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Figure 2: Isobaric curves at different temperatures
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Figure 3: Isothermal curves at different pressures

All these curves are sigmoidal with an inflection point at
t=0.5 and will overlap in a same affinity relative to time
reduced t /tys(fig.4). This suggests that the processes
controlling the kinetics of hydride formation reactions is the
same. The affine sigmoid curve of Figure 4 can be divided
into three domains each translate a mechanism. First domain
very narrow whose concavity is oriented upward
corresponding to the appearance of first germs on potential
sites.
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Figure 4: Affinity of the isothermal curves as a function of
the reduced time

(0:0.7MPa), (A: 1MPa), (c:1.5MPa), ( o: 2MPa), (A:
3MPa)

Second domain very large range of almost linear shape
corresponding to both germination and growth. In the third
domain germs become large enough and collide with each
other, which leads to a slowing of the rate of reaction and
limits the diffusion of hydrogen in the mass of the solid. On
the other hand isotherms and isobaric experimental curves
are suitably linearizing in the equation of Johnson and Mehl
[21] for values of x ranging from 0.15 to 0.85 as shown in

figure5. [—In(1 — &) V2% = %t . Such an equation reflects a

mechanism witch controlled by nucleation and growth (K; is
the interfacial velocity and a; the average radius of the
grains)
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Figure 5: Linearization of sigmoidal curves into the
equation of Johnson and Mehl [21]

3.2.3. Exploitation results of kinetic curves

the variations of the instantaneous speed Vs depending on
the deviation from the equilibrium pressure (fig.6) are linear
and can be expressed in the following form:

Vos = %(PH2 — P,) the speed interfacial K; is function of

the parameters sample such as: the period, the frequency of
cycles, the size ....etc.
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Figure 6: Variation of the instantaneous speed as a function
of the deviation from the equilibrium pressure

P, designates the equilibrium pressure for which the speed is
zero, if the term K; follows the law of the Arrhenius the rate

Ea
equation V; s becomes: V5 = %e‘ﬁ(PHZ —P,), Ea is the
apparent activation energy for the conversion of TiFey5C0qs
into hydride, it can be deduced from the graph ln%z

f(%) represented in figure.7
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Figure 7: Determination of activation energy

Note that the values K—fare the slopes of the straight lines of

aj
Johnson and Mehl [21] the activation energy obtained is
Ea=30.2 KJ/mol.H,

4. Conclusion

The Kkinetic study of hydrogen absorption by the TiFe

compound has allowed us to draw some important results.

e Sample activation is easy, two cycles are sufficient to
attain repeatability of experimental curves.

o The hydrogenation reactions are fast

e The curves of the hydride formation reactions are
sigmoidal form and can be transformed into straight
according to the johnson and mehl equation which reflects
a mechanism controlled by the nucleation and growth.

e A logical continuation of this work is to study the
evolution of the grain size with the number of cycles and

also the mechanical stress caused by the loading of the
alloy by hydrogen

References

[1] Thompson P, Reilly JJ, Hastings JM. The application of
the Rietveld., J Appl Crystallogr 1989;22:256-60.

[2] Reilly JJ, Wiswall Jr RH., Inorg Chem 1974;13(1):218-
22.

[3] M.Boulghallat, A.Jouaiti, A.Laallam, International
Journal of Sciences and Research, vol.3, issue 12, 2014
pages 904-908

[4] E.D.Koultoukis, S.S. Makridis, L.Rdntzsch, E.Pavlidou,
Journal of Nanoscience and Nanotechnology, Vol. 12,
4688-4696, 2012

[5] Asheesh Kumar, Seemita Banerjee*, C.G.S. Pillai, S.R.
Bharadwaj, international journal of hydrogen energy
38(2013) 1335- 13342

[6] A.Kinaci, M.K.Aydinol*. International
Hydrogen Energy 32 (2007)2466— 2474

[7] Moegamat Wafeeq Davids a, Mykhaylo Lototskyy a,*,
Alexander Nechaev b, Qiling Naidoo b, Mario Williams
a, Yevgeniy Klochko International Journal of Hydrogen
Energy 3 6(2011) 9743-9750

[8] Uchida H., International Journal of Hydrogen Energy,
24(1999)861-869.

[9] Feng F, Northwood DO., International Journal of
Hydrogen Energy, 29(2004) 955-960.

[10]Wunder VK, Schmid S, Popovska N, Emig G.
MOCVD., Surf Coatings Tech 151-152 (2002) 96-99.

[11] E.Bershadsky, Y.Josephy, M.Ron., Journal of the Less
Common Metals, 172-174, part3,1991 pages 1036-1043

[12] Billur Sakintuna® ', Farida Lamari-Darkrim®, Michael
Hirscher® ., International Journal of Hydrogen Energy
Volume 32, Issue 9, June 2007, Pages 1121-1140

[13] T.B.Flanagan, « Hydride for Energy Storage »
Proceeding for an International Syposium, Geilo(
Norway) , (1978) 135-150

[14]J.H.Charp, J.Y.Lee., Journal of the Less Common
Metals, the role of diffusio in cataysis Addision-Wesley,
Reading Massachussets (1975)

[15] G.Valensi, Journal de Chimie Physique 47(1950) 489

[16]J.Suzuki M.Abe, J. Less. Common. Met,
131(1987)301-309

[17]Gabrie Valensi, kinetics of oxidation of metallic
spherules and powder , Compt. Rend., 202 (4) (1936)
309-12

[18]J.B.Holt, 1.B.Culter and Wadswotth., rate of termal
dehydratation ok  kaolinite in  vaccum  J.
Am.Ceram.Soc.45 (3) (1962) 133-36

[19] M.Avrami, kinetics of phase change., J.Chem.Phys., 7
(12) 1939) 1103-12

[20]1B.V.Erofe’ev ., generalized equation of chemical
kinetics and its application in reaction involving solids
Compt.rend.Acad.Sci.URSS., 52(1946) 511-14

[21]W.A.Johnson, R.F.Mehl., Trans. Am.Inst.Min.Eng.135
(1939) 451

Journal of

Author Profiles

Mustapha BOULGHALLAT, University of Sultan Moulay
Slimane, Faculty of Sciences and Technology, Department of
Chemistry and Environment, Beni Mellal, Morocco. Master of

Volume 4 Issue 1, January 2015

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SUB1520

467



http://creativecommons.org/licenses/by/4.0/�
http://www.sciencedirect.com/science/article/pii/S0022508806800093�
http://www.sciencedirect.com/science/article/pii/S0022508806800093�
http://www.sciencedirect.com/science/article/pii/S0022508806800093�
http://www.sciencedirect.com/science/article/pii/S0360319906005866�
http://www.sciencedirect.com/science/article/pii/S0360319906005866�
http://www.sciencedirect.com/science/article/pii/S0360319906005866�
http://www.sciencedirect.com/science/article/pii/S0360319906005866�
http://www.sciencedirect.com/science/article/pii/S0360319906005866�
http://www.sciencedirect.com/science/article/pii/S0360319906005866�
http://www.sciencedirect.com/science/article/pii/S0360319906005866�
http://www.sciencedirect.com/science/journal/03603199/32/9�

International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438

Chemistry (1987) at the University of MohammedV, Rabat
(Morocco). Ph.D. Physical Chemistry (1992) at the University of
Bourgogne, Dijon (France). Assistant teacher at the Lycée Saint
Joseph, Dijon (France) 1989-1990.Visiting lecturer at the
University of Bourgogne, Dijon(France) 1990-1992. Visiting
lecturer at the Technological Institute University of Bourgogne,
Dijon (France) 1992-1994. Professor Assistant at the Faculty of
Sciences and Technology of Beni Mellal ( Morocco)1995-2003.
Professor at the Faculty of Sciences and Technology of Beni Mellal
(Morocco) since 2003. Member of laboratory Sustainable
Development. Team responsible of Corrosion and treatment of
materials. Research interests are Solid-gas reactions, Corrosion and
protection of materials, Kinetic ,catalysis and thermodynamic
Analytical control

Ahmed JOUAITI, University of Sultan Moulay Slimane, Faculty
of Sciences and Technology, Department of Chemistry and
Environment, Beni Mellal, Morocco. Master of physical (1987) at
the University Cadi Ayyad, Marrakech (Morocco), Ph.D. Physical
Chemistry (1994) at the University of Strasbourg, (France).
Professor Assistant at the Faculty of Sciences and Technology of
Beni Mellal (Morocco)1996-2003, Professor at the Faculty of
Sciences and Technology of Beni Mellal ( Morocco) since 2003,
Member of laboratory Sustainable Development, Team member of
Corrosion and treatment of materials. Research areas are Diffusion
phenomena, Surface and interface, Modeling of physical and
chemical systems.

Volume 4 Issue 1, January 2015

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SUB1520

468


http://creativecommons.org/licenses/by/4.0/�

	the sequence of the elementary steps which occur during the absorption of hydrogen by the metal compounds can be schematized as follows:
	,1-2.H2(gas) → ,1-2.H2(surface) → ,1-2.H2(activated) →H(sites) → H(surface) → H(ads) → H(volume) → H( hydride)
	,1-2.H2(gas) → ,1-2.H2(surface) → ,1-2.H2(activated) →H(sites) → H(surface) → H(ads) → H(volume) → H( hydride)
	1-mass transport: it is possible that this step is the slowest on condition that the particles to be smaller and/or porous and that the rate of the reaction is fast[13]
	2- chemisorptions of the hydrogen molecule: the number of molecules of the gaseous phase which shock the unit surface per second is equal to P/( 2mRTK)1/2 in wich m represents the mass of a molecule, P the pressure in the pore neighborhood and K the ...
	3-dissociation of the hydrogen molecule : if this step is regulative and the previous step is in equilibrium in this case the rate of collection at the pressure Po is given by the adsorption law Langmir : θ = K1Po /K2+K1Po ; K1 and K2 are the constan...
	4-diffusion of hydrogen sites to the metal surface : the diffusion of hydrogen on the surface is more complicated when must be considered the remaining Jx fux previous steps and hydrogen diffusion flux to the surface in the steady state[14]:
	∂Jx/∂x + Jx = 0
	5-transformation of the chemisorbed state to absorbed state: H( chemisorbed) → H(absorbed) in this step the flux is given by: J= K1Co –K2C in wich C is the concentration of hydrogen in the hydride phase, at the equilibrium pressure Co = Ceq
	6-diffusion through the hydride phase : step in which we assume a uniform attack leading to almost instantaneous formation of a protective layer [15] the progress of the reaction result of the synchronization of the following three phenomena:
	interfacial reaction external at the interface gas-solid B
	internal interfacial reaction at the interface solid A-solid B
	the diffusion between the two interfaces of the thickness of the product B
	7-transformation phase : in this case the absorption and diffusion rates are larger than that corresponding to the precipitation of the new phase, of which the composition can only be considered a function of the initial pressure imposed. The equati...
	V= K(PH2- PH2eq) with (H)dissolved = APH2
	3.2. Some numerical data generally used in the equations of solid reactions
	A large number of reactions in the solid state may be represented by type equations F() = Kt, where a is the fraction of the material which has reacted at time t. These equations can also be expressed in the form F() = A (t/ t0.5) where t0.5 is the ...
	3.2.1.Reactions controlled by diffusion which starts at the outside radius r of particles
	This type of reactions is characterized by the Valensi [17 ] equation:
	,D-4.,∝.=,1−,2-3.∝.−,(1−∝)-2/3.=,,𝐾-,𝑟-2...t ,1.
	3.2.2. Reactions controlled by diffusion
	For a one-dimensional diffusion with a constant diffusion coefficient, the reactions are governed by the parabolic law equation:
	,𝐷-1.(∝)= ,∝-2 .=,,𝐾-2𝑋..t ,4.
	2x is the thickness of the reactive layer. This equation can also put in the form:
	,D-1.,∝.=0.25,,𝑡-,𝑡-0.5... ,4.
	the reactions controlled by a two-dimensional diffusion in a cylinder of radius r obey to the equation of J.B.Holt[ 18]
	, 𝐷-2.,∝.=,1−∝.𝐿𝑛,1−∝.+∝=(,𝐾-,𝑟-2..)𝑡=0.1534,,𝑡-,𝑡-0.5... ,5.
	Most analyzes data given by Valensi [17] reduce to the equation ,5. when the volume of the obtained product is the same as the original matéraiu. The equation given by Jander [] on a diffusion controlled by symmetry shérique takes the following form:
	,D-3.,∝.=,,1−,(1−∝)-1/3..-2.=(,𝐾-,𝑟-2..)𝑡 =0.0426(,𝑡-,𝑡-0.5..) ,6.
	3.2.3. Reactions controlled by diffusion in the gain boundaries
	If the reaction is controlled by the movement of a constant velocity  to interface. The equation that relates  to t may then be derived from a simple geometric form. Example for a circular disc or a cylinder we obtained
	,R-2.,∝.=,1−,(1−∝)-1/2..=,,𝜇-𝑟..𝑡 = 0.2929(,𝑡-,𝑡-0.5..) ,7. for a sphere of radius reacting from the surface:
	,R-3.,∝.=,1−,(1−∝)-1/3..=,,𝜇-𝑟..𝑡 = 0.2063(,𝑡-,𝑡-0.5..) ,8.
	3.2.4. kinetic equations based on the concept of reaction order
	Analytically it is most convenient to use an equation:
	, d∝-dt.=,,1−∝.-n. ,9.
	which also applied in the case of reactions in the solid state for some values of n. The integration of the equation ,9. led to some equations already explained. When n = 1/2 the integrated equation ,9. gives equation ,7. as well as n = 2/3 we obtain...
	Sometimes some reactions in the solid state follow a first-order kinetic law n=1. The integrated form of the equation ,9. is
	F,∝.=,ln-,1−∝..= −Kt+C=,0.693-,t-0.5.. ,10.
	for other values of n other than 1; 2/3; 1/2 the obtained equations have no physical signification
	3.2.5. Reactions controlled by nucleation in the gain boundaries
	The mechanism controlling the reaction in the grain boundary assumed that the germination starts only when the surface of each particle is covered with a product layer. However the process of germination can occur at random and cannot be followed by a...
	,A-2.,∝.=,,−,ln-,1−∝...-,1-2..=Kt=0.8326,t-,t-0.5.. ,11.
	,A-3.,∝.=,,−,ln-,1−∝...-,1-3..=Kt=0.8850,t-,t-0.5.. ,12.
	3.3 Experimental Measurements
	3.3.1.First hydriding kinetic
	The compound TiFe0,5Co0,5 absorbs hydrogen at 25 C under a pressure of 4MPa, the first absorption kinetic begins slowly after an induction period of 5 hours and results in the final composition hydride TiFe0,5Co0,5 H1,5 after 48 hours of reaction (Fig.1)
	/
	In a previous study [3] we showed that a preliminary treatment of the sample (10-5Pa vacuum at 200 C) leads to the disappearance of the latency period and an acceleration of the rate of sorption hydrogen. The sample is called activated when after seve...
	3.3.2. Isothermal and isobaric kinetic curves
	After activation of the sample a series recorded curve translated in rate of progress ( = f (t)) were performed at temperatures ranging from 65 to 115 C and at pressures ranging from 0,7 to 3 MPa the rate of progress of the reaction is defined as fol...
	/
	Figure 2: Isobaric curves at different temperatures
	/
	Figure 3: Isothermal curves at different pressures
	All these curves are sigmoidal with an inflection point at t=0.5 and will overlap in a same affinity relative to time reduced t /t0.5(fig.4). This suggests that the processes controlling the kinetics of hydride formation reactions is the same. The aff...
	/
	Figure 4: Affinity of the isothermal curves as a function of the reduced time
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	Second domain very large range of almost linear shape corresponding to both germination and growth. In the third domain germs become large enough and collide with each other, which leads to a slowing of the rate of reaction and limits the diffusion of...
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	Figure 5: Linearization of sigmoidal curves into the equation of Johnson and Mehl [21]
	3.2.3. Exploitation results of kinetic curves
	the variations of the instantaneous speed V0.5 depending on the deviation from the equilibrium pressure (fig.6) are linear and can be expressed in the following form:
	,V-0.5.= ,,𝐾-𝑖.-,𝑎-𝑖..(,𝑃-𝐻2.−,𝑃-𝑒.) the speed interfacial ,𝐾-𝑖. is function of the parameters sample such as: the period, the frequency of cycles, the size ....etc.
	,V-0.5.= ,,𝐾-𝑖.-,𝑎-𝑖..(,𝑃-𝐻2.−,𝑃-𝑒.) the speed interfacial ,𝐾-𝑖. is function of the parameters sample such as: the period, the frequency of cycles, the size ....etc.
	/
	Figure 6: Variation of the instantaneous speed as a function of the deviation from the equilibrium pressure
	Pe designates the equilibrium pressure for which the speed is zero, if the term ,𝐾-𝑖. follows the law of the Arrhenius the rate equation ,V-0.5. becomes: ,V-0.5.=,,𝐾-0.-,𝑎-𝑖..,𝑒-−,𝐸𝑎-𝑅𝑇..,,𝑃-𝐻2.−,𝑃-𝑒.., Ea is the apparent activation ener...
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	Figure 7: Determination of activation energy
	Note that the values ,,𝐾-𝑖.-,𝑎-𝑖.. are the slopes of the straight lines of Johnson and Mehl [21] the activation energy obtained is Ea=30.2 KJ/mol.H2
	The kinetic study of hydrogen absorption by the TiFe compound has allowed us to draw some important results.
	Sample activation is easy, two cycles are sufficient to attain repeatability of experimental curves.
	The hydrogenation reactions are fast
	The curves of the hydride formation reactions are sigmoidal form and can be transformed into straight according to the johnson and mehl equation which reflects a mechanism controlled by the nucleation and growth.
	A logical continuation of this work is to study the evolution of the grain size with the number of cycles and also the mechanical stress caused by the loading of the alloy by hydrogen
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