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The pr-eser1t pa.:i'iage was preoar-e•j taking into •:•:ins ideration the 

worl•:i' s incr-easing mad'iet and en•:;,rmous i:•otential for the pr·::iduc

ti.:·n O:•f activate•j carbon fr•)m agricultural wastes. J 
C•x•::inut shells_. in particular_. are considered as a raw mater-ial 

that produces one of the hi 9hest quality activated carb•)n. 

of •:oc•:•nut.s. h•)wever. only a very small pn:o;:n:;,r-tion c:f activate•j 

carbon is being made fr-om ·=o·:or:ut shells and most of that is sti 11 

produced for industrialized countries. 

Close attention snould be paid to the first part (1) of this 

package s11-..:e it inclu.:les 1-eferen•:es frc1m an up-to-.jate retr-osoec-

tive literature search covering items published during the last 10 

62. r-eferet-..:es were selecte.j from mo:;.re than 200 relevant 

journal articies, oatent documents, reports_. etc. 

An annotated bibliography (1.2, ref.55) producea in Sri Lan~a in 

1981_. already exists. 

An information package is intended as a time-saving tool for 

rn•jividuals involve.j in the development of a specific pro.juct 

since it supplies them with primary information selected from a 

wide variety of existing sources, which usually is not ~eadiiy 

accesible to developing countries. 
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times. 

.anl:na.i. 
l lqulds 

t-ir:1w~ver-. 

~,!--·~-~:...:·..:...:·! :;._ ~:t.:.. :.:.-:-·:_:lnn:rt<__• t~is ~e~tury ~y ~. 0~!REJK0 
1-~C/-:}-=. -1 

·· ~.~v:r0nruen:a: ~0i:u::on dnc for ~~e~ing the c~nstanc:y 1ncrea
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activated carb0n has a 
~xcell~nt physical and 
f!-i::•m r·eadlly avalla-

·.:~·~:-:· 1:1f ar. T: lV~1:..::1i ,:_·::ro.:.:n .:::--:: -:t:•:!rm•:·t~S: :·.anglng fr 1:.i111 St.tgar d'2r=Oi•:.u-
:-lz! r~·~: -:.:, ~va;J•):·a:~.j .:.rr.is~i·:in ·=·:·r·;tr·o:..3 in -~utr:;,moblles. 

unl~ue d~0no industr~al cho:u1l•::als ln 
t:·1at :c. •:::lr: i:.e 1-.:-:.&SO:•:i many t1mes o~f·H·e ·"iis~::ios<s:, theref 0:i1·e ratrler 
:: •. :sr: a :·aw m.::te1·1al l~ ts usual~y .:-.:insldered as a substrate on 
'<fr:~·:::-. ·:~1·t.:stn mat~r1.:1~s -:sr-:- .jer: .. :•stte..:i .Jui lng d pu1·1f1°::at1on •)r 

I. ,~...... : 

... -.. 
a·::·. i :.:i: .~.~ 

- : :·.I~ 

. • : I ~ ; • ! ~· ~ _::; • 

:: • .. .:: ~ - .:s ~· .• -:.: 

(; p ~ : .~ ·. ~ :· ~ ~ ;~ . 

, .. ·' i- : -:- • , 

• I, I -·' ... 
: : ! , : ; •.· • : : ... r 

··--:1:·;,•' 

and varied a~pi!~atlons 

in 
ln 

and 
of 
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'1~·~ .. :··al·i"':' .:sr:1.! .:1:1~m.·ii f~t;.; and i:.111~. a:!.cr:.h.:,111: 
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.:i:1·-.i ·:- 1:•P.i~L.: !::·--=- ~:a~··:·u!-3 - - · o-::S .;•_r ~.a111S. 

='!=:·~· :;~··}:t~f:-~a!1: C•LV~t-:-a: .;:Ldt"3. 0:.::..::-:-1st 1.: .:if a•::t:'-·:.:e.:i •::a:-bur; 
pore s:ructure deve-

activated 

:~c":1~ n~::-~i:·-::r ·..1 .. 

=.a.1· ~: :-,n,3 .:i ..a..Cs r-q~ 

·.!".:.::·y· : ~:1~ p~r-~s <!'"1t·::-·:1 p•:.res> 
~nner s~rf!ce ared, which ls 

~21~1-6.:.:.~. :h~ 
~--:tv~3 "-=--~ a:.:~ !?::::-:-i 
t:;..::- ~1 .a.3i.3 f,_.r tt3 .=:n•~r·i-_a::-~~ ad.:= 1:-r·p:.t·:·n pr·:iperti~s. 
Ait:·1=:·!.A·=~:-. su!-f-~ce ar-.:,..a .anj ads·:·i-~·tl::'n ar.:-a are tnr:c-r·r~lat~·J. surfa
ce area ~.·Jne ts n~: a:ways a sat~3ra:~0rv meas~re cf the adsar~-
~ 1

1
_-:, ::a~·a·:-t:~; .:;f a c:lver~ :-a~b-:-n f.:.r- ea ~~:.::·=1f1c adsorbate. Impor-

tant r-:.·::·:.r·s th-:.~ ·i.:=:er-mllie the ads::-n:·t!•)t"• i:·r.,jp@rtles ·:.far: a 0::t1- • 
~.1at~·i :--a:-~·-.n ar-: :h~ t:•..:·r-e ''.1'..:,:.un-• .:-. -:!-• .c: D 1

:
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r:arbor.s. 

a ~ajor:ty of pores of 
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1J 1Jnm 

l.2-2Jnm 1n diameter for gas
~n ~!ameter for decoiourl~lng 

~h~rac:erlzed by ~ts 

amorpnous ~a~bon which has a very 

iarge 3ur~a:e ~rea ~er unlt vl:~me. 
Aim·•St ar,y .:.:irb•:•n-!•::.;:•.·'.JS raw materla~s 0-:-ar. tie converted 1nr_o act1-
vate·"i :~r-b.:n· or•)·.:i: ... :t a:th(•'J··Jh tne a 0::!s 0:or··pi:tve p:-.:iper:1es .,;11.l var·y 
·-]r o;:,.:.t:y. ·i.:.i:i-:r.dltiy :: .. :.t:t1 •:ir1 t:1e r·aw lf1dt.t-rlal and .:>n tho: process!ng 
c0nd1~10~3 usec. ~03: ln.:iu3~r:es us~ chlef:y wo0~ (chips or 
:7.:a·wd112-:~;. :.u: =:h.:-::s -~!1d ~rult st.:·::~s. ~-=at. ·=harc>~:a:. c·:1 al. c.: .. ke, 
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:-a ••.se 0 f l:. :Jnf..:.rtur.ately these 
me~hr:-.j.s ~1.:t"../~ har-·:ily been r..:--po!-t~d ln t::·~ llt~ratut-~ .. 
ho";" ls .a t?-:t·it? .s.._:.·:!-et. amc.ng pru 1:iu(."E-rs. 
Many ·:ie 0:::-:)l<:>ur-1::!nq ·:df'i::. .. :n:s are ma,ie i::iy tr.is pr-·:>cess and an:: U,:.•1al
-Y empioyed as p0wder3. Thus. :n~ raw ~aterlal for thl~ ype ls 
ett.h~r .:tr!.lCtur-:.i-?3S ·:.r has d ·.,.;e.:t;.c. .st~-u·:tL&:-.::. ::aw.:iust and :!gntt..: 
yield carbon of thls kind. 
Tempera~ures In the range 400-:000"C are required for this pra
,:::ess. 
The economic vlai::i!llty 0f many processes often depends on whether 
tho,:, e•:::•:o1ic•1rt 1 cs of regene1-a t l 0n :ire favourable. C·:·ntr 1but1 ng to the 
lmp0r:ance :>f regeneration is the r1s1ng cost of virgin carbon and 
the energy needed for regenerallon. 
Chemical act1vatlon ls most widely practiced in 

of requires 
agent. 

Eun .. ~·e and the 
of the ~hemlcal 

Gas actlvatlon Involves the use of gaaes contalnlny oxygen. usual
ly steam or carb0n dioxide. Cxldatlon ts usually preceded by a 
primary c~rbont=atlon of the raw material. 
·:ap•:ir -ad:;.::.r bent car-bons use·i L1 the f._.rm -)f nar·:i gr-anuies ar~ 
usually made by this orocess anci are generally produced fro~ 
coconut she~1a. fruit plt3. brlqueted .:Gal and c~arcoal. 
Temperatures for this process are 400-900°C for the carbont=atlon 
step and 750-1000°C for t~e act1vat10n step. Steam ls usually 
used as an 0xlcilzlnq g3s, and less frequently, carbon dloxld~. 
Production of activated ca_bon can be carried ou~ in various kiln 
des!gns with e,:i•:::h one ·:iep~ndl:-:g •:•n the ba:::;tc :-aw material. At the 
;::..r-es.::-nt tlme. lnt.:,.r-nai.ly he.=i::ed r-o:a:-y Kl .r,s aro:- the most co:,mmc•nly 
used since these .:r1'e sutca~i~ fo1- produ·:tl•)n 0f a•:tlvated ·:ar-i::·on 
;,av!n9 a large range ,,.,f part lcle sl::es. f:-.:,ni '.=":JW<Jer 
:r .. 3t~r·j.~l ur:· t•:i rr ... :i~ . .:i~.j :~hdp~s. 

arid granui.ar 

tilth !-E-;3p~ct tr) ·~: 1 -? 1: 1)nut: ~~-1t?ilS .:ss a raw =r1at~r-1a: i 1_1r rr:anuf.:s,:·titring 
a~t!va:~d cai-non. exp.:,.r:s agree that It !s a well-~c~nowledged hnd 
~)ra·=t1.:·21l ia·=t ":hd~ ·:i:: 1:'i:•nLt :::h.:~: c.i1a1- . .:.:.al ma~:.~s flr~t quality 
acttv..:ited 1:::ar-c.•-.ir' • .r. i.s c·_•n::ride1-i::d super1·:.r- t.:, that .:,btd1ned fr•'.•m 
•:Oti,@r S•:>Ur•:·e:;: ma1:-ily D€:Cd!JS.:- (•f tt.;.: flner- r•c,1-e ~tr-uCtllr@, whi("h 
1-~n.].:r:; 1t ffi·)r@ .;,ffe·::tlve L:,1- the ads·:,rpt::.:,, .;of :='as/vap·:.1- and for
tt·1~ rJ?-rrp.JVd! •jf +.dSt~ dr&•j •:i•j•~:Ut- •)f r:"1)JHpOUYldS. 

lkttv;.st:.::d •::aro·:·n pr-·:du.,:t1on !s .:;.,:,ncen-.:rate.j 1n J.1p.:sn. U . .:.A. ard 
Eur-.:,p.,!. 1_.t1l1z1ng :ir1pc.rt.:-d <:'V:'C·nut ·::har-.:r:.al. The W•Jrld market for 
act!va1_ed ~arbon a~d ita ~o~ent!a1 far development ts enormous. 
(\nly a v.;-1 y .::mal! ;::ir•:J!= .. ~·rt;.:.n vf ti-,.:- ar,nual w•:•rl.J j::.>1-,jductlon ls 
r.i.:sd..:- fi-.;im ·::·j•>")l1•Jt 91·.,·,,.,1r1q ,_.,_.1;ntrles. 
Tr1e sNai:i.;-_<;t '>-•rr,m-=-r-.:-1ally •11.:::::..:e act 1vat.;:d ·=ar-i::.·011 p:esnt i:or-o..iuces 
7-l!J f>::..n.:o ,',f a·::t!'""'te·:! •.:-.H-~ur; .:1 ·.,yeei'. fr-.:.m .::;;J-40 !'.·:>ns of wood 
qu:sllty •'.'i1.:s1-·::-·:·al; i:rils In tL1rn h: p1-·)d1.1·::ed frc.•:r. 100-lSCI t:ins of 
raw m~t.:,.r!al. Exper~s reco1m~nd that an Integrated proces51ng ls 
re<.:u!r<:-·~ :.:.r- .1 r-at l•:•nes:i. ·::.:i•::•:.nut :19r·::>-1ndL1!:try. th.:·y (:la1m. "It Is 
nor_ 
s ·:. •-' 1 d : : y ::·-:-I . -:: t 1 ·: I " l ... 
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* ABSTRACTS : 

109: l5Z415w Preparatioll or acti .. ted carlloa. Arab-. ffideo; 
Hasebe, Ta1suo (Nippon Enji K. K.1 .Ip•. Kobi T~ Ko .. .IP 
'3,lM,510 [U,13',Slt) ICI. COl831/ 10), 07 Jun 1988., Appl. 
86/280.849. 2i Nov 1986: 3 pp. Activated C is prepd. by beatinc 
~ f~t«~ with an .adic: ps in an app. comprilins a 
rotary lnln rqu1pped with • burner. • steam-supply pipe, and ~ 
for ~Ill the acidic ps into the carbon putic:le bed. Suitable acid 
ps is CO:. Thus coconut-shell was c:arboniud in the app. at 920° 
for -12 h. the }~Id of activated C -.s 290 q/day, vs. II:> ~/day 
for • c;m•·.,n1ional app. 

109:.131Wz AetiY•ted al'llM r ....... y1iea. cake. lshibabi. 
Osamu (Mitoyo K. K.1 .Ip•. Kobi Tokkye Kello .IP U,123,193 
[U,123,193) (Cl. COl831/081. 2i May 1988.. Appl. 86/269,302. II 
Nov 1986: 6 pp. Soybean cake is dried, mized with 300-400'1. ZnCl: 
soln. a 11ctivati"IC apnt hated at 50CHjQ()9, ar.d carbonized to 
obtain activated C. Thus. typical activated C manufd. from soyban 
cab had calomel dttoloratit>n indea 98.1 and methylene blu• 
decolonition ir.des 24, vs. &'HIS.3 and •24 for a com. one. 

IW: I 12A73n Method or produciac actiYated coal. Romanov. 
Yu. A.; Galkin.\'. A.; Zorina, E. I.; fomin, A. V.; Chiwvskii. S. 
\'. U.S.S.R. SU l,'81.277 1CI. COl~11/081. Oi Jun 1988. Appl. 
4.196.806. 19 Dec 1986. From Ocltrytiya. lzob,.,t. 1988, 1211. 166. 
Activated C is produced by tiTati~ C-rontg. 1naterial with .. ir at 
280-420" until the combustion loss becomes ll'i-3S'k and then 
o.ctivating with steam at llOC>-900". To improve th• adsorption 
capac-itv of the C. charcoal is used H the C-rontg. mPt..rial. The 
treatm~nt is carried out at a combination lfllll rate of i-3.'i'lo for ! II 
and then activated until the IOM becomes 15-4.l"". 

109: 4021 IY The importance or reaction conditioH in actiYated 
carbon manufacture from fruit 1tonn. Born. Manfred; Kloee. 
Eberhard IS~kt. \'erfahrPnstech. Silikatech., Bergakad. Freiberg, 
DOR-9200 Freiberg, Ger. Dem. Rep.). Chem. T!ch. lleipzigl 1988, 
40151. 218-21 IGerl. Activ• C wu made from chefrY stone by coking 
at 5()(}-1000° and coke activation by steam, CO:. COrsteam mi1ts., 
and a COrsteam-!IJ mi11. 110:20:70l. Activation by pure steam at 
the optimum temp. of llfill0 is impractical in spite of the hiJh 
convenion rate. Acti\'ation l.y •team with • decreased partial 
pres~ure and hy CO: rrquirn a .1.1blltantially longer activation time 
to reach th• 111me convenion. hut the active-C quality i9 better. The 
optimum rnnvenion hy steam ir 60-iO~. The converaion with a 
steam fraction of <403 for the same quality can be decreaed by 
10~. 

109: 40200r Activated carbon from a tropicnl c:arbonac:eout· 
material. Chu11htai, Fiyyaz Ahmad; Fakhar-un-1,jiu; lllahi, Afzal; 
F.ja1-ul-Haque; Parveen, Najma IDep. Chem .. Univ. Agriculture, 
F11i1alahad. Pak.I. ,/ f'llr.· Appl Sci. 1987, 611). Si-60 IEnrl. 
Active' C. can ~ madr from Saccharum mun1a hy a chem. treatment 
11nd pyrol~·•i• at 400-i."'1°, leachinit hy 2M HCI. washing by Hi(), 
hutinit I /2 h in an oven at 110", and thermal activat:n.,. The chem. 
treatmf'nt cnn1i11.J of 1-·h 110akin11 in either com. H2SL.,, pure H:tSO, 
llHlllll. or ZnCI, I I -;)NI. 

* r.or.1plete dncuments C'an be cbtained from: ·British Library Lending Division, 
Bvston Spa, Wetherby, West Yorkshire, 
United Kingc;om, LS23 780. 
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109: 88.&6v Study or the preparation or active carbon rrom 
wheat straw. Bueno Cordero. J.-: Estr•-ez Sanchez. Anc@I M.; 
Fernandez Tena. Angel: '.\lartin Sanchn. J.- Luis: llamos 
C-.stellanos. Prdro lFac. Cienc. Quim .. l'ni". Salamanca. Salamanca. 
Spain 370081 . . -\/inidod 1988, 451·'131, 71Hl0 ISpanl. Acti~'atrd C 
was prrpd. from straw by thermal prrtrratmrnt of <2-cm particulates 
at 150-550• under S. siffr•g 125 mrsh). imprqnation with ZnCI: 
soln .. and a,·ti•·ation by hrating to 130• and then to .:.50 for 3 h under 
X. The material has an absorption capacity of 553 mg methylenr 
blue ·i acti.-atrd C. 

109:-133h Prnent •tate a11d ratare prospect• of activated 
carltoa production rrom wutn. Brrgrr, Lutz M!chael; Klushin. 
V. N.; Rodionov, A. I. (MOKOw Inst. Chem.-Trchnol., Moscow. 
USSR). Chem. Tuh. (Leipzif) 1981, 4r·!41. 143-9 (Gerl. 
A ttview with 148 rrfs. dealing with the prodn. of activatrd C frotn 
various waste products. e.g. byproducts from the pulp and paprr 
industry, slucfces f~ wute-ter ueatment. municipal rrfusr, and 
wute rubbrr. plutac:s. and te:m:tilr fibera. Problems of the utilization 
of thesr waste products for the prodn. of activatrd C are disamed. 

108: 97149q Metbod or prodaciDC active carbon. <>curuov. A. 
\'.: Bobrov•. \'. N.; Koroleva. L. P. (Kalinin Polytttt.nic Institute) 
l:.S.SA !U 1,351,176 tCI. COIB31/081, 15 Nov 198i, Appl. 
3.985,ii9, 23 Oct 1985. From Otlrrytiya, (zobret. 1987, (42), i4. 
Thr proc:eu includes mixing of ori- and licnocellulme matrrials, 
adding lo the mi:m:t. 4lHiO~ ZnClz, cranulation of the mist.. drying. 
carbonization, and wuh:-ig of the product. In order lo improve the 
clarification property of the C. the 1t.bilized sludge from biol. 
l'"tanent of wastewater is usrd as the Ol'J- material and flu:.: fiben 
•35-75~ I. u the lignocellulOR material. 

111_6: 21U55z Utilization of cernl straw for the preparation of 
activated carbon. :\lanin Sanchez .. J. L.: F..stevez Sanchez. A.; 
Fernandez Tena. A.: Bueno Cordero .. J.; Ramo• Castellanos, P.; 
~odnguez ~lartin. F.. 1Fac. C'ienr. Quim .. l"niv. Salamanca. 
:-ialaman.·a. :-.pain1. /n11 Quim 1.\fodridl 19!1i, 191'.!141. 189-9'.! 
(Span). Wheat straw is suiuble raw material for prepn. of activated 
C. Thermal pretreatment of the straw decreases its wt. and vol. and 
rrduces the •mt. of the activatiDJ agent IZnChl nerdrd. The 
adsorption capacity of the activatrd C prepd. is increa.-.d hy an 
increasrd concn. of the ZnCh soln. used, an increasrd heating rate in 
the thermal treatment. and an increa!led activation temp .. but is 
decreasrd by an increasrd te::ip. of thermal treatment. Wheat str•w 
pretreatrd thermally at 230•, heatrd at a rate nf 10° /min, and 
acti,..atrd at 400• with an 80~ ZnCli soln. gave an activatrd C with a 
methylene blue adsorption capacity of 6i0 mg/g activated C. 

lflri: 21.iiH• Preparation or activated carbon. Kiaetiu of 
activation reaction of l'arbonaceous materials with lleam. Shi. 
Yinrui; Tang. Qifeng; Zhao, Yuming (Re•. ln•t. C'hem. Proceolll. 
IJtil. Fur. Prod., Chin. Acad. For .• Nanjinir. Prop Rep. Chinal. 
f,int:han Huaxur Yu Go'1RY• 198', 6141. 8-16 ll'hl. The activation 
rates of the rharcoals prepd. from the pint .•oud. ~ocnnut •hell. 
almond kernel. olive kunel, and bituminou• rual wrre •lron11ly 
innuenc•d by •tr• ~ roncn. e1rept thn•r nf brown roRI and 
anthracitir rnal. Thr reaction of •team and (' fnlluwrd 7.f'roth order 
kinetir•. 

see p.52 

• 
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106: li11998b Active carbon. Wienhaus. Otto: Klus... Erhard: 
Born. '.\lanfnd: Hennig. Friedhelm: Bloossfeld. Otfried: ~idel. 
Hans: Riedel. Dietrich: Fisc:hll!r. Friedrich: Zim1111Pr •• Joerg: et al. 
•Ttchnisc:hlP l!ni,,.ersitaet DrlPSdenl Ger. Offen. DE 3,'8.&.3:?0 tCI. 
Clll831: IOI. 19 Mar 198';. DD Appl. :!J!0.';';4, 19 ~P 1985: 4 pp. 
Acti•"IP C is pr<Ppd. from fresh w11od chips. e.g .• l"Onifer. and uptiunally 
a lignottllulosic binder. e.g .. sawdust. by a continuous pNl"HS in a 
•haft kiln whi.:h includes a rombustion chamb!Pr. At IHSt part of thlP 
fuipl gilSIPS from thlP kiln ar<P rombustrd to gi"" a water •·apor-rontg. 
bot gas with 0 ~0.5. CO - 1 ml. "k. and a temp. 10-:l0° hiich~r than 
the ac:ti.-ation zone IAZ1 temp .• that is fed back to the kiln and 
<Pntend b!Plu..- the AZ at 0.1--0.6 m,'s. Acti"IP C of sp. surface ar<Pa 
900 m' 'ic. methylene blue absorption ulue 96 mL; 100 mg. molasses 
.-;due 4:!0 mg. I absorption 6.'15 mg1 L. and ash rontent -8.53. was 
prPi;d. from pine l·hips according to thlP in•"IPntion. The app. for the 
prol"eSS is described with a flow diagram. 

106: l223Ucl Metllod or produciq actin carboa. Ryk, V. A.; 
Akhmina, E. I.; G~a. V. I.; Shokhireva. V. S. (Scientific-Industrial 
Enterprises of Hydrol)-sisl U.S.S.R. SU l,279,959 (Cl C01831/C8), 
30 Dec: 1986. Appl 3,i!!3.679. 09 Feb 1984. From Otlcrytiya, 
l10bret. 1986, (48), 88. The process consists or drying or lignin-cootc. 
feedstock, heating and carbonization, cooling, and activation. In 
order to improve the darifyinc properties or tbe carbon, heating is 
done at a rate or 1000-30009 /min. In one embodiment, the heatin& 
is carried out first at up to 500-';00- followed by activation by flue 
pses and steam at SOC>-900° or by a mist. of flue cues and steam in 
tbe pretence or Oa at i00-800°. 

1\16: UM&79b ·wocid pellets ror manurac:turinc actintecl carbon.
Fujimori, Hidekazu 1Japan Steel Works. Ltd.I Jpn. Kokai Tokkyo 
Kobo .JP 61,220,727 [116,2!!0,i27) tCI. 801.J2/:.!0I. UI Oct 1986. 
'.ppl. 85/ 58.134. 25 !\lar 198.'l; 4 pp. Wood pellets for rnanuf. of 
•<ti.-ated C are prepd. by mising powd. wood cuntg. <lOwt'k water 
•1th 5-20 ,.,t. "!. coal tar and powd. pitch. and pelletizing the mist. by 
-muding. Thus. wood pellets were pr1Ppd. by mixing 200 kg wood 
; .. wder with 8 kg tar and 12 kg powd. pitch in a mixer equipped with 
• •team jacket. and ntruding the mist. at 3550 kg/cm'. Upon 
'tating 2 kg pellet at 5° 1 min to 550° in N and cooling to 100•. ';10 c 
~·ruduct cont«. 8.1.23 fixed C was obtained. 

106: 3ll919b Production of activated carbon froin walnut 
1hell1. II. Pore structure investications. Kutics. K; Kutsi~. I..; 
.~r~·elan •• J.; SzolCllllnyi. P. IDep. Chem. Process Eng .. \'Pllzprem 
Unw. C~em. Eng .• Veszpr!m• Hu~e.). Hunfl. J. Ind. Chf'm. 19116, 
14131. :JaJ-62 I Eng). \ anous act1.-ated (' species were prepd. from 
walnut shells. On the basis of pore •tructure investigation• a 
qua1_i-bidi.•per•~ pore model is _proposed. By takin11 geometric 
cons1derat1on1 mto account. th' increases of the microporP diams. 
due to ac:ti,,.ation. we~e estd. Micr~pore distribution• are ralcd. by 
m~ana of adsorption isotherms. Act1,,.ated carbon samples have hi11h 
micro- and macropore vol. and negligible me110porosity. i.e. the 
1U•umptinn nf a bidisPf'rse structure is correct. 

106: 35965c Manufacture of charcoal, coke, or activated carbon 
In a 1baft furnace. Kouatz. Klaus: Bln11llfeld. Otfried; (;uhatz. 
Vritz; Wienhau1. Otto: Urban. Harry; Henning. Friedrich; Klo•e. 
Erhard; Born, Manfred; Ganserra. Benno; Fiac:her. Friedrich Ger. 
(Ea1t) DD 2:111,162 fCI. COlB:J:/lOI. l:J Au11 19116. Appl. 210.!ii';', 
22 .Jim 19i9; 6 pp. Flexible pyrolv•i• of 1 no. of feed•tock• is 
desc:rit.· J in whifh the feedstock i1 pirolyzed in 1 shaft furnace with 
a rotating grate in which the pyrol~-.i• It•- and crntlrn,.1IPA can lw 
used "" a supplemental fuel for the prodn. nf rnmbustinn gases. 
which are used for the pyrolysia. Thr pr"'"""" can he used for the 
pyroly•i• of wnod and timher waste• fat 600°1 to charcoal. cellul.
WBAt•• Ir.I( .. straw. •awdust. rte.I. •rconduv waoteo from roal 
briqu<Pllinic. old tire•. and raw brown coal 11nd ·iwat fin %0°1. The 
prnc••• can in.-lude a prrdrying •l<Pp IP.I( .. in whi.-h th• pyrnlysi• 
J(a•e• arr u•ed to heat the feed•tock until the cnndrn•ale trmp. 
rrachr• f.10 1110°1. 
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lllb "ila Pr.parat?on of utivat.4 carllon. Buc:~r. Alu: 
Thum. Karl Friedrich: ~·hmidt. Petu 1Ba~~r A.--G. ! wr. O_lfen: 
DE 3.SOl.Oi3 1n Coll\:11· 1:?1. 17 Jul I~. _Appl. I;, .Jan l!it!-'>;. I:> 
pp. Actiuted C is pn~pd. b~· ~,PO, le.g .. S50'l HiPl':I xt"-.t1on 
.. r c-~·unti:. fti~ls ill hljCh temp. 1R ..-h1ch I~ r~l-H :PO,··watrr mash. 
;, pttrr.-atrd at to&~ :!~I· tn ~n~~ ol ,...trr. Y&Jk>f ~-0 -~t~ 
hratinr; h• th<! final trmp. 1n <30 min lxfott act1\-.t1on at -54>-~ : 
pttferably :1.w<~;o•. Thr 0 and ..-atrr '-.por conte_nt may ~ J-1;, 
and :s:.'O. pttfrrabh· :!;;.-40 \"ol. ~. tn thr ~pt.- dunnt: pttlttatmrnt 
and thr m>1sh m11y hr drird to <15't !'atn contrnt by. thr 
prrtrotarmrnt. Th• produ..:t i5 washrd with water. nrutrahzed. 
1rratrd with d....alirwted .. ater. ttmO\-ed from thr bq .. and d~. 
Thu.;.. :!~Jll IC ..-.iod sha.-inp lron!J. natural m01Stutt <""ORtomt and_!•S 

11 dn substancht was stirrrd ,.,th 475 I 50'l HJ!'«;?• ... ,tn. 11.'-. & 
P.-0;1 and the l~l.966 ratio m~h was hrated tn 1.0. in :!O min in 
conta.:t ...-ith I l •. min ,.air_!"_ .-apur sltt~m contJ. ti •~>I. "l 0 tn 
dttreas. water contr:tt tn "·"CJ.; the dned mash • .,. hr_ated to 
; ;ltl--150" for 15 min to a.:ti.-ate and then cooled. w .shed. dned. and 
sround. Thr product ..-:u u.wd to bleach molusn. 

I05: 2111911v Activated carbon. Sato, Eiichi U.S. US -&,,11,111 
.n 50:!-4:17: BOt.J:!tl, :!m. o7 Ort 1986. JP Appl. 85/136.323. 21 
.Jun 19ll.~; 4 pp. Acti.-ated C ~ manufd. by carbonization and 
acti\"atinn of ma.:adamia nut shells usinc conventional carbonization 
and a.:ti.-ation mrthods. ~facadamia nut shells 1000 c were 
,·arb.mized and a<ti•·ated with stram at 900• for 120 min to gi\"e 20'l 
.-ield uf a<"ti•ated C with a•h content 0.53 and sp. surfacr atta 1320 
m'. g .-s. IS'k. I.:! and 1:!110. r"p., for activated C from coconut 
•hf'lls. 

105: 45707p Manufacture or activated carbon. Watanabe 
Fujio; Murase, Hiroki (Amano Pharmacrutical Co., Ltd.I Jpa: 
Kokai Tokkyo Koho .JP 61 IC,113 (8' 14,113) (Cl. COIBJl/081. 22 
Jan 1986, Appl. 8'/ 136,153. 29 Jun 1984; 4 pp. Activated C is 
pRpd .. f~om wheat _bran or the f'lltn. r"idue of wheat bran koji by 
carbomz1nc and act1.-al1!11 with steam. Thus. activatrd C was prepd. 
by drying the rxtn. residue of whrat bran koji at 110•. carbonizing 
100 .I rtsidue at 820°, and passing steam at 820° and 2.1 kr:/h for I 
h. The J>r~uct had a ~re• portion of its pore vol. due tr. pores o( 
1(}-100 A diam. The act1\"8led C u11 ad:wrb a widr rangf' of low and 
high mol.-wt. a~-..rbates. 

105: 2'056j Cbarcoal-makias ·ia a bome. anci tile utilizatioa 
for activated carbon. S.tonaka, Sriichi; Sako. Chizuko; Kawue, 
Kiyoshi (Coll. Esp. For., Hokkaido Univ .. Sappnrn .• Japan). 
E111huriri Keriltyu Holtoltu IHoA.ltaido Doi1altu !Vo1altubul 1985, 
42(41. 1135-51 (En1). Carbonization o( woods of 19 tree species in a 
convrntional firewood 1ton gave charcoal in a 25-383 y~ld with d. 
0.16--0.47, moisture content 0.7-3.33 1t the next momin1. methylenr 
blue (II adsorption 11-74 ms/g. and 1hrinkage in radial direction 
10-243, Activation o( charcoal aa abovr by stram 1avr activated C 
in 23~5'11t yirld, and with ligriin adlOrption from •rent liquor 
5~13. A 1tron1 pc». correlation waa found between the wood and 
charcoal d.. aa well aa between I and lignin and 10rption. Nq. 
correlations between activated C yield and I and li1nin acbnrption 
were obsd. 

105: 89'5u Kinetin or activated carbon IHification and 
r~eaeration. _Cheng, Alan Tat Yan !Cornrll Univ .• Ithaca. NY 
I ~Al. 1985. 212 pp. (Engl. Avail. Uni.-. Micror.lm1 Int. Order No. 
D.-\8.516957. From Di11. Ab1tr. lrit. R 1986, 46(7), 2394. 

• 

see p.45 • 
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105: ::1Jta Adinlell can.. rna ..i (Sllona ......_, _. 
·-~ Hossain. ~I. Al~f; Mustaf•. A. I.; Alam. M. Zahancir IDep. 
-'~·Chem .• Dhaka Unav .• Dbab. Bandedeshl. Dlualta {,"nit•. Stud .• 
Part B 19115, 3.11:?1. m-85 •Encl. Coo.t quality Ktivaled C we 
pttpd. rrom sml ~ husks in 41'1. yWld usinc ZnC~ as Ktivatinc 
agent. ~ ~IOD QJIKity of this C WU ~tter than that al tM 
com. •:vaitanlr sampln. Thr C produttd •lso showed cood 
KqJfp(WD or color from moi- soln. 

HM:- l ISN5a Adiftted carlloa prepentiaa fer filWri-c ......-.. 
Hd prodllds. F..ichntt. Otto FrWdrdt Braz. PeUlo Pl BR IS 
Ol,.155 tCL COIB:lli"81. :!9 Oct 198.'i, Appl t.$'55. •18 Jan 1985; 
13 pp. Actinled C is pl'f'pd. by diatn. or croun.i resinour wood .-;th 
ron.:. H"SO' 3~ wt ~. in .-.~r 15-20 vul. 'l-. '-cl on ti-. acid. at 
.iso-;oo•. The product can ~ ~fricrrattd and then rnctinled in a 
rumatt in rontact .;th air for ~:..'O min at ~SO-. The filterinc 
matrrial is np. ~Cul for •-.tn tr.atmrnt. r-1 .• surlKtants. Thus, 
pinr sa•-d~t 1000 g .-as trnttd with 500 cm·' ..C lO'l- aq. soln. or 
H!S(),. carrfully h1•"1Ul(f'niztd. and dri.d h• d~- t~ wt. to 1:?00 
c. distd. in contact .;th .1ir in a furna. .. at 50l}-;..ie)9 for J h until !tD 
•vnlution •nd• and th.n allow.cl to•'"'' to -:!Oli- and th.n to cool in 
rr.. air to ambirnt t•mp. Thr srra• -likr C obtainrd was U5rd in a 
100-CW filtrr lay.r for fihratiun at Ill 1 :! m · h. 

UM: l 12156c Low ula activated carboa from rice •ask. Bq. 
M. Aqhad Ali; l!smani. Ta..zil H. (PCSIR Lab .• Karachi. Pak. 391. 
Pak. J. Sci. In-I. Rrs. 1915, 28HI. 282-• IEncl. Ricr husk char 
ohtaintd in thr absrncr of air at C00-800• was lrachtd with a 
11>-_l~"k soln. uf SaOH tu rrmo•·r 90~ of thr SiO:. The adsorption 
acuv11y of lrachtd acuvat.d C was griratrr than that of thr untrirattd 
char hut 1...,.s than that ol a com. acti.-attd C. Thr lrachtd product 
should hr 11,..,ful for adsorption of 1 • ..--mol.-wt. gun and •·apors 
from air and for purifn. of watrr cnntg. lowrr-mol.-wt. orr. 
C"•lntaminants. 

UtiliZltion of non-lternel products of the coconuts (Cocos nucifera; Sri Lanka). 
Yatawar1. R. (Harley Ltd .. Sri Lanita). 
En 
Cocoa and coconut: progress and outlook. Pushpar1jah. E.; Chew. P.S. (ads.). 
Ku111 Lumpur (M1laysia). lncorporlted Sociaty of Planters. 1986. p. 917-532. 
Summary (En;. Appendices. 
( lnternation11 Conference on Coco1 and Coconuts: Proprass and Outlook. Ku1la 

Lumpur (M1laysi1). 15-17 Oct 1984.) 
In theory. laboratory rese1rch studies. 1nd folklore. the versatile coconut had a 

myriad uses. This piper was confined to its commercial uses in building up rural 
ind n1tion11 economies. The coir fibre industry ind actlvllted carbon from 
chercoal, wH 1Hlt with. in some depth. and only a few examples of others are 
cited. (ENI 

104; 71 lUOd Activatrd carbont. Fujimar1ri. Hitm1hi; Katada. 
Nobuaki; Okabayuhi. Hiro11ki IPrntel Co., Ltd.I Jpa. Kokai 
Tokkyo Kobo JP 60,161,316 (85,161,316) ICI. COIB31/ 121, 23 Aug 
1985. Appl. 84/15.341, ;JI .J11n 1984; :l pp. The r1w m1trri1l• with 
watrr·rrpelling •urfacr property i• pulverizrd and thrn imprqnated 
with activatof!I. Thus, punut •hell• wrrr pulveri7.ed to 1000 ,., 
1tirrrd for 1 h at 9(}-95• in an aq. ZnCh aoln. lip. er. l.t!I. drird at 
1 IO", and heat-treatrd for 60 min at 600° in Ni to 11ive r.6'!1: lthr raw 
matrrial wt.I artivr.ted rarhon with 2:l0 mL/11 methylrnr hlur 
ad•orption. a1 compared with 110 ml./g without the pulverization. 
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10..:: SZl971a ...........- otediftted cum"-• i,y_,....._ 
.r acricekual idut17. NORko. L.zfa H.; Boca. Attila; Simay. 
~ N-c:>-. Lajo. Gyorsy 1Dep. Appl. Cbna.. Tech. Univ~ H-1521 
Budapest. Hunc.I. ~riod. Polytttlt .• Cll#m. En,. 19". 28(3-4). 

• :!93-'; tEnsl. Activated C with lld!iorptmty properties that are 
oau.r.ctory for me in ... ttt UfttJMDt - pttpd.. froaa the seeds of 
stone fruit by c:- rboni-.atioa and subeequeat KtiYatiou with steaa. 
:\lao. sawdust treat~ in a similar manner Pft a produr• •hat -
las denw and bad • peatft acborptivity. 

103: 732Mc Activated cartlea fna ...i.111 .-U.. Khan. A.; 
Sinch. H.n..n.; Bhatia. A. K. tffes. Ra. Lah.. JUllDU Tawi. 180 
001 lndial. Rn. Ind. 1915, 30ll), 13-13 <£ac>. Walnut .bella, 
after beinc d~ted in solns. of lbPO.. ZaCt2. and HCI. were 
carbonized at 500" f, r makinc a<tivated C. The producta bad a 
kinetic: behavior for mnoval ol culor from su,r similar to that of a 
com. Kt~ .. ted C but their caJ*:ity ior C'Olor re--' - .__ 

102: 14711• C..fariMa er aeti_ ... a ........... .,.. i,y 

IJUlial - pmficati.a .r waNa can-a-- .......... Wipwis. T. (Neth.). Act. Carbon ... Fucinatin6 Matu. llP, 
M--80 (Ens). Edited by Capelle, A.; De \'ooys, F. Norit: 
Amenfoon, Nedi. nm study evaluates lab. ectivatioa raulta ot 
peel cob, lipite cob, wood char anrl preoDdized coal .. f~ 
for the prodn.. ol powd., brobn. and utruded llCtiftted C. Raulta 
are interpreted in terms of specific cu phase and liq. phase 
applications, baed on c.Ha acborption and C burn-off data. Ir.. 
Meler to put into a proper contelCl the inftuenc:e oC the feedstock type 
on the charKteristics of the activated C produced, the lab. espta. are 
dlancterized by activation over a broed ranee of temps. and ol 
steam partial presmres. This study conf"mns that peat .coke is ~ 
moei universally applicable. feedstock lmOlll the alternatna studied 
for producinc larp variety of C. 

102: '4309q J>npuatio• or snaular activated carbo• rrom . 
wood pelleta. Hayahi, Kataumi; Abe, lkuo; Nakano, Shipbzu; 
Kitap-. Mutauo; Hiruhima, Tsuneaki (Osaka Munic. Tech. Res. 
Inst., Osaka, Japan 536). Tatuo HN, 119. IM-9 (Japan). 
Granular activated C - prepd. from .-ood pelleta which were 
prepd. in an ntruder from wood Knp by 'lddinc pitch and tar u 
binders. The wood pellets were carboniP.d at 5509 and activated 
with 1team in a b.tch-type rotary kiln. 11'e ezptl. conditions were 
u follows: activation temp. 850"'. steaui rate 0.5S 1/c char-h, and 
activation time 1.~3 h. The relationahip between the activation 
yield and the activation time wu linear. The activated C, obtained 
at a yield of -45" had 1urface ara 900 m'/c. and adsorption 
capadties for methylene blue, I, and benzene 200 mL/g. 1300 lllJ/&. 
and 34.,. resp. Addn. of the binders cave activated C harder than 
the activated C prepd. only from wood vrap; the hardneu wu 
>95., of that obtained by the JIS K 14i4 method at a yield of 
-45 ... 

102: Clll3p Slaaped activated carbo•. Japan Steel Work1, Ltd. 
Jpa. Kokai Tokkyo Kollo JP H,114,511 (84,114,1111) ICI. 
C01831/081. 17 Sep 1984, Appl. 83/38.356. 10 Mar 198.1; 4 pp. 
Wood is pulverized, dried to contain :SlO" H:O. mi1ed with &-20"JI. 
coal tar and/or pitch, pelletized, carbonized, and activated with 
hich-tamp. 1team to aive ahaped activated C for adsorption. 

101: lNIOlr Produetioll or actiYac.d cano. rro• pleat waate. 
Chaparro Beltran, Manuel; Monno 8., Tomu R. (Univ. Oriente, 
Puerto la Cruz, Venn.). ffll. Quim. (Madrid) ltN, 16(1831. 116-7 
(Span). Driad coconut 1hell, previoualy tritur1ted, ia activated by 
impr8pation with ZnCh IOln., then filtar1d Md dried at 90° in a 
vacuum ovm, carboni:rad at aw in an elec. furn«e in a N2 atm., 
c:ooled in the ab.mee of air, pulverized in a mortar, wulMd with 
di.td. -tar and 4.,, HCI to rtmOYt r11idual ZllCl2, and dried It SO-. 
The optimum C ia imprlfll.ltad with 80 wt."' ZllCl2 for I h and 
activatad It aw. 

• 
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· Uil: 178138t Tbe two-slap air-carbftn diuide activation iD 
tbe preparatioD of activated carboaa. 11. Characterization by 
adeontioa from Mlatioa. LinattS-Solano. A.; Rodriguez-Reinoso. 
F.; Molina-Sabio. M.: Lopez-Gonzalez. J. de D. tO.p. Quim. lnorg .. 
Univ. A!ican~. Alicantt. Spain! . . -tdsorpt Sci Technol_ 198-&. 1131. 
223-34 (Eng). Oli•·r stones and almond shells were ~ as ra..
materials to prep. r.ctivated C followin_g th_e methods of_ 11 > 
carbonization in N" followed by acti.-at1on m CO,. (21 d1rtct 
activation in CO!. and (3) treatment in dry air at 573 K followed b~
acti.-ation in CO:. The C is characterized by the adsorption of 
p-NO:iC,H.OH. Methylene Blue. Orange II. C~-stal \'ioltt. and 
Victoria Blur in aq. soln. Methods Ill and 121_ yield <: ~-ith \'ff'.' 
similar .Mborptivt capacities and mtthod tJl ~,elds C ~mh larger 
adsorpti\-e capacities for similar O\'erall yields. On tht other hand. C 
from almond shells (more microporousl would be more suitable for 
adsorption of small 901Utes and C from oli.-e •!ones (more ma~ 
and consequently. with larttr ratt of adsorption) for larger d1mens1on 
mols. 

IOI: 11315ls Preparation of activated carboa from bepa.e 
aad ita ad110rptioa cllaracteriatica. Khan. M. I.; Nawaz. R. (Dep. 
Chem .• Univ. Agric .. Faisalabad. Pak.). J. Pharm. IUniv. Karachi) 
1983. 2(1). 41-4 (Eng). Bae- was converted to activated C by 
being treated with H:zSO• and ZnCh at various concn.~. and ~~·. 
The bat activation ocruned when l part of bacuae was treated wtth 
3 parta H:SO. at 900". At activation temj)S. >900" both the 
combustion lou and adJOrption power were increased. 

IOI: 930009 Receaeration of ac:iivated carboa. Gomella. l:)nl 
tParis. Fr.I. K'ater Suppl) 1983, 1(2-3, World Water Supply). 
SSl21 l-SS12/15 1Eng/Fr)_ A review without refs. coven thermal. 
chem .. :wlnnt. and biol. regeneration of activated C. 

-101: 25:U5a Pyroly1i8 aad traa1formatioa of wood chipt1 to 
activated carhoa. Onofrio, Maurizio; Gozzelino. Giuse__ppr; Fasoli. 
Ugo IDip. ~i. Mater. Ing. Chim. Politec. Torino. Turin, Italy). 
Chim. Ind. IMilan) 19U. 66(2). 84-9 (Ital). Activated carbon was 
obtained from wood chipa by pyrolysis at 400" and activation at 900" 
in a COrN2 medium; the activation energy of the activation procns 
,. .. 23 kcal/mo!. Max. adwrption capacity for methylent blur was 
attained by activation of carbon at 8i0" for 25 min. Tht activated 
carbon obtained from ·vood chipa had propertits comparable to those 
of com. activated carbons . 

100; °19~370. Ac:li,·attd carbon f'rom almond 1hel11. Cbf.mical 
actavat1oa. 2. Zlac chloride activation temperature lnnae11ce. 
Ruiz Bevia, F.; Prata Rico, D.; Marcilla Gomia, A. F. (Dep. Quim. 
Tee., l 1niv. Alicante. Alicante. Spain). Ind. Ent. Chtm. Prod. Re•. 
Drt·. 1984, 23(2). 26~71 IEn1>. Activaud C, obtained by treatinc 
ground almond 1htll1 with an aq. soln. of ZnCb and heating at ~, 
1howed mu. adt0rption capacity. The adsorption aipacity WH 
eQuiv. to thOll! of com. products. 

100: 19386Sa Preparatioa and abffrptioa capacity of active 
ca~ho~•- from palm aat flben. Avom, Jerome; Hajal, ltNm IFac. 
Sci .. Univ. Yaounde, Yaounde, Cameroor• Rrv . .'fo. Trch. lt83 
~11~2>. il-i IFr). The carbonization (h., •• ing rate :ioo• /h, 5.5 h at 
,()() > of dry palm nut fibers (residue from espreuion of Elat'u 

Guinu111i•), wuhin1 with 5'4 HCI and "'lter, crindin( to 0.2 mm, 
and activation for 30 min in 80'4 H2ro, + 5'4 H:rSO. gave an 
adsorbent carbon wi•h 1p. 1urface area 875 m•/r,, I 10rption 100.9 
1/100 1. and methylene blue 90rption 23.2 mr./1. Activation with 
60~ ZnC'2 wa1 al10 effective. 



38._ 

39._ 

40._ 
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Studies on the effects of C.Cl2 and ZnC12 concentration and activation ,,_s on 
the yield and the quality of coconut shell actidteCI ur11on. 

Suryani. A.; Keteren. S. 
in 
Buletin Penelitian Tehnologi lndustri. Bogor (Indonesia). ISSN 0216- 3160. (1982). 

v. 1(2) p. 16-30. Received Oct 1983. 
7 ill~ 6 ref. Summary (En). 

UIO: 10585tp Dual pnd11c:dH ef actift can- aa41 la,...._ 
by •team pnraeatioll of pal• .a-. Rabell. M. A.; EldicbidY. 
S. M.; Gahin. S. IColL Enc .. Kine Abdulaziz Univ., Jeddab. S.udi 
Arabia). EMrty Rn. 1913. 3(Alt.em. Ene'I)' Soun:a S. Pt. Dl 
4~2 tEag). Palm atona -re cubonized at 700- in an Or-Fra 
atm. The carbonized p.bn stoMs. after being crmbed to a partidt: 
siu of 5 mm, were treated with steam at 9504'. The ps from th.• 
steam treatment, contc. H~. COi. CO, HL and S compels.. was drieo. 
and treated with 33'1. aq. caustic pogsb. The .- remaininc - Hi 
contc. 3.5-4'1. CO. TIK yield from I ton of s-im - is ll2.8 ~ 
acti•-e C and 46."; kc Hi. The .urface area of the actm C is >IZOO 
m?/r.. 

100: 12976u New UMS for activated carbon. Wilkins. C. S. H. 
lSutdiffe Speakman Enc. Ltd .• UK). Ch,.m. Ef16. (RU1by. Ef161.l 
1983, 396. 15. 23 !Encl. A review on acborption on act'.vated C in 
recovery of inol'Jt. materials or in nuclear industry with 11 ~fs. 

1!t; 117411e llaamt.dan el Md99 _.... - .-Ila fNa ....._ 
Japu St.I Worb, Led. J.., llMa1 T...,_ L .. ~? II.HUii 
lU.141,111) (Cl C01831/08l. 2IO Ave 1983. Appl 12/19,121, 12 
Peb 1982; ~-PJ'· Wood is cr1llbed eo a ,.rtida -. fll ~30 - and 
clriad Co a HsO coat.eat fll 12-18 wt. 1' ill a l'lltal7 kilD. Tbe wuod 
panidll - ntrucled at 1»-2009 ad ~~ throuP a 
die ....... 5'-7 - ..... The........... --- tlieJ 
coataia a nein and haft a a. of U 1/aa". Tbe ,.U.U an 
carbaair.ed al 400-7009 in tba ...._ ii °' and lldMt.d with 
..... at 800-1000-. 

99: lrn71a A~flldla .... Wkfll,.._.. ......_.. 
•~te:ii u a trllt•le a. Pnf. llre-lli PMnlt. A.; 
Mln:blDd. A. (C-L Rech. Paul P-1. 33 T.i-, Pr.). Carillon 
1111. 21(4), 387-tl {!'.as/Pr). A ...,.. is pm with 212 nla. fll 
..on SIUbiilbld bJ iDdmcfua r- Prmc1i ni1auc1a _..... ,.tins 
eoc. 

tt: .... ....,.,.. • ., adl ..... an-, .......... ... 
.,..J. Cardona. Gloria E.j . P-. Au B. (Dip. Quim .• Univ. 
Aaiiaquia, Medellm. ColomDia). Rn. Colomb. Quim. lllZ. 11(2), 
t:H cs,..1. Aclivawct c a. powder ad ~ular ,_ - prepc1. 
by mins ....Slllt or coal • tba , .. -inial. Por powd. eetM'tel C, 
die ...... (or coaJ) .... put m&o a -ii .... itator with .... 
lldiwtiDI 1PDt (CaClt or 7.aCltl at 5:2 rafjo for 2 b. Altttr ,.itation1 
die mist. - drMd at 1209. Tiit - obcaimd - poUacl ua 
lin.d to -200 -a. ad ..bed thoroudllY '° - -laminae. 
ad - activatias lllDL Tiit eoaJ' nquirwd pNtrNtlDIDl bJ 
pilldilll ud beatiac at 400" Co remcw• wlata. ...aimai.. Por c1M 
pnpa. OI puular activawd C, tar .... UMd • tba laloaMratills 
..... '- in addll. '° tba MWdwt. coal, CaC1t. ad 1.aCls. TM product 
Md a variable ~ .. (lllMllM9 40. eo. 80). 

• 

• 
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(Uriliza!ion of monrerey pin• (Pinus ram.u1 0. Don) waste for ttte production or· 
4 5 • ~ted cllarcoal in the S. Region (Chile)). Aprovechamrenro def desechO de pino 

insigne (Pinus radiara 0. Don) ~,. la produccion de carttan activado en la S 
region (Chile). 

Yussem Diaz. C. 

Universidad de Ct:l:a. S-.~~ Facultad de Ciencias Agrarias. Veterinarias y 
Forestales. Escuela de Ciencias Forestales. 

Es 
Santiago (Chile). 1983. 162 p. 

Map. scale 1:750.000; 17 ref. Summaries (En. Es) *Billlioteca. Facultad Agronomia. 
Univ. de Chile. Santiago (Chile). Degree: Tesis (Ing For) . 
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97: 211Z5ls Carlleai:satiea el wpaic wuca.. Hokuriku 
Tama Kopo K. K. .lpa. Kebi Telly. Ko.._ .JP 12 9'.114 
(CL CIOB53/021. 15 Jun 1982, Appl 80/172,506, 05 Dec 1980; 
4 pp. Sewdu.t. but. ud ocher indmtrial wutes are carboaized 
coatinUOUlly wit.bout. any :::::::Dtary fuel iD a ~ system. 
Thm. • knit pulp plat el~ c:arboaiad at 700-8009 ud 
then at 1000-1200'". The proifuct had ie. volatiles than in one 
obtaiDed by conventional method. ud is med u activated C. 

97: ll1911r Vertical moriq-W cano• -aerial naetor. 
Kunny Chemical Co., L&d. .I••· Kebi Tokkyo Ko.._ JP IZ 
'IMI (0. C01831/10). 14 Apr 1982, Appl. 80/134.568, 26 
Sep 1980; 4 pp. In a vertic81 IDOYillJ--bed carbc.n material 
IWdor bavinc a nc:taJllU)ar mi. leCtlc>n, 1eVeral trays and 
aheraace openinp >n their Md. are proYidecl. Several •paces 
MRn'"t · '-cl by the trays ud the ractor wall, ud e cu flow duct 
can..- , with t1- tpac:a, are formed. Air or air-fuel inlet.a 
are '"". Aed in t1- ..-. or the pa f1ow duci. A movinc bed 
C'OllUDUDicatiJlf from the top or the ractor to the bottom and 
havm, a nctan(Ular ere. MC:tioa is also formed. Gu pa1NCe 
bom formed by 1CVeral inclined walla oa both aidel of the 
movills bad located in 11- 1oac.. and a conaL-amL dilcharcinc 
app. at the bouom or the IDO'linr bed are provided.· The reactor 
is Used for drY diatn., Ktivation, and receneration or c iuleriala. 

97: t4805a Ac,iHted carl»oa from ric. 1raiH. Honda 
Motor Co .• L&d. .lpa. KokaJ Tokkyo Kollo .IP IZ 'I.IOI (Cl. 
C01831/08), 14 Apr 1982, Appl. 80/136.018. 30 Sep 1980; 4 
pp. Rice craina are dry-dia&d. wi:h addn. of at leaat one or Na 
1iliut.e or diat.o!U«OUI earth, carbonized, and activated. It is 
HCl'llent (or adsorption or vaporized fuel. Thut, activated 
carbon from unrefined old rice craint adsorbed methylene blue 
22 m1/1 compared to 16mi/c from char and 20 ms/c from .. .,, 
dutt. A. Olruwaki 
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97: '°''- ActiYaled c:ano. r.- oil ,.i.. tm.m ,._.., 
Ht •illrlk. Chu. K. C..; Gob. S. H.: Toh. H. T..; Tan. W. I.; 
Tanc. T. S. (~P- <;tiem .. Univ. Malaya. Kuala L~mpur. 
Malay.). llaJoya_ J. Sri. Ital, 6. 131-7 fEnc>- The oil palm 
(£loris ,W.-riaUI out abells ~ pyrol~ at ~ to 
yield cMmiel. pbeDolic W', pytOlipeoul acid. and c-- Tbe 
.-U cMmlal. when subjecucl to YUiow methods of actmtioD. 
prO'lided actiwe C. Bat result.a were ob&ained by chem.. and 
.._ ldifttion. 

96: 1'3623e Graaalar aetiYa ... cartin. Sumitomo Bakelit.e 
Co.. Lt.cl. .I••· Kebi Tekbe K•M JP ll.IM,Jl2 (Cl 
COIB31/081. 10 Dec 1981, Appl 80/6.'J.'23. 15 May 1980; 4 
pp. A min of an actnated C (ftdstock and an aside. bydro:&ide. 
or salt of an albli .-eel or an elk. N1th -ul is heated and 
rued at 25()-13009 IO form • ps CGll"· Hi<>. CO!. NO. or so~ 
(wbeft ~ii 1-3 and y ii fr3). It. then treated with UI Kid. U! 
albli, .d/or -ier. Th-. -320 _...coconut char (100 pens). 
-500 -a. CaC0a (30 puta), and a DbeDolic n.m (RC 30 .. ) 120 
puta) wae bMded at - temp. tor 30 min. panulated to I.0 
::t:0.2 - diua. apbena. heated at 809 for 30 min. I~ (or 30 
min, IMated in Nz at 5•/min to 8009. fared and carbonized under 
tbe w atm.. at tbe w 1.em.,_, ~ for 3 b, treeted with 6N 
HCI lo ftlDOft uadecoaposed CaCOs. wMhed with HsO. fdtend. 
ud -.i at 1509 for 3 h. Uric acid~ - 84.8., and lz 
adlarplion - 1800 me/I-

96:71231t Aedqc.i caMa ~ ..... •l*il- .vr
fro• •laat .. 1eriab. Berk-. SaDdor. Gudol. Gyoqy; 
lloclcmy, Gabor; 1-tl. Mn. JUC11; KOftCS. MikJol; Kuo 
Subo. Tibor; Pec:lay, LMzlo; Somooi. Gyoao:i (V.zpmni 
V91Jiperi F.pet.lm) Buc. Teljea lllr2t.UC (CL COIB31/08}, 
28 Aue 1981, Appl. 77/Pel013, 10 Jun 1977; 14 pp. 
Activa&ed C with sp. IUJface i!:'.1150 mt/1 ia muaufd. ill improVed 
yields from bydrolyud plant auiteriall by tnei-t with oleum. 
k,SO., a w.w .from ILSOc purifD of~ 7.nClt in HsO. 
lka., or halopoated bydroCariaom sucb • CCI.. CiH£h. and 
CtHCb. at 50-2509, follond by 9C\ifttioD • muaJ. Tbus. a 
...w material (50 c. dried at !06•) obCaiDed • a proclua in tbe 
manuf. of furfural from corn cobs .. nftusad 3 b with 150 J 
oleum in 500 J CCI.. tbe mirt. - enpd., tbe naidue wabed. 
dried, and ectnated with mam and CO. at 9009 to Jive 20.3., C 
with ep. IUlfacie 1320 ml/J. T. Mobaai 

96: 71 ltlla ~ ..-llt:J aaor•u fro• tropical plaa&a. 
Niibwa, Kauliiko; ithibMbi. Kauuji; Noda. Yoabio; HOIOCla. 
Hideo (Gor. lad. IM. Lab .• Seppon>, Japen). H-~~ 
KailtoUu ShiUuho IWralru 1•1, (23), 7-57 (Encl. . . 
NaCton wen mad to 1tudy the manuf. of activated C Crom 
trooical woocle and wood ....... The wood spaciJMO initially 
f-4 iato tbe reactor at 4209 evGlved beat by esotbermic: 
decompa. '° \ha llUCIOISlively fed ..,atjmem ooWcl be c:arboniied 
without D.-1 for aD addol. beaL The ftuidiud-bad proceM 
eboftd the followiliJ ldvangpa for the maul. of NP-qUllity 
ad8orbentt from trVpica1 wood9: (I} enero comump&ioa ... 
•ucb 1- \llao tlaat with ntemally beaud reac:ton and (2) 
UDiform produda wm manufd. The Philippine wood 1peciel 
•led.ad for ... u1. " cood quality 11:anular activated c ...,. 
ipil-ipil (/~· bij I and coconut (COCOI nucif~ro} coir dlllL 
1'be activat.11 char produell obtaiDed from ipiJ-ipil and 
coil' dUlt pcmibly be 1uited for adaorptiOD of orJ. IOIYIDW, 
Pl adlorptioD ~· and water u .. tmeot.I. S. llhilv.?a 

see p.37 

• 
see p.55 



56._ 

• 
57._ 

58._ 

• 
59._ 

-15-

Actlw arlMln (menufectuN, pr911eratlon from qricultunll end lndustrlel 
products): • select bibliogreplly (ennoteted}. 

Ceylon Inst. of Sciemlftc and Industrial Resurdl. Colombo (Sri Lante) • ..!.~nical 
library_ ind lnformetlon Senrice. 

En 
Colombo (Sri Lanka). 1981. 217 p. 
831 ref. 

96:24Mle PnelJai9 -• pwfflaaa.. e6 lpullJ ...... 
MIW ...._fer ~-can- ........... ~ 
DousJ- McDuff (Staford UDiY-. sa..rord. CA USA>. 191L 
m PP- <Enc>- Aftil um.. Mic:ralii.. J.L. o.... No. 1uc1._ 
From Dia. A,_,,_ Int. B 1•1. 42(5), 20l~lf. 

Production of ectiv9 e11rbon from coffH-m1king weate by gH- ectivation methOd. 
Goshim1. G.; Hir1b1yeshi. K.; Tsuge. H.; Onishi. K. (Gifu Univ .• Kakemig1n1r1 

(J1p1n}. F1culty of Agriculture). 
JI 
Joum11 of Jap1nese Society of Food S :ience 1nd Technology (J1p1n). ISSN 

0029-0394. (Jul 1981). v. 28(7) p. 393-395. 
Summery (En) . 

(Obt1inment of 1ctiv1ted c:h1rc:o1I from 1gricultur11 waste; the opti~iZltion of · 
minufec:turing conditions (Portug1I)). Obtenc10 ae c1rv10 1ct1v1do • p1rt1r de 
residuos 1gricolu: Optimiz1c10 dH condicoes de f1broco. 

Rodrigues. AE.; Figueiredo. J.LC.; Orfao. J.J.M.; lopes. J.C. 
Porto Univ. (Portug1I). F1culd1d1 de Engenhari1. 
Pt 
(Plinning of scientific and t1cnno1ogic1I 1ct1vities. Programme of res11rch ind 

development contrlcts/1978. Progress reports. 1. semester (Portug1I}). Pl1n11m1nto 
das 1ctivid1des di C e T (Ci1nr.i1 1 Tecnologi1): Progr1m1 de ron1r1tos de 
invHligacao 1 desenvolvimento/1978. Relltiorios de progresso. 1. semestr1. 
Monisterio dlS F1n1nc1S • do Pl1no. Lisbon (Portugal). Juntl N1c1on11 d• 
1nvest1g1cao C11nt1f1c:a e Tecnolog1c1 

Losbo• (Portugal) MFP. S1rv1c:o de PlanHmento • Pro1ectos 1979. P ~6-37 
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95; 121531a Tllie effect of iilfereat met ..... of lldhatioa 
- tllie po .... ity of actiw carbou obtabaed from apicaltaral 
by-pndacta. Roclricuez-Rem.>, F.; Lopez-Gonulez, J. de D.; 
I.inane-Solano, A.; Molina-Scbio, M. (Dep. lnors. Chem., 
Univ. Granada. Granada. Spain). £%£. Absu. Profram - Bienn. 
Con{. Carbon 1911, 15th. 2»-1 (En,). Olive ai- and 
almond shells were carbonized and the procluda were activated 
by beatinc in C<h. The ed8orptioo ~nia wue cleld. by 
ecborbinc 1aa (N, CO,. n-cJlae) or indicaton (from IOlns.). 
Carbona prepi. by ruction in air followed by Ktivation ill CC>i 
have larse adsorption capKitiee. Carbom prepcl. from olive 
stones are lea microporoua than thoee prepcl. from almond 
abeU.. 

95: J4ctlt Preparatioa ud claaracterinti•• of active 
carllle•• In• alive 1teaes. Lopez-Gonzalez, J. de D.; 
Martian-Vilchn, F.; Roclfisuez-Reinolo, F. (Dep. IDClrJ. 
Cllem.. UniY: Gnmda, Gnnada, Spain). Carbon lt80, 18(6), 
413-18 (Enc). Crulhed olive atones were carbonized at 
70C>-9C>09 in a now of N and lldinted mini a CO. Pl now at 
67~5· or ime!'P8tioa widl 7.DCls. Mlle>- and llUCIOJIOIOlity 
were deed. by HI porolity ud adlorpUw d: .,raderiltia wae 
ddd. by adlorptjon of N at 77 ud IO K, CO, •~ 196 ud 273 K, 
butane at 273 K, ud methylene blue 6- 1q. 101D. at 298 K. 
Tbe activated carboal bad Iara• 1u:face aru1 and biJhly 
developed m· "ty. Optimel carboaDation coaditiolll ue 
diaamecl. ~ carbolll IMid low elh coateata ud contained 
DOS. 

• 

• 
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:5.01, ~EF~AtTO~:ES; MANUFACTU~E) CARBO~ & 6RAF!TE PRODJC~S; 
A•. f I VA 'EL• :~:AF:t:i]f\' 

~DSORFTiON, SURFACE ;REA ANO PQROSIT~ 
Gre99 ~ S1~9 1987 

2.4 CHEM:CALS FRQ~ PUL? AND W000 WASTE: PRODUC7ION AND APPL~CATiONS 

N.J.Noyes Data Co. 1978 

2.5 ACTIVE CARBON 
Sm1~e~. M. ana Cern~. ~. 1970 
Elsevier-

Hassler, ]. 196: 
Chemical P0blis~ins Co. 

2.7 PUR!FICAT!ON WiTH ACT:VATED CARBON 
f-ias:.;i.ei-. ].W. 1·::.74 

2.8 ACTIVATED c;R20N TREATMENT : •ATER A~PL::AT!CNS <ENVIRGNME~7AL 
SCIENCE & TECrlNDLOGV SERV~CE) 
'Wile..,, :·:,He 

2.10 !NTRODLlCT!ON TO IN7EGRATED PRGCESSi~G J~ COCJ~UTS 
Scarac, Stock~o:m. 1981, Q9o. 

~ooaroof. J.6. 2nd.ec. 19 7 9 

(:](l]Nl .. IT F'~~M Pr.·crc.; . .<T·:: 7HE:·~· pr;:oct·::·:.rr\,~; !~J L)E'\;Er_OF·[~jf; 

·:: !Ji . .JNT~: T t_·; 

ZA~ I!J:.; !J:=- 1:01 • .jf.ii,~· :,;-.E ._ loP'.;;.., F-E> ::NE;;:i •JF •fl·:·"E ciE;' 

E:r-e =-~, '~. F-.'. l 8c•. 
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COCONUT 
INDUSTRIES 
Quarterly Number 3 1981 

Special Issue: Integrated Processing 

Coconuts 
the modern way 
The dream of us all in coconut business 
is to find a way of using all the parts of 
the coconut palm in a modern and 
efficient way. During rc'.:nt times much 
work has been done in various locations 
to find modem workable industrial 
means for this purpose. 

Scarab Development AB. a swcdish 
research company. has now systematized 
all these efforts and designed a complete 
integrated plant to increase the revenue 
from the coconut se\·eral rimes compar
ed to present practices. 

Their work i-; firmly based on extensive 
market rcsearc!1 for the various producls 
from the coconut palm which ensures the 
profitability of the pr.xcss. 

The process includes wet-milling of oil 
from the fresh coconut meat and there
by by-passes the unncces~ry copra proc
essing which is a legacy from colonial 
times when oil-milling ~as 1one overseas. 
The whole nut will he transported to 
the processing site. but increases in 
transport costs arc more than offset b}' 
the reduction in cost for copra making 
and the increased efficiency of collec
tion. 

The reductior1 or farm labour in copra 
production is also more than offset hy 
a large incrcas: in employment in b>-
products processing and farming imp
rovement practices which arc now motiv
ated by the increased returns from the 
crop. 

Pages 4 through 8 arc based on a report 
published by Scarab which is a type of 
pre-feasibility report which -:onvincingly 
shows the economical and social advant· 
ages of what they term Integrated Proc
essing. 

!karah has howc\-cr refrained from giv
ing a general analysis of the profitability 
of integrated processing. Their argument 
i'i that coni!illbns will vary greatly from 

a coconut worth? z 
(,.:! 

~~-·/ • 
E OF ONE NUT AFTER 

BASIC INTEGRATED PROCESSING 

use 
Charcoal 0.9 

Oil 9.1 
Proteins 2.2 
Other 
Edibles 8.8 

Water 1.4 

Fibre 5.4 

Briquettes 1.7 

Total va 'Je f.o.b. factory 

Production cost: 

28.6 
2.5 
3-7 Actual nut prices: 

Minimal added value 21.6 

place to place and cspc:-:iall> the market 
situation will he different for different 
areas both in regard to local markets and 
cllport markets. Although their general 
analysis shows that integrated processing 
no doubt is more profitable than more 
traditional coconut industry, we know 
of experience that our readers are very 
interested in knowing the figures or a 
partkular industr)'. 

We have therefore received permission 
from Scarab to use some of their back
ground papers and added some figures 
of our own to find out what a coconut 
is really worth. We think that the figures 
we present are fairly correct, but wish lo 
make the reservation th;at this a pur~ly 
journalistic Cllccrsize and not part or a 
commercial offer. Our calculations arc 
shown on page~-
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AC11VATED CARBON 

3 '.fORLIT.ITIE .' .. C'i'IV.\.1'!!:~ CJ.RBOl! FROIXJCERS 

U.S •. \ 

U.S. l'lokua of Actkated ~ 
A-ieapKity 
... J.iy .... 

c..,..y ... (aWimaof ....eN Type of 
PlatLocatica ........, Raw llateriaJlt TnMN- ~ J'ri--rl:.dU-

Amsiaa Narit Co., Inc. 
(INboidiay of Narit NV o! 
'The Netberluds) 

Jacbmarille, FL '!food, peat NORJT Powdered, Susar ttfiDiatJ, edible 
Htruded; oila, dectroplatiq. 
... -alar pharmaceuticals, 

chemicals, catalyst 
........... MllftDt re-
co..uy, dry dUDIJI&, 
water purificatioo 

llaneby-Cbelley 
Company 

Columbus. OH 7 Primllrily co- Acborbite Nearly all Primarily au phase 
CODllt Shella, ... -alar far apecialty ma 
and coal llDCl 
wood 

Husky O'J Compuy 

"" 
"'4 by Husky Oil Limited 

(Cmaadall 
Husky Indmtriea, Inc., 
nbaidiary 

Romeo, FL 30 Wood Hl&Sky Powdered Water purificaticm 
Watercarb 

IClAmmcu 
(owned by Imperial Chemical 
lndustria Limited (U.K.)) 

Specialty Chemicals 
Di Tisi cm 

Marsball, TX as Lipite, wood, DARCO Powdered, Suaar rdinin&. 
bitumiaous panalar cbemical purifica-
coal tiOD, dry de..,ina, 

water purification, 
electroplatill& 

Kamecott Corporation 
Kennecott Dnelopmeat 
Company, 1ubsidiary 

Pryor, OK n Western sub- CARSO- GTanalar Water purification, 
bitumiaous RUNDUM wastewater treat-
coal ment 

Chemical Economics Handbook - SRI International 

Carbon 
731.2.001 H 

Not cunently a domalic 
prodllcer, but pacb, 
W...U. ..,.. distriltuta 
powderedatlpuaular 
actinted carboaa 1-
ported from Narit'a ope-
atioDa in T• Neu.rluds 
..... 11111-idiary supply 15-
ZO% of world dem-4 
(aee DIT1!RNA'IJOllAL 
M!Cticm). 

Formerly a llllbaidiary of 
Pemawalt Co:poratiOD. 

Reportedly has sipift-
c..,t •bare of tbe market 
for odor mad taste coa-
trol ill water treatment. 

Kemaecott Corporatioo 
mano..,ced in A.,....t 
1911, its intention to sell 
tbis plant and to witb-
draw from the actiTated 
carbon buatnaa. 

( 

( 

( 
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C-paay ... 
PIDtLocatia 

Meck • Co., lDc. 
CaJaon Corparati,.., 
subsidiary 

Catlettsbur1, KY 
Nerille Island, PA 

Pacific Carbons, lDc. 
Blue Lake, CA 

Uni,.. Carbide Corpo-
ration 

Carbon Products 
m.w ... 

Fostoria, OH 

Wntwaco Carporati ... 
Cbemical Di'risiOD 

Carbon Department 
Co..tnaton, v A 

Wit.:o Cbemical Corpo
ratioa 

lnor1anic Specialties 
DiYisiOD 

Petrolia, PA 

Total 

AaDul Capuity 
.. ol Jiiiy 1911 

(..nn-of 
,_..i 

100 

I 

s 

IS 

352 

-22-

ACTIVATED CARBON 

U.S.~ ol Actlwate4 c.,._a (c:GatiDaMl 

Raw Material• 

Bituminous 
coal, coconut 
abells 

Redwood saw-
dust, peacll 
pits 

Petroleum 
base residues, 
coconut shells, 
coal 

Wood, bitu-
miDOus coal 

Petroleum 
coke 

Repsteretl Type ..t 
TracleN ... Ptaohoct 

Pittsburp Granular 
Filtruorb, 
Caison 

PACarb Powdered, 
panular 

COLUMBIA Granular, 
extrt>ded 

Nucbar Powdered, 
panular 

Witcarb Granular 

Primary EM u-

Water purification, 
industrial 1as and 
liquidpbue 

Water treatmait, 
""lar refW..,, dry 
deanina, minina pro-
cessin& 

Gas purificatic.n, 
catalyst carriers, 
solYeDt recowery 

Water purification, 
suaar refinin1, pbar-
maceuticals, fats &Dd 
oils, packed bed ad-
-ption for liquid-
and 1u-pbaae appli-
cations 

Gu-phase applica
tiona, catalysts, in
dustrial liquid and 
water purification. 

a. ln addition to the companies listed bere, the followiq firm• also are lnwolwed 111 the U.!>. actiwated carbon market: 

Carbon 
731.2001 .. 

R-U 

Reportedly warld'a lar-
1est producer of panu-
lar carbon. 

Union Carbide Corpora-
lion announced i11 Octo-
btt 1911, tile sale of tbis 
plant to Witco Cbemical 
Corporation. 

Former capacity baaed 
sulfate pulp mill residue 
(black ash) bu beell 
phased out. 

Nortb American Carbon, Inc., Columbua, Obio, is an ir!>porter. The company is luiow11 to import actinted carbon from France, and panular 
acti.,.ted carbon from Hook.., Mexicana S.A., Lecheria, Meidco. Tile latter carboD Is used in e.,.poratiwe lo• control derices on automobiles 

for reduction of hydrocarbon emissions. 

Sutcliffe Speakman Imports aipificant quantities of coconut shell-derived material from Its manufacturin1 operation In the U1>ited Klnpm. 

b. Raw material aelection can alter effectiYe capacity 1iplficantly due to thro .. hput diff.:rencu. 

SOURCE: CEH e1ti111ate1 and communication with Industry. 

Chemical Economic• Handbook - SRI International 

• 

• 
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ALLIED - SIGNAL INC. 

CAL:FORNIA CARBON CO 

D-MAR~:. INC. 

OE6USSA CORPORATION 

GENERAL CLARIFIER CO. 

HARSHAW-FILTROL PARTNERSHIP 

INDEPENJENT EQUIPMENT CORP. 

ION E~ChAN6E PRODC(TS, INC. 

JONES CHEMICALS, INC. 

~OBAY CORPORATION 

NORT~ AMERICAN CARBON INC. 

NUCLE~R CONSULTIN6 SERVICES <NUCON) 

THOMPSON HAYWAR0 C~EM!CAL CO. 

I.JN ro~.J Ci-'O:.r1 r (AL L' ! I/. i :~j: ON 
i':i'ILffiF~J!A 

CO DF 
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======= 

'?40 T-w. ST-PAUL AVE. MIL'WAlJKEE. 
~ 532.33 .. PH 414-2.73-3850 

152-T ANDOVER ST.DANVERS, MA 01923 
PH 617-777-1970 

P.O.BOX 2245 R. MORRISTOWN. 
N • . 1 • 07'?60 

2825-TE. GRANT ST. WI~MIN6TON 
CA 90744, PH 213-775-6678 

25712-T D'HJNT COURT, MOUNT 
CLEMENS, MI 48045 PH 313-949-3610 

RTE 46 AT HOLLISTER RD, TETERBORO 
RO, N • .J. 07608 PH 201-288-6500 

2000 EASTERN PARKWAY 
BROOKLYN, N.Y. 11233 

30100-T CHAGRIN BLVD. CLEVELAND 
OH 44124 PH 216-292-9200 

THREE BRIDGES N.J. 

4834 S. HALSTED STREET, CHICAGO 
IL 60609 PH 312-254-1300 

CALEDONIA N.Y. 14423 
PH 716-538-2311 

47~-T NIAGARA PKY, NORTH TONAWANDA 
t1. y. :0:;120 
P'i 71 t.-693-t.205 

PITTS8UR6H, PA 15205-9741 
PH 412-777-4814 

432 MC CORMICK BLVD, 
COLUMBUS, OH 43213 

P.O.BOX -29151-T, COLUMBUS 
OH 43229 PH 614-846-5710 

1301 YORK RD LUTHERVILLE 
MD 21093 PH 301-337-2800 

KANSAS CITY, K~ 66106 

P.O.C:Ot 604~5. 12-:::1 
W. F!FTH 87. LOS ANGELES 
CAL:FO~NIA 900~8 

P.0.8C/ 32370, LOUISVILLE 
r:. Y. 1.t02 :2 
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CARBON 
• Granu1ar1PeltetiZedJlmpregnated 

• Air/Gas/Water Purification 
• eoconut/Bitumlnous 

Coal/Wood ease 
• Mesh Size/Activity For All Needs 
• Packaged BagteartonfPails/ 

Barrels 
• Self Contained Puriflerslfllt 
• CarbOfl ProductsfEqul 

For All Need& 
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EUROPEAN PROWCERS OF ACTIVATED CARBON 19B7 

. -···------
Annu1I Clpecity 

C•rbon. •ctiv1ttd !Thgyynd! gf Mt!ri!i Tgnsl Rew M11eri1I 1nd Rtmarks 
BELGIUM 

Chemviron Clrbon sa FELUY, (H1in1ut) 10 Coel; mostly grenuler 
FRANCE 

CECA SA PARENTIS EN BORN, (l1ndes) 12 Wood; gr1nul1r 1nd powder 
J. Uiffo11 l Cie. SA BORDEAUX, (Goronde) <1 Regen1r11ion 
Pict SA VIERZON, (Cheri 8 Coconut sh1l11 and wood; 

granular 1nd powder 
GERMANY 

Beyer AG LEVERKUSEN, (Nordrhein-
10 Ligni1t, p111; granular 1nd Westlalen) 

powder 
Bl~ltsverblnd GmbH ESSEN 13, (Nordrhein-

3 Coel; grenular and powder 
I 

Westlalen) I\) 
1...11 

~ssaAG I 
em1cals Sector 
lno~an1c Chemical P1oduc1s 

1111s1on BRILON-WALD, (Nordrhe1n-
Westlalen) e Wood and coal 

ITALY 
An11cromos SpA LEGNAGO, (Verona) ~ Wood; powder 
Boston SpA 

FERRARA, (Ferrara) <1 Vegetable derived 
Nont ltaha SpA RAVENNA, (Ravenna) n1 Reg1neretion 

THE NETHERLANDS 
Nont NV HEMBRUG-ZAANDAM, 

38 P111; granul11 1nd powder (Noord Holland) ] KLAZIENAVEEN, (Drenthe) 
UNITED KINGDOM 

Chemvoron Carbon Ltd. GRAYS, (Essei1) 2 Regeneretion 
Nont (UK) ltd. GLASGOW, (Strathclyde) 

Scotland 10 Wood; powder 1nd granular 
Sutcliffe, Speakman PLC LEIGH, (Manchester, Gre1111) 5 Coconut shells, coel, ligni1t, 

wood 
Thomas Ness Ltd. COEDELY, (Glamorgan, Mid) 

2 Coel; on standby. Wilts 

ADO TOTAL <109 

Source: SRI lnt1r111tio111l estiF111t1s as of January 1, 1987. 
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(HEMIE-EXPORT-I~PORT 

WE::;TEP ~INEPAL!EN 
A &. H WE:::T~f:. Kti. 

DE~TSCH~AN~ 6.M.8.ri. 

DE~TSCriE ACT!VEKOHLE 
GME:H 

RU7~ERSWERKE AKTIEN 
G t:·:.EL:....:::c HAFT 

1~· -._.f':t :....c 

Cocker1lioie1n 3.5-3600 

KODAi\i:;KA O::,t.. (: S-: (Hj. 

PF:AHA 10 

Stor~ow~r. Str.133. DOR 
1055 Ber-1 in 

Heerstr. D-5305 Alfter 
W i tt.er-s,:r11 i ~-: 

Berlin :9,C~arlottenburg 

Richter & Cc.Jagerstr. 
52-56,G-4000.Dusseidorf ' 

Pcst~ac~ 300945, )-4000 
~'USSel1j1:-t-f -30 

Gwinnerstr.27/33, D-6000 
Fr-ani-. fur-t-60 

Postfach 111541, 0-600 
Fr-atW.f•_wt-1 

Postfach :00744, D-2000 
...;-=-:T•t•Ut-g-1 

PostF~ch 81511, G-6800 
l"'":arinr~ie- l m-81 

F'ostfach 840013, 
~·iijrntn?r-9-80 

~;-8500 

Ad:erstr.54. D-4000 

Via 6.{;Ct.lil~i, 51-53, 
I-200~6 Pioltello 

Postbus 16, N-6590 
DH M1lsbeeh 

Jufferstr~at 238 NL-3011 
XL. Rot~.eri::i~m 

• 

• 
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SWEDEN AHLSELL MINERAL AB 

SK06ENS f:: OL AE: 

U.S.S.R. 

• EiKE'.:; TECHNO-EXF'OF:T 

• 

POBOX 3915 R-72209 
E'•J(..;an?st 

BOX 81553, S-lt)482 
S •.or:k h•:! i. m 

BOX ·?O, S-82300 f··:i lafors 

BOX 11016, S-16111 Bromma 

SMOLENSKAJA-SENNAVA 32/34 
SIJ-1212.00 Mt:•Skau 

Ovchinnikovskayanab 18/1 
M·:·shau 



Asian Producers of Acu•ated Carbon - 1980 
Annual Capacity 

c... 

Producing Company and u of Year-End 1980 Trade t c: 

Plant Location (metric tons) Raw Material Name Type Primary End U11et1 Ill ., 
'< .... 
..0 

Jqan 
Daiichi Tanso Kogyo Co., Ltd. 

CJ') 

N 

Fukuroi, Shizuoka Prefecture 600 Sawdust KINT AL Powdered 

3,500 Coconut Shell Granular 

0 
Fujisawa Pharmaceutical c,,,, Ltd. 

Ir Hiroshima, Hiroshima Prefec-

B ture Z,700 Sawdust FUJITANSO Powdered Brt!wing and food 

- 1,200 Anthracite Coal Granular processing 
n 
Ill -t1' Futamura Chemical Industry Co. n . 
0 Obgaki, Gifu Prefecture 10,000 Sawdust TAIKO Powdered 
::t ~ 0 600 Coconut Shell TAIKO Granular 
a .... 
n .. Hitachi Tanso Kogyo Co., Ltd • 
= 

> 
§ 

Tomobe, Ibaragi Prefecture Z,400 Sawdust NITTAN Powdered a, 
"' 

1,000 Coconut Shell NIT'fAN Granular 

8' p ~, 
0 Hokuetsu Carbon Industry Co., Ltd. 
~ I I Yokohama, Kanagawa Prefecture 1,800 Sawdust HOKUETSU Powdered 

tn lZO Coconut Shell HOKUETSU Granular 
~ 
6" Hokutan Chemical Industries Co., .. 
1' Ltd. 
::t Toda, Saitama Prefecture 3,600 Bituminous S-COAL Granular 
Ill .. - Coal 
8 
e!. Kitamura Chemical Co., Ud. 

Nara, Nara Prefecture 600 Sawdust KINTSURU Powdered 

Kuraray Co., Ltd. 
Kuraray Chemical Co., Ltd. .... 

subsidiary 7,800 Coconut Shell KURARAY Granular w 

Bizen, Okayama Prefecture 
.... 
NO 
81': 

Kureha Chemical Industry Co., 
Ng' 
.0" 

Ltd.• 
Nishild, Fukushima Prefecture 3,600 Resinous Pitch KU REHA Granular Water treatment 

BEADS 

cone • 



A'an Producers of Actl•ated Carbon - 1980 .ntlnued) 
'"" Annual Capacity Ill 

Producing Company and u of Year-End 1980 
::s c: 
Ill 

Plant Location (metric tODB) Raw Material Trade Name Type Primary End OMS "" '< .... 
ltorea, Republic of -D 

00 
Yoolim Chemical Industrial Co., N 

Ltd. 
- - - - Kim po n.a. n.a. 

n Malaysia 
l Century Chemical Works Co. 
B (joint venture of Takeda Chemical -n Industries, Ltd. (25%) (Japan), t!.. 
tlJ Tosin Sangyo KK. (20%) (Japan), 
n and Wah Seong Trading Co. (55%) 0 
l:S (Malaya)) 

~ 0 
B Prai industrial .. ~mplex near -n Penag 2,000 Wast@ rubber Powdered • ::z: ~ !: Philippines 
~ Cenapro Chemical Corporation g' (") 
0 (joint venture of Kuraray (Japan), >, ,.. 

Marubeni Trading Co., (Japan), g~ I 

en and Cenapro Group (Philippines)) 
~ Mandue, Cebu s,ooo Coconut shell Granular z 
S4 .. Davao Central Chemical Cl a Corporation .. (joint venture of Takeda Chemical .. -8 Ind. (Japan), Mitsubishi Corpo-
l!!. ration (Japan), and loc .. •' capital 

in the Philippines)) 
Davao 2,000 Coconut shell Granular 

Pacific Activated Carbon 
Company ..., 
(joint venture of Daiichi Tanso w .... 
Kogyo Co., Ltd. (Japan), C. Itoh & Nn 
Co. (Japan), and H. N. Montenegro o~ 

~8' & Aaociates Inc. (Philippines)) en i:s 
Misamis, Mindanao 700 Coconut shell Granular 

cont. 
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TE~~ANT CH~R~~S l CO. 

·!-'t··i-: 

•Jr,t. . -.-. 
.i..C.• .. 

Q 3r,~s:0r Rd.isiin~~o" 

Or;~a~-1-:· r·::E 3C5 

:.327 C:.M~j.tiway 

Bu~-11ngtor~ Otit .• :_7M l~t3 

30 i-.~Crage C! .~h:rW~fSV!t?W 
Gr:t. ;13) • ..... ? 

-~ ; ~ .:. ... 2' .;.. ... -~ _ ... 

• 

• 
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INDIA • 

JAPAN 
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============================================= 

COMPANY NAME AND AD[!RESS 

======================== 
ACTIVATED CARBONS PRODlJCERS' ASSOCH\TION 
i\ve~1ue l·=-·- ~se 250. STE 71~ 8-1050 Bruxelles 
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1.2 Manufacture and uses of 
activated carbon 

A. CTIHTID carbon is extensively 
["\ used in a wide variety of applica
tions and yet little is known outside the 
industry itself of the raw materials an<i 
methods of manufacture and also of the 
qualities which make the product 
suitable for one' use and apparently 
unsuitable for another. The water 
industry is a particularly large user of 
activated carbon and it was felt that a 
brief, rC"..sonably general introduction 
might be useful to personnel in the 
water industry who might ~omc across 
the product. 

Almost all materials that are composed 
essentially of carbon can be activated. 
\\'bat happens during activation is that 
the intemal surface area of the material 
(the area accessible to a fluid) becomes 
vastly expanded, by the controlled 
oxidation of carbon atoms. 1 gramme 
of ground anthracite for example, has 
an intem:.I surface area of about IOsq m 
and.'during activation it would acquire 
an internal surface area of (usually) 
betWccn 700 and 1,20C'sq m. 
:\ good activated carbon needs not 
only a large internal surface area but 
rapid access to this by means of a well 
developed pore structure of differing 
diameters. The pore diameters are 
usually classified for convenience as 
micropores, with diameters up to 
60AllOOA, intennediate ormcsoporcs, 
with diameters up to 600A, l,OOOA, 
and transport or macroporcs with 
diameters larger than this. :\significant 
proportion of all three must be present 
in a good quality activated carbon. 
Each individual pore network may be 
visualised as a hollow tree with a lar~e 
central pore and a huge network of 
further pores of pmr,rcssively reducing 
diameter. 
Surface area is a common, thoutth 
potentially misleadin'!', indicator of 
performance. It is usually obtained by 

J.\SI .\R\" 19K2 
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use of the Brunaucr, Emctt, Teller 
(BET) method which i nvolvcs use of 
nitrogen at 77~K and a range of 
pressures up to saturated vapour 
pressure, and gi·-cs the amount of 
nitrogen adsorbed assuming monolaycr 
coverage. In practice since adsorption 
is much ~cater than monolaycr and 
the molecules encountered in adsorp
tion arc larger than nitr~en, the 
effective area for adsorption is usually 
considerably less than implied by this 
value. _\ more useful criteric:i is the 
distribution of pore volume and surface 
area with pore diameter. 
For example, for four commercially 
available carbons, (sec Table I) 
Carbons 1 to 3 would be used in liquid 
phase adsorption. Carbon 4 which has 

Specific pore volume 
lncrem. o~ pore diameter 

0·14 

0·12 

0·10 

0 OI 
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0·02 
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I 
I 
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micro 

a much higher proportion of micro
pores than the others, would be used 
in vapour phase adsorption. 
The pore size distribution is largcl~

govcmed by raw material and method 
of activation. Carbon made by chcmi
':'!lly activating sawdust for example, 
with a high proportion of mcsopores, 
would be ideal for adsorbing high 
molecular weight bulky molecules of 
the type encountered in dye stuffs. 
Carbon made by thermally activating 
coal or coconut sh~ll, on the other 
hand, with a high proportion of 
microporcs, would be more suitable 
for adsorbing low moiccular weight 
molecules such as malodorous sub
stances. Figure 1 illustrates thcs:: two 
extremes. 

Vapour phase carbon 

.. ,, 
f I 
I I , ' 

f I 
I I 

: \ Decalourising carbon 
I : ,. 

I \ , ' 
-*' ' I ' '-".,' ' .. 

100 
"'9SO 

.. ...... .. _ 

Figure 1 
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Another way of illustrating this is 
shown in ~ 'igure 2, which indicates 
pore size distributions for four particu
lar activated carbons made by thermal 
methods from differen~ raw materials. 
An indication of an activated carbon's 
adsorptive capability can be obtained 
from its capacity for the standard 
reference materials used by manufac
turers for quality control purposes and 
given in their commercial literature. 
The commonest of these are ca1 bon 
tetrachloride, iodine, benzene, phenol, 
methylene blue, molasses and alkyl 
benzene sulphonate (detergent). There 

Figure 2 

Some of the commonest raw materials 
are indicated in Table ii. 
Statistics are difficult to come by, but 
from available data and personal 
knowledge the capacity situation for 
1978 is summarised in Table I II. 
Of the estimated 275,000 tonnes 
capacity about 30,000 tonnes is p~o
bably in pellet fonn, and the remainder 
is granular and powder product in 
roughly equal proportions. 

The actua- production during the same 
period is more difficult to ~ since 
in Europe and the CSA, in particular, 
there was over-capacity (which has of 
course been exacerbated since by 
recession in the western world), but 
probably it totalled somewhat in excess 
of 200,000 t?nnes. 
The five raw materials given in Table 
III are predominant, and if the group-
ing together of materials as di,-erse as 
peat, lignite, bituminous coal and 
anthracite can be accepted (which one 
might e.-,;pect individual manufacturers 
to contest), it can be see."l that the coal
based family of ravr material takes 
about 70% of the total. In the western 
world in fact, the companies which 
have entered the business m the last 
decade have tended to concentrate on 
using bituminous coal and anthracite 
whereas in the developing world new • 
entrants have concentrated on using 
coconut shell charcoal. 
Since activation takes place by the 
removal of what may best be termed 
volatile matter, the economic relation
ship betwem price and availability of 
raw material and of volatile content, is 
an important one. One of the advantages 
of using bituminous coal and anthracite 
for example, is their relatively low 
vol:uile content and hence high ~;eld 
of product. In the developing world a 
major consideration is the availability 

is, of course, no substitute for trying 
the carbon in the specific application TABLE I: Distribution of pore volum: and surface area with pore diameter • 

under consideration. 
Manufacture 
It has already been stated that any 
essentially carbonaceous material can 
be converted to activated carbon. Just 
to illustrate this, patents a,.e available, 
and in some cases carbon adsorbents 
have been manufactured, from such 
diverse starting materials as waste 
tyres, petroleum heavy oil, cellulose, 
phenol formaldehyde resin, rice husks, 
pulp mill residue, corn cobs, coffee 
beans, and bones,.and for e\·ery one of 
these, many more could be mentioned. 
What all these, and the starting 
materials used in relatively large scale 
manufacture have in common, apart 
from carbon content, is ready availa
bility and hence reasonable price. 

t'.f'f'l.l'f::"T .l.'0 \\'.\TF.R TH~.\T'.IF.:-;T J!Wll:"Al 

Surface area (m~ 1g) Pore volume (ml/g) 

To12I In pores> Total In pores> 
40 A diameter 40 A diameter 

Carbon I 665 150 0.95 0.1 l 
Carbon 2 900 170 3.24 2.56 
Carbon 3 1,335 245 2.33 1.08 
C;1rbon4 1,055 22 0.59 0.14 

TABLE II: Raw materials of more common activated carbou 

:\faterial 
Carbon conrenc (approx) 

(~ o) 

---------------
Soft wood 
Hard wood 
Coconur shell 
Lignite 
Biruminous coal 
. .\n1hraci1e 

40 
40 
40 
60 
;; 
1)0 

OA 
0.6 
1.3 
1.2 
1.4 
u~ 

JMff.IR'' l'IH2 



• 

• 

30 
-39-

TABLE W: Production capo.city 1978 (~) but only if pelleted arc they hard 
enough to compare with carbons 
produced thermally. They generaily 
have relatively high minerai content. 

Raw :\(aterial ~- Americ::i W.Europe Others• Total• 

The coal family (including 
peat, lignite, bituminous 
coal and anthr:acite) 
Wood charcoal 
Coconut shell charcoal 
Sawdust 
Petroleum coke 

Totals 

•~:ri:ludinr East"" Europr and China 

104,000 

28,000 
~.ooo 

5,500 
3,000 

144,500 

of waste materials such as coconut 
shell and rice hu~1:s, which, despite 
having very high volatile content and 
hence giving low yields of activated 
carbon, are so inexpensive that the 
economics of using them are un
assailable. 
As mentioned previously, the methods 
of manufacture of activated carbons 
can be grouped into two main types, 
chemical and thermal, (although this 
grouping is largely used for conveni
ence since even the chemical methods 
are carried out at well above ambient 
temperature). 
The main purpose of activation is 
creation of an internal pore structure, 
and the two methods achieve this in 
differing ways. Chemically, porosity is 
achieved by degradation or dehydra
tion of the (usually cellulosic) structure, 
or by the action of the oxidising gases 
generated. Thermally, p.Jrosity is 
achieved by removal of volatiles, and 
of carbon atoms as ~aseous oxides. 
:\lost companies nowadays use thermal 
methods and two particular processes 
\;:ill be described in some detail. Before 
doing this however, it would be useful 
ro discuss the chemical route. 

Clumical mttlzods 
The raw material used in chemical 
activation is usually sawdust and the 
most popular activating agent is 
phosphoric acid, althou~h zinc chloride 
and sulphuric acid are also well known, 
and others used in the past include 
calcium hydroxide, c;1lcium chloride, 
man1pnese chloride and sodium hy
droxide . .\II the usual reagents have in 
common the fact that they are de
hydrating agents. Raw material and 

F."Ll"F.!llT A!llD WATER TRF.AnfF.!llT JOL'R!llAL 

62,000 

i.000 
10,500 
15,000 

94,500 

25,000 

3,000 
S,000 

36,000 

191,000 

38.000 
22,500 
20,500 
3,000 

275,000 

reagent are mixed into a paste, dried 
and carbonised in a rotary furnace at 
about 600°C. Further activation with 
steam at 7f800"C is sometimes used. 
When phosphoric acid is the activating 
agent this carbonised product may be 
heated for between 2 and 8 hours at 
temperatures of 800-l,000°C, during 
which stage some of the carbon present 
is oxidised by the acid which is itself 
reduced to phosphorus and hydrides. 
These vapouriscd products are dis
charged to the stack and removed by 
scrubbing. Th'- reagent is largely 
recovered by leaching after the car
bonisation stage, and converted back 
to phosphoric acid for re-use. The 
product is washed with water and then 
dried. 
Activity can be controlled by altering 
the proportion of raw material to 
reagent, commonly between the limits 
t :0.5 to t :4. Activity increases with 
increasing proportion of the reagent. 
It can also be controlled by the 
temperautre and residence time in the 
kiln. 
This method produces a range of 
sizes, but the produce is very soft and 
is generally ground to powder. Pellet;; 
can be produced from this powder. 
The method also produces carbons 
with large pore diameters which makes 
them mo~t suitable for decolourising, 

Tlrntruzl wuthods 
Peat, lignite, bituminous coal, 
anthracite and coconut shell charcoal 
are usually acti\-ated thermally, and 
indeed thermal methods can, and are, 
used for virtually all raw materials. A 
variety of methods have been deve
loped, each being appropriate to a 
particular type of raw material, but all 
sharing the same principles-carboni
sation usually between 500°C and 
900°C with simultaneous or subse- · 
quent reaction with an activating 
agent such as steam or co~ at soo· 
900°C. It is possible for the process 
using steam to be self-sustaining in 
energy terms, since the overall reaction 
invoh·ing conversion of carbon to 
carbon dioxide, is exothermic; as 
shown in Table IV. 
The raw material must first be 
granulated and sized. Soft and high 
volatile content feedstocks such as 

lignite and some bituminous coals, 
because of their coking properties, are 
usually crushed and then reconstituted 
by briquetting, extrusion or pelletising, 
often with addition of a binder to aid 
the process. Hard and low volatile 
feedstocks can be carbonised without 
this step, but reconsti:ution can be 
used to increase the proportion of 
macropores produced. 
The main purpose of carbonisation is 
to reduce volatile content and.thereby 
convert to a form suitable for acti\·ation 
by (usually) steam. Carbonisation is 
usually carried ou: below 900CC with 
an inert gas such as flue gas. 
Carbonisation and activation used to 
be carried out separately, bu~ increas
ingly now they are carried out together. 
A whole variety of furnaces and kilns 
are used for carbonisation and activa
tion including rotary kilns, fired 
directly or indirectly, multiple hearth , 

.,. .... ·· 

TABLE IV: Conversion of carbon co carbon dioxide 

C -- H~O(steam) 
CO--JO~ 

H! - JO! 

O\"ER.-\LLC-Oz 

-CO-Hz 
-co! 
-H!0111eam) 

-co! 

-jl kcal 
-- 6i kc;ol 
· 58 kcal 

--94 kC31 
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Figure 3: Thermal unit with vertical retort 

furnaces, fluidised bed reactors and 
vertical retorts, and each has advan
tages for a particular purpose. The 
indirectly fired rotary kiln for example, 
is relatively large and expensive but 
avoids a large discharge of inert gases 
to the after burner. The fluidised bed 
reactor is extremely compact but can 
only be used for the hardest raw 
materials because of the attrition which 
can take place during fluidisation. 
Of the many thermal processes u~cd 
two will be described in more detail. 
Both are CK processes, using coal, one 
employing a vertical retort and the 
other a fluidi~cd bed reactor. 
The first method uses briquetted 
bituminous coal as its feedstock, 
althou~h it is also suitable for some 
other coals and coconut charcoal. The 

coal is rineh- crushed, then briq~etted 
into truncated cones of 61icm dia
meter. The briquettes are fed into the 
top of a heated sealed retort (see 
Figure 3) about i.2m long through 
which pre-heated steam is passed. As 
the bri;iucttcs move slowly down the 
retort carbonisation takes place. The 
rate of movement of briquettes down 
the retort is controlled by the rocking 
plates and is dependent on the overall 
residence time needed to give product 
of the required activity. ~ear the 
bottom of the retort, at a temperature 
approaching !000°C, activation takes 
place. Product, still in briquetted form 
though by now extremely brittle, is 
drawn from the hottorr .. The product 
gases from the top of the retort are 
mixed with air and burned in an 

31 

adjacent one, thereby heating the 
surrounding brickwork and enabling 
pre-heating of the steam. Product is 
cooled before being crushed and 
graded. 
This process has a number of 
advantages, including close control of 
acti\;ty and high yields of granular 
carbon. It also enables efficient use of 
fuel. It would not, however, be suitable 
for processing low volatile materials 
such as anthracite which would require 
very high pressure briquetting before 
use, nor would it be id~! for coking 
coals since swelling would dam.age the 
retort during carbonisation and give 
rise to very friable products (this can 
be avoided to some degree by careful 
blending of coals or by addition of 
certain -:hemicals). The process does, 
of cour~, require initial briquetting of • 
feedstock. 
The second process described was 
developed by the ~ational Coal 
Bo:ord at its Coal Rescard: Establish
ment during the I960's, and subse
quently put into commercial operation 
by Thomas ~css !.imited. It was 
designed to activate anthracite, be
cause this has intrinsic advantages in 
being the hardest form of coal and 
containi;tg the least volatiles. Past 
attempts to activate anthracite in 
conventional kilns had not been 
successful, because no means had been 
found of allowing sufficient access of 
heat and steam to individual particles 
of anthracite to generate formation of 
an extensive microporous structure. 
The ~CB process achieved this aim b)· 
using a fluidised bed to generate move
ment of anthracite particles. The 
principle of the Ruidi'led bed involves 
passage of a gas upwards through a bed 
of particles at a controlled velocity 
sufficient to lift them from the reactor 
base and keep them circulating freely 
within the bed. This allows uniform 
treatment of all particles, good heat 
transfer, and good gas-solids contact. 
The process, which operates on the 
batch principle, is illustrated in Figure 

~-
Carefull) graded anthracite is fed into 
the reactor where it is fluidised by 
superheatc:l steam entering the reactor 
at about 0. 9m. sec \"elocity and heated 
up to carbonisation temperature, above 
800''C, at a rate of about socc;min. 
Combustion gases arc not recovered, 

• 
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PllODUCT CPOWD!lll 

which renders the overall process 
endothermic. The plant is, however, 
on a site where C..'tcess combustible gas 
is readily available, and specially 
designed burners arc immersed in the 
reactor to bum a gas1air mixture which 
maintains the temperature during 
activation at 900/950°C. Powder pro
duct is taken out of the top of the 
reactor before being cooled, crushed 
and packed. Granular product dis
charged from the bottom of the 
reactor, is similarly cooled, then 
graded and packed. Because of the 
rapid pre-heating and activation stages 
used in this process, a large number of 
batches can be processed each day. 
The process has two major merits. 
Firstly, and most importantly, it 
eliminates the various stagcs such as 
crushing, reconstituting and prc
carbonising needed for volatile raw 
materials, and secondly, being a batch 
proccss, the period of activation can 
simply be lengthened or shortened to 
achieve the desired product charac
teristics. 

TABLE V: Percentage absorption of 
various pure compounds on a coal 
based carbon 

C.arbon rerr~chloride ,,-~ ' ~ 
Perchloro.erhylene 59•>,, 
:'\ irrobenzenc J .. n., 

. .\nilinc 2i 0
., 

. .\.:rylomrr1lc Ii'\, 
Ethylene JJlycol H"n 
;\lerh~nol 6n" 
. .\mmoniJ I" .. 
I (,·drol(cn sulphi<le o ...... 

As would be expected, starting with 
anthracite produces a carbon with a 
high proportion of microporcs, 
particularly suitable for water treat
ment and air purification. 
This article concentrates, for reasons 
which will be clear later, on powder and 
granufar forms of carbon since these 
arc bv far the most commonly used. 
There arc, however, cases in vapour 
phase application where these forms 
arc unsuitable and a form is needed 
which allows rapid passage of gas, ic 
low pressure drop through a bed. This 
is achieved by use of pelleted carbon. 
Pellets usually also have the advantages 
of hardness and uniform sizing, but 
arc naturally more expensive than 
granular carbon. 
)lany different forms of pellet arc 
available but by far the commonest 
form is the cylinder. Diameters from 
Imm to IOmm and lengths from lmm 
to 25mm can be obtained for a whole 
variety of applications, but the vast 
majority arc in the range I mm to ~mm. 
It is possible to produce activated 
carbons in a whole range of shapes 
such as blocks, rods and bars, by 
putting the mixture of cn'lhcd carbon 
and resin into moulds and heating 
until cured. 

Usage 
Cse of activated carbon is generally 
considered when there is a need to 
remove small quantities of soluble low 
and middle molecular weight organic 
:;ubstanccs from relatively large vol
umes of ffuid. The capability of carbon 
for adsorbing oritanic material com
pared with inor.ganic in the gaseous 

phase is illustrated in Table V for a 
small number of materials. The carbon 
used for the tests was coal-based, and 
the figures relate to adsorption of the 
pure compound at equilibrium at 
25°C from an air stream with relative 
vapour pressure of0.01. 
Performance with some organic 
materials which would otherwise be 
poorly adsorbed, can be substantially 
increased by impregnation of the 
carbon to allow chemical reaction to 
take place. An C.."tamplc of this is 
impregnation of carbon with iodine to 
aid adsorption of mcrcaptans, hydro
gen sulphide, and other sulphur
containing malodorous substances . 
. .\dsorptivc capacity is related to the 
concentration of a particular substance 
in a fluid, capacity increasing with 
increasing concentration of the sub
stance as Figure 5 illustrates . 
There is an economic point at which 
use of activated carbon for purification 
would not be appropriate because, 
although greater adsorption takes place 
at higher levels of concentration, the 
carbon would naturally become more 
easily saturated at higher levels and 
require more frequent replacement . ..\s 
a rough guide one would generally not 
consider carbon usage with contami
nant concentrations greater than 100 
parts per million, and the common 
level would be hetwecn 50 and I 00 
ppm . ..\t these levels of concentration 
it would be economically viable to use 
carbon to take contaminant levels 
below IOppm. Carbon is ideally 
capable of treating fluids with con
taminant levels of less than I ppm, 
removing these to less than 0.001 ppm, 
for eicamplc. 
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AJV>rption 
_\cti,·ated c:irbo11 works by adsorption
which may be defined as the preferen
tial accumulation of a dissoh-ed sub
stance, ie solute at ar.. interface. 
_\lthou~h the principle is the same 
both for ,-apour and liquid phasc:s, it 
mav be easier to understand for the 
liquid phase and this is appropriate 
because the other part of this presenta
tion discuses use of the matf.rial in this 
phase_ 
The solute tends to mi1;trate to the 
adsorbing interface because of four 
factors:-
1 Its own hydrophobic nature; 2 \-an 
der W aal' s forces; 3 Electrostatic 
attraction to charged sites at the 
interface (acti,-ated carbon tends t:> be 
negatively charged}.and ~Occasionally, 
chemisorption takes place_ 
The one considered most likely to 

occur is van der \\"aal's forces, because 
it is well known that adsorption 
desorption is taking place continually 
and adsorbed molecules are free to 
mo\-e around the :;urface. The mole
cular attraction is sufficient to allow 
preferential adsorption to take place 
but not strong enough to resist the 
desorption that takes place during 
relatinh- mild thermal treatment_ 
Adsorption isothtrm 
The dfecti\-eness of an activated 
carbon in adsorbing a :;olute ma~- be 
expressed by producing an adsorption 
isotherm. The one most frequently used 
is the Freundlich isotherm and this 
gives, at a given temperature, the 
amount adsorbed per gramm of 
carbon and the equilibrium concentra
tion of the solute. 
The Freundlich isotherm is given by 

x 

m 
= kc1 

n where x is weight of the 
solute adsorbed. 

m is weight of the 
activated carbon 

c is equilibrium 
residual concen
tion of the solute 
in solution. 

k and n arc con
stants. 

Expressed in lo~arithmic form:-
lo~ (x m) =lo~ k...:... In log c, and so 
a graphical plot of loll' (x m), the 
amount adsorbed per unit wei1?ht of 
carbon aizainst 101? c should 1?ivc a 
strai~ht line. 

I \~I \llY l'l'i2 
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The example in Fi1;ture 6 of [)_:.'\itro
phenol adsorption b~- two different 
c:irbons illustrates this, and also 
suggests limits w the linear relation
~hip. 

The relationship g1,·en bv the 
Freundlich isotherm is usually linear 
over a range of concentrations which 
\"aries by no more than a factor of 100. 
The smaller the ,-:i[ur. of the constant n, 
the better a carbon will perform in a 
dilute solution compared to a more 
concentrated one. 

The isotherm also explains one of the 
fundamental differences between usinl,l' 
powder and g(anular carbon. Powder 
is used in a batch proccs.:, '.!!'<i comes 
into rapid equilibrium with the rda
tiveh- low concentration of solute 
remaining after adsorption has taken 
place. In a granular carbon column 
however, the spent carbon at the inlet 
has to come to equilibrium with the 
relatively high initial solute concentra
tion and its capacity is therefore more 
fulh- utilised. 

The capability ;ind performance of a 
carbon in a particular application is 
largely dependent on its physical 
characteristics. Surface area and pore 
siZP. distributio l ha\·e aiready been 
mentioned, but other important factors 
include hardness, apparent density 
and particle size distribution. 

Clearly the harder, or more resistant to 
abrasion, a granular activated carbon 
is, the more likely it will be to resist 
breakdown during backwashin~, re-

mg. of 
p. Nitraph•nol 

od1orl1•d P•• 
II· of corbon 
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generation or other rigorous treatment 
r~imes. The higher the apparent 
density, the greater will be the weight 
of gr.muiar carbon held in a tilter 
\·essel of given rnlume. This can be 
considered a disadvantage, since car-
bon is sold on a weight basis and a 
greater weight would be required of a 
denser carbon to till a gi,·en \·olume, or 
an ad\·antage, since adsorpti\·e capa-
city is measured on a weight ·weight 
basis and this greater weight of carbon 
would last for longer before needing 
replacement. Different ,-iews are i:x
pressed b~- different manufacturr.rs 
depending, of course, on the products 
they offer! One thing is however 
beyond dispute, which is that carbons 
made from anthracite and coconut 
shell are harder and generally have 
higher apparent densities than ~hose 

made from other raw materials, unless 
these latter are processed further, for. 
example, briquetted. The particle 
size distribution is important because 
it governs pressure drop through a 
filter bed. \\"hen particles of \\;dely 
differing sizes are present a matrix is 
built up which impedes tlow of tluid, 
whereas a filter containing particles of 
fairly uniform size will give faster 
filtration. Good manufacturing prac-
tice should li:ad to saleable grades 
of relatively uniform sized distribution, 
as measured bv the uniformitv co
efficient. 

Puu;dtr and granular 
Reference has been made to the 

10 100 1,000 10.000 

• 

••iidual co11ce111ra1ia11 of p. Ni1raph•11of (C) i11 mg/ f 

Figure• 
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different forms of acti\·atcd arbon, in 
particular, powder and granular. 
Whether the~· arc produced simulr2ne
ousiy, or whether powder is produced 
by crushing granular material, they 
arc essentially the same product, but 
they differ considerably in usage. 
If the particle size is not large enou~h 
to allow an acceptable rate of filtration 
for a ffuid, it is regarded as a powder. 
Carbon with a particle size of less than 
about 0.4mm is a poor filtration 
medium and this material is usual!\· 
sold as powder after crushing to less 
than 100 micron. Powder is almost 
used entirely in liquid phase applia
tions and after thorough miiting with 
the liquid to allow adsorption to taite 
place to equilibrium, is remo\·ed by 
filtration and then, since rcco\·ery is 
difficult, disposed of. 
Granular carbon, on the other hand, is 
used in filters with downward or 
upward lfow of ffuid through the bed, 
and filters may be arranged in series or 
parallel for most etfecti\·e plant opera
tion. Granular carbon, for reasons 
giHm when the adsorption isotherm 
was discussed, adsorbs a greater 
proportion of solute than the same 
quantity of equi\'alent quality powder 
carbon. It has a further major advan
tage that, after saturation, it can be 
regenerated usually by thermal oxida
tion of adsorbed material and the 
carbon can then be re-used. Extremely 
efficient regeneration processes arc 
available with yields sometimes of 
more than 90 per cent, and the user 
then needs only to purchase new 
carbon :1ufficient to make up losses 
occurring during re.generation. \"irtual
ly all carbon manufacturers have 
regeneration facilities and these are 
also increasingly being installed on the 
sites of large granular carbon users. 
Some development work is under way, 
particularly in the CSA, on regenera
tion of saturated powder carbon. If 
successful, this may change the relative 
economics of using the two types of 
material. 

Wattr trtatmmt 
The main use of activated carbon is in 
treatment of water, both potable and 
others. Potable water contains organic 
material which ma~· be considered detri
mental and therefore mu:1t be remo\'ed. 
Indeed there has been great controversy 

Hfl.t'F.:>;T \:"D l\'HF.H TRF.\T'1F.:"T JOl'll:"~I. 
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in the l"SA because the Carter admin
istration proposed mandatory use of 
acti\·atct.i carbon in all cities of more 
than 75,000 population for rem0\"11 of 
tt:ace halogenated hydroc:irbons from 
drinking water. Both the sale of the 
treatment and the implied hazard itself 
ha\·e been contested. The more com
mon use for potable water treatment 
concerns the tastes and odours which 
occur at \-arious times of the year 
bcc:ausc of the brcakdocn of algae, and 
these must be rcmo,·cd for aesthetic 
reasons. Powdci carbon is widelv used 
~or taste and odour removal but there 
is an increasing tcndenc~- to usc 
granular carbon which can not only 
perform this function but, in addition, 
can ctfectiveh· reduce the O\"erall level 
of organics in water. This trend has 
been particularly noticeable on the 
Continent and the CSA, where potable 
water is often of poorer quality than in 
the CK, but interest is increasing also 
in the l'K. 
In the industria1 world, etfluent water 
often containing toxic or other harmful 
constituents poses a major problem, 
and activated carbon is used in its 
treatment. Rcmo,·al of tiacc oil from 
refinery wastewaters, for example, is a 
major and increasing use-it is no 
longer considered acceptable for such 
waters to be discharged to the sea or 
inland waterways. Removal of deter
gents from wastewater at laundries and 
\'Chicle washing establishments can be 
successfully accomplished with acti
vated carb,Jn. Other industries dis
charging noxious wastes which lend 
themselves to carbon treatment include 
the electro-plating industry and those 
industries manufacturing proprietary 
insecticides, fungicides and ocher toxic 
materials. In addition, acti\"ated carbon 
is starting to be used as a base for 
nutrient growth in the treatment of 
sewage by the biologically deri\'ed 
acti\·ated sludge process. 
Csc of granular carbon is widespread 
in the production of drinks such as 
beer and soft drinks, where process 
water is usually super-chlorinated co 
render it sterile and then the chlorine 
must be rcmo\'ed before manufacture 
of the product. .l.cti\•ated carbon 
ctfecti\·cly rcmoHs this chlorine by a 
process which is cssentiall~· one of 
surface catalysis. The dechlorination 
carried r)ut in this in.itancc is :il::;o 

\·aluable where drinking water is in 
\·cry short suppl~-, for instance, on 
board ship or on oil drilling platforms. 
Stored \\":ltcr, initially super
chlorinatcd, is dechlorinated before 
USC. 

Dtcoloruising 
Small quantities of colour matter are 
often rcmo\·ed from pioducts for 
aesthetic reasons. :\ notable and large 
scale cumplc of this is in the produc
t.:>n of sugar and glucose-activated 
carbon is eittensivcly used in the 
production of white sugar. Other 
eumplcs include the manufacture of 
edible oils and other foodstuffs, and 
chemicals such as esters, surfactants 
and alcohol. ~Iention of alcohols leads 
natural!~· on to the wine industry, 
where production of off-specification 
material can occasionally occur, and 
this may be brought within specifica
tion by means of carbon treatment. 
This is also true in the manufacture of 
spirits .. \ further citamplc of this use of 
activated cart:on is in the manufacture 
of pharmaceuticals where tight control 
of final product is vital, and where 
carbon can aid elimination of minute 
concentrations of contaminants. 

.-lir trtatJrWlt 
The application of carbon in remo\"ing 
trace quantities of noxious contami
nants from air streams is \·ast, and 
mention of a relatively small number 
will give an indication of this. Amongst 
the commonest are the \'entilation of 
areas where large numbers of people 
congregate, such ;;.s theatres, airports 
and hospitals, and also of areas where 
relatively high concentrations of noxi
ous smells may be present, such as 
slaughterhouses, kitchens and sewage 
treatment plants. ~fany types of 
industrial respirators use activated 
carbon as do all respirators used in 
combating the gases likely ro be 
encountered in gas warfare, although in 
this instance the carbon must, of 
course, be impregnated with a range of 
chemicals to aid chcmisorption of the 
gases. On a lighter note, use of carbon 
in cooker hoods is incre:ising and - ·· 
forms the basis of a large American and 
West European businei1s. In a similar 
,·ein, and resulting from the effective
ness of press and other media ad\'crtis
ing, carbon has had an increasing use 

( mncludtd nn pa,1(t .J6) 
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TABLE '11"1: Estimated carbon use in 
various industries 

Pouble w:it"'r 36 ° .. 
Other liquid ph:>K :ippliations 36°, 
l including dfturnt :ind sa>-a~ 
"-a~r :ind decolourising) 
Air punric:inon 
Soh~t reco,·cry 
Others 

in ~he foamed insoles being used to 
remove foot odour. :\ more worth 
while application may be in cigarette 
filters and in the removal of petrol or 
car exhaust fumes in motor vehicles. 
Other examples include vent filte!S for 
liquid storage tanlts and mobile in
stalhtions to adsorb the noxious fumes 
from welding and GRP mould manu
factu.-c. A final addition to this lcn~hy 
catalogue is the increasing application 
of activated carbon to the nuclear 
power industry, which must maintain 
the \"Cry highest safety standards and 
uses activated carbon installations to 
eliminate the possibility of radio acti\·c 
isotopes of iodine escaping into the 
atmosphere. 
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:\ lar~e and increasin~ number of 
industries use hydrocarbon soh·cnts 
durin~ formulation of products. These 
include the manufacture of paint, 
rubber, :idhesives, dry-clc:ining 
chcmic~ls, transparent film, printing 
ink, and plastics. Activated carbons 
:tre particualrly effttti,,·e :it adsorbing 
the rdetivdy low molecular weight 
organic liquids used a,,; :'llvents, such 
as alcohols, ketoncs and hal~enated 
hydroc:lrbons, in some cases being 
capable of :idsorbing their own weight 
of such ma:crials. There is a benefit 
not only in reducing discharge of 
solvents but since their reco,,·erv can 
easily be zccomplishcd by steaming an 
adsorbed bed of carbon, plants can be 
instailcd to pro,,;de programmed ad
sorption· desorption cycles thereby re
ducing solvents loss to a minimum. The 
increasing cost of hydrocarbon solvents 
has lead to rapid growth of this outlet. 

Chr.nical industry 
:\Jany examples alrndy given relate to 
use by the chemical industry of 
acti\-atcd carbon, but there arc specific 

examples of use of carbon by this 
industry which do not come under the 
pre,·ious categories. The \-Cry la~ 
surface area encourages the use of 
carbon li a catalyst carrier, for example 
in the manufacture of P\"C. The 
recovery of mercury can be accomp
lished during the alkali manufacturing 
processes. The •astly increased '-aluc 
of gold has encouraged substantial use 
of activated carbon in the last year or 
so in reco\"cry of this metal. Finally, 
carbon is used in the manufacurc of 
butadiene. 
Few published statistics arc anilablc 
to indicate the usage of carbon in 
particular industries, and the personal 
estimate given in Table YI is neces
:;arily approximate. 
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In Japan, charcoal logether with firewood was important energy source in home 

until 30 year:; a~o. ~amely, chan.-oal was 22~;;. firewood 12~;; of the fuel and 
lii.:ht expenses a home in 1955." And also, in the total energy supply, that is 
56 x 1013 kcal in 1955, firewood occupied 5.4~~ charcoal 2.6% respectively.11 But 

now, the ratio of woody fuel in the supply is only 0.1~6'.11 Actually, the amount 

of charcoal has dccn·asecl from 2,170,000 tons in 1957 to 35,000 tons in 1982.:i 
But petroleum, the replacer of them, has some problems that comprise the 

shortage in future and the steep rise in prices, caused hy the "Oil Shocks" that hap· 

pt:ned in 197:! and lYi~. So, the wooden fuel has been noticed again.
11 

Charco;1I is nec:e:-~;1ry ;;ncl fa,·orite for high grade cooking, tea ceremony, mutton 
cli,.h named Jin;!his Khan ;ind barbecue on the field. Therefore, a simple c;1rlJOnizo1· 

tion in a honw to gd a "mall amount of charcoal was planned ;incl pracrin·tl in 

a sto\·e for \\·oocl,·n fud. Thcre has been reported only one study on sto,·e ch;1rl'11;1l 

liy Fn;i·Y.\:1.1.\ and S.\To;>.;.\K . .\. 1
' 

"!"hi,; 1i111L dw wnncb of 19 lree :-(lt.'cie,-, a Sa~a bamboo and a clen~itiecl ,.;i,Hlu .. 1 

fud ()gali1, .. in llokkaiclo \\,·re l·arhonizecl in the lahoratory. Next, \'ariou~ ;Kli,;11<-cl 

l·arl:on:- w,·re prqMr,·cl hy slcam ac:ti\·ation method which occupies the main:.trc;am 

in tl11: nm•·;uby i11clu,.1ry. The acl,.orpti\'ity wa:: tes~ed with mc:thylcne hlu..- and 

>:SSC '1'<'111 hqunr. .\ .. rlw :'\SSC spt:nt liquor has lower conWl\4.-0f coml-Ut.I.: 
lll<tlll·r, the 1.-ch11ic;d c:omhu,.1ion ni.:thocl for the treatment of th~:!'pc:nt li'1unr ~ 
cxpcns1\·,-. 

~ow. a p;1p,·r fa.-tory 1111'1..r t hc :-.trier n·~ulation of dliuent quality is pracri..-iPJ: 

the ;1d-.nr;ltio11 llll'lhnd with .1l·1j,·;1tcd c:arlion.'·"' \Vith the pro~r..-:-:- of sud1 r.·;:uu· 

lion. morl' f;1("t•1ri,·~ 111ay adopt I hc :-anw llll-thocl. 
Th:m),,. ,.ls11ul1l 1 ..... •·:-.prl·,.;,.,.J to ~li,;s Yuriko Sr·:Z.\i.:I for h<.'T much a .. ,.il'1"""· 
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Charcoal-Malr.iq in a Ho- {SATONAltA rt•/) 1137 

%.. Experimental 

2.1 Raw material 

The woods of 19 tree species shown in Table l were cut out from Tomakomai 
Experiment Forest. Nemagaridake, Sosa hrilmsis was cut out from Uryu Experi
ment Forest of Hokkaido University. A densified sawdust fuel, Ogalite was pur
chased from a commerical shop at the price of ¥ 650 a pack of 14 pieces in 
October of 1980. And one pack of oak charcoal produced in Iwate Prefecture was 
also purchased at the price of ¥ 3600/15 kg in August of 1981. This charcoal 
was used as a standard raw material for activated carbon. 

Table 1. Raw material used for experiment 

Species Botanical name D.8.H. Height 
(cm} (m} ---- -------------------~-~---~~--

Todomarsu 

Karamarsu 

Shirakanba 

Sa...-ashiba 

Asada 

Mizunara 

Harunire 

Yamaguwa 

Hounoki 

Noriursugi 

Tsuruajisai 

Eznyamazakura 

A&ukinashi 

lrayakaede 

Yamamomiji 

Shinanoki 

Ko•hiabura 

Harigiri 

Aoclamo 

~tbit's saclta/i11eicsis 

Lari.r hin111fni 

&111/a platypla:ylla var . .io/Ollico 

Carpi11•s corr/0111 

Ostrya jopo11ict1 

Q•ercus mo11plict1 var. poSNserrolll 

Ulmus davitl"111t1 nr. japor1ict1 

Moras bombycis 

MognolUI °"""""' 
Hydro11gN po1ticula1t1 

Hydro11g<'t1 p..tio'4ris 

Prunus sorgrntii 

Sorbus olnifolio 

.·lcc·r mono 

.-\ct'r poi111t1tu111 var. 111atsu11111rat' 

Tilia japoni<a 

-konthopona.r KiaJophylloiJn 

Kalopo,,a.r Hf>U111lob11s 

Frt1.rin11s si<'bolJia"a 

2. 2 Pftparation or material 

10 13.0 

10 13.0 

8 9.8 

8 10.7 

11 lo.9 

8 7.4 

10 9.6 

10 9.3 

6 8.0 

7 6.0 

7 9.3 

13 19.0 

8 8.7 

-; 10.0 

12 10.3 

8 9.0 

6 6.i 

10 10.4 

10 8.4 

8 10.0 

At first. the wood was cut al the size of about 5 cm diameter, 8.5 i;;m long. 
Two diametns. the longe:;t one, the right·angled one to thar, and the two heights 
rhat depart from the ends of the longest diameter were measured. The ;werage 
values were determined as the each diameter arid height. The volume was cal
culated .u a column. Ac chat time, in order to obtain the diameter shr.inkage 

.. 
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we hurt a little at an encl of the lonJ.!t.'Sl diameter. Each specimen was weighed 
on an upper-dish balance with accuracy of 0.01 g_ 

?- 3 Carbonization 

:\n iron cylindrical liddt:d ws:;cl in a com·entional firewood slo\·c was used. 
Size of the vessel is ~cm diameter and 9,5 cm deep. There are threi: pores of 
I cm diameter through huth the round side and the bottom. Through these pores, 
wood gas and pyroligneous liquor go out, and burn in the sto\·e. This means the 
efficient utilization of the heat energy comparing with the common charcoal making. 

Prepared materials were put into the nssd, the average number in a \·essel 
was 9.7 pieces except S"!" bamboo. The lid was put on the vessel, and it was 
placed in the rear part of the ston·, in which a trin:l of 10-cm height was put 
already. \Vith this structun.-, the heat is transmitt1..cf through all of the vessel 
surface. The comhl•stion of fuel is begun by the ignition of some little pieces of 
Ogalite. Fuel us<.-d was four pit.>et."S of Ogalitc and the: time needed was 3-4 hours. 
After that, the sto,·c nmtaining dian.:oals was left through a night. Next morning, 
the si1~. ,-olunw, wi:i~ht ;me! moisture conti:nt of \"arious charcoals prepared were 
dctermint.'l"I. 

2. -I Activation with steam 

The chari:o;1ls and a conunen·ial charcoal made from oak wood in Iwate 
Prefecture wt•rc crushed and ~icn'"<I. Each 10-21) mesh fraction was activated with 
water vapor. 

The ;1ppar;1tus for acti,·a1ion 
is illustralcd in Fig. l. The cyl
indrical react;)r is 5.:1 nn inner rlia
m.:ter and 80 cm high. Thi:rl' i" a 
diffusion plate in I he ccnlt·r of llw 
reactor. The cliffu~ion plalc 1-; 

tapered clown 10 th..- C<·lll<·r ,,·ir h 
30' in anglt:. .\ncl rhc pl;111.: has 
f)-1 holt:s with '.! m 111 c!ia lll<·l ..-r. T Iii
d1:ctric furn;icc h;1s llll' abiliry of 
:l.O I.;\\'. 

Conditions for act i\;11ion" ;1r..
as follows : 

I) \\"cighl oi d1;1r,·oal .-hargl"<I: 

OD 10~ 

:.!) .r\cti,·ation klll(J\"ral ur1· : !l!IO C 

:t) .\cti\"<ition 1inw: I.'1 mi111111·~ 

·I~ Flow rate of walt·r , ... por fnr 
acti,·ation : 1.:l ~ min. 

.->: Flow rak of 11i1ro;.:1·11 j.!;1,. f,11· 
llui<li1.01tion: lllfl m: min . 

.. __ _ 

Thermocoupie 

Thermoc011troller 

E. 
F. 

N~ i· .. ·~· .. 
Flow Meter 

E. 

' ' Heat 

Micro 
pump 

D1st1lled 
water 
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co;1ls Wt."re ohtaint."<I from U/11111.~ clm•iclia11a, ilbin 5cu:lialilte11sis and Kalof'<ma.r 
septemlob11s. Rigid and high cl~·nsity charcoals from Ogalite ~rlensified sawdust 
fud), Aar palmat11m and Fn1.ri1111s siebolclia11a were obtained. 

Various activated car hons Wt."rc prt."Jl....red from the charcoals by a steam methoc:I. 
In comparison of adsorpti\·ity with commercial acti,·ated carbons, there were 10 
kinds of acti,·ated carbons which were superior to the commercial ones in the 

methylene blue adsorption test. And also, there were 6 kinds of activated carbons 

which were superior to the commercial one in the ligrin adsorption test. Judging 
from the total evaluatiur., it can be said that the excellent acti,·ated carbons are 
produced from l-l_wlra11f.!ea ~tiolaris and Ostrya japo11ica. 

Rut, this timl', hecause of the same treatment for all woody materials, the 
most suitable conditions for each raw material are not yet searched. A new re

search in future will he able to find the -helter raw material, charcoal and acti
,·atecl carbon. 

5. Summary 

l'eo1>le sometint.-s need a small amount of charcoal for the fine dish such as 
Jinghis Khan or harbecuc in a home. So, a com·enient and simpler carbonizer 

which is rnmpo:;ccl of a vessel in a conventional wood.fuel stove was developed. 
Then, people al,,o need an effective "worker" to imprO\·e environment, that must 
he an excellent acti\·ated carbon. Several kinds of actirntecl carbon were manu

factured by a steam method from the charcoals. The results are as follows: 

1) Yidd of the charcoal was 28~o' (min. 25-max. 38?~i on basis of oven-dry 
material. 

2) Density of charcoal was 0.29 (0.16 to 0.47), which was lower than 0.50 of 
!•iln-made charcoal. 

3~ ~foisrure conlent of charcoal at tht'.' next morning was 2.05'~ (0.7 to 3.:J~0'). 
I) Shrinkage during carbonization was 17 ?; ( 10 to :.! l "d) in radial direction, 

115'~ (7 to 16 5'0-J in longirudinal direction and :J8 ?O' (2:! to .If)?,;') in rnlumc. These 
data are lower than that in a literature.•0> 

.)1 :\dsorption of merhylene blue on the charcoal was :llj mg/g (11 to 74 mg/g), 
the~e data include some error because of their low ,·alucs. 

fj'. Yidcl of acli\·all'cl carbon was -lo.0; (:!:I to li;)"c.; 011 li;1:-i~ of charcoilJ .111cl 
1:1°:, (K to !~"(,) on hasis of wood. These data are higher than that in a liier· 
alu rl'. 11 · 

1, .\d,orpiion of mt."lhylene blue on the acti\"atcd car hon was 2:l•l mg'g ( 11.) 

10 :l.J.) 1111-u!. which was a li1tlc infcrior to ;1 commercial \\" hut was a li11k superior 
[0 4"Ulllllh'l"i<·;d I\. 

l! : \d,or pl io11 
:!8~'" (j !O lil?,;,;. 
rarhon \\·. 

of lignin in >!SSC spc.:nt liquor 011 thl· acti\·atcd l·arhon wa,; 

Six kinds of rhem were superior to a l·o111111crcial artivatl·d 

!l' Toi al t•\";1l11a1 inn 11( acl i\":itc'fl car hon w;i,; C'ale'.ul:th'fl hy llw follow in~ way : 

\ Yil'ld of ;11·1irntccl c;irb1111 on ba,;is ol m·en·dry wooclJ :< ,\cl~orpti,·ity. As the rl'sults, 

·--------------------~-
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some excdlc:nt activated carbons coulcl he obtained from H_vdnmgea pniularis and 
Ostrya japu11i~a. 

10) Positi,·e and strenuous relation was recognized between the density of wood 
and that of the charcoal. 

11) Negative correlation between the yield of charcoal and both radial and 
volume shrinkage during carbonization was observed. 

12) Negative high correlations between the yield of activated carbon and both 
the adsorption of methylene blue and lignin were observed. 

13) Positive and strong correlation was seen between the adsorption of meth
ylene blue and lignin. 

14) Negative correlation was seen between the adsorption of lignin on activated 
carbon and the density .>f wood which was used as raw material. 

15) Practical combustion test of the charcoal showed the favorable properties 
such as easy ignition, fast combustion and no smoking. 
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·--tr~ 52 • - - "Present state and future 
/.,1t:-.lli··I,,,,/ 1lf'1·!/'., ... 1·;,,,1; .\"iloul11rri1: Klu.iiu 1 ) un.t .l1111t•Ji /, ... ,,,.u·;.: N111/;,,,,o,. I prospects of activated 

' 1.4 Stand und Perspektiven der Nutzung von Abprodukten zur Aktivk8fif~irltWun'gtes" 
)(ittt"il11nf! ;111.."' 1l1 .. 1n ~lo."'k11urr f11.,..11Wh-Trt·ll11c•l11~i.""•l1~1 ln~tit1at ,.ll. I. )l1""11tltklrjt"\.···. l..t•ltr.tl11l1l fiar T1"'("l111t1lo,::i.., tll'1' \·t'1"¥·•~•••n.,: 
t11Ju~tri .. n..,. S1..\;.uml~trroh~tofft"'. )lo~k;.111. 1·,1s:-;.n 

.\ h:ot1rau·1 

"f/,,· 111-.111111-tiou uf ,,,.,,-,.,,,,.,/ ,.,,r#totl fnn1t • .,,,.;,,,, • ., HYIJl/r pro

,f,,,., . .,. I l1!tJ>ro1/11rf.:t ,,.,,,,, ll1e 1111111 11t1tl l"'I""' iu1lu.-itric:J .. !ti 111/'..J"·"' 
/rum ,,.,,·"'''' 11·11/1·r trr11t111r11t. J11r111i~ip11l rrf11ar. ,,..,,_..rfr rulJwr. 
jJ11stinc 11111/ ,,.,,,,_,,,,,,fr trJtilr Jihrr:c) i:t rr··it·1rr1/. /•nJJn11 . ., u/ 
t1til i:r1tiu11 u/ t/1r.J11• tl"tt • .,lr /J1"111l1trt!'f /111· t/1t" J'l"IHl111·t ;,,,, uf 11rtir11t,.,l 
1•11rl>-u1 '"'" ,/ ;_.,,.,,_.,_:i • .,f _ 

..\kli,·kohl•• 11i1111111 1111t<'r 1lrn i111l11slri1•ll hPrJ?:nt.-lltrn AJ
,-orl••111:i••n •·im•n fiihrrn•IPn l'latlz ••in. lhr<' l'ro.luk1inn O.t 
'"'""<'hr ,·i1•l••n Hnhstoffrn m~lit·h, wol.ri •LllR jNlt"tn elit>tlf'r 
Hohstoff(' ••inr in •' .•r r....,..mt hC'it ihrt-r 1-:if?rm1(•hRflPn 11pr:r.i
fi."<•h" ..\kt i,· kohlr. rnt111 rhl [ I l Zu 1lr11 ml'l!lichen Hoh111offrn 
j!;<'hiirt•n 1111.·h ..\lopr<>•luklP \"Pr'"'•hi .... t.•nll'tPr llPrkunfl, •Ii•• 
1l11rch ihn• "I iimlil? wBchtlf'mlP :\Jpn~<' tm•l Kiili t-:rii1ulrn 1IH 
l 0

1UW('lto<c•h11t;r.••" 7.111lit'SC'lll z,. . ...,k in l\c>trou·ht j!;P:t.Ogc•n WPr
olPn kii111w11 (2). Burt-h hrlllinuntf' ('llrlN>nisiPnmj?ll· 111111 
..\kti,·i•·rnni-."'l""'linj?llRj!;Pn i,.t Ml mc'lllit·h, Ak1ivkol1le1• 7.11 
prt1th17i••r•·n. oh•rpn l_,.i!llttnl!"INlratm••l<'r tl<'11t>t1 lu•nrlrlr<· 
iil.lit·h•·r :-:.1rlt•11 ni•·ht nnd1sh•hf'n cMlt•r ,.;,. l!:"r f1IH'rlrrff<'n. 

)lit oli1•>1t•111 .-\rlik1•l :<111l 1l1&. .. 7.iPI ••rrt"i"11t wPr•lc•n, 1h•11 ~tllntl 
ol.-r . .\kt i,·knhld1rr.1t1>llnni; llllll i-inigf'n Ahproelukh•n ;r.11 
1111lrr:<nch1•11. •Ii•• .lnhPi ftt1ft.rNt>n1len I'rohlrmc> 7.11 •·rr•IPnt.· 
lid1P11 nncl olir 1'1•r.111t•kth·rn rlPr \"rrwt>nrlnng •·on Ahpro
•lukto•n rin:1.11 .. d1iit :1.1•11. l>nn•h 1IPn iiuBt>rst gn1Bt>n l'111f1Lng 
olf'r •·si~I i<•r•·1ul•·n Jtt•ricMli!1d1Pn nnrl l'Rlt"ntlilt>r11l11r iet- Ml 
nid11 111i~lid1 • ..\hpro•lnkl.f' Kllt"r Ari 2u erf&ll8t'n, 1liP 1 .... 
k11m11lich :r.nm Tril 7.11 dt"n ,.kL11111i11Cht>n" HohstoffPn rl..r 
..\kti,·kohlt•pr0<luk1inn j?Phor,.11, wiP 7.. B. Kokmn11U11Cluden 
o•lf'r Fnwhtkrrn1._ Hi" j••t;r.t rsi11liPrl ::r.11 •lil'lll'r ThPmlltik 
1 ... liglich rin<' Zus1L1111nt-nfa.~11ng 1l1·r jRpAni"4:hPn l'atPnl· 
lilPrRtnr von 19il his 1974 von 1\1110 [:l]. C":Pgenelnn<l rliM<l'll 
,\r1ikrl:< ,.jnol rliP in incht!lt-ri"ll c•ntwickPltt'n l.ii111lrrn in 
groUt•n ~l••"l!:<'ll 1mfallt'nrlPn Ahprotluktr dPr Cc>llulmw!inclu
!'trir. tlic> :1 lwi rlPr HPinigung , . .,n Al.wiil!ll<"rn l1iltle11tlPn 
~chh\mnu: ,·,•rn·hiP•l1~ner HPrkunfl, Hn1111miill, Gmnmi· 
"''"'ii' 1'111"1 - 111101 Knn11! fKllrrllhfiill.-. ""icht igP untlt"rP. 7.nr 
. .\kti,·k11hl .. l'ro•l11ktion g1·nnl7.l<' Al1pro•l11kl1• !<i1ul lnmlwirt
~.-h11£tlio·l11· . .\hfiill,., ~rh\\rf••l,.ii11n•11t:hloum11 1LI" Hiick~t.uul 
•l1•r Er•l<ilrnftinnti•>n. 1tn•l1·n• Biick11lii111lt• 1lrr Eroliih-Prnrln·i
''"'I!· .-\lopr.,.luktP •Irr Hm1mkohlP\"<•rnrlH•itm1g 11. 11. Bc•i 
olo·r ll••r~11•ll1111J! wunl•· l11111pt,.iichli•·h >111£ olir l'o1rl11111ii<iP
r1111J!~· 1111.t .\kl i\·ir·ruu..:~lw•lin~1111J:Pll ~owi1• Bt•so1ul1·rlwil1•11 

olo·r j"'"·ilii.:•·11 .\rl,,.il \\'nt i:•·lo•gt .. .\11£ in tl1•11 Ori11inul11rl•t·i
t1·11 i111t:"1·1"iif1r1 •. .-\tl:-1•1q•li••n~:hnrnktc•riKtik("n w11r•l1· l>1'W11f.U 
\·1·r1il'hlPt. 1ln 1li1• in 1l1·n ~inz•·lnrn Liin1l1•r11 nn~1·wrntl1•t1·n • 
Zllfn T1•il ~I unelnr• li:-c,rrt ••n :\lt•I hn1lc"11 \"Oii untt"fl'chi•'•lliclwn 
Y1·r:-:1u-h~l·rdinl.!'11n.._,, ... 111ul \"urMt:hri(te·u 1u1K~e·lu·n ("i••lu· 
•h11.u 11 ]l, "' ol11U l'ill olin•kl•·r \"rrj!h•ic·h ·le•r olllJ.!1'£iil.rt1·11 
\\",.n,. ,.;,.i.1 111iiJ!lirh i~t. In 1li•r '.\l.-11r1.11hl il1·r .-\rl..-ill'l1 
Wllr•le•n z11ile•111 ve•rJ,!lt•i1·ht•n1lc• l ·ut•'r'411ch11nj!1·n 1.11r .-\rl"orp· 
I ihn 1111 l11111ol1·l~iil.lidw11 .-\k1h·k11hlc•n 1l11n·h.,:r£iihrt 1111•1 
··in.• '1'111li1111 j," f :l1·i1·hw1·rt it:kt•it •l•·r """' .-\l1pr•Jtl11k1"" 
1·rlu1h 1·a1•11 ~\1l"'url.1•u1 i1·n fiir konkr••f •· \' 1·rw1•1ul1111J.!~'" 1·,·k1• 
n·~i:-11ri1·rl .. \ur 1111'"''" nl,w.-i1·tw11tl1• H1·>'ul1,,11· wir•t a,!••:-cnfl· 
1lt•rt hillJ.!'f'\\ i•'"'''fl. 

.\111 1:.u11I•· :-Ct'i 111wt1 1•r\\iihnt. tl11H ilit• l1l1•1· d1·r :\11t 1.1111'-! '"" 

.\l•f'rt,.l11kl1·11 111r .\kli\"k11hli·prrnl11kli1111 ).,.n•il• ""l1r nh 
i~I. \\11vun .li1· in l-ll 1·r\\iih1111·11l'ule·ulP11·u._:Pfl. 

11 f\11rr•·l"'''''•·111;111111r. \11·•hrift IJr,·1111.r. &'u,,f, s,1,,1,,,,.,,~ #\/,,;,,,,_ \fu~~,,,. 

·IOJ I hllntk1o•l1·d11111l11tJ'll1·.Jr..1) lll•fllllf it11. h I. \frll'1r1P"~\U, k:tfrofrn fr•o•ht111lt1i;11 

r•·!..111,. ran1 '111ri1"·h)1·lt m:1r 1 ·11.1 lo1\ prn111' Cit·111u ... 11. \f 111-·k"J" 111••~·· 1411" !•. \l.,.l.,;111 
\ r;, f ·l"'~IC· l'.!:r•·.:11. 

Herstellung von Aktivkohlt- aus Abpn>dukten 
tier Celluloseindustrie 

Gr111111lt1)!•• fiir .Ii,• ll••r.o1o·l111t1)! \·on Aki id•ohlt· '"'" ,\11pro
•l11klt•n 1lt•r ( "1•llnlo ... "<4"i1uln~tri1· i~t •lit" 1',;1oh·~ .. ,-on l.it!nin· 
et'llult~·1au1te•rinlit•n. lli1• _.\l,hiin,:i,:k•"it ·, .• ,..~ . .\11~1U•t!~toff. 
•l..-.n I':' r•'I~ ~·l"•,linJ!nn..:•·n 111ul 1lt"r<"n . ..\11!(\\·irkun.,:-Pn 1ulf ,fj, .. 
1uat.·hfoll!•"llll•· . .\kt i,·i1'"rung wunl•"'ll ,·on ..1/urL-.1_•1 nth I U,J., rt.lC 
11ntrn111d11 [a loi:< 7). llnl .. ·i wnr.11· f.-,;IJ!:•""=··llt .• 1 .. u ,1;, •. \u~
'"""''" \·nrr1tni:i._: ,·01n Kt1hl1·11~t1lffJ!t•htllt tit"?' .. .\u~•n1:-~•nttl1·
riul:< llhhiini;I. ol.-r •~·i l.i,.:nin li:ln,, 111'•1 IH•i (',•lluln,..• ·U"., 
llf'I riigL (a]. 

llu11pt.siit•hlid1 wrnl••n _.\ hl1111J?:••n •It•,; Kuchprnz1.,._....,. 111ul 
~hlii111111r. olic• IH•i tlc•r . .\lo\\'ll!'!l('rrriniJ?:llllj? 11nfnllf'11. znr 
Aki i•·kohlrhf'r.<t••llunJ!: n·rw1•11tl·· 

Hauptl-tlllultt-il 1lrr ..\I.In .J!:<'n •l••r (',•llnloS<'i1ul1111tri•• isl 
•lft11 tN:hni,..·lu• l.ignin. cluU in . .\hh.ingigk .. it •·on •11•11 nm 
111t"islf'n n•::hr••it<•lf•n :"ulfot. 111ul ~ulfil n•rfllhrt'n •'Ill """'l:tt• 
Ills .~ lknlilij?nin <Mlt•r J.ii:nin!<ulfo:<iinn• ln:w. ihrc•n :-\nlz• 
•lrn l.ig11ins11lfo1111trn, in J!:roU..11::\lt>nJ!i'n11nfiil11. :-;., ''"ml•·• 
in tlf'r BHll 1-:ntl•• •l•·r !ti••h:r.iJ!1'r .l11hn• jiihrlid1 ISOOOO 1 
Ahbu1g1• (Ill!< Tr ... -k,·11,.11l1l'tt1•1:r. l!•'n••·hm•t) 11llri11 111:< :-\alfit· 
.. .1,1.u1,::r Pr.t.etl)!t. ~:1°0 cl1u·un \\·nrcl_.n ,-rrt.r11nnt. el. h. 1lir 
gt'Sllnll•' or~llnis.·lw ::o'uln;tnn;r. ati,.., lt••liglich :r.nr En•'<J?:i•·· 
gt>winnung grnut;r.t [SJ. ll•·r Anlril 1!1•" ,-.. rhratnntrn .-\lk11li
lignins liegt noc'.' hohrr •• 1 .. •lir. \" t>rhrf'nnung l>C'i111 :-\ulrllt -
pr07.t'll l~tBn1ltril rlrr Hiickgrwinnnng elrr KochchPmikn
lif'n ist.. Trot:r.1lr111 i!<I 1111eh hi1•r 1•i1w \"rrwl'rlung 1lr.1 Yrr
hrPnnungioriick.'11111111••:< 1.11r HPr-<:••lhmg •·on • .\kth·kohl<'. 
llnch im i1ulustri1•1!1•11 llnU:<tuh, 1o1ogli•·h (9]. 

Jn [IOJ winl cli.- iikmunni:<chP ZwNkmiiUigkeit clPr ..\k1fr. 

kohle•hrrstPlhmg 111111 Al1lnnJ!•'ll lll'i tlt•r ='chufTuni: '""' ~··· 
11Chlt-..nc•11 \\ .. 1!11«•rkn•i!<lii11f1•11 i'> 7.rll!lloffnhrikcn 1111tPr
e1rid1C'11. Er!<I •lie• IH•nnl ;r.11• 111111 '" hiipfle Kohlc• wirol 7.11· 
Mn1n1t'n 111i1. elc•n 111l~nrhi1•r1t•n ~t·luuh,toffrn ,-~rhrnnnt. 

<: .. 111iiU (11 : ; l:IJ isl . .\k1i,·kohlr t•inl'I< rlPr \\"t•rtpr11tl11klt'. 
1lit" •lurd1 ,Jj,. li11111pl""" \',.rwc·rtun.,: nm . .\hl1111.,:rn l(('Wnn· 
nrn \\·Pr•lrn kfinn1•n. 

AhlRu~r nnfti •1••111 :-\nlfi• \"t•rrni1r••n wurelc- 2'c·hon in cl1•n ~\otn· 
;r.ig1•r .Jnhro·n ~.nr i111l111<I ri,.llrn . .\k1 j,·kohl,.l11·r,.1t·ll1111.,: \"c•r
WPn•l1·t. ~ .. 1 ... ,.doro·ih1 /\1111~1·/, ( 4 J ri1w11 lt••·hnnlnl(i"'·lll'n 
l'rt>7.t•U cle·r .\kl i\"knhkpro•lnkl inn nus I '11l .. i111111<11lfi1 nl.lnnJ.!•'. 
:->n•·h I "0:1rl ( 14] \\ nr nll,.rolinJ.!S ,jj,. ;r.11 oli1·s1•111 z,.,•1·k l(t'llUt /.t I' • 

:\hh,11J.:e•unu•n).!P En1I.- •l•·r \ i1•r1.iµ-rr .Jnllr.-. IH"elinJ,!t tl11n-h 
tl1l:4 zn J!1·ri11µ1• .\1l~orpt io1t~\·1·n11i))!•'ll 1lt·r .\1-:1 i\·l;,ol1l1·11, 
J,t•·rin~. 

l·:i111•1111rrit•·n Hnt11I' 1"'i .frn \"1·r:-ou1·h1·n 1.nr \"1·rwt•rlt1nJ,! ,.,,n 
.-\ hpr111l11k11·11 olt·r I 'o·ll11ln~t·i110l 11:<I ril' 11i111111I ol ;,. I.it rroll 11r 
J'.ur rh1-111i~c·lwn .\l•I i\ i1·r111u! 1•i11. II_\ drul.' ?·wli~uin t riinkte·n 
flllil•111111l ll•11·•·11 ( l;•I i11 '"rs1·hirol,.110"11 Akti,-i,.r1111;!sr11ill••l11. 
"rwiirr11t ,.11 nnf ~() hi>< !IO 0 1 · I I 111 1111.I • l•·knnt i.-rt ""· lln>< ""1. 
Ml11110lr11t• l'r-...l11kt w11rol,. ,,..; l:?O l,j~ 1:10 °(' (:?4 h) J.!••lr•wk· 
11~t. clo11111·h lu·i :,on n(' 1•nrhoni~J,.r1 11n1I nnc·h 1l1•111 ;\1,k;ih
lc·n mil kn111.-111ri .. rl••r 111'1 l..-i ;o l·i~ Sil 0 1' nn•·l.l .. ·111111•1,.lt 
111111 111it \\·,,~~··r J!'f':l-)1iih . ..\ho c·tT1·l.;.1 j, :iolt• .\kt j,·i1·r111·j!~r11ilt•·I 
Pr\\it•:-ie·n ,&jc•l1 Zn('I:! 111111 ll:iP(I,. 
I\,,,,,,,,,,. 1111il I ·,/.1r11,. \"1•n.di1·llf'11 111111l1·h:i-;1 •lic· 1-:il,!1"11:.;rl111ff1•n 

von 1111~ l~iJ,!'ni11 '"it•c·I~ \\'ui<:oi•·1·tl11111pf· 1111d Zn('l::-:\k1i\"i1·· 
l"llllJ.! lwrl(""1,.lh1•11 .\ktid,.,hl"n (I Ii\. I li1• l(l1·i<'lw l-:ff1·kl ;, ii iii 
nlt4 .-\u~).!'•1111..':">'loff lw~J1U 1·in I •·i .·,on "C • '11n·l1 I'.' rol.\ ~" 
1•r1111l1t·11t·r l.iJ,!ui11"-ok1'4-. 1111" d1·111 lu•r1·il!o\ '"•'l"r" l'nulnkt•·, 
\\II' J' .. n. l'h1•1111l1•. I!•'\\ UlllH"ll \\ 111·.J.·11 I I'; 1- I h11uwt. f•rr11I~· •• 
1·i111• Erwiin111111J.! il1·t' 1ni1 Zn(') . .! il11r1·l1trii11l-.f1·1t k:ok!41·:-0 in 
•·iru·r H..rnrl1 i111ll'rlutll 0 ll,.-, 11 Iii:-' 111r .-\lifi\"i1·r11u~l"f1·111p•·rn· 

f 11r 111it 1•i111•r I l.1h1·,1·if "1u1 I h. """ \\
0

11:-i1·lwn 1111d ·Ii·· Triwk
"'"'I!· l•i1· .\dl'lurp1i1,,1:-ik11p1119ti11 rl··r r11i1 Z11('b 1·rl111h1•rw11 



un•l 1li1• . .\kti\·i1•rn11J! 1l1·:-:. (.·:-;1.·11 Pru1lukls ltt•i !l:!O .:tt • ruit 
\\"o .. ~·r1ln1npf. I'\"( "-isoli1•rt.· l\.11pr1·r·lriiht1• \\1·r1h•n n1u·lt 
j I :t: J 1.unii1·h~1 in I .uff lii!i :!OO ~~( • 111ul n1u·hfulJ.!1•1ttl in ~I i1·k· 
~•off I.is :u;o -'( · 1·rwiin111. I ,1·r 111i1 If( "I ;!•"\\"1ts1·lh01t•• link~ 

wir•l J .. ·i SOO hi!i I 000 .\l. 111l1 1·l1h·1u t :1·1ui:.-1·h ru1~ :"'I i1·J...s1uff 

111ul \\"11s."4·nlu1npf 1l1·r .\kt i\"i1·1·1111~ uu1t·r~u;.!1•n. Ein1·11 
1,.we•ist 11C1•n11r1n:1·U ~·11111.:.:1·11 ) ·,,,,,,,~/'',./,; lltt•I .\I it arlw·il 1•r 
[121') \·or. 1111~ l"·i ;,1Ml "t • 1·rlanh1•111• l'\"l"-1'_,·rul~ >«•pr1•l11kl 
1uise·htrn :--i•· 111i1 ,.,.~·lai1•1l1•1u-11 .\l1•t nllh~ tlrn'.\. i1l1•n 111ul 

1-.. rhoni~i1·rl1•11 1·rn1•111 l"•i ;,.-,o J.is ti.-11l "I 0. )Iii llilr1· 1l1·r 
)(1•t11llh~1lro'\:i1lt• li1•U si1·h 1li1· l'un•nstruk1111· n•l!uli•·n·n. 1li1• 
. \u~h1'11h•n wnre•u ,.1,.~.- s.·hr ni•·•lrig. ll1•n EiufluU , . ., .. Ziuk
uwl C1:1.h.·iu1us11•nrnt 1tt1C tli•· l ·11rlw1nisi1·r111t;.! u111I .-\k1 i\·it•n1UJ! 
,-un l'\.C-..\1.fiillt•n unl1•nt1wh1t•1t //,,,,!/ 11n1l t•J,,,,,!I [I:!!). 
J:~O). l>ie• ..\rnn•ntlun..: \"Oii Zink!"t1•urul •"r\\ it·~ ~it·h tl11n·h .lit• 
Biltiun~ \·un ZnCI~ wiil1r.•111l .lt•r ( 0 arJ.u11i!"it•r11nJ! uls 1·tl"1·k
th·Pr. l>c·r Einfful.i \·on :-\1t·ur111.-u "ir1I 1u1Ut•r1t.•1u \·011 
/\1t!t1tt1h1 [I~ I. I:!~ J mul K it11•;mn1 f I 41l f 1 li><k11I i1•rl. Iii•• '\" 1•r· 
\\·1•1ulunJ! 1•i1u·s C :1•111isc·l11·s \·on l'\"t · uni[ X1tOl l-hnhiJ,!•"1n 
St·llltunnt tlt•r :\h111_1ini11111pnttl11k1inn i~• c:e·~··n~t•u•·I ,·on 
[I :II]. lli1• c•i11sl 11tii:1• W iirnu-1 "•h111ull1111j! .. rfolj!I IN•i :1.;11 Iii>< 
4:;0 °<.', wolN•i 1111~ XuOll ol1·~ :'1·hl11111111c•s •Im• o<ic·h l1ilol1•111l1• 
IH "I nrnt rulisi1•r1. Am< I'\" (l(".1'\T-<"111M•I~ 111c•1·11l1pro1l11klc•11 
(S1m1n) liiU1 si.·h i: .. 111iill (I :1! lois t:14 J 1hm·h ('nrlooni><i•·mnj! 
IH•i SOO "( ', ( :rn1111li1•r1111l! 111i1 S11•ink11hlc•nlc•f'r 111111 Sulfit • 
11hhu1g1• uls Bi1ulc·111i1 to•I ~"wi1• 1111,..·hli .. Uc•ncl1•r \\"iir11tc•lw
hancll11ni: lwi liOO hi,; I 1100 °C •·inc• ..\kl i,·kohl1• h1•rslc•ll1·11. 
Ein llf!i !iOO "C' c•rl111l11•111•>< l'rrnlnkt. 7.C'iJ?lf' llol1•knli1rsi1•l1-
1·igrnsd111Ct 1•11 (O,;; n111). 

I lio \" rnn•r1 llllj! nm 1 'ol~ ll1·ryl11il ril( I'..\ X )-..\ loprflll11k1c•11 
•·rfolj!t nnc·h ) I :1:; his I :Ii I n111ii1·h><I im l.11f1 "'rum IH·i :!Oil 
Iii~ :100 "(_" 1111cl 1l1m1u-h i111 \\"irl"·ll11•ll in i1u-rlc•r ..\tmo><phiin· 
l1ri soo uig !JOO "C. l>i1•><•' ..\kl i\ kuhlc· ........ u ··in IM'lWU11lo•n< 
hohn • .\1lsorp1 ions\ c•r111i· J,!1•11 fiir 111 i"kstoffi1nh i~r orJ?n
nischr \"c•rl1ii11l1111i:••n. 

fm C:1•i:rn!lalz ~" 1lc·r i11 [l:!I, 121) \·rrll·f't1•1u•n An,,i,·hl kiin· 
nt>n l'F-..\lopr1Hl11kt1• 1·1..-nfnll>< zur H1•rstC'llnng hnt•hwc•rl ii:rr 
..\kth·kohlPn l1f'll1ll7.I w.·r.t1•11 r I :ts loi!I 141 ]. T..11111 [I :1s Iii• 
140] 1,..,.1,•ht cli1• j!iin!llij!!<lc• ,-,.rinnlc• 1lc•r ,-,.nwrlllllj! fiill· 
!lloffhnhii:•·r l'F-..\loprtHl11k1n in 1•inrr C'nrlJoni!lirr1111g 1 .. ·i 
1;:;0 "<'. 1lrr 1uu-hfoli;r111l1·11 IH "I· n,.luuulhmg mul ..\kt i,·i1•
rnni: mil \\·,.,.,.,.,..1umpf 1..-i s.;o 0 < •. Ilic• in I 141] """ .; n·r· 
-<chit••lc•n1•11 l'F-..\loprrnl11kl1•11 i:l1·ichfnll,; millc•I>< llmnpf· 
nkt.a,·i1·rnn~ 1..-i s.;o 0

(' rrhnhrrn• ..\kti,·knhlr hn111• iihnli1·h1· 
Eigrn!«·hnftrn . ..\11Ll1•nl1•111 winl di1• lliii:lic·hk1·i1 1l1·r H•·w·
ru•ri,..runi: l1Ptrnrl11 f'I. 

l'f'-Ahpr1Hl11ktr w .. rol1•11 11•11·li [ 14:!) lu·i ;.!;",() loiic 4:i0 °1' (..\11f· 
Wiir111gP~c·hwiruli~k1•if \n•11ii.:c•r HI~ O.;, ){/utin) in 1lt•r 
Sd11n1•11.f• 1·nrltu11i~i,.r1. 1ln rn11flii11 lri:• nuf e•i1ll' 1-":nr11,S.!rf·1B1• 
<...: :; 111111 /1•rkl1·i1u-rf """ lwi son •·i~ !),)() O(. 111il \\"11~?"1·r-
• 111111pf 11 l..1 i \ i1·rl . 

BPi •• , ... \'1·r\\1•rl llllJ: ,·011 .-\l1pnul11kt f"U .Irr _.\ n:-;. Pol.\ 1n1·r

J'frnl11k1 io11 1·11l:-olt·l11 (,,.j 1l1•r upli111alP11 ('arl1u11i!'iiPr1111j.!:-<· 
lt·•111wr11111r vo11 "iOO 0

( • 1·111 ~(i,.1·l111dt'url1t•11:oe. du!" Kulil1·11· 
:'lnO' 111ul ·;-.\I.!( ):1 r111 liiill und J,!1111• 1111•1•hn11il"''llf' Ei~1·t1· 
• .,1,,1r11·11 1 .. · .. i111 114:1.1441. 

,\11il•·r 1l1·r , ... ,. .ll 1ill•·1· 11 t:I. I 14 I \·111·J.:1'•1·l1l11~.-111·11 \11•1111111 .. 
i!'41 ,.j111• l'ol.\a111i1l11l1proil11l,1n·n1rl1t•i11111:,t nnc·h 11..J ... ,J uti•J.!· 
lid1. I )1•1· I )1·pul.' uwril'l11f ion:-1rii1·k"'t nrttl win I dunnt·l1 111i1 
llolz11l1fiill1·11 \ .. r111i•c·la1. 1,..; lillO >(' c·11rlo11ni"i1·rl, 11·r11111hl1·11. 
1nit Tc·1·r nl"" Hind1•11til ft•l ,.:rnnnlit•rt 111111 •'itlf'r \\'mo·u·ril11r11pf· 
nkt i\'i1·n111l! lu·i !1110 Iii" !1.-,0 °(' 111111•1·/oj!l"ll. 

J)j., Erwiirr111111:.!' d1·l'! IH11!'41·111·ii1·l.;.:-1111ud1·1'( •l•·r l>i11w1J1\ ll1·n·· 
pli•lutla1!'4.\ nllw:-11· •·rfol,.:-t i1!•·111iif.i 11-'·-•I 111:1 1·iu1•1· t:,.~;·ll\\i11-
1liJ:k1·i1 dHt .-, I\ :111i11 hi~ .-,oo ''( · 111111 -i " 111iu l1i:-1 ;,.;n °• · i111 
:-'r i1·k~toff:"lf nnia 111i1 11t1!'11·hli1•l.~1·ntlt·r .\ kr j,·i1•r11u,.: tl11n·l1 

\\""""1•rd11111pf 1,..; ':IO .. , ·. I >ii• .\kt i\ kolddwn•l ,.llnng """ 
\·,.rln·1u1•·il11·n l•tr11·111111'4t11u:--1·lu·rl111r1.1•11 11111' d1·r l\.1'4i!" 1·i1w~: 

~I.\ l't'll·l>i\ ill.\ llwll/1'11 ('upol,\1111•1'>1 \\lll"d1· i11 I 147J llflh'I· 

"lti·hl. I )j,. l11wl1:ool 1• B1•t1/1·ri11d!"oq1t io11~l,111H11i1 iit l'Pij.!lf' t•ir11• 
j1· I 11 lwi 1;00 "'.:!(' 1111d ;:,o C' 111i1 \\"n"""'"rd1,s11pf lwhnurl1·lt1· 
l'rulu·. \\iihn·111I 1lr·r :"d1\\d1•l;:1·l111ll il11n·l1 1·i1w {'11rlu111i· 
:-ci 1 ·1·1111~ lu·i tiOU r,(' i11 1·irwr \\·11-..:-1•·r;oo;1uff11t111o"'J'hi1n· s11i1 1111· 
"' 1 ·l.lir•l.i1·11d1·r \\'11""'."'Pl'd1t111pr11l..1 j, i1·n111,: f.,.j ;.-,() "( · (I h 1 lwi 

)!l1·1t·ll.1.1·i1 i;.! hulu~r B··1u.1·nutl="•rp1 iun~k11p1t1itii1 ,It"!' l'r" 
1l11k1 s 11111 ,.ff,·kt i,·,;11•11 l!•.,...·nkl wirtl. llun·h H<"I "•·r1lt•11 
n:lt·h ( l..&S I '1·rhn1urltt,• lona.·~uu1~1tu1~·l1t•rh11r1.t• in •lie• 
I l-l-"1•1"111 J.!1•l1r:11·ht. l!•"l rtK·kttrl. l"•i !)00 ol( ~ (.-. 111i11) 111it IM•· 

:,!r1·111t1•111 I .11fl 7111 rit I ,·:11·J,.1ni!°'i1·rl ~•.,\\ i1· l"·i I tNlO U(' 

(:!O •uin• 111i1 \\"us:S1·nlr1111pf ukti\it·rr. 

t:r~t"bnisS«" und Srhlullfol~r-runJ_en 

lli•· in ,f,•n ~it i1•rl1•u t)u1•l11•11 UUJ!•·fiihrlt·1? H1~ulhth• 1..1·u,:1•n 
cl1l\·011. 1lnB lwi HUS :\l1pru1lnkl1•n tu•rJ!•·~t1•ll1t•n .. .\k1h·knhlt•n 
:\11•:-"&•Jtt•rt•n 1li1• 1lu1uinit•n•nclt• l'ur1•nnr1 l·ihl1•n. Xur :i;t•ltt·n • 
i111 F111l1• 11.-r \"1·r\\t•rt1111~ , . ., .. Plu~t ·t1n1l 1-\.nn~lfu~·rnhprn· 
•h1"-1t·n su\' i.- _.\hl'ru1luk1t·n elrr C 0rll11l1~·i111l11~1 ri1•, k4inn1•n 
l\.11hl1•11 111i1 e·i111•r llikro1M•rt·n~I rukt ur u1lrr nait ?tlolPk11lnr
:-oi1·lwi:.:1·11N·l111h1•n 1•111~1 e•lu·n. I lurnn~ fnlJ!I. tlnU 1li1• :\hwn~
:-:.•rn·iniJ!llllJ! (M"r.c(M•kl i\·n·i1·h~•·~ Ein:-0111 ZJ!•·hit'? 1lrn1rl if.!••r 
.\1l:-=11rl.1·u1.i1•n ist. P1ol•l1•1u1•. \\it• .-i1u· 111ii:,!lic·i11• ~·knn.liire· 
\"•·r.4·l11u111.,-.1111;..: .lt•r h1•h111ult•h1•11 .\l•\\·iis:;.·r 1l11re•h "-n~·r· 
lii:dirlu·. in 1(1•11 l\.uhl.•11 rnl hnh1•n1•n 10111·11. w1•nl1•n j1-,lo1·h 
hiiufi,.: \·e·rauwhl..is~i;.!1. I lit• .-\rt •l•·r .. .\kl i\·irrnn)! IN'I n•flt•ncl, 
wirtl .1.1111 ... isl 1lPr t:ns~ 1ttl1·r llu111pr11k1i,·i1•rnnJ! cl1•r \"or1.11J! 
J!•"~1·l11·n. •In lwi ri111•r 1·h1•111i~·lu·u ..\k.1 :,·i1•run,.: lrt·J111nlo· 
l!i~·h1• Prul1lr1111• (C Jx~ tlatl inn IM·i tlt•r .-\n\\·P"n1lnna.: \"Ota 

lbl'll.11 1111•1 l.111wl111wnol l"111\\1·h11c·h111zprol1lrmc• IA1nwn
ol1111J! non Z11< 'I~ - si,.h1· 1l11111 (I )11111Ct rrt1·11. 

Ei11 1..-i .1 .. n 1tlC'is11•11 ""'' . .\l1prrnl11k1t•11 1•rh1•hc•nrn Akl·i\·
k11hl••11 nufl n•1t•11olc•>< l'rnl1l1•111 i:<I clt-r hnllf" ..\11c,hrgc•hnlt. 
t'IH•r1•i11~li1111111•11.t w11ni1• in 1111•hrc·n·11 ..\rl"•itrn )41, SO, Sl!. 
1:1!1. 140) fiir ,., • ..,..·hi1•1l1•111• B11h:<111ff1• l!1•f1111<lc•n, ol11U ~f'ringr 
. .\,..·hr1111·11i:1•n 1li1• l'yrul~·11c· 111111 1li1• Akt i\·i1·r11ng k.\t1d~·Rir
n·11. j1·ol111·h 1li1• . .\1l>«•rpl io11><k11p111.i1 iii fiir nt~1111i11dw \"1•r
l1ii10l11ni:•·n. i11sl•.,..m1l1•r1• lwi i:rnU.•n )l,.ni:c•n, lwtriichtlir.h 
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7.5 PRODUCTION OF 

HIGH QUALITY ADSORBENTS 
FROM TROPICAL PLANTS 
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I. Production of Powdered Activated Carbon 

A series of basic experiments on the production of activated car-
bon from tropical woods including a wood vaste was carried out using 
fluidized bed reactors. The raw materials selected by NIST, the coun
ter part institute, from the view point of utilization of unutilized 
woods and wood wastes coasist of 12 species of woods and a coconut's 
waste (Coir-Dust). The production process employed includes (!)prep
aration of samples, (2) carbonization of samples, and (3) activation 
of the chars under an atmosphere of super heat steam. The screened 
raw materials of particle size ranging from 0.25111111 to 2.0Ulll were used 
for the tests. The sample which was initialy fed into an inner heat 
type reactor in which temperature was held at approximetely 420°C with 
an electric heater began to evolve heat by the exothermic decomposi-
tion so that successively fed sample could be carbonized with the heat 
without any other heat source. All of the chars were activated batch 
wise in an external heat type reactor to know the characteristics of 
the reaction and of the activated products. A comparative activation 
test was carried out in an inner heat type reactor using a selected ~ 
char. The.adsorptive capacities of the activated products from both 
reactors attained maximum values at the yield rate of approximetely 
30% under temperature ranging from 800°C to 900°C. These values, 
which are as high as coDDDercialized carbons were as follows: internal 
surface area, 1000-1500mz/g; methylene blue adsorptive value, 270-370 
mg M.B./g products; iodine adsorptive value, 1000-1200mg/g. It was 
found from the results of the study that the fluidized bed process 
showed the following advantages for the production of high quality ad
osorbents f1Jm tropical woods: (1) The successful carbonization in 
the inner heat type reactor indicates that considerable saving in en-
ergy consumption could be realized as with other external heat type 
reactors. (2) The methylene blue adsorptive value for the different 
particle sizes of the activated products are almost the same. This 
indicates that the fluidized bed can produce more uniform products. 
(3) The chars and the activated products were both obtained within 45 
minutes using the respective fluidized bed reactors. Other existing 
processes, rotary kiln for example, require at least several hours for 
each products. Thus, the fluidized bed offers great advantages how
ever, further research and development on a pol:1t scale should be done • 
for the practical application of the results. 

·- 8 -
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Part 1. Carbonization Step 

Kazuhiko NIIKAWA, Hideo HOSODA 

1 1 Raw Materials 

nie raw materials were selected by NIST and consist of 12 wood 
species including coconut's waste (Coir-Dust) as listed in Table 1. 

1 2 Analytical Procedure 

nie analytical methods employed were in accordance with the Japan 
Industria: Standara (JIS) procedure or with slight modification there
of. 

1) Proximate analysis 

Moisture and ash content, volatile combustible materials and 
fix carbon in the raw materials, chars and activated carbon prod
ucts were determined. 

Table 1. Wood Species 

Common names Botanical names 

Apitong Dipterocarpus grandif lorus Blanco 

Haya pis Shorea squamata (Turez) Dyer. 

Tangile Shorea ~olysperma (Blanco) Herr. 

Palosapis Anisoptea thurifera (Bldnco) Vid. 

Bagtikan Parashorea plicate Brandis 

Yakal Shorea astylosa Foxw. 

Malabayabas Tristania decorticate M~rr. 

Kaatoan Baugkal Anthocephalus chinensis Lamk 

Bakauan Rhizophara 

Ipil-lpil Istsia bejuga (Coleber.) 0. Ktze. 

KaKauatc 

Coconut Cocus hucitera 

- 9 -
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Sample Preparation 

All raw materials were chipped, crushed and screened to obtain 
small particle sizes ranging from 0.25mm to 2.0mm, the optimum parti
cle size range for fluidizing bed. The screened samples were dried 
in a drying oven at 105°C for 24 hours. 

Carbonization Process 

Carbonization of the dried samples was carried out in a continu
ous fluidized bed reactor as shown in the schematic diagram in Figure 
1. 

The reactor, made of stainless steel with 155mm diameter and 750 
mm in height has a screw feeder which can control feed velocity of the 
sample automatically to keep constant temperature in the reactor and 
an agitator at a rotation speed of 16 rpm. 

Air is fed into the reactor with a blower which can control feed 
velocity automatically and flows up through a perforated plate with a 
perforation ratio of 0.5% located just below the scr2w feeder. In ~ 
the beginning of the carbonization, suitable amount of sample was per-~ 
viously fed into the reactor to make a fixed bed with a height nearly 
double that of the bed's diameter and then is heated with an electric 
heater fixed at the external surface of the reactor. When the tear 
perature of the bed rises to nearly 400°C, sample begins to decompose 
and reacts rapidly with oxygen in the air to produce heat enough to 
carbonize the sample without any other heat source, so carbonization 
proceeds continuously at an almost constant temperature by varying 
feed rate of sample. 

- Ill -
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EXPERIMEN'IAL RESULTS AND DISCUSSION 

l•S Characteristics of Rav Materials 

Table 2 shovs the result of proximate analysis of the prepared 
rav materials. Most of the samples shoved common characteristics as 
in other vooden materials; lov ash and fixed carbon contents and high 
volatile matter and moisture contents • 

.... -
0 

"' 

~~ 
0 
0 ,., 

... 
c: 
in 

1 - Hopper 

2 - Screw feeder 
3 - Stirred fluidized bed 
4 - Perforated plate 
5 - Char take-off valve 

@ 

1 10of 

150~ 

6 - Over flow pipe of char 

7 - Oust collector 
8 - Heat exchanger 

9 - Stack 

Fig. 1. Inner Heat type Continuous flow Reactor 
for Carbonization 
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Part 2. Activation Ster 

IL Ishibashi, Y.!loda 

Apparatus 

T~e reactor employed is called external heat type 
batch reactor of which schmatic diagram is showen in· 
Fig 1 

Analytical procedure 

l} Methylene blue value [MB] 

The methylene blue value was measured by spectr
pohtometry: 0.2g of sample was placed in a glass flask 
and 50ml of st•ndard methylene blue apueous solution ~ 
vas added. The operation is repeated until the blue 
color of the solution persists. The concentration of 
the remaining methylene blue was measured. 

The methylene blue balue is expressed as mg of 
methylene blue per gram of sample. 

2) Iodine val~e [I] : 

Iodine value vas determined by volumetric titra
tion with Na 1S 10, solution. Iodine solution was prep
ared by dissolving 12.7g of 1 2 and KI into l liter of 
biffer solution and was standardized against O.lN 
Na1S 10, solution. 

The value is expressed as mg 12 per g AC. 

3) Intermal surface area [SJ 

Internal surface area of activated carbon was me-
asured by BET method, expressed as m1 /g. ~ 

4) Pore distribution analysis: 

Pore distribution in unit weight of activated 
chars were a2alyzed il) terms of the range of pore's 
radii from SA to lOOA, calculated by C.I. method from 
isother~al adsorption curve of liquid nitrogen. 

- 20 -
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Experimental Procedur~ 

The obtained chars vere activated in a batch type 
fluidized bed reactor under the at~osphere of super 
heated steam. 

5 

6 o...::i\.---_----~ ...... _
1

1 

7 
__ _ __, 

1. Thenoocoup 1 e 
2. Sample inlet 
3. Electric furnace 
4. Vessel 

3 

---f---, 5 

rr--~ 7 

9 
s 

6. Temperature controller 
7. Electric transfonner 
8.- Manometer 
9. Superhea ter 

5. Temperature indicator 10. Boiler 

Fig. 1 Sche:natic Diagra!ll of Activatioc. Apparatus with 
Batcbvise Ftuidized Bed. 

A lOOml portion of char was taken for every experinental run. 
The reactor was heated up to operating temperature and nitrogen w.i~ 
brown into it before charging of char. 

Nitrogen was switched to steam immediately after charging so that 
activation could be proceeded in the ataiosphere of complete steam. 

The activated carbon products were taken out at various reaction 
time to examine yields and adsorptive capacities. 

- 21 -
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PRODUCTION OF HIGH QUALITY ADSORBENTS FROM TROPICAL 
PLANTS: II. Production of Q:anu1ated Jctivated Carbon 

Part 1. Granulation of chars using molasses as binder. 

by 

K. Ishibashi. Y. Noda. 

K •. Niikawa. H. Hosoda. 

From a total of 12 Philippine wood species. two were selected for 
the production of good quality granulated activated carbon. namely ipil
ipil and coconut coir dust. Fluidization method was used in the study. 
The conditions for the granulation of the carbonized chars using molas
ses as binder was studied. An opti111U1D ratio of 1:0.5 and 1:0.8 C=har: 
binder) was used in the granulation process for ipil-ipil and coir dus~ 
respectively. The carbonization was done at a gradually increasing tem
perature of 3•c/min at 6oo•c. Carbonized granules with particle size 
ranging from 0.5 - 2.0 mm were used for the activation study. The pro
duced granules were activated using an external heat type stainless 
steel reactor according to the procedure discussed in the previous re
port. Steam was used as the activating agent at the rate of 2.5 mlH20 
per minute at an a~tivation temperature of s5o•c and 9oo·c. respectiv~ 
Maximum value for methylene blue adsorption and ~nternal surface area 
obtained for ipil-ipil are 290 mg/gA.C and 1200 m /gAC at 9oo•c; for 
coir dust, 390 mg/gA.C and 1000 m2/gAC at 85o•c. The gas adsorption test 
done for both ipil-ipil and coir dust showerl that both exhibited maxi
mum adsorbability at 9oo•c. Maximum value of 40-50% (by wt.) was ob
served for both benzene and acetone; while 70-90 % (by wt.) was obtained 
for carbon tetrachloride. Results of the study indicated that the 
activated granular char products obtained from both ipil-ipil and coir 
dust would possibly be suited for adsorption of organic solvents, gas 
adsorption processes and water treatment, among others. 
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coal at the desired temperature and reaction time. 

Activation of the granulated chars were done at 850°C and 900°C, 
respectively with varying reaction time from 10 to 60 minutes. 

Determination and Evaluation of Adsorptive Properties 
of Activated Carbon 

The bulk density, internal surface area and pore destribution of 
the activated carbon products obtained at various reaction time were 
measured by the respective methods described in th• previous report. 

The adsorptive capacity of the obtained products were evaluated 
by methylene blue adsorption [MB] test as discussed in the previous 
report. 

RESULTS Al ... .:>ISCUSSION 

Effect of activation time on product yield 

Correlation of the yield of activated char granules with activation 
time shows that there was significapt loss in weight of product as ac
tivation time proceeded. More pronounced decrea~e in yield was noted 
with increasing temperaturP. as shown in Fig. 3. Higher weight loss 
which resulted to lower yield was observed in coir dust as compared to 
that of ipil-ipil. 

In the activation process, the reaction rate of charcoal with steam 
in terms of weight loss was calculated as discussed in the previous re
port. The value of k (apparent constant) for coir dust was twice the 
k obtained for ipil-ipil as shown below: 

Activation Temp. 
t c·c> 

850 

900 

Coir dust 

57.5xl0-3 min-l 

92.0xl0-3 min-l 

k 
lpil-ipil 

29.48xl0- 3min-l 

-3 -1 
35. 9 3xl0 min 

The above data show that coir dust can be activated faster than 

ipil-ipil, thus the former required shorter-time for activation. 

Correlation of Heth]"lene blue [MB] Adsorptive Capacity and Internal 
Surface Area (S] with Reaction Time (9) 

Figures 4 & S show the correlation of reaction time with [MB] and 
[S) respectively. A gradual increase in (MB] adsorbability was noted 
with increasing reaction time. For coir dust, activation was more effec
tive at lower temperature. Maximum value of 390 mg/g AC was obtained at 
850°C and 30 minutes. Beyond this point, [MB] value tended to decrease. 
For ipil-ipil, longer reaction time (60 min.) was needed to attain the 
maximum value of 300 mg/g AC at 850°C. 

- 33 -
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The results of the internal surface area [S] determination also 

gave the same increasing trend of results with reaction time until a 
saturation point was reached. Beyond this point, an abrupt decrease 
in the surface area was noted. Development of internal surface area 
for ipil-ipil was more effective at higher temperature. Thus higher 
[S] of 1,200 m2 /g AC was obtained at 900°C for ipil-ipil while 1,000 
m2 /~ AC at 850°C was obtained for coir dust. 

Correlation of [MB] Value an' [S] 

Fig. 6 indicates that the [MB] value is directly proportional to 
the [S] for both coir dust and ipil-ipil. Linear lines with the same 
slopes which indicate good inference was obtained. At [MB] = 0, the 
intercept gave values of 380m2 /g AC and 450 m2 /g AC. From the slope, 
the area occupied by individual molecule on the activated products was 
determined at a value of 15012 for both samples. An accessible area 
of 19ZA2 was obtained for Graphon (a non porous carbon) 5

• This nearly 
similar values is an indication that adsorption of MB on the obtained 
products is physical adsorption. ~ 

Correlation Between Bulk Density and Reaction Time 

Finally, the bulk density of each of the activated products ob
tained with particle sizes ranging between 0.5 - Z.O 111111 were compared 
with the commercial activated carbon of the same particle size range. 
Comparative results as shown in Fig. 7 indicates that the bulk den
sity of the activated granular char products compare favorably or is 
even higher than that of the co111111ercial product. 
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Wood Charcoal Binder + H20 Powder Char 

Pulverizer Powder 
Mixer Extruder Disk Type 

(-200 mesh) Charcoal (1 mm~) Pelletizer 

Granulaced 
Char 

Furnace Oven Granulated Char Granulace Sieve 
Char for (600°C) (110°C) 0. mm 

Activation 

Fig. 1. Schematic Diagram of Granulation Process for P~wjer Char 
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Fig. 2. Tilermogravimetric Curve of Molasses. 
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111 Steam activation of chars by the use of an inner heat 
type fluidized bed reactor. 

by 
Hideo Hosoda, Kazuhiko Niikawa, 
Katsuji lshibasi, Yoshio Noda 

In the previour works, as described in part I and 2 in this report, 
ve obtained basic data and parameters about production of activated carbon 
from tropical plants using an external heat type batch reactor. 

It is known, however. that the reactor is not beneficial for practical 
use because of it's high energy consumption. 

The present work was done to evaluate activation of chars using an inner 
beat type fluidized bed reactor to explore practical process for the pro
duction of activated carbon from tropical plants. 

Experimental 

Sample preparation 

IPIL-IPlL and Coir-Dust were selcted as raw materials, and were carbonized 
using the procedures described before. The powder and the granulated chars 
prepared by the previous method were used as sample. 

Apparatus 

A flow sheet of the inner heat type fluidized bed reactc~ is shown in 
Fig. l. 

The reactor, 160cm long, made of stain-less steel was shaped as seen !n 
the figure: upper part was step wise expanded by two different sizes of diameter 
so that the small particles of sample could be retained longer in the reactor. 

Sample was fed into the reactor by a screw feeder fixed at just above level 
of a perforated plate. The activated carbon products were taken out from a take 
off pipe by opening a valve fixed at it's inlet located at the opposite side 
of the screw feeder. 

A propane gas burner connected with an air pipe was located at just below 
the perforated plate. Steam was fed into the bottom side of tle reactor from 
a water boiler througt. a steam heater with which steam was heated to 650°C. 
TI\e feed rates of the fuel gas, air and steam were measured by gas flow meters, 
weighing loss of water in the boiler respectively. Temperatures in the reactor 
were measured, recorded by thermometers located at six point of it. 

The exhausted gas po=sed through a dust collector box was led into a con
dender in which steam was condensed ~nd removed, then purged from an outlet of 
the water collector box. 

Analytical procedure 

Gas analysis was done in terms of 02, C02, Cu, H2, and CH~, in the ex
hasted gas by gas chromatography. 

The methelene blue adsorptive valve, iodine number, internal surface areas 
and pored distribution of the activated carbon products were measured by the 
methods described in previous paper. 
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Fig. 1 . Schematic flou diagram of 
the experimental apparatus 
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1.6 WOOD PRODUCTS 

Source 2.4 

ACTIVATED CARBON 

Sugar. Tar and Activated Carbon 

H.F. Funk illlf.I P.M. Silrtlm; U.S. Pattmt 3,523,911, A11y11st 11. 1910 describe 
a continuous proceu hy which cellulosic m11te1 iol including liyni11 and hemicel 
lulose may be treated so th11t the raw sugars m<1y bu removed 111 a tow 111mper· 
ature ranc,Je and recovl!red with condensate. The tars may be removed in a highur 
ltm1pt:rature range and recovered as a cond11nSC1te. Thi! remaining mat11rial m11y 
be conwrted into highly activated carbon in a still hi\lht!r temperature range, 
with th11 product1011 of acids and inert ga511s which ccin be utililed in the removal 
ot the suy<1r and tars. 

Th.: m11thod n1c1y be applied to various types uf the c1:llulosic materials including 
..., .. r11cularly woods such as birch, hard .ind soft maple, bi:ech, cmd the hke .1nd 
mixturi:s of one or more of those woods. The ctllulosic mcn11rial to l.Jtl treated 
should be m finely divided form such as uwdust, small chips 01 broken and 
portly µulwrized bar\t. 

01lutl! dqueous acids are preferably employed 111 the ext1acticn part of the m11th 
od. The 11mount of sugar recov11red without the use of any 11cid is 4uite small 
and is ordinaril'y .• ~idered as being noncommercial. The acid sl1ould be 0.5 
to 6%. This ranye is quite economical since 11 recovers 11v1st of the sugar of the 
hemicellulose without breaking down any substantial amount of tho cellulose 
and prepares the residue for ready activation to a h1~11 degree. 

M<1ny organic and inorganic acids may be used in this method, such as nydro· 
ch1oric, sulfuric, nitric. hydrofluoric. hydrobromic, formic, acetic, and pyrolig· 
neous acid. It is preferable to add the organic acids when tl11: method is bttill\I 
init1att!d, although such acids are generat11d throughout the extractior. phase and 
can be recycled after separation from the suyars. Such recycled acids increase 
the amc1,;nt of sugar recovered as contrasted with the extraction performed in 
1h11 absence of an acid solution. The inorganic acids reduce the ash content ot 
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1he l111i1I C.:dt uu11 ""d promotl! hydrolysis 111 1111 increaS11d ra1e. Acid solu11on1 
which hill/II h1!1m 11~1!d c.:ons1~1t:ll of 111 2% of dcetic ac.;ict, 1% of formic 1tc.;id 11nd 
0.6% of hydr11d1loric acid dnd (21 2% of ac11tic acid 11nd 1 % of formic acid. 

Exdmµle I: A d1<1rge com1sti11y of 500 11 of finely divi<leu wood cont11ining 
132 g ot n101st11ri: and made up ot equal par ls of birch 11nd hard maple was 
placed in illl d .. 1.J mixture co11sis1ing of 14.7 g of 1tcet1c acid, 7.4 g of formii. 
<1cid, 4.5 y of hyJroct.t11ric acid, 11nd 604 g uf 1fatilled water. The p11rc1mt11gw1 
of raw sugdr ri:covllted, based on the wooJ ....... ~.,J, wits 12. 12%, 9.70%, 1.55%, 
0.43% dnd 0.34% tor the first to fifth lots of 500 cc ot condensate collected, 
r11spectivety. Th11se purcentages expreued in gr11ms w11re 61 .0, 43.7, 7.6, 2.36 
and 0 2 gr.;1m, rll»PllCtivety. 

Thll 11cid pr111t:11t in ttie first four of those lots of condi:nwt11 required 9.33, 
7 .34, 0.71 dnd 0.09 cc of N/10 NaOH to titrate. When 113.5 \I of the material 
residue from the ilhove example was heated for a1>011t rune houri below 400-C 
and for on11 huui ill ~oo·c white st11&m was being injected, 148.14 !I of 1ar and 
wat11r were r11covered. About 24.75 g of activated carbo11, that 1s, 21.8% of the 
material ~u1>1eclmJ to 11ctiv11tio11, was found lo have 11 MBT v11lue of 12 and a 
BET value ot 985 m3/g. 

The MBT 1111hiu WdS det11rmtned by mixing 0. 1 \I ol 11ct1v11ted c11rbon il•lll 10 cc 
ol 0.15% methylene hlue solution at a temper11ture of ahout 2o•c and surring 
until the color dis11pp8ilred. Additional 10 cc quantitius of th11 solut1011 wi:re 
added until th11 hlue 1:olor p11rsist11d. The MBT value was thi: quantity of the 
solution which we1s drscolored by the carbon. Tli11 BET ve1lu11 exprened in 
square meters p11r gram was di:termined by medsuring the 11dsorption of nitro· 
gen by th11 11ct ivated surfac11s of the carbon in a suum of helium at - itlO•c, 
employing a surptomuter. 

EKHmµ/11 2: A chdf\IU co11sist111g ol 510 g of the wood m111tur11 u prep11red for 
Example 1 dllc1 cont11ining 135 g of moisture was placed in an acid mixture 
consistin\I of 1 b.0 g of acetic 11cid, 7 .5 g of formic dcid, dlld 615 g of distilled 
w111er. This ch111 g11 w11s heated 10 120"C fo1 four hours illld was then ex 1r11cted 
with su11m at 125"C for two hours. The pe1centdges of su911r recovered, bilSed 
on the wood ct111ryed, for the first, second, third, fourth and filth lots of con 
denM1te were 1.20%, 2.13%, 5.07%, 5.18% and 4.52%, resp11c11vely. The weight 
of thtl raw su111u represented by these percentages was 0. 75, 9.60, 12.90, 14.50 
and 20.20 g, respectively. 

The 11cid pre~ll11t in uach of thoSt! lots of condensate re4uired, rew11c1ively, S.30, 
5.16, 4.42, 2.2!'> .ind 0.79 cc of N/10 NaOH to titrate. ·10.2 g of the m111erial 
1usidu' from ~11mplu 2 was h1111ted for two hours to 45o•c without steam in· 
jectiOn, and th1!11 for three hours to 850°C while Stl!BITI was betng injec1ecl, 
3.38 g of tar and water were recovered before the stearn was admil\ed and 75.85 
grams of 1ar arul water were recovered during the time s1earn was being injected. 
Th11 activat11u carbon obtained weighed 13.8 g, t1111t is, 19.65% of th11 rnat11rial 
from the No. 2 oix11mple and ltad ii MBT value of 8 and a BET value of 665 m1/g. 

The i1Clivdtt1cl 1:d1 bon produc11u by lhis method is ch11r11cteriud Lly unusually 
high activatio11 11~ is indicated by MBT values of 8 to 15 and a BET value of 
66!'> .ind Ja.5 m1/g. This result is believed to be traceable to the mor11 complete 
removal <91Jitilnce~ from the pores of the wood or by 1111 increase in the num· 
ber of por11~. 



.. Chemicals from Pulp and Wood Waste-

Submerged Combustion Carbonization 

According to H.L. Barnebey; U.S. Pattmr 3,525,614; August 25, 1910; assi911tJd 
to Bamebev·Chet••Y Co. cnbonization is effected in a pile of carbonizable par· 
1icles while, preferably, the parti<:les move continuously tl'lrough a relatively 
stationary combustion zone. The combustible Qll~S evolved as a result of car· 
bonizat•on are not removed from the pile l>ut, •ather, are t-urned in the com· 
bustion zone, as they evolve, by the introduction of air therein. Stabilization 
of the combustion zone is maintained, when heating is necessary, by introducing 
air and combustible fluids into the combustion zone from outside the pile; and, 
when cooling is necessary, by introducing water into the zone. The process per· 
mits of a single step production of activated carbon. 

Drying, carbonization, and activation can be carried out in a single furnace, or 
single pile without requiring the use of e11pensive materials for furnace construe· 
tion, without requiring the use of fuel gas, and without requiring the use of 
steam. Simil1rly, when a chemically impregnated material is adaed to the pile, 
there is a relatively smaller proportion of volatiles evolved as compared to nun· 
impregnated materials. 

The use of such materials usually requires the introduction of some fluid fuel 
into the carbonization zone. Although corrosive vapors are generated in tho 
carbonization zone in this latter case ttle outer, and relatively colder portions 
of the pib act as a M:rubber and prevent the vapors from entering the atmos· 
phere. The absence of a cor1tainer during the use of corrosive chemicals leads 
to verv sigr.ificant savings in operating costs. 

HCI or HBr Carbonization 

A. Shindo. I. Souma and Y. Nakanishi; U.S. Patent 3,557,020; January 19, 1971; 
assigned to Ayency of Industrial Sciem.e and Techn. · Japan describe a meth· 
od of prOducinq activated carbon of superior adsorption activity by carboniz· 
ing a vegetable material having nonuniform shape such as a shapeless particle pow· 
der, d•kY powder or chip in an acidic l tmosphere containing vapor or QllS of 
hydrochloric or hydrobromic acid or acid anhydride. The adsorption activity 
of such activ.ted carl>on is improved by subjecting it further to an activation 
treatment in an atmosphere containing an 011idizing gas such as carbon dio:<id11 
gas, steam, air or in an inert atmosphere. 

Materials which are utilized as the starting materials include cellulose, starch, 
sucrose. molasses and lignin, or materials containing these, for ex ..... ,.'.:, cereals, 
wood, shells, straw, chaff, strained lees of white potato, sw~et potl:lto or beet 
molasses, and the cob and stalk of corn. As the cellulose, use may be ·.nade ot 
pulp, nitrocellulose, or rnicrocrystalline cellulose. Also, granular mater i •1s µro· 
duced from the above-mentioned materials witn molasses, alcohol, sucro1;e, etc. 
can be used as caking agents. 

In practice, an atmosphere containing hydrochloric acid gas is most preferable. 
The temperature at which the raw mat11rial is cartx.nized is 80" to 1200"C, dd· 
sirably 200• to 1000"C. most prttferably 300" to 900"C. The temperature may 
l>e elevated either continuously or stagewise. 
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Th11 tim11 ul c"burnzing in ,;in acidic 1tmo1phere i1 10 minulea to 10 houra but, 
in tomtr ClliH, it may bti mad11 longer. For e111mple, when an inert 111mo1phere 
containing len tha1, &% l>y volume of vapor of acid i1 u11d, the carl>u111zing time 
muat be m11cs11 lung. The carbonization treatment may be effectively carried out 
by circulating ur reflu11ing th11 acidic atmosphere in a furnace, or by continuou1ly 
feeding in 11 fresh acidic atmosphere, during the carbonizing of raw material. 

As 5llttJd •Love, it is possible, by carbonizing r11w material in a nono11idizing 
acidic atmosph111t1, to produce activated carbon of superior 11daorption ar.tivity 
in high yields. For e111mple, by carbonizing cellulose, st•rch, sucrose 11nd lignin 
each in a hydruchloric acid atmosphere It 800°C, it WIS possiblll lo Obtain acti· 
vated c11rbons 111 the reapectlve yields 30%, 40%, 55% and 25% higher than in 
the c.se when:i each c.f the m11teri1ls was carbonized under the same conditions 
but In 111 inert atmorphere. 

However, u was found that, If the activated carbon obtained by carbonizing in 
an acidic 11tmosphere i1 further subjected to an activation tre11tmel't 1n 11n atmo1· 
phere containing an 0111dizing gas such as steam, carbon dioiciue g11 or •ir, the 
adaorption 11ctivity of the carbon would be improved. 

In a steam cont•ining atmosphere, the activation treatment 11 cam11c.J out for 30 
minutes to 10 houu 11t 600° to 1000"C, but, in an atmosphttre contiltntng carbon 
dio11ide gas, 700° tu 900"C is effective, and, in 11n air-containing 11tmo,µhere, !>00° 
to BOO"C is effective. This 11ctivation treatmesnt, 111 500" to 1000"C, may be car· 
ried out continuously by replacing the acidic atmosphere with an 011icl1zing gncon· 
taining atmosphere .vhile carbonizing raw material in the acidic atmosµhere. 

It was furthttr confirmed th•t, when the activated carbon obtained by carbonlz· 
ing In an acidic 1tmosph11re at 200· to eoo·c was heated further in an inert It· 
mosphere at a temperature higher than said tttmperature but below 1200"C, the 
adsorption activity of the carbon was improved. 

E1<ample 1: l.11uan Hw·dust was carbonized in a hydrochloric 11cill g.is atmot· 
phere unll11r one atmosphere pressure at a temperature el11vation riltt! uf 120"C 
per hour from 1 oo• to 250°C. The material was reduced in weight by ilbout 
30%, and ;ii.., ... ted carbon of superior adsoq..1tion activity was obtained. 

E1<ampl11 2: In a nitrogen 11tmosphere cuntaining 20'111 l>y volume of hydro· 
chloric fcid yill, 11 particle powder • .1crose was carboniud for two hours hy con· 
tinuously eleviltiny the temperature 1,;..,11 80" to 500°C. Activated ca1bon of IU· 
perior adsorption activity w111 obtained in 1 yield of about 60%. 

Example 3: Wood meal was l.:lllrbonlzed in a hydrochloric acid g111 atmosphere 
by elevating the temi:-erature from 100° to 700"C. After carbonizing for 20 min· 
utes 11 700°C, the hydrochloric acid gas was e11pelled by nitrogen 9d5, then 
ste11m was fed in, 11nd the material was heiited for 30 minutes ill eoo·c to ob· 
tain activated carbon of superior adsorption activity. 

Exarnp/B 4: In a nitro111m g•s 11tmo1ph11rt1 containing 60% by volume ol hydro· 
chloric acid yill, strained lt11s of swe11t pot•to wtrd c11rbon1zec.J by continuously 
elevating th11 temperature from 100° to 400"C in one hour and from 400° to 
750"C in one huur. Ther111fter, at 750"C, while feeding in carbonic ai;id 9111, 
the m11terial was he111ed for 40 minutes to obtain activ11111d carbon of superior 
adsorption activily. 
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Modified Stationary Furnace for the 
Manufacture of Activated Carbons 
from Coconut Shells and Pine 'vVood 

M. Aslam Ali, B . .SC •• B. £ .. M. S., M. I. A. 11". S., Rmarci; Schoair, 

-Dtpartmmt of Ciztrnical Engineering. 

lnciian lnstitutt of Ttchnolog;, Madars.-60003G. 

Incrodt1ction 
Th~ wori. carr~ed out at the Forest Research Labc•

rato11·, Bangaiore by me re\•eale<l that the furnace has 
to be modified further to get ~tter ,-iclds on tlie most 

t·i:onomical b.uis .. My main interest was tC> ~o imo s..1ch 
?rocess::s by which we car. ~et acti\·ateci carbom ha\ -
ing uniformity and hirh awvity. The a!Y?roach I had 
macie is a practicai ( ·:e oased on the stud\· (•~actual 
ur.1ts engaged in the manufacture of acti\·atrd carbons 
i~ lnci1a. It inciucies cor.1mercia:. financial anc :~:1~
nical feature$ of such units. 

Technically S!)Caking the existing furnace~ ha\·e 
a nuu . .Jer of defects which include the bw ,·ielc. higJ: 
foe) cost. short duratior: o!" brici: lin:ng. handimg o: 
material, manual O?eratior.s. mc:chamcaJ breakciowm 
c:tc. For the detaiied stuci y, th~ readers arc: · eques:ec 
to go through the: author's paper entitied · Acl1: at;d Ger. 

b"" published in fociian Chemic a! ~far.ufac1 ure~. Ai:>ri'. 
19i(I issue and 'Acm·aung Furnaet·. ?a?e: pres~nte:-: a: 
me: Com·enrion of Cemists. 197; a· ti-1'." Im::1u1~ <·· 

Science, Bo:-:.b.:i•: liniversnL Some of these deiecu .. 
may be c:iimir.a·,ed b' the use of modcrr. technoic•g'· 
bu: the ecunom1ca: factors does not permit tci cio sc,. 
It is therefore nece~sary to think of rwc• alterna:l\·=~

either to de,·elop the existin~ rotary furnace or H• devC'· 
lop such furnaces which are more economical than the 
rotarr furnaces. I prefc:rrec the: lauer way and el:mi
nated succes~fuli~. 

Any kind of c iiarcoa! whr ;, treated with air and 
steam at at a tempera1urC' of abou: 900· 1000°C gives 
activated earl.ion but the qualin· of charcoal ciC'pC'nds 
largely on the type of charcoal we use, for example, 
pine charcoal, tllke charcoal, euclvprus charcoal, sandal 

charcoal. and shell char. oal ydcis SU!)C:ior Facit>~ of acti
\·atc:ci :-arbons_ F O!'" the commerciai exF!oitatior.. pine cha
rcoal and shell charcoal seems to be: mos: fa\·our:;;b:e. E 
we use: pine charcoal we get such acti\·ated caroons whi' n 
are useful in li(!uid phase adsor?tiro:i whiie the use o: 
she!! charcoal ,-ields a:-ti·.-:uec' .-:.-.:-~- :.:--; \•. hicn arc:_ 1:~.-.: 

in raseous phase acisorp:inr.. s:n::- we ::.re oc;;lin;,- \\":[:: 

the manufacturing: ?'ores! tile i:~c::is:ria: anolira1K-.10 
o' acti,·atcci carbons ar= th'.":-c:io:-e :;o: inciucec m 

thi> ?ape1 · 
Rotar_' furnau 

In tnis the principa: "· steam ac1i,·a1ior. has ·:_.eer. 

utiiised in the process o'. treatinr tne charcoal t0 oper. 
ar. enc..-mOU! number o'. r.iours a: cit>f::-:itr· con-:!itmm 
Ir. other words, the process of arti\·arion is a seienn-:
oxia~:10!"'. of thC' bas:- ca:·ou: wuh st...-:1~.. .1-k· ~ th~ 

caroor. SC' produced poss:-s~e~ a iar£.Te surfar= are:? the • 
abiin,· to accumulate o~ concer.tra:~ suiJstanr-:~ at 
this smiace. A~:ua);, .. ·:ha~ \•.-c- ci- ?; we re•ra~:- tn~ 

ao~orptive forces o~ our:11nf ot:: •r_· ri·~:(·-canw:-. 

o·otained from the carr.i.:u:1zatio~ a:·,,: :!');, ar\" struni:+ . 
ab$~r:,eci [>,· th~ ccs: (.i<>n: ~:.;~!=-~=~~:-:~' ~~'=""",..,.; ti·.;:: 

the aiJo\·c phenomen:... iri o:he: ,. or<'.~ activi:•. de 
pend> to a consicierabie t>xten: nc•t oni,· or. the stanm 
material but on tne wa1 ov whiri: 1: \1·a• prrparc-c 

It is therefore absoluteh mce~~:..:-' H• ha\'e a proce~ 

which has its own aci\·antages. 

M"ti~tict! Furnau: 
The ouic princi?iC' acioped 1r. rhc: ciesi~n o: t! 

furnacC' under consioeration. i~ tr1e steam acm·ati' 
and irravil\. 1t o·,.ercomes all the ciisa.ci~·an:J?e! 

the rotary furnace. The c.;onstruc1ional cietaiis of su 

a furnace ~re given in the accompaniC'd si;etches. T 
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rr:a~eriais uquired include as those of rotary iu! · 
nace CACept the ro:ating part5 ~urn as mo:o!, gea!. 

pinion, etc. Herc the n·lindrical n·s~cl kept \·cr:ical 

an::i 1s stationary one. It is cieiigned in such a way tha: 

it shoulc wori.: as a continuons process, the ma1erial 

will come out of the furnace only when it has attained 

a certain acrn:ny. Otherwise it wili stay in the fur

nace itself till it attains such a 'l:alue. The feeding 

mechani~m adopted is a mechanical one and works 

effectively to Foduce the desired product. Preheating 

mechanism is also provided to heat the charcoal be

fore heatine. Pro'l:ision is made to utilise alternative 

lecding m;chanisms (\fec-hanical and Sie;,.m). 

Equipmmts anti Constructional Detail!: 
A mild ~teel c,·Jincirical ,,·essel lined inside with 

fire bricks, brick chamber, oxidising ch;;.mber, steam 

and air pipe lines, blower, boiler, feed hopper. mecha

nical bucket con'l:eyer, \·ibraton· feecier, crusher 

etc. 
The unit consists of one long cvlindrica! ,,·esscl 

made om of mile steel. It is iined inside with fire 

brici.:s. Ou;sidc a chamber of bricks is cc.nstruc1ed 

ali arounc the fern.ace. At the bouom an oxidising 

chamber ss attached and at the top it is closed with .a 

piate hann~ capillary hole~ above whicn is. construc
,,.c ::i rhimne\· with a dampe:-. Steam anci a1~ cor,

nections are macic at the bottom cf the ox· ciising cham

be:. Jus: abO\'e the bottom of furnace of tne main 

vessei a feec hopper is connected at on,. s1oe. To 

the feed hopper conveyer and the crusher arrangemt'nH 

are made in such a wa"· that the required quan;ity 

of charcoal should enter the furnace at the required 

intervai o!" ume. Arrangements are made in si..ch <: 

way that the piece~ weighing between O.a and I grarn 

~:w:..ic :.-~te~ the furnace when me fecdine; arrang

mcr.t is made to O?eratc:. 
One more steam connection 1s provideC: at the 

to~ at an inclined angle. This is to facilitate 10 re· 

me)\"~ tnc activated carbon easih· anci at the samr time 

continuously, from the furnace. 
S<• according to this. the furnace comprises oi a 

chamo:r. a steam supoly, automatic fr<dcr svstrm <snd 

a prenea1er arran~ ... ment. Arrangemen! being such that 

ihe unacrn·a1ed charcoal should reach the botrc•m and 

after some time should move to the middle J'.>Orllon 

then to the top where it is driven out of the chamber 

by the top ueam supp;~-. 
Thus in accordance with this, the steam suppl)" 

should be at the bottom and also at the top at an 

inclined angle, here tlse s•eam acts as a lifrer or dri-

\·er ::n(; ais>:· a. ar. ;,c·"r:: r.: acti\·aiior.. This ar:ar'g"'· 

men: en.;i.bie~ u< to ?rociuce unifo1 rr. cp.;alu~ of act:. 

\·a tee ~arbor•. Tne frecier should aiso be «ttachl'd 

at an incltr.ec ;.ngie. The chamber beir:~ 11:.-atec! 

intrrnalh. The t<>p outlet (small ca pillar~· Loies) for 

s1eam also facilitates to remove waste gases pn.Cucec 

ir.sicie th:.- chami>er. The opening pro,,·ided at tl1e !Op 
to remo,,·e the finished prociuct final1y leads the prociuct 

to a puh·oniscr. I~ has to be noted that the outlet 

opening of the steam from the chamber should always 

ha,,·e smaller holes than the diameter of the steam 

pipes. It is ob,·ic;us that further modifications can 

be made: within the ambit and sct>pe o!" this modified 

mc:thod. 
o.~ratuma: p.,.oadurt: 

Tnc preheated cha?"coal pieces wl.ich ar~ !:::l\"!n(: 

uniform si=c anci weight are frd in 1he main c!1a1t'r.er. 

The' are ht'ated to about l : l :-.ec by passin~ the lro: 

ga~~s in~icie the chamber through the oxidising chamber. 

\\"hen once the furnace attains the temparature, i.e. 

11I5'(;. steam ,-alve_is operated. Temprrature ir.sicie 

thr cnamher bl" J'.>O!.SSill~ the desired proportion of tne 

fiue ga~e~ anci stearn Af1er some time we obsen·e :h.u 

there will be some los~ in the charcoal pieces Thi~ 

loss in tne wei~h: enahies to lift the charcoal pieces 

uoward~. "Km·: the prrssure inside the rham;...-~ :• 

maintained ir. such a wa\· that the charcoal [\le<e! 

which ha,,·e lost about 30 of rheir wei~ht shoulr' re

main at the middll" of rhe fun.ace. OnC"t' a!!"air v.-• 

find that afrer some time these pieces ·rr.o,·e iu::-the~ 

upwards. !\ow the ort"S~ure inside the furnace is a<l

ju~ted in such a wa"" that these pieces should be a! rne 

top o!" the furnace when their weight is further reciucec 

to 30 .. tr.at is. now pit'ces which arc ar the top han 

totalh· ios: about 60 o: rhei~ wei!lht Theri th• s1rarr. 

supph· on th~ top i' operated to remo\"e thcs~ oierc:! 

whi< h arc activated b\" this time. It ha• to be nr,1e::: 

that the oropo1 tior. of tiu~ ~2H's and air should r_.
maintain,.d at a comrant rate. The tt'mp:rature sfi, .. 

uld nor bl" belo"· 900°C and abo,-~ 11!5c\.-: Gri • 

selected charcoal pieces should be fed ins;de the rham

ber. The ores1ure of the steam is adiusted in such ., 

wa,· that nnh- high)\" acti\•atl"~ carbr.n oit'cr.• shriuic" 

rear.h li1r 100 n'. the ch;1mbcr where the,· will b·· dri,·.-r. 

out auwm.11icalh- with the help of top steam ~nook. 

The: C!uali1,· of the arti\"a1rci carbon .:an b= rontrr.lkcl 

b~ adiu~tine the prenure incide thr rhambcr. 

The above phenomena, mav will be illustrated 

in the following way. First the steam pres~ure-that 

is tht' prc:uure inside the main chamber is adjusted in 



such a way tha: th:- ur • .! ::;·_-;.11cC: o~ new1\ fe,: cna!'-.~oa! 

pieces weighing sa' (1.55 e1am t(• l gram 5nouic re·· 

main at the bottom "hen tiiry ioos: tnci~ \,·eight of 

ai>out 30 say w:1er: 1he\· weight Cl.55 g:a!'ll tc ':·. 7 ~ram 

:ncy shoulci mo\·c upwards anci remain .almos; at the 

middie of the iurnace. Again as 1!.rne pos~s when the 

eharcoai pieces loo;:: again ::o that 1s wher. their 

actual wei~ht is aOc.ut 0.3 to Q_.; !!'ram the\· sh~uld o:: 
at the top of the chamber where tncy will 0c dri\·cr. 

out the chamber b\- adcii11onal st-:am suppiy. Herc 

uniforalll~ car. be a:taincd throug~out the operation 

b~· i.::eping th-: s1c:am pr::ssure at a. co•--:an: "·aluc. 

It should hvwc:\·er be: noted that charcoal pieces wil: 

now remain or concentrate in one p:ao:e as 2 sii!?ht 

ch31.ge ir. weight wiH shif; 1i1ei~ ~:ac~ \• ni~t. nnJ.lly -

bring t~ a state in whicn rne cn<&rcoa. p1ec.e5 c&r. Le 

er: 1rnpmg!ng one ano:her and aimc.s: c:\·cn time 

one or the orher pieces "·ill be reaching tile surfac- anc 

at the: same- time: will i.Je ciriven c.u; imrnc:ciiatei~ anc 

ncnce tile: iurnace car. bi- rc~;:rcieci as a CC\ntinuous 

one. Ir. thi1 furnace we i:-ar. gc:: ti1e finishec prc.ciuc: 

wi:iioli: an-. .li:mO 0:1meru::>:·on o~ r.andiinf'. 

Aii:c!l;~!t;: 

" .... 

~. 

-i. 

T em:>eraturc: can oe mamtainec! uniformi•.· anc 

'asi~ , .. 

Desiree qliau. \. o'. activateci carb;.: ns could be: 

c.otaintd. Eniformn'· can aiso be obt.aincci. 

Dt:~i11r tnc proriuction we obsenrc: that nc· hanci· 

ii11r o! tne product is re'!uirec. 

It overcomes all the difficulties o: tile exmi:'I£ 

fu:naccs. 

Tne iue'. cos: will oe \"et' 1c:s~ wne~. compue~ 

to .ii.st c.: t11c ex1sLmf processc.-~. 

:\c SIC>ppa~~ OUTIO!= Ill~ prr•OUCllO: .. r:\.•mecn

ni~ai <-::. 

~a,·mc ;r, p1 ic~. h tn!~ iurnat.:t aoc•ut 4fJ b,· 
v;-:-1~ :1: ,,: r;&w ma renal c.:· i.1~h1'· activated ca::•on 

couici l,: prociuccci as fa~ a! oti1er cnar~e~ are 

c or.c.c:rned. i; cosu airnc.st lne same as triat o' 

ti1c- e~isring rotan iurnaces. 

l She!: :1cti:atet! Caroor.: 

It i; f''JHibie for us I(· ?rociuce CfJconur she-Ii acti· 
vat!'ci c.ariJon with tnt same an~ nr~:-:1en:. 

ui.:ati: ar.:":e!: 
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le is •.-ea ciifficuit to standarci~e :h:s ~-::'l'.i c,: :a> 

r.arc as u m:iinh· ciepcncis upon the typ: o! ~.lw ·:-:~te· 

rial used in the proOUCtion of acti\·atCC Cilf Oom. 

Since star?ciarciisation c,f the iurr.acc depends u;xm tne 

weigh:, snapc. s'.-: o! tile cnar.:oal useci. we fine 1: 

extremch· cifficui: to iis: common stancarciis;n~ !a(. 

.ors o! tnc iurn<1ce. Hence- ciepcding upon the t~ pc 

of the cn.arcoal us:c. we ha\•e to fix the height o! tile 

furnace. pressure of steam, rillc of freciing etc. 

Discus!> ion 

Tno: fun:act i~ stationery one, continuous t~ pe o!" 

furt.41~~- Ir~tr-:-naL\ fireci one. l\s far a~ the- ro;ar; 

furna.:e i~ c Jncerncd it h2s got simiiarities except 

the rot;;.-,· Dart -:/ i: Her-:- rert~\-ing o~ the finished 

pn.ciucr ii f!ui::= cliff. rent fro!'n tn:u of the rota.ry one. 

The \·ielci will o:- more wner: com~·ared to the re.tar~ 

furr.ace o:· tile same capicuy. L\"en the fuei cost~ \•·i'.i 

aiso oe icss Tile life of the furnace will be more 

than 1h-• of 2 sirni!a: ~ize anci type of rotary furnace. 

Tnc: initial im·cstmerm wili also be slightly iess ;!:a:. 

fr.a! o'. • si:niia~ tY?~ o: rotar-\· rnrnac'! Mt"!- II. 

1h1s furnace. aimost al: me ope~atio1:~ arc- me~::~r:Ka. 

anc'. a.re 41..ilomatic. 
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Tl!Mr 12. Tndr n.ames for ..:t1u1Cd carbon 

Tr*iwnt T~pc .,r AppballOll Muufacturtt Suppba 
~-...rboo• 

Ao..""t ... -;arb.>nr P.G.Pd d«o&oruawn.. ps punlialn>n. CcaSA tFI 
•illtt punf..:.111<>n 

Aalbnsorb P.G -ltt punfiaDOC Thomas Sns cGB• 

~ Pri wl,,mt RCIJ\.ft} Ba}tt ~Lurpl 1FRG1 

Bnl.>1111 p J«oh>na11.x1 [)qv»il 1Lurpl1 l'RG1 

Carborilffia p da-olonauoa Ba}-cr tlurpl 1FRG1 

Dilrco p ckcoloruauoa Amcncaa Norn !USA1 

DquSucb P.G.Pd d«o>lonauoa. ps punf..:auoa. 0quss;a 1FRGI 
soh-cn1 rcco•'CI"). caw>"• 

Filln>Orb G •altt punflClllioa CalfOll Carbon Corp. cUSAl. Cbcm•-.roa CBI 

H~dnfT111 G •altt punfiauoa Ba}a llftd Dquss;a Clurpl cFRGI 

Kunraycoal G ps punfllClluoa Kunra} Cbaaial Co. cJapanl 

Kurdlil Pd ps punfllClluoa Kurma Chmiial Ind 1Japanl 

Le Carbon G p>ld n1ract1on PlaCFI 

Som P.G.Pd dccolonzauoc. ps punfiauoa. Soni 1SL. GB. llftd USA! 
• a1tt punf..:a11on 

Sucbar P.G •altt punfica1ioa. air purification Wes1,,ac:o Corp. cUSAI 

Susorb G ps punflCllllOft CSucoal (USA) 

Plcactif G ca1aly"5. •altt punflCllnon Pia ff) 

Shinsap P.G.Pd vanovs Takeda (Japan) 

Soh·osort-on Pd sol•·mt l"C'CO•cry Ba)'Cf Clurpl (FRGI 

Sorbonont Pd sol•"Clll l"C'CO\tty Sorit CNLI 

Supcnorbon Pd sol•-cnl l"C'Covcry Baya llftd Oqussa Clurp) (FRGI 

Su1ehfTe G ps purifica11on Sutcliffe Speakman .t Co. cGBI 

Ta.ito P.G. Pel •anous Futumura Chm!. Ind. Clapanl 

T surunucoal P.G. Pel \.'300US Tsurumicoal Co. cJapanl 

Wa1ttcarb p •oater punf..:auon Husky Ind (USAI 

• P • powdered carbon; G • sranutar carbon. Pd • pdlct1zcd carbon. 

(263). If other volatile substances are present. the 
moi~rure contenr can be determined by !he 
xylene method (263). (264). 

The ash content is usually determined as the 
residue after ignition. e.g .• at 650 ± 2S C [265). 
Frequently only the water-soluble or acid
soluble pan of the ash is determined (266). since 
the total uh content is often unimportant. In 
cases where certain cations or anions have an 
adverse effect on the products. they can be deter
mined by first extracting with hydrochloric acid. 
nitric acid. or water in a prescribed way. and then 
analyzing thi1 exrract Arsenic. cyanide. and sul
fide must be determined by experiments on the 
activated carbon itself. Determination of acid or 
alkah contenr can be carried our by boiling an 
aqueous suspension and finding the pH of the 
filtered or decanted aqueous cxrract. Working 

with the unfihcred suspension or with tnc carbon 
itself would give a misleading result ciue to the 
effect of the :::arbon surface on the pH. 

Mcdaanical Proptrties. To determine the ap
parent density of activated carbon. the filling or 
compaction procedure m•1st be specified so as to 
obtain reproducibility. e.g .. in accordance 'Aith 
[267)-(269). Dry material is used. Grain size dis
u;bution is deten!lined by using standard sieves 
and motor-driven sieving apparatus. The fine
ness of powdered carbons may be determined by 
elutriation or by laser-beam ccattering (e.g .. Mi
crotrac). Equipment such as the Coulter coun1er 
or sedimentation tests lead to incorrect resuhs 
because the single particles of activated carbon 
vary in (lectrical conductivity and density. The 
hardness of granules of activated carbon may be 

Source : 6.1.2 
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thest u.lucs (:?SO). The high-carbon materials 
graphite and anthraate are very dirficult to acti
"-ate. Bitummous coals with high oxygen and hy
drogen cootents can have troublesome sticking 
and swelling properties. In thest cases. a prcoxi
dation is usually carried out before ps activa
tion (:?51). [:?5:?). This is done ,.ith air or oxygen
containing ps..."S at temperatures between 1 SO 
and 350 C This causes 5-30~• oxygen to be 
taken up. The optimum temperalure is 2..."'0-
250 C This procedure is carried out as long as 
necessary to cause complete disappearance of the 
5"'-elling and sticking properties; as much as 5 h 
may be required. The reaction time may be re
duced by addition of catalytic amounts of nitro
gen oxides. 

Bitummous coal may be more easily acti
"·ated after addition of mineral acids such as 
phosphoric acid. For this purp.JSC. the ra111o· mate
rial is finely ground and mixed 111oith a fe.- per
cent or acid before being formed inlo shapes. 
This procrss. which was developed by C arborun
dum (253). is operated in 1he United States by 
Ceca. It uses a combination or chemical and gas 
acrivation. In some types of bituminous coal. •he 
quality of the activated product is adversely ar
fecred by the high ash content; however. a small 
ash content that includes potassium compounds. 
for example. can have a catalytic efTecr and. 
when 1he material is prcoxidizcd. can lead to in
ten~ve ga~fication of the coal. In these cases the 
ash content or 1he raw marmal can be reduced 
by grinding and noration. The preoxidation can 
be carried out on the powder or after granu
lation. Following are some companies which ac
tivate bituminous coal: the Calgon Carbon 
Corp. (United States). Ceca (Uni1ed S1a1es). Sut
..:lifTe Speakman 1Uni1ed Kingdom). Thomas 
Ness 1Uni1ed Kingdom). and 1he Bergwerks,,·er
band (Federal Republic of Germany). 

BroM·n coals and 1he rcla1ed ligniles offer 
an inexpensive and readily ac1iva1ed s1ar1ing 
ma1cnal for 1he production of ac1ivated carbons. 
Their rela1i>ely high ash and sulfur conlcnls 
arc dc1rimental. Therefore. me1hods have been 
de\·cloped for removing ash from brown coal 
before coking. e.g.. by treatmenl wi1h an 
oil - 111oa1cr mixture. The ash goes into the 
aqueous phase. while the coal remains in the 
oil phase. By this means the ash contcnl 
can be reduced by 80-90%. Lignilc is ac1ivated 
in high tonnages by Norit in 1he Uni1ed Stales 
according 10 a process by ICI United S1a1es 
(254). 

Vol. AS: 

In recent )Ors a large number of pu~. ' 
tions and palents have been eoottmed with acti
"-ated carbon from minval tJil prodJKu. asphah, 
and tar. Liquid petroleum fractions and residues 
are used by the Wi1co Chemical Co. Inc. (Uniled 
Stales) as starting materials for the manufacrure 
of granulated and shaped activated carbons. 
Calcined petroleum coke pfacticaUy canno1 be • 
acti...-ated. Green petroleum coke can be il.ctl

valed after pretreatment (preo1idation) wi1h 
concmtrated nitric acid. In Japan. the KllRha 
Kakagu Kogyo Co. produa:s activated carbon 
in the form of spheres by low-temperature car
bonization and subsequent activation or emul
sified petroleum droplets (255]- Petroleum 
sludges and the acidic r~n cokes produced from 
thest contain a high proponion of sulfuric or 
sulfonic acids and can be acti\-ated by steam. 
There have been many di~ons in the litera-
ture i~ recent years cooceming t~ use of wastee 
matenals such as fly ash. old nres, domestic 
refuse. or sewage sludge as raw materials for acti
vated carbon [256). These materials have not at
tained pracrical irr.pomncc because of the high 
proportion of uncarbonizable accompanying 
materials. 

Shaft furnaus originaliy co~sted of simple 
vertical chambers with smooth walls made of re- t 
fractorY bricks. Heating is ex1ernal. As the pro- : 
cess was developed. the mixing of the feed ma1e
rials was improved and. consequently. so was the 
rcacrion with [be ac1iva1ing gas. This was done , 
by installing ceramic attachmen ~ in the form of 1 

gra1ings or replaceable louvers which can control 
1hc direcrion and v·.:Jcity of the gas stream with-
in 1he furnace. The reaclion gases (hydroien and 
carbon monoxidel can be removed at various t • 
le\·cls. T;1e 1empera1urc of the furnace. usually 
5- 8 m high. can be con1rolled by means of a 
number of burners or afcerburners (Fig. 22) j 
(257). Shafi furnaces can be used for 1he reac-
11va1ion of exhausted activa1ed carbon (sec 
Chap. 4.6) (258). They arc used for manufac!ur-
ing activated carbon by 1he following companies: 
Ceca (France). Degussa (Federal Republic of 
Germany). and Su1clifTe Speakman (Uni1ed 
Kingdom). 

Rotor.I' kilns arc 1he most commonly used ac· 
1iva1ing furnaces. Due 10 the length of the kiln 
and 1hc high temperatures necessary for gas acti-
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Product outlet 

f'iprr ll. S~rt fumaet 

vation. direct heating is the only feasible method 
when the materials of construction of the kiln are 
considered. To be able to control gas composi
tion and temperature throughout the entire 
leng1h of the kiln. several burners and gas supply 
lines a distributed along and around the kiln 
casing. e.g .. in the American Nori! furnace. Fig-

Coat .nie• 

Carbon 129 

---------------------(} 

600-1oo•c 

900-950°( 

900-9so•c d 

f'ipn 24. Multiple hearth fumaet 
a) Raw matmal silo; b) Inlet; c) Burner; d) OfT·ps suction; 
c) Oullct for acti>atcd carbon; O DvSI collector. 1> OfT·ps 
stack 

ure 23 shows an arrangement including lifters lo 
give improved mixing of the feed material. By 
means of steam injection at a rate which can be 
varied. the water vapor content and. therefore. 
the activation rate can be turther controlled. 

Mu/tip/~ hearth furnaces (Fig. 24) with rotat· 
ing arms and stationary Ooors on each stage are 

fillll't lJ. Rotary kiln for stcam-ae11vauon proc:ns 
a) Steam; bl Gas; cl Air; di Burner; e) Bnck hnins; f) Lifters 
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used by several finns such as Calgon in the Unit
ed Stales and Belgium. This type of furnace is 
also operated for the purpose of reactivation. 
e.g .. by Windhoek Municipality (Republic of 
South-West Africa). 

Fluidi=ed-~d_furnaces offer the advantage of 
extremely intensive heal and mass transfer. This 
means not only that the activating gases arc 
quickly brought into contact with the raw mate
rial. but also that the waste gases arc just as 
quickly removed. In recent years furnaces have 
been developed which arc o;icrated continuously 
(Fig. 25) and in which several fluidized beds arc 
run in series. The acti\·ating gases may be intro
duced into the spaces bclwttn the fluidized 
layers and also into the circulatory system. Thus. 
it is possil)lc to achieve a prcoxidation in the first 
sta,c ~itt. oxygcn<onlaining gas and then lo 
carry out th.: actual activation ~ith oxygen-free 
gases in a second stage. The activation in the 
fluidized bed is so intensive that usually only 
fragile products with poor resistance to abrasion 
arc obtained. which arc processed to give decol
onzing carbon in powder form. By maintaining 
ccnain conditions. in panicular by keeping the 
water vapor content of the gas below 0.6 kg:m3 

and by maintaining a neutral or slightly reducing 
atmosphere. it is possible to produce ~brasion
resistant granules. 

Fis•R 25. Flu1d1led-hcd rurnacc 
;a> R;a,. m;alcnal :1,110; b> Inlet. c> Combus11on chamber 
1inchr«t he;a11n11: d> Burner: e) GH d111ribut1on plate; 
f) Outlet for ilcll\iited carbon. 1> Heat nchanFr 
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4.2.4.1. <Mmical Adi•ation 

In addition to the classical zinc chloride pro
cess for the chemical activation or carbonaceous 
materials on a large scale. phosphoric acid is also 
largely used. 

Zinc chloritk (7646-85-7] is used by Ceca in 
Italy. by Takeda Chemical Industries in Japan. 
and in Czechoslovakia. In this process. 0.4-5.0 
pans of zinc chloride as a concentrated solution 
arc mixed with t part peat or sawdust. The mix
ture is then dried and heated 10 600- 700 C in a 
rotary kiln. The product is washed with acid and 
water. and the zinc sails arc recovered. In some 
cases. chemical activation i~ followed by steam 
activation lo obtain additional fine pores. 

Activation with zinc chloride alone gives 
large pores. In spite of the efficiency and simplic
ity of the proccu. it is in decline because or the 
problems of environmental contamination with 
zinc compounds. 

Phosphoric acid (7664-38-2) can be used to 
treat either uncarbonized or carbonized raw ma
terials. and the process is operated by Bayer 
(Federal Republic of Germany), Ceca (France). 
Hooker (Mexico). and Norit (United Kingdom 
and United States). Finely ground raw material 
such as sawdust is mixed with a phosphoric acid 
solution. formirig a pulp. This is dried and 
heated lo 400-600 'Cina furnace such as a ro
tary kiln. The phosphoric acid is then extracted. 
sometimes after neutralizing il to give phosphate 
salts, and the material is dried. giving an acti· 
vated carbon which usually has finer pores than 
the zinc chloride product. Activation using a 
combination of phosphoric acid and steam is 
also possible. 

As with zinc chloride activation. a highly ac
tive decolorizing carbon is obtained by a rapid 
process in high yield and at a relatively low reac· 
lion temperature. However. the cost of rccov· 
ering the activating chemicals is high. Acti\·ation 
by phosphoric acid has become :nore popular 1n 
recent years, and there is no doubt that improved 
methods of phosphoric acid recovery have con· 
tributed to this. These innovations have hardly 
been reported in the literature: the "know-how" 
is not divulge(! by the producers. 

There have been reports 1n the literature or rnanY 
chemicals which un be uKd 10 activate carbonaccC1u• 13" 
materials: 

Aluminum chlondc (744~-71/.0( 

Vol. AS 

Ammonium dlloridc (. 
Boma 
Boric acid (IOl14J-J5.j: 
Calcium chlondc ( 1Utu 
Calcium b~dro,IM ( H 
Chlorine (T'N!-511-51 
Hydrosm cblondc (7""° 
lroa sahs 
Nickel sahs 
Nitric acid F'6r-J:--.1 
Nilnlll5pscs 
PbmpboRs pmtoudc , 
Porusium ~ (74411-

Porusi-:E>ck (/ 
Polasu-
Porusium sulfi IJ I:: 
Sodi1a -1 (iUO-!J 
Sodi1a by:lroudc (/JI 
Sodimn oxide (tJIJ.59-
Sulfar dioUde (7~ 
Sulfllric acid (7Mf-9J-~ 

or lhnr. oal) sulfu, 
•naiacd anv commcrn 
lion with Milf unc acid 
propcnic5. •ililc potas• 
and fiac pc>RS. Scithcr 

A Standard Oil : 
cial position. The r 
carbonaceous mate· 
potassium hydroxid 
yields an activated . 
porosity. the speci 
3000 ml/g. Tiie pro. 
commercial scale b' 
Michigan (United S 

• 4.2.4.2. Gas Actha 

In gas activa1io1 
treated at cle\·atcd 
Pscs. lhe most cor 
dioxide. and mixture 
using graphite have 
locitics: steam hast
rcactivc u carbon , 
as _mild oxidizing a• 
being several simult. 

H,o + C •CO• H 
lH,O+C ···•CO, .'11 
CO, +C -· lCO 

Due to the cndc 
l'Cactions. the carbo1 
•nto intimate contact ' 
must be hotter than 
pcrature; otherwise. 



t. for spt"·ialt.- appliutions (r~ .. 

nm 1lilmdrrl and •<ln·a.~ ~cir 

>!n;at..J a.-.-ordin,: to a thrr.-.C~it 

• rh .. parti.-1 .. Jiaml"t<"r ran,:.-. :i.~ 
· (~uprr abrasi,·r furnan·I blad; 
ml"tl"r. •hill" thr fonnrr FEF-1..S 
:i!J1! ;a partick dia~rr of 40 lo 

•ul based on natural gas as frrJ. 
· 1·apablr of ttproducintt all p• 

rdl battl"ries and for imparti~ 
1-..d by ac~yknr decomposition 

:mx~. This matttial (of about 

-.. l~·el than furnace and chan-

dsorbent in~ masks in World 

lfll~n of wood can rrmove 

n~ com~n:ial application 

J tilters werr u5ed in a British 

··•intrd carbons can be di.-idrd 

. for which a granular material 

•r which a powdrrrd material 

r for all purposes (T ablr 8.2). 
td porr volumr. is hundreds of 

-onr black. It is tslimarrd that 

mount of material adsorbed bv 

1 quartrr to an rqual weight of 

1bs1ancts can be iw:ovr~ and 
upon 5\lrface area and pore 

be adsorbrd. and the surface 

.. d. assuming suitable molrcu-

·has the cleanup of cane. beet. 

1 "a Irr supplits. vegetable and 

i··al~. Thr rl"coverr of slrep10-

.wi,:1uids. 

.tar~· gas masks becau!le of 

·mplo•rd in both mililarv and 

F.<rhan~. 

1621: Fom .. alt and Hu1<hin1. Punfon~ 
.,. Ill' 11.r..-leanup Rain for Powdm.I 
~ Carbon Pror.- for Liquidt. (.Mm. 
. f:,,,,,.. ~-Pro,:. 671111.45119711. 
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T \llll U -tn'W..W.U •f .4ttirelff r_..._ 

f,/w1'6t¥ ~~ ur r apun. 1$tP-cdsorlJ,,ru rarbr.ud 

I. .\& .. >rbo-nt in mihtan anJ inJlblnal ![I> ......i.., anol .,thrr .i........,.. 

·J R"""'•'r"' of ~.,.,. Imm natural ~-
:I. R ... ,,..,., uf hmm! frum manufa.1urni po. 
-I. R•nau•n of ioOl\l"ftb '~purilt""d In 1ndU:!-lrial pru.:-n~ SUt.'h ~ manuf.-~utt of ~~·on .. rubbtt prodt1t.-.,.. 

Jr1tfJ<·11I 1.-athrr. lr3""fli'""t "nppinp. lilm. •mok,.r..,.. po,.J..r. anJ pbs1h.-,.. and in rol~\..,.. printi ... dn 

, 1"2ni..,: of fabrin. t~f'f'"aSi'¥ of llll'Ul"". ".'obmr ntf'llrtion. fttmf"'lllillion. f"'lt·. 

5. Rrmmia,: impuriti..,, from ri:ose •uch .. h•~n. n1tl'Of[rt1. r..lium. attl•knr. ammonia. carbon diox-

1Jr • .and .-vbon m<>noud.-. 
6. Rttnm i111: ucpnic ;ulfur ,..,mpounds. HzS. and otbr. impurilin from nwiuf..,·tur~ and ·~ nthnis p> 

1u.u.dl• impr~nalnl "ith ..;thtt Fr- or Cu .ah». 
7. R..mcJ\inp: od..r. frum air in air n1nditioninp:. st.-nd1 abatrmrnt. '""'· 

8. Ab>orhi-.: ..,.dio-arti>t nnanations from nu.-k-onir rra.-ton for t~ Ii~ sulfic"'11t "° that tr.,, dtta• is 

'"mplrlnl •hilr- >till tnppni in 1hr- ad1ut..! ··arboo btd. 

Dttolari.:iryt and puifi i~ IU,uitb tJrcolon.:iryt car6o11l 

I. R.-lininp: ul 1-.nr oupr. t.r.-1 ...,:ar. ,:1........,. and othtt siruP". 
:?. Rrtininp: nib. tab. znd -ils~ ~udl ~ couumttd oil. t~>nul .,ii. 
3. Rrmm inp: impurit'" fmm food proclu.-t• •uch as (l:datin. 'inrpr. <O<"Oa bull...-. P"'"lin. fruit juica. and 

.r.·nhnli.- "'"'"~· 
.J. l\rm1J\ill(I: impunll..,, frum phuman-ulinl and olher chemu-al products. indudi .. acids. 

5. \lat...- purilio·ation-rttno\al ul wtr. odor. and cnlor. 

6. Rttno\ illf!! impurilirs from .....! nil•. dn ..-lnnillf!! ...tvmr.. rlttlroplalinp: ..,(ulions. •irups. rte. 

- R..mu'al nf mMaL• fmm ..,lution-•il,...-. ~d. rte. 

Catalut a11d catalnt '"PP'"' (~a.s-adsoriwlll car6on) 

I. Suppnn for ll11U7 0-atal_.1 for manufacturr- nf 'invl rhloridr . 

:?. Support l~•r zin•· al'f"Ull" 1-al~ul in 1hr manufaeturr of \in~I acrtalt. 

3. \bnufao1ur.- nf phn-p:.-nr . 

.J. t :.rn~ fnr hufrnf!rn .. tion 1·atal~~l" . .-tc 

I. lntrrrwl mnlu:int· fur arborpliun of P..,~- to~in~. and poi.4oC>RS. 
" Admmi•l.-rillf! a.t. ..... 1:.rn1 .....,h,·inal•. 
:J. E\trrrul .11l••orf,.·111 fur ,,.Jnr'!"> from uln.-r .. ianJ •ound ... 

.'-111.rr,: L.arhon Prndudl' UI\ .. l nion c:...rbiclr. 

industrial gas masks. Acti,·atl"d rarhon is used in air conditioning systrms lo control odors in large 

restaurants. auditoriums. and airport 1·onrour5l"S. An important firld of application is the industrial 

rero•ery and rontrol of \'apors (Fij?. 8.-t.). The rl"f·m·en of surh vapors amounts lo billions of pounds 

fl"' \'Par. with a rttover.-d \·alul' of !le\eral hundred million dollars. Al'tivalrd carbon is able lo 

adsorb pra•·tiralh· anv organir solwnt al about 100°F and rrll"asr ir when heatrd to 250°F or higher 

for organir sohl"nls. Arri•·att"d rarbon 1·an no" bl" ma1lr in an extruded form. which in •·apor 

Jdsorbin;i prrSt·n:• nnh about half th .. air n••islanc· .. nf rhe nltler l?ranulal<"d hl"tl"rOf?l"neous P"wder . 

Tht· pr.,,.~un· drop rhro1111h 1·arbon. "ht·rlwr J"'llerrd or l?ranular. dt'p<"nds primarih on th•· average 

p•rtid .. silr. P··ll•·tt·d mar .. rial .-nsun·s mun· uniform parkinl?. hl"nrt' more f'•f'n disrriburion of 

air tlo". 

~IU.Nl'FACTl"RE \tam· rarhonacrous matrrials. surh as p<"lrolrum roke. !awdust. lignite. 

•·oal. pear. wood. rha,.-oal. nursh.-lls. and fruit pits. ma•· bl" uSt"d for th.- manufarrure of activated 

•·arhon. but the properties of thf' finished matPrial art' ~o•·ernf"d not onl:- bv the raw material but by 

rhr m .. thod uf arri.-ation ~d. De1·olorizing activated rarbons are usuall~· emplovrd as powders. 

Thus rh.- raw mar.,rials for this lvp.- ar .. ,.ither srrurrureltss or ha\·,. a weak structure. Sawdus1 and 

Source 
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Activated coconut shell carbon 
also for water treatment 
Traditionally adivated coconut sbtll carbon is mainly used for recovay of 
scllvaats aad for gas purification. A much larger marbt would ho~ftr be 
purifatioa of municipal ud industrial water, for whida purpose today aonn
aDy chea~r grades of activ.ted carbon are used based on coal or biowastes, 
if deaaiag with activated arboa is med at aD. 

A few municipal water authorities do however use activated c:ocont shell 
carbon. One of them is the Gothenburg water and sewage works in Sweden. 
They have used activated carbon for water purification for the •ast ten years 
and are now buying coconut shell carbon for that purpose. 

We have asked Mr Tibor Nemeth who is chief of laboratories to tell us a little 
about his experieaces with coconut shell activated carboll. became if others 
were to follow his example, aa entirely De\T eaormous marht would opaa up 
for cocoaut producen. 

·1 I I • . . . ! . . 

",. 

.. . , .. 
Sewage treatment plant for 150.000 m'/day, contains 400 MT of coconut shell activ
ated carbon. 

2 

The most recent order rrom 
Golhenbor& water and sewaee 
works "as placed ror acllvaled 
coconut shell carbon from lhe 
Philippines. 
No", Ir europeans wUI buy this 
produce rrom the other side or the 
1lobe In order to purlry their 
"ater, It Is evident that the same 
sturr should also be used In the 
coconut 1ro"llll countrlest them
selves and In nel1hbourl111 coun
tries "here today millions or 
chllden die rrom un~le drlnlllns 
water. This It Hemes would be a 
most Important consideration lor 
local and state governments and 
lor the United Nations. 

Outline for above plant. 

.. The reason we arc buying coconut she 
activated carbon is that this type < 
carbon is superior in quality to othc 
alternatives and our experience is tha 
high quality costs more, but also pa} 
more. With other less expensive carbon 
you will find that some particles ar 
undersized and arc immediately washet 
away. You may loose up to ten pen.:cn 
or the carbon )'OU buy this way. Then 
will also be oversized particles whicl 
may cause disturbancies in the fonction 
ing or the purification equipment, at • 
cost which is hard to estimate, but whict 
is certainly high. The greatest ad\'llntagt 
or coconut carbon is its even quality 
Therefore none or the two problem~ 

above have been encountered with our 
carbon during the ten cars we have used 
it and we arc very satisfied with the 
performance. 

In contrast with industrial applications 
where the type or pollution is well 
known in advance, we at the munict 
water side have to be prepared for a 
type or contamination in the water. c 
never know what industry, or natur~. 
has in store for us. For this reason we 
arc not too much concerned with speci
fications on the adsorbti\·c capacity for 
various specified chemical substances 
tested in laboratory at cxtrcmly high 
concentration. What we need is an all
round reliable adsorber and we have 
found coconut carbon to rum1 this task. 
Compared to the coal based activated 
carbons that we have also used, coconut 
carbon has a much larger absorbti\·e 
area and a more even particle size and 
is thus much more efficient. Coal based 
carbon also has a much higher pore size 
and tends to take up also large organic 
molecules which do not arrcct the taste 
and smell or the water and arc com
pletely harmless. This will unnecessarily 
clog up the coal based carbon, and sir.cc • 
this does not hapren to the coconut 
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7.8 STANDARDS FOR ACTIVATED CARBON 

7.8.1 ASTM: American Chemical Society for Testin? Materials 
{D-2854)30 
(D-3467)30 
([l-2652)30 

Ash content, test 
Carbon tetrachloride test 
Standards definitions of terms relating to acti
vaterj cat-bon {see p. 83} 

7.8.2 IS : Indian Standard Institution 
!8:2752-1978 Activated carbon, granular 
IS:8366-1977 Activated carbon, powdered 
IS:877-1977 Methods of sampling and test for activated 

carbon, powdered and granular 

7.8.3 JIS : Jaoanese I~dustrial Standard 
K-1470 Testing method for ~uwdered activated carbcn (p.80) 
K-1474 : 7esting method for granular activdted carbon 
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UDC 111.tll.2: 541.1: H.117.72 

JAPANESE INDUSTRIAL_ STANDARD 

Testing Method for / 
Powderet.: Activated Carbon· 

'-'IS K 14 70-1
"

1 

Translated and Published 

by 

Japanese Standards Association 

'\ Cl l \\ \\. '975 p,;,... •• • .... 

' .. 

Prlc• "3 0 0 
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UDC 661.183. 2:543.8:66.067. 72 
~--... 

~~~'" l J~~" JAPANESE INDUSTRIAL STANDARD 

Testing Method tor 
Powdered Activated Carbon 

\ • K 1470-1967 

~,~ 

"-----
1. Scope 

This standard specifies the testing method for powdered activated carbon tor 
use as decolouriziag and refining agent. 

2. Test Articles 

The test shall be made on the articles given below: 

( 1) Caramel Decolourizing Power 

(2) Methylene Blue Decolourizing Power 

(3) Loss on Drying 

(4) Chloride 

(5) Iron 

(6) Residue on Ignition 

(7) pH 

Reference Standards: 

JIS K 0050- General Considerations tor Chemical Analysis 

JIS K 0115- General Rules for Absorptiometric Analysis 

JIS K 1306- Testing Method tor Refined Sulfuric Acid 

JIS K 8005- Primary Standard Substances tor Volumetric Dete!"mination 

JIS K 8150- Sodium Chloride (Reagent) 

JIS K 8180- Hydrochloric Acid (Reagent) 

JIS K 8201- Hydroxylamine Hydrochloride (Reagent) 

JIS K 8359-Ammonium Acetate (Reagent) 

JIS K 8486- a, a' -Dipyridyl (Reagent) 

.ns K 8541- Nitric Acid (Reagent) 

JIS K 8550-Silver Nitrate (Reagent) 

JIS K 8576-Sodium Hydroxide (Reagent) 

JIS K 8897-Methylene Blue (Reagent) 

JIS K 8951- Sulfuric Acid (Reagent) 

JIS K 8979-Ferrous Ammonium Sulfate (Mohr's Salt) (Reagent) 

JIS I( 9007- Potassium Phosphate, Monobasic (Reag-:,~t) 

JIS K 9019- Sodium Phosphate, Dibasic, 12 Hydrate (Reagent) 

JIS P 3801- Filter Pape:; (for Chemical Analysis) 

JIS R 1301-Porcelain Cruci •. le:.. for Chemical Analysis 

JIS R 3503-Glass Apoaratus for Chemical Analy.sis 

JIS R 3505-Glass Volumenometcr ro~: Chemical Use 

JIS Z 8802-Methods for Determination or pH or Aqueous Solutions 
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3. Geheral Descriptions on Analysis 

The general descriptions common to the chemical analysis shall be referred 
to JIS K 0050-General Considerations for Chemical Analysis. 

4. Method of Sampling 

Two containers shall be drawn at random from each manufacturing unit, such 
as lot or batch, date or manufacture or others. In case the manufacturing unit 
is not designated, two containers containing 500 kg or its fractions in acceptance 
weight shall be drawn. Then suitable amount of the sample representative of the 
whole shall be taken, mixed thoroughly and stored in a tightly stoppered container. 

5. Method of Test 

5 .1 Caramel Decolourizing Power 

5.1.1 Principle Caramel test sQlution is added to the sample, shaken 
by means of the shaker and filtered and the decolourizing power is calculated 
from the absorbancies or the !iltrate and caramel test solution. 

5. 1 • 2 Reagents 

(1) 36.8 w/v %SuUuric Acid Assay the purity in accordance with 2.2 
of JlS K 1306-Testing Method for Refined Sulfuric Acid and prepare in 
the concentration 36.8 w/v % as H2S04. 

(2) Sulfuric Acid ( 1 + 10) 

(1) 20.0 w/v <fa Sodium H droxide Solution Assay the purity in accordance 
with 4. 1 o of JIS K 8576-Sodium Hydroxide (Reagent) and prepare 
in the concentration 20.0 w/v % as NaOH. 

(4) Sodium Hydroxide Solution (10 w/v ~) 

(5) Colour Standard Solution Pulverize proper amount of potassium 
dichromate (primary standard substance) in an .agate mortar and place 
in an oven maintained at 100 to 110 •c for 3 to·4 hours. After coo&ing 
in a H2S04-desiccator, weigh O. 310 g of potassium dichromate and 
dissolve in water. Transfer the solution to a 1000 ml volumetric 
flask and dilute with water to the mark to prepare the colour standard 
solution. 

The absorbancy of the solution shall be measured by meaa.s or a 
photoelectric photomelt!r or spectrophotometer in accorciance with 
JlS K 0115-General Rules for Absorptiometric Analysis at a wavelength 
or 420 t" 430 mµ and this value shall be tuken as the star.dard absorbancy 
or caramel test solution. 

(6) Preparation of Caramel Stock So!ution Dry proper amount of 
granular sugar in a silit:a gel-dusiccator for at least 24 hours to remove 
water. · 

Weigh 60.0 g of the dehydrated sugar info a 500 ml Erlenmeyer 
flask. Add 240 ml of water and stir thoroughly at room temperature 
to dissolve. Add exactly :?5 ml of 36.8 w/v % sulfuric acid and place 
thu Clask in a water bath kupt at 80 .!. I •c until the solution attains 
80 ·c anti keep this l<!mpuraturc for JO minutes. 

)' 
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ASTll 0 2652 - 76 

Standard Definitions of Terms Relating to 

ACTIVATED CARBON' 
I h 1, '•.anJ.arJ , .. , .. ~-J 111kkr lfk:' t"cJ Jc''lf'R..lll•tft U ~fli'~- lh'-" numht.·r 1mm1L-J1.11.:h loll.nun,: 1h..· ~'•fi!R.alh•n 1fh.J1 .. .a1c .. 
;t\< 'C.11 ,1• ''"~in.al .JJ••l"l•tft ,1r. IP lhc .. .a.,,.:- oll fC'hhlft_ lfk \C.H ••I l..a,l h~\hhtn \ numht:r •n r.arcnlilc...: .. lrt\lh.JIC"' the 
\C.IC ·•I l.a't rc.arrr.1,.al 

.. r•Yoll rni!llama the l"Mf'Crl\ of a.:11\;lled 
.: .. ulk•n '" rc•.1,1 atrn11 .. 11 "r ,.cann11 a,.a~ 
b\ 1n.:1tl1n. 

llhuwpcioi.-a rru.:e" '" .. h1.:h llu1d mola:uk• 
ar.: tal..en ur h\ a h<1u1d or ..uhd and d1~1nh
u1~-J thmuj!h•IUI the h..iJ) \If 1ha1 h<1u1d or 
, .. (id 

acttkr.rrd IMborprioe lnh-ad,urr11on te•h 
111 "h1.:h the end l"•"nt "ha-.1en~-J h~ h:'''"V 
.. 11 ~und111un' more 'C:\crc than tho'C: an11.:1· 
jlaled Ill \C:U 1.:e. 

accNr•lrd wnicr lifr-the c:lap!>Cd lime un-
111 the end r•nnr " rca.:hed 111 an a.:.:ckratcd 
... 1,urr11un 1e,1 

•~-i4~·urKCalllr ••lrri81-,uh,tan.:e' d"
'"l• cd lrum an a.:t1\"aled .:arhon h) an a.:1d 
under 'JlC.:i:i~-J .:und111uih. 

Kli••lrd carlto.-a fam1I} of .:arh..111;;.:cuu, 
,ub,1an.:e, manufa.:1ured h) pr.i.:c'..:' th.II 
dnd·•r ad ... 1rp1r~e rrnrcrtac•. 

Klit8lio•-Jn\ j'IFll\:C" .. herch) a \Uh•tan.:e 
"1re.11t:cd "' de•dup Jd,orrt1~e llr•Jrcrue, 

a1·1i•in -a j!enen.: term u-cd to tlc-.:nhe the 
.:.11>.i.:ll) lu athurh in j,!eneral: al"'· the ad
'"rr•ll\e .:.1pa.:1t} .. .- an .1.:t1\:.tled .:arhun J• 

· "ured h} a 'tandard 1e,1. 
•dwrt»a ... -.an) ·.ulht.in.:e 1h.11 '' or .:an he 

.,J,urhcd 

•dwrllr111 an\ ,,,hd ha~1n11 lhc ah1ht\ 111 
<=•lll.:eniratc "1111111.:ant '1U•tntll1e' 111 11'.ha 
,ut>,tJn.:c, un "' 'urla.:e. 

Hwrplio•-.1 rni.:.:" IA "h1.:'.1 llu1d muk.:ule' 
.ire .:un.:cnu .11ed un J 'urfJ.:e h~ .:henH.:JI 
.ir ph\ ''.:JI lur.:e•. or ho1h 

1J'"'"'ft111.1 "IJ•·,.--.:e .. i.., crlllhlrr lOIW. 
1JJ,,,,,,,,,,,, ;,,,,,._ '<·e .. ,... cr,.hrrr ,__ 

•""'-rc•1due .11lcr 1he .:0111hu,lhin 111 ;in .1.:-
ll\Jled .:arhon under 'rcc1tied .:110dll1on,. 

n i~ ••Y~ ;a, rc.:c1vcd. 
ltr~l'kpoi•l-lhe lir-i Jflf'CMan.:c 10 the cfllu

cn1 ul .10 ;1d,urhJ:e of 1n1erc:,1 under •rc.:1· 
tied .:11nd11111n' 

fll•ll'lt'linr;-lhc j!Je.1lcr 1111" of llurd 1hr11u)!h 
r.1".1!!e' 111 '""Cr re,"1.1nce "h1.:h .:.in 11.:.:ur 

111 fl\ed bed, ••r ,·,•lumn, ,,,. a:.:11\Jled .:arht>n 
Jue h• "'~nun1l"r111 J' .. h.-L.rnJ!. arrc.f!ul.u '"('' 

and •hJf'C• "' the pJrttde,. j,!J~ r.:i.:kcb. 
wall cffe.:h. and other .:au>e~. 

drt'nm·a/ ad.wrptiun--..:..: d1r.1ft.trpcioe. 
.. "llr-"orpcioll ldlrmical M."Mtrplioll1-thc 

h.ndtnj,! of JO Jd"°rhatc to th.: •urfa.:e of a 
..uhd h\ for.;e, .. hu-c enerj!\ level, arprou
matc I hu-c ••I :.t .:hen11.:;1I h..1nd 

c:ollllll-pcioe-the aJ,,1rp1111n uf '"" or more 
.:•Jlllpunenh on ;•.:tnateJ .:arhun. ea.:h af
fc.:tin~ the ad"°rbahrltt) of the other. 

CUllllK1 •ardl .,.liOll-Jn ad ... irp1111n pro.:
e" 111 "h1.:h .an a.:ti~Jh.'ll .:arhon '' Ji,rcr\Ctl 
IO a llu1d tu he lreah.'ll and then -craratcd 
when pra.:li.:al e11u1hhnum 1' allatncd. 

co .. m.oe .,,_, will-an ad,orption pru..i:~ 
chara.:1er11cd hy no;. of a llu1d 1hrou11h a 
.:untmuuu'I) n1<1v1n!! hed uf ~r;mular a .. 11-
\:.tlcd .:arhtin wnh .:nntmunu, wnhdrawal ur 
'f'C"' .;;1rhon and .:ontmuuu• add111on of rc
pni.:e,..:d ,., ~"!!'" .;;arhttn 

C0••1erc1urrmc ailMtrpcio• an ;id,orp11on 
pru..-c,, 10 which the How of ftu1d ,, an a 
dire.:tiun oppu"tc to the movement of Ille 
a.:11vated .:arbon. 

cricicllJ ltrd •pcll-lhe mt01mu111 depth of an 
Jd•orhent hed rco.jutrcd 111 .:onlain the ma" 
1 ran,fc: r tone. 

er""'""' '>lrrm11ll-1he ll"'f'Crl) of Jn J.:li· 
\Jled .:arh..10 h• re'"' ph)'tcal hreakdo11on 
when .:untamed and · uhje.:lcd 111 a slowly 
mcrca,ini: .:11n11nu.:u'I} applied force . 

*P*-1 removal of l(a)C,. 

ilnMC). •lbolucr or crur-lhe · :111h1 under 
'f'C.:1f1ed .:11nd11 •1in' of .1 un11 h•lume of Jn 
J•:11~;lle<I .:;irh.111 ndutlin)! "' p11rc: •ulurnc 

Tt'te'w i.kt1n111••n" .uc under lhc' 1ur1'1d1~IMn of AST M 
Cnmm1Ucc 0-.?H on Ac:l1\',;,h:J Carhon iUtd 11rc lhc: d"'" · 
re>P•n'<l>1h1y "' ~uho:umm111co 0211.112 nn L1<jul<l ""
f:v.tluOi1t1on I C'~h 

Curr.n1 c.i11"'n ~Pl""'C" I )\I. 111. 1'1711_ Pul>h>llcd 
J>.-,·cmti.-r 1'1711. Ou11m•lly pul>h•ti.-.i '" D 211H • 117 
l ... \f t '°C\'IUU" ,•J1IHtn 0 2hS! · 74. 
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. rnJ int.:r-paru.:h: ""J' 
4nhiry, apparHI 14':-lhiry. INill1-1he ,.e1~h1 

unJ.:r ,pc:..:1fo.:J ..:unJ111un' uf .1 uml \ ulume 
ul an a.:11\ a1~-J .:arh..in induJ1n~ th pure: 
•olume ;inJ in1er·pan1de n11J,_ 

d<'n1111. h/U<·l.--..:e dftniry. panide. 
drnu11·. hull.-"4X ~ry. appartm. 
-...Wr). parride 1-.wr,, Wocl1-1he ,.e1~h1 

unJ.:r 'p.:.:1fi~-J ,·,inJ1lll•n' of J unit 'ulum.: 
uf .an at.:11\"JlcJ .:a1!lon mduJm~ 1h pore 
volume hul eJ1.dud1RJ!! mter·pam.:h: vo1J,. 

llnorpcioll-lhc ...:para11un of an aJ!l>urhale J\ 
'u.:h from a..:11• aleJ .:arhun. 

411i((u"91ial !war ol atiorpcio•-thc heat 
c:•uheJ Jurin~ the aJ"1rp11un uf .in m.:n.:

mc:nlal 'fUantll) ul aJwrbatc JI a given level 
of aJ,urp11un. 

--~ the 'fUanut~ ul ,uh,tan..:e apphe;J 
per unit wc1~h1 or \ olumc: ol the llu1J hcmJ!! 
treated . 

dry ll•w.. ndu)ive of an~ mu1,1ure ,,.h1.:h 
ma) be pre!oCnl. 

dnc-an impr.:.:i...: 1.:rm ri:kr!ing to parri.:u
lah: .. .:apahlc ul t.:mporary 'U'>ll\:11,iun in air 
or orh.:r ga...:'; al!.o. parrid.:' .. mailer thJn 
;.n arhitranly ...ch:.:t.:J !oil.:. 

dyaa•ic adwrpcite capacil)-lhe 'fUanlll) 
uf a ttivc:n .:ompunc:nl adsorbed per unit of 
a.:llvatcd .:arbon from a fluid. or fluid mu.turc: 
muvintt through a fiJLcd bed al the breall.puint 
for that .:ompuncnl. 

Nclrical coMllCti•il) ol a par1ialla1e ~ 
\laace the current llow•n(l thn>u(lh a unn 
cru's .;ccllun lur an 1mpo!>cd 11mt putcnual 
(lrad1en1 under !!>pcc1hed cond111on!I> of pacll.-

'"ll· 
rleclni,llortti~ n11gr•H1on of d1)pcr!oCd ..uhd. 

h4uid or 1.fil~OU) material lu one of twu 
dc:.:trodc:' under the 1nlluc:n.:c: of an 1m
prC:!!>!oCd dtrc:ct-i.:urrc:nl vohagc:. 

,..: poi•l-•hc IJ\:.:urrcn..:c m the: eflluenl of 
the maiumum pc:rmh,1ble .:on.:c:mr.111on of 
an ad,urhale of m1c:re,1 

rquilibriu• ad!tO"pli•e capaci1~-1hc 'fUanlll) 
ol a J!!iven .:omponenl ad,orbcd per unn of 
a.:l1•alc:d .:arbun from a llu1d or n:11d mill.· 
lure al c:'lu1hhnum 1c:mpc:ra1urc: and .:on
.:cnu JI ion. ur pr.:"u":. 

uplllllled Md-a bed of ~ranul.ir a.:11va1c:d 
1.arbon throu(lh i.h1.:h a llu1d llmh upi..ird 
al a r.ilc wfri.:1c:n1 lo •h(lhll) c:lc:•.ilc: and 
...:paralc: lhc parlldc' i.nhout .:han(l1R(l lhc:1r 

367 

rd.a 11' c p.hll ion' . 
falte~i1y-1he rale al ,,.h1.:h an a.:11va1i:J 

.:arhon .:an he ...:p.aralcd from a -.lurr) h) 
mean .. of a r::rmeablc mL-J1um unl!er .. pc:.:1-
ficd .:undiuun .. . 

fU1n-partid..-.... mallcr 1h;in thc 'malh:-.1 
nomin;il "IJC.:ifi..:ation p;irtidc .. i1.:. 

fi11.ed lkd-a h.."\l of tf•anular a.:to·ati:J ..:arhon 
1hruu~h ,.h1..:h a llu1J llu,,.,. wnhuul ..:au"nt: 
.. uh,lanual movement of I he hc:d. 

ftmidiud lllJN-a hc:d of granul;,r ac11vat1.-d car
bon 1n which the lluid llow' up,,.ard iii a 
rate .. uffa.:ienl 10 ,,u,pcnd the: pan1de .. .:om
pletd) and random!) m the llu1d pha-..:. 

heudlid1 M!>Orplioll i'iOClwra-a l~arithm1..: 
plot of 11uantil) of .:omponenl ad,.orhcd per 
u"m1 of acllvalL-J .:arhun 1·rr.•UJ con.:cntra-
11on of 1ha1 .:ornpuncnt at c<fu1hhnu111 Jnd al 
.:on)tant temperature:. which approll.imah:' 
1hc: .. ua1~h1 lme pu-.tulalL-d hy the I· reund
li.:h ad,.orption c4ua1ion 

X/M o ff" 

where:: 

X 'fUanl1t) adsorhcd. 
M " 'fuant11y of acuvatr:d carbon. 
C - .:oncc:ntrauon. 
I. and n : .:obtanb. 
cr...aar actitaln cariloll-aL'livatcd .:arhon in 

part1dc .. i1e' predominantly greater than 
110 mesh. 
lu~-a lf&:nenc lc:rm refcrnna; h: 1he re

>l,IJn.:i.: of an a.:11vatcd .:arhtm to hr1·al.Jown 
a-. mcawrcd b) ~pc:c11i.: lc:sts. 

••• or adwrp1ioll-1hc heal c:vulvcd during 
adwrplion. 

ll)drol)lic ad~rpcit>a-1hi.: adwrpuon of a 
wi:akl) mn11ed a.:1d or ha...: furmcd h~ lhe 
h)drul))I\ uf '°me 1ypc' of \Jll\ m a<fueo1•' 
.. olu11on. 

hy!llertti~ loof-the divc:rgc:ncc: between the 
path" of the ad•orpuon and de .. orp11on 1w
thc:rm>. 

i111i1ioll 1~ra1urr i li .. li111 ,_ .. , the 
lowe•I temperature: al which .:omhu .. 11on 
will o.:cur spuntaneOU!!>ly under "pcc1ficd 
cond111on• . 

i•pact !llrd!Clll-1he· propcrt) of an a.:11va1cd 
i:arhon to res: .. 1 ph)s1.:al brc:all.dowr when 
\UhJc:i:tcd to a rapidly 1ncreas1ng applied 
force . 

i1.ce1ral ...... or UM»rplioll-the >Um of the 
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.1 J"l\l·n k\l·l ·•I _,,f ,1111•111111 

iatirrmilldll -•l ~ 1plll~. ~q1-.a11 .aJ
"'rp1111n pr••'--i:'' .:h.ar.a.:h:ri1L'li h} up10ard 
11 .... ••I .1 llu1J 1hruu!;!h .a ft\L'li hc<I ·•I );!ranu-
1.ar a.:11\;ah:J .:.arhun .. 11h pcn.>J1.: ,.j1h
Jr.. ... 1! of 'pcm .:.1rhun lrnm lhc: lkHlom of 

rhc 11.:,1 ""'' .aJJ111on' ul rcpri..:c,...._-J or .-rr
!!•11 ... ulk•n h• inc lup ul 1hc hcJ 

irrir•rr..ibk a4wrp1ioa-;aJ,,1rpl1<>n m 10h11.:h 
1hc Jc,urplllln 1 .. 11hc:r111 t> J1,.placL'li lu10ard 
ht!!hcr ct.juthhnum .1J,urp11un .:.apa.:111..:• 
lrom lhc .aJ,urplllln i .. 11hc:rm. 

iwbar-a piul 111 t.juanlll} ad..irbc:J per uml 
,,f .a..:ll\.JlL'li cart-on Jl!alR>l cqu11ibnum 
1.:mpcr .alurc '"hc:n con..:cnlrallu" or pre:>· 
>Ure h hdd ..:•111,1anl. 

iw..airrr-a plot uf <:t.juthhnum CURL"Cnlr;allon 
'" prc,,ure .aiiamsl tcmpcratun: 10hcn the 
ljU.Jnllt} .aJ,urhcJ per unit of ;a.:11.-;atcd .:;ar

h.111 '' hd•I .:un,lilRl. 
iwlllrr•-.a plol uf ljUilnlll} ;ad,;orhcd per 

unn ul .a.:ll•.alcJ .:.arh..m .&l:!atn\l eljUthbnum 
..:un..:en1ra11un. nr prc.,.urc. ,.hen tcmpcra
li;re h hdd con,l;inl. 

Laqiauir i90fkrm a plot ur rsuthcrm;al ;ad

wrpuun d;al;a ,.h1.;h lo a rc;a'°nablc Jcgrcc 
111 rhc l.;aniimuir ·1J'°rpuon Cljuauun. 

1..a.,.uir ll4t0'Jliall llleory the >urfocc of 

.an .aJ,orbc:nl ha' uni} unrform cncriiy >llC> 

.111J .1J":rpl1<lll '" hm!lcd lo ii lllllftl>RIOICL'U· 
l.1r 1.1\cr 

mal.'.ruporir-;i P•"e m .1c11.-.atcd .:arhon ha.-1111:! 
.1 J1.1111..:11:r !:!realer than )OUO A. 

.. .,,,., traa~irr ,_ 1adsorp1ioll •••irl 1adt0rp-
1iotl tonr1-1he rcl:!ton m '"hu.:h 1hc .:vnccn· 
1r.11111n ol 1he .aJ,orh;ah; of 1n1crc>l m lhc 
llurd Jc:, re.1•<:• I rum mlluc:nl .:on.:cnl r.nron 
111 lh.: 1., .. c:,1 J..:11:.:1.ahlc ..:on.:c:nlralum. 

minoporr-.1 pure m a.:ll\al..:J .:arhvn ha•ml:! 
.•• 1 ... 111.:1.:r 1c" 1h.111 .io A. 

111c11..eurr 1.'.CHlll&"HI I he '".1 ler i.:01111:111 ol .1 

•uh,1.111.:c "'' mea>urc:J under spc.:11tcJ 
.:un,huon' 

monomoh·cular la}irr-.1n .aJ .... .rhed film. uni: 
nwlc.:ulc lhtd 

multimulrcular la}rr-an .1J .... 1rhcJ f1hn more: 
1 h.111 11nc: nwlc:.:ulc: 1h1.:i.. 

o•irn dr}illit IO'I>'> rhc: rcducuon 111 '"''!£ht re· 
,,,111nii '"hen a 'ulhtan..:c '' healed 111 an 
'"'"under ,pc.:11tcd cond1uon>. 

lh·· l1111th11r ul .111.11h111 h.111· tu •h·· "111 ........... 1 

'uhJ h~ lur.:c' '"ho...: cno.:r~} lc:vch appru\I· 
malt: tho..: of condcn>Jlll>n. 

porir dia~tt-thc Jiamc:lcr ••f a porc in a 
m<>Jd rn 10hich 1hc: puri:' m acl1\·a1L-J .:arh.111 
arc .&»urned 10 he .:~ hndn.:al m shape: .ind 

,.h1.:h '" ..:akulalL't' fmm Jala ••htamcd hy a 
... p..-.:111.:J proL"l:Jurc. 

porn-lhc compk:\ nc:1 .. ork uf channch m 
lhe 1menur ••fa par11dc ur' ac1 .. .1h:J .:arti.111. 

porir •ol•- volumc of the pure' 1n ;a unit 
"'''Lfht of a.:1i.-;11cd carbon. 

pore •ol•- di"rilNliolt-the J1stnbu11un of 
pure volume amonl! pure> of J1ffcrcn1 siLc 
or diamclcr. 

po•lkr«tl Kti•acird carlMNl-a..:uv;J.lcd carhon 
in parudc: >lie> prL'lio1111nan1l> •mailer 
than KU mc,h. 

prr(irtt11lial ad'llO'fCi• adsorpll•ln m wh~1..-h 
a i:crt;am component or .:cna1n cumpuncnls 
arc ;adwrbc:d tu a much J£rcatcr e"lcl!t than 
other>. 

rracti•aliOll t rl"9i•ifecacio•11-o\1Ja11on pr.x;
c>>e• for rc,lonnl;! 1hc O!d>orpuvc properl•e> 
of a 'pcnl a..:11•·a1cd .:arhun 

rqnirralioll-di>llllauun or clullon·l)pc 
pn~c>SC> fur rc>lo rtlltf the ad,orpuvc pror
crllc• of ::t >pent ac11vatcd c;arhon 

rdati•ir irrrlrincy-lhc ral•Rl! of lhe aJsorp· 
live capacil~ of an acllvatcd .:arhon ba..:d 
on .J cnmpan"lll of '" perlurmancc 11111h 
th.al ol a rdi:ri:n.:o.: ··arh.m in .1 Jdm..:J le>l 

rdnli•ily-lhc ah1hl) of an acuvalcu carbon 
h• rc>i>l Jc,.orpl1on of ;an aJ,;orhalc . 

rr•irrwbk ad..orp1ioll-ad•orp11on m ,.1110.:h the 
dc>orp11on ''olhcrm apr•ro\imalc> rhc ad· 
>orp1111n i>ol hcrm. 

rt·1·11·1/i1·u1um--c:c riracli•atioa. 
wniu lifr 1wnicC' 1i-1-1hc d;ap...:J 11mc: 

until rhi: .:nd pcnnl " rc:a..:hcd in an ad..urp· 
t11m pro.:.:" 

,..,.,,,. ,,,,,,. '.:" ..... nicir lifr. 
wrptioll-.a pru.:c" m 10h1.:h llurd mulc:culc:• 

arc 1;1lt.cn up!'!~ ah"•rr11on and ad">rplion. 
"Piil (ud-.1 ltljUtJ-ph.1>&: ;Hhorplll•n prtl\:C" 

m 10h1.:h a pu'"dcrcd a.:11va1cJ .:.1rhon " 
.added Ill 1hi: .. 11u1111n lo he uc:alcd m 1140 or 
more •ICP>. wllh or 11111houl 1111c:rmcd:alr 
-cparauon of lhc carhon. 

wrfacc arn tlt.t:.T.1 the lolal •urlai;c arc;i 
ul a 'uhd ..:;ilculalcJ b~ the H.t. I tl:lru· 

361! 
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n.auer. 1-.mmcll. I dlcri C'lu.:tUJn. I rum 

nilro!!cn .1J"1rpll•ln or Jc"1rp11un J.ala uh
lamcJ under ,pc,,;1hcJ ..:umJ111un' 

wrf•tt arra dblrMlicMl-1he Jh1nhu11•.in ul 
'11rfa..:c arc.a .a.:..:unhn!,! h. ,.umc p.1r .unclcr 
'u..:h .. ,. pun:, ol J11krcn1 "".: m J1.1111.:h:r. 

-ratt ••~ tJll)gcn 1.."Unlilinintt .. "Umpuund' 
;md 1.."UmplcllC" formed ill the 'urfa1..-c t.>f .a..:· 

1ivatcd ..:ubtJn. 
\~llllldic lnl 'IOltllio• ii "''uuun of '""" or 

more ..:umponc:nh prcp.1rcJ under "li.:.:1hc•l 
.:und11tutb lur u.c in C\alu;&11on ul' .aJwrb· 

cnh 

dlrnllold C01K~lrali011-lhc nun11num .:un
.:cntra1t0n .11 .. h1d1 .a •ub•lan.:c .:an be Jc-

1 .. -..:1 .. -J b~ the 1.1,tc or ,MJur tc-.t mc.-thod cm

pltl\<.-J. 
cla. .a..M Mor lnl a m.:1!lud ol .:•aluattn~ 

the odor lcH:I 1n a l~u1J b\ J1lut1un under 
-.pc .. ,ftcJ .:ond11tun-. .. 11h .an <M.ior-lrcc tlu1J. 

lraa.icio..i porr-a pure 1n a.:U•at<.-J .:.1rb.1n 
ha•tn~ a J1amctcr bc1111ecn .W anJ 5UUll .~. 

nm Jr, Wuul• ud.l1>m1wn-'>Cc pllyWcal ad
_,cioll. 

••lrr-riLlraclallk ••lrrial--.ub· tan.:.:-. J1-.
'"""-J lrum .1n .1.:11w.11.:J <.arh<:, h\ \OJl.:r 
unJcr -.pc.:1li.:J .:unJ111•1P'-.. 

•dlat.ilily-thc rah: at 111hi.:h an a.:11•.atcJ 
.:arb<1n .:an he made 111ct unJer -.p.:.:1fi1..-J 
.:unJ111un,.. 

/llu ,,.,,.J.,,J '' -.ub,.,a·t '" , •• ,.,,,.,.,. 111 ""' 1unc· ,,, U..· r1·•pmuh/1· 1.-1 ltn1uU u.mn11111·1· 11nJ "''°'ht· un •. ..,,.,: ,.,,." /nr' 
,,..,, .u1J t/ 114•1 ,,..,-........ J. "'"'"' '•""l'P'"''·J ,., .. ulrJ111ara )·,.,., • 1inin,.·n1t ,,,,. 1n1·111·J ,-,1lw1 Jui 11•nu,,n 11{ '"'' .ie111Jt111l 1~1 
j11..JJ11,.rn"1 u1111d11rJ, .,,.J •lt1111JJ h.- 11J1lrr"'\'4'J 111 .4.\ IM H .. .ulqu.ult'n. )our 111nrm,.n1' .. Ul rn r·;1·r 1t1tr·/lJ 111n,1Jn11111"' 
fllu lfh"f'fln.t: fl/tlt1· ,,.,p.muNr· ,,., ltmn1l 1 ommu1 .. r. -..lt .. lr ""' "'"·• 1111.-nJ. l/.\1•11 fr1·l""" }our uHrrmc"nu lw1c n1•I ,,-. ,.,,·,·J 
11 /tllt lr1·1111nx '''" JtoulJ mtd.1· '""' , . .,.,.' £.no-..·n 10 tit•· A.\ IM ( ''""""'''" ,.,. .\t1111J.t1.h. ICJ/h It• •.. \1 • Pl11l"1L·l1•h1t1. Pu 
/frlllJ.f. """"•Ill "hrJul1· 11 JMrtltrr lt.-e111ni t1·1:.uJtnK ''''" c11nut·rnn: f111lmK w10.ftM·11un tltrrl' .. •·1•U nun .JPPt'rJ

1 
''' tlw 

.4.\ 1.\1 s. ... ,J .. , 11,,.., ,.,,. 
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1 .9 Production Costs and Returns of Coconut Cultivar 
East Coast Tall in Tamil Nadu 

G. NALLATHAMBl 1, T. S. RAVEENORANs 

AND 

ABSTRACT 

The estimated cost for establish
ing one hectare of coconut 
plantation was worked out to Rs. 
23,804 and Rs. 35,254 for rainted 
aild irrigated conditions respect
ivelyforthe initial seven year period 
excluding the interest on invest
meot. The annuai maintenance 
cos: !>r the sub£equent crop years 
was As. 4,233 for the rainf'3d and 
Rs. 5,483 )or the irrigated gardens 
per year pe: ;;a. The ;>roduction 
cost of coconut both under ra;,,fej 

4nd irrigattid condition;. in Tamil 
Nadu was estimated at Rs. 1.18 
and 1.10 per nut respecthrely, 
~mder 1984 - 85 factor cost~ with· 
out considering the land value. 
The net return u:ider ra!nfed con
dition from nut yield alone was 
Rs. 3,990 per !"la per annum 
whereas it was Rs. 6.825 under 
irrigation. Further the income from 
other axillary produces wa=> 
estimated at Rs. 1,:l07 per ha per 
annum for rainfed and Rs. 1.452 
per ha per annnm for irrigated 
gardens. ihe am1ual net return 
from one hectare of rainfed coco
nut plantation was Rs. 5, 197. 

T. RAMANATHAN' 

The corresponding revenue from 
irrigated garden was Rs. 8,277 per 
ha. The study indicated tha profit
ability of large scale coconut 
cultivation in Tamil Nadu under 
good management and pure
cropped conditions. 

INTRODUCTION 

C•.>conut is one of the main 
so•Jrces of edible o!I and is grown 
ir. an area of 143 thousand hect
a~ .. s and the production is 1450 
million nu~s in Tamil Nadu 
(~amanath:m. 1987). The mean 
annual nut yield per palm in 
Tamil Nadu is 40 and 60 nuts 
respectively under rainfed and 
irrigated conditions, which is 
higher than the all-India average 
of 30 nuts. Of late, the pro
ductivity of this crop !n Tamil 
Nadu shows an increasing trend 
due to adoption of improved 
technologies and research findings 
hy the farmers of this State. 
The objective of the present 
study is to esrimate the culti
vation expenses for establish
ment and maintenance of one 
hectare of coconut plantation 
both under irrigation and rainfed 

cropping systems and the return 
on the investment under Tamil 
Nadu conditions. 

MATERIALS AND METHODS 

In this study two populations 
of 175 palms of cultivar East 
Coast Tall planted with a spacing 
cf 7.5m x 7.6m and maintained 
under rainfed and irrigation 
separately were considered for 
estimating cultivation expenses 
and returns per hectre of coconut 
as a monocrop. The labour 
utilisation for each operation was 
calculated separately under ~ain· 
fed as well as under irrigation for 
the initial seven years (establish
ment period) and the next 8-60 
years (maintenance period). The 
cost of labour for different 
opera\ions was estimated based 
on the ·ate of wages that prevailed 
during \ 184-85 in Thanjavur dis
trict wh"'- coconut is grown in an 
extensive area. The various input 
requirements were calculated 
based on the package of practices 
recommended by the Coct>nut 
Rese11rcl1 Station, Veppankulam. 
The prices of different inputs were 

1 AHillarll Pr.,fn1or, 2. Auoc:i111 Prol1uor 3. P1ol1JSor. Coc:onu1 R1n1rch $111ion. V1pp1nkul1m·814 908, T1mil N1du 
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~lso based on the rates that 
prevailed in Tamil Nadu during 
1984-85 A period of seven years 
has beer. taken as the pre-bearing 
period followed by another seven 
years as the early bearing period 
for assessment of production 
costs. The economi;: life of East 
Cost Tall coconut in Tamil Nadu 
was considered as 60 ye;irs. 

The labour requirement. con
sidering 7 hrs of work as one man
day was calcuatedfor establishing 
one hectare of coconut plantation 
and found to be 184. 55. 56 man 
days for rainfed plantdtion and 
334. 205. 206 for the irrig3ted 
plantation for the first. second and 
third years respectively (Table 1). 
For the subseque'lt four years. the 
labour requirement rerr.ained 62 
for rainfed cropping and 127 for 
i1rigated condition. This was 76 
and 196 man days per year for the 
maintenance period of 8 to 60 
years under rainfed and irrigated 
conditions respectively. The vari· 
ous inputs such as seedlings. 
shading materials. manure!; and 
plant protection appliances were 
assessed for the initial period of 
seven years and for the subsequent 
years for maintenance. separately 
(Table 2). A total of 201 s&ed
hngs would be required tor 
es\.'tblishing 175 palms after allow
ir,g a margin of 26 seedlings for 
the mortality etc. nver a perioo of 
three years. For shading and 
protection of se::.dlings 1400 
rhatcl.ed coconut leaves and 1050 
small bamb<'O f casuarina poles 
were estimated 10 be adequate for 
the first year. The quantiries of 
farmyard manure required for the 

first. second. third and fou th 

years were 1750kg (10kg/palm). 
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3500 kg (20kg/pdlm}. 5250 kg 
(30 kg/palm) and 8750kg (50kg_' 
palm} par hectare. For the sub
sequent years also. 8750 kg per 
ha will be required. The i11organic 
manurial requirement was 600g 
N + 320g P !Os+ 1200g K::O per 
palm per annum from fourth 
year which was limited to one
fourth. half and three - fourth 
for the first. second and third 
years repectively. A full dose of 
fertilisers in terms of urea. super
phosphate and muriate of potash 
comprises 228 kg. 350 kg and 
350 kg per ha per annum from 
fourth year onwards. Application 
of neem cake at :he rate of 5 kg 
per palm along with normal ferti
lizer!> since fourth ~·ear ot planting. 
is a recommended practice and 
quantity of neem cake for one 
hectare works out to 1050 kg for 
these years. However. the use of 
these inputs was restricted to one
fo:..rth, half and three-fourth of the 

full dose for the first. second and 
third years respectively. In this 
study, the use of plant protection 
chemicals was limited to prophy
lactic measures like application 
of BHC 10" ~ for r'1inoceros beetle. 
stem injection wit!1 monocrotophos 
at the rate of 5ml per palm and 
fumigation with celphos tablets @ 
two per palm in the case infected 
rrees to~ the control .'f red palm 
weevil. For the control of dis
e11ses, spraying fytolan 2g per tree 
against bud rot and soil drenching 
1 % Boredeaux mixture for the 
control of bud and collar rots were 
considered. A contingency grant 
of Rs. 200 per year for the non be
aring period ancl Rs. 250 per year 

for the bearing period was pro

vided to meet any unforseen ex

penditure for the both the systems 
of cropping. 

RESULTS AND DISCUSSION 

T akirg into consideration all 

inputs. the establishment cost was 
worked out at Rs. 23.804 and Rs. 
35.254 per hectare for rainfed anc~ 
irrigated systems respectively 
(Table 3). In the first year. the 
expenditure was the highest for 
both rainfed (Rs. 5018/ha) and 
irrigated plantation (Rs. 7168:haj. 
This is quite obvious due to the 
special expenses incurred on 
clearirg the site. levelling. cost 
of planting materials and planting. 
On the contrary it was the lowest in 
the second year (Rs. 2, 189/ha for 
rainfed. Rs. 4,339/ha for irrigated) 
as the important operations include 
only interculture, manuring and 
plant protection. The expenditure 
increase<! in the third year and 
remain2d more or less c:>nstant 
from fourth year to seventh year 
(Rs. 3,446/ha/annum andRs.4696/ 
h.:/annum). The expenditure since 
eighth year for maintenance . and 
harv6isting was Rs. 4,2:13 per ha 
for rainfed and Rs. 5,483 per ha 
for irrigated conditions. 

The y:eld per palm varied from 
year to year in the initial period 
of bearing and stabilised yield 
co1.1ld be obtained only from 
fifteenth year after planting. The 
stabilised average yield was 40 
a!"d 60 nuts p'!r palm p~r year 
for the rainfed and irrigated crops 
respectively, which remained the 
same throughout the economic 
bearing period. This results in an 
annual cutput of 7000 nuts and 
10.500 nuts per ha per annum 
both under rainfed and irrigated 
gardens. For estimating cost of 
production per nut. the establish· 
ment and maintenance costs are 
the two majo, components to be 
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considered The return from the 
plantat..>n during its yielding 
period should cover the entire 
investment and also a fair rate of 
interest (10"~) on the investment 
in addition to the annuai main
tenance cost in the bearing stage. 
The total investment for &he initial 
seven years' expenditure and the 
compound interest thereon have 
been reduced to an annuity value 
bearing 10 per cent interest on 
the investment. The annuity was 
calculated by using the formula 
(Das, 1984). 

p 
A=------n 

1 
~---
i=1 (1+r)i 

Where A = annuity value 

P = total investment 

r "'" rate of inte.·est and 

n = economic bearing period. 

The annuity value calculated in 
this study was Rs. 4.260 per ha 
for rainfed and Rs. 6,371 per ha 
for irrigated cropping. It was 
added on to the annual mainten· 
ance cost {Rs. 4.233/ha/annum 
for rainfed and Rs. 5,483/ha/ 
annllm for irrigitted) to arrive at 
Rs. 8,493 and Rs. 11.854 per ha 
being the overall annual main
~enance cost per hectare for 
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rainfed and irrigated conditions. 
From this amount. the income 
from dry leaves and petioles was 
deducted. The amount so arrived 
at viz .• Rs. 8,293 {rainfed) and 
Rs. 11.554 per ha (irrigated) was 
divided i:>y lhe number of nuts 
that could be realised after stabi
lisation. Accordingly the cost of 
production per nut works out to 
Rs. 1.18 under rainfed and 
Rs. 1.10 under irrigated conditions 
(Table 4). The corresponding 
cost for producing one nut in 
Kerala under rainfed condition 
was reported by Das (1984) as 
Rs. 1.10. For estimating pro
duction cost. the value of land 
was not included taken into 
account as the land value always 
shows an increasing trend. the 
rate of appreciation of which is 
higher than the interest rates paid 
by bank~. 

The returns were calculated 
based on the prices that prevailed 
during 1984-85 in Ta.nil Nadu. 
The r.>ean selling price of coconut 
for ~ 984-85 W3S Rs. 1. 75 per nut. 
Considering this price and the 
production cost of Rs. 1.18 (rain
fed) and Rs. 1.10 (irrigated) the 
net return from nuts alone was 
Rs. 3990 per ha for rainfed and 
Rs. 6 825 per ha for irrigated 
plantations (Table 6). Besides, 
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the annL;al revenue from one ha 
from other axillary produces such 
as spathes. spadices. coconut 
leaves and petioles was estimated 
and arrived at Rs. 1,207 and 
Rs. 1.452 for rainfed and irrigated 
cropping systems respectively. 
The total annual net return on the 
investment from one hectare of 
rainfed coconut plantation was 
Rs. 5197 and irrigated garden was 
Rs. 8277. This is a modest esti
mate based on the average annual 
yield per palm of 40 nuts (rainfed) 
and 60 nuts (irrigated) which is 
the State average and also under 
coconut monocropping. However. 
a much higher return could be 
expected from well maintained 
gardens recording average yield 
of 80 nuts and above per tree. 
lntercropping with banana or other 
suitable crops will also add to 
the profit from unit area. 

The above discussions go to 
show that coconut cultivation is a 
profitable enterprise for expanding 
the financial worth of Tamil Nadu 
farmers. 
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