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African Explosives & Cheuical Industriee
INTRODUCTION Tta,

The work dewscribed 1in this paper was consequant upon the
declalon of the authors! conpany to bulld o urea plant and to use urea
a8 the princlpal scuroce of nilirogen in 1ts nixed fertilizers. Whils
it camnot be contended that the use of ures in sranular mixtures 18 1n
any way original, it 18 hoped nonetheless that the experiences galned
during this Investigation willl be of sowme intereat.

The ohief objecot of this work was the deavelopuent of
processaed and technliquesa for the woet efflciont utilieation of urea in
granular nixtures based on single superphoaphats and it is of =some
lmportance, therefors, to appreclate the oirecumstances prevailing in
the fertilizer industry in South Africa., The most important fact in
thle connection 1l the (Government regulativn regarding phosphete
) avallablility, We are parhaps Lortunately eitumied in that the
oriterion of avallability of phosphate in nmixed fertilicers is
solubllity in 2% oitrio moild solutlon. In consequence it is poegible
to carry out a considerable emcunt of smnonistion of the superphosphate
freotion of granular mixtures, which 12 naturally economicagly
deairable, Though 1t is not & legnl stipulation, 1t 18 the uaual
endegvour of South African producers to retain at loast 50% of the
oitric gcluble phosphate in water-soluble forn,

The superphosphate used 1n Jouth Afrdca 1s usually made from
either lMorocoo rook or from the looally produced FPhaleborwa concentrate.
There ie very 1i1itle which needs tec be sald aboul Morocco rock, but
the Fhalaborwa concenirate, which may be unfamlllar to most of you,
needs a 1lttle cxplanstion.

The concentrate as recelved has a fairly high phosphate content,
usuelly in excess of 36%, but 18 unreamctive when used for the
manufacture of single superphoaphate. Minersloglcally 1t i3 an
lgneous apatite, the main lmpurities being celcite, nicaceousn
ninerale and magnetite. Typleal analysis of both rocks are shown
%n Table 1 together with analyses of superphosphate produced from

hem.
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Table 1

a) Typical enmlyses of phoophate rocks uscd
in Scuth Afrilecsn.

Phalaborwa Toroaco

. ponoontrato rock
P05 (%) 36.54 33.30
Cal (%) 49,84 ' 51.18
F6203 (%) 0.67 0,29
41,04 | (%) 0.40 3.87
co, (%) 4.33 4,01

P (%) - 2,44 - 3.96

——t

b) Typical enslyses of superphosphate producod.

—THEIaborva Morocuo
_ concentrate rock ‘

Tatal P205 () 21.0 20,0
Citric-soluble P,0g (%) 19.6 19.3
Water-soivble P,0g (%)  18.0 19.0
Froe mcid BoOs - (%) 4.0 2.0
Molature (%) 5.6 5.0
Ratia ’

W i ¥ 0

i €2 5 100 90.5 95.0

t. PEOE_

It will be observed that the water-soluble P,0. conbent :
of both supsrphoephates 1s ldentical but that th& donversion of + |
Pholaborwe-based superphosphate to water—soluble form 18 aignifiocant:
lowex. _ ‘
. . ) ‘
Table 2 shows the granuler mixtures currontly manufacturod 1in

South Afrios, The compositions are such that they can be meds
from smmonium sulphate, superphosphats and potasslum chlorids.
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Table 2

Currently produccd wixturcg
(gh qoupoaition)

- It 1¢ scluble
N P

205 KEO
¥ 15 10
Q 17 7
3 13 a
3 15 3
5 13 o
r LA 0
< 25 6
L G 10
{ 7 71
i f 14
2.5 18.9 Q

OFf +heoge wixbures tho noat importact is 5-13~5. w7 mon i3

wazd in plece oi the moroal sruscniwy sulphate, slight, though
algnitiocant, voorading coourd duo S0 tho hlghsr nltrogen pontent of
the urca. 11 tre work doscribed herg hes been based on elther

§5-13-5 or 1 vres-basad nzal couivalent, 5-15-5. The suthors'
ooupeny is furtunete la hoving arallebls avnonle nade on ita own
factorica. Consoquently 1t in the ususl praotico to derive as nuch a8

oagible of Lhe nitrogen din o mixturce fron amsonia. Mot mixtures,
horefors, contain about 2% of aumonlacal nitrogen.

GRANULAPILIZY
L typleal £.Z. and C.1. grenulatlon plant 13 eshown as a line
diagran in #ig. 1. It will be observad that the plant layout
conforme gencrally to Anerican T.V.A, pvractice though it must be
anphegiced ckat the low nltrogen contont (and indced the low analyeis
gonarally) of the Jooal ulxturce, 1a such that 1t io not necesgary to

l

add an ncid in ordsr te cbhioin moximuo pomonle filxation,

Althouah 1% wes the intention of the outhors' company 0
wtilige vram in granuinr cixed fertillzoras in the form of a uree-
annonin liguor frow the outset, auch a llguor wae not available
untll well oa into thig lnvestlgation, an% 1n consequence 1t was
pecossary to add urca and amionia goporately to the remaining
compenonts of the preclx for a conpicerable nunber of exporipents..

Initicl experiments ueing aolid urca togeother with super-—
punosphate awd polasslun chloride irn tho premiwx indicated that
savere caking lroublen during handling of the premix wera llkely to
be couead by cuch a proccdwre, Thls was due o the formatlon of
the very hygeo:copic wren-phospaoric acid adduet from the urea and
the frce phogph.ric acld in the gupe rphosphate. In conaeguencs
14 was then decidad to make use of the ures in the form o an
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aqueous soluslon which ves added, after the amvonia, in the
amnoniator of the plant. Dxperlence on both full scale plants and
on the seni-technical plant showod thet the use of aguavus uren

and annonin gave riso to conditions wost unfavourable to granulation
end an upper aancniation Tinit was found beyond which grenulation
cffiolency fell preohibltivaly.

1T we define a quanlity "aononietion leovel" as being the
nunber of pounda of aumnoniucal nitrogon added te each 100 1b of
fuperphosphate in a prenix, we have svailcohle a2 acale which 1s of
confldernble utility. Our expericnos shows that if agueocus urea |
golutliona together with amuecnia zre used o provide the nitrogen of ]
the gramular wixed fertilizer, there is sn upper awncniation level
sowewhore bolwecn 1.5% and 2%, 1f this is exoceeded the appearsnoe
and feel of the uwaterinl leaving the granulator arc quite charao—
teristic - vory suall granvles, approxinately % mm in diameter,
are formed which have a proncunced gritty feel and which connot be |
persuaded te agglomeralts intc lerger granules by the addition of |
elther norce stean or wore water. Such efforts t¢ iuprove granu- 1
lation lead merely to forwation of lorge lumps of over-size together
with a slurry of the dnell granules. "he granuletion efficienoi
falla abruptly and 1t is iwmpossible to continue operating the plant
for nmore than a faw hoves, dve to the bulld-up of recyele,

True ursa-~cunonia liguor the hecame avelleble for experiuental
work and acveral more experluonts were carried out on both plant and
gonl-tecimnicel scele vo invesiignte the grenulation behaviour of
this materizl, Tt svon becane evident thoat the uae of UAL offared
Boveral aotable advantages 1n regard Lo granulsbllity and 1t was
ghown Lhatl when Ilorocec superpnosvhate wes used all the nitrogen
in & 5--15-5 or 5-13-% nixture could be dorived without difficulty
from UAL, At thie slage tho procsduie adopted for the introduction
of UAL wag to add the liguor in the enuonimtor of the plunt, after
which watar and dfecn were sdded in the anormal way., The UAL
nanutfactured by the authora' coupany is a low preoccurs type
containing 33,27 total nitrogen, derived egually fron urea and
amuonis. In Awcrican terminolegy this ie o 332 Ual (20-0-36).

In Amerilcan precticc 1t is usunl to add the urea-amionls liquor
below tha bad ol jatorlal in the awioniastor via en aercfoil distrib-
utor, the so-ozlled T.V.A. headcr: and it ia standard practice in
AL, and C.I. to use thia type of digtributor for annonia. It was
found, howaver, wilh our low pressure btyps of urcn-ammonila llquor,
that 1t was not necosgary to rescrt to thia type of distributor and
a elople multiple pipoe header wounted above ths rolling bed sufficed
Thie gave very little trouble dus to imperfect absorption of the
acrionie (lesu than 0.25% eacaping) and did not cousc formetion of
overgive dus bto bad liguid distribution.

It wzg soon Tfound, however, doapitc the sucocessful experisonce
with Morcoco superphosphate, that when supeiphiosphate nade from
Fhalaborwe concentrate wed used with uron-ammonia liquor that the
faniliar gronulabllity difficullies werc 2gain evident. Varlous
medificationa of the granulation methed finally led to a procedurc
which encbled all itypes of superphoephale to be gramlotod with TAL,
oven in the prescnce of largs quantitics of inert filler whioh had
previously hoon fouwnd to depress granulability scriously. Our
premsent bechnigue for the use of UAL is to reverse the usual order
of additicon of the liguids., Thus the wator neoessary for granulatio
igs edded, in the gramulator, to this pre-wetted powder. By the
tluwe The UAL is addad bhe prewix 1e soml-granular, snd it was
feared that the conseguent diminutica in surface area would have a
deleterious cffect on mmucnla abeorption. 'This hag, however, not
beon found Lo cceur. ‘

dJurprigingly, ond contrary to our expariences wilh Morocoo
puperpnosphate and the origlnal UaL diotribution technique, it has
beon found thaet the use of cloom with our new procedure haos ;
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parkedly deletcricus eflamcta o granulation, the coudcs of which
are obecurs. Liltle i8 known conccrning granulability and we alre
hoping to regolvae our problens by investigations om & laboratory
acale, since it 18 obvious that a Jarge scalo plant is ill-adepted
to thig type of investigation.

Suanarizing our conclusions On the subjoect of The granulability
of mixturcs bagfed on urca 1t appsars Thot:

1) Granulability is omgally lozt, a gulto ocharacteristio 'eritty’
feel and appearence belng Lhes i1pparted to ths material in
the gramulator.

2) Threa faclors dctoraine tho onsct of thie losz of grenulabillty.
Theso are amioniation level, amionia soncontration at the surface
of the aclids ot the woment of contact, and supcrphosphete type.
Thus, for o Morocco auporphoaghataﬂbaﬂed pronix, an upper
armoniation level of 1.5 ~ 2.0% has becn found in the presgence
of uren, when using onhydrous ammonin. Whnon adding UAL to the
dry prewmlx the periizsible aurioniation leval is at least 3.75%
when doroccee duperphoophate il used. fhon Phalaborwa super-
phoaphate is used, howaver, tho permivsibls lovel is once again
only 1..5%. If, howcver, the U4l ia added to alresdy wotted
prewix the porniigasiblea monigtlon level 14 rogtored to 3.75%
ovan Tor Phulaborws @uperphosphalc.

HEHAVIQUR O DRYLNG

One of tha noot interveiing aspeots of thig investigatlion had
bagn Lhe behavicur of the urea on drying. (n our Tirst attenpto o
uge urea on A geni-technical seale, 1T was discovered that tho ususl
aynthosis reaction irn whicll maaonta and carbon diloxide are coublned
t5 forn uran can, ih the olrecuastanccu rxisting in tho normal plant
dryer, be very cagily ruversed, with the reaull thet an glarning
proportion of the urea present cen be hydeclyesd 1o amnonis and
corbon dioxide. It waes originally tfosred thal the oondensation
repction to forn Liuvrel wmight ooceur which would prove agronomically
tpoublogone. Conbrary to sxpcetations, +hia hae not proved the came:
the proportion of blured fornod during nernal procosaing ig alight,
legas than 0.15% of piurcl boing praescent 1in mixturces which have beon
harghly dried. It was then nocosaary to devolop our drying
procadures to a poind ab which uroas nydrolysis and congeguent
nltrogen looe ahould be insignificant.

In Lho days whon anconla and apnonion sulphate provided the
pitrogen for grenular nixturea 1t was codauon practice on A.DL. and
C,I. plants tc cporate A0 &hﬂt natorial loaving the dryer was (24T
s tempereture of up o 1407C, 1n & pralsceworthy cndoavour to prevent
patting trouplos durding storage by reduction of wojsiure contont O
a practlcal mininum. A4 oonglderable roevolution in thinking wad
therafors nacolenry in order 0 pressrve tne urea.

Zafore deooribing the resulla of our investigations 1t 1s
perhaps of interest to give sonc detaoils of the cxporimcntel nethode.

After start-up tne plant ig allowoed to aone o oguilibrduom,
at which tio ell tenporaturas are svondy and rocycls 1e returnad
+o the anuouietor al the conatant rnta at which 1t is produocd.
The tine te attein cquilibriun 1s of the ordor of 4-6 hours, and
aftor this the plant i3 nliowed o run atuadily for a winlouwe of
12 houra bofore asasnpling i begun. The oanpling period 18 usually
4 nours and the sanpling Irequency quartor-hourly. Wo hava found
that the moat convenlenl =awpling pointo for the daternination of
uren behaviour asrc coross Lhe lrycr, i.a. at the grenuletor exlt
and at the dryer cxit. The chief recson for aaupling across the
dryer ia Shat the whols Jizo range ie examined, wolch is not
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the casc, 1f, for instence, only the on-sizo product 18 taken.

Tha water content of naterial loaving the granulator is wmuch highor
than that at the dryer exit, and o corrcotion 18 thereforc naede,
glther by neans of = total phosphate balmnecc or a potasaiun belanpe,
Lxperinental crror, as shown by sanple to ganple variaticon and
cxperinent to oxporicent variatlion, soond to dapend on the scale

of operation, belng conslderably less for full-scsle plants
producing somewhere between 10 and 30 tons/hour than for the semi-
toohnical plant producing 500-700 lb/hour.

It is reasonable to expzet that the actual anount of hydrolyais
of the urca which occurs would bo uelnly depeodent on the tempsratur
of sxposurc and the tine of exposurs. In Lhe noroal type of
granulation process where both ovor- and undor—gized ma%erial is
returned to the prooess, end only that fraotion of the total product
which 1a withir & certsin size ronge is actually roaovoed frown the
Byaten, the determinaticn of the elfcctiva exposure time 1s a probvle
0f eouwe subtlety.

If we consider a nornslly operating granulation plant heving
a retention tina in the dryer of H minutce for a single Eaﬂﬂ, then
the effoctive rotention time ie givan by the expression H/G % 100,
where G ia the granulntion efficiency. Tn normel practice, at
grenulation effloloncica in the 60% reglon, this means thet the
effective retention tiue in a dryor with a slnglys pass rotention
tite of, eay, 15 minutes is, 1n actual faet, 25 alnutoa. The
derivation of this relation io ehown in Appendix T.

It nust be polnted out that there io an lmplicit amsumption
that the granulation process does not dlserininate batween fregh
fead and recycled motarial.

It de our experlence thot tho wost setisfactory index of
eXpogure intonaity is the solids exit tomperature fron the dryer,
this valuo belng a better indication then elther the arithietic
or logarithulce aoan betwaeen the inlet and axlt mclids Tenperaturen,
4 corrclation has boon found between urea hydrolysia, cxit solids
teuwperature frou bthe dryer and cffootive rotuntion biume in the
dryer, by tremting the hydrolysis process as a %oro ordsr resction.

-k
_d_é%l = Ae /RT Y (1)

l.a.

whoere (U} = instentansous urea contont,
E = +the activation enargy of the reaction, .
L= the Trequonoy factor of the reaction,
R = +tho gar constant,
T = the exposure bteupcrature, i.e, the dryer

go0lld vxit temperaturc.

Integration of this rolavtlon belweon correapondine linits for urea
conoentration and tlns, and transforuavicn to logarithms to the base
10 for the sake of convonlence, shows that for the nechenieon
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t0o be valld

1
1055%— should be proportional to T

where /U = urca lods,
t = alffective retention tire 1n tho dryer
= & x 100
where H =  gingle pase refentlon tiwe in the dryer
G = granulation efficiency.

Using dota obkteined fron seven full-scals runa on two different plants,
we may then plet figurc 2. Statistical tests applied to thaese datla
phow that the relation i highly significant.

It 418 possible to advence other mechanliems to oxplaln the urea
hydrolysis, and both a {irst order proccsge (wlth reapect to urea
concontration) and a second order process (wilth respeot to urce and
water concentreiions) aro conceivablo. These give plote analogous
to that shown in [lgurc 2, sand do nct explaln the cobserved data nore
gffectiveoly. In addition they suffer frou theoroticel objectione in
that they introduce concentration berns into the differential
equation which secn diffleult to justify, as the hydrolysis process
presunatly takes plomoe in @ solution saturated with respect to urea,
soncentration thon being depondont on temperature alone,

The regression cquation derlved froun flzure 2 nay be used to
prediet urea hydrolysies, after asnlpulation into the form

12
Ap - 2.601 x 10 W f e (2)
LotB53 7 *
where N T = uron hydrolysoed (%)

Tho alopo of the rogression line gives an estlnato of the actlvation
cnergy for the hydrolyais process of 22.2 konl/mole, conmpared with
the valuc of 28,2 koal/mole Tound for hydrolysis in @ilute solutiom.

The amwonis lforncd hydrolyticelly docs not nocaasarily cecape
From the gystow, oo there is the posuibility of reaction with the
puporphogphate present., Ap i well known thils gives rige to the
reversion of water—soluble phosphate to citric-moluble form. The
motuzl axtant of Lhe revorsion 18 douturnined by ecveral factors,
chiof onong whioh arc aunonletion lovol and drylng toaperaturo. At
on ormonimstion lavel of 1.5% about 65% of the citric-soluble PEDS
rouping wator-golubla at & dryer golids oxit fcuperaturc of
100%¢, whereas only about 45% remaine in watcr-soluble form at an
pomoniation leovel of 3.5%. Virtuslly no revergion te clirio-
ipgolubie fora has boon obsorved, cven al ammonlaetion levels of tha
order of 6%, For the oxperimental conditlons provailing in this
inveetigatlon somo 12-15% of the uroa can, On average, bo
hydrolysad beforo actuul nitrogen lofees are incurred. Nltrogen
loas io strongly correlated with ursa hydrolysie, the relation
haing of tho forn

AR 0.876 AU - 11,9 e e (3)

i

where 7\ N = nitrogen loco (%).

Ag an cxauple lot ua consider a granulation plant operating
at a gromulation cfficisncy of 67%, Let the solide exlt
teuperaturs fron the dryer be 1007C and lot the dingle padd
rotontlon time 1n tho dryer boe 1O minutes.
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Than the effective retention tine 1g given by

§ = %%- % 100

= 15 ninutes.
Substituting in equation (2), (or ueing figure 3):

2,601 x 10+°
15573

FANRUENE

10

= 3.8%
Tusertion of thi® value in eguation (3) shows that thie stall anount
of ures hydrolysis 1a not likely to lead o nltrogsn loas,

The nitrogen content of thesc olxtures 18 conparatively
low and no oaklng troubles have been experienced on stornge, e8ven
with neolaturc contente a8 high as 2%.
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APPENDIX

[
The everage relentlon time in » recycle process

Consider e quentity of material passing through the
dryer in tiuc H. Then, if £ 12 thu recycle ratio, tTho gquantity
of neterial meking a oinglc traverse 1z A(1l - £). Now the
quentity Af d1is, by definition, recycled, and passcs through the
dryer twice. Of this A% e reoycled, &o that the gquantity of
natorinl which ie resident in the dryer for tice 2H 1a 4f(1 -~ £).
In the sawe woy wo flnd thot Afz(l - f) d1s presont for perlod 3H,
Af3(1 -~ £} for period 4H, and oo on.

The woightod averago of all those giveg =n exprosgion

for average retontion tlnme, 1.o0.

A1 - £YH + Af(1 - £)2H + Af(1 = £)3H + ...,

+ -
AL = £) + AF(L = £) + AT(L = £) + ....
o H(1 4 2F 4 3T 4 4fS 4+ a.ll)
(L + £ + f2 + f3 )
r=QQ O0)
R < £
r=] =}
LY T 1
Now T = T—F and the nunerctor, whioh results from the

Tr=
denorinator sorice by diffcrentictlion tcra by tern, cen be sunned
ainply by diffcrentiation of the sun of tho denoulnater serles with

regpect to £, to give -u—l———g

(1 - £)
whoreupon t 0 0= H 5 1 = H
(1 - ) 1 -f 1 - f
= %- x 100,

whory G the granulation efficiency.
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