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Abstract

Waste material, hen feather, a biosorbent, was successfully utilized in removing a water-soluble hazardous triphenylmethane dye, Brilliant B
FCF from wastewater. The paper incorporates effect of pH, temperature, amount of adsorbent, contact time, concentration of adsorbate, etc
adsorption data validates Langmuir and Freundlich adsorption isotherms and on the basis of these isotherms thermodynamic parameters like C
free energy, change in enthalpy and entropy were calculated. Kinetics of the ongoing adsorption was also monitored and specific rate constan
the involved process were calculated at different temperatures. Kinetic measurements suggest a first order adsorption kinetics and adsorptiot
found to be applicable via film diffusion process in the entire concentration range.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction The dye under consideration is Brilliant Blue FCF, which is
a popular colorant in the textile and leather industries. Earlier it
Ever since the adsorption technique has been used for theas also used as a common food additive to color confectionary
removal of toxic chemicals from wastewater there has been and dairy products but because of its toxic effects towards human
struggle to uncover some new, economic and competent ads@and animals it was banned. It is carcinogdbil; causes repro-
bents, particularly waste materials. Thus, many waste materiatfuctive and neurological disordef8,7], severe allergie§3],
like, shells, husks, plant leaves, etc., have been tried as ads@naphylactic reactiorf8] including rashes, swelling and trouble
bents. But still the question mark on the economics involved irin breathing in human being. Even behavioural—convulsions
the developed process persists. Moreover, most of these matefl-0], gastrointestinal tumors, blood-lymphoma, dticl] have
als are also utilized in some other useful purposes and this makatso been found in rodents.
their availability difficult. Availability of three sulfonic acid groups with the Brilliant
Recently, our laboratory explored the use of waste materiaBlue FCF molecule makes it highly ionic and soluble in aque-
hen feathers, as biosorbent to remove a toxic triphenylmetharmis medium and due to this reason the dye tenders tremendous
dye, Brilliant Blue FCF and found these quite proficient andmobility in the soils. Moreover, development of bright greenish
economic. Literature survey reveals that surprisingly very littleblue hue with water in soil and rock materials, distinguishes the
attention has been paid so far, to use chicken feathers as adsdye from other red and yellow dyes and that is why Brilliant
bent and only few reports are available, which only describeBlue FCF is also used as tracer dye to visualize flow pathway of
removal of metal impurities from wastewafdr4]. Thus, the  water in the vadose zorj#2,13]
idea to use hen feathers as adsorbent to remove hazardous dyedPespite its adverse effects and variety of uses not much atten-
seems to be an innovative one for the appropriate, valuable aritbn has been paid to remove it from the water and may be
necessitous utilization of such a waste material for the mankincdbecause of its complex structure very limited techniques have
been explored. Reports are available to remove this dye through
electrochemicd]14] and photochemicdll5] degradation tech-
* Tel.: +91 9425025427 (mobile); fax: +91 755 2670562. niques, but unfortunately degradation of the Brilliant Blue FCF
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0304-3894/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.jhazmat.2005.08.043



234 A. Mittal / Journal of Hazardous Materials B128 (2006) 233-239

Brilliant Blue FCF over porous xeroge[46] and polymeric  equilibration, however, shaking for 3—10 h gave practically the
resing[17] has also been tried but both the materials are costlgame uptake in each case. Once the equilibrium is thought to
adsorbents. be reached, solution was carefully filtered by using Whatman
Keeping all this in view, it was considered worthwhile to filter paper No. 42 and concentration of the dye in the solution
develop a systematic and economic procedure to remove the haafter equilibrium adsorption was determined spectrophotmet-
ardous dye, Brilliant Blue FCF from the wastewater by adsorbingically by measuring the absorbanceatax of 630 nm. The

over the waste material and biosorbent, hen feather. wavelength was recorded before and after the adsorption and in
allthe cases no shiftin the absorbance péalsf= 630 nm) was
2. Materials and methods observed.

For kinetic studies 25 mL solution of Brilliant Blue FCF of
Brilliant Blue FCF, big4-(N-ethyl-N-3-sulfophenylmethyl) known concentration and a known amount of adsorbent were

aminopheny}-2-sulfophenyl methylium disodium salt (molecu- taken in an airtight 100 mL conical flask. Keeping the flask in
lar formula G7H3409N2SsNap), was obtained from M/s Merck @ water bath, maintained at desired temperature, mixture was
and its stock solution (1 mM) was prepared in doubly distilledmechanically agitated. After a definite interval of time, the solu-
water. All other reagents used were of A.R. grade_ Hen feathtjon of the flasks was filtered and filtrate of each was analyzed

ers were collected from local poultry farm and activated befordor the uptake of dye. The kinetic studies were also performed
use. at different adsorbate concentrations.
The pH of each solution was measured by using micropro-
cessor based pH meter; model number HI 8424 (M/s HeNNg. Results and discussion
Instruments, Italy) and absorbance measurements were car-
ried out on UV-vis spectrophotometer model number 117; ; - Agsorprion studies
(M/s Systronics, Ahmedabad, India) over the wavelength range

200t710 nm: Removal of Brilliant Blue FCF over hen feathers was carried

out in the pH range 2—6 and it was found that the adsorption
decreases with increase in pHig. 1). The variation in the
N removal of the Brilliant Blue FCF with respect to pH can be
\_ SO3Na explained by considering the surface charge of the adsorbent
materials. The higher adsorption of the dye over the adsorbent
hen feathers at low pH may be due to neutralization of the nega-
tive charge at its surface, which increases the protonation. This
L 4 facilitates diffusion to provide more of the active surface of the
= 7N¥ SON adsorbent resulting thereby enhanced adsorption at its surface.
_ gha Decrease in the adsorption of the dye with increasing pH may be
| S04 due to deprotonation, which hinders the diffusion and as a result
of which adsorption of the dye decreases till pH 4.0 and then
BRILLIANT BLUE FCF remains constant. Maximum uptake of the dye takes place at
around pH 2.0, which was therefore selected for all subsequent
studies.

Hen feathers procured from the local poultry farm were
first thoroughly agitated in the pool of distilled water and
then rinsed several times by doubly distilled water. These wet
feathers were then dried. From each dried feather, soft barbs g -

were cut with the help of scissors and hard middle rachis was
removed and discarded. The barbs thus obtained were about ™
1 cm of length, which were now cut into small pieces of approx- = &0 -
imately 0.1 mm length each, with the help of sharp blade. The 3
dried material was then treated with hydrogen peroxide (30%, € ¥
wlv) for 24h to oxidize all possible adhering organic mate- T, 40 4
rial. Now for the removal of moisture, the material obtained E‘
was kept in an oven at 10€ for 12h and activated adsor- 8§ %7
bent thus obtained was stored in a vacuum desiccator until g’ 20 |
used.
Adsorption studies with the feathers were carried outby batch 1%
technique at 30, 40 and 5C temperatures. A series of 100 mL 0 ‘ ; : ‘ ,
graduated conical flasks containing 25 mL of adsorbate solu- 1 2 3 4 5 6 7
tions of varying concentrations and required amount of the hen pH

feathers were employed at a desired pH and temperature. TheSg 1. Effect of pH on uptake of Brilliant Blue FCF ¢2.10-4 M) by hen feath-
flasks were agitated intermittently for about 1-3 h to achievesrs (0.01g) at 36C.
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18 of the Langmuir (Eq(1)) and Freundlich (Eq(2)) models:
16
) 1 1 1 1
4 ) 8
e ] qde Qo bQo C
x
3 101 1
< logge = log K; + —logC (@)
8 8 n
2 5.
E whereC is measured molar concentration in solution at equilib-
2 1 T rium, Qo the number of moles of solute adsorbed per unit weight
< 2 - 40Degree C of adsorbentge the number of moles of solute adsorbed per unit
0 : : ‘ | s0Degree © weight at concentratiod andb, Kr andn are constants.
0 2 4 6 8 10 Best fitted straight lines obtained in case of Langniig(3)

and FreundlichKig. 4) plots confirm the applicability of both
the adsorption models in the present studies. The value of Lang-
Fig. 2. Effect of concentration for t'he removal of Brilliant Blue FCF by hen muir and Freundlich constants derived from the respective plots
feathers (0.01g) atpH 2.0 and at different temperatures. are presented in tHeable 1 The data indicates that the values
of K; and n are almost constant at all the temperatures. How-
ever, values of), increases with increase in temperature, which
The effect of concentration of the dye on adsorption wadurther indicates the processes to be endothermic in nature.
monitored in the concentration rangex10°to 1 x 10~*M at The favorablility of the ongoing adsorption process was con-
pH 2.0 and temperatures 30, 40 and®’80Fig. 2 exhibits that  firmed on the basis of method applied by Weber and Chakravorti
the adsorption of the dye increases with increasing temperaturfd,8], which suggests that the linear, favorable or irreversible
indicating thereby the process to be endothermic in nature. nature of isotherm is dependent on the obtained value of sep-
Sorption data obtained in the concentration rangearation factorf) as unity, between 0-1 and zero, respectively.
3-8x10°M was correlated with following linear forms The separation factor” [19], a dimensionless constant, was

Concentration x 10 ~° (M)
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Fig. 3. Langmuir adsorption isotherms for adsorption of Brilliant Blue FCF over hen feathers (0.01 g) at pH 2.0.
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Fig. 4. Freundlich adsorption isotherms for adsorption of Brilliant Blue FCF over hen feathers (0.01 g) at pH 2.0.
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Table 1
Freundlich and Langmuir constants and separation factor for the adsorption of Brilliant Blue FCF over hen feathers (0.01 g) at pH 2.0 and difézegatésm
Temperature°C) Qo (x 10*molg1) b (x 10°Lmol 1) n Ks r
30 3.9984 8.104 0.132 0.9999 0.925
40 3.9463 9.352 0.142 0.9999 0.914
50 3.9020 10.678 0.145 0.9999 0.904
calculated by following equation: 100 -
90
1
;= 3 i
1+ bCo @) § %
. . ' 704
where, value$ andCq were obtained from Langmuir isotherm. § i
In the present case the valuesrofTable 1 were found less b 0
than unity at all temperatures and validate the ongoing process g,
a highly favorable one. 2 401
Langmuir isotherms were also used for calculating thermo- 8 901
- . . 2 5 |
dynamic parameters on the basis of following equations: & 0 crpErE
o 10 4 —m—40 Degree C
AG - —RTlnb (4) 0 i : . ) ) —&—50 Degree C
ToTy by 0 50 100 150 200 250 300 350
AH® = —R In{-= (5) Ti :
To,—T b1 ime (minutes)
AH® — AG® Fig. 5. Effect of contact time for the uptake of Brilliant Blue FCF(3.0-> M)
AS° = — (6) by hen feathers (0.01g) at pH 2.0 and at different temperatures.

whereb, b1, b, are the equilibrium constants at different tem-

peratures and obtained from the slopes of Langmuir adsorptioﬂdsorbs within initial one hour of adsorption over hen feathers at
isotherms at different concentrations. 30, 40 and 50C, respectively. While at & 10~°>M adsorbate

Obtained values of the thermodynamic parameters are pr&oncentrationkig. 6) the amount adsorption achieved was only
sented inTable 2 At all the temperatures negative valuegg® 12, 14 and 17% at the three temperatures, respectively. Thus,
were obtained, which indicates the nature of adsorption feasibl® the lower concentration range equilibrium was established
and spontaneous. It may also be observed thaniié values within 200 min, whereas, at higher concentration 300 min were
decreases with the increasing temperature, which suggest m Qund sufficientf_or attaining the equilibrium. Further, kin_et_ics of
amount of adsorption of the dye at higher temperature. Positivi'€ Process at different temperatures (30, 40 ariC3@xhibits
values of enthalpy changa {°) further authenticate endother- mgrglnal increase in adgorptlon with the increasing temperature
mic nature of the present adsorption, while positive entrop)ﬂ:'gs- 5 and b The half-life of each process was also calculated

change AS°) values reflect the affinity of the feathers towards @1d Was found to decrease with increase in temperature. This
Brilliant Blue FCF. trend once again confirms the endothermic nature of the on-

going process.
3.2. Kinetic studies

. . ) 20
In order to formulate an effective and applicable adsorption
model, kinetics of the adsorption process was monitored very c 801
carefully by observing effects of contact time, amount of adsor- .2 701
bent and concentration of adsorbate solution on the uptake of g 60
the dye. 3 g |
Contact time studies suggest that at 50-° M adsorbate f, ”
concentrationRig. 5) about 28, 29 and 40% Brilliant Blue FCF &
S 30
]
Table 2 &a 20 4
Thermodynamic parameters for the uptake of Brilliant Blue FCF over hen feath- 10 4 —&—30 Degree G
—— 40 Dx C
ers (0.01g) at pH 2.0 . P D:!?rr:sc
—AG® (kJmof™) AH® (kImolt)  AS® (IK~Tmol™t) 0 50 100 150 200 250 300 350 400
30°C  40°C  50°C 30°C 40°C  50°C Time (minutes)
22672 23.793 31.093 11.22 111.85 111.86 130.99Fig. 6. Effect of contact time for the uptake of Brilliant Blue FCF(20~° M)

by hen feathers (0.01 g) at pH 2.0 and at different temperatures.
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120 to increase from 2.1% 102 to 2.90x 10~2min—1 from 30 to
50°C at 5x 10~° M concentration of Brilliant Blue FCF further
3 100 4 confirms the increase in uptake of dye by increasing temperature.
% 80 -
o 3.2.2. Rate expression and treatment of data
Ev 60 . In order to identify the mechanistic steps involved in the ongo-
f'c: ing adsorption process, the obtained kinetic data has been treated
g 40 1 by ingenious mathematical treatment suggested by Boyd et al.
o [21] and Reichenberf22]. This helped in judging the nature of
20 - overall rate of the dye removal and ascertaining that whether the
on-going process is particle diffusion or film diffusion.
0 , . ‘ . During the adsorption of an organic/inorganic compound by
g 0.05 01 0.13 02 025 a porous adsorbent following three possible consecutive steps
Amgunt are thought to be operative:
Fig. 7. Effect of amount of adsorbent for the removal of Brilliant Blue FCF
(1x 10~ M) at 30°C and pH 2.0. a. Film diffusion

b. Particle diffusion

Uptake of the dye was also monitored through observing the - A4sorption of adsorbate on the interior surface of the adsor-
effect of amount of adsorbenFig. 7) and it was found that bent.

the most substantial increase in adsorption was observed when
amount of adsorbent is increased by two times (0.005-0.01 g), ) ) . .
however this effect was not prominent, when more adsorbent Ut Of these three processes the third one is considered quite
was introduced in the solution. Rate of uptake of the dye ovef@Pid and that is why cannot be treated as rate-limiting step
adsorbent was also found to follow the same pattern. Since fairll£3]- HOWever, remaining two steps give rise to following three
good adsorption was achieved by using 0.01 g of feathers, hen@&Stinct cases:

all the studies were made with this amount only. By increasing

the amount of adsorbent the half-life was found decreasing at Case |, when external transport > internal transport, where rate
all the temperatures, which confirms the dependency of amount is governed by particle diffusion.

of adsorbent on rate of adsorption. e Case Il, when external transport<internal transport, where
rate is governed by film diffusion.
3.2.1. Adsorption rate constant study e Case lll, when external transpettinternal transport, where

The specific rate constants of Brilliant Blue FCF—hen formation of a liquid film surrounding the adsorbent particles
feather adsorption at different temperature was evaluated by with a proper concentration gradient as transport of ions to

using following Lagergren'’s first order rate expresgipoy: the boundary may not be possible at a significant rate.
kads . . .
l09(ge — 41) =109ge — 5205 > 1 (7) To examine the actual process involved in the present adsorp-

. tion, following quantitative treatment of the sorption dynamics
wherege and g; are the amount adsorbed at equilibrium and[22] was employed:

time ¢, respectively. Straight lines obtained in the time versus

log(ge — ¢:) plot (Fig. 8), confirm the first order nature of the 6 /1 5

process at each temperature. The value of the rate congfant, F =1——> (= ) exp(-n®B,) (8)
. . . b n

obtained from the slop of straight lines Bfg. 8, were found 1
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Fig. 8. Lagergren plot for Brilliant Blue FCF (9 10~> M)—hen feather system at different temperatures.
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Fig. 9. Time vsB, plot for the Brilliant Blue FCF (5« 10-5 M) adsorption over Time (minutes)

hen feathers at different concentrations and &30 Fig. 11. Time vs. log(&- F) Graph for Brilliant Blue FCF (5< 10~ M)—hen

feather system.
whereF is the fractional attainment of equilibrium at time *

and is obtained by using E€P), n is Freundlich constant of the 0 : ; ; . : . r ‘
adsorbate an#;, is a calculated mathematical functionfofand 225
vice versa) derived from the Reichenberg’s tgB]: 41
P 0 © 0.2
Qoo o -03

whereQ; and Q. are amounts adsorbed after timand after =
infinite time, respectively. g 8

With the help of Reichenberg’s tabj22] values ofB, was .
derived from every observed value Bfand a graph between
time andB; was plotted. Typical time versuB, plots at (5 V85 —mowms
and 9)x 10~°M concentration of the Brilliant Blue FCF are —=— 40 Degres G
presented iffigs. 9 and 10respectively, which confirm involve- g ks - -
ment of film diffusion mechanism as the rate-controlling steps, Time (miniies)
because of deviation from linearity. Fig. 12. Time vs. log(X F) graph for Brilliant Blue FCF (% 10~°>M)—hen

Further validation of the above observations was carriedeather system.
out by Mckay's graph by plotting log(® F) versus time
graphs at different concentrations of the dye. Curved lined. Conclusions
(Figs. 11 and 1pwere obtained at all the temperatures and
concentrations, which support the fact that rate of adsorption The research carried out in the present paper clearly sug-
of Brilliant Blue FCF at hen feathers, take place by internalgests that the waste material, hen feathers acts as excellent
transport at all the concentratiof#]. biosorbent for the removal of Brilliant Blue FCF from wastew-
ater. Batch studies clearly suggest that 100-70% of the dye
could be adsorbed by hen feathers in the concentration range
1x 10~°to1x 10~* M, at 30, 40 and 50C. Well-fitted straight
lines obtained for the Freundlich and Langmuir adsorption
isotherm models indicate a feasible, spontaneous and endother-
mic adsorption. Kinetic studies suggest that the adsorption of
Brilliant Blue FCF over hen feathers undergo purely, through
film diffusion mechanisms at all concentrations and rate of
adsorption takes place by internal transport mechanism.

2.5

T References
—m— 40 Degree C
: : [ —%—t0Degres® [1] S. Al-Asheh, F. Banat, D. Al-Rousan, Adsorption of copper, zinc and

0 50 100 150 200 250 300 nickel ions from single and binary metal ion mixtures on to chicken
Time (minutes) feathers, Adsorp. Sci. Technol. 20 (2002) 849-864.
[2] F. Banat, S. Al-Asheh, D. Al-Rousan, Comparison between different
Fig. 10. Time vsB; plot for the Brilliant Blue FCF (3 10-> M) adsorption keratin-composed biosorbents for the removal of heavy metal ions from
over hen feathers at different concentrations and 4C30 aqueous solutions, Adsorp. Sci. Technol. 20 (2002) 393-416.




A. Mittal / Journal of Hazardous Materials B128 (2006) 233-239 239

[3] S. Al-Asheh, F. Banat, D. Al-Rousan, Beneficial reuse of chicken feath-[14] R. Jain, N. Sharma, M. Bhargava, Degradation of pharmaceutical and
ers in removal of heavy metals from wastewater, J. Cleaner Prod. 11  food colourant using electrochemical technique, J. Indian Chem. Soc.

(2003) 321-326. 81 (2004) 765-769.

[4] D.I. Ishikawa, K. Suyama, Recovery and refining of au by gold-cyanide[15] F. Gosetti, V. Gianotti, S. Angioi, S. Polati, E. Marengo, M.C. Gen-
ion biosorption using animal fibrous proteins, Appl. Biochem. Biotech- naro, Oxidative degradation of food dye E133 Brilliant Blue FCF:
nol. Part A: Enzyme Eng. Biotechnol. 70-72 (1998) 719-728. liquid chromatography—electrospray mass spectrometry identification

[5] J.P. Maloney, A.C. Halbower, B.F. Fouty, K.A. Fagan, V. Balasubra- of the degradation pathway, J. Chromatogr. A 1054 (2004) 379-
maniam, A.W. Pike, P.V. Fennessey, M.N. Moss, Systemic absorption  387.
of food dye in patients with sepsis, N. Engl. J. Med. 343 (14) (2000)[16] Z. Wu, I.S. Ahn, C.H. Lee, J.H. Kim, Y.G. Shul, K. Lee, Enhancing the
1047-1049. organic dye adsorption on porous xerogels, Colloids Surf. A: Physic-
[6] J.P. Maloney, T.A. Ryan, K.J. Brasel, D.G. Binion, D.R. Johnson, A.C. ochem. Eng. Aspects 240 (2004) 157.
Halbower, E.H. Frankel, M. Nyffeler, M. Moss, Food dye use in enteral [17] K. Daga, S. Loonker, J.S. Rathore, S. Katiyal, Removal of colour from
feedings: a review and a call for a moratorium, Nutr. Clin. Prac. 17 aqueous solution by polymeric resin, J. Ind. Pollut. Contr. 17 (2) (2001)

(2002) 169-191. 335-347.

[7] W.H. Hansen, O.G. Fitzhugh, A.A. Nelson, K.J. Davis, Chronic toxicity [18] T.W. Weber, R.K. Chakravorti, Pore and solid diffusion models for fixed
of two food colors, brilliant blue FCF and indigotine, Toxicol. Appl. bed adsorbers, J. Am. Inst. Chem. Eng. 20 (1974) 228-238.
Pharmacol. 8 (1966) 29-36. [19] K.R. Hall, L.C. Eagleton, A. Acrivers, T. Vermenlem, Pore and solid

[8] K. Mortelmans, S. Haworth, T. Lawlor, Salmonella mutagenicity tests. diffusion kinetics in fixed adsorption constant pattern conditions, Ind.
Il. Results from the testing of 270 chemicals, Environ. Mutagen. 8 (7) Eng. Chem. Res. 5 (1966) 212-223.

(1986) 1-119. [20] K. Periasamy, C. Namasivayam, Process development for removal and

[9] N.A. Metheny, Risk factors for aspiration, J. Parenteral Enteral Nutr. 26 recovery of cadmium from wastewater by a low cost adsorbent: adsorp-
(6) (2002) S26-S33. tion rates and equilibrium studies, Ind. Eng. Chem. Res. 33 (1994)

[10] A.A. Nelson, E.C. Hagan, Production of fibrosarcomas in rats at site of 317-320.
subcutaneous injection of various food dyes, Federal Proc. 12 (1953R1] G.E. Boyd, A.W. Adamson, L.S. Meyers, The exchange adsorption of

397-398. ions from aqueous solution by organic zeolites. Il. Kinetics, J. Am.
[11] E. Gross, On induction of sarcomas with specially purified triphenyl- Chem. Soc. 69 (1947) 2836-2848.

methane dyes, Light Green SF and Patent Blue AE, following repeatef22] D. Reichenberg, Properties of ion exchange resins in relation to their

subcutaneous injection in rats, Z. Krebsforsch 64 (1961) 287-295. structure. lll. Kinetics of exchange, J. Am. Chem. Soc. 75 (1953)
[12] M. Flury, H. Fluhler, Tracer characteristics of Brilliant Blue FCF, Soil 589-597.

Sci. Soc. Am. J. 59 (1995) 22-27. [23] J. Crank, The Mathematics of Diffusion, Clarenden Press, Oxford, 1956,

[13] R. Kasteel, H.J. Vogel, K. Roth, Effect of non-linear adsorption on the p. 86.
transport behaviour of Brilliant Blue in a field soil, Eur. J. Soil Sci. 53 [24] J.S. Zogoroski, S.D. Fast, J.H. Hass Jr., Phenol removal by activated
(2002) 231-240. carbon, J. Colloid Interface Sci. 55 (1976) 329-341.



	Use of hen feathers as potential adsorbent for the removal of a hazardous dye, Brilliant Blue FCF, from wastewater
	Introduction
	Materials and methods
	Results and discussion
	Adsorption studies
	Kinetic studies
	Adsorption rate constant study
	Rate expression and treatment of data


	Conclusions
	References


