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ABSTRACT

In the present study, the adsorption of a textyle direct blue 86 was studied through a fixed-b@ldran by using a
carbon-alumina composite pellet. The adsorbent deasloped by using microwave assisted activateaboaand
commercial alumina. In order to find out the batusorption characteristics various adsorption isatins such as,
Langmuir, Freundlich and Tempkin were investigaaed the corresponding monolayer capacity was fotantde
500.16 mg/g. The fixed — bed column was used ®&sfigate the dynamic adsorption characteristics nehie
effects inlet dye concentration (50-200 mg/L), féad rate (5 — 15 mL/min) and activated carbon beight (5.04
— 10.16 cm) on the adsorption breakthrough were atsestigated. The maximum removal capacity inctiiamn
study was found to be 142.67 mg/l with an initigk cconcentration and flowrate of 100 mg/l and 12mini
according to Bohart-Adams model. The breakthroughaior was also effectively described by the YNelson
and Clark model.

Keyword: Direct blue; Carbon alumina palette; Equilibriutady; Column study; Bohart-Amams model; Yoon-
Nelson model; Clark model.

INTRODUCTION

In the recent era of technological and industrilaamcement, the introduction of various colored pouonds into
different water bodies cause severe imbalance tataenvironment [1, 2]. These colored substamcesmainly
originated from different textile, leather, papfepd and cosmetic industries. It has been estimi@idover 7 x 10
tons of dyes produced annually worldwide and ne2¥yof these dyes are discharged directly intonthter bodies
which may prove detrimental to aquatic life duelte presence of metals and chlorides in them [8jrddver dyes
may be mutagenic or carcinogenic and if contaatad,cause severe damage to human beings suchfasctiah
of kidney, reproductive system, liver, brain andtca nervous system. [4]. Among such dyes DirdcieB6 (DB
86) is a well known anionic dye used for variouspmses such as dyeing of cellulosic fibers liketamt flax,
viscose rayon, acetate and jute. It is also applctor leather and paper coloration. Waste watertaining dyes
cannot be treated easily as they are chemically s&able. Hence they need to be removed. Varioowval
technologies like adsorption, photo-degradatioragotation, flocculation, chemical oxidation, eleetteemical
oxidation, biological process etc. are availabletfe removal of dye from the wastewater [5, 6]t Bdsorption by
activated carbon is worth mentioning amongst atlabse of its ease of processing and ability to rpdaodlarge
variety of adsorbate [7]. Commercial activated oaris widely used to remove various adsorbatestbinigh cost
limits its widespread use. Therefore, search foaltarnative low cost raw material for making aated carbon has
become very important now a day. In the presergstigation, an activated carbon was developed ft@rscrap
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wood of Acacia Auriculiformis for the removal ofxtde dye Direct Blue 86 (DB 86). Generally, in tiatch
adsorption study the adsorbent is used in its posedéorm which has the great disadvantage of séparafter
being used. To overcome this difficulty, the carbmay be used in its pelletized form. On the othend) a
continuous flow process using a packed bed is radventageous for the treatment of waste waterlarga scale.
A lot of literature is already available on thedratdsorption study but none on fixed bed adsargifaa textile dye
using Acacia Auriculiformis as the precursor matiefor activated carbon. Therefore, in the prestotly, the
adsorption characteristics of DB 86 were investidah a fixed bed column by using microwave asdistetivated
carbon. The effects of different process parametiech as, dye flowrate, bed height and inlet dysentration on
the breakthrough pattern were also investigateag attsorption breakthrough behavior was analyzedigiyg
Yoon-Nelson, Clark and Bohart-Adams’ model.

MATERIALS AND METHODS

2.1. Raw materials
The scrap wood of Acacia Auriculiformis selected flois work, was collected from local saw mill. Hgdhloric
acid and ammonia were procured from Merck SpeidalPrivate Limited, Mumbai, India.

2.2. Preparation of activated carbon

The char was prepared by carbonization of AcaciacAliformis scrap wood in an inert atmosphere. Tiwod
scrap was first cut into small pieces of 2 mm widtld 40 mm of length, cleaned with distilled waiad was sun
dried for 24 h prior to the carbonization. The wqudces were kept on a ceramic boat which was glatehe
center of a 40-mm i.d tubular furnace. The matevias$ then heated from ambient temperature to tH®neation
temperature of 750 °C at the rate of 4 °C/min icoatinuous flow of N (300 ml/min) and then it was kept at this
temperature for 1h for subsequent activation. I$ tveen allowed to cool to ambient temperature @sence of M
flow. The char (C750N) was sieved to obtain thdrddssize fractions and stored in a desiccator siliea gel. The
C750N was further activated in a domestic microofEE0PG3S) for five minutes at a constant inpuveoof 800
W and a frequency of 2450 MHz. After treating ie thicrooven C750N was termed as AC750NMWS5.

2.3 Preparation of the composite adsorbent

Microwave assisted activated carbon (AC750NMW5) eommercial alumina powder was mixed thoroughlghwi
PVA in a weight ratio of 2:2:1.5. Then, the sluwgs prepared by adding a small quantity of wateickvivas then
heated up to 90 °C for 30 min in a constant tentpegawater bath and the heating process was caotiedill a
sticky mass was formed. Then the sticky mass wapezhinto spherical pallets. The pellets were keptnight in
an air oven at 110 °C and placed in tubular furnabere these were heated up to 300 °C for 2 h fiova of
nitrogen (300 ml/ min). The pellets were kept aB@® °C for 1 h for subsequent activation. The ltegy pellets
were then cooled to room temperature and storeddiesiccator over silica gel. The prepared pellete termed as
carbon-alumina composite pallets (CACP).

2.4. Characterization of activated carbon
The surface area and the total pore volume opthpared char and the activated carbon were detednby using
N, adsorption-desorption method by using Brunauer Ethireller (BET) apparatus (Autosorb-1, Quantacrpme

2.5. Equilibrium and kinetic study of DB-86

The monolayer adsorption capacity of the preparedr dor direct blue-86 (DB-86) was determined by th
equilibrium study. The equilibrium study was cadiout by adding 0.1 g of adsorbent into a serfe850 ml
conical flask containing 100 ml solution of dirddtie 86 and was shaken for 36 h at room temperatéfeer this
the samples were centrifuged and the concentratigare analyzed in a UV-Vis spectrophotometer. Thetic
study was carried out by analyzing adsorptive uptakthe dye from aqueous solution at differentetimtervals.
The adsorptive capacity of different adsorbents gmmspared through batch adsorption. The equilibragdsorption
capacity was calculated from the relationship

— (Co _Ce)v

e
w 1)
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Where,q. (Mmg/g) is the equilibrium adsorption capaciBis the dye concentration at equilibrium (mg/M)is the
volume of solution (I) angv is the weight of adsorbent (g).

2.6. Experimental set-up

The fixed-bed column was made of Pyrex glass tdbhe3cm inner diameter and 17 cm height. The coluvas
packed with CACP followed by a layer of glass beawl$oth the side to provide uniform flow of sotuti To avoid
entrapping of air bubbles inside the CAC pellete particles were soaked in appropriate amount atemwand
agitated until no air bubbles were detected insthietion. A known quantity of the prepared adsothveas packed

in the column to yield the desired bed height 642.7.62 and 10.16 cm. Dye solution of known cotregions (50,
100 and 200 mg/L) at pH 1.5 was allowed to flowotlgh the column at a desired flow rate of 5, 10 EaadnL/min.
The aliquot of the DB-86 solution was collectedhet outlet of the column at regular time intenatsl the residual
dye concentration was measured using a double Hd¥rvisible spectrophotometer (Spectra scan UV 2600,
Chemito, India).at 619 nm. All experiments wereriear out at temperature of 28+C.

2.7. Analysis of fixed-bed column data

The dynamic adsorption characteristics in a fixed-lzolumn were studied through analyzing the stadpihe
experimental breakthrough curves. The experimehtabkthrough curves show the loading behavior & th
adsorbate on a fixed-bed column. They are genegaflyessed in terms of normalized dye concentratiefined as
the ratio of instantaneous or outlet adsorbate exatnation to the initial adsorbate concentratioffG§} as a function
of time for a given bed height or adsorbate floe&]. The effluent volume (M) can be calculated as

Veff = Qttotal (2)

Where, 1 and Q are the total time taken for the flow of@bent (min) and volumetric flow rate (mL/min). The
total amount of dye adsorbed:5(mg) for a given bed height, feed concentratiot fmw rate is can be determined
as:

Q =ty
O = —= | C,qdt 3)
total 1000 t;[o d

Besides, the equilibrium uptakg,§mg/g) or maximum capacity of the column can deutated as [9]:

- qtotal
W

Where, g and w are the the total amount of dye adsorbggd)(gnd amount of adsorbent (mg).

2.8. Data analysis
The experimental data were analyzed using Origim (Wersion 8) computer software. The goodness tofvéis
measured through the regression coefficief}. (R

RESULTS AND DISCUSSION

3.1. Characterization of the prepared adsorbents

The BET surface area {S), total pore volume () and average pore size of C750N and AC750NMNébe
determined from the physical adsorption data p&fN77 K and the values are shown in Table 1.ritlm&aseen from
Table 1 that AC750NMWS5 has the highest surface amh total pore volume. Inside the microoven a high
temperature could be reached in comparatively shperiod of time resulting dissipation of huge amoof energy

at a molecular level. Consequently, the roughnésiseopore walls may also be increased due to rapating with
the formation of additional active sites [10]. Bbss, rapid heating could accelerate the releasaradr volatile
matter from the pore interior which results intgher pore volume [11].
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Table-1: Comparison of surface properties of C750dnd AC750NMW5

Surface area Total pore volume

Adsorbent Average pore diameter (A)

(n?lg) (cclg)
C750N 514.2 0.36 27.99
AC750NMW5 695 0.50 28.55

3.2. Equilibrium studies of DB-86 using AC750NMW5
In order to investigate the adsorption characiessthe experimental data were fitted to Freundlicangmuir,
Tempkin and Harkins-Jura isotherms and the corredipg equilibrium plot is shown in Fig. 1.
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Fig. 1. Equilibrium isotherm for Db 86

The Langmuir isotherm represents the uni-molecadmorption of the adsorbate molecule on the adebeheface
[12]. The model can be expressed as:
1 1 + 1

@ KQ Q
Where, q is the equilibrium adsorption capacity, & the equilibrium dye concentratioK; is the Langmuir
constant related to the energy of adsorption ()/am@ Q, is the maximum amount of adsorption corresponding
complete the monolayer coverage on surface (mdhkg. experimental data fitted to Langmuir model ahne
corresponding monolayer adsorption capacity was1®mg/g. Similarly, the Freundlich isotherm canused for
non-ideal sorption that involves heterogeneousaserfenergy systems [13] and is expressed by thewfog
equation:

(®)

1

logq, =log K. + =log C,
n (6)

Where,Kr is a rough indicator of the adsorption capacitgt & is the adsorption intensity. In general, witk th

increase of the adsorption capadfiyvalue increases. The Tempkin isotherm describediéat of adsorption and
interaction between adsorbent-adsorbate moleclit§s The Tempkin isotherm can be expressed as:

g, =B,Ink; +B,InC, @

Where, k and B are Tempkin isotherm constant. The parametersesabfi different isotherms are shown in Table
2.
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Table 2 Equilibrium model parameters

Isotherm model

inktic parameters

Freundlich

g, = KeCH"

Langmuir

ge=KinCe
1+K,C,

Tempkin

9. = Ky log(hC,)

K-= 38.36; n = 2.06; R=0.93;x° = 1372.66

K =0.03; Q = 500.16; R = 0.98;x* = 295.0

Km= 0.32; B = 102.59; R= 0.96;x° = 677.67

09
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Fig. 2. Breakthrough curves for DB 86 adsorption atlifferent inlet concentrations (bed height = 7.62m, flow

3.3. The fixed-bed study

rate = 12mL/min, temperature = 28+1-C).

3.3.1. Effect of initial dye concentration

The effect of initial dye concentrations was stddig varying the dye concentration from 50 — 200Imgth an
adsorbent bed height of 7.62 cm whereas the flewedis kept constant at 12 ml/min. The effect ofiahi
concentration is shown in Fig. 2 by the adsorptio@akthrough curve. It was seen from Fig. 2 thatvhlue of
Ct/Co increased from 0.66 to 0.73 with an incraaselet concentration from 50 to 100 and 200 migAvas further
observed that the breakthrough time slightly desgdawith increasing inlet dye concentration. Thiaynbe
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attributed to the fact that at lower inlet concatitms, breakthrough occurred slowly but with irae in inlet
concentration the breakthrough time decreaseddrfiking force for mass transfer was also increasitd increase
in inlet dye concentration which in turn increasled adsorption capacity. Conversely, the rate adsieansfer got
reduced at lower inlet concentration resulting isttowver transport. Therefore it can be concluded tie adsorption
process is concentration dependent [15]. Similsulte were obtained for biosorption of reactivecklay bamboo
waste based activated carbon [16] and for the rahaiacid dye using pristine and acid-activated/sl[17].

3.3.2. Effect of the solution flow rate

The adsorbate flowrate had a significant effecD&186 adsorption in the fixed bed column. The effefcflowrate
was shown in Fig. 3 with the help of experimenteddkthrough curve. The flow rate was varied from-125
ml/min with a constant bed height and initial comtcation of 7.62 cm and 100 mg/l respectively. #snseen from
Fig. 3 that breakthrough occurred at comparatifedyer rate at higher adsorbate flowrate and Iess was taken to
reach the saturation breakthrough. The possibleoremay be at higher adsorbate flowrate DB-86 kasd time to
contact with the activated carbon bed which reduléo steeper breakthrough curve. This phenomeaoralso be
explained in the vicinity of mass transfer fundamaén The rate of mass transfer gets increasedyhehflowrate
leading to faster saturation [18]. Conversely, @ldsorption capacity is decreased with increaséoimrate due to
shorter residence time of the adsorbate molecuthanfixed bed column. Therefore, the surface ef abtivated
carbon never gets saturated with the adsorbateculeleand as a result the equilibrium never reachied results
obtained in the present investigation are in wgteament with the results obtained by Zulfadhlyale{19] where
macro fungudycnoporus sanguinewsas used to adsorb heavy metals (Pb, Cu and Cal) digueous solution in
fixed-bed column at various flow rates.

0.8

——5 ml/min

—— 12 ml/nun

—@—15ml/min

(:) L L L L
0 10 20 TSP 40 50 60

Fig.3. Breakthrough curves for DB 86 adsorption atlifferent flow rates (inlet Db 86 concentration = D0
mg/L, bed height = 7.62 cm, temperature = 281 -C).

3.3.3. Effect of activated carbon bed height

The effect of bed height is shown in Fig.4. Theeffof bed height was studied at an initial dyecemtration of 100
mg/l and a flowrate of 12 ml/min respectively. TBed height was varied from 5.02 — 10.16 cm. It wesn from

the breakthrough curve that the slope of breaktjinaturve decreased with increasing bed heightait be because
of the reason that with the increase in bed hdightadsorbate has more time to contact with thieadet carbon

which in turn results into higher removal capaeihd lower solute concentration in the effluent.iBes, at higher
bed height the availability of the effective sudaarea of adsorbent is more which offers more acsites to

adsorption and it also broadens the mass transfer [length [20].
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Fig. 4. Breakthrough curves for DB 86 adsorption omprepared BGAC at different bed heights (inlet DB & concentration
= 100 mg/L, flow rate = 12 mL/min, temperature = 2&1 -C).

3.4. The Bohart-Adams Model

The Bohart-Adams model is widely used for desigrfirgd bed column. The model is based on surfaaeti@an
theory [21] and according to this model the rataddorption is proportional to fraction of adsavpticapacity that
still remains on the surface of the adsorbent [Zdje Bohart and Adams’ model describes a fundarhenta
relationship between the normalized concentratiGglQp) and the bed height (Z) and the relationship can b
described by the following equation:

=No2 140Gy

t
“ Cyv kuC, C,

()

where C, and G are the initial and breakthrough concentrationmig/l respectively, Jg is the Bohart Adams,

model constant (I/mg-min), Ns the adsorption capacity of the adsorbent inl,niZgis the bed depth in cm, v is the
linear velocity in cm/min and, is the breakthrough time (min). The above equati@m be written in a linear form
as

t,=azZ+b ®
a=No
where, Cov (9)
b= In{(&)—l}x 1
Cb CokAB (10)
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The iso-removal lines are constructed by plottififferent bed heights (5.08, 7.62 and 10.16 cm)irega
breakthrough times at constant flowrate (12 ml/na@nyl initial dye concentration (100 mg/l) as shadwrig. 5.
The adsorption capacity (Nand the rate constant of adsorptiogsjkwere calculated from the slope and intercept

of the isothermal lines.

[y

Z (cm)

Fig. 5. Bohart-Adams plot at different adsorption kreakthrough

The values of bland kg which can be further used in column design arevshia Table 3. Therefore, by using the
respective linear equation, the breakthrough tionefparticular bed height for new feed concerdratir flowrate

can be predicted easily [23].

Table 3 The Bohart-Adams model constants for the Xed bed column study

Iso-removal a b No Kag R?
Percentage (min/cm) (min) (mg/l) (I/minmg)
10 0.072 -0.366 65.02 0.0600 0.999
20 0.113 -0.571 102.04 0.0385 0.999
30 0.158 -0.775 142.67 0.0284 0.989

The modified slope (pfor a new feed concentration was calculated tirdxy multiplying the original slope (gby
the ratio between the original {/Gand new feed concentration;\C

<
Cf
(11)
The modified intercept was also calculated by tilefving equation
In(C, -1
b =h [%JL (cf 1)}
JIn(G, - 2

where, hand hare the original and modified intercept for a nesd concentration.

Similarly the modified slope constant for a newnftate was calculated as
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13)
where, \§ and V are the original and new flow rate. The predictegakthrough time calculated from the above
equations was compared with observed breakthrdoghand the corresponding values are shown in Tahled 5.

Table 4 Predicted breakthrough time form Bohart-Adams constant for a new feed concentration Break poir(%)

Break point (%) & b G G C/C & b Z fed  Toos
10 0.072 -0.366 100 50 2 0.144 620. 7.62 0.47 0.41
20 0.113 -0.571 100 50 2 0.266 70.9 7.62 1.06 0.85
30 0.158 -0.775 100 50 2 0.316 -1.31 7.4209 1.10
10 0.072 -0.366 100 200 0.50 0.036 -0.217.62 0.06 0.08
20 0.113 -0.571 100 200 0.50 0.0570.33 762 0.10 0.17
30 0.158 -0.775 100 200 0.50 0.079 450. 7.62 0.15 0.28

A high value of regression coefficient was obtaimédten these predicted values of breakthrough tiraeeplotted
against the observed values of breakthrough tirheréffore, model developed can be further utiliz’mdniodeling
of a contentious column under different experimietdaditions such as varying flow rates and feedcentrations.

3.5. Yoon-Nelson and Clark Model
This model is based on the assumption that theofatkecrease in the probability of adsorption facke adsorbate
molecule is proportional to the probability of adsate adsorption and the probability of adsorbagakthrough on
the adsorbent [24]. The Yoon-Nelson model is lesamicated than other models. The linearized fofrithe Yoon-
Nelson model for a single component system is esqae as:
C
In——— =kt — 7k,

0 -t (14)

where, ky is the rate constant (mf) andt (min) is the time required for 50% adsorbate bile@kigh. The values
of kyn, T, x> and R are shown in Table 6 were determined from the ftbenslope and intercept of the linear plot of
In [C; /(Cy —C)] and t according to Eq. (13). The 50% breakthgfotime ¢) was increased with increasing feed
concentration (g and bed height (Z). Besides, the rate constapy) (kvas increased with decreasing feed
concentration and increasing bed height. The reslitained were in a good agreement with the exyeertal
results of Ahmad et.al.

Table 6 Parameters for Yoon-Nelson under differenéxperimental conditions

Concentration (mg/l) bed height (cm) Flowrate(ml/min)  kyn (I/min) T (min) R? 2

X
100 7.62 12 0.214 0.488  0.95 2.2x10%
10C 5.0¢ 12 0.1f 0.2¢ 0.8C 1x1c®
100 10.16 12 0.13 0.72 0.87 1.6x10*
50 7.62 12 0.218 0.47 0.93 3.2x10*
100 7.62 5 0.354 0.04 0.99 1.0x10'
100 7.62 15 0.364 3.56 0.90 0.023

3.6.Clark Model
The Clark model introduces a new procedure to siteuhe breakthrough curves by using the Freundiiatinerm
constant [26]. The linearized form of the model barrepresented as,

Coin

In[(go)” ! —1} =-rt+InA
' (15)

where, r (mift) and A are the Clark model parameters.
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The predicted model parameters calculated usiRgeandlich constant of n = 2.06 are shown in Tablelt was
seen from Table 7 that values of r increased wéttrebse in bed height. Besides, the value of Aiatgeased with
increase in bed height.

Table 7 Clark model under different experimental caditions

Initial concentration (mg/l) Bed height (cm) Flow rate (ml/min) r (/min) A R? X310

10C 5.0¢ 12 0.11¢ 0.7¢£ 0.9¢ 31C

100 7.62 12 0.262 1.29 0.99 6.9

100 10.16 12 0.141 1.19 0.87 28.8

100 7.62 5 0.318 1.03 0.96 435

100 7.62 15 0.122 1.49 0.99 4.98
CONCLUSION

The adsorption of a typical textile dye direct bB@ was studied through a fixed bed column. A caralomina
composite adsorbent was developed for this purpldse activated carbon was developed by microwatigadion.

The monolayer adsorption capacity according to bauig isotherm was found to be 500.16 mg/g. The thina
adsorption characteristics for DB 86 adsorptionenawestigated by using a ixed bed column. Thecesfef various
parameters such as initial dye concentration, &dserflow rate and adsorbent bed height on thekbremugh were
also investigated. The maximum bed capacity wasdaow be 142.67 mg/l. The experimental breakthrodagta
were fitted to Bohart Adams’, Yoon-Nelson and Clarkdel. It was seen from Bohart Adams’ model thigh an

increase in percentage breakthrough the valueg ioicheased from 65.02 — 142.67 mg/l respectively.
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