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> carbon and its production fromrice hull ash. Background of the Invention

Activated carbons are adsorbents derived from carbonaceous raw materials in
whi ch t her met hods are used to renobve nost of the volatile
non- car bonwmﬁ%\\m M\mrand a portion of the original carbon content. Thi S
yiel ds a st ure wth high porosity and surface area ty i

range of 600 to"¥ P square nmeters per gram (nk2/g). The SBM@M WH‘

usual | y neasured by the BET (Brunauer, Emmett, Teller) ad

nitrogen (N2) on the surf ace which correl ates cl osely vmth t he absol ute

val ues obtained in an iodine nunber test (ASTNi D4607) "Standard Test
Met hod Zof | odi ne AEEBEY BFTAVATERt EARBANbEROM. CAUSTIS &d CERTBONS %Fan be

produced from various raw mat eft@g Juraagiswf rndi ghrubbl provi de sone
differences in physical and adsorptive properties of the finished product.

The nost widely used naterials in the commercial manufacture of activated
carbons arejeYQody eaeomvestigids, peat, lignite, bitum nous and anthracite
coal s, petroleum co ,_ and synthetic_ po cti.vation or
regeneration of cormg‘?"& AT SRRV AFRED E‘é’lpﬁ%ﬁselaﬁte *Ho ‘?rd?ﬁplr%q‘?ﬁt—rlevoa%%n

t hey arge ceasbdar eddt dixe prspbmtiandreay e readhed] téash r  maxi num

adsor pti 02:F Tgi §°i ﬁda%&o@H ﬁgg A fhermal or chenical means dependi ng on
the type one attenpts have been nade to
produce acti vat ed caMﬁs\'aﬁe@mﬁanSalar@ afisoroentyrdenived afrowst es,

| ncluding ELESoRaEAYsS WA G PARS S LA NenOitha e OF SRuboans

cottonseed, rice and peanuts; but to the applicants’ i R 2003
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unsuccessf cohs%&d:u‘é&iﬁ?r@tcmag;ﬁ@ﬂ@cmgm M’ti’é?tor_y zﬁﬂlcawsan capteener been
pr oduced fromt <{fe~~o ~c~ hulls or .ice o _the $resent

P rent on RS SUSSE R A (SEEICRT Bt NG Bovan: B0 coIREREn Th
gener at ed iRpddR NI | S ttwgrm:ggér@fnébqoetr@enzotlosqaareumhtass per pgramnt

by ~eiaht in e I i.ng _o %mﬁs
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During t he (Bawstavex gﬁm%ﬁ,o@eue@ somRh’eb pfondssogerallt) ©nsitheat e

sol uti %@ (G By RRPLSh Skbipa1aeast S1kd Dy theral kaki agsehagenyagadsbecones
a soluble conmpound,in the silicate solutjion. The actlvaéed cgrbgn re?a gs
0 pRABRALLFS

an inert a®BEAednth pRRonREIBSIURRSRIEShI (4STH PAGOLI!('E
sonme cf thexemrdmrbmomdlbewmbersbfucrteﬂvbyeaheasbbncate sol ution which

must be removed 10 I ede L8 CRLERM,LO snhtghgto%@e&atf@g Sbartoug RG the

carbon is not dissol € SITica e svl u it can be reéenbve
convent i onalatexr tpldlJseefsofi Whighi 'onlbrpsepad&t someeJdif feERNCRE 4B
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hi ghl y~por car bgnaceous materials. The porosity provides a_|ar

sufface ar é@’*%\/{fﬂ%ﬁtr\%ﬂ\et‘@ M5 eS PASEF bRAP &Bs&?‘ﬁt CREMSEGIEL Pesut Iaﬁtgﬁﬁy
activated ca¢ bostposteal earPomss agedi #66686NtoToR: AR 11s, peat, lignite,

bituminous and anthracite coals, petroleum cokes, and
synthetic polymers. Reactivation or regeneration of commercial

30 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

35 commercial grade from agricultural wastes, including rice
straw., -sugarcane bagasse, and the hulls of soybeans,
cottonseed, rice and peanuts; but to the applicants’



A5 found. The pores can be distinguished into: (1) Mcropores = radi M&R 2003
below 1 nanoneﬁgﬁmh@gk; (2) Mesopores = radius 1 t~ 25 nmanoneter 1220638
‘Macropores = radius larger than 25 nanoneters (nn) . 30 The m cropores and
mesopores give the carbon its adsorptive capacity. They are forned during
the process of aCti Vatlon. The sites of pores in activated carbons can be
measur ed bynb@dbRgeNURbRIse NRiditiRRe flree unsRere)s saf: ITolrAS Sesmmdr algrber .
The .iodine nunber as determ ned by ASTM D4607, "standard Ifst Met hod for
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heat and lignht. In bath, primarily anorphous rice hull ash having activated
carbon di f PEded zesy Sy i $7 Jet. Advant ageously, during the thernal

pyrol ysi s of rice hulgusraig ©isdd s gasident iofn tde Fasell hhpy aésecbul |
ash, the activated carbon partjc]es are reduced to sizes that ar
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t her mal “pyrol’ysis is use 0 fro‘uce rice hu and activated carbon
fromthe rikve the ISl PE5cans pelySeenivhife Presdie TADRYRHoRC FREERB EhFrent

burni ng or GHERISHEON pﬁﬂﬁﬁw)aeﬂwsté&_ dudts. ageneenthauesgbynaddedoto the
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any actilvated carbon particle, pores of different sizes are
25 found. The pores can be distinguished into:
) (1) Micropores = radius below 1 nanometer (nm);
(2) Mesopores = radius 1 tu 25 nanometers (nm);
(3) Macropores = radius larger than 25 nanometers
(nm) .

30 The micropores and mesopores give the carbon its
adsorptive capacity. They are formed during the process of
activation.

The sizes of pores in activated carbons can be
measured by iodine number, methylene blue number, or molasses

25 number. The iodine number as determined by ASTM D4607,
"Standard Test Method for Determination of Icdine Number of
Activated Carbon," correlates well with the surface area
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hul | ashdsdgﬂ%g@l&pljl@m{bv\hag@tl |5rapyﬁtyssabﬂabhfnmd exCﬁewhmghy:apure
activated carbon product ile ous_20 ri u

sone crystEange rﬁﬁf‘f‘l’tﬁlrhés(ﬁxﬁggg gnpraggﬁlﬁ“!’aﬁge?hég’cg?‘re e a?z”i‘g |cat| on
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40 percent 9 eo£ARYeOkedlih tEREESS @Chh\iit @,@\,rpar@@ can be
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val uabl e cawbbdated grRFkeRl PHYTiflERe 2EEMFEALCER B rﬁulﬁﬁsof"—*ﬁfcea%| |'s as
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by- product | i quors, W grade su Ine s as ot hers,
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I di |1 h
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silicalal kal'i® wel ratio fromabout 1.6 to about, 3.8. Suc ratlos are

satisfactory fox .icé&mhdihe SIFERpt vké‘b“"ﬂ-%l‘ars%m?ﬁﬁ%}??caf:ec?ﬁst h&av¥
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reduced to figssrifintedil Bn CONS] BueRbEY §BRELSL1YNpangeM RLE BloloyFavai apdite
granul ar activated carbon (GAC} and powdereu activated carbon (PAC). common

cr ushedogr apuid 8F Acindv atred rees ddence Zeknar gor 2the 4kanih 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 ralatively pure amorphous
state rather than in the crystalline torms Known as quartg,
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 2000°F for longer
3



.5 8 x 30 U.s. standard nesh, which range in dianeter from1,680 to 425
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325 nesh (45 m crons) sieve. .The activated carbon in the unrefined sodi um
silicate 30 solution derived fromthe caustic digestion of rice hull ash
has parti clRE%I9dS ®F 1D per coft S pABSF AG2ACE. SF SPHARRr BRS08 125 3i et &)
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.. 1~ezers pehbRE8Abh.M IE gnk amdlageof eaitivesJdakarbose itultheashide poor
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Ban from t neTRAECIEHERICHRELE Y QS Mo WA AT ot Al phedl
resi due froafthvatadsiiagben calt &esslepRirgtachdmssy heowavgtig i igggsted
active, conpgeel &h1drade aGllivaied seAlRAbranld GlLs VeHRiaiblideand
I nvention . The present inventign is directed to such highly activated
carbon part FE‘F@?W@YCPP‘FW&@I“&% R iIRFRBF Car Blg\'?'lﬁarat’?%? %% om
rice hgld asghceomuailniash tizemrare ireidiocdsoned dqrrochecl Nghet eme 30aTheash glay
activated c%reb%r}e%%rntti.cl es of the present invention are derived fromthe
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cau=tir digéstiron by a caustic solution of rice hull ash from thernal
pyrolysis of rice hul 1% ithentrgtrerive qroviciatidre arbioe purkd el are
substanti al byrfyei inaNYed=8S igdual s bklLca! edd Rdhe LAURdSL. Siki&at BuBbs
solution. The nethod of the pr,e~e.raz .inventi.on is a reactivation or
regener at i orng dossediine fwmand |atastenpera\Dues 1686t /48U ,1. U838 gpsL
MAR 2003.
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is collected and then burned to produce energy, and rice hull
ash including activated carbon is recovered. The amount of
activated carbon ranges up to 40 percent by weight or more.
Any or all excess activated carbon can be removed by
conventional filtration processes and eguipment and is a
30 valuable commodity.
Generally, in the commercial burning of rice hulls
as an energy source, the resulting ash includes about 1/2
percent of wmetals, such as magnesium, potassium, iron,
aluminum, calcium, titanium, and manganese.
35 The production of a caustic silicate solution from
amoTPhous rice hull ash is a caustic digestion process. Rice
hull ash is heated with a caustic solution, such as sodium

q



4arnon ~Nas inityai _-,~ thermail-r act=-:aced dsrina thermal pyrolysis oz
rice :.oils towmor@désss : =ce hull. ash arid conprises renoving s®wOIEHIE2463 y
~all of ~he silicate residue ~romthe pores of such carbon particl es]{MiRetny
opening their pores and _ hence materially and substantially inproving the
activation of the carbon partic:ies to comrercial grade. Preferably, the
renoval ofhyitroxade r¥sPHUe FROANt He2pdey ich the Sardlish sparitdac| @614.$ 4ot wa
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o e nashed W R hot e O s B o e Ta TR A
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to 250€ orrapoye. wWhile other mneral acids such as sulfuric and

hydrochl oric can be used,, phosphoric.acid_is preferred because it_.is a
non- oxi di zi ng aci d, \ﬂ/ﬁFcﬁhgcf’slgasen&nl'Q@F&t&'gt ER aF%r SH B BHudti%n of a

porous, crosshibkedegankeBnsbiedoindse. Aseon H3RQ%2seams topletain or fix
nore of the carbon in the 20 structure than the thermal activation nethod
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preferred. The ac%_(; coqcentrati.o.n rang: s fromabout 2 percent to 7 percent
by weirght . SARBSBALLLFE LG8 nd SREIPE FIEDISTS /| iSRRI S IRXIGE ¢ he
por es Fm~i pydeﬁﬁbauglte 1¢qdmmﬁpaﬁﬂs otr l@rlaid;h:cs)bda.ct;is\lﬁ!tleidnel %\ﬁﬁix_—.%é/&lj | £ a_né
m neral aci na used, the currently preferred .one is phosphoric aci
at a conce‘ﬁﬂ‘é{t i%n °§:1he§5'dut"af' 58 é‘?ﬁ% y}%’ V@%ﬁqu%%%%igqﬁ.
dri ed by any convent iFeneslente amrsymesurifa lJagyrecsiase ntfi dniagu fd reeti o vl ¢ e or
infrared h e e tures.jnsthe.r of. R i F. |V d
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adsor bent , g PHERRCHRryJfRAL :GHNMS] Gsh WAALRBI6 PEH W G7053) cadedAR
2003 3cccre¢: . ngi .S an Vcb: ect cf the present invention zo prcvide act;
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~ rated catBohlFaFEiCIRE o ial grade and their nethod c. production
=rpm caust-c di gesti o girevicmdiy Imsastti geatuckirig/ dHertrdryy o_ysi s of
.ice hulls, Rt f .= 2. Prefer odi ments. . The_p, ent
i nvention Pgﬁﬁg)éégeﬁ%?ﬁ q ecﬁizlg]gs nodrD tg}eo ua(é?sn'girzgndl g~ecsile'lv%ﬂ e%lf c%lg%on
parti Als shorphediscirdicgiudd walcFatiddduse @ cagive silicste selwution,

produced bypbhe A3WsHtda HAa5 WhyHidie dul |- aaleabtad ﬁ%@y £hef B e 10

pyrolysis of r:.ce hulls. activated carbon i s generated ng this process

whi ch” passE8SH R th SRIST CChATHSIMBE G2 B i f@atlakiergran

whi ¢’ 'Aj . .a&tﬂa:lra‘tjtaﬂ e:aqihm mAc—jocamrpwuf emﬁdg@&é@-c%&ﬂa(m@pgh( 25
m crons) siegve ! =1t ver.age_sjt.e. about m crons_di apet er e
carbon 15 S&F‘ﬁ?ﬂ ]eég%srheefe%oa ‘%’9 %%tfﬁ/"ga}ﬁ?gn%?rl??’?tsl*la??%nalfﬁ ggp’ér%?i Rl
equi prent Bexdidy Wnai |stAredard thesimarketch anshge destiapeten fhemedf 688
deemed NeCessyds Hi AR ane 110 8P AS ReLyAl ed-gapbon, Pasy sil icate

e
residue fromthe caustic silicate solution In its pores ereby” restricting
t hem and t FeFmFIahby 13Y31bable B rBYPHadlhy kave oparkialebeizes about

225 to 300 ¢£aAISFD 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 100 percent passing a U.S, Standard 500
(25 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 liguids. The particle
4
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of the restricted pores. ~s previously nentioned, preferably, the renoval
of the silicat¥OpptR% he pores of the carbon particles is a twoPETH§EP22083
washi ng or rinsing process, First,- the filtered danp 25 carboy partli c M&R2003
are washed with hot water at tenperatures of s40F to 150F and a wei ght
ratio of 3 parts hot water to 1 part danp carbon particles. Second. the
filtered cRfe chkPon-3BFFa8 afe ShEShedPRIFLANEN ~8§BE6Es 31§ WMaon 5F crrhenal
aci d such as-phosphol heorsULERE ¢apaki1y dhaphl afheratbadA&igh, 30 ratio of
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~anges from about 2 PeFeBAt “hE FAFSTIQ F1g6FT6896 OBc MRS Fikds Tl 1 J9BR
200.1 percapchynds ~eha8hbccIRRSRESIERT M S3gke el k@ rPughdind e supdk bt urn
the csrbon pores ~o a Hi hl¥ acz:,.vateci ':.ﬁvel. Wi | e &r%/ +ineral acld
may be:uscdie {PRFET GFEFPRE FEPRASHRG: Y SArdCAca EonduiR rLAIbF e 2
percent S5yawsght . sThecaaebenling idmen dnisedubytdlyy carderddemalagmans) such

as conventjiopal forced convect.i.on _or _nfrared h r enperatures in

t he range %*fg%ﬁi‘—gt g‘ ggogHeAgtlilvlé:tae Esé)rlﬁloﬁgg‘dé’ﬁiqbg’a&f ?atonr# r"{ngretqﬁﬁ | ash,
treated byctréatmnenocessldsaveviesdiivs imenmambers time thengmrefe 650D 225 100,

i ndicativ | adsothen l e L | [ .G
hul I ash g%&éiog%%%%ﬁt QZI lg.?%atrae;s?%%‘%gr (l%%{gg éaraégr#hg\%%g%éﬁ]niggwecon@ﬁ%
cryst akl i neaxipugacenreafragilanss & RPIrnefdce &itl iogas Bir af yral Huddmash
P=oducer s E%dﬁenml rom aboRklidO0Hd o APEEAT A 10USddpiid i R ldh Tt i On
was obtai ned fromthe anorphous rjce hul'l ash by caustic digestion of the
rice hull BERSWPE hcamByGtdR hydeskithe RBIMUEN Nddifst i%’%’bd‘%}o‘éﬁh ghiFer cent
NaoH i n aguegysneehyt £@N.icheli Lamfbiald,| ehes iR dudd eled Jdsmad

sodium siljcate solution.and 20 the filtered, wet carbon particles (50/50
sol i ds/ wat ”é??ugantai Aed SABoHY 5 Pt it Ferddit FodiShT sitieatt THAR r
por es rrestheckragoehemrathef iy b er Ttlesar beatpaeki cbkke bFavengudiil acat e

resi due in_thei X S ' ot t t, te rat ures. qf 140F
o 160F at PatherdRprpants Whelf Tt ad X elfiee 5, RBELAL Sopon
particl es. wihbnsurfiach largasd Mastirl €3 on 120Q | siuar svareters el \gRam a
dilute 2 pepaest (BYawelcddHurfieouss Sedditd On (o phosp: ~e~i ¢ acid, al though
equal |y good results _were qbtained in concentrations up to 7 percent by

wei ght . This di ssol védF t4f3ld Ihe iYL iFahe gt X V7149 gﬁ*’el‘éaa"r n
parti cdes aagboat pared dlmder Bvdd gl m acdustatedi 1yt Joh 0By Ne Cawdieic of

650 to 100q. .Exanple 2 This e le is_the.sane as Ex le | _gxce {_an
aqueous soFﬁtlil%ﬁ%E‘f osfulrflucrel cmma,%n%r%%etahqefé“oaug %1 ¥%ﬁso‘f’g3 £&d ﬁms
hydr ochl or Esbatiag tierld yushre s eplar ai bl gat e wonich rétdmnshef c@uptica to 5
pert try Wy, at TE%l%éid&gtS@inénPéﬂaﬁluﬁrWi&ﬂ?g RY{&s1PTadfevear LOmmeALid Ll es

wer e di ssol ve renove i
grade activated carbon particles.

) summary of *he 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 ¢f the present
invention are derived from the caustin~ 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 silicate from the caustic silicate

35 solution.

The method of the present invention is a
reactivation or regeneration process since rice hull ash

6
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made t Her ePF\HT &F A 3 thidh g FERBI LY iFEIRAS St %s® et YAEHCBY T he

scope of thbaeapparimed i isleR2cNetmiercial nechkdes: 10 ¢ ains 1 1 MAR

208 1 Ina method fie AnadlG) no Aot abeh o8¢ Ban Rardd Glesi ML chedherne

separated, by filtration, froth a caustic .. silicate solution prodice

frost causPiorap gdlstivh rhaneaufickes, 15 Wh Faaqy Wikl medorrom

thermal . pyiQlaSis Hoddse, M A anch & 0n! Bt e AL dniAtRd- L DO PRELLE! 88e
and pores ~ahich~ contain a silicate residue, the inprovenent conprising)

(a) washi ngashed ivith cibctzamtat temperet @ emrad cl4ds Fuitich I Fwattera at

t enper at ures .of about. 140F 1o about, 160F _(Db) hing the resulting danp

activat ed @m'@dgﬁlr%l%g T RAR ST Y a‘)’aV\%Y ht%ﬁfﬁ}%o&‘?ﬁ ne?&P°8ci d

sol uti on effeartiob:g 0 sl vecladdf ibtered vdanhecmtbarcaiar t esldseateont the

pores of t Y ' LodC) [ e, L yat ed

car bon par ?‘fa cﬁﬁgésé f%&ngs%%%%&?éé%%s&rhgg%ﬁrﬁéa so"fu%%lgrr% 'ti] m\,\ﬁééé\}{g
solution of phospheric acid (H.PO,) at temperatures up to 250°C

or above. While other mineral acids such as sulfuric and

hydrochloric can be used, phosphoric acid is‘preferred because

]
w

it is a non-oxidizing acid, which acts as an acid catalyst for
the production of a2 porous, crosslinked carbon structure.
Also, H,PO, 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 and return the carbon pores to a
highly activated level.

While any mineral acid may 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 250°F to 350°F.
Activated carbon particles derived from rice hull

ash treated by this process have ilodine numbers in the range

35 of 650 to 1000, indicative of highly adsorbent, commercial
grade carbons.
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particles have an 1odinhe oon. Activated carbon
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The actitvat BareIvEas B s r’a"ees kS aaivﬁe%?%‘? ofcctbuBROl anerabee drr it e
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inert material znd which 2as particle sizes of 100 percent
passing a U.S. Standard 200 (25 microns) sieve with the
average size 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 1s deemed necessary or given. The separated activated
carbon has silicate residue from the caustic silicate solution

in its pores thereby restricting them and thus their ability

=)
o

to adsorb, having an iodine number of about 225 to 300 because

) of the restricted pores.

As 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 carbon particles are washed with hot water at temperatures of
140°F to 160°F 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 agueous solution of mineral acid
such as phosphoric, sulfuric, or hydrochloric at a weight

30 ratio of 2.5 parts dilute acid to 1 part damp carbon solids.
The acid concentration ranges from about 2 percent to 7
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Y¥%s 10%1u&’ (S 34 &) ium hydrcylde solution (caustic
soda) of 50 percent NaOH in agquecus 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 sgilicate in their
pores restricting them. The filtered carbon particles having
silicate residue in their pores were washed with hot water at

. Aa. AaF. AT {. A Avd¥eNsalf {9. Ay_. A h9. Ah. AS( -/ 2569<S& abj kY[27{qu€@}§§&%?]z
A‘Fﬁ?ﬂ?

temperatures of 140°F to 160°F at a weight ratio of 3 parts hot

:% water to 1 part damp carbon particles. Then, the filtered
washed carbon particles were washed with a dilute 2 percent by

(3]

weight agqueous solution of phosphe~ic acid, although egqually
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 to a highly activated
level, iodine number of 650 to 1000.

Example 2
This example is the same as Example 1 except that an
aqueous soluticn of sulfuric acid, and an aqueous solution of

35  hydrochloric acid were used separately in concentrations of 2
percent to S percent by weight. The silicate residue in the
pores of the carbon particles were dissolved and removed as in

9
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& ()- 112 yCuheu tt&e()m:‘b’@?/d&%gciéreé % 08he & {de hull ash ranged from

about 2 percent to 40 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 650 +o 1,000.

10 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

mn

embodiments cf the invention have been given for the purposes
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
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10! (‘y&gi%%mef)%{%?% 1% - %?&5&65/%?’(3’3m FRIP18083 M5 s y, ¢
109&E () -23licate 0s@liyion jpnad I{From0Ocaustionkiqestidnoes (yrice hull
') 10%: {dr 3 dfle 0eA 0L SR KDALY 3£ 0780 0Y TNGSMA Z(bF rice
hulls and contains activated carbon particles and pores which .
contain a silicate residue, the improvement comprising,
(a) washing the filtered activated carbon

10 particles with hot water at temperatures of about
140°F to about 160°F,

(b) washing the resulting damp activated
carbon particles from step (a) with an aqueocus
mineral acid solution effective to dissolve and

15 remove the silicate residue from the pores of the
activated carbon particles, and

(¢) drying the activated carbon particles from
step (b).

20 2. The method of Claim 1 where,
the agqueous mineral acid solution is selected
from the group consisting of an agqueocus solution of
phosphoric, sulfuric, and hydrochloric acid at
concentrations of about 2 percent to about 7 percent
25 by weight mineral acid.

3. The method of Claim 1 where,

the dried activated carbon particles of step
{c) have iodine numbers at least of 650.

30
4. The method of Claim 3 where,
the dried activated carbon particles of step
(c) have lodine numbers from about €50 to 1000.
45 5. MActivated carbon particles having an iodine

nunber of at least 650 and a particle size of not more than 25
microns produced from a caustic digestion of rice hull ash,

11
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10 the ash being obtained from thermal pyrolysis of rice hulls,
said activated carbon particles contain pores which are free
of silicate residue.

8. The method of Claim 4 where,

18 the dried activated particles are of a particle
size of not more than 25 microns.

9. The method of Claim 4 where,
the dried activated particles are of a particle
20 size of not more than 25 microns and of an average size of
about 12 nmicrons.

10. The activated carbon particles of Claim 7
where,

25 the average particle size of the activated
particles is about 12 nicrens.
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