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15 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT The
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calciumsalt of one or nore copolyners of a selected class thereof,
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the second fertilizer product, or vice versa. Generally speaking, however, the first ammoniacal
fertilizer product is usually present in an amount of from about 30-200 1bs. Nacre, and more
preferably from about 50-150 Ibs. N/acre. The second phosphorous fertilizer product is usually
present in a lesser amount as compared with the first ammioniacal fertilizer product and generally
from about 10-80 Ibs. P205/acre, more preferably from about 20-50 1bs. P205/acre.

The first fertilizer product includes an ammoniacal fertilizer. Any one of the number of
such fertilizers may be used in this context. Exemplary ammoniacal feftilizel's include
ammoniacal nitrogen-containing fertilizer, such as those selected from the group consisting of
ammonia, ammonium nitrate, ammonium sulfate, urea, monoammonium phosphate,
diammonium phosphate, sodium nitrate, calcium nitrate, potassium nitrate, nitrate of soda, urea
formaldehyde, methyl ammonium phosphate, ammoniated super phosphate, and mixtures thereof.
The fertilizer is preferably in solid or liquid form, with the most preferred fertilizer being
granular urea,

The copolymer fraction of the first fertilizer product comprises a partial calcium salt of
one ormore members of a class of copolymers including recurring polymeric subunits each made
up of'at least two different moieties individually'and respectively taken from the group consisting
of A, B, and C moieties, or recurring C moieties, and C moieties which are not diffetéxit, wherein

moiety A is of the general formula
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ORI 0O 25 or wherein R, R2 and R areindividually and
‘respectively selected fromthe gr oup consi stl ng of H, Cl1- C30
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straight, branched chain and cyclic alkyl or aryl Cl-C30 based ester
groups (formate (C9), acetate (Cl), propionate (C2), butyrate (C3),
etc. up to Cm, WCO2 groups, and OR groups, wherein R is seleGed
from 5 the group consisting of 01-C30 straight, branched chain and
cyclic alkyl or aryl groups; R3 and R4-sare individually and
respectively selected fromthe go up consisting of H C-C30.
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conveni entéﬁ1 appl ied by spraying or dipping. Were liquid fertilizers
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apply the fertilizer and polyner materials to a field either
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where X is a cation and p ranges from about 10-500. A’c least some of the X substituents are
calciun_x,‘ whereas others may be different metal cations (é.g., alkali and alkaline earth metal

‘ cations), and some are H. Thus, the copolymers exist as a partial salt or cdmplex. ‘
20 The first fertilizer product may be formed by any convenient means of mixing of the
fertilizer and polymer fractions. Forexample, in the case of solid fertilizers, the polymer is most
conveniently applied by spraying or dipping. Where liquid fertilizers are used, the copolymer

is usually mixed into the liquid with appropriate stirring, However; it is also possible to
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salt copolymer. An untreated check plot was also included. The
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following table sets forth e results of this ex?erlmant ere | bs.
N Acre ref€ oF gy readirisn v fkﬁﬁdft@éfféamarsalﬁ GPRePyIF-e Addifipral TRYIARHY

+ NSN i5ef &E@ﬁudb@aﬁjﬁﬂ&tioﬁ@I’}@mb @00 3RS A e sTBiY o (b AQY tedatel i chWlEeAArtial R%ium
P205/ Acr e S ferf é’%@\? i ctaél on olf unt eatc—r\ AP, and | bs. 10 ’
P205/ Acr e 5% ORI nrepigd EhSSK PIRLYTSGrodte | L- suppl enent ed DAP.
Tabl e 1 Tr eat fendxperihsy whl Andectairid A0dred BHh arR20:b6Tisked eand dRlothéysass Aar e
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P20 5 / Acr e and broadcast. Nitrogen and phosphorous fertilizer applications were made separately on March
20 20. The plots were harvested on' May 18. Subsamples of.the forage material were taken from
each plot at harvest, weighed, dried, and then weighed again to determine forage dry weight.
Yields are reported in Ibs./acre on a dry weight basis. Soil test results from the experimental area

were pH 6.8, organic matter 2.8%, Bray-1 P 18ppm, and exchangeable K 290ppm.
The urea + copolymer material was prepared by spraying liquid copolymer at a level of
25  0.25% by volume onto granular urea (‘/z gallon liquid copolymer per ton of urea) in order to
achieve subst’antial homogeneity. The polymer was éommercially available NUTRISPHERE-N®
for urea (NSN) commerciaﬁzé& by Specialty Fertilizer Products of Belton, MQ, This polymer
is a 40% by weight solids aqueous copolymer of substantially equimolar amounts of itaconic and
i11aleic anhydride moieties partially neutralized with calcium ion (CAS# 877469-38-0) and

30 having a pH of 2.5-5. |



3445 E 60Lbs. N Acre + NSN and 30 | bs. P205/Acre 6346 C 120 | bs.

N Acre + NSN and 30 | bs. P205/Acre 5342 D 60 | bs. N Acre and 30 Ibs.
P205/ Acre WOR2/111B3891 B 120 | bs. N Acre and 30 | bs. P285/US206/034616

AVAI L 6356 C 60 | bs. N Acre + NSN and 30 | bs. P205/Acre + AVAIL 7187
AB 120 | bs. N Acre + NSN and 30 | bs. P205/Acre + AVAIL 7306 A O | bs.
N Acre and 30 | bs. P205/Acre + AVAIL 2096 F LSD (0.05) 313 CV % 16
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The DAP + copolymer was similarly prepared by sbraying liquid copolymer at a level
0.25% by volume onto granular DAP (¥ gallon liquid copolymer per ton of DAP) in order to

~achieve substantial homogeneity. The polymer was commercially available AVAIL® sold by

- Specialty Fertilizer Products of Belton, MO, This polymer is a 40% by weight solids aqueous

copolymer of substantially equimolar amounts of itaconic and maleic anhydride moieties partially
neutralized with sodium ion (CAS# 556055-76-6) and having a pH of 6-8.

The following table sets forth the results of this experiment, where Ibs. N/Acre refers to
application of untreated granular urea, lbs. N/Acre + NSN refers to application -of NSN-
supplemented granular urea, lbs. P205/Acre refers to application of untreated DAP, and Ibs.

P205/Acre + AVAIL refers to application of AVAIL-supplemented DAP.

“ Table 1
Treatments Ibs. N/Acre and/or Ibs. P205/Acre | Yield Ibs./Acre Dry Weight
0 Ibs. N/Acre and Olbs. P205/Acre (Check Plot) 1982 F
60 Ibs. N/Acre and 30 Ibs. P205/Acre 2128 F
120 Ibs. N/Acre and 30 Ibs. P205/Acre | 3445 E
60.Jbs. N/Acre + NSN and 30 1bs. P205/Acre 6346 C
120 Ibs. N/Acre + NSN and 30 Ibs. P205/Acre 5342 D
60 Ibs. N/Acre and 30 Ibs. P205/Acre + AVAIL 6891 B
120 Ibs. N/Acre and 30 Ibs. P205/Acre + AVAIL 6356 C
60 Ibs. N/Acre + NSN and 30 Ibs. P205/Acre - AVAIL 7187 AB
| 120 Ibs. N/Acre + NSN and 30 Ibs. P205/Acre + AVAIL | 7306 A
0 Ibs, N/Acre and 30 Ibs. P205/Acre + AVAIL 2096 F
LSD (0.05) , 313
CV % | 3.6

Means were separated using Duncan’s Multiple Range Test. Means followed by the same

letter are not significantly different.

The greatest forage yields were achieved with the application of urea + NSN in
combination with DAP + AVAIL. The field was very responsive to N and P. The efficiencies
of both N and P were improved with the use of the NSN and AVAIL polymers.
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partial sodiumsalt co
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applic¢ation o reat oaplcatlon
O NSN- s upphgmmﬂgdvaﬂable AVAIL@ sold by Specialty Fertilizer Products of Belton, MO. This

polymer is a 40% by weight solids aqueous copolymer of substantially equimolar amounts of
itaconic and maleic anhydride moieties partially neutralized with sodium ion (CAS# 556055-76-
6) and having a pH of ‘6~8. .

30 ‘ The following table sets forth the results of this experiment, where lbs. N/Acre refers to

- application of untreated UAN ,ylbs. N/Acre + NSN refers to application of NSN-supplemexited



WO 2009/ 111182PCT/ US2009/ 034616 -10- VAN, | bs. P205/Aere refers to
application of untreated APP, and | bs. P205/Acre + AVAIl refers to
appl i cat i oWOPPOIVNSE - suppl enment ed APP. Table 2  Treat nB§iT4/Sp98/034616
N Acre and/or | bs. P205/Acre Yield bu/Aere O | bs. NN Acre and 0 | bs.
P205/ Acre (Check Plot) 148.7 F 160 | bs. N Acre and 30 | bs. P205/ Acre
227.7 E 240 I bs. N Acre and 30 | bs. P205/Acre 232.3 E 160 | bs. N Acre
and 30 | bs. P205/Acre + AVAIL 240.8 D 240 I bs. N Acre and 30 | bs.
P205/ Acre + AVAIL 243,6 CD 160 I bs. N_Agre + NSN and 30 | bs.
P205/ Acre 251.1B 240 | bs. N Acre + NSN and 30 | bs. P205/ Acre

UAN, Ibs. P205/Acre refers to application of untreated APP, and Ibs. P205/Acre + AVAIL refers

to application of AVAIL-supplemented APP.

Table 2
Treatments Ibs. N/Acre and/or Ibs. P20S/Acre Yield bu/Acre
5 0 Ths. N/Acre and 0 1bs. P205/Acre (Check Plot) 1487 F
160 1bs. N/Acre and 30 lbs. P205/Acre 2277 E
240 Ibs. N/Acre and 30 Ibs. P205/Acre 2323 E
160 Ibs. N/Acre and 30 Ibs. P205/Acre + AVAIL 240.8 D
240 lbs. N/Acre and 30 Ibs, P205/Acré + AVAIL 243.6 CD
10 160 1bs. N/Acre + NSN and 30 Ibs. P205/Acre 2511 B
240 1bs, N/Acre + NSN and 30 lbs. P205/Acre 248.7 BC
160 1bs. N/Acre + NSN and 30 Ibs. P205/Acre + AVAIL | 258.6 A
240 Ibs. N/Acre + NSN and 30 lbs. P205/Acre + AVAIL 260.5 A
LSD (0.05) 6.8
15 CV% 3.0

Means were separated using Duncan’s Multiple Range Test. Means followed by the same

letter are not significantly different.

Maximum corn yield in this experiment was achieved with UAN + NSN applied at eithe’ifg

20 160 or 240 lbs. N/Acre along with AVAIL-treated APP applied as a starter at planting. NSN-
treated UAN with APP alone gave greater yields than UAN alone with APP alone. At the 160

Ibs. N/Acre rate, the addition of the two polymers resulted in a 31 bu/Acre yield increase over

N and P applied alone. Yield benefit was maximized with the use of both the NSN and AVAIL
copolymers. This study indicates that the efficiencies of both N and P containing fertilizers can

25  be greatly improved by the addition of the copolymers.



248.7 BC 160 I bs. N Acre + NSN and 30 | bs. P205/Acre + AVAIL 258.6 A
240 I bs. N Acre + NSN and 30 | bs. 13205/ Acre -F AVAIL 260.5 A LSD
(0.05) 6.8 CV% 3.0 Means wer e ;gepar at ed using Duncan' s
Mil tipl e Range Test. Means fol |l owed by the same letter are not
significantly different. Maximumcorn yield in this experinment was

achi eved patinTONmsNSS 20 TiElc GRRESHATNDING us @ PRIc AZHN NOS13/308 Ao €
along with AVAIL-treated APP applied as a starter at planting. .
NSNt r eat edUAN wi t h APP al one gave greater yields than UAN al one with
APP al one. At the 160 |hs\ feNilider matedd] edartdiefontidilizign abp bhe two
pol ymers resulted i n eogrisirgu/ Acr e yield increase over N and P
appl i ed alone. Yield benfeftifertiliss proed iictathgeh tiimbhiecalseintr bot h the
NSN and AVAI L copol yner s seldridsfrah telygrionsltaaistss bhata ke URN i ci enci es
of both N and P cont ai ni figtilizerst dndiapertisl caRiun2&her grieedobylymspr oved by
the addition of the copokymnising mdRAd alTitaChit MEndmeks) s@id phtiall HE
CORRESPPONDI NG US APPLI CAT¢i@iN sNEXf s4id/fidd Bopayfner applied & drafikdd i zer
material adapted for fer withiszidnghnzonticaipferiiderCAer dgbng: ligid i r st
fertilizer product incl upiofg:tain iarimgaipdlalfrohestotd 1-28fangel ected from
the group consisting ofaseoed faitbet dhfcelitiuliing 8 pBospRéteusfe@r t i al
calciumsalt of a first zepeleywdfronaleirbs) esiRIZRIf Groabdmhs-aconi ¢
nononers, said partial caibehphospidtd, ddinnsdingh pliosSiates 9RDAAR! appl i ed
to or mixed with said ammiomi gdgihofpbtit] hidzehanil slnagueRWws Al i qui d
product and having a pH storfd ospolaut cohrpdisiag @fdicaakieaadddici ertili zer
product including a phosphomous sl pdrtidl Z@divge kac bedaifir RB3ddhe gr oup
consi sting of nonoammot hapulymehasfibdiotr Mika P id phpRsaiat e, and
anmoni um pol yphosphat e, #&niizer fan biv@busSidiR &l indohvids 8 ggond
copol ymer conpri sing mal @ifeonastdui 3-agoni ¢ mononers, said partial
sodi um salt of said sesdddistambbesomy feaiki Qedicn RnghrXRE: i th said
phosphorous fertilizer aynapisagUgefsive gubthtsPsedust (andobavi ng a pH
of from about 5-10, sai thafddasbuanefssie@anshdisedohd fektaREr PEREAYCE S bei ng
present in synergisticaldiye ebpetdiygeasnihah S, msdclatRaterbhe _
coordi nated anounts of saidnabler thtougln thesiee @ ¢hef @Edettiviez@EipmAaduct s gi ve
crop yields greater thanseeondeeraliagdgiotisealsidieai soht ahhakl e through
the use of the respect RVEhefferisiteranderheendlginf Blshitlph#@l caMi@duct s al one
in the same amounts. saltofsaidfirstcopolymer being mixed with said ammoniacal
fertilizer product at a level of from about 0.01-2% by volume,
based upon the total volume of the first fertilizer product -
taken as 100% by volume. |
3. The fertilizer material of claim 2, said level being about
0.1-0.5% by volume.
4. The fertilizer material of claim 1, said partial sodium salt
of'said second copolymer being mixed with said phosphorous
fertilizer product at a level of from about 0.01-2% by volume,
based upon the total volume of the second fertilizer product
taken as 100% by volume.
5. The fertilizer material of claim 4, said level being about
0.1-0.5% by volume.




2. The fertilizer material of claiml, said partial calciumsalt of
said first copolyner being mxed with said anunoniacal fertilizer
product at a |evel of from about 0.01-2% by vol unme, based upon the
total volunme of the first fertilizer ploduct taken as 100% by vol une.
3. The fertilizer material of claim2, said | evel being about
0.1-0.5% by volunme. =~ 4. The fertilizer material of claim, said
partial sodium:salt q{ ai_d .second copol ynmer being m xed with said
phosphorous fertili {??Sﬁﬁ%¥mH@mﬁﬂﬂéﬁﬁﬁnéf%ﬁkmﬁﬂaﬁéﬁﬁnﬁ.01-296by
vol ume, based upon PN&REHEPd {wnlane of the second fertilizer product
taken as 100% by vol une. 5. The fertilizer material of claim4,
said | evel being about 0.1-0.5% by vohne._ - 12 - 6. The fertilizer
material of claim1, said polyner having tRe generalized fornula ' Co
where X is a cation and p ranges from about 6500. 7. The
fertilizer material of claim BBy} wherei | least some of 'said X
substituents are netal cations, »H. 8. The fertilizer
material of claiml, said anu ilizer being a liquid or
solid fertilizer. 9. The ﬁbrt'ki r rial of claiml1, said
first and second copol yners being the saffe. ~040. The fertilizer
material of claiml, said first and second copol yners each contai ni ng

noi eties of itaconiwheeks moﬂgill@[gﬁm ! %q{gbggrwgm A met hod of

fertilizing a crop, GOPRIASIRAG nlhEaBlf P{ﬁr@, »izl}e?é%g'at%a@gffo%ee‘;teiflt: |Ziefer
1

material onto soil JrRa Wi GBsR@E £L QR $1sgzt11(aw8 2 e .
nat er| fal i ncl udi ng aST'IHeSt%rtifi%rti agdriafds Pif ust a(isl jac ?gg. an
anunoni acal fertllqgﬁ&q§§mgﬁ%ﬁ el I3 r&ﬂb CBHEét g of urea and
UAN fertilizers and g -p gggﬁzr%%igly F 'otdg first copolynmer, said
partial calcitun sa Ig'lof gséidi |ei1§’ta Sy nedid Bishindsacand o ni xed
wth said arrm)niacaf)1 %{% H%é §8%%n gueous |iquid product having a
pH O from about 1-3; ngﬁ§’ e@@@ﬁﬁ%Ofg?$¥LF%éﬁmhﬂ@dgémdconprising a
phosphorens fertil iC2Ry)BEF SEePfauhs Ristigy Hfuipcenipsridtandg of
nonoanmoni man phosﬁ%“?§+’ﬁ %?mqnlun1phosphate, and anmoni um
pol yphosphat e, and alpar®§had of futilizmgserep, efmpisBgdlersteps opel yi ner, sai d
partial sodium salt #PLdng afexdizenmatednd ohtprreil irawipith edd tropor  ni xed with
sai d phosphorous fert Wil 2ew, gdd Eerfiligqumatentd iclwjiigd pr oduct havi ng a pH
of from abott5-10, thé Fstietilizenprodect oordprisapenympichiseadh- conpri si ng
“nmaleic and itaconi ¢ non@lrer slecedifidnf the sioupendisisexpTardaand i | i zer
products bei ng present UANsfgrigizes ahd aphitiyl @idi@sshlver amaunt s, such
that the coordinated an@polymenfsakiapatiili asdinangl sgcandaiertilizer
products give crop yi el dgolymesdpptied thanmaedBHEsA0HhhbYe-ef f ect .
obt ai nabl e through t he fesgizafas tbeueaspgeitipManinksihg Apd (second
fertilizer products al dfiveniebout M8 5Safe anounts.
- a second fertilizer product comprising a phosphorous
fertilizer selected from the group consisting of
monoammoniaum phosphate, diammonium phos-
_phajce, and ammonium polyphosphate, and a partial
sodium salt of a second copolyiier, said pattial
sodium salt of said second copolymer applied to or
mixed with said phosphorous fertilizer as an aqueous
liquid product having a pH of from aboﬁ’.’&S-lO,
the first and second copolymers each comprising maleic
and itaconic monomers, -
said first and second fertilizer products being present in
synergistically effective amounts, such that the coordi-
ngted amounts of said first and second fertilizer products
give crop yields greater than a mere additive effect.
obtainable through the use.of the respective first and
second fertilizer products alone in the same amounts,




- 13 - 12. The method of claim1l, said partial calciumsalt of
said first copolynmer being mxed with said ammoni acal fertilizer
product at a |evel of from about 0.01-2% by vol unme, based upon the
total voltime of the first fertilizerlproduct taken asc, 100% by

vol une. 13. The method of claim12, said |evel being about O.1-
0.5% by volune. 1412 Thenakidedeaiaf 11Ckad fhrtlalcalah shifodkdid al  sodi um
salt of said secondrscapolyyiREbeileintkgd Witk sld wintldnseail er@ies phor ous g
fertilizer product patiu@ at £1eeél o@ifrofa DRLEROLLY% By budlh @;\éed’Q' une, base
upon the total vol upe thé totd@olise oN theffRéttfértilize proah@dikeh af- t aken as
100% by vol une. 160% Bheolnmé.hod of claim 14, said | evel being about
0.1- 0.5% by vol une.j3, ThEmehiBE ofBLiAOH2, Ahidabwi Ridd abcw@dd- pol ymer
having the general paefyfwmd.a XO where Xis a cation and p ranges
from about 10-500. 141¥he nfdifodetinme 108ai &b bokum WNGE i1 at IEast 15
some of said X subslchid@pbismBr RidgahiRtd G/l daRihos RO RF@- are | o
The nethod of clal fReddods@latla RVEDSH BERlabER0L01L1% B VaRInRg a Ilgw orcI
solid fertilizer. pasd@upohhfe 1B RAEMObr Gk 8dcBhd fertilBai Shoduct St ag f_sec?n
copol yners bei ng tt hgeSAMB0% bydBumEhe method of claim 11, sai _dlrsd
and second copol ynerg ¢a¢heGOMbALIRIN 4, RidaeEBeifd abdu@gQni ¢ acid an |
nal ei ¢ anhydride. o5&y vHiigndret hod of claim 11, said first and secon

fertilizer products fgeiRg naRRkl GFh1SHDSE, 30d Al ¥erSiatktigneousl y. 22.
Tﬁe met hod gf claiggg%ggggggmﬁ;rst and secdﬁg}fertlllzer products

being applied in serial order. 23. The nmethod of claim1l, said
first and second fertilizer products being m xed together and
appl i ed. X0 :
0
p
0X XO ox

where X is a cation and p ranges from about 10-500. _
17. The method of claim 16, wherein at least some of said
- X substituents are metal cations, and some are H.
18. The method of claim 11, said ammoniacal fertilizer
being a liquid or solid fertilizer.

19. The method of claim 11, said first and second copoly-
mers being the same.

20. The method of claim 11, said first and second copoly-

mers each containing moieties of itaconic acid and maleic
anhydride.

21. The method of claim 11, said first and second fertilizer
products being applied substantially simultaneously.

22. The method of claim 11, said first and second fertilizer
products being applied in serial order.

23. The method of claim 11, said first and second fertilizer
products being mixed together and applied.



