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Study on rheological properties and expansion of thick
bamboo kraft black liquor at high temperature

YUE Xiao-peng', DU Xin'?, XU Yong-jian'"

(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 ; It is necessary to study the rheological properties of black liquor at a high solid con-
tent above 70 wt% due to the development of new technology for the recovery unit in pulp
and paper industry. Adding sodium aluminate can ensure high efficiency in the method of
black liquor combustion to remove silicon. Nevertheless, the effect of sodium aluminate on
the expansion of black liquor should not be ignored. The rheological properties of thick bam-
boo kraft black liquor (70.19 wt% and 79. 87 wt%) at different temperatures (70 C and 98
‘C) were investigated by an AR2000ex rotational rheometer. The results proved that the
flowability of the bamboo kraft black liquor obeyed the law of pseudoplastic fluid in the shear
rate range of 0~100 s '. Thick bamboo kraft black liquor represented strong elastic solid
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properties. The apparent viscosity of black liquor could be reduced effectively with the in-

crease of temperature. High temperature also weakened the pseudoplastic characteristics of

black liquor,as well as the intensity of the molecular structure of black liquor. Therefore, it

was benefit for the transportation of black liquor. As an indication of expansion of black lig-

uor, the volumetric isothermal expansivety (VIE) reached the maximum value when the

loading of sodium aluminate was 0.5 wt%. The expansion of the black liquor would be sup-

pressed if the loading was increased continued.

Key words: black liquor; rheological properties; pseudoplastic; expansion
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Effect of endoglucanases pretreatment
on bleached softwood pulp refining

DU Min, LI Xin-ping, WANG Zhi-jie, ZHU Jing-hang

(College of Bioresources Chemical and Materials Engineering., Shaanxi Province Key Laboratory of Papermak-

ing Technology and Specialty Paper, Shaanxi University of Science & Technology,Xi'an 710021, China)

Abstract : Endoglucanases was used to pre-treat bleached softwood pulp. In the present study,
by measuring the freeness of pulp,fiber morphology and the paper performance in different
refining revolutions, the effects of enzymatic pretreatment on pulp refining were studied. The
results showed that: in same refining revolution, with the enzyme dosage increasing,the pulp
freeness decreased gradually. After enzymatic pretreatment,the pulp had more cutting action
in the refining process,the average fiber length after refining decreased significantly, larger
the dosage,greater the decrease. When the enzyme dosage was lower than 0. 1 U/g,the thick-
ness and the binding strength of the paper sheet were almost same to the control sample,but
the tensile index was significantly increased. Enzyme pretreatment was not conducive to the
improvement of the air permeability of the paper sheet.

Key words: endoglucanases; bleached softwood pulp; refining; freeness; tensile index
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The surface modification of aramid fiber and its effect on the
mechanical strength of aramid paper-based material

XIE Fan, HU Wen-jing, SI Lian-meng, HAO Yang, LU Zhao-qing

(College of Bioresources Chemical and Materials Engineering, Shaanxi Province Key Laboratory of Papermark-
ing Technology and Specialty Paper. Key Laboratory of Paper Based Functional Materials of China National
Light Industry, National Demonstration Center for Experimental Light Chemistry Engineering Education,
Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: According to the surface defects of smooth and chemically inert surface of aramid
chopped fiber, the surface modification method such as phosphoric acid oxidation, plasma and
dopamine biomimetic methods were used to modify the surface of aramid chopped fiber. The
morphologies of modified fibers were characterized and a series of aramid paper-based materi-
als were prepared via wet-forming process. The results showed the rugged grooves and sur-
face etching appeared on the surface of fibers and the surface roughness increased. Some ac-
tive groups such as hydroxyl and carboxyl were exposed. The mechanical strength of aramid
paper-based materials after phosphoric acid oxidation and plasma treatment decreased, the
mechanical strength of paper with dopamine modification improved, which indicated dopa-
mine modification endowed the fiber with surface activity,bonding fibers tightly and increas-
ing the strength of paper.

Key words: aramid chopped fiber; surface modification; morphology; aramid paper-based

materials; mechanical strength
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FHERMIMALIEX T4 E-Ag
S MEMES &

(BRPG R K2 B TR 225 TR 2EBE BRVY & 1 A0H R R RR R 40T T & B S S 2 B e TR B R R SR H
AL, BEVE P8 710021)

W ERAREZRE AN LG RR A EFALRAN , EHEFHERBTREE T
BFEGhF-Ag LR EMM BT H L THAALERGHAEFTHERE. AME 569 Ag’
WERES SR AR EZ R TR ERNF LT A LT Ag b F . KRR E B LT
WA eMA AR, SRR ARG XA TRELEFGERER — TR
R % EHAE S0 u/g. BE 50 C,pHS A& FLEZERBE THXRRME.FLEE-Ag
AAoREMH A ELEBRABRTRD LA ERMK.

KPR RALER; HEZEE; RARE; AR

RESES:TS721 MEkFRER: A

Effect of cellulase pretreatment on preparation of
cellulose-Ag antibacterial composite materials

XU Yong-jian, LEI Feng, XU Yang, LI Sha-sha

(College of Bioresources Chemical and Materials Engineering, Shaanxi Province Key Laboratory of Papermak-
ing Technology and Specialty Paper, National Demonstration Center for Experimental Light Chemistry Engi-

neering Education, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract ; Cellulose-Ag composites were obtained by reducing Ag™ on the surface of cellulose
with in-situ method. Cellulase was used to improve the reducibility of cellulose which was
important for the amount of reduced Ag on the surface of fiber. Polarized Zeeman atomic ab-
sorption spectrum was used to detect Ag amount of composites. The anti-bacterial properties
of composite materials were evaluated by inhibition zone method. Result shown that, cellulase
was benefit for the elevation of cellulose reducibility. The optimum conditions of cellulase
per-treatment were 50 u/g cellulase addition, 50 ‘C, pH = 5. Moreover, the anti-bacterial
properties of composite were increasing with the augment of Ag amount.

Key words:in-situ reduce; cellulase; silver loading; antibacterial activity
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Study on peparation of phosphate ester
fiber by half-dry synthesis pocess

WANG Jian, QIAN Li

(College of Bioresources Chemical and Materials Engineering, Shaanxi Province Key Laboratory of Papermak-
ing Technology and Specialty Paper, National Demonstration Center for Experimental Light Chemistry Engi-

neering Education, Shaanxi University Science & Technology, Xi'an 710021, China)

Abstract:In this study,the high degree of substitution of phosphate ester fiber was prepared
by using cotton phosphate as raw material, mixed phosphate NaH,PO,/Na, HPO, as esterif-
ying agent and urea as catalyst with half-dry synthesis process. The effects of the dosage of
phosphate,reaction temperature,time and pH on the degree of substitution and reaction effi-
ciency of phosphate ester fiber were investigated. The results showed that the degree of sub-
stitution of phosphate ester fiber was 0. 066 when the amount of phosphate was 20 % , the re-
action temperature was 120 °C ,the reaction time was 2 h,pH 6. 0 and the amount of urea was
4% ,the reaction efficiency of the fiber was 42. 7% ,and the fiber was most damaged.

Key words: high degree of substitution; phosphate ester fiber; reaction efficiency
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OCC 1L 55 41 & SME I B M0 91 45 5

#, W, Kk im, TXLE

(BRVGRIEE K2 BT R2A S TR B TREBEZRELREA A RE PO FEE T AT fe bk B S 5
PRV AR SRR R AR T R S SRR R, BRYE P 710021)

HOE.x B8 RAFSA (OCCO) H) 3 2% 48 & R AL 32 7 A 69 A5 R (OCC 2405 k) 6 & 1 3
FEEMMESAHBFTT ERAE, BT ELH LT XBFEMHILBRFT A . 4K43THRES
TR, REAEBRA 505 AL 16.43% .5 % 27. 38% , % W A 4F £ £ (CMC)0. 38% , L =B
0.98%,203 #-F#] 0.09% ,SPA-202 K &7 0.37%. R AW REKMI, B FSRHRE
A fe Tk 2 GB/T 9755-2014 ¢ [ A 4P R o9 2K, B b, OCC A4 75 R A I 3 R h &7

mAARSEAER.
TR AT R I IRE; F&; B ik
hESZES.TU6 4.5 XaktrERL: A

A primary study on the preparation of exterior wall
primer using OCC biochemical sludge

HAN Qing, ZHANG Tuo, WANG Wen-liang

(College of Bioresources Chemical and Materials Engineering, National Demonstration Center for Experimen-
tal Light Chemistry Engineering Education, Key Laboratory of Paper Based Functional Materials of China Na-
tional Light Industry, Shaanxi Province Key Laboratory of Papermaking Technology and Specialty Paper.
Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: This paper investigates the process parameters of the exterior wall primer which
was prepared by the biochemical sludge (OCC biochemical sludge) achieving from the waste
papermaking wastewater treatment of old corrugated cardboard. The optimize technological
parameters were: the amount of pure water was 54. 37% wt% , polyacrylic acid 505 latex
16.43% wt% ,sludge 27. 38% wt% ,carboxymethyl cellulose (CMC) dosage 0. 38% wt% ,
ethylene glycol 0. 98% wt%, 203 leveling agent 0. 09% wt% , SPA-202 defoamer 0. 37%
wt%. In addition to water permeability. Results showed that the quality of target product
met the standard of GB / T 9755-2014 on the type [l exterior paint requirements. Therefore,
OCC biochemical sludge shows a great potential in the usage of external wall primer.

Key words: biochemical sludge; exterior primer; preparation; formulation; optimization
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Az A5 8 SR s AR K A B e AR A ) — 26
&1 1A % 524, HL F= B4 4y B HL S AT TG ML, TS L
J BN Ok [T o AR R P i AY S0k R A0
TR 55 VAR R 0 AR BRI A e 1 e 4K
Al = 50 kg (A1) R KI5 U B =9, s I BUE
TEH I ACT Al fEAE 20 %0 Z W) 28 4k, fE AU 2 48 T
HRETREAR AL E] 40 %61 R GE T, 95 M H A i ARG
JeRIAE 7= AT 500 J7 W, v [ R BE [ 4y ) ok E
1 2007 W 1 200 J7 Wi, g AE /9 A 7 1 A0 XT3/ Oy
FRAE 50 J7 WS AL I ik 4% o A b 46 U8 Y P A
B A DU 17 B A o KA b 4 5 K AL B TS U
() Ak 38R AL A 2 AR ) 5000 ~
60965, Ry It L Xof o AR Ak R o AR Y R K TS e AT
A A I T0 FE AR AL T A Y 28 % 2 25 R ER
B A EE NS E . HATH T4 2RE4
TG VRTEA HLE &, Ko O 1 RN & A Sy T YA E
25 E IR A S T e ol HE A 3, (H X S Ty
TR ATAE AL 3N AS B, 7 A kTS G A ) R
VR RN IR EE R N DA A A A SRR O B e [ A
W6 B (] U AT T A N A ISR 1R R, B A A B T
e R A R

WHRHE — R MERRY A RIS Z
TE B B T 245 5 B 1140 % S b e A 30 2 A L DR gt
SR R 3 4R K TS R R JE AL 3 N R R
B WA R 0 A 5 S TR R IT SRR AR 2
FEARZADL L B AR Ry 3 4R R K 5 R AE R R H T
TR R A SR T Y AL, — DOk 4US
PBEAMERWH AN EERENETAS P &ARKR
ARGy s T A R O K SR AN B K B8 oy
JU 7K B T A 7K 1 SR ARk & A LN L X
T AR VR A PR IR AR AL BB RS L.

H . & A 06 & R A < — Fl LA 4875 8 48
RO B N e N Y B e 1
e Ay SEURL A P % 2L I 1 A T AR 3 T R — b R
FH A& 5835 U8 K il & AN AR T By
PP A A 1 4RI R ] A B SIS R 2R R
W SC e DLHRIE . A SCRT F OCC A 4675 8 oA IR 4y
B R L O LR AR TR R ) A Hh R AT SEURME A
A T 41k

i

1 SRIEER4SY

1.1 REHAEMERE

(D JEA L RN IR AE 505 BEFL . [8 & & h
50% .pH A 7.0~9.0, %% K 1 000~2 000 mPa
o s BHE AL, T 0 B A SRR B RN |5

KEACES (PLiz SR 5 D L & R LR
e ZH(CMO) , 43 Mral, K Kk b2zl
A PUIz BRI D L oA el KT
FALT A R A s AR AL S (BLiz 58 0 1 5 1 A
D L a3 4l K EE T LB ik 2% T kA R
ol OCC HEfbis e, &KFE R 76.82% . pH R
7,59, BEVE VLT SF A0 A R 2 Al 5203 B -F 5, pH
7.0, 5B R 2 000 mPa » s, Talk 2%, i I3 i 2 W
F IR 5 SPA-202 T, Tolk 2% . bR B
Bk RATBRA V) A G B D . B e
RIFEHM) s ixF G BB D, F K BB R
SRAFRIME T oA AR K PR, T 85 5 Ak, 5
552 [ il

(X85 45 . FST-DL-20 % 5¢ 5 43 H7 4 4l 7k
B, L0 R R RS 45 A R A GFJ-0. 4A Bl
O A . B IR B T AL R A LD-
Y300A HI w5 T RE Ry wE AL, LV T H 28 A B
F) s BGD1357 AL KPR 50 %6 B . 1 g O A 4% 15
FABRA BT P GR R E L RD L #iT b
R T 3 M S B X B8 T s FCD-238SE g /R ¥4 i 1%
VAT B 5 VSR 4 b R KA AT R 2 ]

1.2 R4 & B m

il & AN R EE L BUNE .

(D OCC A=Ak i5 U6 SRk T 4k 21 8 XU 5 1Y
OCC A=k 75 U 5% F By wE AL 47 85 6 AFF 85, 300
G 7 1% » B2 8438 43 45 FH 5

(2) BURFOR R % o CMC FH 4l 7K I i Bl %
W TEREFERE 1 800 r/min T T J7 He 445K Y
AT LT R0 LT B AR A OCC A A5 8, $id
IR A BTH 4 30 min;

) TR BHEL I - B 0 1 % MR AR 2 800 r/min,
FE HUREEORE TP R OO A TN I R IR 505 i 7L AN I
SR HE— 21 EE 15 min J519 34 IE .

R PERERE GB/T 9755-2014 #4740,
B 4 4 IR L 92 6 W A0 S 38 K A SR 1 S AR o
T ASF I B, Nk 1 .

X1 KEFEWREX

E{ER AN
H 1 # 1 #
A TR TClg e 4 Ph IS SRS
it T4 il ¥4 G i
I T B ARAE
TR SN T
TR (R T /h <2
i B (48 T T 5%
i 7K P (96 h) TC 5 H
BUIZ B 72 h LHH 48 h 5%
#AKPE/mL <0.3 <0.5
5 I8 R 2 3 R EH




%61 WA OCC A1k 5 Ve il 5 755 K B 59 97 25 Bk 5% o 27 -

1.3 %k

TEETERTH TR E 53 7 OCC A1kis ik
il B G BRI LA BC 77, AN 3R 2 PR . 76 IS R SR Al d
T3 B At 38 5 S 0 R0 T AR L B R R AR
FEE B OF AR I A o T DA 58 3 G R ME R & i
TR A AR S B s AT GB/ T 9755-2014
HEAT A VEREAS I S PP A

x2 EREMER

JE AR Fiht/g
OCC A1k T5 3 30. 00(4T)

RN NE 505 B3l 18. 00

CMC 0.42

afi 7K 59.58

2 #FRE5ITE

2.1 AFAA SRR

JUS VR U A A i 2R T 8 0ok U B0 R T i R
T URSE  (FLFR T k3R 1 5K T 0 B IR R R B
178 B It R R R 46 A B st o L 3 S 00 A i A ]
AR EAR R 5 B 2 0] 1 3R 18T 5K 7 el BRI
fik A5 P T 5 A AT — A B A 1 T A Ok A T
FRE AR, A S 58 3 ek ) R AN TR O R R Y
JES VR Ml AR 38 B0 CTD o F LA PTEA JES 38 19 O °F- 4 L O Rt
fih 705 i SR/ IN ISP P A L AE T e 2 L A R
fik 75 g ESRE K T 2% L A B T A T
T FH 2 X 3 A ) 52 e DL T 1 R

van
6L /{
- E"}/%
51 }/
Eyl
31
oL
00 01 02 03 04 05
2033 F 7 i/ g

B 1 203 7-FHAZs RS TG0

&1 AT, 203 PR AE 0~0. 2 g JE
Ao JEC S i AR i 45 5 B AR b T R A T R
FE 0. 2~0. 4 1 BB, folt A2 45 80 b T 2% R e fE
5,44 ZE A WAF R &= AE 0. 4~0. 5 Y[R, &R
EIRIRT N WA = T 10 T R A 5= D
LA AR 48 BB /N T 4, A1 B U Ak G I )
flt 2R 8 0RT DA L 2R A 2 R R M BT
DL HE M RN LA 7] A, 7 7 R BE R 0. 1 g (TI=
4. 68) K. RIS & B0, 4ok 5 A AT A8 £ 3k AR

b1 1 R 5 T 1 B A0 /)N S8 50 1 1 50 A Jon 7™

K2 s PRS2 0.1 ¢ 50.5 g Bk
FREX e P B SR 0.1 g B 9% 8 3 i 4 o e 2 L i
FHHR 0.5 g B, 248005 BL# Ry ™ 5, i it vl 5
203 WP R ERAE SN 0.1 g.

(W FHIHE 0.1 ¢ (D)W FRHE 0.5 g

B2 FRRERFANDETRBY R ILAE
2.2 HEANMEIREW G R

U ] ek R v S o ) 2 TR R A LAk R
HEBR T RN B FR SR A R T AR T A SRR
JR AU B AR E AR o A 77 e A T HL 23 3
25 PR SR BV 30 R ARG R R TR AR XL
JEE R S5 R e W /ST, N T R e R e 4 B0
VR B 24 25 2 T v H e

2 S 56 5 1 0 2 S ) SPA-202 3 i 50 & R
A ] JBT 45t P R 28 AH [ 40 1 e (1) 5 4K FR 4G i 45 >k F
it T YRR A B AR P e, R B A o AR R < A T R
BN 0.1 g 24T I AN [ 2 14 9 96 500 7l 4%
JREVR S FE A 2 58 BR IS R = R T E 24 h, TR
FFE o3 K AEAE G 40 M FEHL 45 g, 81 A it & 10 S AR
L, PR UK A ) B 6 TR BT 7E 1 400 r/min %38
THEFE 2 min 5B G IO SRAR TR, VSR ER AT S
(AR B Ak i, A8 fh /N I RE i 04 T 9 550 S o o
RIS s A6 FH 2t T 90 700 FH 1 X IR R A s el DL 3R 3 BT
N

* 3 SPA-202 HiGF AEXHBMRNWF I

SPA-202 4 BT B PR o i
WHRIHE/ g /mL /mL /mL
0 27.0 28.4 1.4
0.2 29.0 29.5 0.5
0.4 28.8 29.0 0.2
0.6 30.0 30. 2 0.2
0.8 26.7 26.9 0.2

1 3 nl 0, 25 I IR AR 0. 4~0. 8 g
FEL A I JFG 9% 22 B I R BRUOE 4 A /D AR RE T
0.2 mL., % EFIIH 157 il i ad 2 2 1 ok B
PE 25 430 45 TR, BT DL 50 f A R 0. 4 g,
I HLAE B 3T i (9 DR B8 28 TR Rl O I 3 T R
BB NS A E RV 2 NS IS T
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2.3 CLZBEMRBIKERTMEY

TR T 7K A FE AR 25 R AR S5 VKR 42, 45 vk
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L FLNG DL A VRORHE AR IR P B
PRFEME. LTI A 2 B N B R R LA
R B AR IR AR T R B, e 5 A R R B 3R 9 A
FH AT A2 ZLUE T 2R A W Y B8 M O Bl RN R AR R
fiff 2 B A 450 98 0% T B PR PN OB SE R T — R 2
FA A 3400 A 2 56 58 2 W 8 R [l 2 e =
AR T ) 7T 1 RS i IR 1k » T LA ZE &
TEERAER L AR INER 4 PR,

4 Z_EBAEVEFRERE RN

R/ % IR R Pk
0 R
4 R
5 AR
6 AR T
7 AN T

4 T, & B 5% ~ 7% B ] ik
SR BRI AR E M ny K, 2 i 31 A HAT R B
FIARIVE R W38 2 i K FH &, r DAsE B 6 26 (R 1. 08
N R E.

2.4 JRA APt

i I S A o R R ERBC T A OCC A
fBi57R 30 g(27.38%) , RN Mg 505 I#l 18 ¢
(16.43%),CMC H#& 0. 42 g(0. 38%),203 Wi F
0.1 g (0. 09%), SPA-202 4 ¥ 7 0. 4 g
(0.37%), & W 1. 08 g(0. 98%) . 4 K H & K
59.58 g(54.37%).

3 H AR R i 8 S 2 R H 2K Bk IR A
EAE TR IR pH 26 DUR T I3 5 0k 7K e
DI BL Z R4 A S 25 1 OCC A= 4k 75 U IS B

FERWI pH WA RS ST pH 23k 8.5, W4 T
VRRE ] A Y JURE AR S 43 R AT REFE T OCC
HEAk TS IR S 5 B (pH7. 59) By ik, X & OCC 4=
75 Ve il ARG R Y — T A s SEDREAE IR v ) i
Ao OSBRI & P EZAY Tl gEKTE
Te HAT B0 25 K PR AR K P R I A TR R TR
R BN SRR T 5k R B A R A,
XJE OCC A=Ak 15 Y il #8 IS B 1 o5 — T4 34
x5 OCCHRERZTMAR

mH IR RS K ) 25 SR

e I Torg e, 5 S N
AR AR A Gk
i T Jil % G i A A
IR A e o ARAZ 5 ANAE 5
s B A1 0 =% %

F e (R ) /h <2 0.9
i 2 (48 h) T 5w T 5H
i 7K P (96 h) TS % T 5w
iz sk 48 h LS ¥ TRH
% KM/ mL <0.5 >4
5T U 2 W3 b 1EF EH

H 2 5 ATAL BRaBE K PE4h, OCC A4k 15 TR 3
F Pk RE AT A 11 Y AM 455 IR AR . OCC A kTS
6 RS 375 7K A e I DXL T BB Ok RS O I . B AE
I v 2 ) 9 9 0 A v R TR S R 1
VRIS S0 Ol R G AR SEPRIR I SO A
FEATH AR R B0 /N 2 R HR TG 1R O ) AR R
FH T 20 /)N 24 20 10 A7 A T U B 3 K PR R v s
WL, OCC Ak 75 e B AT 35 K 1 Rl s B35 7K 1 4
. — R L (2. 0~4.0) = 1. 08, H A
TS PR R F ol 3. 33, FE R B A D TR AR
AR, BRI AE A 5 e U R — T A 34, (0 A 3L %
TR B K Pk, AT 3 Y B B R i, i i K
A v ) LAY [R) R SR AT B 4 o v Rl A

3 Aig

(D FH OCC A=Ak 15 el & S % KB AL 5 1Y
Bic 5 M < 4liK 59. 58 g(54. 37 %) . BN MR 505 IR
7L 18 g(16. 43%) . OCC A4k ¥5 e 30 g(27.38%).,
CMC fi 0. 42 g(0.38%), 2 —E1. 08 (0. 98%),
203 W5 0.1 g(0. 09%) . SPA-202 {15 0.4 g
(0. 37%0). MR HC J5 il A5 S SR ESF & GB/T 9755-
2014 H SRz K AT 0 358 e 48 At 1 B 220K
(2)OCC H: Ak 75 1 5 55 1 P 0 23 K P L 76 K
VR Bk A& H JC T S i p HL R T R0 A B R L 43 1)
o, AT TR 2 R O 5 At ok ] 7 A R G Y AR
M SRR HEE R RN TS Ve H 2 TR B 2 T
LR,
(T 4% 33 1)
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N A ICP-OES =B &l E 7 g E
EME=HTERNHE/ENAEERR

CAME, BEH, B K, FHF. B Y

(BRPGRH 27 BT 2 5 TR EBe . BEVY P9%  71002D)

W B2 EAMEH Ph/Cd £67F 3% 145 L4 3K 3T ICP-OES ik st 4 5 Pb/Cd #9#
TR A 55 E o # L, 3T ICP-OES Fo R F BOl b i ik (AAS) 89 338 %, F il i A & 2l 6
iE ICP-OES % )& 4 5 A 69 TAT 1. 45 £ & 9 . ICP-OES k44 A 2R 31 2 % F K A Pb/Cd 4
% .Pb/Cd #9548 & #m sk & 2 3 A 220. 353 nm A= 214, 438 nm. X &4 T 4 Pb/Cd # ik 1R
/\SIJJJIJ 7.063 8 ug/L = 0.572 2 pg/L, 5.9 ICP-OES 58§ R BEMR &. &% HH & Pb/Cd
B A 85.07% ~110.99% , 580 ICP-OES ik /# # E 45 Mt am i £33/ 4 1. 13% LT,
P IZ R B A . ICP-OES & 4= AAS ik 46 4 BU/F 4835 69 4l 2 k. &£ EDTA/TA 3%
AR T, 2%B M E3H 52 Ph/Cd #h E42B KT F K, M TS Pb/Cd RFER . £ %
RAEKRAR LERERFREER X.
KB L BRABOFEFRAM L EER; 25H; wL; Ph; Cd
FESZES:0657.3;X53 TERARERD . A

Determination of lead and cadmium in site remediation plant of
Calendula officinalis samples by inductively coupled
plasma-optical emission spectrometry (ICP-OES)

FAN Chun-hui, GAO Ya-lin, DU Bo, DONG Wan-qing, LAI Miao

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

Abstract: The Calendula officinalis was used for lead/cadmium remediation in co-contamina-
ted loess,and ICP-OES was applied to investigate the limit of detection, precision and accura-
cy. The data achieved by ICP-OES were compared to that of AAS,and the application feasi-
bility of ICP-OES was discussed via samples detection. The results showed: ICP-OES is ef-
fective for lead/cadmium analysis, and the corresponding wave length for detection are
220. 353 and 214. 438 nm,respectively. The limits of detection for lead/cadmium are 7. 063 8
and 0.572 2 pg/L,indicating the acceptable sensitivity. The recovery rates for lead/cadmium
are from 85.07% to 110. 99% ,and the relative standard deviations are lower than 1. 13%,

suggesting the preferable accuracy and precision. The contents of lead/cadmium in aerial

x WrFs B H#I:2017-07-15
EETH :ERARBFERELTE (21407103) 5 PeriRhE K2 E K3 4 5+ B3 H (2014xhbz-06)
EZ B UHEM1982—), B, BT IFE N, BBz 11 BEIE 77 . 75 Je R B AR B s B HR
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parts of Calendula officinalis, with the addition of EDTA/TA in contaminated loess, are

higher than those of underground parts,which might be related to atom activity of lead/cad-

mium,growth period of Calendula officinalis and loess characteristics.

Key words:inductively coupled plasma-optical emission spectrometry (ICP-OES); Calendula

officinalis; loess; lead; cadmium

0 35

UL BB, i 7 TR 1 R B 0 5 0 bl e e A L
B DA R IR Tk = A A B ORI B 2 A L
Hb Y5 Yo 1] AR 15 Sz 28 1 L T Y 3 M A& &2 ) R 5 |
TaeMSNTEREY . EREZ B EHE AR,
HWPE R e e A AR MM — 280 ik ik
ABAR IS KBS /S B L RURAE X T 4w s g
F I BT A8 B2 R SR S ) IR A s
R fiE B T EAR AR AR Y RS Y G A R E AR
Xof LR AT R B AR B % IR AR R R A
SN RS T 2 45 8. BT ik, ik B s
XoF G RS D B o P10 A ARG D e R ) o s o i I A
JuohEE,

4 JE A I T B AL 5 A0 mT DOk R T
ST WSO 15 TR R XS
AL X STy P ol 2 M P LR B R R R AR
LA K 00 A R A5 T AF A 1 22 BRI A R
5 B TR 2 B i (ICP-OES) 42 20 i 22 70 4F
RE R R 1 — Fh o B e AR M
o NG W R T L 0] DASE B AR oOT R Y A E L 7
AR SRR Tz N . BT AT T 4
FAXTHE L Pb/Cd 5 Y W i R AR B R R
T AR & S B ZIE RN T ICP-OES X4 %45 1k N
Pb/Cd W22 3 RE, I 5 AAS ik 17 8098 Xt
i Pb/Cd 5k B 5 15 it B R S, 36 3iE 1CP-
OES %1 #5450 i) BE 27 M F el 450 00 18k I
5237 A8 2 4R B R SRR RS AR A

i

1 XEEHH

1.1 ALE AKX 7

R & 55 B 1R k5T 6 % AL (720-ES,
VARIAN) , fii 4 %€ € J5t + W W5 56 3% 4L (Z-2000,
HITACHD . L # & X+ # 48 ( WGL-125B,
TAISITE) , 5 i 20 41 48 I & b7 (LWY 848, P4 F
). S2 3 7k B Milli-Q # 46 7k (Millipore,
18.2 MQ + ecm) ,Pb/Cd brifEfif £ MM FEHI N 1 g/
L.Z — M (EDTA) Ji AR (TA) % H 401k

Eanvn oy e
1.2 &a#%AE

] 8 + B Ph(NO,), A1 CACL, K, 785
P PR R IF IR A A BBl Pb/Cd B
BUG Y s T AT R R S PR AE  WE
Pb/Cd #4354 1 000 fil 30 mg/kg # + ., %1k
IFE) A 15 d. AR 78 b P SRL 48 (45 X 20 X 15
cm) , FAEEFTGYLE 1 6. 040, 1 kg, [0 B + K
KItEMIR 2 (0. 4 g/kg ¥ +) B2 & 4h 0.2 g/
kg # ) FISAALEN (0. 3 g/kg B ) = FhEAL L 5] 1)
BN G=AM 2T e R % K& o H R R K
W 70%, TEANKREB TSR, FFa=ghn
35 d J7 .4 EDTA/TA B G IR WEA 54K & (o
F 1) AT L Pb/Cd 5 Y iy Ak 18 B iR
B, AR SRR3R 50 d JE UK 4 35 A R RE.
#£1 Pb/CdEETLELT EDTA/TAEMAR

JOE] EDTA/(mmol/kg) TA/(mmol/kg)
T 0 0
T, 0.5 1.5
T, 1.0 2.0
T, 0 3.0
Ts 1.0 1.0

1.3 #fomilft

B 424 Ho 10 o R R S AR A R (105
°C .30 min) HET (70 °C) Z 10 5 5 W BE Bk K. 1)
BEA 4o A FE M S PRI A 20 mL
HNO; fil 4 mL HCIO, , % & # & 12 h J5 4 fif £
Al L2 LR SEAHOR. K 2 J S 000 R R =
R RS &S
1.4 MBI HELEH

ICP-OES: #i thZh % 1 200 W, & & 1A i
i 15 L/min, Z46 & 0. 6 L/min, 5l By < &
1.5 L/min, & # 10 rpm, #EEEHEIRBF[H] 10 s, FL43
WFE] 5 s, T SAMBRAE S . A S dnBR.

AAS: = S H K IE, AR R T 160
kPa; Pb ME KK 283. 3 nm, 48 % 1. 3 nm, 3k
S 2.2 L/min; Cd 22 ¥ K 228, 8 nm, BE4E
FeE 1.3 nm, W 2. 0 L/min.



% 6 39

TARNESE B ICP-OES ¥ [7] 45 7 3 Hb A& 52 A4 4 =5 48 1 DY 4% /40 0 O TR 1R R © 31 -

1.5 JREdH

JIT P 3 385 i LA FH /7 441 282 1096 HNO, 2 3
24 h, & 4 K V¥ 5 45 . ICP-OES 1 AAS #y
BAT RG22 LR AR R A 2 © 78 53 TR
RIS RE S 3 WHE A [ gas Fon) L T A5 4L
iR Origin 8040 21 Fi1 2

2 HR5iITE

2.1 SHEL

ICP-OES ¥ H A & A 3 31 Bk F1 AL IE DI fE .
R 3o R B 22 SRR IR A A 1L AR AR 5
TR R A TN T R AR R E I TR AR L, DA
220. 353 nm Al 214. 438 nm 1 Pb/Cd 52 1Y
A AT AT T 2. 33 A 1% 2k 1) e 48 5 ) S F 9 S AR
FHAFE.
2.2 HErR

TERE 2 I 25 10, 3% 22 2 25 1 RE 5 W
11 W LA 3 A5 W00 BE AR 5 A 1 e 25 5 % 7 R 6 1Y
FUABLVE M BT 16 43 M7 3 48 F A9 403 6 Hh B 229
BALH L, ABFGE T ICP-OES %F Pb/Cd (4 #5 B 43
A 7.063 8 1 0.572 2 pg/L, RMZ Iy i ) R
BEM R AT LA T 4 38 4 FE i Pb/Cd 1y 43 A sz il
2.3 MAEWME

PL Pb/Cd i o fith 25 V80 A0 A8 405 7K B il N 5] v &2

BEEE R Pb/Cd bR VW, R 2 S R RE
o E R 5 Ph/Cd b v i £ L 1F 54 2 1 W)
A 07 78 JAH O R A A5 R R 2 PR, WF o R B
Ph/Cd ol il 2 i 26 1 38 1B 5 5, R G R RAF
LA ZE(O KT 0,999 9, HEfg i 2 3L 72 59 AR

F2 Pb/CdtrEHMEKMEINRFE. &4
SEEFEX RE
. . LM "
JLER [m] 5y /(mg/L) 28/ x
# A=1706.56C+29.19 0~10 0.999 97
M A=10 835.26C+71.57 0~10 0.999 97
2.4 FeArENk

ST a4 K E . AR TS gk B A ICP-
OES FAY 25 H 5 e B T, A 3840 #E 4T A 1] i 3
B (n=16), 25 R UNE 3 Pin. Bk L F . &4k 5
Pb/Cd [l #4534 T 85. 07 % ~110. 99 % =[] , H
A R R S 43 Pb/Cd el e 2R B g 8] 22 5] AN
K. XUt ICP-OES 75 e 8 5 m , T 4 4 3528
PPy Pb/Cd A 1R 51 3k B 2 A &4y, it il 7 P/
Cd 1 RSD {2 #B7E 1. 13% LA T . H b T %40+
RS R T b EB 4. 3% P B A BF 5T ICP-OES
IS AT S5 A 2 T LA 32 1Y, 3 PIORG %% 2 B 6% 6 2 ik
IR,

®3 EFHMEFMIMMTES Pb/Cd B ZE (n=6)

paen Be B EE oK S A 7] i % AF X s 7 i 25
/(mg/kg) /(mg/kg) /(mg/kg) /% /%
759. 22 1 549. 39 94,08 0. 94
5 S 835. 14 1 686.75 2 462.53 96. 48 0.55
" 2 558. 48 3421.03 101.07 0.26
" 316. 38 657.19 106. 53 0.55
R R4 320. 15 562. 25 944. 20 110. 99 0.32
890. 77 1 145.92 92.70 0.07
303. 69 580. 57 85.07 0.52
o b3 322.22 632.53 927.03 95. 62 1.13
. 921. 05 1 340. 06 110. 51 0.12
i 316. 38 642, 37 107. 50 0.34
R 4> 302. 26 562. 25 837.27 95. 16 0. 30
890. 77 1 165. 46 96. 90 0.07

2.5 Fikstik a5 AR R AT 52 1 s M L 2 T L ICP-OES ¥ 19

K ICP-OES ¥ f1 AAS 3543 W 4 35 4 b I
HB 4T FHL R H 4 (T, i3 41 Pb/Cd & &, 25 4
4 FFoR. W5 % B ICP-OES 2 Al AAS ¥ %
Pb/Cd #BHA 5 4 16 52 1 0 Dy e, W3 R 5 ik

RSD A%, 1A, CD-Cd BT L — yk M I 5 #E 5
R ZFhoT 2, HIEREON 32K I ICP-OES %
Wb 4> 2 RE 5 Ph/CD B4 I 5 T 58 B 4) 3,



.« 32 . ReEHBREEZH 5 35 %
T4 ES=HEH LA TES Pb/Cd EHE
ICP-OES IAAS-AAS
TR E N AH X A o AH X b
S/ ( kg) \ Eam/( kg) \
# it/ (me/ke /% it/ (me/ke /%
o W 4 477,26 492. 49 481.33 1.63 507.89 520. 76 489. 26 3.13
TOWTFES 177,85 184. 27 178.33 1.99 180. 77 164. 62 183. 25 5.74
M E#B4A 392.88 344. 62 354. 28 7.02 354. 38 319. 07 310. 23 7.12
i
R4 264,75 298. 66 284. 82 6.03 238.29 272.28 241.77 7.46

2.6 A

KBRS ICP-OES 900 2 4 3235 FE i
Pb/Cd & 455 3% 5 iR, EDTA/TA g% 5%
Wi 4 2525 X Pb/Cd 1 507 & 46 & . FEAE SR Ak (T))
IR A R T, 42 35 48 b 13 4 R b R B 4 X P/
Cd 2E Y & 5 2B (BCF) 8 ik ; EDTA/TA iy 8
2y B B A it FH U KR T T A 2 48 X5 Ph/Cd 19T
Qe NI S = iy | T T A e 7 1 B L 3 e
REBESZ M A L i B B9 EDTA Jifi in £ (T, Sz 1 f#
IR T 4o &R X Cd 1y B W e, X Je ik 7 ED-
TA FTA X b L5643 i R #6430 0 Ph/Cd
00T 1) 7 W 25 5. BRI BT AH OG B Hls mT . 4 S5

G4 AR AR X Ph E AR RCR 1 R B 3 M
Xt Cd & AL RRE R M AR /1N, FE I 3 Fobk B 5 Pb/Cd
JFFiE. eyl PR ER RS
KA HE AR R EE LR
() B AL AT IE K BE 4 35 44 L b 4y
X Pb/Cd iy B & 48 5 55K, #E M 72 T EDTA/
TA S T 2R RPrE L+ Pb/Cd AEY AL
PE X FR I AL 7 AT REAA AH @ T Pb/Cd M iz
By 38 TE R AS L FRAIR T Ph/Cd Y AR P 18-
Hb R - b4y e B B, e AR B ED-
TA/TA 5 Pb/Cd &4 &R 2 81— & 2 B 1Y 1E A1
KU ARBE AL Sy 4 55 4 A K R i By B v
SEAL T RUE 0 e 2 PRI SE IR A TR IR ALK .

B4 1843 % Pb/Cd By B 4R % 0k sy T M T
W4y, 78 EDTA/TA W4t 1 (T, . T, F1 Ts) B,
x5 AABUEGTEEETPH/CANEEENEERY
. o o E#85/ (mg/kg) o N4/ (mg/kg)
TR He T, T, T, T, T, T, T, T, T, T,
1 31.65 477.26 310.63 123.88 835.14 94.91 177.85 496.39 85.68 320.15
2 45.05 492.49 343.57 102.43 981.43 111.93 184.27 367.06 66.82 351.41
o 3 41.24 481.33 322.73 112.85 953.35 103.43 178.33 342.57 75.29  281.90
: S A E 39.31 483.69 325.64 113.05 923.31 103.42 180.15 402.01 75.93 317.82
X AR MER 2/ % 17.56  1.63 5.12 9.49 8.41 8.23 1.99  20.56 12.44  10.95
EEEREK 0.04 0. 48 0.33 0.11 0.92 0.10 0.18 0.40 0.08 0.32
1 108.74 392.88 225.22 430,35 322.22 143.42 264.75 261.19 132.29 302.26
2 88.37 344.62 268.69 402.65 434.74 167.89 298.66 318.39 159.47 326.64
. 3 118.35 354.28 244.91 422,18 371.29 154.33 284.82 285.23 142.76 364.09
i S SLiE] 105.15 363.93 246.27 418.39 376.08 155.21 282.74 288.27 144.84 331.00
X PRI ZE/ % 14.56  7.02 8. 84 3.40  15.00 7.90 6.03 9. 96 9. 46 9.41
YRR 3.51  12.13  8.21  13.95 12.54 5.17 9.42 9.61 4.83  11.03
s mn 76 EDTA/TA B3 ALAE I R . & %4 % Pb/Cd &

ICP-OES L RefE X 4 2 48 1K N Pb/Cd #1764
ORI, % 7 iR Pb/Cd B R DU K 43 Bk
220. 353 nm Ml 214. 438 nm. Pb/Cd & i FR 4> 514
7.063 8 pug/L F10.572 2 pg/L, UL W] ICP-OES ¥
R . RS Ph/Cd MR R 85.07%
~110.99% , Yt B ICP-OES ¥ M6 B & 4f 5 4 % bR
DR 223976 1. 13 % LAR L UE % 7 B 0 2 3 .

A BRAR T 1 EF o % Ph/Cd 4 847 1 ik
MR LR T HE D TR & Ph/
Cd J5Ur il vk 2 40 28 KA e o 25 IR
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Ba,MFeNb,O;s (M=La,Sm,Eu) z= 5l
Fo 5 U 485 75 4 T 25 ) 2 Sk M4 BE B 5

I 3, H@RAB. 2 A, E K, RE

(BevgRHB K2 MR B 22 5 TR 2E B, BV P§% 710021)

i E.adadR%EAMERDEE R W4 E 4R % # 6 Ba,MFeNb, O, (M= La,Sm,Ew &
KA TARHEAE L ,Sm’ L EC A F4A LM A LG R0 HEENIHREH
B HekMak, BE AN MEN T HEMHREFTREARBAN ZAIL, TRAIKE LY 269
AR A, L P, Ba, EuFeNb, O MEM R EE RS A 94.6%. A 231N La*" ,Sm’" ,Eu’"
J& +Ba, LaFeNb, O; (BLEN) , Ba, SmFeNb, O,; (BSFN) #= Ba, EuFeNb, O,; (BEFN) 4 & # A~
W RBEIRT A a By @A, SF AR R (E) RS (H) , &%
WRE(P,) Ao ARENZE (ML E IEE BLFN 9w X R EF @ FHEM T LM
4 BE S & R R B A, W BSFN A= BEFN st At d 48 A0 69 & 3% & & Ao i i = &, 70 BE-

FENAZ 2 i #4589 5 4K 1,
KR AHRBTMEL; Sab; ABLRK
FE S XS TB34 XERARER: A

Study on multiferroic properties of Ba, MFeNb,O,; (M=La,Sm,Eu)
filled tungsten bronze ceramics

WANG Zhuo, XIAO Yu-jia, WANG Chun, WANG Tian, CHEN Hao-nan

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

Abstract: The Ba, MFeNb,O;; (M = La,Sm,Eu) ceramics with tetragonal tungsten bronze
structure were prepared through the traditional solid phase reaction. The microstructure and
multiferroic properties of the ceramics were studied by introducing the A-site of the rare
earth elements into the tungsten bronze structure. And the microstructure of these ceramics
were relatively dense were not obvious pores,can be observed more obvious short rod-shaped
grains. Among them,the density of Ba, EuFeNb, O,; ceramics was 94. 6 %. The dielectric peak
width of Ba,LaFeNb,O,; (BLFN), Ba,SmFeNb,O,; (BSFN) and Ba, EuFeNb,O,; (BEFN) ce-
ramics was gradually decreased, the dielectric peak moves toward high temperature and the
dielectric constant and loss were decreased,and the multiferroic performance was enhanced,

the coercive electric field (Ec), the coercive magnetic field (Hc), the remanent polarization

* WrFE B HI:2017-09-18
HEEWMB BHEARBFIELSTH (515721600 ; BEPTA BT ARFF I 4T H (2016]Q5083) 5 PRV L H K 2= W 5 £ Bl HT 3 4 i H
EZR AL 51983 —) &, Bepyis il A, 8l k2, A B 55 1) LA A



%5 6 3]

F 555 :Ba; MFeNb, Oy (M=1La,Sm, Ew) & 51| 75 1§ 5145 75 4 b % 09 2 Ptk e 52 * 35

(Pr), and the residual magnetization (Mr) of Ba,MFeNb,O;; (M = La,Sm,Eu) ceramics

were also enhanced. The ferroelectric hysteresis loop was very narrow and similar to the line-

ar,and magnetic ferroelectric hysteresis loop showed paramagnetism. The saturation hystere-

sis loops and magnetic hysteresis loops of the BSFN and BEFN ceramics were measured,

while the BEFN ceramics showed a better multiferroic performance.

Key words: filled tungsten bronze ceramics; multiferroic properties; A-site adulteration

0 3

BARAT BB AR T BB A (4 S & R fin ph
T RTINS 2 YR
Z2 B ek TR EC TR) e LA K P i R Ak 1 i
PAF TR REDY. BRI K 2 2k
B AEAE F B 00 i 5, A F R G AO0 AN B kA
SR M I P A T G AR T = R RO AN
I RS T BR 1 T e 2 ThRede 14 i
07 FH o -5 70 B AH 22 4 P b R T AT R 2R 1 A
ST A A S SR TS R 4 A Y L A
TR RN s FLA Ry B2 2% 1 o A 45 K N A R T A
BRraPERE. H HTUT R B SR 2 A R 2 AR TR A
BEART 45 K A L ESEK AT, 4 T A A I A T 2 )
PR 8 17 5, v SR 2o i 1 S B AR B E
V18 ) B R % A T ) 205 ) 1 T TR 2 At R

kY TTB 454 /3 X T LR B (AD,
(A2),(C), JL(B1), (B2)s JOy - HA S HLER 10
A~ BOs /\TH A W I DU 8 Al 2 A HE SR s 5
5K S5 K R R Z A AR T L K S e DA 3 0 T U
A0 %) S TET PR B 1) R — B, DA T A AR\ TR 22 TR B
A1, A2 Fil C =R AS[E B, Fod AL S i B W)
Bl BC A 2R 155 A2 Sy DUSHIE [B] B, B A 4k 12
Ch =ML B, B ECh o4, Horfr, AT AT A2
BLAT AR K — M BA 2§+ (40 K™, Na™ fl Rb™) .
T BHES (U Ba®t A1 St ) B =0 FHES 1 (A
La’" \Nd*" L Eu’" . Gd*7) i 5. 1 C £ 0] 5 fE B
Li" \Be’" F1 Mg & /NFHE 7 5 45 5 7 T A
AT R 485 33 426 i) 2 A7 8 1) L 7019 00 T 43 =2
(DSEA TR AL A2 R C =[] BB o€ 4 1H
785 () ST, C Aras i, T AL A2 {7 958 4 I
FE5 () RITIHEL, C Aras B, 1 AL 7 340 5
A2 7 B SE AU, X B Y R B D T
T4 T i 45

B A 2R RIS, R R
50 7 A 45 W 1 R R R LA TR W P I T T A
W25, R R R 22 B0 Ak i L EL AR I R O [
T A R A R A 2 AR & W LU D i &

ill}

R R Z B MR R R A R M T
e A AR B P B BE. R AE 1960 4F, Fang %M 3k
BT B R A T B 1 B KR A 7 A
PR L Bag,, Ry Feyx Nby, Oy (R=Nd, Sm, Eu,
Gd,La), M A4 T HWMEE R I R A
N B0 A G T ERAET EAS%A
PEFIE 2K #1524 R o8 Sm®' (Eu®™ Ml Gd°" 8 1
B A& W TE R HA SR PE R Bk w1 2 R
J La*" BT Ak & W REAS B i % A Bk
wEME. WG Ismailzade 557 A T M L BFIT . &
TR R S (PTB &) /Y 4R W b
Srs Nby FeOs, il Bag Nb, FeOs, , HLAT 4k o1, Fl B 2k i
P2 5 S AR /DA B 7 4 R IR £k 1) 22 kM . B
LR E Y Josse SV A BLT HA U B T 4R 45 48
52 & 22 R PR ), 38 WY 702 9 0 Y B s b i AR
TR RKEE LM IR T EMNNAN
LR HL G A R AR DR R LR MRHE = IR T
HAH £ % . 2009 4, Liu P P 207 % 3
Ba; FeNb, O (BFN) /i HLH 80K A W 52 49 4K I 5t
BEG, I H 0 A AR /N 0 Bk G M. L AR SCHE
BasFeNb, Oy [ A 251 A [F #2509 £ 5 1
La’™ .Sm’" fl Eu*" , R0 A Al 2f 22 R/ s 1+ 5
T BEN P & SO0 25 44 S 22 kM B 119 5% i)

1 Lo

1.1 Ba,MFeNb,O;; (M=La,Sm,Euw) ##%& & 4
A &

Pl BaCO; . Fe,O; . Nb,O; . La, O, Sm, 0,
Eu, Oy JFUBE MR A 22 T 48 bEfE 6 Fk L SR T 9k
BREE 4 hooByRHE TS 7E 1 200 C ik 3 h )5 4T
TUURERES. AR R R LT LS A R R AL
LR AR R B SEAE 600 CHERE 1 hy J57E 1 300 °C
BEATBR4E AR IR I ] A 3 h R4l B B B AT B A
B FE AR L I R AT A G 22 4P B K
1.2 RArL paealR

X AT 53 Hr A (XRD . D/ max-2200PC,
Rigaku, Japan) X ¥y 44 #E 47 9 40 53 A 38 2 9 4 g
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%35 &

¥ B 5 (SEM, S-4800, Hitachi, Japan) X & 15 #il
S FAJE o A 3L 1Y B S R AT RS R R AIE L5 5 R
FH Explorer K KA OG5 B2 D 5 20 44 38 2ok ] 2 oK
FLHE K R XA i B %8 R AT I 5 SR RS 3 BEL 4T )
A (Agilent-E4980, USA) X B i (19 4 v 4 BE 3k
A7) s R R L 73 BT AL (TF Analyer 2000, aix-
ACCT, Aachen, Grmany) X} &£ fih 5 47 H, #F [8] Z& )
i s R ARG PERE /0 #1fL (VSM Lake Shore 7404) Xt
FE it R AT R ) 2 ) 3K

2 #FRE5ITiE

2.1 XRD & 5-#7

K1k La® \Sm® Fl Eu'™ 5305138 A Ba FeNb, O,
Fe e Y XRD &3, F & 1 )6, TG R S AT S 0
I3 IR R T Bas FeNb, Oy, 76 (1 5 1 » 5 br v R A
(PDF # 77-2433)— 5, J& F WU J7 85 7 i 45 4, 25 ]
4 P4/mbm(100). B BasFeNb, Oy FRAE 4N, 1%
L 3 oAt 2% 5 0 A HH B, 2 TR 4l B A

AM.AM N n BEFNO
MAM N n BSFNO
W

PDF#77-2433
Ba,FeNb,O,,

20 30 40 50 60 70
2-Theta/(°)

B 1 Ba;MFeNb,O,;;(M=La,Sm,Ew
M % 49 XRD A%

Wit JADE & 1F 7] 18 BLEN i & i1 i i 2 51
Ha=b=12.599 13 A,c=3.992 92 A, K&
633. 83 A3; BSFN M & MM BN a=0=
12.577 13 A.e=3.991 56 AL AR 631. 40 A3,
BEFN B % ) S S50 a=5b=12.560 07 A,c=
4,001 07 AJKRBUE 630. 62 A3, AT LI BA 2 F ) Bl
#HANMGIA LT . Sm* fl ET S .0, ¢
HBAE AR U /NN [ s A A A AR D /0N 2 BRI Sy [] ) 4
it E La®" .Sm®" fl E®T KK B Ba®™ ,Ba®"
2% 1,75 AL La® 12BN 1.50 A Sm®
AR 1,38 AVEW MR 1,26 AL B F k1L
o, A5 B AR TRD S B S H far SRR [RD L 2 P S 2k

TR /)N S D0 AR Ak Tk L S A AR AT SR AR
TR A e b, AT LU MO B A £ Y A R
FH B3 PR RE T b BB K R RE A 25 1 T, o
TR /)N o fib A BB AR, DU Ak e T K
2.2 BEREEEIN

PR B B AS H e s 2 ULPE BE L A Ut X T
2R VE B B A R L BOR O 5 A R 2 3
(5 2 2t RE . B 2 O La®t .Sm® Al Eu’”
439l A Bas FeNb, Oy, B % 13 85 I8 . i &l
2 AT LA, 25 20 53 P s 1) Sk s A R L 3 B0 1
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fEEH PTC [EaERF 3T
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(BRPERME K2 MR 5 TR, B 14 710021

B OB ARAAKEMEHNET ¥ F9 (10 BaTiO2La, O, MK, 453 7 PTC 4k R 4L F
W 4L A e JE— R4 AR KB A B) Nao s Bio s TiO; . #1487 4 %49 (1-y) Nay s Biy s TiOs-
yBaTiO; &, R XRD. A8 0 AL, FLiB AR Bl 3K AU BT ) 4 1 5 AF 5 69 25 ) - & ik 4
Fo PTC B AEEAT T 247, FFL AR AV . % £=0.002 2 B . &5 2 J 25 80 BT M) & 4 & 1L
HEAM TR S M E(2.2X10° Q « cm) 4 &8 % 28 E (118. 3 °C) f= 9 B 49 PTC & &
Do/ 0w =10") 5 5 y=0.4 88 ,NBT M & A A £ FH 09 & 2R A(240.3 C) ke £ b 0
F(T.7X10" Q= em)  HZ B AT PTC AL .

%49 : Na, - Bi, - TiO; 5 ¥ 54k ; PTC % &

R E S ES: TM286 MHEKFRERD: A

Study on PTC properties of lead-free high Curie temperature
NBT-BT based semiconductor ceramic

PU Yong-ping, WAN Jing, HUI Chi-yuan, CUI Chen-wei, GUO Yi-song

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

Abstract: The semiconducting (1-2)BaTiO;-xLa, O3 ceramic was prepared by using the tradi-
tional solid state reaction and through the test to determine the performance of the most ex-
cellent components. On this basis, the (1-y)Na, ;Bi, ; TiO;-yBaTiO; semiconductor ceramics
were prepared. The structure,dielectric properties and PTC properties of the prepared ceram-
ic samples were analyzed by X-ray diffraction (XRD),impedance spectroscopy and the tem-
perature dependence of resistivity. The results show that the BaTiO; ceramic sample could
obtain good PTC effect (pua/pmin=10"),low room temperature resistivity (ogr~2.2X10% Q
« cm) and high Curie temperature (T.~118.3 C) when x=0. 002 2. The NBT-based ce-
ramics could obtain low pgr (7. 7X 10" Q * cm) and high Curie temperature (240. 3 ‘C) when
y=0. 4,which is expected to be used in the PTC field.

Key words: Na, ; Bi, ; TiO; ; semiconductor; PTC effect
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Silver-surface-loaded ferroelectric barium
titanate and its photocatalytic activity

CUI Yong-fei, LIU Chong, LIU Hang, SHI Yu, PU Yong-ping

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

Abstract ; Silver nanoparticles were photodeposited onto the surface of ferroelectric barium ti-
tanate. The microstructure and photocatalytic properties of the obtained photocatalysts were
investigated by using XRD,SEM/EDX, TEM, XPS and UV-Vis spectroscopy. With increas-
ing the photodeposition time, the size and amount of surface-loaded silver nanoparticles in-
crease as well. The highest photodegradation rate of Rhodamine B was obtained in Ag-BTO-
30s, where the silver particle size was roughly 5 nm. Its photodegradation rate was about 7.5
times that of BTO. This improved photocatalytic activity was attributed to the electron-trap
roles of noble metal silver and the enhanced absorption in the visible-light range arising from
surface plasmon resonance. Finally, the critical role of OH" in photodegradation was verified
by the significantly decreased photodegradation after the addition of ethanol which is consid-
ered as a OH " scavenger.

Key words: ferroelectric; barium titanate; photocatalysis
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PLA/PAA ESFHERNFF
EEAZMHEHRAR

HEMAK, FEA, X X7, K &R’

(1. BB K b S5 TogBe, BEVE 922 7100215 2. BRPG AL K2 &t 548 TR 2E B, PRy o6 %
710021

i E.A#HLGLEHET PLA/PAA AR A 4L, i@ id X HE&ATH(XRD) .= £ 428 F #
BL(DSC) % KAt 42 46 .47 (FE-SEM) | 77 e M AL X e AU st A S 69 T o Ae M ge 47 T R4, &
KT PAARMBIUNB G 5 TR A A 25 W, AR AR A F R0 %R,
R AR PAA W WMAKRET PLAWEZHMEYS k. 4 m(PLA)/m(PAA) S H A 5 1.4
213 1M GL2ERKREGHSRAEN 8 NoT, EHLBIEH 20kV, BKIES A 10 cm 9 5
W 20747 PLA/PAA S4B e R K350 A 53549 3% B34 B IR R AZ B 38w, 7 4L

1K E AT T 4.
KER HES L, B, hF M
B 4925 . TQ340. 64 XEkbRERD: A

Study on the mechanical properties and preparation
of PLA/PAA composite fiber films

FAN Guo-dong', LI Ya-li', SHEN Wen*, CHEN Ying’

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

Abstract ; Polylactic acid/Acrylic acid Polymers (PLA/PAA) composite fiber films were pre-
pared by electrospinning. The morphology, crystallinity and mechanical properties of the fi-
ber films were examined by field-emission scanning electron microscopy (FE-SEM) , X-ray
diffraction(XRD) , differential scanning calorimeter (DSC) and tensile testing machine. The
effects of PAA addition and the change of electric field on the crystallinity, thermal proper-
ties and mechanical properties of nanofibers were investigated. As the study shows: the
blending with PAA changes the crystallinity and thermal properties of PLLA. When the ratio
of PLA /PAA compound is 5 ¢ 1,4 ¢ 1,3 ¢ 1,respectively and the mass percentage of the
spinning solution was 8% ,under 20 kV of the applied voltage and receiving distance reaching
10 cm,and with electrostatic spinning,the maximum tensile strength and tensile strength of
the PLA/PAA fiber membranes are all increased in different degrees bur the elongation at
break decreased.

Key words: electrospinning; PLA; mechanical properties
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Study on preparation and luminescent properties of square
pyramid-like BiOCl : 0, 03Eu®" phosphor

SHI Yong-sheng', DONG Chen', LIU Bo*

(1. College of Electrical and Information Engineering, Shaanxi University of Science & Technology, Xi'an
710021, China; 2. School of Materials Science and Engineering, Shaanxi University of Science & Technology.,
Xi'an 710021, China)

Abstract; The BiOCI : 0. 03Eu*" phosphor was synthesized by hydrolysis, hydrolysis&-calcination
and hydrolysis& hydrothermal method, respectively. The structure, morphology and luminescence
properties of the samples were characterized by Raman spectrometer, X-ray diffraction (XRD) ,scan-
ning electron microscope (SEM) and fluorescence spectrometer (PL) ,respectively. By comparision,
hydrolysis&-hydrothermal method is optimum for luminescence of BiOCl : 0. 03Eu’" phosphor.
Thus, the effects of temperature on morphology and luminescence properties have been further in-
vestigated. The results showed that with the increasing of temperature, the irregular flakes gradually
transformed into square pyramid. The luminescence intensity is the strongest when the temperature
is up to 160 °C ,and the main peak is located at 616 nm. In addition, the color coordinate is located at

(0.622 5,0.376 9) close to the standard red light point (0. 67,0. 33),which is a potential red phos-
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phor for white LED.

Key words: hydrothermal method; square pyramid-like BiOCI : 0. 03Eu®" ; red phosphor
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Zn $5 2% SnS,/Sn0, S &R
45 B E S AL T Al

PR M, BAEW, REH, FEH, a2 F
CBRTRHE K BHERRE 55 TR B BT 15% 710021)

B OE.AAKSRAS(SnCL » 5H,0) fo Lk & #AL 48 (Na,S « 9H,O) 4 BB, 3 H i 4
(Zn(CyH, O ) A RAF KA — F Mk KK EH & Zn 524 SnS,/Sn0, £ A48 40 K Bk
& A XRD.TEM ., & & 7 bk 4t ol X 45 & 5% 2 2P e F X F B BT & R 8 Rl Zn B o9 #
FrEE M Fa TG S RO AR B AT R A, R A £ A T A (MO) H B AR B4 BFR T P H & 60 kg
WA EEIN T EMAIT Eme . &R AN, Zn k26 5 6HH 6B R T 9 28
NZn:t Sn=1: 17T HEMHHEZ R ERBEN LT TARKR . BARE St LEZMHA AT
HBATHIRERBL. LELBEBPTEABRLEREAN . ZInB LT 4 1 17 &£ 20 min
Z R RSN AR R FHA 9890, R I B R AT A BB AR,

X B L £MEA; SnS,/Sn0,; B F-F R H; kR T

FESES: TB334 XHERFRERD : A

Photocatalytic property of Zn-doped SnS,/SnO. nanoparticles
prepared by a simple one-step microwave hydrothermal method

YIN Li-xiong, FANG Jia-meng, CHAI Si-min, LI Hui-min, BAI Yi-yang

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

Abstract: Zn-doped SnS,/SnO, nanoparticles were prepared by a simple one-step microwave
hydrothermal method at a little Zn doping amounts,using SnCl, * 5H,O and Na,S « 9H, O as
raw materials and Zn(C; H,, O;), as the additive agent. Structural, morphological of different
doping amounts samples were characterized by using X-ray. electron microscopy (TEM),
Photocurrent responses, Roman spectra. The result confirms that the phase of SnS, and SnO,
are successfully combined,and the size of the samples was decreased after dopped,obviously.
The 1 : 17 sample possesses higher efficiency of charge separation and transfer. The range of
variation Roman spectra is low when the molar ratio (Zn : Sn) reached to 1 ¢ 17. Further-
more,the photocatalytic properties of the nanocomposites were tested for the degradation of
methyl orange (MO) in water under ultraviolet light, greater than 98% photodegradation of
MO was achieved within 20 min with the composites prepared while the molar ratio (Zn :

Sn) reached to 1 ¢ 17,which displayed remarkably promoted photocatalytic activities. The Zn

doping amounts to composite nanoparticles was considered to play an significant role in attai-

x WFSHEHEE2017-10-18
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TEFE BN BT HEQ974—) B H R IG PR 8 22 1 R SR 7 1) - 2 B 8 % 499 K 4kt
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ning the high photocatalytic performances.
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i ERABFRBEZFLSKR/MFERAEIHE A LCH AE Al R EHHER AT L
AT AR IR RN 24 T R (SEM)  X-H & 4B AL (EDS) fo X- 41 & 47 4 AL (XRD) % #F
CF & @ik B o T R Ay A8 4L AT T R AR, BF AR R A By 3005 B ok 7T v h) 413 3] Al
BB R LHEE A 10 mm/s A EEAAHBHMLRE B EZANEKRCFHI T LR SR
REH 1 REME IR RFGREREND.FEAB 0.8 ym 3w E 3.1 pm; AFLERLILR
R BAETAEI Al ik Bw AL O, 894 %, m KA F A ER,.CF A @8 Al R E KL

KBEMGIE.
KR AlRE; AR E; &t
FE 4 %K5S . TB333 XEkFRERD: A

Study on the partial cladding process and oxidation

properties of Al coating on the surface of carbon fiber

YANG Jian-jun, ZHAO Xue-ni* , WANG Xu-dong, ZHANG Jing,
WANG Wan-ying, ZHANG Li, HE Fu-zhen, YANG ke, LIU Jun-peng

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

710021, China)

Abstract;: In this experiment, the preparation and oxidation process of Al coating on carbon fi-
ber (CF) surface were studied by the method of partial cladding combined water/chemical
oxidation method. The microstructure and phase composition of CF surface coatings were
characterized by scanning electron microscopy (SEM), X-ray energy dispersive spectroscopy
(EDS) and X-ray diffraction (XRD). The results show that the Al coating can be prepared by
partial cladding. When the control drawing speed is 10 mm/s,the surface morphology of the

coating is good,and the coating of the matrix CF can be completely coated. When the clad-
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EL£WB FHRARBFIEETH (51072107 ; BEFAFHELT A KR ¥ 3E & 00 H (2014JM6233) 5 BT 4 2 A G157 Al Y1l 53 &)
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ding times increased from 1 time to 3 times,the coating was compact and uniform,and the

thickness increased from 0. 8 pm to 3.1 pm. It is also found that the Al coating can be trans-

formed into Al,O; by water oxidation method,but the Al coating on the surface of CF has a

large number of dissolution phenomena by chemical oxidation method.

Key words: carbon fiber; Al coating; partial cladding; oxidation process
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TPU B BRI R B IR #l & S 1S se 0 32

KoOA, KWL, EB, FELR

(1. PR K2 R B TR SR E AL S, P W% 710021; 2. BEPERHE K2 S EEFR
N5 TR . BV PE% 710021

W B ARVEBRMMABHFEEH AATE P R %, R T & L8R 8T &6t
HE&T vxi&?jé'i%iﬁ@ﬁ‘é(TPU)i@)&ﬂi%}jﬁ,ﬁﬁiﬂfi/‘\%(KD)%%%i*ﬂz%l%“%é’] TPU/KD

B T # B, A H-NMR #= FT-IR s+ g £4 %6 TPU &M 47T 242X T KD

A5 TPU/KD B89 A e Fo 7T R B AL 69 %ol ﬂ‘ﬂkﬂ‘ﬁ’fﬁ"’\#{?@ 3.5% NaCl &

/&Wmamt% MX L AEF T RE KD 424 TPU/KD B89 B /i M 4 LR AW KD
=3, TPU/KD JE 64 5 A% 5% B F= 7 540 K & A BT F 4,180 %J%%&f’ «$)’ri@k % KD 4

27@ 5% 8, TPU/KD BE6 B ik fns K, B A E A&, F LA 3.5 wt% NaCl iZ &

J0RP . BEEABISR. VRGN E, B IEEERE; TG R AW, KD & TPU #

it Hork AL A T IR B

FGE R BRRERE; AREAY: THER; BHAK

FES%ES:TQ630.473 XEFRERD: A

Study on the preparation and properties of TPU strippable film

ZHANG Min'?, ZHANG Lu*, WANG Lei*, LI Yi-chen®

(1. Key Laboratory of Auxiliary Chemistry &. Technology for Chemical Industry, Ministry of Education,
Shaanxi University of Science & Technology, Xi'an 710021, China; 2. College of Environmental Science and
Engineering, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract:In order to protect the metal material devices from corrosion during transportation
and storage and to peel film easily when metal devices are used, TPU/KD anticorrosive strip-
pable film is prepared by thermoplastic polyurethane (TPU) as the membrane material and
the polymeric silicate powder (KD) as a corrosion inhibitor. The structure of thermoplastic
polyurethane (TPU) is characterized by ' H-NMR and FT-IR. The effects of KD content on
the mechanical properties and strippable properties of TPU/KD film are investigated. The
corrosion resistance of TPU/KD films with different KD content in 3.5 wt% NaCl solution
is analyzed. The results show that,tensile strength and elongation at break of TPU/KD films
decrease and 180 ° peel strength increase with the increase of KD content; when the content
of KD is 5% ,the corrosion potential of TPU/KD film is high and corrosion current density is
the smallest,and its resistance to 3. 5wt % NaCl corrosion performance is best; TG analysis
results show that the addition of KD can improve the heat resistance of TPU.

Key words: thermoplastic polyurethane; polymeric silicate powder; strippable films; anticor-

rosion
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The effect of siloxane functional monomer on anti-clay
properties of polycarboxylate superplasticizer

ZHANG Guang-hua', WEI Jing', CUI Hong-yue®

(1. Key Laboratory of Auxiliary Chemistry & Technology for Chemical Industry, Ministry of Education,
Shaanxi University of Science & Technology, Xi'an 710021, China; 2. Shanxi Province Yuncheng Hongxiang
Building Materials Co. , Ltd. ; Yuncheng 044000, China)

Abstract : Polycarboxylate superplasticizer modified with siloxane group was synthesized by
using free radical copolymerization method and using acrylic acid(AA) ,isobutylene polyoxy-
ethylene ether (HPEG) and methacryloxypropyltrimethoxysilane (KH570) as monomers,
hydrogen peroxide (H,;)and ascorbic acid (Vc) as initiators, and thioglycolic acid as the
chain transfer agent. The copolymer was characterized by FTIR,' H NMR and GPC. In order
to investigate the effect of siloxane functional monomer on anti-clay properties of superplasti-
cizer,the water reduction performance of the superplasticizer was investigated by fluidity
tests. The interlayer spacing of montmorillonite modified with superplasticizer was measured
by X-ray diffraction (XRD) and transmission electron microscopy (TEM). Adsorption of wa-

ter reducing agents on cement and montmorillonite were measured by Total Organic Carbon
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(TOC) analyzer. The results show that the fluidity of cement paste can exceed 185 mm after

1 h,when the dosage of superplasticizer is 0. 20% of cement mass and the content of mont-

morillonite increased to 2% by weight of cement. The interlayer spacing of montmorillonite

treated with water and superplasticizer were about 1. 35 nm,and the layer spacing has not

changed.indicating that there is only surface adsorption between montmorillonite and super-

plasticizer. The adsorption amount of the polycarboxylate superplasticizer containing siloxane

on the cement is larger than that of the ordinary polycarboxylate superplasticizer,and the si-

loxane weakens the adsorption of the polycarboxylate superplasticizer on montmorillonite.

Key words: polycarboxylate superplasticizer; siloxane; montmorillonite; dispersing perform-

ance; adsorption
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4bh HPEG b AN Ak b & fk 24 00 B, I /K 71
PCS 7EAL 51 F 6=5~6 ppm ALH H i T 1554
KO RITAPEREAS S TRE RN, 6=0.705
ppm 4k PCS 5 F 4 ik #H 48 /9 — CH, /9 H
(LA . 6=1. 401 ppm Atk PCS F &5 I 7 H
b H AR . 0=2. 067 ppm &b FHE Ik
3L H B8, 0=2. 549 ppm &b R EH 2
W Bk 55 1 55 3 B e AE 40 Y W2 H R A k2= A
0=3. 547 ppm 4t KR A LMt — OCH,CH,O—
=R v AR S iR R 2

D,0

— HPEG

a
Clly CH,
b cqre lqpe T
. nzc—?i reR—C y(fo% ; oty
3.547 Cooll !dlzl‘ COOCH,CH,CH,—S{~OCH,
o{»cnz(nzo{»u OCH;
© n

d
2.549
S b a
) 2.067 1 401 0.705
. ﬁJ PCS

6.5 6.0 5.55.04.54.0353.0252.01.51.00.50.0
&/ppm

B 4 HPEG #= PCS ¢ ¥ 8 3k 8.5 B

= 2 R E )RR RIS K ) PCE J &% kA b
()RR TR I K 7] PCS 1 A8 Xt 43 7 i B 43 A S 50
& 2 Al AL, PCE 9434 4r F & Mn 2y 18 993, 2
IYEC R B PDI Ny 1. 783 7; PCS M 4> T HF Mn
914 584, £ 43 EE Z B PDI Jy 1. 995 3. M kb T Uk
K F PCE, Js /K 5] PCS W34 5 F f 8/, 43 F i
AT AR B L 3K R RS K R SO AR R 5 LA U PR
AT 5 T W B R 0 Tk RN DS 0 IR %) ek 4R e D) RE B
T WD TN R B E R DTS A5 K 57 PCS 1Y
34y F 1N F UK R PCE %0 4 7 4.

x2 BAFMDFERSHSEH

B il [ & 4/ % Mw Mn PDI
PCE 40. 92 33 877 18 993 1.783 7
PCS 40. 90 29 099 14 584 1.995 3

2.2 RIRF R IR E MK

Fie BRI 32 2% 14, #3558 1 2R R R 187K ) PCE
AE R b 19 R R IR I K ) PCS 43391 47 [ A K
Ye Sk v, g K U 0 K T B B L 5 R 3k 3 T
/R, HER 3 FAL, KR 4B 5 R 0. 20 %0 B, FH K
# PCE 43 HU 7K Jé B W) 4 it 20 B2 AT 35 31 290 mm,
2 h IFEHE N 275 mm. FHIK ] PCS 4381 K

VIR IR Z B R 300 mm, 2 h i 3h BE A AR F AR
290 mm, PCS X 7K Y& & J (1 53 #0045 15 1 4%
PCE i — & M. HIEH by s Fas gl A
Tk S b Bk P A K U B 45 1 T 28 12 K ik ol ek T
L, 5okl C,S iy /K 4k )2 LSS0 JlE 45 4 L s
T RA WA KU 2 T W B S DA T 4 e K 7
XFK U #Y 43 FCfE J1s 0 sk K fl PCE X i
—COO™ 5K C,S T 1 1F H faf LA L 4 FH 25
A AEF 1855 FLB B[] 7 28 K 25 5 Mot B e 5 ik
SR 1Y) B R IR WAk 7K 1) 1) 4 B0 R R R e 2 3t i 1Y)
BRI K G
=3 KB 5 BUME e T

WK B X Yo g I it 3 B /
B UK 71 45 Wok %/ % IRV I B/ mm

/% 2k 1h 2 h
PCE 0. 20 31.07 290 280 275
PCS 0. 20 31.56 300 290 290

B 5 BB B8 (NB P XK RS
TSI BE A S A G I (R A K K AR 1 h B I
JE. N 5 FIAN, M5+ 1B 5l 2 Vo), SR s K
| PCS 43 #L i) K I KAk 1 b B33 i oh B R 185
mm , 1M R K PCE 43 8UAY 7K I8 K AL 1 ) i)
HAE BN E AL 60 mm. XTIk F] PCE 1 7 .
2 %6 5 Bl 1 1 7K R 8 IR B BE B R B 5 I K U
BB EE L e T 78. 57 % s X%F T UK # PCS,
27052 W - K Yo v IR B B LR 4B 52 L K e
VR B BE AR 36. 21 % X LA 4 T 45 A b g
A TE SRS, BE 4B 52 100+ 1 /K U8 ¥ 3 37 3 461 2k
SRY/IN U A Tk SR 25 A 0 52 I+ A — R B B RE

Fhtpa 105221 2%
300 280 A=78.57% 290 A=36.21%
250 240
£ 200
g
m 150
=R
1001
60
50
0
PCE PCS

B5 EREBZTHKR
B RRB) R R
2.3 XRD £ 4 3
P 6 2 43 51 4l 7K R 9 b o 7k ) 9 9 Ak PR ek
(52 i 0 /N B XRD &Lt & 6 il AE L 5k
YERIJG 22 B 1 1 001 & T A7 55 i 20 o4 6. 52 °, i
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Tk e 45« i SEUE I RE R IART SR AR BR IBUAK R T e M R A 5 il - 81 -

$& Bragg 7 & nA = 2dsind, M 15 JZ B 5 24 1. 35
nm. 53 I8 K 55 PCE FgK 7 PCS &b B3 (1) 52
J A B 2R ] R AR AR AN L 43 2 1033 nm A 1L 37
nm , & W 9K SR B A 1 i 52 i 2 ()

d=1.35nm,
=
= PCS
~
2
i PCE
[~
(]
K] H,0

2 3 4 5

ze/<6°)

B 6 KA KA AL I % £ 4 XRD B
2.4 TEM %-#F @&,

Pl 7 Sy 7K R g sl 7K 7] 95 T Ak B 5 1 52
+ 5 TEM K. WK 7 ) TEM E& 53l L 5
FH 28 7K Kb P55 58 - 1 )23 ) BEAH B, 43 0 FH 5 38 ) 2R
FRIR WK PCE FE #E EUBE 1) R R R I8 K 7] PCS
A 3 52 A 1) J2 ) BE 34 AR A AN . 3 B TR e g K 5
0] V52 A 478 22 5 8 U2 T 10 BH sl K 3R 5 52 i+ A
R R TE W A L B R A A 2 W X R XRD
A3 AT 25 5 — 35 3BT R R 2 Bk il 1 R R
T2 U 7K 3R 55 5 B A ) A7 2 I R 8 SR AN TR X —
5 THT AT RE R A A K R 5 i AR B KR 1 5
S A AR BRI DL 4y F B s MBS ) COO ™ 552
4 FRE B Ca® RAF W EREM M
A3 F 1R A 20 Tk R B 5 58 0 2 TRD Y A )2 R
BV F 55 5 59— T T g B R K 3R 43 11
R Tk EEAH B 2828 , i T2 ) B A K
A A HE 52 B0 )23 ), DR b 7 e K 5] Ach 3L 3 ) 52
Jit - )22 () FE AT A2 4k
2.5 BOKAEKRAZH L LR F

AR ) PCE 5 PCS 43 %I 78 K I8 5 52 it
b B R 8 AN 9 fTR. B Rl 8 A 9 AT
S, 2 K R e B A /NS 3G sk SR 5 A R
IKFNAEAR UG b 1) W B Sk 4T 220 7 15 K5 4k 223 KB
it o T BFF 3 2R 2 /N L R B AR AL S TR AR X
TR Ay el A R e R A /N oy A AR 2 T R R 1
T L A 1 RT3 R A A 2, IR
SR 5 VLK ) 9 J3E 58 A IR 98 A 0 ¢ T R B T
2 %) 1) 7 e =i S NI R R Ve NG

(a) Bl K Ab RS+ 1) TEM E
MMT+PCE

d=1.33 nm

(b)PCE Zb# 5 + 1/ TEM Kl

(0)PCS AL S+ ¥ TEM K

B7 RARANLEERLSG TEM B
i 3 A /1N R O K B AR A DA IRT 8 ~9 i W] LAFR
Hh Bl 0K AR e RE B 14 ek R PCS 7R K8 B
F1%) A R0 I B 1 DR T OK R PCE, HE S 1 B
oL AN B 1 W /N T PCE.

18 8 FE 9 myth 2 ml LA HY PRIk ) 7E
KV B 5 A % Y I B AT O BE AR S Lang-
muir B43F 2 50 W AL, AR Langmuir S5
WeR LR 1/ 5 1/C AT LA i El 10
A 11 fr7s. Horp R 1R Il /K ) /Y Langmuir
B 45 i 07 i =X (2) B .



.82 . ReHAEREEFR 5 35 %

1 1 1

- +FW;KC (2)

r r.

W@ AR me/ g T

. mg/g; C MMM B, g/1L; K & Langmuir
W B KL L/ g

35

250 PCSHAWE I Il 4

[
(=]
T

A PCE
= PCS

W Bt %/ (mg-g™)
G

PCE ¥ Kf ih £&

=
(=]
T

1 1 1 1 1 1 1 1
0 1000 2000 3000 4000 5000 6000 7000 8000
WK E /(mg' L)

B8 R R o 6 K A AT 6 R

50F  PCETf M K i 2k

A PCE
= PCS

W B/ (mgg™)
S

PCS W Bt it £

% 1000 2000 3000 4000 5000 6000 7000 8000
WA/ (mg L)
B9 REREGBAKANERZNE LSRR S

M 10 AP 11 7T DU 7K e 858 M 4 0 28

FRIR WK ) SE W B 1/ 5 1/C REPEX

FGMRARLNEMNH 2R, B B AT LS A

W BB I FH IR SR % R A 2R R IR U 7K 7 A 7K
U 1552 I - 3% 181 A6 10 RN R B A 2R 4 TR

1.6

1.4F

PCE/J Langmuir g % [5] 19

1/T/(g'mg")

A PCE
s PCS

”’/PCS FLangmuir 25 ¥ [ -]

0 1 2 3 4 5 6 7 8 9 10
1/C/(L- g%

B 10 # KA KR LM Langmuir

ERACDERY

0.6
0.5
0.4f )
- PCS(fLangmuir £ 1 B 1 2
50.31 A PCE
g 7 = PCS
0.2
Z PCE [JLangmuir £& 14 [ 17
0.1
0.0F
1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10
1/C/(L-g")
A 11 mAFMNEZK L ES Langmuir
R AR
x4 BEBEIKF Langmuir £ 14 H 13
TRRFESH
I~ K
JEEE WK Langmuir &4ET7 R o R?
/(mgeg 1) /(Leg 1)
K PCE y=0.145 42+0.023 4 42.808 0.161 0.992
t PCS y=0.119 62+0.021 5 46.577 0.179 0.983
M PCE y=0.053 72+0.010 9 91.743 0.203 0.978
+ PCS y=0.05532+0.011 8 84.746 0.213 0.984

FH % 4 AT 9 el 2K R 2K D8 L B R B
0 A 42. 808 mg/g Fl 46. 577 mg/g, HiAE 52 il
+ & B RN B 555 R 91, 743 mg/g BN 84. 746
mg/g. 38 [ 5 R R I8 K 57 AE 52 Bt b ) i g
B L AE KU B A AR R B A 2. 14 % . SRR
S 1) SRR R S K I AE 52 W b %) A i W RS o 2
FLAE KU b B R B A Y 1. 82 A% X R E A
Ry 3E SR R R 9K R AGE i — COO™ 5K e
C,SEM MY Ca™" KA R AR, & 6 b 1 R
FRIR K A AL AT DL i — COO™ 5 /K g 2 i 1E
P i % A LA L ) e ek SR B ZE K TR A A
K St o e 5 K U0 R T e R 3 DA R AR A K L PR L
R ARt 1 3R PR R K R AE K Ui I A R B K
38 1 R TR K . S AR R b, R BE
Tk AU e RAOK A R 45 4, (AR e AU 5 5 M+
() fH B 5 /07 T) st o DK R 0 T 45 4 R B 1A RE
S A5 20 T O 4 2 1] A7 BEL 384 K, 5 i) 1 0]
B COO™ 55MW+F M Ca® W&, NIk & iR
Jot 1 58 FR R A A 300 7 5% M b B W BFF R /DN T
1) SR SR R I K 51

3 i

(OB 2NFEN 5 RKBFEN A, B0

B 3 R IR Ik K R AY K TR v O B B B RN

78.57 %0 4B A HESUBE I 3R R R 8 7K ) 1Y) 7K e v
I B BE R ARy 36. 21 %6,

(F#% 87 70
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H 2K SP A6 E K KS6 I’ﬁﬁ%i&,F‘]Hﬁﬁlﬁ'%bb(%/\mz»%ﬁﬁﬁ%%n : éés%']—s} :
SAHETUAELTE A FE A SP A KS6 vk, »adide Fak2us

(SEM) , ¥ & | iﬁi%%&%4&%L4’ﬁ£xﬁli£ﬁ+%i@% WHRBR B EE JEREE

MR PR ETT RAE, PR LI, REZ L FEANSP A4 L de#}}.%\% JEAN: APV N

A 8P B AR, Iﬁﬁl,t'fiab’ftﬂ"ﬂg%%‘% KS6. ARZEFEA SPAEM B LA

358.1 mAh/g 89 B R BILEEFe 75.59% 89 & R BE £ F, 150 M)aim';, T i A AR

#H 7 416.5 mAh/g.

KGR F R A SP; $FEA KS6; ARG E; 25 Faik

FESES  TMI1 XHERFRER: A

Study on two kinds of conductive agent in
graphite anode lithium ion battery

SHEN Yi-ding, WANG Na, YANG Xiao-wu, YANG Rui, LI Xiao-ye, LIU Chao

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

Abstract ; By the method of grinding. according to the mass ratio (artificial graphite : conduc-
tive agent ¢ binder; =8 : 1 ¢ 1) were prepared by the conductive agent is carbon black SP and
graphite KS-6 two kinds of batteries. At the same time,according to the mass ratio (pure ar-
tificial graphite or two kinds of conductive agent ¢ binder=9 : 1) were prepared by the pure
artificial graphite,pure conductive agent SP and pure KS-6 three kinds of batteries. The elec-
trode morphology,specific capacity,cycle stability and electrochemical impedance of the five
kinds of batteries were characterized by electron scanning microscope (SEM),blue light test
system and electrochemical workstation respectively. It is found that the carbon black con-
ductive agent SP is superior to graphite conductive agent in maintaining the conductivity of
the electrode,the cycle stability of the battery and reducing the resistance of the battery KS-
6. The battery assembled with carbon black conductive agent SP has the first discharge spe-
cific capacity of 358. 1 mAh/g and the first coulombic efficiency of 75.59 % ,the reversible
specific capacity still maintains at 416.5 mAh/g after 150 cycles.

Key words: conductive agent SP; conductive agent KS-6; artificial graphite ; lithium ion bat-

teries
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0 3l

PR B R R RS A KL T
(BN = v T VA% S G VAN = i € N O (=879 5N
SN {5 ) B NN 2 I | N £ ) R N R
KVEY B T RS A8 2] T 72 89 0.
L, 7 AR A SR RO R R B A RS AR, R T
2L TR] SRR T L H T A SE A S
b A7 AR R Ak 30 2 B, DR I A 8 I B0 A A e 1) 9
WS RFEAH Y K A I ]

X Ay 5 AT 3k R ¥ /N (BB A 372 mAh/
) Z MG R AHES PCIBERIMBE SRR,
AT ARG T A7 38 214 1) Ak B DA HG R Ak 2 1
LA, IR s e R Xy ik R
SR DA = A A A B T b L S B A T L
5% HOLAR S R0 L 45 S K, SE A B A e gk
SRR A S B 38 2 % O R D A %
FAEAR ARk E A B AR TR
Tt FL Ak A PR RE.

SRR T ORUE AR B R TR
AE. B F M A TR R R T A AR SRR, K S A
B B BB S R ARSI A S
ekt S Lk B R X T g ) AR B, A
/D V5 FL SR AT DA RS S AR P R ARk ) 1 2 f L BHL
e P A A A AT A A PR — 0, AT O L O SR B
A R A 1 A5 B A A R

B F Y R LR A S RS B L R
FMA I MR BEFHRAA LR Super
P k£ 4E (VGCE) (B 41K & (CNTs) 45, sk B2
B R A b 2 1 AR L T LA I SRR ST A PR R T B
B2, 55 A e — UOBURE AT SR S BE 45 1
U AR 51 ORDE s X R g5, A B T
P R B S RN BRI R A (KS,
SOYH KS6,KS-15,.SFG-6,SFG-15 25, 1 5B S
FELA T4 i AT 4 Pk T4 R A ) AR R i
JEE T 0 T4 55 A 5 R B il Y
BB AR A5 /R0 1A I FL Ll 2% i A G T A PR M BE L i
IRV ) o, 5 L 3 G /D, R R R H R TR . R
o UL AT T 35 2 4 S5 R G O R it 2 B
IS SR T 3 R I T 0 B AT R B 1 PN L X
L S L ) A LA R Y T A il R IR B 3%
BEE 0%,

Liu && 40 0 R FH A 499 K & (CN'T) Fl e A
JFHF, BFSE T X LiFePO, /7 8 W3 1Y 5% i 5
Li V058 2 R ik 40 K 8 (MWCNTs) il £ b 2

i

A g 5 50 X H b 1 B 1 R R 5 P A )
512K FH 20 R B 2T 2 R e 200 KA IX = R i b A
FHA L WFFER LiCoO, Hi k7 14 BE #Y 52 . AR 3C
DA 3 A1 25 0 708 0 R T 422 A1 28 5 L 55 v 73 531
BB T i R LR Super P AL S 2K T H
A KS-6. 45 102, 47 TS LB 13 T
FL A 2 PR BB R 0 7 2 B0 S 1 i

1 TEEH

1.1 BE E5RA

(D FEZHF A& A EAG AR, T HRKIEI
Bl b B A s N-F L% e il (NMP) , AR, ) 25
TRYNEL G A PR 2 5] 5 B 98 & M (PVDEF) , Bl 3 3%
W ED AR 2E A R A W 5 R (SuperP) , |7 R IR
YR A PR A5 5 88 (KS-6) . T A IR IIEL i
H R 7] s Celgard P& i (Cellgard 2400) , 2 [ Cel-
gard A ; HLf# W (1 mol/L LiPF,/EC : DEC :
EMC=1: 1 1,/&BH), " R EINE A B2
Al s L2 (CR2032) ) R IR i A3 R .

(2) FEALS : S4800 Mg & W H A 85, H
A HSLZA T s Land B 3 FEHCHL A, BT 88 L
Bethy A PR 2N 7 5 Solartron 1287 Bl Hy Ak 2% T 4F ul ,
Rt IR B FH AR R F.
1.2 B &

39 N3 7 & | Super PLKS-6 5 T 56 % it
76 N- Lt n 42 i (NMIP) 358 771 70 1 38 1 38 2 0
(PVDE) R &5 704 9.1 W& LR G, [RIAE 20 5l
N1 £ %5 Super P(SP) . Ai £ 8 5 KS-6 5K
455 PVDF it 8+ 1+ 1 YRR LIRS, &
B AT i AG-91, SP-91, KS-91, AGP-811 #lI
AGK-811. 2 3 3 b o wF 5 TR OB 22 1 5 Kh B4 1 ¢
BHE RATAE 9 pm JEHTE F 100 °C HAHET, ]
PEM R, W Ar KA S EMK S & EMKT
10X 10 ° 1 T A4 b A< o v . DA 43 Ja 481 X
e fZ: B AR, Celgard2400 38 P94 22 FL I M PE I
HLA# BN 1 mol/L LiPF, /EC+DEC+DMC (f& 1
EARIEIN R DI TS n i I N CIRC SR PO NS R S 3l
AR AR FL it 1 P A A B S
1.3 X5 &4

FH 37 S-4800 B H 47141 e i B (SEMD X Hi
th 1) BB AR 8 T S 2R AT R AT 5 R DL fL LT
RS W) Land [ 3l 78 50 ACHE A7 L it 78 7550 i, 1
A . 78 ML LU B O 100 mA /g, B B IR B
60 IR, L EFEFE N 0. 05~2.00 V; A Solartron
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— T 45 - 2 ORI o 1 v W vb P D S v R O F © 85

1287 BRI Ak 2 T AE v 43 M d Ak 2= 38 W BEL BT - D3k
WAL 10 2~10° Hz, R HMTER R 0~1. 5
V., #EE R 0.01 mV/s.

2 #FRE5ITiE

2.1 wAAM TR AAE

W A AG-91, SP-91, KS-91, AGP-811 I
AGK-811 ) SEM ElanE 1 pros. & 1 L, A
EARAG) A (SP) M L 7] (KS-6) ¥ B A
S Ho R R L ) SP R /N, 29 40 nm,
ok, bR, 5 R AEAEAGOEE,
Sy HUCPELS A R T REAK SP By AT R s A AR 2
SR KS-6 Wiki K, 20 5 pem  AFLEE AR, 5 R
(0 N1 7 58 CAG) B A 43 HLH 211 R AR

()

(e) AGK-811
A1 AARERSMA MG SEM B

2.2 WM AE ) E IR AR AT A

2 A 3 4 B ok sl b R AN A R R B
Wik, 2 1 50 T A [ 608 b R it i
60 PG PR 1 e S 4.

M 1 R 2 AT LW R], i A 28 (AG) . &
HL 5 S (SP) 1 5 v 7 2B (KS-6) 34 HA ik $1 ) fi
AG-91,SP-91,KS-91 19 1 W ik 8 L %5 & 43 il 0
318.0 mAh/g.257. 4 mAh/g.327. 6 mAh/g, 1K
PEA BRI 85.49% ., 47.60% ., 75.51%. H
S L R BB (SP) SR A6 P8 AR MR BCAT (H SR i
LK. 60 Bl N iR 7E 250 mAh/g £ 1.

2 1 FK 3 TS 5], AGK-811 IR 78
CHL Fe 28 i EAR RO e 60 YR Y 78 MR HE 2 R
PEAS 3 R A T AGP-811, {H HF ¥ £ 52 1 &
AGP-811 22, 1i iX A 7] HE 76 PR 70 e i 1 50 L fff
A B ) KS-6 (Bt 7= A4 7 WAk ol 76
WA FH BRI 18 AT H R0 1 e Tt i L B A
TG PR M L B N 3 Ay 8 R vl TR L X
5 FL R B2 SO AR A OGS AR BN A 88 540K
BRI B 5 L BB (SP) AT 5 1 9 422 M 43 51
AL b2 T i A e

550 ==

= SP91
500 5 e KS91
450 [ A AG91
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S

e8]
o
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= NN
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a
o
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B2 BB REN L

500 | = AGPS11
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E 300 o %
e
§ 200 +
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<
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Cycle number
B 3 LA 1A G
R 1 ARARMEEMIERERELL R

e H IR E 60 K78 60 KR
tbgbtr ORI i %
[mAR® T AN /%
GA91 371.9/318.0 85.49 300.8/299. 4 99. 56
SP91 540.8/257. 4 47. 60 256.1/254. 4 99. 33
KS-91 433.9/327.6 75.51 385.6/385.9 100. 1
AGP-811 473.7/358.1 75.59 411.2/408.9 99. 44
AGK-811 484.6/410.7 84.75 423.1/421.6 99. 64

2.3 WA PRI AR AT R

¥ AG-91,SP-91,KS-91, AGP-811 fil AGK-
811 MR HL M Fr 2 il s M #F ¥ 12 h J5 , H AU F
Pras R an & 4 FE 5 Fros. FE 8RS ke AR Y
Nyquist 3% El 1, 418 W A~ 2 8 F1— &% 5 52 4l Bl
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e HL T ) AR R RE

1000 -
. AG
e SP
800F ° " a KS6
A
o u
A
600 | o = .
g o = R
N 400 o " A
Y [ ] A
0. .I " AA‘
200 P el YW S
/:‘olooo..
0 1 1 1 1
0 200 400 600 800 1000
7'/
B4 FEMHE AR A
1000
s AGKS811
o AGPS811
800 |- ]
o | |
600 - o .
(o] »
~ o
N 400} ° .
o »
o] |}
|}
200 F o .
..-.§J--l.... P‘
0 1 1 1 1
0 200 400 600 800 1000
7'/Q
HS5 HAMEeRmiEiE
3 Hig
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JCH A T 00 R v it ) L A PR RE T, N
553 ML 5 R (SP) BE 548 M 42 fih . % LAY FL AR o7 1
AE AR

SERIR R T HA 358.1 mAh/g HIRTHL LA
TR 75,590 B IR ECROR N E & B M K &
150 RIGFR G L8 i A5 -+ 416. 5 mAh/g. T H
7 B (SP)Y BA BIB9S 854, 4 R T4 1L g
55N A B A M i, S T T A Ak
RE.
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Preparation and properties of environmental carboxylate/sulfonate
polyurethane adhesive containing zirconium salt

WANG Hai-hua, GUO Qian, FEI Gui-qiang, NIU Yu-kun

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

Abstract: Two categories of carboxylate/sulfonate polyurethane (WPU) adhesives containing
zirconium salt were synthesized by using 2,2-dimethylolbutanoic acid (DMBA) as a carbox-
ylate chain extender and 3-chloro-2-hydroxy-propanesulfonate(CHPS) .1, 4-dihydroxybutane-
2-sulfonate (DDBS) as sulfonate chain extenders, zirconium carbonate as a crosslinking a-
gent. Effects of different ratios of carboxylate and sulfonate chain extenders on the properties
of WPU emulsions and the corresponding films were investigated. The results indicated that
WPU prepared with DMBA/DDBS of 9 : 1 weight ratio was endowed with better perform-
ance in comparison with WPU prepared with DMBA/CHPS. Compared with WPU prepared
with pure DMBA ,the water absorption of WPU prepared with DMBA/DDBS increased from
6.58% to 10.17% ,thermal decomposition temperature increased from 268. 67 ‘C to 303. 02
°C ,tensile stress increased from 18. 88 MPa to 23. 2 MPa,and tensile strain increased from
337.28% to 403.12%.

Key words: carboxylate/sulfonate; waterborne polyurethane; adhesive; zirconium salts
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CuO nanoparticles-catalyzed synthesis of 2-Aryl
substituted phthalazinones

ZHANG Jin', MA Yu-giang', MA Yang-min'*, YANG Xiu-fang'?,
LUO Li-wen', SHI Tian-cai'

(1. College of Chemistry and Chemical Engineering, Shaanxi University of Science & Technology, Xi'an
710021, China; 2. Shaanxi Research Institute of Agricultural Products Processing Technology, Xi'an 710021,
China)

Abstract: Phthalazinones is one of the nitrogen control heterocycle compounds and proved to
have extensive pharmacological activities. Ten of substituted phthalazine-1 (2H)-ones were
prepared in good yields with 2-carboxybenzaitehyde and aromatic hydrazines as the sub-
strate,alcohol as the solvent and nano CuQO as the catalyst. All of the products were charac-
terized by ' H-NMR, " C-NMR, MS and melting points test. This method has many advanta-
ges,such as simple experimental procedures, environmentally friendly solvent, inexpensive
and recyclable catalyst.

Key words: phthalazinones; nano CuQO; recycable
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TR AT B w5 4B e R R L BT T N A
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NEEIR

(2) FBALAS - XT5 B 3ok sS4, Jb 5t i B
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€ Bruker A W] BEFE 28 L AL, 11 W R B A R
7y ) s DF-101S 7 42 P X I i #4807 90 8 2% A48
PN 3R TR A BR 2 A
1.2 ST
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S AF AR AL R A AL 2-55 25 BOPQ TR R I 9 5 i s I BT 5

e 097 o

B 7= ) i ok 2 Ll Ak e W, 9 i NMR O MS
DL RS 500 5 X 7 1) 45 /) 16 A T RAE.

H ik & P RAEE A I F

2- AR HE-1- 2D -BRIE R (3a) B 48 € f A 6 05
103 °C~105 °C,'H-NMR(CDCl; , 400 MHz, ppm) 8
8.52 (d,J=8.0 Hz,1H),8. 30(s,1H), 7. 88-7. 80
(m,2H), 7. 77-7. 75 (m, 1H), 7. 68-7. 66 (m, 2H),
7.52-7. 49 (m, 2H), 7. 41-7. 38 (m, 1H) ;" C-NMR
(100 MHz, CDCl; , ppm) 8 159. 2, 142. 0, 138. 4,
133.4,131.9,129. 6,128. 7,128. 7,127. 7, 127. 3,
126.1,125. 73 MS (ED) m/z (%) 221(100), 193,
165,89,77. HRMS caled. for:C,, Hy N, O [M+H "
=223.087 1,found=223. 087 3.

2-(4-F FEFE ) -1-(2HD-BR B B (3b) : K 48 (4
Wk Y, ' H-NMR (CDCl, , 400 MHz, ppm) & 8. 51
(d,J=8.0 Hz,1H),8. 28(s,1H),7. 87-7. 79 (m,
2H). 7. 76-7. 74 (m, 1H), 7. 54-7. 52 (m, 2H),
7.31-7.29(m, 2H), 2. 41 (s, 3H) ;'* C-NMR (100
MHz,CDCl, , ppm) & 159. 2,139. 4,138. 3,137. 7,
133.4,131.7,129.5,129. 4,128.6,127. 2,126. 1,
125.5,21. 2; HRMS caled. for:Cs H3; N, O [M+
H] = 237.102 8,found=237. 102 7.

2-(3-H R ZE ) -1-(2HD-FRR Fid (3c) « 47448 (4 i
R, H-NMR(CDCl; , 400 MHz,ppm) : 6 8. 51(d, J
=8.0 Hz,1H),8. 28 (s, 1H),7. 87-7. 79 (m, 2H),
7.76-7.74(m, 1H), 7. 46-7. 36 (m, 3H), 7. 21-7. 20
(s,1H),2.43(s,3H); “C-NMR (100 MHz,CDCl, ,
ppm) ;& 159. 1,141, 7,138. 7,138, 3,133. 4,131. 9,
129.4,128. 5,128, 5,128. 5,127. 1, 126. 3, 126. 0,
122.8,21. 3; HRMS caled. for: Ci; Hi; N,O [M+
H]" =237.102 8,found=237. 103 1.

2-(4- L FH I -1-(C2HD-ER R i (3d) « A 4 €21 [
R, 4% 5 104 °C ~ 106 °C,'H-NMR (CDCl; , 400
MHz,ppm)§ 8. 51(d.J=8.0 Hz,1H),8. 28(s,1H),
7.87-7.79(m,2H),7. 75(d. J =8. 0 Hz,1H).7. 56
(d,J=8.0 Hz,2H),7. 33-7. 31 (m, 2H) , 2. 74-2. 69
(q,]=6.7 Hz,2H),1. 28(t,J =8. 0 Hz,3H) ;" C-
NMR (100 MHz, CDCl;, ppm) 8 159. 1, 143. 8,
139.6,138. 2,133. 3,131. 8,129. 5,128. 6,128. 1,
127.2,126. 0,125. 5,28. 5,15. 4; HRMS calcd. for:
Cys Hi:s N,O [M + H]" = 251.118 4, found =
251.118 1.

2-(4-H1 A L 2R ) -1- (2 HD-BK BB i (3e) : ¥R
@ E A, B 5 105 °C ~107 °C,"H-NMR (CDCl; ,
400 MHz,ppm)d 8. 53(d,J =7.8 Hz,1H),8. 30

(s,1H),7.95-7. 74(m,3H),7. 68-7. 51 (m,2H) ,
7.10-6.98(m,2H) ;" C-NMR (100 MHz, CDCI, ,
ppm)d 159.2,158.9,138.2,135.0,133. 3,131. 8,
129.5,128.5,127.2,126. 9,126, 0,114. 0,55. 5;
HRMS caled. for: C: Hi; N,O, [M+ H]™ =
253.097 7,found=253. 097 6.

2- (4T FEHEH)-1-(2H)-BR R il (30) . # {5
& A, 45 55 85 °C ~ 87 “C,"H-NMR (CDCl; , 400
MHz,ppm)é 8. 52(d,J =8.0 Hz,1H),8. 28 (s,
1H),7.87-7.79(m, 2H), 7. 75(d. ] = 8. 0 Hz,
1H),7.59- 7. 57 (m, 2H), 7. 52-7. 50 (m, 2H),
1.36(s,9H); "C-NMR (100 MHz, CDCl;, ppm)
6 159. 2, 150. 7, 139. 4, 138. 2, 133. 3, 131. 8,
129.5,128.6,127. 3,126. 0,125. 7,125. 2, 34. 6,
33. 3; HRMS caled. for:Cs HyN,O [M+H] =
279.149 7,found=279. 149 9.

2- (3-8 A% HE)-1-(2H)-Bk W& i (3g) . 1 €5 [
L, 8 S 103 °C ~ 105 °C,'H-NMR (CDCly , 400
MHz,ppm) :8 8.49(d,J=7.6 Hz,1H),8. 28(s,
1H),7.93-7. 76 (m, 2H), 7. 74 (d, ] = 8. 1 Hz,
1H),7.53-7. 41 (m, 3H), 7. 08 (td. ] = 8. 3, 2. 4
Hz,1H)." C-NMR (100 MHz, CDCl;, ppm): &
162.4(d,J o =244 Hz),159.0,143.0(d,J = =9.9
Hz),138. 7,133. 6,132, 1,129. 7(d, J = 8. 8
Hz),129.3,128.3,127.2,126.2,121. 1(d, J v =
2.9 Hz),114.5(d, J - =20.0 Hz),113. 2 (d.J
= 24. 7 Hz). HRMS (ESI) Caled for C,, Hy,
FN,O [M+H]" :241. 077 7;Found:241. 077 5.

2-(A-FFA L) -1-(2HD-BR B B (3h) « #4853
M, B 5157 °C ~ 159 °C,'H-NMR (CDCly , 400
MHz,ppm) :8 8.50(d,J=7.6 Hz,1H),8. 28(s,
1H),7. 88-7. 74 (m, 3H), 7. 67- 7. 62 (m, 2H),
7.20-7.14(m,2H). " C-NMR (100 MHz, CDCl, ,
ppm):0 161. 6 (d, ] =246 Hz),159.1,138. 6,
137.8,133.6,132.1,129.4,128.4,127.5(d.J o =
8.5 Hz).127.2,126.2,115.5(d,J o =22. 8 Hz).
MS (ED m/z (%) 240 (100),211,184,109,95;
HRMS caled. for: C,, Hi,FN,O [M + H]" =
241. 077 2,found=241. 077 1.

2-(A-GE AR H)-1-(2H)-FR W ] (31) « £ 48 €2 &
A, 4 & 168 °C ~ 170 °C,"H-NMR (CDCI, , 400
MHz,ppm)é 8. 53(d,J =7.8 Hz,1H),8. 31 (s,
1H), 7. 92-7. 82 (m, 2H), 7. 81-7. 76 (m, 1H),
7.71-7.65(m,2H),7.51-7. 45(m,2H). ®* C-NMR
(100 MHz,CDCl; ,ppm) :6 158.6 ,139.9,138. 2,
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133.2,132.8,131.6,129.0,128. 3,127.9,126. 8,
126.4,125. 7. HRMS caled. for: C,, HoCIN,O [M
+H]" =257.047 62.found=257. 047 60.

2-(3-F R H)-1-(2H)-BK W& [ (37) « 5% ¥ (5 [
R, 1 5 133 °C ~ 135 “C.,"H-NMR (CDCl, , 400
MHz,ppm) :0 8. 47 (d.J= 7.7 Hz,1H),8. 26 (s,
1H),7.85-7. 77 (m, 2H), 7. 73-7. 70 (m, 2H) , 7. 61
(d,J=8.0 Hz,1H),7.39(t,J =8.0 Hz,1H),7. 33
(d,J =8.3 Hz, 1H). " C-NMR (100 MHz, CDCl, ,
ppm) :8 158. 9,142, 7,138. 7,134. 1,133.6,132. 1,
129.5,129. 2,128. 2,127. 6,127. 1, 126. 2, 125. 8,
123. 7. HRMS calcd. for: C,, H,CIN,O [M+H]" =
257.047 62, found=257. 047 61.

2 #RE5ITE

2.1 R pEHdHmA

D400 PR 5 TR IR R R SN IR, B R

[F) P 3 391 A A 350 X6 B2 I 7 2R 1 5 @»Kn%ﬁﬂﬁl
i YA IR AL 35 B DL 20 B 3 550 Il 0 9 B T
FIE 6 hy A F T BRI R 1) 7 R B 300 (JF 5
D s MR ZMFIA 5 mol% nano CuO 1E Ak
FRV S 2 07 AR T I — A% L 3R W 40 oK S Ak A Y 4 T
R OFS 2) ;5 W B [ 2 TRy 8 b B 7 28 345 5
T 802 p5 30, SR iff— 2L & 7 B hiz i ] 1) 10 h
A, TR R i /) 7 R WA AR I B T OF 5 O,
JIT A R S5 A% BB TE] R 8 by 2 il FH 40 oK SR AL
ARG K S AR VR Ry A0 SR B A [R] 1Y R 2% 4 T
HAFH] T 40 Y0 7™ 2 11 K W& i 24 K DU & Ak = 4kl
Bl T Al a3 A R H 2 I B A A5 BIAR & 1 7
U¥*5 5-6), P It 1 2 4 oK S0 Ak 3 oy S A 1 i b
5 J T R 2 52 T AN [R) A R0 6 T RN Y B
HIE L )56 \DMEF X T 2 B ok 0 # B AT ARl S 7
FAFR AT 75 7-9) Zead DL F Y SE 5 1 5 B

SR 25 AR < Al P 48 oK S8 AR i A S AR R L & A
SRR A I3 VR RE TR SR SN 8 .

x1 REFEKTGEE

75 I AL S 5[] s
1 3 — 6 h 30%
2 B nanoCuQO 6 h 60%
3 B nanoCuO 8 h 80%
4 Y nanoCuQ 10 h 82%
5 I nanoZnQ 8 h 40%
6 7. nanoFe3; O, 8 h 45%
7 st nanoCuQ 8 h 60%
8 2N nanoCuQ S h 30%
9 DMF nanoCuQO 8 h 26%

2.2 BN R In R

TEARAC B BB 25 PF R 5 Bz AL R R H b
PR ROCR B RN 2 BR. NER 2 TRLE
H R SR 36 R BT BTG R i A 3 A X
IS 7 B9 4 7 AR AR R o it 3R BCRR A R R U S O 1 4
AR 5 40032 1] 457 IO ARG T X 37 JCA 2 B 8 52 O

AT T A5 5600125 i £ BEL S B % T A I 1 A7
W,

® 2 AREURE F XA 0

COOH I cuo /O
@[ < ~yNonp, . nanoCub
CHO // 11Coh018h /N
R

LRt PR/ Y & I
3a:R=H 80 3b:R=4-CHj 86
3c:R=3-CHj 82 3d:R=4-C, Hs 85
3e:R=4-OCHj 87 3f:R=4-t-Bu 82
3g:R=3F 75 3h:R=4-F 79
3i:R=4-Cl 76 3j:R=3-Cl 72

2.3 MEALA 8 E ZALA

W5 I I 3 O e T A A 1 A A Ak R 2 R
Ve VHET DLAR R 3 2R R R RS RIS B
FE A8 AS [ Uk B0 A AL 500 % S g A A AL RCR L
SEH 3 KGR 3a B 80 %R 73% . 1X
Tt I 70 ) 3% A B 0 O B 38 o o 0 A B

AR, g 3 R,
*3 EAUFHWEEFNAA
GISCR LR 1 2 3 4 5
STE R 80 75 73 62 38
3 #ig

LAAA oK A i 1 D AR 3R] o B AR D 0 7 fml
TR R SR SR 8 h AT LA RLE R 205 FE U
TR R ], 3% 7 vk LA S R AR ) oL T TR 7 1 &
B4 S Vi 700 o 0 A AR Bl 1) 8 K 4 A A 1 A i AR )
FLARAGTR B A AT L [ e =i 52 {5 oz 1) 6L 2%
AR A AL

S % Uk

[1] Madhavan G R,Chakrabarti R, Kumar S K B,et al. Novel
phthalazinone and benzoxazinone containing thiazolidinedi-
ones as antidiabetic and hypolipidemic agents[ J]. Europe-
an Journal of Medicinal Chemistry, 2001, 36 (7-8): 627~
637.

[2] Demirayak S,Karaburun A C,Beis R,et al. Some pyrrole
substituted aryl pyridazinone and phthalazinone deriva-
tives and their antihypertensive activities[ J ]. European
Journal of Medicinal Chemistry, 2004, 39 (12):1 089-
1 095.
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 E.RHB R (AM) o R B8R (AA) 4 R E4K N, N-I F & X & i Bt e (MBA) A B
i ARER 4 (APS) 5 T Ak B £ 40 (SHS) 4 £ 631 & 7 . & b 4 3% 448, A Span80 £ # 3L 4L
FLAGAMZBAEEAERARBILRRESEASRT EARBKREIKR S GEH LG R
SRR A LR KRB A AR F RS T oA AR A
WA A —F LA A RACEE A A R R AW R LRI T A4 ¥ 42 423. 7 nm WK F] 5
pms @K A A2 107 mN/m, &8 & W E T X 2] 60 000 mg/ L, AW kA2 2 M5 B 4T,
KEEHEA; RAMEILRES; REKAH; L

FESEE . TE39; TE358. 3 MEkPRAERD: A

Preparation and performance of a novel polyacrylamide
microspheres as plugging agent

SUI Ming-wei', LAI Xiao-juan'?, SHEN Yi-ding'*, WANG Lei'"*

(1. College of Chemistry and Chemical Engineering, Shaanxi University of Science & Tecnology. Xi' an
710021, China; 2. Shaanxi Research Institute of Agricultural Products Processing Technology. Xi'an 710021,
China)

Abstract: Using acrylamide(AM) and acrylic acid(AA) as the comonomers, N, N'-methylene
bis-acrylamide (MBA) as crosslinker, ammonium persulfate (APS) and sodium bisulfite
(SHS) as composite initiator, white oil as continuous phase, Span80 as emulsifier and the
fumed silica as core,a novel polyacrylamide microspheres containing inorganic core used for
plugging agent was prepared by inverse emulsion polymerization. And the expansibility, in-
terfacial tension,salt tolerance and stability were analyzed. The results showed that the plug-
ging agent is a novel polyacrylamide microspheres with fumed silica inorganic core,its parti-
cle size can swell from 423. 7 nm to 5 ym,its interfacial tension can reach 10 ° mN/m and its
salts tolerancy is determined as high as 60 000 mg/L. The polyacrylamide microspheres has
good stability.

Key words: plugging agent; inverse emulsion polymerization; interfacial tension; inorganic

core
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0 fife T A AN R AR A T 5K T A5 DL B
S S il 1 SIS i AR R P 0 R R AR

A FE LA TR M T e RPN O TR O 3L SR PR, N
NIV PP XS 4 Tt i o 22 K ) o i TR % ( APS)
HHIR 5 (SHS) & 5 51 K50, H il o % 22
L LL Span80 1 i FL AL DL — AL AR
B RO FLIR R Ak A i T HoAT AR B vk g
E A TCHUAZ Y SR 5 W IOk 3 700 O 0 O i
FUIE SR Sy T R AR E M AR PR REEAT T R G
#r.

i

1 SRIEER4SY

1.1 ZZRHARME

(1) FZE AL 8 M B e CAMD , Tk 2%, 717G
BOIUREHME TAHRA & R (AA) 43 Bréli, K
TR L T A R A A E AL (NaOHD L 43
Mrédi, KT a8 R A0 ) s N N-3E 3 XU O
it B (MBA) . i % BR 4% (APS) . W 5 R & 4H
(SHS) , ¥t 2l REEH AL 23X 5755 F
TG, 7 MR K AL T4 BR 2 w5 Span-80, 43 1 4
TG BOBAL T A BR 2 & S A Ak, Tk gk, )
WAL TR R 75 3 kK.

(2) FFAL & . AR2000ex 3l 25 i 28 X (2 [
TA A wl)s o 4 ¥0% o6 B8 k& 4 B X
(Brookhaven 2y #] , 3 [#) ; TX500C Jie 5 i # I 5t
11 5K 1A (G EBHE A 7D s H-600 % 5 B 1 W 3B
(A4, BT ; TURBISCAN Lab 4 figfa 5 P
ST AY (22 E Formulaction A &]).

1.2 sk 4 &

C1) IR FEC A < 6 9 AT 1 900 R e A 4 L [l
TRV BE RS AR B9 500 mL = OB LSRG ¥
SAM = E Ak ik A Span-80 ¥ MR — & H ) in A = 11
P B R R B E 30 min.

(2) 7K HH B A - e AR oKE B R AM in 7K i
SRIGINA AA ZZHRF MBA , BCFE R 46 41 7 b4

FEX 5T, T8 58 @ W )5 in A NaOH H fil, fim A
SHS, ¥4 7K A1 22 1% 3% in 203 A5 o, IF 2L 4L 30 min,
THEZE 40 CIFZME A APS, W 4~5 h, % &
HE Ak B A 1] 75 3R VA s T e fel R B 3
1.3 gk X

i 1 5 B v A 0.5 Y6 1 BB VA O T N 1 BRI
W, 7E 60 °C I IR K . 5 2 [R] %5 i B[] Xof Tl R i
Ji A B4 52 L SR FH Sl 3 OGO B R AR 43 B A3
524 L REE A 2R R TX500C Jie 5% T
AR A T T SO AL TR 5K T AT 0 R 5 R FH A
L I BB X e 0 5 B R A W OBk 1 R T TR B
FIAL %85 2R F 4 B A2 &2 1 4 BT {X TURBISCAN
Lab XJ 3R & ¥y f Bk 19 £ Pk 28 47 0. R H 26 E
TA AT AR2000ex 3 4% i A8 A 6 13 Bk 7 0K
SHfLP 3 A 0 3

2 #ZREiTiE

2.1 RAEHMR R

A W WORR U TR OR TR 5 4R 5 R Y O R
TR 1 s N L AT R Y LR IR G R A
AV ORI S PE R GRS P Gl
Y ZAT R Y AE AR BE /N B G R KT G7L it
R 5 W R A R S5 M R L AT R AR IR L I HL
FCSRPE R T R 1 — LR BRAE.

10 10
11
1
. —0.1 g
o1 5
O Jo.01
0.01
41E-3
1E-3 I L 1E-4
1 10 100

W [Hz

H1l REMBEBRETERGMEH X Z
2.2 JEIKME AT

FEL 2 S A [] 95 i Fsf 1] 0 i BB A 0 A 11 A A
B q RiARE X TR) 3 AT, 2e7n — FRGIRLAR X [1] v JUkE
. AR AR Q RN Rt A, KR/ T ROk AR
ORI i, I 2 AT DRI, R KRR A W
BRHESE R A2 29 423, 7 nm, T HA G RN,
FCT DAAE b )22 AL R A 18 B, X85 /N L ML S5 it A 4K
MBS K 1 d 5. BOKKL AR IKS] 1 pm A
Ao BT H R SRR ERA, AT DU A AR TR SR ] b )2
WALt — LB R AT B I TR K 5 d R, HokL AR
JEMRE) 5 pm Zef A EZ AT LUZIKE] 7 pom, 7
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2.4 FFAG @K

AT B R A W AR 1 A TwT sk 1 An sl 6 .
HE 6 ATLLAE Y, Bl A R G W ek vk B Y 38 ey, L
ST 5K B W AR AE R BE Dy 0. 50 B R G Wi
BRYE 12 min J5 A 5K 1 © & DLk 8] 5. 3 X
1077 mN/m, Ui B 3 & W o Bk HL A7 88 0% 9 A 1 ok
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1
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1E-3 1 L 1 L 1 1 L
0 2 4 6 8 10 12
i 1] /min

H6 FRRARERESMBHEKGFEKSA

2.5 A a5 AT
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min PN H BT 5K 7 T LU B AR AE S8 e R
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6 16 min J5A P LAiAF] 10 ° mN/m &%, I H
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Transient pressure behavior analysis in a banded reservoir
with partially communicating faults

ZENG Yang'?, KANG Xiao-dong'?, XIE Xiao-qing'*, SHI Yao'?, ZHANG Lie-hui’

(1. State Key Laboratory of Offshore Oil Exploitation, Beijing 100028, China; 2. CNOOC Research Institute,
Beijing 100028, Chinaj; 3. State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Southwest
Petroleum University, Chengdu 610500, China)

Abstract: Banded reservoir is one of the most common structures in fault block reservoir,
most of the researches on non-closed faults are concentrated in homogeneous reservoirs and
composite reservoirs. When we used the existing well testing interpretation models to inter-
pret the actual banded reservoir well test data with partially communicating fault boundary,
the obtained results are not always ideal. A well testing model for wells located near a par-
tially communicating fault in a two-zone,banded reservoir was established by introduced the
“boundary skin” concept,the solution was obtained with the Fourier and Laplace transforma-
tion. Type curves were plotted by the Stehfest numerical inversion method and this model
was verified by the examples. The result showed that the bigger the boundary skin value, the
more the curve upturned;the boundary distance has a significant effect on the typical curve
shape;the mobility ratio, thickness ratio, pressure conductivity coefficient mainly affected the
pressure derivative curve rise and fall. .

Key words: partially communicating fault; banded reservoir; boundary skin; well testing
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Study on ultrasonic assisted lipase-catalyzed
hydrolysis of rapeseed oil

LIU Ning, CHEN Qian-nan, SHI Qing-yun, CHEN Xue-feng, LI Cheng, LI Chao

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

na)

Abstract:In the present study, the lipase Lipozyme TL IM-catalyzed hydrolysis of rapeseed
oil in different reactors was studied. The result showed under the action of probe-type ultra-
sonic,the hydrolysis conditions of rapeseed oil catalyzed by Lipozyme TL IM were as fol-
lows:reaction temperature of 55 ‘C,the molar ratio of substrates (water/oil) of 60 : 1,en-
zyme load of 0.9% (w/w),ultrasonic mode of 50% ,and reaction time of 20 min. The acid
value of hydrolyzate was determined as 82. 74 mg KOH/g. However, when a stirrer reactor
was employed,it needed 300 min to obtain the same hydrolysis result. It was showed that the
ultrasonic can reduce the reaction time to a large extent. GC-MS was employed to analyze the
fatty acid compositions of rapeseed oil and its hydrolyzate. The result revealed that after hy-
drolysis, the content of unsaturated fatty acids decreased slightly.

Key words: ultrasonic; rapeseed oil; hydrolysis; lipase Lipozyme TL IM; fatty acid composi-

tion

x WFSAHEE2017-10-11
ESTE :ERHARF AT H (31501443) 5 Bri 4 BT F AR HAE T 2005 H (2014]Q3111) 5 BRPGRHHL K2 Wi LR TS
AL THE (BJ15-02) 5 BEVTA 2017 4F K 2% A G137 DIk Y1 27340 3 B (201710708041)
FEZ® A0 7984—) B U e A PV 8BS O 1) RGO T S LR R



< 110 - ReHAALESB

%35 &

0 3l

TSR TR = 2R E Y 2 — ST R
THEA 37.5% ~46. 3%, Kl # /E % & H
i, BTN T & )RR AL K A oK
fi#J5 . AT AT B R B IR 45 7 b AR Sl i — 20 O R Y Sk
o S R = o - NE S SR T
di LS AR AR FH g U T I B 2R AT K S 1 B 5
H2EZ g\,

B 5 2224 B .28 X 9B 15 M R 1 &
J& WG E A R B P e Z R R N R R A2
(18385 FH o HG R FH 00 35 A 7 4 0T ) R
Bl B 7K A » T A 28048 v K A SN B R LK A 8K
SR A AL N R R R L A TR D LR
/D H S5 AU A R A AR SO R R VR LT R
fiff Lipozyme TL IM A Ak 3 K7 1 7K f S L 74 5% Ml
P2 HEAT T W5 A4 S 0 T I EE K B Ll
B P R B RN SR I [E] A O A GC-MS X
wHEAT T AR BT ARG 45 SR AT R SRR A TR T &
HEFE AR 5.

i

1 MBR5FE

1.1 HA5&RA

SERFI . 25 1 5 B OO B Tl A BRA A
A Wi B Lipozyrne TL IM, g i B Lipozyme RI
IM, B8/ Lecitase Ultra, PFEHLEE AT ; =T
T H I T . H AR stk U ot s SR OS5 1Y
ST
1.2 MELRE

PR I R A BN R AR A
A s KQ-250DE HUBH4 18 75 I 1 U % » B Ll Tl 7S
IUES A BN F] 5 IBZ-14H BURE 3 6 £ 48 . 0 Kl
ISR PR /] s HH-4 %5 5 15 I8 K 39, 10950
S IR FAEANAR) s Trace Ultra <A 8 3% - 5 1% B¢ H
i, ZEE Thermo Finnigan 2 #).
1.3 SEadyix
1.3.1 W TS v 0y D s

KK =T B H b B pH-stat 2300 % A5 D5
fit§ 1% 71, 2 % Mishra S5 [ 05 25 ]ORN 5% w0 R
0. 005 mol/L 4 Tris-HCl 2 #h ¥ (pH7. 5, &
0.025 mol/L CaCL) .M sE I B2 37 °C. i E X
HAE—EFRMT .1 min KE=TEBEH WA~ 4 1
pemol TR FiT R (A g , B S — AN S 7 A (UD.
1.3.2 MMz

%2 GB5009. 229-2016 £ & H R (19 I %2 .
1.3.3  SRAFIMK A R

SR SE T = A AN (6] B 7 T SR I ) K
B L A5 B WS B Lecitase Ultra, [& & 1k i 5
fiff Lipozyme RI IM, [& % 1k B W5 i} Lipozyme TL
IM. A T U i A ) Ak B8 7 =20 S8 KT i 7K e 30 2R
52 A, B 456 % PR RS R T PR A LR R R
s B P R A 5 G ) Rl A IR L S T T A 1 )
FoN 250 W B H N 40 KHz #75 KA R H
200 W% 20 KHz, Horp, #E 1 9i b 5 8 75 &
A AR A R BRI LA 1 PR,

AR RS BB Sk ColE iR DR E

Bl BEERATEFBKBALETER

SEE L AR — o R SR KR T A
F) 50 mL B ZEAKIRAERTE L 4300 T 0O A AN )
SN g W R AT RN TRF SN 45 T K K A WA
10 000 r/min F# T & .0 10 min, M & )2 WA
AR AT
1.3.4  JNRWIRRH iy By

K F A 835 B 1% B AL (GC-MS) 43 #r B i
F14) B 5 TR 26 5% B 7 2 PR 1 1) 4% 2 25 TE B 1
Ji:. GC & 4t i Trace Ultra GC (2 [H Ther-
moFinnigan 2y &) , Bl %% Trisplus H sh k&L 45 A1 Y
P DSQ 1T i/ Hr A (MS) . KA i+ oy TR-
5MS B4 4 (30 m X 0. 2 mm, 0. 25 pm, £ [H
ThermoFinnigan 2~ &) . £ & ) JEFEIKFL A 1. 0
pL A3t 100 5 10 LA A E 1.0 mL/
min. FFFE CREE 250 °C, 8 F IR B 230 °C. <A
% R P IR A W s iR 40 C (PR 47 1
min), LA 10 “C/min FHR#H R T+ 2 150 C (ff1F 2
min) , FF LA 10 “C/min FHEHEE T £ 220 C, )5
PL5 C/min FHEHEFF 2 280 °C (J-4F 3 min).
W RERT , B 5 R G0 IR BE DR AP AE 40 °CL BT H
il 4 50~500 m/z.

2 HR5iE
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2.1 BEEMNE

S5 e U 25 W5 IR B Lecitase Ultra, i & fk
JIg 7 B Lipozyme RI IM il [ & 1k g i B§ Li-
pozyme TL IM #4750 5, B & T 411091
J1 851535 2 835 U/g.2 060 U/g #1113 033 U/
g, AL UL =R it i 35 O Y BT

2.2 RFVE R 3 BT MR 4 %

DLW G B Lecitase Ultra. JENj i Lipozyme RI
IM. 8 Lipozyme TL IM 43 976 [/ 45 4144 F
F A4 PR TR BN 5 3R AT SR T K AR AL R R
N 15 min J5, € b )2 I AH B2 A . LG 3R 45 R AR
R GERNE 1 s,

%1 FFIR R AEHREN (mg KOH/g)

16 Jiﬂjﬂ%‘%* )ilﬁj%%: ﬁﬂj%ﬁ: ‘ﬁﬂﬁﬁﬁlﬁl )

G I BEHERS) G 7 T e A ) GEBH KA 4% G R A+ B RS
Lecitase Ultra 10.83£0.25 a 3.93£0.05b 21.4240.28 ¢ 27.734+0.77d
Lipozyme RI IM 6.34+0.09 a 3.74+0.11 b 11.03+0. 26 a 15.33£0.32 ¢
Lipozyme TL IM 17.59+0.13 a 4,30£0.26 b 52.2241.06 ¢ 66.2540.54 d

T [ —47 B AR R 7 B R 22 57 1.3 (p<<0. 05).

HR 1 AT AE 4 R A% b, A [6) B W 1l Xof
SRR IR A SN S A — E Y AR RE ), HoAi 1L RE
KN FF Jy : Lipozyme TL IM > Lecitase Ultra™>
Lipozyme RI IM. A [A] & I #% A4 /E FH 248 Hy 5 3]
55 MR« N i DU = I A = => SO gy — = R

§ L LRGORTE TR RN A IO GEE AR & A G T Bk
%), Lipozyme TL IM e fih 7 7 72 7= 4
R A B e » 7K B B M AT JRS.L 3K AT RE R IR Ol M S kA
for FLAT B0 1 2 AL O BE DR A il O3 1 A #5 LA AL
W70 R R R R B AR AR R P RS
Ry O3B, DRI A2 2 07 i F 7K Ak 25 R it A T G Al A
i WCTE S5 25 S 0 vh 28 SR T 3X — 7 v
2.3 JEW BRI RS T LA
2.3.1 R BE Y RE

PASEREIM R, 7E M BE & 0. 520 (w/w) iR
Y EE IR HE OK /D70 = 1A AR Oz 19D
V7 20 min, BUER R AR, W E 45 °C .50 C .55
C .60 C .65 C 7K A 8 A9 TR M o AIF 50 3k B X oK fit
TN AR B 5 L S 5 25 R LA 2 R

75
b b b
b
_7o}f
®
=
5
%
g 651
=7
S a
=
60|
55 \ 1 1 1 1
45 50 55 60 65
W/ eC

B 2 8 KERN YA
FHE 2 A0, 24 s B AR T 55 C i Bl 5
FE 1 T BR AN B KL IR 55 CHE IR fe v o h

71.55 mg KOH/g, % ] e J& B T i i 75 s I 4k T
i 3 O IR R AR RO ORI 55 °C ~65
C s, DBl 5 I RE ) T BR AN AR, K R R R
R, MR A0 A BT A5 A AT s R L L K AR A L A
S0 2 A < AR AR Y B DY L B A IR R ) T B
KRR TG AL BE B N , 0 7 il 488 JL R 88 s )= N
FNP 3R B0 Bl A A O T s BT R 2 e
B OT . 204 R o R Y A 3 U R L AR 2
T 7 A A A FE T 55 B 2 ke O i A TR M L i Y
Tk AN AT AR PR G T 5] A A R TR T
Bif A AR TG T B AR, T ST 28 B0 1Y) S 3 3 Al 23X
SO Y 25 5 45 AL . I ) I 0 i R TR ) R BN B
R PRI A 52 3 e 2 34 % 3 KT T K SR B I IR E A
55 °C.
2.3.2  RYEE R LE 5
VISEREIM R W0, ZE B 0. 5% (w/w) R
N BE 55 °C LM AR ORI 48 P9 R O 20
min, SCAR 1A R 9 RS 0 BE K L OK /3D 7 3 30
1,50 1,60 ¢ 1,70 ¢ 1,90 = 1 W 7K i & B4 2 #r , BF
GE IR JEE IR LU T 7K i 5 7 AR 18 5 Wil ST 3 235 2R A
Kl 3 Fis.

75

o

70_ d ¢
_ N b
65 |

ol \

55

2 #1/(mgKOH /g)

501
s |
40: a

%S:N
30:1 I 50:1 I 60:1 | 70:1 | 90:1

JRE 40 R HE O /)
B3 JRAE R KRR 0
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%35 &

M3 1T L& B 2K R v S JEE K b
OK /0D /N 60 = 1 B, Bl 25 B8 R B B9 38, R A
W3 K s MR R IR LE R T 60 ¢ 1 B, R AN 52 3388 U
FREa A, 248 IR H 23 B 30 ¢ 1,60 ¢ 1,70 = 1 A1 90
2 1R AR R AN Y 25 R A 3 (p<<0. 05). IR
YIEE IR LSl 60 ¢ 1 B, R A A S5, A 70. 80 mg
KOH/g. X 5@ AL 5 e 45 R — 8 78
FE AR FH T A 2 114 K BT 3K 30 55 9 K A R
S ATIA N 55 7 U B I 0 s 0 1R &R 1 FLARAE
A 5 AT LU R A G i/ K R T AT S B K G A
S3RIT" s X5 K B2 7 A A5 i Y R X i 32 D
N 3 LR AN IR /N TR I, A ST 6 i 2% T B N IS )
JEE IR L K /3D 2 60 ¢ 1.
2.3.3 TN 0 R
VLSRRI R IS o 6 RO BE 55 °C LIS ) 1B IR
FEOK /D60 = 1,88 A AR FE Oy % 8D T 2L 20
min, 808 K R A0 AR, I E 3L 0. 196.0. 5%
0.9%.1.2%.2. 0% .3. 0% B 7K fift Y i i ¢  BF 5%
it 15 KT 7Kl SR R AR S . S 56 45 SR UL 4 .
90 - c

<N . .

AN N R

50

% #1/(mgKOH /&)

40 L

30 @

ZOQ. . . . NN

01 03 0.9 15 2
/%

L]
W

1.
s
B4 el KR EHOCR G R

P — 78 S5 BN 33 it 5 Jo G £ 1) 1 i
TR 4 S 07 A T T AR RN B S TR A R K
Ok 2 3 N A L BN RS BB I i 4 T
ALTEREAAE T Y B i AE 0. 126 ~0. 9% B,
TSI 3 3R B A T AT 4 v, LR R
225 (p<C0. 05). finfiF i 1. 2 %0 i, HooK A 8 iR A
FUINEE & 0. 9 %0 Ir 45 FF 5 A0 Lt TG 3 22 S
MR 1. 2005 5 BN o R B A 0 3
1T A T R AL i ik 0 42 1 D IR T B O, o v 1
T BT A R A SR T A R
T 52 0 256 SR A AR A A o vR T G A AR A X
Bt AT R AN AT Tl A A =L B AR S
8 o 2 o % S KT S K A SN I A 0. 9 %4,
2.3.4 AR AR R

fen

A S5 i AR S A R AE AR A 202,500
i 2 A3 ol A kA B L AR S g ok
50 %0 KRS LLSEAF I N KW, 7E g & 0. 920
(w/w) TR BE 55°C PR R e OK /) 60 ¢+ 1
ZAE T RN 20 min, fF 5% A [) 8 75 & A 5 0T il
8 B2 R 52 M, 256 25 5 UL 3 2 TR,

x2 EBFREAEAWTKBEROZMW

P R A R IR G REIR A / (mg KOH/g)
Xf A8 18.5240.11 a
20% 69.64+0.79 b
50% 82.74+3.38 ¢
5 B 71.39+£0.59 b

VE < [F— 9 0 R ) A 3 95 53 13 (=0 05).

i 3% 2 W] R R P A A R i A Ak K A B g
ARR W . 5 AN is F RS AL B A G B
X BEAE B R A AL 18. 52 mg KOH/g. 24 # 7 f =X
20 Vo W KRR R Ry 69. 64 mg KOH/g;
7T 342 252 1) 7 A X X Tl %) A i oz . 381 — 7 ) 4100
AR CHOK B A 4 71. 39 mg KOH/g) , iX
A B AR FH R 5 B 3k A, s A SR L AL B R
R T T — o R MRS T DL R B
50% MR XA T Lipozyme TL IM i 1k fE
1 Ee o KR W R AN fe R, i 82. 74 mg KOH/
g B HA A R B E 2R (p<<0.05). WL, A
S0 VE B A0S OB R & AR 50 %0,
2.3.5 I [E] ) 52

DASEAT 0 R4 FE N 0. 9% (w/w) L X
NI EE 55 °C URPIEE IR L OK /D60 = 1,8 &4
B 50 Y0 4514 T HEAT RO T — s S0 T S
KA IR AN L BIF 5T S 0T N [ 4 5% i ] I 45 95
ZAF T RN #8 —) B R R R R AT X L, 52 50 45

UL 5 R,
100

80+ re
60 F n

40t i

1 11/(mgKOH /g)
-
n
>

20F A

1 5 10 20 45 120 240 360
B 7]/ min

B 5 RO B TA) A KR ROR 6 R
H D 5 T LA B, A S Rz i R K 9 R A1 i
S5 N7 B 1) f) S 4T 39, AEL 23 5 78 20 min A1 300
min J5 328 T RE . X AT BE S P R K figk 52 0 7 I
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i 2 4 30 P A7 Dol S K s 7 A T XoF i 7 Ak AR 1
A I R AR L AR ORI A D RS 20
min B, i 4 A0V 38 B0 K, R N R A S 82. 74
mg KOH /g, i i A 20 O W 2% —) 35 2 A7 3 1Y
PR SR F5 300 min. PRI, 8 75 A5 FH G K A S
N7 (AR 4 AR B S WA SR B[] AR 300 min 45 4
£ 20 min, KR T RN ], £ @ T R0 2K
2.4 Jig By BR 4 R T

R AR €8 35 003 56 A AL (GC-MS) Tl 2 T 7K
fift T ST T 1 B 7 R 2L B, 5 S An %k 3 TR

3 FEAFiMKERETE RS R ER A B 4

Hg Wi 2 B/ % KA IE /%
F AR R 3.9%0.1 5.140.2
Tl i R 1.740.0 3.540.1
TR 58.4+0.3 56.840.4
WV R 19.8+0.3 18.6+0.3
R R 6.6+0. 1 6.340.1
A 1.1£0.0 1.940.0
TEAE IR TR 8.540.3 7.840.2
IR 0 0

13 3 A LA B, SEAF Il b B 35 R R 6 456 A
e P LRG8O TR o TR IV 9 TR I PR TR A A TR | 6 2
TR A AL N i 105 R o . 7K it Je o 3+ v A
O3 TR kAT BT B o T AN AR R A IR ek s AT
. 35 78 53 B 5 R S0 K AR S 1 45 SR S R
H T A S8 BT P JORE DA AR I R SERF 3, 2K Ak i 2
ToIT WA

3 #ig

K Rk SO/ 5 & A A S RE B FEER A, LU
i fiff Lipozyme TT IM 4 1k 3 F7 1 7K fif: )2 i, 72 9
HE A 0 B A A IS SRR e A5 B SRR I K f Y T
AR IR 55 °C URYEE R L K /9D 60 ¢ 1,
TG & 0. 9% (w/w) VB E AR 50 % L K i B
[8] 20 min, 75 7K % W h A B BR 4 o 82, 74 mg
KOH/g. # AR G 19« 35 [7] 45 oy 3808 75
A 300 min, A] UL 75 1 KO3 &5 1 b 280
AR SCHFFE 2598 1T o 8 Sk X8 75 2% & 7E Th s b
rh Y I B A — 2 1 S R i

2% Uk
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(BevgRL B R i 54y TR B, B 1% 710021

W EAMRINREBELRRE T T EFMA HEMA, KA YPD SR A AR BHELR
Ao LW SRR YR T 8 B S B AT o B AR AL SEOK TR | A BR R E UM 7 @At o B A
EREES ﬁ%y’szTTfrﬁn,ﬁ/\” A B S m e S AESAT T #2524 26S rDNA A
SIMBEZAAE AW HET S BRANRREFLE TR T o BRESLRRET P4
K. 2 3;‘1?5'?4#%@#%@ 7 ¥k A BB B FF (Saccharomyces cerevisiae) , W dk A & K 4 B
#F(Zygosaccharom yces rouxii) ; & K& B (Z. rouxii) 89 &t 45 W | & B2 R > A0M 5% T 8k
‘JE} B H (S, cerevisiae)  FAERBABERBESORERE T PAKR SR L. ERESL
AR AT RS 2B R T R R B T R R A ]
;ﬁ%ﬂ WG HILRTT; BB, TEEN; 2 BEL; FREGHS
HES XS :S182 NEARERG: A

Characterization of osmotolerant yeast in malus micromalus

makino juice concentrate from shaanxi province

WANG Hu-xuan, LIU Ting, MA Yuan, LIN Ze-xue, LIU Ning, YANG Hui"

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

na)

Abstract:In order to identify osmotolerant yeasts which are capable of causing spoilage for
malus micromalus makino juice concentrate, the yeasts in malus micromalus makino juice
concentrate collected from malus micromalus makino juice processing plants in Shaanxi prov-
ince were isolated and purified by using YPD media containing high sugar content. The sugar-
tolerance,acid-tolerance,and gas-production capability of each yeast isolate were assayed to
evaluate the contamination potential. The colony and cell morphology were characterized and
the phylogenetic tree based on 26S rDNA sequence analysis was constructed to determine the
genetic location of isolates. A total of 4 yeast stains were isolated from concentrated juice,
two of which were identified as strain of Saccharom yces cerevisiae ,and all the other isolates
belonged to Zygosaccharomyces rouxii. All the isolated strains of Z. rouxii displayed better

sugar-tolerance,acid-tolerance,and gas-production capability than those isolates of S. cerevi-

* Wi HHE:2017-09-04
ESWAB :HEARFAIESTH (31501443) 5 BEPTA K2 A QU AN ZRT 2035 5 (1337) 5 BEVERHE R4 LR S gh 3k 4 5 H
(2016BJ-39)
EE RN ERK (1986 —) , T3 BRPGERIR A PRI, 171, W52 07 1« B )68 DU Aol A A 0 5 4 o
BIREE A Q960 , BB A, #8140 BF 5T T 1 R TR FAE YA R, yangh@ sust. edu. cn
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siae,and they were capable of growing in malus micromalus makino juice concentrate. The

results suggested that strains of Z. rouxii might pose a threat to the quality of malus mi-

cromalus makino juice concentrate,and needed to be controlled in the production line.

Key words: malus micromalus makino juice concentrate; osmotolerant yeasts; contamination

potential; isolation and identification; Zygosaccharom yces rouxii

0 3l

e Rt b T B W R R AR DAL e B
th R A I A AR E M © R KR N T A
o AH— B URAT K 8 W B T e 4 SR i) FF
AT S A TR) s el T B SR T S Ok R 2208 i vk
206 2R 3 A R R T 1T R DR G AR A A 3 v 1 T B
T5 e 10 XU S L e 0 T R 22 B B8 A T A W ik
5096 Cw/ V) BRI A 5 B SR J5 T 5 R T
AR T ARG 7™ il ) 5 L B A B SR 2 B9 BR, pH
(8 R I PR A L H S A B 7 A LR
22 R B TR P AR 2 W i A CO, L B B A
T A A 2 G R R B B
O A AR 7 Al BB R Y 22 T R R T 4
oK I L SRAT Vb X — i A A A B M 5 R (0
AR B IR A (RN A (B 1B 2 20 BT T IA
SRR T A e i i L1 R RHG e R R E M Y
P T O T 2D R B T A HIN g
PR RE A0 75 G S 20™ B B B B R R TR, 0 U 4
L1 B RS P T S 2 AN A G2 H H AT
[l A A A 53X D7 T Y A0F 5 79 oK WL AR I

2 SO R R T BV A O A B IR A b T
S oy m) T A T LR I R S R AT 2 B 2l
XTSI T B R AT TR OB 0 R D M D AT
Tk LA S %S T 6T 26S rDNA I P BEAT
R 5E o i i AR 9 1 R A R A £ SR 3 R A A
RGO, LAUESE 73 B bR BE 08 15 T e 46 11, ok 46 167
ZLAR I v e B R Y 4 4 ) B2 BOR S

i

1 MR57FE

1.1 2 &H#REERLXAN
111 Ak

MRS T, pH fH 3. 4420, 1, AT PE[H
e & 5k (68+ 1) "Bx, NBETT A IF A+ B R &AL
P /NI E =S
1.1.2 #5320

YPD 15 9535 45 05 20 g, R 20 g, BERE
B 10 g, ZEMEK 1 000 mL. U055 [ 45 35 5, o
AIENEH 20 g.

30% YPD #5555 . A% b 300 g, M 20 g
PRI K 10 g, /b i Z8 08 K 5 1 )5 40 i 28 08 K =
1 000 mL. Q&g AR RE 522 I AR B 20 g.

30 Yo 5 46 W VA VR - I ATE 300 gL D HEZRIBOK I
fift 5 #MINZE B K 2 1 000 mlL.

P e DR 21 8 R & (b s R AR , 26S-D1/
D2 rDNA § 3 51 4 (4t 50 42 KD, PCR 3 # (Taq
DNA R4 8 . ANTP. 22 vp it . MgClL,) (Ki% Taka-
ra) , Marker (K % Takara) , Bii§ B (3£ E Invitro-
gen).

1.2 ZBNBLHZE

UV-2550 BUSEAH ] WL 20 OB FE i, H A B
A HC-3018R HY &5 20 ¥ B 0 ML . 2 Boh B o
FER AL S A PR 2N 7] 5 CX31 7Y I i34, B8 Ak 10 3
23 ) TA2003 RUHL R, bR % B AL AR A R
87l s PTC-200 A9 PCR 1. BIO-RAD 22 7] 3 DY-A
RV PR AN s 1 TR AL AR T Gel Doc XR U 5E i A%
%4, BIO-RAD 2 7.

1.3 &Sy Bk

FR WA I 10 mL ¥R 46 i 20 3t m A 2%
A 90 mL JCHH 30% YPD Mk 55 3 = M
BT 28 °C,120 r/min $EIKEFF 48 h AT HIAE
B2 BRJE SR FH TC B 30 %6 i A A UK X R AR R IR T
HEAT 7 200 BE T R, 0 MR 35 6 B AR B RS 4% X
200 pL F 30% YPD [ {4 55 3% & b iff 47 4% fi - 28
CHiFR 5~7 d. PRk B A MR R T I8 RRAE Y SR
ik — A E R Ak, aifb 5 A0 T I e G 2 i
Bi N HEAT IR 25 W56 R 2 A I L B DA T 2% 1R e
F) YPD #Hmids5R 3 1,28 CHFE3dFET 4 C
VKA PRAF- 25 .

1.4 &FHE M6 2

W 20 mL TG TR Y AR IR B 43 51 500 g/ Ly
550 g/L.600 g/L.650 g/L.700 g/L.750 g/L.800
g/1..850 g/L M1 900 g/L ) YPD Wik K: I E T
SRR BUAL T B0A K T R FP T 200
gL AR FR B FE W+ .28 °C,120 r/min # K B
F% 48 h BURED 5 HAE 600 nm T Y W 6 BE
RS M E 3 U, i SPASS B4 %t 4l Oy
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%35 &

255 BT Ak 2.
1.5 @B

B 20 mL B H pH 230518 1.5.2.2. 5,34,
516 B YPD WRKE FRIEE T =MD, e+
XoF B30 R A TR B Bl TR 200 L INACE B R R SR
W, 28 °C,120 r/min FEIREEFE 48 h, BRI & FL
FE 600 nm | A MEOG . B4R S Z I E 3 K,
fili I SPASS B4 %t 46 Iy 25 53 B db 3.
1.6 FAdegn

W 10 mL JC TR (4 5 28 VR B2 43 51 Dl 500 g/L
F1 800 g/L Ay YPD ¥ & 1% 37 56 & T4 L Ak
TR ECAE R A RN T 100 oL A E iR KR
FRW AL I/ AR AR By 2R i, 28 °C
FE IR T R, RIS A QA i AR A
RRAFE S EREWE 31K,
1.7 HHA MY ENER

By B HRAE YPD VAl iR A dEFh L 28 C 557

A I B TR A DG S RUBE T LS TR PR A i R
=

1.8 4F%%
1.8.1 AL DNA 21K

YR BRAE YPD 8535 W TG AL B 2 05 IR A
A, Fie BRI BE L DA 2H DNA 2 B0t 50 & 4 50 B 45 1k
FrE M DNA HEHL
1.8.2 26S rDNA PCR "4

KBS NL-1 ¢ 5'-GCATATCAATAAG -
CGGAGGAAAAG-3'} NI-4 : 5-GGTCCGTGTT-
TCAAGACGG-3" #£47 PCR ¥ 84, 514 th b 505
BRI AGBRA R GBS ¥k R SR 50
p L ALHE 10 2L BibR .1 L EWESI9 .1 pL TSI
,0.2 pl. Tag DNA B4, 1 L ANTP,1. 8 puL
MgCl, »5 L 10 X PCR & #,2. 5 xI. DMSO,
27.5 pl KEEZEEK"T, PCR B FEJF:94 °C /3
min(FAEH) ;94 °C / 1 min 284,58 °C / 1 min
iBk,72 °C / 2 min $Eff, 36 DPEH;72 °C /5
min $Ef. AL 1,000 Bl b e B Uk B A D 1Y 1Y
DNA F B Jf 4 PCR P ¥ = W37 ik 2L N G 18
RIEHAG B2 A AT IR SR )F 55 Gen-
Bank ¥ E 7 % 51 i 47 Blast Chttp: / www. nc-
bi. nlm. nih. gov/) K Xf, F§ CLUSTAL-X %k 4 it
R HI AT I MEGA #4415 245 % 5 W
o,
1.9 s BAmeREELRTPEARR A

e 20 ST B IR A 5 mL ¥ 4
LTI, 100 C KB 20 min, B T35 5k K )
Y TR BE A W 200 L I A B TG TR VR 4 i 4T R
1,28 C BB g%, BERR 48 h BU 1 S, A 30 %
AT AT 1 20 BE W RE L R ORE MR TE 3020 YPD
[E fA S Al b AT IR AT, 28 CREFR 5~7 d SR #EAT
VTR AR BN E 3 Ik

iz i DMFit #{} # B9 Baranyi and Roberts &
X T V5 A B 2 g CFU/mL) K 85 55 i 1] (3R
fr ) BEAT LA AR LS 2 0 & bR A K
i 2k A P 7 e KA KO R (e 1g CFU /(mlL
D) KR (A, DY, Baranyi and Roberts f %1
1 T AL AR
N =Nyexp(—Aptpu) [— 1+ expAp ) +

exp(tmurt) ] (@)

KD AL 2] ds N B 201 3R )
B, CFU/mL; N,—#®] & i 2 1 2 ) %, CFU/
mL; g IBFER KAERKER,lg CFU/(mL « d);
A—R L d.

2 #FRE5ITiE

2.1 & B ARE BN T

AR 45 3 21 Rt v A 2 e B W RE & A A4S B
A BRTE. BRE LT A0 LT2 EA FE LAY A 76 3
A MEUR I 500~650 g/ L K95 5k b iy A K R B
R R 0 1 A2 B 3 R Cp<<0. 05). i 4 b
W — PR 700 g/L KU LR, A R P 5E 4
I Cp=>0. 05). BBk LT3 Fl LT4 s 3 90 4 AH AL
R T WP o A 2 R R B2 Dl 500~700 g/ L K 57
A KR T #2255 (p=>0. 05). Bl 75 i % b
W B B E— 3 8 (750~900 g/L) o H T & B Y B
TEAE R A K R B W55 (p<<0. 05) . KL
AR REYE. T LT M LT2,. LT3 Fl LT4 Y
i PR L AR BLL T 1 Hg i LT F LT3 iy ifit
L
2.2 BB

¥ LT1f LT2,LT3 A1 LT4 0 iR b 42
AL, 2 ALHH LT f1 LT3 A9 it R il k. nT LA
B AW EEY A TE pH O 3~6 MR ARk
AL H pH M 6 BEEI 3 X540 Bk G A K R G
FERMW (p=>0.05). #—LEAL pH £ 2. 5, RHiA
VERIA R LA SR L 4 B 43 25 TR 1 A R B i il Cp
<<0.05). WA, LT3 WA KH#E R F T LT1,
PR R A B TR AR 1 ( p<<0. 05). E— L B AK pH &=
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2.0 M VL4 BRE A K 9k 58 &3 (p >
0.05).

0.9
0.84
0.7
0.6
0.5]
0.4
0.3
0.2 \
0.1

—-+LT3 —LT1

S

4

0
50% 55% 60% 65% 70% 75% 80% 85% 90%
HEFEHRE/ (g/1)

A1l 5 BRAARERFERERE A 500~900 g/L
YPD i@ k3 F ik 6 A KR

1.2
—4-LT1 LT3

1

A

0.8 3
0.6

EE

= 04
0.2
0

1 2 3 4 5 6

B2 »®HHAKEPH H 1.5~6.04
YPD & Ak 3 0k b 89 £ KR

2.3 4BRFSAKEMNZ

1 A UE .4 vk B R ARRERS 24 h NTE
500 g/ L #ij % 0E P85 AR ™ 0, 2 B0 B TR n
UG 2. TR LT3 M LT4 240 3 B bk = Ak
JE R B BB, 24 h AR AR R o AR IR 2/3
SRBURY S . Y H  BER EE E — 2 4R & 800
g/L B, Bk LT1 A LT2 (8 5 bk 52 2 3 4,
B S 0[] P 0 SR A 8 T BR LT3 F LT4 B AR
1 T 52 S B a7 SO R 22,48 h AR
WA B A A 2/3 BRI B, R A
S TR RSV (AN 2 ).

AILLAE L B bR LT3 A LT4 HoA 558 Y it
W T R K 7 A W AE TS G e ) B0 L S UK.
XM G240 7808 W& REG B (Zy-
gosaccharom yces rouxii). Wi NWF R4 R FK W . &
[z G T B J2 — b 3 209 O W % B, B T R |
55 R 977 6 1) T e VA B R O B 008 35 10 v vk B AR
WO HEA L CO, WY 2R B PE MR | 0 2 S vk 4
TR A WA ORI s e R g
B FE VR A S AT (AT s M D ) & i 70 °

Brix;

pH 3.5) 438 & [CHz & W B, JFIE 55 H e % 77
b I O B LA S SRR N G /S h i S 1 R 7 S
LT3 Al LT4 HAG B9 W T 0 T iR =<t S5 Rl
NS 25— 3L

x1 SBEKRES (WY BAERERFESER

" BiFR ] /b

ik 24 48 72 96 120 144 168
LTI + ++ ++ +++ +++ +++ +++
LT2  + ++ ++ +++ +++ +++ +++

LT3 +++ +++ +++ +++ +++ +++ +++
LT4 +++ +++ +++ +++ +++ +++ +++
e CHTERERERNBE A RS 134+ 7R R
SEAN TR B 1/3~2/3 24+ + " FoRPFmA AL
G KRR 2/3.

R2 DBEEKRE S0 (w/V)EEERTSER

. B3R mHA] /h
RS

24 48 72 96 120 144 168
LT1 — — — — — — —
LT2 — — — — — — —
LT3 + 4+t A+ A
LT4 + +++ +++ +++ +++ +++ +++

T =" RN A W+ R T AU A A A B
B1/3: "+ +7FoR BN TR SRR 1/3~2/3 Z )%+
R A A A SRR 2/3.

2.4 BHEBEAMET ENEK

4 MR B W AE YPD PR B RE 3R 5 d 5 HEIEIE
YRS A EAMRTE E . B %Rt .8
W, G ESE, PO SR (G E 3 Fra). BAEE W
5 El*%élﬂﬂﬁi@ﬁ%lﬁ/,tﬂﬂnétﬁﬁ(tznl 4 Fi).

(a)LT1 (b)LT2
(e)LT3 (D LT4

> BAKRE YPD FHRAKGEEN

()L T1 (b LT2
(c)LT3 (DLT4

B4 BB HAHE YPDERER T @K

\
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2.5 HFERR RGN

KM BLAST T HX 70 B #k 55 GenBank ¥4
PEH B BRI 26S rDNA J¥ 51 $E4T LT, IF il 3 NJ
(Neighbour-joining) ¥4 # R Gt i L, 0 & 1 53
BN RS & F AL, BLAST 45 5 2 0. 14tk
LT1.LT2 5+ (Saccharom yees cerevisiae)
3% % 6 & i, W) IR R 58 il 99, 5606 Fl
99.85% ;W #k LT3.LT4 5 & L4 4 W& (Z
rouxii) I 5 4 K R fe il R R 4300 28 99, 48 %6 Al
99.82% (N 3 Fim). REKHE WAL F bk
LT1.LT2 5EREEF:(S. cerevisiae) B —2, 3R
B AHFE ARG L B AL Wbk LT3 LT4 58K
A WEEE(Z, rouxid) HA MR B RS & & A7 Cn
B 5 B, 455 5 LU R 58 % B W 4 B 4
i AR LT A LT2 2B L (S, cerevisiae)
WAk LT3 F LT4 28 REES B (Z. rouxid).

IR RN 2 BRERIE BB (S, cerevisiae) 5 H:
A2 REREA TS (Z. rouxii) 1 EE AT 4 P
B2 HG 2058 & S0 LT 1 AE W 4 g 21 2R 0
AL BB R A R A S R b oy T i 2
:(Candida tropicalis) I K U T6 1k A6 e 4 31 7
T A RO I RS B RE (S, cerevisiae) FEAN &
e 2 1 21 R 0 TG T G B 5 2 — R SR
15 L G W) (O3 B 48 AR PR vp Y T B ) BB T Y Wk 4
TR B k) HOR BB 32 vk 4 T 0 & A
PRI A 23 15| 7 e 4 7t i S 722 Joe

R3 HDBEEHKSE Genbank SEFHHKRBLETER

kS b X 45 SR R/ % 2 7% T bk
LTI Saccharom yces 99. 56 HM101473. 1
cerevisiae
Saccharom yces
LT2 on 99. 85 KX428522. 1
cerevisiae
L3 Zvgosaccharomyces 99. 48 KY110285. 1
rouxii
Zygosaccharomyces
LT4 99. 82 KY110280. 1

rouxii

6rKC692232.1 Z.rouxii
[_KY110272,I Z.rouxii
JQ689016.1 Z.rouxii
KY110253.1 Z.rouxii
KY110273.1 Z.rouxii
KY110280.1 Z.rouxii
LT4

KY110259.1 Z.rouxii
LT3

KY110280.1 Z.rouxii
L1631809.2 Z.rouxii
KY110279.1 Z.rouxii
GU080049.1 S.cerevisiae
GU080049.1 S.cerevisiae
LT1

HM101473.1 S.cerevisiae
HM101471.1 S.cerevisiae
HM191655.1 S.cerevisiae
HM101472.1 S.cerevisiae
LT2

KX428529.1 S.cerevisiae
KT923022.1 S.cerevisiae
KX428522.1 S.cerevisiae
KT923023.1 S.cerevisiae
JQ771714.1  Pichia kluyveri

99|

9

S

0.05
A5 2 BHAMk2Sr DNA BRI ZRAELF N

2.6 S BRERGELRTPFAERER

1E 28 CE&MF T . WMk LT1 1 LT2 KNE7EHk
AEVELL R AR MR bR LT3 R LT4 g 4k
. N DMIfit 042 3% B Ak LT3 il LT4 163
A LD R AR R IR AT LA S B AR Kl
LAnE 6 Fras. iRV WL G ih 2 AR ) T i
A A A, SR AR L SRS TE B (il £k
RIS T AR E W GRERSEARD . DMt 1
PER B T OB bR LT3 A LT4 A B 5 i JL
NSEC A e KA KR () VR QO VUG
M A R A (R AR #E R (SE) . W36 4 ProR.
F AN LIFE M ERR LT3 M LT4 76 H 46 6 20 7t
T AR RS DL FE A e 5 A (E AR HEBCHR AT,
WA LAY R #RAE 0. 99 DL b bRdEIRFE 0. 14~
0. 16 Z[R], 15 B 7 Bk B 199 S 56 {55 A5 784 0 00 {1 414
BT

K4 BCEBTHERREREBAR

THNERINZSHRESEIT ST

pm/(lg CFU »

ACd) L& B
HK R (mL+d)~1) R
S A T # SO O R2 SE
LT3  Z. rouxii 0.325 0. 331 3.597 3.512 0.993 0.149
LT4 Z. rouxii 0.339 0. 345 3.401 3.383 0.992 0.154
8
7

™

* SR

W% %/ (1gCFU/mL)
NS

3 — i
2 *
1
0 . . . .
0 10 20 30 40 50
I/ d
(a) LT3
8
1
26
B
2 5F
=
@] -
3y o ST
=5l — I i1
o
5l
*
1 L
0 . . . .
0 10 20 30 40 50
R e/ d
(b) LT4

B6 28CEHEMHTLHEEKRE
R Ha R TP EREE
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I FE A A0 3G T o e S 0 v AR A TS B B B
FE B T VG IR B IR 0 R 28 JAT 8D . I %
155 98 B BRI FE R A ke T TR X i R
PR HEUR AL G0 A L TR T B AR AR A 5 s KT
(FLR 2 SR r i o R 6 Wy o 4 o) RE 8 I 3
968 T2 00 A e L Y 2 P X R B M (] 2
BN 2 BEOR 75 SR B A T Tk A A 7 SE B K
A BRBAS 28 B P 2, A 7 A oM AR AR R L i B
SRy DRI 40 1 2R ™ v R 5 W B 1 15 e ol mT BE -
AR R T A A B B S SE A K TR
NIRRT T 0 2 N 5 A 7 4 ) 2 A fi L %
TMB DA EF N R B FES B R
TR AR . FHTR A T B2 i — R R TR
ERALH AL RAR N AT AE — E R A9 SR I AE Al
K U R S UL TR R AT SR SRR R T R B
B9 GEAE A AE A, DT 5 | e 246 v T A I

3 #ig

Xof B TG ORF A B 3R 4 I AR T AN W AR 7R Y
WARE LRI h i B bR AT T B L 1 E 4
PREB B RE o 2 R O BRI B B (S. cerevisiae)
2 ¥R N R AR (Z. rouxil). B IR AR A
A BRI T R A 7 UM S BE 8 X Ik 4 il 21 R T
Jo 3 B 5 e A

S % Uk
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FIRAENAEFEEZEKERNE I

FoF, Rk, T 5

(BEVRMHE K B SAY T R%E, BV W§4% 710021)

W E.ARERTEREF R B 4 % 2 (Bacterial cellulose , 18 # BC) 2KV 4% 84 %o, K A &
KT R TR AETARITETIRAKEITEARTIROA T XTI BCOERRE TRL
Mt BCWEMKkiE R A KEH R, 3 BC MG H  FHEE &5 ESHRFRTIN. &1
AP AR TREBELAYMBCEM. JIIREZERLT . AKZIREIAKRKEF. 5RATHRY
BC AR 46 BB A A TR0 BC A AKFE 54.96% ., 0 A A2 A TG 2.9, kS &
Ry 29 A 3145 Lkt 2 R &, A RARKL e TR X4F; A% A F89 BC ALK
BIZAEKEH18.80%, A KK R RZ; AR R MK T BC KRR, LARERASF A
1.77% 4= 1.85%. R a4t 5 X AT L& R oA M E & T69 BC 287 5, &
WHAERT BCH R @M, 4 5% EBAIK, A 56, 14%; AT A T8 BC 4 g ok %55, 4 0
JEH 60.56% ; R 5 ok F A6 BC AF BTN HE L. BLEHERSG. 5 H 63 12% A=
T2.64%. R EZHFRARBERE KNI RFERRE BEFBALE TR TLE =H T8

KW - m A T d s RRTH: Bk TBR:, A=A T HEAT; AkF
FE %S TS201. 3 XHARERG: A

Influence of drying methods on rehydration

quality of bacterial cellulose

LUO Cang-xue, ZHANG Ke-wei, DING Yong

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

na)

Abstract: To investigate the influence of drying methods on the Bacterial cellulose (BC) re-
hydration performance,hot air, microwave,vacuum freeze and freeze drying by gradient heat-
ing were adopted to dry BC pellicles. The swelling rate and rehydration rate were compared.
Furthermore, the microstructure, texture properties and crystallinity were analyzed. Finally,
the results showed as follows: Different drying process could affected the BC structure,
caused the change of crystallinity and the difference of rehydration performance. Compared
with non-drying BC, the rehydration rate of BC employed freeze drying by gradient heating a-

chieved 54. 96 % s which was 2. 9 times than that of the vacuum freeze drying,29 and 31 times

* WA B HI:2017-09-10
EE&TB Pia 8 s T L IWATHT R (14]JK1089)
EEB N P E¥1959—), B Beri sk KN, 8082, BF 58 O Il B b i T R BR iR 5 5 07 & R A
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than that of microwave and hot air drying,respectively. Its swelling ratio and rehydration ca-

pability were better than other drying methods. The next was vacuum freeze drying that re-

hydration rate was 18. 80%. The water absorption rate of microwave and hot-air drying was

the slowest. And its rehydration rate was only 1. 77% and 1. 85% respectively. The results of

environment scanning electron microscope (ESEM) and X-ray diffraction indicated that the

BC of freeze drying by gradient heating had looser fiber arrangement,so it maintained a well

network structure,and the crystallinity could as low as 56. 14 %. The BC of vacuum freeze dr-

ying expressed a close fiber arrangement. And the crystallinity was 60. 56 %. The BC fiber ar-

rangement used hot air and microwave drying was tight and clutter, and presented higher

crystallinity which was 63.12% and 72. 64 % respectively. A higher crystallinity would prob-

ably lead to poor rehydration quality. The freeze drying by gradient heating was the best

method of the four.

Key words: bacterial cellulose; hot-air drying; microwave drying; vacuum freeze drying;

freeze drying by gradient heating; rehydration rate

0 3

ill}

U5 27 4k 2 (Bacterial Cellulose » {7 Bk BC) &2
i REEFT B (Acetobacter xylinum) %5 i 4 ¥) & B
UL 2 R SR AR 4 E AL . BC B
A AL R KA R DURLR AR AR A A A
DE R AR AR W B 2 At L D5 LT S5 F 2 40
Sl 38 3 7 . BC R S 10 WK R KPR SR
FE A AT 2 N R AN R SR R
Kk Sy A A 32 i A P A DR i R AN 1L 28
PRJE BC B2 A8 il H IR A B85 A 5 §ORK B 3
W 7K Sk AR 5 /0 e AR 52 30 e 0 1 0 TR S
W KPR FIRE K P R R B A AT BC & ATl
AR T I .

H Al e #A— AR R B R RE 4 i+
P07 2 TG AE SR 60 CCHER T MR L —20 “C R
G55 R T R R A SR Ve R T = R OR T
(07 12 T4 BC, & IR B R VR 45 S5 J5 V8 Uk T 1R 1Y
BC W 7K H d e AT PR AES) A VA VR T R 0 1 7%
AR R (B OK R RDK ZR B i R R Em T H
TRk AR R TR R, M ETOC T BC B KRR E
BRI I A0S 42T R G0, I, X BC 52 K Ry 1 ik
TTRG . Z AR+ 2.

AT 38 TR B 25 V8 VR T A T 44 (T
PRELAS VR T DL KR BE T il 8 R T 8 () R 68 B2 R
T PR 7 T BC, 8 i R84 1 B XA A
PCGRIEAE T4 07 N B BC B R PE IR 5T B
KIGH BC 5 RT#EM BC ¥ 22 7 R IH L FF R H
TPA(Texture Profile Analysis) ¥ AR, %t & 7K J5
BC Bt #E47 73 Hr i AR G vk B itk , 2 BC i

P T A8 ] e B A Bl 77 T Y P R A R R SR
5 BB RS,

1 #R5FE

1.1 #HH 5 A

W Rl Acetobacter xylinus DS398, A1 B VG )+
REEE a5 AR TR 2F B K 7 it 32 U1 A DR 5
BRMREE REWE BE IR AU CK O BE . LR T I
M R EAREN, B o AT Al AR 25 T E 2 4R
Ak 253850 4 BRA A
1.2 MBEL5#&%

Sartorious BSA323 T K, 3§ 2 F| H Bl 2~
IR b E) A R 7 PHS-2C R BE 3T, |1 75 7%
ISR A B B 5101 A-2 BB Pl KF 44 L b
RIS B s FD-1A-50 23 R T ML, |
T H AR i v A RS 7] 5 GTOD20CN1P-D2(SO)
IO S T AR A 2 A Bl A 30 e 2 A R D
B H T B8 (ES-EM) , FEI Q45+ EDAX
Octane Prime, 3% [ FEI fl EDAX; X J6Ai5HX D/
max2200PC, H A 2= B4 A R A A s TAXT-Plus
Y43 M1, JE[E Stable Microsystems.

1.3 SBuik
1.3.1 BC ry#Hl & H5alifk

BC B iR 56 = DI AE T B oK BEROK R g 260
FiE R BEMAS. BC 14l fb b 28 . B & BE i) BC
FZEBK ot Z W ¥ R 2 0 LB 5. R A
0.1 mol/Li NaOH W, & ¥ 2 h LABR L5k &
MR R RN R, HE R AL A @B R 5
WP R 1 YO BE R 28K I A ke & o LR AR
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TRK rh v LR A7 15 . ok /o —Mu: =My -
1.3.2 BC BTk My — M

B Llifk 19 [ JE BC B (E 4 84+0.52 cm, J&
JE 6~7 cm) , T IR BT 5L IUAE 4 (R R AR ZY
20.2 em®) MUY 4rZ — B3 E BC BEFR i H R & , I
Ay PEAT LR T4 5 AL B, A7 =41 DR TR

(D FRT 1 B BC BEALAE T4 60 °C FE 41
WX T A P 45, &R 20 min BUH 5 FR
B, OHEHEE.

O T4 % BC B & TRy 48,20
600 W, EFE 2 min BUBRE ., 2N EE.

(DHHEZFRHTH T 1. ¥ BC FEE F —20
CURA GG FI R FES S ET R T4 5
B —50 °C,H2ZS 4 Pa, THRIFA] 24 h.

(DFREFHRE R T BC EE F—20 C
VKFE TR G BT B S R TR 4 L R I BR
AT T, TR AR 1 TR,

K1 BHEFABRSETERASH
W BRIRE /C %% /Pa i ] /b
—45 2
—35
—25
—15
N

15
25

1.3.3 BC &EZKikL
B AR 7T BC T 4351 & T 250 mL

BRI 100 mL Z8 18 7K {4 i 42 38 12 1 O

LTI R R K, BERE 2 h B DR 4R 2 3K

KAy I FRE, H R E .

1.3.4  fabrill g

(1) ¥ i 3 5 5K 381 i 5

OB 2l Ak kb B i BC R, J 8 4% W%+ 55 1f
KAy HETCKTHRE T FRE 3 UK, O H(E R it
#H M.

QB 2tk A IS BC B K B8 ik B 7 2 DY 98
CHEHE A b BN A T4 Ty 2T i L RO AR
3 RGECEHE BN BC T8 M.

Q=T ¥ BC T IR T 2Rk, &R
— B I [E] B, FH O R 2 SR T Ak R K L, BREE 3
W BCE- 2 B Ry 52 7K i PR i My, . B3 0 i A
RS, FRE 3 W O E RIS K E My,

MR 4 AR g TR AR,

M

Wk /(g ) =M
.

0 o O O o O oo
— W B O R D

Q)

O TOEE G B A T BC A& /K 1 BC
S E T 5 C R 50 MR B TP A BT IR
FH T B N WS LA SR i HL R 200
V~30 kV; BUORAEEL: 6 5 ~100 7% s AR 25 B X
T 10~270 Pa.

(345 BE - XA SR D0 3K 2% 1 - 1T 4 8 4 S 4
PR A=0.154 06 nm, i & 35 36 kV, HL I 20
mA KRR E TR IR R L AP K 0. 01
SoHFH 5 °~60 ° HE ST HUEE 0. 075 °/s. Gh
-7 /NG 1

(3

K Crl G5 FHEE, Lo i F 45 5 1§ 200
1) F5e KT S5 B 5 1, 6 TG 7 TR DX o7 i 1Y) 5 L —
fBEdg 20=18 °~20 °Z [a] W B AR AT B ok EE

(D) g

PR T B BC A E KI5 B9 BC #E A7 it 44
JE .3 HDP/ VB £ 3k W BC 5 i) A B | 581 |
BRI 2 R M T TPA B E S 4L
TEHE R 1 mm/s, FEEEN 2 mm/s, & B#
R 1 mm/s. itk 105 g FEHEE R 10 mm,
=B IEE] 2 s, AR 3 Y47

2 #HR5iTiE

2.1 TR AR BC HHKE RO Y A
28 Ml ke S 2 4 G B RO K 4 B P R B — A T
AT 30830 H B T B 0L 4 1
BHBOK PERE IR0 SR TR 19 BO Bt A 28 1
KK S A A L,
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R v HLASR IR B 38K, 7R 1T 60 h K v &
TR J5 8 T 9% BLAS VR T BC 3 ik 3R 88
fIK HLAE 20 h J5 28 -2 A X055 1 T8 19 BC i ik
R =% 28R K. Ul & B R T Y
BC WK g ik e 7 ek, 2K Bk s B 25 R T BC
W RS B0 T 18 )5 19 BC IROK B ik fig 71 8¢
55 5 K8

2.2 FrHZXBC AARENT A

Bl 2 AN TR 05 =0 Ak B BC 19 &2 K 45
BC AR T AL B , & KR 25 S W 8. B R T
A HEH BC B KR ik 54. 96 % . W 5 T HA =
F 077 L o iR B VR T Y 2.9 £%, ik 5 34
T 29 £ F0 31 A%, b B4R B0 T4 1
BC B AKREAR, BIAE] 2%.

60

50 -

T III

0 L l— —

HUFHR BMETHR BESET BEET
F#HIrR

B2 RFFBRF XA BCALAKFEHHH

OKJE BC BAM UL 3 FizR. 5K T8
BC *Htl: BB BE VR T 1) BC HEAR &2 3 K T 1 A 7Y

A H FTE AT ST R AR B R T
LMLIEEEI’J BC RN 11 % 5 KU B (8] 58 43 4f-
H R HTHOF 8 5 1 BT 18 RN T4 A 31 Y BC
SR ¥ AL B R R KR 0 1R g 3k
6 B 5 T i BC &K Pk RE# 1.

i e

(b)ﬁ(&jﬂ%

(a)#LJ_H:J@F

m_m

(o B BT (DAEFHT
() AT M BC
A3 BCAKEWNENA
2.3 AKBCWEA@MBATEGE
B AR 4 7 AP A &2 K BC I8 & T 3
B T B T M R4, W BC B
KIGRMEMMEEMP S, MK 4 i, 5 BC R

JREAR L o B B2 VR T AL B i BC SK 5 R T A K- 3
ARy AT Al SR HE S AL L HES T 2 A
/N LA UR T AL B BC K 5 45 4 R HE 51 s A2 B
W RT3 T4 19 BC KR 4R R %
AT — L, A 4EHE ) BUE 2R L.

M

(O HZHRT (DBBBEIRT

()R BC
B4 BEKBCHA®mEH
O ATk 5 2 &2 K BC 3% 18 10U 45 44 77 7
25 JRUA A RE SR R O R AN R L AR L T

e Jm BC 250t e A R B AL . 51k 52 K P fiE
S A UR T RORS B VR TR R R AR TR
T8 K> B G TR R BR L 0 BC 45 AR
I TR A BRTS BE OR B R S5 AL i TR
JEE VR T Il B2 T8 A0 T e i 2 T R 2 8 oK [ R T
B, X6 PR £ 2 45 A R R /D S K K
RERS R ZE A L DB VR 19 BC &K MR B 4F
HAOK )G 2 WA Bl e 2 il TR A2 &
ﬁ[lﬂ

AR e 1o Ao S O 08 T A2 il B S RO
5 R L i BC B PN S i AR I O 22 L AT
o7 58 20 45, £ 24 A W 3R A L K BT o Y S B
HEFRU 27 248 T o L B2 K B K G Mk DL BE A S B
e 45 2 M P Bl 0 3 A P K 3 7 RO K
O T RENE 5 15 B 21 4 AR fh X B X R I L 3 AT
HEp 1 B[R] SURE A W7 2R O 5 21 R 0 1 IR OB Y
SR L ELRC T RE 2 1 I PN A 2T Ak R B Y R
i3 BC £ 4 Hi51) 5% B AL EJJ(H?WJ(&}?XEU
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AL
2.4 ARFABCH XATHER

X2 BC #E A7 X A7 55 43 A LA R 58 45 il B2 %)
SRR RZ I, g5 R 5 s, nl A A BC
AR AT BT 20 (14 °. 16 R 22 °) BT X B T
(101) . (101 RIC002) =A™ F T 3X S £F 46 2 1 bk
PYREAE , SR T8 07 LOOF R el 28 BC M 24F 4 = 45 i
AR ER R LR T .

1800

22.76

1600
1400
1200
1000

!
= 800

10 20 30 10 50 60
20/(%)

A5 REFHBRAEE BC Y X474 A

45 fb B A] ok R A W b g5 d DX 5 Y
Lo A9 3 o 80 A 4 W TT TR A BC R &5 T
gk 2 Fron. AR Oy AR HE BC X R 1Y 45 & FE
FH /I B AR YR A B B R 1 L 48 R T L RO 3
Tl T4 B B VR T AR B Y BC &5 5 B fe /. HL i
O Y b R R B A L A3 T S5 R TT R B 5 T

W5 R BC 25 i B 4 v, R B LT 2 Ry
FIRDE B 2 SV, A TA) B 2 45 /0N  [m) B 7 e Ui
BT TR A R T AR 4R 25 L 4 IX
B K o Tl e R A L B R E K g 2 R

x2 AETFHRAXNLGE BCHERE

F 4y S/ %

HR T e 63.12

O T4 72. 64
A5 R T H 60. 56
b BEVS VR TR 56. 14

2.5 AR 7% BCoHRHMLER

FH R M A3 52 7K S5 BC (o B BE | 300k | 5
P IE IR | ] M A e b L b s R R T BC B
JOT AR R 1 AR b L LB R R AR R BC R A 1 Rk
. B 5 I 2 M R S S e BC B IR SR | BT
JE BE 3 R 1 flh B Az

M Es R an 26 3 fros . 5 BC JUBEAH e, pU Fh
T T A K BC G BE 480/, sk e R L ]
SRR RGO RN B TR ) & UK BC 45 T 4R A5
MAERE, ZREK A 5 ER TR K BC
B85 0 /N o R SRV L I AR G KL A L B B R
T8 K BC 41045 b 5 BC JF B Y 45 10 48 b 0 $%
255/ R AT R R A A TR AL B BC B K
B IR WS 8 7K 53 T B A7 TE 25 5 KBRS ). B
7T BC ZKBE Ko T8 2 iF A\ 45 4 930 fe
PR BC B0 1 3 5 3R 1 55

®3 FREAXX BCEEKEWENRHZ M

T 7= AT H T T 4 HAEKT BREE VR T AT BC
R/ g 18.00+7. 29a 86.2846. 40b 112. 52410, 64c¢ 228.92410. 37d 245.19+12. 94d
Pk 11.45=+1. 50a 0.98+0.10b 0.58+0.19b 0.5240.03b 0.53+0.23b
BRI 1. 0640, 24a 0.78+0.01b 0.43+0.02¢ 0.3740. 04c 0.28+0.09¢
NELIE /g 1065. 85410. 43a 61.5247.37b 28.7345. 80¢ 20. 2344. 02¢ 28.2147.50¢
5/ g 0.36+0.08a 0.402+0. 04a 0.0824+0.01b 0.063+0.01b 0.053+0.01b

A —1TFR— ARG FHRRR 4 Mk 225 B3 (P<<0.05) . FREARFR R RA B2 7 (P<0.05).

3 it

SR AR 488 R M L LS R T 5 B T R
TALBE BC, Ho B DU 4 7 i % BC R A K
4 82 0 I 300 o PR B 4 il R B XS R AT L TR AR
RAEHLAEH SRR 25 R R WM L VR T/ BC IR
IR ET HE AHE S B L 25 5 R B RO B e R
SOK G HEAREWR B 3 BC JRBOIR S 2 B I 1 &
KA RE 5 A R B S KT R A BC KK R
LPYEHES AR L L A i B ROK R BB A
W AR B2 | 4% T 5 b R 1 45 U 22 5 K5
B YR TR BC IR K S £F e HF 51 s 5 % oK 5
REVR A 3] — 2 IR, & TP RE X T8 BE VR -+, (B ]

AT RS Bl TR

%k

(1] BrAese, X 2 M k. Sl E W %4 (1], 2016, 37(8)
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ver nanoparticles containing bacterial cellulose membranes
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HEZERPIERRE

X\ B, HEXR. B . B &K @, 3 R

(BePRI R 2E B 548 TR, BevE 4% 710021

H EERAELRARARBRTAAEEL T L RRA  REFTHEH Z ARG BRFFEIM, &
FERRAHMBG TR INER G ()mpA o OmpTS A KA LA L LY L EREA. AT
3 e m R EAE AW AR K AF AW OmpA F= OmpTS # 47 @& & ik, 5F 2+ &
A PR HEAT SEAL A ] j;xa‘izi%ﬁ%ﬁﬁ%%#ﬁii%. LREN . RATHERR DA A 1032
bp #= 1 068 bp #5 OmpA = OmpTS X H 57|, s # 47 Overlap PCR, 4 2] X 4 2 100 bp
# fk A R B OmpA-OmpTS. ¥ M F 44K {4 pET28a-OmpA-OmpTS., ¥ i # A BL21
(DE3) . FHEGMHRELEN A BAHRIZR20hBEFMIPTG 1 mM,16 C TR 16 h. 244t
EFEEEEE OmpA-OmpTS; &= E¥H OmpA-OmpTS & & 5 % KR 7 A4 F (FIA) R4
L b, fEARPETIAS 1IN . AR EZRESEOTHABR AL R GHITH T
A
KW E R ; SPBLR G RE AR LAEKRP K
RESES:S917.1 MHEFRER: A

The prokaryotic expression and immunoprotection analysis

of outer membrane proteins of Aeromonas hydrophila

LIU Wang, YANG Jia-jie, YANG Jing, XUE Qian, ZHANG Miao, LIU Huan"

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

na)

Abstract : Aeromonas hydrophila is one of the important fish pathogen in China,and antibiot-
ics treatment for this disease can cause the drug-resistance. Therefore,it’s an urgent need for
developing new prevention methods now. In order to obtain the subunit vaccine with better
immunoprotective effect,the two outer membrane proteins, OmpA and OmpTS were fusion
expressed in Escherchia coli and the products were purified and its protective efficiency on

the zebra fish against Aeromonas hydrophila were tested. The results showed that the ompA

» WFs B H#3:2017-08-10
E£WAB FRARBFAILETH (31301059 5 BEFAFHE T A ARF 2 LRl B 58 7 R0 | L35 H (2017JM3010) 5 BEFE 4 FBHE T

SRS

Fh2f SEREAT 5310 7 4E 50 H (2013 Q3011) 5 BR VY4 2 A= QB Al VI Rt R0 00 H (1326) 5 BRVGRFE K24 1 LR 3 5

&I H (BJ12-24)
EREMN X BEA991—), 5B, Bepivg % A Fe s W L P50 A B 5 07 1) - B IR Pk JRU B A )
BIRAEF X (1983 =), 2, BRPY PY 22 A, PRI, 1L R 50 07 1)« £ DR A R B A s livhuan @ sust. edu. en
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(1 032 bp) and ompTS (1 068 bp) genes were successfully cloned and the fusion fragment,

OmpA-OmpTS (2 100 bp),was obtained by overlap PCR. Then the recombinant expression

plasmid, pET28a-OmpA-OmpTS,was constructed and introduced into the host strain,esche-

richia coli BL21 (DE3). The conditions for fusion protein expression were that with the addi-

tion of 1 mM IPTG after 2 h of the strain growth at 16 ‘C for 16 h. The recombinant protein,

OmpA-OmpTS was purified and mixed with the adjuvant (FIA) to be injected to the zebra

fish to test its protection effect against Aeromonas hydrophila. The immunoprotectivity

reached 87. 5% .indicating that this fusion protein can be a candidate vaccine for further de-

velopment.

Key words: Aeromonas hydrophila; outer membrane protein; prokaryotic expression; im-

munoprotection

0 35

i

We KSR 7 (Aeromonas hydrophila) J&—
Foft 25 A BUW T 32 E A AR TR ROK IR WA
K EREE DL S5 e | 1 NS, 2 FR R K
T B A0 21 R M A e i 1 2 g SR L T D) g e
i Wt £ UL K 3R 8 A 2 RhOK T SR 2R
A W KRB TR AT LR e N R Bl L e
K NFE 0 b B g8 Wi i e B 4 g e I R LA
Lokl H 9

S B S IR R ks 81 DN = N S
i LR e 8 i 4% R0 A A P A g K R
WL IEE SN KRB E I A 'S T
A G 6 14 X G R B [ IO I T D R ARG T £ — 5
N DRI I K 5 N T R OG5 0 ) 9 e AN A 25
K77 R B BB R AR R L 3 B R N 2 i 3
TR B2 BN K R R R S

F A B iz 1 £ r B e AR R
B2 BE A P A 3R Y S S AT A0 R A i 25 L BT
BA ST BRI L, S BUR R PR T A
4020 ~50 %0 » &5 7K 77 R 3 T ™ A 28 5 4
g, PR, 4R A g AR B M T D R T BT O B R Y
HE T B

] A Ah 2 2 X B K RO M R R AT T R SEAT
I K DG K M B A AR 22 b RE D IR T, 15 E
AT RE ) T 46 A0 3 R ISR B IR 20
ANBR B A %, A8 BR & H (Outer membrane pro-
teins, Omps) 42 7 76 T 4i i S i Br A 8 H Y
PR AELE RSBS54 | DR IE YY) BT 1z i 55 7 T A & B
TEAEFA L RIS, iy AL T 0 M A d A T I AE 2
TR T2 I B8 A A e B0 P o R v S oy T A
. B0 HEA — A BT PRI I AR R S
W IR AL AV 2RSS R R A Y

BEAME AR 0 e D AR L R 1 PR P PR BT
J s A B T A OMP fif 928 J52 34 AT A £ 7> A Xof
A 5] 1L 7 75 A R SRR e 1) 32 SUAR AP e

AT 5T 12 U 7K B TR AP IR A 1 ompA Ak
KA ompTS K& K7E Ko #F & h 17 b & L3R5k,
SrE gl 3 5 9 [COR 58 & f£ | (Freud' s in-
complete adjuvant, FIA) 454, % £ H X B¢ 5 £ 11
o R APSCR L B A S I ) g 7K =R T R Y TR
B BLA .

1 MBR5FE

1.1 ##

11,1 GRS ok

KW FEE DH5e, BL21 (DE3) | 18 /K A 5 Jfd 4
LSO01. 3 ik i ki pET28a ¥ M A 52 % B {4 1.
pMDI19T g H TaKaRa 2\ ).
1.1.2  FZRF AL

(D FZGH LB IS, WA LG4 TAY
THRARAT ; Tag DNA B4R Plu mEEERA
it} B 4 T A5 5 Marker, DNA 4> 1 F5 i
Marker \DNA [nl iz 328 701 & B ook 4ih 42 3K 550 &5,
B bt R AR AL LR A5 BR 28 W) s TADNA 3% $2 il
Bl 14 P VDl L 0 ] TaKaRa 23 A

(2) FZAL A - TH IR HE 748 . LRH-250, Fifg—
E B2 AL A BR A 7 BE IR . THZ-C-1, KT AL A%
%45 3 PCR ¢, MyCycler thermal cycler; 1% g 5
WAL s power PacTMHC, {11 4k 2 i B2 %2 7 i A7 R
OS] BERE AR 2R 58 FRI80, g HRHL A FR A
Gip
1.1.3 5%

T 1 RARVFE PG5 Y, 2 I GenBank
AR IEE TN, B R R s A TR A B
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F1 LWHPERNSIY
519 4 FR A5 —3")
AF CC GTCGACATGAAAATGGCTCCTTCCCTG
AR TCTTTTTCATTTACTTCTGAACTTCTTGTACG
TSF TTCAGAAGTAAATGAAAAAGACAATTCTGGC
TSR GG CTCGAGTTAGAAGTTGTATTGCAGGGCAAC

1.2 Fi&
1.2.1 ompA F1 ompTS 3 A 1Y 3¢ F & ompA-
ompTS fil & 3 K Y 4 4

W —80 CLRAFM B K P EH A T LB K
fREEFR 3,30 C fHIREE SR 24 h B 1 mL 8557 K
FeHOR A 40 B DNA 48 B0 1) & 2 B3 A
DNA, DLH S #8245, 43 5 #5190 %F AF/AR i
TSF/TSR #EAT R4, 43 5] 52 BE AR ompA FlI
ompTS F K. PCR R M & & K 50 xl: 2 X Taq
Master Mix 25 L, DNA #iti 3 pL, b FiE5 19145
3 puL kNI dd H,O & 50 pl. SR & 14:94 °C i
A5PE 4 min,94 °C 50 s,55 °C 30 5,72 °C 1 min, 3t
30 NMER R JF 72 CHEMR 7 min. SN P2HILL 1%
T N W R g P VK o B R AR R e A DU 4 45 AR
Ja LA BN ) ompA Al ompTS e K 2 51 Sk 45 4z
L5 # %t AF/TSR #4F Overlap PCR. & 1 4% 14
4% SEE A AT ) 28400 28 2 min &b Ah . HoA 4R B
YIRS 56 J5 I s It R & gl Ab , 55 LAY )
W23 1A R B/ /Y L s B A
pMD19-T #Ak , ¥ AL K7 #F 1 DHSa, fE S AR
(100 pg/mL) By LB P - BCS A B4 R
ki pMD19T-ompA-omp TS Y FHM: TL M T 2
A3 51 M13 #5417 W 7% PCR % 5E J5 17 5

.
1.2.2 HHFRIKEFA pET28a-ompA-ompTS [
¥4 3

A9 % 4] BT pMD19T-ompA-ompTS F1
FIk iR pET28a #H AT BURLFEHL, IF AR5 51 9 h i
T YIS 2 50 RF Sall 1 Xhol X BT 4l 2 1
JETRLHEAT UGV A6 Bht B BE e H Uk 43 A7 O i
Y jg m a4 & W ompA-ompTS 5 £ 5 & ki
pET28a 47 i% 4% . ¥ AL KW FF 7 BL21( DE3) , 1
HFRABE L 100 pg/mL) B LB FH EHBUS A
H4H ki pET28a-ompA-ompTS By BH 1 72 B, )
I pET RAEAK T7 @ H 5117 H % PCR %
E J AT BE DR
1.2.3 HEHFILZHME pET28a-ompA-ompTS 1£
K FT o 0 3k F 4k

W4 8 G 1) S A AL 3R Gk ROk pET28a-om-

pA-ompTS B KZF B BL21 B TR MK EHE R
) LB 55 b 800G A 35 77 O H #2 IR TR 1
2 100 IMAE] 1 mL [FAERIE IR 37 CHIRG
F. ME R OD600 K3 0. 6~0. 8 Bf, I A IPTG,
AN ) i BT R AT R A, B S W4E TR R E AT
SDS-PAGE 43 #. # 15 5 % 3k 5 LU A TR 08 X A7
TE Bl 2R A JEA T B S R, OUE FH A 2 mol/L R
R AR VR TR R U VRS BB 25 B L E
23 UGS 6 mol/L LR IR 25 v ik 4 i 85 2H 45
F B 8 5 BV 0. 45 pom FLAR B0 8 R0 0k
RS 4 Ni MR Rnalifh, difb & m T 4
CHfTHEREZZ BN ZE PBS, EH Y4
SDS-PAGE #4746
1.2.4 BEARMGEASIHRAE2ERRS L

¥ a5 1 OmpA-OmpTS fil 4 4 11 ] PBS
FE G HEERZE S 2 mg/mL,R)5 5B A5
AR FIA # M 1 1 ARG 78 10 mL TG
Tt AT A Ak, IR B R W A Sl Ak 5
min, SR J5 VR S 4% S0 2 HE . B 2 KA 5 il AR 58
S E] — L T I AL K B L R B T T
AR G0 R AN IO 15 B LAk 58 4 A TR
WO Ak 2 FLAK. K LA AT I RE B A4 CUKAR R 7%
H.
1.2.5 e

W5 el BB S B AL 0 B 4 4L Hovb 2 AN Rt
#2520 (OmpA-OmpTS + FIA, OmpA-OmpTS), 2
AN X IRA (FIA PBS) A4 20 4, FA7 % & 3
. WA EER OmpA-OmpTS R EHN 2 pg/
g i, SRR 1 1 TR BRAEMIILA
T S B G A AR AR L X R T O S Y FIA
B¢ PBS. 2 J&] J5 98 2H 45 6 1 IV B0 82 I o A
PE— K CREEAEFD.
1.2.6 WHFAK

Hi g KSR M LSO T bk 322 b T 3 fef 1% 9%
Ferp,F 30 T EEF. UL 7.5X10" CFU/mL H
VW, R MLAES 0. 2 mL, M 5 4L
WEE 7 d, A0 FEAE TG L. LU X 7 3 6 fo i 5k
B MR R RPS) = [1— (GBI T-F /X
ML BET- %) 1 X100% .

2 #RE5ITE

2.1 ompA # ompTS AWM fELE %%
PIRE K S PRI 1.S01 KK 40 DNA Sl B A

5% AF/AR F1 TSF/TSR 43 5| #E47

PCR 3% , 3 28 3 e FL UK 43 B & B0, 1 2 3R A5 R/



+ 128 -

ReBRBRRE ZB

%35 &

A5 1 032 bp A11 068 bp BY ompA F1 ompTS
B A BLCAnE 1 iR, PCR 7= ¥ 4l 4k 5 A4 2 T-
A SERBEMATIN T, 7 NCBI L #1477 51 HeXF 40 #r s
2 =& 50 5 R v K M OmpA Al OmpTS
A1 i B S PRT 098 T ] S A s B 1 47 X H: g B 1Y)
HHE B B AL 345 A 356 AN R MR AR AE.

ompA ompTS
—_—

——
M 1 2 3 4

4500bp
3000bp
2000bp
1200bp
800bp
500bp
200bp

A1 ompA # ompTS & K £ % PCR & % B

2.2 3R RS AT

FEX OmpA Fl OmpTS £ [ g 5 5 P 847 I
V¥ 5 4 W A~ TR 4 5 1 2 55 R ) 91 43 90l 5 NCBI
B A v 2 ik A R KB L R S At B L T
J& IR T A HEAT L XT3 AT - 45 5 & I E K AL
W LS01 B OmpA FH A OmpTS % K 4 55 1) 2
P15 0K S S M ATCC7966 Ab & 11 OmpA
A OmpTS B FEPEM: R 99 % , 2 B 18 /K A< ¥ i B
OmpA FI OmpTS & BE AR 5F. [{ B, OmpTS 5 H
b =B B A S Ol R BRI R R BB TR Y
OmpTS TR EA B8 0 O <7 M I8 95 RE 13k 5] 8204
I L. OmpA 5 HESHMEEF A OmpTS
SR AL B R R 1 AR mT Ak B 65 %6 DL b (&l 2,
K3 Bis). i L, OmpA Fl OmpTS A -7 WE K<,
FAUR T B BE B OR S BRI R Hh R
LA B AR ST L PRI Sk G A B PR A A T
BN R VAT RE X 22 A A ERML O J8 1 o Ji A SE E 2
RN B S DR .

20

VGYNETENEGEE G

- 18 »
1801 I AGDAREDVRY RSNQS AT I RTTI0 ENVBEA JF AL : 227

AGDABILDVRYRSNQS ALY A SEA 227
DTTSSKADQYVG-- - - [Mhth : 222

A2 OmpA Z&B 7] F R 547

A3 OmpTS &&BR 57| B R M x5 47
2.3 @A KB ompA-ompTS # &£ %

FE T v BE AR B T Mg K AR LS01 Hhr Ak
I OmpA il OmpTS i 5 7 5, #E— 48 1,
i34 Overlap PCR ¥ OmpA Fl OmpTS % fith 5 [A]
PEAT A M. 45 R WoR . L OmpA Hl OmpTS %
T 3 RO B L B 5190 % AF/ TSR B 2 3 3 15
FR/NHK 2 100 bp BFF 5P DNA R B (anidl 4 i
) R HEAT RDSCORTI S TE S O A il B

ompA-ompTS.
2 1 M

4500bp
3000bp
2000bp
1200bp
800bp
500bp

200bp

B 4 ompA-ompTS @4 LK
Overlap PCR & % H

2.4 FEKFHE pET28a-OmpA-OmpTS # #
E B ST

LS EIE A FEF ompA-ompTS J5 . il i B
il U S Ak S 5 3R 8 Uk pET28a #F47T H 41
HAE IR RS R FF R BL21(DE3) H, T8
BHRIBE RO 8 5% Pk v B 1 O R
JH pET28a & ik 4438 1 5| ¥ # 17 i % PCR %%
UE, S5 R E 5 Frs. v LLE B BRIER 7 A sepE
6 YA K /NN 2 300 bp Z£4 (RITERA A
B 1 WA GR U 1 5 o RE v Be 2z D i AR
SeVE R B B A BH M v B L 6 R AT R R O 2R A 0
JF 50 BT o I 235 21 4 7 B P T B Ak o T o
THlE R B ompA-ompT AYH 41 3 1K Ok
2.5 OmpA-OmpTS @k&% G iF F 4%k 54

¥ pET28a-OmpA-OmpTS JFi ki §% 1k K I ¥
W BL21 ( DE3) 7% #| BL21/pET28a-OmpA-
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M 1 2 3 4 5 6 7

4500bp
3000bp
2000bp
1200bp
800bp
500bp

200bp

A5 4&EF4E&%FE pET28a-OmpA-OmpTS
FE M 5% AR 09 PCR %52

OmpTS 521 14 , Fifi J5 X 2 5 20 85 1 09 % 38 % A
Tt S5 R A M EH TR FHKAERFE 2 h 5 IR
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Bom b R AER. XA S SEARFAEAEEZES 1 mg/ (kg » day) 8 CdCL E & iFF
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Different tissues damage of cadmium-induced diabetic
nephropathy in mice and protection of procyanidins

GONG Pin, ZHAO Tian-lei, WENG Jing-yu, PI Si-hui,
MA Li-yong, XIAO Xu-yang, YANG Wen-juan

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

na)

Abstract: To explore the damage of brain and lung in mice with cadmium induced diabetic ne-
phropathy,and research the protective effect of procyanidin on mice with cadmium induced
diabetic nephropathy. In current study, The mice were fed with high fat and high glucose diet
and injected 1 mg / (kg * day) CdCl, solution to induce the occurrence of diabetic nephropa-
thy. The changes of glutathione (GSH), malondialdehyde (MDA) and nitric oxide (NO) in
the brain and lung of mice were detected. The changes of indexes in these tissues of DN mice
were revealed. The results showed that the GSH content of brain and lungs decreased signifi-
cantly (P<C0.05),MDA content increased (P<C0. 05) and NO concentration decreased (P<C

0. 05) . Indicating that oxidative stress in DN mice increased and inflammatory response oc-

x WrFs B #3:2017-08-06
HEEWMB BHE AR FILLSTH (21407104,81402815) 5 FH R K2 A AF AL I 2R3t %) 3T H (201610708036)
fEHE BT 28 (1983 —), %, WIRG AR AN . B #0453 L 1, F 5 Oy 1) . 25 1 2 1R
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curred. The effects of procyanidins on the brain and lungs were revealed by comparing the

procyanidins protecting group and the DN group mice. Procyanidins can protect the brain and

lung,reducing the levels of GSH and MDA, it can reduce the oxidative stress of brain and

lung of DN mice. In this study, the changes of brain and lung in diabetic nephropathy mice

and the protective effect of procyanidinswere were described,and to provide experimental ba-

sis for the clinical diagnosis of diabetic nephropathy and the development of related drugs.

Key words:cadmium; procyanidins; brain; lung; oxidative damage
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Pore network study of heat and mass transfer process
for drying of fruit and vegetable porous media

XU Ying-ying', LIU Xin', YUAN Yue-jin', WANG Dong', YUAN Yue-ding’

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

Abstract:In order to study the mechanism of heat and mass transfer of fruit and vegetable
porous media and to determine the influence of different physical structure on their drying
process,the model of heat and mass transfer processes for drying of fruit and vegetable por-
ous media was established by applying the knowledge of pore network and the principle of
heat and mass transfer. An experimental study on drying of apple slice as the typical repre-
sentative of the fruit and vegetable porous media was conducted in order to validate this mod-
el. The moisture content,temperature field and moisture field of apple slices were analyzed.
The simulation and experimental results indicated that the established model can simulate
the drying process of fruit and vegetable porous media. The physical structure parameters of

fruits and vegetables have a significant effect on the drying process. The bigger the porosity
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is,the longer the time of fruit and vegetable drying is. The smaller the coordination number

is, the shorter the corresponding drying time is. The results of this study provide a theoretical

basis for the drying process and quality analysis of {ruit and vegetable porous media.

Key words: fruit and vegetable porous media; drying; pore network model; simulation
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Digital design and analysis of cam ring indexing device

GE Zheng-hao, QI Yun-yun, LIU Xiao-qin

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

Abstract: In this paper.,a new cam ring indexing device is designed with the cylindrical inde-
xing cam mechanism as the core part. In order to obtain a cylindrical indexing cam mecha-
nism with good motion performance,the design system of the cylindrical indexing cam mech-
anism is improved,and the digital prototype of the cam ring indexing device is established by
using the system software and Creo 3. 0. The design method of the device adopts indexing
cam and the driven disc are not in the same cabinet,and the use of light rotary support bear-
ings to solve the problems of the drive plate support and sealing in design process,so that the
whole device structure is more simple. Finally, based on the ADAMS software, the kinematic
simulation of the simplified virtual prototype is carried out. The rationality and correctness of
the device design are verified by analyzing the angular displacement,angular velocity,angular
acceleration and the collision line and torque curve. The design and engineering application of
the device has a certain reference value.

Key words:indexing device; cylindrical indexing cam; digital design; dynamic simulation
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Multi-objective optimization design of the RV reducer

ZHANG Jing-yu, CAO Ju-jiang

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

Abstract: Aiming at the structure of RV reducer, the problem of low transmission efficiency is
solved by optimizing the optimization theory and the optimization of MATILAB genetic algo-
rithm. Consider volume and efficiency as two target functions, and the weighted method of
multiple targets becomes a unified target function,and then different constraints are estab-
lished. Finally calculated using genetic algorithm to optimize optimization solution, to opti-
mize design parameters is reasonable, the gear reducer is small in size, material saving, low
cost, high efficiency advantages. The optimization design of RV reducer was developed by the
final optimization data.

Key words: RV reducer; genetic algorithm; optimization design
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Actual efficiency analysis of solar panels in Xi'an area

LI Zhi-jian', QIAO Sen*, ZHANG Hong”

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

Abstract: The current energy situation, traditional fuels, coal, oil and natural gas have been
decreasing day by day.and solar energy has become the research hotspot and direction as a
clean and renewable energy. The efficiency of solar panels directly affects the efficiency of the
whole photovoltaic system, this article mainly researched on the application conversion effi-
ciency of the small solar system in the Xi'an area from April to May more than 60 days,stud-
ied the single factors of the weather, temperature, irradiance, plate installation angle, with
mirror single factor influence on photovoltaic system efficiency. Finally summarized that the
weather is sunny,which have strong irradiance(968 W/m?) ,the generating capacity of solar
panels is the highest about 16. 9%. Moreover, the temperature drops by 1 degrees, resulting
in the power decreases about 0. 31%,in the Xi'an area, the battery board is installed at a
47. 30,the power generation efficiency is higher than the flat and vertical installation, the ad-
dition of mirrors around the battery plate can significantly increase irradiance and improve
the power generation capacity of the battery board.

Key words:solar energy; photovoltaic panels; efficiency; influencing factors
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Research of series power storage battery charge

and discharge equalization control

MENG Yan-jing, YANG Fan, WU Hui

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

710021, China)

Abstract;: The actual life and theory circle life of power battery always has the very big differ-
ence. In order to prolong the service life of power storage battery,aiming at the deficiency of
the existing equilibrium control scheme, the battery charging and discharging balance control
scheme based on a two-way half bridge DC/DC circuit has been put forward in this paper.
The great advantages of this equilibrium control scheme are balancing with fast speed, high
efficiency and which can effectively prolong battery life. The scheme is simulated on the
MATLAB software. The results show that the equilibrium control scheme achieves the de-
sired effect.

Key words: power storage battery; charge and discharge control; equilibrium control
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Research of optical storage DC micro-grid inverter

CHEN Jing-wen, ZHANG Rong, ZHANG Dong, ZHOU Xin, MENG Yan-jing

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

710021, China)

Abstract: With the application of micro grid is more and more widely, the inverter as the
main equipment has bec-ome the core focus in the grid research. Aiming at the characteristics
of the micro grid designs a three-phase inv-erter based on the three-point comparative track-
ing method and SVPWM technology. The paper analyzes the wor-king principle and structure
of the inverter and major designs micro-grid inverter MPPT algorithm and SVPWM. B-ased
on above, paper builds micro-inverter model, and establishes simulation model and experi-
mental platform to validate the effectiveness of the MPPT and SVPWM method . The results
show that the control method can better achieve transmission effect of micro grid power.

Key words: micro grid; MPPT; SVPWM; inverter

0 3| /N L5 ) T B 10 A0 S A4 30 2 i L A
PeL ) AR o A e i 14 P DO A PR A A

(C GRS iR L FEa W R B I S N & s L A i 1 8 L BUG R £ (B CIN RS R L
AR A DL R S R PP A AT ML S A — R /N DAY RE R AR DR R G RY P F AR A R
R RG . FERUL Mg, DO R A R SR B i B R D s R B ) (MPPT) L 78
A R JRUT LA i BB A B O ol rle P DG 52 B 0 {30 A 0 ) S PR L RO S R P R

i

x WFS A HE:2017-08-01
EEWB EFARPFERESTH (515771100 5 BEvi 4 BHET Tl BHE %3R5 3 (2015GY074) 5 76 4% i B R B3R5 2
(2017068CG/RC031(SXKD001))
PEB B MRS 301978 —) . 53 N S8t ol e N B S04 AT 2 3 D L A 9 T 1ol L I B R % iz



- 160 - ReHAALESB

%35 &

F, O 38 8 (L  AH AL AT 56 A [] , S5 300 AT 5 T ] g 4
il 5 .

F T M AR SR AR 22 BTG A4l R
Xf 3 AR 2R HEAT T RS . BT AR U 0 4 i O 2 DL SP-
WM J &, R 2 TR — 2K H e
290 S RS B — . 6T I 1 L AR SCHR
— MR = AR B AR B T AT SVPWM 1Y =
AR 0 3 o0 30 722 i 174 44 T SR M K HC W FH T B U
MR GE, 38 5k MPPT B30k 45 ] 0 A8 2% B 25 1 ) oh
A3 2R IR B RS A R BT I L B LI
L AT TH R 5 F 455 SVPWM J7 224 ) 53 7% 8 5
Do By L S B RELBE IE I Y AL E T T SR R A S
fill b F5 @ ECE A A AL 5 7 6 L fF 5T 525 5 ik
W7 1% B R

1 WMERSRLEH

AR SO 9T 009 6 i 1 O R 0 45 R T T 1 i
HARGEEAE W oA X IR OBk +iE68) .
BN AT DC-DC TR Ha J 00306 48 2% L 08 Ik e %
T A il 25 45 AR I - I 33678 2R 8 1 B4 S e 43 A X
RE VR T & 114 L T VL 5 A o 58 T FL AR T 2 0 A HL IR
T B 1) 5 SR 2 S BRLA Ty  DRL A L I i 6 A T
HiL BE.

M1 Hok & S G RExT R A RAE A R
P R I & 5 IR EE LA K SVPWM A 06 78 g8 47 45
il K T 4L B4 L 9 R 3% AR O A8 I A L P DC-
DC FHEH i (boost) Hi i 5% 3L A B I L (19 T i
AR A T 3 W 30 AR A U IS F R A A1 T s 485
LC U8 W I 647 I 9 5 45 6 4 Atk v

B B2k

[tk g ns pf i |»] wi]

DC/DC

Ll MPPT+SVPWM

ot
He

EPRED

fi

Bl ek AR EmiER

2 HEFRFLEHMEH LI

LR X P9 306 7 g 4 PR G R 2 T L O S
B 22 45 v 1 AR B 2 2 460 1) Pl R AL 45 390 AR LI L PR
0 LR AR R A A AU AR R & Y B A A
R L 25 0E A7 RS S o o DU B A 0 7 el
(WS (OE 5% MPPT #6418 8 )5 K
TR I B (DC-DO) Y IGBT %, #4775 28
8, 35 70 000 R 4 A D 1 7 R D)L P A A7 I 1 45

55 456 SVPWM 44 il 55 1 A= i A2 #F B 6 A
IGBT 4 98 3l 5 = . 3K 2y % 28 4 #E 47 DC-AC 722
s 23 UE I K TR IR AR 4 22 I ol HE AT 5T 1.

—»
i

|
HLPE 1 E

B2 AARMMETREMA

M N

EXEMIIt

2.1 ®HKHERIZMPPT) &L

MPPT i) H i J& 45 5 B 77 L7 HL % 1) T A AR
A0 G I8 ) d AT RE M 23 A U RE TR BE B A9 H 9
FE TN T ASGAR S T2 A% 0 A0 19 306 7 8 4 o o
FSha i 0 R TR A IE I MPPT 5 i 50k L AR 7
PR AR AL 19 S0 S BRI 25 TR A Ak R e R T R
Ao fo TS G N 2R AR A de R I R B S BR R
YR G R AR Z 0I5 LD 4G 2 R SRR H
ROR A SCHR Y B 2 T P03l E R Y = 5 LB R

=k PR B 2 R iR R PR A A
AP F Bl TAE A DL B8 2% AL R alb,
¢ = BOCH FT AR A a O R R A 2D

W25 BB sh Jy B sh ) b AL 205 K5 1 A
RPN E ¢ 5,0 B R = ST, Y P,
>P. K& P, =P, B,k +7", RZidh—".

SRR T A R AT LA ) R

(1) 4n 25 W YR 20 1) T 36 H A 25 SR 2 o+ )
FL (O 45 i 7 1] 8 8.

(2) Q0 SR W YR e 2l 1) T 38 LA 2 SR B o — 7 )
LA 7 a1 4 3.

OWRPH KRGS REG+H
“—7 AT BE 4R Tk B g K TR A B AN e A TR R
AALAR PR, DU F A AR R AN R

3 SRy S By vk I T R . = R R ik
JEIE TSI ok 0 LAl BB ROk 9. 2 =0 B}
Rl a SR HLRE S Y =+ 1 BRI b a5 1Y
S HE 2 c=¢— 1 BPRRI ¢ 9 L R 5 HL IR 5
AR = A TR I AT LA R R R )
2R 5, DT R FH 6+ S5 R T 538 A r % I S A R A T
i il
2.2 SVPWM # 4| & 30

Hil SVPWMCHL e 2 [1] % &t ik 58 98 6D © 28



% 6 39

W 5SS R T O Al AL AR 0 5 A 8 B AT 5 « 161 -

[Zt=0 fofla 0B IES D]

[Ub=Uar /A U, il byt 1 v L 15 o i

[Uc=UarAU, K fllc 47 11 H 1 55 i 3

[iF57a. by c < HThE JE 77t

A3 =Z5nEREETILAER

BLA TR SPWM I AT 11— Fih 336 A% 25 14 9 il 12 R
SVPWM & — Ff B T 25 8] i€ % o< it 19 45 35045 il
SEARUE I 2 2 () v A B 1k 2k i 25 A A
PR 08D ) 9 ) 22 DD e O i AT I A D R R
A WP AR B 515 SPWM A H, SVP-
WM RE A5 U/ 18 D% 3 R Jo 4, £ 8 0 3 PR R
I 3 0 FF S B AR T 24 T RE L &) T80T
RSz B, o HA — Bk A R R — R e iy
PWM A" itk SVPWM $ AR A AAE L J7 # 1
AR B AR e DA K B AR s U T B I
R0 EL7E HE ) 2R B0 ) R BB TS DA B 45
B TE BB VR & v 1 43 A 2 2R 48 b B8 A AR G 114 L i
AR SO AR 3R R T SVPWM £ 4.

AR5 R P Sk = A - A GE 5% H R A=K (D) B

TN
U, coswt
Uy |=U,, | cosCwt — 21/3) (D
Ue cos(wt +2m/3)

MR 2s [ R i i (2) .

VZ/\/%(UA +UB€ s +U(j€k ° ) :U(fﬂw ==

V. + TV, 2)

AR AR KRS AN E 2 P, Hif o R AR A
SRS S Se il R AVB.C =AM I
FARAS 17 F R B L 07 R P .

A M AR L BLC AT BR R S . SeEE TAE
AR (Sa Sy Se) = (1,0,0), =M HJE (U, .,
U, U)=(U,;,0,0).

A 20 (1D 520 (2) 0] 15 e s H R 245 ) 4K i
U,=2/3U,,25[a)hp B A . DL e ] 15 2] HoAth
73 [ O 4 DA e 2 [ o . Horfr VO VT LR R
IR It W R R B i VI~ V6 SN 80 TAE
g WA NASEEAR B R R R P RCA I
DR IE 3% 22 0 TR 2s ] A B T DA Ry 7 3k 3] )
PRI 2R FHAE &I 16 T AN A R0 T AR 2R ik 5 T
RIS

HY A HL R A AR i 1 7 U AR 20 H R
AT B E RIS MI E RIRE K& VO L
K RICE R VT4 WA A A K V1L V2
e E R E). SVPWM it Rk 7 B dl
Ak 1 R,

F1 SVYPWMHHBHEELXE7TRRXES
JITE B X SVPWM iy 7 Bt R4 &
VoV1vV2vV7vV2Vv1ivo
VoV3V2V7V2V3Vo
VOoV3vV4av7V4v3ivo
VOV5V4V7V4V5V0
VoV5V6eV7V6V5V0
VoV1V6V7V6V1IV0

AR SCR B 4 R A 1 2 1) O 5 Ik 5 41 7 0.
SR FH 4 i ) 77 125 B A 5 (58 7 3% L PRk S B A A0 A
ST AR AN 4 Fr 7S R o< B B B A K
DX e . S RS BN I S B AT IR 2 A &
R HEAT O i G L B B X L R AT S =
Fr IR LR L i R DK E VR R O

o]
uarph

Sine wave
vahar

vbetar|

Sine wavel Scopeb

. ubeta
FPU uc

Sine wave2

- == = —

—
=

subsystem

subsystem?2

B 4 SVPWM #g4£ A

3 BERIMRBE

A YR I A L B I e oo R TR R Ok
PRBEUR 4 Bl LA BE 48 10O it I ) B 0 &R 4. A
JH Matlab/Simulink #5 € (1 45 50
3.1 HAMMALGEAR

Pl 5 2 BV 2R S A A L 5 ok i O it
VR A S R R 5 B MPPT, ik 21 BR B8 59 3%
HCMPPT il #5 & 48 4 5K 2h F+ & Br I A i



. 162 - ReHAALESB

%35 &

A IGBT, 5 B JH R B ROCR , Z I R A HL W R G2 1Y

HLUR . S 5t 2 SVPWM 5 1 % iz 530 )i 9K 2l 0 28 4%

v
v

y

FL
[ |
5]

[Ele—

[vret mmi»

=

SCopes

i
: -
o ;
< c
[V-1Measi
.
T Farallcl RT.
<K i
N N . warph
U Ve Product |vahar b
| w0
From vbetsr
uc v
.

By 6 4~ IGBT 4, fy b = A0 e a8 3 38 0% J5 I A |
.

B5 HAMMZAZGER

3.2 HAAMMiE T Regly A

HiL WM& TAERE . B 6 Urxw
MPPT BREZIEIE I, B 7 B 2% 0 748 e, 3% |
8 I M H T 5 HEL I

x 10"

8

7

6

P/w
=

0O 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

t/s
B 6 MPPT Egcﬁ%ﬂy*:%ﬁE

& 6 Xt MPPT (i BRESCR F BH . =8k
A R B Y A R 1) G B0 A A B T v ok R IE L AT
(R S QTR 7N R A OP VU I ) I A e 2 i )
KAz [ s A R 41 ) e K B R B I A R . B L 6
A LLE M W sh i e 4. 1% A4 BB % = 5,
B A R B 1 T DL S R P R B AR

400 T

300 |
200 |
100 |

0

u/v

-200

-300

~400570.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

t/s
BH7 #Xe%imdeE

E 7 J22ad BOOST Hi i Tt He J 06 A8 45 i
A HL R T T LA i A R Tk 210 4 AR 1Y
RO s ] 8 S 20 ik IR S T I 1) I F R AR g
iy LU A U L RE A5 G5 2 L R SRR A T 08 IR A

AT LS BEIE .
400
300

200
100
0
-100
-200
-300
-400

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
t/s

B8 tMeklhdii
3.3 SPWM 45 SVPWM 4= ] w42

AR AR SC SVPWM . #1855, 76 A1 TR 1) 4
R XHMES R SPWM £ ifil #E17 f5 5 5 15 SVP-
WM #5 i] 8% 5 BEAT XF L. 85 18] 5 5 B0 Y o i AR
B TF A 24 Bk oy 2048 S SPWM 5 vk, RiEAT
S 9 B B H RR.

400

300

200
100

0
-100

-200
-300
-400

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
t/s

B9 XA SPWM 7 k5 M b & ¥ ik
H I 8 Fil 9 XL AT LAE . B 8 SR SVPWM
J7 3 WS B HL 5 H 3 e A% K B (W) A [R]AH L 19
g SPWM J7 3% W B Ui 5 HL R AT — 2 19 A3 7
75 N BE IR B[R] A9 [ AH A9 2R L UL IH A SC SVPWM
P2 Hil A 52 SPWM 2 7 I 9 i 13 80OR B AT — €
RV



% 6

W 55t SC A%« 22 T Dl il L U R0 396 A B AT 5

+ 163 -

3.4 EIIE

FEAT B S AG b ARYE O B Rt T A
W 396 AF 25K SF & L AR 10 BF R, A S5 &
b HEAT T AR R M RE R DU L. 1B 11 & SVPWM 1Y
D Y AT LA S 3 4 s Tk 58 %) IGBT 45 4l 5 14
12 J2 30 A8 28 0 00 L PR D TR DU A 5 R 3 1, 2R
FHAS SCR0 4 1 J7 1%+ 306 728 5 BB A% 0 1 AR A FL R D
5 B 13 J& 20 i U U 5 I —AH 9 IE 5% L R %R
P14 2 e 9T 9 R R B L i A5 SR R, —
AH L 30 T BB A% 1K 21 9 I I R0R

&

M 5.00ms CH 7 -400mY.
31-4ug-16 1022 <10Hz

B 13 ke HF 4B Y RNk

A 14 fd M5 M 8RR

4 B

A SC 2 A o I v oy A SCRE VR T I K L iR
T ERTF AR RE LSS SVPWM AR S
1) = B o 306 A8 B8, 97 A MATLAB #5717 4156
R AT 0 LI 4 3 52 30 7 5 O 56 UE AR SC T 4 1
Pl 5 vk, S5 SRUE L bR Dk vl LS PR B I 5
TS 2 ) A R A BELARL = S B R U8 L 2R B U
Je B R R 37 449 SR R 00 OF 5% 9% . HL g S BRI A [
AH 0 1l ST A 235 4 1) R ) 5 I T .

2% Uk

(1] #7581, BN, %. Mol MERZEART]. [ i
LT AR 24,2014 ,34(1) . 57-70.
(2] %k #@.T W8 &% 3T SVPWM K B R IR
0o 336 A8 R i F 5 L) ). s SR ,2010(9) £ 36-39.
(310 &b P, TR, S AHEARIF M R PWM
WA L) ], B FHOR B L 2010,36(5) :80-83,86.
(470 %) g, B30 8. PWM A6 AR I 0 36 A8 25 19 X EF 34 4% 1
ARGt R B 5 )] H P K, 2015,53(5) : 63-66,
69.
(5] B 522, B PRanr. oK BH BE I A 5 B AR LML st
N BB HL HY R 2013,
[6] 5K 4. mifF s gy FHROR M. Jbat AU Tolk i R 4t
2011.
[7] JIA YingYing, WANG XuDong.Mao LianglLiang. Appli-
cation and simulationg of SVPWM in three phase inverter
[C]//Proceedings of the 6th International Forum on Stra-
tegic Technology. Harbin: IEEE Strategic Technology,
2011:541-544.
(8] s BBl AR E ML 3RS 2=, S5, — o7 780 s [ L TG 2K o ok 9
PHHIIT LT, [R5 R 254 (A SRR D , 2008, 36 (12)
1 702-1 706.
(ol 5k .l 5,836, 55, L F SVPWM 1y =4 =%
AR I AR R A WFFE [T, 307 Tl K224 4R (A SRR+
Jii) »2015,35(1) :10-15.
[10] ® fo3C. A8 4% 9 3 SVPWM R i J5HE 3 3k 5 )%
M. bt AUAR Tolk 3 fz 4t 2010.

C11] & FF. 56T B0 FR 45 1 04 1 000 39 A8 28 5 [ ). s U
A .2013,37(10) :1846-1848,1880.

(12] VEVLH, ERFRC, 2 H W, 5. 2T SPWM / SVPWM
] SR A0 7R 8 BOR BT T LT ], W A% 30,2013, 43 (1)
39-43.

[REHE HTRF]



358 56
2017 4F 12 A

ReaBBEIE SR Vol. 35 No. 6

Journal of Shaanxi University of Science & Technology Dec. 2017

*

XEHS:2096-398X(2017)06-0164-07

EFRBEESHN WVD (WEERIR IR

Ao, ERm, meEl, 22

CLBRVERHE R B S5 B TR B, BRI P59 7100215 2. BRPGRHE K% MORRL% 5 TRS%Be . BR7G
P 710021)

o OE:R A, KSR AARBEIRIR A PR R 0 ok AR R R A3 L IR IR R B IR IR A KM 5 AT
ELORAEREAZ T X —SARKFFEXRRRY - FRENE S, B @ LI RARY G A
MR ERIE, AR, AXRET —FELEEG- AR R T x 5 xS e Z 57 EH
t Wigner-Ville 7 #9 832 5 #7 . 5t A i Wigner-Ville > F 2 % B £ 4R E R R E AR
HAEF , 5 8L LB B A ILRE AR K .‘éﬁf}%‘zfﬂ#ﬂﬁ,\. W R R R kR IRREIRCOR S0 R

HEXP L6, EHEBRFINEIERE. HSERITRRIESNFRLEL T Lk,
KR E B AZ T REIROR A5 PEIR m&@h—&iﬂéz\#ﬁ; L HFEEM
hE4S %S TNILL 7; R338. 63 XEkFRER: A

Sleep state identification based on WVD of EEG signal

ZHOU Qiang', LI Jun-yu', TIAN Xing-zhi', WANG Ying®

(1. College of Electrical and Information Engineering, Shaanxi University of Science & Technology, Xi'an
710021, China; 2. School of Materials Science and Engineering, Shaanxi University of Science & Technology.,
Xi'an 710021, China)

Abstract: At present, most human sleep state recognition method based on time-frequency do-
main amplitude domain, frequency domain and the linear analysis method, processing EEG
signal that contains a lot of nonlinear components of non-stationary random signal, thus rec-
ognition effect of robustness and stability cannot be guaranteed. To this end, this paper pro-
poses a nonlinear identification of time-frequency method,the method of brain electric signal
rearrangement pseudo Wigner Ville distribution-time-frequency analysis,and use the Wigner
Ville distribution-gathered edge features in different frequency bands to extract the charac-
teristic, finally, support vector machine (SVM) to realize precise identification of sleep. The
results showed that the method recognized the accuracy of 91. 6% and improved robustness,
and laid the foundation for follow-up sleep control study.

Key words: EEG; sleep stage identification; WVD; SVM
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FEEH 4549 AIN.GaN X ZnO B %
WU E—HEBH R

FHR HAF, FAR

(L P22 32 R BT 2 B 9y PR, BRVE P44 7100185 2. BRVPE AL R4 SCHI%Be, BRVY 79 %
710021

O OE.REILAREAE L, 5 38 A Berry phase 7 ik o 5z K £ 3 AL Wannier B4 % 2 %
HHT HHEF &M AIN.GaN & ZnO F 8 A XA, FF A F R Ae & F R 5 RGBT RL
T ARABAHERR. FFREN AIN A AR T &F ARG TR EHEEFAL, W GaN &
ZnO BEBMMP LS FROTHA L. AR LA L/ KT E AL BN, & THEENF
HSEBEAE AEBGARR, FHTELER B, A A Wannier P, NEMPRADTHLELH
WABARIE R A A RA T HAARBTTHE AT ALARG T HAERESLSE FRLINES
EEAEM T TR A A RAE A b ey AL, A B Wannier 7 8 T 445 5 4 H) P I f
WA ES B Z S PR ATk g AR, ANET B A AT K.

KB . A58 4HM; A, Wannier P o ; H— BRI

HE S ES 0469 NHEIRERG: A

First-principles study of spontaneous polarization
of wurtzite AIN.,GaN and ZnO

NIU Hai-bo', ZHU You-zhang', LI Guan-giang”

(1. Department of Physics, Xi'an Jiaotong University City College, Xi'an 710018, China; 2. School of Arts
and Sciences, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: By using Berry phase and maximally localized Wannier functions methods based on
the modern polarization theory,the spontaneous polarization of wurtzite AIN,GaN and ZnO
are calculated respectively. The origin of spontaneous polarization is studied from the polari-
zation variation of ionic and electronic part. It is found that the spontaneous polarization of
AIN is primarily from the electronic part,while the spontaneous polarization of GaN and ZnO
is mainly from the ionic part. Since the computational model and reference model have a same
volume in the literature,it is found that the result is reduced compared with our result. On
the basis of the discussion of local dipole,a correction formula is given to make the calcula-
tion more reasonable. Using the charge depth of the formula unit, we also proposed a new
method to directly calculate the spontaneous polarization of wurtzite structure without the
computation of reference structure. The production of the spontaneous polarization can be in-

tuitively explanation in terms of this method.
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The differential quadrature method solutions for the

time-fractional diffusion equation

CAO Huan, ZHANG Xue-ying" , LIU Hui

(School of Science. Hohai University. Nanjing 211100, China)

Abstract;: The differential quadrature method is an alternative radial basis functions (RBFs)
meshless method. This article selects MQ function as the radial basis function,and applys the
differential quadrature method to solve the time fractional diffusion equation. In the discreti-
zation formulation, a finite difference scheme and the DQ are used repectively to discretize

time fractional derivative and spatial derivative terms. Finally we make the error analysis

with the results of the numerical investigation example.

Key words: RBFs; MQ function; DQ method; time fractional diffusion function
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The research on realization path of college
counselors’ service function

WANG Wei-wei, YAO Shu-zhi

(College of Marxism, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: The great internal and external changes of higher education urges higher education
institutions and universities to re-examine the service role of counselors. It is significant to
detail the role of counselors and how to realize it. Based on the history development of coun-
selors’ function,the features of the service role of counselors in the new period is put for-
ward,according to the logic on the law of higher education development. The "Five in One"
realization path of counselors’ service function is constructed by political counseling service
platform,learning counseling service platform,daily life service platform, mental health serv-
ice platform,vocational planning and employment guidance service platform. The results of
this paper provides theoretical support and actual basis for the construction of counselors and
the political education of students.
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