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The Effect of Portland Cement on Fly Ash Bottom Ash               
Geopolymer Hybrid Concrete Exposed to Peat Water               
Environment 

ABST�CT: Geopolymer hybrid concrete is prepared by activating �y ash bo�om ash with an alkaline solution and curing 
with Ordinary Portland Cement (OPC). OPC could be added to the mixture to increase the reaction, promote hydration, and 
assist in curing at room temperature. Peat water is an acidic organic environment that may reduce the durability of concrete. 
�e purpose of this research is to determine the effect of Portland cement on the properties of FABA geopolymer hybrid       
concrete exposed to peat water. Portland cement was used in geopolymer as an additive and a substitute. Compressive strength, 
porosity, and weight change were evaluated for both mixtures. �e NaOH molarities were 10, 12, and 14M, the NaOH/sodium 
silicate ratios were 1.5, 2.0, and 2.5, and the Ordinary Portland Cement percentages were 0, 10, and 15%. Specimens were     
exposed to peat water for up to 91 days following 28 days of room temperature curing. �e geopolymer mixture with 10M 
NaOH, 2.5M Ms, and 15% OPC had the highest compressive strength and the lowest porosity. �e FABA geopolymer hybrid 
with OPC had a slightly greater compressive strength and a lower porosity than the geopolymer containing OPC as a cement 
replacement material. In addition, weight change is more stable in geopolymers containing OPC. Based on the performance of 
both mixes in peat water, it is recommended to use OPC as an additive in FABA geopolymer hybrid concrete.  

Key words: additive, �y ash bo�om ash, peat water, Portland cement, replacement  

1. INTRODUCTION 

Geopolymers are prepared by reacting silica and       
alumina-rich source materials with an alkaline activator [1]. 
Geopolymer properties are in�uenced by the chemical     
composition of raw materials, the dosage and type of alkaline 
activators, additives, and the curing procedure. Dosage of 
alkaline activators is critical for the development of the     
reaction between silica and alumina. In the case of low-
quality �y ash, a molarity of less than 12M NaOH is         
recommended [2].  A silicate concentration of less than 3.0 
contributes to improving of the alkaline environment and 
geopolymer network [3].  

Many studies underline the need to use curing agents 
such as slag and Ordinary Portland Cement (OPC) as     
curing precursors to enable the geopolymer to cure at room 
temperature [4-6]. Due to the development of C-A-S-H or 
Calcium Alumino Silicate Hydrate, the geopolymer          
including those additions is sometimes referred to as a      
geopolymer hybrid [7]. �e incorporation of Ordinary    
Portland Cement (OPC) in the geopolymer system          
in�uences the strength mechanism by increasing the rate of 
reaction product creation and the formation of extra        
hydration product into concrete. In the geopolymer system, 
the addition of 5-20% OPC could change the hydration 
products. �e rapid reaction of geopolymerization and the 
high hydration  product from OPC enhance the early ages 
strength of the geopolymer hybrid. �e geopolymer hybrid 
combined with OPC forms binder gels i.e. C-(A)-S-H, and 
C-S-H/N-A-S-H, which is more complex and has a different 

composition than the conventional geopolymer [7, 8]. �e 
inclusion of these binder gels improves the strength, porosity 
and durability of the concrete.  

Calcium addition to the geopolymer not only improves 
strength development, but lowers the curing temperature. 
Some used OPC as a replacement for �y ash, while others 
used it as an additive [5, 8-10]. Previous study indicates that 
utilizing 10-15% �y ash as a substitute material can improve 
the strength and density of the geopolymer [9]. Others     
discovered that using OPC as an additive accelerated cure, 
producing a geopolymer with considerably higher hydration 
than the replacement [11-13]. �e cement to �y ash ratio 
indicates that the cement content has increased with the 
replacement. However, the in�uence of OPC on the         
geopolymer system requires precaution in term of durability. 
Furthermore, few investigations on the effect of Portland 
cement on the geopolymer system have been reported. 

Previous studies using a geopolymer hybrid system has 
previously shown that the system is separate and unique due 
to the presence of two different systems. �e strength of the 
geopolymer hybrid strength is comparable to that of the 
OPC specimens [5]. Geopolymer hybrid permeation       
characteristics range between  12 and 15%. Sorptivity and 
water absorption values range from 0.250 to 0.350. In terms 
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of durability, the geopolymer hybrid could be used in salt 
water environments, acid environments and organic acid 
environments [7], with strength degradation that is slightly 
higher than the sole geopolymer system. Although it was 
discovered that adding calcium to the geopolymer system 
could enhance strength, however, durability and                
serviceability of structural concrete using this system is still 
in uncertainty.  

Peat land is an acidic environment that occurs          
naturally. Organic acid environment such as peatland, are 
composed of  a variety of acids, with humic acid functioning 
as the major acid. Peatland comprises of more than 2.2      
million hectares in Riau Province [14]. �e majority of 
which has been converted to infrastructure, housing, and 
industry. In an acidic environment, structural concrete is 
prone to acid a�ack, which can lead to  early degradation 
and corrosion of steel reinforcement in the concrete. It is 
critical to increase the durability of structural concrete, and 
integrating pozzolanic materials, additives, and low-calcium 
concrete could provide an alternate material for peat-based 
construction. Blended, pozzolans, and geopolymers may be 
explored as materials with good durability in peat               
environments, according to previous study [15]. Several 
studies examining the enhancement of  concrete in organic 
acid using industrial wastes such as �y ash and palm oil fuel 
ash have been undertaken [16-18]. 

Calcium, as the most predominant oxide in concrete, 
requires additives to lower the concrete’s acidity                 
susceptibility. Acid ions convert calcium in the form of      
portlandite to gypsum. In a steady water �ow, the gypsum 
dissolves rapidly [19]. In the long term, calcium requires 
some silica to enhance pozzolanic reaction and hence       
provide further protection to the cement matrix network. 
Acid ion a�ack causes early deterioration in high calcium 
content system like the OPC system a�er 28 days [20].   
According to Dyer [21], the resistance of concrete in an 
acidic peat environment is determined by the cement       
mixture. �e cement that has been silicate-modi�ed reduces 
the calcium concentration and improves the imperviousness 
of concrete. 

Adding/replacing OPC in the geopolymer system   
reduces the cost on high intensity energy and high-
temperature curing. �e cost of manufacturing in-situ      
geopolymer is mostly determined by the alkaline activators 
and curing process used; however by incorporating the 
OPC, the lower curing cost may promote be�er                 
commercialisation of geopolymer concrete. Few studies 
have been undertaken to determine the effect of adding or 
substituting OPC for the source materials (�y ash). �e    
purpose of this study was to determine the in�uence of   
Portland Cement as an additive or substitute on the          
characteristics of the FABA geopolymer hybrid subjected to 
peat water.  

2. MATERIALS AND METHOD 

2.1  Materials 
Fly ash bo�om ash (FABA) is a geopolymer substance 

that is generated by the Ombilin coal power station in West 
Sumatra, Indonesia. Ordinary Portland Cement (OPC) 
from Semen Padang, West Sumatra, Indonesia, was used as a 

replacement or additive in the geopolymer hybrid mixtures. 
Table 1 shows the chemical compositions of FABA and 
OPC. 

Table 1 Chemical composition of Ordinary Portland      
Cement (OPC) and Fly Ash Bo�om Ash (FABA) 

According to ASTM C618-19 [16], the FABA has 
59.25% SiO2, 29.25% Al2O3, 5.45% Fe2O3, 3.45% CaO, and 
is classi�ed to class F �y ash. Aggregates were obtained from 
a local source in Kampar Regency, Riau, Indonesia, and were 
a mix of �ne and coarse aggregates that met ASTM Standard 
Speci�cations [22]. �e speci�c gravity and water             
absorption of coarse aggregates are 2.60 and 0.4%,            
respectively. �e �ne aggregates used have a �neness       
modulus of 3.35, a speci�c gravity of 2.60 and a water       
absorption of 0.5%. �e geopolymer’s alkali activators were a 
mixture of sodium hydroxide (NaOH) and sodium silicate 
(Na2SiO3). Sodium hydroxide in form of �akes  with 99% 
NaOH. Sodium silicate has SiO2 to Na2O by mass of 2.17 
with SiO2 31.71%, Na2O 14.56%, total solid of 46.27%,     
density 1.56g.ml, and mol ratio of 2.25. Superplasticizer used 
was a high-range water reducer for concrete mixtures with a 
percentage of 1% from cement weight.  

2.2  Mixture proportions 
Two geopolymer FABA hybrid mixture series were 

studied. Both series contain similar parameters, namely 
NaOH molarity, modulus silicate ratio, and percentage of 
OPC. �e OPC was used as a FABA replacement material in 
the �rst series (OPC-R). In the second series, OPC was used 
as an additive in a geopolymer system. �e parameters     
chosen were NaOH molarity (10, 12, 14M); Ms ratio or 
ratio of Na2SiO3 to NaOH (1.5, 2.0, 2.5), and OPC          
percentage (0, 10%, 15%) in the mixtures. �e parameter 
range was derived from the optimum values of FABA        
geopolymer hybrid with OPC in the mixtures [3,23,24].  
Table 2 shows the designated parameters.  
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Oxides (%)      OPC      FABA 

SiO2 20.78 59.25 

Al2O3 5.49 29.25 

Fe2O3 3.78 5.45 

MgO 1.34 0.31 

CaO 60.60 1.54 

Na2O 0.83 0.68 

K2O 0.15 2.23 

MnO2 0.13 0.01 

P2O5 0.03 0.04 

SO3 1.43 0.29 

LOI 5.60 18.98 

Water content 0.26 0.25 
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Table 2.  Designated parameters of FABA geopolymer hybrid mixtures 

Parameters NaOH (M) Ms OPC (%) 

NaOH 10 2.5 15 

  12 2.5 15 

  14 2.5 15 

Ms 12 1.5 15 

  12 2.0 15 

  12 2.5 15 

OPC (R/A) 12 2.5 0 

  12 2.5 10 

  12 2.5 15 

Table 3.  Mixture composition of FABA geopolymer hybrid concrete series with OPC as a replacement material to �y ash 

Mix 
Quantities (kg/m3) 

OPC FABA Agg. Water NaOH SS SP 

NaOH-10R 76.83 435.37 1560 120 93.66 234.10 7.68 

NaOH-12R 76.83 435.37 1560 120 93.66 234.10 7.68 

NaOH-14R 76.83 435.37 1560 120 93.66 234.10 7.68 

Ms-1.5R 76.83 435.37 1560 120 131.12 196.70 7.68 

Ms-2.0R 76.83 435.37 1560 120 109.27 218.50 7.68 

Ms-2.5R 76.83 435.37 1560 120 93.66 234.10 7.68 

OPC-0R 0 512.20 1560 120 93.66 234.10 7.68 

OPC-10R 51.22 460.98 1560 120 93.66 234.10 7.68 

OPC-15R 76.83 435.37 1560 120 93.66 234.10 7.68 

Table 4.  Mixture composition of FABA geopolymer hybrid concrete series with OPC as a replacement material to �y ash. 

*OPC = Ordinary Portland Cement, FABA = Fly Ash Bo�om Ash, Agg. = coarse + �ne aggregates, SS = Sodium Silicate, SP = 
Superplasticizer. 

Mix 
Quantities (kg/m3) 

OPC FABA Agg. Water NaOH SS SP 

NaOH-10A 76.83 512.20 1560 120 93.66 234.10 7.68 

NaOH-12A 76.83 512.20 1560 120 93.66 234.10 7.68 

NaOH-14A 76.83 512.20 1560 120 93.66 234.10 7.68 

Ms-1.5A 76.83 512.20 1560 120 131.12 196.70 7.68 

Ms-2.0A 76.83 512.20 1560 120 109.27 218.50 7.68 

Ms-2.5A 76.83 512.20 1560 120 93.66 234.10 7.68 

OPC-0A 0 512.20 1560 120 93.66 234.10 7.68 

OPC-10A 51.22 512.20 1560 120 93.66 234.10 7.68 

OPC-15A 76.83 512.20 1560 120 93.66 234.10 7.68 

*OPC = Ordinary Portland Cement, FABA = Fly Ash Bo�om Ash, Agg. = coarse + �ne aggregates, SS = Sodium Silicate, SP = 
Superplasticizer. 

J.Appl.Mat and Tech. 2022, 3(2), 24-33 
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�e mixture composition of both FABA geopolymer 
hybrid concrete was calculated using the parameters listed in 
Table 2. �e compositions of geopolymer with and without 
OPC are shown in Tables 3 and 4. �e aggregates, water, 
and superplasticizer concentrations were kept constant while 
the speci�ed parameters varied. Additionally, the molar   
ratios of the mixes were calculated. �e molar ratio, i.e. 
SiO2/Al2O3, CaO/SiO2 and Na2O/Al2O3 were also            
calculated and presented in Table 5.  

2.3  Sample preparation and testing 
Specimens were produced by mixing dry ingredients 

(aggregates) with alkaline activators, superplasticizer, and 
extra water. �e OPC was added to the geopolymer mix, 
which was then mixed for 5-10 minutes based on a previous 
study [25]. Compressive strength, porosity, and weight 
change tests were performed on the fresh specimens.      
Compressive strength specimens were cast in 105x210 mm 
cylinder. Porosity specimens used 50x105 mm cylinder. �e 
weight change test used 100x100x100 mm cubes. �e      
specimens were le� air cured for 28 days. A�er 28 days, the 

specimens were placed in containers and subjected to peat 
water for up to 91 days. �e compressive strength of         
specimens a�er exposure in peat water was measured at 0, 
14, 28 and 91 days according to Indonesian National      
Standards or SNI 1972:2008 [26]. �e porosity test was 
conducted at 28 and 91 days for all mixes a�er immersed in 
peat water based on ASTM 642-13 [27]  �e weight change 
of specimens was taken every 14, 28 and 91 days according 
to with ASTM C267-06 [28] following immersion in peat 
water. 

�e peat water used in this study was from Rimbo 
Panjang Regency, Riau, Indonesia. �e peat soil depth of 
approximately 1.5-2 m and the characteristics of the peat 
water is given in Table 5. �e water is acidic, with a pH of 
less than 4, and a sulfate and chloride level of less than 15. 
�e organic content of peat water exceeds the permissible 
limit of drinking water. To sustain the condition, the peat 
water was used exclusively in this investigation and re�lled 
every two weeks. �e volume of specimens to container   
volume ratio must be at least one to four.  

Applied Materials and Technology 

Table 5.  Molar ratio of mixes with OPC as replacement of FABA 

Mix 
Molar ratio 

SiO2/Al2O3 CaO/SiO2 Na2O/Al2O3 

NaOH-10R 4.49 0.16 0.67 

NaOH-12R 4.49 0.16 0.68 

NaOH-14R 4.49 0.16 0.71 

Ms-1.5R 4.34 0.17 0.66 

Ms-2.0R 4.43 0.17 0.66 

Ms-2.5R 4.49 0.16 0.66 

OPC-0R 4.28 0.02 0.58 

OPC-10R 4.41 0.11 0.63 

OPC-15R 4.49 0.16 0.66 

NaOH-10A 4.34 0.15 0.57 

NaOH-12A 4.34 0.15 0.59 

NaOH-14A 4.34 0.15 0.61 

Ms-1.5A 4.21 0.15 0.57 

 Ms-2.0A 4.28 0.15 0.57 

Ms-2.5A 4.34 0.15 0.57 

OPC-0A 4.28 0.02 0.57 

OPC-10A 4.32 0.11 0.57 

OPC-15A 4.34 0.15 0.57 

J.Appl.Mat and Tech. 2022, 3(2), 24-33 
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Table 6.  Chemical composition of fresh and peat water 

 

3.  RESULTS AND DISCUSSION 

3.1   Compressive strength 
3.1.1 Effect of molarity in OPC-R and OPC-A concrete 

�e alkaline solution has a signi�cant impact on the 
compressive strength of the geopolymer system. �e effect 
of NaOH molarity on the compressive strength of FABA 
geopolymer hybrid using OPC as replacement (OPC-R 
series) and additive material (OPC-A series) was               
determined at 0, 14, 28 and 91 days. �e compressive 
strength data are shown Figure. 1.  

Fig. 1. Compressive strength development of geopolymer 
hybrid mixtures with various NaOH molarity a�er            
immersion in peat water. 

It can be seen from Fig. 1 that the strength                 
development of the OPC-A geopolymer hybrid series was 
higher than the OPC-R series specimens. Compared to the 
OPC-R, the strength at 91 days for the OPC-A series for all 
molarity variation increased a�er immersion in peat water. 

�e OPC-R specimens show a slight decrease in strength 
with 12 M and 14 M NaOH at 91 days. Previous study 
shows that the OH- ions could increase alkalinity and        
neutralize the cement paste [30]. However, in this study, the 
high alkalinity had an adverse effect on the cement paste. 
�e concrete is more susceptible to acid a�ack than the   
geopolymer hybrid 10M. �e increase of the molarity of 
OPC-R specimens from 12 M and 14 M leads to a notable 
decline from 28 to 91 days. It is mainly a�ributed to the early 
precipication of geopolymer ions product/aluminosilica gel 
due to excessive hydroxide ions that producing lower 
strength specimens [30].  

Fig. 1 also shows moderate alkalinity and OPC as an 
additive material are bene�cial because it improves            
geopolymer hybrid strength network a�er exposed to the 
peat water with pH of approximately 4-5. In a low pH       
environment, concrete will neutralize the effect by releasing 
more OH- ions from the cement paste. Alkalinity leaching 
causes reduction of bond and strength of concrete in the 
long term. It was noted that low quality �y ash with high 
carbon content (in this research is more than 18%) needs 
low molarity sodium hydroxide to induce be�er reaction for 
geopolymerization and its additional calcium silicate hydrate 
(C-S-H) [31. �e C-S-H from OPC induces quick initial 
se�ing, increase early strength with denser matrices to the 
system [9]. �e moderate alkalinity allow clinker dissolution 
and  hydration while retarding the ash dissolution in the 
geopolymer hybrid to produce stable hydration product C-A
-S-H or (N, C)-A-S-H gels at ambient temperature [32].  

3.1.2 Effect of Ms in OPC-R and OPC-A concrete 
Modulus silicate ratio or ratio of SiO2/Na2O has a role 

on  the strength development of geopolymer hybrid         
concrete mixed with OPC. Compressive strength results for 
OPC-R and OPC-A specimens with various Ms 1.5, 2.0 and 
2.5  are presented in Figure 2.  

Fig. 2. Compressive strength of geopolymer hybrid mixtures  
with various Ms ratio a�er immersion in peat water. 

Based on Figure 2, it can be seen that generally the 
compressive strength of OPC-R and OPC-A specimens  
increased by increasing the sodium silicate (SiO2) amount 
from Ms = 1.5 to Ms = 2.5 in concrete. Although the        
specimens were exposed in peat water, the strength of    
OPC-A specimens increased gradually with immersion time. 

Applied Materials and Technology 

Parameters Unit Fresh 
water 

Peat 
water 

Drinking 
water 

qualities 
[29] 

Color TCU 4 972 15 

Turbidity NTU 0.76 11.22 5 

pH value - 5.80 3.55 6.5-8.5 

Organic mg/L 3.6 444 10 

Alkalinity mg/L 16 41 500 

Iron (Fe) mg/L 0.1 1 0.3 

Manganese
(Mn) mg/L 0.04 0.05 0.4 

Sulfate 
(SO4

2-) mg/L 1 11 250 

Chloride mg/L 12 10 250 

J.Appl.Mat and Tech. 2022, 3(2), 24-33 
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�e compressive strength of OPC-R series is lower than that 
of the OPC-A series during immersion in peat water. �e 
specimens with higher silicate modulus (Ms 2.5) in OPC-A 
series presented a be�er strength than other concrete mixes. 
It was noted that that the higher modulus silicate ratio the 
lower susceptibility to the acid a�ack for the OPC-A series. 
�is could be a�ributed to the following reason. �e geopol-
ymerization produces hydration products with high silicate 
content that would re�ne the pores, improving the            
microstructure and enhancing compressive strength of    
concrete. A reduction in strength at 91 days for the OPC-R 
series of Ms 2.0 and Ms 2.50 showing the Na2O might had 
reached optimal point where Na content decrease, silica 
coagullation increased, thus reduced the strength of OPC-R 
series concrete at 91 days. Previous study has con�rmed this 
behaviour for geopoly mer mortar [33].  

Furthermore, the OPC-R series exhibited a decline in 
strength a�er 91 days in peat water. �e result demonstrated 
that the immersion in peat water had a slight detrimental 
effect on the concrete strength development in the OPC-R 
series. According to Kranzelein et al. [34], chemical stability 
of geopolymer hybrid concrete depends on the Si/Al molar 
ratio because the increasing Si/Al ratio produced a new form 
of crystalline that increase resistance to organic acid a�ack. 
However, in this study, the OPC-R series showed the      
opposite trend, which might be related to the reaction of the 
organic acid in peat water with the concrete, causing         
degradation and strength decline a�er 28 days.  

3.1.3 Effect of OPC percentage in OPC-R and OPC-A    
concrete 
Figure 3 shows the variation in concrete compressive 

strength versus percentage of OPC in the mixtures.  �e 
increase in the compressive strength for the two geopolymer 
hybrid concrete series (OPC-R and OPC-A) using OPC as 
replacement or additive material. �e increase in OPC     
inclusion level increased the compressive strength of the 
geopolymer concrete.  �is is a�ributed to additional       
reaction of calcium element (CaO) in the geopolymer that 
led to the pore re�nement due to additional hydration    
product. Similar observations were indicated by [9,35,36]. 
Additional hydration products in the geopolymer hybrid was 
formed by a reaction between Ca2+ ion with Al3+ ions at the 
interfacial transition zone that improve the zone and         
increase the strength [37].  

Continuous exposure to peat water has reduced the 
compressive strength of the OPC-15R using 15% OPC at 91 
days. Increase of CaO/SiO2 content for all the studied mixes 
is supposedly led to a be�er strength development in        
concrete, however, in acidic media, there was a substantial 
reaction between CaO and the acid ions. A decrease of 
strength at 91 days indicating that the geopolymer hybrids 
has a comparable performance with the conventional OPC 
in aggressive environment and acid a�ack causing porosity 
increased in concrete. Similar �nding was reported by      
Fernandez-Jimenez et al. [38] for hybrid alkaline cement 
immersed in 01. N HCl. �is �nding also was con�rmed by 
Koenig et al. [39] where continuous exposure of geopolymer 
hybrid  to organic acid environment will have an adverse 
impact to concrete susceptibility to acid ions. �e ratio of 

CaO/SiO2 was calculated to be 0.01, 0.11 and 0.15 for the 
OPC-A specimens with 0, 10 and 15% OPC. A slight similar 
CaO/SiO2 ratio was calculated for the OPC-R specimens. 
Although the CaO content in the geopolymer hybrid will 
improve the strength by providing additional C-S-H from 
the OPC, there is a possibility degradation undergoing    
gradually for the OPC-R specimens. 

Fig. 3. Compressive strength of geopolymer hybrid mixtures 
with various OPC percentage a�er immersion in peat water. 

An increase in strength during continuous exposure to 
the peat water in the OPC-A specimens probably due to 
densi�cation of the exposed surface to the peat water.       
Previous study shows that CaO content in geopolymer is a 
determinant factor to the resistance of the organic acid     
environment [39]. However, using OPC as additive has 
proved that it is more bene�cial than as replacement of the 
FABA, mostly because improved microstructure, additional 
C-S-H gel content, be�er network in the geopolymer system 
that can increase the durability of the OPC-A specimens in 
peat water.  

3.2  Porosity 
Porosity of the mixtures a�er subjected to peat water at 

28 and 91 days could be seen in Figure 4 and Figure 5.      
Porosity of all mixes was in the range of 22-25%. Highly   
porous geopolymer hybrid concrete was detected for all 
mixtures. In general there was an increase of porosity for all 
mixes, except for mix with NaOH 10M. �is is because the 
specimens had lower alkalinity content that performed 
be�er than specimens with higher alkalinity.  

Porosity is related to the hydration product occurred in 
the system. A small porosity in the concrete as a result of 
curing process. In the case of the geopolymer, a high         
temperature curing is essential to improve the                      
aluminosilicate network in concrete. However, in this case 
the geopolymer hybrid system just rely on the OPC         
hydration rate without further curing treatment [40]. 

�e raw material properties and lower level of OPC  
content could contribute to the pore development of the 
hybrid system. In air curing system of the geopolymer hybrid 
concrete, the hydration product from the OPC could trigger 
the be�er curing, however since the pore development is not 
as well as in geopolymer with high temperature curing, then 
further design is essential to modify the curing process to 
produce a be�er product.  

Applied Materials and Technology 
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Fig. 4. Porosity variation of geopolymers using OPC as   
replacement (R) and additive (A) material at 28 days in peat 
water. 

Fig. 5. Porosity variation of geopolymers using OPC as   
replacement (R) and additive (A) material at 91 days in peat 
water. 

3.3  Weight Change 
Weight change of geopolymer hybrid with NaOH   

molarity and Ms ratio variation could be seen in Figure 6 and 
7. �ere was no signi�cant change in the weight of both   
variation. Mix with 10M NaOH and Ms 1.50 showed slightly 
higher percentage of change than other mixes. However, in 
general both variation could be seen do not change the 
weight of specimens to an extent degree. �is behavior is 
probably because the parameters were taken conservatively, 
hence the changing were not distinguishable signi�cantly.  

Although moderate molarity is important to transform 
geopolymer hybrid material, the change of weight between 
NaOH 10M with other mixtures was small. �e behavior can 
be considered similar to mix with Ms 1.50, giving the less 
alkanity is preferable in organic acid environment. Previous 
studies indicated that geopolymer hybrid has certain range 
of OPC and alkalinity to perform very well. In case of       
environment without aggressive ion exposure, the concrete 
perform slightly be�er than concrete in aggressive              
environment. �is certainly needs to be investigated further 
to obtain suitable mix composition for geoolymer hybrid 
exposed to organic acid environment. 

  

Mixes with silicate variation showed a slightly higher 
weight change. A be�er enhancement using silicate (low 
modulus silicate ratio) was observed for concrete using low 
quality �y ash and subjected to aggressive environments. 
Improvement of microstructure and porosity of the          
geopolymer hybrid using higher modulus silicate was       
unnoticeable. In this research, exposure to peat water with 
pH of less than 5 could be resisted by using higher silicate 
content. Based on the ratio, the higher modulus silicate    
content means the higher NaOH content in the system. �is 
is how the cement and NaOH could signi�cantly changed 
the resistance of concrete to the acid a�ack. 

Fig. 6. Weight change of geopolymers with variation of 
NaOH molarity using OPC as replacement (OPC-R) and 
additive (OPC-A) a�er exposed to peat water. 

Fig. 7. Weight change of geopolymers with variation of 
modulus silicate using OPC as replacement (OPC-R) and 
additive (OPC-A) a�er exposed to peat water. 

Weight change a�er specimens immersed in peat water 
up to 91 days is displayed in Figure 8.  In general the change 
is not signi�cant for mix OPC 10% and 15% by 0.48% and 
0.43%, respectively. OPC 0% on the other hand shows a 
lower weight change than both mixtures which is doubled 
than the OPC 10% and 15%. Reduction of weight in        
concrete a�er exposed to acidic liquid indicated a change in 
pores density. �e acid ion a�ack the surface layer of the 
concrete leaving the densi�cation of the pores becomes 
slower and less hydration product remained in concrete.  
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Fig. 8. Weight change of geopolymers with variation OPC as 
replacement (OPC-R) and additive (OPC-A) a�er exposed 
to peat water. 

In this study, the mix without  OPC has also not bene-
�ted from the OPC hydration. A be�er mixtures composi-
tion with the support of OPC hydration increase the pore 
density. However, considering with the strength degradation 
in Fig. 1, there is a possibility that the product of acid a�ack 
�lled the pores and increase concrete density signi�cantly. 
Previous study of alkali activated concrete in organic acid 
a�ack shows that due to very low aggresivity of organick 
acid, then the a�ack although occurred, but in a slow and 
gradual process that will damage the concrete in the long 
term [39].  

4. CONCLUSIONS 

Geopolymer hybrid system has been designed using 
variation of NaOH molarity, Modulus silicate ratio, and 
OPC percentage to obtain an optimum mix for application 
in peat environment. Compressive strength, change in 
weight and porosity were investigated form 9 mixes. From 
the results it could be concluded that the geopolymer hybrid 
system with moderate alkalinity (NaOH 10M), low modulus 
silicate (Ms 1.50) and less OPC content (below 10%) could 
produce concrete with be�er resistance to organic peat acid 
a�ack. Further study is recommended to obtain the          
maximum strength and durable concrete for longer service 
life in peat environment. 
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