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ABSTRACT 

This article tries to analyze comparatively the durability of lightweight and normal concrete against acid attacks based 
on laboratory results. In this research concrete samples molded in charters dimension of 6*6*12 cm and kept in water for 
5 days. Tested samples ,cut to be detected the aggregate's level .In design of mixing of samples some additives and Leca 
lightweight grain and normal with different various of Portland cement was used   ,And exposured in certain ratio of 
acid solutions (3 types of acid: Hydrochloric, Sulfuric and Lactic at different periods of time). Measure of the durability of 
concretes in this research was the survey of sample's weight changes at specified intervals .In total time of the tests it 
was attempted to keep the PH of acidic solution stable by using red methyl that it is a detector. Experimental results 
showed that lightweight concrete against hydrochloric and lactic acids had more resistance than ordinary concrete, But 
against Sulfuric acid lightweight concrete had more vulnerability than normal one. Then processed in laboratory air 
with respective humidity of 55% and temperature of  20°C.  
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INTRODUCTION 
Concrete resistance against gases, chemicals and temperature changes that cause chemical reactions can 
damage concrete and it’s plastic components, is has been called chemical durability. Concrete can be built 
using different types of cements, aggregates and mineral additives. Material changes affect the amount 
and the speed of degradation. Chemical attacks, such as acids’ attacks to the concrete have been 
considered in this paper. Extensive research information on the chemical durability of ordinary concrete 
is available, while there is little information about the chemical reliability of lightweight concrete. On the 
other hand, there are different styles of concrete, from insulated concrete made with low-density to high-
strength structural concrete. This matter makes the data classification and regular assessment of 
durability for each type of concrete against various chemicals and other environmental conditions that 
are against it, difficult. However, in this paper, the available mechanism in some destructive processes has 
been described and studied [1-4]. 
 
RESISTANCE AGAINST ACIDS 
Acid attacks damage the concrete from different points of view. Effect of acid attacks varies from one acid 
to another acid and it also depends on the type of light weight concrete [5]. Durability of light weight 
concrete has been tested against three types of acids: hydrochloric acid, sulfuric acid and lactic acid. The 
following will be provided. Concrete mixing design in the test is shown in Table 1. As specified in the 
table, CE is used as an additive chemical. This add-on is a modified acrylic polymer of Bitumen. This add-
on has the following three tasks: 
1 - Helping to spread the aggregate, 
2 - The same performance with an add-on as a ventilator, 
3 - Create a hydrophobic property. 
Mortar specimens in charters with dimensions of 12 × 6 × 6 cm molded and kept in water for 5 days. Then 
in a lab environment with a relative humidity of 55% and the temperature of 20°C they were cured. 
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Tested samples were cut to expose the surface of aggregates. Comparison with conventional concrete has 
been done. 
15% solution of hydrochloric acid (HCI), 5% sulfuric acid (H2SO2) and 5% lactic acid (CH3CHOHCOOH) 
has been prepared and the samples were submerged in the solution. The used cement was an ordinary 
Portland cement with 64%-C3S, 13%-C2S, 8%-C3A, 10%-C4AF and its amount was 337 kg per square 
meter. 
The used light aggregate was expanded clay (Leca) that was produced by rotary kiln. Aggregates were 
regular rounded corner particles with dense crust. Aggregates density were about 3800 kg/m3 for grain 
with size within 2-4 mm and 3700 kg/m3 for 4-12 mm. The Percent of added CE was calculated based on 
its solid value. 
Weight changes of the samples have been investigated at specified intervals. Similar test method was 
proposed for hydrochloric acid and sulfuric acid by deputy. In all experiments, the concentration of acidic 
solution (PH) is kept constant by using red methyl as an identifier by titration against sodium hydroxide 
(Na OH). 

Table 1: mixing design, density and compressive strength of concrete 

Type of 
concrete  No.  

add-on 
percent 

according 
to the  
weight of 

cement  

cement 
kg/m3 

Sand / gravel 
(kg/m3) Lightweight aggregate  (kg/m3) 

w/c  

Density 
of fresh 
concrete 

kg/m3  

28-day 
specified 

compressive 
strength(f’c) 

MPa 

sand  
 8-0  
 mm  

gravel  
 16-8  

mm 

sand  
 4-0  
 mm 

Lightweight 
aggregate 

4-2  
 mm 

Lightweight 
aggregate 

12-4  
 mm 

Regular  
concrete  

  
Light 

concrete  
  

N 
NA 

L  
LB 

- 
 1.5 CE  
 1.5 CE  

0.05 
CAEA  

500  
500  
315  
315  

930  
930  

 -  
 -  

750  
750  

 -  
 -  

 -  
 -  

305  
305  

 -  
 -  

120  
120  

 -  
 -  

285  
285  

0.45  
0.41  
0.60  
0.55  

2400  
218  

1247  
1350  

45  
32.2  

18  
20.4  

N -            regular concrete                                                                        L-concrete  3L concrete  )Concrete with light weight aggregates 
with CE)(  

NA -  CE regular concrete with                                                       LB-Lightweight aggregate concrete with add-on as Ventilator )CAEA(  
HYDROCHLORIC ACID ATTACK (HCL) 
Attacked by hydrochloric acid (HCL) damages the concrete through dissolution process, soluble salts are 
formed during this process and the concrete will be leached because of them. This process increases the 
pH of acidic solution. Then, hydrolysis can be resumed and finally Si, Al and Fe gels will be produced. 
During the test, it was observed that the color of the external surface of the sample is yellow where as the 
color of their inner surface was brown. This is due to differences in the amount of Fe (OH)3 ; the 
researchers have considered that the reaction of the hydrochloric acid attack occurs on the layers that 
separate areas are made up [6-10]. Results of the demolition of concrete according to the lost percentage 
are shown in figure 1. and according to the physical appearances of the samples are shown in Figure 2. 
These results show that the least damage is in concrete containing the polymer (concrete L3) and the 
greatest damage occurred in conventional concrete. In addition, the percentage of weight that lost (in 
micro size) is much more specific for conventional concrete samples with no polymer. 

 
 
 

Figure 1: Percent by weight of the concrete after placement for 3 months in 15% hydrochloric acid solution, the 
sample size is 12 × 6 × 6 cm , C- cutting level , LB-grained concrete with the Bubble, L-concrete 3L, NA-concrete 

conventional 50 K with CE, NS-concrete conventional 50 K. 
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L3 concrete is damaged more than the concrete containing light entrainment mechanism. The reason first 
is attributed to the change of concrete structure, such as adding micro-sized particles that provides a 
more compact structure. The second property is due to the hydrophobic properties of the micro-sized 
particles are created in the concrete. This reduces the absorption properties of particles that reason, the 
influence of acid, which is less than when these particles are not used. The third reason is a complex 
composition of the reaction between calcium hydroxide and carboxylate ion polymer particles are created 
[11-14]. Calcium compounds have hydrophobicity nature, so there is calcium hydroxide in the concrete 
that reduces the sensitivity against acid attack. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: The physical appearance of specimens after exposure in a solution of hydrochloric acid 15%, a) the molded  
surface b) cut surface, LB-concrete style entrainment mechanism, L-concrete L3, NA-concrete with a typical 50K CE , 

5N- conventional concrete 50K without CE. 
 
Damages are clearer in the cutting sections than intact parts. In cut sections, cement aggregates on the 
surface injured, while on the intact sections, the damage has been created directly on the cement paste 
among aggregates. In addition because of the hydroxide layer on the surface of intact samples, the acid 
penetration may delay. Damage observed in the concrete is thus: L < LB <NA < N5. 
 
SULFURIC ACID ATTACK (H2SO4) 
Hydrated Portland cement attack by sulfuric acid has two forms. 
 1) Attack by  acid or hydrogen ion and   
2) Sulfuric  ions. During this process a two types of salt are created: calcium sulfate, the sulfate ion, and 
calcium hydroxide and calcium aluminates and calcium sulfate Ettringite. These salts are expanding salts 
and the pressure that is created during their production will crack and collapse the concrete. 
The results of damages to concrete as percentage of lost weight are shown on graphical forms, in the form 
 (3) the physical appearance of the typical examples in Figure 4. a and the physical appearance of the 
cutting surface in the form (4)b . 
Sulfuric acid caused more damage on light weight concrete than regular concrete. Most damage in 
concrete containing light entrainment mechanism has been accessed. Damage in concrete is seen at the 
edges of cement, aggregates are also affected. Expansion of cement paste in concrete which is placed into 
the insoluble sulphate is smashing the light grains and increases the permeability of concrete. 
In ordinary concrete, CE does not increase resistance to sulfuric acid. Losses observed in the concrete are 
thus: L5 < NA< L< LB 
 
Lactic acid attack (CH3CHOH COOH 
Lactic acid attack is due to the formation of calcium Lactic. Composed Lactic of calcium may be easily 
separated, the abundance of ions create and enhance the conductivity. Ca (OH)2 and C3S are highly Soluble 
in lactic acid. During the experiments a hard, white insoluble substance was observed in the matrix 
between aggregates. This substance increases the weight of the concrete. 
Results of damages to the concrete are shown as percentage of lost weight in graphical form (5). Physical 
appearance of typical examples are shown in (6)a  and Physical appearance of examples that they are cut 
in surface are in (6) b. The results clearly show that the least damage occurs in lightweight concrete 
containing CE. 
 
 

(b) 

(a) 
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Concrete type 

 
Figure 3: Percent by weight of the concrete after placement in a solution of sulfuric acid (5%) after 6 weeks, the 

dimensions of specimens  12 × 6 × 6 cm, C-cutting level , LB-concrete style beads with the bubble maker, L-concrete 
L3, NA- regular concrete   50 K with CE, N5-regular concrete  50 K without CE 

 
Figure 4. The physical appearance of specimens after exposure in 5% sulfuric acid solution for three months, a) 

molded surface, b) cut surfaces, LB-light concrete with entrainment mechanism, L-concrete L3, NA-ordinary concrete 
contains 50K CE, 5N-regular concrete 50K without CE. 

 
Samples which located within the lactic acid solution aren’t damaged much. However, when samples are 
dried a white deposition appear s between the aggregate and mortar matrix on the surface. This deposit is 
similar to calcium Laktak deposits, which is created with the following reaction: 
 
                                                                                                              COOCHOHCH3 

2CH2CHOHCOOH       + Ca(OH)2                                                                                  Ca   + H2O 
                                                                                                               COOCHOHCH3 
 

Composed Laktak of calcium may be easily separated, the abundance of ions create and enhance the 
conductivity. Solubility of Ca (OH) 2 and C3S are high in lactic acid. Observed degradation in the concrete 
thus: L < NA < LB < N5. Cutting surfaces are injured more in comparing with the molded surfaces. In this 
case the damage of acid attacks to the concrete with lightweight aggregates is less than a regular concrete. 
The reasons are same as those reasons that were described in hydrochloric acid. 
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Concrete type 

Figure 5: Percents by weight of the concrete after being left to 5% lactic acid solution for three months, the samples’ 
size are 12 × 6 × 6cm, C-cutting level, LB-lightweight concrete with the bubble maker, L-concrete L3, NA-regular 

concrete 50 K with CE, N5-regular concrete 50 
 
 

 
Figure 6: The physical appearance of specimens after being left  in 5% sulfuric acid solution for three months, a) 
molded surfaces, b) cutting surfaces, LB-light weight concrete with entrainment mechanism, L- L3concrete, NA-

ordinary concrete contains 50K CE, 5N-regular concrete 50K without CE. 
 
 

CONCLUSION 
Tests show that concrete containing CE is more resistant against lactic acid and hydrochloric acid. This is 
because of hydrophobic property caused by the CE in the concrete. This property depends on the amount 
of cement. Regular concrete comparing with lightweight concrete with or without entrainment 
mechanism is more vulnerable to damage. Comparing with regular concrete, lightweight concrete has 
more cement so more Ca (OH)2 will be produced. The Ca (OH)2 reacts with HCL and produce CaCl2. In this 
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case, the concrete loses its strength. On the other hand acid attacks increase the porosity, so the acid 
penetration to the concrete will be easy.  Apart from this like regular concrete the adhesion between 
lightweight aggregate and cement is not just on the surface. Due to the porous nature of the aggregate, 
adhesive materials penetrates in to them that can be cause stronger adhesion. This means that with acid 
function on the surface, aggregates do not fall. 
However, in the case of sulfuric acid, salts and gypsum are expanding like Atryngayt, which can generate 
considerable tension. Lightweight concrete that their resistance is less than regular concrete will damage 
more.  
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