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THE MEASURSHENT OF SOME STORAGE CHARACTERISTICS
OF GRANULAR FLORTILIARRS

by R. J. NUNN
Levington Research Staticon

1. BINLEIARY

4 laboratory technigque to meogure tho caking characteristics
of granular fertilizers is descrided. The method involves packing
fortilizer inaide a Thin rubber sheath, closed at the top by & hard
disc and at the bottom by a hard bass, through which fthere is =
connection to atmesphore. The spuelmene nre stored at congtant
temperature under a fixed load, applicd by mceano of coupreased alr,
to oimulatoe the conditiona in a plle of cacks or in s bulk heap.
After the storage periocd the spocinens are subjected to @ coupréesalon
tast to measurc thc caking lntensity. Good correlation has boan
shown with experiments wede on the large scale 1in the factory.

2, INTRODUCTIOHN

Caking hag always been = unajor problem in the fertilizer
industry, 1t wase expected thal the ivtroduction of granulation woulc
allevieto the problem, but the improvemonts achisved have tended to bo
partly offset in rocaent yoars by tha introduction of more highly
noncentrated fertilizers, containing @ lerge proportion of water-
goluble conetitucnta.

Large—pcale axperiments in the factory to atudy oeklng are
cxponeive and difficult to carry out because of tho large nunber o7
variablea involvod. For thls reason gcvoral worksrs have developcd
tochniques to cerry out cxperimonts in the laboratory. Two typical
examnples arc those uscd at the United States Department of
Agriculture, described by Adans and Ross (1), and ot the Chenical
Research Leboratory, Teddington, Lngland dascribed by Davies,
Ditcham and Greaves (2).

Tho procedure used 1n the laboratory nornally involves o period
of atorage undcor load to form Lhe 'cake', followad by a compression
toat to mossure tho intensity of caking. In the tochnigues alroady
rafarrad to the load iz applied to the top of the fortilizor,
contoincd in @ wmetal cylinder. This method has the disadvantags
thot an equal presgure is not oppliod throughouwt the ssmple of
fortilizar. The height of the cylindor is made lese thon the dlanctor
to raduce this offect, bhut this in turn caused inmceuracies in the
compression teet hecause, when tho ratic of wyight to diameter 1o
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a1t tho ald of the nild atcol tubs (FPigurc 1I).

Tho top disc, lile tho hate, wis originally of mild steel, but thia
alzo is now of cither stainlegs stegl or polyvinyl ehloride.
inothor modification im the groove in the jop dise to locate the
'O ring.

Tho completcd opeclmen, roady for the moragd tget, iz ghown
in Figures 1¢ =znd 2b. The rubbor slcoves wWero originaelly of
vwabural rubber latcez but Nscprene lotex ig uow ugaed to withatnnd
chemical attack by ihe fortilizer, ond algc pocause of ita suporior
propertice for long periods of gtorezge ab 357C. Hatursl rubbom
wns found oompletgly mmsatiafactory for a limited nunber of lests
carricd out at 45°C.

5, THE STORAGE TEST

The coupleted apeclnent Are conneeted ty rubboer pressure
tubing o o copper manifold which ncconmodsaten 10 speolmens and
1n shown in Flguro 3. In the first oxporimonte 10 gpoclmens wers
usod for each teet, bul o etatistical sralyals of the results over
o peried of 3 yoare ghowad that & 9pgclimens would be sufficlent.
Trn onc hundred exporiments racently carried out, the comproaalon
stronegtha of the Tive epeclmens werc withln + 13% of the mean value.

Tha monifeld is placed la v cloged cylindrical conptainer 10
ennble alr pressurce 1o be applied %0 tho speclmens. In The originnl
gpporatus bhe cyll ders wora conatructed of FerspeX, which, while
antiefactory at 25°C and & profours of 3 p.s.,i., developed lcaks 1
cementad jointe when uead tfor btoste at 35°C and & prossuro of & p.u.
The cylindors eTe oW congtructcd frow 2 foot lengths of 6 inches
disroter Q.V.F. glass pipeline, @ach ond being closed by a diac of
Ferspex & inch In thickness. M ends aro Leld in pesition by Tis
+rods which extond tho length of Thw cylinder. Two connoctiona arc
provided ol thoe frons of tho cylinder, ono boing wgod for tho
application of the oonpregsed nir ond the othor for connactlon
oF the menifold to the atnospherce. The {yont of the cylinder 12
eaesily reaoved for eithor inpertion or withdrawnl of a panifold
by romoving AI1X wWing auta. Tho present pracetice ig to scconmodats
two baste cach of five speclmene on one manifold. 112 cylinders

aro in uge, which cnnbleo 224 typta Lo be carricd out at o given tloe.

Tn tho originol apparaius the preasurc wod indicated and
controlled hy neroury neanoustcre fitted with platinum contoactd.
This arreagement hos now beesn roplaced by & supply of air from o
conppressor at 40 p,a.1i. whioh pal3sdes through roducing yolved.
Dxporimenta ars now corried out ab 6 p.s.i., whereas the easrlicr
work wasp all limited to 3 p.s.l.

snothor nodifieation is the fitting of bubblers gontaining
gaturated solt eolutlong in the air eupply lines to the cylindors.
Thy objact is te control the humidity of the air such thet any
laokage through the rubber oloover to theé fortilizer dogd nol CAUSE
change in moilslurc contont of the easoplee. The hunldity of the
air ip controllod to a wvalue dopending on the chemlcal compusltion
of the feortilicer under taat.

The conﬂgant toenporature roon in which the lLests arg carricd
out iec ot 35°C whoreess Fhe f1rat oxperimente wero at 257C.
Speclmnens ars gtorad for perlods ranging Trom one week to 8lx
montha, tThia rangas covering the usuel stornge porioda of baggod
fortilizors 1n comumsrcicl preotice. In o given toeat, normally,
20 cr 25 @pscimcns ara used, pnlohos, cach of Tive ppeclnend,
being removed mt intervals over & gix-nontho period iln ordor to
aiudy thae cfifoct of +t1e on the gtorage proporties.
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5. THE COMPRESSION TODST

after the roguired storage period the spsclions are roenovod
fron the wanifold and tho couprecsive gtrengths wveasured individually.
In the test apparatuz the pressure applisd to the bage of the
spceelinan 18 grodually increvased and ot e certain value the spccinmon
shears ag ghown in Figure 9. In the orlginal apparatue the progsur.
wos applied mechanieally by aprings of known spring fector. This
apparatus la suiteblce for comprosgivoe atrengths up to 30 p.s.i.
but not sulfficlently robust for higher veluss, The introduction ov
nore cencontrated fertilizers, together with tho incroasea in
tonperature and preesurs durding the storage paricd, has resulted in
gtrengtha considerebly higher than 30 p.e.l. bolng encountcrod.
Anothor dizadventage of the acchanieal apparatus is thot, for
fgpecinens of unknown compresaive atrength, 11 19 necesgary to changoe
the espring at least once and perhaps twice during tho teat, and
ench time thls nocasaitatus the roleeec end thon re-applicetion of
the prassure; redulte obtained in this way heavo a low level of
cecuracy. The compresslion teat apparatus now in usc and shown in
Flgures 6 and 7 wag designed and construoted 1pn our own workshops.
Tho slrees 1= applied to the beoso of tho speclnmene by neans of
comprogsed alr insta.,d of by the moechanicel compreession of a agring
88 1n the original apparatua, The waximum pruseure which can be
erplicd is 100 p.e.i. During a tcet the alr pressure is incrcasod
slowly by oponing the fino contrel valve fittod to thoe apparstus.
The pressure 18 rccorded on three dial pauges, ench covering a
vectlon of the range, 0 onmblo acourate roadinge to bo made., Tor
the meagurencnt of "blank" speclinens cond also for progsurce up to
10 p.s.i., whero the breaking point 1s net well-defilned, & scparats
guppert 1s vaad for the apaclueng. Coupression of the apccinon
cloge? an clectrleal circuit and an indicator ie illumineted at thce
broaking polint.

Threo sxanples of tho fallure of gpocliwns are ahown in Flguro
5. Pigurc Sa shows tho type of fallure to be expected with caked
nabarial and Figurc 5b that with frea-flowing granular fertllilzor.
Flgurce 5S¢ showa that dgpecimens of swall ratio of helght to diancter
phould not be uszed, gince the plans of foilure decs not completely
cut the clreunforencoe of the spacinen.

7. PRE-TREATHENT OF SAMPLIS

Of' ter, the tendoncy of o fertilizer to cnke 1e greatest durlng
the first fow daye aftor its production, If such a fortilizer 1=
atorad during that tiuc, c.g. In o bulk heap or ap a bottled sanplo,
and thon diaturbed, its gubsequent coxing ia loes. It 12 thereforo
the practicc to coamanca tho iaboratary gtorage toeta on the day
of wenufaciturae, whenaver thie 18 practlesble,

The size ronge of tho fortilizer uged in the testo 19 1/16 —
3/16 inchea. No effect on shoe caking tendency haa been shown by
variaticon in granule ailze within thla rangc.

g9. RESULTS

Typical rosults of storage teets for on NPK compound fertllizoxm
are ghown in Flguros 8 =and 9. The noisture contonta of the
fortlidiver arc indicated.

L fortilizor 18 oconzidorod to poseess free-flowlng cha%actoriﬁ—
tica 1f the brocklng strougth afbter 6 nonths etorage at 357°C and
b p.o.i. doos not oxecood 10 p.a.1,
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Figure 1.

Components for the Preparation of a Specimen,
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FIGURE 2.

PREPARATION OF A SPECIMEN.



Figure 3
Components of & Cylinder including a Manitold,



Figure 4.
Arrangement of Cylinders in a Frame.
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TYPES OF FAILURE OF SPECIMENS IN THE COMPRESSION TEST.
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LAYOUY OF THE COMPRESSION APPARATUS.
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RESULTS OF STORAGE TESTS FOR A N.PK.COMPOUND FERTILIZER.



