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Auramine, a cationic dye, was re moved from syn thetic wastewater by ion flo ta tion of auramine-sodium
lauryl sul fate com plex. Over 98% of auramine was re moved from the so lu tion in 15 min. A stoichiometric
amount of surfactant (1 mol of surfactant to 1 mol of dye) was found to be most ef fec tive for auramine re -
moval. The rate of sep a ra tion and ul ti mate re moval of auramine in creased with in creas ing the rate of air flow
and de creased with in creas ing con cen tra tion of NaNO3. Auramine was also re moved by ad sorb ing colloid flo -
ta tion tech nique us ing fer ric hy drox ide as the co ag u lant. So dium lauryl sul fate was used as the col lec tor, and
over 95% of auramine was re moved in 10 min. The sep a ra tion ef fi ciency de creased with in creas ing ionic
strength of the so lu tion. The del e te ri ous ef fect of neu tral salt was com pen sated some what with the aid of alu -
mi num ions as the ac ti va tor. Both ion flo ta tion and ad sorb ing colloid flo ta tion are prom is ing ap proaches for
the re moval of cationic dye from wastewater.

Key words:  Auramine;  Ion flo ta tion;  Ad sorbing colloid flo ta tion.

IN TRO DUC TION

Auramine is used as a cationic dye (C.I. Sol vent Yel low 
34) for pa per, tex tiles, and leather.1 It has also been used as an
an ti sep tic or a fun gi cide. It may en ter the en vi ron ment from
in dus trial dis charges or spills. Auramine may be a car cin o gen 
in hu mans since it has been shown to cause liver and lym -
phatic can cers in an i mals.2  Chem i cals sim i lar to auramine
can de stroy or dis turb the abil ity of the blood to carry ox y gen. 
Con tin u ous ex po sures to auramine-like chem i cals have
caused liver and kid ney dam age. There fore, a method to treat
dye wastewater con tain ing auramine is highly de sir able now
and in the near fu ture. 

Ion flo ta tion tech nique3-6 is a pro cess in which an ionic
sol ute, called the colligend, is re moved from aque ous so lu -
tion by add ing sur face-active col lec tor ions of a charge op po -
site to that on the colligend, and then bub bling the air through
the so lu tion. If the con cen tra tions of the col lec tor and col -
ligend are suf fi ciently high, a pre cip i tate is formed and when
bub bles are passed into the so lu tion, the par ti cles are car ried
and floated out. At lower con cen tra tions, no pre cip i tate forms 
prior to the ad vent of air, but in stead col lec tor ions ad sorb on
the bub bles and at tract colligend ions to them. When the bub -
bles reach the sur face of the aque ous so lu tion, a foam is
formed in which a solid phase is de pos ited.

Ap pli ca tions of ion flo ta tion tech nique for treat ment of
dye wastewater are rare. Huang et al.7 re ported that Di rect
Blue 1 (an an ionic dye) can be ef fec tively re moved from
aque ous so lu tions by ion flo ta tion. This tech nique has never
been ap plied for cationic dye re moval. In this pa per we de -
scribe some stud ies we have re cently made on the ion flo ta -
tion of auramine (a cationic dye) from aque ous so lu tion. So -
dium lauryl sul fate (NLS) was used as the col lec tor. It was
found that 98% auramine is re moved from the so lu tion by ion
flo ta tion in 15 min.

The ad sorb ing colloid flo ta tion tech nique has been ap -
plied in re mov ing var i ous in or ganic spe cies from aque ous so -
lu tions.8-12 This tech nique in volves the ad di tion of a co ag u -
lant (fer ric or alum ni trate) to pro duce a floc. The dis solved
in or ganic spe cies (metal ions or an ion) are ad sorbed onto the
floc par ti cle and/or coprecipitated with it. A surfactant is then 
added, ad sorbs onto the floc par ti cle, and ren ders it hy dro -
pho bic. On bub bling air through the so lu tion, the floc is ad -
sorbed on the ris ing bub bles and car ried out from the so lu tion
by the foam.

The ap pli ca bil ity of ad sorb ing colloid flo ta tion as a
tech nique to treat dyes in wastewater has been in ves ti gated
for dyes of only four kinds- Ma genta, 13 Di rect Red,14 Acid
Red,15  and Di rect Blue.7  Pre vi ous work on the ad sorb ing
colloid flo ta tion of Ma genta (a cationic dye) with fer ric hy -
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drox ide and NLS showed that even though the rate of sep a ra -
tion of the floc (with ad sorbed dye) was fast, particulates,
which set tled in a small amount at the bot tom of the sep a ra -
tion col umn, were not re moved by the foam. Fur ther more, a
rel a tively large amount of surfactant (200 ppm) was re quired
to re move the floc from the so lu tion. These draw backs were
not found in the ad sorb ing colloid flo ta tion of an ionic dyes of
Di rect Blue,7 Di rect Red,14 and Acid Red;15 all the flocs were
re moved from the aque ous so lu tion by the foam, and the con -
cen tra tion of surfactant needed for an ef fec tive sep a ra tion
was much smaller (40 ppm). It is thus worth while to test ad -
sorb ing colloid flo ta tion on wastewater con tain ing other
cationic dyes to as sess whether this tech nique is gen er ally
use ful to treat such wastewater or not. In this pa per the data
re vealed that NLS con cen tra tion at 60 ppm was suf fi cient for
an ef fec tive sep a ra tion, and over 95% of auramine was re -
moved in 10 min.

EX PER I MEN TAL SEC TION

Ma te rials
Re agent-grade so dium lauryl sul fate (NLS, Mallinckrodt

Baker, Inc.) was used as the col lec tor with out fur ther pu ri fi -
ca tion. Re agent-grade auramine (Sigma-Aldrich Cor po ra -
tion), so dium ni trate, fer ric ni trate, and alu mi num ni trate
(RdH Laborchemikalien GmbH & Co. KG.) were used for
sam ple prep a ra tion. 

The ap pa ra tus for ion flo ta tion and ad sorb ing colloid
flo ta tion was sim i lar to that de scribed ear lier.16 A soft glass
col umn 60 cm in length with an in side di am e ter of 3.5 cm was 
used. The bot tom of the col umn was closed with a rub ber
stop per with holes for a gas spar ger and a stop cock to take
sam ples and to drain the col umn. The gas spar ger was a com -
mer cially avail able gas dis per sion tube. A lipped side arm
near the top of the col umn served as a foam out let.

Com pressed air was gen er ated from a Hiblow SPP-
 6EBS air pump. The rate of air flow was ad justed with a Hoke 
nee dle valve with mi crom e ter con trol and mea sured with a
soap film flowmeter. The air was pu ri fied by pas sage through
glass wool to re move particulates, through Ascarite to re -
move car bon di ox ide, and through dis tilled wa ter for con -
trolled rehumidification.

Flo ta tion Pro ce dure of Auramine
For the ion flo ta tion runs, NLS was added to the sam ple

so lu tion to form the dye-surfactant com plex, the pH of the so -
lu tion was ad justed, the so lu tion was poured into the sep a ra -

tion col umn, and the timer was started. The rate of air flow
was ad justed be fore the sam ple so lu tion was poured into the
col umn.

For the ad sorb ing colloid flo ta tion runs, fer ric ni trate
was added to the sam ple so lu tion, and the pH was ad justed to
pro duce the floc. Auramine was ad sorbed on or copre cip i -
tated with the floc. NLS was added to ren der the floc hy dro -
pho bic, and the so lu tion was then poured into the col umn for
sep a ra tion.

The pH of the so lu tion was mea sured with a pH me ter
(Suntex pH 537 Mi cro pro ces sor pH me ter). All runs were
made with 250 mL of test so lu tion that con tained 25 ppm
auramine. The ex per i ments were per formed un der room tem -
per a ture. Du pli cate runs were per formed for each set of con -
di tions.

In stru men tal Anal y sis
The con cen tra tions of dye in the sam ple so lu tions were

de ter mined us ing a UV/Vis spectrophotometer (Varian Cary
300). The absorbance of the sam ple so lu tion was mea sured at
the ab sorp tion peak (430 nm) and com pared with the cal i bra -
tion curve ob tained by mea sure ment of the absorbance of the
stan dard aque ous so lu tion. It was found that the ad di tion of
NLS to the so lu tion had no ef fect on the ab sorp tion at 430 nm. 
For the ad sorb ing colloid flo ta tion runs, a sam ple (5 mL) was
with drawn and the pH of the so lu tion was ad justed to 3.
Auramine was desorbed al most com pletely from the Fe(OH)3  

floc which was re moved by centrifugation (Hettich, 2500
rpm, 3 min). The absorbance of the supernatant was mea -
sured at 430 nm and com pared with the cal i bra tion curve.

RE SULTS AND DIS CUS SION

The ef fect of pH on the ion flo ta tion of the auramine-
 NLS is shown in Ta ble 1. The mole ra tio of NLS to dye was
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Table 1. The Effect of pH on Ion Flotationa

% Removalb

pH 5 min 10 min 15 min

3 45.8 4.2% 77.4 2.5% 92.4 2.3%
4 46.0 1.7% 77.4 1.4% 93.0 0.3%
6 47.6 2.3% 77.0 3.7% 93.2 0.0%
7 59.8 3.7% 89.8 3.1% 97.4 0.3%
8 54.8 0.0% 87.6 1.1% 97.2 2.8%
9 62.8 7.4% 88.6 4.8% 97.2 0.0%
a Air flow rate = 120 mL/min, mole ratio NLS/dye = 2.0.
b Average value and standard deviation of duplicate runs.



2.0 for these runs. Over 97% of the auramine was re moved
from the so lu tion by ion flo ta tion in 15 min at pH 7-9. The
rate of sep a ra tion and sep a ra tion ef fi ciency de creased some -
what if the pH of the so lu tion was ad justed too low, prob a bly
due to the in ter fer ence of the auramine-NLS com plex for ma -
tion by the added acid.

The ef fect of surfactant con cen tra tion on the ion flo ta -
tion of auramine is shown in Ta ble 2. At a smaller con cen tra -
tion of surfactant, the rate of sep a ra tion is slower, pre sum ably 
due to the in com plete dye-surfactant com plex for ma tion. It
was found that a 1:1 mole ra tio of surfactant to dye is enough
for an ef fec tive sep a ra tion with ap prox i mately 94% re moval
in 15 min. In creases in surfactant dos age had lit tle ef fect on
the sep a ra tion ef fi ciency. This find ing is quite dif fer ent from
the re sults of sol vent sublation of Ma genta-NLS, 13  Di rect
Red-HTA,14  Acid Red-HTA 15  and ion flo ta tion of Di rect
Blue7 stud ied by Huang et al., who found that the rate of re -
moval of dyes de creased with in creas ing con cen tra tion of
surfactant, when it was much in ex cess of the stoichiometric
amount. This con tra dic tion is prob a bly due to the dif fer ence
in the for ma tion con stant of the dif fer ent surfactant-dye com -
plexes and also due to the dif fer ence in the mole ra tio of the
dye and surfactant of the com plexes.

Sol vent sublation of the auramine-NLS com plex op er -
ates in a way sim i lar to that oc cur ring in ion flo ta tion ex cept
that the sur face-active ma te rial is trans ferred to the par af fin
oil on the top of the aque ous so lu tion. The mole ra tio of NLS
to dye was 1.0 for sol vent sublation runs. The sep a ra tion ef fi -
ciency of auramine re moved by sol vent sublation is sim i lar to 
that by ion flo ta tion; 94.4% of auramine was re moved by sol -
vent sublation in 15 min. There is al most no ben e fit re sult ing
from the ad di tion of par af fin oil to the sep a ra tion sys tem; it is
ad vis able to re move auramine-NLS com plex from so lu tion
by ion flo ta tion rather than by sol vent sublation. The ef fect of 

gas flow rate on the ion flo ta tion of auramine is shown in Ta -
ble 3. The rate of sep a ra tion in creased some what with in -
creas ing rate of gas flow as ex pected.

The ef fect of NaNO3 on the rate of re moval of auramine-
 NLS com plex by ion flo ta tion is shown in Ta ble 4. The sep a -
ra tion ef fi ciency de creased sig nif i cantly with the ad di tion of
neu tral salt, pre sum ably due to the com pe ti tion for col lec tor
be tween the colligend and the ions of salt.5,8,12 Wil son et al.17

also ob served the in hib it ing ef fect of neu tral salts (NaNO3,
KCl and NaH2PO4) on the sol vent sublation of both meth y -
lene blue-tetradecyl sul fate and methyl or ange-HTA dye-
 surfactant com plexes.

An other se ries of ex per i ments were per formed us ing
the ad sorb ing colloid flo ta tion tech nique to re move auramine 
from aque ous so lu tion. The ef fect of pH on the ad sorb ing
colloid flo ta tion of auramine with fer ric hy drox ide floc is
shown in Ta ble 5. So dium lauryl sul fate was used as the col -
lec tor and frother. It was found that the rate of re moval was
rapid at a pH range of 5-8; over 93% of auramine was re -
moved in 10 min. The rate of sep a ra tion and sep a ra tion ef fi -
ciency de creased some what if the pH of the so lu tion was ad -
justed too low, prob a bly due to in com plete for ma tion of fer ric 
hy drox ide floc at lower pH.

The ef fect of surfactant dos age on the sep a ra tion ef fi -
ciency of ad sorb ing colloid flo ta tion of auramine is shown in
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Table 2. The Effect of NLS Concentration on Ion Flotationa

% Removalb
NLS/dye
(mole ratio) 5 min 10 min 15 min

0.5 38.4 1.7% 57.6 0.6% 68.2 1.4%
1.0 52.4 0.0% 81.6 0.6% 94.0 0.6%
1.5 56.6 2.0% 85.0 2.5% 95.4 0.8%
2.0 59.8 3.7% 89.8 3.1% 97.4 0.3%
2.5 59.4 1.4% 88.8 2.3% 97.8 0.8%
1.0c 51.2 2.3% 80.4 1.1% 94.4 0.6%
a Air flow rate = 120 mL/min, pH = 7.0.
b Average value and standard deviation of duplicate runs.
c Percent removal of solvent sublation.

Table 3. The Effect of Air Flow Rate on Ion Flotationa

% Removalb
Air flow rate
(mL/min) 5 min 10 min 15 min

120 52.4 0.0% 81.6 0.6% 94.0 0.6%
150 70.6 2.0% 92.4 0.6% 98.0 1.1%
180 75.8 0.3% 92.8 0.6% 98.0 0.6%
200 74.0 2.3% 92.8 0.0% 97.6 1.7%
a pH = 7.0, mole ratio NLS/dye = 1.0.
b Average value and standard deviation of duplicate runs .

Table 4. The Effect of NaNO3 Concentration on Ion Flotationa

% Removalb
NaNO 3

(N) 5 min 10 min 15 min

0.00 75.8 0.3% 92.8 0.6% 98.0 0.6%
0.05 54.0 0.0% 89.2 1.7% 98.4 0.6%
0.10 45.2 4.0% 79.4 2.5% 96.6 0.8%
0.20 33.4 0.8% 62.4 5.1% 89.0 4.8%
0.40 28.6 0.8% 50.6 0.8% 77.6 2.8%
a Air flow rate = 180 mL/min, pH = 7, mole ratio NLS/dye = 1.0.
b Average value and standard deviation of duplicate runs.



Ta ble 6. NLS con cen tra tion at 60 ppm was suf fi cient for an
ef fec tive sep a ra tion. In creases in the surfactant dos age had
lit tle ef fect on the sep a ra tion ef fi ciency.

The ef fect of rate of air flow on the sep a ra tion ef fi -
ciency of ad sorb ing colloid flo ta tion of auramine is shown in
Ta ble 7. The rate of sep a ra tion in creased some what with in -
creas ing rate of air flow, as ex pected. A to tal of 95.4% of
auramine was re moved in 10 min with an air flow rate of 180

mL/min.
The ef fect of iron(III) dos age on the sep a ra tion ef fi -

ciency of auramine is shown in Ta ble 8. Iron(III) con cen tra -
tion at 80 ppm was suf fi cient for an ef fec tive sep a ra tion. In -
creases in the iron(III) dos age had lit tle ef fect on the sep a ra -
tion ef fi ciency. The rate of sep a ra tion de creased some what if
the iron(III) dos age was lower (20 or 40 ppm), pre sum ably
due to in com plete coprecipitation of auramine with an in suf -
fi cient amount of fer ric hy drox ide floc.

The ef fect of neu tral salt (NaNO3) on the sep a ra tion ef -
fi ciency of ad sorb ing colloid flo ta tion of auramine is shown
in Ta ble 9. The sep a ra tion ef fi ciency de creased with in creas -
ing ionic strength of the so lu tion, pre sum ably due to a de -
crease of the sur face po ten tial of the floc by the ad sorp tion of
the an ion (ni trate ion) in the so lu tion, such that the sur face
po ten tial of the floc was no lon ger pos i tive enough for a suf fi -
cient amount of an ionic surfactant to be ad sorbed. It was
found that only 50% of auramine was re moved in 10 min
from a so lu tion con tain ing 0.4 equiv/L of NaNO3.

The in hi bi tion ef fect of neu tral salts on ad sorb ing colloid
flo ta tion of var i ous heavy metal ions18-22 and dyes7,13-15 with
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Table 5. The Effect of pH on Adsorbing Colloid Flotation with
Fe(OH)3

a

% Removalb

pH 3 min 5 min 10 min

3 44.4 5.7% 53.0 0.3% 74.8 0.0%
4 52.2 1.4% 58.6 0.3% 69.6 1.1%
5 60.6 0.3% 75.2 2.3% 93.0 0.8%
6 58.0 2.3% 74.2 3.7% 93.2 0.6%
7 58.6 2.0% 74.6 3.1% 92.4 0.0%
8 59.2 1.1% 74.2 0.8% 93.0 2.0%
a Fe(OH)3 = 100 ppm, NLS = 80 ppm, air flow rate = 120

mL/min.
b Average value and standard deviation of duplicate runs.

Table 6. The Effect of NLS Concentration on Adsorbing Colloid
Flotationa

% Removalb
NLS
(ppm) 3 min 5 min 10 min

20 29.6 0.6% 33.8 2.0% 42.0 0.6%
40 37.2 1.1% 48.0 4.0% 68.2 0.8%
60 63.2 0.0% 75.4 1.4% 91.8 0.8%
80 60.6 0.3% 75.2 2.3% 93.0 0.8%

100 65.8 3.1% 78.8 4.0% 92.4 1.7%
a Fe(OH)3 = 100 ppm, pH = 5.0, air flow rate = 120 mL/min.
b Average value and standard deviation of duplicate runs.

Table 7. The Effect of Air Flow Rate on Adsorbing Colloid
Flotationa

% Removal b
Air flow rate
(mL/min) 3 min 5 min 10 min

90 50.4 1.7% 53.6 4.5% 66.6 3.7%
120 63.2 0.0% 75.4 1.4% 91.8 0.8%
150 71.4 2.5% 85.4 0.8% 93.4 0.8%
180 82.2 0.8% 90.2 0.3% 95.4 0.3%
200 77.4 3.7% 91.2 2.3% 94.0 1.7%
a Fe(OH)3 = 100 ppm, NLS = 60 ppm, pH = 5.0.
b Average value and standard deviation of duplicate runs.

Table 8. The Effect of Fe(III) Concentration on Adsorbing
Colloid Flotationa

% Removalb
Fe(III)
(ppm) 3 min 5 min 10 min

20 64.2 3.1% 81.6 5.7% 92.2 3.1%
40 71.6 0.6% 84.8 0.6% 91.6 2.3%
60 77.4 3.1% 88.6 3.1% 95.2 1.7%
80 81.8 1.7% 90.6 0.6% 95.8 0.6%

100 82.2 0.8% 90.2 0.3% 95.4 0.3%
a NLS = 60 ppm, pH = 5.0, air flow rate = 180 mL/min.
b Average value and standard deviation of duplicate runs.

Table 9. The Effect of NaNO3 Concentration on Adsorbing
Colloid Flotationa

% Removalb
NaNO 3

(N) 3 min 5 min 10 min

0.00 81.8 1.7% 90.6 0.6% 95.8 0.6%
0.05 44.2 1.4% 55.6 0.0% 85.0 2.0%
0.10 38.0 0.6% 47.4 0.3% 74.0 1.1%
0.20 32.6 1.4% 39.0 1.4% 56.8 5.1%
0.40 28.6 2.0% 31.6 4.0% 50.4 0.0%
a Fe(OH)3 = 80 ppm, NLS = 60 ppm, pH = 5.0, air flow rate =

180 mL/min.
b Average value and standard deviation of duplicate runs.



Fe(OH)3 floc and NLS can be com pen sated for with the aid of
alu mi num ion as the ac ti va tors. We at tempted to use the same 
tech nique for the re moval of auramine from so lu tion con tain -
ing 0.4 equiv/L of NaNO3 by ad sorb ing colloid flo ta tion. The
re sults are shown in Ta ble 10. Alu mi num ion was a very ef -
fec tive ac ti va tor for this sys tem. Ef fec tive sep a ra tion with
93.6% re moval of auramine was achieved in 10 min when 80
ppm of alu mi num(III) was added. The ef fect of alu mi num ion 
as the ac ti va tor is pre sum ably due to the in crease of the sur -
face po ten tial of the floc by the ad sorp tion of alu mi num(III)
spe cies on the Fe(OH)3 floc (or by form ing a mixed pre cip i -
tate), such that a suf fi cient neg a tively charged surfactant
(NLS) can be ad sorbed onto the sur face of the floc, thus ren -
der ing the sur face of the floc hy dro pho bic. This re sults in an
ef fec tive sep a ra tion.

CON CLU SION

Auramine was re moved ef fec tively from syn thetic
waste water by ion flo ta tion with an an ionic surfactant, so -
dium lauryl sul fate; over 98% of auramine was re moved from 
the so lu tion in 15 min. A stoichiometric amount of surfactant
(1 mol of surfactant to 1 mol of dye) was found to be most ef -
fec tive for re moval of auramine. The sep a ra tion ef fi ciency
in creased with in creas ing rate of air flow and de creased with
in creas ing con cen tra tion of NaNO3.

Ad sorbing colloid flo ta tion of auramine with Fe(OH)3

floc and NLS is ef fec tive with 95% re moval of auramine in 10 
min. The ef fi ciency of sep a ra tion de creased with in creas ing
con cen tra tion of neu tral salt (NaNO3), pre sum ably due to de -
creased sur face po ten tial of the pos i tively charged floc by the
ad sorp tion of an ion (ni trate ion) in the so lu tion; the sur face

po ten tial of the floc was no lon ger pos i tive enough for ad -
sorp tion of a suf fi cient an ionic surfactant. The del e te ri ous ef -
fect of neu tral salt on the ad sorb ing colloid flo ta tion of
auramine is com pen sated for by the use of alu mi num ion as
ac ti va tor, which in creases the sur face po ten tial of the floc as
a re sult of the ad sorp tion of Al(III) spe cies.
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Table 10. The Effect of Al(III) Concentration on Adsorbing
Colloid Flotation of Auramine from Solution
Containing 0.4 N of NaNO3

a

% Removal b
Al(III)
(ppm) 3 min 5 min 10 min

0 28.6 2.0% 31.6 4.0% 50.4 0.0%
10 34.4 1.7% 42.8 3.4% 60.6 0.3%
20 41.6 0.6% 54.6 0.3% 78.6 4.8%
40 51.8 3.1% 63.6 2.8% 85.8 0.3%
80 56.5 1.1% 69.3 2.8% 93.6 0.3%
a Fe(OH)3 = 80 ppm, NLS = 60 ppm, pH = 5.0, air flow rate =

180 mL/min.
b Average value and standard deviation of duplicate runs.
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