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Adsorption Behavior of Reactive Turquoise Blue KN-G
in Aqueous Solutions on a Novel Spherical
Lignin-based Adsorbent
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Abstract: A novel spherical lignin-based adsorbent, denoted as SLBA, was prepared using alkali lignin as a raw material which was provided
by a masson pine pulp mill in Fujian, China. Then an investigation was conducted regarding the adsorption behavior of a reactive dye
(Turquoise Blue KN-G) from aqueous solutions with the above new spherical ligninbased adsorbent containing the quatemary ammonium cat-
ionic group. Moreover, varous affecting factors on the adsoiption were optimized. It was found that the adsorption of reactive Turquoise Blue
KN-G on the adsorbent was found to be initially pH and concentration dependent. The concentration helped to increase the equilibriun adsorp-
tion capacity. With an increase in solution pH ranging from 3 to 8, the removal percentage increased shaiply from 12 3 % to 98 6 %, and at
pH= 10 the removal rate reached 100%. The adsorption process followed the Langmuir adsoiption isothermy i e., G, lg= 0 0002136+
0.001225C,. Moreover R;. a dimensionless separation factor of an equilibrium parameter, was8 711X 10 *, which was far less than 0. 1
indicating the favorable adsorption. The saturated adsorption capacity was 816 3 mg/g, and the total breakthrough removal capacity was 761
mg/g, which prevailed over the commercial activated catbons evidently. The reactive Tumuoise Blue KN-G adsorbed on SLBA could be recov-
ered with a mixture of alcohol  dicyandiamide-formaldehyde polycondensate and HCI aqueous solutions. And, the maximun desorption efficien-
cy could reach 98 7%.
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adsotb and accumulate the dyes” * . And, these materi-
als are readily available and inexpensive. Lignin is one of

1 Introduction

Dyeing efﬂuentg Hlalnly Contajl'l the waste waters from the most abunda.nt renewable materj.a]s on ealth, aIld it iS

exceeded in mature abundance only by cellulose. It has

all of the dyeing processes of various natural celluloses and
been found to adsorb the halides ? and heavy metal ions,

synthetic celluloses. The dyeing effluents have such char-

acteristics as high dhomaticity, hich CODCr content as
well as large amount of suspension solid ete.'" The pro-
cess for color removal from dyeing effluents include biolog-
ical treatment, flocculation, adsorption, oxidation and hy-
per-filtration elc. Among the above treatment methods,
very high wst-effectiveness of adsorption technology would
tend to open new opportunities for the treatment of dyeing
effluents, especially for the reactive dye wastewaters .
And, relatively simple reactive-dye adsorption processes
can meet the progressively stricter environmental dischame
criteria

Recently, numerous investigations have been proved

the feasibility of use of agricultural products and byprod-
ucts industrial waste biomass and natural substances to

* : 2005— 07— 10
(50203003);

(JA03012);
(1970 ), , >

e. g., lead CII), cadmium CII ), copper CII), znc
(IT), nickel (11D, cadmium (I, chwomium CIID and
iton (IID ions ete.'™ "

In this study, anew spherical lignin-based adsoibent
containing the quaternary ammonium cationic group (de-
noted as SLBA ) was prepared using alkali lignin as a raw
material which was provided by a masson pine pulp mill in
Fujian, China. Then a reactive dye (Turquoise Blue KN-
G) was used as an adsorbate to investigate the adsorption
behavior by static and mobile ways. The effects of adsorp-
tion time, solution pH and initial concentration of KN-G
on the adsorption processe of the removal of Turquoise
Blue KN-G were also investigated. Moreover, the desorp-
tion tests were conducted to assess the practical utility of
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the adsorbent.

2 Experimental

2.1 Materials

The black liqour with 45% of solid content was
kindly provided by a masson pine pulp mill in Sanming
Qinshan Pulp Industry Group Co., Ltd. in Fujian, Chi-
na. 3-chloro-2-hydropropyl trimethyl ammonium chloride,
denoted as CHPTA, (55% aqueous solution) was synthe-
sized from the procedure described by Langher et al "
Transformer oil, granular activated catbon (GAC) and
powdered activated carbon (PAC) was industrially pure.
fomaldehyde,
Turquoise Blue KN-G, chlorobenzene, acetone, ether
sodium hydroxide, hydrochloric acid, sodium chloride,
lithium hydroxide,  alwhol,
methanol, Tween 20, Span 60, neopelex, lauryl sodium

Epichlorohydrin, trimethylamine,

toluene, chlowbenzene,

sulfate, lawyl sodium sulphonate and sodium oleate etc.
(purchased fiom shanghai Chemical Co., Shanghai, Chi-
na) were chemically pure. The water used was distilled
water.

2.2 Instruments

A model UV-2001 Recording Spectiophotometer
(Shimadzu, Japan) was used to detemine the chromatici-
ty of Turquoise Blue KN-G aqueous solution and the cont-
ent of KN-G before and after adsorption with SLBA . And,
a Model Prcisa XT 120A electronic analytical balance
(Swiss) and a model PHS-25 pH meter (Shanghai Hongyi
Instrumental Plant, China) were used here.

2.3 Preparation of SLBA

2.3.1 Preparation of spherical cross-linked lignin beads

500 mL of the mixture of transformer oil and chlorobenzene
with 1 *1.5 of volume ratio was used as disperse phase.
Then 165 ml 45% of black liquor was slowly added into
the above oil phase. After stirring for 20 min at a speed of
300 rfin, the calailated amounts of dispersant agent and
epichloohydrin were slowly added respectively. The mix-
ture was stirred at 65 C for 1.0 h. Then the reaction
temperature was raised to 90 C. After 1.0 h of reactions
the slurty was woled to room temperature. Then the slurry
was filtered and the pH adjusted to 6. Swith a 1. 0 mol IL
NaOH aqueous solution. The spherical cross-linked lignin
beads (GCLB) were washed with water,
ether, and then dried.

2.3.2 Quaternization 100 g of GCIB (moisture cont-
ent 70.6%) was suspended in 250 mlL water containing
5.0 g sodium chloride. 25 g 20% of sodium hydroxide
aqueous solution was added into the above mixture. Then
the waction temperature was raised to 85 Cand 35. 0 g of
3-chloro-2-hydroxypropyl trimethyl ammonium chloride
(CHPTMA.) was added slowly over; 30 min,- and_the mix-

acetone and

ture was stired for 3 h at 85 “C. The mixture was woled,
filiered and washed with water, acetone and ether, and
then dried to obtain the spherical lignin-based adsoibent
containing the quaternary ammonium cationic group (SI-
BA).

2.4 Static adsorption experiments

Batch adsorption experiments were carried out by
shaking the calculated amount of SIBA adsorbent (mois-
ture content 72.5 %) with 100 mL aqueous solution of
Turquoise Blue KN-G of the desired concentration, pH
and temperature in different glass-stoppered Erlenmeyer
flasks at a constant speed of 80 r min for predetemined
time intervals. The concentration of KN-G was analyzed
by UV-2001 Recording Spectophotometer. The wncentra-
tion of KN-G adsorbed was calculated by the difference of
the concentration of KN-G in solution before and after ad-
sorption.

2.5 Mobile adsorption experiments

Each adsorption column (20. 0 ¢m in length and 1. O
an in internal diameter) was packed with 5. 0 g of adsor-
bents. And, 100 ng L of KNG aqueous solution was
pumped through the adsorption at a flow rate of 5. 0 ml /
min until the effluent concentration of KN-G reach 100
mg fL. The effluent concentration of KN-G was analyzed at
various predetermined time intervals by UV-2001 Record-
ing Spectrophotometer.

2.6 Desorption tests

In order to assess the practical utility of the adsor-
bent, the desorption experiments were conducted by treat-
ing the SLBA with adsorbed KN-G with 10 mL of the de-
sired concentration of alcohol, NaCl aqueous solution, di-
cyandiamide-formaldehyde polycondersate aqueous solu-
tion and HCI aqueous solutions or their mixed solutions for
a predetermined time. The concentration of KN-G was an-
alyzed by the difference of the concentration of KN-G in
the solution before and after desorption.

3 Results and discussion

3.1 Establishment of linear equation of KN-G

The concentration of KN-G was determined by UV-
2001 Recording Spectrophotometer at a wavelength of 670
nm, the following equation was obtained by linear regres-
sion analysis of the determination results.

y = 001414, Y= 0. 981 a
Where is the concentration of KN-G, mg /L, A is absor-
bance; 7 is the correlation coefficient indicating the lin-
ear relationship between 4 and 7 among the concentration

range of 0 and 50 mg/L
3.2 FEffect of adsorption time

Fig. 1 illustrates the effect of adsorption time on the

adsorption_efficiency. The removal rate of KN-G increases



2 : KN-G

with an increase of adsorption time. But it remains con-
stant after the equilibrium time of 30 min, which indicates
that the adsorption tends towards saturation at 30 min.
Therefore, the adsorption time was set to 30 min in each

experiment.
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Fig 1 Effect of adsorption time
90 25C 200 mg/L KN-G, 1 0 g of SLBA adsorbent

3.3 Effect of solution pH

The effect of solution pH on the adsorption of KN-G
on SLBA is presented in Fig. 2. Solution pH is an impor-
tant controlling parameter in the adsorption process, and
thus the role of solution pH was examined at different pH
value covering a range of 3.0 ~ 12.0. Fig.2 shows that
with an increase in solution pH ranging from 3 to 8, the
removal percentage increased sharply from 12.3 % to
98.6 % and at pH =19, the removal rate reached
99. 3%. At pH=10, the removal rate reached 100 %. In
general, the pH values of the reactive dye effluents from
the printing and dyeing mills range from 9. 0 to 12. Con-
the pH of the simulating effluents of the
Turquoise Blue KN—G was adjusted to 9. 0 to conduct

the adsorption experiments.

sequently,
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Fig 2 Effect of solution pH on the adsorption of
KN-G on SLBA
200 mg/L KN-G, 25°C, 30 min 1 0 g of SLBA adsorbent

3.4 Effect of initial concentration
The removal rates and the equilibrium adsorption ca-

pacity g. of SLBA for the initial concentration of KN-G
ranging from 50 to 400 mg f.at 25 °C are shown in Fig. 3.
Under othewise identical conditions, the removal rate of
SLBA decreases with an increase of the initial concentra-
tion of KN-G, the wmsults indicates that the removal of
KN-G is initial concentration dependent. The equilibrium
adsorption capacity ¢. increases sharply among the con-
centration range of 0 and 250 mg f.. When the concentra-
tion exceeds 250 mg L, the increase curve of g. becomes
smooth gradually indicating the adsorption capacity of SL-
BA tends towards saturation.
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Fig 3 Effect of initial concentration on the adsorption of
KN-G on SLBA
25°C, 30min pH9 0 1 0g of SLBA adsobent

3.5 Adsormtion isotherm
The linear representation of the Langmuir isotherm

can be expressed as:
7+ = @)

Where ¢g.=

Cy and C, are the initial and equilibrium concentrations of

the Turquoise Blue KN-G in solution respectively, mg s
g.is the mg of adsorbed KN—G per g of adsotbent, mg/
g; Wis the amount of adsorbent required to adsotb KN—
G, g; (o is the maximum amount of adsorbed KN— G
per g of adsorbent, mg é; and b is the Langmuir con-

G
stant, Lh}g. Thus. A plot of g vemsus C should yield a

straight line having a slope L and an intercept of L

Qo 0ob
from which the values of Qo and may be readily obtained.

C.
The plot of —
e pO o q

e

against G gave a straight ling

(Fig. 4). Fig. 4 shows that the adsorption behavior follows
the Langmuir adsorption isotherm. The Langmuir isother-
mal adsorption equation is as follows:

C_ 0. 0002136+ 0. 001225C. 3)

de

Where
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Hence, the values of

ﬁ and b are 816.3 mg/g
and 5. 735 L/mg, respectively.
The validity of Langmuir isotherm was further con-

fimed by regression analysis of the data at 25 C. The re-
C. o .
gression relating q— and C at 25 Cis found as;

Ce

7 = 0. 0002131+ 0. 001224C. @)

By comparing equation (2) and (4), the values of Qo

and b are 817. 1 mg /g and 5. 743 L/mg separately, which

are in good agreement with the graphical values at 25 C.

The favorable nature of adsorption can be expressed

in tems of a dimensionless separation factor of a equilibri-

um parameter; Which is defined byI 4,
_ 1

A+ BCo)

Where b is the Langmure constant introduced in equation

Re 3)

3 and is the initial concentration of the adsorbate in solu-
tion. The R: value for KN-G ion uptake is 8. 711X 10 °,
which is less than 0. 1 indicating favorable adsorption.
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Fig 4 Langmuir plot for the adsorption of KN- G on SLBA
50 20 C 200 mg/L KN-G

3.6 Mobie adsorption experiments and comparison
tests

The tests of breakthrough parameters of adsorption
column were cnducted toassess the practical utility and
durability of the adsorbent. The breakthough parameters
vary with the initial concentration of KN-G. And, they are
inversely proportional to the initial ncentration. The
tests were carried out by pumping a synthetic KN-G solu-
tion containing 100 mg/L KN-G into the adsorption column
at a flow rate of 5.0 ml/min. The residual KN-G in the
effluent was determined by UV-2001 Recording Spectro-
photometer for predetermined time intewals. The resulOts
are illustrated in Fig. 5 and summarized in Tab. 1.

Fig. 5 shows that under the breakthrough volume (V3
=10.46 L), KN-G can be completely removed, which
indicates that the adsorbent and adsorption column can be
continuously used to remove KB-1 in the practical applica-
tion.

From Table 1, we can see the breakthrough emoval
capacity and saturated removal capacity of KN-G increase
4 ~6 times as those of granular activated carbon (GAC)
and powdered activated carbon (PAC). The results indi-
cate that the SLBA has a potential application foreground
in the reactive dyeing effluent treament. The break-
through removal capacity and saturated removal capacity of
PAC prevail over those of GAC indicating the surface area

also plays an important part in the reactive-dye removal.

——GAC—O—PAC——SLBA

Effluent volume/L

0 10 20 30 40 50 60 70 80 90 100
Resudual concentrtion/(mg-L™")

Fig5 Breakthrough curve
100 mg L KN-G; pH 9.0; Flow 1ate 5.0 ml nin; 25 C.

Tab 1 Results of mobile adsorption experiments and

comparison tests

Adsorbent SIBA PAC GAC

Breakthrough volume /L 1046 7.63 638l
Total volume /L 145 137 126
Breakthough 1rerr10valcapalcity/(mg°g7l ) 761 153 136

3.7 Desorption tests

The desorption tests were carty out by utilizing vari-
ous concentrations of alwhol, NaCl aqueous solution, di-
cyandiamide —fomaldehyde polycondensate aqueous solu-
tion and HCI aqueous solutions or their mixed solutions for
2.0 h/The results are listed in Table 2. Table 2 shows
that the Turquoise Blue KN—G adsotbed on SLBA can be
recovered with a mixture of aleohol, dicyandiamide —
fomaldehyde polycondensate and HC1 aqueous solutions.
And, the maximum recovery percentage could reach R. 7.
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Tab. 2 Results of desorption and recovery tests

Eluant Desomption efficiency/( %)
10% of NaCl aqueous solution 938

10% of HCI aqueous wlution 551

Mixture of 10% of HCl aqueous so-

lution and Alcohol (The mass ratio 70, 2

is 1D

Mixture of 10% of HCl aqueous so-

lution. Alcohol” and 10% of NaCl 716

(The mass ratio is 1:1%1)

65% of DFP aqueous solution 823

Mixture of 65% of DFP aqueous so-
lution, 10% of HCl aqueous solu-
tion and Alewhol” (The mass ratio
is 8°1°D)

98 7

Note: 1) Alcohol used is the absolute alcohol. And the dicyandi-
amide-formaldehyde polycondensate is denoted as DFP. The desoip-
tion time 2 0 b and the desorption temperature is 25 C.

4  Conclusions

The adsorption of reactive Turquoise Blue KN-G on
the adsorbent was found to be initially pH and concentra-
tion dependent. The concentration helped to increase the
equilibrium adsorption capacity. With an increase in solu-
tion pH ranging from 3 to 10, the removal percentage in-
creased sharply from 12.3 % to 100%. The adsorption
pwocess followed the Langmuir adsorption isotherm, i.

€., Qf:0.0002136+0.001225Ce. Moreover, Ri, a

qe

dimensionless separation factor of an equilibrium parame-
ter, was 8.711X 10 *, which was far less than 0.1 in-
dicating the favorable adsorption. The saturated adsorption
capacity was 816. 3 mg /g, and the total breakthrough re-
moval capacity was 761 mg /g, which prevailed over the
commercial activated carbons evidently. The reactive
Turquoise Blue KN-G adsorbed on SLBA could be recov-
ered with a mixture of alcohol, dicyandiamide formalde-
hyde polycondensate and HCI aqueous solutions. And,
the maximum desorption efficiency could reach 98. 7%.
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