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Abstract. Geopolymer-based industrial waste as red mud
(RM) was successfully obtained in the presence of
different loadings of rice husk ash (RHA). During the
preparation, the added amounts of RHA in the
geopolymer composition were varied from 10 to 50 %
when the mass ratio of binder solution (Na,SiOs) and
activated alkali-metal solution (NaOH 7 M) were 2.5 and
the curing condition was fixed at 333 K within 24 h. For
characterization, the surface morphology was evaluated
by scanning electron microscope (SEM) equipped with
the energy-dispersive X-ray, which detected the distri-
bution of elements before and after the geopolymerization.
To indicate the formation of geopolymer, Fourier—
transform infrared spectroscopy (FT-IR) was used. The
effect of the loading amounts of RHA on the Brunauer—
Emmett Teller (BET) surface area value and Barrett—
Joyner—Halenda (BJH) pore size of the obtained geo-
polymers were determined using a nitrogen gas adsorption
instrument. In the bromocresol-green (BG) adsorption
performed at pH 2, the higher addition of RHA in the
geopolymer composition enhanced the adsorption capaci-
ties within 180 minutes. In addition, the adsorption behav-
ior of the mixed geopolymer to BG fits well the Langmuir
model, indicating that the adsorption occurs on the homo-
geneous monolayer surface of geopolymer. From this
study, the RHA could be a natural potential filler to im-
prove the BG-uptake of RM-based geopolymer in waste-
water treatment.
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1. Introduction

Textile production is one of the most polluting in-
dustries. Production processing generates a lot of pollut-
ants such as wastewater, waste heat, solid waste, and ex-
haust gas from dryers, as well as gas emissions from
boiler plants in which wastewater is an important problem
facing the textile sector.' Depending on different factors
such as the type of production processing and the used
dyes, the parameters of the obtained wastewater are varied
in terms of quantity and quality.” According to the docu-
ment of Vietnam Textile Industry, it might consume ap-
proximately 200 to 1,000 kg chemicals and auxiliaries to
produce one ton of product. In the case of dyes, this
amount for one ton product is from 20 to 80 kg. However,
the use efficiency is 70-80 %, which means that the re-
maining 20-30 % is about to be discharged into the envi-
ronment.” According to the Ellen Macarthur Foundation,
each year the textile industry consumes about 93 billion
cubic meters of water.! In recent years, the contribution of
the textile and dyeing industry to economic development
has been significant and undeniable. Nevertheless, most of
the factories of textile dyeing enterprises do not have
wastewater treatment systems and tend to discharge di-
rectly into outside receivers. This type of wastewater has
alkalinity, high color, and contains many chemicals that
are toxic to aquatic species.”® Therefore, the dye-
contained wastewater must be strictly treated before being
discharged into the environment. It has been known that
various methods can be applied for dye elimination in
aqueous solutions. Conventional physical dye removal
methods include ion exchange, coagulation or floccula-
tion, and filtration techniques such as nano/ ultra-filtration
and reverse osmosis.” However, adsorption might have
more potential due to its simplicity and high efficiency
using low-cost materials.® In this study, we would like to
propose a regenerated adsorbent called geopolymer.’
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The definition of geopolymer proposed by Davi-
dovits in the 1970s was an inorganic aluminosilicate
polymer synthesized by the reaction of an aluminosilicate
compound and an alkaline solution at high concent-
ration.'’ Aluminosilicate binders or inorganic polymeric
compounds resulted from a polycondensation reaction
where a three-dimensional tecto-aluminosilicate matrix
was obtained.!" Silicate is regarded as a silicon-oxo-
aluminate unit, the network of which consists of SiO4 and
AlO, tetrahedra linked by sharing all oxygen atoms
through covalent bonds. The presence of cations such as
Na' or K' maintains the balance of the remaining anions
of the four-coordinated Si*" and AI’" ions.'” It has been
reported that the concentration of the alkali-metal solution
used in the geopolymerization can vary depending on
specific purposes. However, most studies propose that the
alkali concentration might be high (5-15M) " to involve
the geopolymerization," in which geopolymer activated
with NaOH solution was able to be improved in terms of
compressive strength relative to KOH solution at the same
concentration.”” In addition, due to hydration and shrink-
age, the strength is able to be decreased after curing at
temperatures above 353 K owing to the disruption in the
geopolymer structure.'® The geopolymer process was
most efficient at temperatures between 333-353 K ' and
the mass ratio of Na,SiO3/NaOH was about 2.5. '8 The
increment in alkali-activated solution and the addition of
binder as sodium silicate (Na,SiO3) can enhance the prop-
erties of the prepared geopolymer in terms of mechanical
strength.'*"

Various synthesis methods were used to react an
aluminosilicate precursor with activated chemicals to
proceed with the geopolymerization.”® The initial material
having aluminosilicate contents could be natural mineral
compounds or industrial waste, such as red mud (RM).
The alkaline condition was commonly selected since it
was well-suitable for RM due to its highly pristine alkalin-
ity. The chemical compositions of RM differed depending
on typical processes including Al,Os, Fe,03, and SiO, in
various percentages.”’ However, the low content of SiO,
in RM limited the preparation of RM-based geopolymer.
Normally, RM has been known as a supporting material in
the geopolymerzation process. However, the aim of this
study is to increase the geopolymerization from RM and
improve the dye-adsorption performance of RM-based
geopolymer. Hence, another natural additive, rice husk
ash (RHA), was used as an alternative. RHA filler was
derived from rice husks after being burnt in the open air
outside the rice mill. It was usually an agricultural waste
or an environmental problem.”” The main chemical com-
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ponent of RHA is an amorphous silica oxide which was
not only used as a silica supplement but also increases the
removal efficiency.”

The aim of this research was to prepare the RM-
based geopolymer at different loading amounts of RHA in
the presence of an activated binder and highly concent-
rated alkali solutions. The concentration of the NaOH
aqueous solution was fixed at 7 M due to the pristine alka-
linity characteristic of red mud. The ratio between the
alkali solution and the binder was used as 2.5. After the
geopolymerization, the resulting samples were evaluated
for their morphologies and element distribution using
SEM-EDS, the surface area using BET surface areas, and
Zeta-potential to estimate the surface-charge for the simu-
lating adsorption of bromocresol green (BG) in aqueous
solutions (Fig. 1).
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Fig. 1. The chemical structure
of bromocresol green

2. Experimental

2.1. Materials

Red mud (RM) used in this study was locally col-
lected from Lam Dong Provine, Vietnam while rice husk
ash (RHA) was obtained from Long An Province, Viet-
nam. Other chemicals such as sodium hydroxide (NaOH,
99 %) and sodium silicate (Na,SiO3, SiO;: 28.5 % and
Na,O: 8.5%) and bromocresol green (BG) were pur-
chased from Merck, Germany. All chemicals used in the
preparation of geopolymer, and adsorption test were of
analytical grade.

The RM (Fig.2a) and the RHA (Fig. 2b) were
ground and sieved through a 245-um sieve, followed by
washing in water and drying at 378 K in 24 h. The main
components of RM and RHA were determined using an
X-ray fluorescence (XRF) instrument (ZSX Primus II;
Rigaku Corp., Japan) as presented in Table 1.
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a) b)
Fig. 2. Appearance of RM a) and RHA b)
Table 1. The main chemical components ( %) of RM and RHA
Samples The main components ( %)
P Si0, ALO; Fe,0; CaO TiO,
RM 0.74 37.8 44.2 0.24 8.14
RHA 87.2 0.32 0.24 1.79 -
Table 2. The mixture proportions of initial materials, BET surface area, BJH pore volume and size
of the obtained geopolymers
Sample Proportion (g per 100 g) Si content | Surface \]?(iI:me pore | pyg pore
P RM RHA Na,SiO; NaOH7M (%) area (mzlg) (e’ o) size (nm)
RM - - - - 0.27 25.6 0.04 6.3
10 % 46.0 | 5.1 35 14 7.20 26.5 0.05 6.8
30 % 35.7 15.3 35 14 9.72 27.3 0.04 6.2
50 % 25.5 25.5 35 14 26.0 31.1 0.05 6.0
RHA - - - - 39.5 9.69 0.01 5.1

2.2. Methods

2.2.1. Preparation of the geopolymer
composites

The pre-treated RM and RHA were mixed with the
appropriate amount of 7M NaOH and Na,SiO; aqueous
solution. Here, the mass ratio between Na,SiO;/NaOH
was kept at 2.5. ' The loading of RHA in the geopolymer
composition was varied at 10 %, 30 %, and 50 % (Ta-
ble 2). The paste was mixed for 10 minutes at room tem-
perature before being poured into a cubic-plastic container
(50 x 50 x 50 mm’) and dried at 333 K. After 24 hours,
the geopolymers were obtained. Before measurements, all
samples were ground and sieved through a 245-um sieve
followed by washing in the excess amount of deionized
water until pH reached a neutral value. The geopolymers
were labeled according to the weight percentage of the
added amounts of RHA. For example, the geopolymer
prepared with 90 % RM and 10 % RHA was 10 %. The
appearance of the geopolymers prepared from RM and
RHA is shown in Fig. 3.

2.2.2. Characterization of the geopolymer
composites

The surface morphologies of the samples were
observed using scanning electron microscopy (SEM)
(JSM-IT300, JEOL, Japan) - Energy dispersive spec-
trometer (EDS) JSM-5300LV; JEOL Ltd., Japan). Fou-
rier transform infrared spectroscopy (FT-IR) was per-
formed using a JASCO FT-IR/4100 spectrometer by
grinding the dried samples with potassium bromide
(KBr). X-ray fluorescence (XRF) instrument (ZSX Pri-
mus II; Rigaku Corp., Japan) was used to determine the
differences in elemental content after the geopolymeriza-
tion process. The—Brunauer—Emmett Teller (BET) sur-
face area and Barrett-Joyner—Halenda (BJH) pore size
distribution of the obtained geopolymers were deter-
mined using a nitrogen gas adsorption instrument (TriS-
tar II 3020; Micromeritics Instrument Corp., USA) at
77 K. To determine the surface-charged of the geopoly-
mers at different pH solutions, Zeta potential was used
by Zeta-potential analyzer (ELSEINGK; Otsuka Elec-
tronics Co. Ltd., Japan).
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2.2.3. The adsorption experiment
of bromocresol green aqueous solution

The stock dye solutions of 1000 mg/L were pre-
pared by dissolving BG in deionized water at pH 2. ***
The adsorbent mass of the prepared geopolymer was
0.10 g placed in 20 mL of BG solutions from 20 to
120 mg/L. The mixtures were stirred for 180 minutes at
200 rpm and 273 K. Afterwards, the sample was centri-
fuged at 3000 rpm for 10 min. The initial and residual
concentrations were measured using a UV-Vis spectro-
photometer (V-750, Jasco, Japan) at a wavelength of
423 nm for BG. The removal efficiency of the geopoly-
mers was calculated using Eq. (1), and adsorption capacity
at any time q; (mg/g) and adsorption capacity at equilib-
rium g, (mg/g) were determined using Eq. (2).

The removal percentage (H %) was:

Hw@=953mmo (1)
CO
where H was the removal capacity of the dyes adsorbed
(%), C, and C, were the initial and the time concentration
of dyes in the solution (mg/L), respectively.

The adsorption amount of BG at the current time
(qi, mg/g) and equilibrium adsorption capacity (qe, mg/g)
were calculated according to the following equations:

(C,-C.)V

Y @

a)
Fig. 3. Images of the prepared geopolymer composites a) 10 %, b) 30 % and c) 50 %

3.2. Appearance of the prepared RM and
RHA-based geopolymer composites

3.2.1. Morphological measurements
and element distribution detection

The morphologies of the prepared geopolymer
composite with different mixing amounts of initial materi-
als as RM, RHA are shown in Fig. 4. At the magnification
of 500x% (Fig. 4a), the morphology of RM was observed in
various shapes and sizes. Moreover, the impurity was
observed on the surface of the RM particle at a magnifica-
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where C, and C; (mg/L) are the concentrations of the solu-
tion at the initial time and time t (h), respectively; C.
(mg/L) is the equilibrium concentration of dye solution; V
(L) is the volume of the contaminated solution and m (g)
is the weight of the dried adsorbent.

3. Results and Discussion

3.1. Appearance of the Prepared RM
and RHA-Based Geopolymer Composites

Fig. 3 represented images of the obtained geo-
polymer composites with varying amounts of RHA
from 10 to 50 %. It was observed that the color of the
obtained geopolymers changed as the amount of RHA
increased, gradually shifting from dark orange for 10 %
to light brown for 50 % of RHA. The geopolymers with
10 % and 30 % RHA displayed fractures on the surface
due to the loss of water during the curing process. In
the case of the 50 % of RHA in the geopolymer com-
position, the distribution of RHA powder was ob-
served. As listed in Table 2, the Si content varied be-
tween the prepared geopolymers. The 10 % RHA sam-
ple contained 7.2 % Si, while the 50 % RHA geopoly-
mer had a significantly higher Si content of around
26 %.

b) ©)

tion of 2000x. In Fig. 4e, the porous structure was ob-
tained on the surface of RHA particles. For the RM-RHA
based geopolymer, the surface of the prepared particles
appeared more porous in the case of 10 % RHA-adding
(Fig. 4b at 2000%). When the higher loading amount of
RHA at 50 % was used in the geopolymer preparation, a
large number of tiny particles were observed (Fig. 4d).
This might be due to the fact that RHA powders were
well-dispersed in the geopolymer structure. In order to
confirm this observation, the element distributions of
components are shown in Fig. 5 and the percentage in
Table 3.
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| MUD4.3 x500 200 pm

| MUD5.2 x500 200 pm
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| MUD4.2 x2.0k 30 pm
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| MUD5.2 x20k 30 pm

| MUD5.2 x20k 30 pm
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Fig. 4. SEM images of the initial materials RM: a), prepared geopolymer composites 10 % —b), 30 % — c¢), 50 % — d)
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| MUD4.5 x2.0k 30 pm

Fig. 4. SEM images of the initial materials RM: and RHA — e) at magnification of 500x (left) and 2000x (right)
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Fig. 5. SEM-EDS mapping of geopolymer composites: a) 10 %; b) 30 %
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Fig. 5. SEM-EDS mapping of geopolymer composites: ¢) 50 %

Table 3. Main element content ( %) from EDS mapping
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Main element content ( %) from EDS mapping
Sample Si Al Fe 0 Na
10 % 8.40 15.2 25.9 48.6 2.00
30% 13.8 12.8 21.4 52.1 0.00
50 % 343 3.70 9.9 56.4 0.00
RHA 1100
A
50 % 1089
—>,\/\/r m{m
3616 965
10167 ~
30 % 1091 g
V WAVW g
10167 £
10 % E
V““\/-\J\/f’\ﬂw a
W 2 o068
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Wavelength (cm™)

Fig. 6. FT-IR spectra of the initial materials and prepared geopolymer composites
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3.2.3. FT-IR spectrum

As seen in Fig. 6, mostly in all the spectra of RM
and the geopolymers, the hydroxyl-stretching band was
presented in the region at 3450-3400 cm” wavelengths
indicating the formation of hydrogen-bonded surface OH
groups. The absorption peak near 3620 cm™ was assigned
to the inner-hydroxyl groups.”® The band at the wave-
length of 1736-1726 cm’" represented the double bond of
the C=0O group, whereas the band detected at 1630 cm’
was attributed to the bending vibration of H-O-H oc-
cluded inside the aluminosilicate structure.”’ The charac-
teristic band of Si-O was also observed at 968 cm™ in the
case of RM. However, this wavelength was shifted to be
lower at 967 and 965 cm™ with the added RHA of 30 and
50 % during the geopolymerization. The position of the
Si—O-T (T= Si or Al) asymmetric stretching band located
at 1019 cm™ was found to shift to the lower wavelength of
1018, 1016, and 1016 cm’ when the RHA amount was
added of 10, 30, and 50 % in the geopolymer content,
respectively.”® Moreover, the band of O-Si-O stretching
at 1100 cm™ in RHA was lightly shifted to 1089 and
1091 cm™ in the case of 50 % and 30 % RHA, respec-
tively.”™ In addition, these peaks in the geopolymer struc-
ture were broader than those of RHA. This evidence sug-
gested that the initial materials were well-interacted with
the additives, and the formation of geopolymers between
RM and RHA was confirmed.

3.2.4. BET surface area and BJH determination

The nitrogen adsorption/desorption isotherm of
samples was illustrated in Fig. 7. It could be observed that
the initial RM and the geopolymer composite were com-
posed of mesoporous structure followed as type IV at
which pore width was greater than 4 nm.”” Meanwhile, the
RHA was strongly considered to be type V distinguished
by its characteristic S-shaped isotherm.** However, all
samples were subjected to mono and multiple adsorption
with capillary condensation’" after the geopolymerization,
the surface area of the 10 % RHA-containing geopolymer
was increased to 26.5 m”/g, which was higher than those
of RM (25.6 m*/g) and RHA (9.69 m/g). The reason was
that the activation by concentrated sodium hydroxide
solution could strongly interfere with the surface of the
geopolymer particles. In fact, higher RHA contents in the
preparation of RM-based geopolymer increased the sur-
face area of the resultant geopolymers. The surface area
values of the geopolymer sample prepared at 50 % RHA
were improved to 31.1 m”/g. The BJH results showed that
the pore volume remained unchanged at different RHA
concentrations. Meanwhile, the BJH pore size was de-
creased from 6.8 nm for 10 % to 6.0 nm for 50 %, respec-
tively. As seen in the SEM images, it was various tiny
powders placed on the surface of the geopolymer prepared
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at 50 % RHA, which may act as fillers and reduce the
pore size of the obtained geopolymers.
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Fig. 7. The nitrogen adsorption/ desorption of initial materials
and geopolymer composites

3.2.5. Zeta-potential evaluation

Fig. 8 shows the Zeta-potential as a function of pH
of the different solutions of RM and RHA-based geo-
polymer powders. It has been known that the surface-
charge of RHA was negative values in a wide range of pH
from 2 to 12.°% Therefore, the zeta potential value of
RHA in this study was negative at -0.5 for pH 2 and -29.7
for pH 12. For RM and all the geopolymer composites
composed of 10, 30, and 50 % RHA, it was seen that in
the range of acidic pH at about 2, the surface of samples
was relatively positive suggesting the potential application
for the elimination of negatively charged substances such
as BG ion via electrostatic attraction.
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Fig. 8. Zeta-potential of the initial materials
and prepared geopolymer composite
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3.3. The removal experiment of bromocresol
green

The value of pH was strongly considered one of
the most important factors in determining the influence
of the surrounding environment on the adsorption ca-
pacity of the material. At low pH and high concentra-
tion of H' ions, the surface of the adsorbent was posi-
tively charged. Therefore, the interaction that took
place was an electrostatic attraction enhancing the ad-
sorption capacity of BG on the surface of the material.
It has been reported that the percentage of BG adsorp-
tion decreased while pH changed from 1 to 2. This
result also occurred in the range of pH from 2 to 6. At
pH 1, due to the excess of protons, the charge of ani-
onic BG dye was positive, and the electrostatic attrac-
tion in comparison to pH 2 was not dominant. How-
ever, when pH was varied to 2, the positive charge of
BG would be decreased, and BG interaction with the
adsorbent surface increased. When the solution pH was
more than 2, BG had a negative charge, and the electro-
static repulsion decreases attraction.® Hence, in this
study, pH 2 was selected to optimize the anionic dye
removal. In addition, the zeta potential results indicated
that the surface charge of the prepared geopolymers at
different amounts of RHA might be positive at pH 2,
which was strongly considered to perform the non-
protonated BG ion as well.

Herein, the effect of initial concentration on the
percentage removal of BG by the mixed geopolymer
powders was studied. As seen from Fig. 9a, the removal
efficiency was higher than 75 % of all samples when the
initial concentration of BG was 10 mg/L. Apparently,
when the initial concentrations of BG were changed

100
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'E' 40 1 *10%
g
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20 -
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0 20 40 60 80 100
Initial concentration Co (mg/L)
a)
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from 20 to 100 mg/L, the removal capacities were
gradually decreased. It was because the number of ad-
sorption sites in the geopolymer composites was able to
be restricted by the increase of the BG concentration. So,
at lower initial concentrations of the BG solutions, suffi-
cient adsorption sites remained for the sorption of BG
ions at pH 2, while the increasing concentration caused
the reduction in uptake percentage. At higher loading of
the RHA in the geopolymer composite from 10 to 50 %,
the removal capacities were gradually enhanced. This
might be due to increasing the sorption sites of RHA in
the composite as seen in the results of surface area and
pore size values. In the case of 10 % and 50 % RHA in
the geopolymer composition, the value of the removal
percentage increased from 67 % to 80.3 % at 40 mg/L of
BG solution, respectively. However, the removal effi-
ciency was reduced to 64.7 % and 24.7 % for the geo-
polymer having 50 and 10 % RHA when the excess
concentration of BG was up to 100 mg/L. As seen in
Fig. 9b, the initial concentration of GB had a strong ef-
fect on the binding amount of BG ion on the prepared
geopolymers at different mixing ratios of RHA. A simi-
lar tendency was recorded as the concentration was
changed from 10 to 100 mg/L, and the adsorption capac-
ity gradually increased in all samples. This phenomenon
indicates that higher concentrations of BG in the initial
solutions may be accepted by the adsorption sites in
geopolymers structures at higher RHA content. The
percentage removal of GB and uptake amount are repre-
sented in Table 4.

To illustrate the relationship between the residual
concentration of dye in solution and the adsorption
capacity of geopolymers at a constant temperature, the
Langmuir and Freundlich models were used.
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Fig. 9. The removal capacity ( %) a) and uptake amount (mg/g) b) of the geopolymer composite at different BG solutions
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Table 4. The removal capacity ( %) and uptake amount (mg/g) of the geopolymer composite prepared

with different BG solution at pH 2

Sample Initial concentration Co (mg/L) Removal capacity ( %) Uptake amount Qe (mg/g)

10 87.2 1.7
20 81.1 32

50 % 40 80.3 6.3
60 78.8 9.4
80 63.5 10.1
100 64.7 12.7
10 80.2 1.6
20 79.2 32

30 % 40 74.2 5.8
60 70.1 83
80 53 83
100 46.1 9.2
10 78.5 1.5
20 71 2.8

10% 40 67 53
60 47.8 5.6
80 324 5.1
100 24.7 49

The linear equation of the Langmuir isotherm model
was placed in the equation below:
¢ _ 1 N C, 3)
qe KLqm qm

where, g, (mg/g) is the maximum adsorption capacity,
and K (L/mg) is the Langmuir constant.
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In the case of Freundlich isotherm model, the linear
equation was presented as follows:

lnqezanF+llnCe 4)
n

where Ky (L/g) was the Freundlich isotherm constants
related to the adsorption capacity and n was the adsorp-
tion strength.

A50%
*30%
u10%

b)

Fig. 10. The linear Langmuir isotherm adsorption a) and Freundlich model isotherm adsorption b) of the geopolymer
composite at different BG solutions
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Fig. 11. The Langmuir isotherm adsorption of the geopolymer
composite different BG solutions

The influence of the initial concentrations was
carried out by the Langmuir and Freundlich isotherm.
Based on the linear coefficients of these equations it is
possible to determine how the adsorption of the RM-
RHA geopolymer composites occurred. From the re-
sults of the BG adsorption amount of RM-RHA geo-
polymers on the effect of the initial concentrations, the
adsorption isotherm was carried out to determine the
parameters of the two models. As seen from the linea-
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rity of the plots in Fig. 10a, the correlation coefficient
(R?) was about 0.99 for all samples, meaning that the
adsorption isotherms of BG obeyed the Langmuir
model. By contrast, the lower value of R* calculated
from the Freundlich model was 0.96 for the geopoly-
mer prepared with 50 % RHA and 0.74 for 10 %, re-
spectively (Fig. 10b). Therefore, the experimental re-
sults better fitted the Langmuir isotherm model than the
Freundlich model, confirming that the BG adsorption
onto the RM-RHA geopolymer composites was mono-
layer adsorption. The result suggested that the adsorp-
tion occurred on specific homogeneous sites, and all the
adsorption sites were energetically identical. The result
was in line with this report.® It was seen that the bind-
ing amount of BG ion on the samples having 50 %
RHA content was higher than those of others in the
adsorption test. Fig. 11 shows the adsorption isotherm
of BG by the prepared geopolymer at various adding
amounts of RHA at 10, 30, and 50 %. For example,
when the RHA contents were increased from 10 to
50 %, the maximum binding amount of BG signifi-
cantly increased to 5.24 mg/g and 16 mg/g, respec-
tively. This result suggested that RHA was able to be a
potential additive to enhance the adsorption capacity of
RM-based geopolymers. The parameter values of the
adsorption isotherm were placed in Table 5.

Table 5. Isotherm parameters of the BG adsorption by the RM-RHA geopolymer composite at pH 2

Parameters
Sample Langmuir Freundlich
qm (mg/g) Ky (L/mg) R’ 1/n Ky (L/g) R’
50 % 16.0 0.08 0.99 1.65 0.50 0.96
30 % 10.7 0.11 0.99 0.50 244 0.89
10% 5.24 0.40 0.99 0.34 41.45 0.74

4, Conclusions

The red mud-based geopolymers were successfully
prepared in the presence of different loading amounts of
rice husk ash from 10 to 50 %. During the geopolymeriza-
tion activated by the highly concentrated sodium hydrox-
ide and silicate binder solution, the geopolymer linkage
occurred with the addition of RHA fillers, which was
confirmed by FT-IR spectra. When the content of RHA
was increased from 10 % to 50 %, the surface area values
of the resultant mixed geopolymers were gradually en-
hanced from 26.5 to 31.1 m”/g, while the reduction in BJH
pore size was recorded as 6.8 and 6.0 nm, respectively.
The addition of RHA also improved the BG-uptake per-
formance of the RM-based geopolymer. In the BG ad-
sorption at pH 2, the results showed that the increment

amount of RHA from 10 to 50 % in the geopolymer com-
position enhanced the adsorption capacities to 5.24 mg/g
and 16 mg/g after 180 minutes, respectively. Also, the
adsorption behavior of the mixed geopolymer to BG well
fitted the Langmuir model, suggesting that the adsorption
occurred on the homogeneous monolayer surface. This
study suggests that RHA could be a useful filler to im-
prove the uptake performance of RM-based adsorbent
used in wastewater treatment.
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OJIEP’KAHHSI TA XAPAKTEPHCTUKA
TEONOJIMEPY HA OCHOBI YEPBOHOT'O
[IJIAMY 3 TOJABAHHSIM 3011 PHCOBOT'O
JIVIITIMHHS JJIS1 ATCOPBIIT
BPOMKPE30JI0BOTO 3EJIEHOTO
Y BOJJHOMY PO3UHHI

Anomauin. I[Ipomucnosi 6i0x00u Ha OCHOSI 2eononime-
pis y gpopmi uepeorozo winamy (411L1) 6yu ycniwno ompumari 6
npUCymuocmi pizHoi Kitbkocmi 301u pucosozo ayunutts (3PJI).
1Ti0 uac npucomyeanns eapitosanu KiibKicms 000AHOI 8 2eono-
nimepry xomnosuyiro 3PJI 6i0 10 0o 50 % 3a macosoeo cniesio-
HOUWleHHs1 po3uuny 6'sicynoi peuosunu (Na,SiOs) i akmueosaro-
20 po3uuny ayacrnozco memany (NaOH 7 M) 2,5, a ymosu samee-
PpOinns ixcysanu 3a 333 K npomsicom 24 200. /[ns xapaxmepu-
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CMUKU OYIHIOBANU MOP@OI0RII0 NOBEPXHI 3A OONOMO20I0 CKAHY-
8AIbHO20 eNeKMpOoHH020 Mikpockona (SEM), ocnawenoeo enep-
200UCNEPCIlIHOI0 PEHM2EHIBCLKOI KAMEPOI0, KA GUABTANA PO3-
nooin eremenmis 00 i nicis ceononimepusayii. /{is 6cmanoeieH-
HSl YMEOPEHHS 2eONonimepy BUKOPUCTNOBY8anU IH@pauepeony
cnekmpockoniio 3 @yp'e-nepemeopennsiv (FT-IR). Bnaug xino-
xocmi 3PJI na senuuuny numomoi niowyi no8epxHi 3a Memooom
bpynayepa-Emmema-Tennepa (BET) i posmip nop 3a memodom
bappemma-Iicovinepa-I'anenou (BJH) ompumanux eeononime-
i UsHauanu 3a 00NOMO20H NPUAAdy 0l a0CopoOYii 2azonodi-
61020 azomy. B adcopbyii bpomrpezon06020 senenoeo (b3), sxy
nposoounu 3a pH 2, euwuit emicm 3PJI y cxknadi eeononimepy
30i1bUty8as adcopoyitiny 30amuicms npomseom 180 xeunum.
Kpim moeo, nosedinka adcopoyii smiuano2o eeonoiimepy wooo
b3 0obpe y3eo00aicyemucs 3 modenno Jlenemiopa, 6xkasyouu Ha
me, wo aocopoyis 6i00Y8acmbcs Ha OOHOPIOHI MOHOWAPOBILL
nogepxui eeononivepy. 3 ybo2o O00CHIONCEHHA BUNTUBAE, WO
3PJI mosice 6ymu npupOoOHUM NOMEHYIHUM HANOBHIO8AYEM OJIsL
nokpawjenus noznunauns b3 zceononimepom na ocmosi Ylll 6
OUUWEHHT CMIYHUX 800.

Knwouoei cnosa: aocopdyis bapsuuxa, eeononimep, bpom-
KPe30/106Ull 3e/IeHUL, YePEOHULL ULIAM, 30/1d PUCOBO2O JIVIUNUHHSL.



