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Table 1 Theoretical compositions of the glass samples

n/%

Samples Ba(P0O;), Zn(POs), AlF; KF BaF,
B80A10K10 80 10 10
B40A10K50 40 10 50
B80A10B10 80 10 10
Z80A10K10 80 10 10
ZA0A10K10 40 10 50
Z80A10B10 80 10 10

n is mole fraction.
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Fig. 1 Theoretical (red solid line) and actual (blue dashed line) glass forming regions of fluorophosphates (actual glass forming

region quoted from[11, 13])
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Table 2 Thermodynamic parameters, calculated and experimental eutectic compositions of the binary subsystems in FP glass

systems

Subsystem Melting point 7, /K Fusion heat/(J-mol™") Eutectic composition xp/%

System A B Ta Ts AHA AHp Calculated ~ Measured
AlF3~Zn(PO;)>-PbF, AlF; Zn(PO3), 127104 1136031 27 551061 29 396015 56.0
PbF, Zn(PO;3), 114307 1136051 147000161 29 396013 40.0
¢(PbF,~Zn(PO3),) e(Zn(PO3)-AlF53) 870P 962° 205782 28 5842 38.0
(0.6CaF,-0.4AlF3)—- 0.6CaF,-0.4AlF; Ba(PO3), 110104 1153051 28 6000161 57 269115 29.5
Ba(PO;);-MgF> MgF, Ba(PO3), 1543081 1153051 58500061 57269013 83.5
e(MgF,-Ba(P03),)  e(Ba(POs), (0.6CaF,-0.4AlIF3)) 1119° 952P 57472 370572 76.5
(0.6CaF,-0.4AlF3)—- 0.6CaF,-0.4AlF; Zn(PO3), 110104 1136031 28 6000161 29 396015 475
Zn(POs);-MgF> MgF, Zn(PO3), 1543081 1136051 58500061 29 396013 88.5
e(MgFZn(P0s),)  e(Zn(POs3),~(0.6CaF,-0.4AlF3)) ~ 1084° 915P 327422 28978 65.5

2 Data evaluated by the summation of fusion heats of two corresponding compounds.

b Data calculated based on the freezing-point depression method.

No data are provided in the “Measured” column since phase diagram data for the relevant systems have not yet been documented in existing literature.
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Fig. 2 Raman spectrum of fluorophosphate glass
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Fig. 5 Relationship between the refractive index and composition of fluorophosphate glass
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Calculation and Experiment on the Glass Forming Region of Fluorophosphate Laser Glass

DUAN Taiyu, ZHANG Xin, JI Yao, WANG Weichao, ZHANG Qinyuan
(School of Physics and Optoelectronics, South China University of Technology, Guangzhou 510000, China)

Extended Abstract

Introduction Fluorophosphate (FP) laser glass offers high rareearth solubility, low nonlinear refractive index, and a large Abbe
number, making it a promising gain medium for high-power fiber lasers. The determination of the glass-forming region is
fundamental to developing new laser glass systems. Previous studies have relied heavily on trialanderror approaches, yielding only
limited data at prohibitive cost in terms of manpower, finances, and material resources. In this work, thermodynamic calculations are
employed to investigate the glass-forming region of multicomponent FP glass systems. The results reveal that thermodynamic
calculations can effectively predict the glass-forming region of FP glasses. Moreover, differences in cation field strength and
interactions with anions are identified as critical factors governing the glassforming ability and structural stability of FP glasses.
Based on these theoretical predictions, a ytterbiumdoped, high-gain FP laser glass and fiber are designed and fabricated through
compositional optimization, and initial 1.0 pm laser output is successfully demonstrated.

Methods The thermodynamic calculations are based on the free energy balance between liquid and solid phases in binary systems.
By solving the equilibrium equation, the melting temperature is obtained as a function of composition, and the eutectic point is
determined by locating the minimum of this function. For ternary and higher-component systems, the binary eutectic points are
treated as “quasi-compounds”, and the calculation is performed iteratively to construct the theoretical glass-forming region. The
predicted regions were validated against experimental data reported in the literature. Raman spectroscopy combined with peak-fitting
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analysis was used to quantify Qn species, while density and refractive index measurements were carried out for physical property
evaluation. Yb**-doped FP glasses and fibers were then fabricated based on the predicted glass-forming region, and their laser
performance was characterized.

Results and discussion Quantitative comparison between predicted and experimental glass-forming regions shows overlap ratios of
74.5%, 100%, and approximately 100% for the three systems examined, confirming that the method effectively locates the main
compositional range of glass formation. Raman analysis reveals a transition from Q?-dominated chain structures at high phosphate
contents to Q%/Q! units at low phosphate contents, with the Q? fraction decreasing from 73.4% to 8.4% as phosphate content drops
from 80%(mole fraction) to 40%. Cation field strength is identified as a critical factor: the higher field strength of Zn?* (0.43) relative
to Ba?" (0.24) leads to stronger network bonds but greater sensitivity to composition variation, resulting in a narrower glass-forming
region. Guided by the theoretical predictions, Yb**-doped FP fibers were fabricated with a peak gain coefficient of 5.56 dB/cm at
1064 nm and stable dual-wavelength laser emission at 1023.3 nm and 1031.5 nm under 974 nm pumping.

Conclusions This work demonstrates that thermodynamic calculations based on eutectic point prediction provide a valid
pre-screening tool for locating glass-forming regions in multicomponent FP systems. Cation field strength governs the
glass-forming window and structural stability. Guided by theoretical predictions, Yb**-doped FP fibers were successfully fabricated
with stable 1.0 pm laser output, validating the effectiveness of this combined theoretical-experimental approach for developing novel
laser glass materials.

Keywords fluorophosphate glass; laser glass; glass-forming region; thermodynamic calculation





