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ABSTRACT

In this study, it is shown that activated carbon can be produced

trom the bark of Spruce and Jack Pine tor use in wastewater treatment.

The bark was pyro].yzed in a tube turnace at 1200 of tor 2 hrs,

and then activated by steam. The activation conditions were varied trom

1200 to 1700 of with residence times ot 15 to 60 min. The yield of

activated carbon ranged trom 6 to 29 per cent based on original air-

dried bark. The activity ot the carbon was determined by measuring the

Chemical OXygen Demand (COD) and color removal from the bleachingetnu-

ent ofa kraft pulp mill which was treated with various· dosages ot.
activated carbon.

The adsorptive capacitY.ot the carbon could be increased by in-

creasing the activation temperature and time, with a corresponding

reduction in the "ield of carbon.

At a carbon concentration ot 10 gil. the poWdered carbon ,could

r_ove up to 70 per cent of the COD and· 95 per cent 0 t the coloriDg

.aterials from. the effiuent learing the first caustic extraction stage

of a bleach plant which contained 1200 ppm of COD and coJ.or transmit­

tance ot '0 per cent at a wavelength of 580 ap. At 20 gil, the reductions

.ere 80 and 98 per cent , respectively J tor COD and color.

Regeneration 0 t spent carbon by steam treatment was teasible

nth little loss in.ither activit,. or weight.
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1. DTRODU~ION

The pulp and paper 1ndustry has been increas1ngl1 concerned

about water pollut1on abatement. Much eftort has been made on finding

an effective and economic method tor treating the ett.luent from a pulp

mill while meet1ng the 1ncreas1ngenvironmental qualitl standards.

Two major tlpes 0 t pollutants found in pulp mill wastewaters

are materials that exert oX7gendemand (wood sugars, fat, etc.) aDd

that cause color (products ot ligIdn degradation) 1.n the rece1.nng

stream.

At present, a number ot treatment processes are in operation at

1laDJ' pulp mills. '!'he,. include primary treatment (settling), aerated

lagoon, act1vated sludge, and chem1cal coagulat1on. However, no single

aethod. was found to satistactorll,. remove major t,.pesot pollutants.

!h:1s 1S due to the tact that the color causing materials which are mostll

agnin"related compounds are largely nonb1odegradable (1), but the,. con­

tribute to the COD of the etnuent. llthough these compounds have not

been found to be obnoD-ousto aquat1c lite, the,. m~ h1.nder light pene­

~ration into the strealland retard algal growth. The main source of

these color materials comes from the bleach plant .and 1D. particular, trom

the first caustic extraction stage•

.&:nother areaQtcoDcern at a pulp.ill is the tisposal of waste

bark troll the wood room. ft.e bark rellloYed in the debarking process1s

eqltl.valent to one-half of the volume of dried pULp produced a d~. .l

1
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fraction ot the bark can. be burned in the boiler to generate steam, but

the remaining bark must be disposed 0 t bY' other means such as the method

of land-tilling or use in tannin extraction.

One method of color removal that is widelY' used is activated

carbon adsorption. It is conceived that if a methodot producing acti­

vated carbon frOID bark tor use in waste treatment is tound, it would

80lve the problem ot bark disposal and of color discharge.

Hence, the purpose ot this study was to investigate the feasi­

bilitY' of producing activated carbon trom waste bark and its use in the

treatment ot pulp mill effluent. Bark was carbonized and then activated

by steam in a tube turnace, and the etfects ot te!llperat~e and activa­

tion time were noted. The activit,. ot resULting carbon was determined

ia terms 0 t per cent COD and color removal troll the bleach plant efflu­

eat. An investigation was also conducted to stu~ the steam regenera­

tion 0 t spent carbon.



2. L~URE REVIEW

2.1 Methods 0 f .manufactur1pg act1vated carbon

Act1.vated carbon is an amorphous torm 0 t carbon (2) which has

been specially treated to. produce a very large surface area ranging

2fro. 300 to 2000. III /g. This large surface area provides the activated

carbon With the ability to adSorb gases and vapors troll gases, and

d:18aolved. mater1.als from liquidS.

B.ere are two di.st1.Jlct types ofact1.'9'atedcarbon; l1.quid. phase

aad gas phase carbons. Liquid phase or decolor1zing carbOns are Ught,

~aat.ri.al.asv.ch as: sa1l' dut, bone, wood, and paper mUl waste

faCture· •. 01 acU.-teet carbon. In .general, ·the .prepar.atiOn ·01·.act:l.Yate4

caziWm. coDsuta ot·· two•.•.. stagea•.. D_17,·· eubon1Zation (ptro1J'81al .aJld

~.ctiboldsat±oa t.aYOJ.....lleati.qofth•.r __tW1.al 1lt'b•

...__ ·of a::I.:r .•at.t~u t1ae·.r...-.of.,OO ·.ta .•·SOO .• oc. Bia·pro­

c.-dd:.... ott JI08t ottheY01atUe _tura· llIPi.prodUcee ara"tbr



isation.

thaD. that 0 f carbonization.

It has been postu.lated (',.5) that activation o~cu.rs u two

·0
First, large pores (> 100 A ) are· formed by the removal 0 t the

Wolff (3) studied X-ray diffraction of activated carbon and

,.

ofused hexagonal rings, nth a plane width of 20 to 50 Angstroms (A ).

pores in the carbon mass, thus rendering the carbon reactive. The oxida-

the activity desired; and the temperature of activation is much higher

tion is usually carried on frOIl 15 min to several hours depending upon

removesresiduaJ. hydrocarbons and also develops an intricate network of

found that activated carbon in its simplest form is composed of randomly

The activati.on process, including the carbonization stage, is a

bonds. Further heating results in thearom~:tizat1on0 f some 0 f the

~ouble bonds, causing small aromatic· nuclei to fora· am1.d large.hetero-

c7cl1c structures. It is· also believed that· the size of the laler

Garten and Weiss (4) proposed that carbonization i.s a polymerization

structure of activated carbon that might contribute to the understand-

w.ll understood yet. Studies have been done to determue the molecular

2.2" Mechanism. 0 factivation process

series 0 f complex chemical reactions the mechanisms 0 f which· are not

w~s.

oriented JIl1crocrysta1lites consisting ot many layers of aromatic or

p1anes· is intl.uenced by the maximum temperature attained during·· carbon-

process resulting from thermaJ. dehydration With formation 0 f dOUble

ins of activation processes.



1I08t reactive material consisting °t hydrocarbon radicals attached to

the edge carbons ot the microcrystallite. Second, micropores (5 to 20

14°) are tormed by the burn out ot large segments ot ~ndividua1 micro-

cr7stallite layer planes. Baker (6) also proposed·a similar mechanism

o t activation Which consists partly' 0 t increasing the surface area by

producing numerous small capillaries.

Snow et ale (7) toundan interesting tact that inorganic matters

present in the starting material causes dislocations during micro-

C17stall.ite tormation and speeds up poredevelopaent during activation.

Recent stnd1.es at Colorado University (8) indicated that the

porous structure ot the starting material has a strong influence on the

activation 'bycarbond1oxide, and that in order· to develop a large sur-

tace area, a substantial m1cropore structure aust be present :Ln the

starting materiaJ..

When steuis used to acti'V'ate the carbon there are several
~

possible reactions (9):

c + H2O (g) ) CO + HZ

C + 2B2O (g) ) CO2
+ 2H

2

C + COz > 2CO

CO + BaO (g) ) CO2
+ lIa

Shce .the actiYating reaction .is endotherm.c, ft'ternalheat i8

req1l1red. It,. however, the product gases are 'burnt. to provide heat, the

act:l.vat:l.on 'becomes sel.t-sust.nud. after the 1D1.t1al heating (10).
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2.3 Adsorption phenomenon

Adsorption in liquid phase is a process for separating small

quantities of organic impurities trom dilute solution. It maybe ex­

plained in terms of interfacial action. Molecules at the solid surface

(adsorbent) are subject to unbalanced forces which tend to attract other

llo1escuJ.es in the liquid phase. This adsorption is known as phy'sical

adsorption.

Upon contact With a liquid containing organic materials, acti­

vated carbon se1ectively adsorbs these materialeuntll an equil1brium 1s

reached. In water carbon has a great attraction for 1arge organic mole­

cules and nonpolar compounds (11), and the torce of attraction is much

greater when the adsorbed molecules are similar in size to the pores.

ftereare three ma:Ln factors that affect the efticienc7 of the

adsorption processtname~. (i) contact time, (11) temperature, and

(iii) pH.

(1) Contact time. At ambient conditions, adsorption i8 a rela­

t1ve17 slow process and adsorption equilibrium is reached onl1 atter a

sutt1cientl3' long contact time. Agitation .or.miz:Lng ot .the solution

tends to speed up the adsorption rate and, hence, reduces the 1ength of·

contact time.

(11) temperature. Genera.ll7, the rate· and adsorptive capac1t7

1Dcrease sl1ghtl7.nth decreas:1.ng t8Dlperature of the aolut10n.

(1:U.) pi of the ligU±d phase. !hepB ettect on the adsorptive

power ot activated carbon is due to the fact that pH1.nf'luences tile

decree .of d±ssociation ot color IDaterials in solution. Undis.oeiated
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molecules are found to be more strong17 adsorbed than the ions resuJ.ting

trom these molecules. It has been found that (12) electropositive mate-

rials are adsorbed by the carbon more effectively in aJ.kaJ.1. solution,

while electronegative matters are removed better in acidic solution.

Amphoteric compounds, Buchas colloids and some natural colors, are ad-

sorbed best near their isoelectric point, where they show neither acid

or basic properties. However, pH has DO effect OD the adsorption or

nonelectrolytes such as sugar.

Quantitatively. adsorption is usually formulated trom theempir-

ical Freundlich or Langmuir isotherm.

Langmuir isotherm is expressed by the folloWing equation (13):

! = abC
M 1 + aC

where

x •.·weight 0 t solute adsorbed,

M • weight 0 r adsorbent (carbon) t

C • equ:Ll1brium concentration of solute, and

a. b • constants.

Freundlich isotherm is based on the following expression ( 13) :

I. keD
M

where

Jet H, C., saae as abo", and .

k. n • constauts depending on temperature, .nature 0 t adsorbate t

and adsorbent.
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Both adsorption isotherms describe graphically the relation be­

tween the weight ot material adsorbed at equilibrium per unit weight ot

carbon and the concentration ot adsorbate (see figure 1).

2.4 Application 0 tact!vated carbon in ·wastewater treatment

The abi11ty 0 f charcoal to remove color from solution was first

known in the fifteenth century (14). Later, with the development ot the

activation. process in Germany, activated carbon found application in the

cane s.ugar refineries. POWdered carbon was used as a decolorizer to

remove colored impurities from the sugar syrup. Its use in water puri­

tication on a plant scale did not come about until the late 1920's (15).

!!he carbon was mainly' employed to eliminate taste and odor from drink­

iDg waters.

llthough appllcationof. acUvated carbon for wastewater treatment

is quite new,its potential value as .a practical and economical treat­

.ent process has stimulated much research in this area.

Carbon adsorption as a tertiary treatment process to remove

r.tractor7 organic matters from domestic sewage and :Lndustrial wastes

has been reported 111 several. studies (16, 17, 18, 19. 20). Cooperand

Hagen. (21) recoJDJllended activated carbon for advanced waste treatment

where reclamation is ot importance. !reatment of secon4an'_1ndustrial

.tfluent nth carbon wastound to remove uP. to 85 per cent of ~ota1

Orgam.c Carbon (fOC) (22). Act1.vated carbon corabiD8Cl With coagu.1ation­

tU'tration c~be a potential. replac_ent tor the traditional biolog;t.cal

treatment (23, 24). Fox et ale (25) at now< Chemical reported good.



F:Lgure 1. Graphicalpresentat10n of Langmuir isotherm Ca) and Freundlich
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results ot purification of a waste brine by activated carbon. 10

Within the pu1p and paper industry, carbon adsorption appears

to be ot particular interest 1.n removing col.ored matters trom the efflu­

ent (26, .27). Recently, a three-year study was conducted at St. Regis

Paper Company (28) to develop a novel method 0 f recycling the m1.11

etfluent after treatment With activated carbon. The technique was

claimed to achieve 90 per cent reduction in present water requirements

at pulp m1l.l.s.

2.' Regeneration 0 t spent carbon

In the use 0 t activated carbon for treatment 0 t wastewate%", it

1s usuaJ.ly economical to regenerate and reuse the spent carbon. There

are several methods tor reactivating carbon (29): solvent wash, acid or

caustic wash, thermal reactivation, and steaDl regen~ration. When sol.vent

1s used to reactivate the carbon, the adsorbate is allowed to cOile into

contact With the solvent wh1ch·d1.ssolvesthe adsorbed materials in a

carbon bed. The bed 1s then drained of the solvent and the regenerated

carbon isrea.d,- for use. It an aoid or caustic is more ettective than a

solvent, it ~ be used:1nplace 0 t 801vent. Thermal regeneration in­

TOl••s three successive steps.: d.rying, baking, andact:1vating by au- in

a aultiple hearth turnace. '11th the method otsteam. regeneration, the

at_ 1s passed through the spent carbon and is either vented to the

atllOsphere or condensed and· recovered.



3. APPARATUS

A schematic diagram of the apparatus used to produce activated

carbon is shown in Figure 2.

!he tubular reactor was constructed from a 2.0 in. schedule 5S

steel pipe, approximately 28.0 in. 1011g. Both ends or the pipe were

t1tted w1thsteel caps which could be removed for loading and unloading

aaterials. Attached to each cap was a retaining disc· and a stunleas

steel screen to keep the bark within the heating region ot the fUrnace.

External heat tor the process wassupplled b,.a Lindburg Hev1­

d:at,. tube turnace equ1pped With a temperature controller having a tem­

perature range t:t-om 390 to 2192 OF.

A .etering pump delivered distilled water to the reactor at the

rate ot 5 Ills/mill. During the experiment, helium gas was bubbled. through

the water to remove traces ot dissolved oxYgen (nitrogen coul.d be used

1a place ot helium). Upon entering the hot reactor, the distilled water

Taporized to steam Which 1n turn activated. the charcoal.

A cooling coil and condenser connected to the pipe outlet enabled

tar and Condensate to be collected. Honcondensable gases escaped through

a vent.

C010r determ1.uation at the etnuent.was cOJlducted using a Welch

Chea-AnaJ. Systea .. Spectrophotometer. 'his qatea consisted 01 the tollow­

blg. units: powersuPIUY, light source,·· monochromator, _ple compartment,

~.t.ctor, and meter. The sample compart.ent contained tour 1 em square

11
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Figure 2. Schematic dlagraa of the apparatus.
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cuvettes (cells). To ensure prec~se absorbance measurements, the same

cuvette was cont~nuaJ..ly used as the samp~e ho~der.

A llechan1ca1 shaker ot rotary type was employed ~n JD1X1ng .the

etf'luent sample andact:ivated carbon. The shaker had sWitches tor set­

t1ng the speed and time ot mixing.

A revo~v1ng ball m~ll was used to pulverize the carbon. The ba11

.11~ was made ot a. POrcela1.n cyllndr~caJ. sheU, 6.0 :in. long and 5.0 ~n.

eli_eter, and tilled nth e~ght to ten 0.5 i.n. steel balls. It was

driven by a motor (ModelJK2, Zero-Max) at a speed ot about 25 .rpm.

All apparatus tor anal7t1cal tests are g1ven1n the APPENDICES.



4. PROCEDURE

4.1 Analytical procedure

4.1.1 COD analysis. The COD is a measure ot the oxYgen equivalent ot

the organic traction 1n a sample ot wastewater which can be oxidized by

permanganate or dichromate" in an acid solution. There are three methods

wh1chhave been CODlJDonl,. used tor COD analysis. These are:

(i) Dichromate oxidation,

(ii) Permanganate ondation,and

(11i) Rapid COD test.

J'o111d and Luns ford (30) reported in a cOllparative, anal1sis that

the dichromate method haa the b1.ghest oxidation ,.ield. However, tMs'

••thod is rather costly intenDS ot chemical reagents and lengthy' reflux

time. OD the other hand. 'the Rapid COD test as proposed by Jeris (31)

reduces considerabl,. the testing time. but it has disadvantages due to

the sensitivity to digestion temperature and the requirement ot a .er­

C1l17 salt. It was decided to use a lIlodit1ed permanganate method tor COD

aJla17sia 1n this work because ot the tollonng reasou:

J'1rst. a mod:1t1ed perallUlganate .ethod Which waaco_only used

to determine the . fthardn.sa" ot wood pulp was found to b. also suitable

tordeterJlin1ng COD at bleach plant effluent. Tb1.a ••thod requires .er1

11ttle chencaleandaahort reaction t:1•• (5 Ilinl. andean be carried

01lt at rooll temperature.

14
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Second, there is a direct relationship between the Peraanganate

Bumber (K Number) by this method and the COD obtained trom Rapid COD

test (see APPENDIX A.l).

a4.1.2 K Number. The permanganate method is based on the K Number which

is detined as the number ot mls ot 0.1 N KK 0 solution consumed by 1.0 g
n4

ot moisture-tree pulp under acidic condition (32). !he complete proce-

dure tor determining K Number is g1ven in APPENDIX A.2.

In correlating K NWIlber with Rapid COD. samples ot effiuent were

treated with various dosages of activated carbon aDd tiltered through

0.45 , millipore tilter disc. The filtrates were then analyzed for Rapid

COD and K Number.

4.1., Color analYsis. Color determinations were conducted using a Welch

Anal System Colorimeter. A wavelength of 580 m, wh1chgavemaxiaua

sensj.t1v1t,. as stat·ed b,.~ushee (33) was used in all tests. The raw

.ffluent (pH 8.2) had an initial light absorbance of about 0.350 at this

wavelength.

A .ethod used for determining the per cent color removal was

dey.loped as tollows. The etfiuent was diluted with distilled water in

a.erie. of d1.1utj.oDS troa 0 to 100 per cent, and lOr each dilutj,on the

absorbance (optical den.8it7). was· aeasured. A calibration curve ot ab-

sorbance vereu. per cen.t dilution.as plotted and used· tor expressing

~. is not thes... K Number whichisus.di in the determination
ot the relative "hardness" ot pulp.
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color removaJ. efficiency atter carbon treatment.

4.2 Carbonization and activation

Shredded bark obtained trom the Prince Albert Pulp Mill Company

was a1r-dried and turther crushed in a hammermill to a final mesh size

range from 10 to 50 (by Endecotts standard sieve).

About 140.0 g ot bark was placed in the reactor and carboniZed at

o1200 F tor 2 hr~. At the end of the carbonization period, the tempera-

ture was raised to the desired activation temperature and water was

pumped through the reactor at the rate ·0 t 5 us/min. Upon entering the

hot reactor, the water vaporized to steam. which activatedthecharcoaJ..

nenactivation was compJ.eted, the hot carbon was alJ.owed. to cool ott and

reweighed•. The product carbon ..as crushed in a bal.lJlill tor 15 min, and

then separated into two difterent mesh sizes: granular (50 to 100 mesh)

and powder (230 to 400 mesh).

B7 v&r71ng. th~ furDAce temperature. and residence tille tor the

activation period it was poss1.ble to obtain carbons ofd1tf'erent degrees

of activit,.. FJ.gure 3is the flow sheet of the manufacture of activated

carbon in this study.

4.3 Act!v1tx determination

'!he test tor adsorptive activity consisted ot II1X1ng 0.2,0.4,

1.0. and 2.0 g ot activated carbon with 100 ala ofbl.each1.ngettluent in

250 al ErleDlle,.er tlasks and agitating the sl.ur17 m1Xtureson a .echaDi-

ca1 shaker at 150 rpa· for at I.east 2.bra. The aiXture••ere then .epar-

ate4b,.t1ltering through 0.45 )l1l1ll1pore t1l.ter discs. A sample of
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Steam

figure 3. Flow sheet· 0 t ·ac't1Yated carbon ·lIIUlllta.cture.
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raw eftluent without carbon was used as a control. The filtrates were

then anal7zed for K Number and light absorbance.

The act1.vity of activated carbon was expressed in terms of COD

and color removal trom the effluent.

4.4 Test for the effect of contact time

A.prel1minary test .aa con.ducted to determine the contact time

aecessar,. for adsorption to reach equilibria.

ODe gram ot an arbitrary' activated carbon was weighed and added

to each of five 100 mlsa!iquota ot tiltered effluent. These tive treat­

ed _plea were agitated on a shaker tor 1, 2, 3, 4, aDd 10· hrs, respec­

tiY~twh1le a sixth _pl.e was stirred as acontroJ.. "At the end of

ita coll'tact tUeteach saaple was tUtered. through a 0.45 ,. f:L1tered disc

u.d the K Nuber was .easured.

-.5 !lest for· t_perature effect

'De .ttect ot the teBtperature ofeftluent on adsorption was

cletera1.aed. 1>7 meaaur1.Dg the actiri.t7 of an eb1.trary carbon at various

t8aperatvr.e ot 5. 24 f aJld. 4'1°C. 'fo aainUia a coutant temperature

..n.:ro_nt the adsorpt1.oa procedure ....earneclout:l.n an .:l.ncubator ~et

•.... 'tM..•~t_,.~.....
,...'het tor pHef"ftet

ft* at.at to: wh1chpB ot the .ttl_at IItPt att8C't the adeorp-

.-1i.oa........t1l¢l..d.by 1.g ''t.e,...t:l.v1.t7'ot·carbo1liJl.etttlUeat·of pH

~. ftoa·. ,. to 12. CO lf
Z

S0
4

.or ...... _ .·ued.•··· to· adjust the

"
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'pH to a desired value.

4.7 Regeneration procedure

The procedure for regeneration consisted 0 t placing a known

aaount ot spent activated carbon in a copper tube, 7.0 in. long and 1.0

in. Inside Diameter (ID), and covering two ends ot the tube with glass

wool. The copper tube was subsequentl,. inserted in the reactor (pre-

viouely used in producing activated carbon). The reactor was then

heated rapicn,. to 1200 OF in the tube furnace, and distilled water was

pumped· into the reactor at the rate 0 f 5 mJ.s/min for about 30 min. At

the end ot regeneration, the reactivated carbon was remo.ed and tested

tor activit,..
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,. RESULTS AND DISCUSSION

,. - light absorbance,

'fbi. relation applies well for K NWlber range of 2.5 to 6.0

z • per cent clUution,

As can be seen trom Figure 4, there is a linear relationship

COD =(212.8)(K Naber) - 137

"0 - 1.D1.t1al light absorbance, and

• • slope ot the stra1gh.tline.

the above.equat1.on becomes:

relation:

.l plot of light absorbauc~·versus· Per cent dilution is shown in

figure ,. In accordance With Beer's law, a linear relat101l8hipis ob-

curve tit of the data points, and it may be represented by the folloWing

between Rapid COD and K Number. The solid line is the least squares

tuned and can be expressed by the tollowing equation:

the extrapolation b,. e,.eball through the origin.

wlU.ch corresponds to COD range 0 t 400 to t 130 ppm. The broken .line is

,. t Correlation orK Number with Rapid COD

'.2 Calibration curve 0 f color removal
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Figure 4. Correlation between KXumber and COD.·
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ing expression:

The pH effect on adsorption e ft1ciency otcarbonis shown

time of 2 ars was used to ensure that equiJ.ibrium was reached.

fore, convenient to carr," out the cubonadsorption. at ambient telllpera-

As is evident from Figure 7, the temperature in a normal. range

r, to 47 °C) has littJ.e effect on the adsorption process. It is, there-

23

From the pJ.ot ot per cent COD remaining against contact time

(see Figure 6), it is observed that adsorption equilibrium was essential-

Hence, the perc'ent of coJ.or removal. (dilution) is given by the fo110w-

h:1gh in the first hour, then d1m1nished to zero. As a result, a contact

ly reached in 2 brs of mixing. The rate ot COD reduction was initially

4, the COD removal increaseci troll. 40 to 66 •per cent .•hUe color removal

that the organ1,cimpurities -in the etnuent areot e1ectronegative nature.

l1.,.es· greater adsorption nth increase in acidity althe solution, and

graphically in· Figure 8. As pH ot the effluent was lowered from 12 to

increased. by about 10 per cent. .This indicates that activated carbon

'.4 Effect ot temperature on adsorption

5.' Effect of pH on adeorption

'.3 Effect ot contact time on adsorption
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J'J.gure 1. E.ttect ot temperature on COD r_oval. (al and color r_oval (b).
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ter1zed by its tineness, low densit,., and large surtace area per unit

Fixed carbon

%by weight

Maj.stva Volatile Ash

785 1.32 5.66 6.95 86.50

810 1.10 1.65 13.20 18.10

Setae.
~ea

(Il /g)

21

~ab1.. 1 shows the resUlts ot surface area and carbon content tor

P1qs1.ca1.1,., the activated carbon produced trOll bark is charac-

!he surface area was determined trom nitrogen-adsorption by the

acaz.tloa .proneed .• at 1500 0., eel· 30 nn act!.va:tion.

be:.t»apro.dlI.Ced a-t 1600 01' &lid. 3OJI1:aactd,:watione

r

tor specific surtace area aDd carbon content.

Br1mauer, Emmett, and Teller (Bft) method (34). The carbon content was

determined by ProXimate analysi.s (35).

two _plese

weight. Some representative samples ot activated carbon were analyzed

5.6 Physical. properties 0 t activated carbon



method of least squares curve tit for each activatioJ:l time.

ad granular activated carbon asa function otcarbon cOJlcentration

oThe 70 per cent loss at 1200 F, therefore,

concentration 0 t carbon· increases, the per cent color. r8ll0val appe.ars to

bcreasewith a decreasing rate and levels oft at 20 gil. At 1600 OF

While temperature and durat1oDof activation are two· parameters. As the

P1pres 11 and 12 show, .the color removal actiV1t7 of powdered

tiCD occurs during the carboniZation stage.

grinding. Temperature and duration of the activation period appear to

perature. The straight lines through the data were obtained by the

28 .

bon. The bark has a mesh size of 10 to 35, while the nonactivated and

tribution of the pulverized bark and the nonactiYated and activated car-

have little effect on this distribution. Figure 10 shows the size dis-

From the plot 0 t yield versus activation temperature (see Figure

given activation time, the yield decreases linearly with increasing tem-

,., Co1gr remoYH activity

activated carbon have a size range ot 14 to 100 and 30 to 100 mesh,

re8pect1ve~. It is end.nt, therefore, .that a substantial sizereduc-

during activation at 1200 0p.

occurs during the carbonization stage. At higher temperature the yield

is a function of both temperature and duration of activation. For a

'.7 Per cent Yield or activated carbon

9), it is evident that activation time has little eftect on the yield

,.8 Particle size distribution

~abJ.. 2 gives the size distribution of activated carbon prior to



P1gure .. 9. Plot 0 t 71e14 0 t carbon versus act1vationt_perature41
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Table 2. Size distribution (% weight) of activated carbon prior to

grinding.

Activation Activat:1.on Endecotts mesh size
temp§rature time

(OF) (nn) 25 to 50 50 to 100 100 to 230 230 to 400

15 73.5 14-5 7.0 4.8
1300 30 77.5 12.6 6.3 3.6

(704 °C) 45 69.4 12.8 11.1 6.7
60 69.1 13.2 10.4 7·3

15 68.1 16.5 9.3 6.1
1400 30 60.8 22.3 13.8 3.0

(160 °C) 45 70.2 17.4 8.-2 4.0
60 71.5 18.9 5.7 3.9

,-'

" 70.'0 15.9 7.1 - 4.0
1500 30 71.5 13.4 8.6 4.9

(816 °C) 45 72.5 12.0 9.6 6.0
60 70.9 15.7 7.2. 6.0'

15 68.0 19.3
*

8.2 4.2
1600 30 70.8 17.8 1.0 4.3

(871 °e) 45 62.0 21.6 10.9 '.4
60 58.5 2.2.2 11.0 8.2

1, 60.2 18.4 12.' 8.9
'1700 30 58.2 19.2 13.6 9.0

(927 °e) 45' 58.0 18.2. 14.8 8.9
60 56.2. 19.5 14.0 10.2.
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varies f:rOJI 30 to 60 min.
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o
A:t 1700 F there is a drop 0 'It in the color actin.ty

In comparisonotthe results inF1gures 11and 12, it is found

t~t UDder the sue concU.tions ot cantaettae, t_perature, and.pD,.

P1pres 13 and 14 show the plots 0 f color activity versus

creases rapidly W:1th increased activation temperature and, apart from

the 15 min run, it does not sign1t1cant~ change as activation time

and about 90 to 95 per cent at 10 gil, but an addit:1onal 10 gil W1.ll only

crease :1n the percent ot color removal because adsorption is more difti-

effluent With 4 gil of carbon removes 40 per cent ot the colored matters

remove another 4 per cent 0 f the color. Therefore, :1t is evident that

activation temperature (see Figure l1d), for instance, treatment of the

an increase in carbon concentration does not produce a proportional in-

activation temperature. But, in general, the activityot the carbon in-

color actirt.ty appears to·increase almost· proportionally with tempera-

. .... ... .. 0
tve and reaches a maxiJllum value in the neighborhood 0 f 1600 F and 30

activation temperature tor carbon concent~ation ot to and 20 gil. The

as seen in Figure 13. This mq be part1.7 due to the .experimental error

un activation.

acti.,.e. Idt-es ot the carbon as endenced f:rom the presence of white ash

and. to the tact that extremell high temperature tenets to destroy the

1a tile carbon. However, this tall in the activit,- 18 notnoticeabl.

when the applledcarbon concentration ishigl1er, that is, 20 s/l, (see

P1pre 14) because it is overcome .by· the eXCeSBaJIOuut ot carbon.
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the powdered carbon (230 to 400 mesh) is slightly more efficient, than

the granular carbon (50 to 100 mesh) by a difterence of 5 to 10 per cent.

'.10 COD removal activity

Like the color removal activity; the COD rellovalactiv1ty at

activated carbon increases With increasing temperature and duration of

the activation period as shown in Figures 15 to 18. The per cent COD

removal tor a g1vencarbon concentration is generally less than that for

color removal. This may be accounted for by the tact that activated

carbon has a greater attraction tor large organic molecules, such as the

colored sUbstances, than tor small degradable organic compounds which

aake up the bulk 0 t COD in the pulp mill effluent.

It is also observed that the maximum COD reduction is approzi.-

mately 80 per cent (as compared, to .the color removal 0 t 98 p~r cent) at

o1600 to 1700 F activation temperature. Consequently, some 20 per ~ent

o t the organic material .hich does not co:ntribute to the color 0 t the

etfluent cannot be removed by activated carbon. W1th the 1nitial COD

concentration ot 1200 to 1300 ppa,the bleach plant effluent will st111

retain an average COD level 0f250 ppm after treatment With·· carbon-

'.11 Reseneration 0 t spent carbon

It is observed from FJ.gures 19 and 20 .that the regenerat10no t

_peDt carbon by .8te_ at 1200°, 18 feasibl.e. fte activit,.· of· once-

spent carbon can be r.a~ recovered to near original activity With

ver7 little weight loss.(estimated at3 to.5 per cent). The requirement

of fresh carbon, thereto!'e, can be reduced greatl1 ita regeneration
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cycle is incorporated with a carbon bed adsorber, and this is quite sig-

nit.1cant in terms of cost reduction.

5.12 General discussion

Because of the variable nature of' the experimental conditions

(that is, temperature, activation time, carbon conceDtration, etc.), it

is not possible to pinpoint the optimum conditions under Which the acti-

vated carbon is to be produced and utilized. The selection of a suitable

carbon w111 largely depend upon the degree 0 f treatment and economic

cons1derations. Nevertheless, the experiementalresults obtained from

th1.s stuq represent some important application criteria. Since the
. 0

activated carbon produced at 1600 F and 30 to 45 min of activation

appears to have adsorptive capacity near the maximum attainable, and that

the ,.ield ot carbon drops 0 ftrapidly With increased temperature and

durat1on. it will not be econoJll.1cal to produce activated carbon at be-

~ond these conditions.

!heactivated carbon produced trom bark has large surtace· area

and l"elative17 high carbon content Which account tor its great adsorptive

ab1lit1'. 1n .liquid··phase. It Can remove near17 all the colored matters

fro. the bleach plant etnueat, but take up oDJ.,. some 80 pet" cent 01 the

COD. However, it· the color 0 t .the bleaching effluent is. the main concern

and tu,t the rema:f.n1ng. COD mlQ' be eliminated in a turther treatment. pro-

ce..8. along With wastewaters tro. other sources. then the use of act1vated

carbon1e ver,. benet1ciaJ..

ft.. quantity ot activated carbon required to treat ~1 bleach
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plant e ttluent m~ be estimated by using the data available from the
i

Prince Albert Pulp Hill Company. It is a typical kraft JIl11l with a cap-

acity of 150 tons (short)/d~ and produces about 4 million Imperial

g.:L/day bleaching effluent. This effluent has an initial COD concen-

tration of about 1250 ppa and light absorbance ot 0.350 at a wavelength

of 580 mJl (at pH =8.2). On the assUlIlption that the carbon is activated

at the con41tion ot 1600 of and 30 .min duration and that a treatment

concentration ot 10 g carbon 11 ot etfl.uent is applied to affect COD and

color removal ot 10 and 95 per cent, respectively (see Figures 13 and

11) then the quantity ot carbon required will be roug~ 400,000 lb/day

on a once-through basis. The waste bark currently available tor manu-

facturing carbon (20 per cent of the total bark from the wood room) is

76 tou/d8.l•. If the average value ot15 percent (from Figure 9) is

taken tor the yield, the quantity otcarbon produced will be 23,000 lb/da,..

It· is evident, therefore, that on a once-through basis the amount of car-

bon Which can be produced Will not meet therequirellent. To malte the

treatment process feasible, one Jlustreuse the spent carbon by aeans ot

regell8rat1.on. The fresh carbon Will compensate tor the carbon loss in-

curred b1 regeneration process andb,. handling. St1.11, it· will be. a

challenging. task to design an 1ncorporated systeJl cons1st1».g 0 f three

1lD1ts: activated carbon reactor, carbon bedadsorber, and carbon regen-

erator.

,. " Discussion ot errors

Pro. the exper1ment~ results obtained in this stud7,. it 180b-
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served that some inconsistency was encountered in the calculated activ­

ity of carbon. The main sources ot experimental errors might arise trom

the following:

- A prolonged cooling period following the activation might affect

the extent 0 t activation, and if the reactor was hot and still contained

sufficient water vapor, it could cause the activating reaction to pro­

ceed beyond the set limit.

- The surface of carbonized bark was not uniformly exposed to the

oxidizing steam in the reactor. This caused a nonnniformity in the act­

iTity of carbon and accounted for a few unusual crossing-over of the

curves in Figures 11 t 12, and 15.

- Possible errors in the light absorbance reading were due to

tJ.uctuations in pH and temperature ot the effluent. ."

- Also, some errors could be introduced in tne determination ot

COD and K Number.

The magnitude ot the overall error in COD and color removal act­

iri.t~ 1s estimated to be .:!:. 10 percent.



6. CONCLUSIONS

Due to many ~Dterrelated variables and limitations, the optimum

conditions under which activated carbon can be produced will be influ-

enced by the economic factors and the extent towbicn the effiuent is

treated. However, sOlDe conclusions may be drawn trom the resuJ.tsot this

atud7:

1). Bark otSpruce and Jack Pine can be carbonized and activated

to produce highly act~ve carbon.

2). The temperature of activating reactionshoUl.d not e::Eceed

1700 OF. The act1.vit1 ot -carbon increasellwith.1ncreased tem.pera.~ure and

length ot act1vationtime and with reduction in the yield of carbon. It

oi8 amaz1mum when the activation temperature and tae >18 1600 F and 30

ain, respectively.

3) • At carbon concentration 0 f 20. gil, the maxiJaUll COD r_ovaJ.

attainable is about 80 per cent (the initial OODlevel is 1250 ppm)

w1l11e the maximUll. coJ.or removal is 98 per cent (the in1t1.aJ. light ab­

sorbance is 0.350 at the wavelengthot 580 ~p).

4). Inder thee.... conditioneot adsorption, the powdered car-

bon has a greateradsorptive capac1t7 than the granular carbon,but it

has a disadvantage of tif'ticulty 1n h&Dd1.i.Dg. The act1.vated -carbon is

aore ettect1.ve in acidicthan·inalk.a11- solutions. Teaperatureot the

• ttluenthas no e ttect on the adsol"ption ot c8J"bon~ ( 5-50 ·C ).

5'. ReseDeration ot. spent carbon b7treataeDt With steam at
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o
1200 F for about 30 Il1.n can restore the or:f.gi.naJ. activity to the carbon

Withl1ttle weight loss.

/



7. RECOMMENDATIONS

Further works are suggested to cover the following aspects:

1). Perhaps the carbonization can be carried out at a lower

atemperature ( < 1200 F) in order to increase the yield of activated car-

bon.

2). The possibility of using black liquor or effluent from

caustic wash as the activating fluid instead ot distilled water should

be considered.

3). A flow reactor in which bark is cont1nuousl1 converted into

activated carbonma,. be des1.gned.

4).. Hore studies on reactivation .0 t spent carbon sAould be done

nth regard to temPerature and time ·variables.

5). COIlb1.ned wastewater treatments cons1.sting of activated car­

bOD and other methods should be studied.
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APPENDIX A. 1

One 5 ml volumetric pipet.

Three 500 m1 Erlenmeyer nasks.

One hot plate.

o 0Three thermometers, 0 to 210 C! C.

1) •

55

(1) Apparatus

3). Ferroin indicat.or solutiOn. Dissolve 1.485 g of 1, 10

RAPID COD TEST

4). Mercuric sulfate (HgS0
4
).

,). Dichromate standard (0.05011). »18So]..8a.4518 gK
z

Ct:
2
0?

dried, P11.JIUU7 standard grade, in distilled water and dilute to 1.0 1.

phe_throan. (D.ono~drate)t together nth 0.695 g of FeS0
4

• ?H
2

0 1n

water and aUute to 100 Ills.

(:1.1) Reagents

1). 0.05 N dichromate-acid solution. Dissolve "5.0 g K
2

Cr
Z

0
7

and 20.0 gAgS0
4

in a solutioB cons1sting ot 1.0 1 each ot concentrat~d

H2SO4 and B3PO4•

2). 0.05 H ferrous· UIIIlOUum sulfate. Dissolve ao.o g of Fe(1H
4

)a

(SO,.)2 • 6HaO 1ndist1lled water, add 20 Ills concentrated H
2

SO
4

, and

41lute to 1.0 1. 'fh18solut1on 18 standardized ag.bat 0.050 • Kz.CrZ0
7

prior to use.
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(iii) Procedure

1). Add appron.mately 0.3 got HgSO4 to a 500 JIll. Erlemaeyer

nuke
I

2). Pipet 5 mJ.s or a suitable aliquot of the effiuent sample

diluted to 5 mls into the flask. Mix well.

3). Two blanks are run by substituting 5 mls distilled water

tor the sample and contintl1ng with s.teps 4 through 8. The average 0 f

these two titrations is used in the calculations.

4). Caretully add 25 mls of dichromate-acid solution to the

flask and swirl the contents.

5). Place the flask on a preheated hot plate and heat to 165 !

1°C. A therraometer should b~ iJD.mersecl in the solution and frequent

sW'1rll.ng should be employed. 'fi.lt the flask so that the bulb of the

themometeria immersed when reading .the temperature. Remove trom heat

owhen 165! 1 C is reached~

6). Caretully add approX1llately 300 Ills ot d1stil1edwater.

7>. Cool the solution in a water bath to aIlbient temperature.

8). Add tty. drops ot ferro1n indicator and titrate to an orange

eu. point With ferrous ua01l1ua sulfate.

9)•••. '!Wo standards arerllnbl' adding 25JD1s otO.050 dichromate,

ac1d:LfJ'ing With ZO us concentrated BzS0
4

, and continuing With steps 6,

.1, u.cI 8.

(1v) calculations

n. COD·1s calculated as foUows:



where

•• . (25)(0.05)
I1J.s from step 9

If • normality of FeCNH
4

)2 (804)2 and /

N x 8000 . .
COD(.g!l) • mJ.s sampJ.e (mls from step 3 - mJ.s trom step 8).
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1• 10 180 '.97 1063

2.73 1t80 6.00 1086

3.35 583 6.05 1084

4. 15 722 6.05 1128

4.55 864 6.07 1131

....70 887 6.17 1189

,..8, 889 6.20 1243
.,.,

5.10 9'" 6.25 1262

~.20 1005 6.27 1128

'.3' 960 6.30 1220

'.65 1022 6.•" ''''''
'.6? 1051f. 6.60 1327

'.73 t084 6.~ 1289

'.80 1092 6.85 t,321

'.92 1112 6." 1383

'.92 1082

hble .l.t CorreJ.at1on betweenK Number and COD.

58

COD (ppm)
It

HumberCOD (ppm)
It

Humber



.APPENDIX A.2

It NUMBER TEST

(:1) Apparatus

1). liechanicaJ. stirrer.

Z). Reaction beakers (1000 ml glass beakers).

3). Automatic burettes.

4). Stop watch.

(ti) Reapnts

1). 0.1 1f KH 04 solution (accurate to +0.005 H) •. This perman-
D . . - ~

paate ·solutioD. is standardized against. pure sodium oxalate (Na
Z

C
2

0
4
).

2). 0.1 N sod±um thiosulfate (Na
2
SZ0

3
• 5H20). D:l.ssolve 24.8 g

. otCP socliUlil tb±osuJ..fateaDdd1J.ute with distilled water to 1.0 1. Add

t 111 ofch1oroformto preserve the solutio.n. This solution is.· s'tandard-

iZecla.ga:1ut IQfn04 as tollows: add to ad.liD1t. volu.e ot 0.1 If-KMn0
4

_1:ta.U.on, soae.. potasmlml iod:l.de (1.0 N) and HzS04 (0.1 X), then titrate

'theUberated .1od:l.ne 1d.thsod1._ tMosulfate using starch indicator

3). 1.0lfu.mssoJ.ve 166.0 g ot KI and d1J.ute to 1.0 1. The

If.). ,..~ lfItzSO",. Add 11Z mJ.S ot concentrated HzS0
4

to about

o-5OOa1a ot< c:a1.4d.1at111.ed. wa-'ter and d1.lute to 1.0 1 a.t 20 C.

,.). S~ua.catO%'"soJ.ution. Stir 3.0 got· soluble ·.starch :l.n

'9



60

100 Il1.s ·0 f 1 per cent saJ.icylic aci.d solution. BoU the. mixture till the

starch i.s dissolved then dilute to 1.0 1.

(1ij.) Procedure

t). Measure 25 mls 0.1 N KM
n
0

4
into a 200 ml beaker.

2). Measure 25 mls 4.0 N H
2

SO
4

into a graduate cylinder.

3). Put about 700 mls of distilled water into a large beaker;

theJladd the measured ~so4and mix thoroughl.y. Reserve· 100 mls of this

acid solution in a beaker tor rinsing out KM
n
0
4
•

4). start magnetic stirrer. add 50 mJ.s ot effluents_ple to the

1arge beaker.

'l. Pour D a0
4

into the large· beaker and start stop watch. then

r1ueOlttDn04•

6). J.t5 JI1n .:!: 10 sec. add' 5 mJ.s KI solution.

·1). ~,:trate With 0.1 If lf~S203' adding 5 mJ.s of stareh:Lndicator

1IlIe1lthe. colo!" 18· ,.ellOW1sh. Continue to ~itrate. tiU. the bJ.ue-~een

/

..dtng.· ettJ.ueat.· saapJ.e.

n...,) ca:LE'QIt:1gn,

K~.•• i(JII1sotkzS20, .tor .b1aDk·-

aleot IIaz~03tor8rapl.).



21.8

22.0

22.2

59.0

59.0

58.4

0.284

0.2.85
0.280

0.140

0.150

0.150

0.365
0.365

0.360

0.365
0.365

0.'60

28.0

28.,

24-9

51.0

56.6

54-6

61

885

819

943

530

5"
510

1230

1230

1251

1230

1230

1251

IJd.ti.a1
COD Res1.dual % COD Initial Final %Color

(ppm) COD remo.val aba.a aba. removal

Contact 0 1 2 3 4 10
t1ae (hr)

Residual 1353 1049 1049 1048 1030 1029CO» (ppa)

~ah1. B.2 Ef'tect·of temperatllre on adsorption.

a
concentration.

.APPDDIX B

CSbon
epE·-tO"l

,0C

24··
o

C

""oC

!able B.t Effect ot contact time on adsorption.
(carbon conc. a =10 gil)

Carbon
cAPS" ..•• 4 .• gil

, °c
24 °c
41°C
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~ab1e B.3 Effect at pH on adsorption.
(·carbon cone. =10 gil)

Initial
COD Residual %COD Initial Final % Color

(mg!l) COD removal abs. abs. removal

3.8 1043 342 67 0.300 0.160 47

6.0 1047 346 67 0.330 0.170 48

1.0 1041 415 61- 0.365 0.165 55

8.0 1053 431 59 0.400 0.210 47

10.0 1053 565 47 0.400 0.220 45

12.2 1053 638 40 0.410 0.225 4.5

!'able B.lt-Per cent J'i,eJ.d °t activatedcarbon.

60453015

29.4 29.0 28.7 28.5

27.0 26.0 25.5 25.0

2'.1 2.2.6 21.6 20.8

21.8 19.0 16.' 1.5.9

20.6 ".7 ".0 11.8

16.8 12•.2 8., ,.8

1200

1300

1400

1500

, 1600

1100

~.=.:..••.)•.abre(oF) . •



~abl. 8.5 Size distribution 0 t bark.

6'

0.70
9.90

53.10
70.80
85.00
88.74

96·34
99.72
99.99

3.98
34.10

5'.72
73.72
90.59
96.59

98.57
99.87

Cumulative %retained

Cumulative %retained

0.70
9.20

43.20

17.10
14.20

3.74
7.60
3.38
0.27

3.98
30.12

19.62
20.00

16.87
6.00

1.98
1.30

%by weight

%by weight

5
10
14

25

'5
50

100

230

400

14­

2'
"50

100

230

ItOO

+~

aMesh size

2ab,1. ·B.6 Size d.1str1.buti..on 0 t carbonized· bark.

a
JIeah size



, , • . .. . 0
'.'b~••.1,'~"'ot~:'i', 'f .ott....'e. o~bou .t "00 P.

I

Actlvatl~n
time H••h
(~n) al.t

'0 to 100
II

II

"
" 230 to 400

II

...,

so to 100
If

..
It

.30
a30 to 'tOO

u

,.
"

Carbon In1tial R••idllal
cone. OOD COD

" COD(g/l) (mg/l) . (as/l) removal

2 1283 1273 1

4 " 1246 3
10 " 1241 3
20 tt 1240 3
2 1217 1210 1

... If 1206 1

10 " 1206 1

20 If 1129 7

2 1213 1262 1
... If 12~ 2

10 If 1241 3
20 " 1236 ,

2 1217 1209 t

... It 1102 9
10 .. 98; 19

20 .. B20 33

-
'I.

Initial Final %Color
aba. 'abe. removal

0.360 . 0.359 0

" 0.356 1

" 0.349 3
It 0.345 4
If 0.358 1

II 0.357 1
If 0.350 3
II 0.324 10

0.'60 0.349 .3

" 0.348 3

" 0.345 4
II 0.344 ...
It 0.358 1
II 0.348 3
II 0.320 11

If 0.245 31

Continued • • • • • • • • ~
~
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!aU. 1.8 ActiY1t7 of activated carbona at 1400 01'.

Activation carbon Initial Residual
tille Mesh cone. COD COD ~ COD Initial Final %qolor
(min) size (gIl) (mg/l) (mg/l) removal abe. abe. removal

50 to 100 2 1217 1169 4 0.354 0.340 4
II

'"
.. 1145 6 II 0.340 4

II 10 " 1063 13 It 0.335 5
I' ao " 947 22 " 0.326 8

" 230 .to 400 2 II 1174 4 It 0.340
'"II 4 II 1150 6 II 0.340 '".. 10 It 1043 14 " 0.310 12

n 20 ., 845 31 II 0.310 15

'0 to 100 2. 1251 1193 .5 0.3.50 0.338 3

" 4 II 1160 ? II 0.328 'I' 6
n 10 " 1025 18 .. 0.290 17
I' 20 II 900 28 " 0.239 31'0 230 to 400 2 It 1106 12 " 0.330 6.. 4- II 1092 13 II 0.320 8
II 10 It 884 29 •• 0.237 32
n 20 u 657 47 II 0.131 61

Continued • • • • • • • • 0\
0\



'.~1•.•__ (tonttaul')

!ctlvatlon Oarbon In1t:lal R.8:lclu~

tl•• MIsll cone. OOD COD ~ COD Initial :r.t.nal • Color
(JIl1n) 11z, (gIl) (agll) . (118/1) relloval aba. aba. removal

'0 to 100 2 1124 1118 1 0•."54 0.347 2.. 4 n 1092 3 .. 0.340 4

" 10 " 975 13 n 0.326 8

" 20 " 801 29 II 0.265 25Ja"
230 to "00 .2 1204 1071 11 0.360 0.316 12

II 4 tt 1001 17 II 0.302 16
II 10 II 772 36 " 0.220 39

" 20 II 554 54 " 0.075 75

~ to 100 2 1049 1012 4 0.350 0.325 ?

" 4 .. 943 10 " 0.315 10
II 10 " 756 28 " 0.220 37
It 20 II 544 48 ,. 0.160 546O

230 to 400 2 1065 1020 .5 .. 0.31' 10
It 4 " 959 10 " 0.297

"II 10 It 650 39 II 0.210 40.. 20 " 480 54 " 0.105 70

0\

'"



,.1»1. a.'.ct:1Y1t, 0' aot:1vate4 carbona •• 1500 0 ...

Act1vation
t:t.a,
(Illn)

"

30

Carbon Init:1al Residual
Mesh COne. OOD COD _ COD
size (gil) (mg/l) (mg/l) removal

'0 to 100 2 1256 1218 .3
It ,. II 1189 .5
It 10 It 940 25
I.' 20 " 804 36

230 to 400 2 II 1126 9

" .. It 1010 20

" 10 .. 779 38.. 20 " 754 40

'0 to 100 2 1241 1179 ,
II 4 It 1130 9
II 10 't 852 31
It 20 II 719 42

2.30 to 400 2 II 1190 4
tt 4 It 918 26
II 10 II 745 40
II 20 II 447 64

't

Initial Final %Co1or
aba. aba. removal

0.360 0.349 3

" 0.338 6
It 0.280 22
.. 0.216 40
It 0.335 7.. 0.305 15
II 0.252 30

" 0.198 45

0.358 0.340 5
II 0.322 10

" 0.230 36

" 0.143 60
II 0.326 9
It 0.297 17

" 0.122 66
II 0.018 95

Continued • • • • • • • • 0'\
00
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!able B. 9 (cont1nue4)

Activation carbon Initial Ree1duai
time Mesh cone. COD COD % COD Initial Final ~ Color
(min) size (gil) (mg/I) ~

(mg/l) removal abe. abe. removal

50 to 100 2 1241 1130 9 0.358 0.330 8.. 4 II 1042 16 I' 0.300 16
It 10 It 819 34 It 0.220 38
11 20 It 670 46 It 0.136 624'

230 to 400 2. " 1124 9 II 0.,322 10
II 4 It 1012 18 II 0.254 29
u 10 It 735 41 II 0.100 '72
II 20 II 416 66 II 0.020 94

\

1128'0 to 100 2 1327 15 0.360 0.313 13
II 4 .. 995 25 II 0.274 24
II 10 II 762 41 It 0.216 40

60
II 20 .. 650 49 II 0.12; 65

230 to 400 2 .. 1080 18 II 0.312 13
II 4 II 887 33 I' 0.248 31
II 10 .. 548 58 II 0.100 72.. 20 It 415 69 It 0.ot8 95

"

'l.
0'\
\0



'able B.l0 Aotivit1 of activated carbona at 1600 01'.

Activation Carbon Initial Residual
t:1ll. Mesh cone. COD COD % COD Initial Final %Color
(Dl1n) size (gil) (mg/l) (mg/l) removal abe. aba. removal

50 to 100 2 1344 1131 15 0.355 '0.340 4

" 4 " 1022 24 It 0.323 9
I' 10 .. 825 38 " 0.245 31
It 20 II 583 48 n 0.180 49

" 230 to 400 2 1023 985 12 0.345 0.320 7
It 4 II 948 27 0.283 18
II 10 II 410 60 It 0.190 45
II 20 .. 390 62 It 0.145 58

'0 to 100 2 1289 1082 16 0.360 0.288 20
II 4 It 864 33 II 0.234 35
II 10 It 430 67 II 0.072 80
II 20, M 386 70 II 0.018 95'0

230 to 400 2 1023 858 16 0.345 0.262 24.. 4 II 672 34 If 0.183 47
II 10 II 379 63 If 0.021 9'4

" 20 It 288 72 " 0.007 98

'l. Continued ••••••••~

o



,.b1. 1.10 (eollt~.1I.4)

!ct1l'at1oJl Cubon Ia1t1al Residual
ti•• "e. cone. COD COD % COD Initial J'1.nal %Color
(Il1n) 81ze (gil) (m«/l) emg/l) removal abe. aba. removal

50 to 100 2 1227 1053 14 0.360 0.310 14.. 4 " 928 2.4 II 0.274 24
•• 10 .. 628 49 " 0.144- 60.. 20 II 41'7 66 " 0.068 8145

230 to 400 a 1208 894 26 0.3'0 0.300 14.. 4 " 648 46 " 0.2.41 31
It 10 II 363 '70 " 0.025 93
it 20 " 22.8" 81 It 0.00'7 98

.50 to 100 2 1271 1034 19 0.360 0.302 16
II 4 " 8'70 32 " 0.235 "It "10 " 483 62 " 0.075 79

" ao II "7 75 " 0.018 956O
230 to 400 2 1246 1020 18 0.355 0.2.8'7 19

II 4 .. '793 36 " 0.213 40
It 10 " 392. 68 " 0.035 90.. 20 It 184 84 .. 0.00'7 98

~...



~abl. B.11 0Ac\iv1tl of· activated carbon a~ 1700 F.

Activation Carbon Initial Residual
tille Mesh cone. OOD· COD % COD Initial Final %Color
(min) size (g/l) (Jlg/l) (mg/l) removal abs. aba. removal

50 to 100 2 1230 1166 5 0.360 0.33.5 7
II 4- " 1092 11 .. 0.306 15

" 10 It 860 30 " 0.237 34
II 20 " 634 48 tt 0.140 61

" 2'0 to 400 2 1204 970 19 0.3'0 0.332 ,
" 4 II 799 33 " 0.300 14

" 10 " 432 64 II 0.126 64
It 20 II 198 73 " 0.035 90

50 to 100 2 1230 1161 6 0.360 0.330 8
It 4 II 1060 14 " 0.302 :16

" 10 " 847 31 " 0.223 38

" 20 II .533 .56 II 0.086 7630
230 to 400 2 1204 948 21 0.350 0.332 .5

n. 4 II '7.51 38 .'. 0.290 17
.. 10 .. 384 68 II 0.066 81

" 20 II 150 87 " 0.014 96

Continued • • • • • • • • ~
N



'.b~. 1.11 (00Dt111.14)

4ctiTa'ioa Carbon Irdtia1 Residual
1;111. M.ah CQrte. COD COD " COD'.In) ell' (gil) (mg/l) .(ag/l) removal

.50 to 100 2 . 1283 1198 7
It 4 It 1140 11
It 10 .. 836 35
II 20 .t 543 57,.,

~"Oto "0() 2 125., 1092 13.. 4 II 935 2'.. 10 .. 629 .50

•• 20 II 320 74

SO tq 100 2 1251 1080 14.. 4 It 95.5 24

" 10 II 653 48

" 20 .. 42.1 666O
a30 to 400 2 .. 1060 16

It ,4 ,. 916 27

" 10 It 560 55
It 20 .. 251 80

Initial Final " Color
abe. abe. removal

0.360 0.345 4
It 0.324 10
It 0.206 26
II 0.126 65

0.35' 0.344 3
II 0.323 9

" 0.167 53

" 0.011 91

0.35' 0.314 10

" 0.302 1;
.. 0.230 35
It 0.113 68
It 0.316 11

It 0.284 20

" 0.142 60
It 0.011 91

-
~



'.lJ~. 1,12 .lotint, Of orislg1 and relenlrated. ov'bou.

M••h
81z.

Cvbon
cone.
(gil)

Initial
COD

(tls/l)

Res1dual
COD

<.g/l)
, COD

removal
Initial
abs.

Final
aba.

%Color
removal

50 to 100 10 1151 394 65 0.420 0.126 70

j
II 20 .. 230 80 " 0.008 98

I a,O to·"OO~ 10 1180 260 78 0.410 0.068 83

It 20 .. 212 82 .. 0.006 98

'd

1I

50 to 100 10 1168 427 63 0.410 0.120 10

" 20 .. 292 15 " 0.018 95

230\0 400 10 1152 377 67 0.385 0.065 83

.. 20 " 254 18 n 0.013 96

'C.

~
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