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Experimental Study on Low Compression Ratio Screw Extruder of Straw

FANG Shuqi'?, HE Liping', ZHANG Longlong' , CHANG Chun'?, BAI Jing"*, CHEN Junying'

(1. School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China; 2. Engineering Laboratory of

Henan Province for Biorefinery Technology and Equipment, Zhengzhou 450001, China)

Abstract.: The effects of processing variables, such as screw speed, initial moisture content and the length of

the straw plug pipe of extrusion process on the dewatering rate, handling capacity, output per kW -+ h etc.

were experimentally studied using a low CR screw straw extruder. And the response surface optimization exper-

imental results showed the extruder can run efficiently, stably and continuously with considerate dewatering

rate , handling capacity and output per kW + h under the conditions that moisture content is 85% , screw speed

50.8 r/min, length of the straw plug pipe is 26.91 mm.

Key words: straw; compression ratio (CR) ; screw extruder; response surface
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Effect of Organic Acid on Enzymatic Hydrolysis and Ethanol Fermentation of Cellulose

HAN Xiuli', ZHAO Haohao', LU Feng’, CHANG Chun', HE Yuyuan'

(1. School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China; 2. Zhoukou Environmental
Monitoring Station, Zhoukou 466002, China)

Abstract; The cellulosic ethanol wastewater was first treated by anaerobic digestion ( methane fermentation) ,
and then the anaerobic digestion liquid was used as burden water on cellulosic ethanol fermentation, so that re-
use of cellulosic ethanol wastewater could be realized. The small molecule organic acids in the anaerobic efflu-
ent, mainly formic acid, acetic acid and propanoic acid, were potential inhibitors of ethanol fermentation. The
effects of organic acids on enzymatic hydrolysis and yeast fermentation of cellulose were studied. The results
showed that the potential inhibitory effects of formic acid, acetic acid and propanoic acid on enzymatic hydrol-
ysis could be avoided by controlling the medium pH. The inhibitory concentrations of formic acid, acetic acid
and propanoic acid on yeast fermentation were 1.6, 3.0 and 3.0 g/L, respectively.

Key words:; cellulosic ethanol; enzymatic hydrolysis; fermentation; formic acid; acetic acid; propanoic acid
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WA B B K 87.3 % ;NaClO JH 42k 0.45 g i),
ORI KN 87.0 % . ZJ5 , 4y M4k s 14 hin
TEMPO ,NaBr il NaClO {4t , 35 2 B iR T B B
DL A R R Ol i TEMPO F 4 0. 005 g, NaBr
FH4 0.03 g,NaClO & 0.45 g.

2.3 NaClO iR FE 3t I8 2 86 Y 2 B9 3% i

BARHE T 5280 T BT NaClo i &3 i, (H
J&, 4% NaClO fin A B iy 44 & v B 3 22 2 iy % L 3F
FT 0, PT A T 1 e BBE AS (), o SI 6 Y) 52 il Al, 25 A7
NG

#& 2 TEMPO NaBr #1 NaClO A £ Xt ¥k 2 B U = 1 &2
Tab.2 The effects of the amount of TEMPO ,NaBr and NaClO

S TEMPO Hi&/g

NaBr & /¢ NaClO /g

0.003 0.005 0.007

0.009 0.02

0.03 0.04 0.05 0.40 0.45 0.50 0.55

IR/ % 74.6 86.8 80.3 69.9 85.5

87.3 86.9 86.0 80.7 87.0 83.5 76.8

RO EE R 0.3 ¢g,CH,Cl, F{& 5 7 mL, TEMPO
JHH:4 0.005 ¢,NaBr fim 4 0. 03 ¢, NaClO H &
H0.45 ¢, pH{E N 9.1,0 ~5 CTF i 1 h, oit4ds
NaClO Jin A B 9 7 8 (4 e 2, 2% %€ NaClO fin A J5
4 9 B XoF B R W3R 52 ), i 1 1 T

M1 AT LLA S BC i i NaClo ik B2/ T
0.85 mol/L i, ¥F C i W 2R fifi NaClO 375 ¥ e i 1Y)
R S K 7 NaClO ¥R o/ 0. 85 mol/L B, ¥
O BRIk B B K 87.0 % 5 2 ) 4k 223 K NaClo
VEE VR VR B, A O R R R R I DL IOE AR 2
i i) NaClO W de M 0. 85 mol/L.

87

©
=
T

ORI %

-
o0
T

0.75 0.80 0.85 0.90 0.95
NaCIO¥ ¥ /(mol * L)

Bl 1 NaClO i & 33 35 2 B U 2 7 &1

Fig.1 The effects of the concentration of NaClO

2.4 BAASXIRCE KR

W mEfHE R 0.3 ¢, TEMPO A & & 0. 005
2,NaClO {4 0.45 g,NaBr &5 0.03 g, pH
B 9. 1, B M AR &L, 7E 0 ~5 CF R
1 b, 25405 500 ] 0 B O R B U3 A 52 ), Tk
3 Frs.

*3 CH,Cl, AEX RS E T
Tab.3 The effects of the amount of CH,Cl,

CH,ClL,/mL 3 5 7 10 13
KO E/% 62.3 79.1 87.5 87.3 87.3

o1 3 nl L, MY /N T 7 mL i 3R E
T A 25 i 375 770 FH ek ) 8 o L 4 R 5 24 9 5
AT 7 ml DU, RO BBCRBARKR. 2555
JEH TR B0 Tl i R 2 PR A DR OV R T R N
7 mL.

2.5 pH fE X TR 2 E % %

TEHAL A AR RO, BB R R Y pH
{B, % %5 pH {E X 35 O B AY Wi 2 /9 52w, 4o &
2 FrR.

m P 2 AT LA MY, 8 B B (8] 2 60 min B,
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WO B CR B pH E Y 3 O S 38 I 5 e 7
B[] 60 min DURT, 35 O ER IR 32 pH (E 1Y 5%
MK, 76 pH {E 0 9. 8 B, 3 0 R i 3R 1 K fx
P, pH (BN 9. 1 B, 30 Ol R 385 560 min LU
OB R 32 pH A BY 52 0N, 3 2R IR AE
pH {E 2} 9.1 B}k 8 5 K 87. 1% , UL B h pH
M9 1.

90
80
8
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¥ 70r o PHos
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Fig.2 The effects of the pH on yield of cyclohexanone
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Fig.3 FT-IR spectra of the product
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Fig.4 'HNMR spectra of the product

4 EERMFZFHHHIL

HRAE DA - 5 PR 28 50 56 1 o o 3 R YRR 4R
PEFR BT RE Y 0.3 g, ¥ CH,CL T &b
7 mL, TEMPO &4 0.005 g,NaClO &} 0.45
g,NaBr fHE 5 0.03 g,pH{E N 9.1, 0 ~5CF
FRE 1 he FERAE AR AT T 3 OPAT S5, R
S5 N 86. 8% . 87. 3% . 88. 0% , - 4 I K Ny
87.3% .3 YV-AT S50 W 45 RAR BT, vl WA 2 1
() AL AF

5 &g

(1) TEMPO 4 {38 ) B A B3 & B 2 1 A
AL e R 0.3 ¢, CH,CL, Jy 7 mL, TEM-
PO > 0.005 g,NaClO 4 0.45 g, NaBr 3 0.03 g,
pH {H R 9. 1, BB 1 he ZEZ 44 FilbA7 T 3
YCFAT S50, A 20 O SF- 05 2R 3587 3%
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Study on the Synthesis of Cyclohexanone from Cyclohexanol Catalyzed by TEMPO

ZHANG Yadong, MA Jinling

(School of Chemical and Energy Engineering,Zhengzhou University ,Zhengzhou 450001 , China)

Abstract: This paper establishes a metal-free catalytic system comprising 2,2 ,6 ,6-tetramethylpiperidine-1-ox-

yl(TEMPO) , NaClO and NaBr, catalytic oxidation of cyclohexanol to cyclohexanone. This paper studies the

effects of reaction time, pH, the dosage of the catalysts and solvent and so on. The optimum reaction condi-

tions are as follows: cyclohexanol 0.3 g, TEMPO 0.005 g, NaBr 0.03 g, NaClO 0.45 g, CH,Cl, 7 mL., pH

9.1 and the reaction time 1 h. Three parallel experiments were performed under this condition, the average

conversition of cyclohexanol was 88.2% , and the average yield of cyclohexanone could reach 87.3% .

Key words: cyclohexanol; cyclohexanone; 2,2 ,6,6-tetramethylpiperidine-1-oxyl
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(L EBIN I BERLRL 2 5 TR 2B, T HOM 45000152, ) B ALHL 5 45 4 Bl ke R4 TR R T #r
% 453002)

W OE. R T RARE AR E 4R B e Al-3Ti-0.2C-5Sr 43 42 b 7 B A L0 % vk, HF 8
iE DSC WA RFFEBRMAT BRI, 4R AN ALI3TI-0.2C-58r 4864 ML 7 £ % ¢ TiAl, 48,
Al-Ti-Sr #8 . TiC B A & & Al Sr M4k ; B R 458 B o) 1K, 62 F TiAL Aadh K &R B Hr 4% Ak
AR, AL-Ti-Sr A8 dy 6L B IR #5 % A 6 8 R Aw 3k L Bl 5 48 s FE B A 27 ik JE o) IR AR, TIAL A8 Rk, & B K
AL-Ti-Sr 4838 J§ ; Bi & 4% 5% 0 18] 69 2& K, TiAly 4838 4 7 &, & & 4k AL-Ti-Sr 48 3 % 34 X 3 4k ; Al-3Ti-0. 2C-

5SSt 4mfL A 44 i B X 19 % 800 ~ 640 °C , &ARHF T b - TiAl, 48 \AL-Ti-Sr 48 A1, St 48 .« - Al 48.

KR @mALA s &5 B 48 E ;AL-Ti-Sr 48
HESES: TC292 XEkPREARD: A

0 3

R RG S U S W EERed) iz H
TSR R s 45 E R 2 4 Ak
AR TR EREE A S AL U a-AL f BRI, 36 Bk
B FOIR R B R A YL AT, B A
B Pk e R LA R O 2O ) A AR rh S o R
203 A AR R LS R 1 TT R
AL-Ti-C-Sr 4fi {77 5 A 20 4k F0 A2 B XUE 38R, vl A
WA S rEae Y mESY W A
SEI AR T AL-Ti-C-Se 41 Ak 5 1Y B 08 1 4>
Al-3Ti-0. 2C-5Sr, B H il 2% th (4 48 4k 757 b & A B
BN B A R

2 HWF 5T AL-3Ti-0. 2C-5Sr 21 4k 71 1 4% iof 2
T 8 Ul FE LV 00 B RO L B TR X G 4 4R
FE, FF 0 HLE [ 2 R SR AT A0 B, A e i Ak
bl R OB 2 TN N /oY B N 7

1 EBHMBERHIE

il & AL-3Ti-0. 2C-5Sr £ 16 55 (19 52 56 J5OR 8 -
Tl 2E5S  TAr SUBR R B A S8\ ol 2B 5. Tl
AURA A LR A AR 1 s (B4
T, Tl FUEK R 4 19 21 K F 99% , 41 55 11

il
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AR 2k T4 wm, Tl gl AR Y K T
99.9% .

R1 TUARHULERSHRESH

Tab.1 Composition of commercial — purity
aluminum of mass fraction %
Al Fe Si Fe + Si Cu HoAfils

=99.60 <0.25 <0.20 <=0.36 <0.01 =<0.03

W Tl SR A HE 3 A BELp 720 C R
Z A SE A IEAL, THE E 950 °C i A TR Y 96
BR R B A A7 B A OF ORI 60 min, ] [F] &3 15 min
P FE— U, BRI 2 850 Chm A48, £l — Be il [a]
5 be s, eI EE 43 31 2 850,800,750 CL ¥ Uy
R 3 Fho 5 1 BOR A RV A B UK ER K o ¥ 20
HPEEL R 500 C /s 5 2 Pl i IR e 5 3 H 4 8
mm [ 55 ZRAE L ¥ EI IR 29 100 °C /s 5 3
Tl s (R U2 5 3 42 60 mm (1 85 kB L b 1 )
P E LR 20 C/s. LLAB RN A G R iR 46 i a), oy
B 15,30,45 min, ¥ & H A9 AL-3Ti-0. 2C-
5Sr 47 DSC 43 Br B i ¥ 55 55 DSC 52 56 2 40
TR E N 950 ~ 600 °C ;B IR # B2 20 C/min;
VR VAR T BE 435 5 780,750,720 °C . ik RE L A T B
B Wh%GJ5 FH 0.5% HF Jiih 10 s, 78 OLYMPUS 4

EE B A R 58 (1972—) , J TR WU, KRN R 2 i, W4, E 2N S8 B4R B0 & I WF 5 , E-mail : zhlwkr@

zzu. edu. cn.
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BT 5, 55 AL-3Ti-0. 2C-5Sr 45 & 4 A AL 0 il 45 1.2 Fe Bt [ 2o 72 15

B LR e
2 HR5E

2.1 #I& I E3t Al3Ti-0. 2C-58r BIA R
A

7 R A0 2 i 41 F 5T T 2 AL-3Ti-0. 2C-5Sr
SR R ZH S AL TiAL A7 AL-Ti-Sr AH \TiC AL
Kb ik AL Sr AH, TiAly AH 4> &8 94 42 %8 £ AL-Ti-Sr
AH B, AL-Ti-Sr A 2 A Z R s HOk. B 1 AR [\
PSR R AL3Ti-0. 2C-5Sr (1 B % 4. hd 1
AJHL, 08 5 IR R 850 C it (I 1 (a) TR,
TiAlL, 24K SR, T 2525 20 pm x 100 wm,
AL-Ti-Sr #1430 40 B AE TiAl, AHJE B, JCHOR Al-
Ti-Sr AH 5 24 36 5 7 B S 800 CHF (& 1(b) i),
TiALy #H 2k 38 K B A 450K, RS 29 30 pm x 70
wm, 48K Z2 %0 AL-Ti-Sr AHAL 7 TiAl, 54N, 77
TE/DFR A3 PR AL-Ti-Sr A 5 24 D8 55 1 BERE AR 3 750
CHF (B 1(e) iR ), TiAL AH 43 5% A8 S KPR,
RSFZ5H 45 wm x 45 wm, A1-Ti-Sr Af L 42 8 R F0
Yok LR A 78, B YOk AL-Ti-Se A/ F AL B AR Al
Ti-Sr AH. Ut A) L, Bl D8 8 B2 e AIK, TiAL AR %%

(a) 850 C

(b) 800 C

R B SR A8 Ry R AR S5 R, B S 5% 8
Pk, A1-Ti-Se A B 42 38 Sy £ B1IR 56 748 hy 43 20 4R
YR 2 [/ A7 7E.
2,11 AZpik g HR

2 WA EH T Al-3Ti-0. 2C-5Sr
WA ZUES. B & 2 W] R0, 2498 A EE 24 R 500
C/s B (E 2(a) frR), Al-3Ti-0. 2C-5Sr i {41
glrpep TIAL A0 2 K SR B Rk, K B2 50
pwm, B TiAly A J& Bl A 3 A 40 R AL-Ti-Sr A4
FEAE AUAFAE D PR AL-Ti-Se AH 5 >4 ¥ 200 32 [
K3 100 C/s(E 2(b) Fro) , TiAl, A2 A 54k
L B /0 A0 IR AL-Ti-Sre A 5 24 v 00 3 B
HE— B BEALE] 20 C/s B (B 2(c) im ) , R
AL-Ti-Sr AHAS Wy 385 JE2. W] UL, >4 ¥ 40 3 B2 B AR B
AL-Ti-Sr A i B AR 5% A8 Sy Stk Fn 4o 78 R 3 [\ £7
16, HAL LR AW S, SO i T, ¥ 20 3 0K
BF 95 A B o0 ¥4 B R, AL-Ti-Sr AH B H2 DI 14
BT i S R Ve 20 BB AR, ok ¥ BE /), Btk
AL-Ti-Sr A B 2 0k />, H TiAl, A4 78 5 B A 5
AR S AR AL ALK AL-Ti-Sr A, PR A BT AR AL
Ti-Sr AHAS W7 1 )2

() 750 C

1 FREEHFBET AlI-3Ti-0.2C-5Sr BRHAEAR

Fig.1 Microstructure of Al-3Ti-0.2C-5Sr refiner in different casting temperatures

@ TiAl; phase

(a) WMEZVKIEAK, BFHLAS00 C/s (b)) @8 mm RFE, BHL100 C/s (c) 60 mm RFE, BHL20 Cls

Al-Ti-Srphase

iAl3 phase

Al-Ti-Srphase

20um 20um

2 AEAEMFRTH AI-3Ti-0.2C-5Sr BHIAR
Fig.2 Microstructure of Al-3Ti-0.2C-5Sr refiner in different cooling rate

2.1.2  JEARPRIE AR

3 g A [ 45 35 i 1] R AL-3Ti-0. 2C-5Sr (4
WAL B3 AT, Y AR IR A ] R 15 min B
(K 3(a)), Al-Ti-Sr A 46 K £ %049 78 78 TiAl, AH

JEIE, RSF 254 20 wm x 100 wm , HR AL-Ti-Sr A1
B BRI F]ZE A F] 15 min B (8 3(b)) , £
B ALTi-Sr AHSE R, 387 TiAL A 2% 5 O
I [) JE — 2B I 3] 45 min J5 (& 3(c) ), TiAly AH
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S64TH K, AL-Ti-Sr A ¥ 5 R Pk, RF 2528 70
pm x 70 pm 3 S piy T4 6 A ] B 2 K 4 T 4%
AH 2 I B[] TR R Bt TR] . R 350 9T 3 B, 4o AR
AL-Ti-Sr fi S h TiAL R & 254 5 R BB Ay

(a) 15 min

(b) 30 min

DRLIH % it ] 8 0 S R A7 58 4, S 2L
TiAl, AH 2 #fH 2, /N BORALTI-Se A Rk
Bk

: g‘h’.x *"L“'% 3’- .

(c) 45 min

B3 AEEERETE Al-3Ti-0.2C-5Sr (I BHAR
Fig.3 Microstructure of Al-3Ti-0.2C-5Sr under different holding time

2.2 Al-3Ti-0.2C-5Sr B9 & T 18

Kl 4 S #4 Al-3Ti-0. 2C-5Sr 4 4k 5 /Y 2201
HRMEHR(DSC) 73 it k. & 5 S A AR B A
Al-3Ti-0. 2C-5Sr AL AW VR 412 1Al 4 W] %0,
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640 C.

B
600 650 700 750 800 850 900 950
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Fig.4 DSC curve of the solidification for
Al1-3Ti-0.2C-5Sr
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Fig.5 Liquid quenching microstructure
of Al-3Ti-0.2C-5Sr
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to modify hypereutectic Al ~24% Si alloys by a Si-P

Preparation and Solidification Process of Al-3Ti-0.2C-5Sr Grain Refiner

ZHAO Hongliang' , ZHAO Kaixin’, SUN Qiyan'

(1. School of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Department of Automotive

Engineering & Technology, Henan Mechanical and Electrical Engineering College, Xinxiang 453002, China)

Abstract.: The influence of casting temperature, holding time and cooling rate on Al-3Ti-0. 2C-5Sr alloy mi-
crostructure, and the solidification processes were studied by DSC analysis and liquid quenching experiments.
The results show that, Al-3Ti-0.2C-5Sr grain refiner is composed of TiAl, phase, Al-Ti-Sr phase, TiC phase
and small amounts of Al,Sr phase. With the increase of casting temperature, strip TiAl, phases in the alloy
gradually transforms into massive, and the coated Al-Ti-Sr phases can change into block Al-Ti-Sr phases.
With the decreasing cooling rate, size of TiAl, decreases the coated Al-Ti-Sr phases thickens. With the in-
crease of the holding time, TiAl, phase gradually disappears, and the coated Al-Ti-Sr phases become big block
phases. Liquid-solid temperature range of Al-3Ti-0.2C-5Sr grain refiner is 800 ~ 640 °C, precipitation se-
quence of phases is TiAl, phases, Al-Ti-Sr phases, Al,Sr phases and a-Al.

Key words: grain refiner; preparation; solidification process; Al-Ti-Sr phase
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Fig.1 Exfolidtion of layered solids and two-dimensional nano-materials

R4t MoS, 9k i K HE G EEA F &1
YA R FE A AL RE IR 4 5 A A A BE AL
T S SRR B Tz N TR B A Sk £
7 MoS, Je b R B A w2 1 Mg X 5 &30
. 4k MoS, 44K i ¥4 &4 R i 4k 12 5 RT 4
R BE 2 LA e MM RE 7 S R0 R AR
B OLHE T oo RS i SR E A AR R A
fith B i EL 2 [ PR 0 1 390 45 O 1 LA T R R
REE0 7 Bk MoS, b A # fE R E Tk (E, =
1.2 eV)  MHPZEEEHNZEER R 1.8 eV AT H
FERE B A, B SOCRR M TR A W AR IR,
2 A AR A BH 6 W 75 R MoS, 44 K
HAT G 5 00 7= S AL R R, A B EUR PSR B 4
J& , R FEARRA (B 1 (e) ), ok, MoS, gl ok
52 A MR AT SRR () B T H Y HL . 2H-MoS,
Gk R HA SRR T, M 1T-MoS, 442K ) B
AR ECE 1(e)) I HXMAYHS /2
45 A6 8 B G A Ak M B AT EE L 2 . 2H-MoS, 44K
Fr Uk A B0 22 5 e L T ok Rk e
Kkl — S MoS, 4ok B AT 45 %
s HMREEREEMERRORES
R

AT [ it i = A 2R SH Sk B g 6 42
ZoRBAN Sk 5 AR Al A 1 MoS, BRI IR,

PABRSRE ACAF BB/ 0K O I 5 CO, 25 B A i,
SR T 9] - AT Z I A R
PR B HEER ™, 45 52 2 MoS, 90K i3 IF LT 15
FEJZ MoS, 9K Ay L 1A, 5 D E 5 1 i 8] 2% Ak
IREEE AR, M SRR AL ™ 8 BE LB L 2 1R IR
AR AL, X T8 Ak B fige J2 KT8] 1A 67 1y 14 4 2= 0
MU AR HER W) - 4ORL 2 B SURE & SR H A
BB EAN R, X BERT L 22 T RO Rk R 20 AL K
JEHA LR L.

1 IFETALAARARHERE

1.l BETHEENE

WEAR ™ 5 S A AT S K AT ) B 4
BT A0 B ORGSR SR T K, T
Sy B WESAA 5 AT A% M AR RE BT H R A9 AL
TN R 2 o R A O T R - S
VLI 6 IV T B 4 43 kL v T R T
27 Sk B R B R S S B
FFN T A IE 2GR . b R R Sr Y B SE
SYMT T MR TR e MR R b A BT T, W T
N A2 6EL A7 9 6 6 A ) e 2 e PR 26 A M 7E 3
H A3 B . B IURHE K sk A E S T B T i
SR B BRI R T B R T R 3 1 R
2%, H A Hirajima 250 Fi) i 45 8 7 1 1 4b 215
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A1, BRSO T B TR A B R
H AT E A 1T B AR BE W6 R ME B 43 ik oK
1.2 ME$ET MR

EBRMEHT SO > 24 ) ik B 2R
Rl AR T (LR ) . B R 4l s Ak
V7 Ve A 205 45 S i i 3 5 RN 0 T 4% 1 B
R A BRI AR AL IR R -
YIRS UIE B 5 AR SRS T T Y MoS, &
AR F]97.8% L L. il &L BOME SR RS 0 1 R Ak
T T R T o VS 0 A A R R 2 BET B, N 3E 4
FE B 3E— 20 20 P s AR vk, B0 L R 2 T, 4T
ORI, (M B AR 55 e 4 1) ok A 00K ff B 43
BT 25 22 BE TR 00 RS 6 00 M SR8 RS 57 Ak
SR A AG R IR IR 1 AR LR R
PR3y 451 Eh R v R HCL 5 7 i 43 ( Ca-
CO,) A7 By ™ (PbS) J2 i A J Al % M CaCl, &5
PhCL, (hnA) 1M B 25 07 it 40 AN 7 B 0 2% . Gl h i
WYL R FeCly AL A1 850 25 i CuCl, 1
PbCL, , i i A G £E (1 NaCl,CaCl,) , {fi CuCl, 1
PhCL, Z53EVA M) 2% 45 1 CuCl, F1 PbCl, 45 ] 15 14
KBTI 2. SRR A L S5 2 R4
T Ak A 2 T %) 4 - S I A B T VA AR 4 S T, T
FBR RIS T 4. AR 2 A SRR 7
SRR TE HL 80 °C R 5 4y BE AR REZS 2% W) i v A g
ATV M RO B, DT R 25 ik 2R AR T . i H
W P 5 # e, v 15 5] MoS, & & ik
99% LA L WIMESRA K.
1.3 BFHETHNSEFA

MEAR TG 0 2800 ki T, mT 4 4 R R
FRpoRE S B AL TR S D RE MR, SRS I R &
e 3 BT AT R R 1 e ol R R Dl = 311
b TR ARk B Bk WA 7 A AR T
K Ba R B RE R AR I T Ak SO vk A = Ak
B P SR R R 4 R R YL AR R E ST N
DO & T AL 46 I8 A 4 5 R e T2 (A I F 4H
BROYED) IR R R b T AR T
Ik, HA T RE MBS R R e R
BORAS T 38 S AL B K MoS, Ak, A 45 i
PR35 ik SRR R A R VRUE A I RS R NS
Sk AR S RS T R 28U H,MoO, T
Na,MoO, ™. 5 — 77 i , {It Jo 5 40 1 K5 2 o 45 75
208 A0 A B R A 1 JEURE. R R AN H B
MoS, I & 7] &5 ik 98% L I, HoA B 2 4 v F
Ab AR 2 v R [ A I W R AR R O HL T RE A
¥l. Simeonov %Lm B 2RO TE AL VE AR BT A Y

MoS, ok FIE CO & £ R A At Ak 70, He il AR
B B R i 45 10 0 £ ) 3 ARG 0 [ 2 1 38
K 2 Savjani 257 LIKESH T OB, 76 NMP i
VL R ) B L 45 530 K 200 ~ 600 nm L& & B9
FLEE MoS, 4ok Fr. DL KSR M A7 o B 1 5B
5 T BE bR H 4 6 A B ) BT 1 L (R
377 T R ST R A, A G 5 R G R
s e

5 b WEAR T B 4 e 5 B Al R A, TT
A MoS, & EE7E 99% L b i 75 4l W 4R 5. H T,
W BR BRSBTS PR 4% 4 T RS SR ok a4
T 1y 255 A2 1 A0 A JEURL T B L) R SR MR 4R
IR, 2o 1T AL BB SN T T % s P e T
e bR BFFEAR 2, R AR

2 “BTmLE"IREFES MoS, X &

2.1 BT (K EHF MoS, HK &

VA R B (KA ) 2 02 A VR AH 2% AL A J5 v 200 ~
240 C F K MoS, 44K . KH K2 Zhuo ™' LU
L-Zi 3N 2 8 R S Ui . LUIR 4% MoO,-EDA 4k ¢
kg Mo VR AR ,200 °C /K #3645 T H MoS, 44
KRR R g K RS AT D S e R F R % R A
0.67 mA/mg. 7 #E Rl $ K2 Zheng 27 L5 i |
TH L H R B (DMF) [ 7K 5 T R A i, 200 C Ak
HEH)Z AR R GO, FIH] GO J2 ] BR 4k 4=
KT MoS, 412K f, it MoS,/rGO R 7% 45 #4) 5 91
SRR (HER) b e RE GRIG L7 U, =140
mV Tafel &% T, = 41 mV/dec). & B Wl 415 K2
Zhang %1240 °C /K #4554 (NH, ) (Mo, 0,, B
JIk \GO UK R 1) 7K ¥ W, 45 1 88 MoS, 44K
R 5 GO ME AW, LA 3% it i 53 51 MoS,/rGO
T PR o 1) B L Y B R AT 5 T I A R M
SRR (709 mA <h - g™ C 7,50 AE R
J5 B ik 2 860 mA +ho- g C ) W A A
T IALA B MoS, 44K i, (BA & ) il VB
fal , P Y AR T 2, 7R R A SR )2 MoS, gk
A TR A
2.2 BIERTIRYI S BEH F MoS, R

PL(NH, ), MoS, 45 i AX 40 W2 £k 1 3K 4, #4
O3 A5 MoS, g4 oK . & Bl 2% B Liu
452 PL(NH, ), MoS, (%) DMF ¥ Wi Jy U, 75 15 5 11
8% Si0,/Si i Ak 500 C Ar-H, 4% F .1 000 °C/
Ar-S S5UT WAL % A5 T ZE )2 MoS, R, Jir
3 3L-MoS, i [ ] 1 14 37 88007 st 14 487 14 T/ G Ha,
Ptk 107 B PR RIE 6 em®/(V - s). FEE N
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WRAE R, 55 B AL S SR GRS G MR 55 R T 21

FIHE JE WK 2 George %5 4 & (NH, ) ,MoS, [
N-FH 5 Dtk i 5 16 ( NMIP ) %5 9 1€ ok 31 Si0,/Si K,
Ar/H, SR 480 C M, Ar S48 1 000 °C 4% &, il
T4k i MoS, WERE ; LLTZIE A 1 1 15 19 75 Mk 224
I3 AR L T AT RS R R 0.1 em’/ (V- 8). BT
TR AR A A3 fige 325 T o A% A8 R TR Y MoS, T g
{EL S b 7 40 A ok 8 v i #E K i HLS  NH, %5
HESM, I BFE MoS, A R-FiE /N, IR 5)
A X A o
2.3 UESERREHEER MoS, HiE
PIJCE S. 4 )@ Mo 5{ MoO, &AM, K
b AR DO (CVD) il %5 3£ )23 MoS, i, 38
Il 307 2L K 2% Kong 48 % LU S6 2 K 7E Si BE MR
g Mo 44K 5 (JE 25 50 nm) i Mo J§, Ar 4R
550 C R & S B, il #5 SR 00 M 2B K TR L
] fR) MoS, 44K bl B i B £ 2L “ 37 b 2 58
5, BA 3 35 9 HER 35 7 ; Wang 4815 4
M A L AL 244 Li " 9845 MoS, AR Y 2 (W] BB, fiff
Hoph 2H 2E SRM A N 1T 48 1, M T i HER
I Tafel #13 H 115 ~ 123 mV/dec FFEF| 43 ~ 47
mV/dec. 3 [E M K% Zhan /%'frmﬂ F KA CVD
B, UL S By 5 WS ik T Si0, R AY Mo &
NS YR Mo U, 7E N, 4R 500 ~ 750 CF il 1%
W Si0, FF i O T A K 19 B2 MosS, M2 (2 ~ 4
B2, EHH R 1.46 x 10* ~2.84 x 10* Q. It k&
HEAM SR Yu ST L MoCly &5 S Sy S
Y, R AR CVD 7R 5 5 A 1 Ar A 40 800 C
TS TR BT MoS, WL, T HA R
BRI 5 RN R W5 K% Wang 2578 1)
S .MoO, HJi,650 ~950 CF S & ik Ji MoO, 7%
LA T BB MoS, 41k B (A K 2910 wm) , H
S35 0 b AR B T/ S EL TR H 203K 10° 3880 T B
L H 0.3 em’/(V +s). b5 K% Zhang Lz [39-40]
KKK CVD 28 & MoO, 5 S #3, 7£ SiTiO,
(100) B EAEK A AL B2 MoS, J, & & B i
R 471 HER fEALPERE (T, =73 mV/dec) ; K Hi%
J7 VEAE A S 1 AT A K K AT 9 (200 nm ~ 50
pwm) [F L2 MoS, , Hi i fb HER PEEEIE 5 (T, =
61 mV/dec, AWML F % E 38.1 A/em”) ). i
e Bk 2 B2 ) BT Zhang 25 LIS 4l S MoO, Ky
R JERL, FE Si0,/Si FE R CVD B3l 5 T R/NAT
& MoS, ¥ (3416 20 nm ~ 1 wm) , H 35 %00 4
g TF/ KR H R 10° (i FaE R R K 7 em®/(V -
s). B4R Wang 57 LS HY (MoO, 5 h

J5kH, 7E Si0,/Si B | Ar K450 CVD ARl T
MoS, 44K Fr. % Fl CVD 32 a LAl % w5 5 i i 55
JZ MoS, A, FLZ2 R TH KNSR T DL 45, O
IERS R SN SRR R (A7 SANGI I o TV S X
HJ2,CVD ik 4 5 2 HoXE LU 7= i okl WL, K
TR TSR A EE R MoS, I Y A 4 R — A
MEGL; [F L, CVD S K AR ER, A S 5
Mo Z& <19 F FH 241K
2.4 SeIBEMIE I MoS, 4K AL
JeBe ik AR S AT R i BE B
MoS, 44K . KH A% Cui 25 % 2 80 W0t
T H 3 = #i (CH,-S-S-S-CH, ) K78 H be it Mo
B RIS T S E I MoS, 4K Wk, £E 400 ~ 500
KB A7 8 (9 5% ma i P 5e. LA 8 31 Albu-yaron
2 RIS T R RO B P B i S S MoS, 4 K
LI 285 K 5 W AH A2 Ak (el T AR B 30 Bk e 1Y) 3% S
WA ) . W] O e i k2 1 & MoS, 4 K UL
(0t 3 (RS ORI L 35 B 5, 7 ).

3 “BLEMT"EEZH MoS, HXK &

3.1 BFEELEE

R Y A= r s A D IR RNy S E =511
AR SRR I B MoS, T8 4 Sk il % MoS, 44
K Fr . TN R P B TR 2 Ambrosi 451 S R
A HLAE (AL EE IE T A6 80 R T S640) 5 MoS,
PO CREAR 2 pum) 76 Ar U WL 5 v 22 36
72 h WK Li 5628, K5 5ok N B A 55 2
MoS, 44K } s & BLAR [ 45 HLEL X MoS, 741 i v
TP A W, T L4035 MoS, 44k A
TE LA AL RS S DL S H 25 45 0 B8 O T SR . 38 1 )k
T BB K2 Lukowski 258104 T 5L 8110 27 4 )2 o
PES A VE A K 1 2H-MoS, 15 1T-MoS, 44K -, kK
AR TR AL fE (R (10 mA - em®)
Higm##( -187 mV) I IE, T, =43 mV/dec).
Bk [ 57 K Zheng 25T BFSE T 253 4H (Na®
CoHy) HJ2 2 N H, &5 I T MK 9 MoS, 08 , %
Ja AE K R 7 R R 2 MoS, 4K R, 2R
1~32, i Kik 5 ~10 pm, H PL {%¥E 668 nm
b (1.86 eV) 4 i . BN BE 3% 24 B K K 2% Jeffery
AU L Li 4R 219 Li, MS, (M = Mo W) 5 3
il 28 AR AT NH, CL K AR ( -5 °C) [ B, il
%1k MoS, 5 WS, (RI(NH;) (NH, ) MS,) ; &k
FEPITE KBS R IR S AT 2 h B ALTE 12 pm |
JEE29 2 nm [ MoS, 5 WS, 44k F, H PL i 5
HUZ R GG, MR EER G MoS, 5 WS, 9Kk i
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AT BT HE S MoS,/ WS, 1R 4.
3.2 HHEBEREE

VROFH 75 R B8 & fE NMP DMF 4645 ML A i
R A s LR B MoS, [ A, il £ MoS, 44K H-.
HRIMR K 2% 3 = — 22 B¢ Coleman %" 7" 3 Jp i
HAE NMP 55 4 (TPA ) 55 UOAH A 52 v A o)
JEOR AR ) 4 52 MoS, WS, BN 44K -, I
R A W 39 58 0. 4% [ Bang 457" 78 1 NaOH,
WEE RS T NMP A S R B MoS, BB B AL
RS MoS, 3 MoS,-rGO & & #) il fi Na
B L G (He 28 il 200 ~250 mA +h -g7h).
B R TR Yu 548 1, 2- T AR
(DCB) ¥ W& 8 75 31 B MoS, iy (Rt 2y 2
pm)6 h, 35 500 r - min " BB TTIEY, H
13555 2H-MoS, 442K J, I F ot & = G0k e ok 1
FasE T MoS, 41k H. 2 H K2 Xu 45 L NMP
8¢ DMF Sy 4 51 2 3 75 (250 W) #25 MoS, ¥
3 h ARIGE L 273 B IR, I AE 140 °C R R 204
F£6 h, M52 000 r - min”%:l} 5 min 43 B 15
2 MoS, T A (L2 590k i (JLEY) ,
FIF AR B )2 MoS, it i Al A50A: ) IR IR 5T 5 7 &
HEAEF] (U, . =120 mV,T, =69 mV/dec) . &f [
KIST f# Yun %5 DL SN EL IPA/H,0, R4 5, 48
PR B MoS, #, Wil 13 T 4 A Ak 19 MoO,/
MoS, 4K Fr, I FIAE A HILK BH fig L 3l i) 2 ol
JZ(HEL) 48 @ 7 H it AR k. 55 1w AR v R
2 Winchester '/f§[55] TE -+ e 3 g BE B ( N12P) 4y
J AR ES MoS, (7~ 1 h, ¥ 10 mg/mL,1 500 r -
min "' B0 43S 45 min) B Y EDLC L%
BOHM 2R IR 2,25 ~ 2.4 mF/em’. 25 [ A 4R
JE WK % Halim 4550 76 W2/ K A J5 v i 3 304 1%
TH T2 R 8 1T 9K g, B T VA R R
B MoS, B, IF R E R 10% ~30% 1T
Pt S5 PR T /I 8 O ( 3R T 5 T 4E 25 ~ 35 m)/m”)
AR 2 R ) 7 R
3.3 HMHREE

BUAH B 25 05 = AE LA 85 U1 I E R T R &
MoS, [E &, il & MoS, 44K J. i pg v 22 T. K
o Li 25T W AR ) R R B MoS, A i %
THEE MoS, 442K Fr, A3 MoS, 44K & 80 45
AR B NO A A4 i 2R . 22 IR 22 AR R AR OR 2
X =—22F% Varrla 2258 D) JH B8 44 (C,, HyyNaOy)
Sk RS PR R R JEF D R B0 e e i AR
MBI U1 S B MoS, (K21 6 um) WS, (1K 2

2 pm) 5 BN(AKZA 1 pm) , REHF TR MG
JE L FRIE PR e B e A B AR R R R
NGRS RE) 73 R 8 o B 55 52 FLAHE ; 78
A 5 F , 322 MoS, ¥ BE 35 0.5 mg/mL 7 &
1% FIBRF Y 1 mg/min.
3.4 BURFEZE

HL Tk 2% 3 B ) 45 MoS, 40k B Ll i k% 5
fie HF B -4 )25 K53 M 7 AR B MoS, A 1l &
MoS, &4 >k Fr. #f [ & i K 2% Liu 257 23 51
MoS, HLfh Pt 22 3 T AEHL Al 5 X i, B 0. 5
mol/L Na,SO, 7K¥ ¥k H A JoT, i + 10 V(1% 1E fi
JERLf# 0.5 ~2 h, 1 F MoS, 2 8] /K 43 fitt 7= A= 1Y
H, [0, {2 i H R B, =% H 5% ~9% ; i f5
FEJZE MoS, gk i (1K 25 50 wm) AR T &
w5, A R0 A Y JE/ G L Fe R 10° DL E
N R 1.2 em’/(V - s).
3.5 #BIE5R COo, BBBERE X

FEIG A CO, 4l Bh 8 75 32 B J2 MR Ak < 7 s
AR HE G B CO, 43 F 4 )2, # B MoS, 4% [E {4,
Hil 4 MoS, 44>k A, g 58 8 K2 Wang 21" Fi
FHREIG A CO, A5 (45 °C 10 MPa) 5 #875 (12 ~
60 W) (¥ H1 5] 1 FH 40 min, i D) 1 55 MoS, % [H
Tk, Tt MoS, 99K ki -3 ) #E 2 0.75 ~ 0.8
nm ;4> A R 7 IR RE 7 2 S 1 s e 4 X
J2 MR A B B B A EE B . R OT, Gao 45V BT
8T MG A CO, A 5 Bl #8758 o B ol o5 S
JEA BRI H B AR A 40% ~50% . o] UL I
Bt CO, A J5 i Bl s ) 28 J2 R T sk SR O 4k,
AR CO, 43 1F A2 R v iR )2 (] 1 4
TR - PN E e e 0 Nt e
il ANV A, R SRR — L el Ak, ook
R
3.6 BRIHERHBEEE

) AOF B e B 42 E R S R AH R B MoS, i
By, 45 MoS, 942k Ao € E &G W H T K %% Yao
S SH R N T 10 pm () MoS, BOBY7E NMP
(3 DMF .DMSO) % i A5 0.5 ~ 3 h, T3 BE g
IR G W98 05 T BT IR 80 45% 1 2
fit/ KA Jot v, JF & RE B 5 120 min, 6 000 r -
min "' B0 43 B 30 min, 15 B MoS, 44K H ; HF &
IR ) 4 K B G AR o R B ALK, BT A MoS, 44k
R HA NH, SURs k. i, S5 R AR B R H T K2
Nguyen 25 %/ S5t MoS, MK (K422 6 wm) 76 A
[ A L (NMP | 2 N R 45w e s s 14
YK 7E £ BE A o = BB B A (120 W20 kHz) 90
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WRAE R, 55 B AL S SR GRS G MR 55 R T 23

min, % BUAT ML [ o ATF S XoF I 6 1 75 R A T

R AR R TSR AR RLBVE R By T R B,
1o 2 1T 5K 7 55 1R i s NMP 22 [ W B 72 MoS, 40k
P 2T 53 W 2 T RE.

4 MoS, MRBENEESHE

4.1 SEMAKE/ MoS, EFINEEM Y

T Au, Ag Pt 55 4 &8 49 K & 7T £ 5 MoS,
A MR AL A PR BE. L BTN 57 K 2% Sreeprasad
2L DL Au B MoS, 98K Fr, 3R T MoS,
G i vk i 5 PR R bR K% Yang 251 UK
WA L) Ag-MoS, IR 22 W 1E R CdS 1 Bl fiE 1L,
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Advances in Synthesis and Applications of Molybdenum

Disulfide Based Nanocomposites

CHEN Deliang, DONG Huina, ZHANG Rui

(School of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; Molybdenum disulfide ( MoS,) with a typical layered structure easily forms few-layered MoS,

nanosheets, and has a wealth of optical, electrical and catalytic performance with wide application potentials

in areas such as photo-electrical and energy conversion. The preparation of few-layered MoS, nanocrystals and

MoS,-based nanocomposites using molybdenum-containing chemicals as starting materials by wet-chemical and

vapor-deposition methods are the cutting-edge focuses of recent research. However, the synthesis of MoS,

nanocrystals from chemical reagents with a long route is not low-carbon and environment friendly. Molybdenite

is a typical layered mineral and composed of layered MoS, units. The amount of molybdenite in China is huge

and it is a green and low-carbon way to prepare few-layered MoS, nanomaterials via the intercalation-exfoliation

strategy using the purified molybdenite as the direct raw materials.

Key words: molybdenite ; molybdenum disulfide ; two-dimensional layered structure; intercalation and exfoli-

ation; mineral material
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AW B 1 PAA/SIO, MOEHINAE] 0.82 ¢ ECH
55100 mL @4 RV W L 7 323 K 451 R it S
N3 h, K225 RS AR R 22 7K 2% 1R K AR TR Bk
Y, BT IS A5 9 T B 30 2R 0 TN R e S b R
(IIP-PAA/SIO, ) . 4% B SCHk [ 7 - 8 ] B9 Jr %, 1%
IIP-PAA/SiO, (1) B3t & &8 1. 133 mmol - g~ '.
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IIP-PAA/SiO, 4 FT-IR £L41% & .75 : 1 066 cm ™'
13 405 cm ' Kb 412 Si—O0—Si Fl—Si—OH 1
LEHMIR I 2 962.5 em AR HY B T —CH, 1 ff
47 4 Bl WO . AR T SR S ik e A8 BBR S R T v
£ B T s T B ek A R TIP-PAA/SIO, B
FTIR $& & 7E 698.2 cm ' 4b % A H #l—C—Cl 4t
P14 i 45 A1 2l W s e, e IR R S THD B G 1Y) PAA
2 DLW B 7 207 480 A ik e R T
1.3 Fp7S IR B4 EE N E

FESCHR[2 19073 FRICER I B4 BL 0. 15 g, A
25 mL pH =4 {7170 FFFER 25 1A i B B8 i i sl o
TRA W, 298 KO # A5 W BfF 24 b, I 5@ %5 W
Cu(I1) 1 Zn (1) p)PA7He B C, 42 IRE0(T) ~ (2) 2k
PHEERPR TR B Q, (mmol - g7 ) FIEEFEME 5
Bk

v(ic,-C,)

0. (G0, (1)

= Qecu(m . ( QeZn(II)) _l_ (2)
Cocucy C oy

Q. bR H SRR B i, mmol - g7 C,
I C, 3 530 2 WS FF AT 0% RS 5 9 v i ) e
F I, mmol - L™ VR, Lym 1R
iplloie =

> GRS

2.1 pHHRIE

Kl 1 KiEw pH XF PAA/SIO, F1 1IP-PAA/SiO,
A LA W BT 5 7 5 . DA R 1 AT DL Y, PAA/SIO,
1 TIP-PAA/SIO, W B 15 Fifi 5 15 W pH 1) 742 4k 34
ARARL. pH BN T 2.0 B, A4 2% 1 260 5L 78 5 R M
T G Ak, S T AR Cu (I0) (4 1% B, W
B AR /I s pH (E KT 2.0 B, B4 Rk 36 T A9 17 1 i
A% Cu (1) B 2 G VE F % i ke 32 S 48 T, W Bt 4t
FEUG R A5 24 4. 0 < pH {i <5. 0 B}, PAA/SIO,
HI TIP-PAA/SIO, #4 K} i) W B 5 BEAS 46 5E , 73 31l by
0.599 mmol - ¢ "1 0.625 mmol - g~ ' ; %Wk pH 15
T s, el 25 5y 10 € 0 52 el W R 45 4 PRIk, R
ERAEE S v WY pH EK 4.0.

0.7
0.6 —=—PAA/SIO,
——IIP-PAA/SIO,

051

04r

03r

Q/(mmol * g)

0.2r

0.1r

O~0 1 1 1 1 )
pH
B 1 pH xf#f#} Cu(1I) IR B 2 B9 M
Fig.1 Effect of pH on the Cu(II) adsorption

capacity of the materials

2.2 REMEN

EWW pH =4 & J8 5 T R 5.0 mmol -
L' 25 mL 458 F , U B X b4 Rt W 2 0 30 %
ZREW 2 ULER 1. 3 1 Al A1, PAA/SIO, F1 1IP-
PAA/SiO, W Bk S R [R) ). Bt o T 1 T o
PAA/SIO, -5 W B 5 Qpnssio, oo 22 T K, T
IIP-PAA/SiO, 1 V-1 W B o Q ., BV BE 1) T 055
T8/ A6 4 BF B F 36 4 W B 2o B2 v, PAA/SIO,
T REFENE AL ko o, FEALEFFAE AL T°5.22 ~
7.06, 3X R, I BEXTIZOb R ) B B B T R B T 5
Wi AN T TIP-PAA/SIO, B ZE FEME R B b ippaassio,
W ek ) 386 DR 0 e/ X R T TR EE T v AR
TR I AR X A B T 1 BE R T A ARk R A
Al 1Y 22 5 v] A JE A J& TIP-PAA/SIO, il #% b /&
FM) PAA 539 38 16 [ 7 78 £ IS 208 , &5 70 1
FETH T 2 11 25725 i AR 7 R R R I A 1 AR Ak
2.3 HEMERLZ

F£ 25 mL pH =4 B R 4 15 W, B0 I M RHE
BE6 g - L, WP BE 4> 5k 303,313,323 ,333,
343 K i Ay W B 45 3R 26 DL I 2. n] DL H AR TR IR
JE T TIP-PAA/SIO, {1 V- fir W B 5 78 56 4 75 W v
Wi - A7 e B2 1 385 0 T BE 0, BE S A A R ET
R TR A, T EL I ARk B TR AR IR
LRI

F1 IR BB OR B 1 B2 B % M

Tab.1 Effect of temperature on the adsorption properties of the materials

R ZH 303K 313K 323K 333K 343K

QPAA/SuOZ-Cu 0.596 0. 605 0.615 0.632 0.656

PAA/SIO, QP\.\/smz-z" 0.107 0. 140 0. 146 0.140 0.138
L A/Si0, 6.60 5.22 5.25 6.43 7.06

Quca 0.638 0.601 0.581 0.551 0.533

IIP-PAA/SiO, Quvzn 0.011 0.013 0.016 0.017 0.021

k 61.70 50.55 38.41 29.55 20.58

TIP-PAA/Si0y
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Fig.2 Adsorption isotherm of Cu(II) on ITP-PAA/SiO,

Langmuir B i 45 i =X N

c .o G 1
00K

(3)

W B 25, mmol - g7 5 C, Ry B PO AR B, mol -
L_];KL 3 Langmuir T¢ fff 2 %, L - moL™'.
Langmuir W Bt 45 75 =%t /& 2 30808 247 315, AS T
RETWC./Q, 5 C, AERW 125 H L&, 46
B HELEMARQ,) MERTE( - 1/K) 7R H A
TR LT A1 AR B 25 18 A1 Langmuir W% [ 2 %52, 481
AHBRMSHEOTRENE 2. TR R ME 2 &
7 :Cu (1) 78 1IP-PAA/SiO, R 1H iYW B E A7 B &
{8V 2 RN . B R BE B TH i TIP-PAA/SIO, (1 1%
BT 45 U 2 32 3 [ G, P00 A9 AR R B 5 Q. H
1.360 mmol - ¢ ' F WL F] 1.268 mmol - g~ ',
W B R B K, H 714,29 Lo+ moL AR K I B
400.00 L + moL ™", AT U, , T 5 85 JB A 1| Wi .

%2 1IP-PAA/SIO, R Fi$R A Langmuir 7B MM A F S
Tab.2 Langmuir equation and thermodynamic parameters of IIP-PAA/SiO, for Cu(II)

/K Tl Q./ ) K./ . AH’/ ) A5j/ ) A(;“/i1
(mmol - g™')  (L-mol™)  (kJ-mol™) (J-mol™ -K™") (kJ+-mol™")
303 €, =1.3595C./Q, - 0.001 4 1.360 714.29 -16.50
313 €. =1.346 6C./Q. - 0.001 7 1.347 588.24 -16.63
323 €. =1.3213C./Q, - 0.002 0 1.321 500. 00 -12.29 13.87 -16.77
333 €, =1.2893C./Q, - 0.002 2 1.289 454.55 -16.91
343 €, =1.2677C./Q, - 0.002 5 1.268 400. 00 -17.05

Langmuir M fff £ %4 K, FEEE T(K) B2 1k
AJH van't Hoff 453X Sk % :

AH' AS°
InK, = - RT + R (6)
KA AH (K] - mol ") AT AS®(J - mol™' - K1)

53 ) R W B Ak R ) A R AR 5 T SR 48 % IR R R
PSR E R In K BESE01/T (19728 10 B A 4
WFR LR, WK 3. K G #h:In K =
1478.5/T +1. 669 (R* = 0.990). {R ¥4 & ) &
) AR 25 TR AR AT R A5 W B ol R A % A RN A AR B

6.6¢
6.5¢
6.4F
.63}
£
= 6.2} s
6.1F
6.0F

5. 1 1 1 1 1 J

%0:0029 00030 0.003 1 0.0032 0.0033 0,003 4
T /(K"

B 3 IIP-PAA/SIO, B In K, BE 1/T 924kt &

Fig.3 Plot of InK, against 1/T of IIP-PAA/SiO,

A 3T P A 2> 2N AT A5 B 0 B A R AGT,
T RA T 2. (LI E T ,AGC N -16.5 ~
-17.05 kJ - mol ™", J& i {3 {3 WA 12 W Bt AT
RAAT s AH Sy —12.29 k) - mol ", 3 3¢ BA i W
IR DR T i i R R R R
2.4 WRHiEh N E

VTR hE v B 435 4.93,11.0,22.0 mmol -
L' H A R 2% 024 4 [ S A4 30 g 2% il 28 D0 T8 4.

14r
—a— 4.93 mmol * L

12F ™= 11.0 mmol « L
—4—22.0 mmol « L

0.8}

Q/(mmol * g)

0.6

0.4F

0.2}

T T T
t/h
B 4 IP-PAA/SIO, 3 RERE Cu(Il)
B W% Bt Bh 71 = b 2k
Fig.4 Kinetic curve for Cu(II) adsorption on

IIP-PAA/SiO, at different concentration
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Ho 25"V J 1 (40l — 23 f1 2 ey
t 1 1

(5)

0 koo
S BRI b 0, BT Q, I ¢ iRk
O B4 LT Bt mmol - g 5k, A= 2%

W B8R 5, g - mmol ™' - h T L B S
207 FE A LIP-PAA/SIO, XiF AN [ 4 v JiE 1 % ff
B I3 TR B R S LS O B AR RS
LA AR R R AT SR A5 U O B B ) e 2
B G T BRATAR L 3.

®3 ARERET OP-PAA/SIO, K Cu(Il) Mz HESH
Tab.3 Kinetic parameters for Cu(II) adsorption on IIP-PAA/SiO, at different concentration

C,/(mmol - L™ Equation R’ Q./(mmol - g™") 0.,/ (mmol - ¢") k/(g+mmoL™' -h7")
4.93 t/Q,=1.409 6:+5.109 0 0.970 0.709 0.631 0.389
11.0 t/Q,=0.790 9: +2.744 3 0.974 1.264 1.124 0.228
22.0 t/Q,=0.732 5¢ +2.071 7 0.980 1.365 1.265 0.259

M FE 3 AT LLFE ), IIP-PAA/SIO, 4 52 56 %1 H
AT DL G000 Bt 3l g 2 7 BRI, LA AR B 1
AR A Q, HEEm A TR 0, ., M
VT A R A WP IR A B TR LA Q. 5
SEHHE Q. ., FBE Z 3G, A8 b5 0 2 AL W B
BHWBAUGE b, 5 WREIWI 6 A ¢, X R
key FF AN 1 B e W B R A PRk 5 SOk [ 7]
SHEFSTERE S

3 it

SR FH Se 0 3 7 30 2R 1T 3 BR 1 O vk i A —

") 2% T 0 30 R 0 T 5 M e R AL, I 3 e e A
FhF¥E B 58 1 BN 44 B TIP-PAA/SiO, X %5 W 1 4
BT 110 A A A5 A VR AR T 2 R I 2 g A 4 T
M. g5 R, 76 SC 86 ) TIP-PAA/SIO, T Fff
Cu (1) Fy~F-#i % 4 7T ] Langmuir J5 F2 40045 38 o
Langmuir W% B} 2 $i5 1 B 19 56 32 15 21072 W B 5 7
B A B fE AG® S -16.5 ~ —17.05 kJ -
moL. ™", k5745 AH® S —12.29 kJ - moL ™', £ W%
W BT 3 & AT e — AR R T AN R
W B £ 47. 3 Ah, TIP-PAA/SiO, A4 BL X Cu (11) Y
W B 3l 7 2 B0t T AU g sh g 2 Oy R R 1S
1) 2 B 20 3 2 B ke, 5V TR R TR B G
BT HER M AR Q, 5EEME Q, . ik, B
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1.1 EREM

LI % Bk A 11 (Apoferritin ) |, Sigma 23 7] 5 i
B2 %k (Co (NOy ), + 6H,0) , K HETT i i K 41 1k T
I A kA (NaBH, ) , KB R K 40 Ak T 153
R B B W 4 Tris( (CH,OH),CNH,) , I
B A BR 2 R 5 5 R W2k #% (Fe (NH, ) ,-
(80,), - 6H,0) , RETTILI7 LB R WA 8 85 vt
1.2 KEHF

i T A R T2 IV R A o0 R BT RL. 1 FEOK
VL P TR K, TE 60 °C K Y In A RITRE 1 Bt B 1 2%
R, B HL2.0 mL Y Tris 28 b T 5089 Y
JZ, Il A AT RR " KK 20 pL i
8 Ak B 1 9 R N ) B O v, T 3 ) R
T oy TR L TR I K A T R B A A B TR A
100 WL LU ] B4 3 2 im0 A2 52 0 ob R AT =
N IF R RO RS 0. B R, B RV W AT
BT AL
1.3 HmERME

FH A7 JEM-100CX -5 3% 5 o, 1 5 i 8% L E-
VOLUTIONG600 %5 4h T UL 5% 43 56 % BE 11 il gg &= o
B X ST BB IS AL (EDS) XA 5 iE 17 A

2 BRI

2.1 $REHEES TEM & %F
T8 Ak 2k TR 1 VS TR 1R Ul e 2 )5 BT 1

EEWHE :HEARPAEERIIA (21271158) ; W4 0 T B£8R UF 58 E R0 (128430023 )
EE RN AR (1965—) , 55, W R 54 A, 18 o, 32 20 DA o 07 25 490 K B4 RE TS Gt 9 e g 25 7 THT B BT 5T, E-mail ;

ydxie@ zzu. edu. cn.
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1 ZBUEMHEAeEnaR%s%Ean TEM By
Fig.1 Pure apoferritin TEM photographs

uranyl acetate stained

L2 Sy 3 Tt S 07 I P M 2k A 1 VS TR e 42 0ot
SR WA Al e 0 J5 A48 1 TEM 8 . AT 2 AT L)
FREIEARM SR, XS RN ER KN 8
nm , 7£ X 28 8BS oA — N EAEY RS
nm [ 8 8 BR8] 3 20K 10 T3 45 B A AL Y
TEM [&]14.

20nm

B2 ZERUESHMFREENHRERER TEM RA
Fig.2 TEM photograph of iron cobalt samples

stained with uranyl acetate

3 MX10 FEMGHSER TEM R
Fig.3 100 000 magnification TEM photograph

of iron-cobalt samples

3 vy 0 B BRI 4 OK RUST 8 ORI, it
KL AT 1 5] HAT e BE ) o e HORiAR 2 5 ~
7 nm, f/NFRERBRE B S A AR ST 8
nm. ]I FH AR DA L SR 23 A, k46 TR 8 11 B8R AT
fE e A H A AT A e LA Fe-Co O 3 (19 4 KL
T, FRES A T 2 AT IR A R B A 2 TR R
LR
2.2 #kEHEmEY EDS gEik oA

XA EE A 2E AT EDS BB 20 A, 13 I & 4 0
% 1.

Cu

S Fe Col| €Y

6 é A‘t (; é 1‘0 1‘2 1‘4 1‘6 1‘8 iO
JerigttkeV
4 SREhFEMEY EDS BEi%
Fig.4 EDS spectrum of Fe-Co samples

x1 BREPETEREASLEE
Tab.1 Energy spectrum percentage content

of each element

JLER JiHE 0y 8/ % JE B o3 L/ %
Cu 33.55 9.88
Fe 2.53 0.85
Co 0.90 0.29
C 58.50 84.03
0.61 0.36
0 3.91 4.59

B 4 T 718 2 30 X AR BROK ) X IR A 1B EDS
AETG. DA PL3E b i] LUOULIN 21 &% 70 3R FRS J0 &K /Y BE
T UG KU TH 7 ) A4 IR 46 TR 8 94 K UKL < e Bk
s AN ECE R B AR JF K 4 ik A
AR 55 A B 0 3R U X e R T RE A E Al TEM SR AR i
RS 400 Ay ] 1 T B 5 A 3B A A 2% TR T 3R ) U
(L, JEUER ] R 9 9 P I Bk Bk B 1 o o s
B LA, 8 A 2R BB G 3R AR 0 R Y IR, 31X )
AE J2 DA 0 A F) D A A T I 2K e IR 2 2k 2 1
HRR S A — R BB G R AR,

2.3 HHERNEXBFOIHSN

SR 328 1 P I OB WL R A B S LI S
RIMAEFZRARHR S ~T nm (1 2B (5 90 K B0k, 2%
TE Hoh — A BA AR R Y | S50 G 8 (0 0RE X B
HEATHE DAL AT B, FEE X AT S A5 R W S
7.
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Fig.5 Electron diffraction of Fe-Co samples
MNIELS HroR fig & B R 2 B HL 1A S R L,

N0 X 46 ) 5 A P 5 DAY IS 614 0 K B AT T

T T LG 8 TR S AATE. TR T, B Fe 928

) 2% Jot i S A0 S 7 B RSN S5 4, JB T A2 T b &R

(AR AR AL, FL AR W O @ =0.286 3 nm;

Jit Co HY =S [A] £ Jot i, 52 %6 HE 7N J7 45 0, it s o 0

£ a=0.2507 nm,c=0.407 0 nm. iy F 24500 5

AR ], A% o e — e 22 0, BT H

e F R NS BETE B i PR 45 48, i Je: DA TG S8 T8 285

17 71E.

2.4 SREEREEISNTRRE ST
X Ji IS T I D ISk k. P A R R A7

SHMAT DLSGE 23 A, 58 0TI O W W 1 & 4n T4

6 JIT7s.

— F
- R

Ui

360 460 560 660 760 860
WK /am

El6 HKHERERRMEFIFH UV - vis i

Fig.6 The UV - vis spectroscopy of Fe-Co

sample before and after reduction reaction

Bl 6 S 2 4 B 2k Rk 2R 1 9 oK B0REAE Hom
A Fe’* [Co™ " AN AGE JFEFI5 LT i UV -
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NaBH, & , 7€ I 007 B BiE 3 A 0 g 0 W) Jd 725 55, i
B WY Fe® ™ Co™ " A J5 ] NaBH, i JFUl
Fe Co 4 J& Ji5 1 ; i 7 280 nm B iz A B 2k 2k 8 11
() DA W) 5 A K A B I A Ak, 0 BH A8 DR N T R
JL R AR B T vk B R A R AR AL, RIAEE A
Df ik e R R B 1 R R B T — A SR AR 1)
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0 G KSR (14 B 53 2 43 J8 Bk R, 3 32 I H
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REA, LA R il 0 A 2 IV % 2 S SR ek, R 2 )
BEM L A I Fe-Co 94K b1 R i 1 X RF dh (9 AL,
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The Synthesis of Fe-Co Nano-materials Using Biological Templates

XIE Yinde', HOU Baosen', ZHAO Zhanzhong', ZHANG Bing’, ZHAO Xia'

(1. School of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. School of Chemical Engi-
neering and Energy,Zhengzhou University , Zhengzhou 450001 , China)

Abstract; Fe-Co composited nanoparticles were synthesized by using apoferritin as a biological template,
Co(NO,), - 6H,0, Fe(NH,),(S0O,), - 6H,0 and NaBH, as the reactants. The prepared nanoparticles were
further characterized by TEM, EDS and UV-visble spectroscopy. Experimental results show that iron-cobalt
composite nanoparticles that use apoferritin as a biological template for the preparation are amorphous non-
crystalline and highly monodisperse. They are about 5 ~7 nm in diameter and the distribution of their particle
size is relatively uniform. The result of the study is a further indication that the apoferritin is a good template
for preparing nanomaterials.

Key words: apoferritin; biological template; Fe/Co; nano-particle
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Adsorption Behavior of Surface Ion-imprinted Poly( Allylamine ) -Silica

Material for Cu(II) from Aqueous Solution

FAN Zhonglei, LI Ruirui

(School of Chemical Engineering and Energy, Zhengzhou University , Zhengzhou 450001, China)

Abstract. Surface ion-imprinted poly (allylamine ) -silica material (IIP-PAA/SiO,) was synthesized by physi-
cal load and surface imprinting technique. The thermodynamics, kinetics and selectivity of Cu(II) adsorption
on ITP-PAA/SiO, were studied by static methods. The results showed that the adsorption capacity and selectiv-
ity of IIP-PAA/SiO, decreased with the increase of the temperature. Its adsorption equilibrium data for Cu( 1)
could be fit well by the Langmuir model. The adsorption thermodynamic parameters calculated showed that its
enthalpy change AH’ was —12.29 kJ - moL ™' and AG" was among - 16.5 kJ - moL."'and -17.05 kJ -
moL. "', which indicated that the adsorption was exothermic spontaneous process and increasing temperature
was not conducive to Cu(Il) adsorption. Adsorption kinetics data of Cu(Il) on IIP-PAA/SiO, could be de-
scribed by pseudo-second-order kinetics equation, and the fitting adsorption rate constant and balanced copper
adsorption capacity were related to initial solution concentration.

Key words: poly(allylamine) ; silica gel; surface imprinting; Cu(II)
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W OE. KA THMY % B L% (Multi-objective Evolutionary Algorithm Based on Decomposition,
MOEA/D) B /A FTLTAEKAF AN , b TEAFIHKERKEZTAR TR LG RE, 23 B AR & K472
— . A, R — A BER & 4k £ 5 3t K % (& Constrained Differential Evolution, eDE) F & &
A B AR A2 Pareto AT & 1 84 5k K AR Aok ME, A A X s A xF & B AR AT 2 — AL 2 K6, A MOEA/D i
TR, FEFET AT AED e YRABEH R KRB, KA —MFEMN KR A f— MEE R HHK
AR AR 2t Bk AT K, OF B E AL B AP )2 — Aoy sk 3 AT T AR AR PB4 B 89 7 ik, MOEA/D 4k 2} Pare-

to AT % 49 — 3%

HEATIE P ARAL , B W Ak AL 22 — 3k Pareto AT & 7 9% X VAR AL 64 7] AR .

XK@ % AAFBFEE;MOEA/D; )2 —1b; TR £ o3tk e R &2

hE S %S TP183 XHERFRER: A

0 3

% Htn Ak [a] 81 ( Multi-Objective Optimization
Problems, MOPs) 3% ik £7 7 T T & W H] 5 B °7 bff
FEH, X S R] A A& B ARTE AR B g 7E XS H
PeAb S, 55 B 2% A~ H AR i 47 3 240 B2 MOPs 11
FEW A ME— 1Y 42 Jm) e L Ff L T A3 — > Pareto Fz A
fi# 4 ( Pareto Optimal Set, POS). % F 1% 4t ) 42
LRI J7 ¥ 3K A MOPs I, I A ik | H AR LR 32
8, —Was AT HBERAG— i, i 2 B An i b5k
(Multi-Objective Evolutionary Algorithm, MOEA )
HNTEMIEATIE , B8 — MR 13 — 4 Pareto Fe it
f#. F M Schatter il David''! 7E 1985 4 1 W #2 1
AT 2 B bk i 1) 5 D7 Al 35 1% 55125 (Vector E-
valuated Genetic Algorithm) DL2f , MOEA 15 3] T 2~
BRI W, P2 ER G TIRFE N
MOEA & ¥, 40 Zitzler 257 $£ i} T SAPE-II;
Deb"” #£ 1 T NSGA-II; Bader fl Zitzler'™ #2111 T
JETPEAH 18 AR 9 HypE ;2007 4F Zhang 45 °' # H

I
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T —F AT 0 BT 4 ) MOEA 553 ( Multi-Ob-
jective Evolutionary Algorithm based on Decomposi-
tion, MOEA/D) . iZ L 45 & 1% G B2 FL R ik
H e 2 B ARt In) U & h Ak 2 5 B An Ak n)
JL SR I SR F 2E AR 55 [R) B4R Ak sk 26 51 H AR AR 4k
5] B, f 4% 3K 15 — 40 Pareto R M. 5 K £ 5K
MOEA %341t , MOEA/D B3 B3 A 57 He i 3K i
M RE AR AT 0 A 1 S e SR T U Y AR AR TR
2009 4FHY TEEE gEALTH R R i 2 H it e
FE MOEA/D S35 T 45— 4 L4 ok 17 2
H X MOEA/D i T 18 2 2g ik, 5 4, Palmers
471 3E MOEA/D 43 fif 9 454 F ) 0 5 2 AN
Qi %"y MOEA/D 41 T — Ff 11 3% S AL 3 4 4%
D5 Li %O MOEA/D 421 7 — (& B 57 1
VeI s R B A R T — A TR A
BRI MOEA/D. H T, 2% 5 3kt 4% 5 o i FH
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( Pareto Optimal Front, POF) ) 4+ H #5 {H £ ££ 78
[0,1]X[H] ,MOEA/D 7£ix #& n] # |- 3R ¥ K 47 {5
A ) AR AR 1) 82 B s eR BT A A AN [R] 1Y)
A JF HOH R B TE AN R R b 2
BEAEN ] MOEA/D SR A I, 23 3 ik 22 09 i 48 43
itk D, T o6k 45 H A oA HEAT 0 — fh Ak .
Zhang % F 124§ AR RE 0045 B0k 13— 1k, (5%
D7 Al I H bR ph B sh S 28 AL, IF R BL 28 H bR v
DAPRAL B8 BT, 3% 07 ¥kt 43 2k k. Zha 25170
FH B b o8 B fie KR e /MEDR 5 — Ak, 7 5 2
B xRN E A MOEA/D.

R — P 3 — kO ik DU
MOEA/D Jif 1] T TR LAk ) @ 55 4k, 28 & R M
— P IE N e 29540 3Ry ok Ak B T AR AR Ak IR R
SEUESE

1 a8 E X

AR — e, TR A v i 22 H bR 4G Ak 1R] 2
38 H AT LAR H DL BeE s A D
min f(X) = (f, (X) ,/,(X) - ,[,,(X)).
t {gi(X)$O (i=1,2,--,k); (1)
h,(X) =0 (i=1,2,---,1).
ZEA m DA H AR, R & X = (v, x,,
©ox,) A EADRERAR DA FXAR, RK
A ) R AT R R 2% A R /M a) L
max f;(X) = —min( —f,(X) ). (2)
1.1 Pareto sz f#
MOPs 1 (1% 5 I fif% 30 5 B F% By Pareto 5 1L fi#
( Pareto Optimal Solution). X F = (1) Ay MOP,
H: Pareto f it X~ & XWF X F X e Q(FR
W (1) R T A AR AT 4R ), Q2R AN A7 7E HoAth
AT X e QM1 £(X7) = f(X) (j=1,2,-,
m) [G 07, B2 DA — Ak AN 2 a7, W
PR X" J& min f(X) 1Y) Pareto i {JL .
1.2 Pareto R{LfRE
MOPs 1) Pareto {0 fift E AN 1k —A, Wi A7 7E
— 2 AH B 2 1 B G AR, PR Pareto S AR i
£ HE X
P =X} ={Xe|7 IX €0,
LX) <f(X) X1 =X j=1,-m|. (3)
Pareto S fILfif 52 A Pareto SR AL fE IR
1.3 Pareto Z{LHIIB
Pareto S {L A ¥ /& Pareto I fIL i 52 75 H A5 bR
B3 (B By g, s (4) Fros
PF" ={f(X)} ={f(X) =
(L (X)) Lo(X) o f (X)) [ XeP™)]. (4)

2 BETo@ENE Bt EZ(MOEA/D)

MOEA/D J&—® 23 i 2 B AL HEZL , 7
ZAESE T, Z2 B bR LA ) 8Bk Ak o — R S H
PR AL 0] 80, SR J5 ) — 5 Fica A0 25 7] 28 09 15
KR FH 2 Ak B 3k X6 3 - u it W] i AT A
Sy B — > H BRI A 1) 8 ) I A i X I F Pareto
T ARHTHE b — i, e & SR 18 — 41 Pareto f%
Dbt o T MRV A A7 AE 07 B AR DR 1 2
B 5 T A A AR G B, 3 g 43 B AR <08 TR) A i)
=B AL, fE B S BE AR HE . 5 NSGA-IL A
Lt , MOEA/D Hg 7 5 PR B ] 9 35 A5 43 v B 47 JF
HORE I B9 Pareto VTR ARAE "

BORE B A ff R B 2 U) L 35 R (Tcheby-

cheff) 53 ift . % J7 1: %} Pareto 5 05 HT I A9 TR A
UK. 28 ok FHIZ R B MOP 5] B min f( X))
Fedb Ry min g (X[ A ,27), j=1,2, N, i F=RX
JIF 7 «
g (X|XN.z") = max (AL [£(X) -2 [1. (5)
A = (AL AL, A0 R A P AT [ it
FEWRSLIE0 <A <1, YA =1 N RES
HIWSCHKS] 52" = (2,2 ,2) " WBH A,
z' =min{f,(X) . AT LUEM, B — 4> 0] 8 Y i
LA HR 2 MOP [ Pareto S A f# , H MOP (1) 5 — >
Pareto f fIi fiff # % B — > V) b 25 5% - ] .

MOEA/D Ht, 5 F [l # min g (X | A,z ) H
B35 45 KB kA T S 5 S 40 48 1) A, SR
SR i) 5k =2 ) o B L B 7 ok ST Al £ A
RLRE S8 3 [R] R A9 A~ 1 9 FH ok 5t 24 g 1404
PRI ACA. AR AL B, 8 SR ) SBX B8 1l 22 43
L (DE) 57 2% R DE 5 1.

3 \B\—H4FEE

MOEA/D i& f] F 3R it 45 B 5 ok %k 1 38 Bl
A — B WL % MOEA/D B8 1% H F 4% Hbx
1 20 FVBC i A T 1) T R A Ak 1) B, H A o
oo m B EEE KM B bRk b, 11 H g k1S 4
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4T ) S — AR AR AL AR AR 3R A 2t A
Al sk 2 i — 5 1 TR A 0 0 5 A £ RS )
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Se—UEMRZR, WK, (LA ORI ) A8 R
A 28 11 T A 3
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S EORAR AORA R R HE B eDE R i
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min f, (X),

£ (X) <fi" (10)
s.t. g, (X)<0 (i=1,2,--,k);

h,(X) =0 (:=1,2,---,1).
minf, (X),

S (X)) <fi"s (11)
s t.{g,(X)=<0 (i=1,2,-,k);

h(X) =0 (i=1,2,---,1).
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Fig.1 Illustration of optimal solution for formula (11)
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(X)) <f(X,),if (X)) =@(X,);  (12)
o(X,) <¢(X,) ,otherwise.
o, GD%TQ/]ﬂi i, ﬁ%ﬁﬁfﬁ[ﬂ?

MX>-§hmﬂ0g(XD-+2nde(xﬂ—

8,0). (13)
K6 YR AEVFRZEE.

Takahama F1 Sakai ¥ & 29k 522 4 #HAL &
ARG A AR T 2006 4F 5 2010 4R TEEE (R
BER S FARMALEE ERE—4 " EEXR
JH Zhang 20k uE ) H & N & AR 5. Zhang st l1o]
P 25 i A A0 TSR — A 7 Ak
P & fH. BARSER T 2 s (14) PR .

0,if @, >Th or ¢, >ap, - N ort>Tc;
e(t) :{

ap, * @,.., otherwise;

(14)

A FoR EAWEG @, F 7 Bl b 200 1E
R KAA s 00 R FRE P 20 H05E S B 0 194>
TRE N IR FIRE R/ 5 Te s AR 1941 5
Th % B E 5 ap, Al ap, AT 0 Al 1 2Z J&] 19 5
B EAFOR, SR @, R KRB AT R £
W, BHELE & WO BN ik & BUEN @, 1 ap, fif.

DE & % Storn Fll Price ™ $ H1. Zhang % A
W HIE N & AYRTTIES PR —Fh DE 5k
(DE/rand/1/exp) 45 4. AKX BAUEW % )5k A
AR e TR MR RS B R LB A R R AR A L TR OR
fift 19 eDE FEk iy DA RS T 18 2 .

5 EESTERE

¥ MOEA/D i F F T2 ft Ak n) 81 ) 2. 4k 2
BT,

() SHE. W AE N
LK% MOEA/D )% %k.

(2) K HIE N eDE B R

(3) %1 5tk MOEA/D. D %) 4R b A 5[] &
A AN BRI B SOk (5] T X s A
a2 A K G B, A AR T
A5 H R B B W m E, AR A B (i) =
Piy, e sip s QSR T3 50 43 A A6 78 B Az Bl Fol
BER/N N B FPRE X, 931 55000 16 FhoBE 19 H AR R
5 290 i QBRI BA R AL : Gen =0

eDE BRI SR

& DE/rand/1/exp
{
for (i=1;i<< Nii=i+1) { /A RYIEFBE
for (j=1;<nyj=j+1) {
X'=LAu(0,1)(U—L) 3535 A B4kt

}
THEAX)F (X
}
for(t=1;t<T_ ;t=t+1) { /1% 1 &A%
for(i=1;i<N:i=i+1) {

(0= 0, ifg >Thor ¢, >ap *Nort>Tc
€ ()=
ap,’ (p_ ,otherwise

BERLAALL NI 3 .,
S.t. p, P, Fp, 7
X=X
MI1n]H BN
k=1;
do { IR X s
Xincw:XJ{zl +F(X/p2 _ij,\) //%%
X <LIXr>U) /A5 ab
Xrev=X!
J= G+ %n;
k++;
} while (k < n&&u(0,1)<CR);
THELAX ) Rl p(Xe)
I(AX), (X )< € (AX)p(X )/ ¢ LA
(ZI=X" fZ)=AX™): (Z)=p(X™) 1)
else
(Z=X": AZH=X):p(Z)=p(X") ; }
}

for(i=;i<Nii = i+1) {  //EHFIRE
X=Z5 (X)=AZ):0(X)=((Z") ;
}
}
Eafiibodin

2 HiEM «DE BB
Fig.2 Pseudo-code of adaptive eDE
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Horp rand S IR 21 [0, 1] 53435 (9 BELEL.
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(15)

y X +F(X2 -X?), if rand < CR;
Vo=t 16)
X', otherwise.
Horr, F Rl CR EWA 280 Fl it 4 2%

AR Y. HAR SRR 15].
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MR f(Y) AR T R i o (Y).

e) HFTfR. BEYLAN P se £ — AN E 7, i 3 =K
() g (X [N,z" ) F g (Y[ XN,z2"). &,
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TR (4).
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Fig.3 Pareto fronts of different methods for CF6

B3 s — A1 B O K S Pareto Fifif. 3
M7 AR B AT SRAT LB E E[0,0. 2 ] ) Pareto
RACETH. A~ (6) B T7 ik HARCOIT A 2, X2
AR AR (6) Bl B £ 5 L A%
AKRGAF(9) B T7 45 R 22, Ho— hy r e 5



5 6 )

SRAL, % BT ) 22 F AR IR A 05 A AR A AR Hh A 43

%, LIEEIFEL0. 4,1 1/ Pareto Fif 7 45 % 5 5,
JECERAE T 1 1] AL L 5 Mk TR Ak £ 0 Ak s 301 32 1)

i 2" 2500, 0.2, F CRifie b i 85 K H s
SHUE £ 2 (110, 1], s, e

10-0 1-0.2 1 o o
— — n
110-0°1-0.2 [11’1]’ﬂj“fz mRT

S U BT B 0 A S A B AR (9)
5 S T AR DL R 5. WAL 3 (o) T, 22
2(9) 7 7 4B 9RO 0, 8 A
LA SR M R 24 58 (9) 0 77 v A
W T A A LR MBI B T

X4 G R sDE SR fig £ 7T
Feft £ = [0, 0], 1R MOEA/D JEF7Kfif i
B KA £ 69 WP 40,0 21 ) Pareto e f i
W AEEALS = (0,070 £ = (10,11 BLT
T LASH A I — {7 T 2 4 £, 6 9
%510,0. 2] ) Pareto J iy 4b. FLIA 7 14 J2 1
B A W % 4R R S =
(20, 1JAIL100, 134700 —fLif 7T 578 e 4
R 7R (RO FE . GR35 A0 4800 0 A K
XF Pareto firif 1) T i 4 01 F it S o IR T 1 4
o 47l Pareto H i 0 T 5 32 0 F 22 6, T L 3 20
e Je PG B

1.2 1.2

10 10}
08 08
“ 06 o 06
04 04
02 02 .
o . T
0 2 4 6 8 10 12 0 2 4 6 8 10 12
1 1
(a) f =20 (b) =100
B4 i B ET3K4S Pareto B G

Fig.4 Pareto fronts obtained by increasing f}*

N TA7 28 B3 ) A BE B (Inverted Generation
Distance, IGD) 3 — 3 & X JLAP . IGD
RESLINF R

1

IGD ( PF ,PF ):Wxgzppd(x,PF )5 (21)

d(X,PF*) ZYmPi;l* Ix-Y]|.
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Ik FME brfE 2= BATH ] /s
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Fig.5 Boxplot of four methods for CF6
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Multi-Objective Evolutionary Algorithm Based on Decomposition

for Engineering Optimization

ZHANG Chunjiang'*, TAN Kay Chen®, GAO Liang', WU qing’

(1. School of Mechanical Scinece & Engineering, Huazhong University of Science and Technology, Wuhan 430074, China; 2.
Department of Electrical and Computer Engineering, National University of Singapore, Singapore 117583 ; 3. School of Engineer-
ing, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: In order for effective application of Multi-Objective Evolutionary Algorithm based on Decomposition
(MOEA/D) in engineering optimization, normalization of the range of objective values is needed. A self-a-
daptive & constrained Differential Evolution (£DE) algorithm is proposed to obtain the minimum and maximum
values of each objective on the Pareto Front (PF). After normalization, MOEA/D can then be effectively ap-
plied. In addition, the self-adaptive & constraint method is combined with MOEA/D for constraint handling. A
benchmark problem and a weld bean design problem are used to evaluate the performance of the algorithm a-
gainst two other normalization methods. One main advantage of the proposed method is the selective concen-
trated optimization on some regions on the Pareto front which allows handling of problems where regions of Pa-
reto front are difficult to be optimized.

Key words: multi-objective evolutionary algorithm; MOEA/D; normalization; engineering optimization; dif-
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Design of Fuzzy Classification System Based on Fireworks Optimization

and Differential Evolution Algorithm

ZHU Xiaodong, LIU Chong, GUO Yamo

(School of Electrical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; A novel approach to construct accurate and interpretable fuzzy classification system based on fire-

works optimization algorithm ( FOA) combined with differential evolution operators is proposed. It is the first

time to apply FOA in fuzzy modeling. The fireworks optimization algorithm is a novel swarm intelligent algo-

rithm based on simulating the explosion process of fireworks, which can optimize the construction and parame-

ters of fuzzy system with good convergence speed and optimization accuracy. To improve the diversity of the

swarm and avoid being trapped in local optima too early, the differential evolution is performed to further opti-

mize the model at each iteration. The proposed approach is applied to the Iris benchmark classification prob-

lem,

and the results prove its validity.

Key words: differential evolution; fireworks algorithm; fuzzy system; interpretability; system identification



20154 114
H36 % 6 M

BN K 2l (T % ) Nov.

Journal of Zhengzhou University ( Engineering Science)

2015

Vol. 36 No. 6

NXEHS:1671 -6833(2015)06 - 0052 - 04

AT DL SE A o LED B 51 i 48 14 B B BA B

ek, T

A, MER

RN K27 f5 B TR 22 B, TR FBJH 450001)

W OE. A4S TRAABREPRBREAARHGHIRE BT —F LA SE WG LRAF AL E L k.
GAGREEN AR ZEERBEORBRAE D, R TIAEREE A Y BREXEZLAIRER, LB
JERKTF A 400 Ix ~1 500 Ix,m LR H3H 4, Thih EAAMSEAGER, B, ZFEETAES —FE

& 04 SRR R A By RS RAL ST k.

KW : TRABAZ;LED B350 A By s ALk SEH

RESES: TN929.1 XERAR RS A

0 3

T2 [ 25 BB R @4 3, W] LG8 45 (Var-
iable Light Communication, VLC) IETE & J& il —
FogT Rl C mfE R, A VLC Rg i )e, & [
BHIF TAEZ AT T KT, o8 B B
T T o] B2 v 6 £ A 5 Q] 52 00U T A e A A
PEBAR 8 15 15 18 BB 5E 55 Oy T (H2 L AF A
VLC RS M5 5 5 & 9 b 9 LED (4551 45 & & 75
B B O

WCHT , 56 TR IR A Jm f WF X A — 2k, o dn
SCHERLT =2 42 5 7 3R f 5 BOR SR A LED [ 41 1)
A bR B s SCHR [ 3 ] 20 B T AHAR LED 2 [ (1 R
B LR A Z A B G & Sk [4 1 i T2
(T 2 N2 AT TN Tvt 1§ NI
[HNEN ST QE 2 SO u bl K wiivs AR
{EL b3 SRR 42 H 1) e O A1 JR 24 2 % TR R Y
[E] AR T 5, 0 A AR B Jg R el ik 23 KO BR
il VLC RGeny b 4. B, B & 2 i 7 —Fh
B 0 0 A 53 vk, 1% 58 35 BLOASE (Area
Spectral Efficiency, faj X ASE) & KA J 44k E ).
FESCHR[S -6 ], ASE B #fe ) Sy — Fi i fik 2 £
JCLE A {5 B AR E 5 M HL, ASE 7 Jo 23 15 19 & 3T
A AL S5 J7 T 42 4 T — AN B B A, ASE fl
A HE NI 36 FE 53 25 1T % N P L B S 5 E
H O A5 4 Y O A 5 v T B A

il

I #5 H #5:2015 - 06 - 30;1&1T H #§:2015 - 08 - 22
EETAB A &S # R E SR H (15A510013)

doi:10.3969/]. issn. 1671 —6833.2015.06.010

I REmRRHTR

A IR R 2 B[] o 24> LED [ 51 3 77
B, K LED B3 B et &

LED FEZI AT 5 Z 80N : (x,,y,) /R LED
My /: b A LED XT R A ¥5 5d Kok LED (451 A
WA LED Z 8] (9 B &5 N, R8s LED [ 51 b
LED (/1855 L i 75 Be ] v i 5 BB ST 1 A %A,
 ASE BYSHBRME EL - ] IS T

AT B ACE & ox,,y0,%0,00, 0,
XY, EALHEN :max E[A, ], 59 4 B3 Al K
BERNLFRESEERNW, —L/2 < x,,,%,," %, <
L72; = W/2 < y,3¥u, sV < W/2;0 < d <
min(W,L)/N,,.

EX —AHEMEH SR F AR
JCHRLIT 1 Z (8] /Y A 6 B 1Y 55 (Los) g, (1,
k) H
Bro (Si5u) o g (s ,ug,)

H(l,k) = . :
£ Csy) 05yt
Kpil = 1, Lk = 1, K, H K, #7R7E5H
[ia] B F) FH P K

fBCBE P A By ] AP B 7 B R BE LAY, X =
Coe,y) 0 T T HRE L 7E g, (1K) R H 3R
KIS (o ,y) AR HAT AR 78

EE R ST M & (1966—) , 2 J T E A AR 2 247, 18 1, 3258 A =5 m I 1B B £ 5 4k 2L 7 T 1) 4F 5

E-mail ;iehyye@ zzu. edu. com.



55 6 ]

h2x 3, A ] UL £ R LED [ 3 A A0 A0 B BT Ik P 53

yCug 1) P b AESCRRRATE LIRS T 15 5 A0
We TR 10 L B SINR, FCHH A 2 F
(5P, H(1,K))

‘}/(uk7l) = . (1)

noise

h=1

Krpe P, ZHA LED B-FX00 03 S 2t

TR A O DX IR W R R P S R R R
PR 7 Y I 6.

HOCIRSTIT LIRS P v, 5OEIRBIT 1 2
IF1) F) £ 3 75
C(u,,l) =W, log,(1 +vy(u,,l)). (2)
AW, RT3 B 2e TP w, YA 9, R
/NG BB TT | IR 55 B SR T A B E
l, = argmax H(l,k). (3)

Isis<sL

P, i C IR BT IR 55 B P w, 9 5E W,
J2 H VR A SE R DA R G R BT 1R 55 B T B
B, BRI A (4) 5

A (4)

Ku

z [lkl = lk]

Ao WIROEIR B0 LR A 58 5, L, Ra(3)
PeAg o S e X

1, if P is true;
P ={ , (5)
0, otherwise.
ASE 3 AKXIT
Ku
2 W, log, (1 + y(u,))
A, == (6)

WA,
b A, J2 b [E) Y AR

Zi BTk, T LAAS B2 A0 Ak 1) H AR eR AL
n(7) R

Ky
f= maX(EXII[W%T; w, - u]),

(SP, max H(lk))* (7)

noise
1y 7#arg maxH(l k)

Isi<L

2 REER

EHEI AN E RE SRR 1y
RLER X T x B A3 mMx6mx3mAfA8mxs
m x 3 m YR ZS W ], 430 LA 2 A A4 A
J6 LED FEFIE S BT 5@ (50000, pF 5T 1 iz Ay
B[l ) LED [0 53 4. s (8] vp (4 BB & 48 02 R
FH OSRAM Golden DRAGON ¢ —# &% it.
LED FESIAL T RAEHR T 0.5 m &b, 54> LED (44

i 7 x 7 5149 Byt LED 4. 5% 7 3 i
FOV 3k 45° B2 % 45 & F = o 0.85 m 1555
& b ARESS 1A 480 LED B30 0k i 5
2, LA E A LED [ f

x1 TFWRAEBERFZSH

Tab.1 visible light communication system parameters

¥ O
I T i
22 /(° 7 ’
B b1,/ () PL/mW W/MH /(A W)
60 189 20 0.28
WA DR oo RIMEY LED ROk
N/ (A - wy BB/ ) gy et g 1,/
107 45 1 28

fix i LED [ 51) ¢ ik 7E 6] — - 1 B ARk A\ B
APV SRS, AR A0 DO I TR B B o D) 352 T 5 1Y I AR
JEHAE g 400 Ix, 3 0] D id o f8 FH 224> 8 & Ol ik
J# (28cd) OSRAM 5% LED i53|. £~ LED 74}
P 2% b M FE 9 B A (BD 350 mA) Ab R E H A
189 mW f 564 th TR, 4% LED LUE R H
(IR, FE R 2 JFL e T B 10 S R . R0 G i DA B
A8 5 8 =0, IR 2 HKF Ol B T DL R S
HE

E, =1, (cos ¢)"cos 0/R’. (8)
Ko SRR A0 J2 A ST A R J& LED 2 %
AT A BE S 5 1, S B R AL L.

80 A LED 5 M P Z 8 {5 38 /Y B 3

ﬁ—éjq:IOJ

(n +1)A, )
~ TR?(COS @,;)"cos Brect (0,/8). (9)
oo A, SRR G B ) B BB = B I A WA
B n WP T LED W2k % b0 =
- 1/log,(cos ¢,,,) , H

8lLos.i

Lif |x|< 15
0,if| x| > L.
WMRFZEEF — D FHH AN ZA VLC A

F B ATE B WHLAY SINR 1] RL R /R K

(PyS)’

e = p ) e N W (1)
Ao Py o P AR B W B 0B O T R X T
—ASFHHAEE , P IR S S TR IR 55
P B B o i A LED XF P B9 s 2

P, = z P& = Pra 2 8 Los,i (12)

A egy,., 25 D RSHE S B9 LED R P 2 i)

rect(x) = { (10)



54 LI N - S G 3

2015 4

(Y BE ARG 45 . AE AR B TR P, SRR
TR 55 %0 P A OE I BT v B A LED X%
FH A i i 2R R

P, = 2 Pledgljns,j‘ (13)
j

3 EEIrE

EF P LED B 51 40 4k e & [n) 2 DA s
] P9 P 28 T AR R e R R G Ak v ) O SR
LED B8 42 I ff1 Aa bk L J LED [ %1 vp AH £ 9 A4~
LED 2 [i] #H B i) B A0 AE. DA x % x =58 3 m x
6mx3m A8 mx8mx3 mpjA i i) 455 4]
RIUEZFIE W AT A & PE. 7E3 m x6 m x
3 m prlalh REA A LED 51 AE 54 1%
AL @A 5 AAS . AE 8 m x8 m x3 m f7[H]
th RA 4 4> LED BESIEAE I8 4, i A Ak Ia) i
A9 AR R T H bR & EOZ AR s 8 A AR
AT DL S ALY, A MATLAB {46 TR
FEARSR A — ke Ut , A1) e 0 A T B 5K e 4+ 3
14 fige 7T BB S Jm) P R O, 0 T B R 4 R e A L HR T
P RAIESR YA 2 4 R B DA . T L B SR
3814 B 1 T AR SR it — > T BE Y 4 JR) SR A A
P LA 2 00 i o 0 4 1, A A =0 28 7 i Y
RS I Ak 22 48 R, T o 5 A TE B I R 20 R AR LI
fife S OIC B i, 30 2o g A Bk AR U R A A S
PRAUETS 21 10 fifp 2 4 Jay e A0 gt , SR it ol 72 v R
DUR PR SR X A5 30 fige A7 PP Al 3% 580 1 5K i 1Y
EAE RS N NN DR DRE DAL S0 I i N A N E N
it ; @FE K 15 BN 1 45 R I k2 RE =S
FETEW AL B AR sRBOR 20 R 25 1 1 L L7 2 25 2R
e .

F AL 0k T HAR SR . D% 5% e AL 7] 8
14 b bR 8 )3 238 A% 5 12 T RAR O e st AL vk
THA PR ga 1 0 AL o6 K @IS 5 N R
B AZAAR]RE ) 2 2% A DL R I 32 o Y 728
ANE @3 B S S AT I I S50 AR SO 52
WSRO E I, EARUREL 100, FHE R /)20,
o N7 < R P RUBE AR i, e R A BEAILIS 50
17 PRER, 38 UK : 22 i 238 SURR B, oA 8500 35t
B T HARE NI BOAE; @7 5k TR
5. B R I 1AL SR T ELA 2 e [E R R KA
F &% 1 GATBX L)} GADS ( Genetic Algorithm and
Direct Search Toolbox).

250 T AR SR R Y LED B
G A Bk LA K B 50 oA 4B LED 22 8] ) i 5. AR 4

RS HA 3 mx6 m x3 m JiEa] LED B451 )
REFEWE 1 Fis.

®2 3mx6mx3mEEAEEHEERBER

Tab.2 3 m x6 m x3 m room genetic

algorithm results m
%ot Yer X2 Ye d
-0.942 1.091 -0.922 -0.893 0.004
3 .
| | | | |
2 S S N S S B
| | | | |
| | | | |
L R A e R B S
2 N R
W Of==—g-==9-==7-==7-~=77"7
i R
Nt N ettty 12 s e A
| | | | |
Y S S (N
o
_3 1 1 L L L
-1.5 -1 -0.5 0 0.5 1 1.5

J3 ) 5 JEE W/m
Bl 3mx6mx3m/fEERK LED 5 REE

Fig.1 3 m x6 m x3 m room LED array diagram

B2 g 1 LED £iJ5 F 93 mx6 m x3 m f5
(] A 9 ' ERE 18] AP 2 AT LU Y 7R 240 J&
O R i g T LK B 450 I, m DU AT X T
O BRI RE G A i 4 2]

~0
st

B2 3mx6mx3mEHLEBEE

Fig.2 3 m x6 m x3 m room light illumination map

3BT A R A 9 LED [
B 4 A b DL R BB AR 4B LED 22 [] 9 B 2. AR 4
KA RAFIAY 8 m x8 m x 3 m S [A] LED 551 )
NE A 3 B,

K4 NME3LED AR TR 8 m x8 m x3 m S
] 9 (06 BEEE (&1L DAIEL 4 T LU R FE %A JR R 1Y
e MR R A AT LA 5] 450 Lx, f i 7] LUK E) 1 500
Lx, AT DL AT T 0l B 2R, i B 7R i A SR
RNIOPIeVISY ) 3 oo R IS el R B e s VR N B
JEC I AR A



55 6 ]

M2 g, 4F AT WG AR H LED B3 A9 A0 16 e R ek i 55

®3 8Smx8mx3mEEBEEHEERBER

Tab.3 8 m x8 m x3 m room genetic

algorithm results m
X Ya X Ye %3
-2.110 1.932 1.889 1.987 -2.330
Yea X4 Yea d
-2.000 1.887 -1.990 0.003
4 ‘
| | | | | | |
! ! ! ! ! ! !
R el e e e e A R
| | | | | | |
] O e S R Sy E T G S
| | | | | |
< | | | | | | |
o A e i S R
1= SN R N T R N T SRR R
W I i I I i I I
J=Y S S
£ ! \ \ \ \ \ | |
| | | | | | |
I Rt e e e e e e
| | | | | | |
e e et B
| | | | | | |
_4 L
-4 -3 -2 -l 0 1 2 3 4

Ji# 0] 5 W /m
B3 8mx8 mx3mEHEHMK LED k3l Rr=E

Fig.3 8 m x8 m x3 m room LED array diagram map

6L /1x

El4 8mx8mx3m fEENEEE

Fig.4 8 m x8 m x3 m room light illumination map

4 ZERIE

LED 551 {4 4 Jay /2 52 i 3815 22 48 L RE Y —
NP R, S LED B3 45 5 o] LATE IO
BE M O T R = NG T AR o3 A Bl O R
HYEAR. ZEF S T —FOR % LED B 50 A5 Jmy (19 3%
PRI i FZ SR T DUBORS i s oKt LED
W50 1 BT B, A5 H 00 A AN AU RT LU A5 B T) Y
P18 ~F- 24 T B 8 3k 3 e A, T LA 3 0 O IR
Gy AR 3X 5 Z ST A R DAk D ) AR A
It H, 5858 B2 0 A 0 A 3008 A L 22 1 AIF 5 4
B B T B Sl . 2B B AT 3 m x 6 m
x3m M8 mx8mx3m?2 P HaEEEREK

E T Z50E B Al A7 1k 0 . KBS 0y P AT
LA 45 20 09 A3 Ja A ASCRT LA A2 O IREE 255K T
HARZN ML 0 A5 BB 50, 5 2Z B BE 52 o Y
DAL S U AR A, Hh 0k AT UE SR 0 AT AT M A A
P B R LR X8 T AN R 48 2 04 s 1) 4
SR T 2 3 A 5

SR

(1] T fEsg, frER B, il VLC REER IR R K
S EAAFR[T]. i TR ,2007,34 (1) 131
—-134.

(2] ##&, TR aTWOGESE T HE LED FEFEIR M
SR AW [T]. BRI & R ,2012,24(9)
115 - 120.

[3] EMfEA. BT =N LED JE¥R i 0 4 8 5 £ R B o
[D]. RJE KRB TR 15 B L2 B , 2011,

(4] T fam, oy BREC, 228 0. % T IR AE 2 Mo
R R LA A Bt [T]. B 1 B2 2% 4, 2011, 29
(3): 238 -242.

[5] STEFAN I,BURCHARDT H,HAAS H. Area spectral
efficiency performance comparison between VLC and
RF femtocell networks|[ C]//2013 IEEE International
Conference on Communications ( ICC) . Budapest, Hun-
gary: IEEE Press,2013; 3825 —3829.

[6] ZHANG Lei, YANG Hongchuan, MAZEN O H. Gener-
alized area spectral efficiency: an effective perform-
ance metric for green wireless communications [ J].
IEEE Transactions on Communications,2014,62(2) .
747 -757.

[7] ALOUINI M S,GOLDSMITH A J. Area spectral effi-
ciency of cellular mobile radio systems [ J]. IEEE
Transactions on Vehicular Technology, 1999,48 (4) .
1047 - 1066.

[8] GRAHAM R L. Concrete mathematics ; a foundation for
computer science; dedicated to leonhard euler [ M ].
Noida ; Pearson Education India, 1994 ;1707 - 1783.

[9] GRUBOR J,RANDEL S,LANGER K D, et al. Broad-
band information broadcasting using LED-based interi-
or lighting[ J]. Journal of Lightwave technology,2008,
26(24) . 3883 —3892.

[10] BARRY J,KAHN J,KRAUSE W,et al. Messerschmitt
simulation of multipath impulse response for indoor
wireless optical channels [ J]. IEEE ] Select Areas
Commun,1993,11(3) :367 - 379.

(F#% 60 )



20154 114
H36 % 6 M

Journal of Zhengzhou University ( Engineering Science)

O R W CT % ) Nov. 2015

Vol. 36 No. 6

NEHS:1671 -6833(2015)06 - 0056 - 05

BT 555 RN C HEER A %N R R S %

1 1 > SN2 2 2 2
REE, Fuo, xAxb, MR
(LFRMI 2 iR AR 2= B i g KRN 450001 ; 2. {7 g R 4R AL R A BR 2 B i Rg 3 B 461000)

W OE: AR EMCHERELE(FCM) AEG S, /BT —FHAE S FCM F ik, Z A E A%
ASEH MIA fe £ @ 6 5 MDC BA R ELRFNIAT A A, Je MDC F= MIA 09 fi [ 45 H A& B &K
kA E FCM E kB EHK A ;RN RBEREME LN T E, A FCM L2H B A2 XN SBALR
B AR A AR IS R om TR, R AW Z R RS AR FCM xRk A 2 R E 4R
TR RE LR RS RS, m AR MR ELERRE R, BLEW S LIER T EE

4 IE A b e A M

FER: AFRECHBREL R A A HM: 0 AadL

HESES: TPIS XERARERD : A

0 3l

T HL g ™ B9 S R 0076 4 2 L T
SRAAGH A 2 TR L AT B U
B T3t F 3 1) A 0 % R B 7 e O
AP HLN B A B T g e S T BE S
T TR A BT D A B TR P B 2 S B
SR BRI . [ A 20 4k 9 10 43 25 X 45
O R Sl R SN 9 B % AT R ) ) T S AT
i 47 T A EL A T S AR AT T
57 FH B T S 5 0 ) R L M 25 AT 23 2 9 5 5
17 432577 ¥k B Rl A 7 SR I A B A 75 2 o
T FH P S B £ 7 1128 43 2 A0 R 7 9 R A 4 2K
7152 B AR £ B S IR 2 R 42
ik

LRI, 3 52 B 747 i1 2% X 6704 HE AT 43 26 10
ITEARZE W HMA K-means #3E " JBUREL
Gkt B C R R (FCM) ' iR
AR (GMM ) Bk | [ 2H SRR e 5 o 22 1) 2%
(SOM) k'™ S HL(SVM) 53k Ak iR
S2S]HL(ELM) k1 4 X s g7 vk v FCM 33k
TEIB AT I 1] R BE R R P SR SRR 4 7 T 1
FBUEAE R F W 57 12 0 R g 970 A 4
KBz — (M FCM B aEE R EAN

il

Y75 B H#9:2015 - 06 - 10;4&iT H #8:2015 -07 - 19
HEWMB : FHRAKB AL TBIIH (51307152)

doi:10.3969/j. issn. 1671 — 6833.2015.06.011

B E BB ¢ LUK RO A 38 B m O 7
5 25U 4 5 S ) S BE 0 FOM B0 A7 76 10 B
S DURIA R H A5 AR MIA A1 MDC 2 2
il 11 B FCM 33k 9 BB, I 3 1 0k
T 5 14 77 T S S B B m BBRUAE, LA B R Y
WARLER.

1 845 FCM BEHE %

1.1 8% FCM BEH %

FCM 5335 02 — Bl LA S s 2 ok 1 7 5 1 2
MUETRAREBIE WAL, R R L EA SR
J(HCM) Bk my— gl gt FCM JEXUE 46 X =
[y, a0y, 2, ] 00 e BRI, 9F SR 43 4 9 R
Kl , BRI 2 TR U = [u,] o,
HAPHFE URCE u, R j(j = 1,2, ,n)
Bli B TH (= 1,2, ,¢) KIORIEE. u, i
AR LLUR & A

Vj’ zui]’ =1;

iz
Vi, j. u, e [0,1]; (1)
Vi, u,; > 0.

FCM 11 H b o8 RO 25 0 10 S8 B A% o
R PLL A RR TG RE B A S R 2 F, FCM 300k gt 2

EFR N R E A (1965—) , 55, M RI g PN, 8 M O 24 B 02, 1 o, 22 0 A 0 BB 5T &t Uy 1T A T 5T, E-mail : 2gs410

@ zzu. edu. cn.



55 6 ]

B A S TR IS NIRRT C R SR Bk 10 R ) S 2 57

SRR H A ok B/ IME 9 R 0 B U R
OHEFE C. |

min J (U,C) = Z Zu;d?j(xj,ci). (2)

d;(x;,¢,) = Hx/—ci l. (3)

Ao BHEALR LD LG R EEPOEGm

RO INAAE £ s, Rom FEA AN S rh 22 18]
Y BRI B 5

i3 A (2) BB R /ME B P 2 225

u"
/Aae)

¢, =i (4)

u
izi

W {EE

1.2 FCM BEEZXHIM

FCM Bl 2 R E B L P LHERE C
RIBH R U 17 o 8, AR B R

stepl : 255 REEH ¢ B IMALTEE m A1k
RAFIE M & BIME, 2 & = O, W46 1b SR & 2 5 1
U mEEPOEREC”.

step2  RIEAF(6) B HH U,

Vij.#5d > 0,0

¢ dsk) 2/(m-1) J -1

K 15 B L

P =0, u" =1Hj#ku" =0.

step3 : MRAE A (7) HEFEH .

S ("
I (7)
S (uy)”

stepd: M4 A =0 (2) 1+ H b5 ok 8, R
[ =™ || < &, AR AR, i SR 2 4
Wk =k +1,3% 1 step2.
1.3 FCM BEHEZHFER @A

OFCM BIEARe A s i BEHH ¢, HE
ANTHA—ADNREBH YR E; @QFCM B3k iy
WAL FE £ m B BUE T 2 AN 4 0 AR F 24
m AR R B AR 2 ) 43, m HU(E Y R /N B4 52
Wi FCM B3 rf H AR ek 800 Wi Stk

2 BiEMNFCM BRE%

2.1 BREHHE BWMEHE
FCM RAAER R ICB B A RE A sh i & , 7
TN AT Se ok — ki, B A N R

MIA FIZE[a]BE 25 MDC P A 2R 2 RO VR 45 bR K
Lt IR EEH ¢ 09 A IE N R 1(e) A E
FCM S5 R EHH . AR Y 1704 73 28 45 R0 X
S [) 28 G fiy /T £ 1) B 2 A /), AN [R] 28 67 iy il £ (]
IR B B K. 28 A Y MITA R ] R B MDC 5
.

R IEEERAG R e DT 4326, C, KRR k
&0 Ay il 2 R BT AL 5 A B 2R AR S e, ORI
AP A TsT H 2k sn, SRR kIS0 i &
AL B Y BB H s CT, R 3 k2 G fir il 2k 1 2R
Kpusy , bk =1,2,-,c

RS MIA 36758 2% 38 2w 0 JHG X i 3
e b A7 Sl 2 s B S A, AR

¢

MIA(c) = /lZdz(CTA_,Ck). (8)
Hrpr,

| - \
d(CT,,C,) = /nzdz(cn,mk). (9)
k n=1

e E]BE B MDC 7R AN [A] 28 (1 38 2 rpts 1 oy
i1 £ B) B B 9 -3 (E, 8 LR
MDC(¢) = mean(d(CT,,CT,)). (10)
K mean 3RV BI{E 1) R 4L
AE SRR B MDC 5 25 A #E 2§ MIA (1 L fE 7
H
I(¢) = MDC(¢)/MIA(c). (11)
T MIA(c) RRENEE ;MDC(c) FnE
B HE B s R () MR B 5N BE B A LU B 1(c) R R
WY SR ROR B, B 1(e) HUAS S5 KAE B X R (9 ¢
R EAEREEH.
2.2 HREAIMAEE m HAE
FCM R0 1L 5 4% 48 i A 5 2858 16 19 X )
BAET I T B INALFE 20 m, 1S4k m BUE Y
KRR S 22 5 8 2 19 AN R m fE X FCM 5303k
MR R A HE R KA. m (FER K, R
B, TR0 FCM 432845 R rh B2 Z (0] )
DX RS B . R R U, m B EU(E 52 e E FCM
B R m WEEX B[, + o ], 7
AN YRR IR SR B B A, m A 2. Pal 48 A LR
AR AT B S5 m 0 sk IX
M A1.5,2.5].
PEHL m W AR HUE = T FCM RAE R 68
S A ARG R, T LL, EH UL FCM
S H AR R ECh LR, 51 m By [ 35 L R AL AR



58 LI N - S G 3

2015 4

P SCER[12 ] sl o H, (U,C) Fl FCM 53

HHPRREL T, (U, C) LR 2k R 15 s L m.

HeH (U,C) % XnF:
HAUﬁ):r%iﬁMWMuW(H)

Hrp  Yu, =00 ,u,;+Inu, =0;H,(U,C) K,
RSB B IR B m BB E S m ™, R
NI
e arg{mln(Jm(U €75 (13)
""ls.tt H (U" ,C") — min.
B m” B e A D — A 29 SR B0 Al 2k AL A
)AL, PSS M) B 3 0 7 1k R B E m T B {EL, DU
J,(U,C) M H,(U,C) 53531 i an I

J,(U",C)

(m) =exp| —q i . 14
ue(m) = epf - a wumw*,c*))) (14)
pe(m) = ! . (15)

1+

H (U ,C")
B(n\lﬁ}x(Hm(U* ,C*)))
Ho .28 o >1,— o = 1.5;8 HERKWIER
B, — B = 10. AL (14) (15) , F IR P
KRR ER LSS m”.

n® = arg(max(min(u,(m) ue(m)))). (16)

BRI LA R 0 58 Jas 3 oAl i [l Al B T, (U
C) FiH,(U,C),fitfs 2 my LR AH K
TH BT, T EL 2 A A 70 3 AR B L R
2.3 HBHiEMN FCM BEE XM

A T IR A N FCM 53 2 3 3 4554
R T ¥k A S E SO A B m 1O {EL, JF 18
b 2[R B B 5 28 N R RS 9 LU AEE AU Y R A
I(c) R AZhHHEREHH. HEN FCM B 20
P& 1 TR, A 3G R FCM SR i AL A4 52 B
HIRIE.

stepl :HI ARG REEH ¢ = 2,1(0) = 0.

step2: AE m = 1. 1.

step3: 1 1.2 P FCM (m,c) #EATHRZE SR
Hirekik J, (U ,C") F1kilphs H, (U™ ,C™).

stepd : F| T BT N AR £ m (9 K, TR
m <2.5, 0 m = m +0.1 1% [A] step3.

stepS : R4k 23 30 (12) , I FI LR e 5 1) O
7 3 d5 P B RSR N AL HAY m,

step6: i 1.2 1 FCM (m,” e 377 % oK
HI(c).

step7: 242 < ¢ < B, W0 I(c -1) >1(c-2)

HI(e-1) >1(c) ,MRELREER ;B e = c+

1,1& [0 step2.

!

BECM(m.c) W81 (U°,CHRIH (U",C")

@ N m=m+0.1
Y

BRI REGm

l

FHFCM(m,c) 3R 58 2 B 18 I bR $ ()

I(c-1)>I(c-2)&I(c-1)>I(c)
2<c<n

Y

M RRLR

E1 HBENFCMEXRER
Fig.1 The flow chart of adaptive FCM algorithm

3 BHlaH

3.1 HSufar i & 048 AY 1% BR A0 T Ak 22

SR T SR B4 B Sk Ak T Al L T R
HL(5 B R AE R G0 T R AR B AL F8 B B 5 A 2R AL
¥ R AERR AT SN R AT Y 98 AN HL T P Y 96
UMY H B 22 S T AR A R R s e 2B
HORHESEZ A TAEH B 96 s H 6 far il 2k $idis B
A Y O R RO AL Y H A7 467 ith 2 B

PR 2k — > H 1 96 A5 H 67 far il £k B0 K
FRIIZ 2S00 fap (1) #7167 fr (il £, 092 £ for 11
RUH G far fh 2o — > B B far il 26 20 19 °F 1
fH. 265 i scfar & s B R i R R m ol v, =
P AT o I ¢ e w” N 1 i VN i i e
AR I, AN T 2047 5080 L 38, oA 2 B 07 A i 0
XTI BT I 52, FE AT R 2 A B Z T 2 4t
HL 7 P i B AU A it 2 B s AT 0 — Ak
B3 LR FARAE 7 50 05—k, B
Yi = max[x“,xiz,---,xi%]' (16)

H—fb Z J5 B A B B #R e (0,1 ], X




55 6 ]

B A S TR IS NIRRT C R SR Bk 10 R ) S 2 59

s Xigg | NER i 2R LR H A7y ] 2 KR
TN A C SN RS FNIER
3.2 HEN FCM BEEESELER

AR A4 S 45) i e T A S Y Y7 ot 2 a0 L
HIATWAG P 513 — A Ak 35, 45 215 — 1L Y 98
U B A7 e it 2R . R BRER 2 b B S
FCM SR IE X 98 & i fif ih et A7 0 26 2%
KEH ¢ =8 HEMUEM MR L m, =1.9 B 5
AT 1k A B RE AN 2 FR.
1
4 8 12 16 20 2 °m4

H ] I ]

Ted

4 8 12 16 20 24 4 8 12 16 20 24
I [ ¢/h I T b

‘ ' Ry
L L L L L ) 0 L L L L L J
4 8 12 16 20 24 4 8 12 16 20 24
i 6] /h I 7] ¢/h
e

max[xil s Xyttt

1

P/(maxP)
P/(maxP)
=
N

P/(maxP)
P/(maxP)

P/(maxP)
P/(maxP)

(=)

0.5

P/(maxP)
P/(maxP)

4 8 12 16 20 24 4 8 12 16 20 24
I [ o/h I [l h

E2 BENFCMEENEER
Fig.2 The classification result of

adaptive FCM algorithm

AL 2 Y e & o A R mT LU I i o 26 25
R BEAS 73 S8 W M A3 — S ML TR A7 A 114 97
FRAE, 7r 245 R LR A, 54 50 Ry FCM 53k A
P, S BT A GE Y FCM 3k i SRR EH ¢ 1
TE , e MR A B A A 0 S ) S S 2R N R
R AR R Al RE 1 5 100 A i AL A K m (B U
FOM B335 09 F bR o K BE Al , F1) AR phe 5 /9 7
RN IZBE e e T 258 FOM LA 2
I HAR TR e ol 72 SR ¢ B9 A 3 B FCM

SCHRL8 /25 SOM 535 5 FCM Bk M4 &,
FIHI SOM 33 45 2 BB H Fwn 4a R I o, F
YEJy FCM B3k Mo s A, Ly Ik FCM 5835 77
TR GR , RIVAH 4 T 3EAT 1T PR 26, S B K [t
WA, HREER I H o 247 . 530

BRL8 JAH HE, 2E 2 BT R A B9 A O L FCM 333k, 2
BT RAE R VM 18 bR i 2 B I L pR B L
RREH o, HLL FCM 5L 9 H b ek B0k FE 6l R
i S SN AE K m, 2902 DL SR 2 25 2R e Iy
fili % FCM B0EAS B AT B 20t , 1 7 32 AN A3 o il
T FCM Bk A7 e i il nd, B AT B R4 R i
LAY, 52 B R o He B g 2.

4 g

BExh FCM RIS 1L A7 16 75 BN N o 2R 2K
BCH B T, 3 8 T RIS A A
H B35 FRE MDC (¢) 1 MIA (¢) 9 LAl T(ce) , P
1(c) HUAT fie KA i X 102 ) SR 2B H e Sy e I 1Y
LB I Hoam 1 B PR 5 1) 7575 R 110 28 A5 4
INALAE e m, LI FCM B3k 0 HAn i % J, (U,
C") oy B Bk 5K J7 vk 9 B AR eR B A R o i
H, (U™ ,C") Jy Bt pe 5 057 15 B9 0 R A, LA
KA SR ok 1 W e I, (U, C) H
H,(U,C) VIRAGHALA m. 38 i3 545 53 B m] R,
PR IR T FCM B0 A7 7E B9 Bk 0, 1M B

15 21 B R 2 45 R RE 05 70 ) AR 38 — LR 3 19 172
] P
SEHK:

(1] EAF. B AFRMEELHEARM]. bt hE
H1 7 AL, 20057 - 14,

(2] Bk, TP, B0, 5. H P 4 B o SR 7 ik
BIBFFE[J]. 7 ,2004,37(1) ;24 - 28.

(3] %8l TRt s ey ROF5 (D], )
M < A8 R B TR 2 A ) 2% B, 2012017 - 19.

(4] M4k, E/AE —F 551X & - means B A5 1k
[T]. oM A Bh KA 2 42 ,2009,29 (4) ;54 - 57.

[5] =pmeds, XL, 22083, 2 K B8 B i ootk B 4y
Brid]. PN 5 #F,2008,25(6) 1243 - 246.

(6] JIFIR, k. 3 F ook B C B FL M
T REPE 2T ). B R GRS H,2012,40
(22) :58 - 62.

(7] &M, T SR AR AR EM Bk &)
iAo [T]. OB ALME B ,2006, 11 (22) ;244
—247.

[8] FE3rA, Tk, ERISC. SOM # & R4 il C - ¥{H 1k
w2y R LT i R K H A g k2
2,2011,23(4) :36 - 39.

(9]  hmgs. 3 S br & af il 26 19 s s F P 4 28 B R T
FD]. PRE ARdbl I R¥F MRS 7 TR,
2011:22 -27.

[10] NAGI J,YAP K S,TIONG S K, et al. Nontechnical loss



60 M K (T %R ) 2015 4F

detection for metered customers in power utility using Trans on Power Systems,2003,18(1) :381 —387.

support vector machines [ J ]. IEEE Transactions on [12] BEZDEK J C. Pattern recognition with fuzzy objective

Power Delivery,2010,25(2) :1162 - 1171. function algorithms [ M ]. NewYork: Plenum Press,
[11] CHICCO G,NAPOLI R,PETAL P. Customer character- 1981:100 - 136.

ization options for improving the tariff offer [ J]. IEEE

Power Load Characteristic Classification Technology Research Based on

an Optimal Fuzzy C-means Clustering Algorithm

ZHAO Guosheng' , NIU Zhenzhen', LIU Yongguang”, SUN Chaoliang’

(1. School of Electrical Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Henan Xu Ji Instrument Co. Ltd,
Xuchang 461000, China)

Abstract: In view of the disadvantages of the traditional Fuzzy C-means clustering algorithm, the author pro-
poses an adaptive FCM algorithm. This algorithm is based on two clustering results evaluation index of within
the class distance MIA and between the class distance MDC. The ratio of MDC and MIA , defined as I, is an
adaptive function to determine the clustering number ¢ of FCM algorithm. At the same time, according to the
fuzzy decision method, we use the objective function and partition entropy of FCM algorithm together to deter-
mine the value of optimal fuzzy weighted m. This algorithm not only overcomes the FCM algorithm disadvan-
tage of not being able to determine the clustering number automatically and fuzzy weighted index needs to be
given by experience, but also the clustering result is optimal. Finally, the correctness and effectiveness of the
algorithm were proved through example analysis.

Key words: load clustering; FCM; load characteristic; daily load curve

(E#% 55 W)

Study on Optimal Allocation Algorithm of the Visible Light Communication LED Array

YE Huiying, WANG Li, LIU Jinliang

(School of Information Engineering,Zhengzhou University ,Zhengzhou 450001 , China)

Abstract: In view of the limitation of the visible light communication light source layout optimization , this pa-
per presents a universal optimization layout of light source. The simulation results show that, using the light
source layout of the algorithm,not only can make the average area of the room reaches the maximum spectral
efficiency, and uniform distribution of illumination. llluminance level is between 400 lx and 1500 Ix which can
meet the demand for lighting. Therefore, this algorithm can be used as an optimization algorithm for the layout
of the universal light source.

Key words: visible light communication; LED array layout;optimization algorithm; universal
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Review on Modeling and Control of Proton Exchange Membrane Fuel Cell

CRISALLE Oscar Dardo, HAN Chuang, WU Lili, ZHI Changyi

(School of Electric Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract. This paper focuses on the modeling and control of Proton Exchange Membrane Fuel Cells (PEMFC).
Empirical and mechanistic models based on polarization curves and parameter dimension are reviewed. Steady
state and dynamic models, based on electrochemical reaction, temperature and pressure, among other varia-
bles, are analyzed. Intelligent models, which are based on neural-network identification, swarm -intelligence
algorithm and support vector machine are introduced. The intelligent control strategies for PEMFC control are
summarized. Finally, the swarm intelligence algorithm optimizing environment and model parameters of PEM-
FC will be a research direction, and the new theory including prediction and Hamilton can be applied for mod-
eling of PEMFC, meanwhile the intelligent control strategies for PEMFC based on the state-of-the-art algorithm
will become a development trend.

Key words: PEMFC; modeling; intelligent control
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Study on the Segmentation Method of Handwritten Characters
From Historical Chinese Documents

ZHANG Zhonglin', WU Xiangjin', ZHOU Shenglong’

(1. College of Electronics and Information Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China; 2. Gansu Provin-

cial Library, Lanzhou 730000, China)

Abstract; In this paper, we propose methods of text line and character segmentation, which suit the charac-
teristics of ancient documents and handwritten characters of China, such as longitudinal writing, overlapping,
conglutination and so on. For line segmentation, a method called statistical projection filtering is proposed.
Firstly, we count up the vertical projection of ancient documents, then adopt the method of loop filter to deal
with statistical results until much uniform columns are isolated. Even in some complex cases, like much noise,
certain inclined and column height is not uniform, our algorithm still has good performance. The methods of
projection, piecewise projection and segmentation of strokes features at top and bottom are applied to character
segmentation. Finally, the context combined method are adopted to test the segmentation, then, the mistaken
segmentation is adjusted. Using the idea of dichotomy, piecewise projection divide characters, where exist o-
verlap and adhesion exist, into two parts, then projected respectively. After that, analyzing projection arrays,
we get segmentation path. After finding the over — segmentation and under — segmentation by SM — SFTB ( the
segmentation method of strokes features at top and bottom ) using the characteristics of Chinese character
strokes, the adjustment for segmentation is possible. The experimental results show that the proposed methods
have good performance for historical Chinese documents.

Key words: historical chinese documents; handwritten chinese characters; chinese character segmentation;

segmentation algorithm
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Reactive Power Optimization by Improved Genetic Algorithm Method

YANG Huping', LI Weiren', ZUO Shiwei’, ZHANG Yang’, CAI Xiaowen®

(1. School of Information Engineering, Nanchang University, Nanchang 330031, China; 2. State Grid Zhejiang Electric Power
Company Jinhua Power Supply Company, Jinhua 321017, China; 3. State Grid Jiangxi Electric Power Company Information and
Communications Branch, Nanchang 330096, China; 4. State Grid Jiangxi Electric Power Company Maintenance Branch, Nan-

chang 330096, China)

Abstract; Reactive power optimization using improved genetic algorithm is studied in this paper. A mathemat-
ical model of reactive power optimization for power system is established, which treats the voltage of the gener-
ator, capacity of reactive power compensation equipment, ratio of adjustable transformers as control variables,
aiming at maximizing the comprehensive benefits which takes the economics and power system performance into
account. The proposed model takes decimal integer encoding strategy to improve the computational efficiency
for the discrete variables in control center, applies comprehensive selection operator and adaptive crossover
mutation rate to improve the convergence performance. The correctness and effectiveness of the proposed meth-
od are validated by simulation results of IEEE 14-bus system for 500 times.

Key words: power system; reactive power optimization; genetic algorithm



20154 114
$36 % A6 )

Journal of Zhengzhou University ( Engineering Science)

O R W CT % ) Nov. 2015

Vol. 36 No. 6

NXEHS:1671 -6833(2015)06 - 0076 - 04

XAREBEAZNESHRAESHREES

B2 AU AR 2 BE , T Hg KR M 450001 )

W OE: A TABRMBSFE, AR ANSYS/LS - DYNA 4 ME T LA AMH ESRERERGER @
EHpMESCHREREHHAREIET ERIRGIANARNR, BT T EBIRBT T EREESR T/
B OMT EOMELB LG RN A KRES ARFEANRF LB L E RGBT 4
EH RN EEEBRGRRRGYh. EREAN SRR E S X TUAA KR ESMRIERS.

KEW: REBE; LEMH: SR oA n |G o4
doi:10.3969/j. issn. 1671 - 6833.2015.06.015

RESES: V215 MR R A

0 3l

L2 0K P T SR B fE Y R R R B L
N T A MRHEOR SE 8 M AR e A 1 3, SR T
RHLAE AT AR R Bl AR AR A
fridfe v, 280 A A MRS WA A5 AR B O
AT 802 A bR B O R IR T A
25 BRI 2 T S DL R 2 R AR, Al g i
5 09 75 95 o W 53X S [R) R IEAE T, ROR AR
B F S ok BRS04 bR 5 3 b
d AT RS, X T RAT AR BT BT e A
FERHE A A T R A T NI A R
FH LS — DYNA # %) CALR HLE BTt 47 1 4L
B8 R 0 A S5 2R R W] LS - DYNA FERE 4L
R o I B TG 1 A R s kR R ABAQUS
K0 CEL(HE A BRAL - Fr ks B H ) J5 i o8 T 3
FYTC B A5 b BHBIL3E I 25 B9 1 45 190 A5, 0 A 1
5 A B | RE A T I 4 B i N ) 5 5 9
SEUSR T SPH J5 ik B X 4F 4k 42 B R AT T 1
f# 0 Bl me B, PR TR A R S EON T S
AR

SE A EE N R b il A A it R 5 4 )
AT A FROCECE ANSYS/LS — DYNA R il i
W5 Tk, 45 ALE(E R /I H - BR$L) 55
5 ST A B E ARl 5000 R B 5 X L kAT

il

W% H H#1:2015 - 06 - 20 ;1&1T H #7:2015 - 08 - 10

ST, SR G b o Sl S % 458 45 1
l o mEERARES

1.l BERAWRLMEARITER

KM LS -~ DYNA 47 Uil 18148 & 53 B ik 5 5
* constrained_lagrange_in_solid &4 5 | ¥4 Wi 74 A1
IEi] A BT 5 7E — S, 33X T [ I 4 Ak 5 AR R
P WO A 1 A U

T8 LAE B9 SCHR b, 5 A T AR) A6 Y % 28 ek
FAME 1(a)  (b) s miFh o'’ B IE )7 ik
TE 14 5 A4 3 0 0 v i) (B A 79 3 RO ) 3 R i S
I Ry S T A R B A A R RO R
i SEBRALALN H AL AL, S A LA A B SR v ) (5
A g BRAE 1) 3 2, S5 R T B JH B 1. 8 kg,
2B RS SRR i h A A, —F
K solid164 FoTHy WK 1(c) B,

(@) IET TSR (b) SETHZERI (o) 59 EM 2S5
1 BEFRTER
Fig.1 Finite element model of the bird

R JLAAME IR 2 (a) Fros, B R em. X

ESWHE :ERK A RPAEE RS DT E SR H (U1333201) 5 8 58 3 AR 2 25 & T B 9T H (51205370)
EE R AT B (1962—) , J B8 & AR SF A RN o2 o, 1 4 1 A S 0, 32 2N 52 5 4 6l 3l 2 OF 5T L E-

mail ; chegnli@ zzu. edu. cn.



5 6 )

2R, A R TR 5B 5 T i 0 S5 BORLE 5 AR S B 0 AT 77

TREAM, % ER s T, 26 IR E
FE BB, R A HCR L shell163 15T 44
L BN EZE R, KRS K5
500 mm FYIE 5T A, 5 AR ) 2 8 fE o O 2K B
) 4 2 A AT BR T AL Q& 2 (b) BT

57157} 11.4 [5.7]5.7)

(a) Sk LATHERY

B2 SHLAEREREERAGRER
Fig.2 Geometry model of bird and the

(b) S HJ= A AR RS

bird impact laminates model

1.2 BEREESHRMEHER S HIEER
1.2.1 Bk #AEA B A4

X I8 H) L5 )5 AR — A B S B AR
lf 45, L ool e R h S R s R AR P T, 25
FE AR AR IR AR | BL F R . T 7R R R A #E A i
A, S S [R] BEH P A r OR HRARL B A
Ay A TR R 5 R 1 T A AR, R R A T R OR i 3R A
ST R T, PR, S 1A 4 RS R R T LS —
DYNA 7 B $& 41 1) 25 A BB A % mat_null 3 &R
FHAKE 107 R FHARZS D #2 EOS Sk R R H K 1474
N T3 A XA S AR 1 g K A

SR SIS BRI T R 1Y K, C
R R TIHREE 5 S, .S, K v, — v, I LAY R

®1 BiR=SsH"
Tab.1 the parameters of the bird and air

WH  %E/(g-em™) c S, S,
9 0.998 00 1.647 1.921  -0.096
255 0.001 25 0.343 0 0

1.2.2 EAWMHER R A K

J2 6 M 8 S I TT PR R T g R A IR
JE 2, ok A LS-DYNA $24EfY 22 5 4 BHEL AL * mat
damage R #1480, 1% 15 % 24 Chang-

_ composite _

Chang Composite Failure Model, 33 )& 3 4~ 5k
ACE).
(1) FEARTF LKA
2
Fan=(§) +7 (3)

B F e > 1B BEARTT 2R AL
(2) 48 K5

o, \’ C,\’ o
Foo=22 ) -1 47 (4
w=(a5) *llass) Eem @

SR e
(3) GHEI B L
( ) ‘7 (5)

Y Fo > LI BORHR AR, Z 05 MR 2 B
HE N 0.

b 3 A RAEN 22 K, S, D AT B 55
JEE 5 S, AR ) A 58 5 S, i BT DTSR, €, O A 1)
P28 58 5 5 oy oy I REOREPI AN T 1) (9 =R AT, T
BT 355 5 ) 38 BE B AR5 F i s F o ~ Frer 77
) Oy HE AT 28 A T 40 2T A Il 2 BT 2R

JZEWMPRRSEIN TR 2. £ ,p WEE;
E\,E,,Ey 3 ADJ7 I SRS PR, , PR, ,
PRy 3 3 AT EHARA 5 Gy, , Goy, Gy R 3 AN TJ7 1]
O S DR 5 X, Yo o3 ) by G 1) MR 1] 07 AV 53 2
Yoo BT PR AR B O R BBy O BT D)
56k

o;‘q

R2 BEEWEEMBSH

Tab.2 the material parameters of single layer
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Analysis of Bird Impact on Composite Laminates by Fluid-Solid Coupling Method

LI Cheng, GUO Wenhui, TIE Ying

(School of Mechanical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract. With the fluid-solid coupling method, damage model of the composite laminates under bird impact is

built by using the software LS-DYNA ; through analyzing the dynamic response of the laminates, four stages of

the bird impact process are verified, and spreading of the impact wave in the laminates is discussed. The pro-

gressive damage process of matrix compression, matrix cracking, and fiber fracture during the bird impact is an-

alyzed. The effect of different layer styles on residual energy of the bird after impact is studied, and the result

proves that properly designed layer style can improve the anti-impact capacity of the laminates effectively.

Key words: fluid-solid coupling; composite; bird impact; dynamic response; damage analysis
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Simulation Analysis for the Drive Torque Impact on Vehicle Handling Stability

XTA Changgao, XU Yingcong

(School of Automotive and Traffic Engineering, Jiangsu University ,Zhenjiang 212000, China)

Abstract: To analyze the influence of the drive torque on vehicle handling stability in the situation of driving

and steering, a non-liner 5 degree of freedom full vehicle model is established, including the longitudinal mo-

tion, the lateral motion, the yaw motion and the rotations of the front and rear wheels. The weight of the tire

longitudinal force in the lateral, the influence of the longitudinal tire force on the corning stiffness and the vari-

able longitudinal speeds are the three aspects impact vehicle handling stability by theoretical derivation and

simulation. By simulating the front drive vehicle, the result shows that, the steering performance is getting

worse with the drive torque increasing; even worse, the steering ability will be lost when the drive wheels are

shipped.

Key words: vehicle;handling stability ; drive torque ;driving and steering; simulation.
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Fig.1 Sketches of laser welding pool shape
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Three Dimensional Numerical Simulation of Characteristics of Laser Welding Pool

MEI Lifang, CHEN Youhai, YAN Dongbing, GE Xiachong, WANG Junqi

( Department of Mechanical and Automotive Engineering, Xiamen University of Technology, Xiamen 361024, China)

Abstract: For simulating the characteristics of laser deep penetration welding pool in three-dimensional, the
welding process was regarded as quasi-steady-state under a certain assumptions,and the mathematical models
of pool shape and temperature distribution for laser welding low carbon were applied to solve the phase trans-
formation interface. The mathematical simulations of laser welding pool shape and temperature filed were sim-
plified to solve the integral equation of gas / liquid interface and solid / liquid interface. Then, the character-
istics of weld pool shape were obtained. The results show that, for laser weld pool, the lowest point lagged be-
hind the optical axis center, the front wall gradient was steep, and the wear wall gradient was smooth. The
weld pool depth and width both increased with the increase of laser power, and decreased with the increase of
welding speed. As laser spot radius increases, the weld pool depth increases, and the weld pool width decrea-
ses. The highest temperature on the surface of weld pool also lagged behind the optical axis center, and the i-
sothermals distributed dense which would indicate a narrow heat-affected zone.

Key words: laser technology; welding; weld pool shape; temperature; numerical simulation
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Research on Glass Fiber Fabric Defect Detection Method Based on Blob Analysis

WANG Qinghai', ZHAO Fengxia®, LI Jifeng”, JIN Shaobo’

(1. Department of Mechanical Engineering, Henan Mechanical and Electrical Vocational College, Zhengzhou 451191, China; 2.
School of Mechanical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; In order to solve the problems, such as low efficiency, poor real-time performance and so on, in on
— line detection of glass fiber fabric, a new method of fabric defect detection based on Blob analysis is pro-
posed. Firstly, the image is smoothed by using mean filter, and the noises and the fabric textures are weak-
ened. Then, the Otsu algorithm is used to find the best threshold to segment the image into Blob and back-
ground pixels. The shape of the Blob region is adjusted by using morphological processing. Finally, the con-
nectivity analysis and feature extraction of the image are carried out. The number and size of the defects are
obtained by using the least square fitting of the Blob region. Experimental results show that the method is sim-
ple, reliable and robust.

Key words: glass giber fabric; on-line detection; gap defect; machine vision; Blob analysis; Otsu algorithm
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Kinematics about the Performance Parameters of the Axial Piston
Pump Based on the Spatial RCCR Mechanism

FENG Zhipeng, ZHUANG Sen

(School of Mechanical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: Based on the principle and the motion law of the spatial RCCR mechanism, the performance param-
eters of the axial piston pump based on the Spatial RCCR Mechanism are calculated, and the displacement for-
mula and the flow pulsation coefficient of this pump are obtained. Then, the relationship between the number
of pistons and the flow pulsation coefficient is analyzed, and it proved that this pump accords with the law of
general slanting axial pumps. Compared with the existing slanting axial pump, the movement orbits of the dow-
el bar articulation joint point for the new type of axial piston pump is an ellipse, and the motion law of the pis-
ton is clear, which is a smooth sine curve. And the force of z-atis is in good conditions of this oump at the ob-
lique pump strucfure condition, which is close to consine curve.

Key words: RCCR axial piston; pump displacement; number of pistons; flow pulsation coefficient
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The Identification of Inertial Parameters of the Bus Powertrain

ZENG Falin' ,GE Pingying’

(1. Automotive Engineering Research Institute, Jiangsu University ,Zhenjiang 212013, China;2. School of Automotive and Traffic

Engineering, Jiangsu University ,Zhenjiang 212013, China)

Abstract; In this paper,a bus powertrain of which the structure and material are more complex is applied as
an example. First, it introduces the inertial parameter identification technique based on experimental modal a-
nalysis. The method obtains the center-of-mass coordinate and the inertial parameters of the powertrain through
the excitation and the coordinate of response points, relative motions and dynamics equations. Then, the paper
produces how to obtain the inertial parameters of the powertrain on the basis of knowing the data of each part,
it validates the accuracy of obtaining the complex inertial parameters of the rigid body through the contrast and
analysis with the result of experimental modal.

Key words: powertrain ; experimental modal ; inertial parameter;method of mass line ;calculation of integration
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R A 28580 1) b o L A T S 5, A B A
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0.043 mm <0.2 mm, #2448 55 B i 2 00 57 BEoR
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2 fEKEBEBSHAEST

2.1 fEKEEETRENZNE

CEAMEK BT E ) (GB50014—2006) H
PUE B AEAT 208 T i, LA I o/ IR
JE—BARE/NTF 0.7 m. il i A k2 B 0.7 m
R 38 TR AR 0N, DT 5 3UOAR 22 S 1 A 3 o B
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O3 A HR A VR B AR A X i K S N 1 RN RS (1) B
i), 25 S L 3% 2.

2% 2 AT, K B B RN T R T 8
I i) {37 % B 2 SR B 04 1 0 32 0N Y
HAPEEEM 0.9 m HEANF] 2.4 m B, F KB F7
1] {37 % i1 1] 30 B 3 i B AR T 37. 6% .40.3%
47.4% AR5 LR EIRH 1.5 m B RS M4 FS
ER AL TP, O E R DR 1.5 m.
2.2 TEEENEMW

M VREE N 1.5 momF R AR Gy 20,
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40,60 ,80 MPa, 73 #r 1 FE A5 5 A8 4k X it 7K 45 18 1
JIRBLH (520, 25 5 L3R 3.
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Tab.2 Influence of covering earth thickness

on stress and displacement

WARE  BRMA MmEARE, B/
H/m MPa mm mm
0.9 0.172 2 1.104 2.274
1.2 0.132 1 0.907 1.642
1.5 0.1297 0.734 1.332
1.8 0.119 7 0.693 1.257
2.1 0.1117 0.672 1.220
2.4 0.107 5 0.659 1.196

=3 TEEZEWNAFMEBHI N
Tab.3 Influence of modulus of soil base

on stress and displacement

THEFR RN, MEAR, R/
E/MPa MPa mm mm
20 0.141 2 0.895 1.613
40 0.129 7 0.734 1.332
60 0.117 7 0.682 1.236
80 0.110 9 0. 642 1.165

12 3 TR, A KA I8 b de R R 1) 2 F%
0t ) 57 A% B A RE AR S ) 8 i T 5 W /. 2
b FEAF Ay 20 MPa 2% 0y 80 MPa I, 5 KW J7 (A6
li) {37 5% A1 [6) 37 5% 20 0] AR T 21. 5% (28.3%
27.8% . #£ L+ FEAE B 20 MPa ZE 3] 40 MPa i, i}
JI AR AR AR 5 i A HE A B KT 40 MPa 5,
AR B 2, i B A A IR T 40 Mpa.
2.3 fEkEEEREERNFIE

X4 BE S 9 8,9,10, 11,12 em [ f% /K 45 36
PEATHTTE , 3 A fi A T A BE TS 8 X Al K A T
JIFL R B 520, 45 5 DLk 4.

x4 EREENEAFALEERME
Tab.4 Influence of wall thickness of storage

pipe on stress and displacement

EREERE RN/ MmARs AR/
t/cm MPa mm mm
8 0.147 0 0. 837 1.579
9 0.141 7 0.801 1.451
10 0.129 7 0.734 1.332
11 0.124 6 0.713 1.293
12 0.110 9 0.681 1.235

26 4 0 AB KA B b S RN ) R [ B
N [ {7 % Il 5 A5 R TR JRE (14) 184 M0 17T 2% 4 ek /N . AT
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B BE TR A SCR D 10 em.
2.4 EEHEHZMW

MK A TE Y A2 B 1 000, 1 200, 1 400,
1 600 mm R, 73 B fiff /K 4 30 T4 A8 A X K A aE
JO2 1 MRS B 820, B AR LS.

x5 BTEEZIM ARG
Tab.5 Influence of diameter of storage pipe

on stress and displacement

M EAE RN/ MMM, B/
d/mm MPa mm mm
1 000 0.172 3 1.199 2.052
1 200 0.129 7 0.734 1.332
1 400 0.117 1 0.627 1.047
1 600 0.146 4 0.725 1.143

M 5 AT, BE & B AR 8 R, B T R B8 g
N EHE R, AR R 1 400 mm B, 5 KA ) A
A7 B BB e /NME 0 445 42 1 200 mm B, i 7K
BIE RN AL R 5 42 A1 400 mm B AH 25 AN
K. 7% 8B /K 48 18 09 B 8 6 Lt T 9% LI
B AN R A6 S L ZE B2, Ik A R R
1 200 mm () fif 7K 4538 .
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fi kit
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Fig.2 The schematic diagram of drainage pump

station systems in the underpass interchange
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Model Building and Mechanics Analysis on Storage Pipe of Underpass

ZHANG Hongliang' , SUN Pei', XIE Dingwen’

(1. Key Laboratory for Special Area Highway Engineering of Ministry of Education, Chang’ an University, Xi’ an 710064, Chi-
na; 2. Sichuan Blue Planning and Design Institute Company, Chengdu 610041, China)

Abstract: In order to improve the present waterlogging condition of underpass, a scheme of adding a storage
pipe in underpass is given. Based on the tube-soil mechanics model, a simulation mechanical model of storage
pipe is built, which is analyzed by finite element method. The reinforcement of the storage pipe is calculated,
while the influence of parameters on the mechanical property of storage pipe is studied. The test results show
that: the covering earth thickness, the soil base modulus, the wall thickness and the diameter have significant
influence on mechanical property of storage pipe. According to the research results, a new storage pipe is rec-
ommended as follows: covering earth thickness of 1.5 m, soil base modulus of 40 MPa, wall thickness of 10
cm and diameter of 1200 mm.

Key words: road engineering; underpass; drainage system; storage pipe; mechanical property
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Fig.1 Simulation of moving load by the 1

+2 two-axis vehicle (one side 1/2)
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B2 HEBREARTEERMENS(1/2)

Fig.2 Finite element model for asphalt
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pavement and meshing(1/2)
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X By, BT E IR G RHE 20 C B A K&, MPa; T
ARG RHRIE,C B, NI HIRGHET T
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Tab.1 Pavement structure and material parameters
Hem A R/ BiE/ Wk W/ FHJE
GiH2 mm MPa o (kgem) a B

Lmz 40 E 0.35 2 400 0.4 0.005
R 60 E 0.35 2400 0.4 0.005
TmHZE 120 E 0.35 2 400 0.4 0.005
Kk

cpg 180 1500 0.2 2340 0.4 0.005
;Lfg;i 180 1300 0.2 2340 0.4 0.005
+ 3 \ 45 0.4 1730 0.4 0.005
TR BT FORES RO WA G\ W R OR %
SRS SRR R

2.2 HEIRIET

T WA R b M B B A R L
JE A PR 2R 55 1 )2 P e KR ) B N A 2 ] Y oG
#,ZMIEAR S 7 ik fE bR 1 iR R (HRO0.7 MPa)
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Tab.2 Orthogonal calculation case

=N < L f
A5 A
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B T/C -5 10 18 25 30

M T 5 K, 2B O bn v AT 1 O &
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Fig.3 Distribution of maximum transverse shear strain in the surface layer of 1 +2
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two — axis vehicle with standard load by different speed into the slope
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Fig.4 Influence of different qualities and the maximum
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Study of the Shear Strength Design Method for the Long-uphill Asphalt Pavement

LYU Pengmin', GUI Fajun', ZHANG Yang’

(1. Key Laboratory of Highway Construction Technology and Equipment of Ministry of Education, Chang’ an University, Xi’ an
710064, China; 2. Xi’ an Shaangu Power Co. , Ltd. , Xi’an 710075, China)

Abstract: In order to study the relationship between the shear stress in the surface layer of long-uphill asphalt
pavement and multiple factors, by analyzing the shear flow deformation with the affecting factors of asphalt
pavement, a dynamic response model of the long-uphill asphalt pavement under moving load was established
which took the most common two-axis vehicle and four-axis vehicle on highway in China as examples in this
paper. The multivariate cross combinations calculation was conducted with reference to the orthogonal test
method. By the analysis of the calculated results, a maximum transverse shear stress comprehensive calcula-
tion model of the long-uphill asphalt pavement was proposed which included main affecting factors such as axle
load, speed, slope and temperature. According to the mechanical characteristics of the long-uphill pavement,
it is suggested that the maximum shear stress in the surface layer and the shear strength of the pavement mate-
rial should be added as control indexs in the pavement design and construction. A comprehensive rutting pre-
diction model under the influence of many factors was proposed.

Key words: road engineering; long-uphill; asphalt pavement; shear stress; control index
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Fig.5 Slope displacement curve during
wetting-drying cycles
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Model Test on the Performance of the Expansive Soil Slope

During Wetting-drying Cycles

ZHANG Yuzhuo, WANG Liujiang, LIU Sihong,LIN Yawei

( College of Water Conservancy and Hydropower ,Hohai University, Nanjing 210098, China)

Abstract; In order to investigate the responses of the suction, pore water pressure and swelling-shrinking de-

formation of the expansive soil slope during wetting-drying cycles, a laboratory model test on the expansive soil

slope was conducted. During the wetting-drying cycles we measured the changes of suction, pore water pres-

sure and swelling-shrinking deformation of the expansive soil slope surface, drew the corresponding time curve

and surface contours. The experimental result showed that variations of the suction and pore water pressure

caused by rainfall increase with the increase of the times of the wetting-drying cycle for the width and the depth

of the crack got larger and deeper; the horizontal displacement increases during wetting-drying cycles, while

there is remarkable swelling-shrinking deformation observed for the vertical displacement; the heave deforma-

tion of the expansive soil slope increases after each wetting-drying cycle, especially at the foot and base of

slope.

Key words: expansive soil; slope; wetting-drying cycle; suction; pore water pressure; displacement;

model test
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Fig.4 The transfer coefficient of longitudinal joint when the length and diameter of tie bar is different
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Tab.4 Stability results of variation of arch section height
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Analysis of Out-of-plane Stability of Standard Concrete-filled
Steel Tube Dumbbell-shaped Rib Arch

CHEN Lirong'*, CHEN Baochun'

(1. College of Civil Engineering, Fuzhou University, Fuzhou 350108, China; 2. Fujian Communications Planning and Design In-

stitute, Fuzhou 350008, China)

Abstract; Information of concrete-filled steel tube ( CFST) dumbbell-shaped rib arch bridge was investigated.
Main influencing factors of out-of-plane stability of this kind of arch bridge were statistically analyzed. A
standard dumbbell-shaped rib arch which could be representatively in accordance with engineering practice was
built by referring to real bridges. The parameter analysis was conducted on this standard arch. The results
show that coefficient of elastic stability increases firstly and then decreases while the rise-span ratio increases.
When the rise-span ratio is in the range from 0.22 to 0. 25, the coefficient of elastic stability of dumbbell-
shaped arch bridge reaches the peak. The influence of the width-span ratio of arch is similar to the rise-span
ratio. Brace form not only affects the stability coefficient of arch, but also affects the out-of-plane instability
mode. The top brace has greater effect on elastic stability than side braces. Enlarging the diameter of steel
pipe can effectively improve the out-of-plane stability of dumbbell-shaped arch, but enlarging the section
height of arch rib could only slightly improve the out-of-plane stability. Then coefficient of elastic stability of
arch will enlarge with the increase of deck stiffness, but there is a reasonable value interval of deck stiffness.
While exceeding this interval, the coefficient increases slowly.

Key words: concrete-filled steel tubular ( CFST) ; dumbbell-shaped; standard arch; out-of-plane stability ;

parameter analysis

(E#EF 122 )

Test Research on Load Transfer of Tie Bar of Concrete Pavement

LI Jingjing'?, ZHANG Qing’

(1. Department of Highway Engineering, Shaanxi College of Communication Technology, Xi’ an 710018, China; 2. School of
Highway, Chang’an University, Xi’ an 710064, China)

Abstract; After the working mechanism of joint under repetitive loads was analyzed, the bending fatigue test
was made, and then the load transfer ability of tie bar under different thickness, the length and diameter of tie
bar were studied. The results show that the load transfer coefficient of longitudinal joint is roughly divided into
the fast decline and maintaining phase, before and after the load is 50 million times; the transfer coefficient of
longitudinal joint is enlarged by the increase of the length and diameter of tie bar, but the growth is less than
9% ; the transfer coefficient of longitudinal joint is decreased with the increasing of the slab thickness, about
8% ; combined with the current specification for the level evaluation of load transfer capability of the old ce-
ment concrete pavement, after the load is applied 50 million times under the experiment conditions, the trans-
fer coefficient is above 80% , it has excellent load transfer capacity.

Key words: road engineering; cement concrete pavement; load transfer coefficient; bending fatigue; tie bar
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