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noval ac resins and other simlar coatings. Mre particularly it
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resi n-coated sands which cure with mnimal odor. 15 Background of the
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The Shell Process (also known as the Croning or C Process) is used to
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i nproved by pre-coating the sand with the required ingredients (resin
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desi rz%d t&’é?%% gé[:clxj'éteaﬁ%p ﬁixe war; however, the process was discovered by allied investigators

who placed the process in the public domain as war booty which then provided the foundry
industry with a revolutionary process.

The Shell Process (also known as the Croning or C Process) is used to produce
hollow light weight molds and cores for pipe hubs, cores, crank shafts, intake manifolds for

25  engines, etc. In fact, more foundries utilize the shell process, to produce resin sand cores
and molds, than any other process. The process is extensively applied worldwide.

The original Croning process blended raw sand with powdered phenolic resin and
powdered hexamethylenetetramine (a curing agent or hardener) "hexa" which was gravity
fed into a preheated pattern. The heat melted the resin and hardener to fuse the sand within

30 the pattern (or mold). After a suitable thickness of sand was obtained, the inactivated sand
was dumped from the pattern, leaving the hollow core sand mold. As time went by,l the
process was improved by pre-coating the sand with the required-ingredients (resin —

hardener — wax — fillers — etc.) at a sand facility. The "foundry sand" is then sold as a free-
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Several instances of a curing agent chosen to reduce emissions of ammonia appear
in the prior art. Gardziella et al. disclosed a "Novel Heat-hardenable Binders Phenol-
formaldehyde + HMT + Acid" in U.S. Patent 4,942,217. Gardziella still used hexa as their
curing agent but stated that the resin compounds and binders helped reduce emissions. An

30 example of the composition used for "hot bake" (shell or Croning) casting sands was given.

Geoffrey et al., in U.S. Patent 5,189,079, disclose a "Low Free Formaldehyde



Wai tkus et al. disclosed a "Polymer Conposition for Curing Noval ac
Resins"” in U S. Patent 6,569,918 al so recogni zing the need to reduce
ammoni a em ssions. Waitkus at al., |ike Johnson at al., also disclose
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di scl ose the 15addition of their curing agent as a liquid - a
suspension in nethanol - well after the sand is coated with the
noval ac resin (as a strict |aboratory experinent). It should be
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that the Waitkus compound includes odor producing ingredients which include ammonia

-

which is liberated upon curing.
Thus, there remains the need for resin-coated casting sand, or, in general, resin
20  coated industrial aggregates, that reduces or eliminates offensive odors while keeping the

required free flowing characteristic until the resin is activated in the mold.

Summary of the Invention
The invention consists of the addition of two additional compounds to almost any

25  standard resin-coated sand manufacturing process: a buffering solution that reacts with the
free ammonia to form an ammonium salt and a masking agent that covers up the minor
remaining ammonia, phenols and other reaction byproducts. The two additional
components are preferably added in 50:50 proportions to each other and in direct proportion
to the quantity of Hexa that appears in the standard encapsulation formulation. Thus, the

30  innovative process and compound produces a coated aggregate that is easy to use, that is

friendly to the environment and user, and that retains the expected qualities of resin coated



The inventors are enpl oyees of a conpany that offers, anong ot her
coated aggregates, a | ow hexa coated aggregate that utilizes a

noval ac resin, plus a liquid resole with the addition of roughly

one- hal f tWe2M3i#a91 anount of hexa (plus additives). | RCT/AS007/949843| ow
hexa product conprises a 2-stage Noval ac systemin conbination with
the single 15stage "liquid resole" systemup to 30% (70% novol ac/ 30%
resole), but the past art has not been able to gain adequate
crosslink density/or tensile strength without the addition of 6- 10%
hexa based on resin content. The | ow hexa product, still using hexa,
wor ks well, but still produces a rel atdively strong odor - nmainly
ammoni a due to the hen - when the aggregate is brought to the final
cure stagggregatéd age) . Ot her standard noval ac based 20 products i
exhi bit an even stronger odor when brought to the final cure stage. A
product formul ati on showi ng sone of the current art is shown in

col um 1 mekcramidhef ihe Hroferred EmMotimdnt i S wel | understood in the
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to H?BCt W t h .odorous gases 30and diluted and applied topically or

| ocal'Py ?8"™8"'%i nate mal odors in confined spaces and if used outdoors
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15  stage “liquid resole” system up to 30% (70% novolac/30% resole), but the past art has not

been able to gain adequate crosslink density/or tensile strength without the addition of 6-
10% hexa based on resin content. The low hexa product, still using hexa, works well, but
still produces a relatively strong odor — mainly ammonia due to the hexa — when the
aggregate is brought to the final cure stage (C-stage). Other standard novalac based

20  products exhibit an even stronger odor when brought to the final cure stage. A product
formulation showing some of the current art is shown in column 1 of Table 1. For example,
it is well understood in the industry that the term hardener refers to the co-reactant or curing
agent (such as hexa) and implies the necessary added accelerant (such as salicylic acid).
Other examples would include hexa acting as the curing agent combined with a solid resole

25  (such as a phenol-formaldehyde polymer) acting as the accelerant. An example is shown in
column 2 of Table 1.

The inventors became aware of buffering solutions used for odor control in the water

and wastewater and pulp and paper mill industry (plus others) in which free ammonia is a
problem. These buffering solutions are scientifically formulated to react with odorous gases

30 and diluted and applied topically or locally to eliminate malodors in confined spaces and if

used outdoors will prevent malodors from traveling to surrounding areas. A review of the



Resin 1 0.97 0.93 Hexa 0.36 0.37 Curing Agent 0.00 0.05 Water 1.20
1.24 Accelerator 0.02 0.00 Buffer 0.001 0.0009 Mask

10

15

20

25

WO 2007/136501 PCT/US2007/009943

-5—

literature showed that such buffer solutions had not been tried in sand coating industry

(industrial coated aggregates), probably because the effects on the final product were

unknown.
With Cure
Standard Agent

Sand ’ 97.36 97.36
Resin 1 0.97 0.93
Hexa 0.36 0.37
Curing
Agent 0.00 0.05
Water 1.20 1.24
Accelerator 0.02 0.00
Buffer 0.001 0.0009
Mask 0.001 0.0009
Wax 0.024 0.024

99.94 99.96

Table 1

Essentially the buffering solution operates under the following chemical equation:

NH3 + H'A = NH4 A
Ammonia Base Buffer Solution Ammonium Salt
: No Odor

Base Acid Sal

These buffering solutions are generally diluted with water and sprayed in the
odorous area as an atomized mist. In water treatment or in the pulp and paper industry, this
type of equipment presents no problem. However the in foundry business the additional

equipment would be impractical: what was needed was to incorporate the buffer as part of

_the encapsulation process.

The inventors then experimented with various resin-coated aggregates and
associated manufacturing processes. They found that a buffer solution could become a part
of the encapsulation process, if the buffer solution were added immediately after the quench
water stage of manufacture. They then took samples of the resin-coated sand and drove the
samples to the cured ("C") stage, noting that 'eureka’ the ammonia odor was almost
completely eliminated. Further testing showed that the quality of the resin-coated sand was
not affected. That is to say the melt temperature and tensile strength of the buffered product

was comparable to non-buffered products.
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buffering solution operates under the follow ng chem cal equation:
NH3f r A. =>NH4+A- 10Ammoni a BaseBuffer Sol uti onAmmoni um Salt No Cdor
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equi pnent woul d be inpractical: what was needed was to incorporate
the buffer as part of the encapsul ation process. The inventors then
experinmented wth various resin-coated-aggregates and 20 associ at ed
manuf acturing processes. They found that a buffer solution could
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compar ablp?'es%r?ceno egtugnﬁ%oqs qg g%lgxim that some of the free ammonia is converted to
free nitrogen (known as ammoniacal nitrogen) when metals are poured into molds made

from these coated cured aggregates as shown in the equations below:

10 N4CeH;> + heat and moisture => 4NH; + 6CH,0O
hexa frommold entrained ammonia formaldehyde

CH;O + OH => crosslinked resin + moisture (water)
formal- unlinked locks the aggregate
15 -denhyde  resin into required shape

2NH; + heat + 30, => 6H,0 + Ns.
from metal air moisture ammoniacal
casting entrained nitrogen

20
The free nitrogen will pass from the mold into the casting that the mold is set to produce.
This free nitrogen can result in a bad casting. Thus, a reduction of ammonia released during
the curing process will result in a reduction of free nitrogen that is released during the
casting process thereby improving the final cast product.

25 The inventors found that there were still some residual odors due to some residual
ammonia and other by-products such as phenol and formaldehyde. They determined that a
masking agent might well remove all traces (actually mask with a pleasant odor) these
remaining malodors. A literature search resulted in a suitable agent; however,
experimentation was required to determine when the agent should be added and to see if the

30  quality of the resin-coated product was affected by the masking agent. The preferred
masking agent is sold as a dry power and can be added with the resin; it can be mixed with
water and added after the quench phase with the buffering solution; or it may be added as a
powder during the drying stage. Tests determined that the masking agent performed well
and that the final quality of the resin-coated sand remained unaffected.

35 The inventors determined that a product sold by Odor Management, Inc, of



WD 2007/ 136501PCT/ US2007/ 009943 - 6 - Furthernore, it was
noted in subsequent testing that casting problens due to ammoni acal
nitrogen were reduced or elimnated. The reasons for this reduction
are strai ghPPUYMROSH i n retrospect. As expl ai ned above, PETES24/PRIM3a
is produced when the coated aggregate is taken to the "C' stage. The
free ammonia is part of the curing process 5 in that the hexa within
the encapsul ated sand is split into ammoni a and formal dehyde in the
presence of heat and noisture. It is known that sonme of the free
amonia is converted to free nitrogen (known as ammoni acal nitrogen)
when netals are poured into nolds nadé-fromthese coated cured
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preferred 50:50 mix to make up the formulation. It was found that the mix could be

adjusted favoring the buffer solution (i.e., more buffer than masking agent) and vice-versa.

Table 1 shows the range of the constituents of the formulation that result in the NO odor
20  composition of matter of the instant invention.

Thus, the inventors have discovered a new and useful process for the manufacture of
a low ammonia emission novalac resin coated industrial aggregate and have further
discovered a new composition of matter that reduces any ammonia produced by their novel
process to an absolute minimum. Further the instant invention will mask any malodors

25  produced by phenols and the like which appear in novalac system resins.

Thus, it is apparent that there has been provided a composition of matter that
comprises a standard formulation for resin-coated sand plus the further ingredients of an
ammonia buffering compound and a masking agent added in direct proportion to the
quantity of hexa appearing in the standard formulation. There has also been provided a

30 method of manufacture for non-odorous novalac resin-coated sand comprising the addition

of a masking agent with the resin, the addition of standard additives, quenching, the addition



WD 2007/ 136501PCT/ US2007/ 009943 - 7 - Barrington, Illinois under the
brand nanme ECOSORB - 303SG was a suitable buffering agent. ECOSORB i s
an oil based (botanical) product supposedly in which the ingredients
are inportA2N¥admSNustral i a. Essentially ECOSORB i s baf€dUSHOGPYeIi ¢
hydr ocar bon plant extract. 5The inventors determ ned that a product

di stributed by Univar USA, Inc, of Kirkland, Washi ngton under the
brand nanme VAN LLIN was a suitable maski ng agent. The affects of

VANI LLIN are not conpletely understood, although it perforns as a
maski ng agent for remaining residual odors such as phenol,

f or mal dehyde, and amoni a. VAN LLIN i-$8 -

4- Hydr ox- 3- Met hoxybenzal dehyde; 3- Met hoxy- 4- Hydr oxbenzal dehyde.
10Thus, fblfie buffernd salstioti ahd custiredd nhdlingtolentdpsulaeahaedandn Irathd aRerimite, Ng

agent could be included i.n the fornulation of resin-coated sand

st t§ ndhhRs BP0 it RebPe R Plr SR B RSP G o RELing
The pr ef ebimpesigy st ddditionfof besird, ee siditishi ofntaadatd addikivasgquegeliihg, the addits@
n a 50: 90 kAt o and At ke added by dh LerlRRODONLERD L & LGk . o
quant i t y °bf PHEFANE ISR SHBEERABTT SPRECL LRI SPTHIPELT ikl the
i S defer ramedViryatioaborthe ordgr efkqidingthe vaidus inglt&liandinshaiplsancineentivalare
formul ati oa btal gnc%n withia the sFinQ%lf A, S 15:i1 es of product- test runs was
conduct ed £ H8E & nél}ﬁe rgnge of° 'Phé preferred 50:50 m x to nake
up the fornmul avhibethid ibvesdion hesibretnidestribed evithispectiindnobddémertp gt #drequired
favoring the buffer.sqglution (i.ge, re buffer than. masking agent
and vi oo el mafigs P Bta, i EonoulBc b B b PR SOPeE T dons
f or mul at iand vati@ions @suld bd apptiest tithaeckill2d irctheapo & lighyf dfe forgomg of

the ipstant invention. Thus. .t invent ors_hawve_ di scovered
new Afld GERFIRIOR B patioujag fhe s kdh 1o dfternlit oo b clicatre M taention
noval ac reesonlicgiptied intagkiestto irmludegdjregatians am eet hierttewithintthespidi sdcvaread
a new conposi ti . matter that reduces any amoni a produced by
their no&@?“’ﬁg@%&g&ngan absolute m ninum Further the instant
invention will mask any mal odors 25 produced by phenols and the |ike
whi ch appear in noval ac system resins. Thus, it is apparent
that there has been provided a conposition of matter that conprises a
standard fornulation for resin-coated sand plus the further

i ngredi ents of an ammoni a buffering conpound and a nmaski ng agent
added in direct proportion to the quantity of hexa appearing in the
standard fornul ati on. There has al so-been provided a 30 net hod of
manuf act ure for non-odorous noval ac resin-coated sand conprising the
addition of a masking agent with the resin, the addition of standard
addi tives, quenching, the addition WD 2007/136501PCT/ 1552007/ 009943
- 8 - of a buffering solution and continued mulling to encapsul ate
the sand. In the alternative,



there has al so been provided a nmethod manufacture for non-odorous
resin-coated sand conprising the addition of resin, the addition of
standard additives, quenching, the addition of a buffering solution
and maski ng agent solution and continued nmulling to encapsul ate the
5sand. Variations in the order of addinhg the various ingredients in
the instant invention are understood to fall within the spirit of the
i nventi op VWhile this invention has been described with
specific engbdlnents and its required alternate nethods of

manuf act ur e, |t shoul d be evident that many alternatives,

nodi fi cationsland vari Atdinofies ﬂmngifos@drap@émottf@rnrm@gmdlm@éﬁ fopuse
the art I t he

St eps. t alin S b A S b RBnPbr
Accordi ngly, satdpastidlest ended to include all variations as set forth
within the sp :

LA dry 1 oe Prib g P AR Bkl CuRRRRRAE ta il Bhatng hotis A Ry of
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consi st i pedesioe of thakdngd nefldsaamdi xt ure of a novol ac resin and a hardener
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capabl e of rea w th and.ther I n . the.free amoni.

|'i ber at eGmWﬂE’ﬁﬁ?“ﬂn e FHRRPEPD BRIGS c‘%?‘%/sﬁﬁfgﬁgl?ﬁ CORME &8 T3 l%dqﬁ‘??ur% sand
t enper at ga€icled.he arrunoni a buffering conpound bei ng deposited on the
resin coati ngs on the individual sand particles. 2. The dry

f fl ow d d dyct. cl

Coating 1's appited to Ty R 5ing oraR iR R @y Dyl B oy
sand par toatingds whplibd tchéhenndividua safd paptiles laznﬁ) hxaxxdgni@rsanc( gamei@mwmg the
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resin an dener¥an
f or med t oeavtierdef hi}e reriroahddies Hahdenatrayd (3) eentifvhiogiorgix fhpumietuye ss»efmeé tfotlmehy

and furth r

the rosi rotai il Bl b Ho BEWREY Bia pRUbTE FRRL Pherid peGRATRI A Ghe
but bef orcemmxe@ 1s( ®&podited oo itpl rsimdoatings of Be mﬁtveiUdIr spnd paticled afisi pigp (2) but
foundry aim2, wherein the amoni a buffering
conpound%lgfss%dgp%ggﬁq&o letg he resi n coatings of the individual sand
particles in the form of a buffering solution. 4. The dry free

flow ng foundBy sand prRfust fref ﬂewla'grm&mymaqirasuubmef elgirD i, awherein the

buffering co und. conS|st sentially of an.or . ho
pl'ant  ex@FaERs PoHrinEg PRt geeprist oF VP RO el et e
cl ai m 4, inherenvst beramgestigonbuf f eri ng conpound consi sts of an
organi ¢ plant extract. 6. The foundry sand of claimb5, further
conprising a rfaski ng a@‘hmﬁry free ﬂEW1n7gHiauzquumhdyprecthOf)ﬂaim ad, nwhgrein the
wherein the ma ent free
f1 owi ng IO jnugfg r%x& ooy dl&’lg fons %Q‘, eremr!aHX of W]jbq%amc hygxi%)car§dn ﬂ?}?ex(iixra&

buf feri ng conpound conS|sts essentially of an organic hydrocarbon
plant extract.s The dry free flowing foundry sand product of claim 4, wherein the
ammonia buffering compound consists of an organic plant extract.

6. The foundry sand of claim 5, further comprising a masking agent.

7. The foundry sand of claim 6, wherein the masking agent is vanillin.



9. The dry free flow ng foundry sand product of claima8, wherein the
ammoni a buffering conmpound consists of an organic plant extract.

10. The foundry sand of claim9, further conprising a nmasking agent.
11. The foundry sand of claim9, whergin the masking agent is

vani | lin. 12. A dry free flowing foundry sand product for
produci ng sand nolds for use in the Shell netal casting process, the
dry foundry sand product consisting essentially of sand particles and
a resin coating on the iy irddl @owma urday bdn | pesiuctt dFecIi@S 1N whedini e
consistin% essentjall i

of a m xture of a_ novola esi.n d a hardener
for the n -W@P%zeb\ff&%%/mtpﬁ@dwaw&ﬁéﬁmwv ﬁ&n@a%aﬁh&ww g@?*&ffraﬁb free

ammoni a when the foundry sand is heated to curing t erat,ure during
producti on of phe sand I‘%é%ee %meﬁlnfg nsatnﬁém(’f%} gr%%mf I bv‘\‘n’%ﬁrﬁm ©
foundry samohopin baftecihg fampbirelrconsintd af desrganic damtrewtiaet. buf f er i ng conpound
capable of reacting with and thereby capturing the free amoni a

| i ber at ed wherOt he har déwn&undmidand of ¢lrig: rer gereprisiog & a@sking agenti ng
tenperature, the amoni a buffering conpound consisting essentially of
a hydrocarbon 1q9r gani ¢ pinfun@¥kimact gl 0owELEosk nedi@hgéiR vEeSihn
coatings on the individual sand particles. 13. A dry free flow ng
foundry sand gdeoduct f ok dprieedeving fonadrg samd lpoheudt ot pregecingsatdyeolEhfet dse
metal casti r.pces t he dr oun sand duct consi St i

cosont | ar 1Y BFREERER R EraksY, bW HohaR Rl BRAGY SinsSRRANAY of sana

i ndi vi dualparsielad aygian tresil esfing e thee Sidividvalatand garticles it Fesig @stEgntonsifting
of a m xt "égsgnt%ﬁ 8r Q%Y}%g%f 5%§¢oﬁc.rgsim§{ddaeﬁ§§engr%r ﬁl@ GovbPE AL tHeSRtdiner

t he hardener beYng capable 0o i'berating free ammoni a when the
foundry séa&nids rapatieeflibgrating Tagreinmynie evipetha fasndry dandiinlepaied troueeg ignpPBUEhe
sand ol dg; 0 AR QRRE sliaRgRr d additives, and one or nore
odor contrgT iI'ngredi ents for reduci ng the generation of unpl easant
odors from t hewhesime frydien ovine frupdry papd peodpgs furthertineludenss) anmionig bufirivg,

the one orofRduRd le 6OREAL with S eEiB} Sap h& Bk RS S LM ctabth Mhe® the
(a) an amoni a buffering conpound which 1s de e resin

g gosi ted on tr?
coatings GAENFE 2 QFiDs aEFal are Bratpd Jo FEE ltReperality tepAmmaapa e e00 e
nas kihng agemsgﬂ@ :eﬁ&tiagy onel }gd@dl arbdd Grparfle prsH mﬁctm;iﬂgh?pmsc} :@n abBatdsings
on the indivjdual sand particles. 14. The dry free flow ng
f oundry séﬂﬁ‘“ﬁsr%ﬁﬁ?:‘f‘d%‘flgaiF”&flmé?s'wher ein the resin coating is

applied to theai ndividugl r il 1 X1

particles w tﬁBt' he m xt%rdgsﬁge? %? gféigE&u&%@%@*ﬁ%ﬁrf@%dﬁﬁ&g%%ﬁ%%&ﬁgfor use
quenchi ng imee Shelkmetdl hesting proegeseths dryffomdudandpratuegonsksting eseratiallyef of t he
resin and the phasdenst, and (3) continuing to mx the mxture so
formed to thereby pr o_cihce the dry free flow ng foundry sand product
and further wheresinogting ombamdivitupl seadeperticys oSt RIS CoREHHE Fisarialbnof
the resin CARLNES Avolab Sesin 6 indashda bor SRNEvRIAL fekin) 88 hatlidney bedigeRpdble) of
but before step (3) is corrpfeted 15. The dry free flow ng

foundry sgand. Pk ORACEmQbni& valeM thét foldBET §inB i NRRETD muﬁrééj lt'éngﬁfahﬁé? during
conpound is deposited on the resin coatings of the individual sand

parti cl esPiofuctiproftet stndimolds. gt arpaah gandordiaffiyes, and - 16, The dry free
f1owi ng foundrope SRMbrdbRA é6rtroP ingfddfh Sred WY 18é BerleRiBio BIRpldsant odors

buf fering congound consists _essentjally of an or%anl ¢ hydrocar bon
¥

pl ant ext frg@¢the foundry sapd whep & iy fagmed ipto § mglfi e cyed; s GreLs MPTSHRA9H eRITObf

cl ai m 16, ingWARAE bohsistig sadermumly af buf f eri ng conpound consists of an
organi c plant extract,. . 18. Tge f,oundré s.aHd of claiml7,
further cé‘ipr i 22 Hymopituilering cqpepind which is depositef one e ATy CadREs op the

claim 18, wherigdifidtdneanaBakitiegar@gent is vanillin. 20. The dry
free flow,ng foundry sand product of cl ai 3, er.ei.n the ammni a
buf Fer i ng B omBaReRber Srdingeushy s FyRbediy s iRike Sn i Fol PR BR on
pl ant extract .the individddl sanlilperticieyy free fl owi ng foundry sand product of




22. The foundry sand of claim 21, further conprising a nmasking agent.
23. The foundry sand of claim 22, wherein the masking agent is
vanil lin. 24. The foundry sand of claim 13, wherein the dry
free flowi ng foundry sand product faoryqproducing sand nolds for use in
the Shell netal casting process, the dry foundry sand product
consi sting of gand panicl.e r.esin.coatin n.the_ individual . sand
particl es, an%:léﬁone or nllr%Pré%gag?wn&goflﬁ‘fnrdglSaridr?éo(r%‘écgf’%ctrllatuél,1é’é”ncefelf’%1r§tr Ter
wher ei n t bratingnie appliedriyrthe Bdividuat eantl petticlpsniyr @dingingshecond pastidlen (yitbfthe( a)  an
amoni a_byfhes iMeinCoiReMAE, WiiGhe fSnd@BP A8kl 16 the Axthb & £BRH B LRl NYS
on the individual sand Rlal’tl cles, and ,b% an tggt onal _odor masking

1HR HhEe

, d
agent whi EACIPROLhearstipadithe prdsper gul{doprtin pargso frned i BEen 1 he

i ndi vi duabrog&anthe pgrftct bveisg foundry sand product, and further wherein the ammonia buffering

compound is deposited on the resin coatings of the individual sand particles after step (2) but

before step (3) is completed

15. The dry free flowing foundry sand product of claim 14, wherein the
ammonia buffering compound is deposited on the resin coatings of the individual sand particles

in the form of a buffering solution.

16. : The dry free flowing foundry sand product of claim 15, wherein the
ammonia buffering compound consists essentially of an organic hydrocarbon plant extract.

17. The dry free flowing foundry sand product of claim 16, wherein the
ammonia buffering compound consists of an organic plant extract.

18. The foundry sand of claim 17, further comprising a masking agent.

19. The foundry sand of claim 18, wherein the masking agent is vaniilin.

20. The dry free flowing foundry sand product of claim 13, wherein the

ammonia buffering compound consists essentially of an organic hydrocarbon plant extract.

21. The dry free flowing foundry sand product of claim 20, wherein the

ammonia buffering compound consists of an organic plant extract.

22. The foundry sand of claim 21, further comprising a masking agent.

23. The foundry sand of claim 22, wherein the masking agent is vanillin.

24. ' The foundry sand of claim 13, wherein the dry free flowing foundry sand
product for producing sand molds for use in the Shell metal casting process, the dry foundry sand
product consisting of

sand particles,

a resin coating on the individual sand particles, and

one or more odor control ingredients,
and further wherein the one or more odor control ingredients consisting of
(a) an ammonia buffering compound which is deposited on the resin coatings on the

individual sand particles, and
(b)  an optional odor masking ag‘ent which is included in or deposited on the resin coatings on

the individual sand particles.



