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Changes and rules of enzymatic pretreatment of cellulose
fiber on its morphology and specific surface area

LI Xin-ping', ZHU Jing-hang', WANG Zhuan', DU Min', CHEN Li-hong®

(1. College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science & Technology,
Xi'an 710021, China; 2. College of Chemistry and Chemical Engineering, Shaanxi University of Science &
Technology, Xi'an 710021, China)

Abstract: By the hydrolysis of bleached pine fibers with complex cellulase, the changes of
morphology,size and specific surface area of the fibers were observed under different degrees
of enzymatic hydrolysis. By means of scanning electron microscope,the changes of fiber mor-
phology were characterized,and the average length,width,and the content of fine fibers were
measured by fiber morphology analyzer. The specific surface area of fibers was determined by
gas adsorption. The results show that the raw fiber is easy to "cut off ”, then the fiber easily
from the ends of the hydrolysis. Bleaching of Masson pine fiber cell wall surface exist a lot of
pit showed a linear distribution, and tearing occurred mainly in the pit connection region.
With the increase of the dosage of enzyme,average fiber length first increased slightly, then
continued to decrease, fines content has been increased, average width first decreased and
then continued to rise,and the specific surface area took the changes of W-type.

Key words: cellulase; surface topography; pit; size paramete; specific surface area
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Study on synthesis and application properties of hydroxyl-terminated

hyperbranched poly(amine-ester) retanning agent

REN Long-fang, ZHAO Yong-xia, ZHANG Jia-yu, QIANG Tao-tao

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

Abstract: AB, monomer was synthesized by Michael addition of diethanolamine (DEA) and
methyl acrylate (MA). Then the hydroxyl-terminated hyperbranched poly (amine-ester)
with different generations (HPAE-I, HPAE-II and HPAE-III) was prepared respectively via
transesterification of trimethylolpropane (TMP) and AB;, monomer in which TMP was used

as the core and AB, monomer as the branching unit. The structure of HPAEs were character-
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ized by Fourier Transform Infrared Spectra (FT-IR) and Gel Permeation Chromatography
(GPC). HPAEs with different generations as retanning agents were applied in the retanning
process of wet blue leather. The application results show that when the dosages of HPICEs
retanning agent is 3% (basing on the weight of wet blue leather),the properties of leather
retanned with HPAE-III are better than that of HPAE-I and HPAE-IIL. The thickening rate
of the back and belly are 14. 88% and 19. 51% .respectively. Meanwhile, the mechanical prop-
erties were obviously better than that of leather retanned with RST. Compared with that of
leather retanned with RST, the tearing strength of the back and belly of leather retanned
with HPAE-III are increased by 46.20% and 67.12% ,the tensile strength of bake and belly
are increased by 65.57% and 72.15%. The dry-rub fastness of leather retanned by HPAEs
with different generations nearly is the same, the wet-rub fastness of leather retanned by
HPAE-I is as same as that of leather retanned by RST,and they are both better than those of
leather retanned with HPAE-II and HPAE-IIL.

Key words: hydroxyl-terminated hyperbranched polymers; retanning agents; application

properties
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Preparation of bleaching activators and
application in the feather bleaching

WANG Xue-chuan, CHEN Ke, QIANG Tao-tao, LIU Ye,
LIN Qi-tao, CHEN Xue-feng, ZHENG Han-ping, GU Wei-bing

(College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science & Technology,

Xi'an 710021, China)

Abstract: A new type of bleach activator was synthesized by esterification of hydroxy-termi-
nated hyperbranched polymer (HBP) and acetic acid. The synthesis conditions were opti-
mized,and compared with the conventional activator tetraacetylethylenediamine (TAED).
Results show that when the molar ratio of 1 ¢ 3 of HBP and CH; COOH, reaction tempera-
ture is 110 “C ,reaction time is 4 h,the synthesis of new bleaching activator of feather bleach-
ing effect is best. Compared with the commonly used bleaching activator TAED, the new syn-
thetic bleaching activator has better bleaching effect, which makes the down whiteness ratio
improved by 10% compared with TAED.

Key words:activator; down; bleaching
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Preparation and properties of electrically conductive
superhydrophobic PDMS/MWCNTSs coatings

XUE Chao-hua, ZHANG Lei, JIA Shun-tian

(College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science & Technology,

Xi'an 710021, China)

Abstract; Electrically conductive superhydrophobic coatings with a certain anti-abrasion sta-
bility on glass substrates were fabricated by spraying suspension of poly(dimethylsiloxane)
(PDMS) and octadecylamine functionalized multi-walled carbon nanotubes (MWCNTs). The
dispersibility of MWCNTs in solution could be improved effectively by modification with oc-
tadecylamine, which improved the convenience and repeatability of spraying process and
made the distribution of MWCNTs in the composite coating uniform and continuous. Scan-
ning electron microscope,contact angle system and resistivity tester were used to characterize
the properties of the coatings. The influence of the concentration of PDMS and MWCNTs on
microstructure, hydrophobicity, electrical conductivity and wear resistance of the coatings

were discussed. The result shows that increasing the addition of PDMS favors the enhance-
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ment of anti-abrasion stability of the coatings. However,excess amount of PDMS could cause

decline of the superhydrophicity due to the decrease of roughness,and weaken the electrical

conductivity due to the electrical insulation of PDMS. PDMS has good adhesiveness on vari-

ous substrates,so the coating could be also applied to other substrates and has a broad appli-

cation prospect.
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Regression analysis of flow velocity and initial concentration about

repair lead contaminated groundwater with permeable reactive barrier

FAN Chun-hui, GAO Ya-lin, FAN Qiong

(School of Environmental Science and Engineering, Shaanxi University of Science & Technology. Xi'an

710021, China)

Abstract: Remediation experiment of lead contaminated groundwater was carried out by per-
meable reactive barrier (PRB) using crushed straw,synthesized zeolite,iron-manganese con-
cretion derived from loess and fly ash as the filler. The initial concentration of lead and flow
rate were selected for single factor test and mixed orthogonal test. SPSS regression model
was used to explore the effect of the two factors on the remediation effects of lead,and the
relevant data were fitted and analyzed. The results showed: The PRB system supported by
the test of the maximum initial concentration of lead is 20 mg/L,and the removal rate of lead
is more than 80%. The removal rate of lead has a certain correlation with initial concentration
and flow rate, and the correlation between removal rate of lead and initial concentration is
higher. Two linear regression model can better fit the initial concentration of lead and flow

rate on the variation of removal rate,and its goodness of fit coefficient is 0. 894. Therefore,

x WrFs B #I:2016-12-29
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the method of regression analysis can reveal the correlation and linear relationship between

the operating conditions of PRB system and the removal rate of lead in groundwater, which is

of guiding significance for the depth remediation of contaminated groundwater.

Key words: permeable reactive barrier (PRB); lead; removal rate; regression analysis
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[l I 73 A 2 T 53 22 b A% ik 1A AH B 52 0 SE D
R — B0 G834 b O k0L kT A ) 0F o Sk
Bli- A SC AR FF Ry B IR LA B A R B U R
B PRB BUEL, 5 B SPSS #5143k 43 Br 4% A
BT 2 R RS R L K TR 3R (] R DG, DU R
B X PRB AR Y 7 I 4 38 AR 48 F 4 R 4
F.

ill}

1 EEEH

e

1.1 A& LKA

B, T3 Hr K (TE124S, SARTORIUS) , i, #4
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i L R AR A IE 58, PRB R 4%t Pb
BAAREMERR AE— P Rk E T b A S
TR, Ph B S BR A TR 7E — E W T, bl
BV E R, Pb 1 L BR RIS TR 4 Pb %)
RV E A 5 mg/L B, X Pb ZBRFH A K,

EBRRAEANF MR E T AR E] 90% L L. M &
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LR BB, B T RN SEURH Y AR E , PRB SR
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< g1 (=] a1 (=]
T T T T T

10 15 20 25 30 35 40
Pb i fE/(mg/L)

B2 FREKREPbXHRER
P4 R 0 AL W &

S

100
95| —=—5mg/L
—e—7.5mg/L
90 —&—10mg/L
—v—15mg/L
= 85F ——20mg/L
-
B ——30mg/L
& 80
75l
70+
65+
60+
1 1 1 1 1 1 1 1 1
4 5 6 7 8 9 10 11 12 13
ik / (mL/min)
B3 FRREAMKEPb KhE
W ik 69 K Ak &,



. 26 o % & B4

rEER

%35 &

2.2 Pb xR E ik fewmb R E

A S 43 BT 2 4 22 Tl A% 45 (0] 3 2o 2 57 R E 1Y
AH DG A% g BRI SR AT PR B R A DG M A i T
THE 0 1) i 38 5 g PR3 R AR OGO R
2.2.1 PHHRZEMRMESB

T RSE A AR G ) R T B S A & P
FBRF Z ] A e, 38 B SPSS B4 Y pear-
son ZRECHAT WG R ARG 73 B, R AL P G I AE —
121 20, gaxi i P #Ezn T 1, AR Y
P=>0 IS, 150 B G 722 15 (8] 1E A5G, P<<0 WIAH & ; P=

)k v EL A A Y R DG G R

(i) A5 b, 92 T 400 463 ViR B2 O 43 BT UL 18R P K BR
RIMSENE 45 RN 3 Fras. 745 00 0 ok 1Y
LT, JL A Phb RBRFMAMH X R P=
—0.907, LLAH I P B 52 i Pb 2% Bk 28 R I 3 A G
PERE P=—0.699 KIEZ. KU Pb L FRE M
EAT R U O R

0 3 1 DR 2R & 0 A R D A O 20 L BT A s 45
1 :Pb ZBRA Y Pb ) i # B AU #0441 71
HHOEME L Ph 25 B 5 i i A S M LE 5 P v s

. Y JE 1 B 4
0. RUFERR MO ‘ $2 RIEEMS TR (DR
ﬁn%‘:ilﬁﬁﬂ_\‘apb %[@%%%ﬂ%ﬂﬁﬁ‘mﬁ?ﬂ@*ﬁiﬁ P .
% " , . N IR GRS LR R
ZHP=—0.637 H P<<0, i B 2 15 2 F ) 4h e 2o
\ e v N LiiP Qs 1. 000 —0. 891
trﬁ #Hﬁ’\/r'zl J ;Pb //:;< »t% J
B , A — 1Y fAE DG 2 I I A O 1 " R o000
EHP=—0.699 H P<0, KW EBRMRAER . df 0 21
o N N i e e bl
8 B R R E R BB R B 5 T A LESE —0.891 1,000
N . N w . N N HEBRR 23 OB 0. 000
9D 4 B AT S P 3R P = 0. 19 D vk R " ,
ﬂ.’j . -~ »
LS OUIES £3 RAXEANE(RE)
*F1 FREEHEXMESHTE s
——— — - #J%_IJ Wi RBRE
W R e it EBER AR
Pearson # 5 1 1 0. 000 —0.637" LiiP s 1. 000 —0.907
%JAJ 2 R 1. 000 0.001 it 3 R 0. 000
ﬁ‘; - 5 SRR A 1 720. 833 0. 000 —1 332.746 G df 0 21
BE UYES 74. 819 0. 000 —57.945 ez AP —0.907 1. 000
N 24 24 24 PN 3 L) 0. 000
Pearson A G 1 0. 000 1 —0.699 " * df 21 0
. 235 R 1.000 0.000 2.3 PbEriMmsREAAE _AENKE 2
R S L 0. 000 120.000  —386.170 Jan
Wy 2 0. 000 5.217 —16.790 . .
N 24 24 24 5] 059 43 BT 5 2 LA K B S 56 BoiE S A L s FH AL
Pearson HIXHE  —0.637°  —0.699° " 1 ST R AL A e 5 RS e 2 1) [ 5 R G
g BERWOD e 00 | B P 22 3 B e 3 A
B PS5 XA —1332.746 —386.170 2 543.424 o : ) ) .
R IyiES —57.945 —16. 790 110. 584 ?é”r”] 9Pb %%%&@ﬁmﬁﬁmgﬁijﬁﬁﬁd\’ﬂ%
N 24 24 24 R ik N5\

2.2.2  AwAH A5 B

A5 i [R] 38 25 R — AN AR AR AR S — A
A 5k 1) AH O R B8O A i 25 S R T b S e AR o
[i] f) £ 1k AR G FR DS AR L P KRR Z
R RN 5 e 3 R 2 A s, SR T 0 I PR R T A A
LS B DR A GV 43 BT TR E L icis B SPSS R
R R AT D AH P 2 B B 58

T 45 ) U T A R L X P25 4 R N H ) 1R
W B AR MEHEAT 20 B, 45 RN R 2 TR, WF ST &
AH  E 35 0 U 1 LT W 0E Wk R Ph & B R
FIAR G PE BB P=—0. 891, 5 W Bl 25 A0 G PE 43 #7
HPh 2 B 3 W) b T B AH G R B P=—0. 637
AH B AH 22 55 K5 3 2 i AH G 43 BT AT Ph 2 B R R

R TEWRARGE Pb KB % 5 HoA0 16 Wk A
R F L B2 F SPSS B X H ik 4T = o6 26 ok [
434, W Pb 25 Bk 28 55 FL A0 4 vk 5 0 It 3 199 Al
FJy LA B

AN A (2) PR

Y=K X, +K,X, +K, (2)

K.Y FRHAE,Pb EBRFE; X, £
B 1,Pb il X, #R/am A HE 2,Pb IR
JE 5K, RN I R B K, FsW iAW E R 50
K R B R 5

AWtoRic ] SPSS ¥4 #F47 — oo 2 v [al 15 43
M g5 a3 4 iz, & 4 o] 3 BOR 0L A 0 B
R R =0.894. R* 4530 1, Fm HPLA 8CR #



5% 23

U 7 MR 5 AL ST i R R X T B o N i 4 SR ASEAELATY 9 4 M TR K ) [T U A3 BT T « 27 -

UL SO Ph 2 B 238 5 It o RN 4 vk BE Y 2 1k
KEREmEREM.

RO ESM R EBRESITE F=
88. 958, H. i M /K -/ P=0. A 0B 50 38 5 35 E
K56, Ph 22 Bk 5 1300 5 A1) B vk B T 1) 2k 1k %
AW,

4 BRBEFUSHRE

1 0.946% 0. 894 0. 884 3.576 1. 265
a S TN A £ . P 40 4 v BE A Ph 3 ok
xRS AESWE
Pb #5251 R df ¥y F Sig.
[ 5 2 274.908 2 1 137. 454 88.958 0.000°
1 k% 268.516 21 12.786

Bt 2 543,424 23

a T A . Ph W) 4R e B A Ph ik

6 & Pb [ R . i@ i BH R HoT 145
TOnZAERNE I B R FRIR 2L A ) R
Y = (—3.218X, —0.774X, +116.996) X 100%

3

K.Y R Pb LR, ALY X, £
Pb i , 807 mL/min; X, 78 Pb %) #f ¥ &,
i mg/L.
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Study on the characteristics of the extraction of aromatic amine from

high salinity mixed wastewater with silicone rubber membrane

HUA Li, SHI Yan, MA Hong-rui, WANG Tian-pei, GUO Pei

(School of Environmental Science and Engineering, Shaanxi University of Science & Technology. Xi'an

710021, China)

Abstract: This paper studies extraction of high salinity mixed wastewater containing o-toluid-
ine and p-toluidine and single o-toluidine, p-toluidine wastewater with the silicone rubber
membrane,in the single wastewater conditions, the effect of temperature on recovery of o-
toluidine and p-toluidine was investigated. The characteristics of mass transfer in mixed
wastewater and single wastewater were compared and analyzed. The results showed that it
was available in the treatment of high salinity aromatic amine wastewater by silicone rubber
membrane, The removal rate of aromatic amine was 87. 9% ,the rate of recovery was 68.1%,
in the mixed system,the removal rate of o-toluidine was higher than that of p-toluidine, the
recovery rate is lower. The mass transfer process of high salinity aromatic amine wastewater
was divided into four stages, In Single wastewater, p-toluidine and o-toluidine removal rate

reached 95% and 96 % , respectively, the removal rate of o-toluidine was increased with the
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temperature increase, while p-toluidine has the opposite rule,the strong coupling between P-

toluidine and o-toluidine make aromatic amine mass transfer rate decreased, resulting in the

removal efficiency of mixed wastewater is lower than that of the single wastewater.

Key words: silicone rubber membrane; high salinity; o-toluidine; p-toluidine; wastewater
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ledo) 5 58 41/ WL 43 56 % B 31 (UV2300, | ifE K
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F 22 AR 2N R AR 7 1 RO € -5 R A S0
RSl B FERE N XB-C18 £ (18. 5 m.4. 6 X
250 mm) , J S AH R H R ¢ K0 1Y) =1 ¢
P 0.5 mL/min, IR G W HEFEE N 0.6 /xL,HZ
30 °CL BTSSRy B F IR LA ATS ESIL
L R 65 V, 8 WA (=99.999%) i
FYE R 50~200 amu.

1.4.2 B — R K v &R H 8 e ROt FRY 2 i e B il

e

e
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TP 6 AL, R — 25 F) 1R B F & A B (CPAMD | B 3k & & (WPL) \FeCly \PAC %
FRAEG A E, 2L FeCl, \PAC ## CPAM 7 RGBS AR A B, AR T WPL 4=
CPAM BEA AR 3 By XRFEREFFTRMAKRG YA, SR A, R
WPL B (3% Fe*' R, R E#%mE A 7 g/L,iFRILMA 2.86X10" m/kg, £ 2 & K B 4]
K 10.6 s, 5 RFRAN Y H AT 79.8%.75% ;s WPL B4 CPAM 8 32 j5 5 . B K 20 R 4%
T WPL #4782, 4 WPL.CPAM #9252 5 )4 1.1 g/L.60 mg/L.3%& % X A 5 e
WPL & #n CPAM B, F R A 1.7X10" m/kg, £ B KB A 6.7 s. 20 A EALT 88% .
84.2% .5 RILHE AT B 9 B K E.

KER R ER; MTFTR; BAWKBME,; FRILM

RESES:X703 MEkPRARRD: A

Effect of waste pickling liquor on sludge dewatering performance

SUN Gen-xing, LIU Pei, FU Dan, WANG Li-fang

(School of Environmental Science and Engineering, Shaanxi University of Science & Technology. Xi'an

710021, China)

Abstract: It is focused on the effect of factors on sludge dewatering such as dosage and the
way of adding with conditioning of WPL and CPAM, which is compared with the compound
conditioning of FeCl; ,PAC,CPAM, based on the fact of sludge conditioning of single floccu-
lent cationic polyacrylamide (CPAM) , waste pickling liquor (WPL), FeCl; , PAC, combined
with the change of sludge settling and used specific resistance to filtration (SRF), capillary
suction time (CST) as the main evaluation indexes of sludge dewatering. The results shows:
The best dosage is 7 g/L. when adding WPL alone (based on the mass of Fe’' ), SRF is
2.86>X10" m/kg,CST is 10. 6 s,reduced by 79. 8% ,75% of the original sludge respectively;
The effect of WPL combined with CPAM on sludge dewatering is better than WPL alone.
The SRF is 1.7 X 10" m/kg and the CST is 6. 7 s when the dosage of WPL and CPAM is
1.1 g/L,60 mg/L respectively, and CPAM is added after WPL, decreased by 88% and

84. 2% respectively compared with the original sludge and sludge sedimentation performance
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has been significantly improved.

Key words: waste pickling liquor; municipal sludge; polyacrylamide; specific resistance of

sludge
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m/kg, 5 BIFEAK 79. 8% .80. 35% .79. 43%.

14
-= WPL
12 —e—FeCl,
-+-PAC
— -+ CPAM
oo 10F
4
z‘a 8T
o
=
= 6r
0~
»
4 -

0000071 2 3 4 5 6 7 8 0o
&/ (g L")
B1 2% FRMme YR

2.1.2  BA— 2 50 I BRI U T AN W K B[R] ) 5

¥ CPAM,WPL.FeCl, 1 PAC fin A5,
2 25 o 22 550 18 o 8 A8 A X6 V5 8 B 41 K R T )
S, g Fan i 2 Bros. f R 2 mT g, B8 25 5
CPAM,WPL,FeCl, fl PAC J575 7 CST fy il £
AL 5 6 SRE 1Y 48 1k A — 2 1Y AH o)
PE. CPAM 1 CST i 2k 48 1k 5 4 ¥y 2k e 35, 16
CST ik simf CPAM By & Ky 70 mg/L,CST
J 11,3 so MR TE M 42,4 s AR T 73. 3% 1ET5
Jertim A WPL.FeCl, #1 PAC i &/ T 7 g/L.
3.5 g/L.6 g/L Bf.i50% CST R FEEH. 2z
J5 RS, i 7 g/1L WPL.3. 5 g/L FeCl, F1 6
g/L PAC Xt R CST 434124 10. 6 s.9.5 s,10. 9
SO BIEAR T 75%.77. 6% .74, 3%, I R 4% H
() e AN 4

45

10

0.00 0071 2 3 4 5 6 7 8
2/ (g L")

B2 £—%R 5 REmBKE A

CPAM J& T FH & + R A Bl o0+ 2 8], 78
BRAFEMZF CPAM J5 . B CPAM & /Y
ARG T, Xof V5 e s AR - 4 R R R R SR A
FHANW I, 15 )8 22 AR W 7E A W ok, 2 AR E 1
TR VBT VR ok i R A T AR R, #E CPAM. [ 45 lin it
IKF] 70 mg/L B AT B I SR BRI K BOR B

4.4 CPAM & KT 70 mg/L W, ] G 1 T
VA VR 24 R B e B sk v TR A R A R A R R [
WURLZR I Ay 2 R EURE A B T
G U B K T RE a2 F 5, R AR R AR
2. 5o — 1) WPL.FeCl, #1 PAC J5 .,
TR /N AR, 72 A i Fe?™ (Feb ™ il AT & 5135
e JSURE AT Ha, v RS2 A S AR AR [ Y W | T 3
SR O R 4 0L 2 A SR AOE B, TR AR TS T
P R WPL i — 384 Fe'" &S Mk &4
Fe'* i3858 WPL 2254 .

sEa 1K 2 a] A, CPAM, WPL, FeCl, #il
PAC Huph i B 75 Je i, S AR & 43 % 70 mg/
L.7 g/L.3.5 g/L #16 g/L.,2r 3% SRF 4 3. 14
X 10" m/kg.2. 86 X10" m/kg.2. 78 X 10" m/kg
M 2.91X10"% m/kg,CST H 11.3 5.10. 6 5.9.5 s,
10.9 s.
2.2 BRI E R BLAK AR 69 %ok

15U RGBT ik el CPAM 1Y 25 5] 4%
TR 70 mg/L AAE, M AE WPL, FeCly A1 PAC
R AN &, M4 SRF A1 CST & 14 A S A # i
Al WPL, FeCl, F1 PAC #9255 #% hn & 4 H
AR O &, %A CPAM (0 25 # &, & & &
WPL.FeCl, 1 PAC 5 CPAM I & 4 BRI 1Y f i
T %8, 38 2o 1F 22 1 5 E.
2.2.1 fHI CPAM 548 it 25 7 XF 15 Y 1) 3k A 4
B

£ CPAM i€ 1 6L F (CPAM # i
i 70 mg/L) , A& ) WPL.FeCl, 1 PAC
Xof 15 U A B A R B AR AN 1] 3 4 TR

-=- CPAM70+WPL
—e~ CPAM70+FeCl,
-4~ CPAM70+PAC

4.0

3.5

3.0

SREF/(10"m-kg™)

2.5

2.0

0.0 I OI.5 I 1I.O ‘ 1I.5 ‘ 2I.O . 21.5
AR ME/ (g L)
A3 &% CPAM 5% %%
%t 5 % SRF # 8¢ 498 32
i [ 3 T 401, [ WPL . FeCl, 1 PAC #m &
A3, 75 6 tLBH SRF e TR JE LT A k34, 24
WPL B imt > 1.1 g/L B, H SRF B = 5 AIX
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IMRAT 4 < FR U WX 175 P Fi /K M E Y 52 1) « 37 -

2.06>X10" m/kg,FeCl, Ry K 1.5 g/L B,
SRF F& & FAIK 1. 94X 10" m/kg. PAC [ fn+H
1 g/L B}, H SRF FEZFAK 2. 12X 10" m/kg, H 1
JE R4 S FEAR T 85. 4% .86. 3% .85. 01 %.

12.5
12.0[ ™ CPAM70+WPL

[ e~ CPAM70+FeCl,
11.5} -~ CPAM70+PAC

11.0
» 10.5 |
~ L
&5 10.0
@]
9.5
9.0 [
8.5 [
8.0
75 [

0.0020406081.012141.61.8202224
B/ (gL

A4 && CPAM 5% &2 A
xf 7t CST ¢ B A 2

M & 4 AT, 76 CPAM & 70 mg/L B}, WPL,
FeCl, il PAC B4 it X159 CST 152 mi s 7%
ANWrE k. £ WPL,FeCl, il PAC 4330 1.1 g/
L.1.5 g/L.1 g/L,i5 M CST {HiL 2/, H 8
$.7.9 $.8.5 s, IR BEML T 81. 13%0.81. 36 %,
79.95%. LAl 0, 5 R CST # & i WPL,
FeCl, Al PAC feH:#m & 575 )¢ SRF # & 1Y —
.

TCHILELEE ] 5 A AL 2R BEF K G U8 B, 8 2
SR Fl B — SRR 0 R B AOR G, R R A L
B — SRR B R B, B R R 25 0 %95 e BE A
AN [] R A OREL 09 L RIE T, SO oy A DL
F CPAM X755 U i W B B4 1 A 79 o 22 3 741
(2 [F VR R i — 20 8 8 T TS U I K PR RE L 8 3
T L A BRI

ZE BRI E 24 CPAM $ i [ & 4 70 mg/
L i, WPL, FeCl; 1 PAC & 5 A8 &2 3 KN
1.1 g/L.1.5 g/L.1 g/L.

2.2.2 HEZYF SR CPAM X5 Jé 5 B &
B

24 WPL.FeCl, fl PAC )2y & 8 45 A e fd
e 1.1 g/L.1.5 g/L.1 g/L A28} ,CPAM #Y
B oA x5 Y 9 SRE A CST By S m &l 5.6
TR,

i 8 5 #f %0, WPL, FeCl, 1 PAC 9 SRF {4
B CPAM $ M0 i i 34 K 76 A W A2 4k, il 4 Rk
PR e8IV R B K. FeCl, il PAC 76 CPAM #
4 50 mg/L.60 mg/L i}, SRF k3|5 /ME 1.6

X 10" m/kg.1. 79 X 10" m/kg, (&M% T 88. 7%.
87. 3%. WPL Ay i £k t J2 56 Wl J5 34, M SR 1
CPAM 2 50 mg/L B 25 b5 A W 2% . {H CPAM B
60 mg/L,SRF {H#&H&/NN 1.7 X 10" m/kg, FEET
88 %.

3.5
~ 3.0
0
~
E 25
S
=
= 2.0
& —=WPL+CPAM
~e—FeCL+CPAM
15r -4-PAC+CPAM
30 40 50 60 70 80 90
CPMA# I/ (mg L")
A5 kEEHANL5EE CPAM
stiF Rk SRF #9 B 48 52
13.0
12,5
12.0
11.5
11.0F
10.5F
, 10.0F
= oof
&S 8s5F
8.0F
7.5F
7.0F -+ WPL+CPAM
2;8 3 ~e—FeCL+CPAM
55F -4-PAC+CPAM
20 . , . . :
30 40 50 60 70 80 90

CPMA# Nt/ (mg'L")
He6 EEHhilb%xz CPAM
*Fi5 % CST 89 B8 A 22

& 6 A, BEE CPAM #m & i 16 k.,
WPL.FeCl; fil PAC #975 ¢ CST 17 A W el A%
SRR B R B 60 mg/L.50 mg/L.
60 mg/L B CPAM i, WPL,FeCl, #1 PAC X i
97598 CST fEfe /N, 73 5H 6.7 5.6.5 $.6.9 s, A
o R TR FEAR T 84. 2% .84. 7% .83. 7%.

Zi ik, WPL,FeCl, \PAC 5 CPAM B &
WS e, WPL i m&Eh 1.1 g¢/L.CPAM N
60 mg/L, In#j X Zm WPL #n CPAM, 15
Jed/N SRF 4 1.7 X102 m/kg, &/ CST H 6.7
s;FeCly #0 1. 5 g/L.CPAM & 60 mg/L. %M
FeCl, #/in CPAM, AJ 158 £ /N SRF1. 6 X 10" m/
kg, 5 /b CST 4 6.5 s; PAC #m#E -~ 1 g/L,
CPAM & 60 mg/L. il 2§ J7 28 & 6 i PAC 7 i
CPAM, V5 /N SRF & 1. 79 X 10" m/kg., fiz /]
CST 4 6.9 s.

FE 5 PRI I8 B 2 rp 4R B8 2 i JEHL 22 956 )
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TN BILZR B ) 1 245 700 45 m 5 m] LA L3 B 4T 1
PR, F2 e B O e A JE ML 2L 5E ) WPL,
FeCly, \PAC J5 BT I Fe?' [ Fe® ' L AT &K i
B2 W B VS U8 v AR kLT 3R & A H R
I N Y B 15 NN | /N = M a8 1|
CPAM Ji Rl i 75 Y v 0 8 2 22 1A 58 3 2 B 28 5 4
VEFHTE BUHE R 24K, 7K 43 B8 5 DN FL B v o 2k 224k
DURE A B v b, 25 45 491 JL 2 B M J0RE 2 [W] 0 RS o AT
JI K A B 4
2.3 ERXE

L WPL 5 CPAM 1% Bk & o8 24 1], 44 75 U
LU BHAE SR 3647 1E 38 50 UE Y 32 A8 A L 7 AR £ 52 1 R
Z i WPL #n4 .CPAM #4875 =X
£ WPL F1 CPAM X & M B5 F 2N &K,
HEAT IE SRS R 4 T ZEKF. % 1 R IEACIA S

I Z KR,
F1 EXHBEEZERKF
L, WPL CPAM #hn4t ; .
K J(ge L) /(mg - L-1) Bom gy
1 1 50 CPAM+WPL
2 1.1 60 [] B 43

1.2 70 WPL+CPAM
MR 1 FrR B9 82 3R K% R K i
M Ly (3°) IEAZ R ZHAAK: A A5 R AR 2 k.
F2 EXHBEHRER

3

oo WPLELWE  CPAMZTWME  fm KB
5 - _
/(g LD /(mg e« L") FH (102 mekg 1)

1 1 1 1 2.63

2 1 2 2 3.07

3 1 3 3 2.31

4 2 1 2 3.26

5 2 2 3 1.70

6 2 3 1 2.06

7 3 1 3 3.02

8 3 2 1 2.40

9 3 3 2 3.09

K1 2.67 2.97 2.36

K2 2.34 2.39 3. 14

K3 2. 84 2.49 2.34

R 0. 50 0.58 0. 80

25 DR R V5 U JBE /K 1 B R ) R A K/ AT LA
W 22 R e 25 KB A K, e =Z g /. el
& 2 P22 R MR/ AT 175 8 5 K P B 19 5% i [A]
i FE KB oy > CPAM #ni =>
WPL # e, HE 3235 i w7k 4 A (i KF
RN A B /N X N B A% RV 2R RS AR BD 5 L e
BT AR I AL — B

PR I 3 1F A 5 Tl DA 2 . WPL $m 1. 1
g/L,CPAM #¢Jin 60 mg/L,#m 7 =858 WPL
I CPAM B, 156 A fe /N FH 1. 710" m/kg.

2.4 FRIUEE

15 VA BEA 2 i 25 0 JH B 0 R RE R A 22
. S WPL ., FeCl, \PAC J5 £ K L& 40 /)N,
I VE AR D AR TS U T R M BE S5 b, A [ 7 2
14 00 245 Sk 359 Ry T 8 5 K M R I S A5 2 Y 5 A
Zi& , Bl CPAM #11 70 mg/L.WPL 1.1 g/L 5
CPAM 60 mg/L MBS THHEE  FeCly $1 1. 5 g/L
M CPAM 50 mg/L A &% PACL g/L+ CPAM 60
mg/L, /AL 3R 200 mL ke, ok IR &1
AU G I A BB I ] B AS AR AR 7 TR

160k —=- WPL+CPAME0
- FeCl+CPAM50
—o- PAC+CPAM60
-~ PAM70

—

E

=~

S

£

150

(B

L 1 n 1 n T L 1 n 1 n 1
0 10 20 30 40 50 60

B [1]/ min
B 7 AR H T E R 6 Yk
ML 7 BT 5 U 1 T R 1 B A 18000 24 74 5 75
TR ASE. A FE R R R K E
ZURRHA. Y 30 min Z 515 RALE M TR E .
HEEARFEAML,60 min Z J5 15 U U 28 1k B 1R
55, FARMEEASH), T DU R AE L TS Y e &30
B 4 SR B L 2T VR HR S 75 T8 AR TR Ak SR L
B CPAM B R A7, W RE R T &R B &
VA AR A 25 45 T N K% L T 5 TR
2.5 ¥ Anh R BTG 5 RS LE MR
25 K [) 24 390 5 A 48 o 2 R B O 9 U 0 A
LT RN &l 8 T,

(O WPLHCPAM & (DM FeCl; +CPAM J7
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e 30

()& PAC+PAM &7
B8 RE %A G TR
800 IE R B
T 8 AT AT, A 28 B T e AL BR A K 25
B 75 CPAM BOE 15 e T8 it K 22 A L 424 i
P s BCA LS (75 8 e K42 CPAM R B (1% 75 2
eSS 1 2 A TR N B0 . R E A Re SR i TSy
G K 4 7B CPAM By 2y oy XL i 75
e T i e AR S AR, P 1 — 208 B R i) 2 A O HL
WA B DR K B ) T A BCR TR AR

3 #ig

SR RE)E 5 R BKERR T AR
T B 2 5 L 0 LB 2 R BT L 3 PR R T L B
Wi e W WPL B & 34 i, 75 e LL B SRE #1E
2 7K B[R] CST #BAS 21tk 35 B A, 780 H sk 2L I 48
5 Je K M BE A5 5 I 3

FE 5 U6 v Bl BN R e I W WPL, S5 A 4
N7 g/L, {57 SRF R ey 14. 15X10" m/kg
B3] T 2. 86 X 10" m/kg. V5 & CST i J&E I Y
42,4 sPERIT 10.6 s, 43 AIFEAR T 79.8%6.75 %0 ik
KRS ) ) 4 m. WPL 5 CPAM Bk 4 4 31
B, WPL #5011 g/L.CPAM £l 60 mg/L, il
2575 XN Je i WPL i CPAM, SRE R 1. 7 X
10" m/kg, CST K 6. 7 s, 7> M &AL T 88%.
84. 2% , 5 HB R B AH L, V5 U6 B K 1 BE A B U —
A BE T TR AR A 2 B el | R AR O A

2% Uk

(1] PhARAT , EI AR W, AR B, &5 B Y /K Ak B8 b 0B 58 )],
JKAEFEF AR L 2010,36(10) :77-79.
(2] Sk oRBR. SXbF R R R T I VR U6 Ak ) Y < 8 R 1A= Il i 5
AR BE R ] 4 LD, UM WiV R4, 2014,
[3] Agrawal A,Sahu K K. An overview of the recovery of acid
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— 7k #5E Hl & MoO; @Ti0,/Ti;C,
REBLFHEGREHAR

RAS, R K EBRE, AME

(1. BEVERME: K MR RL S 5 TS0, BEVE P82 7100215 2. KPR M AAAE WA T 25k, B 7
% 710018; 3. MNB B MK HE R L EF TR E, P /i 710018)

i E A bEmRs AR LR TLC ARMRAKRKEHET —HBA ARG R
MA I BBR T i & MoO, *+ F Ti,C, AL F A6 %o, KA XRD f= SEM f 5 &4 4+
# éﬂﬁﬁaﬁim% MBEAT A, R AR B AL TAESE T A A AT A b gk eyl K, o L35 7
AR WA BAR A WA, AR R A e 3K, 45 R R .38 3L 5] A Mo R 24 & MoO;
Ao JRAL A &, TiO, A A HATERE, T L a5 e A EREGRF B RS TEE,
RTEBERPHBEFTHDNER, NRRGT AT

FEWFE . 4 B T,Co; BB B AR, ik hat; STEL2EAIAY
FESES . TG146.2; TG166. 3 MHEkFRARRD: A

One-pot hydrothermal to prepare MoQO;@TiO,/Ti;C;
and research on electrochemical properties

ZHU Jian-feng', LU Xiao', REN Guo-fu*®, HU Xiang-jun®”*

(1. School of Materials Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Oil and Gas Technology Research Institute, Changqing Oilfield Company, Xi'an 710018, China; 3
National Engineering Laboratory for Exploration and Development of Low-Permeability Oil & Gas Fields, Xi'
an 710018, China)

Abstract:In this study, ammonium molybdate, hydrochloric acid, 2-D layered Ti;C, were a-
dopted to synthesis a supercapacitor electrode materials by one-pot hydrothermal method.
Also,the influence on electrochemical performance of loading MoO; on Ti;C, was studied. In
this paper,the composition and microstructure of the composite materials was characterized
by XRD and SEM. Electrochemical properties of the material was conducted by electrochemi-
cal workstation,including cyclic voltammetric curves (CVs), galvanostatic charge-discharge
curve (GCD) ,impedance and cycle performance (EIS) test. Results show that the introduc-
tion of Mo source to generate MoQ; and in situ generation of TiO, to modificate the materi-
als could increase the contact area of electrolyte and electrode materials and form ion chan-
nel,speed up the rate of electrolyte ions moving rate,so as to improve the electrochemical
properties.

Key words: 2-D layered Ti;C,; supercapacitor; electrochemical properties; transition metal

oxide
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% 2 R — LR H & MoO; @TiO, /Ti, C, K H AL 2 PERERT 5T © 41 -
0 3= P AT B G R A 2 P BE L O 0T L 45 4 A BIL B i

BB RSN, ERETH
e/ W T ) F AR 2 AR R i BE T B3R R
T PR 25 48 T SR 28 T KORN 7T HL F S BB B R A
SO —Fh Rk S R RLRE VR A A
i fith e AL B AT 43 Sk WG 2K - SR FH v b 2 T AR P e 1Y)
FEL 25 A » A i T ik FR A/ R AR R T L e G S T
A ) BLRE J2E L2 5 R FH o U 4 T SR Ak A PR AR T
e e A ALY 2 i B R AR R A B R E TR
o7 3 AR FRL A7 W o R Sy G R

FE 2 HL 5 2 FH AR A B T 43 o = 2 R M B R
L ESREAY R FRBEW ARG H
o B E MR MR — R R TR S SR
P R 0 Al AR R T R L TR AR A A
e B4 LT TR A 5T - HL 32 B HE A e 1 XLREL 2+
ZEME . RS2 pl X R AR R R 1 SRR W B L A
BT A RBENS AT T BE B EoR. B L, AR
FHEAREBRAENLE SR A Y &ZEH HH
2 R PERR G T e B R . . 2 A MR
FEAE N T SR B AT

2011 4F,Naguib M #l Kurtoglu M 21304 10
g 1 Ti, AlC, B AEZ 100 mL i 50 % %l IR %
Wb AR ER THTE 2 h, 2 )5 % B 152 07 R0
AR B FKE LB AR . 3 Ti, AIC, 3 EIE
) 4k Ti,Co 2. 0 T 5w 8 H — 4E bR 2 7 28 06
ZERE B H R N MXene. MXenes B G 15 5 1 4 3
A2 o, LR ZH 4 T A, 3 2 A 4 o R g ]
A3 A LLARAS LA RR R BE B 42 R G0 K R B
b SR HTE 9 K AR AR Y Ry BE e TR A
fileir

LR BE MXene R & e, [5 N A1 3 20 H N
FHF 90K W B 7] L Al A% JER A VLS T it R
FL 28 A R A S R, P T LA e Y Ee R TR
TRV Gy 1) 5 vl A T 7 i Ak 2 U A5 2 T R A
7%, Xie X Q %% Ti,C, A1 Ti,C,/CNT B &M
BHE by 8 G0 el 25 4 H A, r b 25 I 2 R 2k B
Ti,C,/CNT & &M eHE Ti, C, A 5 (5 /9 5 1 P A
R 2%, R R R T IK B 24 350 F/em® , LG
IRFERLCHL 10 000 WG AR TR R FEA AT T F.

HEriF s £, Ti, C, /E A BIE LS —
Y AR RE  HLA = LR TRUR G 1 S M S R
PERE. TR, Ti,C, WL F MR T 20
WF5E BB e 25 BEAS T2 B . 9T LA AR SC
B IEE KIS T 3l 2k 51 A Mo U8 A1 s A7 45016 A=
W MoO; F1 TiO, ks X+ — 4k )24k Ti,C, #4178

17T 18 55 7.
1 TLEEH

1.1 =% E3k Ti,C, %t H &

(D BE— eIy = 2k Ti, AIC, Bk
%ﬁi):

O 5%, WU BB A L i TR R, H o BE R L R
Ti: Al: TiC=1.0:1.2:2.0;

QW KRB E T R B ERIEREN A 5’
BRI AH 55 1) 2 BEAE SR BRES B L BIF S A iR Ak
R, EREEHLEE 3O 900 r/min, Bl ¢ BR : 2=
13 ORI s BREE 1 h 30452 518 K IF 6 3
T TR EE R 40 °C

QR JG »4 T 1 1 TR B T WK 30 58 9, R A
BB i 2L 8 °C/min (1 THIE B R AN E 1 350
C,ff% 1 h, 25 < 1072 Pa, AR & H 5, B %
HMEER;

@ Ja , FIHERE LR B A3 BT #R =0 2R
Tiy AIC, F&& # kL.

()8 — (4 MXene-Ti,C, g8 KBRS
B

b B —rh BT 48 Ti AIC, B &Mk 5 g 18
WAE 80 mL B 40 wt Yo Z IR W b . B G 14
FEASE U B AE 100 mL A9 38 RLBE AR TR R 4T 24 h
J& FE N 1000 r/min, BB LB, HEE T
KELEVEE M=, HEE O LS pH ETE 5
~6 Z ] SR 5 FHJC/K SR U8 3 WK 5 8 B A5 [ 4
FE & T4 A8 h, 15 B T 57 1Y 4 2R 48 K A
Bl MXene-Ti;C,.

1.2 MoO,@TiO,/Ti,C, & &4 %) &

0,05 g LEHFREAV A% 2] 30 mL ZZiHKH,
FH 3 mol/L #H#R 817 /K W R B & pH=0. 5.
ik 2 h IEAT K. AEBEFEARAES T L mA 0. 15 g
B T, C, B, FBEFE 6 h, A AT Ik v L 5
FEARGE A W BT ICE O IR AR K T TE K RS
Uk 3 WA BV AR AE B2 TR AR D T4 48 B
1.3 MoO,@TiO,/Ti,C, A AMHHL MBI ILLEH)

AR A A D/max-2200PC B X5 2%
B (X-ray diffraction, XRD) # 17 ¥ %} H 45 ¥4
S8, R A #6878 #48 (Scanning Electron
Microscope, HITACH FE-SEM S4800, SEM)
fii & B8 i% 1 (Energy dispersive spectroscopy.,
EDS) # 47 B it SO0 4 21 K AR AR 20 21 58 43 #r
1.4 588 &AL 5 Pk ) 9K

G R P . PVDF =280 : 10 : 10 [{
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o535 4%

JoHE FERR B % I NMP il HOE BB 77 . AN
1RO R R AR LR
AN E 2 TEEFEF L 7E 120 °CF T4 8 h. T /)b
P ARG 04 S R 3 P ) I R A 1 4 e A
AEF L L 20 MPa 1) FE 778 v 0% s il )R B
2970 0.5 mm A4 WA R R L ES R E
Je V1A R A A R b ) T PR ) TR

AWK, UL 1T mol/L 1 KOH /KW N H
i R A AT

2 HR5iITE

2.1 MoO;@TiO,/Ti;C, F_ &4} 64 4848 %,
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Preparation and electrochemical properties of

three-dimensional carbon nanomaterials

HUANG Jian-feng, LI Rui-zi, XU Zhan-wei, LI Jia-yin,
HE Yuan-yuan, LI Wen-bin

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

Abstract: Three-dimensional carbon nanomaterials were successfully prepared via a hydro-
thermal followed carbonization process by using biomass waste pomelo peel as raw material.
The influences of different carbonization temperature on phase, morphology of three-dimen-
sional carbon nanomaterials were researched by X-ray diffraction (XRD), scanning electron
microscopy (SEM) ,transmission electron microscopy (TEM) and other analytical tools. The
results show that three-dimensional carbon nanomaterials displays the best electrochemical
performance when the carbonization temperature of 600 °C. At a current density of 50 mA -
g, the initial discharge specific capacity is 430 mAh « g™
90% after 500 cycles.

,the capacity retention rate of up to

Key words: three-dimensional carbon nanomaterials; pomelo peel; sodium ion battery
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Investigation on the performance of EVA/Nano-SiO,
flame retarded composite

YUE Xiao-peng', LIN Yi-cun'*?

(1. Shaanxi Province Key Laboratory of Papermaking Technology and Specialty Paper, Shaanxi University of
Science & Technology, Xi'an 710021, China; 2. College of Mechanical and Electrical Engineering, Shaanxi U-
niversity of Science & Technology. Xi'an 710021, China)

Abstract: A kind of intumescent flame retarded ethylene vinyl acetate (EVA) based compos-
ite was prepared by melt blending. Intumescent flame retardant (IFR) was constituted by
ammonium polyphosphate (APP) and pentaerythritol (PER) ,and nano-SiO, was used as a
synergistic agent. The shore hardness, mechanical performance and flame retardant properties
of composites were investigated. Furthermore, the surface of residual char after combustion
was studied by scanning electron microscope (SEM). The incorporation of nano-SiO, in
flame retardant system,favored the improvement of mechanical performance and melt drip-
ping phenomenon in a certain degree. However,as a kind of synergistic agent, when the nano-
Si0, loading was maintained within a relatively high level,the flame retardant grade of com-
posite might be restricted. Experimental data showed that the hardness of composite was im-

proved significantly compared with pure EVA. The balanced properties between mechanical

x WrFs B H#3:2016-12-09
HEEmMB :HEX AR #EETH(51603118)
TEHE BN H/ME1982—), B IR T & A R0 A AR 52 O 1) AR W A 6 R
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performance and flame retardant property of composite could be achieved when the nano-

SiO, and IFR loading were 6 wt% and 19 wt % ,respectively. Under this formula, the limiting
oxygen index (LOI) was 27. 7% ,the tensile strength of composite was 10. 4 MPa,and UL-94
V—1 rate could be achieved. SEM images indicated that with the increasing IFR loading, the

surface of residual char would become compact,smooth and with less cracks.

Key words: ethylene vinyl acetate copolymer; nano-SiQO,; flame retardant; composite
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ARSI RGBT TR AR T BALERMA G RE SR REST B ERY
Bt , KA RE B b6 69 CuPe A= NPB 2 314 & 44 4 1TO/CuPc(20 nm)/LuPc : Cg (10
nm)/Cs (30 nm)/BPhen(8 nm)/Al(100 nm) #= ITO/CuPc(20 nm)/NPB : Cg (10 nm) /Cy,
(30 nm)/BPhen(8 nm)/Al(100 nm) # 7 #F A ALK B4 (OPV) BEAT XTI 547, 28 R A, R
S BEWMNAY TS EHGEGRE. R, R4 E® CuPcB R E A 15% 0 T4 & 69 B4
KB R, EAEMER AM 1.5 G, % 100 mW/cm” é’J BHT.EHGTFHEER O,
26 V. 4288k EER 4,22 mA/cm’ VAL BEF FF 4 0.57, B ey kb a8 £ 57 71.
43%.
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Effect of mixing layer on performance of small
molecule organic photovoltaic cells

ZHANG Fang-hui', LV Jing'’

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

710021, China; 2. College of Electrical Engineering, Shaanxi Polytechnic Institute, Xianyang 712000, China)

Abstract: In order to improve the carrier transmission characteristics of bulk heterojunction
organic photovoltaic cells,an doping concentration system is established and investigated the
influences of different doping concentration on device. Bulk heterojunction organic photovol-
taic cells were fabricated with a vacuum vaporation method and characterized with J-V curve
and UV-visible spectrometry. The impact of the mixing layer doping concentration on per-
formance of bulk heterojunction organic photovoltaic cell was experimentally investigated.
The results show that the OPV devices with mixing layer doped 15% CuPc will get higher
short-circuit current and better performance. The cell parameters have been measured as JSC
=4.22 mA/cm?®,VOC=0. 26 V,and FF=0. 57. Power efficiency of this bulk heterojunction

organic photovoltaic cells can reach approximately over 0. 63% under the illumination of AM
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W OE.RAKRASREHNETHEBLBABEL AT AR Mg b2 ENEAR G A
WERG S m, sTEBRBRBER B AR S LR AR E AL AR SBF 2085 89 ik
ATTRIE BREN BB R TIURKRRGAIBR GO ED TR, BHENERR Tk
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Study on preparation and bioactivity of
magnesium doped hydroxyapatite

ZHAO Xue-ni, WANG Wan-ying, WANG Xu-dong, ZHANG Jing,
ZHANG Li, HE Fu-zhen, YANG Jian-jun

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

Abstract : Magnesium doped hydroxyapatite was prepared by hydrothermal synthesis method,
and the effect of doping different content of magnesium on the hydroxyapatite biological ac-
tivity was studied. The phase composition, element composition, functional group and mor-
phology after SBF soaked of magnesium doped hydroxyapatite were characterized. The re-
sults show that magnesium doping can greatly improve the biological activity of hydroxyapa-
tite. When the theory of calcium and magnesium atom ratio reached 1 ¢ 1,a large amount of
apatite was formed on the sample surface,and with the increase of magnerium content, the
biological activity of magnesium doped hydroxyapatite is improved. The study of Mg doped
hydroxyapatite build the foundation of theory and application for the clinical application of
artificial bone materials.

Key words: doped; magnesium; nanohydroxyapatite; bioactive ceramic materials; bioactivity
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i E:oam e A (e, 0 PHMS) & AR A A R 8 (APEE) ## KHSO, # R4, £ & n
PR B Fr B AR A i, T — b A ALAE AR R 2 (OSS). A 40 5h k% (FTIR) &5 OSS #9 45 # 3t 47
T AAE, I 2F OSS Kk ey & @ik /1 (yeme) V16 R R K E (eme) #0477 K, F R T 0SS
TR R E L Kb RS R AR B AT R A R OSS 6 @ 2k b fe d iR b S AR S T R LR 69 A
2 R R0, OSS 8916 A R R E (eme) A 2. 0X 10 ° g/mL, 6 F & &K A (yeme) A 24. 6 mN/
m. % w(OSS) A 0.3% HARFEZA 80 : 20, B E H 20 CrF, OSS 748 i 69 B 46 ik 94 %
VA b ¥ 0.3% 8 w(OSS)KERME 3d, % OSSZ 150 CHBAE 1L h, RAFTALEH 4655
mg/L &K B4 0. 3% 49 w(OSS) ik . B AF &4 T il X, OSS xF 48 iy o B ks & 45 £ 90 %624

k.
XSGR AR, ADERAN,; RO, BRR, M, Bk
hE4 S TE39; TE345; 069 XHkFRE: A

Preparation of organic silicone sulfonate and its application
properties of viscosity reduction in viscous crude oils

HUANG Liang-xian, ZHANG Le, ZHAO Xue-xue, LI Yan-ni

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

Abstract: A new organic silicone sulfonate (OSS) was synthesized through hydrosilylation
and sulfonation reaction using the alpha and omega hydrogen-containing silicone oil (a, w-
PHMS) ,allyl epoxy groups polyether (APEE) and potassium hydrogen sulfite (KHSO;) as
the raw material. The chemical structure of OSS was confirmed by infrared spectroscopy
(FTIR). The critical micelle concentration (¢cmc) and critical surface tension (Yeme) of OSS
aqueous solution were determined. And the influences of the OSS concentration,oil-water ra-
tio,aqueous solution placing time, and salt-resistance and temperature-resistance of OSS on
the viscous crude oils viscosity reduction effects were investigated by experiment. Experi-
mental results were showed as follows. The cmc of OSS solution is 2. 0X10? g/mL, yeme of

OSS solution is 24. 6 mN/m. When w(OSS) =0. 3%, oil-water mass ratio 80 : 20 and the

x WrFs B H#I2016-12-21
ES TR P AR HIT B RB LR 5T R H (2016]Q2031)
VEF A W RALD (1963 —), L, P4 E E A, 308, 6+, BF 907 100« SHEE AR A HLEE AR 5 Al
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temperature 20 ‘C ,viscosity reduction rate of OSS for viscous crude oils is more than 94 %.

And the w(OSS)=0. 3% aqueous solution placing 3d,or OSS treatment 1h at 150 C,or w

(OSS)= 0. 3% saline solution made with salinity 4 655 mg/L solution, viscosity reduction

rate of OSS for viscous crude oils is still above 90% in the same conditions test.

Key words:organic silicone sulfonate; surfactant; interfacial property; viscosity reducing a-

gent; viscous crude oil; viscosity reduction
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AR S P BB L B A1 BB em VA1 948 em ' h— (G H 0D, — ., — (G H, 0),

HREEE o, MIBERG A 7 2R — HE Mk BE AR AE L% 52 964 em AT 2 902 em !
=t 100% D A 30T U8 72 B AR i, Sk DR 5 A I SR Bk e P A R AR 1Y

Fro —CH; Ml —CH. %8 55 51, BBk EE b ik C—

1.5 OSS m At aE O—CHE 1 060~1 150 cm ' Ab (g i 45 37 2h ik 545

o7 FH P B8 52 56 3 B2 il a0 T T o A 4% BLEET Si—O—Si 7E 1 090~1 020 cm " 54 By
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T} 25 A A ) HE 51 e KOV TR T 5K D P AR

PRI OSS fE Kk B2, OSS 73 TR W &
4G I RIE R, Z 05 B OSS Rk BEEHE R, H
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AR R B R Y OSS WRIE IR 0. 3%, B
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%= 3 0SS A AL E B 18 X 78 ieh P G R B9 =2 M

[ /h FE/(mPa « ) 3 IR
0 126 94. 2
24 135 93.8
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Synthesis and performance of quaternary ammonium

salt compound of imidazoline containing ester

FAN Guo-dong, WEI Xiao-xiao

(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, China)

Abstract: The ester synthesized with imidazoline and adipoyl chloride as raw materials, three
trimethylamine as acid binding agent, dichloromethane as solvent. A quaternary ammonium
salt compound of imidazoline obtained via quaternary ammonium reaction between the ester
and chloroacetic acid. The aimed material was characterized using infrared spectroscopy.
Weight-loss method,electrochemical methods and scanning electron microscopy were used to
study the corrosion inhibition performance of quaternary ammonium salt gemini surfactant
for A3 carbon steel in HCI solution at 60 °C. The results showed that the inhibition rate was
close to 95. 94 % when 90 mg/L corrosion inhibitor was added. Electrochemical methods ex-
periments revealed that the corrosion inhibitor is a mixed type corrosion inhibitor. After
adding the inhibitor, long passivation range for the steel was formed, AC impedance radius

became bigger, corrosion current decreased obviously. Microscopy result demonstrated that
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the gemini surfactant could form a compact film on the surface of the carbon steel specimen

to protect it form corrosion.

Key words:ester; quaternary ammonium salt compound of imidazoline; HCI; corrosion inhi-

bition performance
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Study on the preparation and flame retardancy of ammonium
polyphosphate hybrid nano-silica sol

ZHOU Jian-hua'?, HAO Bian-zhi', GAO Jing-min®

(1. College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science & Technology,
Xi'an 710021, China; 2. Shaanxi Research Institute of Agricultural Products Processing Technology, Xi'an
710021, China; 3. Zhuzhou Times New Material Technology Co. ,Ltd. , Zhuzhou 412007, China)

Abstract; Ammonium polyphosphate hybrid nano-silica sol was prepared by sol-gel method u-
sing tetraethyl orthosilicate and ammonium polyphosphate as raw materials and applied to
flame retardant finishing of cotton fabric, which combined the good film forming ability of
nano-silica sol with the excellent flame retardancy of ammonium polyphosphate. The struc-
ture and morphology of the hybrid silica sol were characterized by fourier transform infrared
spectroscopy (FT-IR) , X-ray diffraction (XRD) ,transmission electron microscope( TEM) and
scanning electronic microscopy(SEM). The hybrid nano-silica sol stability at various dosage

of ammonium polyphosphate and flame retardancy of finished cotton fabric were studied. The
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results of FT-IR and XRD showed that ammonium polyphosphate hybrid nano-silica sol was

prepared successfully,and the results of TEM and SEM showed that the diameter of sol par-

ticle size was about 50 nm and distributed uniformly. When the dosage of ammonium

polyphosphate was 5. 00% ,the hybrid silica sol had good stability,and the cotton fabric trea-

ted by the hybrid silica sol had the best flame retardancy.

Key words: nano-silica sol; ammonium polyphosphate; flame retardancy; cotton fabric
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Crystallization behavior of nylon-6/poly(butylenes succinate) composites

WANG Hai-jun, WANG Shuai-yi

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

Abstract: The interfacial structures of the nylon-6/poly(butylenes succinate) (PBS) matrix/
fiber composite systems prepared by introducing the nylon-6 fiber into the PBS melt were
studied by means of optical microscopy,DSC,X-ray and SEM. The results clearly show that
in the quiescent melt,a transcrystalline-like supermolecular structure of PBA develops due to
its strong nucleation ability on nylon-6 fibers. The nucleation density decreases with the in-
crement of the crystallization temperature. In the nylon-6/PBS composites,the crystallization
temperature of PBS increases with increasing the content of nylon-6. The nylon-6 {iber gener-
ates the same phase transcrystalline layer as the spherulites. As a result, the crystal type of
the PBS matrix keeps invariant with the addition of nylon-6. The morphological observation
shows that the nylon-6 fiber is well connected with the PBS matrix. This indicates that a
strong interfacial adhesion between the nylon-6 fiber and the PBS matrix, which will leads to
an increment of the mechanical properties of PBS.

Key words:nylon-6 fiber; poly(butylenes succinate); heterogeneous nucleation; crystalliza-

tion
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i ZE.AF 8B (MKEO) % # W A, 5+ 46 & B9 = 5% & 8 & (IPDD | & B — T 8 (PCL
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BE(ABPU ALz, AR A5 R CHBE(PVA R RERHMF T ABPU/PVA 644 dd 4
Sh E S AT A AR SR Bk A MK A5 R LA E Fak ABPU/PVA A A MAT AT T AT R
T PVA S Zx A oMMt Fwm. 2R L9, ABPU/PVA oA HU 5 B ERZG A
HAER. % w(PVA) A 12% 8, ABPU/PVA H 45L&k 5235 159.5 mPa « s, i BL A R M Ae 24
BERRF AERELF 2H WMEANH 0B, dtbH45%&, 352 EXF T 49. 8 MPa, 485+
F ABPU(27.8 MPO)# & T 79.13%.
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Preparation and characterization of methyl ethyl ketoxime blocked

waterborne polyurethane/polyvinyl alcohol composite

ZHAO Yan-na, JI Ding-xi, REN Bei-ge, ZHAO Yao, LI Xin

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

Abstract ; Anionic methyl ethyl ketoxime-blocked waterborne polyurethane (ABPU) emulsion
was prepared from the main raw materials of isophorone diisocyanate (IPDI), polyester diol
(PCL 1000),1, 4-butanediol (BDO) and dimethylol propionic acid (DMPA), using methyl
ethyl ketoxime (MKEQO) as the blocking agent. After that, ABPU/PVA composites were
prepared by blending ABPU emulsions with PVA solution and characterized by using Fourier
transform infrared spectroscopy (FT-IR),TEM,tensile testing,water contact angle measure-
ment,viscosity and Thermogravimetric Analysis (TGA). The effects of content of PVA on
properties of ABPU/PVA composites were also studied. The results showed that strong hy-

drogen bonding action existed between two components. When w(PVA) was 12%, the vis-
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cosity of ABPU/PVA composites emulsion was up to 159. 5 mPa *

s, the film had excellent

thermal stability and water resistance, pencil hardness reached 2 H, adhesive force grade

reached 0 level and the impact resistance was up to standard. Furthermore, the tensile

strength of film was to 49. 8 MPa, improved about 79. 13% compared with ABPU (27. 8

MPa).

Key words: methyl ethyl ketoxime; blocked; waterborne polyurethane; polyvinyl alcohol
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PA #EAT 6K Y 8 W 1 h, 4 —1FE T Mg ikl &
—NCOL B2 it o 42 B /R ¥ . BRI 2 50 °C L,
A 2.0 g MEKO B 3 h, 404N — NCO $5
FEWZ W e T 25 L B 5 i TEA Hh R 0.5 hy A
LB oK A T FLAL A5 BT i A B 3000 1Y
FH T 5 5 P 6 B B8 K PR SR R L. A e
wWE 1 frs (B H OCN—R—NCO ft 2% IPDI, HO
—R—OH ft% PCL A1 BDO).

1.3 B LUHBE(PVA) KIE R H &
¥ 24 ¢ PVA AR 500 mL =0, %5
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O=C=N—R—N=C=0 + OH—R'—OH

DBTDL,NMP cooH
HOH,C—C—CH,OH
80°C [
CH,

OCN—\AM[/\M— NCO

COOH
HO.

S0 Jo

\ MKEO

il ]
):N—O—C—HNW[NV‘—NH—C—O—N{

COOH

Bl i RAE RS

A 276 mL £ F/K .78 95 CAREH I £ 3
h 2 PVA 5825, 15 & 5080k 8% PVA
VWL
1.4 ABPU/PVA R 3Lk & %) &

¥ LR 8% PVA KW T = IR T 2 il
U ABPU FLW P, m BB HE 1 h, BI AT 13 AB-
PU/PVA HIEFLW. 78 PVA S #.H&T — &
G IR AL H A B an 36 1 o,

&1 7A[E ABPU/PVA ILERIARK

ABPU ABPU ABPU ABPU ABPU ABPU ABPU

Sample , ,
/PVAO /PVAl /PVA2 /PVA3 /PVA4 /PVA5 /PVAG6
w(PVA) i )
m 4 8 10 12 16 20

1.5 ABPU/PVA #5844 &

BE R — R 50 FLW 4 ) T 2R DGR 2 A A
H T R A, IR R E T 1
J5 - BT M 130 “CTRBE 3 b Y HUE R T A A
B S O T 2 b i .
1.6 RAERMEAER R

K7 ) AR AR L L A T 48 hL R T
KATIELLAMNT T 4E 10 min, 5% FH 8 B w748 3 21 4
JEREAS W0 5 B S A 210 ]

B FACK L P R B2 1, R ]
BN AS WO AL I 22 FLBCR AR SR AR 43 A1

FEE R 25 °C, DifE & 7% # 100 r/min, 2k H £k
2 ORS B T s 2L 2

SR JFH 422 ik A 0 2 ASCH K 7 T 0 U 1 3L L
DU 2 fik Ay DK 3R BE R (25 4 2)°C M X BE
(65% +2%).

HR4E GB/T1732-93 #0328 3% JE 1) it o
P ARPE(GB/T6739-1996 ¥ 15 4% 28 A J3 0 5 35 )
) 8 R ) A 28 B 5 ARl 1SO2409-1992( €734 il
T T A% 1K 60 ) o U R T 1 A

W AR R 45 mm X 10 mm 59 WE £ 4R, R
Z I RE M BE ISR AL, XA Sl AT R 5 3 0 By 54 A
F M, H7 2 200 mm/min.

AR T X 9~10 mg MR, R
FHIEE 25 440 M AL AT TGA P, FHIR %R 10
°C/min, & ELHE K 10 'C~600 C.

2 #REITiE

2.1 #HEAE

Kl 2 i ABPU,PVA,ABPU/PVA & & ¥tk
LA iE B NE 2 7T LA 1, fF ABPU/PVA
JERLL AN GG .3 725 em VAb Sy ABPU/PVA 4t
IR PVA I O—H M 45 iz 2h W i i L 45 8L IX
913 em 'AbH BL T R SECEE A 1 R AE WG 00, BT RE
&= PVA 3  O—H fEBURE & & T 2 F i
KA1 727 em” M4 ABPU HR & H R ER C=
O By 45 Iz 2l W Wi, L3R 2 5 ABPU 41 4h 3 &
R FEH R IR C= O MW s AH Y X2 H o AR
PVA f)—OH fig5 ABPU 4 7 & 3 H igfig C=
O Iy iR SN L HEAEH . TS C=0 1
WC5E B A, H R T R S AR h PVA Y
—OHfAES ABPU 2 F 1 fift £ 1) — NCO I JE B
T ORI R, T C= O Wl 3 e, 5y T
SRR D 2 100 52 o DT nh O A i 5 B R AR PR AN
A5 R T ABPU 5 PVA Wi M & 14
it

l\ ABPU/PVA \
\
\ \
\’\A 3365 913
/3725 o
/ ABPU
3367
]725\\
PVA

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/cm™

A 2 ABPU.PVA # ABPU/PVA 44
FH 8 45k i

2.2 ABPU/PVA L&k %542 5 #7

K 3 45 T AR PVA &) ABPU/PVA 1)
Bite B Hoar A, 3 2 B T 45 SR FLW - SRR
Ry Ai4e %, WK 3 fige 2 W LLE L BEE PVA
3 N . ABPU/PVA S5 IR 3L A0 kL 12 3 7 38
K. HILRA B RN T ABPU Hl PVA Z A, X
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W T.BEE PVA & &I, PVA 4 TR AR
SEAE B R  FEORLAR I K 54, BT PVA 53
R R IET] LIS ABPU 42 1 H Y Bk 4 L &0 3 IR
Fis 3 T2 ) SR FH - 40 T (B A7 A6 B0 i A B AR A S
oy F8E R ARG SE TS FLIRORL AR B R

20 —e— ABPU/PVA0
—a— ABPU/PVA1
—*— ABPU/PVA2
15 —e— ABPU/PVA3
. v— ABPU/PVA4
i —o—ABPU/PVAS
= —o— ABPU/PVA6
3 10 —e—PVA
g
£ |
5
0
1 1 1
100 1000 10000
Size/nm
B3 *RF PVA 4% ABPU/PVA 3Lk
9 4 1 Ao 4 12
%* 2 A[E PVA &2 ABPU/PVA
HWERSHIER
ABPU ABPU ABPU ABPU ABPU ABPU ABPU
Gl PVA

/PVAO  /PVAL /PVA2 /PVA3 /PVA4 /PVA5 /PVA6
PDI 0.186  0.169 0.128 0.136 0.197 0.183 0.203 0.218
dp/nm  68.8 72.3 86.5 92.6 102.4 112.3 118.6 132.1

M 2% 2 0] LA TR 2LV R AR 43 A 45 B
BI/NF 0.3, Uk B FLIR 1 R AT
2.3 PVA 4% ABPU/PVA 4Lk 8% 69 % h

Kl 4 N4 PVA & & ABPU/PVA FLU K E;
FE R 4 TGRS PVA SRR, &4
FLREE 2 TR K #H. 7F w(PVA) =
12%00) . 2 G FLEFE L B B AIRME 159. 5 mPa - s.
— i AR BY VIR, LR R RO T
JB SO 1 RSE DL R 43 Ta] 1 A BAE . 24 PVA
FH BB, SEKPEE) PVA 2 7 W T 58 &R 7L
Jie A 2 1T, LKL F RS R R PVA 431 [ 55 4
R U 8055, Al BE W AT, T s R, S I
3 -l (] 49 30 S P 18, S50fofT LV 1 PN JEE L
JI R, DT 26 32 1 K.
2.4 PVA 4 %3t ABPU/PVA fik B it Kt 44 %
"

Bl 5 MANE PVA &t iR B il /AL 1B 6 o
TR RS A 42 fl Ff 6T B BT PR L S RTIEL 6 BT LA Y, B
H PVA FHRME I, 7£ w(PVA) =12 B, 3 I
f 2 ik fA 3k ) 103. 2 °, H ABPU/PVA 3 & 1Y
fit 77 555 S 18 SR e/ P A T TR 1 T K M S
BRI 59, X 2 T AE PVA A o 3 A s ik
—J7 T TSR PVA 2 T8 i BRI &

350 - ®

300 | \

\_\. Ve

150

Viscosity/(mPa-s)

20 2 4 6 8 1012 14 16 15 20 22
w(PVA)/ %
B4 PVA 4% ABPU/PVA
FUR B W R
AT KSRGS BOR K ST S A AR 5 —
T T ABPU 4314 rh ok i Y S 5UR T ik Bl i
ik, 5 PVA o iy R 5L S 1 Ak oe sg Bk,
ST AL G (R B BT B AR S L o B TR A A
AR BE 28 MR 45, S B0 M58 10 22 165 %5 B2 48 , F iy
it 422 fioh f S TS K. T B E PVA % i A ik — 20 3
KSR & /MR, KAy 5 8 6 #OEDE ik
R VB A D O Ll e 3k R Tl A ) PR A
RN K ) o ik 7 P A 2 32 ik 73 A BT .

110

I "
100 » /./_ \\\

90 | o
[ A\
A\
80 - / \
L |
70 \

60 -

Contactangle/(°)

50

20 2 4 6 8 1012 14 16 18 20 22
w(PVA)/ %
B 5 PVA &% ABPU/PVA g

Bk A 0 R

| [
el D

(a) ABPU/PVA0,78.5 ° (b)ABPU/PVAL1,86.7 °

()ABPU/PVA4.103.2° () ABPU/PVA6.61.1°
B 6 ABPU/PVA Jx B4 fik /A 2 B



. 90 - RSB RREZR

%35 &

2.5 PVA 4 %3 ABPU/PVA B A FHied

K 7 AR PVA & ABPU/PVA &I )
Vene. WIE 7 ATLLE B E ABPU/PVA B4
JErh PVA & i3 m, 2 4 R bo sk om i 2 5 1
R AT P A, 7T G BT 28 i 3 D A W A1
w(PVA) =120}, B BT K58 FE 35 5] 49. 8 MPa,
Wi 2 M KR A B 365, 8 %0. X EEEH T ABPU 43
4 v R Y T B R 2 T R R R 5 R S dw
MFRFTE R T 2 EE R B & S Z BBk T
RS A 1. ILANH T ABPU 43 T K i 5
TR T 5 A o B s e B Ok L 5 R s B R
R T AR BN | S B R BE 1 I, DT A A2 A

350

FRHH R AP RE.

60

4550

50 . 1500 =2
& (/”\\\ 5
S / .. | 5
= . * 1450 £
2 40 \\\\ ] =
& \\ * li00 £
o 2
— " &b
0 a
g 2
[ s

N
/
/

1300

20 PR ISV IR (YR N T NS N T N T I T ST NI 1
- 8 10 12 14 16 18 20 22

w(PVA)/ %
B 7 PVA 4% ABPU/PVA &t
A F e w

2.6 PVA 4 %3 ABPU/PVA $Lik B ik Kk
8 3% vA

# 3 WA PVA & ABPU/PVA FLIE Kk
FERTEGE. HR 3T LLAE M. & PVA & & i3
s 2 A FL R R E PE R AF L RRGE A E] 4 N L TR
L 1) B 2 7 RS o P AS BT 4 R HE w (PVA) =
12% 8}, ABPU/PVA IR AT EME RS T 2 H,
B & J13R B 0 9, Tt oo Pk g o 3k B e X EE
W T PVA 4 e & A K& A M ABPU 43
T TP A AR R T R T R T R DXL U T A
ARG A s R , X AP 7 R &Y
HE (8] B BLAHVE % 1% M98 25, IR 22 5 P FP R o
AN TR ARG B DR FL R RS E PR BT TR
T #E e ABPU 43 b fi £ Ok 19 57 502 T
BY5 PVA o T3 & b2 &, 1 PVA
Gy ER Ay FE A R AR T 4 A RN, L R B
TREWSCH RN, JA Xl F PVA & —Fp 2k
A A R ) v SR B IX LA i R o R A

A o I o I ) S B L L R T R b ol A 2 A
PR .
% 3 PVA &3t ABPU/PVA 3L
B IRMERER R0

w(PVA)/ % 0 4 8 12 16
Al
FLW AN ?FH“ AAEE At AWt LA
S
7 4/ Y 15.1 15.4 15.2 15 14.8
B0 e E FasE FasE FasE FasE FaE
FaE 3MH 4 H 41 H O 41 A
A 2 T HB H H 2H 2H
[ 25 71 (90 1 0 0 0 0
it b b RITR T 7% TE B % oI % TR

ROFE RUFE RTR

2.7 BHERESMN

Kl 8 IATE PVA &4 ABPU/PVA JiZ 5 Y 44
FhLk. BB 8 v LIFE . PVA R E MR 2%,
POM i EEAETALE 60 C~150 C.150 “C~350 °C
M350 C~480 “C = A e, Bif # 32 202 th i & 78
PVA B E R R 51 ) 4 2% A2, b i) o A Dy
PVA 731 [ #1535 A B9 & K 51 9 BB K 5
# R R A W R TR 1. ABPU (9 RS E
Pt B 22 B 23 P i R AT L B 120 °C ~
250 C A1 250 “C~500 “C , X P BL #2543 3] XoF i
G S EURR T A 0 A R B N BB 0 i

100 -

__ABPU/PVAT

80 |

\!
2 60 A
= ABPU/PVA2
2 40
=
BPU/PV A4
20 |

(; 1OIO 260 3(;0 4(;0 560 660
Temperature/°C
B8 *F PVA 4% ABPU/PVA
JBEH TGA 4

A NANIR PVA B i B A 8 04 4 A B

MFE 4 W LLFE M, X T ABPU/PVA &4 # Bl

5 oBEE PVA O N W A 38, K R B35 i T

FER B LY R RS 90 it B A AR

) TR il v R A ] I el T NS i PVA

M, TR R R AR R REE . YR ER

TE 50 % F1 90 % Bf, ABPU/PVA & & M K 43 it

A T4l ABPU M4l PVA X R A9 43 it 6 B 2

(] 5 DT A 3R W 52 5 b1 R 22 1 AR e M 5 4% 41 40
AT TR DDA OC.
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K4 AEPVAREESRENAENSN

w(PVA)/ % T5/°C T10/°C  T50/°C  T90/°C
0 195.12  223.41 304.56  335.61

4 235.43 244, 84 288.12 437.23

8 238.30  254.69 293.42 442,31

12 240. 36 262. 81 301.37  445.27

100 105.15 138.74  276.25  448.59

:T5,T10,T50, T90 43 KR R EWRER 5%.10% .
50 %6 .90 0 B JT X6F o7 A4 3R R

3 #Hig

(DELAMETERAE VA T B FT 8 7 R
BEFLW . WAESZ T ABPU/PVA & &R 18 B
W20 53 Z IRV A7AE 26 00 0 S VR .

()Y w(PVA) % =12% i}, ABPU/PVA &
B LU B U B Be R A, FLR MY B O R e R B
JEIK 159.5 mPa « s; I BRI 7K PR F0 KR E PE R
Uf REREEIRF] 2 HL WA 10 0 90, Tt i B4 L
s B IR F 49. 8 MPa, A% T- ABPU(27. 8 MPa)
PET 79.13%.

2% Uk
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RELRRE & 2 F KRR 58
&l & S IERET R

REM, 2 R, TR, FRE'

(1. BRPERH R AL 5% B A R LA b SRR E QLIRS , PP 9% 7100215 2. H
M RA DA RA ] 22 TR PG, HOR 220 730060)

W OE. @B (AM) 3K T AR ER 40 (SSS) o i 1 A R T — B2 (APEG) 4 #4k, 2 RIE
BBEASELSRTEARAMEE K ZE W #HA RBIERTY S5 F 554 FH (PAM-700,1 000,1 200,
2400), R AL sh BIR &3k T Fe 2 R R AR T 5 HON 45 M e RS M 5 AR BE SRS AL
R FEBFR T R RN 45 K BT B e o B S AP TR R 69 Bk S R MR AR 48 R AL I TR A AL
A zeta MALNAFR T 53 A A2 BE & 69 8 1B M At Ao K HE ¥ zeta ® 4%, £ R &80, PAM-1000 4
WA R R, E 0T F Mw H 3.32X 10", A5 40 MR 6500 KR, 5 5L A 4 0. 35% B 46
R FAE LR E S 417 mPa . 5,7 RATKE 2.88% , tb A BB B BT 04 AL M
KW KM REBEEMT &4 T A HKAN; #E; BA

FESES:TQ536.9 MEktRERD: A

Synthesis and properties of comb-like polyacrylamide

dispersants for coal-water slurry

ZHU Jun-feng', WANG Pei', WANG Zhuo-ni*, LI Jun-guo'

(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. Lanzhou Petro Chemical Research Center, Petro China, Lanzhou 730060, China)

Abstract: The structure and thermal stability of the dispersing agent were characterized by in-
frared spectrum, gel permeation chromatography, thermal and differential thermal method.
The dispersion,stable performance of different length of side chain polyamide dispersants on
Shenfu coal slurry were analyzed by coal-water slurry viscometer, analysis of water rate
method. The wetting properties of dispersant on coal surface and zeta potential of CWS were
studied by video contact angle analyzer and zeta potential instrument. The results show that
the best dispersion is PAM-1000, when the molecular weight of dispersant is 3. 32X 10", the
concentration of CWS on Shenfu coal can reach 65% ,when the optimum dosage of dispersant

is 0. 35% ,it has best viscosity reduction,the viscosity is 417 mPa + s,after 7 days the analy-

%
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sis of water rates is 2. 88% ., better dispersion stability than naphthalene sulfonate.

Key words: coal water slurry; comb-like polyamide polymer; a novel dispersant; viscosity;

contact angle
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AN R D I Y T 5 R B R A o R
TR T 5 659 LA L. K % 8 i v L AR R
7 s TR b g Oy S R R R RR
L K I 43 TR 2 ) A e T e KBRS B — TG
SR H T e B R A R A T M o K Sk
23 IS < s ) i [ A ST 7/ = SIS SIS S S R
N JEBE TR 28 K IR I 4 BIOR) AR AR T B4 1 43 HOvE
RES. DL AR BTG A N BE (1 37 R 457 BELAE AR 480 2,
K5 B 0 20 B DR RE X KB IR o R e L 3k
F LA R AR SC LN M Bk CAMD s NS R &
B (APEG) R Z MR 1 (SSS) Ry Ik, DL ik
T R B 3| & 7] ZooK W A P SRR G il 4% T B
SR R WY 81 43 F 43 WA O 4 3L T KB 3 A
H A MERE LB ST BT, 0 HE — P Al g A 1Y SR
e T 1 o 1 7K B 4 ).

i

1 WIS

1.1 BR#LEA

P E R CAMD 3 i R 4 . & A AL 35 o 4
Ml 5 25 205 1 TR BN (SSS) Ay Ak 27 4l 5 445 T B 3R A
I WE 700,1000,1200, 2400 CAPEG-700, 1000,
1200.2400) ¥4 4 Tk P % o & =98 %0 5 ZE 1 iR
R (NSE) 4l =97, 6 0 . bt HiBr 42 2R 7 @ S pf
B B F] LR . B P bR .
1.2 &M%

XM-4 #IF7 5L BRI B CBC A DF R 6 A F 5 K0
L L i A 48 21 A1 1 35 A (VECTOR-22, 18 [ A 4
TR ED  BE B 0B 65 (Waters515-2414, 36 [# ik
B A\ DD s OB (Q500, £ F TA 2w s 227784
i B FAL(DSC-Q2000, £ TA 28w 5 KM IS
JEH O NXS-4C B, pUARAC RS T 5 422 ik £ 900 5 4%
(Easydrop % f# [E Kruss 2\ &) ); zeta HL {7 {X
(ZEN3690 %, % [E Malvern 2 #)).
1.3 RBLEWRTY &R0 A &

TEA AT T BE T WU S R P ke B Y 250
mL = CVBER P e T B i A I TN 35 3R 41 & 0 Tk
(APEG700,1000,1200,2400) F1 P4 4 Bk iz . i <

AP BRI EE 80 °C L [A] hI 2K Z. s Btk I 4 A1 ik
T BR % 4 il i A = EUJR PN [R] IF F 4@ 3 I, 60 min
PIRE 52 AR RN 4~ 6 h, BIVAS B8 B (6 Vi 1A B Tk
BB w5 43 F 7K I 4y /R (PAM-700,1000,1200,
2400) » AT HIC 8O 3 P BE I3 O 0 20k 1 R B
AR5 B 4 O o A AT S e, 80
CLATR B2 T ol A, B n At A T 4R i 5
R RE, AR A 1 TR m RN IR A
TR AR
n/\©\ . n/YNE“ N e s

SONa ¢

SO,Na ?

A1 BEBERTYSEWO AR
¥ % (m=16,23,27,55)

1.4 MBER o7 e K BE R 09 5] &

S5 SR FH B 74 R ERE i TR TR AR
AR 5 R B 1 DI 3 2l T S AELIRE vh AR K 3 AR Bk
bl 2 £ v o AR ) 25 1 e TR BE B K SR, TR Ot B O
RTS8 B SR A T S R A I 0 A
mE 1 fim.

K1 WMFEEHNTLAHNTESWH

Coll 4387/ wt % TCH ST/ wt %
Maa  Ad Vaaf Cdaf  Hdal  Odat Naat  Si.a O/C
MR 6.85 6.59 33.01  65.55 4.69 14.69 0.91 0.46 0.22
MR s Aoy &V B R Y B CoHL O, NL S g fb 0 &

TESC I % FIBREE DL, 8 TR m R 2
g 20 T Sk ] 5 R L HORE AR 43 A R AE R L 20 ~ 40
Hb R B R 8% .40~120 H 5 42% .120~
200 H5 7%.,200~300 H 5 8%.300 HLLF
35%0  HAABUE B KA 290 25 pem. ZEHERE N A
FHE N PR 0.2~0. 4 wt % B2 80R (L 30%
SRR W HED , DL 3l 600 r/min B £ 10
min, BIAH KB
1.5 o #A e 4 Mk ae
1.5.1  £08MGEE (FTIR) i

N TR 19 53 O A, IR B JE .
8] B I AR 6 2T A AT LTSNS A BT AR

G
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rEER

%35 &

e ALY
1.5.2  HER A (GPOMIK

W 8O TS R oK, A 0. 1% NaNO; %
R C AR BE R 0. 15 % ~ 0. 30 % =22 [a) il s 75 T 4R
Je 0,45 pem B U8 B Gk U8 L E AT BE G B 0F {00
T &, 4 3% #4 B Ultrahy-dragel TM250 #1
Ultrahydragel TM500 # 5 Bt A4 5, L 0. 10%
NaNO, /K% W i sh #5, Jsh s & 1. 0 mL/
min, FERE SN 20 pL, M SE IR 35 °C.
1.5.3  #ESHT (TGA) 2278 F 4l = # (DSC)
RSN

W BRI R it 2k AR S b SR S 8 B A R A
TERSAEPTFLL 10 °C/min BTHEH KA 30 ‘CTF
2= 600 °C. [A] B, it FH 2275 4 B A, DL T
%10 C/min, A 0 CTHR = 180 C, 8k 5 A
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T Eekoh b @ B YR TAIRS ARE AR L B RIS R, A AR R
FREBERK ERBEHLERERNA. M CO, BEL LIRS HBROG TR T ELAK KK
BAFBREBARR AT E @ mE F %, #8 m8R CO, KA RAIR, £ b BRI
MeEEEFHEMAAME EI U HRMABER BIRRFTEF ESLOH, FEANAT R
AT L. B FRER, CO, BebG i S B R B E R RIKT CO, # 4 IR, 23w &
Fo CO, AN F8 &, KKE CO, KARFBEHREBEEFBBIERS. ARKEAFT X,
H 3 ETE ) AR F e B AR LT, T A )G 8 = ROK IR - R AR AR A & 1.

G A KB, CO, ERAIE; e Lh; 2AF X ; HMAEM
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Optimization of CO, immiscible injection in

complex low permeability reservoir

LI Meng-meng', LTIAO Xin-wei', LI Qi*, LU Ning®, SU Ze-zhong®

(1. College of Petroleum Engineering. China University of Petroleum (Beijing) » Beijing 102249, China; 2. College of
Petroleum Engineering, Xi'an Shiyou University, Xi'an 710065, China; 3. Shengli Oilfield, Sinopec, Dongying
257000, China)

Abstract: The Niuquanhu reservoir in Tuha oil field belongs to the complex low permeability
reservoir with low permeability,low formation pressure and low mobility. It has many devel-
opment problems,such as high reservoir heterogeneity, high oil viscosity and low water dis-
placement efficiency etc. CO, flooding has great advantages in the development of complex
low permeability reservoir. Taking the east block of Niuquanhu reservoir for example, the
type of CO, flooding was determined as immiscible injection through slim tube test. Based on
the reservoir fluid fitting and production history matching,the compositional numerical mod-
el was established. Gas injection was optimized through production indexes comparison of
different development plans. The results show that although the recovery degree of CO, con-
tinuous injection after CO, huff and puff is lower than that of continuous CO, flooding, the

oil exchange ratio and utilization rate is higher than continuous CO, flooding. The recovery

x WA B HI:2016-11-30
HeW B EEE KR L I H (20112X05009) 5 EZ“973”iHRIBF5E 5 H (2011CB707302)
TEEB N 55 (1985 ), 2, INAREEY N A i - 0 9 A L BF 58 5 1« JH B T 7%
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degree and oil exchange ratio of CO, WAG after water flooding is the best of the develop-
ment plans. Moreover,the formation pressure,water cut and gas-oil ratio keeps within a rea-
sonable range,which is favorable for the secondary water flooding.

Key words: complex low permeability reservoir; CO, immiscible flooding; slim tube test; gas

injection mode; numerical simulation
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Comprehensive evaluation on injection-production efficiency

in offshore oilfield based on extension theory
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(1. Research Institute of Exploration and Development of Bohai Oilfield, Tianjin Branch of CNOOC Ltd. ,
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Abstract: Injection-production efficiency can reflect the production status and exploitation
effect of water-drive oilfield production units. Also,it offers an important basis for reservoir
to make appropriate adjustments. The aim of the paper is based on the characteristics of off-
shore heavy oilfield, considering production and injection wells in the production units. Tak-
ing all these elements into consideration, such as production capacity, production efficiency
and displacement effect,screening out a set of commonly used different production units of
injection-production efficiency indicator system. Using the theory of extension method, The
effect of different indexes on the evaluation results of production unit injection efficiency was
handle systematically and the classification and evaluation method of reservoir injection and
production efficiency was established,dealing with the effect of different indexes on the grad-
ing evaluating results of productive units injection-production efficiency systematically,to es-

tablish the grading evaluating methods of reservoirs injection-production efficiency. In ac-
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cording with the Bohai SZ oilfield own actual feature,on the basis of the analysis of the eval-

uating results of productive units’ injection-production efficiency.putting forward the corre-

sponding development adjustment measures,and providing a reliable basis for their high-effi-

cient development.

Key words: Bohai Oilfield; water-drive heavy oilfield; injection-production efficiency; exten-

sion theory; classification evaluation; development adjusting
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FEREZEHRMMET S EGCG 1y HPLC i 4 #7

B, A, L2, TEW, ¥ &, PRE, X)L E?

CLBPERHE R 0 540 TR EE, BV P 7100215 2. BP0 A5 ME A BR BT AE 2 A, B JaC B
710003)

W OE AR S BORARF R BLR AT RA A& T R AR R ek s e EGCG 89 46 m) 44
BAhE AEREWHPLC 9t & H A A4 A FB,.B 5X10 ° mol/L KH,PO, & &
(pH=5),A + B =20 : 80,umk s fe EGCG #J 3t 4 & /£ 25~400 pg SE B N 5% @R 2 R 4T
&M X R, r>0.999 0, ek i A EGCG % -F 3 mAr w ol £ & RSD 4 31 4 98. 32%.,
97.18%.1.96% 1. 73% . ZF =4 B A RF . T AWM S, TH TR M T RZEL T ksl
EGCG #9 4%, A s b, % — ZRAARBGHEMNZ CK &b X ey b 25 5 A4 23.63
mg/g.20.08 mg/g.24.37 mg/g,  EGCG #94 & 4 314 6. 43 mg/g.3.79 mg/g.8. 31 mg/
g, B RAKGEHEMNRET.

KR KA BRORMEE K ks EGCG

RESES . TS272.574 XEkRAERD: A

Analysis of caffeine and EGCG in the Fu brick tea by HPLC

QIN Jun-zhe', LIU Kai-li', HUANG Ya-ya’, WANG Ya-li',
HU Xin*, DENG Yong-liang®, LIU Wen-jun®

(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology. Xi'an 710021,
China; 2. Shaanxi Cangshan Tea Industry Co. , Ltd. . Xianyang 710003, China)

Abstract : Under the conditions of artificial inoculation, this paper researched the test conditions and
content of caffeine and EGCG in the Fu brick tea through HPLC isocratic elution. The results
showed that HPLC test conditions were as follows: mobile phase A is methanol, mobile phase B is
5X10"° mol/L KH,PO, solution (pH=5),A : B=20 * 80, the injection volume of caffeine and
EGCG and peak area showed a good linear relationship in the range of 25~400 pxg,r>>0. 999 0,the
average recoveries and RSD of caffeine and EGCG were 98.32%,97.18%,1. 96% and 1. 73% re-
spectively, this method is of good separation effect and high repeatability, which can be used for sim-
ultaneous determination of the content of caffeine and EGCG in the Fu brick tea. On this basis, the
content of caffeine in the first and the second steaming after inoculation and CK finished tea were
23.63 mg/g,20. 08 mg/g and 24. 37 mg/g respectively,and their EGCG content were 6. 43 mg/g,
3.79 mg/g and 8. 31 mg/g respectively. After the second steaming inoculation was the most suit-
able.

Key words: Fu brick tea; HPLC; caffeine; EGCG

» WA B HI:2016-12-20
ESTB B EHF T AR F R T H (14JF001) 5 & FH T 58 48 b B B X #% 5i H (2015K01-13)
EZ BN B R A957—) B B i B, i 2 g TR BF 58 07 1o« 2 A B R



5% 23

ZREE R P miER S5 EGCG B HPLC #4347 « 111 -

0 3l

Rtk R R R M B R T T2
K& 4%, @ 5 KR, & 2R Dol sy . Kok
REEMNRSAEREFILARERE T RMH
(EGCG) WM B S %% 202 45 30 B B % 1 o e
B % EGCG A6 I 5 75 A 1 RORAH 3% 1 7 )2
FHEE LIRS RSN o R T H
H i TR 0 T AR S T S TR PR B )
iz.

H i 2800817 EGCG i Ml B 204> i 43 19 55
RIS ) L 75 52 B v 2% IF 2% T, B 75 [7) I A6 00 AR
il 2% eh B o ol R EGCG i AR I8 S BRI AR SR
F HPLC %3¢ A T8 B & 26 2 F2 b i o o ok 5
EGCG %t A7 4G L 2 B 0K 6 2% 1 1 A AN [ 2
BT N TR A B4 T8 SN T 42
ol 14 o AR AL, — O T80 A AR % 2% R il B A EGCG
PR A T B2 A 2 L 53— T R AR R A N TR AR R A
A B — S TS K .

i

>

1 SRBHES

g

1.1 #MHEMNE

(D) FZA R i (CAF) R B & FILE
KB TIREE (EGCG) , L- 2 & B M 45 &, I 5015
B SRS B AT BR 28 A 5 BB (a5 4l L T A R 4
B B BR L L BR S IRV IE T B 3 o Ar A 4l K
TR WAk 2 0 A BR A A

(2) FEALRS :P1201 B %00 A 3% A, K%
AR A3 A AN 28 A PR 28 ] s FW 100 B 5 3 U7 fig b
PRI R HETIT 28 0 A48 AT B2 vl s KQ5200 AL
FEEVEHL B 1L T R A A BR A ] 5 SP-756PC
RUEAN o BT, il e A de A R |l LS
C50L #1373 1 28 VROK R A 1L P VT R 7 i 4%
I
1.2 %®kFi*
1.2.1 w5k

P 1 REAREL 2500 T T2 RS i v f L U pf
Bk 30 kg, 20 A 75 4. A0 1 TR L ZESS — IR IR ZE
J5 FIER ZRIR AR 25 12 Fh o 58 B T 4 TR b R
25 He, HA R B RS G % A LS. NS 2 d
Flf B 2 d BURE— IR, B R IBURE £5 B 2 e, 43 5%k
BEG P2 Z W CEGCG K Wi ME G & 12 347 460

R TR RN T 25« 4 T A T 1 7 2 30 T T 9 T
BB ORJG R T A R B R L 28 C R 8

d JG,45 CHET, By ik 0, RN 45 76 2% 6 9% 1 40 B
i & w5
B i
l - A —>l
658 — i 4 iR K A
i i i
B 2 A b T

Bk B Tl TR R
¥ v
HCAE B R

B1 EHEAMIIYALEEFAE

1.2.2  KilJy ik

MHERL 5 EGCG SR i 80 A (a5 1

KL W B R GB/T8313-2002 (il 7 1% iF
AR DR
1.2.3 ikt

P1201 AU 5 &% ¥ AH €8 3% 4%, @ 3% & Sino
Chrom ODS-BP (C18, 250 mm X 4. 6 mm, 5. 0
am) s T HEE(A) —5X107° mol/L KH, PO,
TR (BLWEER A pH R 5) (20 = 80) ;A3 30 C L
1.0 mL/min; 8K 210 nm, JEFE 20 pL.
10204 Fn MV W C ) B A o h £k

WERR FR B 2 Bh AR o S, Al K TG E VR
400 pg/mL BYBRAE W, 1B B R AR UE R G
400,200,100,50.25 pL. # 1. 2. 3 0% 21853 ) iF
T A5 T VAR T A O R R AT L & 3 RO
AT A5 b o 2 (RT3 L Inl 09 7 R e - fH
1.2.5 FEAALHE

MR OB BE A 80 m (80 H) i E B Bk MK
0.25 g XM JIMA 70% 2 12. 5 mL, #7512 41 45
min, 5 H % #H )5 &0 10 min, ¥ # 5 000 r/min,
IV W AR M B TR i A 70 %0 B 12,5 mL,
T AR 45 min, AH [F) 5% 3R 250 B E W
HIFPIR LW WIS ¥ LI 4 0. 45 pm JEAR
VR WK, DRV 2l K 8 45 2 50 mL, $#54), R4St
.
1.2.6  Jmkx i sc 55

FE TR0 5 i 1 45 RF 12 BUUR TP S i — 5 VR EE 1Y
s A T A AR [l iR 56, G 56 9% Tk 1 I
JE . B L — S A W AE R EGCG A% R £ B
W2 A 43 B I — 2 AR B 125 pg/mL (14 0 AE
KA EGCG MR -G FRER I IR 4% 1. 2. 3 (4%
FAFEATINE 3 WA R
1.2.7 fE®E

B 50 pg/mL ENMESL 5 EGCG #5 i 5 i )



c 112 - Ro#BHBRLESH 5 35 %

Sy S IERE 6 U, DU E W E SR 5 EGCG i ifE &
g T R K RSD .
1.2.8 RS IE

Ay RS B E 1. 2.5 S R HEHR T 20 kL.
Fie 1. 2.3 (45 5k AR kA 00 G 0 T R, A Ut 2% A
T e 5 EGCG AT LIAR 4 b 4% 43 5 . a3 i
K 2 frs.

2 #FR5ITE

2.1 HMHxXA

Wk R AT EGCG £E 25~400 pg/mL 5 B A R
PERR RAF. N5 1 iR,
Fz1 2HiRERMNERAEREXES
i ix EEEWE R
i e & Y=30.397X+96. 510 0.999 5
EGCG Y=51.942X—453. 26 0.999 1

2.2 &#H

fE 1. 2.3 kST . R B HES 5 EGCG
PRI o o 1) DR B BT, 43 53 kg o B 32. 1 min,
EGCG 51. 7min, W& 2(a), (b)), () . A5 kL4
SO I A5 3 A % T AN 1B 2 (D) .

300

250 - — UTHE A A 4T
X T

Signal/mV
— N
ar =3
<) =
T T

=

o

o
T

a1
=
T

o

1

20 22 24 26 28 30 32 34 36 38 40
1 B 15 [7A) / min

Ca) W M B s v 5 o HR 33

240

—— EGCGHRfE ik
200 ot

Signal/mV
Y =
) N
S =
T T

e
(=]
T

e
o
T

N
1 1 L 1 L

1 1
25 30 35 40 45 50 55 60
{i 6 171/ miin

(DYEGCG i & %t R 4]

(o]

N
(=)

210

180
Wi B

EGCG

Signal/mV
= =
N
S 3
T T

O
(=]
T

N
=
T

[o3]
(=] (=)
L

0 10 20 30 40 50 60
4 88 1} 1]/ min
Co) MHEBE A EGCG 1R A7 1% &

150
120 AT L A,
>
g 90 [
>
g
R 60 EGCG
30
0 1 1 1
0 10 20 30 40 50 60
R B B 1]/ min
() PR 1 A5 8 5 15 ]
B2 HaxgteitH
2.3 ®kE

e B 5 EGCG S 2 0 ks 814 R 4 51 8
98. 32 % F1 97. 18 %% , 4% A H AR,
2.4 AEE

IHETR 5 EGCG A d 0 T AL AY RSD {H 73
i 1. 96 % F1 1. 73 %0 . 25 R R RGN % E R

Pyl

o R

5 KRR e LA ok e 2 4 R AT
A1l 3 A, R AR HT P (2 d~8 ), MRERR
AR B, 6% 12 d 2 )5, SRR T 4%
itz (R M B 5 Sk 20 T A L L P A TR AR S e A
AL IRl R 7 A AR R R, D PR B R
7R I R A 1) S A6 355 SR o e o R 58 2 R E TR ) 8K
W Z A R T EERL 0 i, RAERT TR I8 d Z
B 575 10558 2 B CK 2SR i uhn ki 75 2 A8 ks
PR — L F R T 9. 08%.11.66% .
7.83%0 s RAEHE 10 d 2T AT, 3B S RIR K S ALtk
(R IR B B R B L 0 & 20, 08 mg/g, T
BT 43.37%,CK I8/ T 31, 27 Y. Wikl & 1 14 [
K55 B 2% v el 2 BICHE TR 104 16 2 I8 AR EH L 9 58
PR TR S 0 o R R A B L R SR



5% 23

ZRY AL 2PN 5 EGCG B9 HPLC Al 7347 « 113 -

W P 2 P R R (LT A 0 AR A 2 0 A
PRBEZEAETT o o 2 2 A ol T T At 25 P
LT LS Z W R R G S R AR R A ok
Bl 2% I v A R 5 A 2 R AR A D A D
N B A AT B T B R PR pUE SRR 2
AR AU 227 A 3 S AR

45

—0— 751 —O—{5#%2 —4—CK

20

15 1 1 1 1 1 1 1 1 LIl
JHMGEME O 2 4 6 8 10 12 14 %
RAET K/ d

B3 R F e Tt A2 b ok s A2 0 T AL

2.6 HEaEFZmIidfEP EGCGCALELERMW

o1& 4 Al g, AR AL A5 Tt #& b EGCG &
E R R, RS SRR R R R R 1Y)
EGCG & TR/ W &, /> T 87. 8800, 157 1
5 CK B F B A Ak A 4, o 310 2> 79, 62%
73.66%. MIKIRZEAH L, 58 RIRZE IR B P 25 1t 1)
EGCG &t T Bl B B, EGCG & & i > A
B T A0 R A B KL N EGCG 55 2 19 A8 1k B &
AR AL 55 IR IR G B Pl A — R IR R 2
I EGCG % f2 T B JR R 2« iR 80 L 2% R A2 00 44
VB KoK AR TR 43 fi it S LR R AN 12
fAj B )L 2% Rl ok [ ) Ak K A W AR 1 A
R R R ERR A RS R 57 %
W py P VR AR R 9 (5 P IR B AR 2T AR 3 kRt
WLl A IR, $ 1 A B

PRI T BedFh 25 % 1) EGCG & & A2 0 1%
DUAFAE 22 57 . 3% 5 9 58 8 1T 19 A K B AR A
) FR L ek 58 BCRE TR ) B B & L L R 1 A
3, EGCG 1 2 (Y ol B2t R . R R R 1
EGCG BA Y e b P o 48 I BN 43 0 S A
BER G AR WIS DS 3R nT LU o R Y BE AR i
17 0 ) 20 ik ke A A ) R
2.7 ReEFmIdBRFESHEZERSN

FH &5 AT T, DA PRFCRE B RS 2% AS 2 W
WD Y A PR 2> 9528 1 >CKL a0 FRET
31.98%.26.90% .25. 22 % . 5 —IRIRZZ S5 A &%
R ZH SR FREEHREIR 5E 15 CKI

im0 2 4 6 8 10 12 14 A
RAE R#/d
B4 #Frikmidfd EGCGCAEH T

KW w T REBEAX RS PR R 2 Wy
TN 20076 %0 M AR PR 2 W RN E 140
~15%. X Z W& Rt = RAFIEE R Z — . 5
KA S E AL WS TE R W 024 T T B A )
fift» PRI HL J — D L A 2 LA AR A
R DR AZE DR, BT AL BT IR It 9 5 2 5 A
KIS Z By 09 W 58 H R 24 5 U Y BIF 5T AR
R

22

Ol —O— R A

20
s
~
i 18
4
E=
;i 16
14
12 1 1 1 1 1 1 1 1 LLLLLL
Hid iR HE 0 2 4 6 8 10 12 14 RHF

KA RKH/d
B5 #mihidRPREinsEgniik

3 #ig

FEAR % 25 A2 72 N TR B R 95 78 e b AT AN T 4%

Fofr s I m T sk R e 3 50 2% i 1 i e BT EGCG
HEATREI L 45 HPLC WA I 240 - i 8h A A
B, B 5X10 ° mol/L KH,PO, ¥# (pH=5),A
: B=20: 80,4k 30 C,yi# K 1. 0 mL/min. K
W% KA 210 nm, #FFE & 20 pL, W0 HE B R0
EGCG M#FFERTE 25~400 pg U H N 5 W AR
PR R R, r=>0. 999 0, W HESR AT EGCG 1)1
Jinds Bl W % & RSD 43 5l 24 98. 3296, 97. 18% .
1,96 %6 1. 73 0 » i RSV AH €033 15 187 158 1B, 20 15 4%
HA F Ve AR AR 25 b ME B A EGCG
(F4% 120 7
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Qrrl 3 FEME AR EEINEE
EEHWNRAEHRR

x| kY, eyt R, X 2, REE, KA

(1 BEVERHE R B 54 TR, B P92 7100215 2. 55 PUZE BE K FE AR E B & ZE L2y h
L, BEVE V54 710038)

B E. 23N ARRBAERSHRASENEZRRA, ERKZHRALTEEGRFME. A
)ﬂi%fé.@%ﬁ’f&,ﬁ@ﬁﬁﬁﬁawm AT B BEAR B B A sSRNA 9 F, BF Qrrl, ﬂ-iﬁ’.ﬁlL"
TARRAFEENTEHROME LT L EEENALBEARPHAESER. FHLERE

P .Qrrl xR FEIRNASTHAERBEAZT RO AEKRALA 2 FGRBAFN. I, Agrrl ék%?lﬁﬁké‘)
BHRILF T AR EYHBEL RN TH I E G FTHK, T, Qrrl STEERA
YN REAE R REER.

KB Qrrl; BHEIKA; A2k, FA

HESES:S917. 1 MEARE: A

Regulation of Qrrl on various physiological functions and

virulence of Vibrio alginolyticus

LIU Huan', YANG Jin-fang', ZHANG Shan-shan', LIU Wang',
CHEN Xue-feng', ZHANG Gu-fen®

(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology. Xi'an 710021,
China; 2. Department of Infectious Disease, Tangdu Hospital, The Forth Military Medical University, Xi'an
710038, China)

Abstract:Vibrio alginolyticus is one of the important fish pathogen in China, bringing about
serious economic loss to aquaculture. A quorum sensing regulatory sRNA, Qrrl, was
screened utilizing the bioinformatics methods and then cloned. Besides, the in-frame deletion
mutant strain of Qrrl was constructed and the roles of this gene in different physiological
functions of Vibrio alginolyticus were characterized. The results demonstrated that Qrrl ob-
viously promoted the growth of Vibrio alginolyticus during exponential and stationary
stage. Moreover, the ability of mobility was almost absent, the biofilm formation and extra-
cellular protease production were all impaired in the A ¢rrl mutant strain, contrast to the

wild-type strain, which means Qrrl participates in the virulence regulation as an important

x WFS A HA2016-12-27
HATH : HEHARREELSTH 31301059 ; BEPTA BHET @ RF 22 RTISE 4R £ H (2013JQ3011) ; PRl K 2g i+ F)
R 3 5 & W H (BJ12-24)
EZEB 0 W A983—) L, BEPaPE & A, PV, - B 58 7 1) - B IR R R A
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regulator in Vibrio alginolyticus.

Key words: Qrrl; Vibrio alginolyticus; physiological functions; virulence

0 3

ill}

EEINE (Vibrio alginolyticus) f&— ff 8 &
FR 7K 7 FRBE R SR T T2 A AE T A4 b, AT g
22 A S DL, DR JH Rk e iy 5 30 %) 4 T 1 DIt i
SRR FE B Ok T BRI & SR Ak,
Vs S TR 3 R SR e N 2K, 3 ) A7 T Y i T 5 25 A
M R B0 B R A &R RT3 G Rz R R 2
TR fe T N R VR ABIF 5T 5 O TR 2509 1 4y
-V AL BT T 0 R A ] A I S b

Ve TR 9 2 ) R B A i A AR LA
iz Bl A 2 RN R G & sRNA 3+
PEAREE A Hiq M4, Hiq ol E b e i 14
TE R AT B rh 3047 52 1 i b 5 IR ME e £ A
U E Y. Bl S X Hiq iF A7 88 0 R B, i B A
Z 5 K FF w0 A1 40 M 43 2 08 5 e 1Y e iy S
A R B E L FE 2 B A0 B AR N 35 % B Hig
B IR R e b e 4 ey VR DR 40 A A B
A& PR AE Y. Hiq 2 AR  — 28R g i Y
sRNA 7 R A L LR EE . sSRNA &
T AFAE T AU R A A — 2SI G 5 1 R 9 45 4 1Y)
RNA, K/NK 60~300 46 3. sSRNA RE 5 8 Pk
B TE TR B Hiq AP RE AT o8 i s
FEH A 5 AR B R mRNA 4rF 454,
52 W) FC R T ik 3B 3 00 A, S L TR 2R 5K 1 e
. Hiq T8 Bk T REDIR 19 7 AR S5 48, H A 5 4l
S RNA 45 G A7 s R, — A T3 v 1 H T
Poly(A) B MSS &, oy — A0 T ik w1 H T AU
BEXMML S, FHIL, Hiqg iy RNA 4 F 3 4t 4590
T AR HEIE S sSRNA 5 AR mRNA 4 F 2 [1]
ORI (o R = - 7§ AR 1 a2 W 5 S|
Jo sRNAs X TV Z 4 1) 2 b AR FLDRE , n 2k K
FRAE RBE N DL M 3 ) SRR A B R EH B
Wi, 4 Hifq 3R 3K 52 it i, 28 LB L 3 100 g i A 1A
/N 235 W 9 IS 7R % FG T S5 40 S 2 s g

ABIF S 30 3 A= W E B A T B e v i oI e B
2 H 7 2 75 3 B R RN R 4% sRNA 401, B Qrrl s
2k i3 TG A 10 HE P B R T Be DR TR A rh B R
qrrl JEB AR AG H 2 Bk JF X H AR W A R v R AT
5T,

1 #R5FE

L1 ##
1.1 RS BURL

KW #F i DH5a. CC118Apir. SM10Apir . ¥
SR B A R B Bk MVPOL, H A kL pDMA4 | B b
Jik pMMB206 4 iy A< 52 56 = - 7. pMDI18T Iy
H TaKaRa /A~ #].

1102 F2 SR Al

TE IR FRAR IS A B — R AR A FRA W
PRI ARG iS5 %) s PCR ASURI 12 v Uk
A 1 A7 5 A= i B2 2 7 i A BR S W) 5 BB R 58
W H FEE AR RA .

LB 3230 A Bk TAEY TRA WA A
TagDNA R4 Fi Plu @ ff B R 58 . DNA 7> 745
#E B Marker \DNA [81USzia 5] &5 K 5ok il $2 12057 &
g B bt KR A AL B R 7 s TADNA % $2 il
S BRI PN IR H TaKaRa 23 A,

1.1.3 519

1 AARE DALY, 2 B GenBank
A B B R S il B R R AR ) TR R
UNECIRES)

F1 ZSWHAERAMSIY
JFF1(5'—3")
CCACTAGTGGTACGTCGGGATGACTC
GGTCGCTTGTAGTGCCACTTTTTAAATAATTG
qrrldoF  AAAAGTGGCACTACAAGCGACCTAAAATGCTT
qrrldoR  CCCTCGAGAGGCGATGGATGAAACTAACC
grrlcomF  CGGGATCCGGTACGTCGGGATGACTC
qrrlcomF  CCCAAGCTTAGGCGATGGATGAAACTAACC
1.2 Fi&k
1.2.1 qrrl FEFRWTRES 5T

AR A A A7 BN 12GO01 J R 25 F g L
SIEE LA B s [ R Y grr SE DR B, FLR A 015
B T BO AT L XS 0 #r B 18 1 I TR v A0
PRI R sSRNA, Qrrl, JE A Mfold X i 17
T HE R T 43 B Chttp://unafold. rna. albany.
edu/? gq=mfold). FESLIERY [, 4 F 451 9 %
qrrl FEH AT e,

1.2.2 Aqrrl ZRAERRAGH

DAV 39K B MVPOL e D20 S #5548 . LA 51 4
qrrlupF Fl qrrlupR. qrrldoF #l qrrldoR 43 %) #”
WS E T IR IR R B qrrlup # grrldo. PCR
FEY & S B qrrlupFE A1 qrrldoR RE| Y4
overlap PCR ¥ F T ¥i# [fl I & A BX qrrlup A0

ElE/EZ )
qrrlupF

qrrlupR
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qrrido B 155 A grrl F B B 38 1 AU
P15 A A BB pDMA4 3% #2841, I 5% 16 K W A1
CC118Apir, #kk PH P 5 B I 35 k. Bl J M\ IE 4 19 FH
T I e N T AP L L (AN /T Sl |
SM10Apir, F- ki & A 5 20 JFkr /Y PH P 5 B bk L 1
HBEAR B P L 5 A2 R B AR BB MVPOL i 474
B4 R T R RO R BN IE 1) 26
Fric S nERE 7 ) e B bRiC . 2o ad Wi fe W PR 4 L 3K
22 PCR Je I 7 56 30 1F ) /9 HE Py Bk 2k 28 2% #k
Aqrrl.
1.2.3 HANEKE qrrl+ P ) 2

Pi MVPOl St H @ b &= t, H 5l ¥ &t
grrlcomF F1 qrrlcomR # 47 PCR JZ v , ¥ 3 15 3]
SHERE grrl P ORF X 3 & 5 3 7 19 DNA
HBG Tk E pDMI19-T #h 4k b, % 5 & A B
0 e 56 UE A A AT A R DR e AR o L A R
PEHUJS L i R U D) S 5 E RN TR
pMMB206 % %, I % 16 A 1 £ W bk K W T
CC118Apir H, 7% PCR 5 iiE 15 2] PH M 50 . fh 42
[lkh BTk pMMB-qrrl , 5546 2= KA #T " SM10Apir
Hh L O UE A B BH P TR L I DL AR A R AR
B H 5 AN R pMMB-qrrl #45 EZ K H A grrl
o AR B E AN R gl T
124 AKihZmn e

W ORAE T — 80 CH A P Y TR BR 2R 2 LBS
WS T, 30 “CHEIRH 200 r/min i % & 95
Begf 8 45 B WO BT B LBS WA RO 2
OD600 A 1. 0. 1% (v/v) #HEF E & 50 ml
LBS WA R =B ) = Ml h . T 30 CHEIR T 200
r/min $5 3%, 8 1 h BORE I € H OD600 fH, 23 il
25 AR I AE R 2 58 A KR
1.2.5 A=W A I

W 3 K5 % I TR B 6 1) LBS W A B R Ak
i BE A E B OD600 {H. Bl J5 B 4% T bk 3 b 2= 7%
A 10 ml LBS W A5 % 5L 1 % 0 B 1 3 55 3 4
H, F 30 CHEFRAE T RRE B3R 48 h. M IROh
WIN 2% (w/v) 25 i VW, Y 46 5 min Ji7 , K 35
FEYARTE, ARK IR, BE AN 332 (v/
v UK T 7 W A I L AE 570 nm &b (1 O AE.
1.2.6 &8s

ST 0. 3% (w/v) CBCEHRO 1. 5%
(w/v) (BESEH0O B g B 19 LBS S #7245 T Ak 19
Ui s vk Ak sh Pk TS AR S I B MVPo1 B
H TR IR VA qrrl S8 RR AN qrrl T EORD B AR FH B &
LBS WA 2 M B & OD600=1. 0, W HL 2 pL

TRV T 0TS B 3RO AE B T 30 °C BE SR AR
RS AR U B B SR B R E A K 2 RIS RN,
U X L #E AT 4 REL

1.2.7  JANE S P o B

E PRI 5E SR B IR 4 057 A 4 A 75 'C R K
B 15 min B9 10% (w/v) RIS B & W s &
LBS [ 485 3% 3 v, il AW BE R 1%, ¥ 45 16 4k
J B T AR R BE 2= OD600=1. 0, L 2 L % fin T 4
WhFAR b /NG BT IS AE 30 °C 55 R4 b (8] 8 15 5
N2 B VR A0 32 BH P 1 ELAR KD,

E T 43 BT 5 R E SO R 6 R
(Hide powder azure, HPA) JiE #) 8 B ft J5 B8 il 1)
AR R G YRl B K4S B AR AE LBS WA R
FEFFF 30 CEEIRKTFE 10 h J5, B0 E L
W 0. 22 pem FLAR B — WK M JC B 2o 08 2% 0 g b
BB 1 mL B g b O A 20 i v
A 1 mL PBS (pH=7.2) L }% 10 mg HPA,
T 37 ‘CHEIRH 200 r/min #5557 2 h. ZE&E DA M
2 mL 10% (w/v) TCA ¥ WA 1k N, 12 000 g
B0 5 min J& , BUE & E O HAE 600 nm &b
.

2 HFR5iTiE

2.1 qrrl Bol x5 oM

F A W45 B2 T B f 2 AL IR A [Q O e
Y qrrl FEFFE) 5 B AR % IR 12G01 4
F R 2] 81 AT e X L 05 45 el ZEP T 5 3R DL
PS4, LA SN MVPOL 1 3 N 20 9 8 b 97
WA E] grrl JPH). MF S5 SRR, grrl ST H K
JE2R 121 bp, H 5 0 [CIR R | &I i 90 5 | 28 BL K
B oqrrl F R F 5 A FR RS R R M. A Miold
TELE AT AT T HL X A% 5 RNA #E 4T = 9 45+ 13
KB, Qrrl B AT BLA YRR 250y, 7 L 3T o 2 B
U R, A0 7E 25 3R 45 0 o] & A £ A8 & 1 Hiq &
FERE AN AU & &I CnE 1 TR,
2.2 Aqrrl RERGME

SRR B grrl LR T 0 (9 3L Al 1, E— 2P
AR 17 Y58 2 46 19 Ji 3R T A Bk A% B B 2K grrl
B 7-121 f7 3 115 bp B RAEHE A grrl. H R
JHE #% PCR (51 , R H AL T 58 78 ¥k 4 2 Be oh
M) 51 W) BEAT B UE. G5 R R, A qrrl BT
BEARAS R H W R B BT A AL Y 5 Bk A T 115
bp CANEL 2 Jr7s) . i — 204 i 45 1 28 48 bk i A7 ik
PRI ZH it 42 SR FA [R] 5 1 90 36 45 D0 43 . D07 45 2R
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UER  Z B RR gl B R TT 80D 32 HE 7-121 fif
B 5 P9 PN A Y TR 01 0 e 2 A

c-YU
d
d\G/G
g-d
A/\/
Y e |
f~d
Uy 40
20 a-AmUTA-dd
~ 6,
/ U,
c~C~a l/\ AG
Vepef
A oA=L t-A-A"¢ )
A—C -G 5,.‘,.,>b~G\C'
S v 60
34 "
u /
120\ &
U 6.
Su A A‘c’\\‘\
v Coyp-c-aA" 80 L(‘L/ C‘C\A
Py
i (A
I
G-c¢
u-4
-
I i
A=l
04
(’:_l
TR,
o b
] ¢
C\A—G/C/
100
B1 Qrrl —&%ZHMHmn A
M 1 2 3 4

4500bp

3000bp

2000bp |

1200bp
882bp
800bp
776bp

500bp

200bp

B2 Agrrl £%# PCR B w ik B

2.3 qrrl T ARG M E

TEZE 7S R 1 BE il B A T ) 3 7 B g f
Promoter 2.0 X qrrl 3 I35 7 50 34T 207, 8
Tk OB H: E pMMB206 FRR L IR A &
Aqrrl AR, LG5I Y qrrlcomF Ml grrlcomR
P45 B B R R E 1T PCR Bk, 45 5L R 7 grrl ™
AN R PTG AT B A 22 115 bp BRI S A
B H A grrl 53 728 bR 5L A rhoRE Y ke i B DL
i pMMB206 kL b #7191 A A ) 7 X8 58
B [l &b R B, UE B 5 A A H A9 R B 11k J5TOkE
pMMB-qrrl WG 2 A grrl A PR (N
Kl 3 BT ). Bl J5 AT SR B SO 34700 7 43 A

—WRUE T qrrl T EORMR Y AL A

M 1 2 3 4

4500bp
3000bp
2000bp
1200bp

800bp

500bp

200bp

B3 grrl” @ANA # PCR BBiE & ik B
2.4 Qurl AEFERAAEKG YA

J TS Qrrl TR BN A Kok B b Tk
FEIAEFH 5 2390 %08 i 38 I BT BB A A4 R ke AR 9% 78 ok
HAMEH T AR M LBy E. LA R KN =&
15 2% L L A B A A5 0T L A 2 e 0 e R R AL 2
h J5 5 3 A6 B I B A R A e AR R B b AR
et fy R B2 E T AR % BE G5 ) OD600 nm =
6. 0. TEXTEUERKIH N, 588 bk 5 BAMR I A= AR [
By AR R W PR bR AE K 2 12 h R AE
HEAFRGE W AR AR E WS, AR A KGR
B 5 L AMRAH 2 A 7K F- B A A DR A vk
4 Fron). AL, grrl B Y B e i R )
FEA AT AR AT R e, X 0 A K A Y B2 e R
K. TRVEF s qrrl ™ TR PR TR R 0 4 I P 3 58 A8 R
AR P IR B T AR R Y ). SR
M s AR B 25 4 7K 7 O 2K BE 15 31 BT AE AU B Bk 7Y 7K
SV, AT RE ] RD SR 55 fe 7K T B 23R ST R BB Y
FIBAFAE— & WA AR .

7

- WT
6 =% Agrrl
- qrrl+

OD600/nm
=

0
01 2 3 4 5 6 7 8 9 10 11 12 13 14
Time/h

H4 FEEHKGAEKEZL
2.5 Qrrl MEFEIRFHBE S HEGIARE
AT HFEE Qrel X i 90 12 3 Pk 0 £ 1E
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%35 &

AR RHEA 0.3% M 1. 5% B LBS 4K
RSPl X6 3 2 AIC Bl P 43 00 3 4500 . DA TE] 5 AT
PAE B AR R AR AE 30 CHE 3% 12 h )5 . 7R A S
T S L R AU (5 WA R Y = & b S AN [
DU JE — bl P L TE 3 B . T A grr] 5 AR BE R I Bl

e I B AR R, R 7E s R b AT A2 K B, R
PR TEY B B4, B AR BRI BRAE 30 °C #5538 12 h
J5 S AEHCE AR E R B8N B B SRR ) AR
B A A M. A grr] R BT 35 RE 1 L
58 AR, qrrl T E R R 3R B A I Y ] AR AR
SERA R R 4R . AT UL, Hiq

RLEBIRE I R AR
X e oI TR B T 2 R T B9 A 1) R R AR 322
i Qrrl AUAE RSB,

\VT i \ ‘ /ATII‘II
\ \ . / |
\Qﬁ o 4 \-/ &

B5 Qrrl *AEZEIINBFESH LN H R

2.6 Qrrl & BEINE A WA BT R A9 Fn

3 ok XoF AN [ R Ak A 40 0 B R 0 A R - 75 9 K
W AR E P EE R 8 hE. EiRlERES
LBS ¥ A3 77 55 4 fioh 2% 10 AT 2 B IR IR AT D /Y L 3¢
JEESE () A R T A qrrr ] 28 738 BRAE A [) 1) 15 352 25 1
T A [ 9 Al 2R T 1R A ) e T D A B sk 20 T
qrrl " ERMER A W 1 1 OE A R OK RE GA 3 BT AR
RUZKP AR 58 bR AT W S 48 5. S i 25 R L (1
SIRT R A qrrl SE78 KR AR W) 1 T I A B A R
W T 50 %0 (AN 6 BT . AT UL, Qrrl X i i K
T A W 0 T ) T A TE R 4R AE

0.7
0.6
0.5
g
£ 04
R
0
[a)
© 0.3
0.2
0.1
0
WT Agrrl grel®
B 6 Qrrl xbiz N B
T R% RE 71 8 % ;)

2.7 Qrrl SEFEINE R E G B A R A FH e

JHL A1 5 P s v ok I T L 43
I B A A SF M HPA 580 1k b R[] T Ak it &b
PG R R AT 0 R E R AT AT 25 R B A
TR T R 76 JBERG 2 5 7 Al nT A FL R U TR AR
s W R, B W R AR RS IR X R KL T
A qrrl GEASRRAE I R 28 15 - Al 1% 1 i W P
12 Ko 375 WY B2 F4 00/ DN 5 24 B 5 2 i TR i ] 32 HE
A1) ] b 28 S8R B v S HC LA R 1 ) 3 AR ] —
FERHR T (N 7 () FF ). HPA W6 2 B 45 1 5
A5 SF- AR A A B A R i A0 B T o e A
BEAE: X BRI BR asp Al A luxR R BRILFE S B
AN . Qrrl 235 A7 10 i L A0 & g A R
ARG T G B TR A 17 7 o ) R AR 5 B A R R Y
B 7Ch) M 7¢O B, Hal W, Qrel X% 3o &
6L A1 25 1 A A LA — 5 1 R .

QO 0 9

Ca) A 0 BAS: 90 40 A7

asp-  AluxR  AaphA  Aqrrl  grel+

AN 11

(b)HPA & 3 #r

(OD600/nm)/ (OD600/nm)

WT asp”
()HPA &0 5% B4 #r
A7 Qrrl 5EFEIRAMINE G B R0 RAE

AluxR AaphA  Agrrl  grel’

3 it

VA R IR /K SR A 0 S T B A IR B AT
DR R o g 1) ST O 2 5 10 7K 3R B 3 A
TERBZHHL. WM 2T N T N
SN I AR W s S v A RIS R 8L AR
IR N A 7E sSRNA 43 T 1B B Hiq, %
O B I B BRI RLORE T a8 S AR ek
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I, J 4/ 2 O L A R AR N AE TR DA R T R Y
A7 E R EE Y. Hiq 1E y—A> T 50 5 5%
Ja &R PR AR T, 322 U B AS [ ) sSRNA 4
T 5#br mRNA 43 M BAE i & D 6e. 7K
AT B . Hiq 38 33 SgrS il CsrA B4~ sRNA 43
T AT E TR A P D 5@ i OxyS J fh-
LA Fl rpoS e K 1) e 5% 3E AT S8 Ak N S R L 7R
FERLINEE  Hiq FEZM AT Qrr 43 X 440 8% ¢
BT LuxR 1 AphA (1) 52 0 g 52 B H 5 1)
A

ASCGHE S AEWAR B 2% F B AR BN 12601
DA A i A 3 BE R RN I #E sRNA 43+, BP
Qrrl. 38 i [F] Y 55 41 AR T R I 7-121 o7 B 1Y
JC b 1 35 PRLAE P a2 2 A8 Ak 3 Ao ) b G BB A
TR R B D B A S ) 2 B R R R s Querl I R
SR L A1 2 1 ) G AR A — i A AR R A L
BB ST A B 24 Hiq 826 IS, H LA 2 gAY
i BT E X AN T LuxR Y # 5%
S5 AR S B0 L Ah 2 i R AR L R
TERSNE b, Hiq B2l HE — A8 Z 14 sR-
NA MMk Qrrl #EA4T M Sh 2 (1 il 22 35 1Y 52 el M Y
Qrrl BRI IR BN iz sh itk 56 & Z . 5 Hiq
Bl bR — 2, W] Hiq xF T 9% 3 9K i 13 3 1
FOPE = AE B E 3 T Qrrl SRSEEE. B Ab, Qrrl B
SRS AGLT o I I A E X 50 R T RIS S DT I TR AR
W RE WY S AT Y AR BB AR, Y Hiq 3Rk Z T,
AN A X 50 K 0 A A R R AR AT BT R B L B
KRG E W5 BP Ik #) B AR ALK SF, R B Hiq i i
Qrrl K HAb R A sSRNA 31 69 B 7] 98 45 75 )
A7 BB A ARG A 4.

3 AT SCRY BTG AR TR B B AR P 25
T HHAKEE LR sSRNA 27,8 Qrel, N
TR 5T 75 B8 R Hiq X 28 oy B Hofh A= #1 0) fE
PR HLBR R AL T R R, R, B 45 R R T
Hifq XF 5 8 9 b 55 0 PR #0000 52 e ik L i A K 4
KNS 55 BN E A R AE BRI RE ) sSRNA 40+
ARk — L %5 S R IR A Qrrl 5 Hiqg
P RV A LB, 2F — 25 5 I i 35 oI 1T 1 500 L
il

S % ik
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Study on optimum extraction and antioxidative activity of total

flavonoids from the Leaf of Menispermum dahuricum DC.

KONG Yang', MA Yang-min®*, PENG Huan'

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

‘Abstract: The paper is about the ultrasonic assisted extraction optimum process conditions
and antioxidative activity of total flavonoids from Leaves of Menispermum dahuricum DC,.
Orthogonal test method was used to select the optimum extraction technology. The results
show the optimal process is power 150 W, ethanol concentration 60% s solid-liquid ratio 1 :
20,extraction time 60 min. Antioxidant activity results show that the total flavonoids has
good DPPH radical scavenging capacity.

Key words: Menispermumdahuricum DC. ; flavonoids; orthogonality; antioxidative activity
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(LLBEVERI R B S TR0, Bl W2 710021; 2. Fdb K% R0, BevE 74
7100695 3. i K= MR E2 b, Bt B8RS 830046)

W E.AMESKH K (glutathione, GSH) 3 = BEH R 4k, K £ A A R A AR & A 7 % 4
B L WA EF R AETGRAST £ TR H B ARNF LB EERE
FERkHBEFABERST.EMAA DINB R T 0 E GSH & & & a4 T, F 54
GSH &% P B ek b THRAARER REN LA I LRTHRL. EREAN . KERA MR L
Rk kR A ME—H GSH Z & & W HEBE 8 GSH & F Bk bF . KR A . Hat
7 GSH #%%T%ﬁﬁfé

KB 2 WA FR; RELAMTR; RER KRS, &&F

FESES:R284. 1 XHEEARERES: A

Preparation and fermentation process of GSH high-yield yeast fusant

QIAN Wei-dong', WU Qi-hang', LIU Yu-chen', WANG Ting?, MAO Pei-hong’

(1. School of Food and Biological Engineering, Shaanxi Unversity of Science & Technology, Xi'an 710021,
China; 2. College of Life Sciences, Northwest University, Xi'an 710069, China; 3. School of Physics and
Technology, Xinjiang University, Urumqi 830046, China)

Abstract: To construct glutathione (GSH) high-yield yeast fusant, the fusants were derived
from protoplast fusion between Hansenula polymorpha and Schizosaccharom yce spombe by
polyethylene glycol(PEG) fusion method. Based on-high temperature screening was adopted
in prescreening,and ethanol and Sodium molybdate culture medium were utilized in second
screening. Then GSH content was determined by 5,5 -Dithio bis-(2-nitrobenzoic acid) (DT-
NB). Finally, the genetic stability of the glutathione (GSH) high-yield yeast fusants was ana-
lyzed. One GSH yeast fusant strain high-yield and genetic stability was constructed. There-
fore,a breeding strategy based on the protoplast fusion method would be a valuable alterna-
tive to improve glutathione production.

Key words: Hansenula polymorpha ; Schizosaccharomyce spombe ; protoplast fusion; fusant
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i

A H K (Glutathione, GSH) & —Fh ih 4 &
M2 2 e R S H 2R 20 S 3% P =K, L AR A
TR A A g, B TR R - B A
PRSI T 5SRO REFERME S,
R A SR B GSH oA ) 3% i 2 1
FE e Ah, GSH 38 BA B A A 1R L 3k 3 58 22 B
R BRI Kk, GSH 75 B 25 {8 & & ik
M AT A B Tz

Hui, E W GSH Wik & H i 2, 1
FE GSH JLF 58 kit 1. GSH B4 Ik A
o2 G Ok A O T R R R b, R
A7 GSH ik PR ™ 5 AR 72 A B 43 8 T
TGP0 A H AR 2 W N A7 . H i, B 4h
TER i A ) & T A 7= GSH R BIF 58 K SF- 45 » T
BN & A 77 GSH 1 8 (KK 7 5 = S L AT A
ZEHE X PR T B = O Y T AR R IR A 7 T R
UL FF % M REAL KA GSH. @ 7= B dk s A 8. B
B T & B GSH dwed F R T8k 5 20 B BT
Hrp GSH & & 805 1Y 8 28 DU BB R | 24 58 B
RS R R R AR 2 B R

£ & i W £ I8 I ik B B (Hansenula
polymorpha) DL-1 A H HA 4 4 Pk & | 8 5f A
A T e R A K R PR e ) v R R R AR AL
SRR A S ORTE. I b 38 A% T 5 M L 38 A% 4R A1 ] B
1% ST AL 5R T B L5 O R GSH A= 77 B8 .
W ANART 38 0 B S P R I B GSH A= 7= 1 g 7 T
5545 W R 8 A 4R A T BT RESE 0 7 TR
PR R 77 GSH 4 4307 L BK . R I, AR 250 D
Z I DL B B R DL-1 A0 SR 2458 |2 13 8 Hh &
TR ) P 40l R R R I R R RE
IS4G B F BT e il R Ik U7 L i #E GSH &
7R R

1 MBR5FE

1.1 ##

1.1.1 EFh

Z B DL [ £ ( Hansenula polymorpha , H.
polymor pha) DL-1, I5 T v [E Tk i A= 9 08 5k v
L S ATCC No. 260125 32 15 24 54 % £
( Schizosaccharomyce spombe, S. promb) (S.
promb 2.1794) W B 1 FE k27 Be f5l A= W0 k5 B
L1z 0 B AR

(D FZF . 5,5 - AR C2-Aig 32K B i)

(DTNB) F1 GSH FrifE it £ U5 F Sigma 28 Al s H A
LS EOP 3  EPNRES PP f s 3711 RSN /N

(2) FEAULS . B H A E B O AL (sigma) | HL
TR 35 F2 48 (L B L g i s A BR AN WD L T
YEG IR M5 T A 18 25 2 w1 | e e 28 15K T iR
(g FEBRAE YR K R AT BR A A L5 4MAT L4
ST GRS ).

1.2 Fik
1.2.1  BEBERLS 06 &

(1) J5 A T A 1 il

3 590 B 22 T8 L 3D e B R SIS 284 5 1 R D TR
200 pL 4T 10 mLYPD K5 3: 35 (1 % BERER B
22U MR 2 YO R A B pH7. 2) W, 37 “C N 28 C,
140 r/min, 3% 16~18 h. BUH#F &K W 1 mL, 5
O 55 FIH W, PBS 22 e 3 I, FEINA 1 mL
P4k B (0. 05 mol/L EDTA /KW 0. 02 mL.j-
Bk OWE0.02 mL ¥ T PB MWW, €A T 20
mL) . # 4], 30 C/K¥ 10 min J5, B0 )5 57 EIE
W . PBS 22 MR BEYE 3 W, FEIMA 1 mL 2. 5% A 5
AP FE2T.35 CAR 1 h, B O a5 BIEW .
PBS 2 MR TR 3 K- JE A 1 mL &8 2% thii
(5.2 g KCI T PBE Ml . € 45 & 100 mL) H 15
Ji A T AR R

(2) J5AE oA 1 il

WP Al s AR B AR 1 mL, 5240 KRG 3 min, MR
FARLE 20 min, ¥ —FH IR A2 500 r/min &L 10
min, % E3E W, A 1 mL PEG-CaCl, {2 il 7|
(PEG6000 8 g.CaCl, 0.9 g.f-%i%k Z B 0. 04 mL
BT PBEME.EAZR 20 mL), ZBHHEAS.30 C
K 20 min, 37 B =598 52 vh R R T 1R

(3) il F HY i 1%

O A K P Re i 18 « Al & B 0.5 mL, IR
TR RERE B R R (1 YRR R 2 R H I
20 B BE, 15 ERE, 2% Bl By, pHT. 2) 1,37
CEW KT IR 24 h, BEVLPRE A KB K SBEAF 1
Bk, 37 CHEER;FE 48 h.

@) i 755 Y0k 07 26 « K i T 2 < 1 B 07T 2 AR A5 1
7 TR R & 32 TR Sy IO A b R B P o B ) 22 912 90 3t
i AT R SRS 2L 50 B T D T IR TR s
FREE b AE 48 CHHIR K IR 48 h, I vk BE T /&5 1R 1% B
PR L% S 00 A0 R AT 3k 3 HE R SE T R A B 15 5
BERL G 7 R0 22 0 DU R 1 H .

QO FH TR M 1 £ B ik 52 1 O 3% - 0 AR R PERE R
B T v R R o 3 TR S B 6 R BH Mk
HE %) 22 1 U3 19 R DA A RIS T 2 B 8 R TR R o o 22
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%35 &

B BEFR RIS B IR AN T S BE (4 00) e B A R 15 57
e, 37 CHEIEEF 48 h 5 i E AR (2.5
mmol /L) BEFE [R5 55 He b, 37 ‘CHE R BE 5% 48 h,
Al AR B R AN £ BT AZ M A T IR S
AR AT S BLHEBR 208 D B R L 15 BB RLA T
R0,

(4D Fil G ¥ AL Fa e T

T MRt R A GSH & ™ mil & . 2 Fh 21 14
YPD R 45,37 °C L, 130 r/min, 16§35 55, 4 48
h & —AX, 2 fh 8 AR AR B — 4R 1T GSH &
AR
1.2.2 DTNB FEfN GSH ™ &

Fie B 22 SCER L1300 7 W AT 454 L 0 3l BB
B F 2 T DL IR RS 24 5 e B 1) £ O T
5 mL, B0 A% FIE R4 MLGTVE. B WO T
Mish GSH 0 &, 40 i FH 700 5 ML GSH 19 &
i, GSH [ 85 5 —F Z A

A F I O R R O R 2R TROK
VeV 2~3 WL AE 85 CHLT ZH 5, FR . 758 fif &
TR R 5 0 A 30 1 7 YRR T A 4 R 2 B R Ak B S
320 LW, 4B A 1.5 mL 0. 06 % NaOH
F10.5 mL 0.03% B, #5), # 1E 2 min, FEIIA
2.5 mL DTNB 2 ## (1 mL 0. 01 mol/L. DTNB
WIS 99 ml 0. 25 mol/L Tris-Hel &R IE 5
pH8.0),#%5],25 C/KI 5 min, W 412 nm WG
8. FEARIEWOLE 5 GSH W B & 25 R
o GSH iy &,
1.2.3 MERERGFHRETZ

YRRl A T M E YPD B 4,37 C,
180 r/min X5 3% 18h. BN 3% 4 81 i) % £ ) 47
GSH % &l 2.

(D BB ML

e Z R 50 1 S A b, B OE 3SR, i
S AR A T 2. 38 AR 22 4 A e iR 0 B HiE i AT A
MrAb B B 58 e & BE T2, v R & IS ] L 32 b
AR R ) B R U (R R M) 8 in
R ANFEENR BN ES N 3K, UL GSH
PR PG RR L KO L3 1 iR

1 EXRKBERKER

KES
KF R ] i 0 R [3=3e 2
A/h B/% C/(g/L) D/(g/L)
1 17 3 10 10
2 18 4 20 15
3 19 5 30 20

() HEFR IR

O % a0 - T % Bl 2B 0 1 2 K R AR
WA A W RS e, AR S0 A TR IR BE (20
“C.25 °C .30 °C .34 °C.37 °C .40 °C .45 °C .49 °C)
ZAF TR AW A8 h, BERR 6 h BURE— kA2 2
i+ & (DCW) & GSH 77 .

Q7B A T < T e R SR X AR B —
SE B T30 R AT AR Al R R A e g A R L 1R AR
WA LA s GSH 77 5.

2 #ZRE5iTR

2.1 BABEBFREGTHHNE
2,101 BRI I O ik

H T S5 B 1 0 e T 52 38 B Sk 46 °C L T
b P RE A 5 v T 32 3R N 50 °C L BT LATE 48 °C R
TR KT % 48 h, n] PR SR 24 A e B A 1 TR L 7R
48 “CHEE K IR 4 1F T . 208 DU B B 1 ] ) A
KBRSy, G 5 R B 0k AR K, i A
MRl A TAE 48 CHIREE R &AM FREIE LK.

() LI DBEEEE (b) BIATREEE (ORI 5 WA T
B 1 BARE48 ClaBdisfi it
TeAERER

2.1.2  AHFERENAN £ BB PE G 1E

W 2 JER 78 2 T FVEH R A 5 [ 14 355 37 3%
H, 2208 D0k R TR B LG K A T, T
SRS S8 5 e R B A TR AR G AT B TR
i A T 52 2 %) B R o BT DA — 45 25 Bk 2 TR DL I
155 Hbr GSH & =Bkl & 1

=

() 2T HR T 0 B JR 3 () 56 W o o P 4 A 035 7
B2 BEgASTFLELAFRERLAEGARER

2.1.3 DTNB £ GSH 19 % &

Hi ¢ 2 A] 41, DTNB %45 35 # Fl 67 # [ bk
AlA 7 1) GSH 7= & ¥ 5 T 2 I8 008 B & i R TE
R T ST R e B R TR AR
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*2 BMETHGSH =

75 M+ /(g/L)  GSH & /(mg/L)
3BEMAT 6.2 433.6
67 AT 6.1 421.7
Z T8 DLt 1 5.8 324.1
ST AT T 5.2 151. 1
2.1.4  RbEFRRGENEST

ML 355 GSH &7 fill 5 0 A T W bR 3% 252
& 8 AR, Xt A — AR 4T GSH & = Mk iy &1 3 7]
L35 # BAKHY GSH =i T FEREUE 1002 N,
FUNZ R B R L RRE .

500

400 |

300 |

200 -

GSH /" &/ (mg/L)

100 -

0 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9

Rk
B 3 GSH & /= &b Tt b1

2.2 HEABESTHAMIILIAR
2.2.1 IExRELER

H 2 3 AT AL & I E W 2T A Ry >Ry >Rc
>R s 5 R J5 Wy Ry B2 Fh i = 8 RER R >
WA > B E, ERNEREHAE N
AyByCo Dy BUEZ RIS [E] R 18 h, % Fh ik 420,
MR 30 g/ L EERR M A 15 g/L.

£33 L(IFNEXRKELER

e A B c D (/?:;15;
1 1 1 1 1 379.7
2 1 2 2 2 439.3
3 1 3 3 3 423. 5
4 2 1 2 3 118.3
5 2 2 3 1 420.7
6 2 3 1 2 422.3
7 3 1 3 2 392. 4
8 3 2 1 3 132.8
9 3 3 2 1 415.6
K, 414.17 396.80 411.60 405.33
K,  420.43 430.93 424.40 418.00
K;  413.60 420.47 412,20 424.87
R 6.83 34.13 12.80 19.53
2.2.2 BRI

T B U T AT 4 SR A v A R e 1 e I
FAFHE A B, Co Dy HEFP IS [E] 9 18 h, & Ff ity
40 HEWE R 20 g/ L BERFR K N 20 g/ 1) HIEAL

Rgw A /B, C.D, (#2 0 if [8] Ry 17 h, $& Fh & K
AV HHEBE R 20 g/ L, BEREER R 15 g/ L) 4T 4
FEEIE 56, Nk 4 FToR . 2 FhoOr R IR IS &
WAL R BES A T TS GSH = i/ T IERR
R 2 54 E Ul 20 IF AR 50 0 2E 15 H 1)
M AR,

F4 HEBIERBER

. EE B2 BHE 3 A
7 /(mg/L) /(mg/L) /(mg/L) /(mg/L)
Ay B2C2Ds 442.7 446. 1 448, 2 445.6
A1B:C2 D, 431.9 436.3 440. 5 436. 2
2.2.3 HEFRIREEXS GSH 7™ & 1Y 5% i
(1) L et i P 1 6

WA 4~5 PR GREXT DCW fil GSH P2 84
FH—EMRm, R 4 T, S SRR 30 °C
I DCW mik 3] 6.2 g/L; AWEL 5 AT UL, 24 55 37 I
JE R 37 ‘CHE, GSH = # i3k 489. 6 mg/L. 37 C
BF GSH 7= A0 1 F 30 CBF 4/ T 3. 69 %, {0
S, H DCW HIF T 56, 4%. d b Al W, GSH &
FERERE LA T Bl A KR B S & R P2 GSH
F8 L AN [) 2 B g A T R I 6 ok i e TR B
fill & ¥ A& W GSH R BE

DCW/(g/L)

4 BRESHKENTHYH

500

400

300

200

GSH 7=/ (mg/L)

100

T/h
B5 ®EGSH =%t %h
(2) 7% ¥ K Wil
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FH T 4 B T IR AR A T 2 B A AR AT, B
i BE Rl A 8 T — R s B R Y R T SR,
20 Jf 8 K T 1 1R 18 B L 3 O TR A A 7 N
Y GSH #2417 3 J1. B DL, A 5280 1% 3 A8 iR R %
I W W RE LG 7F il AR KR BE 30 °C fH R 35
7 24 h, B IR 2 RIS R BRI B 37 C 4k 22 1H iR K
I 24 h. e Ah R R BE LG 7R SOl AR KRB 30 °C
TEIR G 57 24 b PR 2 W0 R BE 49 °C 1E R 8
7% 18 h, PR % Bl & BRI B 37 °C 4k 2L H IR 1%
I 24 h. WER 5 PR, 45 5L 3 WG 3 A8 I & 1% oK g
HBET L R GSH 7= 4.

x5 TREABEER DCW M GSH K2

KRR/ C YT E/(g/L)  GSH P /(mg/L)
30—>37 492. 8 6.4
30—>49—>37 512.4 6.7

3 #ig

Rl A TR R T 208 DLtk R B R SE T Y
BE T B AL P SR AR AR A AR AR 5 1 A o — RE 2%
SO HREE TEAE T WA EAR A K M.

GSH i 7= i B fil & 16 0 26 7 v 32 22 T
T3 18 0 2T B TR M T 2 2 O B A TR s 3 07 26
SE e, R 22 DL [ R T AN S 2 4 R B Y
I 5 0 A2 1L B8 43 90 K 50 °C 1 46 °C L, Bif LLAE 48 °C
KRt 200 D03 i B B R E B b A T R B R
B, T S TG 5 I R R 2 0k A AL AT HERR SR 2
B B TR A A 0 B 7R T e TR R LA T R
B 2208 DD I B TR R A o T AE £ B R EH R A it A7
P 0 2 S 56 v, SRR SR A e RE RTA AR K, 2B
b R TR TC VR AR K, DT AT HEBR 22 1 L b R 1A 1Y)
FETE 32 W 76 5H TR 4 AN 2 T T 2 A O 32 5 56 o, il
BT AN SR S R A AR AR

ML E s g5 Jnl DL L35 5 M 67 # il
B F 02 B 28 DU B BE TR RN ST 24 5 5 B T Al A
2. X R PEG Wl & 28 DU I+ T F 32
2 GE R B R AT A L A TR
1 EL A 2290 10k I 1 TRT RIS T 224 4 1 B TR 4 R 1
Hs AW ok B T MR AR AR S50 45 5 W R
J A B AR Rl A vk A Y A TR 7 GSH Y g

Ty 58T PIAS A H 5 A% A 5 T O gt A%
PR B R X O Jm 250 1 [ 2 ) GSH 2R 7
PERE S At T SC B A .

2% Uk

L1 3R 7R AR AN ) 18 Pk e deh—— 45 JBE T JIK i 7 5 3
JRL1]. i 5 & BT, 1999,25(5) :52-57.

(2] FIRDT . BEME Z 07 . MY A0 4 e H BRAIE 5T it g
[J]. #HbE4 . 2013,21(3) :428-434.

(3] BERCAR, B2 o7 UK. 38 J5 280 28 o 1 JIK Ay 2B 7 T 3k B G
(1], % TR . 2013(1) 1 10-12.

L4 N4 L. RS 1 R 45 IO IR A T 5 57 Bk O AR B 5 [ . ik
FBEaF AR, 2011,13(1) :116-118.

(50 % .t .ok B, 55 & 7= 8 e B R B 1 07 ik 2%
BRI, B a5 R RERHEE . 2013.49(2) 1 10-12.

[6] 3 M KMk A: 7™ 4 e H K B L 7 5w w2 (D, 73
M IR K2, 2010.

7] R EHRM . £ 18,5, 2R DGR RERE 4R T
1 13 AR 5 2 SR (). vl P B8 A0 B2 L 2012,39.(4) : 55-56.

(8] X KUk, M = W 5 el . SR R e i 2 2 P & (5 5
JIREE H B BESE LT ], i 4%, 2007.29(2) : 250-256.

L9 Bk 2, sk Aol , 24X R . SUBE AT T& R TR 79 e 1 i A O 4%
BT IR IR ], B A . 2006.27(2) :84-86.

[10] Francesco Mezzetti, Luciana Da Vero, Paolo Giudici. E-
volved saccharomyces cerevisiae wine strains with en-
hanced glutathione production obtained by an evolution-
based[ J]. Fems Yeast Research,2014,14:977-987.

[11] Dorota Grabek Lejko, Olena O Kurylenko, Vladimir A
Sibirny.et al. Alcoholic fermentation by wild-type Han-
senula polymorpha and saccharomyces cerevisiae versus
recombinant strains with an elevated level of intracellu-
lar glutathione[ J]. Journal of Industrial Microbiology &-
Biotechnology.2011,38(11) .1 853-1 859.

[12] IR BEE N =I5, 8. — DA R Je 1 1
PR T A T B L) PRV BB R R (H R B
JiD .2014,32(5) : 123-128.

(130 BRI AT 07 B A% i B8 s D050 B 0 O 26 7= 43 e
JREIBEFE [T ], B Tolk B 45,2013, 34(6) :207-210.

[14] BEERP, THEAR A BRL S5, A D H IR B0 2 318 SO Ho &
i E 77 122 P e AP L) DL o G R 97 22 75 2003, 11
(2):136-139.
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i E.ALES F K AGTARFARDT AR5 > R HRPER, R

DR ES CACL, £ S 422 14 d. AP IR T & 48 4 5 RS2 £ R AW, %ﬁff’fﬂé

‘1’@.@: REMEF (T P<0.00D), AN HasESERF MRV (T P<0.05) .44 FH M, 4
FARFEZF TN VP AKBETRBESIFTREI T AGE, BKT ARG ORE. ETLE
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Protective effects of theacrine against cadmium-induced
hepatotoxicity in mice

GONG Pin', PI Si-hui', YANG Wen-juan', WANG Lan', CHEN Fu-xin*"

(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology. Xi'an 710021,
China; 2. School of Chemistry and Chemical Engineering, Xi'an University of Science and Technology, Xi'an
710054, China)

Abstract: The elementals analysis on the level of cadmium,zinc,iron and copper in mice liver
exposed to cadmium chloride (Cd( 1l )) and the protective effect of theacrine against Cd( I[ )-
induced hepatic injury were investigated. After injected with CdCl, (ip) for 14 days,the oxida-
tive damage of liver was evaluated through measurement of cadmium,zinc,iron,copper con-
tents. The results showed that cadmium accumulated in the liver was significantly increased
(%% P<C0.001),while the zinc content significantly reduced (¥ P<C0. 05),the iron content
increased, the copper content shows no significant difference. Theacrine may clear the way by
an excess of free radicals,reducing the degree of oxidative damage, so that the element con-
tent showed a dose-dependent inhibition of cadmium and iron increased tendency and reduce
the downward trend in zinc and copper.

Key words: theacrine; cadmium; trace elements; oxidative damage
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g R )T Iz BN T T AR ) B i i
EWEETE N S Wk il & B BOA Bu L B0 R 2
RAZNE . Z R WE 5T 3R 4 i B PEAE T BB 55
JERER A5 46— oA 84000 B I8 50 00 I st 25 )
18 7E JE . PO PR BR (theacrine, TO) 2 —ZE EH
WE RS BR Y KR A W ) o AP AR T 2
Fol (1 i 2% ot e RIS R WY D R IR R B A e
TR L A R RN BT AR B 1 25 B U e Ak
S SR S N R R
FEHT, D PR MR R X 7 5 1 JEFIE A O B — i AR
VR T AR LR AIL R 6 oA B . A AT 5 4000 o A
B /N BURF IR0 0 B8, 25 5 O 24 LB LR LA
IS N INN ) R A (R G (AT D% 7N
5 10 Y R 19 6T 5 461 5 /0 RO JIE O 4 4 ) 9 A
BILT o A5 A5 7= b (0 T 22 R o T 42 AL 4504 = 45
HIB KA.

i

1 #MBEFE

1.1 S=EHH

FALGR (CACL) W B K74 R A 7150
Az SR IR W [ Y L WU T 245 A R\ 5 W R 1A
R ZR X205 a0 s W R R i [ b sk T
J 755, 5- At — 2 — iR H R (DTNBY Il [/ Al-
fa Aesar A7), —H LR A E LZRYW A I
T LU A A B2 w5 g a0 34 O 3 B 4.
1.2 Z®kasmS5ERME

et /N 35 L I SE A 79 % 28 38 K
B S B L K E 202 g BEALEE /N LA
S5 7 R 2y )ik 1 s, CdCL i
W R 2 mg/ (kg » &), B A [6) & 5 70 3 R 7R
VW BERERZG 1 IR FFEE45 2 14 d, DU JETIR R ik
By 10 mg/(kg + d).20 mg/(kg « d). 30
mg/ (kg « &), RWES G EE B 24 h, W7 54 58 %
H s O IERE & R AF T — 70 “C Ry vkAE T FRE .

*x1 MEBRBRGMREBEHAFX

a1 B2y
i i 4 B/ [meg/ (kg + D]
ZEHHA 0.9% Nacl 0.9% Nacl
RV CdCl, 0.9% Nacl
P A CdCl, TC(10)
#4141 B CdCl, TC(20)
fird C CdCl, TC(30)

H:CdCL, WM EE ] 2 mg/ (kg = d).

1.3 /R E F HonE

ANEUALBETIT IS J3 ) Pk A o R A o A
Fe SCHR L6 1 28 2 115 I IR E 25 3 5%
1.4 mE4EHN

o P B Ak 12 HE AT R 5 T A L B PR T
DU FIEZH 2, E PR DR AR 58 70 W T oK o1 B T B i
H, Rkt 500 °C KL 6~8 h, i RS H L R IR R
F0 53V A K Gy A i A E 8 D RO BE 3 SR
FH K0 5 5 B BB 1Y b o il TR B R
DNRE & 78 40 L B LBk LB T R I (pug/g tis-
sue).
1.5 A T A 7 ik

YA R et T TR o o) 48 0 L0 LAY 3K L R
P75 T 35 W 0 5 B 1 L5 5 AR -2
X HR (DTNB) i 5 1 5 78 45 e H Bk (GSHD ™,
i AR L BE 2 R U I GE i B O AR Ak AR AR N
(MDA) & &1,
1.6 #¥BsiitFix

BT A 1Y S 56 B0 s #8 R /8 H “mean = SE”. 3
(8 FH B 1m) 5 22 43 B 5 Cone-way analysis of vari-
ance, ANOVA) FIFH R (1) ¢-F 56 17 58 1 2 53 A7
geiteE b P<<0.05 N2 git A L.

i

2 HR5iITiE

2.1 SHG A FARBRARS DR TG Y0

WK 1 frR,2 mg/ (kg » d) CACL, #4514 d,
fifi Cd 41/ BUAE B BALF2 147 P<0.0D),
M40 LR R R4 A 10 mg/ (kg + d) .20 mg/ (kg
« d).30 mg/ (kg « d) BT, 45 25 55 DU K (K 5 14 K +F
2 b AR 4L A S KA IR S N R 3 i i
R R A S Rt 2 TR EE L T R T
AR B ] 53X 0T AR O P 24 1 vk AR OF R
RE A 2501 100 4% PN Fh 4 5 4 0 o1 4 R oT R 1Y
AR B S AR 0 A L R A R R R A
WA T R R IEERIP S T R 2
W P<<0. 05) , T . ) A U R iR
PR A WEE LR,
2.2 ABBUE Ao vd F IR PR B AR A st 0 FFRE AR 2T &
4%k

WE 2 BioR, 555 HAUH B 05 41 0E 28 &
BOE BRI 7T P<T0. 01). 24 Y F L IR R 1 M B
b 30 mg/ (kg « ), REAEHNHI M n (- P<<0. 05).
X TR ML T A A R AR AT 25 4 Bk
BEY)HE AN 5 A0 2 I AT A R R
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R T % T A A 75 B BL05 00 — B A AN £ 4
el

28 | —&— Control
—8—Cd-treatment
—A—Cd+TC10mg/kg
—¥— Cd+TC 20mg/kg
26 F —4—Cd+TC30mg/kg
50 *
~
£ 24
20
[
2 2
>
o
<
20
##
18

Day

(n=7;%5 Control AM L. #* P<C0. 01; 5 Cd-treatment 2 #H
I, * P<<0.05)
A1 44 A Pk kR AR 4P
X AR E 89 % ol

0.9 s
; 0.8
[=}
2 *
g
£ oy
[
o
o
g
£ 0.6
o
0.5 Lz
0.0
o S A0 2 ey

x5
o o
< Ca+TC(mg/kg)

(n=17;% Control 1t t,* ¥ P<C0. 0131 Cd-treatment Z41#{
ke, * P<<0.05)
A2 %84 T RR &P
xF s BT REAR 2 % $6) %R
2.3 5B A e TR RER AR s ST IR P Cd,
Zn.Fe.Cu #9 %
CdCL #ifh 14 K, JHFEH TR & = 2 ki
B 3w, i S Al i mmE RN D
T P<<0. 00D 3G, AR A AL 5 B A LR B
A MTREGER EASI R GRS A
HUH, o EBED, BASIT#E X C P<
0.05),TC ¥ A 30 mg/ (kg « d) B i 25 30 ) H
W P<<0.05) s A 55 LA R, Bk
i, &EsH%E X; TCHE N 10 mg/(kg + d)
WL BRSO BA A gt X P<<0.05), TC
WREN 20,30 mg/ (kg « BT I/, 8 & =T
ENEEER IR R i
PR PN I T 0 R 2 18] BE A 45 5T A P[RR

80 F [ Jconuol

I Cd-treatment

o0 A Cd+TC10mg/kg

B [0 Cd+TC 20mg/ kg

260 E=JCd+TC30mg/ kg *

~

% T &

= ¥

Saot TN %

= N * g

a0t , N [0 i é

TR R e

LA N RN Pl
Cd Zn Fe Cu
(n=17; %5 Control AL, *** P<<0.001,7 P<C0.05; 5

Cd-treatment 24 AH Lt , * P<C0. 05)
B 3 43345 o vd R R BR AR 3P 2T
NEIFIE P Cd.Zn.Fe.Cu % % &

FAOAFAE B 4 B O B8 A B AT A i 2 A HE & 2
FFH G 2R 4 76 T IDE DY 1 R o 3 B, (A5 4
HR R A G S i v ) BT R NI T PR LR AR Y 1
W UIRE  [A] I BR B - 13 15, 5 AR N & 4 Fenton
FOAYRA R SiE=NE N B A R AR (b 2
TR RURAE - A N | A = A 2 (RN
A ENEEAHHE HERENEE TS
P S AT () A 8 DA B ) SR A B 45
2.4 B A v TR DR BR AR A7 Ad o BB IR P
GSH #= MDA # %A

A e H BRAE R ML P9 F 20 ) T LA T BR
1 Hy 3 A R T I i A T RE. R T O Ak S AL
A B S A b A G 0 2 B ) A A G
SEE A FRARE. WE 4 R EmR A S S A
FHEG, A BEH IR B 2 TR (77 P<<0. 0D, g it it
A ALY BN (7 P<<0.05) B4t ;Y
F R AR R 75N 30 mg/ (kg « d) B, 414 B B ad 45
AW 38 m#a # - P<20. 05) . 45 Bt H BK7E A [+ 541
HOT A B .
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(b) fig B3 S b
(n="7;%5 Control A It ,* % P<C0. 01,7 P<C0. 05; 5 Cd-treat-
ment 414 kL, © P<C0.05)

A4 43845 Ao ww F A VR ER R
sty RAFBE P GSH 2 MDA # % %

3 #ig

A S 8 30 3ok A A 0 /0 BT IS Y, I TE R
i AR AT T DY SR TR R 9 PR L e AR R
BH IR R PA A B SR B N 1 Bk L b T
B i O R R R R T R T A A
B WA T SEAG A s 0 R BEL Dy ik — A B ] R X
JUERE PE AL S Bt 18 B R L R — 2D T R AR
Hh I PP S R TR R B T O S

S % Uk
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A P EZGR Y HREH %R, T4 Mat 211198; 2. Beriflf K% S 54 TR¥% 6, B 6%
710021)

B EAFERAMNBERGTFALERINRATHAFNEY . AZLFTEL FHBRLE S
DA RAERT — R RN LRREY S L FEHBEENSY. @3 HNMR,”"C NMR 5
HRMS s & R 091tk AT7 T M A 4E, 500 MTT M 2T o R a L F X5 Eisdh
S AT I 2 0 (HepG, ) o A% 20 L (A-549) B A 25 1 9% tn i (HCT-8) g i A bk, 25 R 2 %
A R 3t R R 8 B B n Rk R LR R R AR e kI AE R L A & B P & ey AT A AT R A)

F 32 AL R SR IR
KBRS L V5, FEBRLELNESY; B TIFE; B K
FESES:RI14.5 XHERFRER: A

Synthesis and antitumor activity of lappaconitine acetal

compounds derivatives

YANG Wen-yan', FENG Guo-zhong'* , LIANG Cheng-yuan®, PEI Shao-meng®,
SONG Hui-hui®, JU Wei-hui*, FENG Zhuang-zhuang®

(1. School of International Pharmaceutical Business, China Pharmaceutical University, Nanjing 211198, Chi-
na; 2. School of Food and Biological Engineering, Shaanxi University of Science &. Technology, Xi'an 710021,
China)

Abstract: To discover novel compounds with better antitumor activities and less toxicities,in
the present work,a series of compounds of lappaconitine acetal have been synthesized from
the hybrids of lappaconitine and aromatic aldehydes, which have not been reported in other
literature before. The structure of the synthesized compounds were characterized by 'H
NMR,"”®C NMR and HRMS. Additionally, the cytotoxicity of the synthesized compounds on
human hepatocarcinoma cells (HepG;) , human lung cancer cells (A-549) and human colon
cancer cells (HCT-8) have further been detected by MTT method. The results revealed that

» WrFs B #I:2016-10-28
ES£WB FHRKARBFILAE T H (81602967); w1 F 1+ J5 Bl 4% 3 £ 5 H (2016M592898XB) s PP & BT A AR %= K& W H
(2014]Q4154) 5 BEVEA # B T L WA= W58 10135 B (15JK1076) 5 BEVE4A A ) B8 54k & R BT 1 R 3 & % B B
(2015) 5 EFRKHRZHEQHF DL IIZR R 5T H (201510708172,201610708019)
TEZ B A CHE(1989—) L, TLIREE 3 N, FE BEAR LW 98 26 L A 55 O ) - BR 2 7=\ B R 5 20 0%
BIAEE D EL 961 —) B VLI A B W57 1] 252 (B 27k 4 55 52 W 18 fen-zhongepu@126. com



+ 136 -

ReEHBREEZH 55 35 %

these compounds have potent inhibition on different cell lines in various degrees,specifically,

the most potent compound 6 and 7 are worth further studying owing to their satisfactory cy-

totoxic activities.

Key words: lappaconitine; aromatic aldehyde hybrid compounds; acetal compounds; antitu-

mor activity; drug synthesis
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i 5 R e B R Sk 1 T B A O
gy e 3 E AR AR R R 25, oA 2R A )
WEE AR 2 HTIE R . s R A
TR R TR W R 2 AR B
T oA FEAT 45 F A8 0 3 o A7 A A ] AR AT 45
ey A LIS M SR e i 5 R AT AR

e 4 R B IR R A W A B FLA R T
PR A R 8 AL R B A ) Tk
. P54 E A BT S R R C-18.C-14 AU
T4 L B C4 AR B SR T AT A
Al BATERI . G PR C8.C9 i Y48 — 3
HERE 5 AT A W B L A 5 A R ER A R L AR A
FHOCHE - 2R ST7 FRERAT A CF 1, B
B BT IR 5 S BT bR T A AT BE S T A
N TFIT AL S A K.

ARSI B R C-8.C-9 (kAT &4, A
Al 5 R 5557 B B AL & W SO & e B R
A5 WE AL W I R AT b8 38 A 47400 2

i

1 MRITE

1.1 RELXKA
S5 v 2 B AR ) B AR A S anER 1 A
% 2 iR,

x1 FBIE
X7 24 FR Az 7 )
JA2603B HLF K R EA T
HH-2 %% 5 6 R K v B [ 4 L 25 A A

SHB-5A fE ¥k £ F B 25 5
R201D Y JiE % 7% K AL
KH5200DE #8445 8 7 I 15 Uk 2 Bl R A2 A
DHG-91234 BT S X T4 RIBRE R L & A R H
UV-2100 %5007 W46 56 BTt JRJE T ) (X3 BR A F
BSZ-100 H 2l #5735 & T AT AL AR A PR A

BN R TR A A A R
BN R TR AR A R ]

XT5 2 s il A% LT R AT
ZF-1 24 Al BN R TR A A AT R
85-1 B Ty i PE AR g G R A AT PR T

Bruker AVANCE % HE4% I 3% %
MicrOTOF-Q I i A%

78 ® Bruker 2\ )
MicrOTOF-Q I Fti#%4%

&2 AR

1K 2 K AW
JEH R = W R R AT HERH 40 AL T AT 52 B
o HY R TR KHEE SR A A T 58
WS R PNESIV-R ! MR

GF254 ¥ 2 i B AR
FEMr Rk 200~300 H

T U TR T MR AR A R
KA AL TR A IR A 7]

3 R-d6 3 [# Sigma-Aldrich
AR IR Fh IR FHEB TR e Ak TR

CELPE LR N KRR A R

5 15 B % (Sigma-Aldrich) , NMR i Bruker
I8 ) R 15 2 48 L C(ADVANCE [l1-400 MHZ) il
7E s HRMS H Bruker 28 &) 19 T 3% {% (MicrOTOF-
QI . Fr F TR0 35 Sk 43 4l o 458 FH i oA 28 i —
P AN R Y N TR OR N 7R R
ik ) 2R R R R 2 4R L
1.2 %%k
1.2.1 mSHRAEERLEWHE K

(DF 100 mL BREEIE b, 4505 & B &
YIS EH IR = HEREE R 1+ 2 AY e B 30kE, B4
VERES ), 5 G i e e R M S5 18 T AT RN
FH T2 o 3 0 DB 2 5 A BT 04 7 4 A B D BB R R
N 3 E

OGP REGHEBRIAMESWERIL A 1
2 1.2 MY LB B R A A = S H R 50 mL
V) BT RE IR A B DR ER M R B L A
T 10 S5 1R 64T RN, TLC 38 i 92 56 F 3, O
S8 42 I TS R0 R 25

) GHEJZE T AT 4y B $E 4, 43 H AR ™= 9, FR
R ECR. AR L A 1 TR,
1.2.2 w5 H R 205 W 0 45 4 S

B o B R AR 2R AL A W TR AR DM-
SO 3 o A% ff 4R &0 C H-NMR) | B i (1 C-
NMR) 5 [ i (HRMS) #E 17 &5 g F 1iE.
1.3 BL T A% £ FAb B E RN T

XF & I E W MTT 32 8547 fif 92 40 g 4
B A . A0 R A AP 40 (HepG.) s A
it 95 240 M CA-549) , N 45 17 9 4 L CHCT-8) , 45 57
i 5 DMEM+15 % NBS+ XU,
1301 FR BV W

(DMTT A2 % 1 mg 09 MTT BB T 1
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Bl &5V E%0BENLEYGERIEE
mL D-hanks & H7, ff &% B2 1 mg/ml, 3L AC 8
H.

(2)DMEM K732 3£ 4B . DMEM K5 3% 3 10. 4
g % T 1 000 mL 4K, il NaHCO; 3.7 g,
Hepes 2.385 g, B X 858 £ 4% 10 J7 Units,
CO, M pH 2 7. 2, 3L UEBR & . 4 °C VKAE IR A7, e
FH B Jom i 37 98 e B 2 10 %%,

(3)MEM 5 72 5L 4b ¥ . MEM 5 352 38 10.4 g
T 1000 mL ZZ48/KH . i NaHCO, 2. 2 g. Heps
4.8 g HHEE HEHEK 10 71 Units, ] CO, <M
pH N 7.2, L UEBRTE . 4 °C UK A8 DR A7, lm FH B o it
B & 10 %.

(D55 2. 5001 2 3 B 1% WA e 245
An 58 WE S 0.5 %.

) FEf W : I DMSO (Merck) & % )5, In A
PBS) B B 100 mol/L 13 W 5 # ¥4 51 1R
B ORJE FH DMSO B PBS (-) Fis B . e 4 1k 7 43
%1% 0.1,1,10,20,40,60,80,100 zmol/L.

(6) % BEV - 4 v 5 WY A0 T B9 e i 98 25 90
5-FRR 15 BE LA [R) B 1) 2% 1 T 06T R VAR
1.3.2 4iiEkist

it B A K i TR 4 i 20 B R 3R T 1096 KA B
AT N R LB R (% 100 1 U/L) 1Y
1640 R . B T 37 °C.5% CO, . 1 FI%R FE 1y
AR R P G IR A RE AR B 2~3 d
FAR T U AR AR B e 81t 55 57, PBS Bk 2 K R
T Ak J I BT 26 ) 5 % VR T 3415 )8 R 4 i
T3 YA EE RS ACH B9 85 3RO b TS 0 B R W R
L IO A K A0 L TS
1.3.3 WHEKT7 ik

EURT B AR K 1) 40 e W AR T EG DL 2 X 10t/
mL A% R F 96 FLEE IR A FL 100 pL. B
24 h 5, BFrEfb 5 LL 2,4,8,16, 32, 64
pmol/ L Ve B Ab SR AM M. S50 20 B AN kR 5 AR

FL.BAE 0. 4% DMSO 185 5% W VR xR 245 918 H
48 hJi .25 B & fL A 100 xL. MTT (2-(4,5-
TR JE-2-wEME L) -3, 5- IR SE-2 H-PU R SR BR D)
(1 mg/mL), 4k&: 85535 4 h, 57 B &L A 100
L DMSO, &% 1857 . FE§ AR AAE 570 nm Al &
WO BEAE. AR, AR =1 — /A
W S D) / X6 R 4 W ' B X 100 %6,
1.4 %it®F &

W B A3 505 F SPSS 20 Ge it 2 i kT A L
BT AL B R R (ot 5) R P4 1R] 9 T £k
OB LR AT ¢ K56, DL P<<0. 05 WES BHA S

2 HFR5iiE

2.1 BL T EGBESDGER
ARSI FIR L BR AT 8 M E S
RAAERAEY 7 HRIE 60.2 V0~T3.4%.
2.2 HL VR GE RS Y SR KAE
2.2.1 fEw
£ R (2R, 3S, 3aS, 6aS, 7R, 7aR, 10S, 13S,
13aR, 13bS, 14S, 17S )-8-ethyl-5- ( 4- hydroxy-
phen yl ) -3,13,17- trimethoxy -13b, 14-dimeth-
yldodecah ydro -10, 13a, 7-( epiethane [ 1,1, 2]
triyl )-2, 6a-ethano [1,3] dioxolo [4',5":7,7a]
indeno [ 5, 4-b ] azocin -10-yl 2-acetamidobenzo-

ate.

&Y OS2 Fis.

B2 eh(HwisdsHh

TG 2 B AL 7= %R 68, 4%, M. P, 232~
234 °C."H NMR (400 MHz,DMSO- d6)8(ppm) :
10.71 (1 H,s),8.27(1 H,d,]=8.6 Hz),7.85(1
H.d,J=8.0 Hz),7.76(2 H,d,J=8.8 Hz),7. 57
(1 H.t,J=7.9 Hz),7.17(1 H,t,J=7.7 Hz),
6.92(2 H.d,J=7.8 Hz),5.83(1 H,s).5.25(1
H.s),3.41(1 H,d,J=11.3 Hz),3.38(6 H.s),
3.26(3 H,$),3.18(8 H,m),2.89(1 H,s),2. 68
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(2 H,9),2.34(1 H,d,]=10.8 Hz),2.26(2 H,t,
J=7.9 Hz),2.12(3 H,s),2.05(2 H,dd,] =
15.0,6.5),1.91(3 H,m),1.39(2 H,q),1.03(3
H,t,J=7.2 Hz)."” C NMR (100 MHz, DMSO-
d6)d (ppm): 168. 11, 165. 89, 163. 29, 156. 37,
154.61,139.94,133. 64,132. 35,132. 07,130. 60,
130.14,129. 48,128. 38,122, 53,115. 80, 89. 32,
84.08,82.66,78.13,73.50,57. 04,55. 87,55, 36,
50.56,48.18,42. 46,35. 24,31.47,26.02,25. 63,
24.14,13.25. HRMS(ESD caled. for C;s His N, O,
[M-+H]+:689.336 0,found:689. 339 3.

2.2.2 Ew@

Z . (2R, 3S, 3aS, 6aS, 7R, 7aR, 10S, 138,
13aR, 13bS, 14S, 17S)-8-ethyl-5-( 3-hydroxyphe-
nyl )-3, 13, 17-trimethoxy-13b, 14-dimethyldo-
decahydro-10,13a, 7-Cepiethane[ 1,1, 2] triyl)-2,
6a-ethano[ 1,3 Jdioxolo[4'.5":7.7a]indeno[ 5, 4-
b Jazocin-10-yl-2-acetamidobenzoate.

L&Y 2 MEERINE 3 Fimxs.

B3 a2t ssh

TR A TCE BRI K, 77 %R 70, 3%. M. P. 218
~ 220 °C.'"H NMR (400 MHz, DMSO-d6) &
(ppm) :10.50(1 H,s),8.27(1 H,d,J=8.3 Hz),
7.85(1 H.d.]J=8.0 Hz),7.58(1 H,dd,]=6. 8,
6.8 Hz),7.42(1 H,t,]=7.7 Hz),7.36(1 H.d,]
=7.5Hz,7.25(1 H,m),7.17(1 H,t,]=10. 2
Hz).7.10(1 H.d,J=7.9 Hz).5.81(1 H,s),5. 36
(1 H,$),3.41(1 H,d,J=11.3 Hz),3.35(3 H,
$).3.27(6 H,s),3.18(8 H,m).2.89(1 H,s),
2.68(2 H,q),2.35(1 H.d,J=10.8 Hz).2.25(3
H.m),2.12(3 H,s),1.91(4 H,m),1.39(2 H,
@) +1.03(3 H,t,]J=7.1 Hz)."*C NMR(100 MHz,
DMSO-d6) & (ppm): 168. 40, 165. 90, 157. 95,
139.96,137.61,133. 94,130. 27,122. 85,121. 76,
121. 03, 117. 83, 114. 61, 89. 22, 84. 33, 83. 94,
83.67,83.42,82. 83,82, 37,78. 13,73. 40,60. 19,
57.04,55.87,55. 36,55. 20,50. 69,50. 56,48. 14,

42.46,37.05,35.24,31.11,25.94,24.72,23. 51,
13.25. HRMS(ESD) caled. for Cy Hig N, Oy [ M+
H1+:689. 336 0,found:689. 339 3.
2.2.3 LB

ZFR: (2R, 3S, 3aS, 6aS, 7R, 7aR, 10S, 13S,
13aR, 13bS, 14S, 17S)-8-ethyl-3, 13, 17-trime-
thoxy-13b, 14-dimethyl-5-(4-nitrophenyl) dodeca-
hydro-10,13a, 7-Cepiethane[ 1, 1, 2] triyl)-2, 6a-
ethano[ 1, 3]dioxolo[4',5".7,7a]indeno[5,4-b]
azocin-10-yl-2-acetamidobenzoate.

L&Y (3D BIEEF A 4 Fixs.

|4 bt

H TG B AR .77 & 60. 206, M. P. 208~
210 C.'H NMR (400 MHz, DMSO-d6)8(ppm) ;
10.81(1 H,s),8.44(2 H,s,]J=7.2 Hz),8.27(1
H.d,J=8.0 Hz),8.17(2 H,d,]=6.8 Hz),7. 84
(1 H,d,J=9.5 Hz),7.57(1 H,t,]=7.8 Hz),
7.17(1 H,t,J=8.2 Hz),5.83(1 H,s),3.41(1
H,d,J=11.3 H2),3.30(9 H,s),3.19(8 H,m),
2.88(1 H,s),2.68(2 H,q),2.42(1 H,m),2. 35
(1 H,d,J=10.6 Hz),2.25(3 H,m),2.12(3 H,
s),1.91(3 H,m),1.39(2 H,q),1.03(3 H,t,]=
7.1 Hz)."™ C NMR (100 MHz, DMSO-d6) &
(ppm) :168.41,166. 11,149, 11,139. 95,134. 22,
134.15,133. 80,130. 60,130. 51,129. 80,124. 28,
122. 98, 120. 60, 117. 88, 89. 22, 84. 33, 83. 43,
82.83,78.13,73.40,60. 31,57. 04,55. 87,55. 36,
55.19,50.69,50. 56,48. 22,48. 14,47, 47,42. 77,
35.58,31.40,26.40,25.94,24.72,23.76,13. 26.
HRMS(ESD caled. for Cy Him N; O [M+H ]+
718.336 4,found:718. 349 3.

2.2.4 kW@

ZFK: (2R, 3S, 3aS, 6aS, 7R, 7aR, 10S, 138,
13aR, 13bS, 14S, 17S)-8-ethyl-3, 13, 17-trime-
thoxy-13b, 14-dimethyl-5-(3-nitrophenyl) dodeca-
hydro-10,13a, 7-(epiethane[ 1, 1, 2 ] triyl)-2, 6a-
ethano[ 1, 3]dioxolo[4',5".7,7a]indeno[5,4-b]
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azocin-10-yl-2-acetamidobenzoate.

L&Y O RZEmIE 5 Frs.

A5 o3 sH

FI G B R L 72 R0 72,500 . ML P 241 ~
243 C.'H NMR (400 MHz, DMSO-d6) 8 (ppm) :
10.95(1 H,s),8.71(1 H,t,J=1.9 Hz),8.55(1
H,d,8.35(1 H,d,J=7.6 Hz),8.27(1 H.,d,]=
8.3 Hz),7.91(1 H,t,J=8.5 Hz),7.84(1 H.,d,]
=8.0 H2),7.57(1 H,t,J=7.9 Hz),7.17(1 H,
t,J=7.2 Hz),5.83(1 H,s),3.41(1 H,d,]J=11.3
Hz),3.29(9 H,m),3.18(8 H,m),2.88(1 H,s),
2.68(2 H,yq),2.42(1 H,m),2.35(1 H,d,]J=
10.7 H2),2.25(2 H,t,]J=7.3 Hz),2.12(3 H,
$)+2.06(2 Hym),1.91(3 Hym),1.39(2 H,q),
1.03(3 H,t,J=7.1 Hz). " C NMR (100 MHz,
DMSO-d6) 6 (ppm): 167. 83, 165. 91, 148. 16,
139.95,137. 14,134, 87,133. 65,130. 93,128. 53,
124. 05, 120. 64, 111. 76, 89. 02, 84. 26, 83. 91,
83.35,82.10,77. 95,73, 40,60. 31,57, 04,55. 69,
55.33,50.51,48.07,47. 27,42, 44,35. 59, 31. 26,
25.91,24. 74, 23. 60,13. 26. HRMS(ESI) calcd.
for Cyy Hiy N;O,, [M+ H]+:718. 336 4, found:
718. 349 3.

2.2.5 HEWG)

ZFR: (2R, 3S, 3aS, 6aS, 7R, 7aR, 10S, 138,
13aR, 13bS, 14S, 17S)-8-ethyl-5-( 4-hydroxy-3-
methoxyphenyl )-3, 13, 17-trimethoxy-13b, 14-
dimethyldodecahydro-10, 13a, 7-(epiethane[ 1, 1,
2 JtriyD-2,6a-ethano[ 1,3 ]dioxolo[4',5":7,7ain-
deno[ 5,4-b Jazocin-10-yl-2-acetamidobenzoate.

&Y SO LERIE 6 R,

FE T E B R L 7 48 73,400, ML P, 244~
246 C."H NMR (400 MHz, DMSO-d6) 8 (ppm) :
10.61(1 H,s),8.27(1 H.d,J=8.2 Hz).7.85(1
H.d,]=8.0 Hz),7.58(1 H.,d,]J=1.9 Hz),7. 56
(1 H,d,J=2.1 H2),7.40(2 H,d,]=4.5 H2),
7.17(1 H,d,J=7.6 Hz),5.79(1 H,s),3.88(3

A6 Aath(5) s
H.s),3.84(3 H,s),3.41(1 H,d,J=11.3 Hz),
3.35(3 H,s),3.27(6 H,m),3.20(8 H,m),2. 89
(1 H,s),2.68(2 Hyq),2.34(1 H,d,J=10.8
Hz),2.26(3 H,m),2.12(3 H,s),1.95(3 H,m),
1.38(2 H,q),1.03(3 H,t,]J]=7.1 Hz). " C NMR
(100 MHz. DMSO-d6) 8 (ppm) : 168. 40, 165. 60,
154.16,149. 14,139. 95,129. 61,126. 10,122. 85,
120. 63,117, 83, 111. 24, 109. 36, 89. 02, 83. 94,
82.68,77.93,73.49,59. 93,56. 78,55. 85,55, 47,
55.36,47.90,47. 24,42. 82,35. 25,25. 73,24. 45,
23.51,22.22,13. 25. HRMS (ESI) caled. for C,
H;o N, Oy [M+H]+:719. 346 4,found:719. 359 2.
2.2.6 fkaWG6)

2 FR: (2R, 38, 3aS, 6aS, 7R, 7aR, 10S, 13S,
13aR,13bS, 14S,17S)-5-(3, 4-dimethoxyphenyl)-
8-ethyl-3, 13, 17-trimethoxy-13b, 14-dimethyldo-
decahydro-10,13a, 7-Cepiethane[ 1,1, 2] triyl)-2,
6a-ethano[ 1,3 Jdioxolo[4',5": 7, 7aJindeno[ 5, 4-
b Jazocin-10-yl-2-acetamidobenzoate.

L&Y )L 7 Fis.

A7 ek sgs
HETCE BB A . =R 68.5% , M. P. 245~
247 °C."H NMR (400 MHz, DMSO-d6) & (ppm) :
10.61(1 H,s),8.27(1 H,d,J=8.2 Hz),7.85(1
H.d,J=8.0 Hz),7.58(1 H,d,]J=1.9 Hz),7.56
(1 H,d,J=2.1Hz),7.40(2 H,d,J=4.5 Hz),
7.17(1 H.d,J=7.6 Hz),5.79(1 H,s),3. 88(3
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H,s),3.84(3 H,s),3.41(1 H,d,J=11.3 Hz),
3.35(3 H,s),3.27(6 H,m)>,3.20(8 H,m),2. 89
(1 H,s),2.68(2 Hyq),2.34(1 H,d,J=10.8
Hz).2.26(3 H,m),2.12(3 H,s),1.95(3 H,m),
1.38(2 H,q),1.03(3 H,t,]J=7.1 Hz). "C NMR
(100 MHz, DMSO-d6) 6 (ppm) : 168. 40, 165. 60,
154.16,149. 14,139. 95,129. 61,126. 10,122. 85,
120.63,117. 83,111. 24, 109. 36, 89. 02, 83. 94,
82.68,77.93,73.49,59. 93,56. 78,55. 85,55, 47,
55.36,47.90,47. 24,42. 82,35. 25,25. 73,24. 45,
23.51,22.22,13. 25. HRMS(ESI) caled. for C;
H;, N, Oy [M+H ]+ :733. 256 4,found:733. 269 3.
2.2.7 B

£ (2R, 3S, 3aS, 6aS, 7R, 7aR, 10S, 13S,
13aR, 13bS, 14S, 17S)-8-ethyl-5-( 4-hydroxy-3-
methoxyphenyl )-3, 13, 17-trimethoxy-13b, 14-
dimethyldodecahydro-10, 13a, 7-(epiethane[ 1, 1,
2triyD-2,6a-ethano[ 1,3 ]dioxolo[4',5":7,7a]in-
denol[ 5,4-b Jazocin-10-yl-2-acetamidobenzoate.

LEY (DR ME 8 Fimxs.

A8 feMm(DHwtFsH

H TG A AR 7 & 62, 300, M. P. 188~
190 C."H NMR (400 MHz, DMSO-d6) &
(ppm) :'H NMR (400 MHz, DMSO-d6)é(ppm) :
10.87(1 H,s),8.27(1 H,d,] =8.2 Hz),7.85(1
H,d,]J=8.0 Hz),7.57(1 H,t,J=7.8 Hz),7. 42
(1 H.d.J=2.0 Hz),7.40(1 H,d,J=2.0 H2),
7.25(1 H,d,J=1.9 Hz),7.12(1 H,d,J=8.0
Hz),5.82(1 H,s),5.27(1 H,s),3.87(3 H.s),
3.41(1 H,d,J=11.3 Hz),3.35(3 H.s),3.26(3
H,s),3.19(9 H,m),2.89(1 H,s),2.68(2 H,dd,
J=14.6,7.5 Hz),2.44(2 H,m),2.36(1 H,m),
2.27(2 Hym),2.12(3 H,s),2.04(1 H,m),1. 95
(4 H,m),1.39(2 H,q),1.03(3 H,t,J=7.1
Hz)." C NMR (100 MHz, DMSO-d6) 8 (ppm) :
168.40,165. 89,153. 32,146. 99,139. 63,133. 93,
129.81,124. 36,120. 62,113. 44,111. 57, 89. 03,

84.58,83.94,83. 65,82. 65,82. 08,78.13,73. 40,
60.19,57.04,55. 87,55.76,55. 37,50. 56,48. 48,
48.23,47.89,47.54,46. 60,42. 46,35. 53,25. 37,
24.15,23.50,12. 72. HRMS (ESI) caled. for C,
H;o N, Oy [M+H]+:719. 336 1,found:719. 347 2.
2.2.8 HBEWO®

ZFR: (2R, 38, 3aS, 6aS, 7R, 7aR, 10S, 13S,
13aR, 13bS, 14S, 17S)-8-ethyl-3, 13, 17-trime-
thoxy-13b, 14-dimethyl-5-(3, 4, 5-trimethoxyphe-
nyl) dodecahydro-10, 13a, 7-(epiethane [1, 1, 2]
triy)-2,6a-ethano[ 1,3 Jdioxolo[4',5":7,7ainde-
no[ 5,4-bJazocin-10-yl-2-acetamidobenzoate.

L&Y O REE I 9 fis.

B9 et FsEH

R TCE BRI R, 77 %R 62, 7%. M. P. 248
~ 250 ‘C.'H NMR (400 MHz, DMSO-d6) &
(ppm):10.76(1 H,s),8.27(1 H,d,J=8.3 Hz),
7.85(1 H.d,]J=6.4 Hz),7.57(1 H.t,]J=17.1
Hz),7.27(2 H,s),7.17(1 H,t,J=8.1 Hz),5. 80
(1 H.,s),3.87(12 H,s),3.77(3 H,s),3.41(1 H,
d,J=11.3 Hz),3.35(3 H.,s),3.26(3 H,m),
3.19-3.21(8 H,m),2.89(1 H,s),2.68(2 H,dd.J
=14.5,7.4 H2),2.35(1 H,d,J=10.7 Hz),2. 25
(2 H,m),2.12(3 H,s),1.92-1.94(3 H,m),1. 38
(2 H,9),1.03(3 H,t,J=7.1 Hz). " C NMR(100
MHz, DMSO-d6) & (ppm): 168. 40, 165. 90,
153. 30,142, 78,139. 95,133. 29,131. 62,124, 13,
122. 85, 120. 63, 106. 69, 101. 67, 89. 00, 84. 23,
82.66,78.13,73.19,60.18,59. 91,57. 04,56. 02,
55.87,55.36,48.17,47. 25,42. 18,36. 17,35. 79,
31.09,25. 37,24. 72,24, 43,13. 25. HRMS(ESD)
caled. for C;, Hyy N, O, [M+ H]+:763. 372 8,
found:763. 376 0.

2.3 B E 4B KA 0 B E T
2 MTT ¥EXHb & 1-8 #4791 45 0y i i ssd
PRI L e B R B R 25 ) 53R
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ik s W 1 DA B P S B G g B SPSS 20 TR A
B KO FIE 1C,, IR 3 R,
*3 BLEEREFEDH A HepG, |
A549 Hela ) 3854 %1 7% B (1Cs, ,pmol/mL)
ONFREAIE AHE/NAMOERE A U 4

HepG: A549 Hel.a
YRR 40. 62 55.73 30. 72
1 14.83 22.8 10. 84
2 26. 42 35.9 22.58
3 45.76 — —
4 39.25 — 56. 21
5 17.39 — 15. 68
6 8.99 10. 86 6.37
7 1. 86 6.45 3.29
8 50. 07 — —
5-FU 0.615 2.78 1.03

TE : — 3R 1C50 fH>100 gmol/mlL.

3 Wonm S W R RO AT AR R = i
JeA 240 PR 1) 3 58 2 A A e R VR T G e 2
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s L W ON RIS S 1 7 3 (O (5 S A
86.6.45.3. 29 pmol/mL, i T X M 244 5-FU
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RHHEFEZROATAY 6 09X g 40 i i 4 6
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i EARNHBABOREFTERINMGXEITE A THERAORZ.FRGEES
PERE . AT AU 8 R G A A BB AT AL, A SR W B AR AR 6 S NMEAE A B AR R B, A TR
IR RETRE REZAEBFEANREFEIRFER MR CHBAEE S RA S
SEN BHERAET R F A TEARKAH LGN, R BT RFHITT E6HH
Mt H R TAF ERHCIE e, A INAREFER, A KEL RTAAH TR, LAE I%é’a
RARA AR K A2 A Ak, Ak 113 298. 4 mm® B 36 682,52 mm’, H M, Z KL 7 &L 3 T H
ey B oy, Bk Z S M Em B AT,

KW RS AT EH S RRh; CH B BT

mESES THI32 XHEARERD: A

The parameter optimization and software design of

eccentric wheel handspike planetary transmission

ZHANG Chun, FAN Lang-ceng

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

710021, China)

Abstract: The ring gear is the key part of eccentric wheel handspike planetary transmission
mechanism. To reduce the quality of the mechanism and improve it's transmission perform-
ance, the system parameters’ optimization of the mechanism is necessary. A mathematical
model for optimal design,whose objective function is the minimum volume of ring gear and
constraint conditions are end cutting limit, the strength limit and the best stress condition,
has been setted up. Based on C # programming language, a software which adopted outer
point penalty function method and dedicated to parameter optimization calculation was de-
signed. At last,an example calculation has been done through the software. As can be seen
from the calculation results that the size of eccentricity e,internal and external roller radius
R, and push rod length L were reduced, and the volume of ring gear had greatly reduced
which fells from 113 298. 4 mm® to 36 682. 52 mm?®. So the optimized method has been a-
chieved the goal of the optimization,and the transmission mechanism of the structure is more

compact.
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Key words: eccentric wheel handspike planetary transmission; parameter optimization; C #

programming design
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2.1 EIAFIHK

TEZ5 76 T3 il AL 2 LE 9 25 0 O 6

D FSHEATAT BAL B 9 S5 4 R 28 BRI AR, 482 O o

FHERTAT AL S IR R A B /MEE AR BT /Y B

P BRI, T DA 147 P G S B L B0 P 1A e A R

(0 f /AMELAE Dy H AR R 5, T A R 0 R W 4R 0 =X
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Parameters optimization of PID controller
based on ant colony algorithm

TANG Wei'?, FENG Xiao-hui'?, SUN Zhen-yu**, YUAN Zhi-min'*, SONG Meng'"*

(1. College of Electrical and Information Engineering, Shaanxi University of Science & Technology, Xi'an
710021, China; 2. College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science
&. Technology. Xi'an 710021, China; 3. Industrial Automation Institute, Shaanxi University of Science &
Technology, Xi'an 710021, China)

Abstract: To solve the problem that the conventional tuning method for the PID controller
needs extra adjustments based on human experience and it is difficult to get the best parame-
ters,a PID parameters tuning method based on ant colony algorithm is presented,in which
Ziegler-Nichol method tuning is used to determine the search range and the parameters of the
PID controller is optimized under the quadratic performance index. Compared with the effects
of Ziegler-Nichol method and simplex method, this method shows a stronger anti-jamming a-
bility and robustness. Besides,the influence of the adjustable parameter of the quadratic per-
formance index on the optimization results is studied. The MATLAB simulation results show
that the control effect is better under the quadratic performance index.

Key words: ant colony algorithm; quadratic performance index; PID controller; parameters

optimization
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Application of neural network with improved particle swarm
optimization algorithm in the transmitter controller fault diagnosis
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710021, China)

Abstract: To solve the problems of low efficiency and inaccurate positioning for transmitter
controller fault diagnosis, an improved particle swarm optimization neural network and ex-
pert system fault diagnosis method are used in the fault diagnosis of transmitter controller.
Collected three panel circuit of the normal and fault data structure network training respec-
tively,in order to improve the neural network training speed and precision, using improved
particle swarm optimization to it. The simulation results show that the fault diagnosis meth-
od can diagnose the transmitter controller fault well, provide convenience for the transmitter
controller fault diagnosis.

Key words:neural network; improved particle swarm algorithm; fault diagnosis; expert sys-

SYPLE— e & F TR BAE S BEA T ORI i O

M I O L I A S 2 A R S AL R R A R

JUAE R R A IR TR AR B R A R RSP S R L R S L IR S TR A
DAL L0 3 B TR 3 (9 WS S 3 KEEPER . B BT RO A PR T, i T

x Wi EHI:2017-01-03
EE TR perid B 8T RSO R E (2015SF275)
EE BN 4224 (1962—) , B PP R o AL #0214 S0 B 58 O 1l Tl Ak il L 2 R AR Bl & B B R AL 3



5% 23

B R AT A B TR 2 9 245 T A S LA S S RS W b B R © 155 -

R WY S 24k JRE O OR A R 2 TS Y LA R R L %
R B E AT 12 W7 o T 125 B IR HE R R, 2 B 3
FLRI LB R B 5 1 1 fl B 12
W B AR AT T H B I AR R O Tl B2 W B R Y
WFIEAF 2 T K B KB AN A 17
7 T

S SRR 2 = B A 4 A, R AR
1 5 18 5 B A8 W T AN TR L AR AR HL B
SE LA UE A SCER X A2 WiCR AR B g AL A HE Y
[Fa) L g e T AR A o 28 0 4% B335 IO 38 2
HLAZ 45 85 R 12 W7 o ot 22 0 20 B AT iR 1 1 27
21 R S 2850 0 2% i I L LR R KL
ARG 0T e 228 00 245 1) S R 0 1 A DAE A o T A o
W0 265 B I R E BOR B L HLAE & LR RG]
DA S5 X K S5 AL 42 T 45 ke e K B e Af ) 32
P ] gh ) B B T, e SR i 2 6 9 K RS BT
I 2 B9 XoF 07 4 o 22 0 4 kA 72 W, EL i 2
W2 SR SR R e 5K 28 Gt otk oK i B RE 1R 2
DX i 2 SR e A 4 L B o RS W 4 R 7 O
B B Lk T LATR] A IR S B R IR B i
4 e B 12 1

1 MRS RS HM

B2 B RGEH RN 1 s, REEH AL
BT S R A S R T R R R 2% BT
F 2 2] B RE A7 o i Bl RGO 4R SR SRR R BB L B
1 et 22 ) 2% Ok S B, 8 o 22 1) 28 I A S Y AL R
(AR O L R A eI MR P AT A7 B 4 BB U AR dfs
PRV v R R PR AR B 3 R W 0 A A PO o &5 R
A NMLSE 7R S £56 20008 128 X 12 W 9 45

O LA R Ty B B s AT A

‘ IHLAC F ik ‘

e I 2 AR R A

A e 0 A

v

e L ‘

A1l RAEWZERNARELSH LR LA
BARZCW BN ARG R R . ERALR
J W BB T B L A R S AR SR T A FAR IR

00 ) AR i A B XS L 4 I R e 2 T 2% AT 12
Wi, B2 W 4 SR A B AL T

2 MUK FEEEE

2.1 AABTELX
BP B 25 9] £ 78 1| 25 i i e S50 BE 1% L &) B A
JR R B A » AN BE IR BIAR G (I U R Y o T s il
BXBEN AL IR T B A4 W SO L e Ak i T A
KT BP 28 9 25 3 4700 Ak R T RE B OR E R AE
—HESIFEREYN SR, B SR PSO H iy kL
T TR AT T R AR ) AR TR A L X S 1 A
FHEYR RS, AMERAE A S ES T RITRNL
B IE B Y T R B Rk T A
SRR A R G AR b B R B A A AR
{H pbest 14 J&) i 8 gbest“ﬂ. BT A 3 B X A
WA e AR = () A= (2) S 58T Al A1) r 7 B 3 3
FA
VI =Vt + o1 (pbestt — X4 +
cors (ghestt — X4 [@D)
X' =Xy + Vi )
KO DOH. X, fV, 435MCERNE 0 AR
T BRI ;i =1.2, 0, M, M EZ K T ok
T EE G w NBERCGE s & R YW BB o
ENTFODZEAFEIE G, Rl e, B2FTHT,
N AR G0H B AR — 2 BT A — A R R BR i
BEV o » A0SR — 4 10 TR 2 2 1Y Ve B A
X — 2 1) 3 BE SR FR E AV e » BT IE R T H H 8
R, — B WORs H A B RN R BRI FE — &2 11X ]
I YD G N e A (A
2.2 mitkEFELE
WAk A B PR B A R R, E S
B AR S At o T ok Xk LAt DX S AT 4 R L S PR AR
Xt BP 4% (9 A RO e . o T B Lk X Rl 4
W & A AT LAAT PR 7 T 1Y) et
(D F| AL 28 5 H -+,
SR B RS 5, B ok T AR
56 A iR AT R T Ik B M M, W] LR A U B S
IR AL YT TR B4 R e L R AT BE
SR B g R — AR TR G,
PEATAE S s () PR,
(G (G — A f()
Gy + A — G ()

r—=0.5
3)
r<0.5

~

1)



+ 156 -

RaPAREEFR i 35 %

K. f(@) =rand(1 —g/guu) s &> G 57
Sl 2 24 A R RIEACIR G A s A 3B Gy 1Y
BRI B 200, 1] BEHLAL.

2) I AWCEUA 7.

Suganthan [H I R c; A ¢, R H Bnt a]
IS BB i it BN — 28 2055 T 2. Clere 51 A
SN F (constriction factor) K SEARIEUWCEUTE.

Vi =k[VE+ oir (phesit — X)) +

a1y (ghesit — X1 ] 4)
. 2
HLWH. K= ¢=¢
[2—¢— ¢ —4g |
o >4

WHI @ 4. 1.0 K=0,729. LI EWH. 5
i BT MR ALE 1) PSO S35 40 B 45 s 8 7 1Y)
PSO A B P iy e S Rz
HCHERL 5 A G A i 28 0 2% S B0 TR AN BT 2
N
ARG

Y4k A kL 1 B
IR GRAR AR L VAR 1B

TSR T 10 3 B B

v

T 5 S A AR AR A R A

v

R 7 0 3 A A

RS H

B2 kBT RS RAEE
SRR T A5 B B /N T 220, 35 BT N
FE R B
N
ﬁtness:%E((),-fd,)z )
i=1

KGH N NINGEHEALO, AH « DA
4 0 45 S B i HE (ELs 0 DB 0 A RR S O D) B A
.

MR GO TR R ok 775 BP 22 9 25 31|
GRREASTR I8 L BE . 19 2% 980 eR KR sigmoid.

3 EHSBSWEZHERNH

KSR ) A A B B ) R R
A e TS ) A, AR A sk L DA R R A
24k e i 9K Bl L B HEA T2 8T ) R AR HL S R A%
for A T W B G R I A A R0 L TR BRI O L
K SR AR B B B AT U — AR AL B SRS AR Dy 2 )
2% 19 i AR AE 1) 2 AT I . I 2R 58 L D AT LA
1 BRSO R AT I 3 3 T S5 B0 e 1) 32 . et
LT T 22 0 26 B8 T T K S BIL 4 o] 4% ik B 12 W vh
A R A 3 .

Bl e
it

-
%: Y

YINAREAL |t 1o & ) i N R
7 *{m%mﬁf’ };éﬂ/f%zn}" a2 gT’{ZﬁI/W%’?_)ﬁLh L

TP B MR
B3 #&ELHTLR

3.1 AR %
G SEAT B R AR 2 R I 4k dR AR B
H B 4 iR,

Ciar Rits

- [Nss5T

7
Bte
g N ! N1
TLP5312 o
$25:]

AR SCH ) mualtisim Sk ) A, P8 45 i Az b 4k i 4%

R By L B HEA T R 2 B O LM L AR R R B A
RICHGE N o MR 408 25 i P AN () AR 285 I o o7 ) HL s T R

U BN B 7 P ok i BBURR A KA | 28 10K 4 TBF) R
e i 7 A 28 0 45 T BEAT I . SR B 2 A9 0 il
1R,

1 SREMNASBERBEITR

LN WEFT WEEF 2 REF3 O IREF4 REFS REF 6 IREF T REFS

EH 5V 24,9 pA 710 mV 710 mV 7.11 mV7.11 mV 429 uA 858 uA
R1 5V 954 nA 710 mV 710 mV 7.11 mV7.11 mV 429 uA 858 uA
R2 e 5V 24,9 pA 5.17uV 710 mV 399 nV 7.11mV 0 A 429 uA

R3 i fE 0V 24,9 pA 710 mV 710 mV 7.11 mV7.11 mV 429 uA 858 uA
R4 H 5V 24,9 pA 710 mV 5.17 uV 7. 11 mV 399 nV 429 uA 429 uA
ULA SFE 922 mV 24,9 pA 710 mV 922 mV 7.92 mV 399 nV 12.8 mA12.8 mA
UZA#EE 5V 12,4 mA 710 mV 917 mV 7.11 mV7.90 mV 429 uA 12.8 mA
Q1 i 5V 24.9pA 0V 5170V 0V 399 nV 500 uA 500 uA
Q2 ke 5V 24.9pA 710 mV 5.17 uV 7.11 mV 399 nV 429 uA 429 uA

LU, W0 5 P 2 D0 245 245 ) T A ST Y K A2 T
BERIZER LA 3 )2, 230 i A2 RS )R e i




552 B A AL T I 2 9 4 A R S BIL A T 2 I 2 0 e 1 « 157 -
2. FRUREL 2 000, B A EL ¢, =c, = 1. 494 45, /MR

(DA 2. R 2R 1 0 5 3 a5 — 4k ik
PRIG 41 R A R AE ) i T

OWERTE. N TREZEEEE M E, Bl
VA B U] bR v R B e )2 T B B R
ROEGE U i 2 51 /0 R 2 8 I 28 I 25 A i 3k B
e B XX AN R, H g A A AR TS

Ony=vntm +a, Lo 0 HEEZEHICH.
n KEIABITTE . m it H1,10]2
() ) K.

@n, =logsn, HH n, REREF)ZBITE . n J
AHITHL.

ASCRT ST ) BP 48 W 25 BRI 9 A dir A
A8 AN L A 2GR R 2 AT
iE N 13.

(3) X A 0 1) 15 £ B s A i 8 RS AT G 5
A ST AR 2 B,

x2 HEZSCHEREBHEEX

5 [P A Y 1) B

1 TC iy 00000000
2 R1 Hz 10000000
3 R2 H 01000000
4 R3 i 00100000
5 R4 iz 00010000
6 UILA % 00001000
7 U2A Hifs 00000100
8 Q1 H ki 00000010
9 Q2 Wk 00000001

eIt U B AT, 76 Matlab H 4 2 52 30 ik r
TRE A2 R A5 G R B B S AL o A A =
e B AR A B R RS 50 4R R B 41 4
VE R YR ACHE i J60 R 4 9 28 D) R Ay i 4 1) 4 5 40
. D2k rb BT RE OB T8O 20, e R LR I%

ZEWE N 10 7 22 i Nk, i B 5 AT LU 2o
R~ 1R BB A PR 8 Wi B3O T HL A BR T [ AR
TR AL R T AR L 42 1M 4 R 2% Y U1 2R
PERE.

) Figure 1 (4=
File Bdit Vier Insert Tools Desktop Mindow Help ~
DEde M RIOVDLEL- |G| 08| nDO

mv=4 inertia wt=0.7445, 9 dimensions, GbestVal= 0.01559984504

2 -1 0 1

3 5 4 3 3
pos dim 1

H5 m#tkTEINAR

3.2 TH BHIFRE

i 22 ) 25 25 58 i BT T e S LA A e
PR R o A L 2 ol 28 O 2% 31 R 15 22 08 B R I ] LA
e 3 X AR LR HE BLAIL rh BEAT B $2 IR 23 X AfE B
SRS T > 14T B A L S AR I R0 U oy Bk
R BEDIE A 11 ol 22 190 205 4 89 IR EEAT HfE B, e K
A G0 n] DIAR G 1 X 45 28 HEAT A B T UILZR A2 Wy
I PR K s AN RE

4 HEERSH

FFH 9 A FEAS X 28 ik I 2 1) ot 285 099 246 3 47 )
LUK 56 Hoday HH 25 SR A3k 3 .

K3 BHMNFHEEMENEEISEHER
o o s e T LRl EA TS .

B A A FhRRES o o o o O O o O LW g5 R
1 00000000 E# 0.058 2 0.040 4 0.0321 0.0110 0.027 7 0.0380 0.051 0 0.0321 IEH
2 10000000 RI1#EE  0.8599 0.0117 0.0218 0.0034 0.0109 0.014 3 0.0735 0.061 9  RI1
3 01000000 R2 #F  0.001 1 0.906 4 0.0106 0.0026 0.053 3 0.027 5 0.017 4 0.064 3  R2 &
4 00100000 R3 .  0.0058 0.0087 0.908 8 0.0056 0.0101 0.0549 0.0430 0.0152  R3 #E
5 00010000 R4 #FE  0.048 3 0.0084 0.0327 0.9033 0.0266 0.0132 0.070 6 0.0085 R4 =
6 00001000 UIA &P 0.0153 0.0140 0.0038 0.042 3 0.8751 0.0849 0.0629 0.018 7 UIA Hipx
7 00000100 U2A % 0.027 8 0.0249 0.0413 0.0268 0.0535 0.927 8 0.004 8 0.0250 U2A &
8 00000010 Ql #f  0.0165 0.0606 0.0515 0.0123 0.0342 0.0089 0.8758 0.0427 QI s
9 00000001 Q2 #fE  0.0022 0.0296 0.016 0 0.0455 0.0666 0.0685 0.0007 0.8886 Q2 #f&

12 3 W45 AT LU H L otk 1 R D0 AR Y o
22 2% T LA 1) Xk A S ML A o) A R AR AT
A5 B2 T

5 &g

Bt X N T I 32 W R0CR AR T AR RS R 4 T
L A S SR 4 AR R B B R S AT )
A o 38 UK A R R BB R AIE 18 A D o 22 )

25 19 i AR I EL M) P A A R R e 2 IR0 4 3
FrARAL o A HCAE 26 DI 2k AN B Ba ARy B de /MEL
HAR w7 IR R 22 3 1 2R B 0 2%, RO 3 A
AR A i R W AR L A5 2R R TE A R
IBE 96 00, i P T N TR B2 WAl ok 9 ) A A S
P 1 A 1L

(T 4% 182 )



¥35% HF2H
2017 4E 4 H

ReaBBEIE SR Vol. 35 No. 2

Journal of Shaanxi University of Science & Technology Apr. 2017

*

XEHS:1000-5811(2017)02-0158-07

H F OpenCV—+Python HYJIE B 45 7k
i 22 S Y% it

2 M., E@E, TEM, £ i

(BRFRHE R MR SFE R LAY, B /4 71002

M OE AR E AR TR G E RS RN E T RED R @ BRI Sk
ERBARASFERMN ARG P M, ZT T —AEREAEN R %@ & Z RO AR
AGAENE A EPESN T ESERBET ;B AKR BB @G AL, KRR BE DK
KR AR OAGERITRAEAR AL AN ERE  RREZBGEHE H 15 E0H =
MMERFEAR R EEASESE PR T R r 20N EAFIES S A2 A SVM 45 £ BT
BAGEHETRN LERALIARKNFBERER PO KERITHE . TAARRE T, £k
BREN LGB EA HA T ERRERAITEN, FRBHFEEARKELEE R R
Pk TAEA R & A, A Sl E IR 6k AR T S A .

XEiF gk ; B4 OpenCV; B iE Bk k%; Python

FESES . TP391. 4 XHEFRERD: A

Design of road icing detection system based on OpenCV -+ Python

LI Qi, JT Yu-wei, WANG Zhi-peng, DOU Xuan

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

Abstract: In view of the shortcomings of the road icing detection device based on video detec-
tion in China,including the complex road environment image and the inadequate information
extraction, the recognition accuracy is low. A road icing detection system is designed. ROI is
set up and the method of edge detection and two value morphology is used to segment the ve-
hicle to obtain the image of the pavement. Adaptive wavelet denoising algorithm is used to
pre-process the road image to improve the accuracy of image recognition. The three low order
moments of H and I components in HSI color space and the combination of energy,entropy
and variance in the gray level co-occurrence matrix is extracted as a feature vector. SVM clas-
sifier is used to identify the road image. The classification results are transmitted to the mo-
nitoring system by Ethernet. The computer monitoring system can storage,query and analy-
sis the road icing information. Experimental result shows: The system can classify the dry,
water,snow and icy roads accurately and effectively,it also can send image and classification
result to monitoring system,provide data foundation for traffic management.

Key words:ice detection; image processing; OpenCV; adaptive wavelet denoising algorithm;
Python

» WFs HH:2016-11-04
EET B P BT R BHE SO H (2015NY028) 5 P52 T A& S KBHE THRIIE (201305) 5 BEVE BHE K24 [+ BT S 3)
F4& T H (B]13-15)
EE® N2 WA973—) & PP A, 208 A WF5E 7 1) Tl [ 31k 55 80 R4 i



5% 23 % JAF AT OpenCV—+Python [958 H 45 vk 2 &8 19 51 © 159 -

0 3l

iR NN Y/ S RN Y= S S SE PN
PEPERAAE D AT By 1 e 5838 T 2 (EJE ] R iE
Fr 4 e 2 O AT H 4 500 1Y ). 4 S8 3 7E 45
ol 5 308 S 80 T M TR T S VKT 5 | A
kAR R BT 70060 R H G 7E E PR T
b2 Y BN AR A A AL R S R T TR [
KT BEAR BB I IRAL T2 Br Be. h T 8 1 36
S5 T IO LA R 45 DK B AN 1 20 P 1A S ok A gk
TR AEAE T REE 25 AR v 22 5 R X ) [ L T
Pl A5 Ak LA T g 45 RS 0 52 AR A 00 38 A 1 2 g
588 PG DL, by PR S A8 T T4 RO A1 5
L 2 AR A I AN B IR % 1T A B DA A AT LR Bl A
IF) SR o T L 0

BUA Y T PG I Y O X LLE B 1 4 0
W R LA M PP CoRE A% I R AR S SR A B Y 1A
FRPEAT b BRI AR R 4R B A 18 o PRLR A0 5 9 15
SN U I T P 5 A A 4 L At e 5 4 Y
EFS 1T HL T 10 P58 A 2% A AR BILATI 4 I o B
P 3K 2 3 B PR TR o R AR 5 — A 1
2 Y 00 ) T B ) R A AT UL T L R A
OrRAE A A RN AE A AL bR AT A B2 B
KA A PRAYTE B, BE R IZ R L, A G T — A
T S 45 ARG I R T L 2 ARG T B g TR AR T 0 °C
IR i Tl AR BILR AR % TR 2 PR AR A B A3 DR L X
R A B 1 RMR AT 20 3] U 72 3l i 1R R LA
LU i ) 45 R e 36 28 T8 Jf s 4 03 v 1Y 08 T
A RO A ML 3 AR D 23 2 A
48R 5 AT R,

i

1 RBEHRET

AN A GE S P L A R N B — BB i B
T — A B 2R AR U E L B AR B AT
. 7 vy 2N i b T BB 50 ke HRBEGH B R B0 R
e 2 Ui 1% 2% i 242 T B v T ) R Y I R A
55 ) FH G 2T 2 % 5 LUK 30 AT 0 A% i, 7E
B— M XA I L R X — X i A
AR B AR B HEATIE SR B AL = S L RS
SRS NTE 1 FR.

R GURARBLTT 20 PSR 3 < T8 IR 2 A I 25
S e A A R I AR G i AR ) K
SE MY AR A T8 3R 25 R 4 Ak PR A% a5 4 B
O M I AR G e TR P P S T DA R R A 2
7 22 GHs BRI 19 38 B 18T 15 DL BG4 R A7 A
Kol 12 AR AR B 2R AT R A

e L
- 3 25 v

Mg

. 4 25 B JLeR bl LRV I7E 0 L)

T8 B G5 K

B 1 ERZkENZEER

2 EERERI LR

EIGCR AR AL R DL R A% i T AR 75 28 ol 18 RS
for il ¢ s 56 1L, BT % 88 9 DSP + FPGA/CPLD
A BARRENS 56 UK A S FAY TAE H 2 W 45 1%
A A O S 3 T B AN 25 P ISURR U L W AR IR AR
R TR By A O 6 9 28 i 7 X i R TS A
SRR AR R 3, A B A% 64 A9 1.2 GHz I
% ARM Cortex-A53. T B4 BUHE % F G B 1iE
DL 4y 25 1 F OpenCV 85 BT Kt 1 B3
2l OpenCV i 5. KT DL S BE 18145 Ak
B B PETE A R UR %% OpenCV A, il 3L 45
Python %2 7 Al DA 5¢ Al B % /40 #E T 48, Br DL 3k
PR UR 3 AF by 3 Ak B T LA R 280 1) 7 R

% JE B 2o TAEPR BT 2% X TE I R T
RE R AR R A 500 WY Tl % 6
COMS HHBLE O 18 3 B BCR 4R g, ]S 9 MV~
UB500, 5 K4 B3R 5 2592 * 1944, 3% Tl AHAL
Y ¥ Linux &2, WA] LIFEA OpenCV B4, 5
7 JR3# 13 Universal Serial Bus(USB) 3% [ #H % . %
T P B SR A BT 0k ] DS18B20 i B A2 g% . Fl
W &Yk General Purpose Input Output (GPIO) d
AR R I, BT A B — R A
28, Jir DAGE 2o 28 Uk 1Y 10/100 LA K W 422 12k H
TCP/1P [ 2% Bip BOKs f5 5 Ak PR 285 5 K ik 22 M 4%
b I LB i RJ45 #0005 LUK MG £F A
. IR HR R AR % IR i ok ST Ak 2 B PiJuice,s
i3t micro-USB % H X B & IR AEAT LA B A 5
V. hefgiE Lt 6 h, H A K FH e F it Al (8 78
FUANERSE L A vk A R R R AR R
G2t 2 h TTAE— W, FEA I ) 38 S IR IROIR 25
JITLh PiJuice AT LA 2 A< 32 468 1 {1 i 20K . 28 iy £
PEE A 2 FrR.



. 160 - %e#E

rEER

%35 &

Tk AHHL
MV-UB 500
®3
Z W R 3 bt
= Raspberry 3 i 8
=
L H R
PiJuice

B 2 R KAEN&LRESLEMER
2.1 IR A BN ER

PR ELT 0 CRENREMMEE S &
6 000 2138 B R RE AR T 0 C i, SR B i PR DL
SERALEE, TRV AR WA 3 B R, i i EE A
3 I A AR DR A9 BB 2R 0K Bl R OK B DS18B20 3k H
ok B EE 2 E IR EEE ST 0 CL. &5 m T
0 °C o DU AR B R 25 R /0N Bsf I 7 0 17 0L B R 4
FAKT 0 °C L A Tl AH LR 55 i 1 L. 7E A
RIS A WL BT S B 1A 1. 5 K 3R 414
I 7 £ BE DL £ T 0 1% 19 T 45 EL A A I 1 0 i 2%
P DUARIE 43 2 45 5 04 i it . 8145 R FH 960 * 600
Gy ¥R 1 C JPEG, 3O KA 103 K, — R 3
i % TR A5 TR R 0 A A B DA AR IE T S 4 SR Y o
B EEIRC S REZWRIRI N AE T, L
L5 2 PR 5 Kb B A5 B A .

2 /MBS
JR 31

R A % THI i B
N B
i+ 0T
Y

REER
v
P {5 b 38 4% 53 2%
v
o St

|
A3 #ERZkENZRAEIERLEZR

2.2 EREABAEE 5 X
8 R 20 Bk B IR E SR AF EW AR
AT BT R B B 0 TR R AT B T8 BUK RS

SEVK Y I — T, BT DL SR R 4R B R AT AL
POR2E TE B AR U0 o3 2 00 AR T A0 1 4 B R
A SCHEAT PR A BRI BT R 26 1Y 314524 OpenCV2+
Python2. 7. 9.

B

v

| mamem |

|

| s |

‘ M-SVM 4 25 4% ‘

L]

| SRt R |

B4 EREGRHNyRAEZA

2.2.1 JEBEEMR UL

HY Ml AH B B4 R 4R B 1 IRIAR 25 3R B i )
R WP AT B PRI AGURR I 4 LA B o3 S 2
SR E L BEAR 0 28 A9 B L T L R B0 R 4R )
() G HEAT TIAL B T PR %) T Ak B A0 455 X i T
TH i B 23 80 DA R 2 e B R T R AR Y i 7
o, BIE E2s H0 B 2R LA R A 1 G Y L A G I
PR R AIE 4 HR 0 2o i vh 23l A 227 HLo 25 & B4
HUR ok #R AR N8, BT LA N I B R AT 4 HDL
T AT (4 0 B I E 9 AT LA G 5 R R X
I Region of Interest (ROD ¥ ¢4k 47 5 18 % K 1%
a3 B LA/ N BRL a7 TE B RRO 4 B A
R EANPUE IS IRVIRVS T BUSUE: 3 vallliDpIRvS
B 2290 5 38 BRI T 20 &) AEXT L T Canny | So-
bel.Prewitt.Robert., Laplace 3% Fi. 7 i1 Z¢ 46 M J7 2=
AIRCR 5 K& B, Canny B 7EAG I 42490 300 25 34 4 B
T T LAk ] Canny 8 F 347 4 50 10 2% K D P
AT HARIE TS B S A0 B DL K 43 %, 18 1% K15 47
FICR AN 5 . ik 4 5 0 BRI R 1Y
103 K 46/N2E 68 K. ARAH T SUA B 1 Y 14145 L bk
T MG ARRAE 2 BB

TEIE [ R S I AR AL i T Bt = R R4
b AR R B AR Sk R Bl LA K S T AN 38 ) PR B S0 L 23
ENERTA DI Sl LR TR N S T R Y PO
S T B 285 TR 1 532 i) 2 g A1) ) T A R T R
PR 2 W B vk ok 3 VR B, DA ORUE (8% 1D SO R
[ 56 R . T RSO TR R BRUOK R L4



5% 23 4 A 3T OpenCV+Python HIHE B 25 vKCK M & 52 1Y 83T « 161 -

A5 ERERSHICRAILE LN
BB IS B A& o E e AR

VK BR AR T % A = AR A 3 G A SR
2 ol Bl 0 Ty IR 2 D R RS v A R
1 o U A [R] IR 2 1 G AH . PR e i R A
HLE AR ITRR 7, T 340 25 40 1 55 W 75 AR NS 4 o 7 e 0
P o ol ARG 38 908 2 5 7 X i T AT R AT 25 M ) []
I, 2 il B 1500 2 AR AR BRI, h T N L B
220 P AR A R A A5 B PR B A Y i 5 SRR
FHLAOR B L 3H I PR R 280 /N Dl o Ak ) 3l i a2 BT
I e 401 2% 50 ) 3 R KA PR P Ak B 5 ) e
BT BB oy ik Ja B IROWE AR 2R 1 AL AT 3k 3]
FME A . AER AL G R /N 2% W el T B (E 1 4 2
GE— 10, T ECE W % T RS A YA 3 R /)
e 3 IV 25 T ik 3l e kB /NI O Al ) A5 R R R
2 M 1) 5 R (L S BB 3 ) D R 0 9 AR St
A7 Ak B AR B i 1 AR 2015 45 80T i DAAR SCR
FH/INBE F1 38 0 1 6% 7 20 i 1 PR AR R AT 25 e

(L) 5 WG P T PR AT 3 )2 /NI o0 1.

(2) NG fiff i 9 0 430525 PP Al T IR R 5 22

O RESHB:

B= /%log(%) @D)
Jirt 5 MR R B
(DOIFESE 1 ERNE 3 BB R 2% o,.
T BE T,
o

y

K2 o AT P T5 22 .0, 9 T 0 R KT
2B ARESLL

(6 AR 45 5 a2E 1) A IR L PR BBOW A 1 )2 28 3 2 Y
o I 2R R A T Ak B

»
o sgn(w)pJ\w\p—(%) wl>D
oy

Oy(' w ‘< T)
3

HROF . B p=2",c BHEE 10r,r N IHH
5 T KPR/ R ECH I3 L.

(7 FH A AL 5 19 7N B 28 HE0O0T % 1 P AR B4
o 3] 2 M i i T T 4R

TR 2 T 1 e R A/ D 2 MR T i
RORXSLL A& 6 Fr 7. 1% 07 5 i S B B0 BB
A A0 I S T A e g MR ) R P O T TR
AR 20T {5 R S e T B T PR U o 2 ) T R R

() JR IR B4 (b) 7 W R

Co) 35 /N I 5 e R 4% (d) F 38 /NI 2 e B %
He6 AERIEERZARA

2.2.2 BB BB EERIE 4

TE I8 6 0l 5 78 35 I 5 IR R S R Y
0,5 3% 1 FROK B, 52 B0 R O AR AR Y 1685 45 DK
TR Gy A & W A1 NS B AN WD B DV = 91 3]
I, | B A b 65 PR S T ) B € R A (L R AT
AT 2K AR TR R BIL 88 R o I T A AR ]
430 RGB FEAL HST A7 DL & HSV R i T
G ) 28 it B2 8 AE P AR RBE R 1 R O HE R 3 ) 6 T
B 5 M 5K L H HST BRI X T RGB 6 K1k
Uk AZ 0 HER B2 52 W /0N, T DL BE PR 0K RGB 25 [] 3% 4
Z HSI Zita55 (], 7 hy # 1 1E AR 8060 42 JU % 68
25 [, X HSI gita2s [m) iy HL ST E 4 54805 #%
R S R 55 2B, (0 H 5 15
RS ZRIAETE W] W (AR C O &R, ANl 7.8 Ji s, o
DLRT DL gk 0 U 6 1 PR i ] H 55 B T, % i
DU o i IR S AT 4 S

Wi
PP P e T PP e |
o 1;
. K

B7 cAHLEBRBaKREXLEZA



¢ 162 - e #E

rEER

%35 &

i
o K

.
. K

............
.......
‘‘‘‘‘‘

B8 mEILEREREXEZH

% 1T R Y HST 28 [al e H 4308 DA T 43 5 1Y
3 AR B B 5 33k = AR B R B 3 ) 4 34 T ISR
RS- (E Ty 22 FARHEE . L 4R B HL T P o &
H— T S S A S 6 AR B
IR ] 5 (H 435 19— B 8 HM L H 435 09 iy
i HV.H 435 =B HS. T i — B IML T
YRR TV, 1 43 a0 = B A 1S)  /E S il i
FG BI( FR A B RRAE 1) f2 . TF 30X = AMRBY R A 2
KWFH,

1N
#—N;pg 4
1 N 1/2
G:(N;(p,‘j_/l;)zj (5)
1 N , 1/3
sz(ﬁ;m,—m) 6)

KO g R B — B B 36 1Y 7 3
B, py B ) DMERENE  ADBASE,N
Ry 1B R SR R A E 5D o R B
TR 2550 6) s NGB =B
B €8 1 AR
2.2.3 I BRSO 4

F T 8% TR A A7 b T R R R KRR
5 THT PR 2R S0 T SR R e TR B s A
BEMLAR 5 2 A4 3 B 7 o T 1815 22 28 55 e B IR
14, 5 X 7 ST T B A ) 06 T 45 b B IR S
) SR AR T 20 B B O I IR
AR JH B Gabor /N AR #e 565 T K B L AR g
P 5 Gabor /IN i 75 4 41 7 20 L 6 26 A0 22 48 K
R B e AR B R0 A BE 48 Gabor /) I 72
0 o A R BE B T DA AR SOk T RE 3 A R Al A
UG SCRRRAE . AR S0 5 R4 T T4 BUK
T A5 VKIX 4 KPR TEDIRAS 45 20 8 BUR , BEALA 42
BT 50 ARG REAS 3R 47 S0 B R IR 2 50y i k.
THER J7 1) P 09 52 e, B¢ RE St AR BEHR 0 °L 45 °
90 °.135 “PUANJ5 1] 1Y V- S 4, BEAT R IR 2 0% B
W g RANE 1 fs.

®1 HASHERKBER
I 56 0 U1 G I/ %6

X L 63. 1

fig it 85. 3

LIPS s 58.7

I 86.3

pofeal s 74.5
¥IE 54.6

LES 83.1

AH I PE 63.9
AE X LR 59.9
X} ECE 82.8
XF EEEE K L RE 82. 4
e L 2 95. 6
AE S I A G 82.7

Hi 2% 1 W] LU L 3k FH R —Rp AR 2 00T 8% T IR
AP 250, 43 i 45 S A R AR B4R T 3k T 2
MEZHO0 B8 AR S HEAT 43 280 L 73 EROR B
SRS B RIEWRA T35, £ Z R RRIE S8
L BB VT 22 I B 43 R IE R A B95. 6 X%,
PR I A SCfoff P I B 80 3 A A R o o 8% T T A 1) ¢
PRHEAT PEHET , BE PR AR I DL M 2 B9 A A AT
T Bu
2.2.4 Srdvit

Zead DL Wi A kB HST B 55 ) f HM,
HV HS.IM IV IS K i 8038 A 56 B v i g
5 LA S 7 25 2H B R A ) B A R T8 B TR AR R AR A
. WA EBOIRAS R AR TR, AT A
I 26 CANND 1S4 1] 2 BL (SVMD S 43 28 0 g 3
B T R A3 AR AR SO BT SR 4R 1 B T
B  ANN B I 2575 22 K o 14 8080 A AR LI
E 43 28 B IE B 5 0 ELAS 22 58 07 2 S B i e i
T/ 00 2 A2 2278 ANN IZ AL BE 1 ANt SVM, Jir LA
ARILEFE SVM AE R 5326 4%, SVM J3 26 4% & — B
552 3 BN O B W B 2 S LR, YRR A 2R N AT
A3 AR LM W] A3 I O T S T A A AR e 4 2
> B AR A 4 3] o A 2 ] (R A A o A s ] SR Atk
3. A R K, AU BRI SR (2 ) s
W bR B K (..., 8 3 5 AR R 09 HF Ze M AR 4 4 4
AIE 1) £ Bl S35 28] 1 4 R AAE 25 ] SRR AR A 4 1 AT 43
Rt A R ECR (AR 1) Bk (RBF) % bR 4, 48
PE(LINEAR) #% R %, Z2 11 X (POLY) #% PR %X, Sig-
moid 1% pR %K.

WREARES N {(xvy)i=1,2,,n}, Hrh
o AREA Sy Ry DU R B TR S 2, 0 R REAR A
.

HAp AR E 2,G=1,2, ) EXNH:
X; = [CUL swi vwi, vwi ’CU:; vwf 7fENE vaNT vaAR]

(7

»

F &

K
PION
G
Fif

bt



5% 23 % JAF AT OpenCV—+Python [958 H 45 vk 2 &8 19 51 + 163 -

KOF s Fove s Fenr s fvar) A KB A 5 B
Wﬂﬁﬁﬁﬁ\ﬁu&ﬁi,(wh ’wil ’w:jl ’wi ’wf ’wi) i‘j
HIS Z [t H 5 T A7 1 = AR B4,

TELH AT D) yias = 0va; = 0,0 =1,
i=1

Tl RS PG YR K (202 4i45
:1929"'97’1s %"*%’ﬁt%%ﬁ-

n 1<
Qo :201*32%%%%(1:&’11) (8
i=1 ivj=1

K8 H1a, f‘j/l\é"lﬁﬁ%#ﬁﬂjﬂ’ﬂ Lagrange
P ¥ T mECh .

S(x) =sgn{(w” gx) +b" ) =sgn! Zaj*yi(ztigzt)
i=1

+b" ) 9

LD HsgnORKRAF S KA« UK
W 5 A I ) S LA 0 S 43 R AL

AR OpenCV HHEET 1ib-SVM 1 T HA4f
X G AUN A a3 AR 1ib-SVM X 22 28 531 43 2%
N —Rf— 1 Z RN — > R RS k (k-
D/2 A4 2aE, FIH SVM T HAR X & 25 2 1
WA R AR I R0

(DB E GRS, BT UK R 4
DK U Ao g TRER 285 Y TRAL 38U 1 T8 AR 2 U
DURRAIE o) (45 BT — B A M IR AR AR L )5 —
MR A L

train_cells=[i=[:50] for i in cells] //Rij 50
I GrreA

test_cells=[1=[50: [for i in cells] //J5 50
2 R PR A

(2)KE SVM 250, FIH svm_params 5 728
HSHLEIENESEL.SVM AL BT &5 C
.

svm_params=dict(

kernel type=cv2. SVM_RBF,//iX & N # &
B AR ] i R B

svm_type=-cv2. SVM_C_SVC,//#& & SVM
GrEARFERA C-SVC

C=2.98) //BL B ] 2 80 AR 52 b 7 5L
R E

(Y% SVM.

svm=cv2. SVMO

svm. train ( trainData, responses, params =
svm_params) / /& — Y 2R B L 5 Ay
RER 7 — 1 SVM 241

svm. save( ‘svm_data. dat”)

>

WHFHXA SVM #AL 25, 8 H predict B
By 2k

result=svm. predict_all(testData)

3 ERENRLFRE

2 I T G 2 S Ak BV L S8 AR T PRI oy
SR AR 3 75 EORE 7 2R A 45 2R LR A ) 1 45
R iR T T A AT R B R A L A
T ARG _EALHLE 32y R P S R
AR, 58 MR D REA - 5 I 2 o 1) 38 £ K0l O A7
filf AL R 5 DK ARCE SE L E fE BE R AT TCP/TP
P 45 B D o 2 A% i 114 7 3 52 B A A0 1
1 2 S S 4 Al b A 2 M PO OB P L
P O R R 3T ) A PO A Rl
PEr ML Zs A N & 9 FraR. bR AL HLAY LA
K A5 2 2 T 5 22 AR B2 Socket B4R AT bR
BB R T B T 50 S 10T B s 1 A A
PRAE S 1 d 7 DA R it 2 iy 22

XXl X 8 R4 oy

B9 ERLERAR M W A 2 M B

SR TS B A 2 ity b BT A T AR R A HE
A7 2B W, A e i T 445 TR 2 04 W 0 4 1
it . 7 Windows #4E RS T Delphi s 2 2h 85 i
THRIF & S8 6 45 vKoR: U 28 45 00 [E18 P 551, an &
10 fr7R. 38 3% 22 W 4 N B n] D a9 A e x4
A Hi X P B 22 38 3 B 1SS UK IE T AR R . S RS
G 0] 58] T (i R UK s o M 4 R R W A
RO S T [ SR BBURR L 1) IO S i, B B T
JE AR Al A Bl TAE N B AT 43 B X L.

PR RIS KIS/ FRE RS

65 PEFRIA 200 | cos BT 00 | Gos BLTH-600 | o5 3200 | 685 BEH-1000 | Ges p2THA-1200 |

mﬁm&&*m
B 10 &k T3k d 4 ok
BAEAFRaEA




+ 164 -

ReHAALESB

4 ZEROW

B BUK RS 25 UOIRZS TR Y 56 1 PR 45
100 W, e WA B 2 J5 i BRAE I A dH . R &
AL B A AR AE N B 4. B 20 48 A Fl B iR 25
BT 50 18 A9 e U8 R AE 1) A M Il e bEAR R L S
50 Wi Y foe A0 AR AIE 1] kA S I3 4 0 3 R 1F i B
I [E] L SVM YIIZRIN R] | 7326 45 21 TE 4 %\ MSE % 22
{H, 85 R W3 2 PR, Gl oy B vl 45 o RRAE $2 G
JE A ARG B A EG S [ B 4. 105 s, i
H A W ER 5y S HE00 A L B 4B /2 i
R 7.7 %, BRI A 2 i T PR AR Ak B 4R
T A U T 2R DL R A 2R
X2 ZWMAERBRGHERERESTLL

AL PR 1) 6 Ji i T B
FEURFEA (A 4D FURFEA (B 4
FEAE 4R B[] /s 17. 629 21.734
SVM I Zrif 7] /s 1.632 1.974
SIRIEFF/ Y 80. 4 72.7
MSE % 24 {6 0.031 0.036
5 %Kit

AR T HT OpenCV + Python (Y38 4%
DRI 2R 5, ph ¢ i >R A % T IR R LA R (R4S, 1 2
57 FH 3 G A I R0 A8 B A 22 25 6 1Y 2O [ &
115380 2R 1 E 3 /N 25 W 5 ik LA 4 i TR U]
(R HE B 58, SR S Hi SO T PR B R AR (R 2 SVM
o3 2R AR AT U L die S R 45 2R i LK TR 6 T
PG LA B A I 235 51 LA 43 9 i 2k 36 2 1A i W 4
. X R GRTR T A% G MKEE A3 WA 1 LA 6 T
ARSI B R TSR 42 B A MR BRI 2 % 45 K AR R
FEIUR 78 53 T B VAR A, DL A 0 1 B
BLAL R 4t P K | Ak 3 0 RE 18 1Y [R) L i R GG RE 8 1
B AT R0 B X T 45 DACIR ZS AT U0 L I i DR
W A5 B8R T M vl S A W T TR A T A
I 2 e SR ) AR B

2% Uk

[1] Symous L,Perry A. Predicting road hazards cause by rain
freezing rain and wet surfaces and rok of weather radar
[J]. Meteoro,1997(4) . 7-21.

(2] AP, SR HE M b, A5 I e s 0% vl 8 DR T R
Wk LT, A M. 2015(6) - 244-249.

(3] R MRAL, BhARAR, 2K 45, %5, 2% T W R IR B0 R AR IR 2 WL
MRSV L], & bkR 2 2 i OfF BB /O , 2015, 33
(6):625-631.

L4 TR HP il 5 N, JE /0N B 3 7 B TR 25 e 7
BB ]. AL AR 5 K, 2013,23(8) :250-253.

(5] sk MR, E &, 55, H Gl N (B 0 /0N 3¢ 26 M et
BT ], B PR K 2 2 4 CA AR L2 1D L 2015, 27
(6):740-744.

[6] XUHiHT. T A3, OpenCV F A M. JbaT. Jbmt T2 A K
K2f AL 2007,

(7] 75 &0 48, F4E8E. BT 5 445 E Fl RBF $i 28 9 4%
B 8 T PR R 0 O ). S AR B 5 % 42, 2013, 31
(2):32-35.

[8] Burges J C. A tutorial on support vector machines for pat-
tern recognition[ J]. Data Mining and Knowledge Discov-
ery,1998,2(2):121-167.

Lo skotl . 48 15, A8 k. JE /N A 20 i 10y S0 S TR (R 25 1
(7). #3227 4l (AR B 22 WD » 2005, 33 (3) 2 31-
33.

L10] B et B sk, SCRF ) & HLAY S0k R 1T 5 a8 i (M. b

A Bh2E A . 2013,

C110 R R 3060 R0 S0 31 RRAIE 09 1 0 vt R 3800 O 0 F 5
[DJ. FUM « #iT K%, 2015,

(120 8 20,2 50,238 fR. JR3E 36 A 0 e 1 Dl 52 B A 4t
P77 BT L], A A X 3 2 4f . 2012, 33 (11): 2 509~
2 515.

(130 M W BT S m s pL ey BR800 58 (D). Bl [
PFRE ., 2006.

(147 FHAT SCL A MENE V7 B3P, 45, k422 5 14 38 JIC I 9 5 5
BER I ARG & 1] R TR 5131.2016,37(5)
1411-1 416.

(150 B s, FH AR BE T, 45 B TR SRFE ) SAS
FlR SVM 43 FIBF 58 [ ], A0 A 3R 2 42, 2013, 34 (6)
1 413-1 420.

[16] XBrTs, B4 JE . JET SVM 43 28 2% 1 38 B0 5 B4 00 26
TEW )] R T R% M CGGER S TR,
2011,35(4) :784-787.

[REHE HFILRF]



ReaBBEIE SR Vol. 35 No. 2

Journal of Shaanxi University of Science & Technology Apr. 2017

¥35% HF2H
2017 4E 4 H

*

XEHS:1000-5811(2017)02-0165-06

ETEMXREMPLBEN 57
W AF iMEB{E &%

EARDE, KA, Z‘j—‘iﬁkz, ?gﬁij’é.l’ Ao 55 R,

(1BEVE R R A S5{E B TRk, BeVE P52 7100215 2. Pdb Tolk K% M 715 B¢ b, Bevg 794
710072)

i EAARARZGREIFEENAE T U AF WAE R 5 F R W AFE 15 2 b de. BaR P
BRYELELZAREARBEECEAABL o S I REMS A, JFLFEB) XA K RTLE
LhafhE W TESEFEANETRARFAZT.EFET AL PHMEARREXGFRT T4
AW BREKA ST PRTEBLARETIBRENSH EH,RALGREIFLEEMNLF
SE AR R o 09 AF AR IBAS R AT AR R AR AR B 15 2 P BT & R SR E R, R 38
R EF PR EOEP D RS RAARRAEL Y0, FHES BT ERRRIERARR

&
KB B E; TR RE; e ak; PR E; AKELR
FESES . TNI14 XEkbRERD: A

Multi-relay AF cooperative communication system with

randomly distributed relays and directional antennas
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(1. College of Electrical and Information Engineering, Shaanxi University of Science &. Technology, Xi'an
710021, China; 2. School of Electronics and Information, Northwestern Polytechnical University, Xi' an

710072, China)

Abstract: Combined the directional antennas with opportunistic relaying AF strategy,the per-
formance of multi-relay cooperative communication system is studied. The exact expression
for the outage probability of the system is derived for Rayleigh fading environment and the
case where the directional antennas are used and the relaying nodes are assumed to be distrib-
uted as a homogeneous Poisson point random process with fixed density. Theoretical analysis
and simulation results show that combined the directional antennas with opportunistic rela-
ying AF strategy can effectively reduce the cooperative communication system outage proba-

bility ,improve the spectrum efficiency. It is pointed out further that the transmission power
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of the source node and the relay node has an important effect on the performance of the sys-

tem,and the equal power allocation scheme cannot guarantee the system with the best per-

formance.

Key words: cooperative communication; directional antennas; opportunistic relaying; outage

probability; amplify and forward relaying
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The research of soft starter based on SVPWM

CHEN Jing-wen, ZHANG Dong

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

710021, China )

Abstract: The traditional regulating speed and voltage soft starter based on motor steady-
state mathematical model are universal existence in starting torque is small but large cur-
rent,and the starting torque and starting current nonlinear. Therefore, this paper puts for-
ward a kind of the variable frequency theory as the foundation,based on the theory of voltage
space vector (SVPWM) method,and the further study of the stator flux linkage locus as con-
trol means and methods,on the basis of design a hexagon flux trajectory of voltage space vec-
tor control strategy of a new type of soft starter. The voltage/frequency ratio is relatively
stable, the main magnetic flux of motor is stable,at the same time,to achieve a larger start-
ing torque and ensure low starting current. Finally has carried on the corresponding to the
designed device experimental test,the test results verify the correctness and effectiveness of
the control strategy.

Key words: SVPWM; soft start; control strategy; system research and design
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Event-based distributed filtering over wireless sensor networks

ZHAO Hang, ZHANG Da-wei

(School of Mathematical Sciences, Shanxi University, Taiyuan 030006, China)

Abstract; The problem of distributed H.. filtering for a class of discrete systems with random
packet drop under an event-triggered communication mechanism is studied. Event-triggered
communication mechanism is introduced to reduce burden of communication and energy con-
sumption of wireless sensor network, the sensor broadcasts its measurements to the neigh-
boring nodes only when the certain trigger condition is satisfied. A filtering error system
model is established to account for both the event-triggering condition and data dropout in a
unified framework. A performance criterion for distributed H.. filtering and a design method
of filtering parameters under the event-triggered communication scheme are given in terms of
linear matrix inequalities. Finally,a numerical example is given to illustrate the effectiveness
of the proposed design scheme.

Key words: wireless sensor network; filter; event-triggered communication scheme; packet

dropout
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H .. consensus for multi-agent systems with
switching topologies and time-varying delays

TAN Xi, LI Qing-kui”

(School of Mathematical Sciences, Shanxi University, Taiyuan 030006, China)

Abstract: We investigate the problem of H.. consensus for the multi-agent systems with
switching topologies and time-varying delays. Consider the case that there exists an unspeci-
fied node loses connection with others in some time periods and the communication links can
be restored,switching topologies are used to construct the communication among agents,and
in the presence of bounded time-varying delays and external disturbance,the H.. consensus
problem can be transformed into a switched H.. control problem. Then a distributed consen-
sus protocol based on the state information of the agent and its neighbors is proposed to a-
chieve the H.. consensus. Based on this protocol,sufficient conditions are proposed under an
average dwell time switching scheme such that the whole multi-agent system reaches the H..
consensus. Lastly,a simulation example is presented to verify the effectiveness of the pro-
posed methods.

Key words: multi-agent system; switching topologies; average dwell time; H.. consensus
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Abstract: Traditional support vector machines can not sufficiently and effectively detect the
instance of the minority class in the overlap region and can not make a reasonable classifica-
tion of the imbalanced data sets. However,the overlapping and imbalanced of the classes are
common in complicated data sets. As a result, they have a negative impact on the classifica-
tion performance of support vector machines. Based on this,an improved model is proposed
to replace the slack variables of support vector machine based on distance measure. To a cer-
tain extent,it solves the problem that the support vector machine is dealing the overlapping
and imbalanced of the classes in complicated data sets. Finally,the advanced nature of the al-
gorithm is verified by the experimental results of the data set in the synthetic data set and the
UCL database.
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