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Field of the Inyention The present invention relates to highly activated
carbon and its production from rice hull ash. Background of the Invention
Activated carbons are adsorbents derived from carbonaceous raw materials in
which thermal or chemical methods are used to remove most of the volatile
non-carbon constituents and a portion of the original carbon content. This
yields a structure with high porosity and surface area typically in the
range of 6o0 to 120o square meters per gram (m2/g). The surface area is
usually measured by the BET (Brunauer, Emmett, Teller) adsorption of
nitrogen (N2) on the surf ace which correlates closely with the absolute
values obtained in an iodine number test (ASTNi D4607) "Standard Test
Method of Iodine Number of Activated Carbon"). Activated carbons can be
produced from various raw materials) each of which will provide some
differences in physical and adsorptive properties of the finished product.
The most widely used materials in the commercial manufacture of activated
carbons are: wood) coconut shells, peat, lignite, bituminous and anthracite
coals, petroleum cokes, and synthetic polymers. Reactivation or
regeneration of commercial activated carbons are normally required when
they are considered to be "spent" and have reached their maximum
adsorption. This is accomplished by thermal or chemical means depending on
the type of adsorbate in the carbon. Some attempts have been made to
produce activated carbons of commercial grade from agricultural wastes,
including rice straw -sugarcane bagasse, and the hulls of soybeans
cottonseed, rice and peanuts; but to the applicants' i   1 1 MAR 2003 ' ' '
WO U016896 ~ ' PCT'1US99I22053 ::nowledae, t^ese atremDts ~.aere
unsucce5sf;:i and cammercial grade highly act'_vazed carnon ::as never been
produced from them or ~~om r~c~ hulls or .ice hull ash prior to the present
invention. As described in ~T.S. Patent tlo. 5,714,000, activated carbon 's
generated in auantities ranging from 3 percent to as :,uch as -;0 percent
by ~eiaht in rice hull ash depending on the ~ype or combustion or
gasification process (thermal pyrolysis) utilized to burn rice hulls. =0
During the caustic digestion of rice hull ash to produce a caustic silicate
solution, the amorphous silica reacts with the alkaline element and becomes
a soluble compound in the silicate solution. The activated carbon remains
an inert aaterial and becomes a suspended solid in the silicate solution.
some cf the carbon poxes become restricted by the silicate solution which
must be removed to return the carbon to a highly activated sta~e. Since the
carbon is not dissolved in the silicate svluticn, it can be removed by
conventional l.iquidJsolids filtration or separation equipment 20 as
described in U.S. Patent No. 5,714,000. Activated carbons are defined as
highly porous, ' carbonaceous materials. The porosity provides a large
surface area which results in exceptional adsorptive properties. In' any
activated carbon particle, pores o different sizes are 



^5 found. The pores can be distinguished into: (1) Micropores = radius
below 1 manometer (nm); (2) Mesopores = radius 1 t~ 25 manometers (nm); (3)
Macropores = radius larger than 25 manometers (nm) . 30 The micropores and
mesopores give the carbon its adsorptive capacity. They are formed during
the process of aCtiVatlon. The sites of pores in activated carbons can be
measured by iodine number, methylene blue number) or molasses 35 number.
The .iodine number as determined by ASTM D4607, "standard Test Method for
Determination d~' Iodine Number of Activated Carbon," correlates well. with
the surface area   WO 00/16896 PC?N599~Z053 1 1 MAR z003 avaiiabie nor
.~dsor~~ion cI ~mai? .:~oiecuies ;.:, the ;. ~o .5 nm range. =or highl~,~
adsorbent acti~~azed carbons, t'~e =odine number .s in the range of 65b to
1000. commercially available rice hula ash currently is ., produced by
gasificazion or by combustion or burning rice hulls in a furnace. Thermal
pyrolysis is a chemical change that occurs in a substance through the
application of heat. Combustion is the act or process of burning or a
chemical change, especially oxidation, accompanied by the production of ~0
heat and light. In bath, primarily amorphous rice hull ash having activated
carbon diffused throughout is produced. Advantageously, during the thermal
pyrolysis of rice hulls and caustic digestion of the resulting rice hull
ash, the activated carbon particles are reduced to sizes that are _5
consistently smaller than commercially available granular activated carbon
(GAC) and powdered activated carbon (PAC) and which do not disrupt the
normal cellular structure of the foamed product as disclosed in U.S. Patent
5,714,o00. For convenience, the term "thermal pyrolysis" 20 includes
combustion, gasification, and any aid a11 forms of heat which produces rice
hull ash ~rnd activated carbon from rice hulls. Any process in which
thermal pyrolysis is used to produce rice hull ash and activated carbon
from the rice hulls 25 may be used in the present invention. In the current
burning or combustion process) raw rice hulls axe continuously added to the
top of the furnace, and the ash is continuously removed from the bottom.
Temperatures in the furnace generally range from 800F to about 30 1400F,
and the residence time for the ash in the furnace is about three minutes.
Upon leaving the furnace, the ash is rapidly cooled to provide ease in
handling. When treated by this method, silica remains in a relatively pure
amorphous state rather than in the crystalline forms known as quartz, 35
tridymite, or crystobalite. Transition from the amorphous to the
crystalline state generally takes place when the silica is held at very
high temperatures, for example 2oooF for longer 3   



wa 00/16896 , ~ FCTNS99IZ3053 ' 1 1 MAR 2003 periods o= ..i."e. ,he
signi==cance :: ::3vina the silica in an amorphous state ~s that t:-~e
silica ,:,alntalns a porous skeletal structure rather than .igrating to
fo:n crystals, and the amorphous Arm of silica does not ~~~uGe silicosis
Thus reducing cautionary handling procedures. The burning or combust~,on of
the rice hulls is time-Temperature related, and burning of these hulls
under these conditions produces rice hull ash having carbon garticies frog
she burning of the hulls which activates ~he carbon. Convent:.onal
combustion of rice 1G hulls produces from about 3 bercent ;.o about 13
percent by weight of activated carbon.l'The amount of activated carbon
present in the rice hull ash is dependent on the amount of combustion. .f
the amount of activated carbon in the rice hull ash used .n the foaming
process and .n the foamed compositicn cannot be used advantageously in
making floral, agricultural, nursery, and horti::~;'_tural roams, such
excess activated carbon can be separated from the caustic digested rice
hull ash silicate solution and is a very valuable and exceedingly pure
activated carbon product, While amorphous 20 rice hull ash is preferred,
some crystalline rice hull ash can be present. rn the current gasification
of rice hull ash, conventional coal gasification equipment is used. Rice
hulls are heated in a furnace at temperatures of about BooF, the gas ?:, is
collected and then burned to produce energy, and zice hull ash including
activated carbon is recovered. The amount of activated carbon ranges up to
4o percent by weight or more. Any or all excess activated carbon can be
removed by conventional filtration processes and equipment and is a 30
valuable commodity. generally, in the commercial burning of rice hulls as
an energy source, the resulting ash includes about 1/2 percent of metals,
such as magnesium, potassium, iron, aluminum, calcium, titanium, and
manganese. 35 The production of a caustic silicate solution from ama~il'~u5
~lte hull ash is a caustic digestion process. Rice hull ash is heated with
a caustic solution, such as sodium   W O 00l16896 PCT/US99/Z20S3 1 1 MAR
2003 hydroxide tNaoH) , ;~nich reacts :pith the solid i=ica (Sio:) to
create the sodiun silicate solution. The orinci~al chemical reaction i s
characters ~ed as follows: 2Na0H - nSiO- -- H,O --> rta:0:n(SiO.) - H.o
~~uhere "n" represents the silica/alkali weight ratio. For the cur=ent
~.nduszry standard solution, the chemical equation becomes: 2NaOH - 3.22
SiO: - H.O Na,0:3 .22 (Si0_) - H,O. Zn addition to sod~.um hydroxide,
sodium :.0 carbonate/calcium oxide reaction products, sodium hydroxide
by-product liquors, and low grade suds ash/lime sources, as well as others,
can be used in the caustic digestion process. Present commercial grades of
liquid sodium silicates not derived fxon rice hull ash range in
silica/alkali weight ;.5 ratio from about 1.6 to about 3.8. Such ratios are
satisfactory fox .ice hull ash derived liquid sodium silicate in the
present invention. As previously mentioned, during the thermal pyrolysis of
rice hulls and the caustic digestion of the 20 amorphous rice hull ash to
produce a sodium silicate solution, the activated carbon particles are
reduced to sizes that are consistently smaller than commercially available
granular activated carbon (GAC} and powdereu activated carbon (PAC). common
crushed granular activated carbon sizes are 12 x 40 and 



.5 8 x 30 U.s. standard mesh, which range in diameter from 1,680 to 425
microns and 2,38o to 590 microns) respectively. Commercially available PAcs
typically have particle sizes of b5 to 90 percent passing a U.S. Standard
325 mesh (45 microns) sieve. The activated carbon in the unrefined sodium
silicate 30 solution derived from the caustic digestion of rice hull ash
has particle sizes of 10o percent passing a U.S) Standard 500 (z5 microns)
sieve, with the average size of about 12 microns diameter. The particle
sizes of the suspended solids, such as 35 activated carbon) in the caustic
silicate solution raw material are critical because larger particles have
decreased absorption/adsorption and retention of liquids. The particle
CVO UU~ 16B96 , PC?~'1aS99I2Z053~ ' . 1 1 MAR 2003 size distr:.but'_on :.s
clso ;.:,bortant because .he sma~ler carbon particles absorb pore rapidly
Khan _arger part'c':.es. wring the caustic aigestion or the rice :.u11 ash,
~~ahic:Z has =`:e activated carbon' diffused throughout, some of the pores
Become restricted by silicate residue from the caustic silicate solution.
Consevuently, activated carbon filtered f=om the silicate solution :~ithout
any further ~reatmenz Fields lower iodine numbers in the range of ?25 to
300 because of the restricted pores. mince :ice hulls contain :._ various
concentrations of biogenetic silica, the rice hull ash can have from about
55 to 97 percent silica depending on the type of combustion used to burn
the hulls. Even though this biogenetic silica is amorphous, the structure
and geometry 1 Yesult in a =elative low surface area of =ess than =o sauare
.. :~ezers per pram ( m' / g ) . These f eatuxes hake rice hul; ash a poor
adsorbent when compared to commercial activated carbons with surface areas
in the 600 to 1200 square meters ger gram range (iodine numbers of 65o to
~pno). It would be highly desirable to provide activated 2C carbon
particles derived from caustic digestion by a caustic solution of rice hull
ash from thermal pyrolysis of rice hulls substantially free of silicate
residue from the caustic silicate solution thereby prov~,ding highly
active, commercial grade activated carbon particles. summary of the
Invention . The present invention is directed to such highly activated
carbon particles of such commercial grade activated carbon particles from
rice hull ash containing them and methods of producing them. 30 The highly
activated carbon particles of the present invention are derived from the
cau=tir digestion by a caustic solution of rice hull ash from thermal
pyrolysis of rice hulls in which the pores of the carbon particles are
substantially free of any residual s111cate from the caustic silicate 35
solution. The method of the pr,e~e.raz .inventi.on is a reactivation or
regeneration process since rice hull ash 6   WO OUI16896 P~f/US99r1:053 1 1
MAR 2003 



4arnon ~Nas inityai_-,~ thermail-r act=-:aced dsrina thermal pyrolysis oz
rice :.oils to produce :=ce hull. ash arid comprises removing substantially
alI of ~he silicate residue ~rom the pores of such carbon particles thereby
opening their pores and _ hence materially and substantially improving the
activation of the carbon partic:ies to commercial grade. Preferably, the
removal of silicate residue from the pores of the carbon particles is a twa
stage washing or rinsing process. First, the filtered damp carbon particles
are washed with hot water at temperatures of 14o`'F to 16oF at a weight
ratio of 3 parts hot water to 1 part damp carbon particles. Second, the
filtered damp carbon particles are washed with a strong chemical reagent)
such as an aqueous solution of phosphoric acid (H,PO,) at temperatures up
to 25oC or above. while other mineral acids such as sulfuric and
hydrochloric can be used, phosphoric acid is preferred because it is a
non-oxidizing acid, which acts as an~acid catalyst for the production of a
porous, crosslinked carbon structure. Also, H3P0^ seems to retain or fix
more of the carbon in the 20 structure than the thermal activation method
which results in some thermal oxidation and loss of some carbon. A weight
ratio of 2.5 parts acid solution to 1 part damp carbon particles is
preferred. The acid concentration ranges from about 2 percent to 7 percent
by weight. These steps dissolve and remove the 25 silicate residue in the
pores an~i return the carbon pores to a highly activated level. While any
mineral acid rnay be used, the currently preferred one is phosphoric acid
at a concentration of about 2 percent by weight. 30 The carbon is then
dried by any conventional means) such as conventional forced convection or
infrared heaters at temperatures in the range of 250F to 35oF. Activated
carbon particles derived .ram rice hull ash treated by this process have
iodine numbers in the range 35 of 65o to 100o, indicative of highly
adsorbent, commercial grade carnons. 7   WO U016896 PCTlUS99rZZ053 1 1 MAR
2003 3cccrc:.ngiy, -_ .s an cbject cf the present invention zo prcvide act;
~,rated carbon particles cf commercial grade and their method c. production
=rpm caust-c digestion of rice hull ash produced ':v thermal pyro_ysis of
.ice hulls. Description cf =Yesent?; Preferred Embodiments The present
invention is directed to a crocess for producing and ~c~ivated carbon
particles of commercial grade which utilizes a caustic silicate solution
produced by the caustic digestion of rice hull ash obtained by thermal 10
pyrolysis of r:.ce hulls. activated carbon is generated during this process
which passes through the caustic digestion as an inert materia~ end
whic'.^.:.as part=cle =izes of =oo percent passing a U.s. Standard goo (25
microns) sieve !J1L~1 the average site of about 12 microns diameter. The
carbon 15 particles are removed by conventional filtration or separation
equipment readily available on the market, and no description thereof is
deemed necessary or given. ^_'he separated activated carbon has silicate
residue from the caustic silicate solution in its pores thereby restricting
them and thus their ability 20 to adsorb, having an iodine number of about
225 to 30o because 



of the restricted pores. ~s previously mentioned, preferably, the removal
of the silicate from the pores of the carbon particles is a two stage
washing or rinsing process, First, the filtered damp 25 carboy particles
are washed with hot water at temperatures of s40F to 15oF and a weight
ratio of 3 parts hot water to 1 part damp carbon particles. Second. the
filtered damp carbon solids are washed with an aqueous solution of mineral
acid such as phosphoric, sulfuric, or hydrochloric at a Weight 30 ratio of
2.S parts dilute acid to 1 part damp carbon solids. The acid concentration
~anges from about 2 percent to 7 8   N'p 00I16896 Pcrms99nzos3 1 1 MAR
200.i percent by T.~eight. These steps dissolve r`le sl_~.cate and return
the csrbon pores ~o a Highly acz:.vateci ':evel. While any ;~ineral acld
may be used, the preferred is phosphoric acid at a concentration of 2
percent 5y weight. The carbon is then dried by any conventional means) such
as conventional forced convection or _nfrared heaters at temperatures in
the range of 250F to 350F. Activated carbons derived from rice hull ash,
treated by this process, have iodine numbers in the range of 650 to 1o00,
indicative of highly adsorbent carbons. Example 1 In this example, rice
hull ash of 70 percent silica and 30 percent carbon having a low
crystalline silica content of less than 1, percent :gas obtained from
P=oducers Rice Mill _.. in Stuttgart, Arkansas. A caustic silicate solution
was obtained from the amorphous rice hull ash by caustic digestion of the
rice hull ash with a sodium hydroxide solution (caustic soda) of 50 percent
NaoH in aqueous solution. Wet carbon particles were filtered from the
sodium silicate solution and 20 the filtered, wet carbon particles (50/50
solids/water) contained about 5.0 weight percent sodium silicate in their
pores restricting them. The filtered carbon particles having silicate
residue in their pores wexe washed with hot water at temperatures of 14oF
to 160F at a weight ratio of 3 parts hot water to 2 part damp carbon
particles. Then, the filtered washed carbon particles were washed with a
dilute 2 percent by weight aqueous solution of phosp:~e~ic acid, although
equally good results were obtained in concentrations up to 7 percent by
weight. This dissolved the silica residue in the pores of 30 the carbon
particles and returned them tv a highly activated level) iodine number of
65o to 100o. Example 2 This example is the same as Example I except that an
aqueous solution of sulfuric acid, and an aqueous solution of 35
hydrochloric acid were used separately in concentrations of 2 pa~:a to 5
pert try We~.ght. The silicate residue in the pyres of the carbon particles
were dissolved and removed as in 



9   WO UU/I6896 PCTNS99/22053 1 1 MAR 2003 ~xampie._ resulting _-~ niahiy
acti~~ated carbon nar4_cies (iodine number 550 to .o00). rxample 'his
examnie is the same of Examples i and 2 except _ that the carbon part~~les
in the rice hull ash ranged from about ~ percent to ~o percent by weight.
again, the silicate residue in the carbon particle pores was dissolved and
removed returning them to a highly activated state) that is an iodine
number of 6'0 to 1,000. i0 Accordingly, the present invention is well
suited and adapted to attain the ends and carry out the objective set forth
and has the advantages and features mentioned as well as others inherent
therein, ' While presently preferred examples of the _.. embodiments cf the
'_nvention have been given for the puxposes of disclosure, changes can be
made therein which are within the spirit of the invention as defined by the
scope of the appended claims. 20 What is claimed is: 10   c aims 1 1 MAR
20E' 1. In a method for producing activated carbon particles which are
separated, by filtration, froth a caustic .. silicate solution produced
frost caustic digestion of rice hull ash, the ash being obtained from
thermal. pyrolysis of rice hulls and contains activated carbon particles
and pores ~ahich~ contain a silicate residue, the improvement comprising)
(a) washing the filtered act3.vated carbon i0 particles with hot water at
temperatures of about 140F to about 160F, (b) washing the resulting damp
activated carbon particles from step (a) with an aqueous mineral acid
solution effective to dissolve ahd 15 remove the silicate residue front the
pores of the activated carbon particles, and ' (c) drying the activated
carbon particles from step (b) . 20 2. The method of Claim 1 where, 



the aqueous mineral acid solution is selected from the grOUp CDnsfSting o!
an aqueous solution of phosphoric, sulfuric, arid hydrochlor~.c acid at
eoncentxations of about 2 percent to about 7 pexcent 25 by weight mineral
acid. 3. the method of Claim i where, the dried avtiVated carbon particles
of step (c) have iodine numbexs at least of 650, 30 4. The method of Claini
3 where, the dried activated carbon particles of step (c) have iodine
numbers from about 654 to i.000. 3 5 5 . Aetivaterl carbon par~C j,cies
having an iodine number of at least 650 and a particle size of not mere
than z5 microns produced from a caustic digestion of rice hull ash, ii   1
1 MAR 2003 the ash boing obtained by thermal pyrolysis of rice hulls. 6.
The activated carbon particles of Claim 5 where, the activated carbon
particles have an iodine 5 nu~aber from about 65n to loon. Activated carbon
particles having an iodine numbr of at least 650 axrd a particle size of
not more than 25 microns produced fzont a caustic digestion o! xi.ce hull
ash, 7,0 the ash being obtained from thermal pyrolysis of rice hulls, said
activated carbon particles contain pores which are f=ee of silicate
residue. 8. The method of Claim 4 where, 15 the dried activated partie~,es
are of a part5.cle size of net mere than Z5 lnicxons. 9. The method of
Claim 4 where, the dried activated particles are of a particle 20 size of
not mere than Z5 microns and of act average size of about 12 miarot~s. Zo.
The activated carbon particles of Claila,7 where, z5 ~ the average particle
size of the activated particles is about 12 micrvrts. 12 
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