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INTRODUCTION
 

Interest is growing rapidly in the United States in most U.S. manufacturers and farmersproducing urea in granular form rather than the con-
were Using

ammonium nitrate as a source of solid nitrogen. Duringventional prilled product for a number of reasons. This the same period of time that use of urea was expanding,growth in interest has paralleled the growth in use of urea stringent pollution regulations were enacted whichas a fertilizer material. As shown in figure 1, use of urea required better methods to minimize dust evolutionfor direct application has increased by a factor of 2.5 during urea production. Granular urea processes areduring the last decade (I). more adaptable for efficient dust removal than prilling 
processes. 

51 	 1 One important characteristic of granular urea 
processes is the wide range of particle sizes that can be 
produced. This is important in the United States as much4F 	 nitrogen is marketedANHYDROUS in the form of bulk blends which

AMMONIA involves physically mixing two or more materials for a) 
3-

'// 	 given ratio or grade of product. In order to produce 
a homogeneous product, the particle sizes of the raw 
materials must be closely matched: otherwise, physical_jSOL

_J	 TI N segregation will occur. Air prilled urea is too small2 	 -- compared with other granular materials, such as
AMMONIUMCONCENTRATED diammonium phosphate (I)AP) and potassium chloride,SUPERPHOSPHATE where.,s granular urea can be size-matched with these 

materia!ls. Also, granular urea is about 2 to 2.5 times . " harder thanUREA prilled urea which improves its bulk .--- ............ handling-storage characteristics. Results from TVA0 ....... ..... 	 studies (2) comparing crashing strength and abrasion
1950 1955 1960 1965 1970 	 resistanice of two types of granular urea and prilled urea 

SOURCE: TVA are sumnmarized belo, 

.'rushing Strength Increase in (I)FIGURE I '.pe UreaCONSUMPTION OF SELECTED MATERIALS 	
Ibs. minus (-) 16-mesh

IN THE Pried Urea 2.2 to 2.UNITED STATES FOR DIRECT APPLICATION ril Urea s.5 o 2 09.7%(lirailular tUrea. spray druni 4.5 to) 7.2 0.2% 

Granular Urea, IVA panhe preferene for urea in 	 3.1 to 5.6 1.7-ideveloping countries is The resistance to abrasion is determined hy measuring the increase inparticularly strong. lased on announced plans for new 
_niT__Sin Asia will be in the fortn of urea '. Although tie superior 

fclcilities, by 1980. 85% of the nitrogen fertilizer capacity 	 _inus_(-) 16-_esh materialafter rolling for 1_W withsteel balls. 
Larger size. hither crushing strength, and increasedphysical properties of granular urea have been recognized abrasion resistance make granular urea particularly wellfor several years, they were not strongly considered since suited for use as a substrate in coating processes such as 

'Reference TVA 	 sulfur-coated urea.Y-95. 	 Sulfur coating is a process wherebyurea particles are encapsulated with sulfur for controlled 
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•,. F . *.' ,t. I his paper distusses tihe latest t,+ochlo , I Ut llltIilalq / -, 
 .
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 LARGE urea production ald ioes , 'C)roitri0 , of rIncaNe1 c 
. M'
GRANULES prilling versus graiulatiotm (pant 

LEAVE PAN HERE (;ranuIit i tiai ptI ess sshcr +berrtrratiotri 
PA~TINaccomplished . 

PAN ROTATION h,, spra\iii2 huhl., c)li'elrat''dsolution
(99(' -1o11o a rollin,.e hcd ! 0,lid particls. As tile 

FIGURE 2 particles roll they arc c: i tr urea aid I ildatcd s,\ith lrr 
SKETCH OF PAN OPERATION lp to product s1i/c b an -n'titiH skirire" ,'ftccl ..-1.51. 

It is a specil way ofnirishingr iiia anid is nrow thie It ulrelease of the nitrogen. In ary coatin, process, the least fo Itire podlictioI it Iui, ',iln I Stite,.

surface area is desirable to mininie the quantity of Prilling 
 is corCnsidered an ecouiunica cc, 

coating required to 1chicve a desired release 
 rate. The producing higeh-ninroetr,tl Itcrials ,ich a Irca orparticles should also be stilooh, round, and hard, atnmonn1n lltlr.rt It 1r;1', 11 kast, ,o rllaor-Large granules (about 4 to 6 mini are preferrcd for di.sadatlta.!cs. ie . the I'.ritp i, ihCutl, ,,Isalll
forest tettili/ation b', aCrial application. his si/c i pr
produced comunrcreiall. by at lcast one cormrpany. particl are a.tcpi st)rhun. ptiadilllt idlc.t idto\\:'>arc difficullt 1 < t 1It dund ITLC,)\CI'.'\', ",taICL"!

Vork is under ,\ay at the International Ier- prcvioilrsi. conrtrol ,Jriissror r rnulat iolof Illl la 

tilier l)evelopm1ent 
 Center (IFIDC) and in cooperation proces is relatixcl\ cass and a ,\hdil laui,c o particle
with a ltnumher of key rcsCaIrh in.titurtTOr in to he produc,.'d.A\sia si/cs e;ilr I ar.er p l ide, t ihallorditrrar ir
obtain agronitfic data or rice pro udtcltitor 
 tusing super prillcd Inrai rei (ihcit t the. Inca is to be ursel Ion hulk 
granules of urea (weight per particle ol 2.4. or 6 gr.m sI, hlcrdiy r Ci'coatul to producc at imitIrol'd-Ilcaleci,
This wsork is only- in the prclitnirar' stage hut should it tlitlogen producl. ilrthl. lit ise.rarulan "Irrlt harder 
prove agronomically elfectie, grailulationr is uric 55av i) and less fragile in holl, handlinr shiipping optiatro;,,+
approach production of these iarge particles. Ifili t euilt llof Iurea, wierther aillptillcd or grallillal.

Control of particulatc einisvions irrrn prill platrts is is generalix ileptqenrit a,ie lllution arid Inelt 
very difficult becase: (I)relati\ely large quantities o! air picparation s Ist,iv, Iliri ctl l linitrrio ditring 
are used, (2) aerosols are formed which LequirC high rrltion is conidered tohbe ire hlt, 4!. IhIuisscsr 
energy scrt!hiin for removal: and (3) the dist-laden air there is otrre itrcreais, in hint as inult of reeveling of 
discharges 100 to 150 fe'et 130.5 to 45. nielers) arve sciurhher riqiuur ftori ,et s t bhiuii system to thie ureI 
ground lex el. fhe principal advantages whei emplyilng suiltitini eapnip rtihur ,tep. Ihis incriase in biuret 0iold
granulation are: have n() significant effect (n ihe agnriilllic performance

I. ('ooling air is used more effciently: thus less air is f groanular ur a for inultrial use alid fod crops.
used ar1d the equiplent is smaller. Also gr1itl;itioni processes tdiont fernd trernselvcs well 

2. O(rI small arnomnts of Air are in contact xith the to production (if verv slrall particl,.i equivalent to 
rnelt thus rrliniiming formation of' aerosols. microprills. 

3. 1he duct wirk is greatly simplified since the equip- There are thiree processes Muich hiave piodlnced
meirt 'is at ground level, granular urea in comncrcial si/cd units. lihey are: (I)
 

In sumnmary, the ad\airtagns 
of granular over prilled IVA pair gruntiahlor 12) Norrsk Ilvdrito pal granulator;
Uret are: arid (3) ( & I (irdler Spherodiner. A briet description of 

I. Flexihilitot produce closely sized granules in size each of these Illree processes wsill be given lile,. The 
ranges needed for: (a) hulk blending: (h)sullur coat- solution ilid melt preparalion steps will not he discussed
inu: and for contrulled release of N (c) larger gran- since any conventionnal process cair he used. 

l 

http:lltlr.rt


STACK STACK 
STACK 

WETI 
SCRUBBER WETE 

SCRUBBERSCRUBBER
 
TO DISSOLVINGMISCELLANEOUS TANK 

POINTS EATE TNK TO DISSOLVINGHEATED TANK HEA TL ANOVN CYCLO HETEDTAANTK CYCLONE CYCLONE 
OR RECYCLE TO DISSOLVING TANK TO OiSS01-'_NG TANK404
RECYCLE O RECYCLE 

98- 99% UREA SOLUTION 
' .. 'SCREEN 
 '
 

. .. ER IE 
'i/ A ICONDITIONER 

\fPAN GRANULATOR I 

TO 99.
 

SCRUBBER
 
CONDENSER
 

HEATER FOR PRODUCT CONDITIONINGCOOLER TEMPERING - -1STARTUP -F -....B COOLER DRUM 

OVER6iZE
R(SPECIALTY PRODUCTS)RECYCLE FINES CRSHER 

PREEVAPORATOR RECYCLE RATIO.3.i SCRUBBER(PREHEATER) -37% CHO SOLUTIONSOLUTIONSOU IO1410 -STEA (OPTIONAL)
R.ECYCLE SOLUTION EAMTI~I
09V L93*C
 

DRIVE-- 75/ UREA SOLUTION 
 DISSOLVING 
EVAPORATOR 


TANK
 

FIGURE 3PAN GRANULATION PROCESS FOR GRANULAR UREA 
(WITH WET SCRUBBING) 

AIso. [li.e Solid ,reL ov r" SN'vSteIC all h e ith r \ l d l. ire h l0N .,Lo ,prdy n o,,h.. i chfed thle inch. and 
alldI tie s Illll It: svten tlsied with either of till-Ce
pIl' ,s, lt' 
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cl)ck tItsc or 

ll;Iat0r I'I, , "particle Si'grI' helln ;Iioplcd at IV\A l;sd onl pilot-pill 
e thir l Ilt and Shapeare Infllrc

c.\periici r 
,iedh , tl rotaional ,, ed and Slope of%\hiuhIN li \\ heillig del tontvatcd tihlill 8.5 pall. Criticil ,alirc,,lloililal 5, 1l l"l, pr 10 
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57OC), a recycle to feed ratio of I.0 to 1.5 as required. 
[lest granulation \astobtained when tile bed temperature 
was maintained at 225 to 250 F (107 to 121 ('). In this 

type operation tile gratnules are sof and attain a spherical 
shape b%rolling in thte pan. A (tisid\antage of high-
l'rapefrlttlle granuit)I'llil is th'It an upset ;11 the receic 
"\stllcil CallCause the bed in the Qrarillih'or to thelt and 
itlerrupt tie opeiatill. 

I ow teilperatite grantlatioI is Used by I VA in the 
dctnonsiration-sCl'.. unit. Lienre 3 is .a basic floss sheet for 
this pro'cesS. I he hed temperature is alintained Iat 200 to 
215 F193to 102 ().M hieh issubstantiall\ lo\\er tlan the 
melting temperature of 27(0 F1132'0. MateriIl fron the 
grantnlator flo, toi iotarv eonoor \ihrethetenperature 
is reduce'd to ipproxintnalc-. Si) !-1(00 () Prior to 
screening. [he cooler di~ehtree i,, Screened to se..partate 
overs/ic, on-'i/c arid undersi/e. [hie 05 eri/I,e Lrshed 
arid returned to thc ,\stein rec 'cle Svsten, or dissol\ed 
arid returned \ia the se'tibber so lutioln tli 1\1'ndCrSiie 
isretuirned to the granilator as recycle. Product Iron the 

Lscreelns !oes to a cooler w0here the ternperat ure iNlos' ered 
to Ilft1 (43 C. \ drLm1 is provided for a solid 
conditioner to be added. Other conditionurs such its 
for4aldehde may art be used. isleof fortldeh di 
(0.4u7 by sseightI greatly increases the streingth and 
abrasion resistance of tht ranules which sigiif'icantl. 
low\ers dust formation. Typical operating data are shon 
if] table I. 

Norsk Hvdro Pan Granulation (7) 

Norsk Hydro A.S.. Porsgunn. Norway. has dexeloped 
a high-temperature process for pan .ranulation of 
fertilizers including urea. The process has been named the 
High "lemperature Pan Granulation (I1-lTPG) technique. 
A description of the process is given in a paper, han 
(iranulation of A oniouiritm Nitrate and h.irea." by 0. 
Skauli. prest,.ntcd at Aie,• ACS Annual Meeting in 
\tlfntic (itv. N... in 'September 1974. Patents for the 

!echniquc ha%e been applied fir. lIhe process cmplovs a 
pan granulator- of .onventional design. Ilowever, since 
the process opertes at temperatures very close to the 
crYstalli/ation: temperature, close control of the pan 
paranete; s is necessary. -[he primary control is the 
location of the Solid feed (recycle) point to the pan. Norsk 
Ilvdro reports that 80.(' of the material in the pan 
discharge is oi-si/e f2-4 mam) and that the recvcle ratio 
(solid to melt) is about I. [he particles are three times 
harder than prills oif the same sue and exhibit od 
storage and haidling properties. 

Figure 4 is a simplified flowsheet of the process. Melt 
and recycled undersize are added to the pan. On-size 
material is discharged from the pan to i, po ishing drum 
and then to a cooler which can h:. either fluid-bed or 

4 

rotary type. Ilie cooler discharge is screened to separate 
tile Mersi/e, on-si,/c and undersi/c fractions. Theocrsi/eis crushed and recyced to the pan alog with the 

undersi e and dust front the dust-control system. 
Although tiffs tehLnipte Ihs been use,,dIoL produce 
granular aniotiuin nitfrate on a Comm1llleCial scale, urea 
has been prodtuccd onlv on a pilot scale.lloe\er,, N-Ren 
Corporatioll of ( 'incilnalli has antotunced plans to install 
se'eral 300 short tots da\ (270 metric toils day) skid
rllotited units iII \frica M.hich etiplov this technologyx 

& I ( iirdler Sp rodier (ratlati
i- d .ct-_ Io ( 4) 

.\ttempts to graintlate urea ot amitonitil nItrate in 
ceonventliorl Idrumn r ilantifat ors ha\e not been 

successful. Ilhesc processcs use aggloneratlon to forn 
Iranltles that are irregular in shape and inherently weak 

irt the case of ria aildan l litin nit ate. The 
Spherodier. Mshilch is a proprietary druin granulator 
process, is destlied to iatoid agglonicration anti promote
a laseri type graiUatio [he process is well provennIW . 

connmerciali\ as C idenced by ,.220 Short tons day (5,598 
metric tons davi of either newlv installed or newly 
ann+.lounced ca:picity in ad~dition to thiree original plants 
biht in ICanladi. Fotiu other plants with a total daily 
capacity of 4.50 sho.t tons day(4.05(neitrictons day) 
are being engineered at presLIIt. Complex fertili/ers \\ere 
first produnced in a Sphcrodi/cr in 1958 altd production of 
Lrantilar ire and ammonium nitrate was introdltced in 

1965. 
A sitmplified fliiwsheet isgiven in figurc 5. Molten urea 

is sprayed inside a rotating Irum onto i rolling bed of' 
solid particles. As a result of the rolling action, the 
particles are coated with thin layers bf liquid and 
graduall.\ builh tip to hard spherical grantules. Coolingair 
is drawn through the drtuml countercurrent to the fo, of 
granules. )ust renoved by tile cooling air iscollected in 
an iripingemncrit t pe \et scrtbber and the liq uor is re
cvcled to the ciitcentrillion sect ion (t the urea unit. Alter 
cooling. the granu les floW to a conv-itinal screening 
section for separation of oversii, 01m-si/e, and undersi/e. 
lhe (iersi/e i',crushed and returned to recycle along with 

the undersi/c. '1lie product size is treated with 
conditioner, if desired, and transle ed to storage. 
Typical operating data are shown in table 2 for 
production (if tirea by tile Spherodi/er process at aI 
production rate of 335 short tons. (fis\ (302 metric 
tonsday) and a recycle ratio (f 2. 

Additional details nay beheotained hyci tacting C& I 
Girdler Inc., louisville, Kentucky. 

isons (ranular rea Process 
sn r.-. 
Fisons of ILondo n has operated a pilot plant to produce 

granular urea in a rotary drum granulatt.w. According to 



Table 1. Typical operating data--urea pan granulation 

Production rate, short tons/hour (nominal) 
Pan granulator
 

Speed, rpm 

Slope, degrees 

Number of sprays 


Urea, 75% solution from plant
 
Temperature, 'F ('C) 


Concentrated melt to granulator

Temperature. 'F (°C) 

Concentration. % by mt 


Gianulation
 
Recycle Temperature. oF ('C)

Ratio. lh/lb product 

Granulator temperature, 0 F ('C) 


Cooler Temperature, IF ('C) 

Product Chemical Analysis, %
 

Total N 

ttiuret 

1-120 (Karl Fisher) 

Conditioner
 

Oil-wax mixture 

Clay 


Screen analysis, % (Tyler)
+ 6 mesh (+ 3.3 mm) 

- 6 + 10 mesh (-3.3 mm + 1.7 mm) 

-10 + 16 mesh (-1.7 mm + 0.99 mm) 

- 16 mesh (-0.99 mim) 


Table 2. Typicaloperatingdata--ureaSpherodizergranulation 

Melt temperature, IF (°C) 

Melt concentration, % 

Moisture in product. % 

Air inlet temperature, OF (°C) 

lroduction rate, short ton /day in 
14 foot-diameter drum (mtday) 

Recycle ratio (recycle/product) 

Product tefilperature, IF (OC) 

8.5 (7.65 mt/hr) 

18 to 19 
60
 
10
 

200 (93) 

285 (141) 
98.5-99.5 

140 (60) 
2.5 to 3.0 

200-215 (93-102) 
110 (43) 

45.5 
1.1 
0.1 to 0.2 

0.3 
0.7 

0 
85 
15 
0 

280 (138) 

99.3 

0.06 

50 (10) 

335 (302) 

2 

110 (43) 
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SOLID FEED CRUSHER __., PRODUCT TO 
STORAGE 

FIGURE 4
 
NORSK HYDRO PAN GRANULATION PROCESS FOR
 

AMMONIUM NITRATE OR UREA
 

their literature, urea solution of more than 99;I 1,000 metric tons/day capacity based on the process. 
concentration fram at ci,',entional e\aporatton unit is Additional details probably can be obtained bywritingto 
introduced as a sprr othe granulatir %% ntacts a the company.t, here it c 
recycled stream o ftine,,: the rcccle ratio 1,2 to 3 pouLnds 
per pound Of product. (irrtnuihatiOn occurs al ithiih onversion from Prillingto (iranulation

Ater ('on%low lmoisture contet.temperature aid 

granu!tmn, materi al fl(MIs to atcooler, which may hc a Existing plants that are equipped for prilling may be 
rotarvdrum or uidi/cd hed t.pc ,k,,here simc moisture is converted to granulation by using tie prilled urea as a, 
removed and matcrial i,,reduced in temIptatire. In tihe Ieed fOr the granulation unit. In this case the grantrlaion 
prccess no i,, .After cooling, the material i., unit serves to buil( LiP the si/C 0f1 ICprills to the desired drier umed 
screened x%ith crushed o',er ,r/e and fines returned to the lecel by laycring. 1 his iodilication has been 
grarltmr. I)ust iorn the ,ystem is recovered by wet denrionst rated with the Norsk Ilvdro pan gratulation 
scrubhin arid returned to the urea c,mccnt ration step. process,, and pics,urnbly could bc used] with the Other 

Fisons offers to design and operate plants of uLp to granulation processes. 
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------------- 

Hciver%,S(_1 11 Wet ScrubbinL! 
A part of the decision to produce granular u.ea A wel scruhhing syvstem of' he type ens isioned for ainvolves riot only .holcu oI the process but choice of the new plant has heen included on the flowshect fbr thelTVA,dust recovery suet (lid \%el.a fhe IVA proce.ss utili/es process. Iigu re 2. A scpar te syvstcmn is used Ior each of theimpingement type wet scrubhers which were previously c(,ilcrs "ld another' fo tel uiti,.e dust control system.installed for alnlothe prowess. [he Sphrodi/er process tach cn,,st,, oI a heatled cyclone. Nset scrubbr.usually emplos \ket scruhbing. Ihowever, dt\ collcction circulalion pumpn.phIoser. and Ilior tank: as from theand a hag filler could he Used with Cither the pan three scruhhers is \scored to a common stack. I )isi fromtgrantlation (, the drun granulation process. Bag filters tile Cyclones i, jsso 5 d inI tiles.rtIhh.r liquor. IIICISIIll Iret ire, IlrC Intlilltnance than \et scrubher,, bUt scrubber liqMu i,,collected ind fed hack to thethey do acevleac\ i 1rVI leve l of particulate matter in cncellratIon secli n. Ai \A'ariation, the liquortank andthe effluent stack gas. pump could k, commot to the three .vstelms. 
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uOL2, -ranulated and pilled iraTable 3. Sunnmary of investment. production cost. andinla 

Pan Granulation Prilling 

Nominal Capacity 

Short ton dotv 400 1,000 400 1,000 
Short ton 'ear 132,000 330,000 132,000 330,000 

Plant invest ict. $ 1.850.00) 3,559,000 I,860,000 2,900,000 

Workitrig capital. S 175,000 324.000 129,00 194,000 

Total Capital Inuestilent. S 2,025,000 3,883,0() 1,969.000 3,094.000 

Prodution cost, not 
including rea teed, S short ton 4.79 3.64 3.63 2. IX 

Return (a,21;1" pretax 
on Total Capital In. 3.07 2.35 3.00 1.88 

In-plant price. S short ton 7.86 5.99 6.63 4.06 

Cost difference. S short ton + 1.23 + 1.93 

Based on estimate of middle 1974; no escalation is included. 

lrv Collection 

Figure 6 sh %sthe VA process with a dry collection 
ssten. Thedust i,collected through a system cf (Itrts 
and convc\ed pncunmatcallI. to bag filters. In sLchI N 
ssten. which i,highly autonated. t programmed 

SCLILieIce )f events allows air tO he diverted f'romn one 
Section Mhle it undergoes \ibration to clean the bas, 
After cleaning. the cycle revcrscs t i the pre%iMu,,ly rsed 
section. 
A.\very important consideration in desig rng a (lry 

collection s,'stem is flexibility to allox either diss.,olving 
the dry collected dust or returning it dr. to the granulator, 

",If!/;t'.P,/lU/m~uult\'+tim l i O/rtCA,.WX.(J.C.C1',r i/ ltl/'t r 'i.( 
'p m [dttt iltIiu'/h rf, li,n ecrcicl', Iherclore, it m y 

be necessa rv at tirles to dissui!,e the dust from the 
c\ ch ne amid bag filter atnd the crushed oversi/e and feed 
it back as a liquor into the cncerntration section. Tlhe 
concentrator should have t'is additional capacity 
designed in at ie hgulnrnirug. 

Coompsrtive Cot of Gratnulation and Prilling 

TVA has recently conparCd the cost of pan granulated 
urea with prilled urea in plans designed lbr 4((Oaind 1,000 
short tons dav (36(0 arid 90 meztric tons day) (8). No 
commercial unit is krno% n to exist for tie pan grainulatiur 
Of Lrea ;ISconsidCrCd in the eStimt. It \w;s IIcesirV !0 
lactor the costs of individual items tothe capacity needed. 
'lahle 3 shim)s tlie results thlie estimriate for 1... 611irf 
Coast.t, mid-1974 tire period. Blased on this prelimiriy 
c,stimate. granutlar urea may cost SI to $2 short ton 
more than prilled urea. Ilos\ever. the priming tower may' 
require muore sophisticated equipment for dust reiloval 

than the Sini ]e system used in the estimnrate. Also. tre 
process coler (rvisloned f01the pan graimula ion powess 
is vcry htree a id cost I. It riiy hc possihlc tosubst:ntially 
reduce the si/c of tiris cooler and add a siall cooler for 
the product stream. [he net effct of these (wochanges 
would he to redltree Or pcllaps clinlinate tie cost 
liffernce between prducts frrmt lie two proc'sses. 
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FIGURE 6PAN GRANULATION PROCESS FOR GRANULAR UREA 
(WITH FILTER BAG HOUSE) 

l-quipment Cost, installation cost. and prductionl c t,

will be higher for a developinll4 Co01'o,V 1,ttUtion.
 

I rea Ster(rnul,s 

Production of super grantles (4-o gins) of tIre in the
lorm of round spheric:al iartil. s has not yet been 
attInptCd. Ihatch q'ualtitis ( f 'lindrical-shaped

particles have been produced at 
 VA 'foragrollonli tests
 
in the Philippines, Indonesia. Indii. Ilhailand. Sri Lanka.

and Malaysia. II'the results are I'alorahle. I!')(' plans to 
spotnsor tesl production of super Irea granules in 'VA's 
pill-planlt faci lilies. 

The tmaini aplpliealion of irea super granules il'Asia 
y be in ar.Cas \wh:re, surplus labor is radiles ailalle 

nd where the:c grantiles may be individually plaed at
specil 'ic depths within fihe rice paddy. 
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