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Abstract. Isothermal decomposition of un-irradiated and pre-(-irradiated neodymium acetate has been investigated at different temperatures between 583-603 K.  Irradiation was observed to enhance the rate of decomposition without modifying the mechanism of the thermal decomposition. Thermal decomposition of neodymium acetate has been shown to proceed by a nucleation and growth mechanism (Erofe’ev model) both for un-irradiated and pre-(-irradiated samples. The enhancement of the decomposition was found to increase with an increase in the (-ray dose applied to the sample and may be attributed to an increase in point defects and formation of additional nucleation centers generated in the host lattice. The change in crystallinity of the investigated neodymium acetate by (-irradiation was studied using X-ray diffraction technique. Thermodynamic values of the main decomposition process were calculated and evaluated.   

1. Introduction

Thermal decomposition of solids is an important field of solid state chemistry with wide technical applications [1]. Many recent studies on the isothermal decomposition of inorganic solids have included measurements on samples that were exposed to radiation prior heating. These measurements were performed for one or both of the following reasons. First, the material may have been irradiated to investigate one or more features of the decomposition process. Second, it may have been included in a “radiation damage” study to determine if radiation can modify one or more properties of the material in an important way by creating of point defects or increasing the number of nucleation forming sites [2-6]. Neodymium compounds has a wide industrial and biological application. 

In this investigation, the kinetics of the thermal decomposition of unhydrated neodymium acetate to Nd2O2CO3 before and after pre-(-irradiation has been studied by isothermal thermogravimetry.

2. Experimental

Hydrated neodymium acetate was obtained commercially (WINLAB, England) and used without further purification. The decomposition of neodymium acetate in air yields Nd2O3 and volatile products and within experimental error the reaction eventually goes to completion. The decomposition was followed using an isothermal thermogravimetric technique in the temperature range (583-603 K) using a Netzsch STA 429, thermal analyzer, (Germany). The heating rate used was (5o C/min) and sample weights were about 100 mg. Four irradiation samples were encapsulated in glass vials under vacuum and were exposed to successively increasing doses of radiation at a constant flux using a Co-60 (-ray cell 220 (Nordion INT-INC, Ontario, Canada). The dose rate was 104 Gy/h. The source was calibrated against a Fricke Ferrous sulphate dosimeter and the dose rate in the irradiated samples was calculated by applying appropriate corrections for photon mass attenuation and energy-absorption in the sample and the dosimeter solution [7]. The fraction decomposed or the measure of conversion ( was calculated, as 
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3. Results And Discussion


Figure 1 shows thermogravimetry (TG) and differential thermogravimetry (DTG) curves of the thermal decomposition of hydrated neodymium acetate in air. The TG curve show that the decomposition of Nd(CH3COO)3.H2O takes  place in four steps. The dehydration step commences in the range (393-453K) corresponds to loss of 1H2O molecules. The weight loss was estimated to about 5% of the total weight in good agreement with the theoretical calculated value (5.3%). The decomposition of dehydrated Nd(CH3COO)3 proceeds in three steps, the first and second step in the temperature rang (533-653 and 673-743 K) corresponding to formation of Nd2O2CO3 and volatile products. The thrid step in the temperature range (993-1073 K) corresponding to formation of Nd2O3 and CO2. The experimentally calculated total weight loss value of the whole decomposition process is in good agreement with the theoretical calculated one. Thermal decomposition of un-irradiated and pre-irradiated sample of neodymium acetate with total (-ray dose of 106 Gy was studied in the temperature range (583 - 603 K).


The general form is sigmoidal for both un-irradiated and pre-γ-irradiated samples with a gradual approach to the acceleratory region (see Fig. 2). The (-time curves for pre-γ-irradiated sample showed that the time required to reach the maximum rate proceeds faster, as the value of ( at the point of inflection i.e. (max  is reduced and the induction period was shorten by irradiation. The observed promotion of decomposition by pre-γ-irradiation is ascribed to the generation of additional sites of potential nucleation as crystal defects or long-lived reactive radicals may be of different kind compared to intrinsic nucleation sites but are of comparable activity. 
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Fig. 1. TG and DTA of hydrated neodymium acetate.
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Fig.2.  Fractional decomposition ( Vs time curves for the isothermal decomposition of neodymium acetate.


The isothermal (/t data for the main process i.e. the acceleratory region of neodymium acetate decomposition (0.098 < ( < 0.921) were analyzed according to the various kinetic mechanism cited in Table 1 [8].

Table 1. Mechanistic equation examined in this work

	Equation
	Function
	Function

	One-dimensional diffusion
	(2
	D1

	Two-dimensional diffusion
	 (1-()ln(1-()+(
	D2

	Jander equation, three-dimensional diffusion
	[1-(1-()1/3 ]2
	D3

	Ginstling-Brounshtein equation three-dimensional diffusion
	(1-2(/3)-(1-()2/3
	D4

	Two-dimensional phase-boundary reaction
	1-(1-()1/2 
	R2

	Three-dimensional phase-boundary reaction
	1-ln(1-()1/3 
	R3

	First-order kinetic
	ln(1-()
	F1

	Prout-Thompkins branching nuclei
	ln[(/ (1-()]
	A1

	Random nucleation: Avrami equation
	-[ln(1-()]1/2 
	A2

	Random nucleation: Erofe’ev equation
	-[ln(1-()]1/3
	A3



Under isothermal conditions, the rate constant k, is independent of reaction time and so kt ( g ((). A plot of g(() vs t should give a straight line if the correct form of g(() vs t is selected. The function g(() depends on the mechanism controlling the reaction and on the size and shape of the reacting particles [9]. In a diffusion-controlled reaction: D1 is the function for a one-dimensional diffusion process governed by a parabolic low, with constant diffusion coefficient; D2 is for a two-dimensional diffusion-controlled process into a cylinder; D3 is Jander’s equation for a diffusion–controlled reaction in a sphere and D4 is a function for a diffusion controlled reaction starting on the exterior of a spherical particle. In phase–boundary-controlled reactions, the reaction is controlled by movement of an interface at constant velocity and nucleation occurs virtually instantaneously, then, the equation relating ( and t is the R2 function for a circular disc reacting from the edge inward, and the function R3 for a sphere reacting from the surface inward. If the solid-state reaction follows first order kinetic (F1 function) then the rate-determining step is the nucleation process and there is equal probability of nucleation at each active site. In phase-boundary reaction it is assumed that the nucleation step occurs instantaneously, so that the surface of each particle is covered with a layer of product. Nucleation of the reactant, however, may be a random process, not followed by rapid surface growth. As the nuclei grow larger they must eventually impinge on one another, so that growth ceases where they touch. This process has been considered by Avrami and Erofe’ev, who have given the function A2 and A3, respectively.

Our results show that both sets of data for the un-irradiated and pre-(-irradiated samples obey the Erofe’ev equation i.e. random nucleation followed by growth of three-dimensional nuclei, Fig. 3. For the (-irradiated material, some radiolysis of neodymium acetate occurs. The gas produced is evolved in part into the capsule during irradiation and in part on first heating to the decomposition temperature. This may create additional numbers of potential nucleation forming sites, help to shorten the induction period and accelerate the decomposition process [10]. The reaction begins at the surface from a number of potential nuclei, which become active by thermal fluctuation. Growth then proceeds three-dimensionally into the crystalline probably along preferred planes. Irradiation appears to increase the number of potential nuclei, but does not enhance the growth rate. The crystallinity changes by (-irradiation was tested using X-ray diffraction powder pattern (XRD) technique as shown in Fig. 4. The result of XRD studied on  neodymium acetate samples before and after (-irradiation indicated that the irradiated sample up to 106 Gy (-ray dose has significant changes in the crystal structure by exposure to (-irradiation. The rate constants of the acceleratory region at different temperature were calculated from slopes in Fig.3. 
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Fig.3. Isothermal decomposition curves for neodymium acetate.
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Fig.4. XRD of neodymium acetate (a) befor irradiation (b) after irradiation.


The activation energies calculated from least square method using Arrhenius equation for un-irradiated and pre-(-irradiated neodymium acetate is tabulated in Table 2. The results indicated that the decomposition of neodymium acetate was significantly affected by (–irradiation, and the decomposition was proceedes faster than the un-irradiated one. 

Entropy and enthalpy values of the main decomposition for un-irradiated and pre-(-irradiated neodymium acetate were calculated using the following equation [11]. 
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Where k is the rate constant, R is gas constant, T absolute temperature, N Avogadro’s number and h is Plank constant. The slope and intercept of plotting ln k/T against 1/T give (H( and (S( respectively. The calculated values are also, included in Table 2.

Table 2. (Ea, (H( and (S( values for isothermal decomposition of neodymium   acetate 

	Neodymium acetate
	(Ea kJmol-1
	(S( JK-1mol-1X;’S
	(H(   kJmol-1
	(G(  kJmol-1  

	un-irradiated
	93.61
	-260
	88.68
	243.092

	Pre-(-irradiated
	54.22
	-191
	49.29
	162.805


Mechanism of decomposition

In general, mechanism of the decomposition of solids could be:- (i) electron transfer (ii) proton transfer (iii) breaks down of the anion or bond scissoring. Electron transfer operates mainly at low temperatures while at high temperatures proton transfer and bond rupture predominates. Thermal decomposition of neodymium acetate under the present experimental condition showed that the rate of reaction in the acceleratory region initially increases with time until a maximum is attained. Anion break down is envisaged as proceeding through a catalytic-type process on the surfaces of the oxodic neodymium particles that constitute the active advancing interfaces. The decomposition thereafter proceeds by phase boundary process for both un-irradiated and pre-( irradiated samples of neodymium acetate.

4. Role of irradiation

Upon irradiation with 60Co (-ray, the Compton effect has the largest cross-section, except for materials of very high atomic number and moreover the number of atoms displaced has its maximum in the very light elements and diminishes to zero around atomic number 125 [12]. Irradiation with these rays therefore excludes the possibility of displacement of neodymium (At. Wt. 144.2) by Compton effect but generates additional sites of potential nucleation. These may be crystal defects or reactive radicals that are not necessarily identical with intrinsic nucleation sites but are of comparable reactivity and or more probably evolve by a similar sequence of steps into growth nuclei. More extensive irradiation advances the onset of reaction; this is envisaged as being due to the involvement of a small amount of decomposition products, which advance the transformation of all precursor-specialized sites into active growth nuclei. The kinetic of growth of all nuclei are identical. The observed increase in reaction rate for pre-(–irradiated samples is ascribed to a direct relationship between the extent of salt (-irradiation and number of nuclei developed on subsequent decomposition [13].

Conclusion

In the present investigation (-irradiation, effect on the thermal decomposition of hydrated neodymium acetate was studied in air using isothermal techniques. Different theories of solid state reactions and models were applied to choose the best model or solid state reaction, which control the decomposition of neodymium acetate. The effects of pre-(-irradiation on the decomposition process were studied by irradiating the investigated neodymium acetate sample to (-ray doses 106 Gy. The kinetic parameters of the decomposition before and after pre-(-irradiation using isothermal techniques were calculated and evaluated. The general conclusion of the present study could be summarized in the following: 

1)
Under isothermal condition, the decomposition of both pristine and pre-(-irradiated hydrated neodymium acetate was controlled by a nucleation and growth mechanism (Erofe’ev model).

2)
 The kinetic and thermodynamics values of the decomposition process of (pre-(-irradiated neodymium acetate were lower than the corresponding values calculated for un-irradiated salt with no change in the applied kinetic function g (().
3)
The following mechanism could be suggested to explain the decomposition process and the formation of gaseous products. The main step in the suggested mechanism is the rupture of C-O and C-C bonds followed by electronic rearrangement.
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التحلل الحراري المعزول الخلاّت النيوديميوم المشعّعة بأشعة جاما

سعد محمد الشهري

قسم الكيمياء، كلية العلوم، جامعة الملك سعود، ص ب 2455،

 الرياض 11451، المملكة العربية السعودية

(قدم للنشر في 9/7/1423؛ وقبل للنشر في 3/11/1423هـ)

ملخص البحث. تمت دراسة التحلل الحراري المعزول لعيّنات خلاّت النيوديميوم المشعّعة وغير المشعّعة عند درجات حرارة مختلفة ما بين 583 و603 كلفن. حيث وجد أن التشعيع يسرع من عملية التحلل وذلك بدون تأثير على ميكانيكية التحلل الحراري. وأظهرت النتائج أن آلية التحلل الحراري الخلاّت النيوديميوم تتم عبر نموذج تكوين النوى (نموذج إيروفوف) لكل من العيّنات المشعّعة وغير المشعّعة. ووجد أن التكسير يكون أسرع كلما زادت الجرعة الإشعاعية الممتصة بسبب الزيادة في مراكز التلف الإشعاعي وتكوين  نوى إضافية في خلية الشبكة البلورية. وتم حساب وتقويم القيم الثرموديناميكية لعملية التحلل الرئيسي.     
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