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ABSTRACT

Activated Carbon of high adsorption capacities wprepared from Casuarina by various physical anérofcal

processes followed by activation at 800°C. The ipbyshemical characteristics such as moisture cofteolatile
content, Specific gravity, Porosity, bulk densit, conductivity, Methylene blue number, iodine hamwere also
investigated in order to understand the adsorptiegacity of activated carbon prepared from the egitural

waste. The present study analyses the feasibflitgrooving colour and reducing various water qualjitarameters
like BOD, COD, alkalinity, etc., from the effluesamples collected from different industries usintivated carbon
(CAC) and polypyrrole coated sawdust (PPy/SD) pregdrom Casuarina as adsorbents. Several otheapaters
such as chlorides, sulphates, TDS, pH and hardpesssent in the effluent sample before and aftepgit®on were
also measured and were found to be in par withprenissible limit.

Keywords: Activated carbon, adsorption, Colour Removal, samst, effluent.

INTRODUCTION

Environmental pollution due to industrial effluegsof major concern because of their toxicity dmeat for human
life and the environment. The discharge of texeittuents to the water bodies has raised much canfeecause of
potential hazards associated with the entry ofctaémponents into the food chains of human and alsim
Synthetic dyes are extensively used for dyeing pridting in a variety of industries. Dyes are usedmany
industries such as carpets, paper, plastics, fooddtextile in order to colour their products [1]véd 10,000 dyes
with an annual production over 7Xl@etric tons worldwide are commercially availabtel&-10% of the dye stuff
is lost in the industrial effluents [2]. Therefotleere is a need to remove dyes before effluenisishdrged into
receiving water bodies. The most popular treatnneethods for textile wastewater are combinationbiological
treatment, chemical coagulation, chemical oxidatiorembrane separation, electrochemical treatmétrgtibn,
hydrogen peroxide catalysis, reverse osmosis atidhted carbon adsorption [3-5].

Adsorption has been found to be superior to otbenriiques for water re-use in terms of initial ceghplicity of
design, use of operation and insensitivity to testitbstances [6]. The removal of coloured and ctdsarorganic
pollutants from industrial wastewater is consideasdcan important application of adsorption procesaesorption
by activated carbon has a greater tendency faretmeval of dyes without introducing any impurities.

Conducting polymer or green composites are vialigrative for the existing waste water treatmegchnologies.
One efficient way of increasing the adsorption citgaof saw dust is by the polymerization of monaeroa the
surface of saw dust. In recent years, conductiegted active polymers such as polypyrrole has veckigreat
attention due to their electrical conductivity adctro activity [7-9].
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In the present study an attempt has been madady 8te characterisation of activated carbon ariduestigate the
use of activated carbon and polymer coated saveduatisorbents for the removal of pollutants froxtileeeffluent.

MATERIALSAND METHODS

2.1 Preparation of Activated Carbon

The seeds and branches of Casuarina were collaotb@ut into small pieces (2 cm), washed with iééstiwater
and dried in sunlight for 10 days. The dried malenias soaked in a boiling solution of 40%P&, for 1 hour and
kept at room temperature for 24 hours. After 24rhpthe wood material was separated, air driedcanioonized in
muffle furnace at 400 °C. The carbonized matexias then powdered and activated in a muffle furrsc@00 °C
for a period of 10 minutes. After activation, thaterial was repeatedly washed with plenty of détilwater. The
characteristics of activated carbon are analyzqukathe standard procedures [10, 11] and are givéable 1.

2.2 Carbonization procedures[12]
The activated carbon were prepared by the followeghod and listed in Table 1.

2.2.1 Direct pyrolysis

The precursor material was subjected to carbowizatit 400 °C, powdered well and finally activatedaa
temperature of 800° C for a period of 10 minuteiedactivation, the material was repeatedly washil plenty
of distilled water.

2.2.2 Carbonization with CaCl,

The material to be carbonized was impregnated avitioiling solution of 10% Cagfor 2 hours and soaked in the
same solution for 24 hours. At the end of 24 hotlrg, excess solution was decanted off and air diibeén the
material was carbonized in muffle furnace at 400 T@e dried material was powdered and activatea muffle
furnace at 800° C for a period of 10 minutes. Ttrenmaterial was washed with plenty of water toaceenresidual
acid, dried and powdered.

2.2.3 Carbonization with Sulphate salts

The precursor material was soaked in 10% solutibrsadium sulphate for the period of 24 hours. After
impregnation, the liquid portion was decanted offd athen dried. The dried mass was then subjected to
carbonization process in a muffle furnace at 400.PRe dried material was powdered and activated muffle
furnace at 800° C for a period of 10 minutes.

2.2.4 Carbonization with H3PO,

The precursor material was impregnated with boiboution of 10% HPO, for 2 hours and soaked in the same
solution for 24 hours. At the end of 24 hours, ¢ixeess solution decanted off and air dried. Themthterial was
carbonized in muffle furnace at 400 °C. The driestarial was powdered and activated in a muffle doenat 800°

C for a period of 10 minutes. The material was thvashed with plenty of water to remove residuatladiied and
powdered.

2.2.5 Carbonization with KOH

The dried precursor material was soaked with 10%1ks0lution for 24 hours. At the end of 24 hourg #xcess
KOH solution was decanted off and air dried. Thes material was subjected to carbonization proireasmuffle
furnace at 400 °C for 2 hours. The dried materias\wowdered and activated in a muffle furnace af & for a
period of 10 minutes. After activation, the carbwas washed with 4N HCI to remove the residual KORen the
material was washed with plenty of water, dried stwded.

2.2.6 Acid process

The dried material was treated with excess of hgfularic acid and sulphuric acid respectively. Cimgrrof these
materials occurred immediately, accompanied by g of heat and fumes. When the reaction subsittesl
mixture was left in an air oven maintained at 1480-2C for a period of 24 hours. At the end of thésiod, the
product was washed with large volume of water toaee free acid, dried at 110 °C and finally acexbat 800° C.

2.2.7 Dolomite Process

The dried material which is to be carbonized wdernaover calcium carbonate bed and the upper laf¢he
precursor was also covered with a layer of calcarbonate. The entire material was carbonized @t 40
powdered well and then was activated at 800° CerAdttivation, the material was washed with exodéssater to
remove calcium carbonate and dried at 110° C.
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2.2.8 Characterization of the carbons

Conductivity and pH were analyzed using Elico mpkemeter (model L1-120) and conductivity meter (ilod-
180) respectively. Moisture content (%) by masé asntent (on dry basis) %) by mass, volatile maffized
carbon content, bulk density, specific gravity, gsity, iodine number, methylene blue number, mattduble in
water, matter soluble in acid were analyzed astaardard procedures and the values are listedbte Pa

2.3 Preparation of Poly pyrrole coated sawdust

Saw dust prepared from Casuarina was used forrépamtion of polymer coated adsorbent. The sawwlas first
washed with distilled water in order to remove thepurities and finally dried at 333 K for 2 houts. order to
prepare polymer coated saw dust, 5.0 g of saw wastimmersed in 50 ml of 0.20M freshly distilledrimfe
solution for 12 hours before polymerization. 50 @fil0.5 M FeC} as the oxidant solution was added into the
mixture gradually and the reaction was allowed datinue for 4 hours at room temperature. The polyooated
saw dust was filtered, washed with distilled watkied in an oven at 55-B@ and sieved before use [13].

2.4 Collection of effluent samples

The effluent samples from dyeing industries werdlected from the outlet of various dye processimtu
immediately after the completion of the dyeing s before discharging the effluent into the comatection
tank.

2.5 Analysis of samples
The effluent samples were analyzed to measure fgirelectrical conductivity, dissolved oxygen, BODOD,
hardness, alkalinity and TDS using standard methods

2.6 Experimental setup

The effluent samples were taken in a clean, dryr@Déonical flask and kept in an orbital shakea &a&mperature of
30°C and 150 rpm. Adsorbents namely CAC and PPy/S[tiwts pre-prepared is added into the effluent sampl
with a dosage rate of 2 grams per 50 mg/L. Th&dlase initially stirred with a glass rod for migiand are shaken
in orbital shaker for 2 hours. Samples were draneh ehecked for pH, conductivity, TDS, BOD, COD, arfidle,
sulphate as per APHA standards. All the tests areedn triplicate and the concordant values wekerigfor the
result comparison. For the entire study, analytitatle chemicals were used.

RESULTSAND DISCUSSION

3.1 General Propertiesof Activated carbon

The pH of CAC1, CAC2, CAC3, CAC5, CAC6 and CAC7 amar neutral which will be helpful for the treatme
of all types of dyes and wastewater. The carboainetl could also be used for the purification afking water.
CAC4, CAC8 and CAC9 carbons are found to be shgbtisic in nature. This may be due to the preseifce
residual salts in the carbon. No marginal variati@s noticed in the conductivity values of carbprepared in all
the processes. This may be due to the presencaifofa exchangeable site on the porous surfacéefttivated
carbon. From Table 2, the moisture content wasddonbe higher in the case of carbons obtained Gy{kand
dolomite process.

Even though moisture content of the carbon has ffexteon its adsorptive power, it dilutes the carbehich
necessitates the use of additional weight of caidnng treatment process. Ash content generalrgggan idea
about inorganic constituents associated with caiatained by different carbonization methods. Thle eontent
values from Table 2 indicate that the overall ashtent for all varieties of carbon prepared showvssaer value.
This may be attributed to lower inorganic contemd &igher fixed carbon.

Volatile matter is due to the presence of highlyogps organic compounds present in the raw matétigh value of

ash and volatile matter reduces the quantity efdigarbon. From the data it was clear that allaasthave a good
percentage of fixed carbon. Solubility studies afbon in acid and water were performed to evaltreamount of
impurities present in the carbon prepared by diffiecarbonization process.

The solubility studies were performed since thesenee of impurities in the carbon may affect thegeeked quality
of the treated water during treatment. From Tabl¢h2 data pertaining to the matter soluble in wated acid
indicates that all carbons contain very less amadinmpurities. Porosity is the main factor for ieasing the
adsorptive power of an activated carbon. Porositglso interrelated to the bulk density and spegfavity of
activated carbon. From Table 2, it is clearly st CAC5 has higher porosity than all the othebaas.
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Tablel - List of Activated carbons prepared from Casuarina

S.No | Activated carbon | Preparation method
1. CAC1 Direct Pyrolysis

2. CAC2 CaClimpregnation
3. CAC3 Na;SQiimpregnation
4, CAC4 Na,CO; impregnation
5. CAC5 H3PO, impregnation
6. CAC6 HCI process

7. CAC7 H,SOy, process

8. CAC8 KOH impregnation
9. CAC9 Dolomite process

Table 2 - Physico-chemical characteristics of activated carbon

SNo Properties Activated Carbon

' P ACL | AC2 | AC3 | AC4 | AC5 | AC6 | AC7 | AC8 | AC9

1 | pH 67 | 64| 72| 84| 68| 73 74 84 78

2| Conductivity, mS cm -2 038 020 04p 034 0.2 .250] 0.25] 0.19] 0.26

3| Moisture content, % 104 154 151 160 143 1hA82 | 255| 188

4| Ash % 17.4] 186 114 164 108 1512 166 196 814

5 | Volatile matter, % 133 6.6 106 11B 5y 126 37 182 | 113

6 | Matter soluble in water, % 048 033 041 0.5 100] 048] 051] 042 0.53

7 | Matter soluble in 0.25 M HCI,% 1.3 098 0.5 04.] 0.80 | 1.15] 1.8 133 156

8 | Bulk density, g mL-1 0.27] 028 029 035 042 00B 037 | 0.38] 0.33

9 | Specific Gravity 124 144 156 165 147 13 101] 1.05] 0.8

10 | Porosity, % 782] 748 802 813 751 790 66.43.86 27.1

11 | Methylene Blue Number, mg gL 45D 285 195  1p5 5 52 150 | 115 | 375| 154

12 | lodine Number, mg g-1 974 10y 109 11p3 1186 41p8lo65| 1078] 1059

13 | Fixed Carbon, % 591 598 626 565 647 579 897436 57.1

14 | Yield, % 52.7] 41.2] 552 564 69p 583 544 59.52.3

Table - 3 Characteristics of effluent samples before and after adsor ption
Sample1 Sample 2 Sample3 Sample 4 Sample5
Properties of AA AA AA AA AA
Samples BA PPy/ BA PPy/S | BA PPy/S | BA PPy/ | BA PPy/S

cac | '3 CAC o CAC o cac | 'y CAC o
Colour Blue | Nil Nil Maroon ||r%r:jt Nil Green | Nil Nil | Yellow | Nil Nil | Violet ti'ggt Nil
pH 105 7.4 7.1 8.7 6.5 6.8 9.4 7.2 7 8.4 7, 66 041| 85 8.1
Eé’/’;‘::c“‘”ty' 9.8 4.3 55 11.6 6.2 8.3 14.4 8.5 10.9 10.4 3.8 48 16.5 6.3 7.8
TDS, mg/L 6800 | 3200] 3000 2400 2200 210D 18000 11p0®O00 | 5400 | 3700| 2500 21000 13500 _ 104P0
:Zﬁ“ess' 1020 | 340 | 320 956 296 224 122 386 32p 835 267 412 0341| 310 287
’r;'gfl_"”"y' 1340 | 238 | 206 855 218 188 2011 21% 20 1031 182 1563670 401 395
f;g'/‘l’_”de' 745 285 | 210 985 340 290 1124 35 330 665 235 105 7516 343 284
;Z'ﬁ_hate' 530 245 | 210 445 225 210 775 324 30% 730 255 220 5103 375 310
COD, mg/L 770 320 | 225 545 210 175 655 32b 310 290 15 2| 195 980 365 315
BOD, mg/L 440 30 25 330 50 35 375 40 30 40 44 0 558] 65 50
% of colour
ooyl 8.2 | 94.6 787 | 835 894 | 953 906 | 97.7 723 | 804

BA - Before Adsorption
AA - After Adsorption

Bulk density indicates the fibre content presenthi@ precursor material. From the data’s showmadhle 2, it is
indicated that all the nine carbons have relatiwgjyal bulk density. Methylene blue number is aticiation of the
ability of a carbon to adsorb high molecular weighibstances like dye molecules.

From table 2, CAC5 shows higher methylene blue remgipeater than 400, which indicates that, thearaib very
effective for the removal of dyes. lodine numberthe most fundamental parameter used to charaetéhiz
performance of an activated carbon. It is a meastithe activity level which is often reported ingfg. It is a
measure of micropore content of the activated cathoadsorption of iodine from solution. It is egalent to the
surface area of carbon between 9Gfgrand 1100 fig.

From Table 2, it is clear that CAC5 has highermedhumber indicating that it is best suitable fpe demoval. In all
the processes, the final carbon yield from Tablshdws encouraging results. CAC5 has higher yielérwh
compared to the yields of all other carbons. Thisas that CACS is best suited activated carborigiidr porosity
which could be very effective in the field of adston.
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3.2 Adsorption Studieson dyeing industrial effluent

The effluent samples from dyeing industries werdected from the outlet of various dye processinytu
immediately after the completion of the dyeing @& before discharging the effluent into the comatection
tank. The properties of the effluent before andraddsorption with CAC5 and PPy/SD are presentddhbie 3.

3.3 Effluent Characteristics

The effluent samples were bright coloured orgamimpounds and most of them were alkaline in natéie.

effluent samples were strongly coloured beforettneat but after treatment they became colourlessgsample 2
and sample 5. The results presented in Table 3shioat CAC and PPy/SD reduced all the physico-cbanaind

biological parameters to a significant level.

The effluent samples 2 and 5 were not completebpldeized by CAC and PPy/SD due to the presenceigif
organic content present in them which imparts dadkbur to the dyes. The organic and inorganic mdéin the
dyes compete for the adsorption sites and henckttereduce the adsorption capacity of the adsdsbd&imis may
be the reason for the poor adsorption of sampled2sample 5 showing removal percentages as 78.7@AG and
83.5% for PPy/SD and 72.3% for CAC and 80.4% foy/BP respectively. Generally the dark colored dyesh as
violet, red and black dyes are very hesitant feratisorptive removal.

The conductivity of all the effluent samples wasm@ased to a considerable extent by the two adstrb&DS

content in wastewater is a measure of salinitysdlieed salts like carbonates, bicarbonates, ctderidulphates,
phosphates, nitrates, calcium, magnesium, iron,raadganese may be some salts present that indteageDS

level in wastewater [14]. High TDS level was obserfor the samples 2 and 5 even after treatmertt.tiz
remaining samples 1, 3 and 4 showed a very low BVEDS after adsorption treatment.

Hardness of water is not a pollution parameter ibdicates water quality, mainly in terms of and Md",
expressed as CaGHardness may vary from sample to sample and fitawe to place [15]. The effluent samples
contained high level of hardness before treatmehtfier the adsorption by adsorbents, the hardwassreduced
below 600 mg/L, which is the permissible limit givey BIS standard for wastewater discharge inteiuing water
bodies.

pH is the measure of acidity or alkalinity of watkris considered to be the main factor becausegthality of an
effluent can be decided by its pH value. The pHabfthe effluent samples was more alkaline in ratoefore
treatment. After the adsorption of effluent samplgsCAC and PPy/SD, the pH values were lying in rdnege of
6.5 to 8.5 which comes under the desirable pH rangeinking water prescribed by I1SI and WHO [16].

Appreciable amount of chlorides, sulphates andliaikaare removed by the adsorbents namely CAC RRg/SD

and is evident from the results shown in Table @DBis an important index which gives a measureesfage
strength. Usually all the naturally occurring orgamolecules and many synthetic compounds can geaded by
microbial activity in the presence of oxygen. Thalected effluent samples show very low BOD valadter

treatment with the adsorbents with the reductiofoaf smell which implies that these samples calib be used
after treatment for irrigation purposes.

COD is used for determining the organic load ofaewbody. It is a rapidly measurable parametesfimam and
industrial waste studies and control of water trestt plants. High COD levels indicate the toxic dition and the
presence of biologically resistant organic substanthe COD values for the samples are reducedtedment to
a significant level. Thus both BOD and COD levetmases in accordance with colour removal of @ldffluent
samples and is reduced after treatment with CACRIPWISD adsorbents.

Thus the treated effluent samples 1, 3 and 4 amgplately colourless whereas samples 2 and 5 shpaethl
colour removal capacity. All the parameters suglpld, TDS, hardness, alkalinity, chlorides, sulpeaBOD and
COD were very much reduced by the adsorbents CAICP&ty/SD. Hence these adsorbents could be condidsre
an efficient and excellent adsorbent for the rerh@fadyes from wastewater without any neutralizatiof the
effluent.

CONCLUSION
From the results of the present investigationait be concluded that,

i) Activated carbon and polypyrrole coated sawdast be conveniently and economically prepared ftasuarina
wood.
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i) The extensive characterization studies of ddfe varieties of activated carbon reveal thatghesphoric acid
impregnated carbon can be assessed as superiergadzbn.

iii)The colour removal efficiency of low cost adbents prepared from casuarina and polypyrroléecbhsawdust
were used effectively used for the removal of galhts from industrial wastewater.

iv)From the experimental finding it has been obsdrthat activated carbon and polymer coated saw adusbe
used as an effective adsorbent material for theessful removal of color, pH, electrical condudtividissolved
oxygen, BOD,COD, hardness, alkalinity and TDS friodustrial effluent.

On comparing the results, it is obvious that, fog temoval of pollutant from effluent water, polymte coated
sawdust is an efficient, economic and alternatieenaterial than activated carbon.
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