 
DQ,I, i !lo .SfiH do 

OruIO(~(L. ... ,., TVA • ~ls7 1,115
)\fonocrystulllnc ,\\('\\' ,073 , I,O~ 

1 Jlct('I'Jlli"I'd hy R. II, l1!lJH!r'l!'lcl<, 
• Old prodlWtloll, 
I ('uI.T('nt II rClll 1\l'tlO II , 
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of the same volume of water. The cylinder was filled by adding small 
increments of the mn.terial while the cy Hnder was gently tapped. Each 
value given in the table represents the mean of five determinations. 

The apparent density or the average particle waS determined by 
noting the density or an orga.nic liquid thnt will hold the grettter part 
or the particles in suspensioll. The absolute density of ammonium 
nitrate js 1.72 (34-). The values obtained ror the applwent density 
of the lwernge pn.l'tic1e of sprayed, gl'lI:ined, and monocl'ysta1line am
monium nitrate were LoG, 1.G5. and 1.60, respectively. These data 
indicate that the ANPL spl'llyecl plLrticles contnin on t.h(~ average 
10 percent of voids, the rrVA gl'll.ined partic.les a\)oltt ·b percent, and 
the MOW ll10nocrysbtlline pal'tieles less than 2 perceni'. 

HAIIDNESS op PAIITICLES 

'rhe crushing strengths of ANP:r~ gl'llllules lw(l of MGW 'crystals 
of ammonium nitmte weee dptel'mined by llIe:UlS oj! tl)(~ apparatus 
described by Hardesty (\11(1 Ross (11). UncleI' this wethod of testing 
it, was found thut the grallnles 01' suell nOll plastic materials us super
phosphate andl1lixec1 fertilizers showed a definite cl'llshing strength 
that varied with theil- size, shupe, ftlHL moisture eontent. All cl'ushing
strength tests ,vith nmmonillm nit.rate were accordingly l11!tc1e with 
dry uniform samples of k1lown plLl'tiele sizp. The gl'ltllU1C's and crys
tals of ammonium nitrate were :found to eli frel' froJll those of the 
other il1ate)-inJs tcstedin that they exhibited plastic propcl'lies and 
frequently :f:rdlC'd to show (1, definite crushing point. 

Crushing-st.rength testH 'were mrrde with old amI ('IIl'l'cnt ANPJ~ 
granules and with MC,Y crystals (lried bplow and n1>o\'e g2~ C. The 
numbers of partiele!'; of each of these fOllr samplNl thut. lind to he 
tested in order to obtn.in 1)0 that showed It definite (,I.·uslling strength 
were 64, 5fJ, 128, allcl1l7, respectively. These, tests indicate that the 

;, :Me,y crystals aTe evell more plllstic ill their propel'tic's than the 
ANPL gmnules. 

The results obtained in these ('l:lIf'ih illg-stJ'pnglh {eHis (Ire giYCll in 
the t.hird column o:f table 3. The 'mInes obtained iJlilic'lIh, Owt the 
sprayecl grnnules oj! the ANPL CUl'l'ent production nre considerahly 
harder than tl1<' old-production granules and that )fC,Y C'l'vstals dried 
below 32° C. are ll(lJ'(lel' than those dried at R t'.:'lI1pe'l'atm:e ahove the 
tmnsltion point. Ae('~lrl\te dtlbl with the )IC,Y crystals we1'e' hard to 
obtain, howeYe!', owing to their phsticit~T nnd it'I,t-gulnr shape and to 
the fact that t11Cir resistance to crtlshing iH leHHin tht- (liI'eetion of 
their longitudinal axis than in t1le irttni;vc'1'se clirpC'tion. The rrVA 

~I'.i.nu: :'~.-('I'JI..~IIiTl{/ slr'rll{/lit and bl'ca/.:,(/o/1'11 hi /llmblil1!1lrsl of 171'1/ rr/111l/rJl/;1/1II 
ni/.I'a/r {II'(fIIIIII'8 flnrl ('I']IM,1I1s 

('rushing ~trl'r)g('h PUrtlcl"R hft"jnl( i Tln'nk.down 111 
Type o[ rnnt~rlnl Prodl!c~r of pnrticll'5, dl'nnlt~ rruslllnl( f turnlJllnl( tcst 

---------,-,--- ---- __H.t;~~1:·:;:Sh__. ··-~-/:::;;:~· ._+--;tr::~~'-
Sprayed, old proullcllon._ ••• ___ • XNP[,_ 1,39 SO i 3.05 
Sprayed, current production ••• , '..' rI(L., j 2.47 00 t ,95
Monocrystnlltne, drIed below, 1 

32° 0 __._._...._........__._._.,\ MeW•. ~, :1.78 au l 7.05 
MonocrystllIlIIlC, rlrI,"1 ahOvt> I 

32° 0_•••_._••••_.• '. _ ......dO•••• j 1, D:l ·fa 9.15 ------.----...- .......-.-.-.---.. ..--' ---- ~ 

,,' , 

• 


• 


• 

",.: 
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granules were too small to be cOlweniently used in these crushing
strength tests.. . 


The percentage of break-down that occurred when the materials 

were subjected to n, tumbling test is shown hl the last column of table 

3. 'rhe test consisted in tumbling 200 grams of 5- to 14-mesh samples 

.in 16-ounce boUles end Over enel for 48 hours It11d then determining 

the proportion of each matel'iltl that passed the 14-11'1esh sieve. The 

test indicated that the :MGW crystals Imve the greatest tendency to 

break down under the conditions 01: the test and the ANPL CUrl'ellt

production grn,l1ules the least. 


Ammonium nitrate grannIes Ilre compn,red ill crushing strength 

with those of other well-known mntel'iltls Itllcl mixtnres in tahle ,1:. 

~l'AIIU: 4,-R('/alit'c Cl'lI,~hill{/ strcng/,lL Itt 80 0 A, of a/'ll granUles 0/ '/:01'/OIl.S /m'


/ilir:el' 111ntc1'ials (l1Irl 'mi;J.'tlU'e.~ 


Method of Crushing slrcn~th Crushing slrungtb l'·crUIlr.er IIIl1tl!I'illl grnnllluLion of singlo grnnllles, In mns~ 
II to 8 lIIesh 

: l'aJtlld., pcr 
r j:>tHl.1Jdl' Sf/Uare inch

Ammonium phosphutr ••••••• .1 Hol.nry dl'yiJlI(.... 12.0 ,!nO

AlIlnlOJlitl1ll II II I'IJ!.!! I . I HfJrnylng_."". . 2.8 
 75

Do.'••.•. - ...•.••... ,.._ ..•..•...1 .. 0<10 •..•_ .•,.. .1.0 lila
potnSl.SliUlJ nlll'nlll •..• ".-... . ...•....• ,.....do.••_••_•.• _,. fl. n 230
Sodium IIftrIlW... .••. • • ,............. do........... 4, a 120

l\IixNI fl'rtill1.('r 3...... •. . ..•.•. _.••. _".. nlJlllr~' drying"... fl,.j 


Do. ' .... - ... • ..•••...• _. ._.... • •..• do••••.• _.. ".' :1,7 


• 
220 
110

Supcrphosplmto 3_. ..•. •. "'11 .... tlD...... _.". 5,5 180 
1)0. 1, •.,... . '" .• -"" .••••dD•••••.• _..... j l,u 35 


--.-............ - ...•~ •••.••.-.-- .._--_••...!_•. _._ ••.-.-~.------
1 Old rlJ'od\l~t:ioll, 

2 ('111'1'I!nt IJI'utlllt'1101l. 

GnmlJulllt(,,1 to gil'c lmr(1.IICIJ8() gl'IlIlUll'H,

, OrtlJlUI/Lt('(1 to give MO(t; JlOI'Oll~ gl'IlIlUles, 


Uost of the! g1'al1ules llsed in the test were between (j and 8 mesh. 

The (,rushing strength of flphericlll granules of sma.ller clinme(:er was 

ca.lcuJated on the lmsis thltt this 'factor vltries dil'ectly with the square 

of the cliflll1ete.l'. The J'(~su1ts show that ammonimll llitrat'e granules 


. '.range in cl'ushing stJ'cngtll lwtween those of other Hmterials and mix

lures :mel that tllt,,Y al'e sufncielltly strong to withstand reasonable 

handling and (0 SllPp01'l' the loltds to which they woulc1llOl'ma]]y be 

sllbje!eted ill stomge (1'7). 


SOT,Frar.l'l'Y 

A cOI11])lu'isol1 0 f tll(\ solubility of It II I111011 iUIll 11 itra.te at (li Ireren(; 

iClllpel'fltul'l'H wit h tha t of Hevera] other :fel'tilh:cl' salts (htble 5) shows 


'l''\Ilf,I~ ;;.--f.{oZnlJili/.1I o//rl'lililt(Jr 1//ate1'ials in 'watel' 
(fI1'a II/,~ 1/1'1' .lOll {n'(IJIIs O/1oat(wj1 

;\lIllllllniulIl i:iodiunt'l'cnll11'rnturo AlJllJloniuJJI PotnssiulII l'otrL~silllll Ureanllrlltl' ·n1f.rnll! ~ullllt.o cljlurldo slllln[c 

DC, OPt 
o (:12) 118. 3 i:I,O iO, I) 27.U 7.35 55.0


211 (Ob) H)2.0 l!7. i 75..1 3,1.0 11.l! 79,0

40 (lOt) 2117. () 10:1. r. 81.0 '10.0 1,1,711 106,0

00 ().to) 421.0 12:1. 0 SR. 0 >If>. r. 1R.17 132,0

80 mOl 580.0 51. I 21.40 ._.______••HH,() 1 Ur" a

100 (~12) 117f, 0 178. () 1(~1.:1 &0, i 2'\' 10 ••_....__.. 

. ___l. ...e ... 


1 FrOUI AtlH'I'(OIi Hddl'f1 (:11(/.). 

http:f.{oZnlJili/.1I
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that at ordinary tempemtlires the solubility of n.111m0l1ium nitrate 
exceeds that of any of the other materials listed. Its solubility is also 
inflttenced by temperature to tL greater degree than' that of any other 
Jertilizel' materin,]. rremperature changes, ·on the other hand, lULve 
relatively little effect Oll the solubility of Bome materials, as lL1111110
nium sulfate. The high solubility of ammoniu111 nitrate and the 
mu.rked effect If temperature on its solubility are important factors 
influencing its tendency to cake, as discussed '\tel' in greater deb"i1. 

DETERMINATION OF MOISTURE CONTENT 
.A slight change in the 1l10istlll'e cont:ent of soluble £e1'tili%er salts has 

been shown to have a greater eircct OIl their mechanical condition than 
a cOl'l'esponding 10 I11:L11 clmnge in any other factor that ail'ects their 
tendency to cake (3). It was felt that this should hold plLrticularly 
true 1'01' mnmoniul1l nit"ate, beeause of its high solubility and wide 
variation in solubility with tenlpel'atUl'e. An accumte method for the 
determinatioll of 1lI0istLU'(', in aHll1loniurn nitrate became hnperative 
therefore if any progress was to be m(Lcle in improving its mechanical 
con diti on. . 

It is Jmo\\'Jl thttt Itnlllloninrn nitmte undergpes slow decomposition 
at 100 0 0., [md it did 110t seem, thereIore, that the ollicinl method (4) 
was tLthpted to tlw determination of moisture :in :1 material of this 
kind. ,Yith n, view to finding [L suitable method, sets of sttLuc1ard 
mmnonium nitrate S(U1\ph.~s were pl'epl1red and submitted to n number 
of Inboratories in whieh detel'minatiOlls for moisture in this materia] 
are known to hlLve been mn,de. The stunples were n.ccompani.ed by 
the request that they be tum]yzecl by such methods as are conslderecl 
best suited for the determination oJ their moisture content. '1'he 
stn,ndarcl sl1mples prepared for this collabOl.'[ttive study are given in 
table 6 fwd the l'esuli's in table 1. 

Sta1ldard sa11lple ANPL No.1 was :::elecled from a commercial ship
m.ent that had been stol'~d in n, dry place. StLmple ANPL No.2 was 
also selected 'from n, cOllulIcrcinl shipmeut, but its moistme content 
was increased by spraying with water whl1e it was being rolled in n 
l'otnting drum. Sample ,VG'V No.3 was collected at the plant before 
it was dried to t11e point desired :rol' shipment. TVA samples Nos. 4 
ILnd5 'were taken '!'!'OIll commercial shipments that had been stored in 
bags for a period of a11l0nt11S at 55 Q F. Itt a relative humidity of 80 

'I.'AlIl.g U.-H/aurlar(/, (/1I/1II0'lli/t1ll ·nil.l'lltCl S(/IIIJll('.~' 

.Moistlll'll 
in sllInplo 

Source nnd sumpl() :\(). 'I'YJlo or ~rutlllles rrri.mtnlenL 

AlhOl'(ll Nilro~ctl Products, l,f.d.:
ANPr, '1'10.1.__________ .__ .___ Spraycd___."••___• NOl1l· ____•_____ • __..• _....... · ..._____ Ori~lnnJ. 

ANP1J ,,0.2._________ .._. ____ . ____ do___._ •• _______ 0.5 percent; WI' +;1.5 percent Added. 
Kittit!lS. 

W(·lInnd Chemlcnl Works, Ll.d.:'VOW No. 3________ .. ________ .. _....<10____________ -_ Nonc_______________________..._____ Originnl. 

'l'cnne~$C~ Vnile~' A llt.horlt)'!'I'VA No. ·L_________•_____ ._ _ 0 l'Ilincd._. ______ • ___ •___do____._. __ ._••_-'"_____ ••__• __ 
'l'VA No. ~_.__••___ ._•••_._ •. _.___ do._____________ 1.0 perccnt PIll' +·1.0 percent 

Cclite. 
'Miiitilry Chomical Wort;s, fne.: Me,,, Nil. Ii_____________.. _" MVl]ol!l'ystllliinc___ Nonc_____••______ •__ • _________ ....__ OrigillllJ.

Do.MO'" No. i __ . ____ . _____ • _________do__...____ ., ....____do________________...___________ 

• 

• 

• 

~ nl'Hults of analyses HhoWlI in tuiJill 7. 
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TABLE 7.-ilLoi8t~lI"e in. standanl. ammoniV.11t nitrate s(l,m,ple8 

Jlloisturc in samplcs 1-

Collaborator Metbod 
ANPI, ANPLlwcw 'tVA TVA !MCW MCW 
No.1 No.2 No.3 No.4 NOa5 No." No.; 

Percent Percenl l'acenl Prrcenl Percent Percent Prrcent
Alhcrtn Nitrogen 	 2 hours in o,'en nt 0.13 2. Oi O. j./ O. i5 O.O!! O.li 0.75

Prodncts, I,ld. 	 90° C.Do._____•____• __•• Fishel' Wl.._____.... .09 2. 52 .72 • iO .99 .09 .S!iHerculcs Powder Co___ 2 hours in oven at· .11 2. iO • flO .57 .85 .11 .44gSo C. 

Sol\'ay ProceSs Co.____ 2 hours in \tncuutll 
 .09 2.07 .sn .08 .S.1 .07 • il

01.80° c. 
1)I\'islon of Soils, J?er-	 20 hours in o,'cn fit .08 2.91 .7-1 .78· iIi .OS :Oli

tiIlzcrs, and rrrl~af.i(m. 	 70° C.Do______ •__ ....,. , Airnt iOoC. throu~h .07 2. 89 .SO · iO .SO •OS .W 
snmple lor4 hOllrs. 

.~Consolidatcd Mining ·1 hours in oven nt .OS 2. 75 d. ~ 05 .SO .OS .M1& Smplt.inl( Co .. Ltd. SOo to Slio C. 
Wellnnd Chomical Dry nir lit. 05° to .07 2.09 · i8 .01 .in .00 .33

Worl,s, J,ttl. 	 70° G, through

snlllplefor 40 min
utes. 


Military Cl1clI1iclil 	 fi hours in oven nt. .00 2.:m .04 .4i ~ 'iJ .11 .4i
Works, Inc. 	 70° ("DO___...__________ 

2 hours in oven at .OS 2.76 .fiO .88 .09 ,42· il
100° C. 

Enstern Stutcs Farm· Alr nt 00° O. Ihl'oll~h .00 2.73 • i8 .08 . ii .09 ,47
erst Rxchnngc. sample (or3 hOllrs. Do_____________... 

5 hOurs In o"en at ,11 2. 70 · in .m ,Rl .09 .43 
JOO° C. 

'I'QUncs.'N Valloy Au- nry Ilir nt GUo C. .()7 2.72 .7f> •is .81 .OS .n;
tiJOrlty. throllghslllllplcfor 

1)0________...____ o hours. 
Dry nir at iO° C. , OS 2, OS .91 .sa .7f, .10 • flO

t.hrollghsBlI1plc ror 

Do________________ 1) hours.. 


20 hours in O"ell nt. .on 2. s.t .82 .71 .sa .O<J .73
iOo C. 

Mcnll________... -- • 	
...-----_ .._... - ... _.. _------ ... 

--
.09 
--

2. il.i -".. Ii) 1-.,0"--;;:;-1-.... _ 09 .flH .' 

1 l;\'ll tullin G /'0" type of l;1'IlIiU1N' lind tl'clltlllrnt. 

percent. ~amples MenV 'Nos. 6 n,nd 7 ,"ere prepared on a. pilot-plant 
scale; No. (j w:'ts dt·jed as completely as WitS considered practical 
lInd(~l' commercial conditions, and No.7 was represented as being only 
pltl'dally dried. The moisture in samples .AJ\TPL No.1, WOW No.3, 
:tnd MGW Nos. () al1d 't represents original moisture thnthad not been 
eliminated by drying, 'while tltatin sampJes ANPL No.2 and TVA 
Nos. 4 and 5 l'eprl.'sents m.oistnre that hacl been added 01' absorbed 
subsequent to drying. 

The reSlllts l'eported by tIm collaborators "for the moisture. in the 
samples ancl the methods used in tlle determination of moisture as 
shown in table 'i show good agreement in genera], considering the 
hygroscopic naflll'e. 01: the samples submitted for ana.lysis. The l'e
SilHs obt:iinecl with the Fisher" method (14) show good agreement 
with tIle average values, but this method is llOt cOllsidered to be 
adapted to gellentl use in fertilizer hbol'lltol'ies for the reason that 
it gives water of hydration hl addition to free moisture in materials 
Hml mixtures cont.aining water of hydration. The other methods 
llsed by the t'ollabomtol's n.ay be considered as adaptat.ions of the 
following three methods: (1) Drying hl an ail' Oye11 at 70° C. for 20 
hOlll's; (2) c1l'awingnil' nt'iO° O. through t.he sample for 2 hours; 
01' (3) th'yjllg in [L VilC\IlUIl at l'oom temperature O\'er Al1hydl'one for 
20 llOUl'S. 

,,'to .,' ., 
, .... ;;..~.J;t._ "'~. <~ ',,- ~._ 
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Moisture was detel'mihed by these three methods in samples 'ANPL 
N? 2, WCvy No: 3, TbVlAS N~.i:4h' ahnd MCW No·fi7. t The results ob- •. 
tamed are gIven 1ll ta e, WhlC sows t1lat t1le rs two proce dures 
!I'ABLE S.-Rates at 	whiah standard samples of am11l0nimlt nUr(l·ta dearor/,so in 

weight on drying by different methods 
AIR OVEN AT iO· C. 

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

Los.~ in weight or sample 


'rime u( drying (hours) 
ANPf, wew 'l'VA MOW 
No.2 No,3 No.4 No. i

---------------'----\----\-------- ~-.---
Percent Percellt Percent Perct!nt6______• _______•••_______ ••••_••• ________ ._..._•• _••_. 2.83 0.66 O. ~p 0.48

12____._._______________••_. _•••__• __._._•• __'""'"_''' 2.88 .72 .,.1 .fiU18______ •___•_______• _. __• __ •_•• ____ •__ .. ____ ._._••••_.. 2.00 • iol • 7.~ .Il.~24..________________ •___ •_____"____.".____•••____... "_ _. 2.88 .. i5 • (Ii30 ________________________ • ___ •_____•_••_._________... · i4
2.02 · i6 .78 .08 

--------------------------.-~.-_...!.,.._--_I_____..,..!-

AIR FLOW N1' iO· O. 

1._____________• ___•__........__ ••.••. ___ ._.._........ 
1 

'J S 0.58 ! n. ia 0.·11
I 
2________....._.._.................._..... ~ .. _~t+,.. __ .. "..... ~'> "' ....... __ .. _~~_"' .. 4... 2. J .72 .77 .5; 

3.___________ • ____• __...__ •••_____ ............__ ..... _ 2. DO I .H2 Jl :~}, 


C::::::::::::::::::::::::::::::::~::::::::::::::::.~ __~~~_,_ ___ :~~_~~~._.~ .is 
VACUUM OVER ANllYDRONg Nr 1100M 'l'EMPEHA'l'lJRI~ 

6___________• __ • ____ • __ c<__ ••_._. "." "."." _. _ ._•• , ••••• 2. iO O. au12__________ • _______ • ______ ••••__ ••• _........___ ••• , ••. 
 2.8018.______•___________ •_____ •______ • __•___ • _" _••••••• _•• , · ao
2.82 .38 
2.8.'i • 40 

24..________________________ •_____ •_____ •___•••_••_••• _•.. 
30.______•___•__ • _••__._••__ •__ ."•••_._________ •_____ ---I 2.8:i .30

---------------'-------..----....-~ ..•-_.- • 
give c;n3ely agreeing: results for moisture in all samples tested and 
that tHe method of drawing air at 70° C. through the sample for 3 
hours is equivalent to 24-hours' drying in an air oven at the same 
temperature. The air-How method has the advantage, therefore, of 
being more J'lLpid than ch'ying in an air oven aBcl for this reason it is 
better adaptecl for use in control work. 

The table further indiClLtes that samples ANPIJ No.2 and TVA 
No.4, which cont:t1n only added or absorbed moisture, can be com
pletely dried hI a vacuum over Anhydrone in 24 hours, but that this 
method of drying does not elimhlllte within the same period all the 
origi1H1l moisture hl such samples as 'WGW No.3 :l11d .'MC'V No.7. 
'fhe results indica.te that. a part of the originulmoisture in ammonium 
llitrate is present as occluded moisture and that this moisture is more 
difficult to remove than absorbed moisture. 

The moist.ure in monocrystalline ammonium. nitrate, which drying 
in vacuum over Anhyc1l'one failed to remove, amounts to about-. 0.35 
percent of the weight of the crysbtl. The dab), in table 2 indicate 
that ne:trly 2 percent oj' the volume oj' MC1Y crystals is void. It must 
follow, therefore, that the greater part of the Yoid spnce in the crystals 
is filled with air rather than water. 

HYGROSCOPICITY 
A material is said to be hygroscopic when it nl)sol'bs moishll'e f"o111 • 

the air at ordhlltl'Y t.emperatures 1\:11<1 humidity. This OCCIII'S when 
the pressure of water ,'apol' in fhe !til' exceeds ~hat of the sntuJ'ated 

http:indica.te
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solution of the material. The relative hygroscopicity of the more 
'common :fel'tilizer materials as determined oy Adams and Merz (93) 
is indicated in, table 9, which shows that calcium nitrate is the most 

TABLE fl.-RelaUvc hyuroscopicitics of soluble fertilizer matcrials 
-----------.,,------~~------'"------------

lTlUnldlty of nlr iu equilibriulII with saLurate(l solution of JllIlterlnl nt 
Fert1117,cr materlnl 

_________,I_l_00_()_·_I~L~~I~I~I~~ 
Ptrctllt Percellt Perce'llt Perctllt I Pcrcent Percent Ptrc~llt 

CalcIum nltrnte_____•__••••••_......._... 5.';.9 55.·J rIO. 5 40.7 35.5 

AmmonIum nltrut<l-••___•••__ 75.3 (ill. S Oil. 9 62.7 50." 52.5 "-'-'48:'4 
SodIum chlorlde ...__••• _••___._ 70.0 77.0 77.0 75.5 75.2 i4. 7 7·1.1 
Sodium nltrate........_........ 78. 0 70.8 77.1 7-1. 4 72.·1 70.1 67.3 

AuuIIoniunt chIQride......_.... 79.5 70.2 70, ~l 7(1.0 77.2 73.7 71.3
Ammonhuu sulfntc____..__....~_ ... _ 70. S 7U,3 81.0 81. S itt 2 is. 2 77.SUrea.._______•___.... _____•___• 81. S 7n. 9 80.0 75. S 72. 5 08. 0 02. 5 '.'PoLussium chlorldo__........,__ 88.3 SO.!! 85,7 8:1.-1 8·1.0 81.2 so. 0 
PotassIum ultrntc_........... 07.0 95. II 02. :1 02. 0 00. 5 87.9 85.0 
l\lonolimmoniutIl phosphato... 07.8 07.0 91.7 til, V Ill. II 00.3 88.2 
Monoculcium phosphato........ 97.9 08. 8 94. J 00.0 03.7 !l4.5 94.6 
Monopotnsslum phosphate..... OS. 0 OS. 4 90.2 95,·1 02.9 92.9 92. 0 
Potassium sulfate..........,... 9<J. 1 90.7 9S.5 OS. 8 90. a 95.7 9~8 

----~~.--~---- .-- 
hygroscopic, ammonium nitrttte is next, and potassium sulfate is the 
least hygroscopic of the soluble fertilizer mateL'ials. 

TEMPEI!ATUI!E AND HUl\IIDI'I'Y llELATIONS 

• 
The templ1"af:ul'e andhl1midity relationships that influence moisture 

absorption by ammonium nitrate ('an best be understood by reference 
to figure 4. The CUL'ves in the figm'e show (1) the variations in the 
preSSl1l'e of saturated aqueous vapor in the air (absolute humidity, or 
100 percent relative humidity) at diffel'f:Hlt temperatures between 0 0 

O. (320 F.) ancl50° O. (122° E.); (2) the aqueous va.pOT pressures 
fol' the Rttme temperature ra1lge ttl; 60, 65, 70, and 75 percent satura
tion (relat;ive humidities) ; and (:3) the vapor pressures o·f saturated 
solutions of ammonium nitrnte at cliffl'l'ent tempel'atlll'es between 00 

and 50 0 O. (B). The ammonium nitrate cnrve cuts the cun'es corre
sponding to relative humidities of 7[), 70, 65, ilnd 60 pereent at temper
atl11'CR 01' JO", 15 0 

, 21.5 0 
, a,)1(128.5 0 e., l'eRpectively. 

'l'hiR 111(.>(II1S I'1wt at these tcmpl'l'atUl'CR ammonium nitrate js in ",
equilibl'ium with the water Yapot' in the air at Hle rebti ve humidities 
indicated, m', in othel' won1s, that fhe pressnre of the watel' vapor in 
the air at each specified tempemt\ll'e and humidity js equal to that of 
il snturated solution of t111ln1onillln nitmte at the same temperature. 
If the water vapor in the ail' at any given temperntul'e exceeds that 
o'f a saturated solution of Rmmonium nitrate nt the same t.emperature, 
moisture 'will be nbsol'1)e(1. If t110 conditions are reversed, however, 
so that the 'W!tteL' vapor.' ill the air' is less tl1a,n that of a saturated 
solution of ammonium nitrate, n, drying of the material will take 
place as a re8111t of 10SR or moistlll'E\ 10 the surrounding ttil'. 

'l'he curves in figUJ'e 'b 'further show thnt at, tempemtul'es below 
freezing, the preSSllre ot: saturated 01' partial1y saturated water vltpor 
in the ail, is very small compared with that in the air at SUmmer tem
pera:tnres. It would be expected. therefore, that ammonium l1itrate 
would exhibit little tendency to abRorb moisture from the aiT at tem~ 
peratnresbeJow freezing, even when thcl'elative humidity itppl'oaches 
100pel'cent. 

6771ril"-40-2 
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, . A,sattu'atecl solution' of ammonium nih'ute has a vapor pressnre of 
18.9 mm. of mercury at 30 0 C. (SUO F.). The aqneoi)s vapor pressure 
of the nil' Itt the same tempemture and a relative humidity, for ex •ample, of 50 percent is only 15.8 111m. Ammonium nitl'ate will there
fore not absorb nny moisture from the ail' uncleI' these conditions. If 

the tempern.tul'e were to drop to 20 0 C. (GS 0 F.) without ('hange. in 

the water vapor in the [til', the aqneous yapo), pressul'e would then 

rem,ltln the same at lii.S mm., but the relative humidity would have 

increased to DO percent. If the nmmonium nitrate wel'e not allowed 
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TEMPERATURE 

F'lOum: 4.-Ylll'inf:lons with t('11I11('I'lltlll'f' !If (1.) th(' IIfjllf'Ollil "npo" I)I'PIWIII'(' in 

nil' eOI'I'I'SrWll!lln~ to \,1I1~lolll> l'l'lall\'(' hllluiditil':;; U1Hi (2) th(> vapor 11 I'I',:;HIII'C 

(If slltl1l'lIt(~!Il1mllloniulll n!tl'ulil so\lItiOI\:;. 
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to cool dUl'iucr the same intervllL the vapor pressure of its snturilJl!cl 
solution would still remain at Hi.!) 111111. and no absorption of moisture 
would tuke pIIlCC', as the, I'elutiyc humidity of the slUTounding ail' is 
incl'(~ased to no pel'cent. If the tC'lllpel'ntlll'e of the amlllonilll1l nltmte 
is allowed to deC'l'ense with deel'l':\He in the temperature of the ail', 
11o\\"e,'el" the vapor In'esslll'e of it's s:\flll'ut('d Holutioll at the lower 
telllppmture of ~Wo C. will be onl.\" 11.7 III Ill. llH ('olllp:u'('(l with :111 

aqueous vnpOi' presSlll'e of 13.X Illln . .in fhe SllL'l'ollllding ail'. and :t 
marked n bsol'ption of moist 111'(' \I'.i 11 t hC'11 take p ];1('('. 

If Hl1ll1loniullIll i1 l'ate \1'('1'(' to he' gl'llnnlat('(1 by the l>)Jraying method 
in a Y('l'Y humitl h.,3ioll of the ('ollntl',v,it Illiiht UP (·xpected that the 
air in the spra.villg tower would IUlw' to b(' (1I'i£'d if absorption of 
11l0istlll'(' by the spl'aj"('(I matt'rial is to b(' 1>1'('\'(>111('</. That this is 
not l1(,('('SS:l1')" is ::;hO\\"ll in iiglll'c·k .\("('ol'(lil1p: to tIl(' figure tht' vapor 
presslIre or ft saturated solution of' allllllOllilllll nitl'at(' at ·I:")Q C. (113 0 

F,) is ail 111m. Thi::; i::; lligh(,t, thall that n'tH'eSl'lIted by til(> pressure 
(a~ II1nl.) of wat('l'\"llpOI' in till' nil' at :l()" C. and ar('lati\'(' humidity 
of' IOO pel·C'pnt. 11' 'follows th('I'('f'ol'l' that if' spl'nyecl alllll10nium 
nitrate i::; not' coolp(l bl'low n, tl'lllp(>I'atlll'p of .~;)O C. ill the spraying 
('O\\'t'1' it will not absol"l> llll~' moi::;tm'p at nil' (('lllpel'Htllt'(>S b(>low anD C., 
('\"PI1 nt It l'(>l:tli\"t' hllllri<lity of 100 IWI'('eIlL It should Hot be l1(,(,CS
sal',Y thel'('f(lI'e to dlT till' ail' passt'd thl'OlIgh till' tOWN' ill (h(' pl'o~ess 
of spmying Hllllllonilllll Ilitrat(', pl'O\'i(lpd tilt' l1itrat(' is ('olleetecl nt lL 

t('I11P(,I':l.I:III'(' lllo to lijO C. aboyp that of til(' l'lllI'l'olllHling ail'. 
Thefj(> ohs('l'\"ations l'lhl)\\" that anllllOnilllll nitl'att' ('llll h(> Hlm'Nl with

out dangPL' of 1ll0iHtlll'(' nhsOl"ptioll (1) hy .Il1aiHtainiJlg th(' l'phttlve 
hlllniditv of till' ail' t)('low that nt \\"hHI ammOlllll1ll 11i(l'([tp abl:>01'bs 
1ll0il'lhll'c;, 01' (~) hy 1I11lintaining tIll' nnllllollilllll lli~l'att' a! n. tempcl'
:tfllt'(' :thout 100 C. abo\"(' that of the HlllTolllltiing all'. 

TIl(\ J'pla!in' lllllliidity of tlit' nil' Iwlo\\" whi{"h tllllllloninm nitrnte 
(lop:; not absoJ'lJ IlHiistui'(' ,':u'ip:-; TJ'OIlI 7:i PI'I'('Pl1t nflO° ('. (:")0° F.) 
(0 5~ PPI'('PIl( at ·I·()O c. (l(J,[" F.). TIll' PI'PSS11I'P of wntpl' "nporin 
Ihe ail' nt 10" ('. nlHl H. l'(·lati\·p humidity ofT;") P(>I'('Pl1t HIl10llnts to 
nholl! 7111111 ••\l.IO° ('" and thl' sa II l(' 1'('lati\"(' huuri(li!y til(> (lI'('SSlIl'C 
oJ wat('I' Yapol' in til(' ail' is ahout .~l.:i 111111 .. 01' IlPlu'l.v six tinl(>s ilS 

gn'f1 t. Tlds (·xphli 11::; why a 1lll1lOIli 11111 II i t I'llt (' a bso!'hs moist 1I1'P 1lI0l'e 
I'llpidly <lm'illg hol w('ntlw!' thnJl ill willt('I' nnd why fill' J"('lat'iyc 
hUllli(lilY alollt' ui\'('s little' 01' no indi('atioll of til(' bellll\'iol' of amlllO

Ilinln Ilii I'nh' wit It l"l's]lP('/ to ll1oisilll'(' absOI.'ptiOIl. fro kllow this the 
t'l'l1ll)(l!'n.t 111'(' also 111 Ill'll l)(' sppt'i{jp(1. In:1sl111wll a::; tir(' tl'lllfH'l'ahll'C 
V;/,I'i{,8 gn'atly ill ciill'!'I'Pllt H('('/iol1s of tllP ('Olllltl',\' and in till' sanl(' 
s('rtioll at diJl\'I'l'nl l'lPaHOIlS. til(' b('II:\\'iOl' of HlllllHlIli\l1ll nitratt' in 
r1iU'pl'('llt IO(':liilips Hnd nl ditl'PI'('llt S(,HHOI1S llIay "HI',\" gl'(·ntly. (,\'PI1 if 
the r('lnli\'p hUlllidity \1'('1'(' to 1'('lllllill IIIH'hun,!!p(/. 

LOGA'I'IOX '\:\'11 H n1lfJl'l'\- HEI,ATIO:\S 

Dnfn. Oil til(> 1l1111i1ll'1' ill whi"ll Hll1l1lOlriul11 nill'nfp j~ lilwlr 10 \whnye 
1111([(11' nOl'lllal ("oJl<iitioIlH ill dill'pl't'llt pal'l:; of [/1(' (,OUlltl')' tll'(' giypn 
in tnhle· 10. This IIIIJI(" shows for (,Heh llIont" (1) til(' ItI'PI':\U(> lIl()Jlthly 
tel11ppl'atlll'(' on'l' It /l(,l'iod ()f!~{) ),(,lIl'S 1'01' nil' pi:U'(,H lisfl,d (/.I); (~) 
(ht'U"(,I'HgP 111 on 1 h 1,\" aql1('olls Y:I pOI' Pf'(,HSlII'P 0"('1" t11(' sa 111(' period i 
and (:n t h(> diJl'(>l'(>IH'P/J(>f W(>('11 til(' II \'Pl"llgP 11<111(>011:; '\'n POI' prt's!mre 
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TAnr.E lQ.-At'CI'a{lO :'1l0Ilt1ll.y tCIIIIlerat11re for 20 years, a1lera-go aqueous 1JapOI' prCSSIII'C (l'. P.) ill the ail', vapor lwCsSttre of saturated 
solution of IllllmOlliuln 110mte, and the dii1(!l"cllce between the latter two at tlIe average 1II01ltl!ly temperatllre, for different places i1~ -t·t 
the Vnited States . 

-=1--'- -
" 

'r 
Januarl' February March !,3 >.~ 

; 

t:.l ;.-;---I-~----;:;- n 
Ir Vapor I Vapor tl:l 

Awrage Yapor press Irc AY~ra~e Vapor pressure I A\'cragc Vapor pressuro Z '.1 
Place Awra~e nqucous pressure of /I r .A \'Crago llQueOIlS pressure ornir Anrage nqueolls pressure ornir ... ''; 

'~1lemper· I YlIpOr of slIturntcd -ya1 or t~IJIJlt'l"- \'apor or saturated -vupor lemper· \'/lpor of saturated -yupor &:ulmc pr~ss'lrc sOlution or press Iro 81111'0 JlreS511r~ solution or pressnre IIlure prcssuro solution a! pressuro t'
oL air XH.XQ, lof salll ~tNI oLail' :\Jl."o. or satllrnted of nir :\U.XO, or saturated 

~NIT." Oa xn.xo. Nil.NO. 
sohlt lilt solution' solution I t' 

~~~ ... -~ "----- -- ---- ----~" t' " '"" 
t:.l

)[m. Dr .\lm. of .'[m of )[m. of .\[m. of )[111. or ;\frn. of .'fTlI. of Mm.o! 1-3...."--r"'-' 
Cj " 

·C. 1/1Cfcur"v lIIertur"v IIltre TY ·C. mCTcurv mercury 7IICrrltTV DC. 1UerCu.rll 11lercurv 11Jtrcurll 
Allantli. On••••___••••• __ •• 41.S 5.4J n.25 !.1\1 ·lI.2 ·\.\10 5.15 -0.25 5~~ 1 7.29 i.3S -0.06 Z 
llaltituorc, )[d.__._...._••• 33.1 a.liG 4.03 .37 . 31.3 3.25 3.1;\ -.56 4~2 4. !/5 5.40 -.45 t:l 
Jllsmnrck. N. Dnk••••••____ 7.S 1.30 ..-... -_ .. ,. .. - ... -" \l 1 )\,4 1.42 ......-..-.. t') 22.8 2.4.·1 ----.--.....--... ~ t') .... 

-.--~ 1'"Jloston, Mass.__.........__• 21;.1 3.12 3.45 .33 ~6.·1 2.60 ,. ........... ..... -.... t') 36.3 4.06 4.46 -.40
~JlutTnlo, N. :C...____••••_. 25.4 3.00 .. - ....... _- ...... .. (! 21.0 2~6.t. .. ....--- ... -"'-~- t') 31.6 3, :a a.51 -,13 !::l
Cincinnati, Ohlo ...________ 32.-1 3.91 3.93 
~ 

.02 30.1 :UO 3.68 -.28 43.0 5..23 5.5-1 -.31Columbia. S. C'_____••_.__• H,3 5. Uti \1. iO .1;l 43.11 .5.~l 5. iO -.37 M.S 7.02 7.9S -.36 ~ DenI·er. Colo ____________._ 31" 1 2. !!9 3.il) .40 2!1. i 2.24 3.60 -1.36 3i.6 2.82 4. GS -1.83 Ij])eslMoln~s. 10wa_________ :21.4 2.57 ,. ....----_.......... (' 21. 6 2.51 . .. ----"'--_.... (') 35.5 3.01 4.3S -Ai
DetroIt, Mlell _____ • ___.... t:.l
!l·L5 3.00 ..........---.,~~ .. \' 21.4 2.5U ..------~ .. -- .. t'l 32,6 3.84 3.96 -.12 "j
}'ort Worth. T~JC___________ 4.6,5 5.59 n.20 .61 -15.0 5.31 5.90 -.50 55.4 G.91 S.H -1.23Indlalllll101!s, In(1. _____•___ ,or t'3!!S.5 3.51 3.50 zo.5 3.15 ._---- .... --- .. l') 39.7 4.S5 4.1l7 -.J2Little HQck. Ark_______• __• 0'11.8 5.31 5. 3ft .05 41.1 4. ~o 5.22 -.42 53.0 i~ ~o 7.55 -.2111-fadison. 'yis_____•_____... "Jli.3 2,29 ..........--~--..-- t' 16.9 1. IS ----- .......... _.... (l) 30.n 3.53 3.73 -.~
1Iferidian, 1IfL<S____________ 
~6. 2 IUD 0.15 " 71 ·15.4 6.20 5.98 .22 50.1 8.60 8.30 .39 :.1-toutgOluery, Ala __________ 46.9 6. i1 0.27 .44 47.1 6.45 0.31 .14 57.6 9.0!l S.GS .41 gNasln-ille, Tenn.___________ 3S.7 4.88 4.82 .0.1' 37.3 4..ti 4. CoO -.13 40.5 6.00 6. is -.18NQII" Orleans, j,a________... ....
52.S 8.69 7.,,0 .10 52.9 K41 7.M .S7 !l2.0 1l.4G 9.88 1.58 nNorfolk. Vn....________•___ ~O. 0 [.13 5.02 .11 31'1.0 4.67 4.70 -.03 47.7 0.71 6.43 .28Northtle:d, Vt_____••__._. 14.4. 2, on ..-...... ""~............. l' 13,·1 1.83 -----...... "' .. -~ t'} 25.9 3.00 --.., .. _-----..- (') §


Parkersburg, W. Vu __•_____ 1-3 " 31.1 -L05 3. \10 .10 29.7 3.61 3.00 .01 4!!.3 5.33 5.43 -.10 
JlalcI~h, "X. C _____ • _______ Cj39.S 4.b3 4.9S ~ 15 311.0 4.42 4.S6 -.44 49,9 0.60 0.S7 -.27
Sun Fraucisco, CaliL._____ 49.S 7.32 (t~5 .47 51.0 7.62 ;",53 .29 5~.G 7.M 7.45 .09 ::;
So\·annali. Oa________•_____ t:.l48. i i.ll 6~O2 .4U -Is. G I\. 93 G.CoO .33 57.3 9.58 8.5U •.9'J 

3S.6 .s.iH 4.l:iO .74 42.3 5.59 5.42 .li 44.7 5.66 5.&1 -.18Seattle, W"ash_____________ 
Shrc\'cport. LR___~____•____ 47.2 6.45 6.33 .12 47.0 6.15 G.28 -.13 51.S S,74 S. i3 .01st. Paul, ~[jnn____________ 
Tampa, Fla._____•_________ 13.4. 1.85 ..- .. ----_ ........ (: 14.0 1.91 ..----- ....--- .. t'l ~'iJ.O 3.10 3.50 -.40 


S7.S 10.29 8.73 • fiO 58. 2 10.29 8.S2 U7 64.S 12.60 10.72 1.88WichIta, Xans._______•_____ 31.1 3.35 3. i5 .43 35.S 3.30 4.38 -1.08 43.7 4.83 1),(,'> -.85 

-!.r"' 
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TMlfJ': lO,-.:h:cl'agc 111011111111 /ClJllICl'atUI'G /01' 20 11C/H'S, !Il'CI'(I[lll UI}I/I'OIlS t'fI/IOl' /J/'l'S,~lIre 0", 1'.) in Ow (lir, ,/'U])OI' lW(,S811I'C 0/ saturated
801/l/ioll o[ (lI//lI/ollillm nUn/il', //m/ tlte d.lffl'rc:tl'c /Jeilre('//,llIe lalier Ilro at fT/l' (ll'el'ayc ·,,/(ullllly ICI1111l!ratlll'l'./or diffc/"clli. ])ltlCC8!1I 
lite Vllitcll S{al!'s-Continuec1 

-'--'---'.,,,,~--",--. ~--""""- - .... '"""-"'--,--,,~~~.-,.~-,-'="'"---"' ,."~.---,,~,~~---,, . 
,\prl! May 	 lullo-...~,-----.-.,.,.,-

"lIpor 	 "opor "tI[Jor
A\'~rnge Ynpor j)r~ssurl) ,k,·cr1\gC Yanor prcs,sure '\Yemgc Yapor pressuro

I'loro A,,~ragc UqUl'l)US pressure ornir Avcmge al/ueous pressure of II if' "\'"crago llQUl'QllS pressure oCnfr 'J-,Icmll(·r· vapor ofsllturtll('d -vapor wlIIpcr- \1npOr of sntumlci! -v"por U~IJIJler' \'RJ\or of satumrcil -\'upor 
nttlr~ prl's,surc- solution of Ilrcs.~uro nturc pressUre $oll1tIOl\ of prcs,sure ntu(1) IlrcSsufl) solution of pressure r: 

01 nir NlT.:-iO. of saturater1 ofnlr XlI,NO. of sulurntctl ornit NJI,NO. or sntumtcd-_ a::: 
XU.:-i(h Nil ,:0;0. NIl IN0, a::: 
SOIUtioll' solutlou1 wludon' 

-----.-____..___w 	 ~ ......._-- ----- ----	 .,---,---- .----. ....
~~.".....,,...,,.,,.~" ~ --....,--.~,~.--""",~---' 
d 

;1[111. of ,VIII. of Mm.o! :Ifill. of ;I[IIl. or .'Im. of ;11111. 11.( .MIII.o! :MIlI.o! a:::.'C. 1Ilere/lTV lIurcllrfl "\tfCllrU 'Oc-. 111UtUrp mErcury 111f:1¢lITV QC\ mcreuru mercurv 111"Cllr1l.Atlnntn.On••••_......_. __• 58.S S. 5.1 S. OS -0.45 6S.S 11. Chi , J2.01 -0.38 74.9 H,99 H.2l 0.76 !7. 
Dnltllll(lro, Md...__......_. 52.0 n.5O 7.45 - .• 05 64.0 10.01 I 10.i5 -.4-1 71. i 13.54 1:1.03 .61 B' ~~DiSmnrck, N. Dllk••••__••• 42. i 4.39 5.4S -1. Oil M.O 6.71 7.70 -1. OS Chi. 7 lo,lG 10.37 -.:n
Bostou, lI[ass._............ 45.9 5.51 O.OS -.57 56.0 6.96 S.W -I.M 65.6 11.23 ]0.96 .21
llujInlo. :1\. Y._............ 42.5 5.,.21 5.45 -.21 51.6 IUS 7.9:! - .. 25 GI.n l1.38 10.65 .13
CinCinnati, Ohlo ••••••_.... 53.0 6.00 7.55 -.95 tH.6 0.96 10.65 -.09 72. G ]3.13 13.30 -.23 ~. 
Coll1Jllbln. S. C.__........ m.o S.SU 0.58 -.(\\) 70~ 2 12. ()\) 12.115 -.·11 75.5 J5.85 lU5 1 . .w I>Dem'cr, Colo....._••••_.... 40. j' 3.f>S fl.2S -2~!l5 55.1 5.33 8.07 -2. 701 tl4.4 7. 0Ii 10.Si -3.51 m 
Des .:\[lIiucs, lawn.......... 40.5 5,W 6.7S -.70 01.1 9.30 0.61 -.31 'i0. ] 12..75 12.40 .29
Detroit. Mich__._._••_.... 	 l>·15.1 5.54 5. U2 -.3S [,7. i ~i.~9 8.70 -.11 6G.S ll. ill H.7\) .H.fort Worth, 1'1';(••_____••• 62. S Il. !!2 10.10 	 i:j-.SS 69.7 12. 55 ]2.3:1 • z.! 71t ;- 14.78 16.16 -1.38
lndianapolls, Ind........... W.S n. il 7.M -.35 f,2.$ 9. SO 10.10 -.30 71.2 12.S:1 12.$5 -.02 t;J

Little Hock, .~rk__..__...... 	 ::::60.. Q.!J<J 9.50 -.~I 69.3 12. 90 12.]9 .il 70.6 15.90 H.OO 1.00:Mndison, WI5. ___........ 
 'H.2 SolS 5.•ti -.58 sn.6 8.13 5.42 -.2'J 66.G 11.S11 11.27 .02 ~ Meridian. Miss....___...... 62.2 10.31 9.93 .as 70.1 1:1.18 12.48 .70 76*·3 W.N H.r5 I.W 
:Mollt~onwry, '\)n••••--...,. 63.2 10.16 10.23 -.07 7:t J 13.31 ]3.17 .14 7S.0 10. i1 15.4·) 1.27 t: 
Nnslll'llle, 'l'enn ......____•• 67.4 7.9S S.. li2 -.M 6•.7 11.~O 11.63 -.!!il 75.3 .1·t.llfi H.3i 

ts.So t;JNew Orleans.. lo1n ___"' ............... '" 60.S 12. SO 1l.35 )..IS 73.9 IS.9S 13.85 2.13 7Y.3 ]8.97 IS.IlS 2.W ::::
:l\orloll<, \'8.._ ......._••• 55.3 8.31 S.lI •.~>() 
 65.2 II. 09 10.81 1.15 72.5 15. SO 13.33 2.·17 ():l\orthllcld. \'1,••• _........... :19.5 4.07 
 4.01 - .. 27 63.4 1.m; 7. C>5 61.6 10.411 0.75 .H..-..... ~ii9.l·nrk~rsburg, W. Yo.._•••_•• (\.8G51.7 7.26 -.,10 6:1.3 10.34 10.25 70.4 13.92 12.57 1.35
llulel~lJ, N. C_........_____ 
 67.4 7.S5 8.fi2 -~ ;7 07.0 I1.fi3 11.60 ,03 74.0 ]i;.31 13.$); 1.46
Snn jo'runc1scQ, Cnlil........ 5U i .. 'i7 7.77 54.0 S.33 7.93 • ·10 1\6.0 S.U!! s.2S .a!
.. • .. ·-·:87'Sav6nnnh,Ou_............ 62.8 1.0.97 10.10 i1.4 H.llfi 12. U2 2.01 76.9 18.44 lit 00 3.44
Senttlc, Wash.__........_••• ·19.2 o 

.. 
t", ..

I 6.73 
 -.46 54.4 7.47 7.00 ~.43 bS.S 8.59 8.08 -.39
SlJrc\'cport. Ln.............. f.:J.S 10.51 10.40 .14 71.7 14.22 13.02 1.20 78.4 1i.37 15.60 1.17St. Paul. 1\lInll__•___• __• __• 45.-1 4.03 5.9S -I.o.i 57.3 7~ 62 8.60 -.9S 00.7 11.0;; 11.31 -.2tl'l'nmIIJl. Fln_.....__---____ fJll.O 13.31 11.95 1,39 75.0 10.30 14.25 2.11 78.3 ]9.25 15.57 3.71Wichilll. Knn$ ______..... 5.U 	 6.91 -8. 0Ii -1.15 64. U 10.52 10.tH -.12 iJ.8 13.li2 13.82 .._- ..........._-

,. t.:l,... 

,.,,:~ ~: ; .. ,,<,')!Ch" 	 "':.' ...:,. ,!. ,:~.:",:;:,,,,,q< ...~,•.• ;:,:~;J. : ~;';J:'~~ ~"L";'" 
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T.\nr,t; lO.-:lw·l'Ilge mOllt1l111 tl'lII/lI'I'{ltllfl! 101' 20 !l1'(/rs, (/1'I'I'(I!7(' clllll('O/IS Tn/lOr pr('ssur(' (1'. 1'.);11 till' ail', 'l'II/IOI' lIl'I'SSII/'1' of Mtlll'lIt('(1 ~ 
. SOIl/tioll of (/lIllll(JIlil/llll1ifl'u((', (/1I(i 11((' clif/l'rC'IIl'C' Q/'IIl'C/'n 111(' [att('/' tll"O III lite IIl'rl'(lgr 1I/01IIM)/ /r'lI/pl'rIL/url', Jo/' cUf/el'('llt ]l/(I('('s in 

flu: l:lIitccl States-C'ol1tinue(l 
~-----.--,.. ---.----~..-. --.-._._-,-_.."'_.._~.-, 

July August St'pt~lIlbl'r .., 
t'1 
Q

Yupor "l1por I VOllor t:1
An'nwe Ynl)Qr r pn's..,,;un' ,A,-C'rnra" Vnpnr prt.'s.....url' A\'t'rn~t' Yl1(lor i pn,o;stlf() z

Flare An1rn.l!f' fiqU('t)US J'rt.ts..~lInlo or nit AWrl\~~ ttqUNHl$ 1 pn's~ur(\' of nir A"~ra~~ nqu~otls Im'''''1m~ j of nlr nt~lIIp~r' vupur of ;;nlun\l(',i -,'npor Irllllll'r· \111'01' uf ~!I!nrn!NI -YIII'0r hI Ul(1('(  "tlllOr or sntflmt,·«· -vupor ;;.
lltllr~ Jirt,.'s:o:nr(l. solution of, l'n'$SufI' !Illlr~ prrssurr ""lulion of Im'S;UH' nturc prl'ssurl.' solution or l pr~S5t1r!) t'

ufair XIJ,XOs 'of Sntunltt'il vfllfr NU.X\!, 'of slIturnh'd of!lir !:ll.XQ, yf sflturnte<l ~ 'r!! XlI.__ O. tdNII,:\(h : Nfl.NO. 
. solution' solution l !sohltion 1 B

t".1----- t'1
J/III.n! .\lm, of .\lm. of ~II/I. of .\/111. of i .\IIII. of Jlm.o, )/111. of ! .'Im. of ~·C. 111CTCIITJI '1Ilcrturg mcrrutv 0('. mrrrur ll IIItTwrv mcrruru 0<,. m(TC'IlTY 1IItrcurv i 1utrcttrv

Atlanta, On"......... ,,, .. .. ;:n,o )7. Ii 1·1.11:\ 2.:H 7n.5 1';.2'2 1·1.-11\ 2. ,t1 71.3 H,22 12.1'>81 1.3! Z 

Hahllllorr, lIlI!.. •. _.•• ,. 7fi.4 15.:S2 H.M I.O:? 7-L :1 l;l.li~ 13. H!J .. 1. r,{i mu 13,10 11, is l,3S ,....
DislIlarck. -X. lluk.... .." IiU.1l 11.3:! 12.lh -~;5 m.l lO.rt~ 11. la . -.111 f~.fi 7.-111 K15 -.{~I '" 
DostOll, 1I[/lSS............ . j-t;, J3.02 12, ~n I,m liS.X ' 1:\ a!l 12. 01 1.:1, 1l2..!) IUO. 10.00 1.20 J" 

1lulTalo. N. Y ........ .. 70.3 1,1.82 12.['.' 1,2\1 nh.:i 1:1. 011 ti2. 6 10. l/; ; lO.nl ,1/3- fj

Cincinnati, Ohio.•. _.. 1-l VI .1-1 lUiS U:i~ ; l:~l: I (is. 2 ,1(1~~• .j. } I~.~~ \ it'" IUIll 1I.~
Columhia. 1':. e." .. ,r. S ' 17.1',~ 1",.'1,- , 2.:'1 7It.,2 IS, Iii H7:1 72.. 0 1;'.31 13.11 2.20 £11:H.fiDennr, Colo... , """ r.s.S ~tifi 1202 -3.,111 ()~, ,. s.:l:l II. U~ -3.ft!'l fln.a n.IO U,·H -3. ill ..... 
Dt's lIloinrs. Jown .... _.... 74.11 I.\,:ls ~ 27 ., '-'H.ll 72,{\ I·L20, 1:\.:1; .:<:1 635 1l.2O 10.30 ! 1.00 t;:j1)rtn)it, lIlieh....... .. 71.0 i J:UIl 1300 1;9..!! 13.11 ' 12. If! 1 (ft. Ii 10.j)2 10.02 ,lJIl >::

Fort WOrth, ·l'(·x." ..... ~2. H It.. n, ">I~ 1;1. tI Iii. 2'1 1'.111 -:~i: ! 75. ; 1-1.12 14. r>3 -.41 t-:3Tndlannpoli;, Ind••.. '.'i.n 14,:;5 H2f> .!!!l 7:U H,]2 13. :1:; .;.; fJl.O lUiS 11. O~ . .49-d~1 
Ultlc Iturk. Ark ...... .. 7!l.~l IS. 2H t;;.!Ji 2. !12 is,:; Is. II 1;;, ti;i 2.,tU 72.S It., O~ l\t·m: I,fit 0I 

lIradlsan. Wi; ..... " 71.1 J:I:II : 12"~2 I".r. 1:1. 11 11.11\ I. Ii 60.S 10. Ii u. rl!1 t 1,21 '>j 

lI[cridinn, ~lis.~ ...... . 'i.S. 15.:l~ I a."Wl2Z~ 1..3 IS. iii l~. !l! ~l ~iU- i2.S 1Il.21i I J;I.·15 ' 2.Sl ::
M(lIlt~otUrry, Ala•• is.\) ~~~~ i Hi Sl 2.~1 I ~.~ Hl.1l' }.l,.I.' I 3.tJl 7·1.6 \fl,0' H.lI ' 1,9ti ~ 

Nash,·lIIl'. 'l'~nrL ... .7..'1\ i Jr,li; , 1:1. ~~I} J.m Jf•• J lft~7 ~ tI.na· 1. III j ,o.n 13 -,> 12. ;,., .US ::
l'"ow Orl~nns, tn•.• ~(!.:l , 20.3. tn.a3 ·1.01 M.l !..Jtt ,;1 : In.'!!,\ 4,,\;' ! 18:1'0 . 1[),20 ; 3.'(}
-, - 77~" c
NOrfolk, '·a.. "... . Ih.,s . 1>;'·11 I 1.0; :1..1'; IS.al H.i.:! i a.SI 70. -; 1r..31 12.6S 2. (ttl c"'.1Northfield. Vi , .. . (;6,1 , 12.~1 11.1:\ 1..0 m .• JI. 71 V.78 l.V;I! ~1.3 9••10 7.. SIi t I.lil .,t" 
l'nrkcrsburg, W, \'0 !"t. I ' 15..";, 1'1 41') I.S:' j2. a \l'i.(lI t:t!!7 1.7. (m.n 12..1:; 1O!J5 1.{,o

llalcfl!h, X. ('.... . •.• rl,,}; J7 • .[J..1 'r J:j:~7 2.';lfi 75.2 17.42 \.1. a;. 3.0; 70.0 14,45 12.4:1 2.02 g
SIII1 Fratlcisco, Cnlif l'lii.2 9.55 S.3:\ 1 <Q.') (.It H U.UI i ~,-\" lA:l ilH.l !1.~O H.,O' , .711

So\'onnah, Go .. .. 7~, 'j ! :'>(101 15,7:1 4:31 is. 1 20.2'J I!U~ 4.~1 ;.L3 IS.2U 1·1.00 ' ~. 2'J t'1
> 

1':enttlo. \\'llSh.......... .. ftl. u U. SS H1.30 -.·12 r.tD lV.Dl lO.I' -.11 f,,"i.2 ItlU .311

Shreveport, l.n ........ ~" Ii\.S7 , 10.3:.\ 2. ;'1 IS.!~) It..:N 2.IH 7~, 9 , In. O~ I~~ : 1.82

St. Paul. lIllnn... .,. iJ~2 -...j.J 12.S;' -,III "~.,l 12. OJ 11. Sa .21 :m.tl 1I.M 11.20 .36
I fl -,. ~o ? 
Tompn, Fin .•. ,.". 7U.~' 1 20.5!! lfi.!lS -1.51 itt 2 20,»:\ \;,,115 .l.;"~ 7'.~1 10. il 1[', Ii 4.M 

Wjchi~n, ]\:nll$•••>. if.S; 15.·l-\ 15.3t' .0; 77.2 I·I.VI 15,13 -.W as. i ll.n!) 11. n~ .01 


~L_ ________________J 

::{ 
c.i 



• • ' . 
o 

~r.\lJU: 10.-.11"0'(1[11' II/Olllhl}llcIIIJlCJ'lIillJ'(' to/' EO 1f(,IlI'.~. a,.('/"(/!fC' (/1]1I1'1l1I,~ rll[lil/, JiJ'I'SSlIl'r. (J', 1'.) ill lite air, 1'ull0r 111'('s,ml'l' of sall/mlcd 
solulio/l oj (lII/IIIOllillll/ nitralc, lIull flu' liif/n'cu('e' be/It'enl lite lilt/I'I' two at IIII' tll'I'rapc il/olIllll}l II'III})('I'III/(/,(', for (lif/cl'ellt Jll(/('e,~ ill 
tll(' (""ifni NllI/r's-('ontiJlIIPtl 

O~(ohcr XOI'pmbrr DCC~'lJlbl'r 
" ,..,--,. ~- ~~- .- ,-.<- ~ 0, _.,. .._" -,., .- "~ ." ' ,~- --~, ~,,~~'-

\'allor Vupor Vupor
AI'{'nl!:t' \'11,,01' pl'cssttr~ .\ '~('rol!t..\ \'upor pressure .\\·ern~e "apor pressureIl'lnre A\·('rnf.!~ 8'1Ut'QUS prcssurt' of all' AI'crrt~c .!I'lUCOUS prcssur(' of tlir AI'crngl' tlCjUCOUS pr~ssun\ of air 

(,',

h'mlll"" \'111)/'1' of ;;'1lUrntl't1 -\,upor 11'tnJ)('t- \'upor ofslltlll'lIll'd ~1'IIJlQr t(,Ulper- \'ull°1' of snturull'u -mpor
Ulun' prcssllrp Sulmion of pn"'3surlt. utnfl' pnlssuTll sollltiou of pn'SSUfl' ntllrl' prt.lssun\ soilltjQn of prC,<5urc

ofulr xu.;o;o. or SlItIIl'lltI'd of ulr XII,XO, of sutllrnicd oroir Nll,1'W. of suturntcd r:
;0\11,:\0. XII,1'm. NII.(NO~ ::::,...
solullon' salution' solution' 

_~", ~ _c~_ 

-~''''''''''-''- ,~..",~- .... <-- ...> .••• -. •• .- ._"._.- ~. ---<-.-~-'-
-..,..-. ~ < --"-"- -.. ~ ,-..".,.-~", ....... - --~,...-.-,-- ------;>-..- 0


~~''''-~'---'''"' -.....,..~- ...... '""' --~--~--- !I! ....;I(m. of ;l/1Il. or ,\[111. ~( .\[IIl. of .1[111. of ;\fill. of .\1111. of .\flll. of ){m. of c:"'C. marl/Til mUttlTV 1Ilerr/ITV °C. mtrCUTV merclI.ry lIIerrllTV °C.. lIurclIrg merC/lTV ,"UCI/TV
Allonio. 00 .. ,. .. " ._._.. (.0.3 9.{.S 0.39 0.19 W.n O.SO 7.00 -O.H 42.1 ~.46 5.37 0.09 :::: 
IIllltlmore. ~[d .. , tPll.2 8.. 59 g, :13 .. 20 4:;.1 u.5-l ji.93 -.39 35.3 3.91 -1.3.1 -.·12 z
Bi$marck.N. D,ik:.::, 42. 2 -1.$1 5.-10 -.rl; 25. '; 2. 7·1 ('J I-I.S 1.73 _...... .,. ............... (') ....•-.•.• 5:33 1-:3Huston. )lnss. ..• .". ::. 5'2.6 ';.7i i.-Hi .32 ·U.S 5. 21 -.12 31.S 3.56 3.86 -.30 
llulfulo, X. Y .....",.,. , .• :il.. 2 7T·17 •. 13 .:11 3U.7 ,LUS 4.97 .01 2\).4 3.40 3.60 -.20 :::l::('inclnnRti, Ohio,,,,,,,., ... 5.1.4- 7.98 S.13 -.15 H.O 5.38 5.73 -.35 33.S -1.01 4.10 -.09 1-:3('oll/mblo. S. e .... ' ..... ' ro!. 1 10.21 9.02 .50 51~ 2 6.81 7.13 -.32 H.I F: 69 5.73 -.01 t=l 
DCII\,~~. eol0,~., ..... ~ .•. _. ·15.7 4. O'J O,f,3 -2.51 3S.S 2. 79 UH -2.05 2\).7 .~2~ 3.62 -1.38n"s :'Ioinrs, 10,m.• __ • ::

~__ ,.. .. _"' .. .. +R.51..\ 7.09 7. IS -.03 37.5 ·U2 4. 6.1 -.21 25.2 2.90 (I) rJ2 q- nctroit. l\Iich... ,.. ,... __ ... f,f}.5 7.34 7.00 .3~ 35.4 4.85 4.. 77 .11 _ •• f 3.35 :1.40 -.0.';- -.)
I~ ._Fort. Worth. T~X""H" .... 61.6 ]0.3t 1O.IH -.33 i>LS 7.9'J -.27 43.S 5.3~ 5.f.s -.30 ;:.. 

Indiollliflulis, ln,1. _., '" :;:1,6 7.•17 1.:;0 -.13 ·11.-1 5.05 5.25 -.20 30.4 3.m 3••0 ~.09 ":j
I.lttle !lock. Ark... ..•• . 61. 0 10.26 9.5S .e.S 51.-1 6. !l'J 7.19 -.20 ~I. 7 5.13 5.32 -.19 t:l]\1811150n. \\'Is...... ,..._.... 4S.2 6.65 6.52 .13 35.0 4.27 4.27 .00 22.6 2.. 79 ................... _..... (')
l\I~ri(\lun. MiSS '•• _....... GO. 5 10.82 9. ,\5 1.37 7.9S .81 ~5, 2 6.,';S 5. 91 .61 §
Mont!(ollll'ry. Alu ........, ... (13.6 ]0.97 10. 3.1 ~IH !>I. 0 8.00 ;~ 7S .22 46.7 6.55 6.23 .32 
!':usll\'IlI~, 1'1·1111.... "". -!lo-~.*'l S.I)!J S.W .03 -IS. 0 fi.20 GAS -.28 311.0 4.83 ~.86 -.00 s:: 
Xc\\" Orleuns, Lu........ ' (,q. ;1 ]3.7,1 11.&; 1.89 59.8 10.77 9.2.3 1.52 52.6 8.48 7.-15 1.00 ~ 

ji!.3 /* 1'; 

Norfolk', yn....... _....... '.' 60.1 10.77 \1.33 I. 4~ -19.7 7.16 6.S,1 .33 -11.4 5.36 5.25 .11 t=l 

:::lNorthfield, \'I ... ,. .. _•..• 43.1) flo Ii' 5, 6,\ .53 31.7 3.86 3.83 .00 HI. 2 2.46 -_ .. _"".... _-..... (I) 

l'nrk~rshlJrg. W. \'n",." .. " .=.2. S 5.0:1 •• 50 .[,3 3!l.7 •'>.3~ 4.0• .41 33.3 4. 11 4.05 .05 
llnlclgh, X. C..., ... " .... , liS. 7 O.foO 8. 9J • fl.) 48.5 6.3.1 6.59 -.21 40. 5 4.08 5.11 -,13 
SnnFrnllcisco, CuliC."" •. , 1;.10).7 11.25 S.95 .30 55, 1 8.3S 5.01 .32 W.4 7.16 6.98 .IS 
SIlI'lInnoh, On, ....... ' •••• OLD 12.88 10.73 2.15 55.9 0.22 8.25 .9; 40.0 7.26 6.68 .58 
Scuttle, Wush............... SolS 7.36 .82 46.0 6.81 6.09 ,. 72 42.1 5.89 5.38 .5150) .,'- Shrc'·cport. Lo..... , ........ 63•• 11.10 10.36 • i-t 55.0 9.20 .25 46.3 1115 6.16 -.01 

St. J'nul. )!llJn............ ~ 47.ti 6.10 6.40 -.30 32.0 3.61 3.SS -,.27 19.2 2.29 ........__ ..- ......... (')
8.00 I 
Talllpu, Fill................. 71.4 15.80 ]2.02 2.85 63.9 12. 45 10.43 2.00 58.0 10.54 8.i7 1.77 

Wichita, Kulis.............. 00..\ 7.87 8.36 -.49 44. 0 5.23 5.73 -.50 32. 5 3.51 3.94 - •. 43 


1 ~1l1l1l1\8[gn hldll'''I<'$< 1I1111110llhllll nitr"te will dry out untler B\'Crllge conditions i plus \'nllle thllt nlUllloniulII nitratt! wll! Ilbsorb lIIoistnrt!. ~ 

~ Averllge tClllpcrnturc below freczlng. 00 


'"..; ": ~: ~'<f:,'" . "1~~. ""~.' '., 
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and that of a saturated ammonium nitrnte solution aii the nverage 
monthly temperature, .A minus sign for this differcntinl value indi
cates that ammonium nitrate wHI dry out llnc1erthe a"ern~IHo]1(1it:ions 
prevltilillg at the pl:tee indicllted, while I\' plus ynlue jmh('ates that it • 
wjll absorb moistmc, The largeL'lh{) pIll!) value the Jastel,the m~o at 

I.' which moisture wi11 be absorbed, 
The table shows that at 8nch places as Tampa, FIn,. Ncw Ol'lenns, 

IJa.) and San Juan. p, It, ll1oil,il:ul'e will Lo Ilbsol'hed by Ill1llllonilllll 
nitrate under 1101'1lwl ('ollditions every month in the YCIU', while the 
opposit~ \~'~n ~lS~llll1~' ,l~t~ld [TUC f~l' c.v~l'y !~lOl~th as :t whol~ :~t ~~en"cr,
0010., liOlt \\011.11, lex" and" JcluLt, h,l1ls, In lIHlsL pLH:es ,UlIlllO
nlum nitrate will show :t gain in l110h;tul'e ahsOI'bNl in SUllImel', but 
not in wlntel'. 

nATE OF l\IOISTURE ABSORPTION 

A materiallJt'gillH to nbsol'b moist'lll'e f"l)1ll Ow ail' 'When the pressure 
of the watt'l.' YnlHlL' in the SIU'l'olllHling ail, eX('N'l1s that or the vapor 
pressure oj' it:,; f;atl1mtNl f;ollltiol1. 'l'hp I'ale at whi('h moist m'e is 
absorbed will Yfll'y ,dtll the differential between ill('. two YflPOl' Pl'CH
SUl'(~s and witlt f;lIt'h othe1' Ja('(ol's ns tlw f;urfnc'p n.rc:~ oj' till' Illatel'inl 
exposed to the all', tllt' Jllo,'enl('nt of {lit' ail' with respcct to thc' IIlllfe
l'in,l, and ot.hl'l' J'at'lol's, Jf JIIay thus hap]l(>l1 that It sample or one 
material may absOI'1> llloislul'l' at a faster I'Hlp than anothpl', C,'PI1 
thoug11 Hs llygl'os('op.il'it,r lila,\' ndll:llly 1)(,. Ipss tlla!l that of the f;c('ond 
mn.tCl'.l~tl. • \ sf ndy waS al'('ol'<iillgly lIIHh'l'l a hn of ll1ptlHHls fot' rpc1l1e~ • 
ing the ratl' at whieh allllllnnillll.l lIitl'afp absol'lis lIloisllll'(' by ('outing 
if, with Ytl1'iolls mat('l'ials with :~ yiew to I'pcllleillg its exposl'<l surface 
area. 

~!I':'I'1I!1Il (110' ~rl·:.\~t'III·:)1 ":X'L' 

In making {lliH sludy it was illllwl'atin' thaf. nlll'ompal'ilth'('. m('as~ 
lIl'cmcnts of l'ltles ol! lllois{l\l'(' absorption bl' m:ll1c, 1111l]('1' stich concli· 
Hons that all ftll'lOJ'S a.n·p('tin~ l'ule!> or lllois{tlI'l' absorption be kepI:. 
COl1st:Ull:. ex(,pptillg tlw Olll' 1I11(1l' I' (('st. J[ was fplt that HIP nwthod 
amI n:PP:tl'IlIllH. dcc '\10p('<1 by Yel' (1m1 I)avis U()) ('om plied 'With these 
requiremcnls in tllt' Illosf s:l1 is I'n('i 01.'." wny, .I t was at'(,ol'<1in~]y u!>ed 
in all SubRN.\uent I('s(s on til(' "111m' of \'lll'iollS coating ngPlits fC)l' 1'('

ducin~ lhl' mil' af: whip'll :ulIlllOnill11l11if l'I\Ip nbsol'lls llloiRl!}l'e froll\ the 
air. The nppal'at 1(S IIst'd ill {II is llll'( h()(l ('onsis!s of :L metal 11 mil idity 
(lhamhel' pl'oyitlpd with all nluJnillllm fop lul\'il1~ six l'qll:tll.v sp!\('('(l 
holes throllJ . .dl whil'h !lIP s:1l1lples :lI'P ill{I'o(lu('('d illio till' ('lwllll)PI', 
The. sampl('s 1\1'(' pl[l('l'(] in ;2-1n('h ~1l1l11()w diHIl<'s with f1af )WitOIllR 1111(1 
vertical ~i<1l'l:;. 'fhe cliRjws 111'(' slippol'tl'd hy baskt't!i SlIs)(,II(kd within 
(he chamhl'l', ,:\ sH{ul'n{Nll:inll solnliou with nn l'Xl'('SS of 111<' !>olia 
snll:.is ('ontailll'c1 in a. slll11Iow glnsR W'HSl') in (lH' ))()(fom of t1H~ ('lUIIlIhl'I', 
Continllous eil'C'Illnli(l1l of 11)(' n.h' within f1H' ('l1amlH'I' h.;mainfnilll'd 
by means of [I, :fnll opl'I'nrillg' HI II 1'pel'tl of arm I', p, m, 'rile l'ntil'C 
a.pp:n'almds pltH'P{} in ft l'oJlstanf-\('lllpl'l'nllll'l' rOOIU at :l00 C. 

In mil khw lL <1 l't ('1'111 innl iOIl. 4.~I'I\111 HIHnpll'.H oj' nil' mn {(·!'ittl 01' male
rin.ls to he [('st('(l art' wcighed into the Hnmpll' diHll(,H. Ihe HUl'f:lI'e of • 
the matcl'ial in I he (Jisll('s if< H1Udl' as sllIooth as j>osHiblp. andt he. dishes 
nre then plnced in the hUllliility e1uunbel'. At the end of any c1C!siretl 
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interval (lor 2 hours) 1 the sample dishes are taken out of the 1m
midity chamber und weighed with the covers on to determine the 
increase in weight. They are then replaced in the chambel' for another 
like interval before reweighing. The increases in weight for the 
various time intervals 1\,1'C calculated as 1l10isture-absorptlOn rates in 
percentage of the sample. A relative humidity of 72.4 percent was 
:found most cOllvenient for determining the rate of moistul'c absol'p
tion of vu.J:iously treated ammonium nitrate samples. This humidity 
was obtainec.l by use of a saturated solution of sodinm nitmte. 

l\IOISTURE·HOLDIKG CAPACITY 

Saturated solutions of an three types of ammonium llitrate
sprayed, grained, and mono('l'ystnlline-have the Hllmc yapOt' pressure 
at a ginn temperature alld all abRol'b l1loil-ltul'e at eSl-ll'lItiallv thc same 
rate when exposed muIr I' the 81t111(' conditions in a humid :dlllosphere, 
us shown in table 11. The pal'tides of gmllulfu' aml110nium nitratc, 

TAIlLg l.1.-EfJcl't 01 1'0//(llt1011(,I',5 on IIII' rate lit ll-hil'lI 1/11/.1/1 011 iUI/I, lIitrato 01 
di!f('/'cllt tYPCII absol'/JS 1II0/S/UI'(' at ;J(}O c. Illltl (L rclutll'c 1I1tJ//iclitJ/ 0/12,:) 
[If/'('('nt 

:\[oisturt' IIbSorhe(] lu
.PortJ('le'Type 01 l/Int~rjnl Sill' 

1~11\<l 
. , 2 hours I 4 hOUrs II (l hours 

<~ __ '~N._.L ___ , .• ~~__ t___------"~"'.~.....-
Mesh. PU(OII ; l'aallt j' l'ercCllt 

U :\OM••••..••••.. Il.~n i 23,118 :H.10• 
, 

.1. 0, lliclllltt·,. 12, an 23. iU ' :1l.14 
W 20 ,SpfIIH,L, ....... 	 ·I.U: J{ittHtI$.....".'" • ~. 

, 
1~,1>ft 21.:10 31.80
T 

.J, 0 ' (,(,mI'. .... •• 11. U2 Zl. ;ls 33. iO 
·1, (I , 'l'rI~nlcjlllll phosphatl' 12. 10 ZI.IiO 33. (lO
.1. 0 J{nolilJ....... 11~ "l 23. 17 :~. os 

Ornlncd............. () Som· .... .. 1r: U2 !?'.!~ is H2. SO1010 ,I. 0 . lli('nlih' I L!Jl Z!.CJ :12. 60 
Fino ~rHt!lT$........... '··10 .12. Ot. 2·1. 1)2\ 35. 27o I S"'W.... • 

·1.0. ]llcnlitc. _. ""0' ]1..:iU 2'~!H :J2..;7 
Coarse crystnls .••_.__ I() ~~I 

j 	 n t XOn(l.._...... +_~., ,,.~ 11.1(1 21. 30 ~O, 93 
·1.0 lliculitc' .. .. 11. II 20. is :10, 62 

"--~""'-

as alrC'udy cxplnillC'(/. arc ROrllCwJ\nt POl'OUR :COt' the. l'('a80n thaI: they 
are fnade up of aggl'C'gntC's of (,l',YRt:\lS. The pal'tielc:-:; of mOllocrystal
line ammoniUIll nltmtc. on the othC'I.' hand (II'C 110llpm'ous and are hl
('livable of holding nn~' nppl'N'iaulc. <lufmtity oJ ll1oi:-;tul'c. cseppt on 
thcir Slll'fll(,C. Tht'l,C' is thC'I'('/'OI'(\ :~ difl'l'l'('ll(~(' in the quantity oj' 
moi;:.;tm'c thnt tlH' gl.':1I1Ulnl' and l11ollocl'ystalline lllnt(ll'in.ls will ausorb 
bdol'e they uec()In~ dl'jpping wct. TIms til(' solntion phnsein a sample 
o,f monocl'Ystnllinc alllllHmillnl nitrate ('ontnining 1.5 l)(lI'N'llt of mois
tUre will t;'n<l to SNt h. out in the bottom or tIl(> containcr onst:Ulding. 
This quantity of l1loistul'(\ 'will not st'pal'n.te out as n Roluf.ioll phase 
from grHllular ammonium nill'at(>. J.'jgnre j show:; that the :\fG\V 
cry:;tllls ha,yebe('oJ11c join<>d tog<'tll(>l' by It grcater yoll1me, of! solution 
than the AXPL gl'annl(ls. although both typc:; of matcl'llIl were ex
posed to the sume humidity 1'01' the. samt' length of time. 

EFFEC'P OF W'ATEII REPELU;KTS 

The hygl'osc,opicity of n. dey mb:tnl'C'. (~f UmmOll111l!1 ni~rn.te with nn 
inert matel'inlls thc sanlt' wJwtlH'I' the H)lxtlll'C contams little or much 

http:ni~rn.te
http:st'pal'n.te
http:lllnt(ll'in.ls
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• 
FHil'ln::i. :-:lll'a~l·d !.!1·;lllllh'" II'll1'l'l'llt 1'1'lJ(lllf'lillll I IIJI 1·I!.!hl, 1IIIlI\lH'l'~·..;lnh (Ill 

jpfl, .\ !!I'pn 11'1' ,,"1111111' lit' sHl'fw'p SIIIIII jllil .ill III"; I hI' 1I1"II''''I·~·''t n '" 1111111 thl' 
!!1.:IlII1I ..... lIft!'I' 11Ilih IIlIYI' \"','11 (',\]",-("\ til tlH' -111111' 11\1II1idit~' I'tJt· tltP ';:lllll' 

JI'Il!!lh II!' lill"'. .' \I\. 

:UlIllllll1illlll Hilmi!'. TIll' I'a((' al \lhit'll :-tll'll n IlIixlll1'1' nh-.()J'l)~ J)loil' 
llll'!' Ht hl1lllitlilips a\)()\'l' tlll' h,\'gI'IJH'opil' poillt or HllllllOllilllll nill'l\lt' 
b not llw:-;1I1I(' 1'0]' all pt'O]lOI'liolls or tl 1l11lHlIti II III lIi!l'tltl' 1)1l! ilH'I'l'lIl'(,~ 
\yUh i1l('I'(':(s(' ill tltp ('()lllt'llt (Ii' (It(' allllllOn;llIl] lIill':ll(' 11111 jl 11)(' ,'OJ)' 

('I'ntl'ntiClII of tIll' llill'ntl' il' :-1l1lil'iPllt to 1'01'11111 "ntlll'all'd'sollitiOI1 
1;1,rI'(' {/\,PJ' tIll' l'x\lo"pd :-111'i'lI('P or I Ill' :-lIl1lpll' \\'illtill (Ill' IH'l'iod or lh!' 
tl':-!. \\'11<'11 Ild!- (H'I'III'" 1111 rll,.fllt'l' illt'l'PII:-1' ill IIJI' I'ull' or )llObtlJl'P 
nl):'()I'ptioll "it It ;1\1'1'('11;.(' ill till' ]ll'OpOl'liol1 or (lip :lllllllOIl;lllll lIill':\I(' 

\\'il!lnkp pln('\,. 
III \'il'\\" or till' fO['l'goillg, it \\ollld h(' P.''1H,(·(pd tltnt Udllli"';!lll'!' of 

1l1l1lllOllilllll llill'nll' w[[11 a ('platin'!y l'111:\1I PI'opol'tioll or tl ('OIHlilioll 
illg agl'JlI ill thl' rOl'lIl of it Ii II !'!,\' dil'idl'd. l\'all'l'·ill~()lllhll' llt:l[l'l'htl 
\\'o1lld JIH\'P littll· ('11'('('[ ill I'{'(lill'illg il~ rlltl' or IllOistul'P all~OI'I>li()ll, 
'fita ( t hh. j-.. ad 1I:t1 l\' IhI' (';1:-1' i:-- :-;ho\\ Il hI' (11(' dn I a ill I:t! Ill' 11. TIll' 
tahlt' :-;\)o\\,:' that ll'rllll'l'i:tls :'twlt as ka;Jliu. (lll' ditl'PI'('n( (YPl'~ of 
kil';'l'lgltlil', alld tri!'nkitllll plHI:,phnt{' han' lilt!(' 01' no 1':\111(, in I'\, 

dW'ill!£ tIll' I'nll' at \lbit-It :tlllllHllliullI nit I'at(' ah:,C1I'I):, IllOi:-llll'P I'l'olll • 
{It I' afl' n( a ItllllJidity nlHlI'p it" ltygI'lN·opi('poillt. .\ llllltl'I'inl ~I]('lt 
a~ pho-.phatp 1'(wl.; tltat cOlltail!~ (·:tleilllli (':!I'IJOII:t(P llJilY I'P:1('( \\'ilh 
Iltt' :lllllll0uilllll Iltt!':!I!' to illl'I'PH:'(' ratlll'I' (hall <l('{'I'('ns(' itl' I'ntp or 
moi,,! Ill'l' ah~()l'l't iOli, 
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• The opposite effect 'was found to be trne, 11.oweye1', in the case of 
such materials as petrolatum, pnmflin, and rosin, which net as water 
repellents and are capttble of forming It more 01' lcss impel'vious layer 
oyer the crystals 01' grannIes of ammonium nitratc. The y,due of these 
c~ating agents as retardants of moisture abElol'pt:ion by ammonium 
llltrnte was stlldied by Krase, Yee, and Bmluun (i2J) about. 2() yeltrS 
ago, Petrolatnm was reported in this Investiglttioll (:0 bc mOl'e e1rec
tive as it conting agent than various lnixtul'es of pnl'aflin ttnd rosin, 

In the method of coating described by Cairns (8) gl't~ined nmmo
l1illm nitrnte is trctlted with D,l to (),~ pei'cenl: of petroltitum, Jollowed 
by the additi.oll o·t slIlIicient·]'osin-pnol'nilin mixtnre hI the proportion 
of SO to 20 to make the total mixture of petrolatum and the rosi11
parnflin mixtnre equivnJent to 1 perc-ent of the produ('t. " , 

• 

The results obtail\c<l in the prl'sent ·investiglltion wit·h wuter-l'C
pcllent coating ftgrl1t!'i nrc given 111 tables l~ to 1·~, In making these 
tests thc coating material or JllLxtl1l'C Was heat<.>d to fUf'ion tlnd sprayed 
onto the ttmmonium nitl'a te wh ile it WH!'i beingl'olll'di 11 a eelJlt'nt 
mixer, During the treatment the nll111l0nilllll nitrnte WIIS lllttilli:ained 
at n tempcl'atm'e of about HO" C, IYhel1 ('(latin!-\" small bHtches, it was 
10nnd convenient to dissoh'e the coating ngellt ill carbon tetTHchl()l'i<k 
The resulting solution was then poul'ed OWl' the a11llllon.ill1l1 Jlitrntc 
at II. tempCI:nttll'c of abollt ;100 C, while it WtHi being 1'olle<1in It small 
(ll'um, The tl'mpemtnl'e of thc matel'inl was then intl'eaRed to a 
maximum of aoollt 1·.;00 C. to drive ofl' the cfll'bon t·etTtI('hlod<le and 
leavc a 1111ifOl'l1l coating oJ the 'Yater l'l'pelll'nt 011 the !'il11'face of the 
granules, The con('cntl'ation of 1:11(> earbon tet l'uehlo1'ide was slIch 
that the c1CRirec1 conting of tlle watel' I'epellent· ,,'!Hi obtained when 
sllfl1eiCl1t cn.rbon t·etmel!101'ide ,,'as ad<lt'd to w(>t t·ll(' en ti 1'(' l11HRS, The 
results obtained with the two methods of npplying the coaUng agent
ngl'ce<l Y"I'Y ('1 ose I,\', 

The rcsults given in table 12 in<1iea/(' tllat tIl(' 1l10st eOiricnt roatings 
con:-;ist of cornuinations of eqnal parts of l>tl1:nfTin with PlltrOlntUI11 or 

'rAnr.f; 1!:!.-Ro/1' Of moist/II'I' oll,~ol'/i/ir!1l 1111 ('oatl'r/' (III/! II/woo/I'rl {Imlllllflr alii. 
1II(/IIi1/.111 nitrate (}O- to '20'1//('SlIj at ;Joe e. (flirt a 1'1'/((tir(' 7/1ll/liclit/l of 72.4 
])('/"'('11/ 

-, ..>.•.. ~....,.,. .,.,. -.'--'-.~"""- >;•.-- --- .'.'--. '.--. -"1·.---..-.-.----- 
:'fo\$tllrc nbsorbNI in! All10unt ndclNI in .____,. _ .•_ ......____ 

i prrcrnt of N 11 ~NOl I I 
: 2 hour~ ·1 hours i 0 hours 

._.....1_- ' 

Nom·, ........ ' •...•.... 

PCll'Olntull1 .. 

])0•• ,... 
DI), H. , ••• 

Pllnltnn." .. , __ 
Do........ .. 

Do.......... '.... . 


ne~s\\'nx ....... ' .. . 

Pelroh'llllll + rosIn, ........ . 


no.... " ......... , ..." .. , 


• 

TJo" .•_, •• , .... , ... 


l?nrnflln + rilsln. ,.0 •••• 


lJCL..., , .......... . 

Do... . . . . 

PartlfJIn + u-plmltum.............. , ..... 

Do.................. _.. _ ...••••.... 


]'etrolillurn + rosill + pnrnflln........... . 

1)0...................... , ........ .. 

Do............... . 
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TABLE lB.-Effect of 1vater-repellfJ1bt coatings on the mte at 'Which mhmonimn 
nitmte of different types abSOl'US 1ItOist7trC at SOD O. and a 7'elative 7/7tm'idity 
of 72.4 percent 

Wuter repelJant added 1 Moisture absorbed in

T)"pe of ammonium nitrate Particle size 	 ' 

,________________:_________t__N_T_H_.N_TO_,__ t___K_i_n_d___1_2_1_10_U1'_5I4hours ohours 

Mesh Percent Percent Percent PercentNone________0 11.86 23.68 :B.16WI'_________
1.0 .21l .38 .47 

Spra~·cd--••------------------ 10-20 .5 PRI' _______ .49 .7·1 .92 _____do_______
1.0 .3·( .51 .69 

NOIJ~________0 11. 92 22. 'is 32.80Oraine<1..______________________ 	 I'RI' _______10-10 .5 .52 .75 .98 _____do_______ _77LO AO .50N OnQ _______
0 12.65 2-1. 62 35.27Fine crystals. _________________ 	 PRI'________-10 .5 .37 .58 . ;-1 _____do_______1.0 .10 .3,1 .46 

Non~ ,., ..0 11. 03 21.30 30.93Coarso crystals ________________ 	 PRPc_______10-10 I .5 .67 1. Ot 1. 33 _____do______
1.0 .23 .39 .50I 

1 

l.Compon()nts of water rC[lcllrnt a,dded In equal pro[lortion: WP:: paraffin-petrolatum i 
PRP = petl'OlatuIll·ro~in-parn1lin. 

TA'ULE 14.-Effect of '['a.rl/in[1 the l)/'O))ortions of l)ctl'olatnm, 'l'08i1l., al1(l ll(//-a[fin 
(PRP) on thc l'ate at which oranu/(t1· a.lnmoni'm1/. nitra/.e (.lO- to 20-m,csh) 
aus01'bs 1nois/w'e at SOD O. ancl a l'elative hll.midft·!J of 12.4 p61'Cent 

PRP added 	 Moisture UbSOl'bcd ill-

Percent of NII,NO, Proportion of components 2 hours -1 hours ohours 

Percent Percent Percent,0______________________________________" ____________________________ 
11. 86 23.68 34.16 

0.5_____________________________________ 1: 1 : 1 	 .·10 • (j5 .85 
.34 .51 .69 

f ~;} ; i .44 .70 .89 
1:2:1 .34 .58 .81 

.23 .45 .63
1.0____ .--------------------------------\ r n .40 .0-1 .84 

1;·1: 1 .34 .6,1 .87 
1:1 :4 .55 .90 1.21I

asphalt 01' of petrolatum and parn.fflll with rosin or asphalt. The 

coating agent most commonly used in Cn.nada for the commercial 

treatment of [nnmonium, nitraJe consists of a mixture of equal parts 

of pamffin and petrolatum. In the United States preference is given 


, to a mixture of petrolatum, rosin, and paraffin. This PRP mixture, 

as it is cOlmnonly called, is about equally effective in reducing rate of 

moisture absorption by all types of ammonium nitrate (table 13), and 

the effectiveness of. the lmxture is not changed very much by a four~ 

fold change in the proportion of anyone of its components (table 14). 


The addition of u. conditioning agent to the petrolatum-rosin
paraffin coating nl1llifjes to some extent the effect of the water repellent 
in reducing rate of moistme absOl:ption by ammonium nitrate, as 
shown in table 15. In the tests in which Dicalit.e, plaster of pluis, and 
tricalcium phosphate were directly compared, Dicalite without ex~ 
ception had nul1iBed the effect of the wafer repellent to the greatest 

.' 

• 


• 

e~ent and tricalcium phosphate to the least extent. The extent to 
which -a conditioning agent nullifies the effect of a water-repellent 



------
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" 

• 


• 
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TABLE 15.-Elfject ot a double coatinu of a water 1'epellent and a conditioninu 
auent on the rate at Which g1'a1ml(Lr ammoni1un nitrate (10- to 20-mesh) 
absorb,s moisture at 80· O. and a 1'elative humidity ot 72.1, percent 

Water repellcnt(PRP).added Conditioning agent added :Moisture absorbed in-

Percentage of Proportion of i:-,TJI,NO, Kind 2 hours ·1 bours 6 boursNH,NO, components 

0_____________ Pereen/ Percent Percent Percent 
0 NOlle..__________________..____ -------------- _____do_______________________ 11.86 23.68 34.16 
0 .40 .65 .85Cecil soil colloid _____________0.5____________ 3.0 4.26 7.54 9.8T1 :1: 1 Volclny______________________3.0 KnolitL______________________ 6.82 11.73 16.08
3.0 3. i6 n.76 8.70
3. a 'l'ricnlcium pbosphate _______ 2.02 3.98 4.62N onc__....____________________a .34 .51 .69Dicallto_____________________1.0____________ ·1.01:1:1 2.86 4.82 0.61l'lustor of paris______________.J. 0 1.85 2.29 0.17
4.0 'I'riculciuIll phosphate _______ .46 .81Dicnfitc_____________________ 1.15 

1.0____________ 4.0 2.20 4.15 5.99
1: 1: 2 4.0 Plnster of paris______________ 1. 87 2.34 2.69

4.0 'I'riealcium phosphate _______ .39 .74 1. 08Dicallte_____________________1.0____________ 4.0 2.50 4. 39 6.29Pinstel' of paris______________1:1 :·1 ! 4.0 2.19 2.80 3.48
·1.0 'J'riculciutn phosphate _______ .il 1. 32 1.88

I 

coating varies not only with the conditioning agent used but also 
with the cOll1position of the coating agent. 

The rate at which all1111oniull1nitrate absorbs moisture ,,,hen coated 
with PRP (1: 1: 1) decreases slightly with time of storage, but the 
revel'se is true when the PRP coating is followed by a second coating 
of a conditioning agent, Different conditioning agents differ in the 
rate at which they tend to nullify the effect of the coating agents. 
Tricalcium phosphate not only luts 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 caking of fertilizer materials 
are: (1) Moisture content, (2) p,Lrticle size, (3) storage pressu:re, 
(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 stomge and 
applied pressure have little effect on.the caking of well-cured super
phosphate and mOlloammoniulU phosp]late (3), but both factors have 
a marked eiIect on the caking of sodium nitrate, ammonium nitrate, 
and other materials of relatively low fusibility. The effect of the 
different factors mentioned on the caking of ammonium nitrate was 
determined by the method of Adams and Ross (3), which consists in 
subjecting a sample of the material to a pressure of 12 pounds pel' 
square inch for 7 days at .30 0 O. in. a cylindrical bomb of special 
design. The bomb is Q inches in internal diameter and has a total 
weight of 2%, pounds . 

MOISTURE 

Slight changes in moisture content, as previously stated, have a 
~eater effect on the caking of ammonium nitrate than a cOl'respond
mgly small change in allY 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 nit1'(1.te and the variation of its solubility with 
temperature exceeds that of any other fertHizel' material. A decrease 
in moisture content. 01' a lowering of the temperatlV.'e. will, thel'efore~ 
result in a greater deposition of crystals than wlit biLke place' for a 
like chanl!e in any other fertilizer material. The knitting together of 
the crystals that accompanies their deposition is a characteristic of 
the mflterial undergoing re.crystalHzation. but: it usun lly canses the 

. material to cake into n. solid mass, A I!radual increase in moisture 
content on the other hnnd without an accompanying drop in tempem
ture has the oppositl' efl'ect-the crystals that werl' deposited lU'e re
dissolved and the hardness of the Ol'iginal cake is c1ecrl'llsed. 

,Vhile the presence of moistme may reduce caking uuder certain 
conditions~ it greatly intel.'fel'es at all times with th(\ drillabi1ity of the 
material. It is also tl'l1l' that a giYen ch'op in temper'ature 01' humidity 
will cause a greater deposition of crystals in moist than in dry ammo
nium nitrate and ,yill correspondingly incl'ensc the dl'I!l'l'e of caking 
of the moist matel'inJ, Owing to the eifect of tllesl' climatic 'factOl'S on 
the caking of nmmollilllll nitrate, it was expectecl and tl'sts showed 
that its tendency to cake yaries grently in difl'erent 10calities,V 

The effect of t1 decrease in moisture content on the caking 01' ammo
]limn nitrate is shown by the duta in table Hi. In making the tests 

T.\IIL~; lG,-Effect of ('//(lllfl(' ill, /lte 1II0is/ul'(, content on /lle' rakill[1 of (lll/lIlOlliilln 
niil'a/c/l'7ll'lI /lle /rlll!w/'(/IW'(' (dO" (,,), till/(' oj 8/01'flfW (1 clalls) , (/1/(/. the 
(lpplied f1I'C,~,~/I/'e (12 l/1s, per sqlwre illC'lt) l'e/1laillrli. cOlls/al/t ' 

?lloistllrl' cOnll,1ll I 
Pllrticl~ .- ~~, --- ~-~,- ~~~.---- -" i ' 

sil(' • i ' ('rushmu Str~JJgthTyp~ Qf IIUllllonlum llitrnll' 
• 'fnllinl I Finnl ,Dpcrcnsc dur-. of IJriqll('\S 

1 "; 1Il~ ~t(}rn~(· f 
-.---,.-.---...---"~-~~-'-. -.,..,.....,....--- - I --- ~-'~ -~---~ -...........-1---- ...........-~-....- 

.\lrah Parmi: Pt'rUII/ i puce.lit l' POlllld$llCT sqltare fnrh o . (I I 0 22 
.20 t 0 -.20 SO 

small crystals. ____ .. _." ... ~ ••.. J -10 ,~() I' .0'; i -,:l! 326 
\ .CO ,01 ' -.,'\{I I 3Qi

k·1i) I 0,51 i 0·1>0 t r,og 
Sprayed ••• _...... eo.~· .- ........... \ 10-20 . i ,20 I I), -.20 ,. 5 


:1\ ,.t() t .Ol i -.:J(t ~2 
1.40 I ,31 I -1,0'1 J 5CO!, ,28 , [.[ I -. H ,. 3b 

LBrgn crsstllls...................-.' HHO' ,ill ,as, ·.3:1 {j~ , : l .02 t ,3S ! -.21 95 ___ ____.___L. 1.__-...:~ 

represented by illl' (lata in the table samples of lImll1oniull1 nitl'llte 
containing Yflrying qllll1ltitil's of moisture were stored in thc caking 
bomb in a ('OJH;tant-tcmpcrature room at a relative humidity below GO 
percent. Partial drying thereforc took place during the 7-dRY storage 
period. The results givNl. in the tRble show tllllt the extent of caking 
increased with Joss of moisture when all other Jactol's ""crc kept 
constant and that f~ l'elntiYcly slight loss of moisture may cause a 
marked ch:ml!(>in the (legree 0'£ eakin!! . 

• 


• 

• 

• An,U1S, r. n.. LOVE, K. S., ana ItO'll', 'W, H, STOlUGE 1"'I'p.lInn:ST.'; WITH 

VAllro1'sr.Y ('OXlll'I'10S1m ,UDrnSH;)f NITIt~\'I''' F1W'I'Jt.IZERS, Diy, Soil ana Fert. 
1m'est, nes, npt. 2G, 16 pp, 1044, [Processe<l,] 

http:nit1'(1.te
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It becomes evident therefore that n, study of the effect of various 
factors 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 affecting caking and by stol'illg the caking 
bombs in It constant-temperature room hnying- n, J'elatiye humidity 
below the pOlnt at which the nmmonium nitrate absorbs moisture 
from the ail'. 

A comparison of the c1nta in table 16 with the results gi \'en ill tables 
17 and 21 S11O'WS (1) that different types of ammonIum nitrnte show 
different degrees of caking when other factors are the same; (2) that 
granular ammonium nitrate cakes less than the ll1onocrysta11ine mate
rhl; and (3) that treatment with conditioning agents reduces caking 
of ammonium nitrate eyen when dry. -

T.,\fiU; IT.·-!,'f!el't oJ particlc .~i;::() on tl/e eak[l1," of linl alii 111011 ill III -nitrate ·I.chen 
SlliJjcet('1l to (//1 (II/plied pI"CSSlln; of liZ /lOllI/tiS pcr square illch ill (L tlry plaee 
for 7 ([ailS at JO· C. 

Pnrti{'lp Crushin!! strpngth 
si1.p o! IJriqUNS

Type or ammonium nitrate 

,\lesh . Pounds prr square ineIJ 
~·IO ' jjSpral;~~-::~:.::::::::' .. T' :~: .• :.::'::::::-.:. ::~::::::.::::: :::::::. ](/-20 14 

• 
--Ill 90GCll~~g(C:::::: .::::::::.::::::::::::":::':.':::::.::::::::::::::: I 10-20 ' 6 

1)0_•..• "............... ........ .•.• . ..•.••. _.•.•••.. -10 : 18 

SnlnJl cr~·~lnk... .•. ..• . .. .•.. ..' ............... . -m ro 

I,nr~~ rrysmls............................... .. 10-l/i . 35 


Owing to Yflri'ltions in their physical properties some differences in 
the caking- tend(~ncy of dUtel'cnt typ('f:; of ammonium nitl'llte would be 
expceted.•\.s pl'C'yiollsly exp]ninetl..:\.XPL p:ranulnr material is some· 
what porous, while the ?lIe,,, matel'ial is cssentially nonporous. 
COlls('({ncnt1y, ",1IC'11 a Iimited quantity of water (1.0 percent or less) 
is spl'n'y(~d onto ...\SPL ammoniul1l nitrate while it is being- rolled in 
It dl'UIlI, a, consiclet'abJe proportion of th(' wat('l'is absorbed and held 
within the g'I':mul('s..A subs('quel1t 10wcI'jl1g of the temperature will 
C'tlllse dl.'positioll of el'ystaJs,,-ithin as well as outside the granules. 
To the ('xtent t1wf: this deposition of crystals tnkes pluce on the sur· 
facC'· of thC' g-ranllies it indu('es cnJ6ng-, hut to the extent that it occurs 
within the g-rill1l1le it fends to int'J'C':ls(' the hardness of the gml1ule. 
'I'll!'· cnlshing- stJ'pngth of a g-I.'anllle 01' ('I',Ystal is 'w('akened, ]10we1'er, 
by n l'('peatC'd g-nin and loss of mo.iHtn)'c and by fluctuations in. temper
atm'p aboyp nncl helow n transition point. 

In Ill(' ('ase' oi' the nonporous 11l0J10C'1'),stnlljne ammonium nitrate, 
all abSOl'b('(l 1Il0istllr(' lllllst l'('main on the ~\lrfnce of the particle 
(Iig-. [j) :uuL :lny dt'I)()sition of crystals as:t result of n. lo,,-C'ring of the 
teJUI,)(,l'atuj'C' 01.' JOSH oJ moistm'ewill he limited to the SUI'i'ace of the 

• 
pal'ti('h·H. Clinmtie f'lumg-ps following- thp absorption of a limited 
quantity of' llloistlu'(' is, therefore, likely to cause t\. g-l'catI.'J' dep:ree of 
('ukin,!! ill IllOllocl'ystallilw tlUln ill gl'Hl1111al' fU1YJnonilllll nitrate of the 
saw" pnl'riciC' siz(',7 

I SPI! f(Jot I){II'P n, p. an. 
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PAH'I'lCLE SIZE 


,I An increase in the particle size of ammonium l1itmte, as well as of •other fertilizer materials, lessens their tendency to clrke by decreasing 
the points of contact between the pa rticles and their surface al'ca per 
unit weight, The farther aplnt the eentet's of two adjoining particles 
are, tbe e!lsier it is to hl'<'ak them when they [H'e joined by fL given 
cleposition of l1lnterln1. A material will therefore cake less if the 
pal'tiel('s ltl'~ hn'2:e mther than Sl1l:1J! and it the pfll'tle1eH are spherical 
i'ather than iJ'l'egnltll' in shape, The trenl'men\' known as granlllnJion, 
espeeinlly when ,it leads to the. formation of spheJ'.i<.'n1 pltrticlcs, is 
pnl'ticlIlarly ell'ectiw in d('Cre:lsillg thc> points of eontaet between par
ticlt's lind thC'l'efol'(' if :t Il'o1'(1x (lll(> of the most etrecti''\(' t1\('ll1lS for 
clecrensing Ihe caking of' 801111>1(> ~a1ts, 

The ,ASPL alllJ1l011illlll nitrate lh'Bl' u~cd in this il1\'cRtip:ntion was 
prepared. as pl'eyiollsly pxp.1nine<l, by spL'uying n lIlclt of l11p material 
containing ahout ,I· to 0.1H'1'('(>1l(' of moistul'l', In titP subsc(llient drying 
or the spl'a,yed matcria I. Sill a11 t'l'ystn Is \\'CI'C dl'positNl Oil tlw surface 
of the gt'!mules. [IS shown in rigm'p n, J, T11ps(' In:ojpt'tiol1s Oil the 
granules in('I'pased the points of eOlltad: bC'tw('Pl1 them. with the resnlt 
that the pl'odntt Pl'C'p:H'ed in this Wfty l'xhihitl'd n grt'atl'l' tendel1('Y to 
cuke than I'\l(' <'Ul'l'ent lIIntpI'ial (lip:, n, /1), The gl'tlnull's of this 
latesL ]1l'o<luct iOll al'P 110t only lllOl't' IIl1lfrJl'lll and splwrictll (han tho~e 
of the eflrllcl' lll'odud. but the 111:1t(,l'ial as a ",1101(' also shows ](,5S 
tenc1enc'y to eake alld is mol'l' '/'I\'e (lowing, Tltp t~'I){' of gmnules 
produ(,Nl hy the graining meth()(l i~ shown ill liglll't' 'j, •The mOll(){'l'ystal1inp amllloniull1 llltl'ate llR('[1 in thi~ i11Y('sl irrnlion 
(fig,~) ,)'asnot flO 11 ni f01'111 in shalW ns th(' ~prnypd l1lall'I'ial. li:wing 
thereforC' 11l01'<' points of ('ontHer lw\wl'l'11 its p:tl,tit"l(>~,it ('xllihi('(l fL 

grenter ten<1eney to ('nk(' thnn "'OR 11'I1l' of: till' gl'flllltlnl' mnt('l'in.l of 
similar pnrticle siz(' ,\"1IPll all othel' fnl'tol.'~ W(,}'P t ht' samp, Thi~ is 
imlicnted by the datn. in tnble 17. wllieh show thnt Inl'gp (,l'y~tnJR of 
ammonium nitrntp ('nkp l('~s Ihnn slllall crystals. ,\'hil(' (he slwnyecl 
ammonium nitrate in till'll shows ks::; tl'IHI(,IWY to ('nkl' tllan Ill(' 1110JlO

crystalline m:tler',inl of th(' stln1l' nWl'lh size, . 
Tt shonld h(' ('lllplwsizN1 Ihn! thNi(' 1111(1 :111 slIb:,(>qll(,llt t('sts ,,'pre 

mnc1e. with the mH.tel'inls ill tl\C' :form in \\'hj('h I'lwY\\'C'l'(> ot'iginally 
pl'odu(,e'd, 'I'll!' 8tn'rae!' unifol'mity (If (11(> pal'/klps of n11types of 
ammonium nit-rate is S(>I.'iOllsly impaired when t'hey nrl' subj('ete<1 to 
repented dl',rirlg' following- nhsorptioll of moistlll'('. nml tl1(' al'('U!'1 of 
contact betwe('l.1 th('lll is gl.'('ally in('l'('[u:ied, as $;hOWlli n figure S. 

The. screen nn(dyses of tlH' (li fl'el.'('llt type's of nmmoninm nitrate now 
on t11C mnl'ket and or olher inorganic nitrog('nollslrtai(>r!a1s al'e shown 
in table lR. The data in 1l1e tahll' BIlOW that: the. nY('rnge pltrti('le size 
o:f the CUl'l'ent prOdll('tioll of AXPL s]H'nYl'l1 nmmoninm nitrate is 
sOmeW11(lt l:u'W'I' tllim tIl(' old-pl'odnetioll material and that this in 
tum is conside1'ably lnl'g-(,I' than the C'oll1l11(,1'cinlly gminNl ammonium 
nitrnte now on the mnrkrt. '1'ht' ('JHunpi()l1 BrnlHl sodi.nm lIitTate. does 
not di {fer greatly in pnl'tide size 'I'rotH flw ('m'I'pnl' ])1'O(1Ilction of • 
sprayecl ammonium nitl'nif', una tlle partieles of both in turn are 
somewhat larger thlln those of the Al'C'fldi:m ;.;odiulY1 nitrl1te. 

i,' 
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thl'l'pbv itll'\,\'a,.,ill!! IiiI'll' t'Ohl',,)OII ;jlld ('tlll,.,il11£ a (,10,,('1' \'lIiltlll!.! or 
l'!·y-.tai" IlInt JHay Ill' t11'\HI"ill'd 1'1'11111 (In- -'Olllll(]11 plw:-l' ll:-:\ 1'('''lIlt or 
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11 drop hI temperature or humidity. If the moisture content is in
creased without change hl ten1,p(n"llture, l'e-solution of the deposited 
crystals lllay take place and the degL'ce to 'w111('h the matm'inl is caked 
may actually decrease, (IS previously l'xplained. l'11is will not prove • 
trne, howeycl'. if' the pressure to which it is subjl'l'tt'd is suflie-lent to 
squeeze out absorbed moisture and ('l'uRh the llloiRt granules into 11 
solid maSR. 

.Ammonium nitmtl' cliir(>l's :from most othl'l; fer/ilizl'l' llHli:C'rinls in 
that it exhibits plllstie prop('l'ti('x nnd will t1!('I'('[OI'C' ('(LleC' under 
moderate prl'SSlU'l' in n. pC'rll't'tl.,' dry condition. The applictltion of 
pl.'(lSSnre to a plllstie ma/C'rhl increases its t<.·ndC'Ilt',Y to ('ake (1) by 
making Hs particles eOIli'OI'Ill to th(l sha PC'· of t11('i1' neighbors, thus 
increasing th(' RUrfIH'(\ 1l1'('H. of C'Olliaet· betweNt tllelll. and (Z) by 
cansing the ('L',Ystal partiel!.'H j"o enlllN·;Jl (1[1('11 oth£'l'. w]l(Il'eby they tC']Hl 
to adhere to ench 0(11(>1' ewn thoug"h Jl() 1'£'(~"y:-;(aHiznti()l1 has taken 
plu('e. 

The datu gin'll in Inb]e:3 imlietltl?, as already ('xpJain(>(l, thut mono
crystalline amlllOniul11 nitl'n tc' iH :-;ollH'whn t 1I1O]'P ]1last lr thnn i he 
g"t·amllnt'llmtf'l'ja1. 'I'll(> pla:-;tieity of ull tYIlt·,- i(lllds to d(,C'I'C'rtS(' with 
dec['(las(> in tC'l11pC'J'atln'C'. .\llll1lOniulll nitrate und('l' P"{'SSlIl'P in ::;t01'
nge,mip-ht th£'l'Pf'OI'C' bp ('xP{'('!<'d tp ~how n g"l'en(C'l' ('nking t(lIl</C;>1lC'Y 
dltl'mg "n III III (IJ.' !'tOl'llgP thall 1ll Willtpl'. 

T.llC' l'P:-;ll1tR of yul'intioll:-; ill 1)1'(':-;:-;III'P ()lJ tlIP <'uking- of tlllll1lOninm 
nitra(t' HltoW that Ih(, ('!'l1:-;hillg :-'(l'Pllgth of (lip lll'iqu(lts h£'C'omC's 
gl'£'ntC'l' with iW'l'(,lI:-P ill tlIP pn'sHU'p to whiclt thp~' \\'(,1'£' snbjPcte(l 
during fo)'mntiOiI {(ahle> lP 1. ,Yhilt' nppli('d P"(':-."lII'(I ltn:-; thl1~ l\. 
mad\:C'c1 pll'l'ct ill 11l(,!,PIl:->illg 11Ip (,Hldng" oj' Hllllllonitllll nill'utp, it' has •
littlp ('1i'p<"t in i1\('n'a:-;ill~ tIll' ('nkhl~ o/' H\!'h llInt('riHl~ n~ 11l()])(HlI1111l()~ 
J)luw phosphat£' mill ~lip!'I'ph(JspluiIP {.I), 

'J'Anr.r: 111, 1:l111'/ t;f IJrr,~,~J/n IJ)J 1111' I'f/kin" 1)[ (II'!I 111I1I1/(J/Iill/11 lIi//,lltr /I'll 1'1/ 
S/'ll't II ill tI 111'.11 t"'/('( /01''' !TilliS "I .ltr f'. 

:4l'la~ ,Ill ~rflnoll'''. Fillr rr~ <I al!. 
111 ~Illll!'sh "Wllw,1t 

!'mi.u·bt 11ft ~/l'U1'fr uldj, P(JU1ld~ PH ltl}Utt"t lfj(h Pou·ndx PI r !IIqunu i7h'h 
1 n.: HI 0 
'. .' :J(1~
-l ~ '" 4(,,6
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TE,\If'Erc.\,IT'tI~ AXIJ DnC,\TW;\" (W :-;'roIlAc.f·: 

All. iuC'l'(,(l,s(' in (('I1J))(Il'(tttll'l' im't't':tsl';; tll(' solntiol1 phnsf' of most 
so.lub1e fl'rtiliz('l' ;;:111:-; nnd alr('('I::; tlll'il' mldng' in a 1l1HI1l1('I' ;;hni1:n' to 
un incl'('usl' 1n tIl(' Hloi:-.IUl'C' ('out(lllt. .\. (ll'o)l ill tl'mpCl'lltllJ'(, has the 
eitert o.f (,Hn:-;ing fl, el',V;;tnllir.atlo11 or salts fl'OHl thC' solution pItasC'. 
1'11(' el1'C'('t of (PIll)lPl'nt 111'(1 Oll ;;oll1lJi]it,\' i:-; n1l1l'1I gl'('atN' 1'0(' tlln1110Jllnm • 

nitl'l\te, than foJ' HllllJ1011111l1l slllfnlf' ((n!Jl(' ;; l. It w!lltl!llJl' C'X1WCtNl, 
th(>l'£'fol·(,. thnt a tNllpPl'nilu'p ('llllllg"P wOl1ld. hil\'(' fl ,!!I'p:tt(lr ('II'('ef on 
th(~ raking of lUllIllOlllll11111itmlp thall qf HllIlllOltil1l11 ;;\11 rll(', f\JI(I this 
js known to he Il'tlP. 
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• 
It would be expected n]so thnt n change in t<.>mperatme would hnve 

a grentel' ell'ert 011 the caking of ammonium ninate when moisture is 
present than when h is dry. Tnble:W shows this lind also that the 
tendency of amrooninm nih'at(' to take hH'l'('ases somewhat with in
crease hl temperattu'e e,Yen wh(,11 periert)y dry. This result should 
follow, :for th(' reason that an illC'l'ea:-:t' in "temperntul'e hils n. marked 
elred in jnl'l't'n~ilIg the plnstkity of aIl1J110J11U111 nitl'at('. 

Thr ell'('('1' of tilll(, of stol'Hge on the caking of ammonium nitrnte 
Wh(,11 themat'l',in,l is (1ry and all otlH'l' t'netol's are kept ('Ollstnnt is also 
shown in tnb}(' :W, '1'h(' (iatn show thnt 11 ilclt1 I' tll(' (,OIHlitiom; of the 
test the d('gl'l'(, of ('nkillg in('],Nlsl'd with (lIr tillle of storagl'. The 

TAlI(,F; :i.O.',B[fI(,/ of C/tIW!/I' ill lilll(' 01' till/[llra/Ilre 0/ ,~t/Jro{W 011 c(lkill.q of 
flf/lll/TTllr 11/JJ.llIfJlliullI IIi/i'll/I' (/I!. to 2(I·m(',~1I1: l//oiMU/,I" (IJill [wn'('/I/.; u,[Jpliccl 
Jll'fSStltl', ,2 [lOll/ills 11('1' 11'111(11'1' i/wh 

('m,hin~ ~lrI'lI~th 'flllll' or ,ltJm~!' ('rushill~' !'nglh 
u! hri'llll'h lit ;)11 1', 'Ulllu}~. 01 brillllcts 

• (" t, PmHuII 11( r )tqi.Ultf i1lt~~ l'QUI/d" pa 8qllate inch
tI ,:12" 22
i W" I- Il 56 

10 ,'~" 'I', ;{U 17521 'i"H:} 111.j ~1f1 230 

• 

l'l1king thnt tnkes VInc'\' in (lry l\JIlllHll\itllll Hit !'atl' i:,; drIP ill large rneas

nrc to its plnstie 1)1'(\;wl'1 il'!-', Ill' uJn1tttly explained. aml It Q:rac1ual 

inel'(,fI.!-'l' ill ('nking ,,·ith t imp nr :-.tOl'!lgl' i~ tlH'l'efOl'(' to be eXl)('cted. 

This lIlllY not hold t ['Ill', 110\\'('\'('1'. 'whpll I1lr ~tol'tlQ:e Ill'dod is aceom

pnlliNl f)y l'lUlllgPS ill :-;lwh fal'tOl'~ a~ tl'Jlll>Pl'tltu'l'('. pl'(lS~Ul'(l. and 
llIobttn,(, (~()lItl'll(', TIl(' illllu(,lH'P of Ii IllP () r !'tOI'IIg'(' Oll ('akin!!' will t11r11 
l'('lH'P:-Pllt thl' ttlg(lhmit ~l111J of tJIl' l'OlHIJiIlP(l (111'(>;'(:-: of thl' lItl'ce factors 
llll'llti(lllP(l. Tlm:-;. tIll' tillie' of ~tOl'lIg(' has little ('fI'rd Oil the caking 
of (tUlllloniulll llitl'ntp ",hpl! tIll' npplil'd 1'1'(':-:-;I1I'P b dl'{'t'l'HsinQ: while 
fIJe telllpl'l'at m'l' (Ul(l1lloi,,! m'p (,Olj(Pllt ;11'(' ill<'l'('n"ill,!!, ~. 

CO" nITI <>:'\ ~1If; 

Till' ltlNhotl of iltlpl'odn,!! t1H' 1lIl'('hnllh'al C'OlHlitiol1 of a fertilizer 
by mixil\g' it Wilh it [i1)£'ly (liyhlt'(l '\\'tl(rr-iIlS()lllhh~ matt'l.'ial hi known 
a:; ('01Hlltioning, 'rIds tl'eatlll£'llt i:-; pnrtit'lllnl'ly ('n'r('tiyt~ in the rase , ' 

of !'1\(,h solu1>l(' mt\tPI'inls as po(assiulH nitrate and potassium chloride, 
",11ie11 are 1'C'1a( iw1y llOIl hygt'os('opi(' amI hay(· n llUll'krtl tcnc1r.l1cy to 
('1I1\:r in a linch- diyid('d ('ou<li t.i 011. ,Vlwll it fitwly cliyi<1e(], wnter
insoln1>ll' IlHI!l'l'in] is lIlixpd with a f('rtiliz('t' of tids kind. the fine 
pal'tit']rs ot'thr 'insn1nhl(' mnt('rinl ndhpl'(' to find fOI:li) a ('outing oyer 
ill(> U1Ol'P sticky sm'ftters 01' tht' soluhll' rmr! il'lC's. ill1d its J1lc('halliC'nl 
condition is thpl'l'lJY gl'l'n,tl,V impl'oyctl Uti), 

~\l\1nllg thl' lllHl'(,I'in1s {hat hnye ht'l'lll1se<l as conditioning agents are. 
Twal: nnd 01'11(>1' OJ'gn lti(, 11ll1l1lOninte>l', limp, Ilwgl1rSifl, limr,StOll(" do1o

• 

mit('. kiesrlgTlhl'. kaolin, tal('. pho:-phn{(' 1'()('It, day, hrl1ionitr, plnRtel' 

(J f' PH ri:-, and t den !ciUIlI phosphnl(" 


TIl(' ol'Q:f111ir nlll11lO11iatl'l' h(tVl' lOllg' l)(>rll l1~rd liS t'01Hlitiol1(,l's in '. 

mix('(l ft'I'lilizl'l"s, bUI tht,il' H:;(I u.s !'!HldH iOllin,lt lIgl'llt;:; fol' ammonium 
nitrni(' II' not to Ij(' l'P(,(lllllll('lIded. h('('HUSP of tllp fin' hnl.llI'<1. Such 
b:lf'ic' mntprinls as 1i11H' nile! 1I1nglH':-iu I'pal'! with llnllllOnitLlll nitrate 
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to evolve n.mmonin, and 01('Y nre tlwl'('for(> not suited as conditioning 
agents fot' thiR .IlIat('riul. Fiul'l\' divic1c(11i111('stOlw also 1't'!\('tR slowly 
with 1U1l1ll0niulIl niITIII'(> tb r()!'/}t c(dciulIl uit,'at('. IIl1d ;t:,; a. /'('l''iltlt its 
use ItS 11 ('onditloning ng(>llt t('nds to im'l'l'flsC' l'nUH'\' than (lNT(>ns(l the 
ten<1('n("~ of' 01(' nnllllonitollnitl'ntl' to ('n};:('. Filll'ly tliyW(,d (lolomill' 
and p]Hisphn!(' roel\: al't' nl:;() 1llIsatisl'neIO/','\ hp('all:;~ of tll(' {'ah'jtC' that 
they 1Il'C' likPly to ('ontain, T1H' matt'I'lull" n:-('tl ill this in"('stigntiull 
as conditioning HJ,!C'llts foJ' IIJ111l10nittlll nitl'Ht(' hH\'1' t hpl't'fOl'l' 1>N'1l 
JimitNl tokno)ill Illld nOH'" I'lHdil\{, 1lllltel'inls, "lll'rillu tl'[I<>:-; of kil'!'C'l
gubt' fl'om (lifl'(\I'(lJlt :;O\ll'('PS'VI;lSI'PI' of PIII'is,1I1Hl ti,j('/lleilllll phosphntl', 

.An appli{'ntio]) of n l'(lllltlYl'l,r smull «nuntity (:l to ii 1ll'1'(,Pllt 1 of 
auy Ollp of Ih(>:;(' Illlllpl'inls as H {'outb!! to lllllllJ()l1iull1 !litl'ate· htls a 
"l'i'Y Illl1l'kl'cl (' 11'('('t ill 1'('1\ lH'i IlU its tl'I\('!Pnn' to ('ake, 'I'll is is shown 
h~~ ill(' data ill tahlp ~l a\l<lIJ~: tll(' ]'('SltltS (ihtaitwdin tIl(' lnl'gp-senle 
s('oJ'llg(' t(lst:-:. d('s('l'ih('(l 011 PH.!!!'" "~~ t (} .is. 

TA1H.f: '2l.·-~('(/killf/ " 1II1111('1f of ('(1111((7 «(1II1/11I('(ji(/r d 1/1'11 Illlllllfill;/flll Ilitm/l of 
tli[fernl/ IJIJU~ irlllJl .~/I"t(f'!l'lll(J IIIlOJlJllil,f Im".~I1/'l ;d U IJ{Jlmt1.~ IIII' NI/IU/f(' 
1l1ell ill ,( tll'/I {ll/(('I {Of' 7 I/rtll.' II/ dfJ' (', 

Tn'alml'ul ('1nl~hin~ 
Partil'l,' Mt<'Il~thT)j"·1l[1.II1111I<tnulIllllltrat.· 

~l(f' fir 
\\"~l<'r n'jJl'lh'lIl . (~On~HtNn,'r hri'lw,t"---",,->-, 

Pound.! ptt 
"I'Hlff illrh."..~ 

'ulW '7\(tllt'. H ,1" lll'rr.'tlt WI'. ft.)
ernly~d ."... " l/I~~I ~IIUt! __ :I.:.!u'rr"I1{ KiHna~. l< 

1.11 Iwrr~nt 11' l'. do I 
'~~Uh' Xmw til 
1 n \"'H·,'ut P II 1'. 1111 10OroillNL ." 101 .j(J 
",uIW ,!.ulll'n'\·nt (',hI" , 
l·"lll'f("'nl PHI' flit ~ or _ _ 2 
'\011(1 .. ~ul1t·~ .. 11~1 

f:mllll ~r}~t!\l.' -- -11) .tlu :l:, 11l'f/"'lIt K,IIl'a, __ ~:r 
1 111''''''''111 ,y 1'. .1,. ~11 
:\"lltw a:-1""\11"Lnrg,e rry,t(\l~ " tn tt, do ;;. r: pI'tn'Hi Kitt:ta:-- 1;; 

'1.IlIH'rc('nl \Y l' ... .1., , 1;; 

1 'Yl' IUII'IIl!1n l",trlllalUJII: PHl' :~ IH'tl'lIllltmlll'..~iJJ p:ll'llilin. 

'I'll<' (·Jt('('lh'PllP)-<'; of dilrPl'Pll( cOlldilionilll1.· HU'Plli:-; jlJ J'NltJ(': IU tlw 
tt'lHh'IlC\' of ;11l1ll1011111111 nitmtl' to t'tlkl' Yni'i('~' with:'lI('h fal't(ir:.< as 
the Hiz« :'ilHlJw, hal'(hw;;:-" :tllll fl'it't ional ellaI'ne( Pl'isl it's () r ,it;; pn I'tielpH. 
Thr plll'til'll' siz('" of :-;OlllP or Ill(' con(lil iOllin.!! HJ,!Pl1t:-; 1\;;('<1 ill thel'e 
tests In'(' :;110\\'1\ in tahh> ~:2.•\{'l'cH'(lin,!! to tl1<' <latn ill this tuh1(' rd

'l',\TITJ'; !.!!.!.···_It·( I'llI/(' /111 rlil'lf' .~i;1 () r 11/pj('al ('/JllIlilirlll i /I II 1/[/1 lll.~ .fIJI' 
1IlIIIIIfJlli1llll nil1'll/1' 

iii 
'itjllnn lII(flr~ 

:\Jirrtm' pcr gram
Tl'lrolelu11l )lhn"phtllC' •. lrn~ttlar I!n\1Hlh~~. _ ~_ H.lt!!! FlO 
l1~w~~' $011 (,1.Il<mL. ,. 1'1,IL Ill'Xll~I.n:ll plait·, . ~121 ,:i
Cecil ~"i1 clillold. , :>1II"1l1"'x(l~()lm\I·I!lI\.,. .ot) rA) 
Ranlinit!'...... .. l'I,IL hl',(I~"IiIlII' ali's. """ . I·, I;' 
IlMU'i1 \"oklu),,, ..... II'Tl'f,!ll\:lr In'II11ul<'~ ,1 .... 1:;
!)frn1itl'....... " .. . '.';llell dlatum fonll' til ('j 2 II ~ 
('Plitl'"....... ". tin 1.1l1,,:!'11 4 
Kittitas••• H ...... .IlL .... l.Uhl:l.O 4 
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calcium phosphate had the smnJlest particles of any of the materials 
listed and t1le diatomaceous earths had the l[~rgest. Numerous tests 
lHlYe shown that tricnlciul11 phosphate is more effective as :L con
ditioner :1'01' ammonium n:itmte than any of the other 1l1ntel'i:tls, but 
the dIatoJllaceous elll'ths nre more ell'ectiye than knolin. It would 
seem thel'efol'e thM whi1e. the yalue of a 111atel'ial as n conditioner for 
:lrnmoniutn nitrate increases with decrense in the size, 0'( its plll.'ticles~ 
it does not always follow that the COIHtltioncl' with the Sill all est par
ticlN, make" the most efliciellt lTlllterinl lor this pUl'pose, 

C'rl'tnin types of clay n IJd of kiesel:rul11' hnn~ the propel'ty oJ ftb
l'ol'hin:r moistul'e from the :til' at ol'(linfll'Y tempel'ntul'es and hllnticlity, 
That the quantity so absorbed will yal'\, with the relatiYe humidity 
is shmm by the (lutn in table 23 and the ClUTes in Jiglll'e D. Thus, 
Yolela;' nt' a temp(>l'atul'e oj' 3D\) C. \\"111 noso!'1) 1().5'pel'C'(>nt ()r its 
wC'ight of l11oistlll'(' at a l'clutiyc humidity or 25.0 percent, 15.5 per
('Pllt at n. l'('lal'iw 11111l1idit\" of 5u,n pel'cpnt. and 2+.0 pC'l'cent at a l'ela
lin' humidity of DIl.(} pel'ecnt (1[1), H Yolc'ny that hild been in 
c-(jl1i Jilll'i UIlI with ail' at \lO,() p(>I'('elll I'clati,'(' hUJllidity w('J'e llsed as 
it ('(J1Hlit'jOIH'l' fol' UIlIJ1l0nilllll nitnill'. whieh "'UR then stored in a 
m()i~tlll'(>rH'OOr bag. the hllllli<1ity of tlle a.11" in the bag would remain 
at (lo.n percent w!ten the tempel'atlll'(' is in the neighbol'llOo<l oJ 30° .• 
_\1 this hl1midity the ,"oleluY would e"oh'e about 7.11]wl'eent of mois
tlln'. "'hl('11 ,,"ollld bC' aos01:oed by the ammonium nitrate, If any 
(ll'opin tel1lpel'[~tuI'C subsequently took placC'. tIle tC'lld(>ncy of the 
Hl1l11loni1l1n nhl'ntC' to cake ,yo111dllulli£y to some extent the eJl'l'ctivc
ness of thC' ('onditiol1C'l'. ~ 

If thC' Y()leln~' had been in equilibrium with nil' fit 25.0 pel'cent 
1'(')nth"(> hUllli(lity beforc being applipd to tlle ammonium nitrate, it 
w01\l<1 thell Illt\"e [1 moisture content of only 10.5 percent. Inasmuch 
as the hUI1l1<1it.," of the ail' in the moistureproof bag'iYoIl1(11'emain at 
(ill.O perce'llt [ll' before. tllC' added Yo1('1n~" would absorb J11oi~tnl'c, if 
p.rC'l'C'llt. frolll tll(' ammonium nitrate until it reached equilibrium 'with 
a J'(,lative 1111111idity Of Go,n pel'C'l'nt. TIl(' 111oistl1l'C' absorbed by tho 
Yo]('la~' llllc1('1' t11('5e C'onc1itions would totnl about 7.0 percent. The 
fu'companying <1eCI't'flse in the mOiS(1I1'e content of: th(' ammonium 
nitTnt.(' wou1(1 result. as bdol'e. in an increase in thr tenden('Y or tllC 
JlIntPl'ill'l t.o c'nkp. • 

'.l',\IH,I': !!:l.,·,.lIf)iMIlI'l' ('oll/cllls of l'ari(J/I,~ l'o/llliliOllillfl !/[II'Jlls ill cljllililJ/'il/lI~ 
wi III ,lil/I'tenl /'('/a Ii 1'(' 1/11111111 i/iI'S III ,11/0 (', 

:-'loistun' nhsor\Jrll :11 31le C. 1J11I1 n !I'lnli\"(, huml<1ity 01
-,~ - ""~--.'~'----

2.1 perera! . ·10 \Wrr<'tll nn lll'r('I'tlt 70 \l~rr~nt ; uO lll'rCrllt 
I 

11urrtll ]lnrent J'ercwi l'rrrflli Perren! J'crcfII!
fl.m 10,;'0 . lJ,W l,i,.iU ' 111,00 21.00

.m: I') • HI .6U.a~ 
:J.r~l ~. .I' ' 10. 55,I.u;, .lj,:,?11 

.111 , III .m .12 i ,.\;. 
1.."11 . ~....u ' I.lrl . J1.43 
1.011, 2~t :U7 Q,0'1

.11", . Itt < PI • flO 
km.,- 1 . 

I. ;,a :J..I;l ~1. 2!j: 'l (~1 \ S.UT! 
.11') .:lU ·12 .. 1.-Il 

I, Iii :!.l~ :1, fit a.o:! S 3Q 

.1,!h' .:\,\ ..I:! . • ,~.S Un 
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"', 
Inasmuch as an active conditioning agent has the property of tl,b

sorbing a limited quantity of moisture from the ail: at a humidity 
below that at which auull,onittnt nitrate takes up moisture, it might .
be expect(!c1 that (l, lot of am11lonium nitrute thut had been treated 
with a conditioning agent of this kind might show (\, slightly higher 
moistur~ content than when it had not been. treated 01' when treated 
with an inactive conditioning (l,gent. This has been observed to be 
the case in cOl1llnercinJ storage tests. This activity on the part of 
many materinls that nre otherwise suited as conditioning agents for 
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ammonium nitrate can be quickly destroyed by heating to a tempera
ture of about 500 0 O. ' 

A treatment of this kind, however, would add greatly to the cost 
of the conditioning agent. A more practical procedure tor elimi
nating any exchange oJ moisture between the conditioning agent and 
the ammonium nitrate consists in drying the conditioner to a moisture 
content thn,t is in equilibrium with ammonium nitrate or with a reb
tive humidity of GO percent at 30° 0; The Kittitas curve in Jigure 9 
shows that this material, for example, is in equilibrium with a relative 
humidity of GO percent at 30° O. when its moisture content is 5.5 
percent, Kittitas tlmt has been dried to this moisture content and is 
prevented from further chauge by storage in moistureproof bags, 
when 11ecessary, will therefore neither increase nor decrease the 
moistnre content of the ammonium nitrate to which it is applied as 
a conditioning agent. 

The curves in fig-me 9 further show that Dicalit'e G59V and Oelite 
0-20116 are in eqnilibL'ium with ammoniulll nitrate at moisture con
tents of G.G n,nd 4.+ percent. respectively. Conditioning agents such 
as Dicalite 675V, Oelite C-20115, and kaolin, 'which do not absorb 
any appreciable quantity of moisture ftt ordinary humidities, do not 
have to be stored in a moistureproof bag or 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 ammonium nitrate and not give up the absorbed moisture 
agtLin at a lower humidity, This c£m be accomplished by use of 
plaster of paris as a conditioning ngent. It was found that when 2.5 
pounds of this materi:.tl was l'oned for a. few minutes with 50 pounds 
of gl'U,nlllar ammonium nitrate in a cement mixer and the resulting 
cORted product was stored fol.' a few clrLys in a. closed container, auto
matic drying of the nlllJllOniulll nitrnte took place from an initial 
moistul'e content or 0,75 percent to 0.04 percent. Plaster of paris 
by itself cakes quite hard. but the cake formed 'when 5 parts of the 
material is diluted with 1)5 parts of ammonium nitrate should be rated 
us soft. The gypsum formed by reaction of the plaster of paris with 
the moisture in the ammoninm nitl'ale retains the moisture with which 
it combines and serveS as a good conditioning agent. In subsequent 
tests it was found that "[trying percentages or moistme can be l'e
movNl from the ammoniul11 nih'ate in this way up to the maximum 
occurring in the freshly sprayed 01' grained material. The process 
could probablv be o:f pl'nC'tiC'nl npplieation only if provision could he 
made, for stol:ing the trented materIal in bulk In an air-conditioned 
warehouse, Such caking as ,\youlc1 take place during the bulk storage 
would he automatically broken up in the process of bagging the 
material for shipment. 

Storage tests indicate t1wt when a conditioning agent; is properly 
applied it is effective in reducing the caking of all types of ammonium 
nitmte. Such conditioning ngents as Kittitas, Oelite, Dicalite, 01' 

Imo1in seem to adhere equn.l}y well to granular Or monocrystalline 
ammonium nitrate, although the distribution of the coating agent is 
1ikely to be more uniform on spherical particles than On those that 
are i'rregular in shape. The quantity of conditioning agent usually 
applied to sprayed or grained ammonium nitrate is in the neighbor

"" 
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hood of 3.0 to 4.0 percent. Applications in excess of 5.0 percent are 
likely to undergo segregation. This ,,,as indicated in laboratory tests 
in which sprayed and monocrystalline ammonium nitrate samples of 
8 to 14 mesh were coated with G.O percent of Kittitas and then shaken • 
for 15 minutes on a GO-mesh screen. The qmmtity of the conditioning 

agent that remainecl on each material at the end of the test was ap

; proximately 3.5 percent of the weight of the sample. SHght agitation 

quickly reduced the conditioning agent aclilering to the samples fro111. 

6.0 to 5.0 percent, but the agitation required to reduce it to 3.5 percent 
exceeded that to which the materials would nOl'mally be Rubjected 
under ordinary conditions of handling [lnd storage. 

LARGE.SCALE TESTS ON STORAGE BEHAVIOR 

The data presented in the first part of this bulletin 'were based 'on 
the results of labomtol'Y experiments. The results indicate that the 
tendency of ammOnhlll1. nitmte to absorb moisture from, the ail' can be 
decreasell by cou('ing the granules with a ,,'ater-repellent material, [IS 

[L petrolatnm-I'osin-pantilin mixture. and that jts tend('})C'y to cake can 
be greatly reduced by trellting the dry material with 3 to 1) percent of 
a snHable cOJ1(litioning agent and keeping it dry throughout the stor
age period. It was recognized, howeyel', that the behavior 0'( ammo
nium nitrate in storage is subject to so many factors that conclusio})s 
respecting the relative value of different treatments shonlCl not be 
adopted as final until the laboratory experiments were snpplemented 
by large-scale storage tests. These were carried out under commercial 
conditions. The ammonium nitrate matel'inls used in the tests were 
suppliecl by Alberta Nitrogen Products, Ltd., Calgary, Canada, and .'
the Tennessee Yalley Authority, ,Yilson Dam, Ala. The material from 

"~,I Calgary was granulated by spraying, while that j'l'om the Tennessee 
Valley Authority llad been prepared by the graining process. Both 
materials were subjected to various coating and conditioning treat
ments for use in the storage tests. 

SPRAYED AND GRAINED NITROGENOUS MATEIUALS 

The first storage tests were made to compare the caking tendency of 
the sprayed and grained ammonium nitrate then on the market 'with 
tlu1t of Cal-Nitro and sodium nitrate. The tests ,yere made in the 
fertilizer warehouse of the Diyision of Soils, Fertilizers, and Irriga
tion, at Beltsville, :Mc1. This storage test hegan on August 20, 1D43. 
Each bag containec1100 pounels of material, and the bags of each lot 
were piled nine high. The piles were arranged in l'ows< 4: feet apart 
and 1 foot apart iIi. the row. The bags 'were retained in an upright 
position by 2~ by 4-inc11 supports placed on both sides of each r Be. 
The materials used in the test were as follows: 

1. Chilean nitrate of. !';Orla, Ohampion Rrlllld. 
2. Arcadian nitmte of noda. 
3. Cul·Nitro. 
;1. Calgary p.Tauulal· ammonium nitmte rliluted with 2 IJercent of ('oarne .' 

limestone. 
o. 	 Same ma.terial liS 4, cOI1!liUone<1 ill tile DiyiHloll with 2 perc-ent of 

Di('lIlite,
6. 	 RfIlne matet'ial as 4, ('onditlot1e(1 in the niviHiOJl with 4 percent of 

TJicalltc. 
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. 7. TVA ammonium nitrate coated by the producers with 1 percent of a

• 
:;petrolatum-rosin-paratlin mixture pillS 4 percent of Ideselguhr.. 

8. Same material as 7, coated by the prouucers with 1 percent of petrolatum 
plus 4 percent of kaolin. 

.'. 

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

A final inspection 'n1S made of the caked condition of these mate
rials on November ~O, 1943, 3 months after they had been placed in 
storage. The drill test, the drop test, and the crushing-strength test 
were used in comparillg the caked condition. 

Elect)'io lWllvne7'-dl'ill test.-In this method, the hardness of a mate
rial is determined by the thne taken to drill a i-inch hole into a.bag 
of the material to n. depth of 5 inches. The drill was operated at 
106 volts. . 

Drop test.-In this test a bag of the material is dropped fOllr times, 
once on each side and on each edge, from lL height of 3 feet. The 
proportion of the material that will not pass 1L {-mesh screen after 
foul' drops of the bag is taken as tL men sure of the caked condition of 
the whole. 

Cl'lt8hing-stJ'ength te8t.-After each bag is dropped, tests are made 

" 

• 
by hand to determine the hardness of the lumps that remain in the 
bag. These are classified as follows: Soft (S), In'C'aks under finger i 
pressure i medium lutl'{l (M), breaks uuder hand pl'e~oure; hard (II), .' 

does nQt break Hnder hand pressure but l'eftdily breaks under foot; 
and very luml (VH), diflicult to break nnder foot. Following the 
drop test a bag of material will normally contain lumps of varying 
size !tnd hardness. Dilfel.'ent incli viduals therefore are likely to as
sign [~ different hardness rating to the sante mate~'::.t1 when making 
the crushing-strellgth test. To insllre lL reasonable degree of accuracy 
in making this test it is important to select lumps of uniform size. 

The results obtained in these caking tests tu'e given jn ttl,ble 24, 
which 8110\\'1, that all three methods agree fairly well ill. compal:ing 
the caked condition of cliJfel'ent bugs of the same material, as Chilean 
nitrate 01' soda or either one of the TYA products. They do not agree 
so well, hm,'eYel', 'when used to complu.'e the mechal1ical condition of 
such eli fferent ll1flterilLis !Ui the con teel and uncoated Calgary ammo
nium nitrate. It 11aH been noted that nmJllOllilll11 nitrate that has 
undergone SCl'iOliH ettkillg ,yillnot again cltke a8 hard when cl'ushed, 
screened, and expoHed 1'01' a second time to the same conditions of 
stomge. The ullcoated Calgary product hnd undergone R previous 
and much Illore seveL'e caking: at the time of itf; shipment, l\'hich ll1tLy 
explain the brittle COlldition of the material at the time of the storage 

• 
test. . 

The degree of caki ng oj' the granular Chilean nitrate of soda was 
shown to be eonsidt'I'ably less than that of tlle An'Belian nitrate of 
SOdtL and less than 'fOl' lllly of the 111l1111onillnt 11 itl'ate samples. The 
dahL also indicate that all application of :2 perc'pnl: 01' less of a COll
ditiolling agent fo nlllll10niUIH ]]itmte llIay aetually increase rather 
Lhan decrease its caking tendcney. 

','. ,. 
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'l'Ar.LE 21.-Caki'110 tests '!oit1~ different nitrogenolls matericas a/tel' S-months' stol"a!,e (A1tg. 20 to Nov. 20, 19.48) at Beltsville, Mil. ~ <.. 

Chilean nitmtc ot ~oda .Arcndian nitrnte oC soda Cal·Nitro ANPL NH,NO., uncoated 

PositionoC hal! in pile, 
top to jloUom I.umns J,umps Lumps Lumps 

~riIIle of'J'i1ntl o[ I I 'l'im~ (It II I.----1 'l'hnc oC 
drilling drilling drilling drilUn\; t;ij 

-Wei~ht I IIardncss 1 Weight IHnrdnCM 1 C'l-----1----. 'W~Ight _ IIunl::'~.~J "'(light Hardness 1 _', III 
...

Second~ Pounds POlllld., Seconds Pounds C'l ___ ._.. ..._L::e_c~~~~~.1 poltn<l~s l\f __:C:_o~~~~_. _._._..._. __ ,__ ,_,,__,____....________________.. ___________ 
Z 

Top.._ ••• _.__ ... _. ____...__ • ('} (3)
Second__._••___ ••______•• __ (') (3) .~ _.._._______ 1 s I 12 M (;) 0 .--••" ••••- -••--.-.---- -----.---.- .--.--.--- 1'hird.____•. _ __ ____...._. (.) (3) ____•__ .____ 12 1I l\f 15 ·1 S 15 0 _____•••_.__ 

tdFourth••___.... ".".,,__ .__ (.) (', ___ "_,,,,_, Ifi .13 l\f 2.5 I l\I 21 1 SFirth_.________________••____ ('l (.) .•_______.__ 0 J I l\[ 2'2 1:1}.[ :1I 1 S d 
SL~tIl____ ..__...__ ...___ •• (.) ('l 1_'''''__ '' __ IJ 7:M 2!l .~ l\I 361M
So"cnth•••___._. ___________• t') (3) _. __ .. __ ••• IG Jl l\1 ~O 14 M :ll 1 II E
mghth.___._••• ________•• ___ 0 0 \____ ....__ _ H JU l\l 31 15 1\1 33 1 II 1-3

lfl 7 M ,)6 16 IT ....._.___ •______________••_._.__ ...
BQ(tom.___••___•___•_____• 17 • ___O_c:::-=~_:.::~L Z 

c:>... 
.!" 
!=!


ANPI, Nll'~O., plus --·~I~~~~;~ ;~=~~~:~~,;:--·-~-r-;~'A-~~;:~O,. PI::-1.0 perc;'lt 'I'VA NH,NOa, plus 1.0 percent ~ 

~.O percent Dieniitc ·,1.0 perccnt ])icllIitc. I PHP plus 4.0 pcrcent Cclile pctrolatuDl plus 4.0 pcrcent kaolIn t:; 


-.~---.--- --'-'-' i-·----,------- t;l.
I'llsiliou oC hill-: in pilc,

10J) to holtom LUlllPS ! . Lumps ],UItlIlS I,umps "0 

'rime of __________1 Tillle of _~_____• ___ .•.••._._1 'rime of 1'imc oC !'3 
drilling drilling. :. I drilling drilling

'Weight Hardness I WeIght I IIardncss 1 ~ 
_____~_ Weight ~dneSSI L------ WC~g~~t_i~l.r~I~I----- ----- E; 

s Polt'lids Second. Pound,. t::l...(3) (') (I)- ..... -.. ----~ ... - ------------ C'l(3) (') tl)-- ...._------- d~~1f:~l~::::::~::::::=:::=:::: ::~~[i~~~:: di~~;~~~:: =::::::=====,1: :~~~c=o;~~~i: :::J;;:'_7~'~~~:L:=:::==::I Sc(!t 1 2 ::::::::::::
Fourth..___________..._____ 24 S l\[ .[ I . S 2 l') ()o =::=:::::::: oo ____________ 

1-:1 
t' 

___•_____. __ 3 o .______.____
7]'Iff.ll...._..... -.----..---.-- -17 20 l\[ 1 7 1 S 6 d

Sixth.._., __........_....___ 46 33 H ]2 J S 9 . 1 S 11 3 S t::l 

Se"cnth______ .----.----... no 3·1 II 2'J J.l l\I 11 I 1 S 13 2 B t!J 

mgh th____• ,, ______._____ 61 32 1L 32 10 11'[ 35 2}>.! l\1 11 10 S 
}lottOItl••_.__ '----------- ..--------- ----------.- ----.......-f-.-..--.--- ------------ -------.---- 58 ____ 16--'. II 19 19 M l"-' 

.~; 

1 S = soft; ~l ;::: lIledium ; n ;::: hard; VII = very banI. 
i'.: ~ DrllI )llt111ged through material before instrulllent was turned 011. 

• No caldng; bllgS llot droppM. 
~!. 

(~ 
~ ;. 
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:. Samples were withdra-wn from two baO's in each pile for moisture 
determinations. The results, givelY in table 25, show that Cal-Nitro 
and the TVA samples contained more moisture than any of the other 
materials. Had their initial moisture content been as low as in the 
other materials, the extent to which they caked in the storage test >.,
'woulclno doubt have been considerably less. 

T~nLE 25.-.1loistltre cOlltent of nitrQ{Jellous 11Iatcrials ·I/.SelZ ill, storage test 

I Positlou of MolsturoI,Fertilizer material '.' SBmPJel!. hal;( contenti from top of pLio 

Percent • 
Chilean nitrate of so(\a......................................... .......... Bottom ••••••• _ •••_ 0.09 

Arca(\lan nitrate of sOda........................ _.__.......... " ........ : Rel·cnth._. ____•__• .01 '. 


Do._____ • _____••••_......__..............._•. __._........." ........ ' r:l~hth.......__._. .01

Cal·Xltro.______•_______ ••••• __ •___ ., ............. .. •• .. ••••.••.••.• __• '1'hInl_____________ 
 .49 

Do__••_._..................___......................... ___ _ Sixth._........... .5-1 
ANPL ammonium nltrntl·; I 

I'ncoated.__................................................ " Fourth•••••••••_•• 	 .07 

Plus 2.0 perccnt Dlealite........... _.............. ", ......... "........ , '~bjrd.........____! 	 .CS 


Do............... "............ _....................... ____ .- ....... flftll ........______ .03 

Plus 4.0 percent Dicnlite......................____..... "._......... Third............., .11 


.05TYA a~~oiiluni'ni1;iii;;:··..·•..··-- ..•••........................ ,.- .... i .FIrtIl·······..·-·--1 

Plus l.Operctnt PltP plus ..1.0 PI'rc\'nt ('eliw............ "........... 'I'hird •• ; ......__1 	 .31 

.35PltJ{~Op;;;ccrii·p;;i;oiilti;iri 'pllii'nJ'p~rcrilt·kiioli;I:·.::::: .:::'.: :::: .•:~~~~~~:~::::...............::I 	 .23 

Do...............___..... ___ ................ __ ... _'''",'''' '" Slxth..-.--.__.----i .22 


-....;...---

• 	 EFFECT OF CONDITJO:\,EH!' 

The second storage tests were undertaken to comp:u.'e the cald11g 
tendency of variously treated lots of spra,yed amlllouium nHrate as 
supplied by A1bel'tn. Xitrogen Products. Ltd. In this test, set up at 
Korfo1k, Va., the bags of ea<'lllot 'Were piled 10 high. The piles were 
arranged in rows as in the previous storage test fU1Cl the bap:s were 
retn.ined in an upright position by l11eftns or nalTO,,· boards that ex
tended from pile to pile between the Jifth an(l sixth bags. This 
method of supporting the piles ili an npr.ight position pi'oyed satis
factory for the yalYe·closnl'e bags. It doe!:) not suffice, howeye1', to 
snpport bags thn.t are closed with a wire tie, for the reason that bags 
o:f this type are more rOll11d in shape than thos(> hayinp: sewn or yalve 
closures. 

The 1G lots of ammonium" nitrate llsed in this storap:e test were 
shipped from Calgary, .Alberta, ('ann,cIa, on August 30, 1943, and were 
placed in storage at Nodolk on September 1+. The lots coated with 
0.5 to 1.0 percent prlrafJin fo]]owed by a se(~olld coating- of 3.0 to 5,0 
percent of Kittitas were snperior in mechanical condition to any of 
the othel' lots at the time of' unloading the en.]' in which Ole)' were 
shippe<1. The greatest degree of caking was observed in the lot that 
had been treated with 2.0 percellt of limestone. 

• 
In examining this shipment at the time it ,yas 11l1hmtlec1, it was 

obseryecl that some of the bap:s, such as lot: Hi. had a hued crust, just 
'inside tIle bag-. This ('I'lIst, whkh (l(ll1C1'(~d somewhat to the inn.er 
linh1g of tl1C bnp:. yttl'ied :fl'ol11 ah011(: 112 to 2 inches thick. I;ot 16, 
as shown in table 2(\, 'was treated with 1.0 peJ'C'(>l1t oJ: Kittitns anct \yas 
lOftded i)1to the bap:s nt a temperature of 51 Q C, ..\. satumte(l solution 
ot Itl11moniul11 nitrnte at thjs temperature has a Yn.po~· pressure of 45 

,.. ". 
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TARLE 2G.-J[cchanica~ condition ot different lots ot A:\rpL (l1nmoninm, nitrate 
utter 4:lIIonths' storage (Se]lt. 14, 1943, 'to J(W,. 16, 1944) lit N0I101k, Va. 

Treatmcnt l\fOistllr~ content at-I Estimnted •I1--------...,....-------1 llngglng IIIIJllbe.r o[
Loti tempcr' : I bogs sUltcd 
No. mum I 'l'imc o[ IFinnl In· I[or directWater repcllcnt Conditioner I bugging spccLion applicationI "_______ 

, ; ·C I Percent f Percent 
1L_.__ 1.0 percent paT1ll1hl•••• ! 0,0 perCent Kittitns ....: '·12 ~ O.~O \ 0.11; 10 
2..._.__ •••••do___............. i 3,0 Ill'recnt Kittitas ....! ,10 • J6 .10 lQ 
3_._.1 0,5 percent pnT1ltnll•••• t.....do........ ""_" __ 1 3S .1, ! .12 10 
8_••_.\ Nom'.................. ' ·1.0 pcrccnt Kittitas. ___! .!~.J r .12 . .to , 10 
7-·- ---.do...... " ...... "'j 4.0 pcrcent bNltOnitc.. ~ .'02J'1' .0, I 10 r .do••••• ....____ •••. 2.0 perel'llt Klttitns. ___ i 4 i,' 0 94--_.__ • __ _ ,)° .02 i 
5____ .....do................. i ••• __ do..................! 10 .OS i lS 
6.__• 1.0 percent (Jamllln ••__ : 1.0 perceni Kltmus.... · :1, I ' In ! :~~ I 6 
10_____ 0.5 {JerCl'UL pnrntllu ••• ,.....00.......... __ ....... : 3, ' .H! ! 6
OH\12______• None." ... _........... , 2.0ncrccnt Kittitas.... 35 i .2.11 .01. 5 

9.____ 0.5 pcrcent [l~rnmn ..... ' .....!lo.•••• " ...... 0'" .. ' :I, ' .. 20" I. .0<1 5 
14.____ None••_.___......_.... ! 2.0 Pl'rCl)nL h~ntonite.. ·IS; 10" .15 I 4 
17_____ ••__.00..._•••••••• _.... i 2.0 Ill'tW1l1 Kittitas .••• : 5\ j .17 ' 3 
15 ___ ._.1__...do....._............. _...do................. " flO i .21 20 :5~ \i10____ t r_••••uO......... ___ ••.• 1.0 lWrC~llt Klttllus____ : 51 • ~~ l .(~J o 

13___._.j_____dO............. __ .. : 2.0 p~rcl'm Iintestonc.. i 50 : •__ ) .01 o 

___l ____..-.. __"__," -.." ,."......,<~~.:...._~.. o.....:.!~____~_ 

11.0 IlIlSS in (Ouch lot. 

mm. of mercury. ,Yater has a yapol' preSSl1l'e or +5 mm. of mercury 
at It temperature of 3Go. It follows, therefore, that if the temperature 
of the outside (Lir was below 3G", which it undoubtedly was at the 
time the bags were Jill('d with nl1unonium nitrate at 51°, moisture 
would be distilled 1'1'0111 the ammonium n~trnte and be condensed on 
the interior lilling of the asphult-laminated bags in which it was 
shipped. This condensed moisture would cause n, partial solution of • 
the granules in contact with it. \\1';en the brlg's were lllter shipped to 
:L warmer climate, the condition with l'espeet to temperature gradient 
in the bag would in a l11('nSlll'e be re...-ersed. Redistillation of moisture 
f.rom the inner lining of thl:' bng to the ammonium nitrate. within the 
bag woul(l tl1{'11 take> pbce, with l'esulting: recrystn,]]ization of the 
ammonium nitrate> t11nt had gone ,into solution. Thut a crust 'will 
form within Ill(' il111('1' lining of 11 bag as a result of a fhwtuation in 
tempemtul'e tlH desel'ibed was con firmed by laboratory tests. 

Lot 10 of the same shipment was loaded into the bags llt n, tempera
ture of 37° C. The "'-111>01' pressure of II saturated solution of ammo
nium nib'ate at this tl:'l11peratul'e is ecl11ivalent to about 25 mm. of 
mercury, the same as that 0:[ water at about 2;";0 C. ,'1lile the outside 
tempemture at the time the bags were loade<lis not known, it is 
certain that t1le initial temperature gradient 'within this lot of bags 
was less than in th(> case of lot Hi. Lot 10 also eli frel'ed from lot HI 
in that it was cO(lte<l w.ith 0,;) percent Pf1l'1lfIill as \\'('11 as 1.0 percent of 
Kittitas. It would be> expected, therefore, that this lot would show 
little or no mOJ'e caking in the al'Nt acljaC'ent to the inner lining' of the 
bn,g t11l\,n in the central purl:, and 110 C'ake(l area was :/'onnel. ' 

The formation of 1L thhl crust within the imwr lining of the bng 
offers the disa(lYuntltg(' that it is <lilficult to hreak lip without leaving 
a l'esidue of small hartl lumps thronghout the 111ass o'j' llmmonium 
nitrate. These lumps tend. 1:6 clog 11]) the delivery tubes of the. fer· • 
tilizer distril.Hlt.or and thereby intedE're with the dl'illnbilit.y of t1le 
material. It was apparent th'ilt, the formation of this crust eoulcl be 

http:distril.Hlt.or
http:7-�----.do
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readily prevented by lowering the, bagging temperature. ,Vhen this 
was done, no crust WI.lS observe(l in subsequent shipments. 

The final inspection of these different Jots was made on ,January 16, 
19-:14, at the end of a -:I:-month si'ol'!lge period, wl1('n the degree of 
caking was determined by the drilling, drop, and crushing-strength 
tests. In making the::;e tests it 'was usstrllled that filly bag of Illaterial 
that had a drilling time ot: less than ao seeonds 01,' that ('ontained only 
soft lumps nfter the drop t('st was suited, fOI' direct application in the 
field. By thus compa dllg the results obtained in tlH' three types of 
tests it ,ms possible to determine the number of bags in each pile that 
was suited for direct lise n8 II fertilizel' and to tll'l'nll!,!p thp diil'pl'pnt 
lot;:; of material in the. descentlin!! Ol'dPl' of their JllP('hillliea1 ('ondition
(table 2(l)., ' 

The results obtained in these finn1 stol'uge tpsts ngl'(I(I on the Whole 
with lnbol'fltol'Y ohsplTations llltldl' in theintel'ntl hptwppll Ihp setting 
up of the storage tests and their Hllal insp('('tioll, TIll' least dpg-rpc of 
caking- o('('ul'red ill the lots that ha<11WNl tl'eate<1 with 0,,) to 1.(J percent 
of pal'nllill plus :}.o to ;'i,O ])(Il'('('nt of Kittitas, .\11]() hags ill each piJe 
of thpse lots ""el'e consideI'ed to he suitnh1e fot' direct application in the 
neI(1. The lots that had 1('e11 tTeated "'ith ·to ])(II'('('nt of Kittitas 01' 
of bentonite were also f011n(l to he ill a satisfaeto]'y C'oll(lhion through
out. The ohsermtioJ1s Il1tl(lp indiente. howp'-PI'. that the use of 2.0 
percent or less 01' sllell a cOl1(litiolling agent it:'; Kittitas is not sufficient 
to IH'CYent caking of ammoniullI nitrate in stOl'agp, This holds true 
whether 0]' not !'lIe material is coaled 'with Wax )wfol'e the addition of 
the C'oJ)(litioning" a!,!ent. 

The 1110iStll],(: ('oilt('nts 01' the eli ffel'ent Jots at (11(' time of bagging 
w('re determined hy the lJl'otlueel" whilt, the fbml llloist:IlI'P ('ontents 
were determined hy thi:; Dh-ision, 1'hp difl'el'enc(>:; 1wtwel'n the two 
sets of <1pter1l1ina.ti'on:; tu'p smnl1 ftlltllH'obah1,\' within the limits of 
expel'inwntal pr1'or, Xo appreciah1e qn:tlltity of 1ll0iSt:lll'p thus nppeal's 
to haw been either nh;:;orbed or lost cluI'ing the st01'tlgP ppl'io(1. The 
difrerences ohspl'wcl ill the cakin!,! of till' diti'prpnt lot;:; ·would. there
fol'p. sep111 to be a fairly good inclicntion of the l'p1ntiYe efl'eetiwness 
of the different trp:ttlllents, 

The 111n1111('1' in whi('h eakin!! oC(,Il1'l'Nl in th(>se stomge tests, as well 
as in th(> Be1tsyil1e stol'nge tests pl'e\-ious1~' dps('ri1)(1{1. llllly 1)(1 ('on
sidel'ec1 as heing of foul' typ(>s, as :fo11ows: (l).A ('onc1iti011 of uniform 
Jlal'dness throughout the hag, (:2) n C'akpc1 ('01'(> 811l'l'Ollll(lNl hy H ])1'0
tecting ]ftyel' of 111lcakpd matel'ia1, (~) a h:ll'(l cl'ust j nst inside the hag 
Slll'l'Ounding a ('OI'P of ll11C'akPd materinl. and (4) 11101'(1 ol'lpss dehlcl1ecl 
lumps of y:trying hn1'c1npss i11U'1'SI)('l'sp<1 through material of a l'ela
tlYe1," 1ps8 degree of caking. 

•\ variation in th(' hnl'dllpSS of Ihp t.rpe of' ('aking outlil1(>d under 
the first t~'p(> can he l'encli1:,' (lptp('INl h~' fill tlu'Pp l1H'titoc1s of: ('aking, 
Owing to tll(' }>l'otpdiYe Iletion of tlip 1ll1C'nhc1 part ollt1inpd und(:l' 
the S(l('OI1<1 type as wpn as ill that ol1~lin~d ll11(l('l' thp fonrth, the caked 
part is not so likel," to bl'pak ],pndily I1l thp dl'Op tpst as Whpll the 
cakin!! (}('('m's as a ('rust on th(> 01111.'1' spdioll of tIl(' COllf('lltii of the bag, 
A mnterial eakPcl as ouilillP(l lllHlpl' thp ~('con<l 01' fourfh type jE' 
thel'efore likrly to Rhow IL higher proportion of lUlllPs in the eh'op test 
than one eakc>c1l1lHlpl' the third type. eypn thOllgh the hnnlness and 
degree of ('aking is thp SlUnp in both ('[[8('8, The hnmmel'-drill test 
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tends in a sense to offset the (h'op test, in that it gives low results 
where the latter giyes high results, and vice versa. Thns the drop 
test tends to giyc a low proportion of lumps for hard, brittle mate
~ials and a high proportion of lumps for mu.tel'ials that cake as out
lined under types 2 or 4. The hal111ner-cb:ill test. on the other lumti, 
tends to give high results for llUl'll, brittle materials u.ncllow teslllts 
for those that cake tt!:l outlineti under 2 or -1. 

In the drop test, :tllowing the bag to fa 11 four times from a height of 
3 feet is considered eqni\:nlt'n(: to the lUlll(lling to which it would 
normally be subjeeted in the pl'ocess of being shipped from the plant 
or warehouse to the farmer's Held. The extent to which the materia] 
remains in a caked condition after the drop test is, therefore, (1, better 
indication of its nH'dumi<-al condition (is judged by the farmer than 
any hardness t('st. irrl'8peetiYe ot: how accurate the harclness test m.ay 
he. The luunmcl'-drill [cst was accordingly omitted in all subsequent 
storage tests. 

EFFECT OF LOCA'l'lOX 

In the large-scn.lc storage tests pre,iollsly described no appreciablc 
change in the moisture content of the ammonium nitrate was ob
served throughout thc storage period. It ,vas recognized, however. 
that the IJl'hayiol' or the, materiu.lmight haw, been yery different Imd 
the stol'tlge te;.;ts been made in seetion5 of the country where the 
humidity is ~;u('h as to cans(' absorption of moisture by the ammonium 
nitrate. _\.n ('stende<1 series 0'£ t('sts ,"as aceoL'dingly undertu.ken in 
which anll110lliLun nitrate was placed in storage under commercial 
conditions at six <11lfel'ent loe:ltions in SOl 1 H.' 'of the morc humid 
sections of the eount]'v (table ~T). StQragc. test!:l were also set up at 
Beltsyi1le. )[<1 .. in eo]il-storage rooms undet· eOl1trolled conditions of 
tempcrature f\,]1(l hmni<lity. ' 

The matel'ials 118('<1 in these :'itorage tests were a. spmyed ammonium 
nitrate (A:SPL) pl'odul'cd in CalHtclu.. n. grained domestic product 
(TVA), and a )J1olloerystalline product L~[CW) preparcd by the 
Oslo-Krystnl Pl'OCPss. .\. lh;t of the treatments to 'i\'hieh each of the 
materials was snbjPctpd in their pl'epal'fttion, and t11cit' mechanical 
analysis are giYC'1l in tablp 2.Q. 

The test materials wpre shiPtwd fl'om the producing plants c1irectly 
to the storage sites. Illsofnr ns possihle any set that had occurrcd 
dlll'ing transit was bl'Or((,ll up before the dilfe.l'ent Jots were put in 
storage. The bags of ('neh typr M mnlrt'inl were thpn B!ackpd close 
together in a row 7 piles long and 12 bags high on boards laid on the 
floor. '1'11(>1'(> was an nil' spl1ee b(>tw(>en cnell row, but the hags in each 
roW wer(> 'in coniaet and thus supported e:teh otllt'l'. All matel'iQ,ls 
were plneec1 in stol'nge in t1l(> ha,lrs in "'llkh they were shipped. 

Three inspediom; WP1'(> mrlfl(· of t11c materials s('on,d at Xew Orleans. 
Raleigh. 8tolleyille. and ~Vilso/l Dam. and :2 Ill' e(lell of tIl<' other 
locations with tl\(> exception of Pittsburg, Kans.. whel'c only 1. il1SPPt'-
UOH WitS m1~d{'. III mnking tlH':-1(> inspections ('ll(, hag;:; of 1 pil(> of 
each lot o:f 1l1atcl'ial w(>rcl'PlllOYl'cl and s;ubjertN] to the chop test. The 
resnlts obtained in illi.!> tc;.;t fire giyen in table 20 for thClllatel'illls 
stoted at the diffel'N1t locations uncler ('OInmercilll conditions and in 
table 30 for the materiaIs ~tol'ed in Ole cold -stol'l'tge rooms. TJlese tubles 
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 'J'AIlU; '27.-Locatioll,slorage cO/ldition, and storage alia i11s11cction dl/tes of large·seale storage tests 


Dnto of storage for~ Dato of inspectipn ~ 
0Locution Coopernting organiwtion Condition of storage ANPL TVA z

ammonium uuulloniuIIl First Second' 
-~ jnitrnte nitruto a 

i::: 
z

194-1 1944 .... 
DllitimQrc, Md................ jFrrtiliZerllfUlIufactUring Coojlcrnth'c, Ollcn concreto !lrcnwl1~' outho shoro of the buy. _ Dec. 2i, 1913 Dec. ]0, In·l:! Mnr.20 May 25 8 


Inc. ~ 
Nc\\' Orleuns. 1.11_._......._.__ Armonr Fertilizer "rorks•••___._•••••• Lnrj!o frumfi building with concrete floor ......... Dec. 23, ]9·1:1 nec. 211, ]11·13 Mar. 1 Muy12 P. 
n"lcij!lI, N. C••_••• _••_.__._" North ('lIrolinn Agricnltural JCxpcri- Sccondlloor of brick dalr~' bllrn._ •• _ .•••••••••• Jill. 5, ]944 JUII. 5, lOB Mar. 13 lIlay 16 8 

t::lmcnlll! Stlltion. 
Stonc\'lIlc, :Miss...._......... _ MisslssippLAgdcult.trul Expcrillwntlll Small corrugated iroll building with concrctu Jan. 2,1914 Jail. 2, ID44 Feb. 25 Mny 9 P. 

{IlStation. floor. 
"'Uson Dum, .\1u .....___ ••_•• 1'cIlnesseo Valloy Authority ••_••__.... Largo hollow·tilo building with cOllcreto ouor._ JUll. 9,lUH JUll. II, 1014 }"cb. 22 May ·1 P.Beltsville, l\1tL .....__ .,,".... lIun'au or Plant Ind.t~try, Soils, ulld ISecond Door or cinder·block building "____ .... Jun. 7, 19.J.1 Dec. 31, HH3 Juno 20 .. .... ..... ....~ ~ ~ -~'"'

Agricultural Enginecring. "!l 
Room A ••••••••• __.... _, _......tlo••••.••••__......._••••• _....... _, 85° J.'.; uncontrolled lllllnidity ___ •••. ______.... • .. __ .do _""'."1 _..do•.. ___ Do. t::l ---------... ---- ~Hoom 2._............. ---l.....do •• _ ......._..............._..... 55" F.; relative humidity, SO perccnt .. .... _. _....tlo._•••••••••do •• __••• Do. --_. -------_ .....

Hoom 13••••••••••_.............do.....................__...__ ..... , 3.1° }'.; rellln,·o hnIllidit~·, 75 pcrccnL_.••__ . __ )••••_dO___ ........_do_••___ • Uo. .._.........__... _---- ~ 

Hoom Is________•••_.....j.....tlo......._...._....___ ••_••••••.••••! 55° }".; rclaU,·c humidity, 60 percent._................do.___........do_....__ Do. 
 --- ........------- ~ 

l!oom23___ •• _..... _••_....: •• do ••• _. ·.......·.- ......... : ........ 1· i5° F.; relntive humltlit~·, 65 jlcrccllt--·-----·· •• ·i..·.·dO•••••-- ____.do.___... Do. ---......-....,_... _-- N


Pittsburg, Kuns ••••_......... l\lllilury Chcmicnl'Works, Inc ..... _._ }"ramo bam without lIoor..____.......__ ._....... Mllr. 17, 194·1 l\lar.17, lUH 
 MIlY 30 --_.._--------- 't::l 
~ 

-~-~ ----".--~~~~..,~.~----.. ----~~, -~~------- .... --~ 

11~innl inspectiolls were Illatlc lJetwcl'lI No". :':0 IInti Dec. 0, 1044, at New Orlellns, ltaleigh, Stoneville, anti Wlison Dam (sec taule 36). 
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'.l'_\JJT.F: 2S,-Tl'catlll!'lIis (1/1(1. SCI'I'C/I, aJlalysis of 1()1.~ of (/11IJl/onium 'nitra/e 1I.~rcl. in s/oragc icsi.~ in difJrrcllt 10l'(tiio}/s ~ 
(') 

,~i1crcrn !It1!1lysis (mesh)'I'renlnll'nt 
t::II,OL d 

Conl1itioru'tWlltl'r rrpl'lI('ut I 	 --~-:~:]~~,~ -~ ~ 
tzj 

't 	 1-3
Peral." ! Perctlli l'ucwt I Percell/. l'fTltllt ....""P],: 	 :10 26 I 17 5 ZNone.•.•. , .... .."OIlC«-. ...... ."0.1. 	 , .. .do .... • ij I :II ~'\ll 21 2 <=Xo,2_ 0.5 )Jl'l'c{mt 'VP., :IU 28 17 3 ....a.n pl'ret'lil Kittlltls la! 
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A~DIONIl'}( NI~nA~E AS A I~En~ILIZER 

give the average weight of lumps per bag for each pile of material. 
This value does not show the T'al'iation in the degree or co,king in the 
different bngs of a pile of any type of l1mtel'inJ~ but jt does afford l1. 

conT'enient means Jot' comparing the l'!'1ative degrees of caking of the 
different lots. The bngs were piled 10 high in the colcl-stol'llge rooms 
aIld 12 Iligh at an other Ioentions. In making the cnking tests the 
bags at all locations except BeltsYi11e, :'lId., were dl'opp('d ·1 tiIu('s. 
This stand:l1:d t('st brings out Ill(' diJi'cr(,llc(> hehv('t'll the badly cab.'cl 
materials and those that. do not spt Yet'Y Illneh. but it is 100 drHstic 
for difl'crentinting 1>(>tw(>pn lllntpl'inls that show ':(>I'Y littl(' caking, To 
bring out the liuPI' distindiolls. tlte mafl'l'inls stol'('d in the i'('l't.ilizel' 
hous(' and in the ('old-storage rooms at Bpltsyil1(', :Jfd,. "'ere dropped
only once before s{'I.'(,pning. 

Th(' daJo, ill tables 2!) tlnd 30 show also the range of hardness of the 
hlmps in ('(Ieh pile' of (h(~ Yfl.rlOUS mat('l'ials. The spl'nwd nmmonium 
nitmte (.\.XPL) eontaine(l n. sl1lall qunntit'y of Imix1 lumps of ::L 

coating or cOlu1itionillg' agPHt or what (IPP('o,l'S to be s(,l'apings from 
the ('quipl1wnt lls(l(lin the pl'r-pHrntioll of the matc>l'inl, Lumps of this 
Idnd would intl'l'l'(,l'e ",ith the c1l'illn.hiJih' of ",1mt might otherwise 
be a pl'odu(:t of (,Xl'('ll(,llt llH'elHmieal ('()]l(li'tion, TIlPse ltllnps are now 
bping 1'(>moy('(l by s('l'('('ning at the point· of l)['oduetioll and they were 
]lot fount1 in ~lths('ql1('nt sh ipments. 

TI\(' lllH'Olulitiol1Nl all1lll()Jlinm uitl'ut(' amI the nmmonium nitrate 
that had be(,11 trentNI onl,\' with n waLer l'C'pel1ent eaked to an. objec
tionable dej:(Tee. ,Yhilp the lll1l1pS in thN;(' matel'inls were soft in 
some cnses, this wus llue to t11(' fact tluLt moistul'P hncl b(,(,11 absorbed 
during l'1tornge n1H1 th('l'(, lUlll b{,(>11 no Op[lol'!l1l1 it)' for the material 
to ell'\' out ai.!aiu, '1'11(' AXPL lots thut hud ])('('11 conditi01led with 
Kittitns stoo'clllP 1)(>[tel' U1Hl{'l'l'1tol'ag-(' thnn lilly of the others, In 
only onCl ('aBe did 01(' a....(>I'nge weight of ]nillps 1)(>1' bag exceed 1.0 
pel'c('nt. tln<1 in ull CltS(,;'; the lnnl})s wcre soft t'xeept for the small 
quantity of hnl'<1 ]nmps fhat ,\'el'e hltroduCN1, as already explained, in 
ibe pl'oe(>ss of mnnnfal'tur(', TIl(' T\~~\' products flU (1'(,1'ed from the 
prest'nee of a lal'g(' }l1'O])ol'iioll of fin('s. as shown in table 28. These 
tcndell to i11C1'(,:lS(' Iht' <'aking of the material and the hanlrH'ss of the 
resulting lump:;, 

'1'11(' rplatin 11(>i.!I'('e of rakin!! of t1)(' (lilr(>l'('nt lots of ammonium 
ni(rflt(' is further ~h()wn hy the '<lain. in table :H, This t:tble gives the 
('stimnt('d llllllllwl' of bugs in t'Heh. pi](' HUlINl 1'01' dil'(>ct application in 
the lipId, All the hag;.; in (I:1('h pill' of ~\SPT.J Xos. a and·~ were con-. 
sid('l'P<l to besllil('d rO!, !lil'pC't nppli('ntjol]. This heM true :for n.ll the 
locations at W111('11 tll(' :-;tOl'll!.!;P tests w(,l'e mud('. TYA No, em re
maiuNl in as go()(l a mp('ltanienJ rOH<lition as pit11e1' ~\'NPL No.3 or 
AXPL Xo,·1 ftf SOllH.'. hut not all, ]oeatiolls. ThisT',Y~\. mutel'ial was 
dprid('dh- J'up('l'iOl' to T'L\. Xos. oe and 'iT. Th(> ~t()rage tests at 
nil locai ions im1i,'u t p wry dl':u'ly thnt nlleonditiollNl ammonium 
nitrate is not Ruit('(l to th(~ j'(,l'filizel' {t'(ull:'. 

On thl:' h(l~js of t!lt' ObSt'l"'Utiol1s made> a!: th(' YUl'iOllS locations at 
whieh gmlllllru' fUlllllOlllum Hill'Ht(' 11[1(1 ])(,(>11 stored, it wou1c1 seem 
that thp difrerent lots muy he 1'!\t('<1 in lll'c'I'Nll'ling OI'(]('1', as shown in 
table 32, 
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T.WLE 31.-Jllcc7wnicul COliclition of varioUSl1! trcntc(L lot.~ oj mnmoniltJll. nitrate 
in larue·sraZe stol'(lge icMs at cliffercnt IOc'atiolls 

[Plied 10 bllgS hIgh in stol'ugc rooms nt neltsYllIe, :lId,: 1.2 bn;;s hIgh fit other IO'~lltionsl • 
Esli1l111tcd number of bags in pile slI!tnble fOr direct npplicntion nt Unm of 

finnl inspection nt 

~:.\llf.J; 32,-Rlltil1[1 ill 11('(')'('l/8ill/l orell'/' Oll'/!1'i()I1,~ il'('([tmcllts 0/1 lol.~ oj 
,11/,111/./11 (II' (/ III 11/ ()II ill III l/lt /'0 t(' 

Lot Wall'l'rellt'lIellt Cnllditiollill!( n!!cllt 
, 

A;'>;"PJ.. :No. 4••.• ___ . _•. _., 0.;, MrCl'11t Ill'lroln!lIlll·pnrnmlllllixtllrl·......... ;J.n p!'rccnt Klttitus, 
X::,PLNo.:J.__ ."". __ ... i NOlll'......... """""""'" __ ''' ...... Po. 
TYA No. bU..... __ "" .. ' 1.0 pl'reellt pl'lrolutulIl·tOSln'llllrnllill mLxlul'(' •• __ • ·1,0 1lcrccnt Celiw. 
T\-..\ No. iC....._....... ..... _.do.•••_.......... __ "'" ..••..•.. • •. __ . ___ . -'.0 pl'ret'llt Illnslcro{ paris• 

'l'VA No. GC •..•••••.•- __ :.....do•• ____ •• ____ ........... __ •• _ •. "'.">"'" -\.O Ill'rC~nt knolin. 

TVA No. 8C...._. __ .. ~._.: .••.•110••. __ ............. '" .. __ .... .... .. ___ .... -1.0 J1~l'cellt sonpslone. 

ANP~ No. 2••" .•••_. __ -"I 0.5 P('I'Cl'nt pl'll'olall\l11·jlarufIln m!xlUl'l'.... • .' Xone. •
,\NPLNQ.l .......... " ... Xon~.._.... __ .... __ ...... ' ... ____ ._. __ •... _______ .: Do. 

'I'VA Xo. 9('.........".__ ' 1.0 pert'en! peU-olntullI·/'osin·plIl'nllin mixtun'... . 'Do. 

TVA Xo.1. ..... _._.... NOll~.__••__ ... _.... __ .... ____ .•..•. __ ... __ .... : Do. 

.,..~ ______.."~"-""' ~ r'~~_~._ ....,....._.""'_~___+"'"_~____"'-- ,....-. __~ 

. ..___ .."._.----'-."___ ....,....____ . __ 

MONOCRYSTALLlNE A:\t;\\ONIU:\\ .:\'ITHATE 

The storage tests with sevemllots of ~UCIV monocl',Ystalline ammo· 
nium nitrate "'ere .initiated at u,later dnte than those wHh the gnmuhl' 
materials. These lots were supplied as experimental material with 
the l'equest that they be incol'pol'atecl in the storage tests. The results 
obtained u,l'e given in table 33. In making these tests the bag,> of 
material stored at Be1tsyille, ~:[c1., ,,'ere choppecl only once. while 
those stored nt New Orleans, La., and J)Htsbnrg, Kans.. were subjected 
to the st:l.l1dn,l'cl four·drop test. The 1l11co1lClitionecl :MOlY material 

\, .at Pittsburg and at New Orleans contail1ed no lumps ~1.fter tlw. eh'op 
test, while similn.l' materiulat Beltsville showed decided caking. rrhe 
lots of J)1ftterial at Pittsburg and New Orleans contained in excess of 
0.30 percent of moisture, however, :111cl it was felt that this was suffi· 
cient to lubricnte the surface of the cl',}'stnls and thus permit them to 
slip n.plut. The material stored at Beltsvj]]e, on the other hand, con· 
tn;inec! only 0.07 percent of moisture, or essentifi,lly the same as the 
initial moistnre content. Nore·solution of int-erlocked crystals could, 
therefore, lULvB taken place, ilIlc1 a enkcd condition wouldlutve resulted 
because of the p1n~)tie nature of the materia1. The resnlts obtained •with the monocrystallinc material further hl(licltte that the condition
ing agents used were not so effective in redncing the caking of large 
crystals as of granular matcrittls. 

;',j 
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A;\HilONIUM NITRATE AS A FERTILIZER 

T.\'BLE 33.-0akinu tests 10Uh vari01tsty tl'eatcd tots of MOW mOIl{lcl'vstaZlinc 
ammOIl<i'U1/1· nitrate (I.fter 8tOI'(lgC at diflerent .locations, showing weight 1 arid 
hardness' of lltp~P8 fOl'mcd 

BELTSVILLE, MD" MAR. 11 TO JUNE 20, 19H, 

Arrangement "MCW No, I MCW No.2 MCW No.3 :MCW No. ·1 MCW No.5 
of bags In plio

from top to 
bottom WeIght I~~~~. Weight ~~~~. Weight ~~~~. Weight ~~~~. Weight J~~~~. 

POllnds POllnd$ POllnds POll'nds POllnds 
'l'hird.............. 10 S ........ •••••••• 30 S ........ __""" ••__•••• ________ 

}'ourth............. 1i S 

}'l!th............... 5 S 
 :::::i5: :::~::: ---..~~- ...~:..-====:=== =::::::: ::::~~~ ~:~~~~~:
Sixth............... 3 S 

Se'·~llth........._.. 1 S 2i S .............._••______ ••_...._......... """" 

Eighth............. 10 S 40 S ,IS S 

Ninth.............. 5 S 3U S '''.'__' ••••___• :::::::: :::::::: -'--'a5" "'ii--' 

'l'enth.............. 9 S 13 S ........................ '_'''__ ' __••__•••__• __•• 


NBW OltLEANS, LA" MAn. 1 '1'0 MAY 12, 10,14 

n.,r 1--..--.. ..-----.s ._..__._ ' __"'" 11\1 •••••••• ' • __••__ 
1\[ _............._; .._................


1 

~~~'~~k::;:~~;~.l-~1'::::::::1--'g,:--"8"--1 i~ 1,,1M l:::~-:::I:~::::J:::::::I:::::::: 
~==J 0 ---_••=__9..J,-S_t_o_~_[,-_'..L__ll_.l.I'_·"_·_·__---\.\-_,,·_,_·:_=-l·..:.·_·_--_--_-"'·_....--_--_._-"_.1 

lAfter 1 ,ll'op oj' hllg Ilt 11~Jts"llle; nCter 4 (It'OPS at Xl'\\" 01'l('11Il~ 111111 1!ltt~l.Jl1I·A'. 

"S =Srln j ~l =JIl(>(llUIll j H = lIurd; YIl :::;;; "!!L'Y 11111'11. . 


:yrorSTURE AnSOHl'TION IN STOI!AGE 

Moistme determinations were 11lnde on each lot of materinl at the 
beginning of the tests nml ngn.in nt eneh inspection. A representative 
sample for analysis was obtained in an open bottle by passing it back 
and forth under the SCi'een ns the material ,,'IlS being screened during 
the drop test. The sample ,vas always taken :f.l,'om the bag next to 
the bottom of the pi](~. 'rhe results obtninesl arc given in table 34 for 
the lots stored nt' the eli ITerent locations and in table 35 for those 
stOl'eel in the eold storage l'ooms at Beltsville, Md. The tables show 
(1) that Tor any given lot of matel'in1 the moisture absorbed increased 
with increase in the h1lmidity of the 10eatiOll ill which jt was stored; 
antI (2) that 1:01' any given location the moisbll'e absOl'bed by the 
TVA materials exceed(><l that absorbed by the ANPL materials. The 
l'el/ltiv('ly high absorption of moistnre bjr 1'YA No. 70 was 110 doubt 
clue to hyc1l'lltion c1lll'ing storftge ol~ the plaster of pal'is used as the 
C0l1ctiti0l1ing agent. 

FINAL INSPECTION 

A final hlspection of till' rtn,llnOnilll1l nitrl1te slllnples stored at ,Yil
SOH Dam, AlfL., ~tol1('yil1e, nliss., New Ol'leans, La., and Haleigh, N. 0., 
waS ma(Ie during the period between November 30 to December 9, 
10·.1::1. The JlUlh?l'inls had be(ll1 in ptomgc for a period of nbollt 11 
months. Considerable vnriatioll wus found in the moishll.'e content 
of the 111tlterials 8illee the pl'evious inspection c1111'ing Mtl.y 1044. 



.,<".,":,-;';'"'f'.'..,::j."\~7". 

h 

56 TECHNICAL BULLETIN 912, U, S. DEPT. OF AGRICULTURE 

TABLE 34.-Gain i1t moist1tre r.ontent ot 1)a,riOltsly treatecl lots ot ammonium 
1titrate duri.ng storagc 1 at dijfcrC1tt locations 

Baltlmore, New Orleans, Stoneville. Raleigh, Wilson Dam, BeltsvlJle, •
Md. Ln. 'Miss. :\. C. Ala. Md. 


Lot 

Pe· IGain Pc· IGain Pc· IGain ~)e· II Gain J?e· II Gnin 1.'0' Gain

rlod rlod riod rlOd flo.d T10d 

-----1·--·(,·----i--------i----i----~ 
Per· j Per· Pet· . Per- : Per· Per· 

ANPL: Davs cent Days cent Days cmt DrlVs! cent Day., I' cent Days cent 
:\0.1••__• 1.50 0.05 141 0.00 128 0.72 132! 0 116 0.13 105 0.03 

~~:~::::: }~ :~ m :~ m :~6 mi :q~ m :1~ ~~~ :~ 
No. 4____• 150 ,20 HI .07 12S .2·1 132 1 .20 116 .27 105 .23 ~. Wk I I 
No. 1..... 167! .23 • __ ••_........ 128. .77 132: • Ofl 110 1 .35 172 .08 
l'}o.5D-._ 10I .~~ 13~11.:!·! 1281 .81 132'.11 110'.M 11Z,z2! .14 
'No.OC___ 101! .~I 13", 1.1D 128 .70 132 I 0 110 I .50 .13 
No.7C___ 167 I .33 _•••_•• '__..___ 1281 1.38 132j.m 110 I .81) 172 .19
No. 80__• _._____ 1_______ 135 \ 2.31 _______ ,_______ ••__... '-______ llfl .53 •__ • __________ 

MOW:' 9C___ --.---.:------- 135 1.24 --...-+------ -----.-;.------ 110 I .50 -----.. --•• -.-
No. 1.___• __••__ .1.______ 72 I .3,1 •__....1..__.__ 7-1 : 2.30 ___• __.:.__ .___ 97 ° 
No. 2____________ 1_______ 72 r .51 ____.._j ______ • i4 : 2.16 ______ +______ 91 ° 
~~: t::: ::::=:f::::: ::~:~~:C:~~:::::::f:::::::::~'~:b~:~~: ~:=::::I::::::=I----:~T-~---

1 See ta.bles 27 and 33 fat dntes of storage tlnd inspection.
• Stored at Pittsburg, Kans. 

TABLE 35.--.J[oist1ire content oj l'(ll'ionslll t1'eate(l, lots oj (lmmoni1f.1Ib nitratc 

Mter {j1h-?nont71.~· slol'(lQe WHler cOIl/i'olle(l r01l!ZUiollS lIt: Beltsville, Mel. 


Moisture content at end of stocRgq period, June 2 

Jnih,]
IJ1oL.,Lura Room 13 naom 18 Room 23 Room 2 Lot Room A content, (RSO F.; if) (5.5· P.; no (750 P.; 65 (550 F.; 80I • 

(850 F.; un· Dec. 31, 1943 percent percent percent percent
controlled 

bumidity) IllImidity) humidity) humidity) 
relative rclntlve rclath'e relative

humidity)I -
ANPL: PCJ'c(nt Percent Percent Percent Perunt Percellt!o: o. 1_________ 

No. 2 ________• 0.12 0.05 0.05 0, Ii 0.32 0,74 
No. 3 ________ .13 .Ofl .07 .39 .25 .69 

.25 .31 .42 .:12 • iO .71
No. 4 _____.--  .19 .31 .32 .2H .60 • 9~ 

TVA:No. L __....__ .10 .11 .09 .9,1 .15 11.10No. bU________ .1i .25 .33 .34 1.2\1 11. fiONo. 6C ____•___ .12 .10 .1·1 .22 .60 1 1. '37
NO.iO..___ .26 .20 .34 .58 2.2,1 1 1. ~5 

-'
1 :Moistl\re content nfter storage of 2~~ lllonth$. Dec. 31. 10·13, to )[ar. 14, 1044. 

'While iliost of the bags showed a sli~ht increase in moisture content, 
a few showecl It decrettse. It was further observed that the bags that 
ha(1 absorbed S1.llficient moisture during the humid season to become 
wet showed snch n. mal'ke.d .1ncl'e:~se in lutrdness at the ::i.111e o:f the 
final inspection as to make it difficult to pry them apart. ThiS' was 
to be expected, in view of the marked drop hl temperature and 
humidity that had occurred since the previous inspection. It JUtS been 
shown that caking occurs in ammonium nitrate when vL'ystallization 
takes place from the solution phase as n, result of It drop in.tempera
ture or a drying out 0'£ the llln,tel'inl. Both factors opervJed between 
the pre'Vious and the fblal inspections. A marked hlcrease in caking •
was therefore to be expected hl the Cfise of the materials storec1 in the 
more permeable bags, and this was found to be the case, as shown in 
table 36. 



• • ;.;, 


TABLE S6.-Caki/lg test$ 10ith val'iollsly treated lots of ammolli'u.m. 11itrate i1~ finaZ stomge tests at dit!aent locations 1 

.~ 
New Orleans, I,B. Raleigh, N. 0. Stoneville, Miss. "'ilsou Dam, AlB. E o 

Lot z....Moisture Lumps LumpsMoisture Lumps 1\foisture Lumps CjMoisturecontent content ~conteut contentWeight' f Hardness' Weight' f Hardness 1 Weig~t 2 IHardness' Weight' 
I

Hardness' ....Z' 
1'3 

Porcwt Pound. Ptrrtnt Pounds Percent Pounds ~Percent PQundsANPLNo.4..______________ 1. 62 1 S 0.29 0 S 0.58 1 I S
ANPL No. 3__ ~____________ 1.65 S S to M .46 0 S .36 S S to M 0.82 o S ~ 
TVA No. 5B____________ 3.4-1 33 S to H .59 5 S to H 1.43 34. 1\{ to H .57 1 S t;:!
,TVA No. 70________________ --_________ ____________ ____________ 1.24 30 S to H 1. 40 54 S to H 1. OS 11 StoH 

TVA No. 60_••____________ 1.72 70 MtoH .68 40 StoH .15 74 H ~
1. 24 32 StoH 
TVA No. 80_______________ 4.06 64 1\1 to H _______________________________________________________________________ _ .78 49 StoH 

1.02 41 StoH I>ANPL No. 2______________ 1. G., 36 S .05 74 M to H .07 95 S to H 
ANPL No. L______________ 2.10 81 S ___________ 92 M to H .04 97 H .4-1 59 1vI toH I:j
TVA No. 9o________________ 1.51 90 VH ______________________________________________________________________ _ .20 78 MtoH 1:;1
TVA No. L ________________ ------------ -----_______ ____________ ____________ 98 VH .13 98 VH .75 92 MtoVH 

.33 9S VH 

1 At the end of a period of approximately 11 months. ~ 
• "\.fter 1 drop of bug. ,~ 
• S = soft; :.r = medium; H = bard; VH = very bard. ~ 

,j-

CJl 
~ 

":~··.:'t..i-~' ~-' ~. ,,,:': ~~ :.._,:·~·;~~~i ....,.::.\.-:..~;~::::-~,i:":L ',~-::~.~_-:;.. 
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The results of the Lina1 inspection emphasize the necessity of 
thoroughly drying the illlllIlOnilllllllitmte before bagging and storing 
in moistureproof bags in a dry hu,ilding, TIll')' :further indicate that •if the nmtel'ial eontains any ("o1ll:,idel'ai>l(l pel'eentage or moisture it 

I, is inadvisable to talTY it in storage from the hot hlll1lidwe:L!'her of 
SlIlllmer into the ('001 dry w('ath(,I' of late fall Ot' \l"int(,I', Only the 
.J.\..NPL HlI1ll1ollilllll Jlitl'a!.(' that lw(\ hp(ln In>ntNL with D,;) pereent of 
a petl'()latum~p:lI,tdlin Illixtur(' pIllS :Ui percellt of Kittitas, and with 
3,5 pet'('('nt of Kittitas !lloll(, Ul:llllples ~\XPL Xos, -I· Hnd :1), remained 
in n, satifd'twU)J'Y eon([ition for dil'C'('l uppliellt'ion in the fiel<l at the 
end of the l1-lI1onth storage p(,l'iod, Thl' l'olldition or the other 

:. llIat(~l'ials would plaee thelll in psspnti:t1ly the StUlle ol'(ler as was done 
at tbe time 01' tht, s(>t()ndill~illl'di()11 (SN' table a~), 

E.FFECT OF BAGS ON STORAGE BEHAV10R 

In the study or the hygl'OS('Opieit'y of di f1'('J'Nll typl'S of ttllllllOlliul11 
nitm'(p, it was fOlllld that. till' lllH'oa[l'<l ~\~PL and T\"A lIIllt('rials 
difl'cl'cd llllt<little in th('il' mil'S of 1l1Oi:;IIlI'P alls()I'ptiolt (tahle 11), It 
,yas (\lltllpJ.' found that ('oating l'ititl'I' pl'o<inet ,,"itlt a waxlike or 
watel'-l'l']lt.JI('lIt Jlltl[pl'inl gn>ntiy l'pdllC'l,(l it's rate or 1Il0iStUI'e. :tiJSOL'p
lion, but that tll(' additioll of a (:ollditionillg IIla(('I'inl, slI('h as 
kieselgu II I', 11101'(, OJ.' It'ss lIullifil'Cl the {'I)'l'('[ of tile, watel' l'Pppl1ent. 
This nullifying ('n'pel ilH'!'PHSl'll wit It filliP of stol'agl' lIlItil, n.fiel' a 
pCI'j()(l of Se\TPI':t1 1I101lths, thl'I'p wns littlp dilJ'p)'PlIt'(> in ratl' of mois
ture ab:";ol'lltioH lll't lI't'l'll f1 l lllllOniulIl nitmtp tl'l'ntp(\ wiih WllX and • 
kiese19uhI' n nd tllP sa lIH' IIlnt (> I'i:tI fI'ea t(·<1\\"i til k ies('lg<ulII' on I)" 

01' the types of nnllllOlJiunl lIitl'a[(' usp(l in the' slorage' i('sts, lot 
ANPL Xo, -I, had I>Pl')\ tl'l'nll'tI with n,,) ]ll'I'l'l'nt ,\,P + !~,ii PCI't'('llt 
KittituR wIlilC' Jot ~\.XPL Xo, :) had bl'PII II'palNI with :~,;; peJ'rent 
Kittitas only, Thl' J'('SlIlts j.!in·n in lal>ll's a-I and :);'j show ihnl' the. 
'initial ('Ire('( of the wax ('1m! illg iJl 1'!'<Iut'illJ.!,' I'at(· of 1II0istlll'e ahf;{))'p
tion was entil'l,ly <1('sll'o,\<pd dlll'illg the slol'tlgl' ]It'riod, h ,rill be 
110(1'<1 also thal both lots of n.IIII1IQlliulll Jlitl'ute. ('olliaillPd tt little 
higll(\.I' (JPI'(,pntngt' of' 1Il0isllll'P at (h(' Plld of t hp storag(' pl'l'iocl than 
the llllh'(>at('(1 HlIIlllOlliulll lIill'atp, Thil> lIlay han' 1>('('11 <llle in pa!'t 
to 1I1oisl1ll'P absIH'})(IlI. hy tll(, Kittitns itsplL as l'xplnil1P(l Oil pagl'S an 
to +1, find to [11(' fad thnt tIlt' ('oIHlifiollt'd IIIt1[el'inls <li(l not enkp, 
nlthollgll tllp lI11tl'pHtp(l alll11l0llilllll lIitl'tlf'l' (lilL ('ail:p auclwHs (hpl'do)'(\. 
]l'SS sllb:iptt fo 1Il0\'('It1l'ut of ail' t1I1'Ollgh. tllp III:lS:-l. 

The data in tahles :~.J. and :\iJ show 1'111'111('1' thnl,,-hen flIP!'(\. iSfL 
positivp, difr(~I'('lltial ill YapOl' jll'('SSIlI'P Ill,t W('('lI til(' olllsidp and inl>ide 
of the lJa/-.rs ill whieh flwy tIl'C' stOI'l'(\, '1'\' . .\ allln 1011 iII III lIitl'nf(> ahsOl'hs 
moisture mOl'p l'npidl~' thall the (,OI'I'PSpolldillg A.\'PL l1Iaf(,I'inll1n<1er 
the snHle ('onditions of tl'1I1pPl'tlIIlI'P alld hUlllidit.r, This WllS plll'ti('~ 
uladv lloti('p;lhh·in thl' llud(,I'inls stol'ed ill !'()() II I ~ al IkHl>yille, :Md, 
Ac('o'j'(ling to til(' dahl in faIlle' :~J. t1H' '1'\,.\ IIwtHinls nhsol'l)(·<l 1IIOl'C 
llloistrll'(', in ~1/2 llIollllls thall tlH' XXPL ill fil,~ 1110111118, although the 
('onc1it iOlls of stOl'tlgC' with Olle' (lx(,ppfiolllY('I'C' the HtllllP fot' hoth t,\,],)('s, • 
The one ex(,pptiollwas tIl(' '11111 lity of' ilH' bagl> UHNl. Both types of 
mlll('l'ial \\'(>1'(' stOl'l'dill fill' SHIllP hngsin wllil'h thc'.\' wel'(, Rhipped, 
The pa('\{ag(', nf;("(lin s\JiiJpillp; tllP AXPL iUII1110niuIlll1ill'Hle W:lS a 
5-ply lllllHiwall p:lJ>(>L' hag: with l/tlO-pou)l(l :u>pltn.lt-hul1inatcc11ayel' 
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• 
and valve closlll'e. The TYA rnntcl"ial waH shipped ill !L burlap bag 

j 

with pientc([ paper liLling ntUlC"hl'(l to the inside oJ thc bUl"J:lP with , :1 

asphalt anlI <:lo:;e<1 with It wil'e lip. 
It was ObS(llTl'd. ill stm'age tesls in ]nulli<1 1II'('a::; [hnt Ihc' burlap bags 

Il'e.qlWlltly hl'e:ulw dl'ipping W(lL ,,'hile the paper bags with all asphalt 
laminated 1:t.},el' 1'l'lllailll'd I'plat i,'ely (liT: TI1l' Hl1'lllIOlrilllll nitrate 
in the. ,,'pt burlap bags was fOllnd to bp IIlldl'jllablp, \I'!ll'I'PHS thn lIlate" 
I'ittl in llllilJ'okplI asphalt-I:ullillu(l'd Il1I1Hiwall ]>apl'l' bngs of good 
qllality wus llSlIHlly in sirilahic ('())I(lil'ioll 1'0[' diI,p('! appli('atioll in tile 

(field,li Thl'st' obser\'aJiolls ill<ii('ni(' fhal the' mois(III'(,-l'l'sisf:mL bags 
used in thm;l' l:ll'ge-s('ah~ slol'age ('sts <Ii/rei' gl'e:ttly ,ill theil' PCI'I1lC-, . 
ability to wntl'I' ytll)()I' alld ill Ih(> ]>I'otc('(ioll that (lip,)' a/ronl to 
ull\monilllll nitrate s(ol'(>(1 IInd('1' hllnrid ('oIHli( ions, A sllIcl,)' 'vas 
fL('C"OI'dingly ll11dl'ltalH'1l of flu' I'plat iYl'IWl'lllpability to watel' nq)ol' 
of the din'Pl'ell1 (,\'l>C's of bngs (hilt al'p no\\' Iwillg IIsNI 01.' might be 
uRecl i.1I Ihe shiplllPllt nllll stol'ag(' of nllllllOlliull1 Ilill':l(" 

BAG-S'I'OIlAGE TESTS 

• 

Tn mnking Img-stol'agP tpsts Illp bags \\'PI'P lillp([ wit h gl':tlllllal' fUll

mOlliulll nitl'ntf' that had lJl'l'Il ('OIHliliolll'cl with ;U; IH'I'(,pnt of Kittitns 
to PI.'P\'l'llt eakillg. Tlw lops of thp lings wel'(> ('los('<1 wit'h plywood ,) 

(,lamps 11o](p([ (ogp!lwl.'ill SII('I! "':t,r ns to iIlStll'l' ngaillst Illl)' ll'akage 1 
of' walpl' \'apol' thl'ollgh 111(' ('loslIn's, This 1lI(l(lwd. of ('loslIrp a/I'ol'(led 
fl ('OIlYPlli('llt IlI('nIlS 1'01' Olll'llillg HlHI e1os.ing IIll' hags 1'01' thl' I'emoynl 
of sn III pies. '1'1)(' hags \\,('1'(' StOI'P<1 ill Ii 1\ ai 1'-('oIHI it iOIll'<l room t111lt 
was mnilllairwcl nt a tl'lllpp('atlll'l' of :iJjO C, (Hii" F,) alld ft ]'ellltive 
h11m j (Ii Iy () i: H() 1)('1'('('11 L • \ n Ind in lin SHill p h'I' \Yas tlSPl/. to wi t1l(lmw 
sllmpi('s fl'Onl dill'Pl'PIlI pal'ts of Pilch hag 1'01' llIoisllll'P dt'(PI'llliIlHtions 
itt in(c'j'\'Hls of 1 lIlollth,. TIl(' I'PslIlls ol>lailll'd nl'(' gi\'l'1l ill table 37, 

Thp. )'P:lults s!low (I) fbnt allllllOl1illlll llill'fdC' ill :l IIP\l' blll'lap bag 
wilh asphnlt-alln('}l\'c! ('I'ppl'd nlHI pll'atc'(1 pnpPI' linil1g will flbsoJ'lJ 
1I10l'P Ihan t wit'l' as 1ll1l('lr IlloistlU'P in 1 month lllld('I' thp ('olldHiollS of 
thp I('st as :t papPI' i>:lg ('onlaillillg Ollt' ;10-;30-:30-polilld aspllHlt-lami
IlntNl laye'I': (~) thai till' 1)('I'IlIPHbilily 10 watpl.'\'npol' of 111 lilt iwall 
pap(ll' hngs wiih OIH' :\()-!W-!iO-pOllllll nspllllll-lnlllillall'<1 IaY('I'iH at 
ll'asl- IwiN' as gl'l':d HS lind or bags ('olliaillill!£ (WO !30-:lO-;W-ponnd 
Ilsphal(-I:lI11inaip(i 1n,\'PI'S of' Ih(1 SHlllp qwllity: (!l) Iha! th(l pe'l'me
ability of tllP nsphnil-Inlllillalpd laY(>I'S in ('(ll'laill makl's of hags may 
hp ,UI'(>alpl' t hall (hilt ill oth('I' hags of tII(\ SHIlH' typl' tlw! ('on(ain iL Ipss 
\\'Pight of Hspll:11111111: aJld (·1) thaI 111('1'(\ is YPI'Y liull, diffl'I'PIH'P as a 
J't!1p ill Ihe' pPI'llH'alJilily 10 \l'all'l' Ynpol' or ImrlajJ bags with dOllble 
nsphllltlaYPl's and IlH\l1 i\l':\11 p:q)('r bags ('ol1laillillg 1\\'0 asphalt 
lalllil1ale<llavPI's, 

• 
Till' difl'pJ'(;I]('(' ill \\!dpl' yapol' j>I'('SSlIl'(' bpt \\'(>('11 (Ill' olllsidl' Hml the 

illsidp of n hag or nlll!llOllillnll1itl'afp 1I1111PI' 111(' ('OIHlitiollS of till' (pst 
i~' ('(lIri\'nlplll to :1},01l1 10,:: Illlll. of lIi('I'('III'Y (.J,'l), Till' ('()I'I'PSpOlldillg 
difl'(II'Plltial in PI'psslln'that \\'(llIld pl'p\,jlil ill fliP e:\se of bags of 
allllllol.Jiulll Ilitl'nlp S[OI'Pei in ('OIlIll\('I'('inl W:lI'phOIlS('S ",ill dirl'(ll' gl'e'ath' 
in difl't'l'Pllt loe:di[i('s and in tIll' S:)IlI(l lo(':dit\' lit dill'('!'('rlf' s('nsons of 
tlll' ),(':11', as showlI in tnhlp :3H, Tf it hI' asslIl1ip(l thaI th(· 1l':lllslllisRion 

~ Hose;. W. II, ,\ 'DIO:-':Il'~r ':'>[Tlt,\'n: IX 1'I'EH'I'O Itlm, Tlh', ~I)II. and F(>I't. 
JnveHt,ltpH, rtpf, 17, !!"I PII. 1!l4·I, [I'I'U('(>S":Pfl.] 
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TABLE 37,-Moist1we absorbed. by granular a1nlllonillll" nit,tate stored. in 1n1tUi
'1oalt paIIC" ba{IS (md. in bll1'~(tllba[Js 0/ diffcrent tvpes at 95° Ii', and a 
relative h1tmidit1f of 80 tlcl'ccnt 

MULTIWALL PAPER BAOS 

?'foisturo nbsol'boll nlter
BIlr:No. T)'pc 01 bag ------ 

1 month 2 1lI0l1th~ 

Perce lit Percell!
1'-1.________________ 5-1'1)" wilh one 25-25-25-pound A-L-L ,_______________ __1'-2_____________________do____•_____________________________ •___ ._••________ • 1.2.5 

1.:131'-3____________..__ 5-ply, with one 3Q-30-3G-pouud A-I.-T, ________________ __
1'-4_____________________do____________________• _____________________________ 1.07 

1'-5_________________ tJ-pl}', witl! two 25-25-25-pound A--i,-L ________________ 
1.59 ..-·----·i~ii71'-6______________________ do__________________________________________________ _ .·14 

~1'-7__.._________ ______do_________________________.._______ •_____ •_____ •___ • .22 .87 
1'-8••__• _________________llo_______•________________________________________ _ ~ .52 .73 

.·11 .731'-0_________________ a-ply, with two aG-3G-3G-pound,A-Ir-L ________________ _1'-11.____________________ do_________________________________________________ •fin • !Ill 
1'-12____________________do_________________________c_____________________ _ •S:l 1. iot 
1'-13_____________________ do__________________________________________________ _ .57 1.3-1 
1'-14 ___________________ do___________________________________________________ • GO 1.25 
1'-15________________ ,_____do__________________________________________________ • .05 0'> 
P-Jfl______________ , ______do_____________•_____ • __..______ •__ •___ •_________ •__ .HI 1.37 

· ((; .08
1'-17 ___ •_________ ._ Il-ply, with 0111' 3G-100~3G-p()und A-I,-k___ ._..._. ___ . __ .3:1 • (151'-18_____________ ••______do____• __••____ .... __________••_____........_...__ __ 


.17 .51
1'-19___________•••_ (l-pl~', with two aG-tiG-3l'--pound A-I,-f,...___.. _. __ ......1'-20_____________ •_______lIo___•___ ••_________________•______••_____ •••_______• • )2 .25 

.25• 07 

BUHLAl' BAOS 

B-l_.______________ Burlap, wilh asphalt·nttached singill-plcnted. pUller Jin 3.20 
ing on inside. 

B-2____••_._____ ••• Burlap, with asphalt-attnched single-crinkled paper lin· 2.81 
ing onlosIdc. 

B-B____________.___ ao-pound crinkled. kraIt, Oil-pound nsphalt, 40-I)OUI\(1 .70 1.12 
lo-ouncll hurlap, Oo-pound asphalt, ao-pollnd cr nkled 
kraIt.'D-L_.__ ••____• ____• _____do_____ ,._M __ ._••• __ ••••_______ ._._. ____________•• _. .70 1.05

D-5_____.......___ • 4o-pollnd creped kraft, 5,;-pollnd lIsphlllt, 4o-pound 10- .38 .66 
OUllCC burlap, 55-pound IlSphalt, 40-pound rreped kmft.'n-7______________.._ ·Io-pound lO-ouuce burlap, 55-jlOUnd llS[lhnlt, ,W-poulltl .31 
crcped krnlt, 55-pOul1d tlSphn t, 40·pound crc(lcd kmlt"B-8_________._._________do___________ •_________ •________ .___________________ .3:1 

B-O.._.._..._••_______do_____________________ •___________ •_____ .________ iii .------- -j~oo 
B-IO__....._••_._______-do__________ •__________ • __ •• ______....___________ ._._ .47 .90 
B-ll.._____• ___ ••_....__\10______• ___••_________...____ •_________________ •• • flB 1. 17 
B-12________.......___ do______•••••_.._.___ •• ____ ••__ •___ ••• ~ __ •________.. _....-.-_____ .79 
B-13_...______._____ Burlap, with nsphalt·attachcd siugle·crlnkled pUfJcr lin- 1. lI9 _____________ 

lug on inside. 
______ _________~____-'-___-L...___.,~,~~_~ 

1 Asphalt.lamlnated layer. 

~ From outside to jusldc. 


TAllU: 3S.-A'l'c/'(I{!(.> 11umtilly ili/fCI'CIIU!ll, '11~ 'L'(/,/lor pl'essurc /I(.>/'I("cen the outsIeZc 
(J1/(l in,vitla 0/ (1111111 011 iUI/I· nitratc bag8 atorelZ ·ill (liffcr(!llt localities tor the 
t}crjoc!s inclicCl I eel 

l'hIC(luf storage 

Period of 
 -~torn~o 

(1941) 1311ltimorc, Hnlcil:h, Memphis; Norfolk, SII"nnnnh, New Orleans, 
l\fd. N.O. rronu. Vu. Ou. La. 
~ 

.\flll. of Mill. of "'[III. of M'm, of i\J/II. Of ,M'm.of 
7/1CrC1ltJ/ 1TIcrcurJ/ 7IIcrCIlrJ/ lIlCrClirv merwrv 71UrWTI/ 

JIIIl.-Mar........ -(UG -0.28 -0.05 0,12 0.60 1.21
Apr.-June__ -_____ -.20 • 2,1 .tH 1.27 2.12 2.10
July-Scpt.______ 1.32 2.M 2.+1 3.31 4.47 4.06Oct_-Dcc________ -.IS .00 .03 .63 1.23 l. 48 

Yearly
Ilverage___ .77 2.10.10 I •6s l 1.331 

.' 
, 

• 


• 

2.23 
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~ 

'. of water vapot: through a bag is proportional to the time of storage "; 
and to the differential vapor pressure between the inside and the out ,; 

j.side of the bag, then the pedod of storn,ge hl tm ail'-conditioned I'oom 
'.' 

at 35 0 C, and a l'elntive humidity of SO percent that wjJ} be equivalent 
in water yapor transmission to It stomge period or 1 yeltl' (f30) at each 
of the places Hsted bl tltule 38 will be as :l'o]]o\\,s: 

B{J/l.ival~l/t storage lIeriod (days) 
in roou!' at 350 C, (fMO li'.) and a 

Storfige of 1 ~'eal: fit: 1'cU{liL'C hmni<litIJ of 80 percent 

llllltimol'e, :?lCd, ,.,',.,"",., •• " •• ,"" ••••• ,' 
nn!elglt, N. (), ....... , ........•. , .......•...... 
~relllphis, ~l'elln. . .•. , ...•. , ......•.....•... ,.,. 
Norfulk, Vn....•••• , ••..• , •••••.•....•••••••••• 
HaV'lllllluh, On... , ........•......•.............. 
New Orleans, Ln. .... , ...•.•....... "., •. , ..... . 

These results h1Clicnte thllL the 2-n1onths' storage period to which 
f:he bags were subjected in the (Lit'-couditioned, room at 35° O. an(1 
a relative humidity of 80 percen!; is equivalent, wHh respect to mois
ture tmnsmission, to stomge for the greater pitrt of to year in the most 
humid sections of the country. It is also ltppn.rent that a storage 
period of 1 month under the conditions stated is equiY[11ent to 1 year 
OL' more in such places as :Memph is, J{aleigh, HnHimore, and all points
north (gO). 

• 
Tho 1'ole played by bags in the storage of ammonium nitrat.e 111 

humid areas mts further demonstrated in a second sedes of tests. In 
these test's, gmlluhll' fllllmonium nitl':ll'e that had been conditioned 
with 3.5 percent of Kittitas was stored in the air-condit.ioned room 
nt3iJO C. and a relative humidity 0:1' 80 percent for Il period 01' 2 weeks. 
1'he temperature was then Iul'thcl.' in(TCased fwd the humidity waS 
lowered to 'W percent Jor 2 c1iLys to cause n. padi;L1 dr.·ring out of the 
lTHtt('rial through the blLgS. Although all bags eonraincd the same 
matcdal tll1d wcre. tl'('ated in exactly the Same Wfly, Oleir eontents 
showed ;1, l1larkcdntl'iation in caking that was dosely eOl'l'I'lntcd with 
the pel'l11eauility 0:1' the bags to '\vatCl' vapeH·. 

Thus (he matel'ial in the bags t1ud; permitted n. l'elatively high ab
sOl'ption of moisttn'o and It cOl'l'espollding ]ossof! mOlstnre during 
t.he drying period sho\\'ed a llHLl'kect degn'c of caking at the cnd of 
the test. Little 01' JlO ('nking, howevcl', was found .in bn,gs that pre
vented any appl'eeiable tl'!ll1smission of wateL' vapor in either direction 
throughout the pcJ'iod of stomge. This expel'iment shows conclusively 
that the degree of caking that nmmolliuJ1l nitmfe undergoes when 
stored ill Imrnid seeti.ons or t.he tOllnt:ry depends in llU'gB meaS\lreOll 
the permeability to watel.' vnpol' of the bags .in whide it is stored. 

PERl\lEAUlLlTY •.t'O WATER Y,\l'on 

• 
The resul(;s obtained 'in the hag si:orllge f'es{;s depended on tl)e leak

age or permeability to w(lcer vapor of tllC bags as a whole mther than 
011 that of the wa]]s alone. A determination of the peL'meabillty to 
water vapor or the walls of: bags of different types WIlS made by 
means of a modifi('ation of the wa(cr-y:qJOI.' pCl'meauility cell as de

.~ 

. '. 

" 

scribed by CarRon (9). ~l'he pC'l'l1leability ('en used ]n thiR determina
tion is shown jn el'OSS section in figure 10. 'rhe eell consists of an 



e nll!mil1l1ll1 dish a with 
thl'pudc>d top ('ontainillg 
a dc>~il'('nl1t; tI, bag flam
pl(' that is ('lit, in the§5ss\s\s\~ss\l\s,s~ 1'01'11\ of fL eil'culnl' disk 
/;: nIH'IIBH l'ing (', l/Hi 
iJl('1l in width, thaL 
:;PI,\,('S as :t l>(,fI ring 1'01' 

disk /): all o(>pn ('fIP d 
thnt is ('apabll' of !willg 
s(,I'('\\'('(l Ollto the dish (t 

fIlld, 1Il11J.:PS ('0111 ad with 
it tlll'o\ll!h till' 11l('.dillll1 
() l' tlH' j'i til! (' and t\t(' 
disk b; :1I1(l a ('OYeI' (' 

1'01' ('losing til(' (,pH 
\\'\1ile it'is hping 
wpigltl'(\. Tltp Pl'I'IIH'

\,'r(:\'I:1': 10,- \YHt!'I'·\'npnl" !lI'l'lJll'nhiJlt," {'I'lL abilitr ('p1\ \\"1)(11\ tlSSplll

ll](ld is ~ il1('1\('s in <li
:unelcl' alld 11/1 illt'lll's ltigh, 'I'll{' ('()I\stl'lll'tioll 01' :til :lIl1lllitHlIl1 ('pl\ 
of this killd is SHeil (hat' a SHl1lpll' l'llt f1'01l1 a bng in (11(1 IlHlI1I1l'I' 
<1(>:-;('\'i11(>([ hr Hos;.; :lnd Y(·(· (,1/) ('(til 1J(' qlli('kl,\" !l1ofllllpd ill pla('(' to 
gh'(l)111 nil'tig'ht ('OlllH,(,tioll ll!HI as IIlIi('I\1\' <1('tll('\)('(l -wil,hollt Ill(> lJ{' 

C'cssitr of lUldllg to attllc'lt HIH[ l'('lllor(' :~ wax s(1nl, (ts dpsel'il)('d hr 
('nl's(in (.'J), ' • 

"'1\('11 Illnking II I('sl. nlmll! ~ gl'lIms or .\l1h,\'<lI'(1)(, is pla('l'd in the 
bottom of till' <li:-;lI It (lig, lU). till' bag ~alllllll' 11\1([ iJmss rillg (' tll'(' 
('pntl'),Nl ill pln{'!', aud {Itt' OIH'lI cap It' i~; <'('1"('\\,(.<1 01\ tiilttl,r to IIwkl' 
an airtight: c'ol\llt'dio]) through tlw \\,llxp(/edgl' or tl)(' illIg' ~:lJllplp fJIll! 
!'it'lTt'S as tt ~'Hslwt, 'I'll!' ('Ill i I'P aSS(III\IJJ \' wit II Ilw \'O\'P)' I'PIIIO\'pd is 
th(,11 pJ;\('pcl hI a hll!lIidily ('halll!!!'!' or (J;p I,YIlt' <1(1S('I'il)(>(\. h)' Y('(, and 
1);\.\'i::; UO), '1'11(1 1IllIlIi<lil,\' ('humll('I' is pl'o\'idl'd \\'ilh n fan and ('Oll
f!tins a Sa,!ul'!t('(l solution of' IH)lassilllll :-;l1lfal(', It is ph('PII ill a 
('O!ls!alll-{('lllpPl'aflll'p mOlll :II ;W" C, .\ SlIflll'att'd SOlllfioll or (lot as
sillln sllJl'atp gi\'ps:1 ),plnth'p 11111l1i(lil,\' of (Hi,:l »('1"('PIII HI this !PIlIj)(»':I.
{m'p (,d), . Tltl' dill'PI'pnlinl ill \\'alC'l'\'HjlOI' P)'l'SSI\I'(' l)(Il\\'('('n {lin 
ontsidt, !I.nd. tilt' il1sidl' o/' (h(' hag sntllph' 111111(,1' tl)(lst' ('oIHlili01\S is 
eqlli\'a]pl\( to !lfl,7 1I11lI. of~ IIH' I'('UI',\', 

The P('J'fl\(>l\hil1ty of tll(, hllg :;:11111'1(' lIn<1(',' this (lilf('J'(Intinl of \'apol' 
PI.'PRSI! l.'l\ ,rus d('it'l'miJl(·d ('W!T (b,r fo)' 7 (lays, Tllt' ga in ill II'pigM 
dllring tlH' lil's! :~ <lnys \Yhilr!lll' h;l,g S:tnlPlP WaS lwillg satlll"nf'('(l "'i{lt 
mois!IU'l' was dis('ll\'(h'd. J)nl"illg Ihis Iwi'i()!1 tit\' guin in w(·ighl WtiS 
{>x('('sRiw, A ('OilS/Hili gain ill \\'ridlt was gl'llP1":lll,\O lIIHilllainl'<l ([1\1'
ing 01(' l'N;!' of fill' pxpPJ'itnpnL Thl' jlC'I'lI1l'nbilil,r of (11(1 snlllple WflS 

('al(,111atp(l fl'Olt.l t11(' f1vPI'ngp gaini Il \\'(>igh( d1I1'illg' nil' lns{' ·1, daYR, 
It waf.! I'xPl'pssP(l ill ('('rillS of gTH illS oj' wn /.('!' passi!lg thl"O\!gh II ] 00· 
Rqnlll'('-inch l\l'(lfI or Ill(' };Hlllplt' 1'01' ~,I llOI11'S af !lii.:\ l>t'I'l'pnf l'(·latiy(' 
humidity find n, tP!I11)(,J':dnl'(> of :~1l" C, To ofl's('f il'l'p!!;1I1Hl'iHN; in !hp 
ba~, rests \\'1'1"1' ll1:Hl(' with six sampll's takpllrl'OlIl dHJ't'I'C'nt pads of 
thp, bag Hnd (hl'H\'(','ngl' (nkPlI fol' Ill(' 11'1l<' pPl"mt'Hhilit)", 

• 


• 


• 

'rho {)1"(linnl'y k/'H ff lnYPI'H of 1111l1li\\'nll pHpP/' hag's lmvt' WilC' 01' no 

llloisll1J'P-pl'OoIing vallif'. Thispropflj'Jy as n 1'1I1f1 j}; ('onfillNl {'O the 

-' '..,{ 
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asplmlt-lamill:tted layers alone. Some of th~ new wet-stL'ength layers 
llse(l in some types of /Jags, hO,,"P\'(,I', seem to retard Ihe paSSage of 
moisture through the wall to n sligh!: ('xl'(,lli. FOI' I'h is ..ensOil an 
layers Trolll (,lIeh bag W(,I'l' lls('(1 in thl' tt'sis, 

The results obtained hy this method 01' ([p{PI'mining th(' l'plt\tive 
permeahility to ,,'atp]' 'va pOl' of bngs of (Ii 11'('1'('11 ( t:nl('S nI'P giYell in 
table 30, in comparison with tIl(' ('OITNipondillg data ill table :}7, The 

'1\\11[,1<: 3n.-<R(',~i,~I(/I1('(' of l){/fl.~ of ([[[I('I'{'1I1 1!lJ)(,~ 10 /l"lt/f'r'l'I/IWI' /rl/l/,~mi.~MolI. 
().~ t/c/rT/l/iJ1('ri 1J/1/1f'1'11/('I/I)ilil/f l/1/rI.~/I)/'({!I(' /l'.~/,~ 

'~"'-'I"~I:r:II'I:,:~:,(;"('i!!ht ,,' \" .I'I'fIIll'nblllty (':Pt~S5l'" Mol" tlr~ I1hsorlwd 
Ilng llllld XI). or n~Jlhnl' 1:1\l'rs III !!nUIlS IIr \lIlll't' p"r 11K) jl"rmon(h.In 

~ sqlln...' hWlll's 11l'!':!1 hllul's J st()rng(~ t(i$LJ 
- . ».- -'j . 

WIth sIllgle nsphnllll1~'l'r: \'uIII Ii('/'!1'01111118 
P-17..... ~_ I 11K)

P-L .... J 2;.
< ••• " 

P-I-.... . I:lU 
0-13••... 
B-2.... .. 
JJ.I....... . 

Wilh douhl,' uS)lhnlt )nH'rs;

1'.\0..... 
 .12
I'·II.,.. .. [ill
0-11....., .[,.~
P-lil __ ~ . .HI
11-7•.•. " •:11P...7.. ., 

• 
.52

n"lL .. _~. • lIS
B-L... . iiir·...5..... ~ __ "'_"" ."_ ,.",
]>-13 .. , no
B-3.,,, .•. , 70 

1 II "" hllt'lnp hfl/!R: I' .". 1IIll10\\'nll )lllll<'" 11It1!~. 
!:!,.\t :.I(}O (\ (SHQ F\1 nod It l'plntini hUlJlhlity uf un PN'('\OlH. 
~.\.t a;;o ('. (f);;' I.',) IUlll II J'('l:tl.\\"{· Itliltlitlil~' of 1m III""'PHI, 

(bin .ill tahl(l :~!l HllOW that Ill(' (WO Illpfhods of' (pst illg ]>1:1('(' tll(' bags in 
the snnw ol'dpl' whell (hpy (lilJ'('J' ('ollsidpl'nbl" ill (h('il' I'l'Sistlll)(,P to 
watel' \7llpOI', Thlls. I>otli IlIP(ho<is of (·stillg show Ihatbags with :L 

Hi ngle asphn 11: ]11),('1' :U'(I abOllt (\\'i('(' ill" 1>('1'111(':1hlc· (() wat PI' \':\ POI' liS 
those 'with (wo asplialt InYPI's. Tllp two 1IH'(hmls of I('.stillg. ho\\'e\'Pl" 
do not always plll('e fh(' hags in thp SlllllP (mh'I' wllPlI til(> difl'(,I'l'l\('ps 
in th('b' l'esisi;-uJ('p (0 ,,'n(PI' \'apol' :11'(' no( gl'pat. This is dill' to il'
l'egltlal'itiC's in <lill'(>I'pn( pal'ls o/' till' StUllt' bag and (0 illlr)('I'/'l'etionsin 
the bottoll1 and lOllgi('n<linnl ~('alllS, Owing fo t hps(' \'ill'in(ions in 
bags of' Ih(> sat1l(, and of clill'(')'PIl( (,YIl!'S, th(' stm'ng(' (eslis ('ollsjdl'l'('(l 
1Il00'C il('('lll'HtC' Tot, ('Hell bag as a \\"holp than (lip 11Il)ol'a((JI',Y pel'lI1e
ability tpst. It liaR hl'('ll obsC')'\'pcl (hat \\"I]PII bags sho\\' ir'l'l'gulllritips 
iii difl'el'l'll(' ]llutH of 11\(' sam(' bag, f1wl'('HIlIh-; <)lJtailH'd ill duplicate 
('ests and wit'll Ill(' (\\"0 difl'l'J'PIII IllPf IlOds of' (PHI illg do no! Hhow so 
('lose agl'l'Plrwllt llR do l'PSIIHs with bags fhat al'C' of 'JIIO)'(' lInifol'llt 
('onsi 1'Iwtion. 

• 
LIr:n'I'-I'E;>\ETHATIOX '1'1\8'1' 

,,\1'1111p s«)J'ngc> in 1I1l1lil'-('OlHli(jOlH'cll'oom Hlldc'l' ('fll'efnlly ('ontl'Ollecl 
cOI1(jitiom; is Ihe 1l10l"f I'(·linh]p OWfllml 1'01' ('0111 pll I'i II,!!' the' l'(·laJin~ per
meability to WHlpI' vapor or bags of diJI'PI'Pllt {ypl'S. (Ill' l'(,SIi1(H thus 
obtained ('lll1 1)(' appl'oxinmil'd Y(,I'Y cloHl'b' Hlld lillie]) 1llOI'P mpidly 
by a ll1l'tIlOd ]'Pcen(ly (Jc.Vl']op(ld ill fh is lllllol'll (O]'Y' Tids method 
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consists ill placing a part of the barr or of an asphnJL-ln.minated layer 
OVe1' It gronnd-glass window in :~ box thl\t cont!Lins a bright ]j(rht, 
'When different bngs tH'e eX:~l1lil1l'd in this 'way in It darkroom tIley •often pI'esent a vel'y diIl'('t'ent ltppearance, as shown by photogl'n,phs 
(fig, 11), These vhotognLplu, were made by exposing, over ILJ>rintil1g 

box, It sensitiye lillll pltt('('(lin ('ontnet with II. s(,(,tiol1 of a bnda)) Img 

or an tlsphrtlt-lluninated lttycr in IL ])I'intillg frame. 


An examinution of the data in t!tble :n shows that (he I'C'RIll(S ob

tained in the siol'lt.ge tests are in good agreement with ",hut might 

haw, been expeetecl f.'oJll the llllftlily of the bags, ItS indicated by the 

illustl'atiollsin figurp 11. 


. New b(L~l'$ were lIst,a in all th!' storage (t's(s. and. the only lmndling 
to whic:h they were, snbj!'ded WIIS fhatineideni. to the filling and the 
(~l<)sing of t1le bags, The prim:u'y object or the stol'age tl'sts was to 

• 

•FW[J/I~: 11.-Llght U'lluHmlltNl through lIugs of dllT(>t<'llt t,yP(>$ (see table ~7) : 
A, No, B-1; H, Xu, 1'_1 ~ 0, Xo. l'~{; V, No, p-.;" ('I'lllllpl('(l; N Xo, 13-[j; 
nnd P, No. P·7. ' 
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• compare the permeability to 'water vapor or hags of diffel'ent types 
and makes. ] t was thought inndvisable to lIlake tests with used bn,gs, 
inasmuch as there was 110 wlty of knowjng the l'l'lat:iyc degl'cc of 
handling to ",h il'h different hags 1uu] heen BltbjC'('tl'd. Photogrnpl)s 
madq of bagH ,indieate that t11(>il' pC'I'll1enbi1i(y to WU!PI' Ynpor could 
be impaired. by I1lmll'l'tl!e1v I'ough hHlldling, • .\ pll]){II' b:u-!; that was 
originally of hettel' <lu:t1i(" thun allollll'l' might, th('l'(>fon:, show J(lBS 
resist:l11('(' to waf('t' Yapol', owing to grl'lItl'I' t'!'lllllpling oj' the aspha1t
lamillllted bY(,l'B as It !'pslIlt of rough handling. Titus, if WltB (,('It that 
storage tests 111(1(11.' wifh uHt'd hags might 1(lud (0 wl'ong ('olldusiolls 
respecting flll' I'eln t i \'(l llH'l'itS 0 r eli /1'(,I't'nl llW kPH () r bags, 

11M; SEA;\IS ANI) CLO!·a:ltES 

The dill'('I'eut lllpfltods u::{l'{L by Ihe lllallllfacttu'l'l'H in ('loBing the 
bottolll 1I1}(L sidpH of fhe hul'lap bugs uSl'd ill thp B(ol'agp (psts IIl'e as 
fol1(nn;: ('em(·llted ('('nt('1' S(,HIlI with fold('(1 and S(,'Y11 bol tom; folded 
and St'WI! bottom and Bide; and ('('I1I('I1{('d ('PlItm' scant witll sewn bot
tom and o\Tel'iappi ng eeIlH:'Ilf('(l tape of the tmJllC matm',in 1 as I he hag. 

• 

..:\11 makes of nil' lIlultiwull IHljJPL' bags uSNl in nil' slol'ng(\ tests, 
with 01)(' ('xceptioJ1)\\'el'p ('OnstTll('tl'(l ",'ith gUS::{p{N\ sidps and Bewn 
bottolllB. The one l'x('eption WIIH one (,OllHt!'U('[('d ill Illp fOl'm of lL 

sack with {'clI1ente(1 ('entpl' SNUB llnd pastpd bott oIII , The w:t1h; of 
these 5-ply multiwnll bagHwith t\\'o asphalt-laminated hy('l's 'were of 
Ycry good quality. but 'the bags ('xHlllinl'(] W('1'(> d(l/'p('ti\'(~ ill thnt. It 
w:lte1'~BOl\lble l>a~t(' waB uRNl iil ('loHing ill(' hottolll,F'OI' tilis reason 
openings :/'n'(lll('ntly dpyelopNl in Ilip I)()flolll 0 j! Illp bags. III liS pet
mitt ing leakage of walt'l' Y!IPOl', 

All the paper bags "with Bl'lf-J'Ol'llIillg gllsst'IH 11:111 ('pl1l{'n(e(] ('entcr 
seams. The di11'el'pll{ Illl'lhods lIspd in eloHing llll' lJO((OI1I of the bags 
,Ym'e n "OlIO"'B: :-;ewJl with (,pllll'J1tNl bOllIHl-oYl'I' (,I'C'ped-pll])pl' tapcj 
sewn with CCIlIC'lltl'c\ hOlllld-O\"pL' ('L'l'pNl-pa]>PI' tapp and wax-clipped; 
sewn with (,Plllentp(] bOUIl(\-OV('I' ('L'('pcd-papt'l' lflpp pIns a SN'OIHI pnpcr 
tape covpl'ing the l1(·pdh' thl'ca<l; nnd sewll with ('(,II1('nt('<1 bOUlld-oY(,I' 
creped-pn.pcL' tape pl us a Bl'('ond papPI' tn[w ('(l\'PI'j 1lJ.,!: l Itl' 1Ie<'<11e th read 
and wax-dipppd. 

Two llwth'o(ls htlyC' BO fa,' b{,pll u!:i(I(lin ('loHing bagH IIB('(l in the ship
ment lIlld stOl'lIgC' of annl1oniulllllitmll'. TIl('BP ('ollsis( or ",i,,(, tips flnd 
valw ('lOSIII'pH. Vttl "(' hugB lia\'(' PI'o\'pd Ha t isfadol''\\ proyidt,d ('he 
val \'c is pl'operl," ('0 IlBt I'nct l'd amI dosed, I f not Pl'op('I'I,\' elospc1 some 
of Ihp nllllllOnill111 lIill'a(e will flo\\' thl'ough tlH' Ol)('ning in tll{' yahc 
and SIH'PHd oY('r otllel' IJHgB ill tlll' Hall1l' piho, In humitl fll'NIB tlie 
spilled mf\{pl'ial will liq II!.' I'y an(I ('H,IlSC' d('{t'l'iol'n lion 0 I! till' ollh~;' 
laveL's ot! tll(' hal!:H wilh ,\'hi('h it COHI('B ill ('olltaeLLittle 01' 110 l('ak
age takes plaee {l'OlI1 "111\'(' hap'H fhat lI'l'(' PI'o]>I'I'l,\' eloB('d, .\n,V l('nk:lge 
that tahs 1>1(1('(' 1'1'0111 Blanda 1'(1 YH h'e hngs is (lIlt' I() ('a !'pleBSness 01' 
inexpcl'il'IH'(, 011 til(l pnl't of wOI']nll(,lI. 

• ,Y'il'(" t ips for tlllllllOniulIl nitl'ate hags lillY(' flll' cliHadYani'ng('s that 
(1) 111e.y ten(l to sliu o(t aml ('Ill tlt(' IH'ek:; of baUH; (2) they rust and 
brenk. th('l'eb;\' allo\\'inJ.,!: (Ill' (ImlllOlliUll1 nit I'all' to lIo\\' 0\,(,1' anel 
destroy 0111('1' hags in (Ill'n; (:1) nIP), gi \'(~ a 11101'(' ol'lpRB l'ol1ntll'CI shnpp, 
to the'bags, t1msin('I'PHHing (Il(' <lilli('lllt,\' of IlInintainillg pil(>s in an 
upright posilioll; and (.f.) 1I1P.\' :l'I'{'qllpully ]>pl'lIlif HOIlH' leakagc of 

G77 Lril·-l(i ii 
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water vapor through the eloSlIl'C, These disadvantages nre so serious 
tha.t the lise (rl' '\'in' ties 1'01' 1IJl11110niul1l nitrate bags h, 1I0W being • 
l'ep1accd b~' Yah'o or sewn elosUL'es. 

1.'11 1'0 II'I'A;XC E ()(.' HAG UECOGNIZED 1IY INUVSTIIY 

Thn illlpOl'lalH'(' of th(' pal'l playell by hllg~ in tlw s(ol'ag(' of ammo
niulll Ilitl'llt(, i~ now I'('l'ognizl'll by all tho leading lI.1l\l11o]\illlllllilm/1' 
pl'OdllC'crs. ~teps HI'\' bl'ing (:11\1'11 to )'('plnl'l' bng~ of tlw typC' 1'('1>1'('
sentell by illig Xo, B-l. listl'tl ill tabll' a7~ with IIlultiwnll PHPPI' ImgR 
htwitlgtwo lIsphnlt-IHlllillntl'c[ laYl'I'S 01' (hpil' t'qllh'a11'1lt' in !Jlll'lnp 
bagR, Bags that 1lIl'l't till' following spPl'ilil'alions, I'pnding 1'1'0111 lhl' 
im;i<1e to the olltsidp, al'p ('ollsid('\'('(\ satisi'n('(ol'r fot' SI'I'\'i('P in the 
stol'agp or HmlllOlliulil nit I'alp: 

Fiv('-l1l~- llIultiwlIlI PHJ!PI' hll,:!': 
('oI1J'i~tinl!' oi' 

011(' 'j(i. 10 oO·JlOlIlHI 1I,;llhn It
IUlllinatl'd ]II~!'I'_ 

Two [j0']1011l1(1 Iwlnl'lI] 100art 
1)[\1'<'1' 11I,I'pI',;, 

Oun 'j[j- to nO-pou/Hl a~Ilhall
IIl/niIlHlp(1 III~'(,I', 

(jill' '()'P()IlI!(1 100I'·~IT('t('h 
('I'I'J!I'-lll.llll'I' la,\,pl', 

~(,WI1 hollo)1! and \'nll'!' top, \\,11 x
cliPllpd, 

'Yall'I'prout' J:(lup III >'l'llIIl:-i. 
AsplHlll-llullinatnrl II]('k·11I J'I('('I'P, 

0[' wlix-dipppt! >'I'\\,II ('10;;111'1'. 

• 

HIIl'lap llit:.;:: 
('ollsisl illA' of 

aO'llOllJl(I el'iuj,]('d kraft papPI', 
(iii-pound HS]1lmlt, 
aO-llonu<1 ('rilll;:]pd kl'llrt Illlll('L'. 
3il-llO\1ll(1 f1J'pita I L 
4Q'jlo1l1H1 10-otlllee bUl'lap. 

('('IIIPl1ll'd {'PJltPI' ';PlIlll, 

~(,\I'll IIlId lappli 0\'('[' ilol!Oill, 

~(,\I'll ('lm'IlI'p, wit it hO\lIl1]'{)\'PI' 


('I'lnklm] 1111))1'1' III[JP, wax·dipped, 

• 
Til t1ll'- ('a~l' of tll(' lIndap bag til!' ('PilI I 'a.! ('I'inklt'!l kl'ut't and 11Ip 

out!'!' }HlI'lal> laypl.' llllly be il\H'I'('h:1I1g~'<1 wil hout husing any nppl'C'
('inh]p ('11:('('1 01l its ]Jl'I'IllPubility to W}lt('1' YlllHJI', 1<'01' ()Yl'L'~('n::; l:ihip
nl('nl all pxl I'll 1n.\'('I'. s\lt'll as ,(O-])()UIHI !llltlll'lli kl'af't, iH added, 
pl'eferablyon 111(' il)"idp or the Illllltiwall palH'!' bag_ 

The l'f.'sisttul('C' of usphnlt-lillNl bags to \\'ulpl' ,'apoJ' t'all he gl'catly 
impaired by Jj][ing the' hngs ",ith HllllllOl1illlll ni1l'at(1 at too high It 

tpllrppl'nt11l'C', 'rhis injllry to tllllHlOllilllll nit !'tttc hagsi:-; now being 
pr('Ycntcd b,\' ('ooling till' lJIutl'l'ial to ,IU Q C, (10+ 0 F,), 01' helow, 
1>(>-I'OI'P tl'(\ll"fl'I'I'iug it to lll(, bag~;, Filling tIle hags too 'full or using 
bags of 111111sIIally :--t i II' wnlls im'I'(laSI'N llJl' telldC'lH'Y of HlIlllloni lIlll 

nitl'at(' to ('(tin', 
DJULLABILITY 

At ol'(liw\I'Y sUlIIlIll'I' tl'IlI[)l'l'Hllll'PS lIIlt 1'(':1('([ :lIIIIlIOl1illlll nill'ate 
llI:l~' bp J'I'Pply PXI)():-;('(l [0 litp nil' witllo\ll (Inllgl'I' of 1Il0iS(UI'P abs()I'p
lion, pro\-id('(l the l'l'lati\'(' humidity I'('nmills hl'lo\\' till lll'\'('PJlL This 
humidity is abo\'(' tlH' I\louth!" U\'Pl':lgP 1'01' nIl St':lSOIlS in ('('I'tnin 
~C'(·tj()ns·of tlJ(' (·OU\L[t',V. but it i~ lw1ol\' 'tIll' an'l'age pl'('nLiling ill til!' 
morc ]\1lJlli<1 SP('(iOllS of ()j(I ~()\Ith('al:iL whl'l'e IllOslf(,l'tilizl'I'~ Hn'llsl'd, 

Exposul\' of lmtl'('aINl :l11l1110l1itIl11 HilmI!' in :tl't'HS 01' high Inllniclity 
is thpl'pfOl'(' 1ik('l,\' to ]'('stlli in I'llpid nb"ol'pliOl1 or I1lOi:;tul'('. pHl.tit'u
lady dming tllt' hot!UlIlli(llllOlltlls of 111(' ::->11111111('1' S(,IlSOllY • 

I.' 
~ 'Vlll.'l"('AI"m, c,w.. T.l-;)1lJs'l'mn!, 1," fl" T,,~:, J. T.• find O(hl'I'j;, llInr,r.AIITt.l'IT 

OI~ I'AltlUl'S '1'\ 1'1-:s OF ,UDloXll"l ;-(ITlI.\TI': FI.;u'l'II,IZI':It~. niy, Soil and Fcrt. 
!m'('st. nes. Hvt. 2(i, 2!i IlP., 111\1S. }tH.I. l[·l'occs~l'd.J 

iD 
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• It has been shown that (,Cl'taJ It watcl'-t.'cpellent coa.tings will l'cducn 
fol.' shod pcriods the r:lte at which :UlllllOJliulll nitrate absorbs lllois
tm'c undcl' humid conditions, but that Jot' ftdcqlHtte prot.ection, uncleI' 

I;:('ommrl'('ial ('onditions d('penclel1(,c II111st be plut'cd Oil the bag rather 
(han 011 Itny In'utlllellt with Hwah'I'-I'CPl'II('Ilt. ,Vlwl1 nnllnoniul11 
Jlitl'lltc js to he disll'iblltcd in (11(' field, hOWC\'CI', it 1I1llS!: be' rcmoved 
hom til(' bag in which il was SIOl'pd alld slliPI)(>d.•\n,Y tl'l'utJrwllt thut 
would Hf)'on[ pro! ('('Iioll (Iul'i ng t Iw j'(·luti rei.\' short PPI'jo(1l'cCluil'ed (0 
<Iistt'i\m!l'it hI 111(' lipId IIligllt tlll'I'(,fOI'p Ill' l'xpP('/l'd to ]\H,\'C II bene
[i('inl pll'l'd 011 its cldllabi Ii ty. •\u ('X]l('I.'illIt'll tnl study was Il('eol'd ill¥,ly 
lllHll'I't;lk('1I of [h(' ('1I\'elh'pl\ps:-; of ditJ'pl.'C')1( tl'('ntllwnts Oil (he dl'lll
nl>ilit.r of anllllOnilllll llilmtp IlIHlpl' c'olH1itiollsofhigh hllllddity. Tho 
I('sis II! \\'Pl'(, 11111<[(' (1) 1111(1('1' ('Oll(l'oilpel ('onelitiolls ill n, ('Ol1stant
!PlI1pel'u(1l1'P, l'oll:-;(all(-hlllllidity roo III , aucl \~) in tlte lipld, 

TESTS 1:,\ AIIt.CO:-'()I'I'IO~E() f{OO;\1 

,,,,vI'EIlI;\I.<.; 

• 
'flw IIllltprials lIsed ill tilt' dl'illnbil.ity Ipsts, togPlhel' with Cheir 

;;('1'('('11 Hnalrsis 1lIl<lll1oili(lIl'(' ('OIl(Pllt, art' Iili{('(\ ill Lable JO. The <1i:l:
{'Pl'Pllt lots 'of nnllllolliulll nilTu{(' WPI'(' SlI]Jplt:'IIICJltNl\\'ith fL sample 
of (,hilt'IIIl Ilitl'afp or soda, which Sl'I'\'('cl as a stall(lal'(l. The avemge 
PH1'I i{'lp "izc of' tlll' Intpst typl' or .:\XPL :UllIl1011iulll llilrafe (samples 
SO!', 7 amI::)) is sOIlIP\\'lw.t I;Ll'gPl' thall tilt' .\SPL lIlatel'ial used ill 
tlll' storage «~sts (sa.mph's Nos.~, :~,.I-, nnd il) alld till' Il\'Pl'llge particle 
~iz(' of' Ihl' lullet' ill tlll'll is ('ou::;i(h'l'nbly 1nJ'!!lll' than allY of the TVA 
lImlpJ'inls. Tlte difJ'pl'PIH'l'::; ill the 1>lII'(i('J(' sizp of' 01(' ('l1i1(':\.11 nitrate 
or lioda IIwl tllP ,Y<'\Y lind .\1('''' HllllllOnltll1l lI.itntl(' '\'pre not; great.. 
,\ lilitllllplp::; 1JSN] in (1\(' tpsts had all iJlilhtl IOW-llto.i::;t 1I1'l' (,OIli.Pl1t, and 
Itil \\'(,I'P plI)-;sp(1 tlll'oligh II ('Ottl'S(' 111('::;1\ St'l'N'l1 (0 J'PltIO\'(\ ah1101'.mal P[ll'
tiel('s and. ItUlIps, 

I'HOCElHJHg 

Tlw (lI'illahility or Ih(, difl'('I'Pllt Illatl'l'jlll~ lj~(cd ill fablc ·W was 
RttHlip(l: (1) By ):pj)l'all'd pa::;sugp of ('Hcll nt 'pcgula!' ill/PITaIH through 
Ktalldfm] ~'(JIIIIIlPI'('ia1 f(')'ti liz(~J'-(listl'lbllti ng l'qn ipl11('nt\\'ith (>xposme 
to ('(}llfl'oIINl ('011<1 it iOllS () I' (('Ill Jl('t'atut'C find Inmridi t,r, .I'pfm'l'('([ to as 
('velk-pxPOSlIl'(' ("('sis: (~J by pnssing ('11('11 lllfltcl'inl thI'(mgh thesanle 
(>(luipIlIPnt' aH!'I' PXIH)SIU'P in thill layers 1111<1('1' ('onl )'olled ('o!Hlitions 
of (Plllpel.'atlll'(' lIlIcl hllillidity 1'01' ":trying JlI'I'jOtIS of (jl11(', l'('f(,l'l'('d to 
a::; :-;tatl{,-l'xIHlSll),P tPSIH: alld (;l) by <l1't('I'JlJining thl' unifo),mity or 
distributiol1 l)pj'o]'!' and a 1'('1' l'X]lOSlIl'(" )'('I'l'I'I'('(1 (0 as ullifOl'mity-of
diHtl'ihntion ((':its. 

Ex('l'p! wlwn othpl'\\'is(' llotpd. all Ip)-;ts 111I(1l'1' ('(HI(I'oIIN] conditions 

• WPI'P llllllll' al 7(j° to 7TO Ii', HlHI a I'('lath'p humidity of HO (0 R2 percent 
ill lin ail'-('OJHliliolll,(j )'OO)JI Ihat Ilom;pl1 the 1'(')'1 iliz('1.' <1ish·ibutor;.: 

I ••\tJ !Ill' tll'illnhl1iI)' [psIs Wpl'P IlIlIri.. wilI! 1'f(1I1pIIH'II!· !Ip~Ig:II(,t1 alld 1'lIl'lIi;;II('(I 
IIr tir!> I )i\'l~itlll of I·'al'w l'O\\'(,l' 1l1HI ;\1;I('ltlllPl.',r, 01' lhi,; HuI'PHII, HIIII oPcl'at<!d 
lluder the ;;UllPl'Yl;;i(lu 0[' I" (:, t'I'hlll'lIh'lH'j' ami U. A. VUlIlill!,:S. 
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(fig, B) Hlld otilt'l' l'qllipllll'}l[ lI:wd, ill Illp tl'!'t!', Tlw!'c ('OlHliliollS ltl'(\ • 
not the 1I1O!'t !,(,\'PI'P that fpl'[ili%PI'!' lIl:I\' l'IIC'Olllltl'l" bu[ IIll'Y llIilY be' 
('ollsi(h'I'P(l typical or ('Olldi! ions [hat ,j'I'e![lH'IlLly ()('('Ilt' in '(11{' ';101'(' 

hUlllid Hl'pas \\'ilPI'(' rpl'tilit:l'l'!' al'p wi(ip'ly 11Spd, 

EQllL':\IENT 

'I'h1'{,('. ('OllllllOll tYPl'S of 1'l'I'(i1it:l'l'-<1isl1'ilillt ing JlIPt'lIanisllls 01' f('cdR 
in which d iHt illd l,r d i II'PI'('nl, Hll'l'hHlli(,(tl pl'i Il('ip I('s al'l' Pili plp\'pd, \\'(,l'P 
IIR('(lin 111(' <'y('lit'- Hnd stntie-px[losul'P [(·sls, • 

(a) 	 Ill'l[\"it~' fl'pd, 1'[)Ii:-;i:-;lill~ 01' n ;;(,I'j(,;; of ml,ill;;(uhlf' 0!1pl1i/l~H ill Illp holiolll 

or II lIollPI'I', nhoy!' whit'li It l'I'('I'I~']le u~itahH' I'olulp,;, Tills 1~'Il(' is 

('OIlI)JHlld.v ll~1'1I 1'01' hl'Olllkllst applit'al'jolls, 


(OJ Itofalill~'J1inl!' f'pt'd, ('()IlSI,;till~ or a ~ltltlIo\\' 1'11'('lIlal' PHd witlt l'ill1 \\'all 

a t. I Ii(' pl'l'iplil'l',\' I lint ;;pl'\'!,~ ItS llil' hollnlll, of I lin lIopl1l'[', 'I'll!' 

I'l'l'lilillPl' is iWI'lIlillpt! 10 1'l'IIIHIn at n 1'('~lIhll('cl dl'l'tlt (Ill Ill!' 011 [\I'll I'd 

sl'l'lioll of tllpplnlp alHi Is I'PIlIO\'1'1I h,l' II Slllan pI 011', HoI\' 1I1l1.1i· 

('lItioll" HI'(' (If'tplIlIIHdl' with filis I~'p(' or 1I1('('h:llllsllI, 


(!') 	~tat'.\YltPl'J [('pd, ('ollsisfill,~ oj' It I'ol,tllillg' iJot'illUlllal ('11'('111:11' plat(' witll 
PI'O,lI'('tioIiS 01' 1i1lt::Pl'S ('XIl'll(lill~ hp~'oll(1 till' jI(,I'lplll'l')" 'l'hl' slul' \l'It!'!'i 
Is loeal!'ll 1111111('(11:)1('1,\' a))o\'(! Ih(' hoppPl' 1)0110111, 111111, liS Ihl' \\'il('('1 
I'otal('s till' IllIgl'I';; jla'is ()\'Pl' an 0)1('1\111;': ill till' IJOUOlli or IIII' I10p)lI'I' 
Whl'l'l' t lip 1'('1'1 Il1l11'\' Is 1Ii.~Jlf'Il>,\'(I. A II 111('11 IlP(l plaIn 1"1011'11 as III(! 
11/1(']( plnll' Hhit'lds a ;'('elioll of till' f('t'd wlll'pi as WI'II 11K till' (J('liI'I'I'~' 
olH'IIIIl~, tllliS Ill'PI'l'Utilig 1llll'olltl'ollell lIow or l'f'l'!llill('I' .I"'ll]ll th(' • 
hOPPPI'. '1'11(' Illlltp['ini is (,lIl'I'i('(\ hpl \\'(,(,Il tht' fill;':l:I':; 01' the rl'Pll \\'1i('1'1 
HIli I lit.. (jIHllltlly <1iS{lPllf;('d d('pl'llIl~ Oil the I'utallng' Hl)('('d o[ tIl(' fl'l'd 
I\'IH'I'1. 'In SOli 1(' rllS()i;, all Hlljtlslahl(' ;';1110 ill tlH' hll('k pIMp IIllo\'(' the 
Jhl~l'I'S Is tiSI'd to uuglllellt tli(' I'lIt(> or II!ljllslllH'1l1'. 'l.'ills I~'p(! Is 
lypleHi or lIwl uH('(l in /.:\I\ln drilli;. 
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'l'-n,r.;': 40.-J[uteria7s u,~ed in· drillallility tcsts 

Treatment Screen fractions (mesh) I . 
Sample - ~-------- IMOlSturo 

. content
'Vater repellent I CJnJitbn~r +10 HH4 14-20 20-10 -40 

------------~-----I-------·-----I------------,----,---_'____,____,____,__._.__ ,'t;
Nitrate of soda, Champion Drand: 

( Nc.l_____________________.. _.. ___ .._..... "........._._~ ~~.. Non~~_ ..... __ .... ~ __ ......... __ .. ~__ ... Nonc.. ________ .. _____ .... _._ .. __ .. Percent Pucent Percent Percent Percent Ptrcent fa
35 2i 19 14 .t 0.02.ANPL ammonium nitrate;No. 1________________________________• ____ ._ ._. ___ ...._do...._..__ . _.___ ...._••__ •• __ do___•_______ ..._____ .. ~ ...." 14 as 26 17 5 .10. 
14 34 29 21 2 ,10k~: 5:=:::::::::::::::::::::::=:::::-::::::::::: ~~Eg~~.~:~\:~~:::~::::-::::: T:i ~~~Ceii~'K:ittii;S_-_~::::::: E13 ; 39 23 17 3 .• 26
15 • 38 2i 15 5 .20 
3 68 21 7 1 ~:n~~: i=::=:::=====::~::::::::::::=::::::==::::=::: ~Jlg~~~~t'-~i:::::::::::: T~~~~~rg~mI:=:::::===No. i __________________ ••__________. _____• __.._._ __ 0.62 percent PUP______••_._ ._ •.__do_______._.___•______ _ 33 47 15 4. 1 .23 i113 4i 15 4. 1 .31No. S __._.___________•___._..._...___ •_______ ._.... .1.0 percent PUP_._..___ ..... 2.0 percent tricalciulII phos. :>.4 45 25 21 5 .18

phate.Xo. 9____________• ___ ._ ---____ •____..___________ I._.._do_..._. ___._ ••• _.•._... _ ~ 5.0 perceut Dicalite_._ .._._._ 3 ...1 25 22 9 .12WOW nmmoniumnitrate: •Xo, 1_____•___••____.._______.....______ .... _. __ ._ >
Xo. 2 _______ •_____ ._..____•___.•••____..... , ...___ N?ne_ •• • ____ .. ·.·_._._·___._1 !.i percent OCI.!te.•••• _._ .... 10 OS 15 5 2 .13 rJI 

O.SS perceut OF_. ___ ._ ..._._ :>.0 percent Oehtc ••____•___ ..No. 3 ___ •_____________..._._ ...._..___ .••_____••. _ 12 62 16 9 1 .24 :>O.SO porcent 0 P__... _._.___ 5.0 perccnt plaster of paris ... 5 61 21 11 2 .18TVA ammonium nitmtc: J:j 
. X,O.I-------.-.-.-.-----.-.-.-.---........---... l None••____ •__•__•____ .....___, Non<L._. __ ,...._.___._••___ • t;2 

Xo. 3______________••_. __....._._._...____•._....__ 1.0 percent pctrolatum....... 4.0 percent kaoliIl. __..__.... 1 4 26 58 11 .02 ::::1

0 S 35 49 8 • 13 1-3.Xo. Sll.______••_••___..._.__..._______••__ ..__..__ 1.0 p ..rccnt PEP___......... 4.0 percent Colito __• ____ .. .. ....

No. 60_••_______._.__.._••• ___ ._.____••___ ..._._._ .----cto-------------.-----_•. _14.0 percent kaoliIl. _____._•• 1 4. 23 55 17 .09 
1 8 23 53 10 .03 ~l\1CW'a;;monfumiiitmte:--·-·-·-·---------·--·------ _____ do_____ "--''''- -" _",4.0 percent plaster of paris_. 100 31 8 .18 N 

No. 1_____••____________•____._.___•_______•_____ Noue.._..._..______ ..._.___ • )Tonc ____._._____________ ._ t:J 
No. "-_______•_____•_____•________ .._______•____ • 0.2 perccnt P.UP __••_.___ •___; 2.0 pcrcent Dicalite. ___ ...._ 22 57 14 1 .M ::::15i I'iO 16 0 .Oi 

14 59 Ii 1 .05 '-'Xo. 3___.._... _.. _.... _.. _._ .. ..,_.. __ >+ _____ .. _ .. ________...__.. 2.0 perCcllt l>renlix-_____....__i____ .. _~_ .. _____ ~_ ... ____ ..... ______ _ 111 
----~.____~____L___..J____-L_____ 

'1 "'P =paraffin'petrolatum ; PRP =pctrolntulll-rosin·pnmflin; 01' =oil'pamllin; and Premix =1 part PUP plus 3 parts DicaUte mixed before apply

'l·~ 

O':l 
<:.0 

J'~ 

~t: .'-~:~:,-;.:.t>lo'~~:\}-';;"~;~ ~~::-<:".'~":"'o,; ~-~ ,.,,..,:'~; .~:>:',.r 
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Five identical cHspensing mechanisms of each type were assembled 
to form a unit. The three units "'ere mOllnted on [I, common frame 
and driven by a single powel' unit so that five milterials could be • 
tested simultaneonsly in ('[lch oJ: tlle three types of: meclmnism. Each 
unit could be individually controlled by means of sllit[lble clutches on 
it central cOlinLel'shaft-, and hltcrchnngeable ell'ive spl'od::ets permitted 
independent changes of the speed of the I'otating PftJ't of each unit as 
l'equired to obtain thr, desired deliYel',)' mtes. The hoppers ,vere ad
justed to de1i"e)' nppl'oximnLely 100 POll11c1s of rtll avel'nge mixed 
fertj]jzel', with due C'ollsidemtion given to the uHual H]Jacing of dis
pensing units 011 ene'll t.ype of 111[1.('l1il1e l'epl'l'Sl'lltcd. The size of the 
deliver,)' opening and the speed of the rotating parts were the sanle 
fol' each o·e t1J(~ liV(' meC'l IH.1l isms ('onstitn{ing It hoppel' llniL 

For the unifol'mity-of-(lh;tl'iblltion {('sts. llSl' was Il1ftcle of NJuipment 
developed by the Djyision of Fa1'm Powel.' fllH!. )[aeilinCl',Y of this 
BUl'eau (fig. la). A carriage consisting o:f n. row of 20 lT1etalcom
partments, each 1 foot SqUtll:C, iH I1IOY(,cl alOllg a tJ't[ek Ullll('l' ~t -fl'l'tilizeJ' 
distributor at [l (,OIIHtanj- rate while thl' distributor is likewise Ol)eratcc1 
nt fI, constant ratc. Thl' ('ompal'tments haYE\ sloping sicl(>s that con
verge to :L sl11ftll flmlwllike ol'l'ning. The fl'l'tilizl'L' illnt falls ini:o 
each comp:tl'hncnt pas~Cls intu fI C'ontnillPI' lIIH1(')' thl' monlll of the 

• 

• 

IPrOlJlm 13.-EqlliplllC'nt used jn unifol'lllity-of-distI'WutJon test. 



AnIlIIONl{JM NITRATE AS A FERTILIZER 

iunbel. This equipment makes it possible to collect and weigh the 
quantity of fertilizer distl'ihuted on each successive square foot. It 
was used indoors but, because of its size, not hl the ait'-couditionecl'. 

71 

l'oom, Star-wheel and robting-plate dispensers were mounted on 
this lflachine. 'rhese were sil1nln l' to those used in the cyclic- aud 

static-exposure tests, except that the sbu: wheelwlls equipped with a 

mechanical knockel' that tended to clean each finger as il; passed over 

the opening where the j!eJ·ti1i:-::er h; dispensed. 


CYCLIC·EXPOSl1llE TESTS 

The same qmmtity of each of five materials selected for testing was 
placed in separate hoppers of each of. the distl'ibuting units. and the 
dispensing equipment was then operated for an aCClll'ately ineasul'ecl 
interval of su1ficient length to permit; the discharge of. ttn ac1equn.te 
sample into ttLl'ed cans. The disclHl.rged Illaterials were weighed at 

", 

once without removal 'fro"]) the l'oom and ('he l'cceptncles l'eplaced :.;, 
.,oJnncler the hoppers, The opel'atioll or the dispensing units was then 


continued until tIle hoppers were empt.y, except for small quantities 

of material ill the ('01'11ers. This routine was repeated twice at 21;2
to 3-houl' intervals. l~ach 111ftlcl'in,l was (11 IlS expofled to the tempera

ture and )llIm idit.y of the l'oom for [) to (j hom's [l,ncl wns passecl through 

the dispel1fling units three different times. 


• 
The rcsults ohtrdnecl ill these test's are shown in ('ablc ·U. whel'c Ihe 


quantities delivered in 1I1lit time lll'e expI'csse(l as a pel'C'cnt:rtge of thar 

delivered before HIe mafednllmd bN']) exposed to the humid af:mos

phcre, The grn,vity-frpd hoppel' gives thp Inos!; sp\'(»'e ('est, but; un

fortunately this is Jess (,OIlSlStPlli: than that afl!01'ded hy eitll('l' of. the 

other t.wo types of llOPPCl'S. 


The I'rsults or tlle tests l'epod'ed in table -1·1 in<1ieai:e tJlll,t 110 one of 

the three types of diRtl'ibuting ecjuipmrnt used was slIllkientl,r HCeUl':tte 

to menSlIl'e small dill'el'rl1c'ps in dl'illabilit~y betweell thc (Ii {J'Pl'en f; mate

rials. The data do iH(lieai'e, howe\Tel', tliat the (ll'illability of [1,1111110

niul1lnih:ate is (1) :illel'ensecl h~T t1'entnw)')t; with a petl'Olntllll1-plmtflln 

01' tl, pcl'rolntum-I'osin-pal'afnn mixtul'e anel II suitable conditioning 

agent., and (2) tlUlt so treated jt is eqllal to 01' I'luperiol'in ddllllbility 

to that of untrcated gl'anlllar ChilC'an lIitmte of soda. 


,Vhile I)' soft watel'-l'epel1('nt eoating, flS p('tl'olatum or oil, may' 

have a mn.1'k('d efr('C't illl'edueing Ult' rate at wIdell al1lllloninrn l1ihn.te 

absorbs .moistul'c,it (]PCl'CtlBP;; its clrillnhility by increasing the tencl

(mey of the partielC's to sUek together, This is pn,l'tieulal'ly JlotieeabJo 

in t1H~ case of 'rVA sn,m ple K0, :3, wll iell was trellteel with 1.0 percent 

of petrolat.llIl'l, Thp lIS(' of pl'h'olntnm alon(' [IS n, wnter 1'<'pe11ent Was 

discontinued in the fn.n of 1fH:3, 


STATIC·EXPOSUllE TESTS 

In mIlking the sl:atie-pxposul'C' I(,RtB 1 gallon of pac'11 I1lnJeria] 1:0 be 
. .• studied WllS pl:teec1 in e!teh of 1'0111' eloth-bottomell trays and exposed 

in iJ.1e ail'-COllclit;ionedl'0011l 1'01' 3, n, n,lHl !) 1101l1'fi. The hyer of mate
rial hl the trays was n.bont half an i neh th i('k and was ndlHtlly exposed 
to the ail' on both upper and lowe)' slll'fuN'S, sinee the ('10th bottom of 
.the tra,y ofJ'ered little l'esisi'!t1lC'e to tIle passage of nt1l10spheric mois

http:l1ihn.te
http:ac1equn.te
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T.mr."E 41.-Rdative c1ril/abilit!/, 011 basi.! oj 100 for :first perio(l, of nitrate of soda a1l(1 of 1'arioltsly treated lots of aml/!ollilll1~ nitrate, 
.-: as illdicated by cyelic·e:cposlIrl! t('sts 1t"ith gl"avity-j('ea, rotating-plate, and star-whcd disil'illlllol"s 

~ 
Trentment 	 Gravity feed in- -I Rotnting pinto in- Star wbeelin- a 

::tl 
Sample 	 .z 

Seconll Third (j 
: penQll perIOd IllerlOd p~nod period period

W nter repellent t I Conditioner Sec~nd I 'l'h!rd Sec~ml I'l'h!r<l 
·--1 	 I _______~-- ___, _____~ --- 8 

I I 	 t;:!
Nitrate of sodn, Champion Drand: 	 Percent Perce1.t CjNo. 1______• ___________________ ...___ •• _•••• _., ••• Xone____ ._ ." .. ___ .. ! Xonc____ .. ___ "....._____ .._. p<TCe~t IP"W~;j 1 pme9~! perce9~ 9$ 9t 
ANl'L anUllonilun nitrate: .~ 

N o~ 1...____... __ ..... _....______.._... _... _....__... _.. __ ... __ .. _.......... ' ..._do •• __ ._•... ___ ... ___ •.•. ..do_._....._______ . "" ___ __ 0 fit sa 5t t;:j
:So. :1_.__________...____••__ •___________ .... _____._ 	 Q5 !0,5 percent Wp_._•••...____ ......do__........... __ ...... .. !lG 92 06 92 87
:So. 3.____ ••____••____________ .•_._. _____________ __ 	 ~~ I taXone............ _______ •. __ . :l.5pcrccnt Kittitas._._ ..... . 73 fir, !12 ( 96 97 97
No. 4____• ____________ • ______ ••____________ • ____ _ 	 ~0.5 percent "'1'..___•.____ ... __ ..do___ •____________ ... _._ 100 I 103 92 \IS 92 93No. 5 ___________ • ___ • ____ • __ • ____• __• ____________ _ 	 c::>Xonc_._______ ..______ .. __... 2.S percent Celite... ____ ... .. \l61 ·10 93 00 09 96 ....0.42 percent WP_________ •__ • 2.911erccnt Gelite __ •______ .• 108 &I t02 102 U9 990.r.2 percent PH P___•• _______ '. ___ .du______ ._ . ____ ._ .•. ___ ..~~: ~==::::::::::::::::::::::::::::::::::::::::::: 	 S7 I Sl 99 100 101 103 
No. 8___••••_. _._""""'" _•• _••______ ••__.._.__ _ 1.0 percent pHp_______ •• __.. ' 2.0 ]lercN,! tricalcinlll phos· 	 85 78 97 93 5=1i 	 ."(11 , phnte. 
No. 9-----.--------.-----------------c---.....- ...1 ____ (10..._.... _. ___ ._ ... __ ._.• 5.0 perC('nl Diealite.___•___ .• !2!) f lOti ; lOll IOl 103 .f12 ,.! 

~WCWNo,ammonium nitrato: 1....______________________._. __ •• ______ ..___ • - ;o;onll...._.. ____________ •__ ,,: -I .• percent (,elite_.. ____.. _.. _ 130 97 10:; 97 Ol t;:j ..'I~~ I ':1No. 2______ ........_.. _,.______ .... ______ .. _.. ___ ... __ ............ __ .. O.SS pcrccnt 0 l'___"ww ___ .ow' 5.0 p~rcent ('clit~__..______ .. 	 N} 27 )02 7·1 lUI 97 'tI

No. 3 ___ ...___________________._.....____.......__ 
 O.SO pcrcent 01'___ "". __ ... --_; 5.0 Iwrccnt plnster of pnriS_.. 80 21 05 50 1)5 BS !"' 

'l'VA ammonium nitrate: , I 

No.. L ___.... ____..... ,. .. ___ .. _.......... "' ...... ___ .... ___ ~__ ............. ~ X oue .............. _... _.. ___ .. _.. _.,. __ ....... ~onc__ .. __ ,....... ,..,._ ~ ~ ~ .. ________ .. 	 21 ;; I OS SO OS IH o 
'>j
NO.3.__________________...-- .•_________••__ ....__ 1.0 pcr~nt petrolatum._..... 4,0 percent knolin .._.......__ II 0 ,.( 74 55 

NO.6C______• _______......____•• _.._....___ ••••__ 1.0 percent Plip______...... _____lIO__________.-_••• --- .....- 19y I 112 >9i oa 	 un 9t e 
l\!C'Y ntumoniulU nitratu: • f • 

No. ie ..... _ ..__......___...... ,. ...___ ......""" ____.do......____ ... ____ .. _.. : 4.0 pcrcent plnster of pnris... 	 in 6·1 1~0 117 97 95 
~ 

~o. L _______ •______ •__ .....__ • __••••••• __ ._ .... __ • N one.._____ .... ____ ,. •• __ .... ' N one__••• __ ........... ___ ' 	 5U i ·10 Ull 06 94 93 8 
.'; 

5~J j 30 96 00 94 101 ,....No. 2___•__........_......__ ....____ ..........___ 0.2 percent l'IU'•______ •• ____12.0 percent Dienlitc ...._____ _ c:: 

No. 3__••___• __ • ___ ••••__________••_____ ••••• __ •. _. 2.0 percent Prcmi.~___ ._...... i -. __ ...____ .. _ ..........____ •• !}J ! !)3 96 04 94 100 
_______.....J~ _____ _______.:....._ 	 >3~ 1 I c 

~ WI' =pllttltlin-{l<'trolntum; I'llI' =p('tJ'olatnlll·rosin·paratlin; OP =oil·.purnflln; and Pr(OIlltX =1 part PUP plll$ 3 parts Diealit" mlx<:d before apply :0 
t;:j 

ing, 

~/ ' 



• • 
'.rL\IJ1,~J 42.-Rclalil'c tlrillabililJI. on thr basis 0/ 100 101" zero llOlI1"'.~ C.1'/lOslIl'r, 0/ 11itl'(lIC oJ so(la ([/Ill 01 t'(//';OU81Jl treatc<l lots of 

(lIn'lllOllillll!. 1.1itJ'atc (IS ilLtliclll('(l {IY .s/ati{'-('xIIOSIII·C tcsls with [1I'(IXitll-jccIL, rotating-plate, (1m]. sl(o'-1cl!ecl cli.qtributol's 

• 


.Moisture in sBmte 
alNr cXl,osurc. 0 -

Sample. -,-
1'rcotlllcu~ Grnyity feed in - Hotaling pinto 111- s orwbcol in

-.-~.- ~ -,.~---~-.--

t;..Wntcr r~pcllellt t CondlllOllCr 3 n 9 .:I <i II 3 6 Il :I n 0 
hours hours honrs honrs hours llOurs hourS hours hours honl's hOllrs bonrs ~ 

"....~~. -.--. ------ (3
Nitrate of soda, Chtlm]lion Z,....13rnud: Perc",1 Pacelll Ptrtfill Parmi patent! Percelll PaCtl Pert£llf. Perrellt Percellt Perc",t Percent Cl
::\I).l._.~ ........ ".'" Nonc........ . Nonc........ . 3~ 25 SH ll;l !H u- 87 !i4 0.5 J.2 1.3
4, ;::ANp L amllloniulII 1I1Irnt~; 

. .do•••_...... _.. .do.." ....... . \I 0 \I 57 1 ~s 23 2 2.0 2.7 5.0
~~: t::::::::::-- ....... 9" Z 
O.li percent W1'.........uo...... , ....... . t~~ au n 9·1 ua sn 82 7S 39 1.0 2.5 3.3 


No.3..... .•••••.. Nonc___............. 3.5 perren! ,Kittitas••• fI 0 0 liS 13 0 (iO 4 0 1.7 ~.3 5.9 

1"0.4..._.............. . O.li percent "'1'__ ... __ ..tlo.• __ •... 'H. . U 0 0 110 fin 3 (,~ 22 1 2.3 4.1 5.2 ~ 

No.5 ••••. Xonc.....__ .•.. ... 2.H PCI'cl'nl C,·litc...... 2 0 0 SQ tiS :1 IiI 7 1 2.,1 4.a 0.8 
 t:30.42 percent W l' .. , 29 percell t(\'JiII' .... .. 40 2·t 3 U2 S\' 51 S2 iO ]8 2.() 4.2 5.8 ~~~: ~::::=~~::: .. ~: ::.....-- 0.62 pcrcent 1'111'.......do. __••_. __ ..... . oil :CI 2:1 SO 113 81 sa !H 2.5 '1.3 4.8 


)0 " t;..No.8 1.0 p~rccllt PH P.. 2.0 Ill'rrcnt. IricnirinUl 1':' 8 'i8 if) is 80 i3 6:1 1,0 2.4 3.;~ 
UJ.
ph(lSllhllt\'.


No. 9 •• __.•_____ •.. " ••_.._I. ____do ••••• ___ __ 2.0 percent Diealifr .... 'i0 S 9 !l0 82 1')5 !l7 is 05 1.2 2.5 3.7 t;.. 
,YOW ammoninUl nltrnte: Ioj

N(\.1.................... 13
Nonc .•____ ... '-'''·1".7 pcrcrllt ('('lite.•___ _ III 1I III 91 :m s:. S5 4n 2.6 3.3 5.8 ~'No.. 2~ ....... ".~ _,.,_,.._ ..... ~,.. .... __ ~ .. _ O,SS pel'ccut 01'•.• 5.0 percent ('(·lit('..... IU s 0 70 71 73 (iI! (10 55 2..0 3.4 4.3
No. 3 ...____ ..." .••...••. O.SO l'~rcellt () l' __ . 5,0 perceut 11lnstt'r of 2 0 0 72 tiO 30 G 17 12 1. :I 2.2 4.1 

l)flriS.
'l'VA :lUlmouinllluitmle: ~ 

KO.5H __..........____ ..• !l.0 ]lCrcent pnr.. 4.0 percent Celito ...__ . o __ ..... _ 8 __••_... .. - ~
0 fkioi fiG .. ~- '" ~ ..... I ...........- 2.2 _.._-----
No. 00_ ..............."" _____(10._.._.___••• ·1.0 perCl'lI t knolIn...... .5 0 \I 00 10 6 3' ;1 0 1.1 2.2 'Q' t=l 
MeW nmlJlc:,itJlnl\i(rnt~: -. ~ 

Np.l._......___ .....__ •• 1"0110___••••• ___ .1 Nonc___•••__ ........_. 26 !!2 (3) (3) (3)
i5 117 7-1 07 1.1 'l.G =1.5
No. 2_••__.........___ -__ . 0.2 percent l'Hl'•• 2.0 percent Dicalite .... 2·j 12 10 S5 7·1 ,II \\ 74 6-1 1.0 2.1 ~2.\I
No. 3._________•___•••. __ • 2.011crccnt Premix ____••••__•_____•_____.. N 47 IS 00 93 85 U 00 78 .3 1.0 2.0 

.----.~ -------,-.---,-------~------~.-~---.!~--~ 

1 WP == parnflln.vclroluhllll; l'HP =pC'trollltulJ}o1'osin'PIU'ILflln; or::: oll·pnrnflin; IUld Premix::: 1 pnrt I)HF Illus 3 purts DICnlHc mixcd lJefore npply
jllg-. 

']llo;stur(' lost from snmplc by dl·llllling. 
• ]'nsscd through dlspcnsar partly by liquid flow. 

'';
~ 
~ 

-,,~ 
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ture. The foUl' trays were placed in various random positions in 
special frames made for supporting them, and these were so arranged 

I~ that each would receive abont the same qua)ltity of circulating con~ 
ditioned air, At the conclusion of the e:-..-posure, the foul' trays of .'
each material were emptied into a small concrete mixer and mi.xed to 
lnsnre uniform moistUl'e content throughout, A small sample for 
moisture determhmtion 'vus taken ut the conclusion of the mixing, 

'1'he exposed materials were then passed through the dispensing 
uIlits, care belng taken to use the smne hopper ullit :[01' the same 
materia1 in each test. The quantities deliver~cl pel' unit time with 
eDell dt,y material were previously determined in triplicnte, and the 
average 01' these values was used in calculating the relative cll'illa,bility 
or the (lifferent matel'iuls. In testing the exposed materials, the de
livery was continued oyer a longer period in many Cftses in orc1el' to 
obtain a reliable sample of l1lntpriaJ and to llYCmge ont minot' v:n'ia
tions. Such data wer<.' calC'ulated back to the time intervals fOllud 
convenient in testing materials wit-ll good dl'il1nbj]it~'-2 minutes for 
the gravity-feed distributor, ,b minutes for the rotating plate, and 8 
minutes for the stn!' "heeL 

Eighteen materials ,,'ere selected for the st[\tic-expo~ul'e tests. The 
quantities delivered on Z(H'O exposure llTe given tlw ,~alue 0'[ 100 in 
table 42, and those delivered after exposllre are expressed as PCl'
centnges of tlJat value. 

The results obtained in the. stntic test;; nl'e in general agreement 'Wjth 
those reported for the cyclic tests. They show, as 1;efore, thnt ammo
nimn nitl'ate tl'eatec1 with n, petrolntnUl-parallin 01' pctl'Olatllm-rosin
paraffin mixture (mel a suitable conditioning agent is mOre clrillable • 
than the untreatccl ll1ftterird and at least flS c1dnable as the l.mtreated 
Chilean nitrate of soda. The static test "WaR cal'ried out under more 
severe conditions than the cyelic tests as rpgn.rds moisture absorption. 
It might be expected, therefore, that treatment of the nrnmoniul11 
nitrate with a water repellent might. have a more beneficial effect 011 

drilln.bility under these conditions thnll a ('oating of a conditioning 
agent. The results giyen hl the table show that this is th~ cltse. 

UNIFOU:\IITY-OF-l)JS,\,RIllUTION 'l'ES'rS 

In the uniformity-or-distribution experiments hoth the l'otating
plate anel the star-wheel types of fel'tj}jzer~c1ispcnsil1g u11its were 
employed, Aiter the l11aterial to he tested was pl:lcecl in the hopper 
the dispensing mecbmlslll was operated until 1'eeding became. uniform, 
then the train of compfLrt.mcnts was passed under tIle dispensing urnt 
at the rate or 11k miles per hom. Each comp:ntrnent was brushed 
down to make certain that all material ftm\~e(l into the collecting 
receptacle, The results were recorclecl in the order ill 'which the com
partments pussecl under the dispensing unit. "When st.udying the 
effect of exposure to high l'elative humidity on the uniformity of 
distribution, the matcl'in,ls were first exposed in tl1e trays for 311OUl'S, 
as in the static tests. All tests were made in dupli(,fttc, 2. sel'ies of 25 
weights each being taken for each material tested. 'rhe series of •compartments were always stm'iecl uncleI' the sta1;-wheel hopper at 
the same point in the delivery cycle in order to eliminate so far as 
possible any '\7ariation in the operation of the equipment. The data 
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TADLE 43.-Uniformity of distdbtttiol~ of 1litra/e of soda alld of lIClrioll3lv trcated lois of (l.lnmOnill1n nitro/e froll~ "otating-plate ana 
s/a1"-lc1/rcl hoppers alter 8-1IouI"s' cxposure at 75 0 to 77 0 F. und n I'e/(lfire ImmillUy of 80 to 82 pCl"ccnt 

".'~"-~~-- ~."""-",,,.~~---",,-, ~ ---..,~,~.-----.-~'-,.-. 

Rolnting·plnto hoppcr [~~~~~:-WhCCI hopper 	 ~ 
'frcntmcnt 

A \"crn~o qUAntity I Vnrintloll A\'crn~o '1uantiLy Variation Moisture ;'l 
8 "" 

Sl1l11plo delivered coctlicicut delh'erad cocJficient contont d 
....Wntcr repellent. 1 

Condltioncr 1- I Arler I r ,~~tCl' I ~! ACter I I ,\ftor 
'" 
~ 

:3---------------1.--------+---- ___ ~I~_~>l~~_l~~_c-~~- exposuro ~ 

NitrnJe oC sodu, Champion Drnm!: ~, • Ora?llI.. GrUIII!.j Pcrc~lI~ 11'cr'i,1':.11~! Cnlllls I Gral/!~.) 11'cr~ent I PeTsentNo. L ________._.----••_____•__•_. Nono________•• _____ None__ ••______••____ .. _ U. '" \4. ,b 1.1.. ! _0.' , 1. 20 0.6. .7.2 ,0. 7 Percent l:3 
l;l .;.j

.-\Nl'L ammonium nltrnte: I 0.56 
No. 3____________________________ ._ •._do_____________ 3.5pcrccnL Kittltns____ ! 2. 77 2. II12.8 	 2.88 (JlNO.8__________________•____•• 1.0 percent l'np•__•• 2.0 percellt trlculclulIl j 3.21 2. __ 13.1__ ~O38j 	 1.12 

phosphllte. 1 	 I>No. U_._______________ : _____________.dO__• _____.____ •• 5.0 porcont DlclIlIte.__ 2.05. 2. 
70 15.0 	 1.38 l::j

TVA ummoniulllllitrnle: I 	 l;lNO.60_______________________ • 1.0 percent I'll!'_____ ·1.0 percent knolln_____ • 5.05 2! 3[1 	 f 15.0 1.35 ~ 
I 1-3Mc~~~l~~~~~~~I~:~~~:~t.c:_.._..____1Nonc__•_____••____ None_......______ •__../ 3.03/ :l. 01 ! 12. 3 	 .80 8

No. 2--"""-.-'---"-----'----1 0.2 PRJ'__.. 2.0 percent; ])Icuilto•._ 3.3l IHt ]:~~~ 	 ....1"0.3..______ •____• __._.__••••__ 2.0 pcrcentpcrcent l'rcmix_____•_____•______._______ 3.10 2.2. 	 1.00
Si I 10.4 	 .i8 N 

t;j--.-._- -------~-~.-.- --... 	 ,_________ J__.__ ~ 

"\"P = pllrantn-[letro!ntulIl; I'Rl' = petrolntulIl.rosin-llllraflin; lIud I'remlx = 1 purt PUP pIllS ;J parts Dieallte mixc(1 lJcforc aPlllylng. 
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were evaluated by use of means and coefficients of variation computed 
for each ser.ies of 50 obsel'vaJiolls, The distributing m.echanisms used 
were similar to those of the static and cyclic tests and hence subject to •about the same Yarin.tions, but because of the large number of obser
yations made in each test the results are considered reln.tively more 
reliable. 

The results obtained in the uniformity-of-distribution tests incli
cate that all themateriaJs when dry were (lispensed from the rotating
plate hopper with about the same degree of uniformity (table 43). 

~ . Greater variations occurred in the case of the star-wheel hopper. The 
data show that of the materials tested the ~\'XPL and :GIUW ammo
nium nitrate that had been tl'ellted with a PHP mixture and fL COll
ditioning agent ·wel'e dlstdbuted most uniformly after exposure and 
that the most il'l'egular distdlHltion OCCUlTed in the case of the COL'l'e
sponcli11g 11"T~\. material. These reBult::.> illdicltte that "'hell other 
factors arc the !:lame the uniformity with ·which ammoniUIll nitrate 
can be distributed illCl'eas(>s with increase in the size of its Plll'ticles. 

This WflS further demoll:;trate(L in static-dri11ability tests with two 
lots of llutrcatt'd XXPL lunllHmiulIl nitrate of () to 10 mesh and 20 to 
40 mcsh. The proportion of tIl(' eOtll,:,cr ]11('511 material that was 
deliycred II'om the g1'lrdty-feed, rotating-plate, and star-\\'heel dis
tributors a £tel' all l'XPOSlll'C of (j hours H1l1ounte(1 to ~~, b:~, and .1:1 
perccnt, l'e:-;pl'l'tiYely, of the llll(lxpo:-;ed samples, The cOl'l'e:-;ponding 
delivcry l'att's fol' tltl' lint'I' Ilwsh lllatprial \\"PI'P ~) n1, and ~:~ pl'n:cnt. 
respE'etiYcly. 

FlELD TESTS • 
EQCIP)IEX'r A~D )IATHIlIALS 

The Held te:::1S ,,'prc maLlc by htl1Hl distrllmlion and with n. 7-foot 
International JIal'Y('stt'l' hroaclca:;t-J'cl'tilizt'r di:-;tribntol', The hopper 
of the distributor was pal'titiolletl into foUl' eOlllpal'tllll'llt::4 to permit 
the simultaneous tPstillg of :foul' materials. The distributor was 
pulled at a llllil'ol'lll ratl' by :.k small tl'actol'. 

The diBpensing lIIecllllllism () f this llistl'ilmtol' cOllsi::;ts essentially 
of [t l'ecipl'oeating lll('sh.typ(' plate, th(' meshes o:f which llrefil1ed by 
the gl:avitatiollal flow of the mn.tL'l'ial through clo~ely ;;paeNl eross 
slots in the hoppPl' hottoJl1, The elw.rgc of rel'tili~er in the lI1Pshcs i::4 
carried 1101'iz()lIttllh- to (lelin'IT slots in a ]0"'(,1' deck that Jorms lc 

closed chal1l1l'l :llld' sl1pp()rl~ t1le mesh plate. The d!.'liveryslots arc 
offset far enongh t"'OIll thosp ill the hopper lJOttoIll to pn'nnt any un
controlled flow of the material. .\. l'eCiproeflting agitator ,,·ol'kil1g 
immediately abovl' the slots in t11{' hopper bottom SetTeS to keep the 
slots unifol'mlv lilh·d. ,Y1WlJ the f!.'l'tilizPl' INwes the deliverv slots it 
falls onto a sin'p:1(h'I' hoard that }i('at('r:'l the. individual sti:(>ams of 
:fertilizer and nIso Sl'lTP;:l as [1. ,yill(lsllil']([ to prevent tIle material :from 
blowing ttbout. . 

The matpl'ials spleett'<l Io\' lhe Ii(>l(l tpsts were Chi1<'an nitrnte of 
socln., Champion Braud; ..:\.XPL allllllonium nitmtt' samples Nos.•1: • 
(tnclD; and TV.:\. nnllllOlliul1111itrate sumple Xo, nc (tab}e ·to) . .All 
materials were tnk(,t1 dil'N,tly from the hugs, "'hieh were opened only 
as used. The <listribntnl' was spt to deliver J20 pounds pel' acre of 
the TV":\' sample. J{lItes obtained with the othcr llInfel'in.ls differed 
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somewhut from this, owing to differences in their volume wejghts and 
flow properties. 

P]WCEDiJRE 

III the machine tests the distributor was c1l'iYen ut !t rute of about 
1% miles pel' honr over a piece ot nH'udow.lnllcl whet'c' the ~t'o11lld wus 
hard and rough. Both I'lle, hand and mar'huH' test s were nmde between 
l): 30 n. 111, and 2::30 p,)11. on a day when thl~ tempel'ntul'e y(tried from 
72.5" to 81.0 0 F. and th(' relatin' humidity fL'om nil to uK pCl'c('nt, In 
spite of the moc]pl'ut('ly S('Wl'l' eonditiOli5 of the test, (til materials 
,,'er('. dispPllS('d with apparpnt tHlifol'l1lity throughont the period of 
the test and no clogging of t11(' JlI('('lunrisJIl "'as Ob5el'Y(>(1. 

RESULTS 

.All o;f the !nail'l'inls. espeeinl1~' thp lIitrat(' of soda nnd the TVA 
!UTllllOlllLUll Jlltmte~ fended to n('('1I1l1l11nt(' Oll tll(' spl'eutl('t' hO[lrd to 
some extent and to fall oJT in lumps nt il1tplTnls when lIlorp jolting 
occurred than nsual. TheT\·~\.ll1ntel'inl (p11(le<1 to bri<1g(' in the hop
pl'l' aftel' [llJOut 111(' flrHt hOlll' nll(l tlll' fl'l't i1i7.PI· !ulh(,l'ing to tlle board 
nppNtl'pd ,n'(tN' l1mll tllp Otll(>I.' 1l1ate'rials, Tll(~ XXPL sample. No, 4: 
appeared wl'ltpl' on th(> distribntillg' hO:II'it tIlall XXPL Hample No. 0, 
and tlw Xo..1, Bampl(' togl'fll('l' with T\~.\ sample Ge appeared to 
be Hlightly "'P!tN' ill t lw dlspPllHinp: Illl'clmn iHm nnd in the hopper than 
allY of th(' otlwl' ll1Htt'.l'inl::-, ~Illnll dl'Opt' of liqnhl ap]H'ared on the 
parts or nl(' m('('llHlliSIIl hnndlillg thl'sl' two HIllIN'iBls.. 

The qllantiti('s nnel 1'(','('('n Hua]y::;ps of th(' (li 11'('I'('lIt llltlfel'ial~ ndho1'
illP: (0 Ol(> spl'('!l(kr 11 lnl'(l after .1 1~-h(Jlll'S' OlWI'Htion or th(> distributor 
al'l' gi\'Pll in tabl!' .J.[.. 

'J\I.IlI.I'; 	4·J.~~()1I(f1l/illl (/n// ,~('rr'('11 1m/IIi/sf'S of /11(' tli[f('/'('ul lIIal('fi(fl.~ aclhrring to 
til(' '~l)/'('(/(Ir'l' /)(}un/ aflt')' }1 :!./WIIl'S' .IIll,l Ollfl'fI/iIJII oj (ligll'ilJI(tor 

~[n{~[iul Trrntnwut Quantity :\t,n"rial fmlll hOnr<1 
on hoard 

Xitrnw of swIu, ChnlU' 
pion I1rnnd, (Jr(lllM l'ucClIi Perrenl I'erCe11l i Pacent 

Xo. 1 __ •.... _.. ._, 3~1 "I 20 93 : 7 
AI1UIIOllilllllllitrnll': 

:H la ~'; 00 .j,\xrl. XC)•.1.....• ' :J.iilwrrPlll Kittitn'. 
I ~n ;;AXPJ, Xo. li - ..- 0.,. ppn't'n t \Y l' plus H ilU 5U 


:1.5 prr(!('nt E'.ttitn.• , 

T\'A Xo, fir... ..... 1.0l'erc('nt Pit l' plus 
 SO ' 14 Uti 

4,0 lWfC('nt knolin. 

The higher pt'OP0l't ion oj' lin('1' ill tilt' nmll'l'inl adht'I,jJ\g to t11p dis
tributing boned ill ['elation (0 fhut in tIl(· fl'Psh IImlel'inl ind.icntes that 
the {1111:\ :l:rttt'tlom; in IIll' ol'ig-i Il\tl mill ('I,ittl \\'('\'t' l'l'sponsibl(> ·I'o\.' most 
oj~ the flcCllIllulatioll tllld that this \\'ollld ])(' lal'gel," t'liminnted in 
mnterin,lf> tllnt do not ('olllnill litJl.'l'l'lletio\1:l. 

AU 0'1' the materials ('mlld IJ(' distl'iillltl'(l satisfactol'ily by hand 
under tht', ('OllditiOllf> of tl1e test, TIll' (iuPI' gl'uined T\~.A sample. was 
110t so easily handled as the gralllll:u' III 0 terin1s of lurger pal'tie1e size. 
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This mittel'itLI also te'nded to blow n,bont more than the others. None 
'of the materials took up enough moisture during the test period to 
interfere with h~Llld distribution. 

The beluwior of the materin.Js in the field tests is in genel'u..l agree
ment with that ohseryed in the drlIlability tests made uudec controlled 
conditionB. The results ttB a 'whole illdicllte that the dril1n,bj]jty of a 
material increases within limits with htcl'casc in the size of its p(Lr
tic1es and tlw,t fI, sample of lllllmonium nitrate that has been treated 
with tL double coating of f.n ('ll'ceth'c wa{'el' l'c'vellent and a suitable 
conditioning agent is morc dl'i11n,JJlc under Illlltlld conditions than one 
tho.t is untreated or tl'('(l ted with 1L eouditiol1l'l' only. It would ::loem, 
therefore, that. a1l111HmilllU nitl'llte illtended fOl' usc in the 1IIore humid 
areas of the Sonth should prefcl'alJly h(1 ('oatl'<1 with n. ,yn.tcl,' repellent 
as well as It conditioning- ltg-ent, hut. [hat tlw 11:;(; of a watel.'-l'cpcllcnt 
coating would be UllllCCCSStU',r in the Ll'PtttmCIlt of sprayed ammonium 
nitl'atc intended 'for usc in the. centrnl UIl(l nOl'tl\Pl'll sections of the 
United States. 
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