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ABSTRACT

The present study focuses on the conversion oésuilre vegetable waste (PVW) collected from malestes to
phosphoric acid treated activated carbon (PAC). $ity chemical properties of PAC were studied. SEDMKEFT
IR and XRD revealed that PAC is carbon rich poraagtvated carbon with various functional groups.B&urface
area is about 603.7ffy showed that PAC could behave as a good adsonmeérial. Batch mode adsorption
studies were carried out for the waste water treattmTextile dye effluents were collected at difieperiods. Water
quality parameters was studied and analyzed bedo after adsorption process. It revealed that RAId be
employed as an effective low cost adsorbent fdildexaste water treatment.
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INTRODUCTION

Overall generation rate of solid waste for the reniommunity needs a proper design of solid wasteagement
system. Throughout the human history, water has besource of life as well as death. The body istmdi,0 and

a large amount of water is consumed for variousistiial purposes. Food and food processing indugtnerate
wastes, effluents, residues, and by-products thatbe recovered and can often be upgraded to higihee and
useful products. The food industry produces larglimes of wastes, both solids and liquids, resglfrom the

production, preparation, and consumption of fooldeSe wastes pose increasing disposal and potgndialere
pollution problems and represent a loss of valuaidenass and nutrients. In the past they often teen dumped
or used without treatment for animal feed or asliszrs.

Besides their pollution and hazardous aspects,dnyntases, food processing wastes might have at@btéor
recycling raw materials or for conversion into wsgfroducts of higher value as a by-product, orneas raw
material for other industries, or for the use asdf@r feed/fodder after biological treatment [Larteularly, the
bioconversion of food processing residues is reéagiincreased attention regarding the fact thasdéheesidual
matters represent a possible and utilizable resofmcconversion to useful products like activatedbon or bio-
sorbents [2]. Adsorption has been found to be fcieriit and economically cheap process for remodyes [3].

Many research works has been carried out for thperdisposal of vegetable wastes into value ageducts.
Certain processes like vermicomposting AJC [4]ineration [5]and anaerobic digestion [6] were edrout for the
conversion of vegetable wastes into useful produdso conversion of vegetable residues into biseadents for
waste water treatment was also suggested [1].Omotther side, efforts were also made to find anriadtee and
appropriate technology for the removal of textijes from the effluent water.

Adsorption onto activated carbon is proven to bey\affective in the removal of textile wastes ahere is a
constant search for highly efficient low cost atemt. Such types of adsorbents include groundreit §tj, peanut
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hull [8], coconut shell [9], ricinus communis [1@&ckfruit peel [11]and citrus reticulata [12].llnet present study, a
novel attempt has been made to convert putresedgetable waste available free of cost into aaiatarbon. The
main objective of this study was to develop a ndu®l cost adsorbent from putrescible vegetable evéistough
chemical activation method and also to study ifdiagtion to treat textile waste water.

MATERIALSAND METHODS

Preparation of Activated Carbon

Activated carbon was prepared using putrescibletadde waste (PVW) which was collected from markates,
kitchens of college hostels and marriage halls nd around Coimbatore city, Tamilnadu, India. Alpég of
vegetable wastes used in the region and their pesks collected in the course of one year.

The dried PVW to be carbonized is impregnated wittoiling solution of 30 % PO, for 2 hours and soaked in the
same solution for 24 hours. At the end of 24 hotins, excess solution decanted off. The air dried was
carbonized in muffle furnace at 4@ The dried material was powdered and activatet riuffle furnace at 86Q
for a period of 10 minutes. Finally the activatedbon (PAC) was washed with plenty of water to reencesidual
acid and then it was dried and powdered [13].

Textile waste water collection and analysis

Water samples were collected (5 samples) from thar@on Effluent Treatment Plant (CETP) at Tiruppufie
different periods. PAC prepared was used for thatinent of various samples collected by batch nam3erption
studies. Effect of adsorbent dosage and effedtraf tvere studied using the best activated carbon.

Batch mode adsor ption studies

Batch mode adsorption was employed to conduct #peréanent which helps in designing an efficient evat
treatment plant. Several advantages of conductkpgreanents in batch mode technique are cheap awdtime
consuming, easy to interpret the results and dodeptend on number of variables. Hence the studgngf
adsorption system in batch mode carries prime itapce.

RESULTSAND DISCUSSION

The physico-chemical characteristic of PAC is giwedable 1. The values show that PAC has got betieosity,
good surface area and also higher iodine number[t4Joncludes that PAC could be a better adsdrben

Table 1. Physico-Chemical characteristics of PAC

Parameters Values
Moisture content (%) 4.5
Ash content (%) 8.37
Water soluble content (%) 19.26
Acid soluble content (%) 1.63
\olatile matter (%) 20.5
lodine number (mg/g) 1101.9
Methylene blue number 525
Bulk density (g/ml) 0.388
Specific gravity 0.98
Porosity 60.4
pH 6.65
PHzec 6.87
Electrical conductivity 0.151
Yield (%) 76.48
BET Surface area (fty) 603.7
Total pore volume (cAfg) 0.7053
Average pore diameter {A 46.74
Langmuir surface area {fa) | 2469

It was further supported by SEM image of PAC inUfegl. To explore the surface characteristics dZ PAFT-IR
(Model: FT-IR-2000, Perkin Elmer) analysis was peried in the range of 400 — 4000tnR spectrum PAC is
shown in Figure 2. The peaks 3444%@918crit, and 2858 ciare ascribed to N-H groups, asymmetric C-H band
and symmetric C-H bands of methyl and methyleneggaespectively[16]. The peaks at 2357¢ci612 crit and
1159 cnt are assigned to=C alkyne functionality, C=C vibrational band anddOsand respectively[17]. All these
functional groups are responsible for the enhanoewieadsorption properties.
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Figurel. SEM image of PAC
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Figure2: IR spectrum for PAC

X-ray diffraction analysis show broad peaks &tv&lues 23.13, 26.5 and 24.2 which indicate thesqaree of
amorphous form of carbon (Figure 3). It does neeginy major peak which could be due to lack ofgaaic

substances in the activated carbon [18]. SEM EDHAlyesis was done to find out the elements presedtifn
revealed that PAC has Carbon 48.66, Oxygen 36, @Ploosus 13.09, Hydrogen 2.1 and Sulphur 0.15 byghiei

percentage.
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Figure 3: XRD spectrafor PAC
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Characterization of Effluent Samples Before and After Adsor ption

The main purpose of effluent analysis is to evallmtter — performing, advanced treatment methdaiifstie aim of
reuse, recovery of valuable products or safe dap@n the other hand, this helps to evaluate ffigiemcy of the
treatment system by analyzing the pollutant leeshaining in the treated effluent. Above all, thalgy of water
should be known prior to its release into the emvinent [19].

The effluent parameters before and after treatrmenpresented in Table 2. From the table it iarbfeunderstood
that PAC completely removes the colour from thegam1, 4 and 5. pH of the samples determine whehee
sample is acidic or alkaline in nature. It is clé@m the table that before treatment they werdlgiglkaline in
nature. After treatment with PAC it was seen tlahgle 1and 4 are slightly alkaline, sample 3 aratésslightly
acidic and sample 2 is acidic in nature. pH valoesl the samples except 2 are within permisdliihé [20].

Table 2 Characteristics of effluent samples before and after treatment

. Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Parameters MAL BT AT | BT | AT BT AT BT | AT | BT [ AT

Colour Colorless Blackish Clear Dark Pale Reddish Palered| Black Clea Dark Clear
green blue grey black green
pH (at 25C) 6.5-8.5 10.3 8.5 9.6 3.94 111 6.79 10.8 716 711 6.62
Turbidity (NTU) 5-10 34 7 45 4 38 4 51 3 28 NI
BOD (20)C, 3 days, mg/L)]  max 30 28 ND 45 ND 52 12 32 ND 41 5
COD (mg/L) max 250 860 72 580 55 430 45 440 50 345 42
TDS (mg/L) 500-2000 4110 2466 5274 3547 504( 33%6 7272| 1024 2012 1267
Total hardness (mg/L) 300-60 1200 156 799 76 654 0 8 645 42 384 44
Ce* (mgl/L) 75-200 240 44 348 40 251 44 300 3P 224 0
Mg*(mg/L) 30-150 219 36 546 35 325 36 181 1p 204 12
Total alkalinity (mg/L) 200-600 950 242 1124 18 678 211 815 174 642 80
Chloride (mg/L) 200-600 622 181 220 60 408 60 392 0 361 60
Sulphate (mg/L) 200-400 1080 534 612 15 400 1¢ 128 5 135 4
*Maximum Acceptable Limit as per BIS standard NNot detectable

Turbidity is measured using Nephelometric turbiditgter and in all the samples turbidity is redutee@ greater
extent [21]. Biological oxygen demand (BOD) and @@l oxygen demand (COD) are the indicators ofessc
organic matter and chemical compounds in watere@spely. The maximum permissible limit of BOD i &g/L.
After treatment, in the samples 1, 2 and 4 the B®Dot detectable and in samples 3 and 5 minimun BO
observed [22]. Before treatment, COD is higher linttee samples and after treatment there was aidenrable
decrease in COD.

An appreciable decrease in the total dissolvedisafi all the samples was not observed. Total lemsliin any water
sample reflects the nature of all geological foiora with which it has been in contact. The limithardness
should not exceed 600 mg/L for any water sampld. [RBall the samples initially the total hardndesel was
higher and after treatment with PAC it decreaseal goeater extent.

The presence of calcium in water sample is duever aeposits of limestone, dolomite and gypsum,ctvhi
contributes to the total hardness. The calciumlishieuld be within 75 — 200 mg/L. In all the effniesamples, the
calcium level was well below the lower acceptaliteitl Similar analysis of calcium was done by [2#]d was

reported to have higher levels of calcium.

Magnesium is a common constituent of natural water an important contributor to the hardness oewdtt forms
scales in boiler when water containing magnesiuiregted. It should be within the limit of 30 — 1H@/L. It was
observed that all the samples exhibit lower magmedével nearing the acceptable limit as per B [25].

Alkalinity of all the samples was found to be withihe limits after treating them with the activataatbon. Chloride
content is lower even before the treatment andedaime much lower after treatment with PAC [26].pBate
content considerably decreased after treatmenpéseenple 1 [27].

From all the above analysis, the effluent qualigswound to satisfy the water quality parameterpeaasthe BIS
(1991) standard. Hence it could be proved that pihmsc acid activated carbon (PAC) prepared frorrgaeible
vegetable waste (PVW) is an effective adsorbentiwvinémoves pollutants like dye content from dyeimdustry
effluents. Further some secondary treatment metboulsl be adopted to improve the quality of théuefiit.
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CONCLUSION

Various conclusions can be drawn from the predeiwtys Peels from various vegetable matters werecteld from
the kitchens of hostels, hotels and marriage tefld also from market places. Putrescible vegetalalste, a
municipal solid waste generated is utilized for pneparation of activated carbon does not involwe raw material
cost. SEM analysis of all the activated carbonsatd that they are highly porous in nature. ThéMSEDX
analysis found that carbon is present in a higleecgntage.

FT-IR studies predicted surface functional grougs +OH and some groups like C-H, C=C and C=0. XRb
pattern of the carbons reveals that they are amoipm nature with few crystallite formations. BEiirface area
analysis revealed that the surface for PAC 603 proved it to be a best adsorbent.

Five different real effluent samples are collectesm common effluent treatment plant and PAC isdufm its

treatment. It is found that the effluent samplefolee treatment showed higher values for all theewatuality

parameters. After treatment with PAC, the efflugudlity is at par with the water quality parametassguided by
BIS 1991 standards. Thus the study clearly suggestdution for solid waste management as wellyesalfluent
treatment.
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