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ABSTRACT 
 

In this research, the performance of slag with metakaolin based geopolymer 

concrete in aggressive media is investigated. Firstly, the effect of adding metakaolin on 

the compressive strength of slag based geopolymer mortar is studied. Ordinary Portland 

cement and geopolymer concrete samples are then prepared and cured in water for 28 

days then immersed in tap water and in an aggressive media for 90 days. The durability 

of samples is assessed using compression test, Fourier Transform Infrared Spectroscopy 

and Scanning Electron Microscopy. Also, Linear Polarization Resistance technique is 

utilized to assess the corrosion rate of steel embedded in concrete samples. It is 

concluded that replacing slag by 5% metakaolin by weight leads to the highest 

compressive strength. The compressive strength of geopolymer in aggressive media 

boosts by up to 30% compared to tap water. Also, the corrosion rate of steel in 

geopolymer samples nearly diminishes in different media. Moreover, the microstructure 

of geopolymer matrix shows more stable behavior in aggressive media compared to 

Portland cement. 
 

KEYWORDS: Geopolymer, Slag, Meta-kaolin, Durability, Aggressive media, Steel 

corrosion.  
 

1. INTRODUCTION 
 

Recently, the world is shifting towards the use of low energy consumption 

products, sustainable development, and waste reuse industries [1]. Geopolymer 

technology is improving day after day and is going to replace Portland cement products 

in construction engineering [2]. The manufacturing process of geopolymer relies on 
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utilizing natural and/or industrial by-product materials (base materials) to meet the goal 

of sustainability and to reduce carbon dioxide emissions [3]. In spite of its promising 

strength and durability performance, geopolymer still needs more in depth research and 

advancements; i.e., the optimum mix proportions of base material, its durability and 

corrosion resistance [4]. 

Base materials are induced by adding alkaline activator solution (mainly sodium 

and potassium-based materials) which react with silicon (Si) and aluminum (Al) in base 

materials to produce geopolymer binders [5-8]. These binders are formed by dissolving 

Si and Al ions with the aid of the high alkalinity activator solution. These ions then 

coagulate in a small structure (monomer), and finally, these monomers are condensed 

to form hydrated products [9-12]. 

The effect of aggressive media on the performance of geopolymer concrete 

attracted researchers’ attention during the last few decades. Low calcium fly ash based 

geopolymer samples showed high durability when exposed to high concentrations of 

sulfuric acid and chloride solution for 180 days. The samples lost minor weight, resisted 

surface erosion and kept their ultimate strength nearly unaltered. Moreover, the concrete 

matrix acted as nearly an impermeable material which protected the embedded steel bars 

from corrosion [13]. 

On the other hand, fly ash based geopolymer mortar specimens when immersed 

in 10% magnesium sulphate solution for 24 weeks showed loss of durability. The 

samples gained very little weight and lost more than half of their ultimate strength at the 

end of the study period. Also, white deposits were formed on the surface of the samples 

as soft deposits and converted later to hard crystals [14]. Whereas, the performance of 

sodium hydroxide activated copper slag based geopolymer in sulphates and chlorides 

aggressive solutions depicted a slight increase in the compressive strength. Moreover, 

the corrosion resistance of the samples was enhanced in the aggressive media [15, 16]. 

A supporting study also concluded that the resistance of Na2CO3-activated blast furnace 

slag cement to the corrosive solution was excellent, and that the samples prevented the 

corrosion of steel bars after 7 years of immersion [17]. 
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Alkali-activated slag concrete lost less strength than Portland cement concrete 

after immersion in 5% Na2SO4 and MgSO4 solutions [18]. Another study synthesized 

slag based geopolymer with seawater in a coastal area and revealed that the compressive 

strength of the specimens improved [19]. 

It is a common practice to add metakaolin to Portland cement to obtain concrete 

with lower porosity and higher durability. However, this practice is still not well studied 

in the field of geopolymer concrete production. Therefore, a thorough experimental 

study is highly needed. Also, the corrosion resistance of geopolymer concrete needs 

more in depth investigation to explain the mechanism of steel corrosion in geopolymer 

concrete. 

The main purpose of this study is to investigate the effect of adding metakaolin 

to slag based geopolymer concrete on its compressive strength as an indicator of 

durability. The durability and steel corrosion resistance of the highest compressive 

strength geopolymer samples and Ordinary Portland Concrete samples will be tested by 

compression strength test, X-ray florescence (XRF), X-ray Diffraction (XRD), Fourier 

Transform Infrared Spectroscopy (FTIR), and Scanning Electron Microscopy (SEM) to 

identify the mechanical, chemical, mineralogical, and microstructural properties of 

geopolymer specimens. Moreover, corrosion rate of steel bars will be detected using 

Linear Polarization Process (LPR) technique. 

2. EXPERIMENTAL 

2.1 Materials 

In this study, Ordinary Portland Cement (OPC), Ground Granulated Blast 

Furnace Slag (S) and meta-kaolin (MK) are used as cementitious materials. S is an 

industrial by-product material resulting from rapid cooling of molten steel and has a 

specific gravity of 3.52. This material is supplied by the Iron and Steel Factory, Helwan 

Governate, Egypt. Also, MK is used as a partial replacement for S and is obtained by 

calcining pure kaolin at 750°C for 2 h. Kaolin used in this study is obtained from an 

open quarry located in Sinai through the Middle East Mining Company (MEMCO), and 
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its SiO2/Al2O3 molar ratio is 1.34. S and MK are grounded to obtain grain size similar 

to OPC with a value of 40 to75 microns. 

The oxide composition of S, MK and OPC is assessed using XRF analysis and is 

presented in Table 1. It is obvious that S and MK are rich in siliceous and aluminous 

compounds but have far lower calcium composition compared to OPC. The XRD 

analysis of S presented in Fig. 1 shows that there are no intense peaks, but a large diffuse 

peak at about 20-30o, indicating that the amorphous phase is dominant in S. While, XRD 

of MK shows a large intense peak at about 25o with several sharp peaks that are 

identified as kaolinite and quartz minerals. 

Table 1. Oxide composition (%weight) of the raw materials, X-ray Fluorescence 

(XRF) analysis. 
Oxide 

Composition 
CaO SiO2 Al2O3 MgO Na2O SO3 Fe2O3 

Other 

Oxides 

OPC 64.50 21.70 6.30 1.86 0.28 1.77 3.40 0.19 

S 33.07 36.59 10.01 6.43 1.39 3.52 1.48 4.88 

MK 0.14 55.01 40.94 0.34 0.09 0.00 0.55 1.15 

 

Fig. 1. XRD patterns for the base materials. 

Sodium silicate, Na2SiO3 and sodium hydroxide, NaOH at a constant ratio of 3:1 

by volume are utilized to activate the polymerization process. Na2SiO3 is a white viscous 

liquid, produced by melting sand and sodium carbonate at 1350-1450oC under steam 

pressure. Its chemical composition is 8.9% Na2O, 28.7% SiO2 and 62.5% H2O (by 

weight) with a specific gravity of 1.45. NaOH is in the form of white pellets with 99% 
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purity. NaOH solution is prepared at the desired molarity (12M) and kept in air for one 

day prior to mixing. Tap water is used throughout the synthesis process. 

The aggregates used in this study are basalt and sand. Basalt has a nominal 

maximum particle size of 12 mm, specific gravity of 2.7, unit weight of 1.68 t/m3 and 

absorption value of 0.8%. Sand has a fineness modulus of 2.6, specific gravity of 2.6, 

unit weight of 1.65 t/m3, percentage of dust and fine materials of 1.4% by weight, and 

void ratio of 29%. The reinforcing steel is high-grade tensile carbon steel, Ezz Steel with 

a yield strength of 360 MPa and 12 mm in diameter. 

2.2 Mix Proportions and Sample Preparation 

In this study, preliminary geopolymer mortar cubes of size 7 cm are prepared 

with water/S ratio of 0.4 and sand/S content of 3:1 by weight. The S material is then 

partially replaced by MK with a replacement ratio ranging from 1 to 15% by weight as 

shown in Table 2, to determine the replacement ratio that results in the optimum 

compressive strength. OPC and S+5%MK (related to the optimum compressive 

strength) plain concrete cubes of size 10 cm and reinforced concrete cylinders (5cm in 

diameter and 10cm in height) are then synthesized with basalt: sand: binder ratio of 2:1:1 

by weight and water/binder ratio of 0.47 as shown in Table 3. The cylindrical samples 

are reinforced by steel bars as shown in Fig. 2. It should be clear that the steel bars are 

initially coated by epoxy zinc primer except for two spots (of 1cm in height) that were 

left clear to form the closed current circuit as shown in Fig. 3.  

Table 2. Preliminary mortar mixes for the current study. 

* Water 

Mix OPC, g 
Slag, 

g 
MK, g 

MK:Total Base 

Material Weight 

Activator, g 

(ratio/binder) 
Sand, g 

OPC 1000 - - 0% 400 (0.40)* 3000 

S - 1000 - 0% 400 (0.40) 3000 

S+1%MK - 990 10 1% 400 (0.40) 3000 

S+3%MK - 970 30 3% 400 (0.40) 3000 

S+5%MK - 950 50 5% 400 (0.40) 3000 

S+7%MK - 930 70 7% 400 (0.40) 3000 

S+10%MK - 900 100 10% 400 (0.40) 3000 

S+15%MK - 850 150 15% 400 (0.40) 3000 
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Table 3. Concrete mixes for the current study. 

Mixes 
OPC, 

kg/m3 

Slag, 

kg/m3 

MK, 

kg/m3 

Sand, 

kg/m3 

Basalt, 

kg/m3 

Water 

(ratio/ binder) 

Activator 

solution 

(ratio/ binder) 

OPC 555 - - 555 1110 261(0.47) - 

S - 555 - 555 1110 - 261(0.47) 

S+5%

MK 
- 527.2 27.8 555 1110 - 261(0.47) 

All the blends are mechanically mixed for 3 minutes, molded and vibrated for 30 

seconds to remove entrained air. The samples are then covered with plastic wraps to 

avoid water evaporation and are cured at ambient temperature (T = 20 oC ± 2 oC, RH = 

95 ± 5%) for 24 hours. After demolding, samples are cured in a water bath for 28 days. 

Finally, concrete samples are removed from the curing water bath and are embedded in 

different aggressive media; a solution of 5% sodium chloride + 5% sodium sulfate (NC-

NS), a solution of 5% magnesium chloride + 5% magnesium sulfate (MC-MS) and 

reference samples are left in tap water (TW). The exposure period to aggressive media 

and tap water lasted for 90 days to assess the effect of these media on concrete mixes 

durability. 

                     

Fig. 2. Reinforcement details of   Fig. 3. Steel bars with epoxy zinc    

concrete cylinders.             primer and uncoated spots. 
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2.3 Methods of Investigation 

Compressive strength tests are carried out on mortar samples after 7 and 28 days 

and on concrete cubic samples after 7, 28, 60, and 90 days of immersion in different 

media. The samples are tested with a loading rate of 100 kPa/s. The crushed segments 

resulting from the compressive strength samples at 90 days of immersion are collected 

and used in FTIR and SEM tests. Perkin Elmer FTIR Spectrum RX1 Spectrometer is 

used to evaluate the functional groups in the sample. The samples are ground and 

molded with a small amount of potassium bromide and then pressed to a disk of 13 mm 

in diameter at a pressure of 8 t/cm2 for FTIR analysis. The wave number ranged from 

400 to 4000 cm-1. The microstructure of the hardened specimens is studied using SEM 

Inspect S (FEI Company, Netherlands) equipped with an energy dispersive X-ray 

analyzer. 

Steel corrosion test is conducted on the cylindrical specimens. Linear 

Polarization Resistance technique (LPR) is used to obtain the steel corrosion rate in 

accordance with ASTM C 876. The Tafel extrapolation technique is used, and the 

polarization experiments are carried out at a scan rate of 5mV/S. 

 

3. RESULTS AND DISCUSSION 

3.1 Compressive Strength 

The compressive strength of the OPC, S, and S with MK mortar samples after 7 

and 28 days, f7 and fc, respectively, is presented in Table 4. It is obvious that the optimum 

compressive strength is obtained at an MK replacement ratio of 5%. Therefore, this ratio 

is adopted in synthesizing concrete samples through the current research. 

Table 4. Compressive strength (MPa) of mortar mixes. 

Mix OPC S S+1%MK S+3%MK S+5%MK S+7%MK S+10%MK 

f7 29 46.4 36.5 44.5 45.6 38.9 37.8 

fc 44.5 61 63.1 66.2 70.3 52.7 47.5 

The compressive strength of the OPC, S, and S+5%MK concrete samples after 

curing in a water bath for 28 days (fc) are 42.5, 56.5 and 63.3 MPa, respectively. Adding 

MK to S increases the compressive strength of the mix by about 12% in comparison to 
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S mix. This can be attributed to the availability of the ready-to-release aluminum in MK. 

In consequence, this affects the gaining of strength and durability. Moreover, the high 

silica ratio in MK results in producing higher homogeneity CSH gel [20]. 

The relation between the compressive strength of the hardened concrete samples 

and immersion time in different media (after curing in water for 28 days) is shown in 

Fig. 4. Immersion in TW does not affect the compressive strength much, either for OPC 

or S+5%MK samples. While immersion in MC-MS and NC-NS weakens the 

compressive strength of OPC samples (f90/fc) by about 40%. The loss of compressive 

strength of OPC concrete in MC-MS and NC-NS media is attributed to the sulphate 

attack on Ca(OH)2 (CH) forming gypsum and on C3A forming ettringite. These 

compounds have greater volume which results in internal stresses leading to the 

formation of cracks and loss of strength. Moreover, MgSO4 has a detrimental effect; it 

attacks C-S-H, CH and C3A and results in forming a material with no bonding abilities 

[21]. Also, the presence of chlorides decomposes gypsum and ettringite in the matrix to 

a leachable material which travels out of the concrete forming salt sediments on its 

surface. In consequence, the permeability of the sample increases and its strength 

decreases with time [21]. 

On the contrary, immersion of S+5%MK in MC-MS and NC-NS enhances its 

compressive strength (f90/fc) by about 15% and 33%, respectively. This may be 

attributed to the formation of more stable C-S-H gel matrix [19]. Also, the higher pace 

of compressive strength development with time in NC-NS compared to MC-MS is 

obvious. This higher rate of evolution of compressive strength in Na2SO4 is due to the 

role of sodium sulfate as an activator for slag and other cementing components [22, 23]. 

Also, geopolymer reaction produces an alkaline Al/Si gel which is totally different from 

OPC C-S-H gel, and CH formation is usually suppressed. Therefore, geopolymer 

generally isn’t attacked by sulphates or leached by chlorides and acts as a durable 

material against these aggressive media [24]. 
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Fig. 4. Effect of immersion period in different media on concrete 

compressive strength. 
 

The visual inspection conforms to the literature and the findings of the 

compressive strength test. Figure 5 shows the physical appearance of OPC and 

S+5%MK concrete samples after immersion in NC-NS and MC-MS media for 90 days. 

Cracks and disintegration of the edges and corners of OPC sample are obvious. Also, 

the salt crystals are sedimented on the specimen’s surface. On the contrary, S+5%MK 
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sample preserved its shape and integrity. Moreover, there is a minor amount of salt 

sedimentations on sample’s surface. 

 

        

 

 

 

 

 

a-OPC Specimen (NC-NS)               b-S+5%MK Specimen (NC-NS)        c-S+5%MK Specimen (MC-MS) 

Fig. 5. Effect of immersion in different aggressive media for 90 days on the 

appearance of concrete samples. 
 

3.2 Electrochemical Behavior of Reinforcing Steel  
 

LPR technique is used to study the protection ability of various cementing 

materials against steel corrosion in different media. Table 5 shows the corrosion rate 

(µmY-1) for all samples at different time interval 7, 28, 60 and 90 days of immersion in 

different media. 

Generally, the corrosion rate of OPC samples in different media is significantly 

higher than geopolymer samples. It is worth mentioning that the protection against 

corrosion in OPC can be achieved through two mechanisms. The first mechanism is 

related to the formation of the passive layer on steel surface with the aid of the high 

alkalinity of CH [4, 25]. The second mechanism includes the blocking role of C-S-H 

gel, which physically protects the steel matrix [5, 26]. The superior protection of 

S+5%MK samples against corrosion is due to its higher density (higher compressive 

strength) and a higher pH value than the OPC samples. Moreover, it possesses higher 

resistance to be leached by NC-NS medium or to be decomposed by MC-MS medium. 

The presence of slag also prohibits chloride ions from reaching the reinforcement [1, 

27]. 
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Table 5. Corrosion rate (µmY-1) of reinforcement steel in different concrete samples in 

different aggressive media. 
Mixes 7 days 28 days 60 days 90 days 

T
W

 OPC 260 130 21 3 

S+5%MK 1.2 0.49 0.47 0.44 

N
C

-

N
S

 OPC 635 760 1001 630 

S+5%MK 13 11 2 0.2 

M
C

-

M
S

 OPC 220 250 750 1300 

S+5%MK 25 0.65 0.5 1.5 

Figure 6 shows the samples which were exposed to different aggressive media 

for 90 days. On one hand, S+5%MK samples show the best performance as they contain 

very low amount of CaO. This prevents the formation of calcium carbonate. 

Consequently, no white deposits (salt) were formed. On the other hand, OPC samples 

with higher rates of CaO which react with carbon dioxide led to the appearance of 

calcium carbonate salts [1, 27]. It should be noted that the immersion mediums are not 

allowed to reach the reinforcement, therefore, the upper face of the samples are directly 

exposed to air. 

 

  

 

 

           

         a-OPC                              b-S+5%MK (NC-NS)              c- S+5%MK (MC-MS) 

Fig. 6. Photos of samples after exposure to different media for 90 days. 

3.3 Microstructure of Concrete Specimens 

3.3.1  Infrared analysis 

IR spectroscopy can provide valuable information regarding the silicate, 

sulphate, and carbonate phases in the concrete matrix [28]. The infrared spectra of OPC 

and S+5%MK after immersion in different media for 90 days are given in Fig. 7 and 
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Fig. 8, respectively. In relation to OPC after comparing the spectra of OPC concrete in 

TW with NC-NS and MC-MS, the following observations are detected: the loss of Si-O 

bond in CSH gel as the band of 463 and 1031 cm-1 (points 1 and 4 on the spectrum) 

nearly disappeared. This can be attributed to the leaching effect of the aggressive 

chloride solutions. 

Also, the formation of new S-O stretch bands is identified at 953 and 1135 cm-1 

in case of NC-NS and MC-MS, respectively. This can be interpreted as the formation of 

ettringite in case of NC-NS, and with denser concentrations in MC-MS referring to the 

formation of hydrated magnesium silicate, which is characterized by having no bonding 

ability. Points 2, 3, 5 and 6 (711, 874, 1385 and 1430 cm-1) show loss of calcite in the 

OPC. This may have resulted from the higher porosity of the concrete and consequently 

the leach of portlandite. Points 7 and 8 (1633 and 3470 cm-1) refer to the loss of 

crystalline water in OPC concrete leading to higher permeability and loss of strength 

[21]. 

In relation to S+5%MK, and after comparing the spectra of the sample in TW 

with NC-NS and MC-MS, the following characteristics are observed: the gain of Si-O 

bond in geopolymer matrix as the band of 450 and 1003cm-1 (points 1 and 3 on the 

spectrum) enhances in MC-MS due to the use of high ratio of Na2SiO3 in the activator 

solution [29] and boosts in NC-NS. This can be attributed to the activation effect of the 

NC-NS media [22, 23]. Points 2, 4 and 5 (874, 1385 and 1420 cm-1) show formation of 

sodium and magnesium carbonate in the geopolymer matrix. This may have resulted 

from the reaction between the aggressive media with lime in the geopolymer. Points 6 

and 7 (1633 and 3470 cm-1) refer to the denser formation of crystalline water in 

geopolymer leading to lower permeability and gain of strength [30]. 

3.3.2   Scanning electron microscopy (SEM) 

After the immersion of OPC and S+5%MK samples in different media for 90 

days. The samples are tested in compression and the crushed pieces, which have thin-

flat surfaces, are collected and scanned using SEM. Figure 9-a shows the microstructure 

of the OPC sample immersed in TW for 90 days. The hydration compounds are clear: 
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CH appears as hexagonal crystals, calcium silicate hydrate as gel, ettringite as needles 

in addition to an obvious number of voids. In relation to, NC-NS and MC-MS (Fig. 9-

b. and Fig. 9-c.) most of portlandite is decomposed and is turned into gypsum and 

sodium and magnesium silicate hydrate. Moreover, ettringite density increases, and the 

porosity is remarkably decreased causing internal pressures and formation of micro 

cracks as a result [21]. 

           

Fig. 7. FTIR of OPC samples after 90 days of immersion in different media. 

   

Fig. 8. FTIR of S+5%MK samples after 90 days of immersion in different Media. 
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a- TW 

 

b- NC-NS     c- MC-MS 

Fig. 9. SEM of OPC samples after 90 days of immersion in different media. 
 

Figure 10-a shows the microstructure of the S+5%MK sample immersed in TW 

for 90 days. The gel structure of geopolymer is obvious. This can be explained that the 

use of NaOH causes the formation of stronger bonds between Al and Si in geopolymer 

matrix. Moreover, the use of Na2SiO3 solution provides more free silicates, which 

increases the density of the geopolymer and strengthens the bonds between Si, O, and 

Al. The denser geopolymer structure means higher mechanical and more robust physical 

characteristics. Also, the plate-like elements in the SEM can be interpreted as unreacted 

MK, which resulted from the inhomogeneous mixing of the ingredients. Moreover, 

pores can be observed with far lower amounts than in OPC [24].  
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Figure 10-b shows the effect of NC-NS on geopolymer matrix after 90 days of 

immersion. Sodium sulphate deposits can be observed. This resulted from the seepage 

of sodium ions in the matrix. Moreover, the partial transformation of the structure from 

amorphous to crystalline is obvious. This can be attributed to the duration of immersion, 

and it can be the reason of the higher compressive strength of the samples after the 

period of exposure [20]. Figure 10-c shows the effect of MC-MS on geopolymer matrix 

after 90 days of immersion. The leak of magnesium ions into the matrix can be noticed, 

and this leads to the formation of Si-Al gel with some Mg to appear intermittently in the 

matrix. However, this change in the gel seems to have no considerable effect on its 

strength [20].  

   

a- TW 

  

b- NC-NS     c- MC-MS 

Fig. 10. SEM of S+5%MK samples after 90 days of immersion in different media. 
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4. CONCLUSIONS 

The high durability of slag with meta-kaolin based geopolymer in sulphate and 

chloride aggressive media is addressed. Adding meta-kaolin as a partial replacement of 

slag by a ratio of 5% to the geopolymer mix enhances its compressive strength by about 

12%. Moreover, immersion in aggressive media improves geopolymer compressive 

strength by ratios up to 30%, and the corrosion rate for steel bars significantly decreases. 

It is concluded that the chemical performance of the geopolymer matrix in the aggressive 

media is totally different from that of Portland cement. The absence of portlandite and 

the low amount of calcium in geopolymer make it more durable than conventional 

Portland cement mixes. 
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 المتانة ومقاومة تآكل حديد التسليح للخرسانة الجيوبوليمرية المكونة من الخبث والميتاكاولين
 

لأاسااااااج  تحت تأثمر ا يدرس البحث أداء الخرسااااااجيو اليمريرلالركو اللنريو بث الخمث االلميج جالمث
اللهججلو لهج حمث تلت دراسااااااو تأثمر الااااااجلو اللميج جالمث لضغ بلجابو ال ااااااول لضخرسااااااجيو اليمريرلالركو 
اللنريو بث الخمث ا تيهمز لمنجت بريو اخرسااجيو بث الأساالنت المررت يدع ال جدع االيمريرلالر االر ج 

ال منجت بجخيبجرات بلجابو ال اااول ا الأ الأ ااا و يرم ليحديد بيجيو  90لي اللجء االأاساااج  اللهججلو لهج 
تحت الحلراء االيصركر بجللانراسنرب الالكيرايي ادراسو بلجابو تآ ل حديد اليسضاح بجل منجت الخرسجياو 
بجخيبجر بلجابو الاساااااااااااايلسجب الخسي ااسااااااااااااينيجا ابنجياو الرساااااااااااار  لألضغ بلجابو لااااااااااااول لضخرسااااااااااااجيو 

جالمث بث ازن الخمث حمث تممث أن بلجابو ال ااااااااااااااول ل منجت بث اللميج   % 5اليمريرلالركو بإلااااااااااااااجلو 
لي الأاساااااااااج  اللهججلو بجلللجريو ب منجت اليمريرلالر الل جليو لي اللاج    % 30اليمريرلالر تزكد حرالي 

اأن ب ااد  تااآ اال الحااديااد لي لمنااجت اليمريرلالر فنااجد فصاااااااااااااااال لضصاااااااااااااا ر اان اليكركث الليهرع ل منااجت 
 ثر بلجابو للأاسج  اللهججلو بجلللجريو ب منجت الأسلنت المررت يدى.اليمريرلالر فظهر بنجء أ 

 


