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WD 2007/ 136501 PCT/ US2007/ 009943 ELI M NATI ON OF ODORS
I N SHELL SAND ENCAPSULATION 5 Technical Field of the
wo nensdson 10 The present invention rel ates geper/abi097/009943
to an inproved process for coating sand, ceram c and
ot her substrates (generally industrial aggregates)
Wi th noval ac resins and other simlar coatings. Mire
particularly it relates to a conpound and net hod of
application for producing resin-coated sands which
cure wwth mnimal odor. 15 Background of the Invention
The prior ar gt Andiordisks 'n\pﬁ%LL QAﬁﬁﬁﬁpﬁfLAﬁgﬁ' n
coated sand used 1 n the Shel Process enpl oyed by the
netal casting and foundry |ndustry The shell process
was devel oped in Germany during the Second World War,
and the process was used to produce nolds for
nortars, artillery shells and other projectiles. The
Germans attenpted to keep the 20 process secret after
the war; however, the process was di scovered by allied
i nvestigators who placed the process in the public
domai n as war booty which then provided the foundry
i ndustry with a revolutionary process. The Shel

Techriogddield(oflthainyentien as the Croning or C Process) is
d
u S elq"ne pq'eﬂhp &H’&? é%llr']gé?ltg%vgéne% X\?%n grm;rlo%g ggoc%gsnfo]g %? gnng sand,

ceraimc andz Etmn substates €ganerdlly ihdestrial mggeegates)ndith eevalaé tesing and other
simn{]r%ﬁcggp r%s:,] éﬁBPe n;%‘i"(s ?\Har?y prrglg esgo aruel;ﬁrln{])%l? ¢ agxsdcrg%tzod o? application for

produci@biviedopitedzahdedhivhrduehivite mitingéal 0dogi nal  Croni ng

process bl ended raw sand wi th powdered phenolic resin
and powdered hexanethylenetetranine (a curing agent

BacRbrodad € BRI Thverif which was gravity fed into a
pr eheat ed pattern The heat nelted the resin and

harkherstorag Wilkee daseriBedia tmwfﬁe%e cpafed pand;ued i e Shell

| Proé'@gl; gx)npl(?ui %z tRe fidtdl Mgt cfm u{?lfust:?y?‘ NPLYRSell process was

obt ai n e I nactivated sand dunped fromthe
devgiap@cbmrﬁewﬂwgmgh’ee ﬁ@ﬁqnévw edd éV%raml thBIPG)CCﬁSWN nsed to produce

motde | I‘Qgﬂﬁg rEﬁtlll %ﬁ@ﬁss Bj%)ft?lgs b¥h<p b%nﬁﬁ'%;zlrt%gnﬁté%@tp keep the

sand U|re I'ents (resin -
prowax secrétiafiepthe warehcwyvqt tha psqmds Wa&:«ihlsq:qucred'ltheall'ied) investygators

wh%@%}jﬁé&% 8%8%%258! p_ﬁgllcadér{l%g aW%a; %936)%%161519 ghen 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
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
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,lthe
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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flowi ng product to foundries (or foundries produce
their own free-flowi ng product). The current state of

w0 be7asdsouses batch mxers to coat substrates PCT/US2007/009943
(mnerals, ceramcs, etc. sonetines referred to
generally as industrial aggregates) with a resin(s)
and other ingredients. That is, sand (aggregate) is
pre-wei ghed, heated to the desired tenperature and 5
transferred into a batch mxer. Resin(s) and additives
are then added sequentially,and held in the m xer
untll the material has reac%ed the reqU|red cure stage

or |ns rea into, sngller a ner.at ed

flow e Ripeu fo bandripa s, Gyuirsy Pisees B pwit Fltc AoKk o8 Bofucd
t h¢Rhe calvematht@sethk AR WBEYEbACH MikeP ﬁﬁé&d sulNﬁ%E (#¥inefd1S, ceramics,
now use a conti nuous process, howeve

etc. SomAIMmEstratericd te gepsgallngs 'eéﬁsra%lr?@gr%@a) ‘grte aégsg%ﬁi ang pther
mgre%lllénté afhat 19 MM EppRe8le) IGHE Weibhtd! REatedid BB hess;eattsmﬁ&amre and

he art for produCing coated foundry sand pre-wei
transgqmﬁ intp hbatckixer. Reasinédrand additives agghen qdd@d§mnnglly and held

in th%]g}(lg?r; Lﬁ'lglrl] éﬂ% rﬁ:aénmgsgéaucﬁ%% g‘r:al ullrecﬁ Qlre g&gﬁ gpﬁ%:ﬁs t]p rbé‘%]ak down

e resin to sand
into $thelleraagglonmerhted chimgpsradsand Gaggraghte) and rasirf. Iﬂmnaqtmu ngithen

dumtg%f ?”}S@ﬁ%gﬁ (r:lla%ld%] ?ep‘t:aoteg nﬁlagrselu rln?eﬁese E(I;]“e, 1S ala‘ant 0nu[ous PﬁocesssaH%wever

I qul Xa is a
the rﬂitdxfzicﬁusﬂuﬁg stgpsw@ddn)pobﬁhomea&@&ess&rﬂﬂmlw&lﬂnema/ resin mx

ts sli 0 be to sslink the.coatin
8 sheaifEally g s, RFE sttt ATURS B4 K pri ot foundry sand
pre- Jv@.lgnsd dndri€ heawd td BetWwedrpI8(RPAE 330¢H. ST /QNE s theR Bed infea Muller
reaction of the hexa/resin and the resin coated sand
typemaill(gr gortinugus Brix¢rhand e reyn gumpadin tg;saad; The et fiof e sand
melth %J@éklh aﬁa%@fe\éupm £behy tREnP R BRAEIpsLRIOhE %ﬁhﬂ After

coated sand which essentially is an encapsulatlon
sufficiegt puluime. diawid bexaiinaddefliie thesand apd sesa) generdlly below 280°F The

ol
nes SRR TR0 LRyl s AR MAE ASRERIEH aa hcn s
addeﬂ&@-bﬁifn@Fﬁhe Jdndgemperiatire bewatt@belbwrmﬁe Hydse:ltmgh stoprothie geaction
or R F%, 2 P AR PRLAIE B8R o P Re LB 8udeb I thEminur
cont;rﬁfeﬁﬁd dﬁhmhe di—jéeé}ﬁlpleifdm and bizak ajlaz&du{m resil ctmta/iisand edidhs
ur er with e resin,.t. I oS 1 0 e res

csseqly engngaish Fiop g 1y U GERL BT e GORRR S advanced
to th%mryt%,elvﬁh@i thedoatd sad ia plé@éditﬂtd) @ hesitgad Ede (®a@sndldat a foundry) at

an odor that is o nS|ve to tR erator and

45008 Tr PO IRSTatEr dppmRIdohte S Aprgpnis ggfal jexa solution

(hex%% A N@uADRn i§ Q%%lrta@ioﬁ%uﬁﬁ‘&ﬁafﬁr d%nﬂmi&l'yd@ (60%) The
ppear- in the prior art. Gardziella et al. disclosed

llbe@tedhf@wpldpbﬂ&qmtﬂ BrHIsT with; theiEssin torrapsslink theresin @af gerates a solid
formT ot Mlork AThld, 4 the Ree BAEIMia 14 e GE 4s a Blaflfd bhic as that has

still used hexa as their curing agent but stated t
an odhethaisiaffepsivp do Heparatorsiand dresn igh greedvpunities.

emS%%EI%P mstdﬁges 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
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



10

15

20

25

30

30 exanple of the conposition used for "hot bake"

(shell or Croning) casting sands was given. GCeoffrey
werooahzgso0i n U S. Patent 5,189,079, disclose a PADUSIHNBEE9943

For mal dehyde WO 2007/136501 PCT/ US2007/009943 -3

Phenol i ¢ Pol yol Fornulation” in which the inventors

recogni ze the need to reduce the odor of fornal dehyde

i n urethane binders which are used in the 'cold-box’

and ' no-bake' core casting sand processes. Johnson et

at. disclosed a "Benzoxazi ne Pol ymer Conposition" in

U. S. Patent 5 5,910, 521 recogni zing the need to cure

Pt o Jfor ik i Heiend e AR BT epHE 7 BBRBOLIRF=Ayee the odor

of fcfrmamthydé angrettAAYBinRIers WHIEh hreficed il @ 'cAI@BEK' dNdhdBalf core
powdered resin wth their powdered curing agent with
castingsand pragespesand.  Johnson et al. state that their
cu erngsoHQ:'t ¥IMaisciiR¥d RepansRhlifle Pblyhﬁa‘i’ AFHRRIGAY 1 @ §“’P%ent
w il take the formof a powder. "However, they ad
5910551 regogmigingitheaieed enenrginoyalag tasinsorithet memgmgm Of #romonia.
C r N VY
sonTBRL BEEI 0857 Bud OB 1S, AAYR) I ¥ cxampic
teach Iacik;tmarf rﬁwq@c@i tte:';iorw1ﬂowhe®wwdgreﬂcowahgag&esmttstheﬁnundry sand.
Johntgo et alasta ¢ that ﬂSICGBI? chr]fé%ﬁ(l)l%\ﬁrﬁ%fa%u o?g a]{poeonfn {mgpetra re and will

uce anmmoni a em SSi
takelbh fizenofd p@vder. deeever Shé)oakl thiwai f tltea:vmér tehr@ivial is controlled during

d f d d
the PR ProRSety e S iEe S g ba Prafuced fliquid form.
Vﬁlwgwﬁuﬂ&ml@&’saﬂ 8CPEKsher Mdnifositiddi fbi Otrifd Nokglat Resins" in

ring agent as a liquid - a-suspension in_nethanol -
U.SBatpnich S0 1 s EsaER Nt (Riredhce HEROVA FReSSIags W aitkus et

al., ((BSIhn3bd G, hRB Ql'is%ld%é YheEXRYFHBNEOmpdund S @(leﬁllryb §and and with
remenbered fhat the \Waitkus conpound includes odor

silicgrsaridiirpppantyr ke ier.inkilse dohnsae clitle thariMsitikas exganplps disclose the
addifnog%rf ‘i‘ﬁeqpc é&H{ ésr¥9h Wi8YSy suk Msﬁ‘)n i TR thshol h%veﬁf"ﬁfjer the sand is

resin-co casti g San In general resin
coatd votlanhe dovalde sesim @b astrpt éq!:@t&tsgy expatimentiu Eehonid be remembered

thatﬁ? e%om{:é enndsmc@dgéj 8(!0%‘ (P I{C?l'}g ?: eidpeglt wl%ch 116cq1li' d ;%gmoma

omnng characteris eresinis
“dndcﬁnuﬂfﬁddupoﬁhmnqpld Sunnary of the Inventlon The

tl t | .
confiBinRES GRRTISE Pest oF 28 CPUAIELT A PE ST Bt B Lt
coatéB ithaaid hgpggmes ahasedited of Eleninags dbleniivobdésaihile keeping the

reacts h the free ammopia to forma m sal t
requireg fre %‘mnﬁgchaﬁléwswawﬂége g laacwﬁée%nﬁgm 1d.

Summary of the Invention

The invention consists of the addition of two additional compounds to aimost any
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
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
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remai ni ng amoni a, phenols and ot her reaction
byproducts. The two additional conponents are
w@e@asabl y added in 50: 50 proportions to eachPOr/li82007/009943
and in direct proportion to the quantity of Hexa that
appears in the standard encapsul ati on fornul ati on.
Thus, the 30 innovative process and conpound produces
a coated aggregate that is easy to use, that is
friendly to the environnment and user, and that retains
the expected qualities of rgsin coated WO 2007/ 136501
PCT/ US2007/ 009943 -4- aggregates. Description of the
Preferred Enbodi nent Essentially the instant invention
aggrReBPbses a uni que process for coating aggregates 5
using the industry standard process producing a coated
agoregate with standard properties for use in casting
hePrefen ¥t in the oil industry while
gf fﬁegénrrgnfl trreamgtaﬁmpa&iotnl ROp&iks HBhigRE ptdidts Bk baatn%taeggregates

precipitation, any free amonia and masks ot her
using rm rnguﬁdmt@mﬂrqcn@ RspderiRs 2 contedieRgreraly Withstapdardayeperties
for dsé ish @ég‘aﬂgrr%gg 1as 8 antinGhe b Stlust gvl-@l%%‘#f\/%ﬁﬁlg a new
cures at ~stan tures and conditions
compe:*.leas oﬁgnammhmllmme@s bb@rammmcal, aith &re¢ amareingy andamasks other

e ff el e
e B 3 O, SRR DA, 58 ST ST E
resulimgcptadlm cues anstapd and teanperafured ané sohdatlom whil¢ rebeasing minimal free
addi ti on of roughly one-half the normal anmount of hexa
ammyys additives). In fact, the |ow hexa product

COMpkiigdmtdts Ereséxﬁlgeym\bﬂ‘haﬁnﬁiﬁﬁy e bﬁ‘eﬁpﬁi’ﬁbﬁ@bﬂ:@ﬂcdﬂté&

t he singwf 15 st%% [ tg resol e” {3 emup to i
aeETERIGH, oY BOPSOHR AEBTAEe B RES aSTATas oyRlun 3 iauid resole
withH88 Bd@BbE of FoudRiyordRAHiletotmaahdult of REE @yds%dmves) In fact,

tensile strength without the addition_of 6- 10% hexa
the lrga@lwamﬁo%é FeMpEsAsSat-stagh Noyas pysiem i eau‘alpah@r Vith the single

stagd 81 @9 ‘T’e” ongu%\gJ _4>0% lRotdo, n%t/bllal:/.’,@‘/ox‘i%@)s bﬁt the c past art has not

mai nl y amonl a
beerhebda to gavm edeqmee qggqhegaleesuﬂmttpw@rsrrenﬁhtméﬂdﬂ ﬁal additiog of 6-

o 0
10 /Sﬁex% a% egj geé(ﬁﬁgﬁlr) ‘iongdl@ S%‘%i stron S"‘gg‘y s?ﬁlvrﬁsﬁerg%?xéugﬁfks%e"’ but
stxlltpmilfcemal-elmiMeey sma@oddt\—pnmdlyrammbmamlem therhesmewheg the
. th t t i
asergRale s orayBRPARe SR I stafs CGRABAL QU e Svalider
produtat exhitit dreévenhraioagerardor ehen drdught toethe fintlbAré s@ge.OrA product
fom%ﬁétlécgrgﬂpgvg{elgtfgﬁsg? (agﬂsfrrggtx }sas 8}”}‘6 5{311%3)1} Pof Pa%‘iee ?S E)}/ 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
(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
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
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O her exanpl es woul d i nclude hexa acting as the curing

agent conbined with a solid resole 25 (such as a
w@benoabesbor mal dehyde pol yner) acting as the aceel/@8mnt/009943

An exanple is shown in colum 2 of Table 1. The

i nventors becane aware of buffering solutions used for

odor control in the water and wastewater and pul p and

paper m Il industry (plus others) in which free

ammonia is a problem These buffering solutions are

scientifically fornulated tQ react with odorous gases

30 and diluted and applied fopically or locally to

.. _elimnat | odors..in confiped spaces.and if, used. _
lter g ATsCy Beireo Pt BREnFRERE Fidliashnd, ogRng industry
(ind SS#H A1 QUHAEHA NG e IEERS), plobaBYi Ksask thO1Effodd S thé/ findd pibHuct were
PCT/ US2007/ 009943 -5 literature showed that such
unknoy%.-er sol uti ons had not been tried in sand coating
i ndustry (industrial coated aggregates), probably
because the effects on the finalviupe@gduct were
unknown. Wth Cure StamstaddrdAgegeit Sand 97. 36 97. 36
Resin 1 0.97 0.2Bd Hexa 0..3®60. 37 @u3d ng Agent 0.00
0.05 Wwater 1. Resih.24 Accol@rator Q.92 0.00 Buffer
0.001 0.0009 Nisk 0.001 00809 WVaX0-&. 024 0. 024 99. 94
99.96 5 Table Quripgsential Ly the buffering sol ution
oper at es under a,gf’f@t fol | ow ﬂ Ocheni caﬁ'o%quati on:
atér .24

20
Accelerator 0.02 0.00
Buffer 0.001 0.0008
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:

NH; + HA => NH4 A
Ammonia Base Buffer Solution Ammonium Salt
) No Odor

Base Acid Salt

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.



10

15

20

25

30

35

NH3 + H+A => NH4+A- 10 Anmoni a Base Buffer Sol ution
Ammoni um Salt No Odor Base Acid Salt These buffering
waeloatidadns are generally diluted with water anPCEPSRYBAI943
in the 15 odorous area as an atom zed mst. In water

treatment or in the pulp and paper industry, this
type of equi pnent presents no problem However the in
foundry business the additional equipnment would be

i mpractical: what was needed was to incorporate the
buffer as part of the encapsulation process. The
inventors then experinented Wwith various resin-coated

t d 20 i at ed facturi .
e TR S T P S
amndnidae nRfdgaP Sutk SiddQBedsrodiginated§ Thé ceabords foF tHiOteduttddh are

were added i nmmedi ately after the quench water stage
straight g L IHO8PeCTh &y RS FBRYS dirfIagungtia tRgoduced when the

coat%:@ %g?egﬁéﬁseﬂk&ﬁf&h@ > dta2¥ e Thb Eree aAMIINES islfart dTRhE Birfith process

) stage, noting that 'eureka'  the ammonia_odor was
in thgt fediexa e the speapsulptedssasd is miitine emrgeniz apd Exmakdghyde in the

pres%@?et of HaGt AHAhbisYurf il Rnb @S bt §(f’fﬂ£ 683 AMRonia 7s Eiverted to
aftfected. That 1s to say the nelt tenperature ands
freemétnegendkasowe ag ammeniacakbnitreg¢émrvetbngnetdis@re powred into molds made

o BRS¢ 2570

subsequent testing that casting problens due to
amoni adeCehl, 1 ¥ bgatranden@stuesi seedNbl; €l6CH jat ed. The
reasons f dexat hirgn melductnaimedar e amséniaifgimefdwdvar d i n
retrospect. As expl ai ned above, free anmonia is

produced-uhen, (&g -SOahEHRUHEAA Soldfurk iRy 0 M
C' staggmolNe Nihfd AINRWedpdrapPar L OF The curing
process -5en'h§het Nadsint Ne NBxAedMrtdunipet e encapsul at ed

sand is split into ammonia and fornal dehyde in the
presence of heat and_nvoi sture. is known that sone

It
of the 4N atnhisat & 3Q2convdlPetiNeo  free nitrogen
(known as anmiif BEA| 2hi t r JHETHT AREANYEE al s are pour ed
into nol ds mad&""% r8R M hese coat 88°Elred aggregates as
shown in the equations below 10 NAC6H12 + heat and
TherfodeSitto germwil Updss fronbtlid2floldligtoahé caatingtat tlenhold iseet to produce.

Thisfa Hgg rrHtl% gfer? urna rlegl?lrt] Yrg z? 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.

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
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.

The inventors determined that a product sold by Odor Management, Inc, of
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CH20O + OH => crosslinked resin + noisture (water)
formal - unlinked | ocks the aggregate 15 -denhyde resin

WO od0a/18680ui r ed shape 2NH3 + heat + 302 => 6HZECHUBRDN7/009943
fromnetal air noisture ammoni acal casting entrained
nitrogen 20 The free nitrogen wll pass fromthe nold
into the casting that the nold is set to produce.
This free nitrogen can result in a bad casting. Thus,
a reduction of anmmoni a rel eased during the curing
process will result in a reduction of free nitrogen
that is released during the casting process thereby

Barrngioha Al ‘e o GBS e O3 caPiRaM o et puflgring

agenf ﬁmo:smlg l}k?dn onanmg I(l&’otﬁﬁdalpbiiﬂbctt&rpﬁbﬁdé%cr&wﬁwﬁ fhedifigredients
pneno an or that .a
are ifgganec o itrﬁ g%ts éym@ﬂly Egﬁ%ifg‘%é g%%ﬁ&@@r%m Bydrpgarbon plant

extradBsk W|th a pleasant odor) these remaining nal odors
A literature search resulted in a suitabl e agent

howbe rventosx geteimyped Hat @ progast 4létqlbp$eéd>yt ‘émeret Hﬁm ke, of

Kirki¥i§ nvsia@ﬁin %h%démwbﬁmka% ﬂﬂntrqva%edes tzbnggxgpsg&g agent.

qual | e resin-coate pr uct was af’ ect
The aﬂﬁatmﬁvwlégﬁmrc: ndtvemplaélyrunderstaods klitmglghgemrfqrms asa

masklﬁé 9 e%% £6r g%uggém\ﬁ{shﬁg %] SLPC% ﬁg;gxgﬁl%}%cﬁhe rd%?%&ce %[i] ammonia.

bée 'm xe uenc
VANihMH 1w4tlﬂlydrbze- Mfeﬂwocyb@zakdlchlydeoa MethoxyAHHydﬂoebawdbidhyde

wd d ts det
£ bR, RS oen O b Sk s R S8 AT A Pyt Could be
inchfd'bﬂ]il’k# tmghﬁ%tslﬁlf_}_ of Fegin- @aited-sand taditigyid armeecdingbsition of matter
una ecte

i nvent ors det erm ne at a_product
and s8gia ) DBl dGE REHETE] Hnt LIS Gojutignsnd Fasking agents
are uDSZiF {53086/ AiBare 1d bBaddddngdaeet grbpérfish $o tHdffantity®f hexa that
brand name ECOSORB - 303SG was a suitabl e buffering

was prgeent.in tecsmriard rawlation wshets detrsmanidcly fabpratary xperimentation

Yall Brida680 bligndengr edi ents  are inported from
andi“‘??ra a, alEssental ally EC%OSCRB i s based on organic

hy Bimedlarassrieppiiprodueiiest auts ws cpnduted mdaemsnide thermigreef the
preferpe%t 5@s® {nqg Y& I‘naﬂl: EL Eﬁebfdh-ﬁglam(n Ui WA" foldrf hat ﬁl%’m&fcould 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
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
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
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
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Ki rkl and, Washi ngton under the brand nanme VAN LLI N was

a suitable masking agent. The affects of VANILLIN are
woedo7asaspl et el y under st ood, al though it perf orPET/ES2087/009943

maski ng agent for remaining residual odors such as

phenol , formal dehyde, and ammonia. VANILLINIis

4- Hydr ox- 3- Met hoxybenzal dehyde;

3- Met hoxy- 4- Hydr oxbenzal dehyde. 10 Thus, the inventors

di scovered that a buffer solution and a maski ng agent

could be included in the fgrnulation of resin-coated

sand resultlng in a new conposition of matter and

or 308 S ABPI SR PR e R, e et

ther&RasXIsd BdenPravided s thetiod@amefderdrd for dbﬁ-ﬁd&roﬂﬁ as;gﬁ{-t:meu sand
to the quantity of. hexa that was present in th

comprsing hepddition PLesignthfpidsionof a@f'e%rﬂ]aﬁ@awsg, psphing. dh/addition

of a BYREHASENLAGA Qfm maskiRE Bzt SRR BENESRInuE® iR loQhcapsulate the
bal ance. Finally a series of product test runs was

sandg oYwfiatioad in Begadeofadding e yarmyes ingredipets ipthefiastaridnvention are
] makesiit LPGefiNdMbation. It was found
unmgﬂbggkﬂg%ﬁ$§hkou€dﬂﬁ agfusted favoring the buffer
s o/Witilothig inventjomims bebu fl¢ssribed withrspedifin gmbgdimentsand its required
vice-
e A DR R8RChat gy mppinesons
and Qaldaticd® vm:irpbe; appaoent o6 thoat slatled in thkartiinsighnef the foregomg

I.nyention us, the jnvent have di scovered a
descriRl ST LB CEE 8P RN TP AE PO &S BN esgHe thvention).
Accaittiigy dt Bihsadantoiaviabdaall vasativrs @ k& doith eithin thlspirit and scope of
aggr gate and have further discovered a new

the JPIPLY €181 of matter that reduces any ammonia
produced by their novel process to an absolute
m nimum Further the instant invention will nask any
mal odors 25 produced by phenols and the |ike which
appear in noval ac systemresins. Thus, it is apparent
that there has been provided a conposition of matter
that . conprises a standard fornul ation for
resin-coated sand plus the further ingredients of an
amoni a buffering conpound and a maski 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 nmet hod of manufacture for
non- odor ous noval ac resin-coated sand conprising the
addition of a masking agent with the resin, the
addi tion of standard additives, quenching, the
addi ti on WD 2007/ 136501 PCT/ US2007/ 009943 of a
buffering solution and continued nulling to
encapsul ate the sand. In the alternative, there has
al so been provided a nethod manufacture for
non- odor ous resin-coated sand
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conprising the addition of resin, the addition of
standard additives, quenching, the addition of a
wWheforasasay sol uti on and maski ng agent sol ut i onPERTS2007/009943
continued nmulling to encapsul ate the 5 sand.
Variations in the order of adding the various
ingredients in the instant invention are understood
to fall within the spirit of the invention. Wile this
i nventi on has been described with specific enbodi nents
and its required alternategrethods of manufacture, it
shoul d be evident that nmany al ternatives,
Claim)difications and variations would be apparent to
Mose skilled in the art in light of the foregoing 10
We élaigr i ption (in particular the steps taken to
determ ne how to. manufacture the ipventjon).
L. aBdsinibRgrd,composition TBAHHRS P03 INgfatrial Pesragates hefeleases
mini@furd Oblatify %zﬁ_e%ﬁ(h’l &urd ARhdtiprovadeh BE ﬂ’ﬁ:leowih% Broduct having a
appended clains. WO 2007/136501 PCT/ US2007/009943 -9-
cureojtfat\rgmaingifrge flowipg patl the tenapegatuenfdhe prasicios raised above the
: : .coating industrial aggregates that rel eases '
cmwﬁ?%%%%ﬁﬁ%%F%?ile gases upon curing and that provides
f o resifir ee flowi ng product having a 5 cure point that
r engj f flowng until the tenperature of the
prgghg%mfé%sgised above the cure point conprising: a
r esnpmmomabdfeeng agem an anmoni a buffering agent. 10
2... The conposition of (! laim.l that, further
2. o7 S BOTRaR RElleRlr ik £lhaPhurefhiBalict ettt S upon
curig@amd fisthegcomprisidgr maski ng agent. 3. The conposition
of matter qof. claim1 wherein said amoni a buffering
ag@ﬂPdPE“?gﬂgﬁag?Fon1a compound havi ng hydr ogen bound
3. t @hdcompesitlon aflimattbr SUSint hdvheea Shid Binh®IniHBuffetiiplageAtis taken
reacts with free ammonia to forman ammoni acal salt

from & compernd havgng hrdrogetntddia diseeand radicalmck Hiyh said Ppfring agent
react witBle€ anfiiorfih & fBrin dnhniibfiAcat 3kt iRHRRAh LU d SlcbfPradical.

agent is manufactured by Odor Managenent Inhcorporated
4. | dbacpmpesitigr ofmageory claigpBins@hich said ammonia buffering agent is

manufactured by Odor Management Incorporated identified as ECOSORB - 303SG.
5.  The composition of matter of claim 2 wherein said odor masking agent is chosen from
a compound containing 4-Hydrox-3-Methoxybenzaldehyde; 3-Methoxy-4-
Hydroxbenzaldehyde.
6. The composition of matter of claim 2 wherein said odor masking agent is distributed
by Univar USA, Inc. identified as VANILIAN. '
7. A resin based composition of matter for coating industrial aggregates that produces a
pleasant odor upon curing and that provides for a free flowing product having a cure point
that remains free flowing until the temperature of the product is raised above the cure point
comprising:

aresin,

a hardener, and

an odor masking agent.

The composition of matter of claim 7 further comprising an ammonia buffering agent.

9.  The composition of matter of claim 7 wherein said odor masking agent is chosen from
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5. The conposition of matter of claim2 wherein said
odor maski ng agent is chosen from a conpound
wa@oenrasesdng 4- Hydr ox- 3- Met hoxybenzal dehyde; 3- MeL/0182097/609943
20 Hydroxbenzal dehyde. 6. The conposition of matter of
claim 2 wherein said odor masking agent is distributed
by Univar USA, Inc. identified as VANILIAN. 7. A resin
based conposition of matter for coating industria
aggregates that produces a pleasant odor upon curing
and that provides for a freF fl owi ng product having a
cure point 25 that remmins ¥ree flowing until the
enperature, of the product rai sed above the cure
a comppi conpinEct-Hyort-Tasthoxsheren dee S Mirihori-Gelor

Hydﬁﬁgghﬂguagﬁgt 30 8. The conposition of matter of
claim7 farther conprising an ammoni a buffering agent.
10. oTherpempesitiers pE matteratt chaim ewherrincsaid ador misking agentis dhstnbuted

agﬁg from WO 2007/ 136501
byL@@##bg%g ?%8 43d%§ﬁ?§?%§ﬁgound cont ai ni ng
11. 4Thiy dororesititvveofimatérenfcidinichybereirGsaldbarnoopiabuffering agent is taken

ror YO ABASIEAL ANy P SOURAE 0 o LB gl s

reactdywithnfrea amofhia lonﬁorrnladelntméme@l a&t MAthk)taﬁﬂg sﬁidlecoxﬁlmdical

0Sitio ter rein sa
12 o ERREFrhy GeRRt LS hetim Y Pofid SR B R R RETE sech s
manhfadﬁmgceny oalon deﬁgﬁna&dﬁfuipmatﬁdddéntﬁ%dhs HTOSGRBI- 303SG.

bufferin ge acts wit fre amoni a to form an,
3. athforpReeHiond e ?%rrfﬁs}la&r F%s%%%%??&h?taakeems mipinum

volaﬁfb‘-’ga@@i"ﬂﬂﬂkal\/%s fp1d4B84dt @ oPlipdH @iy Bndl %M'Ef&hdé‘s&bﬁa free flowing
anmoni a bu ferlngbg gent_is nanufactured

prodyenayind cuteRodntsbatdemains dies flomiaguaty tm@qgmrenggg@mduct is

raisedibbee the &ggggﬁltgbrggngg mmatter for coating industrial
aggregates t rel eases mininum volatile gases and

pr@Vbdés a pl easant odor upon curing and that provides
for, i n@g flowi ng product having a cure point that
renalns ree flowing until the tenperature of the

pr adwoimosa butfeseglagdnovandt he cure poi nt conpri si ng:

an odor masking agent.
14. The composition of matter of claim 13 wherein said ammonia buffering agent and said
odor masking agent appear in a 50:50 ratio and are proportional to the quantity of hardener.
15. A method for coating an industrial aggregate which results in a free flowing product
having a cure point that remains free flowing until the temperature of the product is raised
above the cure point and that releases minimum volatile gases when raised above the cure
point comprising:

heating the aggregate to a standard temperature between 280°F and 390°F,

o ®

adding a resin to the aggregate,

adding any required fillers and waxes,

e o

. adding the appropriate hardener,

e. quenching the mixture,

f. adding an ammonia buffer, and

g. drying the mixture thereby resulting in the free flowing product.

16. The method of claim 15 wherein said product further produces a pleasant odor upon
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a resin, 15 a hardener, an amoni a buffering agent,

and an odor nasking agent. 14. The conposition of
woredorasesof cl aim 13 wherein said ammoni a buf f ePCTIYS2007/009943

agent and said odor masking agent appear in a 50:50

rati o and are proportional to the quantity of

hardener. 20 15. A nethod for coating an industria

aggregate which results in a free fl ow ng product

having a cure point that remains free flowi ng until

the tenperature of the prod et is raised above the

cure point and that rel eases m ninmumvol atil e gases

.when _rai sed.aboye the. cur i.nt compri.sing:, a.

curi B T S MR RStk ey Beies BF grine step

17. beh¥BRmMoaE I lamd 3%8ércin the steps 8€addiGorof #fiindniatbuffee or masking
aggregate, c. addin ani/ required fillers and waxes,

agery MayRECHGAU A SEPIPS F‘&‘@dh_ardener, e. quenching the

18. MaXhithd fér coaflfs B iRihsRARAkRe e (Whidh re@NE i3Q fhke HWihEProduct
the mxture thereby resulting in the free flow ng o

havipg edyra poingthatmemainst fresdflewing|uatihthesemperptire oEthie gproduct is raised

- pr art har. or . . \
abo B0 il B RS B OO BEL wHBERSKE above the cure
point ooqaprisingg t he addition of a masking agent during the
drying step 17. The net ho f. claiml16 wherei h o
ot o R hEsR GO Birre P Palirg BoiER 2RO im0 r.
may. adding adesiany step in the nethod. 18. A nethod for
coat%ga.an i ndustrj al agﬂre ate which results in a
f r &e PR APISF BETOLE 285 A0 NP8 EH% poi nt t hat
I e dadide! £ réd@rddflletabid wakes, t enperat ure of the
product is raised, above the cure point and that
r ele 24dnL ) ARRIAPYYF BpTdeBEyases when rai sed above the

curge qubRihiie MEMRkivee Mg a. heating the aggregate to a
st anéllard tenperature between 280F and 390F, b. adding
a rgegrying the mixture thereby resulting in the free flowing product.

19. The method of claim 18 wherein step ¢ may occur at any step in the method.
20. The method of claim 18 wherein the following step is inserted between steps e and f:

adding an ammonia buffer.
21. The method of claim 19 wherein the inserted step may occur at any step in the
method.
22. A method for coating an industrial aggregate which results in a free flowing product
having a cure point that remains free flowing until the temperature of the product is raised
above the cure point and that releases minimum volatile gases when raised above the cure
point comprising:

. heating the aggregate to a standard temperature between 280°F and 390°F,

a
b. adding a resin,

o

adding any required fillers and waxes,

a

. adding the appropriate hardener,
e. quenching the mixture,
g. adding a blend of an ammonia buffer and an odor masking agent, and
f. drying the mixture thereby resulting in the free flowing product.

23. The method of claim 22 wherein step g immediately follows step b.



10 c. adding an odor masking agent to the aggregate,
d. adding any required fillers and waxes, e. adding
wo b@7ap@oopri at e hardener, f. quenching the nPEL/USB®NT009943
and g. drying the m xture thereby resulting in the
free flow ng product. 15 19. The nethod of claim 18
wherein step ¢ may occur at any step in the nethod.
20. The nethod of claim 18 wherein the follow ng step
is inserted between steps e and f: adding an ammmoni a
buffer. 21. The method of gl,aim 19 wherein the
inserted step may occur at any step in the nethod. 20
A had, f or,,coati.ng an industrial aqggregate i ch
2. (i PSSPz R AP SR T on SR Fefe i
25. tTeimethoaiofislaim @2 Wheveihgidbiénd oftdnembeiaibartet admaskihg 8gent is

roduct |s ralis above the cure point and that )

blendedRS G S TR AR AR b FGRILerTHE P fipd BtoReBBYY g auantity
of apptbpRiatddRdr@énegOnpri sing: a. heating the aggregate to a

standard tenperature between 280F and 390F, 25 b.

adding a resin, c. adding any required fillers and

waxes, d. adding the appropriate hardener, e.

quenching the m xture, g. adding a blend of an amoni a

buf fer and an odor masking agent, and 30 f. drying

the m xture thereby resulting in the free fl ow ng

product. 23. The nmethod of claim22 wherein step g

i medi ately follows step b. WD 2007/ 136501

PCT/ US2007/ 009943 -12 24. The nmethod of claim 22

wherein step g may occur at any step in the nethod.

25. The nmethod of claim 22 wherein said blend of

ammoni a buffer and masking agent is blended as a

50: 50 m x and the quantity of said blend is in direct

proportion to the quantity of appropriate hardener.



