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Research Progress on Luminescence Materials Based on Nano-Porous Glass

ZHANG Dongchen, WANG Suyu, SU Weiquan, LIU Yongguang, LIU Zichang, WANG Zihang, ZHANG Ning,
LUO Chengxi, YANG Lvyun
(Wuhan National Laboratory for Optoelectronics, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Nano-porous glass is a multifunctional microstructure material, which is widely used in the fields of purification and
filtration, biochemistry and ion selection. Also, the optical materials prepared with porous glass have some superior advantages in
optics. Recent research work on nano-porous glass in the visible and near-infrared bands was reviewed. The luminescent properties of
various rare-earth element ions and metal ions in porous glass were introduced, and the advantages of porous glass in preparing
luminescent glass-ceramics and encapsulating carbon dots and quantum dots were demonstrated. A method of fabricating optical
fibers using porous glass was described, which could be expected to break through the technical difficulties of various active optical
fiber fabrication technologies. In addition, some prospects for the future development of nano-porous glass were also given.

Keywords: porous glass; luminescent material; luminescent glass; active optical fiber
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Table 1 € of Tm*" doped porous glass compare to other

based glass
Host glass 2/(10%cm?)  2/(10Pcm?)  2,/(10%cm?) Q4/Qs
Fluoride!*”! 1.96 1.36 1.16 1.17
Germanate!*!! 5.55 2.03 1.26 1.61
Tellurite 3.79 1.10 0.98 1.12
Sillicate!*! 3.08 0.99 0.40 2.48
Nano porous glass 4.72 1.37 1.03 1.33

3, Q4, Q6: -0 parameters.
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Table 2 Latest bismuth doped fiber lasers and amplifiers

Composition Mole fraction of Bi Apump /DM Amplification/nm Loss n L/m
Al—SiH*%! <0.02% 1085 1160 <10 dB/m 21% 80
Al—Si*" 1120 1180 0.28 dB/km 0.017 dB/mW 100
P—Ge—Si™*¥ <0.02% 1230 1330 <0.35 dB/m 50% 100
P—Ge—Si*” 1270 1260-1 360 0.59 dB/m 0.05 dB/mW 150
Ge—Si™" 170x10°° 1568 1700 <1.5 dB/m 33% 25
Ge—Si*! 0.004 5% 1550 1710 0.92 dB/m 0.1 dB/mW 50

4 R&E5REZ

ZALBIEAE 21 60 £ B MTE W
IR, AR E R AT, (E T AR
JCEE T RIBT SO o 2 SLBCREAS S D vo ek A B
3, BN FEI R A A AT
PRERE, TR $59 50 0 A (¥ FLIE 7T DL R o s £ 46
FOC B TAERERR EE PR h IS MR L A Rk st . A3
X 2 FLBHSAE P] WA LU B T FOEAT T 4%
iR . M 2 FLIER AT LA BB A s RO =
SOM PO, Hrpar DU BI3ES BT SEE B
RICHIATE . 2 ALBIE R — AR 0K A T3
A, AT AR R R R R AR B 2R K i, B AT
BT REEPURBOCI B, FEERAUR O BT T
JEBUANER (078 770 I ELAS I 22 L35 ) 2% ] 14 8
KRR B TR A Ak RE . AMEIR
LLAMT DT TR ] 2 05T, 2 LB I

EORHILS . FIH 2 LR % SRR NA /1
BEOGL, MLIT 30 MCVD Jaeril & 755, 241
PEEAEB A SINE L OAR RS A & R s 7 T 4T
HAAWRRI0H . ok, 2 LBt % s,
B BREE BAE A L LLAN RO YRR, TR 2K
i DR IZ LS T AE G AT TP AR AE Bl T8 B AN B 2%
WL LA 51 A AR A R R 1) . R SR 2 ALY
SRRSO DI REBIB B AL R PR RS, 2 4L
PIEA B RO AR R S AT O B ) R AL R

SE R

[1] KURAOKA K, CHUJO Y, YAZAWA T. Hydrocarbon separation via
porous glass membranes surface-modified using organosilane
compounds[J]. J Membr Sci, 2001, 182(1): 139-149.

2] Bifge. R 2 ALBEMER . BH R Lo ARt R ). Wb T,
2007, 23(7): 7-9.
MA Hailong. Hebei Chem (in Chinese), 2007, 23(7): 7-9.

[3] YAZAWAT, TANAKA H, NAKAMICHI H, et al. Preparation of water

and alkali durable porous glass membrane coated on porous alumina



25055 4

RARR 55

BT 2 ALBIER O R U R .

1061 -

(4]

(3]

(6]

(71

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

tubing by sol-gel method[J]. ] Membr Sci, 1991, 60(2): 307-317.
NICOLL S B, RADIN S, SANTOS E M, et al. In vitro release Kinetics
of biologically active transforming growth factor-pl1 from a novel
porous glass carrier[J]. Biomaterial, 1997, 18(12): 853—859.

BRASER, R, AKAE. T I-Be i) o b6 BT S 2 BeaiR E 10
BFFE[I]. RERRER 2R, 1992, 24(5): 436-441.

CHEN Quanging, WANG Heming, ZHU Yonghua. J Chin Ceram Soc,
1992, 24(5): 436-441.

KOKUBU T, YAMANE M. Thermal and chemical properties of
TiO,-Si0, porous glass-ceramics[J]. J Mater Sci, 1987, 22(7):
2583-2588.

XAVIER MAP, VALLEJO B, MARAZUELA MAD, et al. Fiber optic
monitoring of carbamate pesticides using porous glass with covalently
bound chlorophenol red[J]. 14(12):
895-905.

YANG L, DAI N, LIU Z, et al. Tailoring of clusters of active ions in
sintered nanoporous silica glass for white light luminescence[J]. J
Mater Chem, 2011, 21(17): 6274-6279.

AR, BER, BE5. PRZILBEEM AR PS5,
2006(2): 41-44.

SHI Chengli, LIANG Zhongyou, LI Yuliang. Glass Enamel(in
Chinese), 2006(2): 41-44.

ENKE D, JANOWSKI F, SCHWIEGER W. Porous glasses in the 21st
century—a short review[J]. Micropor Mesopor Mat, 2003, 60(1):
19-30.

W . T B e 35 3 23 RHVE (R R B8 T 45 A R S B R 4T
FED]. BB R, 2018,

YANG Yu. Rare earth ions doped silica glass and fibe based on

Biosens Bioelectron, 2000,

sodium-borosilicate glass phase-separation technology (in Chinese
dissertation). Wuhan: Huazhong University of Science & Technology,
2018.

CHU Y, YANG Y, LIAO L, et al. 3D Nanoporous Silica Rods for
Extra-Large-Core High-Power Fiber Lasers[J]. ACS Photon, 2018,
5(10): 4014-4021.

HER, 5 Ce™\ Ce™ +Mn” Wi Tk B I (IR AT S R e e 0],
ZLHMIFAL, 1984, 23(4): 311.

HUANG Xihuai. Infr Technol (in Chinese), 1984, 23(4): 311.

CHEN D, MIYOSHI H, AKAI T, et al. Colorless transparent
fluorescence material: Sintered porous glass containing rare-earth and
transition-metal ions[J]. Appl Phys Lett, 2005, 86(23): 231908.

LIU W, CHEN D, MIYOSHI H, et al. Colorless transparent
fluorescence material at the vuv excitation: the leached sintered glass
with impregnation of Tb>* jons[J]. Chem Lott, 2005, 34: 1176-1177.
LIU W, CHEN D, MIYOSHI H, et al. Tb“-impregnated, non-porous
silica glass possessing intense green luminescence under UV and VUV
excitation[J]. J Non-Cryst Solids, 2006, 352(28): 2969-2976.

LIU W, CHEN D, AKAI T. Preparation and photoluminescence

properties of Vycor glasses impregnated with Tb** and Ce**(or G*H[J].

Mater Chem Phys, 2008, 109(2): 257-261.

YANG L, YAMASHITA M, AKAI T. Adjusting valence state of
europium in sintered porous glass by adding of aluminum and
yttrium[J]. J Non-Cryst Solids, 2011, 357(11): 2400-2402.

YANG L, YAMASHITA M, AKAI T. Green and red high-silica
luminous glass suitable for near-ultraviolet excitation[J]. Opt Express,
2009, 17(8): 6688—6695.

LIU Z, DAI N, LUAN H, et al. Enhanced green luminescence in

Ce-Tb-Ca codoped sintered porous glass[J]. Opt Express, 2010, 18(20):

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

311

[32]

[33]

[34]

[33]

[36]

[37]

[38]

21138-21146.

ZHOU 8, JIANG N, ZHU B, et al. Multifunctional bismuth-doped
nanoporous silica glass: from blue-green, orange, red, and white light
sources to ultra-broadband infrared amplifiers[J]. Adv Funct Mater,
2008, 18(9): 1407-1413.

ZHANG Q, CHEN G XU Y, et al. Abnormal upconversion
luminescence from Yb*" doped and Tb**/Yb®* codoped high silica
glasses induced by intrinsic optical bistability[J]. Appl Phys B, 2010,
98(2): 261-265.

CHU Y, YANG Y, LIU Z, et al. Enhanced green upconversion
luminescence in Yb-Tb co-doped sintered silica nanoporous glass[J].
Appl Phys A, 2015, 118(4): 1429-1435.

YANG Y, CHU Y, CHEN Z, et al. Blue upconversion luminescence for
Yb**/Tm* co-doped borosilicate glasses[J]. J Lumin, 2018, 195:
247-251.

YANG Y, CHU Y, CHEN Z, et al. Blue upconversion in Yb*"/Tm**
co-doped silica fiber based on glass phase-separation technology[J].
Appl Phys A, 2018, 124(2): 205.

YAN-BO Q, XIAO-FENG L, QIANG Z, et al. Synthesis and
luminescence properties
nanoporous glass[J]. Mater Lett, 2010, 64: 1306-1308.

HAN S, DU Y, YUAN J, et al. Luminescence behavior of Eu®’ in silica
glass containing GAVO,: Eu nanocrystals[J]. J Non-Cryst Solids, 2020,
532: 119894.

HAN S, TAO Y, DU Y, et al. Luminescence behavior of GdVO,: TB
nanocrystals in silica glass-ceramics[J]. Crystal, 2020, 10(5): 396.
CHEN P, MAO Y, HOU S, et al. Growth of SnO, nanocrystals
co-doped with Eu®" for highly enhanced photoluminescence in
mesoporous silica glasses[J]. J Mater Chem C, 2019, 7(6): 1568-1574.
CHEN P, MAO Y, HOU S, et al. Effects of In,O5 nanoparticles doping
on the photoluminescent properties of Eu®"/Eu’" ions in silica
glasses[J]. Ceram Int, 2019, 45(1): 233-238.

CHEN P, HOU S, YANG Y, et al. ITO nanoparticles enhanced
upconversion luminescence in Er''/Yb**-codoped silica glasses[J].
Nanoscale, 2018, 10(7): 3299-3306.

SIDOROV AIl, TUNG ND, VAN WU N, et al. Optical properties of
nanocomposites based on zinc and tin sulfides in nanoporous silicate
glass[J]. Opt Spectrosc, 2019, 127(5): 914-918.

LITVIN A P, BABAEV A A, PARFENOV P S, et al

Photoluminescence of lead sulfide quantum dots of different sizes in a

of YVOg4Eu nanocrystals grown in

nanoporous silicate glass matrix[J]. J Phys Chem C, 2017, 121(15):
8645-8652.

MA Y, ZHANG N, YANG L. Long-wavelength emissive solid-state
carbon dots in nanoporous glass with excellent thermal stability[J]. J
Colloid Interface Sci, 2021, 599: 686-693.

ZERVAS M N, CODEMARD C A. High power fiber lasers: A
review[J]. IEEE J Sel Top Quantum Electron, 2014, 20(5): 219-241.
CHU Y, MA Y, YANG Y, et al. Yb3+-doped large core silica fiber for
fiber laser prepared by glass phase-separation technology[J]. Opt Lett,
2016, 41(6): 1225-1228.

CHU Y, YANG Y, HU X, et al. Yb** heavily doped photonic crystal
fiber lasers prepared by the glass phase-separation technology[J]. Opt
Express, 2017, 25(20): 24061-24067.

WANG S, LIU Y, ZHANG D, et al. Tailoring of communication band
luminescence for super broadband optical amplifier based on
Er**/Yb**/P*" co-doped nanoporous silica glass[J]. Ceram Int, 2021,
47(13): 18913-18919.



« 1062 - CRERR R 2540 J Chin Ceram Soc, 2022, 50(4): 10541062 2022 £
[39] CHU Y, YANG Y, LIU Y, et al. 1.8 um fluorescence characteristics of bismuth-fiber lasers[J]. ] Opt Soc Am B, 2007, 24(8): 1749-1755.

[40]

[41]

[42]

[43]

[44]

[43]

[46]

Tm®" doped silica glasses and fiber prepared by the glass
phase-separation technology[J]. J Non-Cryst Solids, 2020, 529:119704.
WALSH B M, BARNES N P. Comparison of Tm:ZBLAN and
Tm:silica fiber lasers; Spectroscopy and tunable pulsed laser
operation around 1.9 um[J]. Appl Phys B, 2004, 78(3): 325-333.

LIM, BAI G, GUOYY, et al. Investigation on Tm”—doped silicate glass
for 1.8 um emission[J]. J Lumin, 2012, 132(7): 1830-1835.

LI K, ZHANG G, HU L. Watt-level ~2 um laser output in Tm’ -doped

tungsten tellurite glass double-cladding fiber[J]. Opt Lett, 2010, 35(24):

4136-4138.

BROCKLESBY W S, MATHIEU A, BROWN R S, et al. Defect
production in silica fibers doped with Tm*"[J]. Opt Lett, 1993, 18(24):
2105-2107.

MURATA K, FUJIMOTO Y, KANABE T, et al. Bi-doped SiO; as a
new laser material for an intense laser[J]. Fusion Eng Des, 1999, 44(1):
437-439.

THIPPARAPU N K, WANG Y, WANG S, et al. Bi-doped fiber
amplifiers and lasers[J]. Opt Mater Express, 2019, 9(6): 2446-2465.
DIANOV EM, SHUBIN AV, MELKUMOV MA, et al. High-power cw

LEHEFT

(471

(48]

[49]

[50]

[51]

[52]

[53]

THIPPARAPU N K, JAIN S, UMNIKOV A A, et al. 1 120 nm
diode-pumped Bi-doped fiber amplifier[J]. Opt Lett, 2015, 40(10):
2441-2444.

BUFETOV I, MELKUMOV M, KHOPIN V, et al. Efficient Bi-doped
fiber lasers and amplifiers for the spectral region 1 300-1 500 nm[C]//
SPIE LASE, California, United States, 2010:7580.

THIPPARAPU N K, WANG Y, UMNIKOV A A, et al. 40 dB gain all
fiber bismuth-doped amplifier operating in the O-band[J]. Opt Lett,
2019, 44(9): 2248-2251.

FIRSTOV S V, ALYSHEV S V, RIUMKIN K E, et al.Watt-level,
continuous-wave bismuth-doped all-fiber laser operating at 1.7 pm[J].
Opt Lett, 2015, 40(18): 4360-4363.

FIRSTOV S V, ALYSHEV S V, RIUMKIN K E, et al. A 23-dB
bismuth-doped optical fiber amplifier for a 1 700 nm band[J]. Sci Rep,
2016, 6(1): 28939.

LDI A, VMM A, FOMA B, et al. Microstructure, composition, and
luminescent properties of bismuth-doped porous glass and optical fiber
preforms[J]. J Non-Cryst Solids, 2019, s 503—504: 28-35.

DIANOV E M, YANG L, ISKHAKOVA L D, et al. Use of nanoporous
glass for the fabrication of heavily bismuth-doped active optical
fibres[J]. Quantum Electron, 2018, 48(7): 658—661.

KRR, EPRBOC AR A, EENHBIB I 2 AL BT A YR TS AT POEET il 4

Wiz, 2006 T ERFEEBE_EE GRS VU ST A8 T %240, 2006 422 2008 F1E
HAF ARG AR ST NS L 50 T, IR RS E K st = /8%, £
TNFEGPIKZ IR Q1F MCVD HR . BIEIGE . AN ET . B GE R, ot
BT FEKIF R S TR R LT



