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BA ARG . BN . R MRS A
FEAE RS PR P i T s R 14k
p-NaYF, FEAGS MG R mFE R, [RISE40
TR AR R, POCRCR T R, RO EIA
B, X 4R R TR E Rz o U

K CHR ) LR — RS BT . 07
PR AT ATEARIR B 35 B g a9, Ho”
W ELEST, RN ARG FE], UM R R e 1Y

Li D. D. % " R5R KA W T — 241 LiT
B 2% & 5[] B NaYF,Yb™'/Eu’™ b 5% et ok ok

(upconversion micro paricles, UCMPs ) . X- 5 & fij
#$t (X-ray diffraction, XRD) A9 45 5 3 B, UCMPs
HA RIFNEE . #E—2 %] UCMPs 7E 980 nm Ot
BS9SRI, BAEIR S
BOh 2% LiT B NaYF, YO /B0’ 2GR ek, Ak
B4 Li' 19 NaYF,Yb /Bu® ZOGREER) 2 fiF. AU
UCMPs £ 22 [ B[l B Ay 5 s ELA T R 8 FHT I 5% o

XuJ. X. % " PIR 2R (polyethyleneimine,
PEL) SARCIR, SRADK PG & 7 —FHA h 28R
45 K49 1) NaYF,:Lo™" [ %% 4t %¢ 5% JURL (upconversion
hollow microtubes, UCHMs ) . HF3EKMER LM
JEFCARITERT, & R UCHMSs B I K5 K2
AN, ARG B UCHMSs hoe SGIERL & T L 4%
e, JHIESE T AR 22 M BRI DGR D S
B AT AT . B M i B Al Ak v B A R i

(—NH,) HRER], HMRER 57 181 & AR AR
i, S +482% NaYF, #RHgE ',

A SCH LK R G W R O TR A TR K
Mk, A A-NaYF,. YL, B’ RH4aSepf k. it
— PRI S BRI AR R Y pH AR, X RTG B
B-NaYF,:Yb”, Er’" [ 364 d bkl S RTE S, A7
RS CIERERISEMN o Rz BRSO RHE SR,
SERME | R OAGIENERFM, R AE BB, il 2%
T EAVOCHERER S G, TRV A e
FEPOCIERHB AR, IR A REAE B
FLEH I

2 SLIf

2.1 TBRMESNE

1) #Ek

YCl;+6H,0 ( 4fi 4 99.9% ) . YbCly6H,0 ( 4ii
B4 99.9% ) . ErCly6H,0 ( Zii i 41 99.9% ) . NaCl

(4EREN 99.0% ) . NH,F (4lifh 98.0% ) | 7oRMk
(4lfE R 95.0%) . VKESER ( BTt/ 4k 36 % 7K
W) . RO (E¥5TH290 60 000, Fiht
GIER 50% (7K ) Y0 TRl T A= Ak iR A BR
OEl TR, SR Bl
2) X%
FH T B 54%% ( scanning electron microscope,
SEM ) , S-3000N, H 7 Hitachi 2 +;
X- SHRATHHMY, D/max-2500 , Rigaku 2w, il
AR Cu K, 5a, B R 0.020, HHIXH
} 10° ~80° ;
WIEHEIEAL, F-4500, H A Hitachi 28w, 4hiE
980 nm ZIAMELFHOEEE (KEH B AR
Al
BASHIHL, D7000, Nikon 24 ], %EfL UV/IR 3
Jhs
2.2 HFHRPTLEH NaYF,: Y, Er’" EEEHESER
FRLA A& B
P B 236.6 mg (0.78 mmol ) YCI,-6H,0, 77.5
mg (0.20 mmol ) YbCl;-:6H,0, 7.6 mg ( 0.02 mmol )
ErCly6H,0, BT 50 mL B8, A 5 mL 281K,
PitE B 2 B2 M. REERIR P HKIMA 6 mL %
£ 0.3 g RO KESIREA 15 mL JoK LBE, TE
25 CFHFE 40 min, FHRUGE T HNA 0.2 mol/L ()
NaCl /K% 5 mL, 2 mol/L i) NH,F /KA 8 mL,
PR R pH=5, #FE 30 min J5 % E] 100 mL
NZEH, BT 180 CHUMHIRAE TN 24 ho B, B
WV ZE, FE 12 000 r/min $53 F 25.04 25 10 min,
FARFREE A 1:1 BJC/K CRERZETRK TR 5 W GE %
3, K S0 CTFEA T 15 h, BEHEA
AR NaYF,:Yb™, Er’" FEARTOEM L
2.3 NaYF,Yb", Er'/(CS/PVA) %% S 4 EMEH
Hl&
DU B 4R BB 50k 3.0% ) NaYF,:Yb™', Er’’
PN AT R B FREL0.228 g 74 2.2 15 BT ik 9%
ISR L1832 NaYF,:Yb, Er'" F#EHLIEEH KL,
P HOCE 5 mL KSR, A 24 MR 1.
FE 100 mL 79 (8] IS B8 0 im A 6 g R 2 I B
(polyvinyl alcohol, PVA) #2K Fl 60 mL K ifi 2,
90 CAKIBFEE 2N, fivss NI 2.

TE 250 mL () [5 i B2 i o i A 1.6 g 76 OBk
(chitosan, CS) ¥iAF 40 mL JKESER, 45 C/KIETH
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PR, A NI 3.

VI 1 A 2 [FIIMAR 3, Bk
57, 1B AR s R B A SR A
BLHEA, 60 °CFEIEA P44 24 h 3745 NaYF,:Yb™,
Er''/(CS/PVA) 96 A
24 MEMEEHNEFRER

T R4 B R 2 1 BE R R R E A Y
NaYF,:Yb", Er'" FEARIEHRE, B iR H PEI
BCAAR S RSN, pH (EXTE B PIESL . fh BRI
PEREAIFE

TEORFF M SRR IE O, # 2.2 A SELS
ARSI PEL 5 55351124 0,0.3,0.6, 0.9 g5 [AlFE,
Fie 2.2 15 LI AP WU W AR R pH A5 51K 5,
7,9, 11, ©5¢ PEI BAS[A] 5 6 AR S i A& & A [R) pH
B4 NaYF,: Y™, B’ G409 A R RE A 5210
FERE NaYF, YD, Er'" B bR & i a1
J&i , FEHESE NaYF,:Yb™', Er' 824 i 0 B0 ] (0.5%,
1.0%, 3.0%, 5.0% ) , %f NaYF,:Yb’", Er’/(CS/PVA) %¢
I A T RRETS B RN I s SRR I 52

3 HR5®

3.1 PEI RAR&KEX NaYF,Yb’, Er" EH#3ER
MR RE R R0

— e, B AR SR R TR
ROT RIS g 5 2R LA AR G, R S5t
PEIL & f A% NaYF,: Yb™', Er'" b #5358 S0k b
R SEI

2 F AR B AR PEL & O [E A, S Y
NaYF,:Yb”', Er’" 54 6k () XRD 3% an e 1
FiR o

ME 1A, M PEIS®E A0, 03,06 ght, fr
A NaYF,: YD, Br'' R0 6 Uk A0 45 15 i 04
HE B SFRUER - (JCPDS 28-1192) ——X1, JG
HoAbZREAEAE, RVITE U3 R 461 f-NaYF,.
AN, DA XRD AT RAREEE], 3 MEGAE (100) ,
(110 ) F (101 ) 3 A il 1T AT SRF 0g i B A BH S 22 031)
FW PEL 5 HEXF B-NaYF, A S Sl m A K= T
BRFEm, = YiTE bz 205 m . SRk PEL
TN 03 g iF, (100 ) f&f TH A8 AT 5 W AF X 58 i A
TR, RV AFDGE S 3G A A R NaYF,:Yb™,
Er’" b4 R B UL e gl m A K iy g 3 1
2 PEI & ik 0.9 g ih, HBL T X0 F a-NaYF, (14

J7H NaYF,) (JCPDS 77-2042) ik, nJHiy=4yh
I T a-NaYF,. FiRZERFM, PEL & S ARXT 3R A
k0.6 g) B, A RA =Y 24l B-NaYF,, HBEH
PEI St 38K, A BU ARl S A ) A K
PORNE, MEARS &R —a® (09 g) B, &
BOZ R LT a-NaYF,, BBt E ) PEI Xf NaYF,
rnAR o AR T BRI AR AR 1 R — e A IR R

:| B sl =I's g =’
= Q a8 = & § 4¢
JCPDS 77-2042 a-NaYF,
" R N o PEISHA09 g
-~ PEL & #40.6 ¢
=
S
=
z
g ool pErEER03e
A Il 1 34, AEPEL
JCPDS 28-1192 f-NaYF,
S| SyEecBis Ericn s
=] o= <= Jda Qo - o a
| Gl I syl e
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1 PEI RE&EM NaYF,:Yb", Er”
L HRST KRR XRD
Fig. 1 XRD patterns of the NaYF,:Yb™, Er’*
upconversion fluorescent particles synthesized
under different amounts of PEI ligand

Y R AR R R AR PEL & R EIN, BT A
NaYF,:Yb™, Er’" F#E45 JaRki i SEM &l 4n e 2 fir
e HE 2a vTAE H, YRR R TR IRCA,
B PEI 2 0 BF, & AR NaYF,Yb™, Er' F#5H
DECRIORL NN EARTE S . Bl 2b AT, 4 PEL
TR 0.3 giF, AR YRR, A
ROFR 259 16~20 um, 9829 1 pm. R4
T IEE AR AT, 7 i = LA T A s 45
¥ B 2c oI, 24 PEL &k 0.6 g B, AR
YA —ROFRIR, KIEZ) 10 pm, HE AR
L B ORGSR 7R, 7 0 Ry S 1) 7 S )
Ktk B 2d AT, 24 PEL K% 0.9 g B,
PR IR A ST AR, HERSFZ958 2 pm x 0.5
pm) |, SR EUIRMERL R EL 9 B IR A BRI
HOELP SR A

i ER A YR XRD 5 SEM (145 51l 41,
FEMT AR . KBRS AR AR i A S
J&F B-NaYF, dnid, TiHAT BRI 55 0 5 4 32 2215
J& F a-NaYF, @i, XA H) 22 5] 282t F
a-NaYF, faiing 4 mEEA K, AN B-NaYE, fiikig
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SR

~

d) PEI &gk 0.9 g B
E 2 PEI AREER NaYF,:Yb, Er’’
ERIRITATRIA SEM H
Fig.2 SEM images of the NaYF,:Yb"", Er’*
upconversion fluorescent particles synthesized

under different amounts of PEI ligand

2 W AR B AR PET & N [R,  BS Y
NaYF,:Yb", Er’" I #% # 2¢ J6 ki, 7€ 980 nm 3T 21
HMEER T PG BN 3 FroR . BRI,
FIEA I8 4 S FE SR AE 980 nm T L AN G R T, 1E
408, 525, 546, 656 nm Ab 35 H B HH G0 & S0, 4y
B R F ECT B F 19 "Hy, — sy “Hy = Liss.
*Syn = Lisns ‘Fon — s MABIERIE . X4 PEI &K
0 fF, P4 NaYF,: Y™, Er'" | 5549 JE ki i
IR IR, OEH TR TR EY PEL W A7
TEVFZINREIEIA], 30N T REGBRAT o A rp 1 Bt 5 4
SR, IS INA PELG , P19 6@ A B N ik
1M HL Rl A FCR PEL S BN, s Bk 2
Jek WA, A 1 ) SEM BRI, ASTR] PET
T, Pl IR oA R 3 PR
P, XN TRk T A 45 F ) NaYF, YD, Er' 2
e PR . X ] AR IR HAT SR 4tk rprzs
Z5F91Y NaYF, YD, B’ R s Aok, A HH A
Potkbkh CHEFEBRIR . ARtk ) Skild, HATM /40
11, MR, TEAH A R A5 N Wi a4
PEIHCREE R, MTTRE ™A= o = i O

PEIS 40 g

PEI #2403 g
PEI#40.6 g
PEIT #4709 ¢

intensity/(a. u.)

400 450 500 550 600 650 700
wavelength/nm

3 PEI RAEEER NaYF,:Yb", Er*
E AR K TR 3 S I E
Fig.3 Fluorescence spectra of the NaYF,:Yb*, Er*"
upconversion fluorescent particles synthesized
under different amounts of PEI ligand

3.2 AR pH{EXM NaYF,:Yb", Er" L&E#3E 54t
b0 pEA )

MWK F& i pH A A [ BF, OB A Y
NaYF,:Yb", Er’" _F#E40a¢ 60k 9 XRD 3 anfal 4
FIoR o HETATRL, 5 B B A 7 ) 4% AT ST I AL
Y1 5hrMEFR B (JCPDS 28-1192 ) ——Xti, %M
Fri £ FE I 4l B-NaYF,;  ELAEAGRE 0 A S i 7
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ORBE, XU TR R B A S A R . i Ah,
M XRD KA AT BB A H, 4 S84 5I10 0 T (100 ),
(110) F1 (101 ) b TET AT SR OB AFI XS 58 5 A7 AE— o 22
S, XU pH {0 T B-NaYF, A& § i En
A, SEmsm YIRS . o pH=5 I,
(100 ) b 1T AT S MR X 58 B e R, DA AR 1 T
Friil g =y, HA e B m B K B pH
ERZEHIE R, (100 ) fb1E AT ST IEAI TSR ER T
Fekadde, Ui Prmghm A K G # S pH (ERIS R
[lupzSt g ik

| A o

intensity/(a. u.)

~—~ O~

(100)
(110

10 20 30 40 50 60 70 80
20/(°)

4 AR pH {HR NaYF,:Yb™, Er’”
L HEBIEA TR XRD
Fig. 4 XRD patterns of the NaYF,:Yb*, Er**
upconversion fluorescent particles synthesized
under different pH values of reaction system

MR F& Y pH A AR [ B, OB A Y
NaYF,:Yb”, Er’" FHAGSOEERLY SEM EIAnE 5 fir
/N M 5a AT, 24 pH=5 I, GRS LTk,
BT RAKN 16~20 pm, 582975 1 um, H™Y)
Vg b LA TF O A as 254, i &1 Sb Al AL, 24 pH=7
BF, A B0 ) 2 AT Y A IR Uk 5 e bR R ) TR
ZRIEH ., AR R B KR 16~18 um, Y820
1 um; FHRIRKZ R 2 um, 562975 0.5 um., HE 5¢
AL, Y pH=9 If, & 50" W) 5 LT 4EAE R0 5
BRARPURL IR ZGESL, 5 pH=7 BHAI L, SRRk
Wl 2, Hrp e RIR A 16~18 pm, T84
B 1 um, FERKZAHN 2 um, $6Z4°8 0.5 pm. A
5d AL, Y4 pH=11 B, & R0™ )52 B ATES

WX XRD 5 SEM Z5 A #r el 1, A B4
TR AR L RERR A A 2R R A A A T
A B-NaYF, fbiA; pH 1B AT LASE I S IATE S0 A SRS,
Bl pH BRI, G BOBURL Y b PR TS0 F B0 1] AN
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fvé‘\ 'S TR
d) RN ZFR pH=11 B}
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LRSI R TRIAY SEM
Fig. 5 SEM images of the NaYF,:Yb*", Er’*
upconversion fluorescent particles synthesized

under different pH values of reaction system
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[]E *VEHC“PE ’JNaYF4 Yb™, Er® LRSI RLE S B B A L

EEERESEIHURL, 7E 980 nm ITLLAMGI KR T Pt
g E 6 s, HE 6 AIAL, i A 4 AR
7E 980 nm T ZLAMGII AL T, 7E 408, 525, 546, 656
nm AR H BT B R BT, X pH=S5 B, bR dRe
JEMRHEA S 9 R B, B pH (ERIE K, 28
e g B A, i SEM E Rl A1, AKR[E pH T,
FIr il 5 7 I A B AN [R), T P i v o 1 T &
AR P23 45 NaYF, YD, Br' B fe s DO LR
XA RESE RN A 2R iR s S5 B FG HiB %
P-NaYF, 26 RE, H R, [R50 &1
TFURBGHARIG N, SRR R TARER S,
R T BRSO R

intensity/(a. u.)

q] 4
H,, =,

400 450 500 550 600 650 700
wavelength/nm

€] 6 7 pH Bt NaYF,:Yb™, Er3+
J:E?ﬁﬁa'c%ﬁ*iﬂ‘]ﬁab‘c
Fig. 6 Fluorescence spectra of the NaYF4.Yb3+, Er’”
upconversion fluorescent particles synthesized
under different pH values of reaction system

3.3 ARREHEEEI NaYF, Yb*, Er/(CS/PVA)
RAESBHEMEHZ N

FT4 L0 PEL &4 NaYE,:Yb™', Er' #5358 50
WORL, BA SRR RSO ERRIL R SR mil. DA
LT GEAR 28 50 NaYF,Yb™', Er'™ b 508 G
KA R RS RL, 7o M/ R Ol b, R
WAL 4 T NaYF,: Yb™, Er /(CS/PVA) 958 41
i, NaYF,:Yb", Er'" b5 Heue ek i 5| AT T
AR, SRR S AR AR,
Zxg R A PG 3 W B A, DRI AS Ty ik —
ARG NaYF YL, Br'' b 55 40 Uk (0 8 2% 4, Xt
NaYF,:Yb", Er’ /(CS/PVA) ¥é 58 £ W ¢ 61k e AN
75 W BE s e R

7 8 NaYF,:Yb™, Er'" b8 Y6 ok AS 7] 2

B, NaYF,:Yb*, Er’'/(CS/PVA) & & Wil i 94

eI, I 7 AIH, NaYF,:Yb™, Er’'/(CS/PVA) &
AL, 7E 980 nm T LLAMEIUA T kST e 4k .
BEE B2 E N, BRSO GIR B AR, 25
ZRIF RN ECN 3.0% 5 5.0 % I, Pl 45 0 5 4 v
HABSDOREE . B2t 4t 0.5 % 3
£ 1.0 % B, Prifil &2 AR n oo B R R

s HAREATHIR A S, YA ECh 3.0%

5.0% I, RSSO T T . AR R ECh
5.0 % B, PR G EAV R IR 28], B
G HIEE LRI, ATRE R TR i Ay
5], PURLAEIE A B A A R NG, AT B
#EIEE AR, [, NaYF,:Yb™, Er'" b4 6 i
R R B LR 0N 3.0%.

BAS%

3%

~

BAI%

intensity/(a. u.)

400 450 500 550 600 650 700
wavelength/nm

§7 BZEARRM NaYF,:Yb", Er”/
(CS/PVA) B & HIEMSTH A ILE
Fig. 7 Fluorescence spectra of the NaYF,:
Yb*, Er’**/(CS/PVA) composite films with

.. .I.'

different adding amounts of NaYF,:Yb™, Er**
upconversion fluorescent particles YA
4 ZEit

A4 A PEL b Fie M4, 3l i K Bk il & T
i S SR R K G BT W9 2T AR v s 25 A
NaYF,:Yb"', Br’" 3o ek, dF— 4 Uil 45 1
LYEIR T Zs 454 NaYF, YD, Er'" FREH e 6 Wik
R, R TAE B £ T AT RO EREY
NaYF,:Yb”, Er’'/(CS/PVA) 9 e E A Wil W5 T I
I AR A A NaYF, Y™, Er'™ b4 e ok it
. SRS EMERER RS I, L NaYF,Yb', Er’”
R R 5 A i B A IR M®
W, FrASZ5e T .

1) £F4etkrb2s 4544 NaYF, Yb™', Er'" FEHRIOE
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Wokr f Al A A . TR A 180 °C, PEI it {4
AR 03 g, OVKFR pH=5,

2) M NaYF,Yb", Er’" FHEEH IR (528 5

50N 3.0% BF, NaYF,Yb™, Er’'/(CS/PVA) %¢
e

TR B R E RIS 0 RO
Fi il 45 ) NaYF, Yb™, Er’'/(CS/PVA) 965 4 v
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Synthesis of NaYF,:Yb">", Er’* Upconversion Material with Fibrous

Hollow Structure for Anti-Counterfeiting Application

WANG Hui, SONG Ya, TONG Chao, DU lJingjing

( College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: The hexagonal NaYF,:Yb™, Er’” upconversion fluorescent materials with fibrous hollow structure were
synthetized by one-pot hydrothermal method with water-soluble poly(ethylene imine) (PEI) as ligand. The as-prepared
NaYF,:Yb™, Er'” upconversion materials were used as fillers which incorporated into chitosan/polyvinyl alcohol (CS/
PVA) matrix to develop a novel luminescent composite film. The effects of PEI ligand amounts and pH values of
reaction system on the crystal phase, morphology and fluorescent properties were investigated in detail. The doping
concentration of NaYF,:Yb’", Er’* filler in CS/PVA fluorescent composite film was also optimized. It was found that the
resulting hexagonal NaYF,:Yb"", Er’" upconversion materials possessed fibrous hollow structure and exhibited excellent
upconversion luminescence under 980 nm laser excitation when the PEI contents was 0.3 g at pH=5. When the doping
mass fraction of the fluorescent filler was 3.0%, the prepared NaYF,:Yb"", Er’’/(CS/PVA) fluorescent composite film
had the best transparency and up-conversion fluorescent properties.

Keywords: fibrous hollow structure; NaYF4:Yb3+, Er''; upconversion luminescence; polyethyleneimine;

chitosan/polyvinyl alcohol
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Parameter Design Optimization and Coupling Simulation of

Dense Section of Screw Feeding Device

LI Yongxiang, WANG Zhenmin, XU Xuemeng

( College of Mechanical and Electrical Engineering, Henan University of Technology, Zhengzhou 450001, China )

Abstract: Aiming at the problems of dust pollution and low conveying efficiency in the screw conveying process
of powder materials, in order to achieve the effect of degassing and dense conveying of powder materials, the method of
powder conveying dense screw combined with micro negative pressure vacuum chamber was adopted, and the dense section
of the screw feeding device was designed for structure with parameter optimization. By establishing a three-dimensional
model of the spiral feeding device and selecting genetic algorithm for parameter optimization, combined with EDEM-Fluent
coupling simulation, the compacting effect of the designed device was analyzed. The results showed that the average mass
flow rate of the material was about 0.831 kg/s, the maximum conveying density was 889.299 kg/m”’, the maximum density
percentage was 20.51%, the mass flow rate fluctuated within the range of 0.783~0.883 kg/s, the fluctuation percentage
was within + 6.26%, it had a good compacting degassing effect. While ensuring the increase in material mass flow, it
reduced flow fluctuations and improved feeding accuracy.

Keywords: screw feeding; compaction; parameter design; genetic algorithm
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