WO 2010/ 006406PCT/ CA2009/ 000110 CONTROLLED RELEASE FERTI LI ZER COMPCOSI TI ON
FI ELD OF | NVENTI ON [0001] This invention relates to controlled rel ease
fertilizewe.20BAGKBROUND OF THE | NVENTI ON 5 [ 0002] Ferti lpczaraodvawelibeen
used for, many years to supplenent nutrients in grow ng nmedia. In recent
years the art has focused on techniques to deliver controlled anounts of
plant nutrients to ithenFROLLED RESSEFENTIRIZIR CIoMPOSITIONT ecogni zed, for
exanple, that controlling the release of plant nutrients such as nitrogen
fromhighly soluble fertilizer granules is desirable because rel easing the
nut ri entBl PFINVENEKMED period of tinme achieves advantages which include
10i ncreased efficiency of fertilizer use by plants, reduced application
costs sipefauEhvaRph tdatd ©RsntRiled fidakd ferflizedr € required and reduced
nutrient | oss caused by | eaching and denitrification. The coating of sulfur
on the surface of the fertilizer granules may reduce the dissolution rate
of the g?éﬁ!ﬂ%ogﬁ@ﬁ)m]@ﬂﬂﬁﬁﬂf@gl‘ed-rel ease characteristics. In essence,
the water in the soil, and rain water are kept away fromthe very sol uble
fertid i ZgnoNkédiliRrIRABYES HEVRE ARGy feals t8WipHaltnBSut@entPR A ing meliaSRUr € i n
the coating,” or the coating is penetrated by mcrobial action. [0003] Due
to the iteprot Bears the prt hischeused orf techmiques (osdedivéricartralls amounts plplant sutrienl thhi ch
fornms o e, gr I .and t.he thin, . - i i on nmany
of the arand] S el iplBpiple, B ERIRE P WhOURHERERBLLEG 00T
or seal apiinthetrizpplsuchchs aittoget fremighl wigolubbafestilizan prirmibes is devirablsbmbasat

conventiopally is either a pol ric rocarbon, .petrol eymy based wax, or a

conbi natf® ﬂS“?%tth‘“I‘i‘F@‘ﬁ °\V/‘?r§88§‘i€%‘/‘{}5;98¥ e aﬁg‘t’:&‘*fsfafiﬁ‘fnéagﬁ I’VH‘EI‘ HEC?“%e

pol yej hyingRgsed Whictehcy Sf femiligdt vdPB }Ilﬁgls,?éﬁiuae{]@?nmbﬁ chsisHincd fandrappinatitatl , but
oug

solidified sulfur-coating surface. hese sulfur coated fertilizers
have r ecefifoitizeratsneanitadand reduecd nuirienidosgreaussd bl leaphing angrdentéficatiom dpesi nt  of
obt ai ni n ' ' ' [ I . istics
resal 11 gkt RLERRL AR bt ARARS AL b AR, I R AT D et
r esi st angrenulesuild ifhparcaibded-teleaefchieerntioc &s siseige, shewster iR Bhd 00 ddndivline
recently, becauyse of 1Qrobl ens aﬁg‘{:rigatl.ed vm'.]th sul fﬁr g)oat (gld fertilizers,
such as” WHEVE® @?W@G,OIB_(SII‘W?EISO gt 3 gande feyslors a Javaeh S dost ant i al
att e i Ofackiishtd!ndhd Yoatife, \6k ¢ cBitinkhepdnBRAQVBHmcabidl attdopd rel ease
properties obtained with certain polymer coated fertilizers at |ower coat
wei ght s. bOOOS U S Pat. No. 5,538, 531 (HUdSO.E) eaches a}gcor{(}trol I %d

rel ease, (088t i |te,the theren I"i‘tﬁlétfesﬁs‘éftb? %ﬂ@?nﬁé\l} e ~CRBitne™ ¢t 19gpgon the
fertilizghnGenhd #le MRSH LOLRMEDnfifhiods Blath@bh ¥nPdf tHEEERulésN T N dibinal thddO
2010/ 006206PCT/ CAZ0097 000110 abrasi on resfstant” coatings. At |east one

i nner cosmertype of secondary hatrecoatingeriserians be dpied datoithesl fir-enstedsudrdenfhig eci t ed
i socyanates and pol yal s. .The outer.coating is faormed fr an. .o ' X.
L0000, CreainRfvorly et it DRl olBoh et TR Baish Mt oot Blafiol”

pol you et bfigh Aswaipspilah&it patitfinit bit plus pslyétbyledeg @hieh lisyspkdypplidd. aSa hbamelt No.
5,851,261 (Markusch et al.) praqvides, a 5 process f%qu th rod %ti.f)n of

pol yur calieiaase diedin dut eiditied e forsasting spdisecatipres e siffpl Saied epilicers

| socyanagRe t&Rekd YHsGRIN A8 Hhert ARLROIUNRD G HeRBRlpiNQraTlalingdinPfdRa 10 the
fertilizer particles, and applying a polyisocyanate to the am ne coated
parti cl eerating thinknespes predictable aeleasel clpaactarigliesgesultpgdom acks ifr the gwlfdi ni ng

R T e e R R e

et al.).
25 [0004] More recently, because of problems associated with sulfur coated fertilizers, such as

above defined, polymer coated fertilizers have received substantial attention, particularly in view
of the improved controlled release properties obtained with certain polymer coated fertilizers at

lower coat weights.

[0005] U.S. Pat. No. 5,538,531 (Hudson) teaches a controlled release, particulate fertilizer

30  product having a water soluble fertilizer central mass encased in a plurality of water insoluble,



10 The fertilizer conpositions are prepared by applying a m xture of sulfur
and an isocyanate to the fertilizer and then applying an

i socyanatwonenowsie naterial. U S. Pat. No. 5,599, 374 ( Perrdazk)v/odenaori bes a
fertilizer conposition wherein a sulfur coating is applied to a fertilizer
core, and thereafter a polyner coating is applied over the sul fur. [0008]
U.S. PatabN@ionGesistdnt @satingdll AE1B43t Site idher LodtiRa e ETethad raavtib@ proliedtidetivader coat ed
with a 15 thernosetting resin coating that nmay be urethane and a,

hydr opholf9T8 reastisoigrited 1505y amtesand pabyaliaxlheguist cqstipg isNprmeg Tepsas@gatiedPer et
al.) teaches a slowrel ease pol yurethane encapsul ated fertilizer using

pol yur et foeos B¥ PuENo. 6,358 208 IMatituséhset ﬁi‘ﬂ@gdimloxif-@eléaheF@Wreﬂl@ndDr e- coat
particulate plant nutrient with organic oil and particles as a nmeans to

i npr ove Sgepsplated darlizer ging aleo pelyelfid He: Pite NP a8 [pd0diMarkupeh & al) greyides pay |
No. 6, y ) § : : trick
et aI259) %g%gglﬁ%g? c@g%ltrcﬁ)%rg%fﬁ Wefa ierrnléﬂl 9%%]5{% féﬂgizglp e??%ﬁ?@?éég?ﬁﬁ@négﬁymr,
t hen coaisoaygnatdreeagivlecomponwnt donsairifigiat leastdwo herimeadrowps tathp ifgrilizer particlessmer
coating. The polyners are described | . S,. ,Pat.. Nos., 4,711 659 .(Nbore),
2500, P CRER e Pahirograays 1585 P cpRedprtiohas SRR e e AR ot ne
substrate contains a mnimum quantity of 25reactive --NH2 groups. Thus,

t hese ar@oomt Selfplcoataining itcoyahie chmpbsitionz and £ propes tdritiengodwetiombf ch sl ow

forti s e R et oy B campoinn: AR EicrBELm LS K Bl par (TSR B! hey
are expens fRiliz& d&&@tﬁiﬁ&{sltawpre&mrwy a:pglg/iﬁ‘ig'ﬁﬁﬁtu-ké"oftshﬁulaarnﬁ ah BoByaA¥te €Sthe

controlled released fertilizer fornulafions that are abrasion resistant,
and t hat fertdigercandithrn applyingsh isoeyanpteirgastivesnealu di-8 otat: Nan$ 599,374 (Detrick)

2010/ 006 [ CAZ / : Igll\éﬁﬁY - T] ?@%gh resent
i nventi o%grg%%f‘ (qa%s%a {P%?(C:%Qn&:%gpe%{ re e%lsgé:lr %@gﬁ% ng%red%\%)g ﬁo-gg’garngsent

i nvent i othegeafteriagpeBmeer camihg Bl appliedrovkethssulfverti | i zer conposition that
conprises a water-soluble central core of a plant nutrient conpound in

parti cul f p at i on the pl.ant nutrient. .an

i nter rred@gﬁgel ‘?’ggﬁéﬁr&k’r E’%ygﬁﬁt(ﬁ%@%gt&l}’?ﬁw of lfﬂfar %ﬁ%ilz%r ﬁogtﬁ(té}ﬁltgfa el enent al
sul fuy  OfhednfiRetting REIRIAtRI@hdt )49 be uldiiRin€ &idl 4 IBldtpHotiie baagoand evtiic magbe
conposition may include an outer-water insoluble |ayer on the | ayer of

el enent al@s Uy SuPat Np,q03,986 fpicigg ebal ) tpnhesaslow eleaspaglypethaneencapsiidtedol yer

| ayer mﬁénﬁﬁepusgr%q;ogjﬁ%mg%ym_i c layer. The internediate |ayer and the
outer -water insoluble |ayer may be the sanme or different, and be sel ected
fromthe rouP.loconsi sting of a petrol eum product, a wax, a paraffin oil,
a bi t unel®00n ltaspsranownan theisrtite aretcoatpagtivalateay gutrientaypitherganieeihandy oi | |
soybean QjJ. . C i i i il , i gl fat,
i ol el B pare SRR ot B ol KR R s B NG
pi ne2d ar6,030, InGhetde abj | , a synthetic wax, a synthetic lubricant, an

et hyl ene-vinyl acetate copol yner, an ethylene-acrylic acid copolyner; an

et hyl ene, y r t | yner, an. et hyl ene-vinyl..al. cohol copol yner,
et hyl ene[-osa@vphss??yggbgﬁ%%?ﬁ@i( ﬁmgsteatl’&(ﬁgscggers S(ﬂr %/cr?%sxrlosf ,ﬁ?% & §g?r§ﬁ%%{' soap
and a cowhh Bablymer, teaceaing thdidlvhher Wit spIf@SA8 thekdafterdpplyingal Rlynisr @uatihgs a
controlled release fertjljizer conposition as described ove, .t hat
conpr i sebhe e aATE dFﬁ?PP‘?%‘ﬁP-%@r?béYﬂ%d“%ﬂ7q‘5|9(5M°8'£?2nﬁ80§’7"9§ P%reb%%ut 44% N on
a wei ghts bagie, (ﬁeﬂﬁk)‘?%é’@?blyhéi/s%q&xfe thdt O sBHPte chndids b nifBRM quidnBfborn a

wei ght basis, the internediate |layer of fromabout 0.1 to about 0.8%on a
wei ght bigagtive -¥Fh arovws| Bpsrthest asinohanpliedbleto al derfilizer gpmposisiong b iichich spow t o
about 159 I I urthernore, if the controlled rel ease

fertili zreéire(‘%(;!3 n%%%‘ig%axt%%§h%}a})ﬂséés an outer water insoluble |ayer, then this

| ayer conprises fromabout 0.1 to about 0.8% by weight. [0015] The present

i nvent i o0&l ]s altheiight pdymer caatadfertiiterstas grayd descripedchazoreceived stistamlabase

fertili Zg{ention, they are expensive to manufacture. There is a need in the art to provide controlled
released fertilizer formulations that are abrasion resistant, and that reduce the cost of fertilizer

30  production.



conposition that conprises, coating a plant nutrient conmpound with two or
nore than two 25 precursor conpounds reactive to forma polyner, applying
an i nt er m0i2atopobsager onto the pol yner, and sprayi ng nolPCercAamofoeeiiont o t he
internediate layer to forma sulfur layer. An outer water insoluble |ayer
may be applied over the sulfur layer. The polymer may be a thernoset

pol yner ,seIMARY OF SHIPINCRERTION t he plant nutrient conmpound with two or:
nore than two precursor conmpounds reactive to forma poI yner may be at a

tenperature syfficient to thernoset 30 the
2010/ 006@%@@%@@9‘69‘}‘@9%@” eﬁ@ﬁ‘é]ntr?‘ﬁ rﬁltcéggﬂ{{{%ﬁventl on pertains to the
process as descri bed above, that conprises the plant nutrient conpound of

f r om abowb18 e Mrdsentdb@HtiorfystdeilesttoatryWidgElbash &stilszer tdigpoRition MRk coraprizes Of
fromabout 1.2%to about 3.0% on a weight basis, the internedi ate | ayer of

f r om abouvater-solyble egsizalcors @appant autmertgﬂmpwéulevmaﬂﬁat% fremy 2 pelymgg cogiiRihent al
sul fuy ﬂR\‘H’l’éﬂ e, if
t he cont rof1 re ease Kert | ‘?‘?g?%%ﬁg%‘g@?.‘ h 3?7%&1}6522& g;}aygt{{ffeepﬂéﬁ%ﬁ

wat er - i nsitfhud the Itragrmedlatehe}wr t Fhiescohtglbad rdemsp rfarsle@r taruposition otay nclude@nabout

Dooa e inpRuf e 5 e HEF ofialf Sy b SRR e PR LAY

and abr asd @ea. 'ERipslyaiee %rexaﬁ@ vethéraokdt pelgmatic 1agsy. TS intermddiatenger gal the
controlled rel ease of the fertilizer core in a manner Oconsistent with the

r equi r enBiErsWaieE MEuklpByptiaricherthe sagie of dEBHN:ONY Beisslested e e gtavpi zer

CoMpRsi tdAist; ﬁn!ef}blleﬁﬁ lpmu&%%;@' olpf iR Aubior HLBHhR IGhRaACh BodISt i CS
as known in t ior art. By renoving the outer layer of a thernoset

pol ymer Ixedlwegorollb@doliamlx mbqamodrcoamut ()ﬂ,dmsmda)nﬂptuegofs\@g@%e wag)animadd by
utilizin I DS h er tha ats the
fertili zigf" aﬂlg}agwa’é ﬁ%ﬁgrprgﬁ{]ﬁ@ ﬁ‘é‘e@ﬁ @rtﬂg Wﬁ%%r}e% hh&i‘c oci’nat are
requi r edsyhtheti®whgyithaictiitaioans i ethRénsefyl heyé cdpdlyhfRedh reeglenEJacrgzheamr e,

t he conbination of one or nore than one internedjate Iag i n conbi nation
wi th t hecopalymar; ap silene-riayl asodte copopysiep g cthylspevinykaleabpkeoppkygern. il Afount

of Pl ymghyicq Hopgm?lazﬂ:etgé térgag&@ﬂ a sUPGctht! ! %6 z%o?nﬂu?a\ﬁ%ﬁ tfefigponent and the
sulfur are telative y Tnexpensive conpared to the pol yner coating. This
provides a significant saving in the costs associated with producing the
cont r ol | B¥814]eTheasesetanventionzadso providesrarosireliedieleasa derfilézentampogiiopnagr ease in

t he anou final
R A e e e S s L S e
desired N@ntarwﬂlg}edasigtmqmgfnm npafdflﬁem aboatnl .19 t@iioat 6% ansi wiiglithesisghchods

descri bed herein | Furt re, rtilizer co ons .of the, prior
art that mff’é‘ﬁfﬁﬁ?tg«leay%‘ %T‘Whﬂ%"% Q)% OPédYﬁléi’é %?ang?‘f@thﬁ ay‘EffOfé’{ﬁ“ Bl cur e
ti me,df &G DOkIRBIE | b@{yt%rab&ft'lg% otnoam lbhddd BRMeRRRK 30hdBortlRed release
25fertilizer. This requires a step of oring the fertilizer conposi tion

f ol | owi nfgrtilendompositien egmebrised aroutes watee neghuhlg aypf, then thip leyer poriprs|fomer i ¢

| ayer 'Sab%ﬁ{ llltoé%o%utt(ﬁ"@/ r“;eéh | zer conposition may be packaged. By renoving
t he outer (? rrerlccé’t ayer, the fertilizer conposition of the

pr esent |nvent| on can be packaged foll ow ng production, and does not
require @0%3) e"ﬁleqiressmtmvmgomalsmtatemgo 2 method bEprodusirtg a Dhiseledaeleasetertilizer

controll ed rel.ea ferti r co Siti and t netho produce
Chi's. 1 er QoSS REcoriies. g & PRI ire FomBg R oF PEROR Fa By
[0019] Thriesursod aBBHOUNGS rebdtiveitd Roemtal polyntte.pplfidg aﬁeﬁaﬁearatel lyyetlestothebe al |

features of the invention.
polymer, and spraying molten sulfur onto the intermediate layer to form a sulfur layer. An outer

water insoluble layer may be applied over the sulfur layer. The polymer may be a thermoset
polymer, and the step of coating the plant nutrient compound with two or more than two
precursor compounds reactive to form a polymer may be at a temperature sufficient to thermoset

30  the polymer.



WO 2010/ 006406PCT/ CA2009/ 000110 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0020]
These and ot her features of the invention will becone nore apparent from

t he fol | owbrglodesmsi ption in which reference i s nade toPChaAzppPaoddad

drawi ngs, wherein: [0021] FIGURE 1 shows a tinme course of fertilizer

rel ease. Figure 1A shows the rel ease of 5several exanples of fertilizer
conposi t[ioons Theipddsehtanvaitidr pe@ins tetht probésg ds desdiibed ABOVE, thaecoirieasRe pltnt
several exanples of fertilizer g:orTFosi ti ons after .t h% i, mfaact tesﬁ. DEfTAI LED
DESCRI PTIUERET 6¢/0pqung Rf §omab@H ey GriN 1uAbqpietd 7 H g sigt Patis. fanekager layer o

fertili zggs abd?923] toHBEutR @S 6RE WelbhERsisOfe ifftdrAlc@ifitelIR cPoOith biut 6d thel ease
fertilizer conposition conprising a to particulate plant nutrient

sur r ouncdgutiy8% onerveight bisis erd tha fpyercafielsriesiahgplfupokieem akout £ gha torsboytdsie

out, p A8 er jate i ) f. dif
desi r%d, &la%‘gglﬁ{l tl&%ﬂ%)af‘é@ﬁé%’l lﬁgﬁ%gb@%@g{j ?é(%&%&b)zﬁ%m@%%fl%c 0 p%sr?{]cul ate
pl ant nudutérewaterrimbaloblalayers giet thid layerich@piives fomtabowtrX I 1olabextt 0r88% b seight.
fertiliz is pot to tge restricted. The present fertilizer

r milteri al
mat er i al LRI AYGEReY PeatreruosH RO IAYSG t h ref erence to urea as the

plant nutrient. As will be apparent to one skilled in the art, however,

ot her nutoo1 BrIHe, cohtislled déiGe forEliRRWHesdribed Ber€in Bx bt Bd: 4nd apfasipA Feistdnee,
controlled release fertilizer caonpositigns in accordance with the present
i nvent i o meayfagiueed af lew qopteand unders gentiollpd rejeatesiithy ferdigensareia pARanBer f r om

the gy OURNGOMRSH witH M _ré)%@ir&hérﬁ@&ﬁl’ﬁn HRNRGREP F 3 coRRIIRE PhILHTR feptl AT

mcronutrients and m xtures thereof. Oher fertilizer materials can be

ut i | i zedeonfpositip®, apst aimplacto dontroltedireledseifaralation ehrarasterigtiesph krpiminghe pironi um
sulfate g m xt ures, t her eof ranul.e mxture o asic fertilizer

at ori o1 20 ROV Tnd AR PR er O ARG Fo it (b AL ph G ") oot e
f r om t heexgmPledUs 638, 746)hd &y ubiBEing s thefmdbet poydied Roating g alciagermbstdayenthet

m xtures the eg_t,, [0025] Urea is %? racteri zed as havi n% fllljgcti onal
reacti vecoéFsdﬁ“p dizet qoze. @ oWl @popit FURODHORPRE KOTHBYM gethalare redpirgbact

Wit hya il (SR He Rtk Bo ey th & 1P rbdifreBOFYIRIMOBURE confBihatioh 8261 BMndraUSES
the polyner |layer to be chem'ally bonded to the urea. However, according

to the pthesensiniernpediaté et in rothlsinatton withghé sublyr lapierithat keatpopglimer Ip¥eyer be
bonded t rial, [0 Th t . f byl J w thin
Phe. cont TiPREHl &P aBLRHE Romiaftle chi e RRMA 18 ik Slblinletilr BiiRARY U117

f rom aboatid tB/S@idr fre relitduely idedreidivepmpaied bd the polymerycoatiig) rhis pibvides a

2010/ 006406PCT/ CA20Q9/.000110 t her ebet ween,. based o he we| ght of the
fertiliz8gm %‘Pb%f‘é’lf{gil%ﬂ‘_,e YT AR Elt%Pf?ﬁwln%‘%@/&%trogé‘g/BeﬁiaS%%% T 41% N, 42%
N, 4396 Noordith¥hibh, aY Ip;W%li@% incPasR¥hSdRitnt oﬁt@ﬁ'&}i@erb:@hﬁ@&ﬂt, oR @%@Eg[hﬁ'gas‘isbe

wei ght of the fertilizer conposition. Using the conponents of
cont r ol | preseptindbgsBna] &artiliZer gemposisiopoSpmpenitions domprésingst ol to d4%Mbdnde t he

cont o1 RS R B S BT e R S ogen
(N).

[0018] Furthermore, fertilizer compositions of the prior art that comprise a polymeric outer coat
require an amount of set or cure time of the polymeric layer prior to handling and packaging the
25  fertilizer. This requires a step of storing the fertilizer composition following manufacture and
prior to packaging. After the outer polymeric layer is set, then the fertilizer composition may be
packaged. By removing the outer polymeric coating layer, the fertilizer composition of the
present invention can be packaged following production, and does not require a step of setting or
curing the outer coat. Therefore, the controlled released fertilizer composition, and the methods

30  to produce this fertilizer, as described herein, increase production efficiency.

[0019] This summary of the invention does not necessarily describe all features of the invention.



[0027] The fertilizer core of the controlled release fertilizer conposition
of the present invention is coated with a polyneric coating. Exanples of
pol yer i cwoaatwaeg®6( see Conci se Encycl opedi a of Chen calpCTaxnmloogyo ( CECT) ,
Wl ey InterScience, 1985) include polyurethane or coatings 10 conprising
pol yesters such as al kyd (pp. 70-71 of CECT), or a nodified alkyd resin

(pp. 70-BRIKF DESCRIPTEOROF TEH DRAMWINGS31- 433 of CECT), aminoplastic
resins (pp. 90-91 of CECT), ureafornal dehyde thernosets (pp. 9-92 of CECT,

mel am ne-, | dehyde t her noset.s . . 90, qf CECT), phenolic thernmosets (pp.
567 865 1002 BEERC SRyt TRbEesah B AoGRtar P Pecamobie DBRottior e GHIERICE ot oo
pol yest edestdifioARs @hich (dierenBIOmBderio He dpbbalipd dadings ¥hefeRs t hereof . The 15
pol ynmeric coating can be a thernosetting polynmeric coating. [0028] The

pol ymer i yer of the controlled | case ferti|izer qQf the present

i nventi o[f?f)%ﬁﬁﬁyﬁlﬁek R & e cquist P R arEea R A oy e TBleRep be

pr odug edselsrhiNG atnPRs Of feiz6r doRPBsitiNR pRibLRWhSMAPact AP FUARS 1B ERSwsK@idase ONe
of the precursor conpounds may be an isocyanate, for exanple a

di i socyaefaeecral gramplpodfyfetibesy spmpesitions ater-thd impastigst.exanpl e of a dii socyanate
is 20 polyneric MO (4,4 diphenyl methane diisocyanate), however, other
poly-fu f 596 can be utilized as described in US 4, 804, 403
(Nbore;ngggg?gFDexanﬁ$e um 8, line 64 to Colum 9, line and Exanple 1,
which is incorporated herein by reference), and include aliphatic,

ar omat i c[00ZHdMag inpéndionh eelatestamonteollsd rejsasofertdizanses. | socyanates contain two
or nore -NCO groups available for reaction and, as known to one skilled in
the art,ogsg 't i WQOMEI 1 e fentilpefLRISiBR LB
hbn-lini&in exa %@gﬁggn%gféggrgaggggiggg%eseﬁhépﬁde: 1,é?ﬁexanetﬁv1ene
di i sty apratia]atd pldathutrichesverodnded by paeries of cdatings qoyiprisieg in riesoy dredingide

2,4-toluene di.i socyanate, 2,6- toluepe dii.socyanat. 2, 4' -di phenyl net hane
i i socysninarnra AT 3 Bl iRl OO A SUEFIRETER facned; o RRBO PV pane

di i socyaingdleble thydr. - di phenyl- 3, 3' - di net hyl net hane diisocyanate, 1, 5-

napht hal ene dii socyanate, 1-nethyl-2,4-diisocyanate-5-chlorobenzene,

2, 4-diis to-s- 30triazine, 1-nethyl-2, 4-diisocyariato | phexane,
o oy O e 2 ioe AR ekt P e TP SSel o b presen Conitfe BAE
di i socyafptier rhtaidl $d £t REbHedthittey, aMa bRsen? kr@liAERBteH Al O BAIRBibed. , 4-

xylyl ene diisocyanate, 1,3-xylylene diisocyanate, o
bi s- {4- | BoRiHN #uthpefereyse) trres an the plinsoytgent. hpwibhoarpesas paTskillgliohn 00110

met hyl - 4- | ; . | i.ocyanat es
and i xt b QSRR AP GRS T BRE iR U B0 el % HOREE K POl

pr ecur s oreleasenfprtilinetcompedtidns if ascordate withl thepresent ineattiong Farsexdmpler tho etinher ei n,
Seb for BESHEDPBHRE IR ABE (4 BOTD ST LAGPA e P SHTOTS: PSS Bor at ed
her ei n byifue fhaERAGEnts N nixtuits th@So feBMIPIcR iz m@eddd dlbehufifidddrdi et hyl ene
gl ycol polyol, ethylene glycol, polypropylene glycol, organic polyols, for
exanil e examiles butingblimited togmmaoun plosphate; smaroninel fifateqnd paxpiss theredfioher ej n
by refer : ' e . - | s,
tor epht s miftaF PR Ok S B o R R B B RIS R AR RO

0i | s nodbd seteitet] dronnthe gionp témpnisingsofepppel zgcobipen, nfangareseaivph endwoditfressd t ung
oi |, soy@ean oil, canola oil, sunflower oil, linseed oil, (e.g. US

6, 364, 92885 for exanpl e Markusch et al; see for exanple Colum 8 Iine 39
to Colum 9, line 27 and the exanples; and US 6, 358, 296, Markusch et al.
see for ER25ipUecaGothametedizéd asdmvihg fumctichal eacive lgepupx atrtind esfacaitbdures e
incorporated herein by reference), oleopolyols, for exanple an epoxidized
cast of oWHieh EEERF bieddbreash it o franate WRERIOHNE hq RORGRE Ior THGEeU BN scr | bed
in US 6, 3R8s2EpdIMReriaReR Rich@hicallpWoinddl to $hd (760 HoReddr S cbtBgid1the Yresent
reference), polyether ‘polyols, castor oil derivatives for exanple parti al
hydr ol ysiavensiopfit isaet wauirdd|that the pobawsr laygr bedwadddrig theaseaonateial. wi t h a pol yol
selected fromdiols (e.g. ethylene glycol, propylene glycol, 1,4-

but anedi @ : =k i i "

di pr opyl n%ﬂgﬂ% (I[:Jdl gfb?lmpoof%%e‘lﬁ%; Pree%een(? f@éﬁﬁgw&%}l%%es%%‘ﬁ%ﬁ gb%ﬁ%%oln) a,s

gl ycer ol destnibertetdirymay parp frameabowatr3d %o Ity gtole4S%p N, Ypiveigbt, oemyanmu0 f or ned by
reactions between ricinoleic acid and tshe pol yol selected fromthese
conpounds as described in US 6,176,891 (Konoriya et al.; see for exanple
Colum 7 lines 4 to 16, Colum 8, lines 49 to 62; which is incorporated
herein by reference), or conbinations thereof. [0030] It is not required
that the polyner coating as used herein be based on an isocyanate or

pol yol. The pol yner can be virtually any polynmer which is thernoset and

whi ch can be applied to 25the plant nutrient and provide a controlled

S o o, o o - Y b1 o o o S



[ 0031] The polymer coating that surrounds the plant nutrient material is
present in an amount in the range of from about 0.5%to about 3.0 % by

wei ght, owoanw/mesmant therebet ween, of the final fertil iPEErCAzomwposildi on.
For exanple, the polyneric coating may conprise from about 0.5%to 30 about
2. 5% by weight, or any ampunt therebetween, of the final fertilizer
conposi tthergbetivebABOUH the m%ighomada@E&ﬁlﬂzeﬁco%ﬂayitiw@ifgmampre 3a%yN F3BO6INT

t her ebet ween, based on the wej ght of the W) 2010/ 006406PCT/ CA2009/ 0 0110
fertiliz¥ %ﬂ%%‘i A16N, 43¢0 X B Nptie Nobp weighty or apygmoynttherg bofweqn, gase

2.0, 2 2on e height G2l QipBiNE  Oite neLorifbheAdBInE ShlbmaRen, hased
on the weli g the ertil r corrp05| I on 2] The polyner coating as
descri beﬁrtéizmmpssm@aa@dhmﬁﬂw@tmo@cc the conteallefl sed¢ase fetilizer asiissaibpd i cati on

f f f 0
pr of et r e iR RAE PR R b L Feb o R b BRI A PUE ot e

but is ngtrogenNd.ed to a petrol eum product, a wax, a paraffin oil, a
bi tumen, an asphalt, a lubricant, a coal product, an oil, canola oil,

soybean onut oi l,i nsee 0i | et apl e wax at,
SOYDeEN b RSB e o s o st B iV PR B i B

pi ne taris cat&yWith e polgmerid eoaang YEHaﬂﬁ)‘lds ®f ﬁa?qne@c &)&iﬂﬁ%ﬁﬁde@dnbibe’ Efi@Blopedid

et hyl ene-vi nyl acetate copol an et ene- acry ic_ acid copolyner; an 10

et hyl enexfdihieinicah Teghnalogy )yWéIFY Inéﬁﬁseerwy,l 1988) 1p¢lidq polyuseshasie oF sotingher |

et hylgne, e and
o ot reoHing b EE YRR I oI 7] B ORCHITY SmoRnsr At ep PoTeR o
be appl i €BCE} epoxyresims (gp. W3 &-433 of CEGZE)JpIIrxmoahstd:esmns (pp. PN HEHEB63, 686

R e e e e T

pol ynmer €pex), h&roh&&efﬁléﬁfetdr .18y ssmmmp) ha1pimi@ahernodds (pd. 9820083 FOW % (of
t he total ination o ynmer an an unt therebet ween,
Lhe ol JRBE e e oty therorse At St D U0 DA P HeS Ttr. Eoinh! nat i on

Of pgé y@%@%\ﬁ gﬂ?o?%ﬁg@g{ﬁglﬁ)@ﬁ{ng?g%w 2 81[ égl ygr zzagd \i/gx) 30or3<'51ny

am)unt t herebet ween. 20[0034] If the fertilizer conposition is to conprise
an out er [003&]t Ere-nohasria idyer ¢fakegontrpided releaseiferiilizer phithe present iventicayeay fornd t he
outer wa 50l ul dif nponent s.
0035) " PPl sy et o B o Ined B bidGupTBnR byl e B 68
wat er - i ngetunr eohpytmds. Bor ebmﬂsle tane of the pfenmdorabmpbmyle mag bel at secyaundterfor
wat er-i nsol uble | a r t hen t he wax a.single t ..0f wax .25 or a
et ur e SISt e, 8 oD é!on-l t%f‘%%ﬁak? Of R EERCERRES 1 r om an
I nt epgredp@rRerRENVDP k@ympwefylmaﬁaneh{myaﬂae; IhBw @, otiter @&bmﬁdamhﬁ R CYRtes a
paraffin wax, a silicon wax, a slack wax, a mcrocrlysta i ne wax, and a

(&

natural eawbe umbzcdms.dpacnhgi inAJEes 84448 (N@yrebeeed@reqxamn {Goluedlivsidfitons of t he

|
descr | belioHRGERE abEERAE Rl S RERORR Hore ARG AR) R HAfoc 88 e.
and the gsmand,asd al\Mha@dhrbmatBﬂpdlﬁmymreat Bocyaeiatasi conthin twve foemerc&)CO goepsvax
may conprise a_drop nelting point te

erature of ) . .
0107 QORHBRRS FA60) B RaD BB R b f 16 Bt daseh gcssecip b RIOHBRPt ur o
t her epet We@hne fNmEX ANB-Emébithg eﬁﬁn%l@s%f sftabl&Bocydihtes froludéd 1,6 Hoxanldhyl 8RC, or

any tenperature therebetween. 6] The internediate Iayer t hat surrounds
t he pol ydisecyapate.dad-pitsisne qhm)waéﬁ@, fﬁféwhqleaﬁ divegyasatep? d-dedpineidijseeyangtio dft i

the rang ' Re@ReM g PUMnidilsh aﬁQ@t ween
based on{%% eeéllliesl(ag])ﬁd%gtgL54 eéhTée}itl |zerlsc(}:c %%Iqtétl gl Men%or eleim:} e&)r

wat er - |n-$,e'l-d1ﬁleey]lpmpeme diaycybanmatg Met-dipherfyl-3,31- dlhmthwl fMctBartealiiabayanat® 15% or any
amount the ht. o he fertlé oSO, osition, or

from 0. 172 é?‘?l%n%ﬁlhsocﬁn%s méthy]tig 8‘9“5999%3? RrRberY S, 2 %Cé’ﬁn (b%ls ed on the

wei ghg  ofriabine, 1Laethiill, Leﬁsdém@%yabwan %Bnyjlénmdhk ?ar@kamrengénet he amount
of thelnternedlatelayer I's about b wei ght o he fertilizer
CoNposi t ditpacyangates Ind-gaphthalene diisocyanate, dlan181d1ne d11socyanate bitoluene diisocyanate, 1,4-

xylylene diisocyanate, 1,3-xylylene diisocyanate, bis-(4-isocyanatophenyl)methane, bis-(3-

-6-



10 exanple, the internediate | ayer nmay be an internedi ate petrol eum wax.
However, an oil, a grease, a wax, or a blend thereof nmay be used as

i ndi cat edwalowa06406037] The i nternedi ate | ayer may be applricatodomootie

pol ynmer coated fertilizer while the fertilizer core and the polymer coating
is still hot, for exanple fromabout 120F to about 250F, or any tenperature
t her ebetx\ﬂl@tﬁ?l -4-AScyalitSpHeRVIRASRING! R 1ynSet RN GolyPRenEplyi iy #fated bind Bixrgesre of 15
conponents that may be used for the intermediate layer, the internediate

| ayer nefie®efim a coating around the polymeric layer in a liquid state. The
t hi ckness and anount of the internediate | ayer on the polynmer coat nay be

modi fi edolyortfie s@éUﬂH BF th@kwd Hlt RbEREHnAYE p{éél)(t%r &Hﬂbﬁrﬁ'ﬁ us&Nd f&h HE Bél'&ﬂkﬁé ng

t he terrperature of the fertilizer core and pol ymer coated coré.

The i nt esoating atdesirbpehernmt way iaklude aheolmltfer ematp@amdnwbqbiném 4ped, 4%t er| aI
or both e 20 ipnterm ut.er uble

I ayer5t melt e alree f}x ﬁpﬁies’g{ gu&@???snﬁég lafgbsel ?%ngéﬁd B?rg for
exanpl e feftrende) NdnMirhiciflg &anifdos of ﬁ@d&lyﬁXﬂdﬂiﬂe&h&h&leﬂ%@ycbi polyodcetiiydena gl}ebr, ol eum
wax, paraffin oil, bitumen, asphalt, |ubricants and a conpi nat| on ﬁ?hﬁr eof .
The i nt ePoiBuPR@eielsels orgagic AP Her ramplecs dexHbrA S BB MoPTF A b ut

not lim i I
| ubri canlit-S %8 co?ﬁ?d-:l%gé}l Ve%ﬁ%ﬁ)@@ﬁﬁ%ﬁt@%ﬁt’é dgcgﬁlllé\%gglyga H&Q&l poﬁ%Etbﬁ’Iﬁﬁyols

, and a conbi nation
t her eof temphtaalmtdzmmler;@rgbmt:basécbpo1mtanmlﬁ>lsbmstor@ul amd oils mddlﬁed toegptadtbl e oi |,

for anpl e but. not ted 0 il oil,

sunf F%m%lgf Pr 6@%‘?“&5 o] ?Xamlp?eﬁg%ééﬁe Pg 04 3?136’ e%'?/ c?ino a?l Ve 0\7\"’/ae>%<lgﬂan| mal
fat, aninmbeddk (e. U‘sxs a@4,9zsrsadf¢e éxamauCMaraﬁsch aﬂ dl sae for em}ﬁblé Celininel finecddl ,

tall oil pitch, pine_tar and inations th Synthetlc product s f or
exanpl e oyt %4 lingi2 ead ths eéwlﬁfemU%ﬁﬁéS 22@ M%‘f% ehih,ses for syammet i ¢

I ubri cang§iumaRdine@ MR} MLAPHE ekdI&OniRA aféaﬂlcﬁ{)&gteﬁﬁeﬂéﬁl% rgféfenééj oleo—
intermediate layer. Mxtures of materials fromtwo or nore classes |isted
above nepolwils diorteaamgledn epaxidizedanapbreoih epeidizddesuntl preap dumpomdlzc@ Lihsepd oillact , a

R PR e T Ry

as by- prgghisls, Sastdr@m RAvatves ol exa{plw@@mwolyma dflaamrmdbpqte@cdngyarcuﬁ@t eri al
of the present -fertilizer may be selected froma soap, a surfactant,

or a confsieael mﬂltawekyebsfeleqeéé@g] dw (& thylgne Bivee) rrePYercsbeal 19y t heory, the
i nternme | ayer.
e e bR NERAB oAl PRt 808t S8 BRBhLRG LAk
during pelpehlcind polypfopylkee gismﬂ)r glly¢eeal, meéa/knéprbmnmdndpe}yetbmm,tqr oﬁers and may

mnimze.the amunt of sulfu hat ed.to the controlled
el b o ouped Y SaonthsReiniineion i SR Be byl SuPRE L6 iiefe (oelRBIAT o

| ubri cat deRerieaRaTisteyl 76891 Horhisied cfal.; deCONMPRARDHI Colimh Mdinks¥ & ISpdbRbm §,ayer .
10[ 0040] _As noted above the intermedi at e | ayer material may be oil, a wax

and an oliesf te@hivhighis msorpetated hsternyy rFf‘?EﬁnF@a‘?rlcﬁﬁle’@E?ﬁs thetetombi nati on wi t h
a wax, an oil, or a conbination thereof If an oil is to be used, either

al one or [doﬁ'o]qft)ﬁ*?iof‘ﬁhh@éa Mt IR caartmgtamsred iRl Heaated o8 Rsokyankte opr ef erred
that the oil” be in liquid state fromabout 120F to about 250F, or any

t enper at mlﬁoltﬂwrmbmm@nbe vigvallyenypelEmarghichis thermewt angaghich gag be paplied 160,

255, *530" 58! i Bl B corkted Aty e R A o

out er, mlease—aha&oﬂeuhio&o H&)famhzacompmklttan surround the sul fur |ayer, then the
outer, water-insoluble layer is present in an anount of from about 0.1%to
about 1.5 any. amunt rebet S

ookt 1 oSl bR LSRR O Ly 3h iy
present the @aﬂgabﬂﬁt@mab&nm"/atwbbut@ By rweighy, oﬁiﬁﬁbtlz[ihomh&fe&bettmaenfthbd'meki 200n

the weight of the fertilizer co osition, or fromO.1, g % /0 6, 0.8,
1.0, 1. 2fertlizgngogipogitign. akks FRAmpld SPRIYRETIS FORNEBY QPR %&aawtt oY {he

fertid i 29, CO8MA3i ddigHe: or any amount therebetween, of the final fertilizer composition, from
about 1.2 to about 1.8 % by weight, or any amount therebetween, based on the weight of the

-7-



[0042] A non limting exanple of the ampbunt of the water-insoluble layer is
about 0.5% by weight of the fertilizer conposition, in this exanple, the
wat er - i nswbubloobager may be an internedi ate petrol eum ®ax/CAEh@/0nex0 may
conprise a drop nelting point tenperature of 25 between about 60C and 80C,
or any tenperature therebetween. For exanple, 60, 62, 64, 66, 68, 70, 72,
74, 76, fERiliz&empotitied)r kEmRBs AW, 6.7t herepatavesni, 8123@@321 22 60218 63.0%
wat er -i nsol ubl e I'ayer may be used to mnimze the amount of sul fur dust
that is Proeigkieer abipmagntihardeivign.opsadioa teovieighy|of the ferdilize sempesitian i zer
conposi tion. The water-insoluble |ayer also increases the abrasion

resi st a"{@@3ﬂfTHe%lyBﬁ:F Eéa'uhé% déé&iﬂ%@%b&de%oa@ﬁ%ﬁﬂmﬁ&tém$hat Acidigr&nhé ol 1 ing
the rel ease of the fertilizer within the controlled release fertilizer

co rrpos i t4ppHcaiion of sulor. Ahisoyoadaxio bereiT/refeabio/eg varmgdiatedayertlL). | Rrofsrred

conpo, ' y act as
o Ty ophaBriS R Bkt b Rheenl WM Einc e Bht s OIS » BUEGRY, P2

sul fur cmaducng we{xOﬁ)ﬂal"]lfﬁﬁfwl obitanennat ssphdlt) s bibuilodre, d @ykproddeguh dilcandlaion, | ess
t han about, 5% rder to ensure that the |a har dens a riately
o T act | TV O SRR AP o fONE Al YoRHAT MRS it AR Jet & Br00a5 T
sul fur | ay&ict IMI 610 wsdsndanal YR falFQRitA 19é taf, B%%:Rﬁétiémra(iﬁxﬂ{eﬁﬂw@kadﬂ nutrient
material, in an anount in the range of from about 1.7%to about 15% or any
anount tmﬂleb@hlhemt aba@wn@wnvlre@etmucgmlyrmr arreshyflenetachylie eeid cenphyBert #bn.  For

Cher Shot ane il he PR RAVER f ARRH T pRERA RO bt RPNl

2.2%to ﬁnﬁ%:etaxe t@mlyraem,wmrfads\ﬁn,eimhm colnﬂmmdomﬂxetebﬁ wei ght of the
fertilizer 10conposition, or from about .7, 1.9, 2.0. 2.2, 2.4, 2.6, 2. 8
3.0, 3.2 3.8 ! 50, 5.2

-0 & Zuodimedofimeded ot Grodi i mi Qi s Gl meGe, fr Gondi 5 2

9.0, 9. 2eskittd iPUS 6,663,686 (which is incorporated herein by reference; see Columns 2 6), prior to

the addition of the sulphur layer. In this example, the wax component of the polymer —~wax pre-

15  mixture may comprise from about 10 to about 60wt% (of the total combination of polymer and
wax) or any amount therebetween, of the polymer-wax pre-mixture, for example 40-60wt% (of
the total combination of polymer and wax), or any amount therebetween or 10, 15, 20, 25, 30, 35,
40, 45, 50, 55, 60wt% (of the total combination of polymer and wax), or any amount

therebetween.

20 [0034] If the fertilizer composition is to comprise an outer, water-insoluble layer then the inner
intermediate layer, and the outer water-insoluble layer may comprise the same or different

components.

[0035] If a wax is used for the intermediate layer, the outer water-insoluble layer, or both the
intermediate layer and the outer water-insoluble layer, then the wax may be a single type of wax
25  or a mixture of different waxes. For example, the wax may be selected from an intermediate
petroleum wax, an alpha olefin wax, a polyethylene wax, a paraffin wax, a silicon wax, a slack
wax, a microcrystalline wax, and a natural wax. Non limiting waxes that may be used in the
compositions of the controlled release fertilizer of the present invention include those described
in US 5,538,531 (Hudson; see for example Column 5, lines 13 to 27 and the examples; which is

30  incorporated herein by reference). The wax may comprise a drop melting point temperature of



9.8, 10.0, 10.2, 10.4, 10.6, 10.8, 11.0, 11.2, 11.4, 11.6, 11.8, 12.0,

12.2, 12.4, 12.6, 12.8, 13.0, 13.2, 13.4, 13.6, 13.8, 14.0, 14.2, 14.4,

14. 6, 14.80 20600646 any anmount therebetween, based on trhe/ceigmooad the
fertilizer conposition. 15[0046] Therefore, the present invention provides
a controlled release fertilizer conposition that conprises a plant nutrient

CONMpouNthepiednaBHutHAUAndBOW Nr by REGEhtufdferbb@iedn, R eLMpIO6G 63, 64693y Mer
| ayer of from about 1.2%to about 3.0% on a wei gﬁt basis, an internediate

| ayer of G Fdmdabo U8, 897G, argupisemperahurgtiishetyedtei ght basis, and the | ayer of
el emental sulfur of from about 1.7%to about 15% on a wei ght basis. The

contr ol | @osd1erRaprh&dist ldy&QhatGRIRRAL thePBIyHRY coatedP1 P FRFibi natGiahhapyé T ,
wat er -i nsol ubl e I ayer of fromabout 0.1 td about 0.8% by wei ght. [0047] The

present Prasgahiniap amgrrion theasrigd of frammber @ Yofo gbpetdu@oony any aoeuntol | ed rel ease

fertidi Zffibrebetween, based on the weight of the fertilizer composition. For example, the water-

insoluble layer may be present from about 0.2 to about 0.5% or any amount therebetween, based
on the weight of the fertilizer composition, or from 0.1, 0.2, 0.4, 0.6, 0.8, 1.0% or any amount
therebetween, based on the weight of the fertilizer composition. A non limiting example of the
amount of the intermediate layer is about 0.3% by weight of the fertilizer composition, in this

10  example, the intermediate layer may be an intermediate petroleum wax. However, an oil, a

grease, a wax, or a blend thereof may be used as indicated above.

[0037] The intermediate layer may be applied to the polymer coated fertilizer while the fertilizer
core and the polymer coating is still hot, for example from about 120°F to about 250°F, or any
temperature therebetween. As this temperature is above the melting point for some of

15  components that may be used for the intermediate layer, the intermediate layer may form a
coating around the polymeric layer in a liquid state. The thickness and amount of the
intermediate layer on the polymer coat may be modified by the amount of intermediate layer

applied, and by controlling the temperature of the fertilizer core and the polymer coated core.

[0038] The intermediate layer material, the outer water insoluble layer material, or both the

20  intermediate layer material and the outer water insoluble layer material, may be selected from the
group of a petroleum product, for example but not limited to wax, for example but not limited to
a petroleum wax, paraffin oil, bitumen, asphalt, lubricants and a combination thereof. The
intermediate layer may also be selected from the group including but not limited to a coal
product, a coal-derived oil, a coal-derived lubricant, a coal-derived bitumen, a coal-derived

25  wax, and a combination thereof, or a natural product for example but not limited to vegetable oil,
for example but not limited to, canola oil, soybean oil, coconut oil, sunflower oil, castor oil,
linseed oil, tung oil, vegetable wax, animal fat, animal wax, a forest product, such as tall oil,
modified tall oil, tall oil pitch, pine tar and combinations thereof. Synthetic products for example
but not limited to synthetic oils, synthetic waxes, synthetic lubricants, and combinations thereof

30  may also be used for an intermediate layer. Mixtures of materials from two or more classes listed

above may also be used, for example a petroleum product, a coal product, a natural product, a
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conposition that conprises, coating a plant nutrient conmpound with two or
nore than two precursor conpounds that react to forma pol yner, applying an
i nt er nedivaibeoioperncont o t he pol ymer, and sprayi ng nol t erCIuda2m09/000t10 t he
internediate |ayer to forma sulfur layer. An outer, 25 water-insoluble

| ayer may be applied over the sulfur layer. If the polyner is a

t her nos edyhihegc ?@hlvdmﬁd a EdMEIndtde oPMkyTRIteriads. FRath@thosd, thk rhREMEFAY bE €
sufficient to forma_ thernoset polyner. [0048] The control | ed rel ease

fertilizapilddeapdurrpdistsfgm prindpsinl PEgessei R intermediate layeranateripl af g
conpri si et ?&‘Hfl?e? fna ?9@9 B0 &M Fed! o s QHPCL PR SES cobBYiBioP Mefeof OP Of
fertilizer granules. In this procedure, fertilizer granul es, having a size

range fromabout 1.0 mMmto about 3.0 mm or 30 any size therebetween, for
exanmpl e [B83UtWithent ishing tg be heund by thaers thedptprmgdiate layes mapy @k ps 8 hubricant V\D
2010/ 00 3"%@% O X ai

2.2, % %Q%Pagﬂ .6?9%1%?91\}3& T(?nl’rén or fgIrlni/n t%fnfémt%ﬁaey%rﬁle \‘lixnlesglﬁe aer‘écén ‘?Ugﬁ %rom a
st or age sutfendurongtpooductanofelyoronaoitedireldase fierolizer capsitiog, ahdumay noiningize the

pre- heater. mis irst f the rotating drum the
Pertir bt af HBENTAsess3 BE ot Fute F a8 B s tpe i een 120
and 250FTheéforRNMMateBATD Hatfudéttontii & o4t eapacftpfnasusaﬁaéhas Btsmponefihel SOF t 0
about 200F, or about 120, 125, 130, 13 140, 145, 150, 155, 160, 165, 170,
175, 1gointergeliateyer. 195, 200, 205, 210, 220, 240, 230, 240, 250F. or any
anount therebetween, for exanple about 170 F. The heated granules are then
coat gfl SPPaG) Q&@Adfed"ﬂbbbe RS RIRQiat CRTR AWHGRI ﬁa@ypé&ﬁldcv@axtaﬁl@aﬂ&hiﬁmr coatl ng.
For exanpl e |f the polymer is a thernoset pol’ymer, then polyneric NMD (4,4
di phenyl mmmenmrlas@bgrdmcet}nga@n@tlacqﬁlbmtm with anEK, aneil.ror ecprabioREA ne) and
DEG (di etthh%LF rif ?]1%1}/1%% ?)e Es%!i ye?&gr’aloah{e%r %ﬁl%?n%ﬂglpg’ltﬁlg%ak%go lhgr?caFF 'El‘Le'nl I zer
gr anul es; "and e sur a e o

gr anul esit iipréfbfreﬂ tihatpbé Mn’eer 1n(adﬁjuidngate fr&ﬁéﬁc}ut [120°R ts atsomn250CHatr amgtestpeqaturde

pol ymer coat ed nul es ar [ oy i_nt C | ayer
ot o1 |l PGPeE S B SXTRIE hoR. TEerobekdt 0a st o g, 108 GRELCTEG RS, 15
conbinat j g 1841206205, 80, A 5t LV eIALYG, 0402480550t C 150Gy tethRRARE tRBEwees. any

t enper at ur @ t her ebetween, for exanpl’e from about 156F to about 200F, about

170 F, or about 120, 125, 130, 135, 140, 145, 150, 155, 160, 165 170, 175,
180, 185004 b0 an guer, paigr-insgjgble dayer is psed to sutpund e sulfurdayendmm thepuidny  anount
therebetw@ep 51981 W PO R Ffﬁf&gi% !@1%9@5&&@19‘%‘ Br dfy@nfdah/ mer
coat ed granung. & 005 Bfe &he poly mgroa |n'Fermad| ate layér-coated urea is
Wi t hdr awherrebctwmmbasfed ps thedvaight ofithe f@{tllwn«mynmsltlamchﬁrwampleeth@Wﬁ&%yor | eadi ng

into a secq drun1 In.a i nUO rocess ul es
or et hen T BHlg e ROk R rohA R o B ST sAeR SY oL o PabEEh, %R0, O
abouby 248the weathobit the fepttizePeoniayitibe P Gomt0Ur, ®.2, ba @bl 8yaen) 1.2f 0.5%utanpl e from
about 240, 250, 260, 270, 280, 290, 300, 310F, or any anount therebetween,
for exanpheunasirbetyser bate on theavoghit opths festilizsy E9mRASHIoB t he i nt er nedi at e

| ayer coating of the polymer coated granule. The molten sulfur forms a

sol i d sufobyz) Aabfﬁnmmf@rexarh@e bflﬁl%ﬁeﬁmmek@y&nnsomﬁa@er |sfab6@. 3088y an
outer, water-insoluble coating may be applied onto the polynmer coated
granul e vhighinfithaforiizersompesition, irnibissaerple the water-maeluble fayer mayhed i nsol ubl e

| ayer, %(in’tﬂ{ Uf 120F to
about 25@&&%@&5%@&(&%@@@%&@%@%r%%e\greh %ﬁ% 3 rom about 150F
t 0 abdHut b2@edn, abaltdi®tC ABIPC, wranpieoperafi?OthertBGweer\Por example, 60 62, 64, 66,

2010/ 006 0 10 1 5, .14Q, 145 150, 155, 160, 165, 170,
175, 180@3?@%?@%%@8%@0@ %6’813‘“%3 thesdi§twesho, 230, 240, 250F, or any
anount therebetween, for exanple about 160 F. [0052] The present invention
t her ef or @op3joMtiecRiter &/am-(imeltmbleﬂ@rer mapblws'eﬂg) introizt thel ahednt ¢ Ise]&s*eiuﬁtethatiié i z er

conposi tion conprising coating a plant nutrjent compound with t r
than twoPiedyfied dpringhan ‘éﬂ&f% dhrgontrpliad relgage er{l o EPRRSI1U981 Wat(%}’r‘ﬁ??‘ ng from

about 1. 7%, a%o%é%es%h@%‘r%rﬁe&’iﬁh&@%fﬁ@?érﬁ}lze‘?‘@ isi@nCand AR OF
COITpOSItIOI’l onto the pO yner to forman i1 nternedi ate

30  controlling the release of the fertilizer within the controlled release fertilizer composition when

-10-



| ayer of from about 0.1 to about 0.8%on a weight basis, and spraying

nol ten sul fur of from about 1.7%to about 15% on a wei ght basis onto the
i nt er medivaibeoioapernét o form a sul fur |ayer. The plant nutcramo@mopasi ti on
is fromabout 37% N to about 44% N on a wei ght basis of the 10total
ingredients of the controlled release fertilizer conposition. If desired,
an out erthyv@drielizer totgsUsitioh & dxpyRl tditeh EThepplet theﬂine(ﬁlulblh Eaysihdyuact hey er
conprising fromabout 0.1 to about Q.8% by wei he polymer is a

t her nos elty%rq?golpe faygrevhich pratects mOISeE JiRayenfezing sr&gledn éhe sy fPfe%?ﬁ'éff%t ure
sufficient to forma thernoset polyner. [0053] The rel ease rate and

dur abi | i fogaqfTHelbatet MBict-HsbiaBle 16LHEEldcBHithinllésg ﬂfan@BcFﬂBG% dil, @lordér tdepsukd bed 15
herein may be determ ned for exanple, follow ng én%’)lgct Test or other

test usehatithe Burdaidensapprpriptalyde qutlyaterP?rélae@%@é thedingl fertdiger PHtict . The
i npact test may involve dropping for exanple, 60 grans of the coated
produgct d[bbmumé stlfigQayeP Qrrouftihe Q%aﬁcdaﬂﬁ@oﬂhél?&&ﬁér &uﬂe@ pRAt MutdentBrlabdria! at e,
fol |l owe determ ning the rel ease rate of fertilizer conponent from
t he abr aza@a amgpntjin theaangsof famtaboutd . 1Ye tocabaitnld %, leeanypmoynstherebewem, based
about 10- t m of
wat er, anngtge %rr%ﬁ te(gt%% %ﬁdi}%&%ﬂm}?mdﬁ.f%(}rr é:'%ffrﬁql?ﬁlrrg Sﬁlﬁ%@ ?%gﬁ%gndﬂf) I’(I)n?gtsa%g%l e, at
2 hour S, abbutl2®y to Bop@yaty dmdayt sherébétvabay, baseddn e wiayls of &mdertlhmrsammsetldnest ed
t for the fer |I|ze terial in the

czlsggo? n%alﬁraé?ip%és}e #@’tquap%%‘?“ounﬁﬂ‘@ QWSE’%W o1 the weight Pgﬁlgﬁa Zetrhe sanpl e

may B dinffosiibR br wohiWbod7,94W, Q@bi@ 243% 21805.06X2MY, 8.6, 8.8&4. matmdms
outlined by the Association of Oficial Anal %/tl cal Chenists ( ACAI

25[ 0054] 4-ReBUI%% St o SHAD, 685 b0 dehrd s ¥ 2at-& Thats, S#QeSgoﬁw‘EerdW 90el ease
fertiliz it f tqq t I 5 I

pol yur et TEne Ay o {ho S TS TR 1O FR) | DL TR PLA AN s Ao B 2

exanpl e ]12839(63[0))/13/\241@%131’6 138 18.0f B4.2,M8idgv.6,0H.8; hi%f @rahy hingwert thecibpiveikes,i on, a
wax coat 0 30 ¥v g}(}:h sul hur coat (3.8% by weight) which is coat ed
with a F\gﬁs %/fe\‘i\‘glzah‘t" POSHON oduct 43 N-1. 8PU- 0. 3W 3. 85 0. 5W

pr oduced accordl ng to Exanple 3, Table 301, and Figures 1A and 1B)

pr oviglesjoedd]etictefere théresedt BaaRiodprdvivRs b ediﬁttoﬂlbdﬁﬂeamnﬂllzaf&)nWGﬁﬁommﬁpar ed
to prior art, controlled rel ease conposi ti ons coggrl S%(g%l n ser

sul phur $oaRREises Aplnt pgenieppPoBELiSdtorsherbbGo Nde 60mb 44 1Y erim B! s,
fertili zgfivQN&yek éf/ﬂcgﬂ abih 9%, Bfabbili8.000bRh w\é%h%'%lsoefn 1ﬁﬂ3ﬁnéd@cfté laydra® from

conposi tion), & polyurethane |ayer (2. 8% by wei ght) and a wax coat (0.5% by
wei ght séaeut(Ihbtqoacb@duw%pn@dmgmbmmdjhn@ycrmfﬁlmuabsulﬁlr afrers ghout B 0. 5W

Table 1, and Fi.gures | a I e on a
vt et gt aerid PG b8y PleonREISRRLIR e i B o N L SRS, 27
43N- 2o 5PzUr&t&%&eﬁﬁs&uﬁy\lay&aﬁﬁ@mlabaﬁm.Ftogibbﬁ&).%bﬁllwdlghB) further decreases
the rate of release of nitrogen fromthe fertilizer conposition [ 0055]

Anal ysi s costs associ at ed ed. the con ase
for i1 SuBhg e G dRioT aitumorighs « B eREaSS ROt et st BefRRE |
Exanpl e énigositiod efat Somdprisés3 chitihg 8 Bldat Rieht EsmpbubdivitBiwo b Bbfe@hdh twand 2)

i ndicate a 'significant cost saving, when conpared with 10 the product as
descri beprepyiscEgampeuads thatreect faiora a polymer, RPEENg ap ptgrmediple lgsiepepta the and 2) |
or with I \Y:

coating ﬁm é%@%ﬁ%&f%e‘eﬁ?@ﬁrlo flazﬂegrﬁcegﬁ‘g&%%)%?%é?%ﬁae%ﬁ?%ﬁlag?p%ﬁeﬁ%I phur
coat bhg Wwater-mxalntik &yemsaytesapplidionier the bIBuB 1388, If?ﬂl@ polsmenis tatiedrinesttting ease

fertilizer conpositio uch s.that descrihb pr esent
i nvent i oPPYPS3 E’.eé’ WPEehY G%Watﬁre?ssu °%:68 0%(%n£e)x%n$088t8pog)§§ercorrpar ed
with a cost index 15 of 9. 58 for the prior art product described in Exanple
1 (42 N B848. BRUYoHtrAIAf relbviie feetilideecangmibition eay be prodeded using e dirdd yotatadgodrimt i ng

the cost to produce the controll ed, rel egse fertlllzer udi n e cost
of each REMECCUISALCORMIARALE fododtAes® RAWAFS IAYT Q¥ (P ‘{fg"rﬁﬁ ﬁg’é’g]ﬁ? t he

product ) thﬁeifrodéﬁhtre feithiz Blumstﬁ'h'vﬂlgtaﬂ%e feigk 'ﬁjoinza%ﬁutplr ®ffio-abdb8IBhm] be cost
index may be further reduced by réducing the amount of pol ymer used jn the

20 pdd ynany Si?@yb&rebeVWﬁen,efoscxaMPlemé?thlai I ¢ abeyt 3-@mm e any size Pregheimerndor For
exanpl e a product conprising 1.2% pol yuret hane has a cost index of 8.43.
Controlled rel ease fertilizer product .gonprising 2.8% pol yurethane (for
exanpl e the product described in Exanple 4; (43N 2.8PU0.3W2.2S-0.5W also
exhibits a | ower cost index (9.43) when conpared to prior art (Exanple 1;
42N-5S- 2. 8PU-0. 5W that has a cost index of 9.58. 25[0057] The controlled
rel eased fertilizer of the present invention will be illustrated with
reference to the foll ow ng exanples. [0058] The controlled rel ease
fertlllzer conp05|t|ons of the follomnng exanples were prepared essentlally

1 1N ™ NN N A o o o . ~ A v ~ B




30 coatings in the order as described in the exanples. The nethod
essentially involves preheating urea granules (size range fromabout 1.0 to
about 3. Oworgpiwvdosde6hot air to about 160F to about - 14 PCTMYA2009/000110

2010/ 006406PCT/ CA2009/ 000110 180F, and coating the heated granules with the
desired conbi nati on of conponents using a series of application nozzles

wi t hi n osample NN, druns, 1.6,006520, 2L, 24,00, 21&; 28)A0 @i 6Bdny RiFe tiferdbetviaen,appl i ed
(as in Exanples 2, 3 and 4) the heat ed ranul es, are coated with recursor
conpound®® {% iy SOrSE A, pS’é‘FWV%YGé%I} Tinto,3 rotating druen, o a pyeshcgies

pol ymeri gl udedt; it adHrRREHOh TB{HRAO G Y drif Ct}{é‘ﬁ?ﬁl?z)er ngﬁﬁbs% bl 68 Bx@ﬂ&lte%lrﬂ) ne) and
DEG (di et hyl ene glycol) polyols are applied to the f il1zer granules, and
t he pol yahent aigmpeoarg ketywesnyi3BTF and 2607F1 drany Lcnfpamélr@fhetehetwg«rrarﬁmeé@nplg form
Itgierlosm()a/tig&l{1 ag@tlk&?é%h?%%& ﬁforg?% 58t’he po % l%baﬁ%é é?gﬁﬂ émsl%g’r ol
bgou?ht25l7fgt D?(I;(bsﬂ deo, 1}%;208;2{}5 2\%032? 2&0826tﬂmlh )alﬂﬂ)P}Eoﬁﬁn}edmmmhl dtth&?ﬁettzveenlth 0
abou , for g_a an e wax is jed onto the

pol yner bsztagwleg%ebgﬁh 79 Frilpe Mdmwéareé%cea%ﬁ@amf YRR Hdr awn from
the fir Séoanouﬁﬂseta groqg&vtﬁa/s&iyﬁl& Ratdff Fafledatiphd iif 1 palyE ANGh&HRNE Rblyhidk,0
contact with nolten sulfur at a tenperature of from about 280F to about
310F, f oherpalyperéc MBS (1.4 wamybmthane|dss0§mr@geé@nd>vénxtw;pfc”ﬂEAt he wax coati ng.
A secpond ' i I r

appl (ot EBRd oo BrERck SR L AMAIRAN He ARERILAM S etz
of about grid(ds, sral thdpaltmerS@npofiants pkampize omtheytrfde0f FFw gk jo fofmtihe
fertilizer core is first coated with a sulfur layer (as in Exanple 1), then
nol t en sllﬂlﬁ‘?rcP%t“’éppl ied to the heated fertilizer granule at a tenperature
of approximately 280-310F. The sul fur-coated urea granules then are

t r ansf eroeqoi Hidlseaorﬁi&!ém sltdpttﬂé pdlgnefrouﬁtbcagadnm@sadreslrougﬁt hnt@ Gorice Suith et
conmpounds to produce the yner. coating.includ a m xture of polyneric
VDI (4, 4m&ﬁﬂﬁﬁ§ﬁ9 I3ygt Ratral éffr.%egflsha&@hmiFEi\tO(atWe%%@i%?%é’yaand DEG

(di efdyl %ﬁm%%ﬁ BleteoPQt ¥ %eﬂfﬁr@gf dbduttiPPH t'é(Ab&R ZBM 3r%§7 benlpefifur®r anul es,

and the pol ymer conponents pol ynerize on the surface of the granules to
f or m t hethpsbstween, bwakimpje fivmabpe 1pHEto et 300 Frabout 1§01 or hieawt ¢AA8Y with a

wax | aye u F baut r about
150 F 2t a0, foo, JOE TaodasrigbnisR B 1 A abpn B AR na

sul fur (289, 240, Ez@?frpdr%ngzhnomﬂtﬂferébhﬁveemlwxemblarasomoaoadwmmhtls hpphedl ogbanul e
is coated with a sulfur | ayer at a tenperature of approximately 280-310F.
The sul f i Pelymeeeratsd @ngleanul es are then coated with a layer of wax using
application nozzles within the second drum and applied at a tenperature of
aboubg 12@65 g%&nez aftfintehREdifY BB @aRkB atth islHhdrawn #6h the first drum onto a

2010/ 006406 09/ 000110 [0063] The fertilizer conpositions as produced
above magPVENOR mnﬂefeé ot eanvewor feadigs intep pecord tatiaggeimt lnasontinuoperPeasy it f
about 95 , XATRL ranul es
may then‘l':qf)l%ae(agal'z?1 g%g al:slat][ @ériebéé n% pacLagegﬁ.&%(%r%]\ fgfsggq@pae?rpﬁﬁg%lﬁc :fmﬂ;%oa

42N 5S- 228F koabbiy Y1 Cpaargttenngerdiu nipdrebetw o §dl exampletfran éboat31@,258, 260,

controll rtilizer materjal S _prepare CC l .t he

t eachi an% ?Eilgsé%gé’é1@#405Vyﬁowtctberft§e£‘gee%{° “i% e&%&ﬁ:\g}?c *ne 65 to
Col upn 3sprayed Bvet 2op ¥thEterBiediints MiyBQoatiRbiies i yind? Yodtef gamie eJhe ribltdn

addi tion of an external wax | ayer ag plied as described above. The urea

granul e WTWWSM%&Wf%ﬁrPM@ﬂPW Fmedigte [aytzer conposi tion; which 10
provi des a 42% by wei ght nitrogen (42N) contribution) is first coated with
sul fur f@obpvedesi¥d, an 0okt 'v&‘bgar%somﬁﬁrdg&%%tmﬁcﬂe B?lﬁed(dﬁ&ﬁhggﬁyﬁ@ﬂ atedand

di i socyanate, MDI) and a coating of The sul fur coating has a thickness
achi evedgrmulaﬂvm mpz2bes veithin @gée@p@mmﬂ“h@ﬁutm watseinsolgble lays, fosssmmpled t he

t ot al h I 0 R0y % 8PU) based
on the. ¢ sEbafhs e i A abern bR bR o B hooR 2900 ¥F et Bibeitee O 0 (5 Sy
basegb onthtdebetivedna for\wRaripit frofn abbutt 1156°Fg6 abaut 20¢°E habotthlyO dF cbe abait pR@ 125,

42N-5S- 2. 8PU- 0. 5W .

o
g
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Exanpl e 2: 42N 2. 8PU-5S-0. 5W ( Conpar ati ve Exanple) [0065] The urea granule
(91. 7% by weight of the total fertilizer conposition which provides a 42%
by wei ghtwoizbroamene( 42N) contri bution) has a first coat ipog/ab2odeornoset

pol ynmer (DEA-TEG with MDI; conposition as described in Exanple 1), foll owed
by a | ayer of sulfur and then 20 followed by a | ayer of wax. The first

pol ymer mal:immlaas a5bhisskrees s65¢10,ev8d 80y183, 18| WIS, 2003 20K 21 0.R20a040, | cat i on
of about 8% g2 8PU) based on the total weight of the granul e, the sul fur
| ayer of 3;9b%‘l?t %Q/J:(‘SSPYQFHWWT@SV@F“ 6‘?”(’53‘519}&?(&@0‘5\]/\?0 Feither an internediate
wax, a paraffin wax, or an al pha-ol efin wax, based on the total weight of

t he gramabsy) (ﬁﬁgézs&ﬁn@eﬂﬁkﬁpﬁlbr@ﬁ% roﬁaé\@a $158dsSfor groal\{&nga&ﬂﬁtrolled release

2010/ 006406PCT/ 009/ 000110 Exanple 3: 43N-1.8PU-0.3W3.8S-0.5W[0066] In
this Exaispiliger compesitioneqnaising|caging afdant pytrignt compeund Mahdive 9T merediadMtance
with {h j :

omposi {1 e ey b et RO & ol Sriehis R HUBERIORE P24 10 8kt BOWY 067,
The ur eaa geightihasis, (@Blyﬁ%abpnmemayhm ompbsitort attathefpelyiret toferm ewinparmiediaten;

whi ch provid a 43% contrlbu ion a first
coati ng 18¥ert°ﬁ§f’li‘?t?§8‘ft Obloﬁomﬁ%lg% E’%g&ﬁé 1%9 SPRERBBY tf’? 1)"‘égfl%mslcrl bed in
Exanpl e dobut f.Poltewesht DS%@n ha;eeght B§s1svamb thé Qltdrmnedighe Dyyettol faves swifur $ayeif. ur  and
then followed by a | ayer of wax. Theg ﬁmar coat i &1}? has a thickness

achi evedllsyplant pairighircopwpsiaen i demabhert T Nonabsnt 4456 bt oma woightbageef thsased on

t he {gpt f Xyl f 3%
(0 a0, PRl o oA BB b g R, R e ot 0. 5%

(0.5W, iesdlitde lager mayt terapplikdatver bhaqufualqyarcaﬁfpnmng\mm etbputeOrﬂ talabbrat-0c8% by n wax,

a3 1. onth it g e el B0 bl PR SRR 6P rpertiney 1 1

thi s Exadufficent & foeftatdrmeskt pehwase fertilizer was prepared in accordance
with the present invention, however it is to be understood that other

conposi t be S crlbe n t he. present inventi

e or ol oo TebeipEa s Bl i o B comae feéﬁaser B O bpeRt R

whi chs prigydif @ay e é&%/mhﬁedw Q&thEAYdH@@ﬁ{% ct Teftlof bk tt@R3edta detdrohiné St
coating of thernoset poly 0w MDI ; conposition as descri bed

in Exanpthe intygrity ef th@mwdtfwlhzqr ayasicto ffhwaxpact mtlxwoé@vqb\gp dgoppangsfor Bagle. f ur
and the N6 %mlng) %t(ijle at&l rgc}/u%g th?gugﬁ\@é foota ?ong,gi gg:cg t()igagl?e&éé Ta%oe/(?)?t;)' :@B%})Qf ;ggt@ €ss

achleved rcentage app ica ased on
t he tot afollmecglsgt deménmmg e asledseratd Mehw@mhlmwempmﬂenaﬁomtth@abmm faﬁ‘ijzer t he

| f bout. 2. 2% (2. 2S d f t %.
i ther RO el naRPEIR W Roucau iRt Ahak 1000 Saree heabordet
baseg, OEREI(&@ ih @5@@00’@1 hfatqf antdrs@rnﬁl%@% H&uﬁlsalﬂafffeiﬁﬂﬂmgﬁﬁ&%lm for example at
43N-2. 8 0. 3W 2. 5W. Exanp - Rate of release of Nitrogen (N from

controll Zzhoursllebgé daefs 7idpysz b4 day@)mpb%h dayh and the ZENPITkested YHNE 8N RO B as e
fertili Z&g f?ﬁtﬂpf%lﬁﬂefﬂgteﬂgﬁ R3f ik @%ﬁ@?&agoﬁ dred's s@d %e?t?ﬁz%ﬂ uflanfihe rate of

rel ease 0 I'Zzer core before npact’ test. The
resul t s afmbiiacl hitdgerasfehesdanmpke may BBateteﬁnﬂnedmsing:arguummd t,éstafode)ﬂalﬁxple Yo

SHl e R e T TR

25  [0054] Results from such testing demonstrate that the controlled release fertilizer composition of
the present invention comprising, in series, a polyurethane layer that surrounds the fertilizer core,
and having for example 1.8% by weight of the total weight of the fertilizer composition, a wax
coat (0.3% by weight), a sulphur coat (3.8% by weight) which is coated with a wax layer (0.5%
by weight; see product 43 N-1.8PU-0.3W-3.8S-0.5W, produced according to Example 3, Table

30 1, and Figures 1A, and 1B) provides effective time release of the fertilizer component when

compared to prior art controlled release compositions comprising in series, a sulphur layer that

-13 -



Before Inpact test (20C) 2 hrs Day 1 %N rel eased, cumnul ative Day 3Day 7Day
14 Day 21 Cost Index Conparative Exanple 1 1.3 4.3 11 24 45 59.4 9.58
(42N 5S- 2vBRUHD06I) PCT/CA2009/000110

10

15

20

25

30

surrounds the fertilizer core (5% by weight of the total weight of the fertilizer composition), a
polyurethane layer (2.8% by weight) and a wax coat (0.5% by weight see the product produced
according to Example 1, 42N-5S-2.8PU-0.5W; Table 1, and Figures 1A and 1B). Increasing the
amount of polyurethane on a % weight basis from 1.8% to 2.5% (see the Product described in
Example 4; 43N-2.5PU-0.3W-3.8S-0.5W; Table 1 and Figures 1A and 1B), further decreases the

rate of release of nitrogen from the fertilizer composition.

[0055] Analysis of the costs associated with produced the controlled release fertilizer of the
present invention, for example the product described in Example 3 (see Table 1; 43 N-1.8PU-
0.3W-3.8S-0.5W; and Figure 1, and 2) indicate a significant cost saving, when compared with
the product as described in Example 1 (see Table 1; 42 N-5S-2.8PU-0.5W; Figure 1 and 2), or
with other controlled fertilizer release properties with a polymer coating that surrounds the
fertilizer core and the exterior of the sulphur coating for example, as described in US 6,338,746.
A controlled release fertilizer composition such as that described in Example 3 of the present
invention, (43 N-1.8PU-0.3W-3.8S-0.5W) has a cost index of: 8.63, compared with a cost index
01 9.58 for the prior art product described in Example 1 (42 N-58-2.8PU-0.5W). Where the cost
index is determined by calculating the cost to produce the controlled release fertilizer (including
the cost of each component, and production and handling costs to manufacture the product) per

unit nitrogen within the fertilizer product.

[0056] The cost index may be further reduced by reducing the amount of polymer used in the
polymer layer, while still maintaining desired release properties. For example a product
comprising 1.2% polyurethane has a cost index of 8.43. Controlled release fertilizer product
comprising 2.8% polyurethane (for example the product described in Example 4; (43N-2.8PU-
0.3W-2.25-0.5W) also exhibits a lower cost index (9.43) when compared to prior art (Example 1;
42N-58-2.8PU-0.5W) that has a cost index of 9.58.

[0057] The controlled released fertilizer of the present invention will be illustrated with

reference to the following examples.

[0058] The controlled release fertilizer compositions of the following examples were prepared
essentially as described in US 5,599,374 (see for example Column 5, line 21 to Column 6 line
33; which is incorporated herein by reference) but this method was modified to apply the
coatings in the order as described in the examples. The method essentially involves preheating
urea granules (size range from about 1.0 to about 3.0 mm) with hot air to about 160°F to about

-14-



Conparative Exanple 2 0.38 12 22.8 36.2 52.5 64.1 (42N-2.8PU-5S-0.5W
Exanple 3 0.4 1.9 6.7 19.5 45.3

10

15

20

25

WO 2010/006406 PCT/CA2009/000110

180°F, and coating the heated granules with the desired combination of components using a

series of application nozzles within one or more drums.

[0059] If a polyurethane coating is to be applied (as in Examples 2, 3 and 4), the heated granules
are coated with precursor compounds to produce the polymer coating. For example, a mixture of
polymeric MDI (4,4 diphenylmethane diisocyanate), TEA (triethanolamine) and DEG
(diethylene glycol) polyols are applied to the fertilizer granules, and the polymer components

polymerize on the surface of the granules to form the polymer coating.

[0060] If the polymer coating is covered with a wax layer (as in Examples 3 and 4), then the
polymer coated granules are brought into contact with the wax at a temperature of about 120°F to
about 250°F, for example about 160 °F, and the wax is applied onto the polymer coated granule.
The wax-polymer coated urea is then withdrawn from the first drum and conveyed to a second
rotating drum and brought into contact with molten sulfur at a temperature of from about 280°F
to about 310°F, for example about 290°F which is sprayed over top of the wax coating. A
second wax coating is applied to the sulfur coated granule using application nozzles within the
second drum and applied at a temperature of about 120°F to about 250°F, for example about 160
°F.

[0061] If the fertilizer core is first coated with a sulfur layer (as in Example 1), then molten
sulfur is applied to the heated fertilizer granule at a temperature of approximately 280°-310°F.
The sulfur-coated urea granules then are transferred into a second rotating drum and coated with
precursor compounds to produce the polymer coating including a mixture of polymeric MDI (4,4
diphenylmethane diisocyanate), TEA (triethanolamine) and DEG (diethylene glycol) polyols
which is applied to the fertilizer granules, and the polymer components polymerize on the surface
of the granules to form the polymer coating. The polymer coated granule is then coated with a
wax layer at a temperature of about 120°F to about 250°F, for example about 160 °F.

[0062] If the fertilizer core is coated with polyurethane, and sulfur (as in Example 2), then the
polyurethane coated fertilizer granule is coated with a sulfur layer at a temperature of
approximately 280°-310°F. The sulfur-coated urea granules are then coated with a layer of wax
using application nozzles within the second drum and applied at a temperature of about 120°F to

about 250°F, for example about 160 °F.
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[0063] The fertilizer compositions as produced above may then be cooled with cool air to a
temperature in the range of about 95°F to about 115°F, for example using a fluid bed cooler. The

granules may then be sized, stored, and packaged.
Examples

5  Example 1: 42N-55-2.8PU-0.5W (Comparative Example)

[0064] In this Example, a controlled release fertilizer material was prepared according to the
teachings of US 5,599,374 by Detrick (see for example Column 2 line 65 to Column 3, line 22;
which is incorporated herein by reference), with addition of an external wax layer applied as
described above. The urea granule (91.7% by weight of the total fertilizer composition; which

10  provides a 42% by weight nitrogen (42N) contribution) is first coated with sulfur followed by a
coating of thermoset polymer (DEG-TEA polyol and diisocyanate, MDI) and a coating of wax.
The sulfur coating has a thickness achieved by a weight percentage application of about 5% (5S)
based on the total weight of the granule, a polymer layer of about 2.8wt% (2.8PU) based on the
total weight of the granule, and a wax layer of about 0.5 wt% (0.5W) based on the total weight of

15  the granule (shorthand descriptor: 42N-5S-2.8PU-0.5W).

Example 2: 42N-2.8PU-55-0.5W (Comparative Example)

[0065] The urea granule (91.7% by weight of the total fertilizer composition which provides a
42% by weight nitrogen (42N) contribution) has a first coating of thermoset polymer (DEA-TEG
with MDI; composition as described in Example 1), followed by a layer of sulfur and then

20  followed by a layer of wax. The first polymer coating has a thickness achieved by a weight
percentage application of about 2.8% (2.8PU) based on the total weight of the granule, the sulfur
layer of about 5% (5S) and wax layer of 0.5% (0.5W), either an intermediate wax, a paraffin
wax, or an alpha-olefin wax, based on the total weight of the granule (shorthand descriptor: 42N-
2.8PU-58-0.5W).
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Example 3: 43N-1.8PU-0.3W-3.85-0.5W

[0066] In this Example, a controlled release fertilizer was prepared in accordance with the
present invention, however it is to be understood that other compositions may be prepared as

described in the present invention.

5 [0067] The urea granule (93.6% by weight of the total fertilizer composition; which provides a

43% by weight nitrogen (43N) contribution ) has a first coating of thermoset polymer (DEA-TEG
with MDI; composition as described in Example 1), followed by a layer of wax, followed by a
layer of sulfur and then followed by a layer of wax. The polymer coating has a thickness
achieved by a weight percentage application of about 1.8% (1.8PU) based on the total weight of

10  the granule, the first wax layer of about 0.3% (0.3W), the sulfur layer of about 3.8% (3.8S) and
wax layer of about 0.5% (0.5W), either an intermediate wax, a paraffin wax, or an alpha-olefin
wax, based on the total weight of the granule (shorthand descriptor: 43N-1.8PU-0.3W-3.8S-
0.5W).

Example 4: 43N-2.8PU-0.3W-2.28-0.5W

15 [0068] In this Example, a controlled release fertilizer was prepared in accordance with the
present invention, however it is to be understood that other compositions may be prepared as

described in the present invention.

[0069] The urea granule (94.5% by weight of the total fertilizer composition; which provides a

43% by weight nitrogen (43N) contribution) has a first coating of thermoset polymer (DEA-TEG
20  with MDI; composition as described in Example 1), followed by a layer of wax, followed by a

layer of sulfur and then followed by a layer of wax. The polymer coating has a thickness

achieved by a weight percentage application of about 2.5% (2.5PU) based on the total weight of

the granule, the wax layer of about 0.3% 0.3W), the sulfur layer of about 2.2% (2.2S), and wax

layer of about 0.5% (0.5W), either an intermediate wax, a paraffin wax, or an alpha-olefin wax,
25  based on the total weight of the granule (shorthand descriptor: 43N-2.8PU-0.3W-2.25-0.5W).

Example 5 — Rate of release of Nitrogen (N) from controlled release fertilizer compositons

[0070] The controlled release fertilizer compositions prepared in Example 1-4 were tested for the
rate of release of the fertilizer core before, and after the impact test. The results of this test are

shows in Table 1 and Figures 1A and 1B.
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Table 1: %Nitrogen released of example compositions before and after impact test.

%N released, cumulative
Before Impact test (20°C)

2hrs Dayl Day3 Day7 Day Day Cost
14 21 Index

Comparative Example 1 | 1.3 43 11 24 45 594 958
{42N-55-2.8PU-0.5W)
Comparative Example 2 | 0.38 12 22.8 36.2 52.5 64.1 --
(42N-2.8PU-55-0.5W)
Example3 | 0.4 1.9 6.7 19.5 45.3 63.6 8.63
(43N-1.8PU-0.3W-3.88-0.5W)
Example4 | 0.4 1.1 4.1 133 40.1 61 9.43
(43N-2.8PU-0.3W-2.28-0.5W).

After Impact Test (30°C)

Comparative Example 1 | 7.2 14.6 29 48 73.6 85 9.58
{(42N-58-2.8PU-0.5W)

Comparative Example 2 | 6.1 17.5 35.8 54.4 73.2 83.5 --
(42N-2.8PU-58-0.5W)
Example3 | 1.5 7.9 21.5 42.2 70.2  83.7 8.63
(43N-1.8PU-0.3W-3.85-0.5W)

Example 4 | 1.1 52 12.5 30.9 63.7 81.3 9.43
(43N-2.8PU-0.3W-2.25-0.5W).

[0071] As shown in Table 1, and Figure 1 and 2, controlled release fertilizer products described
according to the present invention comprising a inner fertilizer core coated with, in series, a
polymer layer, an intermediate layer, a sulfur layer and an outer, water-insoluble layer such as
43N-1.8PU-0.3W-3.8S-0.5W (Example 3) or 43N-2.8PU-0.3W-2.2S-0.5W (Example 4) exhibit
a similar or slower fertilizer release rate (19.5%N release or 13.3%N release over 7 days, before
impact test, or 42.2% and 30.9%N release over 7 days after drop test) when compared to the prior
art product, 42N-5S-2.8PU-0.5W (Example 1), that comprises more polyurethane on a per

weight basis (24%N release over 7 days before impact test, or 48%N release after impact test).

[0072] The costs associated with production of the fertilizer products are determined by
calculating the cost to produce the controlled release fertilizer, including the cost of each
component, and production and handling costs to manufacture the product, expressed per unit
nitrogen within the fertilizer product, to obtain a cost index. As indicated in Table 1, 43 N-

1.8PU-0.3W-3.8S-0.5W (Example 3) has a cost index of 8.63, compared with a cost index of
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9.58 for the prior art product 42 N-5S-2.8PU-0.5W (Example 1), or a cost index of 9.43 for
43N-2.8PU-0.3W-2.2S-0.5W, Example 4.

[0073] All citations are hereby incorporated by reference.

[0074] The present invention has been described with regard to one or more embodiments.
5  However, it will be apparent to persons skilled in the art that a number of variations and
modifications can be made without departing from the scope of the invention as defined in the

claims.
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[0071] As shown in Table 1, and Figure 1 and 2, controlled rel ease
fertilizer products described according to the present invention conprising
a i nner fwotwlomeswecore coated with, in series, a 5 pol poErCA2809800118n
intermedi ate layer, a sulfur layer and an outer, water-insoluble |ayer such
as 43N-1.8PU-0.3W3.8S-0.5W (Exanple 3) or 43N 2. 8PU-0.3W 2. 2S-0. 5W

( Exanpl ewHAEAISICUAIVEDB IS | ar or slower fertilizer release rate (19. 5%\

rel ease or 13. 3%\ rel ease over 7 days, before inpact test, or 42.2% and

R AR TN AT R

a per 1ocdﬁﬁioﬁﬁd tiRARkScoa’d With! Bl sei&revéding/ fréia Yife ddRS GHtwart] raalmﬁnérq?er a@r 48%N
rel ease after rTFact test) 50072] The costs associated with production of
P

t he f er tinfermediat %@u@ltdsa]&}’%o eeaeriplfiuty cal cul ating the cost to produce
the controlled release fertilizer, including the cost of each conponent,

and py 0dyGthi @ntARN FIRROEHING GIRES 11 RhdBN ARG Bluble 1R Aetkehtis @RI €ssed per
unit nitrogen within the fertilizer product, to obtain a cost index. As

i ndi cated in Table 1, 43 N 151. 8PU-0.3W3.8S-0.5W (Exanpl e 3) has a cost
i ndex of 3-§hg gonteab sbesefertilizerofslainds whergiathegrolynger dayer ig 2 thanaosst P@Vmarrt

pr oduct %% N-5S- 2. 8PU- 0. 5W (Exanpl e 1), or a cost index of 9.43 for

43N-2. 8PP0 3W 2. 25- 0. 5W Exanple 4. [0073] Al citations are hereby
incorporated by reference. [0074] The present invention has been descri bed
wi t h reghrldercontmheclense feoilizeeofisbain tenmprisisg Moweewatel-insqlpble layer- appar ent t o
persons skilled in the art that a nunber of variations and nodifications

can be r?rs%e%ﬂttbggél ?@Qgﬁ%%ﬂg_rj% %Vgﬁgﬁ(fﬁeq teRhedidI€ 1B RHHAR a%m?@ﬁénped in

the cl ai 00110 WHAT ITST"CLAIMVED | S:

cont kol | sstected fiwastbe goup icdnsisting chmpos iat didrs lungant, g surfactant or @canibination
vvater-sohubl pl ant nutrient conpound, the core coated with, in series

pr oceedi omthe core outward, a polyner layer, an internediate |ayer,
and a Iayer of elenmental sulfur. 52. The control release fertilizer of

cl ai m 1, 6.vithe cetrol tddeasovieitilizesd cladhel, pharsin tdintermediate Blyerrﬁdihe oditer,Magere ont r ol

rel ease fertiljzer of claim erein the p er t her noset

pol ymer iPsgiule 133’?( arerhe SRty ‘éfferfﬂ?éi SEMPRIGA ‘l"?%’@?e“éfe Aclqt%i’u ‘!fﬁ“i%@ﬁ‘im sing an
outer, V‘@in@irsﬁﬂg*mmvhw ﬁl&lﬁ)ﬁ@ﬁbncantSa suHaBaROfHd RmbiRtiefereber tilizer of claim
1, V\/ner ein the intermedi ate | ayer conprises a conponent 10sel ected fromthe

ggﬁgf}, ;1(-_) 7n g[:ﬂil% {c;qxgg@gtfon%f\gﬁi(m 1 awhe(zlelln theawe{tert;ollugl% T)Eant r?utggr{t fc?t%%;c?u%&i is f%m about
37% N to about 44% N on a weight basis, the polymer layer is from about 1.2% to 3.0% on a
weight basis, the intermediate layer is from about 0.1% to about 0.8% on a weight basis, the layer
of elemental sulfur is from about 1.7% to 15% on a weight basis and the outer, water-insoluble

layer is from about 0.1% to about 0.8% on a weight basis.
20 8. A method of producing a controlled release fertilizer composition comprising,

1) coating a plant nutrient compound with two or more than two precursor compounds

reactive to form a polymer,

ii) applying a intermediate layer onto the polymer, and

iii) spraying molten sulfur onto the intermediate layer to form a sulfur layer.
25

9. The process of claim 8, wherein the plant nutrient compound is urea.
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6. The control release fertilizer of claim4, wherein the internediate
| ayer and the outer, water-insoluble |layer are the sane or different, and
conpri se wocompos®at sel ected fromthe group consi sti ngrafi/azemoooan oil, a
| ubricant, a surfactant, or a conbination thereof. 15 7. The conposition of
claim1l1, wherein the water soluble plant nutrient conpound is from about
37% N to about 44% N on a wei ght basis, the polyner |ayer is from about
1.2% t o B).0Y%e process\oetlgini 8, bertcin aftdh ehel stepeif sfayiag @oltaysatfut, an butenywateout 0. 1%
to about. 0.8% on a wei,%ht basis, the layer of elenmental sulfur is from
about 1. moglpkie lyeniyapnlicdaysy cylfeslayesng t he outer, water-insol ubl e | ayer is
fromabout 0.1%to about 0.8% on a weight basis. 208. A nethod of producing
a controlled release fertilizer conposition conprising, i) coating a plant
nut r i ent 1k dhiponkiibdmaftchairm Wpwhereinmhiespol yman is ashenproset poborter, aodreustepof cemimii ve t o
forma ppgl r, ..ii) applying a internediate | ayer onto the pol r, and
1) pr s PG st horBRon T 56 OF RBre G RERCateE Sompands dSaePe{PAomhP  ur
| ayers \Zl%lﬁner-li-@@taﬂéﬂ%&&tﬁre@hffféheﬁt!@tﬁam%b@f&'p@l  plant nutrient conpound is
ur ea. 2010/ 006406PCT/ CA2009/ 000110 10. The process of claim@8, wherein
after the step of spraying nolten sulfur, an outer, water-insoluble |ayer
i s appl i Bd Hieanethogdofeln §y wheggia the two pg motg {Ban@orserusior e9mRownds G Aer ei n t he
pol ymerd{,(ﬁ ’?rf}&%‘ié‘&hﬁ% Oggi'ymar, and the step of coating the plant nutrient
t e

conpound w two or than two precursor conpounds reactive to forma 5

polynmer is at a tenperature sufficient to thernoset the gol ymer. 12. The
met hod of3. cTheinie®ss afjsltaina B nwhereintheonigrmediatelayeranselagted fioarilie SOUP coMBFYOAds ar e

a pol yi soeYanat o ufidifl ¥ Aesociator JUSREAERGRAE Cl ai m 8, wherein the

i nternedia ayer’ i s se om group consi sting of a wax, an oil,
a lubricant, a surfactant, or a conbination thereof. 1014. The process of

cl ai 1 1014.\iFterpeoaess dfelamtl 8y whensio thely ater izsplubleilayes is|sele¢tedifrbmdim grbvep gr oup
consisting of awax, an .oil.. a lubricant, a surfactanpt r a conbi nation
Uher eof . s Singr d3fas, Blaib autrioae & wrtans e omburdiag Beteahl upi & pl ant
nutrient conmpound is from about 37% N to about 44% N on a wei ght basis, the
pol ymer 15 The proced ofitlaiin @ %leeeiBthd Yacen scluble pight nurdenit sompolned isrfroed abealt at e

| ayer is_fr apout 0.1%to about. 0,8% on a weight basis, e | ayer. of

15mat tur317% R AR BATN o8 o ors B bsisos B evts fgmavpuch e 0w ey

vat er - i NsRlsUtik eatéraéBiatel 18yel [sTORRAME 0.93, 3 aBRit 889%0n PwdFhiPasia tNElaghor basi s.
15 sulfur is from about 1.7% to 15.0% on a weight basis and the outer, water-insoluble layer is from

about 0.1% to about 0.8% on a weight basis.
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