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Effect of humectants on the screen blocking performance of flat

screen printing of modified mineral soil
WENG Liuyan. WANG Lili » HUANG Yi, MA Junran. WANG Chenglong » SHAO Jianzhong
(Silk Institute, College of Materials and Textiles, Zhejiang
Sci-Tech University, Hangzhou 310018, China)

Abstract: The modified special mineral soil is easy to be dry and hard, thus leading to screen blocking
problem. The influence of humectant type and dosage on screen blocking property and printing effect of
modified special mineral soil was explored through adding four different humectants in color paste. The
results showed that 9. 0% glycerol or 4. 0% triethanolamine could effectively improve the screen blocking
property of modified special mineral soil, but the printed fabrics showed low color yield. 2. 0% humectant-
7 and 10. 0% urea could effectively improve the screen blocking property of modified special mineral soil,
and the printing effect could be comparable to traditional sodium alginate/urea printing process.
Application of modified mineral soil/humectant-Z reactive dye printing process could realize urea-free
printing, and solve the problems of ammonia nitrogen, COD and BOD existing in the traditional sodium
alginate/urea printing process, and it meets the requirements of environmental protection.

Key words: special mineral soil; screen blocking; humectant; reactive dye; printing
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Establishment and application of concentration analysis

method for multi-component acid dye solution
QIN Han' . FAN Yanlin® . ZHANG Yaru'» ZHAO Qianggiang'*» SHEN Yifeng'*

(1a. 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, Zhejiang Sci-Tech University, Hangzhou 310018, China;

2. Zhejiang Qiaoer Tingting Clothing Co., Ltd., Shaoxing 312300, China;

3. Zhejiang Sci-Tech University Shangyu Industrial Technology
Research Institute Co., Ltd., Shaoxing 312300, China)

Abstract: Real-time analysis of dye concentration in the solution is the key to achieving controllable,
energy-saving and efficient dyeing process. Based on the UV-Vis absorption spectroscopy, the maximum
absorption wavelength-simultaneous equation method, peak area method and ratio derivative method were
used to determine the concentration of the dye in the two-component and three-component solutions. The
accuracy and applicability of these three methods were compared. For the analysis of the two-component
solution, the three methods exhibit a high accuracy. and the calculated concentration has a linear
relationship with the actual concentration. The relative error was less than 2.15% when the concentration
was 1. 0X107*~8. 0X107% g/L. The maximum absorption wavelength-simultaneous equation method is a
preferred method because of the higher practicability and convenience. The accuracy of the three methods

for the analysis of the three-component solution was less than that for the analysis of the two-component

Wk B #.2018—11—02 I HERHH]: 2019—04—02
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solution. The order of accuracy of these three methods is as follows: the zero intersection ratio

spectroscopy-derivative method, the peak area method, and the maximum absorption wavelength-

simultaneous equation method. The relative error for the zero intersection ratio spectroscopy-derivative
method ranged from 1. 30% to 6.47% when the concentration was 1. 8 X10 *~3.0X10 ? g/L.

Key words: UV-Vis absorption spectroscopy; multi-component concentration analysis; acid dye; ratio

derivative method
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Comfort control of cotton fabrics containing

crosslinking thermosensitive microgels
FAN Na*. ZHONG Qi**, WANG Jiping™"
(a.College of Materials and Textiles ; b.Key Laboratory of Advanced Textile Materials and Manufacturing
Technology , Ministry of Education, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Poly ( N-isopropyl acrylamide-co-Poly ( ethylene glycol) methyl ether methacrylate-co-ethylene
glycol methacrylate) thermosensitive microgel (P(NIPAM-co-OEGMA ;,,-co-EGMA)) was synthesized with
free radical emulsion polymerization by using N-isopropyl acrylamide ( NIPAM), poly ((ethylene glycol)
methyl ether methacrylate) (OEGMA;,) and ethylene glycol methacrylate as monomers. The P(NIPAM-co-
OEGMA;4-co-EGMA) microgels were characterized by fourier transform infrared spectroscopy ( FTIR-
ATR), UV-Vis spectrophotometer (UV-Vis), dynamic light scattering (DLS), field emission scanning
electron microscopy (FE-SEM), video contact angle (CA). The P(NIPAM-co-POEGMA ;,,-co-EGMA) was
used to produce smart textiles. The properties of the textiles were characterized by scanning electron
microscopy., intelligent whiteness tester, smart style instrument and multi-function electronic fabric strength
machine, The test results showed that the softness of cotton fabrics reduced after the finishing by P(NIPAM-
co-OEGMA;00-co-EGMA) microgels and moisture penetrability could be adjusted by external circumstance
temperature.

Key words: thermo-responsive; microgel; smart textiles; moisture permeability; comfort control
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AT (N-SF N IEN i BE ) 2 (2 ) H LN I
Walig) (P (NIPAM-co-EGMA)) Jii i 38 & 52 B 41
YR IENERAE 30 "CHI 44 °C Z [ 2848 B R0CR A 4L
PI5I AR (2-H1 B-2- NI R -2- (- 4Rk L5 38D &
i) 23R (2 1) WL IR R 15D (P (MEO, MA-
co-EGMA) IR U G W S IAR 211 19 358 10 R 7E
25 ‘CH1 45 “CZ A =AM, Save S 4 plixt
N-RUT RPN Ks BE i (NTBAD FITR K Bk % (Am) B9 G
ALY IR H S R R B AR S b T4
LUK ZE B R R R AR A I B S
We M . Zeiser S5 HBE N-5: P 2k HY 614 445 1k
Jfiz (PNIPMAM, VPTT =44 “C)OE R N #% . B N-1E
L IEN: (PNNAM, VPTT =21 ‘C)fE R 4h5%
il A JEL A TR A e 07 140 A% 7 R B TRE I » T B I
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AR H LR G 0T E S EA ER
JEE 91 T A v 7 1 R B G » 3R BRLAAR Ry NS P
A Bk % (N-isopropyl acrylamide, NIPAM) #1 %
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Fis) I PR 0 R IR (EGMAD L il i — 4 B A ik il 4%
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FIFH G A TE I LW A B B . 1, 2,3, 4- T e
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| R o a8 e TR Tt UM B %) T e R R R
PRENFRLUY) b ) OB I o T B 0 L A R A 3
AR A R BT . DA S IR AR 24 A i T B Y B Y
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1 MREFE

1.1 MRS NEE

R N-S5 5 56 73 4 BE e (NIPAMD (98%,
Macklin); % (2 = B) W lE W 2% 8 M MR Fs
(OEGMAy) (Sigma) ; I (2, — i) H 5L 15 5 1R g
(EGMA) (95%., Sigma); + — ki £ B R &4 (SDS)
(99%, Macklin) N, N-3IV. F 3 X 74 45 Bt i ( MBA)
(99%, Macklin) ; 15 % iR £% (APS) (99%, Macklin) ;
1,2,3,4- T EEPURMR (BTCA) (99%, Alddin) ; YRR
BH(SHP) (99%, Alddin)

A% : MLL104/02 H,F K (Mettler Toledo |
WA R FD ; IKA EUROSTAR 60 %1% i, %0 2 p¥
WREAs (P2 [E IKA A H)) ; Zetasizer Nano S B4k
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Lambda 35 #4840 UL 73 5656 B 31 (32 [F Perkin
Elmer /2 A)) ; Nicolet 5700 BUAH B H-2T AMGEEL (3£
FE AL A 7)) 5 S-4800 R4 L I S ( H 37 B
AR AD s CTHI-100B 2 {5 I8 1H AR (L i AR E1
AR BR/A 7DD s PhabrOmeter 3 7% 58 XA 1Y
(EFEKFEFRFHE AT s JISM-5610LV B 14 i, 1
6 CH AL ARl A4k s WSB-2 U fE (3 B
AL BN R B A AR A FR A ED s YGO26H £
It r FEW R IHLCT I g5 8ULER) ) .

1.2  P(NIPAM-co-OEGMAsq -co-EGMA ) 5 B B
BH

)R B LR D B PE S A ERL A Y
FIREIR o A 160 mL 4K 5. 8 A & bR A
10 min, #8J5 MWL 2 mLL e ARE S DAV 5 |
R ASLEH R PEHCR R E O 300 r/min, H G
B IE PR SDS0. 87 mmoD) I AR B, 75
IR S A B4k NIPAM (24.00 mmol ),
OEGMA,, (6. 00 mmol) il EGMA (1. 60 mmol),
TR 78 43 FLAR S A ZZ 1677 MBA (0. 87 mmol),
SRIG B R BT HE . TRl A 22l 203 1 h. fRR &R
VAR 70 CIEmAS] %% APS(0. 31 mmol) , i
JE R R B ARSI R 6 he RV R
S » WP 2R B G R AR AV 22 5 U 45 B BRI e 0 AR
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B 80 CHER H HME 1 h, AR i K mo s L
120 mL 1B A W . fim A BTCA (2. 40 mmol) Fl
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5 kV, TAEREE 19 mm, BORAEEL 1000 £,
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() E A
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W AU R TR E A N 11. 3 em WIIR . SR i 7E
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ST 24 0 R R R AR Sk 2 R A HHE
FESEREE . X TR & 3 ASTATRE 45

RECEE.
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ok B Ry FFFIE B 200 mm, B 3 E 100
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1.4.9 BB RAE
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SEMZE T . DR B 3 o 2 A R Al K gt
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i M5 BRI 59 0 ) Jot 1) 53 544, A [R) 1 56 A1
AEAEAN R B FRRAE R S 0 o PR) sk AT A3 3 X5 AN [R) 4R
WAL 19 43 AT A 10 0T 5865 0 b B RE T 1 4R R
K 1 & P(NIPAM-co-OEGMA., -co-EGMA) {3 ¢
W LA GRS, BT ATAT 3509~3293 cm 'y
PNIPAM it i 88t = N — H % {1 45 g 5 i A0
PEGMA 1 O—H #ip 45 ¥z sh 1%, 2929 em™ ' Ab 1Y
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P(NIPAM-co-OEGMAy, -co-EGMA) 3 &t & & 34
R AR B IR A R S MR WS VPTT X ]
o3 % N, AP R YD

K1 P(NIPAM-co-OEGMAs -co-EGMA)
THBEIE B LA 1
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FHAEGTA T ERRBE S . BT PONIPAM-co-
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MITEHATIRGE . TR B AR T R B 5 21
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WEAE TR SEM 43 #4528, &1 6 SR, & iy
T e I 8 A S EROIR 0 L HL R /N A B — HL
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eI ) FE-SEM [&]
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5 BEHE AR A ph e 1 nl R, 2 R i R B Y
R S 2 R W) R (0B M Xk 4 00 ) S
HABRKZN . o T e PNIPAM /Y 3¢
WAL AR (T ) KT 100 CL el MR T T,
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Research progress of two-way shape memory polymer

and its composites under stress-free condition
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Abstract: Two-way shape memory polymer (2W-SMP) has received extensive attention in recent years

because of its high application value and development prospect. In this review, the preparation of 2W-SMP

and the mechanism of two-way shape memory effect (2W-SME) under stress-free condition were

introduced respectively according to the specific composite structures, chemically crosslinked and

physically crosslinked crystalline polymers. The influence of material selection and preparation methods on

2W-SME under stress-free condition was mainly discussed, and the application prospects were prospected.
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ToE LI i 5 46 S A R AR B9 £ 3h 22 4, 1
SRR IR —Fp A [ AR C A2 30 (One-way shape
memory effect, IW-SME), i 2W-SMP A] DIfE—
YR IR J5 o AN 2ok 315 32 1 28 A Al T LA S5 390 i g
FEARFE LR IEAR Y T2 828 4, R B A3 1) IR
125800 (Reversible shape memory effect, RSME),
B a) FE R 32 12 %% W ( Two-way shape memory
effect, 2W-SME)M? | | 3R F5 Vi 15 2W-SMP 7¢
AD FTEREIY O T WL | 26 T i 25 4 s ol o)
A G2ERR AT R OR Bh 2 AL IR ) A 4
R RSB e i

WFE LRI, 2W-SMP 7EJE RS i 78 rh 75 2 4%
R MR ] —Fh 7 R R AR AE S A
I o 368 Aok ik 722 A YA 7 R O 52 RS % 1) S e T S
B 2W-SME™"#) 3 5 —Fh 7 2R A2 6 45 L 14
TEAN JIHE F s R 45 5 75 3 i 4 (Crystallization
induced elongation, CIE) A FEh75 5 U 45 (Melting
induced contraction, MIC) Sz 2W-SME>24 | D)
ARy 2R AR R o R R AR RS T 2W-
SME. {H7E 2 BR AN 14 5 3t Tk S 3 2W-SME,
PRIt S 7 ST R ) T i 2W-SME, il £ T2 1 /1
T 2W-SMP HA 1R i i B B 55 U (8 A0 ) i 7Y
Nof TS . AR SR BB 1 2B 45 A2 2 R
A I BRAZ IR 2, S SR W Y 432853l X TE I ) 254
T 2W-SMP #9 BF 5 3 & . 15 H A T s TR A 3 A
Wik,

1 BEERLEUREY

Z B ARICAZ Y JE A R IC N ) Z R 5
W 2W-SME ) J7 35 445 )2 6 45 4 R A% -7 45 1)
Chen 8271 i W2 1 JE AR 32 12 2R & K (Shape
memory polyurethane, SMPU) %G 21| R Mt JE j# 44
IRERE 5 (Polyurethane, PU)ZL E, K 1(a) K
EEaitl sl B R g, TETHRA R b, H XA E
RICIZry 3K s Jy th LY SMPU 46 3] 5L 5 2
HEMIA RN 7 PR S A5 A A . Bl fE
BT A AR B BT E T R 7 A il TR AR
I FETE 25~60 “CZ[AIE 3R 223l PRIR LA b 397G # 00
W IBR B TR E . Tamagawa 5570 Fl FIBKEF
HEIE SR IR ER IR AN 2B 2H 3 PR AU IR B PR ik R A0
BRFESFM LI . TH R i AU K 22 Ok iy —
PR A 0 AR A T o AT ol H i 2 22 J ik 2 50/
) —Ml . FR Tk A2 AR TR ARAS AN 2 T A
W 5 R T R AR 20 5 2 — i A K 5 |

i, X 5 55— 7 ik b T 4R B 9 S OB 1) SMP
MSTEAT A AE . W2 1) 2W-SME HL B B AN
], (B AR S T #m i 2W-SME,

fdi ] #%-5¢ 45 M9 1 %5 TC I I3 F 2W-SMP
Westbrook 4577 i i, #%-5¢ 45 14 /& ¥ 1 $ i 11
SMP i i A 1 9 77 28 T 5 PR (AR Jot s, ] 1
(b) A-seasit il s B . S SR
ARG | R BRI SC R L8 e I iz A IR I [
E BRHE LR (2 B A U BETE 006 T
RNIETRAUT B 5 R 4 s — W RN G R R L R E
BCAME PR . B TR RIS P R R WY, B &
PR PR IR, R T 2t 2W-SMEE 2 s T
FUEMEZ R 4. 95 mm, [ A 4549 ] DL SRR
& 10 % Bk 1) AT 38R 5, Kang %6 fif FH R RR ARG 45
Mtk 4TC N 71 2W-SMP., 3 33t 20728 9 3 SMP (1) JE
PSR/ QI I5] 2 VNR To vAR i = N (1 (W
SMPU Hil % & M- T Z #&R & & ( Styrene-
butadiene-styrene, SBO)MJG T #-Fo45 im0 &4
Bk SMPU F3 51| LA # B RN £F 2k () 20 a2 5 0 7
ITEGIABIERANE 5] K SZHR Y SBS ., AR
SMPU J2JEEEEE A 1. 30 mm, SBS P4 2 5 B
WEN0.33 mm, ZF4Efk SMPU,SBS EEE X E
90.16 mm A1 0. 30 mm, PIFEXAZ-TEE A4
R T RAFRY 2W-SME, H ik SMPU
(1 2W-SME #4F 10205 M£F 4k SMPU, Hi T SBS
JELJE A BTG B L S bR i (] 52 5 AR A B R Y
2W-SME #4 F 20%, I Fh #-7¢ 45 ¥4 38 i ok 48
“1%7-SMP BIE e - s M A SRR R R 45 T 2W-
SME, il £ Jo i 1 B PEfE R 47 2W-SMP £ 4t 1
T8 R SR AR R ) SRS

BB G IR -SE A AR RESE I 2W-SME, (H
R BRVETE T B0 —2H 53 0 2R G W 2 B PR A
MTRH—, AT BEXFA R R E LS
ek AR T XU IEARICAC R G W G R
(Two-way shape memory polymer composites,
2W-SMPC), Chen %07 ¥4 44 % ( Carbon
black, CB)5| A%] SMPU Ht, % FH 2 A i 05 2 il 45
H T S L BROOLE 1 Y 2W-SMPC, 24 CB Jfi 43
HOh 500 HARFR A BH AR A2 3 (1 1.1 X107 Q/
em [EZFE 2. 3X10" Q/cm, 2W-SMPC F 3 B I/
Sk, o CB/SMPU && EHi K IFHi & 3 PU
M B RRIRRE YR AR R4 B 2W-
SME, i it fin— € v 2 iy, EL7E 30 HL Hs A 4b
FIRIE L SR S i
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T YL 25 g RIS 16 25 S R M0 S i) T bR AR b 2ok
PR — b)) B A S5 F 1 U RS B 52 31 G
N 3 2W-SMP BT IR [ Fi ] 52 4 78 3 2 ek 22 )L
Ay RSF R R 9% TE 0 F7 2W-SME 2 — Fif iy 2785 2%
(7 AR DG T ] 30 25 i o A A R 4R T g A [l 42
TR0 1 AR H AT 30 5 o o R v L
B —, SRR RRATY T R R S BT R M RR AR
e Z Pl w7 (9 JE R 1 2W-SMP & A 4544
FIHNIEARICAL I £ B S X TR IR (9 44 4
Ho—2 7 ) A s A K ORE A WL . B,
il 2 W IE R A1 R M RE AT JE () 2W-SMP A R % &
B L.

2 UEBKEREEY

FERG B X 1 2W-SMP £ k45 B A, A8 Bk
gk BB R 2% () CTE Fil MIC & 523 2W-SME
(LS, RIS KB, B R A1
G FHESS R 17 L S HES ] SR W L
PP TS B Bk . TCAM I ) o 22Kk 2W-SMP
AR AE R A X 3K 50 ) o f AR A S 7 B4R
T NEREE AT R 45 1 St . i T N
JIF ) 2W-SMP 4345 30 45 ) 5 M 0 245 A AT
R S WIFGE A SR IO ol 5 ke 8 TE IV ) 2W-SMIP, AR
Pt AR LI AT KRB A S — PR 3 45
B AL” ( — A A BR 45 R A 0, ) —Fl e
AL SR 1 0 A SRR A R A
2.1 —SXBEREEY

— ARG MR AW 2W-SME HLIE . 7E—
T2 0 F N B2 IR 25 it 3R 5 R 285 vh 45 i X RIS S T

X AEAE RIS & X B 53-8 8 TG 8 B X0 7 14
PRI ) H A A Y R 2R A AT R — T
L SE HE S, Behl 46000 fifi B 25 A M 0 3 C N R
(Poly (e-caprolactone) , PCL) 1% + 1. N lig (Poly
(w-pentadecalactone) , PPD) & 1% T £ HH R & 15 K
2%, WA MR EG Y ML PPD SRR EE (T, . e
=64 O T PCL A RRIE (T, 10w =34 C) . 7E
BAE M ERE T resee (T resee = T i) X FE AT
IIE  BEIR 2 Tiow (T 0w <<T 1) EETEAR . DS
W, 24 PPD-PCL # PCL 443l 50 50h 75%
i, LRI 29 21 %010 2W-SME, X4 PPD ) it it 43
HCh 15 V0l al DA BB AL 1 E R, 24 PPD
Hat 40 %omt PCL 45 Xk 25 7 2W-SME, £ M
SEIR P 48 5 3 A 2 4 L 1570k 7 224 [ o AH AT 36
AR A VAR L0 B )R] DLk 2W-SME, i
Zhou %Y AL ) 58 A H 2W-SME Y
FIFH B & 18 3¢ — fE AR (Poly (octlylene adipate) ,
POA) 45 i AR 43165 il 5 285 st ol LS., 2 4b
FARIMRES /SRR B i 67 ST AR D)4, Ik 2238 °C
IAHIZE 5 CRRIEARE 2W-SME &l 2(a)—(o).
FOSAPERRY 2W-SME Fifi 45 210525 2 3 fin g 4 o 78
A Y A2 Ik 8 B R (70%6) 5 18 0 A8 Bk Rl 2W-
SME FEAI%. 73 &b AT A B H 351 & F Be-
T PR [R) 77 il 48 17— £ 510 POA M 45 T0 ML
LA IR G, WFIE R, OB S8R %5 B
JERZ IR 2W-SME (14 32 2P 2 TSk ) 245 f) R
HEXS I 2W-SME 2R /N, Al LE T 20321k 9 45
B I3 TR VIR o345 f 5 I R T O T 7 B AR
BEREXTEE AT N I FZ R . Saatchi 557 I I H 3L N
W TR 3 AL SR AN[R] 43 £ 4 A 1 56 & N TR B
HEAT o BRSO Ll ek SR AN E ] K 5 TR RIR T TR S Bk
1330 T BT R A SRR AR, S T AR AR
THY 2W-SME., {4 5 45 it 5T L 13 i, 2W-
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SME M 12. 5% hm3) 17. 1%, Yang 25 F1) ] H
FL N B2 TR B w09 R & Z W (Poly Cethylene
glycol) » PEG) 1T 42 IF T 15 (n-Butyl acrylate,
BA) ] 5 22 Bk 3 G W W 2%, e 27 #iom i 2W-
SME Fi7K e 1W-SME, i 22 PEG 70T & M
Hoor AT A BA (5 5, G581 45 A PE s i R e
MMM PERE. THE R 37 CIFBHIE 0 'C.PEG-2,
4,10 k 1 2W-SME K 8. 2%, 1li PEG-2.6,10 k 1}
2W-SME )y 6. 200, X2 502 th 190 & 14 i
EAFS|#EAK,PEG-2,4,10 k 1 PEG-2,6,10 k 1
SE ARl EE 300 0 49. 3 'CHIS1. 1 °C, APREH
Qian 4 F LA SR NI 05~ TR AR TR LR
#)(Poly (ethylene-co-vinyl acetate), EVA) 145 Flt
TRLPRE S PR A 0 1% e R AR Y IR BE O 70 °C i
cPEVAFY 2W-SME } 13.62% ., Fan 25411
2= ACHR EVA SR ICAZ A 4i/E M N T LA .
N TE EVA BEL B AR R LT 4EE S BF K
FHER VU F £ 0 60 3% K B0 S A0 ZE A e 1 2 LU AR [
I B EF 4Rtk . BIFST & BRET 2 e ARt s 46 -7
¥ AN K, SR N 20 C g m B 67 °C I,
cPEVAZFAEILAE 2 1800 2 N T WA h R 3 =
K 68 BB N AR . TCIE A B J B 2 A4 1Y
SRR W4, FL45 AT 1 45 ) S PR S8 SR AR TG
IO 3R S AN [ 1Y) 2 BRL2H 3 IO 2% T S A2 Bk 3R
B 10 255 ELAR A T 18 el T S L T 22 20 0 S B
S5 W) I 2 5 S WY 0 B 10 s R R e R R 1Y
PR SEI TR JI i 2W-SME 2 CH %

K2 fbEsck POA TEJN#E] 38 “CHR#1%
5 CHF Y =FpAIRIEAR 1 2W-SME!
— LGS MR AR 2W-SME JCHETE T
FHES fb-Js il 1) 28 S R S . B 3 I S IR A
i X 4% SA0h B PR 5 100 1 B 0 U B CRIA Rl D

FENE L FE DA 1B 1) o A 35 4 1) 56 4 0 il it 77
—EIAR s 5 TR Tl 0 B A e 49 1 vl Tk B 0
s A s il R Y 45 ol 1 45 o) S P S 3 TG N T 1Y
2W-SME . RIS A Filt (9 45 & Xy 58 4 4 il 1) 205
FE LI 25 1 “BRRCR R . XA A o 5
G R 2% H s il AR B A s R 4 0k SE AR T ) o) — 4
YRR AL PR SRR RE S B TC I ) 2W-
SME, 81— 20 7375 BEOCTH: 1 2 38 Bk 25 5 1 A 3l 2 A
TR X 2W-SME #4952 10 o XU 73 52 IR 25 i 1A 2% 1Y
2W-SME 22 2] 43 18 RIS R B B 25 B 5
2.2 HEXBRERREY

53 Sk — 2 SRS [R) Z AL TE T < ACHK S
Gy AT AT A5 — A0 A kI 45 1) SMIP 47 v i
WK . 55 — 25 3 BRSO s 1) H Y 2 4 OE 1) SMP 7
A B SRR A W I 25 v, 2W-SMIP (1 TR IR [
SE FEAR 01 52 09 3K 2y 77 bt 4k DA i A 1 7 7 4
ik, W SR F T — R Y T SRR il 1 T
[T 2W-SMP, B8 0 25 vh i A4 2H 73 F s A i
HAPRAE 7T DR, TR TS A R -2-
¥ £ TR Bt i) PCL RN A 48 B i A 28 D & ook TR
(Poly(tetra-methylene ether) glycol, PTMEG) 7&
SAIMCER IR [ Ak B J o 5 5 oz 1 25 100 2%
MRS 1 80 “CHRAZIR I e . B 28 M2 PCL i
PAE R “TF 7 S 5T R AR 4, R4 ) PTMEG 228k
P £V Ry S SRR A4 T . 283 Z2 TR
i EARICAZIR, H 2W-SME #KF 5. 5%, Meng
ST RIRE R TR M 6T | R AR AE J 55 — 40 58 Bk il
T PE R AT 4 T G e ni g A =35 P L T e =
(S-S HE N B -5 TR s P i el M 1) PCL R4 it -
A5 S IR o 308 2 R PG Bt v 2 PR A LB A8 (A =0,
3.5.5.5.6.5.7. 5) . K5 FHEE A5 | e R M T i 52
B AL, H 2W-SME ¥Rk F 152, Wang %59
I It 4 ) 52 AP G R RIS R) e 7 i 1R (3-F AL Y AR
PR Ak 40 ) R & 0 e i iy 1) 1 it 6 78 19 40 20 A BK
BNE s ABATTA FH 58 15165 | 2 B - e B vy 4%
o PR ] R A A R A B B (T i R TR Bl Y
MR FE T U E BT I HES . AH LG T e S o
PEUK 2W-SMP, A {182 41 7 —F i & . P JF B AR
SERIHIETCR SR 2W-SMP 5 15 . i B4 22 Bk
R (4 L A 425 38 Bk 2 B2 B T4 il Wang 4509
HAUUIEWIfE B A F G T e WlE (Ce-
Caprolactone ), CL) Fl w1+ H W fif ((w-
Pentadecalactone) , PDL) i35 Y) fJCHL IR ),
[ SR I - M S K S I il 45 1 — ZR 9 L #E F T
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RTREEYMLA NI F T #) 2W-SME,
[PCL-P(CL-co-PDL) 1.2 Jo.1 CEUFAR P S A4 1) J2E
IRl P(CL-co-PDL) ., %7~k CL 1 PDL Fifk
FEJR LT R 1 2R FRAE 65 “C I TCRL SN Ml i
AR R A K R AE K B IR K, 4y Bk 210620 A1
11.5% . [EfERM R, O T AR 28 UCR T
LB ZE 5L T £ 2W-SMP, i L TE R 1 F iy AT
LA IR R AR R TR (52~92 °C) AT il
FHAE YRR AL R A F) T4 K 2W-SMP 74 ¥ =
LA N . Fan 8809 i) FY B — 58 BE ) = 12
BB = (3B LN RS A A 32 B 7 28 SBS
5B N R B Z BE (Polyurethane, PU) 1R 32
1K, IR AR R LA B B 0 BIORE o B 1 015 &
¥4, SBS A3, PU Ry geafl, PU i) PCL 45
AR AL AT 5L AR, SBS HEALIE R 8152 (1) 4 89K
Ji. A B PU M % 78 60 °C f7 fif &
500 V0 AR , BEIR 25 °C [ a2 TR R A8 1 FH 48
MR RS 2 AC R, IR AE-20~60 °CZ A&
TR G, H 2W-SME # F & %, 2W-SME &
8. 7% . A FHAIR Y 7 32 0 o — SZ B ALK G AH AS A
AR R IEAT o3 381K vl LR il 48 o i 11 R Y 2W-
SMP $EAH B Z2 (14 R B A AR5 Jon £ 468 114 ) 4% 7 v

FE LR R R T SR R SR ST
2RI S A A 1Y R A S SR R A
KR AL F 19 2W-SME, {5 A & {138 % A n] #H
A AN [T 0 P Ack A R e R o) 1 FL R .
BIMETATREY 0 T 458, W) foie L0 S 7E it
Toll— 52 B A8 st ok e IR ok T B . Jin 2T
FIF CL FIZE DU B A BT DU PCL, 38 i il Ik 1A
R ()38 70 AR S 5O il 4 T AR AL ) PU,
PR R T R IR 7T AAE — 8 I K SRR IR
RN TR RN IE B A B A 2 k. VIR A
80 CHrAH . IR A8 T B AN FE DA S8 R AT 36 i, 4 5
A IR R T 7 A 7 9 TR B, B 2R 3R T K
312 nm M EEHMIETF 51 & EERR IR — 2R SO, B Toihr
AHR) 3 —F i [ 2 BT I B I 26 v T 338 1y A% i
i 25 PR J T A 5 A e AR it 0 R i AT 22 [ 1Y) L A47)
I(ROBG M4 =, 2 R. A 0. 47 &}, 2W-SME %]
TRIR KL 40 Yo 5 T 745 (18 156 A e 45 ] i g 2 44
T TR R AR R o 400 YOI}, 2W-SME #4 T4
40% . AFETF— i 2B R AWk R Ok
AL AL 2E B A 5 | AT R R 2 3 B Y [ B — 8
JE R3S T o FRERI S SRR T B0 T nT i AR o

ShAS AR P45 19 5 1 AN S B8 J A8 6 A SR 5
TAEG S sg BE R BR G, AT LA ZHCE SRR AW
I 2% S B S E AN T AN A2, A S8 B 245 o SR W ol
75 2W-SMP #2417 nis iz .

G35 SRR BB B ST ] A SR A L R
EW IR ETERLHUR S R X A BR4E 5 BB A W ik A7 T
T Z i 758 AL AR I N . 43 A Ak BN, AT LA
G| R FEEANEE R BRA AR, 5 HoR A 440
65 | 388 sk s il s D) 047 AN [ R B 1) S B S N » 565
T AR N R SR AR & IR TSR AL T
(S R R R i W AT SVt d O i o L N
LIRS H O el T vk 34 ] DL kel 4 4040 se Bk 4
TR AW AN T g 4 45 R SR AL R AR
B EIE . A3 R D RE A P2 38
Tk SRR FH 3% 42 PR IE I 1) sC IR 25 41 oy
FEREAR IR BE LA b PO AR o 457 A A A 1) 2% A4 o]
2. Sk G, AT T A2 B 45 M B AT
TR IO PR 0K ol L ] s L A A A [
RS, ARA RS T R A T fE i HL ] LA
I 2W-SMP 52 22 B I I AR . 75 B G T
JE s A AC B RPN AR AT I 4 B N4 S A o
X 2W-SME 2 5VEH

3 MEXEKERESY

b BTSSR SER Y/ PV RTTE SEx /B LI
F gl i ROT R il gl AT ) 25 5 SE B 2W-
SME., ¥ filt i B 58 w5 i 235 A AR A W B A 10 A5 T
BT BE A 45 & 5 s RN S m] i e AR AH . TEK A
PERAb 27 2E 1K 25 S SRS W PT LA Z2 R A T 350K
HA T Te IO F1 2W-SMP {1 H .

Gao S RIE T Jofk 25 38 B B B ME 205 /1-
VAR B IR YT IO 1 55 T B XL AR IC A2 8%
N o 3 PR AR BT L SRR TR
R RS B AR S 07 1) & 0 % e CBRRBE B iR RE
BN TR B A iy 9 A B (S B HA R
s RS IR AR AE 5~95 °C, JCM H & R AE
82 ‘CWIEIFAE 5 “C I [ 2 s I AR, 230 THilR &2
50,60 “CH1 70 °C,2W-SME 4351k 2. 2% . 2. 8 % il
3.0% . LiRBIEST FBH IR Tl Al I A 2 0/
1 i BRI B A L ge i) i 2 H B i
PR T ELAE R 18 TE 0 1 T~ BA 2W-SME, 1%
I e B & i, BT R 4 B AR AR T
e [ P 5 T v ) e B i LA R R L S SR W
PRSI e . Ao At ] 38 2 1 A i B R AR



% 38

FEBEWIAE . JOR 1 26 T XU EARICAL IR W) B S5 RO W ok Ji 305

B B T L A5 A A0 AR S AR G5 A 8 e B 2R
YIRIERICACPERE , 32 1 To b 2% 52 Bk i — ik Be At
EWiy 2W-SME J& i FL 58 & 74 RUSE 43 A R ) 445
Anis IR B . A ik B B A L AT T R
BEW ST RN T AR . Lu % 2G5
TR RYER (M-I R-H RN IR H.m £ 5
TEARIEAZ 0 FA] P55 1 2W-SME, JEh J1 T 1
2W-SME i BEJu [ ol 25~77 °C, FRIE i 1 722 43
Wk 204 % ,150 % F1 106 % , 28 3 22 R AE 3 32
AL AR A R 6. 7% .3, 9% Fl 3. 4%, T3 ek AR
N7 AT AR R RGN HLER T = F A HERIC AP
RE 1152 ], 285 5 32 B 28 [y 2k KA Rz 13- 28 1y s )
FERUINTI R 1 464 N AHRSR AT LA R I i 2W-SME,
GG AVEREAN SR SEHE 3Ar 4 T B R Y S M
AT 5 22 R 45 i 2 IR s se B 2W-SME fi 4
TERLH . (B9 HE B 45 RS W 1) 2W-SME
WAL T 2R 1 45 R A, IF B A5 2 AR 25
SRR BTN AR KRN ZE S . BRI TR AR
fEEE, AR BT R AR SR, X Wt BR ) 1
2W-SMP Ryl 25 5 H

4 R 2

JUE TR 4 F 2W-SMP & 4 ki il 4%
e 7 2W-SMP i AT . 5 A it 2 S ] 450388 14 17
T RAN TG ER A IIESE . 55— N T 25t
FANE TP Al 15 2W-SME ., 41 5 P AR 5L BE AT 336 3
AR AT 3 AR ] AR ] R 2W-SMIP AT ¢
AR OE AR ICAC B A I . 5 = To N 1 2W-
SMP et 5 AR AEAR K & 23 8], 5] AT
RetEM k5 TE N F1 2W-SMP [ F1 24 Mg WL T
RICTZVERE R WL 37 55w N S vk . B TR I IORG
THE R R BB N T T2 4% 2 A R A 2k A
(TCR J1 2W-SMP.,  H i R A LR 2, TF A0
BT 22 (R SN FH W) T 2 56 3 T A5 A i R T g
PELETT BS990 - ) 76 25 1 B 25 I
o7 FH BE I T A A B4 A A 2 1 DL B A N AR R ek B
UL RBAE ST WO AR, I H £ 2 AR 4B
BRI F1 2W-SMP, Ik KL 4= Wk 25 M 0 1
Yy i 2W-SMP; b) 7€ [T 25 fift K45 i) 17 FH 7 22 5
TR B TR [ AR ] 306 ] A Ao R 0 A2 — 1Y
F12FEPERE AT 1 25 [ AN IR B 5 o R MR AL IR AR N
IR Bhan e B 2W-SMP RE 5 52 B 22 4 Fn A2 2% i 1T 5
TEARAZ Ak ] V81 B 7 ek 3 AR e e 107 A5
EH AT BEE MR ARWIRA I R 2R A T RE

P AR 5h 5 L2 e JE R f1 2W-SMP, LU B H:
TEAE W B 2 Ze AL B A R 2 0T R 25 40Ul ) 1
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Preparation of polyacrylate,/ polyurethane/SiO, nanocomposite adhesives

through miniemulsion polymerization and their bonding performance
WANG Ningning', GAO Feng', CHEN Zhijie', YE Fenglian®, QI Dongming', CAO Zhihai'
(1. Key Laboratory of Advanced Textile Materials and Manufacturing Technology,
Ministry of Education, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Zhejiang Haitai New Materials Co., Ltd., Jinhua 32100, China)

Abstract; In this paper, polyacrylate (PAcr)/polyurethane (PU)/SiO, nanocomposite adhesives were
conveniently prepared with miniemulsion polymerization method by using SiO, nanoparticles modified with
surface vinyl as the inorganic component, isooctyl acrylate, methyl methacrylate, methacrylic acid, and 2-
hydroxyethyl methacrylate as the free radical comonomers, isoflurone diisocyanate and polycaprolactone
glycol as the PU pre-polymerized monomers. Meanwhile, PAcr and PAcr/PU adhesives prepared with
miniemulsion polymerization method were used as the reference adhesives. The composition, particle
features, bonding performance and thermal performance of the above three kinds of adhesives were
characterized by dynamic light scattering, Fourier transform infrared spectroscopy, mechanical properties
test, and differential scanning calorimetry. At the same time, their differences were systematically
compared. The results indicated that, the adhesive performance of PAcr/PU/SiO, nanocomposite adhesive
was significantly improved by introducing PU and SiO,. The PAcr/PU/SiO; nanocomposite adhesives
displayed the highest film strength, and its initial adhesion and peeling force could reach a good balance.

Key words: miniemulsion polymerization; adhesives; polyacrylate; polyurethane; bonding performance
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0 31 &

IR A R TG (PAco) B A 70 BA B T 50 kG
PR RAMIC SR O B T
BRI 21 48 A i AARIK S 45 Fh A R R 42 . (5
K PAcr b TR 45 AN i B AS s 591
B PAcr AR BpE . HEr, &4 R & g
(PU) Kkt /KM PAcr Zh & F R RE A 4l , i
PU 5 PAcr (W& A& FIFHF & 45 A BRR L BEH &5
L KGR e v R B S 5 B Y PAcr/PU B A 36 G
RN =I5 IV 2E AL 5 | ATCHLURL T, Sk
SREL AR KRG E BE AU HRAES . Khan 25 DALY &k
MR ATV 791 o SR T SR £ s R LA BRI AR ) A
B s AR R B A M S B A I R R A EE AR
Daniloska 27 5% & L. MoS, 44K B 78— & FLJE |
ABHETH PAcr/PU & & 256 R RS HEERE R B AL
PSR . EIRBFSHES TOKIEA Pl CHLE BB A
U K R ARG A BL/ TCALA R A
L AT IR 7 3 WA A BL/ WL & R
FIRAFLETCHLE 2353 A5 AR 5 [l

3 3 TE AL 2 1T (8 4B S 0 o TC AL RS A
WA 5 oAb 2 B BRI AL A AR 3
TCHLH ARG Y SR b i 43 HOhE . G SR A A
SRR R ETERE . RALE Y 1E PAcr/PU/SIO,
YRGS TG TR H 25 7 AR T A 25 1223, Al
DA ZIRFAE Y SiO, A TEHLA 55, R FLIR
SHI4 T L PU K52 PAcr/SiO, % 115 ok
To AR SIO, GBS ML AR 7E PAcr JEK
BRI T T B A IR R R L (Y
T PU MR YT Wehl s, Al e 2%, A PU 5
PAcr I3 FEAE—E R BE AH 73 55

AL M LI FAB R SIO, 9Kk TR G
ML 53 TR TR TG R BRI SR IR — ot =19
IR — S SR TR R F P2 35 1) T 0 B TR PR 7E 4 7L
WRARZR S @ F TR At SRR A R
TR » H-28 TOALIBUARE 2 11 A A8 B Ry — 261l
fb 2348 B 1 PAcr/PU/SIO, KB AT EH. M
2B IR R AR KRG M R AR BB A5 R . R
S T PAcr.PAcr/PU fl PAcr/PU/SIO, =2
BiaRIMES 50 PAcr/PU/SIO, 91k E A F S
FIIZEG R HEPERE .

1 EEEs
1.1 LWHAmA
I EL TR P TS (MIMIA , AR, B0 M 720 kS 4 44k

TATBRZ B A R R80T 2 1R BRBH 2R 5] F R A 7R
(MAA,98% , iR AL TABRAFD JARBIRS
B (2-EHA, 99 %0, Bl T 35570 4 BR 2 71D A L 7
Wil 2-¥% 2,1 (HEMA, 96 %, Bl T ik %1 4 BE 2
AR AR AR BRBE R . RO g
(PCL — &, M, = 1000 g/mol, flFCEBEAL T4 B>
D RTAE 100.0 C 1Y B2 BUAR h T BR K 2 h,
SRR — S R g (IPDI, 99 % , Bl T 3t 51 4 B
ANED L IE ke (CHD, 98% ., BT 7 T3 71 4 R 2
A BB R A (SDS, AR, BT R TR 714G BR 2
A I BRERAN (KPS, AR, BTz T35 4 FRA 7D A
R 1 /\ TR (SAL 96 %0, 2 UG AR A Bl 2 A BR A
A O T CAR, TRz TR0 A BR S ®DD L IERERR
LR (TEOS, AR, KHEF 2 BR AL 24 00 A BRA DD
Z/K(NH; « H,0,25% ~28 % fi ks ks 4k T
A BRA R | 3-CHI L P M Tk 420 A 3k = H A0 Bk i e
(MPS, 97 %, Bl 47 T 514 BR A 7D B2 (AR, At
M R R A Ak T PR /D AR R &40 (NaHCO);
AR HUH ERE A A4k T A BR2S "D ¥ B .
A SIS % Al R B TK,

1.2 SO, AN TFHHF. REBCIHGERERES

BB

K H Stober #:4il £ SIO, g1, w1,
B 800.00 g Z,F%.80 mL TEOS.72.00 g £ 57K
16 mL ¥k NH, « HO, B BN L, 18
25.0 CHIHE £F 3 K SN 200 r/min B9 &4 T L
24 h,BRJGTHE A 60.0 °C, F 2 i 6 h, il 45 Jr 75 kr
IR SIO, Ri . FREL 200.00 g Bl i SiO, L EESY
B N2 250 mL §Je s i 28, MRS T e A9 2
PR R B —E 51 MPS, IMA R M2 G, A ERE
40.0 °C, fit FE Ry 48 h, 45 MPS Btk iy SiO, Fi
F, fAifk MPS-SiO, ,

2-EHA/SIO, FR 3B Y £ 75k 8 ek
200 mL Ay MPS-SiO, Y 2,543 S0 i %) 500 mL
(R BRI e 2R AVKAK A 8K, #8250 °C
(55 T A TIEZE s ARG AE 28 1/2 B SR, TR m
100 mL ) 2-EHA 22 THEZE , HEW LRE5E 4
75 5 A Je B A A U 2 R ) A R e A AR L
TS FFEE R MPS-SIO, (1) 2-EHA 4380k .

1.3 PAcr ZLikHIH &

FREL 0.50 g 1Y SDS, 7 fif T 55.00 g 5 F K
i A5 FLAE R K WG FF 0.11 ¢ MAAL0.22 g
MMA #10.33 g HD /%) 10.00 g 2-EHA 1, 3%
AW . K TR RO 2 FLAL R K 48
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e CHRBRA RO

2019 4F 45 41 %

TiUFL AL FIRR 75 Ak B A5 0 SR A LR 0.75 g
KT &5 KPS, 78 70.0 C FMA SR T L
10 h, #l75 PAcr 2L .

1.4 PAcr/PU ZLi&HIHI &

FREL 0.50 g SDS Fl 0.50 g NaHCOs; , % fift T
55.00 g Z&IE /K . il 15 55 Ak 3L Ak 790 7K 7 T K
0.11 g MAA.0.22 ¢ MMA,0.22 g IPDI,0.05 g
PCL.0.15 g HEMA .0.31 g SA #10.33 ¢ HD fit A
] 10.00 g By 2-EHA v, A5 A W . B AH %
W) FLAE AT W b 28 0L AL FER 7 Ak B
1R AL, P o] SRR A LI TS 0 0.75 g KPS, 7E
RAMRYTF.70.0 CHY IR E T A 10 h, §il 15
PAcr/PU #.# .

1.5 PAcr/PU/SIO, IRy #l &

FREL 0.50 g SDS Fl 0.50 g NaHCO; , % fi#t T
55.00 g ZEMRK i, HlAS 550 PEFL AR K . FREL
0.11 ¢ MAA.0.22 ¢ MMA.0.22 g IPDI,0.05 g
PCL.0.15 g HEMA, 0.31 g SA.0.33 g HD #i
2.00 g 2-EHA/SIO, 4K 53 8O, & 8. 00 g
2-EHA A0 AR 73 500 . K AR 0 2 2L Ak
FIKE WD 2 TR AL 75 A B A5 AR 40 L
W IR s AR HFLIR AR N 0.75 g KPS, 7E 70.0 °C
ARG T Bz 10 by 175 PAcr/PU/SIO, FLK .
16 FMEFIEEHERNOTE

FREL10.00 g FLICE TBHT4E (M, =3500 g/mol)
HaE A 72 h, KBTS B LW S O 2
10.00 wt %, Ht 5.00 g #LW - B F 4.0 cm X 4.0 cm [y
PSR EL T, B 2L DU S L B Pl A P
%5 min, WA G BIAE S R VR T8 L (Lab-1C-
SOE, Jb at 1 = e S g A g A BR 2> w48 48 h, T
PR 5 BIRE AR AFTE TR AR N 2 H
1.7 BXFE_RERZ ZB2E (PET) BBEA §l &

WL A A 20.00 wt % )5 . B 3.00 g 3L
WL A 1.50 g [ &8 2.90 wt iy PTE 5451
B LT =K R FE M BE A PR A /D HlA5 555 7 TAE
Wi. ¥ PET i 57 5% 20.0 em X 26.0 cm (AR
R BT AR TR PR £ (HD-1B, & N PRk 28
G FRRE A BRA D o 7R E AR 200 W
P)FET AL B 5 min, #4525 7K PET B, 4% 35K
PET JEjkAE A& B HL(K control coater model 202,
R K Print Coat Instruments Ltd.) |, 6H 3 SR %,
£ 100 mm/min B T IRBEEREG ) TAEW, B S 76
100.0 ‘CEM T HERE 2 min, #1415 PET B,

18 WiX5RIE
JH Malvern Zetasizer Nano £ 51 3l 25 Y6 UMY
D& K RLT-1 Z YR f 253 A d5 B (PDD , HL
PREEAL AR A I 1 20 BRANT « ] TS PR o A 2R 39 (i
O s @) P —E B W FL PR SUBTHE
my s g5 FREIE e 4 BE SRR ORF 28 M 7K 980 I A M s
H U CREECA R A R B T 80.0 C By HEAR L T
PR H SRR BT ms . g FeALR C ST

KT
ms—m,

C/ %= -
M

Hodr: my AR R, gsm, KRR
FRIE R AW gsmw AN R Z8 A SR )
SR, g,

FH Nicolet 5700 7Y e HL - 21 &) 6 3% A3 ) 45
PAcr.PAcr/PU 1 PAcr/PU/SiO, =Fh 547 H
AMER . R T H TA Q2000 278 4
I PAcr, PAcr/PU #1 PAcr/PU/SIO, %
AR B DSC i £k, 8 2 5 95 Bl oh — 80. 0 ~
240.0 °C, FHE# %K 20.0 °C /min,

¥ PET BEREBY A% 2.5 cm X 26.0 cm [ 5576
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IR PbTiO; K F X &L A TiO,
iR 45 7 dm AR A K R R 32

mARER,EEWM, RRE, 7RKE, BEX
GHTR IR FIME A6 F %40 310018)

W OE RAKRREHE g AAEEHELL LA TIO, MAK, RELERBKREZ FIIANEDE4T 40
PbTiO; 24k K , %) & T3 B A AN %) & 89 241 6 48 TiO, 24 k4%, A XRD,SEM f= TEM 547 /= 4 & 4 A0 4o 42k 25
M R RAEAR R 3T E W H e #em, & REW R & ata TiO, AR RN, LR T H 1~2 pm; Hl &89
441 %48 TiO, 41 KAK 25 100 nm, A2 20 nm, B H5H0H BA4F; 5P =& &4k Kad 42 4% I, 454k 57 48 PbTiO, @
KA EARKSEPEYL THER, A TIO, ARBOTYRBEARG TR, LI THFFHREKGER  AZLG LT
TiO, th kg = AR,

KB 2o TiO, ; B 45 AR Mk KMk

FESEE: 0614.8 THRFRERL: A XEHE: 1673-3851 (2019) 05-0314-05

Regulation of rutile TiO, micro/nanostructures by the
effect of Perovskite PbTiO; Nanoplates

DUANMU Jiajie  CHENG Ruishan ,YIN Simin ,YUAN Yongfeng , GUO Shaoyi
(Faculty of Mechanical Engineering &. Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract; Three-dimensional self-assembled rutile phase Ti(O), microspheres were prepared with
hydrothermal method. On this basis, single crystal perovskite phase PbTi0; nanosheets were introduced
into the reaction system to produce rutile phase TiO, nanorods with regular facets at the top. The phase
and microstructures of the products were analyzed with XRD, SEM and TEM, and the effect of modifier
on the morphology of the products was studied. The results show that the rutile phase TiO; microspheres
are regular in shape with a size of about 1~2um, and the rutile phase TiO, nanorods are about 100 nm in
length and 20 nm in diameter with good dispersion. Comparison of the growth process of the two crystals
shows that the perovskite phase PbTiO; nanosheet acts as a template in hydrothermal process, provides
the basic framework for the formation of nanorods, acts to induce the growth of the crystals, and prevents
three-dimensional aggregation of Ti0, nanorods.

Key words: rutile TiO,; self-assembly; template method; hydrothermal method
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AR B A R R s R 25 A 308 e 1 A ) A A R i
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PIAS SN 48 IR T oy 28 v, 50, F 200 “CRY A
MW 12 he BCHRE S T TR HET AR BIAE Y 1 RN
FERL 20 BEEL 1 R 00 LA K000 21 17 9 40 K A 3R A7
H A K B A 20 A A TIiO, oKk FES 2 B A
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Preparation and visible-light photocatalytic
properties of g-C3;N,/NaTaO; composites

LIAO Jinlong , ZHU Yaofeng
(The Key Laboratory Advanced Textile Materials and Manufacturing Technology,
Ministry of Education, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Graphite phase carbon nitride(g-C;N;) was obtained with high temperature calcination by
using melamine as the raw material, and then the graphite phase carbon nitride/sodium tantalate(g-C;N, /
NaTaO;) composite photocatalytic material was successfully prepared by solvothermal method. The
morphology and structures of the g-C;N,/NaTaO; composites were characterized by Scanning electron
microscopy (SEM), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), X-ray
photoelectron spectroscopy (XPS), and UV-vis diffuse reflectance spectroscopy (UV-vis). Besides, visible
light was simulated to discuss the effect of g-CsN,/NaTaO; composites on photocatalytic degradation
performance of Rhodamine B. The results indicated that the g-C;N,/NaTaO; composite presented a
spherical structure with uniform particle size distribution. Compared with pure NaTaO;, the optical
response range of g-C;N,/NaTaO; composites was broadened to the visible light region, and the obvious
bathochromic-shift phenomenon appeared. Visible light catalysis test showed that, optimum photocatalytic
activity of g-C;N,/NaTaQ; composites was achieved when the mass fraction of g-C;N, was 40 wt%, and
the degradation rate reached 99.6% for rhodamine B under visible-light irradiation for 120 min.

Key words: NaTaQ;; g-CsN,; solvothermal reaction; visible light photocatalysis
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H OE. R HGE BB A Y4 R k4K (Carbon network, CNW) & & 431 i 2 NiS, ,CoS #= NiCo, S, , it X
SEATHAL I Z G KA H L T B H AR A AT M R AE, 25 R AU NiCo, S, 2 I K ik, AR KA
¥ B 254 800 nm, A A2 A4 50 nm, WAL HAER K LR B 7 484 F CNW/ NiS, 4= CNW/CoS,CNW/NiCo, S, &
A A B ARG LA F A, R Bk B 994.2 F/g(RAEE A 5 mA/em?), £ 1000 K AL LR E
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Preparation and electrochemical performance of

metal sulfide loaded with carbon network
WANG Jian, YANG Tianpeng , JIN Dalai, WANG Naiyan
(Silk Institute, College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: NiS,, CoS and NiCo,S, were loaded on carbon network (CNW) by hydrothermal method.

The composite system was characterized by X-ray diffractometer and field emission scanning electron

microscopy. The results showed that NiCo, S, exhibited nanorod shape. The length of a single nanorod was

about 800 nm and the diameter was about 50 nm. The electrochemical performance test results showed that

the CNW/NiCo,S, composite electrode exhibited superior electrochemical performance, compared with
CNW/NiS, and CNW/CoS, and its specific capacitance reached 994.2 F/g (current density was 5 mA/cm?®). The

retention rate of specific capacitance was 87.4% after cycling for 1000 times.

Key words: NiS,; CoS ; NiCo,S;; carbon network; composite; electrochemical performance
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thermo-responsive polymer and its catalytic performance
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Abstract; Thermo-responsive polymers P (NIPAAm-co-DPPS) were synthesized with solution free-
radical copolymerization by using N-isopropylacrylamide (NIPAAm) and 4-vinyltriphenylphosphine
(DPPS) as monomers and azodiisobutyronitrile ( AIBN) as an initiator. Then, palladium acetate was
introduced into P (NIPAAm-co-DPPS) and reduced by NaBH4 to obtain thermo-responsive polymer
supported by palladium catalyst P (NIPAAm-co-DPPS) Pd(0). A series of thermo-responsive polymers
with different transformation temperatures were obtained by adjusting the molar ratio of NIPAAm and
DPPS. The thermo-responsive polymers were well characterized by 'H NMR, *P NMR and GPC; the
catalyst was characterized by * P NMR, XRD and TEM, and the content of Pd was analyzed by TG. The
reduction of p-nitrophenol (4-NP) in the aqueous phase was used as a model reaction to study the effects of
temperature, catalyst dosage and cycle number on catalytic performance. The results showed that the Pd
nanoparticles in PONIPAAm-co-DPPS)Pd(0) had good dispersity and the content was 2.8 wt%; when the
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temperature was below its transformation temperature, the catalyst had high catalytic activity, and the

conversion rate was high. Besides, the conversion rate still remained at 98% after 10 cycles, but it

decreased significantly when the temperature was above its transformation temperature.

Key words: free-radical copolymerization;

p-nitrophenol; reduction
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H& H P(NIPAAm-co-DPPS) Pd(0) &1 Pd ¥4k &
B,

K9 P(NIPAAm-co-DPPS)PA(0) i) XRD Hijk

2.4 P(NIPAAm-co-DPPS)Pd(0) i TG 4 #f
BiaE 2 ) P(NIPA Am-co-DPPS) Pd (0) [& {4 A
JEE RO A, F ] PYRIS 1 #1508 40474 Gt 45 428 -
RASFET ,30~600 °C, FHEH A 20 °C/min) Il 3¢
Pd & &, 558 K 10 pis, TG #ignl LI
gL F], P(NIPAAm-co-DPPS) 7E 315 °C FF 454
fife 385 “C I iR LA 2218 1 P(NIPAAm-co-
DPPS)PA(0) 7 340 °C 46 oMt » ke M P
= JERTE T Pd 5IREER S YRR DPPS &A=
BefiVER . SR EEAE] 590 °C G . Z M4k 7 3L A4
e AR A AR AL, R R R 2 1 7 i
HATBAR RIS 5] Pd A5 2.8 witlh,
2.5 P(NIPAAm-co-DPPS)Pd(0) & TEM 447
FIH TEM %t P(NIPAAm-co-DPPS) Pd (0) i
RN ) Pd 4 98 AR 19 RUSE R /INR A R
PEATFRAE, & 11 () F(b) 43 514 P(NIPAAm-co-
DPPS)PA(0) 1) TEM 8 | DA K Pd 9K+ frki iz
AYARFEARIE, o T AT 560, Pd 40 K0T 14 B2 43 A 1
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E 10 P(NIPAAm-co-DPPS)5
P(NIPAAm-co-DPPS)PA(0) iy TG <k

Bl B BAE 1. 2~2. 7 nm, FEPRAE KN R 2.1 nm,
RO BA RS HCE. IF B Pd 99Kk +
Y543 4 78 P(NIPAAm-co-DPPS) |, V& A % 4= A
RIS, R BA B0 (1) 43 B, AW P(NIPAAM-
co-DPPS) Xf Pd 44 KA A K419 43 8O S 151
. B 11 (D) 235 A EEFR T P(NIPAAm-
co-DPPS)PA(0) ) TEM HR K-, i 33 J&y 35 il K 1 mT
DL 5 b 5 21 Pd g0 K 19 i A% 26, T 115 2]
m ARG R 0. 24 nm, XF R A4 PA(111) Fhifi .

2.6 P(NIPAAM-co-DPPS)Pd(0) g 4L 1 8E 5

B il 25 19 PANIPAAm-co-DPPS) Pd(0) {4k,

F 11 P(NIPAAm-co-DPPS)PA(0) ) TEM H& J K Pd 444 Hi 5B HRide oA F

FIN A FAEAL NaBH, i85 4-NP ) 50 » %481k 7
e N S UK Y RN i O 1 S N [ A
Tt SN I XA A SR 7 R i I o) HL AT At FH
REHEA T, 38 0 T3 S N T fS 4-NP RO RS Y [
HC/Co) kit H R AR, B 12 R T
ANFEAR T R AL 4-NP Ak 200 5 mi I 15 &
X R, b i AR R A 6 43 1A 045,04 25. 0,
50. 0 mg VAKX 75.0 mg,7E 25 ‘C N #AT/ . HiEl
12Ca) AT R0 AN AR i Ji 57 NaBH, %
I ANBEFFAT 5 Bifi 5 fiE A0 R I B O 3G 2 4-NP 1y 551k
W E R AEMEALTA 75. 0 mg B, 3% I e
£ 20 min N4k, [FBF@E R 12(b) g UV-

Vis fh £k W8 2 52 W B 4-NP A 1% e i 78 400 nm
Ak IMAAEART 5 22 R 300 nm Ak 4-AP By W i,
VEIZ IR 2EA T . B 12 (o) e H 5k
25. 0 mg, A [EEJE (25,3035 ‘C } 40 ‘C) T B4k
PEREI . WF5E A AT 30 “CHHZAEIL A 8
e AR TG P, 4-NP 5 AR A, 30 min PEEASE
eIk s T B A T R B T o AR TR 0 T M B e B
1%, YIERE AR 40 °C L, 4-NP 4k 3 5 2018 52 )W
SERE AL A 60 %0, BRI AE T 24 40 FLIR
TR R BE BT Z A AR R 254 v A TR OR A W B
Bok A W B R AT E O e
ATE AR 2 1Tl S I P e Ak 380l . 7225 °C L4
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LRI EA 25.0 mg MIAME T 4 14.0 mg 4-NP %
F 50 mL ZEE Tk LA 380. 0 mg NaBH, fiiHE 2=
SELRVTR G A PA(NIPAAm-co-DPPS)PA(0) , %
VI H B0 T 78 S TG €8, S I 45 R R A I R
NPV 1 ml, 28 R A U8 B 2% 4 R 3R T B 50

FlE WOt L 3R BRI 14,0 mg 4-NP #I
380. 0 mg NaBH, X {1k 5 i1 il I & it 47
Mk, SR 12D FroR 3% AL 50 78 76 2R 48
HI 10 WIS 5 S B AR AT R A5 E 98 06, JLF- 58
ST

K 12 P(NIPAAm-co-DPPS) PA(0) Ak 1 Bzt

3 & it

FIHT B B G A R A AR A2 R B Y
P(NIPAAm-co-DPPS) , 3 LAH A Pd B4R ] £ —
P P(NIPAAm-co-DPPS) Pd (0) 4k 51 , i
3P NMR,XRD, TEM #1 TG X6 4T R A4E
3T EEMFREE AT

a) DPPS & — it B i 4 Ja ik H 5 A7 8 4y
P(NIPAAm-co-DPPS) #4485 BE(IVEFH

b) P(NIPAAm-co-DPPS) %} Pd HA B 414
BOR 55 1E F  P(NIPAAm-co-DPPS) Pd(0) #1 Pd
()i Ry 2.8 wio, FARREAE 31 °C,

o) ZMEALFIRN T 4-NP 3938 J5 i HAT
S HEACRCR FEPE P ] 10 G PR e 1Y
PEACTEPE  FLR B T IR AR R BA B
PR T T R Ah 3 T Y 3 R v L A e B
TRBUER G W B B R A 45 i e 45 4 ) f 1k s
6 RN O NS B R R R T (A 2 P
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ING FEEXT PES/CDA BR 45 ¥ 70 1 8E RO 52 M

EFEL,E B BFES"
GHFLIL T X5 a pHE 5 SR e b 2 2F S bR de TR BE A & 5 500 % AL 310018)

i E: ARBAPES) fr 88 4 24 £ (CDA) 2 BT, = A& Lo (DMAC) 4 E Al R B IR e AR S5 AL ik 4]
%18 PES/CDA £i-F ML, #F RAFIL R F Rt & = B JT 2 5 #fe B 6 #r £ 38 PES/CDA 2+ 38 -F AR 45 ) Fo 14
BERG ol RAE T A9 UL 50, MK T B AG 4R B R A LB F AL, ERAN. RZBAEARmA N, R
FoHA 6. 0% AP AL AT, SL B L4 3 3L 42 A 0. 2104 pum, & K FL42 A 0.2230 pm, %K 8 & 4 134.51
L/(m?+h), KMk A A 79. 61°; i B - H AR B, FAn 0 = BE T3 R o 2h KB B 3% K, R An % 7 BE BT A2 BB 0 /K48 fik /A

R
S R BN A K SRR AU ) o F 8RR R LR AR A R
hES %S TQ28. 8 MER SRS A MEHS: 1673-3851 (2019) 05-0341-06

Effect of small molecular alcohol on structure and
properties of PES/CDA membranes

JIN Zhongqian® , WANG Feng®, CHEN Jianyong®
(a.College of Materials and Textiles; b.Zhejiang Provincial Key Laboratory of Fiber Materials
and Manufacturing Technology, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The PES/CDA blend flat membranes were prepared with immersion precipitation phase
inversion method by using polyethersulfone (PES) and cellulose diacetate (CDA) as raw materials and
dimethylacetamide (DMAc) as the solvent. The effects of mass fraction of glycerin added in the casting
solution and the type of alcohol on the structure and properties of PES/CDA blended flat membranes were
investigated. The morphology of the membranes was characterized and the pure water flux, contact angle
and pore size of the membranes were tested. The results showed that when 6.0 wt% glycerolwas added,
the membrane could get the best comprehensive performance with the mean pore size of 0.2104 um,
maximum pore size of 0.2230 um, pure water flux of 134.51 L/(m’+h) and the water contact angle of 79.61°.
With the same mass fraction, the pure water flux was found to be largest by using ethylene glycol as an
additive, while the use of isopropanol as an additive demonstrated the smallest water contact angle.

Key words: polyethersulfone; cellulose diacetate; blend flat membrane; small molecular alcohol;

immersion precipitation phase inversion method
ALFE L JEE AR T SCES B AN TR A B2 DL SR AR

0 31 & (PES)J&2—FhPEREIL B B9 BEAF A AL 53 A HILBR I
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WekE BT 2018—11—05 MG H AR HH]:2018—11—30
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AU R LA v i DL A R P R AL R e T
aE . CREERET 4k E (CDA) J&—Fh 5 K M fg
A = B . R B B U0 AR i k2 ) 4
PES/CDA RSPS840 53 25 B B ¥ 55 A e
VST R e 38 4, TE AT B0 3% K J2 AR X FRBsE .
VA TR R o 24 2 5 i S 11 45 4 LR B ) GBI R 2
— T Ny ARE IR S £ S AR R R 22
SN N N N R I Y S e S o o
BN A T = R S P o ) —
F SR KN ARV 7 B e AR 2 R R LY
TE B » A L A 1 L 2 i

R VE AR G A vk 2 i W B A He R 22
—. Zheng R AR E R B AL R & T
PVDF-CTFE g 7K 5, i 58 T 285 M: 5 A0 07 5% 1)
JF s Bhran 02 R FHAR B AL 75 B2 1 45 T LA
PEREOL S 19 PVC/PVP & 4 5, 3 o FEEZ= 18 B R AT
o FH TR K RN A A B s Akbari 2515 R A% 1k
TR T WS INAS [R) 5 243 50 S8 A SRR 4K 1
I, $E ) Janus S A6 A7 880 90 K AT F T ele 3%
S5 K MR B B HERE AT TS Ytk .

AR PES fil CDA i JsUkE, — W 3 2 A%
(DMAC) I KB TR A EERE N, R R BT TE
FHEACIE BRI . TERIFFETE IR 2T 2 25 X I 2 Al AP g
S B LRI KT = O L B SRR
Sy FEEIA BN B, R L RS, 2 Hr i —
TR I ORI (%) Ao X B %) R T 454 R T 454
FLAR KA iy | K T RS

1 SKEEERSY

1.1 SLIeH#

BN (PES E6020P) . 43 M7 411 . 7 [ B 3 R 2>
Al s TRERRET4EZE (CDA) L 43 B4l , 75 ) 1Y 8% A Rk
HARRAF N, N— — H 5 2 Bt i (DMAc, 98%6) ,
Iy Mral . whE = B AR N =E LR L EEMSN
B, S AT 2l BN 5 SRS 2046 T AT PR 7 5 3 2 0tk
& BER (PVP K-30) , 4387 41 038 58 b R RN A
NI
1.2 KIS

HLK GM3125C 520 BEAL R 22 B A 3hik
BHEABRATD 28 THRAR (NS R Sk & A
BN F]D  DF-101S SEIRE J 4 ks i B F24Y
BT BR AN F]D L HTP-312 LK (g A6
A BRA D L JY-82B WA i £ 300 5 A R 5
RIG MUK I 55 A B RD - BANR shik FLARI B 1L

(FEE PMI A #D , vitras5 #7 % S 158 F B 1%
B (B E R AFD
1.3 PES/CDA FEk %I &

¥ PES & F 105 CyIas THEA T T 2 h,
M. ¥ CDA £ 85 CHyILzs TIEA T T 2 h,
FrH. LHER 1 Fion, FRIC— 2 BE b 1) o) T
250 mL HEIEJH . 7E 60 “CoKIEA g 1+t 8 h,
REE) FE B . K S IERCE T 40 CHAS
THRAE L EE N 24 h SRR

x1 HBEARNERK

o PES CDA = DMAc
L /(wt%) /(wt%) /(wt%) /(wt%)
1 14. 0 2.8 0 83.2
2 14. 0 2.8 1.0 82.2
3 14. 0 2.8 2.0 81.2
4 14. 0 2.8 4.0 79.2
5 14.0 2.8 6.0 77.2
6 14. 0 2.8 7.0 76.2

W it e A 1 S5 RS e B B Al L FH 5 =X gt
PRI GR T3 30 em/min, IRER]EE 140 pm).,
WA AR 2 S 10 s Je s g TREEA (£ 5
FAO R RIS AR 5 AL L 72 BB N B B A - A 4R
W& KBRS B o — BE RN (R /KO i, 7E
IR BERR 3 hdfe 1 ROK. R 8 IR, Z 5B 6 h
1 OKSER 4 WG BUE EE T 40 CHZS TS
M.

7 PES iR/ 80k 14. 0%, CDA Fi /8
2. 80 M FER I K TR =B B A3 B0 4. 024011
O L SN T L TR 0 L o ) D) o A T]
wmH .

1.4 FEMERETNK
L4.1 BEAIE SR

W E#E T Ak, 2 min FHEGEE TWA T
i DA 5 BB ARG T 00 S o A AR 2D AMAT R T
MBS . R & S T S AR L I ) e
TH AR TS0
14,2 BEAYFLAR I

FH2EE PMI A %] 36 419 8l v AL AR I 4303k
FRRE i S Y LA RN e R ALAR
14,3 EAY K Al A K

FH 1Y -82B AT fih #6190 2 5000 38 B 114 7K 2 fie
1 BEAFEAINR 5 R IR I AR R 2
1o4. 4 A 4E7KE B

AR ) 2K B RS RS IR N Rk
0. 2 MPa B}, P37 s ) Py 38 3k 5457 B i R 1) &
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KR . M SR TR 20 min, iR AR E S
T A

M
Jw A (1)

S MR ZKE R, L/(m* « h);M HBiE
KB, Ly A S ke A R0 m* 5 ¢ S P
&), h,

2 HR5ITiE

2.1 AZERESHEXEERNEEER
2. 1.1 FEIESIIHT

AN TR] 5 fk 73 H ) 9 = B A I ) SR TS5
N T R . AU NPT =B, B A /D & Y
AL - B o 0 RO S A B35 v ) L A o
AT TN = BRI SECR 6. 000 I R A AL
WA B Z Hor Ay ) R E LA B i A s it i
GRECA 7. 000 I BE S 1T 5 BUAK ) S R AL AT —
SERURLRY 53X 1 TN = IR I i 2 3
WA ) AL R RGP HTIR A BLS.

BT A AN [ i i) TR = e P A4 14 2 T 30

2.1.2 IS

AN TR] J5t £k 73 K00 B0 PN = B P A ) A T 350
WNE 2 PR . RSN = B, BT 2 20 B 2 A
FOIRALEE A HL 2 BEVE G5 25 0 = B (9 i e 208
L. 00 I BB IR 1) SV J2 0 i ) TR 25 JEE 25 5 W
JRHE S RO K AR i FE AR LR T T8 2% O 2 1 B
AR ) 25 M 2 4 . 24 P9 = I 1 B 4 43 A 6. 000
i [BPPR 25 i 45 A i AR fr /N e 2 2 et TN =

WEE 5 73 BT 6 IR P R RO R AL » 3 (8] i A o
P RE R ] [ 4L R ARFLAA BA R RIBEE E  JEI
By B AR AR . 2T =B S S B s )
7. 000, FEARFLEHE 52 4T 2% o B AT £ BHAN I B
FER/INB R 25 e 2 4 EL o A R L e

B2 SIS [ e 23 KO T = B T A R G 4 v 12 55

2.1.3 fL&ESHT

ANFE AT = B 43 B0 PES/CDA RS
HEFLAR B AN 3R 2 s . RS A — B d 500
BT SR - FLAR AT R L 3 RO TN — R
HER A R 1 ST M A3 A s AR At R v 5] 1 o i
TR HIOA PR 3R B S 25 FL AR A W Bl K™,
P =R R B0N 7. 0%t i T Ui rE 25 FL A%
PR X 5 10D MELR A 455 —2L.

k2 IARSH=BHRESBHXER

N =B/ (wih) FHfLAE/ pm RALAE/pm
0 0. 0956 0. 4342
1.0 0. 1159 0. 3983
2.0 0. 1186 0. 4356
4.0 0.1088 0. 3332
6.0 0.2104 0. 2230
7.0 4. 4122 7.8570

2. 1.4 JKEEfMSA T

AN = B i 43 B0 PES/CDA JEIR AR
K 2 fk A RS AN P 3 B s . B TN = BB 40
BT RS R 7K H2 ik F 0N ELR B R P AR
Jir R 2 A A S 8 P = A B T TP R i
BT IRALES A . T EOh 7.0 %0 B, K B i A B
/NS ERR PES/CDA RS- A i % 17 H B0 A K
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RIS HEARAL CIN &L 1CE)) 5 7K 2 12 B R DT 3 JK
Heful 8N

3 Kl Al 5T =R BT i S B O R

2.1.5  4iKiEsaHr

AN[F] BN = o £ 40 Aok PES/CDA HHE P AR
FRE AL 7 B O SE IR AN R 4 BT . Bl T =R )
B, PES/CDA R - 5 () 4l 7K i 12 3 fin
R AR A B v, TR = B R T 5 A
K TS T A 2l K i, YT — R BT o
AL T 4. 0% B, B8 K08 BE 5T %5 T o BUTE
4.0%~6. 0% i, MK IR R R, B 80E T
6. 020, M BRI EE G K . T =Ry B A BOR T
7. 000, JE L 5 I 38 5 B 25 ISk B 25 » AT
SEECH A% 0T MR A BH S R . S AR
A, B A BOR L 6. 0%,

B4 alikom 5 T = R i o RO G AR

2.2 EERYFhIES AR LEH AN BE Y RN
2.2.1 FHEIESHH

VS IINAS [R) B B A RS B SR T S AT 5 B U
TN B BT A B 1 ) R LA H B 2 L i R R ) F
A )5 2 5 B I 43 B /N B SO L AR ) R a3
5 HCER K B B S AH 53 B I 5 K 0 A8 sk FE A O
A 43T HE AN, 5K A B RO BB B b sg

Husd B A, B R A BRI AR 4 B AR O AL R
AN B P A R AR T B R LAT AR 2 I R AL TR
TS5 DA AT A i 9 Sl AL FLAR /N EL 3 A e o 4
B)o BNINTA =BT A R T A DR LS H A A
ROE RN =R A R R R 2 AR IR 2
5 R WIRE TR 731 6] 7= A U 19K T IR R
JE IR T AR ) AR o B R AR G gD T
KAL)

B5 B INAS R W BT A I ) 2 T 550

2.2.2 HIEIEH M

PRI 5] P 7 A S ) 48R T T 5 an R 6 9T /R 5 Joi
SO FORE RTRST , 8 0 2 T T A R o S B A 4 48
RFLEEH R JZ B2 2 B /B KA,
OS5 PR T S 7 T 2 00 e i PR AL 1 5 PR AL ) s
Eka G ERZEE B BN R R, RN
AN T A5 AR T 0 2 A Y R AR 2
F s HLAM G 5% XU I & AR 2 R 5 )
LI e R 544

B6 AN INAS IR BT A5 I ) A T T 550
2.2.3 fLIEHr
AFE IR PES/CDA LR R FLAR Y
SEMRUNZR 3 o B 7 RO RN S B8 /Nr—5-
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FIEE AR F- 2 FLAR B /N T8 T 3R 043 P s o P 5 5
-2 ALAR . BRI/ N T BT AR AP B L AR R R
RPN OB L R N SR RN CEER B
KAV S B o R LA A/ X 5 5 L%
AR —E

£33 AEFMAFFERHFLE

IR FHFLAE/ pm I KFLE/ pm
LIE 0.1327 0. 6683
2, 0.1146 0. 6501
SN 0. 0726 0.1048
= 0.1088 0. 3332
C Y A8 T 0.2111 0. 2237

2. 2.4 JKEEAMSA T

NEEFIMFI N PES/CDA B -4 i 7K 42 firh
FAMIEZI AN 7 Fr7s » B B A B TR R K
FEfl AR o TS IIN/INGY BT AR S 04 7K 42 i 1 KT
R 2N M g T T A S ) 7K B ik £ o o 43 50 [
R o V8 /0N G5 B A B 4 7 2 fish 71 4 R/ INHE P A
CWE N =P O RN EE . SN BE K42 fil Ay
R 79. 427, XF L A 25 7K B A0 UR B U s LAY
KA filh £ Sk 86. 01°, X B 119 25 7K 14 i 14 38 50 2R e
25, LR RUZ: 2B () 43 18 Fe /I AR AR il B RST
5 G 38 TR, FEE TR N ) A R 3% 5 DT 45 281 11 s
PR RN

7 AN [RIAS T n] B4 M ) 7K e fk
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Fast face detection algorithm based on cascade network
BAO Xiaoan', HU Lingling' , ZHANG Na', WU Biao® , GUI Jiangshen'
(1. School of Information Science and Technology, Zhejiang Sci-Tech University, Hangzhou 310018,
China;2. Department of East Asian Studies, Yamaguchi University, Yamaguchi 753-8514, Japan)

Abstract: Convolutional Neural Network (CNN) can effectively improve the accuracy of face detection
algorithm. However, the complex parameters in the model always cause the slow detection speed on
common devices. To solve this problem, a face detection algorithm based on three-layer network cascaded
was proposed in this paper. It can achieve miniaturization of the network by cascade system, and can
improve the accuracy of face detection by using multitask mode. In the first stage of the network, the
network with pyramid structure was applied, and multi-scale face prediction boxes were extracted by
combining anchor mechanism. On this basis, convolutional decomposition strategy and network
acceleration method were combined to further enhance effectiveness of network characteristic extraction
and reduce model parameters. The results showed that, both detection precision and detection speed of the
algorithm on FDDB were better than that of MTCNN. The speed could reach 80 fps on the eight-core
device with the main frequency of 2.0 GHz.

Key words: face detection; pyramid network; network acceleration; miniaturization; cascade network
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Cloud computing task scheduling algorithm

based on improved firefly algorithm
LI Chenghui®*, LI Renwang®, YANG Qiangguang®, JIA Jiangming®
(a. School of Information Science and Technology,b. Faculty of Mechanical
Engineering & Automation,Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to improve the utilization rate of resources and shorten the task completion time, a
task scheduling algorithm based on improved firefly algorithm was proposed to deal with a large number of
tasks in the cloud computing environment. Firstly, the location of each firefly was used to express a
feasible scheduling scheme, and natural numbers were applied to encode fireflies and represent their
locations. Meanwhile, the population was randomly initialized. Secondly, in the search process, chaos
disturbance was used to activate the firefly with low fitness function value and maintain the population
activity. Real physical rebound theory was utilized to control the firefly flying out of the search area so as
to maintain the population diversity and reduce the probability of falling into local optimal. Finally, the
simulation test of CloudSim platform was conducted. The test results show that the algorithm can shorten
the task completion time and the optimization result is better.

Key words: cloud computing; task scheduling; firefly algorithm; chaos; diversity
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Mark point positioning method of PCB board based
on IBBS-SIFT algorithm

BAO Xiaomin, WU Xiaorong » LU Wentao
(School of Information Science and Technology, Zhejiang
Sci-Tech University, Hangzhou 310018, China)

Abstract; Aiming at the shortcomings of best-buddies similarity (BBS) algorithm and SIFT
algorithm, a Mark point positioning method of printed circuit board based on IBBS-SIFT (Improved best-
buddies similarity scale-invariant feature transform) algorithm was proposed. Firstly, the algorithm of
best-buddies similarity (BBS) was improved. By combining confidence map and weight, multiple regions
similar to the template image were obtained in the PCB board image collected. Then, the Euclidean
distance matching criterion of SIFT algorithm was replaced by the matching criterion of optimal similarity
point pair, and the descriptors of these similar regions were calculated and matched by the improved SIFT
algorithm. Finally, the main position was obtained according to the matched descriptor, and the
mismatched points were removed by the main position to accurately locate the Mark point. Experimental
results show that the algorithm proposed in this paper can effectively improve the efficiency of Mark point
positioning, reduce the time consumption to 10%~15% of SIFT algorithm, and decrease the number of
mismatched points and achieve accurate Mark point positioning.

Key words: mark point positioning; BBS algorithm; main position; PCB; SIFT algorithm
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Study on the distribution pattern of Isoetes orientalis
HU Wei'*, HUANG Junhua' . LU Chaopeng» SHAO Jianjun’ » HU Huizhen® , GE Jiaying” » HU Shaoging"
(1a.College of Life Science; 1b.School of Civil Engineering and Architecture,
Zhejiang Sci-Tech University, Hangzhou 310018, China;
2.Zhejiang Agricultural Ecology and Energy Office, Hangzhou 310012, China)

Abstract; The sample fields of Xiaolanhu and Shupowan in Andiahou Village, Anmin Town, Songyang
County, Zhejiang Province were chosen to study the spatial distribution pattern of the endangered rare species
Isoetes orientalis H.Liu et Q. F. Wang. Its distribution law, forming reasons, population protection and update
strategies were discussed. The results showed that the distribution pattern of this species in Songyang County is
dominated by cluster distribution, and population aggregating intensity of Shupowan is obviously higher than that
of Xiaolanhu. The population distribution reason lies in biological and ecological characteristics of Isoetes orientalis
H.Liu et Q.F.Wang and it is also related to water fluidity in the microhabitat. The slower water fluidity, the larger
population aggregating intensity. To protect the habitat and increase the population scale of artificial breeding are
new strategies to protect the Isoetes orientalis H.Liu et Q F.Wang.

Key words: Isoetes orientalis; population; distribution pattern; community structure;

cluster intensity
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FEPEGRY A BOKAE RS R RIRE S BA T4
G RPN (S
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¥ AEBIE A EIE S5 M A SRR S 1w R
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VAT R AR T3 7K A 728 S - 2P AE TR RE N
R, XTS5 XA K DRSNS SRR T
AT s RN AR 7 /K AR R R AR 5
SRSEIHAF XA T [ B B (9 4R 7 7K A A B ETE RRAE
YIFh ZREPE K B R8T XA TR 5E o b (B AR T 7K
A s () o ATA% Jmy 77 TG AT 18 A WA

FEI IR 04 25 1) O3 A bt Jmy S AE )RR E A ) o7
PEXT PRI A5 U030 10 R AR B e PR A 45 21, AR
FPRERSEARRIEZ —) . ARSCLABIT A H L H 2%
30 Ml NS T FIOBCSE VS 1) 2R 5 7K AR Tl e SRy A 5 %
B REER Ty K AL R RE 43 A B s 0 1] 22 Y (E L
(ID) ,Cassie #8810 (Ca) . i1 — IS (K) E¥H0$F
BEGm ) R B 48 5 (PO B Ab BRI R AR T
TR AEFRE B 2 [] 43 A At Sy B AR v S B0, 0 HC Aol e
IV GEAE A T TR » [ IR B A kg el

ELRAP 5 BT R AR SHF
1 MRI57EE

1.1 B ABIR

IR 7K AR /IS T I AU V5 A b 22 57 T i VTR BH
PR G ZISEAT & BT R I EAUE I AR 5 K E
H AR . 2 DA T T it &8 T A 2= X
S IR DU 2R3 R R AR ORI, R
HZESWE APPSR 17. 7 °C, PR A
THEAKH LA ENZ4F K E 1700 mm,
3—6H NEZWZEN, FHEKE 816. 8 mm;7—8 A
R S IR 5 11 A )N,

ZRITKAERFFERE B AT DL UL 3R 1, /N2
B 52 3598, M B AR bR O b 4 287167 25" AR &
119°16' 11", /K37 1) M P e = AR AL JF O F &R
], DB AR 24 2y 300 m* , T WL AV i e e AL ) 2R
AT 254 1.5 m 22 A 0 = /INBR L 7K I Bl A
AR 254 B 18 R 8. iR b sy L fa) /N K
Je DRI LR IO RR T 328 8 18 A VA R 1 b, I L v 1R
F AR XSG 7, JR 30 RARIR AR, BB
FEHL 5L 0, b B AR bR O Jb 45 28°16' 18", K &
119°25"05" , BB Bl Ayl 57 A AR /1N 1, 368 1 P
WA 22 BVYALAREEE ), AR 28 200 m®, 1 Ml
AU 1k AR 12 . 7 H i b 35 21 1 vh BUIE
AR TR PR, 20 HH4E 70 ARACHE T B R H L 80 4F
KM Ie 24 WA BAR B 1

x1 PEFMPHEREBR

AR FEHR/m A/ m? BHIE S KmE  FHEHR SR/ (g kgD E =Sl
JINEE T 1107 300 =2 HBE i 122.8 I
ALV 1039 200 IR E ik 102. 7 W

1.2 HHiEEEHERE

S IR A 53 51X /N TR VS ) 2R T 7K AE B
FEHEAT MBI 3 0 A, BAKR T 2% S0k 7-8 ],
HEMURE VR 73 A1 BT 45 RN ], 5 A P B, /S
S FUBOE VS 25 B E M AT 9 4 B oA AR
2 mX2 m IETTIE W H 2R 5 7K JE 9 25 (] A A
BEAAMARBY S EE PR 35 B 2 m X2 m AT R
3R A 1T mX 1 m BY/NETT AR/ NEE DT R
AR FAJZ R K AE B HAE A RO R Fh 2, DLV
A 25 A1 B — S/ INFE DT R REAR 3 e sk INRE T T 45
B AR 01 12 i R
1.3 HiRE4bE
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FRRELERETE (% M A ATl Z(E (L VD)
edtiig , Hatm AT .
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Hr . R.D. WA B, R.F. AR B R.C. K
AFT 5 B
1.3.2 srfinER

DARE R J5 VU AR R D s s SR — 4
A — A 05 IE SR ERAR AR AR Y« [E A y (., 2l
25 (8] 3 A B A5
1.3.3  FhiE=s A3 A48 a3 At

FRREAS Jo— Mt o0 R BE AL 20 A7 L SR A 43 A Al &)
I3 A 3 ANAY, R O A E R HERR B S AR R 2
P o3 Ads JR AR 7 22 /¥ (E HL Al Cassie $5 45
AT AT BAR T 1525 SCk[9-11 .,

T/ BEAD) G EARWT .
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ID =1, FRERBENL AT s 4 ID>1, R Ry A 4>
fiv s 47 ID<<1, R 045 . 1D {E XS T {E
1A B R ] ¢ R ki s, a2k « (M. n-1 A
HETR 0. 01 KPRy ¢ {8, ATH A A ks )
Cassie 850 (Ca) JIHE AT :
Ca=(S*—2x)/ 2%,
A Ca=0,FhRE R BENL 34 5 47 Ca =0, T Ay AR
I35 s Ca<<0, PN 5) 0 A
1.3. 4 FhRFEEI R b
AR SO AR T K AR I AR SR SR R ] 47 302 -
YIPR% B AR B PE P B 3 Tl b 47 42 B 9 40
Bt LhsE SR A (RIS AL 1 1 T
T ZINSEKD IHHRART
K=1/Ca,
Horr KB/ W SRR R SR AR 0 B R, # K>
8, FfE R B AL I3 A7
SEXEE (m ) HEARNT
m* =1+ (S*/x—1);
Horom AR — DRI WA SRR 2 3 B AR
o Mm  >1I g RE G s m =1 I R LS
A am ™ <1 W R IE) 5040
YA P AT
P=m"/x
Hop P R RE A MAF- 24 Z2 /DA HA A A
XPE AP T % WS WA SRR . 47 P =

LR EE N BENL M P> 1, R R0 4 P
<1 MHEN )00, Ho PEBOR SRR R R 4R
T JEE B

2 HRESH

2.1 BEESEN

NI AR A S R D VR PR Y A
PRI 22 Tl G5 R 00K 2 o, 3R 2 WoR:BRARJT
JKAESh . g3 A 1 8] — J2 U A7 i 48 ZE (Polygonum
dissitiflorum) . JE B (Arthraxon hispidus) . %] 0> B
(Juncus effusus) .8 H- 5 (Hedyotis chrysotricha)
2] % (Radix salviae ) B Ky ¥ ( Prunella
vulgaris ). K K M 0 3 Epilobium
pyrricholophum) 55, ¥ & J2 KA 2 BB
(Panicumbisulcatum) \§% 3 (Ischaemumcrassi pes)
BRI R A K3 (Juncellusserotinus)
B A K ¥ ( Eriocaulon  nipponicum ). T
(Miscanthussinensis ) 5, 3 & 2 E K A # 1L A
(Pinus taiwanensis) %8 | |8 4 55 Bk (Hydrangea
paniculata) .\ E IR (Hydrangea chinensis) | B
14T (Rhododendron simsii) % 11 (Symplocos
chinensis) . &M A 1§ ( Photinia villosa ) % K 7}y
Y. Hrp R Z A Y i S m B R AR
(18. 42) FHAEZ (17. 49) AT/LHFEC15. 51) V55, T AR
i KA EEAEHEF AL T4 6 7.

x2 IMNEHTEYMEEZE
s Y% B R.C./% R.D./% R.F./% LV./%
1 KL (Arthraxon hispidus) 15.97 27.75 11.54 18. 42
2 Mitb 22 (Polygonum dissitiflorum) 22.35 18.58 11.54 17. 49
3 KT 0L (Juncus effusus) 18. 45 19.09 8.97 15.51
4 Wi B H-31 (Hedyotis chrysotricha) 10. 64 5. 47 7.69 7.94
5 M2 (Radiz salviae) 4.97 7.64 1.28 4.63
6 % J7/KHE (Isoetes orientalis H. Liu et Q. F. Wang) 2. 86 1.02 8.97 4.29
7 BAY L (Prunella vulgaris) 1. 56 1. 86 6. 41 3.28
8 KHFIH-32 (E pilobium pyrricholophum) 1. 99 1. 17 6.41 3.19
9 P (Stellaria uliginosa) 1.92 1.91 5.13 2.98
10 BEEE (Scirpus triqueter) 2.13 5.09 1. 28 2. 83
11 Bk (Lysimachia clethroides) 1.56 0. 81 5.13 2.50
12 W (Patrinia scabiosifolia) 3.55 1. 27 2.56 2. 46
13 WHR B ( Kummerowia striata) 2.13 1.78 2.56 2.16
14 B (Acorus calamus) 2.34 1. 27 2. 56 2. 06
15 W 2E T (Agrimonia pilosa) 1.77 1.02 2. 56 1.79
16 Hik M (Gonostegia hirta) 0.78 0. 64 3.85 1.75
17 Fjk (Cyclosorus interruptus) 1.28 1.02 2.56 1.62
18 ¢ (Potentilla kleiniana) 1. 06 0.76 2.56 1. 46
19 KABEAHE B (Eriocaulon nipponicum) 1. 06 1. 27 1. 28 1.21
20 ik (Sanguisorba officinalis) 0. 50 0.51 2.56 1.19
21 B (Carex spp.) 1. 06 0.03 1. 28 0.79
22 I, Fi (Digitaria sanguinalis) 0.07 0.03 1.28 0. 46
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AETERERL IR 2R 7 /K ARG N AT IR 17 Fp, dngk ( Phalaris  arundinacea ). 1 K. ( Beckmannia

3 FF 7R, Wi 3 Wl L HE SR Oy KRS
(Clinopodium chinense) (25.11) LKL (15. 80) ., B B H-
B (13. 31) ER (Scirpussp.) (12. 02) FifEZL(9. 85) 4%,
2R 57K AEAERE L A BB E HELE SR 8 o7, RUEISHE
bk AR A R R A 2, T B BRI S
(Epilobium brevifolium) %] its B, 3 3 ( Polygonum
hydropiper ) SR TEHFR = Ak A F 5,
H % B 3% (Potentilla chinensis ). B & ¥ (Carex
unisexualis) > W2E (Polygonum plebeium) HZE | FE A

syzigachne) \ 12492 & B (Carex doniana ) . B 48
(Paspalum distichum)%, ZX 387K B &, K A A
KREWITL (Azolla pinnata subsp. asiatica) | JEBK
(Hymenophyllus barbatum) S5/KIAFEY), X AU
TER NI /N AT T 2 P2 B
Horh R AEZE R B R PR DI ] (R A3
ot TR PES R N R DL, XS RE
FIRE RSB AT . AR KAEAE
W SE AL A T rh A AL

x3 NESHREYHEEE

75 [ERZEAS MXTEIE/ Y0 MR/ Y0 MR/ o EEAH/ %
1 K& B (Clinopodium chinensis) 37.21 26. 81 11. 32 25.11
2 ILEL (Arthraxon hispidus) 13.22 19. 09 15.09 15. 80
3 W B H- 3 (Hedyotis chrysotricha) 12. 24 12.59 15. 09 13. 31
4 FBEH (Scirpus triqueter) 15. 34 11. 29 9.43 12.02
5 it (Polygonum dissitiflorum) 6. 36 9.99 13. 21 9. 85
6 s I3 (E pilobium brevifolium) 4.08 6. 50 3.77 4.78
7 KABLHE 5 (Eriocaulon nip ponicum) 2.45 3.25 5. 66 3.79
8 HITKAE (Isoetes orientalis H. Liu et Q. F. Wang) 1. 10 2.19 5. 66 2.99
9 KT EE (Juncus effusus) 1. 63 1. 62 3.77 2. 34
10 BRI (Polygonum hydropiper) 1. 14 1.22 3.77 2. 04
11 2B 5L (Fimbristylis bisumbellata) 1.63 1.62 1. 89 1.71
12 KA ¥ (Eleochartis tetraquetra) 1.63 0. 49 1. 89 1. 34
13 Hithi (Sanguisorba officinalis) 0. 49 0. 81 1. 89 1.06
14 FJk (Cyclosorus interruptus) 0.49 0.81 1.89 1.06
15 P (Stellaria uliginosa) 0.49 0. 81 1. 89 1. 06
16 Bif}Z(Radix salviae) 0.49 0.81 1.89 1. 06
17 N IE (Txeridium dentatum) 0.01 0.08 1. 89 0. 66

2.2 MEBETES>AERMELERE

R /N2 ) 15 R0 T R M 1 9 A 40 4 I
R K AE AR 53 A5 (1 m X 1 m S [l D Ik
SN L R 2 fros. BOL R 2 7R
YLV BE M, R 5 K JE B 4 A A RE A 33. 33 %, 4

REJT B9 80k 0. 75, T 7E /N RS W RE Hb L ARy
K AE B 43 A 90 BE Ak 77. 78 %, B RE T E ¥k
A AT AR VE AT 6 A%, AR O K AEFE R
T DX 3 ) A 2 L AR LA A BB S
X 5y,

B BEEERT T R SR
T BAURFOR R IR BB 3

K2 AMEWEE R A
T« R IR AR T K AR R
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A AL RE AR DT K AE MR 7 22 MEH 1L 1D
H3.08, ID>1,t {H N 8.69. B 3K 100135 M 2. 72,
L0015 » 2257 5 MOA RE VR R T K AR 2

BAEN, UHRYE  Cassie $880(Ca)2. 770,11 —
TSH(KD0. 36<C8, F-IHHE (m ™ ) 2. 83>1,F
BVERE B (P) 3. 771, DL EL2 A H 8 % RE L 4R 7 7K

x4 FAKEMBEZEIHIE/UNESR

T X 3 ID t to.o1/35 Ca K m’ P I 2y
ULV 3.08 8. 69 2.72 2.77 0. 36 2.83 3.77 REN
JINEEI 7.26 26. 20 2.72 1. 40 0.71 10. 74 2.40 BAEN G

AL AR Iy 224 1 ID A 7. 26, ID>
1,6 {EH 26. 20,853 to.01yss N 2. T2t >0, 0135 » 2 5
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I3 AT
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PEFE S (PO FN i I 240 (KD Sk F AR SR ek 4
B R SR AR TR B 5 L R IS RO N IR A R P
SHR 0 26T LU T B b ) £ I S RO SR SRR A
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3.1 FAKEMESHERBHERRE

ER 7R e (118 R Vo0 Pt R i K 7 e B e o
MBI . A T RERL A0 RIS 5 43 i
1 R SEAE Y R R 1 A R 20 AR
ARG R G F R D BRI R L. 2
KORh AR S BB 1] T SR AE 70 A B RRAIE RO AR 73
A A T A e R LR AT i R R s A
RE T 0T AT AN R PRI AR . AR T K AR A
AR RBLH AR SR G2 00 A LA . X 5 R KA
B 0 SRR A AR BT A AR T R ARG,
ZRNA - 20 BT SR AR R MR AR T R AR ) A s 3
FOLREAER . ATKAE SR . 2 KA iR 2R . X
23 S A SR PR AR X P8 R A g » AR BiK (Y L T A
FE A B A= 1 T /N2 T A e 02 V5 A5 3 TR b 31
e FEK S A R PR D7 /K AE R REAE R 3
PR AR R4 JCIRREAIL A1 T 45 3 2 M ) SR A
A Joy 3 BORE R AR 70 A (4% Jm . b) SR 5K
W SR AR D7 K AEFPREY SR Z R . ART7 KR

AT/ ATV SRR A S A Pl ) A R
A PSR O R O LATCE VE IR BN L AT RR
B RERRIE B B . S B MR Ak SR . ) W AR T
PRAE A P BRI 7 - HLA 7 A 4 4 5 R bR ) 2 Y
IKFHEA —5E 1L AR » BRI Sl i B A T 21
Jr7RAE R S5 . ELARR R SR A0 R

ANTR A 55 B R BT AN (5] B 0 A A% R R — )
FhE S A0 A% JRAE AR AE IR AFAE 22 5 o /NI
FIBUEEVE B AR A0 02 1L vh B A4 VA P 18 L (B
HT TR M P R 22 B AN TRD L T B 1A [ A AR
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2+ 3 PN KU T B AR AR L (EN AR T K AR A BB
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FETHEE W K LT AR 3 R 75 K JE Y A
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SR RO
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AR/ N DI R AR 3
3.2 FAKEMBFRHFREE

) BEVR IR X REVE T RE A R e 7 A 5 L B
A/ IV RIS 75 10 M A v 1) BEORI 8 S J5UN 2R 7
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KEXZFEE ari-e.GP IS FiRIEF %

BEF  EREY, TR, mme , KBR,BHE
(1. T k2 AESH2EESFE AN 310018;2. Hriz EHY R ARMAEEE LR F, 40 310018;
3. Wi B A AR 5 A AR R BB, AR 310021)

# E. K& & Golden Promise 48 4 89 1 ¥ 44T L B ari-e.GP 3t XK A B A FRHEAETZAANE, AT
1 ari-e.GP AR EXE 5 TFAResh kB 5 125 Sk AR, FL—A dCAPS 3 i1t 4 F 472 dcDepl ,
deDepl #7928 F £ S HARIT L EFF AR Arie.GP AH ) F SAT B Fo il % T A arie.GP A B 1) F 4547 %
FRAAENZG S AR REAR S XHAAERE A, A A dcDepl 47784 8 QB09/Golden Promise #5 F2 #= Dash/
VB9104 R # 4% 4k (Double haploid, DH) %~ & B4k 347 2 B A1 4 ) Ao bk & 0 52, X I ari-e.GP AR A & R bk &
AR T A Db, it —FiEE dcDepl 4FARILRF G A, A R F 3 ari-e.GP A B #4575 F AR i sy ik 4%
FAP LT AR FANBARR LS, otk K X BAT AP L H A2,

KR K& ¥44;ari¢.GP;dCAPS 47iE

FESES: S512.3 XHEFRERG: A TEHS: 1673-3851 (2019) 05-0374-06

Development of a molecular marker for the barley semi-dwarf gene ari-e .GP
XIE Siyu"? ,WU Kangjing"* .WANG Feifeng'* ,LAI Lihua', ZHU Jinghuan®, JIA Qiaojun'’
(1.College of Life Sciences and Medicine, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Key Laboratory of Plant Secondary Metabolism and Regulation of Zhejiang Province, Hangzhou 310018, China;
3.Institute of Crop and Nuclear Technology Utilization, Zhejiang Academy of
Agricultural Sciences, Hangzhou 310021, China)

Abstract: The recessive semi-dwarf gene ari-e.GP derived from barley variety Golden Promise has the
most important value for barley dwarf breeding. In order to promote the application of ari-e.GP gene in
marker-assisted selection of barley breeding, a dCAPS (Derived Cleaved Amplified Polymorphic Sequence)
functional molecular marker dcDepl was developed in this study. The marker dcDepl is a co-dominant
marker and shows the significant polymorphism between medium/tall barley variety with Ari-e.GP and
semi-dwarf variety with ari-e.GP. So, it can accurately distinguish the two genotypes. The dcDepl marker
was used to carry out genotype detection and plant height determination for Zang QB09/Golden Promise
F2 and Dash/VB9104 double haploid (DH) segregation population. It was found that the genotype
outcome of ari-e.GP was totally in accordance with the phenotype of plant height, which further verifies
the accuracy of dcDepl molecular marker selection. This method was applied for marker-assisted selection
of breeding for ari-e.GP, which could effectively and fast introduce the target barley varieties, and speed
up the breeding process of semi-dwarf barley varieties.
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0 31 &

R 2 T DU R A 2R, A 1w AL
SRR T /INE KRR K B AR R S
AR L 340~1. 54, H ER 2 AR LR IR
TKAE N ERFSE, SR 5 i, T REZEF
MIHURZA ZUAR Kk | AT AEA TR FE A 7 R K B AR 5 5%
PER S SRR LB R D RS H AR
Z et B2 R Z o, R VR © B R Z2 7 i
T EBERR A A R ISR R ZE SR
FFHE R PUEIE AU ALBGRS . BBATF R K
AT R E IR, G BRI R R A B R AT 4 5 K
E NI NTIARE S €/t 1N s A

125, BT R REZ B RBA 100 241
TERZE B M EZ N ACE 4 2R L 53
BB heml | uzul . sdwl/denso Fl ari-e. GPP1,
hem] BRI R A2l B E R ARG, AL TR
Z 2HL G iR B I G I, 5 6 B BRI ors]
U B 2L AN L ] eam6 B ER . H
HI IR o R e b, R TREANBRAREF
Flte wzud PRIREFTHEAA T K2 SHL Jetafk, iz
R L H AR EREF R, fka
I B 7 20 tH42 80 AEAHT b ik & 1) K2 %%
FRE AR 5 weud PARFF R 0 &R0 A7 80 %65 7E
20 t4g 80 AEANJE L F 0 K Z AT i Fh v, 4407
wzud PERFFIE A A AT B 5076, 20 4 30
A BT wzud BEDRIA R ZE AR B A Tl A T AR
R 70 %6 5 #E 5 [ AR R I A8 3 30267, Chono
W R uzul SEF Y HoBRIT %55 K (1) 5
B 4 0 S BRI R 22 % 25 2 N R (— i ) A
FAH T e iz . TR TR . sdwl /denso
AT LA, Tk # SHL Jetafk, RN HRER
PR AE S5 B I R AR KRN, sdwl F2H
TR REZ T T, M denso B 12 I FH T KR Fr) ngt
WRAZF R, 2009 4, Jia 50 ke 7 — HE M
KA WIEFIEH sdwl /denso i FEF 5 KRG FT
L sd1 R, i GA20 AL, B2 5 R ERS
o IR A XS 30T TF R T 4E5E sdwl /denso
FEH 53 FARIL s sdwl /denso K IEFF IR AEH T
DR IR R A2 & Fheb, i ELAE T H R = e
A MR S E A R Y arice R
BRI BAPE P A B A G AN R R U5 1) 45 o7 Kk
LU ari-e. 1 .ari-e. 30 .ari-e. 39 .ari-e. 119 ,ari-e.
156 .ari-e. 166 .ari-e. 178 .ari-e. 222 F ari-e. 228 ;

KAZ2EIRFF i AP Golden Promise # Y 2 5% FF 5k
Hx % Gpert™* '3, 1969 4F, Persson™" ¥t ari-e
R 7 F K2 SHS Y 444 ; Thomas 51 4%
Gpert JEHEN T R#FE 5H YL {tfk; Franckowiak!'®
I A LRI, B ari-e 5 Gpert B 5
SR Gpert 248 ari-e.GP,

Golden Promise 29 [E KZEZF B F R 7L 1956 4
Ty S Maythorpe i B it & 3449 . OF T
1968 4EFFaAHES . 20 42 70 4E4RLASK, Golden
Promise K HAGA: £ # WA R B0 B AL, HoA 2
ST L L o P MG T SRR Tz g
TRRSEMUR R E B R 2R R EZ BT & Ry &2
MR PR 22—, 20 fib4d 70 AEAR E 21 24,
Golden Promise — H & 74 22 il - = 1Y 155 58,
WA KA 43 35 ~ 40 4F g+ 2 #B 2 Lh Golden
Promise A JURHER 1 Y .

ari-e.GP BEPRUABSZ WA AR &5 L 7 5 R b 0T 25k
AR T ELXT T $h A A7 S 252, & R NaCl 4b 2
J& . F Golden Promise fll Maythorpe X 5| 7£ F
ari-e.GP A, AN K ari-e.GP 3R A B T K
Mt ER A4 5 » Golden Promise Hii 3P Na® & &
FLiBAE A8 Maythorpe F#{K 50 %M, B %% K
FEFF LN AL ari-e. GP 5 £ A0 &, HAEA [A) 5t
G155 N #RF P EE 4 . Golden Promise 2k
F B TRl . ST arie. GP FERIXF R FE
LR AR, b 5% R AR B 20 A il
S5 — DU 7 AR XS R A 74 At o7, 12X 1] v P
172 VIR ERGi e RN o SR E RSN At AT N
e Wendt 851 R R R 5 B 45 A HL - 5 b
ARG KA HoDepl BEH %3 57K FF DEP1 3
HIFUE , df G B y WA, AR HoDepl HEH Y5
ari-e.GP TERZ G ik AR AL & LA K Golden
Promise HIZK#E DEP1 &8 AL 7Y CRIEFT |
RIS MW HoDepl K ari-e. GP 3k PR ()45 35 5L
RS R o M itk — 2 & B, ari-e. 1 ari-e. 30 I
ari-e. 119 K] HoDepl FERELD; ari-e. 39
ari-e. 156 Ml ari-e. 166 ZE25K M) HoDepl £ 3 5
HMEF 2007 i i C A28 T, S BRIP4 A 28 1
Golden Promise ) HuDepl &R E5S 1508, 1509
A7 SRR A — D IE AR RN S AL T 2 SHNE
W EEERE AT 0k 35 L HoDepl HIREHK
FERRZE 2 BB AT ari-e. 178, ari-e. 222, ari-e.
228 W HuDepl FENEAT AR, b — L £ A0 &
I 3X 3 AR AN R N A, R DL R A
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WRASIZ: ari-e WS AR A, 1 JE R B AR S 36 F — 25IE
S arice FR N ALK SE BT HoDepl J [H 58 A8
ALY

T ELE 20 el 60 AR R A d R 2438
BB R S A Bk = UK 1 100~120 em
FEAREIIAER 80~95 cm, f7 il 893 kg/hm” #& 5
#4200 kg/hm* 34K 4. 7 %, WoRBEFF G AP 7
WA A E R BT E R DL wzud BN E,
IR VR IR YR B — , TR e AT 0 B4 T K AT R R
165 sari-e.GP BEPRIAE IR 22 8 R b i o7 FH AR 4
B ZERNEEMCM AT A . BT arie. GP $EH
M E A LA S Golden Promise fi B FE 7= 1 . i i
i AL AL L B ST 2B, g H T op R
EAT B R, BT arie. GP 38 T Btk i
B H R LT FIOR RS vE PR S
WA VIR S ari-e. GP 3L 58 4 B 41 2> 75
ICH FHIBIERE R R . ASGEL TP PCR. il
YIFNBR IR B HLTK T K — P b sl 4 0 48 iy 2 B
ari-e.GP PR PR G bR Z2 sl S Bl ) 0 1%, A3k
[ K Ak B b i A B e LA,

1 MREFE

R A
HE R R ZZ AR QBO9 A1 VBI04 , 2 ERFF K
A Golden Promise 1 Dash (#: 37 ari-e.
GP)™, Dash/VB9104 X B 4% {A& (DH) Bf {4 Fl j#%
QB09/Golden Promise F2 #f{& . H i QB9 H
BoM B R K 2 el B 42 i, VB9104 ., Golden
Promise, Dash £ Dash/VB9104 DH B 44 fy 38 F|
M. Murdoch K 2% 2% 7K 18 20 2 #2 fit. 5 QB09/
Golden Promise F2 BE{R A SC I = 4 1. SEAH
BRI R AL Bl 16 7 3 50 356 1 L 2 % 7 3k
PR B, I A 1 300 R0 A 20 A A A K R 1
7=
1.2 DNA f2EXFn4ain

HURRAR K22 AR & i i 100 mg F iR
ERAY 2 mL B0 A 2% Y (Biopre-24)
PR Fr 5 B CTAB 35 $2 0 DNA, firf3 DNA F)
H NanoDrop2000 435656 BE 145 I DNA ¥ B Fil iz
£, 9F 4% DNA 5 B K 50 ng/pL, —20 C % %
= H.
1.3 #%Rs31¥F5igit

e Wendt 2 3GE A9 HoDepl (HORVUS-
Hr1G061840) FEHF 8 LA K51 9015 ., 47 39

1.1

e 5 14 11280 11514 5'-CGTCAAGTCC-
AGTCCACACC-3") F1 11281 (K iz ol 4 5'-
CGTGCGAGGATATTGGCGAC-3") #4755 — &
P3G 3RAF—K PCR =41 (760 bp Z247) - 1 o3 AE b
FEL KR J 1 e (R0 i — ¥k PCR =49, I LAHG B 10
5 (A TS0 0 A A FEAR AR 17 51 R AIE 1 1 dCAPS
Pics ) deDepl (NS |9 i#E4 T BL X3, JR15 —
K PCR 7#¥y, 5% J5 4T Sal 1 W) B BEL) , i 7
Wy L VRAS I

dCAPS 5 ¥ &3t & MR ¥ HoDepl J7 51 LA K
Golden Promise - 5&FF K 32 i b 78 % 3L A Iy 51 1)
55 1508, 1509 {37 i (B4 A A Bifi i — R PEEA T 1Y
F) F 7F 2% % ¢4 dCAPS Finder 2.0 Chttp://helix.
wustl.edu/dcaps/dcaps. htmD) B IAId AL 25 B FiE 1]
15 B AL AT BR P Bl 057 453, 1) S ) B b
JEH N TGIA 2 A EE LI A FR PR 1 B U7 25
% dCAPS FRic B E45 57 L UF 19 Sall 1E M1 ik
Fric BT HIlg . FH Oligo 7. 0 B AF A fw ik dCAPS i
WAL T PCR 514 deDepl, H: EIiE5 191741 -
5-GCTACATTTACTTGAAGGGG GTCGA-3" (#}H&
FEBCIIL) » RS 18R 5 -CATCCCAGACC-
TAATTAGCTG -3', dcDepl 51447 4 7=y 46 A
v 45, PCR P10 K B /Ny 140 bp, BHIS I, BF
H Y Ari-e . GP JEIR (TCHi A 25D AT 9% Sal 1G]
3K45 116 bp F1 24 bp kB, M A8 B ari-e.GP FE[H
CH 3l AL s T ¥k B Sal THE R H, 3k 45 140
bp F B,
1.4 PCR Rz

11280 1 11281 814 PCR /44 :95 “C FiAs i
3 min, B PMEH 94 CA8E 30 5,60 CiEk 30 s,
72 CHEA# 1 min, 3£ 35 NFIR, Fe )5 72 °C I fif
5 min,4 CHEAE. 519 deDepl ) PCR 4514 K.
95 CHAsPE 3 min, BAMEFF 94 CARHE: 30 5,60 °C
Bk 30 5,72 CHEM 20 s, 3L 35 DMER, &5 72 °C
FEAH 5 min,4 CLRAF
1.5 PCR F=4 g

K B g b5 BE B DNA- [ 50 ) & (Magen
D2111) , #5ET7 4% 6 I 15 2547
1.6 Sal ] BgtIF0 M k&

dCAPS #ric BV S AR % : ¥k PCR 724
4.0 pl,Sal T WY 28 i 2.0 pl.Sal T
I 0. 4 pL,ddH, O %2 20 1,37 CIRIA 2 h. i
YIr=4n 3 o B B W A i K AG I
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2 HREZR

2.1 REFBFEE arie.GP AR ERIEH
Fx&

FIE 514 11280 FO7F s |4 11281 #F4745
—IK PCR ¥"14 , — kK PCR Py LUk 45 SR LA 1,
B 1 AT, K S A QB09. VB9104 ., Golden
Promise(#EH5 ari-e.GP &K I Dash (¥4 ari-e.
GP B HRARAG B — 25417

El 1 B4 1L280 #1 11281 fy—k PCR F=4 s ik [l
7 : M 24 DNA Marker DL2000;P1 A QB09; P2 2 VB9104;
P3 & Golden Promise; P4 4 Dash,

TR PCR P=¥ ] Sal T WYIEGSEAT YT, o 9K
ARILE 2 s, B2 R CRBEIIRT, 4 B
FEYIR/INA 140 bp 247 3 Sal | WYIEERGDI S , o
FE 5L R QBO9 H1 VBI104 K% 116 bp /N E
Bt R IR PCR 7=W#k Sal 1 WYITGIR G ; 2 5%
FFEL AP Golden Promise Hl Dash K46 A A B L,
WA EHE Sal 1 WYTEE T 51, 47584 g e i 2]
140 bp MR Bt

B2 deDepl 42 TAHFCKM ari-e.GP /A
% : M Jy DNA Marker 50 bp ladder; 14 Jy k2 # QB9
VB9104,Golden Promise FI Dash i~ PCR =4 ;
5—8 RN Sal 1 A VIBEREYI RS i il QB9 VBI104,
Golden Promise Al Dash f{y —1X PCR 7)),
2.2 ari-e.GP EREFRMEIRICHBEE N IIE
FIIE A TFARIC deDepl X k22 BB FF R 1
PR PRIE S FAmIC i B B A g SR a s e X
3% QBO9 Fil Golden Promise 24514 F2 BEARFEHL %
B 107 A BARRBEAT ari-e.GP JERHAVK 2, Je Ak
il | 479 (11280 A1 TL28 1) #4746 — YR 4™ 14 , 5 FH Py ]
5149 deDepl #4781, 555 A Sal 1 N YRGB
VIR R KA, A7 28 A Bk 3G v i SR AR
QBO9 45 A, 20 D EARR Y 1Y 2P EEFF KA Golden
Promise 17, Ho4y 59 PNEAKR ML B, X 3REA
RIS AILG(28:59: 20) AT R TR B R IASF A 1:2:1
{14 P /R B R A3 B b (X2 = 2. 25<<XF.0s = 5. 99),

L DN 7R 8 5 25 M B A TE 45 R W) & [l I ibn il
FH AL WAEARIC. W RE A B K A R A
3 F7R

B3 decDepl 2 FHRiCA I QB09/Golden Promise F2 #EfA

1 :M 3l DNA Marker 50 bpladder; 1—5 H AL R

6—9 FPIEFFHR R 10 AAEMAR.

X} Dash F1 VB9104 4445 () DH BEAAR) 20 4~
FERR RN 20 DRIEFFAR R AT ari-e GP SR ALK
I, % B0 e Ak R AR A I 21 /8N | B T BB AR R AR
Rl 20K B, B4 A S R LUK A R & 4 BR,
i—2L KW HoDepl FEPRBYHH AN A 5P
PERIL ST B

K 4 dcDepl 2 FFRric il ik Dash/VB9104 DH {4k
7 :M 2 DNA Marker 50 bp ladder; 1—5 &k &,
6—9 FPERAFHER .

3 #

ari-e.GP - 5EFF 5 A, B} HoDepl » & 7K
DEP1 Wy[AJE3E A, it G I y WA % 3L R AE
55 1508.,1509 o7 o5 [A1 4 A A B3, 5B 275,
1 BRI AT 1E . f# Golden Promise £ A 2 4%
FF L ARYE ari-e.GP FE[H 2 SAMNE FHEA A B3
X 4R AF , F) FHAE 2 B4 dCAPS Finder 2.0 %1t
dCAPs Fric deDepl . 5] A4 F s 365 B 4= 1 Ari-e.
GP B A9 Sal 1 N YT, 522 R ari-e.
GP S A Il AN A, TR Sal T WYIFIR
S, R aE i PCR. B A EL 3K 19 77 sREEAT ari-e.
GP SRR E

dCAPS FEH R/ IN—Jh 100~300 bp. % F A
N E PR EE N B A5
HEZARIRITS . R K HoDepl JER P81 HEXTR
RN, KPS RN 3H Jetafi Y FEA
HORVU3Hr1G051800 [RJ 51 &5 3% 99. 9%, & T ik
S dE B R By 1, A SGE A 51 AT B g
B e — X AMI B | 9 (1280 i IL281) #E 4745 — Kk
P44 ORIG LL—1R PCR P24 A ASEAR , Fi 2 Y5 [
deDepl HEATSAY 1S, 345 dcDepl FRic 1945 5 BiED)
JPA. ZRE A T EE R R 2 0 H AR
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BEA ) dCAPS 73 FHRICHITF & o

I3 FhRch Bh PR B R REA SR S B AL
RN AL G E B TR A & 32, Andersen
EUR IR TIRETE A FARIC . How ORI T 5 A
ARG BEAHOC I D RE kPR A FR 1 22 Ik 2 T T 2 1Y 43
Fhric. DIREME D T-brict fe i ek R 7 giAn 1o A7
TERY G BB B LTS5 ) B2, R L2401 4l By vk
BEE RIS IE . K2 PR /N 54k
ZARIRA G DI REYE 70 FARic . Qi BE TR MO BOR 1Y
SNP 733 45 5 KA W i Waaxy S, F Ak
K Vim-H1 F12E AR sdwl /denso B InDel Fx
RN PR R ] mio JEIR B CAPS FRiC Al
InDel A1 . ARSCIFE M deDepl 43 Fhric i+
REHE A ari-e. GP N, J& T DI REME 4> F AR id. X
ari-e.GP 3[R iy 16 8 MEHG Rk 10090, 18 1 X 5%
QB09/Golden Promise F2 #f {& fil Dash/VB9104
DH BERH ari-e GP BN BY R e £5 . JE— 2D 0
WE T deDepl 23 FAric BEA S HI T REZ B 70+
PrickiBhik BB R, B RAE LI A P I A A
FNTEHE 43 FFRic B R A il g P HR 1) H 45 B
B R 8 22 1Y R 2 Ty i 5 DRI o R A . D) e 43
FHRICHE AR T REPE 731 bR i (Y R o 7 ] 4 1
AR 5T b il Bl e R 1R3G5 48 R 22

T B9 AT W FI R 7
4 #£ B

N THERZE ari-e. GP 2PREFH R TE TR B R
R E ST A O AR SR 5 2 541
T AR A AR IR T & dCAPS ThfE
PS> THRIC deDepl, FELEFANF .

a)dcDepl Z3FHRic ) 5 2506 W SR A (7] 22 55
W, HAVF ari-e.GP JEHFHIN, AR i 2 £
HEWRE R 1002,

b)) A 358 1% THE A 1) 5 R A8 5 5 5 FH ) O ¢ 4
RIERW) G R SS% I T FR e e 0 THEA 1

o)dcDepl 73 FHRic #RAE TR 8, 5 PCR 971
AL S0 AT 58 i, T B s 34 B AEAR I, A I 2R
s RIHAE 18 5 T T Bt R 22 R R ari-e.
GP 15> Fhmic i B ik #%.
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BEAMMEHEMPNKAMESZC I ZERRELEE

B E e, BRI, RAR, IR F

Gz T X3 A2 aHF 3R 4N 310018)

¥ E. BFRA R B AT %A (Total flavonoids of Dendrobium officinal leaf, TFDL) # D101 # Xk 3L R W 4f
Resb it TE AR EAFR, A EEME AR FFo EH RS F A IR, oA R IUR WA g 440 0R 09 B & it
AT T B S A 0 B - R T8 A s AR SR B8R (VO Fv = B wg ZER(EDTA) hra ks 8, 2 A 1, 1-= 3K &
2-E M A A (DPPH) i .2, 2-BE R-— (3- T AR SFrE vk 6-8500) — 463 F & 7 8 b A (ABTS" ) ik Ao dE 5%
(Ferrozine) s & TFDL 2+ DPPH #= ABTST ¢4 B ALEH L BT B & T (F )M 1, SR 4. %34
RS T A LR R E 2. 2 mg/mL., EAR AR 16 45 k4K A (Bed volume, BV) ., LA & pH 1AL 2. 4. % Bk
80% L BE e BLIkAR 3. 25 BV(FFR F ik %) 90. 83%) , £i&, %% B4 & 7Tk ] 193. 95 mg/g; £ DPPH #= ABTS"
W F LR Fe?™ th A 3 AP AR & F , TFDL 3840 7 W B A IR AR b, 75 P> DPPH,ABTS™ #= Fe?t 8§ %
H AR E (ICs0) 4 %) % 0. 1123.,0. 7845 mg/mL #= 0. 6434 mg/mL, 3 2+ DPPH ¢4 4 a4t A % 3%, Bp TFDL A4
BRRWGRBERR T4 S, D101 KILRMAAGE A T35 TEDL 69 2 & shAL . 4k i B fif ot B 1 B £ AL & B A 5%
RRAE R, A —F TR GNE,

4B SR B AT B AR D101 K SUE ALY 5 40 AL E M
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Study on total flavonoids purification by macroporous adsorption

resin and antioxidant activity of Dendrobium officinal leaf
GAO Haili, YU Jifeng, HUANG Luyao, QIAN Yangyang, XU Tao
(College of Life Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: It aims to study the purification process by D101 macroporous resin and antioxidant activity
of total flavonoids of Dendrobium officinale leaves. Analyses were made on the factors influencing the
purification effect of macroporous adsorption resin from the aspect of dynamic adsorption ratio, desorption
ratio and total flavonoid content as evaluation factors, to determine the optimum purification-desorption
process conditions, The antioxidant activity of TFDL to DPPH and ABTS" and its chelating ability to metal
ion (Fe*™ ) were measured via DPPH, ABTS" and ferrozine methods with Vc and EDTA as positive
control. The results indicate that the optimal purification conditions of total flavonoids are: loading buffer
of concentration of 2.2 mg/mL , 16 bed volume (BV), and of 2.4 pH value, 80%-ethanol-contained eluent
of elution volume of 3.25 BV (desorption rate up to 90.83%), and room temperature, under which the
content of total flavonoids can reach 193.95 mg/g. In the three antioxidant systems of DPPH and ABTS'
radicals scavenging and Fe®" chelating, the antioxidant activity of TFDL depends on concentration, the half
inhibitory concentrations (1Cs;,) for DPPH, ABTS" and Fe?" scavenging were 0.1123 mg/mL, 0.7845 mg/
mL and 0.6434 mg/mlL respectively; the DPPH radical scavenging capacity was strongest, namely TFDL

Wk H49:2018—12—13 2% AR H 3 . 2019—03—05
VEZ A B Sr (1991 — ), B INZRTFR B0 -0 98 A=, 3580 SR R SR 24 FHA 4 G I8 T & 7 T (R 9T
WEEE A W, E-mail: xutao1998cn@163. com
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has a strong ability to provide hydrogen atoms. D101 macroporous adsorption resin is suitable for

separation and purification of TFDL, and the compounds of TFDL are of strong antioxidant activity. It is

worth further development.

Key words: Dendrobium officinale leaf; total flavonoids; D101 macroporous resin; purification;

antioxidant activity

0 31 &

2R 1 A 8t (Dendrobium officinale Kimura et
Migo) . J&Z AR FARNY) AL Ge 44 S 25871, H IR
ZEEBAZ 5184 NIk A A R o i N 2 Bl 2l
ROWF5E CAT iR AR At B A 1 245 A 43
WA AR . BB A T AR 25 I BB A, e 4
FRHAE AR P AR L ], Horh s R S Ak S W) o
AR . BRI A A — et il A AT R A A
P BRI B T2 R 25 BE T L BT
A TR U BT B 55 R AP B 5032 R
PRI IR A i e MR r A

B S AL W 0 2 Ak T 1 32 A R AL R B AR
JI AR T AT | SR Pz ) SR A M R v 0 O € 3
SR AL AR B A 22 L 45 g R g %
YL B DI RE R IR 25y vh 73 18 AL ROy By
D AR R R D S R A B
(NSRS A A E e B REATD W I N i N UL )
i Hh TR SRLAR R T ARV AR AR ) AU B A
FHAE AR 22 5 T DURDR & AR R 4 43
T3A s KA AR A 5 LA 21K A 2R A R A 5
FIR AW BARib G 9, Toie &5t a4k B A7 Pk &
ISR I LE A R AP

ARSCHE ] DI0T LI B A% i Xof Bk e A fiph 6 2
M 47 43 B 2l Ak, 3@ 8 DPPH . ABTS' 3 Hl
Ferrozine ¥£X%f TEDL 28405 Wy b 47 50 AL TE 1ET
#r B 0 HXE DPPHLABTSY (Fe* " [ BRAE ST . N
R B AT SR B TR B T B A

1 MREFE

1.1 SLIEtH#
R R A b S ER A N T O
firb AT RN B AL A R LR A5, 2 60 H i, & H
D101 RIAALIE B i (Cat £ M0041) , 1 FJb
R ERHARAH.,
1.2 XRWFENESKF
KQ-250DE BIFi45 8 75 I v PR AX CRL LT 7=
IERA BRA D 5 721 24T WL 43 6 BE AL (11 75

BB F A 2% A BR 2> 7)) 4l /K {8 Heal Force
NWISUV (1 ifg e s il A BRA D s B85 T4
R CT MR PR 7DD 5 e N8 & 4% RE-52
A B2 A ARALER ) s DUS0OO il 48 Ah-1] I,
23656 1 (Beckman, USA); 38 E 4L (16X
200 mm, Sangon Biotech),

P T RRAE S G e 5 SR8250, Jb st R E R
AR A A JNE HE (2000 U/mg, Sangon
Biotech); 4] 4 & fiff (110 U/mg, Worthington
Biochemical Corporation); DPPH (Fif 437 T 4= fb. B}
B AR ED s ABTS(Hb st Z e R A BRA
Al 5 JE 1% (Sangon Biotech) , {73 K444l
1.3 AThrEM&LT

S Jia & R INE sk . FRER 10 mg
T bR AE S O 80% £ WE VR W R OF 8 AR
50 mL, FEEEA 0. 2 mg/mL (ARAEIR . J3 i B
BT FRWEW 0. 1.0, 2.0, 3.0, 4.0, 5.0 mL Fl
6.0 mL, JIZKZ 10 mL; 2500 1. 5 mL VA5 HR4H
(5%, Fo43 440 #8 6 min, iMA 1.5 mL R4S
(10%0) s FE/M L] FHE 6 mins FRJE A 4 mL H &
AN (4 %0 4], IR 20 min, 7E 510 nm K
BT R W ERE S ARG RE CAD S PNAR AR 5 T o B
JECO) AR, bR dh 26, Gtk a5 8 R
y=6.91552x—0. 0123,R =0. 9988,

1.4 TFDL TEREH&RLEMSENE

FH S50 % [ TAEAS 21 TFDL R 32 W 9 A0
FLERECT 2 Wk EL 301, ZUBEuk i 45 %, pH {H 6,
fip il B2 55 °C , Bl B ] 60 min, & 4 il Lb (27 4k
FHG: AN ABH 1.5 1.0, & 1. 0%, @/ &b
FHREF[E] 10 min, #8875 TR 100 w. 45 4E £ 0 52
Tkt TFDL R4 B0 1.81%, KMl 42 W
A CHPE R 0k B e 78 Ak 4 (—0. 1
MPa, 80 C), FFHZS T4 (—0.1 MPa, 60 ‘C) T
MR G TRE 4 CHAR.

1.5 K7L IR B4 FiS B 2 78 W BT — i IR B
L5 1 RALWEZ B B o sk 2

KA AR B kb 38 A 522 Sk 14-15 ], B

OB R B DI0L KL B AR 9570 2 B2 i
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24 W RFEAE L 9500 S REHESE AT WA I VL T

SETE 254 nm AMWOBHE . HES 9506 LW BREE— 2

I IR R A T 7K R I0RAR 25

15,2 SR AL B AR Al AU R5CR 1 S N R B
HER L IBGRAIE 20 mL, 3% 1. 5. 1 Ik A B

RRRARHUER B At B i R 0.5 g BT Al

s 182 S A 25 A D DA E R 4 BV/h, K BRI

4 BV/h KBERARL 3 BV, ZEERH % 1 BV/h,
Bt AES W3 1(1 mol/L HCI #l 1 mol/LNaOH
PETT pHAED o LAAR AR I B 32 A B 8 Ry F8 4 2R 5T
ANE) AR R BE (R A —) FIANTR] pH {E (R =) %
SRR 1 520 5 LS I 8 RN A AR R it v S B
RS IRTEAR] AR TR H (R 5 =D X 4lidk
BRI

F1 FWMAAMELURBBERRSH

5 ¥
TR T RERORE (mgemL ) oH ff CERRUNL
R — 0.6,1.0,1.4.1.8.2.2.2. 6 3.6 70
Ry 2.2 1.8.2.4.3.0,3.6,4.8.6.0 70
Y= 2.2 2.4 40.50.,60.,70.,80,90
B[R AN AW FHIC/K A 2 LU 3 B 240 nm/ min, $45 1]
E/%=(C,—C,)/C, X100 (D 0.2 nm,
Qe =(Co —CDHV /M (2 1.7 ML ELEENE
D/% =C,V,/(Cy,—C )V, X100 (3) 1.7.1 DPPH [ 3%
C/% =C,V,/Mp X 100 4 DPPH A W3R 52 7% SCik[16-17 1, BAK
Hor E R, Y0 Qe AWHE, mg/g: D MW BRI R A R SR R TR AR S AR
H, %5 C HEULIE SR A i ome/ s Co S FREREE /K C AR IR B 1 B 5 A0 (50 . 100,300,500,

B & 8, mg/ml; C, i A J5 8l 7 &, mg/ml; V)
S PR AR R, mLs MRy R LW R AR A T Ot
g5 Co R I 5 R 5 5, mg/mL; Ve, i
W A A, mLs Mp R 4l Ak J5 45 21 1% 5L 2 R 5T
g,
1.5.3 ZhaSitagh g% 4¢

PR UK Kz A ki S B i 3278 1. 5 g FH /KBl
B 2. 2 mg/mL () AR A 1 mol/L HCL ## % pH
HoR 2.4, 4% 1.5.2 FF 13 55 2ok 4 b 3, 5 (1) B
20 minftE—E W (29 4 mL) 2 B4 I
W SR BV FE , DA (] AR AR AR, (Cr/Co) 9k
AL bR i sh A a4k
L5.4 ZhASuEMMhZHE 5

PR UK K A fRh i G v P 328 0.7 g, BE il Bt
2.2 mg/mL i FREE ] 1 mol/L HCl A ZE pH &
K 2. 448 1.5, 2 AR A A AR AR ER L 80 %6 LBV
J s A 5 mll WS4 I A T e M T e
JE , DASE I AR B A b, Ve W TFDL ¥R FE
AR FRZH SIS Ve T L
1.6 ZESMRI S ik

FREUER Ez A s S B i B Fi L T A8 800
i SRR A 43l I CK FEEBC AR 0. 2 mg/ mIL Al
0.1 mg/mL & . KH DU-800 BILLAMMENCEETAS
I TFDL 7£ 200~600 nm i Fil 4 1 W SO i A8 Ak, 2

1000 pg/mL #1 1500 pg/mlL) . Ht1. 5 mL [
IR AR, A 1.5 mL 0. 25 mmol/L DPPH &
W), FiE T 6 W 30 min, 517 nm &b g
R e Ay (BRI E ) . PAL 5 mLJG/K
CEEA 1.5 mL FESIE WO RO, 2 A, CBE
B ZH W % D). DA 1.5 mL #9 0. 25 mmol/L
DPPH %A1 1. 5 mL 7K 25 X IR 128 Ay (%
FIXTHRIOE B . Ve /EFIMEXT IR TR & WY
WHERR & IC{. DPPH [ i BB R i (1 —
(A, —A,) /A X100 %815,
1.7.2 ABTS' [ By 335k

ABTS" A & bR k2% ek 18], Bk
J7¥ER A3 EL 0. 1 mL AR B2 (100, 300,600,
1200,1800 pg/mL Fl 2400 pg/ml) (¥ ¥ i T35 8
BE GV OWORD 2 AE 5 R W i A 3.9 mL
ABTS' % Wi, #84), = I8 T & Y6 ) % 7 min, 1€
734 nmAbIE OB, ek A CRE R L ROE BED
PL 3.9 mL Jo/K Z AR EE 3.9 mL ABTS™ 3% ¥
W RE EE Ay CRER X RO EE) . DL 0.1 mL
KA 0.1 mL FE M AE N 2 XTI iE A
(2 XTI . Ve /EBHMEXT IR . T34k B
FEM W ABTS W B & IC {5, ABTS™ A
L W R R (1 — (A, — A /A X 100% it 51
i
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1.7.3 Fe* BAREHME

Fe" A8 1 & 2% SCik[19-20 ], BARJ7
R AR PN A 1 mL A 3 B (100,200,
400,800,1200 pg/ml F1 1600 pg/ml) (1) 2 [+
B b i WA 2 AR S AR S . 3.7 mL K,
0.1 mL 2 mmol/L [ FeCl, &% , IR f1344),5 min
JE A 0.2 mL 5 mmol/L i3 1% B Wi % IR ik
# 10 min J5, F 562 nm 4 WU . i AL,
CREFRA 6 . DL 1 mL AR S A WA 4. 0 mL 7K
MW SCEE e A, GRS BRI . LA T mL
TRACERE S WA 2SO IR e A (5 F X IR
WeCED . DL EDTA A M XTI, 3+ 554 Wk BE Y
HBRE K IC i, Fr # AR im (1 —A, —
A /A X 100% FHEASH
1.8 B

ARFIFEAR G i AL = ANOVN 434
(g M50 P<<0. 05)#4H1 Excel 2010 il IBM SPSS
Statistics 22 58, 2 H OriginPro9. 0 78 .

2 HREZR

2.1 BREAEEZERERSH

1 AR R 25 D101 e LI B A 4l ik 2k
SBysem B 1 Ca) Ry b R R R X T A %
FIWE B 55 B 5200, 76 0. 6 ~2. 2 mg/mL [ A,
G BRF = R0 W B Bl L R VU B B0 A K
2.2 mg/mL ik B £ K {H. 45 % A 60.71% M
6.37 mg/g; FREWHE 1.8 mg/mL 1 2. 2 mg/mL
R W B 23 RN IR B R 22 S OR W b RE RO
2.6 mg/mILHF, W Bk 58 0 B 0 B R JHL PR ]
B ARV B K R IR 50 T, S5 26 i » it
R A B 3 R S A R TR b AR
FEMERIN 1. 8~2. 2 mg/mL, K 1(b) K FAHEW pH
SXoF A T WG O 3 T WG A 8 1 B T R R A5 1F R K
FLIE RS R X K Rz A ik i SR 28 A 45 0 1) S )
W R RE L W pH A (2. 4~6. 0BG, A4 Hig W2 i 2%
I B He e/ s 2 pHAE R 1.8 B, EARR A
TUSEAT H o P RE Ay B T 28 B8 B« B A3 1Y)
pHER 2.4, & 1(c) 2 & vk J % KL B4 g
it W R AN AR i F A B R 5 R A R A IR
J ok 40 %6 ~80 VoISt , Ak g B4 i W SR AN 4l AL B i o
FRZAb A o R g K, E— 2 BN LR
PN ) e I R Al AL A it R R 2R Ak A & e AT
F R 800 2 A e e B e B, AR SC k% 800 2,
FEAE VR

K1 RRIRZR X D101 LI B AR AL RCR 52

2.2 st FE Lk

o T WA D101 LI FERRE A e B AR 285 B 5
ERERARAR 0 B 2 I R AR AT I L AR AN
2 Fin. 18 2 268,160 min Z A A3 i R 2 A
I3 I SE N L A AT BB Dt AR A
B2 3 AN BE R AR B 1 ) D101 LI A% g BT i
Bk, 160 ~280 min HRARIKF HIAE R 280 min 2Z
Jei BRI 73 ) 5 e LA i, 280 min A% IR 35
B HOIRS . SO LA E B AR RIAR AR 16 %
RIAFR.
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2 TFDL Hyghzsiites i<k
2.3 ZhISHERHT %%

& 3 2 TFDL 1) 3l 2 fife W B ith 2k, 161 3 2281 .
VRGP R BETR BEE  BEVA WAR B B, &
IRSEHE IS D (A, PRI A BT B ik 2]
B KAE S AR AN 20 mL; B PR ER
S R el e N R S 1 (A L RN
3. 25 BV B} #0355 90. 83% ;5 BV B, I R
IRF 96. 1500, KEACHB 53-8 K A fipk it 2 T 288 1 43 DA
Mg R T ok, AT E 8020 L BE 3. 25 BV,
I, 2R 3. 25 BV 11 80 %0 L EEHEATIEE

{3 TFDL f s 25 W bkt 2%

2.4 BEHMRULHIEE

Kl 4 Jy TEDL [y 48 4b Wi L th B 4 ]
1, TFDL 7£ 220~280 nm Hl 300~400 nm ¥~
KAE B A5 WA RAE A7 o UE BH B IBURN 2l Ak i
AR S N BB Ly HLAlifb )5 B9 TFDL 2848
J 3w T Al AR RRAE G T L 2 A T A
B4 HhR A,
2.5 mENLFEEST

5 ARV BE 4k M A Ak IR A 4l f b R
o B IR PR RE . B 5 () BRI A
fish ik B ER X DPPH (%38 bR B8 71 B & ¥R B T v i
TRIE I, FEIH B VR B AR . Al IS Bk
A fh I B R 2 B v B CICs) 43 i R
245. 30 pg/mL F1 112. 28 pg/mL, Z it 9144k 5

&l 5

K 4 TEDL 224 i1

AT e BE R B A ikt 3R A Al R
AR R LA AL fE
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(I 5 B A% 6 DPPH W BRAE W Bt . 78
1500 pg/ml B, 404k J5 FE 5 0 T BR R 5 E
95. 28 %0 , & B it ¥ i A 5 %) DPPH HLAT 3058 119 7
BREE 1. ZEE 5(b) H1,50~1800 pg/mL [ P,
TFDL X} ABTS" (135 B 68 77 b6 2 M B (9 384 o i i
WK, fEHRBE R 1800 pg/mL B, Bk Bz A it
PR ABTS (i BRaA 5 91. 5100, i 2lifk 5+
A T R AR T HIm A AR, 45 A1 2 sha it a il
2 N ERETTF AR /030 43 W e A R ) 6 Tl 25 A
T AR 50 AT T B T kS 43 R 2K B A3 1Y
P2 1 I (H LR 1 S5 R A A it — 25 S 56 IE
4iAL T 5 TFDL (1 ICs 4% % & 653. 08 pg/mL Hl
784.49 pg/ml, K 5Cc) W AEE L N (100~
1600 pg/mL) . TFDL %} Fe* " %4 6 1B % W i 1Y
BT B Wi R, TFDL 4[5 1Cs, 1543 5k
1106. 33 pg/ml Fl 643.40 pg/ml. 4i 1k /5 5
TFDL X Fe*" B + i fx K & 68 1 70 3 ik 2
65. 11 Y01 64. 92%0 , 22 55 AN Wt , A b 4l Ak i s o
T2 B A3 S A AN Sk, Ak I 8 i v 7 i Al

3 #

AL B AR B e — T 2 1T 3% 2 O S 551 L 3 )
LR o A 24 R R ) B B %) K T AT i
A b 2 5 B 8RR A s 2 R JE OB A3 B — 43
BAL T2 rTLGAEI B CEHE BN, Zhang
SEPUFIH D101 LI B i 21k e B o7 345 i 25 1k
G AR AL T B A  & AT ik
6026 LA b, BRI 93. 3%, 2= X D101 K
FLI B i 73 B 4l ARG K A RGO B A5 R ik
TIRRGY s B IR IRIE F 30% 2 .60 % 2, . T0 % Z,
PSR T LK S B0 Tk i L A BT S 0 TR
Sy BITRI 7E 4. 1 A A2 ST R ) IR A2 BT A AR ik
D101 LI B A 20 2 ik VD567 R BB Y T.25
KA T 28 MY+ 8 E S &l
56.24%, T A% K 68.37%, ASCHFSE D101
AL W AR RS 23 B 4lifk TFDL T2, % e T
2 A3 IR g X TEDL i 5k 81. 64 %6 . I %
k1 68.67%, it Alifb R T Hp R EAKEEEE
PRBLY s WA B P R 46 L (A5 30 1Y) R 24k
BYRE S B LS O R R LIS, SR A
TR D101 R AL B A FH X4k Bz A fiptnt 2
AL A P 43 18 ik, 3005 5 1 o, S 0 3R
P o AL R i o 8 Al AL SR 2 2 D IR 2R R 5
el =LA AR A B S5 48 Bl A S Al |

PRV« AR Y TR Ve 5 R 1) 3t 3 pHLL Ui
FEAED RV MR R R T R LI R AR B 4 Ak
ROYEEAZR Y AW AR B I TR e A B[R] 3G
TAERCRIEAR 5L AR B 2ok v b itk 2 A5 B
SR 77 i g | 1S R P T o = 2275
7E 1.8 ~2. 2 mg/mL il P W B 32 R B 8 403K
i KA, HZE SR E .. b TR 515 2] 5B
FEM AN AR SCEESE 2.2 mg/mL #47 A, LA
TR pH B M JOT 1) F 2 A 2% 5 i) R L TR f
PR R B 0 GBS R . Y pH (A HR e s # i
Wy ¥ 3o B H L SRR B D DT 5 850 IR
(W BRE B 10 AR SCZE IR WL BE pH (2.4 ~
6. 0) 1Y Tt i o % i 19 4l 1k 200 2 T s 55 . pH (EL R
2. 4 B AEARROR BT . N TR OR A 2, R
P — W B SR AR R . B 1(a)—(b) il
2 7R D101 KALWE BB A ik A7 it 2 e 14 73 25 2
AR, W B 3R B ARG AT D A A0 AR 3R ) B P A
B S BT LA 2% 3R 55 0 DR L R B A i i —
AR L B

REBOE A G b B B I SR
FH gt 356 26 Al 179 28 S AL B 44 R, TR] I JFC Y R T A
200~400 nm JARFEFE N, 23 P 2SR ICHT
4 T(300~400 nm) Kl 11 (220~280 nm) >,
alifbFT 5 TFDL FE 528 DU-800 B4t
200~400 nm AL A 5 5 IE . BB B3
Y RFIEIGE  HF— 20100 B AL I B AR B 2l A A5 SR 1 2
FERE IR N AEAEAR 2 AR BT S8 A0 451 e 7 255
TR 2 M R 2R A Hoh B 2 ik & 1 3l
PR AT A TR TS BR F R, B SR
HAREL, A1 TEDL 4hifkkf & 75 DPPH
HERA Fem B A Be 1 145 218 B3 & . X} DPPH.,
ABTS™ | Fe*™ 1y 2 Hom il v B CICs) 43 5
112. 28.784. 49 pg/mL I 643. 40 pg/mlL.,

4 % it

AR SGHE AR D101 UL AR i 125 26 AN [F]
F5m N X TFDL 4 bR & TFDL Byt A Ak i
Mo AF BT 4598

a) £ PRERREE 2.2 mg/mL, PR pH AR
2.4, [FERN 16 BV PRI LB R 806 54 F B
ZAGBNARE S R & A E] 193. 95 mg/ g S A 4R
0 R S 10. 72 % AR OR I . X
W] D101 KL A i F T TFDL B4 25 4ifk.

b) TFDL HA ReFrfiafbae s, H 2\ ERK
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PESC A . D101 JFL I B I B ali At — 20 4
THAE DPPH 3Bk Al Fer ™ 4 EAYRE 7. Horpoxt
DPPH H 15135 BRAE S fesik . TFDL A BT A A
— B RIRPUAALH o
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ZRR ,E &, BEFR
(LA T RFAMRFESESFE, 40 310018;2. BT X FHHF 8,482 817 361005)

WOE. ARSI R R AT S A E AR AN B 52 R TR BT SR 5 A 9K 2 R it Hela 202, &1
24 )5 B At R AR A K 40 I AR A 20 B AR R ) B 1) 64 m e B BB L, 32 5T F % Hela itk G, .S A=
Go/M #1386 A R F AR, 254 P 52 36 45 R R 9 . B 3 Am 52 AL IRIA B T I J6 B2 5T 3543 90. 0% A £ S M 4m
B s ) S Fo AR KA BRI B FALUT & B3 7T 3543 96. 0% 88 Gy B4 99. 0% %9 G, /M it J 5 S M Bf T K /344 8 h
5T 85.0%8 G RIF &, o, miFmEEKR 1A/ mLi25% 1004/ mL,G, 1G5 b d 50.0%32 5 %
75.0%., TH M Hela otk B R & SRR T @S AT 5 X L. 5 S #4000 T 8 i J 3 A= 2 5O A M 52
;G /M 0 oL VT 38 33 J) 3 Fer AR AL BBUIR B LT G B 3K 435 2 G A 4m B =T 3 33 14 3 A Ak R Al A30UIR 3> P I8 2% 3 3
FELUT 52 B . 4 Ak A ) AT AR & Gy B A9 WL B v B K T e A UK,

KR FH B Hela e ; tn e Bl 4 B 5 105 2 2 Bk s Aok AL 8

hE 43S TS195. 644 XHEARSAS: A XEHS: 16733851 (2019) 05-0387-06

Establishment and analysis of high-purity synchronization

model of HeLa cell strain
XI Yinyin 'y REN Lei *, ZHAO Xueqin'
( 1. College of Life Sciences and Medicine, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2.College of Materials, Xiamen University, Xiamen 361005, China)

Abstract: One or two of reagents (thymidine, hydroxyurea, I.-mimosine and colchicine) were used to
interdict Hel.a cells by drug inhibition method. Then, the cells were cultured normally after the drug
removed. Cell cycle at different time was tested by flow cytometry, and high-purity synchronization model
of Hela cell strain in the phases of G, , S and G,/M was established. The results showed that above 90.0%
of cells in S phase could be obtained by thymidine and hydroxyurea interdiction sequentially. 96.0% of cells
in G; phase and can 99.0% of cells in G,/M phase could be obtained by thymidine and cochicine interdiction
sequentially. In addition, over 85.0% of G, synchronous rate which could last for 8 h could be gained only
by thymidine interdiction. Besides, cell seeding density increased to 10”/mL from 10°/mlL, and the
percentage of G, phase also rose to 75.0% from 50.0%. High-purity synchronization model of HeLa cell
strain can be established through the following method: the cells in S phase could be achieved through
thymidine and hydroxyurea interdiction; the cells in G;/M phases could be achieved by thymidine and
cochicine interdiction sequentially. The cells in G, phase could be achieved by thymidine and cochicine
interdiction sequentially or single thymidine interdiction. The influence of contact inhibition on
improvement of G; phase was greater than that of serum starvation.

Key words: Hel.a cell; cell cycle; synchronization; hydroxyurea; colchicine
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FEYN ML I K A A Ak B R AR HILBE A SR ER Y . A
HMREFRI N TR AL B )iz W H T il i 3h
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PP 2 H FH A A0 A TR A5 A D7 2 B SR B DB
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B SRR A e LT R R E R A L
Ve . B S0 HeLa 40 a2 32 ik o 1 60 52 56
. BTSRRI T Tk
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S IRBEK EAE S 40 A 4t A e e ) B
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20 B JE 0T AT BEL BT » & PR 25 25 w0 BELVE . LT 3RS
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FEFS 6 b, n] N T RE I K 14 A 4 B T A
8100 AR SR A — b g AR A0 14T 0T EL DB 440
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X EEAST7 58T BRI R DUAL IR 8 i M 1 77 2 A
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DMEM it 5 5 S IR 2 S . & &R /6
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PRk R A ZERAF AR T L 40 P2 1) 248
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1.3.1 ZRpEEEF:

HelLa 20 it T ¥ 00 vh B &2 0 Je 42 /b T 5%
10. 0% BG4 I & &% 1. 0% HF X (100 U/mL)
R Z (100 U/mL) ) DMEM = fE 55 f b, T
37 °C.5.0% CO. &M FRFRLAR,
1.3.2  4ifle] b4k ik

a) JF BE

BARHT (T 3%« BE O FOW AR K A 40 i, LS
250 pmmol/L B9 TdR MR F: 24 h J5 . 7%
IH¥E R4, ] PBS I5 Uk 2 3, 1E % 35 77 (0 40 L A 25
Wy RHL i AR 28 1 B TR SRR

XUBHIT (TT )57 ek 21 ], BARIT i
BOBON A ) 4, 17—k TdR FHWT S, 5% 4%
IHEE SR WG vE 299, (B W 45 5% 10 hy Bom A&
250 pmol/Lf#) TdR pyRE SR FERE 57 16 h, 77 L HEE
FEHIEVRZY) L 1E W R R B e A R

b) &2 B R BH T

25 R WA S SR 20 1, BARINR - %
HOGT 25000 A= K R 48 B, DA% 300 mmol/L Y L~
Mimosine 3573605 5% 24 h 5. L IHE R A B
PBS (Ut 2 IRBR 5 R 25 %) 1E W 55 5 [ 40 L D 24
W BH s RSl 2R A B TR SRR

o) JE FRK A A BT BEL T

RO B0 A6 K 1) 40 M, #8047 — R TdR FH Wt
Ja s R HEEFEE A, IEH 5% 5 h 5. mA
T 1 pg/mL FOKABRA R R WG 4 h, FFEIHEE
FRAIE VRS, IE B 1 A% 2 0E i Rk

1.1
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d) B AR SR BE W
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& R IR FREIE R B R RS 10 h 5, A
7 2 mmol/L 1) HU (355G 5% 16 h, s LIHES
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B H AN ZE 0. 25 %6 It 20 i T4 Ak T T 1k
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SR A A7 k. 45 R I B AH B CellQuest 5§
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2.2 B XUBE BT

R T iR R A5 AR S e XS
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Improvement of bearing capacity conversion formula for O-cell test

pile and determination of equilibrium point
LEI Shanshan'» MA Hailong' . ZHANG Lizin®» MA Yufei® » YAO Wenhong®
(1.School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2.Zhenjiang Center of Construction Drawing Examination for Construction Projects, Zhejiang 212001, China;
3.Hangzhou Southwest Testing Technology Corp, Hangzhou 310015, China)

Abstract: The O-cell test pile conversion formula neglects the negative frictional resistance of the upper pile of
O-cell test pile. As a result, the bearing capacity of O-cell test pile end is lower than that of the top pile, and the
determination of equilibrium point is affected. In order to solve the problems, the Mindlin stress solution was used
to improve the Meyerhof pile end resistance calculation formula. Besides, the bearing capacity conversion formula
of O-cell test pile and the method of determining equilibrium point were proposed. Firstly, the additional stress
of pile end plane caused by the pile side friction resistance was calculated. Then, the additional stress was
substituted into the Meyerhof pile end resistance calculation formula as the external load to figure out the pile
end resistance of O-cell test pile and the top-loaded pile respectively. Finally, the ratio of the two was used as
the end resistance correction coefficient to improve the existing O-cell test pile conversion formula. During
determining the equilibrium point, the equilibrium point was first estimated according to the empirical formula

method, and then, a new equilibrium point was determined according to the corrected O-cell test pile end
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resistance. The numerical simulation results showed that the equilibrium point determined by the improved

formula could destroy the upper and lower piles at the same time, and the bearing capacity of O-cell test pile

calculated by the improved formula was closer to that of the top-loaded pile. It is concluded that the improved

formula is more accurate than the existing formula in calculating the bearing capacity and equilibrium point of

the O-cell test pile.

Key words: ultimate bearing capacity; additional stress; unloading effect; bearing capacity conversion

formula; equilibrium point
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Simulation study on heat transfer characteristics of ground heat

exchangers with radial rectangular fins
MA Jinghui , WANG Chen, WEI Houfu, YANG Yizhen

(School of Civil Engineering and Architecture, Zhejiang
Sci-Tech University, Hangzhou 310018, China)

Abstract: To enhance the heat exchange performance of vertical ground heat exchangers (GHE) for
ground source heat pump system, a ground heat exchanger with radial rectangular fins was designed, and
ground heat transfer model was established. Matlab software was utilized to simulate and analyze the
effects of structure parameters and operation parameters of ground heat exchanger with radial rectangular
fins on the thermal performance of single U-tube and double U-tube ground heat exchangers. The
simulation results show that the heat exchange capacity per unit borehole depth of single-U and double-U
PE tube with 8 fins is 19.12% and 18.28% higher than that of the smooth U-tube, under the condition of
the inlet water temperature of 32 C, the flow rate of 0.6 m/s and the buried depth of 100 m. According to
the correlation analysis between parameters and heat exchange capacity per unit borehole depth, the effect
of fin height and number of fins on heat exchange performance are most significant.

Key words: vertical ground heat exchangers ( GHE); radial rectangular fin; heat transfer

enhancement; correlation analysis
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Spatial pattern of forest vegetation in West Lake

Scenic Area, Hangzhou
YE Yandi ,LIU Fengdan , HU Guang
(School of Civil Engineering and Architecture, Zhejiang
Sci-Tech University, Hangzhou 310018, China)

Abstract: In this paper, satellite remote sensing data and supervised classification were used to classify
the types of vegetation in West Lake Scenic Area, Hangzhou. Space landscape characteristics of each type
of vegetation were calculated by Fragstats. Then, species composition information was gained by
combining sample plot of typical phytocoenosium, and spatial distribution pattern and plant species
diversity were analyzed. Thus, the relationship between the two was obtained. The results illustrated that
the richness of vegetation type declined from the lakeshore to the western mountains in West Lake Scenic
Area. The vegetation types around the lakeshore were rich and mostly distributed in small patches.
Evergreen broad-leaf forest and mixed coniferous broad leaved forest in western mountains were the main
vegetation types, and the vegetation was mostly distributed in larger patches. Broadleaved deciduous forest
had the highest species richness, and evergreen broad-leaf forest had the lowest species richness. In the
vertical forest structure, shrub layer had the highest diversity of species, followed by herb layer and
arborous layer. And evergreen broad-leaved forests, coniferous and broad-leaved mixed forests are the
dominant vegetation types in this region. Among different vegetation types, it mainly presented that the
richness in shrub layer was higher than herb layer, and that in shrub layer is lowest. Deciduous broad-
leaved forest has the highest species richness, while evergreen broad-leaved forest has the lowest.

Key words: vegetation type; distribution; West Lake Scenic Area; species diversit
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