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Research Progress on Optical Temperature Sensing and Functionalization Application of
Rare-Earth Ions Doped Upconversion Luminescence Material

FAN Xuemei, YING Weitao, HE Jingyi, XU Shiqing, LIU Shimin
(State Key Laboratory of Metastable Materials Science and Technology, Yanshan University, Qinhuangdao 066004, Hebei, China)

Abstract: It is important to carry out accurate and reliable temperature measurements for daily life, industrial production and
scientific work. The non-contact temperature sensing technology has attracted extensive attention, and recent work on the optical
temperature sensing of rare-earth ions doped upconversion luminescent materials becomes popular. This review represented the
optical temperature measurement mechanism of the upconversion materials, the latest research work of rare-earth element ions doped
upconversion phosphors and upconversion glass ceramics in the field of optical temperature sensing and other functional applications
based on optical temperature sensing. In addition, the future development trend was also prospected based on the research
achievements and existing problems of rare earth upconversion luminescent materials in the field of optical temperature sensing.
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Table 1 Low temperature sensing sensitivity of different Re’* doped upconversion phosphors based on FIR technology

Sample T/K Max S,/K ™ Max S/(%K ") Reference
NaYFEr* 150-350 0.054 (350 K) 4225 (250 K) [21]
KLa(MoOy,),:Ho* /7Yb** 85-240 0.049 (85 K) 4.600 (85 K) [23]
Y,05:Yb* /Ho** 10-300 0.097 (85 K) [29]
NaYF,Yb* /Er* 160-300 1.200 (160 K) [30]
NaGdF,:Yb*/Tm** @NaGdF,:Tb*/Eu* 125-300 1.200 (125 K) [31]
Gd,03:Ho*/Yb* 130-280 0.804 (130 K) [32]
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Fig. 5 Characterizations of nucleation/growth-type GC (a) XRD patterns of PG and GC samples, and standard powder diffraction
file cards of ZnAl,O4 and LiYF, (JCPDS 05-0669 and 81-1940). TEM images and insets showing SAED patterns of (b) PG,

(c) GC600 and (d) GC700™
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Fig. 6 Characterizations of self-crystallization type GC (a) XRD of PG and GC660 samples as well as standard cards of JCPDS
27-1426 (Na5ngF32), JCPDS 39-0724 (Na0_41Y0_59F2_13), ICSD-77101 (Na()_39Y0_61F2_22) and ICSD-91518 (Nag_395H00_605F2_21)
(b) Transmittance spectra of PG and GC660 samples (¢) TEM image of GC660 sample (d) HRTEM image of GC660 sample,

the inset is corresponding SAED patterns®®”
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Table 2 Temperature sensitivity of Er** doped upconversion
glass ceramics

Fluorescence

GC host T/K Max S/(% K ")  Reference
centers
Er*t Sr,YbF; 300-500 0.62 [48]
Er*t Ba,LaF; 298-573 0.43 [49]
Er*t CaF, 295-723 1.40 [50]
Er*t K5YFs 300-510 1.27 [51]
Er*t KYbyF,; 300480 0.45 [52]
Er*t NasGdoF3, 300-510 1.11 [53]
Er*t NasYboF3, 300-773 1.33 [54]
Er*t BaGdFs 298-681 1.28 [55]
Er*t YF; 293-563 1.01 [56]
Er*t GdF; 303-563 1.18 [57]
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