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invention relates to fine-celled, rigid 5 foans for retention
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foams for retention of liqulds for floral, agricultural,
nursery and horticulture use, such as for cut flowers, plant
propagation mediums and growth cubes, soil conditioners,
mulches, and the like.
Background of the Invention

Current commercial floral and horticultural foams
are phenol/formaldehyde foams which are potential health
hazards and have environmental problems because both phenol
and formaldehyde are toxic chemicals subject to Section 313 of

Title IIX of the Superfund Amendments and Reauthorization Act

(SARA) of 1986 and 40 C.F.R. Part 372 reporting requirements.

- Also, formaldehyde is listed as a carcinogen by the National

Toxicology Program (NTP), the International Agency for
Research on Cancer (IARC), and the American Conference of
Government Industrial Hygienists (ACGIH). Smithers-oOasis,
U.S.A., and other companies currently market a
phenol/formaldehyde foam ("PF foams"), and california

presently requires the following label on PF foams: "“Warning!

.This product contains a chemical known to the State of

California to cause cancer."
Attempts have been made to provide nontoxié,
environmentally friendly floral, agricultural, and

horticultural foams, but to applicant’s knowledge, none of



Thi s” product contains a chem cal known to the State of California to

cause cancer." 25 - Attenpts have been made to provide nontoxic,
‘environnentally friendly floral, agricultural, and horti cul tural

foanms, but to applicant's know edge, none of WO 97/ 42131

PCT/ US97/ 07530 _ _ _ -2- t hese foans
have been accg&%g@hgnto the industry. One such unsucces skglusdigaipt
has been to d psilica foans by using ‘the industry standard sodi um
silicate consisting of a water solution of sodiumoxide (Na[err]O and
silicon dioxide (Siferr]) with 5 the ratjo of SiJerr] to Na[err]O at
3.22 and the soluble solids at 39.3 percent. This silica foam was

produced in agcOM i fUMHES have beBhJRcEEBesbIe &8 the iiRAASELPY aoRe! 68
t ensi on depressant (tall oil mx) and polyner form ng agent (sodium
fl uorosili catensiuddessfa atstemptshascheen tddeveleopt 5ddicalOfoans nbyresing
fibers, such as cotton flock §260 m crons) were m xed with sodi um
silicate to prtheiindustinysiskandaréngedinm shhicate copsisting pHam vaker

Gensi 1y of ¢ Mo EEmAL soatSpORRlarr (R end PRTAEE! ACeride st
or N tr 006N 1O rdio e oTbX o yall b€ §Nb3 BEPCERS RAUEECEBILAY at
materi al s produced a S|F|cal¥6an1product wth fine cells inthe 40 to
60 39.3 percent. This silica foam was produced in a continuous,
high speed ﬁixer by injecting a surface tension depressant
(tall oil mix) and polymer forming agent (sodium
fluorosilicate) into the sodium silicate. Also, cotton
10 reinforcing fibers, such as cotton flock (260 microns) were
nixed with sodium silicate to provide cohesive strength in the
resulting foam, and cbloring agents were added to provide the
desired color. The final dry density of the foam was
controlled by the injection of compressed air or nitrogen into
'15 the mixer. While this proqess and these raw materials
" produced a silica foam product with fine cells in the 40 to 60
microns diameter range, the best achievable liquid retention
was at the 39 volume percent level due to capillary repulsion
in the cellular structure. Another undesirable property of
20 this foam was its hardness at the lowest practical density of
neaf 4 pounds per cubic foot. When used as a floral foam for
insertion of cut flowers, the hardness limited its use to
large-stemmed flowers, and even then there was potential
damage to the stems while inserting the flowers.
25 U.S. Patents 3,741,898 and 3,856,539 produced silica
foam products without the inclusion of any substantial amounts
_ of fillers or reinforcements. By "substantial amounts" of

fillers or reinforcements was stated to be an amount in excess

.



m crons di aneter range, the best achievable liquid retention was at
the ‘39 volune percent | evel due to capillary repul sion in the cellular
structure. Another undesirable property of 20 this foamwas its hardness

. at the lowest practical density of near 4 pounds per cubic foot. Wen
used as a floral foamfor . - insertion of cut flowers, the hardness

limted its usggbcbmzm | ar ge-stenmed fl owers, and even then tBeresomdsio
pot enti al %o the stens while inserting the flowers. 25

U S. Patents 3, 741, 898 and 3, 856, 539 produced silica f oam products

W t hout the inclusion of any substantial anpgnots of fillers or
reinforcenents. By "substantial anounts" of - fillers or reinforcenents
was stated to be @aBodtDUNiperte@NCRAS a dry basis or abifdtd? fakdbnt by

PCT/ US97/ 07530 of about 10 percent on a dry basis or about 3
percent by weight gbt tﬁeta&kaﬂﬂ«mataﬁesaﬂlgatﬁcé@QﬂN&ﬂﬂﬂﬁ&w§Qﬂlumod|un1
silicate) raw material on a wet basis. These foam products

produced for u§é1&§a§?} u’é?%r’%ﬁt%ﬁﬁll ﬁé’hlaaf"Fanﬁﬁ%%rl anese £oam %F@cﬁéver
accept abl e by ‘4 %ﬂceé‘%}&f a%.l tlrnctnggi ar?:(l 1’11' %Lélt E.Lrigls

i ndustri es. terns I ca an |ﬁ I ca ave €én-used
_i nterchangegbl )sulr.nwtebé hERERe . acddptialia of %eﬂﬁénﬂl@ﬁéﬁnta%rﬁ:ulturail lica foam

_product fromsodiumsilicate solution is defined
nursery, and horticulture industries.

The terms "silica" and "silicate" have been used
interchangeably in the trade. In the foregoing patents, a
silica foam product from sodium silicate solution is defined

10 as not having over a substantial amount of filler (10 percent)
of filler or reinforcement materials. In the present
invention, considerably in excess of 10 percent "filler" and
reinforcement material, such as activated carbon, and.
cellulosic fibers are present; and the caustic silicate

15 solution derived from caustic digestion of rice hull ash has
ébout 1/2 percent by weight of metals.

It would be highly desirable to provide a fine-
celled; rigid foam composition which has improved
absorption/adsorption and retention of liguids, which is not

20 as hard as prior art foams so that, when used as a floral foam
for insertion of cut flowers, hardness does not limit its use
to large stem flowers and does not démage stems of the flowers
while inserting them in the foam, which contains no harmful
concentrations of polgmerization by-products, such as sodium

- 25 fluoride which is detrimental to cut flowers’ life, does not

require the addition of expensive coloring agents, and

accordingly is desirable and suitable for floral uses.



10 as not’ having over a substantial amount of filler (10 percent) of

filler or reinforcenent materials. In the present ° I nventi on,
considerably in excess of 10 percent "filler" and r ei nf or cenent
material, such as activated carbon, and cellulosic fibers are present;

and the caustic silicate 15 solution derived.from caustic digestion of
rice hull aSh“gﬁﬁ‘z about 1/2 percent by wei ght of netal sSpcrmus9e707s30
9 ¥si

It would be hi rable to provide a fine: celled, rigid foam
conposi tion which has inproved absor ption/ adsorption and retention of
liquids, which is not 20 as hard as priqr,_art foans so that, when used as
a floral foam for insertion of cut flowers, hardness does not limt
its use to |arge 13t 9@ Ghavensgriy desrayle danpgevstens pbakhe flowers

while inserting themin the foam which contains no harnfu

concentr at i opempss itnlgnmauitablenahy - peetiil tas asw¢hpasa§0dnuned26mf¢u0r|de
which is detrinental to cut flowers' life, does not - require the

addi tion of klkeeksifer ¢daati aAgdagEhes, a%F&Fult“raéCEBFHFHQFy ?Eeﬂ%5|rable

and suitable for_fl I
PCT/ US97/ 075%¢e4d linégfindﬁzery stock, trees, as sé%i gﬁﬁa}tloners,

al so highly Ie%t LoYisgg a foam conposition suitable and
~useful a "b?o%%eg%'t or‘r°§Prrt'21 \&%1 %r bl ocks for plant and ot her

3@9riCU|tura| cuttings,ytsqedaiso highly desirable to provide such a foam

It is

. composition which is inexpensive, utilizes waste products,
; rice hull ash having diffused activated carbon throughout, and
has valuable by-products acceptable to the various industries
i 10 to which they pertain.
summary of the Inventio
! - The present invention is directed to a rigid foam
composition and its method of production which produces a
i fine-celled, rigid foam having a hardness so that cut flowers
15 and plant clippings can readily and easily be inserted into
i the foam without damage to the stems or clippings while
:? inserting them, which utilize a caustic solution of amorphous
silica containing carbon derived from thermal pyroiysis of
rice hull ash containing diffused carbon which has been
20 activated thereby, which activated carbon passes through as an
inert material during caustic digestion and synergistically
acts with the amorphoﬁs silica cellular structure to
‘absorb/adsorb and retain more liquid than foams of the prior
art, and which is free of water soluble sodium fluoride and
25 other by;products and reactants of theffoaming process.

Unexpectedly, the thermal pyrolysis and caustic digestion

reduce the size of the activated carbon particles to.where



seedl i ngs, nursery.stock, trees, as soil conditioners, 5 nmulches, and the
i ke. It is also highly desirable to provide such a foam
conposition which is inexpensive, utilizes waste products, rice hull
ash having diffused activated carbon throughout, and has val uabl e
by-products acceptable to the various industries 10 to which.they

pertain. = Syg@iyaef the I'nvention The pr espOT/USIMOSSEDI ON
is directed to a rigid foam conposition and its method of production
whi ch produces a fine-celled, rigid foam having a hardness so that cut
flowers 15 "and plant clippings can readil ywsand easily be inserted into
the foam w t hout damage to the stens or clippings while I nserting

t hem which utitheye do aatstiisrept utthenfaim/anweliolsr strusthreahnomnt ai ni ng
carbon derived fromthernal p%rolysis of rice hull ash containing

di ffused car borimgoingadigeéd absorpliqn/adsePrptdeBby, which activated

carbon passes {11 OUOM 34q vrecetd o, SR Yihinsit O FRUH G AC LD
00, anaoaren BP0 abipSPE A By, ol Bl A e
by- pr oduct s sands I gaziteNse1at ibhccofPRiEdtl dff @aRTPhous siliexRbstRHEY cdidie
t hermal pyrolysis and caustic digestion reduce the size of the
activated car boraystrid diigestbonhef erice hull ash which contains activated
carbon fofmed during the thermal pyrolysis and is an inert
during the caustic digestion, a surface tension depressant, a‘
polymer forming agent, and reinforcing fibrous material of the
10 cellulosic family, such as cotton flock. The activated carbon
acts synergistically with and does not interfere with the
K resulting foamed composition’s fine cellular structure to
1 absorb/adsorb and retain liquid and has its particle size
; " reduced by the thermal pyrolysis and caustic digestion so that
{ 15 it does not disrupt the foam composition’s cellular structure.
Any and all by-products of the foaming are removed including
sodium_flueride; excess reactants, and surface tension
depressants.
Commercially available rice hull ash currently is
20 produced by gasification or by combustion or burning rice
hulls in a furnace. Thermal pyrolysis is a chemical change
that occurs in a substance through the application of heat.
cOmbustiop is the act or process of burning or a chemical
éhange, especially oxidation, accompanied by the production of
25 heat and light. In both, primarily amorphous rice hull ash
having activated carbon diffused throughout is produced.
Advantageously, during the thermal pyrolysis of rice hulls and

caustic digestion of the resulting rice hull ash the activated
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-5- they do not disrupt the foam's cellular structure thus
i mproving |iquid absorption/adsorption. The process of the
i nvention is the production of - the rigid foam conposition by foam ng a

m xture of a caustic 5 silicate solution conprised of anorphous silica
derived from yoeyefystic digestion of rice hull ash which cpgr@kdiorsso

activated carbon fornmed during the thermal pyrolysis and Is an inert
during the caustic digestion, a surface tension depressant, a . pol yner
form ng agent, and reinforcing fibrous matgrial of the 10 cellulosic
famly, such as cotton flock. The activated carbon acts

syner gi sti caldaypdht Badfilc 188 Sarirddicdd ¢osietl £h: are ddisiidtieng1foaned
conposition's fine cellular structure to absor b/ adsorb and retain

| i qui d and hamailflerpthanctemsersially avadlabilebyrainel 4:hexatdlvapedolcasibenand
caustic digestion so that 15 it does not disrupt the foam conposition's

cel lul ar strU&dGdeand povwidpred artivated saxhont (PAF) tand bdiehgoanetr enoved
i ncl udi ng . sodium fluoride, excess reactants, and surface tension
depressant s. aistupt g}‘é r_‘°m%§rﬁ?§&eﬁ§q ?gg{fﬁlgf’éﬁl %P%gheetg_ﬂﬁ’qeaaﬁ%m’?:ent ly
s 20 prgduced by 0asihiCabihUndl, LREPHSERORMREILY Hyihleign hul'l s
in a furnace. Thermal pyrolysis Is a chem cal change thdat "occurs in a
subst ance t hrigdghdeBecepphstion prgafifiication, andodiHriddR 1S flormsasle or
process of burning or a chem cal change, especially oxidation,
acconpani ed bpathwhprbdpreduresfrices huddt aghdahd gaetivatedsbidarboni feroml vy

anor phous rice hull _ash
rice hulls.

Any process in which thermai py:olysis is used to

10 produce rice hull ash and activated carbon from the rice hulls
may be used in the present invention.

In the current burning or qombustioﬁ process, raw
rice hulls are continuously added to the top of the furnacé,
and the ash is continuously removed from the bottom.

15 Temperatures in the furnace generally range from 800°F to
about 1400°F, and the residence time for the ash in the
furnace is about three minutes. Upon leaving the furnace, the
ash is rapidly cooled to provide ease in handling. When
treated by this method, silica remains in a relatively pure

20 amorphous state rather than in the crystalline forms known as
quartz, tridymite, or crystobalite. Transition from the
amorphous to the crystalline state generally takes place when
the silica is held at very high temperatures, for example
2000°F for longer periods of time. The significance of having

25 fhe.silica in an amorphous state is that the silica maintains
a porous skeletal structure rather than migrating to form
crystals, and the amorphous form of silica does not cause

silicosis thus reducing cautionary handling procedures. The

-



havi‘ng acti vated carbon diffused throughout is produced.

Advant ageously, during the thermal pyrolysis of rice hulls and caustic
di gestion of the resulting rice hull ash the activated WO
97/ 42131 PCT/ US97/ 07530

carbon particles are reduced to sizes that are consistently smal | er,

t han commer ci aﬁ&'(ﬁ‘f@ll abl e granul ar activated carbon ( FeFIsPREs30
powder ed activated Carbon (PAC) and whi ch do not . di srupt the normal
cellular structure of the foanmed product. 5 ‘ For conveni ence,
the term"thermal pyrolysis” I ncl udes_gonbustion, gasification, and
any and all forns of heat whi ch produces rice hull ash and activated

carbon from purnfingecPUbbfibustion of the ric&MuPlHCEStind Winerbhai-anl
pyrolysis is used to 10 produce rice hull ash and activated carbon from

the rice hull elatedyagnicbusiting roft thesechallsi undert ithese conditions I n

the current burning or conbustion process, raw rice hulls are

conti nuously &kesyces rheethplbfaghhaiingasarbon paxhirkeas fxam ithe
conti-nuously renmoved fromt %ﬁeftt m . 15 Tenperatures in the furna
8 which QE

general |y ranf®= 38 880 RE5AY

time for the g}gnbh@t&tagsﬁfirsiéyrm%q% proRBAUL FPOR BRY P Sa

t he furnace, rapi ol ed to provide eas
When about 13 percent by weight of activated carbon.
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avi ng
I ng.

The amount of

activated carbon present in the rice hull ash is dependent on

the amount of combustion. If the amount of activated carbon

in the rice hull ash used in the foaming process and in the

10 foamed composition cannot be used advantageously in making

floral, agricultural, nursery, and horticultural foams, such

excess activated carbon can be separated from the caustic

digested rice hull ash silicate solution and is a very

valuable and exceedingly pure activated carbon product.

While

15 amorphous rice hull ash is preferred, some crystalline rice

' : hull ash can be present.

.In the current gasification of rice hull ash,

conventional coal gasification equipment is used.

Rice hulls

are heated in a furnace at temperatures of about 800°F, the

20 gas is collected and then burned to produce energy, and rice

hull ash including activated carbon is recovered.

The

amount

of activated carbon ranges up to 40 percent by weight or more.

Any or all excess activated carbon can be removed by

conventional filtration processes and eguipment and is a

25 valuable commodity.

Generally, in the commercial burning of rice hulls

as an energy source, the resulting ash includes about 1/2



treated by this nmethod, silica remains in a relatively pure 20 anorphous
state rather than in the crystalline forns known as quartz, tridymte,
or crystobalite. Transition fromthe anor phous to the crystalline
state generally takes place when the silica is held at very high
tenperatures, for exanple 2000F for |onger periods of tine. The
significance Q$ogﬂ¥ﬁﬂ9 25 the silica in an anmorphous state ipeyhidbnishe :
silica maintains a porous skeletal structure rather than mgrating to
form crystals, and the anorphous formof silica does not cause
silicosis thus reducing cautionary handling_procedures. The
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- 7- bur Peidept 6eNBESEE ORetd1d hasudiC ashahiekSuh) NBot SSPREA! Uon,
rel ated, and burning of these hulls under these conditions produces

rice hull ashaluminan,caaboiupartitareiqn,r amd manganeséurni ng of the hulls
whi ch acti vates the carbon. Cbnveptional 5 conbust[on of rice hulls
produces from about 3 Peeceredugtion ofgogaustipepidhratsy swliufrioroffrom

il | 'ash i o GORBRREHE Bhos hull aeh At BReEsRoALPPORoR FTIRESRroLRCS

activatedscaiid] ash ib'nbhEed! Gl sl iUselihRibhe JOANTW AGGSS and
nposition cannot be used advantageously 1n maKing
floral, agri cifidreidlie (MaOR) Y, wiRith heddtaUithaknb0ssBia Séittica (si0,) to
create the.sbdium silicate solution. The principal chemical
reaction is characterized as follows: 2NaOH + nsio, + H,0 -
Nazozn(sioé) + H,0 where "n" represents the silica/alkali
10 weight rétio. |
For the current industry standard solution, the
chemical equation becomes: 2NaOH + 3.22 SiO, + H,0 -
Na,0:3.22(8i0,) + H,0.
In addition to sodium hydroxide, sodium
15 carbonate/calcium oxide reaction products, sodium hydroxide
'by-pfoduct,liquors, and low grade soda ash/lime sources, as
well as others, can be used in the caustic digestion prbcess.
Present commercial grades of liguid sodium silicates
not derived from rice hull ash range in silica/alkali weight
20 - ratio from about 1.6 to about 3.8. Such ratios are
satisfactory for rice hull ash derived liquid sodium silicate
in the present invention.
As previously mentioned, during the thermal
pyrolysis of rice hulls and the caustic digestion of the
25 amorphous rice hull ash to produce a sodium silicate solution,
the act.:i.vated carbon particles are reduced to sizes that are

. consistently smaller than commercially available granular

activated carbon (GAC) and powdered activated carbon (PAC).

.



excess activated carbon can be separated fromthe caustic di gest ed
rice hull ash silicate solution and is a very val uabl e and exceedi ngly
pure activated carbon product. Wile 15 anorphous rice hull ash is
preferred, sone crystalline rice hul I ash can be present.

In the current gasification of rice hull ash, conventional coal .
gasification egy ¥ 1S used. Rice hulls are heat ed i npetfushieyesy at
t enperatures of about 800[errF, the 20 gas is collected and then burned to
produce energy, and rice hul I ash including activated carbon is
recovered. The anpunt of activated cagbon ranges up to 40 percent by
wei ght or nore. Any or all excess activated carbon can be renoved by

conventional fddnimoat celsRESCRSRAR ANG R VaReaNEadBén | $ies Hre 13 wahloe ana
comuodi ty. Generally, in the comercial burning of rice
hul | s as 8ax 8fcPg§. setandard meshgs whichgrantei iw | dicowetsho firoly 2,680
WO 97/42131 . ) PCT/U897IQ7530
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sol ution, such as sodium
sieve. The activated carbon in the unrefined sodium silicate
solution dérived from the caustic'digestion of rice hull ash
has particle sizes of 100 percent passing a U.S. Standard 500
(25 microns) sieve, with the average size of about 12 microns
10 diameter.

The'particle-sizes of the suspended soiids, such as
activated carbon, in the caustic silicate solution raw
material are critical because larger particles disrupt the
normal cellular structure in the polymerized silicon dioxide

15 foam product. This disruption results in decreased
absorption/adsorption and retention of liquids. Also; the
larger carbon particles tend to increase the hardness, which
can cause damage to the flowers’ stems while insertin§ them in
the foam. .The particle sizé distribution is also important

20 because the smaller carbon particles adsorb more rapidly than
1arger.particles.

The composition of the invention comprises a rigiq,
fine-celled foam product or composition comprised of amorphous
precipitated silica from thermal pyrolysis of rice hulls,

25 - activated carbon from the thermal pyrolysis of the rice hulls
and which passes as an inert material through the caustic
digestiqn process, has a particle size not disruptive of the

fine cellular structure of the foam composition, cellulosic



hydroxi de (NaOH), which reacts with the solid silica (sidJerr]) to

create the sodiumsilicate solution. The principal chem cal reaction
is characterized as follows: 2NaOH + nSiJerr] + Herr]O - '
NﬂeH]OrKSMIeH])+ H err] O where "n" represénts the silica/alkali 10
wei ght rati o. For the current industry standard sol ution,

t he chenj cal eqy atlon becomes: 2NaOH + 3.22 Sierr] +pdEtseriors30
Na2Q 3. 22( Si Cr'gr"ﬁl + Herr] O In addition to sodium

hydr oxi de, sodium 15 carbonate/cal ci um oxide reaction products, sodium
hydr oxi de by-product |iquors, and | ow.grade soda ash/lime sources, as
well as others, can be used in the caustic¢ digestion process.

Pr esent cogmgggg@g géﬁ&]q'anﬁfaﬂécﬂWa%e%Od' b%?éfasﬁ €Sthe foaiPlcoiiiiked byom

rice hull rangé 1 n silicalalkali weight ratio from about 1.6 to
about 3.8.  Gughhtakbest BE to 63 @ﬁn&h&csubyt&mﬁlﬂm amdriphasis deri ved
liquid sodiumsilicate I n the present invention. As

previ ousl y mprecipitatefirsiliaahe abiowtndl to 6 P99¢Qn§wﬂ#PQﬁrlﬁh9§thGﬂl§°and

t he caustic digestion of the 25 annrphags rice hull ash to uce a
sodi um si | i c&7eP8EFERT AFtivateq garhon;,, 3PRYT 4P i ]p?arﬁqr&eé‘g ¥P&®Feduced

(0 o17%% 4 hyigen, o SEIHIY Nt Y3y’ B, AHOH AR Solimig e
" diameter, has a dry density of from about 5.0 pounds to 6.0
pounds per cubic foot, and trace metals 0.5 to 1.0.

Accordingly, it is an object of the present
invention to provide a foam composition and its method of
10 production, which foam composition has reduced hardness from
thé prior art foams, which has improved liquid
absorption/adsorption and retention, which is free of
contaminants such as fluorides or excess reactants, needs no
added coloring agents, and in which cut flower stems, plant
15 clippings, and the like can be readily and easily inserted
into the foam with about 48 to 56 percent less pressure than
prior art foams, and is suitable for floral and horticultural
uses, such as propagation mediums or blocks for plant and
other agricultural cuttings, seeds, seedlings, or soil
20 conditioners, mulches, has valuable by-products, and the like.
It is a further object of the present invention to
provide such a foam composition which is inexpensive, has
‘major components made from a waste product and which has
valuable by-products acceptable to the industry.
25 .  oOther and further objects, features, and advantages
of the invention are set forth throughout the specification

and claims and are inherent in the invention.
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-9- Common crushed granul ar activated carbon sizes are 12 x 40 and

8 x 30 U.S. standard nesh; which range in dianeter from1, 680 to 425
m crons and 2,380 to 590 m crons, respectively. Commerci al |y avail abl e
PACs typically have particle sizes of 5 65 to 90 percent passing a U.S.,
St andar d° 325 - MRgé ofy4b3gM Cr ons) sieve. The activated car b®CTUSITONS3I0
unrefined sodiumsilicate solution derived fromthe caustic digestion
of rice hull ash has particle sizes of 100 percent passing a U S

St andard 500 (25 microns) sieve, with-jfie average size of about 12
mcrons 10 di aneter. The particle sizes of the suspended
solids, such asescriptid®h vit Pdesenty. Prefdrred gmpbiAdmenti cate sol ution raw -
material are critical because |arger particles disrupt the nor mal :
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i nventi on conpyérsasated idgrdng thisfprecess |wid cho paspesdtibtowgh cong asus o
conpri sed of anorphous - precipitated silica fromthermal pyrolysis of
rice hulls, 2&igestiiom@sdapalpshciPberifl Ak Whichyis| 95ia PATrEifele jgize

hulls ANt A5-Apt"EhS SBIANLY SLRLOHANL10F GRUSHiS
product. The activated carbon in the foam product acts
10 synergistically with the cgllular structure to absorb/adsorb
and retain substantially more liquid than prior art foams.
The method of the invention comprises foaming a
mixture of a caustic silicate solution which has been derived
by caustic digestion of rice hull ash containing activated
15' carbon diffused therethrough formed from thermal pyrolysis of
rice-hulls, which activated carbon passes as an inert during
the caustic digestion process and which is of reduced particle
size which does not interrupt the cellular structure of the
resulting foamed product, a surface tension depreSsant, a
20 polymer forming agent, and inert reinforcing fibers, removing
by-products, excess reactants and surface tension depressant,
and forming the resulting foam composition into desired
structural shapes, such as three dimensional solid shapes
suitabie for floral, agricultural, nursery, and horticultural
25 shapes and medium. Preferably for floral shapes, the
resulting.soiid shapes are sprayed with a polymer solution
vhich minimizes dust and a preservative to prolong life of cut

flowers having their stems inserted into the solid shapes.



di gestion process, has a particle size not disruptive of the fine
cellular structure of the foam conposition, cellulosic WO
97/ 42131

-10-

PCT/ US97/ 07530
fi bers, and hydrated water. Preferably, the foam conprises by

wei ght about 50 to 63 percent substantially anorphous precipitated

silica, about
about

car bon,

W 69t,,gngllpercent fiber, about 13 to 27 per cfif

9 percent water 5 hydrate, a ngjority ce sl ze of

about 40 to 60 m crons di aneter, has a dry density of from about 5.0
pounds to 6.0 pounds per cubic foot,_1 nd trace netals 0.5 to 1.0.
Accordingly, it is an object of the presen I nyention to provide a

foam conposition and ifge @AM‘-‘E;&E £88m PEOSUCId Q) fihieCReh9aE €BGROSI tion
has reduced hardness from € prior art foams, which has inproved

l'iquid

pbeaueti m/@dwadlum epfpresedtod ramcwipmims pricdpichted

contam nants such as fluorides or excess reactants, needs no added
col ori ng agesidicantirom thsdmalc Pyrolygds efemtge;nu%is. Estthtpgiﬁgsboand
the Ii ke can _be readll%éaﬂd eaS|I i,nserted | e foa wi th about.

48 to 56 per EEAR FRest

for flor
bl ocks f
soi |

&

10

15

20

25

B ERTONGR LS SF Fhe grics (RlaandaRBIFE SRPENSI o
RERCATEATE t&g??%ﬁ RSP BSRPLAEBRER, TRET O
particle 51§e not disruptive of the fine cellular structure of
the foam composition, cellulosic fibers, and hydrated water.
Preferably, the foam comprises by weight about 50 to 63
percent substantially amorphous precipitated silica, about 4
to 6 percent fiber, about 13 to 27 percent activated carbon,
about 16 to 19 percent water.hydrate, a majority cell size of
about 40 to 60 microns diameter, has a dry density of from
about 5.0 pounds to 6.0 pounds per cubic foot, and trace
Imetals_o.s to 1.0. The following Example 1 is a presently
preferred method for making the foam composition of the
invention.

Example 1

A sodium amorphous silicate solution from rice hull
ash (RHA) is analyzed to determine the Sioz/Nazo.ratio, the
soluble solids (Si:Na solids), the suspended solids (carbon +
ﬁnreacfed RHA), the total solids, and the weight percent water
in the unrefined RHA sodium silicate. These properties are
critical to the overall cheﬁical reaction balance regarding
guantity of polymer forming agent to utilize.
The sodium amorphous silicate from RHA is premixed

with 2.6 percent by weiéht cotton flock reinforcing fibers

(260 microns in length) utilizing a mechanical agitator.

roshisigt o

or



20 ‘conditioners, nulches, has val uable by-products, and the |iKke.

It is a further object of the present invention to provi de such a foam
conposition which is inexpensive, has maj or conponents nmade from a
wast e product and whi ch has val uabl e by-products acceptable to the

I ndustry. 25 O her and further objects, features, and .
advant ages wo Mazidie invention are set forth throughout thecruserersse
speci fication and clains and are inhererit in the invention.

WD 97/ 42131 PCT/ US97/ 07530

-11- Description of Presently Preferred Enbodi ment The
present invention is directed to a process and a f oam product which

utilizes a caustic sili ¢hkess@iuh i fiuorosilicatdec@sFrdy preefeaxatest ipplymgest i on -
of rice hull ash obtained by 5 thermal pyrolysis of rice hulls. Activated
carbon is faymingaiagentilir in@nadiyzest deedetamine peercent aadigs time the
caustic digestion as an inert material and whi a particle size

whi ch does notagesuFHECLHELLR} | uTBf RESLRESC: S6F Fﬂiﬂ?%);fﬁogge J‘Sp_r‘:‘é’duct. The
o) e O BRI W BRGNS Wiyl b BUBSRRUSHE et {1
| iquiq tha? prior art f@agBrface tension deprbl8afiR} Nere MrdHls, itaMaANHIQN
conpri-ses foamng a m xture of a caustic silicate solution which has
been derived mix, is prepared by mixing 80 percent distilled tall oil with
20 percent.oleic acid.
The three raw material feed streams are placed in
appropriate sized tanks or vessels which are connected via
10 piping systems to positive displacement pumps. The preferred
pumps are Robbins Myers Moyno® pumps capable of pumping
lviscous slurries with abrasive solids.
The pumps are set to feed the three streams at the
following ratio on an anhydrous basis (reactive solids basis):
15 Na,0:Si0, - 106 weight parts/Na,SiF, - 36.83 weight parts/Tall
oil mix - 2 weight (liquid) parts. This is the exact
theoretical stoichiometric ratic for the reaction to achieve
100 percent completion. In actual practice, the feed ratios
have been varied from a low of 100 parts Na,0:Si0, to 41.7
20 parts SFS; to a high of 100 parts Na,0:5i0, to 33.8 parts SFS.
The preferred ratio is as close to the stoichiometric as
practical in order to reduce unreacted components that have to
be removed from the foam product by further processing.
The reactants are pumped to a continuous, high speed
25 (500-600 RPM), high shear mixer, which produées the wet foam
dispensed into molds. There are several commercial mixers

available including those manufactured by: E. T. Oakes

Corporation (preférred), Perpetual Machine Company, Charles



by causti'c digestion of rice hull ash containing activated 15 carbon
di ffused therethrough fornmed fromthermal pyrolysis of rice hulls,
whi ch activated carbon passes as an inert during the caustic digestion
"process and which is of reduced particle si ze whi ch does not interrupt
the cellular structure of the resulting foaned product, a surface

tensi on deprepgahas® 20 polymer formng agent, and inert pcqinofombig
fi bers, renoving by- products, excess reactants and surface tension

depressant, and formng the resulting foam conposition into desired
structural shapes, such as three dinmensiopgl solid shapes sui table for
floral, agricultural, nursery, and horticultural 25 shapes and nedi um

Preferably frésd |0rsdn Tonpasy,td8d otheresuladcegdiabilg, shapestai edpr ayed
with a polynmer solution whi ch mnimzes dust and a preservative to

prol ong |ifededcrigtion isf deemed hevésspmheainr gbitvems i nserted into the solid

- shapes. WD 97/ 42131 , . _
PCT/ US97/ 07530 Compressed air or nitrogen is injected into the The

resulting foamis rigid, fine-celled.fo . rod oL _CO, sition
conpri sed of ™t p%bl?s%;#&%& Pﬁ?gﬁce the Siﬁsllgaedf [ra’(fe)?n !téﬁé?‘rrél n%{? | ysis of
rice hullgs, ' mP1B0Bo 15 pbhRds Ih tBIERIFoBY) Ol Ksher MeddBridse
hul | s an(fsmﬁé%ﬂgs?e}s 5 ag an 1|:’nert t hr ough theocaustic d]i:gestion
process, hasr@duce watirt retentish bBetaussritptiakesotelhelét npores | 1dwyer.

structure of :
Higher densities make the foam too hard for floral and
horticultural use.

The wet foam is aispensed through a hose attached to

10 the mixer outlet into molds, which are filled to capacity and
then covered with a moisture barrier top.

The wet foam in the molds is allowed to set in place
for a period of 24 to 48 hours to allow excess liquid drainage
‘and curing reaction.

15 The damp foam is then removed from the molds and
placed in a leaching facility for removal of the unwanted by-
product, sodium fluoride (NaF), any excess reactants, and any
tall oil mix residue.

The leaching process is accomplished by flowing hot

20 water (200-210°F) through the foam product for a period of two
to three hours. This removes the water soluble NaF and
flushes other contaminants out of the cellular structure.

This leaching process is time-temperature dependent and can be
accomplished ﬁith cold water.for a longer period of time. The

25 hot water leach is followed by a cold water leach for about'
the same time to cool and open the cells in the foam.
Advantageously, the NaF can be precipitated or distilled out

of the leachate and recovered by conventional procedures. The

.



the foam'conposition, cellulosic fibers, and hydrated water.

Preferably, the foam conprises by wei ght about 50 to 63 per cent
substantial ly anorphous precipitated silica, about 4 10 to 6 percent

fi ber, about 13 to 27 percent activated carbon, about 16 to 19 percent
wat er hydrate, a majority cell size of about 40 to 60 m crons

di aneter, has apdomsg@nsity of from about. 5.0 pounds to GpEr/pssIRGsoper
cubi c foot and trace netals 0.5 to 1.0. The following Exanple 1 is a

presently 15 preferred met hod for making the foam conposition of the

I nventi on. -fanmple 1 A

sodi um anor phous silicate solutlon fromrice hull ash (RHA) is

anal yzed t o defeddNared NAFSLE] evrpéiaéet |Mretand, hehee 80 asobmbdbEiwpl i ds
(Si:Na solids), the suspended solids (carbon + unreacted RHA), the
total" solids, awatie hdhigh gan pErE%hkeﬁﬁﬂEQONNGIClﬁﬁlvhe unrefined RHA sodi um
silicate. These propert| S are itical.L to the overall chem cal

reacrion balance regar di pr°qrﬁﬁ§h? t HﬁﬁG&ﬁBﬁ PBPﬁ?ﬁﬁe%gE§nm?Q}t°r3d

O ok L Ry

mi crons in 5 erkﬂiéﬁolﬂéd |sZ:|1EEsa(ﬁ@ﬁﬁ%ﬁ&'fl&ﬂiﬁl&boﬁ.ons. This procesdds

97/ 42131 . PCT/USQ?/O?SSdp

- 13- complete when the leachate from the foam product approaches
the same pﬁ, TDS, and fluoride ionic concentration as the raw
starting “tap" water.

The foam product is then dried by forced convection

10 and infrared heaters;

After drying, the foam product is cut into the
desired three dimensional shapes and sizes, such as bricks or
‘may be ground or crumbled for mulch, soil amendment, and the
like. For floral foam product this is approximately 9 inches

15 by 4 inches by 3 inches rectangular brické.

A polymer solution is then sprayed on the outef
surfaces of: the bricks to minimize dust and particles
dislodgement during shipment.
| The floral foam has a commercial preservative spray

io applied along with the polymer solution.

A floral, horticultural, nursery, and agricultural
foam composition with acceptable properties regarding liquid
absorption, adsorption, and retention, and "eoftness" was
produced utilizing rice hull ash sodium‘silicate compositions

25 as set forth above.
- The properties and composition of the foam
composition produced by the processes in Example 1 are within

the ranges set forth in the following Table 1.



The sodium fluorosilicate (SFS, preferred pol yner formng agent) is

anal yzed to determ ne percent solids in the aqueous solution. The
preferred SFS solids range is 50 percent to 60 percent by wei ght of

t he aqueous solution. 5 _ A surface tension depressant,
preferably tall -oil m.x, is prepared by m xing 80 percent distilled
tall oil wt : percent oleic acid. Th

mat eri al feeg“§¥?%g%g are placed in appropriate sized ?%n sﬁﬁ?ﬁéggsels
whi ch are connected via 10 piping systens to positive displacenent punps.
The preferred punps are Robbins Myerg, Moynos punps capable of punping
viscous slurries with abrasive solids. : o The punps are set to

feed the three streans at the f ol lygpiagsrati o on an anhydrous basis
(reactive solids basis): 15 Na[err]:Sigerr] - 100 wei ght

parts/ Na[ err] Si Flpatyr Hens36y83 wei ght partss/oT&ll 6.0 1bsiperi cubi@ fimitght
(liquid) parts. This is the exact theoretical stoichionetric ratio for
the reaction to &dBiiepp dioxideo(Pdent S2oR¥ &0i 6A- 8B nwatyhial Peraant ce,

the feed ratios . have been varied fraoma | ow gf O parts NaJerr]O;
Sigerr] to 41.7Ackvakep;cagpen (, 5 hidﬁ'gp %BogBa%?s"%ﬁfﬁﬁrﬁ%£?§ err]
to 33.8 Rarts SF%rotton The preferred ra%ﬁ%oj%oa§.$50§8iéﬁtt cent

stoichionetric as practical in order to reduce unreacted conponents

t hat have to Hﬁgartggowgge{-r om the foam puoduchsbysfueidiet pursaRsi ng.
The reactants are punped to a continuous, high speed 25 (500-600 RPM,
hi gh shear m xer ,sodiunmhfpnodiides (¥4 wet < Gappm di spensed into nol ds.
There are several comercial mxers avai |l abl e i n¢l udi ng those

nmanuf act ured by: TEace mekRras Cor por &+%¥( pr 8f ¥piehl PEEFRE Lal
Machi ne Conpany, Charl es

It is well known that any amount of water soluble
10 polymer added to floral foam products can have a detrimental
effect on the flowers that are inserted into the foam.
Therefore, the preferred compound for use in minimizing the
"dustiness™ is polyvinylpyrrolidone, PVP K-15 or PVP K-30,
which are lower molecular weight polymefs. Other polymers
15 which could bé utilized include: polyethylene glycol (PEG),
acrylic or adrylate polymers, starch based with side grafted
acrylates, certain vinyl acetate polymers, and others. These
are all commercially available, and no detailed descriptidn
thereof is givén or deemed necessary. The PVP polymer is
20 manufactured by ISP Technologies Inc. and is one of the activg
ingredients in hair spray.
Preferably, by weight in the feedstocks the rice
hull ash caustic silicate soiution comprises 78 percent to 81
percent, the activated carbon in the rice hull ash silicate
25 solution comprises 6 percent to 15 percent and has a particle
"size of up to 25 microns and preferably about 12 microns in

diameter, the surface tension depressant comprises 1.00



WO 97/ 42131 - PCT/ US97/ 07530

- 14- Ross & Son Conpany, and others. Accordingly, no detailed
description is deened necessary or given. Conpressed air or
nitrogen is injected into the mxer at a rate to produce the desired
wet foamdensity 5 ranging from12 to 15 pounds per cubic foot. Lower
densities -~  wedwgasmater retention because it nmkes cell ul @cTAUEYPE7530

| ar ger . Hi gher densities nmake the foamtoo hard for floral and
horticul tural use. The wet foamis di spensed through a hose
attached to 10 the m xer outlet into noldsggwhich are filled to capacity
and then covered with a noisture barrier top. The wet
foamin the nypescdrst &lol @wed percett; rthE yedymer féeming peyermtd saflutddro 48
hours to all ow excess |iquid drai nage and curing reaction.- 15

The danp foam¢ampmiEes ERePed” { PO PeTRENOITPs 28rA0 Percenticaand rthe | eachi ng

R R PERMNEIL icant P50 Cher g U vor
(560 1o er ) ) e e RLETRLLESE LR Le ot Sffororcipy
hours. Thi § r enibers otheraiainteteing fideranglay be used, such as cellulose
| ' fibers. The reinforcing fibers should not be too hard as they
would incréase the hardness of the foam. The length of the
reinforcing fibers should not be so long as to disrupt the
cell structure of the foam and lessen water retention and not
10 so short to reduce the cohesive strength properties of the
foam. A satisfactory range of fiber length is from 250 to 300
microns, and 260 microns is presently preferred and is a
standard length available on the market.
Any desired_surface tension depressant can be
15 utilized, preferably from the chemical family of fatty acids,
rosin acids, coconut fatty acid, tall oil fatty acid (Fa-3),
and the 1like.
The preferréd preservative is commercially available
from Floralife, Inc. oOther preservatives include: sorbic
20 acid, potassium $orbate, benzoic acid, and others. These are
all commercially available, and no detailed description
thereof is given or deemed necessary.
In the event the activated carbon in the caustic
silicate solution is above the upper preferred limits set
25 forth herein, it can be removed by conventional filtration
procedures and apparatus readily availgble on the market such
as EIMCO Process Equipment, Kason Corporation, Frontier

Technology, Inc., and others. If desired, all of the



flushes other contam nants out of the cellular structure.
| eachi ng process is tinme-tenperature dependent and can be
with cold water for a longer period of tinme. The 25 hot wat
followed by a cold water |each for about the sane tine
open the cells in the foam . Advant ageously, the NaF can be -

precipitated Qpdjssfsu! | ed out
convent i onal

procedures. The WO 97/ 42131

PCT/ US97/-07530 - 15-

I's 97 percent pure and hence of a comobpditg-
mar ket ed -commercial ly..

The progress of both |

of the | eachate and recoverpdsdrwrsso

Thi s
acconpl i shed
er leach is
to cool and

recover ed NaF

grade whi ch can be

eaching

processes i sagBivhte@dcarbon i ftheqeanstieasil boxtd salfutiiion lcaachet e wat er

for pH, total 5 dissolved solids (TDS), and fluoride ions. This process
is conpkemevaﬂenndrma#kﬁnﬁ@ﬂﬁsphraﬁﬂﬂMea$oan¢$mmﬂﬁkﬂy%approaches
the sanme pH, TDS, and fluoride ionic cgncentration as the raw starting

"tap" water.
convection

pr oduct

Is cut into the

The foam pEX3BRELIZ then dried by forced

10 and i nf{,@é%ﬁ?}gﬂ{ ea..s ﬁn examﬁee of éb‘f;frqh rdrax-'tn OEggSf oam

ree nsi onal

such as bgi Cles Ei‘oduce &ed1 dya 10"k pebaakybl ed for  mul ch,
For floral foam product this is apprOX|nater 9 i nches
The process utilized was to inject three raw feed

and the

10

15

20

25

apes a SIZES,

soi |l anendnent,

material streams into an Oakes high speed, high shear mixer

via positive displacement pumps. A commercial (non rice hull

ash) sodium silicate stream had been pre-mixed with cotton

flock (260 microns in length) at a concentration of 2.6

percent by weight. Thus, the total solids (soluble +

suspended) were in the range of 41 to 42 percent in a 58 to 59

percent water solution. The polymer forming agent stream was

53 percent sodium fluorosilicate powder (particle

size at §

microns) plus 1.5 percent pigment solids in a 45.5 percent

water solution. The surface tension depressant stream was

comprised of' 80 percent distilled tall oil and 20

percent

oleic acid. The sodium silicate/cotton flock slurry was

heated to 105°F to 110°F prior to injection intc the mixer.

This reduced the viscosity and increased the rate

of reaction

with the sodium fluorosilicate. The feed ratios were: Wet

Basis - 300 parts sodium silicate slurry to 77 parts sodium

fluorosilicate slurry to 6 parts tall oil mix liquid or Dry

Solids Basis: 100 parts Na,0 : 3.22 SiO, solids to 36.4 parts

Na,SiF, solids to 2 parts tall oil mix liquid. Air or nitrogen

was injected at a pressure of 80 - 100 psig into the sodium

silicate stream just prior to entering the mixer.

The mixer



15 Dby 4 inches by 3 inches rectangul ar bricks. A pol yner

solution is then sprayed on the outer surfaces of the bricks to

m nim ze dust and particles di sl odgenent during shi prent.

The floral foam has a comrercial preservative spray 20 applied along with
t he pol yner sol ution. A floral, horticultural, nursery, and
agricul tural woﬁ/mﬂ conposition with acceptabl e properties gcqamosth73sh
liquid absorption, adsorption, and retention, and "softness" was

produced utilizing rice hull ash sodiumsilicate conpositions 25 as set
forth above. ‘ The properties_agnd conposition of the foam
conposition produced by the processes in Exanple 1 are within t he

ranges set forgdlsidpdra®edobbosbdg-Tédd eREM with a back pres¥é3&7{id 2l
PCT/ US97/ 07539 : - 16- :
Table 1 mixerrheadiciosi 49 - B0 psig. 5.0 to 6.0 I bs per cubic foot
Silicon dioxide (SiC{eraiR 52.34 to 62. 83 wei ght percent

Activated Carbon e3foam produgy was gHspeasednthreugh a hage tfxem

£ 0 S S LRS! SAhet sug m AT morc o 01
5 capacity, a moisture barrier covering was placed over the tops
to maintaip near 100 percent humidity. The foam product was
allowed to stay in the molds for a period exceeding 24 hours
to allow for polymerization to proceed and to provide excess
water drainage. The foam product in the molds had a wet
10 density of 10 to 11 pounds per cubic foot.

The polymerization reaétion of the prior art floral
foam yielded the unwanted by-product sodium fluoride (NaF) at
about 25 percent by weight concehtration in the dry foan.
After the floral foam was removed from the molds, it required

15 further processing to remove the NaF, any'excess reactants;
and the residual tall oil liquid. This removal was |
accomplished by repetitivelleaching treatments with hot
(>200°F) and cold (70-75°F) water solutions of soda ash
(Na,C0;) and potassium chloride (KCl). These repetitive

20 treatments took up to 7 to 8 hours with the water solution
temperatures ranging'from 70 to 205°F. These treatments alsé
completed the curing process for the foam product. After the
leaching treatments, thé floral foam was dried by a
combination of convection and infrared heaters for a period of

25 48 to 72 hours.

The prior art floral foam product had a dry density
of 4.0 to 4.5 pounds per cubic foot with the following

composition by weight:. 8i0, = 71 percent, Color pigment = 2



Trace netals 0.5 to 1.0 wei ght percent It is
wel | known that any anount of water soluble 10 polynmer added to floral

f oam products can have a detri nental effect on the flowers that are
inserted into the foam . Therefore, the preferred conpound for use in
m nim zing the “dustiness" is -polyvinylpyrrolidone, PVP K-15 or PVP

K- 30, ~ WhiyglByais | ower nol ecul ar wei ght pol yners. O her morosswomsao 15
whi ch could be utilized include: polyethylene glycol (PEG, acrylic
or adrylate polyners, starch based with side grafted acryl ates,
certain vinyl acetate polyners, and ot hecgg~These are all comrercially
avai l abl e, and no detail ed description thereof is given or deened

necessary. Théerddfit padotton =55 206 pencénic) Laretl HydraEBdTeahenl €92 st nz2
and is one of the active ingredients in hair spray.

Preferably, bsregitghtand, neguireddabeuksS5e mergent more fgreeatn insertc
silicate solution conprjses 78,percent tao 81 rcent, the,activated
carbon in t hER®|TEEDR)|9 §§F §PFi%g?ger§5€§ﬁﬂlﬁﬂ(ﬁ?eg%HBPiSS@P%S g?%%ﬁ?éto 15

percent and Egggﬁiémg}icle size of up to 25 microns and preferably
about 12 mcrons Tn di anmeter, the surface tension depressant conprises

1.00 5 WD 97/ 42131 Example 3
PCT/ US97/ 07530 -17- .

" This is an example of an attempt to produce an
acceptable floral foam product utilizing a commercial sodium
silicate solution with the Si0,/Na,0 ratioc at 3.22 to 1 and
39.2 percent by weight Si:Na soluble solids in a 60.8 weight

10 percent water solution; to which was added 8.03 percent by
weight commercial granular activated carbon (GAC) with 20 x 50
U.S. Standard mesh particle sizes (850 to 300 microns
diameter). Cotton flock (260 microns size) was mixed at 3.0
percent by weight and additional water was added to reduce the

15 Si:Na sdluble solids to about 34.0 percent by weight. This
final composition closely approximates that of the sodium
'silicate solution from rice hull ash utilized in Example 1.

The commercial sodium silicate solution, poiymer
forming agent stream (60 percent sodium fluorosilicate in 40

20 percent agueous solution), surface tension depressant strean
(£a11 0il mix), and compressed nitrogen were fed to the high
speed (500-600 RPM), high shear mixer at the same rates as
Example 1. The resulting foam product was further processed
in the same manner as Example 1.

25 The composition of the foam product utilizing the
commercial sodium silicafe was within the ranges set forth in
Table 1. However, the physical properties deteriorated with

the liquid absorption/adsorption and retention reduced by 29

Pe



percent to 2.00 percent, the polyner formng agent sol ution conpri ses

from17.00 percent to 22.00 percent, and the reinforcing fibers 2.00
percent to 3.00 percent. While cotton flock is the preferred
rei nforcing 5 fiber, other reinforcing fibers may be used, such as
cellul ose fibers. The reinforcing fibers should not be too hard as .

t hey woul wo gTeedse t he hardness of the foam The | engt hPEFU§HA7530
reinforcing fibers should not be so long as to disrupt the cel
structure of the foamand | essen water retention and not 10 so short to.
reduce the cohesive strength properties of-2he foam A satisfactory
range of fiber length is from250 to 300 m crons,_ and 260 m crons is

present|y prefeqlume PeYcpitaas comparad)fiy qhv?nﬁf:ﬁea*v'%?}%bf%a‘br???ﬁ’é‘%ﬂget .
Any desi red supface | gnsi g9, dentcs SABle £ U rekOreolLkLzen @ pleighl y
y

fromthe chem rosin acr S, coconu

acid, tall 0'|s€éﬂéliﬂ%a @hEFfb§ﬂ11ncrea§HEjh&hgzh'b@rcent to a level thag

preferred preservative is conmercially available fromFloralife, Inc.
Ot her preser vaidy eausec dafiege ste btlte sifemsacihd lepdhasst inmy sthdmtimtdoameni C
acid, and others. These are all commercially available, and no

det ai | ed déscrpmitowrart foapher Tog #@ﬂ{ﬂxnaahapoeéenﬁdthecegmmeqplal sodium
I'n the event the activated carbon in the caus icate solution is

boun L Pt it gl SRATRLAE Aet Bete 2arbrn, (ead) [1Sei i i oy e
b | | abl
e ot kot xppid Feslepa an RRAREY G SRLRRRE! PhifedE U S 10T E

on the market ¥ ason rporati on,

Frontier ﬂ§¥gyﬁﬂloﬂbst|QE-coﬁﬁE&éﬁfﬁﬁfhtlhﬁzdﬁ§ltﬁéyséﬂiuﬁﬁsiﬂﬁtate

solution from RHA of Example 1.
10 Example 4
This example is the same as Example 3 exeept
powdered activated carbon (PAC) with a particle size of about
72 percent passing a U.S. Standard 325 mesh (45 microns) sieve
was used in the commercial sodium silicate solution instead of
15 the granular activeted carbon (GAC). The processing
conditions and foam product composition were essentially the
same as Examples 1 and 3. The liquid absorption/adsorption
and retention was 17 volume percent iess than the acceptable
foam product of Example 1. The hardness as determined by the
20 flower stems insertion force was about 32 percent greater than
Example 1. Since powdered activated carbon is more expensive,
the cost of raw materials increased by 143 percent compared to
Example 1.
For agriculture and horticulture, the foam
25 composition or product of the present invention is used as a
propagation medium; for example, seeds, seedlings, plant
cuttings, such as nursery stock, poinsettia, orchid, rose

. cuttings, tree cuttings, and the like, or when ground as a
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- 18- activated carbon in the caustic silicate solution can be

renoved and marketed separately as a conmodity.

Exanpl e 2 The following is an exanple of a prior art process
5 to produce a floral foam product. The process utilized was

to inject thr r eed . material streans into an Gakes 1] d, -
hi gh shear m x ?ﬁlﬂl;l via positive displacenent punps. A con‘régf%lgaf@ﬁoon
rice hull ash) sodiumsilicate stream had been pre-m xed with cotton
10 flock (260 mcrons in length) at a congggtration of 2.6 percent by

wei ght. Thus, the total solids (soluble + suspended) were in the range

of 41 1o 42 Pgiefoddidloiér!,Copomich B6EGrIALRYeRR! HE! QllyedNe pOIyMET

f orm ng agent ream was percent sodi u I"uor osi powder

(particle sizge@én®ionl5 afaccansy phuft lodtPiigicrio RedBNhose! fdsckiya 45.5
per cent wat er solution. The surface tension depressant sftreamwas

conprised of 80 percentAddiiftiohhddcomponents avay 2@ pddednto the fHbamc aci d.
The sodiumsilicate/cotton flock slurry was heated to 105[err]F to
110[ err] F pri SFP"RF a0 OFoRTPANGE: AE th& iresent iRventiahcectemeas i scosity

and i ncreased, L1 il Bl tR2C1ERD wnion Wi AdNas199RYILELERL OB I Licgt e The
_ commercial market, and no description thereof is deemed
necessary or given.
' ther and further uses of the foam of the present
invention may be made such as for microwave and sound
10 attenuation, filtration and liquid purification, industrial
waste water containment and absorption, mediums for
bioremediation, as a fire stop in hollow wall vessels and the
like.
| Accordingly, the present invention has the
15 advantages and features and meets the objectives previously
set forth.
While presently preferred examples of the
embodiments of the invention have been given for the purposes
. of disclosure, changes can be made therein which are within
20 the spirit of the inVenﬁion as defined by the scope of the

appended claims.

What is claimed is:



Basis - 300 parts sodiumsilicate slurry to 77 parts sodi um

fluo i to 6 parts tall oil mx liquid or Dry Sol i ds
Basi !““I‘mﬂmw‘ﬁl‘m‘! rr]O: 3.22 SiJerr] solids to 36.4 parts 25 Na2Si F6
solids t6 2 patts tall oil mix liquid. Air or nitrogen was i njected
at a pressure of 80.- 100 psig i nte-t-he-sadium silicate streamjust
prior to enteriggobfpgsm xer. The riTHH8 SHEET HAS BEEN | WO 97/ 4Zc&husero7s3o
PCT/ US97/ 07530 _ REPLACED +19-  was operated
at 500 - 600 RPM wi th a back pressture—tn—the— & xer head of 40 - 80

psi g. " The foam product was dhgpensed through a hose from
the m xer outlet into nolds. After the nolds were filled to 5 capacity, a
noi sture barrier covering was placed over cilagmgops to maintain near
100 percent humi dity.- The foam product was allowed to stay in the

nol ds for a period exceeding 24 hours to allow for polynerization to
proceed and to provi de excess wat er drai nage. The foam product in the

mol ds had a wet 10 derfsit ethed; gT1TakiRA ds e feldefospan
T b Ao o4 e ek St e LB ol U o S e

unwant ed by-proa : ( 5 percen
vei ght concent pghine s "ed bty ebO@irons copisileg floral foam was
renoved fromthe nolds, it required 15 further processing to renove the

NaF, any exgess reactants, foaming a mixture of components comprising a

caustic silicate solution derived from caustic _
~digestion of rice hﬁll ash from thermal pyrolysis of J
rice hulls and containing diffused activated carbon
formed dufing the thermal pyrolysis, a surface
10 tensioh depressant, a polymer forming agent, and
inert reinforcing fibers, and
removing by;products including sodium fluoride
and unreacted components from the figid foam
composition,
15 wherein the activated carbon acts
synergistically with and being of a size not
disrupting'the cells of the rigid celled foam

composition to absorb, adsorb, and retain liquid.

2. The method of Claim 1 includiﬁg,
20 forming the rigid celled foam coﬁposition into
three dimensional shapes.
3. .The method of Claim 2 including,
spraying the three-dimensional shapes with a

polymer solution effective to minimize dust.

—/—-———”_’______’——’——.
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and 't he Wl quid. This renoval was acconpl i shed by
repetitiv mmm“ “ent s wth hot (>200[err]F) and cold

(70- 75[erf‘ ons of soda ash (Na[err]CdJerr]) and
potasswmcrhlérltle'tK ). These rrepetidive—20 _treatnents took up to 7 to
8 hours with the water .solution leStSdfiEﬁErlﬂtSuEEE\l anging from70 to

205[err] F. Wﬁuiﬁeat nments als RERIACEPt ed t he curi ngppiRREHFEsfOr the
f oam product | ealTTt ng—treatrertss—t he floral foamwas dried
by a conbi nation of convection and infrared heaters for a peri od of

25 48 to 72 hours. : ~The prypr art floral foam product had a
dry density of 4.0 to 4.5 pounds per cubic foot with the follow ng
conposi tion by wei ght 4 Si Ghgrhéthdd FerERiliim 2CaneluBiggpnt = 2

W97/ 42131 PCT/ US97/ 07530

- 20- percent, Cotton spﬁaylﬁgplawerh:eea-rdimyxéianaﬁl shapes witth ta 22
percent, and required about 50 percent nore force to insert the stens

of the cut flowers thMeﬁﬁrVﬁﬁiY%aﬁffﬁﬂﬁ?dS? tﬁq)rpr@serve 1§an®fe°‘1t 5
Exanpl e 3 %P examl.e . n atte %1 roducetfl
acceptabl e floral foalﬁlﬁf”ﬁﬁﬁc’t’hﬁ? ARG Faﬁngg to 3 cate
sol ution vmththe SlO%/hu%Lgr_r]]ratlo at 3.22 to 1 and

5. The method of Claim 1 where,
the rice hull ash caustic silicate solution
comprlses 78 percent to 81 percent by weight,
the activated carbon in the rice hull ash
10 caustic silicate solution comprises from 6.00
percent to 15.00 percent by weight and has a
particle diameter of not above 25 microns,
the surface tension depressant comprises from
1.00 percent to 2.00 percent by weight,
15 ' the polymer forming agent solution comprises
frém 17.00 percent to 22.00 percent by weight, and
the inert reinforcing fibers in the rice hull
ash caustic silicate solution comprises from 2.00

percent to 3.00 percent by weight.

20 6. The method of Claim 5 where,
the surface tension depressant comprises 80
percent distilled tall oil mixed with 20 percent
cleic acid,
the polymer forming agent compfises sodium

. 25 fluorosilicate, and

This Sheet Has Been Rep
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39.2 percent by weight Si:Na soluble solids in a 60.8 weight 10 percent

wat er sol s added 8. 03 percent by wei ght conmer ci al
granul ar memmnmwm@q with 20 x 50 WU.S. Standard nesh
particle sizes (850"to® 300 nicrons| THIS SHERTBIAY BEENCPt ton flock (260

m crons size) was mxed at 3.0 percEgﬁngnmelgh and additional water

was added to reggweuiBe 15 Si:iNa about 34. fcyeswendse by
wei ght. This final conposition closely approxi mtes that of the
sodi um silicate solution fromrice hull ash utilized in Exanple 1.
The commercial sodiumsilicate solution, palasxer form ng agent stream

(60 percent sodiumfluorosilicate in 40 20 percent aqueous sol ution),
surface tension depressant stthleanmert refhfbrcing fibers avhprdEe eottdn

nitrogen were fed to the high speed (500-600 RPM, high shear m xer
at the sane rates as flogkwanpl e 1. The resulting foam product was
further processed I n.the sane manner as Exanple 1. 25 The
conposition of the foam product utiIizing t he comer ci al sodi um

silicate was within the $anggs ar e 1. However, the
physi cal properties deterlorateEEVnth bl bﬂaﬁm % %ﬁ%%?e&morptlon/adsorptlon

and retention reduced by 29 the caustic 51YEb9Eé4§3i¥E10n is a sodium
PCT/ US97/ 07530 vol une percent

as conparedsto the accepszﬁﬂqaﬁhoamupmadnct of

8. The method of Claim 1 including,
recovering the sodium fluoride from the

resulting foam composition.

2. A method of obtaining activated carbon
10 comprising,
separating by filtration activated carbon from
a caustic silicate solution derived from caustic
digestion and thermal pyrolysis of rice hull ash

containing the activated carbon.

is 10. A rigid foam composition having a cell
structure comprising,
silicon dioxide derived from rice hull ash and
having diffused activated carbon particles from
thermal pyrolysis of rice hulls, ‘a majority of cells
20 of the cell structure having a size of from 40 to 60
microns, the activated carbon particles being of a
size not disruptive of the cells of the rigid foam

composition, reinforcing cellulose fibers, hydrate

This Sheet Has Been Reilac




‘I——KT_——TTE;?;;;;;reqU|red to insert the flower stens into

e A o, TR
51 | 'CEﬁEPL

cost of the comver&ial sodi.um granyl ar activated carbon
(GAC) used in this exanpl e resl 15 percent increase in

raw mate gt as conpared to utilizing the SOdlun1S*éhﬁ§ﬁﬁmmo
sol ution fron#@ﬁk“ﬁ@ Exanmple 1. 10 Exanmpl e 4

This exanple is the sanme as Exanple 3 except powdered activated carbon
(PAC) with a particle size of about _bg-percent passing a U S. Standard
325 nmesh (45 mcrons) sieve - was used i n the corfnercial sodiumsilicate
solution instead of Ipd heedy *PdNak, 86! pyAt 86 fak tmm(r@a@ byIBQOQﬁQ*EeSS| ng
conditions and foam product conposition were essentially t sane as
Exanples 1 and 3. The andui d absor ption/adsorption and retention was
17 vol une percent |ess than the acceptable f oam product of Exanple 1.
The hardness as det er ni ned & yryhdengdty| fhep 8¢ @RPUNdseto] 6r Of pPRdALbY

about 32 percent greater, tha 1. Since powdered activated
carbon i s nore expensiV&l9 ﬁL peq:ﬁ8h5§s¥38g 'raw materials increased by 143

percent conpared to XU/ oF the cell structude) &y¥h nggﬁg gpd

horticultUre, the foam 25 conposition or product of t e present I nvention
Is used as a Pr op@skk | 0t @ouickehspXxanpl e, seeds, seedlings, plant
cuttings, such as nursery stock, poinsettia, orchid, rose cuttings,

tree cuttings, and the I|l«uhememmh¢hegcompdsathn has a hardness
effective for insertion of cut flowers without
damage to their stems while inserting them in the

10 rigid foam composition.

11. The rigid foam composition of Claim 10 where;
the silicon dioxide comprises about 50 percent
to 63 percenﬁ by weight,
the hydratg comprises about 15 percent to about
15 ' 19 percent by weight,
‘ the reinforcing cellulose fibers comprise about
'4.50 percent to 5.50 percent by weight,
the activated carbon particles comprise about
13 percent to about 27 percent by weight and have a

20 diameter of not over 25 microns, and including 0.500

to 1.00 trace metals.

12. The rigid foam composition of Claim 10 where,
the reinforcing cellulose fibers comprise

. cotton flock.

This Sheet Has Been RTilaced
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-22- "M’ ’Mi M WMI mul ch to control |evels of water

retention, cuttlngs to react nore qui-ckly.

Addi ti onal corrponents mdy be added to the foam conposition or product .
of the present invention, such as 5 nutrients and the |ike which are

readi |l y avai |l akkeoraristhe - commerci al market, and no descr ipgirhk97é7_sy €of
i s deened necessary or given. - 27.. : Q her and further uses of
t he foam of the present i nvent i ogy de such as for m crowave

wast e wat er cont ai gvigihalabrkigdsQBpt |30n10 d: remai

a fire stop in hollow wall vesselsu

Accordingly, the present invention has the 15 a&vant ages and features and
neets the objectives previously set forth. Wil e
presently preferred exanples of the enbodi nents of the invention have
been given for the purpose§I . o?‘ ﬁbﬁdc&s Sei %haangg J(_:dam gle_l?n%dgot herein

which are within 20 t e |nve I'On -“as de ned c%pe of
t he appende 8ﬁ§10 having a majority of its cells of a size of

from about 40 to about 60 microns comprising,

and sound  10- arbeatiati §1tnd Thidhi Qo gg{sthrmeﬁ do ysyrial
ol

5 foaming a mixture of components comprising (a) a
caustic silicate solution derived from caustic
digestion of rice hull ash from thermal pyroiysis of
rice hulls and containing diffused activated carbon
formed during the thermal pyrolysis, (b) a surface

10 tension depressant, (c) a polymer forming agent, and
- (d) inert reinforcing fibers, and
removing by-products including sodium fluoride
and unreacted components from the rigid foam
composition. i

15 2. The method of Claim 1 includiﬁq,
forming the rigid celled foam composition into
three dimensional shapes.

3. The method of Claim 2 further comprising,
spraying - the three-dimensjional shapes with a
20 polymer solution in an amount effective to minimize
dust.

4. The method of Claim 2 further comprising,
spraying the three-dimensional shapes with a
preservative in an amount effective to preserve life
25 of cut flowers when their stems are inserted into said
- shapes.

5. The method of Claim 1 wherein,

AMENDED SHEET (ARTICLE 19)



What'ischaimed is.

PCT/ US97/ 0 [err] - 23-

Cl ai s ”,j’ii!jl l“" ”m 1. A nmethod of making a rigid celled foam
conposi t 0N &y M’Iority of its cells of a size of from
about 40 to about” 6¢ m*crons conpri sing, .5 foam ng a

m xture of c conprising (a) a- -Cﬂﬁﬁms hchpat e’
sol ution derﬁ@@gﬂﬁﬁ%§1caustic (2 di gestion o r|cgﬁﬁ%? ash
fromthermal pyrolysis of rice hulls and contai ni ng

di ffused activated carbon - 28 -formed during the thernal
pyrolysis, (b) a surface 10 tensi on depressant, (c) a polyner
form ng agent, and the rice hull(dsh neyamstécnfoiXicurd | bedationd

oot cormonePRPRFRg! 7, BOSLUL LB Barcant by weisht or®Efe
. conposi tion. nixgure, 2. The nethod of daim1l incfuding,

form ng the rigid cell eghtofdt BeHessichirbbni ith ®the rice hull ash cabbBtge

di mensgj onal shapes._... . ' T, t [ f Lt her
c_orrpr i%si ng, silicate solut'lonspc):roxat-l F%aef hfg?ﬁegﬁg?%e%%%%g gséﬂgpes
with a 20 percengobyneight andrhas arPartifie eippeteyecfonttni ni ze

dust. above 25%micddwes et hod of Claim 2 further conprising,

sprayi ng the three-di nepgional_.shapes w.ith a . r vative
in an anount effective tt;gepr‘%%'é%\g% Ie*ﬁnesmn ‘ngressant coné"?ncsu?éof ?%%rs

when their stens adeOPnpereent itat 8.98) percent by weight of theypixture,
5. The nmethod of . O ai m ¢hehséBinbr forming agent solution comprises from

17.00 percent to 22.00 percent by weight of the
mixture, and '
the inert reinforcing fibers in the rice hull ash
_ caustic silicate solution comprises from 2.00 percent
15 to 3.00 percent by weight of the mixture.

6. The method of Claim 5 wherein,

the surface tension depressant comprises 80
percent distilled tall oil mixed with 20 percent oleic
acid, :

20 the polymer forming agent comprises sodium

fluorosilicate, and

the inert reinforcing fibers comprise cotton
flock.

7. The method of Claim 1 wherein,
25 the caustic silicate solution is ‘a sodium -
silicate solution.

. 8. The method of Claim 1 further comprising,
recovering the sodium fluoride from the resulting

foam composition.

AMENDED SHEET (ARTICLE 19)



M

err - 24- the rice
Lul I ]ash JMH’H”’”’,!MI’K@#’FOI ution conprises 78 percent to 81
percent by Wweitght 0 . m xture, o t he
activated carbon in the rice hull ash caustic 5 o silicate
solution conprises from6.00 percent to 15..00 percent by .
wei ght and has wop#udac! e di aneter of not _ above ptTniges/ 356 ,
the surface tension depressant conprises from - 1.00 percent to
2.00 percent by weight of the mxture, 10 t he pol yner
form ng agent solution conprises from - 29 - 17.00 percent to 22.00
- percent by weight of the m xture, and t he

inert reinforcing fiBe Aimethied pfcebtadninglactivated carbon camprising,
silicate solution conprisggpd*oPirg By FANELALIdA activated da@ben0frofr£ent

by wei ght of the m xture,. - . The nmethod of Jaim5 .|
m%ereig, - caustic,  gilifpte. Fgﬁggbﬂndeﬁﬁﬁégﬁgt £5ﬁ$ri§§§sgﬁc
percent distilled tafigeptiahx@hdni theeBaperyenlysisi ®f rice hull aslid,
20 5 t heonRiNiRG tHOr{BEHatRERarbeAPI i Ses  sodi um
fluorosilicate, and : - the inert reinforcing fibers
conprise cotton fl ock. ' 7. The net hod of
Ctaim1 wherein, 25 the caustic silicate solution is a
sodi um 18L | | Kt Ry 0| #¥anPRomposition having a %elIhEthEQQQeOf

i ‘ I Um
ot LS SOTELS PRy ce certe of tng oyt SEANCHAE Mbe SOCLET of
PCT/ US97/ 0A33® 4Peitp] 60 microns, comprising,

(a) silicon dioxide derived from rice hull ash
10 ' and containing diffused activated carbon particles
from thermal pyrolysis of rice hulls, the activated
carbon particles being of a size not disruptive of the
cells of the rigid foam composition, (b) reinforeing
cellulose fibers, (c) hydrate and (@) less than 3.00
15 " ppm sodium fluoride by-product, and wherein the foam
composition has a dry density from 5.0 pounds to 6.0
pounds by weight per cubic foot,
and a sufficient hardness so that cut flowers can
be inserted into the foam composition without damage
20 to their stems. ' '

11. The rigid foam composition of Claim 10 wherein,
the silicon dioxide comprises about 50 percent to
63 percent by weight of the composition,
the hydrate comprises about 15 percené to about
25 - 19 percent by weight of the composition,
the reinforcing cellulose fibers comprise about
4.50 percent to 5.50 percent by weight of the

composition,
. the activated carbon particles comprise about 13
30 percent to about 27 percent by weight of the

composition and have a diameter of not over 25
microns, and including 0.500 to 1.00 weight percent of
trace metal impurities.

AMENDED SHEET (ARTICLE 1)



-25-7 od of obtai ning activated carbon conpri sing,
separatlng ¢ulu""“" " r@ ivated carbon from a- caustic
icate solution dern ved Fom caustic di gestion and thernal

pyronS|s of rice hull ash 5 ) contai ning the activated carbon.

10. A rigid foam conposition having a cell structure wherein a mpjority
of cells of . t%%uslstructure have a size of from40 to b 7848S ’
conpri si ng, (a) silicon dioxide derived fromrice hul

ash 10 and containing diffused activated carbon _particles
fromthermal pyrolysis of ric hulls, the_agfivated car bon
particles being of a size not disruptive of the v cells of the
rigid foam conposition, (b) reinforcing cellul ose fibers, .(c)
hydrate and (d) |less than'3.00 15 ppm sodi um fl uori de by-product,
and wherein the foam conposition has a dry density from5.0
pounds to 6.0 12. The goigids fppmycioghesption udf CX¥aig 10 where,

and a sufficient hardnesaaéqélbﬁtoz@ihgf EeYBhSoSé Fibers compriseb@ott@erted
into the foam conpo on wi thout damage 20 to their stens.

11. Tha rigid foan1§% sltlon of Claim 10 wherein, t he
silicon dioxide conprises about 50 percent to 63 percent by
wei ght of the conposition, the hydrate conprises about 15
percent to about 25 19 percent by weight of the comnposition,

the reinforcing cellul ose fibers conprise about 4.50 percent
to 5.50 percent by weight of the conposition,

the activated carbon particles conprise about 13 30 percent to.,
about 27 percent by weight .of the conposi ti on and have ‘a
di aneter of not over 25 m crons, and including 0.500 to 1.00
wei ght percent of trace netal inpurities.

PCI / US97/ 07530 - 26- 12. The
rigid foam conposition of C aim 10 where, t he reinforcing
cellul ose fibers conprise cotton

AMENDED SHEET (ARTICLE 18)
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g C

renalnln unchanged (4 pages)]

A net hod of making a r|g|d cell ed foam conposition having a.’
najorlty of its cells of a S|ze of -§40om about 40 to about 60
m crons conprising, 5 o foam ng a m xture of conponents
conprising (a) a caustic mlq%éiﬁ%solution derived from
caustic : digestion of rice ha fromthermal pyrolysis of
rice hulls and containing diffused activated carbon f or med

during the thernal pyr ol ysi sy, (b) aa xﬁé{:fxéae df making a tfﬂéi@” celled foam

depressant, (c) a [. for
reinforcing fiber Qﬁhﬁ1t1°“nhaglng a maJ?EﬁﬁVlﬁftﬂﬁirﬁﬁg&FSQQuﬂuﬁiﬁg of

sodiumfluoride from about 4@nto aboatc500niceopen Svnpr il the rigid

f it e 1 . 2. _Th th f .Cl,ai 1
 nel udi ng? COmOS! U Quning 8 whatHFY, 9 CPPRARFRER BRBRLELIE () o
into t hr ezauBbERS| sriélicglt&pessolution denved Xfrdme caustdc

of daim2 further CONYY
on of rice hull
t hree- di nensi onal shapes, €%£$P % © ﬁs mer soI I on |n ¥r°1¥815 of

effective to mininize rice hulls anﬁmﬁontalnlng dlffusedzﬁcﬂiﬁahedhcarbbn

Gaim2 further conpristdimed during the ther®B1pyibiyeis, éb& a surface
t hr ee-'di pensi onal shapes with a (esreservatlve in a

effectivi9to preserve [§§NSign depressanty; (g); & RMﬁQF!#RSraQGEﬁE and
?is inserted into said(d) inert reinf6PPfhg fibers, and

removing by-products 1nc]ud1ng sodium fluorlde
and unreacted components from the 'rigid foam
composition.

15 _ 2. The method of Claim 1 including,
forming the rigid celled foam composition into
three dimensional shapes.

4

sy | 3. The method of Claim 2 further comprising,
~ : spraying the three-dimensional shapes with a
20 polymer solution in an amount effective to minimize
dust.

4. The method of Claim 2 further comprising,
spraying the three-dimensional shapes with a
preservative in an amount effecfive to preserve life
25 - of cut flowers when their stems are inserted into said
shapes.

5. The method of Claim 1 wherein,



5. Th hod of O ai wher ei n, 5 1oy ARENDED 2
SHEET?(KEREI'I CC)JLE019) aim il wnerein WO 97142131 PGTﬂ"S977 PS5 30

RCT/ US977/ 07530 = - 2EAMIS 092 T 199y
the rice ilgl Silicate solution = Vedpr i ses- T8
percent t‘g‘“gnﬂ“m;ﬂmﬂm%l ght of the m xture,

the activated carbbn in*the rice hull ash caustic 5 silicate
sol ution conprises from6.00 percent to 15.£P | percent by

wei ght and has a particle diameter of not
the surface tension depressapnt copprises,{rom . ..1.0 ercent .to
2.00 percent by weight of tﬁgenifﬁ Fe,hﬁb{ ash caustic sijlc ngpﬁu%ion
form ng agent sol uti oncomppiisess 7 grercent to 81 petéedt My cesight 32. &fe
percent by weight of th Eur m xture, and t he

i nert reinforcing fibeWZXiH e rice hull ash caustic
silicate solution conprisestheoackivatedrcanbonsin the rice hudl3ash penssic

by wei ghg of the m xtug§)jcate solu}:ion comériJQE FEIN Y 0 perRidhtO to 65.00
~ t he sur 8

above 25 m crons,

wher ei n, ace tension depressant conprises

percent distilled tallpPerreatx®y welghto and has diR3xticle diameter gfj pot
20 t heapBQkY BB mikebisNg agent conprises sodium
fluorosilicate, and the inert éeinforcing fibers

conprise cotton : ther gxface tension depresgsany . GoWRTIFe from
Caim1l wherein, 25 1.00 percent tbéle.0Cpstdent By wedight o€l theomixtareq
SOdlumlo . S'llcakﬁesggf§h89'forming agent solution comprises from .

17.00 percent to 22.00 percent by weight of the
mixture, and ' B

- N
N ~ the inert reinforcing fibeia;ih the rice hull ash
caustic silicate solution comprises from 2.00 percent
15 to 3.00 percent by weight of the mixture.
6. The method of Claim 5 wherein,
the surface tension depressant comprises 80
percent distilled tall oil mixed with 20 percent oleic
acid, ' _ '
20 ‘" the polymer forming agent comprises sodium
e ' fluorosilicate, and
~ ' the inert reinforcing fibers comprise cotton
flock.

7. The method of Claim 1 wherein,
25 : . the caustic silicate solution is a sodium
silicate solution.

8. The method of Claim 1 further comprising,"
recovering the sodium fluoride from the resulting
foam composition. '



8.

im1 f h i sing,
the sodium I (r)nm t hgrﬁeglrjl flogrl SI_ " PG a'nis I/':I dyfél_s o
ANENBMM’“MH“ [err] - WO 97/ i?—‘EWU D 1331

PCT/ '

9. A method of obt ai ni ng activated carbon conpr|5|ng,

separating by filtration activated carbon fron1a caustic
silicate solution derived fromcaustic di gestion and thernal
pyrolysis of rice hull ash 5 . cot®¥ ning the activated carbon.

10. A rigid foam conposition having a cel| structure wherein a

mejority of cells of the Pemetiiad, @fuPbtRENg #okd wted carhen APMRF EBing,
m crons, conprising, separatlng by( &) 1tsaltiiew aditidtedaddmeshf £66m a -
rice huII ash 10 and cqnt.ai ni ng dli sed acfivate r-bon

particles Ca‘ﬁ’éﬁ?t h&tdCARF ol $SHUTLIPN | ALTHANG ?’h’&’mact?%‘é?"é’cf:

carbon particl es bei ngapfest Sore d1ed dinrudl veyrfolyeis of rice huldl |ssh
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15 ppm sodium fluoride by-product, and wherein the foam
| composition has a dry density from 5.0 pounds to 6.0
pounds by weight per cubic foot,
and a sufficient hardness so that cut flowers can
be inserted into the foam composition without damage

20 " to their stems.

11. The rigid foam composition of Claim 10 wherein,
the silicon dioxide compfises about 50 percent to
63 percent by weight of the composition,
~ the hydrate comprises about 15 percent to about
25 19 percent by weight of the composition,
‘the reinforcing cellulose fibers comprise about
4.50 percent to 5.50 percent by weight of the
composition,
the activated carbon particles comprise about 13
30 - percent to about 27 percent by weight of the
| composition and have a diameter of not over 25
microns, and including 0.500 to 1.00 weight percent of
trace metal impurities. ' |
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12. The rigid foam composition of Claim 10 where,
the reinforcing cellulose fibers cdmprise cotton
5 flock.
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