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Graphical/Tabular Abstract (Grafik Özet) 

Metal foams stand out in sectors such as the automotive industry, aerospace, and defense industries 

due to their very low densities and high energy absorption properties. Despite their highly porous 

structure, metal foams possess high strength, low thermal conductivity, and high energy absorption 

capacity. This article provides general information about closed-cell Al-based metallic foam 

materials produced using powder metallurgy (PM) methods. It also provides general information 

about the production of metallic foam-reinforced integrated armor materials. / Metal köpükler, çok 

düşük yoğunlukları ve yüksek enerji emme özellikleri nedeniyle otomotiv endüstrisi, havacılık ve 

savunma endüstrileri gibi sektörlerde öne çıkmaktadır. Yüksek gözenekli yapılarına rağmen, metal 

köpükler yüksek mukavemet, düşük ısı iletkenliği ve yüksek enerji emme kapasitesine sahiptir. Bu 

makale, toz metalurjisi (PM) yöntemleri kullanılarak üretilen kapalı hücreli Al bazlı metalik köpük 

malzemeler hakkında genel bilgiler sunmaktadır. Ayrıca, metalik köpük takviyeli entegre zırh 

malzemelerinin üretimi hakkında genel bilgiler de vermektedir. 

   

Figure A: The porous structure of metallic foam / Şekil A: Metalik köpüğün gözenekli yapısı 

Highlights (Önemli noktalar)  

Information is provided on the properties of porous structures and very low-density metallic foams, 

different production methods, and application areas/ Gözenekli yapıların ve çok düşük yoğunluklu 

metalik köpüklerin özellikleri, farklı üretim yöntemleri ve uygulama alanları hakkında bilgi 

verilmektedir. 

Aim (Amaç): Despite being relatively new, metallic foams have found widespread application. This 

section introduces the different production methods of metallic foams and the resulting properties./ 

Oldukça yeni bir malzeme olmasına rağmen, metalik köpükler yaygın olarak kullanılmaktadır. Bu 

bölümde, metalik köpüklerin farklı üretim yöntemleri ve ortaya çıkan özellikleri tanıtılmaktadır. 

Originality (Özgünlük): The study presents both an extensive literature review and original 

experimental results. / Çalışma hem geniş bir literatür taramasını hem de orijinal deney sonuçlarını 

sunmaktadır.  

Results (Bulgular): The article presents foam structures obtained using different production 

methods. / The article presents foam structures obtained using different production methods. 

Conclusion (Sonuç): This article provides extensive information on the production of foam 

materials with different ceramic reinforcements or without reinforcement, and their general 

applications../ Al esaslı köpük malzemenin farklı seramik takviyeli veya takviyesiz olarak üretimi 

ve genel kullanım alanları ile ilgili geniş bilgiler sunmaktadır. 

https://orcid.org/0000-0002-3120-1599
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Abstract 

Metallic foams, which have been the subject of intense research in both academic and industrial 

fields in recent years, are extremely lightweight and porous materials. Their very low density and 

high energy absorption properties have made them prominent in sectors such as the automotive 

industry, as well as the aerospace and defense industries. Despite their highly porous structure, 

metallic foams possess high strength, low thermal conductivity, and high energy absorption 

capacity. The mechanical properties of metallic foams vary depending on the shape, size, and 

surface area of the pores, the properties of the reinforcement elements added to the structure 

during production, and their interaction with the matrix material. Foam materials have become 

particularly attractive to vehicle designers due to their light weight and energy absorption 

properties. Although they are used in many different areas of the vehicle, the primary goal is to 

minimize damage to the vehicle and minimize occupant harm in the event of a collision. 

Furthermore, in today's world where energy and the environment are paramount, reducing vehicle 

weight will reduce fuel consumption, increase efficiency, and minimize environmental damage. 

This article provides general information about closed-cell Al-based metallic foam materials 

produced using powder metallurgy (PM). It also provides comprehensive information on 

specialized production methods, including reinforced and unreinforced foam production, 

sandwich foam production, spherical foam production, and metallic foam-filled profile 

production. It also provides general information on the production of metallic foam-reinforced 

integral armor material, a very new application, and other applications. 

 

Toz Metalurjisi Yöntemiyle Alüminyum Esaslı Köpük Üretimi, Uygulama 

Alanları ve Polimer Esaslı Zırhlarda Enerji Sönümleme Amaçlı Kullanımı 
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Öz 

Son yıllarda hem akademik hem de endüstriyel alanlarda yoğun araştırmalara konu olan metalik 

köpükler, oldukça hafif ve gözenekli yapıya sahip malzemelerdir. Bu malzemeler, çok düşük 

yoğunlukları ve yüksek enerji emme özellikleriyle otomotiv endüstrisi başta olmak üzere 

havacılık ve savunma sanayi gibi alanlarda öne çıkmaktadır. Metalik köpükler oldukça gözenekli 

yapılarına rağmen yüksek mukavemet, düşük ısı iletkenliği ve yüksek enerji emme kapasitesine 

sahiptir. Metalik köpüklerin mekanik özellikleri, gözeneklerin şekline, boyutuna ve yüzey 

alanına, üretim sırasında yapıya eklenen takviye elemanlarının özelliklerine ve matris 

malzemesiyle etkileşimlerine bağlı olarak değişiklik gösterir. Köpük malzemeler, hafiflikleri ve 

enerji emme özellikleri nedeniyle araç tasarımcıları için özellikle cazip hale gelmiştir. Aracın 

birçok farklı alanında kullanılmalarına rağmen, özellikle çarpışma durumunda araçta 

oluşabilecek hasarın en aza indirilmesi ve yolcuların en az zarar görmesi hedeflenmektedir. 

Ayrıca, enerji ve çevrenin önemli olduğu günümüzde, araç ağırlığının azaltılması yakıt tüketimini 

azaltacak ve verimliliği artırarak çevreye verilen zararı en aza indirecektir. Bu makalede, toz 

metalurjisi (TM) yöntemiyle üretilen kapalı hücreli Al esaslı metalik köpük malzemeler hakkında 

genel bilgiler verildikten sonra, takviyeli ve takviyesiz köpük üretimi, sandviç köpük üretimi, 

küresel köpük üretimi ve metalik köpük dolgulu profil üretimi gibi özel üretim yöntemleri 

hakkında kapsamlı bilgi verilmektedir. Ayrıca, çok yeni bir uygulama olan metalik köpük 

takviyeli integral zırh malzemesinin üretimi ve diğer uygulamalar hakkında genel bilgiler 

verilmektedir. 
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1. INTRODUCTION (GİRİŞ) 

Metallic foams with a highly porous and lightweight 

structure are considered as new engineering 

materials and have been developed primarily for the 

aerospace and defense industries and the 

automotive industry. Traditional solid metals are 

limited in achieving simultaneous weight reduction 

and high mechanical performance, which has driven 

significant research and industrial interest in 

metallic foams. These ultra-light materials exhibit 

unique mechanical properties due to their low 

density and toughness as well as high compressive 

strength, hardness, high sound and heat insulation 

properties, vibration damping and high impact 

energy absorption properties [1-15]. Due to the 

above-mentioned properties, many different studies 

have been conducted on these materials and they 

have found the opportunity to be used in many 

different areas.  

Metallic foams are generally produced as open and 

closed pores [2, 16-24]. Photographs showing the 

structures of open and closed pore metallic foams 

are given in Figure 1 and Figure 2, respectively. 

Figure 3 shows the triple cell wall connection in a 

closed-pore foam structure. By controlling the pore 

size and shape in foam materials, it is possible to 

control many properties, especially mechanical 

properties [25-30]. There are quite detailed studies 

on the control of cell size and shape of the foam 

structure during production, as it affects many 

properties, especially mechanical properties [31-

36]. In addition to the environmental conditions, the 

high temperature resistance of metallic foams and 

their ability to maintain their structure and 

properties at these temperatures are important. The 

most popular among metallic foams are 

undoubtedly Al foams and studies on them have 

been continuing for a long time both scientifically 

and industrially [4, 6, 24, 37-40]. Although there are 

different production methods, the ability to produce 

close to the final shape with the PM method and to 

control the cell structure at the same time provides 

a great advantage. In addition, these materials have 

been used in many different engineering 

applications due to their weldability, drilling, 

bending and machinability advantages. [41-50]. 

Among these areas, the automotive and aviation 

industries, where low density is particularly 

important, undoubtedly come first [2, 8, 19, 51-53]. 

Although Al foams are widely produced and used 

among metallic foams due to their many superior 

properties [6, 54-56], industrial experience shows 

that almost all metals can be converted into foam 

metal. Materials such as Mg, Zn, Pb, Fr, Ni, Ti, Cu, 

brass and all its alloys [57-64] and Al3Ni, Al-Cu, 

MMC, metallic glass can also be converted into 

foam metal [65]. 

The mechanical properties of metallic foams, 

especially those reinforced with ceramic particles, 

are far superior to polymeric foams and other 

unreinforced foam materials [56]. Their high 

temperature resistance and preservation of structure 

and properties at these temperatures are among their 

important differences [66].  

In many materials, weight reduction and good 

mechanical properties can be achieved 

simultaneously with minor changes or treatments 

[3-5]. Therefore, composite foams reinforced with 

various reinforcement elements are preferred where 

high strength is required. Fine ceramic powders are 

added as reinforcement elements to ensure stability 

during the foam production phase with PM. 

   

Figure 1. Pore structure of Al 

foam material with open pore 

structure. (Açık gözenek yapısına sahip 

Al köpük malzemesinin gözenek yapısı) 

Figure 2. Pore structure of Al 

foam material with closed pore 

structure. (Kapalı gözenek yapısına 

sahip Al köpük malzemesinin gözenek 

yapısı.) 

Figure 3. SEM image of the foam 

structure consisting of thin and 

homogeneous cell walls in %2 

Si3N4 reinforced Al-based foam 

material. (%2 Si3N4 takviyeli Al esaslı 

köpük malzemesinde ince ve homojen 

hücre duvarlarından oluşan köpük 

yapısının SEM görüntüsü.) 
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Examples of commonly used reinforcement 

materials are SiC, Al2O3, TiB2, B4C or Si3N4. [67-

76]. These ceramic particles increase the viscosity 

of the melt, make the flow more difficult and reduce 

the downward drainage of the liquid by pore 

growth, resulting in a more homogeneous pore 

structure [77, 78]. The homogeneous pore structure 

causes many properties specific to metallic foams, 

especially mechanical properties, to be exhibited 

homogeneously throughout the material. The 

particles added as reinforcement elements adhere to 

the gas-liquid interface during the foaming process 

and reduce the pressure differences between the 

plateau boundary and the pore walls by modifying 

the slope of the foam walls [79-81].  

Although studies on open and closed pore metallic 

foams are being conducted, closed pore metallic 

foams are more popular because they exhibit higher 

mechanical properties. [48, 70, 82-90]. The 

development of foam technology has highlighted 

the need for a more scientific understanding of foam 

stability, and detailed studies have been and 

continue to be conducted at many universities and 

research institutes. [1, 91, 92]. Studies show that in 

addition to pore morphology, the amount, size and 

purity of the reinforcement elements added to the 

structure are effective on the stability and 

mechanical properties of the foam material [72, 79, 

93-96]. Therefore, in cases where strength is 

important, the use of reinforced composite foams 

has been suggested in addition to foams with small 

pore sizes and thick cell walls. [67, 68, 77, 91, 97]. 

Different production methods are used in the 

production of closed-cell foam. The most 

commonly used methods are melting, casting and 

PM methods. Some of these are named according to 

their production methods, while others are named 

according to the manufacturer's trade name or 

production method. The most common ones 

produced with the PM method are; IFAM [98-100] 

Alu-Foam, Schunk and Alulight Mepura methods 

[52, 74, 98, 101-104].Studies have shown that many 

properties of the foam material depend on the pore 

structure, shape, size and foam density [3, 25, 32, 

105]. It has been reported that the density and pore 

size of the foam material also depend on the amount, 

type, size, foaming temperature and duration of the 

foaming agent [27, 106]. Studies have shown that 

the matrix and reinforcement element powder size 

and the foaming agent particle size also affect the 

pore structure and pore size. It is important that the 

properties of the foaming agent used are compatible 

with the matrix material. The most important of 

these properties are the melting temperature of the 

matrix material and the decomposition temperature 

of the foaming agent. The most commonly used 

foaming agent in Al foam production is TiH2, but 

ZrH2 and CaCO3 are also used. Foaming agents 

such as CaH2, MgCo3, CaSO4, FeSO4, PbCO3, 

PbO, Na3N are also used at certain temperatures 

and pressures, although not very intensively [99, 

106-109]. This review provide a comprehensive 

investigation into the production methods, types, 

properties, and application areas of metallic foams, 

with a particular focus on aluminum-based foams 

produced via the Powder Metallurgy (PM) method. 

2. STANDARD POWDER METAL 

PRODUCTION METHOD (STANDART TOZ 

METAL ÜRETİM YÖNTEMİ) 

Although PM foam production methods, known by 

various trade names, vary slightly from one another, 

the basic production method is based on the 

principle of homogeneously mixing a foaming 

agent added to metal powders, compressing them at 

room temperature or in a hot mold, and then 

foaming them at a temperature close to the melting 

point of the base material [28, 71, 100, 101, 110-

115]. This method provides a cost-effective and 

scalable pathway for producing closed-cell metallic 

foams with controlled porosity and desirable 

mechanical performance, making it a cornerstone in 

both academic research and industrial applications. 

In the production of Al foam, the process begins 

with mixing the starting powders (such as foaming 

agent, Al powder and/or reinforcement element) as 

shown in Figure 4. The green strength is imparted 

to the mixed powders by cold pressing process. 

[116]. The powder block, which is still in its raw 

density, is then hot extruded or hot rolled, taking 

into account the dimensions of the material to be 

produced [38, 87, 103, 117-119]. In case of hot 

pressing of powder, foaming agent and reinforcing 

element, a preform is obtained which can be foamed 

directly without any additional process such as 

rolling or extrusion. This process has been widely 

used by Gazi University PM team recently [1, 118, 

120]. Thus, as shown in Figure 5, compressed and 

foamable preform samples with a homogeneous 

structure consisting of the reinforcement element, 

foaming agent, and base metal are produced [110, 

121].  

However, in the case of cold pressing, after the 

rolling process, cracks occur at the edges of the 

preform materials. In order to prevent gases from 

escaping from the cracks and pores formed at the 

edges and near-edge areas during the subsequent 

foaming process, these areas are cut before the 

foaming process. Many literature sources indicate 
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that Al foam alloys are generally foamed with TiH2 

[122]. As a result of heating TiH2, which is used as 

a foaming agent for Al and its alloys and is 

homogeneously distributed in the structure, to 

around the melting point, expansion is observed in 

the material with the gas released by the separation 

of titanium and hydrogen (hydrogen gas is 

released), and closed-pore foam is formed  [87, 117, 

123-125]. Hydrogen release in TiH2 starts at about 

450oC and continues at higher temperatures [25, 

126]. This temperature is well below the melting 

point of commercial Al alloys. Optimization of 

process parameters such as temperature, holding 

time, and foaming agent content is essential for 

achieving uniform pore distribution and avoiding 

collapse. Keeping the material at the foaming 

temperature for a long time causes the foam 

structure to collapse, the main structure to deform 

and some pores to merge and enlarge [56]. 

 
Figure 4. Illustration of the stages of classical metallic foam production using the PM method. (PM yöntemi 

kullanılarak klasik metalik köpük üretiminin aşamalarının gösterimi.)  [1, 25, 127].  

If the foaming process is carried out within 

appropriate parameters, a homogeneously 

distributed pore structure with the desired properties 

is obtained. In cases where mechanical properties 

are important, foam materials with fine pores and 

thick cell walls are generally preferred, while foam 

materials with larger pores and thin cell walls are 

preferred in places where sound and heat insulation 

are required. One of the most important parameters 

affecting the foam structure is the amount of 

foaming agent. In the case of using low amounts of 

foaming agent, high density and fine porous foam 

material is obtained, while in the case of using high 

amounts of foaming agent, low density, coarser 

porous and thin pore wall foam structure is obtained 

[110, 111].  

Figure 6 and Figure 7 show the foam structures of a 

series of materials reinforced with 5% Al2O3 

produced at different times and temperatures using 

different amounts of foaming agent. As can be seen 

in the figure, while finer and more homogeneous 

foam structure is obtained at low amounts of 

foaming agent or low foaming temperature, foams 

with coarser porous structure and thin pore walls are 

obtained with the increase in the amount of foaming 

agent or foaming temperature [95, 97].  

 
Figure 5. Appearance of homogeneously dispersed 

phases formed by milling and subsequently pressing 

the Al-based metallic foam material in a three-

dimensional turbola for 45 minutes [110]. (Al bazlı 

metalik köpük malzemenin frezelenmesi ve ardından üç 

boyutlu bir turbola içinde 45 dakika boyunca preslenmesiyle 

oluşan homojen olarak dağılmış fazların görünümü.) 

In addition, as seen in Figure 7.c and Figure 7.d, 

keeping the foaming time longer than necessary or 

increasing the amount of foaming agent will first 

cause the foam structure to grow and then collapse 

and the structure to deteriorate. Partial foam wall 

melting in the material occurs due to high foaming 

temperature, long-term foaming process or use of 

high amount of foaming agent. If any or all of these 

are excessive, the foam structure is doomed to grow 

by merging or collapse. Figure 8 shows the foam 

structure consisting of thin cell walls and the next 

stage of cell wall coalescence and collapse.  
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To prevent collapse, the prepared foamable preform 

material must be checked frequently during the 

foaming process, the foam sample must be carefully 

monitored during the foaming stage, and it must be 

removed from the furnace before collapse begins. 

Figure 9 shows a furnace specifically designed and 

manufactured by the Gazi University Powder 

Metallurgy team for foam material production,  

featuring a movable base plate, a fan for uniform 

heat distribution, and an inspection window for 

monitoring foaming stages. Figure 10 shows some 

examples of metallic foam produced using the PM 

method at the Department of Metallurgical and 

Materials Engineering, Faculty of Technology, Gazi 

University. 

 

Figure 6. Pore structures depending on the TiH2 

amount in samples foamed at 670˚C from Alumix 

231 powder 5% Al2O3. a) 0.5% TiH2, b) 1 % TiH2, 

c ) 1.5 % TiH2 and  d) 2% TiH2 [97, 128]. (%5 Al2O3 

içeren Alumix 231 tozundan 670°C'de köpürtülen 

numunelerde TiH2 miktarına bağlı olarak gözenek yapıları. a) 

%0,5 TiH2, b) %1 TiH2, c) %1,5 TiH2 ve d) %2 TiH2.) 

Figure 7. Pore structures depending on the TiH2 

amount in the samples produced at 710˚C from 

Alumix 231 powders containing 5% Al2O3. a) 0.5 

TiH2, b) 1% TiH2, c) 1.5 TiH2 d) 2% TiH2). Figures 

a and b show ideal foam structures with fine and 

coarse pore structures, respectively, while Figure 

c shows the beginning of collapse in the pores, and 

Figure d shows complete degradation of the pore 

structure [97, 128]. (%5 Al2O3 içeren Alumix 231 

tozlarından 710°C'de üretilen numunelerde TiH2 miktarına 

bağlı olarak gözenek yapıları. a) 0.5 TiH2, b) %1 TiH2, c) 1.5 

TiH2 d) %2 TiH2). Şekil a ve b'de sırasıyla ince ve iri gözenek 

yapılarına sahip ideal köpük yapıları gösterilirken, Şekil c 

gözeneklerde çökmenin başlangıcını, Şekil d ise gözenek 

yapısının tamamen bozulmasını göstermektedir.) 

 

  
Figure  8. The macrostructure image on the left shows the general pore structure 

and thin, uniform wall thicknesses, while the image on the right shows partial 

foam wall melting due to high foaming temperature, long foaming time, or high 

concentration of foaming agent. Prolonged exposure to high temperatures caused 

the foam to collapse. The melted wall regions are indicated by arrows in the 

image. (Soldaki makro yapı görüntüsü, genel gözenek yapısını ve ince, düzgün duvar 

kalınlıklarını gösterirken, sağdaki görüntü, yüksek köpürme sıcaklığı, uzun köpürme süresi veya 

yüksek konsantrasyonda köpürtücü madde nedeniyle kısmi köpük duvar erimesini göstermektedir. 

Köpüğün yüksek sıcaklıklara uzun süre maruz kalmak köpüğün çökmesine neden oldu. Ergimiş 

duvar bölgeleri görüntüdeki oklarla belirtilmiştir.) 
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Figure 9. shows a furnace specifically designed and built at Gazi University for foam production. The 

furnace has a movable base plate, a fan to ensure uniform heat distribution, and an inspection window to 

control the foaming stages. (Şekil 9, Gazi Üniversitesi'nde köpük üretimi için özel olarak tasarlanıp kurulan bir fırını 

göstermektedir. Fırın, hareketli bir taban plakasına, homojen ısı dağılımı sağlayan bir fana ve köpüklendirme aşamalarını kontrol 

etmek için bir kontrol penceresine sahiptir.) 

Figure 10. Examples of reinforced and unreinforced Al foam samples of various shapes produced at Gazi 

University Faculty of Technology [34]. (Gazi Üniversitesi Teknoloji Fakültesi'nde üretilen çeşitli şekillerdeki takviyeli 

ve takviyesiz Al köpük numunelerine ait örnekler.) 

Figure 11 and Figure 12 show the effects of 

different temperatures and different foaming agent 

(TiH2) ratios on the linear expansion and density in 

Al foam containing 5 % Al2O3. As seen in Figure 

11, in samples produced from Alumix 231 (Al-2.5% 

Cu, 0.5% Mg, 14% Si) powder containing 5% 

Al2O3, expansion of approximately 250% was 

observed at 650, 670, 690 and 710 oC with the 

addition of 0.5% TiH2, while in samples foamed 

with the addition of 1% blowing agent, the highest 

expansion was obtained at 690 oC with 460%. The 

lowest expansion was obtained at 650 oC with 

300%. When 1.5% and 2% foaming agent was used, 

there was not much change at 650, 670 and 690 oC 

and a very high expansion of about 460% was 

observed, close to the value obtained at 1%. These 

results indicate that more than 1% foaming agent 

does not contribute to foaming at these 

temperatures. When the graph is evaluated in 

general, while samples with acceptable density 

values (less than 0.8 g/cm3) were obtained at all 

temperatures tested in all samples containing 1% 

and above TiH2, this value could only be achieved 

in the sample foamed at 710 oC using low frother 

(0.5% TiH2). 

As seen in Figure 12, the highest density in the 

tested sample was obtained in samples containing 

0.5% TiH2 at a foaming temperature of 650 °C, 

while the lowest density was obtained in the sample 

containing 2% TiH2 at a foaming temperature of 

690 °C. From these results, it can be said that the 

increase in the foaming temperature and the 

foaming agent cause a decrease in density. Since the 

increase TiH2 ratio will cause more gas release in the 

sample at foaming temperature, the structure will be 

more porous and the sample will have lower 

density. The reason for the decrease in the density 

of the sample due to the increase in foaming 

temperature and foaming agent amount is the 

thinning of the pore walls, the merging in the pores 

and the formation of large gas voids [111, 112]. 

Figure 13 shows macrostructure images obtained 

during compression tests on Al foam. Foam metal 

exhibits uniform strength, as expected, during 

compression testing. This is one of the important 

properties of materials. Although the wall thickness 

of the foam material is not uniform throughout, 

crushing occurs almost uniformly throughout the 

compression test. Figure 14 shows the initiation and 

progression of a crack in the material in a transverse 

repture strength test. Although such porous 
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structures are successful in compression and shock 

absorption, they cannot show the same strength in 

tensile tests and transverse repture strength tests due 

to the notch effect of the porous structure and 

surface defects they contain. As can be seen in the 

figure, due to a defect located on the surface of the 

foam material or just below the surface, these areas 

act as crack initiation with the tension applied to the 

sample and eventually fracture is occurs with the 

progression of the crack. If the surface of the 

material contains no obvious defects in the non-

foaming region, known as the shell, and the pores 

within the structure are homogeneous, the material 

will exhibit uniform bending behavior without 

fracturing or separating, as seen in Figure 15. Figure 

shows the pore structure of two different foam 

materials deformed at 656°C and a cross-sectional 

view showing the deformation patterns in the pore 

structures. In Al foam materials with a uniform 

surface shell structure, more uniform deformation is 

observed during bending, and no cracking or 

fracture occurs [48, 83]. 

 
Figure 11. Effect of different temperature and 

amount of foaming agent (TiH2) on linear expansion 

in Al foam [97, 128]. (Farklı sıcaklık ve köpük oluşturucu 

madde (TiH2) miktarının Al köpüğünde lineer genleşmeye 

etkisi.) 

 
Figure 12 Effect of different foaming temperature 

and amount of foaming agent (TiH2) on the density 

of Al foam (Farklı köpükleme sıcaklığı ve köpükleme 

maddesi (TiH2) miktarının Al köpüğün yoğunluğu üzerindeki 

etkisi) [97, 128]. 

 

 
Figure 13. Gradual display of deterioration of foam 

material due to deformation applied during 

compression test. (Basınç testi sırasında uygulanan 

deformasyon nedeniyle köpük malzemesinin kademeli olarak 

bozulması) 

 
Figure 14. In transverse rupture strength test, crack 

initiation, propagation and fracture stages of the 

specimen due to a small defect in the material. (Enine 

kopma dayanımı deneyindeki, malzemedeki küçük bir 

kusurdan dolayı numunede çatlak başlangıcı, yayılması ve 

kırılma aşamaları) 

 
Figure 15. Change in the macrostructure after free 

deformation of Al (AlMg1Si0.6TiH20.8) foam 

material at 656 oC. [48, 83]. (Al (AlMg1Si0.6TiH20.8) 

köpük malzemesinin 656oC’de serbest deformasyonundan 

sonra makro yapısındaki değişim.) 
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3. POWDER METAL ALUMINIUM FOAM TYPES 
(TOZ METAL ALÜMİNYUM KÖPÜK TÜRLERİ) 

3.1 Al Foam Sandwich (Al Köpük Sandviç) 

Sandwich foams, which are a newer method 

compared to the classical foam material production 

method, can also be produced with the PM method. 

In sandwich foam production, the two surfaces of 

the foam material are bonded with non-foaming 

sheet metals using different methods. This process 

varies according to the type of foam and the 

production method. Sandwich foam production is 

basically done in two ways in terms of bonding 

mechanisms: natural bonding (in-situ bonding) and 

artificial bonding (ex-situ bonding) [129-132]. The 

main difference here is whether the bond forms 

simultaneously with foaming or after the foaming 

process is completed. Natural bonding generally 

provides stronger and more uniform mechanical 

properties compared to artificial bonding. 

In the production of sandwich foam with the natural 

bonding method, while the foam is being formed, 

the sandwich structure is also being formed. In this 

widely used method, the foamable preform material 

is heated together with the non-foaming sheet metal 

placed on its two surfaces. In this method, while the 

foamable material in the inner part expands in 

volume, the metallic foam is formed, while the non-

foaming sheet metals are obtained as another layer 

and adhere to the foaming material from both outer 

surfaces. The most important disadvantage of the 

method is that the alloy combination is limited. This 

limitation is mainly due to the difficulty of matching 

melting points and ensuring proper adhesion 

without causing deformation in the outer plates. In 

this method, it is like a race of time for the foam to 

expand completely without melting the surface 

plates. [130]. The most important issue to be 

considered in the production with natural bonding 

method is that the surface sheet metals have a higher 

melting point than the melting point of the foamed 

inner material. For this, materials such as stainless 

steel and Ti can be used on Al foam surfaces, while 

pure Al sheet metals can be used on the surfaces of 

foamable Al materials with a low melting point 

containing 12% Si. This method, developed at the 

Fraunhofer Institute in 1992 [133] is quite easy to 

apply compared to other methods. On the other 

hand, the surface of the preform material ready to 

be foamed is coated with plates by applying 

methods such as rolling and pressing [134]. After 

this process, the foamable preform (metal alloy) 

forms the main layer in the inner part, while the 

plate (usually Al, Ti or stainless steel) placed on two 

surfaces forms a triple layer required for the 

sandwich structure. If necessary, the coated sample 

is subjected to pre-shaping before foaming. As a 

final process, the sample is foamed by taking into 

account temperature and time. Precise control of 

these parameters is critical because prolonged 

foaming or high temperatures may cause pore 

collapse and poor surface bonding. As a result, a 

metallic bond is formed between the Al alloy foam 

and the plate. This dense bonding type provides 

maximum force transmission between the 

composite components [132, 135, 136] 

A cross-sectional view of an Al sandwich foam is 

shown in Figure 16. As seen in the figure, the 

interior consists of porous Al foam material and a 

non-foaming Al-based material on both surfaces. 

Because prolonged foaming time or high foaming 

temperature will melt the metal on the exterior, 

foaming time and temperature must be carefully 

selected when producing foam using this natural 

bonding method [137]. 

 
Figure 16. Sectional view of Al sandwich foam. 

While it is seen that the material with a higher 

melting point than the melting point of the foam 

material on both surfaces of the structure is perfectly 

bonded to the foam by diffusion during production, 

the main foam structure is present in the inner parts 

[1]. (Al sandviç köpüğün kesit görünümü. Yapının her iki 

yüzeyindeki köpük malzemesinin erime noktasından daha 

yüksek erime noktasına sahip malzemenin, üretim sırasında 

difüzyon yoluyla köpüğe mükemmel bir şekilde bağlandığı 

görülse de, esas köpük yapısı iç kısımlarda mevcuttur.) 

Another way to produce sandwich foam is to 

provide the desired sheet material to be formed to 

the surface of the previously produced foam 

material by various means. In this method, also 

known as artificial bonding, the surface sheets are 

bonded to the foam by various methods after the 

foaming process. The reason why this method is 

called artificial bonding is that the surface sheets are 

bonded to the foam by various methods after the 

foaming process. Bonding using various adhesives 

or bonding with soldering are some of the joining 
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techniques frequently used in this method. It is a 

very common method due to both its ease of 

production and its variety. [129, 130, 138]. While 

this approach simplifies manufacturing, it usually 

results in weaker interfacial strength compared to 

natural bonding. Additionally, the adhesive layers 

may limit the thermal stability of the final 

component. It is quite difficult to produce sandwich 

foam with artificial bonding [42, 114]. Even more 

complex shaped samples are impossible to produce 

artificially. However, with the natural bonding 

method, it is possible to obtain products in the 

desired shapes by shaping the sample before or after 

foaming. Al sandwich panels are the most suitable 

foam method for automotive body structure due to 

their high hardness in surface layers and significant 

weight reduction [2]. This makes them particularly 

valuable in crash-prone areas such as door panels 

and structural reinforcements, where lightweight 

energy absorption is essential. Especially preferred 

in environments requiring high external surface 

resistance is stainless steel-Al-stainless steel, also 

known as SAS (stainless steel - aluminum - stainless 

steel) sandwich structures provide advantages in 

places where high impact resistance is required and 

in cases where the use of fastening elements is 

required [35, 47, 139]. 

3.2. Spherical Al Foam Production (Küresel Al 

Köpük Üretimi)  

Spherical foams, also known as APM (Advance 

Pore Morphology), are a new foam production 

method developed at Frounhofer IFAM. In this 

method, which is quite suitable for mass production, 

a large number of spherical preform materials 

(usually small sheet metals cut into squares) are 

exposed to heat in moving conveyor furnace, during 

which foaming occurs. The formation of spherical 

shapes is mainly due to surface tension forces, 

which naturally minimize the surface area during 

heating. In laboratory production, deformed square-

cut foamable sheet metals are exposed to foaming 

temperature and the material takes a spherical shape 

due to surface tension [18, 125, 140-144]. Then, the 

foam materials are coated with an adhesive 

polymeric material and placed in a mold with the 

desired geometry [145]. It is usually activated at 

medium temperature (100-200°C), cured and used 

by removing from the mold at room temperature. 

Spherical shaped foams are less prone to defects 

such as non-uniform pore structures, which are 

usually encountered in larger Al foams due to liquid 

drainage during the foaming process [24, 146]. 
Because each particle foams individually, the 

process is more controlled and reduces density 

variations that are typical in bulk foam production. 

Spherical foams are generally produced with a 

diameter of 6-15 mm and are placed inside profiles 

and pipes, as well as between two or more sheet 

metal sheets, bonded with a suitable adhesive to 

form a composite structure and have high resistance 

to compressive stress [142, 147-149]. Although not 

using molds in their production provides an 

advantage, it is a problem that large-sized spherical 

foams cannot be completely spherical in their 

production. Gravity-induced flattening can distort 

large particles, but using supporting molds during 

foaming solves this issue. While there is no problem 

during production in small-sized spherical foams, 

flattening and deviations from sphericity are seen in 

the area of the foam in contact with the ground due 

to its own weight in the production of large-sized 

spherical foam. In order to prevent this, perfect 

sphericity can be achieved by preparing metal 

molds suitable for the desired spherical foam 

diameter. Figure17 shows profile structures filled 

with various diameters using foam materials 

produced in diameters of 6, 8, and 10 mm, using 

molds prepared by the Powder Metallurgy Group of 

Gazi University to ensure perfect sphericity. This 

type of spherical metal foams are used especially in 

the profiles of the front sides of vehicles or for 

energy absorption in the event of a collision in 

environments subject to compression [31, 55, 70, 

143, 150-154]. Thanks to their composite material 

layers, components that increase thermal 

conductivity, impact energy absorption, advanced 

pore morphologies, vibration damping and complex 

internal void filling capabilities, spherical foams 

can be used in various applications to reinforce 

hollow structural parts. These materials can offer 

effective solutions in a wide range of industries, 

especially by providing resistance to local wall 

buckling [155, 156]. 

Spherical foam materials can be reinforced with 

various ceramic materials as in other classical 

production methods. In the experimental studies, it 

was observed that up to 8% reinforcement element 

did not have a negative effect on foamability in the 

production of SiC reinforced spherical foam, and 

even when a high amount of foaming agent (e.g. 

2%) was used, adding more reinforcement element 

prevented foaming [97]. Figure 18 shows the 

foamability of Al foam reinforced with various 

amounts of SiC up to 20% depending on the amount 

of reinforcement element.  
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As seen in the figure, if there is more than 8% SiC, 

sufficient foaming cannot be achieved and samples 

far from sphericity are obtained. As seen in the 

cross-sectional structure of the reinforced Al foam 

material in Figure 19, while a regular cell structure 

is observed in foam materials containing up to 4% 

SiC, deterioration in the cell structures of materials 

containing more reinforcement elements is 

noticeable. Similarly, it has been reported that 

sufficient foaming cannot be observed in materials 

containing 8% and more SiC reinforcement 

elements and that homogeneous foaming cannot be 

achieved [56].  

 
Figure 17. Mold used to ensure perfect sphericity in 

spherical foam production (a), foam materials 

produced with different diameters (b), and hollow 

profile structures filled with spherical foam (c) [40]. 
(Küresel köpük üretiminde mükemmel küreselliği sağlamak 

için kullanılan kalıp (a), farklı çaplarda üretilen köpük 

malzemeler (b) ve küresel köpükle doldurulmuş içi boş profil 

yapılar (c)) 

The graph in Figure 20 shows the effect of adding 

SiC particles to pure Al powder on density and 

linear expansion. As can be understood from the 

graphs and macrostructure images, SiC particles 

added to Al negatively affect both foaming and 

density and hence linear expansion when they are 

above 8%. Therefore, researchers recommend a 

reinforcement element addition of less than 8%, 

depending on the reinforcement element added. In 

this experimental study, it was reported that the 

most suitable result was obtained in samples with 

4% SiC addition [56]. In another study on the effect 

of particle addition on foaming and material 

properties, contrary to the above results, there are 

also findings that the reinforcement element 

increases the compressive strength up to 8% and 

10% [71, 84, 94]. 

 
Figure 18. The effect of adding up to 20% SiC 

particles to pure Al powders on spherical foam 

formation. While the highest linear expansion is 

observed in the unreinforced sample, the deviation 

from sphericity and the increase in foaming 

difficulty are notable as the SiC content increases in 

samples with a reinforcement ratio greater than 8% 

[1, 56]. (Saf Al tozlarına %20'ye kadar SiC partikülü 

eklemenin küresel köpük oluşumu üzerindeki etkisi. En yüksek 

doğrusal genleşme takviyesiz numunede gözlemlenirken, 

takviye oranı %8'den fazla olan numunelerde SiC içeriği 

arttıkça küresellikten sapma ve köpürme zorluğundaki artış 

dikkat çekicidir.) 

 
Figure 19. Sectional views of Al-based foam 

materials containing different proportions of SiC 

particles [1, 56]. (Farklı oranlarda SiC parçacıkları içeren 

Al bazlı köpük malzemelerinin kesit görünümleri.) 

 

 
Figure 20. Effect of SiC particles added to pure Al 

powder on (a) density and (b) linear expansion [56, 

97]. (Saf Al tozuna eklenen SiC parçacıklarının (a) yoğunluk 

ve (b) doğrusal genleşme üzerindeki etkisi.) 
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In foam production, the inability to achieve low 

density or sufficient linear expansion with both 

AFM and classical PM methods poses a problem. 

The reason for this is the inadequacy of the 

deformation applied to the material before foaming 

or the inability to prevent the gas trapped in the 

deformed preform samples from moving away from 

the pores or cracks during the foaming process. 

Another problem encountered in foam production is 

the collapse of the foam material caused by the gas 

trapped in the molten metal remaining in the 

structure for a long time and then leaving the 

structure. Collapse is usually caused by high 

foaming temperature, long foaming duration or 

excessive amounts of foaming agent. All three 

situations cause the pore structure to change, 

deteriorate and increase the density with the start of 

collapse in the foamed material. 

Figure 21 shows the porosity rate in samples 

deformed at different rates and subjected to foaming 

at 690oC for different durations. In this study, where 

the optimum foaming time was specified as 3.5 

minutes, high foaming rates and homogeneous pore 

structure (70-80% porosity) were obtained in 

samples deformed by 50% and 70%, while much 

lower pore rate (such as 30%) and inhomogeneous 

pore distribution were detected in the material 

deformed by 10%. In almost all samples in the 

study, collapse in foams and deterioration in pore 

structure were detected in times longer than 3.5 

minutes. 

Figure 22. shows the linear expansion rates of 50% 

deformed samples at various foaming temperatures. 

As seen in Figure 22, while 300-400% linear 

expansion was observed in Al materials subjected to 

foaming at 650 oC, 670 oC and 690 oC after 3.5 

minutes, it was observed that this rate decreased 

with the increase of foaming time. In the samples 

foamed at 710 oC under the same conditions, 

foaming occurred in a shorter time and collapse 

occurred in a much shorter time. The highest linear 

expansion in this sample was around 250%. The 

appearance of the samples foamed for 3.5 minutes 

after being deformed at different speeds is given in 

Figure 23. While sufficient foaming was not 

observed in the samples deformed by 10%, a fairly 

regular spherical structure was formed in the 

samples deformed by 30% and 50%. When the 

deformation rate increased to 70%, regular foaming 

was observed first, and then rapid collapse occurred. 

The sandwich structure obtained from spherical Al 

foam in two sheet metals is seen in Figure 24. The 

behavior of spherical foams with a diameter of 10 

mm under various pressure test conditions is shown 

in Figure 25. As seen in Figure 25, collapses during 

compression testing are generally caused by a defect 

located on the surface of the spherical foam material 

or just below the surface. Figure 24 shows an AFM 

foam material produced as a sphere and then 

arranged into a sandwich. When the appropriate 

binder is used, no separation is observed in the 

spherical foams, even at high deformation rates. As 

seen in Figure 25, materials deformed by 50% and 

70% and foamed for 3.5 minutes have high 

volumetric porosity and a homogeneous pore 

structure, while less deformed materials (such as 

30% and 10%) are not fully foamed and have low 

porosity, as can be seen from the cross-sectional 

images. 

 
Figure 21. Sectional views of spherical foams 

formed after 3.5 minutes when the porosity ratio and 

optimum foam structure were obtained in samples 

subjected to foaming process at 690 oC for different 

durations [140]. (690 oC sıcaklıkta farklı sürelerde 

köpürtme işlemine tabi tutulan numunelerde gözeneklilik oranı 

ve optimum köpük yapısı elde edildiğinde 3,5 dakika sonra 

oluşan küresel köpüklerin kesit görünümleri.) 

 
Figure 22. Linear expansion rates of 50% deformed 

samples at various foaming temperatures [140]. 
(Çeşitli köpürme sıcaklıklarında %50 deforme olmuş 

numunelerin doğrusal genleşme oranları.) 
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Figure 23. The appearance of the samples foamed 

for 3.5 min after being deformed at various rates 

[140]. (Numunelerin çeşitli hızlarda deforme edildikten sonra 

3,5 dakika köpürdüğü gözlendi.) 

 

 
Figure 24.  Sandwich spherical foam consisting of 

Al spherical foams placed between two sheet metal 

plates [140]. (İki sac levha arasına yerleştirilmiş Al küresel 

köpüklerden oluşan sandviç küresel köpük.) 

 

 
Figure 25. Deformation state of a spherical shaped foam material during compression test and force-

displacement curves of spherical shaped aluminum foams with different diameters [40]. (Küresel şekilli bir 

köpük malzemesinin basınç testi sırasındaki deformasyon durumu ve farklı çaplardaki küresel şekilli alüminyum köpüklerin 

kuvvet-yer değiştirme eğrileri.) 

3.3. Al Foam Filled Profile Production (Al Köpük 

Dolgulu Profil Üretimi) 

Although designed for energy absorption to reduce 

injuries and ensure the safety of drivers and 

passengers in the event of a vehicle accident, these 

materials have found a wide variety of applications. 

By reinforcing metallic foam into hollow pipes and 

profiles with various methods, significant 

advantages can be provided in terms of impact 

absorption without a significant increase in weight 

[6, 157]. In the method widely used in the 

production of foam-filled profiles, the preform 

material ready to be foamed is placed in a hollow 

mold or profile and expands when heated and takes 

the shape of the mold in which it is placed. This 

process ensures that the foam fully adheres to the 

inner walls of the profile, improving load transfer 

and preventing premature buckling. The parts 

produced as a result of this process look like a 

closed profile or pipe when viewed from the 

outside, but their internal structure is quite porous 

[123, 158]. The strength of these materials is also 

quite high [7, 144, 159]. Pipes and profiles filled 

with metallic foam show interesting shape and 

deformation characteristics during buckling. When 

used as a filling material inside the pipe or profile, 

the total energy absorbed is greater than the sum of 

the energy absorbed by the foam and the pipe 

separately. Studies [7, 160-162] show that foam-

filled profiles provide 25-32% more strength than 

empty profiles [161] Figure 26 shows foamed Al-

based foam materials in various profiles [99].  

 
Figure 26. Al-based foam materials produced at 

Gazi University in various profile and pipe 

materials and their cross-sectional views [1]. (Gazi 

Üniversitesi'nde çeşitli profil ve boru malzemelerden üretilen 

Al esaslı köpük malzemeler ve kesit görünümleri.)  
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4. AREAS OF USE (KULLANIM ALANLARI) 

Nowadays, due to the increasing need for high 

strength and lightweight materials, interest in the 

use of metallic foams as structural and functional 

materials has increased. Due to their properties such 

as vibration, sound and energy damping [42] 

intensive studies on their use continue in these and 

similar areas, especially in the automotive sector, as 

they are suitable for special requirements such as 

rail transportation systems, shipbuilding, 

lightweight constructions, aircraft and space 

industry, biomedical industry, engine 

manufacturing industry [6, 8, 109, 152, 163-166]. 

The application of metallic foams is not limited to 

aviation and automobile industry, but is also 

suitable for large bridges, roofs and other high 

potential applications in power plants, electrical 

industry and chemical industry, architecture and 

design field, where electromagnetic protection, 

structural damping, flame resistance and decorative 

surface structure are required [2, 104] In addition, it 

has found use in large machines thanks to its noise 

and vibration damping capacity. 

In the automobile industry, where metallic foams 

are most commonly used, the use of foam materials 

in many different parts continues to increase. It is 

preferred instead of steel parts in parts such as sheet 

metal body construction, structural parts, trunk lid, 

engine hood, sliding roof, silencer and bumper 

because it reduces weight [19, 53, 104, 161, 165, 

167, 168]. In addition, studies are being conducted 

on sandwich Al and Mg materials as the base sheet 

material of automobiles. It is also used in battery 

housings in electric vehicles to reduce weight and 

increase efficiency, as well as studies are being 

conducted as various battery materials [169] [170]. 

Figures 27-30 provide examples of various 

applications of foam materials. Because foam 

materials have low thermal conductivity, they are 

thought to have a longer lifespan compared to other 

materials. Since foam materials have low thermal 

conductivity, it is thought that they can have a 

longer life compared to other materials used. In 

addition, if metallic foam materials are used in the 

engine compartment, it is expected to cause fewer 

problems since heat transfer occurs with high 

convection due to porosity [171].  

 
Figure 27. Use of Al-based foam as side support 

material in Ferrari [1, 33]. (Ferrari'de yan destek 

malzemesi olarak Al esaslı köpük kullanımı.) 

Metallic foams are also used in the production of 

telescopic booms, lifting and transmission systems 

[172, 173], bicycle crank arms [129], helmets [174, 

175], golf club carriers [135], pots production [129] 

production [117] and rocket parts [8]. In addition, 

they are used in the production of heat exchangers, 

catalyst supports, filters, bio- It is used in a wide 

range of areas such as medical implants, silencers, 

beds, sound and heat barriers and internal armor 

support plates [42]. They are used in a wide variety 

of applications, including heat exchangers, catalyst 

supports, filters, biomedical implants, silencers, 

bearings, sound and heat barriers, and internal 

armor support plates [32]. Al foam sandwich panels 

are widely used in the production of many products 

where lightness is important. It is used in the Ariane 

5 Rocket as a two-cone shaped structure [8, 12]. 

This cone-shaped honeycomb structure has replaced 

high-cost and hard-to-obtain materials with Al foam 

sandwich panels. Thus, it both reduces weight and 

makes its use easier [172].  

 
Figure 28. Al foam and honeycomb structure in MMC structure used for energy absorption in railway 

vehicles. Foams are placed within the profile for energy absorption purposes [165, 176]. (Demiryolu taşıtlarında 

enerji sönümleme amaçlı kullanılan MMC yapıda Al köpük ve bal peteği yapısı. Al köpükler profil içerisine enerji sönümleme 

amaçlı yerleştirilmiştir.)
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Figure 29. Foam reinforced sandwich structure 

used for sound and vibration damping in a 6 m long 

machine [177]. (6 m uzunluğundaki makinede ses ve 

titreşim sönümlemesi için köpük takviyeli sandviç yapı.) 

 
Figure 30. Use of metallic foam to protect drivers 

and passengers in areas of vehicles that are likely to 

be exposed to impact. [1, 178]. (Araçların darbeye maruz 

kalma olasılığı bulunan bölgelerinde sürücü ve yolcuların 

korunması amacıyla metalik köpük kullanımı.) 

4.1 Integral Armor Material (Integral Zırh Malzemesi) 

By utilizing the energy absorption feature of 

metallic foams, armored vehicles are covered with 

armor plates against the explosion effect they are 

exposed to. Although sufficient armoring is done 

and protection is provided in the vehicles, it is aimed 

for the personnel to receive the least damage from 

the shock effect at the moment of explosion. For this 

reason, as seen in Figure 31.a, B4C reinforced Al 

foam was placed inside the polymer-based 

composite armor plates used today and its use as a 

composite armor material was investigated. The 

main purpose here is to minimize the shock effect 

during the explosion. For this purpose, it was 

planned to use reinforced foam with both high 

strength and sufficient energy absorption properties, 

and Al-based metallic foam plates reinforced with 

B4C particles were used. The 25x25x1.5 cm foam 

plates produced with these properties were 

combined to form large plates of 100x150 cm and 

placed inside the polymer-based composite armor 

material to form a sandwich structure in order to 

absorb the shock effect during the explosion (Figure 

31.b.c). It is quite difficult to produce large foams 

of these sizes. However, with the PM team at Gazi 

University, these problems were overcome and 

large-sized Al foam production was achieved [179].  

In order to evaluate the armor performance, blast 

tests were performed with 6, 8 and 10 kg TNT in the 

experimental setup (Figure 32) prepared from this 

large-sized foam sample according to the NATO 

Stanag standard, and it was observed that the 

samples containing B4C reinforced Al foam in the 

armor provided the desired level of protection as a 

result of the blasting. Figure 32 shows the pictures 

taken at certain stages during the flashing, and 

Figure 33 shows the condition of the armor plate 

before and after the blasting. 

 

Figure 31. B4C reinforced Al foam plate with dimensions of 25x25x1.5 cm placed between polymer-based 

composite armor plates  for energy absorption (a), section view of the Al foam reinforced armor plate 

developed for armored vehicles against explosion effects (b) and general view of the armor (c) [1, 33, 179]. 
(Polimer esaslı kompozit zırh plakaları arasına yerleştirilen, enerji emilimi sağlayan 25x25x1,5 cm boyutlarındaki B4C takviyeli 

Al köpük levha (a), zırhlı araçlar için patlama etkilerine karşı geliştirilen Al köpük takviyeli zırh levhasının kesit görünümü (b) ve 

zırhın genel görünümü (c)) 
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Figure 32. Blast test setup (a), prepared according to NATO Stanag standard (TNT is shown with arrow) 

and images of certain durations of the explosion [1, 33, 180]. (NATO Stanag standardına göre hazırlanmış patlama 

testi düzeneği (TNT okla gösterilmiştir) ve patlamanın belirli sürelerine ait görüntüler.) 

 
Figure 33. Condition of the armor plate before and after the explosion test. From the condition of the armor 

plates, it can be seen that there was no significant damage to the armor plate after the explosion [1, 34]. 
(Patlama testinden önce ve sonra zırh plakasının durumu. Zırh plakalarının durumuna bakıldığında, patlamadan sonra zırh 

plakasında önemli bir hasar olmadığı görülmektedir.) 

5. CONCLUSIONS (SONUÇLAR) 

In this study, information is given about different 

production methods of Al foams with PM methods 

and the areas where these materials can be used are 

focused. It is seen that Al foams provide advantages 

in various industries such as automotive, aircraft 

manufacturing, construction and defense thanks to 

their excellent impact and high energy absorption 

capacity and lightweight structure. In addition, 

research on foam formation parameters and 

production techniques of the material have been 

determined as important factors affecting the 

mechanical and physical properties of the foam 

structure. Within the framework of this information, 

it is seen that it is possible to produce foams with 

fine pore structure and high mechanical properties, 

as well as foams with coarser pore structure, low 

density but good insulation.  
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In addition to the above properties, it has been 

determined that the sandwich structure formed by 

placing the reinforced Al-based composite foams 

between the polymer-based armor material makes a 

significant contribution to the blast properties at the 

time of explosion. 
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