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The present package was

repared taking into consideration the
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world’s increasing market and enormous potential for the produc—

tion of activated carbon from agricultural wastes. N

Coconut 5
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hells, in particular, are considered as a raw material
that produces one of the highest gquality activated carbon.
Develooing countries account for over 90% of the annual production
of  cCoconuks, however, only a very small proportion of activated
carbon 15 being made from cocorut shells and most of that iz stil
produced for- industrialized countries.

Close attention smould be paid o the first part (1) of this

package since 1t includes references from an up-to-date retrosopec-—
tive literature search covering items publizhed during the lazt 10
years., &2 references were selected from more than 200 relevant

Journal articies, oatent documents, reports, etc.

An annotated bibliography (1.2, ref.S5) produced in Sri Lanwka  in
19581, already exists.

An information package 15 intended as a time-saving tocl for

)

or

individuals inveolved in the developmen

fw)

f a specific product
elected from a
wide variety of existing sources, which usually is not readiiy

accesible to developing countries.
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arcoal makes firzt guaitty
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finer pore structure, which
adsorption of gas/vapor and for
compounds.

cal fact *naa
ted caroor.

Activated carbon produstion s concenctrated in Japan., U.J5.A. ani
Eurocpe. utillizing imported coaccnut charccal. The world market for

activaraed  carkon ard its gotentlal for development ts enormous.
Only a very small proportion of the annual worild production 1s
made from coconut growlng countries,

Tne smai;eut Tonmercialiy viable activated carton plant oroduces

7100 tons of  activarted carion a4 weer  freom 23-40  tonz of  wood

Juailty wharcoals  tnls in turn s produced frem 100-150 tons of

raw matertal. Experts recoamend that an integrated proceszing s

reculrsd  Tor a rational coconut agro-industry, they clatm, "It 1s
i

NoL OINLY NEIas3ary.,  out wili 4130 be feasziile. vrofitable  and
Soclally oeneficoial’,
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1.2 ABSTRACTS :

109: 152415w Preparation of activated carbon. Arakaws, Hideo:
1e- Hasebe, Tatsuo (Nippon Enji K. K) Jpas. Kekai Tekkye Kobe JP
§3,134,510 [88,134,518] (Cl. CO1B31/10), 07 Jun 1988, Appl
86/280.849. 27 Nov 1986: 3 pp. Activated C is prepd. by heating
wbomgemfgedsmck_s-ithmuidicps in sn app. comprising &
rotary kiln equipped with a burner, a steam-supply pipe, and means
for blowing the scidic gas into the carbon particle bed. Suitable acid
gas is COx. Thus coconut-shell was carbonized in the app. at 920°
for ~12 h, the yield of activated C was 290 kg/day, vs. 173 kg/day
for & conventional app.

2= 109: 1316322 Activated carbon from soybeam cake. Ishibeshi,
. Osamu (Mitoyo K. K.) Jpn. Kekai Tekkye Keho JP 63,123,803
g&lﬁ.!ﬂ] (CL CO1B31/08). 27 May 1988, A;:pill. 86/269,302, 11
‘ ov 1986; 6 pp. Soybean cake is dried, mixed with 300-400% ZnCl:
soln. as activating nt  heated at 500-600°, and carbonized to
obtain activated C. us, typical activated C manufd. from soybean
cake had calomel decoloration index 98.1 and methylene blue
decoloration irdex 24, vs. 85-95.3 and 20-24 for & com. one.

103: 1128730 Method of producing activated coal. Romanov,
3. Yu. A; Galkin, V. A; Zorina, E. I.. Fomin, A. V.; Chizhevskii, S.
V. USSR. SU 1401277 (Cl. C01B31/08). 07 Jun 1988, Appl.
4,196.806, 19 Dec 1986. From Otkrytiva. Izobret. 1988, (21). 166.
Activated C is produced by treating C-contg. material with uir at
280-420° until the combustion loss becomes 15-35'% and then
uctivating with steam at 800-900°. To improve the adsorption
capacity of the C. charcoal is used as the C—contg. mrterial. The
treatment is carried out at a combination Inss rate of 7-35% for ' h
and then activated until the loss becomes 15-43%.

109: 40211v The importance of reaction conditions in activated

4.- carbon manufacture from fruit stones. Born, Manfred: Klose,
Eberhard (Sekt. Verfahrenstech. Silikatech., Bergakad. Freiberg,

DDR-9200 Freiberg, Ger. Dem. Rep.). Chem. T=ch. (Leipzig) 1988,

40(5), 218-21 (Ger). Active C was made from cherry stone by coking

at 500-1000° snd coke activation by steam, COz. COrsteam mixts.,

and a COzrsteam-N mixt. (10:20:70). Activation by pure steam at
the optimum temp. of 850° is impractical in spite of the high
conversion rate. Activation liy steam with a decreased partial
pressure and by CO; requires a _ubstantially longer activation time
to reach the same conversion, but the active-C quality is better. The
optimum conversion by steam ir 60-70%. The conversion with a
sle;m fraction of <40% for the same quality can be decressed by
10%.

5'_ 109: 40200r Activated carbon from a tropicel carbonaceous’
matesial. Chughtai. Fiyyaz Abmad; Fakhar-un-iisa; [llshi, Afzal;
Fjaz-ul-Haque; Parveen, Najms (Dep. Chem.. Univ. Agriculture,
Faisalshad, Pak). J Purc Appl Sci. 1987, 6(1), 57-60 (Eng).
Active C can he made from Saccharum munja by s chem. treatment
and pyrolsis at 400-750°, leaching by 2M HCI, wuhingr by H:0,
heating 1/2 h in an oven at 110°, and thermal activati~n. The chem.
treatment consists of I-h soaking in either com. H2SCq, pure HiSO,
(5-9N), or ZnCl2 (1-5N).

* Complete documents can be cbtained from: ‘British Library Lending Division,

Boston Spa, Wetherby, West Yorkshire,
United Kingcom, LS23 78Q.
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109: 8846v Study of the preparation of active carbom from
wheat straw. Bueno Cordero, Juse; Estevez Sanchez, 1 M.
Fernandez Tena. Angel: Martin Sanchez, Jose Luis: amos
Castellanos, Pedro (Fac. Cienc. Quim., Univ. Sal a. Sal "
Spain 37008). Afinidad 1988, 45(413), 78-80 (Span). Actl\:’aled [of
was prepd. from straw by therma! pretreatment of <2-cm particulates
at 150-550° under N. sifting (23 mesh), impregnation with ZnCl:
soln.. and activation by heating to 130* and then to 550 for 3 h under
N. The material has an absorption capacity of 553 mg methylene
blue ‘g activated C.

109:8330x Present state snd future prospects of activated
carbon production from wastes. Berger, Lutz Michael; Klushin,
V. N.. Rodionov, A. I. (Moscow Inst. Chem.-Technol,, Moscow,
USSR). Chem. Tech. (Leipzig) 1988, 474), 1439 (Ger).
A review with 148 refs. dealing with the prodn. of activated C from
various waste products, e.g. byproducts from the pul and paper
industry, sludges from wastewater treatment, municipal refuse, and
waste rubber, plastics, and textile fibers. Problems of the utilization
of these waste products for the prodn. of activated C are discussed.

108: 97149q Method of producing active carbon. Ogurtsov, A
\.. Bobrova, V. N.; Kotoleva, L. P. (Kalinin Polytechnic Institute)
USSR SU 1,351.876 (ClL CO1B31/08), 15 Nov 1987, Appl
1985779, 23 Oct 1985. From Otkrytiya, [zobret. 1987, (42), 74.
The process includes mixing of org. and lignocellulose materials,
adding to the mixt. 40-60% ZnCl;, granulation of the mixt, drying.
carbonization, and washi1g of the product. In order to improve the
clarification property of the C, the stabilized sludge from biol.
treatment of wastewater is used as the org. material and flux fibers
+35-75%), as the lignocellulose material.

106: 2163352 Utilization of cereal straw for the preparation of
activated carbon. Martin Sanchez, J. L. Estevez Sanchez, A.:
Fernandez Tena. A.. Bueno Corderv. J.. Ramos Castellanos, P.:
Rodriguez Martin. E. 1Fac. Cienc. Quim.. Univ. Salamanca,
Salamanca. Spain). Ing Quim (Madrid) 1987, 19(214), 189-92

(Span). Wheat straw is suitable raw material for prepn. of activated
C. Thermal pretreatment of the straw decreases its wt. and vol. and
reduces the amt. of the activating agent (ZnCl2) needed. The
adsorption capacity of the activated C prepd. is increased hy an
increased concn. of the ZnClz soln. used, an increased heating rate in
the thermal treatment, and an increased activation temp.. bhut is
decreased by an incressed temp. of thermal treatment. Wheat straw
pretreated thermally at 230°, heated at a rate of 10°/min, and
activated at 400° with an 80% ZnCl: soln. gave an activated C with a
methylene blue adsorption capacity of 670 mg /g activated C.

106: 213747s Preparation of activated carbon. Kinetics of
activation reaction of carbonsceous materials with steam. Shi,
Yinrui; Tang. Qifeng; Zheo, Yuming (Res. Inst. Chem. Process.
Util. For. Prod., Chin. Acad. For., ghnjing. Peop. Rep. China).
Linchan Huasue Yu Gongye 1986, 6(4), 8-16 (Ch). The activation
rates of the charcoals prepd. from the pinc voud. coconut shell,
almound kernel, olive kernel, and hituminous coal were strongly
influenced by ster n concn. except those of hrown coal and
:mhucilic coal. The reaction of steam and C (ollowed zeroth order

inetics.

see D.52
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106: 178998b Active carbon. Wienhaus, Otto: Kluse, Erhard;
Born. Mantred: Hennig, Friedhelm: Blossfeld, Otiried: Seidel
Hans: Riedel. Dietrich; Fischer, Friedrich: Zimmer, Joerg: et al.
1Technische Universitaet Dresden) Ger. Offen. DE 3,604,320 (ClL
COIB31/10), 19 Mar 1987, DD Appl. 280,774, 19 Sep 1935 4 pp.
Active C is prepd. from fresh wood chips. e.g.. conifer. and uptivnally
a lignocellulosic binder, eg.. sawdust, by a continuous process in 2
<haft kiln which includes a combustion chamber. At least part of the
fuel gases from the kiln are combusted to give a water vapur-coutg.
hot gas with O <035, CO ~1 vol.%. and a temp. 10-30° higher than
the activation zone (AZ, temp.. that is fed back to the kiln and
entered below the AZ at 0.1-0.6 m’s. Active C of sp. surface area
%0 m:'g. methylene blue absorption value 96 mL; 100 mg. molasses
value 420 mg, I absorption 635 mg, L. and ash content ~8.5%. was
pregd. from pine chips according to the invention. The app. for the
prucess is described with a flow diagram. A

106: 122368d Method of producing active carbon. Ryk, V. A;
Akhmina, E. I; Guseva, V. I.; Shokhireva, V.S. (Scientific-Industrial
Enterprises of Hydrolysis) USS.R. SU 1,279,959 (Cl. C01B31/C8),
30 Dec 1986, Appl 3,723679. 09 Feb 1984. From Otkrytiya,
T20bret. 1986, (48), 88. The process consists of drying of lignin—contg.
feedstock, heating and carbonization, cooling, and activation. In
order to improve the clarifying properties of the carbon, heating is
done at a rate of 1000-3000°/min. In one embodiment, the heating
is carried out first at up to 500-700° followed by activation by flue
gases and steam at 800-900° or by a mixt. of flue gases and steam in
the presence of Oz at 700-800°.

106: 104679b “Wood pellets for manufacturing activated carbon.
Fujimori, Hidekazu (Japan Steel Works. Ltd.) Jpn. Kokai Tokkye
Koho JP 61,220,727 [8#6.220,727] (CIL. BO1J2,20). 0! Oct 1986,
ppl. 85;58,134, 25 Mar 1985; 4 pp. Woad pellets for manuf. of
wtivated C are prepd. by mixing powd. woud cuntg. <10wi% water
aith 5-20 wt.% coal tar and powd. pitch, and pelletizing the mixt. by
-uruding. Thus, wood pellets were prepd. by mixing 200 kg wood
swwder with 8 kg tar and 12 kg powd. pitch in a mixer equipped with
+ steam jacket, and extruding the mixt. at 3550 kg/cm?. Upon
neating 2 kg pellet at 5°/ min to 550° in N and covling to 100°, 710 g
product contg. 83.2% fixed C was obtained.

106: 38919b Production of activated carbon from walnut
shells. II. Pore structure investigations. Kutics, K.; Kotsis, [..;
Argvelan, J.; Szolcsanyi, P. (Dep. Chem. Process Eng.. Veszprem
Univ. Chem. Eng., Veszprem. Hung.). Hung J Ind. Chem. 1986,
14(3), 353-62 (Eng). Various activated C species were prepd. from
walnut shells. On the basis of pore structure investigations a
quasi-bidisperse pore model is proposed. By taking geometric
considerations into account, the increases of the micropore diams.
due to activation were estd. Micropore distributions are calcd. by
means of adsorption isotherms. Activated carbon samples have high
micro- and macropore vol. and negligible mesoporasity, i.e. tfxe
assumption of a bidisperse structure is correct.

106: 33965¢ Manufacture of charcosl, coke, or activated carbon
in a shaft furnace. Kossatz, Klaus; Blossfeld, Otfried: Gubatz.
Uritzz Wienhaus, Otto: Urban, Harry; Henning. Friedrich: Kinse,
Erhard; Born, Manfred: Ganserra, Benno; Fischer. Friedrich Ger.
(East) DD 238,162 (Cl. CO1B3:/10), 13 Aug 1986. Appl. 210577,
22 Jan 1979; 6 pp. Flexible pyrolysis of a no. of feedstocks is
describ- J in which the feedstock is pyrolyzed in a shaft furnace with
a rotating grate in which the pyrolysis gases and condensates can he
used as a supplemental fuel for the prodn. of combustion gases,
which are used for the pyrolysis. The process can he used for the
pyrolysis of wood and timber wastes (st 600°) to charcoal, cellulose
wastes (e.g.. straw, sawdust, etc.), secondary wastes from cosl
hriquetting, old tires, and raw brown coal and peat ito 950°). The
process can include a predrying step (e.g.. in which the pyrolysis
gases are used to heat the feedstock until the condensate temp.
reaches 140 180°).
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% €673a Preparation of activated carbom. Buerger, Alex:
T:\:'m. Karl Friedpr?ch: Schmidt. Peter (Baver A-G. ) Ger. 0_"(:_.
DE 3.501,053 (L COIB31:12), 17 Jul 198, Appl. 15 Jan 1985; 15
pp. Activated C 15 prepd. by HiPO, (eg.. SH0% H:PC:) activation
of C-vuntg. fuels at high temp. in which the fuel-H:PO. water mash,
i~ pretreated at N 250° i presence of water vapor am'l7 _0 _-_nt.h
heating to the final temp. in <3 min before activation at -ao—o_ao s
preferably 350-30°. The O and water vapor content may be 3-15
and <20. preferably 23-40 vol. % . in the gas phase during pretreatment
and the mash may be dried to <15% water content by the
pretrestment.  The product is washed with water, neutralized.
treated with desalinated water. removed from the lq. and dried.
Thus. 23 g wood shavings (contg. natural moisture content nnd_.l’.s
g dry substances) was stirred with 475 g 50% H;.I’(.)._a;!n. 2 g
P.0:) and the 1:0.965 ratio mash was heated to 1°0° in 20 min in
cuntact with 1 L. min water vapor stream contg. 6 vol.% O to
decrease water conteat to 3.53%: the dried mash was he_nted [0
Li0-450° for 15 min to activate and then cooled, w shed. dried. and
ground. The product was used to bleach molasses.

105: 2H198v Activated carbon. Sato, Eiichi US. US 4,616,001
«CL 502-437: BOLJ20, 200, 07 Oct 1986. JP Appl. 85/136,323, 21
Jun 1935. 4 pp. Activated C is manufd. by carbonization and
activation of macadamia nut shells using conventional carbonization
and activation methods. Macadamia nut shells 1000 g were
carhunized and activated with steam at 900° for 120 min to give 20%
vield of activated C with ash content 0.5% and sp. surface area 1320
";l:'lfs vs. 18%. 1.2 and 1200, resp.. for activated C from coconut
nells.

105: 45707p Manufacture of activated carbon. Watanabe,
Fu]lo;. Murase, Hiroki (Amano Pharmaceutical Co., Ltd.) Jpn.
Kokai Tokkyo Koho JP 61 14,113 [86 14,113) (Cl. COiB31/08), 22
Jan 1986, Apgl. 84/136,153. 29 Jun 1984; 4 pp. Activated C is
prepd. from wheat bran or the extn. residue of wheat bran koji by
carbonizing and amvntirsg with steam. Thus, activated C was prepd.
by drying the extn. residue of wheat bran koji at 110°, carbonizing
100 _Fhreudue at 820°, and passing steam at 820° and 2.1 kg/h for 1
h e product had a large portion of its pore vol. due tc pores of
10-100 A diam. The activated C can adsorb a wide range of low and
high mol.-wt. adsorbates.

105: 26056j Charcoal-making in a bome, and the utilization
for activated carbon. Satonaka, Seiichi; Sako, Chizuko; Kawase,
Kiyoshi (Coll. Exp. For., Hokkaido Univ., Sapporo. Japan).
Enshurin Kenkyu f}:’hoku (Hokkaido Daigaku Nogakubu) 1988,
42(4), 1135-51 {Eng). Carbonization of woods of 19 tree species in a
conventional firewood stove gave charcoal in & 25-38% yield with d.
0.16-0.47, moisture content 0.7-3.3% at the next morning, methylene
blue (I) adsorption 11-74 mg/g. and shrinkage in radial direction
10-24%. Activation of charcoal as above by steam gave activated C
in 23-65% yield, and with lignin adsorption from spent liquor
5-61%. A strong . correlation was found between the wood and
charcoal 4., as well as between I and lignin and sorption. Neg.
comla;i&m between activated C yield and I and lignin ads~rption
were obsd.

105: 8945u Kinetics of activated carbon gasification and
regeneration. ~Cheng. Alan Tat Yan (Cornell Univ., Ithaca, NY
['SA). 1985. 272 pp. (Eng). Avail. Univ. Microfiims Int. Order No.
DA8516957. From Diss. Abstr. Int. B 1986, 46(7), 2394,

see p.45
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105: 5138z Activated carbea frem sal (Shorea rebusta) seed
husks. Hossain, M. Altaf; Mustafs, A L; A(hm M. lenngir) (Dep.
Appl. Chem., Dhaka Univ.. Dhaka, ). Dhaka Univ. Stud.
Part B 1985, 33(2), 279-85 (Eng). quality activated C was
prepd. from sal seed husks in 41% vield using ZnCk as activating
:g::t. .T:\{ u}sorpnonlap.n&ul(t:hu r(:)d'-:edmm than that of the

. availsple samples. e u also
adsorption of color fro’;n molasses soln.p showed good

104: 115845 Activated carbon preparation for filtering materials
and products. Eichner, Otto Friedrich Braz. Pedido PI BR 85
00,055 (CL Co1B31/08), 29 Oct 1985, Appl 53/35, 78 Jen 1965;
13 pp. Activated C is prepd. by distn_ of ground resirow: wood w.th
conc. H:50; 3-6 wt %, in water 15-20 vol. %. based on the acid, at
450-700°. The product can be refrigerated and then reactivated in a
furnace in contact with air for 220 min at 250°. The filtering
material is esp. useful for water treatment, eg.. surfactants. Thus,

ine sawdust 1000 g was treated with 500 cm’ of 10% aq. soln. of

150;. carefully homogenized. and dried to decrease the wt. to 1200
g. distd. in contact with air in 3 furnace at 500-530* for 3 h until gas
evolution ends and then allowed to ool to ~200° and then to cool in
free air to ambient temp. The straw -like C obtained was used in a
100-cw filter laver for filtration at 10 12 m -h.

104: 112156c Low ash activated carbon from rice husk. Beg,
M. Arshad Ali; Usmani, Ta.zil H. (PCSIR Lab., Karachi, Pak. 39).
Pak. J. Sci. Ind. Res. 1985, 28(4). 282-7 (Eng). Rice husk char
obtained in the absence of air at 600-800° was leached with a
[0-15% soln. of NaOH to remove 90% of the SiO:. The adsorption
activity of leached activated C was greater than that of the untreated
char but less than that of a com. activated C. The leached product
should be useful for adsorption of low-mol-wt. gases and vapors
from air and for purifn. of water contg. lower-mol.-wt. org.
contaminants.

Utilization of non-kernel products of the coconuts (Cocos nucifera; Sri Lanks).

Yatawsara, R. (Harley Ltd. Sri Lanks).

En

Cocoa and coconut: progress and outlook. Pushparsjsh, E. Chew, P.S. (eds).

Kualis Lumpur (Malaysis). Incorporsted Society of Planters. 1986. p. 917-632.

Summary (En). Appendices.

{ Internstional Conterence on Cocos and Coconuts: Progress and Outlook. Kusla
Lumpur (Malsysia). 15-17 Oct 1984)

in theory, faborstory research studies, and folkiore, the versatile coconut had s
myriad uses. This psper was confined to its commercial uses in building up rursl
and nstional economies. The coir fibre industry and activated carbon from
charcoal, was Jealt with, in some depth. and only a few examples of others are
cited. (EN)

104: 71160d Activated carbons. Fujimagsri, Hitoshi; Katada,
Nobuaki; Okabayashi. Hiroaki (Pentel Co., Ltd.) Jpn. Kokai
Tokkyo Koho JP 60,161,316 (85,161,316] (Cl. CO1B31,12), 23 Ay,
1985. Appl. 84715841, 31 .Jan 1984, 3 pp. The raw materials wit
water-repelling surface property is pulverized and then impregnated
with activators. Thus, peanut shells were pulverized to 1000 &,
stirred for 1 h at 90-95° in an aq. ZnCl; soln. (sp. gr. 1.8), dried at
110°, and heat-treated for 60 min at 600° in N: to give 56% (the raw
material wt.) activeted carhbon with 230 mL/g methylene blue
adsorption, as compared with 110 mL./g without the pulverization.
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i08: 52897h Preparatiss of activated carbea frem the by-praducts
s Nagy: Lot Gyorxy (e Apot. Chens. Took Unie: 1oorads
4 . iNagy. Lajos Gyorgy ( niv., H-1521
Budnpeu.?un@l. Period. Polytech., Chem. Eng. 1384, 28(3-4).
293-7 {Eng). Activated C with adsorptivity ies that are
satisfactory for use in water trestment was from the seeds of
stone fruit by c-rboni-ation and subsequent activatiou with steam.
Also, sawdust treatsd in a similar manner gave a produc® *hat was
less dense and had & greater adsorptivity.

103: 73286c Activated carbea frem walsut shells. Khan A
Singh, Harbens; Bhatia, A. K. (Reg. Rec. Lab., Jaoumu Tawi, 180
001 India). Res. Ind. 1985, 30(1), 13-15 (Eng). Walnut shells,
after being digested in solns. of HiPO:. ZnCl;, and HCL were
carbonized at 300° [ ¢ making activated C. The products had a
kinetic behavior for removal of culor from su<ar similar to that of a
com. activated C but their capacity for color ) was less.

102 64716y Comparisen of activated csvbems preduced by
partial steam gasificativn of variens carbenscesus materials.
Wigmans, T. ( ). Act. Carbon ... Fascinating Mater. 1983,
53-80 (Eng). Edited by Capelle, A.; De Vooys, F. Norit:
Amersfoort, Neth. This study evaluates lab. sctivation results of
peat coke, lignite coke, wood char and preoxidized coal as feedstocks
for the prodn. of powd., broken, and extruded activated C. Results
are interpreted in terms of specific gas phase and liq. phase
applications, based on C¢Hs ion and C burmn—off deta. Ir

to put into s proper context influence of the feedstock type
on the characteristics of the activated C produced, the lsb. expts. are
characterized by activation over & broad range of temps. and of
steam partial This study confirms that peat coke is the
most universally applicable, feedstock among the aiternatives studied
for producing large variety of C.

102: 6430% Preperation of granular sctivated carbon from
wood pellets. Hayashi, Katsumi; Abe, Ikuo; Nakano, Shigekazu;
Kitagawa, Mutsuo; Hirashima, Tsuneski (Osaka Munic. Tech. Res.
Inst., Osake, Japen 536). Tanso 1984, 119, 185-9 (Japen).
Granular activated C was prepd. from wood pellets which were
grepd. in an extruder from wood scrap by adding pitch and tar as

inders. The wood peliets were carbonized at 550° and activated
with steam in & batch-typs rotary kiln. The exptl. conditions were
as follows: activation temp. 850°, stean rate 0.55 g/g char-h, and
activation time 1.5-3 h. The relationship between the activation
yield and the activation time was linear. activated C, obtained
at & yield of ~45% had surface area 900 m?/g, and adsorption
capacities for methylene blue, I, and benzene 200 mL/g, 1300 mg/g,
and 34%, resp. Addn. of the binders gave activated (,! harder thar
the activated C prepd. only from wood scrap; the hardness was
>9.’3$% of that obtained by the JIS K 1474 method at a yield of
~45%.

102: 48183p Shaped activated carbon. Japan Steel Works, Ltd.

Jpn. Kokai Tokkye Koho JP £9,164,611 [84,164,611] (Cl
CO1B31/08), 17 Sep 1984, Appl. 83/38,356, 10 Mar 1983; 4 pp.
Wood is pulverized, dried to contain S10% H:0. mixed with 5-20%
coal tar and/or pitch, pelletized, carbonized, and activated with
high-temp. steam to give shaped activated C for adsorption.

101: 194505r Production of activated carbon from plant waste.
Chaparro Beltran, Manuel; Moreno B., Tomas R. (Univ. Oriente,
la Cruz, Venez.). Mﬁ‘ Quim. (Madrid) 1984, 16(183), 85-7
(Span). Dried coconut shell, previously triturated, is activated by
impregnation with ZnCl; soln., then filtered and dried at 90® in a
vacuum oven, carbonized at 350° in an elec. furnace in a N; atm,,
cooled in the abeence of air, pulverized in a mortar, washed with
distd. water and 4% HCI to remove residual ZnClz, and dried at 80°.
The optimum C is impregnated with 80 wt.% ZnCl; for 1 h and
activated at 350°.




32._

35._

364_

M._

101: 178138t The two-stage air-carbon dioxide activation in
the preparation of activated carbons. I1. Characterization by
adsorption from solution. Linares-Solano, A.. Rodriguez-Reinoso.
F.. Molina-Sabio, M.: Lopez-Gonzalez. J. de D. Dep. Quim. lnorg..
Univ. Alican.e. Alicante. Spain). Adsorpt. Sci. Technol. 1984, 13).
223-34 (Eng). Olive stones and almand shells were used as raw
materials to prep. zctivated C following the methods of (1)
carbonization in N: followed by activation in CO: (2) direct
activation in CO:. and (3) treatment in dry air at 573 K followed by
activation in CO. The C is characterized by the adsorption of

NO:CsH.OH. Methylene Blue, Orangs II. Crystal Violet. and
e’;ct.orin Blue in aq. soln. Methods (1) and (2) yield € with very
similar adsorptive capacities and method (3) yields C with larger
adsorptive capacities for similar overall yields. On the other hand, C
from almond shells (more microporous) would be more suitable for
adsorption of small solutes and C from olive stones (more maci :
and consequently, with larger rate of adsorption) for larger dimension
mols.

101: 113151x Preparstion of activated carbon from bagasse
and its adsorption characteristics. Khan, M. .. Nawaz, R. (Dep.
Chem.. Univ. Agric., Faisalabed, Pak)). J. Pharm. (Univ. Karachi)
1983, 2(1), 41-4 (Eng). Bagasse was converted to activated C by
being trested with H250, and ZnCl; at various concns. and 400-900°.
’l‘he“‘:e-l activation occurred when 1 part of bagasse was treated with
3 parts H:SO. at 900°. At activation temps. >900° both the
combustion loss and adsorption power were inc .

101: 93000s Regeneration of activated carbon. Gomells, Cyru
tParis, Fr.). Water Supply 1983, 1(2-3, World Water Supply).
S$S12,1-SS12/15 (Eng/Fr). A review without refs. covers thermal,
chem.. solvent, and biol. regeneration of activated C.

101: 252454 Pyrolysis and transformation of wood chips to
activated carbon. Onofrio, Maurizio; Gozzelino, Giuseppe; Fasoli.
Ugo (Dip. Sci. Mater. Ing. Chim. Politec. Torino, Turin, Italy).
Chim. Ind. (Milan) 1984, 66(2), 84-9 (Ital). Activated carbon was
obtained from wood chips by pyrolysis at 400° and activation at 900°
in & COz~N: medium; the activation energy of the activation process
was 23 kcal/mol. Max. adsorption capacity for methylene blue was
attained by activation of carbon at 870° for 25 min. The activated
carbon obtained from ‘vood chips had properties comparable to those
of com. activated carbons.

100: 194370x Activated carbon from almond shells. i
activation. 2. Zinc chloride activation temperature ﬁ'ﬁ'::‘;'.}.
Ruiz Bevia, F.; Prats Rico, D.; Marcilla Gomis, A. F. (Dep. Quim.
Tec., Univ. Alicante, Alicante, Spain). Ind. Eng. Chem. Prod. Res.
Deu. 1984, 23(2), 269-71 (Eng). Activated C, obtained by treating
ground almond shells with an aq. soln. of ZnCl; and heating at 500°,
showed max. adsorption capscity. The adsorption capacity wes
equiv. to those of com. products.

100: 1938658 Preparation and absorption capacity of active
carbons from palm nut fibers. Avom, Jerome; Hajal, Issam (Fac.
Sci., len'. Yaounde, Yaounde, Cameroor' Rev. Sei. Tech. 1983,
Ij(l—.2), 71-7 (Fr). The carbonization (hea.ing rate 300°/h, 5.5 h at
700°) of dry palm nut fibers (residue from expression of Elaeis
Guineensis), washing with 5% HC| and water, grinding to 0.2 mm,
and activation for 30 min in 80% Hi.PO. + 5% HaSO0. gave an
adsorbent carbon wiih sp. surface area 875 m2/g, | sorption 100.9
/100 g, and methylene blue sorption 23.2 mg/g. Activation with
80% ZnClz was slso effective.
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Studies on the effects of CaCi2 and ZnCi2 concentration and sctivation process on

the vield and the quality of cc shell acti d carbon.
Suryani A Ketaren. S.

Buletin Penelitian Tehnologi Industri. Bogor (Indonesia). ISSN 0216~ 3160. (1982).
V. 1(2) p 16-30. Receaived Oct 1983.
. 6 ret. Summary (En).

by steam gasification of p.l- stones. Ralnh. M. A_; Eldighidy,
S. M. Gahin, S. (Coll. Eng.. King Abdulaziz Univ., Jeddsh, Saudi
Arabis). Energy Res. 1983, 3(Altern. Energy Sources 5, Pu D}
429-42 (Eng). Palm stones were carbonized at 700° in an Or-Free
atm. Thecarboniudpdmsmdmbeinccnnhedlonp‘nicb:

steam treatment, contg. H:0, COz. Cco, Hz.lndScom . was drie:.
and treated with 33% aq. caustic remamm;w-’h
contg. 3.5-4% CO. ThywldfmmlmnofpgmuIIUkr
active C and 46.7 kg Hz.  The surface ares of the active C is >1200
m?/g.

100: 12976u New uses for activated carbon. Wilkins, C. S. H.
(Sutcliffe Speakman Eng. Lid., UK). Chem. Eng (Rugby. Engl)
1983, 396, 15, 23 (Eng). A review on adsorption on activated C in
recovery of inorg. materials or in nuclear industry with 11 refs.

Wlntlhlauul.etnndnuneuk zlb\l’n--ud.
Steel Works, Ltd. Jpn.lohi'l‘olty- he & 11
33.“..3"] (CL Co1B31/08), 20 Aug 1963, Appl 82/19.721, 12
'eb 1982, 4 Wood is to- i
dried to a “content of 12-18 wt.% in & rotary kiln. The wood
particies are extruded at 150-200° and 400-8000 kg/cm? through
die baving 5-7 mm holes. The are solf- becauss
conmnlmmudhnl of 14 g
at 400-700° in the absence
steam at 800-1000°.

99: 107378a A summary of the recent werk of Freach laborateries

resented aus a tribute to Pref. Mresewski. Pacault, A

A. (Cent. Rech. Paul Pascal, 33 Talencs, Fr.). Carbon

1963, 21(4), W—“hﬂ/l’r). A review is given with 282 refs. of
M«oc published by uals from Preoch research centers relsting

99: 992%w Preparation of nude‘rbnfn-uvdmud
eoal. Cardons, Gloria E.. Pens, Ans B. (Dep. , Univ
‘Abtioquia, Medellin, Colombia). Rev. Colomb. Quim. 1962, 11(2),
934 (Spen). Amuudepowdnnd form was
z‘mnwdm«codulh'nm . Por powd. active C.




96: 217464a Bimultanceus manufacture of weed vhmud
44._ activated carben. Kato. Hiseyoshi Jpe. Kekai Tokkye P
57,195,789 [82,196.789] (CL C10B53/02), Ol Dec 1982,
81/80,172, 28 May 1981; 4 pp. In manuf. of wood vinegar
i carbon by s simultansous process, wood materiale
with HyPO. and dry distd. at ~400°. Thus, 100 parts
was aried, treated with 22C parts HiPOs, and dry distd.
50° 10 390° 1o give wnd vinegar and activated carbon.

1

Al

(Unilization of monterey pine (Pinus radiata D. Don) waste for the production ot
45°xﬁvam¢ charcoal in the 5. Region {Chile)). Aprovechamiento del desecho de pino

insigne (Pinus radista D. Don) para I produccion de carbon activado en la S
region (Chile).

Yussem Diaz, C.

Universidad de Chils. Santisge Facultad de Ciencias Agrarias. Veterinarias y
Forestales. Escuela de Ciencias Forestales.

Es

Santiago (Chile). 1983. 162 p.

Map. scale 1:750.000; 17 ret. Summaries (En, Es) *Bibliotecs. Facuitad Agronomia,
Univ. de Chile, Santiago (Chile). Degree: Tesis {Ing For).

46. 97: 200251x Carbonmization of erganic wastes. Hokuriku
- Tanso . Jpa. Kekai Tekkyo Kobo JP 82
(CL C10BS3/02). 15 Jun 1962, Appl 80/172,506, 05 Dec 1960,
4 pp. ust, , and industrial wastes are
continuously without any ntary fuel in s given s
Thus, a kraft pulp plant ¢l was carbonized at 700-800° and
then at 1000-1200°. The uct had less volatiles than in one
tained by conventional . and is used as sctivated C.

47.

. : 111900r Vertical moving-bed carbon material reactor.

43 - Kz’nny Chemical Co., Ltd. l.fpn. Keokai Tokkyo Kobo JP 82

. §1609_(CL COIB3I/10). 14 Apr 1962, Appl. 80/134556, 28
Sep 1980; 4 pp. In a vertical moving-bed car material

reactor having a rectangular cross section, several trays and

alternate openings m their sides are provided. Several spaces

moving bed located in these spaces. and a const.-amt. discharging
app- at the bottom of the moving bed are provided. The reactor
is used for dry distn., sctivation, and regeneration of C materials.

49 97: 94805u Activated carbon from rice graiss. Honds
. Motor Co., Ltd. Jpn. Kokai Tokkyo Koho 82 ¢1,608 (Cl.
Co1B31/08), 14 Apr 1982, Appl. 80/136,018, 30 Sep 1980; 4
. Rice grains are dry-distd. with addn. of at least one of Na
silicate or distomaceous earth, carbonized, and sctivated. It is
excellent for adsorption of vaporized fuel. Thus, sctivated
carbon from unrefined old rice grains adsorbed methylene blue
22 mg/g compared to 15mg/g from char and 20 m(‘g from saw
dust. . Okuwaki
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97: Mt Activated carbon frem cil palm (Elacis guineensis)
aut sheils. Chan. K. C: Gob, S. H: Toh, H. T Tan. w. L
Tang. T. S. (Dep. Chem., Univ. Malays. Kuals Lumpur,
Malsy.). Malays. J. Sci. 1980, 6. 131-7 (Eng). The oil paim
(Eloers guineensis) nut shells were pyrol.tya;edd at 300-450° to

96: 183623%¢ Gramular sctivated carben. Sumitomo Bakelite
Co., Lud. Jpn. Kekai Tekkye Kebe JP 31,1680312 (CL
CO1B31/08). 10 Dec 1981, Appl 80/63423, 15 May 1980 4
PP A:[ixt.ofmgctinudCfmkmdnnmi(_k.hydmxﬂe.

an

. 1430014 Manufeciure and uses of activated carbes.
. (Thomaes Neas Ltd., Nottingham, UK). Effluent
. J. 1962, 22(1), 27-8, 304, 46 (Eng). A revew

065: 712360t Activated carbem with large speciin surface
from plant materials. Berkes, Sendor; Gardos, Gyo.r((y.

Saabo, Tibor; Pechy, Laszlo; i, G -.(v i
o, Tibor; Y. ; Somogyt Gyogyt O P00,
Vegyipari Egyetem) Husag. Teljes 20,536 C01B31/08),
28 Aug 1981, Appl. 71/Pei013, 10 Jun 1977; 14 pp.
A'cnvucd C with sp. surface 21150 m?/g is manufd. in improved
from hydrolyzed t materials by trestment with oleum,

2SOq, 8 weste from « purifn of petroleum,or ZnCls in H:;?é

,E‘
5
%
B
:
:

with sp. surface 1320 m3/g T. Mohacsi
96: ‘"I”m quality adsorbents from tropical plasts.
Niikawa, sko;, lshibsshi, ji. Noda, Yoshio, Hosoda,

A Katsuji; oshio;
Hideo (Gov. Ind. Dev. Lab., Sepporo, Japan). Hokkaido K
Koihatsu Shikensho Hokoku 1981, (23),7-57 (Eng). Fhuid:

woods and wood wastes. The wood specimen initially

fed into the resctor st 420° evolved hest by exotbermic

decompn. so that successively fod specimens carbonized

without need for an addnl. best. Tbe fluidized-bed process

showsd the following advantages for the manuf. of high—quality

adsorbents from tropical woods: (1) whuud consumption was
r

uniform products wers manufd. The Philippine wood species
selectad for manyl. of good quality anular activated C were
#.-ipil (Intsia bijuge) and coconut Cocos nucifera) coir dust.

activated char products obtained from ipil-ipil and
eoir dust possibly be suited for adsorption of org. solvente,

gas adeorption processss, and water Lrestments. S. Ishihara

see P.37

see D.55
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Active carbon (manufacture, preparation from agricultural end industris!
products): a select bibliogrsphy (snnotated).

Ceylon Inst. of Scientific snd Industrial Ressarch, Colombo (Sri Lanks). Technical
Library and Information Service. -

En

Colombo (Sn Lanka). 1981 217 p.

831 reof.

96: 24348c Pyrelysis and gasification of gneosl)
ulidmuobr.eﬁvud—euh-m lln:t.‘“
Douglas McDuff (Stanford Univ., Stanford, CA USA). 19y’

. (Eng). Univ. Ordee
From Diss. Abatr. Int. B 1981, 4309, 301516 0 | DA

95: 171848y Preparation and eval
e (6. s ! u;ﬁnofgeﬁvemb-
Mahtah, Rehina; uuea,mhwmmm
Stud,, Part B 1981, 29(1),1-9 (Eng). me(C.)éapcularic)lieme':i
busks were activated in the presence of ZoClz The C uced
at an umumpd_‘&'mingpo-d.uedshuﬂ‘;dm
ratio 1:3 over an activation iod of 2.5 h shows high
of KMnO« (1693 mg/g ). The C produced from jute
seed uhmpndmwell'nl}mwbom. Physicochem.
Empermmgethnm decolorization efficiency shows
prtpd.flonjmeleedhmh'nluiublefor:--\enllppbtg:stlot::.Ie

(l;ro:uction 'of lctuo ea_rbon from coffes-making waste by gas- activation method
oshima. G.; Hirabayashi, K. Tsuge. H.. Ohashi, K. {Gifu Univ.. Kekamigahara )
(Japan). Faculty of Agricuiture). )
Ja
Joumnal of Japanese Society of Food S:ience and Tech
0029-0394. (Jul 1981). v. 28(7) p. 393-395. echnology (1apan). ISSN
Summary (En).

(Obtainment of activated charcoal from agricuitural waste: the optimization of -
manufacturing conditions (Portugsl)). Obtencao ae carvao activado a partir de
residuos agricolss: Optimizacao das condicoes de fabrico.

Rodrigues, AE.; Figusiredo. JLC; Orfso. JJM. Lopes, J.C.

Porto Univ. (Portugsl). Faculdade de Engenharia.

Pt

(Planning of scientific and technologicsl activities. Programme of research and
developmant contracts/1978. Progress reports. 1. semester (Portugal)). Plsneamento
das actividades de C e T (Ciencia ¢ Tecnologia): Programa de contratos de
investigacao e desenvolvimento/1978. Relatiorios de progresso. 1. semestre.
Ministerio das Financas e do Piano, Lisbon (Portugal). Junta Nscional de
Investigacao Cientifica e Tecnologica

Lisbos (Portugal). MFP. Servico de Plsnesmento e Projectos. 1979. p. 26-37.
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Effect of pyrelysis conditions on su t
tien of low-temperature lignecellulesic ¢ N
D. M.; Roberts, P. V. (Dep. Civ. Eng,, Stanford Univ,,

. - Bienn. Conf.

4

95: 121531u The effect of different methods of activation
on the porosity of active carboas obtained from agricultura!
by-products. Rodriguez—Reinoso, F.; Lopez-Gonzalez, J. de D;
Linares-Solano, A.; Molina-Sabio, M. (De&wl:)rm;. Chem.,

Gi i . 2 Bie:

95: 34496t Preparatien and characterization of active
carbons from olive stemes. Lopez-Gonzalez, J. de D.;

-Vilcher, F.; Rodriguez-Reinoso, F. (Dep. 1 :
Chem., Univ.' Granada, Granada, Spain). Carbon 1980, m,
413-18 (Eng). Crushed olive stones were carbonized st
700-900° in a flow of N and activated using a COz gas flow at
675-875° or im tion with ZnCls Meso— and macroporosity
were detd. by porosity and ive ck-racteristics were
detd. by of N at 77 and 90 K, CO3 ue 195 and 273 K,
butane at 273 K, and methylene blue from aq. soln. at 208 K.
The activated carbons had e surface areas and highly
developed mi ity. i carbonization conditions are
dnm-cd.‘s Allmurbouhdlov-bmmMeonmud
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Special Issue: Integrated Processing
SARAR S

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 recent times much
work has been done in various locations
to find modern workable industria!
means for this purpose.

Scarab Development AB. a swedish
research company. has now systematized
all these efforts and designed a complete
integrated plant to increase the revenue
from the coconut several times compar-
ed to present practices.

Their work is firmly based on extensive
market research for the various products
from the coconut palm which ensures the
profitability of the process.

The process includes wet-milling of oil
from the fresh coconut meat and there-
by hy-passes the unnecessary copra proc-
essing which is a legacy from colonial
times when oil-milling was done overseas.
The whole nut will be transported to
the processing site. but increases in
transport costs arec more than offset by
the reduction in cost for copra making
and the increased efficiency of collec-
tion.

The reduction of farm labour in copra
production is also more than offset by
a large increasz in employment in by-
products processing and farming imp-
rovement practices which are now motiv-
ated by the increased returns from the
crop.

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

Scarab has however refrained from giv-
ing a general analysis of the profitability
of integrated processing. Their argument
is that conditions will vary greatly from

a coconut worth?

E OF ONE NUT AFTER

BASIC INTEGRATED PROCESSING

Total va e f.0.b. factory

Production cost:
Actual nut prices:

Minimal added value

place to place and especiaily the market
situation will be different for different
areas both in regard to local markets and
export 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 of a
particular industry.

USc
Charcoal 0.9
QOil 9.1
Proteins 2.2
Other
Edibles 8.8
Water 1.4
Fibre 54
Briquettes 1.7

28.6

2.5
3-7

21.6

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 to
make the reservation that this a purely
journalistic excersize and not part of a
commercial offer. Our calculations are
shown on page S.
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ACTIVATED CARBON

CARBCI FROIUCERS :

U.S. Producers of Activated Carbon®

Carbon
731.2001 H

Amnual Capacity
as of July 1981
(millions of
pownda)

Company and
Plaat Locatios

American Narit Co., Inc.

(subsidiary of Norit NV of

The Netherlands)
Jacksouville, FL

Barneby-Cheney
Company
Columbus, OH

Husky Oil Company
 ~d by Rusky Oil Limited
(Canada))
Husky Industries, Inc.,
subsidiary
Romeo, FL

ICI Americas
(owned by Imperial Chemical
Industries Limited (U.K.))
Specialty Chemicals
Division
Marsball, TX

Kennecott Corporation
K t Develop t

Company, subsidiary
Pryor, OK

Registered Type of
Raw Material®  Trade Name Product

Husky Powdered

Watercarb

Lignite, wood,
bituminous
coal

CAR30O-
RUNDUM

Primary End Uses

Sugar refining, edible
oils, electroplating,
pharmaceuticals,
chemicals, catalyst
suppoet, solvent re~
covery, dry cleaning,
water purification

Primarily gas phase
for specialty uses

Water purification

Sugar refining,
chemical purilica-
tion, dry cleaning,
water purification,
electroplating

Water purification,
wastewater treat-
ment

Chemical Economics Handbook - SRI International

Not currently a domestic
producer, but packs,
blends, and distributes
powdered and granular
activated carboas im-
ported from Norit's oper-
ations in Toe Netberlands
and subsidiary supply 15~
20% of world demand
{see INTERNATIONAL
section).

Formerly a subsidiary of
Pennwalt Corporation.

Reportedly has signifi-
cant share of the market
for odor and taste con-
trol in water treatment.

Kennecott Corporation
announced in August
1981, its intention to sell
this plant and to with-
draw from the activated
carbon business.




January 1982 ACTIVATED CARBON Carbon
731.2001 °
U.5. Producers of Activated Carboa? {continued)
Anmnoual Capacity
as of July 1981
Company aad (millions of Registered Type ot
Plant Location pounds) Raw Material® Trade Name Product Primary End Uses Remarks
Merck & Co., Inc.
Calgon Corporation,
subsidiary
Catletisburg, KY 100 Bituminous Pittsburgh Granular Water purification, Reportedly world's lar-
Neville Island, PA coal, coconut Filtrasordb, industrial gas and gest producer of granu-
shells Calgon liquid phase lar carbon.
Pacific Carbons, Inc.
Blue Lake, CA [} Redwood saw- PACarb Powdered, Water treatment,
dust, peach granular sugar refining, dry
pits cleaning, mining pro-
cessing
Union Carbide Corpo-
ration
Carbon Products
Division
Fostoria, OH 5 Petroleum COLUMBIA Granular, Gas purification, Union Carbide Cospora-
base residues, extruded catalyst carriers, tion announced in Octo-
coconut shells, solvent recovery ber 1981, the sale of this
coal plant to Witco Chemical
Corporation.
Westvaco Corporation
Cbemical Division
Carben Department
Covington, VA 85 Wood, bitu- Nuchar Powdered, Water purification, Former capacity based
minous coal granular sugar refining, phar- sulfate pulp mill residue
waceuticals, fats and (black ash) bas been
oils, packed bed ad- phased out.
sorption for liquid-
and gas-pbase appli-
cations
Witco Chemical Corpo-
ration
Inorganic Specialties
Division
Petrolia, PA _5 Petroleum Witcarb Granular Gas-phase applica-
coke tions, catalysts, in-
dustrial liquid and
water purification.
Total 3s2

2. In addition to the companies listed here, the following firms also are involved in the U.S. activated carbon market:

North American Carbon, Inc., Columbus, Ohio, is an importer.
activated carbon from Hooker Mexicana S.A,, Lecheria, Mexico. The latter carbon is

for reduction of hydrocarbon emissions.

The company is known to import activated carbon from France, and granular
used in evaporative Joss control devices on automobiles

Sutcliffe Speakman imports significant quantities of coconut shell-derived material from its manufacturing operation in the United Kingdom.

b. Raw material selection can alter effective capacity significantly due to throughput diffcrences.

SOURCE:

CEH estimates and communication with industry.

Chemical Economics Handbook - SRI International
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EURCPEAN PROIUCERS OF ACTIVATED CARBON 1987

Carbon, activated
BELGIUM
Chamviron Carbon sa
FRANCE
CECA SA
J. Laftont & Cie. SA
Pics SA
GERMANY
Bayer AG

Bergwerksverband GmbH

Degussa AG
emicals Sector
Inorganic Chemical Products
tVISION

ITALY
Anticromos SpA
Boston SpA

Nont 1talis SpA

THE NETHERLANDS
Nort NV

UNITED KINGDOM
Chemwiron Carbon Ltd.
Norit (UK} L1d.

Sutclitfe, Speakman PLC

Thomas Ness Ltd.

FELUY, {Hainaut)

PARENTIS EN BORN, (Landes)
BORDEAUX, (Gironda)
VIERZON, (Cher)

LEVERKUSEN, (Nordrhein-
Waestfatan)

ESSEN 13, (Nordrhein-
Waestfalen)

BRILON-WALD, (Nordrhein-
Westlalen)

LEGNAGO, (Verona)

FERRARA, (Ferrara)
RAVENNA, (Ravenna)

HEMBRUG-ZAANDAM,
{Noord Holland)
KLAZIENAVEEN, (Drenthe)

GRAYS, (Essex)

GLASGOW, (Strathclyde)
Scotland

LEIGH, (Manchester, Greater}

COEDELY, (Glsamorgan, Mid)
Wales

ADD TOTAL

Source: SRI International estimates as of January 1, 1987,

Annua! Capacity

(Thousands of Metric Tons) Raw Materia! and Rgmorkg

10
12

<
8

10

(£ )

<
na

k] ]

Coa\; mostly granutar
Wood; granular and powder

Regeneration

Coconut shel's and wood;
granular and powder

Lignite, pest; granuler and
powder

Coal; granular and powdar

Wood and cos!
Wood; powder
Vegetsble derived
Regeneration

Peat; granular snd powder

Regeneration

Wood; powder and granular
Coconut shells, coal, lignite,
wood

Coasl; on standby.
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Asian Producers of Acuvated Carbon - 1980

Producing Company and
Plant Location

Japan
Daiichi Tanso Kogyo Co., Ltd.
Fukuroi, Shizuoka Prefecture

Fujisawa Pharmaceutical Co., Ltd.
Miroshima, Hiroshima Prefec-
ture

Futamura Chemical Industry Co.
Ohgaki, Gifu Prefecture

Hitachi Tanso Kogyo Co., Ltd.
Tomobe, [baragi Prefecture

Hokuetsu Carbon Industry Co., Ltd.
Yokohama, Kanagawa Prefecture

Hokutan Chemical Industries Co.,
Ltd-
Toda, Saitama Prefecture

Kitamura Chemical Co., Lid.
Nara, Nara Prefecture

Kuraray Co., Ltd.
Kuraray Chemical Co., Ltd.
subsidiary
Bizen, Okayama Prefecture

Kureha Chemical Industry Co.,
Ltd.2
Nishiki, Fukushima Prefecture

con‘

Annual Capacity
as of Year-End 1980
(metric tons)

2,700
1,200

10,000
600

2,400
1,000

1,800

120

3,600

600

7,800

3,600

Trade

Raw Material Name

Sawdust
Coconut Shell

Sawdust FUJITANSO
Anthracite Coal
Sawdust TAIKO
Coconut Shell TAIKO
Sawdust NITTAN
Coconut Shell NITTAN
Sawdust HOKUETSU
Coconut Shell HOKUETSU
Bituminous S-COAL
Coal
Sawdust KINTSURU
Coconut Shell KURARAY
Resinous Pitch KUREHA
BEADS

Type

Powdered
Granular

Powdered
Granular

Powdered
Granular

Powdered
Granular

Powdered

Granular

Granular

Powdered

Granular

Granular

Brewing and food

processing

Water treatment

2961 Lienuep
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Agn Producers of Activated Carbon - 1980 .ntlnued)

Producing Company and
Plant Location

Korea, Republic of
Yoolim Chemical Industrial Co.,

Ltd.
Kimpo

Malaysia
Century Chemical Works Co.
(joint venture of Takeda Chemical
Industries, Ltd. (25%) (Japan),
Tosin Sangyo KK. (20%) (Japan),
and Wah Seong Trading Co. (55%)
(Malaya))
Prai industrial . omplex near
Penag

Philippines

Cenapro Chemical Corporation

(joint venture of Kuraray (Japan),

Marubeni Trading Co., (Japan),

and Cenapro Group (Philippines))
Mandue, Cebu

Davao Central Chemical
Corporation
{(joint venture of Takeda Chemical
Ind. (Japan), Mitsubishi Corpo-
ration (Japan), and loc~! capital
in the Philippines))

Davao

Pacific Activated Carbon

Company

(joint venture of Daiichi Tanso

Kogyo Co., Ltd. (Japan), C. Itoh &

Co. (Japan), and H. N. Montenegro

& Associates Inc. (Philippines))
Misamis, Mindanao

Annual Capacity
as of Year-End 1980
(metric tons) Raw Material Trade Name

Waste rubber Powdered

Coconut shell

Coconut shell Granular

Coconut shell

S 2002°1€L

uoqren
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COUNTRY

CEYLON

SERMANY {D0RD

INDIA

INGONESTAN

JAFAN

NEW ZoALANG

COCONL

ot

RESEARCH INSTITUTES: A TENTATIVE LISY

COMFANY NAME AND ADDRESS

ACTIVATED CARBONS FRODUCERS' ASSOCIATION
Avenue 1o..35e 250, STE 7i, EBE-1030 Bruxelles

STATION DE RECHERCHES SUR LE COCOTIER
Seme—Fodii

INDUSTRIAL DEVELGFMENT BDARD OF CEYLON

TECHNISCHE UNIVERZITAT DREZDEN
Mommenshr. 13, 8027 DRESDEN

CENTRAL RESEARCH INSTITUTE FOR DRYLAND
AGRICULTURE

Zantios H. Nagar, Hyderabad-S00 659

COCONUT RESEARCH STATICN
Veppanktilam &£14 306, Tamil Nadu

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH
Rafi Mz-3, New Deihi 110 003

INGIAN INSTITUTE OF TECHNGLOGY

Madras 00 036

ASIAN AND FATZIFIC COCONUT COMMUNITY
Wisma EBakrie, 3rd. floor
Kav. Bl Euningan-JAKARTA

ASENCY CF INDUSTRIAL SCIENCE AND TECHNGLOGY

SOVERNMENT INCGUSTRIAL DEVELOFMENT LABORATORY,
HOVEAIDD

2-1, Higash:, 23> i17-Chome, Tsukisamu
Toyohira-ku, G61-01 Sappor.

DEFARTMENT OF SCIENTIFIC AND INDUSTRIAL
RESEARCR (DEIRD

Charles Ferqusson State Bida, Bowen Street
Weilington 1

FAFISTAN COUNCIL OF SCIENTIFIC AND TNDUSTRIAL
REZEARCH (PCSIR)

University Road, Feshawar, NW-F.,

F.0.80X 774 Pedro 611 5t
Ermitz-Manila The

FRILIFFINE COCONUT RESEARCH AND DEVELOPMENT
FOUNDATION, INC,
Metro, Manila




FORTUGAL

SRI CANEA

SWEDEN

Uk,

U.3.5.R.

JUNTA NACIONAL GE INVESTIGACION CIENTIFICA E
TECNOLOSICA

Av. b.farlos 1, 126-1, 2-1202 Lisboa

COCONUT RESEARCH INSTITUTE
Bandiripouwa estate, Lunhuwila

INTERNATIONAL COCONUT DEVELOPMENT ASSOCIATION
{ICDAY
Box 760%,3-103 24 Stockholm

TROFICAL DEVELOFMENT AND RESEARCH INSTITUTE
Industrial Development Domb.
Abingaom Gxfordshire. ox 14 3DA

STANDFORD RESEARCH INSTITUTE
I3IZ Ravenswood Avenue, Menlo Fark, Ca 34023

AMERICAN SOCIETY OF AGRICULTURAL ENGINEERS
F.0.B0% 410, 3t.Joseph, MI 47085

SIBERIAN TECHNOLOGICAL INSTITUTE
All Union Research and Tecnological Institute
of Carbon Sorbents
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CTIVATED carbon is extensively
used in 2 wide vanety of applica-
uons and vet little is known outside the
industry itself of the raw materials and
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 2
brief, rezsonably general introduction
might be useful to personnel in the
water industry who might come across
the product.

Almost all materials that are composed
essentiallv of carbon can be acuvated.
What happens during activation is that
the internal surface area of the material
(the area accessible to a fluid) becomes
vastly expanded, bv the controlled
oxidation of carbon atoms. 1 gramme
of ground anthracite for example, has
an internal surface area of about 10sqm
and-during activation it would acquire
an internal surface area of (usually)
between 700 and 1,200sq m.

A 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
60A/100A, intermediate or mesopores,
with diameters up to 600A,1,000A,
and transport or macropores with
diameters larger than this. A 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 large
central pore and a huge network of
further pores of progressively reducing
diameter.

Surface area is 2 common, though
potentially misleading, indicator of
performance. It is usually obtained by

JANUARY 1982

M J Holden

use of the Brunauer, Emett, Teller
(BET) method which involves use of
nitrogen at 77°K and a range of
pressures up to saturated vapour
pressure, and gives the amount of
nitrogen adsorbed assuming monolaver
coverage. [n practice since adsorption
is much greater than monolayer and
the molecules encountered in adsorp-
tion are larger than nitrogen, the
effective area for adsorption is usually
considerably less than implied by this
value. A more useful criterica is the
distribution of pore volume and surface
area with pore diameter.

For example, for four commercially
available carbons, (see Table I)
Carbons 1 to 3 would be used in liquid
phase adsorption. Carbon 4 which has

Manufacture and uses of
activated carbon

a much higher proportion of micro-
pores than the others, would be used
in vapour phase adsorption.

The pore size distribution is largely
governed by raw material and method
of activation. Carbon made by chemi-
zally activating sawdust for example,
with a high proportion of mesopores,
would be ideal for adsorbing high
molecular weight bulky molecules of
the tvpe encountered in dve stuffs.
Carbon made by thermally activating
coal or coconut sh=ll, on the other
hand, with a high proportion of
micropores, would be more suitable
for adsorbing low moiecular weight
molecules such as malodorous sub-
stances. Figure 1 illustrates thesz two
extremes.
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Another wav of illustrating this is
shown in iligure 2, which indicates
pore size distributions for four particu-
lar activated carbons made by thermal
methods from different raw matenals.
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 carbon
tetrachloride, iodine, benzene, phenol,
methvlene blue, molasses and alkyl
benzene sulphonate (detergent). There
is, of course, no substitute for trving
the carbon in the specific application
under consideration.

Manufacture

It has already been stated that any
essentially carbonaceous material can
be converted to activated carbon. Just
to illustrate this, patents are 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,sand for every 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.
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Some of the commonest raw materials
are indicated in Table 11.

Statistics are difficult to come by, but
from available data and personal
knowledge the capacitv situation for
1978 is summarised in Table [1I.

Of the estimated 275,000 tonnes
capacity about 30,000 tonnes is pro-
bably in pellet form, and the remainder
is granular and powder product in
roughly equal proportions.

The actua. production during the same
period is more difficult to assess since
in Europe and the USA, 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 tonnes.

The five raw materials given in Table
I are predominant, and if the group-
ing together of materials as diverse as
peat, lignite, bituminous coal and
anthracite can be accepted (which one
might expect individual manufacturers
to contest), it can be seen that the coal-
based family of raw matenal takes
about 709, of the total. In the western
world in fact, the companies which
have entered the business in 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 mayv best be termed
volatile matter, the economic relation-
ship between price and availability of
raw material and of volatile content, is
an important one. Oneof the advantages
of using bituminous coal and anthracite
for example, is their relativelv low
volatile content and hence high vield
of product. In the developing world a
major consideration is the availability

TABLEI: Distribution of pore volums and suriace area with pore diameter

Surface area (m?'g)

Pore volume (mié/g)

Total In pores > Total In pores >

40 A diameter 40 A diameter
Carbon 1 665 150 0.95 0.1
Carbon 2 900 170 3.24 2.56
Carbon 3 1,335 245 2.33 1.08
Carbon + 1,053 22 0.59 0.14

TABLE I1: Raw materials of more common activated carbons

Carbon content (approx) Density (approx)
Material ("0) (g/iml)
Soft wood 40 0.4
Hard wood 40 0.6
Coconut shell 40 1.3
Lignite 1.2
Bituminous coal 75 1.4
Anthracite 9 145
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TABLE III: Production capa.city 1978 (toanes}

Raw Material N.America W.Europe Others® Toal®
The coal family (including

peat, lignite, bituminous 104,000 62,000 25,000 191,000
coal and anthracite)

Wood charcoal 28,000 7.000 3,000 38.000
Coconut shell charcoal 4,000 10,500 8,000 22,500
Sawdust 5,500 15,000 — 20,500
Petroleum coke 3,000 _ — 3,000
Totals 144,500 94,500 36,000 275,000

®excluding Eastern Europe and China

of waste materials such as coconut
shell and rice husks, which, despite
having very high volatile content and
hence giving fow vields 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, porosity is
achieved by removal of volatiles, and
of carbon atoms as 7aseous oxides.
Most companies nowadays use thermal
methods and two particular processes
vill be described in some detail. Before
doing this however, it would be useful
to discuss the chemical route.

Chimical methods

The raw material used in chemical
activation is usually sawdust and the
most popular activating agent is
phosphoric acid, although zinc chloride
and sulphuric acid are also well known,
and others used in the past include
calcium hydroxide, calcium chioride,
manganese chloride and sodium hy-
droxide. All the usual reagents have in
common the fact that they are de-
hyvdrating agents. Raw material and
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reagent are mixed into a paste, dried
and carbonised in a rotary furnace at
about 600°C. Further activation with
steam at 7/800°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 800-1,000°C, during
which stage some of the carbon present
is oxidised by the acid which is itself
reduced to phosphorus and hyvdrides.
These vapourised products are dis-
charged to the stack and removed by
scrubbing. The 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
1:0.5 to 1:4. Acuvity 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. Pellets
can be produced from this powder.
The method also produces carbons
with large pore diameters which makes
them most suitable for decolourising,

but only if pelleted are they hard
enough to compare with carbons
produced thermally. They generaily
have relatively high minerai content.

Thermal methods

Peat, lignite, bituminous coal,
anthracite and coconut shell charcoal
are usually activated thermally, and
indeed thermal methods can, and are,
used for virtually all raw materials. A
variety of methods have been deve-
loped, each being appropnate to a
particular tvpe 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 800’
900°C. It is possible for the process
using steam to be self-sustaining in
energy terms, since the overall reaction
involving 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 pe}letising,
often with addiiion of a binder to aid
the process. Hard and low volatile
feedstocks can be carbonised without
this step, but reconstitution can be
used to increase the proportion of
macropores produced.

The main purpose of carbonisation is
to reduce volatile content andsthereby
convert to a2 form suitable for activation
by (usually) steam. Carbonisation is
usually carried ou: below 900°C with
an inert gas such as flue gas.
Carbonisation and activation used to
be carried out separately, but 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
directlv or indirectly, multiple hearth .

P

TABLE1V: Conversion of carbon to carbon dioxide

C - H,O(steam) —-CO-H, —31 keal
CO-~10, ~CO, - 67 keal
H,- 10, —H,O(steam) =38 keul
OVERALL C -0, —-CO, -~ 94 keal
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furnaces, fluidised bed reactors and
vertical retorts, and each has advan-
tages for a particular purpose. The
indirectly fired rotary kiln for example,
is relativelv 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 used
two will be described in more detail.
Both are UK processes, using coal, one
employing a vertical retort and the
other a fluidised bed reactor.

The first method uses briquetted
bituminous coal as its feedstock,
although it is also suitable for some
other coals and coconut charcoal. The

JANUARY 1982

coal is finelv crushed, then briquetted
into truncated cones of 6/7cm dia-
meter. The briquettes are fed into the
top of a heated sealed retort (see
Figure 3) about +.2m long through
which pre-heated steam is passed. As
the briguettes 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. Near the
bottom of the retort, at a temperature
approaching 1000°C, activation takes
place. Product, still in briquetted form
though by now extremely brittle, i3
drawn from the bottom. The product
gases from the top of the retort are
mixed with air and burned in an

C02.N3, Hy0,

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
activity and high vields 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 ideal for coking
coals since swelling would damage 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 course, require initial briquetting of
feedstock.

The second process described was
developed by the National Coal
Board at its Coal Researck Establish-
ment during the 1960z, and subse-
quently put into commercial operation
by Thomas XNess Il.imited. It was
designed to acuvate anthracite, be-
cause this has intrinsic advantages in
being the hardest form of coal and
containing 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 NCB process achieved this aim by
using a fluidised bed to generate move-
ment of anthracite particles. The
principle of the fluidised bed involves
passage of a gas upwards through a bed
of particles at a2 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
+.

Carefully graded anthracite is fed into
the reactor where it is fluidised by
superheated steam entering the reactor
at about 0.9m.sec velocity and heated
up to carbonisation temperature, above
300°C, at a rate of about 50°C/min.
Combustion gases are not recovered,
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which renders the overall process
endothermic. The plant is, however,
on a site where excess combustible gas
is readily available, and specially
designed burners are immersed in the
reactor to burn a gasjair 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 stages such as
crushing, reconstituting and pre-
carbonising needed for volatile raw
matenals, and secondly, being a batch
process, the period of activation can
simply be lengthened or shortened to
achieve the desired product charac-
teristcs.

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

Carbon tetrachloride 657,
Perchloroethviene 397,
Nitrobenzene 34,
Aniline . 27",
Acryvionitrile 17,
Ethylene glyvcol 14",
Methanol 6",
Ammonia 1,
Hvdrogen sulphide 04"
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As would be expected, starting with
anthracite produces a carbon with a
high proportion of micropores,
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
are by far the most commonly used.
There are, however, cases in vapour
phase application where these forms
are unsuitable and a form is needed
which allows rapid passage of gas, ie
low pressure drop through a bed. This
is achieved by use of pelleted carbon.
Pellets usually 2lso have the advantages
of hardness and uniform sizing, but
are naturally more expensive than
granular carbon.

Many different forms of peliet are
available but bv far the commonest
form is the cvlinder. Diameters from
Imm to 10mm and lengths from 2mm
to 25mm can be obtained for a whole
variety of applications, but the vast
majority are in the range Imm to 4mm.
It is possible to produce activated
carbons in a whole range of shapes
such as blocks, rods and bars, by
putting the mixture of crished carbon
and resin into moulds and heating
until cured.

Usage

Use of activated carbon is generally
considered when there is a need to
remove small quantities of soluble low
and middle molecular weight organic
substances from relatively large vol-
umes of fluid. The capability of carbon
for adsorbing organic material com-
pared with inorganic in the gaseous

phase is illustrated in Table V for a
small number of matenals. 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 of 0.01.

Performance  with some organic
matenials which would otherwise be
poorly adsorbed, can be substantiaily
increased by impregnation of the
carbon to allow chemical reaction to
take place. An example of this is
impregnation of carbon with iodine to
aid adsorption of mercaptans, hydro-
gen sulphide, and other sulphur-
containing malodorous substances.
Adsorptive capacity is related to the
concentration of 2 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. As
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 hetween 50 and 100
ppm. At these levels of concentration
it would be economically viable to use
carbon to take contaminant levels
below 10ppm. Carbon is ideally
capable of treating fluids with con-
taminant levels of less than 1 ppm,
removing these to less than 0.001 ppm,
for example.
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Adsarption

Activated carboa works by adsorption-
which may be defined as the preferen-
tial accumulation of a dissolved sub-
stance, 1¢ solute at an intertace.
Although the principle is the same
both for vapour and liquid phases, 1t
may be easier to understand for the
liquid phase and this is appropriate
because the other part of this presenta-
tion discuses use of the matenal in this
phase.

The solute tends to migrate to the
adsorbing interface because of four
tactors:-

1 Its own hvdrophobic nature; 2 Van
der Waal's forces; 3 Electrostatic
attraction to charged sites at the
interface (activated carbon tends to be
negatively charged)and + Occasionaliy,
chemisorption takes place.

The one considered most likely 1o
occur is van der Waal's forces, because
it is well known that adsorption
desorption is taking place continually
and adsorbed molecules are free to
move around the surface. The mole-
cular attraction is sufficient to allow
preferenual adsorption to take place
but not strong enough to resist the
desorption that takes place during
relativelv mild thermal treatment.
Adsorption isotherm

The cffectiveness of an activated
carbon in adsorbing a solute may be
expressed by producing an adsorption
isotherm. The one most frequently used
1s 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 o .
= kc! " where x is weight of the

m solute adsorbed.
m is weight of the
activated carbon
¢ isequilibrium
residual concen-
tion of the solute
in solution.
k and n are con-
stants.
Ixpressed in logarithmic form:-
log(x m)=logk = 1 nlog ¢, and s0
a graphical plot of log (x m), the
amount adsorbed per unit weight of
carbon against log ¢ should give a
straight line.
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The example in Figure 6 of o.Nitro-
phenol adsorption by two different

carbons illustrates this, and also
suggests limits to the hnear relation-
ship.

The relationship given by the

Freundlich isotherm is usually linear
over a range of concentrations which
varies by no more than 2 factor of 100.
The smaller the value of the constant n,
the better a carbon will perform in a
dilute solution compared to a2 more
concentrated one.

The isotherm also explains one of the
fundamental differences berween using
powder and granular carbon. Powder
is used in a baich proces:, and comes
into rapid equilibrium with the reia-
tivelv 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
relativelv high iniual solute concentra-
tion and its capacity is therefore more
fully utilised.

The capability and performance of a
carbon in a particular application is
largelv dependent on its physical
characteristics. Surface area and pore
size distribution have 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 backwashing, re-

[57)
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generation or other rigorous treatment
regimes. The higher the apparent
density, the greater will be the weight
of granuiar carbon held in a filter
vessel of given volume. 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 fill a given volume, or
an advantage, since adsorptive capa-
city is measured on a weight weight
basis and this greater weight of carbon
would last for longer before needing
replacement. Different views are ex-
pressed by different n:anufacturers
depending, of course, on the products
they offer! One thing is however
bevond dispute, which is that carbons
made from anthracite and coconut
shell are harder and generallvy have
higher apparent densities than those
made from other raw matenals, unless
these latter are processed further, for.
example, briquetted. The particle
size distribution is important because
it governs pressure drop through a
filter bed. When particles of widely
differing sizes are present a matrix is
built up which impedes flow of fluid,
whereas a filter containing particles of
fairly uniform size will give faster
filtration. Good manufacturing prac-
tice should lead to saleable grades
of relatively uniform sized distribution,
as measured bv the uniformity co-
efficient.

Powder and granular

Reference has been made to the
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different forms of activated carbon, in
particular, powder and
Whether they are produced simultane-
ousiy, or whether powder s produced
by crushing granular matenial, thev
are essenually the same product, but
they differ considerably in usage.

If the particle size is not large enough
to allow an acceptable rate of filtration
for a fluid, it is regarded as a powder.
Carbon with a particle size of less than
about 0.4mm is a poor filtratien
medium and this material is usually
sold as powder after crushing to less
than 100 micron. Powder is almost
used entirely in liquid phase applica-
tions and after thorough mixing with
the liquid to allow adsorption to take
place to equilibrium, is removed by
filtration and then, since recovery is
difficult, disposed of.

Granular carbon, on the other hand, is
used in filters with downward or
upward flow of fluid through the bed,
and filters may be arranged in series or
parallel for most effective plant opera-
tion. Granular carbon, for reasons
given when the adsorption isotherm
was discussed, adsorbs a greater
proportion of solute than the same
quantity of equivalent 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 are
available with vields sometimes of
more than 90 per cent, and the user
then needs only to purchase new
carbon sufficient to make up losses
occurring during regeneration. Virtual-
lv all carbon manufacturers have
regeneration facilities and these are
also increasingly being instailed on the
sites of large granular carbon users.
Some development work is under way,
particularly in the USA, on regenera-
tion of saturated powder carbon. If
successtul, this mav change the relative
economics of using the two tvpes of
material.

granular.

Water treatment  *

The main use of activated carbon is in
treatment of water, both potable and
others. Potable water contains organic
material which mav be considered detri-
mental and therefore must be removed.
Indeed there has been great controversy
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in the USA because the Carter admin-
istration proposed mandatorv use of
acuvated carbon n ail cities of more
than 73,000 population for removal of
trace halogenated hvdrecarbons from
dninking water. Both the scale of the
treatment and the implied hazard irself
have been contested. The more com-
mon use for potable water treatment
concerns the tastes and odours which
occur at various times of the vear
because of the breakdoen of algae, and
these must be removed for aesthetic
reasons. Powder carbon is widely used
‘or taste and odour removal bur there
15 an increasing tendency to use
granular carbon which can not onlv
perform this function but, :n addition,
can effectivelv reduce the overall level
of organics in water. This trend has
been particularly noticeable on the
Continent and the USA, where potable
water is often of poorer quality than in
the UK, but interest is increasing also
inthe UK.

In the industria' world, etfluent water
often containing toxic or other harmful
constituents poses a major problem,
and activated carbon is used in its
treatment. Removal of tiace oil from
refinerv wastewaters, for example, is 2
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
vehicle washing establishments can be
successfully accomplished with acu-
vated carbon. Other industries dis-
charging noxious wastes which lend
themselves to carbon treatment include
the electro-plating industrv and those
industries manufacturing proprietary
insecticides, fungicides and other toxic
materials. In addition, activated carbon
1s starting to be used as a base for
nutrient growth in the treatment of
sewage bv the biologically derived
activated sludge process.

Use of granular carbon is widespread
in the production of drinks such as
beer and soft drinks, where process
water is usually super-chlorinated to
render it sterile and then the chlorine
must be removed before manufacture
of the product. Activated carbon
effectively removes this chlorine by a
process which is essentially one of
surface catalvsis. The dechlorination
carrted out in this instance is also

valuable where drinking water s in
verv short supply, for instance, on
board ship or on oil drilling platforms.
Stored  water, irutially  super-
chiorinated, is dechlorinated before
use.

Decolourising
Small quantities of colour matter are

often removed from products for
aesthetic reasons. A notable and large
scale example of this is in the produc-
ton of sugar and glucose—activated
carbon is extensively used in the
production of white sugar. Other
examples include the manufacture of
edible oils and other foodstuffs, and
chemicals such as esters, surfactants
and alcohol. Menton of alcohols leads
naturally on to the wine industry,
where production of off-specification
matenial can occasionally occur, and
this may be brought within specifica-
ton by means of carbon treatment.
This s also true in the manufacture of
spirits. A further example of this use of
activated carton is in the manufacture
of pharmaceuticals where tight control
of final product is vitai, and where
carbon can aid elimination of minute
concentrations of contaminants.

Air treatment
The application of carbon in removing
trace quantities of noxious contami-
nants from air streams s vast, and
mention of a relatively small number
will give an indication of this. Amongst
the commonest are the ventlation of
areas where large numbers of people
congregate, such as 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. Many  tvpes of
industrial respirators use activated
carbon as do all respirators used in
combating the gases likely to be
encountered in gas warfare, although in
this instance the carbon must, of
course, be impregnated with a range of
chemicalis to aid chemisorption of the
gases. On a lighter note, use of carbon
in cooker hoods is increasing and
forms the basis of a large American and
West European business. In a similar
vein, and resulting from the effective-
ness of press and other media advertis-
ing, carbon has had an increasing use
( concluded nn page 46
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{continued from page 34)

TABLE V1: Estimated carbon use in
various industries

Pocable water 36°..
Other liquid phase applications 36°,
(including etfiuent and sewage

water and decolounsing)

Atr punficauon 14,
Solvent recovery 9%,
Others 5 oo

in the foamed insoles being used to
remove foot odour. A 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 filters for
liquid storage tanks and meobile in-
stallations to adsorb the noxious fumes
from welding and GRP mould manu-
factuce. A final addition to this lengthy
catalogue is the increasing applicauon
of activated carbon to the nuclear
power industry, which must maintain
the very highest safety standards and
uses activated carbon installations to
eliminate the possibility of radio active
isotopes of iodine escaping into the
atmosphere.
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Solrent recoverv

A large and increasing number of
industries use hyvdrocarbon solvents
duning formulation of products. These
include the manufacture of paint,
rubber, adhesives, dry-cleaning
chemicals, transparent film, printing
ink, and plastics. Activated carbons
are parucualrly effective at adsorbing
the reletively low molecular weight
organic liquids used a: :olvents, such
as alcohols, ketones and halogenated
hydrocarbons, in some cases being
capable of adsorbing their own weight
of such matenals. There is a benefit
not only in reducing discharge of
solvents but since their recovery can
easily be 2ccomplished by steaming an
adsorbed bed of carbon, plants can be
instailed to provide programmed ad-
sorption-desorption cvcles thereby re-
ducing solventsloss to 2 minimum. The
increasing cost oi hydrocarbon solvents
has lead to rapid growth of this outlet.

Cheinical tndustry

Many examples already given relate to
use by the chemical industry of
activated carbon, but there are specific

examples of use of carbon by this
industry which do not come under the
previous categories. The verv large
surface area encourages the use of
carbon a3 a catalvst carrier, for example
in the manufacture of PVC. The
recovery of mercury can be accomp-
lished during the alkali manufacturing
processes. The vastly increased value
of gold has encouraged substantial use
of activated carbon in the last vear or
so in recovery of this metal. Finally,
carbon is used in the manufacure of
butadiene.

Few published statistics are available
to indicate the usage of carbon in
particular industries, and the personal
estimate given in Table VI is neces-
sarily approximate.
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column upon point 9 of Dr Tookos’s conclusions.
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installed and several are under construction.
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1. Introduction

In Japan, charcoal together with firewood was important energy source in home
until 30 vears ago. Namely, charcoal was 2277, firewood 1225 of the fuel and
light expenses a home in 1933." And also, in the total energy supply, that &
56 x 108 keal in 1953, firewood occupied 5.49% charcoal 2.6% respectively.? But
now, the ratio of woody fuel in the supply is only 0.1%5? Actually, the amount
of charcoal has decreased from 2,170,000 tons in 1957 to 35,000 tons in 19822

But petroleum, the replacer of them, has some problems that comprise the
shortage in future and the steep rise in prices, caused by the “Oil Shocks” that hap-
pened in 1973 and 1978, So, the wooden fuel has been noticed again.®

Charcoal is necessary and favorite for high grade cooking, tea ceremony, mutton
dish named Jinghis Khan and barbecue on the field. Therefore, a simple carboniza-
tion in a home to get a small amount of charcoal was planned and practiced 0
a stove for wooden fuel,  There has been reported only one study on stove charcoal
by Frrevasa and SatoNakay

“This time. the woods of 19 tree species, a Sasa bamboo and 2 densified saweust
fuel Ogalite: in Hokkaido were carbonized in the laboratory. Next, various activated
carbons were prepared by steam activation method which occupies the mainstream
in the nowaday industry.  The adsorptivity was tested with methylene blue and
NSSC spent liquor,  As the NSSC spent liquor has lower conu‘mtol' c«uuhup&iu'u'
matter, the technical combustion method for the treatment of the spent liquer »
exXpensive.

Now. a paper factory under the strict regulation of effiuent quality is pracricing
the adsorotion method with activined carbon ™® With the progress of such regula-
tion, more factories mayv adopt the same method.

Thanks should be eapressed to Miss Yuriko Sezakn for her much assistance.
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2. Experimental

2.1 Raw material

The woods of 19 tree species shown in Table 1 were cut out from Tomakomai
Experiment Forest. Nemagaridake, Sasa kurilensis 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 ¥ 3600/15kg 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.B.H. Height
— o (cm) (m)
Todomatsu Abies sachalinensis 10 130 ;
Karamatsu Larix kacmpferi 10 130 :
98
8 107
Shirakanba Betula platyphylla var. japonica 11 109
Sawashiba Carpinas cordata 8 74
Asada Ostrya japonica 10 96
Mizunara Quercus mongolica var. grosseserrata 10 93
Harunire Ubnus davidiana var. japonica 6 8.0
Yamaguwa Morus bombycis 7 6.0
Hounoki Magnolia obovata 7 93
Noriutsugi Hydrangea paniculata - -
Tsuruajisai Hydrangea petiolaris — —
Eznyamazakura Prunus sargentii 13 19.0
Azukinashi Sorbus alnifolia 8 8.7
frayakaede Acer mono 7 10.0
Yamamomiji Acer paimatum var. matsumurae 12 103
Shinanoki Tilia japonica 8 9.0
6 6.7
Koshiabura Acanthopanax sciadophylloides 10 10.4
Harigiri Kalopanax septemlobus 10 84
Aodamo Frazinus sieboldiana 8 100 -

2.2 Preparation of material

At first, the wood was cut at the size of about 5cm diameter, 8.5<m long.
Two diameters, the longest one, the right-angled one to that, and the two heights
that depart from the ends of the longest diameter were measured. The average
values were determined as the each diamcter and height. The volume was cal-
culated as a column. At that time, in order to obtain the diameter shrinkage j
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Photo 1. A conventional wood-fuel Photo 2. A vessel made of iron for
carbonization.

stove.

Photo 4. ¢ harcnal made {rom

in the vessel. Noer palmatum.

,‘______A
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we hurt a little at an end of the longest diameter.  Each specimen was weighed
on an upper-dish balance with accuracy of 0.01 g.

2.3 Carbonization

An iron cylindrical hdded vessel in a conventional firewood stove was used.
Size of the vessel is 20cm diameter and 9,5cm deep. There are thre: pores of
1 cm diameter through hoth the round side and the bottom. Through these pores,
wood gas and pyroligneous liquor go out, and burn in the stove. This means the
efficient utilization of the heat energy comparing with the common charcoal making.

Prepared materials were put into the vessel, the average number in a vessel
was 9.7 pieces except Susa bamboo. The lid was put on the vessel, and it was
placed in the rear part of the stove, in which a trivet of 10-cm height was put
already. With this structure, the heat is transmitted through all of the vessel
surface. The combustion of fuel is begun by the ignition of some little pieces of
Ogalite. Fuel used was four pieces of Ogalite and the time needed was 3~4 hours.
After that, the stove containing charcoals was left through a night.  Next morning,
the size, volume, weight and moisture content of various charcoals prepared were
determined.

2.4 Activation with steam

The charcoals and a commercial charcoal made from oak wood in Iwate
Prefecture were crushed and sieved.  Each 10~ 20 mesh fraction was activated with
water vapor.

The apparatus for activation Thermocoupte

is illustrated In Fig. 1. The oyl i
indrical reactor is 5.5 ¢m inner dia- ——
meter and S0 cm high. Thermocontr

.
There 1= a
diffusion plate in the center of the T
reactor. The diffusion  plate s E. Micro
tapered down to the center with F. E. pump
30° in angle. And the plate has f,
64 holes with 2mm diameter. This ,Fﬁ N
cleetric furnace has the ability of e
3.0kW. €

Conditions for activation” are
as follows :

1Y Weight of charcoul charged : l

L]
Thermometer
oD 10y
. . . Distilied
2} Activation temperature s 900 ¢ ,-J-l-. water
. .. . - . Flow Meter
3 Activation time: 15 minuies 1
4 Flow rate of water vapor for { }
. . - . . ——r
activauon 1.-‘;! umn., Silica gel 7

3 Flow rate of nitrogen gas for Heat

-
N2 L
|

fluidization : 100 m: min. Fig- 1. \ppnaratus for activation

A T w o
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coals were obtained from Ulmus duvidiana, Abies sachalinensis and Kalopenax
septemlobus.  Rigid and high density  charcoals from Ogalite {densified sawdust
fuel), Acer palmatum and Frazinus sicboldiana were obtained.

Various activated carbons were prepared from the charcoals by a steam method.
In comparison of adsorptivity with commercial activated carbons, there were 10
kinds of activated 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 evaluatior, it can be said that the excellent activated carbons are
produced from MHvdrangea petiolaris and Ostrya japonica.

Rut, this time, because 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 be able to find the belter raw material, charcoal and acti-
vated carbon.

5. Summary | [

People sometines need a small amount of charcoal for the fine dish such as
Jinghis Khan or barbecue in a home. So, a convenjent and simpler carbonizer i
which is composed of a vessel in a conventional wood-fuel stove was developed.
Then, people also need an effective “worker” to improve environment, that must
be an excellent activated carbon. Several kinds of activated carbon were manu-
factured by a steam method from the charcoals. The results are as follows :

I Yield of the charcoal was 282, (min. 25~max. 3825} on basis of oven-dry
material.

2} Density of charcoal was .29 (0.16 to 0.47), which was lower than 0.50 of
kiln-made charcoal.

3 Moisture content of charcoal at the next morning was 2.0% (0.7 to 3.3%).

1) Shrinkage during carbonization was 1725 {10 w0 21%) in radial direction,
1127 (7 10 16%) in longitudinal direction and 382% (22 10 462;) in volume. These
data are lower than that in a literature.™

2 Adsorption of methylene blue on the charcoal was 36 mg/g (11 to 74 mg/g),
these data include some error because of their low values.

6 Yield of activated carbon was 1625 (23 10 657, on basis of charcoar and
132,48 10 18%) on basis of wood. These data are higher than that in a liter
ature”

7 Adsorpion of methylene blue on the activated carbon was 234 mg'y (115
1o 345 mg e, which was a little inferior to a commercial W but was a little superior
to commerical K,

8 Adsorption of lignin in NSSC spent liquor on the activated carbon wis
2% S 10 612, Six kinds of them were superior to a conunercial activated
carhon YV,

9 Toral evalumion of activated earbon was calealated by the following way
VYield of activited carbon on basis of oven-dry wood) < Adsorptivity.  As the results,

;—‘
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some excellent activated carbons could be obtained from Hywdrangea petiolaris and
Ostrya juponica.

10) Positive 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 carhon and both
the adsorption of methylene blue and lignin were observed.

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

14) Negative correlation was seen between the adsorption of lignin on activated
carbon and the density of 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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stand und Perspektiven der Nutzung von Abprodukten zur AktivkShiehersteliing

Ltz Michacd Berger, Vitely Nikulaeric Klusin®) and Qntoli Lranoeic Rodionon-

"Present state and future
prospects of activated
wastes"

Mitteilung ans dem Moskauer (‘ltﬂuisrll-‘l‘n-lumlngi.ﬁ'hnn Tustitut D L Mendelejev, Lebrstubl tiie Technologie der Ververtunge

industrieller Sekundirrohstoffe, Moskan, UdSSR

Ab=stract

The production of activated carbon from curivns waste pro-
durts (hyproduects from the pulp and paper industries, sudyrs
from waste wider treatwent, municipal refuse, waste rubber,
.p[uslirs and men-mede testile fibres) is revcicwed. Problems of
sitilization of these waste products for the production of actirated

earbon are dise sl

Aktivkohle nimmt unter den induostriell hergestellten Ad-
sorbenzien cinen fithrenden Platz cin. Thre Produktion iz
aus sehr vielen Rohstoffen maglich, wobei nus jedem dieser
Rohstoffe eine in Jor Gesamtheit ihrer Eigenschaften spezi-
fizche Aktivkohle eatsteht [P Zuden miiglichen Rohstoffen
gehoren nuch Abprodukte verschicdenster Herkunft, die
durch ihre stiindig wachsende Menge und aus Griinden des
Umweltschutzes zu diesem Zweek in Betracht gezogen wer-
den kimnen (2] Durch bestimmte Carbonisierungs- und
Aktivierungzhwddingungen izt es maglich, Aktivkohlen zu
produzieren, Jderen Leistungsparameter denen handele-
iiblicher Sorten nicht nachstehen oder gie gar ibertreffen.
Mit sdliesem Artikel soll das Ziel erreicht werden, den Stand
der Aktivkohleherstellang aus einigen Abprodukten zu
untersuchen, die dabei auftretenden Probleme zu vendeat-
lichen und die Perspektiven der Verwendung von Abpro-
dukten einzuschiitzen. Durch den fuBerst groBen Umfang
der existierenden periodischen und Patentliteratur ist es
nicht moglich, Abprodukte aller Art zu erfassen, die he-
kanntlich ziun Teil zu den , Kklassischen** Rohstoffen der
Aktivkohleproduktion gehéren, wie z. B. KokoenuBschalen
oder Fruchtkerne. Bis jetzt existiert zu dicser Thenmtik
lediglich ecine Zusammenfassung der japanischen Patent-
literatur von 1971 bis 1974 von Kt {3]. Gegensatand dieres
Artikels sindd die in industricll entwickelten Lindern in
grotien Mengen anfallenden Abprodukte der Cellujoseindu-
strie, dlie 2 bei der Reinigung von Abwissern bilidenden
Ncehlamme  versehiedener Herkunft, Hausmiill, Gummi-
sowie Plast- nnd Kunstfaserabfille. Wichtige andere. zur
Aktivkohleproduktion genutzte Abprodukee sind Inndwir -
schaftliche Abfille, Sehwefelsiureschlamm als Ritekstand
der Erdileaffination, nndere Rickstiinde der Frdolverarhei-
tuny, Abprodukte der Braunkohleverarbeitung u. n. Bei
der Darstellung wurde hnoptsichlich auf die Carbonisie-
runge=- aned Aktiviernngsbedingungen sowie Besonderheiten
e jeweiligen Arbeit Wert gelegt, Aul in den Originalarbei-
ten amrelithere Ailsorptionscharnkteristiken worde hewatt
verzichter, da die in den einzelnen Liindern nngewendeten,
zum Teil stundardisierten Methoden von unterschimdlichen
Virsuehshedipgungen und Vorschriften  aasgehen (siche
b [H), =0 dals ein divekier Vergleich ler angefitheten
Worte picht wisglich ist. In der Mehrznhl der Arbeiten
warden 2ulem vergleichende Untersuchungen zur Adsorp-
tion an bandelsiithlichen Aktivkohlen durehgefithet uned
i qutitative  Gleichwertigkeit dee ans Abprodukien
ehaltenen Adsorbanzien file konkeete Verwendnngsazwicke
revigtriert. Al ditvon shweichende Resaltaie wird goson-
dert hingewiesen,

A Baede sei noch erwithng it die Fdee der Natzung von
Abpradukien zur Aktivkohieproduktion bereits sehr als
3L, wovon divin (4] erwiithnten Patente zeman.

roRotrs cpotrdenzasior . Aneeheilt: DTt Eitede Nolediersd Kluatp, Miohon -
K3y sk technologi ey metitnt o 1 Mendeleeva, Kafeden teehhiologn
rehupr raesi VToew el roteredos proms depnost, Mins-kngs plosdard 5, Moskan
AP P LY (AL

Chem Tarha,. 40 1. Hehi & Apri) 1988

Herstellung von Aktivkohle aus Abprodukten

der Celluloscindustrie

Grundinge fir die Herstellume von ARtivkobite ans Abpro-
dukten der Celluloseindustrie st die Pvrolvse von Lignin.
cellulosenmterintion. Die Abhdngighoit vom Ausgrumesstoft,
den Py roly zebedingnngeen undd deren Auswirkuimzen auf Jie
nachfolpgende Aktiviernng wurden von Moaelay and Bobo ris
untersucht {5 his 7] Pabet warde festpestellt, dab die Aus.
beute vorrangiy vom Kohlenstoffirehalt des Ausgangmannte-
rinls abhingt, Jdee bei Lignin 639, wid bei Collulose 440,
betrage [5].

Huuaptsiichlich werden Ablaugen dex Kochprozessez und
Schlmme, dic bei der Abwasserreinigung anfallen, zur
Aktivkohleherstellune verwend-

Hauptbestandieil der Abln gren der Celluloseindustrie ist
das technisehie Lignin, dall in Abhdangipkeit von den am

als Alkalilignin ader Ligninsulfosiure bzw. ihren Salz
den Ligninsulfonaten, in grofien Mengen anfillt. So wurder
in der BRD Ende der sicbziger Jahre jihrlich 780000
Ablauge (alz Trockenzubstanz gercehnet) allein als Salfit.
sblauge erzeugt. 839, davon wurden verbrannt, . b, odie
gesmunte onganische Substanz aiso lediglich zar Enengie-
gewinnung genutzt [N] Der Anteil des verbrannten Alkali-
lignina liegt noc’: hoher, da die Verbrennung beim Sulfut-
prozel Restandteil der Riickgewinnung der Kochehemikn-
lien ist. Trotzdem ist auch hier cine Verwertung des Ver.
brennungsriickstandes zur Herstellung  von Aktivkohle,
auch im industriellen MaBstab, wdglich (9).

In [10] wird die dkonomizsche ZweckmiiBigkeit der Aktiv-
kohleherstellung nus Ablungen bei der Schaffung von ge-
schlossencn  Wasserkreistinfea in Zellstoffabriken unter-
strichen. Erxst diec benutzte und e:  hipfte Kohle wird zu-
sanunen mit dea adzorbierten Schadstoffen verbrannt.
Gemail [11 1+ 18] ixt AKtivKohle vinex der Wertprodukee,
die durch die kamplexe Verwertung von Ablaugen gewon-
nen werden konnen.,

meisten verbreiteten Sulfat- und Rulfitverfahren c-m\rmh-'

Ablauge wus dem Sulfirverfniren wurde schon in den zwan-
ziger Jahren zor pdosteiellen Aktivkohleherstellung ver-
wendet. No beschreilt Kouseh [4] einen technologischen
Prozetd der Aktivkohleprodukiion sus Caleinmsalfitabhaagee,

Nach Vogel | 14] wir allerdingsdie zu diesemn Zweek genutzte '

Ablnugenmenge Eode der vierziger dabive, bedinggt durch
das zu peringe Mdsorptionsvermigen der Aktivkohlen,
Hering.

Finen breiten Rauns bei den Versachen zor Verwertung von
Abprodukten der Celluloscindustrie nimmt die Literator
zur chemischen Aktiviersng cin. Hydroly selignin triinkten
Oliles vined Hlaarra | 13 ) in versehiedenen Aktiviersngsmitieln,
erwiarmten aul 80 bis 90 °C (F hy uned Jdekantierten. Daxent -
standene Produkt warde ber 120 Lix 130 o€ (24 h) getroek-
net, daoneh bei 500 20 cxnrbonisiert uand nach dem Abkiih-
Teo it konzentrierter F1CT bei 50 Lis SO °C paehbeluaedelt
el it Wasser gespithte, Al effekoyste ARtivicenrpgsmitsel
erwiesen sich ZnCls und 3P0,

Kutanor vk elarar verglichen zunachst die Figensehatien
von nax Lignio mittels Wasserdnmpfe und ZnCle Aktivie.
rung beegestellten Aktivhohlen [ 161 Dhie gdeiehe Efekiivini
nls Augrngsstoff besotd vin Fei 500 2C "apel Pyrolyse
erhubiener Ligninkoks, snx den beereits anadere Produkte,

wie 7. 1% Phenobe, gewonnen woeden |87 Danneb erfolge
vine Fewiveroang des it ZnCls darvehitrinkoen Kokses in
ciner Retorte innerehindhs 005 b bis 2o Akvivierangstempern.
e it ciner Haltezein von 8 by s Wasehien v i Treoek-
numge. Ve Ndsorptionskapanzitnt oer it ZnCls erhnlienen
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amed die ARtiviernng Jdes festen Produkes bei 920 2 it
Wassenlampf. PVCasolicete Rupfesdribte wenden nach
j127] sandiehst in Laft bix 200 °C und nneltolgend in SXnick-
stoft bis 360 °C erwiiemt, Peromit HCT gewnsehene Koks
wird bed SO0 Lis TOOO 2C nit ecinecen Glennseh ns Nt
and - Wassenlampt der ARtiviernnyg  anterzogen
Zwevistulenprozet sehlugen Yowarguehs ad Mitarbeiter
LI2N] vor. D b 500 2 crhaliene PVC-Pyroly seprodukt
misehten =ie it verschicdenen Metallhydroxiden umd
earbonisicrten erneat bei 330 bis 650 °C0 Mt iilfe ofer
Metallhy droxide Tiel sich e Poreastrakiur eepalieren, odie
Ausbeaten waren aboer sehr nicdeig. Den Finflull von Ziak-
wind Caleivmstearat anldie Carbonisiereng uad AKtivierag
von PVC-AbLillen untersuchten Hong and Chung 129,
130]. Die Anwendiogg von Zinkstearat erwies sich dureh die
Biliinng von ZnCle withirend der Carbonisicrang als effek.
tiver. Der Finflub ven Stearaten wind aublerdem von
Kasaoka (821, 122) wenl K itagera | V30| diskatiert . Die Ver-
wendung cines Gemiselees von PVE and NaOV-haltigem
Sehlamm der Aluminiomproduktion st Gegenstaeel von
[131]. Die einstufige Wirmebhelnnidlung erfoligt bei 350 bis
430 °C, wobei dns NanOH des Sehlnmimes das sich bhilidende
HOL neatrealisiert. Aus PV DC-PVC-Copolymerabprodukien
{(Saran) Lt sich gemald {132 Lis 134 ] dureh Carbonisierung
bei 800 °C, Granulicrung it Steinkohlenteer und Sulfit-
ablange als Bindemittel sowie anschlicBender Witrmebe-
handlung bei 600 biz 1000 °C vine Aktivkohle herstellen.
Ein bei %00 °C erhaltenes Produkt zeigre Molekularsieh-
cigenschalten (0.5 nen).

Die Verwertung von Polyaeryinitril{(PAN)-Abprodukten
erfolgt nach 1135 bis 137 zuniichst jm Luftsirom bei 200
bis 300 °C und dunach im Wirkwelhett in inerter Atmosphiire
bei 800 bis 900 °C. Diese Aktivkohle besati ein bhesonders
hohes Adsorptionsvermigen  fiir  stickstoffhaltigge  orga-
nische Verbindungen.

Im Gegensatz zu der in [121, 122] vertretenen Ansicht kin-
nen PF-Abhprodukte cheafnlls zur Herstellung hochwertiger
Aktivkohlen beautzt werden [138 bis 141). Laut (138 his
140] besteht die gimstigste Variante der Verwertung fiill-
stoffhaltiger IPF-Abprodukie in einer Carbonisierung e
630 °C, der nachfolgenden HOLBehandlung und Aktivie-
rong it Wasserdampl bei 850 °C. Die in [148] nus 5 ver-
schiedenen PF-Abprodukien gleichfalls mittels Dunpf-
nktavierung bei 850 °C erhaltene Aktivkohle hatte iihaliche
Eigenschaften. Auberdem wird die Maoglichkeit der Rege-
nerierung betenehter.

PC-Abprodukte werden naeh [142] bej 250 bis 450 °C (Aul-
wiirmgeschwindigkeit  weniger  als 0.5 K/min)  in Jer
Schimelze eacbonisiers, daraufhin b auf cine Forngribe
<< S o zerkleineret aml baei SO0 Bis 430 °C mit Wasser-
dwmpl aktiviers,

Beisler Verwertung von Abprodukien Jder ABS- Polyiner-
produkiion entsteht bt der optinalen Carbonisicrungs.
tempermtor vore 700 °C cin Mischndsorbens, dus Koblen-
stoff und - ALOG enthilt and gote mechanisehe Figen-
schaften hesitzr [ 143,144,

Aubler der von Maller 123, 124] vorgeschlngenen Methode
%t ejne Polyvamisbibprodukiverarbeitang naeh [145] mige-
lich, Der Depoby erisationseiickstand  wird danaeh it
Holzabfiillen vermiseht, i 600 2C carhonisiert, zevmnbiben,
mit Teernbs Bindemittel genmaliest and einer Wasserdnmpf.
aktivierong hei 900 Lis 950 9 untersogen.

Die Erwiiromnng des Blaseorinekstaodes der Dingethis fepe
phihmbarsy nthese erfolgt gemili (145] o't ciner Gesehwin.
digkeit con 5 K o Bis 500 <C el 2 K sin Bis 350 °C i
Rtickstoftstrom it ansehlictender Aktiviernng  dureh
Wisserdampf bei S840 °C Die Aktivkobleberstellung sos
verbesaehren Tonemstauscherimezen anf der Basix eines

Sty ven-Diving Waenzen Copolvimers swurde in [ 147] unte-
"'uvhl, Pie hiehiste Benzemulsor fonskorprzitit seigte eine
g B Baei 600 20 o 7507 C it Wassershaonpf behanlelee
Probue, switheend der Sebiswetebaddmle dueeh cine Carboni-
Steeinge bei 600 C i ciner Wasserstoffutmeospliire mit an-
seblictiender Wasserdwmplaktisicrmng Vi 7350 7C (1 hy dwei

Crom Yachn 40 In . Mati &, Apre) 10928

Kxtoft

plewhzeitiy hober Benzeandsoeptionskapazivit des Pro-
sbihts s effektivsten pesenkt wied, Durech HOL wernden
nach  PIAN] verbenunchte loneanustaascherharze  in die
H-Form gebracht, getrocknet, b 00 2 (5 min) it e
sreastem baftzatrng 1000 %«
(20 i) it Wasserdompt sktiviere,

carboiisiert sowie b

Frgebnisse und Schluifolgerungen

Die in den zitierten Quellen angefithrier Resultate zemeen
thvvon, datd bei nus Abproduakien hergestellten Aktivkohlen
Mesaporen i dominierende Porenart biklen, Nar selten,
im Falle der Verwertung von Plast -und Kuanstfusernhpro-
dukten sowie Abpradukeen der Celluloseindustrie, kinnen
Kohlen it ciner Mikroporenstruktur oder mit Molekular-
iwenschnlten entstehen, Daraos folgr, datd die Abwax-
serreinipung pesspektiveeichstes Finsatzgehiet derartiger
Aulzorbenzien ist, Probleme, wie cine andgliche sekandire
Versehomutzung der beludelten Abwisser durech wasser.
lasliche, in den Koblen enthaltenea lonen, werden jedoch
hiufiy vernnehbissigt. Die Art der Aktivierang betreflend,
wird zuneist der Gas- oder Damplaktivierung der Voroay:
pegeben, da bet ciner chemischen ARtivierang techmolo-
pische  Probleme (Oxxdation bei der Anwendunr von
Ha*Og) il zanchmend Umiweltschutzprobleme (Anwen-
dung von ZnCle — siche dazu {1 ) auficecten,

sieed

Fin bei den mwisten aus Abprodakeen echaltenen Aktiv-
Kohlen aufteetendes Problem ist der hohe Aschegehalt .
Chercinstimmend wurde in mehreren Arbeiten [41, NO, 82,
139, 140] fiir verschiodene Robstofte gefunden, dald geringe
Aschemengen die Pyrolyse und die Aktivierung ketalysie-
ren, jedoch die Adsorptionskapazitit fisr organische Ver-
bindungen, insbesondere Iwei grolen Mengen, betritchtlich
hernbsetzen, Der Aschegehalt kann in der Regel durch eine
HOCEWiische vermindert werden, die dabei hernusgelisten
Metallionen stellen aber ein neues Problem dar, das bis
jetzt wenig Beachtung gefunden hint, Gleichzeitig muld
beaerkt werden, datd das Vorhandensein von Asche in
Aktivkobhlen auch als positiver Faktor bei der Entfernung
von Schwermetallionen aus Abwiissern betrachtet  wird
iG],

Okonomisehe Aspekte des Problems finden sich u.a. in
{45, 42, 66, 65, 74, 92, 95}, Dic tkonomische Effektivitit
wird im wesentlichen von folgenden Faktoren bestimmt:
vou den Kasten fiir Erfussung der Abpradukte, der Anlage
und Produkiion, von der Qualitit wnild Menge sowie den
Anwendungs. und Verkaufsmiglichkeiten der Aktivkohle
sowie von der Verwendbarkeit der bei der Pyrolyse ent-
stehenden gasformigen wml komdensicrenden Produkte.
Zwar Lt der Umfang etlicher Abprodukee, wie Lignin und
Alrreifen, vine groBtonnagige Produktion 2u, derartige P'ro-
jekie konnten sich aber bis jetzt nicht Jdarchsetzen, dn die
Produktion ans herkonumlichen Bohstoffen bis heute dko-
viseh vorteithafter ist. Feotzdero miissen Abprodukee
aus Grimden ihirer sinnvollen Notzange, aber aueh dureh
b Verknappung ciniger herkivmlicher Rohstoffe, wie
7. B Torl umd Hlolz, stiirker in Beteacht gezogen werden,
Anzastreben sind Prozesse, die von dee komplesen Ver-
wertung der Abprodukie wusgeben und bei denen Aktive
holile neben wndesen Produkten entsteht, Mublerdem ver-
dienen Prozesse Beachtung, in denen verbeauchte Aktiv.
Kobhle und Abproduke zosnounen ats Rohstoff dienen {68,
9y,

o
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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 waste was carried out using
fluidized bed reactors. The raw materials selected by NIST, the coun-
P ter part institute, from the view point of utilization of unutilized
woods and wood wastes cousist of 12 species of woods and a coconut's
P - waste (Coir-Dust). The production process employed includes (1)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 0.25mm to 2.0um 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 externmal 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
i 302 under temperature ranging from 800°C to 900°C. These values,
| which are as high as commercialized carbons were as follows: internal
i surface area, 1000-1500m?/g; methylene blue adsorptive value, 270-370
|
I
!

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 fiom 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 fluidizzd 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 polwt scale should be done

i for the practical application of the results, .
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Part 1. . Carbonization Step

Kazuhiko NIIKAWA, Hideo HOSODA

11 Raw Materials

The 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

The analytical methods employed were in accordance with the Japan
Industria Standard (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 grandiflorus Blanco
Mayapis Shorea squamata (Turez) Dyer.
Tangile Shorea polysperma (Blanco) Merr.
Palosapis Anisoptea thurifera (Blanco) Vid.
Bagtikan Parashorea plicate Brandis
Yakal Shorea astylosa Foxw.
Malabayabas Tristania decorticate Mrrr.

Kaatoan Baugkal Anthocephalus chinensis Lamk

Bakauan Rhizophara

Ipil-Ipil Istsia bejuga (Coleber.) O. Ktze.
KaKauate -

Coconut Cocus hucitera

WAV e Ty
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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 ted 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 0.57 located just below the screw 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 tem—
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.

Table 2. Proximate Analysis of Wood Materials

Sample Moisture Ash VM FC
Spicies (we.2) (we.2) (we.2) (we.2)
Malabayabas 11.16 0.41 71.172 10.72
Kakauate 10.72 0.87 75.92 12.49
Bakauan 10.66 1.12 74.30 13.92
Coir-Dust 15.93 6.44 53.97 23.66
Ipil-ipil 21.07 0.28 71.18 7.47 '
Mayapis 12.48 0.03 80.10 7.39
K. Bangkal 11.68 0.76 77.18 10.37
Apitong 7.41 3.69 23.94 66.96
Kakauate 6.88 6.08 20.45 66.59
Palosapis 7.28 3.87 18.75 70.10
Tangile 9.42 1.46 24.90 64.22
VCM : Volatile Combustible Matter FC : Fixed Carbon

10 -
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EXPERIMENTAL RESULTS AND DISCUSSION

1+5 Characteristics of Raw Materials

Table 2 shows the result of proximate analysis of the prepared
raw materials. Most of the samples showed common characteristics as
in other wooden materials; low ash and fixed carbon contents and high

volatile matter and moisture contents.
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Part 2. Activation Sctep

K.Ishibashi, Y .Noda

Apparatus

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

Analytical procedure
1) Methylene blue value [MB]

The methylene blue value was measured by spectr-
pohtometry: 0.2g of sample was placed 1o a glass flask
and 50ml of standard methylene blue apueous solution .
was 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 1is expressed as mg of
methylene blue per gram of sample.

2) Iodine value [I] :

Jodine value was determined by volumetric titra-
tion with Na;S:0, solution. Iodine solution was prep-
ared by dissolving 12.7g of I, and KI ioto 1 liter of
biffer solution and was standardized against O0.1N
Na;S;0s solution.

The value is expressed as mg I, per g AC.

3) Incermal surface area (S]

Inoternal surface area of activated carbon was me-
asured by BET method, expressed as m?/g.

4) Pore distribution analysis:

Pore distribution io unit weight of activated
chars were agalyzed Sl) terms of the range of pore's
radii from S5A to 100A, calculated by C.I. method from
isothermal adsorption curve of liquid nitrogen.
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Experimental Procedure

The obtained chars were activated in a batch type
fluidized bed reactor under the ataosphere of super
heated steam.

5 =1
o

3 =D [N

7 9 X
L. ©s
1. Thermocouple 6. Temperature controller
2. Sample inlet 7. Electric transformer
3. Electric furnace 8. Manometer
4. Vessel 9. Superheater
5. Temperature indicator 10. Boiler

Fig, 1 Schematic Diagram of Activation Apparatus with
Batchwise Fruidized Bed.

A 100ml portion of char was taken for every experinental run.
The reactor was heated up to operating temperature and nitrogen was
brown into it before charging of char.

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

The activated carbon products were taken out at various reaction
time to examine yields and adsorptive capacities.
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PRODUCTION OF HIGH QUALITY ADSORBENTS FROM TROPICAL
PLANTS: II. Production of Granulated Activated Carbon
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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 optimum ratio of 1:0.5 and 1:0.8 (char:
binder) was used in the granulation process for ipil-ipil and coir dust,
respectively. The carbonization was done at a gradually increasing tem-
perature of 3°C/min at 600°C. Carbonized granules with particle size
ranging from 0.5 - 2.0 mm were used for the activation study. The pro-
duced granules vere 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 mlH,0
per minute at an activation temperature of 850°C and 900°C, respectivdy
Maximum value for methylene blue adsorption and jntermal surface area !
obtained for ipil-ipil are 290 mg/gAC and 1200 m“/gAC at 900°C; for
coir dust, 390 mg/gAC and 1000 m2/gAC at 850°C. The gas adsorption test
done for both 1ipil-1pil and coir dust showed that both exhibited maxi-
mum adsorbability at 900°C. Maximum value of 40-50% (by wt.) was ob-

- served for both benzene and acetone; while 70-90 I (by wt.) was obtained

! for carbon tetrachloride. Results of the study indicated that the

i 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 the 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.. JISCUSSION
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 decreace in yield was noted
vith increasing temperature 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. k
t (°C) Coir dust Ipil-ipil
850 57.5x10"° min~! 29.48x10 “min '
900 92.0x10" > min * 35.93x10 “min 1

The above data show that coir dust can be activated faster than
ipil-ipil, thus the former required shorter-time for activation,

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

Figures 4 & 5 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.

-
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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 m*/g AC was obtained at 900°C for ipil-ipil while 1,000
w®/3 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 380m’/g AC and 450 m*/g AC. From the slope,
the area occupied by individual molecule on the activated products was
determined at a value of 15042 for both samples. An accessible area
of 19282 was obtained for Graphon (a non porous carbon)®. 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 - 2.0 mm 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 commercial product.

-3 -
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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 Ishibasi, Yoshio Noda

In the previour works, as described in part I and 2 in this report,
wve obtained basic data and parameters about production of activated carbon
from tropical plants using an externmal 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
heat type fluidized bed reactor to explore practical process for the pro-
duction of activated carbon from tropical plants.

Experimental

Sample preparation

IPIL-IPIL 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.1l.

The reactor, 160cm long, made of stain-less steel was shaped as seen in
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 tte reactor from
a water boller through a steam heater with which steam was heated to 650°C.
The 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
wvere measured, recorded by thermometers located at six point of it.

The exhausted gas pocsed through a dust collector box was led into a con-
dender in which steam was condensed and removed, then purged from an outlet of

the water collector box.

Analytical procedure

Gas analysis was done in terms of 02, CO2, CO, Ha, 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 flow diagram of
the experimental apparatus
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1.6 WOOD PRODUCTS

Source : 2.4

ACTAVATED CARBON
Sugar, Tar and Activated Carbon

H.F. Funk and P.M. Sarten,; U.S. Patent 3,623,911, August 11, 1970 describe

a continuous process by which cellulosic material including lignin and hemicel
lulose may be treated so that the raw sugars may Le removed i a low temper-
ature range and recovered with condensate. The tars may be removed in a higher
tenmperature range and recovered as a condensate. The remaining material may
be converted into highly activated carbon in a still higher temperature range,
with the production of acids and inert gases which can be utilized in the removal
ot the suyar and tars.

The method may be applied 1o various types of the cellulosic materials including
particularly woods such as birch, hard and soft maple, beech, and the like und
mixtures of one or more of those woods. The cellulosic material to be treated
should be in finely divided form such as sawdust, small chips or broken and
partly pulverized bark,

Dilute aqueous acids are preferably employed in the extracticn part of the meth
od. The amount of sugar recovered withoul the use of any acid is quite small
and is ardinarily  ..idered as being noncommercial. The acid should be 0.5

to 6%. This range is quite economical since 1l recovers mast of the sugar of the
hemicellulose without breaking down any substantial amount of tha cellulose
and prepares the residue for ready activation 10 a huyh degree.

Many organic and inorganic acids may be used in this method, such as nydro-
ch'oric, sulturic, nitric, hydrofluoric, hydrobromic, formic, acetic, and pyrolig-
neous acid. It is preferable to add the organic acids when the method is being
inttiated, although such acids are generated throughout the extractior phase and
can be recycled after separation from the suyars. Such recycled acids increase
the amcunt of sugar recovered as contrasted with the extraction performed in
the absence of an acid solution. The inorganic acids reduce the ash content ot

2

~68-

I ——— . —

Wood Products .

the hinal carbun and promote hydrolysis at an increased rate. Acid solutions
which have been used consisted of (1) 2% of acetic acid, 1% of formic scid and
0.6% of hydrochloric acid and (2) 2% of acetic acid and 1% of formic acid.

Example 1: A uharge consisting of 600 g ot finely divided wood containing
132 g of mouisture and made up of equal parts of birch and hard maple was
placed in an auid mixture consisting of 14.7 g of acetic acid, 7.4 g of formic
acid, 4.5 g of hydrochlyric acid, and 604 g of distilled water. The percentages
of raw sugar recovuied, based an the wood ... yud, was 12,12%, 9,70%, 1.56%,
0.43% and 0.34% tor the first to fitth lots of 500 cc of condensate collected,
respectively. These purcentages expressed in grams were 61.0, 43.7, 7.6, 2.36
and 0 2 grams, respectively,

The acid present in the first four of those lots of condensate required 9.33,
7.34, 0.71 and 0.09 cc of N/10 NaOH to titrate. When 1135 g of the material
residue from the ahove example was heated for ahout nine hours below 400°C
and for one huut at 800°C while steam was being injected, 148.14 ¢ of tar and
water were recovered. About 24,75 g of activated carbon, that s, 21.8% of the
material subjected to activation, was found to have a MBT value of 12 and a
BET value of 985 mi/g,

The MBT valuu was determined by mixing 0.1 g ot activated carbon and 10 c¢
ot 0.15% methylene hlue solution at a temperature of about 20°C and stirring
untit the colur disappeared. Additional 10 cc quantitivs of the solution were
added until the biue color persisted. The MBT value was the quantity of the
solution which was discolored by the carbon, The BET value expressed in
square meters per gram was determined by measuring the adsorption of nitro-
gen by the activated surfaces of the carbon in a stream of helium at -180°C,
employing a surptomoter,

Example 2. A charyge consisting of 510 g of the wood mixture as prepared for
Example 1 and containing 135 g of moisture was placed in an acid mixture
consisting of 15.0 g of acetic acid, 7.5 g of formic acid, and 615 g ot distilled
water. This charge was heated 10 120°C for four hours and was then extracted
wilh stearmn at 125°C for two hours, The percentages of sugar recovered, based
on the wood charged, for the first, second, third, fourth and tifth lots of con
densate were 1.20%, 2.13%, 5.07%, 5.18% and 4.52%, respectively, The weight
of the raw sugar represented by these percentuges was 0,75, 9.60, 12,90, 1450
and 20.20 g, respectively,

The acid present in cach of those lots of condensate reqyuired, respectively, 5,30,
6.16, 4.42, 2.25 and 0.79 cc of N/10 NaOH to titrate. 70.2 g of the material
rusidug from Example 2 was heated for two hours to 450°C without steam in-
jection, and then for three hours to 850°C while steam was being injected.

3.38 g of tar and water were recovered before the stearn was admitied and 75.85
grams of tar and water were recovered during the time steamn was being injected,
The activated carbon obtained weighe! 13.8 g, that is, 19.65% of the material
trom the No. 2 example and had a MBT value of 8 and a BET value ot 665 mi/g,

The activated carbon produced by this method is characterized by unusually
high activation as is indicated by MBT vafues of 8 1o 15 and a BET value of
665 and 1085 mi/g. This result is believed tu be traceable 1o the more complete
removal bstances from the pores of the wood or by an increase in the num-
ber of porus.




4 Chemicats from Pulp and Wood Wastco
Submerged Combustion Carbonization

According to M.L. Barnebey, U.S. Patent 3,525,674, August 25, 1970,: assigned
to Barnebey-Cheney Co. cerbonization is effected in a pile of carbonizable par-
ticles while, preferably, the particles move continuously through a relatively
stationary combustion zone. The combustible gases evolved as a result of car:
bonization are not removed from the pile but, rather, are burned in tr)e com-
bustion zone, as they evolve, by the introduction of air therein. Stab.ilizmon'
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 expensive materials for furnace construc:
tion, without requiring the use of fuel gas, and without requiring the use of
steam. Similarly, when a chemically impregnated material is adaed to the pile,
there is a relatively smalter proportion of volatiles evolved as compared to non-
impregnated materials.

The use of such materials usually requires the introduction ot some fluid fuel
into the carbonization zone. Although corrosive vapors are generated in the
carbonization zone in this latter case the outer, and relatively colder portions
of the pil2 act as a scrubber and prevent the vapors from entering the atmos-
phere. The absence of a container during the use of corrosive chemicals leads
to very significant savings in operating costs.

HC\ or HBr Carbonization

A. Shindo, 1. Souma and Y. Nakanishi, U.S. Patent 3,557,020, January 19, 1971;

assigned to Agency of Industrial Science and Techn.. Japan describe a mgth-
od of producing activated carbon of superior adsorption activity by caybomt
ing a vegetable material having nonuniform shape such as a shapeless particle pow:
der, 1aky powder or chip in an acidic étmosphere containing vapor or gas of
hydrochloric or hydrobromic acid or acid anhydride. The adsorption gctlynv

of such activated carbon is improved by subjecting it further to an activation
treatment in an atmosphere containing an oxidizing gas such as carbon dioxide
gas, slteam, 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...:.'c, cereals,
wood, shells, straw, chatf, strained lees of white potato, sweet potuto or beet
molasses, and the cob and stalk of corn. As the cellulose, use may be .nade ot
pulp, nitrocellulose, or microcrystalline cellulose. Also, granular materi 's pro-
duced from the above-mentioned materials witn molasses, alcohol, sucrose, etc.
can be used as caking agents.

In practice, an atmosphere containing hydrochloric acid gas is most prefarable.
The temperature at which the raw material is carbonized is 80" 1o 1200°C, de-
sirably 200° to 1000°C, most preferably 300° to 900°C. The temperature fay
Le elevated either continuously or stagewise.

Wood Products [

The time of cartbonizing in an acidic atmosphere is 10 minutes to 10 hours but,
in some cases, it may be made longer. For example, when an inert stmosphere
containing less thain 5% by volume of vapor of acid is used, the carbunizing time
must be made long. The carbonization treatment may be affectively carried out
by circulating ur refluxing the acidic stmosphere in a furnace, or by continuously
feeding in a fresh acidic atmosphere, during the carbonizing of raw materiat,

As slated obouve, it is possible, by carbonizing raw material in 8 nonoxidizing
acidic atmospheie, to produce activated carbon of superior adsorption activity
in high yields. For example, by carbonizing cellulose, starch, sucrose and tignin
each in a hydruchloric acid atmosphere at B00°C, it was possible to obtain acti-
vated carbons in the respective yields 30%, 40%, 55% and 25% higher than in
the case where each of the materials was carbonized under the same conditions
but in an inert atmosphere,

Howaever, it was found that, If the activated carbon obtained by carbonizing in
an acidic atmosphere is further subjected to an activation treatment in an atmos.
phere containing an oxidizing gas such as steam, carbon dioxide gas or air, the
adsorption activity of the carbon wouid be improved,

in a steam containing atmosphere, the activation treatment 1s carried out for 30
minutes to 10 hours st 600° to 1000°C, but, in an atmosphere containing carbon
dioxide gas, 700" to 900°C is eftective, and, in un air-containing atmosphere, 500°
to BOO'C is effective. This activation treatment, at 500" to 1000°C, may be car-
ried out continuously by replacing the acidic atmosphere with an oxidizing gas-con:
wining atmosphere while carbonizing raw material in the acidic atmosphere,

It was further confirmed that, when the activated carbon obtained by carboniz-
ing in an acidic atmosphere at 200° 10 600°C was heated further in an inert at-
mosphere at a temperature higher than said temperature but below 1200°C, the
adsorption activity of the carbon was improved.

Example 1 Lauan saw-dust was carbonized in a hydrochloric acid gds stmos-
phere under one atmosphere pressure at a temperature elevation rate of 120°C
per hour trom 100° to 250°C. The material was reduced in weight by sbout
30%, and ac...Jled carbon of superior adsorption activity was obtained.

Example 2: In a nitrogen atmasphere containing 20% by volume of hydro-
chloric acid yas, a particie powder «.icrose was carbonized for two hours by con.
tinuously elevating the temperature 1. . 80° to 500°C. Activated carbon of su-
perior adsorption activity was obtained in a yield of about 60%.

Example 3: Wood meal was carbonized in a hydrochloric acid gas atmosphere
by eievating the temperature from 100° to 700°C. Atier carbonizing for 20 min-
utes at 700°C, the hydrochloric acid gas was expeiled by nitrogen gas, then
steam was ted in, und the material was heated for 30 minutes at 800°C to ob-
tain activated carbon of superior adsorption activity,

Example 4. In a nitroyen gas atmosphere containing 60% by volume of hydro:
chioric acid yas, strained lees of sweet potato were carbomized by continuously
elevating the temperature from 100° 10 400°C in one hour and from 400° to
750°C in one hour. Thereafter, at 760°C, white teeding in carbonic acid gas,
the material was heated for 40 minutes 10 obtain activated carbon of superior
adsorption activitly.
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7.7 Modified Stationary Furnace for the
Manufacture of Activated Carbons
from Coconut Shells and Pine Wooa

M. Aslam AL, B. S.. B. E. M. 5., M. 1. A. W. S., Researci: Scroait,

—Department of Chemical Engineering,
Indian Institute of Technology. Madars.-600036.

Introduction

The work carried out at the Forest Research Labe-
ratory, Bangaiore by me revealed that the furnace has
10 be modified further to get better vieids on the most
cconomical basis. My main interest was te go into such
processs bv which we can get acuvatec carbons hav-
ing uniformity and hich acuvity. The approach I had
made is a practical c:e pased on the studv of actual
units engaged in the manufacture of activated carbons
i~ India. Itincludes commerciai. financial anc tecin-
nical features of such units.

Technically speaking the existing furnaces have
2 num.oer of defects which include the low vielc. high
fuel cost. short duratior of brick lin:ng. handhing of
material, manual! operations. mechanical breakdowns
ctc. For the detaiied study, the readers are - =quesiec
to go through the author’s paper entitied *Actizated Cor-
bor” published in indiar Chemical Marufacture:. Aprii
1970 issue and ‘Acucaung Furnace’. paper presentes a°
ine Convention of Cemists. 1975 a- ths Instiure o
Science, Bombay Universitv. Some of thess dejecis
may be eiiminaied by the use of moderr t=chnoiogv
bu: the economical factors does not permit to do sc.
It is therefore necessary to think of twe alternative:—
cither to develop the existing rotary furnace or 10 deve-
lop such furnaces which are more economical than the
rotary furnaces. I preferred the latier wav and efimi-
nated successfuliy.

Anv kind of charcoal whe. ireated with air and
steam at at a temperature of abou: 900-1000°C gives
activated carbon but the qualitv of charcoal depends
largely on the type of charcoal we use, for example,
pine charcoal, take charcoal, cuclvptus charcoal, sandal

charcoal. and shell charvoal vields superior grades of acti-
vated carbons. For the commerciai exploitatior.. pine cha-
rcoal and shell charcoal seems 10 be most favourabis. If
we use pine charcoal we get such activated carpons whicn
are usefu! in liguid phase adsorption while the use of
shell charcoal vields activated cartons vhich are used
In gaseous phase adsorptior..  Sinse we are dealing wiin
the manufacturing process the incusiria: applicaticns

of acuvated carbons are

thereiors 5ot inciucec in
this paper.
Rotary Furnace .
In this the principal o] steam activator has beern
utilised in the process of treating tne charcoal te opern.
an encrmous number of pours at definite conditions
Ir. other words, the process of activarion is 2 seieciive
He-¢ th-

carbor. s¢c produced DOss?ssas z largs surizcs arez the

-

oxidation of the bass cardor with st=am..

abiinv 1o accumulats or concentrai+ substances at

this suriace. Aczwaliv what we ©6- 15 we rewcass ine
aborptive forces by Durning oul fro D fie-carbon

obtained irom the carbonizatio~ and nx  are strungis

absaoried bv the carbon: ¢xpiringntt  snowes (nnl
the above phenomenz, in othe: vords acuvity de
pends to a considerabie exXtent net oRiv or. the starun
material but on the way bv which: 1t was preparec
1t is therefore absoluteiv necesszry to have a proce:
which has its own advantages.
Modjied Furnace: ]

The basic principle adopted ir the design ol ¢
furnace under considgeration. is thz steam activatis
1t overcomes all the disadvaniages

The constructiona! detaiis of su

and graviry.
the rotary furnace.
a furnace are given in the accompanied sketches. T
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materiais include as thosz of rotary fur-
race cxcept the rotating paris such as motor, gear.
pinion, etc. Here the cvlindrical vesscl kept vertical
and is stationary one. It is designed in such a way tha:
it should work as a continuons process, the material
will come out of the furnace only when it has attained
a certain activitv. Otherwise it wili stay in the fur-
nace itsell till it atains such a value. The feeding
mechanism adopted is a mechanical one and  works
effectively to produce the desired preduct. Preheating
mechanism is aiso provided to heat the charcoal be-
fore heating. Provision is made to utilise alternative
(ccding mechanisms (Mechanical and Steam)-
Egquipments and Constructional Detauls:

A mild steel cvlindrical vessel lined inside with
fire bricks, brick chamber, oxidising chzmber, steam
and air pipe lines, blower, boiler. feed hopper, mecha-
vibratorv feeder, crusher

required

bucket convever,

nica!l
etc.

The unit consists of onc long cvlindrical vessel
made our of mild steel. It isiined inside with fire
bricks. Qu:side a chamber of bricks 1s construcied
ali arounc the furnace. At the bottom an oxidising
chamber is attached and at the top it is closed with 2
piate having capillary holes above which 1s construc-
te¢ 2 cbimnev with 2 damper. Steam 2ang air cor-
nections are made at the bottom of the ox dising cham-
be:. Jus: above the boutom of jurnace ol the main
vesse; a ieed hopper is connected at one sidge. To
the feed hopper convever and the crusher arrangements
are made in such a wav that the required quan:ity
of charcoa! should enter the furnace at the required
interval of ume. Arrangements are rade in such z
way that the pieces weighing between 0.2 and | gram
shoulc enter the furnace when the feeding arrang-
ment is made 1o operate.

One more steam connection
top at an inclined angle. This is to facilitate 1o re-

move tne aclivated carbon easiiv and at the same time

is providec at the

conunuously, from the furnace.

S¢ according to this, the furnace comprises of a
chamoer. a sieam supnly, automatic feeder svstem and
a prencaier arrangement.  Arrangement being such that
i1ne upactivated charcoal should reach the botiom and
after some time should move to the middle poruon
then to the top where it is driven out of the chamber
by the top stcam suppiv.

Thus in accordance with this, the steam supply
should be at the bottom and also at the top at an
inclined angle, here the s'eam acts as a lifier or dri-

re}

ver zpd alst a. ar agen: ¢f activauon. This arzange-

men: enabiet uc 10 produce uniform quahie of acti.
vated¢ carbor. Thne feeder should aiso be attached
at an inchnec angie. The chamber beirng heated

internaliv. The top outlet (small capillary Loles) for
stcam also facilitates 1o remove waste gases pruducec
irside the chamber. The opening provided at the top
to remove tne finished product ﬁnaixy leads the product
to 2 puivoniser. I: has to be noted that the outlet
opening of the stcam irom the chamber should alwavs
have smaller holes than the diamecter of the steam
pipes. It is obvicus that further modifications can
be made within the ambit and scope of this modified
mcthod.

Opergtional Procedure:

Tne preheated charcoal pieces which ars having
uniferm  siz¢ and weight are fed in the main chamber.
Thet are heated to about 1:13°C by passing the ho:
gases inside the chamber through the oxidising cnamber.
When once the furnace attains the temparature, ic.

1115°C. sieam valve is operated. Temperature inside

the chamber by passing the desired proportion oi 1ns
fiue gases and steam After some time we observe chat
This

loss in the weignt enabies to lifc the charcoal pieces

there will be some loss in the charcoal pieces.
uowards. Now the pressure inside the chamh-- i«
maintained in suck a2 wav that the charcoai meces
which have lost about 30 of their weight shouls re-
main at the middle of the furnace. Once agair v
find that after some time these pieces move furthe:
upwards. Now the pressure inside the furnace is ad-
justed in such 3 wav that these pieces should be ar tne
top of the furnace when their weieht is further reduced
to 30.. that is. now pieces which are art the top nave
totallv jos: about 60 of their weight. Then th steamr
suppiv on the top is operated 12 remove these pieccs
whi: h are activated bv this time. It hac 10 be notes
tnat tnz propottion of fiue gases and air should b-
maintainrd at a constant rate. The tempsrature sh..-
uld not be below 900°C. and THISSC

selected charcoal pieces should be fed inside the cham-

abovs Gn -
ber. The pressure of the stcam is adiusted in such &
wayv that onlv highlv activated carben pirces shauip
reach thir 10D of the chamber where thev will b driver
out austomaticallv with the help of 10p steam suppls
The qualitv of the activared carbon can bz contralled
by adjusting the pressure inside the chamber.

The above phenomena, mav will be illusirated
in the following way. First the steam presrure—that
is the pressure inside the main chamber is adjusted in



such a2 wav tha: 1ns un2ziivatec or newiv fed charcoal
picces weighing sav 0.33 egram te ! gram shouic re-
main at the bottom when they iooss their weight of
about 30 say wuer thev waght 633 gram ¢ .0 gram
thev should move upwards and remain almos: at the
iniddie of the furnace. Again as 1ime posses when the
charcoal pieces loosz again 20 :that is whern their
actual weight is about 0.3 to 0.¢ gram they should b2
at the iop of the chamber where they will be driven
out the chamber bv additionai stzam suppiv. Here
unifor;miny can be awained throughout the operation
by kceping thz stcam pressure at a2 corsiani value.
It should however be noted that _ch;rtoa! pieces will
now remain OF concentratc In one piacec as 2 shght
change in weight will shift 1heir places whith fmaliy
bring 12 a state in which hie charcoa. picces can be

er 1mping'ng one another and 2imos: cverv uine
onc or the orher pieces will be reazhing the suriac- anc
at the same ume will be driven oui 1mmediaiciv anc
hence the furnace can be regzrded as a2 cnntinuous
onc. Ir this furnace we rar. gei the finishe€ produc:
withou: ans kind of inierupi-on or rnandiing.
Ad:eaisge;:

;. Temperaturc can d¢ mamntained uniformiv ancd

zreuiets measuremeonte feulc b macs o
casi.v.

2. Desire¢ guaii.v of acuvated carbens could be
cotained. Unilormity can ailso be obrainec.

3. During tne proguctior. we observe that n¢ hand-
Iiug of tnz productis reguirec.

4. It overcomes ali tne difficuities o the existing
fu:naces.

3. Tnefue. cost will v very jess wher compared

10 \ial o the existing processcs.

. Nc stoppages GUIINE s DFOGUCUIOL. T N.-Inech-
nilai e,
Savine i price. In this furnace abeut 40 by
weig il of raw materiai ol highiv acuvateg carbon
couiG Lz produced as far as olher charges are
concerned. 1t cosis aimost the same as that of
e existing rotary furnaces.

& Shel! Actizated Caroor:
It iz possibie for us t¢ produce coconur sheli acti-
vatzd carbon with e same arszngement.

Lisag: antages:
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It 1sverv Gifcult to standardise this hiagd of fus-
rare as it mainiv gepends upon the tvps of raw "nate-
rial used ir the production of acuivatec carbons.
Since standardisation of the furnace depends upon the
weight, shapc. si=: of ine cnarcoal used. we fAné it
extremeiv  cifficult to iist common standardising fac-
.ors of tne iurnace. Hence depeding upon the tipe
of the charcoal used. we have to fix the height of the
furnace. pressure oi sieam, rate of {ceding eic.
Discussion

The furnace is stationery one, continuous type of
furs.acs. Internaly firec one.  As far as the rosarv
furnace 1s c.ncerned it has got similarities excep!
the rotz-v part of i Hers rerioving of the finished
preduct is quiiz diffi rent from that of the rotary onc.
The vielc will b» more wher. compared to the rotan
furrace of the same capicity.  Even the fuel costs wili
aiso b= iess Thn= life of the furnace will be more
than th-~r of 2 similar size anc tvpe of rotary furnace.
Tne inwtial investments will also be shightly iess :h:a:.
Rer- .

a:most all ine operations are mechanica.

1that of

w simiiar type o rotary furnacs
this furnace.
and are aulomatc.
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134 Carbon Vol. AS
Table 12. Trade numes for acuvated carbon
Trade name Twpe of Apphcauoa Manufacturer Suppher
carbon ®

Actcarbone P. G. Pd decolonzaton. gas puntication. CeaSAa b

water punfication
Anthrasord P.G water punfcanoe Thomas Ness (GB:
Benzorbon Pei solvent recoveny Bayer ‘Lurgn) (FRG)
Balomt P Jdecolonzation Degussa (Lurg) 1 FRG)
Carboraffin P decolonzauon Bayer (Lurps) (FRG)
Darco P decolonzauon Amencan Nont tUSA)
DeguSorb P.G. Pel decolonzation. gas punfication. Degussa (FRG)

solvent recovery. catalysis
Filtrasord G water purification Calgon Carbon Corp. (USA). Chemwiron {B)
Hydraflin G water punficauon Bayer and Degussa (Lurpy) (FRG)
Kuraraycoal G gas punficanon Kuraray Chemical Co. (Japan)
Kureha Pel gas punficauon Kureha Chemixcal Ind (Japan)
Le Carbon G gold extraction Pxca (F)
Nont P.G. Ped decolonzauor, gas punificauon. Nont (NL. GB. and USA)

water punfication

Nuchar P.G water punfication, air punification Westvaco Corp. (USA)

Nusord G gas punfication {Nucon) (USA)

Picacuf G catalysis. water punfication Pxca (F)

Shirasags P. G. Pel vanous Takeda (Japan)

Solvosorton Pel solvent recovery Bayer (Lurgi) (FRG)
Sorbonont Pel solvent recovery Nont (NL)

Supersorbon Pel solvent recovery Bayer and Degussa (Lurgi) (FRG)
Suichffe G gas punfication Sutcliffe Speakman & Co. (GB)
Taiko P.G. Pel vanous Futumura Chem. Ind. (Japan)
Tsurumicoal P. G, Pel vanous Tsurumicoal Co. (Japan)
Watercarb P water punfication Husky Ind (USA)

® P = powdered carbon. G = granular carbon. Pel = pelletized carbon.

[263]. If other volatile substances are present. the
moisture content can be determined by the
xylene method (263}, [264).

The ash content is usually determined as the
residue after ignition, e.g.. at 650 + 25 C [265].
Frequently only the water-soluble or acid-
soluble part of the ash is determined {266]. since
the total ash 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 this extract Arsenic, cyanide. and sul-
fide must be determined by experiments on the
activated carbon itself. Deterniination of acid or
alkali content can be carried out by boiling an
aqueous suspension and finding the pH of the
filtered or decanted aqueous extract. Working

with the unfiltered suspension or with tne carbon
itself would give a misleading result Gue to the
efTect of the carbon surface on the pH.

Mechanical Properties. To determine the ap-
parent density of activated carbon. the filling or
compaction procedure mist be specified so as 10
obtain reproducibility, e.g.. in accordance with
[267]-[269]. Dry material is used. Grain size dis-
tribution is determined by using standard sieves
and motor-driven sieving apparatus. The fine-
ness of powdered carbons may be determined by
clutriation or by laser-beam <cattering (¢.g.. Mi-
crotrac). Equipment such as the Coulter counter
or sedimentation tests lead to incorrect results
because the single particles of activated carbon
vary in electrical conductivity and density. The
hardness of granules of activated carbon may b¢

o]
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these values [250]. The high-carbon matenals
graphite and anthraaite are very difficult to acti-
vate. Bituminous coals with high oxygen and hy-
drogen contents can have troublesome sticking
and swelling properties. In these cases. a preoxi-
dation is usually carried out before gas activa-
tion [251]. {252]. This is done wath air or oxygen-
containing gascs at temperatures between 150
and 350 C. This causes 5-30% oxygen to be
taken up. The optimum temperature is 220-
250 "C. This procedure is carried out as long as
necessary to cause complete disappearance of the
swelling and sticking properties; as much as 5h
may be required. The reaction time may be re-
duced by addition of catalytic amounts of nitro-
gen oxides.

Bituminous coal may be more easily acti-
vated after addition of mineral acids such as
phosphoric acid. For this purpose. the raw mate-
nal is finely ground and mixed with a few per-
cent of acid before being formed into shapes.
This process, which was developed by Carborun-
dum (253]. is operated in the United States by
Ceca. It uses a combination of chemical and gas
activation. In some types of bituminous coal. the
quality of the activated product is adversely af-
fected by the high ash content; however. a small
ash content that includes potassium compounds.
for example, can have a catalytic effect and.,
when the matenal is preoxidized. can lead to in-
tensive gasification of the coal. In these cases the
ash content of the raw material can be reduced
by grinding and flotation. 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 (United States). Sut-
vhffe Speakman (United Kingdom). Thomas
Ness (United Kingdom). and the Bergwerksver-
band (Federal Republic of Germany).

Brown coals and the related lignites offer
an inexpensive and readily activated starting
matenal for the production of activated carbons.
Their relauvely high ash and sulfur contents
are detnmental. Therefore. methods have been
developed for removing ash from brown coal
before coking. e.g.. by treatment with an
oil-water mixture. The ash goes into the
aqueous phase. while the coal remains in the
oil phase. By this means the ash content
can be reduced by 80-90%. Lignite is activated
in high tonnages by Norit in the United States
according 1o a process by ICI United States
[254).

Vol. As’

In recent years a large number of publicy. *
tions and patents have been concerned with acy;.
vated carbon from mineral oil products. asphaly_
and tar. Liquid petroleum fractions and residues
are used by the Witco Chemical Co. Inc. (United
States) as starting matenals for the manufacture
of granulated and shaped activated carbons.
Cakined petroleum coke practically cannot be -
actuvated. Green petroleum coke can be acy;-
vated after pretreatment (preoxidation) with
concentrated nitric acid. In Japan. the Kureha
Kakagu Kogyo Co. produces activated carbon
in the form of spheres by low-temperature car-
bonization and subsequent activation of emul-
sified petroleum droplets [255]. Petroleum
sludges and the acidic resin cokes produced from
these contain a high proportion of sulfuric or
sulfonic acids and can be activated by steam.
There have been many discussions in the litera-
ture in recent years concerning the use of waste.
materiais such as fly ash, old tires, domestic
refuse. or sewage sludge as raw materials for acti-
vated carbon {256]. These matenals have not at-
tained practical importance because of the high
proportion of uncarbonizable accompanying
matenals.

4.2.3. Activating Furnaces

vertical chambers with smooth walls made of re-
fractory bricks. Heating is external. As the pro- !
cess was developed. the mixing of the feed mate-
rials was improved and. consequently. so was the
reaction with the activating gas. This was done ,
by installing ceramic attachmen s in the form of |
gratings or replaceable louvers which can control
the direction and v-.ucity of the gas stream with-
in the furnace. The reaction gases (hydrogen and
carbon monoxide) can be removed at various
levels. Tize temperature of the furnace, usually
5-8 m high, can be controlied by means of a .
number of burners or afterburners (Fig. 22) §
{257). Shaft furnaces can be used for the reac-
tivation of exhausted activated carbon (see
Chap. 4.6) [258]. They are used for manufactur-
ing activated carbon by the following companies.
Ceca (France). Degussa (Federal Republic of
Germany). and Suicliffe Speakman (United
Kingdom).

Rotary kilns are the most commonly used ac-
tivating furnaces. Due to the length of the kiln
and the high temperatures necessary for gas acti-

Shaft furnaces onginaliy consisted of simple '
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Figere 22. Shaft furnace

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
length of the kiln. several burners and gas supply
lines 2 - distributed along and around the kiln
casing. e.g.. in the American Norit furnace. Fig-
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Figure 24. Multiple hearth fumace

a) Raw matenial silo; b) Inlet; c) Burner. d) Off-gas suction;
¢) Outlet for activated carbon: f) Dust collector; g) Off-gas
stack

ure 23 shows an arrangement including lifters to
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 further controlled.
Multiple hearth furnaces (Fig. 24) with rotat-
ing arms and stationary floors on each stage are

(oat inie?
‘ —— 1
Homa N { ———
" R EPAS
3 o
........ ———— 3 - ————— [
: ]
Outlet § -L;
activates |,
tarbon 1

Figsre 23. Rotary kiln for steam-activation process
a) Steam; b) Gas. c) Air: ) Burner. ¢) Bnck lhining; 1) Lifters
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used by several firms such as Caigon in the Unit-
ed States and Belgium. This type of furnace is
also operated for the purpose of reactivation,
c.g.. by Windhoek Municipality (Republic of
South-West Africa).

Fluidi-ed-bed furnaces offer the advantage of
extremely intensive heat and mass transfer. This
means not only that the activating gases are
quickly brought into contact with the raw mate-
rial. but also that the waste gases are just as
quickly removed. In recent years furnaces have
been developed which are operated continuously
(Fig. 25) and in which several fluidized beds are
run in series. The activating gases may be intro-
duced into the spaces between the fluidized
layers and also into the circulatory system. Thus,
it is possible to achieve a preoxidation in the first
stage with oxygen-contaiming gas and then to
carry out the actual activation with 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
are obtained. which are processed to give decol-
orizing carbon in powder form. By maintaining
certain conditions. in particular by keeping the
water vapor content of the gas below 0.6 kg'm?
and by maintaining a neutral or slightly reducing
atmosphere, it is possible to produce zbrasion-
resistant granules.

)b Flue gas

Figure 28. Fluidized-bed (urnace

a) Raw matenal silo; b) Inlet, ¢) Combustion chamber
(indirect heating). d) Burner. ¢) Gas distribution plate.
) Outilet for activated carbon. g) Heat exchanger

-~ { O=—
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4.2.4. Methods of Activation
4.2.4.1. Chemical Activation

In addition to the classical zinc chionde pro-
cess for the chemical activation of carbonaceous
materials on a large scale. phosphonc acid is also
largely used.

Zinc chloride (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
parts of zinc chloride as a concentrated solution
are mixed with 1 part peat or sawdust. The mix-
ture is then dried and heated 10 600-700 Cin a
rotary kiln. The product is washed with acid and
water, and the zinc salts are recovered. In some
cases. chemical activation is followed by steam
activation to obtain additional fine pores.

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

Phosphoric acid [7664-38-2] can be used 10
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 matenial
such as sawdust is mixed with a phosphoric acid
solution, forming a pulp. This is dried and
heated to 400-600°C in a furmace such as a ro-
tary kiln. The phosphoric acid is then extracted.
sometimes after neutralizing it to give phosphate
salts, and the matenial is dried. giving an acti-
vated carbon which usually has finer pores than
the zinc chloride product. Activation using 3
combination of phosphoric acid and steam 1§
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-
tion temperature. However. the cost of recov-
ering the activating chemicals is high. Activation
by phosphoric acid has become more popular i
recent years, and there is no doubt that improved
methods of phosphoric acid recovery have con-
tributed 10 this. These innovations have hardly
been reported in the literature; the know-how
is not divulgec by the producers.

There have been reports in the hterature of many

chemicals which can be used to activate carbonaceous %
materials:

Aluminum chlonde [7446-704)

Vol.AS5

Ammonium chlonde [.
Borates
Boreic acid [11Xx43-35. 3.
Caldum chlonde {100+
Cakivm hydroxide {75
Chiorine [77X2-50-5]
Hydrogen chlonde {75
Iron salts
Nickel sahs
Nitnic acd {7697-37-7]
Nitrous gases
Phosphorus pentoxide .
Potassium metal [7440-
Potassium hydr (1]
m
Potassium sulf’ 1312
Sodium metal [7440-27.
Sodium hydroxde (131
Sodium oxide {1313-59-
Sulfur dioxide {7446-0%
Sulfuric acid [7664-93-¢

Of these, only sulfu:
attained any commerct.
tion with sulfuric acid
propertics, while po
and fine pores. Neither

A Standard Oil ;
cial position. The
carbonaceous mate:
potassium hydroxid
yields an activated .
porosity, the speci
3000 m*/g. The pro.
commercial scale by
Michigan (United S

4.24.2. Gas Activa

In gas activatior
treated at elevated
gases, the most cor
dquidc. and mixture
using graphite have
locities: steam has b
feactive as carbon
as'mild oxidizing a;

ng several simult.

Ho.c. -CO « H,
2H,0.¢C ...co,. 21
€o,+c ~+2CO

Due to the endc
teactions. the carbo:
Mo intimase congact «
Must be hotter than
Perature: otherwise,

.




1. for specialty applications (v.g..

nm diameter) and carcass grade
2nated avvording to a threedigit
» the particle diameter range. as
" tsuper abrasive furnace) blark
meter. while the former FEF-LS
ting a particle diameter of 40 to
it based on natural gas as feed-
- capable of reproducing all ga«

vell batteries and for imparting
ced by acetvlene decomposition
srocess. This material (of about
‘¢ level than furnace and chan-

dsorbent in gas masks in World
m Yon of wood can remove
“he WSt commercial application
A hlters were used in a British
tivated carbons can be divided
- for which a granular material
w which a powdered material

e for all purposes (Table 82).
1d pore volume. is hundreds of
wone black. It is estimated that
mount of material adsorbed by
1 quarter to an equal weight of
ibstances can be recovered and

upon surface area and pore

be adsorbed, and the surface

rd. assuming suitable molecu-

h as the cleanup of cane, beet,
1 water supplies, vegetable and
iwals. The recovery of strepto-
ol quids.
tary gas masks because of
‘mploved in both military and

Fxchange.

%2). Fornwalt snd Hutchins. Purifying
w Watercleanup Roles for Powdered
4 Carbon Processes for Liquids. Chem.
. Chem_Eng. Prog. 67(11). 45 (1971).

=11~
tcticuted Carbon 127

TABLE 82  _ipplicutions of Activated Carbon

Liwrbeng gases or tapors \gas-adsorbent carbonr)

1. Adsorbent in militan and industrial gas mashs and other devicrs.

2 Reovens of gasobine from natural gas.

3. Recovers of benrst from manufactured gas.

4. Revovenn of salvents vaporized in industrial provesses such 22 manufacture of ravon. rubber products,
sruneal leather. transparent wrappings. him. smokeless powder, and plastics. and in rotogravure printing, dry
<lraning of fabrics. degreasing of metals, solvent etraction, fermentation, etc.

5. Remorving impurities from gases such as hvdrogen. nitrogen. helium. acetvlene. ammonia. carbon diox-
wie. and rarbon monovide.

6. Remaving organic sulfur compounds. H,S. and other impurities from manufa-tured and svnthesis gas
wsually impregnated with either Fe or Cu salts).

+. Remorving odors from air in air conditioning. stench abatement. et

8. Absorbing radio-artive emanations from nucleonic reactors for the time sufficient so that the decav is
sompleted while still trapped in the activated carbon bed.

Decolonizing and purifving liquids (drrolorizing carbon)

1. Refining of cane sugar. beet sugar. glucose, and other sirups.

2. Refining oibs. fats. and waxes such as cottonseed oil. cnconut oil.

3. Remosing impurities from food products such as gelatin. vinegar. cocna butter. pectin, fruit juices. and
alcoholic beverages.

4+ Removing impuritim from pharmaceutical and other chemical products. including acids.

. Water puritation—remosval of taste. odor, and color.
6. Remoring impurities from used oils. drv-cleaning solvents. electroplating solutions. sirups. etc.

T. Removal of metals from solution—sihver, gold. etr.

(73

Catalist and catalvst si.pport (gas-adsorbent carbon)
1. Support tor Hgtll, catalyst for manufacture of vinvl chloride.
2. Support lur zine acetate catalvst in the manufacture of vinyl acetate.
3. Manufarture of phosgene.
1. Carrier for hvdrogenation catalvsts. ete.
Medicine
1. Internal medicine for adsorption of gases. toxins. and poisons.

2. Administering adsorbenl medicinals.
3. External adorbent lor odors from uleer~ and wounds.

Source: {arbon Products Dis.. Union tarbide.

industrial gas masks. Activated carbon is used in air conditioning systems to control odors in large
restaurants, auditoriums, and airport concourses. An important field of application is the industrial
recovery and control of vapors (Fig. 8.1). The recovery of such vapors amounts to billions of pounds
per vear. with a recovered value of several hundred million dollars. Activated carbon is able to
adsorb practically anv organic solvent at about 100°F and release it when heated to 250°F or higher
for organic solvents. Activated carbon ran now be made in an extruded form, which in vapor
adsorbing presents only about hall’ the air resistance of the older granulated heterogeneous powder.
The pressure drop through carbon. whether pelleted or granular. depends primarily on the average
particle size. Pelleted material ensures more uniform packing. hence more even distribution of
air How.

MANUFACTURE  Many carbonaceous materials. such as petroleum coke. sawdust. lignite,
coal, peat. wood. rharcoal. nutshells. and fruit pits. mav be used for the manufacture of activated
carbon, but the properties of the finished material are governed not only by the raw material but by
the method of activation used. Decolorizing activated carbons are usually emploved as powders.
Thus the raw materials for this type are either structureless or have a weak structure. Sawdus: and

Source : 6.1.7
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° “The reason we are buying coconut she
Activated coconut shell carbon e cmon s ma i e ¢
carbon is superior in quality to othe
alternatives and our experience is tha
also for water treatment high quaity costs more. but is0 py
more. With other less expensive carbon
you will find that some particles ar
. . : . . undersized and are immediately washe:
Traditionally activated ct.)connt shell carbon is mainly used for recovery of ,uuy You may loose up to ten percen
solvants and for gas purification. A much larger market would however be of the carbon you buy this way. Then
purification of municipal and industrial water, for which purpose today morm- Wwill also be oversized particles whicl
ally cheaper grades of activated carbon are used based on coal or biowastes, ™2Y Cfa“;‘ d's",‘;ba"_c"s in the function
if . . . . ing of the purification equipment, at :
cleaning with activated carbon is used at all. cost which is hard to estimate, but whict
A few munici water authorities do however use ivated t shel © certainly high. The greatest advantage

A ! of coconut carbon is its eve lity.
carbon. One of them is the Gothenburg water and sewage works in Sweden. Thcreforeu none of the t:v:) npf:;l;ni

They have used activated carbon for water purification for the 'ast ten years above have been encountered with our
and are now buying coconut shell carbon for that purpose. carbon during the ten ears we have used
it and we arc very satisfied with the
performance.

We have asked Mr Tibor Nemeth who is chief of laboratories to tell us a little
about his experiences with coconut shell activated carbos, because if others o . o
were to follow his e Je, an entirely new emo ket would opea up In contrast with industrial applications
for coconut producers.

where the type of pollution is well
known in advance, we at the municipal
3

water side have to be prepared for af
type of contamination in the water.
never know what industry, or naturz,
has in store for us. For this reason we
are not too much concerned with speci-
fications on the adsorbtive capacity for
various specified chemical substances
tested in laboratory at extremly high
concentration. What we need is an all-
round reliable adsorber and we have
found coconut carbon to fulfil this task.
Compared to the coal based activated
carbons that we have also used, coconut
carbon has a much larger absorbtive
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 affect the taste
j . , . . and smell of the water and are com-
R - ' , . ; pletely harmless. This will unnecessarily
Sewage treatment plant for 150.000 m'/day, contains 400 MT of coconut shell activ-  clog up the coal based carbon, and since .
ated carbon. this does not happen to the coconut

The most recent order from
Gothenborg water and sewage
works was placed for activated
coconut shell carbon from the
Philippines.

Now, if europeans will buy this
produce from the other side of the
globe in order to purify their
water, it is evident that the same
stuff should also be used in the
coconut growing countriest them-
selves and in neighbouring coun-
tries where today millions of
childen die from unsafe drinking
water. This it seemes would be a
most important consideration for
local and state governments and
for the United Nations. .

Outline for above plant.
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_ Testing Method for \ ' K 1470-1967
Powdered Activated Carbon '<\

.

N

1. Scope

This standard specifies the tesiing method for powdered activated carbon for
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
(1) pH

Reference Standards:
JIS K 0050-General Considerations for Chemical Analysis
JIS K 0115-General Rules for Absorptiometric Analysis
JIS K 1306- Testing Method for Refined Sulfuric Acid
JIS K 8005- Primary Standard Substances for Volumetric Determination
JIS K 8150- Sodium Chloride (Reagent) '
JIS K 8180- Hydrechloric Acid (Reagent)
JIS K 8201-Hydroxylamine Hydrochloride (Reagent)
JIS K 8359- Ammonium Acetate (Reagent)
JIS K 8486- «, a’ -Dipyridyl (Reagent)
JIS 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 K 9007-Potassium Phosphate, Monobasic (Reag<st)
JIS K 9019-Sodium Phosphate, Dibasic, 12 Hydrate (Reagent)
JIS P 3801~Filter Pape: (foxr Chemical Analysis)
JIS R 1301~-Porcelain Cruci.les for Chemical Analysis
JIS R 3503-Glass Apparatus for Chemical Analysis
JIS R 3505-Glass Volumenometer fo:* Chemical Use
JIS 7 8802-Methods for Determination of pH of 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 of manufacture or others. In case the manufacturing unit
is not designated, two containers containing 500 kg or its fractions in acceptance
weight shall bpe drawn. Then suitable amount of the sample representative of the
whole shall be taken, mixed thoroughly and stored ir a tightly stoppered container.

5. Method of Test

5.1 Caramel Decolourizing Power

5.1.1 Principle Caramel test solution is added to the sample, shaken )
by means of the shaker and filtered and the decolourizing power is calculated -
from the absorbancies of the fiitrate and caramel test solution. . »

5.1.2 Reagents

(1) 36.8 w/v % Sulfuric Acid Assay the purity in accordance with 2.2
of JIS K 1306-Testing Method for Refined Sulfuric Acid and prepare in
the concentration 36.8 w/v % as HoSOy4.

(2) Sulfuric Acid (1 + 10)

(1) 20.0 w/v % Sodium Hydroxide Solution Aséay the purity in accordance
with 4. (1) {o) of JIS K 8576-Sodium Hydroxide (Reagent) and prepare
in the concentratior 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 cooliing
in a HpSO4-desiccator, weigh 0.310 g of potassium dichromate and
dissolve in water. Transfer the solution to a 1000 ml volumetric O
flask and dilute with water to the mark to prepare the colour standard
solution.

The absorbancy of the solution shall be measured by meais of a
photoelectric photometer or spectrophotometer in accordance with
JIS K 0115-General Rules for Absorptiometric Analysis at a wavelength
of 420 to 430 mx and this value shall be tuken as the stardard absorbancy
of caramel test solution.

(6) Preparation of Caramel Stock So'ution  Dry proper amount of
granular sugar in a silica gel-desiccator for at least 24 hours to remove
water. ' ’

Weigh 60.0 g of the dehydrated sugar info a 500 ml Erlenmeyer
flask. Add 240 m! of water and stir thoroughly at room temperature
to dissolve. Add exactly 25 ml of 36.8 w/v % sulfuric acid and place
the flask in a water bath kept at 80 2 1 °C until the solution attains
80°C and keep this temperature for 30 minutes.
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abrasion resistamce the propertv of actinated
cathort o reast atiniion or weanng anay
by friction.

absorplior—a process in which Nuid molecules
are tahen up by a hiyud or sobd and distrib-
uted throughout the bady of that hyud or
solid

accelerated adsorption tests—adsorption iests
s which the end point iy hastened by testing
AU condiions more severe than those anticr-
pated in senvace,

accelerated senvice life—the clapsed time un-
ul the end paint 1y reached 10 an aceelerated
adsarpuion test

acid-exiractable  material —ubstances  dis-
sobved rom an activated carbon by an aad
under spectiied conditions.

activaied carbom—a Lamuly of carbonzceous
substances manufactured by provesses that
develop adworptive properties.
ACUVALIOA —any process whereby a substance
W reated to develop adsorpuve propertics
vty —a penenc term used o deseribe the
capacity to adsorb an gencral: also, the ad-
MG Capacity of an activated carbon gs

“ured by a standard tew,

adsorbasc —uny ~ubstance that s or can be
adsorhed.

adwrbent anv \ulid having the abilitv 1o
concentrale signilicant quantitics ol other
substances on sts surlgee.

adsorption—.1 process in which fluid molecules
Are concentraied on a surfece by chemical
of physical torces, or bath

UEMIPIING wuve—sce mass (ramfer Zowe.

udserplon Zone— scc mass tramsfer zone.

ash—residue alter the combustion of an ae-
tisated carbon under speaitied conditions,

8» is basis  us received.

breakpoint—the first appearance in the ¢fflu-
€nt aban adsorbate of interest under specs-
lied conditinns

chameling —the grcater Now ol Nud through
Pasvapes ol lower resistance which can oveor

i finved beds or columns of 22t ated carbon
duc 10 nonunitorm paching. iercpular sz
and shapes ol the partcles, ga> pockets.
wall effects. and other causcs.

chemical adsorprion —s¢: Chemisorption.

chemisorption  (chemical advorption)—the
b.ading of sn adsorbate 10 the surlace of o
solid by forces whose energy levels approx-
mate thowe of i chemical bond

coadsorption—the adsorption of 1wo or more
components on sctvated carbon. cach af-
fecting the adsorbability of the other.

contact batch operation—an adworpuion proc-
essan which an activated carbon i dispersed
m a Nlud 1o be treated and then separated
when practical equibibrium is sttained.

coatinwous moving bed—an adsorption process
charactenized by Now of a Auid through a
vonbinuously moving bed of granular act-
vated carbon with continuous withdrawal of
spens ciarbon and continuous addition of re-
processed or viegin carbon

couniercurrent adsorption an ad~orpiion
process an which the How of Ruid 1 1n 2
direction opposite 10 the movement of the
activated carbon.

critical bed depth—1the minimum depth of an
adsorbent bed required to contasin the mass
teansler sone.

crushing  sremgth—the property of an acti-
vated carbon (o resist physical breakdown
when contained and -ubjected 1o 4 slowly
ncreasing continucusty apphed force.

degassing removal of gases.

demsity, absolute or true—the aght under
specilied conditans of a4 unit voluime of an
astivated carbon excluding ity pore volume

These detimitsons are under the jurindichion of ANTM
Commitice D-2% on Activated Carbon and are the direct -
roxpunshibily of Subcommitice D28.02 on Liquid Phase
Evaluaion fests

Current cditon approved (k1. 29, 1976, Published
December 1976 Orginally publshed as [ 2652 - 67
Last previous edition 5 2052 - 74,
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and mlcr-pum;‘lc voids

demsity, apparent (demsity, bulh)—the wenght
under speaiticd coadinions of a4 umst volume
ol an activated carbon inctuding s pore
volume and intee-particle vouds.

density, block —see demsity, particle.

densitv. bulk —sce demsity, apparest.

demsity . particle (demsity, block)—the weght
under specified conditions of o umit volume
ol an activated canhon ancluding its pore
volume but excluding inter-particle vods.

desorption—the scparation of an adsorbate as
such from activ sted carboa.

differential heat of adsorptiom—ihe heat
evolved duning the adsorption ol an incre-
mental quaniity ol adsorbate at a given level
of adsorplion.

dosage the quanuiy of subsance apphed
per unit weight or volume ol the Nuid being
treated.

dry besis cxclusive of any monture which
may be present.

dust—an imprecise term referring o partice-
lates capable of temporary suspension in ar
ur other gases; also. particles smaller than
«n arbitranly sclected size.

dynamic advorptive capacity—the quaniity
of a given component adsorbed per unit of
activated carbon from a flud, or fluid mixture
moving through a fixed bed at the breakpoint
for that component.

electrical comductivity of a2 particolate sub-
sance 1he current flowrng through a unit
cross section tor an imposed umit potential
gradient under speailied conditions of pack-
ng.

electrophoresis nugration of dispersed solid,
hyuid or gascous material 10 one of two
clectrode> under the influence of an m-
pressed direct-current vollage.

ené point—the occurrence in the effluent of
the maximum permissible concentration of
an adsorbaie of interest

eyuilibrium advorptive capacity—the quantuy
of o given component adsurbed per umit of
activated carbon from a flud or Nuid mix-
ture at cequihbrium wmperature and con-
centralion. ur pressure,

expanded bed—ua hed of granular acuvated
carbon through which a lud flows upward
at a rate sufficient to shightly clevate and
separate the particles without changing ther

367
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relative positwons.

filterability—the rate at which an activated
carbon can be separated tfrum a slurry by
means of a pzrmeable medium under speu-
fied conditions.

fimes—particles smaller  than  the smallest
nominal specification particle size.

fixed bed—a bed ol granular activated carbon
through which a fluid 1lows winhout causing
substantial movement of the bed.

Nuidized bed—a bed of granular activated car-
bon in which the lfuid Nows upward at a
rate sufficient (o suspend the particies com-
pletely and randomly in the luid phase.

Freundlich adsorptioa isotherm—a loganthmic
plot of quantity of component adsorbed per
unit of activated carbun versus concentra-
twon of that component at equibibrium and at
constant temperature, which approximates
the straight hine postulated by the Freund-
Tich adsorption equation

X/M = AT

where: .

X - quantity adsorbed.

M - quantity ol activated carbon,

C - concentration,

k and n = constants.

grasular activated carbos—activated carbon in
particle sizes predomunantly greater than
KO mesh.

hardmess —u pencnic teem refernng (o the re-
sistance of an actvated carbon (o hreahdown
as measured by specific tests.

heat of adsorption—the heat evolved duning
adsorption.

hydrolytic adsorpticn—the adsorption of o
weakly wnized acid or base formed by the
hydrolysis of some types of sails 10 agucors
solution.

hysteresis loop—the divergence between the
paths of the adsorption and desorption iso-
therms.

ignition temperature ikindling point) the
lowest temperature at which combustion
will occur spontancously under .pecified
conditions.

impact stresgth—1he property of an actvated
carhon to res:st physical breakdowp when
subjected to a rapidly increasing applied
force. '

iutegral heat of adsorption—the sum of the
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dittcrential heats of adsorption from zero to
a pnen keset al adanplhion

intermittent moving bea (pulse, slug)—an ad-
surpuion process characterized by upward
ow of a flud through a lined bed of granu-
lar actnated carbon with penodic wath-
drawa! of spent carhon from the bottom of
the bed and additions ol reprocessed or vie-
i carbon Lo the top of the bed

irreversible  adsorption—adsorption i which
the desoeption isatherm s displaced toward
higher  cequihibriumi adsorption capacities
Irom the adsorption notherm.

iwbar—a piot of uaatty adsorbed per unit
ol activated  carbon  agamst  equiibrium
temperature when concentration or  pres-
sufe iy held constant.

isostere—a plot of cquiibrium concentration
or pressufe aganst teinperature when the
quantity adsorbed per unit of activated car-
bon v held cunstant.

isotherm—a plot of guanuty adsorbed per
unit ol activated carbon against cquihbrivin
concentration, of pressure. when tempera-
ture o held constant.

Langmuir isotherm a plot of isuthermal ad-
sorption data which to 4 reasonable degree
15t the Langmuir adsorption equation.

Langmuir adsorption theory the surface of
an adsorbent has only uniform energy sites
and adserption s hmited (o 3 mosomolecu-
lar Laver

macropore—au pere i activated curbon having
a diamcter greater than S000 A

mass (ramsfer zowe (adsorption wave) (adsorp-
tion zone)—ihe repon in which the concen-
tration ol the adsorbate of interest in the
Nuid decreases from influent concentratiun
to the lawest detectable cancentration.

micropore—a pore in activated carbon having
4 duameter fess than 40 4.

moisture  confent  the water content ol o
«ubstance gy micasured  under  speciticd
conditions

moaomelecular laver—an adsorbed im, one
molecule thich

multimolecular laser—an adsorbed film more
than vne molecule thick.

oven drying loss  the reduction in weight re-
sulting when o substance s heated n an
oven under specihied conditions.
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physical adsorption ivan der Waals adsorption)—
the biding ot aeadsorbaste o the sunbace ol a
sulid by fogees whose energy levels approv-
malte those of condensation.

pore diameter—the diamcter of a pore in a
modcl 1n which the pores in acuivated carbon
are assumed to be cvlindncal in shape and
which s calculated Trom data obtained by a
spectiied procedure.

pores—the complen network of channchs in
the intenor of a particle ol activated carbon.

pore volume volume of the pores in a2 unit
weght of activated carbon. .

pore rolume distribution—the distribution of
pore volume among pores of dilferent size
or diameter.

powdered activated carboa—ucuvaled carbon
in particlke  sizes  predonuaantly  smalker
than 80 mesh. : .

prelerestial advorption adsorptinn in which
a4 cerlain component or cerlain components
are adwrbed to a much greater extent than
others.

reactivation (revivification)—ovdation  proc-
exses for restonnag the adsorptive properties
of a spent activated carbon

regeneration—disullation  or  clution-type
processes for restonng the adsorplive prop-
crties of a spent acuvated carbon

relative efficiency—the ruting ol the adsorp-
tve capacity of an activated carbon bhasd
on a comparson of s pérformance with
that ol a4 relerence carbun in s detined test

retentivity —the ability of an activatea carbon
to resnt desorption of an adsorbate.

reversible advorption—uadsorpuion in which the
desurption isotherm approvimates the ad-
sorption isotherm.

revivification —sce reactivation.

senice life (semvice time)—the clupswd tme
until the end point s reached in an advorp- -
DOB process

service time see senviee life.

sorption—a process 10 which fluid molecules
are tahen up by aaorption and adsorption.

split feed—. hquid-phase adsoeption process
n which a powdered activated carbon »
added 10 the solution (o be treated n two of
more steps. with ur without intermedite

separation of the carbon.
surface ares (E.E.T.) the total -urluce arca
of 4 sohd colculated by the BE T (Bru-
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4l

fauer. bEmmett.  felier) lrom
mtrogen adsorption or desorption data ob-
tained under speaiied conditions

sarface area distributioa— the Jdistribution ol
sorlace arca according Lo some parameter
such as pores ob dutlcrent sz or dumeter.

surface oxides vaygen cuntaining compounds
and complexes formed at the surface of ac-
tivated carbon.

synthetic (est solwtion 2 solution ol lwo of
more components prepared under spevtlicd
conditiuns for usc in evaluation ol adsurb-
cnty.

threshold comcentration—the mimmum  con-
centration at which a substance can be de-

Cygustion,
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tected by the taste or ador test method em-
ploved.
th. .hold odor fest o muthod of evaluanng
the odor lesel 1n a tuid by dilution under
speaticd conditions with an odor-leee ad.
tramsitional pore—a porc in actvated carbon
having a diameter between 30 and 5000 A
van der Waaly adsorption—sce physical ad-

sorption.

water-eatractable matesial — ub-tances  din-
solved Trom an activated carben by water
under speaificd conditions,

wettability—the rate at which an actwated
carhon can be made wet under spealied
conditions.

Thes viandurd o subject 1o revisson at ans sme by she responsible technual «ommantee untd must be reviewed eveny e

veurs und if not revised. cuther seapproved or withdrann Your comments are invited cither for e

stesnt oof thes stundund or

foor addrrnal sandardy and should be addressed o AN M Headquariers. Your commenn will reveive careful convideratson
at u moenny of the responsible whmal commattee which vou muy wiend. If vou feel thas your commens have nedt ro ctved
o hur hewring vou should muke vour views known 1 the ASIM Commuter on Swndards. 1910 R ¢ St . Phidudciphia. Pu
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7.9 Production Costs and Returns of Coconut Cultivar
East Coast Tall in Tamil Nadu

G. NALLATHAMBI', T. S. RAVEENDRAN?

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
and irrigated conditions respect-
ively forthe initial seven year period
excluding the intersst on invest-
ment. The annuai raintenance
cos: or the subsequent crop years
was Rs. 4,223 for the rainfed and
8s. 5,483 jor the irrigated gardens
per year pe: ia. The aroduction
cost of coconut both under ra...fed
and irrigated conditions in Tamui
Nadu was estimated at Rs. 1.18
and 1.10 per nut respectively,
:nder 1984 - 85 factor costs with-
out considering the land value.
The net return under rainfed con-
dition from nut yield alone was
Rs. 3,990 per ha per annum
whereas it was Rs. 6,825 under
irrigation. Further the income from
other axillary produces was
estimated at Rs. 1,207 per ha per
annum for rainfed and Rs. 1,452
per ha per annnm for irrigated
gardens. The aniual net return
frorn one hectare of rainfed coco-
rut plantation was Rs. 5,197.

AND
T. RAMANATHAN?

The corresponding revenue from:
irrigated garden was Rs. 8,277 per
ha. The study indicated the profit-
ability of large scale coconut
cultivation in Tamil Nadu under
good management and pure-
cropped conditions.

INTRODUCTION
Coconut is one of the main
sources of edible oil and is grown
in an area of 143 thousand hect-
ar=s and the production is 1450

million nu's in Tamil Nadu
(Ramanathan. 1987). The mean
annual nut vyield 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 in Tamil
Nadu shows an increasing trend
due to adoption of improved
technologies and research findings
by the farmers of this State.
The objective of the present
study is to estimate the culti-
vation expenses for establish-
ment and maintenance of one
hectare of coconut plantation
both under irrigation and rainfed

cropping sysiems 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
of 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 rain-
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
operaiions was estimated based
on the -ate of wages that prevailed
during 1 ¥84-85 in Thanjavur dis-
trict whor. coconut is grown in an
extensive arca. The various input
requirements were calculated
based on the package of practices
recommended by the Coconut
Resesrch Station, Veppankulam.
The prices of different inputs were

1. Assistant Professor, 2. Associste Professor 3. Professor. Coconut Resrarch Station. Veppankulam-814 908, Temil Nedu
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2lso based on the rates that
prevailed in Tamil Nadu during
1984-85 A petiod 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 economic life of East
Cost Tall coconut in Tamil Nadu
was considered as 60 years.

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 plantation and
334, 205. 206 for the irrigated
plantation for the first, second and
third years respectively (Table 1.
For the subsequent four years, the
labour requirement remained 52
for rainfed cropping and 127 for
irigated 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, manures 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 seed-
lings would be required fof
esvablishing 175 palms after aliow-
ing a margin of 26 seedlings for
the mortality etc. nver a perioa of
three years. For shading and
protection of secdlings 1400
thatct.ed coconut ieaves and 1050
small bambeo | casuarina poles
were estimated to be adequate for
the first year. The quantities of
farmyard manure required for the
first, second. third and fou.th

years were 1750kg (10kg/palm),
14
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3500 kg (20kg/paim), 5250 kg
{30 kg/paim) and 8750kg (50kg’
palm) par hectare. For the sub-
sequent years also, 8750 kg per
ha will be required. The inorganic
manurial requirement was 600g
N+320g P.0s+1200g K.0 per
palm per annum from fourth
vear which was limited to one-
fourth. half and three - fourth
tor 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 yearonwards. Application
of neem cake at the rate of 5kg
per palm along with normal ferti-
lizers sincefourth vear of planting,
is a recommencded psactice 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 rhinoceros beetle,
stem injection wit® monocrotophos
at the rate of 5ml per palm and
fumigation with celphos tablets @
two per palm in the case infected
trees fo- the control ~f red paim
weevil. For the control of dis-
eases, 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 ana 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

Takinrg into consideration all
;nputs. the establishment cost was
worked out at Rs. 23,804 and Rs.
35.254 per hectare for rainfed anc
irrigated  systems respectively
(Table 3). Inthe first year, the
expenditure was the highest for
both rainfed (Rs. 5018/ha) and
irrigated plantation (Rs. 7168:ha).
This is quite obvious due to the
special expenses incurred on
clearirg the site, levelling, cost
of planting materials and planting.
On thecontrary it wasthe lowest in
the second year (Rs. 2,189/ha for
rainfed, Rs. 4,339/ha for irrigated)
astheimportant operations include
only interculture, manuring and
plant protection. The expenditure
increased in the third year and
remainad more or less constant
from fourth year to seventh year
(Rs. 3,446/hafannum andRs.4696/
hz/annum). The expenditure since
eighth year for maintenance. and
harvesting was Rs. 4,233 per ha
for rainfed and Rs. 5,483 per ha
for irrigated conditions.

The yield per palm varied from
year to year in the initial period
of bearing and stabilised yield
could be obtained only from
fifteenth year after planting. The
stabilised average yield was 40
and 60 nuts per palm per 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
10,600 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.on during its yielding
pericd should cover the entire
investment and alsc 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 ihe initial
seven years' expenditure and the
compound interest thereon have
been reduced to an annuity value
bearing 10 per cent interest on
the investmant. The annuity was
calculated by using the formula
(Das, 1984),

n

g1

i=1 (1+l’)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/
annum for irrigated) to arrive at
Rs. 8,493 and Rs. 11,854 per ha
being the overall annual main-
tenance cost per hectare for

-89~

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 oy the 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 banks.

The returns were calculated
based on the prices that prevailed
during 1984-85 in Tamil Nadu.
The rmean selling price of coconut
for ©984-85 was 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. 6825 per ha for irrigated
piantations (Table 6). Besides,
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the annvual 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. Thisis 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 aiso 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.
Intercropping 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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