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Design and performance analysis of ribbed conductive knitted

fabric for electromagnetic shielding
WANG Jinfeng . ZHANG Yong
(Silk Institute, College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to explore the electromagnetic shielding effect of various knitting structures of
stainless steel conductive knitted fabric, the cotton yarn and stainless steel wire were used respectively to
knit 1+1 rib, 2-+2 rib, full cardigan stitch, ribbed air layer fabric and ribbed semi-airlayer fabric. Besides,
the conductivity and electromagnetic shielding effect of each fabric were tested and analyzed. It is concluded
that the electromagnetic shielding effect of the double-layer full cardigan stitch is relatively optimal. In
order to explore how to obtain the combination of high electromagnetic shielding effect, the data were
processed by Eviews, and the multiple linear regression model was used to fit the data to investigate the
relationship between electromagnetic shielding effect of different fabrics and each basic fabric. The
influence of original weave on composite weave was judged by the fitted equation coefficient. The results
show that the electromagnetic shielding effect of the composite fabric is linearly related to the
electromagnetic shielding effect of each component.

Key words: electromagnetic shielding; stainless steel wire; ribbed conductive knitted fabric; multiple

linear regression model
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Analysis and experimental research on influencing factors of

heat-setting airflow drying performance of cotton fabric
XIANG Zhong . ZHAO Zhewei , QIAN Miao, HU Xudong
(Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to study the product adaptability of heat-setting machine, a hot airflow drying test
system of fabrics was built and then fabric drying tests were implemented for fabrics heat-setting. The
effects of airflow direction, fabric thickness, fabric surface texture and material on drying performance of
cotton fabric were studied to provide theoretical guidance for improving heat-setting drying rate and energy
utilization rate. Results showed that by adjusting the airflow injection angle from 90° to 65°, the drying rate
gradually reduced, but energy efficiency increased firstly and then decreased. When airflow direction was
within the range from 75° to 80°, better drying rate and energy utilization rate would be achieved for heat-
setting of cotton fabrics. With the increases of fabric thickness, both the hot air drying rate and energy
utilization rate decreased. It is recommended to improve the heat-setting efficiency of thick cotton fabric by
increasing the number of nozzles and reducing the spacing between nozzles of heat-setting machine.
However, when the fabric consists of different texture and material on its both sides, it will cause the
difference in drying rate during drying both sides under the same conditions. It is recommended that
different airflow parameters may be used for the upper and lower air ducts for drying to improve heat-
setting efficiency.

Key words: heat-setting; fabric drying; drying rate; energy utilization rate
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Study on formation mechanism of white spot defects on

dyed nylon fabrics based on adhesive model
LI Yongriang'» LAN Shuzian® » MI Yifang' \LIANG Xiaoging' + XU Yanhua® » XU Jinjin®» CAO Zhihai'
(1. Key Laboratory of Advanced Textile Materials and Manufacturing Technology,
Ministry of Education, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Transfar Zhilian Co., Ltd., Hangzhou 311215, China)

Abstract: This paper focuses on studying the phenomenon of white spot defects during nylon fabrics
dyeing in industry., Nylon-spandex blending woven fabrics and nylon woven fabrics were used as
representative fabrics. The hydrocarbon-type oil, nylon spinning oil commercially available, polyacrylate
sizing agent commercially available, and dimethicone were used as the model adhesives, and the
simethicone/polyacrylate sizing agent emulsion A and simethicone/polyacrylate sizing agent mixed
suspension B were chosen as adhesive models to study the influence of different model adhesives, binding
state and residues on fabric dyeing effect. Scanning electron microscopy, colorimetric spectrometer, and
other instruments were used to characterize the microstructure and color of the white spot defects. The
results show that, the solid adhesive film on the fabric surface is the main reason for the occurrence of
nylon white spot defects. The more residual impurities on the surface of the fabric, the larger binding
firmness. Besides, the greater inhibition of the diffusion of dye molecules through the formed solid film,
the more severe the white defects.

Key words: nylon fabrics dyeing; white spot defects; simulated adhesive; formation mechanism of

white spot defects; sizing agent

Wk H#7:2019—04—23 I H AR H H7:2019—06—04

ST - E K A ARRHA L4 TH (51573168)
PEZ AN ZEARE Q994 — LB R RN WA L 22 SR 300k T4k 2 i K v O 1 B9 9
WEVEE W B, E-mail: zhcao@zstu.edu.cn



%58

KA . SETRBIRDRS R4 1) B 26 G €0 it L BEIBUIE A IH 0B 567

0 35l

R —MPEREIL S &) Iz A AT 4 R
A T R e L ] 52 R g B AR SR R L )i
BT 8URS S . ol b R SRR M Yk
XPHRLEHEAT R 0 TR S PR VE ) Yo 78 T . — T T, Yt
BH RS 15 o iy s 2 R 7 A iR A A FRLAE P 5 0
— 77 T - FR 2 A I M 2k P15 R ekl 2 Ui Y
WIEAE T ISR L R 28 e (0 HoAy B e R
P, g E AFRE AT BATE IR, i TR
25 AR Ry At S JeE R e R RS
e oy R BLER Yy | (0 22 | 22 4 ) SR A8 (LR 22
FIREAEGL B fE . Hoh, B BRI 2 B4 S BUR A
RSN R (A SR ) 7 SR ¢
etk R b, Infe] ek S 1 BEIRIE Y T I E R 1% 40T
BT 2 — . RIS SRR R B B
B b 25 225 (R B 2 B I A R e £
BOR . BT R I TENE R BRI i o R v
21y LR BR A8 780 LR JUE 75 U0 R RE AL 4 9 FL AL
B B AW R ™ A B TA R A BE 2 TS
RN B AW B A B A B A R A
L BRE [P 003 A7 T Hip 28 S HHR 25 U e in T
Hh 5L RO R E PR A T A R AR S TR b
W 2e e @ R b A B BAY IR I A X
VoI5 5 BAA R

ARSCUARRZIE I ) P B i 5 N 04 TR T
SR LA B AN TR] 23 BICHR 285 9 S — R iR 5 ik
SRS TRE ) RTERG IS BY R R PRAS A K
NS Z R AR B AR IS DA R g e
BORRFEN Iy B4R 78 I BEAY RIA

1 SKIEERS

1.1 EFEREW

RS TR 1 2 R (P Acr , A5 46 85 556 IR A A PR 2>
D R GSEREEE 15 m® /s BB A A7 PR
IS R Y 2 R AR BRI A BR A D L
3 G2 Zh K5 BE 500 m? /s AL 4k 2 BE B 5 A B
PNED TR R AN (SDS. AR, Bl hz TR A R
ISED L TR (36w, AT i R A4k T A BR A
A SIGR (21TBA AR BRI AR A PR R (e tE
YRR W 350 FR IR 67 FNFR 41 MEF-2BL, f%
IR Ay A FRA FD . B E AL (199.19 g/
m”, 5 VL fE T mE 44T R B L B4 P2
(116. 18 g/m* , BEHTALEF) . U H4 2 3 iy kb PEGE 2

T

AbFE, SEE R AR
1.2 FENFE5EHR

FEFUHEFHL(M-6 , 23 24308 5% 27 U LA 5 45 PR
ONFED S AMNEPGE G AL (1P-12SM, 5 ] 5 HU RS 2%
BULWAT FRAFD eI A 2% (XH-C, &3 F1 & B
FALS) ) &R EE (SEM, Phenom Pro, fif 2%
g A ED, WA SE L (SF600X,
Datacolor 22H)) .
1.3 wEil-RHEAIARNTIE

FREC— 8 1 RN IR TR IR SR BT L B ok
CRINIGTRBE I BLAK BT & o 12100, JF & T
98~100 °C (R E IR K I Lei FF & 2 T B4 RHE
K% B FEFRER 0. 02 g SDS i TR BT . 1%
10. 00 g I B Ak M 2218 I AR W 7R 3 1R
A s L 2800 r/min A HI SR A 30 min, JE AL
i B R B REIR-SOERR A FLI A

FRE— 7tk A SR P M PR TR R ¢ 1250 1) ot o
b BB A B SRR T, 7R R G IR A A L
2800 r/min %% FIR A 30 min, 15 ) 7 H k22
A RETI-AHR A 4 R B.
1.4 AEHIIAL BT SCI6

U R R L T 2 3 TR 2 s 8. ¥
YV b [ e e 2 e RIPLET A L T 5 mL
KRS TEL ) RS2 N 3 RS FLI A 5
RGP HOR B, BB HLIZ A 7 R 8] 23 5115
FEA 190 “CHIl 2 min, FRB TR ERGE S . 5 shE Bl
HPEFHL, FFEEHGEEL, 2 min J5 BB AR EE, B30, L
AH )4 3875 2% 58 I S 95 223 70) P SR T A
e SR TR I TR T A5 R RS FUURY B S 555
1.5 RETZEEH

PR 350 FR RS 67 FNfR 4T MF-2BL —F
ekt 0.5 wilo, I AE =AY 217BA L)
KB R 10 wilo i LR K WL, 40 °C AL, LU
1.5 °C/min F}HiE % 100 C, {4#& 40 min, 55 E
Exti- AL /IS 2V @ =1 i
1.6 K/S {EMiK

FHIN €25 338553 730000 5 G € A5 A IE 5 367 5 3
WEFBOLHY K /S E. R D65 G, IF7E 10° 1AL fA
ST ARMBGERL ) K /S B, B EBAL I 3 ¥k, B
A
1.7 LHREHHENR

NSk LR TRUEZS 287/ E 0 21 o S N
FER LR E RO B & A BCRE RO AL A o R HORG I
TR L IFFE 10 mV BSR4 60 s,



568 TN A N NS D = S

e CHARBRA RO

2019 4F 45 41 %

SERFE 500 F1 2000 F LR RS T MBS L) 2 18 HY
BB o

2 HR5WR

2.1 FEM BT AR BRI

o3l LU T B 48 27 22 70) L R kA
R BE SR DAY s TR T S O i 48 BIL 4 ) 40 A5 2R
Yy AR5T T LIRS B i 28 LA e (B O
FRISEE . FEHESIEI | T B i 28 25 22 350 0 — PP i
T = JSERURE T 20 51 B AR 2B HL ) L 2 GE
BLG I Ts 40 LRI T IR @RI, dnfs 1

() —( PR . YRNIERRIIEHE W 2R L L
LUy L2 ANNE b PR SV R BT A R
W VDFT7R . A e PPAG ARG 4 B R 7
SIEF ARG ORI 225 0 B RE T AR O Y
K/S {EL AR ILE 1Ce) o & 1Ce) Al Al K23 |
L2523 BEREMTE LI BEAL K/ S {EHIR
T IO 117 5 PR s G i SR A B R B Ak
K/SAEZR T IEH 5 AL S L5 R —5
ARSI AT A 2 | 25 22 R AT R R R
BREAN R T B BRETROE A S PR L OB S AR A [
PREE BA WAl RE 2 T 0™ A 1 BERROIE Y A

B 1 HMARKREAEHINBRLNANEECRNIERFRENGCERN K/S E

2.2 HEEREXNFEYURAZIMD

I RN TRER R R Z LR Y s 4
MLEW AT 13, %% 50,100 C 5 190 C 44T #4
ER R S5 AW A BEE L. R 2 B sk
PRt A AU B 0 P v o 1 B 0 ek,
GG — 2L ME T E RS B 5 IE
B K /S {H, A 190 C e B BT 4385 1Y
BENLY SRS A st K/S (55154
{7 '8 K /S AH 226505 2. 446 F11 2. 800, Mi#E50 °C
F1100 C &M FHGERLIYIN K /S (6255 3 B4
/No RH SEM WLEE T 214 BEAL 1 TE S0, 45 2R DL
Bl 3. 190 “CHuE Y 79 Fh 240 2 T 34 A7 K 1 RS
BRI R R B 1 SR S s R B8R SR BL T AE 50 C AN
100 “CHuE B Y b RGBS O R IRl b . X

DRy i 48 2T 2 5 DRk ) T g R AT L R A i ) 2 A
I BLAE R A AE T S TR T M L AT 22 K S
Z R G IRAE AR B P E BLRLEE T
RNIIRIR IR b AR MR RE S R S £ ZE ) A=
S R T DI PR A B O 25 52 1, SV 3%
T P ORI 22 (A5 A SERROBE B R ]

2.3 BRUKBRESITERHMYWRES R B3

AR )

TELUWEAT FAE BIAE IR 2 i 2 64T /K Uk T K
YR AT RE A KA 1 B — E IR A SN [ R
Jit» 3K B 2% S AT R A K DR v 3% B i O FL A Y 25 22
WA B, — R - RORHR & FLIR A
RS N R TR S RHR B W B 23 B ALl K el
gk ARy 22 i) i LA TR AR R A 2 5



%58

KA . SETRBIRDRS R4 1) B 26 G €0 it L BEIBUIE A IH 0B

569

B2 ARAERRELESFHIEMBLRABAMHNIERAF RERCERN K/S E

B3 ARAEREBRELEFRINBLLEBRAY AR ER SEM



570 TN A N NS D = S

e CHARBRA RO

2019 4F 45 41 %

FUPZLIR L B E AR ARS8 5 53 BOR B 43 B LA
BT KRR ARSI S B = A (A5
2.3.1 Z“HIREEM-ANR A 3L A 15

FEIE L4 ETIR T 207 SRR -SRI
I TRBEIEHE A ZLI A 430014 2 50 L8N Fn
MLV T L, 26 300 AL Ah B A AR e 05 2 1
T B, R SEM WLEL T 414 1 1O %
$LEER LA 4, FE 4C) AT A, A Ab BRI (1 £ 2
A S R B G . W LR AE LU R B
K ETELFSE I £ de i) BT — 2 R B ARG 4 (H
FEMAT ARG U (B 4 (b)) R A ™= A W B £ 3k B

(F 1Ce)) . HIEA R, B2 VLS R 22 ALEL
YA BEAL RS SEM B IR, FUBEA B BR A H SRk
T2 A0, [ AR IS ™R 4% A v] e
FEAGE R R, IR TR N M R R AR A
FLIE A FELUYFR A B FORNHEE .l e w] A, 0K
RHE 2 24 3 TR BRI 0 e B A2 T B0 B 7 26 1Y L4
JRA L 54 SEM & (E 3 o) FE 3 D) X} Eb T
U BRI AR (A OB R B O S i . X
SR AR EA — o MG RE P i [ A 2% B e 241
AT ARG R RE T o DT 38 B in 1 B A [ 44 2% BT
RFE, 34U L B A B

4 AEVREEUKS MRS B Y SR L SR B A AY SEM

2.3.2 T HIEREEM-SEHE S B AR

1.4 TR T 2007 ) R SR N A
PR MEHRHE 5 70 B B, 28 3E B gL 0 )5 R )7 HE
PESUIE . SEM WS K B @ LA W) L KRB LR
P T 24 3 T X A7 A Y R 5 K 7 A4 ) el e B

G AR AU TR RS (B 5) o HHEINZRE dh
HI T HOBHIURL 73 10 22 - LA KR B B X 5 7E 21
YL AR RS R SRRHER L ik SeE IR B )
HEWNEE A A2 AR @I NG L% . AT
RAELW T B I Y BERRUE .

BS5 —HERH-RAGRIERESSHIKBLENRIAFIBLLAWE SEME

£ ik . SV AR B AR FROR B AR ZS X
BE7= A R A2 L LAY 2 A T R -SRI
WTRIEHRHR S FLIR A A 35 UG ()5
B EHE S 10 43 O 5 25 10— FP A 2R PR s R TR 9K
BREG/TEUR B AL HUS AR 1E g )5 R B BLA
PE, THIREM-SRORHR G IR A FEA B iR
AT TG PE B AR L BEE K 5 RN
TR R HZE RS B AE SV 21 2k 32 1] ol % AP AR R

(] 8 — 2 [T A (4 R g [ A A7 A )
RN TR AE P E B A rh ARG BT (HAS
DA IIRR 34950 1l R B A6 2F 2 35 180 0% 1 R g
TER AT AR R 3K BE AN 1 5] G B A SR BRAR W 5 3t
o BT LATE R AL PR A v [ A 0L i 2V i P 22
AR 2 ot RV 55 B FLAR A 2 22 R1R B B L AN 2%
FRZ YO AR L TR — E R B 2% 4
FUILHI 25 22050 I - (e GE R R P BE S 4P Y



%58

KA . SETRBIRDRS R4 1) B 26 G €0 it L BEIBUIE A IH 0B 571

Sl RS B A DAL 7 £ 1 BRE 156 D00 ) 2% S AT
—ER R,
2.4 SR AR R E RS

T LSR5 e BORS BE 4 D dih 3R s ) T
A A I BRI AN 23 5 B0 B 5 AT B 58 PN 0 R T
BRI  Z10p 31 7= A A SRR . RS e
ML b Qe B AT 0B Bkt B R AT 230 4
ABBE 73590 0 YR 731 B Y L B A 1 2T 4 B IR 5
YR o> T T HOR AR [ £ 4R R 10 G A 4R
TETIRE B A 20 5 LA B Gk 1) 27 4k P9 3R 9 /IO [
AU HORL A Y T AR A R BELAT TR 43 Rk
Oy TR AP YER A P S BOZ AL E YR b g R
A5 1T LR ARG BRI G o R g i i i A
JRE S I AR BELAS- Gk 1) £ 4 2 T A1, DTS
FHY_E R BRI

BT AR SR TR | I A LA B [ R 5
HREAFE AN [RIAST RS R 0] B 0 e HAR 9 2 G (80
ARISZIEL AL » DL 6.0 Xof 10 FCIR A JEE 8RS B 40 J
ANSCHR R K AR s b T R AT I i R AR R
(RE ST - BB AR S 2 DT ACAE S 3 T TR
O TRE A5 B 0T G TR ] 5 X 1B T A JBE £ At
Py )5 anSCrp R R B SORLE et o xfE LS i [ A
J3 I« DTS 8005 JRE 7™ £ [ P R ) o e B B
T A5 21 2 1] B 45 5 5 R s X TR R
TR HEE B ARG B 90 S5 3ot R I AR 24 o e LA B L Ak
PERTT I G G B T2y 2, /e FAve Bl fe
T T A E , BELRS 1 RGBS 07 &  Geok b g , e ZE A
SEZ

E6 HLRHEBRGAMSEEARYANEE
3 & it

ARSI T SR B 40 10 SR RS B A7 A IR S
xR M AR DI G CSCR IR 85T T B
BEFAERIEIN . ERERIBIR

) LA F e 3 L K 25 22 0] D A QSR A IR 4
AN S 77 A BRI 5 21 4 R 101 5% BR I k2 3 3K
HRLEZ1Y) P REIROE 5 B E AL B T o S £F
i 1% ORI . BRI T

)ALLK R AL B 49 ) S5 3 A By — P S ik
Tl FLALT KRR B0 24 5 9 FLIRORS B E 2R
EH AR,

o) B TR 1 BA 3 AR Y R 47 R
THT AR T » PRI e S T — F R ity Rt 5 S5 U 2
FFP X e G SR TG R Wi el (A S 3R R R (2
PEIT s YORL 1M LA GZ o [ A 5 e [ e U 2 i
TR [ B [ A B ), 2 S B U B A
PEIIE .

B3 30K :

(1] #IER, XB%E. ThRetE RBEer i nyt k5 T &
WEF4E, 2014, 43(4) . 12-17.

(2] TR, IS IRRBR A i Z e as R 48] 98B
JERE, 2012(2); 15-16.

[3] Z3Cak. JE TR @35 PAG 1 PAG66 214 425 e
TR LD]. A HTTEE T RS, 2017:1-3.

(4] PN, HiR1TC i BHLIK 3% Bk e 7 4 8V i a2 (D, b
AL LR, 2015.8-9.

(5] BB, HURA, Rathi. S8y MC BIRRTE Ykl g
@[], B, 2017, 43(17); 34-40.

[6] Baig G A. Dyeing nylon with indigo in various pH regions
[J]. AUTEX Research Journal, 2010, 10. 21-25.

(7] B/NZE, RAEFE, MM BRI S G = 4/ M 1 [H
Y T AT ], BURGTSU AR, 2016, 24(5): 34-38.

(8] sk, HRe iR T2 ). B, 2004, 22(6): 11-13.

COVAMATT . WRAR . FAmIZR. 520 S JOWNG A e 700 1) 1
RN LT ERge bz, 2018, 35(9):33-36.

[10] L EF. RRBAL YR T ZLC Wrilg Bt
Ph2x 2013 ZRTHECRS A5 BE IS HE 5 B G 4 AR 32 0 4%
YEORME. Wi, 2013 18-26.

[11] Ogunsona E O, Misra M, Mohanty A K. Accelerated
hydrothermal aging of biocarbon reinforced nylon
biocomposites| ] ]. Polymer Degradation and Stability,
2017, 139. 76-88.

(127 FEAR0, 55, MBHOF. 2522370 K A ¥ TR se
BILT ], IKASFREE A, 2018, 44(2):133-135.

(18] X ¥. i TZ2EM: FIIMI. b5t hEYZUL R

#t. 2009:16-17.
(REFRE:NEE)



WOTE T K IR, 2019, 41(5); 572-578
Journal of Zhejiang Sci-Tech University
DOI:10. 3969/].1ssn.1673-3851(n).2019. 05.004

B 3R PO M B B L R TE S B S B SR K 5t BN i R Y .

AR, E==",kEFH", ZAALL!
(LT TR EMHBE S RFRE 2R FE, M 310018;2. 311 8 TR b K F LM Frm, 8L 312000)

 E: A TRISBREMLAKRDLED R E ST TREREFE, RN 852 A RIS BT A
R B SR, S L B R T o A ks ip e, 39T T & AR AR FUR BUME A 69 BUAR B /R YAs) e SO ) R 2 2T E A
LG & Aemt T IR AR E T 6 oh, H 18 AT T BCHE B R 0 BR 85 SLIR A B IR A ik B ) 1Tk 48 Sk
B K/S e dt TR BRE R EaHmwm, KA T 3 T 8 &40 M2 4 SRR AR B BOM 36 7 M BR S 69 P 2L
AR5 AR BO T 5 BL B Ao B M BR S AT AR AR AT IR, AR A BB A P RAERLA 1:10,
AEA N PREWFETEH T REREFEIF; HILRME 1AW IEHERE 190 °C SR F 3 min 8, ¢
M K/SAAA 31,87, FIR B EFEE oA A 4~5 %A 3~4 %, M3t T RECEER R 688 Ao Bk B
RAHRE . S A RRERERREAGRET AN ARZOFEET RIFO G TREEEFE KT KB MR
Fo AT 0y Atk & F

KGR : SRR AL Sk T A 456 A AR R s R M BRBS ; Bk

FESES: TSI94 MHEFREE: A XEHS: 1673-3851 (2019) 09-0572-07

Application of modified polyacrylate emulsion

in disperse dye washing-free printing
ZHOU Qingquan' , WANG Yunyun', ZHANG Qipeng®, WU Minghua'
(1. Silk Institute, Colleg of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Jianhu College, Zhejiang Industry Polytechnic College, Shaoxing 312000, China)

Abstract: To enhance the color yield and color fastness to dry and wet rubbing of disperse dyes
washing-free printed fabric, self-prepared polyacrylate emulsion modified with fluoropolysiloxane was used
for disperse dye washing-free printing. The effect of fluoro/silicone molar ratio and amount of
fluoropolysiloxanemodifier on color yield and color fastness to dry and wet rubbing of printed fabrics was
studied, and the printing process conditions were optimized based on analysis of the effect of the amount of
modified polyacrylate emulsion, curing temperature and curing time on K /S value and color fastness to
dry and wet rubbing of washing-free printed fabric; the printing performance of fluoropolysiloxane-modified
polyacrylate was determined, and comparison was made with that of polysiloxane-modified polyacrylate
and unmodified polyacrylate. The results showed that under the conditions of modifier fluoro/siliconemolar
ratio of 1:10 and modifier amount of 9%, the printed fabric had high color yield and good color fastness to
dry and wet rubbing. Under the conditions of modified polyacrylate emulsion amount of 14%, curing

temperature of 190 C, and curing time of 3 min, the printed fabric had the K /S value of 31.87, and the
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color fastness to dry and wet rubbing was 4 ~5 and 3 ~4 level respectively. Relatively to unmodified

polyacrylate and polysiloxane-modified polyacrylate, fluoropolysiloxane-modified polyacrylate printing

fabric had higher color yield, better color fastness to dry and wet rubbing, better anti-migration property

and better wash fastness.

Key words: washing-free printing;

polyacrylate; modification
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TR A SRR R R T o0 R, B TR R 1T Y i 7K
P A R BE LR K 2 1 AR [) B et L 3R 1) T
= AT YR S IR N I YRR D RS
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o 7K B i B XS PTFE < 4 A% i
7K 43 5 14 e BY =2 Hin

BRE,RER,T & FBEE,FEB
GHITE I RFHTE A EM B Fom THRAAR T L LR T AN 310018)

# E. @ FAKA A g A A PTFE B st 47 & @ L 22, 5 & K sii PTFE PR, KA 42 & F 2M
A FLAR M R 5 AT AL AR fik A ALK Sh o R R 5 st K B ik PTFE “FAUBE o9 R @ T 50 . JLAR L F KA R i

KA B P AT K, 4 A DM B i A HE BRI B R I My Ae M A 6 Bk, 22 R A . Bk AR 6 5 m A A T
TR iR B kA A T AL 20D uéﬁ’i&)‘%ﬂq’i&ﬁ PTFE eryfﬁmmmm BARBIF, L 57
b ) A SEH 3.0 WiV BE, RS B 6 R AP AR AT, KB B A 2668.5 L/(m?oh), i F ARG A 8740, iF ik
BT .

K$#iE: PTFE “FARKE; RN 305 ol k5 B

hESYHES: TQV28.8 XERFRETS: A X EHS: 1673-3851 (2019) 09-0579-07

Effect of hydrophilic and oleophobic modification on

oil-water separation property of PTFE flat membrane
YANG Yongfeng, ZHU Hailin, WANG Feng , GUO Yuhai , CHEN Jianyong
(Zhejiang Provincial Key Laboratory of Fiber Materials and Manufacturing Technology,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The surface of the PTFE flat membrane was treated by hydrophilic agent and oleophobic
agent to prepare the hydrophilic and oleophobic PTFE flat membrane, The surface morphology, pore size,
hydrophilicity and oil/water separation of hydrophilic and oleophobic PTFE flat membrane were analyzed
by scanning electron microscope, aperture testing analyzer, video contact angle analyzer and ultraviolet
spectrophotometer to investigate the effects of oleophobic agent concentration and modification order on
the structure and properties of the membrane. The results indicated that the increase of oleophobic agent
concentration was beneficial to enhance the oil-water separation performance and anti-fouling performance.
When the PTFE flat membrane was first modified by the oleophobic agent and then by the hydrophilic
agent, the PTFE flat membrane had better separation performance for emulsified oil of engine oil. Besides,
when the concentration of the oleophobic agent was 3.0 wt%, the membrane had the best comprehensive
performance of oil/water separation; the water flux was 2668.5 L/(m® +h); the rejection rate of oil
molecular was 87.4% , and the anti-pollution performance was the best.

Key words: PTFE flat membrane; hydrophilicity; anti-pollution performance; oil-water separation
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Extensional rheological properties of heat-resistant phase

change wax/polypropylene functional particles
WEI Haijiang'» JIANG Li’ . ZHANG Shunhua'
(1. College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Zhejiang Henglan Technology Co., LTD., Hangzhou 311200, China)

Abstract: In order to study the spinnability and processing performance of polypropylene ( PP)
functional particles modified by heat-resistant phase change wax (PC-WAX). PC-WAX/PP blends were
prepared by melt blending with twin-screw extruder. The twin-bore capillary rheometer and Haul-off
drafting equipment were used to analyze extensional rheological properties and thermal stability of PC-
WAX/PP functional particles. The results showed that the PC-WAX/PP samples belonged to extensional
thinning-type fluid. And the extensional stress and viscosity of samples decreased with the increase of
temperature. Increasing the extensional strain rate was beneficial to decrease the extensional viscosity and
extensional flowing activation energy of samples. PC-WAX would reduce the flow resistance of samples,
and the extensional stress, extensional viscosity and extensional flow activation energy of samples reduced
with the rise of additive content. Under the extensional stress rate of 52.62 s~', 180°C, the extensional
stress, extensional viscosity and extensional flow activation energy of samples with 20% mass fraction of
PC-WAX decreased by 60. 9%, 48. 2% and 20. 6% respectively compared with the pure PP. The addition
of PC-WAX had no influence on the thermal stability of PP, but it would reduce the tensile ratio of PP and
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the strength of melt to a certain extent. The experimental results have reference value for the formulation

and optimization of melt spinning process of PP modified by phase transformation function.

Key words: phase change wax;

rheology; spinnability

0 35l

Biti 5 4k 2 2 05 1 R T AT A 36 /K A
NG EL D Re 3 th T 3 2 (07K D Re S5
2T I A2 ORI 22 1975 Bk, 3 R 27 8L M D fig
BB R G S K Tk . RN (PP S —
PRI 2 AUPERE L 57 AL Fhe i PRI i A P
PR  FEAL AT A S 5 i o 2 Y 2 R
Bz — . R T 5 DN s £ 4 % o M BE
R REYE 0 e o TG, [ P Ah 2238 6 BRI
WA T KA A5 L AEER A T AR T A
it BELR BURR PSR AN P e S MR, X LA AR
TR I S RIE A 250 A — Rl ok AR v
P P M S ORVETTIZ R (o B A
LAY v/ S e A TR W P ) o A B
R H0A WIS BE A AR 3 150 “CHrst &k
AR RBE A Z R Y] 24 1 iR H AT R
FHIR M 95 22 97 15 ) 4% A 5 0l Pk 27 4k (il e 1 IR 2T
He) . SRR AH R TR YT AL AR L Y 2R
FEAG, A i im g . AR B il 4% —
Pt R KT 200 °C YT /=7 I AH AR B (PC-
WAX), I F s 1 95 42 75 35, il % PC-WAX/PP
B BEVRTLET 4 , WE 1] A DR 275 il 5 R AR 21 4 1) Wik s »
SURT R R M £ 4 1 TS L

TESE L] 225 R v s U DA 22 5Lt oK 5 1R 2
22 TR IR TR R Bl R AR A R T
L RO RS R W VA LRGN 6 s =R I 31 ) 1 B
IR R BE A B KA. R REY
OISO S 2 8 2R 0 Tk AR ) A8 P R kAR AR
b, T X EF R AW T g5 AR B R B
U RN S N 1R R4 4 KB N Ay 7/ = ol g Y AR R YA
AT A SN T A AR R R LB . PR,
AL FEMIE T PC-WAX/PP I8 Wy i Hr i i A
1728 RAISE T P A8 3 32 IR B\ PC-WAX JiT
HPBO PP S PR B0 il 2k L BB R 7 R
PR BTG A RE P B 5 PR A 1 1 5 e, LAY
S PC-WAX/PP 1R Py () 45 filin T T2 3 A it
— B B HS T .

T

polypropylene;

blending  modification;  extensional

1 SREMBEITIE

1.1 SLIedHHd

PP i : M5 RlFE 20Ch 25 g/10 min, $iVLH2% =
bl A AT BR A ] s PC-WAX: 5L 50 % [ il A AR iR
28 CH 22 C A RIREERT 200 °C,
1.2 it#E PC-WAX/PP B4l &

¥ PCWAX 5 PP iR lFRi e LLFlR G1
AYi L PC-WAX JFi & 080050k 526.10%6.15% 5
20 % IR AL B A RHl i TSE-30 A AUBUZAT£F
LG RIEE S 180~205 °C L Hf R JE A 175 °C)
JERNR A B TR LY F15 2IAS [F] J5T it 5341 PC-
WAX fZhisem+, HARBT R R L L3R 1.

£ 1 PC-WAX/PPiXEEHIREELL

FE a8 Yo
i PP PC-WAX
1% 100 0
27 95 5
3% 90 10
4% 85 15
5% 80 20

1.3 kA&
L.3.1  hrfdigm A8 il

K RH7 AURUH: & 4045 I 224X (32 8 Rosand
) X IR AP A AR P REHEA T IS A e
ABHE 26 YRI5 (0. 3 MPa) FIF YR i #4 (10 min)
Ja FF UG AR k. K e B O 175,180 C 5
185 °C, BAIE HAA N 0. 5 mm, KAZLH N 16,

ATV SER R IR A B AN A AL & A 2k
WS B i B 42, 78 T e S S A A7 TR B AR L Bl
Cogswell £ H F1) & 4045 I A8 A /007 7™ A2 1)
EATA L e B S (S B/ UDAER (o2 ¥ NI ERCHE VA 12 ADIG R Re S E
DTN N S O A G DA IR 5 <3 A D IVAGABY S-S A i1
B p. Shifhiishimfiee £, AR5 008 .

m:%(nJrl)APo (D

D SR

€= 50, T DaP, .
2

77,,:9(n+1)2&0_ (3

32%72
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lgg, =-Cr
7° 2. 303RT
K on HARAFHEE 9, HETVIFEE; ¥ A8y Ul
i APy M A DR 1 2:A W W BGR MR
NS
1.3.2 Rzt

KB AL A Haul-off 2% B %R FE
AT 23 B BURE 28 ACREE 5 28 YR FiLE (0. 3
MPa) 5 BRI (10 min) J5 LUJE & 808 B 4045
BB AR 22 583 R g 8, 42 5 | R o AR
A A M, BRI A 22 7 T, 7 ) o
AL 1) 5 ek R Tl e o AR L SR AR S0 0 R AR .
FEHPEES N 500. 0 mm, B 42K 1.0 mm, K
‘R 16,
1.3.3  FAREAR IR AS DI

K HBANE R AT 4 PP 5 20 % i it434% PC-
WAX SR TR MR AR S0 06 . iR AR
L3R FIE (0. 3 MPa) 5 PR Fii#4 (10 min) &5, 43
HAE 20,40 min A 60 min B JF4E 256, 168 N
180 C, B HAE N 0.5 mm, KAZLLH 16,

2 #HR5i1TiE

IR R 3 KB

B 1 180 “C R AR R SRR 1 56
F 0T LUE H ORERL AR 280 BE Bt i g 7 A 3 K
VTP B ZR MRl L PRI PR AR R 5O L B PC-
WAX (A BA 228 PP i1 gh 25 8, {H ] JEA%
PP A R A 2 B2 . HLBE 25 4 n 551 5 i 40 B0 3
R AR AR B B B N . ORI PC-WAX
AE T IR & R LA R 43T 2 18] A ]
L U o F R R A AR R

2.1

B 1 180 “C R ibRERLEEE S5 hrffi R 7% 2

2.2 P TEREINHAERNBE DS ERHEN
=21

] 2 R 180 “C T atAp A [ A8 3 23 ot A i
JIRRL AR (A R PR UL S [R5 A B
FURAERL N 75 7 A 8 B I v e 1y A8 3 1) AR 4k
JE— B I RIUNBESE ¢ IR, o BTG, 7.
B R, Ry e X p. HA MW, BEE ¢
MIBGR, — T KT8 4 kA g2, (di 15 g 25
RUBEERE S8 . WU — L R TSk
A AR I R S O R, S8 g WK, I 2 W]
FFERTIRFEIY ¢ S8 TR 8 1R R 3 J2& DA R 43+ 56
(fFRIELE N . RIS ¢ MR, 5. BB
TR, R ZEMIFEE ¢ T3 T PCWAX (13
Hoo 5 B4 PP AN TR, A& EBE. 0.
5 n. AL PP W REIREEB K, e hy52.62 s
i}, 20 %0 i /04 PC-WAX 88 o 5 9. #5240 PP 43
BIREET 60.9% 5 48.2%, I 2 AI%L, @ PC-
WAX R YRR g S B 4 L sl PP i
15 38 Y A8 i PC-WAX ] B AR 7 e 65 8 , B AIG PP

2 180 “C R iR 1 A2 3 R X7 AV 87 R A 258 B ) 52 )
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FORIIRLRR 7. I 2(b) AT, e 6T 200 5
i BRE . TR e, TR RE o X ¢ A7
FHORIOHUSIE. Y ¢ #5F 400 s I, 5. BOASfL R
FVLE.
2.3 RERTRALR AR

Vel 3 g SRR e 8 B T 22 17 R
4 PP.4% J 15% PC-WAX/PP SERMIREE . 7 .
SR AR B B2 L E 1 T 5 1R I B
TFARIETF 5 43 T I HUIUE B 4 T I B
BEECTE S TR, BT Ve MR R — B M
R A T R Ny 304,03 s AL LEE ML 175 °C A&
185 °C .17 BRI R B FHE T 31, 4%, 11 47 Ff
REBIBEEE F RS T 22. 0%, $50] PC-WAX fi) fin A
A X IR 1O R PEAE MRS A 45 22 ),
BRI
2.4 RAEHRREELEE

5 S R R E A B B B 86 L
PR Tk 0 3 A R DU X

B3 R XA LA E A 5
PAFREE RN OR8] 4 AR HE Arrhenius J7 72
(1) B2 et B R ] LA R A8 3R PC-WAX i i
SRRSO RL AL B0 15 1 E B2 il 22 AR [l )3
BRI ARG LR A [R) R A2 T 5T X 1z Y
PR s TG AL RE - 45 20181 T3k 2.

B4 AR AR E R PC-WAX Bt 3 B0 I RERL A i 26 16 RE 1 52 iR

&2 ARERLRREEEZE TR

hL R BhiE L BE k] /mol
FE P AR /s
WS 52.62 134. 94 304. 63 402. 85
1% 61.71 55. 53 49. 08 45. 92
3% 56. 27 51.56 16. 80 44.18
5% 48.97 47.91 43.73 40. 44

P& 4 535 2 n] 0, R TR 7 it oy A8 i 2R T iR
[l =17 R R 2 P R S L B o i 7 A o SR
B PR LR BTG L RE Y TN /N, 17 (37 5 57
FEFE 402. 85 s I BRI 2 T fL BE AL 56. 62 7!
ARITRBET 25.6%.21.5% 5 17. 4%, 3% 32 B Hir fif
V7 75 TR 23R 11 48 o A v 28 3R ) e o
K. TRY R A [ (1 7 e 0 A8 T ST W0 50 5
i SRR I 30 G L BE A /DN 24 i R AR R A
52.62 s 'I},3% 5 57 IEER IR SIS L RB AL 17 K

SRITRRET 8. 8% F 20. 6%, ixX B PC-WAX (4
NG AT o 280 o 1R B ) v o L i vy
ARRARON R B &
2.5 RERMPEREME

e BT 180 °C b i R A7 i, R
) AP 18] T B9 30 A 1 4o A P B 2 BT in B st
()X AR AR B By s, 25 AN 18l 5 froR . Al
U ZE M B A5 T o 7 ) — o A iy A8 5 % T il
PP BE B AR AR i sh 2R AR T A . X EL &
5 iy Ca) FTCh) [ o B I A B[] 1) 42 A 5] 14 $ir
R AR AT 17 JRE R AR R B AT 2 A8 Ak, JC R
FEAT R S T 57 AR AR A AR 3 2 R 5 B A
i Bt B fof 7 728 S0 538 A 386 K Jin AU ] 60 min
MIFIAP G E 5 20 min BFIEA —#F, UL PC-WAX
B s A5 PP PR ff 1 8 IR HA AR 4
I FAFRE T .
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Bl 5 180 "CTI A ] Xof a3 i 266 12 ) 52 )

2.6 FHrHAER R AL

FE e BT 180 °C (AR A7 B, Akt
[a]>% 10 min, A 1 m/min 53 3 M B 40E g EF 1,
SR HTARARAY Haul-off %€ B, M AR e AL i a2 1Y
P EE (10 ~200 m/min) 5 X} 57 5 47, e
AN G55 R 6 firs . MEL 6 Fhn] I, 447 fid
FALTF 30 m/min, AR 7 Bl 2 B R A 3 K
7 B 2. T3 B 5 Hrfh AR ks 728 . 2 )5 M E ik
P A B R e — I B I IR 22T IR AR 1Y)
B3l B GG R A AR R RIS B
kWi 2., 17 5 37 UHE 2 HI7E 120 m/min 5
85 m/min BRI ZZIT 2L SRR BE 43 3R 1. 40 N
50.63 N, B PC-WAX (/i Af§i75 PP By fH
Fo SRR R — e R R R R, BEAh, AR
T SRR 0GR T AN AR S5 223 R v, o™
R P A B SR L

6 180 °C T LURE R fi g S5 821 % 3R i 2
3 & it

ARTCR AT o AR 2 B PC-WAX X PP 47
SR L A XU B A A8 A & Haul-off 22 fif

e X R 7 I AR 1 B B AR R MR A TR 4y
Br s BEEMREELWT

a) PC-WAX/PP A J& T 7 42 7 2 3 44,
PC-WAX Aek7As PP 3t sh 28, i RE R A N ) 5
A 285 i 0 1 v T AR AR 5 R B P A 66 B S5 4
AL Bl 1 Ak 8 B 7 A 17 A5 3R (14 2 15 1 9 /) s PC-
WAX HA IR AR AR r i sh B T . B &
TS IR o 2 o3 B 3G 22 IR AR 1 g R AR
SRR S TG AL REZ B .

b)) A fige 38 A8 S 56 3% B R BLAT R A 1 R
FEME, PCWAX AT PP A e M A 52

QR cZxNERE DR LT iRy S EW Y AR DE A
PERE (0 PC-WAX WAL PP g h7 i b 5 06 4
oo R LR I — S R Y R R A PR 2 2 T B
1E BRI IR IS  CRAUEIE AR BT R i R 1
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SiO, HEX R A GKRE/RAE/SIO, WKESR
AT MBI IER AR 20

FFTF, 5 B, FER, BER, EE
(I IRFPAAESEHMERNERRALFT R ELEZERE, M 310018)

H OE. Ow3(FLAEHEBRE) AL ZFTARLBE(MPS) A @M iEe SO, ARMETF BT BB, Fi
P B2 72 S A - AR B = F FUBR B O R A B (PU AT 3EAR . WA MM B2 T B85 . T A R B Ao MG R 7 F B8 4 T A&
RGBT T wILR RS FHEEAR R AMRKRE (PAcr) /PU/SIO, 4k L4567, # R 30 &84,
Zeta WA AF ot sh kg B IR R AR AR XA £ TR ERE RAEG R ARG T MPSSIO, A Estg k£
BB T 6 BB A AL M RE A b M AL 09 W LR, R AU 5 PAcr/PU @ R I 44547 48 5L, MPS-SIO, #9
FIAAE4F PAcr/PU/SIO;, AR A0 F TR KR, BT A @FERG R 05 8 A5 BT @ L
HASAH 8 MPS-SIO, fbiB it B4R B AL 5667 Fo -4 P 409 T8 pi AR B BUE B S a9 VE R AR RS R R adeh T,
M HIT F BRI F A 3.0 g/m? KR E 100. 0 CrF . HAn 0. 7 wt %8 SiO, 44 e Wi 338 42 5 8. 7%, b
FAb R FER G 20.0%,.F) BIRAERZ 5. 100, KR T LR MR,

KT B mILREA;SIO, s B AR BAE R

fESES: TQI33 XHERRERG: A NEHES: 1673-3851 (2019) 09-0592-07

Influences of SiO, content on particle properties and bonding performance

of polyacrylate/polyurethane/SiO, nanocomposite adhesives
WANG Ningning , GAO Feng, CHEN Zhijie, QI Dongming , CAO Zhihai
(Key Laboratory of Advanced Textile Materials and Manufacturing Technology, Ministry
of Education, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In this study, grafted polyacrylate (PAcr)/polyurethane (PU)/SiO, nanocomposite
adhesives were prepared via one-pot miniemulsion polymerization with surface-modified SiO, with
3-trimethoxysilyl propyl methacrylate (MPS) as inorganic particle, polycaprolactone diol, hydroxyethyl
methacrylate and isoflurone diisocyanate as PU precursors, and methyl methacrylate, methacrylic acid,
and isooctyl acrylate as vinyl comonomers. The rule of MPS-SiO;, content influencing the particle
properties, thermal and adhesion properties of nanocomposite adhesives was systematically studiedwith
dynamic light scattering, Zeta potential, Fourier transform infrared spectroscopy, gel {fraction
measurement, tensile property measurement, and differential scanning calorimetry. Results suggest that:
in comparison with PAcr/PU nanocomposite adhesives, the addition of MPS-SiO; would cause increase in
size of PAcr/PU/SiO, nanocomposite adhesive particles, and the storage stability is good due to the strong
negative charge on particle surface; the surface-vinyl-modified MPS-SiO; could participate in the formation

of polymer network of adhesives via grafting reaction, functioning as the particle crosslinking pointsto

Wk HI:2018—12—18 W& HARH . 2019—02—28

LA [ FARRRE AT (51573168) s HIHTA [ A RRE L4 51 H (LY16E030006)

fEE R BT 7T A991— ) 2o, INPGE IR AL 50 A, 2N A HLEHLE A o R a5 B SR AE T A 5T
WEVEH W EWF , E-mail: zhcao@zstu.edu.cn



%54

ET T SIO; X RNETRTR/ R/ SO, DR E A FEA FUBURLARE KRG E AR 14 52 593

increase the glass transition temperature(Tg) of adhesive polymers accordingly; under the condition of

3.0 g/m’® coating amount and 100. 0 °C baking temperature, the addition of 0.7 wt% SiO, causes increase in

breaking strength of adhesive film by 8.7%, elongation at break by 20.0% and peeling strength by 5.1%,

to achieve better comprehensive bonding performance.

Key words: adhesives; miniemulsion

bonding performance

0 351 &

KPEIR N F R TS (PAcr) /R A g (PU G K E
B /G B LA 5 B KRG HE P e L i 50 PR AR
PR A 8012 T ARZE AR R Uy A ARskoRs 42
A PRI B AT A R RE R Y
AWHRTE A 2% 223815 PAcr/PU 99k 2 &84
FI5IATCHURLF ok i 28 A kb g Y . SIO,
W PRLELAT RUSE/Is  AR E TH A F 3R 1T 5 108 1 45
R TR A WL/ TCHLAOK R A kR Sl 3t 5 b1
ORI PERE S,

Ye %07 HE N = A FREREMH) SIO. 5
NCO H: A E o) PU TR Y RN B 0
PAcr BEIRIE G BB @t 5] A SIO, Kif. 3 m T
BERIBLARE BB, 2K 52555 R F R A 3R A ik i 49
SiO, Bk PU/SIO, FhEF)L 45 R £ W] Si0, 151
ARE RS F ARG A TR, REE K&
Tl LR FEABM Y SiO, 530k E 35 19 PU 1N MR
FRIERT A IR IL R A R R E G B A, 45
TR SIO, I A3E N . R 1 24 RE AR
EVERE W LT, LibFRE—E R L T A
B/ MR BB A & (Al FHAY K P PU TR
VI BT, A i R AR 4 . HE B N R S5
BLE I, Ja Ab B A 2% L i LB 3R 0 PU BSR4 23 %t
RBERR AT E A — e,

ARXEMFBEAERZ DK PU FTIKY) . 3-
CH P e 4800 A 3 — W AU ik doe (MIPS) 3R THT ek
PER SIO, (MPS-SI0,) 5 T4 1 2 g SR TR A 8 o
Wl AT A 1 PR 3 3 R 3R B e g, — A Tl 45
PAcr/PU/SIO, IKRE AT A FIFLIG: REMR T
MPS-SiO, FH % i 266 77 1 J0RE £R 1F L A W Tl 45
A A AT RS 22 RE A 52 R A

1 SCIOERSY

1.1 SCISZ8m
NIETR S8 (2-EHA, 99 %, Fl$ir T ik %1 A B
INED RN TR (MAA,L,98% , iR Ak T A TR

polymerization;

SiO,; polyacrylate;  polyurethane;

ZN D FH I P R IR (MIMLAL, AR, F0 M 25 4 kG
A6 T A BRZA 7)) A5 SR FH i sl Hs 2 1 R LR 771
H LR TIR 2 2,18 (HEMA, 96 % , BTz T3 50 45 R
oea]) fit AT S SRR BRBE R . RO B
i (PCL — i, Mn = 1000 g/mol, FIECEELL T4 KR
S ED A ETAE 100. 0 °C Ay B 235 BEAS T 45 B K
2 h, SR/RER — 5 AR (IPDI, 99 % , BT hz T 35
ARRAFD T e FR 8 (SDS, AR, B4 T35
HRRAFD L IE 7588 (HD, 98 %, Bz T ik 71 4 R
ZNED TR T /BB (SA, 96 % , B s L AR
HRRATD GBS (KPS, AR, Filhr T i) A B2
FD) IERERR .15 (TEOS, AR, K HR 38 R Ak 2438 7]
BRRATED S T CAR, TR TR F G FRA F)D .
MPS(97 % , Bl $i. T 3 350 7 BR 2 ) L & 7K (NH;
H,0,25%~28% , b M i A kG 404k T4 FRAFD
kiR Z M (NaHCO; , AR BT EkE RS 4010 T AT BR 2>
FDFICEECAR AU SR 404k TA A D ¥ H
e . A SEge sl S s A HI LB FK
1.2 SO, MK FHFS. REEHEELRES
BRI &

JH Stober ¥ il % SiO, 44 K ki 71, FREL
80 mL TEOS,800.00 g Z .6 mL # NH,« H,O
M 72.00 g EEF K IMALERNZE ., TR
NEREE A 25.0 °C FiPEE F K 200 r/min B &1
T RN 24 ho SR JEKEIREE T ZE 60. 0 °C L 4R EEEFE R
N 6 h. il 75 SiO, 94Kk T LB B . F MPS
ek SiO, , HR N HLE LA 1, EAREREAE TR A  FR
B 200. 00 g il 19 SIO. 94K AL F 2 BE 43 B
(SiO, FHA 2.6 wt20) I 250 mL 3£ [N
Ze b, AR i A M AR B AR — 2 9 MPS, i
ARG FHEE 40,0 °C,3gHER Y 48 h, 15
MPS-SiO,

2-EHA/SIO, BRSSO 0 £ i an F -
Se. mH 200 mL ) MPS-SiO, B4 8O A 2|
500 mL BB FEZE D DL oKoK R 2 616 2K
25. 0 ‘CHIE S5 N HEATHERR s 75 1/2 (O BE
B, T B B FP A 100 mL (9 2-EHA 4k&E3E17
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1

WEZE  FF LWEE 228 R  hERR LA B il A

FEA I TUTE A5 BN B /- 80N 4.0 wilo i 2-EHA/

SiO, HLAR M HOR .

1.3 PAcr/PU/SiO, #1 PAcr/PU K EEFEF
AHH &

FREX 0. 50 g SDS fi1 0. 50 g NaHCO, , i fif T
55.00 g Z&MB K, 43 pH="7. 89 AYFLAL T K %
Wi. $0.22 ¢ MMA,0.11 g MAA.0.31 g SA.
0.05 g PCL —£.0. 22 g IPDI.0.33 ¢ HD, 0.15 g
HEMA 1 2. 00 g 2-EHA/SIO, HAS RS — %2
8.00 g [ 2-EHA il AHM AR A Bl AR &
WP A% 2 FLART K 7E 40. 0 °C 500 r/min
FEFLAL 2 min 75 2PHLFLIB KR FLIR 200 s b 2
Ji A RN FL . B - 0. 75 g KPS A LA
YHFL . AE 70,0 CHRIE SRS T R 10 h, 1§45
PAcr/PU/SIO, 9K EAFHEFZLI .

il PAcr/PU 4Kk & & A # 2L at, H
2.00 g 2-EHA #/% 2. 00 g 2-EHA/SIO, , Kz &1
5il4 PAcr/PU/SIO, HKE AEAFIFLR—FE.
1.4 GAEESHEFIRENTHE

FRIL 10. 00 g FLIE THBHT4E( Mn =3500) 1]
BN 72 h KBTS W FLIRE R E 10,0 wib,
B 5.00 g LU, BT 4.0 em X 4.0 em Y PU AL
R FLIR I DU SRS LS TR AT A2 5 min,
VR I RE S R VR TR A0 38 48 b, VRIS I RE &
A AE R 28 Rk A i) TR h 4 H
1.5 BRXWE_HEEZ R (PET) KRR &

W FLIR I &8 ZE 20,0 wt %5, B 3. 00 g F,
W A 1.50 g B &k 2.9 wt% iy PTE #4585
1L T = KRR AR A BR A 7DD L §il 45 266 7 TAE
. B 20.0 cm X 26.0 cm () PET Wifi 8 T2 5% 1
RAb PR £ (HD-1B, & JH B 5 28 55 5 T 1R RH
AR FD AR AM 200 WY TIRR , kb3
5 min, #ilf337K PET B, ¥4 3%7K PET BERCAE H 8h
%578 M1 (K control coater model 202, R K Print Coat
Instruments Ltd.) I, #E 0 3 SR (BEEH 5 pm),
£ 100 mm/min P50 N IRE R T TR, B S
£ 100. 0 CAAF FHLRE 2 min, §il#53 PET A,

MPS gt SiO, BN R

1.6 Mk 53R

PR B Al R ] R EN . A Malvern
Zetasizer Nano Z 51 shZ0GHUH G & 40711 Z 1
Kifs 2 W B (PDD Fl Zeta LA, FHZE S HL T
BB (TEM) M 2¢ MPS-SIiO, By $i. I 1R 38
TEM E Gk F 8 ki 42 . A Nicolet 5700 7Y
i B 2T AR (FTIR) ¥ SiO, Fl MPS-SiO, [
MEEHATRAE, TERSRA T - H TA Q2000 2R
AR E AL (DSO 454 PAcr/PU il PAcr/PU/SIO,
G My DSC il £, i B 49 5 5 Bl A — 80.0 ~
240. 0 °C, FHEH#ZA 20. 0 °C/min, #8501
DUREALIL S 06 75 28 FLIR A7 R M, BARSRAE R -
8.00 g FLW & T 10 mL B0 b K 2Ll
BLDAEE TR B O 7R 3000 r/min B E T
B0 156 min, A ICUUTE WA IZFLI I I AE e e
Wh6 A,

TE 4.0 cm X 4. 0 cm {9 7Y HUBLEL 16115 3L
JRERRAE St HORHEIC N Mo . g5 W R BT i i DB 4R T
70. 0 ‘CHYMERT T4 6 h, FRAFH TN My, g, 4%
THRLF ) ZLI R e AU ARAS v, fil 42 72 by BB At
TIRs By M, . g, FEREBEIR S G HILLT
N a1

G/% :%M;OMI % 100,

# PET IIEFZ T 2.5 cm X 26. 0 em I 4TE
FEdh BB 4F ) PET BB TR 2.5 em X
25. 0 em “PAAXHE I 2 kg REE X H AT 50
JE 5 W R e S 18 7 72 7 Be LA AL , Pl R i e
7 100 mm/min, 13 BB YIMZE . K PET B S
2.5 ecmX12.5 cm WY ZTEAE A AR5 45 it i st
98 mm FRHEAIE , [H45 IR et (A s i) — ]
) S5 bR AR 06 X AR 322 ik, A 300 mm/min (1) 3%
o] b L I 5 ARG I8, BTk S - BME . ¥
PET JERHIAY 2. 5 cm X 25. 0 cm BISTERE S . X 3%
5547 PET BEHEATE AN 2.5 em X 20. 0 cm f4
T-HEHIAE, IFH 2 kg R4 X HAE AT 34 50 He , 78
KJ-1065 2 81 i ff #L L 2F 47 31 55, #8552 N
300 mm/min, M H R EG 7, BCRIR SE 5 YME
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T T SIO, HRXTRNEIRER /R ERE/SI0, GKE ARG IR REE K HORGHEMERR 19 5210 595

2 HR5WR

2.1 MPS-SIO, HFR4E

LI MPS BB, %F SiO, 4K Bk #4711
B 7K RN s B 8 e A B 7K B v A 43
FEf L2830 o R T A SO B A R A W M4 1 fE
F1. B 2 IR E SIO, GOKBRE) FTIR 3%
K. i 2 A, 5ARBR SO, KRB L,
&M 5 B9 SIO, 40K BURLBR T 76 1100, 940 cm ' Al

800 em AL T Si—O— Si % KN FR A 45 HE
F.Si—O B IRSIER Si—C B4 I shivesh
E 2950 em A1 1730 em U I T C—H fHigE
P C=0 AR sh 55k A T MPS iy i,
LI MPS B 5% 3y 138 2 ik 20k ) 7K 406 6 e 1oz A1
BCE SIO, R mE L HlA T MPS-SIO,, [ 2(b)
3 MPS-SiO, iy TEM [&. & 2 (b) 1] 41, MPS-
SiO, Ay Bt BT RE 38—, Gt HAO R A
(2743) nm,

El 2 SiO, #1 MPS-SiO, 19 FTIR EILL & MPS-SiO, ) TEM

2.2 MPS-SiO, BE&3f PAcr/PU/SIO, Kk E R
FHAFI BRI B 2L iR A M O BN

F1HIH T MPS-SIO, I Bk % 4
KA AR PDI I Zeta HL A7 LI K 2L %
TERGEMERIREM . 8 1 AT, 2R AR SO0 B iR 451K
F L BA RO ER BRI T o e 2 AR IR 3] T
0% A . 54 MPS-SIO, i1k Z A L, % i
MPS-SiO, J& il 5 14 44 K 5 A 770 JURLRL A2 A 97 3
. XA e AR AT A MPS-SIO, 25|
THARRREE b R A A B MEBE L DT S BUR A
T AR R SF RN, i Zeta HLAZEE SR AT R
] SiO, & B GIK A B A 70 URE 2 T A7 4 =
A 57 FL AT FE A 3o i LA PR TR P R AR AR
XA B T 9K G A F A T FLIRES O I T R S 1 245
B E (R 3, B 3() BEOHT LR T E

FNFLRCFLE 6, TO 0 Z R EEI G I KB 0
FLuRa et R | 3(b) IO 5 I FLIRRE & . 1l
BRI ORI B I HAR L2 &
EEING VL LI AT I b AE R e 1
x1 AR MPS-SIO, RE THMEFHLE,
MK E S FEFIR FRIRIZE PDI 0
Zeta B AR FL B TFERRE

MPS-SiO,  #Ak  kifz/ Zeta WL fEAFAGE

WE/w% %/% om0V f/mV /A
0.0 90 129 0.175 —47. 3 KT 6
0.7 91 137 0.144 —42.8 KT 6
1.1 89 144 0.116 —43.9 KT 6
1.5 92 147 0.136 —43.7 KT 6
1.9 92 146 0.127 —42.9 KT 6
2.3 91 148 0.131 —43.4 KT 6

K3 BLLHETE AR MPS-SiO, Hit i8>k 5245 256 LI if
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2.3 MPS-SiO, &%t PAcr/PU/SIO, Kk EE
FEFLZBREENXMm

Kl 4 J& PAcr/PU/SIO, 99K 5 A A 7 1 &
e #5 MPS-Si0, HE X & K, HEMA RE [F] B
Z 51 HERE SRR R, 7 B AE S A B
PR 3 HREFE SR, HASTEQKE G RGN
TERACER R G E B 4 Al PAcr/PU 44
KEAFHAFINE R R Fik 87% . MPS-SIO, %
T 224 WUk 1 Ry k7 22 56 591, LR Bl o R s
N Z 5 REMMEEHIE . I, SRR b A
0.7~2.3 wt% iy MPS-SiO, J, Hil15 ) PAcr/PU/
SiO, K E G FAFI BRI 5 2 902,

K4 AKFE MPS-SIO, RS T PAcr/PU/SIO;
A B RO EERE
2.4 MPS-SiO, BE3%t PAcr/PU/SIO, Kk EE
FEFIBREYRERRNE T

Kl 5 AR MPS-SIO, H & % 4 T il 15 i
PAcr/PU/SIO, 9K E & F & FI R AW DSC il
¢k, M 5 ATALPAcr/PU YK E A EEAFIREY
B3 BE AR FE AR (T ) i —26. 6 °C, MPS-SiO, 1y
INALR A PAcr/PU/SIO, 9K 5 A %547 N6 22
KRR LT, BB Wi B iz a3z B s 9F H Si0, A<
SRR BT A, W2 BRI R A Wk iz dhig
Jr NS T, A E—17.5 °C. B MPS-SIO,
FHERG I R4 Wk Bz IR SRS N ZE B RIR G
Wi T, #—2TE,
2.5 MPS-SiO, BE3%t PAcr/PU/SIO, Kk EE

FETIREERERRm

2.5.1 BT ZZH0he

L PAcr/PU/SIO,-0. 7(MPS-SiO, [t 5 a5
IR 0. 7 wtlO KR E SR AR R RER &
F S BIFFE T U A e AR e TR R DX e B iR JBE ) 5 i
16 1 Ca) FT (b)) 43 51 Ry A Ta) U e 2t 45 440 T il A5 1)
PAcr/PU/SiO,-0. 7 4K A BE 71 e B 1) 5 U1 i

K5 AR MPS-SIO; JHH &M T #il#3#) PAcr/PU/SIO;
AKRE BRI EFRAYN DSC fhk

J1- P i A K b SR i 2 0T 24 R i 1] 6
(b) Al Al 7 1. 5~3. 0 g/m® HYTLE N . Bl T i 1 Y
ST B U] 500 DB R fef - AR I R I o 5 i — 2
IR B V)5 MW AR R TR E . bk
ZORUIM 3.0 g/m® BYIR I C REAESEAS [ L2
SIIABEREE T T B MR AG R A 5L

6 R R PAer/PU/SIO0. 7 BB MIREIER
YIS 37 £ T3 AT 4
K7 &R T A FHERR T PAcr/PU/SIO,-
0. 7 JE AT e R 1%y B 170 5 32— 742 iy 4 LA K s o
JERABY K Fy. Horp, 7 Ca) AN [) b % IR B2 R
PAcr/PU/SIO,-0. 7 R4 57 B A5 64 B Y1) L J-1 A%
ek . BT & IEHER IR B O 100. 0 °C 2% #F R . il
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FET T SIO; X RNIETRER /R BE/SI0, QKI5 REG RBURLRHE K HORS LR 19 520 597

o B M R EL A e A PN SR R L T 45 g J T B
D)5 DRI A 3R e vy » I IR ) BB 7 XA A
IR, 7 ) Rl BRI R R BT, B4
5iR HE AT A R B 0 35 e, LB i i R 77 X
FRAR O SRR o 32 PR O BB M 31 5 T I s
N5k B IR R MRS AR R AT A AT R — 2P
KM ROSE A A 35 0 SR A W SRR BE S . R
LT SRR AR E T R S EOL S B R S
S8 JT R SR B UI5R BT & 7(b) St
il P T SR 1 5 T R D R R 4 B )
S0 LA ALL o B AR L FEE T  JB S 340 i E RTIAOTA
NE R TREES . X SE SR T S
HIRE Y SCRBE SN AT N ARG . 5 b ik
100. 0 “COP A HLRTILIE .

B 7 RRBEEE T PAcr/PU/SIO, 0. 7 B Y
Y T 12 A K S B E R R

2.5.2 MPS-SiO, Fx i B B 11 56 1 52

& 8 1 () FlI(b) 43 5 AN ) MPS-SIO, H 5%
R A 1 e B 1 B 1T 17 707 A i 2 LA B 7 54 5
BERIBT M2, B 8(b) AT %0, i MPS-SiO, F
T T T A T S 5 R T e K SR S B T
5 FRER . 5400 MPS-SIO, (1 i B AH H . ffi
FH 0.7 wt Y5 MPS-SiO, 4 Ji B 1) b7 2455 15 11 b7 24
R R B3I T 8. 7% F 20. 0%, X H A
MPS-SIO, G825 5 G W) I 25 19 T 1k, 442 1 e FE 1)
IR FE (& 4 o 110 30 2o T P B 1y P 5 g i e

JFE Y B L) i B2 NI A R . HLd R 9 MPS-SIO,
P 2 (A5 2 A 0 R A W i B 1 R A I Bl
MPS-SiO, F 715  J52 5 A Ui 22 i 22 70 7 28 i I
R,

F 8 A MPS-SIO. FfE F#iA B AY 554

o -7 AR i 2k B T TR i A T e
2.5.3 MPS-SI0, F X %4 50001k 1 A 25 6

JE B 5 )

K 9 AR MPS-SIO, &A% Tl g &

FR R B KGR B AR B . R & MPS-SIO, (1)
PAcr/PU ZE-G K MWK 714 0. 64 N, 3 2558 B2 K
17.69 N/m; B 0. 7 wt% MPS-SiO, HIZ4 711
BB LT T 5. L0 (HAIRE IR T 4. 7%, Bl
MPS-SiO, it —4 LTt 36 5 R G W n) 28 1k
TR HE— 2538, ELKIPEL st A5 25570
I B0 RIS A — e R 1 R R

K9 Al MPS-SiO, #3670 3% 25 58 BEFIRIRS g
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PN nanoplatelet fillers for enhancement of the properties of

3 & waterborne pressure-sensitive adhesives [ J ]. ACS
Applied Materials &. Interfaces, 2014, 6 (24);

AR HMARE S — L0 % T PAcr/PU/
SiO, AREEFER AWM. FREMKR T MPS-SIO,
FHAERFBEA 70 (0 0B A AL L AP B FRS B2 1k e 19 52
M, EARZESINE .

a) A MPS-SiO, F &t 1R 2 354 B4 1 e {4
FEE A AL RTE 90 Y0 /247 s 5 A MPS-SiO,
(164 7R BURLAH EE . B8 I MPS-SiO, 1 %45 77 §50kE
RtAG B i ; A6 MPS-Si0, Fi & (6 %6 4 5 ks
EIPE G RN G TARRILEI N iV A N R
fERRE VLT

bYMPS-SIO, 2 556 F R G W W 4 1) 8
B A2 B R AS R S A VR (A 26 6 70 1 S IR R B
LT REW TS S RSN T, LT

O MR R 3.0 g/m* HERHIRBE R 100.0 °C
i Fh AR 25 Rl Bt BRI AR 0. 7 w6
1) MPS-Si0, J5 » BB N 58 7 2 e (175 s R Dy 284
SR T SRR R SRR R i B A AR T 8. 70
20. 001 5. 170 3R TR LR B A B .
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Z B Ag;PO,/MoS, & Sk ZE K E e E4L tEaE

B M, EwsE,E EliE ¥

Wit f T RFEFHE, M 310018)

1 E: RAKRF IR EE Ag PO, thikETF f A MoS, #hkak k& E#K1F Ag, PO, /MoS, £ &4, 4
A X &ITH 8 F RRBE T B R AL MY, 3 23 B A M A A F RO i 2 9 K 3 (MB) F= 7
EAEMO) B R EE R, 2R AR Ag, PO, /MoS, ZAM#H 4+ & T AgNO; R E , e84 MoS, E
Ag: PO, thREF R TR S H A AT % AgNO; 6935 % 20.0 mM B, 2 T LB S 12 min &, Ag; PO,/
MoS, £ A#4sr % ki (MB) AL 5 fE sk % 5 100. 0%, #a 22 57 LA BB 4+ 30 min J& , Ag; PO, /MoS, £ A4t
W RAAE (MO) AT 2L % 8 100. 0%, B Ags PO, /MoS, F A4 & 4 va kB MO G, L5 R 7R s
2 90. 2% A Lk,

EEiF . AgsPO,/MoS, ; Z-scheme; AR AL

HESES: TB33 XEFRERRL: A XEHE: 1673-3851 (2019) 09-0599-09

Fabrication of Z-scheme and photocatalytic performance of

Ag;PO,/MoS, composite microsphere
YANG Fan, JU Bingqiang , HUANG Kai, WANG Yang
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In this study, Ag;PO,/MoS, composites were prepared via MoS;microsphere loading
Ag; PO, nanoparticles on surface with chemical precipitation method, the microstructure and components
of the as-prepared AgsPO,/MoS, composite were analyzedvia X-ray diffraction technology and electron
microscopy, and its photocatalytic performance was studied by catalytic degradation of MB and MO with
the composite as catalyst. The results indicate that the change of the concentration of AgNOQO; in the
preparation of Ag;PO,/MoS,composite would lead to change in the size and distribution of
Ag;PO,nanoparticles on MoS,; under the condition of exposure to visible light for 12min with AgNO;
concentration of 20. 0 mM, the catalytic degradation efficiency of Ag;PO,/MoS, composite to MB is 100.
0% ; under the condition of exposure to visible light for 30min, the catalytic degradation efficiency of
Ag;PO,/MoS, composite to MO is 100. 0%; the catalytic degradation efficiency of Ag;PO,/MoS,
photocatalyst still remain above 90.2% after four times of catalytic degradation of MO.

Key words: Ags;PO,/MoS, ;Z-scheme; photocatalytic performance

0 3 = g ) FH K BH BB AR 2R T A4 7 575 2% TRt A i 32 21
B THEFEFEI) ZRTEN . SR 2 ORI R
P FAOSCHEARINE A — TR A B BE ARB AT WOEIC R A0 g A B0 1 A A8 R 17

Wk H#1:2018—12—11  MZE AR H Y. 2019—02—28
YEETAN A WA991— .2 I B-E R 5T A L 3 2GR R 5 T AR5 .
WIEEH F 7, E-mail: wwyy2001(@sina.com
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FESLPRA G RS . O T R — [ L i
W9 E B T 2ot k2 ouE SOt e r Y i
£ LAA vk RETE AR e AL T i 1 A D
EA RS AT — oAk, — ot 2 o0k
HEAL S G TR BRI 4 5 ] WM ISR AR 02
R AR ST KA 21 O3 P RE IR [ 1) 7 A= BB [ 2500
i IR B A BTG Ge Wy A T B i (R 30038, DT i3
fEfb I PERE

AR, T S B mALY) (TMS) , 4 MoS,
WS, , AR B B AR e, 5l T
SEFENVZREY . KEFRERW, h T2 TR
RN, B2 8 2 )2 MoS, 5 WS, fEEfLPEfE
T B R, Hoad U 4 8 B A B g 5356 7>
ML S AR (il MoS, /CdSHY A g-Cy N,/
Ag/MoS, "5 Z [AIREIEIE B Z-scheme 2544 , BEfE
P TCAL AR T A W B
TMS #hai . 5 TMS #hiff Es RE G, A
AN CHOR A2 X B A Pt XA LG
PWIIREIRRE ST . WEIRAR (Ags PO YRR — Tl Al
2 AS LA, T HBRASCEARE  FETT I
JEHES T RENE B A A HLYS Ye e SR 7 A
feit i, Ags PO, fA7EDGIE MR 4, H 322 s (K )2
HT Ags PO, 1S H (CB) BB 0.45 eV, & T
H,O/H, B9k i A7, 76 7] WG R4 Ags PO,
LT H O sk 2DCA B FIRE ST, Ag: PO, HLES
() Ag™ T LA ARt A4E i 7, e R TH Ag™ iR
A", FEA G IR G R O S ol B 42 AR
Ags PO, BPEIR I, T SE I Ags PO, (1G4
ﬂﬁ?ﬁ‘@ﬂ:ﬂi%\%‘@[m o %U\ MoS, Nk, Ag; PO,
YR IFURL g 7 3R B Ags PO, 9K BRI 2] 731K
1E MoS, BRI £, & il Ags PO, /MoS, &4 #t
b TEFE 0 KA A 4 A HERE I [R) B, A ) Ags PO,
(% J ol 3 G, DA HE R O O A Ak O M R AR
%,l»ét[]&]f)] .

ARICLL MoS, K R 34 >R AL DUTE 20K
Ag; PO, g BRI TR TE MoS, 3k i 21 » i &
Z-scheme %% #] 19 Ag;PO,/MoS,, %k 5 LA
Ag; PO, /MoS, V& Mt £k 57 4 £k K fi S HY 3k 5
(MB) FH Z R (MO) , BF 52 % & & bR S ik
PERE.

1 % I

L1 RRARSE
i%\ﬁﬂ %H@éﬁj‘] (Na;MoO, *2H,0) . L’iiéﬂjlﬁ

A M (C;H:NO,S) | Jo/K & B (EtOH) | fiFf IR 4R
(AgNO,) Fl# B2 & — 4 (Na, HPO, « 12H, O) ¥4
3T a, BT TR A BR A JAE

SIS - H-1850 Y iy 3 2.0 1L GBI R A 5K
AL ER T A A R~ 7)) . D8 Discover Y X 5 28477 4t
I (XRD, Bruker 2 7)) , S-4800 %7 % 51334 vy +
73 (SEM., Hitachi 2 &]) . JEM-2100 % 4% 5 i
+ 845 (TEM, Hitachi 23 &) , F-7000 F 3¢ 64056
6B (PL. Hitachi 23 #) . U-3900 %1 %8 48 7 il 4}
SR (Hitachi 2] .
1.2 AgsPO,/MoS, #l &2

TE Ag: PO, /MoS, il £ i #2 . B 56 R K #4
il £ MoS, . MoS, iy EZ Rl &id U, 5ot
AHFREL 0. 05 g Na,MoO, «2H,O F1 0. 10 g L2}
RS R B FL s R 3 25 ml B LB Tk, M
0.5 h)ﬁvﬁ%@ﬁg/}j E/‘J Na, MOO4 *2H, O %n L‘ilé%/ﬁ
FRIR AV, ARG H X PR AW E A 50 mL (12
N2, 7R 220 CTF O 24. 0 h /R R A 2 %R
B 2 B 25 8 F oK F G K Sk BT 70 °C
HEFT R 12, 0 ho /55 B AR MoS, . HIRLL MoS,
RELEA B SR A A TTTE Ll 35 Ags PO, /MoS, &
AR KRR MR (10, 0.20. 0 mM #130. 0 mM)
10 mL AgNO; ¥ 53 MA MoS, 19 KW H 4
FER Y 30 min, FffSTE AgNO; Fll MoS, FIR G
HE AN 10 mL Na, HPO, ¥ 46220 1.0 h, 45
F] Ag; PO, /MoS, AR 25 8 7K il & T 15 .0 1k
U 3 A S A 60 CHEAE T4 5. 0 h, IR 23 5l b
18N Ag; PO, /MoS; (Capno; = 10 mM) | Ag; PO,/
MoS; (C agno; =20 mM)Fll Agz PO, /MoS; (C agnos =
30 mMD KX = FOR RV BE Y Agy PO, /MoS, 6
FEARF 43 56 MB AT MO 55 G AL R

2 KWHERSH

2.1 MoS, & AgsPO,/MoS, K IRE R LM

E 1Ca) N MoS, B XRD i &, MoS, 7
14.4°.32.7°.39. 5°F1 58. 3° &b H B A7 53 06 , 45 591 %t
M MoS, [1#(002),(100),(103) F1(110) i, H
AFEEH A Z 0, 33X B 7= T I e 4
Bl 1(b) A1 1 (o) MoS, By SEM &, HrE 1(c)
FEE 1) Y R R B . TLLE Y, MoS, 2 AL
REYBRIE , KA —, HE A 300~800 nm i
I

Ag; PO, /MoS, EA M EHY XRD E 4 2 (a)
JIE7R » NS Hha] LOWER 2555/ 20 78 20°~80%
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B WA Z R Ag, PO, /MoS, A RURMME K HOBHEIPERE 601

K1 MoS, ) XRD I SEM [§]

FEL A 25 th B 2 A0 b 0, 43 0% 12 T Ags POy 1Y
(110), (200), (210), (211) % &, ix ¥ B9 fr
Ag3P()/1/MOSZ E%H‘?HEPE@ Ags PO, }%?ﬁglbj_
TreEry, BRI 7E Ag, PO, /MoS, & & 1R 1%
AW MoS, Ryfir i g, X F 22l T MoS, 1Y
XRD 77 i 0 i FE AR X455, 78 Ags PO, /MoS, B &
MR Ag, PO, BA L MoS, B4y 45 f b, HoAl
SPGB B G KT MoS, 19 43 5 4 5 B, IO 36 T

MoS, FyfT 5T, ok, N Ag; PO, /MoS, B &
R EDS & (K 2 (b)) h ] LLFE 1 Ag, PO,/
MoS, Z & MBI AEAE Ag.P.O Mo Hl S 3 Tl
JLE. F 20 FE 2 (D451 Ags PO, /MoS; 1)
SEM 8, JCrf ] 2() 2 2o i bR 55
MoS, HHLEM = » il LA Ag, PO, /MoS, Eifif
WURLCRAE T, HOR 2 0 )R,

Fl 2 Ag;PO,/MoS; 1) XRD.EDS #1 SEM K]

FIFH TEM 3k £4E Ags PO, /MoS, BIESH . 1
B3 . MIEL 3 Hf 5 1) 19 4 3 0T 1) A A 2R 8
LA ] Ags PO, WY& TE [RIEE R 0. 26 nm., Xt
N AgsPO, 19 (210) & [T s MoS, 1Y & 1A 18] 5 4

0.68 nm, X} Jif & MoS, #J (002) . X Ui B
Ag; PO, f1 MoS, #1758 &, H Ag,PO, ki ¥ Ui
1t MoS, K2 I,

[1;{] 4 %Z:[ﬁ] AgN()3 {;{QE—F AggP(L /MoS, /E
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Kl 3 AgsPO,/MoS, 1 TEM #1 HRTEM [

AR SEM El, M E 4 o] LUF HFE il &
Ag; PO, /MoS, & & M kY i B2 v, O [F] ¥k B2 1
AgNO; MBI X Ags PO, /MoS, MIEHA
—ERFZI . 4 10. 0 mM AgNO; LA 0.1
mM [ Na, HPO, ¥ W Jin A MoS, 43 0 HH i, mJ
PIgLE) W AT R Ags PO, BT/ HEE MoS,
BRE (4 (a)) o 2 AgNO; %50 B2 1 i %)
20.0 mM A Bz Na, HPO, ¥ ¥ 19 ¥ 5 36 m 2] 0. 2

mM i, Ag, PO, Hi I 3% 2, i H 538 57 (% 4
TH7E MoS, ok M (& 4(b)), 4 AgNO,
WIERE M E) 30.0 mM (Na, HPO, ¥ ¥ 1) ¥k & 0
0.3 mMDI, L Ags PO, KL Az, AT H 3K
RIS (E 4(0))  ffifF Ag;PO,/MoS, & & # ok
FR e 2 T AR 2 Ag, PO, BH HEL T 148 7T
GG WA F] T Ags PO, /MoS, &4 # 8t
AL PEREAYHE S .

K4 AE AgNO; TR Ags PO, /MoS; i) SEM [

2.2 AgsPO,/MoS, By iRE

Kl 5 FE 5 (b) i MoS; . Ag; PO, #1 Ag; PO,/
MoS, ) UV-vis SEIUEE . I 5(b) Hra] LI
MoS, BPEMICAAE 600 nm, Ag, PO, BEM I 78
535 nm, Ag; PO, /MoS, (Cano, =20 mM) & & ¥k
I Ry 758 nm Az £0H 4 98 HOG IO
B, FIH Cahv)? 5 Cho) Z 18 B 6 2 A2 35
Ags PO, /MoS, BA R B 98 B tn &l 5 (o) fir
7~ Al LLE Ag; PO, #I Ag;PO,/MoS, (Cagnos =
20 mMD) B0 B 58 B 7350l g 2. 45 eV Ml 2.10 eV,
XUt Ag, PO, 5 MoS, Z MM EAEH, 8K
ERPRHI AT B
2.3 AgisPO,/MoS, WL ERE

TR WOEOE IR 2514 7, MoS, . AgsPO, K
Ag; PO, /MoS; X MB Hl MO 17 A 4k A, )
RHEOGALYERE . B 6 () 2 AN REEALFI X MB 6
PR M 2 IR o] DU Y 7EBCR BRI AT
ALY 1 B0 R MB 19 B B % 3,506 H 2
AgNO; ¥ E K 20. 0 mM if, Ag,PO,/MoS, 1
AL ULOETT BT PR . 12 min NAEHS MB %

SRR ik R A 22 43 ) v T MoS, 7E AT IO IR
21 mil’lEXﬂ' MB E@I‘%ﬁ’i?&i% 99. 2% ’ Ag3 PO, Tﬂ—:
AL ULYEYEHR 21 min JE X MB R REAERCE 94. 7%,
FKH In(Co /OO X RE BT RIVE &, 38 o i 4 7 2tk
PEXT Ags PO, /MoS, Sk 47 5 £ 1 50 Hr .
Kl 6(b) 2 In(Co /C) HREfRIT ] ¢ Z A1) FR MLk,
4 AgNO,; By E 5 20. 0 mM B}, Ag; PO, /MoS,
AL 43 & MoS, 1 22. 4 £ K Ag;PO, 1Y
2.6 18, MSIREE R KM, Ag, PO, /MoS, K&+
FXTF Ags PO, 1 MoS, HA R 4f 1 e ik PEaE
XFEEREH T Ag; PO, 5 MoS, Z[Ht i Z-
scheme Z5#4, HCRER VLT, £ i Agy PO, Hil MoS,
RGA: L R 2S X 4 8 B 1R Ags PO, ST i 91
R R MG ERZ M Ag, POKLTZ 5 RN b)
MoS, HAHE KA L F 1w AR DL K e 2 1 % PR A A
PR WL 0 5% B LA e 3 BL o3 - 19 W B ke Ab
Ag:PO,/MoS, B &M Ag, PO, (& IR 2
PAFEA# MB; 1 Ag; PO, /MoS, B &Mk Ag; PO,
& NI R A (i Ag; PO, o HLFF1
2R E AT I T2 S A EBOR A
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B WA Z A Ag PO, /MoS, A MERIHE g K HOLHEILPERE 603

KIS ANTRIRE il B RO AR 52 8

K6 ARG MB AR il 2k Ko =528 i £

FLAHT B /L s HE TR M Ags PO, /MoS, &4 F1KH
JCHEILTERE .

7 () IATREAL X MO REA# th 26 . R
AT LA R A B A e A0 09 44 » MO
B BN 2.3% 5 H XY AgNO, BT e N

20.0 mM B, 7€ 7] UL 5% % BB (] 24 30 min B,
Ag;PO,/MoS, X MO &% H 100.0%, & 7
(b J& In(C, /C) S REfmtal ¢ Z A B 56 R MR,
lg *ﬂu%&% Ags PO4/MOSZ /E/ﬁ\*jﬂﬂd’ MO Fél%ﬁzli
(R R 5 K 24 AgNO, By 4 20.0 mM Y
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AgiPO,/MoS, i # = % % 73 Bl & MoS, M
Ag, PO, B R H B 11.9 M 4.7 f5. Ag, PO,/

&l 7

T ST Ags PO, /MoS, &+ R ik fa
SETE . Ags PO, /MoS, X MO #E47 P4 YO A 16 16 31
Fefride ., K 8(a)J& AgsPO,/MoS, X MO 1§ ¥
SRR A Hh 2, 2 & BT 7 Bl 3 A 2 CE A 14
Ag; PO, /MoS, XF MO {55 VU IR A I B B2 it 350 384T
REPRHFAE 90. 220U 1. & 8(b) J& Ag; PO, X MO
TEFR A AL R i it 2 N /T DU 1 Ags PO, X
MO AR PR AR50 0 BRI . 25 PO IR B
B RIRCR 55— IR B AE . MO [ B ff SR T %
T 21.3%., Wk, MoS, By A A & H 4 ]
Ag: PO, fE AL T B P I &, 5 T
Ag; PO, /MoS, B E&MED LR E M.

ﬁﬁ%”ﬂq%%%ﬁ% (PL) #'J h{ﬁ Ag;;P()4/MoS2
BAEMEDEE A BT M 7N R A L%, PL R
Wk FMERNE S REBERK K9 E
Ag;PO,/MoS, & & # ¥t iy PL 3% &, an Bl fr /R
Ag:PO,/MoS, & & # ¥t PL 58 B 4 5 Lk
Ag; PO, Fil MoS, 1 PLSREEFENG. X4 AgNO; %K
AR 20. 0 mM B, Ags PO, /MoS, & & LA
ARARA PL SR FE, I8 HAG B 1Y 6 A B Fi2s X
E@ﬁ\%zo %,l AgNO;; /@(ﬁ%{iﬁfﬁﬁ? 30.0 mM
i, 237 A Ky Ags PO, ki, 78 MoS, k4
Al Ags PO, BN FLT-FI28 /X E A ol  BEAR
IR T EReE., XU —E 1 AgNO; %R
(¥ BE BE A AT U A2 2 S A L - 2 R 40 B 4
AL TERE

XF Ag; PO, /MoS, & & #kHIEFT 4 3R 5285, LA
e R S S ALY R MR 20

MoS, 735l it Ags PO, Fil MoS, 4 &4 i1 5t i 4k
PERE.

ARV EAC RIS MO B A i 22 o = K th 28

8 Sk xT MO JEIR G AL R A it 2%
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B WA Z A Agi PO, /MoS, A ERIHEE: KX HOLHEILTERE 605

9 Ag,PO,/MoS, () PL [

TETERIR . PSR IPAVE R G AL F 3 3E E B
FCOH MR 2 1 2 R4 (EDTADE K
LR 25 7 Ch ) 3551 DA B AR R (BQ) 1E 1%
B TS B 7 C O, D iR ). W 10 prp
7 MM A EDTA B, MO [ 564 £k F5 i 22 31 B 55
(R0 ], R ff R BEAR T 71 7% i A BQ B,
Ag; PO, /MoS, B & Mk MO i 1k B i 508
52. 5% MMA TPA i}, Ags PO, /MoS, &4 M #kExt
MO 19 F% it 20 % A5 BE 35 B 96. 200, X Ui B
Ag; PO, /MoS, & &4 B fiE MO B, h™ Fil <O,
JE FEAIEER T

B 10 EFRAEFIER T Ags PO, /MoS, X MO f R AR i £ Ak

K11 2 AgPO,/MoS, B & # R i 754 55
N AT WSERRSE T, Ags PO, Al MoS, il I
(R HL 5 B R B 3l T X TR Ags PO, Al
MoS, i, Ag:PO, #if EAYH T2 55 5] MoS,
firali 1. 5 MoS, firalf EryaRE G NIMEE R T
Ag; PO, #alf EFRI4 25 7M MoS, alf EFRIg
(5 s [l i) Ag, PO, MG 4 0 & 4= .
MoS, a7 I 1Y B, T R % 9% W B 7F Ags PO, /MoS,
AR R A TSI O, -0, A
A s SAALTE BRI K: Y B> 10 CO, A H, O,
Agy PO, #iraly By bt BE9E 1 K Y o o3 1 AL A
CO, » Hy O FIHA v 18] 7 47 52 BUAT LR 73 1 19
JCAEALIREAR .

3 & it

AR FH 7K #4032 ) 46 MoS, Bk i 1 Ak 24 3T
TEL A Z-scheme Z5#4 (%) Ag; PO, /MoS, B &
ML R X S A7 5T B o S R B4y
BT AS 52 A b4 R 2 RO oML 5 44 , I DL Ags PO,/
MoS, Ak Iy F 5L i (MB) Al H 45 (MO) 1F

& 11 Ag;PO,/MoS, E&MEH R FHERE
FrieAe R  JE M HOG A ERE . SRAGLAT £
B AR

a) Ag;PO,/MoS, SA BRI £ i 72 i s
AgNO; By B2, W 71 2 AE MoS, Bk i 2 1
Ags PO, KL RST B3 AR B 23 B 2 228

b) AgsPO,/MoS, &M EHEA BTG
Wk, 24 AgNO; fHe % K 20 mM i, Ag, PO,/
MoS, Z A # K 12 min 7] WG IR G5 X MB B
R AE L F] 100. 0% 5 25 30 min 1] W% W8 5 )5 %t
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MO [ f# 3 35 5] 100. 0%, H 78 7] WGBS F
Ag; PO, /MoS, &G HEE £ DU UK A P8 6 A Ak B
MO J&5 . AR R 90. 220D 1, #E17%
HEAL R S Ags PO, /MoS, &4 # R 32 8 1% M
P hT A -0,

S 230k
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Synthesis of hollow carbon nanotube cylinder co-catalyzed by

ferric chloride and ferrocene and its growth mechanism analysis
JIANG Min, MA Ruigi » CHEN Jianjun
(College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The hollow carbon nanotube (CNT) cylinder was prepared with floating catalyst of chemical
vapor deposition by using ethanol, ferrocene, ferric chloride, thiophene and deionized water as raw
materials. The morphology, purity and structure of the products were characterized through scanning
electron microscopy, transmission electron microscopy, thermogravimetry and Raman spectroscopy. The
nucleus growth of CNT co-catalyzed by ferric chloride and ferrocene as catalyst precursors and the
influence of ferric chloride addition on nucleus growth were discussed. The growth mechanism of CNT
catalyzed by ferrocene and ferric chloride was analyzed. The results showed that the addition of ferric
chloride could reduce the amount of solid sedimentation when the raw materials were injected, but
excessive addition of ferric chloride would result in the decline of impurity and increase of defects in hollow
CNT cylinder; and when the amount of ferric chloride added was 0.1 mL., CNT cylinder with the purity of
97.64% and high draw ratio.

Key words: carbon nanotube; floating catalyst of chemical vapor deposition; catalyst; growth mechanism
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2% A SALER/ BRI A BRANORAE b 2 DR B A AL S A 609

FTE T ARSI N =2 (91 95 22 1R 22 Mk
FEMGTL . RECT HARBI RN 25 2275 7k AR
FHZ5 2235 A TCTT BEJE SR BB fif B L Wi Ak
7 S KT A Fre A A BRI B R MU AR 7 1) —
Fhei 2275 A2 SR G 24 45 R A OK A8 2T 4
(77 Pk e S i L A5 S DA A 550 | f 2
AR R IR i il T 4 DURR LS BB 40 KA 2T
i N7 15 WA R 2 s A AR DU .
A B o A B i K AR A R
1 T (8 R R S e A R 1 v L X 7L
FEBCEAE 1050~ 1200 “CH o GRAEAL KL T R BR2H
KA A R PRSP A 388 2 Fh AR LR A 35
R RPUORE IR ARGt T
FHELIR) RFEAEAE T VR T 5 T AU AE — i I i M
ORAE BRI » TR 2 A S BRE I A 1 2 0] i 1R 3
TRERIA KA LT Se A T

1l 78 B A KA BN B3 e 52 1 22 I R
W] Q0152 W7 3L FEE 55 Bk SO 14 7 286 o e A1 5 R i 22 59
S AR AT A R ORI R
FHEHEARTR g 5 Bk o {H L i A £ S5 JUR
(et p 2 A DU I L A AR B 5 L 52 3
BRAARAE RIEAZ AT R . LA ERAE o AL 770 Al
SR T B B A0 KA B e R DU AN 27 A 4 T (AT R
Z HARGHI &I ik CA I . B LAk
KA AL RS TP A b SRR
PRYEAE 700 °C & AF T T A B il 6548 BE T i
HEARS S MBRAOKAET . HUBLE e HOERD | 43
B ARl = Ak e B K 38 R XS 7= W 9 52 1)
] g FLAT RNTURE 1 64 A I SECTEAT T S R K R ) ik
GUORE . TREPHAEN ) e FI AL BRI A R A 5
HTSRAA A S B AR B A b L T ol 445 2]
BRARAT LT 4k . 108 F AR AL TR A AR 7
ShHEAL AL AR DR il A S S KA £ 48 H
A B AR T TS

ARG ARV RN — SRR 5 A AL Sy fi
ATV SR PR S AL AR DORL AL AR K
BRAIRAS . PRI JSURE R o A v A AL TR TR
i DME RIS AL AR K TRl e A s AL BRI
O P IES A ANATEE 2R JFRITZ S R
Bk BRI R B AR AR AR AL,

1 KBS

1.1 SRR
ToIK ST CHUHIRG T L 5k G2 sa ) (A Bk

TN T g Wy CRRTRE T 1 2 Toalk i A< (i
KT,
1.2 XWHE

PLFE97. 4 wtl0) MBRIE, — 58k (1. 6 wt0)
AL BT IRAA , BEW (0. 8 wt Y0) AR RAR BRI, s
I 0.2 wioh KB F K. K bR B H AT AL
R VW HAAINA 0. 1~0. 5 mL A58k
VL A3 HT4t . 99. 700) A5 BB SON IR} . i A 4
FHSFLL 30 mL/h By A G A, B
PREBOETE 1180 “C., SLg i & M Ry iz A
FEP SR, L 300~500 mL/min [ 8 24560 1% 045
K,
1.3 F=YiEeERIE

K H H 4 HITACHI /& &) S-4800 #37 & 4
HH B T 5 8% (Scanning electron microscopy,
SEM) il H 4% Jeol 2 & #) JEM-2100 #Y 3% 5} fg 1
I f#k 8% ( Transmission electron microscopy, TEM)
X i AT IOWLIE 3 R ALE 5 >R A 4 3 8 1) 2 [
P A BR A 7 TGA-DSCI-1600 4 $4 5 43 Hr {X
AT A EE I R I RAAIRENERE
1000 °C, F i # 2 25 5 C/min; R H % H
LabRAM-HR-Evolution % &} faff & 5 47 & X £
PEAT S A I3 AT

2 #ER51TR

2.1 FEHIERERIED

PR WS ISR B Ry 30 mL/hy R
BN 400 mL/min. 76 W 45 R s R n] 5 31 rpr 23 £
R GNKAE I FIH SEM X 7= 9 2847 10U I 5443
A+ RPN [l S A T o) 5 7 28] B0 B 44 K A AR
PIHEAT A T A LG AR A, 5
e 1R mE T AR A R A P R
AR N A A 2E I BB S8 AR B i BB 7 v
T E TR <5 o PURE 45 4% Tt F) 55 52 7 44 Jon o i L
BRI KB 1) ELAR S L Wl NS 35 8 0. 1 mIL
AR T 4515 B (R RRG K A £ 28 (9 B R AR
I, HA & il A R MR 8.

i3t TEM WL 94 K A LS 5 3 an e 2
Pz . w2 al L B S AR S RN i A
BRI BRI KA (Y ELAR B 080/ )N A1 )22 B B JE 2 PR 48
WG RE, FEVRIN 0. 2 mL S AL BRI TR 45 1Y
BRAKAELF e TEM P b, 5 24 K 45 0 1 ik Ak
FPKL o PR UM B 98 KA A T A% 2 R 30 1 -1
A RALEEL,
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1 A FESEACERAS I i #4520 Y1 9 SEM

2 AFEEMERB IR #1527 H) TEM

FERRAN K AE il 2% 3 A 22 2 B 2% 5N B
TCRE TR () A A0 70 T 3508 2 4 9 22 BE filk 40 K
BT, AR RACKRE I R T S N RSE (2
50 nm) AL L. FESEATINGE p AT i, — AR
400 ‘CLAF » JoE At 2 R befat B o 4 k7 5
400 °C LA LA =10 0 BUBERR AN KA, WIAE 520 C A2
Fi ez AN A 2 7 R 2 RERR AN OK A, I
660 CZ:A7 BRI . R T AR 20 7 4 AR 75

AT R R OKR A B e i 2, 5 AR anfEl 3
fin. HE 3 Bl AL N 0. 1 mL G Bk W 2%
1) B 40 K A5 2 2 1 5 6 8 2K 0 4 R 7 685 R N
0. 3 mLGH AL BRVE T 25 75 B (1 Bl G0 OK A8 27 4 . 5
Y R G UG, FLA O UK BRI, AMNRE IS R
U - BB A 3G 7= 40 ) o T 4
WA, M 2. 36 Yo X Wi inE] 10. 32% . FIAWI N
BRAEACRLT . AR TR A i 3G 2 5K 2 ik
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% A AL TR A R AUOKRAE b s SRR B K ALER AT 611

ARG ET 4 B OULIE S0 A1 SR W 2 B G A W)
s N Z B AL Bk 22 5 BUBR A0 K AT £ i 4l
TREHABEE 2.

3 ANTE] S AR BRI ) 25 A5 B RR R A (R BT 4]

L 22 S T A 0 e 49 K A S A T 25 RN R 4
Ne B4 SR BRI ETE 1300 em ™" Ab H B Y 1
PERR ARG IS (D ) , 75 1580 cm ' Ab M B A U
B R A0 B2 (G ) , 3 PR A Wi 1) OB T/ T 8]
SRAT e 4 A I B I o BRE Bl 4 DK A R
ZRERRANRAE AR ST R 25 5 1 5 B S5 1) X))
FAAE TR AE 250~300 em ' fETE TG I, BRLEE R 44
DRASTE I DX 0] HE 31 335 U — il ik Ay I i g2
B 25 AL I A3 Bk 9 KA £ 4 1) G Il
55 D IR A (T /To) B W/, H g8 A& 3
B 25 AL AN N (R 34 T, WA D445 1 ) U i % 34
REAIR , DU G U U im0 i 3 A1 W 9 % W 14 o DA 1
S5 SRR I 5575 B A B AN KA 27 A Y AR B
Z A1 B AR BE S TR MG s SR 1 1 B A0 KA 2 A
a8 . HeAb A BT IR U Y A7 AE S8 i 7 B 1k
SRR Tl 2575 3] 1) Bl 2 K A Oy 22 BEBR A0 K45
HIE A B S RA A

P4 T S Ak A o o) £ 15 20 7 (g r 2 i 14

2.2 BMAKREREERYHERNESN

R TP s A AL 2 SR DORRORE SOk 1 87 T
SR A SRS AR iz 2R SRR
T R BB AOR At s AR (81 5) . gk
B R B PR AR AR I RS
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TR G AR 23 IR P il £ A B gt R AN 5] 6
FiR. BB 6 A A A FRRE A N 2 8
BAEHE e a5, MG R i — T i WS IR
BN R S . B SEHEAT A R Y 2 LB L
SYFRIRIE R 300 °C L 7R R AT O FE S o f A5 3
TorE T e, COL K 285 M bg . 24 70 B 3k %
400 CH}, R8I Ih il . R e E T 4
JEBEIEELA Y SRt R R e D LAY B
ANERIG AR 5 8k SR T e Lt i o — kR
EFEPASEAT BRI I 3R 22 0] . 2435 B 24 53k
AR e R D Al 2 5 8 T A 2 186 0 1 R
aif, W BCR ARG R BRE 1 . XF T Sk ek, 750 i
i R RE A A DU RN

FeCl; » 6H,O — Fe(OH);+3HCI (g) (1)
2Fe(OH);— Fe,O; +3H,0 (g) (2)
2Fe, 05 +3CO (g) »4Fe+3C0O,(g)  (3)

f&F 600 C if (LI — 5 2k © 2 00 i Bl
Fe) , =& Lko g R Jo e AU S kW i s iR B
TE 600~650 °C 2[RI, TG 1 & Bk RS 5510 R
Fe, O, , 7£ L4345 3] CO HYTE ML T » #43 Fe, O,
M HFURIE A Fe, A ) Fe ZRHES C &Y
1358 Fe; C,C B MB AR & @A, 3+ N2 8 M
HbT AR A SR 2 R N KA A . MR

w5 T 650 CHY . Fe, O3 258 25N Fe Fl Fe, C, ik
ARG AR ER G RAL T B/ T R A R
BRAAAAE . K3 800 °C B , WE W 2L 13 B 1L i
T ARG R T 5 B T A B 2 )5 B Fe-S
ALK T B AR A —Fh el S5 7R
WAHIA AR PRI T R E —JZm . BRSO Bk
KL B ROTAERR T~ B 1 R 2 32 2R B )5t
BIR Tl VBOAH A K T~ B AR 22 A% A A L TR R Bl 0 oK
EREARRST RN Wil PR R A L TR
TR DR S i BP0 3 o 38 A8 AR 19 A W
EAERFIX SRR AR AT A IR RN R N B C
IARIBHE AT HH T B K A R T A K IR
RS AR AR R B R AU BR AHOR A . RS — 22
e R R A I S RRAORAS A KB —E K . 1
e Ela LB T PE TR S A BT R 4 K
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Preparation of glass fiber membrane modified by metal
organic frameworks and its application in

diaphragm of lithium-sulfur batteries
LIN Shan, ZHU Renxia » MA Danyang , SUN Mengtao, CAI Yurong
(College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In this paper, the rich porous structure of the metal organic frameworks was used to adsorb
dissolved polysulfide produced by the battery cathode and the excellent electric conductivity of Ketjen black
was applied to reduce the interface impedance, activate the adsorbed polysulfide, and subsequently
improve the discharge capacity and cycling stability of the battery. Three kinds of metal organic
frameworks with different porous structure (UIO-66, MOF-5 and ZIF-8) were deposited on the surface of
glass fiber by in-situ growth method, respectively. Then, Ketjen black powder was coated on the surface
of glass fiber membrane to gain the modified glass fiber membrane which was used as the diaphragm of
lithium-sulfur batteries. The experimental results showed that when the glass fiber membrane modified
only by Ketjen black was used as the diaphragm, the initial discharge specific capacity of battery was 967.4
mAh/g and 730.8 mAh/g after 50 cycles at 0.2 C. When the glass fiber membrane in-situ growing on
different metal organic frameworks was used as the battery diaphragm, lithium-sulfur batteries presented
different cycling performance. When glass fiber membrane modified by UlO-66 with the largest pore

diameter and the richest structure was used as the battery diaphragm, lithium-sulfur batteries presented
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the best cycling performance. The initial discharge specific capacity reached 1270.1 mAh/g, and 827.7

mAh/g after 100 cycles at 0.2 C. This study provides an effective method for preparation and modification

of lithium-sulfur battery diaphragm.

Key words: metal organic frameworks; pore structure; in-situ growth; glass fiber membrane;

lithium-sulfur batteries
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B AR AR (PU)SUKAAE A K A (Pickering) #5F , I NBAC B 2 M5 (GO) VE A 3 1 3L, 5 4K 638 (O/W)”
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Preparation of rGO@ PU flexible foam by freeze-drying and

its piezoresistive properties
HUANGFU Weiwei'* . YANG Lei' ", SHEN Yifeng' . ZHAO Qianggiang" » FENG Ru”
(1a. College of Materials and Textiles;1b. Key Laboratory of Advanced Textile Materials and
Manufacturing Technology, Minstry of Education, Zhejiang Sci-Tech University, Hangzhou 310018,
China; 2. Non-woven Project Department of Transfar Zhilian Co., Ltd., Hangzhou 311215, China)

Abstract: Sensing materials with porous structure have become a research hotspot in recent years
because of its advantages such as light weight, high flexibility and wearing comfort. Polyurethane (PU)
emulsion particles were used as Pickering particles, and graphene oxide (GOO was introduced as the
conductive filler to prepare "water in oil (O/W)" high internal phase emulsion (HIPE) liquid template.
After the emulsion template was freeze-dried, the GO in the molding material was reduced with ascorbic
acid (VC) to obtain the flexible conductive polymer foam (rGO@PU) with piezoresistive responsiveness.
The effects of PU particle concentration and GO concentration on the morphology, mechanical properties
and piezoresistive properties of rGO@PU were investigated. The results showed that PU could be used as
Pickering particles to stabilize "cyclohexane/water" HIPE, and the low glass-transition temperature of PU
gave the material excellent flexibility. With the decrease of PU particle concentration, the pore size of
material increased and modulus decreased. With the increase of GO concentration, the pore size of material
did not change much, but the modulus increased. Moreover, the sensitivity and stress range of material

could be controlled by changing the concentration of PU and GO.
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{7 PR A B R 1T LA S AR IR 1 i
TV RN R F A SR 2 5B v (R 0 s R B o i
LIV FH S0 — 28 0 S5 s

TR LS A IR A RE, LA S 4K B
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Overview of clothing image classification technology
CHEN Qiaohong , CHEN Yi, SUN Qi, JIA Yubo
(School of Information Science and Technology, Zhejiang Sci-Tech University,
Hangzhou 310018, China)

Abstract; The development of clothing image classification technology has great influence on e-
commerce. The precise clothing image classification technology not only can complete quantities of
automatic labeling tasks and reduce manpower cost, but also contributes to improving the efficiency of
clothing retrieval. Through collating domestic and foreign researches, this paper gives an overview of
technical frameworks clothing classification methods and analyses the differences, strengths, weaknesses,
application scenarios of clothing classification methods based on traditional image content and deep
learning. We also discuss the main problems and the possible development direction in future, which
provides some references for the researches of clothing classification. Meanwhile, the results show that
appropriate methods should be chosen for different types of classification tasks. For the classification tasks
with a small number of classification types and high discrimination, traditional image content method can
achieve higher accuracy, while deep learning is more suitable for the classification tasks with a large
number of classification types and low discrimination. In summary, the classification method based on deep
learning is of more validity and universality, and it is the main development direction in the future.

Key words: clothing image classification; clothing attribute classification; clothing identification; deep

learning; machine learning
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Dynamic modeling for hysteresis characteristics of piezoelectric

actuators based on T-S Fuzzy System
XIE Hui, ZHAO Xinlong
(Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech
University, Hangzhou 310018, China)

Abstract: A hysteresis modeling method based on Takagi-Sugeno (T-S) fuzzy system was proposed to
recognize rate-related hysteresis characteristics of piezoelectric actuators. Firstly, a novel fuzzy
C-regression model (Novel fuzzy C-regression model algorithm, NFCRMA) was introduced to divide the
fuzzy space, and initialization was completed by the fuzzy C-means clustering algorithm (Fuzzy C-means,
FCM). Then, the improved Fuzzy C-regression model (FCRM) was utilized to determine the fuzzy
antecedent. Secondly, the hyperplane membership function corresponding to NFCRMA was introduced,
and the recursive least squares method was used to identify the fuzzy post-component. Finally, the
hysteresis characteristics of the piezoelectric actuator were dynamically modeled by the above method. The
model can well approximate the hysteresis characteristic with the input frequency between 10 Hz and 200
Hz. Under the action of sinusoidal attenuation signal, the relative error of the model is less than 1%. The
results demonstrate the effectiveness and practicality of the proposed modeling technique.

Key words: piezoelectric actuators; dynamic hysteresis; T-S  fuzzy system; NFCRMA;
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Real-time ethernet clock synchronization optimization

algorithm based on improved Kalman filter
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2.College of Energy Engineering, Zhejiang University, Hangzhou 310007, China;
3.Zhejiang Dun'an Artificial Environment Co., Ltd., Hangzhou 310053, China)

Abstract: In order to improve the clock synchronization accuracy of distributed control system, the
main factors affecting the clock synchronization accuracy were analyzed, and the mathematical model
containing control quantity was established for the clock synchronization process. Besides, a real-time
ethernet clock synchronization optimization algorithm based on Kalman filtering was proposed. The
timestamp stamped by the driver layer in the traditional clock synchronization algorithm has low precision,
and link delay jitter is serious. For the problems, through compensating the precision of the software
timestamp, the timestamp obtained by the driver layer was closer to that obtained by the physical layer.
And the Kalman filter algorithm was improved based on piecewise Kalman gain, and the improved Kalman
filtering algorithm was used to correct the clock deviation so that the clock deviation measurement process
became more stable. It was found that the clock synchronization accuracycould reach 14 ps when the
master and slave clocks were connected by the router, the appropriate Kalman filtering parameters were
adjusted and the software timestamp precision was compensated.

Key words: real-time ethernet; clock synchronization; Kalman filter; link delay jitter; Kalman gain
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R JZ ARG TP Huhk -4k, S AL T AR 5 R 4 i
JZ ARAE MAC Hihk Sk it SRSl 2 — )2
P NI IER B
3.4 AREFRERKESHXESHEERM
MBS H o or ANIR] S UE P Ik B A 1] 204

JEA TR AR 0 I J5 B PR Uk () 25 s 1] e i
1. 00 s, 377 X0 il i i i A48 A R 6 on
BN 10" ~ 1077 [a] BUE . EAT K S5 06 9% 4%
FEME . EBULH IR 67 o7, (X LIRS BE L 155 U8
PORS E T 45 Dk D S B0 A I I B i 2 1 0 T
5 Fi7R

5 BEEIRARFREEKSH THMRE

WAL S5 7R 8 I8 A O 2 A 5 e HLBE Bl ™
Ci R N P SR P R S RT A e
T R I Bl 25 R0 P i e 25 0L 4. XF LR IR 5
(D) —(DUEWEER FESH o) =10 ° 6, =107" B,
VBB AN B S5 B 25 8 24. 883 pus.,
ot =10",0;, =10 B, JEPURSELNE  Z97E 4 min
FEAT WS TR AR % B 20 B el 2 1L <]

SO PR BT B w224 20. 767 ps, 283 RSk
5 A E S o) =10 16, =3 X107, LA, JE
W B BT A U U SR B A WSS R, 2 7
1 minZe A7 WK, 45 B 20 s A 25 A T 5 (D B
e Jo s R I B 22 91. 384 s -8 i 2
16. 152 pus o AH L T U8 B A7 o ~F- 357 B 4 g 22 B A 1o
10 ps.

x4 FREERSHESHMRIHESR

T UED e 2 I K B 25 / 1 S B 22 / s FRifE 25/ s
w — 119.019 26. 068 17. 085
B 62 =10°,5% =1Xx 10" 109. 014 24. 883 17. 971
= 6l =107 ,6%4 =1X107° 99. 139 20. 767 16. 267
= ol =107 .64 = 3X107° 91. 384 16. 152 15. 369
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2019 4F 45 41 %

3.5 AREZENHETHEEITL
it FH G- IR S 8 B3, SR IBORH W] & e S 8tk
Py, FEA Hh SCERE6 I rh ok FIR IR 0k  AR TR oA 2%
PECREEEHRI T A 1. 00 s, #4507 2O 28 3% R 48 A
S AMER AR R T B Bp TRl 2R B, L2 5.
®5 AREETHARSHEES

iy ST NGIE I S i N e P =Y
ﬁ%/‘us WH%/#S us

Pl &3 169. 339 30.277  37.944

IR S URIR L 91. 384 16.152  15.369

AR IR 2 U Bk 87. 236 14. 177 13. 549

FAXS T PLRAE SRR IR 2 0B W5k S B A i
Bl A5 AR e A R Rl 22 L - 49 I e 22 38 2
PR 2E EXIA W T . ol UL R R 2 9 B Sk i A
P 7 i g [ 2006 B B0 [N 3 B vy ™ P ffv 2
IR AR EYE . IO R R 2 B RS i
P22 14. 177 s, A TARGE AR IR S U8R,
A 2 ps W3R R RO O R R 2B IEIE T
SEPAEL MR E £ v 1 SRS A A A e AT
AR TR ARE O

4% B®

ASCHR TS B T — b T ehodE R 2K 2 U Y
A Bh R AR AR o 38 A X R MR A st (B i i
A7 5250, G EAMEE I 18] B 7 58 105 B 5 TR [m] 2B pf
(i) PR P 244 7 S 0 A o SR AR R 2B [RI B A 1. 00 s 5 3% 4%
AN ) A8 A T S 00 o 6 UE i B AN X R X [ 25
K B2 ()52 ) 5 38 2o KL S0 i 8 B R AR 2080 =
B0 O [R50 T P Y ki fis 22 , Bk el R /R 2
UEBEIE Y, IR A AR, S R Bh
% H AR A I SR N P )OSR 0 I ] 2
FEETTE 14 ps,
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ETHENERZIB#H CNNHERHESTLXEE

BEOmL.E

T3 T R FHRE A shdH F .M 310018)

=, 4t A4 M % (Convolutional neural network, CNN) AR A /2 2¢ T W £ 18 A 3K 38 o K 7 @ A £ 45 40
AR, BB S XERREF M. BB T —FKT &8 LR %# CNN(Improved CNN based on
adaptive convolution kernel, ACK-ICNN) f-ik, Z A EA T MmN T IS4 R E2 HET —F S R ZE RO
LM, BEROALEEBERPO AR IEREN R TEAVGERRA ;A TH—FRIAZ LR mk, AR
R A& & Fk B3 m i I CNN P4 e S Kb AR A gL B R Ik At e 4542, R A TE d R o) A EHK B
R SATR K I B ZH @ FAU LR F ST AU R AR A 0 ROHE BE B o ik AT AT X R R L SRR
KRB LU T 5 £ A,

KEER: BB E ML JALA I § & B ML

HESHES: TPI181 XHRFRRED: A XEHS: 1673-3851 (2019) 09-0657-08

Improved CNN classification algorithm based on adaptive

convolution kernel for numerical data
CHENG Cheng ,REN Jia
(Faculty of Mechanical Engineering &. Automation, Zhejiang Sci-Tech University,
Hangzhou 310018, China)

Abstract: To tackle the problems of insufficient use of features and poor performance of model
classificationof convolutional neural network (CNN) model in the classification of industrial numerical
data, an improved CNN based on adaptive convolution kernel (ACK-ICNN) algorithm is proposed. In the
algorithm, a multi-scale convolution kernel model structure is constructed in order to increase the reuse
rate of features, which is realized by fusion processing of different features extracted from convolution
kernel to enhance the adaptability of the model. To further improve the performance of the algorithm, the
grid search methodis used to select the optimal convolution kernel size in CNN in adaptive way, so that the
model can extract the optimal features. The fault data of the TE process is used to test the performance of
the proposed algorithm, accompanied with comparison with typical data-driven methods such assupport
vector machine, extreme learning machine and nearest neighbor. The test results show that the proposed
algorithm is helpful to largely improve the classification accuracy of various faults.

Key words: convolutional neural network (CNN); numerical data; adaptive convolution kernel;

grid search
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0 31 &

H 22 M 4% (Convolutional neural network,
CNND A — iR R 1 il 28 10 2%, 5 22t B U2
A ZH R, Horp S FUZ AR 73 3] 58 o £
PR AR A0 5 B2 SO EE A, DI S X AN []) 28 531 14 1XC
I3 L BB FAEFR R RS e A T 2R i
— R E Y2 A . CNN 1 70k 435 4 15 H
FLA R 2 42 A S = 0 2 () B[R] SRAE YRR
S o R I R ST T R (R AR 5 A A
1P SERY & e R A e RV (2 REE-  Eh  1
(] SRAE AN R (4 Jy SR AR R U /D T s O 4E
R A AT CNN BE R3S T 4b 2 & 4 5 1 R
FAEIT

N T BT CNN ARG MG 1 43 21
e B8 N BLAHZR B T AlexNet™ | GoogleNet™ |
ResNet SRR 330 SO A5 3 3o AS AT L 389 i1 099 265 1)
JEHCATAFHR U AR AR A5 Bl 42, 2 TR A S 4F
MIPERE . Zoid AN Wi btk , B T CNIN s AULE [B1R
B A R 3 X AR 2R R A
¥ CNN fg % 7~z W 3 Tl i 8 i e 12
AR

E AT S B X R I BB 3 S 2 T ST
CNN By [RIBEAS, UG T AR R RCR . 1940« AR
LV S 4R R 21 MG T AR AT 11 T, T R
CNN [ HL I R AR £1 ISR ER A2 W7 57 5 Jeong
GOV X AT T 5T T 2 LA P AR R A 4
AR TR T ONN 9 g 8RR 05
75 Sun BV EF X8R 12 81 A 1 R ) R B T —
FAET CNN B BRB%B 45 A sl Ui R 48 i 3
B AT K T P AT AR A T 2 LR A R B RS
JEAE R ), 45 10 1 — 2T CNN 98 se 1A 5
Ik, BRI FIRIEETF CNN R4 7 32 B4 %) G 5K
it s 7 SR ) ol ik 7 v, B8 0 SR IR A A R A I
PR AESN A A B . A X BB R B R AR
GE RS OK s 7 B AR AT A BT i B 24 2T L
(Extreme learning machine, ELM) . 37 45 [n] & ¥l
(Support vector machines, SVM) #1£2 2 1ij 15 M 2%
(Back propagation, BP)& ik, T LI EEsag
T e 248 B2 A S ES AR K B8 i 25 L A PRIHE FLFE
iF B LA B2 F CNIN 3% Fh ml L4 i R 08 )
. BTN AR A0 3 g F U R R A A i A
BAEFEA, 72 CNN i th 2 R FH > Softmax 7328
s FHIR— 9 48 43l fifp e 1 DX P A [R) 5 Yang

SN A A AT B A e 2 T B I 56 R CNN
Ty AR EF DB /0N T Y S B 78 48R 1 1 3 A B ]
FERFFA bR TR AR B 09 85008 B B0 4 7 K I
AR Z AR S s W AR L R B 0 R 5 )
HET CNN RS AL M LU AT 280 P H (A RS 42
1) 7 BERHE , S BUR AL L5 e 71 DA Mz Ak R 1 AN
5, PRI L T CNIN B2 50 B0 780 B3040 47 A 1
A

IREET CNN B 22 %5 £ 7 5080 g 22 1y A
A SBT3 e B AP ERIE IR U B &
PR GEE I RFE B 5 A A B9 M B Fe AR A R . &
X LR )8 AR SCH T — R T B A S AR
B # CNN (Improved CNN based on adaptive
convolution kernel, ACK-ICNN) 1 /& %I 545 73
A A I T3 BUE A EE R
AR DA SR A A (02 A A R GR e 77 38 2 2
i CNN AU, 4 45 B BT 4 B AN ) 4 AR 2R A 7 il
G A R RHE AR T — 205 SRR Z
(] 2 B R L A5 20T I B AR SRR 4 S ok
PR R B Al A Je B 4R A v 4 5 i A 25 1) 1
M RIROC R Ak T T B R — 2 5 A R RREAS
B AR BRI BB AV Z R 215
T3—J71H R T et AR AR (Y M e B AR ST X B R
FZR RN R A 48 2 B 6 45 B KN i A T H
TR, IR R F S B T SR I R (A5
FRHY AR S -3 08 A (E B e Z IR A G &R 3
TRV AR S UER

1 ACK-ICNN K& %

1.1 ACK-ICNN #8254
AR SCAR A itk ) CNN B DenseNet ™' 2 Hy
T ACK-ICNN #i# DenseNet 9 3 Z 45 5 2. 7
FHASTR RIS A5 FRAZ 24T AR 1T 42 0 g 42 AR AN [+
FRESE TR A G A2 T — 2 b3, T
DenseNet ZEGFI TR 2 44 B2 B RRAE . B 45 5 1%
B —NGH HEAT 54z AP AR 0 P 3R R AL (115
AR T IE A T Ak IR A R . AR SR
ACK-ICNN ## BARZER K] 1 iR, Hidrom 3%
TN A I E G n TR ABIR LR, k) ko
FRBBZI RN,

WK 1 fros s ACK-ICNN #5841 5 g A2 &
T2 G 2 Ak )2 . Softmax J2 L) B il 2.
JZHIVER BAR RS E B RN 2R,

DIAJZ . XTI A — 4 BUE R B B
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E 1 ACK-ICNN # R 4544 7 2

P HAE R A, a0 m X 1 X0 BRI R R
—UHIA m A 1 X n 19— A BB Z AR A gt
(iRl

D BRZE ., B FZE o 6 BUZ e A8
MR T B $RA T AR IO FRAE A 58 BURFAE 1 4R B
BN AN T 2 1X6 R, BFREW B 1X2 1

R BB K BEE N 1 B R R G B AE
AR BT AR Bl — IR — 2 e A S U AR
FE8I F RN R 1X5, BRI R HAR S B 7 an
B 2 iR, . pripoee. ps R AESE 1 1)
JCHR s Wi W i‘%ﬁ‘%*ﬂ&wﬂgﬁi’ T T2 X5
FOR G BB IR RIRRHIE TS FRRUE.

K2 BRIHR R EE

FFIE Sy 51 AR 53 757850 -

I]:p]XuHJszXT/UZ (1)
.ngpz ><'LU1+pg sz (2)
X3 :pq le+p4 XUJZ (3)

RERZME SRR E R - BB)Z 1 h
T 3 PR A /NI X1 1X by 10X ky) R
W, HANBO R 50 ko ke B EAREEH 1.2 54
R AR AR R AL AE N BRI, T R g AN
& BRI (O RRAF 3 271 10 408 15 5 i A\ B0 1) 4
— B AR SR R A B R vk IR 7R 0 i Ab 35 =K
B 4 2 s AR A T S 2EFT A 0 R [l 15
W AHEREY TR 1X 7, W 2[R RE B e I 15 3
FIRFIE RS R/ R 1X6, IEAh B R I 15 21 1)
FRHEF 8 F 0 b B b o P38 1 380G pR BT e
YERIZ)Z By s A SCff ) Relu pREE 473800 oA
. Relu BRI AN

Relu(F) =max(0,F +b) 4

OREZE. MEZER BRI R RHE T
FIHEATRG S T BRI LB FRAE TP S5 AT — 2.
BAUZ 1B ARYGE S 3 R RN A B
FHERAESRECAT 43 A58 5 AN K/N—E A R B AR

G B3k BERAE 751 5 O 2 R — 28 BL Al & )2 1. fil
BIGZER 156 NMFEEPH]. BRUZ 2 i T
FIRERG 3 FPR/INCLX 11X by (1K ko) BRI, HE
AR 3, LR A 5 T3] 9 ANMRFIET S

Db, Ak 2 01 B S 8O e
TG R AR B AR HRAE SA A BURR AR S DX 3
1) B AR ST M

e)Softmax J&. TE#H4T Softmax E 4K ZHI,
TR A2 2 MRRIE P SRR A T2 B 0 A 91k
— B R TE R, Softmax J2N5 5 B8 ) B 1 4 3%
FErh 2 W 245 EAT WL . o S5 K 2 A Bl 40T 1 i
e;» il Softmax PRELHLESF] (0, 1) X [A] 4, 1 h i
B @, . Softmax PRECTE /AN .

2
a;=e;/ > e (5

D= i 245 Softmax JZ 1 5 & 4
a; AE R A T AR ()R A8 % e L A
MR T B AN SRy, Z IR 22 . AR SOR
P (B EENTTE SR a R AW R

2
L:—Ey,-lnai (6)
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I s 8 X CNN H B i S5 W
FmE b X B id W 3h 32T (Adaptive moments,
Adam) " T7 AT O
1.2 ETFGSHBENERZELN

TR 1 7R i) ACK-ICNN g rf , BBk
AINFEMRFAE SR IR 245 L d5c 25 M AL 114 73 S UE R
GRS T R F 3G A B R M T 1
BIRA& 48 & (Grid search, GS) B3k, X A% K/
PEATIEAL . ORI R e — R AT R AR Lk
AR I R0 B e 40 50 R v iR Ry 55 28 30
WONEBETES BN R P AT A% U R L aE %
ARG Hh e 5 20 0] AT RE B BURE & S Ry 1Y
ZARPERE AR G S EOR N e 1 T
XF LAY ZR A ¢ 3738 SCIR IR Y 5, B S 2k ¢
UG ¢ RS SURAIE AP X 5 A g de A 4520 i
TG ER R I — S G . ¢ TSR
1475 125 BE AT Z8GkE S A ) IR L5 B8 R 1Y
AR ST 5 358 UIIETT i

Wi DL BT GS e R ACK-
ICNN S #E A 3 . Hrh AR AU 5 24 05
F Tensorflow fil Keras #E4L, by k. $8 R X B H
RHLLSL BERMENMKHEILSE W €
UL—V6/vVEFT./6/VE+1]: b=0,Hlk=k,
8¢ ky ., EARREL E =30, ik )2 RAE LT X Il
N X2 AR e o Ak, B B D KB
H 2,

2 BRI

2.1 TEGEEEN

M ZAPE o+ 8 (TE) 25 T+ & 4k 22 0w bfF
FERY PR Tl i A 1 S P i) 42 9. TE i &
FE 5 MNRAERTTAIL : ROV A R BERS R/ IR
B AR R LA SRS . R A 8 Bl
5r:AB.C\D.E\F.G fil H, K447 TE i3
20 R s = Y BT 9 15 BT S 1) Sk
[22].

TE ﬁ*%@/ﬁ 22 %ﬁFIYR { doo s dot s *+* s dos } LJ]J(
52 AN B, AR T 000 I SRS A 1) £
P % AR AT RAE A . 22 B AL dog A IE
WL, IZ T T RE T 500 HUNEEE doouan A1
960 MBI doowew o HoAY 21 P L HY g il i T
D Bk B T 00 b R AR T 480 AN ZRAE { dorvan »
dOZtrain 9"y dznmin } *ﬂ 960 éﬂ{m“ f&% { d()ltest ’ dOZtest 9"
lelesl } o Eﬁﬁﬁll‘ﬁTﬁB‘J{ﬂﬂﬁ% { dOllesl ’ dOZlesl LA

K3 ACK-ICNN ki e

dories ) Y BT 160 200 1E 5 504 . HLfS 800 21 Ay i s
Bl LA doriin M1 dovees A B BLANEL 5 7R

BT TE s F2 R PP axb A4 il A 45 O vk e it
T—ESL Tl ok A, iy LIR 2 & 5K 35 LA
PEA R A TR ) 2R, HRTER XS TE $p
PN IR AR Ge i 3K 8l K Rk i 32 )
. B Bk ELM, SVM, # i1 48 ( One nearest
neighbor, 1-NN) &P 75 gk I 7 TE s B b iy 4328
1155 , 5l S fdi FH 35 504343 i (Principal component
analysis, PCA) FFEAREHE R AR 45 2 . 15k ] SVM i
T2 5 Y B SR R R A S 5y 1%
XPRE AT TR 3L B 5 R I ELM #4740 2500 5
T A R T IRE 2% 3 B9 )5 % Deep belief net
(DBND™ 5 sk DBN I 45 1547 550 8 47 A1F 11 £ Bkt
TE i B A723 AR SR G T 4325 . DA B 5
TS 73 o 1 T D0 Y A 3R AT SR AR - 34 93 R RCRAT
SRAEER™S) [, TE a3 BAE N B i ), 7= 2k
(R X5 A B R E » BT LAAS SCR I TE Bl 6 1F
LIRS IFAE AR SO 5 4% G 1) K B
BN TN S5 AT T X LT
2.2 ERILERSR

TEXS A T OO RL HEAT I Ry, BB I 254
i TE R IEH TR IIZRE do 50 91 51 T8k
FER ISR AT TGS B U B IR EE S an» 20
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4 TEABITZHErNER

B5 dorvain AT donies CHE 2H L

BN E 6 B, IZREE, B 10 418 fE b —41
A BIE 1A A Z T m =10, BEIARAINRALE S
iﬁzji ﬁ E/:J {)ﬂﬂ ftt % ’ EI] St(‘st c { dOlt(\st ’ dOZt«st s "%
letest } o

K6 TEIZRELM

Siwin'T S AT K S v il A ACK-ICNN
BRI BUAZ RN ko F R BEAT TG, LUSKCRR 1
o i R R A T R RS B R A SR N
1 PR RPUE R 5 IR SR f5 AL
Y3 MR, 7 220 5 IS SUBRAIE 7 2R E R R Y

T,
HIZR 1 AT LU 0 T 1, e B AR R
NG R by =4, k=1, XFEPARFLETHER
LRI B I YA TR R AL X ASE 28 (14 73 S 57
[Esmm . PR XS 21 Rl L ik GS SRy
BRI NAE 3R 2 FiR . Wik 2 T DU B, X
TN [R] A R A% i 22 [ B AH O R RAFAEANR] 2
SR YRR AR B R AR 75 2ok i) CNN A3
IR 2R R W R AR 22 5 . IR X AN
G €S BURE R VIR S e~y R b S Uk o
TR N LB

)i T4 B A S HUR AL R PR RE T DL o
WNZRAEFNAE G UESE A 7 2R UHER R i LR DA
e, LABCRR 1 AN R 2 5403 R S 8o ACK-
ICNN AL I 25 A A8 SRR AR 1 43 2R HER 2 ith
L AnE 7 Bes . BB 7 RRL I ZRAE RN A U
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1 HEISAIEBINSXEREREFTE

x2 WMBRLEHNRASE L F L,

3 ko HES Ji#
1 1 0. 991837 0. 004082
1 2 0. 993878 0. 005950
1 3 0. 991837 0. 005203
1 4 0. 993878 0. 003818
1 5 0. 993878 0. 003818
2 1 0. 992857 0. 005203
2 2 0. 994898 0. 004563
2 3 0. 993878 0. 002041
2 4 0. 994898 0. 004563
2 5 0. 994898 0. 003227
3 1 0. 991837 0. 005203
3 2 0. 993878 0. 002041
3 3 0. 991837 0. 006122
3 4 0. 993878 0. 005950
3 5 0. 994898 0. 003227
4 1 0. 995918 0. 003818
4 2 0. 992857 0. 004082
4 3 0. 993878 0. 003818
4 4 0. 993878 0. 005950
4 5 0. 990816 0.011363
5 1 0. 991837 0. 006122
5 2 0. 991837 0. 005203
5 3 0. 994898 0. 004563
5 4 0. 990816 0. 006769
5 5 0. 993878 0. 005950

T B2 8 ky ks
doy 4 1
doz 5 1
dos 4 5
dos 1 5
dos 4 4
dos 1 2
dor 1 2
dos 5 4
dog 5 1
dio 2 4
dn 3 2
diz 1 5
dis 4 3
du 4 3
dis 4 5
dis 4 4
dy; 2 2
dis 3 5
dio 5 5
dao 3 4
df)] 5 4

BT dor doo PNZRAEFNAE LIRS 73 FEUER 5

WEAE WG S5 2 LR G 3 16 I AR AL (1 4005 BB T 38
I RS B RIA IS, Ibah, U244
FIE SURIEAE 119 73 21 Y B SR 0 A s« 136 I A R B 4%
B 14 3 508

KBS EA A FIIZRA7 1 ACK-ICNN ##
RS AN OB A 7 4K 5 4 S AN [ g e T 0 0 3
A ABRY A5 300 3 4 19 4 R HE I R L 400 S
{55 B R BK 2 7 v 1-NN|, SVM, ELM™* i 15
MZE FAEATH L . 4 POy e A 1 43 Skl %
k3 s,

% 3 T 7124 43 2R MERA R 0 T » AR SCHRE
B SUM 43T 6. 73%., Lk 1-NN Fi1 ELM 43
PRE T 24. 53 % f1 20. 78% . 4 A Erp L ENT 21
Pk B2 AL A TR, A SO ACK-ICNIN B9 B
T LA ERARE W THE 3 Mok, M
WU RE R, B 3.8.9.10,11,13,15,16,21
X9 AR IR AR 2] TR B iR . DLk
SERGAE P — A ] . ACK-TCNIN 5750 5 1o 12 Bk
(BB AN [R) &2 2% B ARRAIE D25 ) 6 2R 8o DG Ik
FEEE T O RIE AT T RilG i T RRAE /Y mT R
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T3 AMAEETESEMLE LW LAERE
MEEem ACK-ICNN  1-NN SVM ELM

dot 0. 9958 0. 8788 0.9793 1. 0000
dos 0. 9949 0.9763 0. 9750 0. 9997
dos 0. 6673 0. 4450 0. 5929 0. 4953
dos 1. 0000 0.6963 1.0000 0. 9895
dos 0. 9816 0. 5988 1..0000 0. 9834
dos 1. 0000 0. 9875 1. 0000 1. 0000
dor 1. 0000 0. 8013 1.0000 0.9953
dos 0.9714 0. 7788 0.8771 0. 6458
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Lie symmetry and conserved quantity of variable

mass holonomic system on time scale
WU Yan,FU Jingli
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In this paper, calculus theory on time scale was applied in the variable mass holonomic
system to study Lie symmetry and conserved quantity of variable mass holonomic systemon time scale.
The variable mass continuous and discrete systems were effectively unified through time scale. Firstly, the
differential equation of motion for the variable mass holonomic system on time scale was given. Secondly,
based on the invariance of differential equation under the infinitesimal transformation, the determination
equation of the variable mass holonomic system on time scale was gained, and Lie symmetry and conserved
quantity of variable mass holonomic system on time scale were established. Then, the Lie symmetry of
variable mass holonomic system on time scale was discussed to conveniently obtain Lie symmetry theory of
variable mass holonomic system under continuous and discrete conditions. Finally, an example was given
to illustrate the application of this method.

Key words: time scale; Lie symmetry; variable mass holonomic system; conserved quantity
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Transition path of SW defect in graphene
WANG Suyan,JIN Congming
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: To analyze the effect of defects in graphene on the physical properties of graphene, two

kinds of main motions of Stone Wales (SW) in graphene were studied on the atomic scale. One is the

generation process from the perfect state to the steady state with one SW defect. The other is the change

process of SW defect position in the steady state with a SW defect. Minimum energy path, potential barrier

and transition state of the generation of SW defect were gained by nudged elastic band method (NEB). In

addition, NEB method was used to simulate position change process of SW defect, and atomic structure

image of transition state in the motion process was obtained. The results show that SW defect has a small

probability of moving without annihilation. It can be regenerated through becoming the perfect state first,

i.e. annihilating first.

Key words: graphene; Stone Wales defect; nudged elastic band method; minimum energy path
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Structure design and experimental test of V-shaped

orifice permeable solar air collector
JIANG Ping', LIN Xilong', ZHANG Yuanming', LENG Xingyang®
(1.School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2.Changchun Gas Thermal Design and Research Institute, Changchun 130022, China)

Abstract: In this paper, a V-shaped orifice permeable solar air collector was proposed by improving
the structure of the heat collection plate and optimizing the air flow path. The CFD simulation software
was used to simulate the velocity field and temperature field inside the V-shaped orifice permeable solar air
collector, and the heat collection efficiency of the V-shaped orifice permeable solar air collector was
experimentally tested. The results show that the instantaneous heat collection efficiency of the V-shaped
orifice permeable solar air collector with two rows of holes and partitions is 3. 73% ~24. 89% higher than
that of the ordinary flat-plate solar air collector under the condition of air flow of 0. 00513~0. 08060 m®/s.
With other conditions same, the collector efficiency can increase by 23.46% compared with the non-
separator; the number of orifices on the collector plate has a certain influence on the heat collection
efficiency, and increasing the number of orifices does not necessarily improve the heat collection efficiency.
The V-shaped orifice permeable solar air collector has high heat collection efficiency, and different
combinations of opening modes are suitable for different occasions. Hence, V-shaped orifice permeable solar
air collector has good application prospects.

Key words: solar air collector; heat collection efficiency; performance test; CFD simulation
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AL FLEE D 12 mm, IR H AR 4R e v 22 X0 A 2&
WURICE . D 138 BN R 3 A B A IR
BAAVER T 4 FER T T B R E 3, B E A
DU T, F80 E 07 B X 2, fL I LR
100 mm, 5K FH A AR IARR B SN I L
PEXUT 4 ST 1 HEATHE b R B
PR T AR A R TG L TR XU T
AR RS Mg L AR BH AR S 3G i K BH =S U
AR » I TN B 3 v s HE LA 3
HHAE 1T SO AR R A
PN AT ARG 0 1 3 AR i v 1A N s
A HEXUE 3 S XD 2 BT AL BN AR
IR 3 PR AT R P XU 2 (]
B Al AR IR = i

PR AR L E T A AR S A Te i rp R 4
I 55 A1 TE 2 RS T S A ] o ol AN A 388 )
Wy B A 2 PR A S VOB ST T
FATTR] L [R]E3 fin T sAE AR

AT ACK PR REZS AR IS5 BT T 3 A
SRR TR U AT - A T SE B ) 2 HESL
Tk AV EHTSRAT 2 HEFL . SRR P a7 BTG
B b2 HEFL A R A V RITRAT 2 HEfLL &
PGB RO B B o 3 HEFL AT B AR A4S V Y
PrIAT 3 HESL . B 7 B B PR .
2 AEEHVEIRSEXKBEEETSE

P31 CFD L

K HI Phoenics XS ik 3 B &5 9 K FH g

23 S AEINER R 7 R S S AT BB

Ve ke TP BRI TR0 ke LAY R AN

(D— (D FiF -

Jd J
O e G

J
X2

K
912

Jd
SO + )+

X2

(7u1 <(7u1 +9u2>
(71‘2 HIZ 311
: (

d d
5(‘05) +R(‘O€u2) o

Qspeff %)Jr
p 2

- ;:j () —copte @
Hopp s URE  kg/m* s K K WNEE. T
t REFE], s; a0y A o AARBROLE ; wy B ws 43 51R
a1 Mz, AeBRJT ) B A S m/ s 0 AR
FMERE kg/ (e s) s pon A TR A REEME R
kg/(mes) ;e HETLNBEFERR, V030, N2 TAEN]
JE4a it it I P O™ AR R gl B 1. 393500 N
T I AR B 1. 393, Co Coy AR C., A H5EAY
2RI HR Co BUEAE 0. 07 3] 0. 09 28] C., BUEAE
1.41 %) 1. 45 zZ8);C., BUEAE 1. 91 3] 1. 92 Z 8],

KPR SR AR 1 i o 45°, #EXLE 4
AT 1T TP RS Hoaw 2 IR SR GRS
HNFERE I RS e A, XU 28 S
WE R 1 m/s, JEXIT 2 RBEBCE N 0 °CL V BIfL
M B FA A S PR BRI 2% B 18 O 400 W/ m®, 3
W G B,

MBS SRR 3 Fhas i A KPR REZS AR
o BIELEE A AN R Y Al 2— TR 4 PR

(:sl

(71‘2 91'1

2 2 AL R RIE B 37 TN 35

i USSR T LI

DY TR A NA —REA TR AR N
At B T P A TR R AR A A A ) T
AR R RS H AR

bR 2 518 3 AT RS L . R BT A A B B4

o 0 DT THT ) A R A R A B EL A 5 A
IR AR LI » SRR 7 T 2 S 1) B 2 e L T B
B 15 DA R N B B AR 5 B H A
R

KR 3 S 4 BTG KB 2 HEFLA R AR
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LR TR HUBUAE R AT AL A 3 MhESH . 2 HE
FLAT PR AR 25 B A R ABCR B A

3 3MEH VEAMSESEXNKMAEZTSE
oS A gl

3.1 XEWAHRKEIE

SN 2 HEAE — B 7 JC A S T ) R B
b AEER S b AR R A5°, A0 5 BER 2B
i3 FPEE AL R PHAE 2 AR INAR I E 28 OB
T XU L DA B R 149 oA B A 5 B i 3 i
W1 Fiw. RIS A TSI9555-P RER
JE . VF110 K 24 . TBQ-2 KIFHAg4R 4 &, H
H: TSI9555-P 7R3 8 3 0 3430 1) 0 555 152 8 7 2 XL
FUATH AT 0 580 4% — 15 VIFLT0 KU I
(RN R 1AL B AR R AU S SR B i 25, XUl i B it i

B3 A B3 R B B i T LT ik
DRGE o  PMR P 5 1) X6 3T IR 8 KUAIL 22 2 A 4R R
F8y 8 XU A o 3 XU RUE SR T ] B 45 07 =X
AR EHE) 2 A K IR AR Hog 2 4
A R APIRES .

B5 VEFARSEXKBREZSEARZIRNIXING
3.2 HERHUERITEHE
RBHREZ TR IR 7 AR TERR S &
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F1 3WMEHVEIFSEN KIS SEMSE LI NIRNEIRE
SERIREER O HE FHRAE/ (mes™) KR X10°/(mPes 1) HEEE/C HIOEE/C KBS EE/(Wem %)
1-4 0. 66 3.32 29.3 85.5 611. 484
2 HEfL 1-3 0. 60 2.98 29.8 91.9 656. 972
Te kAR 2-4 0.91 4.55 31.1 78.5 614. 467
2-3 0.78 3.92 32.6 75.6 560. 776
1-4 1.23 6.13 31.9 83.3 611. 484
2 HEFL 1-3 1.15 5.73 31.2 81.2 577.927
AR 2-4 1.05 5. 26 30. 4 81.0 607.010
2-3 1.03 5.13 30.5 81.5 565. 250
1-4 1.16 5.78 32.2 56. 7 286. 353
3 HEFL 1-3 1.08 5.38 29.3 62.2 448.173
A R 2-4 1.20 6.00 29. 8 46. 6 249. 814
2-3 1.10 5.52 30.9 39.8 124. 925
_ Q. _pm.AC, (3 F2 3G VEIAMSEXKESSEMSFERYE
T7AS Ayl PR HROAE AR Y%
Hor. o BUA 1. 29 kg/m® sm, NESARFIR R, m® /s; 1-4 42.48
C, NS E R IMA, T/ (kg KD, B 1. 005 J/ (kg 2 HEFL TR R ;i iz 22
K)s At K2 S AR IR ORI °C 5 AL Rk b ) e
R PR B TR AR, m® 5 o A B 3 55 AR K BH 5 1-4 71.73
b: Nt 00, > Y C= A -
B i L 05 aw A AR IR X K BR B SE g — 1-3 69. 01
W, %, 2-4 61. 04
DL 2 HEFLA PRtk i S s S A AR AR 1 23 61. 4%
PR, T EAR S 100 mm . A TR A = o o
0.0079 m”, ik H 1125 Ar=51. 4 °C, W45 A B 3 HEFLA AR oy 5617
SRSTIREE R 611. 484 W/m” , RS P ILR ST h/ s 23 5175

4 0. 60 mX0.06 m, &HA 40 NLE L FLH EREH
2 mm, JIT LA PR A O TR R - A= 32X0. 60 X
0. 06— X0.0012X2X40=1.151(m%),

SEPM IR S SRFR, BANLE W/ m?®

S =reayl D

Horproz, B0 0. 8750, 0. 93,

FAER (). S=0.87X0.93 X 611. 484 =
494.752(W/m?) ,

FRAE 20 (3) AT SR A A AR = (1,29 X
0. 00613 X 1. 005X 51. 4 X 1000) /(1. 151 X 494. 752) =
71.73(%),

FR A LR T et AR AR IR 2 R,
3.3 XEMRERI

a) 2 HEFLAT MR K BH B 25 U5 AR 1 AR AR
Lt 2 HEFLICRR AR OK FH fig 2 SRR AEAS [R] 2k i 11
HA T4 29.25%. 29.80%. 12.18%,
22.59% - H¥E 23. 46 %, BEARR AR 7E V ELFL AR
BiEACK B AE 2 A IR 10 M BB T T AT
YERT.

b) 2 HEFLA i R FH R 25 A4 AR 1 AR R
b 3 HEFLA B K FHAE s AR AR EARCRAER
W 14l A F 40l 3 & 2.88%0, 14.03 %%,
4.87%.9.69% , Y45 7. 86 % , VA BH AE IR I 1Y
AL ETHEBOW T AR AABRCRAT — 2 1R

©) 2 HEFLAT B A 119 B P25 35 I SR IR
XS AU A 45 R — 3

2 HEFLA B Y V BFLAR B i UK BB A <4
IRER LA A5 T EA T HCE  AE XU R 0. 00613 m*/
so K PHERS TR T 611, 484 W/m® WS 254 F .
EWRATAERGCR R 71, 73% . SCRRL 11 ] B AR A
KIAREZs S AR DL 45° BT A HEAT 700, 78 K
h0.00513 m® /sCEHEAR YR S 56 XU AR AR o oA BH %8
SR 562. 040 W/m” WY SEIRAAMF T, fi o B B AR 34
RORN 46. 8420,V RIFLAR B i 20K PH AR 4 A
AR AEPSOR B R R 24, 89 %65 STk 121 i
SR BH RE 23 A RS LA 45° i Mol £ AT 0
e 0. 08060 m® /s e T AR IR S50 WUt s K
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PRAR JF 3R 620. 000 W/m” I 5514 F » 5 g ik ) 4
PN 68.00%, V RFLIR B B XK HAE S [
AR AR PR B L R 5 3. 73005 STk 10 i
S AR BH RE 23 A RS LA A5° I Mol £ AT 0
AR 0. 07750 m* /s G FAR R SL 5 W) s K
FHAR S5 E 580. 000 W/m® I SL 56 54 T » di i B
IHEHER S 66.00% , V BIFLAR 58 3% =K P RE 23
RN I EPEOR B AR 5. 73%0,

4% B®

W XT3 Fpek iy V RSB B K HE S
SEMRLRN CED B4Ll 5347 K Se gk, O 5 S0k i
T8 (135738 K BH g2 RIS e AT X L, 25 SRR W

a) 7E XA K 0. 00513 ~ 0. 08060 m* /s [ 551
T2 HeLAFEAR ) V BLFLAR 2 A OK FH B 2 R U4E
FRAS 0 97 I AR PASOR LU 38 P Al R P B s AR A
PRTTHRE 3. 73%~24.89%,

b)Y B VAT AR B AT AR 2 L34 A A B

PR AT A PR 1 FH 5 152 8 B A ) SR AU i 2

A AR AR A SR AR R IS LR A BRAR
TCPRMAH L » FEFAHOR - ] $ R 23. 46 205 SR AR
- HEFLEO T R AROCR A — S, 7E A A
AR TEOLT . 2 HEFLS 3 HEFLAH b, SRR3R
BynI 4 7.86% ., 7E 3 AN [FI 2544 1) K FHAE 25 <
EEIRER T L 2 HEFLAT PR AR AR ARSI AR PABCR

ORI ZE R BoR , KIHES TERAN
B R A PR B S R b

V RYFLAR B 17 2K BH BB 25 AUAE A28 45 40 a7 1R
TR AR ROR 4 FOR R A 0 F 8 XGE
ANFE B E  BA R0 T .
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Research on shear strength and parameters of asphalt

mixture at high temperatures
ZHANG Xiaoyuan', LU Junziu®, WANG Xiushan', LIU Shuai’
(1. School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Architectural Design &. Research Institute of Zhejiang University Co., Ltd., Hangzhou 310028, China)

Abstract: In order to study shear strength performance of asphalt mixtures at high temperatures, two
kinds of typical graded asphalt mixtures of AC13 and AC20 were selected, and then the effects of grading,
temperature and additives on the shear strength parameters of asphalt mixture were investigated by the
triaxial compression test. Based on the test results, a nonlinear fitting equation of mixture properties
(cohesive force and internal friction) and temperature was gained. In combination of Mohr-Culomb theory,
the prediction model of shear strength on the failure surface associated with pressure and temperature was
further established. Results indicate that the predicted values of the shear strength of two types of asphalt
mixtures have good consistency with the experimental values within the high-temperature range. The
proposed prediction model is of some reference significance for researching the pavement shear properties
in the actual temperature field.

Key words: asphalt mixture; shear strength; prediction model; triaxial compression test
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sK/ANTCAE . Wi IR SR R BT BT 0 B KA RES BT SY 683

ST P AAR KRR L Lo P IR G R SR A
AT, T U I IR O R i R A g 142 M
PEIE)Z T2 P T RS R R N R A
G A AR AR A 10T 51 R K
S — R i T 22 A B AR DT RIE S 0 5 TR 5 R
STPEREXS B IR A HUW F R T AT R A
BRI,

FURT X T W0 1R G RH 8T PR B VA S 5
T C A A DCHGE 1 5 W ST 5 5 g
= RICITEBTE T W H RS R P R % 2
B0 R AR B AGRSR ] A ROPN TR A R P51k
fE. ARUEIRAENF ] =Rl oy UK R W I IR AR
BT UIVERE A RO Y | 75 e 1 B as g T B X
IRAEHUBT o A BRI . oAb 225 550 5 i
ZRRAE NIRRT 7 RS RH TP RE . &
AN [R1 56 J7 v X P #5470 B 5 2 800 B 35 P
M {EL PRI Ik JBE R 45 A 2 R 0] o i S 00 T B
Wi o SR EA HGE X IR SRR TERRAE TR
PG B SR B RE - R TR DA % (R E R O AR
BRI AT R D o AR SR = a8 Xt AN [A) it
JE VGRE NN A 05 7 R S T BT 5tk B S RO T
SE » AT O 9 S R 2 LURAT AR A AL
T AR R AR, TN Y o S 170 R PP A 0 0 7
R R I PERE .

1 R

1.1 IESEAM

MR S IR - PR E DU 7] R0 o A 52 45 ] 3 )3
FIE I RE— R T 5 W ) « BZ I IR J) o Fbik
BB, ARV 2 AR BY TR IR R i IR
AL E S FERN ST, B R | B v (N EE %
F KGR ) AHOE i 2 AN ] BB 9 = 2 e 4 38
55, AT SRR DU R B AR . SRR C IR
N EE A 1 PR

B 1 ER-ECHIRENRE

WA RHE: o 3 ok 2k 5 59 R 45 U
A BHTAE A — R A AR R TIT TR A5 Ae kit A ) VAR
P EREEF4) R B U A P T T ) I T R 45 R
JITRE R AG 2R T3 5 D) ks S Ak 22 [R) x5 T ) e 1 JBE
FHAT . T LA R IR A R0 ) s
WFFERT AT FHBIR- R TR I 3 iR B, 5 FH PR 5
JESHKGR 1 ¢ FINEEBHA o VBN Hresr-o 1,

30 1 B L M AR L = i i o R i
B A AR N SR B, AT AP BT 5 S8 ¢ AN o [
LR B R B 2 s A A
710 ) D

:arcsin<
¢ (7]+(73_0u

c"z(lcT::?) 2)

Horbr ooy A B T AP 5R JE . MPas oy IR
B P e sE 1 BT MPas o, R T 30 HERE,
MPa, 1AM O F O, 53502345 8 X I Y 57K [5] [5]
DAL IEN F] . MPa,

B2 cHeERBTEE

1.2 # #

AR 1E S 90 PGT76-22 1) SBS et U
ook AL ACL3 FiT AC20 95 7 1R & K.
ACL3 G e LA R 2 iR LA R 20 AR 0 1
R R AL S MR RE TR AR AT A I T
FWE R IRA AR AR ) (JTG E20—2011D)
FR . X IR AR SC 4L R A S Sk
(12 JHUE , HARGLRE WL 1, X1 g AC13 Fil AC20
IRA BRI L3R 4. 9% 4. 4%,

1.3 =Hhikng

AR SR TR A S35 PR 2 1 AL Tl 2R g )
RN T @150 mm X 170 mm, 29N
AR T G R SF @100 mm X150 mm,

M F = HlR AR T IR AR Z PR 5 S PR —
I 32 JPRASH AR S 4% R [R] Bl R i
IE AT =5l g0 AR By o B S AR SR
TN IIAE T A 0 0 RE M EHA IS L UTM-25 it
11, BB 3 FiR .
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x1 ARARFFTRESHBEBIARAILIFH

RERBSE
S /%

LI FLAE / mm ACI3 A ACZOH
0.075 7.9 6.3
0. 150 10. 2 8.2
0. 300 12.9 10. 3
0. 600 18. 4 14.7
1. 180 26.2 21.1
2. 360 35.2 28.5
4. 750 46.8 37.8
9. 500 78.1 65.0

13. 200 98.2 76.3
16. 000 100. 0 86.5
19. 000 — 96.9
26. 500 — 100.0

3 ZHESHRBmMERE

2 RIS
2.1 REKBEEHEIN

P8 B RH UL L a2 D IR AR A
AC13 F1 AC20, FEAS [RIL BE R 47T 55 5 B 1 5,

EA I R, Y B Rk 40 CR . Ui
& TTRE AT 2 om AR BE IR mTak 60 °C L BRI I
12 ACL3 iR A BHEE 70.60.50,40 ‘CiFFTHF
53 Wies B TTRE 1A 7 cm AR IR B I3 50 °C L ik
X ZE AC20 LM BHE E 60.50,40 C, XA
FEEAE T ACL3 F1 AC20 JRA RS2 it 25 Bl 15 F
AR (o5 =69 kPa) i) =5l 56 . 7 5115 B A R 19
PSR AR, (R im 3 T20 (D M (2) T3 24 5
JESHUE KR T ¢ BN BEEEM ¢ SEHTRE 1Y
ARG B, AN 4 BToR . B L 4 Ca) a] T, A 2%
SR T TR A RS SR T o ¥ Wl 3R R T i
ik, MR 50 CHEH] 60 CHT, e fH T REREE i
K R ILT ¢ XL oA sk, Hod ACL3 R E Y
c fHEZ AC20 T M AR B T 0 2, P 43 5l
FREZ) 38. 9% F1 25.5% . A 4 (b) ] L, B P
BRI IR 5 R N R A o (B BE IR 2 A8 fb 5
P shka, B AC13 IR Gk o (I sh X4
/ANo MREEH 40 CHE F] 50 CHE, o {E T FEREE i
K BUB @ XL fe Ry ek, AC13 J AC20 K cik
BRI R 18. 2041 33. 8%, MM 50 C
YL TR @ (AR IUE B, #E 60 C A ACL3
FI AC20 RECIR G- @ (A /NIRRT, 2 58
Y5 14. 1% 6. 3%, X SEH T UEEE ¢ (5 FRERRRE
R T IR A RHESZ TR T AR AR 5y R R 3R
FIAS R A/ INeE 2l o R TR A5 R 488 A 1) FHAS:
PAFEAARBL i i ff e 17 HAE 60 “CHN 70 °C BT
NI A G KT 50 CHFEJEIA

B4 ARBEFTRAARESROANEESY

2.2 MERFRAHLENIG

TESZBR TR VR AR 3l w25 in— 2 ey
ISR A 358 i T2 AR R AR E Y AR
Ve TR AR BB A 50 0. 4% BT ZE B Domix Fl
0. 3% Z B A £1 4, 43 IR FE W5 2 sl xof b 1w )2
AC13 BCTR AR B P BB A2 . I X 1T J2 44
Bh T AR DU T 4 RT3 IR R S

0. 4 Yo WL 4557 Domix X} AC20 Bt iR A RHT 51 1
REMSZIN . 381 S BBl R AEL O kPa i1 69 kPa R ()
AL, TS RN [F 9 EC TR SRR A I A S 4
BY R SR HARBIE SNk 2 R, Xt 2 0
PEIR S B85, FE ACI3 IR G RHEE 60 “CHEAT
X HCBESE s i P if 2 AC20 JRABHIESE 50 °C . Xt
% 2 PR ARIZERIFT S, SBS R Bt IR &K
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St

DX #7r~ SBS Hlil 0. 4 %4t 42557 Domix JE 5kl
BF M55 SBS H1in 0. 3% Z i A 4084 k.
e 2 NI AE PR R S R TR AR P I L R
FE AT Domix J5 . PUBY R ESEL ¢ Fl o
HIA e . Hof AC20 IR A R S8R ™t
SR B A A IR A L ¢ Bl o (EI
25 20% , X ULEHIRA BRI US IR o] (5 05 75 B 45
BIRS S PERBEE T, ¢ (E RT3 K 5 0L R B, TR A Rt
AR R M S — 2T B, S EREZ IR
TR ACE v IREERHA] () BT 1 T v
I G A AU 4 T 907 7 S A bty BEL g Tl AH [ B
INEFHERBLER )G o (HW AP
K2 MAEBHSALENHES
RAREESE

B4k HH % 71/ MPa BRI/ ()
KA AC13 AC20 AC13 AC20
SBS 0. 282 0. 299 38. 682 32. 261
DX 0. 301 0. 358 40. 589 38. 757
BF 0. 305 — 40. 455 —

3 EEEEESIEIE

3.1 #EAc

LEERR I c WAL H L PR T —
AN AR R R RO IR A R 2R AT L T sk
RN

y=B+ (A—B) (3)

lJrexp(xBC)

Hrp:AB.C.D AR RZHG« Jy A R, AR
AR/ o3 BIS P RR R E S B I 75 R 5 R LAY
PBRIES B RS c SIRET MXER, WA
5 FiR.

B 5 #MENcEUSHE

A3 ACT3 AT G RP R 1 o (B P4

B (0. 520108 — 0. 240629)
¢1 =0. 240629 + 1 260018 P
(T 23000

3. 246458
H. 2% A = 0.520108,B = 0.240629,C =
54. 360948, D = 3. 246458,

i AC20 2% Pie 1 13 K 2R 1 o fE A9 T

B«
B (0. 217134 — 0. 336172)
¢, =0.336172 + o oo1aiar ()
1+ exp ()

—2.636123
Ha, =8 A =0.217134,B = 0.336172,C =
52.091252,D =—2.636123,
3.2 NE#Ef e

[FIREHD . 256 N EEHEE A o 11t 00 {8 22 fh ke 3
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y=A,x? + Cysinz? (6)

H: Ao By Co Dy HTFRZSH 535405 WA
RIECEAPFIR A EHOPUET 8 S BN EIEM ¢
HIRE T BCE& A 6 Fis.

E6 WEZM o EMSHLE
A5 AC13 TR GRHN EESEE A o (E Y TS
T .
@1 =53. 892529 %7 4 3. 536265sinT " ™24
)
Hip . B8 A, =53.892529,B, =—0. 093857,C, =
3.536265,D, =0. 724808,
1M AC20 G BCiR AR BE R AR o {1 T A5
RNy
@, =T7627. 848978T 52 4 8. 090708sin T %
(8)
Hh. B8 A, = 7627.848978,B, =— 1. 345295,
C, =8.090708,D, =0. 625562,
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5 3% B2 45 i 5Z (Microbial induced carbonate precipitation, MICP) 3 K &) i) 454 B] i) B % & £ B AE A B iy 2 R, A
FRER TRBERRIT M A NI E MY ERIRERKECER, SR LA AR MICP AR BAT 5 ERAR Y B
WL T AT, B AR 48R A 0. 15 mol/L, i3 B % 20 °C, H ik ODg =0. 6 B, MICP 3 K 7T 3 35 5% RAR ¥ 69 32 W
HAaAik e A1 254 39. 83%0 ;4 Al MICP R 4 &30 A T A3t — 4% 3 B 10 2 &, 48 3 30 3 AR 1 68 40 R ) 42 4%
BeH 2 A 44 08%05 i B A — A A i AR A MR 5 R R A A 0.15 mol/L B, i) & A E R LB R&K
3, BFRLGER A R LG AR T 76 BIE

KR MAEMF FHBRAS LI LA B 7 KAk 5

HRESES: TULLL MHEFRE: A XEHE: 1673-3851 (2019) 09-0688-09

Experimental investigation on solidifying the desert aeolian sand

undercombined action of MICP and vegetation
KONG Jianjie, CHEN Ping, HUANG Shunxin, LI Qing . XU Hui
(School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The sand-stabilization experiment and the wind erosion experiment were carried out by the
employment of Sporosarcina pasteurii combined with Artemisia desertoruma and Astragalus adsurgens
to discuss the sand-stabilization effect of sand stabilization by microbial induced carbonate precipitation
(MICP), sand stabilization by vegetation and the combined action of them, and the appropriate type of
bacteria, vegetation species and the concentration scope of consolidating fluid suitable for the desert aeolian
sand were finally gained. The results showed that MICP technique is feasible forstabilizing desert sand.
MICP technique could increase wind erosion resistance capacity of desert aeolian sand by about 39. 83%
under the following conditions: concentration of consolidating fluid 0. 15 mol/L, temperature 20 ‘C, and
bacterial solution ODs, = 0. 6. The resistance of wind erosion could further improve by 44.08% when
MICP was combined with desert vegetation. A. desertoruma has certain alkali resistance. When the
concentration of consolidating fluid was about 0. 15 mol/L., the survival rate of A. desertoruma was higher
and the effect of sand fixation was better. The results provide a new idea for solving the problem of land
desertification.

Key words: microbial induced carbonate precipitation; desert vegetation; sand stabilization; wind

erosion experiment
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ARACFETE TN X 1 32 B AR AR O [ 75
PR U RBASIE N T R Y IR BT L LA T
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FelbiA: 28 F ge iy H g 5K bk g A A AE
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FEVDATHEAR DS TP 6 ok R 3B 1k K 3
R TGS AR S R o F 3 16 b X S A R 355
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SRR S T DR 37 96 il X 1 B AV BRI AR A5 %]
TRARHI R

PR B A 25 S [ V0 BRI AT BH S A8 DIt ot s DA e
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RTIIHAR B B PR AR R R B AU AR
AR RS R B+ R A 1 A
ST TR RIS BRSO . iz AR
I FH T AR VD i 3R 2 [ 4k B0 ok 2 B Pl fig
JESEPLAY— TN FHAF AT

E N ET MICP BB AR5 A =1
AF Wz AR B IFFE 5 R H 8. Boquet 25
R B G 2R AR\ B BR A S5 40 1R T LA S48 R R
TUBE » Horp B B 2R 90 /NS BR A HAT w5 7 e T M IR
Bt J [ AN BT BF 9 R A TR 52 L I BN A
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Pl T AR 52 R 2R A S A BT AN ERE 1Y
s S 0 TV R 1) 5 i R 3R AR, )
PHZEDST R A ORI S L 120 St i T
N 25 30 A v BRSO, 2 T B 225 B v BB A7 A Bk R
B SR ARIER . Qian 258 BF 5 K B, FERA TP AR o
AW FFHEA—E L5  TEFA R FOR 2 1 S
R Z [ME B T — € 1 CaCO; @A, 38K T b 3 5
Rk IF HBE CaCO; TURREE BY3E I AH SRAA FUBURL
Pl 4 R GR R P B T B — R R A
Burbank £ %f MICP $ A b 215 (4 70 118 RE 47
=Ry 25 R LB A MICP HR BB A% A 24
Khghvb+. SkA e R R MICP AR Xk 4 Mg ik
P HEAT TS, K3 MICP £ B s T+
M2 ERE. il = il 4 T 160 mm [y MICP
KT A5 VA B Bt e i B SR ) 1. 38 MPa, %
HEEDR A MICP # A 64 T 60 mm, HZ
30 mm PYYPAE L IAHAE 20 d IR VAR SR
PEIAE] 12 MPa,

H 7 E N AN MICP $AR #1770 13 K B iR
MRFFEde . e R R MICP 8 AR 517 B
DU VD B g i 52 e BT, IR BE Ry 20 °C A BRIk
JE 0.10 mol/L. & i W 56 E (ODgo ) 24 0. 60
IF L FEVDAER TR Al 72 2, B hn [ 1 il B R4
PRI IR B T . B 504 [E VD IR i h 72 2 AH
oL, P S IAEE T S WD A8 e s, o]
VB A A A [ U0 100 3 D0 A it o 8t o 7 DA 4 40 8
FEIE 3 A B V0 R s R, LGRS AT 4
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HATBRW A AR TE M (A TR . EE
FURT T 17 T TR B B 2

TR MICP SR SHEY v SRS B T
Fet WAV 1) 222 T4k - 75 B ST B B 2R A A
R |3 A T3 A 0 T 0 ik P TR 45 . AR S
BT N ATTE AR« ) (A W 405 0 e P X A
A ROIRBL AR 1058 » A 3 EL VD 8 AR KA Bl A
FER A WA L 5 b) AL A % S X 1] V0 280 1) Wi 1
5, I e BT TR R s o v 5 MICP 3%
VR B [ U RECRARK R, e I [ VP

1 REMREAE

1.1 RIes

B BT FH S B XUV R B H A 2 s T R )
BT EHL X, BRIE(GB/T 50123—1999 + T ik 16
FRvED « A B KR B AR M ST e 5 XUAR
YILE 2. 58, 5 — M vb T 40T RIR & /KL
1%, 0. 4370 IR REL C. IR FRELC, 435
9 0.85 A1 157, J& THICA B 45 FLBREE A 0. 45
. BB RECH 1. 06X10° em/s,

1.2 RIEFH*
2.1 PR ESE R 5

R /NS BREE (Sporosarcina pasteurii) B
A A 7R 7 K B RE 7 PR B N A A R
gl JE H T MICP 40 sk b [ £k v 4 B # F 0 18
it 22— ARSI UL IR 25 96 /\ & BR AT, 20 7R £ )
DA 3 2o Y0 S PR P R ' B bk v Sk 2R, ELA
E 51275 SCHRL33 ] .

L.2.2 GAEYIBE R &

A5 Bt i Urea 1 CaCl, 2H i, Hor Urea
A A K SR AR D AN (U CaCle g MICP i
PSSR . T8 70 A MICP A ~f i 78 Sy Ji 28
K H neacn *nve =151, VA B# BT Urea Fil CaCl,
Wy Jo %) IO AH 5 5 T MBS TG B o S5 A R S VA B 1) 7 e
WWISTRE
1.2.3  JRiAEYI R

Fe VB b DA SR R 4 3l A A T TR M X AR K
AEYI RSB, A KT, HAE W 100 SRR
OUNTF 30900 s AR SCER I b X 8 WL 78 5 04T
REAE AR T [ A S 5
L2, 4 G5 WA FE XTAE ) 41 v A3 g e ik e
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VIR 32 XoF FRE 45 VR0 B8 X 3 AL ) A 1% 38 1) 52 W) A 7
30T EHDE AP ATHEAE BSR4, SR 10

AR AR P REES WA FE A 0~0. 45 mol/L, 4n 1
Fiim o REPERUNTT : ) FREL 7 kg VAR E TALE T,
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6 cm;b) FFYA 1 om ¥, BEIUBT i 7K 3100 6 1) 24 4%
Pl EAT 4G Rl ORI AT HE A 3~5 ems; o) & B 1 em
JE BT RV - VDT S50 HEE s D XS4 i B
B — I — VX N R B A IR 45 W 150 mL; ) f AT
WIRESR 30 d, AR 0 A AL 4 i (AT A5 0, 0BT
THEAEE %,
xR 1 FEARGERREEYHHE

it/ S JEE 45 e FE / (mol L™ 1)
YHTHE 0.0.05.0. 10,0. 15.0. 20,0. 25.0. 30.0. 35.0. 40.,0. 45

W 0,0.05,0.10,0. 15,0. 20,0. 25,0. 30,0. 35,0. 40,0. 45

1.2.5 A XS FE v 4 [ VD O ) 5 i X

R T ERGEAE P S0 A ) [ VD R0 5 e
ARSI VD8 5 V0 FTRE TR & T R 56, 156
THANEE 2 iR, 2-1—2-3 %t a4, oA, 5 52
B 2H AR AR TR 52 50 251 R RS TR s MR VP E H
SRIFEEZ 5 30,60 d F1 90 d J5 ) 3 T 58 J3 A8 4k 5
2-4—2-6 % JH 30,60 d F1 90 d ¥ AR VLI HE [ 4L X
FRUD RGN [ S0 0 U0 T B %o 37 1 IXURR > [ £ 2
IR 5 2-7—2-9 R A1 30,60 d F1 90 d #& 3 A vb
FTHE [T AR KRR, 5T A ) 8 300 000 0> 38 0% 3 78 JXUER
b AR 5

RN - ) FRPOS VAR B FRLE A, A
9y 7 kg b) BEFE 30 d #ERh— UK, 7EAH [F) H IS B ER
B R E 4 A2 430 30,60 d F1 90 d Y
VO U ATHES T N 40 5 o) X8 VD RETT J XUk
5 - 3 KA 5 KGR 15 m/s, B3 AL URE 78 1]
R RIS [R] 2R 1 min, 4355050 skl 90 /T fS 1 5T
S, 25 (E R AR AR XUt v 0 483 2 i R
R 1. 2.7)

F2 AEHBPREEDEDRRIRNE TR

e T YL/ d
2-1 T 30*
2-2 Tt 60"
2-3 TCHEY 90"
2-4 UHTHE 30
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2-7 Wi 30
2-8 ] 60
2-9 T 90

T 0 R R E SR AR T i 30,60 d AT 90 d,
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Fi7R o 3-1 TRBRZH A ok HE 2, I G 1 7 94k » L
4% TG A 5 VB T A R g R (R R 5 3-2
TR ZH X 7 R XU R W G YRR RS 5 s DA R T
MICP HiA 1 AL R s 3-3 IR L AR Fh A 60 d i
VDT L W 5 ORI G B B 3R R IS U Y [ 7
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VD RIOR
*£3 WENRDVEMLZHRIR
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SR I 1R 3 WG A5 e TG R 55 R D W B R
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R IE AN ZE 0. 45 mol/L I}, V538 4h i 1A 1% % A
76.88% F & 8121 U ZE AW FIEZE 1.81%,
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