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ABSTRACT 

There has been a growing interest in carbon fiber-reinforced magnesium alloy metal matrix 
composites (Cf/MgAl-MMC) for lightweight applications. Especially in automotive and aerospace 
industries they offer outstanding mechanical properties combined with low density. Nevertheless, 
major obstacles in manufacturing of Cf/MgAl-MMC are high reactivity and poor wettability of the 
carbon fibers with molten Mg-Al alloy. Often an undesired formation of carbides (e.g. Al2MgC2 
and/or Al4C3) at the fiber-matrix interface is observed. Another problem is the sensitivity of carbon 
fibers to the oxidation especially at temperatures of more than 400°C. In order to overcome the major 
obstacles an alumina protective coating is applied on carbon fiber-based textile preforms. 2D-textile 
preforms are used which consist of high tenacity (HT) carbon fibers. Atomic layer deposition (ALD) is 
employed for coating of preforms. The ALD process is performed at a substrate temperature of 220°C 
and a total pressure of 0.5 kPa using the precursors trimethylaluminum (TMA) and ozone. SEM 
analysis revealed a conformal and uniform coating with a thickness of 40±3 nm and a good adhesion 
on carbon fibers. Structure and composition analysis of coated-alumina on planar graphite substrate 
has revealed an amorphous structure and stoichiometric alumina formation (Al/O atomic ratio ~0.66). 
The influence of coating on the carbon fibers was investigated by measurement of the tensile strength 
with single filaments and by determination of the oxidation behavior using TGA analysis. Coated 
fibers with alumina show a small reduction of the tensile strength of approx. 20%. The TGA results 
confirm an improvement of oxidation resistance of carbon fibers by alumina coating. The infiltration 
of the Al2O3-coated 2D-textile preform was performed with Mg-Al alloy AZ91 (9 wt.% Al) by gas 
pressure infiltration (GPI). A dense composite with completely suppressed carbide formation is 
received. This result confirms that an alumina coating works well as protective layer for carbon fibers 
in metal matrix composites consisting of Mg-Al alloy with high aluminum content. 
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1 INTRODUCTION 

 
Magnesium alloys have been utilized in special applications such as in automotive and 

aerospace industries due to their extraordinary low density (1.74 g/cm3 instead of 2.7 g/cm3 for 
Aluminum), high specific strength, excellent casting behavior, good workability, good weldability and 
high recycling potential [1].  However, their application is often restricted due to magnesium suffers 
from several material inherent deficiencies like low stiffness, poor high temperature strength, low wear 
and creep resistance as well as a high thermal expansion coefficient. Certain improvements were 
developed in the past. Creep strength at elevated temperatures can be increased by using cost intensive 
magnesium alloys which contain rare earth elements [2]. Other properties like a low thermal expansion 
coefficient, a high elastic modulus and a high wear resistance have been realized by particle or fiber-
reinforcement [3]. Fiber reinforced magnesium composites (Cf/Mg) have been attracting attention due 
to their unique properties of high specific strength, high stiffness and very low coefficient of thermal 
expansion [4]. Nevertheless, the main difficulty for fabricating Cf/Mg composites is that molten 
magnesium does not wet or bond to carbon fibers and therefore it is impossible to achieve load transfer 
from the matrix to the fibers. Therefore the achievable volume fraction of fiber in the matrix is limited. 
In contrast to the Cf/Al system Cf/Mg system is thermodynamically less reactive [5]. This is because 
the two binary magnesium carbides MgC2 and Mg2C3 are endothermic compounds. Formation of 
MgC2 or Mg2C3 at MMC processing temperature (approx. 720°C) is unlikely. One way to enhance 
wettability and to attain suitable fiber-matrix bonding in the Cf/Mg system is alloying magnesium with 
a carbide-forming element like aluminum. But however appropriate interface properties can be 
achieved only with small amounts of Al (max. 2 wt. % Al). With higher Al content, formation of 
carbide becomes stronger and embrittles the carbon fibers and thus early failure of Cf/Mg-Al 
composite under load is the consequence [6]. To overcome the problems at the fiber-matrix interface 
in the Cf/Mg-Al system, fiber surface is coated by a material which has a good wettability by molten 
Mg-Al as well as protects the fibers against chemical attack by the melt during manufacturing. The 
demands on coating materials are already listed by Feldhoff et al. [6] and Reischer et al. [7]. The layer 
must: (i) provide an adequate fiber-matrix adhesion and (ii) act as a diffusion barrier. Moreover Ochiai 
et al. [8] and Shorshorov et al. [9] suggested that the coatings should not exceed a critical thickness. 
Above the critical thickness the crack propagation is enhanced and the fiber strength decreases. 
Coating materials deposited on carbon fibers which are applied for Mg-based MMC were titanium 
nitride (TiN) [2, 10, 11], pyrolitic carbon (PyC) [10, 12], silicon carbide (SiC) [10], yttrium stabilized 
zirconia (YSZ) [13], silicon dioxide (SiO2) [14] and boron nitride (BN) [7]. So far there has been very 
rare report on alumina (Al2O3) protective coatings deposited on carbon fibers with the objective to 
improve the properties of Cf/Mg-Al MMC. Alumina is a promising material to solve the problems at 
the fiber-matrix interface because it acts as diffusion barrier in conjunction with Al-alloy [15-17], 
improves oxidation resistance of carbon fibers [18, 19] and promotes wetting and bonding with Al-
alloy [15] as well as exhibits an excellent thermal and chemical stability (melting point 2072°C). 
Different coating technologies for the application of alumina protective coatings were described in 
literature [15-19]. The main deposition methods were liquid-phase coating (sol-gel technique) and 
deposition from the gas phase. Both methods allow the deposition of coatings on complex shaped 
substrates. The sol-gel process is simple and inexpensive but the synthesis needs subsequent annealing 
steps which might be detrimental to the mechanical properties of coated fibers. Crack formation in the 
films after annealing could be a result [10]. Furthermore sol-gel processes could lead to the damage of 
carbon fibers by oxygen-containing precursors or moisture, especially at temperatures exceeding 
400°C [19] and they require a careful optimization of many process parameters such as concentration 
of the coating solution, particle surface charge, viscosity of the sol, wetting behavior of the solution on 
the fiber and deposition rate. Compared to sol-gel methods a better layer adhesion and oxidation 
resistance were emphasized as an advantage of gas phase technologies as chemical vapor deposition 
(CVD). This was evaluated for SiC coatings prepared by sol-gel and CVD routes [20]. But in the case 
of CVD-Al2O3, the high deposition temperature combined with oxygen containing precursors is 
detrimental for the carbon fibers. Therefore atomic layer deposition (ALD) which is a special variant 
of CVD is chosen as a promising gas phase technology offering a low deposition temperature (< 
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400°C) and an excellent coatings conformity.  This work is focused on ALD deposition of protective 
Al 2O3 coatings on very complex carbon fiber-based textile preforms used as reinforcement material for 
Mg-Al alloys. Al2O3-coated fibers are examined regarding to coating homogeneity, oxidation 
resistance and tensile strength. Structure and chemical composition of coated alumina layer is 
analyzed on coated graphite substrate. Finally infiltration behavior of Al2O3-coated textile preforms by 
gas pressure infiltration (GPI) is evaluated.  
 
2 EXPERIMENTAL DETAILS 

2.1 Materials 

Carbon fiber-based 3D-textile preforms and 24K-rovings were purchased from Toho Tenax, 
consisting of high tenacity fibers (type HTS40 F13). Single filaments in the 3D-textile preform have 
diameters of 7 µm, a density of 1.77 g/cm3, a strain to failure of 1.8%, a tensile modulus of 240 GPa, a 
coefficient of thermal expansion of -0.1*10-6 K-1 and a tensile strength of 4.3 GPa. Beside 3D-textile 
preform, 2D-textile preforms from Torayca (T300) was used. Each fiber bundle/roving in the 2D 
structure consist of 3K single filament. Each filament has characteristic tensile strength of 3.81 GPa, a 
tensile modulus of 232 GPa, a density of 1.76 g/cm3, a strain to failure of 1.76%. The complex 3D-
textile preform is used for coating homogeneity evaluation and coated 2D-textile preforms is used for 
the reinforcement in the Mg-Al matrix. Additional planar graphite plates 20mm x 20mm (Cgr) were 
also coated for chemical composition analysis. Coated rovings are used for the evaluation of tensile 
strength and oxidation resistance. Prior to deposition process, sizing on the fibers was removed by 
thermal treatment at 400°C for 40 min in vacuum furnace. 

 
2.2 ALD Process 

Alumina layer is deposited in a laboratory-scale shower-head ALD reactor from FHR 
Anlagenbau GmbH. The ALD process is carried out at a constant substrate temperature of 220°C 
using the precursors trimethylaluminum (TMA) and ozone (O3). TMA is delivered using  a bubbler at 
17°C. Argon at a flow rate of 100 sccm is used to transport TMA vapor into the reactor. Purging is 
performed by flowing argon at a flow rate of 100 sccm. Ozon in a concentration of approx. 16 % is 
delivered at a flow rate of 1000 sccm of oxygen gas (O2). Details of the applied process parameters for 
the alumina deposition are given in Tab. 1. Scheme of shower-head ALD for alumina deposition is 
shown in Fig. 1. 

 

 
 

Figure 1: Scheme of shower-head ALD reactor employed for Alumina (Al2O3) deposition. 
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Parameter Range 

Substrate temperature,Ts [°C] 220 

Pressure, p [kPa] 0.5 

TMA pulse time, s 2 

Purge time after TMA/O3 pulse, s 60 - 120 

Ozone pulse time, s 8 

Number of ALD cycles 270 
 

Table 1: ALD parameter range for Al2O3 layer deposition. 
 
ALD of Al 2O3 is characterized by the sequential inlet of the precursors TMA and ozone into the 
process chamber separated by Argon purge gas pulses. The layer thickness can be adjusted by 
repeating this cycle. Thereby the Al2O3 formation mechanism comprises different steps. At first a 
monolayer of TMA will chemisorb onto the substrate surface during the TMA pulse. During the 
subsequent Ar purge gas pulse all residual TMA and by-products will be purged away. The following 
ozone pulse leads to the oxidation of the chemisorbed TMA to Al2O3. The subsequent Ar purge gas 
pulse removes excess ozone and by-products and one ALD cycle is completed. This cycle is repeated 
as long as the desired layer thickness is obtained. 
 
2.3. Metal matrix composite (MMC) preparation method  

The MMC preparation was performed by gas pressure infiltration (GPI) method as described 
in [21]. The GPI process is generally characterized by four steps (Fig. 2). In the first process step (1) 
the fiber preform, the moulds and the Mg-alloy are heated up to the temperature exceeding the melting 
temperature of the Mg-Al. In step 2 vacuum was applied for removing trapped gases. In the following 
step 3 a high argon gas pressure was applied to accelerate the infiltration. The last step isfast cooling 
under high pressure.  

 

 
 

Figure 2: Steps of gas pressure infiltration (GPI) for preparation of Cf/MgAl-MMC.  

Commercial magnesium alloy AZ91 was chosen as matrix material to ensure a good compatibility to 
serial production, especially with regard to automotive and aerospace applications. AZ91 is chemically 
denoted as Mg9AlZn and has following chemical composition (mass.%): Al – 8.25, Zn – 0.63, Mn – 
0.22, Si – 0.035, Cu – 0.003, Fe – 0.014, Be – 0.002, rest Mg [22]. Aluminum in the Mg matrix 
improves especially mechanical properties and corrosion resistance as well as castability.  
 
2.4 Analysis Methods 

Evaluation of layer thickness and thickness homogeneity over the whole fiber bundle was 
conducted on cross sections. The samples were embedded in epoxy resin followed by a mechanical 
polish and afterwards an ion beam preparation using the Broad-Ion-Beam-Technique (BIB). 
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Visualization of the prepared samples was carried out with a SEM from NVision Carl Zeiss SMT 
GmbH. Additionally fractographs of Al2O3-coated fibers were prepared by cutting of coated rovings. 
The oxidation behavior of uncoated and coated fibers was investigated by STA 409 (Netzsch-
Gerätebau GmbH). Fiber bundles with a length of 12 mm were placed in a small ceramic crucible and 
firstly heated to 100°C at maximal heating rate. After that they were heated to 350°C at 10 K/min 
followed by a temperature ramp up to 1050°C with a rate of 2.5 K/min. This temperature was kept 
constant for 30 min. During the entire heating process a flow of synthetic air (80 ml/min) was fed as 
an oxidation agent. This method was also described from Hackl et al. [23]. The oxidation onset 
temperature was determined according to DIN 51006 with a tangent analysis. The tensile tests of 
single fibers were carried out using a Hegewald and Peschke testing machine with a special grip. The 
test speed was set to 2 mm/min with an applied force of maximal 10 N. Twenty specimens were tested 
for each coated roving. The tensile strength of single fiber was determined according to ASTM 
D3379-75 standard. The composition of the coatings was characterized by X-ray photoelectron 
spectroscopy (XPS). The XPS unit (MultiProbe P, Omicron Nanotechnology GmbH) works with 
excitation energy Al Kα 1486.6 eV and an exit angle of 45°. Prior to conducting the XPS analysis the 
layer surface is sputter-cleaned with Ar+ for 2 min with 0.6 keV to remove surface contamination and 
surface oxide layers. The obtained fiber-reinforced aluminum metal matrix composites (Cf/MgAl-
MMC) was cut and the cross section for SEM analysis was prepared by ion beam slope cutting 
method. 

 
3 RESULTS AND DISCUSSION 

3.1 Homogeneity, morphology and composition of the coating 

 

  
a) b) 

 

Figure 3: SEM images of HTS40 fibers: a) carbon 
fiber surface with sizing, b) surface of desized 
carbon fiber (desized at 400°C in vacuum for 40 
min), c) fractograph of Al2O3-coated carbon fiber 
[24].  

 

c)  
 

Fig. 3a shows original carbon fiber surface before thermal treatment. The surface is covered 
by a polymer sizing (approx. 1.25 wt% of polyurethane base polymer). Prior to ALD-Al2O3 
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deposition, sizing was removed by thermal treatment at 400°C for 40 min in vacuum furnace. The 
thermogravimetric analyses (TGA) results have revealed that the applied thermal condition was 
sufficient to remove the sizing completely. Carbon fiber surface after desizing is shown in Fig 3b. The 
conditions of the ALD process for coating 3D-textile preforms are described in detail by Krug et al. 
[24]. As reported in [24], the obtained coating was conformal and covers all of the fiber surface. No 
flaking of the coatings was observed which indicated that alumina coatings adhere well on the fiber 
surface (Fig. 3c). The coated fibers shown in Fig. 3c was chosen randomly from the investigated 24K 
fiber bundle and showed the typical surface morphology of the coated alumina layer. Coating 
homogeneity evaluation was conducted by means of SEM image evaluation. Average of six values 
was calculated for center and for perimeter of a 24K fiber bundle each taken from the middle and the 
perimeter of the 3D-textile preform. In the middle of the 3D-textile preform layer thicknesses of 
40.7±2 nm and 41±3 nm were measured at center (Fig. 4a) and perimeter of the fiber bundle, 
respectively. In the subsequent study a faster ALD deposition process is investigated by reducing Ar 
purge time from 120 s to 60 s while keeping others parameters constant. The obtained results show 
that the coating on single fiber is still smooth, uniform and conformal. Coating homogeneity of fibers 
at perimeter and middle of 24K bundle are 41.3 ± 6 nm and 38.3 ± 4 nm (Fig. 4b ), respectively. These 
results demonstrate that the ALD process can be accelerated by detailed study of the process window.  
 
 

  
a) b) 

 
Figure 4: SEM images of Al2O3 coated fibers inside the 24K fiber bundle prepared with different ALD 
parameters: a) 2 s TMA/120 s purge/8 s O3/120 s purge, b) 2 s TMA/60 s purge/8 s O3/60 s purge. 
 
Microstructure analysis of Al2O3 coatings coated on planar graphite substrates by X-Ray diffraction 
(XRD) reveals no reflection of crystalline phase and layer structure remain amorphous even after 
annealing in the furnace at 720°C for 30 minutes. According to Jakschik et al. [25], ALD- Al2O3 layer 
start to crystallize above 800°C. This result indicates that the structure of alumina layer would remain 
stable in contact with molten Mg-Al at 720°C during composite fabrication. Further information about 
layer composition and binding state were received by X -ray photoelectron spectroscopy (XPS). Fig. 5 
shows XPS spectra of 40 nm alumina layer coated on graphite substrate under process condition of 2 s 
TMA/ 120 s Ar purge /8 s O3/120 s purge. The peaks reveals the presence of Al2p, O1s and C1s peaks 
at binding energies (BE) of 75.6 eV, 532.3 eV and 285.0 eV which are clearly assigned to Al-O (Fig. 
5a) ,O-Al (Fig. 5b) and C-C (Fig. 5c) bonds. The measured binding energies are in good agreement 
with literature [26] and are comparable with the native aluminum oxide. XPS quantitative analysis 
indicates that the coated alumina is stoichiometric with Al/O-ratio of 0.67. However a small fraction of 
carbon impurity (C-C bonds) below 0.5 at.% in the layer is also detected which is visible by a weak 
peak C1s at a binding energy 285 eV (Fig. 5c). The presence of carbon could be attributed from 
incomplete desorption of methyl groups after TMA reaction and from graphite substrate itself. 
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a) b) 

 

Figure 5: XPS spectra of deposited Al2O3 on 
graphite: a) spectra Al2p, b) spectra O1s, c) 
spectra C1s. 

c)  
 

3.2. Oxidation behavior and tensile strength of Al2O3-coated fibers 
 

The oxidation behavior of uncoated and Al2O3-coated fibers was compared by 
thermogravimetric analyses (TGA). The oxidation onset temperature is determined according to DIN 
51006 with a tangent procedure. Detail procedure of TGA analysis is explained in section 2.3.  The 
results are illustrated in Fig. 6a. For uncoated fibers the onset temperature is approximately 600°C and 
they are completely burned at a temperature of 680°C to form CO2 or CO gas. In case of fibers coated 
with 20 nm alumina the oxidation starts at a temperature of approximately 620°C and fibers are burned 
completely at 745°C. With increasing thickness of the alumina layer up to 40 nm the onset 
temperature rises to approximately 635°C. These results show that alumina coatings improve 
oxidation resistance of carbon fibers significantly which agrees well with the literature [18, 19]. 
Mechanical properties of carbon fiber-reinforced composites depend not only on interfacial stress 
transfer capacity but also on mechanical properties of fibers. Therefore it is very important to 
determine the tensile properties of the coated fibers to evaluate their ability as reinforcement. Influence 
of alumina coating on the tensile strength of single fiber is shown in Fig. 6b. Al2O3-coated single 
carbon fibers with layer thicknesses of 20 nm and 40 nm show a mean ultimate tensile strength (UTS) 
of about 3.14 ± 0.46 GPa and 3.27 ± 0.49 GPa compared to 3.85 ± 0.77 GPa for the uncoated carbon 
fiber. The slightly reduction of tensile strength might be caused by residual stress which is generated 
as a result of the mismatch in the coefficients of thermal expansion (CTE) between carbon fiber and 
alumina coating at the interface during cooling to room temperature after deposition. For an Al2O3 
layer deposited by ALD a CTE of 4.2±0.1 ppm/°C was reported by Miller et al. [27]. The used carbon 
fibers have a CTE of -0.1 ppm/°C [28] . The internal stress could result in radial cracks and might 
cause cracking of fibers [29]. Fig. 6b shows that the increase of Al2O3 coating thickness did not 
influence the strength of single fibers significantly. This is a different behavior compared to CVD-
coated fibers. CVD coatings lead to  a decrease of fiber strength if the coating thickness increases. The 
decrease of fiber strength is difficult to be avoided as reported in literature [10, 30].  
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a) b) 

Figure 6: Oxidation behavior and tensile strength of uncoated and Al2O3-coated carbon fibers:  
a) Oxidation behavior measured by TGA, b) Comparison of single fiber tensile strength. 
 
 
3.3. Analysis of MMC interfacial structure with and without Al2O3 protective coating  

The uncoated- and Al2O3-coated 2D-textile preforms were infiltrated with molten AZ91 by 
GPI method. The obtained composites were analyzed by SEM to investigate the state of fiber-matrix 
interface after infiltration. In the GPI process, molten metal infiltrates a fibrous preform and solidifies 
to form the composite. In the case of Al2O3-coated 2D-textile preforms infiltrated with molten AZ91 
(720°C, 30 bar) dense composites with very few casting defects and very low residual porosity are 
received. Fig. 7a shows clearly the stack of 10 layers of Al2O3-coated 2D-textile preforms embedded 
in the AZ91 matrix characterized by light microscopy (fiber volume fraction, Vf ~ 55%). Fig 7b-c 
show furthermore that the molten AZ91 fills completely the interspaces between the 2D-textile layers 
(Fig. 7b) and interspaces between carbon fibers in the 3K roving (Fig. 7c). Eventhough the applied 
pressure is low (30 bar), a dense composite with a good quality of casting is received and thus it 
indicates that the alumina layer improves wetting with AZ91. The fiber-matrix interfacial structure is 
shown in Fig. 8a more in detail. After infiltration the alumina layer still exists on the fiber and is 
stable. As Fig. 8a shows the layer works very well as diffusion barrier and prevents the formation of 
carbides at fiber-matrix interface. In the case of infiltration without alumina protective coating, casting 
defects occur. These defects are related  to the bad wetting behavior and might act as starting points of 
cracks. Moreover a strong carbide formation at the fiber-matrix interface is clearly seen as shown in 
Fig. 8b. The severe reaction at the fiber-matrix interface was due to segregation of aluminum from the 
AZ91 matrix. The accumulation of aluminum at the fiber-matrix interface starts immediately when 
rapid solidification begins [32]. The formed carbides at the fiber-matrix interface are the binary 
carbide Al4C3 and/or the ternary carbide Al2MgC2 depending on the composition of alloy and applied 
temperature [33]. At a temperature of 1000 K during GPI Al2MgC2 is formed if the Al content of the 
alloy is lower than 19 wt% and Al4C3 develops for an Al content higher than 19 wt% [33]. Both 
carbides show a hexagonal lattice structure and are rather similar in their appearance of needle-like 
structures [11]. They can not be distinguished alone by means of their morphology. According to the 
results obtained by Viala et al. [33] and Feldhoff et al. [11], the carbide shown in Fig. 8b should be 
ternary Al2MgC2 rather than Al4C3 carbide. The existence of needle-like Al2MgC2 carbide would 
degrade fiber strength and leads to early failure of the composite. These results demonstrate that an 
alumina protective layer works well in the Cf/AZ91 system.  
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a) b) 

 

Figure 7: Microscopic images of Cf/Mg-Al 
MMC reinforced with 2D-textile preforms in 
different scales: a) Light microscopic image of 
Cf/Mg-Al MMC with 10 layers of 2D-textile 
preforms, b) SEM image of embedded 3K 
rovings, c) SEM image of infiltrated fibers 
inside of the 3K roving. 

 

c)  

 

Körner et al. [34] and Schmidt [35] reported TiN-coated carbon fibers infiltrated with AZ91 by high 
pressure infiltration casting (720°C, 100 bar) but however the coating could not protect carbon fibers 
effectively and carbide formation at the fiber-matrix interface was still observed. Our results have 
proved that alumina (Al2O3) layer could be an alternative to replace Titanium nitride (TiN) as 
protective coating. Nevertheless, according to Rajan et al. [31] reaction between alumina and 
magnesium leads to MgO and/or MgAl2O4 formation:  

Al 2O3(s) +  3Mg (l)  � 3MgO(s) + 2Al(l) , ∆G°1000 K  =  − 76.63 kJ/mol   (1) 
                                             

4Al2O3(s) + 3Mg (l)  � 3MgAl2O4(s)  + 2Al(l) , ∆G°900 K  =  − 13 kJ/mol  (2) 
 

Since GPI condition was set at 1000 K, formation of MgO(s) would be favored (reaction 1) than 
formation of spinel MgAl2O4 (s) (reaction 2). Beside MgO(s) formation, there is also release of Al(l) 

(reaction 2) that dissolves in the AZ91 matrix. This would enrich Al content in the Mg matrix and 
forms a stable Al12Mg17 phase which is normally found nearby fiber-matrix interface. McLeod and 
Gabryel [36] described that MgO phases are more thermodynamically stable compared to Al2O3, 
therefore Mg tends to reduce Al2O3 in order to form MgO.  
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a) b) 

Figure 8: 2D-textile preform infiltrated with AZ91 by GPI method (720°C, 30 bar, 30 min): a) Al2O3-
coated fiber, b) Uncoated fiber. 
 
When a stable MgO layer is formed on Al2O3 layer, it would inhibit further reaction between Al2O3 
layer and Mg and thus Al2O3 layer would be still exist as shown in Fig. 8a. According to reaction 3, 
MgAl 2O4(s) formation would be proceeded even in solid state as reported by Contreras et al. [37]. 
 

MgO(s)  + Al2O3(s) � MgAl2O4(s) , ∆G°900°C  = − 44 kJ/mol   (3) 
 
Investigation of MgO and/or MgAl2O4 formation at the fiber-matrix interface is under investigation 
and will be reported later. The results of this work show that Al2O3 coating improves bonding and 
wetting behavior as well as prevents undesirable reactions at fiber-matrix interface. Therefore 
preferable mechanical properties of Cf/AZ91-MMC can be expected.  
 

4. CONCLUSIONS 

 
1.  Alumina thin layer (Al2O3) can be deposited homogeneously on complex shaped 2D-/3D-

textile preforms by adjusting pulse times, temperature and pressure for the ALD process. The 
as-deposited alumina coatings are amorphous. After annealing at 720°C for 30 minutes no 
reflections of crystalline phases were observed. The chemical composition analysis by XPS 
indicates that the coated alumina is stoichiometric with Al/O-ratio of 0.67. 

2.  Oxidation resistance of alumina-coated carbon fibers is improved  by increasing alumina layer 
thickness. The loss in fiber strength by ALD coating with alumina is low compared to CVD 
coatings. One reason is the low deposition temperature.  

4.  Coated Al2O3-coated textile preforms infiltrated with molten AZ91 are dense composites with 
very low residual porosity. The Al2O3 layer is stable and works very well as diffusion barrier. 
Furthermore alumina coating improves significantly the wetting and bonding between the 
carbon fibers and MgAl alloy. 
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