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Abstract 

The purpose of this project is to develop innovative environmental green concretes and 

study their performance, particularly the chemical resistance. The concretes under 

investigation include fly-ash based geopolymer concrete (FAGC) and red-mud based 

geopolymer concrete (RMGC). The chemical resistance tests involve sodium hydroxide 

and sulphuric acid at 20
O

C and 90
O

C. To understand the relative significance of 

these results, they are contrast alongside the performance of ordinary Portland cement 

concrete (OPC) in the same conditions. 

Geopolymer concrete is the name given to concrete where the binder is entirely replaced 

by an inorganic polymer formed between a strong alkaline solution and an 

aluminosilicate source. The ratio and quantity of alkaline solution used can affect – 

amongst other factors – the concrete strength and curing time. Aluminosilicate sources 

include but are not limited to red-mud, fly-ash, blast furnace slag and kaolin. The 

variability of geopolymer binders and activators increase the difficulty of manufacturing 

a homogenous and universal geopolymer concrete standard. Currently, geopolymer 

concrete exhibits as good as, and in some areas superior engineering properties to 

normal concrete. 

Carbon emissions can be significantly reduced by using aluminosilicate geopolymer 

binders instead of Portland cement (which releases 1 t of CO2 per tonne of production).  

Compared to Portland cement, fly-ash based geopolymer concrete can reduce carbon 

emissions by 80% which has the potential to reduce global emissions by approximately 

2.1 billion tonnes a year. This is equivalent to taking two thirds of global traffic off the 

roads each year. 

In this project OPC, FAGC and RMGC samples were cast in 200x100mm cylindrical 

moulds. After these samples cured for a minimum of 14 days, chemical testing began. 

The samples were submerged for 7, 14, 28 and 56 days, sulphur capped and compression 

tested. Results comprised the analysis of testing data, macro analysis and microscopy. 

Results indicated OPC experienced some strength deterioration in both an acid 

environment (-24.9 to -25.6%) and an alkaline environment (-2.2 to -13.3%). FAGC was 

found to have better acid resistance (+3.8 to -17.6%) and even experienced strength 

enhancement in sodium hydroxide (+29.1 to +55.7%). Interestingly, RMGC exhibited 

a strength increase of 52.4% in sulphuric acid while also displaying strength 

enhancement of +50.5% in sodium hydroxide. This performance suggests that FAGC 

and RMGC are both suitable replacements for the existing bunding slab at QAL

. 

 

 

 

 

 

 

 

 



R PAVAN KUMAR, et al , International Journal of Research Sciences and Advanced Engineering [IJRSAE]TM 

Volume 2 , Issue 10, PP: 82 - 88  , APR -  JUN ’ 2015. 
 

 

 

 

 

Methodology 

Cast & Number Concrete Samples 

Testing occurred during the months of 

August and September and at the 

commencement of chemical testing the 

ambient temperature was 18.3OC while the 

oven temperature was maintained at 90OC. 

As recorded by the Bureau of Meteorology 

(2011), the minimum and maximum mean 

monthly temperature during these months 

ranged from 18.2 to 21.05OC. This 

temperature range is implied wherever 

20OC has been stated as the testing 

temperature. 

Pre-testing Requirements  

Original research pointed towards medium 

and high density polyethylene as being the 

best material to contain NaOH and H2SO4. 

For high temperatures and high 

concentrations of NaOH, nickel alloys 

were recommended as highly suitable by a 

number of sources. After further enquiry 

and discussion with chemistry 

professionals, pyrex was advised to be one 

of the finest NaOH resistant materials 

available (Lynch 2011, pers. comm., 27 

May). Furthermore, pyrex is readily 

available and significantly cheaper than the 

alternatives. 

 

 

Figure : Pyrex Dishes used for Chemical 

Testing 
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 Pyrex Dishes used for Chemical Testing 
 

Other things required for this project were 

the chemicals, chemical gloves, a 

thermometer, a pH tester, safety goggles, a 

gas mask, beakers, water jugs, a 6000g 

digital scale, a chemical face wash basin, 

cleaning rags and a water cleansing bottle. 

 

High Temperature Testing  

 

The testing laboratory in P2 contained an 

Australian made SEM oven of sufficient 

capacity to contain the necessary samples 

at the required temperature of 90OC. Over 

a period of 56 days, the pH level of each 

solution was monitored for consistency 

every fortnight and the solution would be 

replaced where necessary. Evaporation at 

high temperature conditions was difficult 

to overcome even with a heat resistant 

thermoplastic cover. Without a covering, 

one litre would evaporate within 3 hours. 

The only solution was to monitor the 

solution as often as possible and top up the 

solution as required. Maintaining the 

original water level after any evaporation 

ensured the original pH was not diluted. 

 

It becomes difficult to compare test results 

when chemical testing is performed at two 

vastly different temperatures. As indicated 

by Lynch (2011), the relative chemical age 

of the samples tested at high temperature 

involves collision theory. Confirmed by 

Volland (2005), this theory states that an 

increase in 10 degrees Kelvin roughly 

doubles the chemical reaction rate. This 

theory is an approximation, and the 

number of variables in this particular 

experiment is significantly greater than a  

Typical reaction. This consequently 

decreases the accuracy of approximation. 

Consequently a 7 day test specimen at 

90OC compared to the same specimen at 

20OC has a relative chemical age of 2.5±1 

year. Similarly, a 14 day test specimen in 

the same situation has a relative age of 5±2 

years. A 28 day specimen will have a 

relative age of 10±5 years and a 56 day test 

specimen will have a relative age of 20±10 

years. Some of the variables that create the 

need for such large tolerances include the 

fact that concrete is a composite material 

which already exhibits complex chemical 

reactions, concrete naturally absorbs 

carbon dioxide but it will release carbon 

dioxide in the presence of strong chemicals 

and water from the diluted chemical 

solutions is constantly evaporating was 

measured. This was done to quantify 

absorption properties from the changes in 

mass that were documented after testing 

was complete. 

Submerged Surface Area 

S.A. under Chemical Attack: 

Therefore the surface area of concrete 

under chemical attack is approximately 

26%. OPC and FAGC samples were placed 

approximately 40mm deep in chemical 

solution on Friday 12 August. On this 

same day the RMGC mix design was 

prepared. On Monday 15 August the 

RMGC was cast in a Haldwell Bennet 

mixer in Z1.101. In casting the RMGC, the 

recommended practice for geopolymer 

concrete was followed (CIA 2011). 

Following this recommended process 

meant dense graded aggregate was placed 

in the mixer first, followed by sand, binder, 

design water, activator and additives (see 

Section  

 

before the grinding process begins. The 

concrete surface on the lid side of the 

mould was grinded as that is the only side 

that isn’t flush. This was the same side 

which was placed in chemical solution for 

testing. 
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Grinding of Samples  

 

With the assistance of Wagners, concrete 

samples were made flush with the use of a 

custom made grinding machine. This 

machine grinds three samples 

simultaneously with a variable tipped 

circular blade. As the grinder is activated, 

water is pumped internally via a hose to 

keep frictional temperatures on the blade 

low during operation. Risk of injury with 

this machine is minimal to none as all 

movable parts are enclosed and tightened 

Measure Mass  

 

Before chemical testing of the concretes 

began, the individual mass of each sample  

 

 Measured Chemical Conditions 
 

Chemical operating conditions were 

designed for the attacking solutions to 

contain 1M of sulphuric acid (H+) and 1M 

of sodium hydroxide (OH–). The chemical 

to water ratios were 1:19 and 1:18.2, and 

the average measured pH level was 

measured as 1.5 and 11.8 respectively (see 

Section  3.6.3). 

Calibrated pH Testing 
 

After concrete samples had endured a 

fortnight of chemical attack, it was typical 

for each chemical solution to have a high 

percentage suspended solids (from leaching 

and deterioration) at which point the 

solution was entirely replaced. In between 

these fortnightly replacements, the pH level 

was tested several times to ensure 

consistency and reliability in the final 

results 

 

 

mass and quantify the absorption 

properties. These results are specified and 

discussed further in Chapters 4 and 5. 

 

 

As shown by these measurements, the pH 

level was consistently maintained and only 

varied slightly. 

 

Mass Gain/Loss  

 

The mass of each sample was measured 

after testing to determine the change

Sulphur Capping & Compression 

Testing  

 

After chemical testing was complete and 

the samples were measured for their 

change in mass, the samples would be 

taken to the Z1.101 lab and sulphur 

capped in preparation for compression 

testing (see  Figure 7). Care was always 

taken to ensure the caps were flush, but 

this was not always possible. This was 

undesirable as it has inevitably affected 

the validity of test results. Leaving the 

sulphur caps to cure for a minimum of 24 

hours, the compressive strength was 

determined and compared to the average 

characteristic strength (see Section 7.1 

and 7.3). All compressive strengths were 

obtained at the University of Southern 

Queensland using the Avery Compression 

Testing machine located in Z108. 

Characteristic strength was obtained for 

the OPC and FAGC samples at the 

approximate age of 28 and 56 days. Due 

to time constraints, characteristic strength 

of the RMGC samples was only obtained 

at an age of 16 and 32 days. 
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3.9.1  Macro Analysis 
 

The area of concrete under attack has been 

photographed in order to understand and 

discuss any potentially damaging physical 

manifestations. These photographs focus on 

the depth and severity of chemical attack 

on the relevant end of the sample. An 

example of the images used for this 

analysis  

 

(a) OPC - H2SO4 - 14d - 90OC (b) 

FAGC - H2SO4 - 28d - 20OC (c) 

RMGC - Unaffected 

Figure 8: OPC exposed to H2SO4 at 

90OC 
 

Due to the extent of images used please 

refer to APPENDIX F for the entire macro 

analysis. These images have been studied 

and the findings are shown on the 

following

3.9.2  Micro Analysis 
 

For this section, 28 day samples at 90OC 

have been cut to an approximate 50mm 

thickness, sanded flat and analysed at 20x 

magnification. Half of these images were 

taken from the unaffected end of each 

specimen. The remaining images focus on 

areas of chemical attack in order to 

compare and discuss any irregularities. 

       

A discussion of this analysis can be found 

on the following page. To view all of the 

images taken during micro-analysis see 

APPENDIX G. 

Conclusions and Future Work 
 

Waste disposal methods and low carbon 

emissions are the primary advantages of 

geopolymer concrete. The large volumes, 

associated storage and maintenance cost of 

mine tailings that Australia produces, 

creates a viable waste disposal mechanism 

for mining companies. Excellent chemical 

resistance and stability also makes 

geopolymer concrete an excellent candidate 

for backfilling obsolete mines which may 

otherwise deteriorate the surrounding 

materials which are not resistant to acid or 

alkaline attack. Fly-ash, red-mud and slag 

based geopolymer concretes can also 

reduce carbon emissions by 80%. This has 

the potential to reduce global emissions by 

approximately 2.1 billion tonnes a year 

which is equivalent to taking two thirds of 

global traffic off the roads each year. These 

advantages are evident by the test results 

that were obtained in this project. 

 

Chemical and compression testing 

indicated OPC experienced some strength 

deterioration in both an acid environment (-

24.9 to -25.6%) and an alkaline 

environment (-2.2 to -13.3%). FAGC was 

found to have better acid resistance (+3.8 to 

-17.6%) and even experienced strength 

enhancement in sodium hydroxide (+29.1 

to +55.7%). Interestingly, RMGC exhibited 

a strength increase of 52.4% in sulphuric 

acid while displaying strength enhancement 

of +50.5% in sodium hydroxide. This 

performance suggests that FAGC and 

RMGC are both suitable replacements for 

the existing bunding slab at QAL. 

 

There is significant potential for future 

work in this field via more thorough 

investigation of R.M. based geopolymer 

concrete. This could investigate a range of 

concrete mix designs that look at the 

change in engineering properties between a 

geopolymer concrete with 10% R.M., 90% 

of other pozzolans and varying the R.M. 

content by 10% intervals up to and 

including 90% R.M. and 10% of other 

pozzolans. This investigation should also 

attempt each mix design with different 

activators to see their respective effects on 

the mix. Another topic could investigate the 

feasibility of utilising different mine 

tailings in the production of geopolymer 

concrete. 
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