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I. Introduction

Linear alkylbenzenesulfonates(LAS) is still
representative  globally  because
widely been used
industriat well as commercial
detergents”.  However, LAS  which
substituted for ABS in behalf of the excellent
biodegradation gave rise to rather more sertous
problems that LAS toxicity was 2-3 times
higher than ABS toxicity and reached to the
range of 0.1-82 mg/L as LCsx values in the
aquatic ecosystem. Probably LAS is a unique

it has most
in the manufacture of
cleansers as

was

chemical compound which occupies more than 3
% of ratio to BOD in mg/L*

Besides, as a serious problem, enormous foam
can be generated even if LAS is dissolved in
water at very low concentration such as 01-1.0
mg/L or blow”. Particularly foam which is
generated in the aeration tanks causes some
serious problems including very slow growth
rate of microorganism and the obstruction of air
transportation in biological treatment process, So
it is difficult to expect the excellent removal
efficiency of LAS itself by microorganism.

Therefore, it is required to use chemical
treatment for the effective degradability of LAS
in wastewater plant. Accordingly, this study was
performed to evaluate the feasibility of Fenton's

oxidation from the various operating processes
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using ferrous ion in the degradation of high
concentration LAS.

II . Materials and Methods

1. Chemicals and Analytical Methods

Ferrous sulfate was used as a coagulant in
ferrous coagulation as well as 4 catalyst in
Fenton's oxidation and alum was used as a
coagulant for comparison of coagulation
treatment of LAS as shown in Table 1.

Major analytical items and rethods are shown
in Table 2  Among analytical methods,
Concentration of LAS were determmined by the
MBAS method and spectrophotometrical method
at 223 nm (UVzs method). The UVas method in

these  experiments, UV
LAS concentration in various
operating processes using ferrous sulfate was

However, in
reduction as

mostly excluded by the interference of ferrous
ion in the spectrophotometrical measurement,

2. Experimental methods

The applied concentrations of LAS were 100
mg/L in these experiments including coagulation
and Fenton's oxidation, since it has been known

SO,;Na
Uv223 (SPA C1-12}

P
>

&

combination with the MBAS method is useful to SPA Ci-c8 MBAS (SPA G812}
measure concentration of LAS to its
intermediates, sulfophenylalkanoates(SPAs)  as Fig. 1. Structure of LAS and SPAs by MBAS
shown in Fig. 12 and UVzs method.
Table 1. Major chemicals used in these experiments

Itemn Chernical
Surfactant Linear Alkylbenzenesulfonates(I.AS)
Oxidants Hydrogen peroxide
Coagulants Ferrous sulfate, Alum
Catalyst Ferrous sulfate
pH Adjuster 0.01 N phosphoric acid, 0.01 N caustic soda solution
Quenching Agents 1 % NapS:0s solution

Table 2. Major analytical items and methods

Item Analytical Method
pH Coming pH/ion analyzer 350 . ‘
SPAs UV-Visible spectrophotometer (shimadzu UV 1601, A ; 223nm)
MBAS UV-Visible spectrophotometer (shimadzu UV 1601, A ; 650nm)
Oxidants Hach DPD kit, Hach DR/2000
Ferrous ion Hach DR/2000, Fe Aquaquant E, Merck

g A Al6R 2E2000)
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that relatively high concentration of surfactants
are usually dissolved in industrial wastewater.”

1) Removal of LAS by Coagulation

The jar tester which was shown in Fig. 2
was employed by 10 minutes of rapid mixing at
100 rpm. After 30 minutes of slow muxing at 40
pm, then the mixed samples were allowed to
stand for 30 minutes.
adjusted to certain values that are required.
Prior to analysis of samples, 0.1 £ supernatants

pH of samples were

of samples were collected and filtered by 045 1
m filter papers.

2) Removal of LAS by Vartous Pro-

cesses using Ferrous sulfate.

The fenton's coagulation in this study intented
to represent the effects of Fenton's oxidation
and sequent ferrous coagulation. The Fenton's
oxidation, where hydrogen peroxide and ferrous
sulfate was doesed as oxidant and catalyst
respectively at pH 3~35 of sample by a rapid
agitating of 100 rpm. Then, ferrous coagulation
introduced sequently, where pH was
readjusted to 80 in order to form Fe(QH)s.

Reversely, as ferrous coagu-oxidation process,

was

after ferrous coagulation is conducted first at pH
& of sample and then remained ferrous sulfate

® e pmeonroller @

Adjustment : pH, dosages of coagulant, H:0; and LAS

Fig. 2. Apparatus for reaction of LAS by
Coagulation and Fenton's oxidation.

could be used as a catalyst of Fenton's
oxidation by addition of hydrogen peroxide at
pH readjustment of 3-4.

In these experiments, the comparison of LAS

removal efficlencies in every process using
ferrous ion, namely, ferrous coagulation,
Fenton's oxidation, fenton's coagulation and

ferrous coagu-oxidation was performed when the
concentration of ferrous sulfate increased from 0
to 300 mg/L at intervals of 50 mg/L in the
presence of 200 mg/L. hydrogen peroxide. Also,
the optimum ratic of HxO: to FeS5(Oy
determined for the most effective removal of
LAS- when hydrogen peroxide dosage increased
from O to 300 mg/L at constant intervals of 50
mg/L.

was

II. Results and Discussion

1. Effect of pH in Coagulation and

Fenton's oxidation of ILAS
Fig. 3 shows the effect of pH on the LAS

100

80

60 -

40

MBAS removal (%)

20 —&— Alum
—C— Farrous sulfate
—v— Fenton's oxidation

2 4 8 6 10 1,
pH

Fig. 3. Effect of pH on MBAS removal by

coagulation and Fenton’s oxidation.

Alum coagulation : LAS ; 100 mg/L, alum

200 mg/L

Ferrous  coagulation : LAS; 100 mg/L,

Fe504, ; 200 mg/L

Fenton's  oxidation:LAS;100 mg/L,

FeS04, HeOs 5 200 mg/L
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removal in coagulation and Fenton's oxidation
ata pH range of 2-12 when concentration of
ferrous sulfate, Alum and hydrogen peroxide
were 200 mg/L, respectively.

Optimum pH for LAS removal by Alum,
ferrous sulfate and Fenton's oxidation were 11,
8 and 3 respectively, where the removal effici-
encies of MBAS were 60525, 63.8% and 96.8%.

These results show that the optimum pH for
LAS removal by Alum is very different from
pH which is 56 in coagulation of humic matter
by Alum However optimum pH of Fenton's
coagulation in LAS
removal are similar with references reported.

oxidation and ferrous

2. Ratio of H20: to FeSOs in Fen-

ton’'s oxidation of LAS

It is needed to maintain the possibly large
ratio of HoO» to Fe¥ and small ratio of F&* to
substrates in Fenton's oxidation since the excess
dosage of ferrous ion brings about the adversely
low treatment efficiency® .

When the hydrogen peroxide increased from 0
mg/L to 300 mg/L at intervals of 50 mg/L at
pH 3, the LAS
depending on ratio of HxO; to FeSQs were very
different as shown in Table 3 and Fig. 4.

As hydrogen peroxide increased from 0 mg/L
to 200 me/l at overall range of Fenton's
oxidation, the
increased obviously. However the hydrogen
peroxide more than 250 mg/L brought about
rather lower treatment efficiency.

The results indicates that the optimum ratio of
H:0: to FeSQs for LAS removal in Fenton's
oxidation is 1:1 when concentration of hydrogen
peroxide is 200 mg/L. The removal efficiency of
LAS can reach to around 969 % at this

condition,

concentrations  remained

removal efficiencies of LAS

el 854 Al6H 25 2001)

120

—a— Hz0z

—o— H,0,:Fe50,=1:0.3
—a— H,0,:Fe50,=1:1
—a— H,0,:Fe$0,=1:13

80

MBAS (mg/L)

40
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Fig. 4. Change of MBAS concentration by Hz(y/
FeSQO ratio variation.(pH:;3, LAS: 100
mg/L)

3. Comparison of Various Opera—

ting Processes Using Ferrous
Sulfate
The Fenton's coagulation in this study

intented to represent the effects of Fenton's
oxidation and sequent ferrous coagulation by
variation of pH. The Fenton’s oxidation, where
hydrogen peroxide and ferrous sulfate was
doesed as oxidant and catalyst respectively at
pH 3~35 of sample by a rapid agitating of 100
rpm. Then, ferrous coagulation was introduced
to use remained ferrous sulfate sequently, where
pH was readjusted to 80 in order to form
Fe(OH)3,

In reverse, as ferrous coagu-oxidation process,
after ferrous ceoagulation is conducted by pH
adjustment of 8 first and then the remained
ferrous sulfate could be used as catalyst of
Fenton's oxidation by addition of hydrogen
peroxide after pH of sample was readjusted to
3~35.

The comparison of ferrous coagulation, ferrous
coagu-oxidation, Fenton's oxidation and fenton's
coagulation was performed in LAS removal of
high concentration when the concentration of
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Table 3. LAS concentration remained depending on ratic of Hz0; to Fe504 in Fenten's oxidation

HO: (mg/L)
Hz0s : FeS0Oy
0 50 100 150 200 250 300
1:0 98.58 91.19 84,40 80.00 79.17 71.05 7458
1:05 98.58 8451 62.68 5877 389 .27 2027
1:1 93.58 57.30 2250 1420 3.14 5.67 10.68
1:15 9558 50.57 2665 16.75 967 545 2735

ferrous sulfate increased from 0 to 300mg/L at
mtervals of 50mg/L in the presence of 200mg/L
of hydrogen peroxide.

As shown in Fig. 5 the average removal
efficiency of LAS in wheole concentration of
ferrous sulfate was 24.3%, 550%, 759% and
81.0% respectively. Particularly, when concen—
tration of ferrous sulfate was 200mg/L, the LAS
removal efficiency by fenton's  coagulation
reached to 9R2%.

For more detailed comparison, the ratio of
LAS concentration removed to ferrous sulfate
concentration dosed
shown in Table 4. At ferrous sulfate of 150
mg/L, the ratio of LAS concentration removed

per ferrous sulfate concentration dosed was (.20

in various processes is

in ferrous coagulation, 0.31 in ferrous coagu-
oxidation, 0.54 in Fenton's oxidation and 061 in
Fenton’s coagulation respectively.

In comparison of ferrous coagulation and
{fenton’s coagulation, the ratio of LAS concen-
tration removed to ferrous sulfate concentration
dosed in Fenton's coagulation was 3.05 times
larger than that in ferrous coagulation.

These results indicate that fenton’s coagula—
is far better than ferrous coagulation,
ferrous coagu-oxidation and Fenton's oxidation

tion

in the removal efficiency of LAS and the
performance of fenton's coagulation is mainly
governed by Fenton's oxidation than ferrous
coagulation.

120

—&— Farrous coagulation
—— Farrous coagu-oxidation
—#— Fanton's oxidatlan
—&— Fenton's ¢oagulation

MBAS {mg/L)

Ferrous sulfate (mg/L)

Fig. 5. Comparison of various processes using
ferrous ion.
LAS; 100 mg/L
Hz0: 5 200 mg/L
pH ; Ferrous coagulation(8), Fenton's ox-
idation(3)
Fenton’s coagulation(3—&), Ferrous co-
agu-oxidation{8—3)

‘able 4. LAS concentration removed per mg/l. of
FeS0s concentration dosed in  various
processes(FeSOy 5 150mg/L, FeOs 3 A00me/L,

LAS; 100mg/L}
{mg/L) LAS removed/
Processes (mg/L) FeSOu dosed
Ferrous coagulation 0.20
Ferrous coagu-oxidation 0.31
Fenton's oxidation 054
Fenton’'s coagulation 061

KOREAN I. SANITATION Vol. 16, No 2, 2001



76 Hwan Lee - Yoon Jin Lee - Hea Tae Kim - Sang Ho Nam

4. Comparison of Coagulation and

Fenton’s coagulation in LAS

Removal

As LAS concentration increased from 50mg/L
to 500mg/L at their own optimumn conditions,
basic tendencies on the degradation of MBAS
and UVaxs by coagulation and Fenton’s oxidation
were more or less similar as shown in Fig. 6.

However, the removal efficiencies of MBAS
was a little large than that of UVzs in whole
concentration of LAS.,

The removal efficiency of LAS decreased
gradually as LAS increased.
Especially, LAS was very difficult to be treated
with any processes when LAS concentration
was higher than 400 mg/L.

Fenton's coagulation was far better than any

concentration

other process in the removal efficiency of LAS
when LAS concentration was less than 400
mg/l. Among coagulation treatments, ferrous
coagulation by ferrous sulfate was slightly better

than alum coagulation in the LAS removal

efficiency a a whole range of LAS
concentration.
100
80 4
g
T w0
=
£
o
e
o 40 4
>~
= —o— Alum
20 4 —<— Ferrous sulfate 4
-—#— Fenton's coagulation
]
o

0 160 20’0 360 460 500
LAS (mgiL)

Also, Figure 7 shows the comparison of the
distribution ratio depending on number of
carbons in alkyl groups from MBAS and UVas
removal of 100mg/L LAS hy coagulation and
fenton's coagulation. Since LAS was relatively
resistant to alum and ferrous sulfate in LAS
removal by coagulation, cleavage ratios of
benzene rings were not more than 51% and
53%. However the cleavage rate of aromatic

ring by fenton’s coagulation was far better than

coagulation with alum and ferrous sulfate
because it showed 92 % of cleavage rate.
These  results indicate that fenton's

coagulation is the best chemical treatment to
LAS and its intermediates suchlike
SPAs since it can amputate the aromatic rings

degrade

effectively.

CONCLUSION

This study was performed to evaluate the
feasibility of Fenton's oxidation among the
various operating processes using ferrous ion in
the degradation of high concentration LAS.

100

80+

£
§
3 o
£
o
[~
0 40 -
g —— Alum Y
= —w— Ferrous sulfate L
20 —&— Fenton's coagulation
a r T . T
0 100 200 300 400 500
LAS {mg/L)

Fig. 6. Comparison of LAS removal efficiency by treatment methods in optimum conditions.

Alum coagulation ; pH 11, alum{300mg/L)

Ferrous coagulation ; pH 8, ferrous sulfate(200mg/L)
Fenton’s coagulation ; pH 3, Hx02(200mg/L), ferrous sulfate{200mg/L.)

HEAAEA AR 25(2000)
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100%
0% [-— - —
80% |—
70% —
60% 1—
50% =
40% |— —
30% | —
20% |— —
10% —

0% I

Ferrous
sulfate

Alum Fenton's
coagulat

ion

ORing cleavage (%)
WSPA[C1-C8] (%)
WSPAICO-C12] (%)

Fig. 7. Occupation of LAS and SPAs in LAS
removal of 100 mg/L by coagulation and
fenton’s coagulation under their own
optimum conditions
Alum coagulation ; pH 11, alum{300mg/1.)
Ferrous coagulation ; pH 8, ferrous sulfate
(200mg/L)

Fenton's coagulation; pH 3, H20:(200
me/L), ferrous sulfate(Z00mg/L.)

intented to

represent Fenton's oxidation and sequent ferrous

Especially, fenton’s coagulation
coagulation by readjustment of pH. Reversely, as
ferrous coagu-oxidation process, after ferrous
coagulation is conducted first at pH 8 of sample
and then the remained ferrous sulfate could be
used as a catalyst of Fenton's oxidation by
addition of hydrogen peroxide at pH readjust—

ment of 3-4.

1) The optimum pH for LAS removal in
Fenton's oxidation was 3, where the removal
efficiency of LAS was 96.8%. However, the
removal efficiency of LAS decreased with
higher pH. The optimum ratio of H:0: to
FeSOy
concentration of hydrogen peroxide concen—

for LAS removal was 1:1 when

tration was 200mg/L.
2) The ratio of LAS concentration removed to

dosage of 150mg/L ferrous sulfate in various
processes was 020 in ferrous coagulation,
031 054 in
Fenton's oxidation and 061 in fenton's

in ferrous coagu-oxidation,
coagulation. Also, the ratio of LAS concen-
tration removed to ferrous sulfate in fenton's
coagulation was 3.05 times larger than that in
ferrous coagulation. Therefor, fenton's coa-
gulation was better than any other process
including
coagu-oxidation and Fenton’s oxidation in
LAS removal from high concentrated solution.

However, the

ferrous coagulation, ferrous

performance  of fenton's
coagulation is mainly governed by Fenton's
than coagulation by remained

ferrous sulfate.

oxidation

3) The cleavage rate of aromatic ring by
fenton’s coagulation was far better than
coagulation with alum and ferrous sulfate
because it showed about 92 % of cleavage
rate. These results indicate that fenton's
coagulation is the best chemical treatment to
degrade LLAS and its intermediates suchlike
SPAs since it can amputate the aromatic
rings effectively.

Among treatments,
coagulation with ferrous sulfate was slightly
better than alum coagulation in the efficiency
of LAS removal at a whole range of LAS

coagulation ferrous

concentration.
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