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Study on the Discoloration of Simulating Dye Effluemts
with a Kind of Amphoteric Lignin based Flocculant
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Abstract: The calcium lignosulphonate was adopted as the raw matenal to prepare the amphoteric lignin-based flocculant denoted as LSDC.
Then the LSDC was adopted to flocculate the different simulating dye effluents e g., reactive blue X-BR, reactive yellow X-R reactive violet
K-3R and reactive black K -BR. And different flocculation effectors were optimized. It can be concluded that the flocculation efficiency of LS-
DC has found to be effluent pH and flocculant dose dependent. The discoloring rate increases with an increase in the LSDC dose ranging from
0to 150 mg/L However COD, of the simulating dye effluents also increases by addition of the ISDC. Consequently, the LSDC should be
limited to a permissible dose. The LSDC contains the anionic sulfonic group and cationic quaternary ammonium group. Consequently, the kinds
and number of the function groups on the dye molecular chains also showed great effect on the discoloring efficiency. For the reactive dyes the
discoloring flocculation capacities decreased with an increase of the numbers of the functional groups of the dyes. Among the effluent pH rang-

ing from 4 to 8 the discoloring rates of the reactive blue X-BR, reactive yellow X-R reactive violet K-3R and reactive black K BR could

reach 83 78%, 99.39%, 98 25% and 82 13%, respectively.
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1 Introduction

Lignin is one of the most abundant natural renewable
malerials on the earth. Mot of the indusirial lignin is from
the red liquors or black liquors in the pulping process .
And, for the laige scale pulp and paper mills, the black
liquors were used to recycle the alkali liquor by the proce-
dures of concentration, cmbustion and causticization.
The lignin was combusted. Consequenily, the silvola
recovery pwcess is only a good way to avoid the black -
liquor pollution. It is mot an economic method that causes
the tremendous resources waste. For the medium and
small pulp and paper mills, the black liquors from the
pulping process were dischaged directly without any treat-
ments which caused the severe envionmental pollution.
Therefore, how to prepare the lignin based products that
yield a high added value and thus to avoid the environ-
mental pollution has aroused the increasing interests of the
many chemists and technologists.

Presently, the lignin and its modified pwoducts have
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been used as the soil stabilizing agents, cement porphy-
rization assistants, water reducing agents of cements and
concretes, hesive amterials dispersing agents of slurry
in the oil drilling and cement retarding agents in the oil
wells etc.'” Moreover, they also can be used as emulsifi-
cation stabilizers in such hydrophobic substances, e. g.,
bitumen emulsions. And, they have been successfully ap-
plied in the light industry as the additives of dyes, pig-
ments, coatings, printing inks, tanning agents and rubber
items etc.

The lignin and its modified products have been re-
ported as the flocculants in the waste water treatment .
However no satisfactory flocculation efficiency has been
achieved, especially for the treatment of goumet efflu-
ents, pharmaceutical effluents and dye effluents. In this
paper, the calcium lignosulphonate was adopted as the raw
malerial to prepare the amphoteric lignin based flocculant
(denoted as ISDC ) by the graft copolymerization and
methylamination. Then the discoloring flocculation was

conducted to test the flocculation pefomance of 1SDC
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with the different simulating dye effluents, e. g., reac-
tive blue X BR, reactive yellow X R, reactive violet K -
3R and reactive black K BR.

2 Experimental

2.1 Material and reagents

The calcium lignosulphonate was kindly povided by
the Guangzhou Paper Group Co, Ltd, Guangzhou, China.
The acrylamide, potassium persulfate, sodium hydwxide,
formaldehyde and dimethylamine ete.
chemically pure. The reactive dyes, e. g., reactive blue
X BR, reactive yellow X R, reactive violet K 3R and
reactive black K BR were commercially pure.

2.2 Instrumentation

The analytical instruments used included a HI99721
COD deteminator (Hamna Instumental Co, Ttaly ), a
PHS 25 pH meter (Shanghai Hongyi Instruments Co
Lid, China), a UV 2201 ultraviolet visible spectropho-
Japan ) and a Precisa XT 120A

acetone, were

tometer ( Shimadzu,
(Swiss).
The synthesis equipments included the themostat

and constant— rate reactors and the electric agitators.

2.3 Preparation of LSDC

The calculated amounts of the calcium lignosulpho-
nate and water were mixed into the themostat and con-
stant Tate reactor for 10 min. Then 0.5X 10 ° mol /L of
the K2$20s initiator was added into the above mixture.
After initiation reaction for 30 min, 1.4 mol L of acryl-
amide monomer was added into the reactor slowly and the
N, was adopted as the shielding gas. Then the reaction
temperature was raised o 50 ‘C. The copolymer product
was thus obtained after 2. 5 h of the graft reaction.

The above ropy reaction solution was adjusted to pH
=9.5 with 10% of the sodium hydroxide aqueous solu-
tion. Then 37% of the fomaldehyde aqueous solution was
fed into the reactor at 50 ‘C. After 1 h, a calculated
anount of the dimethylamine was added into the above so-
lution, and the LSDC was obtained after 2 h of the meth-
ylamination.

2.4 Determination and characterization

The effluent pH, colourity and COD¢ were deter-
mined with a PHS 25 pH meter, a UV 2201 ultraviolet -
visible spectrophotometer and a HI99721 COD detemina-
tor, respectively.

2.5 Discoloring flocculation experiments

The predetermined concentrations of the reactive dyes
ranging fiom 0 to 70 mg I were prepared. And, a UV -
2201 ultraviolet visible spectrophotometer was used to de-
termine the crresponding the absorbance, denoted as A,
at the corresponding predetermined wavelengths. Then the

calibration curves of the reactive dyes were obtained.

The various LSDC doses were used to carry out the
discoloring flocculationexperiments. The experiments were
conducted under such conditions as 100 ml of the simulat-
ing dye effluent and 1 min of agitation. Afler stewing for
30 min, the colourity of the supernatant fluid was deter-
mined with a UV 2201 ultraviolet visible spectropho-
tometer. The residual concentrations of the simulating dye
effluents were calculated from the calibration curves.
And, the discoloring rate, denoted as R, could be ob-
tained by the following fomula.

R = a—5)%100%
G

Where,
tions of the simulating dye effluent (mg/L).

Co and C awre the initial and residual cncentra-

The flocculation discoloring capacity, denoted as
FD, ould be calculated by the following formula
ViCo— C)

w

Where, FD is the flocculation discoloring capacity
(mg g); Coand C are the initial and residual concen-
trations of the simulating dye effluent (mg L); Vis efflu-

ent volume (L).

FD =

3 Results and discussion

3.1 Establishment of the calibration curves of vari
ous reactive dyes

The concentration absorbance calibration cuwves were
plotted by deteminations of the absorbance of the simulat-

ing dye effluents with various concentrations. The curves

are listed in Tab. 1.

Tah 1 The calibration curves of various reactive dyes
Simulating dye effluent P— /rm Cahbfz&i:;):l:uwe
Reactive blue X—BR 594.5 A= 0.0049C+ 0. 0063
Reactive yellow X— R 350.5 A=0.0141C+ 0. 0286
Reactive violet K— 3R 561.0 A= 0.0204C+ 0. 027
Reactive black K— BR 598.5 A= 0.0213C+ 0. 0063

Note: A is the absobance; C is the concentration of the dye solution.

3.2 FEffect of LSDC dose on the discdoring efficiency

The LSDC dose showed great effect on the discoloring
efficiency. The results are shown in Fig. 1. Among the
LSDC dose range of 0 and 150 mg L. the discoloring rate
increased with an increase of the LSDC dose. And, the
discoloring rates were 83. 78%, 99.39%, 98.25% and
66% for the reactive blue X BR, reactive yellow X R and
reactive violet K 3R, respectively. For the reactive black
K BR, the maximum discoloring rate reached 82.13%
when the 200 mg/L of ISDC dose was used. When the
LSDC dose exceeded 150 mg I, the discoloring rate rema-

ined constant for, the reactive blue X BR. reactive yellow
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X R and reactive violet K3R. And for the reactive black
K BR, the discoloring rate only reached 82. 5% when the
ILSDC dose exceeded 200 mg L. Moreover. the excessive
dose would cause the increase in the COD of the simulat-
ing dye effluents. Consequently, the LSDC dose should be
adjusted in an ideal range.
3.3 Effect of effluent pH on the discoloring efficiency
Under the othemwise identical conditions, the discol-
oring efficiency has found to be effluent pH dependent.
The effluent pH affected the existing state and charge
characteristics of the amphoteric lignin based flocculant —
ISDC, which would change the combination forms and de-
grees of the LISDC molecules with the dye molecules. Then
the discoloring efficiency was thus affected. The experi-
mental esults indicated that the effect of the effluent pH
on the discoloring rate varied with the dye variety. And,
excellent discoloring efficiency could be achieved among
the pH range of 4 and 8. Under the extreme conditions,
i. e., the strong acidity or the strong basicity, about
10 %of the discoloring rate would be reduced.

—es—X-BR—8—X-R —4—K-3R—0—K-BR

1oor

Disoloring rate/%

0 . \ . . ,
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Fig 1 Effect of LSDC dose on the discoloring efficiency

3.4 Effect of LSDC on the effluent CODcr
The composition of the calcium lignosulphonate is

very complex. And, it contans different aromatic com-
pounds with various molecular weights. Therefore, exces
sive LSDC dose will cause the CODc: increase. It is nec-
essary to conduct the studies on the relation between the
ISDC dose and the simulating effluent CODc:. The results
are shown in Fig. 2 and Tab. 2. The results showed that
the CODc increased with an increase of the LSDC dose.
Furthermore, the CODc was also reversely related to the
discoloring rate. The satisfactory discoloring rate helped to
reduce the CODc efficiently, which would cause no sec-
ondary pollution. However, poor dismloring results would
increase the CODcr, which would bring about the second-
ary pollution. It can be nfirmed that the functional
groups in the LSDC moleaules can react with the corre-

sponding functional groups in ;the. dye molecules to form

the salt bonds. Then the colourity of the simulating dye
effluents can thus be removed. Nevertheless, the unreact-
ed LSDC will cause the COD¢ increase during the discol-
oring flocculation process, which will cause the secondary
pollution. Hence, it is very important to adjust the LSDC
dose to a pemissible range.

Tah 2 variation of CODcr initial and final of dye treating

Simulating dye ISDC dose Discoloring COD,,
effluent (mg°L™ 1) rate/% (mg° LY
Reactive blue X— BR 150 83. 78 +135
Reactive yellow X— R 75 99. 39 —3
Reactive violet K—3R 150 98 25 +42
Reactive black K— BR 200 82 13 +266
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Fig2 The relational curve of the LSDC
dose and effluent COD,

The discoloring experiments also indicated that the
satisfactory discoloring efficiency could be achieved when
the LSDC was adopted as the discoloring flocculant. More-
over, it wuld not cause the secondary pollution under the

optimum conditions.

3.5 FEffect of the kinds and number of the functional
groups in the dye molecules

The LSDC molecular chain contains the sulfonic
groups and cationic quaternary ammonium salt groups.
The sulfonic groups and cationic quaternary ammonium
salt groups in the LSDC molecules can combine with the
amino groups and anionic groups, 1. e., —NO2 and —CI
etc., in the reactive dyes, respectively. And, the salt
bonds are thus formed to produce the aggregation sub-
stances by the chage neutralization and bridging action.
The bigger flocculation substances are further fomed and
shaped by the van de Waals attractive forces. Then the
soluble dyes are thus discolored with the LSDC.

The kinds and numbers of the functional goups on
the dye molecular chains have a strong impact on the dis-
coloring efficiency. The effect resulis are listed in Table
3. Tab. 3 indicated that the flocculation discoloring capac-
ity decreased with an increase of the numbers of the func-
tional groups of the dyes.
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Tab 3 The influence of group category and quantity dye contained on decolorization rate
dye category and quantity of group B
Reacti FD/mg° mg '
e —SO,Na —NO, —NH—-  —Cl  —NH, B
Active brilliant blue X— BR 2 3 2 11 40
Active yellow X—R 2 1 2 3 31
Active purple K— 3R 2 1 0 98
Active black K— BR 2 1 1 1 1 0. 82
4  Conclusions References:

(1) The amphoteric ligninbased flocculant prepared i
with the calcium lignosulphonate could be adopted as the
discoloring flocculant. And, it showed satisfactory discol-
oring efficiency in the discoloring flocculation process.
Under the optimum conditions, the diswmloring rates of the

reactive blue X BR, reactive yellow X R, wactive violet 3
K 3R and reactive black K BR could wach 83. 78%4,
99. 39%, 98.25% and 82 13%), respectively.

(2) Excessive ISDC dose wuld cause the increase (3

of the effluent CODq, which would cause the secondary

pollution. Corsequently, pemissible LSDC dose should
be adjusted to avoid the secondary pollution and to achie- [4
ve the excellent discoloring efficiency.

(3) The ISDC contains the anionic sulfonic group
and cationic quaternary ammonium group. Consequently, [3
the kinds and numbers of the function groups on the dye
molecular chains also show grat effect on the flocculation
efficiency. For the reactive dyes, the discoloring floccula-
tion capacities decreased with an increase of the numbers
of the functional groups of the dyes.
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: 1SDC. LSDC X-BR. XR. K3R.
K-BR . 1SDC o
. ISDC 0~ 150 mg/L ,
CODx, . ,
. . . pH 4~ 8 . X-
BR. XR. K3R. K-BR 83 7%, 99 39%. 9825% 82 13%.



