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Cmounsle 600bl MeKCMUIbHOU NPOMBIUIEHHOCHU CO0EPIHCAm 001buioe Koauiecmeo
PasnuuHbIX Kpacumeneii, KOmopsle A61AAI0MCA 0080AbHO MOKCUYHBIMU U 00IHCHBL OblMb OMmOe-
JleHbl nepeod guldpocom 6 OKpyIrcaruiyro cpedy. Onu uacmo 061a0arom 6biCOKOIL yCMOUUEOCHbIO
K Ouooezpaoayuu, u no3mMomy ux mpyono nepepaoamuvieams. Ilpumenenue aocopbenmoe npupoo-
HO20 RPOUCXO0IHCOCHUS, 0CODEHHO NPOMBIUTIEHHBIX OMX0008, AGNACHCA 00HUM U3 Haubo1ee npu-
671€KAMebHbIX PeuieHUl 0711 00padoOmKU CIMOYHBIX 600 U3-3A €20 8bICOKUX COUUATbHO-IKOHOMU-
yeckux npeumyuiecme. B amom uccnedoeanuu ovina uzyuena adcopoyuoHHas cnocooHocmsy He-
Komopuix 00blunblx kpacumeneii, maxux kax Red 195 u DirectYellow 132 na kpacnom winame,
AKMuUGUPOSAHHOM CEPHOU Kucaomoil. B npouecce kucnomnoit akmusayuu uacmo okcuoa ajio-
MUHUA, OKCUO Xcene3a HaA KPACHOM uwiidame Oyoem pacmeopAaAmbCia, mMem CAMbIM Yeeaudueas
YOenbHyIo n10uadb noeepxnocmu ocmasuieiics meepooii hazvl (¢ 55 M%/z 00 92 M*/2), Konuuecmeo
pacmeopennozo Kpacnoz2o wiaama cocmaensem oxono 30% eec. Teepowtit ocmamox ucnoiv3yemcs
6 amom ucciedosanuu adcopouuu. Pacmeop, nonyuennsiii nocie akmugayuu, 6Ki04Uaem conu
cynvhama scenesa, cynvghama anOMuHUs, UCNOIb3YeMble 8 KAuechee KOazyIaHma 01 O4UCKU
cmounbvix 600. Pezynvmamur nokazanu, umo ona oooux kpacumeneii pH 5 nauoonee nooxooum
ona npoyeccos aocopoyuu. Kunemuka adcopoyuu 6vi1a onucana KuHemuuecKum ypagHenuem
nceeoo-emopozo nopaoka. Koncmanmut ckopocmu mooenu 6mopozo nopsaoka 0sa aocopouuu
DY132, RR195 na RMA ¢ pacmeope ¢ konyenmpayueii 100 men, pH =5 cocmasnsiom 1,48 u
1,95-10% g/(mg-min) coomeemcmeenno u pasnosecuvie adcopouUoOnIbIe EMKOCIU COCMAGNAION
42,74 u 54,95 mz-z* coomeemcmeenno. Jlannvie adcopoyuu 6uIIU XOPOULO CONOCMABIEHBL C MO-
odenvto uzomepmul JIenemwopa, maxcumanivHas adcopoyUOHHAA CROCOOHOCHb Oblia onpedenena
48,54 u 84,31 (m2/2) ona Red 195 u DirectYellow coomeemcmeenno.

KuroueBble c10Ba: KpacHBIH UTAK, aKTUBUPYEMBIA KUCIOTON KPACHBIN IIAK, aICOPOIIMOHHBIE COOPHI,
OIOPKETHBIN aIcCOPOCHT
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The textile industry wastewater contains the majority of different dyes which are quite toxic
and should be removed before disposal. They are often highly resistant for biodegradation and
hence are difficult to be treated. The application of adsorbents of natural origin, especially indus-
trial waste, is one of the most attractive solutions for wastewater treatments due to its high socio-
economic advantages. In this study, the adsorption capacity of acid activiated red mud for some
conventional dyes such as Reactive Red 195 and Direct Yellow 132 was investigated. In this acid
activation process part of aluminum oxide, iron oxide on red mud will be dissolved into solution,
thereby increasing the specific surface area of the remaining solid phase (from 55 m?/g to 92 m?/g).
The amount of red mud dissolved in the solution is about 30% weight. Solid residue is used in this
adsorption study. The solution obtained after activation which includes iron sulfate salts, alumi-
num sulfate used as a coagulant for wastewater treatment. The results showed that, for both dyes,
pH 5 is most suitable for the adsorption processes. The adsorption kinetic was based on the pseudo
second-order Kinetic equation. The rate constants of the second-order model for adsorption of
DY132, RR195 on RMA in a solution with a concentration of 100 mg-l*, pH = 5 are 1.48 and
1.95:10° g/(mg-min), respectively, and the equilibrium adsorption capacities are 42.74 and 54.95 mg-g™,
respectively. The adsorption data were well matched to Langmuir isotherm model. The maximum
adsorption capacities were found to be 48.54 and 84.31 (mg-g™) for Reactive Red 195 and Direct
Yellow 132, respectively.

Key words: red mud, acid activated red mud, dyes adsorption, low-cost adsorbent
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Dye stuff is an organic pollutant discharged

Red mud is a solid waste generated during the
Bayer process of alumina production in the aluminum
industry. It is reported that it removes several

INTRODUCTION

from textile, printing, paper, and leather industries.
Discharge of dyes causes environmental problems.
Dyes reduce the penetration of light and photosynthesis,
destroy the ecosystem. In addition, some dyes are
either toxic, or mutagenic and carcinogenic. There are
many methods that have been studied to treat dyes such
as flocculation [1, 2], chemical oxidation [3, 4],
electrochemical [5, 6], Fenton [7-9], filtration [10, 11],
biodegradation [12, 13], adsorption [14] etc. In this,
adsorption is considered effective and most economical.
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significant dye pollutants, such as congo red, acid
violet, methylene blue, rhodamine B,.... [15-17].

In order to improve the adorption capacity of
red mud, various activation methods have been
investigated. Gupta et al. treated red mud by H2O; at
room temperature for 24 h to oxidize adhering organic
matter and washed repeatedly with doubly distilled
water [18].

Ratnamala et al. reported on the utilization of
the acid treated red mud as an adsorbent for removal of
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Remazol Brilliant Blue dye, a reactive dye from dye
synthetic water [19].

In this paper, following the previous studies
[20] we investigated the adsorption capacity of some
commercial dyes, Direct Yellow 132 and Reactive Red
195, on acid activated red mud.

EPERIMENTAL PART

In this study, red mud was obtained from
Alumin Tan Rai plant, Lam Dong, Vietnam. Red mud
was activated by 2M H,SO, with liquid/solid ratio 2 mL/g,
stirred and heated at 90 °C within 2 h according to our
recent work [20-23]. In this acid activation process part
of aluminum oxide, iron oxide on red mud will be dis-
solved into solution, thereby increasing the specific
surface area of the remaining solid phase (from 55 m?/g
to 92 m?/g), the amount of red mud dissolved in the
solution is about 30% weight [21]. Solid residue is used
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in this adsorption study. The solution obtained after ac-
tivation which includes iron sulfate salts, aluminum
sulfate used as a coagulant for wastewater treatment
[21, 24]. The dyes used in adsorption experiment are
commercial dyes Reactive Red 195 (RR195) and
Direct Yellow 132 (DY132) from Ningbo Mingzhou
Chemical DyestuffCo., China. The concentration of
dyes in the solution before and after adsorption was
determined by photometric analysis method. The
maximum absorption wavelength of dyes according to
pH media was determined by Ultraviolet-Visible
Spectroscopy on the CINTRA 40, GBC spectropho-
tometer (America) (Fig. 1). Construction of calibration
curve for determination of dyes concentration
(corresponding to different pH environments) by
measuring ABS absorption at Amax corresponding to
HACH DR/2010 spectrophotometer in the Institute for
Tropical Technology — Vietnam Academy of Science
and Technology (Table 2).

Table 1
Properties of dyes under study
Tabnuya 1. XapakTepuCcTHKA HCNIOJIb3yeMbIX KpacuTeJiei
Name Molecular formula Molecular structure Wa\(/ﬁ:g; gth
cl
N ‘\
. H\ I / N
Reactive Red 195 | CaiH19CIN7NasO1Ss Naoas/‘; ONa o ; 540
(RR195) Mw =1136.32(g/mol)
Na035 SOgNa
NaO;SOH,CH,CO,S
Qsoaua
Direct Yellow 132 C27H22NsNa200S; 400
(DY132) Mw = 684.61(g/mol) NaOs N_C§
OCH,
1,2 - 1,24
\ 3
1,04
0,8
é? 06 | éo,e .
0,44
1
0,2
0,0 T T T T T 1
200 300 400 500 600 700 800 200 300 400 500 600 700 800
A (nm) A (nmy
a b
Fig. 1. UV-Vis defraction of DY132 (a) and RR195 (b)
Puc. 1. UV-Vis mudpaxuus DY132 (a) u RR195 (b)
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Table 2
The calibration curve of the concentration of DY132
and RR195
Tabnuya 2. KanuOpoBo4yHasi KpUBasi KOHLEHTPALNU
DY132 u RR195

DY132 RR195
pH Calibratio_n curve | o Calibratio_n curve | oo
equation equation

2 |y =0.031x + 0.0018/0.9983|y = 0.026x + 0.0043|0.9943
6 |y = 0.031x — 0.0004|0.9988|y = 0.026x + 0.0024|0.9987

10|y = 0.031x + 0.0018]0.9982]y = 0.024x + 0.0042|0.9991

Adsorption of dyes on the H,SO, — activated
red mud was examined by a bath method at room
temperature (25 °C); the factors influencing to
adsorbent capacity were investigated: pH, contact time
and initial concentration of the dyes solution.

- Effects of pH: the concentration of initial dyes
Co = 30 mg/I, the amount of adsorbent is 1 g/l, the ad-
sorption time is 120 min, the pH varies from 2 to 10.
The pH of the dye solutions was adjusted to the desired
values with 0.1M NaOH or 0.1M HCI solutions. Ana-
lyze the dyes concentrations after adsorption and cal-
culate the adsorption capacity, thereby determining the
optimum pH.

- Adsorption kinetics studies: put in 250 mL of
dye solutions with concentration 30 mg/L, 70 mg/L
and 100 mg/L to the triangular flask, pH and the
amount of adsorbent determined from the above expe-
riments. After a certain time interval from 1 min to 120
min, determine the remaining dye concentration in the
solution and calculate the adsorption capacity.

- Asorption isotherm studies: Prepare triangular
flask containing 50 mL of a dyes with a concentration
of 30 to 300 mg/L; the amount of adsorbent is 1 g/L;
adjust pH to optimal value. Determine the concentration
of dyes at equilibrium state and calculate adsorption
efficiency and adsorption capacity. From the adsorption
results, the isotherms were analyzed by the two
commonly used Langmuir and Freundlich models [15-
20] have been studied.

RESULTS AND DISCUSSION

1. Effect of activation methods on the adsorp-
tion capacity of red mud

After activating the red mud, determine the
adsorption capacity of the activated red solution
(RMA) dyes for comparison with the raw red solution
(RM). The bath adsorption tests were carried out in a
container with 50 ml of solution DY 132 and RR195,
an initial concentration of 30 mg/l, the amount of
adsorbent was 1 g/l, the contact time was 120 min, the
adsorption capacity q was calculated and represented
in Fig. 2.
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Fig. 2. DY132, RR195 adsorption capacity of RM, RMA
Puc. 2. DY132, RR195 aagcopbumonnas crocobrnocts RM, RMA

Dyes are all in the form of anions in agqueous
solution. In all cases, red mud, which is activated by
acid, increases the adsorption capacity. Activated by a-
cid red mud, in addition to increasing its own specific
surface area (55 to 92 m?/g [20-23]) also protonates the
active center on the surface.

2. Effect of pH

The pH of the solution is an important variable
that controls the adsorption of metal ions on the surface
of the adsorbent. The adsorption capacity q was deter-
mined and presented in Fig. 3.

It can be seen that the process of dyes
adsorption is beneficial in acidic media, where the pH>5
adsorptive capacity of all dyes is greatly reduced. This
can be interpreted similarly to the adsorption of other
anions on red mud, dye anions, which tend to form
electrostatic bonds with positive charge centers on the
adsorbent surface in low pH environments [22, 23-25, 26].
In the case of a high pH, a negatively charged surface
of the material, adsorption will not occur. Therefore,
pH =5 was chosen for further experiments.

304
25+
20

154

q (mg/g)

104

2 4 6 8 10
pH
Fig. 3. Effects of pH on the adsorption capacity: (a) DY132; (b)
RR195 on RMA
Puc. 3. Bmusane pH Ha agcop6unoHHyIo criocoGHOCTB: (@)
DY132; (b) RR195 na RMA
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3. Kinetics studies of the dyes adsorption on RMA

The adsorption efficiency H of dyes were in-
vestigated with time of adsorption in the solution 30 mg/l,
70 mg/l and 100 mg/l dyes at pH 5, the amount of ad-
sorbent RMA was 1 g/L. The results are presented in
Fig. 4.

At a dye concentration of < 70 mg /1, the ad-
sorption rate was very high, so the data were not used
at this concentration to analyze the kinetics of adsorp-
tion. Experimental data on the adsorption of dyes in a
solution of 100 mg/l for a period of less than 60 min
were analyzed by pseudo-first-order and second-order
equations, the results were presented in the Table 3.
Results showed that the correlation coefficient for the
second order model is very high and the calculated val-
ues e are close to the experimental values g, that better
fits the experimental data. The dye adsorption rate was
calculated by the formula: vo = ko-ge2and the time (t12)
is the moment when the adsorption capacity reaches
50% ge (meaning 0.5 of the equilibrium value ge) and
the time (tog9) is close to equilibrium then the adsorp-
tion capacity reached 99% ge, were determined and the
results were presented in Table 4. Those showed that
the adsorption of DY 132 was faster than RR195.

Compared with DY132, RR195 has a
significantly higher molecular weight (Mgrriss =
1136,32 g/mol) and much more bulky structure, so that
the rate of adsorption is significantly lower than that
for DY132, the time until equilibrium is also longer.
However, in all cases the the tivalue is quite small,
less than 3 min.

C.M. By, T.3. Hryen, T.M.X. Jle
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Fig. 4. Adsorption efficiency (a) DY132; (b) RR195 of RMA over
time of contact, with Co of 30, 70 and 100 mg/I

Puc. 4. Ancopbumonnas a¢dexrusaocts (a) DY 132; (b) RR195

Ha RMA ¢ Teuennem BpemeHu koHTakta, ¢ Co - 30, 70 u 100 mr/n

Table 3

Rate constants of pseudo first and pseudo second-order model for adsorption of DY132, RR195 on RMA
Tabauya 3. KoHCTAaHTBI CKOPOCTH MO/IeJIM IEPBOro M BTOPOro nopsiaka ais aacopouun DY132, RR195 na RMA

Dye Qeo (M. P_seudo—first—order Pseudo-second-order
pATS k1102 (minY) | ge(mg/g) R? kz-10%(g/(mg-min)) | ge(mg/g) R?
RR195 | 42.12+0.17 5.56 14.25 ]0.9424 1.48 42.74 | 0.9984
DY132 | 54.16+0.22 8.75 15.01 | 0.9745 1.95 54.95 | 0.9995
Table4  solutions at pH 5 using RMA — 1 g/l, the initial con-
Initial rate of dyes adsorption and the time to reach tiz,  centration (Co) varied from 30 to 500 mg/l. The param-
togo on RMA

Tabnuya 4. HauanbHasi CKOPOCTh aAcOpPOLMHU KpacuTe-
Jleil M1 BpeMs JocTH:KeHud ti/2, to99 Ha RMA

Dye | ge (Mmg/g) |vo(mg-g*-min?) [tz (min)|to.se (Min)
DY132|42.74+0.21 58.9 0.9 92.4
RR195(54.95+0.27 2.0 1.6 156.5

4. Studies of adsorption isotherm on RMA
The influence of the initial concentration of
dyes on the adsorption capacity was studied in agueous
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eters H and g were determined in equilibrium and are
shown in Fig. 5.

The experimental data were analyzed with
both Langmuir and Freundlich isotherm models and
are shown in Table 5.

The correlation coefficients R? obtained on the
Langmuir diagrams were >0.99, which indicates that
the Langmuir isotherm model is better suited for ad-
sorption than the Freundlich isotherm model. This is
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Fig. 5. Effect of initial concentration (a) DY132; (b) RR195 on
the adsorption on RMA
Puc. 5. Bausiaue ucxoaHoi konuentpanun (a) DY132; (b)
RR195 Ha agcop6uuio Ha RMA

Table 5
Parameters of DY132 and RR195 adsorption isotherm
equations on RMA
Tabnuya 5. IlapameTpbl YpaBHeHUiT H30TePMBbI a1cOP0-
muu DY132 u RR195 na RMA

Dye Freundlich isotherm Langmuir isotherm
n Ke R?  |gmax (Mg/g)|K(L/mg)| R?
DY132|4.14| 1.04 |0.9731] 84.31 0.08 ]0.9984
RR195|0.21|1.52-:10%|0.8935| 48.54 0.12 ]0.9919

single-layer adsorption process, without interaction be-
tween adsorbed molecules. The maximum adsorption
capacity of DY132 and RR195, respectively, was
84.31 mg/g and 48.54 mg/g.

CONCLUSION

The red mud of the Tan Rai Alumina plant
(Lam Dong-Vietnam) after activation by 2M sulfuric
acid significantly increased the adsorption capacity as
compared to raw red mud. The adsorption process of
Direct Yellow132 and Reactive Red195 took ad-
vantage at pH = 5, the adsorption kinetics follows the
second-order equation, the time to reach the equilib-
rium of the adsorption process of Reactive Red 195 is
longer compared to Direct Yellow132. The adsorption
data were well matched to Langmuir isotherm model,
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the maximum adsorption capacity was found to be
48.54 and 84.31 (mg/g) for Reactive Red 195 and Di-
rect Yellow 132, respectively.
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