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Effects of hydrothermal time and low-temperature heat

treatment on supercapacitor properties of 6-MnQO,
DU Wenhao s WANG Yifan, SHI Yiyuan, SU Chen, HU Yizhang » WANG Tao
(Key Laboratory of Advanced Textile Materials and Manufacturing Technology, Ministry of Education,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: 6-MnQO, was prepared with hydrothermal method under different reaction time by using
KMnO, as the raw material. Besides, low-temperature heat treatment(300 ‘C) was carried out for §~-MnO,
prepared under different reaction time. The growth mechanism of 6-MnQO, was revealed by SEM. The
morphology and crystallinity of 6-MnQO, were characterized by SEM, TEM and XRD. Furthermore, the
specific surface area of 6~-MnQ, was characterized by N; adsorption-desorption method. The electrochemical
performance of 6~MnQ, was tested by galvanostatic charge-discharge, cyclic voltammogram and AC
impedance spectroscopy. The experimental results indicate the crystallinity of 6-MnQO, increased and
specific capacitance gradually increased with the extension of hydrothermal treatment time. When current
density was 0.1 A/g, the specific capacitance of samples was as high as 264 F/g in 1 M Na, SO, after 10 h,
which was the best specific capacitance. The samples were further treated under 300 ‘C. The crystallinity
further increased, and physically-absorbed water lost a lot, thus leading to the decline of specific
capacitance. The results verify both the crystallinity of 6~-MnQO, and physically-absorbed water make
contributions to capacitive performance, and both are dispensable. With the rise of crystallinity, the
stratified structure of 6~-Mn(Q, becomes more stable. Meanwhile, the ability to store ionic charge continuously
strengthens. Physically-absorbed water on the surface contributes to enhancing wettability between electrolyte and
electrode material, reducing charge transfer resistance and generating large faradaic pseudocapacitance.

Key words: supercapacitor; hydrothermal method; low-temperature heat treatment; crystallinity;

physically-absorbed water; electrochemical performance

(REHE: BER)
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Preparation of MnO,/Ni(OH), composite nanosheet array material

and study on properties of lithium lon batteries
ZHAO Yonglin, YUAN Yong feng » GUO Shaoyi s YIN Simin, WANG Yingying
(Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The MnQO,/Ni (OH), nanosheet arrays were grown on a foam Ni substrate by water bath
method, and the electrochemical performance of MnQ,/Ni(OH), was studied by constant current charging-
discharging and cyclic voltammetry. The phase composition and microstructure of the product were
analyzed by X-ray diffraction (XRD) and field emission scanning electron microscopy (FESEM). The
results showed that the porous nanosheet arrays were perpendicularly grown on the surface of nickel foam
substrate. and the nanoscale holes with the diameter of 150 ~ 300 nm were surrounded by nanosheets.
When the current density was 200 mA/g, the first discharge specific capacity of the nanostructured array
material could reach 1575. 4 mAh/g, and the coulombic efficiency was 95. 6% ; the average discharge
specific capacity of the material for 100 cycles reached 1052. 2 mAh/g. This indicates that the composite
owns high specific capacity and good cycling performance.

Key words: MnQO,/Ni(OH);; lithiumion battery; water bath method; nanosheet array

(FREHE: NESE)
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Study on influence of heat treatment on creep

behavior of PTFE microporous zone
JIANG Zhongyuan » WANG Feng » ZHU Hailin » GUO Yuhai
(a. Zhejiang Province Key Laboratory of Fiber Materials and Manufacturing Technology;
b. College of Materials and Textiles, Zhejiang Sic-Tech University, Hangzhou 310018, China)

Abstract: The effects of quenching temperature, annealing temperature and holding time on the
crystallinity and creep properties of PTFE microporous zone were investigated by using PTFE microporous
zone as the research object. The results show that with the increase of quenching temperature or annealing
temperature, the crystallinity increases first and then decreases, and the creep quantity decreases first and
then decreases. When the quenching temperature is 290 °C or the annealing temperature is 320 °C, the
crystalline is the largest, the creep variable is the smallest, and the microporous zone is difficult to creep.
Compared with the quenching process, the annealing process can give PTFE microporous zone good creep
resistance property. The longer the holding time, the higher the crystallinity, the lower the creep, so the
better the creep resistance.

Key words: heat treatment; PTFE; microporous zone; crystalline; creep
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Study on transformation behavior of random and block

polyacrylate thermosensitive copolymers
MI Lei » ZHONG Qi » WANG Jiping
(a. Key Laboratory of Advanced Textile Materials and Manufacturing Technology » Ministry of Education;
b. Engineering Research Center for Eco-Dyeing & Finishing of Textiles, Ministry of Education,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: 2-(2-methoxyethoxy) ethoxyethyl methacrylate (MEO,MA) and Poly (ethylene glycol)
methyl ether methacrylate(OEGMA,,, ) with a molar ratio of 1 ¢ 1 were applied as monomers to synthesize
random copolymer poly (2-(2-methoxyethoxy) ethoxyethyl methacrylate-co-poly (ethylene glycol) methyl
ether methacrylate) and block copolymer poly (2-(2-methoxyethoxy) ethoxyethyl methacrylate-block-poly
(ethylene glycol) methyl ether methacrylate) by applying atom transfer radical polymerization (ATRP).
The copolymers had narrow molecular weight distribution. ' H NMR and GPC were applied to characterize
their structure. UV-Vis spectroscopy was used to investigate the transition behaviors in aqueous solution.
White light interferometry was used to test the change of thermo-responsive polymer film located on the
surface of silicon substrate in film thickness with the temperature and thermosensitivity of the film. The
results show that, the transition behaviors of thermo-responsive polymers with different chain structure
have significant differences. P ( MEO,; MA-co-OEGMA,, ) only has single Lower critical solution
temperature (LCST), while P(MEO, MA-b-OEGMA,,,) shows LCST; P(IMEO, MA-co-OEGMA,,, ) and P
(MEO, MA-6-OEGMA,,) present wider temperature transformation internal in the film.

Key words: thermo-responsive polymer; random copolymer; block copolymer; thin film; acrylate
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FURELZR-HEEAEMBHE
B EAb 3B B A R RO

Hi¥&, k%M, K

B,XIA,& IB

(HTRIREHMASHSRFR . LAFER M 310018)

W E. k% A% B (Polyacrylamide, PAM) 2 # 1% i@ £ (Bentonite) " m X # 3 4 4 % (Bamboo pulp
cellulose, BPC) i i & by A &5 & 4F 4 Z A K5 -B & 5 & D w4 4 (BPC-g-PAM-bent) , ¥ £ 5 A T £ 45k fo
EIRP LB ARG LRI E A, B AR A et T2 4R (FTIR) (248 & F B # 45 (SEM) , #& 2 AL (TGA)

o Zeta WAL E £ AE BPC-g-PAM-bent F &t M5 ek,

HREW.BPCE PAM e a A ER R B3N T Bt

A B (—CONH—), £ 1F PAM i it Bt 42 55 4F 4 % B 52 1% 42 ; BPC-g-PAM-bent 7 & /&£ pH 2~12 JE B R4 L 2 I &

Aw b, G b A pH 3 K WmIgi&, BPC-g-PAM-bent /= & 89 % 8- & 2R 55 s b Bt ) LR B B 1 . PAM A &,

Bentonite A 5| XA A E AR K KR, HLALEMH T BT BREAE 2 sk 46, 7F W% 19 M B R G Xk E 55

ik 98.5%.99.0%6.99. 90, 4F FFRPp S Koy & K rh R A 97. 4% R E XA 98.3%,COD H B F A 87.1%.
KB R AT AL RRFBE;RE-BLE 2 ER

HESES: X562

0 3l &

25 SLEN G I T [ 1 A% G2 77 b B AF HEOR B Y
Ep QeI K . ED G IR K B LR SRt OB B
7R TR L 2T 2 24k ot S JC ML R 55 AT I S 2% L A
R MR B — T B LA AR Y B
BT » B B2 7K 1A Ak BT 95 A 45 A A vk LS T A T
SRBEUVE B RS L b BB TLE R T2
BB AR | b 2 A RS S m H iz BHE
FIHT o 70 2R R 57 X BN 3% K o [ 1B 7 ) HoA
B I DU RIOCR ™ AR T35 i e Gk 1 B Bk 4R
ANEER IR D) 3 e R B 0 R S B K v i
PG e W R T 25 B e R 3 1 o (H LR 2K b i [ 1
B L BRBORAE . 25 Re R 5 BEDUE Bk AR
B3 B DG 35 S 4 o o 6 BN B % 3 UK Ak B ) 2R
5% XU BEAA A JU) T 5 B 79 o o B 7 9 O I

W H . 2017 —11—21 9 2% R H 35 . 2018 —03—06

XHEARERD: A

XEHS: 1673-3851 (2018) 05-0284-08

R B TEED G R K 4 b FRALRE FSOR

BN M Bk & (Polyacrylamide, PAM) 2 H 1ij
JZ B — 3 e A E e A RS R 2
BEDLE RICR € 5 (H A ) mT B A M A 2 L Tl A BRI
NG BEEH " FHERE ARG RE
WAL TS, A A A B oo b 5 A
3ANERHE AT DL AT — R G0k 2 S N dn A A Tk A
P Al S0, SRV AR R TR W R AF 4 R AL B 4%
T i , T 5 R TP T 4k 2K He A SR VN s I e 3L SR 0y s g
FH T 5L 5 75 7K g b B8 B €8 3 T LIS 3 60 %05
B — 2 AR R T IV B R AT Y 2 L TR
G FI 45 b 58 LR A B 0 g REIE R BE 15 Tk B
SEUSR PR AT Y 5 3-F-2-FR TN 3 = 3R Sk B
NE o 283k B AL 4 R A B 2 B R BH B T 2R 4E R L 0 L
ek i e B A R IR E 9205,

Ji% 11 1~ (Bentonite) VE Jy — Fl B & /4 W B 55,

ReTH. HEARBFILSTHE (61571002,51672251) 5 Wi VL4 28 #5 £ AR W HAF 5850 H (2017C31034,2015C32098) 5 Wi V144 2 25 B A B

S H (GF18C160004)

fEE A . MR (1992—) IR ML 8 L BF 50 AR 22 A W b R TR AL BE R BF 5

WAEVEE . B4, E-mail : yaoj@zstu. edu. cn
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A R LR AR IR R 3R RE L (H R 22 2P
Y Bentonite X EJ 4% JFF 7K By AL B 8505 I AN B g e
A LA 43 5058 1 7 bt 3k = P 5 TR AL B2 (Cetyl
trimethyl ammonium bromide, CTMAB) #1 FH & F %
N 4% Bk i (Cationic polyacrylamide, CPAM) 2 4 40
S+, I CPAM Wk st CTMAB 4 2 g
e, A BV M 2R AU B e B K I B 5 R AT gk
90 KA L.

A, A SCH FH PAM 2 PE Bentonite, 6] B9 il
A BPC. il it A H R G fil & T g R AL R B2
& I BE R B (BPC-g-PAM-bent) . B 3% ¥4 8L 5 T
ERYL Tk T vz fd H A e R 46 2 Bk Pk 21 46 3 1 iR
19 e i bk i 1) 22 8- 8 b 31, IF A % BPC-g-
PAM-bent 7 fit % 5 HLGRH 1 28 &8 - 4 g

1 £ %

1.1 SE5 R

BT W A 5N AR K AR 4000 A7 BR A A
Bentonite (W FH 78 H 45 21 3 25 A PR D L SR 78 M Ik i
(PAM, 731t 1200 J7, 43 2 | i B3 B2 % CAPS, 73
Mraf) , DL BRI [ BT R T (Aladdin) 4 fL B} £
BE A R B s R A S ALE (PAC, 4y Fr 4t | R 1 1%
2OQ R B RER T 85 %0) B ME LT 46 (R FE Ry 250%0) .
WHPEWE 19 E N 100%) . W H i s bk A e A
B R Horb = A JURH 2 T 25 R an il 1 BT R s Ep g
K kAT R LA RA A .,

o OLE
o N
OO 0t
N
N 2N
O SN OH N
I

Br NH—N
H,C
(a) R PEAE2 (b) WitE4146
Q §
S
g_\—OSO‘Na

HN,

it
ﬁ—O’Na’
(6]

(c) iR PEEE9
Bl 1 =Rk b g5 4
1.2 LUk
1.2.1 BPC-g-PAM-bent B4
Jeks BAT AR Y SR  FER A ) R 1 LK R
Prfe i e, 2ead 220 H 0 W03 38, 15 BT3RO A .
#0100 g TR T 25.00 g &% 7 wt% NaOH

12 wi R ZEWMIE AW W T, B+ 5 min, & T
—12 CUKA R 1.5 h, 15 20 36 588 0 09 47 3% &1
4k % (Bamboo pulp cellulose, BPO IE . ¥ 4.00 g
Bentonite,0.15 g PAM .25 mLL 8 F/KE T =0
B .60 CHEIE /KA 300 r/min #EFE 2.0 h, 15 3
MM % + PAM-Bentonite (PAM-bent) , ¥ 7K ¥
JEE T2 50 “CLAMA 0.30 g 51K F) APS, %% [
% 100 r/min 3 10 min, B BPC N A = 1142
o A R B G R AR GRS AR
(R 2 FE A B SR T M R e e R A ) 1.5 b, T
PR B KRB = b v, ] 300 mLL &
BEUUHT 3 WL % VR T 44 . 15 3] BPC-g-PAM-bent =
me MHEHB T EE FAKPE R 10 wt)s BPC-g-
PAM-bent W , JH T )5 22 L 5E- I (4 52 55

1.2.2 R wnc &

Sy B 200 mg/L BRYERE 2 Bk PE 4T 46 AT
PEVE 19 BB WK, /E y BPC-g-PAM-bent £ £E-fiii
O R B K . A K AT PR R R 2 B £
A6 FIEPEWE 19 JLRHA IR, 43 045 31 = Fh Jeobbis i )
BRI . 2 BB E 200. 000,100. 000,50. 000,
25.000,12.500.6. 250 mg/L 1 3. 125 mg/L i) =
Tt G b R o 76 AN TR MR BE T I e R W AT g K Ak 1Y
WO BE B 2H VR BE T 3 U, O OB RE . A i AR B
DA 7 A B8 a5 ANCHS R ' B -k B O R L A 3] =
i g Rh i W ) bn 2, T T IH o 8 8 LR,
1.2.3 ZE-PiASLR

FE 100 mL MRMERE 2 YU W b, Se s pH A
e SRE A 2 wt% PAC ¥ 8 mL, T 200 r/min
THHE 3 min J5 . 1A iR BPC-g-PAM-bent & %
10 mL, T 100 r/min # 3 5 min, I # & 10 min,
BRPELL A6 FEPEE 19 JobbR W E R Bk kAT
S-S0 I VRO R O B R AR A o i
i BT AL TS 1Y GBI O BT 08 R BR R AR X
(DA .

R/%:C“C:C

Horr R @R K BRE C A5 0 e B W vk
B mg/L;Co R AL BT I Y RHA WK FE . mg/ L.
1.3 45t 5 PERERIE
1.3.1 ZLAhEE (FTIR) 430 #r

i FH 22 [ #1 f 2 5] B9 Thermo Scientific Nicolet
iS 50 YA B AR 8 21 405l 1% O 5 A A A 2181 1
B BOE TR R 32, 43 B3 4 em ™ AL
JE N 400~4000 cm ™',

X100 Q)
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1.3.2 HECTGCA) 7

§ ] 3& [E PerkinElmer 2\ @] i) Pyris Diamond 1
TR o3 B AL 72 BE i  TGA I DTG h £k, 18
N, {45 H R, L 20 K/min FHiE# 2% 30 °C T+l
% 800 C,
1.3.3  FHHH B (SEM) 73 Hr

KT H A B A7 28 7] S-4800 1 4 L 45 (SEMD
W %X Bentonite, PAM-bent 1 BPC-g-PAM-bent [
FMTEH, MR T BB FE G 247V VR T 18 5 ik B
LB
1.3.4  Zeta LA 50 HT

R B 5 JR 3C8 6l ) Zetasizer Nano ZS90
Zeta HUOL A3 AT ASCIN 58 R PE RS 2 0Pk 21 46, 1% P iE
19, 2 wt% PAC ¥ M BPC-g-PAM-bent & W 1Y
Zeta FLAE 0 2 B A o C B B 0. 1 w26 1y 34 A0 15
W IEIMA 0.1 mol/L 2 5% 0. 1 mol/L & & L 4K
P pH {H.

2 HRSWR

BPC-g-PAM-bent 4 1k il 4%
O3B AR VERE 2 Bl PELT 46 FITEPEEE 19 =FhY
PRI £ B85 2 SR 3 M B R AR, R L (4D IE S
S BPC-g-PAM-bent {9l & T. Z #1761k . IEAC

2.1

SEYGFRUNF 1 Fs ARYE R 1 A 0 S0 96 25 R B AE
2 AR 2 THEAS 200 1F A8 SRR 25 4 A ik 3
JiR . F 3 i BB XA BB s W L4 G - TR
PERE 2(AB,C, D ED) BEPELT 46 (A, B,C, Dy Ey) JiG P
W 19(A,B,C,D,E)),

LR IR 3 T I 2% /IR RN SE BRIz 4T AR
A, %158 BPC-g-PAM-bent #% 1k il 4 T. 2
AB,C, D, E, . BN MRS E] 20. 0 h % 1. 00 g PR 4F
FZ AR PAM H1iE R 0. 15 g.Bentonite K
4.00 g, N EFE] 1.5 h, & 1. 00 g P £F 4 &
APS JHJ& 0 0. 30 go RIERPERE 2 040 46 .75
PEWE 19 G Rl W H#E 4T 28 BE- €0 5090 52 56, 15 31
Yo g £ B R0 95. 6% .99, 2% F1 99. 2%, i
WIFE B L 120 T il %5 1) BPC-g-PAM-bent X} #i
Yekh HAT B8 0 R BRACR .

& 1 BPC-g-PAM-bent fR{LHl & Ly (4°) ERX R R
KT PCPERS ] PAM Jl4F Bentonite SN[ APS Ji] 4
(A)/h B)/g HEWO/g (D/h  (B)/g
1 2.0 0.05 1. 00 1.0 0.15
2 2.5 0.10 2.00 1.5 0.20
3 3.0 0.15 3.00 2.0 0.25
4 3.5 0. 20 4.00 2.5 0.30

7 :PAM . Bentonite #1 APS H&# L4 1. 00 g BPC Jfi i b L i 11 5&
=,

% 2 BPC-g-PAM-bent B HI & Lis (4° ) EXZWRER

gegp  CAPERCE PAMJHEE  Bentonite Sk JRBIE - APS ik RPEfE 2 & BAIEZL A6 & PR 19 %
(A)/h (B)/g ©/g (D) /h (E)/g B/ % B/ % B/ %
1 2.0 0. 05 1. 00 1.0 0.15 65.5 98.9 99.8
2 2.0 0.10 2.00 1.5 0. 20 86. 1 99.0 99.8
3 2.0 0.15 3.00 2.0 0. 25 72.1 99.7 99.2
4 2.0 0. 20 4. 00 2.5 0. 30 96. 2 99.1 99.8
5 2.5 0.05 2.00 2.0 0. 30 73.9 99. 1 99.9
6 2.5 0.10 1.00 2.5 0. 25 52.0 99.1 99.8
7 2.5 0.15 4. 00 1.0 0. 20 90. 4 99.1 99.8
8 2.5 0. 20 3.00 1.5 0.15 87.3 98.2 97.6
9 3.0 0.05 3.00 2.5 0. 20 90. 3 99.1 99.7
10 3.0 0.10 1. 00 2.0 0.15 73.9 98.9 99. 3
11 3.0 0.15 4. 00 1.5 0. 30 95.6 99.1 99.6
12 3.0 0. 20 2.00 1.0 0.25 95.3 99.0 99.7
13 3.5 0. 05 4. 00 1.5 0.25 96.7 99.2 99. 3
14 3.5 0.10 3. 00 1.0 0. 30 96.8 98.9 99.7
15 3.5 0.15 2.00 2.5 0.15 74.6 98. 8 94.8
16 3.5 0. 20 1.00 2.0 0. 20 76.5 98. 8 94.5

TR VERS 2 B MELE 46 FNEMETE 19 YRHA VR B 200 mg/L; PAM ., Bentonite fl APS FHH31L) 1. 00 g BPC [ Jy i 11215 5] ,
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% 3 BPC-g-PAM-bent fL 4L HI%& Ly (4°)

EXLHRMESTER
— — A B C D E
ki 80.0 81.6 70.0 87.0 75.3
ke 75.9  77.2 82,5 9.4  85.8
ks 88.8 83.2 86.6 741 79.0
¥ ky 86.2 88.8 94.7 78.3  90.7

2 ggeER 12.9 116 24.7 17.3 15.4

FWIIF C>D>E>A>B
A A B, C, D, E,
ey AsB,C,D,E,
ky 99.2  99.1 99.0 99.0 98.7
ks 98.9  99.0 99.0 98.9  99.0
ks 99.0 99.2 99.1 99.1  99.3
B ks 98.9 98.8 99.1 99.1 99.1
L2046 fg22 R 0.30 0.40 0.10 0.20  0.60
F WL T E>B>A>D>C
AT A B, o D; E,
mAH A, B;C,D,E,
k 99.7  99.7  98.4  99.8 97.9
ks 99.3  99.7 98.6 99.1 98.5
ks 99.6  98.4 99.1 98.2 99.5
I ks 97.1 97.9  99.7 98.5 99.8

W19 2R 26 1.8 1.3 16 1.9

EX/9¥E2 A>E>B>D>C
LK A B, C, D E,
A A,B,C,D,E,

2.2 A RUJRE R BPC-g-PAM-Bent 7 i 1 & 4iF
2.2.1 A HUJFRA BPC-g-PAM-Bent 7= i i £1 41 %
&l 53 B

¥ PAM, BPC. Bentonite #l BPC-g-PAM-bent
HEAT A 2T AP, 25 R A 2 R, NI 2 WS
PIE L PAM 7E 1650 em ' Ab A B850 B 3 (C =
O) W Wi 1% ; BPC-g-PAM-bent W 7E 1667 cm™' F
1627 cm AL HEL T BPC Al PAM B4 1Y W g i
Vi H S ABERE LA (—CONH—) , 528 T BPC 5
PAM #Y J% I 42 K72 5 76 1469 em ' kb By F BPC 5
PAM W% Wil 75 A, i Hom B2 R ME 34 . [R] A, Bentonite
F1 BPC-g-PAM-bent H1 1073 cm™ ' F14b i) 1 43 51 2
Si—O W4 4R sh F1 Si—O—Si 25 th3E 2, LI
f& i+ B 40 4R 45 #4°, Bentonite Al BPC-g-PAM-

bent FAELE M) 2925 em ' Fl 2852 em ' 5, 43 9 Ky
—CH, 1 & FR A 45 B 2l F — CH. 19 X5 Bk A 45 B
3, 1M Bentonite #7 3683 cm™ ' F1 3421 cm™ ' 4t &2 BPC-
g-PAM-bent 1 3683 em ' Fl 3408 cm ' Ab 1Y T I,
i I35 A ok 2 Y — OH 4 4R 3h 51 B it

& 2 & sR Al BPC-g-PAM-bent 7§ 1) FT-IR & &
2.2.2 A RUJFE KR BPC-g-PAM-bent 7= i ) #4
v

& B R Al BPC-g-PAM-bent 77 & 1Y #4548 &
PER AR B L (TGA) #4740 #r L & 3
Kl 4 43 51 & BPC, Bentonite, PAM-bent £l BPC-g-
PAM-bent 1) TGA # DTG i £, o] LI & i,
Bentonite i 5 70 ff il 8 & T 1B 3 Fh G R R &
PR, BEE PAM A PAM-bent f &5 43 fift i B [
%, AT BE & it T8 4> PAM 1 JZ #t A Bentonite J'
JE A f e oy R B R B . PAM-bent i — 2P
5 BPC 414 %] BPC-g-PAM-bent /™ it » £ 5 43 fift
I BEHE— 20 TR, AT R e RO B AT I A A R R AT
PR A I BB K & i Bk (C— O — O, g i
F 3 BPC-g-PAM-bent #5543 fift 165 T fa 280

B 3 A& R RF BPC-g-PAM-bent 7= i i TGA i 2%
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B 4 4 R JE R BPC-g-PAM-bent 7= 5 19 DTG £k

2.2.3 A UEART BPC-g-PAM-bent 7= i i) 14
HL 558 0 AT

Kl 5 24 Bentonite, PAM-bent 1 BPC-g-PAM-bent
FEAR SR A, Hd, K 5 2B T Bentonite A3
TS AT LA 3], A 28 M 19 Bentonite 2 1 L 42
/b3 5(b) 2N PAM-bent, 2 1 PAM B4 Bentonite, #
TP BRI 2 R A - R )25 18] 5(o) 2 BPC-g-
PAM-bent, 7E PAM-bent J&4ifli 5| AT BPC, i T BPC
5 PAM 2 [H] 1Y fik 6 3% # 2E 0 5 2 BPC K 1
Bentonite 3 , BPC # 3|4 F B 2845 H .

B 5 A& R BPC-g-PAM-bent 7= b B 47 1 v 45 &%

2.2.4 YeRLBE WA BPC-g-PAM-bent 7= ) Zeta
IRV

Bl6 2T 3 R Y RAEW .2 wt PAC BN
BPC-g-PAM-bent ] Zeta WL {7, B E 6 7] Hl, 78
pH HN 2~12 J7iZ W Bl Y, B PR 2 G R 8 19
IR e, IO PR pH 3 K 1 i
B PELL 46 MIBEE pH 1S K G859 1E o PR 5% 8 R 1
B, BPC-g-PAM-bent /= /i 7E pH {HH 2~12 ]
ZHBENBE A2 AR, A RE pH 1K
H5R, 2 wivo PACYEIRWITE 3R pH 75 [ N 5 3L
ETAIMEEER Y R eR IR (S I i SR d
BHA W FI BPC-g-PAM-bent 3 32F 8 F, W Ff 3% 422 62 5K

Bl 6 BRMER 2. 8Pk 46 TEMETE 19.2 wt% PAC il
BPC-g-PAM-bent ¥ ¥ Zeta HL {37 Fi pH {H it 25 1k 1t 2%

2.2.5 BPC-g-PAM-bent £ &t (o VERETE M

43 515% H PAM, Bentonite , BPC-g-PAM #il BPC-
g-PAM-bent X} & 1 B 2. V£ 20 46 F1 35 P 95 19
YeRHARIEAT O SE 6 F2 I8 1. 2. 3 B SE I A0 TRt
.25 mE 7 Fros, W7 el DUE T, PAM X
3 Pl LRk £ BE S BR A BIGAF] 17, 626,12, 0% Al
41. 0% ; BPC-g-PAM Xf = Fif Y b} il (0 & 2% B R 43
BIAE] 45, 2% .23, 4% ,46. 3% ; BPC-g-PAM-bent %}
=PRI £ B 25 R R 4 i3k B 98, 506,99, 026 il
99.9% ., BPC-g-PAM-bent 1%} F PAM, Bentonite
i BPC-g-PAM., X = Ju B 9 € 8 25 B 8 0 vy, i
TR Ry

Kl 7 PAM.Bentonite,BPC-g-PAM ,BPC-g-PAM-bent
XoF = A ORI VY 0 BE 2% R AR
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Kl 8 % Hl PAM., Bentonite, BPC-g-PAM #
BPC-g-PAM-bent 435 2 % 200 mg/L &% + & 00
wE LR, MWE 8 1l LLF 3], PAM, Bentonite,
BPC-g-PAM #l BPC-g-PAM-bent Ab ¥ &5 14 1 % W 5
4 b 35 ¥ B 43 ) [ S 12, 10,139, 00,7, 46 NTU #il
1.83 NTU, Mt 2 %53 535 5] 92, 3%6.12. 0%,
95.3% F1 98. 8%, BPC-g-PAM-bent {; T BPC-g-
PAM 1928 &E 1 fig H W& 38 o , & B BPC-g-PAM-bent
52 A MR B T B0 € M 8 19 [R] B A AR R L 5 1Y

% 8 PAM,Bentonite,BPC-g-PAM,BPC-g-PAM-bent
o g A b O Dk 2 R R

2.3 BPC-g-PAM-bent X} 52 R EJ 3t % 7K i 4b 33

9% BPC-g- APAM-bent % 52 R EN Y2 5 /K Y {0 3
EBRR P LBRACR I COD, HBRBCR LS . ¥
Bentonite, Bentonite (AN fill PAC % #) . PAM, BPC-g-
PAM #1 BPC-g-PAM-bent 43 Jl4% M 1. 2. 3 (5256
AR S B B Y K E AT AR B, FL P Bentonite OR
I PAC O A 23 PAC WAL 5. 43 31
0 LB A AL B S M AL IS COD fH . 4T
XFH L, FEA BPC-g-APAM-bent (9454 1E 68 , Ab 31 45
R 9 iR,

B9 2RI SE B ED YL R K 10 25 8 2 B

MIE 9 1] DL F H, Bentonite. Bentonite (A il
PAC ¥ #) . PAM, BPC-g-PAM #I BPC-g-PAM-
bent X 5% B B[ Y% B 7K 1 €8 B L B 23 5 91. 5% .
77.0%.31.5% .15, 3% 1 97. 4% ; Ab P I T Wi
JEM 122.0 NTU 435 FFER 27.30,30.10,17. 00,
7.26 NTU M1 2. 07 NTU, # B L BRFND 50 77.6% .
75.3%.86. 1%, 94. 0% F1 98. 3% ; &b B 5 | ¥ W
COD, ) 800 43 Bl & & 212, 271, 405, 423 FI 103,
COD, 2 H 90 73.5% .66, 1%.,49. 4% ,47. 1%
M87. 1%,

A L& B Bentonite X 5E Fr B 3 J& /K A9 (4 5 2%
B %45 5, BPC-g-PAM-bent 1Y (8 B 25 B R £
BPC-g-PAM-bent Xf 5 B E[1 44 J 7K 19 it € 20 2
% . BPC-g-APAM XI5 B B e 1z 7K 1) 3 B 25 R R
% BPC-g-PAM-bent i3k i L Br R . BPC-
g-PAM-bent %I 52 B BJ L 2 7K (14 22 B D1 € 248
¥ ., BPC-g-PAM-bent X[ EFL % /K COD, 25 [§ R #
& . BPC-g-APAM-bent Xf Bl % & 7K i CODe, 22 B
BOR BT, 45 B %W BPC-g-PAM-bent & & I fig
oA Rk XoF S B D e B K B 25 A 25 BRSO BRARL

[ 2 B0, 4% IR 1. 2. 3 S0 A0 RO 52 B B e /K
AT AL B, %S i PAC ¥ % 1Y Bentonite f1 Bentonite
AN PAC 980 AH FL L b 3852 B ED Y 5 K I, €5 8
FRFA IR 91, 5% 1 77, 0% , il BE A 6 R 43 51
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Synthesis of cellulose-based flocculation and decolorization composite

functional material and its performance on dye solution treatment
TIAN Yangming » YAOJuming , ZHANG Yong , WANG Weijie, JIN Xu
(College of Materials and Textiles, Silk Institute, ZhejiangSci-TechUniversity , Hangzhou 310018, China)

Abstract: Bentonite modified by polyacrylamide (PAM) and bamboo pulp cellulose (BPC) were used
to prepare cellulose-based flocculation-decolorization composite functional material (BPC-g-APAM-bent)
by free radical polymerization. The composite functional material was applied to flocculation-decolorization
treatment of dye solution and the actual dyeing wastewater. The structure and properties of BPC-g-PAM-
bent were characterized by Fourier transform infrared spectrometer (FTIR), scanning electron microscopy
(SEM), thermogravimetric analyzer (TGA) and Zeta potentiometer. The results show that the PAM is
connected with the cellulose backbone by ether bonds due to the introduction of amide group (—CONH—)
in free radical copolymerization of BPC with PAM. BPC-g-PAM-bent shows negative charge all the time in
the pH range of 2~12, and its negative charge increases with the increase of pH. The flocculation and
decolorization performance of BPC-g-PAM-bent is greatly related to modifying time, reaction time, PAM
dosage, bentonite dosage and initiator dosage. Under the optimal conditions, the removal rates of Orange
11, Basic Red 46 and Reactive Blue 19 can reach 98. 5%, 99. 0% and 99. 9%, respectively. The color
removal rate, turbidity removal rate and COD¢, removal rate of dyeing wastewater are 97. 4%, 98.3% and
87.1% . respectively.

Key words: bamboo pulp cellulose; bentonite; polyacrylamide; flocculation-decolorization; dye solution

(RfEHE: NEE)
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Preparation and foaming behavior of heat proof

high-temperature thermally expandable microspheres
LIU Jinlin'» YANG Shaoping®+ LI Sheng® » YANG Lin' » SUN Yangyi' » QI Dongming" » CAO Zhihai *
(1. Key Laboratory of Advanced Textile Materials and Manufacturing Technology and Engineering Research
Center for Eco-Dyeing &. Finishing of Textiles, Ministry of Education, Zhejiang Sci-Tech University,
Hangzhou 310018, China; 2 . Zhejiang J Color Technologies, Hangzhou311121, China)

Abstract: It is often difficult for high-temperature thermally expandable microspheres to have both
high foaming ratio and high stability of expanded microspheres at high temperatures. For this problem,
heat proof high-temperature thermally expandable microspheres were synthesized through suspension
polymerization by using alkanes with low boiling points as the foaming agent, acrylonitrile as the main
monomer, methyl methacrylate, N, N-dimethylacrylamide, and methacrylic acid as comonomers, high-
molecular compound containing double vinyl groups as the cross-linking agent, and magnesium hydrate as
the dispersing agent. The microspheres prepared under the optimized condition could be expanded at
temperatures above 180 °C, and the foaming ratio could be as high as 4-5 times. More promisingly, the
expanded microspheres could be stored at the foaming temperature for around 30 min. The particle size,
morphology., foaming ratio and high-temperature stability of thermally expandable microspheres were
characterized by the granulometer, optical microscope, and scanning electron microscope. The effects of
type and dosage of cross-linking agents on foaming properties of thermally expandable microspheres were
systematically studied. The results show that the microspheres prepared with macromolecule cross-linking
agents own the optimal foaming ratio and high-temperature stability.

Key words: suspension polymerization; thermally expandable microspheres; cross-linking agent;

foaming performance
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Preparation and bioactivity of bioactive glass scaffold based on PEOQ/SA
ZHANG Li*, LIU Tao". ZHANG Lixiang®, ZI Yuanxing®, DING Xinbo®
(a. College of Materials and Textiles ; b. Keyi College, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The bioactive glass (BG) was added into poly (ethylene oxide) (PEQ)/sodium alginate
(SA) mixed aqueous solution to construct the bioactive glass fiber scaffold by electrospinning. Then the
fiber membrane was soaked in hexamethylene diisocyanate (HMDI) toluene solution and CaCl, aqueous
solution for cross-linking treatment. The cross-linked fiber membrane was soaked in the simulated body
fluid (SBF) for 1, 3, 5 and 7 days. The morphology. elemental composition and crystal structure were
characterized by scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS) and X-ray
diffraction (XRD) respectively. The results showed that when 2% dibutyltin dilaurate (DBTDL) was
added into cross-linking agent as the catalyst, the fiber membrane maintained fiber structure and generated
hydroxyapatite after being soaked in simulated body fluid for 7 days. It indicates that PEQ/SA nanofibrous
membrane after cross-linking treatment by the above method has good water resistance and biological
activity.

Key words: poly ethylene oxide; sodium alginate; electrospinning; crosslink; bioactive glass
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Numerical simulation of supercavity flowing near the free surface
ZHANG Yatao, SHI Honghui , WEI Kangyun
(Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: To study the motion law of the object near the free surface, Fluent software was applied,
and VOF multiphase flow model and standard ke turbulence model were chosen to carry out numerical
simulation of supercavity flow field of the object which moved at the first velocity of 60, 100 m/s and 200
m/s under four different water depths(26, 106, 206 mm and 406 mm) to study the influence of water
depth on cavitation morphology. Meanwhile, the Pilot wave was calculated on the free surface. Numerical
simulation results show that: as water depth increases, the symmetry of cavitation is getting better and
better; the wave height on the free surface decreases gradually; the changes of cavitation length and
cavitation diameter are consistent with the semi-empirical formula proposed by Logvinovich and
Savchenko. In addition, as the object velocity increases, the wave height on the free surface also increases.
This paper analyzes the initial distance of the pilot wave and the influence of water depth on it. It can
provide the basis and reference for the study of the morphological properties and hydrodynamic
characteristics of high velocity projectile supercavity.

Key words: cavitation morphology; pilot wave; [ree surface; wave height
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Research on the supercavitation flows around disc

cavitators with different grooves
SUN Yaya, SHI Honghui , YE Shaodong
(Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China )

Abstract: Based on the Fluent software and the VOF (Volume of Fraction) method, a numerical study
of the supercavitation around an underwater vehicle with different grooves in the disc cavitator is conducted
to analyze the three-dimensional characteristic of the supercavitating flow and the hydrodynamic
characteristic. The numerical simulation is effectively consistent with the theoretical analysis by comparing
the numerical simulation result with the principle of independence of the cavity sections expansion result.
Besides, the drag coefficient under the influence of the cavitator with different grooves is studied. The
results show that: The vehicle’s drag coefficient and the non-dimensional diameter and length all present
the decreasing trend with the increase of the cavitator’s grooves. With the different grooves in the disc
cavitator, the supercavitations are classical shape and the supercavitations with different cross-section
shapes have a perfect self-repairing ability, which can self-repair to be a smooth spheroid in a short time.
This paper can provide a reference to the drag reduction of underwater vehicles.

Key words: cavitator with different grooves; the principle of independence expansion of the cavity

sections; VOF method; drag coefficient; self-repairing ability
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Study on droplet formation process and breakage

reason fora Newtonian fluid
LIN Peifeng, LIU Youju
(Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The high-speed camera was used to record a series of forming process pictures in the
experiment. The volume of fluid (VOF) method in fluent was used to simulate the droplet formation from
the capillary at the low flow rate. The geometric reconstruction was used to capture the gas-liquid interface
of droplet formation, and the numerical simulation results are in good agreement with the experimental
resultsobtained by high-speed photography, which verifies the feasibility of numerical simulation. The
change of the resultant force during the whole formation process was calculated, and the pressure inside
the droplet was analyzed. The results show that the drop formation process is divided into three stages of
formation, neck, and breakage and the pressure in the neck is the largest at the breakage stage. There is a
balance between gravity and surface tension at the breakage stage. Then the gravity dominant, a small
increase of volume causes the neck to shrink sharply and the droplets break. The pressure inside droplet
gradually increases along the centerline of the droplet at the formation and neck stages. The pressure at
neck reaches the maximum and is 360 Pa at the breakage stage.

Key words: droplet formation; geometric reconstruction; pressure; resultant force; breakage
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2. capture image

3. detect object
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8. end
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11. end
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14. push backdeque,extradeque //HIWFEAE
5, A BE BB
15. if (timeStatic> T,)
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17. end
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20. end

21. End
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Abandoned object detection algorithm based on improved of YOLOvZ2 network
ZHANG Ruilin, ZHANG Junwei , GUI Jiangsheng ,» GAO Chunbo, BAO Xiaoan
(School of Information Science and Technology , Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: To improve the accuracy and real time of detecting abandoned objects in complex environments, an
abandoned object detection algorithm based on improved of YOLOv2 network was proposed. Based on
YOLOv2 network structure, the algorithm combined the residual network and integrated shallow-layer and
deep-layer features. In the case of no increase of the calculation amount and time of the original model, the
performance of small-volume abandoned object detection in the monitoring screen was improved.
Meanwhile, based on YOLOv2 target detection, the interference of non-objects such as pedestrians and
animals was excluded, and the suspicious target gained by target screening was tracked and timed. The
target with the time of stay exceeding the threshold target was marked as an abandoned object. PETS2006
and i-LIDS were used as data set for experiments. The results show that the algorithm improves the
accuracy of the residue detection and reduces processing time, with strong anti-interference ability in the
complex environment.

Key words: YOLOv2 network; abandoned object detection; residual network
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Denoising for 3D mesh models based on tensor eigendecomposition
XIA Feng, LI Zhong » SHEN Yi
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to preserve the feature in mesh denoising process, this paper presents a 3D mesh

denoising method based on the eigendecomposition of tensor. Firstly, the multiorder neighborhood of each

mesh vertex was set as a unit to seek multiple similar blocks which have the most similar geometric

features. Then, the normal vectors of each reference block and similar blocks were used to construct the

tensor. Finally, the revised normal direction was solved through the tensor eigendecomposition. Besides,

the distance was given for the corresponding vertex along the normal direction. Experimental results show

that the 3D model denoising can well keep the feature of 3D model.

Key words: tensor; mesh denoising; feature preserving; similar blocks; normal vector
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S A AU AL (X D B T 2 AT A
B, LA 2L B g A D, AR AL R R .

R — e R SE W, JHETHLE W,
IR )ZE n UL S )RR g, h 5 H
TIRHBL R

BRI Wy, R B 0 A BT 43 Sl X
o AR - LSRG AT AR A 4 1 AR LA B
M, Hoh e B 28 Jr 2 A] DL N R E By, T
DL BEHLAE B CR [RD

AR =AW, PRI DTS, A
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Fabric-weave design method based on extended fractal model
XIONG Yulong®, ZHANG Huaxiong®, LU Jialiang®, LIN Xiangyu®*, JIN Yao®
(a. School of Information Science and Technology; b. College of Materials and Textiles,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The design of fabric weave based on fractal is a new type of digital method. Existing work
presented much related work which increasingly expands the design space, but is still restricted. To this
end, the paper extended these methods, and proposed a more general design model of fractal fabric
weaves. Following the idea of fractal theory, the model defines three kinds of algebra operators for weave
matrices, introduces various local transformations and builds a unified formula to generate fractal fabric
weaves. The model provides more general and more dimensional variations, such as varying forms
ofweaves in different layersas well as the foreground-filling weaves and background-filling weavings. It is
capable of designing traditional fractal fabric weaves and extending the space to designing more special
weaves. The computer simulation experiment is conducted based on the platform of VC++. And it
demonstrates that the fabric weaves designed with our proposed method are flexible in design and rich in
change with diversity forms.

Key words: extended fractal-fabric-weave model; fabric weave; fractal weave; Kronecker product
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A, AAREABAZLTH FHREMAHER.ITS2 5544 DNA £ B L, 35F ITS2 B S o HERBE L 23
BMEEREGHEHFLTHG HRM-Z L L ZFPCR A s aFFF LT A S0 E BB L EA; £ HRM-
PCREMHT. AR GFFRALTINFELSOHELBUER SH)HELBEEMTAZFB. LA ZF *
T EROAFFTLRAL 0GR, ERAVARNSGIHELEBEEBRREBAZINE S THEBFH L
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PR T DNA P9I H R Be K i . GC & i .GC 401 1Y
ANTA] s 72 PCR 2o A8 v fin AR M B 2 7= A AR A 1) 04 il
M2 ok 5008 . HRM B 4 R G R 45 4 52
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A% R LB A5 i 3 B OG5 5 AR R L 3R 15 w1 40
B0 ik iy 28 MO I U e e B R AR Ak 7= 2 1 il
2, ] EOULHE S e PCR P29 14 22 5%, 64T PCR %% il
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A B il AR AS | TR B SRR A e 2 B
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M2 A1 T 57 5 590 A () A YA 38 28 25 4 19 4 ) 7
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G S B35 A8 10 7 vk B AR E 2 L
Yoo PR S e A B R AR G O 1 R o 1 AT M
PIKEH X 4351 . DNA Z&IE 1 AR R H ol 15 9
Tl S e WP A R e AT AE I R o NS , Tz
N T 45 250 Fh % 5 TR IE s 97 R 3 b 25 61 5 R
FFE . DNA SIS 4 AR % rf 25 M AR T
2R APIIE A L1207 1k T % 0 2 b 5 L LT
Phiide s BAT 20 2 | H 52 P R R AR TRRIME B A
SETIEAS R . T 256 %58 1) DNA &85
5 FEEAHE 1TS2, psbA-trnH . matK 1 rbel. 4%,
Hod  ITS2 J2 B EY rDNA iy — B B 1
EF B 5 48 B, R Bl R AKCE 9SS oy W i, B AT
2 (1) 52 AE A gt LA - X 43 S5 BN [ i b g e
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JFH 5 53 90 3200 A 1l 2 43 7 H2 R L X AT 11 28 B i 1 BT
BGHEAT B T TTS2 Y45 ik it £k 0 A, 2 5 1) T v 43
b ES S A e e S LN S BRI il iy
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1 MB5FE
1.1 Ziprkl
A A BEAE L T v £ 2 A E SR B L B

FHAFIE L T8 T 25 R REAR S 10 4>, BRI 1.
R ARREHEREKR

B MFh T4 7
1 #HH%  D.morifolium “Hangbaiju” #i{T#il &
2 B3 D.morifolium “Hangbaiju” #iiLHil £
3 Bil1%  D.morifolium “Hangbaiju” #WiiLHi £
4 WiHZ  D.morifolium “Hangbaiju” #7115 %
5 M2 D.morifolium “Hangbaiju”  #7T.5 %
6 #ILTT3  D.morifolium “Gongju”  HRUKE
7 #ITH  D.morifolium “Gongju”  HHEHE
8  HINTIH  D.morifolium “Gongju” RN
9  HEINTIH  D.morifolium “Gongju”  HEZEM
10 #IL5t%  D.morifolium “Gongju”  ZRLZMN
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HUBT 1 28 R DT A6 R 4 200 mg s WA B 1K
AR S IR BR 5 TR I T 7= 3 P 4 DNA $il #2380
R G A T A TR B I J7 B B B M 1)
RN DNALEUS. 0 L DNA 22 1 % 355 B 5 i o
DKOGT AR AS HEA T J0T £ A6 ), OF 28 1 i 58 40 ] DL 43060k
JETHIN 2 DNA 1) 405 B Fk BE . OB B 42 B DNA B
il R 2 10. 0 ng/ p L VE BN T4 e i 26 3 #r
1.3 PCR ¥ 145 @ o PRI i th 4 o B

ITS2 J7 91 PCR 44 Fl =1 43 HE 5 06 il i 8 43
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M:DNA Ladder;1—5: BT Z5FE 56— 10 3 L5755 5 11 25 46X IRy
Bl 1 BUE % M8l 5125 DNA Bt s 4 e e v, kR i =l
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PCR 7 ¥ #t47 HRM 2387, L Tm fH A B4 & RIS M o, b 35 46 XT BRAE A 5 5 /bt
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a:BUFI 4 sb: BN BT 5 0. 4 B XT IR oy
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AN B RIS, %k AN [m) A il 3 A 1 AR 25 K
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2588 B R AR BORAF AE — 58 22 5% A 24 5O I 5 n

S S 240 1 vk 2R R 2 B
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FTTEG 55 5 Fh 35 AL JEAT i 5 7 20 BT, 16 € BT 1 35 N
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(52 0, T2 25 0 00 B B AL R AIE 28 S5 B0 AU 5 2
R B 11 £ 95 56 ) v 2 0 1) 3 e AR T IX 49

oy F R AR H L0 25 B R ¥ R
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Preliminary study of identification of medicinal material
Dendranthema morifolium “Hangbaiju” and Dendranthema morifolium
“Gongju” based on the HRM technology

CHEN Shaoning s GU Xiaochuan , JIANG Penghui, LI Qingyan
(College of Life Science, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Medicinal materials Dendranthema morifolium *“ Hangbaiju” ( D. morifolium,
“Hangbaiju”) and Dendranthema mori folium “Gongju” (D. mori folium, “Gongju”) were identified using
high resolution melting (HRM) technology and ITS2 sequences were used as authentication sequences.
This research provides a new molecular technology for identification of medicinal materials. HRM were
carried out using dried materials of D. mori folium “Hangbaiju” and D. mori folium “Gongju” and 1TS2
sequences as DNA barcode. Methods for identification of D. mori folium “Hangbaiju” and D. mori folium
“Gongju” using HRM were established. The normalized melting peak curves and different plot were
characterized. Total 10 commercial D. mori folium samples were detected and identified by this method.
As a result, D.morifolium “Hangbaiju” and D. mori folium “Gongju” can be easily distinguished by this
method.

Key words: high resolution melting curves; Dendranthema morifolium “Hangbaiju”; Dendranthema

mori folium “Gongju”; DNA barcode; ITS2 sequences
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#4422 C Xf A B 40 Be A0 S i AL 4 Be 22 5 7Y 22 i

M IT,R8

E,itt8,EEMH . %

(B I RFAGHFZFR LM 310018)

W E. kBl L2 (Drug-eluting stent, DES) 8 7k 3% 3 74 44 25 4 & 37 4] F 7 WL 28 B2 (Smooth muscle cells,
SMCs) ¥ 78, ML P38 A, 23X s i R T8 3 A 38R A Ak, Mok A o4 & F R4 1E 69 25 it F ey 7 4) SMC
¥ 54, B P 4R 3 A K 48 2 (Endothelial cells, ECs)3g 74, 4 4 % C(L-ascorbic acid, L-AA) % —FF A F 2 R KX A A EmA
s 0 B B B S B AR 35 AR i R 49 EC A= SMC fm e F Am AR B 4 300 pg/mL ¥ L-AA# & % 100 pg/ml #
& b4 & % (Sirolimus, SIR) . & 4% 3& 7= J& (Dulbecco’s modified eagle medium, DMEM) | 4 K &k 8 % #F i& (Dulbecco’s
phosphate buffered saline, DPBS) e Z 8% & 100 pl.3& 9k 7 d WA, 45 R & W .SIR e 4b 494 EC 3874, L-AA % B %
123t EC 895 7, ) AL AL 4 5 SMC # % K 5 £ 35 J 18 7080 EC A= SMC o Aa A 100 uL R Bl E 89 L-AACL
100,300,500 pg/mL #= 1000 pg/ml),3& 3% 7 d J&,1.100 pg/mL #= 300 pg/mL # 1L-AA A4 F EC 374, % 500 pg/mL
F2 1000 pg/mL 69 L-AA 4474 EC 374 . 5F B 300 pg/mL = 500 pg/ml 6 L-AA TA 2 F ) SMC 3875, Hik

AU A F CTARABEGA THWEM LR LY,

KEIWE: AP EIE AR @M FRNmE AL C;FMEER

FESES: Q28

0 3l &

RHAEA B 7 B S SCHR (0 158
SR R — 2 N A RE S I B AT T
00 (1 T S 3 17 TN = W
R E L TR E AT B ) JE AL IR, G0 i A8 S 4R
18 P B AR 6T 100 B I A4 A 0 A 28 DG B B, IE R R
{et B Y Y B2 410 Bl ( Endothelial cells, ECs) 18 i B i
HIT 8 30 2R — Ak R B 1k I A2 T B, 11T 81 26 2R AN
— AR AT DABH 1k 1l T i i) O B 20 R A1 1 1 /)
ARORS B L 5 4 A AL L I L PN Bz 40 i 3% 1 5 A I AR 1
R L IR TR N X 2 1 i 4R A B 6 i AR o
HEREXEBZEMMERDY . RESLC KM EZFM
ke IO A S B8 A Il YA 7 L B N B AR AT AR
B DA Ry 2 R ) 3R A ol e T W ) B A T i

H \iA] B 25 %) e ik 32 22 (Drug-eluting stent,
DES) i i3 B il bt 3 48 25 ) 4n 85 1A %5 & (Sirolimus,

YR BT 2017—9—30 W2 R H 7. 2017 —12—29

XERFRERD : A

XEHES: 1673-3851 (2018) 05-0352-05

SIR) Fil %8 #% W ( Paclitaxel, PAT) 3K A J7 P it 3%
AT DY R A R AR A S AR 8] K A B kA A 1
P BVELGS RO, PN IR AR AR ) 3 R R T L
20 8 (Smooth muscle cells, SMCs) i 4 K fiF S
FOE I N AN B A R TR B ZE S KT R
JHC ) FT 1G5 245 0 8 8 4 k] SMC 118 A 4 e 42 il P
Bk AR S 25 Yy R BB 2 R EC A KL 25
R S A8 1 A2 40 BRI R P B AR O 2 T S 4
FeIE A 32 2R AL 7 Y O CE AT BE S B0 IE A
FAESFE T, PAT I8 S48 R B0 i 3 (1) 4
SN VA ] I s R 1R Sl B AR
A BT — AP RE RS SMC A4 K g {2 i
EC A Kmzi, 44 % C(L-ascorbic acid, L-AA)
ST — T T 1R 45 24 Bl L U 0 ) 40 e 3 3R P
259 A S AT R B L-AA 18T RIE IO PR E
YEA WX EC A — & B R E Y,
ARSI H A5 72 N DES B L-AA kL

HEETH . FEARFBFEESTH (51502265) s #7114 H AR E £ 45 H (LQL6E020006)
TEZ R B W1993—) L, Hl il R AL B H AR AR, 5N LY bRy i 5T .
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ARG PN B2 Ak Bl 1k G St AR T B A B A i SMC
A I B 1k A N s A A S S B — 5T B
B B SR — 25 AR SCHEAT DU 4H R A1 40 it 85 5% SE 5 L LA
UE5 HoAth 0 i A SR 259 (SIRO AR L, L-AA
af LR #E EC A KW Rl B fp i SMC A=K .

1 #RFTE

1.1 MH

KB Bl COT 1 LA M P R A A A LR 2
B bRk 2= B o i A 138 R0 e B E A6 (6 Gibeo
INED BB DMEM 1 35 £ (35 E Hyclone 24 #®]) .,
MTT. 44 &R C M &M% R (35 [ sigma-aldrich 24
7)), DMSO #1 live/dead 43 (3 [E Thermo Fisher
=i DI R B S B N VT
1.2 WAL

MTT(5 mg/mL) : #H 500 mg MTT,%F 100 mL
PBS v, # S i e RS B PE B AR . 4 CC R IRAT

L-AA ¥ FREL 20 mg L-AALIE T 1 mL #t
K # 2 2% " & (Dulbecco’s phosphate buffered
saline, DPBS) #,4 °C#GIR-7F

SIR BEWE : FREL 20 mg SIR, % T 1 mL Kk &
e, 4 CAR-TF .

1.3 L-AA Al SIR X 5 40 i 3% 58 1 FH 0 0F 5%

B L-AA B3 B HER; 37 % (Dulbecco’s modified
eagle medium, DMEM)# & £ 300 pg/mlL,SIR £
W H DMEM R 32 3675 B 2 100 pg/ml, BOW %4
KW EC il SMC 43 LA 1.5 X 10" 4~ /mL Ay
JE 100 pL 80 F 96 fLAR 11,37 °C A ALk B =40
W3R8, 4y M A 100 pL L-AA ., SIR, DMEM,
0.5% DPBS 1 0. 5% S . 1.3.5 d f1 7 d(5&:
B 1 d e — K BO WA KIES . A 10 L
MTT # i B MG R A5 4 h 5 WL AR
TR AR 3R 5L LI 150 L DMSO. UL #2 R
I 10 min, %3~ 120 r/min, FAEFRIXAE 490 nm Ak
I OB . T A 40 M A7 05 %, Bl Sigmaplot 5K
(G T S N M o3 T
L4 ORI L-AA e 3 X 1 b 240 it 285 7 4 FH AR 52

¥ L-AA B DMEM 53 5 B % 1,100,
300,500 pg/mL F1 1000 pg/mL, B 100 pL X 54
K W BE R 1.5 X 10" 4~/mL ) EC # SMC 41 fits
FEMT 96 LA .37 “C LIRS AR R R
I3 ABA 1.100,300,500 pg/mL #1000 pg/mL HY
L-AA ¥ F1 DMEM, DPBS ¥ 4 100 pL, 4331
TE1.3.5dF1 7 dCEERR 1 d $— R WLEL 40 i A= K
JEA LA 10 pL MTT 35 W, FEICE 240 M 355 57 46 15 7%

4 h S WA LR T Y 20 M R SR 3 R LA 150 plL
DMSO, it fE#% K | 10 min, ## % 120 r/min.,
BEARAAE 490 nm A0 & W OGAE . TF 5 A I AE T
M A Sigmaplot A #HATG I 37,
1.5 live/dead %'t 4% 0 UL 52 4 L IE 25
1.5.1  L-AA F SIR X 7% Fh 4H B 384 55 7 H (% 52 i
¥ - AA B DMEM 55553685 B 2 300 pg/ml,
SIR £:3 FH DMEM 3 52 5/ B 2 100 pg/mL, B
X H A K B 9 EC # SMC 4R LA 1. 5 X 10 4A~/mL
MU BE (500 pl #EFh T 24 LA, 37 °C A fb ik KE
Feft B 3R 0 2 W A L-AA, SIR, DMEM, 0. 5%
DPBS,0. 5% CEE W . 75 1.3.5 d fl 7 d(&:F& 1 d
Pe— KB IMA live/dead 5 YLk} 5 ke G e (4
30 min, 7605 B 2 6 BB R AR, I B SR .
1.5.2  R[EM) L-AA WX PIAp 20 Mg 58 /R FH s i

¥ L-AA B DMEM #5352 5 f B2 1,100,
300,500 pg/mL F1 1000 pg/ml, B %04k K 30 i 40
Jifl EC F1 SMC LA 1. 510" 4/mL #I# & 500 pl
HR T 24 FLARCH, 37 °C BRI SRR R SR L
BIAMA 1,100,300,500 pg/mL F1 1000 pg/mL Y L-AA
7 DMEM F1 DPBS ¥ . £ 1.3.5 d F1 7 d(5: @
1 dde— R - A live/dead 92 56 Y Rk, 28 I 0O
Yef, 30 min, 76 (5] 5 2% BB FOWES A IRIC .,

FESCE 1.3 F 1.5, 1 R EA 258 n A EC
I SMC 40 b, i T 0. 5% & B (G T SIR) 5 2
0.5% DPBSUA T L-AA)#RIE THi - 56, L LA -
SLEGWEA 3 XA, X 4 1 o8 DMEM Jf HoA
T2 R A 75 59 ( £ B9 W 5 U2 DPBS) , X HRZH 2
5 0.5% DPBS i T DMEMCA I L-AA) , % B 4H 3
H90.5% AT DMEMOCA I SIR)

TESCEE 1.4 F0 1.5, 2 B R [A] 5F) & ) L-AA
A ZH i EC #il SMC, 1T L-AA % T DPBS, A it
PLESZE A 2 AR, X IR4H 1 o DMEM Jf
AN 25 AT AT 15 39 (4 B i W B2 DPBS) L X 8
20 2 5 10% DPBS T DMEMOARHT L-AA),

2 XBWHEREHHN

2.1 L-AA I SIR X A B 200 it 38 A FH 1 52 il

FH MTT 2k EC 40 M i AR [R] 25 9 4k 22 5
PTG PR AR 1 FroR . 7255 1 d.3 X BZL AN L
AA BAT IR 25 5T SIR 5% B4 a2 L-AA A
W, RA B AR . 65 3 . L-AA ML T4
1 d ZH A — 5 358 58 e, (5 500 BEAT AR L g AIG; 1i
SIR 555 1 d AH LY . 40 i B0t WA B 0 i 3 50 L, 56 5 d
M7 d AT LLE SR, DR REN, L
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AA AE#t EC B rI e 71, 10 SIR RS I #l EC (1
WagE . SRH live/dead ¢ ) Ye €0 W0 22 40 il B 25 I 2K
LR IE 2 R, SRR S 3 XA L-
AA AR BEZE RECAIHE i, SIR A 240 i %50 TC HH & 10
I T L-AA B R A — AR E R KL H 5 X
HRZH AH ELBEAIR X 51 1 Brak i) MTT il 25 R — 2,
00 Gk
55 02 L-AA II
BX DMEM
2.0 - Z2 DPBS
o= 7 g
L5k

OD 490

1.0 -
0.5+
R
?H-I,F-mi%?'?ﬂa‘l‘;'ﬂd

K1 L-AA F1 SIR % EC 4 g 34 58 1 FH 1Y 5% i

§
: §
N

wh
-1

2 L-AA il SIR %} EC 403455 /E FE 1Y live/ dead 58544 (0

2.2 AT L-AA Ve BEXT P K2 4 1) 35 5 5% e
EC 401 o in AN R B2 L-AA B9 MTT A5 il
ZER AN 3 iR FEHS 1 d.500 pg/mL /9 L-AA F
PR S HAR AR 255, 5 3 diL R T
500 pg/mL A1 1000 pg/ml, X} B8 25 F1 H: Al e B 40 4R
AR S d AR KBS, fE5% 7 d,
1,100,300 pg/ml B 1L-AA 15 H A B 41 Kot BE 20 A1
L, 25 B AR A, 1000 g/ mL ) 1-AA 411
e b, DL RS REN] 1,100,300 pg/mL 1Y L
AA B HF EC 85,11 500 pg/ml 1 1000 pg/mlL Ay
L-AA 2330 EC MG 5 . live/dead 250 YL (1Y
RN 4, 5P X AR L, BB R ER 3, 1,
100 pg/ml Ml 300 pg/ml A 1-AA 4L # EC 40 jg ff
Fr 8 = BB A K, T 500 pg/ml F1 1000 png/ml. A9
L-AA WA MO 3G 50 5 A, X S5 ik iy MTT 24

—
2.0 1 oendiml
=100 pefmL
3 300 pesml.
1.5F S0 pafml
1000 pedml.
= DMEM
= W DERS
= Lor
]
0S5

SRS F i (W) d
B3 REHER L-AA XS EC 4 i34 58 4 1 i85 mi

B4 ARWER L-AA X EC 41 i34 58 /5 F /Y live/dead E5E 42 (4

2.3 L-AA 1 SIR X7 ¥ JUL 40 it 384 78 4 0% 52
Fi MTT 3460 SMC 40 7E AR 254 2 5
I A RN 5 Frs . 7E5 1 d.L-AA F1 SIR 4b
AN H O B AR T X B4 58 3 d I A L-AA Al
SIR J&7 SMC 21 il 7 fi it 1Y 38 K L 5 00 B8 4 A1 L34S

IHARAE , Al L-AA F1 SIR Z [0 %A H B ES, &
5d RS 7 d AR S, FIE L-AA AT DL &Y
PO SMC () 34 58, S48 0 35CR B A F SIR., live/
dead ZECYL A A L5 NE 6.5 3 A% HRALAH L . bl
% RERI G A0, SIR F1 L-AA 4H 14 48 i 5 == 0% 20, Of
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2.4 RIEIHREE L-AA X0 LA i 36 58 A FH B 52
SMC 4 i A R 1-AA B9 MTT 4551

WE7 i, 51 d, 5% A LRI F 300 pg/ml
1500 pg/mL 1) L-AA BR KL G AE 5, 1 pg/mL
1100 pg/mL SXF A LT B 25 5% . 56 3 d,
300 pg/mL Fl 500 pg/mL A9 L-AA FIX} 4146 L
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AA 551 d Mo B E TR, B5dME7d
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() L-AA B R E 38 i 20 i 50 76 AS e 38
MM 300 pg/ml 1 500 pg/ml B L-AA 4l 38 58 & 3¢
ik, X5 EiRpy MTT #4558 — 2,300 pg/mlL
500 pg/mL [ L-AA 5 H Ak B2 20 Je %) B8 20 A1 L
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e
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1 3 5
ALK TR

K7 RIEHER L-AA X SMC 40 i 8 55 75 FH i 5% i

8 R[EIVEEEM L-AA X SMC 40 it 3% 55/ FH A9 live/dead %63 0

A SCIE o LR AR A R S5 R L-AA Fi SIR XF
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L-AA A LU JE EC 1 58 4 [ B 4 ) SMC 345 .
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F11000 pg/mL ) L-AA 24| EC 8554 ;300 pg/mL
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Effects of vitamin C on proliferation of endothelial

cells and smooth muscle cells
HAO Ya ., BAI Xue, RUAN Shichao, ZHUANG Qingye, CHEN Cen
(College of Life Science, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Drug-eluting stents (DES) release anti-proliferation drugs to inhibit the proliferation of
smooth muscle cells (SMCs) and prevent intimal hyperplasia. However, these drugs inevitably delay
endothelialization. Therefore, it is necessary to find the suitable drugs which selectively inhibit the
proliferation of SMC and promote the proliferation of endothelial cells (ECs). Vitamin C (L-ascorbic acid
[L-AAD is a kind of drug for oral administration or directly added into cell culture. Therefore, in this
experiment, EC and SMC cells cultured overnight were added to 100 pl. L-AA (300 pg/mL), 100 puL
Sirolimus(SIR) (100 pg/mL), 100 pl. dulbecco’s modified eagle medium (DMEM), 100 pl. dulbecco’s
phosphate buffered saline (DPBS) and 100 pl. ethanol cultured for 7 days. It was found that SIR could
inhibit the proliferation of EC, while L-AA could significantly promote the proliferation of EC and also
inhibit the growth of SMC. After adding different concentrations of 100 pL of L-AA(1, 100, 300, 500 pug/mL
and 1000 pg/mL) in overnight cultured EC and SMC cells for 7 days. The L-AA dosage study demonstrated
that [-AA with the concentrations of 1 pug/ml., 100 pg/ml. and 300 pg/ml could encourage EC proliferation,
while L-AA with the concentrations of 500 pg/mL and 1000 pg/mL could inhibit EC proliferation. At the
same time, L-AA with the concentrations of 300 pg/ml and 500 pg/ml could significantly inhibit SMC
proliferation. Thus, this study demonstrates that vitamin C can be a potential drug for drug-eluting
stents.

Key words: drug-eluting stents; endothelial cells; smooth muscle cells; vitamin C; sirolimus

(REHE: EER)



ML I RFFRCARFFR,H 39 %, % 3 M,2018 F 5 A
Journal of Zhejiang Sci-Tech University (Natural Sciences)

Vol. 39, No. 3, May 2018

DOI:10. 3969/j. issn. 1673-3851(n). 2018. 03. 016

WA TE RY B R A E L E M B A 3T

HEX, R R

(Mt I RFEFR, M 310018)

H OEATHARFTNRRRASA P ALZIAG LR AT HPARAN LT R EXZNF A, B 475K
HEFRERAPRAEGERLT  RRLEFTRAN, BARPEBR—ZWAFINHNX . BERAAPFIANEFT Fibmid
LA P AR, 7 RERT LB A AP PHRREN., ERRENFHZGEATEEHEA P
MHAELFMARARKEFAE, XML RERAFENORR . RAAS BN TR T LB T —AMEXE
ELIFRMANGALRAN X — ARG AESRA RIEN TR E R, B3SO TRAF R, AP RHEHN

KA £ F REMNH E A LA A,
KEER: BT AN HE R 251
hESES: 0242.1

0 51 &

Wit 2 A ol 7 B ST 0 e R L A% TR B A
BB RAR AR TS, 30 Al i i v a8 8 52 B
g e KLY H AR T PR, i — Al B3
{E )b v 2 T B B Y o DT A ol Wi £ A R
R GAE T R —A E 2 AR, R AL
JE T 3 2 % v SR Al i — B L 7 LR Al 52 B £
e RAL I SC B 3R T 2ol 3t v 37 3 4 ok 52 B0 % O
P B — R BIL . R B O AR B B R A R 1
RTE E MR R L O E M R Y R
EH Tz . PR A E B R 22 5 2 b R AR
R ML T LU AR R Z oA BT T IR A T
WFFE T 58 A Tm) 20  JH P B AT ST R E A
[ RS ASE ) £ I A b ] 23 S P B B S T
Yo B BRI R A AN S8 B 5 B I BB L T
FZZ WA A AR AT R R B R
TEARFAR BRI Y1 B0 T BT A 3k 5

LR E A 0] MU RT DL AR 4L 40 3% o
I FLEL A A7 32 RS E 52 7 10 A P A . — S 4 & 41

W H . 2017—10—20 4 AR H M. 2017 —12—29
HemEH. BEAREEISWHE (11471286,11701518)

NHERAREED: A

XEHRES: 1673-3851 (2018) 05-0357-05

SEHY AT SR TR LY L RO 4E T — AN E A L TR X
AR T B AT AT — A T SR A T S R
i s e XA A A S SR A A B AR B G £
i X T AT S i 0 AR S L

FE LB A RE Al DLAS R 7 441 52 )L A
A FEZERBIETT ] — DRI S — RS
w5 A R KA B A L 27
8 — BB Y BAOCE Ak A TR R
(9 399 52 A L S K SE R . Bulm 550 2 B — A
AE WA T SR A e A BB < 207 1 S8 O AR A Y
Wrd SR Z— A B0 I B BC7E F0 2 A% T
PN R A (R Al L3 o AT B T 7 TG R AR 1 A6
B AETEAE SR B 5 . Babaioff % BF5E T
WA m AR 0 DTSR P LK
AN THIE BEAS T 39T ER A A L AFURTE T B A A
IR BEXP AR Ml AT A T — A AR A R R
FH LN TR0 4% T it B Ok Bl 25 E M g . S By B AL
PEAE T O A 52 4 by T 3 T AR 32 05 RS L 2 R 3K
S BRI, 2 T7 AT LUECHE RS A 25 R T 32 0 A ok
PeSE I IR . X TR Sy B AL — A SR L ST

PR A BEEOL (1977 —) 3B VLR A WA, B 202 1 L, 32 S A S (UL R 4 4 B0 5 00 Ak B BTt 5 40 T 25 5 T Y BIF 5



358 i

oM T Ok o o R

2018 4F % 39 %

FERIPE H% A One-way trading™®, One-way trading
i J A 7E 2 49 R Je KAE [ 81, EL- Yaniv %1
BT —ASEF I OC/M/m)OTELR AL b M
J AP M S m A TR, Zhang FHR
H—Befb 58 TR — 2L a2 HaiEE.
Zhang E Y SE — 28 BRI R 4 R A TR 22 )
B T 324 ol OClogh) MR b 2 P IR i
WIS AN Y 5 IR — B HE T B e AR R
Wi — 54 ol OCogk+logh) ITEL B 1,
SRR B LR RTEL AT, H e b=z
AN W 28 2 A — A BRI = — P i I
B Dobzinski 45 % A TS Y R S AT 2 )
PR T B B PR RE AR I i S A BE BT
S S 5 B DN — 457 B8] e B B A RS S [
AP T — S e 2 LB L . Lu 0 0F
G T FE R SRS IR B b, W] DA 22 AN A A A 4G
Fh A3 TE— A B AT 43 R il E A 1], A TR AT
RRRIRTEIE T B0t T — AN 3E 4 L2k 1. 618 AT UG
o REEHRIEAT A TUA BT O O CFAS2) Bk n) L,
RXF A A UL 8 R o E 4 I (A 32D [ R
FAEAR D B 1 & Eden 25120 WF 5847 A W5 1 °Y
i TE SR8 M IR) L, 33X BL A P 2 A — A 21 38 i i)
A — BRI a] A 3052 SCER[20 ]9 )3 &, TR 2R
() AR R R AP 90T 10048 1) B o A [R) A, 5 SOk (20 ]
AR Z AL FE T A SCHY L B35 & overlist, & 7 SCHR
[ 14 T B mlt bk P 22 m— A BR ) 1 3R — 5,
S B — etk A A SE PR AR IS . AR SRR
TR AS o0 2 00 07 ik 4 0 1 I AL, A Y
AR SR B 3 A b DA R S A L R

1 BFEEX
AL AL TR
m s 327 PO B RS R
V(o) P U, X o A R B S A #
BV P 6 e A B ER
h AP U, Xt > B E B =maxV, (1) ;
B AT P 6 B 6 008 5 1 5 = mah
L2 A 2 A = 0,1,
Q| =2 s S 7 R
a1 20 A T2 B A A T A T R
B P SR T
ALG « 37538 13 58 M 5 9 3207 15 500 Sl A 5
OPT : 75 B R S A Ik 32 75 75 3 9 SO 5

OPT, : FRLFKMEM AR 28 i 768 4 I
P 32 7 A8 B 5

OPT, : FR LRI 5E Wit 27 i, 76 85 2R etk
T2 B A

2 o) 3 ik

AR SO 9 A AT TG A BRI R AR R Y In)
Hir e Sz Z WA K. WA m A0 5.
P S(U, U, s ) — N E— P RE, 2XK
TE P B3k 2 B 245 R RN A L 45 X A H P Y
Bmsoe P HENH P U 838 — 40— B0n BE
BAATE A V.. Bl V(o &
U, X Bce o BB AT B Ak — i s
V() =1, — Mk ii, — A FH P SE R R AR 2, fth Ay
HSCAT A RN SR L I VO D R — A TR
o AR R, ik h BITAMT V(o) &K
— LBl Ry =maxV (), RAYHH P U, 23k 06
i b A RERESE R HGA L AHJE 0 ASBE B2 AT BE HIGE 19,
JFHYH S U, BlEknE BRIZZ R E T BN AR
Tm(mgﬁ)fﬁ&%moﬁpswmm»mmﬁ
BN BEHE A2 XA E M L PR oK A R S S A X
Fro # pi<<V, Gm) WU P 452 52 35X A 3 i JF 28 3¢
5t pom; L%, WMBRAEAE m' >m, B p,<V.(m;),
T FH P 5 SRR A 0 T o 5 DU Sy 2 350 6 A2

3 EMEE

Bk A EM

Q) y, FRELR U, AE MM 277 1
T e KRB Ho Ry, <m,

b) WIRAETE 2 v, <<B,iC k=arg mjax(ng v, <B),

O M 2,70, KB o, TR 24 A 2 7T B
ST O R SRR B A =2

& FERZE U, SRR iR m=min{z. )

e) B nT FI RS i B

D 535 2 =0 i i ' =arg max(2” 5, <B),

@ WHEBM p=2"",

h) 443K U, e AR ECR m =min{zy v )
D B ECR] FH R A

RIS AY R

BE A EHEmEE

M =28 Fl m; =min{ sy, )

a) MR m,=x, W,



% 34

HR R OGS A TR Y B R S 7E 4E A [ AT 5T 359

b) X 0<j<k W 2, =0,
¢) W m, =y, BF,1C [=arg m\g’x(xk—xjgyk),
D T j=I1+13 £ B},

) X, =2 — e

D ISR,
4 HiESW

SR P43 T2 10 REAEURR 0 FET P B A A A6 R AT 4
R B AN 27 < p<<2UTV W pEL,,j=0,1,,
L, P b b B 7 A AR Q| M =08 Q| =
27 m, FEEM AR PR 27 R 2 DT
T RS TC 4 T S R, S K A0 AR R A
RO 2 A O 27 SR, M AR R
T A% T i 0 0 T 7 338 B 194 BT B 8 4 £
FR Qo2 BRIG R Qo) e 5,

B3 1 o) £ Q MKIZMRTIMIIMIE TR 2,

b) P A R A 2900 1 RE FH I T L %
HEDE 2

EBA .

) [ A 25 0 A J2 AT L ARG A0 A% J2 B 7 L @,
WA 2T SR 27 . TR T Q ik 2
Q. J2 MR i X I Q. J2 R M AR R T
27 M ) B,

b) M AT 27 B R T 9 d 0K R
T, =0—2""Dm, MEMBEEE m, TS H
P R > T 2907 f R B R RO & 2
S D) ARIE,

A T A o g AR 2 =0 DR A 2
2 R A . A B A X A PR IE k=
max{j |z;=0}. BVFFAG 0 2 5] 2% 2k A m e
{27 G REFRAS ML BIY j>k+1.2,>0,

5 FEHR

EE EMRERNTE IR

m—x; =2

Qp Vowr

2 B<ln B}

max{OBR7 ) ,OGh77)y, 4 B=>m i
ZE B E 5 B 2—5 uEE

B2 % B<m. U <27

JERA .
Bk B<m  ARABE FUA E WA 2 2 1
B A A T RE 58 . FL A % 2 R A 09 B0 Bl

W2 BN AR R R A S Bt i, W
I 4 A A 2 4 R o L S R A & 1 B K T
. R RE SR U, Sk p >
2 HEM B L E MM 2 >, k2" <p
<2V R B RAE 2 y, =2y by,
Fly, 2P UL e 20 R 20 (s 00 43 B 7
W S 5 B BB . AR R 2 R R
By, RO PTG  TA BCR R i
FE MBS P U 2R A R 2y, R
A R T RO O AR BR B PR S P UL
SNy ! I TS KR BRI Ry, . WO
QB P U, 2 A AR p . X
N h=2" B 1< /logh . #k
OPT_ p'y, <2“f“2y,<2“+”2y,

ALG ZPZ Yo ZPZ Yo 2[2

Vi
,
= QU1 L2/ 1 L9 o 9 o

2
= 2 ) Vogh s

B B R - ST

SIIE 3 B>7m}”JJOPT1

ALG

<o(Bh77 ).

JERA .

B B > m W55 i AP 168 & 01
BF ERFARATE poa, o p EZEITHEA
FH P BB SR a, S22 FRXEEE § A P 43 T R
MR RIS &+ 1A FH P B B 215 B0 1 Bl A

B pas ot 07 AT 09 5 ARy o, TR
AP P10 R 1016 90 2 BB BB

k k
OPT, = > pa, < >,Va,
i=0 i=0

k
= >2'a, <2'm < 2B (1

TSR B 7 21 50 T4 22 A 27 3 24 AR
AHICNGIEE T 5y JH] A A e S R R
N NE |

k k
ALG > 22,‘2 . 27171m _ 7’)’1221‘27"71 ~ Zszlzfl,n
=0 i=0

(2

S h=2" TR R /Togh . HE(DRIZ ()R

OPT, _ 2"'B _2"'B_2/™ "B
ALG "o -1, m - om

lngh#
_Mzéhﬁgn]g:()([ghﬁ) .,
m

m



360 W B T Kk % % R

2018 4F % 39 %

eI B 3 AHIE .

B3 4 X TEA 2 <2 MAEIE L E
WRBAEXRRZA — PR BEN «,
<yﬁ°

JERA :

A A B g o T S R A S 20 X
AR JE R R BT AR R R T 00 AR 2, <y,
SEFK LT AT R B R 2, S X P AT 2,
=0, HILEA RN K 27 1 Bk, SRR
SXOPBCRT A A X SE AT . KT B 4 Ak

- OPT, i
=== VTogh
S| 5 ¥ B>m, N I,G\O(h ' )

E BR  IE | B DL B A T

O MERERE L, P U, S s snm p >
2C EM BB MM R 20 =20 k2 <p' <
V<2 S R 2 <2y, <Bj
oy, Fly, 52 U S 22 F 20 1S B0 F 43 51
P W S o 1 e RO P T AR R 20 SR i
RS X EEIRE y, 5T UL P4 TE R 1 A 8K
HOFKENEES TP U 2 Z R ERA LR
2"y, TR T AT AT P, B 5 0 3 2 6 T 38
T i B B B AR R R P UL (B p i
W S I B R R R 2 Oy, T SE R B 4
B AR Z R min{V,y, BB OPT<B. X%
h=2" JFFLh 1< /logh . &

OPT< B Vi, <2(1+1>2y1<2(/+1>2y1

< 7
AIJG\ZI)2 yp\ 2/)" Y, =

2" Yo 2" M

:221+1<22W+1<2h2ﬁ:o(hﬁ) .
b) #HELERAME, P U, gk E R p' >
2% T A A S 00 5 A A v A B Ry 27 <2,
kol <p' <V, <2V B EK RS T
m REMA U5 ot —F .8 m <y,. U B%
BeBA N p'm' <min{Vn' ,B}<29"" y, , Hh B

<2y R BEI ,  B20 J”\'J;>

B R B BT AT UL B

2<1+1>Z

BHAT y,  SOHFIE. WEREE T2y <
2y, <B. WIEF P U, B8 f8ct by, g
BRI SHIE O —FE. HW.Y o, <y, B
SEM B P U, 3005 B 2 o, FE I R
SE M AL RE RS 4 BO KR B RS S o, S0 P E XA

2R MR 20 B . AR 20 R R
REZE2 T 'm,
2 w2 b gl e h iy =0
pu+D? | g-u—1 2—p—1y[>p/m/ e QU s
IR XA PAEN R ZE S 27 IR A S
WHEEN B A TR IR EZ N
QU P2 QT2 Y W hSﬁ:O(hﬁ) .

TR B 4 AT LU, 7E AR 2 20 <28 R
mEHITE 2k, —REH PR 2L, —
U P e SR . WO OPT, S8 40800 4y
AT 4> OP Ty #1 OP Ty, OP Ty, 938 5ot 1 8 v
FH P e R 430 i, SE R TR B L A
OPT,, Jil i I 5k P 75 SR 34 16 2 . SE R gk
eI .

2 F Rk AT OPngo(hﬁ)ALG Hl OPT,,

2 ly =

<o(hﬁ)ALGo A

OPT,=O0OPT,, +OPT22<O(/1TW)ALG,

M5B 5 BAr .

KN4 B>m B OPT %4 & OPT, A
OPT, WFIE L BT LLAE HUSE 4 HE B R Y 18 9 3 h
BRMIEIE ARG 53 2 w] A BHARE .,

6 & &

S ST AT TR 1 B0 2 B R 7 2R R 0 )
b P BT AT T8 R e A
FAMHT T R0 25 40 1 2% BT, 354 LS 20 0 3 2
B>m, w4 b & max{ O(Bhﬁ) ,O(h%’z") } . JG%L

WETEN ISR S A B 22 S R it L 75 DB S5 SR DL
A HAR BT AR IR LRk Mk i se 4 e

P EE

[1] Abraham I. Babaioff M, Dughmi S. et al. Combinatorial
auctions with restricted complements[ C]// ACM Conference
on Electronic Commerce. ACM,2012:3-16.

[2] Bartal Y, Gonen R, Nisan N. Incentive compatible multi
unit combinatorial auctions[ C]// Conference on Theoretical
Aspects of Rationality and Knowledge. ACM,2003:72-87.

[3] Dobzinski S, Nisan N, Schapira M. Truthful randomized
mechanisms for combinatorial auctions[ C]// Proceedings of
the Thirty-Eighth Annual ACM Symposium on Theory of
computing. New York: ACM New York,2006:644-652,



% 34

HR R OGS A TR Y B R S 7E 4E A [ AT 5T 361

[4] Lavi R, Nisan N. Competitive analysis of incentive
compatible on-line auctions[ C]// Proceedings of the 2nd
ACM Conference on Electronic commerce. New York:
ACM New York,2000:233-241.

[5] Lehmann B, Lehmann B D, Nisan N. Combinatorial
auctions with decreasing marginal utilities[]J]. Games &.
Economic Behavior,2002,55(2) :270-296.

[6] Fiat A, Wingarten A. Envy, multi envy, and revenue
maximization[ C]// International Workshop on Internet
and Network Economics. Springer-Verlag, 2009: 498-
504,

[7] Im S, Lu P, Wang Y. Envy-free pricing with general
supply constraints [ C]// International Conference on
Internet and Network FEconomics. Springer-Verlag,
2010:483-491.

[8] Blum A, Hartline ] D. Near-optimal online auctions[ C]//
Sixteenth ACM-SIAM Symposium on Discrete Algorithms,
Society for Industrial and Applied Mathematics, 2005 .
1156-1163.

[9] Babaioff M, Dughmi S, Kleinberg R, et al. Dynamic
pricing with limited supply[J]. ACM Transactions on
Economics and Computation,2011,3(1) :1-26.

[10] El-Yaniv R. Competitive solutions for online financial
problems[J]. ACM Computing Surveys,1998,30(1):
28-69.

[11] El-Yaniv R, Fiat A, Karp R M, et al. Optimal search
and one-way trading online algorithms[]J]. Algorithmica,
2001,30(1):101-139.

[12] Zhang W M, Zhang E, Zheng F F. Online( J., K )-search

problem and its competitive analysis [ J ]. Theoretical
Computer Science. 2015,593(C) :139-145.

[13] Zhang W M, Xu Y F, Dong Y. et al. Online algorithms
for the multiple time series search problem[J]. Computers
&. Operations Research,2012,39(5):929-938.

[14] Zhang Y, Chin F Y L, Ting H F. Competitive algorithms
for online pricing [ C]// International Conference on
Computing and Combinatorics. Springer-Verlag,2011:
391-401.

[15] Briest P. Uniform budgets and the envy-free pricing
problem[ C]// International Colloquium on Automata,
Languages and Programming. Springer-Verlag, 2008
808-819.

[16] Lu P, Xiao T. Improved efficiency guarantees in auctions
with budgets[C]// Sixteenth ACM Conference on
Electronic commerce. ACM,2015:397-413.

[17] Devanur N R, Ha B Q, Hartline J D. Prior-free auctions
for budgeted agents[ C]// Fourteenth ACM Conference
on Electronic Commerce. ACM,2013:287-304.

[18] Fiat A, Leonardi S, Saia J. et al. Single valued
combinatorial auctions with budgets CJ]// ACM Conference
on Electronic Commerce. ACM,2011:223-232.

[19] Dobzinski S, Leme R P. Efficiency guarantees in
auctions with budgets[CJ]// International Colloquium
on Automata, LLanguages, and Programming. Springer
Berlin Heidelberg,2014:392-404.

[20] Eden A, Feldma M, Vardi A. Online random sampling
for budgeted settings[ C]//International Symposium on
Algorithmic Game Theory. Springer,2017:29-40.

Online pricing problem of one kind of items with budget
HAN Shuguang » ZHU Chen
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to determine the relationship between the seller’s optimal revenue and the user’s
budget, an online pricing problem of one kind of items with budget is studied. The goal is to maximize the
seller’s revenue without exceeding the user’s budget. Each user arrives according to certain sequence.
Besides, only when the user arrives can the seller know the offer and budget of current user. The seller
cannot know the maximum offer among all users. With uncertain maximum offer, the user’s budget and
the number of commodities owned by the seller are mainly considered. For this problem, the paper uses a
layering method to give an online algorithm, and the new concept of flowing social welfare is applied to
replace social welfare to prove the competitive ratio of the algorithm. The conclusion is that the budget
have significant influence on the seller’s revenue.

Key words: online pricing; budget; revenue; algorithm; competitive ratio

(REHRE: B §)



ML I RFFRCARFFR,H 39 %, % 3 M,2018 F 5 A
Journal of Zhejiang Sci-Tech University (Natural Sciences)

Vol. 39, No. 3, May 2018

DOI:10. 3969/j. issn. 1673-3851(n). 2018. 03. 017

2 4 35 7B B ) —

Lot o ke by H

PIELF, X NN
(TR I RFEFETEFLR AN 310018)

B OB AVFEERRAGOAROABE, EXT XA MEEE, MR TELBLARRAASERA, AT
Flip4E M 89 TS o T — £ H MR- B FLEENEAREEARBX REMA AL b EMEARRETAR S
FHMEN AR REALERMEEEEF L T @mey— 8 A, 4 X R ARR T3 —F R R ARIE S 6948 £ 2 b

AAEBENEEENL,

KA. Flip-4EM; RS 464 ; = 3t A % 4£ % ; Vandermonde 4 4

FESHES: 0151.21

0 3l

BRI — M & Fe o) B 19 20 i B B B2 R
Cayley #2h" . it JLAS 20 19 & e, L3 AE AN
S G ARECE TP AR L T H A OIS A R )
2 TR R A T RURL AR AR Z 2E R
o R R R K B Y M BN A A — A B R
w4 s T G A0 1) AR AT fRT AL 8 e AR B0 ik
Xt H AT IEFE N A5 3] — 2L 2 B 4510, SE PR AR
Z NP ERE B M ORI . BRI R
5] {1 PR B AR Gram S B 3R X A 26 E A R 33T
T —AH A 5k 8 S 4k Gram H BERFAE (H
Sk o8 K T 2k R O 110 R AR AT S 2R B0 1B R AE IR UE B
AR G 22 B I Y ) A, Sfeff e KB AH ¢ R A 3
REAR . FRRZED A XL 58 DEA 55 G ¥ A 80T i
i AR X 4 2R 9 A SR A I ST, A A T A R ) 4% e
RETTI AR 7= 0] BB AR, L T BRI 4% DEA %
T, S 4% W 3 I 4R B R R 4% DEA A58 B K 5 3t
TR & AT B8 0 850%, IF PR 5 R 75 2 ek
(7 it & . Cheng™ b T kb B 22 4k H 45 A4l ] 26
J7 1 R i PR Lt 1 ) R, e SCT — AN BT Y A B ofe
TRk B T 20 th T i e R A BTl iR AL H

il

W B 2017—09—05 o0 255t R H ) 2017 —12—29

Xkt ER: A

XEHKS: 1673-3851 (2018) 05-0362-05

YOO A 2 W 2 o o ) R B — 2 0 5, LA
HEE I AR 2 A0 RN B SO R i
RBAE A . SRR P AR W SE T O FRAE P B
20 T BN PR R S Bk i R SO AR Y PR
ik FRIRCBIE T RMIIE L) SR FRAE
W 1) 390 A O ) R ) I H T e A 30 R A Y B
AT B AR 00 SRR T v . T 2 A R T R e R 0
(SRR WF ST T — SR B T 22 19 dig /D 3R LM R K
XERRAE R4 T SR M e LRI LA 1 7k . R RR
SOV IE T SO R AR A R VR R R A e B A T
Bt ORE H Lk,

200 58 R R B T — A L E A AR A
A& TR AE Bk RE R A TR L R DT R A
(14 5K Ak 25 75 AR S 3 2L AR T A 2 s SRR
R DG OB X ) A R R B ST T A O B A
2. R SCTE ST X A A A A G oAk — T R £
I SR S 4T X BRI 55 S X o R TR] £ 5% Aol 5 A1
A TR Flip-AH B i kil b, 5 SC— o i S
W o RIS A) S5 I 5 FC O 4 1 T B A5 L I 114 A O
PRI A B S W) 3 R R G 2R s e 20 0 T ORI AR
W A A7 3 X 58 0 T A — Se ) S . T
AR — A AR T B BRGNS R R

BAETH . HEKARRSEETH (11501350) ; Wi VL HL T K2 BHIFE 2 2 4 500 H (16092098-Y)
FEH RN o BAL L1980 —) . 53 BRI DI, 1851, 2 58 M g R It Ak B8 15 500k 07 1T 9 F 5



% 34

SR A B S5 - ) A I Y — 28 T R g T 363

PR R ARG B I S iR 2 %
1 MEEEEX R MER

B A 4= ST B R RS2 n X BT L E 3R
NN, X FAESAAEE A FIB.ARRAN
PEREAE PR, R (A) Fom A IMFLL,AOB KR A LT
B . T4 W0 S B Y X HE

EX 1 WAL E %3 — K] 5
17T A5 3] 1) R PR PR A 0 S R R . AR B AT T T —
AR

a) EGLj) B E s i, W4T (51D 28 # fr
A5 21 1) JE B

b) EGi(k)), B¥ E s i 47 (5 3 LR
R R TS B A B

o) EG.j()) B E Py ss: Avim B55 5 11y
kAGC G 30N 156 ¢ B & A% BT A5 30 0 4 5

R 4l ) 55 R I 1) 2 S, B A5 00 S R I g — B 3

A5

MR1 a) E"G,j))=EG,j)).E"(i(k)=E(
(B)WE"Gaj(R)=E@Gi(k));

b |EG.p)l=—1,|EGGR) | = k| |EG.;
()| =1.

PR 1 R ) A I Y B A e ) A R
W, ELAR 2 [ — 258 8 9 400 45 R I 5 1) 400 2% I 6 2
CIBLi:h8
AR 300 14 5 SCRITPE JBT 1, 7T 75 40) 25 R B )
WO R 350 A
1

E 'G.j))=E(.j), E l(i(/z)):E(i(z)),
E 'G.j(k)=EG,j(—k) (D

MBR2 a) E'(i.j)=E.n NEBBGE (i,j)=
EG.j)on HHEEGD) E'GR)=EG(R")) 5¢) E' G
J(R)=EG,j(nk)).

PEJR 2 Bgsie e L1 S Hodh BT Gar)
E"Gioj () YR S 555 A B n TEK

MR3 E G.jR)EVEHEE.E" (i,
E" GO ARV R,

IERA AR LR A A” = [A]A 1, H
PR 1b) A= (1) AT

1

E' (i,j)=—EG.j)).E" (i(k)= \k\E(i(7D,

E" G.j(b)=EG,j(—k)).
EEEL LW 3 FEHE G.jR)ZWHFHE
M L,E* G )M E™ GG(R) RN RV S, B9 5

X O (%) 390 AR 25 — AW B —1 F R
2 RVIEHEEEXRER

KT 5IA RV EHEMERE X, 80 E LR BAL
JE RS T B Flip- 46 4

Qu:: (2)

1

KT AT X RBEXMICS .0, fiick Q.
NEPERT A BT AR Q ) — BB AR,

W4 0 Q=E.Q =0.|0|=(—D"7";
b) Q"=E.n N0 =Q.n AT H:0) Q BXT &
FERE.Q RBFAEAR A 1 8 —1, 1

E,

QN{O ~E,
F'=W, ®@W,,
Hep W, =((E—Q)x:
EF').

53 1
Sh)ee),

TEBR A SCACAE B ) =0, Ay 25 1k B 4K
S, PR 40 15,0 =E. N 2F —1 & Q I EAL
ZiAX HICEM, i Q ML F X MABE. %A ZQ
(AR 3 — AR 2 =1, B A=1 8 A= —1, ]
i A7 7E 7] 36 B S B T, 45

xEF ) W,={(E+Q)x: x

PET 4 P = A5 ME B B AR, 1B a)

TlQT—[E” 0 } (3)
0 —E,,
FENEITIRE
1~wE—QnE{° ’ }
0 2E, .,
T‘<E+Q>T[2E’ OJ.
0 0
LA
R(E—Q)+R(E+Q)=n (4)

W, fIW, € X8 F' =W, +W, ., B Fl

X H
F'=W, ®W,.

T PR 2 T AR Q A A EUA R — A S
WA Bsf i 3 o 114 728 AR L 6 A ) 72 b 285 R T
Q MR (23],

MRS &A= (a,;),.B=(b;) 0.

a) 41 QA=B, W b, =a, ,.,;3;b) % AQ=B, |

/71] A1



364 i

oM T Ok o o R

2018 4F % 39 %

PEJE 5 IS5 R .Q LRI FEA B LAY T4
T A T BHEE 18075 1M Y 43 e JH [ A I, A0S T
P BE A K7 B 1807,

FETHME Q MFRBR (), KM T ¥ &M 41
E S, T4 H R AR R Y E S

EX 2 H Q% — kw55 A8 e i A5 2 0 5
PRy B 00 45 6 B LA R T = AR L

D K QHFIE L, IT S n—it+1,n—j+1
Wi B B 445 5] A 5 ]k

. E

Q@i,j):=

L1 ]
b) ¥ Q P AT n—i+1 FDRLIAEZ K
TR R AR B IC N

QGi(k)):= k

L1 i
o) ¥ QI (AT EEE AT R AR n—+
150N EA5 n—i+1 Z00 kA TS B 14 10 R
. L

QG,j(k)) =

1

T 1R WA Y SRR BT 4L 2R LT
90 45 P 1 IO AR ST AR R A R R ) R O I
KGR EHEERHLRMT .

HR6 o [eG.p|=—]el. QG| =
[kl el - leG. it [=]el;

b) QG j))=E(,j))Q=QEn—i+1.,n—j+1),
QG =EG(k)Q=QE((n—i+1)(k)),Q,
JED=EG.j(k)Q=QEn—i+1,(n—j+1)(k));

D EG, QG ) =0, EGNQGi(k) =
QG(E)) EG,j(B)QG,j(R)=Q,j(2k)).

MR7 ) QG.JA MY T KA R EME
180°GIL N A, A H: AT WSS o PiTT:AQ iy ) A

M A KR 180°GIE R AT, FEACH AV
n—i+1l,n—j+1 W%,

b) QG (kA MY T A A M Bf 180° (i
NAD TR A R LLAEE R B R ;AQ G (k) A
YTk A KB 180°GiE M A, R AT
n—i+ 1R LIAERMHEE k.

) QG,j(h)A MY THe¥s A M H B4 180°
GEN A HH A W fT i B85 5 4710 k4%
AQ (i, j () MY TS A KE-BIFE 180°GiE AT,
AL A'BIEE n—i 1 5 A5 INEN S n—j+1 51 L,

R IRPE BT AT S5 SR T 5 RN R A R R 4 A
K S AL R B A A4S B O T itE— 25 10 B J ) 46
R B2 9 A DG IO, I T P LA PR A 4 ) D e
AR B R 2 45 15 T 20 H 0 SO A SR PR AR DG P B 4

PR 8 SOWI A M e B R TR — 2T )
S, HA

0", p)=0n—it1l,n—j5+1),

Q') =Q((n—i+1)(k)),

Q"G j(k)=0n—j+1,(n—i+1) (k).

IERR: i PERR 4a) .60) , 53 AT 15

Q' (i,j))=(EG, )" =QE(,j)=Q(n—i+1,
n—j+1),

Q' Gi(k) =(E(i (k)" =QE (i (k) =
Q((n—i+1(k)),

Q"G j(b)=(EU,j () "=QE" (i, (k)
=QEG.i(h)=Qn—j+1.(n—i+1) (k).

T PRS2 A) S R 1) S 2 R R R A A e ) B
5 R O (W] — 2 A Y S ) A I

MR RS, HAT

Q'G.N=0Qn—i+1l,n—j+1),

Q "GN =QUn—i+1(1/k)),

Q 'G.j(k)=0—i+1,(n—j+D(—k)).

TIE B < AR A 3 6 B 1 S, FRME DT 6.8 AR IR AT 1

0, ))@n—i+1l,n—j+1)=QEn—i+1,
n—ji+DQn—it1l,n—j+1)=0Q"=E,

QGENQU(n—i+D(1/k))=QGRNE((n—i+1)
(/k)Q=QE((n—i+1)(A)E((n—i+1)(1/k)
0=Q'=E.

QG.j(ENQn—i+1.(n—j+1)(—k)) =
QEi—i+1,(n—j+DEDOn—i+1,(n—j+ 1 (—k))
=QEn—i+1,(n—j+DGEDEn—i+1,(n—j+1)
(—k)HQ=Q=E.

EREENE BEEGER 8 HHMQ G, )=
Q "G T GUR)=Q TG (R)) BV ) 45 4 B Y



% 34

SR A B S5 - ) A I Y — 28 T R g T 365

T S0 B (%) e 5 30 0 B A ). AR Bl P B 6a) s
PEJTT 9 N7 A% T TS A5 A Bl AR 4 0 1
MR 10 ) Q G.p=—[0|0m—i+1.mn—j+1D;
b) Q" Gk = k| ]QIQ((n—i+1)(1/k));
) Q G =]0]Qn—i+1,(n—j+D(—k)).

3 HEMA

ARG Y Flip- 4 B F0 Sz 4] 25 I fE — L85 5k
AT B A 55 T A T

Bl 1 FREA W SR B =X A R

HXF m%wfﬁﬁ ﬁﬁﬁﬁﬂt ﬁ% *tff
KA E A A

(n+1DCa/2)", a?—4bc=0
=19 a+ Va—4be )" — (a— JaE —dbe ) W dber0 (5
2(n+1) /a274bc ’
{B &% T 4 R (6) 47356 B4 B & Vandermonde %[5 . 76X (6) 1Y
I b al A 1 [R) B B AT 91 = AT 45
b a ¢ N
Q(LZ(I))Az[Za,J T @ —ap.
M” T = . s i=1 1=<j<i=n
, g PR 62).42) AI73 Q1,210 | = |Q] =
“ (— D", B
_a C .
€ “ ‘ (1)[201,) H (az»—a,»)o
C a b i=1 1<j<i<n
N, := 4 &
c a b Xof R 5 ) R R AR A T Y B SR
La N TS B E X B Z 8] 26 R EgT b, AR
B JE AT %0 2 A0 A, T R Flip- %EI@Q CIRVEES TE Flip-JE R R0 Rl I, 8 LT — 008 B9 56 5, Bl

R, WM,

El

7D71Q71’N117QD710 EE l\iﬁ%
(=D g

KGR M, N, 475 1E .

Bl 2 7E3H5H 2l Vandermonde % FF 17 51
4 s L g P I 00 26 6 B T DGR 3 — 5 A9 T AR AR
F . st 58T T B 4750 X

r nl1 n—1 n—1 7

a’ a’ e g
A = a; a; a,
Za[ Zai Za[
i i iFn i
Fﬁfi’ﬂJ%Iﬁ[@EH’JEXTﬁ
Za Za, v S,
i=1
Q(1,2(1))HA = a a a, (6)
L al*l a1271 a —1 ]

PISERIE . BFTE T 5] A A0 B A A SR o, e HE S
IR MR G AR o RIS L 45 1 B 400 A5 R I A
A3 50 A58 25 75 1 B — Se A 2 T o IR R X
HE— 25 WEFE X R RE [ 55 B B A 9 A AR OC BRI M 5
L HE A BAT A 9 AN

5% 30k :

[1] Johnson L W, Riess R D, Arnold T D. Introduction to
Linear Algebra[ M]. Boston: Addison Wesley Longman,
2001.:32-45.

(2] R B 58 HE ST VAR, Ot 110 44 Je8 R0 0 e R P NG AL T
W10 A5 5 A #,2017,33(2) :192-197.

(3] FEMey . 47 B A %E [ 21 ) 2% DEA 881 K H S e A 36 [T .
Hh A FERE 2, 2013,21(5) :103-109.

[4] Cheng D Z. Semi-tensor product of matrices and its
application to Morgen’s problem[]J]. Science in China
(Series F),2001,44(3) :195-212.

(5] =M. OC T & W W 0E & 5 RE i 58 [0 ). B &



366 W B T Kk % % R

2018 4F % 39 %

2002,22(4) :481-486.

L6 Z2 k4. 3 F YO FR M 55 52 U6 AR B LT . TG g U7 900 2 ¢
2 CH R ,1985(1) :100-110.

(7] RIEPE, TAToR, 22K E. AT (B SRR A B 1 6 Bk o it
FTSCHE[ T #4475 ,2009,29(4) :513-518.

(8] 2Bk, LTI 1) LU FR K M4 11 22 A7 16 5 AiF 16 [7)
BLJ]. BRI S B 5 AR, 2011,41(11) : 157-161.

(9] A =2, 28 49 48, T B XL, — J& 0 B O 78 19 o /N — 7 )2 6t
PR YR X o e S JFG e A B0 (). o O 0 R 2 2 e CH AR
AR ,2014,30(3) :12-18.

(107 BREFH 1 4 PR I ST OO B O 14 09 i 7 5 ok it
FrAEge ()], PYYLIT A0 2 BE 2= 4, 2012,27(10) : 1-3.

(1] demt R D% R GSHARBIM] b st S EHF
R AL, 1978:56-100.

(12] 20, A2 . T 50 B 43 09 bl ) ook B B 1 [T 0. 3138040
TSR ,2011,47(30) :4-7.

(137 Z@ st , s . ol L B0 0 B i — Le v B [T, 8N
BTk 2 B 2E i CH AR B2 R 52010, 25(1) : 117-119.

(14] S MEFE. YO IF & 5 M LT ], $2E 242 75,2001, 21 (1) £ 29-
32.

Some properties and applications about anti-elementary matrix
GUO Chuanhao s LIU Beibei
(School of Economics and Management, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Based on comprehensive researches on the properties of elementary matrix, a kind of anti-
elementary matrixes is given and the relevant properties ad applications are studied in this paper. Firstly,
the definition and the expression of a new kind of matrixes anti-elementary matrix are given according to
the definition of Flip matrix. Secondly, its basic properties and the relationship with elementary matrix are
studied and given. Finally, some applications about anti-elementary matrix are given. The relevant
research results have potential important significance for further studying the relevant theories of sub-
symmetric matrix.

Key words: Flip-matrix; anti-elementary matrix; three diagonal matrix; Vandermonde matrix
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Study on improving inverse calculation of

consolidation coefficient with Asaoka method
CHENG Zhipeng » MA Hailong
(Institute of Geotechnical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: According to the preloading situation of the plastic drain board during ground treatment, the
theory of vertical drain consolidation was combined to correct the relation between the slope and consolidation
coefficient in Asaoka method. Then, the inversion formula which takes into account of both vertical and
horizontal consolidation at the same time was gained. Large stack preloading engineering was applied to
measure the settlement data and inversion calculation was carried out for the consolidation coefficient in
Asaoka method. The results indicate that the consolidation coefficient of improved method is smaller than
that of Asaoka method when the influence of horizontal consolidationcoefficient, well resistance and smear
efficiency is considered. The settlement calculation value is close to the measured value, and the error is
within 5%.

Key words: Asaoka method; consolidation coefficient; preloading; consolidation theory; settlement
prediction
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Numerical analysis on bearing behavior of rigid-flexible pile

composite foundation with reinforced cushion
LIUKaifu, XU Jiapei, CAO Linglong
(School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Due to the bearing behavior numerical analysis of rigid-flexible pile composite foundation
with reinforced cushion is not too many. a finite element model is established via PLLAXIS 3Dto analyze the
effect of cushion modulus, geogrid layer number, distance between piles and length of rigid pile to bearing
behavior of the composite foundation. The result of numerical calculation shows that the geogrid layer
number, distance between piles and length of rigid pile has little effects on settlement of composite
foundation under a low load. When a high load is applied, the settlement of composite foundation increases
with the increase of cushion modulus, geogrid layer number, length of rigid pile and the decrease of
distance between piles. The cushion modulus and geogrid layer number has a little influence on the load
sharing ratio of piles and soil. The load sharing ratio of rigid piles and flexible piles decreases when the
distance of piles increase. As the increasing of the distance of rigid piles, the load sharing ratio of the rigid
pile has a visibly increase and that of flexible pile has a slight decrease.

Key words: rigid-flexible pile; composite foundation; settlement; load sharing ratio; numerical

analysis
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Laboratory study on the degradation characteristics of municipal solid waste
WANG Yingfeng s, ZHANG Zhenying s DING Zhengkun s FANG Yuehua
(School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: According to the composition of municipal solid waste in Tianziling waste landfill in Hangzhou,
China, fresh municipal solid waste samples were prepared manually and placed in sealed polyvinyl chloride
(PVC) barrels, and the barrels were placed in thermostatic degradation barrels for anaerobic degradation.
When the municipal solid waste samples reached the specified degradation age, the related tests on
degradation characteristics were carried out. The results show that: with increasing degradation age, the
density of municipal solid waste increases gradually. The relationship between density and degradation age
could be fitted with an exponential function, with the fitting coefficient of 0. 94. With the increase of
degradation age., the natural strain of municipal solid waste increases gradually. The relationship between
the natural strain and degradation age could be fitted with an exponential function, with the fitting
coefficient of 0. 94. With the increase of degradation age, the organic matter content of municipal solid
waste decreases gradually. The relationship between organic matter content and degradation age could be
fitted with an exponential function, with the fitting coefficient of 0.99. And three corresponding
exponential function expressions were established. The results can provide reference basis for the capacity
analysis of a large-scale waste landfill.

Key words: municipal solid waste; degradation age; density; natural strain; organic matter content
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