DI_:I € % = 3§ PACKAGING JOURNAL
2021 £ £ 13 % ZE 5 B Vol. 13 No. 5 Sep. 2021

e PEREK T

2 R el e e B Do A

doi:10.3969/j.i1ssn.1674-7100.2021.05.003

¥ R IRER
B £ WM
EEH XIKE

W Tk K
SREMH AT
H K it @ E MG
HAEEERE

i E: BTk R &0 RS R R I ook BB R SR RAL T K
B RZB (WPU) ARk, SAMM IR, HE&FIR A HE WPU 4.
VAR H kA 0 £ 45 2% NaYF, L4538 34k 4 k. 2ok WPU 930k 4 %
A, FlEKRELELESRTEGE, FRITLEORGHFOERA., EREN:
LB WPU R K e e A8 M 2R &, Z A6 2 LE& R4
B P RIS AR R PR BB AR, B AET R, /& 980 nm ik
BHTEA LMY SERLALAE, ATHHEMAKE EEBRELHE,

W AR 412007

BRI LG RBERFINGZ ST, ARE DR CRG AR T #6985

K. R B, RARR; KMRAR; R oskedi R REA

FESES: TQ422

MEARERS: A

XEHS: 1674-7100(2021)05-0016-11
SIXER: # %, KREH, BiEY, F. SHERE LR N EH
&R OE R R [J]. EFIR, 2021, 13(5): 16-26.

o

1 IRE=

Wi T 480% FRARSO S RA 2Ot E . K
SPgERE | L SIOCTIE A, B2 AGIRE
TR SR, BTSSR O ELA R s A
e AT RN, X DA S IR e A ke R B O T F A
St as 5 Rl 2B th (anpacsit ) Mssa,
AR SO AR B PR, H [RIE b S5t g
Peh T ISR

AR, PR AREET BRSO EIIT R T2
R RTE - SRR I S E S fapipw R 2 g 2 S
gk VR PR SEREM , (HERRE AR T
SIS W B B D SCR . T, Blumenthal 25 42 H LA

p

W

RHELEIR B FORH IR ERTE G , H b A%
80 2 K SHORL 73 HOCTE FH 2R v, 3T o B b 48 2 ' i
8%, JFE ZMEp RIS S TR RS, 15T
HA gt F RGO CRR R B P SCF . AR 4k
e Rzt EA 7, R, R
THSEBRR . Yao W. I, %5 B LUR MR A& 52k
WM, W55 TR M e PEmLL (red, R) |
4 (green, G) . # (blue, B) =30 FHEHIE
M, FREEL e . ENE AN ENR =, T —
FAHNBEIIME R . RICGRVOIAREE, A R
GAVERE . SR, EREEE2Z W B Bl D AR R o HERAI
EEIR AR, MELLEBLERGE | S R 2 A5
B, You M. % 1 LIRS IR NS HERE, bt

Wi HE: 2021-05-22

BEETH.: WAL E TR ST E (208181, 20B169) ; WIRGE ARFI2LILA W E (20211140179 )
EEBN: B ¥ (1989-) , Lo, WIERSPHA, IR Dok RAubim, 8, A S0m, 2 NHIIREE MR 585

AWF5E, E-mail: yangling00002@163.com

BREEE: XRE (1970-) , 5, WBRMA, B8 TRy e, L, WbESl, FENHAEEA RS EoRDE,

E-mail: yjliu 2005@126.com



W B, =

05

SEREFREN N BIR, CWE. T =B R Rl =kl
SihAE, HABERENRS R T _E Ot Nt
W, P Z L T2 ith. A TRk
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H 250 S5YEREOC FR B DTN A2 A B & Pk . B
Re A BLvE, JIfsgm 2 2B OO . KPR
24 Wi ( waterborne polyurethane, WPU ) Ll 7K i
Br, BAANERDHEBAC. 22 R2805 . R
WIVELF S, KR T SR A B A i R T &2
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R0 AN SR o VAT

BEXT B ET SOt AR RE2E L Bl &
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2.1 AR

1) 5

YCL'6H,0 (2l & K 99.99%, T~ [[ ) .
YbCly-6H,0 (99.99% ) . Er(NO,);'5H,0 (99.9% ) .
TmCly-6H,0 (99.99% ) . MgCl,:6H,0 (99.99% ) .
NaF (AR, 98%) . —/KFFEEIR =44 (AR, 99%).
2—- FHJEDRmE (98% ) | 2- ZASEARTFBRIE (97% ) |
HEREN (99.99%) . WG L HE (96% ) . N, N-

TR BRI (AR, 99.5%) . XA P 44 I
( diacetone acrylamide, DAAM, 99% ) . . Z [}k
( diethanolamine, DEA ,99% ). — A g — T 345 ditin
butyl dilaurate, DBTL, 95%) . 50 /K i — 5 5%
fig ( isophorone diisocyanate, IPDI, 99% ) . 2, 2— X ( %
 Jt ) TN R (dimethylol propionic acid, DMPA,
98% ) . — £ P& (triethylamine, TEA, AR, 98% )
DI Kz & R Bt ME (adipic acid dihydrazide, ADH,
HPLC, AMET 99% ) W& T Figb T AR AR
I AERRAT]; BIRIRES —JClE ( polycarbonate diols,
PCDL, M,=1000) W4 & T HAFE S HRal ot
PR (AR, AMETF 99.5% ) W B F KT KB
AR B A PRA W Wi (AR, AMET 99.5%)
LBE (AR, AET 95%) . FNEE (AR, AT
99.7% ) 1 NHyH,0 (AR, JBitsr40h 25~28% ) 1
T 254 AL 2R A PR Rl 5 Zn(NOs),6H,0,
W' T R AR A XA R A ] 280K, 1
BT R BR A

2) 144

i L A% d 21 A % 33 {X, Nicolet 1S/10 %Y,
EEE NI | N 5 /AT - 8 T '
Avancelll400M %Y, Jig 14 & 5o 4 A5 X S R A7 5
SrHTAX, Ultima IV &Y, H AR S4Bk
S F 5508 (field emission scanning electron
microscopy, FESEM ) , NovaNano SEM230 7, ES
| FEL A w5 9206 / 8t et i, F-4500 2L,
PREC a4t H Sr HIFERT; 980 nm % £2 8% #%, MDL-
1-980nm B!, KFHF ™ WCHBARATRA A £ht
BJAAHL, EOS 600D #!, f:RE#R N xdh; 4K AL
J& K Zeta W 57 43 B AY, Zetasizer Nano—ZS900 %Y,
Y By RS A FRA R 5 it 221X, AR 2000ex
A, S TA 1A ; AFE ML (thermal gravimetric
analyzer, TGA ) , TGA/DSC1/110SF #x £ % JYH-
85, T LAFRFENAEM; HEfh AL, DSA100 7,
5 [ KRUSS; pH it, PHS-3CB &!, I i it 3% B}
FALAS AR A A BN, 52 0~100 pum,
AR R A A IR E] MR TAERL, HY
DY-01 8, i B Sk A BRA ]
22 ZEEHLIIBE NaYF, LHEBRSEHTH &

“ILOFE 4854 NaYF, AL, WPU 1
RN —AAEIR = A G, R — 2Pk ik
i, PRATE RS WIRRL A g 1
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2.3 NH,-ZIF-8 &t WPU 4 & i il &

1) Pk Zn(NO,),"6H,0 Jy BF 5, 2— H HEpkmk Sy
Fictds, DMF AT, SRF— kP il 45 20 £ ke
FieE22 ( zeolitic imidazolate framework-8, ZIF-8) fifA,

2) SIAGE EARK: ZIF-8 Thagfk, Wil 2- A3
FIFOkE 5 Zn® B, X4JE - A PINESE HE T AR
&4, B NH,-ZIF-8 gifAk (o7,

NCO

3) FIH Michael filj§if )i ( 7=80 °C, =5h) F
EHERAEERIN- [ (1, 1- ZHE-2-28E) 2
I |-p- “ R LAFLNBNE(N-[(1, 1-dimethyl-2-acetyl)
ethyl]- f-dihydroxyethylamine, DDP ) © '

4) DL IPDI. PCDL Fl DMPA K Hi{k, ZHH4
145 2 [ 386 WPU/NH,-ZIF-8 4380, 145 s B
K1 s

(”) CH,
OH—R'+0—C—O0—R'4zO0H + CH, CH,NCO +  OH—H,C—C—CHOH

CH, CH, %—OH

(PCDL) (IPDI) 0
(DMPA)

DBTL
H ﬁ (l) H
NCO—R—N—C—0 "y C—N—R—NCO
COOH

Step 2: the first chain extension

H
[ [0
NCO—R—nmnnnnn-—O—C—N—R—N—C—
COOH
HN
Step 3: the second chain extension j DDP
(e}
COOHL \ COOH If i
OCN~~ W@ —R—N—C—0Q
COOH _ COOH ﬁ)
PV NVRY R—Iil%:—

H
Step 4: emulsification

HOH HO
L] [l
N

H,CH,C H, W H | H,
H,CH,C

1 NH,-ZIF-8

COOH

—C—N—R—N—C—O— R—NCO

|
BRI

self-crosslinking WPU/NH,-ZIF-8 dispersion

1 B3E WPU/NH,-ZIF-8 4> #i 7 it il & IR IR E
Fig.1 Schematic illustration of self-crosslinking WPU/NH,-ZIF-8 dispersion

HARBRATS . $Yi Rt (noyeo/n—on=1.2)
438 i+ IPDI 323 7% A PCDL BN ERE W, FEmA
T ECH 0.06 % (9 DBTL, 7E 45 °C. N, 4H T2
N1 hy AR IBT 5350k 12% B DMPA 1 0.03%
# DBTL, FHIEZE 70 CI0 3 h, 53IH X4 F i

HEAIRH) WPU TR BT A= 80 1% 1
NH,-ZIF-8 N8R, vKIGHiHE 2 h, FHEZE 45 C
S 5 hy HRURES BT 5350k 10% 19 DDP #i1 0.03%
f) DBTL, 7E 60 “CIZJ% 3 h; ThNSENEEE R, FR
hngs k2K (/& TEA F1 NHyH,0 ) FL1k,
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P9 pH {HZE 7~9, MATHERY ADH, ZRAHE & &N
30% 92 I 2Bk WPU/NH,-ZIF-8 53 #0#

b % 4% NH,-ZIF-8 X} WPU 1y o ¥ & 3, DU
ZIF-8 JLIR M WPU FE Ry X HE S8, B4R o 4t 43
BN 1% 14 ZIF-8 Il A WPU 780, 784500k 12 h,
HE2E WA EE— 1) WPU/ZIE-8 4K A4k
2.4 WPU S#iRER &I &

TEVE G AR BERR AR F P-4 JC 2 1 Ak 3R ) SR %t
7K " HR £ T (polyethylene terephthalate, PET)
FREME, SRJEH WPU M HORTE A E T PET EAYEE=s
R OMHEEE (JBEN 2 mm) 4, AR T34,
B R 2 B, 60 C T 24 h, FiM PET
FAETNREE, AT TR TR
2.5 2ktE L EEIESE K =AY I & R Bh fh AR = ED

BB B 1% 1 2 0 b B 4 db AR Cup-
conversion particles, UCPs ) #7543 #7E 2518 K
P2 1% 1 0 2 5 Bk 70% 19 WPU 23 HOBR
FEAMBERE 2 b, HJ% 30 min, ARIEIIAGHERER A
H (KECBAARFE S 9:1) FUVDREAIHER, &k
WHEE 6 h (#5345 3200 r/min ) , NS R TEA,
FTRRM pH 2 7~9, 15315k KYE Bt
i ( green up-conversion fluorescent ink, G-i) . %
FAIF 73, 43 R BTt 53 50k 3% 2168 UCPs
1 2% BWE @ UCPs il &40 @ 700mhaE (R-) Mg
POt (B-) .

R IE L2 HI B4, H Adobe Illustrator 4K
A B SO, SR FBOCEZI IR, 382 T R i
FIREALRE 25 1) = J s as i 2 1 R4t b

3 FHREIFR

ZIF-8 e Hih A f 4 g - A HHELL A HL - JoAl
FeAb ik, HA KR EMEG . WL, FLE S5
AL Y AR LB ITE A NH,-ZIF-8
pnA, AT A RS R S R A Y SR AR AR
ABFFEXT NH,-ZIF-8 2 ZIF-8 S i 45 R S0 304 T
TEEAE, FEXrE WPU 4380 . T4 R AR %6 Y it 5
FIPERESEA T T 434, 0 T =3 @Okl B e e B
o R
3.1 NH,-ZIF-8 B {E
300 AeFaH

ZIF-8 J% NH,-ZIF-8 ) X 4t £k fi7 4 (X-ray
diffraction, XRD) FEiEan& 2 s, HApddiE bAT

S EREK M BRI R R & R B R A

WA BN 7.4° FTOR XRD &%,

intensity/(a. u.)

NH,-ZIF-8 50 ZG/("% 19

LU
 ve=e—

intensity/(a. u.)

simulated ZIF-8
J W | A

0 20 50

0 30
200°)

2 ZIF-8 B NH,-ZIF-8 [fj XRD [EiZ
Fig.2 XRD spectra of ZIF-8 and NH,-ZIF-8

MIE 2 FTRUE il %19 ZIF-8 & NH,-ZIF-8 i
RARFIE A SR RIS — 2, frsiidsm HICH] i
FRU, UGBS 24 SR ZIF-8 451, HA
A, B ad e R v Ay kAR Rl
Lo DAATT A FE 06 SR A O A P13 R AT I, NHL-ZIF-8
A R FRIE VG R A e, Ui LB inT gE 5 ke T
ZIF-8 JEIRGE M F kP

8 o % w3 PR =% (nuclear magnetic resonance
hydrogen spectroscopy, 'HNMR ) X ZIF-8 & NH,-ZIF-8
MIACFZEA LT T RALE, 255 3 PR,

solvent
2

N 3
[\ cr, T )
1 27 4 _/ ?
D 3
1

TR i B

il 1 N
i _ ZIF-8

725 720 715 710 705 7.004 3 2 1 0
5

3 ZIF-8 #1 NH,-ZIF-8 M#%Hk Sk
Fig.3 'H NMR spectra of ZIF-8 1 NH,-ZIF-8

N 3 AT L L, ZIF-8 bl 06 ( 7.16 F112.48 )
b5 2— LIRS i R AR BT 0 — B NHL-ZIF-8 fhik
FE 7.05 F1 7.22 Kb H BB O RRAE 0%, X R 2- 21
FEAR IRy S A G LR BN . 2— P s
N 2— EILIRIFERRIR S SERVE ], 2B UESE T
BILRINEM ZIF-8 i P,

3.1.2 BAHK
i 14 FESEM X} ZIF-8 % NH,-ZIF-8 i {4 f) i i

-19 -



€1 %= = f PACKAGING JOURNAL
2021 £ £ 13 % F 5 B Vol. 13 No. 5 Sep. 2021

05

TESUHATRALE, Z55 1A 4 FR,

b) NH,-ZIF-8
4 ZIF-8, NH,-ZIF-8 i FESEM
Fig. 4 FESEM images of ZIF-8 and NH,-ZIF-8

M da BT LI H, 45 1 ZIF-8 A Sy LA 1)
A+ ARG B BRI R SF R 50~60 nm,  HL4y
sy, EIRRTEDEIE | 450 E S . W 4b iTLIE
A U NH,-ZIF-8 %S S . RERIA B ROK
g, HRSF R T WPU ZIERE, AH THydts
it WPU JZ2H 4 Fighim i ), x5 XRD WAL,
JHENIE, ERAEMGG R T RS E
3.2 NH,-ZIF-8 Bt WPU HIRIE
3201 AeFELH

WPU. WPU/ZIF-8 #l WPU/NH,-ZIF-83 Filt i Ji5
B e B A 4 21 b 5k 3% (fourier transform infrared
spectroscopy, FTIR) Q& 5 fiR.

S AT, 3 R ESRE S s AR, 7E
2270 em’ BRI Y4 TCHA S PR S, BEEIA R
B S RIRER LA B 98 UV . 2948, 1257 em™ AMERAE
W43 ) I F C—H F1—COOH i ik 5, 3320,

1729, 1546 cm™' 4b A RFAE 06 43 51050 B F N—H.,
—C=0 MRS N—H 123 iRz, Diike
o> FRE O AR W R R SRS, PR SE T
NH,-ZIF-8 MtVEfG , WPU T3R50 54T (45

WPU

WPU/ZIF-8

WPU/NH,-ZIF-8

transmittance/(a. u.)

-~
1257

4000 3500 3000 2500 2000 1500 1000 500
wavenumber/cm™!

5 WPU. WPU/ZIF-8 1 WPU/NH,-ZIF-8
i FTIR
Fig. 5 FTIR spectra of WPU, WPU/ZIF-8,
and WPU/NH,-ZIF-8

T I ] £ B9 NH,-ZIF-8 5 WPU il 3% 14 i
Uity P S S T R A R A S, B B AR 1% 1Y
NH,-ZIF-8 i/ 43 HtE/ D i, BG5t% IPDI
PARZEETEA, UKIBHFE 2 h, FRETFRE 45 C
AR 5 h, BUREIE X IL#EAT FTIR 434, IPDI,
NH,-ZIF-8 # NH,-ZIF-8/IPDI [ FTIR Ul 6 i/~

NHZ—ZIF—S
s IPDI
3
g
k=t IPDI/NHZ-ZIF-
g
g
1510
1718
4000 3000 2000 1000 0

wavenumber/cm™!
6 IPDI, NH,-ZIF-8 1 NH,-ZIF-8/IPDI K FTIR
Fig. 6 FTIR spectra of IPDI, NH,-ZIF-8, and
NH,-ZIF-8/IPDI

ME 6 7] LLF HY, 1718, 1510 ecm™ 4b H 38R 1E
Wb, 43 5E B F—C=0 i 45 9% 3 Fl N—H 1%
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RSN, R NH,-ZIF-8 5 IPDI S A= i T IR 3L,
I IE B NH,-ZIF-8 5 WPU 4% B i 2L 5T il 1T
WPU/NH,-ZIF-8 & 5 b kL, 3X P Ak 2 5 G i el
X, Kk WPU AR B hnge e el e
322 BBRREASA

GO AR AR S FL AT A AE — 2 R B B e S il
IRR W BRI RS e I, i 29 s A ok 1
RIHMERI 75, DTS I TR B AR . WPU R Lt 4
WO RLAR S A A&l 7 s o

S EREK M BRI R R & R B R A

—WPU;
- = -WPU/ZIF-8;
........... WPU/NH -ZIF-8

intensity/%

. )
1000 10 000

LN
100
diameter/nm

7 WPU., WPU/ZIF-8 1 WPU/NH,-ZIF-8
SHBRHHEL T
Fig. 7 Particle size distribution of WPU, WPU/ZIF-8,
and WPU/NH,-ZIF-8

ME 78] AFE H, WPU Al WPU/ NH,-ZIF-8 4}
PO ARAR Y A5 A1, TR 5E, HEIRR
SRS, (ER I IUHTA A0, UERH R SR Ak
TR S IR Z AR A . R IR AR T B
B EBHEBURA, A HOR A “mERE f%y
PE, AR TFECE RS . B B ) T
il WPU/ZIF-8 43 H Ak A% S B = e 43 A, It
BRI AR T R, XIHEF WPU 5 ZIF-8 43F 0]
T 5 S r-m HEZ RN . A VE R UE T i
ORIz RISE LSS, SR AR 22,
TR RS WUk, 24 4.5 um 37 BRI A3 Al
I, FIEEJEHH T 7E ZIF-8 5 WPU 2y BOR M HLTR (K R
WL TR R T SR B AE I, Ak,  NH,-ZIF-8
XF WPU el P A8CR B4
3.3 Bt WPU S B ARIE R T sk
331 #HAKMR

2 fih £ R K FE 08 P AN R AL R BEHTUK PEBE A
W, & 8 WPU, WPU/ZIF-8 Fl WPU/NH,-ZIF-8

TR K A A

a) WPU

1 mm

b) WPU/ZIF-8

1 mm

¢ ) WPU/NH,-ZIF-8
8 WPU, WPU/ZIF-8 1 WPU/NH,-ZIF-8
BB KIER R
Fig. 8 Water contact angles of WPU, WPU/ZIF-8, and
WPU/NH,-ZIF-8 films

i 1 8 7] %1, NH,-ZIF-8 Pt P WPU 4% I At 42 fik
MM ERR 71.1° BEKZE 79.1° , 1 ZIF-8 kS G
WPU % B4 fil £f1 2 74.5° ,  FH e B NH,-ZIF-8 ¥t
PERIZAE WPU BRI B T B Bk AR 1T X2 KR
T, AR IR Y B TN S5 A 25 5 AR K
SRS, HETIE R SR R S ]2, RREEK
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PERE B HOR, KRR E RN T TR B 4
TR IR, (AR IR A R I REREAR . Bk PERE
B B FR, RN AR T NH,-ZIF-8 5 WPU
ZIRIARZE M, IF HIE AL T SR ARZEHE , $8m 1Tk
JEZBeEYE, SR T K FRIALR, 156
IKPERENNE o

& 9 5y WPU., WPU/ZIF-8 Al WPU/NH,-ZIF-8 14
JIEE P W 7K 238 i i I R ) A2 A oG R it 2. AR ]
DL M, 3 ol FBE A MR 7K 238 i 32 3 s i) 1) S G 52 3
SeBn E TR E R, IR 48 h JF WK R AL
A FHRE . NH,-ZIF-8 MUt WPU ¥ I i fe K K
IR MUE WPU RS T 2 68%, 1M ZIF-8 MUPEH)
WPU i 5 1 W K A AR g 44%, 5 W] NH,-ZIF-8
M IS T IR 55 57K TR A EAE T, £
= et WPU IR B HTKERE

24
—8— WPU;
—e— WPU/ZIF-8;
201 —aA— WPU/NH,-ZIF-8
1626
216k e
o
5]
g
g12r 9.10
2 &
5 ° °
2 ——
= 8 / o/. 5.15
Y/ X .
- A
4 ',0 _A
h-A
0 20 40 60 80 100 120
time/h

9 WPU. WPU/ZIF-8 1 WPU/NH,-ZIF-8
REBEERRIR A AT HWRKE
Fig. 9 Water absorption for WPU, WPU/ZIF-8, and
WPU/NH,-ZIF-8 films with different soak time

332 HAETH

&l 10 2y WPU. WPU/ZIF-8 1 WPU/NH,-ZIF-8
TRIER) TGA thek. MIEIHAIHI, NH,-ZIF-8 (5 ZIF-
8) et WPU TR AW Ih 40 ik il B H 265 C T sy &2
285 °C (8273 °C) . —Jr1fl, NH,-ZIF-8 il ZIF-8
A T AL REE Y, BT RAF T AR T,
HEGZ T SRR RORE T s —J5H L, A F A
Y rn MBSOV, (i NH,-ZIF-8 5 ZIF-8 il 4h kL
THE WPU SRy 5y o @ ma i, (Rt e
PEE R FEE, NH,-ZIF-8 5 WPU Wi R {4 1] i 34
G, AR FREMPER I K. sz,
HE— 4R Tk WPU R R a1k
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—WPU;
- = = WPU/ZIF-8;

100} m— N0 WPU/NH,-ZIF-8

sor S
$
2 60t
&
[}
z
40t
o2 !
1 1
200 19 :
;260 270 280 290 300,
b e m - 1
0 100 200 300 400 500 600

temperature/C

10 AREHGES TGA #k
Fig. 10 TGA curves of sample films

34 ZEEKMIEAHSHMERE

FRAR ) =IO I SBAEAR R PR S5 T 2
PRI B . SR, 6o BRIk SN <=
T B CPDEFT R, 2L RO R
SREGIN HL A ] R 25T HE R BRI e AR s 74
AN ] ) g R YRR T A L 20060 B
PNRCFE WAL T H0O0 FHAIOCRCR . B, fil#
T AR IS — B OSSR AR L EXTIA
ENERS n(iE: =L DD 1Y S R) 1= W IR N 0 52
DL WPU/NH,-ZIF-8 M dZkt, 73l LART 730500 3%
21 €5 UCPs, 1% %% 4 UCPs Fil 2% 19 it UCPs
SRk U il SR ERE RO M A
341 KAmsk

SISO AR RN ST A () TR
100% ) 1y FFe 49000 (B OCIR % R 4.5
W/em®) 40 11 fis .

—R-i;
——G-i;
—B-i

intensity/(a. u.)

A /J N ‘\‘ \ [ \
L)

300 400 500 600 700 800
wavelength/nm

11 R-i. G-i 0 B-i B E#%i%
FwRAIE
Fig. 11 Up-conversion emission
spectra of R-i, G-i, and B-i
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M AT LUE Y, FEARTRI RO 5 R, R G-
F1B-i B 19 98 S 32 % B L4331 >R 600~700,
500~600, 400~500 nm, H %< 58 B 76X v 3 3 Bt 1
USRS . 456 B0 FE 980 nm HOE IS
FIBES R (OUARIE) |, BEBH A = S Th Ba e
RN RESRAFIIE 2 B A Y R .G B =02,
342 AETH

AR I SRR S T 0 — R RO,
R R T EURPRL AN I E R N i ol . =3k
OISR TEE R BT V) T i sh i iniEl 12 fios.

S EREK M BRI R R & R B R A

0.8
- —m—R-i;
061 o— G-i;
@ —a—B-i
. A
]
&
2 041
AN
B
A
02F NN
0\.\. ey -
~e . A A dn b A A A ‘A- A
¢ ..'"".‘.—o—-f.—.—o—o~o—o»o—ofo—o
0 4 8 12 16 20

shear rate/s™

12 R-i. G-i ¥0B-i (EE &

Fig. 12 Viscosity versus shear rate for R-i, G-i, and B-i

“a

a) R-i
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Fig. 13 Photographs of R-i, G-i, and B-i inks under D65 light and the 980 nm excitation
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Fig. 14 Patterns of R, G, and B luminescent labels under the standard condition and 980 nm excitation
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Preparation of High-Performance Waterborne Up-Conversion Fluorescent Inks for

Packaging Anti-Counterfeiting Application

YANG Ling, ZHU Fengli, TAN Haihu, WANG Fan, WANG Zhengxiang, LIU Yuejun

( Key Laboratory of Advanced Packaging Materials and Technology of Hunan Province, College of Packaging and Materials
Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: The amino-modified zeolitic imidazolate framework crystals, synthesized by the one-step synthesis
method, were introduced into the waterborne polyurethane (WPU) matrix in situ for preparing self-crosslinking WPU
dispersion combined with modification of ketone-hydrazine crosslinking. Water-based gravure printing inks were
formulated with hydrothermal synthesized rare-earth-doped NaYF, up-conversion crystals as the pigments and the
obtained WPU dispersion as the binder, and their applications in anti-counterfeiting packaging were discussed. The
results showed that the water resistance and thermal stability of the WPU coating film with composite modification were
improved obviously, and trichromatic inks also presented satisfactory printability and stability. In addition, the obtained
anti-counterfeiting labels were invisible in natural light and could produce a fine guilloche with multicolor fluorescence
under the 980 nm excitation. Therefore, the comprehensive anti-counterfeiting technology was achieved by combining
high-performance waterborne up-conversion fluorescent inks with the anti-counterfeiting printing processes, providing
new ideas for the eco-friendly and high-end packaging anti-counterfeiting.

Keywords: packaging anti-counterfeiting; up-conversion fluorescence; waterborne polyurethane; zeolitic

imidazolate framework-8 crystals
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