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Classification of main components of textile fabrics

based on convolutional neural network
ZHANG Wei, ZHANG Huaxiong
(School of Information Science and Technology, Zhejiang Sci-Tech
University, Hangzhou 310018, China)

Abstract: To automatically test main components of textile fabrics, the pictures of pure textile fabric
shot after amplification of 100—200 times or blended textile fabric with main component content more than
50% were used as the objects of study to propose a main component classification method for textile fabrics
based on deep convolutional neural network. Firstly, cropping and color space conversion were conducted
for the pictures. Secondly, the pictures were input into the convolutional neural network to train main
component classification for textile fabrics. Finally, the pictures of the textile fabric to be classified were
input into the trained convolutional neural network, and the main component classification results of
textile fabrics were obtained. 4497 pictures of cotton, polyester, acrylic, wool and Tinsel were chosen for
the experiment. The experiment results showed that the accuracy of the main component classification
method for the 5 classes of fabrics is 96.53%. Compared with other convolutional neural network models.,
the proposed method reduces training time, decreases network size and improves the classification
accuracy.

Key words: classification of main components of textile fabrics; convolutional neural network; dilated

convolution; depthwise separable convolution
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KL BRSNS (82 P A B A ) i A L 1
G TERERAE IS . T HDRHE R i SO AR
K HSV B2 8] [ RBG 30,25 (8] A4 1) T
A U 22 [0 255 T TR FURRAIE » PAT IHE AR SR 1 15 4
J HSV B zs[a],
2.3 HEIGE

R T R 22 W 45 AT FE 0 ML I G AR SR
PR SR BT R EREA T 58 i T IRR 23
PR AT B ABL G R AL AR SOR FI AR J7 Xk
PP RAEHE SR - a) B R GE— R4 5] 700 X700 &
D) AU RN B A A B
AL A K 384 X384 MEE K EIR.
ROAE AT LESE N G AL AR 14 R S O RT sk L D 4
T R AR B  sE AT B R

3 ERMEMEKIE

A3 %% MobileNet [ 4% #5170 $4 4 1 45 1
P2 L5, S B FR 1, LM H 20 4
AR KA EFZ 1 A fb )2 (Average
pooling layer) .1 &R )Z M1 1 4> Softmax JZ fj
PR, Hh, B DG REEE, #5t
AT #5 #E 4k (Batch normalization) # /E . 4% J5 1@
T U PR AT AR LR S . AR SO 2% rp fel T 1Y
P sRECR Relu pRi%k, 23 1 46 AR b 45 B 19 2 ik

T ERE LT U2 4 25 SR S 4 3
* 14
T BRI HART/
N Bk a% (%

16  Pointwise_conv/S1 512X1X1X512 16X16X512
17 Depthwise_conv/S2 3X3X512 16 X16X512
18  Pointwise_conv/S1 512X 1X1X1024 8X8X1024
19 Depthwise conv/S1 3X3X1024 8X8X1024
20  Pointwise_conv/S1 1024 X1X1X1024 8X8X1024

21  Average pooling/S1 8X8 8 X 8X 1024
22 Fully connected/S1 1024 X5 1X1X1024
23 Softmax — 1X1X5

EH 2,
R1 EBBSTEESRBENE LN
e GEAL/ BRERAN WARS/
PR Bx Bx

1 Dilated_conv/S1 3IX3IHK3IXK32  384X384X3
2 Depthwise_conv/S3 3X3X32 384X384X32
3 Depthwise_conv/S1 3X3X32 128X128X32
4 Pointwise_conv/Sl  32X1X1X64 128X128X32
5  Depthwise_conv/S2 3X3X64 128 X128 X 64
6  Pointwise _conv/S1 64X1X1X128 64X64X64
7 Depthwise_conv/Sl 3X3X128 64 X64 X128
8  Pointwise_conv/S1 128X 1X1X128 64X64X128
9 Depthwise_conv/S2  3X3X128  64X64X128

10 Pointwise_conv/SI 128 X1X1X256 32X32X256
11  Depthwise_conv/Sl 3X3X256 32X32X256
12 Pointwise_conv/S1 256 X1X1X256 32X32X256

13 Depthwise_conv/S2 3X3X256 32X 32X 256
14 Pointwise_conv/SI 256 X1X1X512 16X16X512
15 Depthwise_conv/Sl 3X3X512 16X16 X512

i : Dilated_conv 7R 23 { % £, Depthwise _conv %75 IR & % 1,
Pointwise_conv % 71 3% 15 % F, Depthwise_conv Fll Pointwise_conv
LA RBE AT A BB ST RN 1 IR % L DU .

W55 2 J2 00 TR BE 45 8L, LATK 31 K 45 A 18
(4 L 5 05 0 1 Tt AL AR A L 185000 090 45 R 2 1 [
B TRAE RIS . 55 3 2215 20 JZ L8
F 9 ANRBE T 43 B B B, Hi IR T — 2 B B AT ) 45
YEFE R IE A ) I — 2 4 B X R AE R b 172 2
{18 [7i) Fsf o R PR 04 7 40 R T8 14 7 SRS B HE
5, I Ak s A B 4 322 i Softmax
PRI B B B S R R

P 245 1 S0 1 2 T 45 BB AR R TR0 BV RS AE
PEEC, 55 B AU b 23 T A R AT LLAE AR 38 i e
TR RS DL 3 R R 2 Az 150 B BURNE
SRR S 2 TS L 2 BoR. BR a
ik 6 X6 R EMEG; BR b FZREUR a (i 3
X3 BRI TR A 1 GR35
H R o FoREMG b 2 X2 it T KR 2
AL RS S B AL . R d FoR R a [
3X3 K/NE R A 2 W6 BT 25 T 6 FUG 15
FIRLER, SEMG c ML, FHR d A3 T 207
N S = R N S s L i | D NS @ N ]
B BUSFRE R AEAR R GUN B, MR R FILAR
38 PN 15 R (ARG , il FH 25 T 4 B A% 0 26 R R 1
T e 55 B BT A AR ARRAE

K2 BT R AL S 2 SR B T
MNIRZE 5 2 J2R05 20 J2 IR EE A] 2 B 4
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T (Depthwise separable convolution) 335 2 W 4% .
TRIE AT 73 BB AR A — il S AR o o — R
% T2 (Depthwise convolution) 1 — > & /& #& 2
(Pointwise convolution) , M-l -5 R 0] 73 B 4
TR LEan & 3 flro . TR Al 4 B G BV E e X i A
i G #EAT IR B O — o G B AR A
G RS TE 2 ) S AR GRS E
AT ERSEIZE R F ), Bl g S &, RS
HIXT BB RIZER F,, K AUGRERZ KD,

Ci 3k G Wi EL. G, AR G T F .G, AR
G FIF M5e8E, C, ARER F 3 E % R 4R
AP BRSO Si=K « K+ C « G315
BN Co=Sy Gy * Gy s IR BRSPS R
SHANHHNSi=K +K+1-Ci+1+1+C - C,,itH

o S, Co1 1 L
Ej‘jcdzsd .GII.GW’Tﬁﬁgizé:F+ao ]\X
TR T 38 0 O 245 B 1) [ B R D B R R T
A NERESH R,

K3 EmAER S R AT A AR L

4 KWEERH

ARSI i Y TAF w5 AE 2580 Windows 10,
FEAEF S H0N : Nvidia Tesla P100-12G GPU —
Ht, Intel Xeon E5-2620 V4 CPU W i, DDR4
2400MHz 16 G W A7 MU 45, T B 2% > HE 42 R Y
Keras 2.1.5, HJ5 ¥ f# F] TensorFlow 1.7.0,Python
ARy 3.5.5, St AR b VIR AR B i o R e
(1 800 , B iiF AR B a1 o PRSI 20 00, S BRI
(977 XA BEH LA B

B U SR oad fE R M Adam G fE AR
(Optimizer) .31 .82 7754 0.9 F1 0.999; 4 2k pR L
15 FH 4325 38 SN R 43 (Categorical cross entropy) ;
YIZRIREL (Epoch) Sy 80 Y, Y1125 R0 2 11 , Y11 254 5]
BEEPLIERE 0°~20°, 7K/ 3 B 1) 437 Bl KL O 7
0~10 % JF-BEATREAIL B LA 588 090 265 12 AL RE T 5
S 43 2 WA A U UE A f s o S HERA R
4.1 HMEEGE

A PR 100~200 155 B AHBLX TRHEAS 47
FIGRAE BRI/ Hy 3264 X 2448 MEER L. 1EHY

TR EMR I, 25 S8 S AP A7 1) 8 K (8145 P
/D ANEMGELE A T 5 283k 4497 SRIERATIA
G0 Pk 28 B R 22 G 132545 900 5Kk, £ 6
897 5k IR B EE AN 4 Fis
42 BEGgTE

EE Y U E A KR RSHTTE S o e N
KWRE T 4. SR TG 73 it R e b [/ R i A7
Tt o €, 2 1) RGBS A 3 S A AR L B RGP ol ok
[y 4497 5kY-FEH) 22485 5K, Fe i SUR il 5 A
6 Fis.

SRy e U R T A R A A 250 S o R B 4% 3
AN T kAT F Ak 34, 4300 O - BN RGB Bifa
25 () AR 4 Tl 384 X 384 MR A 4 IR e 46
i HSV Bl 65, %5 (8] 5 FE 4 R 384 X 384 MR E 45
fdi ] RGB B (0,55 18], 2R FH 2.3 1 B 3R B8 4 5 0y
Ko XA IR INE 2 frn, NRAP AT LUE it
Eeggoh HSV Bt s 0], 25 20 25w R 88 n 1 8.
56 Y0 ;s B TR A R 4 o S R T 22.
16 %6 ; [Rl B F PR AD 5 35 X 45 4 R ER R 4R TH T
31.42%.,
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x2 AEBEGTAEGEEMENTEER

®3 ARARTTHMESLLER

B FiAb #1728 HEWR/ % EUG R /18 & HEWR/ Vo Y25t E /min
RGB itz [8] , ToE R % 65.11 256X 256 77.47 568
HSV Eita 7 [a], TTH R 3 73.67 320X 320 90.31 1066
RGB it 23 [d] SR A E R 58 87.27 384X 384 96.53 1423
HSV Bita 73 ], R AR % 96.53 512X 512 92.13 2357

AR A G PR v MR RO X 9 28 3 A7)l
IR, SE8e Hp R A HSV Bt 25 (R i T4k 44
SRALEE, SEEGZEIRUNER 3 R, WEF AT LIE M
ZEAER A BTy 384 X384 ME R sy E LT
e (RSP
43 WS

ffi I Grad-CAM ( Gradient-weighted class

activation mapping) 2. = 5 (v 2 B1 ) bp X3, 445
RAE 7 B . B2 Sk RS EAR A R
XTI AT PR 0 1 TR 3 7S 288 1) DA s 7 A3 32 IX.
WAEE . GBI TR I 4 432 F AR G
TADRHET 4ERFAE RN = & 1 DX, 107 AS J2 1R S
BN 5 G540 2 DX 3k, M T 38 B I 28 0 2 1)
WAEIFAR TR SORARHE

7 TDRE B3 PR B B L ] U X S g 1

4.4 L& EEHIHIEIE

R AR SCHRE 118 36 FE s 2 0 245 A PRV T Ak By
2 Af P 25 R A AR5 3 30 A UK 9 ik A RO S
SRR 4. IR A R LUE I FEAR SO Y
el 23 TR S R G el R A 3 s R v A R

PET 3.66%,
x4 FHRTRERELZESROLER

BRI HERIR/ %%
ZS TG 96.53
el R T 92.87
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5K S LT RN 2R I £ Y 25 LIRS 43 2 7

FEPG SRR B 5 i A AR SCH HR 1 ) 24 i A
P £ T8 W 28 /N AN ) RUST T 18 R 28 1 it ] L 7325
BF ] 2 28 E A 20 ORS Af 232L  [R] Z H F-Measure J5
AT A5 R ILAR 53R 8, XF LA R AT LUK :

a) TEPILEFRTTT THT A% SC I 28 119 I 28 S 5080 i
5 FPZE R /N 2.1 10° A, 5 H A I 25 AH L
@i/l 3300 LA b, 5 4 B R New2 A1 HE 4 /)
I 96 %,

b) TE5FZEPERE T T 4 A BRIy 384 X
384 MG FR S AR ST 45 1 o M e U T LAt 1)
2% IRl IF I 258 [8) R0 43 2 Bsf ) /T LA I 2 5 4% A

EHERST A 299 X299 MR R mil) . Net-3 2% 1) 4328
PEREOL THAB N 45 s —F A0 2P RE LAY (HAE Y
SR B) B A S B) AR S 2% (1423 min, 14.6 s/10°
PO BB T Net-3(4728 min, 28.6 s/10° ).,

o) ARTCMLEAE Net-4 P28 LAl L7040
ZEIRBEHE— 280N TE 299 X299 MR E KUF 384 X
384 MG AN MG R ST R, 43 U 2R 5 1) 4
T116.85% 1 1.11 % , Y LRIt ] 43546 %5 532 min Fl
312 min, & TIRIT BT B 73 54655 7.9 s F1 6 s, A
S 25 Y 4522031 F-Measure CR B 2 F143 1] 5K 1)
FPEED ¥R T Net4,

x5 AXMBSHMERWE MR LB

- E 5 R ~F 1(299 X 299 142) E 5 R ~F 2(384 X 384 14 2)
[EEZAN 106//'\ Y Zrit ] / i AR/ VIR EI el i Y
min (s+107°%) % min (s+107°%) %
Net-1 21.8 2014 19.4 95.96 3249 30.8 96.27
Net-2 54.4 5282 35.9 96.40 7644 59.2 96.32
Net-3 20.9 4728 28.6 96.04 7020 52.1 96.38
Net-4 3.2 1453 13.5 76.04 1735 20.6 95.42
AL 2.1 921 5.6 92.89 1423 14.6 96.53
7 : Net-1 34 Inception-V3H2],Net-2 24 Inception-ResNet-V2[13), Net-3 5 Xception ], Net-4 3} MobileNet!), F[F],
F6 AXMESHMERHMZERNLER F-Measure Eb3&
e BIGN F 10299 X299 520 BIGN F 2(384 X384 430
P et 1 Net-2 Net-3 Net4  AXF%  Netl Net-2 Net-3 Net-d A%
WE4  96.85 97.17 95.45 79.38 93.47 96.80 96.81 97.00 96.69 97.08
i 95.05 95.51 96.49 75.33 93.68 95.10 96.09 94.71 95.18 96.36
w4 93.31 93.91 94.94 67.58 90.34 93.85 93.77 94.19 93.32 93.81
Ree 96.76 97.27 97.38 83.09 95.79 97.02 96.77 97.17 96.04 97.23
EE 97.46 97.89 95.85 83.52 93.77 98.20 97.41 98.41 97.40 97.40
K7 FH38IX3BL BERGAXIMNES HERHEME D K EBERIXTLE
s KR/ % H IR/ Y
Net-1 Net-2 Net-3 Net-4 AL 2% Net-1 Net-2 Net-3 Net-4 AR W 4%
WE4s  96.96 97.17 96.63 96.96 97.61 96.64 96.44 97.37 96.43 96.56
i 94.75 96.09 96.21 95.24 96.95 95.45 96.09 93.25 95.12 95.78
B 92.99 91.72 92.18 93.10 92.30 94.73 95.91 96.28 93.53 95.37
Keg 9717 97.17 97.17 95.29 97.38 96.87 96.37 97.17 96.81 97.08
EE 99.04 98.61 99.36 98.07 98.18 97.37 96.24 97.48 96.73 96.63
Fz8 {EMA299%299 BEBBAXIME S HiEFRHEME N R MEBERIXTLE
el KR/ % HER/ Y
FT Ner 1 Net 2 Net 3 Net4  AXF%  Netl Net-2 Net-3 Net4 A LM%
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Research on production of high moisture-conducting sports socks

and its thermal-moisture comfort performance
DENG Xiuyan" . DING Xiaojun" . ZHANG Weijun” . ZHANG Gang” » FANG Yuan'*
(1a.Silk Institute, College of Materials and Textiles; 1b.School of Fashion Design
and Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China;
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Abstract: In view of the poor moisture permeability and the poor wearing comfort of general sports
socks, high-moisture fibers were used as raw materials to design the structure of sports socks according to
the characteristics of sports functions. Six kinds of sports socks with different raw materials and weaving
methods were prepared. Thermal resistance, moisture resistance and moisture permeability index were
used as the indexes of thermal-moisture comfort performance of 6 kinds of sports socks were tested and
analyzed. The results showed that the sports socks for which the high-moisture fibers were used and the
structure was designed for the functional division has better thermal-moisture comfort performance.
Compared with plain knit cotton socks in the moisture permeability area, its thermal resistance reduces
77.5% , moisture resistance reduces 92.7% and moisture permeability index increases by 269.6%.

Key words: high moisture-conducting sports socks; thermal resistance; moisture resistance; moisture
permeability index; thermal-moisture comfort performance
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Effect of low temperature plasma treatment on digital
inkjet printing of polyester piled fabric

WU Hao' . CUI Zhihua'+ JIN shulan® . ZHENG Jinhuan' . ZHENG Zijing® » CHEN Weiguo'
(la.Engineering Research Center for Eco-Dyeing &. Finishing of Textiles, Ministry of Education;
1b.Key Laboratory of Advanced Textile Materials and Manufacturing Technology,
Ministry of Education of China, Hangzhou 310018, China;
2.Jinhua Jieling Household Products Co., Ltd., Jinhua 321000, China)

Abstract: The surface of polyester pile fabric is densely covered, the digital printing ink is difficult to
penetrate and whitening phenomenon easily caused. Aiming at the above problems, the low-temperature
plasma was used to treat the polyester pile fabric, and the effect on digital printing improvement was
studied. The polyester fabric was subjected to hydrophobic and hydrophilic treatment by low temperature
plasma. It was found that when the surface of the fabric was hydrophobic, the apparent color depth K /S
value after digital printing increased obviously, compared with the untreated fabric, but the ink
permeability was poor. When the surface of the fabric was hydrophilic, the permeability of the digital jet
printing ink significantly improved, compared to the untreated fabric, and the permeability was dependent
on the time and power of the plasma treatment. But, its K /S value did not change significantly compared

to untreated fabric. Scanning electron microscopy analysis of polyester pile fabric treated by low-
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temperature plasma revealed that the surface of the fiber was etched and the surface roughness increased,

which improves the apparent color depth of the digitally printed fabric to a certain extent, achieving the

research purpose.
Key words: polyester pile fabric;

depth; permeability
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Design of traverse mechanism in automatic silk reeling machine

based on stepping motor program control
ZHOU Taogen , YAO Yuefei
(Silk Institute, College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: When the stepping motor controlled by program was used as power source of traverse
mechanism in automatic silk reeling machine, the size of designed traverse mechanism was smaller, the
law of traverse motion could be freely designed, and the isokinetic guide silk could be realized. The
operation principle of traverse mechanism controlled by the program of stepping motor was described.
Moreover, the related parameters of the traverse mechanism were analyzed. On this basis, J-4218HB4401
stepping motor was selected to redesign traverse mechanism of silk reeling model in laboratory. The results
showed that the traverse mechanism controlled by the program of stepping motor could achieve isokinetic
guide silk, and the overlapping cycles at the axial direction exceeded 5000 times.
stepping motor; traverse mechanism; control; law of motion;

Key words: program

parametric analysis

0 51 &

Bog /N 22 ) 1046 Rz B e th /N [l e oz
RS AHU IS IE SR A S22 PR AE
PR — R PR s 22 bz s 52 5 i iy 22 X4
Szt . HE IS g S 2 AR
AT R ZZiE s i = Fhig sh A T 2
FELEMAE R, BA 2R Y BRI 5 TR
(P T ELZ UG AT PR REIE R e

ek HI . 2018 —07—06 2% R H 3. 2018—10—08

EFHPEE A B RF G A , A
ZR G R 8 2 AU A 4 S LA L PR R BR
SEIRN AN TE T s 5 73 Ah AR R R AR
A ATHU IR AN RE S8 R L A e 22 k583
SRR AT Y 25 8] s LR 28 S LA ) 2%
sl B RE  ANE G 7R S5 2 PR 4 58
877 R AR SO 7l 2R LR 4ol
(25 R AL o 3l 0 U R R 245 S AL . %45 5L
F LIRS AL fi] B AARFRE N il SR A8 522 L dl ik

PEF TN JBE R (1995—), B, b N\ WiHHF5e 2k . E2 R A sh 42 WS BTy T A BIFSE .

WIEVEH . WEIK K, E-mail: yfyao@zstu.edu.cn



24 /[ S N N N SR o

e CHARBRA RO

2019 4F 413

AR T AU i SEAR R 465832 3l T 2
1 SHENREFEHNEINASEHEREE

A FLAE Py 2 ) 14 248 S HUAS) B8 P i e s 0
R 1 R L P R S R BIL e T LA A
S UREN AR PR I AL B A TE Bl

By AL

Wy LR ARAT

it Hpl
K1 ERRERE

K 2 BAZE AU SR s L e 1 ik 4%
2 FIRWERR - 3 AR ACHT 4 B kAl . 5 S ikige

6 AT RINRe IR A . 7 AP RAL. R S [EEAE
Fr VG IGEAS 6 Bk b BRI A% 1 e
o 1 EELELRSCHT 3 Lo L HERHL 7 [FE A3,
AT R RO S 6 235 5. i 4 2% 1 AN
KA 3 —RMM LR B % iz g, K 2(b) fF
7R KGR 2 [ 58 THACHT 3 Zed » g /R AR IR 4 1E
Xt FRBERR 2 SRR MR A v, B IR 2% S HILAE TFAIL
Je AP HERAL 7 UK A SSHT 3 1) B R AL AR 4 1Y
—WiE 3l MK REEK 2 18 3 B IR AL RS 4 X Ny
(LB B IRAR RS 4 RIA(E S AR R L BRIAER 2
18 R R0 B 58 U A

L1555 2 KRR 5 3— 2RSS T s AW R AR IR s 5— 1A s 6 A7 BRI ARty s 7— L itk L
Bl 2 BHE LA S MU A R

2 BEBEHGW

A i B ATL SR I F A i B R K P A 5
T A0 B B 2 A B8 G F R B B AL R AR B
Jik b 15 5 K B 3 AT AR L A2 gh Oy 1) R R e
(2 R I 4 2 ML) SR 25 a0 Ha AL A 3 7 U, AT 5
LA AN 32 SR, DT 7™ A2 A ] ) 24 2832 3
T AT AC B B, AT LU 4 AR R 42 il 2%
S HILFA] 9 i G 45 iy £ 0 2 0 Ei L 3ok, ARG Ak 265
I

DR Ay 25 1 B ML B0 145 0 147 2% 44 1 2% 3T 1L
LA BB, BT LY AR o F AL 1 2 B L 483z
Bl TSI A R e 22, e B AR FL AL
TR 1) AR Ak AL G2 2 52 LA & X 45 28 38 sh i 4y
J AT LB 4 sS LA s o R R ik =2k
2.1 SHBHIEEEE, RLHORT, LTS

R4 2838 Sl )RR 7R R R 7 B 43 i
Kl 3Ca) K 3(b) fros, Hirhr S, 2% 5215 3l J5 19
hy N NIRE by WAL B S B A Ny
BN, e ISR SEL R R
ST G F B R . [ 3(b) HIE TR I A
Sh/NgELL R R B (RS B i M BT .

Il #9258 32 1z Sk &, v] LAFE Hh 2% 52 1 3 3 A Bl
4258 SIRB M AR TRTAE AL . 24 e =0 B, 235 ¥
Bl )N » IR 58 B — IR 245 52 m 3) » A5 1k AL LA 2 52
A 94 S 4 452 B AR U 1) A 5 3T — > B A
(BB 1), 24 h' R4 2832 8 i £38 3 X S E hy —
2hy ARSFIF A e=1, M e=1 B h BEHIH K
I 453 58 B — R 2% 5 i 2y« A 9 AL 45 S AT £ 9
S 14052 TR0 PR K 1) 4 S 20— > A A (B B
)24 n" R4 3238 S e RGEFE hs A5 HS, e =0,
DI RS

FESEBRIE I S 1 B 28 2 B AL s A3 Y
W/NE T A S 5 AR IS ORAT B A e U A 6
R TR AR AR S 0/ 2% S8 A5 1 et 2 1 L AL )
SN [N S 5 e 5 1) A0 O FL ML RS 2 L E
i R M S R ALK B0 48 B RS 2 25 2480 R D
A BERAIL T A I R

TESE PR 422 v, g 25 1 B ML 3z 31 D A L
FERYIE S HE . 2420 kAL HIL AR e AU o I, A 258
FE 2 U A BLR AL 5202 3l HLd A2 A g ml L)
LR 2L, 22 ] INES AL AL
(I 22 T2 5017 B AR e A BRI - AN 2 B
P IR SO R T 22 7 e AR e FE Y
.



%14

JABE R 45 - T APk ML e P ) A S B2 L% SR it 25

K3 s aM—

2.2 HHBIEEREE,BXHEART,EXHD

RSB SN B A R B BN 4 ()
FIEL 4Ch) J7 s B 4 (h) HraE T 7 60 R A A 7Nk
22 Fr e AT AR B gk ) R 2% 2818 SR
BT LUE 25 28 Hon B o7 B il 3 45 32 32 s IR B
AT AR . Hod hy W ASB SR, ¢ g
ODAAEARRSE £ oNE A T LT B i 222
WECTHESHG A S BRI 3. HE 4(b) FiR 78
—REAZIB A R AR AL R b A1
hy—Ax (BB T hy + A (BT . e’ =0
B, 28 A8 O 1al A U A% o B B 58 B — IR 4% 38 i
1, 25 1t F L8 2 S8 FF A A g 1) 455 R SR U 1) A A
SEL— AN A (BYBE 1), 2 f » Ax K38z b))
PRI o FHAERT, 28 S8 FT A v I B IR B AR 2% 383
R AT TS, WA f=0.¢'=1, M =1 A}, 4538
HuC [ ZE MRS - BB 58 B — IR 4% 28 iz 8y, Db i
LA 46 52T TR 0 ) 452 T st MR YK 1) 22 I 0T — 4 B
B Ax (BYBETT) W38 f » Ax M AZ B shiRIE by
SIS 4 38R A St 458 T 300 2 T R 4% S I R # Z
Nk IS f=0,¢ =0, IR . TA L1
IE 22 280 B W A bR E ARSI . 7R SE PR Y

N A T B Lk A R HL A e, R kA Y
A AERAL B E R ALIR S A% L 15 8 5 AT R O Fe e
w6 A SHL,
23 HMEZEmHMNE

RSB SR AT LUJE 2.1.2.2 fTidiz sh
AT R BN, 0 nT DLEE H7 5 45 58 T 1R S 457 i3 A
(R 2 L AR SE SRR i AL E ML S BE o, PR B mT LA
SRR LIS L UE— B R B s S
JEL 0, 348 5 B S AR

M2y G5B 2 Il Gk, BB R 22 R i G
IR A A e A ) 3 A i B i F ALY iz Bl A
e TR A B AR AL, S5 22 B Y . 42 R AL
R S AR AT 28 3SFE Bl B Bt =2 AR Ak PRIt
Ak B AL AR AL () 26 38 32 S RS AN RESE I
SERR 22 R T DL SE A 45 A0 E AL e L £
RORHER T S22, 1ERIT8 sh LA, T LAfE
2 S FTAE 57 30T 0 S 52 0 s 8 97 el /N S 5 L il /0 .
LA 1B S YIHT7 [ B AR R vk

3 BHHLW

3.1 R AT
R LR/ (r /i) BT E



26 /[ S N N N SR o

e CHARBRA RO

2019 4F 45 41 %

K4 gagimshiiii ()

BRRE QR min) B A DR 36 8] 1) B & SR 3. 43
26 T U REAS 21, B IR 45 5838 Sl S B R Z¢ 1k
SRRl — R B B LT/ N 22 SR kAR A i
Z X SR M E S /NS R T AR Al
R AFRY IS, H S 22 BB AR EL g A T4
VRIS K T 22 RIXE 22 5 7 A L 22 5 0 S ™ 8 5
PRI R R EUSOEATRE s THRA R 22 AN B IE
& PSENIREE R B L A O
SR LU/ INEE R L 45 S LM S R/
min) £ 5% . 25 25 9 HHIL 38R 4R E I . 4% 58 is 3 Bl R
AT W28 A HUAR 1 2 58 AN [R] TR AN ) 46 523
SRR AT e —E R ZST . Pl bk
2.1 1 2.2 FR R 0 A4 T LU RGE — 0BT
3.1.1 ARt HAEE 25 A PO AR L 28 52 Bl
Fe it IR AL
455K 3 iz sh LA Al A BRI S8s B B R
AL A WS 2 5Zim Bk T T B Bt 56
§ RSB BN BRI L
li=2h;— (2i—DAx QD)

[, M8 AZim sk T 11 BrBeht 5 j IR g
SRR L R
[, =2Chs—2h)+ (2 —1) Ax 2)
M HE LAY e o 1E B R B 2 iR L
VIRE R m s 25800 ns A7 L7 50 ol 4 k5 3% B0
a AU w, (R /min) AL R AL
H w, (r/min) RN

wo/a 77’}’17’1712)0

3

w, = =
Z;m/mn ali(j)

BN N w, (r/min) , WL L & K

W 7aw;rli(j>

k= 4

w,  mnw,
B D ORA @, A
aw, [2h;— (2i—1) Ax ]
mnw,
i=0,1,2,3,+, BELT
aw, [2hs—4h,+ (25 —1) Ax]
mnw,

j:O’lazag""a

KBl



%14

JABE R 45 - T APk ML e P ) A S B2 L% SR it 27

I ) AT /NG T o, A TEE (E I L 2%
HECTE 1 11 BrBed g — A B AR A i 28 R R
PN 48 5538 B AT B0 11 8] 1) B B 5 R

BE 22 7 S L BN, O 1 PRI 22 S5 2 3 L 1Y
RAE 53 S48 22 b 23 SR/ N ) Y
NS R LI /Nl 2O AR BB T Ry
26 W LU — D I W/ (0 205 B B T v A s 4
LR — AN A 5 AR S B 9 2% 5208 Bl A%
it Ax FI/NEERFG T w0, HYZARAL ORI E
3.1.2 kL EE , SRR, /S

O R TR AL

551 4 Bz s I T R 28 S8 i s AL
ISR R hy — Ax (BT EE 1) N by + Az (BB
1) =) AT, HE LR -

aw, (hy—Ax)

. BBl
mnwoy
S I ©
aw, (h X
N e call
mnwo

ALY /NS o, TEEERT e FE T 1L By
Beth e ., st £ RRRGH A T kL 4
SRR ] el B & A 0 S. (O, C AR IEHE
BN EATZE AR TAPIR

(k—k)HS.=C (D

A (D) R, A B m SR S, R
KELEH L b NN TCT AN B e — R (8RR
B o RER R R

NS w, SRS, OO FTAL T
11 B B P s 24 S0 L ) Shy 328 9 sl ) 1 2 1 D) uhe e %
A& S LA g () JE ) B RO
32 XU MMHEEERHS N

22 AR L R E SIS ] LAE L A ) B
B RN 1w By 2 WA 7 R AR e, i) By B e A
32 K ACIB B A 45 A B iy A Ao 8 7 A 1) A ] 40
PEAEAL, & 4 RN S5 o S, 48 R k= il ) b7 S
W, REER.S, B, iSO,

A HUAE B 2% 22 WL SR B AT TG
BRh, PRI 2% 52 1z 2 il ) B S S B B 1 RTIATE
55K, HIE 3R 3.1 1 3.2 X FiFh iz shA Ak /i
HEgAZmahiim By & A0 S, &S B RRINT
KFR :

2h,
T Ar

Y43 B Bl A5 HE % X7 A0 2E H AL A A PRI 2R AT 4R

il s AT K 20 40 50 A5 F d AL A6 6 i H gL R

S, (8

B R LB S /N S AP B AR 0, A0 R AL
9K Sl 45 8 S PR A 73 KOR 0 i RV Jsoe 18 Y A
VOO D B M BE S 0/ Cabd P, AR ik e
XFI 4 S AR B BE B Ad A& S 80 R R 1 6
B

6/Cab) _Ad

360  mn )
TIFF
_ mnf
Ad_SGOa/) (10)

RP28 2255 B A2 Ak B dse /NERLAL DR Ad L AT RS2 B
BN Ar=0d o Hil1e) By 2 SR BTBOR B S
RORMUF 2 Av=Ad I Bl 2852 1 S, ik 3 i
Ko KR AOFRAZFIZ (8) v ] 154 1) By 2 J8] 4 £
KAEH -

~ 720abh,

mnf

(1D

!

4 SREGEIE

HR A T IR B AR RN A3 ATT o 76 5206 % 1Y) /N TR B 22 5F-
BT TR, EHM L RIS R T
4218HBA401, AHLE A RS 0 o~ 1.8°; IR sh &% M H
FE DM542, f5 5 Al 15 128 4143, 78 5256 v 15 12 41 43
B0 32 P HAEE o Ny 3 AL BRFE 1 AR
45 5 (n HJ 45) 15 FE m o 3.14 mm, FeMEHHE H
1) JE G 56 22 AT, A0 245 3E ML) » L2 2852 3l 1 4k T
FEBEA 19 mm™ L Bl Ay =19 mm, PU#EEfE R, 45
EHUANAR 44538 ol R At SR M AR AR 1) 32 B I A
V& AEIE ), FESE B T A5 3R T 22 (1 FL Rtk L, Al e
Bii 8 Rk 5163 WK, TESCPRIGERLZ AR L 7T 38
I ERE AL IR S ER AR AR S S50, R IR B itk
25 ZZ ML 1 il 1) B 5 S

5 & it

ANV 2SS U R RO SR 26558
B SEFLE SR ] [ st ARG R A
SR IAERS b, R T RS0 J-4218HBA401 (Y
AP E R LB OCHE BUAT B 2% S HILAL 38 5 42 i 25
FLPLIELRE  ANME S B 1 A S 22, H P A Bl 1) By
AR T 5000 ¥k T BT B A 45 52 WAL 45
RAY T B L PR BRI /)N R T 52 46 3 PR 8 A /)
B[ shai 2z LK 5 L il DU i e £ sl
YR A% AR S B A SC S8 T T S 22 SR A
FE



28 iR A N S D = S

e CHARBRA RO

2019 4F 45 41 %

S0k

(1] Ffe. K22 T 22 M. LI R4 K2 kL, 2011 £ 105.

(2] UM GLHUR) BUNDB e 22 ). H Bh Sl 2 pL e 54
PECM AL 5T 2740 Tl H ARt 1985 159,

(3] A, A LA 23R THARRIIEAM [M]. b
o E YU Rk, 2010 20-21.

(4] BeAEHE. o 22 8 AL (M. b 5. P B 25 20 AR
1998 64-65.

[5] BRAERE. A sha 22 WL 4 S ML iz s AL A I o L) ). &5
21247 ,1984,5(7) : 23-28.

(6] #RAAE A7 AL . B P47 DU 3 T ALAG i itk ) sh 4 22
MLz B P AEL) ] 7T 95 2499 . 2001 (6) : 1-5.

7] TR A B AT s » 2. 25 0 e ML ok il £ 1803 vk
WFFELT ] TR 51T, 2018(6) : 48-49.
(87 BREN g, 5K 17 BH . FL 447 3 F ATS89C51 5 HLAY 4 it
HLALE I R G BT 45, 2016(8) :184-189.
(9] IR L2908 T 2B WiV 228 T2 B il 2224 CFH M. b
50 E 54 Rk, 1993 192-193.
[107] WA % fLE L B 9 E 422 L% R 1 s 15 2= B fRi by
CPOLI.E4h 258 ,2005(6) :18-22.
(11] 5. T 7 ALry 2 LA - 3k sh R G831 LT ] h
[ 4 T2, 2017(11) . 70-72.
[12] FEsr ot AL 43 9K 3h R ge i I ] WL {5 B, 2017
(27):90-91.

(RfEHE: NEE)



ML TR F R, 2019, 41(1): 29-36
Journal of Zhejiang Sci-Tech University
DOI:10. 3969/j.issn.1673-3851(n).2019. 01.005

EMERHABERRKEREREHARER

K, XA, R, RIE, X m KR

Gt I RFEHHEYS

L, M 310018)

1 OE: RFRRMISE A — AR A B ARG B AR AR E B ARTR R P e R T R S R
A, 2B FARARFILERRXE, EEBRBRHHBFARBABEEOR T T ARRKRTHERMA AL
R0 A B R SR S R R R R R A E ST @R IR SR, X ERE T AL R RRM G
B E KRB ARRES BB E YR EHE AREYRITEHR L AL BN EF R A D LK FE%e
R RREF AR BRSNS M X IIE, TR BES B AN AR BRI L T &,

ES LREXVE S S L S X RN REEY
FESES: TQ323.42

XHktRERS: A

XEHE 1673-3851 (2019) 01-0029-08

Research progress on the sources and properties

of bio-based benzoxazines
LOU Yongjian, ZHAO Zhongziang , CAI Dongrong , FU Feiya, LIU Xiangdong
(College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Benzoxazine resin, as a new type of thermosetting resin, has attracted great academic and

industrial attention due to its unique properties such as low shrinkage, low dielectric constant, low water

absorption and flexible molecular design. Under the background of gradual depletion of oil resources and

global warming, benzoxazine resins based on natural renewable raw materials have made much progress in

terms of raw material sources and performance improvement. This paper focused on the phenolic sources of

bio-based benzoxazine resins, summarized the research progress of bio-based benzoxazine in recent years by

categorizing the lignin decomposition of phenols, plant extracts of phenols, and biomass-derived phenols,

explored the relevant laws of structure and properties of various bio-based benzoxazines, and looked

forward to the development direction of bio-based benzoxazines in the future.

Key words: bio-based benzoxazine; phenolic sources; synthesis; property
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Sound insulation property of composite materials

based gel laminated structure
LI Sheng, YAO Yuefei
(Key Laboratory of Advanced Textile Materials and Manufacturing Technology,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to study the sound insulation properties of the gel, the gel was coated between a
calcium silicate board and a glass magnesium board, and the glass fiber fabric was composited to prepare
composite materials with the laminated structure. The influence of gel position, gel thickness and
composite glass fiber fabric on sound insulation property of composite materials with the laminated
structure was analyzed by the double channel acoustic instrument. The results show that the use of
composite gel layer reduces the anastomosis effect. The sound insulation effect of composite materials with
the laminated structure increases with the increase of the gel thickness. But after the thickness exceeds
3 mm, the increase range of the sound insulation decreases. After glass fiber fabric was composited, the
sound performance of laminated structure further improved.

Key words: Gel; composite material; fiberglass fabric; laminated structure; sound insulation
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Molecular dynamical simulation on dynamical mechanical

relaxation of polymer blend system
ZHOU Bin, LIU Yongsong » WANG Yang
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract; Based on the Green-Kubo function and equilibrium molecular dynamics algorithm, the
equation between the stress and the shear modulus was deduced and a novel equilibrium molecular
dynamics simulation was developed. This equilibrium molecular dynamics simulation was applied to
quantitatively calculate the shear modulus of homopolymer system and polymer blend system at a certain
time scale, and the dynamic relaxation process of the polymer blend system was discussed. The simulation
results show that the shear modulus of the relaxation process of homopolymer with short chain or low
stiffness is smaller than that of the relaxation process of homopolymer with long chain or high stiffness.
Adding the homopolymer with short chain and low stiffness into the polymer can decrease the loss
modulus, and reduce the energy dissipation in the dynamical relaxation process, thereby improving the
viscoelasticity of polymer to certain degree. Moreover, with the decrease of the length of short chain
homopolymer and the increase of the volume fraction of short chain homopolymer, the degree of energy
dissipation of the blend system increases.

Key words: molecular dynamics simulation; dynamical mechanical relaxation; polymer blend

system; viscoelasticity
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H E. ERMEGESREZ LK G B4 (Hydroxyapatite, HAp) 89 13 £2 ¥ Ao N #r 4k 45 (CdTe) & T 5 574K, &%,
TH AR & R R B AB R B /A 4s (HAp/CdTe) 5 RARAT . 3 AT 1 5 RARAH 69 T S . KD A 38 R 4F 3R AT &
AE IR T H AR B FARM ARIR S R 6 T4, &R AW AT F HAp/CdTe R RIRAT A AR E o BA, KEL A
350 nm, 42422 % 80 nm; HAp/CdTe & AR R K IR E A &AM AR E R FE fo L KR EA B AT pH AR EAE
TR TS TN @404 FH 1.3~51.2 mg/LieB A R4 % LB ET/E COP R EZ M 20 B 4F
PP R L AB K R A 0.9986, M MR 0.4 mg/L, LM & F(Na® \Mg*" ,Ca®" \Li" \NH'" K" fo Cd* ) 2ti%
Mol 7y ik A B F AR . Ak ed HAp/CdTe 5 RIRAT B A #7518 38 R ABAR . SR RAEE Fo 7T K 4R 5
B4 B AR A A 4R B T R R o B AR,

KB BABR A TT 5 4ABTAN; KR

HhESFEE: Q279 XHERRERG: A NEHS: 1673-3851 (2019) 01-0049-07

Preparation of hydroxyapatite fluorescent probe doped with CdTe

quantum dots and its application in copper ion detection
CUI Zhengyang* » LUO Dandan®» FENG Cui*» MA Shitu*» KONG Xiangdong®
(a.College of Life Science; b.College of Materials and Textiles,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In this study, a cadmium telluride (CdTe) quantum dot precursor was added during the
hydrothermal synthesis of hydroxyapatite (HAp) particles to synthesize hydroxyapatite/cadmium telluride
(HAp/CdTe) fluorescent probe which could excite red fluorescence. The morphology, size and
fluorescence characteristics of the obtained fluorescent probe were characterized, and the feasibility of its
application in the field of copper ion detection was explored. The results showed that the obtained HAp/
CdTe fluorescent probes were needle-shaped solid particles with a major diameter of about 350 nm and a
minor diameter of about 80 nm. The fluorescence intensity of HAp/CdTe was high, the emission spectrum
range was narrow, and the fluorescence intensity owned good pH and temperature stability. In terms of
copper ion detection, the fluorescence intensity change of the probe presented the favorable linear relation
with Cu®" concentration when coper content was 1.3~51.2 mg/L. The correlation coefficient was 0.9986
and the limit of detection was 0.4 mg/L. Besides, other ions (Na®, Mg?", Ca®", Li", NH*", K", Cd*")
had no obvious interference effect on the detection method. The prepared HAp/CdTe fluorescent probe has

the characteristics of simple preparation, low cost, stable fluorescence properties and long-term
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conservation, so it is an ideal material for detecting copper ion concentration.

Key words: hydroxyapatite; quantum dots; copper ion detection; fluorescent probe
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Bl N AR RN A B W) 06 75 I o 2R Y
BB FTERZ A A i 8l vh 4 TG H2E 0 fA A, SR
o e A B8 T RE N A W A AR e R B X
WP 28 ZR G 3 AR T S 2L . 40 Wilson i
BT IR R T RO WL 4 O 2 s AR A BT 2 L '
DIRERR A T B85, R, SR R A
AT EE A ] 25 - ) s B L S ARG
S B T A A O BE L R O T sk A
HLIBHE 5 55 8 ORI ) 45 H 1 3 Dy v A
RN S 2% AR L AT G T ORI R A A
SRR

DENCERET RN 7 v R U & PR 4y B vk
A o PRI, S SGHRETAG I AAE Ay — o 28 1 2515
R AR T B, )12 6 T4 88 1 i A i vt
SCIESTHENT. 6 — TR T E TR B R
B T ETE M & O 12.00~170.00 pg/L JEFEIN
SR UFRRAIECER  HHIC R BN 0.9989 45 Hi FR
5.30 pg/L. ZITEEAER B R G LA L
PENCYRHDENCIE AR AE » Ty A LB GV KA BRI
Hit— 2B A

R RUER LN IR RL, 5A
BLPECYL R L 1 B A OG5 006 2 F v 1
JoT s ANHOGER 5 OR GG TE R BTG TS R R O HL
FETEE A A B B A R BT UL
PR B GHG 3 1Y) T 43 8 25 1 B M AG I g B
REBERETY L SEUR R AR B 145 5 R Rk Ak
R E T A (Cadmium telluride quantum dots, CdTe
QDs) (H GRS K A LI I Bt AT LAk
O 5 - B2 0 1 s 20 i EE AR TR AR L (H
AR S 20 €708 A Ok e P A DU 0] 5 R B S R A 2%
55 AT AG I 5 VA B 1) 5 A L R T T
REAE CdTe &7 mOGI I BYHL RS I 5 2 ik 2
(05 VR JE e AN RT {5 B o, Wou S50 408 4R i
5 8 B M 1 7K 3 PERE 16 8% (Cadmium  telluride,
CdTe) & F s o B DI K 4 2 -k B 1)
Jid s BRBE 6.40~518.40 pg/L JuHE NIZ T %A
A RUFRILRAIEC R AR L 0.9716 A5 FRAK =
6.00 pg/L. FBICH i 1 2 1 Bk 58 e iy )y X

il

¥ 2 i A ( Sodium diethyl dithiocarbamate,
DDTC) # 4% 5] CdSe/CdS # ¥ & T 84
Y1(DDTC-CdSe/Cds) » HR 4 4 55 F Xz b R 2
VAR BN, B A5k I B8 1k L 25 SR R A A
WX B - ELA R A A s B LA A U i Rl
4 0~100.00 pg/L, KRR A 0.29 pg/L, &G
T A VF2 A AR IR R 5T 1 S BRI FH A2
FIVFZ BRI a2 E R ERERE  pH (2810 2
RGOS , A BRI A S i S o
BRNEDC, PR 2 S 7 ARV B B R 5 R
(T S PR RIG Y, ST UL LR, A8
(D CIRET GIR A BEALE AT

2 ILms K A1 (Hydroxyapatite, HAp) /&3 %) &
HEUPEE M T P HoAk 2220 Cay,
(PO, s (OH) ,  FEEERE KA J2 AN 2 1 B IR 25 it 2L
AR B M AT AR AM G 1R A0 K 2 el K A
K ELA 2 10 5 180 L A AR A P L ST 1
HALLUEE | F R 25 ) 3 AR ST 5 4 sk 7
Tz . ARCEA RIS KA 5 i at 1. 8
AT T AT, A — PP R R A 5
() HAp/CdTe S 6HE i OO Gi% Mot

EVERE AR IR R T T A S ARG I 5 T £
I T AT

1 #MEERE

1.1 &

FALES R A 4 F 2€ E Amresco 23 A,
Te/K WA A BUIH A RS A0k T B | AR SCT
FHH At A A0 B S BT T A
1.2 CdTe EFRBIERHI&

skl 50 ml ¥k BE R 4 X 107° mol/L. Z, g4 (Cd
(AC) )W I 1 mol/L NaOH ¥ 15 pH {E
% 10.5~11.5 Z[a], 4564k 5 mins MA 18 pL HiAR B
R (TGA) 4k 5 pH HAAE AR Z2 45 FE 5 mins 23510
A 50 mL 8X10 * mol/L Y WHEIRAR (K, TeO ) ¥ K
F1 80 mg M Akl (NaBH,) , 4R pH AEAAE  fiif: 5
min; B AR R T 120 °C [\ S i 20 min J5 3645
CdTe fF miFTAEM IFIRAE 4 “CHR .

1.3 HAp/CdTe AR BIFI &
it 80 mL & H 5X107% mol/L CaCl; IFWK
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JH 1 mol/L NaOH ¥ 15 2 pH {H%°4 10.0,
70 “CARUMBIFHRFEERE ; BN A 80 mL kBN
3X 10 * mol/L Na, HPO, ¥ ¥, 45 52 )i ik FE A0
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FHE 24 b YRU B0 R R TR 515 8] HAp/CdTe
1.4 HAp/CdTe #}#}R4E

HAp/CdTe SR EF 1Y A R HEA T X SR A7 5
SFA T (ARL-X TRA, ZEE Thermo 2],
R4 CuKa §128 (A=1.54 nm) N, 45 H JE Al
BHA AR 40 KV, 35 mA, 8 B AR 4T 48
P4 HT (Nicolet 5700, 2 F Thermo 2 H) #H1TE fe
il TR i = U A S T S Rl
(S4800, H A~ Hitachi 2\ &) Fl i3 5§ 1 45 (JEM-
2010, HAS JEOL A &D 43R,
1.5 HAp/CdTe %45 1ED#7
L5.1 5 5 ei ki

HAp/CdTe #¥6#R4%r . CdTe WIFIE & & 240K
2. 3200 wt, AR SO H 4y B HAp/CdTe % 6454 5
CdTe &t i A4l HAp (5001  BARSEE 5
AR FCH 1.0 mg/mL () HAp/CdTe 2 EHRE il
HAp (/KBRS e B 11 Cd Te 7508, F%¢
HA G EE T (F-4500, H A HITECH 2 &) #6:) =
TR IS BRI R 400 nm,
1.5.2 POCRRENER T

el 1.0 mg/mL #) HAp/CdTe Uk 7K B
G HA R 5 28R4, 1 mol/L NaOH #1 5%
HCL 835 £ 20 (%) pH {A, pH {E 435124 11.0.8.5,
7.0.6.5 1 5.0 @R 2 MEN B T4 e Sk A%
HAEZ IR F#E 0.15.45.120 min F1 240 min J5 1
BRI IR EI K A 400 nm, X T, TR
(RRZIA : FL i) 1.0 mg/mL ) HAp/CdTe Fkr i) /K
BRRITE AT B 5 AT 2 L K A% S IR AL 0 S
TEJREE N 0.4.20,30 ‘CHI50 CRUFBEH 24 h; R
TR DA TG BE TG I 45 21 28 5 3 i & D
K8 400 nm, Xf 4T,
1.6 Cu?* By
1.6.1  HAp/CdTe %EHRE ki il B e A3 A

Aot

5% HAp/CdTe % CHRE KI5 F pH )

SR O RR BE pH B (6.0.7.0,7.3.7.5.7.9.8.4,

9.0,9.5,10.0,10.5) ) HAp/CdTe it 2 » # 7k
UG 66 B TN 5 5 B 10 SR (Fo) 5 ¢ iR
Cu®" + HAp/CdTe=1 : 10(v/v) ¥ [1] 4% S5 5 21
I ABC IS4 64.0 mg/L Cu™" J5 , MR EOE5)
S BE TG I 2 63 B I i s (F) s iR A Cu®*
BT 5 A 5000 21 1 26 R AR AF X HL A AT 3
RIGWAHA 400 nm, B HAp/CdTe ZEHREN Y
oA ARG I ok BE . T A B BE VR B (0,50, 0,95, 1. 75,
2.25.2.75.3.25.3.75,4.00 mg/mL) f§ HAp/CdTe
SO B 5 R TR i 56 43 D6 G BE TR T 4% 40 1 5
RE(Fo) ;328 Cu*t « HAp/CdTe=1 : 10(v/v)
1) [ 4% S ERZH P 64.0 mg/L Cu®™ , B i o%
T3 B T A I A% 41 5 65 B (FD 5 TS A
Cu™ 1/ J5 £ SLIR A 5 G ARk AF SR 6%
KK 400 nm, X LA .
1.6.2 AR Cu®" i BE By hn i th £

il 45 3.0 mg/mL pH {H K 7.5 BT HAp/
CdTe Fikr 2 » 8 Ui 26 3 43 06 06 BE 1H I 28 St i
BEIFIC 5 il £ 1.3~51.2 mg/L W EERB ) Cu™™
W Cu®™ 2 HAp/CdTe=1 : 10(v/v) Y
A _F R P B R S0 4 BT
Bl I SR A TR F 5 LA 1g(Fo/F) X4
BT WRIE C i AT4 M Mt tBbn i th 28
1.6.3 LA —205 UL B 7 X AR D7 ik A il Cu® ¥

(0 LA 2 b

e g R 3.0 mg/mL.pH {f K 7.5 W TS
HAp/CdTe JiUhr 2« 8 Wi 2 ' 43 60 B TH 2%
R EEIFIC SRR Fos il %5 64.0 mg/L 1 Cu™" W
K 6400.0 mg/L ¥ B (1) FHoAth JLFP# LB+ (Na™ |
Mg*" \Ca®" \Li" \NH/ K" 1 Cd*") B W - F 53
A LR E W AR SO 28 6 2 e G BE TR
IFC LA TR E F it BIimASE PRl S5
2 SEG A SR AR AL A\ F 6 FE AT » 38R 6D
4 400 nm,
1.6.4  ZKHpdRAE Cu® kil

FE 1.3~51.2 mg/L ¥ B [l N BEALIERE 5 41
AT v BE ) Cu™ JK W il £ 3.0 mg/mL Y
HAp/CdTe 9GHRET 5 pH 7.5, 88 i 28 64
SR I 5 DGR B (F o) s #I8 Cu®™ + HAp/
CdTe=1: 10(v/v) S HIMA Cu®" Frbf K%
TR FR I D62 6 G RE TG I 45 2 98 6 B ()
A Cu® SEBRIASR FE , I S5 hR v BEXT Tt
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2.1 HAp/CdTe %3tiRsTHHIRIE

SR P LT S P 32 Pl T R L X R
TS A3 AL LA B A B AR S 2T AP S35 43 B AU i A
HAp/CdTe ZEHRET AT AL 45 R WA 1 s,
1(a)—(b) 3} HAp/CdTe #¢ Ye 484 114 v 5
Fg G A R 25 A, AT 0 HAp/CdTe ki
ARSI UKL, TR A K A2 29 K 350 nm, HRE AN
80 nm, X SIEATH T a R A 1o PR, ShrifE
PR LB K A 16 (JCPDS # 09-00432) % FE 43 #7 7f
HLASCA B HAp/CdTe 9GRS T2 FE 3L 0E

JRATH L, HAp/CdTe LLAMGIE M as Fan g 1
(DFIR,1039 cm ™ 2 PO dh P—O [ vy TRIIE,
565.604 4 PO o P—O Y v, Meliig, 875.,1420,
1456 2 CO% MR cIg, 3433 & H, O g ki , 45
A X ST XRD 2558, Al DL B AR SC i i)
#%1% HAp/CdTe ks h ¥ 50l I A B0kE . RE TS 40
Mras F i 1Ce) 3, HAp/CdTe 986384 (9 Ca il
P {JEF L (Ca: P)2k 1.6, 7 Ca 5 Cd (19 JE 7%k
ZHSBENE T ((CatCd:PYZ R 1.6,Cd 5
Te 1) i i /- B Z MK F 2,320, X £ HAp/
CdTe Foki 1 A it 72 o Al /D35 705 125 1 ] RE 9
BT RRHEA HAp @i B, i R U 1 K R A
DU B 1 AR A AR AL

K1 HAp/CdTe ZOLHRE R

2.2 HAp/CdTe R HIRETHIT HHIE S 7

A3 E HAp/CdTe % 6#R % . CdTe &+ 5%
Fepal HAp 98600, 25 R sl 2 fros, R4
SRAERE A3 0 TE B 37 R 58 ARG R DR L B AT
AR AN EHOR T A SCA U CdTe iRk
e, HAp/CdTe ZOGIREN & £ 650,
BAAl i) HAD 3R 98 G0N B 1 s X L = Flob e 9
P CIE T HT, HAp/CdTe 9 GHR-ET Y A Sk 0 > U
FeZyh 60 nm, 5H5 LAY CdTe &+ fSAH L, HAp/
CdTe DEEHREF B0 B TR 2EHE

2.3 HAp/CdTe T IR RN 38 B E

AT pH AEATEEE X HAp/CdTe 28 454+
D CRE M2 5 SR W& 3 s, HEl 3(a) Al
AL ARSCA B HAp/ CdTe ZOCHREHE pH {H46.5.
7.0.8.5 F1 11.0 B, LA S5 B Bt o [ 28 Ak BE 55/ 0N
FE pHAEN 5.0 B, HLAE s B AL H 98 0 B Bl s
B AR AR HE M PT B 5 HAp 7ERRPEFREE T 2 F%
firF G Bl 3(h) Sy HAp/CdTe 9 GHRE A HE R I
Bt AR AL AR a3 A B R 7R 0~50 “CHu
I, HAp/CdTe I CHRE PR S A K,
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B3 pH AEEE R HAp/CdTe SEIGHE HIHOEIR B

2.4 ABEFHRELNEHE
AL 43 ) 4K 58 HAp/CdTe %€ 56 5 &1 6 )
Cu® i 5 £ pH 1 HAp/CdTe #¢ 56 35 & v B 4
P R A 4 Frs. B 4Ca) R pH {H 6.0
~10.5 JL HI A, BEAE pH EAYZ K A Co*' J7
HAp/CdTe ZEGHREN Y 5 6 58 FE 22 A6 A Je 3 K
NS I pHAEN 7.5 247 I3k 31 e KAS
b, B HAp/CdTe 9 5GHR 57 pH {H 7.5 A 47 B
X Co® " S U MR RS pHE T » HAp/CdTe 7%
JEERE DR EE AR fb /N T fiE S Cu®' 5 OH™ 45
G TTTEA X B 4 (b) Bs, BE% HAp/CdTe
12 000
10 000
8000
= 6000}
40001

2000

pH{E
(a) pHAFTHAp/CdTe 5 3 S 1L 14 Bo i)

0 1 1 1 1 1 1 1 1 ]
6.0 65 70 7.5 80 85 9.0 95 10.010.5

DGR B R BE BB, A 64,0 mg/L ¥R 1Y
Cu™" J7 HAE G0 B AR A 128 8 16 K, FE AW h 3.0
mg/mL 2247 BN B i K, A 2 HAp/CdTe 45t
E U B8 3.0 mg/mLit, #%2 Cu®™ @ HAp/CdTe
=1: 10(v/WIEAWEE R 64.0 mg/L Cu” i
Jei B 5 B 78 Ak 18 B S5 K AR A S5 R B 48
ik e B Cu™™ W HT, 3.0 mg/mL ¥ B (1) HAp/
CdTe 5 CHREN DR E AR A 218 3 FRRMH . 5K
AICRH pH {E R 7.5, HAp/CdTe %SGR Bk B
3.0 mg/mL i 55357 I S0 b o ih 2 0 S
RS .
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1000}
9,000
8 000
7000
6 000
5000
4000
3000

AF

0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0
HAp/CdTe/(mg - mL)
(b) HAp/CdTek X Ha Yo TR AR AL S il

K4 HAp/CdTe ZEHREHGN Cu*" et pH A1k B
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25 Cu*IREEHIBRAE B2 20007
HAp/CdTe CHEH RGN Cu® AR E th 2 an V=g =

5 itz (PR 4 7E % R AR FT R 3.0 mg/mlL, 2000}
pHT7.5 UGS Ry 400 nm Z5F AR . B S ol
AL B Co® W BE A3 . HAp/CdTe G HR 5 “
SO LIR BE B WTREAR 1g (F o /F) X Cu®' 1 7E 1.3 ~6.000
~51.2 mg/L{ERNA R &I Zeth ¢ R . Ltk 7 ~8000 | L
Hlg (Fo/F)=0.1555+0.04C, i % &% R? = P

0.9986 , KPR ARFEY 3 fEbnifEfi22) 4 0.4 mg/L,

25

00510 15 20 25 30 35 40 45 30 35
BT (mg - L)
5 HAp/CdTe ZGHREHM Cu®* ¥R B ARl 26

2.6 EHft—fERBEFizAERN C RER

FH1EA

FEFHEECVR I i PRSI 5 - R 5 14 7 vk FR AR
a7 B (H 5 A7 o B - 4T IR e T oA s
(At 2 B A A 5 Hh L Cu™ T AR
W LB 03 I AR T 5 o e B AR ik
17 HEA R I, FLAh B8 - X 9 B I 2 i BE 52 Ml
/0N U B A B8 B 5 BT O s B TS B B 0 A
R RS R LB (Na ™ \Mg? ™ [ Ca®" \Li"
NH; K" . Cd*" )% HAp/CdTe &6 #4H KM Cu™
BH4EEH. g5 R K 6 s, K B, 5inA
Cu™ A EL AT T 100 FF Cu® ™ e B 110 oA 15 7 it
HAp/CdTe ¢ J6 £ 19 2¢Ot o B A 4B il /. Wu
LIRS S B, Cot ' A2l CdTe QDs 2174
Brep, Cut 5 CdTe B SRS ST B 4L Cutt Hedfuk
Cu' IR CdTe BF AR O REEOLE AR,
AR BITNARE B2 CdTe 05, Cu® ' ] fifi
RIICHGE I TENCEEI T Na™ Mg fil Ca™" S5 F
XF HAp/CdTe ZeGHEF 2O CTCA R A THEAER .
2.7 FRAEREH CUT IR EKT

SR S TR AR T A D A 5 e B P MR e, AR S
i 86 LR o 10 R S AR R e A v A
B U TR AR A B T B T I LA L g SR 1 pr
IR FEH R ARIEA TR Co® T AR AT R

1
Na' Mg”* Ca* Li NH, K' Cd*© Cu™

B 6 #WEFX HAp/CdTe ORI HE G0 BE 1Y 52 )

A A AT AL H NSCRAE 96.9 %0 ~102.0% 2 [H]
Tz REA R TE,

® 1 KHPIREE CU T IREK LR
Cu" FRifERE/ (g« L) WUAHE/ (g L7 W/ %

3.2 3.1 96.9
5.1 5.2 102.0
6.4 6.5 101.5
19.2 19.0 99.0

32.0 315 98.4

3 &%

ARSCAE IR I B RSB I A i 2o R PR £k
T AR A B RS & —Fh BBk R 5wk
JRA UKL FFARGE AR R 4 15 2 SR BT 7R 50 25+
I T IO P 8 AT A T B A S R AR .

a) A A — TG A5 B AR AR Y R L
JRA D CHRET R RS0 R R A A%
2574 350 nm, FAEZ) R 80 nm,

b) ARSI ET 7 S AR T W] R AL
s, HA B S NZOGEE  7F pH KT 6.5 B
HA B9 i e v,

o &1 HAp/CdTe #4545t 1g(Fo /F) Xt
Cu” 7E 1.3~51.2 mg/L {uNA RIFILIELR,
LAEITFEN 1g(Fo/F)=0.155540.04C A0 R BN
0.9986 , Faril FR (ARFE Y 3 ApriEi22)0.4 mg/L,

ARSCHRE A — Ffn] (L PR 0 A T K P
Cu™" FEHER BT OB K HLHI I Cu®
VR T 53 0 1 B A
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W E: ARGERBOTH ALY EERTT T, BEEEZRBECOZRERTIANGETYS
M6 R BA TH (PEO) k42 3 e RABG T 5 M, vl B BT 5 e IR (GEL AR A A AR, il it Bl sh # b 5 2 R
H—FRGEREG TR, FHE B LM RE-RANALH@AIR(CSPEO@GEL) 4 4, 4 R4 R
B7,CSA GEL RET 4 R AR B H o, RIEFM A .CSHRE A 3% (W/V),CSH PEO &t 4+ 1,GEL
WA A% (W/V) ;323 ¥ 45 (SEM) feif 4t w45 (TEM) 8 & CSPEO@GEL #h Rk 4 ek @3 4 ik, B A B2 4
1, 4225 % 100 nm, 9822 ) 150 nm; F AOMR K4 R AW, FKEESFe PEO 4= GEL 4649 2425 CS 69 F K
VB P g i MG-63 32 FRit 42  ,CSPEO@GEL 47 4 2 3Ltk R 4Gy A dpaait, Frdl 489 CSPEO@GEL 4 4
MAERMR AR L LB RIEL,

KER: RNV Rl shd 4 m AL

hESHES: Q28 XEkRERG: A XERHS: 1673-3851 (2019) 01-0056-09

Preparation and biological properties of Chitosan-PEO@ Gelatin nanofibers
CHEN peng® . WANG Naiyan' , ZHENG Yingying*
(a.School of Sciences; b.School of Materials and Textiles, Zhejiang
Sci-Tech University, Hangzhou 310018, China)

Abstract: To improve spinnability and biocompatibility of chitosan (CS), material design was
conducted. Spinnability of chitosan improved through introducing PEO with high spinnability in CS acetic
acid solution. Besides, gelatin (GEL) with high spinnability was used as the template to further improve
spinnability of chitosan through coaxial electrospinning technology. And chitosan-polyethylene oxide-
gelatin(CS-PEO @ GEL) nanofibers with core-shell structure were prepared. The experimental results
showed that, the concentration of CS and GEL had significant influence on fiber forming. The optimal
conditions are as follows: CS concentration 3% (W/V), CS/PEO mass ratio 4/1 and GEL concentration
41%(W/V). SEM and TEM showed that CS-PEO@GEL nanofibers with the inner diameter of about 100
nm and external diameter of about 150 nm were uniform and smooth on the surface, and had core-shell
structure. The hydrophilicity test result indicated that, hydrophilicity of the CS was improved by adding PEO and
GEL. When MG-63 cells were cultured, CS-PEO(@ GEL nanofibers presented good biocompatibility, The
prepared CS-PEO@GEL nanofibers have potential research value for bone tissue engineering.

Key words: chitosan; gelatin; coaxial electrospinning; cell culture
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0 31 &

BRI AS ) 18 52 ) S I8 2 ) — RO A, 241
SUT R P — o i ST BRI R S 2884 85 41
Mg & AER N AME s 2 a8 2R B E B R
PEATHNET 1, T H i B e 2 mosk k. |
I AR SR Z2 08 R Sk, 38 1o 5 /R 27 22 50 AR il 28 H 1Y)
=Y AL B AL 2 A B O R AR Y AR ) S R A
B, H5ER (Chitin) & —f KRR Z 8, m il £ 5,
L O BEIEAL B S RIS R 2 W e R, R
il (Chitosan, CS) 2 i 22 i #5 26 4 A1 2 Tk I 75 726 A
PP SEA BTG 1 B-1, 4 BT B AL A L5 5
N DY 0 K 2 68 40 L A E R 00 2R W0 A
PEEO HA P RE L HA K i R 3, J SR A TR
A G {55 R A 1IE L, T 58 R 5 1
AE » A0 B T R ot M AR 0T  5T SROBE A A AR P g
I Ao A A AR R AT A W I i S 5 A 7 W Ry O
AR 2 W LA A9 L CO, A HL O, 3 AR TG E
JoFE, KL EAE YA 2 TR BASRI T Z M, an iR
BERBE N TR R A B #2244 L DL K B A 8 32 %
TR BRI RS

L 25 22\ A — AT BRI A AR A e SR
VE SRR 77 . (HFE RS> T8 1 R S = S
SE 2 AR SR A EAE L PRI 5 RO AR Xk s 71
VA s R A — /N 43, 49 30 o 2 AR U 38 o il 2
[ 25 2208 » 3K A 277 22 3 FRARARAR IR , I Bl Foe 2R
P A R R o B ) A o T PO AR A
HU R R T ks e SROBE A ik In) B, — R
BAREE MR, W = ool A
Ht. Kousaku 100858 RAE = 5 L B2V UFN 72 R
W= M- — AR B WAE R Y5 22 R H R R 2
2P ARREEIE IS S 5e R e . T =R LR
AP EA — Y, DL =3 O R A A
R GEAE A s A i B 50 RO 2E W0 M B AS T LAY
Geng Z5M AR FI FH £ 6K 15 it e R RE A 230
PR R T

T K SR RN A EL A A T LR R T 2
FIREPIE R S IR A WA TR 2T 22 T3
AR TT I s AN S D7 SO X 275 1) [ 8L, I L3 =
FEIRMEL AL R A= Wi F UL T et 7 SRR
e R R WA BEfL 2 i (Polyethylene
oxide, PEO) . B Ji£1'7) ( Gelatin, GEL) | i Ji 2 140
(Collagen,COL) .22 ZE H 1" (Silk fibroin, SF) .
2 NEEY (Polycaprolactone, PCL) | 7 3 iR £512%

(Sodium alginate, SA) , BFiz"*" (Polylactic acid,
PLAYAE, HRT [ A5 1 ok AT 25 dE etk iy
MLz ABR T RIS A A i 8 BLZE AR
BB BRI B A g i 2 11 11
I AR Z 900 A A AR ISP I v A
PIARASAE LA K A 0 ] R A I3 i 1 45 » R A e b e 2
J S A LI 1) TR) R, I L4l i) ] R & 4, mT A
BRI SRR B e TR BE 2 A e
REIE I —Fh 2Bl TR A - H &R A& AR T 4
(Arg-Gly-Asp, RGD DY iZ 9 K ZFE 7 T
HAANIE BT ) SRR R A R AR
UF MR AUL H B 2 S A0 A D B, AT DA N
IO P Rl A L 38 R AR B R S A SR L IR
RESE = e RIEA W AT 95 Pk H il T RILRIK R,
VWL 25 By 728 RO T S 3 95 22 33 A2 A5
MECS VRS R MR LR U
MR E G & | 1 TR RE . B8 25 5 42 fuh 40 1, (e 37F 40
LR B 0 3 B LA R AR A OF 5 A R B BT
TE TR R H R - R A& 2 R 7 N 4544, 40 i
LV A0 AL 5 R 4 1 o SR WE SR R AR )
PERE™

AR SCLASE TS R AL S A R ISR Uk >R
() 2 e P 27 22 B3R S T 4 A e Al R A R 2T A 1 Y
SHEZ LRI SORMPRL, R IR TSR BB B 25 1T
R HA W ERE.

1 SKEEERSY

1.1 EIe#

SERME N ZWERE 95 % LA b BThr TR - B
(Type 1, 43 #r 4li, Bof fr T 3k 77D, R A fk 2 4%
(Polyethylene oxide, PEO, 3 #4431 5 & 300000, ]
Fr T KD » L (GA,L 25% , 43 B4k, B TiFD
Te/K ZEETRE TR » 28R bl s Bl bz T 38570
R LR 22 Wik (PBS, HyClone) » — H1 3% 7 AL (DMSO,
SITEl, BT TRD o SEse T A 2K .

1.2 HHemmtlE
1.2.1  SERMEA I 5

FREUR [R) 5 2 14 7 AR ARV T 202011 2
IR 0 FE 2 50 GV A T TS TR VAR JEE 1 7 23R
Wi TRV 1 TR AL S AR A 52 bl TR %
W, REA O BT R e R U 2 — it 2
VA, HE 12 hoiEH,

1.2.2 BBV 4%
PR BN [R) 55 2 114 B i SR IS 20 0 1) & R 7K
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I R R A K L BT 60 TR
T FE 6 h R R E 12 b
13 FpRGLEE

[RlEhAErSkgE#E 18 G(0.90 mm) F1 23 G(0.33 mm)
PRI 3 7 SME- 2R S AL & 0 VA WO W IRV W o
BIREA 20,00 ml 5 5 o2 4 2 1Rl B2k L
Horh s - R A SRR A Sk (RIME 52

AL SR F— 2 0.50 mm JE (48 5 AR 35, o 54
L TmAHEE 16 cm, g2z B, b T REMS IS EIAR
SE TSI ET 4, 75 R 5 B H RN N A 2 24 ) 4 R
B R R 20.00 KV, A1 JZE i 22 804 it o
435124 0.40 mL/h 1 0.30 mL/h, ¥ & i 5 25 5%
1000 r/min, HARFESN TR A 25 °C , AHXTR B
k3500 ~ 45% . YL IR R MR AR
TR E T 80 CHER TR R N T RS
XoF LIRS 7 SR BR ALk & 0 Vs YRR B R V5 R 4 )
HEFT B TR EL 20 22 o o 2% SR G B 5 TRl e e
gt —3,
14 HETEEE

S0 SR RN B IS S2: 1R 2R K A L 3 ot () il P
25 22 IV U AT A B K AR A Gy IR . Ol T sl S
L T BEREA T A A 3 R AR B, A ST R FH B 38 B 5]
KRR . TG K e I T s TR
SRRV 3 B T i 7o M-3R Ak O 0 @ B Jie
H4E(CSPEO@GEL) £ BY il 1 em X1 em K/
DA R 25256 I P I B T PR 24 hs
EBEFKBEBRZ K BIK 5 min, R ZE CSPEO@
GEL MR %A SN 4 i 8 — . K5 3C B4y
(I HATS O T 24 h, FEBM-REMM
I P f R LA 7 () R A L VA A 2 S TR A B
1.5 WK

K H A HATACHI /A H] 1) S-4800 & 4141
i AR O L 10 KV, IR IR (5 7 0 4
20 ) F1H A JEOL 2 ®] ) JEM-2011 i 5y H .5l
Br O fL IR 200 KV X A4} % 26 1 JE 50 DA R 5%
SERUEATRAE . SR FH 3 A 2 W] A BT A
BEAHTAL(FTIR-ATR, Nicolet 5700) %t #4 4} i) 22 Ifii
SLA RG> TS5 AT 00T RS S IR (KB IR &
JE B YGRESE Bl 4000~550 em ', 433ER 0.09 em !,
K H PerkinElmer 23 7] (4 #4730 HT 4L (TGA,
PYRIS 1) XA i 5 -5 i B A8 Ak G 2R 04 73 LA
WA ARk A PR e 1 LA B X o7 Ly o e B 5
~10 mg FEAMAERTA T #EA7, LL 10 °C/min (97t

TR M IR ANHE] 800 °C, BRI K kR 4
] e 5 30 2 ) e 7 0 A (DS AT00) AT 3K
16 #paEENR

BRI A5 238 72 ho B 3 3R Bl
SRR IR . 1 IR A0 (MG-63) 1 g 22 37
U E RS, LA 5 X104 /mL i 4 i 25 5 $ Fp e
96 fLtl . B LRI 100 L B9 20 M2
AR 37 °C RFUM 5L 5% CO, REFR4E
RS 12 h [l gRRGRE . SRFS RALAe | 100 pl (1)
AR AR RS SR 24 h A48 b, AAAETSTERY
R n] DL o MTT (g BB A 40wk £, 3-(4, 5
dimethylthiaztoly-2)-2, 5-diphenyltetrazolium bromide )
BifAs . BARERAER AR e RS b 5 57 24 h Al
48 h J7 EEALEBEEIA 10 pL i MTT % . 7E 8 57
FETPEE 4 h 5 BER BIEW A 200 pL By —H
FWAN, 5 10 min, #EHE 570 nm P FERFFRIL
0 E A LRGSR AR . SEIR A LA T R
Tl AR A 5 A AT S50, RO G 2 LA s 2
W,

1.7  ¢RpaigEsENiK

2 L 3 S R R R R IRV ST L K A
FERP AR FIRILRIE SR 1.3.5 d A1 7 d J5 L4
JHL A8 AR R O - BB LI 3t A4 26 13 1 LA
KT RefAAE RN . MOBER B S & T 48 LA,
MG-63 gl 2 H AL B OB R JS , BL 2X 10" /mL |1
N 3 PR A L b B LR 200 p L A0
W ZIETESEFAE R 1.3.5 d fL 7 d, R4 ik
FEFRAE . X G M M 1 5 23 i AT LAGE i CCK-
8 1 (2-(2-H 4 -4l R 2 )-3- (A-filf ZE AR ) -5-
(2, 4- {8 28D -2 H-PU e PRl 6D ik, B D R
WN AR TEADRE B35 3R T 1.3.5 d M 7 d 5,
BALEOGIA 20 pL iy CCK-8 W TEXE F7 46 g
A 1 hJ5, 32548 450 nm K 7EBEAR A0 E & fL
WEOCRE LSRG IR . S 25 1 ZH RN i 2H AR 75 i
5 APATSES  BOF- R L R R 2%

TEFIA 7 AU (SEMD R LSS 20 i B 25
st AN EERTERS R RS 3R 1.3.5 d Hl
7 dJF  PBS sk 48 FLAT A AT EL 5 IR
K 5 min; 500 pL f 4 %0 2 5 B EE I A LA s 20
NI GE AR 15 ming ] 1020, 2026, 3020, 4004
50%6.60%6.70%6.,80% .90 % H1 100 % ) £ BE/K 5 T
HEAT A FE I K I 8 R R 18 B A g i b B 7
AL T AR TS
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g s . CS e BE R 200, 45 5L 1) fie

2 HR5WR

2] ZREFSHREMZRERELZEQHEK

4K AT HERS 3R B S

K1 CS 30 RN 21 4 il (9 520
CS PR 106, VA BUAR RS L, 78 1 5K )
FIH R BIVERTR A B MBS s S
PR P+ BB AN AR RE 1Y) £ B el 25 YR »
GEORME 1) Frs . T REE W 340 . 5 0%
BORSRERG I, KT FHE I 2> T8 5 0 T BEZ [F]
A R I T RO st i A N TR B T Ak e
T AR AE MR .l L T BT L BEAR 15—
TE BIIEZS  IF HAIE AT HEAR - R R R IR Bt 3 vk 2

TN ERERBLG A D CS MR 306, FRER AT K%
TR S e R4 (- 1(0)) . G4 HR R
£ 100~200 nm Z[i], I H2F 4 5 25 4t 2 (R P il —
LG5, RGN R TN FE SR
Wy A AU AR 0 HE S S ok A
(RRS BF L 38 58 o A B AL T RAF A 3R |1
(d) K A CS-PEO @ GEL 2T 4 1y 35 5t H %5 &
(TEM) , 855 2 WI£F- 4 (%) R 454 s B T B I 52
RHEXT T R ZE B e JI AR TEM g5 3 rh 2 3
TR A% TS R RN AR 292 100 nm, FME 2
9150 nm, 53 (- 1) TR 145 R M
6

E 1 CSyEARRER CSPEO@GEL 45k 4F 4t SEM E L & CS-PEO@GEL 40 K414 4% 55 454 TEM 8

22 PRBARRENEZRIERBRENLZEHEQHEKS

KT TSR H R0

&1 2 Ry GEL #8802 R/ INKEEF 4 iU 1Y) 5% 1)
& 2 M GEL Ik 2T CS-PEO@GEL 4K £ 4
A LR BRI G B A v B 1) A A b AE AR Y (1)
MR, M4 GEL ¥ BE FAR A I (36 20) , 5 TRORS FEAR
ARG IAAN B VR T S AR P 1 S PRI LG I o B
T HRBIE AR 1 B BR B R 1T HL AR ERAR 2

(F 2(a)), R GEL ¥ B3 (3726 ~39%0) , B
L5 42 ORI, B BRI fR AR > (B 2 (b—dD),
GEL ¥ EELE 40% (] 2(e)) ByRHiE R BRI 42 5 2 B
WSS AT L B B/, GEL ¥R 41% (] 2
(D), BRER LG TH O . GEL W AE L3 11 1
R BB B B R 516 B £F 4, 27 4
[ B RZILE 100~200 nm Z 8], Jf HEF4E 547 462
[E]IE W = ZE 2 ALE5H . A7 G AR ) SRR 2K

B2 B E AR CS-PEO@GEL 44K 44k ity SEM
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23 AERENK__BIBENZERERELZE

@BARZ MK LT 42 3R B9 22 M

& 3 &y CS-PEO@GEL ¥ A2 BE 1 J5 9 SEM
K. CSPEO@GEL 5 [ i R (F 3(a),
AERIGHIKERE M. MR L LR s 1K,
AR DU AR % 88 R ISR R AR S AR (& 3(b)),
ARSCR 1 (GAD R 28R 7 A 22 38 1, GA
SEHR Y SRR CS 4355 h i 2 S AR GA 43+
v R SLIE B — B AR R A R AR, AT 4 1R
CSPEO@GEL # [ i) K o 0 [ 3 (o) 25
TR SRS AR T s B K S RRATE AR
PRFFIECR , 2RIk R e . B 3(e) M&T
WIE R 30010 GA 2CHR I A K Hhdi B SEM A,

45 R R A YRR E 1Y LB 50 B s RN A S BRI BB 3
(B 20N FEAGEFE—2. E 3(d—D KN GA ¥ES
Bk 2%6.3% A% Bt 52 B HE-IR A AL 20 @ Wi
KREFAEIE SRR, 45 R E B 7E GA R IEAIK
(R (2 60 AS TR R JE AN 4%, 7 K rh 52 B K 43 A
FH 72 A A5 iy, LA 3 43 M 3 48 1 — ke (1R 3
(d)) 311 GA YB3 75 (R (4 90) 3SR AR B 3 v
YA, Z AL A5 MBI IR (] 3(D) s i
WEM GA SZBRHFE R 3% (F 3(e)) . [ 4 403 s
CSPEO 214k (/ 4(a)) , GEL £F-4E (B 4(b) L K 4>
BE I 3% (V/V)GA 38k 5 47 2 1 i i B 1] L 45
RSS9 CS-PEO 414 (& 4 (o) il GEL £F
4 (] A BRAF IR SE I TROIE 3

Kl 3 CSPEO@GEL Az Ik S 56

B 4 CSPEO £-4kF1 GEL 4438 56 R 5 11 SEM [#

2.4 FEMXESHT

H TR E AR H B, A SCXT AT e R
BRI T LTSNS S M IR 404 . & 5
I3 Es CS-PEO.GEL, R 2&ZBE Y CS-PEO@GEL
FIZCHEJG 1 CS-PEO@ GEL 4 K £F 4k iy B i 41
SOGIEE . 78 CS-PEO fil GEL & 4 #1 K, 3100
—3500 cm " Ab IR W JE T O—H B 46 R 305
2800 cm ™' Kb WL Y U4 S N—H 9 {45 4 5y 5 1638
em AR E IR A BERE T A (C= O) 45 ik 3h 1

1537 em " Ab (4 I ST 0 Sy e e 11 5 (N—HD it 4 4z
B, 12400m " Ab B T4 (C—ND fr W i U
DL se e CS F GEL f851EIg ., CS-PEO By
W 3% o, 1030 em ™! B W i & CS 437 C—
O—C X BR AR X B A 4 S B . CSPEO@
GEL £F 232 1 i 1) W i g v 1 3 A 5 CS-PEO Al
GEL — 2, W Wi E &Mk 3% 4F CS,PEO Al
GEL. XL AgHE R A SCHR J5 09 WO T & 338 1k
J5 BN LFAELE 1380— 1400 em ' 195635 il P 41



%14

Wi 6% . SRR A AL L0 @ W T il 2 ML A=W PEREFR T 61

FR—AN B B W AT L 2 GA AZ B 7= A B (R IV g (—
C=NH—) W3 it iy, iE B CS-PEO@GEL 44
KEYE S GA (I REhAZEL

F 5 ELA SR
K #CE 4> 1 %7 CS-PEO @ GEL £F 4 v iy

PEO.CS #1 GEL 1 & &t #4743 Hr, 45 R an ¥l 6 i
-6 ) a—d 4351 B8 GEL,CS-PEO@ GEL
£h4E .CS I PEO e th 2. I 6 il a %
W1, GEL 043 fif 70 Wi 25, % T 7E 295 C IR E Ak,
FE 500 “C i il Ze A7 A KM B2 i B AR, 31 610 “C LA
L EARAAT  HIRTA 6 2o n ik & 6
Mk ¢ 2B, CS ot 4 W 25 . JREE 430 A 250
CHI320 °C, K6 Hihgk d nf W PEO i i hy
181 °C. CSPEO@ GEL £T 4k () #4 i il £k 1 GEL
VLK PEO [0 EE #h 26410 HL , ZEA A LA 2145 B
() i BE T, B2 5 b R A A AR N A BT A
b 78 = AR DX [R] A B ) 2k B B 43 il %
PEO.CS.GEL iA %45 H 73 fif il B2 i s, 0~100 °C

Z819.4 %6 I 2% B Sl 4 RE 2R 7K 5 100~ 250 °C X
(2T 3.8% . /& M T PEO 94> ; 250 ~295 ‘C X
(B S HE 10.1% , F A CS B4 295~610 ‘CRH
71.6% . F 32 GEL fil CS (93 ;610 C LA A8k
P 515 A BB RAC) o

Kl 6 SR SRR A fhZk

25 FEIKMERE

CS o34 L&A £ 5 LAY UK =1
Iy T S LT AR R K BRI T S 2k
UNHTE R RE L AR B AE RSO, W PEO At GEL
A S A T 2 4 R Y SR K P BB S5 SRR 7 () BT
N4l CS 7K 208 81.4 °, A PEO X Fjr H.
A BRI FE KA BHS B2 fil A8 /N2 R 73.0 ° (A
7(b)), K PEO i@ i T4t CS 4344 b i S A
FH L BESEIn CS i it XU SRk . 4l GEL
SRR R e fil oA 37.8 TCINIE 7 (o) i
N BATE MR K PE IR 0 , 4 il A B R
A 2y 46.9 O G RN T(D PR .

K7 B LR debbahid b il I

2.6 FEABFENRKS

&l 8 iy MG-63 4 g2zl 7 CS-PEO £74E .GEL
A4 CSPEO@GEL 274 |, 4557 7 24 h fl1 48 h
JE AL R . R 0E MTT ik,
Hrr 570 nm 4RO EEARE MG-63 (40 T PE
FX FRZH AR LE - Al 3G M JEAAE 80V 247 . Al %
3 24 h J5,CSPEO £ 4k, GEL £ 4 #1 CS-PEO®@
GEL 214 IRy 4 I8 P 5 3 A 77.37%.79.20 % F1

81.98% ; 157% 48 h J& , AN TEE 430k 79.97 %6 .82.
2626.83.70%0 . LA L4553 i T R 9 2 I i b o
70% (ISO 10993 —5:2009), A itk CS-PEO £} 4k,
GEL Z-4:f1 CSPEO@GEL 245 2K #09, A B
AR . CS-PEO@GEL 214 1 4 i 1% 1
Bl CSPEO £ 4EF1 GEL 274k - 1) 40 i 3%
PR 29 3.73% F1 1,44 % , HoJE A B 2 CS Al
GEL 25 & B WK 2 -1 & - K & A R )7 )



62 iR A N S D = S

W CHSRPBL2E D 2019 4F 41 %

(RGD) &5 ik — 25§ g AR W03 1 A 01 T 40 14
255N

B8 YKEFHExt MG-63 4 w1k 52 i 64 43 #r

K9 MG-63 4l iR 2] CS-PEO 474k, GEL
LY CS-PEO@ GEL 94 K £F 4k A= ) S 420 K} L
FEILFEEFR 1.3.5 d M 7 d R I aas . SR &
8.7 d N4 TE P 7E CS-PEO 274k, GEL £ 4k
CSPEO@GEL g K& 4 28— A~ LI
S, 10 I 4 o8 Dy b s 6 A R L O H Ak 23
SRR EA BRI A YA BE AR I A K
PROLR IS, CSPEO@GEL 40K 47 4 I 40
HOIS PR |3 CS-PEO 2145 F1 GEL 274585,

& 10 2 MG-63 Al o3 A fELF 4R L B RYIEZS
FRAF, 45 5L 32 0. MG-63 4 ig 7 CS-PEO £ 4,
GEL 4141 CSPEO@GEL 44 k474 I ¥:3: 7 d,
£ L 50 o T ] ) HE B T 225 A 7E CS-PEO@
GEL 9K 4t b A=K R ZE L L4l ) CS-PEO £

4o GEL £F4E Ly, 551 d F13 d, i gl i L
B BT HETESS 3 d. CSPEO@GEL 442K
R4 LRSS 0 A M LR AR B 5 5 dL i
1E CS-PEO £ 45 f1 GEL 24 I i R4, 3 1F
—iL, 1M CS-PEO@GEL 44K £F- 4k - 14 21 i A1 1. 3%
BT HAECE £ 3% 7 d,CS-PEO 21 4:F1 GEL £F
A L AR BLE R £, 5 CSPEO@GEL
YKL F R AR S 5 d B4 AR, T I I
CS-PEO@GEL 44 K £F 4 & 4 9 40 i 5¢ 4 76 55 .
K9 FIlEl 10 By &5 R R W] #5e 45 1) CSPEO@
GEL 4K 4 rh , 78 M A1 A OB B —Fl RGD 45
¥ 9t HFeRBEE e 2, o0 14 L F 5 1y 2 HE 5
VA A5 R4 0% A AR 25 1 AT AR 2 440 L 1 % o
FHG T

B9 GRETHExT MG-63 244 7t 52 00 1) 43 A

B 10 4kefgixt MG-63 4 s/ Fl i SEM &



%14

Wk WSAE . Fe S-SR 4E Mk L0 @ WA R £ 4 il 2 M AR W TERERR

63

S

3 & it

ARIXLL CSPEO LR W A 5e)z  GEL LR
WONAZZ S 38 3[R il e 25 22 B R i 45 19 CS-PEO
@GEL BTt R LT 4 = ) 20 p R B = 4E 2 4L
GER UL S R iE v, R RAE .

a) ATV T SRR B e () v B & IS SR A
I J5C 1) G JEE S M 2T A 1 )l 8, L rh SE SRR 300,
B 5k 41 Y%oist , CS-PEO@GEL £ 41145,

b) FEKPERLFR PEO il GEL B B35 T CS
12K

o) FIH I R BN Be A 3 = CS-PEO
@GEL I8 () 7K R P » 3 ok 17 130 T e P A
P R BEAE 3% (V/ V) I REARAF CS-PEO@
GEL 9K 25 2t )5 56 i O 50

) 20 AP 0 RN 20 B A S 5 AT UL A X T
ali CS-PEO £F 4 f4li GEL £ 4k, &5 45 f i) CS-
PEO@GEL & & £ 4k, JE ik 2 18- H 2 - K4 %
R P51 (RGD) 25 46) , LB A (0 AL AR 21k

ASCGE 8 [F) A H 25 B R il 2% ) CSPEO@
GEL A=Wy 32004 6 o 20 M i A K $R AL R 47 A i
5 E BB R SR B A B VRN A

Sk

[1] Mourino V, Boccaccini A R. Bone tissue engineering
therapeutics: Controlled drug delivery in three-
dimensional scaffolds[ J]. Journal of the Royal Society
Interface,2010,7(43) :209-227.

[2] Polocorrales L, Latorreesteves M, Ramirezvick ] E.
Scaffold design for bone regeneration[]J]. Journal of
Nanoscience & Nanotechnology,2014,14(1) :15-56.

[3] LogithKumar R, KeshavNarayan A, Dhivya S, et al. A
review of chitosan and its derivatives in bone tissue
engineering[ ] ]. Carbohydrate Polymers, 2016, 151(1);
172-188.

[4] Desai K, Kit K, LiJ, et al. Morphological and surface

nanofibers[ J .
Biomacromolecules, 2008,9(3) : 1000-1006.

[5] Liu X D, Tokura S, Haruki M, et al. Surface modification

of nonporous glass beads with chitosan and their adsorption

properties of electrospun chitosan

property for transition metal ions[J]. Carbohydrate
Polymers,2002,49(2) :103-108.

[6] Bispo V M, Mansur A A P, Barbosa-Stancioli E F, et
al. Biocompatibility of nanostructured chitosan/poly
(vinyl alcohol) blends chemically crosslinked with

genipin for biomedical applications[]J]. Journal of

Biomedical Nanotechnology,2010,6(2) :166-175.

[7] Duan B, Dong C, Yuan X, et al. Electrospinning of
chitosan solutions in acetic acid with poly ( ethylene
oxide)[J]. Journal of Biomaterials Science-Polymer
Edition,2004,15(6) . 797-811.

[8] Alves N M, Mano ] F. Chitosan derivatives obtained by
chemical modifications for biomedical and environmental
applications[ J]. International Journal of Biological
Macromolecules,2008,43(5) :401-414.

[9] Zhang Y, Su B, Ramakrishna S, et al. Chitosan nanofibers
from an easily electrospinnable Uhmwpeo-doped chitosan
solution system [ J |. Biomacromolecules, 2007, 9 (1)
136-141.

[10] Kousaku O, Dongil C, Hakyong K, et al. Electrospinning
of chitosan[ J]. Macromolecular Rapid Communications,
2004,25(18) :1600-1605.

[11] Geng X, Kwon O h, Jang J. Electrospinning of
chitosan dissolved in concentrated acetic acid solution
[J]. Biomaterials,2005.26(27) :5427-5432.

[12] Bhattarai N, Edmondson D, Veiseh O, et al. Electrospun
chitosan-based nanofibers and their cellular compatibility
[J]. Biomaterials,2005,26(31):6176-6184.

[13] Aliabadi M, Irani M, Ismaeili J, et al. Electrospun
nanofiber membrane of PEQ)/ chitosan for the adsorption of
nickel, cadmium, lead and copper ions from aqueous
solution[ J ]. Chemical Engineering Journal, 2013, 220
(11).:237-243.

[14] Zarghami A, Trani M, Golpour M, et al. Fabrication of
PEO/chitosan/PCL/olive oil nanofibrous scaffolds for
wound dressing applications[ ] ]. Fibers and Polymers,
2015,16(6):1201-1212.

[15] Huang Z M, Zhang Y Z, Lim C T, et al. Electrospinning
and mechanical characterization of gelatin nanofibers[ ] .
Polymer,2004,45(15) :5361-5368.

[16] Shalumon K T, Lai G J, Chen C H, et al. Modulation
of bone-specific tissue regeneration by incorporating
bone morphogenetic protein and controlling the shell
thickness of silk fibroin/chitosan/nanohydroxyapatite
core-shell nanofibrous membranes[ J ]. ACS Appl Mater
Interfaces,2015,7(38):21170-21181.

[17] Chen J P, Chen S H., Lai G ]. Preparation and
characterization of biomimetic silk fibroin-chitosan
composite nanofibers by electrospinning for osteoblasts
culture [ J ]. Nanoscale Research Letters, 2012, 7
(1):170.

[18] Pal P, Dadhich P, Srivas P K, et al. Bilayered
nanofibrous 3D hierarchy as skin rudiment by emulsion

electrospinning for burn wound management[]].



64 iR A N S D = S

e CHARBRA RO

2019 4F 45 41 %

Biomaterilas Science,2017,5(10):1786-1799.

[19] Teboho C M, Adriaan S L. Development of multifunctional
nano/ultrafiltration membrane based on a chitosan thin
film on alginate electrospun nanofibres[ J ]. Journal of
Cleaner Production,2017,156(10) :470-479.

[207] Ignatova M, Manolova N, Markova N, et al. Electrospun
non-woven nanofibrous hybrid mats based on chitosan and
PLA for wound-dressing applications J |. Macromolecular
Bioscience,2009,9(1) :102-111.

[21] Huang Z M, Zhang Y Z, Ramakrishna S,
Electrospinning and mechanical characterization of
gelatin nanofibers [ J |. Polymer, 2004, 45 (15):
5361-5368.

[22] Dhandayuthapani B, Krishnan U M, Sethuraman S.

Fabrication and characterization of chitosan-gelatin

et al.

blend nanofibers for skin tissue engineering[ ] |. Journal
of Biomedical Materials Research Part B: Applied
Biomaterials,2010,94(1) : 264-272.

[23] Huang Z M, Zhang Y Z, Ramakrishna S,
Electrospinning and mechanical characterization of
gelatin nanofibers [ J |. Polymer, 2004, 45 (15);
5361-5368.

[24] Huang Y, Siewe M,
characterization of chitosan-gelatin scaffolds for tissue
engineering[ J ]. Biomaterials,2005,26(36):7616-7627.

[25] Chien CY, Tsai W B. Poly ( dopamine )-assisted
immobilization of Arg-Gly-Asp peptides, hydroxyapatite,

et al.

Onyeri S, et al. In vitro

and bone morphogenic protein-2 on titanium to improve
the osteogenesis of bone marrow stem cells[]]. Acs
Applied Materials Interfaces,2013,5(15):6975-6983.

[26 ] Nandagiri V K, Gentile P, Chiono V, et al. Incorporation
of PLGA nanoparticles into porous chitosan-gelatin
scaffolds: Influence on the physical properties and cell
behavior[ J ]. Journal of the Mechanical Behavior of
Biomadical Materials,2011,4(7).1318-1327.

[27]LiJ, Chen Y, Yin Y, et al

nanohydroxyapatite size via formation on chitosan-

Modulation of

gelatin network film in situ[ ] ]. Biomaterials, 2007, 28
(5):781-790.
(28] RLr ks, FHph ., SR, 25 w2 il 25 WA e /5¢ B /32 35k

BEIRA /B BRIGHUA R A AR A B e L] oAl
FHRVRI2E224 2015, 30(5) : 516-522.

[29] Gupta N, Kushwah A K, Chattopadhyay M C.
Adsorptive removal of Pb*", Co*" and Ni#" by
hydroxyapatite/chitosan  composite from aqueous
solution [ J ]. Journal of the Taiwan Institute of
Chenmical Engineers,2012,43(1):125-131.

[30] Yan L, Jie Z, Cong X, et al. Crosslinked chitosan
nanofiber mats fabricated by one-step electrospinning
and ion-imprinting methods for metal ions adsorption
[J]. Science China Chemistry,2016,59(1):95-105.

[31] Murphy C M, Haugh M G, O’Brien F ]J. The effect of
mean pore size on cell attachment, proliferation and
migration in collagenglycosaminoglycan scaffolds for
bone tissue engineering[ J]. Biomaterials, 2010,31(3);
461-466.

[32]Sun L J, Guo D G, Zhao W A, et al. Influences of
reaction parameters and Ce contents on structure and
properties of nano-scale Ce-HA powders[ ] ]. Journal of
Materials Science Technology,2014,30(8) :776-781.

[33] Tual C, Espuche E, Escoubes M, et al. Transport
properties of chitosan membranes: Influence of
crosslinking[ J]. Journal of Polymer Science Part B
Polymer Physics,2000,38(11):1521-1529.

[ 34 ] Paluszkiewicz C, Stodolak E, Hasik M, et al. FT-IR
study of montmorillonite-chitosan nanocomposite
materials[ ] |. Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy,2011,79(4) ;784-788.

[35] Schiffman J D, Schauer C L. One-step electrospinning
of cross-linked chitosan fibers[J]. Biomacromolecules,
2007,8(9) :2665-2667.

[36] Zhang Y, Su B, Ramakrishna S, et al. Chitosan
nanofibers from an easily electrospinnable UHMWPEO-
doped chitosan solution system[ ] ]. Biomacromolecules,
2007,9(1):136-141.

[37] Hao L L, Wang H L, Cai R Z, et al. Mesoporous
hydroxylapatite/activated carbon bead-on-string nanofibers
and their sorption towards Co(ID[J]. RSC Advances,

2016,6(74) :69947-69955.

(REHE: BFiHE)



HLE TR FF R, 2019, 41(1): 65-71
Journal of Zhejiang Sci-Tech University
DOI:10.3969/j.issn.1673-3851(n).2019.01.010

E T HRUBRZEREIES] S 8 E & B R B

AR REE, K, 2R, REE
(LA T XFREEFRE AN 310018520 0 XK F & BAF A, B AL w 753-8514;
3ANE FTHBEKRFIHENMAFE RS R, S K 541004)

W OE: AT AR HRIARE LGN RBIERE PR — A R A58 1R 1) B K AT 869 5] S X 2B A R,
Kok, B TN AMIELR BT GBI ST Ry RSB ERE LR, & T — AR
Bt ik o RBRERBAE, AR ZR A LA THEREAZFRIBF ARG AEFTARETY WA
F o RN R EASRGHEMREAE R A ERRERE T a5 SR E R RE, KiZ A% e A
TFENR LRSI TR, 5t Ahmed 7k, SR E B &7 kfe EGA ik b, WA EHREREAN, ZERE
BATE) (%42 £ A e SRR 0 R R R B AR

KEIF: BAAE L ALk 2 A5 F R AR A &R

FESHES: TP31LS MEktRERD: A XEHS: 1673-3851 (2019) 01-0065-07

Dynamic guided test data generation strategy based on similar path
BAO Xiaoan', XU Haizia', ZHANG Na', WU Biao®, QIAN Junyan®
(1.School of Information Science and Technology, Zhejiang Sci-Tech University, Hangzhou 310018,
China; 2.Graduate School of East Asian Studies, Yamaguchi University, Yamaguchi 753-8514, Japan;
3.School of Computer Science and Engineering, Guilin University of Electronic Technology,
Guilin 541004, China)

Abstract: In order to effectively improve the quality of the test data that satisfies the path coverage, a
guided test data generation strategy based on heuristic information between similar paths is proposed.
Firstly, the difficult coverage paths were distinguished by analyzing the coverage between the initial test
data and the path nodes. Secondly, a path similarity calculation method was designed to get path-related
heuristic information, and the heuristic information was used for genetic algorithm optimization. Thirdly,
a fitness evaluation function with the weight impact factor was constructed. In combination with the
individual idea of retaining elites, the adaptive genetic operator was design, and the individual cross-
variation was guided directionally. Finally, this strategy was applied in multiple benchmarks and industrial
processes, and compared with Ahmed method, multipath coverage method and EGA method. The
simulation results showed that the strategy had great advantages in running time, path coverage and
utilization of existing test data.
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Test case generation method based on improved reduced

adaptive particle swarm optimization
LI Chenchen, DING Zuohua
(School of Information Science and Technology , Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In the study of combination testing, the generation of the minimum covering array is a key
problem. The particle swarm optimization algorithm is one of methods to generate the maximum covering
array. However, the algorithm is easy to fall into the local optimal solution, with low searching precision.
For such problems, an improved reduced adaptive particle swarm optimization (IRAPSO) algorithm is
proposed to address the above problems. Firstly, the evolutionary equation of the particle swarm
optimization algorithm (PSO) was simplified by removing the velocity term to gain the reduced particle
swarm optimization equation. Then, in order to improve the coverage of the test cases generated by the
algorithm, an adaptive adjustment scheme of inertia weight was proposed and the Hamming distance was
introduced into the fitness value strategy. The comparison result with the existing algorithm s showed
that, the proposed algorithm overcame the defect of PSO which is easy to fall into the local optimal
solution and could generate the smaller-scale covering array in a short time,

Key words: combination testing; covering array; reduced particle swarm optimization; reduction of

the evolution equation; adaptive algorithm
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Research on recommendation model based on matrix

decomposition and reviews embedding
ZHANG Jiahui, ZHANG Yu
(School of Information Science and Technology, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Collaborative Filtering is one of the most successful recommendation technologies so far,
but it only considers the rating information while ignoring a great amount of usable user comments. In
order to solve this problem, a deep neural network recommendation model based on probabilistic graph
was proposed, i.e. Shared representation model (SRM). And on the basis of SRM, an improved model
based on multitask learning was proposed, i.e. Joint learning model with latent factor (LF-JLM). LF-JLM
combined latent factor recommendation algorithm based on matrix decomposition and the doc2vec language
model. By the method of introducing the shared vector representation of the user, item and comment
document in the mapping layer of the doc2vec and the LFM, LF-JLM could learn the underlying features
with the cross-task invariance. On the Amazon dataset, the proposed two models were compared with the
LFM and the HFT model as the baseline. The experimental results showed that LF-JLLM could effectively
extract implied semantic information in the comments. Compared with LFM and the HFT (Hidden Factors
as Topics) model, the MSE of rating of this algorithm decreased by 7.85% and 1.19% respectively.
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(R VT S P T 30 3 ) P TR A M T 1 S
UF A8 P REARLRE o DT R A AR A , R 3 e AR L
()N AHIP AT HERE . S0 2 Y Ja MR AE A1
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RPN SACF S A& MR B s K. £
FRAEUR T — R P Y LDA Bk, B
LDA-RR(LDA based on ratings and reviews) &3,
LDA-RR Sk i P T B & G 38504, 328
NEREE YA RIS TR B 2 AR H R
LRI POE AR TETE 38O A2 ] P OB T HE
TE. TIRAS RRWINGHE R A R & T B .
A B Wu Z5H2 35 i) FLAME(Factorized latent
aspect modeD) B AIZE

B LA PR AR A P 32 B Fe i —28
HEFERBAUAD 30 LT ) F R B2 2 20 SR SR i PP 5.
AHYTR)Z F 7 I Fil AL 1) — R A, 3]
an, Wang S5 41 W T 3 T HE B R 40 S 25 1Y
CDL(Collaborative deep learning)#i#/1 , CDL #£#4Y
BA KM LDA @BPFIR SO, 25 4 R an T
MIPFE SCAAE N SDAE (15 A LA 2] R 45 4 i s S8
o W R A DA X6 TP 73R A R 3 R e PO AR
P e ) — > R0 B WL 245 i 5 e K A ok
A AL, Kim U0 TR TSR 2 W
2& 1) ConvMF (Convolutional matrix factorization)
FAL, ConvMF FAEDKEE SCA i A —A> BAT Lt e Spt
J2 R ARUZ (0 28 W 2% B 11 kg 1) 8 2] s 30
R 0 1t 0 434 B A A% 1 0 X8 Rz Sk MR TR AR
FERT T AE R T R PR P R 3R I 0 i 7 12 0 D
O REREIEAT O . RN DAL B ARTRIRE B R
AR RS AR . Almahairi 28 3 H T 45
T 1) AR A G A A 22 I 45 1Y) BoWLF (Bag-of-
words regularized latent factor model) A1 LMLF
(LLanguage model regularized latent factor model)
BEAY T F B R A TR A5 B A R ) R 20t
Softmax PRECAE AT B N 7 b R PFIe 09 38 45 J5
# Wi T Hochreiter 5 i H f K 042 1 4
FH A ] AR LSTM 2% ) 2285, 45 2% R i T
PIPFIE B A 1 TN T — A4~ 8] 3] 0 Y 7 i AR AL
LMLF By 454 T 5 2% (5255 h BoWLF (3R 31
U o SCEEWT DL AR AR LU AR 48 00 B [R) ack i, K
R e TR .

{EJ2 , JX S ) H Ay 3 ) gl - H— 20 - 4
R RS IR 0 A iU A 2 PR T4 [ 4
1) TR 290 09 5 & X R . R A i #R4%
A% P RER 1 ok e A1 1) m] fige R ATz AL RE
J1o HIER TR PR R o R 19 2= S 456
B[] — AR AL PFI8 SCAS FIT- 4348 [ A A 32 4
B FR AT T TCEE 45 A O AT WA B SCAS 43

MrEARFEREHOR . A SCHR M 1 3 T IR EE il 22 M 2%
(RS A X PRI T T A R AR AR B 1 BR il b A T A 24 1
Az G R BT SR B MRS G O A
KA doc2vec BEAY, VT HIKA TS5 S Rl
18 RIR B SIS H Y,
1.2 EARTEREMMBXHHAR
L2.1 BRI

2009 4, Koren S5 7 H T BRA 5 LEM, 25
15T Netflix #4525t He 38 (Netflix prize competition)
MITEAE . e R AR AUAE S — 28 M () i ] ok i 7
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W EAENAETE R G0 LR FE AL,

ZRAURB P @ PR G BYPES 1 0 rec
G A LAH (D 77
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BT AL EPER LS Ty, BRI GEEEARER TR A
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- .1 ..
O =argmin — >, (x; —rec(i )"+ 27|}
© NJ.UGF
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e S A P S R o AL Tz A AR 1 Ty v MG
T35 R Ay TR R O3 A (R HE A T
1.2.2  word2vec fEAY

Mikolov M $ H T — B2 3] da) i A (9 R
P o) 2% A5 A8, R ga] ) 5 A Y word2vec, AR AU
18 09 B SCfF B I ax A>3, Il B 7R
XAt AR A S B i 1% R T B B0 ) i R
718 s B A T B AR Sk — SR 1 1] CRIGR) R A
- Wl A TR N Y 1) R 2H R T — S R R
Mikolov &E17 4 Hy T 5 F 45 44 1) word2vec 5141 ;
Continuous-bag-of-words(CBOW) #1 Skip-gram,
CBOW #5283 5o 45 7 /N A 18 2 At 3] S 5000
7 FHCa) . Skip-gram W55 0 AH K, i — > BR
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TESC R HUS TIE IR 245 8, ASch 223718
CBOW F&Al |

HENGENIRTFI wi s wes wss
T NG SR %, CBOW #8125k H bR 2 B
FACIN L5 SCAS R E AR 2 (R /M AE SN &
XTEALL AT 2 (3) FR

%Z;logp(wf | w0 s sy ) (3)

Horpok ST B SCHE AR, 2k + 1 S HRY
Ko p X At ia) w, BYHESR T p5 %5, n] DA
MEZXnHEIHE., BAMFH softmax 15 p,
a4 Fow

s Wr

ey wt

e

Horby: AR IH— A Y i 3 37 i X EORE % T LLE
iF3(5) KG.
y=b+Uh(w, ;w4 ;W) &)

Hr .U flb y softmax sRELIIZELW Sy a4
B, y Shin] Mrb BEAT TRI X0 N Ay 2R ) 3, A PRER
IV 2 AR St 4 [ W rbofilt 1 2 0 e 254 3] X
(R ) o) £, R 34 A R (BIURIAED

i FHBEATURE B2 T B A S 1 4248 ] LK =X (3)
AJ AR AR S B W, RS 3] - L e A 1) X6 0
iR . SEERR AR softmax 43S g A Hi 2 )
i Z (B T XN, AT RER = AT H Y0 1ER
LR TSR EE I T AR R, Mikolov 4877 4 1
T 432 softmax FNAA AL 7 okt OF
WS T BAFIEE R . AR SCER BRI TE S B P LR
T AR Ik 4L softmax sRENTTHE. .
1.2.3  doc2vec FiAl

Le 2080 3T word2vec FYEAR, 3 Hy—Fha] A
2] BOIg BUOCR AR S IR BE A 28 I 28 A5 A0
AR BRI TR R A SO Y i i
SO IR S5 R A RS Sy — S b RS ) SR 1) B AE T
T2 SCRY N BY LR SCET 1 8 2 10 s de) B9 B A
AN SO [ R E A CBOW A | R Sc s 1 A
F14) ) o) i e R (BB 25 A by i Ak T H
P i) o I ZH A 2 0 248 (e T 15 281 SRS B
W s T4 B SCRY IR AR o TR LY 5 vE o ]
DIAS B B 1R AR

doc2vec EH 5 CBOW A B =E 5 AR DL Bk — F)
DR TESTAT: 55 B4 0 1 SRS 9 554 i A
FEHGIN T P STRY 4 J-55 Bl S5 380 SR ) 2 174 Bk S5

4

p(u'z ‘ W ¢ 9"'7wt+k) -

W o SIAS AR SRS o i 100 A g 2 B b 7 X
A R SCRE B FREA R SCIE B . TR ROy
PraE st . docZvee B AT 1 HE 3245 18] AL A
U REA T S SY R S T Py B U]
k.

2 #HEREE
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FEAS [E A G AR 8 . AR SO ER24 ) B A
FER A G AR L A EDULR 5 -

a) INTEZRIR , B ORI i AR 4 25 ] ik A 3R
7 s IR AT RE AT L

b) ARG R B MR A R BIPFIE VR4 0 A
RG] RE AT

o) MR RN ZE , BIFIN A) EI FN B S T
BRI 2 o S S N M T s el ST S = - SO VAP N |
B/,

PLE 3 DA RAS SCHE I Mt , R 2 PR 4%
fFo TR C AR RT3 BE 018 B0 K
AFORAAEBGS R IR R DL 3 AR,
) ) SCAT LA T B M2 AL AR E B Rl G 2
VS A S S R AR . DA
T S ATI, P 1 R Ay B ) R TR ks A
ZYREAE T PR AT 43 A e AR — 7 B D
AR AR R AR 1 i,

1 PSSO AR Al e B AR A

M K dezs gL e fu, € RYARF 54
i BB AR S BRI . BENLAE B u,
MIHEE N 0, J5 227 oF 148 i 40 A Hh il B, ~
N0,ailg) i =12, I, T MR Ik AK B
OB RE R . SRR L X TR R . B 1] v,
€ RY IRIZHH a- BISEHR AT, BT v, ~ N(O,
aili)j =1.2.. ] o] AR AL
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TR AEAE SREL &K R i 1] 55 00 P (o] o
St Cuy v S0 BB 2 P %R ORISR
X i,j vEI] Xij ™~ N(f(uiavj)9€%)7€1 ﬂﬂﬁ\%ﬁﬁgﬁﬁv
PREL f IR SECH B E‘J%ﬁﬁiﬂ}iﬁﬁﬁ%?’%‘/\?ﬁ(ﬁ
OISR AN oy ) B s B RRERZS D
LA PR g B (us ) )Hﬂ%ﬁﬁﬂﬁﬁﬁ)ﬂﬁﬁuuﬂﬁ
PFE B i AR m wojowi,;, ~ N(gu,.v;),
eil) eil, NPT 2.8 B’Jf’ﬁ?"ﬁ%ﬁéﬁﬁﬁt
H B2

A, AT 0 SVEE X R P RS S
REEE n ZRVTFIRRT N 1Y 7 i B 7 5 PP IR 4R rh 2

n RV AT R A w,, 5, BIC A w, o 5 n 507
WX IPES A s, 5 TR 2,00 8 x =200,
W=w ), U=w)H L, .Vv=u)l_,, Fi% 0=
{fsng’V} A = {al»azvﬁl aﬂszMEZ}vX = {x’
WL 28 0 155504 a) 2 (6) FoRh
PX|10©,A)-p(@] A
p(X | A)

i R EL £ FN g ATRAH & A ¢ DS E T
L LEAUA -k — 2 B B 28 I 2% () KR 2 80007
Bk 6, f16.,H 6, ~N©,B7L),0, ~ N,
BEI,)J’V:/\JQ(@ K15 0 MEKIERAT R

ZEx—wmm,w>Y

@ | X,A) =

(6)

Ove = argmm

*‘ZW
o 2w,

1 1
=lul; +=1vIE+
al a2

— o> (u,'” 9Vj,,)||2 JF

1
—10,]%+
BI” 1

Hep Ul VI A% U fV B Frobenius $i54%.
MDD AT LLE L Z AR R B bR R B LA T
SR INACH: T AR PR S AR R R
Z B 0 IE 0 I, FH T 24 TR 8 I 4% O A R B 1
EJJJIﬁ DL RPE 53 FIPFIE i 3 iR 25 . X =T 43
AR ESCERH I 3 AR, (D TF 0 A,
THEHEL W w, BYFRR T 28haT DL T B
Refiet

3 EEES
3.1 HE=ERRER
i F doc2vec #EAY AT DAAS 3] XF B V% 19 ] & 4%
NS AT — P B e X B AT . U 2k

doc2vec KAFFIPEIS A w, FFARAZ(T) , [HJE
(T ABCER 2 715 ook A 2 RIS ARY (R A DG 18, TRM

1 )
@II(%IIE (7

BCRREL /R g T LAHIRT 5 28 I 28 405, SABGBC A
R 2% 19 ZBUIRM Y SE 50 70 A 2 BT B2 0. 5 22 [
S W T A3 THRsR IR (D M Rl gran i 2 i
TN PR A 22 45, Ay 44 Ry 3 = R R AR AR (Shared
representation model, SRM) ,

o
O TS R
([ wawwmkaz ) ( #ovnnkEs |
(Crar Rl ]
O O
F P 7 5

K2 JHEFoRginl

P 2 e MR A T Y- 43 1) i o A4 25 I 285 [m] )5
BEAY, P -5 R 35 3 0k B A 23 o Bl Sk ] 4t
J& s P T e ke 2 [m) A Sy B 2 i AL 2K ()
%‘E{‘i—\‘:

yi=A L' (i.j;U,V) +b, (&)

Hodr . n” REC I U SRS 5w, ANV HERESS j 5y,

)4 s Ay FI by J 551 Dk DA SRE T2 2 4 3 9743

W)= A S R 2 s 2 00 B2 i i oy 280

T R AR ek AR 0 5 L B R FH P IRl 2R 1 7
LA (D) FR

x =A,tanh(y,) +0b, (9

Hrpr: Ay b, J& DNBEEZ B 2F 23t i A E 1 g
B SR T AR

538 Fn=(9) JABl, %o A ] i) 50 T3 1) £
A [l AR, Rl R A =X (10) Fnxl(ID)

y:=A;h(i,j;U, V) +b; (10)
w=A,tanh(y,) +b, an

L2 O={A;.b; | i=1,.4} U {U.V} BN
R sR D R0 (12)

AN
loss(@)—ZN“Z;(l” x,)°+

AU +a v +
AsClAL [+ 1AL D +as Az [+ A, D
12
(D M A2, R4 A2) A, =



84 /[ S N N N SR o

W CHSRPBL2E D 2019 4F 41 3%

2N/etsd, = 2N/ed A5 = 1/ai Ay = 1/a3,ds =
/Bt as =1/B5 UM EIESF M Y. (K. & 2 i
A2 28 MR ELA A A R B TR D 3 I 1 e
6] £ T AT 55 » A8 P A T AT 55 v A /] — 1
JRRITE ot IR REL A o DT A D 1) AR R o 1]
4 J S AR RIVM) PP o £ F000 A 55 o X P 39
AT 55 BEAT IE N

TN 73 RIS B A 22 R 28 L 22 1 ik
SPIREL I AR R v A S5 R Al 280 i AAR SRS 2
B4 o I ROoR R, I R A AL R, e
doc2vec BERIYIGRPPIR T RG24 26 PP XTI A9 P
W w, 1104 WEB . B o ) B2 1] 15 4 (Back
propagation) $3% Al LUK HYF P W SR RE I L R At Ik
SRR LK 28 A AEL . R e 1 LA ki
BT L 1T A AT AT P R (i I A2
DFIT 73 5~ P 25
32 REFHREZFIER

3.1/ B A L R A IR T (D
BOA TR, RS ORI TR AR

) ZIRLE = JR AT 2 M 2%, 75 505 b A
H2HEZ B85 3 WG . S EINERUZ ook
UXE LA SE 5 DRHOME LA 25

b) 3 izt A A 1] 4 AR SR TS SCAS A UL
B8 RERY RIS T P RS R AR i RS R R 1
Je 56 31 SR AT i) TR AT A [R] ik 5 i T 1
T o) S5 R 53 AT 55 1A o AEL R TR I 2R
HAr 2z —RyPFHe ) iR g doc2vee BEAY TS 7.
MBIt o 1) FOHERAAT 55 AR DGR AS R, AT Bk
BOHEHEAEROR HEBEIRIYE

ARSI T PRI AR I A i k7 2Ok btk b 2 3k
NS

a) Bt — RS HOR 2 5 il U5 (7]
ARSI 7 2GR 1.2.1 35 R R A B A 1
BRRURAE T2 N 3 Y = JZ A B 22 R 2% . B
TR SHE D BAEZ 5 RE L
5 TINGR, EAR UG

b) Pk BRI 1) B R 55 AR S AS R Y
AL, — A A R REIE S AL B T A BEA T V23 B AT 55
AR TRINE 22 > PRI SO i A Tl . RPN F 5511 25
doc2vec BT LAA B P 1) EAF S T F AR - 12K
NZRPFIE [ 10 e e 5 T HE A AT (] N 2 2] 2
Wl AU R A AR AR A AT 55
AALEERIR . TR Y27 H AR 1202 W) i Tt

WO E LA AR iy R SC%T H R HuG ), o R
A BRI B BE A TE v ) 2 2 2] B PES SR Y
AT T, PEIR ) i I PE oy — 4 B P 1)
A i o) AL R ORE

PIEITERARRZAT S22 EE, £
11555 20 B blas a7 2 i —Fh o7 vk BB 2 56
M55 e —i 7~ o XM AR T 2 )
IR 2 BAR RS IE . Bl A — A H R e
B AT EE AT 55 1927 2 ATH AR B DR 08 AT 55 1
fi. Caruana 55" (PSR W], 16 24T 552 2 o
Hh 290 i 2 il A 55 R SR ARG X 2 S B Y
S ] FOIRLE ] DL [ I i R 22 T 55 A A
BRI AR5 Fad 5 NI RE A% 52 &
ALz AL fE

AR AR R — R TR,
SRRl 27 2] ZAMT: 55 Z A A OG . ZEAR SO RS
PER SO Y HEFA A I v 5 2 (] I 58 T8 SC
A ARV 3 TN X P AT 55 AR R Y AT 55
HAEE ABRIARGE 7] DAGE 5 & 1 58 RO
XPAMESS Rm A G . PRI, AR SO R i 37 55
EHE RS

ARSCR M T TS B E Z2AE555 2T5
2. SRS 24T 552 > s W —
T 75 20 BITEAMT: 55 22 () =2 (0 | W] O B
G3AT 55 () AN [r) 1) B S22 o 2% 2 & M 55 AR TRl 2
Ak, I, Yu S BT UL T IR AR L £ 44 S
PRI AR TR 75 A B b () B AT 55 ] LA il
BT 551 2 800 B S =2 AT A MR 2 >0, AT ]
PIARAS A IR AR AR R . TEASCAIFGE D, S ]
2 2] P AAT: 55 2L =2 0 6 S AL G FH 7 B ) iR
715 S TR i B 1) B8R 5 PR SCAS Thm] i A FIPTEE SC
PR A .

ARSOR 25 1 A el AR B A ALY, RIAS ST
2P AR, i 44 Ry B PR 3 [R] 27 ] B AL (Joint
learning model with latent factor,LF-JLM),
LF-JLM py#e {2 W 28 25 A Bt el 3 fii

TEE] 3 v, AR A2 R o2 i A 2 F 5
TRt P R TN Y- 23 4 i 5 o 25 0 285 [l A RS Y,
brse e/ IMEIT A3 38 7515822 s 24 A H 5
T o DS v e s RN T SCET R Y ]
ORI 7 11 rhCa i) ) 2 2R AR, H AR 2 fie R Ak H A
TR RISRRE SR . TS ER S5 38 5 TP v £ R ot o)
B SR [a) A — AR PR AR 3R
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& 0 B AR

Softmax

O O
W1 5 BRI 5

£ CH OB AR

K3 B AR s AR

TEXTIZ M I Grad B b B 2 EE B A4
T SCE H AN — NN GAEA . PP Al
TR T 5 7 38 FH P RS A R Bl S R )
WSS Sy FH P o) 2 R i ) . K P e e A 46
% BAE R BREZ 5 A SR 5 20t A 42 MU0 PR AR
ReL.U(Rectified linear units) , &y i A F P HITR &6 Y
PR 1f, FOLSf -
[1f. =RelLUA A G;U) +b'))
l1f, =ReLU;h (G 5V) +b',)
HoAr AT FAT 4350k DR P B 2 IR L e 2
BB P B - 2 R0 R i B R 23 A AR R
by FNb, RIAHARL A
Fi R B PR AR () 2%, 115 W 1 AR
A B AR R TS
x=[f 1] [1.0f,1+0b's (14)
Hrp HP B S 1f . 0955 —4E & HAC R P O
BRI L, B R 4R E T R R
RELFMmE, FiktEQD RITE 78 Lf, [E
AR B I —AL B 1 BY4ERE, Lf , [l 0338
— LBk 1 SRR W IR E b7 A5 FIPTE4 T
B, A1 (D 2l BRI R B 7 A R
F— B PFIS R o BT LGS P e
FIRS b o) B 5 260 RelLU 2B 40045 51 .
o =ReLUA’; « "G ,j;UV)+b', (15)
o ATy S M P ri R R A ) A A5 % )2 B 5
R 2 A RCE AR b A R E . PRERY |
T SCE F A A ) A S 38 1 ] B R R A
) ) 2 J 1K gR] ) B IS ) i o FEEACORAE N
softmax Z32E4R (5 A, i H o 5 11 Hruc 3a] i A %
G
y=A"y B (W ssw, i Wew) +bs (16)

(13

Ywt
p(w, \w,fk,---,uv,w:% a7
eYi

16D 1Ay ol 2 AR L b5 AR D
o R SRECKE 1R SCHE H R A4 T g e B g
R W B D] ) i AR [ EATAIHE R o &
HRRMAR ., &

O={A,,b;, |i=1,,4;5=1,--,5} U (U,V,
W BN 45 % R BRI N

/1 T—k
7]2 logp (w, | wig s swm) +
t=k

loss(®) = T2

s T—* )
ﬁZu, —x ) 2, U +
t=Fk

AVID 4 AW +
AsClAV I+ 1A D + 2, A D +
As (LA D (18)
Fe R (18 AN (7)), B LA & B 2 250, 4B S
PN 55 A 45 2 BB LA R 190 445 AL R 1 DO T e S 24
AR I D30T = 25 AR AU A T2 455 280 1) B S 4
HI 36T 24145 24 2 i LF-JLM SRR S 4life iy
MR (0 HAT AL AR A
FEZBAIYI G R v, PRA 2 (14D Hhds s BT
JEN UL A AR L 80 pR 5, S 38— I
MEIR BT . R T H A S BOE 8L, vl L
R FHAC BB BT B « 8 FH S 1) A% 1 2 AR A A I 245
FUH 1) B0 v X 25 800 [ e FH P B R - (SO R
B R R S A TR B R R B Iz R E R
it B R SO P B R 3R 3 SR A TR B R R

4 £ B
4.1 HIR&E

ARS8 h T Mcauley 255 i £ 1)
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Amazon.com M PEREHESE . ZBEIEEEST T
M Amazon. com F £ 51 (14 7 &b ISCER 19 P
i B A d S SOAS IR AF . BT AL C Y R
il (LI FMLAS BCE R 2.6 GHz 4 #ZAb 345, 8 GB
WAE) s FEARSE B A T Amazon. com W 3k -
instant video T2 FIIBIEE, BA& 312930 M
F1,22204 DRT LA 717651 45348, 4k 88958349
AHE] PR R B 124 AN HuE],

42 B %

R TAE T o3 A AR SE g0 45 5 3.2 5 X
K TS — et R AL 44 o8 B Rl L SRR AR
#Y (Shared representation model with latent factor,
LF-SRMD s ¥R H] 1465 — R gl i A1k hy 3 [m)
2 M) F A (Joint learning model, JLM) , 5246 Fv
ARSCHE PRGN J LR SRR T T LK

a) LFM., #1 1.2.1 97k, X && Koren 250731
B B S A DI Rz AR AR 1 o R Al
FAEA RS Bt . S50 4% B8 Koren 457 (1 i A
SCHL T AR AL, IR T AR BE R R Oy ik iR AT
VIES

b) HFT, iXj& Mcauley 26" 41 H (9 45 51718
PP AR, 4 1.1 5 ik HE T A8 4R
Wy fi B4 LDA #ATE , IF H— 115K
PRSI R I 2R P A 25 1 A 380 P T o ) S (R )
FRIVRE il ) MR S5 1) . AR SCH] Mcauley 2510 & 26 (1)
YIGREERAE XTI

o) SRM, H 3.1 45 v £ i iy e 2 SRR AR A,
SEa R Sefd ] python 19 H SR TE 5 AL BRI = 81 A
FFRE gensim™ Y 2R P8 SCATG B B 25 PFE 19 1
IR SR ST A3 IR 0 A o 28 I £ > T 2F 73 1
TEVE ) Bt TP 25 X 8%l FH A () 6 FH P 1) 2 0
ety 1) et RS A

d) LF-SRM, {¢fdif 3.2 — 45 38 i it ele it 1
AURSEARY, FIUIN P23 A 3 A3 AN SR FH i 28 I 288 1717 2R H
R PSR i O = N 2 5 N P~ 7 O 2o £ 2
doc2vec HAYIHE RN PFR M &,

e) JLM, AWMl 3.2 — 15 i i ele stk 2 A
AU, FH =2 D 45 1 (] AR AR S T 4 A [
2 W07 e I PR

D LF-JLM, [a] B fdf FH oo i 1 FscE 2 gy
AU R A SR AR S AR AR,

43 IR

SR ] Google 1Y tensorflow g5 S 4 18 ft

LA, EARHAR AR 8+ 1 1 (Y LL bl

G5115:i:87% | 4 S g T S R e S i (53 (N I
A s HI385) 43 A BE AL 1 A R P 1) 2 1 o 1)
i) ] Sk P AR SR R R At 1 ok 28 0 2% AU 2 8508
Glorot %™ 2 i) Xavier 7L T0T iRk .

S R ] — R S A B 3 IR O
a8 T REA B U AT L IR H] mini-batch 6 B2
TREA Adam BEHEAT ISR, BRI Y BALTE
Y UEAE b PE o338 5 15 25 38 B e /NI A 1R AR IR
Yk, I0H 3 A B TR SR AR b/ NS TR 2211
- BHEAE T RS BRI UE

PR AR s S 808 £ (L4 TE W 350RN H e
AL A28 0 2% G2 TR A W [ 1Y
HE B batch B K/NGE) , H 2 i 8B ol LA P
KA B UL B, S50 IR R T B AL 2R 5 A%
R MHEAET TP S8 AN LU DL 4
(Bayesian optimization) 2.9 £ S8, FIH
e ST A R [ VA X A A 4 % R A S S AU 2
[i) R EIOG 28 Y J 30 03 A AT A, O AR 4l A B 4
PPN —UCRFE M S A XME IR, YRR
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each of the stories told.
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Research on wavelet threshold denosing method

for traffic flow signals analysis
ZHENG Junbao, RAO Shanshan
(School of Information Science and Technology, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: To improve the denoising effect in traffic flow signals, a denoising algorithm which

adaptively adjusts the threshold and improves threshold function layer by layer was proposed. The

algorithm combined the property of natural logarithm function and made the threshold change adaptively

with the wavelet coefficient decomposition layer. Meanwhile, the exponential function was added to

construct a new threshold function between hard and soft thresholds, which reduced the error between

denoising signal and original signal. The experimental results showed that compared with the traditional

hard and soft threshold denoising, the signal processed with the improved algorithm had better visual

effect, with higher signal-to-noise ratio, lower root-mean-square error and higher operation efficiency. All

properties of the denoising algorithm improved. Therefore, it owns a better practical application value.

Key words: wavelet threshold de-noising; traffic flow signals; signal-to-noise ratio; root-mean-

square error
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Preliminary study on tumor cell activity inhibition effect of triterpene

from submerged fermentation of Inonotus obliquus
JIN Lida ,OU Wenbin, XU Xiangqun
(School of Life Sciences, Zhejiang Sci-Tech University, Hangzhou 310018)

Abstract: This study aims to investigate the anticancer activity of triterpene from submerged
fermentation of Inonotus obliquus. HPLC experiments showed that submerged fermentation products of
Inonotus obliquus contained five triterpenes which could inhibit tumor cell growth. MTT colorimetric assay
was used to analyze the influence of triterpenes on growth activity of ovarian cancer cells ES2 and SKOV3,
and lung cancer cells A549 and PC9. Cell cycle and cell apoptosis experiments were carried out to
investigate the effect of triterpenes on proliferation of ovarian cancer cells and lung cancer cells. The results
showed that, growth activity of the cancer cells treated by triterpenes for 3d and 6d was obviously
inhibited. The IC;, values of ES2 were 21.1 pg/mL and 17.6 pg/mL, respectively; the 1C; values of
SKOV3 were 33.8 ung/mL and 10.9 pug/mL, respectively; the ICs, values of PC9 were 21.4 pg/mL and 19.7
pg/mL, respectively; the 1C;, values of A549 were 28.5 png/mL and 23.5 pg/mlL, respectively. The results
of the cell cycle experiments showed that the inhibition of ES2, SKOV3, PC9 and A549 may occur in GO/
G1 phase. After treatment with 16.0 pg/mlL triterpenes, the proportion of cells in G1 phase of PC9, A549,
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FEETH : EHRK A RPASLETH (81728012) s WL HARRIAIL 4T H (1LY16B020013, LY18H160065)
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SKOV3 and ES2 increased by 32.3%, 45.7%, 10.9% and 6.2% respectively, compared with the control
group, and the proportion of cells in S phase reduced 19.1%, 57.3%, 23.1% and 17.5%, respectively.
Apoptosis results showed that after treatment with triterpenoid for 2d, triterpenes could effectively induce
apoptosis of ES2, SKOV3, PC9 and A549, which further verifies the triterpenoids of Inonotus obliquus

possess tumor cell inhibition activity.

Key words: Inonotus obliquus; submerged fermentation; triterpene; tumor cell inhibition
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T oM T Z A0, =il 2 R 00 20 M v AT
RERH AN TNz —.

R 3 ZSHEZR S A0 IE X BRI LA BEE T &2
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R A s ma g A tE G1/S B4 2, DNA &
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WNE A BRERFE 0"-mK5-shPKM2
M EEENITIRR

#t&FR, XFE
(LA T K AHF 2R, AN 310018;
2P EA R EE A TS Rk F R AT, L5 200031)

1 B AR mKS5 e shPKM2 49 A B 7 98 1 9% A (O -mK5-shPKM2) st 5 40 18 49 4k 1 A= 4k 51 545 45
A, il it PCR & AEH OM-mK5-shPKM2 # % % %75 % , Western blot #m B % & T4 4 B EIA fe /B A B e A&
ik ,CCK8 4a 3% 75 5% B Am 3 4 55 B Al ) U5 98 B2 o 2 AT AT IR 2w R e AR Sh A= ik M R A5 1R . 48 R & OM-mK5-
shPKM2 7t 2 g, 5 B Fm 3 4 52 B v 38 ¥T 78 2337 00 AT 9 4w A6 g 38 7, 5F B O-mK5-shPKM2 x4 A 55 4m e 3 74 64 47
B AR BT W EEMKRAEE OM-mKS 3 OM-shPKM2, & B % 8 M s & OM-mK5-shPKM2 # 3 64 55 AN &
B VT VA 3k B AR 2 5 0 M o 2 5 AT R 2 04 A5 AR A, A — AT R B 6 A 8 T ARAE ISR IE

K4 0M-mK5-shPKM2; I 78 ; 38 2 B 5 £ 4008 77

hHES S Q789 XERERETE: A XEHS: 1673-3851 (2019) 01-0106-07

Antitumor effect of oncolytic adenovirus armed with mK5

and shPKM2 in liver cancer
DU Chunming', LIU Xinyuan'*
(1.Collegeof Life Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2.Shanghai Institute of Biochemistry and Cell Biology, Chinese Academy
of Sciences, Shanghai 200031, China)

Abstract; In vivo and in vitro Kkilling effects of a recombinant oncolytic adenovirus armed with
anticancer gene mK5 and shPKM2 (O*-mK5-shPKM2) on liver cancer cells were explored in this study.
PCR was used to prove the recombinant oncolytic adenovirus is free from wild virus contamination.
Western blot was adopted to detect expression of early adenovirus gene E1A and anticancer gene. CCKS8
cell proliferation experiment and animal experiment were employed to detect in vivo and in vitro killing
effects of oncolytic adenovirus on liver cancer cells. The results showed that O*-mK5-shPKM2 could
effectively inhibit liver cancer cell proliferation in both cell experiment and animal experiment, and O"!-
mK5-shPKM2 had a better antitumor effect than O*-mK5 or O*-shPKM2. This indicates that mK5 and
shPKM2 can jointly enhance the antitumor effect of oncolytic adenovirus on liver cancer cells. This study
provides basis for biotherapy of cancer.

Key words: O*-mK5-shPKM2; liver cancer; antitumor gene; biotherapy
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B[ B — G AR R T SR W Y FE A L 1) VIR 2
P A S AP R JE DRL,  1E BE IO B AT Y PR
RO,

Survivin 8 /& —Fh7E e 2 40 =ik AR &
(R L (R FEIE # 4L 2Up , Survivin 28 [ () 1k
EAREAG, AR MER A I 2) O swrvivin 5 3T 4%
FHF AR s 15 b E1A JE IR 555 5% . 998 IR
BETE survivin J3 31 R PR SRR TR L6 e
A R S T mKS R A AR 4 R T
J 55 HAS IR R S5 A R kS R AR A, 5 kS A L,
mK5 55 71 (e E R g 2248 MRS &R . Fan
OB K, XA AT kS SEAMLS S
fie 175, mK5 ELA H k5 T 38 14 400 s 1 45 A AR Y
YER. PKM2 J2& 4 M 2 ¥ i (PKO (19 M2 7 A,
PKM2 ) 55 2 35 75 11 1 Bl 5 I g 0% 1 72 B Y 1
sl o shPKM2 2 PKM2 19 48 & & RNA
(shRNA) , B 1] DURRS M 1 35 Bk i i g oh PKM2
({5 RNA L ffi PKM2 TGk 435 o M40 il i 8 40
A A K

S 1)L 1) R DR — IR B IR YT RS © SO —A>
BRI IR SR M L SRR (0 ) S N —
BEIRYT RGO T o DAL T WU PR 98 A
# OM-mK5-shPKM2, A T 5 i b 88 1] 2% 473 b 974
R SO A A VA IR T B 1) ) R R 1Y
FEA 4 i A mKS i 5t K Fil shPKM2, 38 i
PCR F11 Western blot 6 il H: 75 15 J83 B3 9% 5 Hk [K 20
) e AR 0 RN 2 28 7K 5 il 2 CCK8 4 fifg 44 1 5
RN AR BRI (4 2 4 S 56, ke I 465 45 i IR
() 968 I 0 B A AR A1 AR P 6 T 98 40 i 19 % 105
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1 #MEETE

1.1 ##

AR B 4 e HEK293 ( Microbix 4% 7] )
QSG-7701, Huh-7.Hep3B Fll HepG2 (F#} [ |- 1440
MiZE) s ZE#8 Bk pShuttle-surp-AE1B (7 512 56 25 /3
17) s KT #ibk DH50 F1 BJ5183-AdEasy-E3 (A5
S ARAE) s R YLK Gelstain(R 4 E W ARG PR
D s Western SZEG T HEIUHTIR Anti-mKS (4525
EARTE); Anti-GAPDH (3 = K); Anti-PKM2 H
Anti-E1A (Santa Cruz 2 &) ; 40 M 55 37 3 A0 1 15
(Gibco 23 7)) 5 HB-Infusion TM {2 3| & GIUE 2E ) 5
CCKS il (R AR A BR A D .

1.2 Ak
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T 2H L B R ) R R A B R
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surp- AE1B-shPKM2, 7EA4 #4175 983 I i 75 3 228
JORLA SR b 38 AR BT A A, FE VR e 2
YRR G BIRAS R 4F 1) HEK293 20l rhr o 5 4
Wi ARG TR T 85 3% 7 d. HEK293 40 Mt 9 2
B, I H R G 240 B 07 R ok B R i A8 42 i B
B, K15 20 R W # 0N, OM-mKS, OM-
shPKM2 fil O*-mK5-shPKM2, i 24H 1% %8 I 5% 75
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General full implication fuzzy reasoning method based on similarity
WONG Lanting , PEI Daowu
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Since the Chinese famous mathematician Wang Guojun proposed the full implication
reasoning method, improving the reasoning method has become one of the hot topics in the study of fuzzy
reasoning. In order to make full implication reasoning method more widely applicable, a new fuzzy
reasoning method based on full implication reasoning method is proposed by combining similarity reasoning
method, i.e. similarity-based general full implication reasoning method. A unified algorithm for two basic
reasoning models FMP and FMT is given, and the reductiveness of the algorithm under the two models is
discussed respectively, which provides more methods for fuzzy reasoning.
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Wilker-Huygens inequalities involving generalized trigonometric

function and hyperbolic function
ZHONG Genhong®, LI Linzhong®, MA Xiaoyan®
(a.Keyi College; b.School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Wilker-Huygens inequalities for generalized trigonometric and hyperbolic Function with a
parameter P were studied by using elementarily analytic method and inequality theory. The strengthened
inequality of generalized trigonometric and hyperbolic Function improved the known result. Meanwhile, an
open problem was solved by using elementary analytic method, and the corresponding inequalities of
generalized hyperbolic functions were obtained, which supplemented integrity of the open problem.

Key words: Wilker-type inequality; Hugens-type inequality; generalized trigonometric function;

generalized hyperbolic function, inequality
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LS algorithm for scheduling three parallel machines

with loading and unloading server
MA Chunlei, HU Jueliang , JIANG Yiwei
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract; In this paper, the scheduling problem for three parallel machines was studied for the case of
one loading server and one unloading server. Before processing, each job needs to be installed on the
machine by the loading server. After the processing ends, the unloading server unloads. The loading and
unloading time is the unit time. Our goal is to minimize the makespan. Since the problem is NP-hard
problem, the classical List scheduling (L.S) algorithm is applied to solve it. The structure of LS scheduling
is analyzed by introducing the concept of block. Finally, it is shown that the worst-case ratio of LS
algorithm is at most 17/9.

Key words: parallel machine scheduling; server; worst case ratio; makespan; LS algorithm
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Epoxidation of 1,4-dimethoxypillar[ 5 Jarenequinones
WANG Jie, XUE Min
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: To expand derived types of pillar[ 5 Jarenes and extend its potential application in host-guest
chemistry and molecular device fields, 1,4-dimethoxypillar 3 Jarene[ 2 Jquinone (or 1.4-dimethoxypillar[ 4 ]
arene[ 1 ] quinone) was used as the raw material, and 1, 8-diazabicyclo 11 carbon-7 alkenetert butyl
hydroperoxide was used as the catalyst to prepare epoxidation quinones pillar[ 5 Jarenes. Their structures
were investigated by 'H NMR, " C NMR, HRMS and X-ray crystallography. The results show that, the
synthetic reaction conditions are mild, and the yield is high, 81% and 42%, respectively. 'H NMR
experiment and X-ray diffraction method indicate that, compared with 1.4-dimethoxypillar[ 4 Jarene[ 1]
quinone, space position of one dimethoxybenzene unit in epoxidation pillar [ 4 Jarene[ 1 |quinone structure
rotated about 90°. 'H NMR data and structural simulation diagram show that, dimethoxybenzene unit in
epoxidation pillar [ 3]arene[ 2 Jquinone do not rotate, and present the regular columnar cavity. Pillar [ 5]
arene derivative and its structural information lay the foundation for further constructing advanced
assembly of pillar [ 5 Jarene.

Key words: pillar[ 5 Jarenes; epoxidation; X-ray diffraction; columnar cavity
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3.81(s,2H),3.83 (s, 6H), 3.88 (s, 2H), 3.90 (s,
2H),6.77(s,2H) ,6.78(s, 2H) ,6.95(s, 2H), —4k
BERERRGE" C NMR (100 MHz, CDCl, , % 1) i 42
8:30.0,30.8,31.6,55.4,55.4,55.9,62.5,63.2,65.6,
66.4,113.6,114.8,115.6,121.0,122.5,129.1,151.0,
151.1,151.3,196.6,197.0, & P i% HRMS %¢
?):ﬁ'j‘? m/z ﬁ‘%{ﬁ [M + H+] Cy Hazs Oyy H+:
755.2340, SZHH - 755.2348 ,

1 AR AT HELA D5 Rl 1B ny 21 48 A
ZLFES) 1—4 4Pk DBU Fl t-BuOOH %t
SN 520 45 3 K W1 >4 DBU A1 .-BuOOH 4 24
M SN SO A v P A A R A iR
ARBAT AR s P F 65— 8 S FE BN IR 50 s T4
1) A A R S MR e e » SR IR Z s T

PR R THE 1 CHy CN I, Sz CRARAR . i
JEXT R WA —RE M 0 C A R B » il
I B 70 22, WSS a5 S R ] X HAC 3R 5 Wi ¢
AN VFa VAT A  EAR ket ahin Ry e R A b SR 953
RE5EAR A5 IR RIAT (S5 2R AR ) . ALaW 2 1
A SE Y 1S DA X AR BTG
252 2B MR AR B

1 FEEETHEY | kS
R GARL E
5 giﬁc"”m%fif()l{ wl e/ Y
1 6 6 CH,Cl, 43
2 12 12 CH,Cl, 60
3 24 24 CH,Cl, 81
4 30 30 CH.ClL, 80
5 24 24 CHCl; 75
6 24 24 n-Hexane 70
7 24 24 THF 23
8 24 24 CH;CN 18

22 IENEREH[SIFBRAEBTRPNERHAR
PURARE (CDClLs) S 571, 78 DY 2 4% 18 48 v
A B 0.50 mL () DMP[4]A[1]Q.1.DMP[3]A
[2]Q 1 2 AW G- BE 44178 5.00 mmol /L) s A3
i — AL RE A S A E AR AR LS DR 1 R 2
TR A S 25 3 K 4 FoR . IR 4 AT 5
DMP[4 JA[1]Q ML &9 1 h 53R A X R
PR AH % B M 2 Bk 05T - 2440 S A I, 43 3] oy HE
1) o (ki #e) Ry 2.41 F1 H 1) 0 A 3.66, H )5

4 4 Pl PR — YRR R S0 1A
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PRURT BEJE X R IR PR AR H* F0 HE Bz 5)
PRI ; 5 B R A R AR B —
Xt R BB AR R T HE FIPRR R
HY (b2 s W e ) w8 8. |5 ka1
FSE AT B s 2 W] He A HY 4b TAELS 197 HoAts
F5IRBRMIX o B AT, He i HY BF 76 2K 35 1fi 5
FEPRZS It 1) 3 L. 5 DMPL4 JAL1]Q HhiANJ7 3F
FrBOPAT TRAR =S R 10 A AR (a5 2.
5 R AAAL O R A R R U He A HY
HE A H W R P e R 50390 125400
PB4 A 5 P BIR 1 A SR A7 S ik 05 7 938 805 £k
B 2 PG PR AR R AT R0 R R B
ISR HY MR A ST HY i 5%
ARULHIE A 3l F W] HY R H AR AT 2657 i
DX A H AT HE P £ R B 15 AR 2 Js i 1) o
7 (& 5) . 5 DMP3JAL2]Q " i AN JF B 1 B F
A3 P HEIR =S A 1) B R G AR ] o

B 5 A8 1M 2 fYsigsi

23 EW1 EBESTHHSHSR

FEL5 95 B A R s M B LR ™ L 1. 4- 4]
FELS 15 I 1 B Al 25 A 22 BH . AN XR — W Bk ST iy
e B 2 PRI S8 R AR 6% B0 L 1) I R AR 5 4
AWk Z (B B Je 1 29 107°9" AR B3 T 1E fut
LRI 108°, 5 B BT 7 1 T 39 5 AR 25 s 10 B
AT B s BT PR A5 . SR &9 1 F 2
FERZS T A B i A al 2D, 8 4
REAGY 182 (WA R T S8 E 1 F1 2
FIER . BB 2 B SRR AR, XN aT SE g A
REFRHT . LAY 1 1 IR AT 7S T AR i o XS
AR LI BT M A S 1 R S o,
Ciy Hyy O o 23 T4 752.78, B 23 (A BE PL 21/c 1ha
=15.8028(8) A, b=12.9094(7) A,c=37.769(2) A, =
90.00,8=97.686(5) ,y =90.00,V=7635.8(1 A* , Z=
8,Dc=1.310 g/cm’, T=170(2) K, p=0.096 mm,
F(000)=3184,R, =0.1853, wR, =0.2881,R, =0.1558,
wR, =0.3023[I=>2(D)],CCDC: 1493788,

X-SHATHT LR BRI A9 1 BT A
SN 6 Fron, & 6 ], POASX 2 ik A B
AT 2R R 56 SRR R R I R R
i, HoHr = AR U kR B A IR S A X R R
TCHTAE 11 5 28 Bl 1) VAT 5 T -5 9 SR A 2R
BATTAHAE A — X 25 — H ik A B A bR 2 s g o
-3 T, S — YA S 4 R — 2 T B T A5
B EREER T AER SR A TSN
6 52 2 HAh =I5 AR BRRVE R - B 2B 1)
=g,

6 fLAW 1 B ARZER
T REFRIE T B OFRAR T ST E,

PG 1 AR ZE 2805 & M DMPLS |
F1 DMP[4 JAL1]Q Ay AR IARZE #9 Z 5000 Hu s, 45 58
2 fR . th3k 2 AL 3 Mk & W 0 R
ARALAR/N(DMPL5 ]S48 0.584 nm, DMP[4]A[1]
Q F¥24 0.585 nm. LG4 1 ¥4 0.586 nm) , Il
HINTE 3 fs DMP[5 ]334 107°9", DMP[4]A
[1]Q 54 107°9" ALAH 1 34 113°2", Mk
1, 4-ZHERELS D5 R AE A AR L5 15 R Al )
FERZS B AR HXTFR K/ INFIAE G230 (A [R) - T 34484k
JG B 1T — 053 Beas B R A AR A
{15 Tl R I A AR 8K TR T IARTFR

x2 1,4ZREE5]FR 415 Rr01]

BEFD 1 BB RATE R

(&=t A/nm a/()

1. 4-Z W RELS 5 ke 0.584 107.9
L4150 R 0.585 107.9
&Y 1 0.586 113.2

A WL DYR I E BRI K o AT TR M L.

EY 2 S i MM2 BRI 25 R 7
JIe7s s =ASXEAR I I R BRI B S AL R R
FATCHTAE 115 RS S Bl 1) AT SRR B X
55— YL SR SR — 2L
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#OE: A 2WR TR LB A KRB A RA il it = kS o ALB AR Z B (tpy-CD , B A 5 S E 4 5
# CuCly » 2H, O Bedsi3 ) vz ik CuCID) e b4, vl iz oM A AEAL R B R TIRAL T4 i 5% M 36 % KN-R, i@
#d'H NMR,FTIR A & XRD s Zwbvg & CuC [1) Beb-4 69 4 Mt 47 R 4. A A TG stBe b F CuO 4F 347 5 #7
VAR RS Cutg 43,4 A EDS H4Em 2 B b4 F Cu vy 4%, B IR 31 % B o R AL 7 /2 76 M 36 35 KN-R 4 f#f
T AP AR s R AT T EALH R B B E  pH L it B SR B A BB IR R HTE 3 KN-R L& 2R 09 %
hy, 4R ER A AEAR Z BT (tpy-CD 52 % Cu D THARBZEH Culitd 4, 5 0 Cuti ATk 14%; %K
F A S EACHLE MR, B IR T .55 min BLE R T ) 9590 b, EIEIRIEIN 5 RIG A THRAFF R & B E
P JEPP B B KA B AR IL B RIF R B R AT,

KR ZBEabrg fedk ; CullD Be o s AL TR fF s B P36 35 KN-R; il &, %

FESES: 0614.1 XHRERD: A XEHE: 1673-3851 (2019) 01-0134-07

Synthesis of tripyridyl Cu(ll) complexes and its catalytic

degradation of reactive brilliant blue KN-R
HUA Laiyu®, ZHANG Shuo*, ZHOU Lei*, XU Zhenkai, CHEN Tao“", WANG Jiping®"
(a. Key Laboratory of Advanced Textile Materials &. Manufacturing Technology » Ministry of Education;
b. Engineering Research Center for Eco-Dyeing &. Finishing of Textiles, Ministry of Education;
c. National Base for International Science and Technology Cooperation in Textiles and

Consumer-Goods Chemistry, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The organic ligand terpyridine (tpy-Cl) was synthesized with three-step approach by using
ethyl 2-picolinate and acetone as the initial raw materials, and then coordinated with CuCl, « 2H,O to
obtain tripyridyl Cu(II) complex. The complex was used as the catalyst to catalyze the degradation of
reactive brilliant blue KN-R. The structure of tripyridyl Cu(II) complex was well characterized by 'H
NMR, FTIR and XRD. CuO content in tripyridyl Cu(ID) complex was analyzed by TG to indirectly figure
out the content of Cu. EDS was used to directly measure Cu content in the complex. Meanwhile, the
catalytic performance of the catalyst in the degradation of reactive brilliant blue KN-R was also
investigated. The effects of catalyst dosage, temperature, pH, the concentration of hydrogen peroxide and
number of cycles on decoloration effect of reactive brilliant blue KN-R were studied in detail. The results

showed that the terpyridine (tpy-Cl) and Cu (II) could form stable complex, and Cu content reached 14 %.

Wk A . 2018—09—13 W% E B 2018—11—01

AT WFLA B AR 040 (1Y 175020013 s W8 T ACRHE BT H (2017C03016)

FEB A 43 E (1993 —) s Lo BROR KN WH0F5R AR, 3228 A R e e Ab 2 5 B e 65 0 T OIS
WEVEE . BE, E-mail: tao.chen@zstu.edu.cn
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The tripyridyl Cu(II) complex had excellent decoloration property. The decoloration ratio in 55 min could

reach more than 95% under room temperature, and the catalytic system still kept high catalytic activity

after cyclic utilization for 5 times. Therefore, the tripyridyl Cu(Il) complex has good application prospect

in wastewater treatment field.

Key words: terpyridine ligand; Cu(II) complex; catalytic degradation; reactive brilliant blue KN-R;

decoloration ratio

0 351 &

TEERYE Tl Hp . Z5 405 e € LA K ERAE TN T
PR R SR YR SR 1026 ~20%0 1
et TCTEAS B4 OR FH i  E BEHE R B K At
[ , B Yk A i H 25 ZFEML, — e LA
R Ak B TCIER A LA R0 A ) R A o i e ok i 2 91
K s FECENYL IR K (1 R BEXE B TE— 2B 1, B YR
KI5 L5 Bk [ AR AR P B SRR )
o BAT V5 Y57 52 2% 7K T B0 B TR A e o G
W F o — LS O S A AR I A H DL ST A N
AW N BRI — LA™ . HAr, fekbE
AR5 3 5B =28 AW B R BT 1 L
B B4y B R O B L, LA Ak
LR EET O RIS g s
R EMAE T LR SRS o E B AR
VE I Gtk 2 7K 1547 8 fige oG €20 1) 2 90 e ot 50
Fenton 35 & — s il fb 24 S8 Ak ik 2R H Fe*™
BT R A SR ORI B PR R R K T Y
B ML EN Y PR K A BRACR A o B3  TRT A5 2]
e, BRI . AL 48 Fenton 1577 7E 25 3511
AN BT 20 B e s K R P A b . 3
SEAE SR & R 1) 25 Fenton Ak, Mtk Fe' B F
AL E AL S E AL i BE A% v R Ak Bk, iR B
RAb FRYARL I K 1 EH Y

FEBAT R T U AR A 2 A, A LA R —
il R B epP R H B2 k. Alir2Ra
B ZS [R5 44 () TC A P38 5 BB B3 i A MILID
A I HL3E A 45501 A LG AR (4 FH R 52 300 I - L
FRRRITEREN . TEMAL S, 4 E A HLC A 4 Y
KA Z T2 b — el S W AL TE PSS
4 B T0 5 A W i ) 5 A6 ARLARL o K JHC 0 FH T G b 2 7K
AR A % T ZE A R L. FEBUR ALz fb 2 s
ZHRILRE R —Fh A = R, AR 5152
1 4 B B IR R E I B A b & B T
B YA T DAL ALK 5 5 B 3Rk B
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e WA B A0 e A A P A
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Fehz 45 1 Jm CuC Il ECE YA | i BE XS A7 1
SRRy 4 J5 AR AR R0 10 [T 2 3R AL T 7T RE 5 K Cu
CID BCE P 0 T A R A 0% 1 0 KIN-R e},
RGWESE TR T R R pH i S SR LA
KA P RS S SR 20 B 8O R 5 mm , A
SCHYBIFFEAE AT Ry YRR K A PR it — € 048

1 SKIEERS

1.1 w5

2-MLIE R 20K (98 %0) . IR 4% ( AcONHL, L 43
Braf)  HAM#E (PCLs , 3 #7146 . Na, CO; « 10H, O
(rpra) (CuCly « 2H O (i Hrél) . &4k (NaH,
6020 ARG (CDCly , 434l 3595k [ Blhr T2
A); =SB (POCL , 204l ok A LR VS WAk 2= T
A BR W 5 UKEE R (O3 BT 26D L L FE (O3 #r 4l L TeK
BREREM (Na, SO, , 43 #fr4t) . — & H ¢ (CH,CL , 7t
4l) B A BT i AR Al AE T A PR B 5 DU S0k R
(THF, 4381 4 2k 7 R 7k KAk 21700 A BR A
AT FE 20 4 AR R R [ 9 3 £ S 2%
25 30 Vo AL R (M4l ok B L ik 25
FIA BRZ S 5 IR oM 4D ok [ W B4 TR
A BT S A28 A R DA 28 A 5 T P
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o, A= ZE RN E 1 PR .
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T RS E PR 5 (LI A PR F)D » AVANCE
AV 400 MHz e B 25 480 A% i 4 9 1354 i+
BRUKER /3 #)) , Lambda 35 BI£2 40356 B8 i (A
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FHEREIEAL (H A JEOL 245D , ARLXTRA # X §f
LATHHL (GEE#HE ARL 27D, PYRIS 1 Al H
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GBI 442, 2" .67, 2" - = BEMEIE Cepy-CD
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55—, Il 2 A 1E R Y U S F AR EE A /9 100
mL = HBEJEEHE T AT /K THF(50 mL) \NaH
(60%, 1. 60 g, 24.0 mmol) FI 2-Nt iE F g £ fig
(4 mL, 30.0 mmol) , filt #4 [v] Jii s F9H% J5 K A B (1
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W =1 o SR TR b3 v W 9 1 N ) = 1 RIS B
H, 1.5 hiNii e se i FIR G4, 4R 22 1 6.0 h,
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mL), B A AcONH, (2.70 g,35.0 mmol) fl 1,5-
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i ]2 Rz
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BHA WM A E] 250 mL A9 HETE IR 175 5 1) 1 B
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. C,—C

R /7% = C.
Horf R R B I 60 38 BRI i WO EEIE R Cos
TS IIO G EE IR C

X100 @y
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2.1 =mtREE Cu(ll ) EEEYH FTIR 247
FTIR FAERC A FT 5 BS54 i 22 Ak an 1l 3 Jr
e M 3 AT LIFE i, 723 %k 3056 cm ' b IR
SR R TR S v(C—HD I eI L 7 1554
e ZE AT H IR SR UG Sy L E B AR DL R ORI L
R AEIR S v (C=N) FIl w(C=C) Ay I, HY 3
TE 1465 em ™' J 1394 em™ ' Ab i) b 5 i B I Wic 06 Ay
M IE AR AE R I . F5 R C—H AT N2 i PR30 &
(C—HD) () W W 1 Y B0 AE 1265 em ! 4k, 788, 732
em™ ' 680 em ™ AN R 35 3R I C—H WIS
MRz v (C—H) (g ki
MEARS Co®t RARN G553 E C—H %
it HR 2l W Ac 0 BE AR AN AR, 3434 em Ak HH IR B U
J&—OH R A M 4647 3 v —OHD B i, [
AF, 1554 cm " Ab 14 Itk g - 42 1) 1 45 PR Bl 06w (C =
NOAE /N T7E 558 5 P 45007 5 (1594 em™ D) BT —
AR, B T 1465 em ' A 1396 em ' Azbiik
WE P AR IE W2 W e Al 23 S B B B 1473 em 'R 1419
m A, R EFE EEFE RS Co® ZAfAL
Ja KA IGS ZISRAIE I B AR LAY it e 2R
5 Cu™" JE AR AR A 10 s 2R B AN 5 B 2

K3 =HRmbnERe iz fe 9 FTIR

22 Z=MeREE Cu( I )ELE¥A) XRD 247

L BELA YA G R EEF 2 AR i@ i XRD
DU A5 W 1 A AR 5 4 o T DA O 3t o) 5 90 1) 43
T RAFRIEAR AT 5087 A FIF T ffr 2 204k
SRR, ke R CuCID ECA P # K
Frsprmlaan i 4 frs, b & GG 9 A B R )
miRSE K, Hofr, Bty CuCl,  2H. O AYAT 5T
WEFE 16.1°F01 32.7°, =HKMLIE Ctpy-CD (AT 5T F I8 7E
17.7°, Bk S CuC I KA Fef AE L4 A W s » A it
TN B E] 27.2° 4 S AT AR AR

B2 AL, X AP IR Z W R Cu 1] ) 5 =BELBE (tpy-
CD &ABAAER I ARS8 T2 OB B TR e 19
CuCIDEEY .

B4 =IEmnERLRITE B9 XRD
23 Z=mMiEE Cu(ll ) EEWH TG 737
=HERERE CuCIDBCE YA TGN, 4 FH T, 20
~800 °C, FHRH % 20 °C/min), &5 F WA 5 Fix.
A BB tpy-ClL M 165 CIFUR 40 . 1) 435 CHIE
BA S 4, HEATEAZ . SEAFTAHLE
=EBERE CuCIDBELAPIM 300 °CH IR 7 HIAER
EPERER, FEEEAET CullD) 5AHLRCAK
tpy-Cl ZJAJE L T Cu—N g, M & a] LS 28 4
WEEE] = mErESL CuC ID FCAWITE 60~270 °CH B
— MUY R E R, R A I PG R TP RS
RETIHEN H.O, HARTERN 200, I H FC A
YIBAHR CuCl, « tpy-Cl » 0.5H,0, 5K %R
JFE M AREE TR FE 300~789 “C Ak 1 IR Bk (1) 2K H R
G 04 T =ML BE L) 40 B2 i 2 ) CuO 1Y
o 17000 A — AT AT AR B =t
CulIDEAYI T EE Ca g EN 4N (UERH
SEGD .

K5 =IEmMERERC AR B TG ik
24 =MtiEE Cu( I )E&HHI EDS 734

i EDS gt =i CuC 1D BECE Wk
HILEN S, KRS &4 C.N.CL.Cut
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KA 6). JLR &80 M 5200, 1206, 2004 Fl
155, Sl g i = mkne 3 CuC IDAECA Y h T K i #
WHEAEA—ELIFH Co &5 IE e R
FHIT . A SCLA TG RE5 R U

keV
K6 =mthekk CuC IDHEEYIRY EDS K

2.5 MELBEMETEEHEIE KNR R

W B £ 10 = e e 3 Cu I Be & 9 i Ak 71
P TG PEH . KN-R (%) AL B A, o0 BT T 48
AT & IR B pH A S Ak SR B LA R A AR 7 B AT
IRV VR BIOGT IO €00 50 SR 1 5 ) XA T o fie AL B
HEFT T HF5E
2.5.1 AR R B € R R (R B )

25 CHAMF F 30 mL Bl 500 mg/L 1t
HoE KN-R YeRbA MO A #] 250 mL AYHEIE R
P43 EE 14 mL pH=9 2P LA & 56 mL 7%
A E] LR geii b, 8o bt 51 0n e i
B2 mL IR AV I B A B R I 593 nm 4h
MIRIERTCRE Co o BESS PRI 20 mL Jii & /080N
3% iy i A S W UL SR TR £ (0.5,10, 15 mg Al
20 mg) PMEALT, BFAS SC I 45 & 7 FoR . A
7RI A S BESE CuC I B4 9 04 5 €0, 23 B
R AL Y B =g CuCID EEA Y
X PR B KIN-R Y i HLAG AR 0 1 4 A B (0 502R
A AE 15 mg B %A5) 950 L1 b, B
ARSI =k EdE CuC D LAY R & AR
PRI, PR, FR SR ff SE gn  F 15 mg 1Y = iknE
I Cu(DHEEY.

2.5.2 Y BE X €5 R 5

¥4 30 mL ¥R 500 me/L 3G PEH i KN-R 4
RHAWBINAE] 250 mL B4 B0 B E 14
ml pH=9 ZZ iAW LA M 56 mL 2K A%
WY AR A AR 2 mLIRG
VAT IR e R it KK 593 nm A 490 B W '
J& Coo SRJEMA 15 mg () =mErEdt Cu( IDEAY
120 mL BRSOk 3% ()i S AL S W 43 BT
ANEELEE (20,.30,40 .50 °C 1 60 °C) & T 47,

FCREISIR] g 55 min, SEEGAEARUNIA 8 frzn . Hild
M 20 “CTHEE] 60 CL BRI H] 950601 L,
F W T el BT Jd (0 S8R B AR B AT R, LA 2 i
AR BVHA A B LR MU (R 51 2 e
TR FA BE 25 8 i S M A S A Ve PR 500 T AT

7 AN IR0 P e €2 25 15 e Tl £ 5 3% 2

P8 N[ I RE T i € 25 5 I ) 11 5 2%l 2

2.5.3  pH XA 4 5 0

25 CF % 30 mL ¥R 500 mg/L 1% M:Ha #E
KN-R JeRHE WA S 250 mL B #E IR F . 1545
BEE 14 mL pH 20508 3.5.7.9.11 Fl 13 fIZ& np
W - pH AAE A 3.5.7 B R A IR A — 4l 5
PR TR G pH (EN 9 F1 11 A9 2 vl o ik R
PSR IR SN TR G, pH N 13 1928 Wl A ik
PRl eI S B A SR A B B TR A WO LA B 56 mL
ZRIBACMA S LR e, s o i bk 20 5
2 mL IR AR I 7E R K 4 593 nm
A IRIIE G BE Co s 85 M 15 mg 11 = Nk e i
CuCIDECA WA 20 mL i 50k 3001t A ik
LW AT, SR AR A 9 FiR. Y
pH {EM 3 B4 E] 13, i (A R B 4 . FERR PR 4%
PETF B a2 AT 35 5] 95 % LA b, JLF 52 4 i fa
T e 0 R AE R ME 21 R AT 1290 M F T 5 R Tk
AR RFIF . Bk, fedE SR pH=9,
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Je SR RSB ] pH=9 BZZ A

B9 it pHERSCRMIZ

2.5.4 i S Ak U X I € Bk R A R

25 ‘CF o 4% 30 mL ¥R 500 mg/L {FPEH i
KN-R YA WM A F) 250 mL B9 H#EE I, 1553
S 14 mL pH=9 B2 W LA K 56 mL Z518%
P | AN I B 37 3 T R e e o i S S A ==
2 mLIEA W T A f R WG K 593 nm b1y
WAL Co. SRIGINA 20 mL 5T 43505351 A
196.3%.5 %80 7% 3 A AL SR ORT 15 mg fiE b
FIPATHLE . SCIRZE T 10 FiR, B G 2RpEE T
AL SR B AN T 338 o T B 8 T, 38 ) A 8 Ak B
IR 5 ok SR Ak SR B TE 1 00 B B e Rk T
90 %6 » Ak £ 38 Jinad SR S IR T I S 34 ATk #
95% L . LA RE i E Ak Al fe Rl R VR
H 3%,

10 AN [ aed S P S e B I A3 €273 5 B ] 1) 5C 2R it 2k

2.5.5  fEHAME ST

25 ‘CF . #F 250 mL HEIIEH A 56 mL 78
187K .30 mL ¥ K 500 me/L iGH#EH i KN-R 4%
BHA, 14 mL pH R 9 MZE s LA & 20 mL Ji
HAECH 300 it EAL SR 15 mg AR
55 min DU FREE A 15 mg (6 P # KN-
R, ARZE N 55 min, SEATIEAME BT, SCge 2R

Gl 11 R AR 5 B AT AR IS B 9504
DAL BE I A A 700 H A s B9 R P A ) M
fetERE .

BT JRERREON il (L A5CR Y 5E )

2.5.6  fEALHLIEAESY

EUE R e By D VA S e v B s AP K = W
8 UL R A AT P A 455 2o SR B 2 LB LA %
FEARBEHLE W pH (B EAR 78 T
7R HAABR SE 38 8 TE FR I A B T AT
A SRR TR M PR T AR T AR e AR
MRS, S R R UL YR (U NaOH 3 7y
pH AN FH 2 s Va1 05 I % W B AR AN 23 i 45,
BT o AR PR S 5 ke CuC D
Bi & WAL R A 1h M i KN-R Al

HH s — PP oA O R 5 Bl R S
HEAE AR L ) R SR, H B2 SR 0 ) iz (A
AAVEFIF R R I [ i 2 SOR g SRR T i e
WAR R I AR EE B g SR A3 550 H i s o e i SR
Wi AR 2%, DR AT DA, 7E — ke 5L CuC 1D L&
WAL A 05 T e 0 KNSR g €8, 58 78 b s 480 Ak &
AL TR ARE IJFARE AR EREAGRE R
I S AR AR R A 1 PR 0 KIN-R (14 S g ke )
ZOCHELEMMEN . @ G AR & i A A B
FARTHE ) s, TR 2 e B T e i g v e A R
H 5L IR OC TR O T R4 58 2 1 R DL A5
B IR AESE .

3 & it

W Jef WA HLECIAR = BEE e (tpy-CD L R 5 5
CuCl, *» 2H,O e A5 2] = ke CuC D BA Y,
F2 S A A A T P KIN-R G H AR Ak 1 gt
FIvPA . G5 . =mkhESE CuC ID) FL & YAk s
fif TP KN-R B (e 6 T2 . i, pH
=9, Yupbifk B 150 mg/L, =kiER Cu( DR ESY



140 iR A N S D = S

W CHSRPBL2E D 2019 4F 41 %

A& 15 mg/100 mL. B4 55 min. B9 (3 aT
IRE) 95 V0 LA b s FEAR I 5 T PR FFH s 1Y
W, HEAh T R AR SR TR R E R
CuC IS Py HE AR AR 36 PEHE i KN-R pyad 2
FEHE F HE S T 2 OCH B AR . Had AL S A
S R e it TSR A g
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