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Deposited Carbon from Caustic Bi omass- Ash- Sol utions and Processes 10

Field of the Invention The present invention relates to precipitated)y SEP 2004
silicas or silica gels, wherein each silica type has adhered or deposited
activated carbon or free of carbon, 15 froma caustic biomss ash sol ution
and their production. Background of the I nvention Commercially avail abl e
precipitated silicas are produced through an acidul ation process utilizing
a caustic silicate solution, such as sodiumsilicate solution, with a 20

m neral acid, such as sulfuric acid. Commercially available caustic
silicate solutions are conventionally nmade by fusing high purity soda ash
and silica sand in furnaces at tenperatures of 1300 to 1500C and hi gher to
produse a solid glass. The silicate solution is made by dissolving the
glass 25 with steam and hot water. This is the foundation of al

commerci al processes for naking sodiumor other soluble silicate solutions
today. Both processes are very energy intensive, thus very expensive, and
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descri bed, however, Céﬁhéﬁﬁ%ﬁli?*avallable precipitated silicas are

produced through an acidulation process utilizing a caustic

silicate solution, such as sodium silicate solution, with a
20 mineral acid, such as sulfuric acid. Commercially available
caustic silicate solutions are conventionally made by fusing
high purity soda ash and silica sand in furnaces at
temperatures of 1300° to 1500°C and higher to produce a solid
glass. The silicate solution is made by dissolving the glass
25 with steam and hot water. This is the fcundation of all
commercial processes for making sodium or other socluble
silicate solutions today. Both processes are very energy
intensive, thus very expensive, and the silicates generally
contain metal contaminants found in the earth in amounts from
30 about 500 to 10,000 ppm. Processes for producing precipitated
Silicas are described in detail in U.5. Patent Nos. 2,657,149;
2,940,830; 4,157,920; 4,495,167; and 4,681,750, the entire
disclosures of which are incorporated herein by reference,
including the precesses for producing precipitated silicas and
35 the properties of the product. In general, acid and silicate
solutions are added to a reactor and by manipulation of the
process conditions, the chemical and structural properties can

be controlled. After completion of the precipitation reaction,



solutions. The process for commercially produced silica gels, entails
treating a solution of soluble netal silicate, usually sodiumsilicate
with a strong mineral acid such as sulfuric or hydrochloric acid. SOnEE 2004
t he gel phase does not settle out, 10 silica gel is customarily described
as a non-precipitated, honogenous m xture of colloidal anorphous silica
particles end product is then washed to renove salts, dried,
and reducgf(%@ﬁg sui table particle,size range. Therepgﬁggné@ﬁ%rally t wo
types of silica gels, nanely, hydrogels and 15 aerogels. Hydrogels are
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and Deguss@nsé SterfQVddrRdad88NtSving it the capacity to absorb
20 large gquantities of moisture as well as other substances.
Precipitated silicas with added carbon adhered or
deposited on them are utilized for various rubber
applications, which require high strength and abrasion
resistance, such as tires and industrial products. The current
25 methodology for using combinations of silica and carbon as
reinforcing agents in rubber entails blending the solid
components into the rubber composition, which usually requires
the addition of dispersants and coupling agents to achieve a
homogenous mixture. In practice, the carbon is normally
10 selected from carbon blacks that are commercially available
and conventionally used in tires, treads, hoses, etc. Examples
include carbon blacks with ASTM designated N-numbers, which
are well known to those skilled in the rubber compounding art.
These carbon blacks are produced commercially by subjecting
35 heavy residual oil feedstock to extremely high temperatures in
a carefully controlled combustion process. This production
process is very enerdy and labor intense, which results in

high manufacturing costs.



capable of reacting with both the silica surface and the rubber el astoner
are utilized to cause the particulate precipitated silica to have a
reinforcing effect on the 10 rubber. As nentioned previously, precibﬂﬁﬁfdﬂn
silicas and silica gels are utilized as reinforcing fillers in many
applications, particularly, in the rubber industry. For wvarious rubber
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various rubber products, including the treads, undertreads,

20 and sidetreads of tires; industrial hoses, conveyor belts,
rolls; rubber shock absorbers; and the like. The use of silica
and carbon as reinforcing fillers for elastomers, including
sulfur curable rubber, is well knoﬁn to those skilled in such
art.

25 U.S. Patent No. 5,610,216 discloses a rubber
composition with the combination of silica and carbon black
utilized as reinforcing filler, with a ratio of silica to
carbon black in the range of 3/1 {75% silica and 25% carbon)
to about 30/1 {96.77% silica and 3.23% carbkon). The rubber

30 composition comprises about 25 to about 100 parts of
reinforcing filler composed of silica and carbon black per 100
parts by weight of rubber (phr).

As previously mentioned, carbon black is produced
commercially by subjecting heavy residual oil feedstock to

35 extremely high temperatures in a carefully controlled
combustion process. By adjusting conditions in the combustion
process, dozens of commercial grades with varying structure
and particle size, are produced. Carbon black structural

properties such as, surface area and pore volume, are



customarily performed by a BET (Brunauer, Emrett, Teller) nitrogen
adsorption test nethod, ASTM D3037 or ASTM D4820 with 10 val ues in square
‘nmeters per gram of carbon (nR2/g). Some manufacturers use ASTN|D37QF%SEﬁﬁﬁL
(cetyltrimethyl anmmoni um bromi de) adsofption for surface area, whi
results in values in n2/g identical to the BET values, in npbst cases.
Al so, someaR,L Q%LﬁCtU ers utiljze ASTM D1510, Standard Test Method for 15
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20 Iodine Numbers and DBP Numbers tegether with ASfM
designated N- numbers for carbon blacks, may be found in The
Vanderbilt Rubber Handbook, 13th Edition (19%0). The DBP
number 1s indicative of structure with a higher number
indicating a higher structure and usually larger aggregate

25 size. The BET nitrogen adsorption number is indicative of
surface area with a higher number indicating a higher surface
area and, usually, a smaller particle size.

U.5. Patent Nos. 5,168,106; 5,67%,728; and 5,798,405

disclose carbon blacks suitable for the aforementioned uses,

30 with structure properties as follows: DBP (dibutylphthalate)
Adsorption Numbers ranging from B0 to 135 ml/100g, BET
Nitrogen Adsorption Numbers ranging from 20 tc 300 mg/g, and
Iodine Numbers ranging from 25 to 300 mg/g.

U.S. Patent No. 5,807,494 discloses a silica gel

25 compeosition with 2 carbonaceous component attached to a gel
component. The carbonacecus component may be selected from the
group consisting of: carbon blacks, carbon fibers, activated
carbons and graphite carbons. If hecessary, the carbonaceous

component may be modified so that it will attaeh to the el



conposition. If gel conpositions with | ower bulk density are desirable,
then amounts of 1 to 50% by weight, of the 10 carbonaceous conponent are
utilized. If higher bulk density gels are desirable, 50 to 99% b?/ ﬁtgw‘
of the carbonaceous conponent are utilized. The gel conpositions % g
car bonaceous conponents may be utilized in applications known to those of
ordinary skjdihaAa the art, which include the 15 foll ?*Wr 'm+lthsul ation
applications, tncluding thernal, @lectrical, and acoustical |nsulation;
particul ate additive applications, including thickeners in pignments, inks,
and f oodconpondiht) Thetkby f iimgrageirs iks paiart aiapelsdeatings; fillers in
cement s, s A4ESL Ve BRLIARECELAMOSH LAY EiiElpgs 20 agents in

pol ynmers_and natural or synthe?lc rubber ~ conpositionS; ‘adsorbents for
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35 conpoSition is desirabl’e for use fn apafticular application wll
depend diPmPREcRhAT&ctEH ede sThE deieCHBROASAPDS i ¥1NdINGuch as anpbunt of
car bonaceabonabé®is ebmpotetponay s abdlidw@ ibuddpidenstibys aholvhe
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to 132 mYCHuets arfdaabraggenps i HuPpiphs (0] 603t YWS(ASTMI3840) from 16 to
130 nanaremiedts8, adhesives, and rubber compositions; reinforcing
20 agents in polymers and natural or synthetic rubber
compositions; adsorbents for liquid, gas or vapor adsorption
processes; catalyst supports for powdered metal or metal oxide
catalytic materials; membranes for selective liquid, gas or
vapor separations; filters for filtration of particulates;
25 radiation detectors; heat resistant coatings as in thermal
barrier coatings; and low dielectric materials.
Gel precursors, suitable for use in the gel
composition of the 5,807,494 patent, include metal oxide
precursors known in the art, such as: 5i0; in alkoxide, sodium
30 silicate and colloidal forms; TiO, in alkoxide and colloidal
forms; Al,0; in alkoxides, colloidal, sodium aluminate and
salts forms. The choice of a particular precursor is made
based on the type of gel desired. As will be recognized by
those of ordinary skill in the art, whether a particular gel
35 composition is desirable for use in a particular application
will depend on the characteristics of the gel composition,
such as amount of carbonaceocus material incorporated and the

bulk density of the composition.



Prior toinitiating gel formation, a specific anount of a 10 particul ar
carbon bl ack was added to a sol (a liquid colloidal suspension or
solution) consisting of cormmercially available sodiumsilicate (Si02/ Na20
ratio of 3.22:1) and 2M sulfuric acid, with a pH of about 3. GE|a§i&EgWﬁﬁ
initiated by controlled addition of |M sodium hydroxide until the 8

the 15 sol , sed to about S. After washing free of sol vent
exchangi né‘,{d@ﬁ’dﬁgryl ng, representative sanples were 3'95’%%161{]@'31 by a rub-off

techni que and scanning electron m croscope (SEM photographs, to determ ne
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20 U.S. Patent No. 5,679,728 discloses a carbon black
having silica adhered to or deposited on the surface thereof
(referred to as "silica surface-treated carbon black")
utilized in a rubber composition for tire treads, undertreads,
and side treads, which gives a low fuel consumption and

25 superior durability, without reducing the braking performance
and other tire performance. Also, disclosed is to provide a
silica surface-treated carbon black which suppresses a rise in
the electrical resistance which is a defect of silica, and
improves the dispersibility. The silica-treated carbon black

30 preferably has a nitrogen specific surface area (N;SA) of 20
to 300 m°/g and a DBP oil adsorption of 90 to 180 ml/100g. The
silica surface-treated carbon black was prepared by the
following method. A carbon black (DBP adsorption of 115 to 119
ml/100g} slurry, prepared by an ordinary method, was warmed to

35 90°C, then diluted JIS No. 3 sodium silicate was added over 4
hours by a constant delivery pump, the pH was maintained at 5
to 10 by dilute sulfuric acid and an aqueous solution of
sodium hydroxide, whereby silica was deposited on the surface
of the carbon black. Next, the pH was adjusted to 6 and the



carbon sanpl es prepared in the above manner, the silica 10 content ranged
from2 to 74 wt % the nitrogen specific surface area ranged from94 to
193 n2/g and the iodine adsorption ranged from2 to 137 ng/g. Various
rubber conpositions for tire tread, undertread, cap tread, and qqugp m;ad
uses were prepared using the silica surface- treated 15 carbon bl ack,

tested and the results conpared to those obtained fromrubber conp03|t|ons
conpounde&qm{}tﬁornal carbon blagk and silica rei nESFUEHENYS. The results
clearly showed the rubber conpositions with silica surface-treated carbon
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to provide advaﬁ%‘&gggaﬁ)‘if&r ga’f o3 ??l’ﬂ‘ag iY%fures thereof in an

el ast onsur fwhetreatipd ceation blarik wnrayfcbmdjsedlytitmllde@id abke properties
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si | iga, @ﬁ@éﬁbmgéalf% VebIROUS 85 @1& ingBroddiBgesitica, fused silica,
silicates ? al uq%ﬂ S|I|cat%s otqgf %I €9 faining fillers such
as clay 5?% aRﬁSI Faey The tPt I"f k2. 2 |8 2°R€  comercial ly

avai | abla@Serm@UGhngwrfG@g astacaBadt ngter. pEPBLPWH rubPPG | ndustri es,
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Fromthﬁz&%nor art, it ggarent hat reC|$ ted  silicas, silica gels,
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cer ti® n qarbperhliask, r then itegted anct the tuasallts hepraperedi B¢ itdosesur f ace area,
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|l evel s. © €30 WSt h t"orcmg fillers
inr ubb@rhopeéonhﬁ gubbtaramnmssﬁwalﬁdwo‘trh@‘llpet yFraface-treated

carbon black provided an excellent grip and low rolling

20 resistance. Further, the electrical resistance was reduced and
the dispersion of the silica surface-treated carbon black in
the rubber composition was improved.

U.S. Patent 5,916,934 discloses an elastomeric

compound including an elastomer and a silica coated carbon

25 black, and opticonally including a coupling agent. This patent
teaches a carbon black ccated with silica, is expected to
provide advantages over carbon, silica, or mixtures thereof in
an elastomer. While any carbon black may be used, the
desirable properties are determined by analytical methods know

30 in the art. These properties include: particle size and
specific surface area; aggregate size, shape, and
distribution; and chemical and physical properties of the
surface. Furthermore, examples of useful silicas include:
silica, precipitated silica, amorphous silica, vitreous

35 silica, fumed silica, fused silica, silicates such as
aluminosilicates, and other Si-containing fillers such as
clay, talc, wollastonite, and the like. Silicas are
commercially available from such sources as Cabot Corporation,
PPG Industries, Rhone-Poulenc, and Dequssa AG.



general |y have higher surface areas and oil absorption values. 10 Another

I nportant feature for these uses is dispersibility in the aqueous rubber
conpositions. Several of the aforenentioned patents teach that th&3 SEP 2004
di spersibility of the silica-carbon conponents is enhanced by using silica
surface-treated carbon black, carbonaceous conponents attached to the
silica gelglfmgeaponent, silica coated carbon bl ack, Peﬂg(ﬁ)égpe coupling

agents. Wiile the silica in the rulgber reinforcing conponen does not
necessarily have to be physically or chemcally bonded to the surface of
t he carbon bl ack,Frioln tise gohient @gaous i arppehentsithataptecipdtatdadéred to or

deposi t ef{19Bak h%quep%lgoahé acde oS F s, élﬁcﬁﬁ%@tlwopel\ﬁelsefa@d appl i cation
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5,230,833, 5,5 205, as exanpl es,

891,
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pI anari zation of silicon wa sem conductof i ndustry. As known
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acqui r eghrykt f&mﬁs&&&uabaﬁoﬂ%%&meam@ heespiidd Idega slurries that
are ontamna % racg ‘iran |t|l()) t al al kal i nd al kaline earth
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pol i shi rgentntiiilpathegidioetial $hef rykberi velnfioredng eramponehtide al kal i
metal s swel Rs n%eegmlwamaaactopg&aﬁ%i&hm orakkahidigarth netals such

as  cal glum { G (AR IBRESLHM ML NG LERNS 1N, JRLALS eSS as
for the silica to be adhered to or deposited on the carbon
20 Dblack surface.

A recently developed application for precipitated
silica in c¢olloidal form is in formulation of
Chemical-Mechanical-Planarization {CMP} slurries used in
pelishing silicon wafers in the manufacture of computer chips

25 and other electronic devices. U.S. Patents 3,922,393,
4,260,396, 4,588,421, 5,100,581, 5,230,833, 5,527,423,
5,603,805, 5,860,848, and 5,891,205, as examples, teach the
use of colloidal silica solutions with various concentrations,
modifications and additives, which are particularly useful as

30 chemical mechanical polishing slurries in the process of
polishing and planarization of silicon wafers for the
semiconductor industry.

As known in the art, CMP polishing slurries
generally consist of a chemical agent which is corrosive to

35 the material to be removed with a solution pH to cause
controlled surface dissolution and some type of abrasive
particles to mechanically remove material from the surface. It
is also known that the electrical performance of the finished

semiconductor chips can easily be affected by contaminates



iron (Fe), copper (Cu), manganese (M), nickel (N), zinc (Zn) and the

| i ke. Another netal which can cause difficulties is 10 al um num
particularly if Fe, Ni, Cu, M, or Cr are also present. If the netals are
present in high enough concentrations, the CVP silica slurries of2BSEP )
cannot nmeet the requirenents for the final product. It is generally agreed
t hat CWP W%tqm.@hs and 15 solutions which cone in cop an(}t w th the wafer
surface should ave the | owest pogsible netals cont Eht %"Hmd?'event possi bl e
contam nation of the wafer and final chip product. Precipitated silica
parti c: le&qhﬂraplﬂyotlgbalwzaffefm dlg]fi_ngupgoca@sab@asméea_sé Irbtﬂwo?l_lsbw _r: es are
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about 500dt'dheldib00 AwEhani ketalcuiteh wanaftavsendaff ienlitdesassset forth
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cont am in.of, 0 sili s S rom pol i shi ng
operat i g%é%’%eeﬁaénhu? g'grttgfseraslj‘_ao??%sﬁ%r?{%s% gl\} devel oped vari ous

t r eat meAPNEAYEESSRRS £ GhenEfRilsd liepor ripd i teRecannatc apet sBiaut i ons and
silica bpageikemvRts! Lo iths. fidmSproxqensi ve and ti me-consum ng treat nent
processes, for e L.l . f.the sjliga powler particles
with acid 2 9 SEég%Ogem%J;%gi%&Lg%gg 17%85:7&”%0 a%’% renove the netals
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carrier g HiGBioh N kbdRdet JRROSILI0.AN Lhghoseparating the oxide from

i
the 5 carbon; renoval e counterions using 1 on exchange and then
backaddi ng anmonPIffiRpdrbsd e 1aRe RARFEALEM Kacpdhat®lt OFBriAr st abl e
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20 acidification of commercial sodium silicate solutions, which
are readily available. Commercial silicates are produced from
the earth mined raw materials, sand and soda ash, by fusion at
high temperatures in open hearth furnaces. This produces
molten silicate glass, which is then cooled, fractured, and

25 charged into vessels where it is dissolved under pressure by
hot water and steam to form aqueocus silicate solutions. Since
the sand and soda ash raw materials contain variocus impurities
found in the earth and the furnace insulation surfaces also
transfer metal oxides, commercial silicates for industrial

30 use, such as set forth above, generally contain metal
contaminates in amounts from about 500 to 10,000 ppm which
cause metal contamination as set forth below.

As known in the art, to minimize the possibility of
metal contamination in or on the silicon wafers resulting from

35 polishing operations, the manufacturers of CMP slurries have
developed various treatment processes for metals removal from
the silicate solutions and silica based CMP slurries. These
expensive and time-consuming treatment processes, for example,
include: treatment of the silica powder particles with acid



wat er, then exposing it to a cation exchange resin in acid formto renove
all sodium values, then adding oxalic acid to 10 form an oxal at e-cont ai ni ng
|l ow pH silicic acid, then exposing the silicic acid solution to [,on

exchange resin in hydroxide formto replace all negatively char gggggggéﬂﬂés
wi th hydroxide ions, then exposing the hydroxide-neutralized silicic acid

sol ution I on exchange resin in acid form 15 e all
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solution.

20 It is known that several CMP slurry manufacturers
have attempted to develop colloidal silica slurries with lower
metal impurities by obtaining high purity sand and soda ash
raw materials for the producticon of micreoelectronic grades of
sodium silicate. These attempts have resulted in lowering

25 total metals contaminates to about the 250 ppm level, however,
the costs have made it commercially unattractive. Another
technique employed by some manufacturers includes the use of
chelating agents in the slurry mixture to inhibit migration of
metals to the wafer surface.

30 Commercially available rice hull ash currently is
produced by gasification or by combustion or by incineration
of rice hulls in a furnace. Gasification is the conversion of
the hydrocarbon or carbohydrate components in a solid fuel
into gases through the application of heat. Combustion is the

15 act or process of burning or a chemical change, especially
oxidation, accompanied by the production of heat and light.
Incineration is the act of consuming by burning to ashes.
Thermal pyrolysis is a chemical change that occurs in a
substance through the application of heat. For convenience,



byproducts or waste materials have varying quantities of biogenic silica,
that is, silica which is devel oped, 10 assimlated or occurs in the cel
structures of living organisns such as plants. These byproducts, .,co nl
referred to as "bionmss", are principally rice hulls, rice stramﬂﬁhﬂggﬂmg
straw, and sugar cane baggase. Orher plants that contain biogenic silica,

I ncl ude eﬂﬂisetun1( horsetai|l weeds"), 15 certain palm|eaves ("palnyra

pal nt'), WE¥%i n banboo stems. The biogenic sili EQVPHHEse
agri cuI tural byproducts and pl anté | acks distinct crystalline structure,
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Dry rice hulls are comprised of about 60% cellulose
20 and hemicellulose, 20% lignin, 19% silica, 0.5% nitrogen and
sulfur, and 0.5% mineral elements such as phosphorus,
magnesium, manganese, iron, potassium, sodium, aluminum,
titanium, and calcium. When rice hulls are combusted, the
solid material or ash remaining comprises about 20% of the
25 starting quantity of hulls by weight and consists primarily of
silica, minerals and any uncombusted carbon.

Dry sugarcane bagasse is typically comprised of
about 6% sugar (carbohydrates) and 94% fibrous material
(cellulose, hemicellulose, lignin, silica, and minerals).

30 Chemical analyses of bagasse ash yields: 60-73% Si0O; , 3-6%
Al,03 , 2-3% Ca0, 5-6% Fe,03, 3-4% K0 , 3-4% MgO , 3-4%
Na,O , 4-5% P30g , and 4-17% uncombusted carbon.
Agricultural waste materials or biomass have
potential useful fuel value and are used as low grade fuel to
35 produce steam and electricity in a number of locations,
especially near rice milling and sugarcane processing
operations. Direct combustion and incineration have been
utilized for many years as an expeditious method to dispose of

rice hull waste. In the usual incineration of rice hulls,



I ncineration of biogenic material, such as rice hulls at tenperatures in
t he 1800F to 20000F range for any prolonged 10 exposure period, has lead to
the formation of crystalline silica because the transition tenpenbﬂGEbzm4
from anorphous to crystalline is reduced by the presence of other
conponents of the original rice hulls. US. Patents 3,889, 608 and
3, 959, 007 is&lose a 15 furnace and process for the igciggfation of

LAY B
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highly reactive anorphous formof silica in the ash. In the current
i nci ner aurflc@s Hiiveebbel GHBEGhéD LoPbPERR akawktricpelhigh are exposed to

el evat ed t enpe re.l 0 Lg 1 n . 120..C p&ﬂg;io zone of a
cyli ndr%ggpggﬁé‘%lae%e,%%{éﬁ%ﬂ?ﬁgégﬁq‘iosEh%oéﬂrjimna%on.%légraeﬁoye fjr g?{n t he bottom
The hul Ithigr éncinfaiasépnt dheaphasegddagaad® ofefpbieanufécriddmet ween 1250F
(6770C) 3adcdbd)Rena8l50Ganatit igl FrbMetye kingbphaie! sonfé  tur bul ence under
condi tiaons ehy .t he 1 enperat.ur, ' | ]s; not exceed
about® 1ﬁ§ﬁ¥%%ﬁg.f?%stonaq§§ gﬁ"}eéﬁ%ér?g?%:}gjg%gf]E}Jbog'%mggnkﬁlﬁ%gﬁ%%?m@ and
13500F (@r@2cyyshabaliteftakesdriffen ak eenraraltrree ahoxe 2P Fs desired. Upon

| eavi ng (1lolh8°¢unvhanethd ha1a6d iss ihapil wtaee! aibwevepy @Hede ease in

handl i ng. The_inci neration or cqonbustion of _rice h d 30 ot her
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I n 1997 expoved kid1@levated temperature in an excess of air in the

20 combustion zone of a cylindrical furnace, and the ash is
continuously removed from the bottom. The hulls are
incinerated at a gas mass temperature of between 1250°%F
(677°C) and 1500°F (815°C) at relatively high levels of
turbulence under conditions whereby the temperature of the

25 rice hulls does not exceed about 1300°F (704OC). Gas mass
temperatures of between 1250°F (677°C) and 1350°F (732°C) are
preferred when a crystalline free ash is desired. Upon leaving
the furnace, the ash is rapidly coocled to provide ease in
handling. The incineration or combustion of rice hulls and

30 other biogenic materials are time-temperature related, and
burning of them under these conditions produces bicgenic ash,
such as rice hull ash having carbon particles from the burning
of the hulls which activates the carbon. Incineration of the
hulls in this manner produces from about 3% to about 14% by

35 weight of activated carbon. Also, when rice hulls and other
biogenic materials are incinerated in this manner, the silica
in the ash remains in a relatively pure amorphous state rather
than in the crystalline forms known as gquartz, tridymite, or

crystobalite.



group of the International Agency for Research on Cancer (IARC) published
a nonograph classifying inhaled crystalline 10 silica from occupati onal
sources as carcinogenic to humans, and categorized it as an IARCz@rﬂthzuﬂz
agent. The Cccupational Safety and Health Adm nistration (OSHA)

regul ations and its OSHA Hazard Communication Standard, state
right-to-know | aws, and other applicable federal, state, and | ocal |aws
and 15 reJO™M1¥hs on crystalline sjlica establish PEFHISIHIe Exposure
Limts (PELs) for airborne crystal M ne silica. OSHA has publi shed general

i ndustry PELs forThfehg@@npblchﬁé@er ﬁuﬁfrﬂﬁg e S{VsdRhhi g silica.
Cristobalite and tridym stalline sili c3 gt?gss abundant

t re
Chan, oomorPhevR StREe it JTef Sir padiet mairiRbe A Porate el
crystal Istmactute ctnich genedes bettegusthemimed Feattdariky ande " Code of Feder al

Regul at 'é%ﬂ%b 186Y d%%%%@rl@?&s ‘sfikh @@aﬁ@‘cﬂ@%@e Hm%rf table Z-3,

"M ner al st [ e incinerati On?‘%{‘ oxi dation or 25

conbifst it BRI HISaEBLY AFAARRO U, 3t Vykrl‘cﬁ'm hg?}l"d} S‘aéﬁﬁ er where the
bi omass wiEkhr has Pemncapdcadeted rhiistoriea Ely @dhh dite whhalabdpgenf This can

resul t é&ggegyﬁﬂéu%&?@&tdue% 1 MG RCcEaL Praduese NQ LwéaRides of nitrogen),
S O sul

SOx (oxi and of her conpounds whi ch are otenti al
envi r onrfRLEI °§(F}{?oﬁf‘§?ﬁ'}‘?§ﬁf°§al TFEZEY o REFBPE" OPhEP"99%ni tati ons have
br ought (1aBoutpukahishegnentonofrgasiclrsal fyamgt ype lednbugstadiliok bi onmass

fuelg B.J,ﬁfieésfﬂﬁé'ot:b&&éﬂl%ahrg/&lr\éaé ££‘eca|}|cglhoéc§fmeE§tMnﬁ:ns about 14500F
(7880C), conversiaon of ricultural wast ﬁ huI s and

sugarcar?é‘ dp gateaarized; ’ot nBh 1A Erﬁ'é%e]s agggtsm 8§c car bon
nonoxi desafeey hame Heel hiarfeimands tredricoo (si) i beeslatsooh &gl ctasbon di oxi de,

wat er, %&%Aaﬁﬁ'zarﬁﬁ%ommmt%@ éd&%eapalrr&%tbnr?gr&%‘eu]@ﬁdmagganber or in

t he radl ant section_of Eéo uction of steamand electricity.
i ﬁﬁB

The ash 3¢ a&w&amrleaﬁad%’a& 19 $oFEP 1369 D 01/ 74712
PCT/13SOlreiladi orlsd odi scyetagéinarsd 1doal exkabd ish sPedmyssillee. Conponents of

the syshegkis Widi¥s miﬂgqie fort \e{qresrwr&?sesfmegaﬂieaeroshszl ler, steam
tur bi ne, generator, condenser and control Pat ents 4, 517 905

and 4, 53%53B8bHishedogenerals 1pdugtye PELG fox ¥h§e%éiﬁgSﬁr?}btnF85Fsof the ash
resi due dfr enyscaliinet sohicef. Qgistobhat italandast edynigecarasarmseofiul | s, and

the fly,330aEPMLRl 108 HRs0ARRMNdanEXNAHS Guat € CRRLE Ohdwd 10488
20 PELs than quartz. These PELs for crystalline silica in general
industry are listed in the "Code of Federal Regulations," 29
CFR 1910.1000, "Air Contaminants," under Table Z-3, "Mineral
Dusts™.
In the incineration process, all of the oxidation or
25 combustion takes place rapidly and, typically in a single
chamber where the biomass materials are placed in intimate
contact with oxygen. This can result in competing reactions
which can produce NO, (oxides of nitrogen), S50, (oxides of
sulfur), and other compounds which are potential environmental
30 contaminants. These and several other limitations have brought
about development of gasification type combustion of biomass
fuels. Biomass gasification involves the high temperature,
about 1450°F (788°C), conversion of agricultural wastes, such
as rice hulls and sugarcane bagasse, into combustible gases,
35 such as hydrogen, carbon monoxide, methane, ethane and
non-combustibles, such as carbon dioxide, water, and ash. The
gases are then burned in a combustion chamber or in the
radiant section of a boiler for production of steam and

electricity. The ash is automatically and continuocusly



conbustion process is perfornmed in a traditional manner using underfire

and overfire air to support efficient gasification 10 of the rice hulls or

ot her feedstock, which results in production of a conmbustible ga | Xt ure

that is carried through a fire train to a boiler, steamturbine iﬁqkﬁﬁﬂﬁ

energy recovery system A variable feed system which when manipulated in

conj uncti @y g@ﬁ iy ot her variables, can produce 15 ashpﬁhﬁ$nﬁﬁﬁbon contents
to

from about 1 the high 30%range. Operating instructions provide for
control of the conbustion chanber tenperatures in the range of 1280F
(6930C) tadsthédfed @RA3EKDedThe tor HegpsindiengCompinesatsont gae (boil er feed)

LoD a5 aidinkhnd N 8R0C Aol I00FCLEENod 010008 2044E7L0) . ThT s

conbust i erature range to devolatize rice
hul | s arfifear| %‘W‘b‘é?t |%ﬁ"eré‘6?r’buﬁ°i"8ﬁ“%‘?r %%thrﬂ%esfﬁﬁﬂ carbon in the
hul | s. The specmalsLypa:h@snttgnepB]ﬁesdssgmi ensend aseApes bider @ cont r ol

Eﬁﬁh%m ?Qy&?‘fi&l LonleDE B{Vﬁ? Eﬁérﬁ%%ft dJ% tné@érp*}%'s!?d@érfzfoﬁ}nom 25 rice

process 1 n erna r SIS i ncl udi n
af or eneWBHé‘éIIQM@Fn@?ra‘tquéﬁur%]oﬁﬁ%{*?orﬁuc n@s gasef hehls voﬁndpF*?ﬂ:esses i s
used t o MyodER ecditefL NV thshgasitilk ashausteablldontashledd Taet i vat ed car bon

f1om ¢ NGRRIRY: B, UBECdd 1L Be YERER! 130 LOURIV IRy Thend Qgenic Si1ca Ts

obt ai ne ntr ustlon of biogeniCc nmateria o that
subst ant'-‘i“éPF?lléq Ia“8f overfdrei ‘Hrcé'-c’l §“P?Pr§ne§f=rb‘?1pﬂ'l‘6u§a$la§%|“9ﬁan a
cryamal Idfnehstxaitcg hal iheugbtmen decasvett, swhicicpstatsiine silica can be

present o rﬁg?ré)%%uétlﬂﬁaa EQ ﬁ%ﬂg@'éhtﬁeﬁ: AeLeff £y some 35

crystalllne SI |ca can he acco ulatlng caustic digestion
vari abl dbreugh afireng@in b é’r?dlBFessstt?PE WFIWE'@ oF 2t ¥&Ton. Generally, in
t he comgegalrdnmvarjng;y&ftem e varlihBle ee@nsystamgywseh ewent he resul ting

h I u PRt '
ot ase oy P Bty 18 i den it 18, G985 4 Bke b8 E9TS Ui

cal dBum?ashi YiHh tﬁﬁrb%cFor‘P&ﬁ@"aﬁefsré’m Fhentc dRE R e BAIh of%% kaB8enetals is
dependemipenpbing Hessnidtionadptdvide Aol conbnpbsift itha ¢omhwisicébnt he rice

plants apd,pLigle EPQGIPe% Nﬂtfr?er h& £€1956% e?a‘t%stopﬂéﬂﬂp >, 833, 940
di scl oses the production o |cates fro %enlc silica, by
dISSOI\H(ﬂ63IQ9 g The corresponding combustlon gas (boiler fee

temperatures are in the range of 1360°F (738 C) to 1600°F
20 (871°C). This combustion chamber temperature range is
sufficient to devolatize rice hulls and allow partial
combustion of some of the fixed carbon in the hulls. The
specially designed feed system and temperature control
mechanism permit the producticn of a dry, amorphous ash from
25 rice hulls.

Any process in which thermal pyrolysis, including
the aforementioned incineration, combustion, and gasification
processes, is used to produce bicgenic ash, such as rice hull
ash and activated carbon from them may be used in the present

30 invention. The biogenic silica is obtained by the controlled
combustion of biogenic materials so that substantially all of
the silica is in an amorphous rather than a crystalline state
although minor amounts of crystalline silica can be present.
While amorphous silica in the ash is preferred, some

35 crystalline silica can be accommodated by manipulating caustic
digestion variables such as temperature and pressure in the
reaction. Generally, in the commercial burning of rice hulls
as an energy source, the resulting ash includes about 0.5% to

1.0% of trace metals, such as magnesium, potassium, iron,



cl osed contai ner biogenic silica, preferably rice hull ash, in a strong

al kali solution, preferably sodium hydroxide in the presence of an active
carbon material. The production of a 10 caustic silicate solution, such as
sodiumsilicate, from biogenic silica in rice hull ashis a caustZQZSEP 2004
di gestion process Hi ogenic material ash, preferably, rice hull ash,

with disp ctivated carbon is heated vmth a cau ution, such as
sodi um hygrom 22 which reacts with the 15 armrphous%ﬁi?o& "1{70 Create
sodiumsilicate solution. As nmentioned previously, the carbon content in

t he ri ceallihumsicalodiue} hertabiiogerind naiganeak. Cetie appeodatattibe hi gh 30%
level s gdepgndl rh%t%st.'ﬂ? é%ﬁ@gdgﬁt Hﬁ&%h”ﬁle RYE P! Y5 éliﬁﬁg dfy burn them = The

carbon is an tnert nat urin e reaction and excess 20 carbon is not
har nf ul FWPERdtFRAD| B‘fﬁlc}rrﬁéep?’r?ﬂ:lpﬂéptscéﬁ’gt peheryijegedih cheni cal reaction

I's char aﬁt&tnaﬁdm godbdrows: 2NaCH + nSSTQ2 + H20 ----- > Na20: nSiQ2 + H20
Hher & Iy SPIeSUS bhEer bl 634 Adshhic el dl! e Aibagie iy Sehe ouf ent
i ndust ry st andar d ‘sodi um Si | cat'’e sol ution em cal equation

becones: 1 izNiér£il igades; from. bipgenic -slll@rBGYI\%EEEFO:«}VQE& UE 3+ H20 Present
corrrrercucﬂlosgﬂadaﬂ:aahehmmﬁnseohmm Ipmteeably\cxtlcdehumacashr obhrice hull

ash. 1 ange duofd 463111 Kabic 6] lercl 21 PRAbT AN ARRML B Gf ayabout 3. 8. such

ratios are or f |ogen| c ash 35
der i ved REe§aREe FdPUNP St IYec §8EPO “‘Laﬁéfiﬂles@}’\? PERANGEL O °f As described in
U S.1dPatiisgid, sill4 cA08 sa:nd:nEnBﬁcalas samhumai;ELhdaarebondne generated in

quant | agCRng' gL AMARGUL, A6 79 Iuabsp 0BV aeT gt i 0 rice hull

ash depending on t e of 1hermal si's ut to burn 2 9 SEP
2004 V\DRFPP?&?lzalPE-EYNBG‘P/thi?l_L ashg P? rﬁa Y s.Ti5gr PRY! t3F8-caust i ¢
di gest i onitaf disparskdl dctaisfated camedute adednysiH iacakestsiad uti on, the

bi ogeni ¢ %ltk&‘? rs%%ﬁté% é’&d&ﬂmtﬁ%r%yf@%' %ﬁheﬁ% W?ﬁr‘.e YReOoxi de in the

caustic solu IOI’] econes a so e Co nt Sle| icate 5
sol W5 orpnorphoug tS1AfR EQ SEBBRe rdPRsS i cpheriolvdiert A5 and becones
suspendatknt@bhéls previdesisi,| that@rdohusdrient Mwvart ageeusily, akh has been

determ rlﬁdoi'.ﬂe{‘ r.be.LOB.raﬁﬁ.eQIL':lteJ:'ial can approach the high 30% levels
depending on the type of thermal pyrolysis used to burn them.
The carbon is an inert material during the reaction and excess
20 carbon is not harmful to the reaction. The principal caustic

digestion chemical reaction is characterized as follows:

2NaOH + nSio, + H0 ----- > Na;0:nSi0; + Hy0
where "n" represents the silicafalkali weight ratio
25
For the current industry standard sodium silicate

liquid solution, the chemical equation becomes:

2NaOH + 3.22Si02 + H0 -—--———- >  Nag0:3.225i02 + Hz0
30
Present commercial grades of liguid sodium silicates
not derived from rice hull ash range in silicafalkali weight
ratios from about 1.6 to about 3.8. Such ratios are
satisfactory for the rice hull ash and other biogenic ash
35 derived liquid sodium silicate in the present invention.
As described in U.S. Patents 5,714,000 and
5,858,911, activated carbon is generated in guantities ranging
from about 3% to as much as 40% by welght in rice hull ash
depending on the type of thermal pyrolysis utilized to burn



i nvention, the conpositions of the dilute, unfiltered sodium silicate

| i quids derived fromcaustic digestion of rice hull 10 ash with carbon
quantities in 3%to 40% by weight range, are ideally suited for thg3 SEP 200
production of precipitated silicas wwth adhered or deposited anorphous
carbons. In the event the carbon content of the biogenic ash or other

bi omass ash is too high for the intended end use, all_of the activated
carbon cafWO8™H&¥ filtered out and fhe desi red amount PSHE¥YYE the caustic
silicate solution prior to initiating the precipitation reaction.

Speci fi Galdeynuing Pukisq/tilekahistiRi ghgedtaionoss Ki20RLNAZGh, tdi ssol ved
si1icate, SalLdS.dNRg0: NElGRL. <o RSBRNAG, GRLRON PASLLE] 634300 vat er
quant i t iSRS HE AGuéd 0°%oldt ons ™ are W t hi 11t he® raiges necessary to
provi de widhntee ¢ lklalgnede epenti (Fodanedoxide éasthe chvatiiered or  deposit ed
amor phous 16RE 89 Sandl be¥didsd abgo Nirdl! ¥ofiRsinaalbh ecrand i advant ageous to

provi de nqvel, anmorphous, preci pitated silicas and siljca gels 25 with

anor rf’nomfs"(iblﬁ?'%h Té’&h@?'éﬁpa&ﬁgd FFOM EF IS RE §'?Efl7tcga}:ﬁrlr1a§‘t @GPl state rather
t han hawkergnes swhpeodedorrliifacin tthet hilicaver phbisiopreci pitated silica. It
woul d al 5Qaheaddgfthy, d8S iHadbbsenid tag AR gROtSe PrasphPVi de novel anor phous
precipitated silica with the, 30 agngghqﬁé %arbo .flltgieddout and whi ch has
a | ow metyrEnEiono APENTOMNS R BPe\PanERe FHSSTBl M M &PESL GiTPART hati on by the
CVP pol isiipgte | guidefdearizedafrom gadstimadligestiprpe§duste huhdys provi di ng
an elECctdpnistedAIPoANRIAMYSeSiiln 68. td taoaobl dudign@l sand, ghky desirable to
provi de 35 Zgonﬁﬁg%a gar ns_fr m.a Ca%ftlcc§lléé%% solfﬁgonwgégduced by
causti c ‘HeGadYi PSS PEAICEAPRI L REEG T EEAUP 48R Y Bimmary of the
| nvent i adhehed prrediepesitadeanpophdus darkansedInothamsvphbushe preci pit at ed

Si | i cas,capbbhClorft@nt 80drRNBEIHNOHS 65K RINSthdr 2iDnBsE ZQQ4tderived from
bi omass ash, %eferabl ({?I ce hull aslg aqng to .‘p;:ogessbfor %r.odum ng such
silica dHFPofPtINendPEENIsInEnd N5%e 2 phrd] BFa?%%& 3R o “EMpSYT nent of the
i nverst i dre, fiihterew enti onl itheditesicteddanenrndr edied ttat dbes¢dustas or silica gels
5 with aghgrede Wo14ePOS i d:adr 20D IiPYSE O RABSpINELEeALidh Natural state,

Sont ai nAGeRETT LSERCLE T YaoF 4.8 11T oH eLdott 91 5RENTon of b ogen ¢
silica asio;Naber abissalved sidlicate solids (Nay0:nSioy),
suspended carbon particles and water quantities in the agueous
20 solutions are within the ranges necessary to provide
commercial grade precipitated silicas with adhered or
deposited amorphous carbons.
It would be highly desirable and advantageous to
provide novel amorphous precipitated silicas and silica gels
25 with amorphous carbon adhered or deposited on the silica in
natural state rather than having to add carbon black to the
amorphous precipitated silica.
It would alsc be highly desirable and advantageous
to provide novel amorphous precipitated silica with the
30 amorphous carbon filtered out and which has a low metal's
content which prevents possible metals contamination by the
CMP polishing slurry of the wafer and final chip product, thus
providing an electronic grade amorphous silica.
It would be also highly desirable to provide
35 amorphous carbons from a caustic silica solution produced by
caustic digestion of biomass ash, preferably rice hull ash.
summary of the Invention
The present invention is directed to amorphous

precipitated silicas, silica gels and amorphous carbons



ash, fromthe thermal pyrolysis of rice hulls. 10. The process of this
enbodi nent of the invention is the production of the precipitated silicas
or silica gels wherein each silica type, has the adhered or dep05|ted

anor phous carbons thereon by reacting atl dification agents, such ag éﬁ?dﬁ%
m neral acids, with caustic. silicate solutlons 15 of anorphous silica, such

as liqui qieg?cyebl YN Sidel G ErasL H’il NG i ﬁlﬂ tharhuofi ?{rel%/%g_lr%om caustic

di gestion onass as suc rice f'rom
pyr ol ysi Progess derhuaduging r@céh‘mﬁ:idamtcoaquumis rarentdaorbdns .wicate 20

preci pi t ged sl ichas, W e ROt dPASId Scharhals, dhe carbon is

not dissolved in the rice hull ash and other biogenic ash | cate
sol ut i ondNViERdrisipries qireshrhe s aReP 1AL scbRidntdamatr |9 iguicd seilisds

filtrati Qnte saRRATAL i bl RN ams IR I8t dit Wisr 2 o n%d:]r”alooo
Then, the 25 activa ed carbon can be treated as disclosed in

Appl i cat 5677 “Ser AL R HE U FISE 1§ 15idacatg tsrﬂitﬁtlod@n@rfed or
deposi t ecdmeaiheins csanm:hm p:rd}duecjedirfq o it @l @RI bdRURr Gred |ArGat e

solutlons the Cld atio rocess. to ,.provide el ectronic rade si l.icas
of | ower Q%é i co lcfrhannf oL psrl&dl?cae(fsﬁ‘r'orﬁ eof;ﬁ’ﬁ?r% alt &9 itHtles.
As nenti ewdd g dllllsﬂ yohetume ks i gy el yoosperientisearhai 1)y eci pi t at ed by
acidigying the dilube agiequs ws&qfs Urldfffon S YLILANS T Qfy Wid hout

di ffused carbon, generar%%/ oying a strong m ner
sul furi c TR& ®r&d rﬂ}‘tﬁ' |R3‘-’%1R1Ilta(§:e|‘f3er51§tlrf@rﬁg St r@rlazlcaacaed§ whi ch ‘may

be used mn\;\raﬁeuﬁ\e,eﬁ@ms&mqrda: tﬁﬁ:led haﬂd ttfHeg a@-ﬂﬁie&i'& d<Gi Ak ﬂ Tge
manner in | t he Ol ects an ot her ects are achi eve In
h R 3

accor danC& W HheE h TRAGH e A5t ST s B3EP 55 vi ew of
the foll @\mcrkng sctetsdidcedhy 2niheSER m%hﬁﬂh74:kl%ﬂ@/ﬁﬂ@da]ﬂﬂ7sblu]t&0ns

descyiptign g{g}ﬁé@{g%&@%l gghghorarg él\.ﬁ'l} eC| f | cat I on.

Desctiption ment's 44 Dr esent
i nvent i oifoata i igyep ipidies g5t eraazrmratctezr:s«lad cfex@norcasmnna il ess niicrh eeflher ed

or  depoyilchfh SATHHNOUSISRIPONS] SeRA Al i T AP SIHY oh SO RILYNG  diem
t he sl ur(rﬂy produ&l\gfb% acidifying a caustic silicate solutio proa’ ced by
g i

caustic &st5% omass ash
In the embodiment of the invention in which

20 precipitated silicas without adhered or deposited carbons, the
carbon 1s not dissolved in the rice hull ash and other
biogenic ash silicate solutions; therefore, it can be removed
by conventional liquid/sclids filtration or separation
egquipment as described in U.S. Patent 5,714,000. Then, the

25 activated carbon can be treated as disclosed in U.S.:
Application Serial No. 09/159,809 and pure silicas, without
adhered or deposited carbon, can be produced from the clear
caustic silicate solutions by the acidulation process to
provide electronic grade silicas of lower metals content than

30 those produced from commercial silicates.

As mentioned previously, the silica components are
precipitated by acidifying the dilute aqueous caustic silicate
solutions with or without diffused carbon, generally, by
employing a strong mineral acid such as sulfuric acid or

35 hydrochloric acid. Other strong mineral acids which may be
used include; phosphoric acid, nitric acid, and acetic acid.

The manner in which the foregoing objects and other
objects are achieved in accordance with the present invention

will be better understood in view of the following detailed



containing silica and activated carbon. Advantageously and 10 surprisingly,
no additional carbon is necessary to be added to the precipitated silicas
or silica gels for the industrial applications previously describéd.SAP2004
anot her enbodi nent of the invention, anorphous precipitated silicas or
silica gels free of carbon separated 15 froma slurry of them produced by
aci di fyi ng a caustic silicate solution produced by caustic digestion of

bi omass a¥Q@ &SRt ai ning silica and_from whi ch car bonPHHYSHYAH i tered out,
the precipitated silicas and silich gel s having netal inpurities that are

| ess thafpchalft e aR@NGEMpIaL ] QhikbRVALSy laNpdPt Rifeghpi tated silicas produced
fromcomer¢ial sodiumsilicate and, therefore, require significantly |ess

t r eat merfPeFOF ISAIAP i npuriti es renoval to make them suitable for CMVP
sl urri ePesseibtion pol Prdfierged  Embodhmewtfser s used i n the manuf acture of

conput er chi ps a%qe%rkﬁaal%ﬁ@témhe ;s&eéee%smé’é]dl@nggf@ral the nethods of
the i nvent I on provide _producjng anorphaus precipitated silicas, silica

gel s ﬂ?°§ﬁ%P“%Wﬁ6h?l%ﬁ@r%%F]§F5d%‘b§sﬁlﬁ§8 A\t ﬂHBﬁsaWSSngrconprl si ng
aci di fyld'egoalﬂcaimtubcpmds eatkors0lsepavatqur ddopedl lyrcausinteingngestion of a

bi omass f Yo, contaldHiR0sSlildat@d With or free of
activate cér eES%EpY aC| gg?éuﬂyl aéﬁ]lefcy??'\c/}e to réduf:e laasl urry of the

preci pi SQABELonArPAuced; fy §P'I‘?t(f'§ ﬂé?%s'ﬁ‘“t"ho& 35utSh he adhered or
deposi t esnaabripious 1 tea Bods actaine tedpeacdanngrdyarhagkeuslhum@ny  t he

Pr €Gjigpi ts%frsfhéirldﬁasn@%a%ham stﬁorwltsh ne&ey\.@.em}ous tdaadaqaghered or
deposi ted anor HQUsS car bans. Eartlc % Wigretthodg of the

i nvent i gt BERpREaEeT SI0APAT %fmsﬂl tfe &S5 %’é trpte it tdqueous al kal i

nmet al siapptatasionsupheviousdyi daacgiibedat es, derl ved from caustic digestion

of bioness ash, prefgsally ehbsBidatt! ofSthe 2ndert iBnD 2RQ4HnYUEL01/ 74712
PCT/ US01/ 10171 19 contai ni ng hi.ogeni ¢ anor phous silica and activated

car bon. PFREIPHALedaF L a5 Ban"'ﬂa}é: ege{ehrfé'ﬁ@h"f HET P8R sTTR A G8st i on as an
i nerts metremi alsmrhgr ef aiten produwedoby dicsigidfyedg ian cehetisodi um silicate

sol uti 0% guum I;;r%aeeleéw HH&éﬂﬂd aaassé&pbytbmasscgm aining the
di ffused act| vat e parti cl are reacte aci.dul ati on agents,

anor phoFEPERIRING sbéf‘f‘? c?l"é’sfﬁ?“é "Br“é% ‘fﬁrtbzgf“eaa%n]?fef’hél i°7aP8Y car bon
adher es the poecigdpeted ssidricahearsi biticpamelschasing fiepak e preci pitated

impurities that are less than half the concentration levels in

20 precipitated silicas produced from commercial sodium silicate
and, therefore, require significantly less treatment for metal
impurities removal to make them suitable for CMP slurries used
in polishing silicon wafers used in the manufacture of
computer chips and other electronic devices.

25 In general the methods of the invention provide
producing amorphous precipitated silicas, silica gels with and
without adhered or deposited amorphous carbons comprising
acidifying a caustic silicate solution produced by caustic
digestion of a biomass ash, preferably rice hull ash,

30 containing silica with or free of activated carbon, the
acidifying effective to produce a slurry of the precipitated
silicas and silica gels with or without the adhered or
deposited amorphous carbons, and separating from the slurry
the precipitated silicas and silica gels with or without the

35 adhered or deposited amorphous carbons.

More particularly, the methods of the invention
comprises reacting acidification agents with aquecus alkali
metal silicates, such as sodium silicates, derived from
caustic digestion of biomass ash, preferably rice hull ash,



silica or silica gel products are desired, the carbon 10 particles are
renmoved fromthe biogenic sodiumsilicate solution by conventional
filtration or separation equipnent, prior to initiating the acidul ?@immm
precipitation reaction. Accordingly, one enbodi nent of the present

i nvention wutilizes the follow ng process steps: 15 1. A neasured quantity

of bi ogenjc sodizum silicate solution derived from bign‘assos “I s introduced
into a sulMCAN M reactor vessel qui pped with agi tatf T{U HUAT ng, and pH
measur enent capabilities. Prior to’introduction, the properties and

CONMposi tdoRfa Pl irdd 1By OGN afospHdusak €1 5 Whi 0fbt i2@tbdCddidiong sl um oxi de
(Na20) ang,si lica g8| OrZ{} co%entéa}% ieorg:%m ié)%iNagO.gataiSoanNaZO: nSi Q2

sol ubl e 38&iYRET REPRY PSTERHECH IR M US A TRt P 1 98P et 25sPBcific gravity,
and pHiaeet detterikhedHeyesormdditd iammdty disadlvedt hodehek sodauhn t he

| NAUSTT %41 ]BS6E S10PESH.| FRelthd UROIIGANed! So@hlH BYEigd Overal | 25 chem cal
reaction bal ance re ar.dl.ng gtt]e qqg nt |c§j‘y ?f. acy di f%cat Lon.agent to utl lize.
2. THe SOLBEIYIi SOREMEEY: B %ﬂ%? AFFAVP R &I 8" 359 “¢6*830C (1220 to
1310F) wairehreaptiest Wwoth asidhbatizoi doéntsat poarphwusneiltad by gradual ly

addi ng tRer fEEROWS e SPrAGIpd t $0ddH lan@NEn Al ROV e RM rBbm &fderasi €o MY be used,
either "sulfuric acid .or ochl re errx:ﬁ-{tlatp/a sed on econom ¢
u

L h%(dr r"ﬁaCigiEr Lc §
cost falFof&POsEtsARD (theyFit 1% BRETLG Fﬁ'n& dPtit PEEEHD %of the initial
sodi um @ililea (d¥a20) ity gelepsdductst arsglagired, ithe ga&rkamct ed, at which tine

a t higCk pakbiEded arbordRieantr @lthengisdeitSséD@CEUlicaldee acid addition
time peri gd fo (L?hl S $0| r%t.o |§ tngg__ngél{%/ %t)):oug 22attign38 Ju Q‘%?s, dependi ng on
the silFEAPE O SHpEETYT O BAY Hci 8 st TRt REPRISO "t A FEact’ on mass pH can
be usedpason tyelinihgatindi the crcideilation Prefiviteddpageradtiem 2 9 S E P 2004
VIO 01/ 74712 PCT/ 4S0dd Ry, & lehBodimdritabe Stias prageangeentidd. 0 to 11.5
to the 8.0.to 9. [ e. 4. At this tinme, the acid addition is stopped and
t he reaé‘f;'rla)hz?ﬁaézg’ei g%@dn?o?roé:eﬁgrls%?fjsdf 15 to 30 mnutes, 5 while
mai NBai ni ng agi t ati or® ardsared gyensity efobiagriic sedivy Fidgrate Acj d
addi ti ool ridiPMecVbd 4RA Bloddie REeMit¥eauédd entunkiduitthelpH is reduced to
SPOUt tl}%agtéftéas%é ééﬂl %édEﬁiﬁﬁcggiééé¥yhtOﬁhééln%bl§n&nyﬁner results in a pH
measurement capabilities. Prior to introduction, the
properties and composition of the biogenic silicate solution,
20 including sodium oxide (Nap0) and silica (Si0j3)
concentrations, $i0,/Na,0 ratio, Na,;0:nS$iO; soluble solids,
carbon suspended solids, water percent, specific gravity, and
pH are determined by standard analytical methods known in the
industry. These properties are important to achieve an overall
25 chemical reaction balance regarding the quantity of
acidification agent to utilize.
2. The solution is heated to a temperature range
of 50° to 55% (122° to 131°F) with agitation, while
acidification is initiated by gradually adding the agueous
30 acid solution. Although any mineral acid may be used, either
sulfuric acid or hydrochloric acid is preferred based on
economic cost factors.
3. Acid addition is continued until about 70% of
the initial scdium oxide (Na,0) in the silicate solution is
35 reacted, at which time a thick slurry is formed and gelling
starts to occur. The acid addition time period to this point
is normally about 22 to 38 minutes, depending on the silicate
composition and acid strength. Also, the reaction mass pH can

be used as a gelling indicator, since it will decrease from



about 6.4 to 7.9, for a 5% solution of the final dried product 10 in
distilled water. Wile this pHrange is suitable for nost uses, adjustnents
can be made for nore al kaline products (pH > 8) by sinply adding

addi tional sodiumsilicate solution after acidification is conmplz&@p
The slurry is then processed through suitable 15 solids/liquid separation
equi pnent, such as a vacuum filter wunit, centrifuge, or filter press for
recovery WOWPBIZnet solids or filter cake. 7. The wWBSTYYMWE or filter
cake contain soluble salts; such ®s sodium sul fates, sodium chlorides, or

sodi um nha r | g1 i | t gegal kal i net al
oxi de coérr%ogﬁﬁﬁgf Etgﬁléﬁs]ﬁdl?ga e?&fm}]?g?]at?rglfg?n%/écg@biw%\gghighg w th hot

wat er atf®9€enper ature of about 60C (140F). 8. After washing, the wet
solids or filter 4scakeatcamisbeind,i ede bycianyde dmventisomadppélyand) nmet hods and

equi pne v ' o] &N r { drum dryers,
spr ay d;{thgr é?ac;‘igh ?s#&% gﬁ%‘f gr?rjgr%)h%%g gr té(f:rgjifj‘:tgt Ztﬂj i?{i&%ﬁ'w th adhered

or dépodinide BRiNteAP B CHLEBR PurPfc? LIPLEAT MR GfaPPoti $OrFbution fromthe
dryer ar@za®mut A62d 0acimabhels tthan d8id0edior ahe pr8fomsshyteand 37. 5%

| ar ger m%@élﬁ% BHCEONeditEl. cdRBk: Md bl 1% &r.izngsllﬁ%rfeor pul veri zing can

be perforne any conventional size reduction equ nt to_ produce

smal ler particl & sidedifdcarln di. thi MIRBRHHATFSLPFeth (5 PHI®H silica with
adher ed ambut 36. -d@po3id edoras b splotdiwedfbyhé e nabodei e pepdbed enbodi ment
wll,  co ril Lo qm'ﬁiT N t on ratio
(vveilg;?ht %glk%‘iﬂ\%\éﬁl pég%e'nh%lﬁge ﬁ%ﬁ%ebl!(l)f a (F):utElg 5?1588;% 1&troﬁ§%?7 / 1, the pH
of a 5%MFEFutabSEReRthEanhbemads Ser mere, adkakine PeRIWfitEl (BBIUbl e salts
af t er wa)e by isfpilggadd ShgSERG 2OIhaN:0divuid €1 Pi FAER BSGhY ikl dfteR?l Wil | be

about < 4 bul k density will be about 17.48 to 28.71
pounds/ caljfgflgp gggfﬁtﬁ%gﬁ%léur ‘ace area will be about 155 to 267 nR/g, and

the DBP oi| absofpti B GIMFrY bks &bentPreegseed Xy ongh 1909¢aP1ls Anot her
enmbadi mesl i0f/ 1 ipr egeiiati o eitfuipRehtly @ueRSas teh@apuad udtiten of pure
prec Pl L3hed Sl G83eaN s Elicd Yebss Udobbotlebedeid (Agposi ted anorphous
car bons uoy "aci (}hﬁl C ‘?I on o t%e gl ogeni ¢ Sriicat e sokFut I on derived from
solids or filter cake.
7. The wet solids or filter cake contain soluble
salts; such as sodium sulfates, sodium chlorides, or sodium
20 phosphates produced by the acid reaction with the alkali metal
oxide component of the silicate, which are removed by washing
with hot water at a temperature of about 60°C (140°F).
8. After washing, the wet solids or filter cake can
be dried by any conventional drying methods and egquipment,
25 such as convection or radiant heaters, rotary drum dryers,
spray dryers, etc.
9. The dry amorphous precipitated silica with
adhered or deposited activated carbon particle sizes natural
distribution from the dryer are about 62.5% smaller than 180
30 microns (-80 mesh) and 37.5% larger than 180 microns (+80
mesh). Milling, grinding, or pulverizing can be performed by
any conventional size reduction equipment to produce smaller
particle sizes as desired.
The amorphous precipitated silica with adhered or
35 deposited carbon produced by the above described embodiment
will commonly have properties as follows: The silica to
carbon ratio {weight basis) will be in the range of about
1.20 / 1 to 14.7 / 1, the pH of a 5% solution will be about
6.38 to 7.88, the residual soluble salts after water washing



bi omass after filtration renoval of the carbon suspended 10 solids. This
enbodi nent of the present invention utilizes the follow ng process steps:

1. The bi ogenic sodiumsilicate solution produced by caustic digestion of
rice hull ash is punped fromthe digestion reactor to a filter, SUC?,?E 'ﬁZU(M
filter press, where 15 the carbon suspended solids are separated fro %
liquid sqlution, thus yielding a clear, honbgenous filtrate free of
unreact ed %P PY@42and car bon SO|IdS 2 Advantageously‘wﬂﬁ@ﬂﬂﬁactor used for
caustic digestion, after approprl te clean-out, may be used for 20

acidificafiom ogbém fllbt b &8 §YmC gp@llﬂﬁqksg, e oduce pure
S < o %g’h The fil teréerﬁjsclggd%% sﬁlrl cate sol ution

precipit i ca
i s then abor%%l jééég dztBr tpé’éfngﬁ}cf“r}f’écs AR mdfRePELSUSGRF? AP n process
Steps 1 ¥Hrlobghalsow 15Retqrasdent fug hnd stheeDBBdo ieRbsoPt Yon We1dry, pure

amor phouse RLBGEPLIALRd284 14163004, Silica gel (without adhered carbon)
particle sizes nat ural di stribution fromthe dryer are about 76% snal |l er

than 280 ni cr onPNCBET niiefingRt 2Aothe rREsSePhalveRsi A ciied vesso mesh) .
M | 1i ng,tigr iprdédmek icor op upurer pzemlnnebesipaﬁ:hgramﬂ shyiafyge130 conventi onal

51 26 TOUthEaR AIRAEDE JoRI AU SRoPIRLISCar bl gl © T Zes as desived  The

pure anor phqQus precipitate |ca or roduced by this second

descr i betFigHHoeH st °\'7V| Fhe PppTeHg pllicate ﬁPéb‘é*ctl'! ggrieeqd dirosws: t he pH of
a 5% solhitomess v fitlerb€i BErationt réholall 0o . the thevdresudpahdsp! ubl e salts after

vat ofo  WRANLE0 WJ hSodhit B0 MATLEe. S0 ROM:DC. DU toddeRRELY W It - be

about 21. (ﬁ ) pounds per cub oot , surtace area will be
about 20% 8“2%‘37 pr’r'i?F ssa‘ﬁ(fpfhe DBP oil absorption wll be about 171 to 239
m/100g. 2 9 SER 200’4hé/\m16§;é1714:7152:d212m RGT/idsEk /<kQhtion Asrd@eeai bed in U. S

Pat ent 4152920, dALEELR B efhcohlt 0 QUGS eBLh Aip et hods | rom

conmerci al sodium &iTicate solutions are use as reinforcing
fillers igesFiMheagher dioadt bHes, gefleras Pyfhbier Aresyh whereent age of 5
wat ers, ithe. cafls@msabpeidef sbbidbarenséparatet fidm €heChiiiaThe percent

noi st ur He f e [ C sture and
gener al FyllﬂtgreV|e§§%dh %’}gg d C@%ﬁ/}m %%%BS‘FQ l%kate aﬁ-ee O%
nreacted silica and carbon solids.

2. Advantageously, the reactor used for caustic
digestion, after appropriate clean-out, may be used for

20 acidification of the filtered biogenic sodium silicate to
produce pure precipitated silica or silica gel.

3. The filtered socdium silicate solution is then
analyzed and treated in the same manner as outlined in process
Steps 1 through 8 cof the preceding first embodiment.

25 4. The dry, pure amorphous precipitated silica or
silica gel (without adhered carbon) particle sizes natural
distribution from the dryer are about 76% smaller than 180
microns (-80 mesh) and 24% larger than 180 microns (+80 mesh).
Milling, grinding, or pulverizing can be performed by any

3¢ conventional size reduction equipment to produce smaller
particle sizes as desired.

The pure amorphous precipitated silica or silica gel
produced by this second described embodiment will typically
have properties as follows: the pH of a 5% solution will be

35 about 7.1 to 7.8, the residual soluble salts after water
washing will be about 60 ppm to 540 ppm, the bulk density will
be about 21.04 to 29.46 pounds per cubic foot, the BET surface
area will be about 205 to 287 mzlg, and the DBP oil absorption
will be about 171 to 239 ml/100g.



content of the filter cake is calculated by subtracting the % WM from one
hundred. This percent filter cake solids is 10 generally abbrevi ated as
11% FCSI1. when silicas, such as the prior art products hold a high
percentage of water, i.e., from about 70 to 85% they are known 3§ JEPq2904
structure silicas. The anount of total structural water associated with

100 pounds ‘3 solid silica content of the filter cake is defined as 15
"structure P N§8%? and abbreviated as S.1. The S.|. i PCTashicwI7at ed by the
formula: S. I. = -%WOMx 100 % FC3220 The total structural noisture

content or S.| iSad@ qedBEYpedRG Ol mf r I t related to
t he functjtonal @d (;nd use, pro ert |%§g§§ 4”15?/2%%1 e@ éf€ éésél | i cas, which

are hi gh>3HFcPEPRUGEY PERE1IGE,EE eith§anf’f9‘Fe°25m‘F%Fﬁg‘é 6PADBB to 567. As
st at ed, shbizmatei s¢pasoase ulﬂe:huhraa]safaurﬁsnrr@uﬁgorfdﬂﬁgelfilléksellastorrers and
rubber. IR Rh@ PR coREAL! Behat £, Shbl &35 nith! fe AL hot adnered or

deposi ted = carbon, e present I on ta?ﬁ? e range of 315

to 382, YHfeatt$e (fF"Hl@kl’P"stt ?HC‘E%r@%sill‘l’éeﬁswgﬁlilalmeé f:ake 3@heei nf or ci ng

agent s iperaenbencixtudecis, thel 51 08ecake atyl kablRlas ﬁ!é'r)&gﬁflufetCOWpo!JndS The

composi Lk gbitfifd! ggeggr&rgeﬁ%%? WLEELL s UL LIGRD e LIS BT el P tatd o
verse ef s

reaction :}% %g Y fect eing limted
t her et o, S ¥HENPr ek e 85l{RTorakeetr CaAFBLINa%RY SHRFrpespey tthes for |i quid
sodi um %iWGMCafese deei va@difedonThii< @eltubht a3htbnvdaxg weefad ness in this

| NVery | Gfldedh1 By OfELL DALY A3TRE DRQUS RESCIRY faled sE hl §25pgt 1 adnered or

deposi ted carbons are: Na2O ratios 1n to 3.85 /
1, Si 02 RRZeftt :Rm&Hgt-’r rPOtlﬂeazh@'SEPrequ v@wic/emnzepcfr%o /10171 23
range ofakki®o V0 128%5 % Na(kyc ane eidwat aoNsighn st hectiaegeitick.0%et 0 9. 5%

Na20: nsléa%uﬁelaplt%m'g&%atﬂrg\b%g% gs%fgg%)s%t%%g VALE"

concentrations_in the range o suspen carb%ﬁ solids in
the rang®ldf $ikga gentery ofokhe |fo‘r3rt§ﬁe‘€ﬂk1€| ésg?%fwnf—‘? #% the range of
1. 128% 0 "st306tusolintieoh d@nabbi@siadtadt e g.angermf s9x40i4 0 10. 85 pounds per

gal | on, anduRktdd yhend 39Gusf: 11.2 to 11.6.

s.I. = %  WCM X 100
% FCS

20

The total structural moisture content or S.I is a
very important property which is directly related to the
functional and end use properties of silica. Prior art
silicas, which are high structure silicas, have S.I.s in the

256 range of 233 to 567. As stated, these silicas are useful as
reinforcing fillers in elastomers and rubber. The amorphous
precipitated silicas, with and without adhered or deposited
carbon, of the present invention have 5.I.s in the range of
315 to 382, indicative of high structure silicas suitable for

30 reinforcing agents in rubber products, elastomers, and other
polymeric compounds.

The composition of the biogenic sodium silicate
utilized in the precipitation reaction may vary widely without
adverse effects. While not being limited thereto, the present

35 preferred compositions and properties for liquid sodium
silicates derived from rice hull ash having usefulness in this
invention for production of amorphous precipitated silicas
with adhered or deposited carbons are: Si0,/Nas0 ratios in
the range of 2.5 / 1 to 3.85 / 1, Si0, concentrations in the



The present invention is further and nore particularly described in the
foll ow ng exanples which are 10 intended as illustrative only rather than
limting, since nunerous nodifications and variations will be apparent to
those skilled in the art. EXAMPLES Exanples 1 - 7 are directed to t7HeSEP 9004
production of 15 precipitated anorphous silica with adhered or deposited
car bon S%Hfui]{ oma dilute sodiumsilicate solution derived fromthe

|

caustic di'gestion of rice hull ash,containing diffus@§"UaBtPWht ed carbon
particles formed during the t her maf pyrolysis of rice hulls. The results
are proviate@ bn FEblte bs$ 0INagwi dighceROr Fmgl €n 7theE>ééh NE’&F?fl aTh% s ﬁxagﬁ| e g
illustrate e d | 0 f recipit.at anor s Silica wth adhere
or depoztlE t ?d%gér%%'}{g%)% %‘s)?‘f'_tr’loeﬁ]sﬁ?%‘?‘ef l}tnegg%ﬁ esg#t%‘atté’ sol ution derived
from t he®®5eataterc cangertnagions in &hetarigeash $RMA) tookt.disni ng di f f used
ﬁclt : vat _?_echgiaahb&n dgﬂbh%fﬁdfsommﬁed%hwﬁfgg'%Qe@ah‘ gyrolysis of rice

u HA sodi um silicate solution had_the _follow ng properties:

Si 02/ 2%’%#‘;% %u ') sgiecé_'?é‘i ‘%‘_"8"1?"’ N SPe 18 8ot uhA% ot i 0 at 26. 14%

(6. 12906 up@on Bemisapies 130 the ffargedofict-idPatedl T-d@Sbenums Per25% in a

63. 61% wfR12bn, SEHdUPHODR tHeeehhd< o aYi1 HoPh116255 and density at 10. 47
pounds per gallo with a pHof 11.23. The acidu] ating agent wutilized was
concentrated sul %&Fi RESY (PSP é%.%%%f‘ﬁr %{E{J@Sﬁﬁ solution. 35 In this

exanpl e Paxtamelanlyefesabidedt bn ytheefol owingsexamedst whjrloduree t he
i) akadacd ol sashanipe st co e aBcloRg Sed WIN S
\ellﬁtrjl SH %’é‘g‘ggg‘gsne%%%ﬁ?\iﬁ?%ﬁe "gg??éo gréﬁgi%”gﬁifl% tallff’gr%';a le and t hroughout
the 2 9 tdppesigd led bn/the7apt24 PCT/ USO /10171 specification, parts and
percent ages are by wei ght unl essgxaehgé W se i ndi cated. The batch production
steps included a _guantity of_ 100 . ml (125,5 grans) .of RHA sodiumsilicate
sol ution was 5 agggﬁpi%s t¥lhé F & S?Fe‘%eéuﬁﬂt%f%/ pé'])"dg‘?@.%‘ Rf (573.5 grans)
of 1§ streFépitatedr anprphaudesi ticat wethsiadhened woldepooitandatbase
solids from a dilute sodium silicate solution derived from the
caustic digestion of rice hull ash containing diffused
activated carbon particles formed during the thermal pyrolysis
of rice hulls. The results are provided in Table I following
20 Example 7.
EXAMPLE 1
This example illustrates the production of
precipitated amorphous silica with adhered or deposited carbon
solids from a dilute sodium silicate solution derived from the
25 caustic digestion of rice hull ash (RHA) containing diffused
activated carbon particles formed during the thermal pyrolysis
of rice hulls. The RHA sodium silicate solution had the
following properties: Si0;/Nas0 ratio at 3.27 to 1, Na:Si
total soluble solids at 26.14% (6.12%Nay0:20.02%5i0;),
30 diffused activated carbon at 10.25%, in a 63.61% water
solution, specific gravity of 1.255 and density at 10.47
pounds per gallon, with a pH of 11.23. The acidulating agent
utilized was concentrated sulfuric acid (H;504), 96.5% in
aqueous solution.
35 In this example, a one liter laboratory reactor was
used to produce the precipitated silica/carbon product. The
reactor was equipped with a variable speed agitator, heater
with temperature measurement and control, and pH measurement
via electrode and meter. In this example and throughout the



conponents were agitated to achi eve a honbgeneous m xture. The resulting
m xture conprised: 4.70% (Na20 : 3.27 SiQ2] + 1.84% carbon (suspended
solids) + 93.46%water. The pH of the 10 mixture was 11.07. The mi x? 8r¥Pvpg
agitated while heating to a tenperature range of 50 - 55C (122 - 131F).
Wiile nmaintaining the tenmperature in the above range, 22.5 m (39.55
grans) of yepfigenirated H2SO4 acid were added to the reaction nmass at a
rate of 0.6 n{;’ (1.05 grans) per mpute over a time 1§%H8§q1‘8'87'0f 38 mi nutes.
Gel formation started to occur after addition of about 12 grans of acid at
about 13FpEcitiestikingpperts anfeperddigitplkofarehsy Naaghitoinf@ss was 8. 30 when
gel I'i ng }g; L& stosqh ed. The gel becane a black slurry with continued
addition of {he Zlcﬁdg, §%gi’t ation and heating to maintain the 20 prescribed
t enper at ure rangéneApatde PERAURiahetass ringluded agghantiddi wifon period, the
bl ack slusory) ypizsh 5agﬁéi]1§)f of. 9Ha }&%giu:msliq\m&lté csoaqeiélorwa%ohrml ete o
precipitati on tion for er,i. 0 t ter e_agi ng period,
205 rﬁo (‘%?78 J%igt?fxs T8t He gi ?lgatne’Cl%ﬁAogso%i%OQIgflfﬁjéafg%rcﬂ i 8h were added
25 over ds2oligthmassr perd added Eqrithgrsiicesegsalnsiparand theed whil e

cont i Nnuicd@pagental iveRe asifh thead i 1y alchiwd it ﬁbﬂoé@ﬁo@@fmi:ﬁ:ﬁx@;ﬁ e'lmi?@r atur eh
range. ove rations. progduce 90. 5. gra ack slurry with a pH
of 3. QOTULQI’HZP}T% é“%p‘grr%aﬁogﬁggsedgl 3@3?*2 R%ééc’m n3ug§0.85%qvm+t h-895. 57 grans

i nput  alf@rY9n. GusraRteBEodadputt. IPhabhmtaderal Tho$Y abisthtue to evaporati on,
handloi ngiabore twaansfiies7 | ansesixtdral ¥se€agitatéie wnnashest iblyagk slurry on a

ConmpuTr e T]] | ds .a zero)evegbed g.slyrry consisted of 18.25%
dr;/msol ? gpgifl%%/ %gﬁ/éﬁdlotfu?g& %l-lﬁg.éélgrgarﬁs 1é?yF)s'oIlédl’hdgeand 35 809. 73 grans

| i qui d) MapPEd YEidgphe Senperatiim 10f th@bgnmarsee, @2y5 g3l i(d8.%ndi cat ed

gi sti _rlctgrag#,]j Ct \gbhbe@ﬂa&ehemzmr@@ml _wEaftéﬂegstalafh?fr%&bi&pgt t e(rjeg Wﬂiht e
eposits, ese deposi Wer e t Li sodi um_sul f at e _produce t he
rDoor aldse B0 Tagdss éi'f)zm{)r(elgtia%i 5N PPEAOGR. OYeRe gl GEPBn of 5% 2 9 S
E P1300#eVWord 1957231 pimEtELLUSPaY KOTPat DB siankerthde degusaifitds in distilled

wat er hadaat pih @ff 8bOR Wit Hramd ogl 86id iatabhbs@NAUChiMbdas @hagddd

m cr oSi s/.em (uS/ whi ch converts t 0.ppmtotal dissolved salts
(TDS). $E§le-fg,c Eﬁsﬁil ?Jﬂ%heméga? en TiFY ewraesdgél%g wthﬁg Wet 29 8PFds were washed
wi t h hotfirst absggEpd diThej Bebdoagamera flgfack slurry with continued

addition of the acid, agitation and heating to maintain the

20 prescribed temperature range. At the end of the 38 minutes
acid addition period, the black slurry, with a pH of 3.93, was
allowed to age for complete precipitation reaction for a
period of 15 minutes. After the aging period, 205 ml (257
grams) of the dilute RHA sodium silicate solution were added

25 over a 20 minutes period (10 ml or 12.55 grams per minute)
while continuing agitation and heating to maintain the 50° -
55°C temperature range. The above operationg produced 990.5
grams of black slurry with a pH of 3.90, The material balance
closure was minus 0.5% with 995.57 grams input and 990.5 grams

30 output. The material loss was due to evaporation, handling and
transfer losses.

Analyses of the unwashed black slurry on a CompuTrac

liquid/solids analyzer revealed the slurry consisted of 18.25%
dry solids and 81.75% liquid (180.76 grams dry solids and

35 809.73 grams liguid). Microscopic examination of the unwashed
dry solids indicated distinct silica with attached carbon
particles along with scattered white deposits. These deposits
were most likely sodium sulfate produced by the H,S04 and
Na0 : 3.27 S5i0; precipitation reaction. A solution of 5%



renoval of the soluble salts such as sodiumsulfate. A total quantity of
hot water equal to 5 tinmes the starting wet solids weight was utilized.
This resulted in renoval of essentially all the sodium sul fate [ tSE
solids. 10 The washed wet filter cake renoved fromthe filter % Fé@pl'of
20. 73%dry silical/carbon solids and 79.27% water. This wet cake was dried
in a stan%ﬂhwpvectlon oven at 110C for about 3 haours until constant

wei ght was achieved. The dry silicg/carbon product \AA’ST@B‘HBP 5ed of 66.1%
15 anorphous precipitated silica and 33.9% activated carbon. A solution of
5% sol i denwashdd sdnyl lsedlidmtier dhatli ld egHvatferc h@8 angH dfoBadz diiskol ved salts of

< 10 ppragf %1&5ti-'§!aqm:89cﬂﬂ%q‘%/'1¥izt6@ 1273_"&@1&%Lsife9§rf§/c‘iny Y&remy- .30 g/m (18.73
pounds pﬁ %u lc f The pro uct had a BET surf ace area of 220 n2/g, a

pore vol 26°fex, $7 DA P tot@ lafliskRdvageSpbre @PSheter of 14.0
nanonet ers. EXAVELE RBlidk slexayplas thémdtinatesd tdrel phedwset | on of

pr ecigi tﬁqusweok}ggﬁeéwtﬁan&t(*ssadh%ro@e;0& &qrﬁéatme%awpn 25 solids
froma sodi uni) %é gate 1-%#“ | 0£ cont ai ni nsg concentration of

si | i cat &GV $HFi RIVHE FaLS SYFBAF Hgb'en?db]cfaé:ﬁl' i LotAdn t hat

utili zeduamtikyamfl dof. waleer BRildal Jodbubimssl itbat etaaliuti wet kadidse fol | owi ng

propertl&i ht FPL2LMR20 LAt bﬂlgfre%&% 40inlrehByal deobake lalil?#e solids at 30
36. 97%\,9311 500Na20 27. 32% ?used activated car 1.86% in a

61. 17% F%o?r‘l‘i’tlf"ﬁnsmsf&e& H‘c h&réﬁ??’t%ﬁ -of 1.289 and density at 10.75
pourids per gal | ofthewwdshesd gkt of ilkerdGake Teeocwed diroat kng mHgent was sul furic

aci d as dipgdetsn B¢gD! Pral arfhe: SRADCLARST AbOLNe LEACHAL, ANGagap] PIENL i1

Exanpl e ailn ytiljzed this exa he batch production

a
S opy weScRRb R T (i odate = GLEMTH EPRMIRET SRR 4000 | ovs. A
guanti t yfoaf ab&8- M hogPHMn2il geenmpnbfwdlidhtseas rnhdievedat e sol uti on was

added to the reggkofyr QQmp ) g@f;distilled 2 9
S E P 2004 WO 01/ 747%2Y Pc%gégsliég%c'gﬂmc%%r Waglgg@regg 8 e silicate

and he 2GFPAPYET BREAS RHAT6Ped 145 8RBT A% ACHOREREo5R Bt fre. The
resul ti replokikenurod 58 oplridsedn Bist63d ¢dNadBer RadB3 $HORf 6k 96. 3dd0 car bon

(suspendedal S@lddived 238t Vahgr ppd N& BB 9, dihicenaRbelyieyy Was 10.80. The

5 m xtur s..agi tated while heatin toate erature rangée’ of
% m@hlkg%ensgty was 0.30 g/ml ?18 73 poun s per cubic f%ot)

The product had a BET surface area of 220 m /g, a pore volume
20 of 0.7707 ml/g, and an average pore diameter of 14.0
nanometers.
EXAMPLE 2
This example illustrates the production of
precipitated amorphous silica with adhered or deposited carbon
25 solids from a sodium silicate solution containing a higher
concentration of silicate soluble solids and less carbon
suspended solids than that utilized in Example 1. The RHA
sodium silicate solution had the following properties:
Si0;/Nas0 ratio of 2.83 to 1, Na:Si total soluble solids at
30 36.97% (9.65%Na0 : 27.32%51i05), diffused activated carbon at
1.86%, in a 61.17% water solution, specific gravity of 1.289
and density at 10.75 pounds per gallon, with a pH of 11.43.
The acidulating agent was sulfuric acid as used in Example 1.
The same laboratory reactor and equipment in Example
35 1 were again utilized in this example.
The batch preoduction steps were essentially the same
used in Example 1 except as follows. A quantity of 155 ml
(200.21 grams) of RHA sodium silicate solution was added to
the reactor. A gquantity of 500 ml {500.53 grams) of distilled



50 - 55C. Sulfuric acid addition was started at a rate of 1.40 grans per
m nute. CGel formation started after addition of 12.64 grans and a thick
gel occurred after addition of 16.36 grans of acid. The el apsed tine_was
19 minutes. The pH of the 10 reaction nmass was 8.94. Acid additior QAéEP 2004
stopped at this point and the black gel mxture was allowed to age for 15

m nutes, W h@montinuing agitation and heating to ngj in 500 - 55C
W " ey

tenperature. After aging, acid addi}ion was resune Le rate until
a total of 27.12 granms were added. The 15 total elapsed tinme for acid
addi ti onwateesr $4snadieideso ¥helsddkeatsd andythasgfias e wast Brpldyea t he range of

348« 3eo%nebin 2CklyanBbdt B2 2. oo RO LI c2 e were added

for pH adjustnent, ove perations produce grans of bl ack
slurry wf? rﬁﬁf‘érl%rllsﬁal[ﬁﬂ?e cFo%hrséoal +m°naé% 1ca3RPr U bsuEpendedy apor at i on,
handl i ngsokirid)t # 958’k Walsaes Thd hgH lmlfackwlsmwlms«at«sh@m §9) neeed and the

vet S04tk WasDED LR ARt SUiLd Vel of (L5802 800, faF o eToval of i he

sol ubl e sqdi u fdte sa ed fil |s°tfed of 21.56%

dry silit®/ ca?%dﬁ §BP‘F‘&fémaﬁaldi8“@4%‘”25”%?&?“%@%?yr@el €a/ car bon
product na goaps irEednofutds. 6ed B’.mitfaphﬁlbISst[Nreéﬂpaﬁt&TrF,‘dd@idllcQ\aand 6. 4%

activat efh G3r §psh %ndsglﬂ.;-icq.n of &é‘é% d A e ? q ;L1 eds vat guchad. a pH of

6.38 and tot aI | ssol ve oﬁPn 1§ch conductivity). 30
The bul K388 sPT A5 Eh%flgpﬁﬁd(tz@ewab dd ngkes c TBecPH ft the The product
had ¥ BEeastibaoesar gas of. 985560 gpddat pert evasok tisipedoht Oethid?29 nl /g, and an

aver age pAne Sh@r@ieCb1ix Yel mDAUPTELEL Saugéeﬁxélwyé Pod NisS exanpl e

illustrates the pr.oduction qQf precipitat Us & Iica with adhered
or depodtf¥ieRarByte Sontiuipg ARitasden LPrﬁdsFPPEJdt‘?e tgopatntadncont ai ning a
hi gher i&?nem"tcatenp\excaftucar ftesuspiiyjedcsol ddds tibarwdshessumén Exanples 1

and 2. The S at.e lsut. ko d e 29 SE 0 V\DOl/74712
PCT/ USOl/ 10171 27 AE %‘wlﬁ 5p$°3%e1r %’jlfeé;? h% 8‘2’%2’61"% ane%gf %E €76 to 1,

Na: §° SOaB %1%%*5‘1%% f?? 80% CPI38hAm20'S: 3201 iZPYEE O bldrkf used
acti vat edlucay bors ortéd 96%n pn in Thedbdngsnboer3 sqd Ut 8osn. agpecific gravity

of 1. 299&&@91&%94%)(2@%&%38& H@fﬁnggdﬂ% silicate were added for
pH adjustment. The above operations produced 763.19 grams of
black slurry with material balance closure at minus 1.3% due

20 to evaporation, handling, and transfer losses.

The black slurry was then filtered and the wet
solids washed with hot distilled water (55° - 60°C) for
removal of the soluble sodium sulfate salts. The washed filter
cake consisted of 21.56% dry silica/carbon solids and 78.44%

25 water.

The dry silica/carbon product was comprised of 93.6%
amorphous precipitated silica and 6.4% activated carbon. A
solution of 5% solids in distilled water had a pH of 6.38 and
total dissolved salts of < 10 ppm (< 15 uS/cm conductivity).

30 The bulk density was 0.37 g/ml (23.10 pounds per cubic foot).
The product had a BET surface area of 155 mzjg, a pore volume
of 0.5429 ml/g, and an average pore diameter of 9.9
nanometers.

EXAMPLE 3

35 This example illustrates the production of
precipitated amorphous silica with adhered or deposited carbon
solids from a sodium silicate solution containing a higher
concentration of carbon suspended solids than those in
Examples 1 and 2. The RHA sodium silicate solution had the



5 gallon, with a pH of 11.51. The acidul ating agent was sulfuric acid as
used in the previous exanples. The | aboratory reactor and equi pnent used in
previ ous exanples were utilized in this exanple. The batch produpgggp eps
were as follows. A 10 quantity of 892 ml (1157.82 grans) of RHA sodiu
silicate was added to the reactor. No distilled water was added to the

silicate sphmiisan Which conprised: 27.60% Na20 : 2. 7%&1g+ 16. 95% car bon

(suspended solids) + 55.45% water. ,7he pH was 11.51 Ut i on was
agitated while heating to a 15 tenperature range of 500 - 55C. Sulfuric
aci d wasfetbedingt peopergties of S105/Np.@neapby ofi pute twhill eNagiit ati ng. Gel

f or mat i ogo1@1Rr b6t her 2 Addst i(9n3 PN08- .50209&4%1%93, aims%‘azge' pceur’ ed
I e WwWas m nut es.

after add(i:tj on gf 6%6’77Frgrans f acid.. The el apse Y
The pH of “ThEYFELETER Ahst WRE  slue SAcf o J@FPEi T WE%Nas st opped and t he
bl ack gefperbftigr grasaidyabf olwedst andigiensaty &5 101 ant@sindehpée conti nui ng
agi {28 | OgaPiish, NGREN N0 phOof™INNA! Prnd s HETRANA! WGt AbLeLy pllNG, aci d
al o )

addi tion resuned ag the same rate_until ato grans were

added. Tﬁc\é\?qs&sa?‘se 1B 5B RESYROPDre*0Pde8udi ti on was 46 minutes. A bl ack

slurry 25 was f ofhedabptdtarypkeactdrhend aergepebn. ukRdt an3. 67. These

oper at | opfeiAdUERehplLe Tud GRATE Y shl Bks Shidhpye i th a material bal ance
|

cl osure at m nus ﬁﬂf %‘V ue togPeva oration, han ng and transfer | osses.
The bl ack slurry Wis Pheh RHOANGT ERP S5EPE HeTiefs 36° SoMPdsA washed wi th hot

di st19 | eghandtisy $HO89Rhml r Ei5Vap2 oframse oS HHAbked sodisumisatd atae salts. The
washed fiddedr t6akiee ¢RASIGE Lo 81st22143% ot $aL1 dficdndo T¢heS% Wat er. The
dry sil |§lg{.cartbon pr.oduct .W%S C:gé?'r' ggd of %4. 51 .am)ré)h;ous precipitated
silica afith 45 505 UARIA B BaPBBRF 15897 387 Q=R of - 595 &is in distilled
wat er hatb -2535Hcafboh g8usgrndedt adl disgsol ¥ed5$akasernf Th8O0ppras( 150 uS/ cm

conduct i ¥ t5), . THO& 0104} én GRRShE Ve RS OnBile %Htix(g}%ﬁg pounds per f:ubi c f
pore vol une o

f oot The roduct had 1 surf,ace_area. of 26 g,.a

0 o rionpeRafis range o, 300 7 Basfa miieitsf acdownartierer 42 o SEp 2004
WO 01/ 74tz PET? US@TANS Ik m2BUERXKANRLE agifeitinexaawll Eorhdtlisin at es t he
product i ofar@ed MG REAALRA BFDSNMOUS Fd 178 Wi Lt RdBes et Ll rdgposi ted

carbon  JHQP GadldidhCo s S9ULLMS SAE SRLULATLLLZAY 3%

minutes. The pH of the reaction mass was 8.46. Acid addition
20 was stopped and the black gel mixture was allowed to age for
15 minutes, while continuing agitation and heating to maintain
the temperature. After aging, acid addition was resumed at the
same rate until a total of 115.66 grams were added. The total
elapsed time for acid addition was 46 minutes. A black slurry
25 was formed with a pH in the range of 3.43 to 3.67. These
operations produced 1147.19 grams of black slurry with a
material balance closure at minus 1.95% due to evaporation,
handling and transfer losses,
The black slurry was then filtered and the wet
30 solids washed with hot distilled water for the removal of the
soluble sodium sulfate salts. The washed filter cake consisted
of 22.45% dry solids and 77.55% water.
The dry silica/carbon product was comprised of $4.5%
amorphous precipitated silica and 45.5% activated carbon. A
35 solution of 5% solids in distilled water had a pH of 7.88 and
total dissolved salts of 100 ppm {150 uS/cm conductivity). The
bulk density was 0.31 g/ml (19.35 pounds per cubic foot). The
product had a BET surface area of 267 mzfg, a pore volume of
0.9347 ml/g, and an average pore diameter of 17.0 nanometers.



5 hydrochloric acid as the acidul ating agent. The RHA sodium silicate
solution had the follow ng properties: Si02/ Na2o ratio of 3.30 to 1,

Na: Si soluble solids at 19.82% (4.61%a20 : 15.21%% O2), di ffusedZ(gaSEtp)%B
(suspended solids) at 12.45% in a 67.73% water solution, specific gravi
of 10 1.278 and density at 10.66 pounds per gallon, with a pH of 11.35.

The aci dul‘a‘&bﬂ,g-“ggent was 37% hydrochloric acid (HCl), . .In @ water
rE sl

solution. The laboratory reactor angl equi pnent used i "Sus exanpl es
were utilized in this exanple. 15 The batch production steps were a
quantity of 255 m (200 grans) EXAMBHR sodium silicate was added to the

reactor. A quanthiye akaffe 116300 WK Aleadllidlgd water was added to
the silicate, S%@E‘%On and these.were agit e heating to a

t enper at BF&EiP} fa“‘gﬁpho%%éllﬁ% ‘T@u?‘?h?@%'it‘ﬂﬁ@%@eéo‘?ﬁﬁq@ed
5. 67% Na2®n a3d3DSi«ORHA+s8d B/ s¢hidrire soubprivtedtibidings3+s 90. 78% wat er. The

pH of 5t hsyéﬂa&%@lavaa&aoa§5me\/\labi&1a@ Qetédé?,'tn%f.@eaﬁa gpsigf ure at 500 -

55C with aﬂrﬁa%tlo %{lng 37% was added e rate of 1.85
grans peft ﬁt% 8"2 Ll th"ﬁﬁgp%?qft?&tlﬁ%l f9Prfid26n started 25
after theatigdiofi dmB®Ofto40, Nagsansobfblackdlids latt be.ga@acti on nass pH at
8. 44. Atdml%naga nt 1@6@%@&1}5“&%%&? Séa%eﬁd(menbgé é(;ddl%é gel mxture

was al | OV\.€rel gg m nut es agin n was resuned
at the sAhe?riPa Jht @ 62-71bratenrsodytony, a“ﬁ‘ﬁchébc BESNIRIRE. The pH of the
reaci® onl 37gmand dersily88t 1n sadpbunidsnpér qaanbnt winth 42pH &fgrans of the 35

RHA sodi tqn3si. |T§@-ta% wasaefiedqbRe alisusts (iR oper ati ons
pr oduced, 883 ﬁtgr fﬁygauﬁ%shed bl gck slﬂl}rﬁrrytb\n& nggld Qﬁa | bal ance

cl osure 8 " »@e to evaporation, handling and transfer |osses.
The bl ack sl urry Thes leherrtfaryt eeartoznand rmummemsoisiedsmvashed with hot

mater { opieIBue Easipdus!usrluum il ohi df Sakhgpfy.oduced by the acid

reac{gon with so nh; |cate he washe
dry “Zolids and 76 4885w mEPaust ’?’SEEQ%O‘L?”WO%W?H PCRSGSm/ 10171 29
The dry 6300 gasmsir Man cehddumwekl icetprvsedddéd S @%e peaTtRROUS

preci pi tqipdisy | dC30aNEL %&W@gﬁg)vgge@ls&qrﬁg@ witerSQhitifi a0t 0% solids in

dlstllle ad a of 7.
e s1?1c4£ sol éion and E%ese were agitated while heating to

a temperature range of 50° - 55°C. The resulting mixture

20 comprised: 5.67%(Naz0 : 3.305i0;) + 3.56% carbon suspended
solids + 90.78% water. The pH of the mixture was 10.85. While
maintaining the temperature at S0° - 55°C with agitation and
heating, 37% HCl was added at the rate of 1.85 grams per
minute in a 22 minutes time period. Gel formation started

25 after the addition of 40.8 grams of acid with the reaction
mass pH at 8.44. At this point acid addition was stopped and
the black gel mixture was allowed to age for 15 minutes. After
aging, acid addition was resumed at the same rate until a
total of 60.8 grams had been added. The pH of the reaction

30 mass was 2.85. An additicnal quantity of 122.8 grams of the
RHA sodium silicate was added to adjust the pH to 6.06. These
operations produced 883.8 grams of unwashed black slurry with
a material balance closure of minus 1.37% due to evaporation,
handling and transfer losses.

35 The black slurry was then filtered and the wet
solids washed with hot water to remove residual sodium
chloride salts produced by the acid reaction with sodium
silicate. The washed filter cake consisted of 23.56% dry
solids and 76.44% water.



total dissolved salts of 540 ppm (810 uS/cm conductivity). The 5 bul k
density was 0.276 g/m (17.23 pounds per cubic foot). The product had a
BET surface area of 264 n2/g, a pore volume of 0.9255 nli/g, and gr%géléara e
pore dianeter of 16.8 manonmeters. EXAMPLE 5 This exanple illustrat Ll
production of 10 precipitated anorphous silica with adhered or deposited
carbon frama.dilute RHA sodiumsilicate solution utilizi n%&sulfuric acid

as the acidulating agent and slight]y different condéMPUPBh of suspended
carbon solids in the starting silicate solution. The RHA sodiumsilicate
sol ution had the He B8y | QWies/EH0R b 6SictSWAR/ NapPikad isr @k 3293 to 1,

Na: Si ' 15% (7. 579 L 22, 1896i , diffused carbon
(suspengﬁﬁ?gﬁ% fegﬁpg%l%a;_z?lr{?%.gg.zl Anzov%a 8%” lt(?lduf?’f) M-sBecific gravity
of 1.266ngieRMS 6§ 8elids. 58 difthiddsd pertegahedm pii 0h & 75Haof 11.41. 20
The | abaroata@r gisAcears£ns 66U PRk USES usPen ENELEH Sy B43NPERS Wer e

utiligzed,) | S; | e.,, The t oduct.i on st eps re a quantity of 900
n él}gigég%ﬁs%t%e%&szggi IR si(ﬁit}(’:gé epo\/‘\fé'gsa%%re(fugbct Yealler. No
di stil| &¥ofucerhagad BEBewrace res pf cfide Moy utd pareivadwm@Sotonpri sed:

29. 75% Na2@s55 w13 ShAR]ant abedidb Garbom; {retependad . sSRhidlekets62. 10% wat er .
The pH was 11.51. The solution Mat ed while heating to a tenperature

range of 500 - 55C (1220 - 131 MBIt uric acid was added at a rate of
3.0 grans per mTiEeexiiple bbiusarphes thel pfodumtionestarted after 30
a]gdilto! grpref:iﬁfx:ag:l’ean‘sm@:_rp]hcastdilillileag_@htlﬁ)(‘dah@;il-_ﬁ&i &thep?gpL%dt cQPbo@f 70 grans
of acid. e.el. . tes. e pH,.of the.reaction mass was
8. 35. Atfr:c,;ﬂi%%plﬁpﬁg%}g%%‘é?g%gi%’ﬁé%g‘\%l\/assoslgfémbe‘gnéﬁal?%fut‘}lfgﬁkcgel m xture
was al | 78 ¥ RGeasifulating pgeptnpnditsdldghpdy ehiffgremt aci d addition was
resuned cahc@itididofad® sudpendut! ichrBoh Gcdliasf iP&ngr B tigd been added. The

pH of . ctl SsS .15...An additjonal, 131 grans of RHA sodium
silicat qu\?vééae%dggg%g%ddjiﬁgﬁmﬁgogﬁw 3 .lﬁgi.:e TiraY 1°’b%@%af'b‘c’)ns pr oduced
13465gr /8 1o 1N RESPRIE issac kS KaviNaaP wiatho o2 2995RR 20082Vl 01/ 74712 30

PCT/ USOkb108Tel statiasial 2babs$1c@ .67 08ayoe : 0b2 Mgduso)) 48 dged O evaporati on,
handl i ng,2pgh {(RBEERIed 28388 TResPLACK 8! 4rey 19gS,40gn Tiltered and the

solution, specific gravity of 1.266 and density at 10.56
pounds per gallon, with a pH of 11.41.

20 The laboratory reactor and equipment used in
previous examples were utilized in this example.

The batch production steps were a quantity of 900 ml

(1139 grams) of RHA sodium silicate was added to the reactor.
No distilled water was added to the silicate solution which

25 comprised: 29.75%[Na0 : 2.93Si0,] + 8.15% carbon (suspended
solids) + 62.10% water. The pH was 11.51. The solution was
agitated while heating to a temperature range of 50° - 55%
(222° - 131°F). sulfuric acid was added at a rate of 3.0 grams
per minute while agitating. Gel formation started after

30 addition of 50 grams and a thick gel occurred after addition
of 70 grams of acid. The elapsed time was 23 minutes. The pH
of the reaction mass was 8.35. At this point, acid addition
was stopped and the black gel mixture was allowed to age for
15 to 20 minutes. After aging, acid addition was resumed at

35 the same rate until a total of 96 grams had been added. The pH
of the reaction mass was 4.15. An additional 131 grams of RHA
sodium silicate was added to adjust the pH to 6.95. These
operations produced 1346 grams of unwashed black slurry with a



solids washed with hot water to renove the sodiumsulfate 5 salts produced
by the acid reaction with sodiumsilicate. The washed filter cake

consisted of 24.12%dry solids and 75.88% water. The dry silica with
adhered carbon product was conprised of 73.1% anorphous precipitat 6?9§EP 00t
silica and 26.9% 10 activated carbon. A solution of 51 solids in distil ed2
water had a pH of 6.86 and total dissolved salts of < 10 ppm (< 15 uS/cm
conduct i viw94¥¥7the bul k density was 0.300 g/ m (18. 7PCTHSUABK per cubi c
foot). The product had a BET surfaé® area of 199 n2/g, a pore vol une of

0. 6954 . e ﬁ?ﬁ ol 15 dia of.9 ters. EXAMPLE 6
Thi s exga\rré:) g???%az]tr}irngéeé é:%pf’gdwtj:ﬁt%lso%' 0 %E)]Fet(t':? pﬁvgg?’gggg%dr phous silica
wi th adhbtedisgs rpdspnreferdessns: froma dilute RHA sodiumsilicate

sol uti gn utili Izi NeheB 2Ya 2K ﬂﬂh?s‘ﬁﬂwlﬁhﬁ?aﬁlﬁ:easdtm aledwbat i n% gg/ent .ZOThe
RHA sodi um. silicat ti.on the fo i n roperties: i Na

Fat o or SR patRE Wi NI RabRE L Fehdle MaoSBLaPRLLESS 0

21. 5696 €Pts predupedd by atliborrcid usgaatded widih gefiumisizigatg. iThea 64. 24%

wat er sodadhednsisiRAcichkeé HraMktya r 2. 1oL GFyaseh danshnliy79fss%0. 55 pounds
per gall oqi? with a pHof 11.57. The |l aboratory reactor and equi pnment used
I n prev‘f% §'exarrp| es were utilized in this exanple. The batch production
steps were a quarithet grpfsPloGanvitig@dhess? qaghsh pfodREA €@%li um silicate was
added fj gcctmig@@?prvgl.h aﬁﬂ@"ﬂuhiaﬁé/_ﬁfec{r@gtdﬁed( 400i g alﬁa_)zofg%gi 3\}1 i : ! eﬂ wat er
wer e ed..t e silicate.solutign._and t.hese were .agitat ile heating
to at en%%ﬂé’f’g?% B l%gaod? (%ﬁ )“.m “I‘:&engegéoulll'ta isngl;;rl Vn?&ﬁ%&?geé c"‘(’)aerrtﬁf I sed:

10. 999 Neg@Oa: PB. a5 %i-88) and Loggd, dtimsiedred (radéAded 33 0sabide 4586. 15% wat er .
The pH ofgtdiecohaudti®iv@s. The3BulMiicheityraiagt 8i fog /e (femerature at 500C
wi th agitat idon and bhgati r]cg gp2o H3RO4, vas adgg,ij Satrftagg rate Qf 1.10 grans
per m TP PE B3O ntted ti e pper| §5.79%P FoI mtit8RcsiareS af t er

addi ti ont%¥ mimgraamrafvw}éﬁmé of th 6péactli/on ARd rpEvarage FpreAt 2 9 SEP 2004

WO 044 747 {hnelRed/ 445501 1RAmetd32st hi s point acid addition was stopped and the
bl ack gel was stirred and aged#&g&g&n’ nutes. After aging, acid addition

was resuned at the sane rate unt al of about 28 grans
This example illustrates the production of

precipitated amorphous silica with adhered or deposited carbon
from a dilute RHA sodium silicate solution utilizing 85%

20 o-phosphoric acid as the acidulating agent. The RHA socdium
silicate solution had the following properties: Si0O;/Naj0
ratio of 3.16 to 1, Na:Si soluble solids at 28.38%

(6.82%Nas0 : 21.56%510;), diffused carbon (suspended solids)
at 7.38%, in a 64.24% water solution, specific gravity of

25 1.265 and density of 10.55 pounds per gallon, with a pH of
11.57. '

The laboratory reactor and eguipment used in
previous examples were utilized in this example.
The batch production steps were a guantity of 200 ml

30 (253 grams) of RHA sodium silicate was added to the reactor. A
guantity of 400 ml (400 grams) of distilled water were added
to the silicate solution and these were agitated while heating
to a temperature of 50°C {122°F). The resulting mixture
comprised: 10.99%(Naj0 : 3.16S5i03] + 2.86% carbon suspended

35 solids + 86.15% water. The pH of the mixture was 11.30. While
maintaining the temperature at 50°C with agitation and
heating, 85% H3PO,; was added at the rate of 1.10 grams per
minute in a 15 minutes time period. Gel formation stated after

addition of 16 grams of acid with reaction mass pH at 8.97. At



had been added. The pH of the reaction mass was 7.03. The mass 5 was aged
for 30 mnutes while stirring before filtration was initiated. These
operations produced 665 grams of unwashed black slurry with a matggiS&P 2004
bal ance cl osure of mnus 2.35% due to evaporation, handling and transfer
| osses. The black slurry was then filtered and the wet 10 solids washed

wi th hot Wé[ﬁ% 49 remove t he sodi um phosphate sal tsﬂ’grt@gﬁé?‘g{ by the acid

reaction SOdI um silicate. The31 washed filter ed of 22.56%
dry solids and 77.44% water. The dry silical/carbon product was conprised
of 74. 5%h11.~5paﬂiw WwHSaauleﬁioaiwﬁ edoppéd Ghdanbe 2a%% §€1 iwaat ed carbon. A

sol ution_af 5% | wa p f d total
di ssol ved:lé'af‘f( Jf %%8 f[;':f)m ?7159 eﬁ%lscnég%nlg gtﬁ% 'j (?L %%g,ﬁl%ﬁl k density was
0. 461 g/vfs resurer psukble spe tats @rkdbtd torRé Dﬁora@eu‘ét?-%aiaaSBET surface

3r ea of rﬂa%ba&/x gadd%dpo'f'lee \gml orecHy r2QcOidiBadsalvag, 7aodl. anheamegage por e

I a er net er. 7. . Thi aml srtesthe
prod ctloaﬁ 8?ed pfro«;lf'mra i T I“"t(?sam)r ghgrzé}ﬁqg%f%( rmlgﬁereg.l })"r gdep05| ted
carbon inigaateds ImFéem#?reéaP%ﬁn@PﬁP%ﬂ E6SoPtANPfutryashedy a | arger 25
bench Slb’-l%@k@ﬁﬁt@r weth abaiaked fal Ibfaeéﬁcelaimeeré fgalihens).3@rd  a nenbrane

filter u The ose 0 obt |.nf o] on scal e-up factors for
cCoMmer Ci "1 Eau?" °r'f€ea%%1 \%"g%ﬂqg Se e anE"f%&-n#eér%actor was equi pped with a

vari abl e speed riheeklaghk Selﬂec!! Mas Khen i fHidteardardokhe gfffer ature control .
The &) RiddiagdidbRedl LWicRttsehtdsd @o BéﬁbJ&QhEOéédl\anghﬁp)ﬁebt i es:

Si 02/ Na20 rat I O ‘fwfggd%ga%oahé\lareacaf?‘gﬂ L{p|t% ggé uqnsgaﬁ)béék 0,1{%8(5 85%Na20 :

18. 24%S|56§) n-suspen i 'ds a 69. 91% wat er
sol uti orwass&pécfﬂt@rgpaw tqpneisqedng Z%m‘iﬁfdéﬁ%l $qligs apd 177. ﬁé&nds per
gal l on, Jtkh.a pH of 11.28. 35 The aci di fying agent was 85% o- phosphoric

aci d. The bat ch od CtIO. were the reactor |a y | oaded
with 16.74 kg (S%rhﬁlgﬂ’) ])l ? %o umCts’w |ca°tméJ ?%tc?ryotr-{ V\#fl e agitating

and HeatamegphensFCecipiateg Slblfqaelanﬁe%\‘%tﬁ%n@c’@h‘@tﬁéa@ﬁw ‘t 8nperature, the
phosphordfiuesssl o& %%SE&%O‘inVQsﬁﬂllﬂéa%da@Thk@QﬂlpkO&fh 332awas added at

(0 1 Saflgcoie oo L P 0 BB Tl bR B e e
The pp{(ﬁulﬂh@emsygm;wgﬁ 0.461 g/ml (28.77 pounds per cubic foot) The
product had a BET surface area of 195 m /q, a pore volume of
20 0.6833 ml/g, and an average pore diameter of 12.4 nanometers.
EXAMPLE 7

This example illustrates the production of
precipitated amorphous silica with adhered or deposited carbon
from a dilute RHA sodium silicate solution utilizing a larger

25 bench sized reactor of about 19 liters volume (5 gallons) and
a membrane filter unit. The purpose was toc obtain information
on scale-up factors for commercial equipment design and
selection. The reactor was equipped with a variable speed
mixer and electric heating bands for temperature control. The

30 RHA sodium silicate solution had the following properties:
8i0,/Nas0 ratio of 3.12 to 1, Na:Si soluble solids at 24.09%
(5.85%Na»0 : 18.24%Si0;), diffused carbon suspended solids at
6.00%, in a 69.91% water solution, specific gravity of 1.213
and density of 10.12 pounds per gallon, with a pH of 11.28,

35 The acidifying agent was 85% o-phosphoric acid.

The batch production steps were the reactor was
initially loaded with 16.74 kg (36.91 1lbs.) of RHA sodium
gilicate solution while agitating and heating to 55°C (131°F).
After reaching the reaction temperature, the phosphoric acid



mass was 7.13. The bl ack gel was aged for 30 mnutes with 5 agitation at
55C. These operations produced 18.8 kg (8.53 |[|bs) of unwashed bl ack
slurry. The black slurry was then transferred to the nenbrane filtfg StErpizhm
and washed with hot water until the sodium phosphate salts were
essentially renoved. The pH was 7.65 and the total dissolved salts were <
10 200 ppm The washed filter cake consisted of 23.55% dréq)jgsol Ids and

76. 45% vvat“éq Vi{ie washed sol i ds vveéze then vacuuned FEMUEHAYHnd dried in a
convection oven at 1100C for 3 to hours. The dry silical/carbon product

was CoNMpfdsSadaed at15hz5ra3:§°/(b§n@rﬂh(it§5p9f e.ﬁlnnt&a(cﬁélsubsmranqn24 72%
activated _ _carbon lds in distil er had a pH of

s o (16 Ring 4 SATE PPt G TREVHHART 995 LRk veS comabiE: vt vy Prhe
bul k dertsimey andsth® 44¢1d gddiiki¢R® WaEo spopprts Therpit Wi thé omactigdme product

had a B%Bs%umgeoﬁ G e@h@fm%%ﬁ &.01 WRkJagél &gﬂ:esyqdlmmeefwﬁhm& m /g, and an
aver a ar i’?i"l amet e nanonet ers. SEP 2004 WO 01/ 74712
1"‘;233(5

PCT/ n2f 5SnGy 'TP$7%>°P&\‘7FH6“S W"dﬂf&i\ﬁbew & 5 S-RANr W nw chOONb N
NNNy NMbsi\ Gf t unwaddeaidghdtkk alurry. The black slurry was then

transferred to the membrane filter unit and washed with hot
water until the sodium phosphate salts were essentially
removed. The pH was 7.65 and the total dissolved salts were <

10 200 ppm. The washed filter cake consisted of 23.55% dry solids
and 76.45% water. The washed sclids were then vacuumed
filtered and dried in a convection oven at 110°C for 3 to 4
hours.

The dry silica/carbon product was comprised of

15 75.28% amorphous precipitated silica and 24.72% activated
carbon. A solution of 5% solids in distilled water had & pH of
7.55 and total dissolved salts of 160 ppm {230 uS/cm
conductivity). The bulk density was 0.441 g/ml (27.56 pounds
per cubic foot). The product had a BET surface area of 193

20 mzfg, a pore volume of 0.6762 ml/g, and an average pore
diameter of 12.3 nanometers,
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PCT/ USOL/ 10171 34 Exanples 8-10 are directed to the production of 9 SEP 2004
preci pitated anorphous silica w thout adhered or deposited car borz ségi %PQ
fromdilute sodiumsilicate solution derived fromcaustic digestion of
rice hull ash after the diffused 5 activated carbon particles have been
renoved bWOFGU47AAti on. The results are provided i n PERV#I2TOl | oW ng
Exanpl e 10. EXAMPLE 8 This exanpl# illustrates the production of pure

precipitated anor, l_| | r ' 10 anor phous
carbon. A RHA so%ﬁ#g‘?%%gtﬁ}{% tgg?g&é%djrr&%egge/agaﬁ‘ogﬁtggféaﬁ%?o renove gl I ut he
car bon Prepéntlearesopmerrhousofitica Hatepyy adbersl orhderdssded dil ute sodi um

si | i cat eaz8bhtiésuidiadron l36166¢ |spaing propatti aslutdbA2dNaRdratio at 3.02 to
1, Na: Sifro%OE:g\Lstsi%l H?clggstﬁgl'\i 9? r tcezﬁufﬂ‘oé)ssja 3@“%%9 &ingUs%Zlo/(Si 02), in a
5 activated carbon particles have been removed by filtration.
The results are provided in Table 2 following Example 10.
EXAMPLE 8
This example illustrates the production of pure
precipitated amorphous silica without adhered or deposited
10 amorphous carbon. A RHA sodium silicate liquid sample was
filtered to remove all the carbon suspended solids prior to
acidification. The clear, dilute sodium silicate solution had
the following properties: Si0;/Najz0 ratio at 3.02 to 1, Na:Si
total soluble solids at 28.71% (7.14%Nay0 : 21.57%Si0;), in a
15 71.29% water solution, specific gravity of 1.245 and density
at 10.238 pounds per gallon, with a pH of 11.46. The
acidulating agent utilized was concentrated sulfuric acid,
96.5% in agqueous solution.
The laboratory reactor and equipment used in Example
20 1 were utilized to produce the pure precipitated silica
product.
The batch production steps included a quantity of
100 ml (124.5 grams) of clear dilute RHA sodium silicate
solution were added to the reactor. A quantity of 573 ml (573
25 grams) of distilled water were added to the silicate solution
and the agitator was started while heating to 50° - 55°%
(122° - 131°F). The resulting mixture comprised: 5.12%(Nay0 :
3.025i0;] + 94.88% water. While maintaining agitation and
temperature in the above range, sulfuric acid was added at the
30 rate of 2.68 grams per minute over a 37 minutes period. The
acid addition was stopped and the white gel was allowed to age
for 15 minutes. The slurry pH was 2.34. Additional clear
sodium silicate was added at the rate of 13.25 grams per
minute for a 45 minutes period to adjust the pH to 7.49. The
35 white slurry was then allowed to age for a period of 20
minutes while agitating. The above operations produced 1399
grams of white slurry with a pH of 7.58,



15 71. 29% wat er sol ution, specific gravity of 1.245 and density at 10.38
pounds per gallon, with a pH of 11.46. The acidulating agent utilized was
concentrated sulfuric acid, 96.5%in aqueous solution. The | aborztcgogep 0
reactor and equi pnent used in Exanple 20 1 were utilized to prod h@
pure precipitated silica product. The batch production steps included a
quantity QfomAPg M (124.5 grans) of clear dilute i ilicate
solution were added to the reactorz A quantity of 57 C?ﬁﬂgll(l}g%s% grans) of
distilled water were added to the silicate solution and the agitator was
started while hedhenghite 5Qurrp5eE theif A2 terdBE0iE) wadlned ndshl ting m xture
compr i stk RaloMcia2novdd (A2 QR Q4 ARVMRLE! mrBhiLodipi i al i ng

agitation.and tenperature in bove rang furic acid was added at
the 30 ridtldebfcakes§oRFLFHed "rﬁ ﬁ’&t% dpy &P ld %7“”1?\ ﬂuté§% pEte8d. The acid

addi ti on was st offhedwatncbrieképititied géliamapradbawedst orbge infar 15 m nutes.
The g uw.vebu@ﬁ oze%o%qi;batoaﬁ%u%eﬂ 1159l %amﬁt gengp added at the

rate of 13. grans m nute for m nut es_ per | to adjust the pHto
7749, IR 138% it QUSEF e “RBSE (1h aPY Glied T it EPB7I AARSERER of 20

M nut es selitkeofigisappmy(90The/ e @readopenaltypnsTipr bulk ederisd®y wag ams of white
slurry g bR-a9 sz17e45%ou%a§ caBPé f\éQtS)l/ﬁ{Ula%oE&Té Yi3@l410171 35 The

white slurr | tered, and washed hot_water to renove the
sodi um SFTf \ﬁl?’éf"’scﬁ f“gea 'ﬁfez\ﬂas'ﬁe’&' P& "8%1‘&"@”‘ C6n8; B¥&I ™ Ip2. 42% dry

sol ilgs amg 7. H&HAgatmre Hhemeisir pfell i hahemetsrsi.ca product was dried in a
5 convection oven for about 5 heyaspred 9110C A solution of 5% solids in

distilled water d a pH of 7.84 and t aI oIved salts of 60 ppm (90
uS/ cm conduct i vi H@)‘s el’%é’pgﬁl k“d’é;r’%FF?F 7:187'rﬂ’ (B'F€04 pounds per

cubi c f@@‘E):ipil‘ltae:epréﬂuMnhOhadsalchE%&meta@éhare@aouf defisitefig, a pore vol une

of 0. 71%0 héus L8rasy 1&'11%’%@%0%)5&1@' %%or%ci@;ﬂd&%neﬁmers
EXANMPLE 9 IS ex strat, he production of pure Erem pltated

anorpho®E 8 ﬂ"t,a& Wik sqahd & df’a't'ferﬁé:f"’fe 1RGP AFIO¥AF ¥ uti | zi ng
phosphorthe sespended eaxkdinf sehidonThé ofeaz, ciclarte dbdidre ssddicare silicate

after flaotma;érpmaaeam&*olqawlﬁ%ragépﬁ%@ed SA,DAR,$Ydtds. ofhe clear, dilute
sodi um %II%C@. 1, Na:Si total soluble solids at 18.97% (3.91%Nay0 :
15.06%8i0;3), in a 81.03% water solution, specific gravity of
20 1.128 and density at 9.41 pounds per gallon, with a pH of
1l1.27.
The laboratory reactor and equipment were utilized
in this example.
The batch production steps were a quantity of 230 ml
25 (259 grams} of clear dilute RHA sodium silicate were added to
the reactor with agitation and heating to 50°¢, Phosphoric
acid was added at 2.25 grams per minute over a 15 minutes
period. Gel formation was observed at the end of the period
and the pH was 6.89. The white gel was allowed to age for a 20
30 minutes period while agitating and heating. The above
operations produced 293 grams of white slurry with a pH of
6.95,
The white slurry was then filtered, washed with hot
water to remove sodium phosphate salts, and dried in a
35 convection oven. The washed filter cake consisted‘of 23.62%
dry solids and 76.38% water.
A 5% solution of dry precipitated silica in
distilled water had a pH of 7.23 and total dissolved salts of
540 ppm (810 uSf/cm conductivity). The bulk density was 0.472



solution had the follow ng properties: Si02/Na20 ratio of 3.85 to 1, Na:Si
total soluble solids at 18.97% (3. 91%a20 15.06%5i 02), in a 81.03% wat er
solution, specific gravity of 20 1.128 and density at 9.41 pound® 9P 7004
gallon, with a pH of 11.27. The | aboratory reactor and equi pnment were
utilized 1in this exanple. The batch production steps were a quantity of
230 m Zivé%ﬁ% rams) of clear dilute RHA sodium si Iﬁlgﬁ;/%éoe were added to

t he reactor W|th agitation and heatjng to 50C. Phosp M 9 was added
at 2.25 grans per mnute over a 15 mnutes period. Cel formation was
observeds/atl t(be.meoehds erpenbbd foany. tThe pHenhsi tat8Q. silhigawhi te gel was

al | oned a u r | e heating. The
above oﬁ eratglgolﬁlégH Bg g‘&%g g%}nﬁe?o vvhw?g 3)%%&%{]"%" a gH of 6.95,

The whit 9s9l4ér‘F&/‘Jma§“f’h@'h Ve R é@remﬁ%% Pfq Jn?oto napgnaters. r empve sodi um
phosphate salts, and dried |n aeffmaenyecti on oven. The washed filter cake

consigted of 23. G2%, gﬁ/ qtzg Y pak e o utlon of dry
fhe [g (h:ofl’1 a

precipitated silica in wat er fhd total
di ssol veRFesipisatsd aBﬁW“rﬂbﬁ‘ﬁ EBH@%SFEW%@GBE’E‘P@/|CtryPEPq?n’é:el§‘uI k density was

0.472 2 &noShRo@d)arBeh Od/il4Z17g Pyl bO0Ndri@] Z¢ia Horghsid{fA%adbopounds per
cubic T b cT0G PeshOl [atdy i1liCaee AIRLICE AT G RELRULhAGP area of 287

n2/g, a pore vol ume "o an average pore of 18.0
nanomet é¢ SESRMSER $BTRPNTEPEidsSy PeCHaIrusE‘FLh‘E"& soReumrgdidert®On of pure
precipi tsaladiemoraghobs &illioeang\igrepatt ather etogNagdepagiibeds anor phous

carbon bl gbng Rudsoclanl goAghd Lor el £ 6ot 99 5 pfyagocl ear, diiute

sodiumsilicate after filtration renbva t he s spen a carbon sol i ds.
The cl ed?: 3&??%9@%6%%3\“3??? dﬁ’ttérlw]é’&llﬁf'ro?ﬁ?&élfh‘érq’“drtb’o% ng properties:
Si pe/ Na20 20&at am @ens2ty At 0195 Naubis tpdralga3dbruplwad tBoh i s o@it 29. 05%

(7. 71%Ny (Zilo 21. 34%6i A2), in a 70.95% wat er solution, specific gravity of

1. 205 an ensi té‘ at _10. 05 pounds per gallon, with a pH of 11.38. 15 The
| abdriat ory react GPeahRPUGEPEREFRACHEF ANf CAPIRRENY Wern| utidiang e.

in this example.

The batch production steps were a quantity of 200
grams of clear 4ilute RHA sodium silicate were added to the
reactor with agitation and heating to 50°C. Hydrochloriec acid

20 was added at 1.0 grams per minute for 27 minutes, at which
time the first gel formation was observed. The reaction mass
pH was 9.04. The mass was allowed to age under agitation for
15 minutes. An additional 52 grams of dilute sodium silicate
were added while agitating and maintaining temperature at

25 50°C. An additional 11 grams of hydrochloric acid were added
to adjust pH to 5.91. The white slurry was allowed to age for
60 minutes prior to filtration. The above operations produced
290 grams of white slurry with a pH of 6.17.

The white slurry was filtered, washed with hot water

30 to remove the sodium chloride salts, and dried in a convection
oven. The washed filter cake consisted of 24.12% dry solids
and 75.88% water.

A 5% solution of dry precipitated silica in
distilled water had a pH of 7.09 and total dissolved salts of

35 380 ppm (570 uS/cm conductivity). The bulk density was 0.4194
g/ml (26.18 pounds per cubic foot). The precipitated silica
product had a BET surface area of 258 m2/g, a pore volume of
0.89%30 ml/g, and an average pore diameter of 16.0 nanometers.



The batch production steps were a quantity of 200 grans of clear dilute
RHA sodiumsilicate were added to the reactor with agitation and heating
to 50C. Hydrochloric acid 20 was added at 1.0 grans per mnute f°Qs?§EP 0

m nutes, at which time the first gel formati on was observed. The react?g%
mass pH was 9.04. The mass was allowed to age under agitation for 15

m nutes. An additional 52 granms of dilute sodiumsilicate were added while
agitating and naintaining tenperature at 25 500C. An additional 11 grans of
hydrochl oric acid were added to adjust pHto 5.91. The white slurry was
allowed to age for 60 mnutes prior t@7iltration. The above operations
produced 290 grans of white slurry with a pH of 6.17. The white slurry was
filtered, washed with hot water 30 to renove the sodiumchloride salts,
and dried in a convection oven. The washed filter cake consisted of 24.12%
dry solids and 75.88% water. A 5% sPARIE 8% of dry precipitated silica in

distilled wat errimrirmaeof 7100 andsbot alowbreaobyesos dicerpirIr85 380 ppm
(570 uS/cmconductivity). The bulk density was 0.4194 g/m (26.18 pounds

per cubi c|Rmpedty The precipitated siliBamprHduct Brxaghple BET| Fxnhpidoal ea of
258 nk/ g, ta_pore volume of 0.8990 m /g, and an| average pore dianeter |of

16. 0 manonBberwt %2 9 SEP 2604 37 TABLE | X00PRECI Pl TATED SILX W THEUT
- ADHERED CHRSChePRGRERT WEM PS5 oper t v Exanpl7é8 8Exanpl e 78BRkanpl g 1075.88i | i ¢a wt
%4 001 00{BDeenke Gakds, FOS & ure, WCM %' 7.23876, 38[75. 883 BR| t er] Cakd.180l i dils FCS
922. 4223, (2vetdrg Iiftex (WIOM/ECEnde® (WCM FC3H6x_100) 346323315 1+ 17. 84%. 237. 09
Tots] disseHved salts, ppm 60 540 380 Consactivity, UE cnbB081057.09 Bul A

density, ¢Fotal diss83%¥d Galtd FipnD. 419 60 540 380
Conductivity, uS/cm S0 810 570
Bulk density, g/ml 0.337 0.472 0.419 -
PCF pounds/cubic foot 21.04 29.46 26.15
BET surface arca, m'/g 205 287 258
Fore volume, ml/p 0.7181 0.9943 0.8950
Average pore diameter, nom 13.0 18,0 16.0
DBP absorption, ml/100g 171 239 215

5

Precipitated silica seclutions for potential use in

CMP polishing slurries were formulated by mixing the pure
precipitated silica particles obtained by acidifying sodium
silicate solutions derived from caustic digestion of biomass

10 ash (rice hull ash), with appropriate guantities of deionized
vater. Metal analyses were conducted by lon Coupled Argon
Plasma (ICP} and the results are compared to two commercially
available CMP slurries, designated A and B in Table 3. It is
noted that the commercial CMP slurries contain silica

15 precipitated froem commercial sodium silicates and wvere
further processed through ien exchange resins to remove metal
contaminants, while the Examples 11, 12 and 13 samples were
precipitated from sodium silicate solutions derived from the
caustic digestion of rice hull ash and were not treated by any

20 metals removal technique. In other words, the EXamples 11, 12
and 13 silica slurries contain the metals that were present in
the starting rice hull ash rav materials, since no metals
removal treatments were employed. The JCP analytical results
were adjusted to egualize the silica composition of the

25 slurries and are repoerted in parts-per-million, ppm.



PCF pounds/cubi c foot21, 0429. 4626. 15 BET surface area. m 1205287258 Pore
vol unme, m/0.71810, 99430. 8990 Averse port dianeter, stnsl3.018.016.0 DBP
absorption, nil/] 009173239215 5 Precipitated silica solutions f P
potential use in CM polishing slurries were fornul ated by nixi33f§%e{%%re
precipitated silica particles obtained by acidifying sodium silicate

sol utions derived fromcaustic digestion of bionmass 10 ash (rice hull ash),
with appropriate quantities of deionized water. Metal anal yses were
conducted by ion coupled Argon Plasma (I CP) and the results are conpared
to two commercially available CW sluri%es, designated A and Din Table 3.
It is noted that the comercial CMP slurries contain, silica 15
precipitated from conmerci al sodiumfgnhhc§¥§s and were further processed

t hrough i on exchange resins to renove netal contam nants, while the
Exanples 11, 12 and 135%%%;4¥¥Q%§%§J%¥3é¥%#%é?%%ﬁiﬁﬁﬁ5?%diun1siIicate

lag 1 1

H L : 1 el PR PR H ool aoxnal ..

sol uti ons gy ERd f RIL LIS LRNShE TS HENP ] e oA TS el © "ot
treated by —any—20-net gy T cnpvar gLt rqﬁliSZM“ uuei’]g)qe‘l“%-, 5 es
11, 12 and 1‘.31!;;: ca ﬁ'éji‘i‘i S cghair thjg‘gcta S tl"ﬁts e ¢ | t he
starting e hutrashyrawrpterigssthesno 7etaI§' rené;gtigggggggnts
wer e enpl oye ~EThe %€P4 fgatyl+ca Ffesults ‘%“refadygﬁted t9—eguait+=ze—it he
silica corpuoagion of zle 25l st 55 es andgﬁbz F-Epert g in ~ 0.0
parts-per-ﬁﬁl‘fcn, p—2—9—SER tm04 S—FABEE—+HH NE‘E! An:#yseg5Rnsu!ts -
CVP SI ur rites—Biat-bExatiie thExalb e 12Exalblo—t3ConiircialACofsercial B
Nal9. 818. 638599, 4P0_13Gaz2. J9-01> 81870 M. gdh 29 lag 7162
Al 34. 028, (26887 0bo. 04 0_1b 29329. 6d5 ci# 10010 1444 | He3i283 2231416, 2
K4. 73. 63, G4—7381 ol no 98 70 E1 o875 o la ag0i5g 14 go &8 1.5

Sr 0.3 0.2 0.1 0.6 0.5

Ti 1.3 1.5 1) 72.8 75.3

Zn 6.3 4.5 48 1.6 13

Zr 0.5 0.4 0.1 17.2 14.3

Totals 97.4 $8.7 79.4 2556 250.8
5 These results clearly show that the precipitated

silicas produced from sodium silicate solutions derived from
caustic digestion of biomass ash (rice hull ash) have metals
impurities that are less than half the concentration levels in
silicas produced from commercial sodium silicsate solutions.

10 The biomass ach derived sodium silicates produced precipitated
silicas have 260% to 319%9% lower metals content, without any
further Temoval treatments being employed.

Other agricultural byproducts or waste materials
having varying quantities of biogenic silica, that is, silica

15 which is develcped, assimilated or occurs in the cell
structures of living organisms such as plants are useful in
the present invention. As previocusly mentioned, these products
are ceommonly referred to as biomass and are principally rice
hulls, rice straw, wheat straV, sugarcane, bagasse, esguisitum

20 {horsetail weeds), certain palm leaves (palmyra palm), and
bamboo stems processed the same as in Examples 1-10 preduce
satisfactory amorphous silicas, silica gels, with (Exanples 1-
7) or without (Examples £-10) adhered or deposited amorphous
carbons for the particular uses of them as previously set

25 Torth herxein.

Accordingly, the present invention is well suited
and adapted to attain the ends and carry out the objects set



Ti 1.31.53.172. 875.3 Zn6. 34.54,81.61. 3 Zr0.50. 40. 117. 214, 3

Tot al s97. 488. 779. 4255. 6250. 8 5 These results clearly show that the
precipitated silicas produced from sodiumsilicate solutions derj §§fpfHgem
caustic digestion of biomass ash (rice hull ash) have netals inpurities
that are less than half the concentration levels in silicas produced from
conmer ci alyos@fldzm silicate solutions. 10 The biomassy @gﬁﬁﬁ {Hved sodi um
silicates produced precipitated sjlicas have 26096to Yol ower netals
content, wthout any  further renov treatnent 1 yed. other

agri cul £8FEh ABFphasiss 2BV RRIEE ?!’Efé?teiaﬁ%es H"a?\? %ﬁi ﬁg ]aLPcf'ntl ties of

bi ogeni etsérd dahetémt therednlica 15 which is devel oped, assimlated or

occurs in the celhy ol UCLULEY BLetditidddcRufRlsSEE @ueh as plants are useful
in the present Invention. previously nentioned,, these ﬁroducts are

comonl §rbedigenssy ¢b ¢ bPYﬁﬁ%&?"a?ﬂY%aP@eBr?+ﬁﬁ”p£?¥ytqﬁ E8TPHTRY s, rice
straw, uhe@isdbsah\e sigagesnan bageske thesgln shiom 26 ¢hohset ai | weeds),
certain I v I bgyhee st ogrocessed the same as
in Exanp 5 g gB rﬁg g?oé]&alwé%ﬁggfg%tdoﬁqg%m phous sﬁml;cas silica gels, with
(ExanpléEP%Pdeﬂ)cb?1$ﬁ1hout (Exanpl es 8-10) adhered or deposited anorphous
carbons for the particular uses of themas previously set 25 forth herein.
Accordingly, the present invention is well suited and adapted to attain
the ends and carry out the objects set 2 9 SEP 2004 WO 01/ 74712

PCTA®S01/ 10171 39 forth and has the advantages and features mentioned as
well as others inherent therein. Wile presently preferred exanples of the
enbodi mrents of the invention have been given for the purposes 5 of

di scl osure, changes can be nade therein which are within the spirit of the
invention as defined by the scope of appended clains. 10 40 Clains 2 9 SEP
2004



1. A nethod of produci ng anorphous precipitated silicas or silica gels,
wherein each silica type has adhered 5 or deposited anorphous cargggﬁ 00t
t hereon conprising, acidifying a caustic,silicate solution produc BQ
caustic digestion of biomass ash containing silica and activated carbon,
the ash being obtained fromthermal pyrolysis of the biomss, the 10
acidifying effective to produce a slurgy,pf-the precipitated silica or
silica gels, wherein each silica type has adhered or deposited anorphous
carbons, and separating fromthe slurry, the precipitated 15 silicas or

silica gel's with the.adkemednesa d@@&ld&@lr@mr},@l}%%u a@g@sigﬁa%@e met hod

of C1a|n1£ ere. 0the |onass ash rises rlce hul I ash

met hod of ~Crraimel Chhérd 12 @5d Saci% hy 8§ bfl&ﬁcécﬁdp§emé§téémﬁﬂﬂ%the
group %on9tsﬂﬁ@gsaﬁe§mammnphqmﬂ(¢aﬂhamgMHMemuum c&@p&asﬁhgsphorlc aC|d
nitric acid, acetic acid, g |n %h%@s ther N

produci ng anor phous preC|p|tatg icas |Iﬁ§§ 5eF§185ﬁﬁPl§Fﬁ€“CEd
aci di fyi ng a causti &Ysiclnsatis §waﬁt0mnpmddmaeda530abh canstiie igiygest i on of

bi omass ash cont ai NkRq j 5 laing@ 2374 28139 Lk of tiyated.carb the ash
bei ng obt ai ned fron1thérnaﬁnpyFOIyS|s gfcﬁﬁggnblgﬁéssg% leagFﬁl 4

effective to producérgmsF@PFVaéfPygylﬂﬁésppécﬁbﬁtbﬂedasshlcaeor S|I|ca

gel s,1@and separatlagzﬁﬁ@@uhhee&k@&&mv@hgopE@gugbgagegéﬁk%gcg§ QfeSilica
gels. 5. The nethod_of ¢l aim4 where 41 29SEP2004 t he sS ashis rice

hull ash. 5 6. The ﬁgfﬁégltﬁtéﬁalﬁﬁicﬁhé?ESlﬂﬁﬁaaSF&nylng is by an acid
‘selected fromthe groupr@msugtEnghotlsubhutypeaﬁaé abydtreahberic acid,

phosphoric acid, nigepesdthed BCEHhOWRCArp30d  ang
separating frow the slurry, the precipitated

15 silicas or silica gels with the adhered or deposited
amorphous carbons.

2. The method of Claim 1 whzare,

the biomass ash comprises rice hull ash.

20
3. The method of Claim 1 where,
the acidifying is by an acid selected from the
group consisting of sulfuric acid, hydrochleoric
acid, phosphoric acid, nitric acid, acetic acid, and
25 combinations thereof.

4. A method of producing amorphous precipitated
silicas or silica gels comprising,
acidifying a caustic silicate solution produced
30 by caustic digestion of biomass ash containing
silica and being free -of activated carbon, the ash
being obtained from thermal pyrolysis of the
biomass,
the acidifying effective to produce a slurry of
35 the precipitated silica or silica gels, and
separating from the slurry the precipitated
silicas or silica gels.

5. The method cof Claim 4 where



conbi nations thereof. 7. A reaction product precipitate of anorphous 10
pyrolized bionmass silica or bionmass silica gel wherein each silica type has
adhered or deposited anorphous carbon iqé_natural state, said pr?%BEPQQme

[

produced by -acidification of a caustic licate solution of the
ash containing the biomass silica and anorphous carbon. 15 8. The
precipitate of annrphoustgél'camgé sidl'caS §é og f%e%gg?’where, t he

bi omass ash conprises rice hat P33R, 220 &° reattion product precipitate
of anorphous pyrolized bionass silica or bionmass silica gel wherein each
silica type is tree of aporph “ﬁeEﬁEQOEf égggmpgeyigg%ate produced by
acidification of a caustic silTicate solution of the biomass ash containing
silica and from whi ch t hehandepholixingsigabponn haeldbezm e ched ey o Hehe
precipi tated bi omasgrgipi eanamgtphgna§ssu§fhf§@ 9€la hay dpgoLiwi &l fet al
contam nants not eXxceedi ng about 250 ppm 30 10. The r'eaction product of
the precipitate of &€afim PBCRRBPEICt AELB} oFAEEI @I EONARTSREC raekd huand ash.

combinations thereof.

I omass

7. A reactiocn product precipitate of amorphous
10 pyrolized biomass silica or biomass silica gel wherein each
silica type has adhered or deposited amorphous carbon in
natural state, said precipitate produced by acidification of a
caustic silicate soluticn of the bkiomass ash containing the

biomass silica and amorphous carbon.

15
8. The precipitate of amorphous silica or silica
gel of Claim 7 where,
the biomass ash comprises rice hull ash.
20 9. A reaction product precipitate of amorphous

pyrolized biomass silica or biomass silica gel wherein each
silica type is free of amorphous carbon, said precipitate
produced by acidification of a caustic silicate solutieon of
the biomass ash containing silica and from which the amorphous
25 carbon had been removed,
the precipitated biomass silica and biomass
silica gel having total metal contaminants not
exceeding about 250 ppm.

30 10. The reaction product cf the precipitate of Claim
9 where,

the biomass ash comprises rice hull ash.



