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Fig. 1 Up-conversion fluorescent spectra of
UCPs with different doping amount of Yb**
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Fig. 2 Up-conversion fluorescent green to red emission
ratios of UCPs with different doping amount of Yb™*
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Fig. 4 SEM of UCPs with different doping amount of Yb**
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Fig. 5 Up-conversion fluorescent spectra of UCPs with
different doping amount of Er’*
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Fig. 11 Example for applying the composite films in anti-counterfeiting packaging

3 &g

ARG B / BH S -2 S R R R A T ik
PILHIR T — RO 18 T84 ARG AR, BF
5T YO, B’ Bt FREROCERER R, It
BT T4 HAE 9O LI £ PVA 260025 Bl Oh i
A TR E S U Ty o

1) 24 Yb" B AT 30% 1, YO iyB 4R
SEHIN AT LA K A0 AR Y e 1 RS
Mo R Hb 3 5 b 5540 &t 4 YT B2 i 30%
b, YO A5 2 R 2 ik E % bRk Y 5 A
sl R I 7SO A R AR e AR, R A 3R, Rl
o R e R VR RN, DS BRI R . YO Bk
M 10% IR F 98%, FRAK T EHEAGb RO & S 1Y
SO, RRARSOEIE R A T Gk B 6 )
LA

2) Y Yb B [ A BT R 10% B,
1% i Er’" $82% NaYF,: Yb"', Er’" 7] L3158 & i |
MR s Br' BRI 5% 4 H PR B vk R v
KAEENE, B’ B4 m s inRIAE 2 BRAR DG & St i 4k
AN A

3) bEAR TR BRI AT, ZdE . SR
W 1 #52% NaYF,/PVA &4 RS 7E 43 25 B O S AT

ARGF-BY N FH AT 5

S 3k

SMITH A F, SKRABALAK S E. Metal Nanomaterials
for Optical Anti-Counterfeit Labels[J]. Journal of
Materials Chemistry C, 2017, 5(13): 3207-3215.

FEI J, LIU R. Drug-Laden 3D Biodegradable Label
Using QR Code for Anti-Counterfeiting of Drugs[J].
Materials Science and Engineering: C, 2016, 63:
657-662.

SHAH R'Y, PRAJAPATI P N, AGRAWAL Y K.

Anticounterfeit Packaging Technologies[J]. Journal of

(1]

Advanced Pharmaceutical Technology and Research,
2010, 1(4): 368-373.

YOON B, LEE J, PARK IS, et al. Recent Functional
Material Based Approaches to Prevent and Detect

(4]

Counterfeiting[J]. Journal of Materials Chemistry C,
2013, 1(13): 2388-2403.

LIDY, TANGLH, WANGIJ]J, etal. Multidimensional
SERS Barcodes on Flexible Patterned Plasmonic Metafilm
for Anticounterfeiting Applications[J]. Advanced Optical
Materials, 2016, 4(10): 1475-1480.

ARG, 1 A, g o, SF L —FhE SOl D ED
B [ fﬁa§:ti£, 2017, 38(15): 207-212.
SU Qitian, XIANG Hua, CAI Mian, et al. Development

(5]

-22 -



=g, &

[11

[12

[13

[14

—_

]

]

—

—

of Transparent Fluorescent Anti-Counterfeiting Stamp-
Ink[J]. Packaging Engineering, 2017, 38(15): 207-
212.

2 AE R 1 2 6 AR BEVOL AR BT R
FAECEAR BAHR A D A ST (D 22 22
MR, 2017

LI Xiang. Design and Synthesis of Stimuli-Responsive
Lanthanide Complexes-Based Smart Luminescent
Materials for Information Storage and Security[D].
Lanzhou: Lanzhou University, 2017.

A BE, PN WL R, FLHRS YN RENYE
B Oh il A5 L RE B9S2 (7] AU TR, 2012,
33(7): 21-23, 117.

MENG Jie, SUN Cheng, WANG lJianqing, et al.
Effect of Europium Complex on Fluorescence Property
of Fluorescence Anti-Forgery Offset Ink[J]. Packaging
Engineering, 2012, 33(7): 21-23, 117.

¥ A, XIBK% . PVA/LDH-aCNTs Z4fb e il 45 &%
HAEREWFIE [J]. A5, 2017, 9(3): 43-49.
YANG Wei, LIU Yuejun. Preparation and Performance
Study of PVA/LDH-aCNTs Hybrid Film[J]. Packaging
Journal, 2017, 9(3): 43-49.

FER, FRLE, KT . PVA KL KRB Dh
AR (). ARG, 2017, 38(16): 64-66.

YU Yanfeng, ZHOU Dashi, CONG Yongning.
Application of PVA Water Soluble Fiber in the Watermark
Security Paper[J]. China Pulp & Paper Industry, 2017,
38(16): 64-66.

¥ K FHBBIR CRRE (PVA) LRI T % 5
F5E [D]. BRiM - IR Tl ke, 2017

PENG Xiao. Preparation and Study for Flame Retardant
PVA Packaging Film[D]. Zhuzhou: Hunan University of
Technology, 2017.

fi] 4 . SEARREARRL PVA £ B AT K HEAT ST [D].
BRUH: WIR TR, 2015.

HE Wei. Study on Water Resistance of Complete
Alcoholysis Polyvinyl Alcoho Packaging Films[D].
Zhuzhou: Hunan University of Technology, 2015.
YAHIA TS, KESHK S M A S. Preparation and Charac-
terization of PVA/Congo Red Polymeric Composite
Films for a Wide Scale Laser Filters[J]. Optics & Laser
Technology, 2017, 90: 197-200.

JIANG K, SUN S, ZHANG L, et al. Red, Green, and
Blue Luminescence by Carbon Dots: Full-Color Emission
Tuning and Multicolor Cellular Imaging[J]. Angewandte
Chemie International Edition, 2015, 54(18): 5360-—
5363.

[15]

[16]

[17]

(18]

[19]

[20]

(21]

BFEAE Yb, Er #iBZ NaVF, LERISEM BB SRR B R HNA

HEJL, HEY L, ZHUANG J L, et al. Luminescence
Properties of Eu’/CDs/PVA Composite Applied in Light
Conversion Film[J]. Optical Materials, 2016, 62: 458-
464.

LIUY, ZHOU L, L1Y, et al. Highly Fluorescent
Nitrogen-Doped Carbon Dots with Excellent Thermal
and Photo Stability Applied as Invisible Ink for Loading
Important Information and Anti-Counterfeiting[J].
Nanoscale, 2017, 9(2): 491-496.

YAO W J, TIAN QY, LIUJ, et al. Large-Scale
Synthesis and Screen Printing of Upconversion
Hexagonal-Phase NaYF,: Yb*", Tm*/Er’/Eu’" Plates for
Security Applications[J]. Journal of Materials Chemistry
C, 2016, 4(26): 6327-6335.

B, BWEAT, E O, F.YbT BN E
NaYF, BEHOGRITAGIER [7]. St T2#4k, 2011,
40( 3] 1): 46-49.

LI Lingling, WEI Qinghe, DONG Bin, et al.
Upconversion Multicolor Tuning of Er’": NaYF, with
Yb*" Doping[J]. Acta Photonica Sinica, 2011, 40(S1):
46-49.

TAN HH, XIES W, XUJ X, etal. Branched NaYF,:
Yb, Er Up-Conversion Phosphors with Luminescent
Properties for Anti-Counterfeiting Application[J]. Science
of Advanced Materials, 2017, 9(12): 2223-2233.
DONG H, SUN L D, YAN C H. Energy Transfer in
Lanthanide Upconversion Studies for Extended Optical
Applications[J]. Chemical Society Reviews, 2015,
44(6): 1608-1634.

% VK. R IBIR NaYF, 04 . KOGk RE K I T
F5E [D]. BUM . #ITTREE, 2017

CHEN Bing. Preparation, Photoluminescent Properties,
and Applications of Lanthanide Doped NaYF,[D].
Hangzhou: Zhejiang University, 2017.

[22] PADHYE P, PODDAR P. Static and Dynamic

-23 -

Photoluminescence and Photocatalytic Properties
of Uniform, Monodispersed Up/Down-Converting,
Highly Luminescent, Lanthanide-Ion-Doped f-NaYF,
Phosphor Microcrystals with Controlled Multiform
Morphologies[J]. Journal of Materials Chemistry A,
2014, 2(45): 19189-19200.

ARIEF- . Hi B TR 2 AL b e KGR R 2 B
FLPERERIBESE [D]. b RIBIIER~, 2013.

QI Yaping. Preparation and Properties of Rare Earth
Ion Doped Fluoride Upconversion Luminescence
Materials[D]. Shanghai: Shanghai Normal University,
2013.



€1 %= = #§ PACKAGING JOURNAL
2018 £ 56 10 % 25 3 HA VOL. 10 No. 3 May 2018

Synthesis of Yb, Er Co-Doped NaYF, with Tunable Up-Conversion Emission for
Anti-Counterfeiting Application

TAN Haihu"?, XIE Shaowen', LINa', DU Jingjing', XU Lijian', XU Jianxiong', ZHANG Changfan"’

(1. College of Life Sciences and Chemistry, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. Huilin Packing Dongguan Co., Ltd., Dongguan Guangdong 523000, China )

Abstract: Yb, Er co-doped NaYF, (NaYF,: Yb’", Er’") up-conversion phosphors (UCPs) were synthesized
through hexadecylpyridinium chloride and tri-sodium citrate binary cationic/anionic capping agent assisted
hydrothermal reaction. The effects of doping amount of sensitizer (Yb*") and activator (Er’") on luminescence properties
of NaYF,: Yb”", Er’” were systematically investigated. A series of luminescent polymer composite films were prepared
by aqueous solution casting method employing poly(vinyl alcohol) (PVA) as a matrix polymer and different kind of
UCPs as the filler. It was found that the fluorescent intensity of the UCPs was firstly increased and then decreased with
the increasing of Yb’" doping amount. With the doping amount of Yb* kept at 30%, the resultant UCPs showed the
strongest fluorescent intensity. Besides, the increasing of Yb** doping amount from 10% to 98% led to the decrease of
the green to red emission ratios and the resultant UCPs exhibited different emission colors ranging from green to yellow
and then to orange. The effect of Er'" doping amount on the fluorescent property of UCPs was also examined. The
tendency was similar to that of Yb*" doping amount effect. With the increasing of Er’" doping amount, the fluorescent
intensity of the UCPs was firstly increased and then decreased. With the doping amount of Er’* kept at 1%, the resultant
UCPs showed the strongest fluorescent intensity. The doping amount of Er’* also affected the green to red emission
ratios, which endowed the UCPs with different up-conversion emission. The transparent PVA composite films with
tunable up-conversion emission may find practical application in the field of anti-counterfeiting packaging.

Keywords: up-conversion phosphor; luminescence property; poly(vinyl alcohol); composite film; anti-
counterfeiting packaging

- 24 -



