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Abstract— The adsorption of acid dye (AB80) onto the prepamddorbents from water hyacinth, Hyacinth Black
Carbon (HBC) and Hyacinth Activated Carbon (HAC), wereestigated. Batch isotherm studies were carried out
under varying experimental conditions of contastdj temperature, and pH. The adsorption efficiestagy was also
compared to the Commercial Activated Carbon (CAQE study results indicated that the prepared doksots from
hyacinth, HBC and HAC, could be substantially ugmdthe adsorption of acid dye (AB80) as comparetth the
commercial activated carbon, CAC. The HAC also @nésd the comparable efficiency to CAC. Base o.amgmuir
isotherm, the monolayer adsorption capacity wa®eined to be 5.75, 56.50, and 100.00 mg/g for HB&C, and
CAC, respectively. The Ralues showed that all adsorbents were favourédrieéhe adsorption of acid dye (AB80).
Base on Freundlich isotherms, the magnitudes ofdt/Rreundlich isotherms were revealed to lie begw zero to one,
indicating that acid dye (AB80) is favorably adsediby all three adsorbents. The results of isothadsorption study
elucidated that HBC was fitted to Langmuir modehwiigh correlation (B of 0.997 while HAC and CAC were well
fitted to Freundlich model with favorable correlari () of 0.990 and 0.991, respectively.

Keywords— Adsorption, acid dye (AB80), water hyacinth, sodim chloride activation, activated carbon.

been recognized for the production of activatechaar

1. INTRODUCTION with  high developed porosity. Furthermore, this

. . , N . procedure leads to high yield by activating at low
Water hyacinth Eichhornia crassipésis a free-floating temperture as well [9]. Activating agents used lie t
perennial aquatic plant and it was introduced tailGind chemical process are normally KOH, NaOH;P@,
in 1901 during the reign of King Rama V ff°”7 Inderze ZnCl, NaPO,, NaCl, KMnQ, for various raw materials
as ornamental plant. Nowadays, water hyacinth atdng yield for activated carbon [10]. Among of these
itself form the decorated flower to problematic ekie chemical agents, NaCl shows attractive propertpabse
to its fast spread and congested growth (over 6ojg of inexpensive a,nd non toxic.
The fioating mats of water hyacinth obstruct naiiiga This study aimed to investigate the possibility of
and clog irrigation works. Although water hyacinth activated cabon prepared from water hyacinth by
seen as a weed and worthless, there are manyaeesar .\omjca| activation using sodium chloride (NaCl)aas

repolrted its applica}tion for Wgter tretr_nen.t due it activating agent for removal of color from acid diye
dominant structure is fibrous tissue which is cépab aqueous solution.

be an adsorbent for pollutants removal from wates][

Water pollution from textile industry is a challeng 2> MATERIALS AND METHODS
problem due to large volume of colored wastewatet a
its low biodegradability. Effluents discharged from 2.1 Preparation of adsorbent
textile industry into recieving water might be toxio
aquatic life, and colored water reduce sunlight
transmission through water. Especially when evest ju
1.0 mg/L of dye concentration in water supply, duld
be inappropriate for human consumption [6, 7].
Adsorption is an effective process for removal of sunlight for a week and dried in an oven at 303or 24
contamir_1ants from wastewater. Activated carborhés Y hours. The dried material was burnt without oxy@en
most widely u§ed as an adsorbe.nt because . of I'[%00 °C for 2 hours to obtain Hyacinth Black Carbon
advantage on high adsorption capacity for both micga (HBC). To prepare hyacinth activated carbon (HAC)
and inorganic compounds. The adsorption capadity HBC Was chemically activated using 1:1 of NacCl ano’l

activated carbon is usually related to their specif HBC by weight and followed by carbonization at 8G0

surface area and porosity. In addition, the adgorpt L
property of activated carbon is found to strongipeind for 2 hours. _Then, HAC was washed with distillectava
for several times. Both HBC and HAC were crushed to

on the activation process [8]. Chemical activatloas . . .
pass asieve with apertures ofl25 pmand kept in an

airtight container for adsorption studies. To corepthe
adsorption properties between prepared carbons and
Panupong Tarapitakcheevin, Panomchai Weerayutsiid Commercial Activated Carbon (CAC), the powder

Kulyakorn Khuanmar (corresponding author) are vibgpartment of : : :
Environmental Engineering, Faculty of Engineeringhon Kaen activated charcoal Fluka 0512 Squ“ed from Sigma

University, Khon Kaen 40002, Thailand. Eméililyakorn@kku.ac.th Aldrich was selected to use in this study.

Water hyacinth was collected from Sritan Pond abiKh
Kaen University, Khon Kaen, Thailand. It was
thoroughly washed to remove dirt particles and its
spongy inflated petioles (leaf stalks) and sepdrai® a
piece to prepare for an adsorbent. Then it wasidrie
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2.2 Characterization of the activated carbons adjusting the pH of the solution with 0.1 M HCI &hd M

Adsorbent was characterized as a specific surfaga a NaOH solutions.

(Sger) by the conventional adsorption of, Mt 77 K 2.6 Adsorption isotherms

(Autosorb I MP, Quantachrome). The morphology @ th The adsorption isotherm studies were determined by

adsorbents, after being coated with gold, was . :
characterized by SEM (LEO SEM 1450VP, U.K.). contacting a constant mass 01g .of adsorbent. imater
with a range of different concentrations of dyeusiohs
2.3 Preparation of dye solution from 5, 10, 20, 40, 60, 80, 120, 160, and 200 mayid
the solutions were adjusted to neutral pH. All
experiments were conducted in 250 ml of glass éottl
with working volume of 50 ml. The mixture of each
batch was constantly agitated by orbital shakespaed
of 200 rpm and controlled temperature at°€5 After
equilibrium time shaking, water samples were fdter
with filter disk 0.45 um to remove the adsorbend éme
water samples were measured concentration by UV-Vis
Spectrophotometer. The experimental results were
evaluated in terms of fitting with Langmuir and
Freundlich model.

The adsorption studies were carried out with calbr
Acid Blue 80. The acid dye (AB80) was used without
further purification. Acid Blue dye has an empitica
formula of GyHygN,NaxOsS,, molecular weight of
678.68 g/mol, and its chemical structure of thed abje

is shown in Fig.1. The dye solution of 1000 mg/Lswa
prepared from Acid Blue 80 (dye content 40 %) for
single solution which was dissolved in heated deh
water and made up to 1000 ml for the concentratsrks
solution. The concentration of acid dye was analyzg
Shimadzu-1601 UV-visible using the maximum UV
absorption Xmay Of acid dye solution that was fixed for
measuring its color concentrations. 3. RESULTS AND DISCUSSION

3.1 Characterization of adsorbents and adsorbate

HiC CH
? \%\lfo ? The prepared adsorbents as Hyacinth Black Carbon
O HN” = d4_0Na (HBC) and Hyacinth Activated Carbon (HAC),
/\A/ CH, O characterized for the specific surface arege{Sand
- I | - morphology are shown in Table 1. Specific surfaeas
e “ CHy O (Sger) of prepared adsorbents without and with activatio
O HN. L 8 ona were found to be 158.2Z\g and 745.13fig,
| \Y&') respectively. Fluka 05120 selected as the repraseat
HaC™ ™% “CH, of Commercial Activated Carbon (CAC), with BET

results from other researchers reported that itface

Fig. 1. The chemical structure of Acid Blue 80. area is in the range of 788'1116/9“

2.4 Effect of contact time Table 1. Physical properties of adsorbents

The effect of contact time of three adsorbents (HBC Total

HAC, and CAC) wasinvestigated at 20 mg/L initial Surface pore Megn Referenceg
. : Samples| area radius

concentration of dye solution. A constant massdf P 5 volume

adsorbent materials was mixed with a 50 ml dyet&wiu (m7g) (ml/g) (nm)

at neutral pH. The mixture of each batch was caigta HBC 158.22 | 0.098 2.48 | This work

agitated as a function of time by orbital shakesded HAC 745.13 | 0.558 2.99 | This work

of 200 rpm and controlled temperature®®5 At various CAC 1110 - - [11]

time intervals (5, 10, 15, 20, 30, 40, 50, 60, 28, 180, 930 - - [12]

240, 300, and 360 minutes), samples were taken angd 788 0.74 - [13]

filtered with filter disk 0.45 pum to remove the adsent,
then the dye concentrations were measured by UV-Vis
Spectrophotometer.

2.5 Effect of temperature and pH

The effects of temperature and pH on the amountyef
solution on three adsorbents (HBC, HAC, and CAC)
were examined at 60 mg/L initial concentration g&d
solution. A constant mass 0.1 g of adsorbent na$eri
was mixed with a 50 ml dye solution and 200 rpm
agitation speed for 6 hours. The effect of tempeeat
study, different adsorption temperatures for eaatitbof
the experiment was controlled from 20-80 The effect

of the solution pH on the adsorption of dye solutwas
examined at the controlled temperature of €5 The

solution pH range was adjusted between 2 and 10 by

EHI=40.00kV Mags 500X WD =-40mm
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Fig. 3. Absorption spectra for Acid Blue 80 solution

3.2 Effect of contact time

Various contact time intervals of experiments were
performed to optimize the adsorption time at aiahi
dye concentration of 20 mg/L. The contact time affaf
dyes adsorption is presented in Fig.4. The pergenté
dye removal by adsorption on HBC, HAC, and CAC
were found that HBC shown efficiency of dye removal
28.21 % at the equilibrium of 120 minutes, whilAE
and CAC presented favorable removal efficiency of
92.88 % and 97.39 % with the optimum contact timé 2
minutes and 40 minutes respectively [15]. Althotilgé
HAC and CAC were identified as activated carborhwit
high surface area, HAC consumed longer time tha@ CA
to achieve the optimum adsorption. This might be tu
the surface area and uniformity of pore structdrel AC

is less than CAC which is produced for commercial
activated carbon.

EHT =1000kv Mag= 500X WD= 10mm

Mag= 200KX Scan Speed =12 Signal A= SE1 Date 15 Feb 2005
EHT=1500kV  WD= 12mm Photo No. =17 Time 164808  rees agn« 1 S
" (c) CAC with magnification 2000X [14] 0] a4 A A A s
Fig. 2. Scanning electron micrograph (SEM) of (a) HB, (b) A .,//0//
HAC, and (c) CAC 3 801 o & HBC
< | ./ —@—HAC
The morphology examinations of adsorbent particles g 604 .P —AcAc
using the scanning electron microscopy (SEM) images 2 | o
are shown in Fig.2 (a)-(c). Fig 2 (a) presents $iEM e 1
image for HBC, indicating the surface texture waisgh o O T
and irregular. The SEM image for HAC shown in Fig 2 o 20':“‘.;'

(b), reveal the texture having the pores within the b
adsorbent particles with highly heterogeneous and 0 50 100 150 200 250 300 350 400
honeycomb shape gabs with different sizes. The
commercial adsorbent texture image shown in Fig)2 (
indicate that CAC appearing to have numbers of
microporous structure which offers more adsorption Fig. 4. Effect of contact time of dye removal by HBCHAC
sites. It also indicated that CAC having a good @nd CAC
possibility for dye to be trapped and adsorbed thase
pore more than HBC and HAC. 3.3 Effect of pH

The scanning wavelength was observed to locate the ) ) ) ) )
maximum absorbance of acid dye (AB80) b The pH medium is an important factor in the adsorpt

Spectrophotometer. The absorption spectra illestrim ~ Process since it controls the magnitude of eletitius
Fig.3. The spectra indicated two peaks\gf, that were chargesAt a high pH solution, the positive charge at the

584 and 625 nm, so the higher absorbance was aglect solution interface _decrease and the adsorbent_ caurfa
The fixed wavelength ah,.. 625 nm was used for appears .for negative charggs. Therefqre, the. "?““Wp
measuring concentrations of dye solution for all of cationic dye increases while adsorptlon of am:gjye
experiments. decreases. In contrast, at a_Iow pH so_lutlon, tetipe

charges on the solution interface increase and the
adsorbent surface appears for positive chargeschwhi
results for an increase in anionic dye adsorptiod a
decrease in cationic dye adsorption [7, 16, 17].

Time, min
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According to the general rule, the percentage of
anionic dyes adsorption removal will increase &t faiH
solution, while the percentage of dye removal will
decrease at high pH solution. An investigation lod t
effect of pH adsorption of acid dye was carried atypH
range of 2-10 for 240 minutes. The experimentalltes
illustrated thatthere was no significant variation in the

amount of solute adsorbed on CAC. The adsorption on

HAC slightly decreased as increasing pH. Notabhg t
adsorption on HBC significantly decreased as irgingp
pH as shown in Fig.5.

The adsorption of both activated carbons, CAC and
HAC, seem not to be affected by the charges ipHhef
the solution. Similar results were reported for the
activated carbon adsorption of tannery dye on wiéch
classified as an acidic dye [18hd Acid Blue (AB25)
[16]. An explanation of this behavior might be the
presence of both negatively and positively charge
function groups in the dye molecules. At low pH
solution, more hydrogen ions {Hare in the solution

making the adsorbent surface more positive, thereby

increasing electrostatic attraction between theatieg
charge S@ anion of the dye and the activated adsorbent.
Likewise, at high pH, most favorable adsorption
occurred due to interaction of amines groups ofdAci
Blue (AB80). It is possibly to conclude that botticic
and basic solutions present remarkable adsorpfianid

dye on activated carbon which has more active sites

(high surface area) due to the presence of bothimos
and negative groups on Acid Blue (AB80) structdiais
substance structure
substance [16].

An explanation of HBC adsorption behavior which has
lower active sites (low surface area) than others
adsorbents, its adsorption followed the genera. rtihat
was a lower adsorption of acid dye at higher pHueal
while a higher adsorption occurred at lower pH galu

3.4 Effect of Temperature

The effect of temperature on the equilibrium ofagdson
of AB80 on HBC, HAC, and CAC was carried out at
various temperatures including 20, 30, 40, and&0The

result of this effect is given in Fig. 6. The aqa@n of
acid dye (AB80) on three adsorbents trended te@ase as
increasing temperature. Especially, HAC and CAGgmé
a likely increased adsorption capacity at tempeeatu
beyond 40C.
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is also known as amphoteric
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Fig. 5. Effect of pH on acid dye (AB80) adsorption byiBC,
HAC, and CAC.
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Fig. 6. Effect of temperature on acid dye (AB80)
adsorption by HBC, HAC, and CAC

According to the experimental result, the adsomptio
capacity increased with increasing temperaturethgo
adsorption was an endothermic process. Because the
diffusion process was an endothermic process, the
increasing adsorption of dye with temperature matye
to the enhance rate of intraparticle of diffusiohtloe
adsorbate. Besides, increasing temperature migitt al
produce a swelling effect within the internal sture of
carbons enabling more dye molecules diffuse intbaa
[8, 19, 20].

3.5 Adsorption | sotherms

Equilibrium study on adsorption is necessary tatdih

the most appropriate correlation for the adsorption
isotherms. Because the adsorption isotherms not onl
describe how adsorbates interact with adsorbertalbo

are basic requirements for design and operation of
adsorption systems. The most widely used isotherm
equation for the modeling of the adsorption data is
Langmuir and Freundlich model [21].
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Fig. 7. Langmuir isotherm for acid dye (AB80) adsorfion
onto (a) HBC, (b) HAC, and (c) CAC.

Table 2. Langmuir Isotherm constants for HBC, HAC, ad

CAC
Adsorbents| g K. R? R
(mg/g) | (L/mg)
HBC 5.75 0.10 | 0.997| 0.05-0.67
HAC 56.50 0.09 | 0.964 | 0.05-0.69
CAC 100.00 0.15 | 0.940| 0.03-0.57

* R indicates the shape of isotherm [22].

R >1 Unfavorable
R =1 Linear
0O<R <1 Favorable
R =0 Irreversible

3.5.1 Langmuir Isotherm

Langmuir equation model is valid for monolayer
adsorption onto the adsorbent surface that refléats
limiting adsorption capacity. The model equation is
given by Eq (2).

(1}

where @, and K are Langmuir parameters related to
maximum adsorption capacity (mg/g) and free enefgy
adsorption (L/mg), respectively..Gs the equilibrium
concentration in the aqueous solution, X is the amof
adsorbate (mg), M is the mass of adsorbent (g)garsl
the equilibrium adsorption capacity of the adsotben
(mg/g). The linearlized form of Langmuir equatioanc
be written as Eq (2) and (3).

1 1 1 1
= = (23
fe  Bwm  OmK O,

C, €. 1

— = il 3
G Gm  GmK (3)

The Langmuir constant,gand K can be calculated by
plotting GJ/q. versus @ as shown in Fig. 7 (a)-(c). The
isotherms of HBC, HAC, and CAC were found to be
linear. Table 2 shows Langmuir Isotherm constaats f
three adsorbents. The maximum sorption capacity of
HBC, HAC, and CAC for AB80 was found to be 5.75,
56.50, and 100.00 mg/g, respectivaeNevertheless, the
correlation coefficient of HBC was extremely higher
than HAC and CAC. This was confirmed that the
equilibrium adsorption data of HBC was well fitt¢al
Langmuir model and its behavior also demonstratedl t
the formation of monolayer coverage of dye moleaule
the outer surface of HBC. Furthermore, Langmuir
equation can be expressed in term of a dimensi®enles
separation factor (K. This factor is defined as Eq. (4)
and the calculated values are depicted for therptisn
processes that are favorable or unfavorable fogirair
model.

1

LT IYE.C,

(4)
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where R is a dimensionless separation factog,ithe
initial solution concentration and Kis Langmuir
constant (L/mg). Table 2 shows the calculatevRlues
of HBC, HAC, and CAC. The values were in the range

Table 3. Freundlich Isotherm constants for HBC, HAGC

of 0-1 which confirmed the favorable adsorption of

AB80 on the adsorbents.

and CAC
Adsorbents Ke 1/n R
(L/mg)
HBC 1.05 0.352 0.907
HAC 6.77 0.480 0.990
CAC 12.39 0.617 0.991

| HBC
08d y=0.352x+0.024
| R’=0.907

o_ﬂ)
8 044
0.2
00 T T T T 1
0.0 0.5 1.0 1.5 2.0 25
log C,
(@) HBC
2.0+
HAC
y=0.480x+0.830
"1 R%=0.990
o° 1.0
()]
k]
0.5
0.0
10 05 00 05 10 15 20 25
log Ce
(b) HAC
2.0
| CAC
y=0.617x+1.093
154 7,
R"=0.991
o° 1.0
()]
©
054
0.0 . T T T T T T 1
10 05 00 05 10 15 20 25
log C_
(c) CAC

Fig. 8. Freundlich isotherm for acid dye (AB80) adorption
onto (a) HBC, (b) HAC, and (c) CAC
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3.5.2 Freundlich Isotherm

The Freundlich model is an empirical equation based
adsorption on the heterogeneous surface and describ
reversible adsorption. The adsorption is not ret&d to

the formation of the monolayer. Likewise, the Freliah
equation predicts that the dye concentration on the
adsorbent will increase so long as there is areased in
the dye concentration in the liquid phase [23]. &hwirical
equation is given as Eq (5).

1
G = KpCl (3]
where K and n are the Freundlich constants that indicate
adsorption capacity and adsorption intensity,

respectively. The linearized form of Freundlichtisrm
can be written as Eq (6).

1
logg, = logHy + ;mgﬂg

(6

The value of ik and 1/n can be calculated by plotting
logge versus logg as shown in Fig. 8 (a)-(c). The
logarithmic plots show the deviation from lineariy
the Freundlich linear plot for HBC while HAC and CA
were well fitted to the experimental data. Tablsh®ws
the Freundlich adsorption isotherm constant and
correlation coefficients. The values of: Khdicate the
degree of the binding capacity between the adsodreh
dye molecules. Thus, the high degree efitdplies that
the affinity between the adsorbent and dye molecide
also high [24]. From the experimental data, thestamt
Ke of HBC, HAC, and CAC for AB80 were found to be
1.05, 6.77, and 12.39 L/mg, respectively. Likewibe
magnitudes of 1/n for Freundlich isotherms were
revealed to lie between zero to one, indicating #tad
dye (AB80) is favorably adsorbed by all the adsotbe

[6].

4. CONCLUSION

The study results elucidated that the preparedrbdsts
from hyacinth, HBC and HAC, could be effectivelyeds
as an adsorbent for the adsorption of acid dye (B8
The efficiency of HAC also showed the comparable
efficiency to the commercial activated carbon, CAGe
adsorption is an endothermic process due to the
adsorption capacity increases with increasing
temperature and the adsorption favours acidic pe T
isotherm adsorption study elucidated that HBC vithedf

to Langmuir model with high correlation {Rof 0.997
while HAC and CAC were well fitted to Freundlich
model with favorable correlation ¢R of 0.990 and
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0.991, respectively. International Journal of Hydrogen Energy 2007,
32:3320-3326.
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