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ABSTRACT

In water purification plants, a large area of urban land is using to store waste sludge (WS). The waste
sludge from water filtration plants is aluminosilicate, which can form a geopolymer. However, the
waste sludge has low alkaline activity, so it must be used in combination with fly ash (FA) to create
geopolymer products. Fly ash is a solid waste containing amorphous silica and it has high alka-
line activity, so that it is suitable for treatment by the geopolymer method. The geopolymerization
of waste sludge from water purification plants is a relatively new method. The geopolymer is a
binder formed by the chemical reaction between aluminosilicate materials and alkaline activated
solutions. The alkaline activated solution used in these experiments was water glass (WG). The wa-
ter glass is the solution of sodium silicate (Na;O.nSiO;) dissolved in water. The research results of
geopolymer materials from the mixture of fly ash, the waste sludge of Thu Duc water purification
plant in Ho Chi Minh City (Vietnam), and water glass (WG) were introduced in this study. The ac-
tivated Al,O3 and SiO, oxides in the fly ash and the waste sludge can be dissolved in the water
glass and polymerized into a geopolymer material. The test samples had pressed at a high pres-
sure of 225 MPa to form cylindrical ones weighing approximately 3 grams, height about 18 mm,
and 10 mm in diameter. These samples were then cured at 110 °C for 24 hours and at room tem-
perature (30 & 5 °C). The methods of Fourier infrared spectroscopy (FTIR) and scanning electron
microscope (SEM) had used to detect the microscopic structure and geopolymer bond formation
of the samples. The compressive strength of the tested samples at 28 days old was higher than 3.5
MPa, the pH was less than 12.5, meeting the Vietnamese National Standards for unbaked materials
(TCVN 6477:2016) and National Technical Regulation on environmental impact (QCVN 50:2013 /
BTNMT), respectively. The results show a new approach of solidifying the waste sludge for further
applications such as the manufacture of geopolymer concretes or landfill materials.
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INTRODUCTION

Waste sludge (WS) from water purification plants is
composed mainly of aluminosilicate. The WS is usu-
ally treated by methods as landfills, making ceramic
bricks'=> ... However, due to the areas of landfill
sites, WS management is a growing global problem 2.
It is necessary to study the treatment of WS by new
methods. In recent years, the treatment of the WS by
polymerization is also being interested in many stud-
ies 1.

Geopolymer is a binder formed by the chemical
reaction between aluminosilicate materials and al-
kaline activated solutions. The alkaline activated
solutions are composed of strongly alkaline solu-
tions such as sodium hydroxide (NaOH), potas-
sium hydroxide (KOH), soda ash (NayCOj3), cal-
cium hydroxide (Ca(OH);), and water glass (WG:
Na;0.nSiO.mH,0) . Fly ash (FA), silica fume,
kiln slag, and metakaolin are the industrial wastes

used as raw materials to produce the geopolymers*~’.
Unbaked materials made from WS of the Thu Duc wa-
ter purification plant, Vinh Tan fly ash, and the WG
are introduced in this research.

Sodium silicate is a generic name for chemical com-
pounds with the formula Na;O:nSiO; (molar ratio
n~1 + 3.75 named module of sodium silicate) and
soluble in water with various amounts. The solution
of the sodium silicate in water is called water glass or
liquid glass. Activated Al;O3 and SiO; oxides in alu-
minosilicate can be dissolved in an alkaline solution
to form a similar bonding circuit of a WG. The bond-
ing circuit is M{-(SiO,), - AlO,},.wH,O, wherein M
is a cation such as K+, Nat, Ca2*, and “n” is a de-
gree of polycondensation, z is 1,2,3 [8]. When dehy-
drated, the WG condenses to form a gel-like polymer
circuit with the features of poly (sialate) M,, - (- Si —
O - Al - O -), and poly (sialate - siloxo)M,, - (- Si -
O -Al-0-S8i-0-),”. For increasing the rate of
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condensation, the unbaked materials can be applied
to the treatments in the atmosphere by drying at 65 -
110 °C%'0 or using microwave energy'!.

When using WS to fabricate unburned materials by
the geopolymer method, due to the weak alkaline ac-
tivity of the WS, the substances with better alkaline ac-
tivity such as FA, silica fume often need to be mixed 1
The use of strongly alkaline substances influences the
surroundings, first of all, is pH. Using WG binders can
reduce the impact of environmental pH less than us-
ing NaOH, KOH. Furthermore, WS is relatively inex-
pensive, easy to use, and non-toxic.

This research presented some results on the physico-
mechanical properties and environmental pH effects
of unburned materials made from WS, FA, and WG
binder. The bonding and microstructure of the ma-
terials had to be studied by Fourier infrared spec-
troscopy (FTIR) and scanning electron microscope
(SEM).

EXPERIMENTAL METHODS

Raw materials

The raw materials are WS from Thu Duc water pu-
rification plant, FA from Vinh Tan thermal power
plant, alkaline activator solution is water glass WG.
The chemical composition of the raw materials was
determined using the X-ray Fluorescence method.
The alkaline activity of WS depends on the solubility
of the oxides in alkaline solution with different con-
centrations. The amount of activated SiO,, AlOs,
and Fe, O3 oxides of the WS dissolved in NaOH so-
lution was determined in referring to Vietnamese Na-
tional Standards (TCVN 7572-19: 2006)°.

The mixing ratio of FA/(FA+WS) changed from 10-70
(% by weight). To achieve the compressive strength
of at least 3.5 MPa (refer to Vietnamese National
Standards TCVN 6477:2016'%) and to reduce the
amount of alkali discharged into the environment
(National Technical Regulation QCVN 50:2013/BT-
NMT !3), the chosen alkaline activated solution was
WG. The mixing ratios of WG and the solid (FA + WS)
mixture were 6, 8, 10, 12, and 14 (% mass fraction).
The (FA + WS) mixture and WG must be thoroughly
mixed before being formed by pressing.

Forming

The weight of each test sample was 3 g and pressed
in a steel mold to form a cylindrical specimen with
height h = (18 £+ 1) mm, diameter d = (10 £ 0.2)
mm (Figure 1). The samples had pressed at 225 MPa
pressure, and the moisture content of the mixture was
about 7-8%. This pressure value was the parameter
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for the cohesion and high density of shaped samples.
As the pressure increases further, the sample density
hardly increases anymore '!. After forming, the sam-
ples had cured under two different conditions: 1. At
room temperature (average about (30 £ 5) ° C) for 24
hours, and 2. In a Venticell laboratory dryer (MMM
Medcenter Einrichtungen GmbH) at 110 ° C for 24
hours. Then, both sample groups were cured at room
temperature (30 &= 5) ° C at the same time until the de-
termining properties. The properties identified were
volumetric density and compressive strength.

Determination of the properties

The physico-mechanical properties of the specimens
were determined after 28 days of curing. This is the
time that the specimen weight has been not changed,
the properties were considered stable !'. Volumetric
density was determined by equation d = m/V (therein
m is the weight of the sample and V is its volume, cal-
culated by V = 7d’h/4. Compressive strength was de-
termined by the DTU-900 MNH equipment (loading
speed 3 kN / min). Chemical composition was an-
alyzed using the X-ray Fluorescence method by the
XRF- Thermo ARL ADVANT’X spectrometer. The
pH was determined daily during curing time of 28
days according to ASTM D3987-12 (2020) * with the
Hanna Instruments HI221 pH meter.

The sample group with the best mechanical strength
(10% WG) was selected for FTIR analysis (Bruker
Tensor 27 spectrometer) and the microstructure was
analyzed by scanning electron microscopy (Hitachi S-
4800 FE-SEM) for determination of bonds in the sam-

ple.
THE RESULTS AND DISCUSSIONS

Chemical composition of raw materials, sol-
ubility of oxides in alkaline solution and
SEM of WS, FA.

WS was taken from the Thu Duc water purifica-
tion plant (Ho Chi Minh City, Vietnam), FA was
from Vinh Tan thermal power plant (Binh Thuan
province, Vietnam), and WG was a commercial prod-
uct. Chemical composition of raw materials is shown
in Table 1. The amount of oxides dissolved in NaOH
solution with different concentrations is shown in Ta-
ble 2.

From the data in Table 1, the module of the WG
(NapO:nSiO5, n: molar ratio) was calculated: n =
1.74.

The results show that the dominant dissolved compo-
nent was Al,O3.

Scanning electron microscope (SEM) images of WS
and FA are shown in Figure 2.
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Figure 1: Image of the samples

Table 1: Chemical composition of raw materials (% wt.)

Oxides SiOy Fe, O3 AL O3 TiOy KO CaO Na,O Others Lo
FA 48.93 11.22 26.19 1.38 6.94 1.52 - 2.27 1.55
WS 28.14 27.81 20.65 2.64 1.30 1.55 - 1.30 16.54
WG 52.67 0.04 1.59 - - - 31.24 0.46 14.00
(*) Loss on ignition at 1000 °C.
Table 2: SiO,, Al,03, and Fe,0; oxides (% wt.) of WS dissolved in NaOH solution
Amount of dissolved oxides (% wt.) Concentration of NaOH solution (M)
1 2 3 4 5 6 7 8 9
SiOy 0.46 0.71  0.90 1.10 1.35 1.67 1.89 2.06 2.24
AL O3 1.56 3.08 321 4.47 542  6.51 7.59 8.90 10.12
Fe, O3 0.03 0.03 0.05 0.06 0.09 0.13 0.17 0.19 0.20

o “
20 pm

Figure 2: SEM images of WS and FA

Physicomechanical properties of unbaked
materials

Figure 3 showed the compressive strength of the sam-
ples under different curing conditions after 28 days of
age.

The compressive strength of the test samples (Figure 3
) under both curing conditions showed that the com-
pressive strength of the 10% FA and 40% FA samples
were higher than 3.5 MPa. The compressive strength

of the 40% FA sample was higher than the 10% FA
sample when the WG content was 6-8%. However,
with the 10-14 % WGs, the compressive strength of
the 40% FA sample was lower than that of the 10%
FA sample. The compressive strength of the 10% FA
and 10% WG samples was the highest. Therefore,
the compressive strength, in this case, depends on the
ability to form polymer bonding circuits in the tested
samples.
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Figure 3: Compressive strength of the samples cured at 30°C (left) and at 110°C (right) after 28 days of age.
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Figure 4: Influence of FA content to volumetric compressive strength (left) and volume density (right) of the 10%

WG-containing samples

The volumetric density of the samples cured at room
temperature was higher than that dried at 110 °C. The
compressive strength of the samples cured at room
temperature with a 10 - 20% FA content was also
greater than that of the samples cured at 110 °C (Fig-
ure 4). This result pointed out that the rate of water
evaporation too fast did not increase the compressive
strength.

The change of pH according to curing time

The pH changes of the samples according to curing
time are plotted in Figure 5.

The plots of the pH change over curing time in Fig-
ure 5 indicated that the pH increased with an increase
in the FA content. That can be explained by the higher
pH of FA (11.5) than that of WS (7.5). Besides, the re-
sults also showed that the pH of the samples decreased
over the curing time. The 10% FA sample at 28 days
of age had the lowest pH, such as the pH value of the
(10FA+90WS)+10WG samples treated 110 °C only is
9.1 (Figure 5). The pH value decreased over curing
time because of the formation of a product layer on
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the surface, which prevents diffusion of Nat ions and
the reaction of alkaline NaOH solution with CO, in
the air 1>1°:

2NaOH +COy — NayCO3 + H,O

Analysis of bond formation by FTIR and mi-
crostructure by SEM

Figure 6 illustrate the FTIR spectra of raw material
and 10% WG sample cured at 110 ° C for 28 days. Sev-
eral characteristic bonds are indicated on these FTIR
spectra.

On the FTIR spectrum of FA, the band in the 1033-
538 cm™ ! wavenumber corresponds to the oscillating
region of the T-O-T bond (T is the Si and Al tetrahe-
dra) of the aluminosilicate minerals'>!7>18, The band
of 3441-3696 cm ™! corresponds to the oscillation of
the H - O - H and -OH bond'®. 'The band in the
469.2 cm™! is characteristic of quartzlz’lg, and the
band in the 2360 cm ™! corresponds to the oscillation
of CO, '°. The existence of CO; groups on FTIR spec-
tra is evidence of the possibility of reaction alkaline
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Figure 5: The pH changes according to curing time at 30°C (left) and at 110°C (right)

NaOH solution and CO in the air.

On the spectrum of WG, the band in the 3440-2700
cm ™! wavenumber region characterizes the O-H os-
cillation of free water. On the FTIR spectra of the
alkaline-activated samples, this band has narrowed.
It is indicated that the dehydration was occurred in
the geopolymer bond-forming process. The band in
the 1569 cm ™! characterizes the OH™ group in struc-
ture, and 1080 cm ™! characterizes the groups - Si- O -
Si - with bridging oxygens of the geopolymer materi-
als 1619

Comparing the characteristic bands on the FTIR spec-
tra of WS and 10% WG activated samples cured in a
dryer at 110 °C indicated that they are almost iden-
That means the weak activity of WS in the

geopolymerization reaction. In other words, the WS

tical.

acts as a filler. Meanwhile, the characteristic peaks
on the FTIR spectra of the WG and FA changed very
clearly: the range from 3440 to 2700 cm ™! on the WG
spectrum no longer appears on the spectrum of all
10% activated samples. That are (10FA + 90WS) +
10WG, (40FA + 60WS)) + 10WG, and (70FA + 30WS)
+ 10WG. Thus, the WG haslost water, condensed, and
cured to form bonds in the material>’. The charac-
teristic peaks of the Si - O - Si bond at 1080 cm™! on
the WG spectrum shift to 950 - 980 cm™! in the FTIR
spectrum of 10% WG activated samples.

The microstructure of the samples investigated us-
ing the SEM. Figure 7 shows SEM images of WG-
activated samples and WS-free samples under differ-
ent curing conditions.

Comparing the SEM images of the WG-activated and
WG-free samples in Figure 7 exhibits the round-
shaped FA particles in the WG-activated sample com-
pletely deformed, almost participated in the geopoly-
merization reaction. The non-sphere fuzzy regions

show the gel structure of the geopolymers that con-
sisted of a WG-activated sample.

CONCLUSIONS

Unbaked materials can be fabricated from a mixture
(40% FA + 60% WS) and 10% WG by a relatively
high forming pressure of 225 MPa. This material has
the compressive strength Rn following the standard of
unbaked material (Rn > 3.5 MPa, according to Viet-
namese Standards TCVN 6477: 2016). The pH of this
material decreases with the time of storage and meets
the National Technical Regulation QCVN 50: 2013 /
BTNMT !® on environmental impact. The geopoly-
mer bonds in the material are formed mainly by WG
condensation. The results suggest a new method of
solidifying WS as aggregate for further applications
such as fabrication of geopolymer concrete or fill ma-
terial.
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Figure 6: FTIR spectra of WS, FA, WG raw materials, and the 10% WG sample cured at 110°C for 28 days.

REFERENCES

1.

. Santos GZB, Filho JAM, Pinheiro M, Manzato L.

Luukkonen T, Heponiemi A, Runtti H, Pesonen J, Yliniemi J,
Lassi U. Application of alkali-activated materials for water and
wastewater treatment: a review. Rev Environ Sci Biotechnol.
2019;18(2):271-297. Available from: https://doi.org/10.1007/
s11157-019-09494-0.

. Gomes SDC, Zhou JL, Li W, Long G. Progress in manufacture

and properties of construction materials incorporating water
treatment sludge: A review, Resources, Conservation and Re-
cycling. 2019;145:148-159. Available from: https://doi.org/10.
1016/j.resconrec.2019.02.032.

. Onyelowe KC, et al. Recycling and reuse of solid wastes; a hub

for ecofriendly, ecoefficient and sustainable soil, concrete,
wastewater and pavement reengineering, Int J Low-Carbon
Tech. 2019;14(3):440-451. Available from: https://doi.org/10.
1093/ijlct/ctz028.

Synthe-
sis of water treatment sludge ash-based geopolymers in an
Amazonian context. Journal of Environmental Management.
2019;249:109328. PMID: 31421479. Available from: https:
//doi.org/10.1016/j.jenvman.2019.109328.

. Suksiripattanapong C, Horpibulsuk S, Chanprasert P, Suk-

mak P, Arulrajah A.  Compressive strength development
in fly ash geopolymer masonry units manufactured from
water treatment sludge, Construction and Building Materi-
als. 2015;82:20-30. Available from: https://doi.org/10.1016/j.
conbuildmat.2015.02.040.

. Abdullah MMA, Nordin N, Tahir MFM, Kadir AA, Sandu AV. Po-

tential of Sludge Waste Utilization as Construction Materials
Via Geopolymerization. International Journal of Conservation
Science. 2016;7(3):753-758.

668

12.
13.

. Davidovits J.

. Bobrowski A, et al.

. Davidovits J. Chemistry of geopolymeric systems, terminol-

ogy, in Proceedings of Geopolymer. International Conference,
France. 1999;99:9-39.

Geopolymers: Inorganic polymeric new
materials, Journal of Thermal Analysis and Calorimetry.
1991;37(8):1633-1656.  Available from: https://doi.org/10.
1007/BF01912193.

. Vietnamese Standard, TCVN 7572: 2006-Aggregates for con-

crete and mortar — Test methods;.

. Le VQ, Do QM, Hoang MD, Nguyen HT. The role of active

silica and alumina in geopolymerization. Vietnam Journal of
Science, Technology and Engineering. 2018;60(2). Available
from: https://doi.org/10.31276/VJSTE.60(2).16.

. Do QM, Ngo PM, Nguyen HT. Characteristics of a Fly Ash-

Based Geopolymer Cured in Microwave Oven, Key Engineer-
ing Materials (accessed Aug. 09, 2020). 2020;Available from:
https://www.scientific.net/KEM.850.63.

Vietnamese Standard, TCVN 6477:2016-Concrete bricks;.
Vietnamese National Regulation. QCVN 50:2013/BTNMT-
National Technical Regulation on Hazardous Thresholds for
Sludges from Water Treatment Process;.

. D34 Committee. ASTM D3987-12(2020)-Practice for Shake

Extraction of Solid Waste with Water, ASTM International.
doi: 10.1520/D3987-12R20;Available from: https://doi.org/10.
1520/D3987-12R20.

. Oh SY, et al. Crystalline structure analysis of cellulose treated

with sodium hydroxide and carbon dioxide by means of X-
ray diffraction and FTIR spectroscopy, Carbohydrate Research.
2005;340(15):2376-2391. PMID: 16153620. Available from:
https://doi.org/10.1016/j.carres.2005.08.007.

FTIR spectroscopy of water glass - the
binder moulding modified by ZnO nanoparticles. Metalurgija.
2012;51(4):477-480.


https://doi.org/10.1007/s11157-019-09494-0
https://doi.org/10.1007/s11157-019-09494-0
https://doi.org/10.1016/j.resconrec.2019.02.032
https://doi.org/10.1016/j.resconrec.2019.02.032
https://doi.org/10.1093/ijlct/ctz028
https://doi.org/10.1093/ijlct/ctz028
https://www.ncbi.nlm.nih.gov/pubmed/31421479
https://doi.org/10.1016/j.jenvman.2019.109328
https://doi.org/10.1016/j.jenvman.2019.109328
https://doi.org/10.1016/j.conbuildmat.2015.02.040
https://doi.org/10.1016/j.conbuildmat.2015.02.040
https://doi.org/10.1007/BF01912193
https://doi.org/10.1007/BF01912193
https://doi.org/10.31276/VJSTE.60(2).16
https://www.scientific.net/KEM.850.63
https://doi.org/10.1520/D3987-12R20
https://doi.org/10.1520/D3987-12R20
https://www.ncbi.nlm.nih.gov/pubmed/16153620
https://doi.org/10.1016/j.carres.2005.08.007

Science & Technology Development Journal - Engineering and Technology, 4(1):663-670

17.

s

(b) (40FA+60WS)+10WG sample cured

(¢) (40FA+60WS)+10WG s

R AU TSR k.
(a) (40FA+60WS) sample (without WG)

Markovi¢ SB, Dondur V, Dimitrijevic RM. FTIR spectroscopy
of framework aluminosilicate structures: carnegieite and pure
sodium nepheline. 2003;Available from: https://doi.org/10.
1016/S0022-2860(03)00249-7.

. Young AM, Sherpa A, Pearson G, Schottlander B, Waters DN.

Use of Raman spectroscopy in the characterisation of the
acid-base reaction in glass-ionomer cements, Biomaterials.
2000;21(19):1971-1979.  Available from: https://doi.org/10.

20.

Figure 7: SEM images of the (40FA+60WS) sample without WG and (40FA+60WS)+10WG sample cured at 30°C
and at 110°C

1016/S0142-9612(00)00081-8.

Nicholson JW. Chemistry of glass-ionomer cements: a review,
Biomaterials. 1998;19(6):485-494. Available from: https://doi.
org/10.1016/S0142-9612(97)00128-2.

Zhuang XY, et al. Fly ash-based geopolymer: clean produc-
tion, properties and applications. Journal of Cleaner Produc-
tion. 2016;125:253-267.  Available from: https://doi.org/10.
1016/j.jclepro.2016.03.019.

669


https://doi.org/10.1016/S0022-2860(03)00249-7
https://doi.org/10.1016/S0022-2860(03)00249-7
https://doi.org/10.1016/S0142-9612(00)00081-8
https://doi.org/10.1016/S0142-9612(00)00081-8
https://doi.org/10.1016/S0142-9612(97)00128-2
https://doi.org/10.1016/S0142-9612(97)00128-2
https://doi.org/10.1016/j.jclepro.2016.03.019
https://doi.org/10.1016/j.jclepro.2016.03.019

Tap chi Phdt trién Khoa hoc va Céng nghé - Ki thudt va Céng nghé, 4(1):663-670

Open Access Full Text Article

Bai Nghién ciiu

Vat liéu khéng nung tir hon hgp bun thai ciia nha may nudc, tro
bay va thay tinh nuéc

D6 Quang Minh"2,

Use your smartphone to scan this
QR code and download this article

B mén Vit ligu Silicat, Khoa Cong
nghé Vit liéu, Truong Dai hoc Bdch
Khoa Thanh phé H6 Chi Minh
(HCMUT), 268 Ly Thuiong Kiét, Quan
10, Thanh phdé H6 Chi Minh, Viét Nam

’Dai hoc Quéc gia Thanh phd HO Chi

Minh, Phudng Linh Trung, Qudn Thi
Dilc, Thanh phd H6 Chi Minh, Viét Nam
Lién hé

D6 Quang Minh, B6 mon Vat liéu Silicat,
Khoa Cong nghé Vat liéu, Truong Bai hoc
Bach Khoa Thanh phé H6 Chi Minh (HCMUT),
268 Ly Thuong Kiét, Quan 10, Thanh phé HO
Chi Minh, Viéet Nam

Dai hoc Quéc gia Thanh phé HE Chi Minh,
Phudng Linh Trung, Quan Tha Buc, Thanh
ph& HE Chi Minh, Viet Nam

Email: mnh_doquang@hcmut.edu.com

Lich su

® Ngay nhan: 10-8-2020

o Ngay chdp nhén: 27-01-2021
o Ngay ding: 15-02-2021

DOI : 10.32508/stdjet.v4i1.754

M) Check for updates

Ban quyén

© DHQG Tp.HCM. Pay la bai bdo cong bo
md& dugc phat hanh theo cac diéu khodn cta
the Creative Commons Attribution 4.0
International license.

Huynh Ngoc Minh'-2, Nguyén Vii Uyén Nhi'-2

TOM TAT

Trong cac nha may loc nudc, mot phan 6n dat do thi dang dugc st dung dé chia bun thai (WS).
Bun thai tir cdc nha may loc nudc la alumino silicate, c6 thé tao thanh geopolymer. Tuy nhién, bun
¢6 hoat tinh kiém thap nén phai st dung két hap vdi tro bay (FA) d€ tao san phdm geopolymer.
Tro bay la chat thai rdn c6 chia SiO, vo dinh hinh nén c6 hoat tinh kiém cao, thich hop dé xdr ly
bang phuong phap geopolymer. Qua trinh tao geopolymer hda bun thai tir cac nha may loc nudc
la mot phuong phap tuong d6i mdi. Geopolymer la chat két dinh dugc hinh thanh do phan tng
hoa hoc gitra vat liéu alumino silicate va dung dich kich hoat kiém. Dung dich kich hoat kiém dugc
st dung trong cac thi nghiém nay la thay tinh nudc (WG). Thiy tinh nudc la dung dich cla natri
silicate (Na,O.nSiO,) hoa tan trong nudc. Két qua nghién clu vat liéu geopolymer ti hdn hop tro
bay, buin thai ctia nha may loc nudc Thi Buc, Thanh phé HE Chi Minh (Viét Nam) va thay tinh nudc
(WG) dugc gidi thiéu trong nghién cu nay. Cac oxit Al,O3 va SiO, hoat tinh trong tro bay va bun
thai c6 thé hoa tan trong thly tinh nudc va polyme hoa thanh vat liéu geopolymer. Cac mau thir
nghiém da dugc ép & ap suat cao 225 MPa tao thanh nhing mau hinh tru nang khoang 3 gam,
chiéu cao khoang 18 mm va dudng kinh 10 mm. Cac mau nay dugc bao dudng 6 110 °C trong
24 gis va sau do & nhiét do phong (30 & 5 °C). Cac phuong phap quang phd héng ngoai Fourier
(FTIR) va kinh hién vi dién tl quét (SEM) da duac st dung dé phét hién cau tric vi mo va su hinh
thanh lién két geopolymer ctia mau. Cudng dé nén clia cac mau thir nghiem 28 ngay tudi cao han
3,5 MPa, pH nhd hon 12,5, dap ung Quy chuén qudc gia Viét Nam vé vat liéu khong nung (TCYN
6477: 2016) va Quy chuén ky thuat quéc gia vé tac dong moi truong (QCVN 50: 2013) / BTNMT),
tuong Ung. Két qua cho thay mét cach tiép can mdi trong viéc hda rdn bun thai cho cac iing dung
khac nhu san xuat bé téng geopolymer hodc vat liéu san lap.

Tu khoa: vat liéu khong nung, tro bay (FA), bun thai (WS), thiy tinh nudc (WG), dung dich hoat
tinh kiém, geopolymer
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