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isting under the laws of the State of Delai\fﬁreI United States of Americaf
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do hereby declare the inven- tion f@ ray that a Patent may be
granted to uswggdhnt he net hod by whi c%ﬂ%t %8%5%% performed to be
particul grly rlingsed and453 Gelerb wh b6 Thi s.
i nvention re/MnghesterM3ADRNUI ar act i vatefalgiett%g% %?\% sg‘@{'}hﬁ%“bwgﬁﬁfeet
partlcularly to a new and inproved process for neking granular activated
BFFKRi - nous coal treated with dilute inorganic acid,
_ ﬁﬁ?SV%d granul ar activated carbon made by such p G
cpioperties which make it suitable for use in waste 10 &gtgﬁnhl
treatnEnt and- ot her appli.cations. -
10 I.n order to facilitate a clear understanding of this invention; vafrious- ¥
terns of art em ployed herein are defined.as follows. Abrasion nunbBF - is ,@%
a neasure of the resistance of the activated carbon granules to degrading
on being nmechanically abraded. It is nmeasured by contacting a sanple with
steel 15 balls in a pan on a machine and shaking the contents for a given
time and determning the 15 resultant particle size distribution and hence
the mean particle dianeter. The abrasion nunber is the ratio of the final
average (nmean) particle dianeter to the original average (mean) particle
di aneter (determ ned by screen analysis) tines 100. Activated carbon - is
carbon which is "activated" by heating to high tenperature prefer- 20 ably
with steam or carbon dioxide as the activating agent in producing an
-internal porous 20 particle structure. Activating - neans heating coal at
hi gh tenperatures, e.g., of the order of about 800- 900[err]C, in the
presence of a gaseous activating agent. Adsorption isotherm- is a
~nmeasurenent of the adsorptive capacity of an absorbent (viz. 25 granular
activated carbon) as a function of the concentration, or pressure, of the
adsorbate 25 (viz. Nerr]) at a given tenperature. It is defined as the
constant tenperature'rel ationship between the anount adsorbed per unit
wei ght of adsor bent and the.equilibriumconcentra- tion, or partial

1 ] 1,s the vwejght per . unit volune of honbgengous
_ s 7 To assitirer unlforn1pack|ng of the granuFes
durlng measur ement, a V|brat|ng trough 30 is used to fill the neasuring
device. Ash - is a principal mneral constitutent of coal, carbon and p
itch. It is normally defined




as a weight percent basis after a given anount of sanple is reduced to ash.
Average (nmean) particle dianeter- is a weighted average dianeter of a
granul ar activated 35 carbon sanple. A screen analysis is run and the

average particle dianmeter is calculated by 35 multiplying the weight of
each fracti‘on by its average di aneter, adding the products, and dividi ngby
the total weight of the sanple. The average di aneter of each.fraction is
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retained. 40 Charfing - neans 'heating coal at |ow tenperatures,
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N iodine. It-is neasured byBImIMEMUSG:GAleAa'Eﬂ) DIEpE e of carbon with
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(1 oad bearing capability ASTM Test No. D- 441-.45) - .- A%, b&QREE@St, TN
general terms, because of the higher volatile natter content, etc., high
vol atile B and hi gh volatile C bitum nous coals, dependi ng upon the
specific constituents '



could be very poorly coking in that cokes resulting fromsuch coal s have
little cohesion and they break down readily iii the tunbler test (ASTM Test
No. D-441-45). Sonme of these coals, 50 possibly because of |ower fixed

carbon content, etc., also on carboni zation yield coke that has 50 no

I nternal strength but show good swelling, as for exanple in case of “popcorn

g?)ch swells greatly on heating but has little cohesion. These descriptions
the said._coals used here are only neant.to generally descrjbe and hence
ffédentiate themin regard ta- iﬂgunzorlgln ‘as related to their 2

car bonT zatTon behavior 55 _and such JeScriprions are neants to be -
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According to the present invention there is provided a process for making

hard granul ar activated carbon conprising formng granules from |l ow rank

bi tum nous coal, treating the 40 granules with a dilute agueous solution

of an inorganic acid, washing off the agid, drying the 40 granules

t horoughly; mixing the granules with a carbonaceous binder, reducing the (i:i)
(2

granules to formfine powder, conpressing the powder, reducing the

conpressed powder. to reformgranules, charring the reformed granul es by
heating to ang at a charring terrperatureifrsgr8
at mosphere, rot=

dovolati |11 19, /TR EobaEley A5 SOBMIALETRSISL ot bl
oxygen-f ree at m)SThes%es fés%an 6 éﬁif ﬁ:‘l’l ﬁam%ﬁﬁu; &s by
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vating agent. % iRl R S
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operation is &Perably conducted by heating the charred granules to a 65
tenperature 25 of 450[err]C at a rate of 300[err]C/ hour in an atnosphere
of nitrogen and the volatiles and by maintaining the devolatilising
tenperature for 1 hour. .




The final step in the process of the invention is the. activation of the.
devol atilised gra- nules. This activation step is preferably conducted by
heating the devolatilised granules to a 30 tenperature of 800 to 900[err]C

~in an atnosphere of nitrogen and steamfor a time of 4 to 5 30. hours. .As
illustrative of the preferred enbodi nents of the' present invention, ‘it may
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f r om popwefeyabiyodifertgd pressure of atdéasiry,000 psiv Tlurt;km $smmopcm®ncmlbs and

Exanpl eEsegto rm4:y %P&Ht‘és Syifable Srzaﬂo igmeser o i1 f@in the said
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the sitUam eafﬁn xﬂ'fed aiiﬁids aasmseclhéxﬂ@tmaa@d pfefetrmy tgaieﬁkmg@@i ¢harribigtdin-50  hi gh ash
cont ent pergtaeengf] £Q°C6atalmite7of| 150°Cropnineant dimosphere af pio rand/mmeentdmé byse of a high
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VOLATI |_ tr v kferred embodiments .of the- present mventlo GRANULAR
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coal 35 h?d«ﬁblwattlbeﬁt ara ghig b Bsidg/BRSI2 oaM@iSp itdb. aglthe carbo-5 35
1, 555, 8a&eous binder; and y usmg a combination of the abovedescnbe nefemql mthgdsagfm ysi s

U ti mat Eerfgﬁra} eschggln lgtili %g g activating steps, will y E%ﬁg;l?%]car on y %\bi sture
Sk

301" I 10.5% by wlphS drid 1beasm éibex%o‘é"@%“at“go ent de,&‘k;f# " 44,47
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5.2 Bt u; 1 e Slg gle figure is- %?1: g%q ow sheet ill strﬁ -schematically glegvarlo s 0. 94
% Ash  steps of Gleﬁélocess, as well as t

@uam odyirfg,thd Mvaloe! a o“éypl cal of
a | o r arlk tifigd ed/dﬂsra'tpnble raewnce@ull jdelho- &euem Examplgs ot wth Exmelec :

dried tg‘g’r‘b’t@i G FP %&E@ c?gr? nEs‘e‘ﬁ" F’r;:l% E’F‘gls 1A )'S%nflggi‘?ﬁ‘ 5 coal t-ar
pitch h fﬁﬁ l'ntﬁ (}125 'iﬂi r%:%flﬁ( sarcttkl éog% areacid treated an g Plant |

Benzene plddsssdduBkasple 5 illustrates the situation. of mixed acids treating of the said coal 2% by WEI ght
Qui nafi hgh |aﬂs®htg:bt @ramples 6 and 7 jllustrate the situation where the use of a high rag_lg 1% by \ﬁeq ght

H’%?H coal leads to granular. activated carbon. -with the required pr 0
%kl ng gﬁles }émp es 1°10 5 employ. or require a charring step in addition to the acid treatm%q:( 1% by wei ght

as Examples 6 and 7 illustrate that the high rank bituminous coal can be utilized
0.17% byo mml gydtinlaf Betivaded carban withonotg adlq/treatxhéreobmt stﬂbeqmtﬁngnbe gerd V\ﬁ such t hat
1S

at Ieséstflnﬁ!‘v}% of -t he powder- passed t hrough 325 nesh; the powder pressed
into pellets of 1/2 |nch di-anetey « APHE }/ 2 :inch hi gh using a pressure of
40, 000 to 80, 000 ‘psi. The bul k enS|ty of the pellets was in the range 1.1
to 1.2 granicc and- t he USEO@ WRANK SITUMINGUSIi N 6. x: 20 rresh gr&lnul es

havi ¥ an 15 ~appar ‘ﬁﬂ{ ‘;};{f’*@fgﬁ}c@%@‘gﬁ%bwﬂ cc.

A batch of low rank brtummous (hlgh volatnle B or C) coal havmg the followmg analyses, |
by:weight; was used. : : S



600 grans ofthe granules were oadedinto a cylindrical container prepared
from50 nesh screen and the container was nmounted onto a cylindrical shaft
and the assenbly was | oaded into a cylindrical furnace so that the

contai ner and the granul es therei n Weteirot ated sfow y and—uni-ferw-y—-nside
the furnace (1-8 rpm. 20 The granul es were heated in an oxygen free

at nosphere such as nitrogen, to 450[err]C at.-a 20 rate of 150[err]C/ hour

and mai ntained there for 1 hour; during this process, the granules were w
slowy and uniformy rotated (1 to 8 rprr)lﬂssgtblihe end of the run the

granul es were renoved fromthne furmace—ant——was—found that the granul esS

were fused into a nmass (whi %x,glgtdAggor crushi ng strength since it

di sintegrdted easily), and unsuitabl e for Gitmira.ewa e to 25
produce hard, adsor ptive ‘gr anul adsRedehpdt car bon.:

25 Anot her batch of mesh gr.anul-es V\% pr epar ed o8 Recelved bedabove,

| oaded into the cyli ndisl cal furnaé@ heated in %Mo:atum)sp_hpre consisting of
ni t rogen and” air ‘(‘oxpyemtils Natthe .1 qfigd i ng g‘g tﬁ? 2500C at 150[ err] C/ hour
and kept tThewe for 4 5 hours, where presuma 9 the ctd gr anul &sb6ver e
exposed to the oxi di z ﬁ‘g action of-2bxygen. 653he9wejght I@gﬂs"i'n thlti Atep 30
was 5 to 15% The o Bikéddarbdh thespeqd of t?g haol. d ‘period was-further heated
to 450[err]C at 30 150[err]C/hour and kep %t %Hi s terderature fs2 1 hour
for devolatilizatiorP®Rt the -end t£900he run:; tl%% Ll anulggs were T m)ved and
it was found that the granules still fused into a mass, despite t

oxi dati oh step, aqﬂesg/e unsuitabl e for acti va%&;h to Mduce har5¢3
adsorptive, graniuifoah Ghi vl sa%,?‘? tyRi@l ofaﬁwrradxe(mgh W81ad188 or C type) bitumis
devol ati |'i zat i orcopltaCiRh havi uo E cten A theten pavts peiifundried o > 12535
observed thatthe ft:%efzﬁ granu es hadsthe E)écﬁrance of typi cal ol | ow

spheres, i ndi catl ng ance of i qU| d products given EJ during -

devol atilization, ?ene 'ﬁ{% lub] },\E i catl ng that unless these I ng%q, e gtuct%
are handl ed appr opn@dkhigWalu‘e

sbf)W spheres pr oduce even |1’1311%6bywe be

retai ned as | d| vi dufdsh gr anul es, woul d not possess the cohes%bh%:bmd'elgﬁt
strength reqw rqqe;nqi nul ar activated carbon of Jﬁ?“lbéﬂ”ﬁlﬂht_
activity. This phsar isbugh j gg‘& &ine powdengich e aibast 659 GBI QdRder 10

attenpted above H@hhl}gbesmga ﬁrbs&‘lﬁd of

successful | y;d n mcaa Bbtain %ﬁ egEliets was in the
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described i myEx¥Ht IW&E‘d‘t’: §¢red:eah<8 rﬁlﬁ)‘ eene gherein werg rotased dastly

granul es. 300 Oh&WB Cﬁ,g}lvg.er Lal (M% @fﬁ@aldmkphdné ﬂxchias‘lmdrége@rtolaﬁjp LE ag@

Lﬂzieigtmg is of 12 mdadhangertafunhm

an aqueous aci cbkardi a:tdnmﬂlo Ing{ l%%somegﬂahﬁléht
wei ght) [err]. angm @Gnayeanﬁltmstfettn gﬁfi’@fr‘g‘ﬁ%ﬁ‘i %fsre(rrmbcmt 10%
by vol une onsa gf %SWE"? Htsmt?@mﬁdrch 18, afdhedte W&k ns °°1The .
granul es and theAﬂ&h b8l

B0 %\E gt gted carboig(. t.o 100[ err cf“ A to
mai nt ai ned at tcm'??'"?aéﬁpmce,thtbed 10dn Rmbhbrs %ﬁg ylepribed #bevgtoadndhﬂs thttter%5
R

q,a

conti nuously stf as)tpy 2307 attllﬁ@denounraek tt LA

| earned, t hasot h@ij Ig%gul%‘rer ee@ﬂdlztutgeacu@rm@& mrﬂes el s[uﬁn éﬁ ”t
(which is.us uaI15q7C/helerti k E{h'{ ‘1014 m@s funth excleeod s, 4507

sol uti ons) -t h n, thfi aﬂ}m!bs wéretrexﬁateﬂem Lth f

ﬁg les At h.qqildloﬁttt:he
aqueous sol ut| a@éﬁé"ﬂé@@ﬂdwemwﬂme 62 lattivia ({iﬁ n f,‘;ord‘?fgs _
i mpor t ant e$SECtHﬁrtﬁélr{t ﬁﬁz%.o”tox of the coal in meki ng ' Rard,’e
adsorptive gran’aﬁbaed thettthe/ﬁt;ﬁ nﬁﬁr g@ﬁ: e Rout '@ia@&datnoglsapuit&&st h,gn 8
x 30 nmesh coul §f B‘é‘ ed‘féldmd\/lpmdecti gteent ol é’ﬁfﬁﬂ& y §h abinpe . oI e
nle; v n ti
severe (hi ghere‘é g ) tan g p I‘hanctl@hqpel‘o@huél? B 41w gﬁ? tiﬁjqce%é) .
Simlarly, 40 ngrengh Bd‘qu l s in %ﬁr empeseesetlﬁ cb eafa,t,
condi ti ons coufinogsr h:{lyletlheréfthgg'rnﬁ éﬁe 33%’1,& ‘glvl@t@hrsdeaﬂye .40
contents were.af Fd $r6“‘t!‘?§(§llcce$ﬂutty moitalttdg(thn‘daﬁa St % &t todsyplatilizennd t he
granul es were thoroughly rinsed, such that-the vvash vvat er off the granul es
anal yzed to a pH of 6 to.7. The washed granul es were ‘dried t hor oughl y, . and
25 mixed with 10 parts per hundred of coal tar pitch of the type described
in Exanple 1. The 25 nmixture was nilled to a fine powder such that. at
| east 65% of the powder . passed through a 325. ‘mesh screen. The powder was
pressed into cylindrical pellets-1/2 inch diameter by 1/2 inch height -using
a pressure of 40,000 to 80,000 psi, the apparent density of the pellets .
being in the range 1.1 30 to 1.2 grarﬂc’c. The pellets were regranul ated to
obtain 6 x 20 nmesh granul es having an 30



apparent density of 0.65 gram cc. 600 grans of the granules were | oaded
into the cylindrical furnace described in Exanple 1 and were charred; this
consisting of hearing the granules at 150[err]C hour to 250[err]C and
hol ding at 250[err]C for 4 hours in an atnosphere consisting of 1 standard
cubic foot per hour (SCFH) of air and 1 SCFH of ni-trogen. At thé end' of the
35..charring step, the air inflowto the furnace was shut off and the
g @ |l es were heated to 35 450[err]C for devolatilization in an atnosphere
I ter ogen and heI d at that t empasgyr e for 1 hour At the end & the
devol}" - —the—fFtr-raee— W oe+-ed— vy e gr anul es
did not fuse as |n Exarrpl e 1, a')é}(/fﬁﬁl Qere hard, haV| ng an apparent
density of 0.61 gramfc¢. "The granul'es Were then activated in an activated
furnace in an at rmspher@SEl@FIMOtBRm FIOMRANK a t enper at ure of

800- 9(9)50[err]C for 4 to W Ké,%%ééé’dh’g ranul es 40 anal yzed to an
I odi n€ nunber of 1000, re meters per gra an ash
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obt ai nedmdles atr@atiwept ee!ramd tedhabwtﬁqremmdqeomrmmmansurther and,
more gpedlnshotith 'r;‘,;rée% e I i B cL T vap 690 by
wei gh aﬁiidwaeﬁ'ia ’éﬁay St S ioe drkbioy 'S g process a

gr anul ar  asatthevéidecd tlibaé prooessiGhe amr&malwmglowed fmroel tﬁ&aalu%{n wei ght ash

has beend@mteﬁ f?edwls thefg Lyer fds'ﬁ rﬂrl dSUanth e yashoyateg o , woul d not

have gee yzgﬁﬁ ﬁrﬂg aﬁ& m be gg] {’1 bhe course

of eXperhtimn&%dxﬁ rsﬁﬁltﬁhtﬁtrl@é%i ugaapacted 55

gr anul es32pgnesh seeenl at i |'i. zed wi 't hout "t he char r| ng stef descrl bed above, and
e

e b e

car bon. E;rp@féht SifyioD 065 gramEE. 1600 graims ofithe granufes werlle aylecﬂ pol tRELLFlir hard.
adsorpti § ézkémribad nd@tarrz%l@dd @ere Cb%treldmhlsewtsmmtwdyeg ﬂed@nﬁlpm t he above
(o)

coal wi t Tzém fo éégl 1r and 1 I-Platﬁﬁ %gherﬁ %‘.’é‘ Pﬁé’ and that a
propess C Othela 1ﬁﬁ‘cﬁmortﬁ Szﬁsf hbﬁ‘ m!tlék wﬁ‘é?é hé’a@ed% oggss, to
make gr anﬂmfcafor aettolaﬁﬁiaadn incanbeitiosphiihe bfﬁllﬂr(igeﬁml)d mlm Lelrly ratdaato; 1 under

B e Ry

desi gnedg] a‘i t evoI atilize
65 a4l aﬁ\f ﬁ\ ﬁ&oﬂ&fwm rlm FsOThé- vaﬁéd st 0hat such
a proces snalysed mlaeiqdlrtemuﬁ rof IODO surface area of 1090 square meters per graml 15458, 812

7 result® "r‘F“&@ﬁ?&l‘?}’l“’a“’ e %ﬁ’ﬁ"@f:ﬂftoﬂg | t E‘} I %ragbon (such as
3 to 4 t [HRDYRErEes] R TR L5 SR R Aete] SOUTFIN e act ) vi Ly

and r4sduc emxh? erha;bemeealpum itSs t:&tautymbquesnaas whéidan dtempt wenaRIo oS t he
pr esent Symllieetrom nhﬂesa jdrcoglewi lmtrtnyrrator Ucﬂtméntawcldat emesstnm withand charri ng

st eps, tgﬁ‘me % cnﬁdai?e %{ﬁ %‘%e:ﬂs%f n% E;Sgr:ocess ogjtr ng'l}:l‘ dlbiuqt'a‘r d, 5

adsor pt | Yieodd nules hard granular actlvated carbon has

. (

5 EXANPL beed oblSEeﬂesbi@l thd ploA th'EIshEcdaﬂ) Furthier, and, more speci- 50 ¥ B OR
C, LQN that the satd coa] had over 6% by weight ash 1g@hmqgcq\ﬁp MAKI NG
GRANUL ARSOEEHD aéﬁ% gﬂ‘eﬁ g?tgjfggfgnssggggggtmgﬁ %’g‘gt‘ Having t he
typi caI a,aah)i §§:§r g,erpdvem PiRess.l US an feenadd to obtain
8 x ' m.aztnm thevoireso eaea tamma batbtsofgmatredtais wame:e dih&d compucied Pto a 4
liter ke ‘taP e&‘h" @F"g%ﬁ% ? % apd ﬂ!’r‘(ﬂ’}at of " 75% by
15 wei gh Or r@%g’ é,rﬁ, B M raRcd *XHF B8 he granul es
(about theca omsetestnpt locvhaélntdradtqrm”e glanglariagivateds ol Ut i on).
The %nmfb@ @HH be madef ¥ th agsgr%egl m‘;éﬁglc@gms&oé?err] C and
mai nt ai nécﬁps t éﬁﬁfé’g%ﬁ;r n? 5’" 155“:?“" % THeP'gFahul es were

conti nuou tsﬁleéi tnﬁf possdble that, AhddrRpecnyldaigndd) aotaei ldwtwﬁ,&&hﬂhgltonpi’-ocess t he
cont ent s tiomsr(ehigh hre\designed tosolyk thetpneblege pifusign) ongynap suesassimbiy daveledhize or  r euse,
and tf grhprivas tearanuiendt is RelRvsH o AhePrion At Ahat Aush 2PRRFeRAS Fkeltee S of f t he
granul es anal yzed to a pH of- 6 to 7. The washed granules were dried
thorough- |y, mxed with 10 parts per hundred of coal tar pitch of the type
descri bed in Exanple 1, and :



this mxture was mlled toa fine powder such that at |east 65% of the

powder passed through 25 a 325 nmesh screen.

25 The powder was pressed into cylindrical pellets. 1/2 inch dianeter by

1/2 inch height using a pressure of 40,000 to 80,000 psi, the apparent o

density of ‘the pellets being in the range 1.1 to 1.2 granmcc. The .pellets O
L6

were regranul ated to obtain 6 x 20 nmesh granul es having an apparent density
of 0.65 gram cc. 600 granms of the granules were |oaded into the cylindrical
30 furnace de7 scribed in Exanpl'e 1 and weré charred as described in Exanple>
2. At the end’of 30 the charring step. H¥888 r inflow to the furnace wad.

shut off and the granul es were heated to 450[err]:C for devolatilization in

an at nosphere ofreﬁ*lltm‘t)gﬁ) larg (ﬁe‘lodteatm gxraaulartaem@ﬂamwe(smbras it%%mes that of he
3‘? en

end of tnefdevolcta‘i{hg ﬁ%‘é‘?e oces(ghes I gn atcg at
the granules d hiREchadfink S rOEesEthé @6 t8Hard,

appar ent densbt yadedrptive @lanshar aaywaed &ebon.

35 The granul es were then activated. in g‘? &é}tl_gfjatlon furnace in.an

at nospher€ cent ai ni ng steam at a tenper 4 800 - 900[err]C for 4to 5
hours. The activated ‘granul esysmeINRHEOTRRABRD g eondThgy of -900- 1000,
surface arealdf 1050 square netBr@Rﬁe Cﬂ; BANVKaBITERINOWISt ent  of 6- 8% by 10
wei ght, an appar ent . densCOALIN YAKING GRANULARAGHVARERSCARBANiber of 75,

40 which propert [ {er
T ot S g

a bat ch .of cdﬁrpa[eadedi igomd 4rl&¢rdretlbda he@ss awid sphd!en (obraisuﬂg QfédO va of Y60 b)t hd3
charri an step voume%l%gf Wi %h AC tr h‘? %;angf Q% n gtll; ci
fused together agutibh 63 thr S0HG &%c R Haihid e at s ¢ a%.ﬁ 33 ¢alid] ar
activated 45 Caﬁ Hile fhe granules were continuously stirred.

45 From t hi s 28 rr@l ¢he engd of ﬁleeamddeqatmqnh Brocess;dhey fonk@ts wese dlosvgd gq ¢ oghttheyacigor 80

effective i n co deCP 8NETE L a5y
et e
produces a Sl i g isymhlare dres“mﬂi oarﬁﬁeq:oaadmﬂmthatet lpasaSOecdf tl(eib@@&rlﬁﬂsé@‘tmgh

;(L)Irfg.gg ?:688 anGb?g%s Eﬂémp % 000 .n i brlets l(?fln&ug;ometer%%IIZInch eeléhstlljlsslnglo%
50 EXAMPLE 4 US %ﬁ%@%}%& SR PR ey el e O
GRANULAR ACT I Tdﬁﬁhraﬂﬁaﬁﬂyéfﬂﬁt cd 6(0lprapis

o tie gtanhlas \&mlpa :dt@ﬂwe csamdmcal

bi t umi nous co” e%h?!f hggadof 30
crushed and scr " ﬁvébgr, ’3 %w %ﬂ 3 gfﬂEﬂ fbit e
granul es vver e Q@dﬁd\tltﬁﬁ &d&)f{hd det/&innka&foh | e &un ﬁasadaue@um la% tHitlt!&ﬂ

consi st - 3§nggrm‘ule30@ not:fusf aS%%wlwhn@mmemdnweawmad adaxmﬁmzdemd 0202610 6§

of water V\B‘S dcr e? gralﬁulees wgqﬁ thg acr%uatgé m( %ba% tatlg'lp t/ urn Ml%lnl‘zll Of elggn

wei ght ConCen”asTtéa&fht t §001-9b3°Cfor-4 to 9§ RodlS. AfhE &ﬁat@é‘ dto
sol ution were heatmﬁhetxm dfeoolmn{lenff JcCan df 1060 square metkrsgier r ,Santaﬁ'mbﬁfeﬂt-

ture for 5 tg, Q‘E Ss%\hzhwpleht P agpecent ooty 0253 GV B Blyasis number OLRP. € e
(0]

end of the aci d s Pt Slremeavel Shfedderssely sty e getpnt apdptherry &
acid 65 soluti m&%eﬂex bOHmdn@iioR, a LAk of dpadtar il eforied praih@mweighl v
ri nsed such thatdetlcbhillmals\hthoﬁﬁthe chafirinig’stsp @ds@ribed above and the granules then devolatilized

8 water off the Yprafisrddeeesivaryipdaange 4. hrinegmsuifable for makigg hapd sredanciyliides 45
vere dried thor SB@Rf g mrtlglae lmldm tﬂame%fn@:& lmagﬁglﬁfiy asre@ﬂahvetlﬂson%ﬁch Yo
the type descri hﬁgiashﬂ:o 8% %ersuk!3% for XieUHSOWSSE il il thedeshiting g

such that at Iew'cwg %@bn,tdltbo \hl:l%@ msﬁﬁ f!glq(ﬂ]l;lg‘ilh? :ﬁ%ﬂlﬁ&%@%ﬁgﬁ 5
The powder wap ai“!ﬁ‘ I | 250
I nch hei ght, using g&gm Zg’ﬁtwgig ﬁ«‘% 00 to- 80, 000. psi, the apparent
density of the peIIets be| ng in the rangEAMPI,Etzb 1. 2 granfcc The pellets

were regranul ated to ob rent density
of 0.63 gramssc. 600 gr}a%%;gf%f% %ﬁgg glggﬁgyl I ndri caks
re C arred

furnace described-in Exanple as'rn Exarrpl es 2 and 3.
At the end of theAdekdiat l(lugh mlape, BtdleC)aow raukfbhtowmms coiDhaMne tHeusame aealysess

hut of f d t hed g 8 g0 am
st %spﬁQrmofgﬁaﬂe awaﬁfgﬂ?af?"éﬁﬁ f%%aﬁ el ﬁa%miﬁ -

end of the devol uuleskabaatllowby\tollm of 1B vibipht @acd n& jonafielcid in somsiod)ODied

that the granul aﬁart%nled aggbthe ﬁm@h?alsn wnreﬁxﬂgﬂoéo 1?1 1 %ﬂtamﬁijathhiéltea‘nefa'
appar ent ' densi t RS B0 ‘b"{“%‘*ﬁ"é‘ﬁ eﬁiﬁ“%ﬁ S oNER wséli% ol toRb ¥ hin
an activati o65f uph a&ﬁwdslaeantea M@s%ﬂgh& S ridted Such SKHD e Whil € 65T

15 800 - 900[err]Cfor 4 to hour s. The activated granul es anal yzed to an
I odi ne. nunber of 1050, a :



surface area of 1100 square neters per gram an ash content of 9% by

wei ght, an apparent density of 0.52 granficc, and an. abrasion nunber of 76,
whi ch properties nake it extrenely well suited for use in waste water
treatnent and other applications. 20 - For this Exanple, it is-seen that
[err] is slightly less efficient in controlli ng ash content in* 20 the
'resultl ng product than [err] (Exanple 2) or HCl (Exanple 3), but- does
uce a slight increase in the. iodinhe nunmber (1100 vs. 900-1000 for HCl
1@00 for [err]) EXAI\/PLE 5 lIJ (F M XED ACI D TREATED LQN RANK, HI GH
\' UL-ARACT wa\ D-—CARBON N Of |OW

rank bi tunin o cr| bed bel ow
L S
30 Pr ox miiire wAtia lly<$ tosa ﬂl&lﬁew&er\sﬁ!ﬂ that aﬂegst 66 thé plcwﬁier passed thril:ug’li a : v - %

Vol at i | éZS\mstleﬁreen 44. 4
él ellets b m

' wder Wa ed irito ¢ lmdnca ll ts
i xed %pre sg 3 gOO 1y£hea A
anal ysi g é egl uﬁeerlo ﬁ@s’ﬁg Snsles @ Wufgadiik bi t um nous
coal andpﬂamtdens ki.gh ash content 0 . 300 _grans of nt

gr anuI es Gﬂlégremls ohgtearan ba‘l’thl fhe a Jed: s
consi'4 hary xaﬁ‘ %5%0 R %‘;éﬁtr |on and

150 Cc chﬁﬂfé&f‘& rt ASEK at amlelf&hthoﬁpmeretehabn ev&Etl-and 2700 cc
of vvat e lizaties, . mddledactotastch@ecgraaduﬂw ubiolhat mecgm le.vdlkitmefltsé aahlout 13% Dby 35

% #rd had aéuanpﬁregtcﬁea}‘ GF0.60 i %3%14 pe

SO' u 0@0&@‘&8}%3%?‘@’&5‘%" -1 ? et BBk "eﬂlbé 0% termerature
for 5 tgurfacdaids 6f MO0 qea amneomanbfmw ightsanappae’m At the ‘end
of the densily ofilciigranritc, prctmlebaﬁmn hm@ont@nwbcmmrmsmhed exteemebiol , the acid

40 s ut“"re F fd’é at fap ougly vy rinsed

such h%ﬁ ‘ﬁ%‘%’gfe see Ié‘%%;h li%le%S e%hﬂrgn%i oulélgl' %conQent H ?d 6 to 7.
he was heeka@rlanwxe&nmmed(ned vi. Isow-wnyrfor HQl mdoamaﬁyr,seoof he coal

|nd| cated an. ash content.of ro %44)5 %W by weight. The dried granul es were

m xedewi th " 10 par t-s -per--hundr £ ‘tar pitch of.the type dgscribed in

Exanpl e 1. The pixbymixers Aab | TREATEIRLOWRANRIEEGHASE) that at [east
65% of the pumﬂwatﬁs @QA&&WMHK(M@WIMMZBAWI&QTEQWARWTM powder was

pressed 0 I|ndr eIIe 1/.2 i 1 h hei ght
usr ngoavggé;},ggifén‘:p E‘%’G{Q F,%Savmgfh Efg?@wﬁlpaﬂ ?Sés Y er‘risbrepﬁg/ 030 t he
| ets belng |nt e Tan Zgran1cc ‘The pel l ets were
regranul ated to obtain 6_ 2 - granul es havi ngan apparent. density of
0.65 gram cc. . 600 grans : of gr anul;&se,w@reg@arred and devolatilized as in 50

Exanpl.e 4. At the end of -the dévol ati | |zat|on t he furnace was cool ed and

-
)

.9
1ameter by 12 mc?x 8|:|— c?m he

it was found that %fpisture 1 555 ghd 9 the
granul es di.d not. f uiﬁdattél Exagpl e 1, wegg hard and had an apparent
density of -0.62 gra ‘The granules were then activated as. in Exanple 4.

The activated graﬁ&JAsbs anal yzeB& 0 an i oddhe nunber of 1050,” @ surface area

of 1100 er/gram h ont ent, f 6 0 by ight, an apparent ‘density of
0.5,1 gram cc, g;%a’ﬁﬁgargabram ong number o¥§G8O which praoperties nake it
extremely weII surm*enbfor use |nsmo1$te . 5 water treatnment and ot her
applications. Fromthrs Exanp |t s a so evident that thernventrve

proces mthe angly }é& ﬁjﬁ lndftt 5"6 tf’l‘?é’” fﬁh‘ g’f’g - 859 to
b B T Y
10 EXA e: ht cbient: ﬂiglhcdkhs&tﬁ 1d'rf$H TO MAKE 15
GRANLjsAIRn(AUDﬂ mamtm@ﬁed to the granules (about 10% by volume of about 13% é‘) st ar #i ng

we ORCEALration of act d id €
mater i al 55} n‘%"a'lné*ne‘k‘%éil,%‘l‘ll% FR SR ak VE%YL&% leés‘&‘bl‘é' owi ng_anal y-
ses by \3%,1 usly rate” Ana te Anal ysis
At the end of the acid treatment grocess the contents were allowed to cool the acid
40 solution was decarited for reuse. and't e granules were thoroughly rinsed such that the wash 40
water off the granules analyzed to a pH of 6 to 7. The washed granules were dried thorough- "
ly and analysis of the coal indicated an ash content of roughly 4% by weight. The dried-
ranules were mixed with 10 parts’ per hindred of coal tar pitch of the: type déscribed in
%xam le 1., The mixture was milled to a: fme powder such that at least 65% of the powder _
. 45 passed’ through a 325 mesh §creen. 45
'The powder was pressed inito’ cylmdncal pellets 172 mch dlameter by 12inch helght usmg -
a pressure of 40,000 to 80,000 psi. the apparent density of the pellets being in the range of
1.1'to 1.2 gram/cc. The pellets were regranulated to obtain 6 x 20'mesh’granules having.an
apparent density of 0.65 gram/cc. 600 grams of granules were charred and devolatilized asin
50 Example 4 At the end of the devolatlllzatlon the fumace was cooled and it was found that 50




As Received Dry As Recei ved Dry % Moi sture 2.04

- % Moi sture 2.04 %Ash 1.2 1.26 % Car bon

82.3 84 % Vol atile Materi al 33.1 33.8 % 5.2

5.29 % Fi xed Carbon 63. 6 eATo. N2 1.3 1.33
BTU I b : ) 14,571 14,874 %6 .34 .35 % Ash
1.23 1.26 These anal ysés are, in general typical -of eastern e/
bi t um nous hi gh volatile coals havi ng 20 very |low ash contents. These ;[ §
coal s al so arge h| ghly cok| ng and l ow in _lgontent (ASTM 20 Test No. 9

D- 720- 67) . : b red

ver e rrp tXﬁg ywat .“g @éédls Q.a! fsutegtr: .,Ptta:&,a o “fpeeham;ﬁ.egﬂgm ;;;,Pgar%%* te'amﬁxqiﬁ?

parts_ pe\vhundr edh e laguvmed ghin)tles zéd 1ot 41 iedine surtibel lof 405014 surfaes yred bhEIOPOWeEr
so that at ash as%eltaft % nasight, 26 apparent density 8DB5SIngrem/ce anden.  The
mi |1 ed povvde magammg% Pf‘%‘f’% maeytt exfgamely; el syifed,{oF uje 18,4@stq ) 2 3

i nch hi gh.usi ng #Fron{MSEAdme leoil @e:l}t fhablle Q\Q&ltﬂ@bmceﬂ‘zﬂsoﬁﬁeffe@ﬁv% ihRdua bul k
density 0\’ }. 18m|ﬂa;m§lwonaand(fm &8 grsanu l6git Isydwdight)qlattzhiariGwhere  miwnerh o HEH Ul es
havi ng an ap Qar@ﬁ‘t*"ﬁ@n@:“’éﬂd of. 0..65' granicc. 600 grans of the.granules Wer €
| oaded into cylindrical -furnace and WA%%beCt ed to 30 the charri ng
process such as described in Exanpl e 2, except that the charring consi sted
of 30 heating the granul es fYUSEOFFOIGH mparramnesmamsowrr] Cat

100[ err] C h i nstead of 150] ’zgg‘g ng;ﬁ %@5‘% g at that e
terrperatureo#or only 2 hours, 3'2% i) % Lﬁ? An at m)spherelgf
0.5 stahdard cubiTae stheiaj nﬁ&halhﬁdh batch bf cattofd HRBAIn6usosl havsytht HINPEIngEHalye
(SCFH) of N[ errﬂeShymelehtB SCFH-of -ait was fed- into the furnace while the
cylindrical container 35 wagkimplabb@ag at 1'to 471 pm UitinatedBuigdmur se of
experinmentation, it .was.found that_ heating rate 35 at nosphere
(particularly the amount of oxy gliRegsed “tenper.at dis8eced | B ar
tenpera- ture were ofiidhcal varipg-es that ha%mtdrerrpqmant i nfl_Luerice .on
how t he granul es were suited for further processing in making hard granul ar
activated carbon. Mohshexanple, tbd snal| 136t Cappress 88Ban 1/2 Bbur). at
tenperature or toeo er re (lo t 200[arr ]Gy, in general ,
led to dlfflcultles?l‘t;ar/%l‘t urteﬁm g’%sl(;lces& n‘éée%f ?ﬁg grangf es. ‘Thus 542I9n the
devol atilization 40 FiwddiCabert chaéx6 ng) - step, e granulles fused 1t38get her-
and were unsui-tabl pr oper t for ob 21ning t desired
properties of granﬁ?&ﬂgactlvat eS&gZXbon ll%é‘ %roperlygcharred h’Z?s descri be
above, the yield of the granules was 69% by waisght, basged.on t ha2dry coal
pitch. mxture and ‘they had ‘an apparent density of 0.62 gramcc.. In 45
contrast to the é"aeeteenﬂysm @mmnrasnmaldmtal desssteinblatuniinous higls vréa(c als ha“‘{f Do

charring st e w‘ﬁ—?%% af aﬁi@t geg ldb g%%éﬁ%gmgwa es w 1ch were

produce granul ealxsalwit@h al 87 it flmzrt el dodkti al
described in Exgmps ef chal g@&utéeami’lﬂ@dmﬁifrp tcle(’lo phﬂtsq:ecba{drddnbﬁwagp) e 1 y| el ded

too many | gy e TAC ml 3“’%%%%‘3” Wé‘ﬁéﬁﬁe iﬁ%"‘%ﬁ“”%’%’?ﬁﬁ{? 25°

- < -

charring : meter and 1/2 inch high usi essure’ 80,000 llets had a bulk

10 and devol at i ddngifit SEONLS lktw%g 31%9;?@%0&&&&0 Rb@BESH 2 tmle h! ool lﬁaﬂ aag?uhxd
treatment in Ex etsd625160§66ﬁbawoeven a.low rank coal such: as that of :
Exarrpl es 1 a eéé arrl g:oceggagh as ed mE % exce I]?%t n’ggtee Tiﬂe
properly charTegbagh H sl S &Hi&% E@C/hB t%lgigfsmcmour _
devol att.lized aad 1ngat eﬂlt tdmpeubsé aﬁtdnlgrlz Yours) @s SppoeddMNRY 5 Acursleser i b

in Exanple 2. tm er gieéegé Htwda atncgt gre pnd |rfmt tethperatuon was
obt ai ned, wi t ‘tgzgrs@ én 1) P‘?' Ugal eal f rz&gbads
pitch m xt ure Gspﬂé rtﬁb‘éla dleaaoa«ma% BYit), kdfnpe at ﬂ{eaﬂ‘s erad

i odi ne nunber. wfe viﬂ@@ﬁ;tlca vatiab eathat okl aanmavmﬁt idfifike oa how the granuibewre suitedz 2%

by wei ght, and faggzé ﬁ gg ugm aresranular@ctwatpﬁﬁerbort fer ?@eqintoagngtanul es
were hard, VE&{oY, p; (I‘ 1cul Euﬁlg og !(F’ %‘ar[ﬂ Fj ﬁﬁ?ﬁi‘ﬁed la lo:tm@)h
conpar abl e t o -t theut ﬁngo tepa sedlf Qhd W uhﬁ:tab&@fbtpro)ﬁ& Ctiva-

treat nent and o‘tmeﬁnd pibtagnang. tbﬂQCSerbW@ hes quranela htatﬂslwlamo (ﬁg not ewor t hy

e T % by, wei
that hard gr %.Et gggcgg& x ur ﬁ ad an aP aren n51 éﬁ bnm?: nous
coal without egst ok (BRMD &bl e ﬁ’@edqmts ekabh i g o “eeina‘b%e
prior to devol awithe dﬁ&ﬂﬂtﬂlﬂatﬂﬂ d/aﬂﬁit suthnOftb pr(licph_;ce Egr;gules sultable for activation from tl}e
E?‘fg S (es jexicthssoaldmEx €
15 BEXAMPLE 7 U yléE:’. too many hiqui products resulting in Ih(‘)‘llow spherical fused granules, on chglr‘;?ng



20 MAKI NG GRANULAR ACTI VATED CARBON
20 The sanme procedure as set forth in Exanple 6, was followed through the
initial granulat- ing step. At this point, 300 grans of the coal granul es
were loaded into a. 4 liter kettle. A dilute aqueous acid solution
consi sting of 300 cc of 95% by wei ght concentrated [err] and 25 * 2700 cc of
_ r was added to the granules (about 10% by vol une or 13% by wei ght . 25
c nHatlon of acid in solution). The m xture was heated to 80- 90[err]C
any /maint ai ned at this tenperaturngss®r 5 hours whi'le the granul esl@ere
conti nuously stirred--The -contents-mere alTowed 10 cool, the acid sol ution
decant edaqulﬁélz i9n] Thua.ghe invang: ?csmbmﬂlesuéheﬁmmt lrtl’ﬁ?@"ml&s%-é wat er of f
Trtnk el e AGELFRPIca band THB oo BoARaas. | oq

the gran ‘% eé

t hor Ough? B chﬁh'@f@ aitiidsRdbRRRY ﬁbﬁrthIE)ER&xli})le Qﬂelnlvfefk dePbIRtiIBLd and0 | €2 65%
by wei ghhctw:& mrm nfialyOHRE santeflanfécs nbemtxﬁm plees as in Exarrp 65 6. The
bul k densr&tyhﬂndﬂﬁehe ?’;@t hardlalslmiﬂamch@tqd&n WS@tﬂnelsio Qﬁl % wi cc and t hey

were reg ° °’6tw Irent density
at this é?ﬂ&gﬁ)weé 4%5 %Qé‘nen ﬁé%ﬂ;w gArTg%ru es- virere C arred as in

Exanplie 6,Thps, omkutes doffulzy we&r }ghct vynyahdarlahel, 13% in &h, ajdpa bk rdspaitns m"if"of

0.63 rarrr guch rpnzm Obkdi rvse rn Jvateg fedtmgntt hat 35
cven for igibe opikal: rrmmsnrrar m ﬁ DA s
n .

necessar Mha&ﬁxg%te@rd%schb&ﬁiliow pHbed deGblaﬂ _ per granul ar
activased carbon. The charred granules then vvere devol atil'ized anth
activated in the manner descri b(ﬁi‘*‘%l‘ﬁl’@grrpl e 6. At the end of the
activation step, hard graﬁyt@# 15 ¥RLgfEBai e Was obtained 40 with ar
overall yield of 35% byownarrght MINGWScoaalz ar pitch mixture; The
granul28s 40 had-an- M@Né?nGRdUh’émA@TIVGTW @A&BDNC and a surfac@O area of
1000 mZ/gr ' gb %" mﬁaﬁ% by wei ght
‘and an apy, ngjame procreP%ure as: x;Exa ?e560 Wasafgll ﬁéﬁﬁju %%ﬁﬁ ttlel g
not ewor t usaaddolﬁﬁoaabmsnhg «fi300 dft@if93mu:¢we1glhtlcyncalht‘rmdmzﬂe andel d and
propefi é@OGF thret dfrl tey ¢ gram% (eequ éth! abx wWeighi E%npl e 6,
5o e R S ‘{ﬁﬂ S o anc

ot her ap Wadlt6 o6 thDBeid tma @B é&oa V&b har gatyr agheAs@ht munmi nous
coal vvrtttmuthemhxpmtern{jthetgrarmleslamlﬂedd)at e af 6 tatknt , rovr ded the said coal

has bé8n, ¢ N[ rcfd@rr galyaniz'armﬁi *hcqehﬁa pi étm in r
bt o R RS T %mi ‘F.""e%,g%}ﬁessed

hout 'b 0Cmdsh @tin ulagha& [an aﬁjﬁeﬁt thlﬁisﬁt rof 0J69 was enpl oyed.
I n 50 faélfhe rﬁ(mnesl a?hulmrscllatre@\ﬁsn Emmttﬁbhﬁtliucﬁngﬂﬁ%tbble/e btrygﬁkt@éatr ng and
Tra L
charr ﬁﬁgg‘%e%% aci gtey&fggﬁlﬁg us alg‘ﬁﬂa (iﬁ Fggr 1 \ly ?n?lgssﬁg e]fag-t att eptabl e
- granul ar @il of lkb? how The i nvention
acconpl i shims chztrﬁed\@zmulwﬂleﬂbje&CdeWMaﬂlzed_addeWu&&,d i thelmanher degribentier st ood. t hat

while th eﬁrA of ?Ftl lqr |a caen F%“eﬂy reference
i o

i Il ust raTnhMﬁbr fGS €4n afs déht of ?-5% HyReighfghd an. abrasion number of
55 V\HAT V\Hn @hrmbdﬂng Bxaniples 6/ang 7 0it sswtehrgrth)rmiat myi a%rdeng did ot laatelaaillvl vat ed

car bo treating
he Sl AR SR AR ol
of f the aemdpr rdydﬂ@smbeoagmasru estxahlaopﬂmgbdyvoramlmlmg t he (l:;ranul es 60 wmith
a car bonadeaggrdgt rhdéow rangchituimingus pralsoofthe typs desgrifedrherein e

o i A Tt T Lo e Eﬁg

=!'D-’

granul h%rﬁ §118 bb BGle L MP R stp%e nuia,esctw&wd

charring tlermersaeteumwltm: mren 4 i vationg objecriysp Ihﬂaem,se alemolbatr lising. the
charred ?P‘éﬂfﬂm@éh% ggttoa ﬁﬁbe&{‘d%fc 61‘ 1!!1}1 tfa cGre hi'g her
than et N AiPRS et e g BT T activating
t he dé"vol aWH AT@ECL,gmlsgranul es by heatr ng-: to and at -an actrvatr ng

t enper at urle : A proeess foh aiakin g bard evanhiat adtlrva;echgarbonﬁﬁmpnsm_‘g(}ormmg granules ,

1, 555 81 from low rank bituminous coal, treatmg the granules with a dilyt uﬁj;%%xg ¢ zénl zation.
as, T 1o

This, g ETEEL I g Pl e B o o0 <o
t hat evemowder OeducaighhC lprasseaipoaderits heﬁmg iirre ofmedapra-be made to
yi el d: ‘hamdle b}ah@hw t%@ﬁlﬂ&t@@hl@&l&dﬁmﬂatﬁmm @zg mgraéﬂp_s e
obt ai ned‘3'1"f0 rr% E‘ﬁ,s %ﬂ? s h%i aléﬁg}%ﬁgth devolait 2 |
SUbSt t'xéﬁ‘ F mcilfkfb Bt aﬁ%c ﬁ’g’fté Seehthid h devolatilising . 65 5 At
t he en of the process hard granul ar ‘activated carbon was obtained, with

an overall yield of 34.0% by wei ght based on the dry coal pitch m xture.

The granul es had an apparent density of 0.50 granicc, an iodine nunber of
1080, a surface of area of 1040, an ash content of 2.2% by weight, and an
abrasron nunber of 80 10 Thus the resultr ng granul es were hard, very

N - o,



very nmuch conparable to the grades of carbon preferred for use in waste

wat er treatnent and ot her applicat+ons—However it is particularly
noteworthy that hard granular actlv ted carbon coul d not be made fromthis

bi t um nous coal without subjecti ng“ j uﬂiﬂﬂ tihe charr| ng step
descri bed above, prior to devol ati'l vati on.

15 .EXAMPLER USE OFACI D TREATED HI GH VOLATI LE A B TMUM NClJS COAL I N 20
MAKI NG e'@ LAR ACTI VATED CARBON 20 The sane
pr ocedur e\as 48t forth in Exanpl e 6, wasifsd digwed through the initial =~ 10

granulat- 1ng step. At this pornt. 300 grams of the coal- granules Were

| oaded into a 4 ahd d@plak'@tatwreThws, thelinveatiwgpreess atilives tHe sdd titatent Oxamples of

300 cc of 95% b anfag%%ap &fgt%ltse%h TSéP%t]of Exemples band( cap be madgtosyielq har c
added to the gr Chired B YRLHOTF O oS8 dand
concentration SDfactBﬂted in wbaa:htuully sa:sn %ﬁnﬁﬁr)g uétsenbéaa?nbb Ewmeg r d%godat%‘i Yiki r]Cs

and mai nt ai ned at At ﬂw snd efrtb@pmm é\afdjgrarﬁlldn@ctwgtedmrb@ wisebtai r&duh&san/meall

cont.i nuously st %5 Ll"edréilc &%’& eg"‘!‘%}g‘g? PATERti on
decant ed and t héi,ggs gfrgﬁ% an mB ine nﬁ@ﬁ& fa¢ ansu ceo flga.0 . 0 Wgtc% tenéff {
t he granul es mnal 'yhmdthé @esaltlpg-lz:@ﬁul& We}e KardS(Zhry a&b@tx\fﬂ&h@d\ #Padnd sl ttspeed 10
t horoughly and ws @g chéﬂmmfﬂme ¢ gltaéfrs parbw Prﬂietrb‘é@r upetip waste wa@r treﬂmpntGS%

by wei ght -325 "° m ﬁggf’ﬁ‘ %h %ﬁ%? at"i
bul k- density of ctuhﬂngaa é—:b‘é@%bdv@g tasaagan ti ?é’? et ar o °3’they

were,regranultsted to obtain 6 x 20 rresh {%éanul es haV| ng an apparent. densi 1y
at-thi's stage of 0.64 granicc. The ref offMBIFaful es were charred as in

Exanpl e 6. producing 70% by wei ghiseVpplatiBY¥RBerepRi@arar ent density of
0.63 gram cc. In the course ofveppemeEre BIBMUMINOUS 0@ALlIgar ned that 35

even for aci ®0treated bi tuth&gV@@ANWMRMﬂVAﬁQDSE@B@M Il was 20

necessary as a prggtreating, Ste@et'f@nﬂn r nbe o@;s of&w@ ran dhar - at
activated carbomgs AQE]{:]J dt@@ h?e'? ettle. A

activated in t hehlmalaquebusche bluh cdnﬁistE»gapnmoec 6f 95% byt»hﬁgmaﬂxc rated41:.SO: and
activation st2p 27Wa<r°op radd@t tov e @rnylgs (ﬁbovsa@%bﬂ apiy 0403%\/@“\!‘18 25

overal | yield of .'é‘fﬁegff %g@?g%yéimc i ﬁg' n@ng%egéﬁt

granules 40 ha el W&ﬁfo@:@&l d@ras.;u cﬁxgﬁl %ﬂleama of
1000 nR/ gram anhat doki westerwandyeiff thé zrhﬁ&l@s analyzeidsha femb 7of 2

oot 1 no N ) T DG ik A e mgﬁ" ]

properties of t lbtagy @020 ﬁéshéheidulbah ngay ns’i@ aS s stagE b 054‘3 &epl e
45 a granul ar ac’t‘he\refpenbdcgaﬁnbbﬂwsnglcmitﬂd@s m(ﬁxamalsﬁﬂarmveg 4% éﬁWWWleMd

ot her applic |6H§P S“ jcursg ofex qﬂqﬁig@g _
coal without SUQieS bﬁacbnb aﬂlﬁr mousc haeég iggg@g&ﬂ%ﬂ@nec&asa&y?saeme red oal

has been charred Tiei aharréd)gr ni \Ldrz aéuommlzeldram adtivatad in thé eahiewvdesaribed in

bi t uni nous coal sE Plt= BeA: Platféldﬂ har @tan laﬁmﬂ" %S’é@med
wi thout the &0i§ %@’; 2s %" ﬁg@@ ‘.51 @?}t@ gﬁﬁj"ﬁ'&féd 40
In 50 fact. fOl’nuﬁnBé‘: 1059 §nhslh cmsn ch;.”'S aélg cahma eaﬁsong and

charring steps vvelme:ometrm-Exmﬁﬁles@aE 1.1t nonqieworﬂml the aaﬂdltsammmkeotau:;%g%ﬁbl e

granul ar actiyattBeft pwlar activaged i
S oot shes Pt SRS A Ak s e LT
whi | e the inventmeat pk’casdebeierbadleﬁelrhabeekna:ﬂdrddl ;irwstcr@et\eldnltzeuicm n bv reference .

to certain preferhe@n@mwl lperresk bitymeineusrreals ok the gyredaseribsd dereiageoykl not be
BTSRRI S b Syl b O M A o P
55 WHAT VE CCAl er 10 bRaBle QS tak® hecBRABId1Era c@aﬁa@ Ltarbbn 86l suekl @als.Car bon ¥
conprising form ng.v anednd®withoimvdnoion ncamhplbﬁctsumar@usolumhes lemsel tblbe
granules with alg qfﬂ? %etu Bﬁl{eﬁb'feﬂt‘?fﬁ‘?ﬂsbfe“é’ﬁsqﬂ g "ﬁﬁ‘? EF‘?‘ Al cSff

the acid. dry ngf A R R T R A sl gy

car bonaceous IndWIHA wlLCLApMiste granules to formfine povvder corrpre55| ng
the 60 povvder ted’umo s foln enaki ae;lsgml @mredtcmrbpefcmrms g dormiingsgranules

t 1 d t utlon of an
fg%; 2?u£ Qel r ef; mor amc a id. c\éé;sﬂmﬂbg?) f t a grgvm t Bliu?#' S : éﬁ%g %g}'lgs
t r
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