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Preparation and properties of the thermostatic

sustained-release fragrant microcapsules
CUI Zhenchao s L1U Guojin, ZHOU Lan, YAO Juming , ZHANG Guoging
(Silk Institute, College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Thermostatic sustained-release fragrant microcapsules were prepared with emulsion polymerization
by using n-hexadecane as the carrier and sealing agent of lavender essence and polymethyl methacrylate
(PMMA) as wall material. The surface morphology, particle size and distribution, encapsulation rate,
sustained-release effect and thermal stability of the microcapsules were characterized by scanning electron
microscope, laser particle size analyzer, UV spectrophotometer, thermogravimetric analyzer and
differential scanning calorimeter. The research results show that the microcapsules have spherical or
ellipsoidal shape with an average particle size of 300 nm and the particle size is distributed evenly under the
following condition: the ratio of core material to shell material 1 : 1. The related encapsulation rate
reaches 85. 7%. Compared with simple fragrant microcapsules, the volatilization of fragrance could be
suppressed by n-hexadecane as the carrier. The fragrant microcapsules prepared possess obvious
thermostatic sustained-release effect. The microcapsules still have 45% and 27% residual lavender
fragrance under 15 ‘C and 35 “C conditions after 90 days, showing good sustained release effect.

Key words: fragrant microcapsule; thermostatic sustained-release property; fragrance holding time; carrier

(REHE: BER)
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Self-assembly of structure unit of reactive dye-colloid microsphere

composite photonic crystal on the silk fabrics
WU Yu, CHEN Yang, ZHOU Lan, LIU Guojin
(Silk Institute, College of Materials and Textiles , Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to achieve the bright structural colors of photonic crystals on white fabrics by one-
step method, reactive dyes and poly (styrene-methacrylic acid) (P (St-MAA)) colloidal microspheres
formed the composite structure unit. The photonic crystal structure was built on the silk fabric with digital
jet printing method. The influence of self-assembly conditions on the self-assembly effect was
systematically studied, and the optical properties of the color structure of the resultant photonic crystals
were characterized. The surface morphology and the arrangement of microspheres in resultant photonic
crystal layer were observed and tested by 3D video microscope and field emission scanning electron
microscope (FESEM). The K/S values of self-assembled silk fabrics were measured by electronic color
matching instrument. The optical properties of photonic crystal were measured by digital camera, UV-Vis
spectrophotometer and multi-angle spectrophotometer. The results showed that: 60 °C was suitable for the
self-assembly of structure unit of reactive dye-colloid microsphere composite photonic crystal on the silk
fabric. In the self-assembly, the structural color on the fabric was formed through a series of color
changes, and the process of dyeing white fabrics and self-assembly process of colloidal microspheres were
synchronized. Changing the particle size of the Colloidal microspheres and the angle of incident light could
regulate the photonic crystal structure color on the fabrics. This paper will provide the reference for color
structure of photonic crystals on white fibers.

Key words: composite photonic crystals; silk fabrics; structural color; self-assembly
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FTHCH A 8 H# 2 /) . SF600X A9 i) o it 5,42 (55 [
Data Color 23 ), Y5711 1 e {7 J58 48 0, 72 B Y (3
T AL A BR 2N W) o SW-241 AT 9 €4 2 i 3
AL CRN KRR G5 UL ER A IR A FD .

1.2 LWk
12,1 BFXHHRZU8 Y B P Y o — iy ikt

] & 50. 0 mL K FYHETE i A g4k D1(4. 0%
owf,80. 0 mg) FISAALH (400. 0 mg) . 8 75 Il ok 75 i
JE A B TR 90 °C B IR K W B b T A AR 21
Y(2.0 @, PRI 30 min 5. BUB . A
SRV N & R S A VKK W . i e iR
(36,0, 1 mL) . $&5] . ik JI1 V.4l B2 B ¥ WK (55. 0 mg
T 2.0 mL KT 4R 10 min, KEHETE M vk K
T TR L A IS A R B R R pH (E & 10,
P35 » oK PR 19 2% Wy 3k 700 A 00 2 e} o 4 3k o6 4 R N
Je BCH AR A R B T K ik, Bk (2 50. 0 mg,
BB 4M 50. 0 mg, 7K 50. 0 mL,80 °C,10 min), F 7K
Ve BRI T IR IR LI R A 21
1.2.2 SRS —

] & 50. 0 mL ZK B4R i A Y4k D1(4. 0%
owf,80. 0 mg) FIZ AL (400. 0 mg) . #7525 it

FA 0 CHITKoKIE T . I ERR (36 %0,0. 1 mL) , 4%
A TN 4 2 98 7 W (55. 0 mg B T 2.0 mL K
FO L7 10 min, BARAY (2.0 o), LR
5 min K HETE BB VKKV 0 A I it B R 40 9 15
W pH E 2 10,98 10 min 5, BUE AR, K&
QUL RNE R/ i R /N 36 FAR R G ALY/
1.2.3 XS —

] % 50. 0 mL ZK FYHETE i A 44k D1(4. 0%
owf,80. 0 mg) FIEALAN (400. 0 mg) , 8 75 fil 3 14 fiFt
JETAC HHZE 90 °C IR KW i, FEICAAR 21
Y1(2.0 @ . PR3 IFIE 30 min J5 . BOH AR AR CE
F o —%4 50. 0 mL WE/KMHEIE I, AR H B E
T B JS A VKK B . IR R R (36 6,0. 1 mL),
FE T T I A R AR R T (55. 0 mg ¥ T 2.0 mL K
O LR 10 min, BEHEIE A VKK VA TG A
T B AR Y pH H & 10,423 10 min J5 .
W AR A TR B T K vh e, B Uk (2 R 50. 0 mg, B
244 50. 0 mg.7K 50 mL,80 °C,10 min) , F/K¥E. A
SR T AR IR L1 AR (i 21
1.3 Mk 53RAE
1.3.1 FUMBEIREE K/S EMA )%
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JE L 04T AR S A Sl 2 i Y k) E
S YR PATIR . FEIL, AR SCLLZE RS Y R D1
) LA B i & K /S B R bR e X% s @y
BRI BB T2 58017 T4k
2.1.1 EMB LT M R

XYk DI AR g T AT TR
o, 85Nk 1 FiR. YR D1 LB ik R4
AN, SRR Y B R s B PR 5 — B
N YRR AT A | Yl 2 A 4k b IR E AR
(AR e VE T . %92 B B 1 o 43R B 1 Ak & SR e
B2 TR TH e et U K/ S B R 84 A0, 2 A
R 90 “CH, e 218 K/S fHf i, i85 19. 55, 4%
STt v R BE B 4 (AR SU L Y R A B e i
SR K/S R TR ERHE DL 8 g/L . A
HAER L Y@ K/S HA BT T B AR, 4
B e — A AR AN K/SHRA 12,37,
AR L O OR TN 7 DRI S 1) B RECY A
W HAG R YAE .

®1 EWERLERIZRUER

[ Jon R (e 4 HHE e 41

/°C /(g LD K/S
1 25 NaCl 8 5. 50
2 50 NaCl 8 10.75
3 70 NaCl 8 14.52
4 80 NaCl 8 15. 95
5 90 NaCl 8 19. 55
6 95 NaCl 8 17.45
7 90 NaCl 4 14. 60
8 90 - — 12.37
9 90 Na, SO, 8 19. 65

RO ARSI (2.0 @) Bkt (4% owf.80. 0 mg) . i (1 ¢
25) ;s TR AL IR R 5 8 €4 55/ : Nap CO5 (12 g/L1) .60 C,
2.1.2 YRl E R RAZ S R O T 2O R b
XF Gt sy [ (o T A AT T Ak S5 Rk 2
Ji7s . TEg R E B AL B B, B R 1R Sh ik 2238 1 i R
FVGRURIN TR . 235 3 B TR S0 TR X2 e b 3 A o 1Y
ROROF S 1R 2), et iy 5 =B Beo Je ok d A £
55 2T Y SN GBSl B v RO RO TE AR AL T

FH it BB s R BN i B A R . SN L 1% R R
JUTARBESEAT » B T B 1k 1 4% 1 X6 3% s 7 1 0 22
PEOFS 3) s BB AN 28 17 pH (E 89 % FH B, 25 5%
AL B FR FH h 2 g/ L B IS RE A RUHR T s
RS HEER Bk TR A0 B G v b A B Y R TR BT b A O
54 Ak S 4R Tk R N AR 6% B S 0 RN AR
ROHM 6 g/L Ja . Y gl K/S EA 1 K $2
FHOF5 5—7) s Hoe 8RB, U0 &R AL 89 L i R =
AL BB 8 A RO E B R AT S RIS WS Gk TR
(P58 1 9) 5 ] €8 i Iy i 8 o e (2 ) e % K/ S
(B R WA A8/ AE S 6 v 2 B T R A v L S O 3 R
B A ORTE Y 8 1 A Y RO S 8 S N IR
B IRRIAT OF45 10—-13),
x2 ERERU-EREREGIZRULER

[ HAML A g 1 l‘ﬁl’é P 1Y)

AR Mg /(g L7 |REE/C K/S
1 iR Na,CO;, 12 60 18. 20
2 MR Na,COs 12 60 18. 34
3 BN — — 60 2.63
4 #HH Na,CO; 2 60 2.16
5 HM Na,CO; 6 60 17. 41
6 R Na,CO, 12 60 19. 55
7 ihEE  Na,CO, 18 60 18.09
8 g NaOH 6 60 17.17
9 Hm  NaHCO, 6 60 14. 52
10 HM Na,CO, 6 80 19. 31
11 #HW  Na,CO, 6 10 19.11
12 R Na,CO, 6 20 19. 04
13 Hie Na,CO; 6 0 18.43

R MREW(2. 0 @) Yk (4% owl,80. 0 mg), L (1 ¢
25),NaCl(8 g/L),90 C.

2i b AR e T2 4l B e AE 90 °C
TR S5 MY E TR (8 g/L) o [V N #k
30 min, Bl 5 REIR ZE 0 °C 347 &= &AL KW 10 min, B
JEIMABRERSN (6 ¢/1) FZE I FHEFE N 10 min,
2.2 YR EXT YY) K/S 5150

Shy H W% NP B (8 k6 e kL8R T O Y 52
Wi IS T i G 0 7 I e T2 4 R R a8
K/STH5EY A D1 HEZH LR, E 3 Fin,
M 3 AT LA, e g K/ S {8 R Y kL & 1)
B0 WG, G YRt A B 4. 0% owf B,
gl K/S sk, haehgmyekl &, g o
21 K /S H N3G 0, 2= W1 b g 75 41 e 2 ) 5 A48
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1 0.5 5. 39
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3 2.0 14.58
1 3.0 17.91
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6 5.0 19.04
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Reactive dyeing process and mechanism of primary

arylamine dyes to cotton fabrics
HU Qian, CAI Jinfang s JIANG Hua, CHEN Weiguo , CUI Zhihua
(a. Engineering Research Center for Eco-Dyeing &. Finishing of Textiles, Ministry of Education;
b. Key Laboratory of Advanced Textile Materials and Manufacturing Technology .,
Ministry of Education, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to establish a high-color-fastness dyeing method for cotton fabric, the dyes
containing primary arylamine group were selected for the reactive dyeing of cotton fabric. The dyeing
process was optimized and the mechanism of color change in the dyeing process was discussed. The scope
of dye applicability of this method was studied. The optimized dyeing conditions are as follows: firstly, the
dyes and cotton fabrics were heated at 90 ‘C for 30 min in one bath in 8 g/L salt; then the temperature
declined to 0 °C for diazotization for 10 min; finally, 6 g/ sodium carbonate was added at room
temperature to stir and react for 10 min. The mechanism of color change was studied by the method of
quantum chemical simulation. The results showed that after primary arylamine group on the molecular
structure of dye changed to alkoxy, the bandgap of the dye molecule was reduced in the reactive dyeing
process, which was the intrinsic reason for the red shift of the color. The study of different types of
aromatic amines showed that the reactive dyeing method could be used for naphthamine, aniline and
l-amino anthraquinone amine dyes. The color fastness to rubbing and soaping of the dyed fabric could be
higher than grade 4.

Key words: aromatic amine dyes; diazotization; cotton fabric; covalent bond; dyeing properties

(REHE: NES)
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L RIEIE I

(LT RIRF o AEEEHRAHLFTHRIEAL TS ;b ARG MBS HERRAKFTHRELELE T 4N 310018;
QMR BIEERERDBRDARAS] HLEHAG R BHEETELEET, /M 310014)

i E:3R2ARAZRAFZMECHPTAO A — £ TR BE TRBEAMN, ERHENE HFELLEEE
FHRBER 2, AARAEGRES R 5RAA R REATFLEMLRE, &R T 6 # CHPTAC /8 & F &k
P AL TRAEATIE FAABE . FEAHNERE TFTRABNGFLE 2 AREER, HAe)H & CHPTAC #
IEEHA - DARABER . BESRARZRKGIERLA 1.0 1.5.38F A 30 °C.0E5 A LB A 10 h, B3 6 # = 4
R R[ TR 4N AL, FHREREAN A K4 AN BRELZRELS FARA AR LI, RER K6 T R4 raa K
IR B R ik B, FHOK R R V56 A CHPTAC & F Bk 7] B A R AF 09 B AR, BOMAT 4F 408 Zeta w4539 7T 34 |

10.5 mV ¥4 b, B3¢ 8 bk g B 64 40 Fo B 2 4 T 1% 30 mg/g.

KR : 3-R-2-AREZIRE RN 18 B TN AR ;M

E 4 ES: TS195. 644

0 51 &

32BN A = ke B A Ak B (3-Chloro-2-
hydroxypropyltrialkyl ammonium chloride, CHPTAC)
5 W — 2R HAT I TR U 7 19 S o 28 B e 1 it 4k
) AEHKE AL T B Tz i R . CHPTAC
A AT A A B 7R X R AR i o T A B W CANTE A
FYER SO FATA O DR TP L AL e
e SRR AEPERE R PR R T A R s T A
FEE VA W LA o3 BN MO B B R
W AT ARy B R B 4 R T U Ak B L Gk F
Todh /DR Y0 5T R i O . B CHPTAC 4k
WG B W™ R G S M R A0 F Y 32 B b
P EAIIP N

3-S-2- BN AL = HR SR AL (CHPTAC-H )
TA T8 J5OR 2 45 . B O H AT CHPTAC HBESE
ez W — R G W 32BN T R O e

YR BT 2018—01—02 9 2% R H 7. 2018—07—02

XHERARARRD: A

XERES: 1673-3851 (2018) 09-0539-06

Yo S5 40 H A AS [ B B K 1) CHPTAC
AW ABIRANG. %T CHPTAC (&R R
FR I R RES  ZE AR IE KIS P R T4 T L 38 2 1 7
PEZ R PR A 13 L BEAE b ] R v R B L 2R
FUE AP ERES . B R BEREE CHPTAC
e& W6 S S, Tk — 2 W W T
A ) 1 A 28 , Shy LA AR 22 G001 1 B8 Al
AR S 3 FH AN 7] 285 480 8 B S 5 46 18 B2 1 il 2%
Jor ik e A R kb, 5 R U B RN . A L 6 B
CHPTAC fb &% » T AR 5% 14 % H A i fic
(52 ), 0% L R FH 1 R 200 1 B B T e
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=
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iR A AN OO . =E T
Y. =M IEA M N, N- R T e N, N-— FF
FEARHE NG N-" B e N, N-TH B+ i, DU

i
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&

HEETH . FE ARG FERF ST H (21606206) 5 #1145 Bl 23 25 BF 583115 H (LGG18B060001)
PEF A B4 6 (1991 —) B, ZERUAR BN, B0 IR 9T A, 32 0 S AR S B A 1k O T 1 T 5%
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SEYR AN A - B fif 1 3 (WZS-50F6, #i 7T
o B e A A AR A R B g 3R R 4 BT )
(DRX500, Hi + Bruker 2% #), H F 4 #f K F
(AL204, b NRRR AL BRA WD | e e 25 & i
(RE52AA, bW 58 A AR AL &% ) ), B 25 T 1 4

R, R,
| HCI |

(DZG-6050SA , [ 1 #R A7 S A &5 A PR A 7)), f A
f6 Y 3% KT 4 46 (DGG-9070B, | 5 77 15 52 56 A bR
NEIDR
1.2 ZEfER 7Y PR B b Ak 55 25

Bl 18 CHPTAC & i i 26, 1 e il i =
S e 55 R W8 BN ) £ = Jot ik e £ TR L, PR L 5 B

A AN BER N, % CHPTAC,
()

A/ﬂ HO b
: | \R
l.{I

C
7 N H\\
K R,

Cl

B 1 CHPTAC & Wik

1.2.1 CHPTAC k& W4

=R ER TR AR A - AR AT B B LT R S
AR EE A = B P A 13,18 mL(£4 0. 13 mol)
WeER R (36. 520) Bk T % M 30 mL 2818 7K 5 FRHL
0. 10 mol = Z %&£ e F i W s =1 b o 2812 0 n L
il 0~10 C W moE a5 R IR RN 1 h,

SRR TR SR A N N F 100 mL
A PY B o A 20, 00 ¢ MR TN BE L B E T
30 CoKEH . B LR H 51 = C M ER IR ER VS W (4
60 mL) FHESEEA, HHEREHREERN 1 h,
TR FPIR WA . B E 100 mL ZE48 K A R B
W25 BB AN, KA 2 &
ik 0 S5 2 O IR 5 e B 7% R 49 R 1 Rl FRDAR AR

32BN =N HE E AL B (CHPTAC-IN 55 |
-G -2-FEN T 3 T A Ak B (CHPTAC-T 38) .
3-F-2- N O LR I S Ak B (CHPTAC-F 38) |
3-FA-2-FR N Hk T Lo L Sk B (CHPTAC - J6) Al
3-FH-2- RN FHE T I T RS AL B (CHPTAC-+
TRE AN IR, 5 CHPTAC-GEEAM A .
1.2.2  F=H500 53 B FLRAE

FRELC 10~20 mg B &, DA K i 5], U H 3%
i 45€ (Tetramethyl silane, TMS) i N Ar ¥, Il 72 #%
GRS CH NMR) , 2 140F 4 B W 454
1.3 HREF 49 BH B 71k ekt

W 2.00 g AT =7 25 B 5R 78 BH 2 1 ik Ak 7
(60 g/L) MRS (30 /L) BB, — 3= —
FLCALAA R AR 70%0) 2 LG MIAR A T 80 “C HLAH
S HE 6 h, SRR Z R E TN, AR T,
#=H.
1.4 £F4EPH B SOtk RCR 0 D e
1.4.1 Zeta AL

KB F] Anton Paar /A F Y SurPASS [ &

T Zeta HLAL A BT A, I 78 WOME R J5 A 2F 45 3% 1 Y
Zeta LA, MR 454 K2 0. 001 mol/L Y KCI %
W, M5 H ) 40 kPa,
Lo4. 2 BRVE Gy rh g B 5L A I 5

BRI 1. 00 g BUHERR 23 , BT il vk B2 4 %6 Co.
w. LRSI ER PEHE 21 B QW B AR 2L A i iR A
WL 1 30, B TH IR IR KR .50 C &
TAREANEE 4 b AN/ AT UL 43 0 B T4 Sl
FE YL WRRIT O B

WA ¢ 5 B3R E @i . (2)
KA

bX A,

0/ — _

E/% [1 aXAO)xwo (D
G XEXV
177000 X M 2

Horp Ay ARG 0 S ROLEE A0 hEH
PIBFR a 5 Co MR IR YRR E  V
YW ARFL s M ol 27 4 8 i,
1.4.3  K/S EHMIX

. A Datacolor SF 600X il {4, g €4, {3, , 434~
BE b AEAR TR 5 W O 3418

2 HR5H

2.1 CHPTAC & W T. 244k
2.1, 1 JEORHEEJR LR ISR Y 5 0

LT i S I R AT D IR S ST e
AU B BRIE F AR e * nspssmne N 1.0 ¢ 1.0,
1Pt 5 e S BE K B 1 386 0m L ARG 5 20 4R ST e SR
L P R AT o [ R 52 17 3k o v A A A A SR 6 1 K i
AR I B R A e A s DRI, B ARG TR o ) P i o R K
Tl .

DAL= e = B R o JEOREAS [ B, 6 e X
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WR M E 1 Fra, maER D T, Bl ngy
s s B R, CHPTAC W 3B #8 KL 2Y gy
ngmaamg 8 1.0 5 1.5 B, IR I B £ KA, 1 f5 P18
IR SR R e 1 i, WSO AR AN K M TR A5 TS
CHPTAC-ZHE M KT CHPTAC-IN %, Ffid
1) B SRS TR ot R N HRUE R TR AR 2 5 RO, L —
S AR P L R RONE A e A ORI R . B
SR Z TP R SRR N BE TUAR ik 0 4 2 IR HE U
B AR B T A [ Bk I s 7 K Ry 3 22 AN AELBE i T ) 4
FEYIE 43 B ME B L T H CHTPAC 77 R4 Fir B [,
5= AR, =T e B R i 28 A BE, 2 80U
LR B L PR CHTPAC-TN 58 52 7= 3R AH B A
x 1 AEERERE B RKE

CHPTAC-Z % CHPTAC-N %

n=op b nmagn BB/ newm fonmaaes OB/ %

1.0:0.8 84.1 1.0:0.8 74.2

1.0: 1.0 88. 2 1.0: 1.0 80. 3

1.0:1.2 90. 4 1.0:1.2 82.4

1.0: 1.5 92.5 1.0: 1.5 84.5

1.0: 2.0 91.1 1.0: 2.0 81.2
2.0, 2 i T R R 1

ffil & CHPTAC-Z %5 CHPTAC-N i, A
() 5 i [ %o R B S Gk 2 s, lik 2 ATk
B, it 55 30 o0 B ) 0% B 2 M B A R o e )
10 h B 2 AR e K T i Ak 482 40 K 3 n s (]
W RS A BRI . UG 3 v ot S K B S,
FOH 5 BRSSP B 114 52N 3% P A AR i o e
B 52N A 2R HP ) A e R R TR Ay — T T BUKE S B
TS5 fEaEE T IREEAR . A —
T 52 IO A 2R HP A DR S 1 3 K IR SRS T B K
fife B 220 TN B AR I L R 2 R R T B R
A BRI 5 3O R BRI

x 2 A[E&BTiE B =R

i s /h . . W%/%‘ -
CHPTAC-Z 3% CHPTAC-1N 3
2.5 45.2 54.1
4.5 56.0 67.4
6.0 88.5 80.2
8.0 90. 3 84.0
10. 0 92.5 84.5
12.5 90. 1 83.8
14.5 86. 6 83.3

2,13 SR JEE G WA Y R )
SN XS CHPTAC-Z 4 5 CHPTAC-TA 4
PR AGFE AN 3 B s . f 2 3 AR, SN i BE

15 CHEm#) 35 CHy,CHPTAC-Z %5 CHPTAC-H
FRUSRIE T IR S 40 C PRI/ T 35 °C,
T BE T T A A>T A A O 3 AR 4 O
A RCRG AR  JL RN, RN A b, e
Rl S5 7 3 4[R]3 R R I Rk A 0 5 23 IR, IR
T W A TR B AN Y S S A R AR AL

x3 ARERRBRERMKE

L /C Yo/ % A
CHPTAC-Z 3% CHPTAC-H 3
15 72.3 64. 8
20 82.9 74.4
30 88.2 80.0
35 92.5 84.5
40 90. 3 81.0

2. 104 R I 0 SR 5 )

AN TR) il 2 9 2 95 700 6 S ) R i An 6 4 BT
N NF A AT LU L RN R R K B 2R A R
D7 WA A e o A R B R U e 3 M R TR R
55 CHPTAC ¥ fif B B AIK L it B3 e 1) B 1 X, il

J I HE 2 SO R AR
F 4 AREBFIEAWE
. W/ %
e CHPTAC 7, % CHPTAC 7 4
FH i 72.3 64.8
1 82.9 74. 4
P T 78.2 76.2
7K 92.5 84.5
2. 1.5 RUE B 2 X WA S 1 5 e

AU 5 A AN B BE R Ry 1.0 = 1.5, %
BFIE) 10 b SR RE R 30 °C L LIK R R, 3 T
oAl A4 FoRUSE T BT AU b 28 X e 1 5 i L X
MR RS T 3% 5. MR 5 AT, BUE bk BE
TR B S I TR S R £ FE AR R TN T,
TN SO B o8 5 2 [ 47 BHL 174 348 5 3500 7
R B B RN S &AL BCRBEAR, Hoh N N-Z2H
N NI T R g Ry R VA B 1 N G A VR L
i 25 i 1) ek B AT o ) B R A & A R T A 96 %6

x5 ATREMENKE

AU W/ %

=M 92.5

=N 84.5
N, N- 14 i 96. 2
N, N-ZH 5T e 90. 5
N, N- 2 B3 i 86.5
N, N ZH 3+ % 84.5
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6 F = H NMR 3% B i i& 2 B s . i [ ap
WAL AL o FE 0.5~ 2.0 ppm WY IE T JE T
CHPTAC 4y 7 b g M e He st B R, R, Ry b
B CH, 5 CH;;4. 4 ppm AbIEITJE TR LK P
F(HO—CH—);3.5~3. 6 ppm 4L IEIH & TN A

FWHEE(—-CH,CD,3.3~3. 4 ppm M HB F 5%
e vh ot /U T 0 AR % Y P S I B — CHL —
3.1 ppm R 5 ZEEEL PO R R FAER 3 (—CH,) ,
% 3 IR 52 B A 7 W) B oy HARAE &9 .

E 2 AFh CHPTAC =¥ 9" H NMR % &

2.2 A[E CHPTAC B 7 i sk itk R o1

45 4t 1) B B F B Pk 2 72 L Bl CHPTAC 54
A I AR O (S I N 1 A O (el
CHPTAC 43+ W 7™ A= 1 P 28 5L A, 20 00 5 A
LYKo TR E 6 i — CH,OH [, B Al
Z R B T 5l A B M A4 b, 58 i B T AR Y

l

. EEHB R, 38 CHPTAC 5§
%Zﬁ&f;zr“éﬁ{ﬁriiﬁcﬁ M A 80 A o — 28 1 5%
., 2% k(119 CHPTAC-H Mt T4, R
FH 7S A s P 590 60 4 25 4 ek L R Zeta HL A7 5 X

T8 4 e Rk iy W2 BT BB X FH S Ok RCR R AT T

HO LR ﬁ R,
N OH ~ ¢l
| Sk — € |
R, R

Cl

oW
Cell-Ol —— Cell-0O

R, HO + R,
I N< 3
| “r,

Rl

CellO

Kl 3 CHPTAC gt e N HLBE R B

2.2.1 ANFEIEL4E Zeta HLAE

25 6 i BH B T R eSS R AT 4 ) Zeta HL
PN 4 fr7s . 6 Pt £F 4k (0 Zeta ®ALH T
10.5 mV, A K F3CHRL11 17 CHPTAC-HY 3k 2 14
MIET4EC9 mV) ,3X B 6 il BH B3 7 ot 500 1% e sk
RALT CHPTAC-H 5, 6] i e &l 4 AT, 6 ek vk
FREF 4t Zeta HL AL M i BIRIGY 2 CHPTAC- % |
CHPTAC-T 3 CHPTAC-3£ % CHPTAC-+ — %%
3 /CHPTAC-Z % . CHPTAC-N &, sttt &,
CHPTAC 2t 500 43 v 2 i £ 00 67 BB L L 5 4l
272 b — CH, OH 1% Sz P8I, 457 BEL DA /N 31 K it
4 : CHPTAC- % .CHPTAC- T 3£ . CHPTAC -3¢ % |
CHPTA G-+~ % 3 . CHPTAC- Z 3 . CHPTAC -4 %,

He CHPTAC-5 3L A8 5 P e i, B0 R0 3R e I,
CHPTAC-TH R R i 2%,

4 BEREUIE Zeta AL
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2.2.2 AN I) Bt T A X6 It sk 1 A RS

A I £ 2 X TR A TR ) W R E R FH 4 TR
B 55 W BN AR A Y K /S (kR . W&l 5 iR,
6 Foft e P R B S A AR AN B S Zeta HL L Y
PR L 40 F1 B AR 30 mg/g A A, 5 3CHR[11]
H CHPTAC-HY P 2F 28 Xof e sk i) 152 B P R AH 22
AR W BB PR SR L A A Y K /S (HAS AR
6.0~6.3 Zify. BCPEET 4% BRIk et i 1 FfS fiE
RN T 252 2T 24 3 1T FL ) 28 T 1R S0 Zeta HL AV
R o OFL S o PR BR o Ak 1 R R 7 i i L AT
TAE M 5 Zeta BB BAH R . Soik Jm = 84k
P g 25 07 2 24 3 v o % R i R R AT SR 4
TE LT Y 1) 2 11 L 2F 4 3% 10 Je B B . K/S (L1
AL AT

5 HCHERR U MR M LA K /S fif
3 &

A SCHEF 6 P BE = b HE e . & ) 6 Flt CHPTAC
FH 5 - Bk AL 77 L O ) A £ 4 iR A7 e bk 3R AE T BH S 7
BOPERCR A LR RS .

a) AU il 45 b R &b , 15 5 B S0 SN Joe I il
CHPTAC, 3 Fh J7 ¥k [F 4 1& 1] T & A KB 7 B AL
B o it 25 e 6 e b e BB A B 188, 28 i) 4o
BHL$8 K, 25 i A S 7 3% P A8 2% e ¢ 0 T IR T B
S CE A VAT o3 105 N e i 7l o A T
JHg . = & M VN N-ZHV R g B e N, N- R AR
e NG N-ZH LT e N, N-H R

b) il & CHPTAC 1 1E B 1. 2 & 1F R« ot 3 5L
Jiie 5 PR SN e W FH LB R B R 1.0 ¢ 105, 3
S35 °C L i IEEEL SR 10 by K s L S AT A
84 %Lk I,

) CHPTAC Z= 4 #h e H A B[R] A 52 ) X6 A 21
Y0 SO R S SRR U 1Y) Zeta FL S 55 1R 0
T2 Bl T v 2 e (5 BEL A B84 i T A L EL AR Ak
ARK 56 B sl v 700 0 Bl PE R GO SR 4E Y Zeta HL
7 X TR M G A A0 AN U B i 5 CHPTAC-H SEAH
2, A B RS

S E K

(1] BERR.ERFE. THR. - -2- RN = AL sm
B R S R A T, 2006 (4) :21-23.

(2] T, 368, ik 2, 5. BH ST Ve B e okh 0 B #1441 a1
& REAEL]]). 4L T4 4%, 2017,68(5) :2112-2121.

(37 XIEBE A7 EEN L W48, 45, — Pl B I 1% 15 2 e &k 3 10 1%
PR & KRR ). B4R Tl ,2010(1) < 10-13.

AT JEL B A vy, S i 58, BH S T 0 ) 8 A 27 4k K 4% e )
e iy B LT . 2521241, 2009, 30(10) : 95-100.

(5] EwiFs A 40, ikl PHE FRlch:s CY-210 72 H #
SUTE MR Y B TR g o h g S [T, 2248, 2014, 51
(2):6-10,

(6] XUTCHL, #4585 B, PH BT F 2ok 7 DL Biovk 78 2235
YR Y ST ()], 2£49,2012,49(10) - 20-24.

(7] % Fedk, JE A, 400 52, 45 BH B o 1 A 3% M 210 180 TG
TR YL AN ]]. ENYL,2017,43(6) :1-5.

(8] #RIHM AR WR4E . PHES TR R 5 (B R @
Je @ ERELT ] AR R ,2011,19(5) :4-9.

Lo S MM R B E, . - A2 B =Wk
B A LR gE L) . A2, 2008.30(8) : 568-570.
[10] il 38, 3BT 4 5% 5. -2 R B = 1 3 &k

B A RS Al ] KA T.,2002,19(8) :440-442.

(117 S5 35, BREE i, J8 AR, 45 A 47 4 04 B S 1 fb sl S
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[12] Seong HS, Ko S W. Synthesis, application and
evaluation of cationising agents for cellulosic fibres[J].
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Research on the synthesis and application of
3-chloro-2-hydroxypropyltrialkylammonium chloride

as a quaternary ammonium cationic etherifying agents
BAO Jinlong' » GUO Yunzeng' » MAO Wenyu' » ZHAO Xiao'» SUN Jie* . ZHAO Qianggiang' » SHEN Yi feng'
(la. Engineering Research Center for Eco-Dyeing &. Finishing of Textiles, Ministry of Education;
1b. Key Laboratory of Advanced Textile Materials and Manufacturing Technology,
Ministry of Education, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Zhejiang Province New Textile Research & Development Key Laboratory,
Aerospace Communications Holding Co. , Ltd. , Hangzhou 310014, China)

Abstract: 3-chloro-2-hydroxypropyltrialkylammonium chloride (CHPTAC) is an important cationic
modification reagent, and is widely used in the starch modification and salt-free fiber dyeingfield. Six
CHPTAC cationic modification reagents were synthesized by taking tertiary amine containing long alkyl
chain and applying quaterisation reaction with epoxy chloropropane. Besides, they were applied for cationic
modification of cotton fiber. This paper provided the thought for development and application of new
cationic modification reagent. The optimized CHPTAC preparation conditions are as follows: water as the
solvent, the molar ratio of tertiary amine to epoxy chloropropane 1.0 ¢ 1.5, reaction temperature 30 C,
reaction time 10 h. The yield of six products could reach 84%. The results showed that, when tertiary
amine hydrochloride containing long chain alkyl reacted with epoxy chloropropane, large spatial steric
hindrance of tertiary amine would reduce the reaction speed, thus leading to the reduction of yield. The six
CHPTAC modifying agents showed the good modification effect. Zeta potential of modified cotton fiber
could reach 10.5 mV and the ratio of saturation capacity of acid dyes to adsorbing capacity could also reach
30 mg/g.

Key words: 3-chloro-2-hydroxypropyltrialkylammonium chloride; cationization modification; quaternization

reaction; absorption

(REHE: NES)
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FREREEMRDHER LTSRN

& RER',KETE,DER, X

1 g

(1. H IR IRFHHEHSRFR.LAFE AN 310018;2. 7 FH £ A A MR ,4LM 310021)

 E: A% & (Cellulose. CE) % R4, il it R A4 B F T H (Polyethyleneimine, PED) . % & & A % £ 1 4
ey e e &/ R UK e (CE/PED M A, BT PEL fim & 55 BF 1) fo BB iR JE 4 T & A dsh CE/PEL & d & A&
FWH o E—F A CE/PELAXBMM A RAARRARAAL L ZTWCE/PEIN X% LEF RO ERAR, FH S
R AW @A PEI KR BB N A= BB % & T 59 CE/PE] & @ A& 4 F 694241 (1. 46~3. 87 mmol/g), *F
REVGRE &Y 2B FRAFER KB LI, MA CE/PEL A @ ARSZT o m, Lot Zih Loy Fm Mgk, S A mak
A F R B A 3.87 mmol/g B, = E T (200,500,800 mg/L) & ¥ £ &% i ik & 4 # A 180 NTU B 3| 22 NTU, 486
NTU %] 102 NTU,1069 NTU K 2| 172 NTU, 48 5 & PR % 5 5 % 87.8%.79. 0% 4= 83. 9% . & ¥ Ff 4 4 ¢4 CE/

PEI ## LAt R K B 4e,
KR g E RN B R LH R R
FE %S TQ340.79

0 51 &

B Tl P s R R L K5 G H gR M, KR
TS R R 2R B 2 A FE T Y B AN Al TR
AW 55 Al P K Ak PRl — R PR, 25 AR K
b BT I FE AT Ry B UUVE (R RS BE AR, X
L6751k BREBEAE S — B R B K Ak BT 3
T2 T 25 TP AL PR AL BE L An G5 BUR K (AR )
PROK R AR AR T K R 1A B 98 8 T
E LA

WLk TR BN LB R MR B 2 456
TEHUERBER FA HLEREER . LG JCHLZE BRI
WAL L S Bk 45 o DAL A% B T AN 50 AR 157 68 1) 3z £
AR T H 2 S 80" A TS R, ok
SEA IR FK ALY H Y T H AR R R OK AT A 4
JEE TR . N TR AL BRI R L AL
ZRUE T 400 SR TN A T g A T e T R B L 23 R A
FERBRBCR LA G E AN ZE . HRER

Yo BT 2017—12—06 ¥ 2% R H 1. 2018 —02—27
HEWH. BE AR FIELSTH(51303159,51672251)

MHERARAEES: A

XEHRE: 1673-3851 (2018) 09-0545-06

PN s T Je B At I 7 A B SRR E L T S
J& &Lt CaCly) B BE ) 25 5 Ad ] A GE 76 B /K b 3 v
Jre B LGy (0 2R B L O HL IR VU Tk e ok R AR
B, HAEY R MW R 2N H, WL —Fh
o AR gk 118 AR R A R e T B SR

ASCPLEF Yk E (Cellulose, CE) Ry JFURE, i i 44
AR 3ER 3B 21 W i (Polyethyleneimine, PED) , il 45
BATH BT 4E R /R O 06 W (CE/PED %
BEMRE . IR RS R R PET SR INAE | SR
Vi) 052 107 Tk B 5 PR 3R L SE X CE/PET 26 T & 4k %
H A 9 — 2 L CE/PEL 2 EER B, % %8 CE/
PET JH it b JH 3 11 220 5 dk 45 0 A ] ik 88 v 0 1 6k
TF R R 2R BERICR

1 LI

1.1 sEphkRl
A4 ZE B (Mw=20000) . 7 LR 44 F1 5 2 45 7
Jie (Mw=600) Y4 B B f7 T35 E R &, 2 B

PR A BREE (1992 —) I3 Wi VLA A L A F 5 2 3 2 DA = 27 4 20 5 ) e b i ke g T 5 T P B 5

WEVEE . Wk W . E-mail : yaoj@zstu. edu. cn
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B = SRS A AL T BR 2 w44 . B il 0 B A
B3 53 b4,
1.2 AL

2 P 4 7K AL (Milli-Q Biocel) , ELB2000 %1 H,
TRFECHARZHAFD, DHG-9090A Y 1, i H jH
ST PR VNS 2 B & A BR A DD Avanti J-25
RUBLOHL (2 D v & R R R A IR FD . ALPHR
1-2 LD B VR T 1 HL 1 L AN 28 ) 3 A BR 2
Al HI-5 B Z D BedE £ AL OB M 3R T 5 A R 2
F)) s Nano ZS90 A Zetasizer 1Y (Ze EH & /R AL #S A
FR 2\ H]) s Nicolet 5700 7Y e HL i 4% 6 21 4 5l 35 X
(EEPEAFD . PB10 B R pH i (£l [F 58 £
MDD ARL X TRA B X 5 28 177 5% (3 [ 4
HLF 2y #) ), Pyris Diamond % # & &[] 2& 43 #71 {X
(2 [ 1 4 BR BB A FRS FDD . S-4800 Al & o
P (HARHSLATD
1.3 LIk
1.3.1  ZFZEF I BEA R ] A

¥ 2 g LR YRR M 43 HAE 60 mL pH{E N 4.5 1Y
Bt R 22 ph S W B A B bk SR JE N A 3 g e TR 4
(NalO,), f£ 60 ‘C F it b 4 he R Z )5, i
— 25 M B0 I W 22 R R Ik 2 R 4 5, i ) 1A O
T B G 3RS I 3 24T 4 & (Aldocellulose, ACE), ¥
fifd ACE 5 PEL7E 60 C F /KB M 4 h, iz
Jei Zead TR SRR U S 0 FVA VR T MRS B B &
¥ CE/PEI,
1.3.2 a@HEFEE

¥ 20 mg CE/PEI it A EAFL A 50 mL, ¥
0,01 mol/L WYER R WL T . 7 25 °C N g+ = I
15 h, I 25 3 5 R AR EE 2 0. 01 mol/L 1 & 4R
PR AN WA v R o, Sk 1 IR AR £ ) T 57
B IR T Ok A
_(C—C) x50

0.02

A SR RS &, mmol/g; C N N BT R
g B9 B, mmol/L, % %€ 5 10 mmol/L;C. &
I 25 B S5 1 W AR R VR B, mmol /L. 45 il R
2 K Ho i A AR B 0 = RO TR U R L R
PR LA B A4 R . CE/PE] (1. 46 mmol/g),
CE/PEI, (2. 44 mmol/g) ,CE/PEIL; (3. 87 mmol/g) .
1.3.3 &5 ERAF

¥ —= /K CE. ACE fil CE/PEI 434l i i
A3 B KBr s e R, B0 20 A 1E A Y
S R 500~4 000 cm L B L R CE

A @)

B

MEE AR AL . BCT AR B R RIRE SR T Ui 1, 3%
TR R AT 55 4 , 38 5 451 41 LR (SEMD W 8% HL 3R TP
W £ U RN EF 2 R B A R A AL (TGA) #E 17
PR PEAG I, 15 5 THEE FE O 20 °C/min, i@ S
Fil R 40~600 C . B £F 4 25 3 28 AR Be i o
RN 0. 10 M AT pH AR 5 3.5.7.9
11, EATE pH AT, 8 id Zetasizer 1 & £F 4
B 0 0 1 2R TR A
1.3.4 ZEEERE D BT

Hic i =k B 43 31y 200,500 mg/ L 1 800 mg/ L.
R e U+ B PRI, M5 AL B 10~15 min J5 . B 40 mL
Fh e 04 R TR VR T B AR i S A o AN [ A Y
() CE/PEL #t#£ 5 min, & 40 min, WELA ] 2 3
P i 1) U R X AS [) U R Y v U VR VR 1Y Ak B K
S ML EE R i I B SRR A & i A 4
FREBER LB, DI 6 mg AR
BB E 40 mL W R 500 mg/L 1Y &4
BRI FIRESERE 5 min J5EE 28 BRI ) X
HZEEMREM R

2 HR5W®

2.1 SFAERIELEEM R H

TEAS RN 200 mL BYBEAR .2 A 50 mL oK &
BN 1 g F 3L 2F 4 2 (ACE) , SR 5 I AR & 4 0 i
(PED . 16— il BE N ¥ 5 e 8, s g — Be i ), ¢ J
B0 o U8 PR AR 3] CE/PEL, il ad 38 2 PEL 43
St SR ] RS2 B T A A ) 2 ) 2R
F, H AN [) BN 3 3 R B g B[] 6 CE/PET 236 %
MR ME 1 fin. WE 1) g,
> Js o Bsf [) A ] B B 2 o Ui B /) T - CE/PET fY
BAETEWEZ T & . S SN ] 2 2 hi, SN i
JE 5390 R 40,50 C 160 CH}, 4321 CE/PEI 2 5%
=58 1. 46,1, 98 mmol/g 2. 44 mmol/g, 4 [
T AR W) B, B 5 B I B[R] B4 35, 75 31 B CE/PEIL
AT AW T . A VIR 60 °C LY
SN A 4350 2.3 h Al 4 b B, 2528 CE/PET (1)
FAESE R 2. 44.3. 06 mmol/g 1 3. 78 mmol/g.
P Ve B AE ORI 60 C R R IE] 4 h 444 F
5T PET ¥ I XA i 220 2 5 15 09 52 ), 45 21 4 1A
LB FF7R . ANIE 1 (b) ] e 302 5 2 0 S0 B a3
wmH2 g B HEREES EHR S, N 3. 87 mmol/g,
KL, i CE/PET 228857 (19 5 UL il 85 1220« R I il
FE R 60 °C L, N AE] R 4 h Al PELIRINE A 2 g,
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—a— 40 T

E E
£,
=2
12
ﬁ 2.0

1.6

2.0 2.5 34 R 4.4
i

{0 B i FE R

42r

4.0F

_1}

3.8F

)

Jef

A F S i mmol -
(Y
.

30F m

1) 1.0 1.3 2.0 2.5
B Z AT R
{YPTIF M

1 ORI % X CE/PET %05 7 ik 3% 1

2.2 EFYEE BB ARG 45 H RAE
2.2.1 FTIR 43#7

T B UE R W R R ) 4 B, X CE/PETL
4T FTIR M RAE WA 2 Fros . IE 2 a o] 501,
3354 cm "AbRYIEIS A T O—H B4 45 4R 3. 800 ~
1200 ecm " H A F A 4 Z AR AEIE, 2908 cm ! 1 I
JEEC C—H Mgk sl . 38 s R o A E
M G R AR, X 5K 2% b
11722 em A A B0 — 0, KA 0 B A 0
EHEKET C=0 B M ksl , R F 4R
WLk T AAERIE L TR, 534, fE & 2
o b, WEMN 3354 em ™ Ab Y REAE 05 O S B 3449 cm ™!
Ab L XA WA ) RS S AR AR — 25 b IR B R AR A 1Y)
EALYE R BB b —OH 3 1 8 52 4 Ak i T
B, FENNA PEL 2 5 A0 WL B FE 1413 em™ ' Ab
B B, H T PET MBI T C—N S,
Nz 1722 cm AL AYEEELIE T 2L, H 3407 cm ALY
AR 55, PTUE B N—H i O—H k4 TES
(2w o), & Lk, ol i s2 PEL E % ) 32 4% 5
THGERER I H & T 0L G R R
kL

3407 Cm;/ 334 em™

1 1449 ¢em?

g, i3

1722 em

4000 30040 2000 1 D01}
A em”
a.CL: b ACLE: ¢ CL/PLL

B2 ARTR bR BT A0 i 1 i P

2.2.2 SEM 43¥r

3 & CE.ACE il CE/PEI 7¢ ¥ #f H 5% 500
5 F ) SEM EIR ., ME 3Ca) iT LE L R IEFTL
PEALFE Y CE 2 1 & HLRE N Wi, FL &2 F bk Fn B i
(I TICHLEEAE , S8 E A 9~ 16 pm, & 3(b) s 12
ACE M, R MM 54 RH — & ML
PE A2 5 IUHDRE R A AR (B ABORE B B2 I b A2
N, 6~12 pm, ¥ F CE/PEL.# ACE % 1fi K
ROIGWREZ )5, K/ & A B AR Ak, B0k AR /)N
SEIAHLIR (B 3Ce))

3 ARFEMAY SEM F 14

2.2.3 FNFESHT

J T BRI AL IS R 2T G 2 SR A R T BEE 1
2, % CE il CE/PEL #E 47 #4F 43 B, i 15 25 S
Bl 4 TR o R I ECPE T S B K I A I B W TRl I A1

M 400 “CRERN T 389 “C 7ty (HIZATIAR HAT B4 1Y
FATEURE M A R IR A i B8 WS BRI e 1) Dt DR e B
LT 4828 T2 T A AR 25 4 DT 3 T g3 1 B SR
P T LS BOATRE VT R
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Fl 4 CE #l CE/PEI Yy TG f1 TGA El

2.2.4  Zeta BAITHT
5 J& pH XF Zeta AB M52, WK 5 iR,
pH %} CE/PEI J Zeta W {7 £ 16 — & T2 B B9 3%
M), DRk 7 W 1 o B AR L H R O B 1
WEH 2 L F . fE pH {H N 3 B, CE/PEI &K 1)
B LA T, T Zeta B 47 L85G, Al 3k
34.0 mV £ pH A 5 B}, H" ¥R EE TR, T B 47 T
%4 20.6 mV,CE/PEI R H i i 7.4, KX
S — i BH B 9 22 8 A R, 3 P 22 R 2R O A 3 1Y
AR PORTEE RN BhEE R . 8 PEL S R4 R
RMEHAKREASL WA pH 197 & . CE/PET K
R LT FE . SRR A R R, S VR B % 4
R . R EIEA R L SHEW PN OH 454,
I HL AV AR Ay 7 ELA
40
30F
201
10r
0
—10+

Jotald Fmy

=20

=30
—40

2 3 4 5 6 7 &8 9 (0 11 12
pll

K5 pH X Zeta H 052 M

2.3 LFAERIELEEMORHY R BEVERE

21 2 22 J 2R ) FH A XA ] e B 1 v 0 B
MR UE 6(a)— (o) fran . Ab B[R W B 1Y &
%+ 2% ,CE/PEI, .CE/PEIL #l CE/PEIL &1 0
~4 mg B, (5 U8 4 V5 W 0 3k B 2R [ Bl S 7R 4
~6 mg B ZE18 T, KT 6 mg 5. & Ja ME %S
BTt =R BN A B 6 mg 2R BEHUR Ik
N g, DR Ry A 3 A B B S R R ol T R g

PE AR B AR e e e, 78 H B T 4 A e, A RE W
G A HL AT rb R AR L DT S e T 2R Y AL
JE S g A UE B, A e 08 R Rk 3 A R 1
OLF (500 mg/L), fin A S5 & 19 22 g, CE/PEL, 1Y
BECR . A 6 (a)— (o) TR, 4 CE/PEI,
LRI &R 6 mg B, 2L EERCR e, v 4
M 180 NTU F§& F| 22 NTU, 486 NTU F& %] 102
NTU,1069 NTU R&#] 172 NTU, A3 25 B 2K 43 5]
b 87.8%.79. 0% 1 83. 9% . S 4% L W thi 4% r
LB TEAR TE 1 0 £ BV ROR BV N R T
R A7 2B fE .

TE FaRSC I ALl L B E Sl 6 mg 1Y CE/PEL |
CE/PEL il CE/PEIL , % %] [A] X /& U4 -l (1 5
M, 4N 6 (D Tn . N 6 (D Al LIVE#E b
=R B EE RN R R — AR A Y R EEPERE
JE R SR T B AR S 218 T R A, TEAL T
[8]>4 5 min B, I AZ2EE 7] CE/PEL (1) = 14 4 Wi it
JEREA 301 NTU, fin A2 %57 CE/PEL 19 /& 04 +
BVE W B BE Rl 238 NTU, fin A2 %t %] CE/PEIL
) e A B 9 B [ Ry 204 NTU, 78 H B A 10
SRR AL PRI (] , 22 B B e Y 2L E ) T e U8 T B
T B ER Bk A% S 1, CE/PEL, 1E 2 % i i) 40 min
L RE G Tl B R 2] T 102 NTU; J5 A ] fE 2 & 3t
T R R BN RS B 2
P80 B 2 21 v 0 = UKL b, DA R R 4 A SR
TR

25 L PTIA WA SR ) R B i g 0, X e 0
AR BRI RERG 5 5 F A L B R S R 3. 87 mmol/g
1 2R EE A L %) = b A [A] ¥k BE (200,500,800 mg/L) 1Y
fe U TR VR BRI, IURE S B 180 NTU Fé 31 22
NTU,486 NTU [4%] 102 NTU,1069 NTU &3] 172
NTU. MR & BRF 5318 87.8%.79. 0% F1 83. 9%,
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Kl 6 CE/PEI 2 FM2R ¥ i a) 5o 2 08 4 8 93 ik B A 52 1

3%

DLEF 2 3 0 TR i i S A e R i O i Tl A B
AR A G AL Y 2T 2 2 LB ) L O I oY 2R SR X
e B R FE SR WT .

a) @ F R4 PEL IS 0 d | s hy B[] 5 o i B2
Tl A AS R Z I 5 B 1 CE/PEL &3 & B Ju A 1. 46
~3.87 mmol/g;Y4 PEI 54 Fihtb 2 1,
SNSRI 4 by OB BE R 60 °C IE, 3145 %) CE/PEI
RIS HEE S, N 3. 87 mmol/g,

b) #4&) CE/PEI B A R A9 2 EEEGe, b &
T S R A BG I, X R 0 ) SRR RE Y OR Y
T A LSRN 3. 87 mmol/g B, A [A] ¥k JE
(200,500 1 800 mg/L) Y =) & B 77 W it 58 25 Bk
RAHIR 87. 8% .79. 0% A1 83. 9%, R HLH I K1
SRV R A O 00 Uk BB S I

P EE
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Preparation and flocculation performance of cellulose-based flocculant
CHEN Xuan'» LIANG Junlong' » ZHANG Mei fei’ » Ma Ting fang®» LIU Lin' » YAO Juming'
(1. College of Materials and Textiles, Silk Institute, Zhejiang Sci-Tech University,
Hangzhou 310018, China; 2. Wensli Group Co. Ltd. , Hangzhou 310021, China)

Abstract: Cellulose (CE) was used as a raw material, through the oxidation and grafting, to prepare
cellulose/polyethyleneimine ( CE/PEI) materials with hyperbranched structure. The effect of process
parameters such as the amount of PEI, reaction time and reaction temperature on the surface amino groups
of CE/PEI was studied. Further the CE/PEI as flocculant materials and the flocculation performance of
kaolin suspension was investigated by CE/PEI with different amino content. The experiment results
showed that the amino content of CE/PEI could be controlled by the amount of PEI, reaction time and
reaction temperature (1.46~3. 87 mmol/g). The flocculation test for the different concentrationsof kaolin
suspension exhibited thatwith the increase of amino groups on the surface of CE/PEI, the flocculation
performance of kaolin was enhanced. When the highest surface amino content of CE/PEI was 3. 87 mmol/g, the
turbidity of kaolin suspension at three concentrations (200, 500 and 800 mg/L) respectively decrease from
180 NTU to 22 NTU, 486 NTU to 102 NTU and 1 069 NTU to 172 NTU, accordingly the removal rates
were 87.8%, 79.0% and 83. 9%. The results showed that the prepared CE/PEI had excellent flocculation
performance.

Key words: cellulose; oxidation; grafting; polyethyleneimine; flocculation
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AT = SR UM A o i A L ok 4 w2 R
o M A A B I A A P S B = SRR 14 S [
SE M 2475 T8 B3R 2 AT g 20 A . R T AL
1 I3 e L A 1 A FLBE Y L o A AT AL/ A SL
ZEAG BT AR O T B R BB E A 2 AL
B S BF rr L A5 B BB A G AR S AR B P
IEAR B R e H A 22 Pk RERE AT A S0 A

1 % I

L1 SEH 548
.11 3

1 G E A W SE T A — BUE R A
RO RN W] 5 AR 5 = U BTN K 31k T
BHEA R A 3K ; 2B 2 B 0w 9 £ 45 (PVDE) , N-
FH 5 e % g i (NMLP L 99, 5 %0) 241 [ T 14 s 3 B 7
AT R B 5 4 BRA 5 FUf# (1 mol/L LiTFSI
+DOL/DME) I 3K T~ b 5t 4k 2 1250 A 55 T
1.1.2 ¢

EL204 5317 KOV (g RF -4 0 24038 A IR A
A VKYL1700 8 5 23 48 b (g 5t KA T ) .
DZF-6030 A #I B 55 T8 (1WA 2 S0 96 1% 45 BR
D VHI-5 BUNE R K I8 O KR T8 A IR
A]) \FD-1A-50 B VR TR ML C E g Lo A 28 o i
B D \PX-CP-S2 # uf 5 #L . PX-HS-20 Al Hy
3 AL ARG 3 32 a8 HLAR BB FR 2 71D | Super
(1220/750/900) A H. 25 T4 OK FF % I A B2
F]) \CHIB60E Y Hi fb 2% T A/Euh (1 ifg R AR AU 2% A B
AHED BTS-5V5mA AU it i 3 5 48 QRN 7 i
TFABRA D L3H-2000PST % 461 W R 45 i 28 I 2 )
(Ab 5 D785 B AL BF 58 b6 ) L Vtra55 B L 5
(ff [ Carl Zeiss SMT Pte Ltd) 832 %% 4 i 55
(£(E GATAN) ,ARL XTRA # X 52 77 5% (G
+ Thermo ARL) ,K-Alpha # X 5§ £ By 1 g 3% 1%
(% [E Thermo Fisher Scientific) #1 TGA/DSC1/1600
RIS AT R R B -FE R A3 B IR A D .
1.2 Mekiles

A B 2% 4 fL & (Nitrogen-doped mesoporous
carbon, NMPC) (4 & Ji - JiE = K3 A Ry e I . = 2R wUMEAE
HRV N 2 g ZRENS 1 g A IMA 200 mL
FET KL E T 70 C A E IR K W R A
30 min, fF = R FME5E T FREL 2 ¢ BEAE R A
B LRV W b, o R R R R TR B0 G ) B b B
W e B E B G AT VR TR R AR B I
AR B AR A B AR A E L LL 3 °C/min F

BZE 300 C.AE2hF. L5 C/min 2 AR E
900 CARJG I 2 h, feJa B = i BURBE AL .
WEALJE B 0. 01 mol/L MR bR 5 285 7K
WUk E P RJGTE 60 CEX T AP T4 12 h
BpAT,

FEAS VRN = 3R U 10 18 B0 A b 3 ) 4 2ot
T 25 15 2% A A B 4% 1) 2 FL Ak #4 L (Mesoporous
carbon, MPC)1E b % BEAE

JE A B E A FLik /B S5 AR (NMPC/ S) Y il
B R HIIE L XA FLBR AR AT 200 . TR S
NMPC(MPO)LA 7 = 3 By i & L #EATIR & SR 5 55 7%
EIFBREERE T IS ICK Z 8%, LA 600 r/min A9
FERERIE 2 hy F 60 CHLAR Toke S BEHLT . A5 BRI 58
7= e B 3 G SR A U b, TR & 155 °C
PR 12 h HEATHERR . 2R )5 THIE % 300 °C L {43 30 min,
I B3] % . /5 8 NMPC/S #1 MPC/S.,

1.3 MBHERIE

) BT B (SEM) 9081 % Carl Zeiss
SMT Pte Ltd 28 A vatra55 %3148 o B8 0E 47 R i) 2 1fi
TSR LS I RN 3 kV,

b) i 5 B T B AEE (TEMD 208 . R JH GATAN
7y F) 832 HU I I L B HEAT WA, N R 200 KV,

)X PHEAT 5 3 M (XRD) : % A Thermo ARL
/A F] ARL XTRA RS X SHRAC AT E . T AE
RN 45 kV, BBl 2 0=10"~80°, HHi ik
B 4°/min,

) FLEE A I 5 « 2R b 55t DL AH 48 50 A7 A 2% A 58
Bt 3H-2000PS1 B BET 3 1 3 17 40 /<Mt Wit Bt
SRR E . BEANAE 130 C FEAS B 2 h, il it
Brunauer-emmett-teller (BET) 3% 1 2 H AL 5 B9 E
T, BALRRE P/P, R 0,997 Y R
i, i id Barrett-joyner-halenda ( B] H) # % 15 3| fL,
maAt,

e) X B £t i T A 1% (XPS) 43 #r . R 6
Thermo Fisher Scientific 2% #] K-Alpha % 5 iy X
SO T RE T AT I S . SR HH R S BH AR HE
SR AERE R P BRI/ T 0,45 eV,

DIE DI (TGA) < R MR- FE R 2 15 Br
RO ABRAF TGA/DSCI/1600 IR 431 4L
AT E . AR TR X E) 2R 30~700 °C L FHl
W& 10 °C/min,

@) JTLE T K P4 [H elementar 2\ & i) Vario
ele BTT R AT SGHEATIN & .
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1.4 mAfe2Eik

TG PEA R NMPC/S(MPC/S) . FHL | £ B 22 LU
KRG ZEFI AR 8 ¢ 1 ¢ 1 JRA . A N-H JEnf g g
AR R0 AU B FE 3 b, JE B8 00 2 R IR B A
AR 1,60 CEABET 5 UIRURNE Btk f s 5 s 2 %
AN, R Y 1 mol/L LiTFSI4+DOL/DME
(A 12089 LiNOy) FlFg A5 4 Celgard2400,

P 78 R R 0 3R A TR I B A PR R Y
BTS-5V5mA BUH I X & 48 b 47, H R X TE] Oy
1.5~2.8 V., CH T A 19 L 25 5 4R LA HL Al b Ak op
i & AT A

PEI R 22K (CV) 5 28 3t BT 43 1 (EIS) 1
e LifF R4 CHI660E # M fb2F T /e L iEfT. 1
AR M B B R X H] 2 1. 5~2. 8 V, S Uy
0.1mV/s, 3CW BB BB Rl 5 mV, H
B R IE 100 kHz~0. 01 Hz,

2 HZR5ITR

2.1 NMPC/S &k

NMPC/S &4 #5357 LLBE == 83 4 Ay i U, =
BEUAE ] AR DL K KOH A R 3% A6 50 il 45 3645
SEEME G R R E 1 R, E# 20 T F
=R R EE A 3.1 g/ L {0 E & IR E R TH
T B2 15 JBE 4 93 AE PR o R R B 35 g 1 15 it 5 O
VR T 23 R B IR Ak ol U Al TE BROK P i = R
i JE AN 1 7 7 JEE 2 I 22 s BV Bt 2 K TR RIS, —
RE M R A B WA SRR 2 i = R
R T N o I O D= Al W X L = A 0k T R R e
MR A5 3] Z AL B AL R AR | B JS 8 T A5 B 0 B A
HEAT o il A Al AL 3 L 15 B3B8 A A FLAR A4 B (NMPC)
B J5 IE K TR K T AR E T B R AR A
NMPC #1EHE AL,

1 BEFEB R ALK/ A FR (NMPC/S) i £ i3 #2278 &

2.2 BIOUTE 553 Bt

G R T OB (SEMD 15 35 Bt i 8 6
B (TEM) % NMPC 5 MPC BT 508 45 46 R 47 R AE
Bl 2(a) i MPC £ 6 L5 1) SEM R &, [l 45 51
LW, MPC HA B b e w5k 0 RALEG . B 2 ()
A b A A B R S S — 2D R BR AR AR R
T 42 Ry 6T S AEL DA T R LA WA A S P R A
454, WoR & Z LA AFAE . X I MPC ) SEM
MR NMPC(El 2(b) B EE LM, K& i
W5 — 26 B 22 L B Bk 45 0 43 5OZE A kL, L
JECR AT fig S R T AE il 4 NMPC Ay 72 Hhoin A K =
() = TR, — UM 43 WA R A B I 2 v M R TR
TG R 1 e L TR A 2R TR S R R R

LA IR . 2(b) i Ay b A4 o R ik — 20
HOR B B R 5 MPC 28 {81, 78 B8 % 45 #4979 4 18 7T LA
T W0 B N AR AS 1S54 L AR NMPC [F A B A
Z LG5, X MPC 5 NMPC 4 JE 85 gk 17 i — 2
FAE B 2o FE 2(d) 458 MPC 5 NMPC #y
TEM M, WEI ] LLF 2, 38 B B Kt L
e AL RN 2~3 nm, A A FLE5 . B 2
(e)2h NMPC 1 & 43 #F 3% 5 1 8% B (HRTEMD ,
Pl v Rl DT A B HE B ST R AR AR A, it
I 5545 2] NMPC 9 & 4 [0 FE 25 0. 34 nm, IF 4 XF
N A7 B (002) f TE Y, B 7E IR AL B S
NMPC & & 5 A 2 1k, it i — 20 48 & NMPC
L,
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& 2 MPC 5 NMPC (4T 551 43 47 B8 H

2.3 ArfLEs e

3 4 MPC 5 NMPC [ &0 W B h £ FnfL
7oA 26, BET i i 7n . MPC 5 NMPC % Lt
F T A3 1550 m* /g Fl 998 m* /g, M R
T AR 22 [ 1 25 551, LR PR AT BB J& 7E NMPC 1 il % 2o
RPN oK = 0 AR = R, 5 80 1k 7 KOH
FEFEAR A W i HL BRI 5 2409 NMPC (1 7 1k

P MPC K. B 35K 3(e) 451k MPC 5
NMPC (1% 5058 W B it 2% o 18] b ] DUAR 385 B 14 7 )
MPC 5 NMPC ¥y 8L 81 i IV 845 35 2k % R T A
Lk, K 3(h) 5B 3(d) &tz % 5 k50t B8
2 W FLAR o A il 2L AR 4l Hh 26 38 1% MPC 5 NMPC
R FLAR RN B Ip A AR 2~4 nm Z [8] , [F] FEIE
Bl MPC 5 NMPC #BE A9 A FLZEH .

3 RUUBEE R BT stk 2 9L AR 23 B it 2k
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2.4 X PR H

X SHRAT 5 T 20 8 NMPC/S & & 1R 41
BN AT 5 HOW A5 48, B 4 S NMPC.NMPC/S Fil
EH M XRD B, NMPC 5 NMPC/S 7E 20 R 27°
LA AL B B — A5 0 I AT L 5 TS Y i
(R AE 0 A — B0, THAR BRI T O 0 A AR B
5 bR R R b R B 0 Y 7 B — B, Ud B BT AR
& SR A SE 4. Bk Ah R NMPC/S & & #1 kH
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Preparation ofnitrogen-dopedmesoporouscarbon/sulfurcomposite and

its application as anode material oflithium-sulfur batteries
CAI Zhouyang s LI Yujiao, LIN Shan, CAI Yurong
(College of Materials and Textiles, ZhejiangSci-TechUniversity, Hangzhou 310018, China)

Abstract: In this study. a nitrogen-doped mesoporous carbon material was prepared by using natural
konjac as carbon source, melamine as nitrogen source and KOH as active agent. Then sulfur was loaded
into the mesoporous carbon matrix via a melting-diffusion method to obtain C/S composite, and it was used
as the anode material of lithium-sulfur batteries. The morphology, microstructures and the chemical
composition were characterized by using scanning electron microscopy, transmission electron microscopy.,
specific surface area analyzers, X-ray diffractometer, thermogravimetric analysis and X-ray photoelectron
spectroscopy. The experiment results show that nitrogen element is distributed evenly in the carbon matrix
through fixing melaminein situ by gelatinization of konjac, with 6. 22% nitrogen content. The obtained
carbon matrix with hierarchical microporous/mesoporous structure has the specific surface area of 998 m’/g.
When the sulfur/carbon composite is used as cathode material of lithium-sulfur batteries, it exhibits
excellent electrochemical performance, with the capacity of 532 mAh/g at 0.5 C and 490 mAh/g at 1.0 C
even after 200 cycles. Therefore, it is an ideal anode material for lithium-sulfur batteries.

Key words: mesoporous structure; nitrogen-doped; konjac; lithium-sulfur battery

(REHE: BERE)
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Effect of interfacial penetration of PET melt on the structure

and filtration performance of membrane filter material
WEI Haimei*, CHEN Jianyong®, ZHU Hailin", WANG Feng"
(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: To improve the filtration accuracy of nonwovens, membrane filter material with asymmetric
structure was prepared by combing PET nonwovens with PTFE microporous membrane through high
temperature hot pressing process. The effects of high temperature hot pressing process parameters and the
pore size of PTFE microporous membrane on the structure, the peeling force and the filtration efficiency of
the membrane filter material were studied. The results show that with the increase of hot pressing
temperature and hot pressing pressure, the amount of PET melt penetrated into the PTFE microporous
membrane increases, and the mechanical binding effect is enhanced, which leads to the increase of the
peeling force of the membrane filter material. With the increase of pore size of PTFE microporous
membrane, the microporous osmotic pressure decreases, PET melt is more easily penetrated into the
microporous membrane, resulting in the increase of the peeling force of the membrane filter material. The
amount of PET melt penetration increased PTFE microporous membrane pore blockage, the surface pore
of PTFE membrane decreases, causing the air permeate flux of the membrane filter material decreases, and
reduce the probability of penetration of particles, thereby improving the filtration efficiency of membrane
{ilter media. When the pore size of PTFE microporous membrane is 0. 8 pm, the hot pressing temperature
is 290 °C and the hot pressing pressure is 6 kg/cm”, the peeling performance of the membrane filter
material is best, and the air permeate flux is 51.52 L/(m* * s), the filtration efficiency is 99. 99%.

Key words: asymmetric structure; membrane filter material; peeling performance; filtration efficiency
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AN F AR R T R a2 75 C 5 22 )5 K it
TR (KPS T 5 g 28 7K, Jin AR 4% »
SIRBE RN RN 3 h 5, MR E . R,
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F kLA EAEF 7 HR J1 b Zeta L A7 48 X 79 3%
T B o PR AR R B 2 B R . T Y Zeta 2
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FU, FLRKL Zeta BN BEFLIE pH {E  FLI
B AL A L R B e R A AR AT el
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W EE B3GR FLM Zeta HO A7 Y 8T Ak 52 IR V7 2 A, B
Zeta HLOL A X E JE B NH, HCO, ¢ 3 i) 38 v 1 388
K, IHT 0. 27 mol/ L B iR E I KAH 42. 4 mV; Z JF4kEE
HETE NH, HCO; ¥ i, Zeta HL 57 4 5 i D) 52 #0082 1)
waF, nE 2 B, 24 NH,HCO, ¥ h 0. 27 mol/L
LR 10 d . LI AN AT SR 2 2 3 DR, 500 1R
FLIRAH EE AN A & AR A, Q& 3 () TR, F
— % & NH, HCO, ZLig ik 25 & 28, FLk:
RARFFAAS , R FLM B AR M o R E . X 5
ZFLR I 42. 4 mV 1Y Zeta AV LXHEW A,

10r
| —= NIILIICO,
oF —@ NHI
—a— Nalll
= -lor
H L
E =20k
E
N =30 F
=40 -
_50-| | | i 1 | I T S N |
0.0 0 010 0.50 1.00

A HIE ol - 1)
Bl 1 FLIE Zeta HLA Bl JCHLER Mk 52 AR A 0% il 6

[liSeabs Reati

100 1000

frfEinm
(a) 77 B A A S FLER iR 38 e dT
K 3 FL KRR KN A

10000

A RFL P A S BPE R NH, HCO, J& . KA
OH ™ ¥ 2R3 . BA Bk R By PMMA 1
PBA KL F-BE#S I BiF OH 1), I LW Zeta Ha 07 26
XA A W 4 L, 24 NH, HCO, ¥ B 34 3] 0. 27 mol/L
i, Zeta HUALIK BB (H —42. 4 mV, ZJadt—3#

NH, Cl #l NaCl X} FLI Zeta HL A7 1) 52 10 5 4% 4
] {H B G X0 NH, HCO, ¥eBER s, gl 1 fr
7B NH, Cl 5% NaCl ¥ BE 1 38 55, FLI Zeta LA
P18 2 XoF 1 BRI U /1N 22 BH 2L 1% 43 BAORR e kR 2
. 4 NH, Cl #il NaCl f¥& £ 53 4 4 0. 27 mol/L #
0.18 mol/L i}, Zeta Hy {7 1) 2 ¥H{E - 2 — 15 mV LU
TR R, W 2 BRI S AN
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ARG IEFL A =FhEh iy vk BE X8 T 0. 27 mol/ L,
2T P e LU R IR AL O 5 e L R I 1 R
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FEYE 2 0. 93 mol/L i, FLIK Zeta A7 FEZE —15 mV,
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Nanoporous antireflection coating prepared by controlled

aggregation based on inorganic salt induction
LI Wenbo . ZHAO Qianggiang » SHEN Yi feng sYANG Lei
(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: Nano-porous membrane is a very important anti-reflective coating. At present, its
preparation method involves tedious steps, rigorous conditions and low efficiency, etc. How to prepare
nano-porous coating with excellent antireflection performance is very challenging. In this paper, the idea of
using inorganic salts to induce the aggregation of latex particles in the process of coating formation and
preparing nano-porous anti-reflective coating in one step is proposed. During preparing nano-porous anti-
reflective coating with latex, the structure and antireflection performance of the coating were investigated
when acid salt (ammonium chloride, NH,Cl), neutral salt (sodium chloride, NaCl) and basic salt
(ammonium bicarbonate, NH, HCO;) were used as the porogen. It is found that basic salt (ammonium
bicarbonate, NH, HCO,;) is the ideal porogen, compared with NH,Cl and NaCl. After NH,HCO, was
added in the latex, dispersion stability of the emulsion improved. After it was coated on the substrate
surface, the concentration of NH, HCO; in the emulsion continued to rise with the moisture evaporation,
thus leading to the aggregation of latex particles to form porous structure. In addition, when the coating
was dried at 100 ‘C, NH, HCO, could be removed by thermal decomposition. And when NH, HCO, is used
as the porogen, the coating has nano-porous structure and little incident light scattering. The
transmittance of one-side coated glass increases by 3. 6% . obviously higher than that of coatings prepared
with NaCl or NH,Cl.

Key words: controlled aggregation; nanoporous; latex coating; antireflection; Zeta potential
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Numerical simulation of the effect of different head form

on surface closure of water entry supercavity
WEN Junsheng'. SHI Honghui', XU Shengli*, PENG Jie*, CHEN Bo'
(1. Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. School of Aerospace Engineering, Tsinghua University, Beijing 100084, China)

Abstract: In order to obtain the effects of head form on surface closure time and the supercavity size
which forms and develops in the water entry process of projectile model, Based on VOF (Volume of fluid)
method and two-dimensional axisymmetric model, user defined function was embedded in Fluent 15. 0 and
dynamic mesh technology was used to conduct numerical simulation of water entry supercavity generated
by the cylinders with different head forms and the uniform velocity of 500. 00 m/s of a practical projectile
model. The results showed that the surface closure time of the cylinder with round head form was the
earliest, followed by the cylinder with the conical head form, and the cylinder with the closely cropped
head form was the latest one. The cylinder with round head form induced the largest gas phase velocity,
followed by the cylinder with the conical head form, and the cylinder with the flat head form had the
smallest effect. The results agree with the literature very well. After the projectile model entered the
water, the supercavity consisted of two parts. The results have a good agreement with the calculation
result of Logvinovich semi-empirical formula. It can provide the reference for the study of the supercavity
flow characteristics induced by the water entry of high-speed objects.

Key words: supercavity; head form; practical projectile model; surface closure; velocity field; numerical

simulation
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Infleunce of number of projectile empennages on the

characteristics of supercavitation flow
LU Linwang » SHI Honghui
(Faculty of Mechanical Engineering &. Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to study the influence of the number of empennages on the supercavitation, the
three-dimensional numerical simulation research of the characteristics of underwater high-speed projectiles
supercavitation flow with different number of empennages was carried on with the Schnerr-Sauer model and
the ANSYS CFD software. The effect of the number of empennages on the formation and development of
the supercavity as well as the drag coefficient of the projectile under different number of empennages was
analyzed. The results showed that the supercavity development process of the tailless and tailed projectiles
is basically the same. But due to the presence of the empennage., the surface of the supercavity behind the
empennage is rough. At the same time, this will disturb the shape of the supercavity, thus causing
concave-convex changes of the shape. The more number of empennages, the disturbance will be more
obvious. With the increase in the number of empennages, the non-dimensional diameter and length of
supercavitation will present the trend of gradual increase. Before the complete supercavitation forms, the
drag coefficient of the projectile is in direct proportion to the number of empennages. Through comparing
the results of the independent expansion principle of the Logvinovich supercavitation section with the
numerical simulation results, it was found that the calculation results of the semi-empirical formula were in
agreement with the numerical simulation results.

Key words: non-dimensional diameter; number of projectile empennages; supercavitation flow characteristics;

drag coefficient; three-dimensional
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Advertisement click-through rate predicting based

on gated recurrent unit neural networks
CHEN Qiaohong » DONG Wen, SUN Qi JIA Yubo

(School of Information Science and Technology » Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to improve the putting effect of online advertising, to improve the user experience

of advertising, and to increase the revenue of advertising, an advertisement click-through rate predicting

method based on the gated recurrent unit neural networks is proposed in this paper. This method combines

proper gate unit structure of gated recurrent unit network and time sequence characteristics of advertising

data, and utilizes time-based back propagation algorithm to train the network model. This paper proposes

step size improvement algorithm of gated recurrent unit neural networks so that the training time is less

and the model is more accurate. The experiment shows that compared with logistic regression, random

forest, naive bayes and recurrent neural network models, the method proposed in this paper has more

accurate advertisement click-through rate prediction and contributes to three-side game of advertisers,

media and target audience so as to achieve win-win.

Key words: online advertising; gated recurrent unit; click-through rate; time-based back propagation;

three-side game
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Algorithm for circle location based on edge detection and Hough transform
AN Peiyuan', ZHANG Hua'*
(1. Faculty of Mechanical Engineering &. Automation, Zhejiang Sci-Tech University, Hangzhou 310018, Chinas;
2. College of Energy Engineering, Zhejiang University, Hangzhou 310007, China)

Abstract: When machine vision system is used to locate the multiple circles with small diameter, there
are some problems such as too large calculation amount, low efficiency and too low detection accuracy. To
solve these problems, a circle location improvement method based on edge detection and Hough transform
is proposed in this paper. Firstly, to solve the shortcomings such as excessive image smoothing and weak
elimination of irrelevant defects by Canny algorithm during edge detection, the improved median filter is
used to replace Gauss filter, and the directions of 45 degree and 135 degree are added to calculate the
gradient amplitude. The threshold value is automatically selected through OTSU. The improved Canny
algorithm can effectively remove small defects and preserve hole edge completely. Secondly, based on edge
detection, the circle is located by Hough transform, and the edge pixels are sampled by 75%. At the same
time, the diameter range of the circle to be tested is restricted to reduce accumulation times. The
experimental results indicate that the detection accuracy could reach 0. 06 mm, which can meet the
requirements of industrial field detection.

Key words: machine vision; median filter; improved Canny algorithm; Hough transform
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$ FLORE 75 23 WA L B 1. 0 g B A B A,
A 7.0 mL PR B R L 5 R R R 7R I A0 A A
TR AL R T A7 B 1 it BB, 4 1 148 J 1 &0 SR T i Ui 7K
Wt 60 C T HRE 6 h, AKHL 3 K, B0 ML
BRI Z B L AR IS RO T
T 25 88 7K A5 B0 7K W, 56 R F A AL 1) 05 ok
HEATREH, 2 J5 PR O 28R 2 TR A IE T B X K 2
PEAT R, B JE W A B B (1) R TR 2 M IE T 1
JEAEBOR H S e T, ARAHERE LA T R LR
fig )22 2 By FIE T BEJ2 2 .
1.2.2 FIARZ W AR B

FREL 25. 0 g # B BHEERLE Sephadex LH-20 T4 43
K IR TR, (BB 30 min 41— Ukl
Vi i 78 43 3 B i 22 i S AR AR A £ 5 B B AT
o ZRIRK R 2~ 3 AR B A TR S, 1Bk
BT A 3 AN ) B 8] 14 PP 7K 8 V8 e R 1 R 3 /N
I LA 13 /s 1) 8 VR 0 4l A 42 5.0 mL U
JBRWE I HLAR Y 4 0 bR 5 . 7E 280 nm KT,
FHEE A0 03 0606 B2 3D 5 A~ 1204 b U T ) WO
L, AR D005 18 g A /NG 4 vl Ok IS0 YA ) TR O A L 4%
R 6 BE (B 5 /U g 5 i AR A k. AR h 4k 8
[] — > 0 /N A BE R B T I — A AL 5 g — A
AT T G E4F 10. 0 mL, 7 H — M H £
Py 8 i B A AT M B T 1 DL SR 15
1.2.3 FIARZ W B  00 e

a) Z M it i e

SR AR MR- 92 A 0 2 45 A 4o 1) 2 1 i, L
PR 7 WL SCHRL16 . K Zead B HR 4l b 5 19 e AR L B
TR Z W /R L BEJZ FIE T B2 A 38 4 Be 4l 4y

SE S 10, 0 mL, AR MR- 35 0 2 9% K 765 nm
T OD {8, HR 5 A AR- 53 75 0 A5 1) 22 19 A o il 401
B A E 2SR,

b) B B i 0

B B 0 R A SRR vk, BT ik
ULSCHRC17], ¥ 2 i SR L alifb 5 i MEAE £L 1A T 9214k
Z W TR TR JZFIIE T B 2 A (3 23 B2 43 o 25 5]
10. 0 mL.WZHL 1.0 mL. il A 2.0 mL ¥4 0. 1 mol/L
SUARESIER LM 3.0 mL ¥&EEH 1.0 mol/L A RS IR 4h
R BRI (Vg 2 V=3 2 28R FEMNZE 10,0 mL,
FEA) . 7E 420 nm AR OD {8, AR 5 25 R AR o ith 28
TEEE RS AL 53 1 B A
1.2.4 TR ZEy DPPH i I1C., {8 89 E

T JCHL ® (0. 4 mmol/L) i DPPH HI B % ¥ ,
SRIGTE 10. 0 mL B P ANA 0. 8 mL DPPH HI it
WA 2.4 mL 1 Z WS P E 2 RA S
CEAERE = L E = R AR 30 min, KR
517 nm T4 A, A HAKD7 6 W SC#k[ 18], K2
13 it ot B2 U KA A o BB A o R TR % B0k 4R
% A, {l. ¥ DPPH H B Wi e i B W, e
A 5 A AR R 7E R AR A IR IO AL A
DPPH H W BRR X iR AT .

X/%:A(J_(QI_AZ)
0

KA, K 0.8 ml DPPH HIEBERT 2. 4 mL Z& 18 /KIR G
W EIOEE ;A A 0.8 ml DPPH HUEEF 2. 4 ml. £
PR A FE S B GEE s A, A 0.8 mL AT 2.4 mlL £
My VR A i R RO

W MR FL I T SR O TR TR 2 MIE T BE 2+
1% 3 25 09 B — A 4 43 43 0 DU i R AN vk RE R R
(2.0~10. 0 mg), K& —145%H DPPH i
IC5o fH , I 223k SPSS B A 43 By Fr 15 8048 , 11 5 i #iE
W FLIE T AR TR B EFNE T RE )2 AR 4 0 2 W
) I1Cs 18,
1.2.5 TSk TEAC BH AT I E

TEAC $TEATE PESL 1 2 2% 2% CHk[19 ],
BARF N8 5.0 mL ) 7.0 mmol/L. ABTS(2,2-
62~ L (3- L IR I e k-6 R 4 £h) ) Al 88 pL
(%) 140. 0 mmol/L i i R #1 IR &) . 75 ke G 55 1F T 4%
HEFHEIBE KBS 30 °CTF#FES R, K
ABTS" "% Wi, Bkl 20. 0 mmol/L pH {H K 4.5
F1R T TR B0 28 o YA » 30 3 T R 6 2 R ABTS i
B AT B R B BIK A A WM B B AE 734 nm I
KB SEREAE 0. 70 0. 02 X A6 Bl B o0 1k,

X100,
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ABTS " TAEW . WCHUR: (a3 43 Be 413 30. 0 L Al
3.0 mLAY ABTS" © TAER ARG 10 s, 8 HAE 30 C
KV T B 6 min, LS IR 60 2% vh AR A X IEL 7
734 nm YA T I GO AR . SR )RR 5 i
5E Trolox AN [A] e BE N W O B2 A A8 £k 14 b o il £k .
B FLIRZ W O TR RNIE T B2 4 (6 5y B
3 HBA R AN R VR BE (5 DPPH . S5 56 Rk 3
JERRD , 76 & A 2 B Vi 3T 42 B8 1 3R O vk R AT 5
5, 15 30— A3 AN [F] 2 By i BE T 1 IO 1 L 2 161
T —AH 5y Z Wk FE-WOG AR HE T 26, il 4l TEAC
1 Trolox brifE M 3T 5845 249 — 4~ 41 43 1) TEAC
1H.
1.2.6 T2k FRAP B4 A AL PRy I &
Bk Ji/ BT AR RE 1 (FRAP ) #% IR &
FCmk[19]. B el 20. 0 mmol/L = & L&k
# .10. 0 mmol/L = M B 3 = & (TPTZ) #h 2 % W
F1 300.0 mmol/L pH {E N 3. 6 W ES R £ 2% Wik .
Wb 3R T A G = SR A R T N =i i e =
(TPTZD)ERRIEW A 2.5 mL 5 25. 0 mL BEFR L 52 b
WA ARG FHBOZIR AW 1. 8 mL, 7E 37 C
KIS T BN 180. 0 pl ZE4B K A1 60. 0 pL
FE 3 73 B4 O, 75 LR 30 min 5, LA 60. 0 pLL
6 FY B A S S BB L FE 593 nm 1Y I KR I H 28 A
WEAE . SR FH IR 0 J7 15 0 72 Trolox AN [R] Ve B R

2.0

[SF1 SF2  SF3  SF4 SF3
15
% IOk
B
O /\n 1 " 1 " 1 X 1 )
0 20 10 60 80
PG RN TR
() AR ORIE

W ' B A 728 Ak 1) s A ittt 4 4 BT T S AL T 1 4

FRH FRAP I BV A 5T Z B A & A 2 T
Trolox WM EE /R B, ¥ FHAKZ B LW L HE)E
FIVIE TP J2 4 € 3% 53 Be 41 4 0 88 1 01> A [m) 118 Ve
J& (5 DPPH SZ56 ¥k B 06 B AH ) L 7245 > 2 1 Wk
T EIR AT SR R B N AR 2
Ty 9 E S 4 W' 8 o 2 T A ST R — AN 21 O3 2 T R
5 I B =2 8] AR A o T 2K L AR A T 2 571 FRAP 3%
Trolox Fn#f M1 4115545 245 — A~ 41 70 1 FRAP fH.

2 HRSR

2.1 THAERZEH LM OTREMIET BRI R
S-S

JH 87 SR 5 JECAE (0015 20 5 1 7 ik, AN T EE BB Y
7K Y Ay 35 TS R 0 MERE FL TR T SR 2 By LR L TR
JERNE T B2 403 #EAT 73 7 MR e B AE 280 nm
WL EEAN [ BB 5 O AN TR 4 o3 Be 4Ly L B
7% LR LW = AE T B2 AL @35 2 i 1
P . MERRALE TR 20 O ClRIEFNIE T IR
MR Lt 2R R 3R A5 5 A T 2R CFR 2
Z Wy ME T B2JZ 22 By B9 AR PR AS (), o LAAE (8305 3 i
M2t 2 AR 1 78 O TR L g JZ 22 B AT (035 0 Be
JrHf SF3 A 8 fieim I WOG BE L 7R IE T B2 = 2
HE 15 53 Be2 43 vh SF1 A 4 e O BE

“YT YR SF2 §F5 SF4 $F3
4
1 X 1 X 1 " 1 " 1
20 40 60 &0 100
b AR e
(by 1K | BER

1 MR AL S A e 2 B A 3 R 2
TE : SF1~SF5 5 AL 38 73 25 10 45 — B4 T2 7%

2.2 TEARABUYIRE (% o BrdL oy 20 W A B O

SR FH A SRR I (i 0 S (9 7 0 A T) B 491 )
7K A0 P Pt g 8 790 o MR L TR T SR 22 B TR & T
JEMIET B J2 20 50 AT 0 8 AR U8 P B W AE 280 nm
T WOE AN [ o R 5 I A TR 4 o3 B oy
SEAT B B MR LI T 501K IR SR JE FNIE T B2 4E
@7 Bedl o3 1) 2 By R B B 25 B A0 8T 2 AIEL 3 BT

. HE 2 AT S, LR £ TR )2 43 B e B 9 4 4y
o SF3 #4319 £ Wy L 8 W i B B E T A A gy
33K H) 163, 71 mg Ml 65. 82 mg. Z Wy & 09
FIRAKR K A 163. 71 mg(SF3).136. 42 mg (SF1).
54.13 mg(SF5).43. 22 mg(SF2).21. 94 mg(SF4),
T B R 5 12 = BN 65. 82 mg(SF3).42. 16 mg
(SF2).30. 83 mg(SF1).20. 93 mg(SF4) .12. 39 mg
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(SF5) . M LI T 2K IR £ T 24 6831 43 Be
O3 25 W B o e AR B S BN — Bk,
AT RE S DA O B R 1) T 0 DR R B R /N R 22
B AR 2 045 22 W & B A 360, A0 25 fdi 45 3 1R
i G, RIS R SRR A 5 B oy i
(%) 22 1y 8 ) i AR S AR R B TR — Bk,
5 Kaewseejan 25 i fi 8 45 B AH— 24,

200 . T 8
Al
T 1 i
150 F 460
= e o
= ] £
IE 5 1
4p 100+ 75 140 &
) £
S0t ’ 'ﬂ 20

I15;1-'1 ISIZ I/;I-"j gt | Slw I
Bl 2 TS0k 2R 2R 2R Gl 4 B 4H 4 2 I 1 0 4

FEAE FL TR - S5 M IE T B 2 A (053 4 BE Uk I 4 4
43 B 22 B R TR A AN 3 TR L 45 SR R Z Y
TN T4.21~261. 06 mg, 1% 2 W & & & 1K 00 0T
A 261,06 mg(SF2),231. 38 mg(SF4),139. 64 mg
(SF5),103. 02 mg (SF3),74. 21 mg (SF1), H
SF2 1 SF4 33X W20 73 1) 22 1 % 02 L4 i Y
SF2(261. 06 mg) 2 W& & T SF4(231. 38 mg) , HE
AW S XA S A L 2 BR AR,
B TR AN A . B B DA YE L 34. 13
~85. 12 mg, HF R & & 0 = KT 4 85. 12 mg
(SF3).56. 33 mg(SF1).51. 63 mg(SF4) .48. 73 mg
(SF2).34.13 mg(SF5), S5Z MW &M, W 3
HORT DL 3 AN A4 B R R A R I
AR 22 T M. T L 22 B % £ R ) 55 kY v FR I
JPAL A R — . ERX A Y b,
b 2 Y i RS2 SF3L h Hh 82, 6 %65 1 i
/N JE SF2, 0 18.7% .,

300 - L oy 7%
Za L1 i
2ot | ~ 19 E
1 g =
40 o <
= - =
W 100 7 730
"7 sz osisosid s

3 FSEURIE T BRI (3 5 B 214 2 I 2R it
2.3 THARA AL TS 7 Be AL 5 B AAL TG
MR LB TR R G BRIZ MIE T B2 )2 4

Tk o3 BL AL 53 22 T (1 B S0 Ak 0 M 1 0 S 2 SR SR 1
R EERR LR R R 5% 4y BE 414y 1) DPPH
ICs fH A AR S = BT AR KA 17. 88 ng/mL(SF3) |
20.67 pg/mL (SF2),24. 72 pg/mL (SF1).26. 23
pg/mlL(SF4).33.91 pg/mL(SF5), DPPH 1 1C;,
/N R Ho Bk DPPH  fig )1 o , i A AL BE
R

XFF TEAC ¥, H 45 R R8s i TEAC {5 19 E
L BIEE e 22 By 1Y = A 24 T Trolox ¥ 5 B JBE /R
. TEAC ¥ 5E br b W 5 /Y 2 2 B B 5 X T
ABTS" " i BRAE 117 . TEAC AR, 4 £
AR 1.0 g Z RS BT EE MR Y T
Trolox 1B IR BB K, 44 1T 2 7R 1% 41 43 2 ) 1) B SR
PRiE PR . P 3R 1 AT AR AR L TSR LR LR
JEREAAE Sy BE AN 4> TEAC {8 K 2 /) 1 I
A 3. 32 mmol(SF3).2. 72 mmol(SF2).2. 25 mmol
(SF1).1. 96 mmol(SF4) 1. 86 mmol (SF5), LA | 4%
FEUR R FL TR T SR 2 R S TR J2 R i 2 B A 4
43 TEAC ILBTAALTE /9 K /NMF 5 DPPH Hit &
FRIE PR S5 A — 3. X F FRAP 3%, A5 5L 3RR i
FRAP {ERIE R, BV 5w 2 19 (19 & 5 A0 >S5 T Trolox ¥
JE A EE IR B, R4 FRAP fH KA %41 5 2 W 1)
B ALE MR | 32 1 BEMOB L Tk 2 2
Fifs J2HE (03 23 BE AN 43 19 FRAP k40 AR 16 1 19 K
JINI K YR H 3. 12 mmol (SF3) . 2. 36 mmol (SF2) .,
1. 89 mmol(SF1).1. 37 mmol (SF4).1. 16 mmol (SF5),
5 DPPH Ml TEAC 40 %0 Ak 1 4 19 I 58 4 — 3,
Wi W 3 = Fh T AE Ak TG T 0 A SRR R A — B0k
R LB SR OE T 2 R 035 Br 4L o 2 B i =
Tt ST T35 2 %) 000 5 5 SR A 52 B MR — B0k, Hop SF3
Aoy BA feom b A e i M, L DPPH IG;, {A . TEAC
{8 .FRAP ff 43 5 & 15. 00 pg/mL, 4. 33 mmol/g #l
3.36 mmol/g. HEHEFL A F SR IE T2 A 45
BLH A4 DPPH it 8 Ak 176 P 19 58 55 007 4
15.00 pg/mL (SF3).17. 30 pg/mL (SF1).20. 97
pg/mL(SF2).23. 59 pg/mL(SF4),27. 87 pg/mL
(SF5), MEMFLEA S5 R IE T )2 4 60 0% 43 B h A
M1 TEAC 251 FRAP ¥ 19 5t 48 AL 1% 7 55 55 I
J¥ 5 DPPH & —8 . X 5 2 O g2 AR . 5
LR GTRIZHL, TR IE T2 R T 5k 1)
UG T . O T R 2 A R S B S B A A T
PR 43 SF3 M H T £ B2 £ BR 2 HE 60 3% 43 BE 1) f i
PrAAAL T4 4 SFS B T B 5k 1 Bt B AL T 1
. TEAC {H#1 FRAP i 5 Du 55" 13 #1 ¥ £
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e =2 A MR P T SR 2 B i BT AL TS 603

()5 S AH BT DR AR TS M T . MEAE FL B TSk
Z W TR TR 2 MIE T B 2 0 fe s b A A0 G R 4l 4y
DPPH 1C;, fH 4510 17. 88 pg/mL Fl 15. 00 pg/mL,

PR T Kaewseejan S5 55 X 8 4 22 By 1) OF 5% 45
A AR FL IR T 52 R 2 B 2t AT o B el e BAr
AR5 Y PTG

1 FLUhSHBERESRASHNENLEGE

IR N E Y DPPH ICvs /(pg » mL ") TEAC/(mmol = g ') FRAP/(mmol « g )
SF1 24.7240.01¢# 2.2540.02¢ 1.89-0. 03¢
SF2 20.6740.01¢ 2.72+0.04¢ 2.3640.01"
LR TRZ SF3 17.88+0.01°¢ 3.32+0.01¢ 3.12+0.03¢
SF4 26.23+0.02" 1.96+0. 04¢ 1.3740.03"
SF5 33.9140. 04 1.86+0. 02" 1.16+0.02°
SF1 17.30£0. 22" 3. 7440. 32" 2.9540.05¢
SF2 20.97=+0. 33° 2.90=+0. 25 2.474+0.07"
ETEER SF3 15. 0040, 14° 4.332£0. 36 3.36+0. 15
SF4 23.5940. 46" 1.9640.17¢ 2.09+0. 04°
SF5 27.8740. 57 1.224-0.12° 1.7640.08¢

Ve KPR R B2 5 (p<0. 05).,
2.4 BUAALTEPE S R S 0 A S A A

DPPH.TEAC Fl FRAP = Fh i & AL % 1k 5 B
Tl 5 A OCPE A BT i 25 Rk 2 iR, 5 R R .
DPPH $T & Ak 1 T AH 5C M 5 B 3 1 19 A OC R ECH
0. 909, FRAP 7£ T & Ak 16 ME A AR S 1 R B0h 0. 957,
TEAC 5t 841G r9 R4k 0. 822, P It ¥ il J2&
PrAAIEMER S YT, R T b AR
E R SR HL - B R AR 1 EL A AR 1 S B T PR
#E—2 40 Hr & B DPPH, TEAC I FRAP =Fi %8 1k
TGPk 22 T A 8 R AR A B A eV, - (3 T 0. 873,
PR I o5 i 1 Ry — b B S0P 500 X6 Bt S8 Ak T i 2
WO E A,

*2 HEMEEMRELFENBEXES T

TFC  DPPH IGC;, TEAC FRAP

TEC 1 0.909™ 0.822™ 0.957™

DPPH IC;, — 1 0.873" 0.954™

TEAC - - 1 0.894™
FRAP - - - 1

7 DPPH ICso: DPPH" ¥ B& & #£; TEAC: Trolox equivalent
antioxidant capacity, ABTS" " #& [ 1% ; FRAP: Ferric ion reducing
antioxidant power, %k B T b JREETT .

35

HEAE FL TR T S A B A R 1 A T P L TE
X 6 A W T P A3 TR 22 AT A AR 5 A T AT
AR SR A BILIE 0 42 BORVRE: €2 3% 3 5 4l A 18 J7 ¥ %o
MR AL TSR 2 By BEAT T 9T, R EEB T .

) MEBSLH T LA Z B LR OBRJ=MIE T B
JERETE > Brdl o 82 SF3 R B 5 i 1Y BT AR
i M A IE TR E Y SE3 PTG R T
LR LPRIZ N SF3,

b) SR Z A 1% 43 Br 41 4 ) DPPH. TEAC
I FRAP = Fh bt S AL 16 PE7E 50 55 1 5 00— 8ok . M
Ktk R BRI F 0. 873,

o) IR i 5 P AT M A DG R R i
F 70,822, B AE T AR 2 W 14 B A AL TE 2 PO
HEAEH.

ARSI T BB Sephadex LH-20 Xf F 3£
& Z W W0 20 43 85 0 E— 20 M b S MERR L T 2 1
21 53 1) 5 0 BT A

5% 3Tk
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Antioxidant activity of polyphenol from natural

sclerotia of Inonotus obliquus
YAN Lanting ,» XU Xiangqun
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Sporocarp generates abundant bioactive polyphenols in the growing process of Inonotus
obliquus. In order to study the antioxidant activity of the polyphenols, organic solvent methanol was used
to extract polyphenols from sporocarp of Inonotus obliquus. The polyphenols were divided into ethyl
Meanwhile, Sephadex LH-20 column
chromatography was applied to separate the ethyl acetate layer and n-butyl alcohol layer of polyphenols to

acetate layer and n-butyl alcohol layer through extraction.

get components of different segments. The content of polyphenols and flavonoids as well as antioxidant
activity of each segment was determined. The results show that SF3 has the highest content of polyphenols
and flavonoids in the components of ethyl acetate layer segment. SF2 has the highest polyphenol content in
column chromatography segment components of n-butyl alcohol. SF3 has the highest content of
flavonoids. The SF3 both in ethyl acetate layer and n-butyl alcohol layer has the strongest antioxidant
activity. There is a strong positive correlation between flavonoid content and antioxidant activity. The
anti-oxidation activity of polyphenols from sporocarp of Inonotus obliquus can lay a foundation for
separation and identification of polyphenol components.

Key words: Inonotus obliquus; polyphenol; flavonoid; antioxidant activity
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MAAREERENGEFREAE pb3 EH
X 728 #1380 2R

MEF R, BER B 5, fLER", B

(TR IRF.,a 26HFZER b HAE5 SR F KR, M 310018)

=

SRR 2 - e i ) &R e A U 48 KBRS (GS NPs) , 9 AT BB P 69 R B pH 1A # 88 75 i *F GS NPs

W H e, B R BE B GS NPs 47 A /E, R AW .pHME 3.0 BRER A B E I RELH. P&
GS NPs 2 RANM KK . 5 B EIF . FHER A 250 nm A Lo HEF . A& Zeta WALk 38 mV, AFELMEA
H B AR TAT B R p53 B TR 69 Ikl ROR, R R B IR B vk F AR GS NPs #F pDNA 8 fi 8, & fo £
P CCK-8 A ml 3 a4l A e Ao 0 22 B B L5 am B A 4R B 2L A & MTT ik . Western blot 42 4% i 2t 45
pEGFP-C1-p53 sH AT tm e d 3R 2L B .4 R 27 .GS NPs TH & i # pDNA A ZE A &R FT 4 200 1. £ HE R
TARIE — R EEOE I GS NPs B A RIF 6 A WA A, T4 & pDNA k& 5 84k 69 54, 45 8 pEGFP-
C1-p53 J& *FIF i 2m B Hep-3b A I h £ F eg dp bl 2 R, 5F /% GFP-p53 k&R awhit, MMALEREANITH &
GS NPs TAEA — AP R B B4k, i 8K po3 ARSI E@BR AR — Wl 2R,

KB A AR TR p53 s AR A
hESES: Q279 XHktRER: A

0 51 &

J& & VE BF 98 ( Hepatocellular carcinoma, HCC)
P = B P S (R Ll o 55 TN R R R
S B R AE AL TR A R R
JerhE o, HCC KA A ik 80 0 I 18 5 M &k i
RS A BRI IR P2 O 2 AR T
ARYIER AT Jm 5 I ORI RS A (H K 22 18 5 R IR
CRJE A IR E & TR, HiX 285 ik A7 7 %
0 FE PR R A R KU, IR R 22 B R AT
ZHBMIRIT Ik, HCC WAL T- LT % T &0
R R I R — i B e e R TS fE ) AR
WD 5T R REE AT R AR E U .

B RNA TR Ry — BB X6 MR 7 T v S AR
b 140 3 2% A% R 10 B DNA L siRNA 1 miRNA %
HEA R AT S BRI BT e BTz A

YR B3 : 2018—04—28 9 2% R H 7. 2018—07—02
RETH . WLA B AR 4T H (LY18C100002)

NXERE: 1673-3851 (2018) 09-0605-08

KIRIRITVE PR A 807 e A s AL
PRI AR A R DL K £ SR
S T A RIL R e L 25 Rk,
T 2600 AN FE PIRYT I R0 E 28 58 O 78 L BR 3R AR
HEVED Y AR B A 4 T AR 2 R R R DA K
NEHE R TR0 58 B, AN ZEFEHE DNA P 24 27 (1)
TRATGE 38 28 52 R YT T BOR IR 0500 1 B i 200K
I, ok ok Ay N BT 4 32 AP 6 B — i AL &8 A I 3k
DR A4 FYR 7 BE RTS8 S i) L RA 7 1 B R BR AR

p53 & FIAE N Mg il 7 0] 2 5 2 F 40 i i
JO7 o 7 R T 40 A JE U BEL A L A B T . DNA B L A
mi AR RNA B3 A1 S5 ML ) 45 1 ke %
PEFY . p53 DA 58 A8 7 i 98 10 % A % ol
FHHEEAEM B 50 %0 B AE (AL HEF HCO) & H p53
SE g AR GRS e . R B A Ry B R AR R
FIAEF AT p53 R E 4k # I R K, ot f

FEF RS« FPRTF (1991 —) , Lo WL B NN B R 50 A, B A W R )5 T A AT 50

WAEVE# . M4ER], E-mail: chungxie@126. com
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FEXF HCC iR 7 - . PR B FIH B F R &
Pt i A 7 A A A ke B 2 B T po 3 BE A
L inyy HCC, 51 ANBFAERY p53 55 b 98 40 M ¢ A=
U T I A B R R RIR T B — o T B

A JRE R B e 2 K 9 (Gelatin siloxane nanoparticles,
GS NPs) HA K EE Ve AT B 1k R T 5 W 5
Wi DA K By o 53 5 UAF AR R AR S AR R E
ZH T HA TR BRI R R 25
AR . BT GS NPs R A 8 KR
AE HLAAT AR S — o A 0 i DY R B R A S H Y
FE PR HE A I 3k L A X F GS NPs i 8034 97 3
PRI 8 200 T P 80 R 0 B AT Gl . AR SR IR -
JREEAR FEAN R (4 pH B 3h 1R 15 005 299 oK W e Ak A e
) 5 4 52 Wi e AR Sy i PR AR £ 3 po 3 B TR X T
i 240 L ) 91 o] RO

1 #MRE5FE

1.1 MRS

a) MBF: pEGFP-C1-p53 (p53) T ki A S5 5
FIEARAE BT (100 g, 92 [ BBI 24 A . GPSM(3-4i 7K
ST = PN S = O 2 N o /TR R < 5|
ACROS ORGANICS A ®]) . APTMS ((3-Z N #£)
=PSB AE LT, 2r B 4l 36 B ACROS ORGANICS
25 FD S FITC e i R ¢ 06 R - 10 mg, 36 [E Sigma
AT L CCK-8 it & . MTT #3 oK . PTCHLL 75 BE) #5
K RIPA 2L . SDS-PAGE ¥ i Bt il i 77 & (1
W8 2 = KATE]D , LysoTracker Blue DND-22,
BCA X # & (£ E Thermo Fisher A #]), p53 Prif
(0.1 mL, % [E Novus A H]) ,B-actin Hi{K (0. 1 mL,
EE Affinity 2 7). Bl =90 ECL &5 & (bt M B
BHAEYHEARBRGARAFD .

b) X#% : 5 & B 434 B 8% (ZEISS-ULTRASS,
H 7% Hitachi 23 7)), s & GHUF AL (LB-550 V., % [
Malvern 23 &) » 500 ¥ 15 0% 1 3 HE: 28 (7TSHW-3, #t
AL R B HL A BR 2w, B I B AL (GGM/D2,
GeneGenius 23 A ), i Fr 4 (ELx 800, BioTek 24
)DL OB R A B s (LSM710 3-channel, 72 [H
Zeiss /N ] o
1.2 AR pH {40 F 90 K B 5 ik 8 B8 19 i 4 &

FAF

e 91 20,0 mL 9 pH {H 2. 0.3.0.4. 0 £
5.0 FhREW PN 0.15 g BB IE .40 CF A%
i BC SR S IR R 0. 75 % . - 18 BRIV R 43 )
BIA 0.20 ¢ GPSM (185 pL), F 60 “C,500 r/min

ARG R R B PR R B BEFE 30 min, SR JF 1A N A
ZHA 0.08 g APTMS(75 puLl), T 60 C F4k4t
fiHE 8~10 h, s ke, LL 14000 r/min, 20 C
B0 20 min, FRECE @ UTNE B S A BUK TR =R S,
PL10.0 mL 1 ddH, O 8 /5 i 587 A 0, Bl 15 31 24
4 mg/mL GS NPs &7 .

FH 3 2% 5t 14 B 485 (FE-SEM) X 5Kz 2 85 oE 17
WLEE , B OGBS (DLS) 43 B ok 42 f R TH Zeta
HLA .

1.3 KB Rk R e X po3 PR i 4 34k

VEI pH {H 3. 0 R BRI W A 5 g FE it o i i 1)
U GS NPs #1275 43 5, W 4 mg/mL, 43
W15 pEGFP-C1-p63 Lk 10 ¢ 1,30 ¢ 1,50 = 1,100 : 1,
150 ¢ 1 1 200 = 1 Ay it HL 23R A H ddH, O #b
FHARR W E 15 s, EREEF #E 60 min, B 15
GS-p53 KRG AW . R FBNE WE&E i F Tk 32 A6
GS-p53 EEWH B H pDNA % . PF M 48 K 5
KXt p53 WAL ERCE,

1.4 99KREEY GS p53 WK AR MK E Zeta HL AL
53 Hr

WUHT 6 ) % 10 GS-p53 Mk E AW B W, 1
ddH, O FEBEMA 1. 2 mL BH b, 5 T s
JCHORHX 0 R Zeta LA,

1.5 X po3 FEPH AR

Fie 1.3 Wl & 2 A R (BT el 200 ¢ D,
I3 83 Y B 043 B (14 000 r/min, 20 °C 420 min)
SRR R 1 B <Ol = i % N S IO
150 mmol/LF1 300 mmol/L ) NaCl & ¥ 7, 334
BT 200 r/min,37 CHFEIR T % 30,60 min Al
120 min J& , 5 4 WU 45 R AR 52 & W B0 WS 0
Oy AT EE R R VKA BB W P A p53 U
.

1.6 20K WY Ak S o 1 A 0 A 25 12

AR CCK-8 il & & I GS NPs XJ it 2
JOL R 75 M o N K ATURE 1) TG AT AL B - R 6 T 45 1 GS
NPs,14 000 r/min,20 “C, % 0> 20 min J5§ & L7,
75 VoA 7 R R AR W B L M FE 30 min J5 L B
L33 B (14 000 r/min, 20 °C, 20 min) , JHICH K K ik
SR A A EOR T B 3R L A3 8] 1 me/mL Y
6T VA o A8 P B R 4 ST 0 ok 3 SR A R

B 04 K 09 A IE # 4 i 1-02 DL A AL
100 pL, AHAfL2E B2 1 X107 4 /mL 4280 T 96 fLAR
RLIFIE T 37 CHI 5% CO, WA IR, 154
U B AR R R B O S A S TRl Mk R (0, 0. 1,
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0.2.0.4.,0.6,0.8.1.0 mg/mL)GS NPs f¥ Jt IfiL I 15
FREE R g MRE R 5 MR AL, AR IR 24,
48 WA 72 h J5  WEBR IH K5 3% W01 PBS ¥R, in
A 100 pL B RE 323 #BImA 10 pL CCK-8 %
WL ARSI 1~2 h )5 ARSI 5 9% K AE 450 nm
Ab 1 2 AL AR COD fED I A 4 =2 (1D 55 48 i 47
%,

0D, — 0D,
o — Y Ul
X/%=06D,~0D,

Ho . X A7 36 R s OD, NS 41 OD {8
OD, A X} B4 OD {H;0D, A Blank 41/ OD {H.
1.7 GS-p53 20 Py 45 B Bl

PEEHRIE 40 K TR (FITC-GS NPs) i il 4
HUHT i 1 #5 1) GS NPs ST pH fH 8. 0 MBS IR %%
P B 2 ~5 mg/mL B EE, LI GS NPs/
FITC [ E512h 300 = 1 fin A FITC % ¥ » % =l
PRI 1~2 h, 14,000 r/min,20 °‘C&.0> 20 min
J& 7 g, ddH, O M 75 P % = Ik, 13 8] FITC-GS
NPs, P¢6hRic By FITC-GS/p53-P1 4k B S WY
il & - Sk p53 H PLEEATARIC B BORL p53 5 PI LA
1:1 RS, ZERECHEE 20 min J5, A5 5
PI-p53 i ki, K54 FITC-GS NPs 5 PI-p53 i
Kide 1.3 MM MR AEEOR L RE R
200 : 1), 1155 FITC-GS/p53-PL Ak E AW .
Ak B AR A B 1. 0 mL REBCAE KA L5 X 10
A>/mL ) Hep-3b 4 il £ 5 T 35 mm J% K 5% 37 L
(R AR FIRE F7 WD oy, 735 20 B G B A4E K R A7 )5
PBS P& MR B 900 pL TGl DMEM K 33
I EESEIMA 100 pL BT 846 45 .2 mg/mL Y FITC-
GS/p53-PL YK E G W E W, 7 34155 6 h Al
24 h WG IHIEFRWE, PBS SRR . S 40k 1.0 mL 7
fif DMEM $% % 3, i A 50 pl. 1 pmol/L. LysoTracker
Blue(bric i BEMAO Yo (R AR LE R H 2 h, EBRIAE; 3%
F . PBS MRS =R BRRTEYE 3~5 min, A 1.0 mL
4% Z BB E R E 15 min, 255 E WL PBS
VR =K. T BRI I — T OOt K H R
4 °CFRWE PR B R LI ] PR A7 . AT 484 24 55 kO
WOLIL R AR W T WS R GS NPs, 204
R p53 JRL, W (AR 2 75 il 1A 40 4%
1.8 GS-p53 X -4 4H e e 410 il 28 2

AR MTT A GS-p53 Ab B 5, 19 40
JH BTG RAB O . B ROIRAS B4 0 I 4 Hep-
3b IHATTH UG R A ML %5 B 1 X107 A/ mL, DL &
fL 100 pL R T 96 FLAL, 555 24 h J5, P IH K

X100 @)

S IR [R] Ak B84 04 6 I B 3R B p53 LGS
NPs.GS-p53 CRRFL AN K FIURL 1) 249 & )y 600 pg/mlL,
P53 WIE 3 pg/mL), 4k L H5 5% 24 (48 h J5,PBS
T VR P UC, B 4 T 6 B 3R U AL 20 L VR EE
5 mg/mL MTT W, A NAEH 4 h J5, /)
DB E LN B FR 5L A 150 pLL DMSO, 8 ik
¥% 10 min, BEFR (LI E 490 nm Ab R OG(E, iT&
20 A0 R
1.9 Western blot ¥l p53 # H F ik K

GFP-p53 fill A 8 110 W4 . BOxF 204k K
Hep-3b 4 LAGEFL 2. 0 mL J5 35 A1 2 X 10° 440
Ji 422 b T N AL RS 35 A 15 40 A 0 BE R 4F R L R ok G
% DMEM ¥ 3% 5, 73 in A S5 5 1 p53 Ml GS-
P53 (AR TR AW E R 1 mg/mL), T 37 C,5%
CO, B g P 1535 48 h J5, 7 R I 85 35 W T
PBS i ¥Em . & LA 100 pL RIPA 2L . vk
b7 2% 30 min J5UREEFFINA 6 X loading buffer
F 100 ‘C 4 )&% 10 min, | T SDS-PAGE H ¥k 1§
—20 CHEMMRA.

SDS-PAGE Hi ¥k : A< 3C2R 1226 19 43 85 e AN
5 Y6 MRV 4 I8¢, #e i 5R) E BRAE U W E il SDS-PAGE,
BALANA 50 pg & HEEA  Maker 5 pL, T 80 V i
JE R HL UK 2V A0 B 3 B RS 4 SR AL B i K HL &
120 VL HLIKZy 1.5 h, FEJE . MUk 45 5 DL AU IE
FRE B A -V - D 4K - R S -PVDF B8 CH B AL 20 s,
TE TET R ) - 98 ARV - 1 AR B8 O 4 2% 4 0 A
RS M 4 °C Y I R SE v T UK R
HL 100 VL BF[E] 90 min, &M 551845 R 5 . TBST
THVE =KL ER 5 min. BT 5 %0 BUIE W5k £ A1
119 r/min EIREH 2 h, PUAREE I B3 . FHE A
WA 10,0 mL —HU¥ I (p53 HLiRLL 1 2 1000 L 44
Wi B, N 2 Bactin BA 1+ 3000 L6 %5 B) . 119 r/min
4 CHEHE LK. TBST WPEMNIK , &K 15 min, A
P (LA 1 = 5000 LRGBS . 119 r/min % i
F 2 h, TBST &% WK 5 & T8 R k% &kt
BAGA P B A

2 XBWEREHHN

2.1 AR pH {E %M N GS NPs il &

R T ARG - I 1k il £ GS NPs i 7 b dh
BRI W pH A (19 52 ), A< 5250 LA [A] pH A £6 7R %
W 0 LA 43 WF5E pH {E 2.0.3. 0,4, 0 F1 5.0
ERPRVE WA AT GS NPs Hife R Zeta L FJE
PRI L L5 RS 1 R 1 R, R 1R ER.
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pH fH 2. 0 $h R % W i, B X DL JE B FL 1 08 ok
W H) GS NPs; 478 pH ik 3. 0.4. 0 F1 5. 0 £h iR A
W R 8~10 h By Al A5 30 2L 1 o Bk A U R
FH S e -BE S A i GS NPs o # v, 6 i 78 pH ff
KT 2.0 59 BR 358 b #E 4T . GPSM. iy 3R AU R A A
A AN I e Y 4 3 I B DA B B W iE-GPSML L & 9.
BEE pH (A R3S K 9K BURL I ¥ Ri 42 B 255 nm
K 316 nm, 43 HPE R A 0. 21 ¥ KB 0. 31, K0
B IE 1 s pH (BN R AR A i ),
pH{H 3.0 F1 4. 0 #h R 4 1~ 3 % 4> fii 4 200 ~
400 nm,pH {H 5. 0 B} 73 70 32 58 s Zeta HL I A PR Rr
oA KRR, B E 37~40 mV (& 1),
DL S5 5 B, XY At 2 1 5% A AR AR I L R R VS I
TR PERRSS , ) 45 1 GS NPs - ¥ k7 £2 8 K, 43 7 i
B o 100 % 3 T 2L i TG A8 RS i) AT I HL A
x1 AEpHEMEERERT GS NPs AL {E.
Zeta B804 B &

pHE  RAEK/N/nm  Zeta AL/ mV  SrHMERE
2.0 — — —
3.0 255.4£4.7 39.6£0. 9 0.21
4.0 269.143.4 38.94+0.3 0.25
5.0 316.5+2.4 37.6+0.7 0.31

HpH H 2.0 3hRIF T . AR EFL A A2 M B GS NPs,

2018 4 %5 39 &
12r —=— pHIE3.0
—a— pLIfA4.0

10r —h— PLAS.O
s 0
B
m ol

EQS

2 -

0 .

10 100 1000 10000

Fritmm

Bl 1 AR pH EEFE R T GS NPs {845 i

Kl 2 RANTE pH HFRBR W T GS NPs 3 &
SRR, F 20— (o) BaR,pHEKTF 2.0
MR EREE T 45 10 GS NPs 52 8 #1001 Bk IE K 351
Oy HUCME B A — FlORL A2 24— 29 50~100 nm Y
ANIORL . pH BB 0 K JURL AR A2 88 A, 6 1R T W
pH {H 5. 0 BfE LAY RLA2 2 300 nm DL B & e pH
{8 3.0 Bf K,pH {H 3. 0 Ml pH {H 4. 0 BHE MK GS
NPs i 8 ¥ —, %) 250~300 nm [8], H pH {H 3.0
TR B NBORL A XS T pH (B 4. 0 B 2, AT RE T
#H pH A 3. 0 F¥PR AR M X /N, 5kt DLS 45
RLEAHT.pH fH 3. 0 SR ERVA T #4519 GS NPs
GRS PR RLAR /IS R AR 43 AR B D, R
A —E M IE R,

2 AN pH EHERM B W T GS NPs ) FE-SEM

2.2 YK RESEBERT p53 I R A B

FT M GS NPs X} pEGFP-C1-p53 HIf
FERE T X GR K S 5 R AT R I PR VRS L 85 SR ]
3 i, B TR L R % T 3G K, AT S B % T U
55, mFE ALY 5 B B 4 O, R TR B Y po3 B U
WD T AE SRR AL R R Y p53 B £, i B N
KGR 1Y) £ 2 B8 ) B L BRI i g g, o
GS NPs 7E i [0 30 ¢+ 1 B, A B i 45, 2
Bl GS NPs DL 30 = 1 A9 5T & L fig 1R 47 Hb 0 28
P53,

[ 3 GS NPs X%t pEGFP-C1-p53 44, £ 4 46 I
T VKIE ND AR p53 3 UkiE 1~6 435 GS NPs/p53 it it
A 10+ 1,30 1,501,100 : 1,150 : 1,200+ 1,
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2.3 GS-p53 MRLAR IR Zeta HLA

XoF R 9 B A R 28 A ok b, JHORE A% RT3 T HL A
s A KN RS R e & Bl N ) e R S - A T
2, Gl GS-p53 kR AW Rk AR R T
PEAr T S 3 B Hedi 3l T A A o e A A A R
B4 frn, B4 E£H.GSNPs 5 p53 BH 5, #M
HL A7 S T 0 A T B DAL 0 oK R £ 3 53
JRL R 38 Bk F B A A U B AR S pDNA 45 G
) G K URE 3R 18T, 57 W 499 DK UKL 3% 18T 114 1F FL A7, 32 3
THFRERAA TR, GS NPs ke U] G5 5o
JEREm s MG S RE AR 0 247, RiARIAH]
TR DA E L B A W S B W S A AT SR B 4 L B e
W30 ¢ 1,454 3 Hk GS NPs 96 B, 3k i H:
JEU R AT RS Y B o 30+ 1 B, GS NPs Wil i fig &
R RL 53, N R E AW St &
G WA B T A e g HE R 085, T At BT A AT R
FH L A SR AT, BE B A0 K OR3-S
FT LA KA B B e B R TR E X
FWIBEE 9K KL (3 2, L0 BT B ) Ao, 24 38 5
—EALZE L JE  pDNA 3 AN 23 1 35 5% i HL 3R 1T
fi, WYEGYFREBAFRE T 30 mV A48, H
KRN AT — € R IR (H SR /N T 400 nm, £ W]
FLAZ R R 2 J2 th T pDNA 454 3 44 K Jikr 3=
T 51 R A . 9K B0 E A 40 3 B T 3R A E
o 5 24 A P 3R 1A Al B0 P AT 43 1) R R B AR P G e
FL5 REZE G o T I T 40 oK JOR: &2 6 W R i, 45—
FE Y IE B 2 AR A A B, HAEAOKR UKL S p53 it
N 200+ 1 EMET GS-po3 BA 5 /NH R
Hl— 8 1Y IE B A, PR 7R 5 2255 T, GS NPs #% Uit
JH L AR AL p53 TR AE AR E G W)

Bl 4 LUIRRE G R A1 GS-p53 H1K
5 £ WPRL A% 2% 1T FL 0L 43 T
2.4 GS-p53 WRHMXT p53 HeH B Bk P
K5 R GS-p53 K E WA 50,150 mmol/L
F1 300 mmol/L NaCl % # H RSN XT p53 3 A 1 B

WPk, B 5 WK 120 min B, BEE NaCl ¥ JF 1) 1
TS p53 FLKAT 1) 52 B T T B N, W p53 BRI
Wi, @KE A YAE 300 mmol/L 8 NaCl ¥
AW po3 WK AT . H FE 4R % B ) A ZE K, S
W SE EERG TN SRWIXE po3 M BE AR FH 3 5 . L A
Al B FR VS W IR D, 9K ORI p53 1) i FL AR
BEER B TS P B IR , DN I Bl o R Vi B %) 184 in R st
V] 79 A2 K, B8 F 5 4 500 1 A, AT B p53 B
HKR,

K5 GS-ps3 X p53 IR IE

L UGE ND HHE p53 kil 1—9 4 BIMC 3 GS-p53 9K 2 591
50 mmol/L NaCl % 37 “CE RS 30,60 min Al 120 min(Jki&
1.2.3),150 mmol/L NaCl ##& 37 ‘CH#& ¥ 30,60 min F1 120 min
(VKif 4.5.6),300 mmol/L NaCl # ¥+ 37 ‘CHk ¥ 30.60 min F
120 min(Jkif 7.8.9),
2.5 YK Rk AUBE A AR P AE 2

R T — AR5 G K B ke AR e A A S R AR AR
B AT AT M X A W A S R AT R, & 6 SR GS
NPs 7E 0. 1~1. 0 mg/mL 3t [l N , A [a] b B iF [i] X
JFIEH 4 L-02 A st g 1. B 6 8. GS
NPs X410 M 9 75 P BE v B A 38 i i b 25 6 1] A
FEA A A K A&z 3] LA BE A L 2 30 HE R Y A i
BEPE S CHWREE/NT 0.6 mg/mLL I, 40 A7 15 4 A4)
IRE] 80 % LA by BRI F L BTl 45 1) GS NPs H A
R0 AR A 1 B — A~ 55 R 384 T b A 1 A=
Wy A ol LS S I R AR B 5 B A

B 6 GS NPs 450
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2.6 GS-p53 40 P 45 BB 5T

AR T AN OK WY ik AR e 1R S R DA A8 1A 4 4
pDNA #F A 40 Ml J5 75 M P9 09 4 B 30 . A% Sl i
FITC #5ic GS NPs, P1 #Ric p53 ., 35535 6 h Fl 24 h
S o8 VS A T AT O £, 0O 2R R AR W A, 4R
K7 s, BB 7 Al g, 3L 5558 6 h i, GS-p53
PG A U IR P N H S R W] GS NPs #

op53 BEAN MM JS e B AR T . 24 h
Jo A DSOS (UL 7 i Merge B 500 £F
15, R WIHE & 36 55 37 I (8] (9 3 <, 20 37> GS NPs
3 po3 JT U 1k 3% I Tl 1A ) A Ik 2 A 400 D It %
AR LI R RY] GS NPs /F 3k [ 34k
HE 20 ML X8 3 Tl AR 1) 38 %R 1 D0 A AE — 72 B I 1]
A

7 WO R BABIMEE GS-p53 A Hep-3b 40 il 5 21 L P 488 HUI

2.7  GS-p53 XF I35 40 L B4 00 ) R SR

8 R A R 2V FBE R 600 png/mIL(p53 %
WeHE R 3 pg/mL) B AST] Ab BEAH X JFF 9 4 i Hep-3b
oMb 24 h A48 h AN EHIALR . B 8 Al L
F il GS NPs % 98 240 i 2 AT 84 i 25 W) Al 2 vk
HAMMAFTE RIAE 80% L . GS NPs ##k p53 J5
XiF IFJiE 4 ML Hep-3b AT %58 5 35 119 400 ) 25 28 5 46 X
R p53 TR, GS-p53 FP AR L 2 (A d/E L B
GiiteEam X, FERGSE 24 h #1148 h A GS-p53 44
KA YA A A5 3R 50 0k 69. 726 R 63. 3%, Ui
A I o Ak 3 s T ) A0E K JH 98 40 R 1Y) A7 6 SR AT BT
IC.7E 48 h I FE B BB A PO AR . HE DN T B
B 2 IR B ZE K, B £ GS NPs #3% po3 ik i
O WA 1 A, AT HEAT R — A e i SR

B8 GS-po3 XFIFHE AL Hep-3b (¥4 il
W FIR p<<0. 01, 4 GS M GS-p53 4H #1748 i1 2 o
s R p<<0.001, % pEGFP-C1-p53 4 fl GS-p53 #H i#
NI

2.8 Western blot /il p53 & H W) 2 ik K

ARICPL Bractin EH N ZEH, | Western
blot £zl GFP-p53 Fili 5 8 1 B9 2 3519 B0 , 25 24 4 &
9 7~ . IR 9 A, NS B-actin 85 FH R iA K FFEA
—H(, 1M GFP-p53 £ B [\ 1Y 3k, Ui W 7 b A i
AR TR G B R S X T 4 M Hep-3b, 8 p53 WA
Al HE 1R IK, MAAEA ZAK GS NPs 94 3 T,
Hep-3b 4l il N RE )& D R ik fl & H . Btk GS
NPs A Sy — P e R 200k n] s D4 48 po3 ik A i
A Hep-3b YL JF il GFP-p53 fill & & &k,
T AR 4 JH 98 240 B R T, 38 31— 2 il 350)

Bl 9 Hep-3b 4l p53 & H KB K
3 & i

AR SR s -5 e 2 i 8 400 oK P e ik 4R e IR
W H A TR] pH B R R ¥ WA 52 R O X HE kAT
FAE 53 5 30 32 B J HR Uk ST 8 4G X pDNA (9 171
R SR s CCK-8 ¥ A6 TN JH: A= 4 AH 25 1 5 B0
R AL AN A e A AL 7 R PN ) 8 BT
M s MTT 3% Fll Western blot 3256 28 & PF i H 11 2%
P53 FEPUG i 4 AR A I 8O . RS .
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a) KUV IE-BENL 124 % GS NPs i B2 , 020
JEfE pHERT 2.0 MR IFEE T . L B A REHEAT
T A R GS NPs; BEE pH (B 19 35 K, 49 K Ok 1)
P AR 255 nm R H] 316 nm, KiAR A AL T
B AL S 2277 A 3R i AT 52 T R 0 3sofR K
OYWPERCEF, R WA — € B IER T, GS NPs
s LA pH A 3. 0 4 £k BRI W S B A il 2% 1 °F 3Kk
15 A2 2 250 nm A2 47 (R0 Zeta HLAL 38 mV,

b) GS NPs f£ 30 = 1 Bt Al A7 L 6 8% p53 . fELAE
N HE AR IEAE 200 = 1 1 & LG B A B 4Ok B
G GS-ps3 RLARE/N R AT — & M IE i AL, i
AR R A M AR . B Ah . GS NPs £ 38 3
ZAE T AT SEINT p53 B REAK .

©) GS NPs X NIE# AT 40 L-02 /93 P8R
BRI AWM ETE. B8 po3 HEAMEE D
T2 N K S5 T 0k 3R A A O A I DA AT
¥ Yeffi GFP-p53 Ril& 8 U 7E T8 4i M Hep-3b K
I FRIK A2 E 98 240 L 0% 0 T %o R 40 P LA )
PR 41 i 25 R
S 2K
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Preparation of nano-gelatin siloxane and inhibition effect of its

loaded p53 gene on the hepatocellular carcinoma
ZHENG Weishi*» SUN Yigin® » ZHAO Xuegin®» CHEN Cen*» KONG Xiangdong" + XIE Chungang®
(a. College of Life Science; b. College of Materials and Textiles,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Gelatin siloxane nanoparticles (GS NPs) were prepared with sol-gel method, and the effect
of hydrochloric acid solution with different pH on GS NPs was discussed. GS NPs were characterized
through particle size, potential and morphology. The results showed that, hydrochloric acid solution with
the pH value of 3. 0 was the optimal condition to prepare GS NPs. The GS NPs with good dispersion
presented irregular spherical. The average particle size was about 250 nm with concentrated distribution
and the surface Zeta potential was 38 mV. To evaluate its feasibility as a gene carrier and the inhibition
effect of loaded p53 gene to liver cancer, gel electrophoresis was used to test the load rate and release of GS
NPs on pDNA. CCK-8 method was applied to detect the biocompatibility and laser scanning confocal
microscopy (LSCM) to observe intracellular uptake. The inhibition effect of GS NPs loaded with pEGFP-
C1-p53 on hepatocellular carcinoma cells was evaluated by using MTT and Western blot. The results
showed that GS NPs could effectively load pDNA with the optimal load ratio of 200 : 1 and showed certain
release in the salt solution. In addition, GS NPs had good biocompatibility and could carry pDNA to escape
from the phagocytosis of lysosomes. After carrying pEGFP-C1-p53 , it showed significant inhibition effect
on hepatoma cells Hep-3b and mediated expression of GFP-p53 fusion protein. The results of this study
indicated that GS NPs could be used as a gene carrier and the loaded p53 gene had certain inhibition effect
on liver cancer cells.

Key words: gelatin siloxane; hepatocellular carcinoma; p53; inhibition effect
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XTHRE-=ZRAREELHIFE
BN EHRERZNVTH R

BN E,HEHE
(BRI RPAEHZRE, AN 310018)

W E. wINIE R E (Cucumber mosaic virus \CMV) 89 £ 413 Fifx TR g 22 2 583 CMV A48 F £
FORTAHE TR, M K BKR-=% % % H K%K 9 (Dicarboxylate-tricarboxylate carrier, DTC) 4 & % 4k fi2
ok A RAL G R RG AL AR SRR OB EHIE, H TR E DITC A CMV L5 FeyiRdzfEm, @il
AT mE M 9% E& (Tobacco rattle virus» TRV) #9 & B H# AR T HEAKIEKR A DTC2(NHDTC2) ¥ mRNA K F, &
it GFP % st 4= Western blot 447 DTC2 F i & ik j& 3 CMVA2b-eGFP R R % 69 % v , £ L NbDTC2 4 F 48 & 8 3
Jm CMV #8R R KT Bl iF o A7 A K98 DTC2 # 8% it it & 34 57 CMVACP-eGFP A8 & 65 % vf , i@ i3 IL &K eGFP % kAo

Western blot #& M , £ 3 NoDTC2 ¢yt R A E— A2 LRl mENRE,

R TR A 55 AL xT o5 A 09 Br

A LEZR AR .DTC2 fi A4 CMV 45 4

KER: HNETRE LA AR ZARERAES

FESES: QI33 XEKFRERD: A

0 3l &

A% B (Cucumber mosaic virus s CMV)
R T 9 NAE 9% # R (Cucumovirus) H) H 7Y gAY,
GO AR R R TR BOR R RS A
A 1 UE AR 45 7 1l B AR 9E T . CMV J&— R & 3
T L A Y B BB AR L OE 1000 F R 0
CMV —FIE X gk RNA JFHE, HRIEKE AR H =
ZRIE SCHOBE RNA 4L AL 5 IR /MR K 44 o8
RNA1.RNA2 il RNA3., CMV 3 K 41 5 % RNA
BEWY 5w X B T A, B O3 7-um B A L
tRNA B 45 ¥ (tRNA-like structure, TLS)M,
RNAT 250, g o B A H B 5% 78 il 45 4 3ol AN
fBEEZE M IR A 1a . RNA2 4 5% RNA R
ARTEPEN 2a B JFE o OS24 RNA4A G
i 5L GO 2b BT, CMV 1a Al 2a
EHEMT CMV A, AR B CMV

Yok BT 2018—05—11 19 2% R H 1. 2018 —05—30
HEWH. BEARFBFIELSTH (31470007

NXERES: 1673-3851 (2018) 09-0613-06

la I 2a £ F1 & A0 T ) 00 W AR, bl I 4 BT CMV
(4 52 1l 37 e SR RS . RINA3 G B 9 A il 1) 135
HE (Open reading frame, ORF) , H: 573 ORF 2R i5# 5
7 1 (Movement protein, MP) , 71 3¢ J/% 25 ) i [7] 72 3
RGBS B 30 . 45 A ORF W g 2L 97 3% (X 41
RNA4 % fi% 41 5¢ 5 1 (Coat protein, CP) , 11 57 5§ 7 J&
R AL R 2 SR dE KR B A 3

MY AHNBEN —RR-RREBAEKEA
(Dicarboxylate-tricarboxylate carrier, DTC) & i F
LR BRI L 7 57 TR R A =R R AR A B
L2 S 5 R W) A0 & N8 R 1) A A
I A AR A AR R AR SR T Y
Zifith 1A~ DTC SN Il 055 0 25 % 4 4~ DTC 2
5332 NeDTC1,NeDTC2,NtDTC3 Ft NeDTCAM™
HAERT DTC & H DI RERE ST 8, 1 AR WL AT K
ZEAZSEY B AHGE, N TR DTC HH
TEIR T R YL T I B 2 5 FoA — @M, 7 S i 4

FEH RIS BE (1993 — ), Lo BRI W DR 58 A, B AR 15 T B T 50

WAEVEE . #EIE . E-mail: duzy@zstu. edu. cn
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G295 5 (Tobacco rattle virus, TRV) 55 &L
PRLT 3R AR ) o W I o 2% 5K O vk L 3 B AR TR R
N:DTC2 FiRZRE S REX CMV 4 fih 8 1 19 B
R m. ML E NetDTC2 78 CMV R Y% £
MIAE .

1 #MREFE

L1 3K

Q5 # & H DNA & 4 B4 T New England
BioLabs 23w | FR #1141 U] g 1 T Thermo Fisher
Scientific 2% A B M RIS 5 & K ks /N 4 34 7] &
T Axygen 23 7). RT-PCR i # & W4 T K H 4E ¥ )
AR ) eGFP Hi &Ik F Santa Cruz biotechnology
O A AR W T R T AR BRA
A Al Sigma 2 5 A FRAH
1.2 F

A Ml ( Nicotiana benthamiana ) 48 THE Y A K
P EIR S IR IR N 25 C LB 16 h/8 hOk
HE /BRI L RF A T R IR E WA DL B T AAT IR

CMV ZE[H 20 RNAT,RNA2,RNA3 1= 4 7k 78
B pCB301-R1,pCB301-R2 Ml pCB301-R3 A 52 46 % fif
A AR AT M S SCER17], iR Ak
263 I (Enhanced green {luorescent protein, eGFP)
ik 2b ORF M 17 44 1 3¢ & pCB301-R2-eGFP #il
eGFP %t CP ORF 912 Y414 5 b pCB301-R3-eGFP,
FH 7S S 06 S A R RO AF . 8 B 5 0 DR DT R 4 1A
pTRV-RNA1(TRV1),pTRV-RNA2(TRV2) {1 i
HE R 25X AR B4 S I = AR AL
1.3 fHYE RNA #H

PR ARG 0.1 g F 4 SURIF B8y o L SR I i A
1.0 mL RNA # B ) (50 mmol/L pH {H 5. 2
NaAC,10 mmol/L pH {H 8. 0 EDTA #1 1%SDS) , 4k
CEMFBE A3, WL A) 3% & RNase-free fY 1.5 mL &
O A A A K LR L R IE VR 205 E 4 °C,
12000 r/min &M FE L 6 min, ZJE W FE, #%
M3 2 L BIIMA RS /ARG s LIRE) .
PABETR 2 s 7E 4 °C, 12000 r/min 254 T &0 6 min
J5 W RIS SRR 3 AR TE K 2 BT 1/10
ALY 3 mol/L NaAC (pH {H 5. 2)ULHE RNA, %
J& . DEPC 7K % fi# RNA, F| FH Nanodrop il & it
P2 RNA [k BEFnali i,
L4 JoUR A A 2

L E R R T A DTC2 /9 VIGS LR
JERL, SEE TN A oligo(dT) o 1 g B e 5% 51
Yy, 5L A AR FOM B RNA B cDNA, 3 1 55 5

51 ¥ 4T PCR #7318, RT-PCR H A& BAR G K
AR A BR A H RT-PCR iR 7] & $2 4t A5 1
PLG ) cDNA FE 8 84k, #l F VIGS 5] ¥ X
VIGS Nb-Dtc2 F/VIGS Nb-Dtc2 R(F D ¥ 14 H Bt
DTC2 VIGS, %3t BamH 1H Sma 1 1H1L)G FE /2
U5t A ] B o 1 P D) il Ak B A 34 p TRV 2, 224k
B BE % F J5 $E BB R pTRV2-DTC2., #4 & 5 B
I RIKA G DTC2 ) ik p35S-DTC2., HAKHY
AT LA M cDNA S84, #5149 xF
Dtc2-OE-F/Dtc2-OE-R(E D ¥ # DTC2 4 K %i %
3,4 EcoR 171 BamH 1 46 )5 7o 2 15 FH AR
[F] BIR 1 14 P D) il Ak P ) SRy p35S-Flag-HA 3G B
Y v kL p35S-DTC2, i i b 75 £ )7 41l
DALORAIE 7 91 i 6 Ve . BB 5% A AR AT 1, PR B SR
Ja MR T —80 °C,
x1 HERNNSIYFT

519 % %K BIWFHI(57—3")

VIGS Nb-Dte2 F - AAGGATCCTTATGTGGTCTTACTGCTGG
VIGS Nb-Dtc2 R AACCCGGGTACTACTGTAGCAGCCTCACCCAA
Dtc2-OE F AGAATTCGGCTGCTGAAGTAGAATAC
Dtc2-OE R AAGGATCCTCCCTCACGACGTCCA

L5 RAEEEER

B 50 pl AR-AFTF —80 “C AYARFT T G5 AH I (1) JFURL)
FEAEPUEZFE T (30 mg/L) K KE K (50 mg/L)
FRARE % (50 mg/L) A 5 mL ) LB Wik R; 25,
T 28 CHEIR 220 r/min B 50 N 15 F% 16 h X & F ik
A7 DRRI IS A R R 85 7% L 8 0 MR 45 S AT TR I TR
M, B 5 R P URCE TR TR T 28 b (10 mmol/L
MgCl, .10 mmol/L MES #1 200 mmol/L Z Bt T &
i) w43 % % BE T F I 8 B AR 600 nm R Y
OD f,#8% TRV1,TRV2-DTC2, TRV2 K #% OD
ik 0.2, 4% 35S-DTC2, 35S Flag-HA, pCB301-
R1.pCB301-R2, pCB301-R3, pCB301-R2-eGFP L
J pCB301-R3-eGFP M ¥ OD f & 0. 5. #% [
TRV1 5 TRV2-DTC2,TRV1 5 TRV2 B4 &%
RS ARBUR G . IRE 5 R T RS 2~3 h,
WG A AT A~5 AR, CMV 5
Ja 5 d. FEERAMT TS GFP 95k, 4 IR AR AE .
1.6 AR EE A$EE L Western blot ¥

0.2 g 2 21 4R IBORL ) L B 1, B R AR
JEZ % CERL18 ], & R T S AR AUE B
T ok R TN O T e 5 5 v UK 3 S . R R AL AE
JE 100 V & F PR 1 ho B 48 1 56 7% = R
FUHEEB., N T 0 CMV 451 eGFP 1 &
i, I eGFP 2 5 BEHU AR #EAT B T 2 sc /il . &5
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AP BUE . 2 B AE TBST b Pk B = WK, & K
10 min, Z J57E TBS ¥ 10 min., #|H] ECL &
TR F3m o XS 2R e B B B A R ok W B AR
) R S PR 27

2 HRG5HMH

2.1 pTRV2-DTC2 4 7 ke 1) ¥
AR FC A H 45 BORE  38 RNA, 38 oo 2 5 545 3]
AP cDNAL L cDNA R EH, # H VIGS Nb-

Dtc2 F/VIGS Nb-Dtc2 R 51 ¥ %f ¥ 3 DTC2 VIGS
) DNA F B, i B Bl K /N2y 300 bp, PCR =%
A HL YK 45 RN 1 () fi s, PCR P2 W99 34/ BL
TW = T 250 bp 7 W07 B AL H R/ S U A B
K/ . ¥ PCR ¥ 34 3815 79 H 19 DNA R B &
BamH 1M Sma 1 Y], FafEZE pTRV2 34k, $#:15
pTRV2-DTC2 21 i Ar , H e vk 25 R an & 1 (b) Jir
o BRI Z PCR %@ FIN T , o 35 20 ok %
A H R BB A HLF A WAT A () 5825

K1 pTRV2-DTC2 ik kg 2

2.2 pDTC2-OF J ki1 44 2

DIAS [C AR 9 cDNA A B4R, F I Dte2-OE-F/
Dtc2-OE-R 5| ¥ %} §"# DTC2 #) 4 K cDNA, i B
KN 800 bp, PCR 7= ¥ iy HL Yk 45 % 4n 1l 2 Ca) Jir
7K. PCR P #7257 F 750~1000 bp &4y = ], 5
B0 R BER/MVE ST . #% PCR 973 3k 13 9 DTC2-

OE F Bt BR &l M VI B EcoR 1 A1 BamH 1§ 1k
J5 s SR B ERA p35S-Flag-HA, 315 35 25 1k 55 41 i ks
p35S-DTC2, H KA i p35S-DTC2 W&l 2(b) i
7 . B TK T S R JBUORE p35S-DTC2 Y K /s 5 il 4] A1
¥, FURLZ PCR KA P 3000 2, 80 &8 B 1
F B PHAE s R

&l 2 p35S-DTC2 5k 44 2
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2.3 TRV FA DTC2 mRNA Xf CMV 2 25201

R T VLB A KR N DTC2 mRNA, #
TRV1 #1 TRV2-DTC2 & & {95 A A [ ot B, 5
PUR-AES TRV F1 TRV2 75 R B vE XS BE . 13 5
512 doZE TSRy E IR B3R CMVA2b-eGEP,
PR 5 d U . AR R AMT T UL SR 5 A Ak B % 6
PG, AR NE 3 s, 5P R4 TRV2 4b 3
(9 FE R AR L, CMVA2b-eGFP 7E TRV2-DTC2 4k B £
2 2 b R TR A Sk (8 9O, TERERIR RIS S d.
SR O T 2 A L I CHE BV F1 5 DL Rubisco 2
BERR WA A A W RN Y NS A Tl &
F) E R, 8 3 Western blot # Ul 422 #h it h
eGFP M Bl B i, 45 R /R . eGFP B B B & 7
TRV2-DTC2 &b B 4 i 21 21 v He X B2 45 7 48 %6
(K O, Wl DTC2 B F H KL 2 CMV #7471
eGFP HEH IR R WL U] DTC2 X CMV {2444
[ EA R EH

3 EHMTTUEE DTC2 TG CMVA2b-eGFP
67 PR A 1 GFP %656

B 4 Western Z¢ 3840 DTC2 F 85
CMVA2b-eGFP J% 5 2 [ AL R 5

2.4 DTC2 Byt g FikX CMV R 152 m

KT HE— 0 DTC2 X CMV F1E [y £ i 45
YE R AR S8 3 A FF A 5 19 Bk B o 3R 58 7 s I
DTC2 Wik ik xt CMV B R K52 m), 78 [ — i
LA 3 ARIEBE, 458 Mock (H H2: #1222
W) . Vector(35S-Flag-HA) fil 35S-DTC2, 1iH 3 d
J& » 78 JR Ok B 32 1 BE Y AL & 3 Ff CMVACP-eGFP,
Mock 475 HEFMZIE 0Pl . B RN 3 d ) . 7
SRHMT I E SR 0 5 O B R B L A5 R AN 5 TR
TE Vector Fl 35S-DTC2 4b H ) X 3k 2 H3 B BH & Ay
GFP & (0,75 ), £ B CMVACP-eGFP #2 fil X 1, £

BRI A EIE, S5XIE Vector AHEL . i & &K
DTC2 & [ A 5T BE A 2% (6 5 SE AR X 855 . B 2
Fi 3 d & 4 B R BUREAS R S BE A oE B R L R
Western blot &l eGFP fUFR 2 &, Z R B x, K
O rp it 38 DTC2 A 5. CMV #47 [ eGFP
()RR 5 0 B4 M Bk 2D 24 %6 (L 6), 3X R B
DTC2 X} CMV #ffi 55 B A7 — 5 () 5% ) , i — 20 15 i1
DTC2 X CMV A — & i EEERH .

Bl 5 E5MT T UEE DTC2 i %A% CMVACP-eGFP
7= GFP 286 B 5 i

Bl 6 Western 2432 il DTC2 i %634 %F CMVACP-eGFP
PR GFP 7R A B R B i 5

3 3
B DTC MBI & . Bk TR %iE =R
fREh A = R LTI RE Z AN i R A H B T RE R
B . AR SCIE A FE KT ER Rt RIE A G DTC2,
W DTC2 i CMV R, &F EHF7
Ve PR I B AN R 1Y B AR A B O B RNA (%) 8 15
2 HIBCR L K AR B RNA PR N Fa e k. R
FFomAS Y RNA 254 H H APUMS i 454 CMV
RNA 1 3" UTR, #1958 RNA 19 5%, A i 7 4
RS EE AR B SiRNA A S5 (1 5006 35 U0 2R 2 [
filk CMV RNA FUE M F 2k 42 H R .CMV il i
H a5 RNA GBI 7 2b & A e P25 &
siRNA, fig 4 2% 0 & 25 3 09 L 6 38 RNA 7T
g2l Ol TR DTC2 5 CMV (& #1375 i 34
AL F O, A R DTC2 Al fES 54 CMV 1Y
PSR BT EME AT A, AR W
Z5REMES T EEZ N MO, BEIET
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% ( Phosphatidyl ethanolamine, PE) £1 B #§ fig
(Phosphatidylcholine, PC) 43 i 1F 8 2 & i A\ %% 1R
7 (Tomato bushy stunt virus , TBSV) F14E 2 46 MK
# (Brome mosaic virus , BMV) & #1121  DTC
W R R B s e = SR
DRGSR R, B A AN DTC2 fy F
F kit 3R 5 T RE S W AR W) AR N R T A AR
WF, T[R4 i 52 ) CMV SRR, ¢ T DTC2 4%
CMV R E/ 73T HLEAL A 175 2 — 2L R F 5T .

4% ®

ARG A DTC2 1 00 8R40 0k LA K o 36 3k
AR, EA R b R H Rk sl £ ik DTC2 J5 .
Western blot 4081 CMV 4151 GFP & 17281k, &
BT .

a) AL DTC2 T i & ik 2 #F CMVAZb-
eGFP ML & ;

b) ARM DTC2 it F£iLMHl CMVACP-eGFP
LS,

FEF LI SR, 0125 i AR G DTC2 2 [ 7
Y CMV B8R, DTC2 ### CMV {44
A EAYG T HLENAA R T — DS
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Preliminary study on the negative regulation of Cucumber mosaic virus

accumulation by dicarboxylate-tricarboxylate carrier
GAO Shuangyu, DU Zhiyou
(College of Life Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The replication site of Cucumber mosaic virus (CMV) is located on vacuolar membrane, but
the host protein factors involved in CMV replication need further study. Plant Dicarboxylate-tricarboxylate
carrier (DTC) is the transmembrane protein that locates the mitochondrial membrane and vacuole
membrane, and is responsible for transportation of dicarboxylate and tricarboxylate. To investigate the
regulation role of DTC in CMV replication, mRNA level of DTC2 (NbDTC2) in Nicotiana benthamian
was lowered through the genophore of Tobacco rattle virus (TRV). The influence of CMVA2b-eGFP
accumulation after down-regulation of DTC2 was analyzed with GFP fluorescence and Western blot. It was
found that, the down-regulation of N6DTC2 increased the accumulation level of CMV. Meanwhile, the
influence of transient overexpression of DTC2 on accumulation of CMVACP-eGFP was analyzed. The
results of GFP fluorescence and western blot showed that overexpression of NODTC2 inhibited
accumulation of the virus to some extent. The above results indicate that, DTC2 negatively regulates
CMYV accumulation, which may participate in the defense against CMV.

Key words: Cucumber mosaic virus ; replication; dicarboxylate-tricarboxylate carrier
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Studies on Euler sums with power of 2
CHEN Yao s WANG Weiping
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In this paper, generating functions and integrals of special functions are used to establish a
relation between the Euler sums with 2" and the alternating Euler sums, and some special Euler sums with

power of 2 are obtained systematically. The results show that the Euler sums with 2" of weights 2, 3 can

be expressed with zeta values. The Euler sums with 2" of weight 4 can be expressed with Li, (%j , In(2)

and zeta values. The two Euler sums with 2" of weight 5, S, ; (%) and Sz, (%) can be expressed with

Lis (%) , Li, (%j , In(2) and the zeta values.

Key words: harmonic numbers; generating functions; Euler sums
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The accurate traveling wave solution to a generalized

compressible lever equation
WANG Yue, ZHANG Lijun
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The bounded traveling wave solutions to a generalized compressible lever equation are
studied with qualitative theory of differential equation and dynamical system bifurcation theory. The effect
of the singular line of traveling wave system on the smoothness of traveling wave solutions to the nonlinear
wave equation is illustrated again. The existence of the singular line leads to the singularity of the traveling
wave solution to the nonlinear wave equation. The singular wave solutions are obtained via analysis of the
orbits intersecting with or approaching the singular line. The results show that the generalized
compressible lever equation has smooth solitary wave solutions, smooth periodic wave solutions, solitary

peakons, periodic peakons, periodic cuspons and compacton as well.

Key words: traveling wave solution; dynamical system; bifurcation theory; compressible lever equation
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Research on dynamical behaviors of SIS epidemic model with

saturation incidence and linear saturation therapy function
WANG Qing , LU Qiuying
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: An epidemic model with saturation incidence and abnormal preventive saturation therapy
function was improved. The improved model has normal preventive capability and can better reflect real
infectious disease prevention and treatment. Besides, the conclusions are more general. Qualitative theory
and stability analysis were used to study the number of equilibrium points, the stability of equilibrium
points and backward bifurcation. The result showed that the model has 4 equilibrium points at most.
When the basic regeneration number is less than 1, if the saturation treatment rate is relatively small,
normal prevention capacity is greater or the maximum treatment is taken early, backward bifurcation will
happen.

Key words: therapy function; SIS epidemic model; backward bifurcation; equilibrium point
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Multi-layer gray correlation fuzzy evaluation for soft foundation

settlement treatment scheme of highway
WANG Xiushan', FAN Taotao”
(1. School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. School of Highway, Chang’an University, Xi’an 710064 ,China)

Abstract: The selection for uneven soft foundation settlement treatment scheme of highway is
influenced by multiple factors, so it has uncertainty and fuzziness. For this problem, the modern
comprehensive evaluation method was applied to construct the multi-layer gray correlation comprehensive
evaluation model. The correlation value was used as the evaluation index to analyze three kinds of
treatment schemes, including the rigid pile, the foam mixture lightweight soil (FMS) replacement and
pavement overlay. The results show: firstly, for three kinds of treatment schemes, the treatment effect of
rigid pile is best, followed by the FMS replacement. Secondly, the model is feasible to solve the problem
of selecting uneven soft foundation settlement treatment scheme of highway.

Key words: highway engineering; soft foundation; settlement; treatment scheme; fuzzy evaluation
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BUN Hh X 4 7 B8R 5E AR R AR B AN A AT

Zgx' B8 EF.BF HE . BEY,.5XE
QLB IRFERIRFR M 310018;2. TR FHRBLE R LI HFTHRETEERE 4L 310058)

'l

O OE.ARNAALRETEREREI LA R AWPHEY A BCGALR #HATWALER . A FIk%
BE LIHRRELBETAZEEREMN K. A LR CRFRERBAILSM. A RALERL TR
BRRIHF, Z2RAN. AR APRPCABREBAGH ARSI BB SAK S CaO A — 226 ALO, . SIO, F
Fe, Oy, B 4525 J6 ZA FR 4% R 3% & (K A 1 kg ¢ 300 mL) 2 #] 4 0. 281 MPa #2 0. 283 MPa, A& ## 4 fc f= ik
RN GK R, R A A/r%i"%a\i#c KARBETHLEIE, CAAFKABHILESMNA 2.463 72 2.858, k& Afe

K BegLk A h 2.81 A= 2. 68, M8 a5 iE A B 4 A K 5.211X10 7 em/s A2 2. 069X 10 % em/s. k& A F
TEBEEALERARAEN0.71% . £ F CuZnF Pb 5 # A4 LEF FMe9 48,60 263 ;KA BFELE S
TAHE KRR EN 1.26% . F Cu.Zn fe Pb oA A4 238 H F 4064 77,123 #2 65 45, BT 4B B &0 X
LR AR RBZ L E DALY ABANG LT R, LIRBATE 4R R G 7 T AT LXK R A A

K AFEBRERE A OB R L IRFAYRERE , ELA LT

RESES: X705 XERARAERD: A X EHS: 1673-3851 (2018) 09-0642-09

0z = MIEK IR i A LR R R R AR
%ﬁu%ﬁ““” s 2R 5 B A5 Ak B ) 394 2 1) AN A
2015 4F R [ A W B e Be i o5 O ALAR B R T A R AR A AR A (E A LR B 3 1 i 2
B 350 LA b HAE R 21, 9 JTmi LA b, HRAEE A0 JARR A O VA T R Y BVRE L AT 5
AELOVORY R I L K R B R BB S B R AR R K A B
Yy ALSEBE BRI P B R K A e A R GE PR B B b S SR R S A B RO DM .
KB 5 B R Y 2000 ~ 3000, ot R b A B ROK AR I L+ TR R L R
JRLY i 300 ~5 00 # T, 2020 AF 4 [ H ™ TROK HBE PRSI R GEAT ST NI Bl 4 B AL R
AN 14 T R IKE T AR R F ﬂ KIS

B AR A AT RO AL K R A L35 HURTC M b DX B 78 (3% 0 HE o 4 e T 2 R
EAE\:R%ﬁf@ﬁﬂﬁ%%ﬁ%ﬁﬂﬁﬁﬁﬁ%%,ﬁﬁ WA IR BE e T 207 A 1 RORAE N BIFFE 0 42, 2k H
HEAT T AE 6 2R 4 S 37 i 47 A HH H 7 W 8% (Scanning electron microscope,

KK R 4 JE T Y R A Bk R A A e A ) T SEMD WL H: 3% T o0 35 L B8 1 6 8 X S 2ol i
[l P ANMIF 5T 2 3 32 B R BRI [ 4 Ab B 25 7 B {¢ (Energy dispersive X-ray spectroscopys EDX) %3
Ak BRFTERAGAE A PRAE VA TR R BLIBE B Ok B A A 2 R R (e TR LR ) (SL237-—1999)
AR PR R UK e AR T2 AT A Bt IR B K R L UKL G TEE | T R N2 i 1 A

Wk B . 2017—12—01 4] 2% 4 b H Y . 2018 —04—08

BETH . MK ARSI H (51570814600 ; (F H R I H (2015R3002) 5 755 + 53058 + T8 F M E S L8 = Wi K 2%) FF
Jilt 415 H (2017P03)

EZ 4. BEAQ994—) B WL M AL BB 50 A, EENFIREEA - TR I A5 .

WEVEE . B8, E-mail : xuhui@zstu. edu. cn



% 5

2 S5 T M 3t DX A= T I 3 B b TR K R A R A 43 T 643

TR R T A o A R A R R
TEVE O S S B 3 B8 e RO JC Ak A B % B AL R
JH i A3 0 T L il Al A P R B

1 MBS FE

L1 g p
TR T 5 BE B8 RO 3 S5l B AT T T T X

AR R BE R T CRIR AL HLBOB HE D AE B T2,
1 Ca)) FIATE N 7T 50 L DX A 36 b B e T CROK B,
PEFR AL R BE R T 20 - 1(b)) , B A Ak B H R
Wt A KT R AR A AR A T
FERERR R SL I B TARSME T, T A4S 2 SR FEIR
GEIRAE, (10545 CHE 24 h FfEE & H. €K
A IR A, ZERIE BCIRORL ; ©K B SR # .

B B R LU IR

1.2 KKk
1.2.1 Wy 3RasHh Kok~ 20 po)

TR FR T ROW T SR R A R 5 A (TSM-
S5610LV) WZERAS, B 1 g A2 47 KK Pk T 5 e
BIRE TR S EE b TR R R R B YRR
WOR R, PR — 2 2~3 nm 1Y Au 48 B, B AT
HL B ULEE

TR Ak 2 B A3 2RI 3 A 2 S A R AR
FH 6] —FE 5 SE A SEM W28 KK 26 T iOW I 351
SRJG A EDX 20 #r Hb 22 41
1.2.2  +J 2kl

PG T AL A ) (SL237—1999) ¥ KK I
JETLLTR A T R A I

a) HCHIE < R L E R L A TR B 9, TR
15 g CIRE T4 Ml i b SR, B s i<k
(-98 kPR 1 h, E LR WE .

b) UKL T I 5+ SR FH A O 32 R PR A 28 2 1 1k
A A2 . IR K H 0. 075 mm DL F BURE 2%
B, FH AR BT I RO 0. 075 mm DL UKL 9%
B o SR J i A 3 138 HL R 2 i

o) WRIBBRINSE - SR FH RSB BRI G I 72 AL (STGD-3)
HEAT B AN ] 5 7K 238 0 OB 3 13 4 R TR
JESE KRR T R,

D BiERH. RAZEKLBELE WL €K
5% R AL
1.2.3 4R M L

KK 4 T I e R B R

1) (H]/T166—2004) 5 U i i fife 12 45 21 78 i W,
FL R A S5 B AR B A TICP-MSCZE 418 77000 1
WESE A, WREHALRENT 2) B0.5¢g
HETRIK S 50 mL IO S M L m A 10 mL
W PR 1,19 g/mL ) HCL W W08 120 “CHIEAS h,
ZEREL S mL;b) A 15 mL #kEEH 1,42 g/mL ()
HNO, %W, 4522 120 Chn#k 3 h, 28 & 2 #E9IR
¢) A 10 mL #&JE K 1. 15 g/mL ) HF %K . 4k 2:
120 “Chndh 3 h, 285 $2 3 33 LUE 35 4 B ik 5 D i
A5 mL#EN1 67 g/mL B HCIO, ¥ ,180 C
I 8.5 h A E R RN IR B RN S R A
FARAR s A 10 HNO, 3 1R ik 31 35 P BE i A%
TR R HE 25 2 100 mL, 15 203 ff 8

KK 4 s R I o ) i ¢ AR 1 R
EEER IO KR L) (HT 557-—2010)
(FEfREY BEFEERB L R RE)
(HJ/T299—2007) 14 2|12 ¥ , H ICP-MS il i
@R &R, KRG E SR K Z
IR WA A AT T 4 T IR IR O B TR S TR Tk
SRR KRR 480 S MMM AE T, 54
J& iy g B .
12,4 Kl RVERE I &

a) WAFHIE

WA R KK T (105+5) CHTE&H. 5
K¥% 1 kg:300 mL WY RAK LL I N TR & B dE 57,
Ay =W A NE 36 mm. & 80 mm B E (JLIK 2)
ORI A R HIRBE SRS 15 k. B TR (20+
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2) CABERFTEHET O5UMABE IS .24 h )5
T, A S 3 AR,

b) 5 B

ARSI 7 d 5 PR B EE AT T 0 PR 40 % o I
5. R E AL A S O Rl IR O 5 HL (CMT4000) ,
J1it AR 30 KNLKEEE A 1 N, o 50 fn 4808 % 2
2 mm/min,

) UKL G L I ik

e BR 470 He 5 B2 a3 5 ke L 72 (105 £5) °C
THET 24 b L A PR R AR B L 4 £ T
TR AR ) (SL237—1999) 2R F i 43 ¥ Al Y R 28 i
THVE E A 0 e 0RE 2 e ih e PR L IR
0.075 mmPh b Uk 9% B, HY Rl s B 3 F ik K
0.075 mm LA N R L IE , 9K J5 #5 A 1 58 L
TR AR

) ¥ K 5

T R e e oiR B2 il 30 Je il B, ] 4 T U)K
29 2 cm RHREE T K W T O B TR 24
3 em,i2 il 10 min,30 min,1 h.2 h,4 h,12 h.24 h
148 h J5 3 B AR HOR A

LAS S 5 2. 38K AT 53, A4 A 55, 43R RO RL
P2 AR 3 4 (B A AR ) A A R

2 HRSR

2.1 TCIRYBREE R A 2 LSy B
2.1.1  RIEWOWIE SR W5

KK A FI KK B Y SEM BE A ANIE 3 Fras ., M
3 AT LU T 2000 X BRAEECT ©IK A Z R 1A
RAK BB OSBRI R, AT LLE B A R AR R
B AETE R BEALBR . B3 R 2 A4~ 40 UKL AK B 7E
B A RURL I, AN 0K E RN TR . #E 2000 X
JUCRAGEL T ©IK B A HORCAR S B 2R A £k i 3
K0T LA B 2 A B A0 4 7 R0 F50R 2R 4 T A L
R Z M E5 G B,

B 3 A [E A BN RO A FTTKIK B SEM IR F (A KK AsB B KK B)

2.1.2 AbEA NGB

XFRIK A FUEK B A2 st AT e L It 5
/T G\ A (R ¥4 ) ST s =
mFk 1R, WFE LT LLE W, A K TE L
A A AR R, F2 B AR ol 42 BlE 4 TR Y R

18, CaO F1 ClL & B B 8k, ©K A
FIEIK B CaO & 4390 20 34. 39 %6 Fil 44, 07 %, Cl
SR 10, 32% F1 24, 32% . T by W A pE it
(I Rl NG S = W A 1Y 7 e Y R W N
FE AR 2R G R S n B R R A S A B
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2 S5 T M 3t DX A= T I 3 B b TR K R A R A 43 T 645

FECCKT CaO FRBE . K BH CaO FhlfE
F K AL ATEESE B T €K B 760 I R S b
FABIE R KT WK A, KK A B CLIS &R
TRIK B A 22 30 EE R A ] B KK A 1S
Peid PP R T4y, B ECRK A CLIY & 4
K, KK B Y SiO, \Fe, O A1 ALO, ST

IR AL RGE R R B AT REA 2) ©K B AR
BB R A AL B G L B IR ROR A A R T 2 A
WA by SicFe Al Al TE 25 5 B AH S HERR &
AL TR 5 ) B IR AL IR BE e 48 A AR S B R
B K St Rn AL i,

®1 IR FAN

) Bk 2E R A %
FE i 24 T
CaO Cl SiO, Fe, O, Al O, MgO Na, O K,O SO, P,O;

KK A 34. 39 24. 31 3.42 1.85 2.58 2.34 11. 38 7.71 5.33 3.37
K B 44.07 10. 32 9.82 5.47 9.85 3.13 3.99 3.19 2. 89 3.56
3 2] 4.63 — 44. 84 4,22 32.36 — — 0.82 - —
i s e 36.78 — 17. 25 20.91 2.56 9.55 0.03 0.03 0.01 —
K gt 58. 60 — 21.35 3.18 6.33 — 3.03 — 2.05 —

21 AR AR RO SRR L i K U Y
2 A3 BEAT AT EE L AT LUE R CaO & i 5
PO B TR AR T K G SIO, & BT
KK L i R K s Fe, O, B i 55 83 BE K R K
eI AR TREPTESEALO, SE25H
P i FUK Je 23T IR K B it MK
Tt KR EH —E & Ca0.Si0, .Fe, Oy Al AL O,
1A R BEPE ), R OK v R B4 Ca0,SIO; |
Fe, O, F AL Oy, B AT AREI €O HA W AE 1 1l
JRIE T o 38 7K BV AT BE 2 A A B P ) 5

& 2 R b X EE T HE b R AR R T2 R AR
BER & YA OR = 32207 A I a W E A ES B )
TR B BRI e T A R kT

e T PR R WA AR ASBR A AR T2 TN 3 ROK
S ALY S A T L TS H DX Y
SRR T2 AL BTN i X HE 1 55 B KK CaO
5 AL X 25 F N, AN b X HE D AR R RO
HCL A &N 24, 31 %, A F Hfth s X Cl & &2 5
1o WU b D HE B B8 R TR MgO . Na, O, K, O
P, O; & T HoAth i X . SiO, , Fe, O, . AL O,
F SO, 7 WA T HoAth H X . B0 M 3B XA 36 3 1k
PRAE BRI CaO 1 Cl & @ T AW H X, SiO,
B V) AE X A, A 2 AR 2 SO R . R O
WP IR AR E R IR E A RE, ik &
WA R BRI AR DA B AR e i T2 % ok ) s
W R ROK 41 53 W R B R T

x2 MMNEEMMRREECKLFERES

o WX FAbE A N A %
g CaO Cl SiO, Fe, O, Al, Oy MgO Na, O K,O SO, P,0;
B CRIK A) 34,39 24.31 3.42 1. 85 2.58 2.34 11.38 7.71 5.33 3.37
iR 41.10 17. 90 4,51 1.27 1.76 — 5.18 5. 89 6.42 —
o g2 35. 80 — 20. 50 3.20 5. 80 2.10 3.70 4. 00 — —
ﬁ b5 29.10 10. 10 8.12 1.38 3.75 9.76 3.62 2.55 6.19 0.51
BRI 25. 60 14. 20 3.02 1.36 1. 00 0.99 4,72 3.74 5.77 0.29
R 26. 24 11.25 11.2 6. 87 3.72 2.28 8.26 3.52 6.92 1. 36
WM CRIK B 44,07 10. 32 9.82 5.47 9.85 3.13 3. 99 3.19 2. 89 3.56
% [ER i 14.70 5.00 38.50 4.90 9.80 0. 80 — 5. 30 2. 20 —

2.2 T IR B
2.2.1 [LESH

KK A B E N 2,463, /N T FE O HE (2. 740
~2.760); KK BHLE R 2. 858 . M KT L HLE.
WA RK AMELEM T K BRTREREM T LK

A TR HOWIE S KK B s 2 fLE KK B
MESETEE K AT,
2.2.2 JORLGLHC 5 BT

ORI BN Zan &l 4 R . RK A #9820, 075 mm
<<d<<2.000 mm) Fe ik 56. 4 % , Bk (0. 005 mm<<
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d<<0.075 mm) H A5 Ay 28. 4%, B kL (d<0. 005 mm)
ol 15, 2% s ©K B AR LL Ay 13. 206, Ky ki bk
Bk 63.5% BRI LBl 23. 3%, RAILLEH, KK
B ORI B LK A A I B ROR AR I R
RS Y Rt U I PR s & S N

1y -

£ ——

s SOf —— B

&

:.% |

=o40f

e

t"_{ L

T 20f

= I i
[} Ldddl Livieni a1 TR B Dowiar 1oy Livign
10 % 1 1 1y

Fifsmm
B4 RIR WA 2

F 3N UK ABRRES . AR C,
R RZECC, . 8 W BT 3 K ACB R
BIo 28 C, MR RZEC IR A FBRLAR dso R
0.112 mm, AN¥5I R % C, 7 90. 00(C,>5), il %
REC N2.4801<C.<3),BTHERLt+. &
K BSEHRAE dsy 0. 022 mm, ARSI RBC, H
15.78(C,>5) M F RZE C. 7 1.35(1<<C.<<3) .
J& TN R A1,

®3 TIABARHEARHF C, MMERHC,

iit# dGO d30 dl%\) dl() Cu (‘4

KK A 0.196 0.112 0.033 0.002 90.00 2.48

KK B 0.032 0.022 0.009 0.002 15.78 1.35

2.2.4 WA

KK A FIIEBR Wy Sk 26, 2% R W Sk 32. 2%,
SAPEFE R I R 6 (1, <<10); KK B BYMIR Wy N
11.8% MR W, o~ 38. 9% JYESREL I o 27. 2( 1,
>17) . #CH T TRE M) (GB 50021-—2017)
NRLVRIKARBTHE, UK BETFR L.
2.2.5 B&EMIH

KK A FLBREE N 2. 81 BB B RECH 5. 211X
10 " em/s, 5k B Eh + 8% R 8 (5. 000 X 10 7~
107° em/s) #2305 €K B ALBR IR 2. 68 B, 2% &
B 2.069X10 ° em/s, &b T3 8% 250 A2 1L
JEHE N ONT 5.000X107 em/s) .,
2.3 HAR BB

BB R E SR B AR 4 R, &
AHAT LR K A 4R SR 7118. 1 me/ke,
AN KRR 0. 71%, KK BELE SN
12606. 9 mg/kg, 29 di €K 1. 26% . HHES
GEUVTEREIEAS RPRLAR K T 42 R R 4 AR i FE
IR E 4 B K W /NIRRT, TR
B B R AR /N T KK ALBTRL KK B B 5 &
HEHEE. WK A KK BF Cu.Zn fil Pb Y
L2 =1 T 125 £ e A ER BV aa R S A I = N Ui [ N
KBV R SE A B 2 E IR S BT B, T Hh X 3
WS R AR SR EW. WK ESR
Fr LI T Y 3 Sl L A K A P CulZn
1 Pb & 430 15 A 1) 48.60.63 i, 7 €K B
O30 A TS B 77.123.65 /5. DR T B
e B8 OB A 285 T B A AR W A XU, 0 2 22 5 T
FACAL B 5 7 R AT S R R AL R

x4 BEmPEERESIETSEXL

SESE/ (mgkg D)

Cr Ni Cu Zn Cd Hg Pb
IR A 147.70 46. 00 901. 20 4582. 00 127. 80 2. 60 1310. 80
KK B 296. 50 53. 60 1438. 90 9411. 20 60. 00 3.20 1343.50
T & 58. 10 20. 80 18. 60 76. 80 0.23 0.23 20. 70

F& 5 BN b DX B BE T 5 H At Hb X B8 R TROK
ELEJESEAN ., NS R E R, & X 5%
BEbe Ik Cu.Zn A1 Pb & ¥%E . i CdNi.Cd
T Hg & 5 AR BAR . AN [] L DX Y o 4 e 5 1 25
SRR BT L X HE B BE R R T Zn R
5,5 LR AT s Ph & &5 % M, B &K

T B LR H AR, A X A R B ROK Zn
1 Ph & B L VLR A &, B R U T X
P HLIX . BT Cd BLAh A PR B8 8 6K P i 4
Jm &R W & T S e R O AT W S
A M IX B BE R WK G R S i R R
A AT B oy R B T A
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x5 MMEEMHBMERECKREEEREER
X R E/(mg « kg™
Cr Ni Cu Zn Cd Hg Pb

B CEIK A) 147.70 46.00 901. 20 4582.00 127. 80 2. 60 1310. 80
R — 51.36 498. 44 461. 30 111.10 — 648. 28
i JR—— 225. 00~ 88.10~ 561.00~  3610.00~ 44,90~ B 972. 00~
HE 350. 00 136. 00 770. 00 4940. 00 65. 80 2480. 00
v IR 50. 26 53. 21 8082. 42 — — — 3408. 71
T 5 & S 118.00 60. 80 313.00 4386. 00 25.50 52. 00 1496. 00
H 7 5 0 — 100. 00 1300. 00 18000. 00 290. 00 — 6500. 00
?ﬁ B CRIK B) 296. 50 53. 60 1438. 90 9411. 20 60. 00 3. 20 1343.50
1k DI 542.98 297. 47 3900. 61 4359. 62 10. 17 854. 03
* &l 811. 60 — 1409. 30 7115. 80 80. 20 — 1284. 00

2 6 73 Al FH K 1 72 35 vk B TR il TR ok 0 X
MR P E SRR R, A 6 AT LA R
it PR it PR V6 0 3 A 3] 1) 4 J 3R R B 1 i T K
e 3k B O IR W pH A R AR 2 i Ja) o <5
JE BRI B RR AR AR I A SRR, K B BR
T Cufll Zn, HEE SRR IPEEMT WK A, K
JKAFUROR B B g S 4R e R A v B R Zn, I

Y& Cu fl Pb, K 6 th Al LUE Hi, ®JK A #l B
Cu.Zn.Cd F1 Pb 3538 H (B JF 1 338 75 Y 4 il b
HEN(GB/T 18589—2001) H B (B 23R, B AS fiE B 42 1k
S I PR L b 1A TR, AR AN T A (A 3
e U375 Ye it R v ) (GB 16889 2008) Fi T # A
YR . O, CORAE HEA T2 4 U AL SR
AR FH TR A1 7 [ Ak / B2 A A 2R

R6 WRRETCREEERHKRE(KFRZE/ MEBHEERE)

EaEERBEE/(mg L7

B3 pH
Cr Ni Cu Zn Cd Hg Pb
KK A 11.5/11.1 2.51/5.06  0.38/0.56  65.07/82.44 106.37/348.65 0.55/0.76 0.06/0.17 48.98/67.59
KK B 11.6/11.3 0.03/8.11  0.11/0.50 71.29/140.01 195.79/407.84 0.14/1.34 0.02/0.03 10.29/42.16
PR AE 12.00 15.00 75.00 75.00 0. 50 0.25 5.00
TR RN CSE IR P B S Yo sl bR fE ) (GB/T 18589 2001) v A vk J3 FR A .

2.4 KRR

KK AR B [ B S S T B 4 58 B 4 )
49 0. 281 MPa F1 0. 283 MPa, Fi #2728/, KK A
B H B4 5 RO RS B an 18l 5 FER 7 TR
A'F B4 Fm 5K IRESE G €K A fE B, K
A [ FHPRIAE dyo 1 0. 112 mm B R Z 0. 122 mm, 32 5
8.92%; KJK B Y ds 1 0. 022 mm K ZE 0. 025 mm,
PR T 13.64% . RIK A" BRI R C, 40
W/NE 72,01 F1 12, 6, %R FEAR 8. 78 % 1 20. 284,
S AT SRR S (SN R R N
P, R AR A s T35,

10 =

80

ANF R R R Eve

40F
201
0 FIET} fIre Al [T it
] 1o 10" 19 I
B fEmm
Bl 5 KIK AR B A B SRS Ok 4> AR
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Fz7 KIRATBBHNRESH

AR dso dso dso dio C.
A 0.196 0.112 0.033 0.002 90. 000
A 0.216 0.122 0. 037 0.003 72.100
B 0.032 0.022 0. 009 0.002 15. 780
B’ 0.035 0.025 0.011 0. 003 12. 580

KK AR B B KR MR R 45 Rk 8 TR,
KK A'MEK 10 min J5 BDA A REE#E.12 h 5
FHGEA REREE R 7,24 h J7 KA ©K
B'7EiK 24 h W, Br AT D i SO =R Ah, LA
W R#VE .2 d GRS —E g, LI Eg5RE
B, K B H B 45 5 T K A ROIR A AT,

*8 BEEKL YKEKIERR
FEmE R R ETL

T TR T ER Al
o RESRILERE R SRR,
Ny 2 T B
30 min  F L W VE O AW
BB W
1h N e TR VB AL
WAL R
o LT P 2 AT
S Iy T
R s i R
L BECRREA KR R 0
R B 8 P
2h R AR S 1
8h KWL 5 5
3 & i

Xof A7 P s DX o L 780 A 30 7 3 A6 e KR HEA T
Rk £ TR R AR R RS A 3R
S50 AF I, A B IR 4 e .

a) I ARG 2 FLR 0k A RO
JK B RGN Z AL, TR 240 8eR . RIK A Fil B #
HHBE L CaO, AL O, SO, Fl Fe, O, , 5 ¥ 8K |
PO R KU I Ak 2 AR Sk 3 AT TR 1Y ok
L T 1

b) KK AFEIRIAE dy, A 0. 112 mm, ¥ PE 5L
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Basic characteristics of municipal solid waste

incineration fly ash in Hangzhou, China
MIAO Jiandong', ZHENG Hao', CHEN Ping', XU Hui"*, GAO Yanxu'
(1. School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. MOE Key Laboratory of Soft Soils and Geoenvironmental Engineering,
Zhejiang University, Hangzhou, 310058, China )

Abstract: For fly ash “A” (grate furnace) and “B” (fluidized bed) generated by two typical municipal
solid waste incineration (MSWI) technologies, physicochemical characteristics, self-cementation strength,
geotechnical properties, total amount of heavy metal and leaching toxicity were tested, and the contrastive
analysis with the fly ash research results in other areas was conducted to provide technical support for
harmless treatment of fly ash. The results show that both fly ash A and B are loose and porous on the
particle surface and contain a great amount of CaO and certain amount of Al;O;, SiO, and Fe,O;. The
unconfined compressive strength after self-cementation was 0. 281 MPa and 0. 283 MPa for fly ashes A and
B, respectively (ratio of ash and water 1 kg : 300 mL). The fly ash A and B belong to silt and clay,
respectively, based on the results of grain size distribution and liquid-plastic limit tests. The specific
gravity of fly ashes A and B is 2. 463 and 2. 858, respectively. The permeability coefficients of {ly ashes A
and B are 5.211X107" ecm/s and 2. 069X 107° cm/s, and the void ratios are 2. 81 and 2. 68, respectively.
The total amount of heavy metals in fly ash A accounts for 0. 71% of total mass of fly ash, where Cu, Zn
and Pb are 48, 60 and 63 times of the background values of soil in Hangzhou. The total amount of heavy
metals in fly ash B accounts for 1. 26% of total mass of fly ash, where Cu, Zn and Pb are 77, 123 and 65
times of the background values of soil in Hangzhou. According to the results of heavy metal leaching
toxicity test, both fly ashes are not satisfied with the standard of directly dumping at hazardous waste
landfills. Hence, proper treatment of fly ash is necessary before they are going to be reused or stored in
landfills.

Key words: MSWTI fly ash; physicochemical characteristics; geotechnical properties; self-cementation

strength; total amount of heavy metal
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