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Modified Erbium-Ytterbium co-doped oxyfluorophosphate glasses 

were prepared via melt quenching method. The dependence of thermal and 

mechanical properties on Er2O3 dopants were investigated. The 

microhardness is found to decrease with the dopant concentration due to 

the indentation size effect. The observed decrease of the glass transition 

temperature Tg with increasing dopant concentration are elucidated in 

terms of the bonding strength of the glass network. Increasing of Er2O3 

changes the network structure of oxyfluorophosphate glass and improves 

the thermal stability. The obtained thermal and mechanical results of these 

Er2O3 added oxyfluorophosphate glasses support their applications in 

various technological fields. 
 

1. Introduction: 

Rare earth ions co-doped heavy metal oxyfluorophosphates glassy offer a 

great interest in many fields such as lasing medium, optical fiber amplifiers and 

waveguide lasers. The considerable attention given to rare earth ions co-doped 

heavy metal oxyfluorophosphates glassy attributed to its physical properties, like 

thermal, electrical and mechanical, isotropy, economy and the easy fabrication  

[1-3].The lower melting, glass transition and glass softening temperatures as well 

as the higher thermal expansion coefficient of phosphate glasses enable them to 

be one of the most important networks [4]. Fluoride host glasses have high 

quantum yield for conversion luminescence due to the ionic bond and low photon 

energy of fluoride [5-6]. Heavy metal glasses are excellent host materials for 

transition metal TM and rare earth metal ions RE
3+

 and have numerous practical 

applications in the field[7-8]. The high solubility of high concentration of rare 

earth, RE, oxides in metal oxyfluorophosphate glass enabled it to be one of the 

most suitable host networks for RE
3+

 ions [5-10].  
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At low ratios of phosphate/ fluoride (P/F ratios), the local environment of 

the RE
3+

 ions seem to dominate by fluoride ligation, which is important for higher 

emission efficiency and phonon-assisted energy transfer processes [5-10]. The 

poor chemical durability of phosphate glass may treat via addition of various rare-

earth ions, alkali and alkaline earth metal oxides [5-10].  

 

Hence, the present work is devoted to the examination of thermal and 

mechanical properties of P2O5-ZnO-Pb2O3-WO3-NaF-LiF-Er
3+

-Yb
3+

 glasses.The 

variations in the properties with the structural change of the glasses are also 

discussed. 

 

2. Experimental Techniques 

Proper amounts of high purity oxides and fluoride, which are listed in  

Table (1) were mixed and melted to prepare high-density oxyfluorophosphate 

glass containing Er
3+

/Yb
3+

. The raw materials were mixed thoroughly in an agate 

mortar and placed in a porcelain crucible for melting it in an electric furnace at 

1100 °C for 2 hr to obtain a homogenous bubble free liquid. During the melting 

period, the molten was shaked frequently then quenched on a preheated brass and 

annealed below the glass transition temperature to eliminate internal thermal 

stresses. 

 

Table (1): Chemical composition of the studied glasses 

Glass Label Chemical Composition 

P2O5 ZnO Pb2O4 WO3 NaF LiF Er2O3 Yb2O3 

PFYb 45 23 20 2 5 5 0 2 

PFYb0.1Er 45 23 17.9 2 5 5 0.1 2 

PFYb0.2Er 45 23 17.8 2 5 5 0.2 2 

PFYb0.3Er 45 23 17.7 2 5 5 0.3 2 

PFYb0.4Er 45 23 17.6 2 5 5 0.4 2 

 

Differential scanning calorimeter DSC measurements were carried out by 

TA Instruments, SDT Q600 in an open platinum pan at heating rates 10 K/min up 

to higher than 600 C in a high purity nitrogen atmosphere and at a flow rate 15 

Psi. The test was performed to identify the characteristic temperatures such as the 

glass transition, onset of crystallization, and crystallization temperatures with 

accuracy ±3 (K) under non isochronal conditions (constant heating rate) that are 

mainly used in determining the thermal parameters. The Vickers microhardness 

were measured by using HMV Shimadzu Micro Hardness Tester with a load with 

equal to 490.3 mN by a force duration with10 second for each sample. Five 

randomly indentation was tested on the same smooth surface for each sample. 
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3. Results and Discussion: 

 The Differential Scanning Calorimetry (DSC) plots of the studied glasses 

at a heating rate 10 C/min are displayed in Fig. (1). All glasses exhibit exothermic 

effects attributed to the glass transition temperature (Tg). There only one 

exothermic peak for the crystallization temperature TC which attributed to the 

nucleation processes followed by establishing of a crystalline phase of a low 

internal free energy [4, 11]. 

 
 

  

Based on the obtained DSC curves the characteristic temperatures such as 

the glass transition  and the crystallization were obtained as shown in Fig. 

(2). It can be observed that the glass transition temperature is gradually 

decreased from 365 to 354 ˚Cwith the increase of Er2O3 concentration. In the 

same respect the onset crystallization temperature increased from 480 to 490°C. 

The observed decrease in indicates the decrease of bonding strength in the glass 

structure which in turn means the glass network somewhat less rigid[4, 11]. 
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Fig (2): Variation of glass transition & crystallization temperatures with 

erbium concentration.  

 

The temperature gap between  and is used as a rough measure of the 

glass forming ability of a melt, i.e., of resistance against crystallization during 

casting. The glass stability against crystallization is estimated via [11-12] 
 

 
 

The deduced values of glass stability are shown in Fig. (3). The large value 

of means strong inhibition to processes of nucleationand crystallization [4, 11]. 

 

 

 
Fig (3): variation of glass thermal stability range with erbium concentration.  
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The microhardness decreases with the increase of Er2O3 as shown in Fig. 

(4), due to the decrease in packing density. It means there was breaking of some 

P–O–Er bonds per volume in the glass network during the application of load, 

which led to a decrease in the resistance of deformation [13]. In the other word, 

the decrease of microhardness is consistent with the weakening of glass network. 

These results are harmonic with the glass transition temperature. 

 
 
 

Fig (4): Variation of microhardness with erbium concentration 

 

4. Conclusion: 

In heavy metal oxyfluorophosphate glasses, the doping of Er2O3 at the 

expense of Pb2O4 leads to the decrease in the packing density which caused a 

decrease in microhardness. The appropriate amount of Er2O3 improves the 

thermal stability of the studied glass network. The experimental evaluation on 

thermal and mechanical properties of the studied heavy metal oxyfluorophosphate 

glasses may contribute towards the development of glass network as conversion 

layer for the solar cell due to their good thermal stability and suitable hardness. 
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