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Preparation and optical properties of Co’" doped
ZnAl,04-Si0; transparent glass ceramics

LI Wei®2, CHEN Wen-zhe"?, ZHENG Chan?

(1. College of Materials Science and Engineering, Fuzhou University, Fuzhou 350116, China;
2. College of Materials Science and Engineering, Fujian University of Technology, Fuzhou 350118, China;
3. College of Material Science and Engineering, Xiamen University of Technology, Xiamen 361024, China)

Abstract: The transparent Co’":ZnAl,0,-SiO, block glass ceramics with doping of transition metal ions Co®" were
synthesized by sol-gel method. The DSC-TG, X-ray diffraction, Fourier infrared spectrometer and visible and
near-infrared absorption spectra were performed to study the microstructure and the optical properties of glass ceramics.
The results show that the average size of the ZnAl,O, nanocrystals is 12—14 nm. The glass ceramics exhibit a broad
absorption band in the range of 1200—1600 nm. And the absorption coefficient enhances with the increase of heat-treating
temperature, which is characteristic of “A,—*T(*F) transition from the tetrahedral Co?" ions. The absorption cross
section reaches 1.15X 10 '? cm? when the heat-treating temperature is up to 1000 °‘C, which means that it can be applied
in the passive Q-switch turnable laser.
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Fig. 1 DSC-TG and mass loss curves of 0.2Co0-12ZnAl,0;-

87.8Si0,
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Fig. 2 Photographs of 0.2Co0-12ZnAl,04-87.8Si0, annealed

at different temperatures
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Fig. 4 FT-IR spectra of 0.2Co-12ZnAl,04-87.8S10, annealed

at different temperatures
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Fig. 5 Absorption spectra(a) and energy level scheme of
dry-gel(b) of 0.2Co0-12ZnAl,04-87.8Si0, annealed at different
temperatures in visible light range
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Fig. 6 Absorption spectra(a) and energy level scheme(b) of
0.2C0-12ZnAl,04-87.8Si0, annealed at different temperatures

in near infrared range

WAk IE A 1.15X107"° em®s 5 Co*":LiGasOg fil Co™":
MgALO, ¥ 5 i 2.6X107"° em® Al 3.5X107"
em® I . XKW Co™":ZnAl,0,-Si0, fif i BE 5 1]
T RIY Q WOtk i/ 4 M AR i i .

3 Zig

1) BRI T 52115 A BRI B 1% A 0,
28 1000 CAALBE S , BT HH )2 AT BR IR BE QK it T
21 13.6 nm, HABAEMIER Co™ BN T IR
BRI, BT Zn® B, T TR T N
WA 7 kg Tl B ) DY TC AV

2) B Co™ BTl i B AEUT 4T 4h 1200~1600
nm BT 5E MRy, TSR] Cott e A
1000 ‘CHALIHK] ZnALO,4-SiO, it B W LAk
T4 1.15x107" em®s [RI, 20000 B B 7 45 B 38 e 3
W Q FF OGRSt B AT i A I N H i 5%

RERERENCES

[1]  WANG T, FARVID S S, ABULIKEMU M, RADOVANOVIC
P V. Size-tunable phosphorescence in colloidal metastable
y-Ga,0; nanocrystals[J]. J Am Chem Soc, 2010, 132(27):
9250-9252.

[2] JIANGDP,ZOUY Q,SULB,SUL B, TANGHL, WUN F,
ZHENG L H, LT H J, XU J. A Coz’-doped alumina-rich
Mg 4Al 404 spinel crystal as saturable absorber for LD pumped
Er:glass microchip laser at 1535 nm[J]. Laser Phys Lett, 2010, 8:
343-348.

B1  FEouZk, BRORER. SLLhREE M B EMIFI]. Bt b
T2EEE, 2009, 46(3): 13-20.

WANG Yuan-sheng, CHEN Da-qin, Investigation on optical
functional
Optoelectronics Progress, 2009, 46(3): 13-20.

[4] Ak CH, 9% B MBI SRS R A LA P
M), Hit, 1994, 15(1): 42-46.

LIN Jun, SU Qiang. Sol-gel and its application in the synthesis

transparent  glass  ceramics[J]. Laser &

of the rare-earth luminescence materials[J]. Rare-earth, 1994,
15(1): 42—46.

(5]  EOEE. ThAEHCmbhRLORC R T AL 1), HOG Sk T2t
J&,2007, 44(12): 14-22.
QIU Jian-rong, Functional glass: Where to go[J]. Laser &
Optoelectronics Progress, 2007, 44(12): 14-22.

[6] YUMASHEV K V, DENISOV I A, POSNOV N N,
KULESHOV N V, MONCORGE R. Excited state absorption
and passive Q-switch performance of Co>" doped oxide

crystals[J]. Journal of Alloy and Compounds, 2002, 341:



2564

A G A R

2014 410 H

[10]

[12]

366—-370.

VOLK Y V, DENISOV 1 A, MALYAREVICH A M,
YUMASHEV K V, DYMSHITS O S, SHASHKIN A V,
ZHILIN A A, KANG U, LEE K H. Magnesium-and
zinc-aluminosilicate cobalt-doped glass ceramics as saturable
absorbers for diode-pumped 1.3 pm laser[J]. Appl Opt, 2004,
43(3): 682—-687.

VOLK Y V, MALYAREVICH A M, YUMASHEV K V,
ALEKSEEVA 1P, DYMSHITS O S, SHASHKIN A V, ZHILIN
A A. Stimulate emission of Co*'-doped glass-ceramics[J].
Journal of Non-Cryst Solids, 2007, 353: 2408—2414.

dkukie, 4 ob, M, LR B &L EO-YRUE
Li,O-ZnO-Si0, 737 ) 3 1 P RE 10 il 465 S AR AL ). TEALAL
244, 2010, 26(1): 144—148.

ZHANG Hong-bo, GUI Guang, SU Chun-hui, WANG Yi-min,
SHAO Jing, Preparation and characterization of Er'’-Yb*" Co
doped Li;O-ZnO-SiO, transparent glass ceramics[J]. Chinese
Journal of Inorganic Chemistry, 2010, 26(1): 144—148.

DL, 1) T, SR, ARG, CrtiB % ZnSiO, 3 B
WHOCUEFFELT]. HEMR LR, 2010, 38(11): 2116-2124.

MA Hong-ping, LIU Ping, DENG De-gang, XU Shi-qing,
Optical properties of Cr'-doped ZnSiO, transparent glass
ceramics[J]. Journal of the Chinese Ceramic Society, 2010,
38(11): 2116-2124.

ZHOU S F, HAO J H, QIU J R. Ultra-broadband near-infrared
luminescence of Ni*':Zn0O-AL05-SiO, nanocomposite glasses
prepared by sol-gel method[J]. ] Am Chem Soc, 2011, 94(9):
2902-2905.

LI W, CHEN W Z, GUO Q H, ZHEN C. The microstructure and
photoluminescence properties of Eu**-doped Si0,-Zn0O-Ga,O3
composite[J]. Phys Status Solidi A, 2013, 210(11): 2369-2373.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

DUAN XL, YUAN DR, XU D, LUM K, WANG X Q, SUN Z
H, WANG Z M, SUN H Q, LU Y Q. Preparaton and
characterization of Co*' doped ZnO-Al,05-SiO, glass-ceramics
by the sol gel method[J]. Materials research bulletin, 2003, 38:
705-711.

DUAN X L, YUAN D R, CHENG X F, YU F P, LIU Z Q,
ZHANG X Q. Synthesis and optical properties of tansparent
Zn0-Ga,03-Si0; glass-ceramics embedded with cobalt-doped
nanocrystals[J]. Nanotechnology, 2007, 18: 175609.

DUAN X L, SONG C F, WU Y C, YU F P, CHENG X F,
YUAN D R. Preparaton and optical properties of nanoscale
MgAl,0,4 powders doped with Co®* ions[J]. Journal of Non-Cryst
Solids, 2008, 354: 3516—3519.

DUAN X L, YUAN D R, YU F P, WANG L H. Transparent
cobalt doped MgO-Ga,0;-SiO, nano-glass-ceramics composites[J].
Appl Phys Lett, 2006, 89: 183119.

DUAN X L, YUAN D R, CHENG X F, SUN H Q, SUN Z H,
WANG X Q, WANG Z M, XU D, LU M K. Microstructure and
properties  of Co*":ZnALO,/SiO; nanocomposite glasses
prepared by sol-gel method[J]. Journal of the American Ceramic
Society, 2005, 88(2): 399—403.

DUAN X L, WANG X Q, YU F P, YUAN D R. Effects of
annealing temperature and SiO, Matrix on the structure and
optical properties of Co-doped ZnAl,04/SiO, nanoglass-ceramic
composites[J]. J Phys Chem C, 2012, 116: 2313-2321.
DENISOV I A, DEMCHUK M L, KULESHOV N V,
YUMASHEV K V. Co®":LiGasOs saturable absorber passive Q
switch for 1.34 um Nd**:YAIO; and 1.54 pm Er’*:glass lasers[J].
Appl Phys Lett, 2000, 77: 2455-2457.

(4mig  FTHBLD)



