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a b s t r a c t

Bagasse fly ash (BGFA), sawdust fly ash (SDFA) and activated carbon (AC) were investigated for color
removal from wastewater from the printing ink industry after coagulation of water-based ink wastew-
ater. Synthetic water-based ink was used to study the adsorption isotherm. The maximum adsorption
capacity of BGFA increased with temperatures, having values of 7.30, 12.67, 21.60 and 29.07 mg g−1 at
30, 40, 50 and 60 ◦C, respectively. At 30 ◦C the maximum adsorption capacity of BGFA increased from
7.30 to 14.34 mg g−1 when using water-washed BGFA. The Langmuir, Freundlich and Redlich–Peterson
models were all able to explain the color removal of synthetic water-based ink by BGFA, water-washed
SDFA (SDFA/W) and AC, whereas R2 of these three models by SDFA was not high. It might be due to
color removal by SDFA involved both precipitation and adsorption of the ink, whereas only adsorption
was involved by SDFA/W, BGFA and AC. The synthetic water-based ink adsorption capacity at 30 ◦C was

−1
ranked as SDFA > AC > SDFA/W > BGFA with values of 85.47, 40.49, 30.21 and 7.30 mg g , respectively.
The efficiencies of BGFA, SDFA and AC for color removal from wastewater from printing ink industry
after water-based ink coagulation showed that color removal by SDFA (90%) was higher than commercial
AC (80%), SDFA/W (76%) and BGFA (68%), respectively at the same dosage of 0.3% (w/v). The system pH
was increased from 1.7 to around neutral by SDFA, while the system pH of AC, SDFA/W and BGFA was
still low (pH ∼ 2–3). However, SDFA and BGFA had potential as alternative low-cost adsorbents for color

nk w
removal of water-based i

. Introduction

Wastewater from printing industries represents an important
nvironmental problem, and the printing industries in Thailand are
nder strong pressure to improve the quality of printing ink and

ts disposal. Wastewater associated with the use of water-based
nk is contaminated with colorants (pigments and dyes), fluid car-
ier or vehicles (alkali-soluble, emulsions or colloidal dispersion
hemistries), auxiliary solvents (alcohols, glycols and glycol ethers)
nd additives (driers, waxes, defoamers and dispersing aids) [1].
olored wastewater is also of aesthetic concern, and the maximum

ischarge allowance for certain chemicals and pigments may be
ore problematic for particular regions and circumstances.
One of the most effective techniques for the removal of color

rom wastewater is adsorption by activated carbon (AC), but the
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astewater from the printing ink industry.
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high cost of AC limits its use, thus necessitating the development
of suitable low-cost adsorbents. Bagasse and bagasse fly ash (BGFA)
[2–5] have been used for removal of pesticides, heavy metals, colors
and dyes. Also, various types of sawdust have been investigated for
basic dye and heavy-metal removal. Some of these applications of
BGFA and SDFA are summarized in Tables 1 and 2 [6–30].

Thailand generates a plentiful annual supply of bagasse from
sugar production. Bagasse, a biomass fuel mostly used for steam
and power supplies. A typical Thai sugar plant generates 4 MPa of
steam at a bagasse boiler outlet with a temperature of 400 ◦C at
84% boiler efficiency. With bagasse and fuel oil LHV values of 7540
and 41,840 kJ kg−1, respectively, with a 90% oil-burning boiler effi-
ciency, 5.95 kg of bagasse could replace 1 kg of oil [31]. BGFA is a
waste product left from sugar industry.

In addition, sawmill and plywood mills are major sources of
biomass from wood industry. The rubber wood from the south-

ern region of Thailand is also a major source of biomass. After latex
is harvested, rubber trees are cut down for re-plantation. Wood
from rubber tree is used as fuel and as timber which is an impor-
tant source for the furniture industry. Furthermore, Eucalyptus is
another source of wood-based biomass. It is the most common fast

dx.doi.org/10.1016/j.cej.2010.05.051
http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
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Table 1
Summary of reports on bagasse fly ash used as an adsorbent for removal of various
adsorbates from aqueous solution.

Pretreatment reagent Adsorbate Qmax (mg g−1) References

Hydrogen peroxide
60 ◦C, 24 h

DDD [2,2-bis(4-
chlorophyenyl)-1,1-
dichloroethane]

7.69 [6]

DDE [2,2-bis(4-
chlorophenyl)-1,1-
dichloroethene]

6.67

Hydrogen peroxide
60 ◦C, 24 h

Lindane 2.51 [7]

Malathion 2.08

Hydrogen peroxide
60 ◦C, 24 h

Cu(II) 2.26 [8]

Zn(II) 2.34

0.1N NaOH followed by
0.1N CH3COOH

Cr(VI) – [9]

Ni(II) – [9]

Hydrogen peroxide
60 ◦C, 24 h

Cd(II) 1.24 [10]

Ni(II) 1.12 [10]

Hydrogen peroxide
60 ◦C, 24 h

Lead 2.50 [11]

Chromium 4.35 [11]

Hot water Malachite green 170.33 [12]
70 ◦C

Hot water 70 ◦C Congo red 11.89 [13]
– Orange-G 18.80 [14]

Methyl violet 26.25
– Auramine-O 31.18 [15]
– Brilliant green 116.28 [16]
– Phenol 23.83 [17]
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Table 2
Summary of reports on sawdust used as an adsorbent for removal of heavy metals
and dyes from aqueous solution.

Adsorbent Pretreatment
reagent

Adsorbate Qmax (mg g−1) References

Sawdust (cedrus
deodar wood)

Sodium
hydroxide

Cd(II) 73.62 [20]

Sawdust (S.
robusta)

Formaldehyde Cr(VI) 3.60 [21]

Sawdust (poplar
tree)

Sulfuric acid Cu(II) 13.95 [22]

Sawdust (Dalbergia
sissoo)

Sodium
hydroxide

Ni(II) 9.41 [23]

Sawdust (poplar
tree)

Sodium
hydroxide

Cu(II) 6.92 [24]

Zn(II) 15.80 [24]

Sawdust (fir tree) – Cu(II) 12.70 [24]
Zn(II) 13.40 [24]

Oak sawdust
(Quercus coccifera)

Hydrochloric
acid

Cu(II) 3.38 [25]

Ni(II) 3.34 [25]
Cr(VI) 1.72 [25]

Maple sawdust – Ni(II) – [26]

Sawdust (Pinus
sylvestris)

Formaldehyde
in sulfuric acid

Pb(II) 9.78 [27]

Cd(II) 9.29 [27]

Walnut sawdust Formaldehyde
in sulfuric acid

Cd(II) 4.51 [28]

Ni(II) 6.43 [28]
Pb(II) 4.48 [28]

Sawdust (teak
wood)

Reactive
Orange 13

Cu(II) 8.07 [29]

Ni(II) 9.87 [29]
Zn(II) 17.09 [29]

– Cu(II) 4.94 [29]

isotherm. Its maximum wavelength (� ) is 560 nm. The physi-
Hot water 70 ◦C 2-Picoline 59.88 [18]
– Cd(II) 6.19 [19]

Ni(II) 6.49 [19]

rowing species for pulp and wood fuel production. Eucalyptus
lantations are found mostly in the northeastern region of Thai-

and [32]. However, wood wastes and sawdust are biomass used as
uel for power generation. And sawdust fly ash (SDFA) is a waste
roduct left from the process by various industries.

Thus, utilization of BGFA and SDFA for wastewater treatment
as the advantages of abundant availability at no or low cost, and
he elimination of wastes that could pose serious environmental
roblems.

From the literature reviews, no other reports were found on
ater-based ink from printing industry. Therefore, the objective of

his research was to evaluate the relative efficiencies of BGFA, SDFA,
DFA washed with tap water (SDFA/W) and AC for removal of color
rom water-based ink wastewater after coagulation. The mecha-
isms of synthetic water-based ink adsorption by these adsorbents
ere also investigated.

. Materials and methods

.1. Preparation of the adsorbents

SDFA was studied in its original form (pH ∼ 11) and after wash-
ng with tap water (SDFA/W) by stirring 50 g of SDFA in 1 l of tap

ater for 1 h, and then changing the wash water until the pH was
table (pH ∼ 9.5). BGFA was studied in its original form (pH ∼ 9)

nd after washing with tap water (BGFA/W) until the pH was sta-
le (pH ∼ 8.8). The commercial AC of coconut shells used in this
ork was obtained from Mazuma (Thailand) Co., Ltd. The adsor-

ents were oven-dried at 105 ◦C for 2 h, sieved through Nos. 60, 80,
00 and 200 mesh sieves and then stored in a vacuum desiccator.
Ni(II) 8.05 [29]
Zn(II) 10.96 [29]

Sawdust – Basic dye
(crystal violet)

341.00 [30]

The physical and chemical characteristics of the adsorbents
were determined using standard procedures. The BET surface area,
total pore volume and average pore volume of adsorbents were
determined by a surface area analyzer (Quantachrom, Autosorb-
1, USA). The adsorbent surfaces were characterized by scanning
electron microscopy (SEM; JSM-6400, Japan) and the elemental
composition was determined by energy dispersive X-ray spec-
troscopy (SEM/EDX). Particle size distributions were determined
using standard sieve.

For determination of Ca, 0.5% (w/v) adsorbents (<75 �m) were
shaken with deionized water for 24 h at 150 rpm, 30 ◦C and then
centrifuged. The supernatant was analyzed by inductive coupled
plasma spectroscopy (ICP).

2.2. Adsorbates

Water-based ink wastewater from the printing industry after
coagulation was used as the adsorbate to determine the color
removal efficiency by BGFA, SDFA, SDFA/W and AC. The color
remaining after adsorption was determined in ADMI units
(American Dye Manufacturers Institute; ADMI) by UV–visible spec-
trophotometry (DR/4000, HACH, USA).

The synthetic water-based ink Barium Lithol Red, which is
a monoazo organic pigment was used to study the adsorption
max

cal and chemical properties of a synthetic water-based ink (Barium
Lithol Red) are provided in Supplementary Information File A1. Cal-
ibration curves were produced by plotting absorbance as a function
of various concentrations of synthetic water-based ink solutions.
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Table 3
Multipoint BET, total pore volume and average pore diameter of adsorbents.

Adsorbents Multipoint BETa (m2 g−1) VT (cm3 g−1) VMe
b (cm3 g−1) VMi

b (cm3 g−1) VMe/VT
b (%) VMi/VT

b (%) Average pore diameter (Å)

BGFA 31.89 0.0358 0.0245 0.0113 68 32 44.86
BGFA/W 100.63 0.0735 0.0377 0.0358 51 49 29.20
SDFA 15.77 0.0138 0.0082 0.0056 59 41 32.42
SDFA/W 80.41 0.0571 0.0285 0.0286 50 50 25.92
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AC (coconut shell) 627.29 0.3876 0.1647

a Specific surface area.
b VT = total pore volume (cm3 g−1); VMe = mesopore volume (cm3 g−1); VMi = micro

.3. Adsorption isotherms

Adsorption isotherms were prepared by mixing 10 ml
20–360 mg L−1) of a synthetic water-based ink solution with
0 mg of adsorbent (<75 �m) in a 15 mL vial, control of various
oncentrations of synthetic water-based ink solution (without
dsorbent) was also compared in all experiments. The mixtures
ere shaken overnight at 150 rpm, under various temperatures of

0, 40 and 60 ◦C, and then centrifuged at 4500 rpm for 15 min. The
H of the supernatant was determined using a pH meter (Mettler
elta 340, England), and the color intensity was measured with a
V–visible spectrophotometer (DR/4000, HACH, USA).

The equilibrium isotherms were analyzed by the Langmuir, Fre-
ndlich and Redlich–Peterson isotherm models.

.4. The efficiency of color removal of BGFA, SDFA, SDFA/W and AC

The experiment of the color removal from synthetic water-
ased ink by various adsorbents were prepared by mixing 10 ml
f a synthetic water-based ink solution (60 mg L−1) with various
osages (0.0050–5% (w/v)) of adsorbent (<75 �m) in a 15 mL vial.
he mixtures were shaken overnight at 150 rpm, 30 ◦C and then
entrifuged at 4500 rpm for 15 min. The pH of the supernatant was
etermined using a pH meter (Mettler Delta 340, England), and the
olor intensity was measured with a UV–visible spectrophotometer
DR/4000, HACH, USA) at 560 nm.

The experiment of the color removal from wastewater from
rinting ink industry after water-based ink coagulation by various
dsorbents were prepared by mixing 10 ml of wastewater solution
ith various dosages (0.01–0.06% (w/v)) of adsorbent (<75 �m)

n a 15 mL vial. The mixtures were shaken overnight at 150 rpm,
0 ◦C and then centrifuged at 4500 rpm for 15 min. The pH of the
upernatant was determined using a pH meter (Mettler Delta 340,
ngland), and the color remaining after adsorption was measured in
DMI units with a UV–visible spectrophotometer (DR/4000, HACH,
SA).

. Results and discussion

.1. Characterization of adsorbents

The particle sizes distribution of BGFA and SDFA were deter-
ined and are shown in Supplementary Information File A2. The
ajor of particle sizes distribution of BGFA is <75 �m (72%) and

5–150 �m (17%), respectively. While, the major of particle sizes
istribution of SDFA is >250 �m (41%) and <75 �m (34%), respec-
ively.

The elemental composition of surface and crystal area of BGFA
nd SDFA were determined by SEM/EDX, and the result is provided
eparately in Supplementary Information File A3. The BET surface

rea, total pore volume and average pore volume of the adsorbents
<75 �m) are listed in Table 3.

BGFA contains fibrous and non-fibrous components with var-
ous shapes and pore sizes. Some particles have slits and others
xhibit surface crystals. The major surface elements determined
0.2229 42 58 22.41

olume (cm3 g−1).

by SEM/EDX analysis of BGFA (<75 �m) are C, O, Si and Ca, while
those in the crystals are O, Si and C.

SDFA contained several different pore sizes distributed over its
surface with many crystals both on the surface and within the pores.
These crystals might be tar or other components produced in the
burning process. Analysis of these crystals by SEM/EDX identified
the major elements as K, O, Ca, Fe, S, Cl and P. In SDFA/W, the BET
surface area increased after washing with tap water (Table 3).

AC also had several shapes, variable surface porosity, and con-
tained many surface crystals. Its BET surface area was higher than
those of SDFA, SDFA/W and BGFA (Table 3).

3.2. Effect of pH on wastewater and synthetic water-based ink
solution

The stability of many types of dye, including Lithol Red 49, is
affected by pH. The pH of the synthetic water-based ink solution
(initial pH ∼ 7.0) was adjusted over a pH range of 1–13. Precipitation
occurred at pH 1–4, and a yellow shade was observed at higher
pH ranges (9–13). But for the water-based ink wastewater after
coagulation process, the pH of was 1.7, which subsequently was
adjusted over a range of 1–10. The color of the solution changed to
yellow in the pH range of 4–10.

3.3. Adsorption equilibrium study

The data for the adsorption of synthetic water-based ink by
BGFA, SDFA, SDFA/W and AC (<75 �m) were analyzed by the
Langmuir, Freundlich and Redlich–Peterson isotherm models. The
Langmuir model is most often used and has an ideal assumption of
an entirely homogeneous adsorption surface. By contrast, the Fre-
undlich model is appropriate for a heterogeneous surface, and the
Redlich–Peterson isotherm model is a combination of the Langmuir
and Freundlich models.

3.3.1. Langmuir isotherm
The Langmuir relationship [33] can be linearized by plotting 1/qe

versus 1/Ce. The linear form of the Langmuir isotherm is given by
Eq. (1):

1
qe

= 1
qm

+ 1
bqmCe

(1)

where qe is the amount of dye adsorbed at equilibrium (mg g−1),
Ce is the concentration of dye at equilibrium (mg L−1), qm is the
maximum adsorption capacity (mg g−1) and b is the Langmuir
adsorption constant related to the energy of adsorption (L mg−1).

3.3.2. Freundlich isotherm
The Freundlich isotherm [34] is derived by assuming a heteroge-

neous surface with a non-uniform distribution of heat of adsorption

over the surface. The linearized Freundlich isotherm is represented
by the following equations:

log(qe) = log(KF ) + 1
nF log(Ce)

(2)
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Table 4
Linear isotherm parameters for color removal of synthetic water-based ink solution
by bagasse fly ash at various temperatures.

Langmuira

Temp. (◦C) qm (mg g−1) b (L mg−1) R2

30 7.30 0.1603 0.9958
40 12.67 0.3053 0.9986
50 21.60 0.0783 0.9909
60 29.07 0.1268 0.9920

Freundlichb

Temp. (◦C) Kf (mg g−1) (L g−1)n 1/n R2

30 2.2532 0.2679 0.9238
40 5.6092 0.1906 0.8857
50 4.4025 0.3421 0.9762
60 6.5163 0.3507 0.9168

Redlich–Petersonc

Temp. (◦C) g B (L/mg1−1/A) A (L g−1) R2

30 0.7531 4.0320 10 0.9906
40 0.8610 1.4189 10 0.9953
50 0.7123 1.7752 10 0.9927
60 0.7630 0.9480 10 0.9757

T
I

ig. 1. Comparison of color removal of a synthetic water-based ink solution by
agasse fly ash (BGFA), sawdust fly ash (SDFA), sawdust fly ash washed with tap
ater (SDFA/W) and activated carbon (AC).

here KF is the Freundlich constant related to the capacity (L mg−1),
nd 1/nF is the heterogeneity factor. The 1/nF value ranges between
and 1; the more heterogeneous the surface, the closer the 1/nF

alue is to 1.

.3.3. Redlich–Peterson (R–P) isotherm
Redlich and Peterson [35] incorporated three parameters into

n empirical isotherm, which has a linear dependence on con-
entration in the numerator and an exponential function in the
enominator. It approaches the Freundlich model at high concen-
rations and is in accordance with the low concentration limit of the
angmuir equation. Because the R–P equation incorporates three
arameters into an empirical isotherm, it can be applied either in
omogenous or heterogeneous systems, and can be described as

ollows:

e = ACe

1 + BCg
e

(3)

here A is the R–P isotherm constant (L g−1), B is the R–P isotherm
onstant (L/mg1−1/A), and g is the exponent and lies between 1 and
. When g = 1, it becomes a Langmuir equation (Eq. (4)). When g = 0,

t becomes Henry’s law equation, and as shown in Eq. (5), Eq. (3)
an be converted to a linear form by taking logarithms (Eq. (6)).

e = ACe

1 + BCe
(4)

e = ACe

1 + B
(5)

[
Ce

]

n A

qe
− 1 = g ln(Ce) + ln(B) (6)

The linearized form of the R–P isotherm equation contains three
nknown parameters A, B and g, and a minimization procedure is
dopted to maximize the coefficient of determination r2 between

able 5
sotherm parameters for the removal of synthetic water-based ink solution by various ad

Linear method Isotherm parameters (30 ◦C) Adsorben

BGFA

Langmuir
Qmax (mg g−1) 7.30
b (L mg−1) 0.1603
R2 0.9958

Freundlich
1/n 0.2679
Kf (mg g−1)(L g−1)n 2.2532
R2 0.9238

Redlich–Peterson

g 0.7531
B (L/mg1−1/A) 4.0320
A (L g−1) 10
R2 0.9906
a qe = qmbCe/(1 + bCe).
b qe = qfCe

1/n .
c qe = ACe/(l + BCe

g).

the theoretical data for qe predicted from the linearized form of the
Redlich–Peterson isotherm equation.

The Langmuir isotherm and its parameters for the removal of
synthetic water-based ink by BGFA are shown in Table 4. The
adsorption capacity increased with temperature, having maximum
values of 7.30, 12.67, 21.60 and 29.07 mg g−1 BGFA at 30, 40, 50 and
60 ◦C, respectively. These results implied that the mechanism might
be involved chemical adsorption. The maximum adsorption capac-
ity of BGFA/W (at 30 ◦C) was 14.34 mg g−1, which is higher than
BGFA (7.30 mg g−1). It is possible that some tar and crystals from
BGFA were washed away by the tap water, resulting in an increased
surface area of the adsorbents (Table 3).

The adsorption data for synthetic water-based ink on various
adsorbents (<75 �m) were analyzed by the Langmuir, Freundlich
and Redlich–Peterson isotherms, and the values of the param-
eters for these isotherms are shown in Table 5. The maximum
adsorption capacities of BGFA, SDFA, SDFA/W and AC at 30 ◦C
were 7.30, 85.47, 30.21 and 40.49 mg g−1 of adsorbent, respec-
tively. The R2 values for the linear adsorption isotherm indicate

that all three models could account for the removal of synthetic
water-based ink by BGFA, SDFA/W and AC, but R2 of SDFA was
quite low. This might be due to the mechanism for color removal
by SDFA involved both precipitation and adsorption of the ink,

sorbents.

ts

SDFA SDFA/W AC

85.47 30.21 40.49
0.8125 0.0370 0.3115
0.9820 0.9575 0.9932

0.4837 0.4891 0.2986
33.2506 2.8074 13.4524

0.8231 0.9894 0.9777

0.7767 0.5143 0.7876
1.6658 1.4275 5.5940

100 100 100
0.7864 0.9903 0.9984
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Fig. 2. Removal of color and system pH from a synthetic wate

hereas adsorption is the only mechanism by SDFA/W, BGFA and
C.

.4. Comparison of adsorption efficiency of bagasse fly ash,
awdust fly ash and activated carbon

A comparison of color removal by various adsorbents (<75 �m)
s shown in Figs. 1 and 2. Adsorption efficiencies increased when
ncreasing dosage of adsorbents. Analysis of variance and means
eparation using the Duncan multiple range test (DMRT) revealed
hat removal efficiencies of the synthetic water-based ink by
arious adsorbents were significantly different at the 95% con-
dence level (SPSS-MANOVA (multivariate analysis of variance)
t P ≤ 0.05). SDFA was the best adsorbent when compared to AC,
DFA/W and BGFA.

The color removal efficiency of BGFA was less than those of SDFA,
C and SDFA/W, presumably as a result of having a smaller BET
urface area than the other adsorbents. Therefore, further studies

ight consider increasing the BET surface area of BGFA to improve

ts color removal efficiency.
SDFA (<75 �m) at all concentrations caused color removal from

he solution by precipitating the ink, possibly because of the large
mounts of Ca cations interacting with the anionic azo group of the

Fig. 3. Removal of color and system pH from water-based ink wastewat
ed ink solution by (a) SDFA, (b) SDFA/W, (c) BGFA and (d) AC.

pigment. Therefore, color removal from synthetic water-based ink
by SDFA involved both precipitation and adsorption. The synthetic
water-based ink was not precipitated with SDFA/W, for which
adsorption was the sole color removal mechanism. The absence
of precipitation with this adsorbent was probably because Ca were
removed during the water washing. ICP analysis showed Ca con-
centrations in solution containing SDFA, BGFA, AC and SDFA/W
was 132.67, 11.67, 10.79 and 10.12 mg L−1, respectively. In addi-
tion, precipitation of synthetic water-based ink was occurred when
adding Ca(OH)2 (data not shown). This evidence and the ICP result
confirmed that Ca2+ in SDFA caused the precipitation of synthetic
water-based ink.

3.5. Application in wastewater from printing ink industry after
water-based ink coagulation

The efficiencies of BGFA, SDFA and AC for color removal from

wastewater from printing ink industry after water-based ink coag-
ulation are shown in Fig. 3. SDFA, SDFA/W and BGFA were highly
effective adsorbents. Color removal by SDFA (90%) was higher than
commercial AC (80%) at the same dosage of 0.3% (w/v). In addi-
tion, the pH was increased from 1.7 to around neutral by SDFA.

er after coagulation by (a) SDFA, (b) SDFA/W, (c) BGFA and (d) AC.
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olor removal by SDFA/W at 0.3% (w/v) was 76% and the system pH
as 2.86. However, color removal was increased to 91% with 0.5%

w/v) dosage of SDFA/W, and the pH was around neutral. There-
ore, SDFA is an effective adsorbent for color and pH treatment of
astewater from the printing ink industry after water-based-ink

oagulation.
The efficiency of BGFA for color removal was comparable

o other adsorbents and increased with dosage to reach 85%
t 0.5% (w/v) BGFA. However, the system pH was still low
pH ∼ 2).

The water-based ink wastewater after the coagulation process
initial pH = 1.7) changed to a yellow shade with increasing pH val-
es (pH = 4–10). After adding SDFA and SDFA/W in wastewater, the
H system was around neutral (pH ∼ 7). But this wastewater turned
rom red to colorless and did not ever display a yellow color. This
esult confirmed SDFA is suitable for color removal from water-
ased ink wastewater.

In addition, waste from adsorbents after the wastewater treat-
ent was still occurred. Nowadays landfill system could be used

or this waste management. However, from our study on elution
est (data not shown) we found that dyes-adsorbed SDFA and BGFA
ould not be eluted with water (30 ◦C), hot water (100 ◦C) and acidic
olution. This result confirmed that these adsorbents after disposal
n the landfill system might be safe to dispose. Therefore, SDFA and
GFA are alternative adsorbents for color removal from the printing

nk industry.

. Conclusions

SDFA, SDFA/W and BGFA were all effective adsorbents in remov-
ng the color from wastewater from the printing ink industry after

ater-based ink coagulation. The maximum adsorption capaci-
ies of BGFA at 30, 40, 50 and 60 ◦C were 7.30, 12.67, 21.60 and
9.07 mg g−1, respectively. In addition, the maximum adsorption
apacity of BGFA increased from 7.30 to 14.34 mg g−1 by water-
ashed BGFA. The Langmuir, Freundlich and Redlich–Peterson
odels were all able to explain color removal of synthetic water-

ased ink by BGFA, SDFA/W and AC, whereas R2 of color adsorption
y SDFA of these three models were not high. This might be due
o the fact that the mechanism for color removal by SDFA involved
oth precipitation and adsorption of the ink, whereas adsorption
as the only mechanism with SDFA/W, BGFA and AC.
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