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Structure analysis of poly (para-phenylene terephthalamide)
fibrid and its application in PPTA paper based composite

ZHANG Mei-yun, WANG Ru-nan, LU Zhao-qing,
JIANG Ming, SU Zhi-ping

(Shaanxi Province Key Laboratory of Papermaking Technology and Specialty Paper, Shaanxi University of Sci-
ence & Technology, Xi'an 710021, China)

Abstract : Poly (para-phenylene terephthalamide) fibrid is a new PPTA differentiated product
developed in recent years, and it can be used as composite reinforcement materials since it
has good wet processing and compounding effects. In order to investigate the structure and
properties of this new fiber and its application in paper based composite, LM and SEM were
used to characterize its apparent morphology, Morfi Compact was used to analyze its morpho-
logical parameters, FT-IR and XRD were used to study its structural properties,and the mer-
cury analyzer and TG-DSC were used to reveal the effects of fibrids on the properties of paper

based composites. The results show that fibrids appear like non-rigid wrinkle film or sheet
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relative to pulp,its morphology is flexible and it has a larger specific surface area as it is light

and thin, besides it has a good dispersibility in an aqueous medium. Fibrid has a smaller

length and distributes centralizedly,and its high degree of fragmentation is conducive to the

uniformity and strength of its composite materials. Fibrid has polyamide structure and it has

low hydrogen bonding degree and obvious amorphous structure. Due to its unique morpho-

logical characteristics, PPTA paper based composite which is made of chopped fiber and

fibrids has compact structure and less porosity, besides the mechanical strength, insulation

performance and thermal stability of this kind paper increase obviously,indicating that fibrids

can be used as aramid paper based composite materials with excellent performance.

Key words: para-aramid paper; para-aramid fibrid; morphological analysis; structure and

properties
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The synthesis and application of surface sizing
agent copolymerized by PVA/HC/ST/BA

ZHANG Su-feng, WAN Jing, WANG Qun

(College of Light Industry and Energy, Shaanxi Province Key Laboratory of Papermaking Technology and
Specialty Paper, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: In this paper,a kind of surface sizing agent for paper was copolymerized by using
polyvinyl alcohol(PVA), hydrolyzed collagen (HC) , styrene (ST) and butyl acrylate (BA).
Make the performance of sized corrugated paper as the reference index,the optimal synthesis
conditions of synthetic sizing agent were determined by single factor optimization experi-
ment. The result shows that when the mass ratio of hydrolyzed collagen and monomer was 1
: 1. 25,the dosage of initiator was 4% of the monomer,the mass ratio of BA and ST was 1 *

3,the reaction time was 3. 5 hours, the best performance improvement of the sized paper was
obtained. Surface sizing on paper was concluded with the synthetic quaternary sizing agent
and other sizing agent, it indicates that sizing with quaternary sizing agent, and sizing with

quaternary sizing agent and starch, the tensile index of paper respectively increase 25. 51%
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and 25.45% ; the paper’s ring crush index respectively increase 54. 53% and 54. 33% , but the

effect is still weaker than 62. 78 % which sizing with starch and propyl benzene latex; sizing

with quaternary sizing agent and propyl benzene latex or starch and propyl benzene latex can

increase the water-resistance 74. 42% and 68. 61% respectively.

Key words:PVA/HC/ST/BA; quaternary copolymerization; modify; surface sizing
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Study on the application of acrylic fiber in sealing paperboard
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(1. College of Light Industry and Energy, Shaanxi University of Science & Technology, Xi'an 710021, China;
2. College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Selecting styrene butadiene latex as elastic adhesive, using acrylic fiber, aramid fi-
ber, mineral fiber and broad-leaved wood fiber as reinforced fiber,applying aluminum sulfate,
CPAM and bentonite as retention and drainage agents,non-asbestos fiber sealing paperboard
was prepared. The influence of aluminum sulfate amount on retention and drainage perform-
ance were studied, as well as the effect and its mechanism of acrylic fiber amount on proper-
ties of sealing paperboard. The results showed that retention and drainage performance are
best when adding amount of aluminum sulfate is 3% ; With adding amount of acrylic fiber in-
creasing,the tensile index of the sealing board increases, the rebound rate increases firstly
and then decreases and reaches the maximum when adding amount is 8% ,the compression
ratio decreases firstly and then increases and reaches the minimum when adding amount is
8% ,the stress relaxation rate and heat loss rate increase.

Key words:acrylic fiber; sealing paperboard; properties
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O 2R FHRL RO

(L BEPE R R BT S5 RETREBE BRPY A 1 ACHOR KR F 400 T & d s 200 2, BRVE PE% 7100215 2. JL
Tl CRUD AR, W ARiL 614900)

W OB AZORETRGLEA R, RARRBAKBERNET HRDIRE £ E(NCCO), il it
B AR M T Zeta WAL 5 #7 E 5F NCC 69 b AE 347 T X, SRR R L S Bk %1 & T % /NCC 4
SR BN A AR L SR PR R R F AR T NCC 49 7 o 2t
LR Hon, TR AR BT ORBUBR K AR R A7 6 NCC iR A IR R R, - Zeta A% A
—33.7mV,F3H &2 A 202.6 nm; M E NCC FAn b o] 6938 b, 5 A L 6h 4 5 B A P73 e,
HAEZ WA E R E T B, b iR E 3 m)s T, % NCC A 8% BF , 4 b 5% & 3§ m 3] 3k K
A 3. 69 MPa, 2 4532 4 S B3 An T 46. 43 % ; NCC T A MK, T 3 B 8 %F 84 @ A 1 Ao K 2K AL LTS
AE 1. % NCC AR 10%0r BB E T K3 60.34% ., KAAELE T K2 236.78 g/24h » m”,
SRR A IR T T 11,93 %4 28. 71 %.

KWW :NCC; b A6HEH,; BMWRE,; REE

FESES:TQ353. 1 XEkARAERD: A

Effect of nanocrystal cellulose on the properties of starch-based film

DU Min', JIANG Qiao', LI Xin-ping', ZHANG Dan’

(1. College of Light Industry and Energy, Shaanxi Province Key Laboratory of Papermaking Technology and
Specialty Paper, Shaanxi University of Science & Technology, Xi'an 710021, China; 2. Nine Dragons paper
(Leshan) Co. » Ltd. ,» Leshan 614900, China)

Abstract: Taking Bleached Hardwood Fiber (BHF) as raw material, nano-crystals cellulose
(NCC) was prepared using the method of acid hydrolysis by concentrated sulfuric acid. By
measuring the diameter and Zeta potential of the NCC, the properties of NCC were meas-
ured. Starch/NCC composite film was prepared using the method of tape casting. By measur-
ing the changes of crystal properties, mechanical properties,thermal properties and function-
ality of the composite film,the effect of the NCC on film properties was studied. The results
showed that the solution of NCC prepared by concentrated sulfuric acid hydrolysis was colloi-
dal solution. The Zeta potential of the solution was —33.7 mV ,and the average particle size
was 202. 6 nm, With the increasing proportion of NCC, the crystallinity of the composite film
increased, thermal stability and light transmittance declined, tensile strength of the composite

film first increased and then decreased. When the NCC added 8%, the tensile strength in-

x W Fs B H#3:2015-06-01
BEETIH P A RHE T B RR = R 28R 5 B (2015]M3083) 5 [ 48 9% K 2 A8 B 37 Ak I 253+ R 35 B (201410708004)
EZ B AL 1976 —) L, Wi VLRI, PRI L B 9 O 1) AR 0 VR TR AR 2
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creased to a maximum of 3. 69 MPa,increased by 46. 43% compared with the pure starch

films. NCC could give the film better water resistance and vapor barrier capability, When the

NCC added 10% , the ratio of moisture absorption dropped to 60. 34% and the water vapor
transmission dropped to 236. 78 g/24 h « m*, decreased by 11. 93% and 28. 71% compared

with the pure starch films respectively.

Key words: NCC; starch; composite film; tensile strength; moisture absorption
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1) {7 8 32 1) A i A% A0 S 0 1) 1D RRL S B I 4 K
MR 2R 2 W] 0, 2 TR R ) 0 3 5 Y 48
x2 EEHEZRENTWL

NCC B bl / % 0 2 6 10
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(2) R JFH It 428 1) L2 ) 46 T JE A /NCC & A5 1
Ji. B2 NCC s E i (0 368 in, 52 A 1 0 1 45
JEE 2R T 1A T L AR S M R 3 W E AN BT R A
JE SRR IS L 24 NCC 3 e iy 8 % i, iz fif
55 B SN B e KA 3. 69 MPa, 45 4l i b3 3 58 184 i
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 EDFREBASKEFRLI(SREAEAFMNIEF. KL L RS PA Mé‘];ﬁ)bn)llﬁl%livfiﬁu
Yl B R G K PAM B G K5 PAM BBt 5 RBL KR Hrh, TR AW, 6K
5 PAM A # A& T SRF A= Bt AR BRI gL i & F R LR A4, B PAM 5 & & 69 #%
IR 3 B E T R A BLAPE AR Hvh R K, IR e B R H AR B A 0. 25 g/100 mL, 5k
LR Py RREG 6.43X 10" m/kg FHE2] 1.85X10" m/kg, &R MmE A 2.0 g/100 mL &, &
S Fa dh B UG AR A K B RIS 97. 5% » A AR E] 80. 4% A= 57. 8% ; £ 4% Am 100 mg/L #)
PAM JG#m 2 g/100 mL 49 & F& . F R o R R4 6. 43X 10" m/kg F K 2] 0. 65X 10"
m/kg, &S Ao LG A K B BRI 97. 5% 4 3 KAk 8] 81. 8% A= 57.7%.

KB ek AKE; BLKMKAR; FRLME

RE S ES X703 MHERARARRD: A

The influence of lime regulate on

the dewaterability of sewage sludge

DING Shao-lan, CAO Kai, DONG Ling-xiao

(College of Resources and Environment, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract ; The paper studied the effect of lime.flocculants PAM and lime combined with PAM
on the dewaterability of sewage under the conditions of changing the sequence and proportion
of lime and PAM, using some evalution indexes,i. e. ,water content of dewatered sludge and
specific resistance of filtration (SRF). The results show that adding flocculants PAM or lime
can reduce SRF and water content of dewatered sludge,lime combined with PAM can im-
prove sludge dewatering properties, but the sequence of lime and PAM has little effect on
improving sludge dewatering performance. When conditioning sludge by lime individually, the
best addition amount was 0. 25 g/100 mL,the SRF is reduced from 6. 43 X10" m/kg to 1. 85
X 10" m/kg. when the addition amount of lime was 2 g/100 mL,the water content in dewa-
tered sludge by the centrifuge and the suction filter are reduced from 97. 5% to 80.4%,
57. 8% ,respectively. When conditioning sludge by lime combined with flocculants PAM and
adding 100 mg/L PAM before the addition of 2 g/100 mL lime,the SRF is reduced from 6. 43
X 10" m/kg to 0. 65X10" m/kg,and the water content in sludge dewatered by the centrifuge

» W Fs B #:2015-05-03
HEEWMB BHEARB#EETH (21347004
TEE® N T 2963, L, INFT R A 208 A WF5E 7 1] 35 Y B A G T A2 7 L4 BT A T B R
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and the suction filter are reduced from 97.5% to 81.8% ,57. 7% ,respectively.

Key words:lime; water content; dewaterability; SRF
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AN AT AT S Ak B A R S 3R BT RN S LA R Bh 4 ek
Rl R G 5 AL B R RE AT SR B
R KA V5 P A A 2 4b B R R 22— 35 Y8 Y b B
B AT 5 # A 5 KABE T B 9% R as AT 3 R 30 %
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T4k B 24 75 9% 4 B 5. T HILEE IR R k- K
iR E . BB O S R (R T
NG PR 5 A IR IR B Y B ST ARGE D

A RS PAM B E 0 E K 4 m 1
B, AR5 PAM B A 18 35 %5 U bt 7K 1 RE 1)
s A IEHLI A AR TR A HL ey PAM, e fik
PAM 257 2% FH & ) 0] 8, 75 31 41 K 5 PAM BX
E BT R 1 A 28, s K A BT U8 K B 3
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1 RS

1.1 FRHER

SR EA P58 B I5 KA BT — 0 M R 4
1. 5 IRBUR G SR A 4 C ykAE Hh & . 15 R
) e AP SN 5 SR FH 3R T ¥ K A LTS YR AR 56
HEI(C/T221-2005). 1 5 H T 525 Br BUHk 46

15 e FE A R
K1 SRHOERESHE
I FKE Lt BH
/(g/mL) /% PH /(10" m/kg)
1.006 97.518 5 7.59 6.43
1.006 97.560 5 7.6 6.43

1.2 @K B & &

R 2 TSR — Se R b Y I E 7 ik
®2 IEWMBEONETE

5 35 H 5 7 i

SRF 175 U6 B BH I 5 2
EDF S KR Em ik

pH LR T

COD TR R Ak

1.3 FRHAHE

BERR 25 B — 22 12 (1 V5 8 43 5 B AR [R] 42 1)
A KFN PAM SR J5 A8 FH S BR B E &8 HEAT BEFE. A
A JKJE s 300 r/min HiEHE 2 min, ZRJ5 150 r/min $i
# 8 min. it A PAM J5,300 r/min $ii#¥ 10 min,
SRJE 150 r/min, i FE 20 min, M E 9 3575 8 19
508 Ho BH I A7 8 0o K Al i Mt /K 5 36 0 s e F
KA JEW COD K& pH.

2 #ZRE5iTiE

2.1 BRI T RBLAKNERE 09 % oh
2. 1.1 RIS U Lo BH 4 52 i

] & K% 97. 5% B 100 mL 15 Jé H 4R vk 4% fin
0,0.05g,0.1 g.0.2 g,0.25 g,0.5 g,1.0 g,1.5
2,2.0 g A, FEBHEE R E 1 iR,

N1 & A R BT 8 B G R T VS T Y
FUBH , LB 5 A K 5 i 2 %) 38 K, 75 U B BH 2 A 2
T RS ABTE AR /N T 0. 25 g/100 mL 1Y
U R S BN K 5 T U8 HBEL R R A e B KL Y
LR R T 0. 25 g/100 mL B, 75 98 FLBH T K¢
2. R, 2R AR R R A KRS U A K 1Y)
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B ARSI A B0 PR K R B A R B AR
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2.2.1 CPAM X} V5 ¢ bt BH A9 52 i
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B T4 75 e 0RO b T IE HL far . BT
MEHEF, BEPCRIGE T Y. Y PAM #n &
100 mg/L B, 75 ¢ B A R U 1 6. 43 X 10"
m/kg % 5] 3. 80 X 10" m/kg, FEAL T 40. 9%.
PAM AN &4 100 mg/L. #fER S A K S
PAM B G BTG Je 52 50 . PAM By 4 fin #C 100
mg/ L.
2.2.2 PAM #Anxt e ot K A
BMA W B PAM 7E 3 000 r/min 8.0 20
min X E23H0E 20 min JRDFE KRG WA 4 fr
IR,

0 2Io 4|0 6lo slo 160 120
PAM# & / (mg/L)
B4 RS KFER PAM #9336 T 4L

M 4 0] LU M A B D U T 0 Il D
K PAM 2 5E TS U8 B O A I8 S U UF S ok RO
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BN PSS Ve K R B B H B A
KR A AR . H PAM £ Jin & & 100
mg/ LI, B0 A I8 5 VR 0k 5 K R A% B0 5 TR
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6.5 %0 s MBS Je U & K R T FER] 76. 6 %0, FEK T
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P A1 208 9 B 7K A5 SR T 1 O K SR e X S5 4
AT B 45 SR — B TR R T B0 K B0
JIHCES I 15 Ve A7 AE — i I ik . {45 B 8] e DF & K
BT 8 B KR 2 B R R 4. 7E V5 K
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I A6 S0 28 WEAT IS U B O i L b T R — AT AR BT
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")
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15 VR B8 AK P BE Y 35 R A G L TR UL 7E S BRI TS
Je K A B B v, AR F A RS PAM B G 8 31
15 MK Al FH TE AL A R AR B 2 A HLE PAM,
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2.3.2 A TEBEXT IR DR K R A R

MU A RS PAM W8I0 1A 3K 1 45 A0
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M 6 AT LLE W A K-S PAM B A 8 BT I
B0 JE DR IE R 3 K R I BE & A R B0 & 5 3G 0 i
BB HAEAKEINER 2 g/100 mL A, 5E
i PAM J& i K5 e A R G in PAM 2500 5 1§
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PG %65 T35 6 i 7K M B 1) 52 i)
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B 97.5% FRER] 57. 7%, FRET 40. 8%. 1A in

ARG PAM B, 76 A7 R4 2 g/100 mL

Bif L B A KRR TR 1Y 97, 5% F R3] 60.3%, F
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P IF AT HhuE R BLSE N PAM [ 5 hn 47 K P 1k &
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500
—A— R

0 L 1 1 1 1 L L
0 025 05 075 1 1.25 15 175 2

KA E /(g/100mL)
B7 BMmIEIohBIBEAAE
x4 7 ik COD ¥ %vh £ 4L

R3 BMEIMARKEAERMIRF
BX A i 32 Hl IR IR W A9 pH

o . 100 mg/L. PAM A KA+
ARB N i 1K & CAREW 100 mg/L PAM
/(g/100 mL) pH o
pH UEW pH
0 7.59 7.6 7.6
0.25 12.21 11.9 11.78
0.5 12.81 12.52 12.39
1.0 12.99 12.68 12.55
1.5 13.06 12.39 12.57
2.0 13.08 12.61 12.54

B 7 7] LUAE H Bk 8 A K S A KR
PAM Bt & P56 )5 U8 W 1 COD ¥4 18 K2
B T A R B S Je E BRI B9 COD Lt A K 5
U S VR R IE VR COD B K R, B
Fe Mm% PR S 30 EPS 45 WK L SN2 AN R AW
6 B 75 e 2Rk K AN E AN R A P R R A R
AR T VA o DA 5 B0 Y B B R AR R
M 3 K B A7 IR S BER pH i FR 9 7. 60
ETEE 12 A R s B, £ K AR TR R
1 pH. A B 295 e JE E A & CaO., Ca
(OH),.Ca™" il OH . RERFE W5 T 4 KHE
Hler e EZE KR Ca(OHD,, A&
Ca’" L1 pH>12 W2 JE i K it Ca(OH), Z1i&Y)
(LB, A KIEAS il 42 41 OH W77 pH
KIS YRRy L TR AE pH>12 4 1F F AR ok 2
f1CaCOH), 24K, Ca(OH), 2 1AM RE i 15 J¢ P
W v A T L B0 T R Y B K BB

3 A

AL S 5T A B AR 458

(1) A B VR B 5 U 1) JBE /K M B 4 3 Hh ek
AL LB BE & A K A3 0 5 1 3 K 0 3 AR, B
O WK U DR 5 7K A BT A, Sl U8 5 DR F 5 K %
83 FRAR. A0 K B R RS e A K R B R R 2 N
0.25 g/100 mL, it i} 35 Je b BH 1 JEJe 7 6. 43 X
10" m/kg FRER] 1. 85X 10" m/kg. 24471 K&
O 2 g/100 mL B, B0 A UE IS VDR 5 KR
JEUERT 97,5 % 43 3 R BEF 80. 4 %6 1 57. 8%.

(2)PAM 835 Jé % 15 U 1) Bt K o4 684 r ek
. H PAM W AR &N 100 mg/L, 5
FEBH A P8 B 6. 43 X 10" m/kg F R3] 3. 80 X
10" m/kg, & 0 A IE 5 U UF 5 K R R U8 1
97. 5% 4 5 FREHI9L. 290 F1 76. 6 %.

) BRA BTG e s 75 e iy B K M RE  FL%G
B PAM J5 Jnf B i U i) 7K 1 B 1 i 35 80 R
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Ba, sSr . TiO; %515@%51%17}*4
I BB AN HE T BE B 3R

Wi, e m, F OB, B, MAE, K B

(BevGRHB K2 MR B 22 5 TR %R, BV P52 710021)

O OE. %W KR4 (Ba, s St TiO,) fe gk BEME #9408k B 48 6 (Y, Fe; O 4 RA, R
A RAL G R E AR K H & B T Ba, s Sro, TiO, A = A0 % 5 &4, #1 A XRD #» SEM #f %2 &,
M A Fe BTG IR AT AT ST A fe i AT T AR B R AW A S MM
A BB b Ak, B 60 R R AR IR B Ae S0

KPR A oMA; KBRS LB BB ANRERE; B

hESES:TB34 MERARER: A

Dielectric and magnetic properties of Ba, ;Sr, ,TiO;-based

magnetoelectric composites

YANG Hai-bo, CHEN Han-yu, LI Zhao,
XUE Xing-kun, LIU Long-jian, ZHANG Yi

(School of Materials Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China)

Abstract: The Ba, 3Sr, , TiO;-based composites were synthesized via the in-situ growth solid-
state method, using Bay ¢ Sry» TiO; and Y;Fe; Oy, as raw materials. The phase composition
and surface morphology of the composites were investigated using XRD and SEM, respective-
ly. The dielectric and magnetic properties of the composites were also studied. The results
show that the BST/YIG/YIP composites have giant dielectric constants, high saturation
magnetizations and coercivity.

Key words: composites; Ba, sSr, , TiO;; Y3Fe; Oy, ; dielectric properties; magnetic properties
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1 1M 55 : Bag.s Sro., TiO, k= MG L 25 B BHR A At FRE L REBIF Y « 29 -

N TRERTRUR-S Al IR E - St WD ke ey T i PP
RE . 40 56 1 HN R HA Tz A L AR
1T B P, SRR A B A 2 A 5 0, O HL T LI 2 R
2R IR EE R B T = IR AU BiFeO,. AfT4E
FLAG Bk e B RS g M M R AT S L T AR
SRR I BT R A AR A AR B TR
AR RE B A R T L R e I L R R e R 2k I
F1A) FEL S T 0 B R PN L SRR N i A SR A
Iz n A R U R GO g R L T H
1% ZR G010 FL G i 5 T N 1 £ R A AR R R ) R Ut
X AT EORE B Il L T REE R AR
X J7 A AR 5 A0 L PRI R H 52 5 B R Y A
FEW G T % E MR R TAE S W E R

Ba,Sr, , TiO, J& —Fh BL R i 2k i 4 8}, B
B B L BRI A B RE L TS A
ZIZHAS ZRHE T S FE RS B SRR
RO ST AT TR T R R R T A R R 2 B b R
Y, Fe; O, 52— F W0 2k 6 M R, B 10 R 1Y e /4
R A e 1) L BEL 238, A B Rk SRR A R B 8 A v
R AAEH Tz W, YFeO, J2&— fb i 51 i /s +
PR, B B Y A3 R R (640 KO A 1 HL BE
R, ] AR FH TR G 4% IR A% L WG 6 BN A 0 2% 1 5
J7 T

A SCR R A A T A 9 A — iR L Y
BST/YIG/YIP =AW 52 & 4 K}, 8 4 P 38 Fi ik
ST A B BST/YIG/YIP = A& & M RH7E
W S B T BT A A ORI P R L A5 R b R AR
Al b B AR RN, 7 AR B R AR A 45 52 A R
Ii HL R Tk e 1 B 48 L 25 S R Be AL T AL B AE
BE R T A RS A L T DL R S TR AT
FoA o RGP REEAT T FSE.

1 TEHH

1.1 Hoeed &

K HI AR 325 43 0 i %% 3 Bag.s Sro.. TiO; F
Y3 Fes O By 4. R J5 4% B85 20 xBa, ¢ Sro.» TiO;-(1
—2)Y;Fe; Oy, (Hirh 2=0.10.,0.15,0. 20.0. 25) LA
— Z 5 i HIR A R TR A A BRE R, D
Tk CBEAE Bl ) L B kAR 3K A BT, A7 A2 3K AL
BRIE 4 h. JRHE 80 CHET IS WFES , A 5 wt 0 (1)
PVACR il #47 8k, 42 60 H5 120 H i W
b R OB TR A R e 7 B R BB, R e A
$10 mm A9 H-. BEJS 7E 550 °C iR 4 h HER . 78
1350 C Fhe4h 2 h iU, FHE S EE N 5 °C/min. ¥t

il £ G AR ot T T R AR KL A 600 °C A2 A IR IR
15 min %& B AL .
1.2 # ooy R AE

il D/max 2200PC % X 5 2k fi7 i I (X-ray
diffractometer, XRD) X} ¥y 44 i#t 47 1 # 73 #r . Cu
Kal 4+ A= 0. 154 056 nm. F§ JSM-6460 #!
14 B F B 8 B% (scanning electron microscope,
SEM) M % #4130 W JE 51 A 45 R H
HP4294 BHAT I3 B A0 4 i 1 A 1L 1 RE #E 47 20 A
AR sh A S R T (VSM, Lakeshore 7307 USA)
TN i 1 O i ] 42

2 HRE5ITiE

2.1 AaaH

& 1 & BST/YIG/YIP =& &M FHE 1 350
CRHREEZ G XRD AT g, NE 1 TRVE &
B AR BR T B ER T 4549 1) BST A A1 YIG #H 41,
TELE A5 K0 45 M9 19 YIP (JCPDS & H %5: 39-
1489 A AN 5 B AR HIAR. 1 B, B4 BST & &= 1)
ThiE s YIG AU i) 5 B2 B AR, YTP 0 ) i B85 346 ¥ 3
TR

*BST YIP YIG

25%BST sunknown phase

N o °
. ., 0o & $40,0¢ L 0
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Intensity/(a.u.)
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1 1 1 1
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260/(%)

A1 ARREBIKT BST/YIG/YIP 44
###5 XRD B %

2.2 WREH

Kl 2 ZAFE T BST/YIG/YIP & 4 # ok
(9 SR 210 M O L ONE 2 aT LB L e 4 )G
IR ST TAREZYE o ST o e ) o TR S A i
SAL. TR R F 2SR OR R AR R
BST . B BROR 19 YIG MK 200K (19 YIP 4.
X5 AT XRD 0 B 5 B A A

K 32 15%BST/85% (yttrium ferrite) & &
MEHY EDS g3 Bl @ R ok &% Ba.Sr.
Ti.O PL K /D E ) Fe, C Jo &, A Ik Al LI & 2
BST . 2 @ BkR Bioki () Y/Fe ¥ H & 0. 7,7
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PIBfE 2 YIG M. BERKZAMBLEH Y.Fe O Al
e Ti o, Y/Fe JEFH & 1. 08, B Lk — 2
W& YIP A0 JF H. Z &Mk YIG tHE: 2R
YIP A, AT fEE i F BST /A& Ti' 48 2% Fir it i
).

(a)10% BST/90% (yttrium ferrite) (b) 15% BST/

85% Cyttrium ferrite) (c) 20% BST/80% (yttrium

ferrite) (d)25%BST/75% (yttrium ferrite)

B2 FRBELT BST/YIG/YIP &4
# A4 SEM A

400} Spot A
300}
200}
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0 "
8 10
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100k SpotB
Atom% | Atom ratio
Y | Te Y/Fe
300k 27.89/40.08] 0.7
200
Fe
100F
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0 4 6 8 10
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Y Fe €
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300F
200F
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100F
Ti 1 Fe
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4 6 8 10
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B4 #AHes EDS k3% B
2.3 IR EE AT
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MOEH A AR 1. B A T RVE L IEEIR T E S
R S R B0 Y A f 1R B L O L BE B A9 A 1Y 1Y

s A H B (D B WU N HE RO ME E A
MOEL R BST & 2 (9 3 m i T s X i T 4l A
BST J2 B0 (1 4k ol b4 ), B 55 1 A L8 280, T
YIG Fil YIP kAR A i F Bk, B & BST AH
B ELRYHE N R T 2 G MR BST kL] i
Sk A EAE A s A R RN T .25 %
BST/75% (yttrium ferrite) 5 & ¥ KB A o 8 %K
() ik 12 000, FHLH B A L PERE, X & T7E
A R A7 A B T A AR B R Y B, S B
H Maxwell-Wagner 5th 3 (76 3 A0 R T, 4 B F
B (e T WA B ARFE (tand) H i #0610 MR 4
Maxwell-Wagner 5[ /b LIS, 23 [6] B fof 7% 5
ATV LR A SOk R
Veo(Yies — V5e1)
Vid, + 7.d,

Kb, Q Rz ML fif, V J& SR HL I, S J& W AH
LML A 71 072 ver ven s dy F dy A3 R G,
A HL H HRORT VN AH 1Y R

A MR £ A TR G 3850 40 A S T %3 T
HL A 11 2 o 33X A s [ i A R A R A 1 ST L
A5 52 G bR TE IR LA A v 1 A R A
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TR A HE 5], 2 ) H Ao 5 2 38, A H R B Bl 2
BN o5 A AR A LR BOE P RB IR R B T
EAM R YIG FI YIP M fEZER T Fe''/
Fe® " ARMr i ™= A i) e A8 A . 3 b R A A - =2 1]
14 L F- 28 4 AR A e 3 O 1) b A T L A A T
T AL X R At 2 B A R 11 3 T 3%
PROR 1A e 37 1 A8 Ak B A WL E5 L R
S P A PR A AIAT TS e BT 23R 0 R R
REA AR T AR DA B U 5 o0 8 0F R A
P45 RE S 30T 5t ¥ 06 1) 55 M. T B 2 A R A 18
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FEIFth et BTk AN IEA YIG 5 i T YIG
DL ™ A2 1) Y TP By e v B 238 foff G A fl 900 6 %
I, I ERAR 1 YIP 9 7 A 4 w5 14 B 2 44 6
F14) ] B 2 — 25 18 5K T Wi % b ek ) B0 i L AR
REAIR.
2.4 EEVEAE AT

& 5 J& 5 &M F BST/YIG/YIP 76 % 1 T 1
T i [T 2. 52 6 MR 2 B0 1 ML AR 198 0 A %) i s [
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(ML) 3 7 B AR (ELI:  F0 A i Ak 5 B2 (ML) i1 i
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i n Bi,03-B,0;-Si0, FIE
XF BiFeO; a2 M4 88 BY 22 M

HAKF, T2, F—R, TS, 3t %, AR

(BRPERME R MR R 5 LA B, BRVE P4 710021

W E.RABEMERETRWREKRE BL,O,;-B,0,-Si0, (BBS) # 3 4 BiFeO, M &. i it
XRD X F B L T BiFeO, H R A M 09 & T ¥ A4, it SEM A= [l 45 47 L5 BBS 3%
B mat BiFeO; MERLEBRE BHEM AN REREEEN T 0. FLERELN. £ 780
CHere 1 h G133 448 BiFeO, k. B A I IR A S0 R385 18 K 09 e 45 13 5 38 347 1K
BB AMER 8.0 wt B A B F A 24,5, N BHAEA 0.01. FmEBE . HENLFE
BA T hFEK MR R MERBAMEN R AL LR T A BRI »H
B ALRY. BHIBHARMEA 8.0 wt WA, BiFeO; MEMLBERTH 2.5 pm, L F 4

34,
X8I :BiFeO, M%E; BBS#H A I, A EME; BRI EAR
HE S LS. TB34 NXEFRER: A

Study on the properties of BiFeO; ceramics with the
addition of BizOg'BzOg'SiOz glaSS

PU Yong-ping, WANG Ya-ru, GUO Yi-song, WANG Pei-kui,
JIN Qian, ZHENG Han-yu

(School of Materials Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China )

Abstract: BiFeO; ceramics with different concentration of Bi, O;-B, 0;-SiO; (BBS) glass were
prepared by solid-state reaction method. The processing parameter of BiFeO; powder were
investigated by XRD,BiFeO; ceramics with different concentration of BBS glass on sintering
behavior, microstructure and dielectric properties were investigated by SEM and inductance-
capacitance-resistance(ILCR) analyzer. The results showed that the pure BiFeO; powder cal-
cined at 780 °C for 1 h. The sintering temperature decreased with the increasing concentration
of BBS glass. Dielectric constant was 24. 5 and dielectric loss was 0. 01 when the ceramic with
8.0 wt% glass addition. The polarization hysteresis loops became saturated,the leakage cur-

rent decreased, magnetoeletric properties increased with the glass addition. The grain size of

* WFR H#5:2015-03-01
ESWMB EHRARPFIEESTH (513721440 s HE MBI LA TF AA ZH R B (NCET-11-1042) 5 BG4 BH 47 # aBH 5 41
BrATBAIR H (2014KCT-06) 5 Bk 78 45 AL £ 7 E bR & 1B 12135 H (2012KW-06) 5 H 5K %% K 2% A8 403 Ak Y 25 31 0 35 |
(201410708001)
EZE BN AT A971—) B I FER 2, 208 A8 R 58 J7 1) A L 26 Pl b e
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ceramic decreased and uniform, the pore decreased. BiFeO; ceramic was constituted with

small grain size which is 2.5 #m and uniform particle when the ceramic with 8.0 wt% glass

addition.

Key words: BiFeO; ceramics; the addition of BBS glass; dielectric loss; leakage current.
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Lo AT BB TR G351 )5 16 1 250 “ClE Rl PRk
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RESEL TR

LA, KRR, ®EIHE, LHAL, £ JF, TIEFE, B A

(BPRL R 2% AORRL 25 TR, BEvE PE%  710021)

 OE. 2 Zn(NOy), « 6H, O K TEEE (TAA) A 22 B, K48 K A A, AR 4k K #
ERAHAET ZnS AR L. KA X-HEATHAXRD) 424 & F 2 # 4 (SEM) , UV-2600/
2600A A M- WA AT F e Aa R A R FRAEFIT R, TR T Mk K#GEE
st ZnS R S ey RAELFE R G Hw. R AW R BIREH 170 CHE, BT 4 &89 ZnS 44 R BB
BRTHGASHEEF  EEFTEA 3.632 eV, RILBEE SR REE R, £ 550 RN
12 min J& &F A4 09 kA AL R T 38 99, 3 %.

KERIE Ak KR s ZnS ok gy AL

RES%ES . TB383 Mk ERAERD: A

Influence of different temperature on the structure and photocatalytic

activity of ZnS nanocrystallites by microwave hydrothermal method

YIN Li-xiong, ZHANG Dong-dong, HUANG Jian-feng, KONG Xin-gang,
WANG Dan, WANG Fei-fei, YONG Xiang

(School of Materials Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China)

Abstract: ZnS nanocrystallites were successfully synthesized by microwave hydrothermal
method using Zn(NO;), *« 6H,O, thioacetamide as main raw materials and distilled water as
solvent. The phase composition, morphologies and photocatalytic properties of the as-pre-
pared samples were characterized by XRD (X-ray diffractometer), SEM (scanning electron
microscope) and UV-2600/2600AUV-visible spectrometer and the influence of different mi-
crowave hydrothermal temperature on the structure and photocatalytic activity of the prod-
ucts were investigated. Results shows that ZnS nanoparticles with good dispersibility pre-
pared at 170 “C has uniform size and exhibite wide band gap energies of 3. 632 eV. Moreover,
the as-prepared ZnS nanoparticles shows high photocatalytic activity to degrade Methyl or-
ange, which photodegradation efficiency reaches 99. 3% under ultraviolet irradiation for 12

min.

» WREBEHA:2015-02-25
ELTB ERARRELEITH (51472152) ; B R B 2 #1050 H (2013BAF09B02) 5 B 76 45 Bl #7771l 2 & Bl 11 %35 B
(2014K08-39) ; Jik FH i BF 1151 1 H (2013]K02-11)
TEHE B B 1974 —), B Bl WG Wk B #0821, 55 07 1]« ) 8 8 1 e 494 K+ ek



. 38 o RaPAREEFR

Key words: microwave hydrothermal method; ZnS nanocrystallites; photocatalytic propertie

0 3l

21 2 JROK B B = 5 2 2 X0 AT KR 2k 1Y
AR Tl A e T AR 38 R S8 0 Ok B i T ™ R
L TR R Tl Ak 1 K R L 45 R R P K Y HE
AN 25 1 VB  ED G | GRS K
Hg A DL S Y B BB e H R IR L R
S A DUYERE A A LY | By 26 5 ) 2 e
VI ZETF R T 2 BR AN V24 A B 7 ok BRI TS
et A AR L — B fA7 SR 7 3 A K BH fE R
A= ORI, BB R = iR A i 2 g
SEPED TR A O 2 R A I K AR5 et 1 T ik
hZ—.

UCAFSK P R BLAL Y U ZnS i T
URR A PR BT S T AE R T A2 B T R AT )T
2R AR — P E A R R IR (IR TN
3.66 eV),ZnS )iz BT Ot oL SV i AR
Won g L BEUROGER I DG SRS O O
PRAE R, ZnS HA B Y RE S A 4580 A
Xt B I AR R e T B R BE b A
B HE -8 O R B A U RE ) O
I A G T PR AT A AR B, R ZnS B
HH ARy e T A AR AT T AR P s

FIHBCYIE. CATFZMEBOT SR T A —
FEJCHEALTE PE AN R 45 M 1Y ZnS, Ik Bk
REETSTH , Shujuan Zhang™ 3 33 B 28 7K #4
FAF A B ASRIE S0 ZnS B b v HH R i 3R 81
TR O A A R A T s TR AT B
LR MR A B A T ZnS 9K 0N F 4136 1
3D TAER. e TR ROEERRL BT B (006 B R
WFFE rh i o 45 1A IR B L & T B ST T BORCIR
ZnS G4 G I 25 18 O AR AL T 1

H AT, ZnS 0y 6l & 7 i £ 2 81 28 e i g
P OBRL R U R ARG K GRS R Oy
i, Ho K L R 5 45 3 WA S0 53 HOPE B 45 i
IS T E YO DR/ MK - SRR (SR 5
Y SO R R A O T 4 e B N N TR] AR F 5 A
KA B A, SR P T S A e K Bk R AT
ZnS G I A, R 90K PO B X 26 A 5
FEAEZE AT BRI 1) R H SR ekl S H AR R R
XF ZnS 9K fi AT G A AR IS PE AT PR A

il

1 THH

1.1 ZnS 4k 5 o9 4 &

R Zn(NOy), « 6H, OB At 2 Bk e
(TAA) NH; « H,O.HNO, Jg 4374l , 525 FH 7k
PR ZE K. A 200 mL ZE 18 K (B HR b m A
12.714 g Zn(NO;), * 6H,0(0. 25 mol/L) 5 F| 7%
B LR A7 WV TR ARG IR 55 00 R 1 i hom A
TAA 1% Zn A1 S EE/RE LA 1 ¢ 2, 7E R4
PPk —BemtiE JE H NH, « H,O (We% =10%)
HNO, (0.5 mol « L™ JH T ) WA R pH & 7,
T 28 38 — B iF 18] 6 77 9608 J5 5 M W3 40 4 1 4
By G A4 3 V5 VR A 1) SR DU i 2 s T S e
L A K BT 110 °C L 140 °C 170 °C L 200
CRAMIR I 2 he 4505 18 ROV AR & A 9K
A HZ IR 0 ) 2R A K RIEDRS 20 B O e A Ok
R Y EYE T 60 CEAS THRM P T4 3
h CHE 7=, i it — 20 1 R AR 3K
1.2 FAER K

K HH AR Rigaku 28 m] A4 7= X F AT 5L (D/
max2200PC # X-Ray Diffractometer) X #£ /i #4
AEZH BN R I R 1 S BT 0 ) SR
FHZR H 57 6 3 & 5 B3 B 7 3 85 (FE-
SEM, JSM-6700F). & ] 2§ &}~ UL 3 21 40 18 [ 5F
6 3% {¢ ( Lambda 950 Perkin Elmer, Shelton,
USA) X FE fi (8 W WOt 33 3 47 R 4E. R Al BLV-
GHX-V (L BB A= P B A7 BR 2 1D A Ak s g AT
B IR AT A Ak A 5L
1.3 RAgR K

DL [5) 3 BEAE FR 7 1 4 100 7 0 A e A7) ik
JEHN 1 g/L),10 mg/L 1 H S4B 3 W AE N H b %
f# ), #E 500 W SR AT BRGS T T i Ak S iy A
A7 A AR Mg S I A R AT 06 S I =2 if 56 % 2k A A
AR5 RIS MUY RE G A 0 b 2 5 B T 4 3 e A
HHEATZY 5 min B R S EORT 30 min (8 1 i FE
M5 52 I 1 A A ) 3K 380 08 BT 485 )5 F i R AT #EAT O
WAL I fi# S 0. 45 B 5 min B— KR, IE X H k4T
B X FE MR UV-2600/2600A %I %8 4h-7T i,
T ASCRIE A T W P 0 S AN Ti) 20 e e 1 i 1 o fit
BT H LN AR D #EAT R Horh € R C, 4y
AR AN [ B 220 G Ak 1 vk J32 R el 11 4] 0 v
Degradation efficiency (%6)=0—C,/C,) X100% (1

2 #ZRE5iTR
P 1 g A [R) s gl B2 2% 1R R BT A 7 95 B9 XRD



5 43

JBE ST M 2 < B K AR BE X ZnS 94K & 1) 45 K B HO A A6 1 RE B9 52 © 39 -

B, NI 1 o mT DEE S O i B 110 “C Y,
1330 T ST INEED RIS T 2R 8E 0 ZnS TR & A ™
Y. MR E R 140 °C 170 C A1 200 °C B ¥4 45
B AR A A R A B9S2 T INBERT ZnS, 55
K F JCPDS No. 05-0566 #H— 2. H i [ iy i J
140 °C 2 170 “CHE, FiA3 =9 19 XRD fi7 4 06 1
SR BE (R L W R B, 2 T/ s HH IR AE 140 °C
T 170 CEMF ¥ a] 45 30 45 fh vk g B4 0 Sm O N
PEH ZnS.

A \ d.200°C
-~ Jl A \ c.170°C
=] NI -
=
£ L . SE— S
2
2 i | b.140°C
E A N a.110°C
- | JCPDS No:(|)5—0566 Sphalerite ZnS
1 I 1 1 1
| | I JCPDS N0:80-|OOO7 Wurtzite ZnS
o | N I S

0 20 30 40 50 60 70 80
20/ (%)

B/ 1 RBRESE TR > %68 XRD B#

Bl 2 2 A AN TR s BE AR TR B 45 7 4 Y
SEM M F. WKL 2 Hha] DA s il BE X 7 4 1Y
THOULTE B0 1 LA fb 35 b s . G, OB R 110 °C
T A5 7= 0 52 B R H /N ) SRR, B0 1] [ 3R 4
S E AN 2Ca) Fis ). 78 140 “C B Can&l 2(b) i
7R PRI R BUREIR L 5 100 °C B BT 45 7= AR L
RSP ST, 43 Wb A i £ . 4k 22 3% 0K s 0y it B2
2 170 °C, 45 ZnS 94K fi 1Y O R T b Bl 2 1
Ko BRSPS 2] o Bt B8 Canidl 2 Co) i
7). T 24 52 0 I EE 3k 200 °C I Can i 2(d) firR)
SURLAR 7= 4 S BORG 45 L SR B4, A HICHE A N
I, LT, B 2 B I I RE 09 2 5 7 W 1 RS 8
WA AR, H 2GR IR E 100 CTFEE 170 CHf =
Y1) 53 HOPE 32 ok

T Ve )
< 5 5 By

|||||

(0110 °C (1) 140 C (170 C (d)200 °C
B2 FRREREEETHAZHEY SEM B
FHEE A1 AT UL T8 B A ' 1% R SRAE BT ] 45 1Y ZnS

YK B OGO BE L X T S AR 0 I IR U
2 2 WOBGEAE I R A
(ahv)"* =A(hv — Eg) (2)
Hri,a h.o.n A Fl Eg &AW I & .
B B B O AR | BORN A S A B RE L TE
(ahv)® 5H FHE & (ho) IR T CAn A 3 FrR)
AL B 43 55 A A AR 1Y) 28 4R AT HE I S AR AT ] B
el Eg™. B 3 ArR (aho)? —ho X RKHE
T ZnS 9K RO EEAT SERE R 3. 632 V. I8 3
FE o8 T 170 °CFFrAS ™ 9 i 58 Sh-a] WL ot
T NE R DUE 7 Pk 48 A0 0 5 A A0 Y W
W RE 77, 5 SR IR R 7 T 300~ 350 nm BT, [A] i
TEY R WRSCH AL T 400 nm A2 4. LS5 G ZnS
G K 6T 58 A A TR 1Y) 8 4 1 W s B H T A Ak At
FEME BT HEDN T A Y ZnS 40K b T AR G v
FH Tl A 5 A 40458

0.015f |
S 0.010F .,
>
=
)

0.005(

3.632eV
0.000
3.30 3.35 3.40 3.45 350 3.55 3.60 3.65 3.70 3.75

hv/eV
VL g 170 °C 75 722 i 0 5 5 T S OO i
B3 170 CE&H T AR =48
(ahv)?-hv £ 2 H

TERAMGIRGT , LL T 3688 1 /K I OB R BL
TSY Y, X ZnS 9K b 06 A A0 R M E AT DA D
. AN TR TR E A F T A5 7= 0 A A R A 45 SR an 181 4
e B AR 5 A LR fE AR 5 s
NIURENESE? ST N O W AT 51 B S 1 A i B G S P
RHE B A S G218, I A AR S Rl T LR R
%) B[] R 4O A Ak 43 i, Fevb 110 °C (140 °C L 170
CHI 200 C 2 BT A5 7= 4 % B BE A8 1) 6 A4 1k 1% fi
BRI 2 92,09 % .94, 35% .99, 3% Fl 75. 2%.
Hor, 140 “CHI170 “CHY TS ZnS 94K & i G 1k
T PEDR T 110 C R 200 “C B BT A5 7 1y 04 4 Ak 0 .
X AT RE A T /N i RS RV 1 43 B BT 5
. 5540 M 140 °C 7= B i 6 4 Ak [ i 3 R
(94.35%),170 °C N i ifil & 0 7= 4 H A T 5 1) B
iR (99, 3%). HILIEIA 170 C A& FEE AR K
Bl 2% 1B L 20 FE B 10 4 K Uk A 45 R K



o 40 o

ReHAALESB

TEFATTHY HiT 0 BF 58 0 & B TN BB L ZnS /Y
JefE A T M B T N B M A A RS
ZnSPHUARBEIEH L TE 110 CRAT A7 Y iR
A DVFLR B AL ZnS, H =Wy AR TE 8 0 7™ 5 1Y 8
R AT SR B 42 S L 3 T AR/ TR A S
O F) F2€ fih T BRURI S TG ST R R A BIL A Y DD L AR
SR T O A -2 O 7 AR e AR AR I R
ORI A o VA DRy & S ot
O 36 K e R TR T A AR O RCR SRR [
TR TE A5 ) WL 45 ) 268 85 U0 AH G L B A 7K A
T BE TR 2 170 °C L AR AR ZE I Ok LT W o B
PESE R O HEAL TG PRt — 22 Tt .

Under UV light

Dark stirring for 30 min

1.0

0.81

Ve

0.4r
—a— Blank

——110°C

0'2'—0—140°C

~¥—170°C
0.0L T 200°C ‘ . B
0 3 6 9 12

Time/min
B4 REREBETHGEH
xR 0 AL T R W

FH B K G e pH=7 44 F.F 110 C
~170 CHBERM TN 2 h JFH KIS T ZnS 4
K, Horb  ROBTIRBE R 170 °C iEEE 5 45 2 4% ik
UF BN TT INBERT ZnS 99K & B =W R AR 450
Oy HOCE G FE 2R A RGBS B 1 e A AR G
Ve FE 220G BR S 12 min J5 % B LR 9 516 4 1k [
fif 2R AT 3K 99. 3%. M LTI, ZnS 94K BURLAE g —
it GE A8 2 SR T AR A RE B A G i fb SUEE A R
AT 0L %) 0L R S

2% Uk

[1] Ung Thi Dieu Thuy, Nguyen Quang Liem. Synthesis of
CuS and CuS/ZnS core/shell nanocrystals for photocata-
lytic degradation of dyes under visible light[J]. Catalysis
Communications,2014,44:62-67.

[2] Weibin Bai, Lifang Cai, Chunxiang Wu, et al. Alcohother-
mal synthesis of flower-like ZnS nano-microstructures
with high visible light photocatalytic activity[ J ]. Materials
Letters,2014,124:177-180.

[3] Afshin Pourahmad. Nanocomposite prepared from ZnS

nanoparticles and molecular sieves nanoparticles by ion
exchange method:Characterization and its photocatalytic
activity[ ] ]. Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy,2013,103:193-198.

[4] Hua Tong, Shuxin Ouyang. Nano-photocatalytic materi-

(5]

[6]

(7]

(8]

[9]

als: Possibilities and challenges[J]. Adv. Mater. ,2012,24
(2):229-251.

Ju-Young Park, Seo-Jin Park, Ju-Heon Lee, et al. Synthe-
sis and characterization of cauliflower-like ZnS micro-
spheres by simple self-assembly method [ J ]. Materials
Letters,2014,121: 97-100.

Yong Liu,Juncheng Hu,Chilan Ngo, et al. Gram-scale wet
chemical synthesis of wurtzite-8H nanoporous ZnS
spheres with high photocatalytic activity[J]. Applied Ca-
talysis B: Environmental ,2011,106(1) :212-219.

J Lanlan Chai, Wen He, Lin Sun, et al. Solvothermal syn-
thesis of wurtzite ZnS complex spheres with high hierar-
chy[J7]. Materials Letters,2014,120: 26-29.

Hu J S,Ren L L, Guo Y G, et al. Mass production and
high photocatalytic activity of ZnS nanoporous nanoparti-
cles[J]. Angewandte Chemie,2005,117(8):1 295-1 299.
Xiao Wu, KunWei Li, Hao Wang. Facile synthesis of ZnS
nanostructured spheres and their photocatalytic properties
[J]. Journal of Alloys and Compounds,2009,487(1):537-
544.

(107 WM e 2 30 08 AR S L S 5 BRI A A T B2 iy PR 3K Y

P N T.T.4,2014,43(14) : 16-20.

[11] Jingang Zhao, Renming Liu. Surfactant-free hydrother-

mal synthesis and optical properties of ZnS solid micro-

spheres[ ] ]. Materials Letters,2014(124) ;239-241.

[12] Shujuan Zhang. Preparation of controlled-shape ZnS mi-

crocrystals and photocatalytic property[]]. Ceramics In-

ternational ,2014,40(3) :4 553-4 557.

[13] Fengjuan Chen, Yali Cao. A facile route for the synthesis

of ZnS rods-with excellent photocatalytic activity [ ] ].

Chemical Engineering Journal,2013,234.223-231.

[14] Wu X,Li K W, Wang H. Facile synthesis of ZnS nano-

structured spheres and their photocatalytic properties
[J]. Journal of Alloys and Compounds, 2009, 487 (1) ;
537-544.

(157 WA~ U L Y0 A I, 88 7 22 8 i ik o 4 440K ZnS[]. Ok

TS 2,2008,25(6) 1 208-1 211,

[16] Liu J.Ma J, Liu Y.et al. Synthesis of ZnS nanoparticles

via hydrothermal process assisted by microemulsion
techniquel J]. Journal of Alloys and Compounds, 2009,
486(1) :40-43.

[17] A. K. Shahi, B. K. Pandey. PEG mediated sovlvothermal

synthesis of fine ZnS submicro and microspheres and
their optical properties[J]. Material Letters,2014,116;
112-115.

(T#% 64 )



ReaBBEIE SR Vol. 33 No. 4

Journal of Shaanxi University of Science & Technology Aug. 2015

%33 4
2015 4E 8 H

*

XEHS:1000-5811(2015)04-0041-04

BT REERAEHRNHFRERTHERAR

KA, HEX, KRaedk, 1 &, 57K

(BRPERME R MR 5 TR, BV P4 710021

\

B E.RARABTEANSE ARkt A MBE £ TRk, AR LSt s EHHES
F .8 id XRD,FT-IR,SEM WA & TG % # ks S AT T RAAE, 50 B F kB4 6 B W A
HIER PO RERTTIHHRALANRL. FREREN . B TRAB LN 6 EHERREF
TERSHORABZW RN ZFRG T H R EAIEN TR, @B E T iR kb K A A

FH g3 4 5%,
KEIR B TFRK; BE2H; B4 2K
FESES:0613.71 TEARER: A

Preparation and characterization of ionic liquids doped

graphene and research on their dispersion

ZHANG Li-feng, GAO Yu-shuang, ZHANG Jin-zhen, LIU Yi, GUO Shou-wu

(School of Materials Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China)

Abstract: Three imidazolium tetrafluoroborate ionic liquids with different chain length were
synthesized by two-step method and doped into graphene samples. The samples of graphene
and ionic liquids doped graphene were characterized by XRD,FT-IR,SEM and TG. The dis-
persion properties of ionic liquids doped graphene were further systematic studied. Experi-
mental results show that ionic liquids doped graphene keep high thermal stability and im-
prove the dispersion properties in organic solvents. Additionally,increasing the chain length
of ionic liquids promote the uniform dispersion of samples in organic solvents.

Key words:ionic liquids; graphene; doped; dispersion
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Photocatalytic degradation performance

of different nanostructures SiC materials

OUYANG Hai-bo, CHANG Li-yuan, LI Cui-yan, HUANG Jian-feng,
CAO Li-yun, FEI Jie, KONG Xin-gang

(School of Materials Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China)

Abstract: Based on biomass carbon as carbon source, SiO, and Si mixed powder as silicon
source,SiC microspheres,SiC/SiO, nanochains and SiC nanowires were prepared by control-
ling the carbon thermal reduction. The phase and microstructure of the prepared nanostruc-
tures SiC are investigated by X-ray diffraction (XRD) ,scanning electron microscopy (SEM)
and transmission electron microscopy (TEM). The visible-light photocatalytic activity of the
nanostructures SiC is evaluated by photocatalytic degradation of the methylene blue solution.
Results show that the SiC microspheres are composed of SiC nanoparticles. The SiC/SiO,

nanochains are made up of the SiC core line and the amorphous SiO; forming a periodic struc-

x WFS A HE:2015-04-11
ESTE :ERHARFEETH (51402177 5 Beri 8RBT HAAFH AT 205 H (2014]Q6213) 5 B PG BHHL K2 Wi LR IT S
B4 H (BJ14-20)
B B A  BRFA I (1981 — ) 53 0 R 0N N, DO L 11 L R 52 7 1l < 9 Kbt B & 45
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ture bead. The prepared nanostructures SiC present a strong absorbance in the visible-light

range of 300 ~800 nm. The photocatalytic activity of SiC/SiO; nanochains are found to be

better compared to that of the SiC microspheres and SiC nanowires, which is due to the a-

morphous SiO, that can form activated hydroxyl groups and effectively separate the photoge-

nerated electrons and holes.

Key words: nanostructures SiC; microstructure; photocatalytic activity
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Photocatalytic reduction of hexavalent chromium using

titanium dioxide/graphene oxide nanocomposite

ZHOU Qing-fang, LV Sheng-hua™ , CUI Ya-ya

(College of Resources and Environment, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: TiO, /graphene oxide (TiO,/GO) nanocomposites have been successfully synthe-
sized through sol-gel method using homemade GO and tetrabutyl titanate as starting materi-
als. The structure of nanocomposites was characterized by Fourier transform infrared spec-
troscopy(FTIR) , X-ray diffraction (XRD), Raman spectroscopy. K,Cr,O; solution as pre-
treatment waste water,photocatalytic reduction of hexavalent chromium was researched. The
results show that the anatase Ti0O, spherical particles were produced in the nanocomposites,
and the nanocomposites could reduce Cr®" to Cr’" in ultraviolet light. The TiO,/GO nano-
composites with the content of 5% GO could make the reduction rate reach 91% within 100
minutes. The result has great potential for application in quickly and efficient treating the
waste water contained with toxic Cr®".

Key words: graphene oxide; TiO;; photocatalytic reduction; hexavalent chromium
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PEBE AT B A7 19 35 0% R, M T 4l TiO, SR Uk, A A&
I TIO, GRG0 R BN o 2 BA W 1 ot
ML B, Bz R T YLkl IR A IR R TS )
0]

AR SR S IS 1 il % T10. /GO 2 G ¢
BT LA B 5 K, Cr, O, W RSk E 4
RHEAEAL A I Cr(VD 1P BE.

i

1 SEHH

1.1 #HH5RA

A1 88, KT ARG 20 Ak T A FR A | 5 ok i R
(H,SO, ). = 4 MR 8 (KMnO, ). % & T Mg
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h, 1 200 mlL 2% B /K i S I vk 455 1) 1 Y0 B
65 °CL, R 1 h, Jn 30% H, O, 20 55
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SYERRFN £ B T K R R BT W UL R & 8 25
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WA HEKIR TR : T/KOEE = K=1:18: 2
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1.4 %k TiO,/GO #h ok &6 #H k48 LiE R
Crt
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1.0.2.0.3.0.4.0.5.0,6. 0 mL 2} % & F 50 mL
ZSH .4 M 0. 1 mol/L NaOH %k 1 mL., 7%
7K H B X B 2N FE 2R, IR IR TR A 2 L
WL 7E 390 nm P K AL I A WO BEL DLROE B Sl
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SRR FEEH C— O 4Rz, O—H & i
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Study on hydrothermal synthesis of platelike
LiNbO;-Li;NbO, composite particles
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(School of Materials Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China)

Abstract: The composite particle of LiNbO;-Li;NbO, is synthesized via a two-step of hydro-
thermal and heat treatment process, using plate-like K,Nb;O,; as precursor, LiOH as Li
source. The physical properties of the as-prepared samples were characterized by X-ray dif-
fraction(XRD) ,field emission scanning electron microscope (FE-SEM) and thermogravime-
try (TG) and differential thermal analysis (DTA) and the effects of the alkali concentration
of hydrothermal reaction and the temperature of heat treatment on the crystal structure and
morphology of the composite particle of LiNbO;-Lis NbO, were discussed. Results show that
with the rise of the alkali concentration in hydrothermal reaction, the crystallinity of the
Li;NbO, increases and the higher heat treatment temperature leads to better crystallinity of
the LiNbO;-Li;NbO, composite.

Key words: LiNbO;; Li;NbO, ; composite; hydrothermal
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LiNbO, HA k% v B &5 4, 2 = Flhxd frt,
&= HATC A E B S s (1 210 OO R H & ik
5 e K (0. 70 C/m™) M8k HL f iR, LiNbO, A
B R B O BRI AR Ze kol
RO AE— RN MR HORr k6 L AE
2 BACIC AR U I R AR A OGRS DGk
SRR I (SAW) LUK 4 Ja@ -4 A2 SR 330
N R4S (MESFET) 45 25 4407, J2& Ty e AF A 45 35
(9 TT REM L. Liy NbO, ™ J& A T 7 4 #h M 45
MBS Lifba %, Li, NbO, BA 1k B Bk A
PERE T HL AT LR Ay P A R IR 5 b
B AR L AE TG L F 3 TH AT e L AT K B 0L A (.

HHT & M LiNbO, F1 Li;,NbO, Y J5 % #%
ZHON [ A A R RS R T K AR AL H
AR ) g BB LINDO, B¢ Li; NbO,. 1fij & T
LiNbO;-Li; NbO, & A M A A B4 Hit 8. 56 Sk
il , — 25 G E W EA LM &Y
A1 PR R

TEA ST, DIARCIR Ko Nbs Oy, h B B4, LiOH
S Li VR, R KA S A B AL BRI AR T
LiNbO;-Li; NbO, & &k 7.

i

1 Lo

1.1 #T3E4R K, Nb; Oy, 69 4] &7
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R AR W T B, BRI R R, T
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K, Nb; Oy, # BERAE 15 4 (040) . WFH SEM 18 - rfrmf
DL, AR S5 8 K, Nbs Oy, B F B A R 4 5
HERH 5~10 pm, K5EH 15~200 pm.

1600

[ (040)
1400 F

1200

a

Juy
—_
[=}
(=}

800 |-

Intensity/(a.u

600 1020

400

0t 1 L 1 1 W

B 1 K,Nb;O, % XRD B# %5 SEM B A/

2.2 MK K/ Nbs O, #93E 414 &

Btk Ko Nbs Oy 5 LIOH 78K #4414 F KR
JIFASRE S B XRD 3% an & 2 . B b J 4] mT
PIFE WL LIOH ¥ N 0.5 mol/L B, 73 2 K 5 1)
XRD Fi 5 K, Nb; Oy, f) XRD [l % — 5, 15t B 15
WM F L K Nb O 5 LiIOH A B A . 24
LiOH % JE 435125 1 mol/L.2 mol/L.4 mol/L i,
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AR LM Li, NbO, FE &K TH 8 55 25 AR b
Fare,

1 Em

(a)1 mol/L (b)2 mol/L (¢)4 mol/L
B3 AR LIOH & ETFH 4% Li,NbO,
# &y SEM B R
2.3 &M me Li;NbO, K& T o) 4
7

B 4 AR g5 A HL I ) Li, NbO, #f fh #1 H-
ZEI(TG-DSO) 2 Hr i 3. 7T LLE L 78 120 C
LEAFEFE R HWE X RS G KR E 2B, 7
530 CLEL A — g, 3R BB 09 & AH & A 5%
AR BE, AT R K RS B M s R A5l
LisNbO, #f ffh 147 #uh 2,

12.0 25

151 DTA 120
11.0f
10.5F
510.0F
E 957
9.0f
8.5f
8.0f
7.5F
7.0f

6.51
6.0

Weight

0 200 400 600 800
Temperature/°C

B4 &My e L,NbO,
0 E- £ Mo &

5 N EER A Li, NbO, FE 5 75 A [H i
JE TN AL B XRD B M E R AT LA 1, #4
b H G R A ) XRD Bk ¥ BT 2 8 AT A
U 3 2 S AR UE R X E, BT A ARG B 5 R AR T
FERA Li;NbO, M5 8K 454 LiNbO, AH.
16 550 °C W, #E 54 B9 LisNbO, 5 LiNbO, ##fi7

ISPy s A, 45 ah v 25, B R R BE T e AR A
Li;NbO, 5 LiNbO, #H /) 25 f 0. X R, 4
BRI ALY Li, NbO, AH 7 $ib B 5 A2 op L R
B3R Li, NbO,-LiINbO, £ 4.

V :LiNbO, O: Li,NbO,

vo
£ oﬂ N ﬂj von oo V
¢ /bMMJLw@L
d u’LLJM N ST UNEW SN

Intensity/(a.u.)

LJJ\MLM,_AMJ\M
LHJ"\_MJMWJLV

| e
10 20 30 40 50 60 70

2-Theta/(°)
a: H M B E 4 H LisNbOy3b:550 C5¢:600 “C5d:700 Cse:
800 °C;1:900 C
B5 ##HeLMmBwme Li,NbO, ¥ &
AL 32 G 43 B A e 09 XRD B #

6 A Eh A LMY LisNbO, 5 78 kb
RIS 15 2IRE 5 9 FE-SEM B F-. 7] LLE 1, 7E 550
CHAL S, 15 5 ) Li;NbO,-LiNbO, & & ¥k
SRARFE A BCIRIE A, I FLARCHRORE 2 Hh 99K 2 ok
P . 2 UL BE L5 2 800 C I, 44 oK % R 3% T
B, T 3 Li; NbO,-LiNbO, Hi R kL 7 36
J s BT R A A AL 24 kb B B A 900 C
i, Li; NbO,-LiNbO; &G %) i IR 055 T 4R B fiFk
IF 53 4 B — S UKL . 3 3% P P Ak B B 405 )
Li;NbO,-LiNbO, & & WL, 2 $ 4k 218
550 “CHf, Li;NbO,-LiNbO, & 4 ¥ 68 8 i 1 1 45
IR A

(550 C (b)800 T ()900 C
H6 zHLMmmwmey Li,NbO, #&k
# A2 )5 AF ) AR 49 FE-SEM B R

3 #ig

£ LIOH MK E T . BL K, Nbs O AR R
TN AT IR AA L 38 2T K A I 2 R B AR R A
b g M A LisNbO, Bk 7, 8 i ik — 2
PAb Lz B AR T Li, NbO, B 5 % A8 B
Li;NbO,-LINbO, & & ¥. i & W E W H &,



548 WK 2255 UK LiNDO,-Lis NbO, 5 &KL T 1K $E B9 ¢ 59 -

Li;NbO, 5 LiNbO, & & M 45 & PEH o, (B2 iR
JEE L 800 “C e, HARCIR AN 3 T 4 FC A . 33X b 3 23
PP A0 B A e H e TEHLAE 4 T8 R A R RN
P 5t oA R L

S % Uk

[1] Yue W,Yi Jian J. Crystal orientation dependence of piezo-
electric properties in LiNbO3 and LiTaO3[]J]. Optical Ma-
terials,2003,23(1) :403-408.

[2] Takahashi M, Yamauchi K, Yagi T,et al. Preparation and
characterization of high-quality stoichiometric LiNbOj;
thick films prepared by the sol-gel method[]]. Thin Solid
Films,2004,458(1) :108-113.

[3] 2R M A , i F, A 15 Ae . 75 % O o 0t 3 2 T 452
M BT R LT, T AR A 2006, 24 (4) £ 353,

[4] 24 4e, TUE AR, 5 2 XF 48 R 480 50 7 72 i 7 o 8 109 42 5
[J]. RERRER 244 . 1994,22(6) :592-595.

[57] Zhang X, Xue D. Bond energy prediction of curie tempera-
ture of lithium niobate crystals[J]. The Journal of Physi-
cal Chemistry B,2007,111(10):2 587-2 590.

[6] Camargo E R,Kakihana M. Chemical synthesis of lithium
niobate powders (LiNbOj3) prepared from water-soluble
DL-malic acid complexes [ J]. Chemistry of Materials,
2001,13(5):1 905-1 909.

[7] Chen Zhe-ning, Cheng Shi-jing. Liu Xin-rong. Hydrother-
mal synthesis LiNbOj3; nanopowders and dielectric proper-
ties of their sinters[ J]. Chinese Journal of Sensors and
Actuators,2006(5) :2 307-2 309.

[8] Blasse G. New types of cation-order in the rocksalt lattice:
The structure of LizSbO, and LisNbO, [J]. Zeitschrift
Fiir Anorganische Und Allgemeine Chemie, 1963,326 (1-
2) :44-46.

[9] Bian J ], Wu J Y, Wang L. Structural evolution, sintering
behavior and microwave dielectric properties of (1-z)
Lis NbO, LiIF(0<<x<<0. 9) [ J]. Journal of the European
Ceramic Society,2012,32(6):1 251-1 259.

[10] #JLiE AU, 5k 3, 5. R A YT IR R AR R A

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

e P A KA AR LT ). fik AR #h 24 41, 2005, 33 (10D . 1 179~
1 183.

Camargo E R, Kakihana M. Chemical synthesis of lithi-
um niobate powders (LiNbOj;) prepared from water-sol-
uble DL-malic acid complexes[ ]]. Chemistry of Materi-
als,2001,13(5):1 905-1 909.

i — 3%, £ 308 Sol-gel ¥ il & LINbO; # AR K H %Ak
L1, fE 2 i 57 2004, 45(7) £ 348-349.

Navale S C, Samuel V, Ravi V. A coprecipitation tech-
nique to prepare LiNbOj; powders[ J]. Ceramics Interna-
tional,2006,32(7) :847-848.

An C,Tang K, Wang C,et al. Characterization of LiNbOj3
nanocrystals prepared via a convenient hydrothermal
route[ J ]. Materials Research Bulletin, 2002, 37 (11):
1 791-1 796.

Niederberger M, Pinna N, Polleux J,et al. A general soft-
chemistry route to perovskites and related materials:
Synthesis of BaTiO3,BaZrO; and LiNbQO3; nanoparticles
[J]. Angewandte Chemie International Edition, 2004 ,43
(17):2 270-2 273.

T AW, T K 22 KR & 9K AL ). T A 4R
kS T ,1995,24(4) 1 1-6.

Madaro F,Seterli R, Tolchard J R,et al. Molten salt synthe-
sis of K4 NbsO17, K3 Nb; O1; and KNb; Og crystals with nee-
dle-or plate-like morphology[ J]. Cryst Eng Comm, 2011,13
(5):1 304-1 313.

Zhou D, Wang H,Pang L X, et al. Microwave dielectric
characterization of a LisNbO, ceramic and its chemical
compatibility with silver[J]. Journal of the American Ce-
ramic Society,2008,91(12):4 115-4 117.

Kong X, Hu D,Ishikawa Y,et al. Solvothermal soft chemical
synthesis and characterization of nanostructured Ba; . (Big 5
Ko.5). TiO3 platelike particles with crystal-axis orientation
[J]. Chemistry of Materials,2011,23(17):3 978-3 986.
Kong X, Ishikawa Y, Shinagawa K, et al. Preparation of crys-
tal-axis-oriented barium calcium titanate plate-like particles
and its application to oriented ceramic[ J]. Journal of the A-

merican Ceramic Society,2011,94(11) .3 716-3 721.



%33 4
2015 4E 8 H

ReaBBEIE SR Vol. 33 No. 4

Journal of Shaanxi University of Science & Technology Aug. 2015

*

X EHS:1000-5811(2015)04-0060-05

-—(2-RZCE)2-2RER GG R A RIE

EFN, 4E B, BER, TR

CLBEPE R K2 YEUR 53R BE 24 BE, BRPE PH4E 7100215 2. BEVE A ™ o T8 R BF 58 e, BEVE 16 %
710021)

W B _LEBEAARAEA R EBRELE T R BN R LR B A R N,N-
ZQ-F LR 2-RE AN, BB AECH-NMR), 49 £ (FT-IR) . T & 9 # . XRD & 4E
TAERSHAOEMPERR, ARE>HBNERAET ZHOAB TR RIE Y PREGLSER
HEFAEG AR L L R B BE A 50 °C,E R E A 70 min, BARGBERIA n( =T 8BRK) ¢
n(AAHE)=1: 1.1, B4R = %8y > FTiLE] 96 %A Lk,

FREIF LB RAE; N.N-—(2-2 L) -2-82 1 miF; 4

FESES:TQO42 XHEFRERG: A

Synthesis and characterization of N, N-bis
(2-hydroxyethyl)-2-amino-propenyl

WANG Xue-chuan', REN Jing', QIANG Tao-tao', WANG Xiao-qin®

(1. College of Resources and Environment, Shaanxi University of Science & Technology, Xi'an 710021, Chi-
na;2. Shaanxi Research Institute of Agricultural Products Processing Technology, Xi'an 710021, China)

Abstract: The N, N-bis (2-hydroxyethyl)-2-amino-propenyl was prepared by using diethano-
lamine and allyl chloride as raw materials under alkaline conditions. According to the content
of the tertiary amine the best synthesis conditions were determined. The reaction temperature
was 50 °C,the reaction time was 70 min,the molar ratio of monomers was n(diethanolamine)
: n(allyl chloride) = 1 : 1. 1,the yield of target product was above 96 %. The structure and
crystallinity of product was characterized by means of ' H-NMR spectrum (' H-NMR), infra-
red spectroscopy (FT-IR),elemental analysis and X-ray diffraction. The thermal stability of
the product was characterized through thermal gravimetric analysis instrument.

Key words: diethanolamine; allylchloride; N, N-bis(2-hydroxyethyl)-2-amine-propenyl; syn-
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Synthesis and characterization of long-chain alkyl

polyether modified silicone oil

AN Qiu-feng, LV Min

(Key Laboratory of Auxiliary Chemistry &. Technology for Chemical Industry, Ministry of Education,
Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract:In the presence of Pt catalyst,a kind of long-chain alkyl polyether modified epoxy
silicone oil (PCA) was synthesized from hydrogen silicone oil(PHMS) ,allyl epoxy polyether
(AEH) and 1-hexadecene (C,;) by hydrosilylation reaction,and then reacted with a polyether
amine to prepare a long-chain alkyl polyether/amino silicon (PCAD). The chemical structure
of PCAD was characterized by means of nfrared spectroscopy (FT-IR) and nuclear magnetic
resonance spectroscopy (' HNMR). By orthogonal experiments to explore the conditions of
synthesis intermediates,the results showed that the optimum conditions for the preparation
of intermediates of PCA : n(Si—H) : n(C=C)=1 : 1. 1, reaction time is 2 h,the amount of
catalyst is 0. 004 %, the amount of solvent is 30%. The optimum conditions for ammonolysis
reaction have been determined by single factor experiment as follows:the molar ratio of ep-

oxy to polyether amines is 1 : 1. 08,the reaction temperature is 80 °C, the reaction time is 5

h.
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Synthesis and characterization of novel
Mannich bases containing ferrocenyl

LIU Yu-ting', SONG Si-meng', YIN Da-wei', YANG Xiao-gang®

(1. College of Chemistry and Chemical Engineering, Key Laboratory of Auxiliary Chemistry &. Technology for
Chemical Industry, Ministry of Education, Shaanxi University of Science & Technology, Xi'an 710021, Chi-
na; 2. Shaanxi Shengyi Technology Limited Company, Xianyang 712000, China)

Abstract: Two novel Mannich bases containing ferrocenyl were synthesized through Mannich
reaction, with acetyl ferrocene,formaldehyde and substituted aniline as raw materials, hydro-
chloric acid as catalyst,anhydrous ethanol as solvent. Structures of new compounds were con-
firmed by IR,’H NMR,"”C NMR and elemental analysis. While a new method was explored
for the synthesis of Mannich base containing ferrocenyl from liquid amine. The optimum re-
action conditions were determined by analyzing the effects of reaction temperature, solvent,
pH and the ratio of the starting materials: That is anhydrous ethanol as solvent, the molar ra-
tio of acetyl ferrocene,formaldehyde and substituted aniline is 1.0 ¢ 3.0 : 3. 0, the reaction
temperature is 80 C ,pH of the reaction system is 4~6.

Key words:acetyl ferrocene; Mannich reaction; Mannich bases
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AHLE B — e R R R
A Gkt RRH DT AR A Z R T
L ZEH A AT PR S % L Mannich B,
JEPhe 1A O B A G s e i 1

2y
o
O)LTCHS NH
* HCHO

Fe + | R

«5

i

Fe R

—r

a. R:2-Cl; b. R:3-NO,
B 1 Mannich #& % 4 5 % £,

1 Lo

1.1 &AAHME

OB B, QB SR N (A A SR, TR &
Pt » A7 i Ak L PO JCOK OB, SR I, BETR L 100 o1

B, 525 5 Ak A a0 A BR S W) 5 e ER 1R L ik iR &L
B3 R oy B Al VG AR T R T
R T AL T A R AL

ST R4 SCRR 16 109 J7 ik B s gk A
LT B W R i 5

(2) AXA - X4 U A AN, B oG 25 B 22 Y
AR/ F; VECTOR-22 {8 BL i 21 4h 8 354X, 42

[l BRUKER A ® ; ADVANCE III 400 MHz #% #%
HAR P 3% 1% , 7% [ BRUKER /A ; Vario EL TIT A
HLICZE AT AL #5 [E Elemeraor 22 .

1.2 # A =% 4k & Mannich 38 4 % 5 & 4E

(1B 3.83 g (0. 03 moD) R A A A 2] =
OB p B+ T & m A 0. 90 g (0. 03 mol) i
P S 900 T N SE 56 05 . U 10 min FRR R P W)
I R R R RS E T P A BT A AR
36 % MR IR (IR R pH HAE 4~6), BRIV 20
min, i AR 2.12 g (0.01 mol) ZBEFE — Rk K
TeoK B W, FH il 18] s 1, FH )2 2 A W D 2
NE TR O BR A OB AE R R T R
Vism mmse =2 ¢ 1) &A1, Il R 2218 BR 22 570, F6 4
Wy R I B A 0 B R Al (e R Viewowm cmm =
1 DJE AR EEREA 1. 69 g, 77 F R46. 510,
m. p. 126 ‘C~127 °C.

IR(KBr,v/cm '):3 402(NH),2 973(CH,) .
1626(C=0),1529,1 468(ArH),1 246,1 025,
698(C—CD.'H NMR(DMSO0,400 M, &:ppm):
7.15~7.80(m,4H, ArH), 5. 46 (s.'H, NH),
4.94(s,2H,Fc—H), 4.63(s,2H,Fc—H),4. 25
(s,5H,Fe—H),3.85~3.87(m,2H,CH,),2. 78
(m,2H,CH,). " C NMR(CDCI;,100 M,¢8:ppm) :
23.34(C—12),33. 65(C—13),69. 23(C—2,C—
5),69.61(C6—C10),71.07(C—3,C—4),76. 86
(C—1),121.59(C—2"),126.59(C—4"),127. 92
(C—3"),132.33(C—5"),140.41(C—6"),151. 01
(C—1",192.54(C—11). Anal. Caled. for Cy, Hy
NOCI:C,73. 213 H, 5. 75; N, 4. 48; O, 5. 16; Cl,
11.42%. Found:C,73.17; H,5. 825N, 4. 44; 0O, 5.
23;CL,11. 37 %. Ha5t Kl 2 pros.

A2 tothatiEMmX
(2)HL 4. 14 g (0. 03 mol) [a] fi H HE iz .0. 90 g
(0. 03 moD) W I A B = FU B b, B P T 0%
nvEA 2.12 g (0.01 mol) LB kM LK &
TSt 1 TR o 000 A B ST 3 Rl 36 00 110 ER TR (4R
K& pH HTE 4~ 6), FF il 13 52 g . JH ¥ 2 2 b7



. 79 . RaPAREEFR

M 2 A T R e Ak Y JURE ATUTH 2R R T R
Vi amse =2 ¢ 1) ¥ H, D80 78 18 B 259 71, 00 4%
W e T A 0 R A R Ve s =
T+ D JE. M5l as R Mg 163 g. mFN
43.70% ym. p. 139 ‘C~141 C.

IR(KBr,v/cm ') :3 392(NH),2 867(CH,),
1623(C=0),1579,1 520,1 493(ArH),1 463,
1384,752."H NMR (DMSO, 400 M, §: ppm) :
7.29~17.76(m,4H, ArH),5. 46 (s,'H, NH),
4,94(s,2H,Fc—H),4. 61(s,2H,Fc—H),4. 24
(s,5H,Fc—H),3.44(m,2H.,CH,),2. 78(t,2H,
CH,). ""C NMR(CDCl;,100 M,&:ppm) :26. 98(C
—12),30.49(C—13),69.36(C—2,C—5),69.75
(C6—C10),72.82(C—3,C—4)79. 64(C—1),
123.81(C—6"),124.98(C—4"),129.56(C—2"),
134.02(C—3"),136.49(C—1").143. 30(C—5"),
191.79(C—11). Anal. Calcd. for C;y His N, O, :C,
70.813; H,5.59; N, 8. 695 O, 14. 91%. Found: C,
70.893;H,5. 513N, 8. 74; 0O, 14. 85%. H: &5+ i &
3 s,

B3 e b

2 #FRE5ITE

W A A TR R FE Mannich B 7= R ) F %
ARE 5 ¥ TR R EE BB LG DL R A
B pH A, T4 5T LAihig.

2.1 At kx4 = K 4k A Mannich #& = £ 8
EA]

Mannich & 19 & B 2 R JH “ — 8L 70, HORg
A= BUAH B ) Mannich 88, {5 B F &0z 2 #2 o Rl
W Z AH 7 R AR K BEAR. 2T Mannich &2 1) R
B AETRAE S5 TF e B 5 BT 14 o ek ik i Ok AR SR
B, 2k 255 R A E RS K 15
Bl AN W B 15 e AL AR SO TS i A R 5 R
PRI » B AR BB e v ) A I BRI Tt Rk
B M AN AN AT DL 2 T R R R A B TR 4 R
;o A AT SR @ SN Y AR AR O iR RS TR
PRI % T [ A Jre 288, 78 55 H I () il AP ok

REFE IS IR A AT R 5 o WL g & 2B A
IH T AR e 28 I i R e ) o e a3 b 475 R R A% e 1Y)
S BRSO AAR e A SRR i | SR FR I Rk
Fop R 5 kAR L L i Rk 19 30. 89 U6 B2 F]
46.51 Y. AL EE KRG AR S S BEHE K
B VB Mannich 8% CHI a) 9 6 5% 2% 14
2.2 A A =% 4k A Mannich 5 £ 85 % a

e H bR = 4 — % 8k 3 Mannich 19 & 5,
W) e A W G i R, & % 8 B Mannich
B 77 23 KA 18, 00 U6, SR T 48 FH TG 7K & e Al v 511
b, &% B A % 2k 3 Mannich A% (19 77 3 32 & %
40. 00 %0 LA b, il 3o H 5 S W e S T8 K &
FOCE B s 40 CL K SmEdh Al 78,4
C) AR [FIAE B S 26 AT TE K I S it JiE
B W & e, 1 Mannich J B R 3 AR 2% 7
Fhn, HTEK OB 1%, 2T 458 %
JE R 2 TR K & A0 ).
2.3 B RJE A A K 4 K Mannich #& = £ 6
EAC)

DL T e e k| PR | I8 SRR T £ PR R L
1.0 3.0 3.0, 858 1 S N A3 JEE X 5 1™ R A
SR SEIR SR IR 1 K.

*x1 REBREMNF=ZENZIG

LS SR i 5 /°C e/ N
1 60 18.98
2 65 24. 36
3 70 30.12
4 75 35. 74
5 80 46.51

MR 1 A LLE L B RV R BE K 60 °C T
2] 80 °C, 4 W 1 Mannich B [ 7= 2 W1 £F & 7 T
= YR B TR B 80 °C W, S AR MUY Mannich B
7R IRF) 46,51 0. Ik, 80 °C Jy fie A B I it
JZ.
2.4 XMt A =K 4 A Mannich B £ 6 %
"3

AN SR Ay T s Bk L T AR SR
J¥e . S T fd Mannich [ i 56 4= , W &R S 78 e 5 W ik
VE T A2 15000 S Jig T B85 5 3 2 ik . RLIGBIE5E T 4R
SR e N 2 M R s Ak A BE UK LU B R
MYRZ R, 2B 25 2R DL 2 R,
F2 HBEEXEENZMD

g FER L FEE) Y

1 2.4:2.4:1.0 39. 23

2 2.7:2.7:1.0 41. 25

3 3.0:3.0: 1.0 46.51

| 3.3:3.3: 1. 46. 55

5 3.6:3.6:1.0 46. 58
FE 2 AT LA 2540 R e | I A £ Tt Ak



5 43

XI) B e 4 L ) % 2k L Mannich 04 R 5 R 14E * 73

TORAREE/RIE A 3.0 3.0 ¢ 1.0 B, FREN 46. 51
Y. A SR 1E AR G A i AR I ) L R B IS B
b TR RS L BEE 3.0 2 3.0 2 1.0 N
FEEE R L.
2.5 B AR % pH A4 =K 4 & Mannich # 7~
A
Mannich 2 N 23K 76 R 1 5% 1 T i 17, Wk &k
VR R S AT AT VR SR AR (R IRATT R I, A A v
B T AMSC A T 7R L AT P R A T A A R0 ) e v, HL IR
T2 B AN S A DR, o P ke k19 O i AR . Ak 7
MR NTA 2 MEM: — 2 EM, 2
VA R AR R pH A, 7E 23 ek B 4R
SN EE IR L 1.0 ¢ 3.0 ¢ 3.0 W, BF98 T R
AR pH E X & B 505200, SC5 25 2 03 3
JIi .
x3 RNEZEMN pHEXNFZHNHMN

7

HEHS

S5 Gt pH I Y
1 pH<3 28. 60
2 3< pH<4 35. 88
3 4<pH<6 46.51
4 6 pH<7 10.15
5 pH=7 0

M 3 A LIE H . pH {H<6 B, Mannich B
PRERAEAR, pH {Eh 4~ 6 W) 7 A3k B &g g A
pH=7 W}, Mannich & [ A 4 #E47, B JG 7= 9 4=
B PRI fd B A pH B 4~6.

A O A5 A BT ) Mannich B 9 B £E 52
M AT K O EEAE R TR, R R AE S AR R, pH
{Hh 4~6, BUPRIR B, B B R 2 T 3 — % K 1) JBE UK
A 3.0:3.0: 1.0, W iRE A 80 C.

2.6 A =& 4% & Mannich #891% B 547

&Y a.b 1 IR,'H NMR,"”C NMR 340 [

4~9 iR,

0.6

Transmittance/ %

0.4

0.2

1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/ cm™

B4 fbdhanyIREH

1 IR JEE H,3 300 ecm ™' 2245 8 W AT U, o)
f)'H NMR 1 5. 46 ppm £ Jii F W, Ui B3 72 7€

W#l‘,l,'_,\.k J.l«.,w,lu.tqk

16 151413 1211109 8 7 6 5 4 3 21 0 -1-2-3 -4
f1/ppm

A5 &4 ati'HNMRER

200 180 160 140 120 100 80 60 40 20 0

f1/ppm
B6 4aedatg”CNMR#ER
1.1
1.0
2 0.9
% 3354 912
)
g L
§ 08 1724 11135
= 108
E o7t
£ 786682
-
= O6r 1663|1553
0.5
1429
1 1

0.4 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/ cm™

B 7 s besIRER

|

o

\J \i}ULwA L

16 151413121110 9 8 7 6 54 32 10 -1-2-3 -4
B8 &4 be'HNMR#H
—NH, 7 IR & E 7,2 800~2 950 cm ' K UL
I, % W A9 H NMR 3. 20~ 3. 30 ppm A i T
g, C NMRH 23. 00~40. 00 ppm Z£ £ A W, Ui
B4 —CH, BIFETE.

I
|

\\._u/ d




. 74 RaPERLE SR 5 33 4%

—19179

200 180 160 140 120 100 80 60 40 20 0
f1/ppm

B9 #&&4bay"C NMR #H

3 it

& Bk A %k 5 O R B L R o Man-
nich KN A B T P OB B 5 — % 2k 5 Mannich
B, 2 IR.,'H NMR."”C NMR #ICZ 450 & 1
H ARk & 9 1 4544, 765 B Mannich BET, J5ORE Y
T A% Je C ) i 36 48 g ) Fsf R — 08 027 i s Dl A
AR JHe CAT8 SR e ) B IO 5 Jin e 55 PR, 9K 5 P 2 T
BE TRk, AL R R 2 RO Y B AR AR - TEOK
SRV ) W AR R AR M AR AR R pH AN 4
~6, UG« B ¢ SRR R BREEIR L M3 0
23,0 1.0, [ RN 77 4 .

&% ik
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A MERSR S| R EFFHELEER K, WAERHAR

FEE, MLEk, X #h, TEB

(BePERL B K2 e S50 T 2488, BVE Pide 710021)

B OE.ASRBREAF AN, REAKRAENA, R CBEAEN, K 2-FELARERMAAN 2-F AR,
B AF AR ER AN T AR, BT T R BT RO IR LG AR 6 R B R S AL A
Ao MFLFREZF BB RO Hon, T T REGREFHZ 2-FRBOESREMA R
BT 3 h, BB E 85 CL3 XA B EARBYEETN 2% . n(2-FRE) : nORTE) * n
(RAHK)=1:15:11.5. BREBE AN T ABRAEREH AR EBRE 45 C, A 1 h,n
(2-FER) : n(BARBAAM =1 1.5, A EEBHT.2-TEBRGKES 54% ., BARRK AN T
RBLeglk R H 70%.

K- AR, B 2T AR; BB AT AR

FE4 %S TQ466.6 XEkPRAERD: A

Study on ammonium persulfate initiation synthesis of Vitamin K;

LI Yun-tao, HAO Wen-qiang, GUAN Lin, DANG Bei-jun

(College of Chemistry and Chemical Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China)

Abstract; Synthesis of 2-methylnaphthoquinone with ammonium persulfate as initiator in the
acetic-H,0, system by oxidation of 2-methylnaphthalene was researched. The effects of reac-
tion temperature, reaction time,amount of initiator, reactant and solvent material ratio and
other factors on fB-methylnaphthoquinone yeild were investigated. The best performences
were achieved. The synthesis conditions of 2-methylnaphthoquinone: reaction time 3 h,reac-
tion temperature 85 ‘C ,molar ratio of 2-methylnaphthalene to acetic acid and Hydrogen per-
oxide 1 ¢ 11.5 : 15,amoout of initiator is 2% of the total amount of reactant. The synthesis
conditions of menadione sodium bisulfite:reaction time 1 h,reaction temperature 45 “C ,molar
ratio of 2-methylnaphthoquinone to sodium bisulfite 1 ¢ 1. 5. In these conditions, the yelid of
2-methylnaphthoquinone was 54 % ,the yelid of menadione sodium bisulfite was 70 %.

Key words: 2-methylnaphthalene; ammonium persulphate; 2-methylnaphthoquinone; mena-

dione sodium bisulfite
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rEER

0 3l

AR K, (VK 22 2-H -1, 4-Z8 1 A
M S, R MR L E R R B B ERE
BAAEAME YR, G8 K Z4EZNE
giepa A, B AR R S 5 g R A
B ARG R & W v W B RS S
MU ER,. 2B BMWAE. ER K, il H
T A A A T ) R R R R A

HEOCT 44 R K, &7 ki & A d ik
A 2- WP R ZE VRO AL AL 2- R
AL AL 2-FBR R AR Ak Al 2- B R L
FRATED . 2-H 2R A 7 O B, RO A AR A
LGN I N O T S N L = S Wl )
WA, JEURE IS FE K, 7 S AR L 2
ZRERXES T 7K AN S 5 W W, ELRE AL AR 248 B A o 9
P DR B 7B A FH S L I A R L 4 T
(MSB) A B ARG 7K1 L S T WU W 05 )
IORFFA 2-H 25T JR AT 19 26 W 0 1, R ok Az )
NATAY S R, i 2- Y 2T A A BB R HE
et s A T mZE A B L.

A SR T DAk i R i Ry | R R B AR Ak
H-VK G R AL 2-F 3L 2R kA i 2- 1 28
G AL S AL 2-H R 25 7 e e AR T o o A &
1B R AT 2 4 G 15 358 S5 7 ¥ o He Fi HL0, AR
XF B A ZR T ISR BT, AN 23 5% PR 85 38 15 Y -
2-H 28 5 0 PR A K TR R A e Ak i A )
ek R K, AR R E 1 BR85S T
B B e 1 RN AR A

i

O
| S~ CH, CILCOON + (N1 SO, S L Ch,
[T o e T T o
O
(0] [@) (R _ONE

=y Hs
| CILON
+ NaHSO, + HO
~FF

O
Y A +H,0
e}

H1l $%AZXK HEREKH

1 Lo

1.1 KA HME

FH R 2- R 2R (e sp ) L i S A ek
LT VK IR I R BN i B R B A 24 oy B
4.

E AL AR B 250 A (FE [ PE

N R 28 R AN (RE-5203, |- 3 ¢ A= A AL &
T R AIEIN(GC-2014, H A ) 2,
1.2 &RV K
1.2.1 2-WZEHE (mnb) 45 1K

FETCAT T W S V2 e kA R EE TR
FUBe iR S A 2-F 2R 28 R0 vk & R 2H TR 5 W
PRI —E 5 19 o 5 R B 4 4F 20 min. 4 FiR 1Y
FI AR K B E 85 C I L 7E 40 min HLZZ 18
TN 30 Vo 3k AL & TN 58 UG REFIZIRE 2 h 5
HEAT U8 HE 25 1 25 VK SR PRI AR RO AR LK I F
REIE 10 ‘CUAT ke #0 e fF 2- T 28R 58 20
WG LB g K VE %R 2~3 WL T
2-HH 257,
1.2.2 44 & K, (msb) & W

E = H B i A 2-H 28 A /b 1 Y 2 BE
PEPE AT, K AR 45 C W% 45 %0 1Y B R
MKW BEFE A — € it S BER N 1 h. &
IR ZER OB AR E] 10 CLUF 45 b,
IEUE S URDE A R BB 2~ 3 G T
RENEAER K, M.
1.2.3 4k & K, (msb) B K il

P4 R K MmN gem b mA — & &=
Y TG 7K T /D d 0 S A PR S L 3 P e L 7E 70 °C
JnF IR S 15 min. & G R, RS AT F] 10
CLAF B A, 2 8, 25 5, Ye & T 72 i T
60 CHET I 1544 & K.
1.3 o Hrmiax

77 it R FHEL AN 615 #0478 P43 B, SR SAE 6
Tt 2- Y 2R B T A R A Y 2R R AT A
M. LAZE R AR . 1 & 4 4 3% 41, FID A3 U
s AR 150 °C 5 Rl A IR BE 200 °C s FAEIREE 220
THHANEAA.

2 #ZREiTiE

2.1 R EEATA R 2-F AR 6 R

FE SN [E) 23 b g | & R A ok SRR 295,
2-HEZESIKOMME/RL 1 15 2-H RS
WA K I BEJR LAy 1 11,5 B, W% S 7 i B %o it
R, LSRN A 2 . B 2 A AT B A i
JEE B 1 0, 2- PR 2R TR A 0 R pl g B PR O 2 R
JE BAR IS, — F8 43 2 Ny ) B 3k 3 I N i /5 19 3 4k
BE, ToW . IR BEIL 85 °C Lh FINF, i TR B &
SEUZ A R PR AN 6-H 25 R L 2- S ZE Iy L4
R R I RIS T SR DLk e A Y B I i



%5 4

g
(i
Eiid
4

TR | R B & AR A R K BB TS < 77 -

1E 85 C.
60

A /'\

i L
f

30 1 1 1
70 75 80 85 90
RE/C
B 2 R R JEsTA R 2-% AR
BB 8 3% v

2.2 B RT A 3 A 2-F A B R R 6 R

FE RN I BE A 85 C LBl & I & o ORI
200 2-HIEZE WA K BRI 1 ¢ 11,5, 2-1
RZEG K BREEIR 1+ 15 B, WLEZ I a] % 72 5
R, Hgs R A 3 frR. R 3 nl s, b
FsF T) ) 15, 2-HY TR A 080 3l e 3 o it RO I
Vi) 458 i B, 2- P 356 2 e 460 B[R] AN % L A B 38 20 4
1k T30 2- TP 28R R 8. BF LR T 3 h J5 L 2-
FHEZ5 7T BE 23 iF — 0 ol AR Ak 2B LRI 7= 1 6-HT 28
FiFd . 2- F L 28 W 0 A0 — B R T, BRI T 2-FF 2%
iR AR PR I e ) S B ) 3 .

60
50_ \-\
=
£
40
30 ; L -
2 3 4
HF i /h
B 3 R A 2-F AR
BB 8 3% v

2.3 2-FRELRANKGFE RIS R 2-F AR
B8 % R

TE N IR EE R 85 °C B W] Ry 3 h, 5 K& 7
FHE R R R 2% 2- B ZR 5K O A BE IR [ R
1e 15 A, UL 2 Bl 728 U4 K G FE 6 AE 56 6 52
HEE R E 4 s, B 4 v, B SR UK =Y
HE, 2-F 2R 00 0% 1 30 9a, D DR R Y B4R K
(R G AL AR 52 4, i 2-FF ZS ISR AIG. 2 U4

K R e T BE 2 R W R LR i — 2
AL 2- IR ZR AR = 6-F0 2RI L 2- PP R 2R
Wy AR W IR IST 4 22 T 5 B3 2- F 2R R 1) 7 ¢
WA, PRt . 2- P BE 258 5 RUSUK I i A 1 R JR T

1:11.5.
60

P %

10t

30 1 1 1 1 1
1:8 1:9 1:10 1:11 1115  1:12 1:13

n(2-FEZ): nGUEK)
B4 2-F R R A K FE R AT
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Effect of hydroxypropyl acrylate on performance
of waterborne polyacrylate adhesive latex

FEI Gui-qiang., LI Xiao-yang, BAO Yi-cen, WANG Hai-hua

(Key Laboratory of Auxiliary Chemistry & Technology for Chemical Industry, Ministry of Education,
Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: A waterborne acrylate adhesive modified by hydroxypropyl acrylate (HPA) has
been synthesized via glycidyl methacrylate (GMA) as inner curing agent, the effect of the
HPA content on latex particle size, viscosity, water absorption, rheology, film strength, and
peel strength were discussed, the result indicated that HPA has improved performance of ac-
rylate adhesive,the particle size has been decreased to 95. 7 nm when HPA content was 2%,
while the corresponding viscosity and thixotropy increased, the peel strength has increased
from 17.6 N/25 mm to 28. 2 N/25 mm,maximum tensile strength reached to 18. 7 MPa. And
the lowest water absorption was achieved to 4. 1% when usage of HPA was 1%, which
showed good water resistance.

Key words: hydroxypropyl acrylate; polyacrylate; adhesive; self-crosslinking
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Supramolecular polymers Bis(2-carboxyethyl) Isocyanurate
formed through hydrogen-bonded noncovalent interactions

ZHANG Ya-nan, DANG Bei-jun, HUANG Wen-huan, LI Yun-tao

(College of Chemistry and Chemical Engineering, Shaanxi University of Science & Techology, Xi'an 710021,
China)

Abstract : To synthesize novelly structure of supramolecular polymers. A colorless block crys-
tal supramolecular polymers based on Bis(2-carboxyethyl) Isocyanurate units have been syn-
thesized under the system of N, N-dimethylformanmide solvent in 95 °C hydrothermal condi-
tions,named [ Co H;N; O ], s which containing different patterns of hydrogen bonds based on
Bis(2-carboxyethyl)lsocyanurate units. And characterized by single crystal X-ray diffraction,
FTIR and PXRD. Structural analysis shows that polymers’ functional groups interacted with
each other by the strong N—H=+--O and O—H-:-O hydrogen bonds into two-dimensional infi-
nite wavy flat structure,which further extend into 3D stacking structure via the weak forces
from the adjacent layers. Polymer crystallizes in the monoclinic system,space group C2/c.

Key words: Bis(2-carboxyethyl) Isocyanurate; supermolecule; hydrogen bond; crystal struc-

ture
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Analysis of core of horizontal wells of Mawu, reservoir
and preparation of new suspension acid

LI Xiao-rui, WANG Xin-liang, WANG Lei, MA Guo-yan,
GAO Jin-hao, ZHANG Ying-zhen

(Key Laboratory of Auxiliary Chemistry & Technology for Chemical Industry, Ministry of Education, Shaanxi Uni-
versity of Science &. Technology . Xi'an 710021, China)

Abstract: Mawu, reservoir is carbonate formation that mainly contains contemporaneous dolostone, It
mixed with a little quartz, feldspar and clay,and easy to cause the acid sludge deposition and clog
pore throat after acid fracturing. It's permanent damage to reservoir. Through the analysis of the
composition and content of core and acid sludge,a new type of suspension acid was developed for
acid fracturing. The residual acid and acid sludge can form a stable suspend and disperse system, that
can keep the acid sludge suspending for 8 h. The residual acid viscosity under 10 mpa * s, meet the
flowback standard. It can reduce the damage of acid sludge deposit and jam acid corroded fissure,
enhance acid fracturing effects.

Key words: acid fracturing; Mawu, ; core; acid sludge; suspension dispersion
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Research on fracture height containment in thin and poor pay zones
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(1. College of Petroleum Engineering, China University of Petroleum (Beijing), Beijing 102249, China; 2.
Fracturing Branch, The Great Wall Drilling Company, Beijing 100101, China)

Abstract: For the development of thin and poor reservoir, hydraulic fracturing is an extremely
effective measure to enhance production.but it is the key problem to get the fracture height
under control when stimulating these types of pay zones. The paper firstly summarized the
factors affecting fracture height,then an orthogonal design including seven factors of five lev-
els was made according to the reservoir parameters and construction parameters of Jidong
Oil-Field,and the fracture propagation under each situation was simulated with FracproPT.
On the basis of the results, further sensitivity analysis and single factor analysis were conduc-
ted. The results turn out that factors impacting fracture height are sequentially:in-situ stress
contrast between barrier layer and target layer, total amount of fracture fluid, pumping rate,

fracture fluid viscosity, Young modulus contrast, reservoir permeability and fracture tough-
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ness contrast. The larger the stress difference between the barrier and target layer,the easier

to control the fracture height;the smaller the pumping rate and fluid viscosity, the lower the

net pressure in the fracture,and more benefit to limit height growth. Field case certified that

using varies method of artificial barrier,changing pumping rate and low viscosity fluid can ar-

rest the fracture height. The research can help to optimize the hydraulic fracturing design and

guide the on-site treatment.

Key words: thin and poor pay zones; hydraulic fracturing; fracture height containment; or-

thogonal design
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A new method for stress-sensitivity coefficient and

reserve determination of tight gas reservoir

DOU Xiang-ji, LIAO Xin-wei, ZHAO Xiao-liang, CHEN Zhi-ming, WANG Huan

(MOE Key Laboratory of Petroleum Engineering, China University of Petroleum (Beijing), Beijing 102249,
China)

Abstract. It is widely acknowledged that some tight gas reservoir is stress-sensitive. There-
fore,the stress-sensitivity coefficient is very important to obtain formation and fracture pa-
rameters. Traditionally, this coefficient is determined by laboratory experiments, which is
high-cost and time-consuming. To solve these problems, this paper modified the mathematic
model based on the flow-regime analysis method,and proposed a new method to determine
the stress-sensitivity coefficient as well as reserve. Finally, this method is applied to Su 14
well zone.

Key words: tight gas reservoir; production data analysis; flow-regime analysis; stress-sensi-

tivity coefficient;single well reserve
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The effect of heterogeneity of the delta thick reservoir
at sea to early polymer flooding

XU Zhen-hua, WU Sheng-he” , YANG Qin, WANG Jin

(College of Geosciences, State Key Laboratory of Petroleum Resource and Prospecting, China University of
Petroleum (Beijing) . Beijing 102249, China)

Abstract: For delta thick oil reservoir at sea,early polymer flooding production method is put
forward to shorten production time. However, strong heterogeneity of the delta thick reser-
voir has an important influence on early polymer flooding. By numerical modeling and estab-
lishing different reservoir concept model, this paper studies the effect of the heterogeneity to
early polymer flooding. The results prove that while permeability heterogeneity and rhythm
and the change of Planar sand body property are stronger,the recovery effect of the polymer
flooding is worse. Vertical sealing of the in-layer interlayer is good for polymer flooding, but
lateral sealing of the in-layer interlayer could make reservoir enrich remaining oil. Above all,
compared with water flooding, early polymer flooding could reduce the effect of the strong
heterogeneity of delta thickness oil reservoir at sea to recovery effect,and it could restrain the
form of channeling-path. Based on the study to reservoir heterogeneity, we could reduce the
effect of heterogeneity to polymer flooding by adjusting the production pattern, subdividing
series of development.

Key words:delta thick reservoir at sea; early polymer flooding; hetero; numerical modeling
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RARK KA RKEEEZRIASRT ABRAERRBERENEZR BLERET R L EX
KIEF KT Ha R e KR RA L HK I R B R o2 | B g BE R e iR E 3 6 R 6%
R EAEERE SRR ETA S RAETELEMEA BRA 1 48K 1 s 3, R EE R A
¥ 0.7 g/L B fAar i 48 h,BafE iR 55 C, AL EH T EHE LA LT A ES A T 169,
70 g/1..6.63 g/L #= 2.73 g/L.
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RESES . TS262. 7 MEktRERD: A

Enzymolysis technology of Haihong fruit-jujube compound juice

YANG Hui» CHEN Zi-qi

(School of Food and Biological Engineering, Shaanxi University of Science & Technology, Xi'an 710021, Chi-

na)

Abstract: In order to overcome the shortcomings of low acidity and less tannis in jujube wine,
based on the characteristics of high acidity and high tannis in Haihong fruit, Haihong fruit
and jujube were used as raw materials to extract composite jujube juice by a pectinase enzy-
molysis technology,which can meet the requirements for a high quality jujube wine to brew.
The effects of the mass ratio of Haihong fruit to jujube,the ratio of material to water,dosage
of pectinase, enzymolysis time and temperature on the total saccharide and acid content were
investigated by one-factor-at-a-time. Taken the total saccharide content into account,the enz-
ymolysis conditions were optimized by an orthogonal array test. The optimal conditions were
the pectinase dosage of 0.7 g/L.,the mass ratio of Haihong fruit to jujube of 1 : 4,the ratio of
material and water of 1 ¢ 3,enzymolysis time of 48 hours,enzymolysis temperature of 55 C.
Under these conditions,the obtained composite jujube juice had a total saccharide content of
169. 70 g/L,total acid content of 6. 63 g/L and tannin content of 2. 73 g/L respectively.

Key words: Haihong f{ruit; jujube; pectinase; enzymolysis technology
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Comparison of three extraction methods of
genomic DNA of Ginkgo biloba L.

QIAN Wei-dong', ZHOU Ying-xin', GONG Guo-li',
CAI Chang-long®, WU Qi-hang', ZHANG Yu'

(1. School of Food and Biological Engineering, Shaanxi University of Science &. Technology. Xi'an 710021,
China; 2. College of Optoelectronic Engineering, Xi'an Technological University, Xi'an 710021, China)

Abstract: In order to obtain a suitable extraction method of genomic DNA from Ginkgo biloba
leaves,here the method of traditional CTAB,improved CTAB method,improved SDS method
were investigated to extract genomic DNA of Ginkgo biloba. To assess the quality of DNA
extraction, gel electrophoresis, UV spectrophotometry and PCR amplification were used to
analyze the genomic DNA of Ginkgo biloba L . The results show that the quantity and the
quality of the DNA extracted by the improved CTAB is high enough to perform PCR
hundreds of PCR-based reactions and also to be used in other DNA manipulation techniques.

Key words:Ginkgo biloba L ; genomic DNA; extraction; optimized CTAB
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ides) , i il PR AL & W A2 25 HIAE W) AR A 1) 32 2
PR 22— R o0 2 L AR A DY R LA R R 1Y
PTE M AR NEE AB.CJ MM &, H
AT R B BN 22 40 1k S bR i i T A
KA F (platelet activating factor, PAF) % & 5 #i
F L AE RO 2 RGEALG LS RGBT IH)IZ
R o7 O

VT AR BB O G 1L 2 8 5 00 38 , B A
i 14 i R 75 oK i R AE B AR K L BUfe AR A BT AR T U
SRR RE I N F K = A R4 2541, A
IR PR AP 24 35 K oKL T R B A PN TR BT I 2 U i
o, Hoar F 25 % 1 SR AT Ty

FLZH DNA 15 U2 47 358 1% 75 56 A AR
R R IS I R L DR O e TR T R B B
R B 20 DNA, 23— 25 B 58 19 G H IR R
Z—. WS i e 5 CTAB 3™ i R SDS
WL BB R ER A B R CTAB 351101 45 = FhOR [F] 4R
A HEPIZ2H DNA $2 IR, i — B IR R iE6 25 1
YR A 9 BE 4 DNA B $2 005 ¥ B A N g 35t
15 F AT AR R R AR AL — 25 T Y
WA

1 #M#EFE

1.1 ##

11,1 SEm bk

R AT B T BV AR K A B R A, R K
kL, —20 CIRAE.
1.2 s Kaat 5]

AL 2% ¥ R B O HL (sigma) | i IR TR & X (lab-
net) | 17k {X ( Bio-Rad) , PCR (Bio-Rad) , % I 1%
ST RGE(UVP).

JIT A Ak 2 350 24 el R i T R R 2 R A
RS Al 4L, Taq M. 18S 5195 AP F ¥ L
AR T AR A 4R 4
1.2 Fi
1.2.1 145 CTAB i

FREL 0. 2 g BRAT B L BT 6%, W A F S 2 p ik
FIA 1 mL 65°C #i# Ay CTAB 2 thii (2% CTAB,
0.1 mol/L Tris-HCI, 0. 02 mol/L EDTA, 1. 4
mol/L NaCl,pH8. 0,2% p-#Hi kLB IR 57,0.5
mL EP 434, T 65 Cildir 1 h. SR A&
-G BE (24 = DL, 4IRS, T 4 CF 12 000
rmp £ 0> 10 min. B E 3. B UL 1/10 & B
CTAB/NaCl 1857, LG5 -5 B (24 = 1) PRk

P B BRI, I ASER T CTAB DLTE W, 1R
1,4 “CF 3000 rmp B.0> 5 min. 3 %, TE &%
UUVE , SR AU A P BE, DLVE .4 °C 12 000 rmp
B0 15 min, /3 DNA. 70% B % DNA ULIE .
HET-,0.1 mL TE %%, 4 CHEAE4 .

1.2.2 K SDS

BURAT B 0.2 g I A B 2Rk, A 1
mL SDS % #h # (1% SDS, 0. 05 mmol/L Tris-
HCI, 0. 05 mmol/L EDTA, 0. 5mol/L NaCl,
pHS. 0,2% p-#ik L) B #%%5],0. 5 mL EP 4
S35 LT 65 C/KW 30 min, BUKW G HE 7 B &
Fok b mA 1/4 RFE) 5 mol/L NaAc ¥, #
H 30 min,4 ‘CF 10 000 rmp & > 20 min; # I
S REBUINA S NEE, —20 CHCE 30 min, 4 °C
T12 000 rmp &> 20 min. BUUTTE . TE B, F Kk
BUNASEG - EE (24 = 1), $25),4 “CF 10 000
rmp &0 10 mins BCETE . 1/10 BAIA 3 mol/L
NaCl Fl 1/3 R TR B 5 9 B i 8, DUUE DNA,
B0, B DNA UTUE ;70 % S BEVE 3 WL 41,0, 1
mL TE ¥ # .4 CRAE. % .

1.2.3 R CTAB &%

0.2 g PRAFIOT BT W 00T B8 20 45 4R
A1 mL 65 C fii# 2% CTAB % wh ¥ (2%
CTAB,0. 1 mol/L Tris-HCI,0. 02 mol/L EDTA,
1. 4 mol/L NaCl, pHS. 0, 2% B-%i 3 Z B, 2%
PVP) . B4 47,0. 5 mL EP 454345, % 65 C /K
# 60 min, 10 min i8] $& 5] — K. 7K % H 10
min, S RBUNA G- B (24 + DV RBRRG
SEHAHEM 2~3 min,7 000 rpm B.0> 10 min, &
B 2~3 W W FEERBImA —20 CHR RN
Jist, WEVR 2] 30 s, A ZRY T, B —20 C
VKFE ¥ 30 min, 12 000 rpm,4 “C &0 10 min. B
VIUE, L& NaAc B 70% O BEEF UL, B 30
min, T 12 000 rpm &> 10 min, 5 &, L 70%
LR DUNE 30 min, HA 2~3 K, B0, AR TT
WM L7 DNALTE I8 .4 CHEA7, 5 1.

1.3 A B4 DNA #n

(1) B JE H VKA I - 43 5006 3 1> DNA $2 JUe
a7 AR R R — SO BT L DL 1 00 B A
52 FEL YR A T 5

()L FE R . 43 591 3 4~ DNA HBURE 5
B 100 £%, A H %40 40 0606 B 3 OD.gs, K
ODyso fl » 35715 ODago /ODygo FAE . LA AS I H: DNA
afi i
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B TR S . = Fh R Ay B2 (K 40 DNA $2 HUJ7 56 1 L3 « 119 -

(3 VR FE R M . 43 5 B 3 4~ DNA FE il — 22 1K
PR I At 58 A1 43 D16 0l BSOS 1) G e

(OPCR K =>4 DNA 0 DL R
Y1 18S J4rFAric# AT PCR 44, 5149 5 51 0 18S-
R: 5-TCCTCAAATGACCAAGTTTG-3'; 18S-F; 5'-
GGAAGGGRTGTATTTATTAG -3

2 #RE5ITiE

2. 1 ‘?447](7}/\/5“ % \7}:}?
B =Fh 532 i 5 DNA KE S0 BIEC S L, F)
1 %0 B W 4 e 1R A T B JRASE I, %o S S P 4 B LYK
Ko 25 S WL B 1 R,
1 2 3 4 5 6

— )
B Sve adb S e

'00§40.4"

1.2 N R SDS 33,5 N4 CTAB #%:4.6 AR
CTAB ¥
B 1 =4k iked DNA & skl

1 458 R L ot = Fh 5 ik 2 AT DR A i e g
HUDNA A [6] 19 07 vk H 2% 5 JE R4t 2 1 000 X9 A7
AT, Hop LI B CTAB B DNA 441 22 1 it
K ALGEH CTAB 35K Z . SDS 3% 52 B fe /I i 1%
e CTAB 2 4571 i B 5 ™ i, B RS /Y SDS
BRRZ, MR CTAB ¥ JL-F A #i . 45 1 3%
W1, ok ek B CTAB B2 HUR AT DNA SR B 4T
2.2 DNA % E #

DNA & i 7] H] ODayso / ODago 19 LB SR 7%
M(EET 1.8 B, R W DNA 240 fF fe b 4 b
ANF 1.7 0L R DNA A7 7E B 20 R A R TS
‘m-%’utuﬁjﬂﬁ 1.9 B, FRUIEE 5 A2 7 RNA 4

G o R =R DNACKRE & B R
1001 U“%ﬁ‘%ﬁj‘ﬁj“ﬂ#%ﬁ%ﬂﬁ%mﬂﬁ()Dzeo&

ODsgo fH s 7158 ODsgo / ODygo UAE  Z5 F WL 3 1 TR,
®1 =%7% DNA HERAEERN

i OD2g0 OD2go OD2g0/OD2g
f£4: CTAB % 0.043 2 0.019 8 2.18
MR SDS % 0.039 1 0.024 7 1.58
WK CTAB ¥ 0.067 5 0.036 7 1. 84

2 1 Al AL AL 55 CTAB ¥ ODys, /ODag, BY
e R 2,18, i K F 1.7, Al BE N A A K Y
RNA 4 BT A7 7 » DA 5 BOH WO T 38 K B R
SDS 1 ODygo / ODogo BY G AE Ny 1. 58, i /N 1. 7,

Al BB R O S H DNA 5 2 v K 1 By 2 05 I &

FT B 25 B o, 10 S 0L (B D /0N 5 1 T X6 AR A5
MR G ) CTAB #: ODago /ODag, O HLAE R 1. 84,74
T 1.8, RIAFTHE DNA 4 85 4f & THAT T
— 5 F A 2RO

2.3 DNA K E %l

ﬁjDJIJEXE/\ DNA#EH /—\E'ﬁg /\’*lm@ﬁ;%‘
S0 530160 BEASCAG I Lk B L 25 2R L3R 2 BT
Fz2 =FFHEDNAERKREKRN

FE W/ (ng/pl)
45 CTAB i 2024.6
K SDS #: 1547.1
K CTAB ¥ 2 673.2

2 2 AT R0 SDS #E$2 BU DNA ¥ B
#1547, 1 ng/pl, i = )5 DNA $2& BOK FF i
B —A s F AL S CTAB ¥k 2, DNA ¥ B 7]
ik 2 024. 6 ng/pL; M & XT R A L B CTAB
DNA ¥ J¥ fe 5 Al ik 2 673, 2 ng/pul, b =Fp ik
PRI B i i 1 — A, 25 SRR R CTAB W& i
AR DNA ¥E i K.

2.4 PCR #an

PL 18S A4 FhRic . Xt = Fh 05 2 Fr 4 DNA #
i AT PCR 9738, S i F2 ¥ R . 94 °C i 42 PE 4
min; 94 C7AEME 30 5,58 Ci k 45 5,72 CHEAH 1
min, 30 MEEFF ;72 CHEM 7 min ;4 CORAF; I
K Z& J. 2 X Tag PCR MasterMix 10 pl, FEL
DNA 1 L(Hi# 10 5, 514 1 pL.(100 z mol/
pL) BB FKANE 20 gL, B EC H Yk AR T
WSS 2 FiR.

M 1 2 3

M 2y 2000bp Marker; 1~ 3 445 3 4 41 DNA 43 31 o I8 T 1% 5¢
CTAB ¥ .2 B CTAB ¥ .2 B SDS #
B 2 Z=#F DNA #2375 % PCR #&n
SERRW . SRR IO TR A DNA fE R
PHERINR L 22 PCR XA 15 2 B /9 v B, Hoh g X
WAWRER CTAB B H EP A L . DNA §
W5 TS i Bk S RS R
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SU0 3 o = AR A L N 41 DNA $2EU I
P HEE R L 6 5 CTAB ¥ B 7E DNA
BURE EA BRI HE A AEAE DNA B A —
i RNA SR 55 Y )81 ; SDS ¥ 78 = Fh 5 3 rp 42
BUSUR B 22 FE ah SR O FE /N s HAA Ry 20
B AFAE s A X AR A Bt B CTAB 2 i
A RN 4 DNA $2 By i, HAR B af
ODygy / ODygo fH AT 35 1. 84, & = Fh )7 ¥k v #f b 2l BE
T 1 — 21 FLHC R vk B s o B4, DNAA Ik i
AJ3k2 024. 6 ng/pul.

BT L 4] DNA 42 OGSl R 76 T W 2 8
H M RNA 48 2% Ui 2 B, PVP CR & 9 ik g bt
il ) 2 2 3% 19y 2 W 2 0 J50 19 S B ) I 5 S-S S e
VSRR AR R B A RO . S T B R A R
CTAB ¥l i3 fE1E 4 CTAB %+ fin A& PVP
S8 0P HE S 0 M Z B S g RS A
S-S (24 2 DWW 2 ) E 2 Mg, 55
F NaAc b 5 79 B 55 i 8000 TE 2 RNA B
F 0 A5 B 7R 4l i R AR A SE [ 41 DNA.

WFoE W, A B CTAB ¥ 3& & A 22
41 DNA (1 5 280 WU, 02— Fh i oy SN L a7 5L &
UE AL AR S 41 DNA $2BU .

S % Uk

[0 05 % B B BEG A A5 A YR 19 A 1 & R A2
AP BRI ELT]. A 25,2007, 38(6) : 941-945.

(2] BT 3C. LAY IR A B 040 8 T 25 BRI WF 22 (D). 35 A
IR K%, 2012,
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EEMITHNEER RERY LEFHR DR

MEE, IMK, LAR

(BRPERHE R 2 5 2B B0F # R A TR = SHOR S S50 =, BRPY 794 71002D)

i ERBEBISFHERITS #7305 8 LRMARFG AN ELEH RERYI /752, 4
Rz AW S E AR E (Aspergillus oryzae). £ 8 XK B4R 3% 7 A 3 RER4 347 & 8, #) )
LA EE T HN TR CERI D P o & AT F) 8 Meb . 48 ESI-MS,.NMR 5 ik 3 #
REZHAZEM >N A . XAEE () K ZRAE(2) . 6-47H B8R T E(3) IR () 1.5-474
B WE(5) AR EEBE(6) HEBE(T) T30 4882 (8). L P AL o4k B oR M85 4 KA K W B A

BE4 b o B4 3.
XEWZRMA; AAERLE; KRB E; LFho; &4
FE 5% S :R932 XEkRER: A

Chemical constituents of endophytic fungi
RER4 from Lycium ruthenicum

YANG Xiu-fang, WANG Peng-fei, MA Yang-min

(College of Chemistry and Chemical Engineering, Key Laboratory of Auxiliary Chemistry & Technology for
Chemical Industry, Ministry of Education, Shaanxi University of Science & Technology, Xi'an 710021, Chi-

na)

Abstract: The fungus strain RER4 isolated from the root of Lycium ruthenicum. Was identi-
fied as Aspergillus oryzae by its morphological characteristics and internal transcrised spacer
(ITS) sequence analyses. Solid state fermentation was used to culture the endophytic fungi
RER4 on the rice medium,8 compounds were isolated and purified from the eyhyl acetate ex-
tract of endophytic fungi RER4 by various chromatographic methods and their structures
were ergosterol, 5-hydroxy-benzofuran-2 (3H )-one, 3-hydroxy-3-( methoxycarb onyl) pen-
tanedi-oic acid, succinic acid, 2-hydroxy-4-methoxy-2-(2-meth oxy-2-oxoethyl)-4-oxobutan-
oic acid, erythritol, mannitol, adonitol by ESI-MS and NMR. Among compound 5-hydroxy-
benzofuran-2(3H)-one was firstly isolated from the medium of Aspergillus oryzae.

Key words: Lycium ruthenicum ; endophytic fungi; Aspergillus oryzae; chemical constitu-

ents; structural elucidation
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rEER

0 3l

MM AC (Lycium ruthenicum) R B AL &
LA 3 VG b S B b DX — R R A Y B A A
BEURE . AR 2 ) | PR A D) S 25 48 il
B0 IR P TR0 20 O EE L H 2
P A S L R TR G2

MY NERR R D2 EEEY
KRE YT R w L BUR R, AR R B L 5
B A AR L BRI S R I, — s Py R
FLE B UCAE AR Y B 5 1 A AR A
(7] S5 AR R P A 25 65 4 0 A 0 35 A T A 2 D B A
25 A s Ve e A Y, B AT RE S R
TER BB . B, 63X A R T &
T W9 ISR AT AR 2 LA B9 Db 3 1 B 25 ]
W (a9 U AR P W B v e AR W TR AL B A
IBER 8 ARG = % L BE 2 i th T3
TER 245 HIRE Wyt ok i B2 e HL. PR [ AT T
2R B B AT ST IS 2 —.

Xof SRR MIAC 9 AR L TS AR AR PR A L o)
BAFH] 81 MR A BN, Hohoxk N AR B E21,
R43 AT/ B o AR DL — B B A
M AT AR R B B OK B (Aspergillus oryza s %
5 RER4) AHFFEX R 0 HR B Wy itk 4553 85 . 45
2 8 MG . AT 10 BT N A HR
FRIBIE T s Ry it — 20 T 2 ) ] R SR AR G PN A TR 28
T T AR SR

i

1 #MBEFE

1.1 Hk

Wtk RER4 4385 A Hl & o i B i B R Al
FEY) AR BB 22 2l Ak 3% 5% J5 UL PDA bR R 4 4
CORAET A SZIG 5. DU MR & 1 00 32X 240 187 K B 1 14
o AT T <5 R 05 38 7] BR TR IR 5 2 AT T ol A S
1.2 AE B E KA

AVANCEIII-400 #8542 ti I 3% , 55+ A 8 50
FEE U = A PR 7l ; Bruker-avance [l -400Hz, 1 €
A & 5220 F) s SGWX-4 5 fOrgs i i 3o 36 52 1T B
HEALER T 5200-300 H A 5% Ak, 5 i AL
T )ROSR, T SRR TR A
SephadexLH-20 #1 & 3% % £, LTS SR A W H R
A RAF.

PDA K3k . D44 2 (2% [2) 200. 0 g, 75 % b
20 g, Bifig 18 g, /K 1 000 mL. £ [ 15 37 3 Biflg
1.5~2.0 g, iE#E 3 g, NaNO; 0. 3 g, K, HPO, 0. 1
g, KCl 0. 05 g, FeSO, 0. 001 g, MgSO, » 7H,0
0.05 g. 7&K 100 mL,pH7. 0~7. 2. LA I BF Fik
35 Ry [ 7 3 B )

1.3 AAAHNS BLEHAK

B SR A RO AR AR L T ke 7K R 3 T O
T HTCH K v 3 9,75 % K R 2 min, Z 5
F 2% MR AR A BRI 1 min. b5 75 %0 K
20 1 min, B JC B K T Uk . B8 4R 0% T 2% K
Iy KA, BT PDA B, 28 CiE
T B 75 R R 224 5 Pk v TR 22 7 4 2B
W gk b LR gliAb 5 15 ) L i A B T 4 31K
BRI E IR AR .

1.4 WAER
141 JERFEE

¥R bk RER4 #5700 T PDA A |, & T
28 CHiFE 3~7 d, WAL VK T 22 B KR
B IR LI A T 6 T T B 8 SRR AE , DL AR R
WA AT S
1.4.2 S FEWFEE

% VTR Pk RER4 42 b T 28 [0 R 15 97
H1,28 °C 120 rpm 9% 3 d J5id €, i 9B 5 15 2 B
224K, M CTAB B 42 HUR 22 1A I 40 DNA, SR
FH 126 By i o G50 Mg v, A G 00 G 4 3 ok . DA 4 B
FN 3L 4] DNA Sy B, 33 5149 1TS1(5'-TC-
CGTAGGTGAACCTGCGG-3") L Fz ITS4 (5'-
TCCTCCGCTTATTGATATGC-3) #4739 14 H
FR A Bk 18S rDNA [X 5.

PCR JZ i1k 2 4 : Template (3£ 44 DNA) 0.
5 pL,5X Buffer(with Mg*" )2. 5 pL,dNTP (4% 2.
5 mM)1 uL, ITS1(10 xM)0. 5 pL, ITS4(10 M)
0.5 pL, IWZE K 2 25 mL.

PCR ¥ FEF N .98 C it f7 A M 3 min, J5
TE 98 °C N84 25 s, 76 55 C FiBk 25 5,72 ‘C4E
1 min, 722 30 MEH .72 CHEEE M 10
min.4 C & 1k RN AR R .

B 5.0 pLPCR 4" 1 7 %, F| EB (Ethidium
bromide, {1k & &) Je 0, 78 120 B BE WE I W i
7,150 V100 mA 5 F W4 20 min, i 5% H K
S5 F PCR =Wy s vk S5+ V18IS . JH PCR 5149
PEATIN T, #5452 (4 1TS 81 £ Genban Chttp://
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¥ 75 07 4 BRAR A AC N R L RER4 L7 B D52 « 123 -

nchi. nlm. nih. gov/blast) # #f 17 Blast 43+ #1, H
MEGAS5. 0(4B#¥: Neighbor-Joining) ¥ & & 4t &
B X3 TR R S RO I b g B 0 TR R R R 4
BB R P
1.5 ABAR#BZHH 5
1.5.1 WAEERE KM

Bk J5 1 B vk RER4 4 Fh 76 PDA B 3% 3%
1,28 C M ER SR FER W SR SR 5L IS FH AT HL 4% 1 Ak
HAAK 6 mm W DE. A 100 mL £ [CHE 57 3
BERP 1A DR, R 2 LL7E 28 °C 120 rpm AY
PEIRHHR Y 6 d. oK LR T 15 95 3 109019 &
I KB J5 1 KK By 7% 3 b 78 = 0T 8 0 5%
28 d.
1.5.2 AR Yy 4 H

W T B R & B A 2 1R TR 2 BUS D8
W15 240 g FEWCY, $2 BUY) >R FH B S AE €4 3% 4
B DU AR 2R TR L TR 2 TR/ B
P2 g V5 00 20 A7 6 BB Wk O 15 31 5 AN 4143 (Fr. 1-
Fr.5).
1.5.3 KA mEilsm

K UE 48 3L % 3k 5 AN o PEAT 40 R 3
IR, 255 b 2 A3 T00 92 56 0 2 0 B 2l Ak 1 2 45

Iy AR ).
15,4 AR Wi o3 88 S 24 %

TE G PRI A St b 6 s PR v A AL DA il
Bk /TR T . TR LT/ H W B TR I 4% 4o &2
YRl P e A 2 AT 5 A 2 T L A T AR T B
RPRL G A S W4 H-NMR ' C-
NMR 4387 , -5 SCERECHE X L o i e L2544

2 #ZREiTiE

2.1 WM RER4 #9 %%

HSEX RER4 HEATIE 25 24 M2 5 HL 7% 1 WL
N A% A ETE 2, 78 PDA B 3 5h T
E L, BB T RERY HZ Kk 2 A, B
A IR AR 1Y) A6 T 4 L 96T AR T HL B v L DR Ot
AL 7 A A= LA D it R B (A L ). K
PO H AT 5y FE W) 2 2 0E . & PCR ¥ 3 )5 15 2
M ITS P44 576 bp, %79 5K (Aspergil-
Lus oryzae) ¥ A (HQ285587. 1) Wy R VRl 99% ,
A (B 2) BoR, RER4 5K il 8 B AE— %, X
FERN 100 %. ZRA TR REAER ITS J37 51 53 B 45
W, A RER4 K i % (Aspergillus
oryzae) ,Genbank % 5% 5 & KF198066.

A1 AAAH RERIBEFHAE

98

100 RER4
{ HQ285587.1] Aspergillus oryzae strain YI-A6
FN868265.1| Trichosporon moniliiforme strain a250
{ FN868258.1 | Trichosporon dulcitum strain a109

EF585634.1| Rhizophydiales sp. ARG007
gHE608803.1| penicillium sp. MS-2011-F37

98

{ AM270051.1] Aspergillus niger contig An03c0100
78 AM270052.1| Aspergillus niger contig An03c0110

61

EF534195.1| Aspergillus niger strain bxq33114

1X912560.1| Aspergillus sp. ]2

91 { EF534190.1| Aspergillus nomius strain bxq33109
16 emb|HE608164.1| Aspergillus flavus genomic 1194

B 2 A F 18S tDNA-ITS 5 7| ¢ H# RER4 % ik ot
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%®X1 RER4 RFFHMARBASIEIEE
WA
20 4
B o PRy & O R R A
Fr. 1 — - - -
Fr.2 ot ot o+ +++
Fr.3 ++ +++ ++ +++
Fr. 4 + -+ + - ++
Fr.5 + — — -

H WM. << 6 mm; T IEMHRTS .6 mm << @ << 10 mm; ++IEHEFE,10 mm < @ < 16 mm; -+ + 4 3G

##,16 mm << ® << 26 mm
2.2 HEERBYAGIHEMR

K IR LE R 3k K 5 AN AR 4 Rk g AT 3
PAE P DU, I 5 R L 36 1. M A5 R R . 5 A
Y1435 4 Bk 0 B AR K 3 B AS TR R B A
Horp Fr. 2.Fr. 3 LA M Fr. 4 XF T 4 Bk 4076 A= Kk
VR, 45 G4k iU 7 I 46 21, # %€ Fr. 2. Fr.
3 Fr. 4 N Bt 4.
2.3 Ri#tF=HehEmErR

MR B RS P A2 L E RER4 B MR R 2
BRZEHY) Fr. 2 Fr. 4 th3sp e iy 8 ARG
(Fr. 3 4385 4650 3 A7 ) R FH I 5 4 R 45
B I TN IX 8 ML AW HEAT T St e 45 R
.

(OiEY 1

F g IR 25 5 (B ) . mp: 127, 4 °C ~128. 1
°C, Lieberman-Burchard & i b FH #4,' H-NMR
(400 MHz, CDCl;) 8: 3. 66 (1H, m, H-3), 5. 59
(1H.,d,J=3.2 Hz, H6),5. 40 (1H,t, ] =2. 0
Hz,H-7).0.65(3H,s,H-18),0.95(3H,s,H-19),
1.05(3H,d,J=6.5 Hz,H-21),5. 21 (2H, m, H-
22,23),0.85(6H.t, ] =6.4 Hz, H-26,27),0. 93
(3H.d,J =6.9 Hz, H-28);"*C-NMR (100 MHz,
CDCI;)6:38. 38(C-1),31. 99 (C-2),70. 47(C-3),
40.79(C4),139. 79(C-5),119. 59 (C-6),116. 29
(C-7),141. 40 (C-8),46. 23(C-9),37. 03(C-10),
21.12(C-11),39. 07 (C-12),42. 82(C-13), 54. 56
(C-14),23.01(C-15),28. 32(C-16),55. 70(C-17) ,
12.06(C-18),17. 63(C-19),40. 47 (C-20),21. 12
(C-21),135. 58 (C-22),131. 97 (C-23),42. 82 (C-
24),33.09(C-25),9. 67(C-26),19. 98(C-27) , 16.
29(C-28). LA 0¥ 5 SCHR [ 11 9238 i 56 A& — 5L,
WO EACG Y 1 2 R, i i 3 R,

(W& 2

W R AR (), mp: 137, 2 °C ~139. 5
°C, i HRESI-MS: m/z,[ M-H]~ =149. 023 9,

B3 kA48
PRI AR T8 150. 031 6., 316 & W) 19
93 ¥ CeHs Os s AMIFNEE 6. ' H-INMR (400
MHz,DMSO-d;)8:3. 85(2H,s, H-3),6. 76 (1H,
d,J=3.2 Hz,H-6),5.40(1H,t,] =2.0 Hz, H-
7),0.65(3H,s, H-18),0. 95(3H,d.J =2. 4 Hz,
H-5),9.35(1H,s,6-OH),6. 66 (1H,dd,J=8. 6,
2.4 Hz,H-7),6.97(1H.d.J =8. 6 Hz,H-8);" C-
NMR (100 MHz, DMSO-d6)68:33.73(C-2), 112.
26(C-3),147. 18(C-4),114. 60(C-5),110. 99 (C-
6).154.32(C-7),125. 57(C-8). VA k¥ 5 C ik
(12 R A —5 L 454 HMBC #iEL G 2~
PR SR N B, HeAE R AN 4 .

!
7
2>—=0

B4 gk EER A B

O EW 3

Tt SR () ,mp: 144, 8~146. 1 °C, 7 A
HRESI-MS:m/z,[M-H] =205.034 1. ft- 591y
g F R 206,041 9,43 F Xk G Hy, O;. ' H-NMR
(400 MHz, DMSO-d; ) & 12.35 (2H, brs, —
COOH), 5. 53(1H,s, —OH), 3. 62(3H, s, —
CH,0),2. 78 (2H,d, J = 15. 2 Hz, H-4), 2. 64
(2H,d,J =15.2 Hz,H-2). ¥* C-NMR (100 MHz,
DMSO-d;)8:171.59(C-1) ,43. 46 (C-2),73. 37(C-
3),43.46(C-4), 171.59(C-5),173.89(C-6),52.
A5(C-T). LA B %dE 5 SCR (13, 14 JHEAR — 3, B
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SEEY 3y 6-FF IR H T L A A AN A 5 BT,

Qa4 P
o ! X3 “om
Ho Yo
o \7
A5 6ApAem T s
WG 4

Tt & A CH B, mp: 184. 9 °C ~ 186. 0
°C,'H-NMR (400 MHz, DMSO-d;): 6 12.16
(1H.s, —COOH), 2. 42(2H, s, H-2, H-3) ;" C-
NMR (100 MHz,DMSO-d;) :6174. 08(C-1,C-4) ,
29.22(C-2,C-3) AbLA Y 4 WAZRE RG5Ok 4 3B
(15,16 /3 AR — B0, MU s b & 4 4 A BRFIIR . 45
U 6 frs.

0
3 4 _OH
HO™1
0
B6 AR

GG 5
To 0 AR () ,mp:95. 2 “C~96. 8 °C. flfk
B 3 WA G T B IX 3 #E T H-NMR (400 MHz,
DMSO-d ) fE 83. 57 (6H, s) Ab 24 1 T W5 4~ H 48 3
B A5 . UL B EE 5 SCER (17, 18 T4 i 1)
AR—F L, WEAA Y 5 o 1, 5-Fr B R g, Hi4h
e 7 frs.
o >HO 4 O
1 36 5
0 OHO\
B 7 1.5-##85% =76k
G 6
Tofo AR CH BE), mp: 125. 2 °C ~ 126. 5
°C.'H-NMR(400 MHz, DMSO-d;)&4. 38 (4H, s,
—OH),3.53(2H,m,H-2,H-3),3. 36 (4H,m, H-
1,H-4);"* C-NMR (100 MHz, DMSO-d;) 872. 51
(C-2,C-3),63.28(C-1,C-1). k&Y 6 BREEIE S
SCHRL 19 19 38 A o B P 3 A — B, 5 an &l 8 it
N,
(DG 7
MBS A . mp:166.2 C~167.9 C. ' H-NMR
(400 MHz,DMSO-d;) 4. 33(2H.t, ] =5. 2 Hz,
OH-1,6),4.41(2H,d,J=5.2 Hz,OH-2,5),4. 14
(2H,d.J=17.1Hz,OH-3,4),3. 61 (2H, m, H-2,

H

Ho/?%VA<VOH
OH
B8 Hitw

H-5),3. 54 (2H, 1, ] =7. 7 Hz, H-3, H-4), 3. 42
(4H,m,H-1,H-6);®C-NMR (100 MHz, DMSO-
ds)063.82(C-1,C-6),69. 66(C-2,C-5),71. 29(C-
3.C). M A 7 B0 RE KO 5 SR [20 1438
B B O A 7 R 2 4
9 B

al) O

[o8)

B9 W&

OE 8

Tt & A& CH B, mp: 101, 3 °C ~ 102. 8
°C."H-NMR (400 MHz, DMSO-d;):64. 19 (1H,
d.J=5.6 Hz,1—OH) ,4. 42(1H,d,J =5. 6 Hz,2
—OH), 4.45(1H.d,J =5.6 Hz,3—OH).4. 32
(1H,t,J=5.6 Hz,4—OH),4. 12(1H,d,J =6. 8
Hz,5—OH),3.66(1H,m,H-2),3.59(1H,m, H-
3,),3.45(1H.m,H-4),3. 29(H-1),3. 41(H-5). "
C-NMR(100 MHz,DMSO-d;) : 862. 86(C-1) , 70.
A7(C-2),71.40(C-3),70. 11(C-4),63. 68(C-5). LI
AR RS S SR [21 T4 JE A By A7 e e AR —
WO e A A 8 i BT R AR R B L 25 A T 10 Jip
VA

OH
HO TN 3op
H OH
[T 3 1h 4 B2

A 10

3 #ig

AR 25 2 PR AE AN TTS 5 81 43 #r 45 1L 1 4%
25 PRI AC AR AR 0 N A BT RER4 %58 S oKl
% (Aspergillus oryzae). N FK K B r=4) & R
CPRFEBAE R3] 5 A5 Mg R L Fr. 2,
Fr.3 DLM Fr. 4 X5 T 4008 A= KA B 00 0 A4E s A
Fr.2 J¢ Fr.4 oy 43 58] 8 MG, o R B R
DA TR 1 K It e ) v O B AR B L X — AR
I3 B 3AT RPN AR B BT W 2 AR
P S TT % AL 245 ) 1) B SR Y, 33X X i —
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FOZY, Ege, A2 R, FAEW, EEa
(1. BEVERME K2 B0 54 TR0, BEVg P52 710021 2. RS BFss 440, DUl BLER  610106)

i EAITHARMEEZ(HPLOMEZ B ML S oREFRA PEBR ML 2045 F. X
A+ AR s b st A A Ik M A AER(CL8 A2) A4 &AL, R S 48 4 [ B BR -85 SR 4N 4% 7 ik (pH4. 5) |-
WEL(65 : 35),ik A 1.0 mL/min, && A 30 C, &M%k ¥k 271 nm. #HZTH 20 pl. B &5
2+ PR % at ] — 5, TRA8. 0 min; 5 L& 0.3~0.7 mg/mL K ERBENLHLXRZAREF. &
Wik 98 ~102%. st An e ikl 2 i L S8R, W2 547, L4
XEF . ERWML %, B8 H; SR RMEEE

FESES:RILT Xk tRERD: A

Study on the HPLC determination method of tramadol
hydrochloride oral controlled-release tablet

WANG Lan', LI Ya-ming', CHENG Gang',
CHANG Xiang-na', JI Hai-hong®

(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Graduate Office, Chengdu University, Chengdu 610106, China)

Abstract: The objective of the present study was to establish a high performance liquid chro-
matography (HPLC) determination method of tramadol hydrochloride controlled release tab-
let. An octadecylsilane bonded silica gel packed column (C18 column) was used as the chro-
matographic column. The mobile phase was [acetic acid-sodium acetate buffer (pH4. 5)]-
methanol (65 : 35),and the flow rate was 1. 0 mL/min. The column temperature was 30 C,
the detection wavelength was 271 nm,and the injection volume was 20 pl. A consistent peak
time between the control and sample was achieved (TR=8. 0 min). In the concentration
range of 0. 3~0. 7 mg/mL, the linearity was good. The recovery was measured as 98 % ~
102%. Results of this work showed that the HPL.C determination method of tramadol hydro-
chloride controlled-release tablet was simple and repeatable.

Key words: tramadol hydrochloride; controlled release tablet; HPLC
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M 52 CTR) Jy 3F 1 ME 2K 5k JCHE R 25, 4
5 Tl D PR 3 ) ) B ) B R L T
A BN AN 2 AR R AR R X il i Bl
F12F IR T B R PE BRI ) (controlled-release
preparation) &4 25 ¥ LA 52 4508 20 fH 3 (R 9 5l 4%
220 DA 5 e R Tk 380 VR AL i K 4 T R —
JE i 7). 1 i 2 ) AR ) R ) A RHE AR
FH B TD 45 5 57 B2 A% M 24 v R R IR OHOR R
T AR S LA RIOBOAE 3 R I T A Y R R
M S 28R I & ad Tk B 5, nl LS e 1
e 1) R B

i

1 ##5FE

L1 MELHKHS

1R AT 8 3 AL (95 B Waters) . 5l 2% K
UV-2487, TAEW & Empower 035 T /Eul , #F @
T4 (Waters) ; 240 0] W43 66 B 11 (U-1901 db 5t
B D 50. 8 pm GLALUE AN 0. 45 pem AL IE AR
LB TBe) s sh M il 5 22 (311004 41 5 1 il 25 4
P AR 25 4 BR A A 5 26 8 il 5 2 X IR & (d 5
153806744) ; FWEA €6 1% 4l 20 , At 3 350 3 4 40 #r
gl Eh R i 5 2 IR R R L = A L
1.2 &g & a0

= AW AR 3% L. Waters £ . 1500 & 41
HPLC ;K0 4% : UV-2487 ; TAE# : Empower 4,
T T AR i S AH  BURS BR AN 18 g, VKBS IR 9. 8
mL, FMKFBEZE 1 000 mL BI45 /K 46 . 1 L7k 46
s FHLM =65 = 35 A B, B A5 [ R - AR N
Zoh i (pH4. 5) ]-H EE (65 + 35) ;i : 1. 0 mL/
min; @5 EE b/ e 3 Rk e B A R S M R AE (C18
#)Phenomenex® 150 X 4. 60 mm 5 micro; 1 &
30 °C.
1.3 #wl gk Kegn 2 ik

B B8 S £ R il 5 22, DU S AR R i 5 AR
1 mL #1780 pg MWL - 7E 200~300 nm 4k LA
S AR L 43 BETE IR AT A L i A Dk K
1.4 M%)

K FH 1R R0 A €5 3% v (HPLC) X BF il £5 R &
HEAT R M s ).
1.5 F R

Fehb J7 fE RIS F R 45 mg A 25 mL &

RS I AL B0 AH , FE R R T VR g R A AL B 30
min, G 25 1 U8 L U8 VR0 R 23 1 A RERE S A T B
R R i Z % B 50 me AE B FE . B T 25 mL
S I Sh AR AR R 28 20 B A5 0k R i A5 L
FE WS WO IR A 45 W 2. 5 mL A 10 mL &,
FH U 2 A 5 25 RIAS6F B 0WE. 43 0l %t 25 1 R RE
sl VA VR R XS BRI TR R R 20 el AT L 4 T 25 1
BRI R A TR
1.6 #ZEEMNZ

B 1. 3 b g il 5 22 X R R TR E SR HERE S
W B 20 pl, 15 P 3 S 0 1 AR, SR RSD i, F1) I
IXEHE 2 PR BT
1.7 &l

A3 SIWE 1.3 HOXT IR A AR 1. 5.2, 0.2, 5,
3.0 f13.5 mL A 10 mL & i, i sh B =
2 B, BV X R 3R A0 0 V. A3 IR R R B
W20 pl SEME AR E — K 19 B R 0 1 A
DLAEAN A i 10 37 250 06 T BRG] A 88 AT e [l T, 7
EYE RN R YT BT L G
1.8 AR pkm

B 1.3 R R il I & 0 IR SR T A BIAE O
2.4.6 & 8 hi#FFE 20 pl, TR HEHE—IK, 15 K
ik S T AR SR RSD A, HI s % 276 8 h N
1.9 wmkFEan e

K %R 10 mg.12. 5 mg & 15 mg By ER R
2% B A =0 4 EL A 25 mL @R,
AL 5 5 R A TR B AE AT O A R B R
%% 30 min J5 MU SIAHE 2 R 208 FE 50 Ja i g
HEE YR 20 ped SHEAE L I 04 1T AR O 1153 T fic .
1.10 FHZ

Bt f3 g R R th 5 Z 8 R 20 I, IR S X
WY Tl % 12. 5 mg) , 30 HH 20
Y15 JE A 25 mL A, 8 4 AL B 30 min J5 FH IR
BAHE 25 2 20 BE B A) 5 1 IR BUEE IR W 20 pl HE
B S 5 TOURE S
.11 &EaE

B AR R R R ith B Z 8 i 20, IR S X
W Y TEhm M 5% 12. 5 me) . W 3 AH 20 L
Y& E A 25 mL A& . #8554 P 30 min J5 A
TLENAHE 25 2 20 B 8540 5 1k U ICEL B W 20 pl
HERE. I g =R A B i TR AR BN A



%4 W T 4%,

Hh R il By 22 10 AR F5 R R A e ACROR €0 1 0 vk AT S

+ 129 -

2 #FRE5ITE

2.1 Aml ok K ey gy
K R85 43 0600 B T R i B 2 1 U B
ARV 45 A 1 BroR. mT LA & B, B 4 e
229 nm A1 271 nm P A B KW W0 28 I 2%
JEEE ARG I 2%, 229 nm 4b AT fE 2 I ) I 1 5
W), 5 72 i 5 22 1) i Bl A TRRDK B AR 271 nm
A AT R KW, BT L 46 271 nm 4 K & 50 A
A3 1) 58 SR 38 K
i 2

2.000

1.600

1.200

Abs

0.800

0.400

0.000 :
190.00 212.00

234.00 256.00  278.00 300.00

WK/ nm

Bl #$BmwuL i/ aishmPEsanng
2.2 FEagle

Xk BT A5 L R il 5 2 4 kAT HPLC I 5 L 45
W 2 Fros. i E 2 fE 2(b) A %1, HPLC F %
PR i M W IS (] 55 6k B Y 0G5 [R] — 3, TRA=8.
0 min. [, 5 & 20 % &3, Ehma it & 2 1944 i
A (] 29 2 8 min, i 4 BHAE 8 min BT 3% A 14, Fif LA
SRR IR M T 2 S BN E el TR

_
N
S

8.020

H T/ mv
=

0

'S
=1
T

3
A
f11] S Y 25 N—
2 345 6 7 8 910 111213 14 15
it i/ min
() FE S

OO
Juy

-
ai
=)

7.990

00 12 345 67 8 910 11121314 15
HF 1]/ min
(b) S it iy

60
> 50
g 40 0
~ 30 2
R
5 18 o
01 23 453 67 8 910 1112131415
Ht 0] / min
(o) %5 F 4R

B2 #éwd %e HPLCM T &R
2.3 HEAEME
Wt Eh R i D 22 i HPLC & J7 ¥ IR RS 9% ) 3k
T8 BERANEE 1 R, i LRI, 6 A FATHRE S
BYIEH AL RSD {H R 0. 72% , 32 W% )7 2 09 RS 25 e
U

E

x1 BEEWELSR

75 ETTRA RSD/ %
3064 556. 250
3032 163. 250
3079 918.000
0.72

3 053 890. 250
3 019 346.500
3 058 873.750

LI B I

2.4 ZKManE

X £ 2 i H 22 i) HPLC I 5 5 vE 1Y 2R vk k47
5% MR BRER, Rl 3 Frs. &t i35l
R 2 0. 3~0. 7 mg/mL He L F N L
PEXRRM. HIA RN A= 5 845 502C + 83
705, MR EL r=0.999 9.

4650000
4150000
3650000
3150000
2650000
2150000
1650000
1150000

650000

150000
0.2 0.3 0.4 0.5 0.6 0.7 0.8

WEC/ (mg/mL)
B 3 HPLC #0789 &M 2

A=5845502C+83705

e T X

2.5 REHMZ

XF ER 2 ith & Z (1 HPLC W 5E Jr 125 1 R 1 ik
FIRRGE , L g 25 R a3k 2 s, v LR 3R, K I 25
1436 20 8 B2 458/ (RSD=0. 70 %) , 2h iR #h 5 22 95 WL
TE 8 h INERE , BRI 2 B[] 31 Rl PN B 7 P A
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T2 REHVNELR
fif 1 /b U 1t A - e i AR RSD/ % 2.6 @ik Eaq g
0 3065 713. 500 3 056 777. 250
3047 841, 000 X R TR #h 5 2 1) HPLC I 2 Jy 2 1) [l 50 ik
Ly e TIWRGE 25 BN 3 BT T UK L B ) T
2 3086 869. 000 3 080 400. 125 070 e 98% ~102% ., RSD N 0. 99%, A ik, K FJ
3074 231,250 ' ~ S i 22 R A N N N - &
4 3 048 153. 500 3 038 650. 875 HPLC H00E £ 2 1l 22 5 Bk A Jy 35 2 Mk ) ol 4
3029 148. 250 1.
8 3018 424. 500 3023 132. 750

3027 841.000

R3 OKRIPUESER

[ S R v e L 44U T WA FeR FHEIEE RSD
/(mg/mL) /(mg/mL) /% /% /%
= 0.389 2 2191 722.00 2 199 587. 250 0.387 3 99.52
2 207 452.50
2% 0.410 8 2 327 362.75 2 326 342.000 0.409 6 99.72 99.4
2 325 321.25
3% 0.403 2 2 253 815.25 2 270 653.875 0.399 8 99. 16
2 287 492.50
4% 0.503 2 2 885 186.75 2 879 709.125 0.507 1 100. 77
2 874 231.50
SHE 0.512 0 2 948 791. 25 2 948 315.625 0.519 2 101. 40 100. 82 0.99
2 947 840. 00
6+ 0.509 6 2 907 372.00 2902 281.125 0.5111 100. 29
2 897 190. 25
T 0.606 8 3 389 530. 00 3 389 815. 250 0.596 9 98. 37
3 390 100. 50
8+ 0.596 8 3 361 184. 25 3 346 845.750 0.589 3 98.75 98.73
3 332 507.25
9& 0.602 4 3 386 279.75 3 389 633. 500 0.596 9 99. 08
3392 987.25

2.7 EEMHME
ot Eh e i D 2 i HPLC W& 7 v & 2 Mt
5. 1538 RSD=1. 18% . % Jy 1 I & & M &
W, Ha5 R UMER. (3R 4 Fios.
T4 EEUHRBHBEFEUNEER

it U T R RSD/ %
1404 171 2 885 186. 75
1404 171 2 874 231.50
1404 071 2 948 791. 25 1.18
1404 071 2 947 840. 00
1404 071 2 907 372.00

2.8 AFE
P BE 1,10 T iR A A & 1. 2 WA A
4, SRR iR D £ o B L I A BOEE &1 1S 3
R4, H RSD=0.24%. N3 5 Fix.
x5 HHBHMIOIZSENE

H#its i/ (mg/ R RSD/ %
1404 071 70.1
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Computational fluid dynamics model and simulation on
human respiratory with high frequency ventilation

BATI Miao-miao' , YUAN Yue-jin'* , XU Ying-ying', YUAN Yue-ding®

(1. College of Mechanical and Electrical Engineering, Shaanxi University of Science & Technology, Xi'an
710021, China; 2. College of Mathematics and Computer Science, Yichun University, Yichun 336000, China)

Abstract: The respiratory disease inpatients cannot be spontaneous breathing in the treat-
ment, most patients rely on breathing machine to maintain the body's normal metabolism.
This research projects aimed to use computational fluid dynamics (CFD) method to establish
modal and simulate the flow fluid of human respiratory with high frequency ventilation. We
have established an geometry modal from mouth to lung and a mathematics model for the
calculation of the fluid flow in the respiratory. Then to simulate the pressure and velocity
based on the modals. Results indicates that respiratory internal air as the change of breathing
rate of the corresponding change,in the process of change, fluid turbulent happened in the
throat because of section changed. By increasing the air velocity and breathing rate, can in-
crease the turbulent air flows within the respiratory tract, thereby improve the efficiency of
air exchange.

Key words: high frequency ventilation; breathing process; CFD model; simulation
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W  ZE:R SolidWorks B L 1 TP & TAE G 3 AF = 4 STARKEA, 2 IR 547 o R 49 3%
i, 4 5 F AN F ANSYS Workbench P #47# A F o . F2 A FHBH ST L4
REWR OBHAMEYH TSNS 18.68% A 11.85%. . FEFAFHHIESHRES
AR %2 10. 14 kg #= 14. 11 kg 12 R 3R E AR 2 5 50 & 23. 1% 4 12, 46%. & 5, A MAT-
LABS M5 TZHARR IS H L 6HRERE REFE. THIHELTEELE K
WNT I I TS HEN G T L m DA

KB AN TP TS A E; %R E; MATLAB

RESES:THI6 MktRERD: A

The influence of rib plate arrangement on static
stiffness of gantry machining center worktable

ZHANG Gong-xue, DU Bei, LIU Lan, LI Song-feng

(College of Mechanical and Electrical Engineering, Shaanxi University of Science &. Technology, Xi' an
710021, China)

Abstract: Three different 3D solid models of gantry machining center worktable were set up
by SolidWorks, according to design of the analysis scheme, then imported into the ANSYS
Workbench for static analysis separately. The average composite static stiffness was higher
18.68% and 11. 85% than worktable with O-shaped and ellipse-shaped rib plate, and the
mass of worktable with well-shaped rib plate was reduced 10. 14 kg and 14. 11 kg than the
two others,however,standard deviation of the static stiffness was higher 23. 1% and 12.46%
compared with worktable with O-shaped and ellipse-shaped rib plate. Finally,composite stat-
ic stiffness maps of 3 different worktables were created by MATLAB. According to the map.,
the workpiece could be clamped to a suitable position, the static deformation of worktable de-
creased,the machining accuracy of workpiece improved.

Key words: gantry machining center; worktable; rib plate arrangement; static stiffness;

MATLAB
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Study on wavy of free vibration of single-walled fluid-conveying
carbon nanotubes based on Timoshenko beam

YIN Chun-song, YANG Yang”

(Faculty of Civil Engineering and Mechanics, Kunming University of Science and Technology, Kunming
650500, China)

Abstract: This paper used variational principle to establish the free vibration equation of the
SWCNT based on Timoshenko beam. Because the last study did not take the flow condition
into consideration,it led to the results can't display the regulation of wave propagation over-
all. This paper takes the flow condition into consideration on the basis of the last study and
discusses all factors which have effect on the wave propagation of SWCNT on all level. At
last,it get that the nanoscale effect (eya) ,flow condition (Kn) and wavenumber (k) have big
influence on the stiffness of SWCNT. When nanoscale (e a) getting bigger,the stiffness get-
ting smaller. But the opposite situation comes out when flow condition (Kn) and wavenum-
ber (k) increase,the stiffness increasing.

Key words: Timoshenko beam; SWCNT; wave propagation; flow condition; stiffness varia-

tion

x WS B #A:2015-04-20
ELWB ERAKRRAILEITH (11462010) 5 FWHL T K& 4B i 3 4 91 H (20150613)
EE RN FHM 1989 —) . 5 W R A FHN L 76 32 85 1 05 9 A L B0 5 7 16« 0 WO 24 0 5 1 o EL O 6T 45 76
BHAEE A A8 B, R WA BIEE . L W55 ) Ak TR AW E AR S yangyang0416 @kmust. edu. en



554 FHENGE T YRG0 78 7 S RE i 90 oK B A AR IR 3 09 U B M REF Y « 141 -
0 Bl= a= 64 %[tzlnﬂéLKnO' t] (3)

e 9 K A I — iR 24 b RL  HLAE AR Wi L
P Ay I R M RE O L I T 6 R N
KA AT G W BIIE TAE# 2 H A2 Tijima, H
fE nature b & 09— SC AR T AT R 48K
TSR AG L B R X T RR 4N K A R A g T B
B ZHAL X T H I 2w o 58 o .
T 40 K A8 1Y 0 2 M R A 98 T BEA 1050 1% R3O 4
SR BT IRE S R mL FBE Az FAR
BRI T e A Tk A R AT R Y
B HE Sk R AL DS T BB (MD) , {1 H
F MD Jik e 1 5 44 DA R AE R 5
HRE BT B S5 T T A B, Ty 2 A A B T
e R et

AR SCHEFE B AY 03 1 2 A S mly b (5 TR
S A ARG FE I BARE () CNT R A7 T # A, {f
A BT A AR Oy BRI SR T
SWCNT 1) A iR sh i o i e R P 5 08 T
TR B 10 B2, I8 F AN AT 4 3 % o i R b AT T
WHie. i A SO TR JR B Ak K S ) g 5
(ANTYX] SWCNT #4743 87, I A T i i
Z Ak Wk G AR T M 4 TN SWCNT 9 78 i
I 2l I 3 1k RE R

1 AR B

G B ARB (K o) S 3R Tt AR 5 487 B 422 fd AR 2 1)
SR AR A 8RB CKon) 1 /N S AT LK 3 4R X35
43 A

(DIELLR X I (0<<Kn<<10 *);

(OWBXB (10 °*<<Kn<<10 ');

()3 PRI (10 '<<TKn<<10);

(DI T K (Kn=>10).

DURT e O 5T R AR B T I RS IX A I
T 5 R A R .

_(2—¢, Kn v,
v ) (5 @

AKOHF VMV, o SIS BE R Fo iy
Ui 5 €, TR AR ) 25 e R R B AT O 0. 750 2 —
Jict ¥ R K AT BU — 1.

P A R N-S 7 AR DU TR OGRS
g

V(:FzUi}f’ - (1+aK71)(4(%) (%)+1) 2

37((1 — %j
2 ERERAER

AR A Ry 30 2k g vk B W], — s B N R
AN 5592 150 N AR A S, 0 R4 o) DX e ) HG B B A

(07 AR A O AR B R AR 56 R R PR L B IE
A G R B 0N -

a; (r) :J all ¥ —r 0oy F)HdQ €]
0}
oy (X)) =dey (X8, + 2ue,; () 5
Eringen ¥ R A K R 1L R
(11— (eqa)? V)8, =0 (6)

K6 H . VP =02"/dx" 49/ y* , LA
R

3 ANT#BIpEST

AFJ L F7 B9 AR ¥ O Z8 AT AR AR A

() — (epa)? LI _ gy %)
dx
SWCNT #Im & 4E nf LIRR A
M(x) =M, :j yo, (2)dA., €
A
B DOHARX PR LIS,
, M, 9w
M, — (eya) o2 El E: 9

F (DO BT LR R

o, (2) = —E E (60a>2<n—1>§0<2n—1> ;
n=1

M, = —EL ) ()™ " g (10)

FPLRE B N KA RO B RSN 1 R AR A il R
ShEIE AR Ja 38 22 B, AT LG 2] SWONT #Y
RS D S

T T
V:J J vdﬂdt:J J (v) + v, + vy +v,)d0dr =
0J 0

0

TL
AJ J (vy + vy, + v5 + v,)dadr [@ED)]
KADH,
U :%&217

vy :%EZ (_ 1)”“(6061)2”(82.]” )2;
n=1

— EZ {(eoa)Z(”H) Z [(— 1)t glm g 2orD=m ] } ;
n=1 m=1

o =%Gy§y 12)



. 142 - Ro#BHBRLESH 5 33 %
N =0V —0K, —0K, =0 (19)
W
*T (L
m oty :J J [AGk (w'" — @) +
0 0
G X EL.Z(Zn*S)(eoa)Z(”ﬂ)gﬁz” —ol. 5 ]dgod,zdt+
n=1
j \/ e ¢ 1)
/‘I /Il/ JOJ [A.Gk (w® — ') —
t J? J?
oA ( o T2U 3 ?ﬁUzwm)—
A1 A FHARFEN LA SWONT R g
32
SWONT FERURL 1 3 A 0T L - pA .55 Jowdrde (20)
_ o TJ" dw) de)? T ,
K(.fzjo O[A‘(dt FLE) |dede B 6/2:J {EI( [0 00 +
WK B TT LA S "2 )
T L Doy 2 EI (_1)11+1(e a)Zu 50”+1+M\8SD(“7”1 dt+
K, =00 [(Ucose>2+[7?—?f+Usinaj }dxdt 2| = 1
0Jo o n
an [ EL Y o 3
n=1 m=1
TR B 0 g/, it (14) 7] - 3
o mtitl (2pt2—mti) S (tm—i)
DL A [Z< D e o o T
(7 y 2 Lm m
K, =2 [UZ +(%+Uw<l) }dx (15 i (— e g gt | g+
SRSATBRAINCTE (506 K. 5109 K [ o =gt [[2]’
LR R A T ﬁ}zﬂ\ 3 [ =gt N idwdi oA U] [at w}o‘“

T (L 32u,
oK, = _P/A/‘Jo JO (ﬁ +2U 717[ j Swdxdt +
auj T L | -
p/Af{J [Tt@u:‘ d17+UJ [w'" 6w ]{dx +
o 9 0 0
(’)uv L T 13
UJ [atﬁw} dtJrUZJ [w“’@w]f;dt} (16)

oK . :—‘O(,A[J J > wé‘wdldt*
0odo Ir*

—~

"L Do) T
0. [J J (74‘2850 dzdt + p. A ‘J |:L7Z;5w:| dx +
oJo C 0

ol. J [%&0} dx (17

(L
é‘V:J J [ AGk (w'" — @) +

0

EI, 2 (2n—3)(eea)* " g™ ] dedxdr —
n=1

n

J EI Z(@()U)Z(WH) E

n=1 m=1
m—1 I
. mtitl (2nt2—mti) (Itm—1i)
[ 5 (=D @ Op
i 0
i=0
2nt1—m
( 1 )m+z+l (2+mti)

Q2ntl—m—i)

Op

L
] dr —
i=0 0

T
JO [w? — " ]§owdt (18)

HL PR 75 o3 J5 T AT 45, B g8 K A 1 B e LT AR Y
SHAEMBABER W T L& .

UZJ [ dw] bde) +pA J [auawydx+

L9 T
RJJ [ﬁad dz + o1 J [ 6‘50} dz +
oA UJ [w" dw] {dx @D

R (20). Q2 AH 8l=2081, +68l, =0, & J5 15 %

SWCNT H IR =R .

AGr(w'" — @) +EI ED(ZHA*S)(%a)ﬂuU
=

ot %:O (22)

AGr(w? — ¢V ) —pA, (9 w j_

P G =0 (23)

RO AR (22) .30 (23) 15 2 % B kb
AL FET SWCNT [ i35 S s i

AGk (w'" — @) —Elo" + EI (eja)* ¢ +
3EL (eya)' ¢ — ol M—o 20)
AGr (w'” — @) —,ofAf(a“—w
) 2w
U?(VCF)Zw”) —pA G =0 (25)



5 43 THARAN A T RS 3 T2 10 S0 L B BE R KB A e iR Bl 1 0 B0 1 R A S + 143 -
4 WEHSHT
—a—Kn=0
FATAT LI 2 TR (25) WY R 8 T I ~4-Kn=0001
L v Kn=01
w :Wei(lufam ; gD:(Pei(lu-fau) (26)
26 W o A RS BRI 5 0 o 3R 35 \
. R ff . N
FER (260 FRA SR (20058 (25) o, L T W 1 | A
@ Y 5E MR IA : \\‘
" | e e I " 1 Vm
Ay Ay (W % 5 10 15 20
{A A }{@}zo 27 U/(km/s)
3 4
45/ B 0 M2 RARETE AL,
A Grk BB RBHEKL R
Ay =i EI ; 100
80 - X
A, = —‘2‘?” + f[/eZ + (era) k' — 6o} P
Lo e ol
3(epa) k] + w”; SRE . —=—Kn=0
A AGKE . _ 2Uka(VCF) B of«< X heoon]
’ o p +p A oA s+ A S -20p —v Kn=01
p AU (VCE)* R % aof
pAr oA -6or R
. AGkk -80r Ty
Ap=—i—— -100
oA s+ pA. 0 2 4 6 8 10 12 14 16 18
102 Ay A, — A, Ay =0 I S FF A 23 0 — it U/ (km/s)
e B3 ERIML AR,
A.Gk EHERBKHELXZ

[iA"GKk:|- l:_l. A Gkk }_ A 4
EI. oA s+ oA, { od.

E v 4 ok — 3¢, 1] +
Oc

wz} . {7 A.Gkk?

A AL
2Ukw (VCF) | p AU (VCF)*k* } -0
oA s+ pA oA s T pA

+o —

5 AR5

SWCNT f#8 1i R~F RL KB 8 Y 2 B0
J:E=1TPa,A,=3X10 " m*,A,=3.63X10 "
m’.k=1.1,G=0.4X10" Pa,I.=1.78 X 10 *
m',I[,=1.78X10" " m',a=0. 142 nm.

ASCHEE ST SWCNT H IR 0 338 4 7 R i
AT BRI B A R R R S DRI A 31 1) 45 R AT DL
TS b e L [ F iR B0 i R

K2 FE 3 WoR 1 7EAS 6] 30 B4 4 T il
SR Z BB R, WK 2 ATLLE H, M4 %
ARACE SCI 1l S U 3 1) B/ 5 0T AE L 3 rha
PIE 3, 24 4 8 AR A0 R, SWCNT 9 9% 8h i %
HILERE A, 3 136 B H 6 F SWON'T /Wi 1+ 34 in

B4 fE S5 s BT 9N RSN S
SWCNT Wy sh#ii 3 2 [a] (1 ¢ & . B 4~5 "] LA
BN R SON X SWONT 19 4% 3h 5 R B A5 1R
PN BN ) | TR N O (R -3 ) | I T8
SR ATR AN LRI /N L X U8B T /N RO RON; 1) 1 2%
FE SWCNT [ R BE (998 /).

—a—1=0
--#--7=0.1
e - 7=().2)

Im(Q)/THz

1 1 1 1 1 "
8 10 12 14 16 18 20 22 24
U/ (km/s)

B4 EEHS DR
BRI R E R
&l 6 [a] IF A 94> 2850, B 4 55 2R BRI/ R %
MEXF SWCNT 52 0 s 72 Horp . WA 6 7 L A5

0 2 4 6



. 144 - Ro#BHBRLESH % 33 %
AL WIE T T SWCNT By R EE 4B HL AT 1R K /) 52 . sof .
79 25 [ I A R 4 L SWONT 9 i 5 38 32 b 4 60} P e
S5 FR B0 AR KL X 1d B T 2 [ s A R X dor LA J‘j/" “““ - —
SWONT K 5% 1 240 T 46 1 — 5 49. SO e e K005

T .~ -~k K=01
80 i Op=
i . G-20r
» /'“Tfi’:'ﬂ é-40—

a0t et L e
/]/ ’A,-""‘ -60+ .L“"r__
s0p ‘
0 2 4 6 8 10 12 14 16 18 20
U/ (km/s)

8 10 12 14 16 18
U/(km/s)

BS5 MEXFRSDRE
BB GREGE R

4 . —=—Kn=0,7=0
e .-4--Kn=07=01
, \'\ 4 Kn=01,1=0
o J— Kn=0.1,7=0.1
3
N
T
2
g’
E
1F
N L S v
0 2 4 6 8 10 12 14 16 18 20 22
U/(km/s)

B6 #MEEFRLE Kn b REAHK
B ik Z 6] 8 A&
B 7 A 8 WR T B SWCNT i s Jii %
AN A B 5w, L 7 vhon] DL 28 s B, B

0.7¢
0.6 —*—K=0
-#-K=005
05 -k K=(1
N
T 04
=
S 03
E
0.2
0.1 .
0.0 A e
"0 10 12

u/(km/s)
B7 MEEIFRLEHM AKX Z

A B B e A R s L 8 T LLAE

SWOCNT f4 431 4 Fifi 25 i 25 A 385 i i 384 n 36 v W 5%

Hory 36 m % F SWCNT i Wil BE 38 hn B oA 1R K

.

BS MELFEEHM ALV LEZR

6 it

AR S HE TR AR S A AT ) FH AR 43 J B IE
T SWCNT 1y 3 B3R 80 il 3 5 72 [6] B 7E 3L
Gy J7 R T A A A T AR B s

A XA BRI G A5 B T A RS G 2
V. 38 B FRAT R B U AR i A% 1 R RO R
SWOCNT W B i) 3 5 HLAT AR A Bly o 17 /N RUBE 3500
(484 42 5 3 SWCNT RILEE A U8 /).

2% Uk

[1] D. Tomanek. R. Enbody. Science and application of nano-
tubes[ M]. New York:Kuwlar/Plenum,2000.

[2] G. Pastorin, W. Wu,S. Wieckowski, et al. Double function-
alisation of carbon nanotubes for multimodal drug delivery
[J]. Chemical Communications,2006,11:1 182-1 184.

[3] S. Iijima. Helical microtubules of graphitic carbon[J]. Na-
ture,1991,354:56-58.

[4] S. Babu,P. Ndungu,]. C. Bradley, et al. Guiding water into
carbon nanopipes with the aid of bipolar electrochemistry
[J]. Microfluidics and Nanofluidics,2005,1:284-288.

[5] K. M. Liew,C. H. Wong, M. J. Tan. Buckling properties of
carbon nanotube bundles[ ]J]. Applied Physics Letters.
2005,87:041901.

[6] S. Kitipornchai, X. Q. He,K. M. Liew. Buckling analysis of
triple-walled carbon nanotubes embedded in an elastic ma-
trix[ J]. Journal of Applied Physics.2005,97:114318.

[7]]. Yoon,C. Q. Ru. A. Mioduchowski. Vibration and insta-
bility of CNTs conveying fluid[J ]. Composites Science and
Technology,2005,65:1 326-1 336,

[8] J. Yoon,C. Q. Ru, A. Mioduchowski. Flow-induced flutter
instability of cantilever CNTs[]]. International Journal of
Solids and Structures,2006,43:3 337-3 349.

[9] A. Beskok, G. E. Karniadaki. A model for flows in chan-
nels,pipes, and ducts at micro and nano scales[ J]. Mi-
croscale Thermophysical Engineering,1999,3:43-77.

[10] V. Rashidi, H. R. Mirdamadi, E. Shirani. A novel model



54 THE NG BT RO S A G B FE U SR B AN K AE ) IR Bl B I Sl PERE T « 145 -

for vibrations of nanotubes conveying nanoflow [ ] .
Computational Material Science,2012,51:347-352.

[11] A. C. Eringen. Nonlocal continuum field theories[ M.
US: Springer, 2002 ; 231-235.

[12] C. W. Lim, Y. Yang. Nonlocal elasticity for wave propa-
gation in carbon nanotubes: The physics and new predic-
tion of nanoscale in nonlocal stress field[]]. Journal of
Computational and Theoretical Nanoscience, 2010, 7.
988-995.

[13] P. Hagedorn, A. Dasgupta. Vibration and waves in con-
tinuous mechanical system[ M]. UK : Wiley,2007 :20-35.

[14] C. W. Lim, Y. Yang. Wave propagation in carbon nano-

tubes: Nonlocal elasticity induced stiffness and velocity
enhancement effects[J]. Journal of Mechanics of Materi-
als and Structures,2010,5:459-476.

[15] Yang Yang, Lixiang Zhang. Wave propagation in double-
walled carbon nanotubes on a novel analytically nonlocal
Timoshenko-beam model[ ] ]. Journal of Sound and Vi-
bration,2011,330:1 704-1 717.

[16] Yang Yang, Lixiang Zhang. Wave propagation in fluid-
filled single-walled carbon nanotube on analytically non-
local Euler-Bernoulli beam model[ ]J]. Journal of Sound

and Vibration,2012, 331:1 567-1 579.

ALEANEA AN LA LAt Lt al Lal LalLal Lal Lal al Lal Lol Lol Yol Kal Lal £alt al al Lal Lol Yal Yal LAl £at al Ll Lol £al Yal Yal £alt £alt Lol Lal Lol YAl KAl Lal Fal Lal al fal val al ¥

(k&% 139 )

AR T 2 T AE & 2% s s gh i, g il
WM TAER.

ONTAEEGFHE TN & . IFFIEH
TAE G358 4 5 W R DE 5 T4E 6 &
11.85% .tk O JE il TA/E & & 18. 6820, H AR B &
JIN S T TR B v 2 T A 0 R A o T
SR R I T 22 i NI B RT3 8 R e T AR
o E @ IR A TAER.

ONTAEGFRIE R EZE B/ IFFRM T
1 A BRI bR vE 22 e O T A T8 & F i 15392 #
TAEG 295 23. 10% F 12. 46 %, O Ml THER
F18) X 52 30 Bl Bl e /D s A A TR 34 5. S TR
TSI SR RS B AR O3 A L e A i ik
OEMITIES.

S % Uk

[1] Ewd. K HURIR & 09 3 SR 57 506D, =20 .
2N BT RS, 2007,

[2] E B Kivance, E Budak. Structural modeling of end mills for
form error and stability analysis[J]. International Journal
of Machine Tools & Manufacture,2004,44:1 151-1 161.

[3] J R Bakera, K E Rouchb. Use of finite element structure
models in analyzing machine tool chatter[]]. Finite Ele-

ments in Analysis and Design,2002,38(11):1 029-1 046.

[4] T L Schmitz. Predicting high-speed maching dynamics by
substructure analysis[J]. Annals of CIRP,2000(49) ;303-
308.

(5] # i, e BT, MUK 3h 1M, db st AL ol
iR, 1993,

[6] =AM ARGEA X 5. B AUR B HLA RT3 LT ]. Bl
R 5 #2008, 36 (4) : 17-18.

[7] Phoff B, BRI A BRI AILBR S A8 D0 Ak Bt [M. I R 5
M 7R 3 Tl R 2 i AL . 2004,

[8] Pascal Jean Frey. Paul Louis George. Mesh generation:
Application to finite elements[ M. Second Edition. Lon-
don:Isteltd and John Wiley &. Sons,2008.

(9] & # [, HE+ 4. ANSYS Workbenchl4. 0 4 B 5C 4 #7
(M. dbmt . A RHEH iR AL, 2013,

[10] KK « LR, Witk & ANSYS Workbenchld. 0 45 1%

BRYE TR IM]. Jb 5t iR At 2013.

(117 JRzRAe 2 k. 45405 B A3 BT ANSYS B HIMT. 3L
ALK AL . 2005,

[12] EAEfh. M 7. SolidWorks 5 ANSYS 2 [f] ) $U 4 58 4
FrEEIE )], AT HLAK . 2011,32(9) :248-250.

[13] B Wordenweber. Finite element mesh generation[ ] ].
Computer Aided Design,1984(16) :285-291.

[14] 2 M5, 064, WA AR, 5. 3% T me 07 18 32 19 5z =0 b
LEIFASZ BAR AT ML TR 442, 2011,47(11)
125-133.

[15] #West . R+ J= , X G e, 55, BT ANSYS # NI & 43 #7 19
XK640 Hofa B IR O 5 Z 3 40 6 Ak 53t L1 ] MUK 5 W
2007,35(9) :42-45.



F33E B4
2015 4E 8 A

RHHBEALEER

Journal of Shaanxi University of Science & Technology

Vol. 33 No. 4
Aug. 2015

*

X EHS:1000-5811(2015)04-0146-05

—F0E T £ IR HIG WEB B 351 85 48 1L S A 5%

0

Ell

‘]ﬁ'%é‘? '%Ejj}i#k’ }’J‘élﬂh, «%%ﬂ/@

(BEVERHE K2 A S50 TS B BEPE P2 710021)
W E.wamReAEE A Web ERAEFRALETHEZLMH. E% 4% )8 TDD #= TSR
BRFDRELEHE TR T —ARERA T ERA, F 4 5ZER L% B —# SACC k1L
Fook. B RACHE S EMENGFRFI RKEN R, R LR EN, KA SACC F kL
5 8 T @, A8 — R LT A 29 AR T @ 69 TDD #o TSR 3546, T3 B8 5 51 & 14 % A=
25% , 2 F R & R & oe ik E

KR Web 735 AEMIE; 25 ME; SACC

RESES:TP301 XHERARERRD: A

An optimization algorithm based on the concurrent
connection limits of WEB front-end performance

RAN Chong-shan, LI Qing-lin, SUN Lian-shan, MA Tian-ming

(College of Electrical and Information Engineering, Shaanxi University of Science & Technology, Xi'an

710021, China)

Abstract ; Front-end performance is an important condition for a measure of the success of the
Web application. In considering TDD and TSR index the minimum priority conditions, the
design of a scheduling weight calculation model, combined with the model, summed up a
SACC optimization algorithm. By optimizing scheduling even more clogged request sequence
to improve the front-end performance. Experimental results show that the optimized algo-
rithm SACC website, under normal circumstances compared to effectively reduce the page
TDD and TSR index, the average decline of 14% and 25%, significantly improve the re-
sponse speed of the page.

Key words: Web front-end weight; scheduling weight; multi block; SACC
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Research and optimization design of phase-shift
full bridge ZVS converter

SHI Yong-sheng', LIU Yan-xin', WANG Xi-feng®

(1. College of Science, Shaanxi University of Science & Technology, Xi’an 710021, China; 2. College of Elec-

trical and Information Engineering, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract; The traditional phase-shift full bridge (PSFB) zero voltage switch (ZVS) converter
has several defects,such as the ZVS realization of lag bridge arm, secondary duty cycle loss,
secondary parasitic oscillation, transformer magnetic saturation. In this paper, these key
points were analyzed and an improved PSFB ZVS converter was put forward, by using satura-
tion inductor as resonant inductor to increase the range of ZVS and reduce the loss of duty
cycle,adding clamp circuit to suppress secondary parasitic oscillation,and the block capacitor
is added to avoid transformer magnetic saturation. Saber software was used to simulate the
circuit in the paper,the results show that the theoretical design is reasonable. Furthermore,a
prototype of 48 V/1 KW,50 kHz was built up,the performance of the prototype is as fol-
lows:the converter reach zero voltage switch at 30% load, the ripple is less than 2%, the ef-
ficiency up to 74% at 30% load,the efficiency up to 85% at 60% or more load.

Key words: phase-shift full bridge converter; zero voltage switch; soft switch
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Research on classification method based on ERD/ERS
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(1. Laboratory of Intelligent Information Processing, Suzhou University, Suzhou 234000, China; 2. The Key
Laboratory of Intelligent Computing & Signal Processing of MOE, Anhui University, Hefei 230039, China)

Abstract: The correct rate of classification of motor imagery EEG signals has a direct impact
on the application of BCI system. In order to improve the correct rate,a study on feature ex-
traction and classification of EEG signals has been made. According to the ERD/ERS phe-
nomenon, the method of independent component analysis has been used to make blind source
separation and get ICA filters which are used on the observed multi-channel signals to find
components associated with motor imagery task. Then,support vector machine has been used
for data classification and recognition of three-class motor imagery EEG. The classification
experiments have been carried out on three subjects. Experimental results show that this
method is simple and effective.
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T e G- AL (Y IE B U, 2 2
A TR A WA S b A S0 B R R kS AR S
TR B A3, M 37 43 & 43 B (Independent Component
Analysis, ICA) W R 4E Sk B —Fp 3L T £ 38
EREBEAES 28 ik, B LN EEG H43 8
THAFS TIPTS5 (9 FRE I 5.

TEWE 8 1 ABE m=n, BEEF TCA Zfig Yo 1 0]
AU RAETRAE S S FR G A B A #RF, AU W
MAES X 1RO 5 —Fh 55 i 04k Jr 20K
IR AE M W HAE T TS S X 5 AR
HES U= (O sue (O 5w, (O] & A3
S ] g A L ST Bl I R RN {E S S B

U=WX =WAS (3

FRATTHE T4k B A U SRR AR A S {F S X
PEFEBE {5 B HE N, AT LA [R) B35 FH 8 v 7 A0
WS fES A EY B Infomax 5 32 X i 1R 45 15
HEATAG I IR AR B W A T R h

AW oc {I —E[Ktanh(wu" —wu" ]} W 0

Wn+ 1 < W) +pA WG

o, T Ry B I, K2 M 3RS 7R ) 46 I
ki 79 K XL LERITTER Y by =1 W X 8 & 7
fF5% k= — 1 X B 5 05 5 o ke B9 IUME AT 3 2d
A5 5 0 i B R e, B

by =signlkurt (u;) ] =

. (E{u!} —3(E{u; ]’

szgn( Elu )’ j:

sign [% — 3) (5)

n NIERRE p 52 R P Infomax &
P GO IATIEIR A RE W AR . =Bk
sk
3.2 ICA =3k k%

HTAEIHES U B8 — A S o 480
O 5 X 2R PE41 61 AL . 416 R 80N il IR 46
MW h X AT 1] B AT R S I, IE 5 Ak B
(0 F BE IR R e W AT 1] S PR AR —
AT T HL AR 5 A T A TCA 25 Bl i 4

J T NW R T AT A TR = A
SRR LI ICA JRULAF W, W, MW, 5
Fekt (2 X5 Ny

X :ia{si(t) (6)

Hrba, HIREHFEA W5 5. i 0m 5

5 X AT LAB AR IR A AR AR 8 A 2P IR
B X A U Sy 2% A S B IRAE T s (0L lTX

FREPEIR G R R AT, a, REE S WA S 8 s, (o) 7E
3k B i AR o7 B 1 5 1] o0 A L B o TPOT R iR
KAEFTAE AT SR e T A5 5 s, (O 78 & H
H AR XA [F B L 7R ICA Bk T/ 40 B Y
BAREST . B UW=SWH, X HE WA=I
(I QAR BI W =A"" TR RE 52 T
A FMEZh MR H C3.C4 F1 Cz B 1Y A
X7 4 i KA B X A Y 8 ) i s B
JP R WX R AT i B AT 2 A T
TR =iz Zh A2 R 28 042 Uy ICA IR I &% &
153 04 4 35 Y B — LI5S X B,
AR 50 AR G AT 55 R O 0 JiRi FL
T TE S A R I AR S R RS R R X
HEAT A B, SR O 25 LI
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“ trace (XX
SRIE R AR B 07 125 08 4% FEAS 1Y REAIE 18] 4 )
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4 BXSEXRER

7 F 1 B WL (Support Vector Machine, SVM)
JEARIEGE T2 S BRI A VC 4 T 25 4 XU fie /) i
FRER ) — R AL AR 2 2 Ik B AR R NV R
LR R A EIORN SR F AR /)N A A5 S B [ 0 b R B 1
ZHEA AR B e, AR SCEE T SVM PR R 43
K AR BB KM BT LM libsvm T
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Bt iz 2 A G i AR S 1Y AR e PR L TE R
155 1 20 S0 5 A2 v, DAAR ) 3 0K B0 RBE 4
SVM I #% R & X FAETT IR F C M40y U
(R S A FH IS 18 R ) i v R C i B Y
Flh 270 ~2" JFEAR R v F1 C 0 BUE 58 SOE R
(9 BT AT A R AT 1 R R 5-Told 22 .G B Ak =X
KA Ty M C A B

Fie B8 3R T vk s R A2 3R 3 1Y) D 4 58 v ik
BU— 204 R U 24 L 40 ) % TR G = 20 000 0t A5
BB 2K IEM RN R 1~3K 3 FiR.

MEEER A5 Rk, 2R H Liu Al Ou 1Y 5255 4%
AU O ¥ 43 25 0E B 2K B AT Gk 89, 7806
87. 11 %, MAZIKHE Jv B4 EROR A KA, -1
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R EFRREEMN N 70.33%. MM XAHL, —
7 T 2 R T A e — AR R BE AL S A
SR S R A B 3 R v A B A2 B AR T 1 A
o A B 1) 5 i AT BB A7 AE IR O — 1 B T
AN A2 12 34 4 ERD/ERS #1411 5 4
W% B RIS () BE A% AN AR ) L RO 32 383 2 [ fE e —

E WA 22 53
1 ZHELuNSEIRER
JUREES
WS 1AM ERS 2 4UMIEFR 3 AMERR 4 AMIERE FHIERR
/% /% /% /% /%
141 96. 00 92.00 85. 33 92. 00 89.78
24 88.00 94. 67 80. 00 90. 67 86. 22
341 78.67 80.00 90. 67 84.00 80. 89
44 70. 67 86. 67 82. 67 97.33 80. 00
x2 ZFRFIVHIEXIRER
JUREES
YN | ALBE R 2 A0IEN R 5 ARG IERIR 4 ALAOIE BN P IE B
/% /% /% /% /%
14 93.33 78.67 66. 67 65.33 70. 22
24 85.00 89.33 56. 67 69.33 70.33
34 68.33 61.33 86. 67 80. 00 69. 89
44 55. 00 58. 67 71.67 98. 67 61.78
3 FTREOUMHEIRER
JUREE S
WS 14 ERSR 2 4MIEFR 3 AMERR 4 AMIERE FHIERR
/% /% /% /% /%
14 96. 00 86. 67 89.33 72.00 82. 67
24 89.33 96. 00 85. 33 69.33 81.33
34 84.00 77.33 100 74.67 78.67
44 85. 33 78. 67 97.33 98. 67 87.11
5 #ig

ARSI T ERD/ERS M4 Rz shAH £
i LA 5 43 S O i A Bk Sy G g A A A T
J& Infomax Ik XZ SIS EEG $4R #E17T T H UK
SYELRR T H = ME s AT S L ICA &8
BB AR A SR AL R R R ICA 2535
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Design of voltage-current characteristics testing system for solar cells

LI Yong', ZHANG Qian-jin®"

(1. Guangdong Development Investment Holding Co. . Ltd. » Foshan 528000, China; 2. College of Mechanical

and Electrical Engineering, Foshan University, Foshan 528000, China)

Abstract: A solar cell volt-ampere characteristic test system is designed for photovoltaic pow-
er generation field. The testing system based on DSP chip,controlled lighting and adjustable
electronic load. The functions of the prototype test has achieved the design goal,and the sys-
tem resources has no too much redundant, prove that the system's overall design is reasona-
ble and correct. The system is designed to comply with relevant guidelines issued by GB/
T18210-2000. Portable and low cost systems is committed to the goal, the system also re-
quires further authentication, user interface performance optimized and industrial designs.

Key words:solar cells; voltage-current characteristics; fast testing
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AR R AR N B BT A A R B T
45 IR B R, T LB A — A K B B L Tt
U187 N o0 N O B B e e [ B D AN 7 i 2 o
FLTG A G 2o #2014 g B0 i oA 2 B IR ke iz B
Yyt Be— A5 A9 AR 22 R P I 1A

AR R [ PN RS K B AE FEL vl B0 37 0 3 5 )
FRELA TIRKIEL  ZHHA B T bR ER
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BEXS b R A TAE SO T30 — Uk
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WAL 1 TS, HR K BH B F AR 2 e il 2 Y
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S 1 e BT — e R MR U R AT L E
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LR R[h RIS
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DSP
A a1l

A1 KMedbRedFmnERiaRE

TEB R BT ML SR B OE AT .
D5 ZEAE N TG R BT 58 s . an 2R N TR IR
KL TAEM 5 2, T BEF 77 B R R 1 L )
AR X KT AR S8 2l A0 5 AR A uE
PRI I H Y U 10 R FH K o T AR 88 O = FE ik o 9
KT IR EE 7 1Y 3 4 3 72 s 1) 5 K PH BE AL it 19 &
H, Bl A I ] 22 A0 I JR] b &R G 5l — 1 i
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IEC (International Electrotechnical Commis-
sion) B2 K FH fig f b 0 3 ) F o 2% £F (Standard
test condition) 1 FE%,

(DR &F R (Radiant intensity) :1 000 W/m?;

(2) 35 43 1 (Spectral distribution) : AM1. 5
global (IEC 904-3);

(3) Lyl iR (Cell temperature) ;25 C.

R A B TEC = A~ A o A9 03K 45 1
AT BOK B A8 H 1t S 2 0 0 3 A S T . AR
F Ut GB/T18210-2000 M & J5 v " % 1 i 4% 1 4k
T A TCTE SR RTINS Y AR 22 R P R AT R R A
MREEEIE.

FRGEVTT T4 S R R I R U L A
K F R H, 1t 2H A7 1 [ B S Esp 00 61 22 b i) e S
JEE FIR B I 98 oK 0 i 55 R A bR SR TR Y
1B, DAE 55 K FHAE Ho v 9 3 ) PR BB R AT Lo .
BRI A e 20 500 s (D AR (2) BR

Io=1+a(Ty—T)+ y(E;, —E) @b

Uo=U+p(Ty —T)+ K(E, —E) (2)

KD~ :1,.Up . To Fl Eq 535 2 br
AT AR L L LI R A R LU LT A
E 39 02 S0 A o 3L L F R IR R AR O IR e R
HRIRERE, +0.02 (mA/ecm?®)/°C;y ZHAIE
SRR R AL, +0.27 (mA/cm®)/(mW/em?) ;8 &
LR B R, — 0. 25 mV/°C (Si B i) s K
SRR EERE, 0.5 mV/(mW/cm?).

FE R (D AR ) BEAT S 257 A —
(3R 2. 48 S IR BE KT 600~700 W/m” B, #e5%
S5 2R H BT . 3 At SR N X P ) SIZ o 4 i R JRE
LT 600~700 W/m®. 4 I & B A9 52 B B8 BEAIG
T R A A DS 2N T G R AT b 78 R

KDY H % & T & 4 8B A B K
BHAE F 1t 0 12 295 2R 9 52 o L T 92 A 2B O 1 1)
M) 3 2 PRI Ay S AR S B0 3K 5 D 1) > 3 A v K FH
T CAMI. 5) 58 4 — BUR AR % R E Y. BN B
W B2 B 1 H R R AR R GE TSR AR IF A4l T IR
AR E G i 1t 7 ) A5 K 2 1 AR e ik LA
Shy L B2 I ) 2 7 A

2 BREHMERERIZT

2.1 EARRAFFo HAF
RGN RE R T BAE L AT I A AR 2
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RGUBAT I, 0 J0AE WA BF S R B TE 20 1 S
B DL AR A RG] LS B0 E DGR
P R GERHE K BHAE F Tt FR 22 A il 3 L 2
P45 1 N A B Y A Z2 Fh D BE , DT 2 T S s
YA R EOR. R G R R oR R IRE Hi b a1
AT DAAR T (e bt 5 o M) B3 - 3 B TR A R e —
Bt AR, R B AR R RG] 5 R 5
Fie BUR 5|5 AT A R T B AT
2.2 ®FH &
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WE 4 Frs. Hr, 8@ BE Upae: 2K H B HIBLELE
D/A #5448 TLV5619.
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Y Ll E 2 Bk b AT I OB R e A #5 5K
5 RE G K 7 T BT LA B A S I O6 U AR T
ATE A BH G 58 AN A I o HERE A7 b £ 2t B AT A
BN VR AT R R A A A

fe 2 B o J

wEs

n

PSRk 2—F =t

T8 5v Ch2 100mv -M500}15
B 5 18R KRB ST AL BR Y B %k Y

ARG R ER 24 V Bt g7t Lisz
R TE. WA +24 V BT 44 DC-DC
i As i a2 1Y +5V DL £ 12V R4 R 5
A& AT e . i T RS DSP & H: SRAM
25 GRS AR 22 B 3. 3V H B L 7R
DSP M L ITHEK T —4 5 V~3.3 V Ik
FALRE R 3.3 V HLE.
2.4 AWK H

TS b S R B 0 K BH fE L Y T-U i &
K4 W 280, e F T Witk SED1335 4% il 4% 1
MTG-S32240 I W i B8 e, Z 58 He o 320 X 240
SRR BRI R B R B —+5 Vb AL
L AN A

T TMS320LF2407A By & TAEBUR N 40
MHz, 1fi SED1335 i fxfm TAEM % HA 10 MHz,
[H Il DSP 4 7 1] SED1335 & A 7] BE 1 . 26 40
BT P VG JC A 0] L. 38 R A DR 0 T A T A —
F 2 5 B DSP o (1 15 IR 5 2 A7 8 WSGR, i
B0 A5 R bR A 1 7 S A RV A 4R 1Y) T DG )
B oy —Fh o7 R AR R AR A R N A — E 1Y I
f, T TMS320LF2407A 5 SED1335 ()38 &
FELLPT R,

3 MEKF oA

3.1 AWK

MR AR [ 5 b 1 79 O BH i PR b Pl 2 1B D 1R A
A6 50 773 5 B — A~ B AR AL R 5 RIT R BEL g AR IR AR R
FFAE F b 201 F IO AR &6 0 R T RS I & L YR E
(R FEL AR S B P R PR RS I AR E I B R

b HLBE R Y HAL I AR A R B FL VAL

TERL IR E TR 4. 502 VUL BH R BHAE K1, 08
F WA —2H 10 A 8d . % IR OF 5 P B HL R v,
R A A SRR . (1,4.51,4.16) .(2,
4.53,4.17),(3,4.48,4.17) . (4,4. 48,4.14) . (5,
4.47,4.16) . (6,4.51,4.16),(7,4.48,4.16).(8,
4.52,4.19),(9,4.49,4.16),(10,4. 48,4.17).

eI IR G AL AR B TR R R B
KAHXT R 2E4 0.6 %0 » 5 i HL 3t 19 e KOAH X 12 22
0.7%.
3.2 —E Al

AW 28 G2 A2 AR S5 A A 458 485 O IR (i
KT 3% 22 045 — K PH 8 i Jth A v 20 1R 1Y) 20 415545

mER 1 PR,
1 HABMAO—BENKLER
g U L. Uns  Inee  Pon 7

Y% /A IV /A W%
1 21.63 0.576 17.52 0.536 9. 39 13.0
2 21.62 0.586 17.55 0.537 9.42 13.1
3 21.54 0. 587 17.37 0. 546 9.48 13.2
4 21.56 0.589 17.42 0. 549 9.56 13.3
5 21.55 0.575 17.41 0. 548 9. 54 13.2
6 21.58 0.586 17. 64 0. 546 9.63 13.3
7 21.53 0.577 17.59 0. 549 9. 66 13. 4
8 21.51 0.586 17. 36 0. 547 9. 50 13.1
9 21.48 0.576 17.51 0. 548 9.57 13.2
10 21.47 0.575 17. 35 0.550 9.54 13.2
11 21.61 0. 587 17.33 0.539 9. 34 12.9
12 21.55 0.575 17. 46 0.537 9. 38 13.0
13 21.45 0.577 17.45 0.536 9. 35 12.9
14 21.49 0. 587 17.55 0. 549 9.63 13.3
15 21.54 0.575 17.62 0. 547 9. 64 13.3
16 21.59 0. 587 17.54 0.537 9.42 12. 8
17 21.57 0.575 17. 66 0.538 9.50 13.1
18 21.49 0. 587 17. 47 0.535 9. 35 12.9
19 21.58 0.589 17.56 0. 549 9. 64 13.3
20 21.59 0.575 17.43 0. 548 9.53 13.2
x 21.55 0. 581 17.50 0. 544 9.51 13.1
S 0.052 0. 006 0.105 0. 006 0.16 0.17

Horp, 28 U, 2T B s T o 560 396 F U5
P e R I3 102 B K IR LU 5 U e A2
T R IR I LR, J2 850K,

GErh A A R RS AR B AR ME 25 43
(0. 052,0. 006,0.105,0. 006,0.16,0. 17) ., F& K
PrRifEZE R 0. 17.

3.3 RENN

X RE GB/T18210-2000 (f K AR PV 7 %
IV RV 0 BE 37 I ) A 25K, * F F R H 3 00 6 9
BAEE AR T £ 19607 1% & G0 0y I 3% 2% 58 48
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Design of full-covered salary management system for university

WANG Xiao-min

(Department of Finance, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: For the background of the reformation of distribution system at present stage, the
composition of salary of university staff become more complicated. The traditional salary
management system has its drawbacks,such as it cannot calculate and extract in the full-cov-
ered. In this article,the author aims to thoroughly analyze the process of full-covered salary
management. Hence, based on B/S architecture,the full-covered salary management has been

designed by MVC pattern. This method has helped to break through the limitations from the

traditional way and raise the working efficiency of management of universities.

Key words: full-covered; salary management; finance informationization
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The research of PSO based on the adaptive changes
of acceleration coefficients

ZHU Ya-min, XUE Peng-xiang

(School of Science, Xi'an Technological University, Xi'an 710021, China)

Abstract: The acceleration coefficients of standard PSO are fixed numbers, but the research
showed it is not appropriate because the performance of this algorithm would be destroyed.
Three conclusions had been drawn in this paper: To assure the wider search range and the
convergence of the particles, whether you changed only one acceleration coefficient or both
acceleration coefficients,c, should begin with concave and end with convex and ¢, was con-
versely; Generally speaking, PSO performed better when changed both acceleration coeffi-
cients at the same time than only changed one of them;Non-symmetric adjustment was bet-
ter than symmetric adjustment when two strategies both were the first circumstance.

Key words: particle swarm optimization; occeleration coefficient; convexity
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AR process in stock price on the basis of momentum
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Abstract; The change of price in stock market has the trend of going on the original direction
of movement,which can be expressed as autoregressive characteristics in statistics. This pa-
per studies the autoregressive progress of price series using the nonlinear cumulative charac-
teristics of momentum theorem. Then,we describe the attenuation force from historical price
on later price using the decay theory and build momental autoregressive process. The mo-
mental autoregressive process could accurately simulate the complex features of economic
system in two-dimensional form employing sectionalized cumulative method. Finally, the
empirical results show that the momental AR process forecasts more accuracy than the tradi-
tional AR process,indicating the proposed momental AR process is consistent with the evo-
lution law of price series.
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Abstract; The uniqueness and existence of positive steady-state solutions for a diffusive two-
preys and one-predator predator-prey model are discussed under homogeneous Dirichlet
boundary conditions. The bifurcation from a double eigenvalue for the system is investigated
by virtue of the implicit function theorem and the sufficient conditions for the uniqueness and
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ted to verify and complement the theoretical results. The results show that the three species
will coexist under certain conditions.

Key words: predator-prey model; bifurcation; the implicit functional theorem; numerical

simulations

ReaBBEIE SR Vol. 33 No. 4

Journal of Shaanxi University of Science & Technology Aug. 2015

0 35

i

SCERLT 192 0 7 40~ BoA AN B A — Al

FINH - AR,
u, =ulr—u) —

v, = v — dvw ,

buw

w :a +agu +u

cuw

a +a7]v+u’

—+ Yow — mw .,

x W Fs B #:2015-04-05

QY]

Hrbw,o Mw 43510258 — D BE S A
M E . RATRBEE AW v 2IEBEE K
1, TRIERAHEE NG TS _AEHARK
AR N . PRI A R A IR SR AR A B
r AR DM« M RKBMENE. c Ma fl
TS A B SR R A B R B Y 2
WEa=h,/hy B p=-e, /e, Hoth by by 350
AN 0T AR — A~ B U Y R B A R A A A

HEEWB B EET T LRI H (14JK1035) 5 520 SCH 2 e 31 5 BHIF &1 300 3 (ZK12042,ZK15039)
EZ B 2977 —) L B PE A, PRV, A B 98 7 1 B4 D R T4 R L mT Ak



5 43

AR — B BIOR B - A 2R T S 4 A7 A « 183 -

[F1) 14 0 5 0 58 A B0 R A0 R 7 4 £ A 9 A
W), ey M eo 20 53 32 7 41l BT 2 00 B8 — 4> £ O A9 4l
AR A B2 X208 A B I R R o AR T2
— M w B w HAEREAL R, B 6 433
REF A B o BHERRA Ry 2% =4
Bl o Bl EH w HAEKNEALR n 2l EH w
AIBETZ AR, (1) Y B A 2 J0RR 2 1E W . 12 SCRR
L1 AEF e T 2 G0 i i 9 A7 7R 1 DL R 7 X
S S 553 AR i RS E 1

B R B £ R TR S [ 25 [ R 2 A )
Aii LA S b A 1) R o B2 ) B e B SR ) DU 2R
GE L) A AT Al AT RO B - R AR A
o —
v, —Av=pFv—dvw,x € 2,t >0,

,ax E 0,t >0,

u —Au= ulr—u) —

buw
a-+ap+u
ulx,t) =v(x,t) =wlx,t) =0, € IQ,t >0,
ulx,0) =uy(x) =0, Z0,x € Q,
v(x,0) =v,(x) =0, Z 0,2 € 2,
w(zx,0) =w,(x) =0, Z0,x € 2,

w, —Aw = —+ Yow — mw,x € Q,t >0,

(2
X QJERY PAFA ORS00 A B XL A
T wo (@) svy () B w, () HB R ELE R R G (2)
B YRR - A A S — S B R
B #H Z AL Holling-11 J 1. & B0CH B.AE H L I H A2
T TR EEXE AW EL 5 A
MA & FH Z B LL Lotka-Volterra [z v oK %0 AH B 4E
T AR BEEE — A BRI EE AN 1 2 18] A A AR
M.

HHE. I E- SRR MR L £, 1
WSk 2-4 1. AR =4 F i) ol £ -6 PSS BB F 5 08 R
Z UL U R B #0955 3K Dirichlet i1 5 451
A B AR AR o D i Sk [5-7 1, e
SCHRES . 6 18 58 T = 9 Fl 1) 4 - 1 A5 780 1) O £
) T

AR FE TG R GE(2) WS RS

—Au=ulr —u) — uw

—Av=pv—dvw,x € 2,

_ buw
a+agu+u

u=v=w=0,r € 0

A A 09 AR TE S5 0F. PR A B HO 4l - TR

AU AE il B AFTEVE 5 U0 7 B AR g S Fe An H i

71695

(€D

—Aw + vow —mw.x € 0,

AR A B B AR, T3 R 58 ) L AE R Y e 50
T LA AR KX BE PR AR SR AR 35 UL vk
25 18] 3 fifk 125 0 et bR B30 OB AF 9% 2R 48 (3) A7 A 1)
FEAEHE.

MRS ()HEA T, (3) BN A 1) 7 A
Holling-1T W s AL 1 A Y L W) Fhidi 8- 8
AR RY. SCHER S T I AS 3h a5 46 £ 43 57 386 45 3]
T A RATAE B FE 4T T B4, SCHR (9. 10 48 55
W Neumann i1 524 T HAKFSY T AR AL,

R R EB R A BT A

BIZE 1M A p(2) €CUQD) A (p) U T 45
HEAE I —A g+ p(2)g=Ad 2 € Q,p=0,2E€IQ
8 RRAEAE DU Xy () SR p o Ay (p) S AT B Y.
J (V¢ |4+ pl)$)Hdx
A (p) =inf =2

/ jngbzdf
PI<prpr Z P WA (p) <Ay (po). N T B
UL FRATRE LA (O Ay AR T A, B 32 R AE pR R
ieH g Bl ¢ ll.=1.

H EUNR B9 AR £ 1k 1] A

—Au=ulr—uw,x € Q,u=0,x € I 4
W >0 00 (O A We—FE M CE—1ER R 6,
W O, KT r ik HEL . i H 6,<r.
L RGE(3) Y r>X0 A 552 LR (O, ,0,0).

LT H 2R

1 EMPNFEMMAFEESE

1.1 EEGAFER
FEAS /N ) B R 50 BN 25 8] 4 R 11e &
B8 (3) WY IE M 1 AFAE . FRATTIRI B LA B A Ay 43 1B
ZHLR R G (D N LR (O, ,0,0) 401 ik
1y — 43 L
P p>N, L E={Wr () NWir (DL F
={L" (@)}, Hrp
Wit () ={u € W (Q):u=0,z € I02}.
L a=u—0,. & LW G:EXRXR—>F )
—Aa —a(r—20,) + f1(@,v,w)
—Av—Pv+of,(@sv,w)

—Aw + mw — wf;(@,v,w)

G(ﬁ;ﬁ»m) =

S

U= G@.v,w’ € E, fi @ vew) = a + c@+6)w

atap+@+6,)’

b+ 6,)
a+ar/v+(ﬁ+@,)+yv)

A L(Bm) JE(DTE(O, ,0,0) L AL S T,

fol@,v,w) = dw, f3(@,v,w) = (



rEER

o 184 - Pﬁ;@%}ﬁ
L(B,m) =
—A—(r—26,) 0 asz@r
0 —A—p 0
" ’ 7A+miagj?é
R N e S T
A 5 0 R R 4 =4, H#,Al( ’f@] .

»ooaﬁ,al( b6, )tﬂmlw K A

* " [@,* NESRES
A AETE =2, 78 A, (— ’ ):o.ma
a+06,:

B IR —m >0 — o MIXHE B r >0 AR TR

m R —m =2, (_a?f(r@,)

T AR 6>, TH T

fAf B L 38 LAy »m ") A LT H, HiETHAE
A Go (052, .m” ) = L. RMEF L 18 = [
ker(L) =span{Y,,Y,} ., HH Y, =0,¢,,.00",Y,=
($1:0,0) " X B @ J& 40T 0] 88 [ e — 1E fif

e
s — : b b b a
4 m p,x € Q,p=0,xr € IQH

Lo = 1= Ca—G—200 (= Fee ).
W dim (ker(L)) =2. #4 L J& L KRR 5, )
ker(L™) =span{¥Y; , Y, } , XBE Y, =0,¢,,007,
Y, =(0,0,¢,) .U Fredholm % £ /> # L {H 35§
ij(L)—{(wl,wz,wg)GF:(wz,gbl)z—(wg,ng)z
=0}, W codim(R(L)) =2. FJ& Crandall-Rabi-
nowitz 7315 8 G A, PRI TR AT B o R B

FZS (8] 43 fife 19 J7 35 R BIF 9T &R B8 (3) 1Y IE i 19 A7 1E
.ri'

XMF UEF EXE PN

(U, Y (U.Y5)
Y.Y/ (Yy,Y,5 )

("UaSZM )Y] + (wvsﬁ] )Yz
IrffaiEl E=E, +E,,xH E,=PE,

E7 :{(qlqu 7(13) e E:Jqu(pldI -

PU =

Y1+ Y2:

Ja(ql¢1 TL(]jggO])dI :O}

H4M#asEl F=F, +F,, i F,
(I—P)F. Wi £ 5% 02 LA E,
(L.

T AT, GU;8,m) =0 KN

=ker(L"),F,=
:ker(14> 5F2:R

U=s{cosoY, +sincY, + y},
x=C o, x) €EE,
Wi, o s,o BB W = to.m=m" +r..
NTFREG DB IEM, TATE 28 o BRI 7E

(05 )46 o i iz S e

Ay st1s7235) : E, XRXRXR-—>FH

Ay stisTo38) =

s 'G(s(coso Y, +sinoY, + y) A, + o om’ + ).

Iy

Ay stisT238) =

—A(g sing +y )
1 (@,0,w)

—Algicosa +x,) — QA + 7)) (dicose +yx,) +
(¢rcoso +x,) f2(wsv,w)

— Algysing + . ) + Gn" +17,) (@ sine + )

— (gysino +y ) (r —20,) +

— (grsing +x ) f3 (@, 0.w)
(5
xH
=.s‘(¢lsina+xl),77=s(¢lcosa+xz),
w:s(gblsina—ﬁ—xs),
JEH
fiGaso,w) =s(gising +y )* +
c(s(gSlsina—i—X])—I—@,,)((plsina—O—XS)
a—+ans(gicose + x,) +s(¢ sinc +x ) + 06, ’
fo(usv,w) =05 (gysing + y ) »
Ss(asv.w) =7ys(prcose +y,) +
b(s(¢1sina+xl)+@,)
a+ans(picose + x2) + (s(pysing +y ) +60,)
Hogsg Al g RIEX KL G)AH A0,0,0;0)=0.
EAETE AR
Dq,. - yAC0,0,0; O)(X,r“rz) =
X*r]cosaY] + 7,sin0 Y, (6
T W .iE Ly =D, ..,y A€0,0,0;0). &7 »
FATUE W] LL R MW Ly :E, X R X R — F j2[F] 1
W, ¥ Ly (i 0t) =0, A8 F=F, + F,, fiT LI
—z,cos0 Y, +1,sineY; =0 Fl Ly =0. 1 Y, FY,

RAHEE R L o € (0.5 ) Fible, = —0. XK
Ly € R(L) Ml =0. WM, L, JESg. Nk F=
F, +F,=ker(L" ) +R(L) . JfH L, :E, XR X R —~
F, A (6) A ker (L™ ) =span{Y; .Y, } 7] H
Ly JEii 5T, X U0 W] % 2k A PR WS Ly J2 XU, B[R]
oy R ot AT R RS ok B8 B TR A Gy ety sTass) =0




5 43

AR — B BIOR B - A 2R T S 4 A7 A « 185 -

3 2 150 Y R R B30 B AT A AE — 1 3% 252 1T R
B () oz () sy () 338 LAE s B — A/ B A8
5 (0) =0,7,(0) =0,7,(0) =0, I H Aly(s),
71 (s) s, (s)3s) =0. &
w(s) =s(gysino + (),
9(s) =s(¢coso + y,(s))
w(s) = s(¢; sino +;(3(S)) s
B(x) =1, + 0, (s)em(s) =m" +1,(s)
MR UCs) = (a(s) ,0(s) () B UCs) ,B(s) vm
() G(U38.m) =0 K. AN ¢, <<0. BT LA IE
fife w e AR T AT 2 U () = (a(s) +6,,0
() ,w(s))(e=>s=>0) UG B(s) v ()RR G
(3) Y 1E 3 15 figt.
T RTTE R T R G (3) 1Y IE S I g A AE
M. T2 1 R S8 (3) 1Y IE 4 157 ff Mk — 7 78 1 78 4
XA
EE1 &Hr>r >A,—m>A —0, 01,
m".0,,0,0) /& R G (3) B4, T AE R QA
m’" 0,,0,0) BN RGE ) A Me—IEfiF.
1.2 EM0RALEMR
AN R GE () IE R AT AE I T4 55 1.
EE 2 R <A <A ARG (DK
A IEfif.
PERR . I RS (A IEM (usv,w), M H R
GO ML — ARG 1 AT

(. , cw
O_Al( r+u+a +angv +u

U > 5EA <A, FIE.FBLH RS
M AR ABI B 13 0=2, (So— ) =>4, (—
B XULH B2, HEA B<<A, FJE. L, iR -
<A B B<A LA R A IEE.

j>/\l(_r)7

2 HE®REH

30— Al S A AL Ok 6 E R D TR AR — Y
I EE S A3 A FE—4EZs 7] 0= (0,0 LA Matlab
FIAT PR 22 430 4 SR B R 48 (2) , e B B A7 BR
2250 4% 2 21 ) 23 6] 4% &, F] Crank-Nicholson J5 3
AT ABL ) 28 B =10, LI A, 20, 098 7.

(DBE c WM. B a=5,a=0.1,7=0.5,b
=2,7=0.5,8=0.1.,r=2,m=0.3,6=0.5. A K
P EE R AT LSRR, w Flw 1R
WA T o BB R, W& 1 TR,

()ZH o WM. B c=2.1 0 SN HASHE
5. AR &G EAERIL AT DLIEE 6 1

RIS 5w Fl o fR 3 BE I8/ T <o B 7R HE 0, dn ] 2
JI 7K.

(b)c=3
A1l A#HcH®n

(b)o=2
B2 AHESHUHH



. 186 - Ro#BHBRLESH 5 33 %

2% Uk

[1] Sharma S, Samanta G P. Dynamical behaviour of a two
preys and one predator system[]]. Differ Equ Dyn Syst,
2014,22(2) :125-145.

[2] Ko W, Ryu K. Non-constant positive steady-states of a
predator-prey system in homogeneous environment[ ] ]. J
Math Anal Appl,2007.327:539-549.

[3] Li Yanling, Li Haixia, Wu Jianhua. Coexistence states of
the unstirred chemostat model[J]. Acta Mathematica Sin-
ica,2009,52(1):141-152.

[4] Guo Gaihui, Wu Jianhua. Multiplicity and uniqueness of
positive solutions for a predator-prey model with B-D
functional response[ J]. Nonlinear Anal,2010,72:1 632-
1 646.

[5] Zhou Jun, Mu Chunlai. Positive solutions for a three-
trophic food chain model with diffusion and Beddington-
Deangelis functional response[ J]. Nonlinear Anal: Real
World Appl,2011,12: 902-917.

[6] Zhang Guohong, Wang Wendi, Wang Xiaoli. Coexistence
states for a diffusive one-orey and two-predators model

with B-D functional response[J]. ] Math Anal Appl.

2012,387:931-948.

(7] Zig fe, 2240 8. — 2 A C-M R bR B0 Jilf B - 1
I ifk B0 A7 AR VE RN —PE LT D, B PH I R 2 24 4l (1 AR )
2R . 2014,42(2) : 7-12.

[8] Ko W, Ryu K. Qualitative analysis of a predator-prey
model with Holling type-II functional response incorpora-
ting a prey refuge[ J]. J Differential Equations,2006,231:
534-550.

[9] Yi Fengqi, Wei Junjie,Shi Jun-ping. Bifurcation and spati-
otemporal patterns in a homogeneous diffusive predator-
prey system[ J]. ] Differential Equations,2009,246:1 944-
1977.

[10] Peng Rui, Shi Jun-ping. Non-existence of non-constant
positive steady-state of two Holling type-II predator-
prey systems: strong interaction case[ J]. ] Differential
Equations,2009,247(3) :866-886.

[11] Figueiredo D G,Gossez ] P. Strict monotonicity of eigen-
values and unique continuation[]]. Commun Part Diff
Eq,1992,17:339-346.

[12] Crandall M G, Rabinowitz P H. Bifurcation from simple
eigenvalue[ J]. ] Funct Anal,1971,8:321-340.

AN A A Al allallallallallallallallallallallal sl alfalfalfal fal fal fal fal fal falfal! LalPatlatatallaltallallallallallallallallalvaly
(&% 181 )

A% 57 39 9 A RO F B I 18] 9 8 D28 A, B A0 A%
Fe A sl A A 75 B AR TR A AL R AR R R
AR R A HEAT 23 il A B AN IE S AR S T 4
ARz R SN EVEBOR R Y A R I L G iR WD S
gt [ [ R DU 2 B Bedl 2k 8291 07 0K
B T 2 T8 R G0 S 2 M AR PR R AL 76 F 1T L
PEAT AR Lk 25 70 AR 4y MUl N 1 A 510 B AR KL
s DUH A MU 2 48 2 1 1B i 3l & 2007 #9 AR
U o T A AR A A% 32 B B AF 3 AR AL, e 8l B
FHARL. T2 RS2 B A% A 2 252 IR 1 32 3 77 1] A9
B A —E e bt BT Bl R RO A T . X
fE A 98 B M e 91 A 1) SIS UE 45 R R T L R A A [
i S A Bl (] 5 A A A5 A A A T A
JEYY R 3 TS A B R BEIP5 B AN A%
(18 B0 20 B B 2T s i A ] 05 0 AR RE A B 4
b3 A% P 91 B4 8 A LA

S % Uk

[1] Yule G U. On a method of investigating periodicities in
disturbed series, with special reference to Wolfer’s sun-
spot numbers[ J]. Philosophical Transactions of the Royal
Society of London Series A,1927,226:267-298.

[2] Walker G. On periodicity in series of related terms[]J].
Proceedings of the Royal Society of London Series A,
1931,131(818):518-532.

[3] Box G E. P, Jenkins, GM. Time series analysis: Forecas-
ting and control[ M. San Francisco: Holden-Day,1976.

[4] Granger C W J,Andersen A P. An introduction to bilinear

time series models[ M. Gottingen: Vandenhoeck &. Ru-
precht,1978.

[5] Engle R F. Autoregressive conditional heteroscedasticity
with estimates of the variance of United Kingdom infla-
tion[ J]. Journal of the Econometric Society,1982,50(4) ;
987-1 007.

Chen R, Tsay R S. Functional-coefficient autoregressive

[6

L

models[ ] ]. Journal of the American Statistical Associa-
tion,1993,88(421) :298-308.

[7] Jegadeesh N, Titman S. Returns to buying winners and
selling losers: Implications for stock market efficiency
[J]. The Journal of Finance,1993,48(1):65-91.

[8] Hong H,Stein J C. A unified theory of underreaction,mo-
mentum trading, and overreaction in asset markets[]J].
The Journal of Finance,1999,54(6):2 143-2 184.

[9] Al Mwalla M. Can book-to-market, size and momentum be
extra risk factors that explain the stocks rate of return:
Evidence from emerging market[ J]. Journal of Finance,
Accounting and Management,2012,3(2) :42-57.

[10] M4R L4 FFE. K B LM, b5t 3 e ko A,
2012.

(110 A 50dAk .4 81,55, IR F R B rb i B A2 2 B 2
RIS [T, P3G R, 2011,31(4) :199-336.

[12] 5k 5h.30  HE. & T4 mb B K B 2250 19 ARVMA T
BHLIAEBFE[J]. R GRS H#. 2015, 35(2) £ 193~
205.

[13] Tsay R S. Analysis of financial time series[ M ]. New

York: John Wiley & Sons.2005.

C147 FhAM NI 2R, A8 BT, BE TR 43 A1 1) & s 1 A= 48 4K
WIHE AL, R A BARAK 2009,38(14) : 359-361.

(157 skmkHfg. —Fp LT Eviews i Garch 45851 1% 18 Az 15 Z00F 58
[J0. 43505, 2015,31(2) :159-161.



