
r 

RECENT DJ:.VEI!JPI-lEN'.l'S IN GRJ\.1'lUl.ATION 

Presented at the Manau.;cwent Seminar for Indian Fertilizer! Exec tives 
I 

By 
I Frank P. Achorn, 

Head) Process and Product Improvement Sect~ on 
! 

' 1...,,_ 

Di vi~do•1 of Agr1 cul ture.l Dcvelorment 
Tennessee Valley Authority 

Muscle Shoc.ls, Alabama 

I 
I 
I 
\ . . 
' 



RECEHT DEVELOJ?i.E':HrS IN GPv\NUI!!\TION 

By Frank P. Achorn 

Presented, at the 1·1anagement Seminar for Indian Fertilizer 

May 1968 

·I 
! 

The nmuber of granulation plants in this country and in forJign c 
continues to increase. 1-hny companies ~orith small plants Hhich fo 
pulverized mixtures have converted their batch ammoniators to bat 
and no,,r produce granular products. I•hny producers -vrith medium-si 
plants have installed preneutralizers and scrubbers so that they 
diammonhun phosphate grades. Companies that have plants of the 1 
usually have.high annual fertilizer production, and many of them 
complete grades through bulk handling stations. In recent ~ears 
a continuing utilization of the TVA ar.!l..moniator-granulator fcpy the 
diammonium phosphate grades such as 18-46-o, 16-20-0, 6-24-~4, an 
large basic producers of granular products. Some basic procucers 
TVA ammoniator-granulator to produce granular triple superplospha 
16-20-0, and triple superphosphate are usually marketed thrdugh b 
~ey are mixed with potash and other n::aterials in these plants to 
of different nitrogen, P205 ~ and K2 0 ratios. 

Producers -vrho have converted their small pulverized-mix plants to 
have accomplished this conversion by cutting a-r.·ray some of the fli 
batch mixer and installing ammonia and acid distributors beloi·T th 
of material in the batch affillioniator. Fi~~re 1 is a sketch ~1 f a t 
mixer that has been converted to a batch granulator. The f ights 
half of the mixer have been removed, and a block or drilled pipe 
been installed in this section. The flights in the latter lialf o 
usually cut so that they are only about 6 inches deep. ' 

Figure 2 is a flOI·i diagram of a small batch granulation plant or 
plant that has been changed to a simple continuous plant as expla 
material from the batch granulator is usually cooled in a rotar.t 
of this type vary in size from 6 by 12 feet to 7 by 50 feet. Pro 
granulation plants of this type foD~erly sold unscTeened products 
the oversize only and sold the product as a semigranular feltiliz 

•with the increase in the demand for granular products and t e tig 
specifications for these granular products, most of these p educe 
advisable to screen the product from the coolerand recircu ate t 
the screen to the batch granulator. Recently some companie . have 
batch anuuoniators to continuous granulators by enlarging the disc 
from the a~moniators and operating on a continuous basis. Their 
essentially the same as with the conventional ·continuous ammoniat 
Hovrever, most of these producer-s that use these sm::tll converted g 
have found that their production rate is about 10 to 15 tons per 
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Another disadvantaGe of the small granulation plant is that! it ha not been able 
to produce hie;h-analysis grades 1-rhich require the addition bf mer hant-grade 
phosphoric acid (54 percent P2 05 ). Since the plant does not have a dryerJ the 
hie;h-analysis grades produced in it 1-rould ho.ve a moisture content too high for 
satisfactory storage characteristics. Recently i·re have conducted in the States 
of Maine and Nev York plant tests in vrhich superphosphoric acid h s been used in 
SIIJr:tll batch and continuous ammoniation-g.canulation plants uhich d not have 
coolers. Hith the use of superphosphoric. acid it is possible to roduce high­
analysis grades -of lmr moisture c:ontcnt. Since the super.flhOsphor· c acid has 
essentially a negative moisture, its introduction into the :t'orr.11ul tion has the 
effect of lo;;·rering the moisture content of the· product. Usllmlly ·he pr.oduct ·froin 
the granulator has a. higher temperature because of the high I heat f neutralization 
of the superphosphoric acid by amrconia.- Hi th this high disbharge temperature from 
the granulator, the temperature difference through the ccol$r is nhance.d vith · 
the result that there is a hic;'h moisture removal by the cooler. \lith the use of 
super-phosphoric acid in the sw..all granulation plant it is possibl to produce 
high-analysis grades such as 15-15-15) 6-2L~-24 J 12-21~-12, and 8-3 -16. When 
superphosphoric acid is used, it is usually sprayed or dribbled o top of the bed 
in the aramoniator-e;ranulator. 

The investment cost of a small granulation plar.t i·rhich could use uperphosphoric 
acid i·rould be about $150 J 000 i-rhich is about one-sixth the ccpst of the conventional 
a.m."lloniation-granulation plant vhich has a large granulator ~nd a ooler. The use 
vf superphosphoric acid in small granulation plants may be qf par icular value to 
some foreign countries because: I 

1. Iior.-r investment costs of gre.nulation ple.nt. 

2. High-analysis grades of lov moisture content and excellent handling 
characteristics can be produced. 

3o Because of the high P2 05 concentration of the superphospho ic acid, 
there should be some economic saving in transporting super hosphoric 
acid instead of other phosphatic materi~ls. i 

. I 

Many companies have constructed conventional ammoniation-gr~lnulat·on plants. 
Figure 3 is a sketch of a conventional a.rnnloniatj_on-g.ranula t]on pL nt. In this 
plant superphosphate) potassium chloride) and other solid materia s are measured 
continuously by belt feeders, screened to remove oversize; and dL charged into 

·the ammoniator-granulator. T'ne oversize from the screen is crush d and rescreened. 
Nitrogen solution) anhydrous ammonia, sulfuric acid, and phosphor·c acid are 
'metered continuously by means of meters into the ammoniator-granu_ator through 
drilled-pipe or block distributors. After granulation takes plac J the product 
is dried in a rotary dryer. The product from the dryer is c10oled in a rotary 
coble:· The cooled p:odu:t is screened to separate product ~'size. rom oversize 
and flnes. The overslze lS crushed and rescreened for product-sl e removal. The 
fines are recycled to ~he rccyc~e bin and thence to the ammo iato -granulator. 



'l'his type of plant is also· used by many basic producers to pro(luc granular 
triple superphosphate. Run-of-pile triple superphosphate is first procluced in 
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a cone mixer and cured as usual. The cured triple superphosphate is conveyed 
to the granulation plant '.-There it is e;ranulatecl i·rith the add:i.tion of phosphate 
rock and phosphoric acid. Usually 75 1x;rcent of the product's P2 5 is supplied 
by cured run-of-pile triple superphosphate. Sometimes steam is a ded during 
granulation to promote granulation. 

The investment cost in a plant of th:Ls type is betYTeen $6oo,looo 
I 

a d $1,000,000. 

Figure l1-_ is a sketch of a typice,l up-to-dr:tte continuous ar(l.moniato -granulator. 
~is ammoniator-granulator operates on a continuous basis. It ha an oscillating 
scraper and a ne1·r type of distributors that can be rotated for cl aning. · The 
ammoniator-granulators vary in size from 6 by 6 feet to 12 by 24 eet, depending 
upon their use. For example, a 6- by 6-foot ammoniator-granulato may produce 
about 25 tons of a lm·r-recycle grade such as 4-12-12 per hour and have a total 
throuhg"}?ut of only about 35 tons per hour. Hoi·rever, a 12- "Qy 24- oot ammoniator­
granulator vrhen fully loe.:led has a throughput cap:ctcity of o~er 20 tons per hour, 
but it i'lill have a production rate of only about l~o tons pe~ hour l·rben utili:'ed 
to produce diarrrruonium phosphate due to tbe high recycle rate requ red. The 
oscillatin'g scraper keeps the 1raterial from building upon tlle \·Ta s of the 
ammoniator··granulator. As it oscillat.es bacl·mard and fonrard, it teeth dig 
avray the buildup from the valls. Tbe drilled pipe-type a.rmnonia d stributor and 
the acid distributor are belm-r the bed of the material in the amm niator­
granulat6r. The arrmonia distributor has boles that are 1/16 of a inch to 1/8 
of an inch in diameter and are spaced on l-inch centers. The aci distributor 
is e.lso a drilled pip'::!. They should be located in the deepest se tor of the 
bed. ~~e center of the bed is relatively inactive and, tbe~efore is not 
suitable for the location of the distrj.butors. They should lbe bu ied to about 
three-fourtbs of the bed depth. For inst ance, if _the bed q.epth s 18 inches, 
tbe center line of tbe distributors should be about 13.5 in~hes b lmr tbe 
surface of the bed or about 4.5 inches from the ammoniator-tranul tor shell. 
The holes of the ammonia distributor are oriented so tbat they fa e the oncoming 
material. Tbe holes in tbe acid distributors are pointed upiiard . 

.Most of the a~:m10niator-granulators are constructed of mild steel. Many have 
Hastelloy or stainless steel distributor pipes. Nost operators h ve found 

·,that the extra' cost of stainless steel or Hastelloy is 1-rorth the "nvestment. 
Tbcy report that there is considerably less i·ree.r of the hol¢s if ne of these 
materials is used. 'l~erefore, tbe distribution of ammonia ~nd ac"d remains 
uniform in the bed of the material in the ammonj_ator-granul~tor f r longer 
periods of time. This uniform distribution in turn causes the a onia loss to 

! 



be roi.n.imized a~d the gr;J.~"J..l.<it.io:-1 efficie::~cy to be good. Th:::s~: op.· raters 
rc:;:_:>ort t~at the hc1es i::I m:Lld steel distri.butors quickly become e :arged so· 
that then, ar~ V{.;1; .s:pots in the a.nmotLia-t.:.or-gra.nulator tha-t. da.u;;e 'lerg!'anu-
latioL an-1 h.'.g.'l am:nonj_a l.osscs. I , 

\ . 

Recent observe.tions indieate that many operators arc removing the retaining 
rip.g inside the D.m'llo!liator-gran!J.la1;or1 a':ld this eliminates the gr nulation 
section. Or era t.ors who have rcrnoved this ring ha v·::: fou:.1d the.t it removal 
does not affect their granulation eff:Lcie!.1cy. The:y have foun:i e.l o that they 
can lc1lg~.he::1 their d:is tribu::.ors and the. t the lo::1gsr distributors re b~tter 
for the r,roductio~l of hie;h--r.~:Lt:r0ge;:1 grades. Nitrogen losses·an:i ·he diffi­
cult:i.es cr:cour:t.ered. 11ith overgranul.ation of the hig..'her nitrog:::::1 g ades such as 
13-13-13 are. mi:~ll:a.iz.::d. 

There are several nei·T devices in use that are designed to p,' eve:::1t the caldng 
of ra9.terial. on. the \-7EJ~12.s of ·tbe (l ... Jn:nonie .. tor-gra4nu.1ator-. Som cornp .. :Lies use 
ntbber·-linej e,,rinm:ia't.;or-g::a::-l~.::.2.'t.')r3 to p:::-event this cak:i.::J.g:. Figv. ·e 5 is a 
sketch of ~..;his ":.;y:pe of a.rrmo.o.ia~.or··granuJ..a:tor. Stri:rs of ru~bef a 01.1t 3 feet 
"1-li.de are boli:.2d '=··::> ~.;he~ '..ra11s of t!'H2 ac:O:ilO:::i.at.:)r··g:r:a~m2.ator r.nd 2.re he:Ld in 
position \I:i.th mc:!~~al strips. As the ammorliator-g:canul:l.tor rotates the rubber 
lining flexes ar.d thus cau.s:;s a:.-..y buiJ.·::.'.l:p on the :n.:bber to fall f. 0"-:.her 

. companies are no',; using ar:1monie..tor-g:ranuls.tors that hs.vc rubber f a.ps inside. 
Figure 6 is a sketch of an ammoniator-granulator of this ty:pe. .ese flaps 
are usua.:...l.y rr.ad.c of 24-inch rubber bel-7~ingJ and they arc;; ir.stalJ.c so tha.t the 
belts overla:; each ot.he:r 1-r~1cn they a.:re laid ·on thr:: \·ralls of -chc ~) . .JL't!-Jniator·· 
granula ... Jor. A3 the arr,mm!~a-:.or-gra:.Yu..i.atcr revolves; the loo4e e:'ld of the flaps 
drOl'· A!'.y rr.?~te~·ia::. tha-1:. collects on them will drop off1 an4 the J.aps >·!ill 
remain relatively clu:.::1. Other r:·lant c:perat~Crs prefer to u~e an scilla ting 
scraper rather tnan a lining to prevent this ce.king of mate]fial o 7-he ;.ralls 
of the e.!IJ.cl!Onia.tor-gra:.:.ulator. F:.gure 7 is a sketch sho1,-:.ng 'a scr :f·er of this 
type. The scra.;-e:r oscillates bac~~ e.nd forth across the vraJ ls of the e.m:noniator­
granulator; a:rd its teeth dig -:;he cak.=:!d material. avay frcm -t~he 1-ra :.,. '2:'n:i.s 
type of scre-r.er te!1d.s to -.rear less tha~ a statior1.ary scraper ba::·. At TIA ~ore 
have rece.:1tly i:C:.staJ.L~d a. s:pira.l s.:!raper in cEe cf our new· allb"l.oni tor-gf.'a:lulators .. 
Figu.re 8 i.s a ske~ch shoi<b.g a scra.r-e::.· of -t-his type. T'nj_.s scr?-?·3 is similar 
to a Gennan desig::.. It is driv<::n by an electric m<.Ytor thro,Jgh a peed red•,_cer. 
As it revoJ..ves sl·:)'..rlyJ its -l:.eeth dig a'·;ay the cak~.J. rr£tter:a~~~ from t:::e ~-ralls of 
the a.mrr.onie.tor-gra:~u2.at.or. !·h::y o:p~rators still use mecha:>:'l, cal k: ockers to 
remove buiJ..::l.;.t:;• fr.:Jin the '..ralls of the e.nunoniat-Jr-g:ranulato:c. , 

I 

Recently a com:;;any s.ppl.::.::d. for a :ratent for· a uniq:1e roetho::t lof cl. ~e.ni::-1g and 
posi tionL:.g the:ir dist:r:l.bu~·.;:,Ts :i::1 tl·12 e.rr::::non:i.ato:r-gra.r::ci.la.tor.i Fig; re 9 is a 
sketch il.lustrati:J.g :h~s device. Many OIJer<?.tors have r·epor~.ed di. f:!.c·.1Jty with 
buildu:j and ;.r:i.th the J.lOSit:i.o~'~.ir.g of t.h~ d~Lstri.butors nor~a.liy us'=! . L1. the. 
anL"llOD:i.ato:r-gr2.~culator. 'J:·hi:=; rr.ech':".rcisr:l ;.,r~.lJ. rota":e the distribute s out; of the 
bed of !1'-"l:'ce:ria~ i.::1 tpe a:r:J~-;-•. )!".~a tor-gra£!t:l.J.t.Ol~ so that. -:;hey car, be .lear..,.::d •,.; l thout 
shu.tt:i.ng dm,-..c t:1e c:qu.:_!;tr.:C,!:t: "It also :p:covides a mee.n.:; of a.djusti ,g t£1,~ position 
Of th<:! dLotrib·.;.+,:;,::c:s for OI.i,~.!111J .. '!l efficiency 'tlrc!.le -l:.h:.:: e.nL'"!lOr:.iator-g ·a::ulator is 
in or~r2.tio::1. T'ne :rot.:;,.~ .. ::...:-~g m<,ch:-,~_i.o;m co!'.s:L:;ts of an e::':.ectn1-c rr.ol; r tha~: drives 
a ch~--~.::. t:-!.2.-+_) Ct~t:::-:.~.:3 t~1~:: :1I.3:.c·itu~·ors '7_,.) Oc· rota.t~d c2-sc~:i, . .-.is~ o1· c ~~..:crcJ.ocl:··:iis-~. 
/'. b-:~~-'-~-~--.-~ .::~~~!."7' .: ~:1.:~·:-:_-:~-~~~ (..~·: ::r:<-. '-~; .... ~ .. -]_ .~--. ..-" ~~-h;·_: :~:_s-'··.:r·=·t.:..~t-c~~·-~:..l~~j-.:r:ct b· r: e.r:J. thjs 

-1 - .- .. - ~- '! . 
. '- ~---' \ ~ ·. .· l • 
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Many manufacturer.:; vrith the larc;er zranu.lnU.on :plants arc :::or,r all.inc; 
prencutralizers and scrubbers so that they can use lare;c quanti ti s of phos-· 
phoric acid and amrnord.a to produce dia.rw10nium phosphate r;rades. ost of these 
compo.nics arc using the TVA process for the p:rod1.lction of diammon ·u.rn J}hosphatc 
grades. Fie-J.re 10 is a flmr diac;ram of this process. This is th same process 
that is being used by most basic producers of diammonium phosphat . Some of 
these basic producers have plants that produce as rnuch as 1J200 t ns of dianlmo­
nium phosphate per day. The process involves the partial rur1 mo:da ·ion of phos­
phoric aci.d j_n a prcneutrali.zer · anc1 the· complete arr:moniatio: of t e resulting 
slurry to diammoniu..m phosphate in the ammoniator··granulator T'.ae phosphori~ 
acid is ar(Llnoniated in the preneutralizer to an am:r.on:La-to-HjP0_1 m .J..e ratio .of 
1.4 to 1. 5. At this mole ra-tio there is a maximum solubility of ·he antmonium 
phosphate. T'.aereforc; it is possible-to make a concer-tro.ted slur y in the 
preneutralizer -vrhich has satisfactory fluidity fo:r: pr0}.18r distri·o· tion ·in the 
a.m.'!loniator~·granulator. Completing the am.moniation of this slurry to diammonium 
phosphate in the ammoniator-granulator decreases the solubility o the salts} 
and this in turn results in a relatively lmr liquid phase in the mmoniator­
gra.nulato:r. 'l':.r'lese conditions are conC.ucive to lo-;-r recycle :ztates. cd h:i.gh 
production rates. I 

I 
Many manufa.ctu:rers he.ve fm.J.nd tha -:. by convc-:rt1ng the:i.r convqntio~ .. l g::r-anulation 
plant to this process they can use over 900 pounds of phospnoric ocid per ton 
of product. This quantity is far in excess of the 200 pounds of hosphoric 
acid per ton of product that is usually considered about the max:Lrmm in the 
conventional plant. v[hen this process is used) 8. high degree of :nmo:-dation 
of the phosphoric acid can be used--9.6 FOUnds of amnonia per uni of P2 0

5
• 

This degree of e.rc...rnor..ia ti.on of phosphoric acid is 33 percent high<.: tha:1 the 
normal rate of 7. 2 pou..."l.ds of armnonie, per unit of P2 05 used in a c !:wen'~ional 
plant •ri th an arnmonia tor-gr.anulator. Because of this high degree of ar.u·;--.on~atton 
the economics of producir15 fertilize!s in conventional gra11~latim plants can 
be improved. I 

! 

The process illustrs.ted i.n Figure 10 can be altered to penni!Jv the production of 
granular nitric phosphate fertilizers. This e.lteration is rrJJade b' utilizing c.. 

reaction te.nk in addi tiOi."'l to the preneut:ralizer. Xi tric pho.sp'hE!.'t- s ca:.: then 
be produced by reacting phcs:pha te :rock id th nitric s.cid or ~tTi th a. mixt'Jre of 
nitric acid and sulfuric or phosphoric acid_, folloved by partio.l ~rrJBoni8.ticn 
in the preneutralize:r a:1d subsequent simultaneous e..;;:;~1oniation a.e1d. granula.tion 
in a TVA continuous am:non~.a.tor-gran-J.la-:.or. Estirr.atc-s i::dica.t.e th~t the produc-. 
tion of nitric phosphates shou2.d be more economical tho.n the p:r·od' c+.:.io:.1 of 

, comparable hl.&<~-ana.lysis nitrogen fertilizers by other proce~· ses. Also, in 
some deveJ.oping countries where the supply of phosphoric aci, i:!E.y be limited; 
the process may have other advantae;es, since less or no phos hori acid is 
required. 1'his process as used here at 'YvA requires about 6 pe:rce:nt of the 
sulfur required for the diarn:aonilLlll phos:pha.te process. · 

One of the ne11 methods cf marketing granular fertilizers is to !.!le.rket them 
through bulk-candling stations. Some COi:lJ!?.r:i).es nm; produce high-a'1a1ysis 
grades such as 8-24-24~ 10-·20-30, 12-2lt.-2!~, a:1d 20-·10-10 by one of the 
prcvJously m~ntioned })roc-2sses and !'.1..Etrket the:-n tlrcough bulk-har:dl:i. .e; ste..tio.r1s. 
They have fOlmd that by I.l:roducinc: hj £)~-:,n2,J'j·s:i .s £'7ctc'!cs they t1ec:rec:_s,:: the:i::: 
tr::;..:--t!""·I)Cr-:~-1-~--~o~-l co.:;t, :.:_:.:~~:~ .!~,.,;_,~-~-=~/ c~~.c: !Jt.::~~-~~·~~\~ tl-t-:__:i,~-- lJ~--(~'::i~ucts f~.L1.~:11t~~· fro~11 th(~i!' 
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plants. A typica;t granula.tion plant that uses this handling 
more thnn 70}000 tons per year. 

produces 

A typical bulk-handline; station j_s shmm in Fie;ure 11. At jthis tation there 
j_s a 6-bin storage building. E:1~h bin is about 12 feet wifc and 30 feet long 
and holds about 75 ·tons. The total cc-.. pacity of the bins} t eref re, is about 
450 tons for all grades. These bins are usually used to store t iple super­
phos:phateJ arr.rnonium nitrate, potash, and three manufactured, mixec fertilizer 
grades. The mixed grades are usually transported from the 1ranufc cturing plant 
to the bulk-handling station by hopper-bottom ra.ilroad ce.rs. A elt. conveyor 
that fits under a. hoppcr-botto!ll car is used to unload all materi"' ls. This 
belt conveyor empties onto a :portable- conveyor that C0!1Yeys the - teria.l to 
each of the storage bins. Naterj_als are rerr..oved from the sto:r2,g- bins, by means 
of a front--end loader. 'llb.~:y arc weighed in a scale ho:pper that ·s mour..ted above 
an inclined portable belt conveyor. that empties into the bu;l.k tr ck. 

Other types of bulk··handline; stations use elevated storage ~~anks. Figure 12 is 
a sketch of a typical station of this t~'])e. Such a station! USUB .• ly has six 
tanks, each of -..rhich holds about 50 tons. J-.hteri.a.ls are retnoved fror,: the r8.ih1a.y 
car by a belt conveyor and are elevated to tt<; storage tanks. The materials from 
the storage tanks are weighed in a hopper scale that O.ischarges into the same 
elevator that is used to lead the tanks. Tne material is then d" schurged by 

·the eleva tor into a bulk tru.ck. 

Cost studies indicate that a bulk-handling station of this typ~ e.!1 be con­
structed for a cost bet'.-.'C::cn $10)000 and $15)000. Cost stud,ies indicate also 
that the hig..'-1-an8.lysis grades such as 10-20-30 can be ma!mfr.ctured in a 
granulation plant ar:d marketed th::-cugh bulk··l1andling stc>.tio[s at costs. that are 
competitive "YTi th the cost of bu 1 ~ blending. If a gramlla.tipn plant • . .,ri -r.h a bull~·­

handling system is to be cor,metitiveJ it is ir:roerative thatl the total r.:ovement 
from the granulation ple.nt b~ hieh. Previous ~ost studies hav~ sho·.;::. that a. · 
granulation plant opere>.ting in conju:.'1.ction 1-ri th bul.~-handling st tions cannot 
be competitivt:: v?ith bul.~ blt::ndi:1g ;.;hen only 30)000 tons of material per year is 
moved through these stations. Other calculations indicate) ho"\.re er1 t~.e.t with 
a 70 J 000-ton movement the e co::omi cs of this production 2ld n1arke ... i?.S system r.::.y 
very closely approxine.te those of bulk blencljng. 
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