CN 61-1080/TS
ISSN 2096-398X
CODEN SKDXAE

Iyé
[i]
7
53
x
s
=
i

\

1 -
e

i
| -
i Eedl

i
wanss
) bk

-

A9071IONHO3L B FONFIIS 40 ALISHIAINN [XNVVHS 40 TvNdnor

ova 3nx 3nx vad Ir 3X IXNVYVHS

A E A S

0
o
&
A

ISSN 2096-398X

H‘ || ‘ ‘“ il
9772096398200 ‘l“Hl




F‘% @ ?},’ ﬁ k % % 1‘5\ .55821@42.

Journal of Shaanxi University of Science & Technology

9% 38 % 951 GRS 188 30D 2020 4F 2 1 25 H i AR
B X

cRBRIFAREIRE-
RRER B/ H IS TS AT RE R R AL AR A S PERE - AR, Mzt A&, S P (D)

Fe;O,/RGO/ L4 R Z AWM HI 55 2 AL e Re T 5 - & K. F &, KER, F(D)

EPCTE L H 2 Mg, AI-LDH KO BERIMERED ST - ooovee e MR AR, D P, BAW, F2)
PRI & BRI AR TS PRI BLRIBETE oeveeeeeeeeees T E IR, 2R, KRB &, F(18)

AL NI S B TP B IR R BEPETIF ST oo ovvvrr e e

B SPGB 7 D2 AR A B 4 P B S T AR oo SR, RN ARRL BRE, F(32)
ANTFAE S B T F B BRAYFEME oeeeeeeeeveeeeeeeeee 5R0 O 3, RE R, F(38)
-REBENZEEYITE .

T RC 22 B LR R AL 7= ) 0 G PE VR TG +ovvev e FhER, BHIREE, Eilale, F (4D

TRAS 22 M8 B BT 2R Al B FLAAR S S8 Ak Foxd 2 AR T A= K 19 32 i)

CEHE, AL, ETT, FOGO
8 B FLAT B B 205 v eeeveeee e i R, A B E L ATRE, F(58)
L) R P ) 0 68 T 4 5 T BT TR 35 R DA B TR AL AT woemeeemmeemmmemenemeeeieeeens

C EREL KRB, B O, F(64)
FFL AR FL R B PR A S AR A T e B G FR L R A, RAE, F(TD
5 B A 00 B IBk H A  d PAOBONG 8 22 TR oo oo FrE, £k

L EEHETRE -

s BRI, F(76)

o
F



BT B FRAIRE B 1) 7KV G B SV Y 1 A B pHL I o P AP 5
- M sk, @ M, g% #F, FSD
%ﬂ: 3_¥§%/§\=@|§JEQ pH %%ﬁ%f/a\m&gi*j_{jgﬁﬁmﬁﬁlﬁ&{%
- R, B, T, F(88)

EPDM/NR & & Kb B S5 H0 S5 PR REBE S - oo oo 8RR, 3 B, ZRTE, F(93)
4-HBA/E-51/ A HLoGE 2 H MK PR &G oo eeeeeeeee 1 G, RARAL, B3 A, F(98)

- MRRFEETE -
(R U8 - ST T SR KB A G Ve T 2308 T AKAR S0 GBS IR e vvveeeememeeememensme e e e e,

S EOGF,ROm, kA%, FA0D

- RER, OB

il

D

E

» X E R, 5 (109)
TEMPO 5 AL 2T 4t 2% 90 K 25 4 A8 AR A (1) iF 75 10 )

2
3w
i
&

I &, FU15
PLA/ ¥ AR AR E S RIIIT TT AL 5 FT R PEREIFIT v vvvreerrvme e e

B EXE, FFA, KOR, FA20
- BSEIESEEHK -

A P A I S BRI G e BTG, AR AT, FA3D
e BRE, B, N FIR, F(136)
LT 0RO 0 = 3 11728 8 i D B A A 4l - A, T OF, TER, F(42)
PSO-BP # & M8 FE T CAB A IR EE T tp i W -+ Fp L3k, & %%, FE %, F49
BT X AIBO R BRI s BRI R AL F F. F5D
E%/ﬁ\EQX¢*EHL%§§HI%*EE!E@7T{£EE% cerereeeeii e AR = F 0 A (164)
- MESHERE .
%?%ﬁﬁlﬂﬁ%ﬁ%ﬂ@ﬁ%@éﬁ%ﬂﬁﬁfﬁ ;17;%’ {q%ﬁﬂ‘(171)
LA [ VAR AL R B R TEZR M -veemeveeeeeeeeeeeees REREL L IN W, RAM(CLTE)

BAFIE A S E . CN61-1080/TS % 1982 * b * Ad % 180 * zh * P * ¥ 15. 00 % 1000 * 29 * 2020-02



Journal of Shaanxi University

of Science & Technology

Published on Feb. 25, 2020 Vol. 38 No. 1 Sum No. 188

CONTENTS

Synthesis of Casein-based microcapsule emulsion for sustained-release antimildew and self-cleaning per-
formance  eeeeser s ennen s XU Qua-na » QIU Rui-jie s MA Jian-zhong (1)
Study on preparation of Fe; O, /RGO/cellulose composite membrane and its catalytic performance
- HOU Chen, LI Hao, ZHANG Su-feng s et al (7)
Study on preparation of Mg, AI-LDH by co-precipitation and its tanning properties
- YANG Xiao-yan, MA Jian-zhong » SHI Jia-bo et al (12)
Study on the mechanism of microwave-mechanical combination in crushing excess sludge
covenenees QI Xue-fei » WANG Jie-fong » ZHANG Yu-di » et al (18)
Study on leaching of gold from gold tailings by ultrasound enhanced Fenton method and toxicology of
leaching solution «++seereeereeeenecninncinniancaeees GUO Jun-kang » REN Qian, YU Sheng-hui, et al (25)
Effect of sodium hydrosulfide on alleviating cadmium stress in Isatis indigotica seedlings
eeveeeeee JIA Hong-leis LIU Hua-xin s MA Pei-yun, et al (32)
Effects of different ecological habitation on the auto-flocculation of Ochromonas sp. =++erereeeeeereeeeeeans
- ZHANG Bo, LIU Shao-zhuo, ZHANG An-long et al (38)
The immunoregulatory activity of Lycium barbarum polysaccharides and their sulfated products -+
- SUN Yu-jiao, GAO Run-ning , CUI Xiang-yi, et al (44)
Optimization of extraction process of polysaccharides from Fu Brick tea and its antioxidation in vitro and
effect on growth of probiotics «++++++++-« WANG Meng-wen, LIU Wen-ting » REN Xue-ning » et al (50)
Study on selenium enrichment process of Lactobacillus rhamnosus under salt stress «=«eseeeeeeeeeeeeeeenen.
- XU Ying, YANG Yu-jie, HE Cheng-yan, et al (58)
Evaluation of the antimicrobial activity of plant-derived active substances against Zygosaccharomyces
rouxii and study on the antimicrobial mechanism
ceeveeeines WANG Hu-zuan s ZHANG Shu-ging » LIAO Chuan » et al (64)
Establishment of visual loop-mediated isothermal amplification method for detection of bovine milk com-
ponents in goat milk «--ceeeeeeeeeeeeeeeees TAN TAI-Wei, XU Qin-feng, ZHANG Wen-juan, et al (71)
Study on safety evaluation of shiyifang cataplasm and the combination of shiyifang cataplasm and gra-

phene fomentation +rrereeeeeeeeeiiieeeeeenee LT Xiao-xia » WANG Zhi-ping » JIANG Ya-xian, et al (76)



Study on synthesis of f-cyclodextrin based water-soluble perylene-3,4,9,10-tetracarboxylic acid bisim-
ides derivatives and its pH responsive property +=+++-+=++=« YANG Jing, BAI Yang, AN Na, et al (81)
Synthesis and application of a 3-hydroxyflavone fluorescent pH probe for intracellular mitochondria tar-
geted imaging -+-esrerreereressesieienieieieeenees WANG Chao s YANG Fang-zhou, J1 Peng-bo, et al (88)
Study on structures and properties of foamed EPDM/NR composites
- SHAO Liang » XU Ran, WANG Chen-yang » et al (93)
4-HBA/E-51/organofluorosilicon multi-modified waterborne polyurethane «««eoereeereeeeieeiiiiiininee.
- LIU Xiao, LAI Shui-li, GE Ru-yue, et al (98)
Effect of metakaolin on mechanical strength and hydration reaction of natural hydraulic lime grouts -
cesveeeees WANG Fen, HE Peng s ZHU Jian-feng s et al (104)
Preparation and application of bacterial cellulose-based nitrogen-doped graphene flexible electrode mate-
rial  ceeeeeeee s ZHANG Su-feng » ZHOU Haos LIU Li-na » et al (109)
TEMPO-oxidized cellulose nanofibers in film materials: A review «oxsoeeerererrarimeiei
- DAI Lei, CHENG Ting » WANG Yan, et al(115)
Research on formula optimization and mechanical properties of PLLA/Poplar Powder Wood-Plastic Com-
POSites  rereereereereeinensesnseeneneons. GE Zheng-hao » ZOU Xin-qi » CHEN Wei s et al (124)
Research on modeling and resource optimization of assembly production lines
seeseeeeees REN Gong-chang s DONG Yu-ying » HE Zhou , et al (131)
Research on three-phase PWM rectifier based on improved double closed-loop sliding mode control
- KANG Jia-yu, WANG An-qi » LIU Jia-chen, et al(136)
Optimal control of return power of three-port converter based on dual active bridge <+« +reerereeeeeeeennes
- SHI Yong-sheng ,» L1 Lei, DING En-song » et al (142)
Application of PSO-BP neural network in temperature prediction for switchgear equipment
ceeneees GUO Wen-qiang » DONG Yao , LI Qing-hua » et al (149)
Image segmentation algorithm based on general type-2 fuzzy clustering
- CHEN Jing-wen, XU Xin, LEI Tao, et al (154)
Research on the method of layer aggregation adversarial machine translation model ««+ereeeeeeeeeeeeeens
creeeeeees YANG Yun, WANG Quan (164)
Stochastic synchronization of complex networks based on periodic intermittent control
cesvesiees MA Hui-hui» HE Xiu-1i (171)
Sequential monitoring coefficient change in linear regression model «=«esrerrerrmremereiininn

ceevees QIN Rui-bing » SUN Li» SONG Guan-yi (175)




¥38% 1
2020 4F 2 H

ReaBBEIE SR Vol. 38 No. 1

Journal of Shaanxi University of Science & Technology Feb. 2020

*

X EHS:2096-398X(2020)01-0001-06

ZRBEBE/BFENINERREE
MR E IR A RS RE

3T AN F SENE 2

(1L BRPERME R B LR 5 LY B LREZ R LR ECARE PO, BV T2 7100215 2. BRIGTR
FEEI TEARPESEBE . BRVE PUE 7100215 3. BEVE A F AL T B A6 2 5 SR B[R Q0GR oL, BRPE PG %
710021)

H E. S50 TEREABER, B Z A A, 83 R KB = B AC4K AT IRAK , 2R R & K4k
BREAE MK TIO, 2 BsRANEMIKERNZPIANRAAEEEN N F. @83 RAEES
B KRB EMAEGGEHEGE/ AFERI R EFABRENL R, FHEREAN . RA B E
EMBRELREZRA TS im A E. LREARFHHGER, ﬂ.ﬁ"ﬂz}é%ﬁf%&ﬁi%; 8T
TiO, 9B ERIIRBALEG T AR BT AARRHAFTAR. AL RLEREN.
A0k m R B R ERARJG A AU AR BT B A F T AL R B A AL 6 TR SR AR R 5
Fofl U B

KRB E; Mk 28 BEW; AFFE

HE5 S TS513 MEARE: A

Synthesis of casein-based microcapsule emulsion for sustained-release
antimildew and self-cleaning performance

XU Qun-na"*?, QIU Rui-jie"'*, MA Jian-zhong'*

(1. College of Bioresources Chemical and Materials Engineering, National Demonstration Center for Experi-
mental Light Chemistry Engineering Education, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Shaanxi Research Institute of Agricultural Products Processing Technology. Xi'an 710021, China;
3. Shaanxi Collaborative Innovation Center of Industrial Auxiliary Chemistry & Technology, Xi'an 710021,
China)

Abstract: Using polymer micelle as the template and casein as the substrate,nano-TiO, shell
layer was formed at the interface between hydrophilic segment and hydrophobic segments
through in-situ hydrolysis of the precursor. Meanwhile, hydrophobic mildew inhibitors were
encapsulated within the inner core. By regulating polymerization parameters,the as-prepared
hybrid microcapsule appeared well-defined structure, which showed sustained-release antimil-
dew and self-cleaning performance. The results showed that particle size of the dual function-
al microcapsule was about 75 nm. The emulsion was shown having a good antimildew effect,

since it still remained antimildew behavior after one week’s releasing. The obtained film had
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obvious self-cleaning effect on oil stains under UV light due to the presence of TiO,. The ap-

plication results suggested that leather finished with hybrid emulsion had expected mechani-

cal performance. This research will provide guidance and reference ideas for the development

of high value-added coating materials.

Key words: casein; microcapsules; sustained-release; anti-mildew performance; self-cleaning
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Fe;0,/RGO/TFHEZE GRHIH &
BEEXIEEMR

% B, ZF =, REN, W, REFT

(BRVGRIEE K22 B TRl TR 2R Bk TR E R R SLWHCE RO BETT 4 b 48 AR R Rs R 4880 T & &
MR E PR T AT RE M R E S SCER E, BRYE PEE 71002D)

O OE.aad—REANKEREFE Fe,O,/RGO 8k B A MH, B 69 R F 45 %k
HEAMBINNG L ER T IF5) Fe, O, /RGO/SF % S AR, ¥ L A4F A F L R E R
R 35 (PMS) M fift e AL e 1AL A, BF R T Hadb 2 K 35 (MB) 69 1 1Lt 4k, il i& SEM FT-IR #»
XRD #f # o0 ZAET A K H Fe, O, /RGO Fo 54 B 09 o 2 #) &, 1B R X, 56 K /PMS
RABLA T 28 pHEREE. £ 50 min TA B8R AT MB 6 A £ 583 MB K ik 6w 4
pH, 27 & 35 T MB B A B 45 69440 B R M Ak L 5T BRI 45 R JG B 6B 7T A & 203 A B L
R WK, B A — 6 5 R A A

KGR A A, WA, BILKRE

RESES TSI21 MEktRAERD: A

Study on preparation of Fe;O,/RGO/cellulose composite
membrane and its catalytic performance

HOU Chen, LI Hao, ZHANG Su-feng” , LIU Li-na, ZHAO Meng-ke

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

Abstract: The Fe; O, /RGO nanocomposites were prepared by one-pot solvothermal method,
and the composites were introduced into the cellulose membrane by simple blending regener-
ation method to obtain Fe; O, /RGO/cellulose composite catalytic membrane, which was used
as a catalysis for activating peroxymonosulfate (PMS) to degrade dye. Study on its catalytic
performance for methylene blue (MB). Fe;O,/RGO and composite membrane were charac-
terized by FT-IR.SEM ,XRD,and the results indicated they were successfully obtained. The
catalytic results show that the composite membrane has a wide pH range. The degradation of

methylene blue can be completed in 50 min without adjusting the initial pH of MB solution,

* WFSEHE:2019-10-11
ELTB PV E T E AL ERB R H (17]S016) 5 B 7Y 4 25 ¥ 5 Ak 2 5 44 8 B BREEA BF 58 0 30 H (2018GHID-19)
EE® R RA989—) & AL TP PV, A P58 07 1) - 41 4l R 40 T 565 B RL L 98 K b RH 300 il
BIRAEE KRR A974—) L, I FEUER A, 082 8 A F 58 7 1) 27 4 3 3L D RE MORE L 4056 2% 5 49 72 UK A 5 zhangsufeng @ sust.
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which shows that it has good catalytic degradation performance for MB,and composite mem-

brane can efficiently recycle from the reaction system at the end of the reaction. Shows it has

a certain practical application value.

Key words: composite membrane; methylene blue; catalytic degradation
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Study on preparation of Mg, Al-LDH by co-precipitation and its
tanning properties

YANG Xiao-yan, MA Jian-zhong”™ , SHI Jia-bo, YANG Na

(College of Bioresources Chemical and Materials Engineering, National Demonstration Center for Experimen-
tal Light Chemistry Engineering Education, Key Laboratory of Auxiliary Chemistry & Technology for Chemi-
cal Industry, Ministry of Education, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract : Mg, Al-Layered Double Hydroixdes(Mg; AI-LDH) with high crystallinity and size of
around 60 nm was prepared through changing the pH value of solution according to co-pre-
cipitation method. The tanning process based on the as-prepared LDH were further studied
by adjusting the dosages of Mg, AI-LLDH ,initial and finial pH values in terms of the shrink-
age temperature of the resulting crust leathers. The optimized tanning system was using 3%
LDH for 2 h at initial pH3. 0 and final pH4. 0. XRD and SEM results showed that Mg, Al-
LLDH nanosheets can be well-dispersed and penetrate into collagen fibers dispersing the colla-
gen fibers and bound onto of between the collagen fibrils.

Key words: Mg, Al-Layered Double Hydroxides; tanning process; collagen fibers; micro-

structure
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Study on the mechanism of microwave-mechanical
combination in crushing excess sludge

QI Xue-fei', WANG Jie-feng’, ZHANG Yu-di', LIU Shao-zhuo',
ZHANG An-long', WANG Xian-bao'" , MA Ming-hua®

(1. School of Environmental Science and Engineering, Shaanxi University of Science & Technology, Xi'an
710021, China; 2. CCCC First Highway Consultants Co. , Ltd. s Xi’ an 710075, China; 3. Xi'an No. 5
Wastewater Treatment Plant, Xi'an 710021, China)

Abstract: Excess sludge crushing can realize the rapid release of dissolved organic matter,
which is an effective measure to solve the shortage of biological nitrogen, phosphorus and
carbon sources in wastewater treatment plants. At present, the research in this field mainly
focuses on the impact of single methods such as machinery, microwave and ultrasound on the
degree of sludge crushing,while the study on the combined effect of different crushing meth-
ods is relatively less. In this paper, the effect of microwave-mechanical combined action on

crushing excess sludge was studied. The experimental results showed that the SCOD output
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was 153. 78 mg/L. when the excess sludge was crushed by mechanical alone for 2 minutes,

and 795 mg/L when the excess sludge was crushed by microwave alone for 6 minutes. The

output of SCOD reached 1 354 mg/1l. under the combined action of microwave (6 min) and

mechanical (2 min),which was significantly higher than the sum of SCOD output under the

combined action of microwave and mechanical,and the concentration of soluble polysaccha-

ride and protein reached 133. 3 mg/L and 69. 18 mg/L respectively under the combined action

of microwave and mechanical. Microwave-mechanical combined treatment can achieve better

sludge disintegration effect,sludge breakage rate reached 84. 4 % ,thus achieving the rapid re-

lease and recovery of SCOD.

Key words: microwave-mechanical treatmen; excess sludge; sludge crushing
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) RS8R B0 1% A T R LA 200 it P A L
Yyl i BRI T A ALY B K R Ak 40 T AR
FH o A A5 K it o B B R 15 108 R A e 7= TR 1) P 3k 45
TRE-o0 TR 0 I PN A 2 3 3 5 A DR AR TR i 6T e
HEAT TIUAL B, 1 gk 15 ¢ DA T 6 G it U5 R 2 8 IR 4R K
V&

SRR ORCR R B N R IN ) N & -1
7 -Fenton B AE. H HI B BE A i 4b 30 )5 3 £ %L
A 1o 5 R G AL L P BG4 B L
W55 R AL B R R O RN AR OB S A B AE X
RJTAE R ML B 5 v — BR S BILXT 5 K Ab
TR0 1 T U R AT KO A L A5 R R T R DTS
U 1) S5 A K i R A 25 A 2R K A BR AL IRFR) 5 L, G )
VG %45 SCOD M 1 742 mg « L' 14058 256
mg « L' 15K I FALRR Ry 32, 0%.

R IR AR B T T R S 4 BRI Rl 800 W
RIS 110 s\ NaOH I K 0. 14 g,SS £
FRikF 46%,SCOD M E 2 487 mg » L1, LBl 3%
BALFRY 190 mg « L' 380 124 12 4% R HI A — Bl

R A BB AR T V5 Je R AT TAL B L 25 SR SR A
pH=12.0, iR K 88.8 C 44 F AL # 73. 79 min,
ESRAS IS A KA MR 48, 1%, 5 v 4 K R R+ e
FE (L COD 1)l 3 269. 20 mg « L', &% B4 1Y
3. 22 fFH.

X T 50 5 MUBER A i 7 U8 i i 9T i
AHIE. P A SCHR T — B DL RO PR G e
AR 35 U8 o A I AR A T Ak BB R iR AL LA A P
T T U R Bl YR TR AR A R Al AR T A B[R], S
BT U8 v A HLAR IR Y PR 5 A 5 [l .

1 Lo

1.1 FRER
AT 5E BT T 5 P I A P2 T R s ok ab BT
Tl 4375 e, V5 YR B S 2 U8 BR 2 KR Y
KBRS, ISR E R 15 000 mg -
LR ER TSR IREAE 4 CokFEh & H. 28Ty
Pe iy FEPEFIER 1 fios.
*1 FETEHEZER

1645 Hfi
pH 6.9-0.1
SS/(mg/L) 15 2804250
VSS/(mg/L) 8 097450
SCOD/(mg/L) 29.845
WEARER/ (mg/1) 0.1340.01
A/ (mg/L) 0.6940.1
Z B4/ (mg/L) 2.1740.15
EH R/ (mg/L) 5.7+0.2

1.2 FEBALE FeX A

(D S5 AL A%

15 YR AL T B 2 SR UL JYL-Y 99 i BE
B s T 2 8 R FH 25 19 MM721NG1-PW/M1-211A
(D2 AN

(2) 52 3y 125

SE AR Ry E AR R 2 PR,
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®2 FEXWHH

T R TIT TR
1 WEME MW U I e A A A
2 REWGHE B R R AL R A R 2
3 BR[5BT R A S
4 BULE MRS TR A A IR A
S GSALHN MBI R A B
6 BURME B NP (LT AR
T BB EN B R R A S
S LB ABTA VT I A R A A

e R 0 B 2

9 mas O AT B R

1.3 F¥FHik
(1) B fo b 2

Bt 800 mL | Ax{5 e B T1 000 mL a1,
FA AR B85 %% 3, R FF e KT 700 W T 49 5l 47
kAT 0 min.2 min.4 min.6 min.8 min 5 i
(TS %

(2) Bl AL A Ak 2

B 800 mL | A4x¥5 Y B F1 500 mL il BEHLH
PR IR AL T 4. 8 X 10 g, 43 Wil 4T B 1 1
75 0 min.2 min.4 min.6 min.8 min J5 ¥ {7 3C

(3) - AL Ach #E

Bt 800 mL Fl 45 E T 1 000 mL kbR,
FH AR i f52 5% 3, AT B KT 38 700 W e LB ] R
) A I8 Ak B B HE e A V5 U8 T RE AL R R T L
PAL B, PR EE SR ML ) R 4. 8 X 10" g, 4 il k4T
HLBHE BE V592 0 min.2 min.4 min.6 min,8 min
J& HEAT L5 4
1.4 HAr484%

pH %A L i3752% PHB-4 % pH 0 % ; % &
PEE RS 5 (VSS) 15 R Mk B (SS) R H 5 2 75 l
ik A R (COD) . % i M b 22 55 A &=
(SCOD) 2k HI 4% R £ 16 I 2 , SCOD 48 5 .0 Hl
5000 r* min "% 10 min /5B _E3ER L 0. 45 4m
BN 8 BRI AT A, B BT R FH R - R
U 2R D G250 ekt
SRR B 2 B TR B U i 5 A 0 OB BE 1 5 R TR
R SR FH AR S o 6O BE D

KR i 22 (DD) AR R W 4 75 U Bk g Y F
B R L 8 RT3 R U5 U A 8 AR
R (DD T E AN

DD = (SCOD, — SCOD ) /(TCOD, —

SCOD,) (D

A (1) . SCOD, 7R i35 e b 35 % i 1
COD W E ., mg » L '; TCOD, £x15RFE
A A COD [ B it ¥R B2, mg + L' SCOD, #IR
15U A FERT IR A COD R Wk E ,mg » L',

2 #FRE5ITiE

2.1 HR_EFiE SCOD F& %4

H & 1 AT DA Y Bl S f I B ) % 35
SCOD ¥ B 3% ¥ 3% K, Z£ 700 6 min B}, SCOD ;=
BHRKA 795 mg e« L', %] 6 min J5 SCOD ¥k EA Fr
TR 5 R R B S I S S R TR A 3 TR A WY
R E T N AL ZE &, TS B L A
7 0 BRI AN ST AR IR A O T A B B R Ak
PG U I B 0 45 1 Je KB 700 W, S I8t B5F ] 2y
6 min.
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A1 FiREFR® SCOD R E M T

Wi 5 2L AL B R B[R] B 385 i, SCOD e B 1%
WG S, ZEHLA A 7% 8 min B, SCOD ¥ FE 761. 22
mg « L', 5 K U 47 MLAR 0 0 A9 4R 75 T8 A
SCOD H#4 631,42 mg « L',

TE SO 156 A AL B AR il 1 75 e 1 R 3 T v L 1
U 6 min AF A TR BB AR, Bl A5 HL AR A A5 B ) 7 38
K. SCOD ™ £ 32 Wi 34 I, AE B AR B (] 8 2 min B,
SCOD # K 3 & 5z K, e iF 5 B3+ SCOD
W R 1350 mg « L', SR IRI5 Je #H . SCOD
Wi 1220.2 mg + L' 7E 2 min J5 SCOD ¥ i 5
A FE T RE . A b H g AL A i 90 Ak 3 e A R
A (45 755 U i A0 2R 6 0 R 20 S Al R RS
Tl A, DT R 8 R it A ML

S 25 B W O R BT Ak B % 3 T K
TR T B Bl 8 L WL AR AL B Y5 YR A RLR ; 7E 2 min
A R0 BRI VR B TR SCOD Y 7= i 4 540 mg
o L7 LA AR FRS IS SCOD /Y77 822 153.
78 mg+ L' EKAAEHF SCOD 7= & A 1 354
mg « L1, BB AN Sk HLAR AR 7= 2B 1) SCOD
M7 i Z FU/NFECGAE T SCOD #y77= it , I it
T S MR G 1E R R = A T ORI E A i LB
TR AR 75 0 B[] %) 38 O, 36665 A T AR B 8 R0CR 31
A /N B DL 25 T B 45 BE T T, %8 A8 A A A A ]
& 2 min.
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OT 25 A 4 < O -HUBOIBC & R A% 75 U8 B AL B 5 <21 -

2.2 ABELZE . EBEEORNEAA

B A Z TS e AN R A W 0 R
N J2 15 8 T R ff A AL 19 32 28 B 4, GV U A A i
S TR A AR IR S 26 AT 5 U B A 5k D RS A5 SR AY
FEEEAR .

FH &L 2 AT, YRR B0 e R Ak B TS e B,
Wi 5 e R S 0 9 388 o 5 il P 22 W L A R B T
1) e Bt 7E B WA AN, AE 6 min B, TR PE 205 %
fif P B A 7 S B e KL VS R 2 TR R
413 mg L MM EOTMEKE 40 mg « L',
PRHLARAE F R B 5 YR s L 220 AR R 7 R
Wit 2,8 min B 22 05 A BT By 7 5 5300 R - 98
mg + L7142, 22 mg « L' 300K 6 min fE N AL
PHE AR A AU 47 A B 15 e B U e 20 LR
F B 9 7€ 2 min 5 A 8 894 & . 7 2 min
B AR 20 R RV BE 435 133, 3 mg -
L ',69.18 mg+ L '. H FAEMMPEHSE] 6 min, HLAK
WERE 2 min J5 , 2 — 25 JE KA A5 B (8] - 52 A7 %)
15U P = A B R R L R, DR A
% AR I8 7E SO AL PR #5286 min S
T B AU A% 5 Je B[R] R 2 min.

140 H

120

B 4]/ min
Ca) TS R 1) X 22 5 114 5% 1)

I/ (mg/L)

)

i

EH

1) 0]/ min
) T8 TR 15 ot 2 11 J 19 53 1)
B2 Bger st R G R
R
2.3 AR FRELGKETL
XF T AR R 1 v i ACR I &l 3 R, B

M AL FR TS YR 2 min B SR ZRURT B R £h 4 Ik 4
AP, b B Y S 2Rl R R A Mk BE Ry 3. 54
mg e+ L'Fl 2.3 mg « L' ; Bl AL A A B Y5
Ve, 35 U8 1) 2 8 Rl 1Rk 1Y) 77 ek i o B i) ) 3 K
MW, & A A=/ M 0. 69 mg « L (JRLIRTE
PO XE M 2. 28 mg « L' (8 min) . B Rk 1 7 &=
M 0.125 mg « L' (JRART5Je) HEME] 7. 175 mg -
L' (8 min) , 20 B H e DAL L AILABC R A 75 U1 B L o 2R
G AMRE R N L T A R
A K A B AL SCOD H 38 i, 22 40 {8 B A0 1 3%
i, B A1 55 W R0 20 B 25 R ) R IR 1 24 B P T
TR R O A TRCRE T o DT ol 1 7 o 1
% 6 min fHCk AL BB AR BXA LA HE AR
T it 175 Ve B, B B BIL AR AR T Ik ) ) 3 O, 2 R
FRERTE 2 min B3 K SR KRS # THE , LA i
WhrER &N 6.45 mg » L, X 5EmiE
R AR AR bk 3 — B0 B R 3 & &0 12, 45
mg « L' AT AR B 5 ML & B R i A 1
Yk B I AL B 6 min J5 B 5 BILA R 4 B Ja]
P38 TR, ¥ 08 B A R R R R L BRI Y W ) T
2. AR O T A 3L AR IR A MUK AR B it 5 8
B IR P ML AR B A Y R R T R ) R
PR, A RSN R A A

0 2 4 6 8
HJ 8]/ min

Ca) Tk 1A i) % 20 280 19 52

Tk B #h ¥R )% / (mg /L)
L ORI WA IGO0 DS D
T T T T T T T T T T T T

0 2 4 6 8
H] 18] / min
Cb) i 4% B Jia) % Tl 2 6 119 52 M)
B 3 AUAER ) AR R ABFER BT E 0¥ R
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WA COD, 7 H 3 DD Al A 00F #r fik b 23
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MAIEL 4 AT B AL AR T U8 . Bl 2 A AR S (]
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100

90 H—e— bLig
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OT 25 A 4 < O -HUBOIBC & R A% 75 U8 B AL B 5

e 23

NI 7 BT LA Y, 9 2 S 560 0 52 B+ 30 T A [
AR fR A, BIAE 8 min A4 B S ) P B 25 s 1) £
A AR R S 0 A T U ) S A S AR 3 6 min
JG HEAT 2 min HUBUREfF TS U8 5 BB 2 min, B
MHLAE 2 min B A7 V5 R HARAM R AR B 32 pm 43
SN 29 g F1 21 e o BB R A Ry T0AD 38 HE
AL T 15 Ve iy i R AR L S U8 B R AR i — 25k
/N I H B 2 A s (] 8 R T Y R AR N

3 AT L D DAL« AR A A U Y Rk AR 4 32 FI I
SN, A% 25 T 3 A8 W 40 20 N S AR AR 4 TR A
JBT ) AR M A e DA AR v B AR AR ¥, 51 R 43 R LR
3% %5 15 FH T) s ot SR L 5 /K B 0 S AAE g 7 A A
G Ve AR S M & A AR b, BBk AR B i — 25
BEAR. 758 8 min KiARA /NI BE Y 1 F, AT g 2
T T B TS U AR R R R AL

M7 B8 A AT DU, 280 i B ) B4
e LG TR AR AR BN 5 [ NI 7 ks T LA
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20 L =
151
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] 8] / min

B7 FRELAT

3 #ig

(1) 0 433 15 0 38 3ok B0 RSB A T R 8 % 35 1€
6 min B SCOD W B IA B K. 290 795 mg « L '
HOph ML % 2 min B, SCOD /&y 153. 78 mg »
L, B 2 LA 4% B 18] 4 35, SCOD 7 #3571
Jn AL AL % 8 min B, SCOD ¥ & ik 3] 761. 22
mg « L~ AR 5 MU i B A — 5 04 B [+ e
B B (6 min)-HLAK (2 min) BEA1EF F . SCOD
FAEIRE] 1 354 mg - L B T A B AR
T SCOD 7= Z M. [7] i BX & 18 R % i 1 2 0
FEE M B 2 53k #) 133.3 mg « L' 5 69. 18
mg « L. G- LB I A A B AT DL GA B B4 1 75
e 1 fe 50 S 75 U8 R R 35 B 84, 406, M T S5 B
SCOD Hy R B 5 [l e

(2) T A PG AR AT e A ¥ e 1 R AR RN L
KL RE 43 BT ASCEE Sy o b R AE V5 U8 2 A Y A Ak AR R
S 8R4 o A R S B RIS (] R 2 min B, R
T AL BEANER A 4F H T 5 e B kL AR K/ R 29 pm
F1 32 pem, 38 23X LY 2 B A 4R X 15 Y6 MR Al fi
TR HE 55, Y D 1 A T AR BB R T Rk 700 W
fCl sf 1) A 6 i B BE A5 AL ARG 8 75 U8 B R L AL
TN 4.8X10" g, LB [E] 2 2 min B, 75 7 /Y
Rtk 21 pem, #E— 20 B0 UE T SO AR by AL 3B R
S AR T BB AR R Bl 5 R Bk
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¥ (VAR 3 A B A A BT A A, i 1t 35 31 3 (Fenton method, FM) . # # 3% (Ultrasound
method,UM)&ﬁe}” AL ﬁ\%ﬁ%(Ultrasound—enhanced Fenton method, UFM) 4 3| #t 47 & &
FaZiEn HKAANERAT P2NZHEAR.FELAAMAT UFM & =W G 2 EF 03k
AR AT KA DA THLY . EREAA .5 FM = UM AL, UFM & 2 5 R 542 £
FoP iR d AT RS EKX 02.74% . L2 KT FM & 8 25. 09 % F2 UM 4 2 84
12.15%; UFM %t B ZFBAK2 2 F F As.Cr.Cu.Ni,Pb.Zn.Cd.Ag ¥ & & 5 iF 5K, BAK
EMk @ KGR D R ERGHHAER. XA ERARBDERET & EDKE BKE 2
B IR R RACI AL 64 B3

EBIFAERY; MERLIEW R, FH,; KB, I E

HE S ES X703 MERARE: A

Study on leaching of gold from gold tailings by ultrasound enhanced
Fenton method and toxicology of leaching solution

GUO Jun-kang, REN Qian, YU Sheng-hui, CAO Geng, JIA Hong-lei, REN Xin-hao

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

Abstract : In this study,a gold tailings in Shaanxi province was taken as the research material.
The gold leaching experiments of tailings were carried out by Fenton method (FM), Ultra-
sound method (UM) and Ultrasound-enhanced Fenton method (UFM), respectively. The
effects of tailings leaching eluent before and after UFM treatment on Seed Germination of
rice and wheat were also studied. The results showed that gold can be significantly increased
by UFM compared with FM and UM. Under the optimum conditions from gold tailings. The
gold leaching rate was 92. 74 % , which was much higher than 25. 09% in FM treatment and
12.15% in UM treatment seperately. The concentration of As,Cr,Cu,Ni,Pb,Zn,Cd,Ag and
other heavy metals in tailings leaching solution were significantly reduced by UFM, and the
inhibition of the leaching solution on the growth of rice and wheat can be relieved. This re-
sults may provide new ideas for the deep resource utilization of tailings after the recovery of
precious metals from tailings in China.

Key words: gold tailings; ultrasound-enhanced Fenton method; toxicity; rice; wheat
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rEER

% 38 &

0 3l

Bl G N0 v 4 5 oK B AW, ek B 5ok
S0 PR EOR B N E e AT R ) 4 R AT R R
BEUE AL R A AR AP RS IR E A R
G AR R B C R T, B TR 4 A A
BAH) 20%. R mCE HIM 5 ik EE A Hk ik,
TR HULTE TR 0 BRI AR Ak L X
BT A AN TR B8 Dy S 38T AN [ A 1 Al X 9
Mk IR T —EE R W e g i B a8 TR 1
KSR R FH A VA AL B Dk A T R 2 Y AR 4
R4 ) Ho AR ARG, ELIR M ] [l
Wy A2 LUK R 59 I & 55 AT
BOR VIR B, IF B PR B 6 ™ B A T5 gL TRk
FERA T B T 5 A B 0R A PR B T Y, A 4k
TR B R AR A s BROAR X IR B T s L R AZ
A RBIR 2y AUE G R B a9 B AL, MR T2
IO T4 . A0 o AR R B R Y 3 O R AR T A
BRI ™ 7 R0 A o R SR TE R B s e (LAY
PR b 4 i RS e, AR TR RV, ol T HALBR T 10
S AR I, HAR B ORI 2R TR WAAEAS T
IR0 I EURER

T i AR IR 4 T 20 L TEAR R 23R 1Y ) I 4 S
152 L I [) DA T 3 38 9 2 B A B0 LAY T 2B AT R
A B Tl R T e R BB B 4 R Ak B Y
— RMERE. PR, 38 D) R A i R T AL BT
PSR R Ak A RN 5 4 e Ak .

Fenton HJ 7£ 1893 £ & ¥t H, O, 5 Fe* " AYiE
B B A 0 AR AR M L R 2% 1 TR R L 44 Oy
FSANREE R P IF 912 T 4 R R R
X JE K Ab FEE) . B it 22 80 A AR, #E A ik (Ultra-
sound method » UM # FH R 38 4k Ak 27 B — B H]
T A B OB 4 1S BB 2% 17 (Fenton
method, FM) 17 7£ 245 5 A 5 ] FH 341K B A AN
564 A R UM — R BEAFE K AL 38 i S A A B
ARG 27 5 WE T B PR 4 ) Ik el P 2 S A0 34 1)
R R AR BT B SERE A R R AT 2
BRERm 05 46 | P i B 25Tk gk R kT
1 e i S5 SR B H BT A Ik R AR R 5 OF
I 5 R W T 4 R T Y iR AT

YRR E FZREEY KRR NEZ AR X i
AEAERE RS Ye U, Ay ot BE X T B 195 & B Ak
P75 FIVEAE A A PR AU 9 T (D) 7S 15 %
0k S A 75 58 Ak 25 1 15 (Ultrasound-enhanced Fen-
ton method, UFM) SR Ab 407 FE A7 42 2 1 (303 Fl

i

ZAF5 (2 RGN UFM Ab BRI IS 42 2 4 I B v % 7K
T Lo/ INAE b1 B2 . Ol R A 5 46 e (Rl i (]
W AT IR E ¢ R AL £ Lo A JEL .

1 LIGEH

L1 MH KA ENE

SRR CRABRE A SR A, i 200 H
i« BRI R 18 TR A R Y PG 900, fE 30
TR 979.

R B AR £ OK & LI 8K FeSO, + 7TH, O
O3 M2, KT K A 27 G0 A BR 2w i %k
A 30 % i al, KEETT LIRS 4h Ak 2% i T 2 A TR
A D)L OHE R A TR AL (SB-800DT , T W 2 A 1
FHEA R\ A1 37 48 (ZXSD-A1270, | i
B o3 A AN g i A R D
1.2 %%

L2.1 &RVERGEER

PR 5 g T4 EE & 200 Hf Y ES T 500
mL FEFR . (D FM 24, il E 333, 15 K, HUk i
A 1.5mole L7'. 3.0 mol « L7'.4.5 mol » L',
6.0 mol* L™".7.5 mol « L 'AY Fe’" W 20 mL
SRR AE . MAWESN 1.7 mol « L',
3.4moleL7".5.1mol+L7".6.8molsL7".8.5
mol* L '.10.2 mol « L "B H,O, W 20 mL,
ST Cos F Cuy, o, X 5 1075 ¥ 4 5210 5 (2) UM
B4 i 333,15 KL B II% N 80 W, 160 W,
320 W, 400 W, 480 W,560 W, & i} if i 24 10
min.30 min,60 min.120 min, 180 min, #AF5% T &
PR AR ; (3) UFM B4 LR G B9 T A
S B ] oy o, Co 1 L B IR JE XF 45
(R85 R L G AR B EOH R )R 0,80 WL 160
W.320 W.360 W.,400 W.,440 W .480 W.560 W,
640 W.720 W .32 il [ 5 min,10 min,15 min,
20 min.25 min.30 min.40 min.50 min.60 min, ¥
R 1.7 mol « L7'.3.4 mol+ L7'.,5.1 mol -
L™'.6.8 mol » L7'.8.5 mol « L7',10. 2 mol
L '8 H O, WL WE R 1.5 mol » L' .3. 0 mol
«L7" 4.5 mol « L7'.6.0 mol « L™'.7.5 mol *
L '.9.0 mol « L' 19 Fe*" ¥ W, W & L 2 40/5
mol « L7'.,40/6 mol « L™'.,40/7 mol « L™'.40/8
mol « L' '.40/10 mol « L '.,40/14 mol « L ', &
IR ¥ N 303,15 K.313.15 K.323.15 K.333.15 K.,
343.15 K.353.15 K.

AR SAS IN J7 125 < 38 4 SN 45 R J X A i i AT
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FRAERREATF f 7 SR AL YRR X 4 AT 4 IR R R R W AR T Y « 27 -

T8 A A B SR AR R B 1 h
Jo R SR, T 1 V0 % i R vk = U A B
LG8 b R CE G R B IR IR (2 o BRIk + 124
MO I 10 mL A B @45 )5 . K #Y 80 TR
INH 30 min, i 0. 45 m P8RS 2R KO- TR0
G RE VL HEATIN E N AR K
1.2.2 UFM &35 09 R0 U 50 5

A v A IR S R ] PR B8 R 4 A7 A 1 (HT /
T-300-2007 )-[é] {A 3 ¥ 152t 75 1 J7 12 R 4 o %
WOED A UFM 20 BT S AT 0932 1 3 k. PR Bt
THEE R FE 10 g, IR 200 mL 5 AR R
P& % (180 1,180 min,25 C), HLA LB EE =K.
PFH ARG 0,45 m JEMEL U8, I LW 2 &
DA R ICP A I R 6 P 8 4 8 (As. Cr, Cu,
Ni.Pb.Zn.Cd & Ag) 1% .
1.2.3 &R W VER AT KRG SN 22 - 1 iR & 52
L

Pk Joe i R — B KRR 3% 1Y
AR 15 min, Z8 WK M 3~5 Wa 6
Tt 26 7% 22 45 25 18 /K 1% 15 5% 1L vp {5 92 9
K 1% B3R B 5% R e B R FR 20 BUKR IR R 0.
0.1%.0.5%.1. 0%.5. 0%,10. 0%, 15. 0%,
20. 0% K 25.0% WP UFM 4 BEAT S 09 B4 ik
VR BB SR ML P B ) Bl 750 20 R0 A7, B> 4 B
WeRERE 3 RELE. BT FEMB 25 £ 0.5)C
WG ST N R IR R X IR 2R > 6500 I 45 i
R R E S IR A& (12 h OB IR, 12 h
O UFM AL #ET 5 09 R 07 I Uk W4T /s 22 ol
T R ) 2 G 5 KRR b K S e A R AR ] B
It 4 K G E K& 2F # (Germination potential,
GP) ;7 KJF , M & 45 85 F WA ok B2 R 4l i i &k 2F
R (Germination rate,GR). 3% 7 K )5, M & K=
T AR e BE R 40 B 9 M K (Root parts Length,
RPsL) . %K (Aerial parts Length, APsL) . #i F &
4y T (Biomass of root parts, BRPs) M #i T & 45
T+ (Biomass of aerial parts, BAPs). # T #4K
JE 0 VR 2 4 TR 000 U 2 e 35 8 I 25 T 1Y)
PR TP (.

2 HER5iti
2.1 FM & UM 24 45 #
AR 1 Al AE Crer S Cuyo, MIXFE/INIF, 4

Y BEHIVE HE AR ) A Gt S Cono, OB
SR FAE MR 2 Cre KT 6.0 mol + L7

Ciyo, KT 5.1 mol « L' B, & 93 R4 2218 , i
A 25,05 %.
HRHE2% 2 AT 0, I 7 ) 23 B 38 Y e ] Y 4
K A IR 6 N — T LR A DU AN S 31 28 1% 38 Jin, HL >4
M YPERT 480 W, i A K F 60 min B, 41
BRI IS B R 12.157%.
x1 FMABEETFEEHE(%)

C+(2()2 Cre2t /Cmol « L™
/Cmol« L1 1.5 3.0 4.5 6.0 7.5

1.7 / / 14.39  20.47  23.77
3.4 / / 14.47  23.72  24.19
5.1 / 10.62  14.89  24.91  24.66
6.8 / 10.69  15.00  24.44  25.01
8.5 6.11 10.73  15.13  24.36  24.97
10. 2 6.79 11.00  16.20 24.73  25.09

B s/ — R AR
#2 UMABETEERHE(%)

5 Y I ] R/ W
/min 80 160 320 400 480 560
10 / / / 4.22  8.60  8.63
30 / / 6.13 7.41  10.41  10.37
60 7.07  8.11 9.15 10.79 11.87 11.53
120 8.63 9. 00 9. 89 11.00 11. 60 12.01

180 8.99 10.76 10. 93 11.44 12. 00 12. 15
VE s/ — FR R R

2.2 UFM 24 5 #r
2.2.1 @AYIREEX SR AR

£ 5.1 mol « LAY H,O, f14.5 mol « L 'HY
Fe'' & B 323. 15 K, x 200 H i, ¥ [ e 40/7
ml/g, 32 HIHE] 40 min @40 F L 0F 58 402 1R
Wi R Ty e AR At 2 An B 1 Ca) BTOR , TE M A
5 AR HI I S 4 i3 585 34,93 %651 80 W 1Y
ARG . SR A 56,2700 N E AR W
EE 2SS (P<<0.05), HAHEIEIN T 21. 34 %5 2448
PRI R BN 360 W B, 42 A9 R8BI R
{0 94. 49 %0 s B . AR S 38 I dE  B Th R, & 112
HH 2RI U 2 T R AR
2.2.2 i3RI 428 05

fE 5.1 mol « L '"AY H,O, 4.5 mol« LRy
Fe'" il B 323. 15 K, @ 75 P) %0 360 W, it 200
H i [t 40/7 mL/g B 20F T . 0F 98 412 R
Bl A= R A AR ARt e an B 1 (D TR & B
I HRIE H R AR KL R 15 min, 4 912 H A F
43.12% ;12 1 30 min B, 4 1R %G ) i KA
R 94, 27 % s Ak ST KR B R] L 4 AR R Gk
12 A, AN AR .
2.2.3 H,0, X4 # 5 m

Me R 200 B, W E K 40/7 mL/g,
12 HUEHE] 30 min, I8 323. 15 K, A IR K 360




. 28 o RaPAREEFR

% 38 &

W, Cpet M 4.5 mol « L VI, 75 88 75 3 Ak 251 52 i
KA &R R Cu,o, LA 1(b) TR,
Ciio, 7€ 1. 7~5.1 mol « L' [], 4 19 2 ih % b
Ch, o, BRI AN 24 Chyo, KT 5.1 mol « L™},
G R BE Cu,o, 1 KM/ 24 Cuyo, N 5. 1
mol « LB, & 1B 2B B i Kl 94. 09 %.
2.2.4 Fe' Xt 4 5 m

MR HE 200 B 6 W& L 40/7 ml/ g, 7
A E] 30 min, JEE 323, 15 K’CHz“zj‘] 5.1 mol« L'
I o 7 P R A S S I A R T R R B Gt
AL 1 Bi7R G+ 7E 1. 5~4.5 mol « L' [A],
S R BE Coor B RMHGIN; 2Y Coor KF 4.5
mol « L5, &R R Coor RN 2 Cror
4.5 mol « LA 4 IR IR B A 94, 72%.
2.2.5  WRIEHX 4 R

7E 5.1 mol « L 'Y H,O, F1 4.5 mol « L 'HY
Fe* ™ IR JE 323.15 K, 1 200 H i , 352 HiBF[E] 40 min,
MRS T S WF T 4t 238 I A R L 1 28 b i e
L(e) iR » W[ L AE 40/5 ~ 40/7 [a] , J AR 1A FR
K40 mL PRFEARASEE , 4 112 1R BE 4 R R
BRI KM YRV EERT 7 ¢
J& A W R SR B 4 B W R 1Y) J5 o Ak 5 Y KT
N BERBTRER RN 7 g I, £ 00R HR A F|
KRNI 7T1%.
2.2.6 RN 4 B 5

7E 5.1 mol « L ' H,O, Al 4.5 mol « L 'HY
Fe?" BRI R Jy 360 W, 200 H i, 5 i i ]
40 min W ZRAF T BF 9 4 12 Hh B 5 IR R 1Y AR 4k
Mg an i 1O fros, 4 E Ry 303, 15 K B, &
W rh 4 iR %k 56. 21 % s 24 IR KT 333,15 K
J& 4 B IR R AR B AR 7R IR B O 333,15 K
Ab 4 I IR B R R (E N 92. 74 %.

100

50

««««««««

(d) 3 i i [a]

Coon/(mol/ L)

() Cpe2t

Ce) [ L D B

Bl FRABERZTELZEFHLZR
2.3 FM.,UM % UFM # 4 2 R 3 bt

Sy 9R FH FM UM K UFM X % 4 B8 B 47
SRBTR, R L.EK2 XE 1 KW, FM &
UM TE & 4 B = 4 i 72 v 1 R B #AR 1 35021
1M UFM 2 4 SR 3 KT Hi P Al 0 50 U 7E ¥ 4
AR AR E T EM AL B P9 AME G 2= 5 i
E LRI, R AL Yl T DL s e A e R E L
P Sy 28 A 8500 350 AR R AL T — R I SRS
fR3E H, O, R0 77 Az 52 25 1 R 2 5 T AL 3800
Ty VPR 55 A% T RN S R RS
FTMGEY B B TR B R R R R R
F Y Fenton 7] 2377 A4 A iR R Sk 72
B [ I B - 2 il 25 AR 3800 Hh | a8 o R AR T 2 1)
FRHE [ H

XFH = AR 4 7 FM I UM LB B ]
KR R, B HE B RCR B 2% T UFM
Do I URM iR S &R &1 A &
. W UFM 5T 25 5, b 5 RS ) 258 i B 1
i, 4 iR A8 R R ORI L SO AR R
Hh— S iU S L E AR RS R
HR AR s AR AFE Ho O, & Fer™ i, 411
15 1 238 o 25t ) e R % 4 n 2 T v AR 2 I
Ry e VR BE Y S 2 A K R A P R HOR
Y F2 R [ ER ARk AN K B i B A A B RO AR LK
X 5 Firak 50 0058 25 5 — 50 100 78 W 1 Ao
v Bl R AT O E B 3G, 4 B R R e
JIEE T B g2 8k 4 B AT 1 B A8 184 o 380 — A i R A
B, 42 FEAT 1Y Lb 91 4k 252 38 I , 52 10 R R A2 L 3 T
F A AR,
2.4 BRAFNEWGZHeHE

W 3 R A S P Y 4 AT B S R
14 AR HoA = e OB VA IS 4 AT
AR R R BE T UFM A5 4 B
£ NN o (A T T 7 i G 1 I 7
(GB5085. 3-2007) , L E H U 8 4: J& As.Cr.Cu.
Ni.Pb.Zn.Cd K Ag By ¥ B2 B/ T fE FR1H
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RAERE A R SR AL SR WA X BT R o M R W R TR « 29 -

WA, 5 RN T 4 R A A b RN I 4 AT A Ik Uk T
FOASIE /DT 69.41% . Cr i/ T 96.29% ., Cu I
AT 91, 68%  Ni W > T 89. 70% . Pb W A T
89.35% Zn Wi/b T 81.61% .Cd Wi/ T 78.33% .
Ag /DT 97.59%.
%®3 % As.Cr.Cu,Ni,Pb.Zn.Cd
B AgHi2HRE

L RMAGRTR RiRaRTE (0582007

SRS S o
TR (mg/ L) I (me /L) &ﬁff‘;f{ﬂ

As 0.925 0.283 5

Cr 0. 350 0.013 15

Cu 2.981 0.248 100

Ni 0. 369 0.038 5

Pb 0.216 0.023 5

Zn 2.316 0.426 100

Cd 0. 060 0.013 1

Ag 0.290 0.007 5

2.5 BRI MRERMTKBE D EZGEKRZ A

2R P E R R EC I A R SR T R A
TR SRR 0. T 2 () B 3 (a) & B, X6 4 B
A4 B (Tailings leachate before treatment, TLBT)
IR PRI AL B, Y FLAE B 35 3 P R B B0k 1. 0 V0T,
KFEFF GP 5 GR FF IR FEAK . S IR T80k 20%
B K Rl 527 20 58 A A 5 22 85 35 2k P bk e VAR R
SIECR 0. 1 6B X /N B R i 7 AR SR BRI A
RO BN 2 10. 0 %6 B, Wk BRI /N 22 B =7 7 A= 52
A FEAL B S BB (Tailings leachate after treat-
ment, TLAT )k B & AL FE T, 24 378 5% 35 35 (R FR
SR T 1 oY KRR F GP 5 GR FF IR FEL,
MIRBUECR 25 % K FEFD 19 GP R 48.33%,
GR 2y 73. 33 %0 s MK PE R IR0 1. 006 B, FF 46
XoF /N2 W R A R AR B I & 25, 000,
X /INZE P ke A S A A .

T & 00 0, (IR 19 B 3R RSk A RN
JoT, A0 BR B8 AR Ak X HL5 A /N, TLBT ik Uk ¥
TLAT R BE78 W6 Fh Ak B L 24K B4 B0 1090~
20 %6 JE R L K RE AP T8 GP filS GR FFIR 28 12 %
I8, MR 80k 25 %0 mF, TLAT Ml 3~
(K A W1 & 1 B0 T CKLTLBT Z (], % T
INFEFD T B R, TLAT Ik 6 W Ab B0 4 1 %
BT TLBT vk ab BEAL X o] it T UFM Ab 2
Ja I & R S TE— 0 FR b B AR 6 K R B /N2
Tt 2% %4 1

3 o A ) e B A R R R AR I 2(b) (] 2(0)
5K 3(b) JH 3Ce) &, % F TLBT Uk Ak B,
AR BOR T 10 % W), K R AR K 5 258 K4

KAz SR ZUM L YR B B0 n & 5. 0% B,
XF/NAZ Gyt o Al X TLAT e i b 22, 4
HARB N 0.1% ~ 10. 0%l KRR K 54K
FCK L TLBT bk vk W w5 i ik 21 4R 4L, 24 H fA
BURBOR T 10, 0% it L KRG &l i 52 31 58 A il 5 24
WRVERARF Ry 25, 0% BF, b /N 22 4 B A AR 4 2 2R
SEA AN W AR R 22 B 5. 000 I, 2R A
HEZH 1 78. 50 %6 , 4k 252 38 I bk e Vi 1 4 FHL 43 250,
A SR B R GE AR TR 25, 0 Vo ), Xf/INEE )
B ZE K2R S A .

100F 6—a—=
90|
8of
70F  —a—CK-GP g
3
Lol —oCKGR
z —e—TLBT-GP
Q50F —°—TLBT-GR
> —*—TLAT-GP
C40Fr  ——TLAT-GR
30F
20f
10F
0 1 " 1 n 1 i A ~ A
0.0(CK)0.1 05 1.0 5.0 10.0 15.0 20.0 25.0
BT H/ %
() B2 R R

a

Root parts length/cm

B A,
05 1.0 5.0 10.0 15.0 20.0 25.0
RIS B/ %
(b K

Aerial parts length/cm
W

.0 5.0 10.
TRBL K/ %

(OZFK




. 30 - BoHAKEER

% 38 &

Biomass of root parts /mg
S -G B
[=] a1 < a1 < a1 (=)

e
U1

0
0.0(CK)0.1 05 1.0 50 10.0 150 20.0 25.0
R/ %
(D H B+

ab,
o
T [ CK-BRPs

b abede
acde

Biomass of aerial parts /mg
[
o

L0(CK)0.1

0.5 1.0 5.0 10.0 15.0 20.0 25.0

PR 43 %/ %

(o) MR 450 T 1
B2 2R MKE&RSKGEKGY A
AN A SRR R R 22 53K 1B 3 KT (P<<0. 05)

00V AR R A AR 0. 106 ~ 1. 06 B,
TLBT k¥EW 5 TLAT BEWR AL B KRG 5 /N2
AR o T CK AR, X AT fig i T UFM 4b B
Joi S BEARNT /N 22 4 1 A A B 1 1 R) B, A Ak B S
(4 B T AEY BT R0 W o0 R 2 Bk i
4 B TR A BT R /N 4 AR K A g
£ oS N VAR N 0 ) N 2R I 0 N
Eail Gy NS R L 70 TN L N o T e )|
BEVE TN U, X 5 Lia 2550 B 8F 58 T3 56 e % 7K
Tt 4y v A A A Y 5 e — B, 10 I AN () AR 0 % ik R
TR SR AR ] HL TR — 9 4 AN TR) 25 B % b R TR
118 B L AN ] 1Y)

0 A 4 e T R S R 9 7E BR B R AR
KRB B FHE A br. WG E 2(D K 2(e) 5 3
() T 3Ce) AT J0 . bk e V8 X KRG e /N2 4l i
5 0 R 13 431 W Jo B 2R S 5 AR B ZF i K
FE R0 — 2. % TLBT bk vk i Ak BE L 24 3k Uk 7 4
TR0l 25. 0%, TLBT K UE WAL 3R T K fg s F
A>T B AL AT R 6. 9% , L - EB4r T EAL Ry
XFHRALRY 2. 1% AR B N & 5. 0 01}, /N
A1 % ) 5 A I L G0 Pk A A R 4 K,
AL YR B M E 5. 0% i, N AT
Z RN G EL ST TLAT Wk B AL BE , 254 9k 6

TRBAYBOLE 0. 1% ~ 5. 0% 30 BBl 4 I, 7K 5 &) i AR
R ES T TLBT MhEm b2, 1M TLAT el
AP R K REAR K B 2K B F TLBT ki i ik
B 5 R AR B BOPE 0. 1% ~ 1. 0% S Bl Ny Bsf, I
5 X /INFZ Wy T A R AHAS TR R AR 43 B ) 4R G
W E R SRR AR R 25, 0 VoL XN L
(9 27 AR SE A Sk e AR FR Ol 25, 0 0 B
XF/INFE G T B 2R B e AR e L R
B OKBS/NED TS TES EHs T8
2 Bt 25 I A 86 R D 2 A IR TR A R K
X 7K A 1 B B

100 «©
90
80F
70
=
~ 60fF
&
O 50F
S
& a0f —=—CK-GP
~ —o—CK-GR
30F —e—TLBT-GP
20k —TLBT-GR
—*—TLAT-GP
10 ——TLAT-GR
0 L 'l o A o N
0.0(CK)0.1 0.5 1.0 5.0 10.0 15.0 20.0 25.0
ARG 8/ %
() RFH KRR
13 r ab a
12 I CK-RPsL
11 F TLBT-RPsL
10
9
£
=7
L6
()
E 5
54
23
3
< 2,
1
0
0.0(CK)0.1 05 1.0 5.0 10.0 15.0 20.0 25.0
A5 B/ %
(MWK
11F abc

—_
o

Aerial parts length/cm
(=2 ("B ST S 6 B e ) S B BN

0.0(CK)0.1 0.5 1.0 5.0 10.0 15.0 20.0 25.0
TR B %

OF S
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I CK-BAPs
-TLBT BAPs

w0 9-0f

g

b ¥

[2]

4

<

o

k3

]

-

5

12}

w0

©

g

=

m

0
0.0(CK)0.1 0.5 1.0 5.0 10.0 15.0 20.0 25.0
B B/ %

(D H FH# T E

6.0
ECK-BRPs

-TLBT BRPL

5.0

4.0

3.0

2.0

1.0

Biomass of aerial parts /mg

00.0(CK)041 05 1.0 5.0 10.0 15.0 20.0 25.0
BT B/ %

(e) M T #B4r+ &
B3 2RFMHkRNDNEEKRGH A
AN TR B R 28 3k B 3 KT (P<<0. 05)

3 #Hig

(D ABFFEE X T B B & & R b 3y 42
T — MR UFM SRANHR & 4 B o i 3 ALy ik,
H7E 5.1 mol/L B9 H,O, 1 4.5 mol/L Ay Fe*",
HEE 338, 15 K, Wt 40/7 mL/g, #B7H R N
360W I 1F T iE 1 30 min B4 3] &AL B 1 3L
KR NER 92.74%.

(2) AMF5E T HI/T-300-2007-[E 1k JF 9112
B RE R O - R 22 v Wk UFM AR BT S 1Y

A AT HEAT IRV L RV R b 4 TR vk B AN TR
HERRAE , 1L Ah . UFM ] DL S B IRE ™ T & 4 R
Al BRI B8 T AE XU

(3)UFM 4B 5 19 & B A X /K Rg M /N 22 1 &

BV A K B A A T AL BRET IR RO K R R A
S /N T /N2 40

&%k
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Effect of sodium hydrosulfide on alleviating cadmium stress in
Isatis indigotica seedlings

JIA Hong-lei, LIU Hua-xin, MA Pei-yun, WANG Xiao

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

Abstract: In this study, Isatis indigotica seedlings were used as research objects to explore
the optimal concentration of H,S to alleviate cadmium (Cd) stress in Isatis indigotica seed-
lings and the mechanism. Under the condition of Cd concentration of 5 mg « L', the optimal
concentration of H,S for Cd stress was determined,and different concentrations of Cd were
set at the optimal concentration to exploring the role of H,S in alleviating Cd stress in Isatis
indigotica seedlings. The results showed that the plant height of the Isatis indigotica seed-
lings increased by 8.47%,12.49% ,and 5. 08% ,respectively,after the addition of H,S donor
NaHS. When NaHS was added at low concentration of Cd,the chlorophyll content increased
significantly by 47.10% and 28. 12% ,while chlorophyll content decreased by 25. 85% under
5 mg* L' Cd. In addition, the addition of NaHS to the external sources increased the Cd
content in the underground part by 34.40%,34. 60% ,and 41. 76 % , respectively,and the Cd
content in the aboveground part decreased by 52. 84 % ,46. 69 % ,and 43. 23% ,respectively. In

summary ,exogenous H,S can reduce the damage of Cd to Isatis indigotica seedlings by reg-
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ulating the distribution of Cd in Isatis indigotica seedlings. Because the high concentration of

Cd causes abnormal growth of seedlings,seedlings are more sensitive to H,S. Therefore, H,S

may exhibit toxic effects instead of alleviating Cd stress.

Key words: hydrogen sulfide; Isatis indigotica; cadmium stress; chlorophyll
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AR £ X AR 5 B R R AR

Kok, XY, RER, EFE, TE

(BevERM K2 Rl 5 TR, BV Fi% 710021)

T

W OB RIS D RO R AT A AR 7 kAL B R B9 HL AR AT AR AT AT R B, R ST
i@ it 2 BG11 (BG-11 Medium for Blue Green Algae ). glu BG11 (#& #m 10 g/L # & #% %
BGID) AFEK=ZATRIRE PR EALRGZF TR T AR ERFRE Sz E A
HROYwm EREAV . EBXpHER(U~ A HMELLEFEKPERZERS, % pH
H 2 Ba‘;\t%f:ﬁwc%m, 86.01% Ar¥e Bk # A0 AR pH FH THAFTE KT ER i TAFE
BEKP Mg® A S 85K, FHAERELS pHUL~12) EH4 T A EBEZRIA 30% £ 4, &AL
TH A BGLL 85 8 KB R (72.39%) ; %) &) ¥ 69 A TRk AR # 3E = £ XK Z 49 AOMC(AL
gal Organic Matter) , A3 H T EW A LB IR AMR AL L L ERASEPEISHK
MERKIRAZARBET T2 5.

TR Az, AEEK; BEE; AOM

FESES X703 XHEFRERL: A

Effects of different ecological habitation on the auto-flocculation
of Ochromonas sp.

ZHANG Bo., LIU Shao-zhuo, ZHANG An-long, CUI Meng-yao, QI Xue-fei

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

Abstract: The high harvesting cost of microalgae cells is the bottleneck of microalgae bioener-
gy industrialization. To solve this problem,the effect of different ecological habitation on the
auto-flocculation of Ochromonas sp. was studied by comparing the auto-flocculation of
Ochromonas sp. under BG11 (BG-11 Medium for Blue Green Algae) ,glu BG11 (with 10 g/L
of BG11) and domestic wastewater. The results showed that the Ochromonas sp. flocculation
efficiency was higher in domestic wastewater in the pH range from 1 to 8,and the floccula-
tion efficiency reached 86. 01% when the pH was 2, which means Ochromonas sp. flocculated
better under low pH values in domestic wastewater. The flocculation efficiency was 30% un-
der pH from 11 to 12 in the domestic wastewater, which was lower than the one in BG11
(72.39%) and was due to the low Mg*" concentration in the domestic wastewater. The addi-
tion of glucose can accelerate the production AOM (Algal Organic Matter) of Ochromonas
sp. »which retained the flocculation process. This study provides important instructions of
the high efficient microalgal harvest in complicated wastewater environments.

Key words:Ochromonas sp. ; domestic wastewater; auto-flocculation; AOM
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55 R MCRUAS B e AR W R IR R BRI L
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NP A B A5 8 55 4 s e A= K5 R B OK
B 7 T0HE T 7R I TR R e 5 3 AR 1 [ i 552 R K
A 5 B DA R R i S BB K Ak B T
] £E 7 T2 R

5 I (R ol 20 M IR 25 3/ (2~ 30 pem) , 4
B R A LA O AN A B SRR TR AR
TE B 73 B R DT S ST B A SR Wi B B
PSS EN PN LR R € R O R
Fe ARG HLBR R TF 4 57 o 203 AR AR B s SR ik
PR 2 I e A= W RE U™ Ml Ak R B9 G B P 7, B oA
AT R .

Tl 0 i P ) SR WO T A B 0k i Bk
ATE T D UORE I RS B A B0
TR ) RERE FZ AT LA L B AT I A H A R A
AR A T s 0P e i AR R T A R
AT BB AT A s EOBOIR R EAR T 5 AR AL
T8 FH T RO 73 B A M 2 L A BREOK IR 5 1 IR I 2%
F TR S BB 3 5 4 ) DR TR R A B IR
JR A SR M7 35 A HEAR N 20 B 20OR A n] & 1 4
2

ERBEVE I H R AL B S A TR e O 22 L ]
AT 7 4% TRl B 22 B I R S B SR ) DL
Or . BRBEE 0 AR R BE R YA ) B AR B L
KA EE . AP (Fe' T AR ML R A
SRR R AR~ 35 2 TR R 9 200 i L X i
Wb R TR R 5 2 ) SRR A A R O TR AR Y 2R
ROR AH R BB AR B L RN ] RE R A A T
e ) 000 5 gy PR BR AR AR AR A2 e AR R BT
PRI, 53— ol 2 €0 1 280 ) 28 B WAL AR T 0 0 T
A= W RE IR B S J i LSS AN D S T A A B H
67 AR5 E 19 pH U L 3R T A p 2 Dok 20 1 i
A B TFUONE AT 2 A 2L BER I H VY. B 2
T8 TR AN TS T AT 22 55 50 B 15 0 T 6 8 40 i
o R M EL e e v DR ) 2 T R R
W o Bl TN O 2 e BN T R 0 R SR TR g

19]

i

BB B A O TCHE 20 MR M F 5 E =S T
AN TR 2 A 4 WSORR T 12 0 TRl e 2 R A5 () S i 1T
Xof AN 6] 5 35 P B 0t e 22 B 10 5 i B SR B R B =
JCHAE HA S 2 BRAL PR B8 5 AR 25 PR 05 1 I K A4
F O T 2 B R B 5E LT R WL HRGE . L AR
SCUARR B 3 Sy XF 42, & XF HAE BGL1 85 55 £ glu
BG11 ¥R 5L A M 10 g/L #i % 5 BG11 #5375
A K =08 R A B i R BEROCR AT L
A s DTG 2 — 25 43 BT 1l 3 A B A6 AN [R]85 R B P i
H2EE2E 5 0 AN [\ I8 B8 0 HUR B R R K IR
B RTOBE 2R EE Y 52 MR A I SR R G 4R s AL
W K 195 7K A5 Xof i 3 R WAL 1 52 i AL o) 48 1L 5 A
it o Ay ik — 20 7E R K B B e T 4R T LR Y
PN N A R

1 FEEHS

1.1 ZZXAFNE
111 EERH

BS TR » 4 B &, K R k2=l A IR A
A& AAN ol KT R k2=l A IR A
52 W L A3 BT Al R T R R AR 2E R A IR D
SACEE o3 BT 2k, KRl 2 WAk 273 R A B A
1.1.2 FEUHE

QGZ-500A % B FR K5 3248 . bU M By PB4 A
BRZAF] s OPTIMA XPN-10 %I I 48 3 85 .0 Bl , 36
[ D1 38 2 )% JR 5 3 Wl 5 Cary 5000 1% Ah-0] B-3f
ZLAN ot B, 36 A FEAE A F] s PHS-25 55X
B pH I, B ERHU SR B A BRA .
1.2 EESER

ST 53 25 8 B VE B 4 R 22 A Bl 1, 28 165
rDNA J7 5153 #7 X %5 8 Ho AR i J& Ochromonas
sp. (genebank #rk% MN028256).
1.3 A FEK

JE K W T BV B 4 K S A T K AR B K
R AKK R 1 Fia) i 3 2206 i BB 25
e ORI it A W RV URE L R AKOKE I K
R A% 5 F T 0 1 55

x1 EEFEKEEKRIER

COD TN TP Mg+
/(mg/L) /(mg/L) /(mg/L) /(mg/1)
520.19 24. 33 6.81 0. 36

1.4 REBFRRYP ML IER
B b F A KR E W A i s e e f TR N
0.013 g/L 4> W4 F F 24 100 mL BG11 ¥ 3
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FET glu BG11(H AN 10 g/ L # &4 H) BG11 B33
B K 2 WAL B A TE R KA 250 mL = A PR
RS R 3%, PR R 150 r/min. Y6 K i [A) b
14 ¢ 10, i BE 5O IR FE 4 5 ik o 28 °C I
3 500 lux.
1.5 FRREMEZRKZPEmE G RELENL
i 1 mol /L HNO, 8 NaOH % & 43 5l K¢
W pH M E1.0~12.0 HFE437E% . B 10 mL %
HEFFWRET 20 mLiREF MU 10 min J5
TEMRTEF 2 cm b IRCRE , £ 28 40 43 0606 BE 11
FEARTE 540 nm Kb AW BE JF 1 H 5 L L BE AR, 7T
AR O T

EX I ESCIIES (1 _ ODgx

ODyys
1.6 Mg®' xbA & Bk P 8 R0 Yh

WU K PR e 55 R BT 20 mL XA
B 1 mol/L NaOH ¥ 04 30K 8 Wi pH 18 %%
H11.0,12. 0 J5 M A MgCl, ¥ W&, 1 15 % i
Mg &858 10 mg/L.15 mg/1..20 mg/L..25
mg/ L, I 5E & 55 55 Wb GONE A0 B 2R SRR
1.7 RREFRFBEHE AOM =0 %k

U B O R S B T 50 mL B pH 2y
MV A 2.0.8.0.11. 0 J5 H] Whatman No. 1 3§ &
AT UE R ET .1 000 r/min B0 10 min; B I
T IMA SRR TN, E 4 C 4 F IR FF 48 h
J& 10 000 r/min #5.0> 10 min, ff£ B IO % T 24 h
HifS AOM Jffrk i H &,

)XlOO (D

2 #ZREITiE

2.1 AE¥EERREIRIRB PO A Kk F LR
K1 5 T B3 (Ochromonas sp. ) T8 = Fh
BRI A KRG, B 1 AT, AT glu
BG11 555 A K BUOR B M AE R FP 2R 5 RifEA
BRI A R A0 0,252 g/Ld, B R R
WAEYETE AR 1.5 g/L RLE. 30 %0 X o 2R
KA W MR A K ERY S BG11 i
10 5. BG11 g B i A K iRz, AR i 7
90.026 g/Ld, ¥ FERWI T E N 0. 514 g/ L 7 HH
BAEAFEE KT AERKEREE, YRR
0.017 g/Ld, ¥R AR MIAYE TE N 0. 379 g/L.
AT glu BG11, A% HE e 2R 1% K b 5 BG11
A KRR T, TC W R B A K L AR AR T R K
55 BG11 Az 3 0 A2 W it 7= S 8y 42 30 L U

HE T R K % 97 D T T I AR 3R A 1 [R] I B

JB 7K 1 B IR A R
1.8
° —=—BG11
1.5k /. ® ¢lu BG11
/ —A— LT K

o ]2 J"f
i hd
& /
0.9
# ¢
w2 0.6 / n

0.3f P e

e k.f/_.‘l~A/"
:;:,_—‘;ﬁ/
0.0 1 1 1 1 1 1 1 1
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Hrgrwla/d

A1l #EEEFRBRAEPHEKBE

2.2 MRHMEAERFRERIRITT 9B FE L7

P i AR AN )8 SR B b i B BRI
2 i, K pH R TIERMEERE . AR K
pH Bl (1~ 8) A 25 306 B /K v A Bl i 22 35 R00%
Hei . pH Oh 2 I R BEROR K B B K (86. 01 %)
2550 BG11 &R 1. 85 fi5. glu BG11 1Ry
3.16 4%, LR S AR, A7 M 0 5E & 7K pH 4%
P B AETE KR EE. M AE = pH(11~12) 55 1F
T AEHESEE BG11 B S BERCR R . pH O 12
BT IR 72. 39 %, SR AE AR TG K AR HE e 1) 3 28
BERCRAL N 31.83%. m pH i I A K M2 EEH
SE R Mg™ " i AR B A TE HL I E P 1Y H R A
VR AR ¥ 38 78 = pH 2500 T 1 A2 1 & K
ZUE R AR 0 B R AT B A R K Mgt
D REHEEEAE glu BG11 Hh i 22 B R0OR fe (K B IR 24
IR T 30 %0, 4 25 A 04 S okt B e 1) B FE A
2 A E .

100

—a—EiE R K

—e—BGT11
sol- /\ —aglu BG11

EHACE/ %

1 1 1 1 1 1 1 1 1 1 1 1
01 2 3 4 5 6 7 8 9 10 11 12
pH

B2 HBREELARERAREPHALRELE
2.3 AFBREAKRMFHREARENY A

2.3.1 POKEBM R h RS A R EERR
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FR A B B 200 M (E (R RO R BEROR K BGLL h i
F LTt pH 2 B A R EERCE B 46, 400 T &
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P B SR B0 S5 I TR R R K v I A
M (DR Z) H AR AT R KT BET
R, MU T HEWT AR A T BG11 B3 AR R, £ 42 0%
TR TR AR ) e B % 0 v A7 AE T AR A s P &
BERIY T X ST R IR FE AR pHL AR
2SI E TR AN RIS A KR
PR AR B ¥ 75 pH B B IR £ A, £ 980 /0 B 42 52 BT 5
T BB T35 A L 1 3 AR S M AT S S0 4 M 22
HE0 PR T K IR B B GE A A M AR AR pH A1
TR R EE AT BE Y SRR Ol 5 2% AR R K IR
FEAE X Ao Bl 2R A W R 1 ) o

WA 3Ch) Frs, Fem pH(11~12) &4 . fff
FH PR K b ol 855 35 90 8 00 J5 1 38 W & BG11
R O AN CE R ZR) L B M 10 1 R BRI AR
BG11 H @ 3 TR, pH A 12 B H 2B FE i
72.39Y0FEZE 37.67%. MAEAHE 4 pH 450 F . ff
FH BGL1 th e 55 32 Wy B0 Ja 19 b 3E B Bk K b
F1R) I 95 200 FRLERE (D AR 2R o e i 98 1 28 B 0 R M 5
AENE K 3 Tt TR R pH SR AT A e A
A E KT A R EERCR Ay 30 % A A AR T
HAE BG11 Ry R EERCE (702 £ 4. Vandamme
SEUIBIE 5 & BB 0t s B SR S pH RE 51 E
Mg®" FE 5 37 3k oK fift 2 i Mg COHD, T E » Ho AL
P 2 B 3 A 9 R R A 4 S O A L A
DN 0 e 76 50 pH 25 1 T A 2B 05 I K 2R RO
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100
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EHAUE/ %
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(b) 5 pH A PFTF A7 W10 4 TR R o A%
B3 FRE@mBERKZT B ERMEZF (A,
BG11 #4 R P AR#e 3 33 500k C R R R 3 7 A7 it
EEREGDAEA BGL P ER A BB L
FEEERPHOAER S E AR B K P B IERE
F B BN AR ESE BGL P ésrdEmib)
2.3.2  Mg"" WA E K AR I H 2R BE Y 52 R

AW R AKOK LR AR AN 2% 1 . i AR K
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IR
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TR TP s in Mg® ™ X £ B 35 1) 2R B8 A7 35 110 2
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(pH 2 2.8 11 B AT F.G AR R it B B
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The immunoregulatory activity of Lycium barbarum polysaccharides
and their sulfated products

SUN Yu-jiao, GAO Run-ning, CUI Xiang-yi, ZHANG Nan

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

na)

Abstract: In order to investigate the immunoregulatory activity of Lycium barbarum polysac-
charides and their sulfated products, non-selective sulfated modification was used to prepare
sulfated Lycium barbarum polysaccharide LbGpl and LbGp4, respectively, and then the
physicochemical properties and immunoregulatory activity of Lycium barbarbarum polysac-
charides and their sulfated products were well evaluated. The results showed that sulfation
modification can significantly enhance the immunoregulatory activity of Lycium barbarum
polysaccharides,and the immunoregulatory effect of sulfated LbGp4 showed significant in-
crease. The results provide a scientific basis for further study on the molecular mechanism of
immune enhancement of sulfated Lycium barbarum polysaccharides, and lay a theoretical
foundation for deep study on the structure-activity relationships of sulfated Lycium barbarum
polysaccharides.

Key words: Lycium barbarum polysaccharides; sulfated modification; immunoregulatory ac-

tivity
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PB4 AAC 2 Bl SRR R A 7™ Y e 3 181 9 1 < 45 -

0 3l

ZWT I AETHRA 2 —REEMEYE
BoarF. efNE5 T4 4K ik LR
LIl = LR R I S B A T (RS B TR I N
G REE 1T 0 T R 2 W e B AR S T 20 T s
DI RE B & ¥4 AT B 5 8] 2 52 i 22 8 & R P Mo LBt
B PUAAL S AL S e, ZHEVE N BT,
VE 22 25 6 W R W o B ) G 0 M ARy AN AR
PG BV AN A L T/B ik B4 AR NK 40 i 45 s
S 0, 08 T 200 L A R A 0 DR B AR A
I BE TG AMAS 2R G5, 1 5 21 A0 i e E T RE DY
H 22 18 00 G 5 5 05 P Al 1E b AR AR T
B AIE FH S 52 00 JE 5 20 6. DRI Ok, 22 08 1) S g8 R T
TG T IR T AT R 248

WA, 220 0 Ak 2 4y S 0 LR R 1k
sz 2 7B BB AR U TAEE )T
12 R, B R A 1B 1 A ok b A O R TE 2 WAy T4
P e g | A R L 14T, DA T T 22 MR % v B 43 1Y)
2 Al A A AR AE LU R SR 2 W, TR A A A
LW EA TN AL A T S B gE K
B, ER 53 220l 28 2ok ik R A A M O L B g R TS 9 A
4R, 2B AR A A R HALIRR O 4 R I I A i
B L B i e A e L 43 0 S i T Ak, 20
i R A 5 . AR 0 P R, AT DU AR
Z2 W R 25 ok LT 5 iy HL A R 3 X

BT 7 A 2 L BB i ( Aragalactan) 119 50 558 98 15 3%
PEC AR B Z A AT, W 58 K 30, AR AC v 4 B 2
WEE AL g Bl i AF 2 2L R A, M (Lycium bara-
rum L.O)JEFRE —F 25 W P 5, A+ 454
TR H R DI85, B ] 22 HIR AR 38 48 25 75 1 #b
wn > WIRHEAT B b B OR (a2 ah JF & 0 B R O
Aok, B 2 B2 F 5Tk A AT LA BH 1 £ 92 0
AR T Hovh 220 S A AT A 44 e g I T I P ) B B
PSR PRI AR F 5 00 LA AR AT 22 0 Ol 5 A 4y
+ . 38 3 X A AT 22 0 T AT B R Ak A, I 5T B R Ak
A6 417 XoF 22 A0 5 VR 4T 3 PR S L AR AT SR R T R A
B T4y F K BB AR TR R Ak 22 W fo 9% I8 1
T PR AR FIBLR o 288 09 B G P 0 18 A1 ) B R
A AE A 4 AR S AR I . A L i o B R A AB i L T
RIFAR AL 22 05 19 S 22 8 5 DI g A Bl T4 96 3L
TE Dy et i J T I R RN .

i

1 MBERE

1.1 FEHA XA AR
1.1.1 2B R

iR i AR N i R R T REZSR v Wi V77 I al ]
HTEAH TN,

1.1.2 S5kl

AR WE AR HE R X 43 B8 43 3R 512,25,
50,80 F1 150 kDa) | i PR Ak 12l 57 — 40 Ak Bl -t i &2
HW(SO; « Py), —H K (DMSO) \MTT (1Y
R A Z B8 (LPS) I T 2 [# Sigma-Aldrich
/N F) s DEAE-52 45 4 3 BURHE T b 48 {5 b 3k
FA R A A 5 Sephadex G-100 #¢ Jiit tH ) 1 T Fii #L
Pharmacia A R\ 5 ; RAW 264. 7 40 jg k& Wy T
R 2 B L v 20 B P22 5 G 4 10039 (FBS) \DMEM %
FRHL BERS R ERR CP ROk B R X A AR
fig Al Triton X-100 W F g4 T AW TRBMGAH
RS 7] s NO W 35 & 1 38 = KA 8 AR BE5E
JT31L-18 Fl TNF-a ELISA i 7 & W F 2 3k A
B A BR 2 Al s RNA il #2318 F) Trizol. Prime-
ScriptTM RT il SYBR-Green PCR i 7| & ) T
Takara 23 @) s H AR 7 A8 2 1 7= 40 #r &6
1.1.3  SLRUAR

T6 Bt 20 YR A= WG 43 66 B i, Jb a3
Hr i A g8 A BR 2> W s BS TOOA % [ 3h 38 43 W 46
A, FHEPVPE T AER )  EQUINOX-55 #27 4h
AL . 5 E Bruker A A ; Waters 2695 #4755 % AH
%L, E E Waters 24 #2414 /R Z PRI 45
{035k TSK-gel G4000SW,7.5 mm X 30.0 cm,
H 7 Tosoh 2\ 7] ; Multiskan Ascent B#r{Y , 3€ H
Thermo 2 7] ; CEFX Connect Real-Time PCR {¥,
2% [# Bio-Rad 2\ A].
1.2 %%Fk
1.2.1 HfCH 205 LBP my 42

FFC A Z 0 LBP B £ BRI 2 125 204k SR F i i
BT 17 BB 100 g MRS TR B ML AE 400
mL P ZER K P e IRAE 2 h 5 R ROk 46
FARBR 50 mL. SR BT FEE G PR, & 4R UK.
RIGINA 4 RHRFREY 95 % (v/w) S8 i s T
4 CHEET. B ERT 4 CEO,ILESTE T
50 mL BYZEMEK . R Sevag Bk (&) + 1IE T %
=4: 1,v/VBREFEEA.EEZ 6~7 K. FHHR
HORNTE B 5 I R UTIE R 1k 5o S o I 775 9 % 7K
BT WA R T A B M AL AL 2 0 LBP.
1.2.2 HIF2 28 LbGpl 1 LbGp4 194 55 4lifk

K H DEAE-52 #4 55 i 14 (HCO3- form) ) ¥
B2 (5.0 cm X 50 cm) X5 3 (1 # A HL £
FEA . B 1 ¢ LBP T 10 mL 2818 K H , 5.0
BB A A KA 500 mL (1 28 18 7K, 0. 05
mol/L.0. 10 mol/L.0. 25 mol/L #1 0. 5 mol/L
NaHCO, 5, e i E 1. 0 mL/min. [F] B
B 3h S VeI . 5545 8 min. WAESE T L 42 4h-
AL 43 T B A A A 1 W (280 nm) FBE T
(490 nm ., ZE BB ER ) . AR 25 1 FIOBE Y Ol i i
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% 38 &

1B 22 1) v o oty 2k, 4 [R) — €00 35 6 ) 5% B W 65 O
Jo BT WA VR T B BB S A A S, —
LA 8 T H A4 55, 43 1A Lbpl., Lbp2., Lbp3,
Lbp4 1 Lbp5.

¥ Lbpl 1 Lbp4 A Sephadex G-100 ¥t & #
(2.0 cm X 100 em) # — 2 4lifb, Bt 80 mg Lbpl
A1 Lbpd A, 0.1 mol/L NaCl & w2 I, i
R 0.5 mL/min. B Pk A it e b (9 3 240 S0 AR
R BN WA VR T, 15 8] LbGpl A1 LbGp4.
1.2.3 BB R E

SIBE S I R R BB R L. DL Ara
S bm e 2 b v il 2L B Ara BC R BCHR BE R 0. 2
mg/mL FRAER . 0 F I 0. 1 mL.0. 2 mL,
0.3 mL.0.4 mL.0.5 mL.0.6 mL.0.7 mL.0.8
mL.0.9 mL 1 1.0 mL T, B8 HEMWK
AE] 2.0 mL AR IA 50 pl 1 80 % (w/v) 7K B
VWM 2.5 mL MRELIR. ¥E21 5 . 76 = il T CE
20 min,F 490 nm AL E SR WE. 2 mL (7518
IRAE Ry 28 U R, R R 3 bk i AR, AT =
13 3R HE 25 TR B RO B B T AL K AT B 0 45 2R
AR B v il 2, B A BR o B o BB BT L AR AR
S S4T30 26 Pk [ 05 R

FE i 0 BB & D E % LbGpl A LbGpd B
il BV BE A 2 mg/mL BV TR, WA R T TR
0.1 mL, ¥ LA b 4548 7 0k I e WG O'e BE A AR 44 [l
VA5 R TT 0345 A B i 1 BB B i
12,4 B BEME BRI fh A& 1

A HIFREL 20 mg.40 mg Ml 80 mg — & f-=
AALRL A 25 mL — H 5 BERE F1 300 mg #AL
ZME, T 50 CHEFER N 12 h KV 5 5 . 5
mol/L NaOH " Fl 5 W ¥, In A =5 95% &
Pt B RS B R DLEY, TR T
i ZEAR K, A 7 TN 300 Da B HT 485
Wr. % T, fir 4 4 LbGpl-SL. LbGpl-SM 1 Lb-
Gpl-SH Ll } LbGp4-SL, LbGp4-SM F1 LbGp4-
SH.
1.2.5 BV RAW 264, 7 #5357

RAW 264. 7 L&A 100 Wbt (5 & = M
BERFO A 10 % R 4 13 1) DMEM $5 57 W 85 7%,
CE T A AR TR IR BT SR AR N R AR B R R R
37 °C.5% CO, , FaRAEAR.
1.2.6  Z0MeIE J1 A

WA o 50 K S0 200 i, ) 2 A R R B A 5 X
10" cell/mL. $ R0 T 96 FLEFFEMR  BEFL 100 21,37 °C,
5% CO, Kig% 24 ho in A [R) He BE it 12 Ak A A 22 4
(25.50,100,150,200 pg/ml)150 pL, LA$E 55 W AE
X AR, 25 hb HE 24 h, A 100 pL i MTT %% (5
mg/ml),37 ‘C.5% CO, . 4k2:15 374 h. 3¢ 7% . &

LA 100 pL B DMSO, IR ZE &% 10 min. J i
FRALTF 490 nm A0 0 4% FL A IO
1.2.7 20 W BE ) A A

SR FH A W v M 0 S 50 A T ) AL 22 B X RAW
264. 7 41 i A W AR 1 00 52 L iC S 6 BAE K 4
0, % % 0 it e Bl 5 < 10" cell/mL, 4280 T 96 fL
B MR, B AL 100 w1, 37 °C 5% CO, #5355 24 h.
AN ) e B ik 2 Ak A0 A 22 48 (25.50,100, 150,200
pg/ml)150 pl, H LA 150 pL g Z 8 (LPS, 1 ug/
m L) FRE 35 W80 43 0V S BH 1 X BR ORI 28 1 % L B 5%
24 h 5. SR IR BALIMA 0. 1% k20 4
PHER K B W 100 pL, 4 22 85 3% 4 h, B AL A
150 L1 40 M 2200 0 . 37 C ' 1 h IR 4) ., 10
FEARAL T 540 nm A0 45 FL A IO BE
1.2.8 NO &t i £

WAL %o 5 A K 1 24 L 08 2 40 i YR VAR R 5 X
10" cell/mL. 38T 96 FLEGFEAR BEFL 100 01,37 °C |
5% CO, $55% 24 h AR [F] e BE 4 R b A0 AL 22 b
(25.50,100,150,200 zg/mL) 150 pl, FHLL 150 pl
LPS(1 geg/ ml) A T2 43 AR S B VX B2 3
X R L ARSERE IR 24 hJE L HEAT RSN SR A NO il
FlG AR NO & &, R T 492 nm Zb I &L 1Y)
WG
1.2.9 PR MWL B S 1 A0 R D

WA X A K S0 4 30 2 4 e T Ry 5 <
10" cell/mL. #F1F 96 FLEFFEM  BEFL 100 21..37 C |
5% CO, 5 5% 24 h. A [ v B2 Bt 2 Ak 4 A 2 b
(25.50,100,150,200 pg/ml.)150 g, F:-LA 150 pl. LPS
(1 peg/ L) FSHEFEW 3 HIAE g B X BRI 28 1 0] R
GZHE R 24 h R AL 25 pl 19 1% Triton X-
100 F1 150 gL A5 IR AT fiF FE R B (1 mg/ ml) 4k 22 3%
31 h ROVESHRIE A 50 4L #Y 3 mol/L NaOH #
FFRI. FHESFRAL T 405 nm AT 4-FL B WG REDS
1.2.10 4 PR 7 43 0 2 1) A6

AT A % 280 A U 20 L ) A 4 Sk R VAR B Ry 5 X
10" cell/mL, 0 F 96 FLEFFEHR . BEFL 100 pL,37 °C,
5% CO, K537 24 h. I AAS R e B2 2 Ak A A 22
(25.50,100,150,200 pg/mL)150 pL, HLL 150 pl
LPS(1 pg/mL) Fl 35 35 W 43 B AR Jhy BH A %o BEORD 25
FIXF AR Ak 2k 5% 24 h Je AT RN, SR A ELISA
VARG I 40 B 7 TNF-o A1 IL-18 43 WK -
1.2.11  ZHM A7 mRNA ik & A4

K qRT-PCR J5 ¥ K il £t 8 Ak 40 AC 22 % X
RAW 264. 7 21 g PR~ J& DX 3R 38 19 5% . 80 4 X %k
AR A0 L R R A0 B MR Ol 5 < 100 cell/
mL, M T 6 fLEF S, AL 2 mL,37 C.5%
CO. 5 5% 24 h. fin A [A] ¥ B2 ol R 1k A0 AL 2 0%
(25.50,100,150,200 pg/ml.)150 ul.. B FR Ak £ B
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AEFE 24 h 5, A 0.6 mL 8 Trizol 7, 2R )5 M
RO I WCHT B 2 24 b TG W S DT TE , 32 B4
M H Y RNAL K $2 50 B RNA #1774 B 26
J& » 4T qRT-PCR 43 H7 45 J 280 A [l 7 TNF-a Al
IL-18 mRNA 1)k KFH.

qRT-PCR ¥ #4514 . 94 “C WA M 30 ;94 °C
5 5,60 Cal ok KIEAH 34 s, gt 40 SE .
SIFFIINEE 1 iR,

R 151MF5
Name Sequence

IL-18 F CCTGTGTCTTTCCCGTGGAC
IL-18 R CATCTCGGAGCCTGTAGTGC
TNF-« F CCAGACCCTCACACTCACAAAC
TNF-a R GTAGACAAGGTACAACCCATCG
Bractin F CGGTGAAGGCGACAGCAGTTGGT
Pactin R AGGAGTGGGGGTGGCTTTTGGGA

2 #FRE5ITE

2.1 A % ¥R L BB AL = A 6 ALK TR 54T
2.1.1 E¥EEEL

Wk 2 i, BRI E M S, Al 2 B LbGpl
A LbGp4 mHE & i 2 35 N K JF H Bl A 6 02 1k 72
JE B B W B LB 2 B AR
xk2 MESHEERERBRUFTONERSE(%)

LUkEZ SR A T BR 1k 7= ) SR
LbGpl-SL 76.0+1. 8

LbGpl 86.0+1.7 LbGpl-SM 73.94+1.9
LbGpl-SH 71.5+1.6

LbGpd-SL 78.0+1.7

LbGp4 82.1+1.7 LbGp4-SM 69.1+1.7
LbGp4-SH 67.7+2.0

2.1.2 WREREEMA S &0

PL K, SO, S Fnifi, il B hr v h 2. 15 A8 5 hy
i i 3 P 1 5 i (mg) AR A S HEAE 360 nm A 1Y
WG ACA=A, —A,) . LS B 1 £ 1 a1 05 5
el y=3.239 3x+0.000 3,R,=0.996 5, [tk
3% LbGpl-SL., LbGpl-SM #1 LbGpl-SH Lk &
LbGp4-SL.LbGp4-SM F1 LbGp4-SH 1 g & &
R 3 ). JF B WA R AL R B A 4R L

iR B it e =z 3 .
*3 MIESEMBLEFYNTRBRESE (%)
i 2 1k 7 ) T B2 ik 5
LbGpl-SL 13.742.0
LbGpl-SM 21.1+2.1
LbGpl-SH 27.442.0
LbGpd-SL 17.0+1.8
LbGpd-SM 27.0+2. 1
LbGp4-SH 27.341.9

2.1.3 MM T B o i
Nk 4 PN BRI B S M AL 288 LbGpl
H1 LbGp4 BYAR R 43 ot 2 2 34 . 5 EL, B & B
T A B 1 82 R 5 AR 43 Jo i 0 B 22 38
x4 HMIEZHERERBLTYH

B3t 49 FRE (kDa)
Lk 2 MXForF R R XS TR
LbGpl-SL 59.9
LbGpl 51.2 LbGpl-SM 66. 3
LbGpl-SH 70. 8
LbGp4-SL 61.2
LbGp4 50. 4 LbGp4-SM 70. 3
LbGp4-SH 79.9

2.1.4 FT-IR 3% &4 H7

B R AL MU AT Z2 B IO 20 A8 685 an I 1 firs. ol
TR LA A L TR 228 B IR 1k M AT 22 A
TE 3 600~3 200 cm 'V B G I AT IR AR, 3 5 S
T 2 20t B R AL B 1 I L B R R BUR T R SR
PEE L 28 O— H i 45 Bk ol 6 WIS AR IF
H B R A AT 22 0 BT A BT G R AE 0. 7
1229 cm "4 S=0 B4R 3N, #E 808 cm !
W C— O — S Byl 4 3= 30 1, 3 U BH 4 A 2 6
LbGpl fl LbGp4 #5E k 4 T iR fk.

N~

/NA\//V ﬂ\ / ﬁ“\ /ﬂ/]““’"
/ \ ‘\(
N\ ‘J
4004 3232 2461 1689 918 4004 3232 2461 1689 918
() LbGpl-O (b)LbGpl-SL
Y
S \‘vﬂ\ /ﬁ\u / \\/\ w f\/
/\/ /
4000 3232 2461 1689 918 4004 3232 2461 1689 918

(c)LbGpl-SM (d)LbGpl-SH

/\ //_W \\w\‘ (ﬂ/

|
|

4,004 3232 2,461 1,689 918

4004 3232 2461 1689 918

(e) LbGp4-O (DLbGp4-SL

(g) LbGp4-SM (h) LbGp4-SH
B1 #iedEG.emmiiiii %
(b.c.d.f.g.h)# FT-IR

2.2 FRBRAMAT SR RAW 264. 7 tm L& h 84

T 2 Fr7i o AN [R) i BE 1) M A 22 5 0 1R 1 A
FEZHE(25.50,100,150,200 pg/mL) ¥ i 3
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% 38 &

B RAW 264. 7 4B (0 38 58, AH L T MO AC 208, Bt
PR Ak M 22 W 04 02 20 4 S B 8 L 9% EL e R Ak 1&
X LbGpl )5 34 5 4/ F # T LbGp4

WWpr—————————————

10050 25 20015010050 25 200150100350 25 20015010050 25
LbGp1-SL LbGp1-SM  LbGp1-SH

3
400,
300

Cell viability

0

¥
&3 LbGp4

B2 #MiesHEA) BRI S4B 5 RAW
264.7 IR E N FH R p<l0.001," " p<
0.01F=" p<<C0.05 A F = &)
2.3 FRBRALH AT % 4B RAW 264, 7 0 L5 rE o)
RO

IV 200 it 7 A P 3 o 7 A ) e 4 By R Y
TIIAg . 80 B 20 it 32 3] 00 58 9 9 25 0 BB
A W Ty RE 2 14 a8, DR s 4 MG 1 A v ) g
AT AVEA 25 9 00 G 2 0 PR AN T R B G M AT &2
W FIRR 2 A A A 2 AL PR A0 I 24 h )5, R Pk
L E RAW 264, 7 4B B9 4 W 15 % . R PF- 41 #
2 22 0 FIVRR R Ak A0 A 22 B X RAW 264, 7 4fi il 7%
WE D RE B RZ . AL 3 BT, AN TRV BE B A AT £ B
Fe R AL v AT 22 08 3 0] DL & RAW 264, 7 41 fifg
W PR LD 0 B8 T, I BB A 2 05 vk BE 0 8,
RAW 264. 7 40 il 1 7 W5 fig J7 Bl =2 38 . 16 4h
LbGpl-SH A1 LbGp4-SH #b Bl 5, RAW 264. 7 4f
Jf F) 7 W R ) B R RIS LbGpl-SH > LbGpl-
SM > LbGpl-SL > LbGpl; LbGp4-SH > Lb-
Gp4-SM > LbGp4-SL > LbGp4. Ui I B 2 £ A
SR B R TR RAW 264, 7 48 i i 7 W
AE 1.

& 20015010050 25 20015010050 25 20015010050 25 20015010050 25

LbGp4-SL, LbGp4-SM  LbGp4-SH

g
=)

; _
< (=]
i

QO" 20015010050 25 20015010050 25 20015010050 25 20015010030 25
< LbCp1 LbGp1-SL LbCp1-SM LbGp1-5H

@

Phagocytosis index
4,

B
=

1.0
0.0 8’: & 20015010050 25 20015010030 25 20015010050 25 20013010050 25
& & LbGp4 LbGp4-SL LbGp4-SM  LbGp4-SH

B3 MHiLHEA FRBALHT S HE(B) 5
RAW 264. 7 A e Hm (" p<<
0.001." " p<<0.01 Fo* p<<0.05 LT = G 4)

2.4 BEBRAHAE S RAW 264, 7 436 NO #

AL

NO J&—FEEWNAEYAE S 50T VRN
S5 2 Mg #ad R WE AR B, B AN A O R
NO ZHEBUIIE PO L PE HE Ik T A0 i G g S
BPEDIRE  NO 437K B R P 0 B W3 40 i 3% £k 19
EEFEAR. NO FER N AT E 40 B 5 Wb I 2= AR
PG AL S WA R EE. S5 R FH Griess 350U 22 40
JieL 8% 3% b 3 R H A R A R R 41 43 W NO
K B 4 AT, 25 T B RAW 264, 7 41 il 43
Wb R NO, FHPMEXT IR LPS 7T PL B 3 % NO
PR A 5 e AN [ e B A A AT 22 5 A A R Ak A
LML HL 24 h J5 . NO 43 WK SF B3 R L T
H B ER AL M AL 22 B 40 B4 19 NO 43 Wb 7K - 58 T
L BEAFE 4, Hoh, LbGpd-SH (42 3 7K 5 7] LA
LPS (4 JEVE I AE I8 26, Bk A, LbGpd K Hi B iR 1k
FEYI AL FRAL R NO 43 i K F£ Bk LbGpa-SH >
LbGp4-SM>> LbGp4-SL > LbGp4 , Uit B & /2 1k 1&
T B B A R A HEA AT 24 LbGp4 HIl340 I N NO
B = A I FLBR IR 3 A & 2 4 . NO [ 7= 4 il
il = 3 .

40.0rx

u
w
=
o)
§

20.0f
10.0f

=
=3

§ Qfo 20015010050 25 20015010050 25 20015010050 25 20015010050 25

N, LbGpl LbGpl-5L LbGpl-SM  LbGpl-SH

m&/a

40.0
00 B .. s

20.0F
10.0F &

Concentration of NO production/pM

=
=3

¥ & 20015010050 25 20015010050 25 20015010050 25 20015010050 25

& LbGp4 LbGp4-SL LbGp4-SM  LbGp4-SH

B4 HMisHENFPRBALKIE 4 (B)
RAW 264. 7 m e 4t NO 8 % (" p<<
0.001.,"" p<C0.01 F= p<<0.05 T EH4)
2.5 BBRAHA % BT RAW 264, 7 20 fo B4 14
BR B 7E 71 09 % @

i A T T i 5 s A4 R 1) s A L A7 T
2 1) V5 Bl A v L TR R R R S MR s I R T R
M0 200 S S8 3G A R YL B L 5 T DL, BH PR X R
LPS /] DL &b 25 45 = B2 1 % R Wl 19 3% 07 5 XT L Lb-
Gpl &R 9, LbGpl-SH 1 T &% A
MR R & B L FE 50~200 pg/mL W EZ
() 34 2% B0 A v ) R P W R TS 75 T LbGpd 1)
TR k7= % LbGp4-SH., LbGp4-SM il LbGp4-SL
X RAW 264, 7 4 Ji 1R 4 B 2 1 3% 7 04 5% Wil 5
B ESNRET LW LbGpd-SH > LbGp4-
SM>LbGp4-SL>1LbGp4 , i B i B2 1L 1 1 56 fig
R Fy AR FE M A 2285 LbGpd X i 7 8 1 W 18 il
5 B AR . O L 0 00 R 1 5l R T
73 Wit L R R A ) B i 2 5 L R e LbGpd-
SH 11 TR 1 ol 12 il % ) S5
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e 49

0.0 8: & 20015010050 25 20015010050 25 20015010050 25 20015010050 25
& § LbGpl LbGpl-SL  LbGpl-SM  LbGpl-SH

& 20015010050 25 20015010050 25 20015010050 25 200 15010050 25

S LbCpa
B 5 #te (A FRREBRILHI S 4E(B) 5T RAW
2607 MR MBEREEFT AWM H A p<]
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REESERINIZAUREESMEN
3t 2 A T A K B R

AT, AIE,EFT.HR TN BB %, B kT
(BeVi Rl K2 i S5AEY TR, BV 1% 710021)

W B NEESERRIEZETEAL, SRR SR ADFRRTHR. £ZIRE R
90 min,# & B8] 30 min 2 FHFE 180 W A& 1 : 30 9 & T R XS BRRERZTA
3.69%. HRF S ABIKINELB R AW ,0.6 mg/mL #9K % S 4R R EER A A 0.68,% « OH
HR A 23.76%;0.3 mg/mL ¥k % SR & DPPH A b A FRE A 70.03%. K% %
Mt H A BRI AR RN B A ENHaER. 2 mg/mL f2 4 mg/mL F 5 S48 4N RE
Fogk s F AN AR LA B ZAWHAER(P<0.05);5 mg/mL 9K % %48 2 H 12 35t 4
FRAFRAFILBRIKRAGERP<0.05). AARXRKBREFZ S B RERR I L BTKREXS
BRI RENEFRR LS RZERA ARG, TR MEERR BT SETAEET TEAA.
KEREEFZ S, RRIZEMAA; mp@; WAMK; S4AWREK

RESES: TS201.4 Mk tRERD: A

Optimization of extraction process of polysaccharides from Fu Brick tea

and its antioxidation in vitro and effect on growth of probiotics

WANG Meng-wen, LIU Wen-ting, REN Xue-ning, ZHENG Xue,
HU Song. YANG Miao, XIA Fei”

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

na. )

Abstract: In this study,the extraction process of Fuzhuan tea polysaccharide was optimized by
response surface methodology, and the biological activity of Fu Brick tea polysaccharide in
vitro was studied. When the extraction time was 90 min,the ultrasonic time was 30 min,and
the ultrasonic power was 180 W and the solid-liquid ratio was 1 ¢ 30,and the highest extrac-
tion rate of Fu Brick tea polysaccharide was 3. 69%. The total reducing power of Fu Brick tea
polysaccharide solution of 0.6 mg/mL is 0. 68,and the removal rate of OH is 23.76%. The

DPPH radical scavenging rate of Fu Brick tea polysaccharide solution of 0. 3 mg/mlL was

*

5 B #:2019-09-22

ESWMB HRARRAIEAE T H (31801513) 5 BEVTA FHE T A SAFF 2 5L 4 T H (2018]M3003) 5 BEVE 25 1 7 ik 3 #4311 R 35 B
(2018TD-019) ; B PG R} 2B R 2 £ QT BN I 2R3 40 35 H (2018026)

EEB N ESEA995—) &, BeFail pg A, FE BB 50 AL B 98 1) . Hh 242
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70.03%. Fu Brick tea polysaccharide has obvious influence on probiotics in vitro. The growth

of Pediococcus pentosaceus and Bacillus coagulans was significantly inhibited by 2 mg/mL

and 4 mg/mL Fu Brick tea polysaccharide (P<C0.05).5 mg/mL Fu Brick tea polysaccharide

significantly promoted the growth of B. coagulans and Lactococcus lactis (P<Z0. 05). In this

study,the best extraction technology of Fu Brick tea polysaccharide was obtained. To reveal

the antioxidant activity of Fu Brick tea polysaccharide in vitro and its effect on the growth of

probiotics have important reference value for the research and development of high value-

added Fu Brick tea health products.

Key words: Fu Brick tea polysaccharide; optimization of extraction process; response surface;

antioxidation; probiotic growth
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1.2.2 W) L S 50 152 3

TE BN 2 S Y Al B DUVR AR ] L A A
(6] \WORHEE A B 28 & . Fl F Design Expert. V8. 0. 6
BAF AT = R =K Box-Behnken H1.0 2 & 5%
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X1 FESHEHEEREEZESKTE
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—1 0 1
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A BHAE X BE
1.2.4  IRZSZ X g5 A6 T AR K 52

W 7L R FLER T (L. lactis), JUHE A BR B (P
pentosaceus) 555 FHUFT B (B. coagulans) FlBR [F
BRI (E. faecium) £ MRS B4R 55 55 5 Fis k),
T AWK MRS 855735, il 8 Fh 1.
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W W MGR R Sy 0,47 AP AR SE £ B vk
0.6 mg/mL B, H BRI R 0. 67 AL IKKRZ
T6LF Ky 22 Wl 1) 38 D g

Wit 25 VR B2 38 L AR 2% Z X DPPH A i 2 11
WHER T BEARZEH LTS mE 3 frs. Yk E
0.3 mg/mL Bk B 55 @ E R 70, 03% , B
Ve XF DPPH B3 Bk 718 92. 85%. 1 3 mg/mL Ay
Mifd 24Xt DPPH A o3 75 BR R A 80. 41 %7,
AT DAHEM , 45 Z 4 xF DPPH 19 15 1% 68 71 02 7 fig
5 M AC 22 4

TRAS 22 W8 0ot 8 0 I 8 - 1 5 Bk ot e R 4
MM, K 3 fra. IREZLH N 0.1 mg/mL
B, X A B B T T BR R AR 9. 64 %0, AR AR Mk
BRI ZE 0.4 mg/mL M 0.6 mg/mL i, {KZE £
T 0T AU B S 1 T IR 3l R v PH M T TR
Ve 410 E BB F AT B R AE 80 % L L.

R Z N P 56 [ R 2t e B — 52 9 33 B
J1. K 3CdD) iR, IRZE Z M BE ) 0. 1 mg/mL
B 32 5L A S T R R O 18, 66 %6, [RIVE JE Ve
X FRFE H ST E PR N 55. 75 %0, HIRAS 2 Bk
JE R 0.6 mg/mL W, FXFF2 5L [ p 3 0 T R 4
% 23.76% 1M 0. 6 mg/mL R 2 #l 7y £ B xf
BRILABIEAERE SR 56.50%, RE FLIKZHE
X ERFE TR o 52, 26 %0 NIt MR E N
0.6 mg/mL B, X3 [ I MBER S RI K. R
ZHTHEHE>RE FIARSHE SRR L. R
PRIRZHEX I A L TEBR R A LR 278 &
RE TR ZHE, SRR A5 2 DL RCES Ry kL i
T, UL BF I AR A5 22 0 B B S84k T Pk R HL e B
{ELF= b B0 T, 6 1 e A A v B IR G T R A B
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rEER

2.3.2 RIS ZMEXS o5 A T AR KRR Y B2 e

PR 22 W 14 8 0 08 BE 45 25 70 A B L NOBE K
T DR M B T 3 B A 0 AR L IR 4 Ca) BT R AR
A% RS NN B 45 25 AT T ARG T R R R R
P — 7 VR LB 8 5 5 AR Ok 2k
JEEHE O TR A AR R R R A — E R 8
o SO0 R Bk Az B0 AR .

WA 4 Cb) Fr s, 76 AR 2% 2 08 W % o3 0l
1 mg/mL. 2 mg/mL f1 4 mg/mL I}, X} &0 A Bk
PR A KA TR AE L 5 mg/mL TR 2% 2 0 X 1
WREREMSHERERKA R EMHAEN (P
0.05), M7E WA A K 16 h J& , W 35 42 #F Jus i Bk
TR T 4 (P<<0. 05).

R 25 22 TE X DR M 3K TR Y A K B B Y
AR & 4o iFR) s B 5 mg/mL R4 28
Xk b Jg BR AT 1 A A R 2 (P<<0. 01D, IR
22 W0 L R L 3K T A K 1Y 5 ) i v B R Al 2% S A
KN 4D P, AR28 ZHEHBE N 0. 5 mg/mlL,
1 mg/mL.2 mg/mL B}, B KA K5 5 % g 3 AR
FHABL. 3 mg/mL 1R 2% 25 Ml %50t 25 400 of) 7L 1R L 3K i
VA A (P<20. 05) 5 1T BB AR 2% 22 ik 1 =2
Smg/mLEf, MEEAEKAEEMRIIEEH P
0.05).

ZWEIR W) T 4 A T AR T AT I 10 Ve R
FIRLONE 56 R Mk o 22 W0 25 A2 TR 0 A KO 1 3 A2
PEVERT .7 mg/mL Sk 1 22 0 0 25 02 9 08 n A1) S0
FUFF BRI T A UUBE AT B A A2 1505 4 mg/mLL 4
S5 S ENT U FT T &0 7 A 0 4 4 L AR B 5 o
PRI Z2 B8 X 4 A T A K 1Y 52 i /R O K 2 B B Tk
JEE AR T R TS I, 55 R 22 BB T Y AR KR
S FH AL leDT]?//T%"%”O]Eiﬂﬁﬂi%ﬂé@%‘ﬂﬁﬂ%
8 A A A FH AN 2 e e X LB A T i
A . IR 2 XS b A BR B (P pentosaceus)\
BEZE ZF M0 FF B (B. coagulans) VA N B g BR i (E.
Jaecium) AERKBRRILMEERN. T5AAR2
RS RS B 4 26 R A FARARL, 1R 2240k i i
2 mg/mL B}, % B. infanits. B. adolescentis 1 B.
animalis AR AR PEAE 2 28T BRSO 1
AN AR ZBEXT B. lottgum 1 B. bifidum B9 4 £
e HEVE AN 3550 T 0~2 mg/mL Y 3R £ B
W AL HE B. infanits, B. adolescentis F1 B. ani-
malis =i A R4 K.
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3 T A R 45 20 R EGA SR ) .DPPH H B &L
AT TR A R ISR AE T RWIR 2 20
BB BP0 AR . AR 2 BEAE AR 51 % Sows
BRI (P. pentosaceus) \ B 45 2 W AT B (B. coagu-
lans) VI MR I ERE (E. faecium) WHEK BB — &
FEE T W BE R 3 mg/mL B AR 2% 2 W5 XF LR 3L
K TR e B0 L A AR L TR BE R 5 mg/mL BRI
R A KB I AR R

S % Uk

[1] Fu D,Ryad E P,Huang J,et al. Fermented camellia sinen-
sis, Fuzhuan tea, regulates hyperlipidemia and transcrip-
tion factors involved in lipid catabolism[J]. Food Research
International ,2011,44(9) :2 999-3 005.

[2] £ 8, wgdtae, mb/he, 45, R 25 IEPE AT 5E L) . %%
Rk ,2012,32(1) :81-86.

[3] RB 5, HER HUIE, & KRB SRR ]
FNFREE,2009,29(6) 1 465-469.

[4] GB/T 9833.3-2013, R4 3 34 Rk 25 [S].

(5] MR BE , X F 4l PRk 255 % A6 i O 34 i iy i AR AL L) . 2%
WEREE,1991,11(S1) :56-62.

[6] Xu A,Wang Y.Wen J,et al. Fungal community associated
with fermentation and storage of Fuzhuan brick-tea[ ]J].
International Journal of Food Microbiology,2011,146(1) :
14-22.

[7] Wang Y L.Xu A Q.Li P,et al. Effects of Fuzhuan Brick-
tea water extract on mice infected with E. coli 0157 + H7
[J]. Nutrients,2015,7(7) :5 309-5 326.

[8] Chen G, Wang M, Xie M, et al. Evaluation of chemical
property,cytotoxicity and antioxidant activity in vitro and
in vivo of polysaccharides from Fuzhuan brick teas[J]. In-
ternational Journal of Biological Macromolecules, 2018,
116:120-127.

[9] Chena G J,Xiea M H,Wana P,et al. Digestion under sali-
va, simulated gastric and small intestinal conditions and
fermentation in vitro by human intestinal microbiota of
polysaccharides from Fuzhuan brick tea[ J]. Food Chemis-
try.2017.244,331-339.

L10] Wil i 5 /N 220 L 55 22 2 0 iR BT S it e (] .

PACE . 2018(17) : 174-176.

[11] Wang X, Huang M, Yang F,et al. Rapeseed polysaccha-
rides as prebiotics on growth and acidifying activity of
probiotics in vitro [ J ]. Carbohydrate Polymers, 2015,
125.:232-240.

[12] THEIR, K547 . B REUR. 35 T5 2% 280 b 2 22 0 18 7
4R B B e AR M [T ). & Tl B4, 2018, 39
(18):193-198,206.

[13] ZE Utk ok Mem . & 35,55, B A B4R IR 2 Z 0 T
ZHFELT] R MR 534 ,2016(9) . 7-11, 14

[14] 3k ALY B3, BEZE 20, 45, Wi o T 43 A7 2 10 A 7 4R B
KEMEL LB, iR, 2008,29(9) :234-238.

[15] # BF, 60m G, 0 BRAF. B0 R 09 2R M — B IR vk T 7 2
AN A BT ST [0, e [ 24 22 45 75, 1996, 31(9) : 38~
41,

[16] Apati P,Saentmihalyi S K,Kristo T,et al. Herbal reme-
dies of Solidago-correlation of phytochemical characteris-
tics and antioxidative properties[ ] ]. Journal of Pharma-
ceutical and Biomedical Analysis,2003,32(4-5):1 045-
1 053.

[17] ZAF B . B 2. FHIERA VLA B3 DPPH 11
Mk 2 B 9 BT A AL s PELT DL £ 5 B4, 2006, 27 (3)
34-36.

[18] Richmond R, Halliwell B, Jasbir C H, et al. Superoxide
dependent formation of hydroxyl radicals-Detection of
hydroxyl radicals by hydroxylation of aromatic com-
pounds[ ] ]. Analytical Biochemistry,1982,118(2) ;328-
335.

[19] Tian S Y,Hao C,Xu G K,et al. Optimization conditions
for extracting polysaccharide from Angelica sinensis and
its antioxidant activitiesJ]. Journal of Food & Drug A-
nalysis,2017,25(4) :766-775.

[20] Lin L H, Xie ] H, Liu S C, et al. Polysaccharide from,
Mesona chinensis: Extraction optimization., physico-
chemical characterizations and antioxidant activities[ ] ].
International Journal of Biological Macromolecules,
2017,99:665-673.

21 B E . LEE. A =5 HMETRAKRZHIRR T Z
DA B A e g % P S AT 0. B RS, 2018,39(4)
254-260.

[22] Ying Z, Han X, Li J. Ultrasound-assisted extraction of
polysaccharides from mulberry leaves[]J]. Food Chemis-
try.2011,127(3) .1 273-1 279.

[23] Cao H. Polysaccharides from Chinese tea: Recent ad-
vance on bioactivity and function[ J]. International Jour-
nal of Biological Macromolecules,2013,62:76-79.

[24] Zhang G,He L,Hu M. Optimized ultrasonic-assisted ex-
traction of flavonoids from Prunella vulgaris L. and eval-
uation of antioxidant activities in vitro[ J]. Innovative
Food Science & Emerging Technologies, 2011, 12 (1) ;
21-25.

(250 nf J, A5 2%  WANGR AR, 55 o oy T 2 O Ak 2% kR v &2
BRI T 20T, B b Tl BH . 2015,36(6) : 230-234.

[26] FhEI, GBS, s EE 55, 7 B 2R AC 2 B BN H
RO AL I BT LD, PRV Bl B K 4% 4R, 2018, 36
(5):39-45.

[27] XVFHE A R, 85 50, 45 R 2T SR fI8 7B stk 2
BRSNS A T8 TE B ST L)), B Tl B3, 2109, 40
(16):27-31.

(28] 80 T 5t BR¥a %0 B I8 55 Sk 46 205 B 38 45 A
AR, B d Tl B, 2019, 40 (19) £ 301-304
309.

(297 Z= 3. 4= 3% 455 i 1) 8 L X WL T B 19 48 5 K% 1oy FROF 52
[DJ. Je#h  TLF R . 2008 : 57-60.

[30] Xmied, £ Bl 0 HE, 5. AR 35 E @ 124K
YR R&5 4 oy M), B B4, 2010,31(19) : 124-128,

[REHE: BTE]



¥38% 1
2020 4F 2 H

Fﬁ:@f&&k%%*& Vol. 38 No. 1

Journal of Shaanxi University of Science & Technology Feb. 2020

*

X EHS:2096-398X(2020)01-0058-06

R ERFERAMEER T ZHE

O, M EE, TR, WAEBE, W, SR

(BRPERHE R i 54 LR B, B W4 710021

B OEARASBIAEA AR, A A B R85 5 F X4 1% (CP-OES) &0l 2 A 54
AMHBAN BB G mE LR EEThA L, RS BRL L L LS R RELL
FAEA B E 9% R pH 6.5, RBE 37 C. B LB IiEg MFE K 65.35% 483 F K M
W, I MT 437,63 ug/g. EMERSZT 14.7T%.

KB ASHAAE; i, RBOFE T LA LE; e d

RESES:TS201. 3 MktRERD: A

Study on selenium enrichment process of Lactobacillus
rhamnosus under salt stress

XU Ying, YANG Yu-jie, HE Cheng-yan, HE Jia-xuan, WEI Li-na, WU Shu-fang

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

na)

Abstract: Taking Lactobacillus rhamnosus as the research object, the selenium content and
selenium enrichment rate of Lactobacillus rhamnosus were measured by inductively coupled
plasma emission spectrometry (ICP-OES). On the basis of single factor experiment,response
surface optimization was applied to optimize the process conditions. The optimum process
was as follows: salt concentration 9% ,culture pH 6. 5 and culture temperature 37 °C. The
selenium enrichment rate was 65. 35% , which increased by 437. 63 pg/g and 14. 7% com-
pared with the unstressed group.

Key words: Lactobacillus rhamnosus ; salt stress; inductively coupled plasma emission spec-

troscopy; response surface
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A R TR T B S e B

Wr DA BT S i R 23 (ol LR B A — S8
PRI T 8 T ok 26 KL DX AT RE 2 S AR A i &
J e W i B X L L A RN A-seq £ AR BF5Y
FLW) FUAT B ST-TIT 76 £ 0 52 I B9 8 1A B R, 25
BTy 00 AR xR ) FUAT B ST-TIT A e SR K P
PEA TR AL R R B s I A T LR T
i Bk KA G W e a R AR | A0 L RE /R /A IR Y AR
Y& U DNA S 4 A8 52 55 AW AL AT A
ST-IIT 7€ & #h (6 %6 NaCD ¥ BN 55 32 0, 5% #h
(2% NaCD ¥ BT B IR AH L . 38 2 4 1 TCHL 25 1
iz Uk RS R JBUe 32 1R e DNA 8 52 A0 G Sk [
Rt At 1 AR FEAS TN T ER e A 7R B Y 4
e v B R BB LT B AR v R AR R A
G SRRV S A 1 B S DA B 22 1 G A AL o 1 e
1B A AR e s R A L IR R 2 B R LA
PEA TR AT B T A AL X T B LT
PRI P 3000 R 3 DK P A9 SRR MR B B AL Y
DL ERRE B J5 S S WF SN A A T Tt — 2

1 MBR5FE

1.1 #M4t5 KA

B2 BE FL #T B (Lactobacillus rhamnosus
ATCC 53103) iy S22 $2 1t s W AN R 4+ 1L 2K 74
Pl Tl A BRZS W s MRS 15 9% 58, b 5t il 5 5 R i
O3 A7 BRZA ) A 350 249 8 5 D 53 A 4.
1.2 ME

HLUECRE & 58 T R MBI A, L Ther-
mofisher 23 F ; HAU ) o 5250 % 5 UL AL 2%
1.3 Sk
1.3.1  HAAEfE

$0.3~0.5 mL 28 i i R KA 5 9 MRS
P B IR 6 T AR T4 b RS WA B A W AT L il
ZIETr VA R IR B B T B AR AT A 2 A
i, B FRE A T IS R A T R B D B MRS
Figrdkrp A fE I B IR AR R R B 37 'C R R SR 24 h
S —AR, S 1 AL = AR
13,2 HHZEILE

(1) e NaCl e B2 (1

Bt 426,590,627 %0 .8% 9% 7 Bl A [l #1
W EBR ) NaCl ¥ .0, 17 mg/mL VA iR £l %5
ORI 23 1 MRS AR B 37 38 I 7056 IR, 8 14 4 T
AP BRI EE R 1 mL TS ) 3 R vk B e A0 i

PRI SR R A s 0 B, 37 C R RS AR 48
b 0 T A PP B i SRR 3 IR R,
o3 2D (2D T il 4 R A
A1l 5 5 e TR e JE

& il =G HLAR A /R (D
B (pg/g) =
TR A 200 L PR T /R A A R (2)

(2) it pH MY &

B hil pH E 43 3~ 5.5.5.6.0.6.5.7.0,7.5
A B MRS WA R 72 55,0, 17 mg/mL 9
PG T P R L R 8 00 RV W O T 5 AT T o s 1 B
TEALTF OB 3D 1 mL T 3R 00 38 & 0 Wk Ak 1% 35
Kb 7E 37 CMHEKE IR 48 h, B (D h#4E.

(3) B AR5 IR Ut B2 1 1 o

PRAE At 2 R AN AR 6 950 5 184 40 3 A G 1 7
WAEFR 1 mL 88 P30 5 A0 A 3 R Bk p 23 A
35 °C .37 C .39 C .41 °C .43 ‘C FHIEKEF% 48 h.

T () PHAE.
1.3.3 & Al 1 2

HLERHE A 45 B & O O6E k (ICP) T 7 il 7
i PR DA R T B E L AR S A Z
JE RIS ZE 10 mL o0 P IR IR-m AR (5 ¢+ 1,
V/VOIRBR WAL, Ik e W SCk (11 ], A (D) 2
(2D T35 5 A 2 A %

2 #FRE5ITiE

2.1 FHEZTERERN
2.1.1 et NaCl e BE (98 2

5 B2 FLAF B 7E NaCl v BE 23301 2 0,40
5Y6.626. 700876920 i Wy 361 B A 3% IR A T 37
CHHIR IR 48 h 5 il R AR AN [ SR W B 2% 1
F1 0 R R PR AR 1 B 2 B
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AT 2 0T 240 T 240 1 3 R A A s T LT LA
L5 A SR ) A A O ) R A Rk A B
W] o 1 P05 2 1 BE 6 B 1 T Y A DR 3 kb L
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B ] A B — 2 Y e R 2 I8 Bk AR
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AEC T LR B FLAT R TE S AR AR R T RE S
ot IR AR A P TR 1Y ) B8 1B T AT AE 125
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6.5.7.0.7.5 My ER W00 B A0 5 5% 5540 R, 37 CHE
KSR 48 h 5. &I AE AT pH &4 F &
il 2t K A0 i 4 I an 1 3 M 4 s

2400f
|

2300f
C
%
= 2200F
H
i { A
= 2100f ( ‘i
H LY

}_——i

2000F

8

1900f

5?0 5‘.5 6“0 6.‘5 7‘.0 7A.5
pH
B3 RF pHBEATHAKGEW™E
54

52
50
481

461

WIS %

44p
42F
sof .

38

5l.0 5'.5 6.‘0 6.‘5 7?0 7..5
pH
B4 KF pHZEATHEKGEME
Hi &1 3 Rl 4 WT0L BEE pH A 3SR, B8 PR Y
I R R AR 2 e BT R R MR Y pH
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37 °C .39 °C.41 °C.43 °CHyEh Mo = w55 5 1
TEEE SR A48 h 5. 2 AR A B R T
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5 B 1 7 10 2R 495 ok 9] 5T RE O 5k DR ) 2 3k RN A
WA, 77 A — R G IR 1 DL AR B0 B b 36 19
53T AR T A1 2 v U 2 IR A O M S
B AR M e R IR A R (o R R W LR A A
DAL P T2 T o DT R B A0 ) 1 A 7 JBORE DG 2 1 B Y
B I 1845 B2 0 0 T PR R 2 AR ORI A R
T REBRIE T 3 A Al AR AL PO B2 b LA
B 1 i AR KR — R 30 °C ~40 C LT LY
BE T EIE T 40 Cla , AR AZ ) T3], i J6
PLEAT E A A S B, R G AR R AR T
W, 2 L pr i, B2 2L AT 08 6 00 30 & G 1% 48 4 B
FEMREE N 37 C.

2.2 R R AL S E 45 R AT
M 7 T S5 6 4% PR R K N 3R 1 s 4% SE 5

Z I S A R R 2 PR,
Fx1 BFEERKER
wr AGRE)/C Bi) CEHEWEE /%
—1 35 5.9 7
0 37 6.0 8
1 39 6.5 9

S A B C AR/
1 1 1 48.74
2 0 1 —1 60. 16
3 —1 —1 0 47.63
4 —1 0 —1 47.23
5 0 0 0 61.07
6 0 0 0 62. 44
7 1 0 —1 48.99
8 0 0 0 60.53
9 0 0 0 60. 56
10 1 1 0 48. 85
11 0 —1 1 60. 26
12 0 —1 —1 60. 83
13 1 —1 0 49. 28
14 —1 0 1 46. 95
15 —1 1 0 51.06
16 0 0 0 62.23
17 0 1 1 65. 35

2.2, [ml USRS Y ) A ST K S S A AT
FIH Design-Expert 8. 0. 6 ® A, % £ 11 2 i
A3 IR 5 M7 o A5 2 5 ik BLE 5 72 R
B =61.374+0.37 X A+0.93 X B+
0.51 X C—0.97 XA X B+
7.500E-0.03 X A X C+
1.44 X BXC—12.92 X A* +
0.78 X B* —0.47 X C* (3
MG LUE L fER I & R4 R T,
— R T i T U 5 R ) 2R B8 4 XoF (B /N 31 R AR
WHA<C<T B, BLW] pH X 5Pk 59 & 6 =5 1 52 0
e R s FLU SR BRI B 7T I B 8 5% 1) 5 /)N (] A A
W77 22 B in 2k 3 Fiow.
12 3 AT B Y Prob™>F fY{E/NT 0. 000 1,
D5 R B2 R Prob>F {5 KT 0. 05 N
F.R* 4 0. 987 8, FxiZ [l 0 £ A A] D) g
98. 78 V6 1y M o L, W) AT LA FH 122 A5 1 Sk 43 A o o {1
*3 EAEBRNFENTER

P 5 H ¥5 F {H Prob>F
T A 730.2 9 81.13 63.00 0. 000 1
A 1.12 1 1.12 0. 87 0.382 6
B 6.88 1 6.88 5.34 0.054 1
c 2.09 1 2.09 1.62 0.243 3
AB 3.72 1 62.57 47. 64 0.000 2




.« 62 . Ro#BHBRLESH 5538 %

&R3 T | 1
B3/ Rl F i 595 F f& Prob>F r
AC 4.33 1 3.72 2.89 0.136 2

BC 2. 250E-004 1 2.250E-004 1. 747E-004 0.989 8

A? 702. 49 1 702. 49 545. 48 <£0.000 1 i
B2 2. 40 1 2. 40 1.87 0.214 1 %
c? 0.94 1 0.94 0.73 0.4219 a
R % 9.01 7 1.29
AT 5.68 3 1.89 2.27 0.2225
iRz 3.3 4 0.83 ~ . P 8550
MiR2% 739.22 16 8.50 =~ - 38.00
8.00 ' ~  37.00
2.2.2 £ NFEB3EEHAE X & il 20 5 0k CHLIKFE/ % 750 ‘»,‘A-"‘36.00
25 PR B9 32 HLAT PR TR PR A0 SRS e A 7 ' ] 2L SR C
8.9 W7, it P 7T A0 36 pH B9 3 A L - -
6 2% f 5 W) Bk 0250, 6 e 3 RO BB L Eh vk BB A pHE Ca) T BE 5 0 e B2 b B2 2L A 1 5 2 5 i 3D (i T %]
58 AR B I B 53 P

A %
C:3hik 5/ %

- -

6.50 o 39.00
630 - 38.00
105 90 " 3700 : )
4 5.70 RG> 3600 5 e e 35.00 36.00 37.00 38.00 39.00
BipH 550 35.00 e/ AR E/°C
(a) pH 5 1 B2 X BR 2455 ZLAT 08 & Al 5% ) 3D iify 1 (%1 (b)) ¥ 15 3 e B XoF BRL 2= 0 AT B 6 56 5 i) 45 1 4 I
— B8 BELLKRENSAFRILFA G
6.50 /%

e AR ORISR R D = N

6.10

B:pH

5.90

A %

5.70

5.50 .l
9.00 . 6.50
35.00 36.00 37.00 38.00 39.00 8.50.’ - L 630
AR JE/°C s P 906.10
Cb) pH 5 35 B B 24 I L FF T 6 2 0 W 25 75 2% P cihikn/s 00 o S B

B7 pHLERAEXNRAFRIAFH G ME
Bt B E AR E S LR Ca) pH 55 H5 o BT B2 ZLAT 141 s A5 % 52 e 3D (it 1hg [
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W LR © 63

900 WA/ %

61

62)

C:EhIRIE/ %

7.50 61

7.00 ¢ .
550 5.70 5.90 6.10 6.30 6.50

B:pH
(b) pH 5 #h e B2 T FRL 4= Wl 7L AT A1 5 0G5 5% o 25 85 4 [
B9 pHES®REMSAFHRAHE S MmE
EACEOR ISR R = R

2.2.3  HEFRFAFMIRALSS

530 09 185 J7 B 0 B KA« TR BE R 36. 96
C.pH N 6.5 . Fh W 9%, T & Al 2 e K AE
1 63.53%. KERTFE KB IE R BN 37 °C .pH
H 6.5 ERURIE N 9%, B IR S 56 Fie A AT Y AR
k1 65. 35 %, 500 A AT B A B AN 2R T (E A T, Ul
BHZ Ak 25 T £

3 it

AT DL R ZEWEFLAT T8 A B 5 6 4 3 ik 5 A
R oT ER Wk B L HE 5 pHLL B IR IR EE X B2 b
FUAT B 0 89 52 0 L 92 H Design-Expert #4445

ZEREFLAT I s WG IR ) e R T E iR R
R 37 °C R 9% L3R pH N6, 5,
U B G 63. 53 0. TEAR AL 45 SR A KL Al A
UESE 5, SEG BT 45 & A48 65. 3506, 5 TN Y &
A, UL A 25 R W5, FE e T2 45
T BRZEME ZLAT P 0 A A AR A R
ARG T AR 30 21 5 W R G 0 T 437. 63 pg/ g &l
REET 14.7%.

S % Uk
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Evaluation of the antimicrobial activity of plant-derived active
substances against Zygosaccharomyces rouxii and study
on the antimicrobial mechanism

WANG Hu-xuan, ZHANG Shu-qing, LIAO Chuan, ZHONG Xiao-rong, SUN Hong-min

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

na)

Abstract: In this paper,the antifungal activity of 16 natural plant-derived active substances a-
gainst Zygosaccharomyces rouxii was studied. Firstly,the antifungal activity was determined
according to the diameter of inhibition zone by the filter paper diffusion method and the mini-
mum inhibitory concentrations by double dilution method. The results showed that thymol
was the best inhibitor against Z. rouxii. Furthermore, thymol was used as the research object
to explore its possible antifungal mechanism against Z. rouxii. The effect of thymol on the
growth curve of Z. rouxii was determined by liquid dilution method. The results showed that
thymol caused significant changes in the growth curve of Z. rouxii,prolonging the lag phase
and decreasing the logarithmic growth phase. The change of the conductivity was also deter-
mined,and result showed that treatment with thymol increased the membrane permeability

of Z. rouxii,leading to the outflow of intracellular electrolytes. Propidium iodide (PI) stai-

» Wr#s H#:2019-08-20
ESTE :ERHARFEATH (31801506) 5 BEpT 4 FHLT F AR HAE UF 2115 H (2018]Q3016) 5 Bk P BF £ K2 Wi LR TS
A WH (2016B]-39) 5 BEPERHEL K7 K2 £ Q1H DI I ZRit20 35T H (2018025-111)
EBEB N : LR X (1986 —), 55 BRVG S8 N, @l 30482 Wl L 5 77 1)« 20 il R 0Ll e A e 00 5 ol
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ning combined with fluorescence microscopy showed that thymol treatment led to the dam-

age of Z. rouxii cell membrane integrity. Finally, it was found that the morphology of Z.

rouxii cells treated with thymol was severely deformed with perforation membrane damage

of cells by observation using field emission scanning electron microscopy.

Key words: Zygosaccharom yces rouxii ; thymol; cell membrane; permeability; integrity

0 3

ill}

G S B R (Zygosaccharom yees rouxii)
J& T ORI R R B S R S R BE S
el A R R R OF T R TR SR
JEE WA BT L AR T Y T R R A
TR AR D B8 SR (B X A A i B AT — VTR S
F O I R L T R KA R ) R B B O
B de, KA S T AR, R 28 A B R R
Py REA . Rt B 5 A ST 4 A | A A O
s B 5BR Z. rouxii 155, YIS AR EAR OGBS 1Y
JoT B 22 A X g R B A B LA IS L

H RS R E il Ao A ok R B I R B g Y G
30 o AR RIS o 7 R R0 AT B A BRI RE v gz
JE Wi & A T A e By Lk T A% St B T 3R A7 A 5
e HA VTR BE M AF Bk . B LACE A A R
HERY$2 5 X RAR LT H L R RO B R R AR
BLA A

WA T ) o A R U T AR AR 25 it
A8 R R s AR AR Y B T A S
MY R IR Y A AR Rz B
A Tl A B A A H AT O SR AB I R AR
B I RE AL TS IR 0 A R Ty, OF HOoR IR )T
2 R E T R T ST R Ok R TR )
FAREY A Y T & A K B A A2
PR R AT ™ W DA TG 2% 30 L s 280 o EE 2 R K
AT BERETA T AT B R AR B A
TG0 T 0 o Rk £ v B TR 5 e B T 4 1 By 455 ot
G A WA E.

BT AR Y 1R B HE 22 M 2L B 2 L IR
Z MR AT 2R A 16 F R AR W IR AL B W A T
B B T R0 ST A R O X G
PR B T s o T R AT ot O T 0 8 T ) AT = K
TR I Pk AR U5 P B, SR TS DA A L R 5 1 L 5
HE A5 Ty TEDXE E A AR ) 5 40 5T 1 Tk A A TR AL T
AT AT« B I 38 2ok 3 S 4 4 v A WL 458 A B R 25 72
A VLS TIE AR 40 1540 TR 400 J5 % T B 40 i JEE AR 1 ) 52
i) S SR 45 R AT O KR | RO BB R T R OE A
BB 5 B v B TR T B 1Y 75 Y BE 0 HIR LA

1 #BFAExE
1.1 BA#L5RA

W o8 P & Q3 A B (Zygosaccharom y-
ces rouxii) B HEME B-WHX-12-53 L& K58
FERRMETE #R ATCC 2623 75 Jb & MR K22 i
A B2 5 TR 2R B R A o i S 0 s R AL

FE 90 VR0 BT 90 o8 B 2 R (107 7-28-7) L Wi M i
(331-39-5) 3% & F 2 (149-91-7) . K# & (539-86-
6) . FILASE (490-46-0) \ & JFL R (327-97-9) . T &
R (530-57-4) JF Bz W (552-41-0) P B R (1135-24-
6) M 2 (117-39-5) AP S (5392-40-5) | J LA
iR (2954-52-1) (&I IF M3 (499-75-2) . E HLER (490-
91-5) \ P AE T (104-55-2) | % 7 % By (89-83-8), LA
A U TR A 5 Y PR I R A R A PR
AR, BB AR E S AR 99 0 LA I

YPD $5 52 5 A 20 g, B AR 20 g, BEBE
BB 10 g 781K 1 000 mL, Qnd [E AR 77 5 A
BER 20 g

AR K. LA 8.5 g HZEBKER R
1 000 mL.

BERZE vk (pH 7. 4) : A ¥ (0. 2 M NaH, PO,
« H,O),#HL 2. 76 g NaH,PO, « H,O ¥ T 2518
K FBERZE 100 mL; B ¥ (0. 2 M Na, HPO, -
H, ), #RHL 5. 36 g Na, HPO, « H,O ¥ T Z& MK,
P BEE 25 % 100 mL. BUA ¥ 19. 00 mL,B #81. 00
mL R4 2R AW pH.

2. 5% % B .10 mL 50% J&% — [, n Z£ 18k
EAE 200 mL.
1.2 ZBMNBERESE

JM-B20001 B B - K -, A Wk 1iv 20 46 PR I
B EARAR; TR SR KBS, LH 2R
Jr ) s SW-CJ-2F B TIEG . M Z RS
FARBBRA Al 101-2 B S KT 48 . L 5 B
ik AL AT BR A 7] s TDL-40B B & RO HL, |
VG2 R A BT SHA-BA 8 1518 7% 2%, % 1)
HEA P AT BR S ] 3 SP-756P 2240 AT UL 43 96 % BE 1T,
AL RS A PR F) s DDS-11D 1 5 R4, | ifg
IRl 22 A e A FR A B] 5 44 Phenom pro &
KPR HBEE, CRITBF =08 (i) A FRA 7] 5 Tma-
ger M2 S0 AMEE . R/REE w7 Ch ED A RA
Gil
1.3 RKEFH*

1.3.1 Rk

i



. 66 o RaPAREEFR

% 38 &

BHRAT —40 TS IREA BEREAE YPD #5
FREE T IE LI IR. PR T Y5 B AT YPD WK
FEIEALVET 27 CHiFF 48 h JF &0 (6 000 g,10
min) WO B 1A, I fiff FH B R 22 v (pH 7. D Bk
VTR R 3 Uk, B G A Wl TR h 5% v Vi S T AL U
SE I P8 4 T B ODgoo » 7 B B VA MR MR BE 20
6.0 log CFU/mL Il BRI+t %0.

1.3.2 iR el il

i 08 4K 9 H00k A 0 B R L B 100
pL BRI AR T YPD B33 FL, & 5
min. JEAE 6 mm 245 W ICH IE4E R 4 0 T 45 M
YIRS WA (10 mg/mL. YPD W& %) thig
110 min. 285 R PG IELL K E T YPD B3¢
BbL G R R R I EE T 27 CRiFE 72 h s HE
R RN & B 5. UASHHEYIREALSYH
YPD VAR R X A RS AR 3 AT I A
1.3.3  He/MIH M E (MICs) 1 I &

SR BUARE s o T 52 S5 /N 90 T ok E L R
TCH YPD AR B 32 50K M W IR AL & 0 76 B L R B
XUAEE W 3 38 1) 3 A5 43 B 10 mLL & JE I
bl g IR R 50 puL HEW . TR
5B THERE; 3% 48 h(27 °C,200 rpm). ¥ JH 2841
A3 BE T I 5E 1 2 W ODgoo 38 FH ¢ K3 %F 0 h
CREFp e 7 B BT i 56 2% BE (5D il 48 h 6% BEAE IR AT
e, B o h 548 h M EMH LR EER (p<
0. 05) , WA A iz Af 9 U5 AL & B Wk 2 o MIC. DAAS
S F RIS W) YPD K 35 3 E g v R 4.
b BRAS 3 YO AT A2
1.3.4 fREEMDIFEL S YIS RS R A K
A

Z AT N WF 5T 07 kL B ODg =
0.1 H# 1 R R T YPD 855 . R 5
Tf) 5% 3% 9T A ARG %k R W VR AR A v R
YPD B i), i H 2k B 4 51 R 1/2MIC, MIC
2MIC. e T 27 CH5 5% 48 h, B0 4 h W&
R FE W ODgo . B S X B AR G5 Al 90 WAL & 40
25 R HR 2 8 0 B A VR R AR 0 TR AL S . B A
FRAY 3 YOFAT I E .

1.3.5 ikt ®isfb & P o6 (G 12 A B B 40 it
B2 3 375 4 %) 5%

S 2 S AL Y O TR R T L R AT 4 i
B30 375 PR A . S o AT T R TR A, Wl Rk % v
(pH 7. Ve 3 Wi FAJG T A B R 7K F6 B B R vk
JEZE 6.0~7.0 log CFU/mL. $i& 1% 14 Fh £ B
B IEFNE YPD WA R 3R 3 o, B S ) 8 3R S
IR 355 HE 0 V5 AL A 0V s 8 L VR T 43 i o
MIC #1 2MIC. B3 32 /e B THIKE 95 (27 °C, 150
rpm) AT 0 h.2 ho4 ho6 h.8 h 10 h.12 h &}t

5 mL B E W, B0 (6 000 g, 10 min) BUH F IS WK
I e, 553 LAAS U 0 A8 35 A 0 TR A 0 1 355 3R 0 R
Xif B, 45 Ab BESF-AT 00 5E 3 K.
1.3.6 fRIEEMPIEL A PSR A B A0
i 5 4 1 A 5 T

S ME AP AE 5k FI PL R 9O FE
PEIR 5T 0 BE AR 4 U8 1L A 0 0 8 FG 32 4 T B 400 it S
ST 1 5 ) O AT B T B TR R L TR Eh 2% R
(pH 7. OHPRU 3 WG HE. [ Z.LE R ailmA 2
mL B A B A BINA 2 mL B g%
PR CBAE X B s B A4S o in A 2 mL I ik # 4 UR Ak
B A T O MIC. 27 “CAbHE 2 h 5 4y
BIE AB EHINALWEIE R 10 pg/mL B PLE
W 4 CTIYE 20 min, BOUEEFE A (6 000 g, 10
min) , R EL G K (pH 7. DB 3 IRG EE. &
FIHC10 pL A M BERBRHEERYE A L, =)
R NEE A & A G AR EE win
Wk R B IR, 45 A BT E 3 K.
1.3.7 fRIEHPIEAL A P o6& e A R B 40 i
TE25 0 52 Wil

27 Vivek %" 1 )7 v5 R 1 3 & 53 49 4 B 5
FE AT AR e AR PR AL & W0 TG A B RN I TE 5 10
SO, O S TR B R L B R R 2% v (pHL 7. O Uk
W3 UE AL A P AL A 0 5 L (o Tk
4351 MIC F1 2MIC,27 °C TR (120 rpm) 4k
BH 6 h. i FIBERR 28 i (0. 1 mol/mL.pH 7. )Pk
FASWIEEEFT 2.5% % .4 Cidnd [#
FE. 15 8 JE B AR B 2 BEVE TR (30%6.50% .70 % .
90% 100 % »v/v) B EE B G i K . /K B 1A 60 °C 4t
T 12 h J5 B 4 A0 BT BT R B R LR IR

AL BESEATI GE 3 UK.
1.3.8  HudEab
Bl VLSE S = e 22 e X s,
SPSS # % K i 41 L E ST #
2 #ERE5TR
1 AR RAC At 3T & K A BE 6 I ) S b

o

KR AR Fr P ok 3t 16 Rl Y AL 4 P )
IS B LB AR KA TE PR EAT 1. &5
AN T PR, 16 i P AL A B xS R A
BEEA — 7 00 2 R 3 P B A L A ORI SE
T P TR o B L e ) o 3 L 0 R P AR
14 mm s PR M B R R RRIE LR R T B By
BT R A FL AT — A 1 e B B A T
13~14 mm 2 [a]. A Al 4 19 40 1 3 4 4 6 55
55, B B B AR /DT 13 mm. B0 R UL, B A A B
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B T BE 10 B 05 P T A B 300 AL S AE 5 o 67 o

0] 35 R LR T R A
R1 16 HENELEHNERESEEN
MEBERFR/NDEIRE

o - LR o /N
/mm /(mg/mL)

1 B 2 iz 13.17+0. 13¢ 2.0

2 ¥ R 12.86+0. 20% 2.5

3 W 7R 12.1740. 19" 5.0

4 BETMR 11.5040. 28¢ 10.0

5 NS 12. 5540, 25 5.0

6 Mt fe % 13. 6440, 31'h 0.25

7 P Kz By 13,2440, 32¢ 2.0

8 23 J iR 12.2440. 20" 5.0

9 Fr i 13.524+0. 38feh 0.5

10 FRILEE 12. 3540, 18 5.0

11 JFILAR 13. 2940, 29 1.25

12 THEm 12. 6440, 23 2.5

13 BEED 15.9840. 671 0.062 5

14 FIIT I 14.4040. 46 0.125

15 H R 14. 1440, 49% 0.25

16 TR 13. 7840, 39&hi 0.312'5

R AR R 2 R B (p < 0. 05 B K D)
— RS BEAS I T 16 A IR AL S

YR I B T B i B /NP TR VR BE , 3R 1 . 2
SRR AE TR Y 16 Fpi R B A R I RN A IR T
Py %o B R A T B EL AT A i (41 o RER  H: MIICs 43
IS4 0.062 5 mg/mL 1 0. 125 mg/mL. itz 2.7 H
PR R PR A X 8 F e A TR A A 1 A0 ot 90 L L
MICs 43514 0. 25 mg/mL.0. 25 mg/mL F1 0. 312 5
mg/mL. AR F WX 6 [C 42 G I 1 1 300 o R i
#,MIC =ik 10. 0 mg/ml.. 454410 1 Bl 5 25 3%, ]
VLG B A 0 T X5 [ 5 I 3 1) A 0 ) 002 I
B T TR ) 0 ) A5 e 25 TR I B A e 1 B
ik HR A IR AL A WA T S SR

ARSCHERCT 16 Fors $ U8 16 R B, o 2 B
AL B YA 10 P (BTELER (SR R R S5 , 5200 45
FERTRN BRI B TR A %) oAt 15 25y o o 6 IR
T B A A 5 5 40 1R 1 (MICs<<5 mg/m L). £
AL B WA 450 Z e 2 AR IR IR BRI =
RS AL Z W — Rk, H— OH S5 TS
PR UIAH G, Ak, 1Z 26 A& W 0 9k 55 FT 5 40 g
AR AR R S 0 2R 5 45 4 5 | A B P 9 i 8 L A T
A E A B AR

FEAMESE B A By AR T W . A R A A
FERE X & Q& e B A B I BOR . iRy
Jo B 20 1 5 [ 24 W B A B R (FDAD Lo 8
TRIMFR) o W R 22 51 25 CEUD it o ] A 38 8 2%
T BT A5 A 3 B L3R 6 — S B0 TR
TRIVED & 8 T L A A 1 R s R Rk, |
WAL A YA W 1A S KSR R R B S R AN T
dn T BN RO T L A LS A
I R ) 0 TR Ak B
2.2 BAEEBHMNEGRBEOHFR ARG

B A T o) 6 TG 2 T R I 5 1A AR A K 5
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B ERAFFRY HE(LAMP) B R 48 45 ik b ml £ & 69 30 4 0B M s o A2 R 69 F Fuis
M AT E Stoke's AN FFHELAER > RBH T, A T RELERET AP
Rt FR I, BB R A AR 5 F R IR 74T (ID Be a4 Ru(bpy), (dppz) I*7 48 h &
HFA L EZ T — R AR Pk | HAIAE R 50 e P BN R R 0 T AL LAMP g7
EOERBETLETEFART OSEDHEA IR L AR ARG LA, F
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Establishment of visual loop-mediated isothermal amplification

method for detection of bovine milk components in goat milk

TANTAI Wei, XU Qin-feng” ., ZHANG Wen-juan, LI Yan-ni

(School of Food and Biological Engineering, National R&D Center for Goat Dairy Products Processing Tech-

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

Abstract: Loop mediated isothermal amplification (LAMP) technology can rapidly detect ani-
mal-derived components in food, but the commonly used organic detection dyes have poor
stability and small Stoke's shift, which makes it difficult to discriminate the fluorescence col-
or of sample from blank. In this study,bovine and goat specific primers were designed based
on mitochondrial conserved sequences,and the ruthenium (ID complex [Ru(bpy), (dppz) ]**
with nucleic acid molecule “light-on” effect was exploited as a fluorescent dye to establish a
simple,rapid and intuitive visual LAMP method for the detection of bovine milk components
in goat milk products. The results showed that the method was specific, and there was no

cross-reactivity and false positive phenomenon in other species. The detection sensitivity of

x W FS EHA:2019-10-04
ES A B A BT R R H (2018KIXX-043,2019NY-126) 5 Bk P4 R} 24 1 -+ RHF R 30 38 4 T H (2016 QNBJ-01)
EEB T VG H (1994—) , &, NP I AE AL IR s A AR 0 1) . A L S 2 &
BIAEE RZEIE1983—), 5, ILTE B4 N, @I 082 W 98 07 1) - 8 %2 246 xuginfeng@ sust. edu. cn
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bovine and goat could reach 0. 007 pg/uL and 0. 7 pg/uL, respectively. The adulteration in

goat milk could be detected 0. 1% milk. Therefore,the method can directly determine the re-

sult by fluorescent visual colorimetry, which has the advantages of fast,intuitive,low cost,

and may provide technical support for rapid on-site detection of goat milk authenticity.

Key words:loop mediated isothermal amplification; visual detection; goat milk; bovine milk
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JI5E EL Kk I A 28 B PCR 7 36 46 I 26 0 7= J 7
FETEA TR PETE 80 DNA, S5 L 05 7 5 2 7
BAT 4B 4

A TFHE AL DNA XFF#0m T8 b e,
JfH i F PCR J5 i X% H A% DNA JF¥ 51 () 48 509
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B AT 3 A8 LR DR 05 1 43 1) v R AR I
PCR 7 12 T 2 A6 S0 R Mg v, Uk U0 5% 52 56 2%
S ERAE B, JOE S B 5 B S 1 B b TR A
D BRI T 0 T vk B HE T R L R A R AR R G
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LAMP) ™ o] sz 8 26 48 5 45 1 F L 4% 5 kL B
LY AL R E 5. LAMP W TG #0635
H LAMP 7=y 0 38 i ¢ ' H 90 n] 404k bRe 3 a7 201
ST B LAMP 98O K I Yokt 3 B 35 45
W4 E SYBR Green 1 %%, %5 17 16 F8 2 1 22 L 3
FE T (stoke's) 17 5 /N B0 B3 €2 X 40 A W g 45
Ji] j e

J T v X R R AR S R R T R T
“SEIFR7E AD E A P [Ru(bpy), (dppz) I** #E 4
AL LAMP 36428k, [Ru(bpy), (dppz) 1*" 1E
KW A B AN KRG, DNA FETE B 586 i 21 g
HA R0 K % v R e P A W IK 7 7 L Stoke' s
A NE ) =R 1 U L 3 R s 7/ I X
(bpy). (dppz) I"" W /7 F “ e IF X7 Rtk 5
LAMP ¥ 3 | B 45 & 57 7230 4R 2 or 1
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AL LAMP #6100 75 vk 1% 07 i 1 He i 5 vl Ak
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(17« % B 25 1 v AT 2H DNA 4 Gt )
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A7) ,dNTP IR & ¥ . Bst 2. 0 WarmStar RDNA
4 W, MgSO, , #)3% H New England Biolabs.

(A5 - = A VR B 0 L (5424R, Eppendorf
A PR T s AR KF H Ik AL (DYCP-31DN, JE 3%
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MR A5 52 56 2 iy 30 WF 5% 45 0L AR S PR A
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B G H% R3PS T R A 5 IR S A I 7 1k < 73 -

1w 51 h B A TAYA RS R A L.
F1 AT LAMP § 13|45 5

g ZZf SIS (5 —>3")
F3 ACAATAGCCACAGCATTCAT
B3 ATCTGTGTCCGATGGAATTC
v pp  TCATTCGACTAGGTTTGTGCCACATTCT
GAGGAGCAACAGTTA
pp CAAAGCTACCCTCACCCGATTTGTAGG
TGAACTATGGCGAG
F3 GACAACTAGCATCTGTCCTA
B3 CAGCTTTGGGGGTTGATG
s prp GATGTACTACAAAGACCTGTCTTCATTT
CTCCTCATCCTAGTGC
pip TACTGGTCTTGTAAACCAGAGAAGGTG
CAGTTTCTTCCTTGAGTC

1.5 THAL LAMP 7 % # 3 Bt AL

LAMP W AR & A 10 pL, 2 45: 1 pL 10 X
Thermol Pol buffer, #F5[4) F3 #l B3 (10 M) £
0.2 L5 FIP Fl BIP(40 M) 4% 0.2 pL,1. 4
L ANTPs(10 mmol/L),1. 6 L &R 0. 8 M),
0.4 pL Bst DNA R & (8 U/pl), Jin A fF
DNA 1. 2 xL, PIRGE K R 25 FH0 IR B Ja KRR 5%
F 10 xLJRA). 16 64 C FIEIR M 45 min.

RNZE WG W1 pL 573G 7 WA 50 pL T
(D FE & P Rubpy), (dppz) 1*" # ¥ - 78 1 V6 15 5
CF W B As 1k, BLLT 8 2 e o B, ek
B [6) IF 455 2 D0 19 BRI W 5 e v Dk 23 A 5

R TR 51X 43 B B G G R B VR T
(IDE AW [ Ru(bpy), (dppz) 1%~ e v B 9E 47 1
o, Herb BB IR E 2 i R 2,4.6.8,10,12 mM,
ETAD A Y[ Rubpy), (dppz) 17+ ek ik 5 43 5
H 5 uM.10 xM 15 M 20 M. 25 M.
1.6 TAA LAMP 7 ka9 4F F 115 285

DIXG A 5 i KRR 2H DNA 43 ) 1
RN RE AR L W Ll S R FLAE R 4 DNA 43
SR SR A5 AR B 1 %k BR S XUZ KA S 4855 B o) R
(NTC) , #% B AL 4 (9 5% 15 3547 LAMP #7382
N7 235 R 3 o W 0 R Ak B E 5 ) 0 R e

¥ 7 ng/pl BB R AE DNA JER 10 f5 9%
JEEH B M B MR AR IR N . 7 ng/pl. 0. 7 ng/pl.
0.07 ng/pl..0. 007 ng/pL..0.000 7 ng/pl..0. 000 07
ng/px1..0. 000 007 ng/puL  BEABEEIECL. 2 p1L
B, 4 BROE A LF 19 26 AT LAMP 373, 354k J5
2 R
1.7 TTAAL LAMP 7 ik 69 518 st 45 4 3B PR

ST B UE T 3T % ) SRR s A L AR AR

U E 7L DNA H148 A [ L /9 75 248 3L DNA
CEL R R R 100%6.80%.50%.10%.5% . 1%,
0. 1% M1 0%) U FRIE A DNA 1. 2 pL Rt i
7 LAMP 438 , 6ff 2 T g 57 75 15 i K i PR
1.8 R AE SR 8Y 5 FRAE I B R

fdi A AL 1 1 AT R0 AL LAMP J7 % i 8 E 5L
BE S BEAT ARG L AR IE 37 ik B S A .

2 #ZRE5iTiR

2.1 A LAMP #] 7 ik 89 3 5

R T B E T R AT AT, 7E LAMP O AR &
i B A B 5 S O BTG B 4 RS T
HLRuCbpy), (dppz) 1*7 J B WL ¢ 52 0 B 4 42 1k
I 308 2 Byt M VR I FEL UK RN 9 ' S i A E AT A A

SEE 25 R E 1(b) W B s . 75 DNA B4R
FELE BT, BB % W08 2 B 2 19 28 56 & 585 i 78 AT
DNA AR BT, JLF WG BT An] () 2 6 & 5. 98t
H AL LG8 5 18] 1 Ca) H B B W 56 i v K &5 2R — 3%,
FH[Ru(bpy), (dppz) ]*" Y2 B0l F§F LAMP §~
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Vo0 T 25 5 IX 43 AT U/ 0N 0 15 22
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800bp
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3 0.02}
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200bp
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1 B B 5 2 BT X D
B 1 T LAMP #4432
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T E ST AR T AL LAMP A A &R, X
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Ukl BE HEAT AR AL, B B Uk FE AR AR A R Cln &l 2
FE7R) Bow, FHok BE R 8 mM I, & ) N B K B
.

IR o T 3k 3 e AR 1 28 B A0 L @ R0 X
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oAl 8551 i 3 Fros) BoR 4 YRk vk B KT 10
MBS BIRT 8 1) 05 WY dnb 19 BH M 20 €2 BH M G € 1 23
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KA HAQ~5 4% % 5.10,15.20,
25 uM FeH R E)

2.3 #FHasal

FHIAECE O L R LAY R DNA
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Study on safety evaluation of shiyifang cataplasm and the combination of

shiyifang cataplasm and graphene fomentation

LI Xiao-xia, WANG Zhi-ping” ., JIANG Ya-xian, SU Jia-sheng, SHI Xian-yi

(Guangxi University Key Laboratory of Common Technology Development of Chinese Medicine Preparations.,

Guangxi University of Traditional Chinese Medicine, Nanning 530001, China)

Abstract: The paper aims to preliminarily evaluate the safety of eleven-party cataplasm and
combined graphene thermal application. In the experiment,SD rats were used as the research
object to evaluate the acute toxicity of eleven square cataplasm and combined graphene heat
application. The guinea pig was used as the research object,and the skin of the eleven square
cataplasm and the graphene heat application was applied. Irritating and allergenic. The results
showed that there was no obvious abnormality after the application of eleven-square cata-
plasm and graphene heat-applied to rats,and the body weight increased steadily, and there
was no significant difference compared with the blank group (P>>0. 05); the intact skin of

guinea pigs was not symptoms of erythema and edema occurred, and erythema symptoms

* WA HH:2019-09-12
ELE. 76 & B R e 3T TR W H (70-2JGX2016001) 5 W6 CH R B A X8 - BF 5T A4 B BE A1 B i E
(YCSW2017170) 5 J7 74 o B 25 KA A G A7 B8 0 B2 25 28 46 L U0 H (P2016001)
YEZ B 220 (1995—) &, P SR A 7R B A0 B 5 2k L W 9 O 1« v 245 RS 24 3 sl ) o v 2R
WIS LM A965—) &, ) iR T, 208, W WF5E 7 1] v 2 RO 2458 50 BRI 2L, 318007460@ qq. com
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were found in some damaged skin. The average score of the stimulating reaction was less

than 0. 49. Compared with the positive group,no erythema,edema and other allergic reactions

were observed in the drug-administered group. The allergic reaction rate was 0%. Therefore,

the eleven-party cataplasm and the combined graphene heat application is a non-toxic,non-ir-

ritating, non-sensitizing external preparation, which is safe for administration through the

skin.

Key words: shiyifang cataplasm; graphene fomentation; acute toxicity; skin irritation; skin

hypersensitiviy
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(R BE PR = VR AT AR A SRR D S
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FER A O R g T, B LUR WL 4
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VE S FE T, A A — 7 2510 A7 1 45

AN P8 B A B i B S 0 S ORI S
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1 MBERE

1.1 S=EsH
1.1.1 S8y

SD KR, SPF 4,50 H, MR 2 A 180~
220 g(J7PHBERM R 2= 5250 sh W b B2 43, S50 s )
AR A IE 5 SYXK HE 2014-0002) 5 K B (4
F1),80 H HEME45 2 R B 350 ~400 g(H KW
R E A YR A R R R AL, S8 3 Az 7= VF AT IR
45 :SCXK(#)20140010).
1.1.2 SEE Y5

T — e R CHS LS 20170701 528 H E
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2.1 2kt

(1) 25 24557 i
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Bt iE Ay 2 h
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24 WG BRZ25% , R K V¥ 25 25 DX 5k B D 25 90).
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(1) 25 255 &
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FESES:0648. 12 MEktRERD: A

Study on synthesis of f-cyclodextrin based water-soluble
perylene-3.4.,9,10-tetracarboxylic acid bisimides derivatives

and its pH responsive property

YANG Jing, BAI Yang® , AN Na, LIU Cai-ping, CHEN Xiang-li, BU Huai-tian

(College of Chemistry and Chemical Engineering, Shaanxi Key Laboratory of Chemical Additives for Industry,
Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: In this paper,S-cyclodextrin (8-CD) and 3,4,9,10-tetracarboxylic acid dianhydride
(PTCDA) were used as raw materials to prepare fluorescent water-soluble phthalimide de-
rivatives probes with pH-responsive fluorescence properties. Firstly, through the sulfonyla-
tion of f-CD with methyl-4-benzenesulfonic acid and sequently amination with ethylenedia-
mine, the 6-position monosubstituted sulfonated cyclodextrin (f-CD-EDA) was obtained.
Secondly,3-CD-EDA and PTCDA are reacted in an alkaline solvent to form a water-soluble
phthalimide derivative (CD-PDI-CD). The structure of the compound was characterized by

» WFSHHA:2019-08-14
ESWB EHRARFAIEESTH (21801162) 5 BEVTRME K235 AFR AR A A BHIFE 31 54350 H (2016 QNBJ-10)
EZBN A 551996 —) &, BePg Pi 4 N, FE AR L W98 A8 B 95 7 [) - K4 T A AL 1A i 7 378 45 1 g
BWAER: (1 BHA988—), B NGk N AR W B 5T 5 1 . A F R A WIS 5 K4 F B 412, baiyang @ sust. edu.
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FT-IR and 'H-NMR. The optical properties of CD-PDI-CD aqueous solution under neutral

and acidic conditions were characterized yanby Fluorescence and UV-vis spectra respectively.

The absolute fluorescence quantum yield was calculated. The self-assembly aggregation be-

havior of target product in the neutral and acid solution was characterized by TEM and

AFM.

Key words: S-cyclodextrin; water-soluble phthalimide derivative; pH responsive; fluorescent

property
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X, B2 PTCDA 4345 k4 v 0 3 hk 1 W v, 5 1
FHEE#EA 57 F 40 T ik R3S, 3 PTCDA %6
0 W i 2 e R T B A v R N
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Vi) Py 2R . VS AL 1) Ak s 0 AR 3 1 T S5 A L A
i 11 2 [ 25 K 98/ T 43 7 1] ) SR, AT AR 2] 34 37
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U ARV 1 B AR R 1 L AR B R L R T
e O HELA BR 55 15 10 0L 5. MRS 38 7 11 D 3
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HTF fCD Btk iy CD-PDI-CD %% Y684t B A
RUF K I HOE 22— B 1A SO S L
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1.1 XA 5NE
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(TsCD LM A &AL i L & — e (EDA) (N,
N'-—H 3 BBk e (DMEF) . JEK B .3, 4.9, 10-3E
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SRR, VKSR, ¥R 4 A 4l B R Eh 2% v i
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i [ Park /A ] ;3% S B F 0508, S5 FET A H].
1.2 KA L&

PECIREL 43 F 1 A U T Ak an &l 1
N HOO AT oy F AR & 7 a0 R BT A,

1.2.1 FRALFRHIRS (B-CD-OTs) i il £

22 LR G 1 A 0 VR A 6 B IRUAR
WIS . TEVKKIB T . T 1 000 mL = H B PR ik
A NaOH (6 570 mg, 164. 0 mmol), 5-CD
(60 000 mg,52. 9 mmol) ,500 mL % B 1 /K. ¥
TsCI(10 080 mg,52. 9 mmoD A F 30 mL Z i
Ja BTN E NaOH W, 2 5 78 5 0T RN 2
he. SN2 S b UG DB L K DB R R T UK AR
T 5 il R S W BB DE L OF 4 I AR R R L B T
K PR TR G AR ) B R AT A B
THEAR = B AR 7 040 mg, 7% 12.0%.
1.2.2 BALERMIAS (3-CD-EDA) i il £
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X H R R R O W HLORIER I LRSS
MRS 2,3 7 23 &0 1Y L3 AT LAGIE B SR AR 1 -
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2.1.2 BCD-EDA HyFAE

(DELAMERE R 2 ab IZEEAT L, T
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MR T AREE WA L.
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(D FRYE S A VR B I TH 58 H65m E F %
B 7 RREZ%ZHT CD-PDICD &% % Fluorescence
(Aex=500 nm, Bk 4 5% & =2. 5 nm)

®1 AFEpHEHTHREEFTE (%)

WE /M 1.0X107° 1.ox10™* 2.5X107*
pH=7 1.76 0. 994 0
pH<7 48.1 21.1 9.47

2.3 CD-PDI-CD KE& o R ESTH

sk TEM % CD-PDI-CD 7K % W th i 58 47
RIEAT RAE, HRAESS R AR 8 . Bl 8 (a) Hl
(WM pHEZETF 7, 8E /35 1.0X10*M fl 1. 0
X10 °M iy TEM &8 8(e) A (d)ly pH /NF 7,
WA 1.0X10 "M Al 1.0X10 °M g TEM
Bl 8 AT LLE H FEAT ] 64 L W W i 4 F
HB I DL R R X AEAE /Y. SR TR IR A1 T 4%
TR AT SR A 3 HORE T B R B R
KX F R RERR LR — & m.

L

(pH=7,1X10"*M  (b)pH=7,1X10"°M

(0)pH<C7,1X10 ‘M (DpH<7,1X10 °M
B8 CDPDI-CDX#%ELEAREW TEM A

i i AFM %t CD-PDI-CD /K% % Hh 1) B 47
FEAT RAE, HRARS R A K 9 Fras. Bl 9 (a) Fl
(b) BT W pH T 7, () M (D) T FHE R Y
pH/NF 7. 383 9Ca) . (b) 5 (), (d)XF He Al 41,
pH /NF 7 W o0 F I R AR N W
1X10 "M 5¥E R 1X10 °M By AFM E 4 1L,
TR S A Pt A il 2 R 1 2 R MRS 1 X107
M BT TR RERE IRE R 1X10 "M %
TR o T 1 SR AR AR R L AT U A R ) AR Ak ket
S FRRERES —EZm 1 pH A 5+
10 3R B A O S 2 D PR . A e RT DL TE i TE
i S8 43 F B LIRS BB X AETE MR 1R 45
TF T o0 T SRR BT /N, DT A6 28 1 6 1 HR S ]
PLF= AR5 BRI RT DA ok 38 5 W pH R IR T
VSR 2 T e
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2 um

(pH=7,1%X10 "M  (b)pH=7,1X10 M

(c)pH<<7,1X10*'M (DpH<7,1X10 °M
B9 CD-PDI-CD&&EEAREWG AFM A
AT DL R AE X nT DURG e I pH X
PRER 3 FAEK W i SRR BB A — %2 2 ), T
pH B2+ 43 & . Rk, & 10 R, e
CD-PDI-CD 7E7K %5 ¥ H i1 2R 48 72 B R Wk B R pHL
AR T K A AR A I A T R U]
I WAL

lower

_ concentration | l o / / I \\
higher e N\ | /-
concentration —— H
= Sen-PDICD —-— - —
= == ©CD-PDI(2H)-CD -_ —— // | \

B 10 Bk bkEA pH &M R ERLX BN
2.4 CD-PDI-CD #£4t % F % & A

HET UL ERYRAE, IR BOR EE S 1 X107 ' M
I HAE CD-PDI-CD w7k %€ e . 8 585 % i
Y510 T 96 0 RE AR -, 78 60 °C I BEAR P
B 5 hL R SO A E 11 () B R 2k A A
SROGHRA 345 nm AN RS T ¥ 9L.

B 11(b) (o), () BT X g 1 4333l S pH=5. 0,
0.05 M ) PBS ¥ # .pH=14.0,0.05 M i PBS &
TN VK S R 20 1R BT 3 Bk CD-PDI-CD w56k
M b, 78 345 nm WRAME IR T B A EL Ho,
(b) % AR R Ay Wi TR 1 T2 2 5 553 5 BT LA S 7 i
Fo 55 1) B (0,5 O 5 T UK 1R (D BRI Ay 1 e e i T
718 HH B B B (8 T 5 (o) T MR VAR TR T TR ) TR
Pt i Sl 1 IS T N T B L o s L |
U AT F B B M 1) 3 iR 26 O K T B 0. JF FL7E
WA . 30 min EOGRRE. A B 28Ok
PRAET 43 747 H8 FH DRt A0 D00 1 4 V5 3 I L mT AR Al
TG I R 55 0 W7 R 1 1Y R 55 L U O R D R P

58 o 7 TR AT BRAE TR 50 5y T 0 A A
(a) (b) (©) (d)

bd
)
() e (b PBS,pH=5.0,0.05 M (c)PBS,pH=4. 0,
0.05 M (d) vkt R
A 11 345 nm ¥ %M R T ,.CD-PDI-CD
RAMBHR AR BEAERARARTER

3 #ig

AL B-FRMIORG D 3 i IR 3. 4.9, 10-9E
PO R O R A A T — R T R KR T R4
AR A pH Wi PR B PEOL R B, B3R MIRE AR 1 R
G ) RO 2 ) I 25 > 70 7 B 2R R T R A =3 ]
A2 BEL o ol SETBE S 1% AT A2 ) PP B A A oo HE BRI
WA 2 215 BT A R4 K PR R pH i B B89 558
PERESRBE 2 1. 2 Ay o - (LA X 98 3 JE 5 I
JHE AT HE 0 8 0 2 P S B S B4 T L 5T Ak =2 I
o IO R A R0 PR IR R A AR TE I M Y
DS R (SR o R e s K DA
A P 75 58 A1 A g S RRUAE P Ol 53 B A% =2 ) Y
o-m HERLBLSS » 0t Al DL o 38 pH 5 41 0 1 19
AP IOCHERE  IF B T AN R AR P B 7 345
nm 5840t IR G R AT A O [ R EE B 2O A B
JH T Xk A [] P P 5 Y A DR A 0

&%k
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Synthesis and application of a 3-hydroxyflavone fluorescent pH probe
for intracellular mitochondria targeted imaging

WANG Chao, YANG Fang-zhou, JI Peng-bo, WANG Ting-ting, MA Yang-min

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

Abstract: Mitochondria are the primary sites for energy metabolism in eukaryotic cells. They
are of great significance in cell physiology. Visual imaging of mitochondria based on the tar-
geted fluorescent molecules is a powerful tool for the researches on mitochondrial morpholo-
gy and functions. In this paper,a novel fluorescent probe HF-Mito for intracellular mitochon-
dria targeted imaging was synthesized with the 3-hydroxyflavone fluorophore and a mito-
chondria-targeting group triphenylphosphine. The excited-state intramolecular proton trans-
fer (ESIPT) effect of the 3-hydroxyflavone moiety endowed it with excellent spectral proper-
ties. At the same time,the probe can be used to detect pH due to the influence of proton sol-
vent on its ESIPT process and fluorescence performance. The triphenylphosphine moiety is

lipophilic and positively charged, which can specifically bind to the mitochondrial inner mem-

» Wr#s H#:2019-08-20
E£TH :HEKAKRFREETH (21708023) 5 BVEARHET A RBEEILRAF 5T 2150 H (2019]Q-061) 5 i E i+ )5 Bl ¢ 3k 41 1
T H (2019M653851XB) 5 B PR K7 1l L BT R 3 K4 51 H (2017GBJ-04)
EE®E AL BA986—) B INRIGUT A 8 Z8z L BF5E 05 ) - 9Ot AR 0 5 K
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brane with the negative charge established by the mitochondrial membrane potential. The

fluorescent spectra and the fluorescent imaging experiments indicate that the probe is suit-

able for targeted labeling and fluorescent imaging of intracellular mitochondria.

Key words: mitochondria; fluorescent probe; triphenylphosphine; 3-hydroxyflavone; ESIPT

effect

0 3l

ORI I EAZ A W A b — b 220G E A 4
JfL 2 B TR A0 AR e A b e G B PR AE T
s ATP = A 3 BT, 76 0L i B2 v 2ok 4 171 3¢ 19 )2
2R SR A iR A, S RMRIE IR 5 AL R 1k,
LKL Z 5 A0 3 AL A5 B A% 338 R0 E T 45 i R
It2 5 45 At M R 0. R R T R S 5 o L b
A OG 81 SHG 40 L PN 0 1A A DG B e A A 5T B A B
X

PECIRETAE S — g B m] AR i B 5T T A
BA R0 o AR A Y SRR S5 A BT IZ
FHT 4086 o4 A& Fh 240 B &% L AR W0 R o VRS 1 I
0 R R AR LR PO B AE I A M P S
BF S 3 B R A B T 25 | 43 A S FLAR Ak Ry 2k
ARG T REBE T 4L 1 B, 2 24 i I P AR OC T4l
i P SR i 5 A T ) AR 1T SR R SR
BEXS LRI AR SENE BAR /N 73 9O ER B, B8
S T OB AR P IS P A7 2 T IR 0% B BT I B L SR
JI 1A 19 B8 ¢ Ol R AT LA S e ) ik A 2ok A4
PR I 5 ik T3 P ) R AT A 25 S S B ORI
e S PERR IC BB H gt

25 I AR SO T DARR R HE A TR A o7 AR
SR HEE Ol JEURL, 48 Claisene-Schmidt 4 & 2 M Al
Algar-Flynn-Oyamada % fb 52 I 74 2 32 5 05 i
BERZ P DL 3-8 5ROy B i B, 5 N AR
L[] S A1 5 i H PR AR ST 707 HF-Mito. 255 P /9 2=
BEER B B 7 T S X A P 2R A Y HE [ AR 5 3-
5 B B DR HG 3 1 v R R S B L AR T L BB R Ly
WA, b & AR S5 T W BT # % (Excited
State Intramolecular Proton Transfer, ESIPT) i
LR T T ERS IO I HX — g RS
32 30 BT PR R0 9 52 e 3 R A A) DL ok AR
pH HEAT I E . 3 5 ' 1% 20 M 5 40 0 5 ' AR 52 56
PN T DEOCHRE T T 40 M 9 G 14 e S5 1 5Ok
BRI A AT 1.

i

1 THH

1.1 &AA5E
.11 FZERHF

2-FR IR T R R R R T R 1R3-S I e
=R  KH, PO, \Na, HPO, « 12H,0. % 1kb4h .
SUALER  TCK B R BE L A Ik L 1, 4- S IR L U A
WG L LR TR AR L O TR L 2T
N N- 3 P e — PP 3 AR ik R L A TR
B R A L R AT L 3 S B A T .
DMEM #5374 (Gibeo) , f 4= 107 (AE T4 9 T 72
ARAFD HFRHRREHMERRRCEZ REYHA
ARAFD.
1.1.2 FEULE

RE-52 3 % i€ i 78 K& A b W0 2% A= Ak AY 2%
J7)3PHS-3E B pH 3 (WA i B 24 {88 e 0 A7
B2 Al )5 % 40 mr DL g ik ot 3% AL (WA A5 A A
DR5000) ; Lumina %% 73 % BETH CREER & /R B
HAMW/A T ; ADVANCE 111 400 MHz #% #4 3t 4E
WY (bruker 23 7)) 5 — AL B 40 B 5% 32 48 (ES-
CO); LSM800 ot Ht 5 £E %2 6 1 i 8% (R R %%
D).
1.2 &4 HF-Mito # 4~ &

HAr FRIA MR FEEKLMA 1 frw, Bitg
3 .

Ox O, o
o11
B " I
KCO3 1.NaOH,McOH

E o O
-1 2.NaOH,H,0;
OH O~ Gt 2R , o ™"al
1 2

% S
A1 &4k R ERAT HF-Mito 9 4 & % 4

1.2.1 k&Y 1 MEm

PRI A-F2FL K HEE (2.5 g,20. 3 mmol) #1 1-
R-3-S k(4 mL,41 mmoD A 100 mL [BlJE 4
B 30 mL PR R L P JE K B R A1 (3. 0
AL AR ST B FE L I SN 18 h.
J2 0T W D s 7 58 A o A5 Lk N 8 R VR st i
FHZ S PR e i U8 i B0, BT A HLAR, e 75 B &
A HLEE R X 7= 1 AT ke 3 A3 R R
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% 38 &

ik« LM ER=10 ¢
3.1 g. "% 78 %.
1.2.2 L&Y 2 &R

BALAH 100,39 g,2.0 mmol) Fl 2-3 KK 4
fiil (0.3 g.2.2 mmoD M A 100 mL BN . K5
A S EACBE K 0.2 g AL FEIMA 4 mL JE/K
FH e, P ol L M. SRk T IAE S 0 8 h, SRS IR
2 5 Y AR S P SN A AR ) RNV VR R A LR
AN (0. 5 mol/L,8 mL) Flid & L& (30 % ,2
ml) , 4k SE IR FE N 2 5 h. 2 (05 W I s
SE R B BRI 50 mL pKoK oL A 0
P L D8, FH K DR R B0 5 T . r A5 [ 44
HEAT RE AL S22 B 2l Ak (BRI 5R o — S P e+ g =
100 : 1), 15 # (4 [E K =4 303 mg, ™% 50 %. ™~
Y25 ¥ 2 W 05 IR S RAE.

"H NMR (400 MHz,CDCl;)&:8. 32~8. 23
(m,3H),7.72(ddd,J =8.6.,7.0,1. 7 Hz, 1H),
7.61(d.J=8.5 Hz,1H).7. 44(ddd. ] =8.0,7. 1,
1.0 Hz,1H),7.29(s,1H),7.12~7. 05(m,2H) ,
4.24(t, ] =5.8 Hz,2H),3. 81(t, ] =6. 3 Hz,
2H).2.32(p,J= 6.0 Hz.2H).

1.2.3 4 HF-Mito B4 i,

FREUE A 2(20. 4 mg,0. 06 mmol) Fl =2
FBE(32.6 mg,0.12 mmol) F 100 mL [&JE B2
o m AR AL 85 (46 mg, 0. 3 mmol) #E 4k, & N
(6 mL) Ky i ) ¥ . ORI T S 0 18T 3 S
2 h. WS R R 58 4 I A Ak T ZE R 2SR 15 3 1Y
] 4% 4 A7 Ak J A J2 AT i (R M 3% o — U e ¢
fE=100: ). HHRL AR K 30 mg, =K 91%.
J7 ) G5 R A% R e R ST R AT

"H NMR (400 MHz,CDCl;)&:8. 24 ~38. 14
(m,3H),7.84(td.J=12.1,11.4,7.7 Hz,10H),
7.73(dd,J =17.6,3.3 Hz,6H),7.58(d,J=8.5
Hz,1H),7.40(t, ] =7.5 Hz, 1H),7. 02(d, ] =
8.8 Hz.3H) ., 4. 45(t,J =5.7 Hz,2H).4. 06 ~
3.90(m,2H),2. 25(dt,J =14.5.6.6 Hz,2H).
1.3 staganX

PRAEBE B0 T 1« o B AR B AR EF HF-Mito, ¥4
HE T DMSO Hr, B il sk B8 10 mmol/L 1 Bk
WA, TAEW 2 mL %R 6 2 pl 3REFBE W
INAAS TR 700 B AN [A) pH /K % b B BV 2 4 10
LM KRBT VA VR AT WO 3 5 9O i
MK B % P K 360 nm, LK K 4% T5 R R 10
nm, K RAETERE N 5 nm).

IDREGE ROy SR RINTI LN

1.4 @mpe3Eicl 3k s ik

MCF-7 4 7E 37 “C 5% CO, ¥ i 15 35 4
(ESCOYH R 3%, i & A 10 % fig 4 1LiE (FBS) |
HH % (100 U/mL) Fl 4k % £ (100 pg/mL) 1
DMEM #5555, H T 286 iU AR 1Y 40 B 422 Fh 76 37 55
JIEML($=20 mm) H I H5 5% 24 h K ¥4 HF-Mito
TR F52 7 (5 VD X B YL €4 45 min. f
FH PBS U 4 = AdE T X< 63 4458 %) 4 i A%
BRI R 405 nm, BEFEK R 420~520 nm.

2 #ZRE5iTiE

2.1 E4F HF-Mito %5 % 57T B Fn 58 8 03
PREF HF-Mito W) 25 #4918 3 2 # 36 Ir & 0% &
ik, &5 8 2 s,

B 2 #4F HF-Mito ) # 5k 22 3k 838

LA TR T8 2 8 50068 HE G 18 kA7 05 L an P 3
7R 4R 5T HF-Mito 155 h-nl WL W' 3% 129t
Jeilk , H KM I 4 R 360 nm, e K& S5 1%y 550
o, W WA A D' e S5 D 1) 0 B R E AR R B 46 e
WAL IR E] 190 nm, UL WK 5 & ST KK I
B /N TR S M AR L I B 1T 5 TR

=%
0.18 25000
016 R FO0 6 it
aasl 20000
0.12}
15000
0.10}F g
/ =
172] W
S 0.08) 1 8
< ; 10000 &
0.06
0.04 5000
0.02}
0.00

0
300 350 400 450 500 550 600 650
Wavelength/nm

B3 R4 SR T LA
o 52 S S
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2.2 R4T HF-Mito £ 7R B 7 7 & #9 ¢ & b #

SEE i — 2P R IE TN [R5 R 6 R £ HF-Mito
PECHERE M. S3 i E ] 1, 4- AN . LR T
fi DU S S BE L O LN N R
JHe . AR, £ T WY RE L PBS S AE S R AT
PRAET T 3 L A R 2 6k an i 4 FTR.

70000
=i==EtOAc
—-—- DMF
60000 e DMSO
— DCM
50000
£ 40000F
12}
i
£ 30000
5]
20000
10000 -
400 450 500 550 600 650
Wavelength/nm
(a) K5 HF-Mito 16 4 J5T 7 #5350 h i 52Ot 3%
20000
18000 - ) - - -EtOH
1 PN e MeOH
6000/ IR —-— PBS
14000 AN Fa
€ 12000 i N S
% I 4 .\ /I \
£ 10000 ; L \
= gooof v f \
v . -
et N b B b
6000 TN Y |
40001 oo '
1. N o
2000 7/ . .
1/ Sekug SNa
0 EZ P e e m g

400 450 500 550 600 650
Wavelength/nm

(b) ¥4 HF-Mito 75 J #7701 9 2 6 3
B 4 %4t HF-Mito £ R
el i O o o

ME 4 7] &I, 5 HF-Mito 75 360 nm 1Y%
KW T 4377 A2 T 41 98 6 K S W6, 8 A7 1 4 i) A
W2y 440 nm AEFIH % 2 540 nm 4b. 4Nl 4 (a) iF
7 E A L DAk I 2 TR TR A AR BT 1
VA 332 BT B A v ) 3 SURURR 488 1) Bk ik
UYL T 8 &, (5T HF-Mito #03% & 5 &
Az ESIPT R0, 77 A i 5% 4 1 B8 S f 44, g
AR, T K ARG Uk K L0 R BRI 7E KK
540 nm Ab 2 fie Kk G,

WE A Fros , 76 F R B F PBS 45 1
VR BT R 09 TR TR AR S IR IR TR L
() F%) 20 B8 S DA BEL BT 1 43 PN B B &0 o BEL T 17
ESTPT &0, PRt Ay 1 5 380 S 7RI 440 nm
(1) %2 S 01 S B R F HF-Mito 119 )% 3% 14 J5i
23 PR BT Ak i 390 B9 4 T e A A2 Ak, i e mT DL A

DU AZAR T A T T 40 B AR ) A 44 i T 45 7K 3 B8
2 DU R 5 o T TR T i A SR AR P 1)
B K BB L 23 DU PR 9O R 3 F Bt Pk
UG B2 T8 5 TR AR

2.3 4t HF-Mito £ R F) pH F ) k3%

U T 0 B0 5 0 A HIF-Mito Ol 3%
BT B SE A i — 20 2 T W IR R RE X TR £ HF-
Mito [ 351 T A fal 52 0, 3 60 T 3F 4 20 T 24
L PN R AR S S AR 1 T AT 1 R A B L 4 3] T A
TR pH % PBS % W, %R & 3E4T T 40 R o
.

AIE pH F#54F HF-Mito (1) 48 4h- 1] WL W i
TEANIE 5 7S R EHE 350 nm Ak 1) I AT 048 51 B 4%
B pH A3 2 0855 5 1M 410 nm Ak (1% B i
W 5 B e B A pHL A4 DR 28 T 4 Rk 2 R TR
T Bk 1 25 R TR 3-8 i ] 1) 2 3 AR 25 5 i
2, NTIE BT 85 7, 410 nm &b A9 W% i s Sy 45 41
HF-Mito JIit 25 055 F T % 1 91 825 1k & 4 1 Wiz i
U, DR B B 1 35 B B AL B B T £
410 nm Kb (1) I8 WSO 7 28 T 3 5.

0.10
0.08 )
0.06 .
£ &
< 0.04 .
0.02 /

2 4 6 8 10 12 14
pH

0.08

‘410 nm

0.02f
300 3%0 4(I)O 45110 5(I)O 550
Wavelength/nm
B 5 K4t HF-Mito 4 pH % 4k
8 RO K

AE pH T R4 HF-Mito 1 5% 5% %3 i &l 6
JERs REF 26 iR FE B pH Y 3G 0w v . 7
MRPEZAE T i P Wb &5 7 558 A
G BHAT T ESIPT RO, M 7E B2 I 4K 440 nm 4b
()5 25 Wit 3 TR P 10 36 R i 4 58 5 I el 1k 4% 1
T A S AR S E LAY, B
A2 ESIPT 80 A 298 4% 41 HF-Mito 1)
Wk 53T NI 440 nm &b B 2€ 6 5 B Bl 2% R E
98 5 SR T D55 .l SC R R T R R AR T N pHL (H &Y
R 8, 3 — 55 B M A B AT BEXT TR £ HF-Mito 1) &
JEPEREA — & S A PR A T DU A SR i
R 5 7K R85 T 0/ N X — B2 T, BE A5 T 2 2ok 1A
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ReHAALESB

% 38 &

FOLUR TR

25000

20000

15000

20000

_ 10000
=
5000

15000
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Emission

5000

650
Wavelength/nm

B 6 #£4F HF-Mito 4 pH % 1L a4y 38 & ki
2.4 A& EAR R RS

B UE R HF-Mito X 41 Jii P 28 7 44 (1) 5 i)
FRiC5 AR A D T 40 i A 06 R R
B MAG S5 L 1k N LR AR 40 i (MCF-7) 2k B A5
HEAT YL €0 F5 4T HF-Mito DL 5 M ¥ B2 X 40 g 4 65,
A5 min. WA 7 FF7s 76 405 nm YGECR T L 41 i 7
Wi 44838 T (420~520 nm) 5B R B A9 980, T
AT 1 308 7% 8 200 R A% 35 4 TE 9 L T R R R B R AR
R D R WD B =i o S N9 ) I = P 2
TIE 55 4 O SCHR T % 38 114 26 R 1R 28 D' 45 B A it 15
KA A 2R AR S — B L F e T L 2Ok
PREF HF-Mito 1] DA SZ B4 i P 26000 1 10 45 5 M A
5P,

B 7 4T HF-Mito #7190 29 B8 19 £ 454K 32 6 R AR

3 #Hig

AR LA 3-F8 5L 8 i A O REAZ L DL = ORI
Shy I 1) 35 A5 BT — B8 T A e R e S
15 1) 5 e R &1 HF-Mito, 135 &1 (19 ESIPT %00 i H:
AR PR R B R N R TR R
AR SRR R B 58 T 7E S5 1 VS R A B b e B
HIE B ORI A 28 R, ESIPT 800 1
T REN BB B FE 5E T 07 A% L X ER A R A N H T
LRARR LG B A T S TR A I . 2 6 iR
SR 28 L I 7 2R AR 9 S Yl €0 T, 6 B4R EE HIF-
Mito X i 241 Jfl 2 b A4 B A7 347 0 bmic 4% S 1 OF B
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EPDM/NR £ & % 5 B 0 241 5 M 8 T 52

R oOE.HF B, TEM,EBEA

(BRPERHE R Az 5 T2 b BRPT A B AL T I3 S S22, BRPE P2 710021

T E A RABRINR Z a4t st 20 P M T T AR ARRBR IR Z LT
R AERR RN PR EREHNET LR . FHE L P =L RBIRG A FAT
TR AR 2B REREAITT ARSI A F A AR AE T, E ke 20X
BT B AR IR B 2 S A A AR AR AT T 547, &£ R A NR 2 EPDM &
RAEREWUMHSE S A LA AFTH 40 phr B . M09 F B A8 E = 3 fe I 2 5% ik
%] 0.56 g/cm®.68 (Shore A).58 % #= 6.91 N/mm., B 7 3 2L 5% B % 45 K R I K #4469

2.03 4.
EEIF - RABRI; LRI WA e, ke E
FESES . TQ332 XEFRER: A

Study on structures and properties of foamed EPDM/NR composites

SHAO Liang, XU Ran, WANG Chen-yang, JI Zhan-you

(College of Chemistry and Chemical Engineering, Shaanxi Key Laboratory of Chemical Additives for Industry,
Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: In this paper, natural rubber and EPDM were used as matrix, and the physical
blending method was used to prepare composite foamed materials. The compatibility of the
compound was analyzed by SEM. The physical and mechanical properties of composite mate-
rials were analyzed by means of density tester, Shore hardness tester, falling ball rebound
tester and universal material testing machine. The results showed that there was no signifi-
cant phase separation between NR and EPDM., When the content of EPDM is 40 phr, the den-
sity,hardness,resilience and tear strength of the material reach 0. 56 g/cm?,68 (Shore A),
58% and 6. 91 N /mm,among which the tear strength is 2. 03 times that of pure natural rub-
ber foam material.

Key words: nature rubber; ethylene-propylene-diene monomer; tear performance; shrinking

percentage
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4-HBA/E-51/EHlRES BN EKIER S B

x| A&, kKA, BEmA, 2 OGL, FR#E

(BRPERME R BRPE A Bb LB s 5L 865, BRPE P4 710021)

H E.AdREAPREANEAERLSAT XS RT — 25 AHKRE/FRAMNIE/ A IR~
ER R KRR AE LR, ARZRKERABOZEA 8 A A 48, A = F 5B B
(HDD #= B B % 8 (PE-3020) 4 4k, 0L 2,2- =% F A &8 (DMPA) A & K& & 7, L &5
BR-4-# K T B (4-HEA) (R AM g (E-51) Fo y-45 K H b Bt A A& = 7 88 42 b (KH-560) A
BOMEFN I AFT —NCO % A F RN RABTARMK; RE HHBTARAKRE T AR~
ATE(HFBMA) Rz aw i 2B 4,443 7 4-HEA/E-51/KH-560/HFB-MA £ R s b ¢ K
MR R AR (HEKHWPU), K AAE Zeb 2o s 35 AL X LR ATHA R oML, Kok
FEHMB(TG) AFAMERAMNZNF, FREGYBEHRITT RIE, FHFRT £ 4HEA A
5% F KH-560 4 2% B, & A E-51 /= HFBMA # 3 xr HEKHWPU fi& 69 & KW L 5
MAef i B RE N Hh, LR EN.% E51 mAEH 5% . HFBMA % 30% 85L& 4F L 2 71
FiEmz R, LR B IREXF] 9,430 MPa, B 240 ¥ F ik 317.5%, 2 KB
fik A A 107 °, Bk BN 32. 8 U MK E 6. 07%. 3R £ 4-HEA/E-51/KH-560/HFBMA % ¥ %
ey WPU 4B 33TRERS.

X437 :4-HBA; E-51; KH-560; HFBMA; 7K M 3 & B

FESES 0631 XHERFRERD: A

4-HBA /E-51/organofluorosilicon multi-modified waterborne polyurethane

LIU Xiao, LAI Shui-li, GE Ru-yue, WANG Hua, LI Chen-hui

(Shaanxi Key Laboratory of Chemical Additives for Industry, Shaanxi University of Science & Technology,
Xi'an 710021, China)

Abstract: In this paper, a series of acrylate/epoxy resin/organofluorosilicon co-modified
waterborne polyurethane hybrid emulsions were synthesized by prepolymerization and in situ
free radical copolymerization to improve the comprehensive application performance of
waterborne polyurethane. Firstly, diisocyanate (HDI) and polyester polyol (PE-3020) were
used as monomers, 2,2-dimethylpropionic acid (DMPA) was used as a hydrophilic chain ex-
tender, and 4-hydroxybutyl acrylate (4-HEA), epoxy resin (E-51) and y-(2, 3-epoxyprop-
oxy)propytrimethoxy-silane(KH-560) were used as modifiers to produce an -NCO terminated
and double-bonded polyurethane prepolymer. Then, the capped prepolymer is copolymerized
with hexafluorobutyl methacrylate (HFBMA) in situ to obtain 4-HEA/E-51/KH-560/HFB-
MA co-modified waterborne polyurethane hybrid emulsion (HEKHWPU). The polymer

(film) was characterized by Fourier transform infrared spectroscopy, X-ray diffractometry,

* WrFs B #3:2019-07-20
ESTE Pvi A BT R ORI H (2015SF266) 5 B2 7645 15 22 1 BHE %130 H (2017138SF/WM032)
EHEB NN 1994 —) 2, BEPE 247 A AR A - 0F 55 A L BF 5% 5 ) 7K 1 3R TR
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particle size analyzer, thermogravimetric analyzer (TG) ,optical video contact angle measur-
ing instrument. When the 4-HEA was 5% and the KH-560 was 2% ,the amount of modifier
E-51 and HFBMA has an effect on the water resistance, mechanical properties and emulsion
particle size of WPU modified film. The results showed that when E-51 was added in 5% and
HFBMA was 30% ,the appearance of the emulsion showed translucent blue light, the emul-

sion particle size was uniform, the tensile strength reached 9. 430 MPa, the elongation at

break was 317.5% ,and the angle was 107 °. The water absorption decreased from 32. 8% to
6.07%. In summary, the comprehensive performance of 4-HEA/E-51/K-H-560/HFBMA
multi-modified WPU has been significantly improved.

Key words:4-HBA; E-51; KH-560; HFBMA; waterborne polyurethane
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3020 ,HDI.DBTDL hil A 37 [0] 37 v BE 45 L 16 7F o
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1.5 h Jg . - fltin A —E & 1 DMPA .4-HEA I E-
51, I AGE 4 (% T B 98 T R R KGR, ) 2.5 h
J5 BEARAK R IR EEF] 60 °C ~65 C. & & hmA
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) HFBMA Ffd #8440, =N 3 h 5,74 3 4-
HEA/E-51/KH-560/ HFBMA £ T o ¥4 %) 7K 1 5

S 18 2L . 4-HEA/E-51/KH-560/HFBMA 2k
WPU JFUBHBC b S dm = an3e 1 T s,

£1 M WPU #HI S8 ERE L

¥ o PE-3020/g HDI/g DMPA/g 4-HEA/% E-51/% KH-560/% HFBMA/ %
WPU-0 24.96 5.00 1.57 0 0 0 0
WPU-1 24.96 5.00 1.57 5 0 2 10
WPU-2 24.96 5.00 1.57 5 0 2 20
WPU-3 24.96 5.00 1.57 5 0 2 30
WPU-4 24.96 5.00 1.57 5 0 2 40
WPU-5 24.96 5.00 1.57 5 3 2 30
WPU-6 24.96 5.00 1.57 5 4 2 30
WPU-7 24.96 5. 00 1.57 5 5 2 30
WPU-8 24.96 5.00 1.57 5 6 2 30
WPU-9 24.96 5. 00 1.57 5 7 2 30

1.3 SUBR L6 4] &

W T T B e 11 5 K 3R A R LV BB R Y
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1.4 “%H#H5 MRk EiE

L)1 E Bruker-Verte B8 B 021 Ap G55 AL
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X SR 2R ATT S 3k g 5 445 o 1 BE 5 SR B OCA20 O
2 AT fik 71 I S, 7E IR T X e S R 1Y)
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St o WU T FH 08 AR L 2 1 1Y K 43 W T B H T
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X100% /W,.
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by —Si(CH;), O— 851 1Y K7 IE R e s C—F 1Y
FRAEMR WO 7E 1 159~1 244 cm "4b,C—O—C 4
W A W, 7 O o DT o R s 156 BT AR 1 R G R

Z,4-HEA,E-51,KH-560 ) &% HFBMA B {k
mu%ﬁﬂi&ﬁifi@[m,mj.

1715
1159

3500 3000 2500 2000 1500 1000 500

Wavenumber/cm”
A1 4-HEA/E-51/KH-560/HFBMA %
# KR A B FTIR #% B
2.2 WPU 3Lk B & B R
FLWB YRR R D S 4 R K R BOIR A a3k 2

FR.

F2 WPUIABRMBEHERHEIBRKS
Sample FLW AN R e/ A [ 5 &/ %
WPU-0 i Wz Ot >6 35
WPU-1 i Wz 0 >6 35
WPU-2 23 Bz O >6 35
WPU-3 e ifs W ok =6 35
WPU-4  f 7L, i 2 5% <6 35
WPU-5 i Wz 15 >6 35
WPU-6 % Wz 16 =6 35
WPU-7 i Wz 156 =6 35
WPU-8 B3 Bz #O =6 35
WPU-9  f 7L, W37 Wk =6 35

¥ : WPU-0, WPU-1, WPU-2, WPU-3 #l WPU-4 %I i HFB-
MA ) BE 80 0% .10% .20% .30 % F1 40 % ; WPU-5 , WPU-6,
WPU-7 ,WPU-8 fil WPU-9 X} i E-51 (B %800 3% .4%.5% .
6% F1 7%.

MW 2 AT A, Bi#F HFBMA fil E-51 F & 1)
B, FLIRCIR S I35 B 72 W5 72 7 A8 SR S (i 32
W, O R, LA UTTE BB, BEEH 2 [
2B, 2 HFBMA BCHE I 09 7K M 23 20 e 3Ll



%511 bl

WA 4-HBA/E-51/4 AL 22 5 it /K 1 2R e « 101 -
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(BRPI B R BB R 5 TR B BRVG A EHLA R ek G 5 SO REAL E A sc 0=, BRPGPIZ 710021)

B E.ATHRBES LMK KR KR E &R (NHL2) % % Fo K AL B 5 6 % a, A X4
ERTARBSL LB ZNHRGAETHN 0%.10%.20%.30%.40% .50 % F= 60%). KA 7
A A AR IR AL XA R R R AL(XRE) X S & AT H (XRD) AF 2 o+ & # 41 5h k38 (FT-IR)
Feai e F EME(SEM), 443 28 R BHTT HF B A AL FE . A8 4R & B
M. EREN A% I RARBERERGHAFRESMEZ, S HhavLthE
F SOVOEE L AR 28 RIS A FRA RS ;&% PO ER SO, 5 RAKEES K P
# Ca(OH), & £ KB 5 AT 3k K AL A2 B2 45 (C-S-H) 89 £ % . #74) T Ca(OH), # #AL B & ,
1A S ) UL M) 23 G Ao BB 1L,
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Effect of metakaolin on mechanical strength and hydration
reaction of natural hydraulic lime grouts

WANG Fen, HE Peng, ZHU Jian-feng, WEI Xiao-hong, HUI Jing,
WANG Ya-hui, CHEN Yu-bin, WANG Xiao-fei

(School of Materials Science and Engineering, Shaanxi Key Laboratory of Green Preparation and Functional-

ization for Inorganic Materials, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: In order to study the effect of metakaolin (MK) on natural hydraulic lime (NHL2)
grouts and hydration reaction,samples with different metakaolin content were prepared (in-
corporation of 0%,10%,20% ,30% ,40% ,50% ,and 60%) ,Based on the analysis of universal
material testing machine, X-ray fluorescence spectrometer (XRF),X-ray diffraction (XRD),
fourier transform infrared spectroscopy (FT-IR) and scanning electron microscopy (SEM),
the mechanical strength,chemical compositions, phase composition and microstructure of the
28 days samples were investigated. The result indicated that the metakaolin influence is sig-
nificant on the mechanical strength of natural hydraulic lime pulp. The 28-day mechanical
strength of the sample with 50% metakaolin content is the highest. The hydration happened
between the active SiO, of metakaolin and the Ca(OH), of natural hydraulic lime. The hy-

dration reaction promotes the formation of hydrated calcium silicate (C-S-H) and inhibits the

x WrFs B H#3:2019-10-09
HEEWMB HE AR #EESTH (51472153
EEBN: T 35959 —), %, BePE & P 8082 W A R W, 55 O PR/ 4R R A MR B G R R B B R A
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carbonization reaction of Ca(OH),,and makes the microstructure of the sample uniform and

densified.

Key words: metakaolin; natural hydraulic lime; mechanical strength; hydration reaction; car-

bonization reaction
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BRI TUAR I SOl A R R AR
IR A AR A R L A E T R A R

SR > KR AKRE A K 5 7K e e e A1 RHAH L, H:
R R DR R R | e 2R IR PR T S
LR RE O w0 R B g 04 12— R R R
AR K LA RE B AN 2 SOk LA 3R B
X I T A1 B IR B AT T R BB

H BT AT 5T 340000 O e 0 - Y - i
REBEDPFRESGHABRESHMB AR LS
. Siddique 58 % B, fi &5 04 + B AR K e T A
KU v TR U O B R A AR Tl IR L IR s AR
KBTI A 0 i e R0 5 V0 R A L T AR AT
B L A AR B, I AT R ) e 4 RN X B e
GO IO e 04 1 BB B K R RE B R R B
246 o L5 A RS ) L i EL P 0 4R R K KRR Y
AL R B TR i R ORI (MIP) (FT-1R
SEM 45 W3 T BE0F 98 1 B K- e 0% - 5k by o
RE WO BE , 25 5 R W . Bl A I = 08 1958
(3G, £ 8 T E IS A 22 T BRSSP LALO, T Bk
L RORE L — BB R S5 L R TR RO (K
TR JIURE 5 6 Ji A 22 18] 1) B T 25 45 15 L

AR S 3 T ] e v 08 - 0K SR K B A R SRR
WFFEAS [R5 22 e v 04 = 5%t K 8K KBy R v 3 g 2%
SH ) S T, 3 g S IR AR i — B R
IFi) i 1 06 - K SR K B 7 K 1 S 1) 7K Ak 7 40 R B0
TE . A SCRAF 5 1R S O s 08 4=~ 8K 7K B A K
TESCH v 70 A 30 400 35 1) AF 5 1y AR it — 2 55

i

1 LIgEHS

1.1 S=EHH
FARKAE A K (NHL2) L [ | i 7 58 62 4 57

HRHA BRA 7L e e+ (MK L 1 A v oK 6 4
PR 8 A B AL SR X34 5 6 i AT R
SRR A7 IR AN 185 0% - 0 1 2 4L Stk A7 43 A . &%
MR 1 FrR. NHL2 £ Z & P4k CaO. MK
FEAEAYA NN AL O, F SiO,. H X 5 £k fit 4t
X NHL2 F1 MK 1 9 A0 21 502k 47 43 A, 45 2R 4o
Bl 1 frs. NHL2 EZYAHMH K 2Ca0 « SiO, M
Ca(OH),. MK EEZWYH K 3AL O, » 2Si0,.

F 1 NHL2 #1 MK WL Z2A (REHE/ %)

FE Na,O MgO ALO; SiO; K,O CaO TiO; Fe,Os
NHL2 2.16 5.91 1.81 9.74 0.69 78.15 — 1.55
MK 0.02 0.06 40.07 57.34 0.08 0.18 1.56 0.68

+-- Ca(OH), A~ p-2Ca0-Si0, #--CaCO,
0-5i0,  ¥-3ALO,2SiO,

Intensity/(a.u.)

15 20 25 30 35 40 45 50 55
26/(°)
A1 NHL2 # MK # XRD #% A

1.2 HmH4&

AT IS LA L SR 2 FroR. SR
il A2 1 v B KO P AR AR AE (0. 6). 43 5 Bk B R
BT NI-160 #9545 H1 B B 4 TR 1 20 B 4
BT HIEARTE A E] 40 mm X 40 mm X 160 mm F
Hrp R & RS 180 s. B TR E N 25+2
TR 90£5 % bR HEFR I AR Hh  FE S R B, LU

il 28 AN [ 55 47 iy 100 1) 3
F2 ABEMEEL
iy MK/ % NHL2/% KK Eb
A0 0 100 0.6
Al 10 90 0.6
A2 20 80 0.6
A3 30 70 0.6
A4 40 60 0.6
A5 50 50 0.6

A6 60 40 0.6
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Z: M e N RS FE E K bR GB/T 17671-
1999¢ 7K Ue Je 1 it 4G 9 7 125 (ISO 20 ) R HI 6 1
1036 PC J7 g A BHA 56 ML FE 28d @ A BT
P 5

K X SOOI (XGT-7200V , H A 4
) Xt B b 1 AT A2 AR s SR X S R A S AX
(D/max2200PC, H A< 22 % 4 i 2547 #9048 23 At 5
R S B I A 6 2T AR 6 15 L (Vertex70, 1l E i &
TS F]D) FRAEKE §h 3 IR 2h 1% R AE SR 4T 4 R
F 545 (FEI Tecnai G2 F20 SSTWIN, 2 [# FEI
NCIDE R TRa N S iUk S U OB

2 #FRE5ITE

2.1 e

B 2 AT MK & 2 FEd 28 d #& T4 f
PrESREE . R 2 AT 4K K R 0. 6 AL 38 i
MK (48 &, 3R 19 BT B R0 B 5 B 56 1S RS
/N MK 138 AR 50 % B, BT BB R R
Y35 8 B KL A Bk 2. 43 MPa Fl 5. 98 MPa, 4l
NHL2 i 28 d $iT 474t 1k 5% B 5351 24 0. 56 MPa
F11.75 MPa, A0 1L T4l NHL2 i e &, H Sy
55 A B 4R T

MRS HE T 1 ) 275 B AR b Fa 4, UL 7R S0 50
(I 1 S L PN L B MK 38 B i 3 m, ok Ak
N7 1 58 L K AR W 3 22, DT 5 R 1 ) A i R
Jn. 2 MK 528 60 % B, bt o B B 8 T B,
X B MK 3458 7K Ak [ A7 76 iR fE . 247K 1k
AR 55 5 K AR = Bk 20, DT AR s 19 T 2% 56 B D /.

Flexural strength
6 BB Compressive strength
5 =
Sat
2 1l
i Al

B2 28d#HAE MK B 2406
P o 0 IR L
2.2 XRD 4 #

& 3 M MK B iR g 28 d i1 X B2k
MGG, R 3 AL MiE MK BRI L, 8
T Ca(OH), 14t (20=18.1 °.34. 3 °) B3R EE A~
W55, 24 MK #9385 60 % I, CaCOH), WIAT

S JLP I 2 L B CaCOHD, 5 MK & 4 =2 b
PR EEFE. X BT MK & —MEEtm AT
SR AL H B S SiO, . FT S NHL2 i
Ca(OH), & A b2 W, A= R & 45 19 7K A6 BE R
5./ 3 B A R (3AL O, « 2Si0,) Fl 2 B 45 iR
£ (CaO » ALO, » CaCO; + 12H,0) 17 I} s &
Wiyt g, CaCO, AHAT S G Y 5 B A8 fL AN BH I
+--Ca(OH), *- 3Ca0-ALO,; CaCO,-12H,0

4--p-2Ca0 Si0, v--341,0,-25i0,
#--CaCo,

v o A628d A of aa ks sa s es

A4-2
Mi@/‘dhw
/\A2-28d Y AN Mo A F
VST I Y N N

A0-28d
L 1 N 1 1 1 L 1 N f 1 L 1 I

15 20 25 30 35 40 45 50 55
260/(%)

B3 28 d#t#ARR MK #&4#5% XRD #H

Intensity / (a.u.)

2.3 FT-IR 4 #

K 4 AR MK Bk 28 d £ 50
L W 4 iR, 1 S IR (3 644 ecm DR T
Ca(OH), ) O — H [ FF1E ;2 5 1§ (1 485
em 1,870 ecm 1,728 em” D& T CaCO; H CO,2
BB AE 04 53 B (1 176 cm 51 105 cm D J&@ Tfik
R 45 (C,S) M FRIE I ;4 S 08 (962 e ') & TUK
FRERR A5 (C-S-HD) P Si— O R fF "> | 75 ik AE
FEP 28 AL BEE MK MINA RIS £, 1 5%
(CaCOH) ) I 2 51 (CaCO;) By 58 FE 855 5 3 5 14
(C,S) M 4 S (C-S-H) Y 9 B i 55 48 . 454
XRD 43087, HJE KR B MK #3 # SiO, 5 NHL2
Y CaCOH), & A KA I B . A K AL R R 455
AT T R R 85 0 K B AE I CaCOHD, 1)
WAL E . MK 5 NHL2 Jz v 7 B ==t (1) pF
%[15]:

Si0, +Ca(OH),—~>Ca0 « SiO, « H,O (1)

NHL2 7K Ak R £k ik 72 19 Sy 7 # =an =L (2)
~ (D PR
2Ca0 + SiO, +nH,O0—~

xCaO « Si0, « yH, 0O+ (2—x)Ca(OH), (2
CaO - SiO, *« yH,O+CO,—

CaCO; +Si0, « yH,O (€D
Ca(OH),+C0O,—~CaCO,;+H,0O €9

FEX (D, CaCOHD, A g K2R 40 4 K 4 T #E
RO W KA R R 85 25 B I e SRRl T
KA RS B 25 B I, 4 15X (2) AR R AN Y
KA SR IR 22 1 3K (4) Ca(OHD, BB AL SN
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1--Ca(OH), 2--CaCO, 3--C,S 4--CSH
A0-28d
R )
Py ’\fl/ A1-28d Y2
g 2
= A2-28d
2 A3-28d
E ﬂ\r ALDEH v\(\/—\’v\/w\/
—~ —"Y
A5-28d N\ T
VT A6-28d HRAVA S adihad
R WM

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm’”

B4 28 dBHARE MK #% 34 &4k ki E
2.4 B H
AT L RE S FR 28 d R 1 1 FOWR 25 4, X
MK Fil NHL2 Z [5] 9 /E H#47 T 5. A [ MK
B FEY 28 d BIAE SEM EIaE 5 iR,
MIE 5 ATLAE WL B MK 185 0938 hn, B8 5
R TBOUL 45 1) 8 % 5. o 4B 52 50 00 FE il 19 25 1
SRR R MBI 5 (D L RE S B AR B T oK HE
() TEHR U 25 B K fL RE R 45 B A 5 i ME B L ]
THOLES #8) LR 8 MK B FE & B 80% , 25 B s 2D, FL
& anf. t Ui BH B 58 50 Y0 KR i 1 7K 46
N HEAT B B G WA R Y Ca(OHD, i £,
[ A 0 K AL P2 ) C-S-H % £, FE i 1Y 7 2 1
fefe K, 5P 28 d B A 122 25 AR W) A

(2)60%
A5 28d##ARFE MK #%4& SEM B A

A T AR 2 #45 MK-NHL2 0k, BF 58 T A
F#BE ) MK % NHL2 #3819 11 240k 68 Kok 4k
N A5 A B B R BB .

(1HMK-NHL2 & 5 1) Bt 47 58 BE A i 5 B
W& A 5 S B OR 5 /. 4 MK & h
50 %0 B s MK-NHL2 3B 59 Bt 97 Bt e 8 5 3k 3
K28 d FLPr PR B 405 R 2. 43 MPa il 5. 98
MPa. #li NHL2 8 28 d Hit 37 0 75 58 B 4 5 N
0.56 MPa A1 1. 75 MPa. # It T 4li NHL2 i,
MK-NHL2 38 (1) 7 2450 B 15 21 KR 42 5

(2) A BT el 0, 24 NHL2 iREE 8 A =
%+ ,NHL2 i P By Ca(OH), & &, B 5 i =
WA 25 A 8 o e 2. i v 08 R A S SIO,
5 NHL2 1 Ca(OHD, &K N, i T 7K
A0 7= W K AL B R A5 1 A 1, B T CaCOHD, YRR
A0 B R fHE A o 18 SO 285 44 52 359 50 1k B0 4k,

&% ik
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Preparation and application of bacterial cellulose-based
nitrogen-doped graphene flexible electrode material

ZHANG Su-feng, ZHOU Hao, LIU Li-na, TANG Rui-hua”

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

Abstract: Flexible supercapacitors play an important role in the development of electronic de-
vices such as flexible wearables devices. In order to improve the mechanical properties and
energy density of flexible supercapacitors. In this study,bacterial cellulose was used as a flex-
ible substrate to improve the mechanical strength of the electrode material, and nitrogen-
doped modified graphene was used as an active material to deposit it on bacterial cellulose.
Finally.a flexible and lightweight bacterial cellulose/nitrogen-doped graphene composite e-
lectrode membrane was prepared. With a weight ratio of 265 F/g,it can be used as a good
candidate for the development of electrode materials for flexible energy storage devices.

Key words: nitrogen doping; graphene; bacterial cellulose; electrode material; super capaci-

tor
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LA L L B TR B A R R L AT AR R
SR S R R e P R R MR T
AT R 38 AT AR i RE 2 E A8 VIR R i 2
PR G 25 2% (SC) & — Fh Ak # A W 1 19 1k fg
B LA BT TR B i R | P
FOREL L R A AL B R | R A A T R R M A A
ST N AE A M R O A RE R B
SR PRI L AR5 TR 2% P R R A N R T T o
TR R A R X

0 SCHR AR L 5 i R R S AR RE M I R A
P AR L A R B MBS O A A v, AR B R
EHODHZRT. B AR REN. B RE
b 2 R A 0 i ST P S A AR A 22 M A
RS HET AR TS A R R e
W 2 T MUBPERE S R ME 22 B B L
YT I R AR 5 Pk i AR A R

g T £ HUB R B e SR P AR AR E AT F
FH R Z ALY FT BN AR 90K £F i 3 55 S5 4
VR JE R T 46 T 22 Pk s A B 10 (HLJR R A £ 4
HAR LB M LUE A B0 1 S e B 5
UTRRAEER /P SN O S (R e o o S BT
PR 2 R (BO) RN —Fh nl [ i i &t b kL, B
A B = 2 IR R L R G A R L Al L Rk
U T Y AR /N AR AR L R, BC 45 R
P R BT BRI .

R T B R R A A R L BRI
BRGNS A SRR I MR AR B £ 4 S T % e iR
AR T (B S e | bl R T R B AR A
RER AL, £ B e by — s S BRI R S
AP0 ¢ S e em ), MG H FIEBER][>104
em’/ (Ve ) UK @ e R HE AL (2 630 m* /) 1
Sk e A I L AT R A B b R 2 i %
TR AR SR, A7 SR 1A O K £ R A
£ 509 Hummers 2, 5 ¥ BARRIE H R 5,
{E2 L 5 Z0 Y S8 Ak 38 5 R R, CORR) AN Al sk f 1Y)
BT B M L 2 R BRI L AR TR O i B
AT 55 s b T R R R KRR AIC. R I, TR R
TF 15 BP0 A B0 T A vk 25 A e 1 28 ) R

RAB I ME K — Fl i R0 45 A 28 0 4% 1 19 O
LA L R TR AT A B R AR T S R
JEF D 2 A2 AR T 30 e 405 T Y R T 3R T B
TR A B I B R 0 S KO R el 2 ML 4R
fo L RS AR O A B A A BRIR (N1GO) 5
BC & 4 J il £ 22 M f i b Rt (0 1 52 i 4 /0

A 5% AU R FH 87 504 A BT YR G A B AT
RAB L UUNE A Rk 3 A BB AR S 1 BT Bl

i

B O FL R o 3, I TR AE BC MR L DU
P25 FL R B Ak 2R T RE B A A R VR
61 BC/N-1GO & & H AR B, 3 i L i 2835 51 265
F/g, il LAE R R A e B T & RAFIRE .

1 SLIgEH

1.1 SHMHAMNE
11,1 FZEHHK

Bk (H, PO, JBFR (H,SO,) . Eh iR (HCD &
Z(NH; « H,O) &AL (NaOH) | & 4 B2 #1
(KMnO,). K& WF (N, H, « H,O). £k ]R ¥ Jle
(NH,OH « HCD, & & b & (H,0.,). & M
(C,H,;OH) . & K (CH, CIN,) , JR £ (CH,N,O)
SRS PR NG AR R Sl /NN =R N el 58 i)
(G) (325 HDW'E T e F 9 K BH A W) L 40 5 27 4
F(BO W& T F {0188 & A PR A
1.1.2 FELE

5 [E A5 & 7 4y 7)) VERTEX70 41 4k 5% 3% 43
i ; H 43 2% /8 6] D/max2200PC % X S 2617 5
15 H S AR A SA4800 Y 41 4 M I % 5 Vg PR 1E
8 d] CHIG60E H Ak 2 T AE k.

1.2 BC B &% &

5 BC D) /BRI 25 8 7oK U AL
Wt NaOH £E 90 °C il &b ¥ 3 h; Hwk. 78
10 000 rpm F% 3 AL ST A0 0% s BE 5 . mA £ 88
FRFRE LIRS BC B2 KE(2. 8 mg/mL) ; BL 50
mL BC BIFWZ i 0. 22 pm £ FLAS IR 4T 4 2 5 B
Mg, LB A BC B ) . 7E 60 °C T H2s T
12 h. I [ s 5 DL 3RAS Al 37 1 e
1.3 RBEeBHeH4&

1 MO Hummers 778657 ARHFFE A A
Ba B A A B (GO ZHIMAR
U8 DL KA JE 5 — 25 b B A i A AR R
S K B SRR L 1 s 6 LIRS 5T,
FEVKIE S E T L G208 i A B v R AR B R 1 TR A&
W91 hIRAHL),50 CHERFER Y 24 h. 1
B A A W 3096 WK (H,0,) HEI WA X
WL, 53] B AE . 5 000 rpm 2.0 30 min, £k F
28 kA R TR GO B 2454, % 5.0 45 1
VEW G R 2 oKoK I TR, T N R R B, DUVE W e
A4, 1 M ERVERZ R RGO
WY OB B KR ORI 5 L AR GO B
T

B 5 50 mL il &4 #9 GO(2 mg/mL) #
FALER, B T 250 mL B9 = EBEH R, AE B
FERA 25 mL K& W, 80 “CHEFEI M 24 hj H
W HOEMEE FREOEREET .60 CHA
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T 2 XA - 20 T 2T 4 3 B TR S 0 SR B R A ) A BCH R « 111 -

A5 258 5 A AL A SR cGOY PE R X E s SR )
$ 100 mL ) GO(2 mg/mL) #8H 4 #, it & T
250 mL M = HBiih . EmEBPE T ImA L 2 g
AN NaOH 845 pH 2 12CR @R FAR) .60
CHEFER N 12 hs e CBEFN £ B8 17K B0 1k
BEPM, Ha T 24 h 58I N-rGO.

1.4 BC/N-rGO H 4 #6945 &

¥ 54 mL B A5 3 h MWKEE N 1 mg/mL
R B I R Al A BIm B, 218 E A 50 mL
WEHN 2.8 mg/mL 1Y BC &% W F#H F£ 30 min,
B BC/N-rGO ¥ 5] B M. b5 . 46 H 0. 22 pm
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TEMPO-oxidized cellulose nanofibers in film materials: A review

DAIT Lei"?, CHENG Ting', WANG Yan', XI Xiang-ju',
WANG Xiao-wan', WANG Fan', HUA Fei-guo*, TONG Shu-hua®

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

Xi'an 710021, China; 2. Zhejiang Jinchang Specialty Paper Co. , Ltd. , Longyou 324404, China)

Abstract: Nanocellulose can be prepared via 2, 2, 6, 6-tetramethylpiperidine-1-oxyl radical
(TEMPO)-mediated oxidation of natural cellulose,followed by appropriate homogenization,
and the resultant nanocellulose is called TEMPO-oxidized cellulose nanofibers ( TOCNs).
TOCNs finds various applications in film area, due to its good film forming properties and
outstanding nanomaterial characteristics (such as high specific surface area and strength).
This paper reviews the applications of TOCNSs in films,including gas barrier films, filtration
membranes,adsorption films and conductive films. Outlook and future prospects are provided
as well.

Key words: cellulose; TEMPO; nanofiber; film
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R EKRH (LR 5~10 nm) , R it — LB 1k
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SRR I HEEM R LA T el B4 7 FH T 5%
TOCN/MTM-95/5 film FICrRoSSESTTem!

N Seaosip:
ok
TIPSy
FTEIIIYES
Tr:r:;;g?&tl‘e’x'i'ble
(a) TOCN/MTM Wi fiESttE (b E 4 TEM K1
A5 TOCN/MTM # 4 i# gt
Soni ZE1 DL 5E BB N FLAR , TOCNSs Ay 43 52 7
il & T % B L =k RE Y A W BH R A I (52 R/
TOCNSs ). BF5% % 8, TOCNs B A E % i
FEARE A B A B 1 % (OTR) KoK ZE Ak i %
(WVPR). 5 100% 5¢ A (WVPR 2 3. 28 X10 °
gPa ' h' m DML, B%E TOCNs & & 1Y 3
T, 018 7K 728 A5 B B 1 3% 97 348 58 (80 %6 /20 Y0 Y 7%
BB/ TOCNs, WVPR Jy 2. 89X10 * g Pa ' h'!
m ' 375%/25 % I 5E RME/ TOCNs, WVPR 42, 63
X10 *gPa 'h 'm ). [AFEHL, &% TOCNs K44
KA A RGBT v 1 O REL IR L A T e SECRE
PRy OTR e 2N 1~10 cc(m™* day™ ). 1
100% 5 B M B 9 SE %) OTR A 0. 45 cc (m ?
day™"). 5% F B 5L B b A TOCNs 1 & & i
OTR M 3 — 2 F ¥ ZE 0. 05~0. 21 cc(m?
day '), X255 R KU, 72 BWE/ TOCNs £ ¥ BTN
KA RERT LA £ 5 52 AR T, AE B A ke
5 T LA T N R . 2 R 2% 2 AR B R S
BrATh 8k 3 ] 28 40 oK 2T 4 28 15174 /< B B P O e
BEAb , BRI 55 34 T34 B AR B 90 K £F 4 K K 7%
A BH B P B 1 SR B AELAT AR B = A R ek T B
1.2 kB
Tl B A 3 T K CAn 2 3 KO S8 X [ SR R R
HAT=E 50, X AT A b P LR T
A T RE R B TR R D RS ST AT Ok 45 B 45 40 IR AT 5
FH TR, Ma %19 2L TOCNs N T2 IR )2 (2
JER 0.1040. 02 pm) , BN AE (PAN) #1125 22
SCHR R al)E  PET Jogi 1 KM L il & T —
Tl B0 HR 8 (UF) 40K 257 4k 52 4 B (TENC) , 1% I
I KFLAEZ R 55 nm. LE A A 0.10£0. 01 pm 1Y
TERII UF B8 850% & B IR A4 98 35 38 e b Al
ANEr TOCNSs BHFR 25 00 1 B8 8 R Cln PAN 10) 55
2y 5 A% XF T/ K FLIR A R Uk L L8 7 A L R
PAN 10 B2 8 fi5. tb4h, % TENC 5 5 2
7 G S R T Ak 2 R 2 B pHL IS T YE L
Kong %" L TOCNs 5 = Z iR £F 4 & (CTA)

=

i 3o B AH B 45 #4940 CTA / TOCNs # 3 i, TOCNs
R IINA B A 44 v 8 08 S 1 i /K 3 i, IR PR A T
TOCNs BIfIASE K T FLER 3, IR 4 w1 R 2 K vk
(Il 6 frzm). e Ah, TOCNs 5 i 2 564 B T4
B 7 A S I B K T A PRI T2 U R ) T
PR R (FRRO #5 f » H A F TOCNSs #9535 K 1 L Br
DA 17 2 1 0 5 B gk 4

() A% TOCNs (b)0.5 wt% TOCNs

()1.0 wt% TOCNs (1.5 wt% TOCNs

(D2.5 wt% TOCNs

(2.0 wit% TOCNs
B 6 F~RF4% TOCNs s CTA/TOCNs
JEE T 0 2& #y 04 % vl

% 0 DL b, Hassan 502 #fF 58 & B0 0 4'-44
[2.2":6" 2" ] = HLMEBE (Tpy) 5 Cu® B A9
&MY TOCNSs R % il 1 2 A BT B8 1 BE A s 7K i
1Y TOCNs-Cu-Tpy 8 5, 1Z B nT LA = 80025 Bk
TR 2T Y 1t AU K G H A v 1 ST BRI R
PRI AT R DA 38 3 406 2 K S 52 LK R 1 A 2 )
F. Ma 4516 TOCNs 12 5 18 15 | # i1 25 PAN
YKL Y (HAR L 150 nm) 28, R & B A 5
3, I oA R 7R 50T B AN TR R 1 R A Aok
27 Y e (MP) (i 7 frn). % MF R A B
g P ML A I R e 3R TR i 285 B AR AT R A MF
R 22 BB X Gk A R B 68 00 2 Bl ™ 16 A% B
FEUE B TOCNs 19, 40K £F 4t 348 1 £L
PRV N 2l K B I 2 28 %6 PR I I A R
A T IA I A 5 AR BE AR KR K . g
KEF Y 2 B 5 19 A= W T e A ik S DRI E O o)
) 7K o 38 R 4 FH 75 i B R AR I BRI L A T
— LI .
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Ca) KL 4 T (b it 8
B/ 7 MF &4 Bk ik a6 49 8 g 1

LG8 B8 CUF) 540 & (NF) 7K b B ) 38 #5
HORET 2L, iR EUE R G, b LR
B 50 A 38 R 3 R 27 (ES) 40K
22 15 D) R g FLBR | R0 1) B R R B R TR
ST AT 8 UE 540 U N A A K 2% R, Cao
S ET —FORT B XUZ PAN i HL 2 44 K 4F 4
[, JF H TEMPO & £ M A 1k 3 R 2F 4k 2 90 K &
(JCNs) B35 ) JCNs-PAN 52 4 9 K 25 4k i, % Hopk:
RERAE A 12K G REA R Aok ugvEse. @i U
FLAG I/ AR A 9 8 IRk, 2R FH 58 A0 ] IO 3 2 X
JCNs (1% PAN BEGEATEE 8. 45 R R W R0y 47
HEIE 99. 5% LA I, HUEW & vk E/NF 5.5 ppm,
56T A K HEROAE bR E (<10 ppm). B IEAT L,
AR G0 e A B K R K A R e

FESL R AT B AR v A AR R TS YL B IR S
S B RCR ) K NE R B, Wang 219 DIZBER 2
T (PEG) A TOCNS il 85 T 94 K £F 4 1y A 32 1
PEG 7 T TOCNs [A] 19 25 B, T 0d /N T PEG/
TOCNs FLE (15 5 nm) , FF 111 15 2] 45 16 0 5%
4 R I . T A5 1 2 A BHL I J2 55 K PR 4L B V5 e
. BEAN I RAE 7 V5 PR RE AN BT i 45 T e A
F B 205 v M BE ) R Mk B (AN Pall Life Sciences
omega I Fl Koch HFK 328 ). 7E £ i [a] %) I 3
rf, B2 T A R R 24 M B R A, LTS 3 LR
PEORFETE 9020 LA L. 55 Ab , 5 F Iz B 1 w8 %% B L /INFL
1 Ko KM FERT T 28 1 5 0 B8 sl 2 W g FH 46
1.3 BB

IAER R AF R A A SR (GO LHE
A MR PR L R 1) W B RE T L ATL A R L 2 AT R AT
R AL U 4R S e ) SR AE K Ak T 5| R
TREHIGE AR ETE. Zha 2509 R ] H 25 5 v
oK TOCNs 55 b A B 0& B o A Ak A 88 0% 48 K
WA 2 A 52 A 5 U A K e Ak 1 1 20 2 W0 ff s
MR CanE 8 BiR). T TOCNs X Cu®" HA R
1) W BEE RE . HOWRCBE S S Cu® ' A SE 8 TOCNSs
GO [8] 17 8 38 B, 78 K B 1l ol e 9 W B
A7 R IR G BEAE 22 U0 W B - WA B R0 i R

VBT A7 B R 35 20 4 174 K fige A% e v B mT [l 4%
% T TOCNs/GO R iy /=5 W B 25 £ 2 4 K i
o M M MU B i 6 AT S ELA B R
AE 14 397 8 K Ak Bt

B 8 TOCNs/GO 4 #ig st

HF TOCNs 577 1F HL faf (9 4 & 25 138 5 % 1
B R 5 T A AR A B VR B e TOCNs i
N K & R B T I AR B W . A AR
B, Cu™" 7F TOCNS | 1) W B il 52 1R 3k AT 75 & 19
B e v . i TOCNs 7EMi pH T HA %1
() 4 8 45 4 BE 71, IR L AT DA 7R R PR 2R B v [l 4
JENT I 9 FraR). AN BF5E & B TOCNs 5 5%
RYOREFYire PET R IE1T)2)2 A A3 815 T
15 BB ELAT SR K M, ELX A F sl AN R A YR A
A A W R . Yang 50 I L TOCNSs # A &
B2 PAN %28, Jf: 78 TOCNs | 328028 ik & iz
WA 2 ke, FE R 8 T TOCNS Fe 26 1w AH (4 [ i
BT T G S AL R KRR T T X G A
Pb*" B B AE 1. 45 BAE S2 ek M TOCNs/PAN & &
JEXT Cr® " A Ph* W B 42 R B T 14 W B RE T 43 1
A[35 87.5 mg/g & 137.7 mg/g. 5 M [FIH}, % K 45
FERERSE L FT 2K B RO —Fh k(A & J i
SCHRL. R P BE S MR B i SR B BROR OG
R, PRI S 3 o 9 0K A 2 22 A0 L Y 45 4 R 45, DL gE
— 2P i FLWR B R T Th AR — 2D AR

After Cu(ll) adsorption *

5/
et 500 nm
P 1S

e
.
., .

o D

Ca) W B i OUT
B9 MDA JE TOCNs Bt
4 SEM B
Sone 4F K HLAT 2 R 8 K A1) TOCNs-Na
GrCE Ko T A A B Na ™ 8 2o fd 5 A S T 58
Hab B, oI DL HAll s B T (M) B AT A7 3058

Before Cu(ll) adsorption
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e FE—E ST RAF A TOCNs-M 7K 43
K K IR EAE IR A Bl I N — 2 2 A K. &
Wk B, L& 4F Cu®' i) TOCNs-Cu & Ag™ Y
TOCNs-Ag ¥ 7 1) 38 48 5 A 1R 45 09 W B B R AE
FH L BESS A S0 i B B HL, S A1 CH, SH S, %
F b, % RS FH T B 550 5 1 N

— LA R EE AR T R 1 A AR A K 4 pk AR
M 2 4 N\ I [) T ) 19 7™ P 5 () A, T 4 BR AR BB
(1 R % B 5 0 CO, AR HE S 2 TR B
LRS- P BB L NH, S EA & /S
A, Ry Fas R 2 M HE T B A 1 W B A A A R v
W A JE PR S D RE 9 K A R B TR B /N LB
P 3k 8 7T 22 2 BRI PRI, A 0 S RN T IR R A
HATHE %5 . Shah 457V R H TOCNs 5 BH B 7 F1
B Faci A AL - (R A B =B KA 24
2, FINER R (W 24 35 e ) W) BIR K 43 1l & 11 AT HIL 2
1/ TOCNs & & #i s H TSR B, w98 % B, B &
A LR A 3, 0 B A BH B R BCIR R - b
1) CO, 43~ F W B A6 91 85 F B BCIR Ko F By
NH; 43FHR 4 im Can & 10 fr). Hd R & H AL
Zi 1 TOCNSs M fF NH3 29 9~10 mg/g (TOC-
Ns) . B 8 5 T CO, W fff 2 ()T 2.5 mg/g (TOC-
Ns). A FA HLE 52 & TOCNs X % W Flv < ik
F14) IR BfF 22 00 38 T 0 7K 3 A7/ TOCNSs 38 i %o G 4
AR B R e v, AT IR 2 30 mg/g. R, A HIF 5T
P4 A7 B F I e HLAT S 8 1 R Ao = A g R R ).

B 10 CO, #= NH, & & E W £ A
£+ /TOCNs #pE Loy =& B0V

1.4 Fop

TOCNs #0514 A% HL H A o W i 14 B 47, 2
B0 RS, 9 B 5% 5 3 M (st
B ¥R M H . TOCNSs J6 75 i F AT T 2 1 1 4b
. Wang U TEWF 5 6 GO 98K B MR (3. 4-
LA AEWY  ROR IR IR EE) (PEDOT-PSS) 44
KR A R AR L 43 ) DA AT T FL fef Y 3R R i (PAND)
YKL TE TOCNs 48 Ui B, i 4% 1 2 )2 B
e S T A A T R AN [ 1 25 B % o A R O R A
#% S-PG-8 1 S-PP-8. i — L3 i B R (HD 2 1k
W JF AL Jy S H, TOCNs/[PANI-RGO], (CPRG-
n) I, H Ak AR 25 R R L CPRG-8 Uil AT LA
SRCARE A L B S TR, A A RE T O
MR T ik Ak A R (RGO) B X2
(EDL) HL 45 PEFT PANT 09 O B 25 PR B[R] /R . 24
& E N 0. 004 3 mA cm B, S-PG-8 Ay 2
HLZ5 AT 35 5. 86 mF em 2. [ £ AH [A] B I %5 B8 1), S-
PP-8 W AL 25U 4. 22 mF em™°. [A B}, S-PG-
8 WP R 4T 7 PR A2 e M. SR M, S-PP-8 LA
FERIADE A PO R TRE 9. BeAh, R 038 B 1 2
75 W 2R PR R 0 O B, 378 W SR I R L A AR
A RIS FRE M. b, S PG-8 Wi S £ 24 H
47.1% (550 nm), i S-PP-8 (1) i 5 R AL 4 K
30. 6% (550 nm). LA LLE H A & WAL 5 1
e CPRG-n 5 L BEOKE HLAT R 49179 07 FH i 5t

Koga 255 FIl il TOCNs /E R 2k o & A K &
BRI TOCNs 5 28 i R AL B3 10 R 1 5 A
R L1 BARE BRI K4S (CNTS ) TR B B85 U, DA 1T 7l
T HA B S ER B SERNIRE SR
Rk I, & m B B T 4k 19 TOCNs 0l LLAE b
CNTs [543 BCH) AR 3E CNTs 7E/k 4504380 OF B,
TOCNSs 2 [l K 5 (R RN L A BE % L B B 716
AR CNTs /TOCNs & A A9 S s pE Cm & 11
FiR). W53 H & B, CNTs / TOCNSs 3 i Fb oAl
CNTs /A Y CELHG T4 27 4 K5V 40 1 2F 4
L RO (PEY (BRI (PO T e ok -
6 DA FE A SFHEMEGEE 10S em ), H
CNTs /TOCNSs iy i BHSE 2 IR & 300 Q, 843 3R
BT HAR S B S E M I 9 R W AN A 2R
T T —ARE £ 0 E N SR A R e
AL T — &R A A S iR 12,

@ ()
Cellulose Cellulose
Cellulose “Coliigse .
Cellulose Cellulose
4 Vil

Sheet resistance: 1.2 = 0.1 kQ y~' Sheet resistance: 5.8 + 2.8 kQ y!

(a)CNTs/TOCNs IE  (b)CNTs/PET Bt
e R S LB Pl 1R B FL B
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(c) |

()3T CNTs/TOCNs iR % PET i% I 5 f #fi £ LED i Jij
B 11 % T CNTs/TOCNs £ 4 ¥t F b, x5

Jradi 887 5% FH K A 53 v ni i 36 i Ak s R A
WU L FeCly %040 7 5 38 2 mit g 35 1k
AR AL R G 10 2R M g 2 KO - 3 22 34 5 b A0 B AE
TOCNs M 2% K1, B A7 & i T 3B AL 5 1 2= kg
Flm S TOCNs/Z L g (PPy) 2 M8 A
JEE AR L R () 2928 3 S em L ISR, RS A
WESEE RN R G B (PVAY AT LUt — S m &
AR R (AT il = 180 ) (&l 12 ) . H
PSR AE AR . % TOCNs/PPy & & i
JE DL ILAR 510 ) 2 M A B T AR IR AR
Pk FE I A S R 3 A 4

B 12 PVA/TOCN/PPy & 4% 1% 4% v
6 % B 15

T B T LA B R e YR E K
F AT R a0 TR T 22 A S ot e Ay AR
e BB T M v - 2 A 1) S BT A, A ] S i R ] 2
S A TP N A2 B AT TR i 2 1 S
TOCNs AJfER—Fh B B A MU BE /Y 22 78 41 25
TR ZE R Lu 55000 & AR & R BT . 4 w26
() TOCNs il HL A R4 1 25 & 1 B, i Bk 55 R A%
GG AT 2L ¥ BA AN A H & LY LiFePO, A7 85,
Super-P % } TOCNs [ £ 7% W 4 H 25 o g, I 7
110 “CTF BLA5 T8 #5459 31 22 MR 4R r Al Can 181 13
7). WF IR KR IR T 2 M T (VO 0 21 v fige
Hit LiFePO, HLH FIA 88 B Y Lo 25 o R SRR
(CE) 7 BB Wil I L7 il £ H A% S0 1) o+ 44
B[] AT k3 LiFePO, FAR 9 FL A2 MR RE L (A X £1 38
H B D 5L A A 1 7 T

() Pk IF 4R LR
B 13 TOCNSs %7 Z b ¥ 4% 49 % vy 0L

(b) 25 il it

2 Hig

TOCNSs AL AT 4 4k 2 (19 1% 2 0 24 1T FL I
LU 1) R T 48 oK IR < 207 (8 L il 05 3 A 0
PERRCBT R}, 72 22 080 AT W8 78 B FH. 40U B B 5T
R 44k 25 % ) T3 SN RE RS RH T 5 A4
¥ TOCNs [ 5 55 0 17 o £ 30 3 Al 30 k4 I
Wik T I A 37 49 2654 5 201 Bl L A 9K 27 2 3 T 7k
545 4 FEL 14 1A AT 132 30 Al R ek 1) A1 4L LA
M FE AT I TOCNs FWETT 7. 350 (5 A8 45 44K
2T 2k 38 9 2 77 4 R R T 5 G R B A L
MU 505 91 s T L 605 1 0 40 K 2 44 22 10 7 AL
FHHE)™ . £LIE B 3L RE 0 I 45 T R A 7 2 3
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AE PR A 6% H ik 8 % DOP.35 % PBS B, 424 1 bk Ak iA B J 4k,

XEW BB WA LoHH; hErit

FESES TB332 MHEFRER: A

Research on formula optimization and mechanical properties
of PLA/Poplar Powder Wood-Plastic Composites

GE Zheng-hao, ZOU Xin-qi, CHEN Wei" , CHANG Yu-zhen

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

Abstract: Aiming at the brittleness and crystallization of environmental protection material-
polylactic acid (PLLA), the physical and mechanical properties of PLA can be improved by
adding filler-Poplar powder. PLLA/Poplar Powder Wood-Plastic Composites were prepared by
injection moulding with polylactic acid as matrix and poplar powder as filler. On this basis,
the mechanical properties of PLLA/Poplar Powder Wood-Plastic Composites were studied by
changing the content of single additive step by step. Finally,the formula of PLA/Poplar Pow-
der Wood-Plastic Composites with the best mechanical properties was obtained. The original
purpose of this study was to increase the toughness and reduce the cost by adding poplar
powder to improve its toughness. However, the tensile and bending strength of the compos-
ites decreased due to the addition of poplar powder. In order to improve this phenomenon,

glycerol was added as compatibilizer to improve the compatibility of PLLA and poplar powder,

x WFS A HE2019-10-11
ESTR B E BT B AR IS T H (2018]M5056) 5 BEVE 4 BHT F A F & 3115 H (2018 YBXM-G-3-3)
EH B B BT (1964 —) , B, 1 AU HF 58 07 1« A2 W R & MR &
BIWAEE PR W1981—) . Lo MM B2 WA B 5T 05 1) - b Rh i8R AR B W) 2 JBE 2% chenweeijd @ sust. edu. cn
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so as to improve the tensile and bending properties of the composite. However, the addition

of glycerol reduced the toughness of the composites slightly. In order to further improve its

toughness under the premise of maintaining tensile and bending strength, plasticizer DOP and

flexibilizer PBS were added respectively on this basis,and the addition amount was changed

to obtain PLA/ Poplar Powder Wood-Plastic Composites with better mechanical properties.

The experimental results showed that the best mechanical properties of the composites were
obtained when 6% glycerol,8% DOP and 35% PBS were added. Compared with the PLA/
Poplar Powder Wood-Plastic Composites with only 20% poplar powder before optimization,

the bending and impact properties of the composites are improved while retaining better

toughness.

Key words: polylactic acid; Poplar Powder; composite material; mechanical properties
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Research on modeling and resource optimization of
assembly production lines

REN Gong-chang, DONG Yu-ying, HE Zhou, CUI Chen-hao

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

Abstract:In view of the current low production efficiency and resource utilization rate of the
assembly line, this paper takes the large assembly line as the research object and optimizes
the resource allocation problem. First, we construct a Petri net model to describe an assembly
line effectively and deploy the minimum resources to ensure the normal operation of the net-
work. In addition,in order to maximize the production efficiency of the production lines under
a limited budget,we develop a heuristic algorithm based on linear programming suitable for
resource optimization of assembly lines. Finally, taking the hydraulic torque converter assem-
bly line of a car manufacturing system as an example,we use the proposed algorithm to opti-
mize the resource allocation of the assembly line. Thereby,according to simulate the optimi-
zation results and validate the correctness of the proposed algorithm.

Key words: assembly line; Petri net modeling; resources optimization; heuristic algorithm;

linear programming
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Research on three-phase PWM rectifier based on improved

double closed-loop sliding mode control

KANG Jia-yu', WANG An-qi', LIU Jia-chen®*, HAO Peng-fei'

(1. College of Electrical and Control Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. State Grid Xi'an Chang’an District Power Supply Company, Xi'an 710000, China)

Abstract: Aiming at the problem of poor dynamic response and poor anti-interference ability
of three-phase voltage source PWM rectifier under traditional control mode, an improved
double closed-loop sliding mode control strategy was proposed in this paper. In the strategy,
traditional sliding mode control was used in the voltage outer loop and an improved sliding
mode controller was used in the current inner loop. Replacing the constant velocity reaching
term in the general exponential reaching law with the improved variable speed reaching term
not only improves the reaching speed, but also weakens the chattering of the system essen-
tially. Simulation model was built in Matlab/Simulink. The performance of improved double
closed-loop sliding mode control system was analyzed from the aspects of harmonic content,
anti-interference ability and dynamic response characteristics, and compared with the tradi-

tional PI control system. The results showed that the improved sliding mode control three-
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phase PWM rectifier system could realize unit power factor operation, and the dynamic re-

sponse characteristics and anti-jamming ability were improved to a certain extent.

Key words: three-phase PWM rectifier; sliding mode control; anti-interference; dynamic re-

sponse characteristics
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Optimal control of return power of three-port converter
based on dual active bridge

SHI Yong-sheng', LI Lei', DING En-song®, YU Qiang', MA Ming-yuan'

(1. College of Electrical and Control Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Jiangsu Runyin Graphene Technology Co. , Ltd. , Gaoyou 225600, China)

Abstract: In order to achieve continuous and stable power supply to the load, the energy
structure combining new energy generation and energy storage has become the mainstream
hot technology of power system. Aiming at the power reflow problem existing in the opera-
tion control of the integrated three-port converter composed of staggered parallel bidirection-
al Buck-Boost and dual active bridges in energy storage,the generation mechanism of reflow
power is analyzed, and the mathematical model of transmission power and reflow power of
the integrated three-port converter is established. The coupling relationship between reflow
power and transmission power is analyzed, and an optimal control strategy based on single
loop closure for integrated three-port converter minimum return power control is proposed.
PSIM is adopted for simulation,and the change of reflow power of integrated three-port con-

verter is compared and analyzed. The change of the return power of the integrated three-port
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converter is compared and analyzed,and the stable output can be realized by a simple modula-

tion strategy.

Key words: integrated three-port converter; reflux power; PWM plus dual phase shift con-

trol; optimal control
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Application of PSO-BP neural network in temperature
prediction for switchgear equipment

GUO Wen-qgiang', DONG Yao’, LI Qing-hua’, ZHANG Meng-meng*, WANG Li-xian®

(1. School of Electronic Information and Artificial Intelligence, Shaanxi University of Science & Technology,
Xi'an 710021, China; 2. School of Electrical and Control Engineering, Shaanxi University of Science & Tech-
nology, Xi'an 710021, China; 3. Xi'an Xihan Power Technology Co. , Ltd. , Xi'an 710065, China)

Abstract: Temperature is an important indicator to measure the health status of power
switchgear equipment. Accurate temperature prediction of equipment in the switchgear can
effectively grasp its operating status in advance. The traditional BP neural network can realize
temperature prediction, but it is easy to fall into local minimum values during the training
process,which affects the accuracy of temperature prediction. This paper proposes a PSO-op-
timized BP neural network to predict the temperature of equipment. Firstly,the power opera-
tion data set is preprocessed. Before the network training, the weight and threshold of the
neural network are optimized by PSO to obtain the PSO-BP prediction model. Finally, the es-

tablished prediction model is applied to the temperature prediction for the switchgear equip-
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ment. The experimental results show that, compared with the traditional neural network

temperature prediction method,the method proposed in this paper can effectively predict the

temperature for equipment in the switchgear. This method provides an effective way for grid

management from traditional preventive maintenance to active predictive.

Key words:switchgear; temperature prediction; PSO-BP; neural networks
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Image segmentation algorithm based on general

type-2 fuzzy clustering

CHEN Jing-wen', XU Xin', LEI Tao”, JIA Xiao-hong', XUE Ding-hua'

(1. School of Electrical and Control Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
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Abstract: Although the general type-2 fuzzy c-means algorithm (GT2 FCM) introduces type-
2 fuzzy sets into fuzzy c-means (FCM) algorithm to improve the classification performance of
the algorithm for complex data. However, this method ignores the spatial distribution infor-
mation of data,which leads to the result that the GT2 FCM has a low robustness for image
segmentation. Aiming at this problem,a general type-2 fuzzy c-means algorithm based on
neighborhood information is proposed. The algorithm considers Gaussian function as the lin-
guistic fuzzifier parameter,and uses the linguistic fuzzifier parameter to construct the second-
ary membership function with fuzzy factor. Furthermore, the proposed algorithm integrates
the spatial neighboring information of the image to optimize the objective function,and em-
ploys the iterative optimization to achieve accurate image segmentation. Experimental results

show that the proposed algorithm can achieve better image segmentation than the improved
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FCM algorithm and the general type-2 FCM algorithm by using the secondary membership.
Key words:fuzzy c-means (FCM); general type-2 FCM (GT2 FCM); fuzzy factor; image

segmentation
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EEPERNEUR 43 W HER VEHEAT 1 4007, SEI R
J: CPU K Intel(R) Core(TM) i7-6700 @ 3. 40
GHz,RAM J 4G, a7 ¥ 5l Win 7, i fe 5k
Matlab 2017b.
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MWK 3 7] LF i, FCM, IT2 FCM il GT2
FCM Bk (1 8 43 B 45 422305, FLICM. X ARUER e
7R B AT B RO B L B 25, GT2 FCM_N
B TSI T S B 4L A 2s [ 4R 3845
P T PR PERE  H A FIROCR I T HE R,

(a) J5L1# (b) W75 ]

(c)FCM (D FLICM

(e)IT2FCM (DGT2FCM

(2)GT2FCM_N
B3 % RE R B 5 E LR
(M B E A 5%0)

T VARG AN TR B3 00 M R TR A PE RE L AR 25
VeI =2 M v Sy M 7 AR MR R R A W R R
15 YA UEMR R PR PE BB HE A5, 70 BIKS S (seg-
mentation accuracy,SA) Fl & 1k #8 £ (comparison
scores, CO) M £ 8 7L 19 73 FIROR . SA 2 LR
BB KB R Z R U R BB M. CS E X
HRFEEA, SREEC, MHEERE, AT

sa—>) ANG f; (20)

=1

N ANG
CA_ZiZIAk Uc 2

KCOMKA QD e RIRBENHLA FER
REREGERPETE R BRNBRRES.C BRI
4345 B (Ground truth, GT) g T45 £ 221018
REA L SA FICS HYHMR K 3R BB 19 RHOR
AR T A B AR AN R R 2 RO [R) KT 1 e T
PR XA B E G IR AT AR B L R 1 ORISR 2 45 T AR
SR B ST 2 3 TR B R o 4 B0 2 50 45

X1 IMEEEE—KARABRFERESK
BB IR B (SA% ) XLt

g 3 FCM  FLICM  IT2FCM  GT2FCM  GT2FCM_N
Gaussian 5% 80. 15 98.72 80. 15 90.76 99.01
Gaussian 10 % 75. 66 97.75 76.07 89.53 98.91
Gaussian 15 % 63.70 95. 66 63.73 85.70 98. 35

Salt & Pepper 3% 94,22 93.37 94, 32 94,43 98.19
Salt & Pepper 5% 93.39 91.61 93.58 93.96 98.31
Salt & Pepper 10% 91.91 90. 10 91.91 92.08 96. 33
Uniform 5% 94,26 93.26 94,27 94. 85 98. 99
Uniform 10% 92,50 95. 00 92.51 92. 84 95.74
Uniform 15 % 88.91 91.67 88.96 88.91 94,27

®2 AMEEZEE_KFAREFERES
B EGREEXIEE(CS%) Rttt

g 77 FCM  FLICM  IT2FCM  GT2FCM  GT2FCM_N
Gaussian 5% 88. 28 98. 60 88.91 89. 65 99.13
Gaussian 10 % 88.25 98.53 88.55 88.43 99. 10
Gaussian 15 % 87.62 98.52 88.35 87.62 99.08

Salt & Pepper 3% 96.72 95.31 96. 72 96. 72 97.28
Salt & Pepper 5% 94,43 93.15 94.43 94,43 95.83
Salt & Pepper 10%  88.98 87.31 88.98 88.98 90. 64
Uniform 5% 93.81 96. 52 93. 81 93. 87 97. 88
Uniform 10% 87. 81 93.06 87.79 87.87 95. 26
Uniform 15% 82.33 88. 64 82.32 82.33 94. 68

MF 1R 2 AT LR X T & A A R Ah S A
KM 75 A BB . GT2 FCMN 194 E0K BE 1R
Zom THAR . 5 MAE AL, GT2 FCM_N
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GT2 FCM X HilER M 75 K ey H7 M 7 AR AR B, A Ik
SA F1CS BYMHEBAR. FLICM X 5 5y Mt i iy 2 b
PERCAT-, T BEUER M 75 R0 387 5 e 7 5 Sy iR

33 53 AT A AR 8 43 B A5 R AR AR AT A5 AN
[F] B 10k Xof AN [ 248 U Mg P ) 5 A R[] A B FCML,
FLICM.IT2 FCM il GT2 FCM X U 45 1 , 4 3¢
GT2 FCM_N 533k (4 43 B8R T S AR, S0 e 7 1Y)
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(a) Ji &l

(b)FCM (o)FLICM

(DIT2FCM (e)GT2FCM  (DGT2FCM_N

|5 AAPI kA A KRB o E 4Rk

R T 2D A BTV S SR 1 43 R RACR R
MEZR 31 2% 48 £ (probabilistic rand index, PRI) .
S & (Covering, CV) L 284k 5 B (varia-
tion of information, V1), 4 J&y — i ¥ & 227
(global consistency error, GCE) i1 B A # i5 2512
(boundary displacement error, BDE) 4 b ¥ 68 48
P % 430 285 S 2E A7 3L 3L, PRI J2& — FoRH AL
JEdE R SEPR RIS IR S GT Z [Eh5 % — B g
FEAFH LB, CV Z BRI PR RIS GT Z [
DR Y S L AL VT 2 B i P RS R Z ) Y
SEH S IE . GCE 2R bR B4 R S GT
Z [BAH B — 30 4 ]y i 22 BDE J2& — i 22 0 &
Tk TN E PR ISR S GT ZE R R

ML AS 1 25, 2 2 PR o W45 4238 GT, X Iy
) PRI #1 CV K ,GCE.BDE #1 VI #/].

FIH 34 48 A5 I i 26 55 7E BSDS500 &%
TR B A R B T R AL o AT
Bk PRILVILCV #l BDE B ¥ {8 tn % 3 fr
K.

R3 HEFEXAE BSDS500 B ER IR E R

Algorithms PRI VI Ccv GCE BDE
FCM 0. 66 2.73 0.42 0.33 14. 33
FLICM 0. 66 2.69 0. 44 0.32 13.94
IT2FCM 0. 66 2.72 0.42 0.32 14.02
GT2FCM 0. 65 2.71 0.43 0.33 14.32
GT2FCM_N 0.69 2.30 0. 46 0. 30 13. 64

£ 3 1, FCM FLICM IT2FCM,GT2FCM
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Research on the method of layer aggregation adversarial
machine translation model

YANG Yun, WANG Quan

(School of Electronic Information and Artificial Intelligence, Shaanxi University of Science & Technology, Xi'
an 710021, China)

Abstract: At present,the Transformer model based on deep learning technology has made a
major breakthrough in machine translation technology. However,in the process of capturing
and generating information, the traditional Transformer model fails to make full use of the
effective information of other layers except the last layer, and the traditional single-model
training method based on the maximum likelihood principle is difficult to further improve the
translation performance of the model. In this paper,a method for improving the Transformer
model is proposed,and a merging layer is added between the sub-layers of the Transformer
model to summarize the information of the sub-layer. Unlike the training method based on
the maximum likelihood principle, this paper combines the methods of adversarial training
and reinforcement learning for model training for the improved new model. Experimental re-
sults show that compared with Transformer and traditional training methods,the new model
and training method greatly improve the translation performance of the model and improve
the quality of machine translation.

Key words: machine translation; adversarial training; reinforcement learning; Transformer
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Abstract: Based on the least squares residues sum of squares, the paper propose two ratio-type
detectors to sequentially monitor coefficient change quickly in linear regression model after a
training period. It investigates the limit distribution of two statistics under the null hypothe-
sis and the consistency under alternative assumption. Some critical values are tabulated. Sim-

ulations demonstrate that the proposed procedures have higher powers but longer ARLs.
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