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ABSTRACT

Activated Carbon (TPAC) of high adsorption capa&sitand highly active surface properties were pregddirom
Thevetia peruviana by physical and chemical progessuch as direct pyrolysis, dolomite proceShemical
activation with HSQ, + H,0,, impregnation of raw material with Conc.,$0;,, KOH, ZnC} and HPO, solution
respectively followed by activation at 800°C. Agision capacity of activated carbon is due to porastsicture,
chemical nature of the surface and pH of the aqeesaiution. The physico chemical characteristicshsas
moisture content, volatile matter, pH, conductiyvltylk density, specific gravity, porosity, metimdeolue number,
iodine number and SEM were investigated to undedsthe adsorptive capacity of activated carbon prep from
TPAC. Based on the results of the characterizattndies, the activated carbon prepared by impatign of
TPAC with HPO, (30%) solution followed by activation at 800°C vesdected as a best quality adsorbent due to
highest surface area with large number of pores bvd ash content for the removal of dyes from lextidustry
effluent. The experimental results indicated tHat prepared activated carbon is suitable for thenosal of
synthetic dyes from textile industry effluents.
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INTRODUCTION

In recent years, the pollution of water due to dyesomes a great threat to the world, spreaditigalrdiseases due
to discharge of dyes. Dyes are used in many iniggssuch as carpets, plastics, cosmetics, pap®t,diod textile in
order to colour their products [1]. The World Bae&timates that 17 to 20 percent of industrial watgtution
comes from textile dyeing and treatment. Discharfggyes into rivers from these industries causeseproblems,
as dyes gives toxicity to the aquatic life and alsmnaging the aesthetic nature of the environm2&hnt\farious
methods of dye removal including aerobic and art@ermicrobial degradation, coagulation, chemicaidaton,
membrane separation, electrochemical treatmetrgtfdn, floatation, hydrogen peroxide catalysesjarse osmosis
and adsorption have been proposed from time to. time

Adsorption has been found to be superior to otbehriques for water re-use in terms of initial cegnplicity of
design, use of operation and insensitivity to tosudbstances [3]. Adsorption by activated carbon dageater
potential for the removal of dyes without introdugiany impurities. However, these processes aectefé and
economic only in cases where concentrations oftedduwe relatively high. Adsorption onto activateatbmon is
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proven to be very effective in treating textile vess However, in view of the high cost and assedigtroblems of
regeneration, there is a constant search for altelow cost adsorbents [4].

This difficulty has led to search for the use oéap and efficient alternative materials such ashigsk [5], bamboo
[6], sugarcane stalks [7], tamarind kernel powderg&]m shell [9] babool wood [10], bagasse fly ash][Ashoka
leaf powder [12], coir pith [13] and banana pit]Etc. The preparation of activated carbon wittiedent pore
sizes can be achieved by physical or chemical @&t process. In both methods, the developmepbabsity is
different in terms of practical procedures and na@édm. In physical activation the generation ofgsdy took
place via selective elimination of the more reactoarbon of the structure and further gasificatiees to the
production of the activated carbon with high panosi

In chemical activation process, the precursor isechiwith a chemical such as sulphate salts, crdosalts, KOH,
HCI, ZnCl, H,SQ,, H,PO, carbonized and washed to produce the activatedocarbollowing the thermal
decomposition of the precursor, the chemical rewattts the product causing reduction in the evolutaf volatile

matter and inhibition of the particle shrinkage.c@the chemical is removed by exhaustive washihay,ge amount
of porosity is formed.

The main objectives of this work is to investigaélhe preparation of activated carbon from a chariobd by
gasification of wood ofThevetia peruvianand to find the optimum conditions for making aated carbon with
well-developed porosity and high surface afd@evetia peruvianéPers.) K. Schum. (Commonly known as Yellow
oleander) is an ornamental plant which grows in y&eand other parts of the World, such as tropicaleAca,
Western Asia, Southern Europe, India and tropidaka. This plant is the plant widespread througHadia and it
does not have any economical importance.

MATERIALSAND METHODS
Thevetia peruvianavood were cut into small pieces (2cm), washed itftilled water, dried in sunlight for 10
days, and stored to prepare the activated carbprmth physical and chemical methods. The activatatbons

were powdered, characterized using physico chemetihods and used for adsorption studies [15].

2.1 Carbonization procedures[16]:
The activated carbon were prepared by the followgghods and listed in Table 1.

Table 1: List of Activated Carbons of Thevetia peruviana wood

S.No | Activated carbon | Preparation method
1. TP1 Direct Pyrolysis
2. TP2 NaZSO4 impregnation
3. TP3 HSPOAimpregnation
4. TP4 ZnCIzimpregnation
5. TP5 KOH impregnation
6. TP6 HCI process
7. TP7 HZSO4 process
8. TP8 Dolomite process
9. TP9 HZSO4+ HZO2 process

2.1.1 Direct pyrolysis

The precursor material was subjected to carbowizatit 400°C, powdered well and finally activated aat
temperature of 800°C for a period of 10 minutesteAthe activation, the material was repeatedlyhsdswith
plenty of distilled water.
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2.1.2 Carbonization with sulphate salts

The precursor material was soaked in 10% solutf@odium sulphate for a period of 24 hours. Aftapregnation,
the liquid portion was decanted off and then driEte dried mass was subjected to carbonizationegeoat 40TC,
powdered well and finally activated at 8@for a period of 10 minutes.

2.1.3 Carbonization with H3PO4
The material to be carbonized is impregnated wiboiéing solution of 30 % I;PO4 for 2 hours and soaked in the

same solution for 24 hours. At the end of 24 hotlrs,excess solution decanted off and air drie@énTthe material
was carbonized in muffle furnace at 400°C. Thedirieaterial was powdered and activated in a mutftedce at
800°C for a period of 10 minutes. Then the matevia$ washed with plenty of water to remove resiciead, dried
and powdered [17].

2.1.4 Carbonization with ZnCl,

The material to be carbonized is impregnated witioiéing solution of 10 % ZnGlifor 2 hours and soaked in the
same solution for 24 hours. At the end of 24 hotlrs,excess solution decanted off and air drieénTthe material
was carbonized in muffle furnace at 400°C. Thedirieaterial was powdered and activated in a mutftedce at
800°C for a period of 10 minutes. Then the mateviad washed with plenty of water to remove resicead, dried
and powdered.

2.1.5 Carbonization with KOH

The dried material is soaked with 10 % KOH solution24 hours. At the end of 24 hours, the exce®$iksolution
decanted off and air dried. Then the material aaigsal in muffle furnace at 40Q for 30 minutes. The carbon was
powdered and activated in a muffle furnace at’80f@r a period of 10 minutes. After the activatitime carbon was
washed sufficiently with 4N HCI to remove the rematiKOH. Then the material was washed with plerityater,
dried and stored.

2.1.6 Acid process

The dried material was treated with excess of suiphacid and hydrochloric acid respectively. Chagrof the
material occurred immediately, accompanied by ei@iuof heat and fumes. When the reaction subsittesl,
mixture was left in an air oven maintained at 140°C for a period of 24 hours. At the end of thesipd, the
product was washed with large volume of water toaee free acid, dried at 110° C and finally actagaat 800°C.

2.1.7 Dolomite process

The dried material to be carbonized was taken avealcium carbonate bed and the upper layer ofupsec also
covered with a layer of calcium carbonate. The whalaterial was carbonized at 400 powdered well and
activated at 80TC. After the activation, the material was repeatedhshed with excess water to remove calcium
carbonate and dried at 7’10

2.1.8. Chemical activation with H,SO,4+ H,0,

In this method, one part of the material and 115spaf H.SO, were mixed with 0.4 parts of .8, and kept in muffle
furnace at 12TC for 12 hours. At the end of this period, the pretdwas washed with large volume of distilled
water to remove free acid, dried at 3CGand finally activated at 86G.

2.2 Characterization studies:

Moisture content (%) by mass, Ash content (%) bysn®ulk density, Specific gravity, Porosity, loginumber,
Methylene Blue number, pH, Conductivity, Matterwae in acid, Matter soluble in water were anatiyas per
standard procedures [18] & [19] for TPAMDd the values were listed in Table 2. The Molgdioal characteristics
of the samples were studied using Scanning Eledficroscope (SEM) (Make -Jeol, Model 6390LA).

RESULTSAND DISCUSSION

3.1 General Properties

The pH of TP1, TP3, TP4, TP6, TP7 and TP9 are neatral which will be helpful for the treatmentalf classes
of dye waste water and the carbon can also be fosattinking water purification. TP2, TP5 and TP&lgon are
basic in nature, this may due to the presencesidual salts in the carbon. Conductivity valuesndbshows much
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variation, this means that cations in acidic cash@md anions in basic carbons may be responsibléhéo
conductivity.

Even though moisture content of the carbon has ffexteon its adsorptive power, it dilutes the carband
necessitates the use of additional weight carbeimglireatment process. TP3 has low moisture comt@mparing
to other carbon. Any porous material will have thadency to absorb moisture. The moisture contémtldhe
carbons are near normal and comparable with theesakported elsewhere [15].

Ash content shows the amount of inorganic subsitaupresent in the carbon. From Table 2, it wasdotinat all
activated carbons have less ash content whichncaease the fixed carbon value.

Volatile matter is due to the presence of orgapimpgounds present in the raw material. From the idatas clear
that all carbons have a good percentage of fixeoora

Water soluble matter and acid soluble matter dgieeibformation about the amount of impurities prése carbon
which affect the quality of water. But in our argil; the data show that all the carbons contaip lesv amount of
impurities.

Porosity is the main factor for increasing the apwee power of an activated carbon. Porosity latesl to the bulk
density and specific gravity of activated carboR3Thas higher porosity than other carbons. TPiuher surface
area of 862.39 frg* showed that it is the highly porous carbon comp#oesther activated carbons.

Bulk density indicates the fibre content of thequmsor. From the data it is shown that all nineboas have
relatively equal bulk density. Generally, an adsotbwith bulk density need not be regenerated &atiy because
it can hold more adsorbate per unit weight [20].

Methylene blue number is an indication of abilifyaocarbon to adsorb high molecular weight subsarike dye
molecule. TP3 shows methylene blue number of greti@n 400, indicates that the carbon is good fge d
adsorption.

Table 2: Physico-chemical Characteristics of Thevetia peruviana wood activated car bon.

S.No Properties Activated Carbon
TP1 TP2 TP3 TP4 TP5 TP6 TP7 | TP8 | TP9

1 pH 6.89 8.12 6.78 6.61 8.32 7.101 6.74 743 92
2 Conductivity, mS crﬁ 0.298 | 0.492| 0.145 0.179 0.25Y 0.312 0.252 0.398 1205
3 Moisture content, % 18.9 15.9 13.2 18/5 179 14.815.6 17.8 19.2
4 | Ash, % 11.6 12.8 10.7 14.3 15.7 18)5 12,8 16.3 .81y
5 Volatile matter, % 21.8 25.9 20.9 23.6 24.5 22.323.7 19.8 21.7
6 Matter soluble in water, % 0.41 0.38 0.28 0.32 410.| 0.42 0.39 0.29 0.31]
7 Matter soluble in 0.25 M HCI, %  1.31 0.94 094 89.| 0.82 1.35 0.87 1.21 1.04
8 | Bulk density, g m|'_l 0.41 0.48 0.42 0.44 0.38 0.42 0.45 0.45 0.38
9 Specific Gravity 0.80 0.87 0.92 0.8% 0.81 0.11 860., 0.85| 0.78
10 | Porosity, % 48.75 4483 5435 48.24 53.09 40.857.67 | 47.06| 51.28
11 | Methylene Blue Number, mg'lg 186 152 532 98 159 110 89 13p 9
12 lodine Number, mg-é 190 425 798 422 423 230 4172 315 285
13 | Fixed Carbon, % 47.7 46.2 55.p 43)6 41)9 444 94f 48.7| 41.6
14 | Yield, % 47.2 51.5 58.6 47.6 52.79 5344  48/90 .748 41.4
15 | Surface area(BET),ng" 329.27| 205.63 862.3p 503.77 561.096 156.24 390&®93| 299.85

lodine number is the most fundamental parameteat teseharacterize activated carbon performands.dtmeasure
of activity level (higher number indicates highexgdee of activation), often reported in mg/g (tgbicange 500—
1200 mg/g). It is a measure of the micropore cdraéthe activated carbon (0 to 20 A, or up to 2) fapadsorption
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of iodine from solution. It is equivalent to suréaarea of carbon between 900 m?/g and 1100 m3ugn Hiable 2, it
was clear that TP3 has higher lodine number, ititigahat it is best suitable for dye removal.

The values of yield from Table 2 show that TP3 higher value when compared to other carbon. By @img the
data obtained from characterization studies, iER3iitable for preparing the activated carbonightporosity.

3.2 Scanning Electron Microscope

SEM micrographs (Fig 1A to 11) of activated carlpanticles showed cavities, pores and more roudglaces on the
carbon samples. Granular pores and cavities wdteiase the surface area of the adsorbent. SEM griagio of TP3
shows that the surface is pitted and fragmentedaltiee carbonization with 3PFPO4 acid and activation process. The

surface area of the TP3 will be enhanced by thegmee of more porosity, which can hold more softden
solution during adsorption.

-

= <
STy SER
MRY  XZO00  10pm  OC0G0 11 46 BE

2y X3,000 10pm CGCCE 1145 SE

Fig. 1A SEM photograph of TP1 (2000 X) Fig. 1B SEM photograph of TP2 (2000 X )

¥ | he
206V X2,000 1oum

20k X2,000 10pm 0000 1146 SEI
Fig. 1E SEM photograph of TP5 (2000 X)
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kY K&,000  Alym 0000 1146 SE| 2KV R4000  10m 0000 1146 SEI

Fig. 1F SEM photograph of TP6 (2000 X) Fig. 1G SEM photograph of TP7 (2000 X)

20Ky X2000 10pm 0000 12 46 SEI 0 10pm 0000 1146SE

Fig. 1H SEM photograph of TP8 (2000 X) Fig. 11 SEM photograph of TP9 (2000 X)

3.3 Dye adsor ption Characteristics

In this study Basic Green 4, Acid violet 49, ReaetDrange 4 and Direct Blue 71 were selected feratialysis of
adsorption characteristics of TP3 at room tempegafthe amount of Basic Green 4 adsorption is hagly. All the
anionic dyes (acid, direct, reactive dyes) show mamatively lesser adsorption than cationic dye B#&ieen 4.
Amount of Acid Blue 49 adsorption is slightly highttan Reactive Orange 4 and Direct Blue71. Thig beadue to
its smaller molecular size. Reactive Orange 4 amédD Blue 71 are high molecular weight dyes; hertbey
occupy more area in the activated carbon.

CONCLUSION

From the results of the present investigation,

1.A novel activated carbon can be conveniently armhemically prepared frorihevetia peruviana.

2. By comparing the characteristics of activatedboa prepared by different methods the phosphocid a
impregnated carbon is assumed as a better actigatbdn.

3. Porosity plays a major role in the selected dust-adsorbate system.

4. KOH and H3PO4 activation process produces highly active carbadh high porosity.

5. Basic dye is absorbed more than the other dydisebactivated carbon obtained frorgPlfD4 activation process.
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