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Research progress on preparation and application of conductive fabrics
CAI Dongrong » ZHOU Jing , DUAN Panpan, ZHANG Yanyan, FU Feiya , L1U Xiangdong
(College of Materials and Textile, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The conductive fabrics are the basic material for the wearable devices. In addition to
excellent conductivity, it’ s still necessary to possess the merits of flexibility, and stability for large
amplitude deformation such as bending, breathability and water absorbability which meet the needs of
clothing wearing. In recent years, the related researches on conductive fabrics have been developing
quickly, and its comprehensive performance has been close to practical application requirements. In this
article, the researches on conductive fabrics in recent 5 years were summarized. According to different
types of conductive fillers, conductive fabrics can be classified into polymer-based conductive fabric, metal-
based conductive fabric and carbon-based conductive fabric. These three types of conductive fabrics were
mainly introduced and the problems in the research were pointed out such as improving conductivity and
durability of conductive fabrics, and maintaining fabric properties. Finally, the application of conductive
fabrics was introduced, and the application prospects of conductive fabrics were anticipated.

Key words: conductive fabrics; wearable devices; polymer-based; metal-based; carbon-based
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The effect of wettability of substrates on structural

color of photonic crystals by inkjet printing
LIU Guojins JIANG Shaochen , ZHOU Jian, SHAO Jianzhong , ZHOU Lan
(Silk Institute, College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The P(St-MAA) microsphere dispersion liquid was used as the ink to fabricate photonic
crystals with structural colors on the hard and smooth substrates with different wetting performance by
ink-jet printing. The influence of different wetting performance of substrates on inkjet printing effect was
investigated by observing the surface morphology of printed patterns and structural color effect. The
results showed that during the process of ink-jet printing, the substrates with different wetting
performance had an obvious effect on the structural colors. The diffusion rate of ink droplets on the
substrate with strong hydrophily (contact angle 40° and 52°) was fast, and spreading area was large. The
patterns obtained by inkjet printing with different concentration of ink presented irregular shapes, so it is
not suitable for being used as the substrate of inkjet printing. During inkjet printing on the substrate with
weak hydrophily (contact angle 81°) and general hydrophobicity (contact angle 102°), the diffusion rate of
ink droplets and spreading area were balanced. Through controlling ink concentration, round patterns with
bright structural color could be gained. So, it is suitable for being used as the substrate of inkjet printing.
During pining on the substrate with strong hydrophobicity (contact angle 123°), ink droplets were not easy
diffuse and spread so that microsphere self-assembly was disturbed. Structural color patterns of photonic
crystal gained by inkjet printing of different concentration had obvious defects. So, it is not suitable for
being used as the substrate of inkjet printing.

Key words: inkjet printing; photonic crystals; structural color; substrate; wettability
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Analysis and motion simulation on knitting element of fully

automatic computerized flat knitting machine
MAO Huimin, DENG Xiuyan, LI Renlong ,» LUO Pengshun, FANG Yuan
(Silk Institute, College of Textiles and Materials, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: For computerized flat knitting machine in China, the structure design is conducted mostly
with the traditional method. Thus, the motion stability of the machine is not high, and there is lack of
modern machinery design method. For these problems, WSG225C fully automatic computerized flat
knitting machine was chosen as the research object to study knitting element of fully automatic
computerized flat knitting machine, analyze the acting force of knitting and triangle in the needling process
and figure out key knitting technical points. SolidWorks software was applied to establish three-
dimensional model of knitting and triangle. Besides, motion simulation was conducted with Solidworks
Motion to gain the displacement, velocity and acceleration simulation curves of needling motion. The
results show that the knitting speed of the whole machine is 1. 20 m/s, the maximum speed of knitting
needles is 1. 86 m/s and the maximum acceleration is 1. 48 m/s’. From the high speed image test results of
the flat knitting machine, it is found that the test data is well consistent with the theoretical analysis
results.

Key words: fully automatic computerized flat knitting machine; knitting element; elastic dynamics;

modeling research; motion simulation
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FEF KRN 50 mL, B ERKIAE R 0. 2 mm, HFEERT ] R 12 h; Cr FoR
B2 YRR 5 8L Ce FR 4 BOR R 2 YRR X 3 it
2.2.2 FRESTERENE

3B SR D1.D2 F1 C. 1L 43 EkE 30 #E4T 784>
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Bk D1
473 76.0 9. 60 44. 34 51. 85 —15. 80 2.55
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C. L 4r ks 30
722 95. 3 16. 00 51. 56 42.50 53. 30 1.69
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Dispersion property of quinoidal thiophene dyes

and their effect on dyeing performance
JIANG Hua » CAI Jinfang » ZHENG Tianyi » 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: Quinoidal thiophene dyes have strong intermolecular interaction because of their high
molecular planarity, which makes the dyes easy to gather and difficult to disperse in water, leading to poor
dyeing performance on fibers. Therefore, it is necessary to study the dispersion property of quinoidal
thiophene dyes. The dispersion, stability and their effect on dyeing performance of two typical self-made
quinoidal thiophene dyes D1 and D2 were studied by referring to conventional azo dye C. 1. disperse orange
30. The results showed that although the dispersion efficiencies of dyes D1 and D2 were lower than that of
C. 1. disperse orange 30 in one hour after grinding started. But, the average size of dye particles in dye
dispersion solution of dyes D1 and D2 was lower than that of C. 1. disperse orange 30 after full grinding for
12 h and the stability was better. The formation of the single molecular state of quinoidal thiophene dye is
a key factor to the dyeing of polyester fiber. The smaller the dyes’ average particle size was, the higher the
dye uptake could achieve. The color fastness of the dyed fabric was not affected by the particle size of
quinoidal bithiophene dye.

Key words: quinoidal thiophene structure; disperse dyes; dispersion property; stability; dyeing performance
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Preparation of TiO,/PVDF micro-nano composite fiber by

centrifugal spinning and dye degradation properties
LI Yanan®", ZHONG Yunjin®", JIANG Liyuan®", ZHANG Xian"", MU Qingyuan®", LI Yongqgiang*"*
(a. Silk Institute, College of Materials and Textiles; b. Key Laboratory of
Advanced Textile Materials and Manufacturing Technology, Ministry of Education;
c. Engineering Research Center for Eco-Dyeing and Finishing of Textiles,
Ministry of Education, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to degrade the dye in printing and dyeing wastewater, titanium dioxide (TiO,)
nanopartieles and polyvinylidene fluoride (PVDF) were added into the mixed solution of N, N-
TiO,/PVDF fibers with
Then, the

morphology of TiO,/PVDF fibers was characterized by field emission scanning electron microscope

dimethylformamide ( DMF ) and acetone to prepare spinning solution.

photocatalytic degradation performance were prepared through centrifugal spinning.

(FESEM) and the photocatalytic degradation performance of fibers was tested by a photochemical reaction
instrument. The ultraviolet-visible spectrophotometer was used to analyze the degradation of the dye. The
results showed that the load of TiO, on the surface of the composite fiber increased with the increase of
TiO, concentration. When the mass concentration percentage of TiO,and PVDF was 6 : 10, TiO,/PVDF
fibers showed the highest decoloring rate for the dye liquid., and had the good degradation effect on
methylene blue, rhodamine B and acid black 10B. Simultaneously, the TiO,/PVDF fibers were found to
have great reusability.
Key words: centrifugal spinning; TiO,/PVDF fibers; photocatalysis; dye
(BEHRE: NEX)
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16% . # Br BALOR-2F4E R 2 G B oBHE A X EE
WE T iR 0 W B R E L A T G I R B Y Ol A Ak
R A . X R A O e Ak B 3 R AR AR DA AR R Y
FTA 5 PR I O'E A Al B R X Gt - 1 W R i
T Al SRy 1 #E AT o 3 B AR 8 B W R AR, 32
PR AT EAWEEALENE Br ALk L E &2
FE 5 4 2R 5 PR YRk H R 2 1] A i F I BRS
B, BREENE.B Br HILR-4 4 £ 5 5k
() =4 Z2 FLA5 A F T i PR 4 B R 5 R
R/

iR 03z DR i

1.0
E —a— H,0,
08 | —e— BBIMLI-LFLE R bR
+ —A— BBrEMIR-LTAE R SHPEHH,0,
- 0.6 ' —— BBrEfbik
8 ! —w— BBrEMLIR+H,0,
0.4 A HEESERIAGTREE . 12 mg/L
02}
00 " l i " 1 N 1 |

80 120 160 200 240 280
JEHERT ) /min

Bl 6 45 Br ZULER-2F 46 25 5 & BRI e AL T 2k
MEW T mA SRR H0,, 1 L5 Br &
AR -2T 4 25 52 4 bR I R 35 0 1) O FR A I8 Aot ik

-80 -40 0 40
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R, BRGSO, 4l H, O, ASfE P B i
BV . AR H O, Hi BT .8 Br A AL k-2 4E
REGHBEEWLE 120 min 6 FRHEM L 99.5%
(7 R L B R B B 4 R R T8 Br A
AR AR 24 1 G AEAL RE ). 8 % R B, HL O, 1Y
AEAEAN 52 W A it 55 S0 FY 2 0 3 VR 1) A W B E . 3
G YD Y oy e e e S NES I Y (i X ) r
AR HLER . 9IRS HL O, IO Al 5
() R LB Ry 2 (2)—(3)
Photocatalyst+hv—>e” +h" (2)
O, +e =+ 0O, (3)
BRI s A A i A BR R A R C - O,
10 Az S0 AR AN PR IG5 1 DG AR S I (] A
RV AHXSZAS . e H. O, 8 Bh R, 6 AL KN Y
S LB R 3 (4)—(7)

2H,0, +hv>2H,0+ « O, +h" (4
Photocatalyst+hv—>e~ +h" (5)
2H,0,+e —2H, 0+ « O, (6)

O, +e =+ 0y B

T Hy O, XF LB 2R A T AR T R Y
HAMEC OO AT - O kM FEEE
SIERNITE 3235 5 QNI (i S LA PO A= 1D) | B S B N
W= 2 1 22 L 52 & BEREBE 8 1 K 1 187 A6 ' i 16 570 1
e 25 B 7 B A% sl S0 AR A — k5 4% 7E U4
K5 B B A N T RA — & B E AR B S
L,

JCAE AL TR B R E R RO Y B B R H
X} F W =4 5 L Br RALBR-2F 48 K 2 A 6 R
JuhEE, 8 Br BALBR-LF 4 Z 2 &M ETE HO,
Bt BT B IO O A A I A O BR S AN 7 TR B
WAE 45 80 min AYREAL B S 120 min AYGIR,
TEVEAT 58 — MR IR S 36 i - B T 8 Br A AL k-
THERE BRI . T B RS Br AL ik-£T 4
R G RORE AT AR KR BB Y I R BRI R R SR
W B B4 K 5 RS R 380 8T Y I R R B S D 4k
SEHEAT T — RS, SRR W] 8 Br AL ik-2F 4k
R A MR A R L 106 B A E 1 L 280 I R A BR
SR .8 Br A ALRR-2F 4k 5 G MORMT) fig 6% B AR
85 Y0 WY B WE VA IR . X U428 Br A fbik-2F4E R
2GR R RAT B R BRAR Y G HE AL PR 1 2 — Fh B
TERDCHEAL R R

3 5

A £ B B W e 2 fLES R 45 Br A

{528 00N
& 7 48 Br ZALk-21 4 R 2 S AR T PR G

bl 27 2 52 G bORE  7E B W R S i R B T
e S 10 A AR 5 T L 5 ELRR B el R R 78 AR AL
K5 YA B B O R N WS B R A e
T

a) % Br AAbk-£F 4L R & G MR B I 2% £l 1%
234 100 pm, H Br BRI S 5 M AEA g R
e SRR R A R K R S 4 I 45 A Ak R 4 it
ROE MM ss, 8 Br Afbik-F K2 G M BN
PR RERCUT L NS g 80 Yol ¥ J1 K 207 kPa,

b) # Br A ALGR-2F 48 R & G MR AR
AT M U HAE HL O, BE BT . OB B 120 min
i S Y 5 0 YA ) ' A 1 R ik % Tl 3k 99 06, HLI K
AR5 HOG A AL B i 8 A1 T 3k 8506, AT G kAL
LR, 18 Br BALRR-2F 48 F & A ARG £ B
FH AR A BEEC O, H, O, B % B fE i 1
e AL R R « O, %,

o) JIrl & i 2% W = 4 2 AL e AL AU A
AR 1 e A AR TS 1 0T L 5 F Dl S B v il ks
Yo FF A B0 T RR SR 1Y & R SRS, X T R AR K V5 e
RHEA —E W ARNEAESE X,
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Photodegradation of methylene blue over Br-doped

carbon nitride/cellulose composite
QIAN Zhouqi s DU Xiaolin, LIU Lin
(Silk Institute, College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to improve the photocatalytic activity and cycle performance of graphite phase
carbon nitride (g-C;N,), the Br-doped carbon nitride and macroscopic three-dimensional Br-doped carbon
nitride-cellulose composite was prepared, and its photocatalytic activity of methylene blue (MB) was
studied. The results showed that the obtained Br-doped carbon nitride-cellulose composite exhibited three-
dimiensional porous structure. The Br-doped carbon nitride was well supported on the surface of the
composite. Meanwhile, the Br-doped carbon nitride-cellulose composite possessed good mechanical
property, the compressive stress reached 207 kPa when the compressive strain was 80%. Br-doped carbon
nitride-cellulose composite exhibited better photocatalytic activity than Br-doped carbon nitride and could
remove 98% of MB after irradiation for 160 min; with the mediation of H,O,, the photodegradation
efficiency of Br-doped carbon nitride-cellulose composite reached 99. 5% after 120 min light irradiation. As
a macroscopic 3D photocatalyst, Br-doped carbon nitride-cellulose composite can been easily reused, and
the photodegradation rate of MB by Br-doped carbon nitride-cellulose composite can still higher than 85%
after four cycles. This article has a certain guiding significance for the application of the macroscopic three-
dimensional Br-doped carbon nitride-cellulose composite in large-scale water pollution treatment.

Key words: Br-doped carbon nitride; macroscopic 3D photocatalyst; porous network structure;

mechanical strength; photodegradation
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S ARBHRER X HMF SAL7™ % FDCA BIR I 52

R 51,53
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(Hrirm T RFMHEHRFR. M 310018)

H OE. adMAESZRT/ AANM-BE R =470 B R AR R LBER NaOH Fe K, HPO, 4 34k 82 4744 € 7 A & 5

5-# AR BARLAAL A 2,5k = F R 49 % vh .

SR EY . %K AP NaOH # K, HPO, A% %4 1. 6 mol/L #= 0.

4 mol/L B, S4B 47/ B RAAAN-FE B B 4Tk R B A 09 RAL R ,5-2 F A £ 25 CH9iB & T R 215 min,
2,5-vk v = B 09 4F % T 4 3] 82. 4% ;3@ it #F NaCl,KCl, CaCl, \Mg(OH), , AICOH); . MnO, ,Fe, Os \Fe(OH), % CuO
EEBBATB AN BESY AR, LI Fe, Oy o Fe(OH) 3 5 @ Ar & B LA 4 B A 445 6 8 AL R, B Fe
(OH); AN E F WAL FE®R, E 2N F 4 1 mmol/L B, 2,5-%k v = F B 69 /3 £ 7T &k 91, 7% ; 8 it »F
2.5k —WER R E AR B S 9 L SN R A A AT L B 2.5-"kv W ER 69 45 M,

KR 5-AWAMRE; 2,57k = T BR ; 3 4A B AT AL AE A

HESES: TQ314. 22

0 3l &

B A0 T B 5 Y B A B L A% G A i R SR R T
p T i ER PR . BT, S TR YR B
R )z BT AR SRR A LU R AR BT
SRR AT A B AR ) o R SR R 0 B B Y
fpR iRtz —, PR, R E R Y BT S 1L
EW—2, 50 I — W B8 (2, 5-Furandicarboxylic
acid, FDCA) , T EAT 5 14 G0 41 1 36 R i L ik—
X 8 R ARARA A 45 48 T A e — IR A S
() A ) TR PR L AE M X OR R B R T
BWe Y A =t

FDCA % Hy A 1 2 ) 7 4k Jokt 58 I 5L b
B (5-Hydroxymethylfurfural , HMF) 4 k. & 4k 1 7l
. HET.XT HMF LA L) FDCA #Y#F 5T
Z UL AT A el BT AR AR B 4 R
PEAG R LE NN IR 254 T A S A ) 325 Horb, Casanova
SEUOE A GUORORL ST CeO, . TiO, L Fe, O5 Al
TPk ¢ S5 A BT U AL R P B K W v, 2 I

Wk B . 2018—01—02
HEWH .

9 2% R H 7. 2018—05—14

XEkERERD: A

XEHS: 1673-3851 (2018) 11-0692-06

NI R 130 °C L2355 E A 1 MPa, NaOH/HMF
MEER R 4 B, FDCA B3 R & &, H Au/CeO,
(R = N S =l AR G 2/ A U v & o o
FDCA Ay BE /R3] 35 99% , 1fii Gorbanev 211143
LA Pt/C APt/ TiO, AT 78 23 °C By S i
FER— R EE T R 6 h, o] 43 5145 5] 79% Al
71% ) FDCA, [Ali L RuCOH) . /CeO, h Ak 7
1T HMF M fi b AL 5T 25 S 2 B, 2 o i R
140 °C W B E Ry 26 h B, HMF 0] 8 56 4 #% 1k,
FDCA M35k 8] 95% , JL 48 X 26 5t 4 g 4 1k 5
£ HMF &AL 72 42 FDCA By 1 72 v 26 30 45 7 1Y
AR M AE R T RN 22 7 I s R B AR A5 A
T AT BN I K i1 FDCA 9 AR 7 BUA K
RIEIN A FF 5 B0 =l A i Y R i A R 2R
fE eI ] f HMEF &AL 7= 4 FDCA, Partenheimer
R EAR AR /O AR T T HME (1 4
AR 5T ZEBAR B S 454 T FDCA #7523 7]
BF 60% ., TMiFERIHZD  Toshinari 5% DL 56 W2
PO, 0 HME (] #2546 il % FDCA, 24 2

E R A RB2EEE 4T H (21406208) ; Wi 1T A HARB 4T H (LY17C160008)

FEH RS . BRI (1993 —), B L BON %N B L WP 50 A, 2 BN A W BT g IR 4k 105 T B9 A 5%

WAEVEE . KRR ME, E-mail: zhangjh@zstu. edu. cn
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% 6 M L 45 85 PR SR U HIME 7 4 FDCA A9 30 BF 5 693

N AEBRE | % A T AT 76 808 9 B ) (10 min)
WETR 58] 70% LA E A9 FDCA, RE &N BEAR
S5O Fsf () L 2R A 3 R A AR A (LT BN aot R v 2
A AR DTN PR 7 A — o R B TS e N A
& HRETE S a4k T3 &0,

AR VR R 2 T DA IR BE A b Y R kTR R Sk S Ak
I, T8 1 b A S Ak R BT/ NaOH 4 B M K ¥ AR &R
76 25 “CURBE T KW 10 min Bf, FDCA 175 % ik 5|
48. 3%, BEAMIE BN . E PR R K — B
F A RT3 o kR A p R e v i
— &% FDCA 915 %, A 3¢ £ Z 5% NaOH-
K, HPO, 2% sl 1 4 Ja Ak & 10 55 e 4 8 4 e 71
XF R R B4R Ak HMEF 7= A4 FDCA 5% 0, LT fig
B R R M AT B FDCA , S A= Py ot 5t 58 g 2R 4k (1
(AZ S = G R A I SR TR DR S

1 SRIEERSY

1.1 S8t

NaOH CR #E 17 7k KAk 2238 5 A R A w40 B
4 , K, HPO, CRH% BR AL 27 307 A BR 2 =] L 43 A 4D
HCLOCH VL = 8 Ak 24 3R A IR A 4r 1 4L, 38 %0)
NaClICHL M = fi A 40 4k T4 B2 AL 40 Fr 4D L KCI
CRUAR TR G Ak Tl A B 52 T, 43 A 4l , CaClL, CR i
iRk 25 BR AL 27 3R A BR A &L A 4l . Mg (OHD,
(BT hr T F A R AW, 43 B 46)  ALCOHD , (BT 7 T
A PR T 437 4D, MnO, (BT Hr T 328 50 4 BR 2y
Al R4l s Fe, O, CBF BRI 2% 32070 47 B2 W 43
Bra) . Fe (OH), (R B UL 16 30 41 R A Al L 43
Bréat) , CaO BT Hr Tl A B & L 2 4l . HMF
(80 %6) by LLI AR 48 Jig N 71 5% e A L AT B 2 A1 1 7
HMF 45 #E i (A6 50 8 2 sk B A BR A A, 98 %),
FDCA #rife it (AL st B RSB A RA L9720 . 5
BRIRER O S5 3 A L A8 1k LSk 23],
1.2 AL K= s it A

FREL 0. 16 g A9 HMF [E {4, ] 10 mL 5 NaOH-
K, HPO, 2% i W% i Je B T I g 45 4 v, 1 I I
FEL IR 40 90 m A — 52 & i Bl i 4k 77 (NaCl, KCI,
CaCl, \Mg(OH), = AICOH), &4 B iba¥) ., i
Bl AR R0 By A 3R 1 Wk BE3A 2] 0. 5 mmol/ L, I 42
TEIA 3.16 g FI il ) = 2k W2 #1 ALf ) )1 15 min
Jei » 465 IO V85 VAot U0 e VA O« 3 A R R R o T A B 1Y
VEEHEAT IR AL AL B (pH<<2) , Bt $F 10 min 15 3| K&
FI LT TE o FF i 2820 U8 S e e A B, 4 45 3] [ 4
F 50 CTFEZ TP 24 h J5FRE, LITTHE Y

13 R (D
m

Y/ %==-X100 (1D

mg
Hrpr.y 2 FDCA 154, %5 my 2 00 A& & 52 bR
Jifd FDCA B Bt . gsmo AMAR HMF 584254k
if FDCA RYBIE = . g
1.3 FESLERAE

% FH Bruker Vertex 70 {8 HL 2T 48 635 4 AL
31 FDCA Ar ik i K 84k 7 5 1 B g A, R A 7 [
ADVANCED 400S #I # #i e 9% 6 3% £ /7' H NMR
1 C NMR 3 #7 .,

2 HR5WH

2.1 NaOH-K.HPO, 2 #h i % 01k 5 14 5% i
NaOH-K, HPO, & #p i WA B T 48 i 5 kiR
ey A AL e i, H g oh ik &R o NaOH H & Al
K, HPO, H& & b R Am Rk gm, &+
UL B S R N SRR 10 mL, HMF (&R
0.1 mol/L, mEkBRH H="m 1.5 mol/L, K, HPO,
itk 1.6 mol/L, W B [8] 2 15 min, SN ik B N
25 °C 431 NaOH-K, HPO, 2% iAW th NaOH FH &
XF i R R B0 4E AL HMF i £ FDCA 5 (9 52 ) , 55 56
SERAE 1 s, WE 1T R AT RLE L SRR
NaOH % J# 4 0. 4 mol/L PLF B, 2 & & o JLF
KA 2] FDCA #9425 1 B & NaOH JH &t (19 1
I EDCA (77 3% i F+ . MK & NaOH ¥
1.6 mol/L i, FDCA A 5 i 7= % 66. 1%, HE
S5 PRL 2 DR Ay R R R 0 A A i B AR TR AN R
Sy A B BRI R S R I HE AR DA T TG 1
HMF %(ft. i FDCA., T b5 A& Z v NaOH it 13
T v A TR A ) R P S W 8 o, DT 2 i T AR AR K
S5 FDCA WA 3R i =, SR, ik R h
NaOH ¥ £ # i 1. 6 mol/L I, £ {# 2% vp i & &
K, HPO, 7@@?%:%@5%1& S IF B L5 SN Y E S HEAT

60 —
30

OFm »
6 o'.3 OI.6 o'.9 1'.2 1'.5 1I.8
NaOH{& JE/(mol + L™)

B 1 FDCA 1335 NaOH ¥ & i1 5% & i £&

FDCATR /%




694 /A N | S N N - S

2018 4F % 39 %

ARICE L 7 AR T bR K, HPO,
FH B X T S0 A0 AR 1 5 ), B 4R T I TR AR RS
10 mL, HMF Fil {5 ZR R B i v B 43 51 R 0. 1 mol/L
1 1.5 mol/L,NaOH By ¥ B4 1. 6 mol/L., J I B
8] >4 15 min, )W RN 25 °C LR 45 w2 fr
N. B2 F£W, M E K, HPO, H & 898 i, FDCA
(18 77 6 2 0 20 T 38 s 0D ) B FE R R R OR
A K, HPO, i, FDCA 183 AUk 57. 8% ;5 i 24
fkZ& K, HPO, H k%] 0. 4 mol/L B}, FDCA 1
1IN B i, O 82. 4 %6 s Gk EEHS i K, HPO, HI4t,
FDCA (152 % T B . B 4 K, HPO, 1Yk
1.6 mol/L B, FDCA 3 R AL % 66. 1%, HJR
R Ty n PO X T EgkmM EaR
SEAE T P T kR B TC R A A R L B
K, HPO, BYIA e 8 R B A e M 32 W 48 o 32 iy
FHH FDCA 9 159 2 26 3 38 . SR, 24 4k R
K, HPO, HEX 3 —EBE G . KR P HER PO;
NN B TR R A AL HMF 77 A5 4100 20 5 L DAL 2 1T
PLE L, K & K, HPO, B FEE# 5 0. 4 mol/L
Ji s FDCA 15 28 5 B T B a3 5 o5 A, 16 3 i 1k

AT 4 POT 2 LUK AT 28T H L AT 52
T FDCA ¥ W45 FDCA 15 2 [#(K .
100
90
;:g. 80 F A/ \\
¥ I \
<
2 ~.
60 - A
50

0 03 06 09 12 15 1.8
K,HPO & #/(mol - L)
2 FDCA 1§# 5 K, HPO, &M X2 i<

2.2 Bl 4 JE B X U RN Y R )
SRAE YA BT 8 R A A AR .
A B2 32 e 2k R 41 4 ik HMEF BF FDCA 9 14
R T AT 43 M1 T NaClLKCLL CaCl,
Mg(OH), , AlCOH), . MnO, , CuO, Fe, O, } Fe(OH),
& B G YR R AR, WS R T, RN A
FUEHIE 10 mL, HMF # F 24 $l7E 0. 1 mol/L, &
BRI (0 B R HI7E 1.5 mol/L, NaOH 4 ¥ Ji 22 i
7£ 1.6 mol/L.K, HPO, BY#k EE Kl 7E 0. 4 mol/L. %%
AL B AL B 7 Mk B B I 7E 0. 5 mmol/ L, J52 N B E] 4
15 min, J IR EE R 25 C LB 45 R 3 i,

3 7%, NaCl, KCI, CaCl, \ Mg (OH), # AI(OH), %
4 JE AL A PR i R Rk 1L SR A HMF 46 FDCA
AW BMIHERN. Y LR SRS WEKRR DT
W 0.5 mmol/L I, FDCA 145 5 M Xt BEARE §h Y
82. 4 % 4T BIRFME ] 67. 2%6.60.5% .65. 3% .68. 6%
159, 6%, FE0R 20 )35 %) 18. 4% .26, 6% .20. 8% .
16. 7% A1 27. 7% 51 CuO Fl MnO, ¥ Fh 4 J8 1k &
Xt kR #1481k HME %1k FDCA 5 — & /Y
HIEFT 24 CuO Al MnO, By JE H 0.5 mmol/L
I, FDCA 45 3 X BEAE & 19 82, 496 43 0 F B 2]
TACLYORN 79, 2%, BEE 43 9 3k 2] 10, 1% 1 3. 9% 5
MAIA Fe,O5 1 Fe(OH), P& W)l 16— & 72
JE B FDCA M3, MW 3 haf LA Y
Fe,O; #l Fe(OH); BYHE N 0.5 mmol/L B, FDCA
0 5 2 A X BRRE i 0 82. 4 %0 43 S48 m ) 85. 7% il
86. 10, W 73 Gk F] 4. 006 4. 5%,

FDCAFSZ/%

K3 FDCA 1835 5 B 41k 4 8 5 7 19 % &

FF Fe (OH), XJ & 4k R 8 & fb HMF 7= /&
FDCA A 545 1ty Bh fi Ak 85CR L e 468 41 i B i A4k
B HIAE 10 mL, HMF B9 2 #l 7€ 0. 1 mol/L,
TR R AR B FH P I AE 1.5 mol/L, NaOH [ ¥ J #2
HI7E 1. 6 mol/L,K, HPO, )¢ JE ¥ Hl# 0. 4 mol/L,
SIS ] 2R 15 min, SR 25 °C ), i — 20 Bif
5% Fe(OH), X FDCA 18R 520 , 45 Fan K 4
iR . MW 4 il LUE L & R R o Fe(OH), H
AR, FDCA 13RS BUSER NG T R R
A Fe(OH), W, FDCA W18 K 82. 4%, bi &
Fe(OH), 1, FDCA Y15 R % i I 71, 24
Fe(OH), WM A&~ 1 mmol/L B}, FDCA 115
FRIRF R KR 91, 7% . i — 1 Fe(OH), M
L FDCA B 7= 6 JUM R B Fo R K AT g ot 2 19
Fe(OH), MMM AR, i T W B 22 BE1E T, 76—
SERREE LR HMF (% R0 & FDCA i3k i i
F3 FDCA M35 B R &,
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¥, 385 FDCA b #E#F 5 1 20403 B 47 T X5 1.
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WX E LR T &R A b HMF i 2%
FDCA i # NaOH Hl & K, HPO, & FflBif# 1k
F 4R B T4 E X FDCA 15 R A 5200 , I 18 i 21
A B Wl 36 Pk % FAE T B X T % FDCA 7= il 17
TS5 RAE AF BT 4598 .

a) f£ HMF (% 5 P 010 14 & by o5 i & 19
K, HPO, B A BE $2 /55 e 2k IR B 1 B2 7 DT
LA e S ) B A 3R H R X R T AR AR
10 mL, HMF F1 &5 £k B #1 (9 ¥ B2 43 1 2 0. 1 mol/L
A1 1.5 mol/L,NaOH ¥ &~ 1. 6 mol/L, I Bt
[ 15 min, SN EE Ky 25 “C I, B A4 2 o A
0.4 mol/L # K, HPO, i}, FDCA AY45 Z 0] ) R
K, HPO, Bf iy 57. 8 0 W i 34 hn %1 82. 4%,

b) Fe, O, fil Fe(OH), Wifh4 &8 k&Y he i i
& v v R R R B i AL AL ROCR B Fe(OHD R B
HE AR AR 1 B A AL S AR RO 25 4 ) s I AR R A
£ 10 mL, HMF By H &4 HI7E 0. 1 mol/L., fm 8K R
BRI ZE 1.5 mol/L, NaOH 4 ¥e Ji 4 il 78
1.6 mol/L,K, HPO, ¥ B ¥l #£ 0. 4 mol/L, Jx i
BFE] 4 15 min, SR R 25 C B, )RR & o
A 1 mmol/L ) Fe(OH); #] ffi FDCA 115 %
82. 4 Vo EH 91. 7%

o) LLAMNGIE MAX WG HR 3 B 45 SR R W, 5L 4% B
9484 B AT L) FDCA ZT 4h Ko 4% 1 W i 0
& WIAS SCRT 7 v AT 8 e A9 22 1 il 13 FDCA 7= i
M FDCA By il £ B2 4 — 4508 i 428 .
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Effect of potassium ferrate stabilizer on the
generation of FDCA by HMF oxidation

LIANG Qidi, XIE Wenxing » ZHANG Junhua
(College of Material and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The potassium ferrate/NaOH-potassium hydrogen phosphate reaction system was constructed to

study the effect of dosage of potassium ferrate stabilizers such as NaOH and K, HPO, on the generation of 2, 5-

furandicarboxylic acid (FDCA) by 5-hydroxymethylfurfural (HMF) oxidation. It was found that the best oxidation
efficiency could be obtained when the NaOH and K, HPO, dosage was 1. 6 mol/L. and 0. 4 mol/L respectively,
and the FDCA vyield reached 82. 4% under the reaction temperature of 25 °C and reaction for 15 min.
Through the research on oxidation promotion metal compounds such as NaCl, KCI, CaCl, , Mg(OH), , AICOH);,
MnO, , Fe,O;, Fe(OH); and CuQ, it was found that, four metal compounds (including Fe, O; and Fe(OH),)
owned good oxidation promotion effect, and Fe(OH),; showed the optimal oxidation promotion effect.
When the dosage of Fe (OH); was 1 mmol/L, FDCA yield could reach 91. 7%. Through infrared and

nuclear magnetism analysis of FDCA and its standard substance, the structure of FDCA was confirmed.

Key words: HMF; FDCA; potassium ferrate; oxidation; stabilizer
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O E: ad b EREXAEATNERERNE T RAN/ZT 4 ® 5 (Polypropylene/Quantum Energy ©
powder, PP/QE) M K A A4 A A 2 T AR EFAM A S HALIHRERA TSR T T4 © H1EH Bk Al
2t PP % & Mk & MR 69 % vw , SF 4 B Dobreva B 2 244 7 PP/QE AR A A MAEFE L HI R R ER,

LR AW .QE B PP & dh Attt F A m A AE A L2 &

HEMP KRB EAESRTENQERMRMETA 3

wtX R R ER RS . PPHERBREREREKR PP ZORELSMNEFHT 8.9 CH6.49% 5 M HE¥ G, T
AR MR N IER; PP/SYQE AAMA e RAL R R EAE &, L RM A4 5 MBI 374,54 CHR 53|

T 422.88 C,

EEIA: TR O Ao R Lo A 2 BB R R

FESES: TB33

0 51 &

B4 (Polypropylene , PP) B A itk 2% )& ik |
it $4 L T BE L By N T AP0 S A 1 i L AE 25 AR 1l K
TN Ko G T v 2 A A A B )0z 1 L B TR G
PE i A PE 25 R S A 2R R A B A B ) T
FHG . o SRV 0 Pk i, 52 BB RE Y v 1 e Ak AN
etk 2R R A S Z Y, /TR ®
(Quantum Energy® , QE)#}J& #f [F (#) it 7 e+
BT BT I A 0038 B ) 4 kL, LA s [ R A 1Y K 4K
K AT Y (Osaekhyulto) B R R, M6 0 B Mk
e LA R BB A — ZR A R ik T2 ) A5 A5 2 kL A2 7E L
TEULE PR AR E N YOREER R BT . QE B
R R G20 AR A 2 3 0 A HG e 3 o Ak 22 R ) P
P72 0 AN 718 S 1= NN T DS A AR N R T
g A QE K JC AL 7E B A W 4
o A8 e B S A A R AR L R IE AR = R G
SEAmH N HAT, QE By E B R & wk n H
TR R 45 4 09 45 & o v B ATk R M ) hE K

W H . 2018—04—05 9 2% R H 359 . 2018 —05—10
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PEUYLTOE T QE B R PP o4k M Be AR M R Y
WFFE AR IS . A SCLURE Rl L3R 4 O Xl 4 PP/
QE 94K 5 5 #1RE FH] 22 78 49 i B PN 3 65 i O
BB A E BT T QE W3 ARy o AR
PP 25 P e S A RERY 2, IR (] Dobreva 34 %
EHFTE T PP/QE QK& & b BHE S5 R 45 i 72 19
AT

1 KIS

11 S skl

R AL A R ST A AL B 1102K,
MFR=2. 8 g/10 min; & 7 fg ® ¥ . #h E (B 7 7 fE
e AR5 B 2 43E R 42 400~900 nm,
1.2 SEERAURR AR A

TG/DSC2 #1225 9 1 $AX L PR J3 B ) (i
+ Mettler-Toledo 23 &) ; RM-200C Hl I 3 VR 4k =X
B I A AN (P R U i 3 L KA PR A DD 5 Leca
DMLP AV i O 1 1 8% (18 [E] Leica A A s DZF-
6050 7 FL2s T 1A C LI R AR AR AR ) .

fEE A T BLA991— ) B 2B b A B L BF 5T AR 2 & 4 T RO i T HOR T e
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1.3 EAG MR %

KBRNGWIESESEZS TIRES QE Bkl
i, FE % 3 R 60 r/min FIE @GR EE R 230 C &4 F
25 I TR R X R O R A Rl AR 15 min, i A5
PP/QE 9K & & w1k, Hovb . QE # 1y it & 70 $or
Bk 0.1.3 wt¥% Al 5 wt% . #xic B Neat PP, PP/
1% QE.PP/3% QE F1 PP/5%QE.

L4 ML RAE

FIFH % 5 M G 8 7 8% (Polarizing microscope,
POM) W% PP/QE B & M BHHER NS MBS, ¥
WEEE TIME L, L 100 °C/min F+ & 200 °C IR FE
5 min DU BRGS0 B 58 AR Al S 5250 1 1 35 3%
Ff A J g R — BEA [E] S L 100 °C /min R
VA2 130 °Cfi 2 5843 55 il 45 df W8 & FE i 1Y
45 W DL TORASECR 200 1%,

FIH 22 78 49 48 1 #4{L (Differential scanning
calorimeter, DSC)Xf PP/QE & & # Bl 34743 Hrimlit
29 6 mg FE M ERAERR N L LA 10 °C/min BRI}
£ 200 CIFPRHF 5 min DATHERIA S, #4351 2L 10,20,
30 “C/min F1 40 °C /min A3 [ 2 40 CIficw il
2. MR A N, P4 SRR 20 mL/min,

| FH #HE 43 H1 {2 ( Thermogravimetric analysis,
TG MK PP Jz PP/QE 1R ¥ 1y #4473 ik il 28, H
t PP/QE LR Y FHE X (1] 35~600 °C, Tl i 4
20 °C /min, N, 4 Fl N, #i# 20 mL/min,

2 HZR5ITR

2.1 PP/QE 99KE &M EHK POM 4347

Bl 124l PP AT QE By &R 3 wio i E &M
BHE 130 °C %5 R 45 i 2 B2 b R[] 25 st 8] R Y
POM &, 25 LR W], B b e UL 2 W 1 i B 5
HE”E %, 4i PP K PP/QE & & M KK fIATE S
PR ER W 2 DA SR A 0 W 45 A D 1) S AR Y
i A 56 B T ) S AR R e A K 5 S I A 4
R At A T AR TR L BR S 22 D) B ik B B
AW ZHBIAR . X sl PP R & A4k
R AR MA QE M5 BN R S8R £,
An A RS A /0N s S IR 45 A 90 s B, & A AR
Al A AR B T o8 3 AR AR BR 22 ) B ik 1A
RUE A SE L, 4 PP T4, VL E45 R %
B QE ¥ 78 PP A v i 2] & &% ni % 70 i 4R S
W 2 245 S B e (2 E 52 A RS

1 130 CAFREE Mt b PP L PP/QE & & M BHE R [ 45 vt 18] T B9 POM 8]

2.2 QE/PP 9KE & MK DSC M4k

2 R4l PP & PP/QE & & M L) e fl it £
QE M5 AL S5 PP/QE & IR M 2 4 5 il i 313 75
(T R QE By &3 £, PP/QE MR IE R
(1R el D 5 o) v ik Ot % - 1) A I 7 ) % 3, L4 il

SIS TR 1, MR LATLIEH,. Y QEHHE
3 wtohf, PP/QE EA MAER T, R 165. 37 C 4L
4i PP T L7 Ciift— 4t m QE M. E A4
BHAIE SR A PRI, QE B MR, A RE I Bl
HAR LI, 5 PP/QE Z &M EHY T, b —3,
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WAk

Neat PP

.............

120 130 140 150 160 170 180 190
/T

2 FHE#EZ 10 °C/min if PP/QE & &

A4 Rk B4 s il oty 2

* 1 4 PP X PP/QE E&##IH) DSC & EE

WA T/ C To/ C T,/ °C AT/C X/ % AHn/ (Jog D

Neat PP 163.66 119.4 115.14 48.52 33.43 69. 86
PP/1%QE 165.37 125.85 120. 05 45.32 36.48 75.49
PP/3%QE 165.53 126.98 124. 04 41.49 39.92 80.73
PP/5%QE 164. 25 126.75 124. 08 40.17 39.50 78.43

3 HEHER 10 C/min iF PP/QE B & #
BRI il 45 i 42, B BT AT 45 PP/QE FRIR ¥ i 4
WREE IR (To) M Zs fy g TR B2 (T ), 91 T 3% 1,
& 3 Al LLE . 540 PP M . PP/QE & & 4 K
1R 235 ity DA 1) /2 3R 7 ) P R R RS s AR 1 AT LU L Y
QE ¥y N 3 wt Wit T, {H#% T 9 C.QE ¥
Mt —E3m, T, HAZ A K124 CEA) . X
FU/L R QE ¥, 78 PP 3R AR 2 T R Y Al
BFAVERT /T LAy PP oK 3 B 48 41k 78 12 19 A% 1%
PR 5 45 L 8 PP 25 @ N2 5y , 45 i TR B )
B2 Tt s Y QE By & fad = i, T, {8 A8 A iR BE A
KX A RESE BT QE By #£ PP SR 43 BR324
IR 0 P 7 3K B A R B . DSC 5 SRR,
PP/QE & & b RFH 45 i 2 45 5 R 4 T4 5
REVMEE RE R R EAT=T,—T,) KX
W, AT J/IN, 45 0 RE 8RS, 43 i s Bl B ) B
SR B R . QE By HE N N, PP/QE & & #
AR R (NI W N o NP 2 ) 1 KA
BEE QE ¥y JH &3, 52 & B OREI 25 5 G K, 24
QE ¥y Hih 3 wt Yo B, & G MORE Y 45 & B2 Tk 31 04
fH(39.92%) .54 PP M L. &5 ER—E T 6% 4
QE ¥y & it it — L Wik, &2 6 bR 45 RS A
TREC39.00%), XWB T, QE MR &M
BHA Z PR B TR R VR T L BB A £ BESS A L (H Y
QE By & & d m i O AR TR B B G R 45
BEAR TR

_ | — Neat PP
2 | ---PP/1%QE
— PP/3%QE
---- PP/5%QE

e

100 105 10 15 120 125 130
B/ C
K3 Y“HEZE 10 C/min i} PP/QE 4
BRI 425 45 it £
2.3 PP/QE 99K G Mk B IS 1E 53 #r
554 8 D\ SE T £ BE W5 A0 e R B A A 0 PR
[ . Dobreva 32119 & — Fh % H 43 M7 A 46 R 45 o 72
T EDRHE RS W B A T i O P (o) RN %
Tk, o (DR,

=g (1
Ao EREURH/ RS W IR K R AE IR 45 &l 72
Hh B = A A D A D B R L R R R X RS
WAZRE I MR, A T 0 5 1 Zl, o [/,
WA B AL IS e R . BT B A BANER R G Y
TEAR YA FN AR 2% 44 45 i I 1 = 2 A% 2, 8K
(BT DAAR A 2 (2) I A 3

B

Ing=C——5 (2)

K@ MR R, C/min; C HEEL AT &%
BEAT=T,—T,).C.

MR QE Ky 7E PP AY AR S5 R 45 5 ok AR i 3
2 20 S AR R P L DR e X QE B A% 5 1 Y A
A —EWE X, K4 IREAR O ERE
# ) PP/QE E A MBI In &-1/AT% KR ML, W]
DIERIS MRS 2RI R, RIELE
H&AH T PP ML B B (X% PP/QE E4&
MES B B H. WRAIEAXDOEE TE 4b), H
R LLE ] QE B iy 5] A, e 52 5 T b Rk A%
WGPE BEE QE By & i 38, o (8 22 300 e /N e
NIRBERS KRB iEa# Y QE ¥ & &8 3 wilo i, PP/
QEHZAMEIN ¢ (HTE 0.7 ZEA47 /T 15 1M Bl %5
QE My A 4k 22 1 K (3wt & 5 w0 .o fH
/NI K X B PP/5 % QE KR 19 8% T 1
A FFE, X ATRESE 1 T QE ¥y 7E PP JE4K v i 43 Bk
BEFHWN. X5 LR QE B S8 PP &AM
45 i FE DN B A3 A A R — B
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35k o Neat PP
: - o PP/1%QE
a PP/3%QE
v PP/5%QE
0 3.0F
£
2.5F
3.0x10™ 4.0x10™ 5.0x10™ 6.0x10™
1/AT?

(a) PP/QEE AT EHIn0—1/AT* £ R #h 2%

100
095
090 |
085 |
0.80 |
075 |
070 | S

0.65 1 s 1 N 1 ' 1 N 1 L |.

QERY & B/%
(b) PP/QERY AL BT

Kl 4 PP/QEEBH K In &-1/AT* Koz i 4 il £

2.4 PP/QE 9K&E G M B 5 By

7 2 M 5 4330 hic sk T PP/QE &G A kEHg A
HEoON MR E ML, & 2 LA N, PP/QE
HAMEH A g 72 R — R E B QE B
TN 5wt OB HATG o i B (BT 2R 5 wilo) .
e 5 P BB 2R 50 wt 90) FINZ 143 T 43 5] My
422, 88.,453. 42 °C Fl1 485. 68 °C , 54l PP Lt , 43l #2
T T 48.34.16.96 “CHI 3. 35 °C,EW QE By A,
U182 5 PP Y o3 i I B2 15 58 52 5 AR PR e k.
XATREZ T, QE M A, PP/QE LR /& & i 45
fn P RE I 9 L 2 B0 T EAH B 3SR o Tk
Bl 32 B FRFE 3G 5, AF e RS B . B 5 AT
WA . BEE QE B & ey hn . & G AR R 1R 7
T E B 2 7 ik B 2 Y v v Uk 1) % Bl , B3 M it 2 v
RIGKQE By &l 5wt VoIt B it bR ok

100 e

80
X — Neat PP
2 60 ---PP/1%QE
b ---=- PP/3%QE
K 40F -— PP/5%QE
#

20

ok

300 350 400 450 500 550 600
/T
& 5 4l PP fl PP/QE & & # k#4341 B

K2 HEPPR PP/QE EAMBIHMELSHT

. WIS iR CREIRE &k
/C /C /C
Neat PP 374.54 436. 46 482.33
PP/1%QE 379. 88 446. 66 491. 67
PP/3%QE 410. 59 454, 28 486. 33
PP/5% QE 422, 88 453. 42 485. 68

3 %

ASCE FH QE By itk PP A DSC.POM Al
TG W3¢ PP/QE & & M oBHG AR 55 ik 45 fb ik 72 L %)
FERRAE P AR e MR AT T AR R A SR T

a) PP/QE E &M KK POM 5T £, QE ¥
IS = PP A 9 45 & 3 B . B AE — 2 1931 [
R QE #3781 38 i i 46 KL 1 45 19 PP BR R
/NS BE s QE B B S AR AR LA RS

b) DSC #F52 £ W, QE ¥y iy fim A . B @ 48 & PP
P18 A% 0 M (L Fl T o 00 R v iy T R R
R 3wt Vo I A AR Y B TR M e, TR
gh e 33, 43 % HE R B 39. 9290, &% fh 06 T L th
115.14 °C FF & 3 124. 04 °C 5 QE #5 HI & 0 384 s
PP/QE & & FH R 2o ¥4 B 28 80/

o) PEE T LSRRI MR QE M il
5 wtYoi, 54l PP AH LG B2 A MR BT UG 4 L
7% Tk JBE 2 1k 3 i R BE 4 0 B2 5 48, 34.16.96 °C AN
3.35 “C; QE By , SR i BE e Mk e 4 5

S 2k
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Study on crystallization properties and thermal properties of

polypropylene/quantum energy® powder nanocomposites
WANG Kai, ZHANG Shunhua , LIN Qisong
(College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Polypropylene/quantum energy ® nanocomposites were prepared by melt blending with Harp
mixing torque rheometer. The effects of quantum energy® powder as the modifier on crystallization
properties and thermal properties of PP/QE nanocomposites were studied by polarizing microscope with
heating and freeing stage (POM), thermogravimetric analysis (TG) and differential scanning calorimeter
(DSC). And the Dobreva method was used to quantitatively study the nucleation activity of non-isothermal
crystallization of PP/QE nanocomposites. The results showed that QE powder could promote
heterogeneous nucleation in PP crystallization, accelerate the crystallization rate, increase the number of
spherulites and reduce the size. When the additive amount of QE powder was 3 wt%, the nucleation
activity of the sample was the highest. The crystallization temperature and crystallinity of PP increased by
8.9 °C and 6.49% , respectively; the melting point increased slightly;the super-cooling degree decreased;
the crystallization capacity strengthened. The initial decomposition temperature of PP/5% QE nanocomposites
increased from 374. 54 °C to 422. 88 °C, and the thermal stability of PP/5 % QE nanocomposites increased greatly.

Key words: quantum energy® powder; nanocomposites; crystallization properties; nucleation activity; thermal

properties
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Effect of braiding angles on bending properties of

3D braided composite material
HU Hui, LIU Yisheng, CHEN Liaokai
(Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: A three-dimensional braided composite material with different braiding angles was prepared
by applying flax fiber as reinforcing fiber and polylactic acid (PLA) resin as matrix. The numerical
simulation of the bending behavior of the model was carried out by using ABAQUS to analyze the stress
distribution of the material fiber reinforcement and matrix during the experimental simulation. A universal
testing machine was used for three-point bending experiment to study the quasi-static three-point bending
behavior of the material. The comparison of simulation and experimental data showed that the bending
stress curve trends of different braiding angles are close to each other, and within a certain range; as the
braiding angle increases, the bending strength and modulus of the composite material gradually decrease.
The meta-analysis results were compared with the experimental results to verify the correctness of the
finite element model.

Key words: three-dimensional braiding; flax fiber; numerical simulation; braiding angles; bending

stress
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FARE, B AT B 6 R TR .
KEEE . = F I 5 KRB AR AU M A
HmESES: TB381

0 5l

SR BE R — 2 A R I AR R LA
e AW L Rl H A 0 R S PR RE B BT %A R A
1 B A Y R 2 RN A 21 T AR B ORL A 1 2 U
(R e o NI I = A< E 7o (S N1 S )
IR BE AU BE B2 22 L U 4 K BRI b 5 K B 4R
e N HEHUBR R R T I, B B AR R

R O T HL KB I HLAR P BE L B 2 F 5T R D
AV ) i U 4 25 ) £ S WK BE I . — Tl & L 78
E A S B BUE 1Y 7K BE K HY FE Al L, 98 AR [A) B 26
A S I BRI S| % 790 EAT R AT XM 4% 445
e T AR AT 10 v K B SRR LB RO R L E
ETTE B BB, W R R AR T B B A
AN ICAURL 9 7 s B i UL AR L (H B UL T
R4S o e A 8 38 BE BV n i/N T B A ALK
PEREH AN AN W 5., — EL B B (B AL AR fE A P
BRIT . PR P B S B HURL 135 26 S
T L K BRI L PR RE R B . LA X g oK T ALK T

il

YR H . 2018—01—04 9 2% R H 3BT . 2018 —05—12

XA ARARRD: A

XEHS: 1673-3851 (2018) 11-0709-06

HEAT T B Wi, OF J5U 07 58 45 i A5 2K R I B T vk
P T5 1 9 DIE R JC AR IR AR 1 E P A 4 v
SFVERE L H ) 2 P Rl L S HROK BRI A 10 A
PA b AHZ 7 6 6 K ORE T 1 e By %), HL A g
i o A SR B B B — BB

T H KB I 2 5 HEL A S5 AT 0 O 3R R R ST OK
JERe o) R A TR BE AR R 4B K B A
=2 LR S 2 T K B LASR ML | SRR ik 4
1R 0 TR S A L 2 K B I B AT R
AR H — L6 5 R g 0 B A T R € R A Y %
FOKBERERI NI . RRBAOKEER 2 — 2 LI T IR A
SRR K BEIRS . TR BRI R R S IR
oo D ] 5 5 D AR G X (R B ZEOR B W %0
BRI T 32K B 4 102 FH Y Bl . AR R I 2R R i S5
JK B JSE AP i T B 10 2 0 R P P 5 B e ) R
S O BT ) B TR

% SR 3R A4 T e (P A A P R 127K B JiE 1Y)
SHR FHE L DL N N F BN 965 BB 1Y (BisAAm) 32 1k
RGBT B AN B SIS R AL B (DTBA)

PR A« BRI (1994 —) 3 WINT A He A, 8 L BF 50 28 2 DA S 2 B W RS g 7 T A BT 50

WAEVEE . XA 75, E-mail : liuxd@zstu. edu. cn
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HI LD A R R S (LMA) K 8 19 55 7K 45 & 4 3
SR L LA K H R P 0 T 0 20 3 — R R AL % (DMO)
FIPT IR B8 (SAA) 5 H J 1F B 1L 1Y) 4 30 28 Bk, 4
B = T RS TR 4% A 4R v T L K B R T LA R L K
5t SAA TEILK BEHE Y EE R HL PR RE IR B A —
8 A7 B8 Ry i — 25 0 38 B R 1) AL A i L Ao R
PRHE B B 5 I 2% 4 o il £ T [ B LA R B iR
AR ERE N 2 A 5 K BER A RL . 76 B IERE -,
WRIZE B IKRIAK R+ DTBA, BisAAm % & K&
SAA F1l DMC JEE R L X e 45 B i P A 55 1 Fn 5
PERE 52 M ML AL IR B G BECR R A Ak Fn
pH M,

1 MMR5AFEZE

1.1 S8t

P BERE CAAm) , LN I R H FERE (LMA) ,
PR RN (SAA) , & A AL BN, £R 12, N, N-F FH 36 30
I e e (BisAAm) 1 B R 8 » 1 e 3 = 1 3L L fk
B (DTBA) , W47 B2 A1 TR TR s Ik 4R £k = TP R 510
L8 (DMO) » LA | 24 & 341 24 43 r 46, W8 S8 F 1 1 B 7
TR BR A B 5 2l % R A 88 CREAR /N T 50 pm)
W SE T e QR MR R A F .

1.2 JKBERE A 2%

TE 2.30 g K PRI A 1. 00 g(14. 00 mmol)
AAM.0. 24 g(0.52 mmol) DMC,0. 11 g(0. 11 mmoD)
SAA Flif  BisAAmGPE WL D, 5+ 10 min, FAIA
0.13 g(0. 52 mmoD) LMA i it DTBA (P I3 1) 1
(1.4 wtYo) A 88, B FE 10 min, ATA 60 pL ¥
JER 1. 000 mol/L 4 30 B B2 8 A1 60 pL ¥k FE R
1. 000 mol/ LAY ik & 2 2 . 1 FE 34 57 L A IR A JE A
H(d=14.5 mm 8% 4. 7 mm,~A=50 mm) .5t & 2 h
S BUHE o A5 1 [ bR K
1.3 FRAE5 ML

FHH HL B CSEND WK - 8 i) 7K B e FH RV TR
J& . & F FDU-1100 % ¥ Uk T AL R+ CH A
RIKAKIKAD 24 h, ¥] 5 8 4 J5 H] JSM-5610LV #!

F B W OE CH A i Tk ) AT UL %E .

5 EL P D 8 TR0 R R K R M T T B A R AR
6], FH S 28 B0 HL TR (15, 2 VL 38 52 1502DD) | HL i
F A BRI, FHAR M K B R BE . PR R

[8]
UXS™ gk en i S 5% Horp U LI

AR=T7
IR L A S 43 B3R K I A B A i AL
FE4RMR : E A2 14. 5 mm (497K 8E BT LA g
SEG AL & (SH-500, i MM 1l B A % A BR 2 7)) %
20 mm/ min 45 R P T R 45 21 K 5 i F 2B, id
SRR AR IR . RRARE SR 3 I O,
FLAH G 4 H AR 4.7 mm K EERE T SH-500
RUBLAR M BE 52 56 ML 5 CIR M Ll B2 AR A BR A W) 4%
20 mm/min F7 A AT AR 2 K R BT R 10
AR AR ih £k . REARE S E R 3 K UL ME .
G 250 - K o K B e A P B TR A 1k
PRI T TR R e e — e TE R P A R E 3 d
XF RS K BE BT P E IR, AR
A3 K OB
pH e 1o 0 X« B K BB I S AR L FRREA
AT pH {E NaOH 5% HCI 3% % 15 i 1% 210 5 5 %
IKBERE PR PR E, BRAIAEMEE 3 I UL (A,

it @/ 6=V WO s r00 g, St w2

KEIETFENCT G B W, 00t K S B
2 HRSR

2.1 BEAFHKERA R

Bk 5 52 A /K I H B IR B L 2 M R
R, 3E B X K R R TR AR (A 1)) WSS
RIS TG T B Ak 27 38 6 A 7K 8 i P9 A
R — A2 LA TR W 4, H 3 UL IR TR 1 L 78 LA 4R
¥ — By fLA2 (B97E 20 pm ZE47) . B 1(h) K EEI
FE S B B8, mT LLVE 2 & 21 K B i b i 8% 1
A28 HRSE R/NFEALE G R ah A% N T 50 pm)
HLAE R 3959 53 BCLE KB IS 9 36

K1 Sl S KBE R BT IR R B L R B
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R K e 2 LA = B A2 MR 9 A S WL K B I ) o B P R 711

2.2 SCHREGE R X 7K BE S MU PE BE 1 52 e

F 1 R KB ) 2% A5 A0 B RE R BB PE BE L
. NFE TP 1~5 s g5 o] LA L BEE L2
W Bis AAm 5 1, 7K 5 I A R 45 B T B
i ISR S A AL, e KB LTE BisAAm %
oM 0. 180 mol/L i, 3 v e /NI 5 KR 4 A 1 (L
222 3 5 bR A 252 2 fi5, XolgE2h T
B BisAAm 5 5 57 7K BE B Ak 5 22 3K % BE AL 5
AT E) o T AEBE B BB AR R & SR, 4
BisAAm & & KR 0. 270 mol/L B, s 45 F1 7 fi
Bidg ¥ 8 BisAAm ¥ A 0. 180 mol/L (1) %E iz B
BRIl T KR I A Ak 2 S8 B R v s il
ZPIME TR BOEASBE BRI . Cohen %51 FE LU
BisAAm 5 AAm 56l 5 19 7K BE A 28 L 45
o BEE BisAAm 7 it 38 0, I 46 4855 1 9 S 1
JE Ut B, FE BisAAm iR 5.6 wt X6 CFH XS B 5
A5 ) s, HL R 4 B A KB 0. 080 MPa,

FKERRE B & 5 14 R 8 R AL M BE

L b BisAAm DTBA JRAERL R PR

- /(mol* L") /(mole L") /MPa /MPa
1 0.036 0.024 0.030 0.010
2 0.072 0.024 0.070 0.010
3 0.108 0. 024 0. 080 0.012
4 0.180 0.024 0.090 0.021
5 0.270 0.024 0.075 0.016
6 0. 180 0. 048 0.140 0. 050
7 0.180 0.148 0. 340 0. 090
8 0.180 0. 240 0.180 0. 050
9 0.180 0.336 0.160 0. 040

0.28 -

0.24 |

= I

S 020Ff

1# r

% 0.16

H oot -/
I .//,//
0.08 |-
02 04 06 08 10 12 14

SAA : DMC(/RHL)
(a) FEARfLE

DTBA & £ 28 1k X 7K B AL A 0% B2 52 e 20 5%
L4 R 6~9 HLE Froax, 2 DTBA & & )
0. 024 mol/L 2 0. 148 mol/L i, 5 7K Bt I8
18 H 4 A R RS B 43 ) 9 R 3. 7 AN 4L 5 A
ZEA 1 8T KBRS H DTBA &3, il ge &
TKEE IS P B IS PR e 1 22, S BOUKEE IR 1Y 5 7K 4 65 ) 23
SCER 2 P v o T A0 R A 0 b B 2 SR, 2
DTBA &4 0. 240 mol/L 5% 0. 336 mo/L i, K
(1) DTBA 3 UK BE R R i3 28 4 3 4
e A 2 1 LMA 53 850 W 9 20, % 1 32 Bk A5
MH BEREAE TR, Al B R G 5 IR 5 R 2 1] 1)
F R AR R, TCVE T B R B I K 4 A B, B
TR S AR 22 T 285 ) 2] — T A IR TR b A % R 4
S8R 85 R AR /N

ek 1 b iy JU %4 o) LLA . 24 BisAAm
SHN 0,180 mol/L.DTBA % 4 0. 148 mol/L
B 2% A2 10 1) 45 235 1 7 7K B8 g v 1) o7 b3S A 1
I E AT K EE LA M RE S . [RIE AR SE
FEAR 4 A (GR D FERE L3 o 8 iR B AL B SAA
THERIBF LA S DMC B R e, #8857 H K EE
JEZE TR B SZ ], WK 2 frs . R SAA 5
DMC & Fh43r 1+ 1 B, 7K 8 i i e 4 A 1 e de
K 4k S5 38 KK EE IS SAA 5 DMC FE /R [, H:
JE 4 5 B ST T R o X A S 2 W LU AEAH [R] B
JKEERE N 2 5 # B AE A9 IE 108 7 & & o R R A
A TEB B W 5] AR T GK B e RO 2 SAA &
I, FLKBE e ik o 0 [R) M S A B HE SR L (H S R 46
B TR,

0.08

0.06

0.04

hrfdtsiit/MPa

—
0.02f w=—"

0 1 | - PR | | - J

02 04 06 08 10 12 14
SAA : DMC(EE/REL)
(b) Tz it

Kl 2 SAA Y5 DMC BE /R L AE X 7K 35 I Fe 4 A5 ek R0 R A8 St 14 5% i)

2.3 STHRESH R K BEIE i T A A 50
SRR AR SOOI S K BE I ) T L RE ) T BOR IR T
BEW T RKE T I, I, KB P IE

BT 5 i A AE K BRI I 32 51 32 BEL T B0 #R BE XS 7K
BREIGE 1 3 R AR M BisAAm AR A X
KB T PR SZ W AN 18] 3 B NP RT LU H L Bl
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BisAAm ¥ BRI, 7K B R LT % 52 B 1 TS R
Fa o 7E BisAAm WJEAL T 0. 108 mol/L B}, i 5
BisAAm ¥ BRI, 7K BE R 1) 38 Bk IR 25 4 1% i
T AR AL, T TR B 08 1l 2 L o TR R
Tt SR, BisAAm ¥ B i i 51 e 7K B e 38 B
b L AR B TP oK B A, A R s B2 R
HL SRR 2 TR

- /-\\
e
0‘80 ' 0'.1 ' o'.z ' ol.3
& &/(mol + L™)
B3 BisAAm 7 ik %f Kk 5 I HL G 5 i 5

DTBA 5 % 7K 8 I L 2 32 52 ) (B O 2K LT
3R R P LA E AR, K E I S 3 B DTBA
Al ] ik B e AL B 1. 43 S/m, 24 DTBA % ¥
0.024 mol/L % 0. 148 mol/L i}, 7K & i H § F A
Wr bR A R, H o DTBA 2 390, 115 7K 5 e
PR TR WA P ARUE 1 25 [ 3S IR S5 4 Ol S HEL A T
FEKEE B 2 s 0 B, L S R o
2 DTBA &4k S5 11 0. 240~0. 336 mol/L) , /K 5
iz FL 5 238 T RS oA A i L T M o 1 5
R K G A I B ok ey [ B ok ) 1 4 R R A
b IR0 LAY BT Y A2 Bl 25 [, Wi BT A F B B A2
PSSR TR,

1.4

HUSR/(S - m)
= o

15
14} /‘
Tt e
E 13t® \
(/v) r [ ]
& 12f
o -
2 11t
1.0 F .
0 0.1 02 0.3 0.4

& &/(mol - L)
Bl 4 DTBA B T K 5 L 5 R 552 1k
5B T SAA 5 DMC EE /R L8 % 7K % e
AR, £ SAA 5 DMC EE R H A W I =
R 2o AR v, G H S 3R 8 A 5 i T LA PRER A 5 e A
Ko — A0 ry ot L. X2 O 7E SAA A
DMC 4B JR LA M 0. 22 I R A0 5 SAA B i

JIE B AE, DMC 33 & . DMC 1 NH, 8+~
BTN B TRIES S, LSRG A
SAA F1 DMC B /R L AE 3G I, 5 SAA JE Wi i
TIER T NH, B 80k B £, 7K EE I P # i 52 3k
WA BT A TR K BRI N Y32 3h Z B
SR, 1EEE/RIL A 1 B KRN SAA Fil DMC
TV I 11 i H 7 4 3k 3 it W T B8 o 2 ) 8 1 e
N HL SRR IG5 LA 4k 22 3G 3 i SAA BT
ARF N —ERE LYk TR TR, i
A —EWE ., BIR SAA 5 DMC B /R 3% Wi
BRI EBRBONE D AR — w1
BB KB B S R A N AR SRR
JE T b SR K BRI R SAA AR HIAE 0. 11 mmol
17K -

J

SRS - m™)

;
\

11 1 " 1 L 1 n 1 L 1 n 1 " J

02 04 06 08 10 12 14
SAA : DMC(FE/REL)

Kl 5 SAA 5 DMC EE/R b AE X 7K B i i 5 R 52 1

2.4 JKBERE A A S

6 FET 7 73l 2 K BRI A A BEOR ROK B
AmAHR R TR, 208 6 S uiE 7 shok st
(F 1A 3. d=4.7 mm) H @A /G5 A Y B
JK B M 1) PR SR AR Ak, S BRI D) BT K O L R A
JEUA G A BRI A AT TS B (10240 5 24 U I /K
B E =K A S R A /ME BTG, B
s R B R 25 % AT, ZAE R B X
KEERBA —EMHBZEIES . Xt T IZKEER
A TR B K G S S5 R 2K BE I W)W IS
Ak SEHR A5 K BRI L 0 10 B ST S i S A 5 2 52 1K 144
%2 1) J1 IR PO 23 HICA R i B T s A 2R A i AR
T S IR R M S 1A T AL ) RS Bl 32 B R S R
TR BB T Y e R AT E o e K A R R A
3 BUAE JT E1 PN A 3 23 S IR I 4 22 5 03 5 R R 1
RS TR A AE D) 11T {6 OB 45 R A ) — E R
JE RV KB I L R T B T . BRI K BRI
(918 SR 5 — S8 58 42 5E B K 4 G T2 LAY K BE AT
AT — B 22 BE (Rl FEWRIZ T 3500 H—E 1
FI AT B 52 55 7K BB JKE 110 B S5 3 L 1
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K6 AREEK A @A A

1.6
- 1.43
‘s 14} 135
Z 1.28

12+
#

1'0 1 1 1

YW HA30s wa3d

B7 RBEIE A AT Y A

2.5 JKEEW pH R 1 53 Hr

8 & pH {E X 7K EE R v K BE Ry 52 . Gn &
8 Fim IKEEHE (2 1 MAFE 3,d=4. 7 mm) ¥ Ik JE
BE pH {H3S K2 IEW R . £ pH 2 8 BHF
K BEAL R 4% . 3k & IR R K BE i P & A — COO™
—N(CH,); PiFp e T3 H L 7518 Y pH &4 FIE &
B R R R KO I A I B R BRI IR EE . Y pH
fHU > B e — COOH B REHIIS £, 5 —N(CH,)
TV JSC R 5 B A IO 9 /0, 28 R 2 B AR L 7K 5 I s ik
B, R, pH HIS K, — COO™ # £, 32 B %
JEE R AR L 7K 8 B 5 Tk BE A 4R . A B Y J2 , Zhang
SRR AP R /TN s Tk e / 3 A T 35 S A i B 58 B 7
BisAAm A B2 B 58300 2% 7K BE e . AL RERE pH {H
RO ROK K . 33X AT REE Tk B 2 B2
BEAE LV BRI TN B A B 5 T2 I 45 A M SS R AR
AR —COO™ 5 —N(CH,) S AHFE# T, o ¥E 740
KHE—NCCH,)S YER . R0 pH 38 om I 4 k%
TR K U M A B R AT 1 107 FH AR A L G SRl

16
14 + a
2"
§ L
10 F
% L
K ogt
6_
4L "~
5 6 7 8 9 10 11

pH{A
8 pH BT 7K B M 1 v K B ) 52 i)

PL BisAAm £ R fb 2% 32 865, L DTBA S 44
HBR K S A P B sCBGL 3E i DMC/SAA # i fE B
AR L i 4 B S AR E A S
IKEEWE . FEM ARG .5 F AT T BisAAm & &t
DTBA i} SAA £ 2 XF 7K %8 5 LA BE A S
PEBE Y 5 A I X5 K e A A MR RE R pHL I e
RNEFEATINGR . EEAFR AR .

a) A4k B K BE IR 7E BisAAm % & 4 0. 180
mol/L,DTBA )4 0. 148 mol/L, fE35 15 fix tE
(L5 A PERE  HUR 45 53K 0. 340 MPa, hi il i3k
0.090 MPa, i 53K 1. 32 S/m.,

b) 24 SAA 5 DMC EE/R IR 1 B, HOKBE Y
HUBE 8 i 3 B K {H 5 Al s o B e AR 1

o) %K B F] I B A — 2 1 A @R pH
W B, pH Sk 8 B, ¥ I BE SR AIK L B R SRR AR pH (E
¥inede m s ik .

Sk
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Preparation and properties of conductive hydrogel

with triple-crosslinking structure
LOU Yongjian, LUO Guangyan, ZHAO Yang , FU Feiya , LIU Xiangdong
(College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: As a new conductive material, conductive polymer hydrogel shows great application value in
biosensors, electrical components and other fields because of its good conductivity and unique swelling
characteristics. A compound conductive hydrogel with triple crosslinking structure, good mechanical
property and conductivity was prepared via a radical copolymerization method. In the preparation process
of conductive hydrogel, based on acrylamide ( AAm) was used as the main material, and N, N-
methylenebisacrylamide (BisAAm) was used as the chemical crosslinking agent. Meanwhile, micelle
crosslinking composed of lauryl methacrylate (LMA) and dodecylammonium bromide (DTBA), and the
ionic crosslinking formed between the sodium acrylate (SAA) and methacryloxyethyltrimethyl ammonium
chloride (DMC) were introduced, and proper amount of graphite powder was added. The results showed
that, the optimal mechanical property and conductivity could be gained under the following conditions:
BisAAm content in the hydrogel 0. 180 mol/L. and the DTBA content 0. 148 mol/L. The compression
modulus was 0. 340 MPa, tensile modulus was 0. 090 MPa, and the conductivity was 1. 32 S/m. The
hydrogel also has certain self-healing and pH sensitivity. It is an intelligent conductive composite hydrogel
with excellent comprehensive performance and broad application prospect.

Key words: triple crosslinking structure; conductive hydrogel; mechanical property

(FREHE: NES)
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BRES/R (N-RRERGER)
B ZF W) 4% 7Kk R B B 25 0 B A R T

x= K, BxEM, B #8,TRE
(TR IRF,a ASEEBAARFTHFIEFEL P O;b. ARG EMHH SR ERARAKTHREL LR E AL 310018)

B E. L& ERM (Sodium alginate, SA) A= N-5F & 2 7 i Bt i (N-isopropylacrylamide, NIPAAm) 4 & #, %
MAMZR BNAREGAME XK T RS REEZRS/R(N-FRAREHBE) ZF M % 24 H# K5 ik (Alginate
Ca®" /PNIPAAm IPN hydrogeD) , #] 404} 23 AL (FT-IR) , £ & 24 & A AL(DSC) ¥A & 32 3% & F B % 55 (SEM) 5t
) £ 04 KR B A AT AT B AL B R AAE X SA/NIPAAm ] 5k & BB F XN RBEAER LT . AR AR
B BRI R ERRAT A AP A B AL AR, E2REAA . N-FRALAHBBELA NS, B EREKE
MKW R ARG AW RREREF LR T RN AEOEG Tk TARGERE Y EFGE, LA RIFH
B AT CHONRBET, 5P BRERFLZRT 2 CHLAARFORAMLR, HEMFRER

A1 SAt R 7 @ A B RF A AT R .

KEWR : BAOKBA H R RN RARHBER) ; B3 A At

FESES: 0648. 1

0 3l

KB I S S KA R A3 i ok A AU T
46 B R 45 9 1 ) 22 3 R0 4, HEAE K rp g ik T
NG IR A R RT . KR BOR A R
U AE AR S OF W RS 298 R D B B B b B
R NS N RN ek s A I VR 7
B A L K Ok BT 0O 00 T AN & A B
7 S BORE Y i R P AN 23 X0 BT A A AU R
FEBE YT TLAE U B W I N TS . R A
2R A B A5 0 TR R ) R 7K R I OB T R LA A
HEYIRE  HO T2 = 25 W0 R 30 R A R TR AE A
FHHAREERX.

TR N 2 — Fh IR B T B R AR 2 5 )
T BRI 12 ARREPE AN R G A AR 2 e S5
mE N7 W EF S B (N-isopropylacrylamide,
PNIPAAm) J& — F B A 5 B8 SO P 09 A AL & 4y
T HAE 33 CALRA —~NHAZRE, &SN IR

i1

e H B . 2018—03—05 9 2% R H 4B . 2018 —05—07
EHE R 2

WAEEE . EPRF, E-mail:jpwang@zstu. edu. cn

XHEARERD: A

XERES: 1673-3851 (2018) 11-0715-08

FE R AR A R R A S /g K AR AT i T
e A I B 5 R IR A R 3 L AR A IR B R SR ST
BT B A W 5 FH K B B A 7 s LS BT 245 4 1Y
AR, FhR WU MR R AR —Fh i Hi R R 2
IR ER R R B o 7 2L KIS A
FE /N DL B A 00K 45 4 i, 78 A T A 5 o 2 v T
SEPL PR Y H B HACR B3

A DL TR AN (Sodium alginate, SA) Al N-5#
TN 5L 9 45 Bk % (N-isopropylacrylamide, NIPAAm) iX
P 43 S BRORE il B R SR A R ) B RS Bk
(77 35 45 BT T8 B R 45 /PNIPA Am 1PN i K %
JE o I T 21 A0 S35 A | 22 7% 43 4 i #RORT 431 4 v 5
b B B 5 KBRS 1 Ak 2 A R LR A I R DL I 3R
TP B s 3 R 2 IO 36 Ry B AL 25 4, LA SA/
NIPAAm LV 259k B L 4825 J7 =R A i B2 o
SO A, SR AN-AT WL ORI R A R
FROBE T, Jf 3 3 410 141 Rl 3ok 3R A0E 480 24 K o€ i 1 4t
HPERE .

UK(1989—) . 55 Wi VLI BB N I - B o A = DA = IR e o 4 7 R e T TG 1 T 9
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1 KIS

S R
IH V6 35 R N (Sodium alginate, SA, % B K F
ZEF 2000 cP) . A AL H5 (CaCly, 40 B 4l . # k A
Sigma-Aldrich 2% 7] 3 N-5% P 5& 74 4 Bt i (NIPAAm,
98%6) N, N- I HH 5 XUPA I ok e C(MIBAAL 99 %6) 3 it
iz 4% CAPS, 99. 99%) N, N, N, N-JY H 35 2, — i
(TEMED, 43 #r 2t (3R FR VU3 3 (TCH, 96 %) . 2k
HBTHL T 28 w6l B IR A 8 o Bl (B iR — A8
rdrat) CEAREN b alD) L E AL AR (A at L Bk
R R 25 Bk A R A BR 2 A 5 3 3R Bl (O AT
af) (WERER R (ARt R R AT alD 340k A Bt
M E BAEYHE ARG RN KA # (E. coli) fl14:
W AT ER T (S, aureus) K H R & B A R A
Gl

A8 LT R (ML104/02 , F - g 45 35048 F)
Z /5w, pH i (FE-20, K + M5 45 R 2 A 7))
B URTHEHL (FD-1C-50 , b 5 18 B2 B 52 50 40 48 A BR
ONFED LA 6% A (VERTEX70, £ [ 45 & 78

1.1

1

Al L 2R R Y (Q2000, £ F TA 2w, F 4
ML F B (JSM-5610LV, H A oL F R 24k L 4
AhA] L4356 96 B i (Lambda35s, 28 [F 31 45 3 R By
A, R KB (MLS-37511L, H A #5 T HL 28 77k
HRA Lt B EIRR G (TQZ-312, bR 2 5L
BB AT PR | L BR K 35 3248 (GHP-9080, | —
TERME A BRA D .
1.2 SER Ik
121 TR UL 4 2K B

To AT 1) 3 A R I A —E Y
SANIPAAm .32 B #] MBAA, 3 /1 20 mL & 1
KA FL S 50 V6 il s B2 5 AT & R APS AR 32 5
TEMED, % £ % h 25 ‘C W 12 h, J2 WV 45
Jii R T BRI T 1. 0% (w/v) B AR S %
W 24 h, 15 30 B R 45/ PNIPA Am IPN Ji 8K %
JE . B RV R TR R T A B R T — S VR
1R TR DU PR 28 7K U 48 b LIk 31 38 ISP 5 0 R 25
5 RO 825 J5 W K BE GV R T 1 = 1E T, 45 F+f
DR, T AR T T A 8 24 7K R I 1y 52 36 v e €1
1 fin . JRRHEL L3 T34 1.

T3S IR I 1 ] e 2 24 K R I ) S R R

1 BERS/BIN-FRERGEHR)EF N ESMESEKERS &HEMELL
T RS SA/g NIPAAm/g MBAA/mg APS/mg TEMED/ L E B FIK/mL
1 0.2 0.5 6.8 20 6.0 20
2 0.2 1.0 13.6 20 6.0 20
3 0.2 2.0 27.2 20 6.0 20

1.2.2 B RE&R2KE K

20 mL &8 F KK SA.NIPAAm, 38 B 5l
MBAA Fl— 5 5 i 55 12 10 28 2 58 43 3 e Bl fin A
51 &7 APS(20 mg) Ffilfie # 7] TEMED(6. 0 pL),
FAE A 25 CR R RN 12 h, 0 45
TG KA IR 9 A S S R R R DU 3R R IR A

=

=)
a]a]

W 24 h 15 B0 48 24 oK BE e, H v, Ak A ik B
90,01 g/mL, R IUA R E 55 — LM, 3
ZiKBER ) T T XS TR RIEE BT 1R
ZHEEAREARL, FREFLILERNRK. HEQ
Tk ) 2% 48 24 K BE R A i AR AN I 2 BT s L ORI
k5% 1 —3%,
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KA G BETR S /2R (N-57 DRk TR 4 T o ) . 25 O 4% 7K 56 J5C 114 245 9 T i % e v 14 g 77

2 BLE AT IR VR A K BRI B S IR R R

1.3 Wik 5 R AE
1.3.1 F#EERRES/PNIPAAmM IPN I 80K B ik 1k 27
25 F B R AE
I 21 40 6 1% A3 i K E e B 1 B fE A 4l
B, A 98 [ 2 4000 ~ 500 em L IR Bl 64
U PER N 4 em ',
1.3.2 W¥ERRES/PNIPAAmM TPN JR UK B e 725
T E () A
IR 22 7% 5 4 RS 3 7K O A o 1 e AR TR
JE L THRFEE Ry 25~40 C, FHREZH 3 °C/min,
AW E A 50 mL/min,
1.3.3 ¥R /PNIPAAm IPN YR BUK 5K 3K M
U 50 i FRAE
I A 48 b S B O T0) FT 5 7K 96 G AR i ) 2
TR RS 350 N 4 A o 0 T 0 1 A < Ak 3
1.3.4 MRS /PNIPAAm IPN i UK Bk 259
BEAT I RAE
L pH AN 7.4, %4 0. 01 mol/L # PBS 2%
MPRAE R RO BT, AE 25 C B 37 “C i E K i
WATAY B, BRI RBRT R n T8
IKEERE LA & AT 30 mL BRI (PBS, pH=7. 1) Iy
HER I P AE R RS (75 r/min) , B 3 mL B
OB T 00 72 25 W) B s 26, JF #b 7 B S5 AR B 1 S i
25 FH PBS v . SR 5240 AT UL 43 060 B ik
MMM A RN TP E, TAEMEZ R c= A+
0.0436)/0. 0355, 158 IF 2 il 254 BB h Ze 1A
Hf A MW ;¢ MEFRMUSHRKE , ng/mL,
1.3.5 MFBERRES /R (N-5 79 258 9 s IE e ) 7K 58 i
PO P BE Y RAE
¥ 3.3 g HIRBIRE T 100 mL F B 7K, fnFh
Filifk 120 °C /& K 30 min, Fr2H1F 60 “C A EIA
FEFEMLA,  JE W AR S 55 2, BB 0. 1 mL WK
(AP EE A 10° CFU/mL) 5% T BB 723 1.
FIFHATFLIE T A B K BEREAE i, T 37 Cai 25 CF
TEIRIE IR 18 ho WA B B K/, I LA & 38 BLAR PPN
IREEAE ST PERES T RA X =N D PR
D'=D—d (D

XD MR B AR D M B AN s d Sy i
FEah BLAE.

2 HRSWR

2.1 VWSS /PNIPAAm 1PN Jh 8K & I i 31k

PE 5T RAE
2. 1.1 oA EE S B

&l 3 Jy i 3 R 4% . PNIPAAm LA M i 35 R 45 /
PNIPAAm IPN R 8UK BE R 1 2050 635 B . B 3
ik a ATLLE H.3412 em ' 4b i — OH BRI 45
S, 2927 em ' Ab Ry — CH B 4 45 Pk 2 W i
W, 1618 em ' Al 1419 cm ' 4b Ky 1 3 B2 45 b —
COO ™ Y X PR L% FR A 4 I 2l 06, 1037 em ' b TN
LR BR R C— O 09 1 45 4% 2l W iic g s il 26 b
3600~3200 em ' 4b S N— H {45 4 30 W i i
1649 cm™ ' Fl 1547 em™ ' AbFELE MR M 1 45 F1BE i 11
A I RRAE IR L 43591 R C= O A9 45 Pk 3h 16 . N— H
1 P2 AR 30 5 3 0 C— N i 45 3% sh B4 7 A i it
Wi, 1385 em Al 1375 em AR — CH(CH,),
FARFAIE IR AT U 5 1T T 4R ¢ TP T 3R R 45 5 PNIPAAmM
{8 5 OE WA AT 0[] B A7 A P 7R 3433 em A HY B
F1RY SR T ‘5 1740 D% Ay VA S5 TR 5 o ) — OHL 1) At 4 91 3 Wi
Welg 5 PNIPAAm iy N— H 5918 45 4% 3h W i i
AN A 45 5, 1655 em ANy PNIPAAm 4
SyBERE R C=0O B 45 I 3h W i g

1 1 ] 1 1 1 1
4000 3500 3000 2300 2000 1500 1000 500

isem !

a. V6 WER B /K BEINE 5 b. T (N7 TR & TR 0 Tk Mg ) 7K BRI 5
c. MR BEFREY /B8 (N-55: VA 2k TR 095 ISE e ) L 55° 19 24% 5 1) 7K B
Pl 3 IRBERE LA Gk
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2.1.2 HEARUREE T

& 4 g R 55 / PNIPAAm TPN Y 80K B8 I i
DSC i, K4l SCHk[11 ], PNIPAAm 43 ¥ 85 H 47
TEA 2R/ B /KA o 25 40 SR AR T B A0 U B ) 1 0
T S R KPR L Y B T R A L R B SR
FUNCAR - A s I KM R A A B B O
() Fsf £ Bt 5 A O A TR . INIEL 4 TR e LR L B
Z M ER A AE — A~ BHLI0 0% W AR (U SR G AR TR
B, I HFE%E SA/NIPAAm F 25 4k, K 88 I 1) 5
ARV BE 4 3 A AE 34, 35~35. 54 °C BY Bk /N X [a] 15 [
W, 54l PNIPAAm 145648 i (34. 73 “CHORBAHZIE
B TR 5 2% 45 4 R R P U R S R
PNIPAAm 2% 2 [8] JC Ak 2% 5 45 A o A0 X O/ 45 0 37
FEH PNIPAAm /AR 455 B & BREUER: 75— )7
1, 55 2l PNIPAAm # H , i 3 2 £5/ PNIPAAm 1PN
L S I R T P W g 2 0 R R T R g AR o L R T
T PR TR ES / PNIPAAm IPN i B5OK 58 B2 114 1L 50 i) o7 3
4 PNIPAAm B8 A A% .

SEPNIPAAM

LCST=31.73 T

AEHREY: NIPAAM=] 1 25

RN MPAAm 1D

LCST=34.31C

GREREEEN: NIPAAm=1 10

-~ Wl

LCRT=34.54 C

25 30 35 4
TRIEC

4 MESERR S /B (NS T S P9 s b %
PR 24 225 ) 6L K R B 9 DSC 1t 2%

2.1.3 FREIEH B

5 N ANTE SA/NIPAAm L 51 B (1) 1 35 1% 45 /
PNIPAAm IPN iR BOK e R L S E . NE S5
AT LA L KB e Y A A 2 W1 S A8 LR 454, 3 b AL
T 2548 (AT 1 32 2 52 5 00 0 A7 46 LA B L BE L)
AYEE S Rl ZE K eI I A B 2 L, SA H — COO
FEAEAE B R R 0 VR AR T 5 800 4% 2 (A1 il — a2
() 23 [a) 17 8 B FL R 25 490, 55 — i, B SA/
NIPAAm it NIPAAm 20 43 i4 388 i, 7K 58 i 2 T
(1) LTI 235 g A 8¢ 5 R 8 3 2 8 S A R AR, a2 P
RHAE— & ) NIPAAm L 35 [ N, bl % 7K & i
NIPAAm 75 5 36 I, 45 25 58 B B2 388 L 7K 358 1 L
] By e 3 PR 85 ) 28 T AR A L 5 SR L B 5 NIPAAm
B ARSI, FLIR TGS JEUIL L R 0] e R
¥ (] 5(b)) BB AS T ASKRIIPER (&1 5(e))

Bl 5 AR SA/NIPAAm L f 6 35 i 45 / 3 (N-S57: 79 3
T T e ) I 25 IR0 4% 45 1 3 K U5 I 0 4% T S5
2.2 WFMERRES/PNIPAAm IPN J5 MK BE 5 1) 25 1)

FEWAT 9 53 B
2.2.1 SA/NIPAAm L)X 259 BE AT My 1) 52 W)

SR FH T 212 0 1k B AR TR U B 3R, O WF 53 g
R &M/ NIPAAm LA 259 B RAT R i 52, 45 5
F W, SA/NIPAAm 6] 5 7K BE K 1Y 4825 AP (E &
YRR L2 SA/NIPAAm B 1 2.5.1 5 Al
1010 B, K BE IS 1) 35 25 1 53 1) R 346. 3.326. 9 pg/g
1 280.7 pg/g. [l 6 Wi 3R 41/ NIPAAm L 7]
AN RIS A 2 24 /K R B 25 W R Tt 4k 181 . DAL 6 v ]
DA Hh 5 7K B8 5 110 6 1 D 3 25 SR B A %6 A4 i 3 R ke
KN 5 WA T 2% . 0F AR 24 h BT 38 BB iCF
BPR AR . IR T REORT L K B P9 A R 1R Y
IR W VR B 22, BE A B IR A 2, vk B 22
BT U, H I 258 B T AR BE 22 1) P iR A 5 TR
B o F T A BH 8 3 o i 5 11 6 T D 2 2R 5 08 e TR
) —COO ™ Z IR AE7E & w51 7, W6 5 1 i 3L [
TEH BB BB RCRRA BB TRE. 55—,
AR AL RE BB ] R o AR i 1 R BB R B 4 NIPAAm
F B8] 1 15 o g B AU . 3 DAL Ol T 98 TR 5 / PNIPA Am
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SR /B (N-S5 TR 5 TR M D T 55 0 4% K 58 S ) 24 9 98 e % 4 v 1 719

IPN 7K &1 9 4% 5 45 NIPAAm Y — CONH — Fl ¥
BETRE 5k B8 o — OH 3 P A 21 7K R AT, 0 1R DU B A
KBS PR AL 25 ) RE 08 1 BRI 2% b, O 5 X
B op K S DL EEEE A 45 A NIPAAm | )
TR AT RS TR P e KR M G A P RE 22 L 3
2l t A I AR L 3 OB IC K BE I N R 25 )
R RE 22 80/ 0N o DTS5 B5OME [ R T st 1] 1 1Y 3R BRRE Tl 3
REARG 5 A1, K8 JE 1 22 L I 46 &5 4 1 Oy R i DU 3R R
PO L B NIPAAm HA (4385 i, L3R 25 74
WA T PR AR Ay T8 T DR, I L LT % B = 3K T AR R
XA FEER R U R BB BHCREEE NIPAAm

100 -

80 rF
i 60F
§
£ 4 —— SA D NIPAAM=] 25
B —@— 34 NIPAAmM=]: 50

20 A BA T NIFAAM=T L0

8] L L ' L |
0 5 10 15 20 25
Ml h

() 37 ‘U O9E0H SRMRRCR

LU A1) F B85 o i R A ) — A S A

LA 37 C A1 25 °C i () 254 SRBLURE AR ml
37 CHIREEMR U A R BB R KT 25 C. X2
i F 25 “CALF I R 55 /PNIPAAm IPN i UK &
G B4) % 7 L B K O G O 445 B 5 BOIR Z  Eh R DU 34 R
18 8 R 2 B AR T P Ak B 2=, 38 3 K B R N S 1
22 L 2% H DY T A0 S8 B0 BRI S A BRI E S 37 °C
i, PNIPAAm " 5 7K 56 A 5 45 4 78 38 a0, fL
TR 285 ¥ e A 3P 35 o 7K R S T i WAL 4 o s ik R BE DN
S R 1R DU A 2 Bk B L B R RN PN A v B 2 A L[]
B8 B BB HCR 3n ,

100 -

s
=
i —m— SA D MPAAMS] D13
] —@— SA:NDTAAm=1: 50
—A— 84 NIPAAD-] LY
8] ) : L L )
0 3 10 15 20 23

M fu)vh
thy 25 CAYERY FRFRE

PEl 6 T R TR A / NS5 TR R TR Tt e ) A T el ) 7K 6 245 ) e sl 2k

2.2.2 WU BERT 25 W) RETCAT SN 5

PLSA + NIPAAm=1 : 5 Y kb ] 1 % ¥ i 1R
5 /PNIPAAm IPN Ji 8K BB F RS, LT3
T A B R R U PR 2, S G R A R DU PR Rk
JE R 20,100 pg/mL Fl 200 pg/mL =4S, H4%
2B oy Bl 334, 4.1382. 4 pg/g Al 3100. 7 pg/g.
Pl 7 D0 Ay i TR D A 2R R 3 A [) B 14 7K S JE 245 00 il
Mgk, S51E 6 AL, 25 P 5 FURE 0 3 A6 ) 9 Tk
BN LSRG R T8 L I R AE 15~25 h Ik BB
OTAE . FLUR, Eh R DU 3R 3R vk B RIS . B RURE R g
AHEIN . ERER DU ZAE N PH SRR R, T
FR 5 4 1 [ — COO ™ Z [ 4775 % # B 51 1 i 1E
FH Bl A5 0 1% DU SR R 2w 3G i, 259 5y 1 5 K B
JBE 8 43 2 TR) (R e g | T B, 5 3 R BB Tl R B

100

ol ===
£ eob
éé‘.i
= 40
e —— 20 ppinl
¥ [ —— 140 ppiml.
20 —A— 200 pgfml
0 L 1 L 1 x 1 x 1 ¥ ]
[ 5 10 |5 20 25

M Tulfh
{a) 37 CHE I R R

TR IR U B2 e B 0 1 i i A /S

Fbds 37 “C Al 25 °C it Y 254 R AR R T %0 L B
HERTR VU ZE UM 20 pg/ml BENZE 200 pg/ml,
AR PGS R 25 R K SRR T 7 15 ) SF A SRR
B 2 243 R 29. 89 % .25. 97 % 1 25. 94 %, B(E
WEA /N . 2 B 25 CTHE & 37 ChfL &
iR VU PR 28 40 F A 32 3l AR X 6 20, 10 55 T R R DU 3K &
Iy F 5 KBRS b 2 18] 5 AR B AR 77 TR B AR K
52 I 4% PR WS 4 B A T L SRR DU 3R 2K 5 TR B
[ ESE, T 2K BE S A i) NTIPA Am & & AH [\ . 7K Bk e
FEREAR B 0 % K 1 42 0T, SR T R IR DU IR 2K VR A
1 s 5 b 22 B e 5 | R KL e 5 | AR
FECT 37 CHI 25 C TR E 2 (8] 17 i B EUREHICR
Z 2 WETA BTN

RN

S0
& o e
g A0
ﬁ |- 20 epdml.
- —& 100 pa/mL
20 —he 200 i
0 L L 1 L 1 L 1 L 1
0 5 iy I3 20 23
MfTelsh

(by 23 T A R

7 R DU BR EE VR B AN [ B0 K I 25 W Rt 2k
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2.2.3 2y X 25 W R HLAT M 1 5

8 o B4 A HE I AT IR i 1k T A Eh R DU 3R
R4 . NE 8 thal A, B vk oA W Ar
M RAR . L 20 pg/mL ], 16 37 °C A/ i
JET R B A R S FE 10 h BHXUAT 56 %611
SRR R, SR 2502 W R O 1 SRR R
M EL L3 89 %0 s M, 5 T A2 vk A L L 2R I B
LI B RE S AE 24 h B R K BRI M. 25
(18 T8 TS 6 2 F R A % 28 Y AR T R E 1, B K
53§ PN EB A J5T 1) 7K S5 B 9 305 38 B LA B 245 49 DAk G
DB I AN BIOR B . T AR LI 1998 R T e
Sy % 7K B WG 1) LR 45 ) 1 B — o R B 0 IR L
PET Ko F B2 B MR R 14 3R R /N or F 1 97 8, 2
HET 25 1) SRR 5 2 M R, R B B B A
KB JRE A it 455 KA R 7 2 1 BB X PR R S A A R TR
D% R TR DU IR 2 R R

100

80

o

FRUFRR

—a— 20 pgial =37
—a— 20 pgiml 237
—A— 200 peimL-47 T
—y— 200 puiml-25'C

1] 5 10 13 20 25
3]/
{4} EAE R LAty 3 R R

FI ] Korsmeyer-Peppas 1 B0 3E — 35 BF 57 2%
24577 O [R) B 10 25 9 B 0 R, L =S an =X (2) or
7N

M,
M

M, F1 MG AR SR K EE IS AE ¢ B 20 ) 245 ) R
R N2 S sn R BRE B0 kO SRR B, RAE
2P R

% 2 N HEBRE5/PNIPAAmM 1PN i /K 58 i
25 ) RE TR A A, AR 2 il R R
TRV (Y 7K 8 e 24 W) R TIOH R B b A3 A AE 0. 113 &
0. 216 FY DX [H] Y PN L 2 38 /0 F2R FH T AR i ik K
I 25 )RR U SR B (R A3 AR AE 0. 297~0. 570 B3
FED o B 1 B /)N, 3¢ B 6 158 DU 2R 26 119 22 T 5 SR b
X — SR gE IR 5 K] 8 TS 4 SR AN — 2, R B
AL T AR B A A W e RCR

100

=kt" (2)

80+
¥ 60 b
:Er'—: 40 20 pgsml. 37
= 20 pafml-25

—-—
-

) —de— 200 paimL-37 T

.

200 pagfml =25 10

0 5 10 15 20 25
He[ TRl h
(hy 1=BdMeik I Z e R R

8 2 s s =R [ Y K 35 M 24 4 8 ot 2 [
®2 BEREBRS/BN-FRERNGEBR)EFNAEHESKRERNGYBHERES

N[5 it JBE ) A e 2

AN [7) it JEE ISF ) ¢ 2

25195 4 7 2t o Rk 2195 4 7 2 o TR Bk
/(pg s mL ") /(pg» mL™")
20037 C) 0.216 20037 C) 0.570
20025 C) . 201 20025 C) . 297
A ot 020 TR otz 0
200(37 C) 0.203 20037 C) 0. 441
200025 C) 0.113 200025 C) 0.324
2.3 GPEAEE/PNIPAAm IPN JE Bk BB P & IPN R AHOICBE I ) 55 70 1R L 7K R e ) 25 1 35 9 i
P RE TR 45, TR VU A BB RO B E E AR IR R P, T

DL 3825 K BE RS GGEAE O 1 R as (ke DL
FLHEAE O 20,100 pg/mL H1 200 pg/ml 5% PY EH
ZKEEE O3 B 1.2 F1 3) 4 g 3 BERE, it 45
B (0 2 3K TR RN R i A TR AT B0 M R O, 45
WE 9 BRI B R ST 5 3% 3. NI 9 AT, 7
37 CHYBEFRIEBE T . 1.2 Ml 3 5 7K B e A b 7y Jo] ]
A+ TR S ) R B L O S R i D G 0 R P A A
& 37 °C Y R BE IR EE S T B R 55 /PNIPAAm

TER T AW S S — 5, R 3 AT T PR
LA B A K R IBE v T U B 2R vk A i 4 R
IR B T T BE A 95 58 5 T B AR N B A
K BEAE 5 R VU PR 2R 9 B2 A 3 0 %) 4 (0 8 4 BR R
AR B AT B8 A 410 0 P 24947 e 38 5 [ i 28 245 7K
IS X 46 B €0 A7 ) oK TR ) A0 SR G o T R M AT R
I S AT Sy <5 B 00 A0 4 R A Db A 2 TR PR L LA
i R P A TR SROBE 23, R TR DY B 2R AT e A
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JOhe SR P TR £ 39 1 AR A 2 P 5 T AR A T
PERT . B R A B DT R BOR S 0K T 1 A 0 4 22
T BAPE B, SR B BE B T R B L iR A AP AE N 2
I 2 R VS I (S S €N IR SU PN 7
FIEE 40 £ AR T 2 s R A Bk . 5 2 A
B 25 C BB R I EE R . 25 R R BERE B G 0

REl A7 AE L 3% T BB F1 T AR R 7 1T 199 D PR 365 B R -
J6.25 CHEGN TR A K BEHH 1 f 3 B UL B s Lk, A 3
TEVG HE R 45 /PNIPAAm 1PN i K BE e b iy £5 2
DU A 2 A 2 720 3l DT DA e [ 7 AT ) B fi
IS5 0B ik . i 48 R 45 / PNIPA Am IPN Jit K
BE Je 1 FH T T ORI B R A T TR RCR .

9 B0 4 5 Bk R R AT R 1 0 R R

x3 BERBRB/BN-RRERGHE)
BEFEMEERESKRKHUINERER
WA EHRZ/ cm

K7 s R 1
ATERFE i S G RRERE B
2 HREO 5) 0.00 0.00
20 pg/mL FHIR IR FEFEMH (1 5) 3. 04 2.87
100 pg/mL EEFERIUIFEFEM (2 5 4.63 4.51
200 pg/mL R VIR R (3 5) 4,69 4,53
3 & it

iz A B3R AL A BT i B R £5 / PNIPAAm
IPN R BOK BEE , RAE T H AL 254 5 0 IR 3 Fn R
T % S50 55 FE Ak M 5, DL o LRk, 2 AT T LA
SA/NIPAAm i | £ % DU 2R 2 vk B L 2% 25 7 =0 A
A0 BT BE A R RN B 25 W) R AT R, O RAE T T
FTERE, BT

a) iz A [ 5L R AL AT ) ) A T R R/
PNIPAAm IPN i 80K & . H SA /Y JH &2 X 5% 2%
B TC R R FEAE 34 CAA
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Drug release and antibacterial property of drug-loaded alginate-Ca?* /poly

(N-isopropylacrylamide) interpenetrating network hydrogels
LI Bing » XU Yizhou, WEI Wei, WANG Jiping
(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 this investigation, sodium alginate (SA) and N-isopropylacrylamide (NIPAAm) were
used to synthesize alginate-Ca*" /poly (N-isopropylacrylamide) interpenetrating network (IPN) hydrogels
through a two-step reaction route of free radical polymerization and physical crosslinking. The
physicochemical properties of prepared hydrogel material were characterized by infrared spectrophotometer
(FT-IR), differential scanning calorimetry (DSC) and scanning electron microscopy (SEM). SA/
NIPAAm ratio, drug concentration, drug loading method and medium temperature were used as
experimental variables to study the release behavior of tetracycline hydrochloride of hydrogels, and the
antimicrobial property was characterized by the inhibition zone. It was found that the cumulative drug
release percentage decreased with the increase of NIPAAm content; the cumulative drug release percentage
decreased slightly with the rise of drug concentration. The drug release time could be effectively
lengthened by the direct embedding method, and the drug could have good release property. The
cumulative drug release percentage was much greater than 25 °C under the medium temperature of 37 °C,
and the hydrogel owned favorable antibacterial effect. Therefore, the prepared hydrogel will have very
good prospect in the aspect of wound dressing material application.

Key words: thermo-responsive hydrogel; sodium alginate; poly ( N-isopropylacrylamide); drug

release; antibacterial property

(FEHE: NES)
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Multi-modality medical image fusion algorithm combined with sparse

theory and non-subsampled shearlet transform
LI Xiaojun' » DAI Wenzhan®+ LI Jun feng’
(1. Faculty of Mechanical Engineering & Automation , Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. School of Information and Electronic ,Zhejiang Gongshang University, Hangzhou 310018, China)

Abstract: Some problems occur in medical images, such as the loss of local information, and the
blurring details. To improve the visual effect and avoid medical misdiagnosis, a new NSST algorithm is
proposed in this paper. Firstly, the coefficient of the high frequency sub-band and the low frequency sub-
band coefficient were obtained by using the NSST to decompose source image. Secondly, according to the
different characteristics of the high and low frequency sub-band coefficients, different fusion strategies
were formulated. The low frequency coefficient with poor sparsity was treated with sparse theory.
Moreover, the high frequency sub-bands that reflect the details of the image were processed by the relative
standard deviation comparison (RSDC) method. Finally, the fused high and low frequency sub-band
coefficients were reconstructed by NSST to gain the final fusion images. The fusion image was evaluated
from qualitative and quantitative perspectives, and the algorithm in this paper has a good fusion effect.
Compared with the other 5 algorithms, the algorithm in this paper is especially prominent in terms of
standard deviation, marginal information evaluation factor and other indicators, and the remaining
indicators are in the upper middle levels. The experiment indicates that the fusion image obtained by this
algorithm is superior in information richness, contrast, definition and so on. It effectively increases
complementary information between different modalities, and has a good application prospect.

Key words: image fusion; sparse theory; non-subsampled shearlet transform (NSST); relative

standard difference comparison method
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Multi-variety small batch order batching method based

on improved genetic K-means algorithm
SHAO Zeyi, DONG Baoli
(Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Aiming at the problem of multi-variety small batch order problem with multiple types of
goods and scattered storehouses, a batch sorting optimization model with the aim of the highest order
similarity was constructed, and the improved genetic K-means algorithm was used to solve the model. In
traditional K-means algorithm, the K value is artificially determined, resulting in the large error of
clustering results. For this shortcoming, the density and minimum distance were used to determine the
multiple initial cluster centers, and the improved genetic K- means algorithm was used to determine the
optimal batch number for optimizing the order in batches. After the batch results were obtained, the
picking distance was calculated through the traversing path method and compared with the simple
batching. The order picking of after-sale service spare parts warehouse of a mechanical equipment
production company was taken as the object for simulation experiment. The result showed that, method is
effective.

Key words: order picking in batches; initial clustering optimization; K-means algorithm; genetic

algorithm; traversing path
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1 2 (10) 7] LAAS 3 f @ il 7R RS AE PD #5H F w2
AR EHE S EH E 2 RE LSO R S
IF 3 RS o 7 PTG 0 7R SRR P R I i S AR
SRR BT EESK L B 5 BT i 55 80 I 3 0 A5 R REL )2
Xof o7 F) 4 T 280, SR S AR A R e AR R A B L FE B
ZEHCRG E T T A X 19 21 A 42 1) 2 B0 AT i kL 0 2D
KB RGN E PR K
2,101 IR R G R E Y LAY 52 e
F, B P 7R R G AE 52 s 07 o b SR A AE I i,

ka

<k, <
(10)
R

Lo ML AT & B, 2 2 Ik i 5 2 B0RR E V FRLAT B
B R KOG R ARSI S RO 2 5 L ZR G i A 3
Wi 42 ) 2 B E VL BRI R . O T8 B
ATF 5 ity X8 SR R P S A 3R 3R 5 R A S 3 B
T 25 I X L R B R R SRR E W AT A . A
LAOFRAC MR AR B RS S LK, =
0.23 MN/m.K; =120 N/A.K,=2 A/V.K, =
9550 V/m, FEAT O AT B LR ik 3 fron . &L 3
VR I SRk, KT — 18 A, R R /N2
H1 2R GE 45 S B R 8 1 5 Ry 1) 38 SRS 11 5 I 0 52
LU IV I 49 K AR T R 2 B0 BN . RS
PR 81 B 77 A R 7 T R eI i R 2 L S BUIT 1 SOK
e P R 5T S B0 R XL R G R AR Y L
DRLIHG 7 980 1 SO I A a0 B 2 T i 4 52 0 LA
SRR AT S B AT

x 10"
8 -~ 7=0.1 ms
7k —&— 7=0.2ms
—¥— 7=0.3 ms
6 —— 7=0.4ms
5| Rk — STTE%

k

P

B3 HLRERIR 2 808 B

2.2 REREWHE

bR T RGN . G RKIE 2552 RGBT S8
B SE R Z G T, 5 BOCR M RE 0 98 1 35 AN B 7
W, TR X F P R S R R B R R A B SR
T LR R R SRR S 1 T R R R 4
BA—E e B R — & B LRk
i S BB sh s o BT R Geds s R R R, T
1 LA PD $5 il 2% o4 ), 38 3 43 B F G R R S AR e
M RE 5 SRR 1 O 3R P A PR R Bl R SR R M
WS H, K 2 ATELE PD 56 R B9 T B L 38 iR
e

K. K K;(k,+tkys)
(1+Ts)(ms* —K.)

For s TR B A% 36k pREIC P () o2 42 1l 5 79 % 32 R B0
TAFE A AL 1 R R SRR . R RS C (DD RIS L
Bl 7R T 22 128 R KA AT P R AR AV

P(s)= (1)
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B3
=i

K,K,Kk, (1+(%w))
)

K, J(I’(’—”JH)J(I’{—%ZHJ ST+ 1

| PG | =

12

go(w)z*180cJrarctan(/%wj*arctan('fw)
(13)
PR i PR i A S R e s T A M
RhR BRI MR RGBSR I FSEH 2R
A, AT A A RS B FAR F s 1, He k=R T
Gn=—20lg| pGw,) |
P,=180"+¢(w.)
Hr .G, B RGEH EE  TE Bode Kl 143 LA
FoR L AENS E RO R G AR B B E B R 4
AL AR () fo KM 25w, Ry HEL R il R B A% 33 R 5000 R
FRPER A o (w) = 1807 Y A 437 2 B 4 % 5 P, J2: &R
GiAH AR B . Rs — A R G0 W R R RRUE I 2 14 RE
AR AL T e, Ferh oo Sy R IR A% 3 R BSR  AR
| PG | =1 B4 5, S0 8 5] 45 %

i XA —AD T UL, 7E RG4S
SR E G R S BRI e T R G EH
FERIFIR . R AR 98 2R e AR s B R, ] Y
ST RO T S B R HERE .
2.2.2 IR RRCE B R

WL H SO A B S SRR G SR E
g /N . R S (12)—(14) R & B &R St
T 2 X L T R R M T AR RS L R AR B
W (12 TP’ +1 4530 F 1, 7 LA X i {5 A
3 5 ) AN B S, HG 2 ) 2R G AH A AR B {HL B 2 AR
SRTF  IE X R A R ke 2 i . mT R
Bode & 43 #7 i fify X 5 Gt e 28 #1578 5K (1)
H R B R GE 25 H 2 BOR E 2 B0Re e Sl TRl A i
B B8 b, 0. T kg =610 1, 153 45 B A0 1A 4
FE S Fin, HE 4 ERAE T=0.1 ms Bf RELIE
(EH BE (R 4 X 16. 9 dBLAHFBHE B 20. 8 deg. L
TG A R G0 O A AT 1 R A B L A g 3 K
HE 5 A DLk 32 G0 AH FA 48 B DA 20. 8 deg T B %]
14,9 deg, M FAR T B A S . 22 55 T3 I A A D3/
T B RE il R R GEAE I S TR S BRI R A FHLE

3 XKBRSMH

3.1 ZRTPAH
B R R SR P 5 A A 6 TR L
SR FH B 2 B0 i A8 T B S TR A L — g (8 L 53— Y i

14

FHAz/dB

JE/deg

2]

M

iR/ (rad - s7)
K4 T=0.1ms &4 Bode

50

HHi/dB

100 L e i e i e i
-150 :

JE/deg

=
H

10' 10° 10° 10* 10°
PiZ/(rad + s7)
K5 T=0.3 ms &% Bode &

o LR T Ea S, RE EEH dspace
P o R R DL AL SR AT R IOR AR A N,
TS5 nE 1 s,

K6 HE i ESERT G
®1 BHHRELASH

]

SHA TR CE ) HE LR 2
BIF R (n) 5.8 kg
ABRKE () 0.88 mm
Tl 45 A8 78 T AR CAD 6.45x10"" m’
2% P [ 50 (ND 200 Jifi
L W EE R A (KD 0.23 MN/m
HL U I R BCK ) 120 N/A
YRR AEHU(K ) 2 A/V
DL A IR AR UK R E(KL) 9550 V/m
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FEL T A 7 SRR 3 A B I A Y 743

3.2 AW BB

R A H SC o3BT . 2 00 UG Bl R 45 S S 8 AR e
W, A RGN TR AE R G2 8k e N
%hﬂ SR AR R ARG 2R G0 R E AR R RO
SR KTk, W TR REERSHES RS
FREREMN LR, BIAG N T=0.3 ms, £
D HRA R Gofa a8 i [ 4 S 80m R 45 2
0. M Bode FIHEAT (7 FLAC 5, 15 B 25 L an & 7 A
B8 i, MK 7T F ik NSk, 0.3 755 0.7
() aok AR b R B L AR AR BT R BT LAAE R Y
ke, BF L NZRUE TR FR G AR AR M B AR AL, N AE T R R G A
FEME I ETHR T R BRI &, (H, IR R RS 5F
AW BE R T R G R B . R A 8 AT LR Bk, A
A B kg SR RGBT VIIAT F8 R GEAH F AR
T AR R G AR B AR AN B S, PR, T RS Y G K
ko (H, ARG R A MERE. 0 b 7 ik v i e
PD ZE 0 B, FR 20 REL T 193 U e 3 218 3
LS A BN VEAN R PR X BN FEGR

20
0
-20
-40
-60

-80
-120

FHAz/dB

-150

W i/ deg

-180

P2/ (rad « s7™)
B 7 Ry, X FRE HE B A 52

4.00
3.75
3.50
3.25
3.00
2.75
2.50
2.25

HLE/V

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45
A )/
(a) oy Bt WL IR

20
0

10' 10° 10° 10* 10°
PiF/(rad - s7)
8 kg XTERE AR BE 15

3.3 I

F 40 I} i 2 SR R R YT G — A E R i [
R FR AR 2SS R HRAE AR I A DO i O AR
S5 ) 2R UA DR, S 6 T2 B SR A X ) e
FRI A 36 BB R T O OQ T 8 R R R R T X
G, DB R B8AL 3 pR BT 52y — B 4, L
M T s eI R R L R 60 VAR M SC L L, S
6 B A 3 A A s i A TR Tk e, A D O A B 3

J52 Kt Vi 2 7S A AT TR ) R R AR 1 BB R M
A 9 () FrR . BURAE — DAk (4 5 5t v 75 3

Bl 9(b), n] W& G5 Ak w5 5 & 7 — A I 5 i
FISF-7 B R FR G0 5 — WK B 3k S 7 B A RS (]
B A5 2 Ty i B e 7 S BSEIR] 28 T AAL T s

T, =0.25 ms, i AT LU D0k i A 28 /N 32
15 DT80 ) 7 S EE o D/ N B B R I s T Y
Fs.

450
425
4.00
3.75

Z 350

m 3.25
3.00
275}
250

225

1 001 1002 1.003 1004 1.005
A /s
(b) S R ORAR 5

9 WERBHES

3.4 SIS R
HhL 0 Bl 7 1) Ak VR M RE T
45 ) Bk AT AT
R TR 56 ST I 2 A R B A A
SRR T R, B TE T R X B SR R

i 1o IR Bl (R M AR

PID ¥l & . i 4l Bk Jy i e B £, = 0. 7. k=2 X
1077 kg =6 X 10", Jf- 75 L 7E F G 7 il 30775 v s
i iy ASE B, N T AR i T AT I I T B A
SRR 38t Ah SFEIR A E T R SRR e
PERBLTHLARE J1 . A SCEBUI #4100 Hz 1E 5%
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IR (PR C =

T AR T AR B Y R G P T i 2 R
HEAT A PR ICH L T AR GURE T MR L L R e T
PR Ak 3 SR Jim 45 A IR i A B it i A [RD AR TR] B T
SRHeT LA LA RN 10 Bros . TR B

035F
030F
025 TN BR S
= 025}
£
@ 020f \
4=
o 015
# 010
0.05F
0 1 1 1 1 1 1
0 05 10 15 20 25 30
B /s
(a) AT AR e

R GRS BT - A I i R B i A T 5% 0 15
T T R AR RSN FE LY 0.1 mm, L% Bl
RO A BRI VERE L BERSHRBTAN BT XS R GL 0 5
TR i A5 BRI A TR SR S % IR S0 i R F)
0.2 mm ZiA7 e TARS W I, REGEERE TR .

035
030} )
TN BAR S
g 025
£
] 0.20
43
L 0.15
# o010
0.05F
O 1 1 1 1 1 1
0 0.5 1.0 1.5 2.0 2.5 3.0
s )/s
(b) A B}#70.3 ms

K10 sk lal

P LT v b R 3R 1 TR A T 2L e B e
R T T AR 1 SC T R 5k IR B SORRR P RE AT
RGO RAF AR EVE e T IR SR A B/ AR T
PEXT 2 58 2y A3 W (B A 52 0 FE AR £ 45 O 28 G e 7 /K

L BKUR I TR IR AR . I A AR S L
g Bl R I 3RS IR A i — 40 dB &4 FJFE]—30 dB,
FR GRS N FE M T [, AT UL B 6 R 48 S
7R BE A 15 A BH Y BELASAE

30 30r
20 20}
10} 10f
2 Of g8
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E o} E o}
30 -30
=0 il bbb, ]
_50 1 1 1 1 J _50 1 1 1 1 1 J
0 20 400 600 800 1000 0 200 400 600 800 1000 1200
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(@) A e i A e (b) AN B 3#70.3 ms
B 11 H R o R

4 &

AR L B A SR R R AR B Dy R Al 8
i FRL T T 7R R AR E R RS E A TR B0 5 R 2 A L
I T RGESORFEVE R PE AL 1 7 ik . SRRl
o e T AT R G SRR L A A RE A R il R R
GEARFFH A O PERE T EL BB 08/ 7 A R 25 L Y 9
TN . ST SORERPE R R B T —FloEr
4 JEL B ] INF UL 3R A 1 — ol Rl Tl R AR E B I =
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Analysis of electromagnetic bearing support

characteristics and optimal adjustment
WU Shaonan, JIANG Kejian
(School of Information Science and Technology. Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to make the electromagnetic bearing system have better suspension stability and
maintain good bearing performance, a numerical analysis method for optimal adjustment of the bearing
characteristics of the electromagnetic bearing was proposed. Based on the basic theory of electromagnetic
bearing support characteristics, from the perspective of stability and stability margin of electromagnetic
bearing system, the relationship between the regulation of support characteristics and system stability was
quantitatively studied, and the influence of time delay on the adjustment of supporting characteristics was
emphasized. The experimental results show that the rotor amplitude of the system is smaller by adjusting
the support characteristics, and the power spectrum amplitude of the system with delay module is
obviously larger than that of the system without delay module. This indicates that the method is effective,
and the time delay hinders the adjustment of the support characteristics of the system.

Key words: electromagnetic bearing; support characteristics; stability; stability margin; time delay
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TS, B
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(I KRF,a 29 FF%;b. ERIREEAFR M 310018)

o=

Hpe A B M T ERA BN ETEF XN R TCRAL EL BB BRI —F7 R, A EIK

AT R ARG FARTHEERERD, PR AR R RGN ERE PEARAETLBET
R, BREV AT ARIRLIERN > B KT 2 4 & Z MY Bacillus aryabhattai UR-F51 #e Pseudomonas
taiwanensis UR-121; ¥ s B 5 & e — T o6l R4 )6 B 4L, B 4k UR-F51 #= UR-121 4 B 4b & & 89 30 /& 7% B 5 A
}e Hm 48,00 % A= 27.00% , Bl AL B4 4542 3% Am 10. 009 ~145.00% ; & &+ £ 4 & (Cr.Ni,Cu,Cd, Hg #= Pb) # B] & %
2R A 15.27%~37.23% .41, 49% ~90.43% .37.17%~99. 73% .42. 86 % ~71. 42% .20. 00 % ~40. 00 % F= 47, 06 % ~
82.3500, WREEH TR ERICRAL ELFK G AR, AR URFSL 69 B ALACR A7, A% M T £ B 3 AR &

BT R EIZ,
KR : R AT RBR ;B
HESES: 2939.99

0 51 &

By WA e e X W T R AL B E R S, i
ARk, R 2 0% KA M X 4 A TR R IR AE be ) Y B R
ARG, 2015 AR 4 AR 1R BE AR BE T 23k 267 JE,
H A& bekidk 21. 90 J7 L b, HARBES b it L 1026
R BT R A T e R A e L R 7
FRALFE AR A B K R R i R G bl s
AR O K 19 LR 24 R 20. 0096 ~30. 00%, &
KWE 2 3. 00% ~5.00% %, K8 BFIT 45 R 3%
B, CK T 5 & 4 Zn . Pb.Hg .Cu.Cr.Cd 1 Ni %5
& )8, €KW Zn.Pb,Cu.Cr.Cd F1 Ni % & — it i
KK HEE 0. 41% ~1.93%.,0. 14% ~0.57%.
0.04%~0.11%.0.02%~0.04% .0.01%~0.04%
H10.01%~0.02%",

CKH T E S ESRA A EYR, W LR
PRACFE, H AT S O be K [ Ak /RS A Ak 38T v
FEA DA EIRAAE KPR ALBE | fh 2 2570 Ab B

WekE B . 2018—05—01 9 2% R H 7. 2018 —09—04
HEWH. BEARB#ELTH (5157081460, 1L.Y16C030002)

Xkt ER: A

XEHS: 1673-3851 (2018) 11-0746-06

KV A 25 5 A B, 3k DU Rl AR BRI 25 H R
S EHRAEAE AR 3 PN R LR A R i I 4R R AL
A= W5 TR AR U B A T 4 s [ Ak D7 T LA AR
W ERE A TR W 3 A 7 R A G
R TR RV 12 A i Dt TR 45, JH vl O il 4 T R RE 408 s A
Vo PORRRER IR IZ Y o IR T B R sl
PR 2 DI RE, B NH, F1 COF™ AW R, [Al AT,
NH; MR, 2 e (9 W pH (E -, 2R g e COP
(VA BE | e 26 35 ) [ A 4 J (AR . E RIS Y
WK B 3= B Bacillus Methylocystis 1 Sporosarcina
SEANTA, Horp Sporosarcina pasteurii Wk & T
ZM . (H R & Gonzdlez it & Sporosarcina pasteurii
X 6B (Y AL AR AR TR T 1 S ok TR R TTUAR
ARAE R & A8 7 T A R i — 2B R ABFSE

A SC B RS2 B 5 0K TR 6T B8 e RO N 4 R Y
FACROR . N PF 2R B - 8 v 7 8 345 19 ok JOk 16 7
UR-F51 Al UR-121, % [ fk €K 84 I8 0 BR 0 1% 5% 2
FUSURL 2 BC 3 47 DU 2 o DTG 37 Al IR i 7 UR-F51 Al

FEF RS . E B TC1990—) , B TR T EF A A WF 50 A2 32 B S0 A W R 99 B A 5 T R A9

WEVEE . 5 I . E-mail : huxiuf@ zstu. edu. cng
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UR-121 % &K 1 [ AL GE 15 X3 B AL 5 €K %) 5 4
Ja 2 e B AT T I DT VAR A 3 S R R
BRI BE KN ESBNREET.

1 #MREFE

1.1 SCsphoet

KH,PO, 2. 00 g/L, NaCl 5. 00 g/L, Na,Ac
2.00 g/L,FR % 20. 00 g/L,TifE 20. 00 g/L, W4T
(AW EH 0.01 g/L),

B AR IR R ELY) 20. 00 g/L, (NH,), SO,
10. 00 g/L,

e 35 ik . W A BE 20, 00 g/ L, & 1R 2. 00 g/ L,
AR 10,00 g/ L, BEREE 3,00 g/ L, BT FHA 0 4l
B AT A, ST A I B OB 5 T T M TR L
XELER A RA R,

1.2 SRk
1o2.1 JURIE oA 1Y 0 2k 5 45

I i AT 1) 975 32 - FR B 398 5. 00 g, 4% 1096 1 %2
Tt 55 T DR KR G o ) IR PR R, R R VR AT A
FOR BT 20 S B 100 pL B9 1X10° .1 X 10 4%
FULX 10 A5 A0 B, 38 50 U A T [ 4 0 i 4% 7 56
L EAEE 3 AT 30 CHEERE I, WL,
SR Pk HUAEE [ 4% 0 35 %5 77 25 2 €0, 728 21 19 S [ 1R R
[ A U7 38 B % Bk 1 K] 2R 4l b By 3%, 30 °C 1E TR B
I, BB 24 h W, DLUIR R IR . #E 47 IR il 15 M
Mg, HAA Ty 1 WL SCRR 1370, Bk ok Mg il 375 2 4 v 1
PR HEAT COR B AL SE 5

Ik T DA 43 S5« R O R AR AR 1Y R Ak R g R
#47 16S rDNA 4r F 2@ . R M5 ® 27 F
(AGAGTTTGATCCTGGCTCAG) 1 1492 R
(GGTTACCTTGTTACGACTT) Xf g i 7 DNA
#E4T PCR ¥ 35, PCR 0 A4 22 F0 4G P12 45 UL SC ik
[14], PCR ¥ $#r=9yib 17 4ifb 5 , 26 2 05 4 o Y
AR A BR AW, WF 4558 5 Ezbiocloud
JEHEAT Blast HOXF, I MEGA 5.0 #. 2% AT
B s DT 53 A D T T ) 4 A b Ao

1.2.2  JRWE R B AL K
L2.2.1  JIRWG B ALK

W H7 AR IR T 105 CHEAE I T4 24 h; IR
B UR-F51 1 UR-121 7E 30 “C.220 r/min %K
WA RKEFE 48 h, K B B8 be ©IK 5 IR R B W
Fi 1. 00 kg:0. 027 kg:300. 00 mL 4 bk 5] 217 78 4%
R PRI RIES Y 120,00 g, 4 =Y A1 % T
NAE 36 mm. & 80 mm WAL E N, F&E TIRE N

20 °C BBEN 95 % B FRAP AR N R4, 24 h J5 TR,
FEARLEAE TN TR 6 d. IR B S 5 KR RE
AR L AR SCIR A 3 WK,
1.2.2.2 AL R A R

Jo MR ST R BE . A O R AR Ik I 5 Bl
(CMTA000) XF F2 47 7 d J7 BB R 47 I8 Ml FR Bt &
W, WEALE iR 30 kKN 1 N
A FE K 2 mm/min,

[ £ R % B - BTN R T S 560 5 6O
16 105 °C BYHERE LT 24 h, FHAR IRl B 166 L 2+
TAR AR ) (SL237—1999) , 3R FH 05 4312 Fl Ff b 285
JEE 1 6 0 S U T L 5 22 o b 2 ORI 1Y
B b FA 43 B 5 ik WL SCER[15 ],

4 JE 0 [ R 3R BUTC M PR TR SE 56 R
7E 105 C Ay HEHS P HE T 24 b, AR I R BF 1 L 4%
CERE o) B B O K R 3% %) (HI
557—2009) , X JIk i 1 [ 4k J5 ROK HE AT & R
PER L IF R ICP-MS AR ) Ik i 5 [ 4k 5 €K
4 R U R R AT O A, o E A R RO R A
& [ A%
1.3 Hitstr

FIIH SPSS 20. 0 344 %of 52 3 4l A T AL B 437

2 HRE5SMH

2.1 DR R O R 5 4R
20101 R A I

AP ARAS 2 b A A TR A JOR B A 43 i)
fir 4 UR-F51 #l UR-121, % 2 B M il 14 7 17 WK il
WrEE AL SR 1, R 1 AT, B Ak UR-
F51 A1 UR-121 (4 IR B35 1 43 531 R 14. 91 mmol/L il
10.19 mmol/L, H B # UR-F51 g i 7% ¥ & UR-
121 19 1.5 1%,

£ 1 PRESHE UR-F51 #1 UR-121 IREEE M

[E5k7S Wk B 15 M/ (mmol « L)
UR-F51 14.914£0. 026
UR-121 10.19-+0. 056

2.1.2 JRBE§E 16S rDNA 4> F%FE

Xof G 1 SR A 1Y e S8Rl 1A #E 4T 16S rDNA 3 F
U SE IR IR B N e 45 2R 5 Ezbiocloud JE #E 47 H
XF, % B B UR-121 1 UR-F51 W T % & 5
Ezbiocloud B4 T &5 R, 3k 2, £ 2 BIR W
¥ UR-F51 Y5 Bacillus aryabhattai . UR-121 5§
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Pseudomonas taiwanensis MR ¥R 99% DL b
MR MEGA 5. 0. # 37 IR B i UR-121 #1 UR-
Fol ARG EZFM. K 1, |1 dal b, @ik UR-
F51 5 Bacillus aryabhattai . ® # UR-121 5
Pseudomonas taiwanensis %5 B %8 h— %, H 1L & ¥
UR-F51 & Bacillus aryabhattai , # # UR-121 N

Pseudomonas taiwanensis ,

44

58

100

5

8

88 W“
55

64

e ——
0.2

K1

2.2 TR E LK

R R B 7 UR-F51 Al UR-121 43 5] [& 4k &7 3¢
BEETCOIK  2k T 00 R T AR S O I A TR A
B TE A FR Bt 5 B L RO BURL L L RO R SEM
o A 4 AR
2.2.1  JCAN PR

I il DA 1 A6 S5 RO FE SR EE SRR N IR 7 dL AR
Je 0 g HL TG A PR T 5 B . DR B UR-F51 #l UR-
121 (4 JC il B 40 s i B 0 e 45 R an &1 2 PR . A
2 WL JOR G T 1 5 0 SR R S O R O R I O o A
1 1 UR-F51 , L J0 M BR BT 58 B AH X 3L Ath 4 2 21
i %5 s UR-F51 F1 UR-121 4b 341 5 Bt 1 38 B 43 51
0.42 MPa 1 0. 36 MPa, 5 X} F 41 A Lb . 43 51 42 &
48.46 %0 F1 27.39% . LA 25 SR, IR B 0 15 Ak S
ORI T BT e R B A B0 4R s, B 5 IR
PER —E M IEAHE
2.2.2 AL TRORBURL 9 BC

SR FH 7 32 R0 PR 280 T B 5 T Ak S R
R B URL 9 TE I 2 ) JURL 9 I il 4% L IR B UR-
121 1 UR-F51 [E Ak 5 0y €K 953 9 e ith 4%, 4n &
3. SRR - DR B 1 AL €K 9 JURL B AR FE 0. 00

£ 2 MREEE UR-121 1 UR-F51 & F
Y FE 5 Ezbiocloud #IEELLL &R

EEES UR-F51 UR-121
MMl Bacillus aryabhattai  Pseudomonas taiwanensis
T TR AR B8W22(T) BCRC 17751('D)
AR AL
100. 00 99.93
E/%

48 [ Pseudomonas parafulvaNBRC16636(BBIU01000051)

Pseudomonas soli F279208(HF930598)

Pseudomonas mosselii CIP105259(AF072688)
Pseudomonas entomophila 1LA8(CT573326)
Pseudomonas plecoglossicida NBRC103162(BBIV01000080)
UR-121
Pseudomonas taiwanensis BCRC17751(EU103629)
Pseudomonas monteilii NBRC103158(BBIS01000088)
Pseudomonas guariconensis LMG27394(FMYX01000029)

Bacillus cohnii NBRC15565(BCUW01000190)
97 |_ Bacillus kyonggiensis NB22(JF896450)
Bacillus qingshengii G19(1X293295)
Bacillus flexus NBRC15715(BCVD01000224)
Bacillus paraflexus RC2(FN999943)
Bacillus megaterium NBRC15308(JJMHO01000057)
UR-F51
60 Bacillus aryabhattai BSW22(EF114313)

Phomopsis liquidambari B3(KC835187.1)

T 16S rDNA FFHIM H PR A E UR-F51 fil UR-121 AKX B W

K2 JREFRE UR-121 F1 UR-F51
&4k J5 1 K B R o

~1.00 mm Z[8] ;R4 /NTF 0. 01 mm B, &b i 4 [6]
TC 25 5, FLRTA AR5 0 €O BT & 1 o i
Y240 10 % s Bi 4246 0. 03~0. 90 mm = [A] i}, kb 3
Yl 2 5 W%, 5 0 AH L BB UR-F51 Al UR-
121 Ab3BZH P o5 E 4 & i W e e, HOAG B A
UR-F51 i A& &5 T UR-121, DL 45
FEUH - IR TR 11 Ak S5 RO A SR R AR B 2 AR K, HL A
2 UR-F51 pyi o wi i i K, 5 IR i UR-F51 AN
UR-121 [BE4E €5 B4 1 f BE (B D 25 51—,
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# 3 WREERE UR-121 #1 UR-F51 [k
PR OB 43 % T il %

K 4 WEEGE UR-121 1 UR-F51 [E{bj5 ¥ K SEM &l

2.3.3 [EfL KKK 4R B LR
R UR-121 f1 UR-F51 @b RIKJG I E 4

JER MW E AR E 3 ia~, MR 3 A, Cu Al
Cr W3 I e 3% /T Ni.Cd. Hg Ml Pb. B #k
UR-F51 #1 UR-121 4 B4 (4 Cr . Ni,Cu.Cd Al Pb
v B AR T X R R W] 2 bR IR A B R
kb E G 8 0 AR . Bk UR-F51 F1 UR-
121 Ab# A AL 5 RK N Cu 1932 & B 43 5 oy
0.58 pg/ LA 132.70 pg/L, EALZR43 514 99. 73 % Al
37.17% s Ni 32 W 4390 0. 09 pg/ L i1 0. 55 pg/L,
AL 3k 90. 43 % 1 41, 49 % s Cr 12 H ¥ B2 43 1)
h 2,63 g/ L F 3,55 pg/L, BS54 37. 23 % Al
15.27% . VA ES5SHRIET R bR UR-F51 X KK H 4x )8
118 T P AR e A

3 %W i
ARSCN b oy B 2 bk RS B Bacillus

aryabhattai UR-F51 Fll Pseudomonas taiwanensis
UR-121, #E— 2000 B A B 2 K JIR 6 1 44 RE 184 9 ROR
B & A6 4E A, P B Bk Bacillus aryabhattai UR-
F51 5% K b HH 43 J8 1Y) [ Ak 80OR B b 8 ROR ik
PErp BAT — s W TR ). s RO e LR 4 Jm Y
R ATIRZ QN JUk i T JUR g 335 4 L R 3 pHL {H L K il
TR A I ) O Bk RN A

R 3 IREEE UR-121 # UR-F51 B XK GHIESBEHIRE

[& 4k &K Cr/(ug L") Ni/(pg+ L") Cu/(pg+ L1 Cd/(pg+L " Hg/(pg+ L ') Pb/(pg+L ")

CK 4.1940. 294° 0.9440.091*  211.19419.886*  0.0740.001° 0.0540.001° 0.1740.001°
UR—F51 2. 6340, 249° 0.0940.001¢ 0.5842.096¢ 0.0240.005¢ 0.0340.004>  0.030.047¢
UR—121 3.55+0. 336" 0.55+0.031"  132.70413.974>  0.04=+0.100" 0.04%+0.001"  0.0940. 037"

TE FUH spss B0 X0 52 50 K0 2247 025 V230 L 3R A LA — A M TR B A 5 B B B0 22 S R B 25 LA [ BR 10 57 B8 69 B O 22 e 3%

IR T BT P SO Tt 355 1 5 ) OB 17 A R . DR e
AT JUR TR 0% e A e R, S B T X R 3R 40 BE T A SR S
JUR T 0 R BB L 4> R R R B2, 7 A B9 NHT R
COF WM&, i CO; BTFaRfsE s
FHRTIE . ZEuk S AR W Y 7 IR R ) 15
B U0 N HL TR I FH B B MR T O 1 R R
SWEREFUCRE IR A, a0 R B R S
P B 580 55 23 5 i 1 4 )8 [ Ak R A K/, pH (AR 1k
JER AR EL KN E SR ERNEZ —,
pH E 3 0 4 FF HCO; #l COY B F 1 A 1%
PR ECE &R B T TORY  Bm pH T,
MR ¢ A A DY LB S IR &R T R
4. Zho FWE R R, — BN, pH (i
i BELRE T 20 R Bk | MW IR T RN b RS Ok 4R TR R
F 454 1 g 4 8 B2 I RE 1Bk . Rk, ROR

LB FIES pH (2R, IR E
AR Py T AR E R A R A . RS A
AR Z AR =1, a0 A 22 0 A BLTR | g Ik R
KALA WG, 205 T AR B TS Y B e
I 11 VR 5 Y PN % 5 11 4 B PR 5 7. Phillips %0
TEBH , 220 v 3 2o 6 el A7 B RE A R 2k LT e 3k | S0k
MR 58 BHEEF446,.H5 Pb.Cd.Cr f1 Hg
(1 AL R EAE G . 53 Ah A LR A R R A K AL
G W) A R FT AR BREE pH A, 3 T 5 RO Y 4
BB FREALSCE . Gonzdlez %50 18 14 A= ) 4 Wb
(A HLAE &9, an A BLIR L 2 3% R AN K 1k & 90 45
W25 UOVE B B EE pH(E SURUA 9 1 AL e
JETR 285 5k 52 Wi 4 T 1 e . BRI O IR O A Y
PRI 7 Wy 2 B B F A i 1T R BRI PR A 4 e
FEH BUEARSE pH (DT SR K K AR
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T HI BT . COHOREAR A /N2 5 i U it 1 [ 1L K
KNE RIS — PN EER R, CR AR B B
R LA JS0E TETRRURR DN DU AR R e AT
FURKNE SRS BAE. Ajmonemarsan 25714
SRy s A ERE 235 00 T A0 248 /N R ] 2 f T RRUBR A, ) 2%
77 T 22 I i S R A7 e e 2% R 3R 1T 2 W% B
U2 G FLIIN A% [ 5 Y 20 /0N UKD AH EORS 45 B BT
T I 55 4 25 0, 3k 3 [ Ak RO N i 4 s Y SR
IR T VAT P JOK 05 R L BRBE pHL (L R Al A3 ) A
PR 2R 357 I 25 5 Vi) O Tl 87 6 IR B HL T 4 T 1 [ Ak Ak
S MR UR-F51 X &K K 5 4 @ 9 ok [ Ak 35 1
AJRE 53X L A

4 # .

K A R E Y I SR
368 S R ) S T oV 22 WO 5 B IR R T Y 0
AT LG ik ST A 3 B R e TROR TS B o AR SCE 2o
B R o T, O R R DK I T AR W [ A B R RO IR
Z5eE .

a) ARSCN AN Ir B3RS 2 bk i ROIR T
Bacillus aryabhattai UR-F51 Fl Pseudomonas taiwanensis
UR-121,

b) 2 IR A X B 1 9 O Y [ A VR T ek
W Bk Bacillus aryabhattai UR-F51 Xt Kk K H &
2 JE 1 T A0 S8R d5c B, AR RO A B BT — E 19
M1,

S 2K

(1] R meAAs. S 0 A8 B8 b e 55 i 75 e P I R ok A S T 4
JRIREEAT DT D], F R R K4, 2015:49-58.

(2] B8, 0Ty A= 3% iy 3 e A A Rl 2 b i i e i 2 3
WrFE[D]. B . B W3 T K 2%, 2007 :16-28.

(3] T b, Bhme e, 1 B, &5 dy 30 5% B8 T Ak 20 AL 3 B
Feik LT Tolk % 4 5344, 2009,35(5) : 26-27.
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Screening of ureolytic bacteria and solidification to fly ash from the MSWI
WANG Guiwei*, XU Hui®, DING Xiaoging", CHEN Ping”, HU Xiufang®
(a. College of Life Sciences; b. School of Civil Engineering and Architecture,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Incineration is an important way to dispose the urban refuse, and the fly ash from municipal
solid waste incineration ( MSWI) and heavy metals are the pollution sources which threaten the
surrounding environment. In order to lower the pollution, high-activity ureolytic bacteria were gained by
plant rhizosphere screening, and compressive strength, grain composition and heavy metal stabilization
effect of fly ash solidified with ureolytic bacteria were compared. The results showed that, two strains of
highly effective ureolytic bacteria, Bacillus aryabhattai UR-F51 and Pseudomonas taiwanensis UR-121,
were isolated from the rhizosphere soil of Salvia miltiorrhiza. After ureolytic bacteria were mixed with fly
ash according to certain proportion, fly ash was solidified. The bacterial strains UR-F51 and UR-121 made
the compressive strength of solidified fly ash increase by 48% and 27 % . respectively; and the particle size
of the fly ash solidified with UR-F51 and UR -121 increased by 10. 00% ~145. 00%. The solidification rates
of Cry, Ni, Cu, Cd, Hg and Pb in {ly ash solidified by UR-F51 and UR -121 were 15. 27% ~37. 23%,
41.49%~90. 43%, 37. 17% ~99. 73%, 42. 86 ~ 71. 42%, 20% ~ 40% and 47. 06% ~ 82. 3501,
respectively. Obviously, ureolytic bacteria can improve the solidification effect of fly ash and heavy metals,
and especially strain UR-F51 has the best solidification effect. This study provides a new way to alleviate
the fly ash pollution of from municipal solid waste incineration.

Key words: municipal solid waste incineration; fly ash; heavy metals; ureolytic bacteria; solidification rate

(REHE: BER)
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OB ANARTERPHAFRGILBAR S A —FHELFTRITEND. BASHADFER, AFKT
FUABTIAT S L REART AR I FIR I m I B T kLR R R A R AR BB SR A AR A, 2T
A B G MR AA KRS A B A G TR . Ah AR IR T 6 40 K R K R A ) AR R 69 AR KB S0 AT 4R
#, 2 A AL R P E e it — e R 5 R 5 B 25 T A AR bR AR,

KRR . AT R ART R T & K S gE A k)
FES S R6T7

0 3l &

AELUI JRR A Ay B¢ [l 4 45 vh e 28y, FLAT J 2 0 24 A
{H, © B V2 R U M0 FR) T S  F 3R)  E 25 0] A
ANTE]FRIAL  H T 90 97 AT B 405 0% 1L 1k 9 0 XU 1 O
TR . ML 2 (Daphnetin, DAPH) J& 11
IR F A RN 2 — X &R AN
7.8 CREF TR, AL nE 1 R, B
FAE T B B B A IR A b . B AT DAPH E N 2
PRI — . RERATFE R, DAPH B AT
LR PO DU E PR SE D A2 R A B etk
PR A AE S AT b B e T R A 2 B
an 2R KR M T % (Rheumatoid arthritis, RA) . £ %
P AL AE (Multiple sclerosis. MS) il & 4t P 41 B R 4
(Systemic lupus erythematosus, SLE) &4 Ik,
DAPH 7£ 2t [ £ G P58 P 5955 R 48 Pk 959 IR 9T 1
L R0 1 AT 5

z
O (0] OH

HO
1 AHU R A B Al o A

MR L. 2018—06—27 4 HiRL I 2018—09—03

XHERARERD: A

XEHE: 1673-3851 (2018) 11-0752-07

1 DAPH Byt 2¢ 0 %2 5 30 &1 4E B B E AL )

1.1 DAPH *I T 40 g i 5 i

T bk L 40 7 4t A A 2 1Y B B S0 5 PR AR g
PE AR M 1 R s WL RS o O B B A R
Song 4t DAPH X BALB/c /NEU T 3 P 41 it i
G AR AT AH DG 5%, JF R 1T H AT RE A AR
FIMLE . DAPH #8 B & 41 i JJ & & (Concanavalin
A, ConA) 75 5 1Y I 4H it 34 58 . 400 ) 20 L Y f 7
A Jf A A Go /Gy 9 5% Ak S0 ) 40 R B
£ ;DAPH f8 T #8 ConA 5% M/ BL T ik & 40 il
1 NF-«B fl & 46 T 40 f8 #% H F (Nuclear factor of
activated Tcells, NFAT) 17 5 18 % 09 3 & (& 2 fr
) s AR SR R & B DAPH Xt 2, 4- —filf R 2K 5|
1 /N BRUIR & R R N AT B S A AR
Song 45U HF oY & B, TC i A2 TE K N B 2 IR A
DAPH ¥ HA7 5 5 1Y 5 52 410 1 36 1 . 4 DAPH fE
SRy S 35 0 R0 45 A OG 25 ) 1 OF R B9 — E 1 S
A

FREWH . #iE T RFR R sh F 40 H (16042187 —Y) s WiTT. A /A 28 H R W IT iRt & & 10 H (LGF18H250004) ; [ R H R Bl 24 %

41 LI H (31772677)

EHRA £ FHA976—) L BIRITFFT A PRI B 1 32 % et ¢ H 52 24 B2 5 [T i F 5

WAEVEE . B W, E-mail: csheng866(@126. com
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DAPH—

AR St L R

GG

D —Cran>

w —  HiH—
P2 RELURR Y 2R R 4 9 B RE A

1.2 DAPH Xf B 4l i3 §) 5 i

B ik I 200 b0 7 34 42 81 S i 55 0 I 1 fe g3 v i
S ETAE A LT e A S e N
FE B e PR R A NP RS AR 4 HE T N A5 e B
RS v K 5 B AR TR I G B A R AR
FHE S KA 20 Fr DAPH X A SR I B ik I 41
il Toll #5744 (Toll-like receptor, TLR)1~10 mRNA
K TL-12 mRNA FE M52 0, IF-BF 58 3 0T 58 19 17 A
Bl . DAPH nI B 842 2F B 40 i i 386 5 5 2% 18 Jn
B 40 ffi b TLR4 mRNA., TLR9 mRNA & IL-12
mRNA Y335 % T TLR4 FHp.$t TLRY Fdy
S35 E ] TLR4 K TLRY J&,DAPH 15 89 & £ 14
HEHMMHAM B 40 M H TLR4 mRNA. TLR9
mRNA J IL-12 mRNA 35 ¥ 0] & & % A ; K
B4 B 400+ TLR4 mRNA, TLR9 mRNA &
IL-12 mRNA RiE ] 8 & TH A4, K,k oy [E
ARERE P TLR4 & TLRY 25 T DAPH M
BB SEOK SR I TL-12 B 33k, o0 i 3 5 B 41 g
) T RE .
1.3 DAPH X4 2R 4H Al (%) 5% il

B 2R 40 L ( Dendritic cells, DCs) & H i & Hl
1 f 5 R 1Y P S 42 4 4 M2 ( Antigen presenting
cells, APCs) , 7€ [E A S 758 5 38 1 Pk B 98 S g K #5
BEEEAEH, DCs A K AR 580K 48 i (Immature
dendritic cells, imDCs) F1 A 2\ ) # 2 Ak 40 g
(Mature dendritic cells.mDCs) Z 43+, imDCs 3
AR KT BT 8 2 43 1 JF HURE 43 WA i /D i 19 4
JL I RREE S Th 4 M 5r 46 . A0, mDCs A~
B335 B K P MHC 1Lt [8 #] 3% 4 7 (CD8O,
CD86) 7k [ P 7 45 , [F] B HL A 3 K 1% 3 & TR A ik

EL 40 e 2 I Y R T, H T A W R T T R, X
mDCs A fE#E 9 46 5 T 40 i 7= A= D) B8 A [ 1) 3807 7
T 4if> . Wang 0% DL 6 > 5 B9 B 28 1k 40 i
(Bone marrow-derived dendritic cells, BMDCs) }
BRI, 3R 1T DAPH XF DCs i 1 F1 30 i 9 8 45 45
. DAPH 435 DCs H 48 5E A1 ¢ 240 g [ 7 (L-
12 1L-6 1 1L-23) i F ik K F- B AR DCs 3R 1H 4 1
MHCII ,CD40,CD80 1 CD86 1) ik K F T [
DAPH it 4l ] DCs ¥5-53#9 CD4" T 415 Thl
A Th17 40534k, B2z, DAPH BE & M #l DCs
(R Ak LA DA R B D i 2 BB . Wang S0 HE—
A DAPH 5 DCs 76 1k 5 Wi 219 4> 7 ML
Western blot £ 45 5 @78 DAPH 7] L] NF-
kB 5538 % p65. IKKa/B Ml TBa YW B2 AL . 11
il TBa B A# (B 2) s DAPH #4155 DCs Hh & 4
5 3 ) SO P I 4D & A A -1 (Heme
oxygenase-1, HO-D {1k, Wang % 1 57 UE B
DAPH X} DCs {f . 2 A/ AL 0 98 45 5 HAE
REIR G g8 N B T VR AR AR AR R
1.4 DAPH X E 40 i / 5% 40 i 1 52 i

Emgai e 2R E A B RaHEEANZ
— FEARAE A By A A B A BRI AR B R R R
HEEAAEN. ERERIAA SRENCERNE B
Wk 210 A R B AN B . A A B o A R L
AN B E G 3 bk & A N I e ) B
S Y I A0 B BRI AN M R G R — B R R
PR 20 R LA R A AT ED Y Yu ST A
Xt DAPH # I i§ £ B (Lipopolysaccharide , LPS) i
5 A0 R S I A A B FE ML AT A DG F
9%, KB DAPH 0 Ak B /N BUIE I F 0 40 i P25 7
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LPS il . DAPH 7] B i & IK 1L-6 . TNF-a 1 IL-18
SRR 8 M AN DR T 1) 7 A 5 A B I A S e A —
F AL A A& B (Inducible nitric-oxide synthase,iNOS)
(21K s DAPH Ml LPS 5 S I 21 i 48 5E 2 17 A
PEHIHL I 5 40 ) NF-«B {5 5 8 3% i 35005 A %
DAPH #] b il B g4 i v 2502 R AL [ TNF-o 353
# M 3(TNF-o-induced protein 3, TNFAIP3) (1
A20) Ik, BV A20 A F1E TRAF6 By k63 fif
5z AL 0 ) A Y NF-eB Y T Ak (A
2), HRRFEAED s DAPH % E A0 4T 4 % 0
2 PR A 1 AF AT A DG 5E . DAPH mJ B 5 3 5
IV 4T 675 ok 400 B 1Y) BE 7 S TR B B RO 4
1L-22 8 4/ RS 45 5 85 11 S100A8(S100 calcium
binding protein A8, S100A8) . F A [ & ok I & (1
3B(Regenerating isletderived protein-33.Reg-33) #
myc H {E % 8 # -1 (Myc-interacting zinc finger
proteinl , Miz1) B3R5 KF; [Al i, DAPH fig 8% 41 il
S (0 ) % PR R D R A R APE R T TL-18.1L-6
M TNF-o (335, Qi %" &3 DAPH #] B/
BL I W 4 LAk RAW 264, 7 F P LPS )38 5158 #4 v
T FR % E A Bl (High mobility group box-1
protein, HMGB1) i B i s 76 A 5 4% 40 ffd THP-1
L DAPH FIBHI i HMGBI % § 19 iNOS F1 38 &
4B (Cyclooxygenase, COX)-2 By ik, Ml TNF-
a IL-6 . PGE2 fil NO BB ; Western blot 45 5t i
—# 75k DAPH fg B @ 40 il RAW264. 7 4f fiig
JAK-STATTL i i 19 3% 46 (& 2) 5 1M 8 THP-1 4 jg
' DAPH AREMIHI K HMGBI i% S 89 MAPKs {5
53 1 TR AL

2 DAPHX BE®EMEFHNIER

2.1 DAPH Xf RA BB iG1EH

RA E—F i Wtk  RI%E RGN H S
B . H AT 2 BR R R KA 0. 5% ~
1LOY%M . RA DAJCTH W BN AL R M 40 i i3 DL &
I/ 55 T B A 5 L B4 B 2 R AE L A 28 3 BOG T 4K
B VBRI RERE IR ™ 5 ) AR A B0 N AR
W . DAPH 7RG K Lol F F iR 97 RAPY,
VT AE Sk X DAPH G Y7 RA 14 25 BEHL )t f 7 — 2
BT, KB DAPH fE B o ol R RUSE 560 M 6T R B
R I R 2800 AR A S
B :DAPH #% 2. 25 mg/(kg » &)l 4. 5mg/(kg * d)
A8 55 2 XA 7 22 5 28 (Adjuvant arthritis, AA) K
FLELEHEE 42 21 d, 45 R F B DAPH X AA

KREEA—ZERIFEM . 78 AA XK P . DAPH
AT LA ] G 5G9 i AR AR T R BG A OR e  R M
20 B35 0 5 i L DAPH W 8 [% fi8 AA K U
0 IL-1, TNF-o F1 5 W 40} % 3 40 & W 7
(Macrophage migration inhibitory facto, MIF) &
B S A ST TR S G T R (Collagen-
induced arthritis, CIA) K BB R, 22 35 1] ) iff — 25
WESE T DAPH X RA B9/ HI . DAPH A4
RE S I8 CTA IR B OCTT 48 1 I AR i R R B4 45
WRERE T CIA K BT H Thl/Th2/Th17 AL 40
JH PR 5 B8 7K 5 [ s S 25 390 Treg Y40 i[5 5 (TL-
10) B9 RGBT, Tu P IESE DAPH W BE 95 [ Ik
CIA K BRIk I 40 i o Thl/Th2/Th17 %40 g 4
TR TR 9 9 EL 40 A Foxp3 (— il 5
¥, 5 Treg M & B A X MRk, HIL,
DAPH X H B g 2 P 5C 19 R AT IR 7 1E F Al AE 2 @
o H A AT Treg M1 Th17 Z 18] 0 F # A 5. Shu
SF9N R DAPH Xt CIA K BB O 470 7 2 B oy
DAPH fe #t CTA I 5 5 20 M o T, HLAA 3 7 HL il
& DAPH #i#] DNMT1.DNMT3A #1 DNMT3B i%
48 DNA W I B i 19 mRNA %3k 5 3 DR3,
PDCDS5 FasL #l p53 % i T2 5 PR 25 BT L AL , DT £
HE CTA B 5 40 M A9 98 2. Chen S5 BF 58 3£
W DAPH B¢ 0 B 4fl i itk R 7 2(B cell
lymphoma 2,Bcl2) ) siRNA AT ¢ #f CIA K £F
2 20 I RE WS I 48 g (Fibroblastlike synoviocytes,
FLS) 4 4 1=, H 437 AL 7T 68 J2 5@ i F 38 Bel2 LA
K Bel2 b4 F 5 5006 B F 3 (Activator of
transcription 3, STAT3) B FXIA M LI Ay, 4L
SET AR ALK F K B DAPH A AR R CIA K
BB 2T 4 B Vi B 40 it e NF-«B {5 5 38 5% | P65 11y
B WR A 7K T o I 3 15 AH G S E PR~ 104 43004, 3 T i 2
BAE FL
2.2 DAPH X MS B 1EH

MS & — &£ T M & R 4 (Central
nervous system,CNS) {12 ¥ R M SR8 1 H & %
REMEPEREY , B, 2RAF _aH 27 MS &
FH L MS B F B EARAE S AE CNS IE A Hh 28 o
200 i TR AR ) Bt o BRI ) B 9% G A 1 Rl 2 1 T A
I T 2 AR ) R B 20 SR AT AT R S LG
J7 TV B P2 PR LD R B D UL ) i
itk AR L R A 45 11 PR R B0 R BE SN B B e
i 2 A5 H 2 W 1 26 2l i T A Ny S 0 M L B g P i

& ¢ (Experimental autoimmune encephalomyelitis,
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EAE)ZH## R, [N EAE 5 MS 7E % 7% WL LA K s
75 T 4 A R 8 R AR R T N T MS R S
s Wang & R MOG,sss 2 K fil 3t
K 5E i F e C57BL/6 /NREE S EAE BRI, M
g 2 KA 8 mg/ (kg « d) 197 I8 B 1 5 DAPH,
a2l d, 4552 . DAPH fig B & M3 EAE W
PRAE MR, U055 52 3 /N B CN'S 19 4 S 01 g 2 s R B2 LA
KAl EAE 8RN B 86 R 3 ik CD4™ T 41
JL iR s DAPH fg B B B AX EAE /N BUE 8 A1 0
20 i R AE B F IFEN-v F TL-17 4 3 38 7K, 3 16l
EAE /MR N 59 Thl A1 Th17 40 M & R, i
DAPH 1] L4 i3 8 45 R Pk G0 5 |2 W 1 % EAE A5 #Y
ANREA — MR ERY . DL RS DAPH
M TIRYT MS SR IG PR TS % FIAR 4
2.3 DAPH X} SLE Wy B5ia7EH

SLE & — R R Ge 1 H B %o B MBhs , I
BRI & B 2 R 5% BRI A &
BEGRAE S, HET. 28Kk SLE (9 95 %8 & 10
TN 20~150 N, KR 10 TN 1~10 A 7E
FE SLE By &M% RE 10 TN 7~10 AP, 4%
i R A M RN R R A Lok R RS
NZB/W F1 JR#s U 5 7 5 DAPH (5 mg/ (kg + d)
12 )5 ,NZB/W F1 /N B A7 36 R 0 B 42,
I HB 05 BT sz o o PR 2 0L s T A S iA L
Ke 485 L F (TNF-o Fl 1L-6) B 7K -t A7 7 T % 5 )
B DAPH & G830 1 4% % SR IR NF-xB 935 M LA &
Ml NFAT 23k, JF HLRERE T8 98 5 (1 £ i 43
T A20 ByFIRDT . L Li DT Ay DAPH J& i
it B A20 BRI NF-«B #4555 35 % o imi
W NZB/W F1 AR B N 19 SR E SN 5 d5c 26 52 1
Xt SLE MiRIT1EH .
2.4 DAPH XJ 45 VWi 136 57 V5

RAE PEI R (Inflammatory bowel disease, IBD) J&
— g A1 R R 9 HIL 1 i A 52 4 BH B 0 2R 18 P Y
F B f B R . B35 Bt 0 M 45 B 48 (Ulcerative
colitis, UC) 1 7% & B %% (Crohn’s disease, CD) , i g .
RS R RE LK e 1fi 5 R IBD B8 35 Y 32 I IR A
AR BIFTE S R 25 1 W 6 1 s ALIS: 5 P 3 6 o 17 7
FOFE RN 4 2 i 8] B 1 A 560, Witaicenis 25000 g
SLLL 2,4, 6-= fi 3 2K fif5 BR (2, 4, 6-trinitrobenzene
sulfonic acid, TNBS) 15 5 i K B IBD 8 . 765 K 7%
SHT 72h.48h.24 h 1 2 h A KRB S IEH 24 h, %
H DAPH(2.5.5.0 mg/kg fi1 10. 0 mg/kg) R EFHN
fig (5. 0,10. 0 mg/kg A1 25. 0 mg/kg) . H E 68 (5.0,

10. 0 mg/ kg F1 25. 0 mg/kg) FHHIH (5. 0,10. 0 mg/kg
M1 25.0 mg/kg) EH FE K (5.0,10. 0 mg/kg M
25.0 mg/kg) ML AF (5. 0.10. 0 mg/kg 1 25.0
mg/ kDA FLRMAVEE  MRIFERG 48 h
AbBE KBRS $EAT PR IR BEVE AR DA B A AR AR o A L 45
R R:DAPH ., £ M 247 AR K %5 5k X TNBS 7%
F0Y IBD BRI K B A ARG 1 4 97 E . DAPH 5%
FRNF A GR AT A R I R 0P A AT
PEE B, Witaicenis 22070 8 L DAPH ML
ROEEZMEDNIRENS Ko 8 HA
XK, HEUREN/NEEFECRTEVNEDEAR
W0 IF & M8, 0 H 2 DAPH., £ i B AF Fl 4R B %
g XF 51 7 17 08 4 AE PR s B A R A 1 g P 5

3 DAPH X EHTEIBH K MHEERHIER

DAPH K& R %} RA.EAE,SLE #l IBD ix #&
1 B S8 1 G & FE VB A1, 38 AT DL 2o 410 41 42 R
P 200 i PR DA R 45 ol 9 E A JB 1) R K VR T 2 Bl R
PEYEE . Yu SR NEE R 5T C57BL/6 /N B
7 2P 4% (Acute lung injury, ALD #E58I, 3f:
5.0 mg/kg M7 i i i T 57 DAPH; % 8 DAPH
A3 A A ALY AR AR /N R 3 4 A S5 1) A L
B S0 R A AR U A il S e M A IR L AR AP
ALL #5 A9 /N §l, Shen 210 1 # 58 T DAPH X
LPS 55 19 & E 2 7 A I8 4576 A L i o LPS # a7 4
B 2 I AE AR /N B SR R Y u SRR TR A 24 4 7
WSS DAPH X FC A7 16 22 0l 453 407 1) 52 ), &5 SR 3%
B . DAPH R4 = P4 8 28 I E /N BUAY 77 08 3, e
it 463473 5 17 EL A P9 R SMTF 52 241 2 B DAPH ] #04
LPS §ii# 5 TNF-o,IL-18,1L-6 \.NO Fl PGE2 jx £t
ER 7/ 7= A2, IF H DAPH & 5 #01 ) JAK/
STATS 15 5 38 F (9 300 1 o — 2 Bt R 1R
. HEAE 2 PR B R (Severe acute pancreatitis,
SAP) 2 R IR 5 AE 1) 58 4R R AE L FLARFAIE J2: J5 i A 760 240
JL 7K Jib PR AE  JBR R i A B ™ AY SRE R . %
o P AT AR B BE TS UYL Lin SN SR R A X
DAPH Xt K Bl SAP W 4 4F - i#E 1T iE 52, 465 T
DAPH (4. 0 mg/kg) ) SAP #5120 K K [] 45 50 45 4
Pl o T R 05 3 % s o 0 K i L B I R A AR
PEZR AP 7 (TNF-o A1 IL-18) 1Y & B ¥ &4, 1 AL
MPO 7 PEF1 MDA & & A it F . DAPH W] fig
JE T FIE T Sk R R ek A 1YL Lia
AL g — B 5T Xk B DAPH BERE IR SAP K R
ML Y6 T PN 24 R e 2 il A LI K SF- S35 i SOD i 7k |
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A AT P b 200 i 32 L R A0 i O T 5 9 i 3 R AR
SAP KA AR % 2 4 i IR F /9 % 35, 1 DAPH
Xt 2 20 i DR 2 3 R s s a0 A R KA
H1 20 B DAPH J2& 3@ i # #i] TLR4 ik LA &)
il NF-xB {5 530 B % AL 3 ) SAP K BUA P 19 %8
i JS2 I DA T A 2 JE R A 05 . P ik DAPH W] g
—FPIETE R SAP IR T A . & T 3= (Acute liver
failure, ALF) J& i R AE N 5 09 FF 40 jg #1405, ‘& vl &
T A4t #5220, 0.40. 0 mg/kg B¢ 80. 0 mg/kg HY
FlE AT DAPH(R 12 h — W%, 3 2 %O, vl I
B LPS/D-FFLUME A 3 10 ALF A58/ B I TR
SiEBR s FLVE FH LA 700 AR 5 L L AL o v 2 3
I H NLRP3,MAPK fil NF-«B {5 5 i ¥ i 1% 1L
DL S [ W B %2 2R S BT ALF #5580/ B 4
PEFIE, e Ah, 56 T DAPH X b 4 ¥ 48 hE 1 51
B BRT 2R 2% 16 BROGE | T ek - PR VE TR M A R B
5 BRI VE R A7 T M G 5T L 45 38 S B 4%
T B AR B 4 ) Y A0S0 4 K S R
DAPH il # 28 ¥ 5 i 1) 43 F AL L BF 98 % 30« 78
BV2 /N B 40 b DAPH 7] B @40t LPS 5§
B-VE K FE B 15 T 00 4 R M 40 i B 7 (TL-18
TNF-o) 09 7= 4=, B AE F B A ) R ) e
DAPH W g0 i LPS 3% 9 19 iINOS #il COX-2
M35, LA & NO By B ik s M BLE 1 1 B DAPH #B
70N I S5 240 1) 355 P R R RE S5 I e i ot 4 ) TKK/
IkB.MAPKs I PI-3K/Akt 4l N {5538 2% 19 1% 1k
;1]

4 % iE

AR TR A 8 0 ) 500 2 X AL A S 5 S
ﬁi‘fﬂ?ﬁﬂﬂ"ﬁﬁﬁﬂﬁ‘éﬁ%,EIIET“LT“‘{ZJ%?‘(QT?E%%
PEPESN LA K A% B R AR A HEJR B . (HJE Bl
il 79— B XTI 807, A ARE i S A

ST ) Bk X6 AL AR T 5 #4928 s 7 AL AT — 2 B 490 7]
PEJH S DRIk B 92 400 1 0] SR A 300 R g4l JH A 24
AR EUTE AR BN . AR R Bl 1 4 R 2
LT 5B 2522 1) A 8 4 Aris L b
LY PEI R B A 5 NS BN R A R . P
2y A BE AN 5] 5 A 25 28 G e 10 4 R A EE L B H
PE/AN R T B DL S . mT UL R g % i b R 25 26 4
TREAN ) 550 By — T 3 e N S 2 2

DAPH J2& b 24 (LUl RR 1) 32 22 245 280 o0, e 24 3
YRR iz 100 25, mTdd o 8 35 22 2% RAE AR = 1 B 1%
A 300 42 2 P 200 DR 7 A R Y S 5 A N A 9

fiT%:?ﬁh & KA PEAM AR T 5 X Z T B B o e

P A JRAE S B B A — € iR AR . A
ST DAPH 25 BEAE TR0 58 R O it — 25 BiF 5T
TN S At G v e 245 SR A A G 5 400 ) 790 B2 B3 13 A 4K
ERIE RS
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Research progress on anti-inflammatory and

immunosuppressive effects of daphnetin
WANG Dan, NIE Zuoming » LU Zhengbing » SHENG Qing

(a. Zhejiang Provincial Key Laboratory of Silkworm Bioreactor and Biomedicine;
b. College of Life Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Daphnetin, the main effective constituents of traditional Chinese medicine Zushima is a

coumarin derivative and possesses a variety of biological properties. Daphnetin can exert its anti-

inflammatory and immunosuppressive effects by regulating multiple inflammatory signaling pathways,

inhibiting the production of proinflammatory cytokines and regulating immune cell activity. Daphnetin has

therapeutic effects on various animal models of autoimmune diseases and inflammation. This paper reviews

the related studies on the anti-inflammatory and immunosuppressive effects of daphnetin, in order to

provide a theoretical basis for the further clinical application of daphnetin and its development of new drugs.

Key words: Zushima; daphnetin; anti-inflammation; immunosuppression
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FEEEIER Camassa-Holm AN GFAEE—&
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(i T RFEFHE. 4N 310018)

W E. @15 E4) Camassa-Holm F AR MR dlu, K T HMBO A LT ,ER T H AL EDN KT
] L fgey A AECE— 0, &, it Sobolev AT Holder RE XA MM 2ot T E 3 THELEERGMEH; LR, b

EUA RIEIEN T M RN AEE M KGR T HIER T B A AR,

% %%&E}‘]:ﬁ' T E U

€ L (R), #£#45 E 49 Camassa-Holm F A £ = C(L0.T]:L* (R) N L* (0. T): H* (R)) A f& " — 4 By 3 i ; 3 —
W 3 F AR w, € H (R) L #6345 B 49 Camassa-Holm # #Z £ =18 C(L0, T]:L*(R)) N L* (0, T): H* (R)) A & %4k

#

X8 . 15 E 8 Camassa-Holm 7 42 ; 4 £ M ;7 — M R 45 me 4

FESEES: 0211.63

0 3l &

AR F E % B A& IE 1Y Camassa-Holm J5 7 1Y
Cauchy [A] 85 , 12 [n] 85 a] DA IR A .
m, Fau,m+bum,=0, >0, rER @)
ulx,0)=u,(x),xE€R (2)
Hbia, o WIEHE m=A"u=1—9)"u,kEN;
u(a s FRIRTE ¢ B ZTE 25 (B 5 1a) = 09 3t 40 32 5 o
KRV ZI B3 BE s m, »m, R R m KT ¢ Ml
x (R 5K
B IE K Camassa-Holm J7 f2 2 W A2 1) H
25 () P B[] SR Y 3 £ 7 B2, 1 Constantin
S M a=2,0=1,k=0 3 1 B}, F D
5 A KAV 5 # F1 Camassa-Holm 7 #2, H
Camassa-Holm T FEHTE N
U, — Uy T 3uu, = 2uu . T un,.,., (3)
B E B Fokas 5 #2 H, BB Camassa 55 4%
FAE R BRI A BN B 5T . 5 A2 (3) B I 5E
DL V8 22 NERTE OC T8 M3 2 M J7 IS s 1 BTk

YR BT 2018 —05—24 9 2% R H 1. 2018—09—07

XHEEARERD: A

XEHS: 1673-3851 (2018) 11-0759-06

540, Constantin™™ ,Constantin 27 L & Misiolek ™ 43
BT T s=4,s=3 Ml s >3/2 W} X T W E 7%
H'(S).S=[0,2x] b )5y &1 5 Pk 78 4 J8 1%
T LSRN TRIMELE H (R) (s=>3/2) L fif ¥ )
T 2 M, & F B IER Camassa-Holm 7 # (1),
Malachlan %5 B 58 7 i 04 35 5 1 DA 2 59 A 0 77
fEE, Ml AT E ] T A 1 A9 Cauchy ] B8 78 =5 [A)
H (s>7/2) b2 R ilid e 1y, I B 35 Se 408 T4
GRME; 7 JE R RS LT, Mu SV B R T MR TE
H* (R) (s>>7/2) 75 [A] 1Y Jay 0 & 7 P 7] &, JF HL Ik W]
TIRMKAR FF SO TR IR (. Fu SRR T
(DAY Cauchy &I HUEM T #4E H (R (s>7/2)
25 AN —BUEZE

KB IE R Camassa-Holm J5 # , Escher ZEH%
T T —4 ZJnBIER Camassa-Holm Jy 24 .

m, tau,m+um, =au, —kpp, s t>0,2€R

o tuo. +(a—Du,p=0, t>0,2€R

u(x,0) =uo(x),0(x,0)=p, (), z€R
€]
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Existence and uniqueness of solution to the dissipation

modified Camassa-Holm equation
RAN Lixias CHEN Yong
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: By adding a dissipative term to the modified Camassa-Holm equation, the existence space of
its solution is improved, and the existence and uniqueness of the solution in the low regularity space are
proven. Firstly, by Sobolev embedding theorem, Holder inequality and Fourier transform are used to
estimate the nonlinear term. Secondly, the local existence and uniqueness of the solution are proven by the
contraction mapping principle. Finally, the existence of the global solution is proven by estimating the
energy of the solution. The results show that there is a unique local solution to the modified Camassa-
Holm equation in space C([0,T]:L*(R)) N L*((0,T):H*(R)) for the initial value u, € L* (R), and further,
for the initial value u, € H*(R) , there is a global solution in space C([0,T]:L*(R)) NL*((0,T):H*(R)).

Key words: modified Camassa-Holm equation; existence; uniqueness; contraction mapping
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Monotonicity and convexity properties of
the generalized (p, q)-elliptic integrals
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Abstract: In this paper. the authors obtain several monotonicity and convexity properties of the generalized (p.q)-
elliptic integrals J,.,(r) and &, (r) for p,q& (1,°°) and & (0,1), by studying the analytic properties of certain
combinations in terms of #,.,(r), ¢,,(r) and some elementary functions.
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0 Introduction

For r€ (0,1), Legendre’s complete elliptic integrals of the first and second kinds are defined as

H o= H(r) = J & ndE= e = J J1— Psin’ede,
respectively, which are the special cases of the Gaussian hypergeometric functions
Fla.bscsx) = F (asbscsa) — Z} %:—' x| <1 (1)
where (a,0)=1 for a0, and (a,n) is the shifted factorial function
(asn)=ala+D(a+2)(atn—1) (2)
for n€N={k|k is a positive integer}. (See [1])
In recent years, certain generalizations of the classical trigonometric functions have attracted much

interest. For p,q€ (1,2°) and for x€[0,1], define the function

arcsin,,,x = JO (1}% )
and set
' 1 ds 2 1 1
_ o _ - = = 1 D R
Tpeq Zarceln/),q(l) ZJ(J (1 —Y? q b ( g ) v

where B is the classical beta function. The function arcsin,,,x has an inverse defined on [0,x,,/2], which
can be extended to an odd 2=, ,-periodic function, denoted by sin,,, on the set R of real numbers by

natural procedures designed to mimic the behaviour of the sine function. The function sin,,, is said to be
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the generalized (p,q)-sine function, reduces to the classical sine function when p=¢g=2, and occurs as an
eigenfunction of the Dirichlet problem for the (p,q)-Laplacian. (Cf. [2-3].)
For p.q&€ (1,°°) and for r&€ (0,1), the so-called generalized (p,qg)-elliptic integrals of the first and

second kinds are defined as

p!? dt ! dt
Ky (1) = J : . 5= J , / °
(g (1) 0 (1 —rsing ) '7V* o (1 —¢)VP (1 — eyt )
and
Thq/2 . ) 1 _ apa\1Up
Epg(r) = J/ (1 —#9sing )" ?dt = J (711 r; j dt (6)
0 0 -

respectively, which were introduced and studied recently, (Cf. [4-5].) For p = ¢ = 2, these two functions
reduce to the complete elliptic integrals #(») and €(r), respectively. It is easy to see that the generalized

(p,@-elliptic integrals have the following expressions (cf. [5]).

Jz'/,,q:Jz'p,q(r):mF(l—i,i;l—iJr%;r”J

2 P g p
"%//7.41:‘%/,041(7'):*ﬁl’vq(r/) (7>
‘]I/J,q(o):n-gq ’%llzl(l)zoo
and
T 1 1 1 1
Epg = Epg C ):ﬂF(—*»*;l_*JF*H’qJ
! pat? 2 P q P q
(,“/,,,q:é/,,,q(r):(‘E”P,(,(r/) (8

Tpeg

€ (0)= 2‘ L6, (D=1

Here and hereafter, we let v = (1 — )", Clearly, %,, (&,,) is strictly increasing (decreasing,

respectively) on (0, 1). By [4, Corollary 1. 2], these two functions satisfy the Legendre relation

s E A P )=y (DA, () :%

It is well known that the complete elliptic integrals 7 and ¢ have many applications in several fields of
mathematics as well as in physics and engineering. Numerous properties have been obtained for 4 and &
(cf., for instance, [6-10]). However, only a few basic properties of the generalized (p, g)-elliptic
integrals 4, ,and ¢, have been revealed (see [4-5, 11]). It is natural to ask whether the known properties
of J#and ¢ can been extended to 4, , and ¢,,,.

The purpose of this paper is to present several monotonicity and convexity properties of %, ,and ¢, ,
by studying the analytic properties of certain combinations defined in terms of %, ,,¢,,,and some elementary
functions, thus extending some known properties of 4 and ¢ to 4, ,and &,,,.

Throughout this paper, we always let a=1—1/p and b=a+1/q for p,q€ (1,90), y=0.577215++ be
the Euler constant, ¢ the classical psi function, and let

Rz, y)=—2r—¢(x) —¢(y)(x,y€ (0,°0)) €D)
1 Main Results

In this section, we state the main results of this paper.

Theorem 1 For p,g€ (1,90), we have the following conclusions:

a) The function f, (r) = (¢, — ;”"Jz,,,,,)/r“ is strictly increasing and convex from (0, 1) onto
(ar,.,/(20),1).

b) The function f, (r)Er/(’,)zp,(l/(‘;,,,L, is strictly decreasing from (0, 1) onto itself.
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¢) The function f; (=&, ,—r""%4,,)/("%,,) is strictly decreasing from (0, 1) onto (0, a/b).

d) The function f, (=4, ,—¢,.,)/(t94,.,) is strictly increasing from (0, 1) onto (1/(gb),1).

e) The function f;(N=(E,,—r "%, )/ (h,,,—¢E,.,) is strictly decreasing from (0, 1) onto (0,aq).

f) The function fs(HN=r""(4,,—¢,.) /"¢, is strictly decreasing from (0, 1) onto (0,1/(gh)).

Theorem 2 For p,q€ (1,90) and c€ (—°°,9°), we have the [ollowing conclusions:

a) The function g, () =7"“4,,, is decreasing (increasing) on (0, 1) if and only if c=a/b(c<<0
respectively) with g, ((0,1))=(0,x,,/2) if c=a/b.

b) The function g, (r)=r"*¢, , is increasing (decreasing) on (0, 1) if and only if ¢<<—1/(pb) (c=0,
respectively) , with g,(0,1)=(x,,/2,°°) if c<<—1/(pb).

Theorem 3 For p,q€ (1,5°) and ¢€ (—©©,29), the function &, (r)=4, ,+c logr' is increasing and
convex (decreasing) on [0, 1) if and only if ¢<Xar,.,/(20) (c=1,respectively). Moreover, if c==1, then &,
is concave on [0, 1). In particular, the function h, (r)=%, ,+logr'is strictly decreasing and concave from

(0, 1) onto (R(a,1/¢)/qsm,.,/2), so that for p.q€ (1,°°) and »€ (0,1) and R=R(a.1/q)/q,
o 1 (7 < < Tra 1
2 +10g r/ ( 2 R)r\(/p,,l(r)\ 2 +10g r/ (10)

with equality in each instance if and only if »=0.

Remark a) If p=¢=2, then Theorem 1 a) and e), and Theorem 1 ¢)—d) reduce to [ 6, Theorem 3.
21(1) & (6)] and [ 6, Exercise 3. 43 (46) &. (32)], respectively, while Theorems 2—3 reduce to [ 6,
Theorem 3.21(7) & (8)] and [6, Theorem 3.21(3)7, respectively.

b) If p=qg and a=1/p, then Theorems 1—3 give several properties of the generalized elliptic integrals
X, and &, , which were obtained in [12, Lemmas 5.2 & 5.4, Theorem 5.5(1)].

We now recall the following two lemmas needed in the proofs of our main results.

Lemma 1 ([13]) Let r,,s5,€ (—2,°0) for n€ N. Suppose that the power series

R(x) = D ra"and S(2) = D s,2" an

n=1 n=1

are both convergent for ‘x ‘ <1. If all 5,>>0 and if r,/s, is strictly increasing (decreasing) in n€ N, then
the function R/S is strictly increasing (decreasing, respectively) on (0, 1).
Lemma 2 ([5]) For p,q€ (1,°°) and r€ (0,1),
Hpoy— &

d')l/hq _ (C’T/Ml _)’/qjl/,_q d(C’L‘/)-,fl - g peq (12)
dr rr’d T odr q pr

2 Proofs of Main Results

2.1 Proof of Theorem 1
a) By (1) and (7)—(8), we have

T (N[ L) (U gen)  Cas)(L/gsn) 7, Cas) (1/qsn) o)
g =1 g = 2 {”Zzg[ (byn)n! (byn)n! ] + "22 (byn)n! r }
:np_qi (—1/pwA/qw) (@) A/qsn) | (asn—=DA/gin—11 ,
2 ,,,1[ (byn)n! (bsnin! (byn—Dm—D! ]
_ am,. (12 nla.n *(;,)7(1)17{({,71* 1)7(,,, _ arr,, ”Zb,,r"” (13)

n=1 n=0

where b,,:a7,/(n+b) and a,= (a,n) (1/q,n)/[(b,n)n!], and hence the monotonicity of f; follows.
Clearly, f,(17) =1. By (13). f,(0")=an,,/(2b).

b) Observe that ¢,,—r""%,,, is increasing on (0,1) by (13), and &,,, is decreasing on (0, 1). Since
for)=1—C&,,—7" "4,/ ,.,» the monotonicity of f, follows. The limiting values of f, are clear.

¢) It follows from (1), (7) and (13) that
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( 2 b,r" )

f1(r) =a—"——— 14)

(Sar)

n=0

Since b,/a,=1/(n-+b) is strictly decreasing in n€ NU {0}, we obtain the monotonicity of f; by Lemma 1.
The limiting values of f; are clear.
d) Since f,(r)=1—f;(), part d) follows from part c).
e) Part e) follows from parts ¢)—d).
D Clearly, fs (") =1—f,()/&,,, and hence part ) follows from part a). []
2.2 Proof of Theorem 2
a) Let fy be as in Theorem 1 ¢). Then by Lemma 2 and by differentiation,
! qg,l P/ H, = f2 () —c.
Hence by Theorem 1 ¢), g, is decreasing (increasing) on (0, 1) if and only if

c=sup f3(r)= % (¢<X inf f,(r)=0,respectively) .
0<<r<<1 0<<r<<1

b) Let fs be as in Theorem 1 ). Then by LLemma 2, we have
et gl () /6, = —Letafs (D) /p].
Hence by Theorem 1 ), g is increasing (decreasing) on (0, 1) if and only if
c<*%()$k}lplfb (r)= *%( 2—%011}£1ﬁ, (r)=0, respectively) ,

yielding the result in part b) as desired. []
2.3 Proof of Theorem 3

Let /| be as in Theorem 1 a). Then LLemma 2 and differentiation give

Fr T () = f () —e,

so that by Theorem 1 a),

B () =0(<0)&e<< inf f,(r) :aggq (c= sup f1(r)=1,respectively),
0<r<1 0<r<1

which yields the monotonicity of A;.
Next, it follows from (1) and (7) that

T LNV 4w
h () =" . 2 (A, —o)r (15)
where A, =qn,.,(a,n)(1/q,n)/[2(b,n)(n—1)!]. Since
An‘#li a
A, qn(n+b)>1,

A, is strictly increasing in n€ N. Clearly, A, =qmx,.,/(20). By [1, 6.1.47] and (4), it is easy to obtain the

limiting value A.. =1imA,=1. Hence it follows from (15) that &, is convex on (0, 1) if and only if ¢<<A,

n—>co

=qn,.,/(2b), and h, is concave on (0, 1) if c=A..=1.
The limiting value h, (0) ==,,/2, and the monotonicity and concavity properties of h,are clear. By
[1,15.3.10], we obtain the limiting value h, (17 )=R(a.1/¢)/q.

The double inequality and its equality case are clear. []
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Abstract: In this paper, the authors present a double inequality for the ratio 4 (r)/4 (Jr) of complete elliptic
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0 Introduction

Throughout this paper, we always let ¥’ = /1—7r* for each r€[0,1]. As usual, the complete elliptic
integrals of the first and second kinds are defined as
/2 1

Jz:,%(r):J ———dt. 4 = A ) = AG 0 < r <1 (D
o /1 —r*sin’t
and
(e:(smzjm VI —rsin’edeé = () = €GP0 < r <1 (2)
0

respectively, with #(0) =¢&(0) =x/2,4(1 ) =00 and ¢(1) =1. The basic properties of # and ¢ are
collected, for instance, in [ 117" and [ 2-4]. It is well known that these special functions have many
important applications in mathematics, physics and engineering. In particular, they play an important role
in quasiconformal theory.

During the past decades, many authors have obtained various properties for % and ¢, including
functional inequalities (cf. [5-14]). In [5, Theorem 3. 11], for example, the following double inequality
was obtained

1 - H(r) <min{y§,1//7}
VAR (O] JIFr

while it was proved in [ 6, Theorem 1. 1] that the function r > JIFr A /A s strictly increasing

from [0,1) onto [1 W2, Recently, Alzer and Richards proved in [7] that the double inequality
4 H(r)
A7

97"6[091] (3)

4
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holds for € (0,1). However, the second inequality in (4) is sharp only in the sense that lim,., 4 (r)/

AGJr)=1, and the proof of the first inequality in (4) given in [7] is quite complicated.
In this paper, motivated by (3) and (4), the authors intend to refine the upper bound in (4), and

simplify the proof of the first inequality in (4) given in [ 7] to a great extent. In addition, we shall show

some monotonicity properties of certain combinations in terms of #(r), #(J/r) and elementary functions.

Our main results are stated in the following theorem.
Theorem 1 a) The function f(rH)=A4+r) A () /K ([r) is strictly increasing from [0, 1) onto [4,5).

b) The function g(r)=U~+r)4(r) —44(Jr)is strictly increasing from [0, 1) onto [0,0).
¢) Forall r€[0,1),
4 H(r) 4 1 .
< < =
4+r\(%ﬁ(\/;)\4+r+ 5" (5)

with equality in each instance if and only if #=0. Moreover, the coefficient 1/5 in the second inequality in

(5) is the best possible.

1  Preliminaries

In this section, we prove two technical lemmas needed in the proofs of our main results stated in last

section. In the sequel, we always let N be the set of natural numbers, put

_(Lat/2)y" Tt /DT Cnt 1)
n [ T+ |7 T+ @2nt+1/2)"

for n€NU {0}, where I'(x) is the classical gamma function"'’®%*, and for n€ N, let
A, =20a, —5a,=0
A, =4(a,—5a, +5a,)=297/16
Agpr =as,—» T4as,— +20as,-1 —5a,
Ay =20a,:1 —az,—1 —4as, —20az,:

(6)

Clearly, ay=mn,a, =r/4 and a, =97/64.
Lemma 1 The sequence {b,} is strictly increasing in 7€ N with b, =4/3 and lim,....b, =+/2 , while the

sequence {a, | is strictly decreasing in 7€ N with lim,...a,=0. Furthermore, for nE€N,
16/9<<a,/a» <2 (7

Proof. Clearly, 6, =4/3. By [1]%", lim,...b,=+2. It is casy to verify that

b,,+1: (n+1/2)Cn+2)Cn+1 1+ 1 ~1
b, (+1D2n+3/2)C2n+1/2) 162°+16n+3~

yielding the monotonicity of {0, }.
Clearly, lim,...a,=0. Since a,:/a,=[(2n+1)/(2n+2)]*<1, the result for {a,} follows. It is easy

to show that a,/a,, =b%. Hence (7) follows from the result for {b,}. []
Lemma 2 For n€N,
0<Aygis<<Asi (8)
Proof. By (6), A,,.,>>0 if and only if

20“71+1
A2p—1 +4a2n + 20as,+»

P, Go= >1 9

It is easy to verify that for n€ N,

@i 1 2nt1 P ag _( 4An N ane  Unt3)Unt+1)4°
a, [2 4 [

4n—1 8(n+1)2n+D

atD | " a, (10)

b
A2y

By (7) and (10), we have
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P () — 5Cn+1D/i+1D 7 .
! [4n/Un—D P +4+5{Un+3) Un+ 1D/ [4+ D Cn+ D]} as,
16 52n+1D/(n+1)7T

27 ° 2 PR
9 [4n/Un—1D) P+4+5{4n+3)Un+ 1D /[4(n+1) 2n+1) ]}
which is greater than 1 since

16 [4n/Un—D P+4+5{Un+3)Un+D/[4(n+ 1) Cn+1)]}°
9 5LCn+1D/(n+1) ]

_ 97280n° +95232n° +6912n" —22528n°> —9840n° +72n+299
72004n—1)* 2n+1)"

102477 (957° —22) 4+48n* (1984n° —205)+6912n" +72n+299

720(4n—1)*2n+1)" —0.
Hence the first inequality in (8) follows from (9).
Next, by (6), we can easily see that A,, <A, if and only if
_ S5a, +20a,
PZ(”)*aZ” 2+5(12“ 1+4a27,+20a2”ﬂ +20a2,,A2<1 (11>
It is easy to show that
az,,fzz 87’1(27’1_1) z
as, [(471*3)(471*1)
(12)
Aoy+1 _ 47’l+1 2
as, [2(271+1)
For n€N, let P;(n) =5+5[(2n+1)/(n+1)]* and
- 8n(2n 4n c(4An+1 (4n+1)Un+3)4°
P“”)*[mn—smn—n] *5( ) R ( 1 j 5 [ G D @ F D
Then it follows from (10) —(12) and (7) that
P, (n) a, P, ()
2 < ’
Po0=5"C0 =2 P (o
and hence, P, (n)<1 for all n&€ N if
P;(w)=P,(n) —2P;(n)>0,nEN (13)

By computation, we have
16(4n—3)* (4n—1D)*Cn+D*n+1D*P;(n)
=221184n" —97280n° —93184n° +43648n" —33792n° +15536n" +7392n—1179
=1024n"(216n* —952—91) +1408n° (31n—24) +15536n" +(7392n—1179) >0
for n€N. Hence (13) really holds, so that A, ,<A,, ., by (11). []

2 Proof of Theorem 1

@) Let f1 () =+ //TF7 and £, ()= /TFr 4G /5 for r€[0.1). Then f(r) = f, () f2(r)
£ is strictly increasing from [0,1) onto [ 1, J2) by [ 6, Theorem 1.1], and it is easy to prove that f| is

strictly increasing from [0,1] onto [4,1 J. Hence the result for f follows.

J2
b) Clearly, g(r)=[f(r)—4]4fr). Hence the result for g follows from part a).
c) The first inequality and its equality case in (5) follows from part a) or part b). (Note that this
result has been proved in [ 7] by using a quite complicated method. )
For r€[0.1), let F(a.bs;c;r) be the Gaussian hypergeometric function' "™, and h (r) =10{[4 +

P4+ /51AWr) — A+r A . By [11°,

o 1 1 (1 2, ) 1
H(r) = %F(? ? j Z[ /2,n ] = Za,,r

n=0 n=0
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by which A(r) has the following power series expansion

h(r) = (P + 47 + 20) Za,,r” — 54 +r Ea,,rz”
n 0 n 0

— 20 E a,r"+ 4 E a, .r" + § a, 31" —5 E a,r® Tt —20 5 a,r®

n =0 n =2 n =3 n =0 n =0

= 20 Ea”r” + 4 Z A, 1" + Z A" — 5 Z a,r®tt—20 ia,,rz”

n=2 n=2 n =3 n =1 n=1

= Aur® 4 23204, + da, s +a, D" =5 a,r" T =20 D a,r”

n =3 n =1 n=2

- Az”2 + E(A2n+l *Aznfz”)7’2”+l (14)

n=1

Since A, 1 —rAs s >As 1 — Ay, >0 for r€[0,1) and nE€ N by Lemma 2, it follows from (14) and
Lemma 2 that

h(r) = Ay + D) (Agy — As) i =0 (15)

n=1

with equality in each instance if and only if »=0. This yields the second inequality in (5) and its equality
case.

It is well known that

() =log §+O( (1= )log(1—+ )) (16)
as r—>1M9 For r&€[0,1), let

hy (D) =7 2 (A /A — 4/ (A+1r)).
Then A, (17)=1/5, since lim /() /4 (/r)=1 by (16). This shows that the constant 1/5 in (5) is the best

possible. []
3 Concluding Remarks

a) The upper bound given in (5) is better than each of known upper bounds of % () /%4 (Jr) given in
(3)—(4). In order to show this, for r€[0,1), we let
1

4 2 i
Fl(r):m+€rzyF2(r):(mj and F; (r) =

1
(At a1

and give the comparisons between these known upper bounds of #(r) /% (Jr) below.
1) For all r€[0,1), it is clear that F,(+)>1 and

r(5+r)(1—r)
5(4+r)

which shows that F, (+)<{1<<F,(r), and hence the upper bound given in (5) is not only better than that

1—F, (r)= >0,

given in (4), but also better than the first upper bound given in (3).
ii) One can verify that F, () <<F,; (r) for all #€[0,1). As a matter of fact, we have
r L6254+ (A+r (A=) J[F (D' —F () = 1777 + 1117 + 4157 +14407° +4624+° +
9808r" +21664r° +46240,° +43680r* +102400+° +58225+* +10000r+92000>>0.
Hence the upper bound given in (5) is better than the second upper bound given in (3).
b) From (15) and Lemma 2, we see that for r&€[0,1),
H(r) - 4 1., A,rt

2 —
HGfry Atrs 104+ A G
which is better than the second inequality in (5). Unfortunately, the third term of the upper bound in (17)

an

contains A(Jr).
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¢) It can be proved that Theorem 1 can be extended to the generalized elliptic integrals %, ()= (x/2)
Fla,1—a;l;r*) fora€[0,1)and r&€[0,1),although the proof of this extension is more difficult than that
of Theorem 1. However, Theorem 1 can not be extended to the zero-balanced hypergeometric functions
Fla,bsa+bsx) for some values of a € (0,°°) and b€ (0,°°), These results will be given in a separate
paper.

d) Our computation supports the validity of the following conjecture: There exists a unique number r,

=0, 70679+, such that the function

F(r=r" (,ﬁ<r>/w<ﬁ>—4/<4+r>)
is strictly decreasing on (0,7, ] and increasing on [r,,1), with F(0")=7/64, F(17)=1/5 and c=F(r,) =
inf F(r)=0.0781. If this conjecture is true, then

0<<r<C1
4 (O N SR
74+r+cr \J(ﬁ)\4+r+ 5 r (18)

for r€[0,1), with equality in each instance if and only if »=0, and the coefficients ¢ and 1/5 in (18) are

both the best possible, thus improving the first inequality in (5).
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Mesoscale modeling and computation for iron-based

catalyst preparation process in dilute concentration
LI Feixiang » XU Dinghua
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The crystallization process modeling determined by the nucleation rate and growth rate is a
key mathematical problem in the preparation of iron-based catalysts. A coupled mesoscale thermal
diffusion model in catalyst preparation process was established based on the stochastic process on the
microscale and the thermal diffusion law on the macroscale. In the spatial three-dimension, causal cone and
the finite difference method were used to solve the model. Numerical examples were given and compared
with the chemically experimental results. The results verify the reasonability of the model and the
effectiveness of the algorithm.

Key words: coupled parabolic equation; mesoscale process; finite difference method; nucleation rate;

nucleus growth speed
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