Journal of the Korean Society of Dyers and Finishers
Vol. 4, No.3, pp. 67~71(1992.9)

(BrFEaR (B 1))

67

— 2 QT 19903 AP $AATHE) Qo] ake] FARUAS —

Development of Polymeric Adsorbents for the Treatment of
Colored Waste Waters and Re-use of the Treated Water (II)
— Quaternary Aminized Cellulosic Adsorbent —

Soo-Min Park and Woo-Kyung Sung*

Department of Textile Engineering, Pusan National University Pusan, 609-735, Korea
*Department of Textile Engineering, Kyungpook Sanup University Daegu, 701-702, Korea
(Received September 7, 1992)

HeRKREE /&t &%

F WoEhlel FREDt gEkel A D

— 47 ollls MEZRA EXH —

Abstract— Quaternary aminized celiulosic adsorbents (CAqs) which exhibit adsorption capacities for
anionic dyestuffs for the treatment of colored waste water and re-use of the treated water were
studied. The isotherms and thermodynamic parameters of C.I. Acid Orange 7, solution considered
as a model of negatively charged coloring matters fgr CAqa, were determined. Batch method and
flow method were employed to determine decoloring capacity of cellulosic adsorbents for Orange
7. The cellulosic adsorbents exhibited much better adsorption capacity than activated carbon. Further-
more the exhausted cellulosic adsorbents could be readily regenerated by washing with dilute sodium

hydroxide.

1. Introdution

The control of water pollution and re-use of
the water recovered from waste-water treatment
are, in these days, one of major scientific activities
for the protection of environment and the conser-
vation of resources.

In the present industrial water pollution from
dye house has been treated only for the clearance
of the waste waters standard and usally treated
by combinations of various cleaning methods avai-
lable today.

Although several methods. have been reported
for treating dye-waste-stream, the one that ap-

pears to be the most feasible is adsorption. The
dye-waste-stream passes through a porous mate-
rial whose surface attracts the dissolved dyestuffs
in the stream. When the adsorbent is loaded to
capacity, it is regenerated to remove the absorbed
impurities of disposal in concentrated form and
restored the initial capacity of the adsorbent.

Granular activated carbon is probably the most
common industrial adsorbent and has been used
to remove the color trom dye-waste-stream in
some practical fields. While producing substantial
reduction in color and oxygen demand, activated
carbon systems have some limitations.”

Mchay et al? reported a mathematical model
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for the fixed bed adsorption of Telon Blue dye
on peat. An adsorption model based on external
mass transfer and pore diffusion were developed
to predict theorem breakthrough curves for the
adsorption of Telon Blue dye.

Khare ef al® discussed the removal of basic
dye from waste water using wollastone as a sor-
bent. Batch type experiments indicated that low
concentration, small particle size of adsorbent,
high temperature, and alkaline pH of the solution
are favorable for the removal of crystal violet from
aqueous solutions.

Park? reported that removal of adsorbed dyes-
tuffs and regeneration of adsorption capacity are
simpler and more excellent with cellulosic adsor-
bent than with activated carbon.

Miyata® synthesized the adsorbents graft copol-
ymerized with 2-(dimethylamino)ethyl methacry-
late onto waste paper pulp. The color removal be-
havior of the anionic dyes by the adsorbents was
investigated.

Furuta® reported that cotton yarns graft copoly-
merized with acrylamide can be used as a adsor-
bent for the water-recycle-model system in order
to remove reactive dyes.

In the present work, adsorption behavior and
decoloring of C.I. Acid Orange 7 solution by qua-
ternary aminized cellulosic adsorbents were stu-
died with the aim of developing polymeric adsor-
bents for the treatment of colored watse waters.

2. Experimental

2.1 Materials

Cellulose powder (Sigma Chem. Co.) and poly-
vinylalcohol (DP=1500, Junsei Chem. Co.) as mat-
rix of adsorbents were used.

Dye used for a model colored-waster-water was
C.I Acid Orange 7 (denoted as Orange 7) as a
anionic dye.

All other chemicals used in this work were first
reagent and used without purification.

2.2 Preparation of Quaternary Aminized Cellu-

losic Adsorbents
Cellulose/PVA mixtures (80 wt% cellulose con-
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Table 1. Characteristics of quaternary aminized cel-
lulosic absorbents (CAg,)

Adsorbents A? BV
CAqga-l 0.52 418
CAga-Il 0.80 4.15
CAqs-1II 112 421

dcharge density (m-eq/g), Ybed volume (mi/g).

tent) were crosslinked to the desired extent by
regulting the mole fraction of triacryloyl hexahy-
dro-s-triazine and diammonium phosphate, and fo-
llowed by drying and crushing into 150-200 mesh.

Diethylaminoethylation of crosslinked polymer
blends was carried out at room temperature a so-
lution containg 15% sodium hydroxide, 15% 2-die-
thylaminoethyl chloride.

Quaternary aminization” of diethylaminoethyl
cellulosic adsorbents was carried out under reflux
in a boiling 10% solution of methyl iodide in abso-
lute ethanol.

The characteristics of newly synthesized quate-
rmary aminized cellulosic absorbents are listed in
Table 1.

The charge density was determined by poten-
tiometric titration.®

2.3 Adsorption Isotherms

Adsorption isotherms were determined from
measurements of equilibrium adsorption amount
at various dye concentrations under constant tem-
perature.

The amounts of adsorbed dye were measured
spectrophotometrically by extraction with DMF.

2.4 Decoloring Capacity and Regeneration

Batch method and flow method were employed
to determine decoloring capacity of adsorbents in
Orange 7 solution at ambient temperature.

Batch method was carried out by treating Ora-
nge 7 solution with adsorbents for 30 min. So was
flow method by passing Orange 7 solution through
columm filled with adsorbents under constant elu-
tion velocity.

Color removal percentage was calculated from
the following equation:
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Color removal percent(%)—={Dy—D;)/Dy X100

where Dy : concentration of dye in untreated Orange
7 solution
D, : concentration of dye in treated Orange
7 solution
The exhausted adsorbents were regenerated by
washing with dilute sodium hydroxide solution.

3. Results and Discussion

3.1 Thermodynamics of Adsorption Isotherms

The adsorption isotherms are shown in Fig. 1.
In Fig. 1, the shapes of the isotherms exhibit La-
ngmuir type adsorption which tends to a definite
limiting dye concentration on the adsorbent
(CAqs) with increasing concentration in solution.

In the case of Langmuir adsorption isotherms,? it
is well known that the rate of desorption —d[DJ],
/dt is proporational to the concentration of dye
in the adsorbent, i.e.:

d[D
- % :kl[D]f 1)

where [D]; is the concentration of dye in the ad-
sorbent.

The rate of adsorption d[D]/dt depends on the
concentration of dye in the solution and also upon
the number of unoccupied sites, which is propor-
tional to ([S}—{DJp.

Thus:
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Fig. 1. Adsorption isotherms of the model anion dye,
Orange 7, by the CAqs-III at pH 3.

d(D],

m =k,[ D] ([S]— D1y 2)

where [S] is the saturated concentration of dye
in the adsorbent, [D]; the concentration of dye
in the solution.

At equilibrium the rates of adsorption and de-
sorption are equal, so that, can be combined: k,
and k,

[D]f: k{DJ; ([S]f_ [D]f) 6]
or
_ k[S1-[DI,

or inverting (4):

1 1 1 1
(D], kSI [DJ, " [S) ®)

[S] value is easily determined by a graphical
method from the reciprocal plot of the adsorption
data (see Fig. 2).

The [S]; value obtained is 11.5X107% 110X
107* and 10.6X10"*mol/g at 30, 50, and 70C,
respectively.
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Fig. 2. Reciprocal relationship between the concent-
ration of in solution and the amount of the
model anion dye, Orange 7, absorbed by the
CAqa-III at pH 3.
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The standard affinity of adsorption —Ap° is
calculated by the following Gilbert-Ridial equation
9 adapted for Langmuir adsorption isotherm,

p

1-6,

—Ap°=2RT In —2RT In[D]; 6)
where R and T are the gas constant and the abso-
lute temperature, respectively. 6, represented as
[D]/[DJ is the fraction of sites occupied by dye.
The standard heat of adsorption AH® can be ob-
tained as the following:

Ap® _ AH°

T T +C D

where C is a constant.
AH® can be evaluated by a graphical method
as shown in Fig. 3, since a plot of Ap°/T against

45 -

s /’a/

— Ay’ /T(cal/mol-deg)

35+

:. 1 I 1 J
0 29 3.1 3.3

1/T(X 107 3/deg)
Fig. 3. Relationship between —Au°/T and 1/T for
the CAq\-TII at pH 3.

Table 2. Thermodynamic parameters for adsorption
of the model anion dye, Orange 7, by the

CAga-Il
Temperature| —Ap° - AH° AS°
©) (kcal/mol) | (kcal/mol) |{cal/mol-deg)

30 12.44 30-50T 285
2.38

50 13.10 50-70C 28.79
5.22

70 13.59 Mean : 3.8 28.54
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(=4

1/T should vield a straight line (if AH® is contant)
with the slope AH°.

The parameters of the thermodynamics deter-
mined by means of above mentioned equations
are listed in Table 2.

As shown in Table 2, the affinities of the dye
for the adsorbent shows larger values than those
of hydrochloric acid for silk.!?

The mean value of the heat of adsorption is
—3.8 kcal/mol in the range 30 to 70T, and the
standard entropy shows positive charge.

3.2 Evaluation of the Decoloring Capacity and
Regeneration

Decoloring capacities of cellulosic adsorbents
including the granular activated carbon in the mo-
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Fig. 4. Effect of various adsorbents on the decolou-
ring of model anion dye, Orange 7, solution.
A: activated carbon (granular), B: CAga-l, C:
CAqa-Il, D: CAqs-IlI
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Fig. 5. Relationship between the decolouring of model
anion dye, Orange 7, solution and the number
of regeneration of various adsorbents.
@®: activated carbon(granular), @: CAga-l, ©:
CAa-ll, O CAgaIll
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del anion dye, Orange 7, solution were measured
at ambient temperature by flow and batch me-
thods. Results obtained are showed in Fig.4 and
Fig. 5.

The results indicate that decoloring capacities
of the cellulosic adsorbents are generally much
than those of granular activated carbon, and that
the decoloring capacity increases with the increase
of charge density.

The ionic functionality of cellulosic adsorbents
except for granular activated carbon is easily re-
generated by the treatment of adsorbents with di-
lute sodium hydroride solution, and have more
than 90% efficiency for about 10 cycles.

Conclusions

Quaternary aminized cellulosic adsorbents
(CAqa) were prepared to develop the polymeric
adsorbents for the treatment of colored waste wa-
ter. Adsorption behaviour and decoloring capacity
of a model anionic dye, C.I. Acid Orange 7 by
the CAqs were investigated.

Adsorption isotherms are Langmuir type and
the affinity of the dye for the CAga decreases with
increasing temperature. The mean value of the
standard heat of adsorption is —3.8 kcal/mol in
the range 30 to 70C. The entropy is positive cha-
rge.

The decoloring capacities of the CAgs were ge-

aerally much better than those of granular activa-
ted carbon. The decoloring capacity increased with
the increase of charge density. The ionic functio-
nality of the CAqa was easily regenerated by trea-
ting with dilute sodium hydroxide.
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