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Abstract 5 
        Corrosion behavior of MAX phase materials have been investigated in 0.01N 6 
Ca(OH)2 at pH=11.7 using Potentiostat to estimate corrosion parameters. The results 7 
show that V2AlC material has more noble potential and lower current density than 8 
Cr2AlC over temperatures include 303, 313, 323 and 333K. Polarization resistance which 9 
calculated according to Stern-Geary equation confirms the most resistance for V2AlC in 10 
experimental conditions. Thermodynamic functions refer to that the change in free energy 11 
more negative for Cr2AlC than V2AlC, this means that V2AlC has less ability to 12 
corrosion. The negative value of ∆S for V2AlC confirms the later result. Also activation 13 
energy Ea for V2AlC more than for Cr2AlC. 14 
 15 
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Introduction  20 
     Many authors interested by fabrication of MAX phase materials and investigated on 21 
their properties such as physical and mechanical properties including elasticity, electrical 22 
and thermal conductivity, hardness and electrical resistance [1-16]. These materials 23 
characterize by regular lattice structure, i.e. lower defects in crystal structure. There are 24 
few studies concerned with corrosion behavior of MAX phase material as reproducible 25 
industrial materials. Many authors highlighted corrosion of MAX phase materials at high 26 
temperatures (oxidation). While there are very little studies focused the corrosion at 27 
normal temperatures.  V.D. Jovic et al. studied the corrosion behavior of select MAX 28 
phases in 1M of NaOH, HCl and H2SO4 [17]. Also, Dong et al.  studied the corrosion of 29 
Cr2AlC compounds [18]. Rana et al. studied the corrosion behavior of V2AlC and Cr2AlC 30 
in 0.01N NaCl solution [19]. 31 
 The present work involves study the corrosion behavior of two MAX phase 32 
materials in 0.01 Ca(OH)2 at four different temperatures by potentiostat to estimate the 33 
corrosion resistance of these materials. 34 
 35 
Experimental Procedure 36 
 MAX phase materials were fabricated using powder metallurgy by weighting 37 
certain weight of V, Cr, C, and Al powders (99% pure), mixing using ball milled, cold 38 
pressing and sintering at 1100-1350oC for 6 hrs. 39 
 Characterization of fabricated materials was achieved using X-ray diffraction and 40 
scanning electron microscope. Corrosion behavior of these materials was estimated by 41 
potentiostat type WINKING M Lab 200 at 5 mV.sec-1 to obtain corrosion parameters 42 
such as corrosion potential, corrosion current density and Tafel slopes. All experiments 43 
were performed at four temperatures using jacket cell at four temperatures 30, 40, 50 and 44 
60oC corresponding to 303, 313, 323 and 333K. 45 
 46 
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Results and Discussion 47 
Figure (1) shows the XRD of prepared materials which confirms the presence of 48 

MAX phases. Figs. (2) and (3) show the polarization curves of V2AlC and Cr2AlC 49 
respectively in calcium hydroxide at pH =11.7 at four different temperatures, these curves 50 
show the cathodic and anodic regions represented by reduction of oxygen at cathodic 51 
sites and oxidation of metals at anodic sites followed by form protective films to protect 52 
materials in corrosive environment. The data of corrosion were measured using Tafel 53 
extrapolation method as listed in Table (1). 54 

These data indicate that V2AlC has more noble corrosion potentials than Cr2AlC, 55 
and lower corrosion current densities which give indication about the corrosion rate. The 56 
higher corrosion resistance of V2AlC due to the protective film of vanadium oxide on 57 
material surface.  Cathodic Tafel slops lower than anodic once, this means that the 58 
change in potential with current density was lower at cathodic sites than anodic once. 59 

The data of polarization resistance Rp which calculated according to Stern-Geary 60 
equation [20], indicate that the resistance of V2AlC more than for Cr2AlC. 61 
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 63 
where ba and bc are anodic and cathodic Tafel slopes respectively. 64 

The free–energy change accompanying an electrochemical reaction can be 65 
calculated by the following equation [21]: 66 

nFEG −=∆  67 
where ∆G is the free–energy change, n is the number of electrons involved in the 68 
reaction, F is the Faraday constant, and E equals the cell potential (E=Ecorr). 69 
 At constant temperature, the change in free energy more negative for Cr2AlC than 70 
V2AlC, this means that V2AlC has less ability to corrosion. 71 

From the value of ∆G at several temperatures, the change in the entropy (∆S) of 72 
corrosion process could be derived according to the well–known thermodynamic relation: 73 
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 Values of ∆G are usually plotted against temperature (T); thus at any temperature 75 
the value of –d(∆G)/dT= ∆S  which corresponds to the slope of the (- ∆G) versus (T) plot 76 
at that temperature, as shown in Fig. (2). The change in free energy, ∆G, is related to ∆H, 77 
the change in the enthalpy, and ∆S, the change in entropy of the corrosion reaction at a 78 
constant temperature, T, by the equation [22]: 79 

STHG ∆−∆=∆      80 
 81 
 The change in entropy was negative for V2AlC, while positive value for Cr2AlC, 82 
this means that the corrosion of V2AlC gave stable corrosion products such as protective 83 
layer of metal oxide with less disorder that reactant. The positive values of ∆H refer to 84 
endothermic process of corrosion for MAX phase material. 85 
 86 
 The rate (r) of corrosion in a given environment is directly proportional with its 87 
corrosion current density (icorr) in accordance with the relation [23]:  88 

( ) corrier ρ13.0=  89 
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here (e) is the equivalent weight of the metal and (ρ) is its density. For the increasing 90 
values of (icorr) with a temperature follow Arrhenius equation, it is reasonable as: 91 

)/exp( RTEAi acorr −=  92 

where A and Ea are the pre- exponential factor and energy of activation of the corrosion 93 
process respectively. Values of Ea were derived from the slopes of the (log icorr) versus 94 
(1/T) linear plots as in Fig. (3). The values of activation energy and log A for V2AlC 95 
more than for Cr2AlC, this result confirm more corrosion resistance of V2AlC than 96 
Cr2AlC. 97 
 98 
Conclusion  99 
        Corrosion behavior of V2AlC and Cr2AlC materials have been investigated in 0.01N 100 
Ca(OH)2 through the calculation of polarization resistance which indicate that V2AlC 101 
more resistance than Cr2AlC, also the corrosion process of V2AlC less spontaneous than 102 
for Cr2AlC through the change in free energy value. The negative value of ∆S for V2AlC 103 
confirms the later result. Also activation energy Ea for V2AlC was more than for Cr2AlC. 104 
 105 
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Fig. 1: XRD of prepared MAX phase materials. 199 
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 220 

Fig. 2: Polarization curve of V2AlC in 0.01N Ca(OH)2  221 
at four temperatures. 222 
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Fig. 3: Polarization curve of Cr2AlC in 0.01N Ca(OH)2  247 
at four temperatures. 248 
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Fig. 4: The relationship between ∆G and T for MAX phase materials. 269 
 270 
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Fig. 5: Arrhenius plot for MAX phase materials. 295 
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 299 

Table (1): Corrosion parameters for V2AlC and Cr2AlC in 0.01N Ca(OH)2 300 
at four temperatures. 301 

Material 
Temp. 

K 

Ecorr 

mV 

icorr 

µA.cm
-2

 

-bc 

mV.dec
-1

 

+ba 

mV.dec
-1

 

Rpx10
3
 

Ω.cm
2
 

V2AlC 

303 316.4 3.19 111.6 117.5 7.79 
313 378.4 5.88 110.0 128.8 4.38 
323 408.0 9.31 132.2 133.8 3.10 
333 612.6 17.00 82.8 124.5 1.27 

Cr2AlC 

303 1338.8 32.31 85.7 128.7 0.69 
313 1304.5 32.95 139.1 176.8 1.03 
323 1319.5 34.29 147.6 199.2 1.07 
333 1266.2 39.56 167.6 214.9 1.03 

 302 
 303 
 304 
 305 
 306 
 307 
 308 
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 309 
 310 

Tables (2): The thermodynamic quantities for V2AlC and Cr2AlC in 0.01N Ca(OH)2  311 
at four temperatures. 312 

Material  
T 

(K) 

-∆G 

(kJ.mole
-1

) 

∆S 

(kJ.mol
-1

.K
-1

) 

∆H 

(kJ.mole
-1

) 

V2AlC 

303 91.60 

-2.65819 

0.29 
313 109.55 0.34 
323 118.12 0.36 
333 177.35 0.52 

Cr2AlC 

303 387.58 

0.587106 

1.28 
313 377.65 1.21 
323 382.0 1.18 
333 366.56 1.10 

 313 
Table (3): Values of activation energy (Ea), pre- exponential factors (A) for V2AlC and 314 

Cr2AlC in 0.01N Ca(OH)2. 315 

Material  
Ea 

(kJ.mol
-1

) 
Log A 

V2AlC 19.95 2.424 

Cr2AlC 12.80 0.337 

 316 
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