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Synthesis and properties of sulfonated calixarene modified
polyurethane retanning agent

LI Wen-bo, MA Jian-zhong™ . ZHOU Yong-xiang, SUN Xiao-dan

(College of Bioresources Chemical and Materials Engineering, National Demonstration Center for Experimen-
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Abstract ; This paper prepared sulfonated calixarene modified polyurethane (SCA-WPU) with
isophorone diisocyanate (IPDID), polyethylene glycol (PEG-1000),2, 2-dihydroxybutyric acid
(DMBA) as raw materials and tetrasulfonic-tetrahydroxy calix[ 4 Jarene (SCA) as modifier.
The way of adding raw materials,the amount of modifier and the R value in the preparation
process were optimized. The dispersibility and thermal stability of the polyurethane improved
obviously due to the introduction of SCA. The modified polyurethane was applied to the ret-
anning of goat wet blue skin. The results shows that the modified polyurethane can improve
filling thickening rate and physical-mechanical properties of the curst after retanning,and al-
so increase the dye absorption rate, so that the wastewater after dyeing and fatliquoring is
more easily degraded.
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Study on “two-step” modification and properties of
superfine fiber synthetic leather base
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(College of Bioresources Chemical and Materials Engineering, National Demonstration Center for Experimen-
tal Light Chemistry Engineering Education, Shaanxi University of Science &. Technology, Xi'an 710021, Chi-
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Abstract:In order to improve the surface activity of the superfine fiber synthetic leather base
(SFSLB) .the hydroxylated superfine fiber synthetic leather base (SFSLLB-OH) was modified
with (3-aminopropyl) trimethoxysilane (APS). Then, the aminated base fabric was further
modified by esterification using dipentaerythritol pentaacrylate (5Acl) as a modifier. Fourier
transform infrared (FT-IR) and scanning electron microscopy (SEM) was used to analyze
the chemical composition and surface morphology of the modified SFSLB. The results
showed that the surface of the SFSLB modified by amination and esterification had obvious
etching traces,and the infrared results proved that APS and 5Acl have grafted on the surface
of the SFSLB successfully. The tensile strength and tear strength of the SFSLB modified by
amination and esterification have improved and the hydrophobicity have reduced.
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Study on the separation of lignin from pine biomass
based on deep eutectic solvent
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(1. College of Mechanical and Electrical Engineering, Shaanxi University of Science &. Technology, Xi'an
710021, China; 2. Shandong Century Sunshine Paper Group Co. , Ltd. , Weifang 262400, China)

Abstract: Novel Deep Eutectic Solvent (DES) comprised of choline chloride (ChCl) and hy-
drogen donor lactic acid (LLac) has a prominent solubility for lignocellulosic biomass. DES as
a medium can perform efficiently to separate biomass components and facilitate their conver-
sion and utilization. In this study,the influencing factors of reaction conditions (reaction tem-
perature,reaction time and the molar ratio of DES) were studied, which were analyzed to op-
timize the dissolving capacity of DES and extraction efficiency of DES-lignin from Pine bio-
mass. The results showed that when the experimental conditions combined the molar ratio of
ChCl to Lac for 1 : 5 in DES with the reaction temperature and time of 130 ‘C .24 h and 150
°C,12 h,it can reach the maximum dissolving capacity of DES (~35%) for Pine biomass

components and extraction efficiency of lignin (~82%). The extracted DES-lignin from Pine
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biomass contained rich guaiacyl subunits and very few aryl ether bonds due to ChCl-Lac

based DES has a significant shearing effect on the ether linkages of lignin units. In addition,

compared with industrial lignin and enzymatic/mild acidolysis lignin (EMAL), the thermal

degradation reaction zone of DES-lignin migrates to the low temperature zone and the main

weight loss zone is narrow. In the temperature range of 200 ‘C ~600 °C,the thermal weight

loss of DES-lignin reached 57. 27 %.

Key words: deep eutectic solvent (DES); lignin; choline chloride; thermogravimetric(TG);

ether bonds
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Study on technology and properties of improving the bulkiness of the
down fibers by crosslinking agent of alkaline zirconium sulfate

ZHANG Qi, QIANG Tao-tao” , CHEN Liang

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

Abstract; Because of its lightness, softness and warmth, down fiber has been widely used in
our daily life. The fluffiness is the most important index to measure the warmth retention of
down fibers. However, the fluffiness of down fibers obtained directly from animals often does
not meet the standard. In this paper,alkaline zirconium sulfate was used as fluffing agent to
cross-link down fibers to improve the fluffiness. The optimum process parameters and the
physical mechanical properties of down fibers after crosslinking were studied. The results
showed that the crosslinking down had the best fluffy effect under the conditions of 3% alka-
line zirconium sulfate,tanning pH 4. 0 and crosslinking temperature 50 ‘C. Its fluffy degree
increased by 25% ,elongation at break increased by 26. 8% ,and the thermal stability of down
fibers improved significantly.

Key words:down fibers; alkaline zirconium sulfate; fluffy degree; crosslinking; thermal sta-

bility
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WAL 2% A BR 2 Al [ 2 TG-DSC #4 43 #r X,
YQ2014001997 , 7% [ 1iif 3t A% % il & A PR 2~ 7l 5 4
214 12 R BRI R AL, JSFO8, Fig T BB FERH AR
WA BRA A IR A STk 6k
(ICP) . YQ2014 , Jb 5T i G AL .
1.2 ZBAR
1.2.1 SEWTZE

RALFR A P gk (G FAE 450 cm® /g, BRI R
1.22% 5% B 350 mm) .

JKVE W 1+ 40, B 35 °C ~45 C, #EZLK
Ve =R, B R 20 min.

JEAE W HE 1+ 30, IR 40 °C~50 °C, it i
2.0 g/L,BiigEtE & 60 min.

KV WL 1 s 30, B 35 'C~45 “CL,iEZK
PE=R L, E IR 20 min.,

Ak 12 20,1 30 C ~40 C.H,0,
1.5 g/L, B} A 30 min.

KV WL 1 s 30, B 35 'C~45 CL,iEZK
Ve =R, B R 20 min.

R AP RR 0.4~0.5 g/L, % 10 min, pH ¥
WE x.

WL 1 s 30, AR B v o/ L. IR JE 2
C 2 BK AT ] 60 min.

KL 1+ 30,38 35 °C~45 C,# LK
PE =K, AR 20 min.

BT BT
1.2.2  maECHRERES (1L 3 08

2 S BT IR B 1 ) 2 X ) T A B 1 5 T
B R Y B T BRI 196,206,300 . 4%,
5% . fEZZHE pH A 4. 0,7 JE 50 °C LB E] 60 min 1Y
S T HEAT SEG . LIS G A B R 32 A A A

#



5 6 1 gk B A B R B AR A ST IR B e B SR A B Y T S RE T T <21 -

A R S 1Y H &=
1.2.3 #2BE pH WAL 5256

TSR AR R A 1 F R T 300, IR S0 °C
i 1E] 60 min. X ZZHE Y pH 43 514 3. 0.3.5.4. 0,
4.5.5.0 AT LLPI G5 A B AR IR R U5 T
R F8 b K i 2 A K pH.

1.2.4  ZCHRIR B M P4k 5256

e AR R 45 B o 3% . pH R 4. 0, I i)
60 min (9S54 PF T L 2R A8 IR IR BE 4 il Dy
30 °C .40 °C .50 ‘C .60 °C.70 ‘C#A7525H, LLB 5%
AN BE A 5 SR A ok i SC BRI
1.2.5 P19 Bk i

Z 8 GB/T 10288-2003"%) 3] 45 39 & 46 36 77 1=
PR L SR, R 2P 0 1) S8 A B T T B LR AR R R R
TIE S 56 A9 A A R L6 T AT A R B B
BIF AR e 7 22, HARERAE ik n T .

(1) P 5% 3% i BE ARG I 5 7%

MNZE ok 3 A A B B RE S P R 2 30 g ik
FELLE 70 CHEA FHHET 45 min, R 5B EEREA
FIAL AR L R IR (20 £ 2) °C LA RO
(65 1 2)% W I8 & 24 h 247, FRBOK AR
28.5 g BEAEREM BTN B PES S AT )
RN E TS L AT HARTE . F1LE
i1k 1 min, 10 SR S M BE T 1T BE P 0 221 B

(2) PG Tk B A I Ty ik

FREC 10. 0 g BB GAFE R A 2 000 mL 38 K}
JTE R AR SRR I A 1 000 mL 2248 K, F3h
B A P G T 4 T R FURKOE B R 3 e R
¥ 30 min, &3 75 R HUIR Z 06 0. RS 45 W
FH 200 B B b o G 2 38 T O N P 2 AR D TR A
FH. K U8R 22 12 3 N0 B BE o b, R S 3l B I
THERHE U P AR HE . B BT T D
T HE U8 (] BsF DA 75 B BE T T3 U 2 IS T A 41
R F2e, B2 WA 35 1k HEWE, 1 s b B
T TRDGT IO A Z1 B, B 2R AR T

(3) PG5 5k g 46 W 5 7%

FHA T R AEF R A 2~3 g, IR AR
ALK 5 em = Y [ 7 SR I A PR %) 2 A 2 2 .
U T2 2 - B B G v BB K. AE PN T 5 U 1
FrtEE SRR BR A 120 mL 24 TEK 2
Bk LN 50 °C KB SR T, 32 L hh B s, ff 2 Tk
B/ IR 5~6 U LR 20 YL _LL BUH I8 4R
Ml 2 Bk S8 5 # BB 105 °C B HEAR it 2=
THEE AR T . PRI AT .

ﬁwﬁﬁzﬁLiﬁﬂxum% (D

KD, R 18 5 5 IR 1Y 8 R B R
L g AR 0,000 1 gsm, A HlHR AT 4 19 IS

P, g KR E 0. 000 1 gsm Jy 453 R i
L. K E] 0.000 1 g.
1.2.6 HHEE-AEIE

i FH 451 4 L B R B S0k O 2% 58 1K T i P 46
2T 2 (2578 A VB 0 90 76 P 9T 4 L 1) 43 A
Sk TR E S50 1 o A T ARG SR SRR B it 2
YR ) 559 Bk TR 7K T U
1.2.7  BSEFUREE R E

3 LR 5 S R O (ICP) X T
2ORh PRHT I VR A B B R AT I L IR
HWW R, A AR .

MR = 1006 (2)

(2D T2, Sy Kb RV W RS B R B
ug/mL ;A A PR S VW B B AR B ug/mLL.
1.2.8  PIoN LT 2 7 24 il K A0 22

Z: R 21 4 5 07 0K 7 v R 8 4 5k g a0 58
HLEE R R IBFE S B 2~ 3 g2 h i 5 — 4R
3P0 22 %% R o 5 7 R R e R A 5k
WART 21 W< SN - =Sl L = ) K A R W 5] = RS i
P, oS (e
1.2.9  PIGIEF gt I T ) I

X TG-DSC #43 B {306 Ak 3T J5 7 )
YA A AT IR OE R A B IR AR AR LR 40 °C
~600 °C, FHRHE K 10 C/min.

2 #FREiTiE

2.1 BXAB A A F AT 1 RE R R

i AL TR 5 1149 ] o 52 M) o) 28032 n J3E R oB) 44
LF YY) AL RE 1 F R R Z . A R B Y
A GEABEMSCR i 2, 2P
Y 3o B2 ST IR AR T e 08 JEUREBE R L 2 — PR 2%
PRI, AR SO0 3B PR 5 9 T B R AT T 5 %6, L2
HRAnE 1 R,

600 -

500

0 1 4 5

2 3
e 7 T 0 s 1 AR %
B 1 mX KA ZTHR
HEANE W m



.22 . ReHAEREEFR 537 %
P T AT, e ER A B FH & 3V HT, 1620

PGB 5 HS B TR B d = A 560 em’ , 2k S 1 in ik =X
Tk R B 1) FH 5, 2P 8 1) 3% 408 B o B BT B O AR
FRARE A 2 R TES W S e B Y 2 5 P9
{18 P ik 1A 4 ik =2 ) R B R TR SR R AT
Y 2R R B0 T PR R S S
T B &5 T PG ET 2 s Pk L S 0 B 45 3] 42 5

B A R 5 1) P A KT 3 00 B, 23 fili P R 2F 4k
KA BEAC R, T BT P B T R E — 8 i i A
T PG Y 0 i 1 R e — o Y PR I R S
8 fn e X R B Y R A A R IR RO A AR A S
o 34 B R0 R AT R 8 e B L R A 5 el A TR
BEry R 3%.
2.2 X B pH W&k EE YR

K 2 BRI EARR pH T2 A B 4040 T L P4
HEME RIS, R 2 rTELBEE pH BB,
PIGRTERS BE AN W3 fn, >4 pH A 2 4. 0 B, P 5%
(1) 38 B BE 38 B g5 KL AR SR 3G s W pH, P9l E
s BE 0 BT B 0 i 34, 302 TR SR 2P ok 2F A 3 e T R
AT AR JEAEEAR Y pH SR EE T, 4 P ST 4
123 3 B — 22 P 3. B T 0 X I A 1 U R 3
ik, 24 pH KT 4. 0 B, 52U mi BR B 25 1 3 & A= K
it I S SR A B TOTE 150 A2 T 5] 2 &, M TT S 3 T
PG T .

560
555 i/i\

:':o 550
£
=
~ 545
™

«

=
i 5401

5351

L]

530

3.0 35 4.0 4.5 5.0 5:5
pH

B2 pH 34 EREN Y0

2.3 XEBEpHMNPRERE . FFEAY W

PIYY T Y 1 5% A A AR B A e A6 7 Y B
HAARZm. K 3 Bs A E pH &4 T X3R5
LR YER FR IR I B A RZ . & 3 T, Y pH
KT 4.0 BF, PG50 2F 4 (9 5% Big 28 R 42 w5, 35 0
AR, X2 R, 2 pH R T 4. 0 B, 6 =X it B2 45 78
W R A K T8 W T SR AR B DOTE. A iR i &=
S AR T B E SR 8 A 3R T, B AR IR K L A K
ARV L IH 3 E T R

1.4

-1 600

1.2} i_‘“"«{—g{\\ A

e
\\\} {580 £
1.0F i E
™

\K‘A‘i«—- i
os *_i____i____y-ﬂ/; \ - 560 rg

SR/ %

1 540
0.6

3)0 315 4(0 4I.5 510 5I.5
pH

B3 pHMREEBE FITEOY R
2.4 REBBENARENZG T

T RBP4 A i R
R E E T AE . A — X IR RV o, SR
SEREPIRARE SRS LR, B 4 25
BEAS ARG P G AN B RS R, B B 4 m] AT, YR
JRE 50 CHY, gk S INIR B, PG5 AN B R 15 AN AR
Je - BT R R R A R RO AR R TR, &
1 31 8, 21 24 7 A A4 6T P 4% 45 4 B B BR L DT S
BT PRI GREAN BE HBLR FE

600

550 | \ 1\\ § §

500

450

400

S/ (em’g)

350

300 \

30 40 50 60 70
E/eC

B4 REBBESHRENENG YA

2.5 FRREIERAFALEDRS LG EE

AT A R R A B B R B Ak 3P 4% £
AW R R A SRR R 40 A A X T A ke sk
7%,

WE 5 BF7R S AS [ i 28 00 32 408 700 %) ) 9 21 4k 3%
i B 1 v 0 — e A R AR L JHE rh i S =0
SPIGY R 5 A B 1) Ak PR AR R A 25 1Y, X AT g SR A
PG A e E AL B9 A0 PR FE L PR T RO A
(B FR 51 T ol D ke A5 i 9 o3 5 AR 1S LU BE 1, &
BT 5 X G| ) SCE R A TS A A L U
IS A= [ PRt AR 7D A 3R B — o B
VEHT 5 15 T P10 0% a2 A P A oL R, B 46
LR AR F U A L BEE A gk s
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S 1 0 PR 8/ %
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AN 0 3P B8 £ 2 3% 1 i R 5. AR AT RE B 4 AT
il B2 28 FH K 2 RO SR g 4 dE b A7 55 k. I 6
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B
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-

(o) IR 4 ik i Pl
B 6 mA AR LA S 69 3 4
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2.7  RE) A2 A X A BR A 2T W) 4k 09 B Ak R

i 3 ICP 30 kb 3T I VA W rh i S B8 IR
AT TR S FF AT AS [ 59) 5 i Ab A 1R 5 %o 2P 4%
I R %, NEL 7 T s, A B AR 1 B TR S 1) i

10~ 3 0 Ik T A T IR i 1 TR A28k A T
T AR E 66. 300 . X 2 X g Bl A AL TR 4 9 T
A 5 P 280 ) A AT 1Y S IO 2 A 5
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Z b, I, AR, i

(BRPERME R SR 5 LAY B, B P4 710021

W B REDBFHELALRNT—ARAFP AL R DA 2K T, R — A,
ARANEMFEAF KGR Z BRI ABEARR N FE P 5 B EFE—HRAKRE A RRF A%
B mE. Z WA % 16S IRNA X2 H & )5 . KI5 Escherichia coli B4 E &k 99 % . ¥ K
44 A Escherichia coli XRN510, sb )5 3Tz B B e s R R R A B H L. F Sk pH. K
¥R E RRATE L RRH FARAKAT TR R, 13 Escherichia coli XRN510 & g 4% =
&M R ASHEA ARBEABB, RBREA 10.0 g/L, L-5 R B fe & F 0948464 &
B L L- BB R A F R B A 3:5, FRBRMEpH A 7.2 ERKOEHT . B@H
Escherichia coli XRN510 # /= 2, 4 1 468.931+61.52 mL/L. AF R K 1F — 4k 7T & 2L K B K 4%
H A E AR R R R A, T A REMAEAT R R AR KA R SR AL AR &

S X
KRR AR KRR, Bad,; KB
FESES:TQ116.2 XEktRERL: A

Isolation and hydrogen production characteristics of a
hydrogen-producing bacteria using xylose

AN Dan, XU Rui-na, XIE Lin-hua, LU Yao

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

Abstract: The low efficiency hydrogen-producing bacteria is one of the major bottlenecks for
the conversion of crop straw into hydrogen. To solve this problem,an high efficiency hydro-
gen-producing bacteria using xylose as carbon source was isolated from sheep manure and i-
dentified as Escherichia coli XRN510 by 16S rRNA gene sequence analysis. Thereafter, the
effects of carbon source,nitrogen source,initial pH, xylose concentration,the types of nitro-
gen sources and the ratio of different nitrogen sources were studied and the optimum condi-
tions for hydrogen production were obtained. The optimum hydrogen production conditions
were a xylose concentration of 10. 0 g/L, nitrogen source of L-glutamic acid and yeast ex-
tract,a L-glutamic acid to yeast extract ratio of 3 * 5,and an initial pH of 7. 2. This resulted
in a maximum hydrogen yield of 1 468. 93461.52 mL/L. A high efficiency bacterium capable
of fermenting xylose to produce hydrogen and its optimal hydrogen production conditions
were obtained in this study,which could provide strain resources and technological conditions
for large-scale hydrogen production from crop straw hydrolysate.

Key words: crop straw; hydrolysate; dark bacteria; xylose
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% 6 39 % PR R R AR P AN B Y 20 A R © 25

0 3l

Bl N At 25 1 PR e, A A RBHRY H 4 A
U KA AT RBHE T O 135 e (m) R, A AT38 V) A 2
TF & — o BT T R VR AL A RO L e Y T
WREIR , E R A R I E v MR ) AT K
SO mUBOBOR B 2 1 2 3 T OGRS EAT A
125 B KB | R K ] U L B S 1 A
S A3 i K SR R A R A KRR
0 B A R o FL A K ) ST T AR R R L RE
Pl A R ) =D SR 22O o0 i K ) S AR
il A AR e B A% ) A R PR T 2R A R Y
K. 5 Z ARG, AR W B S0 B A W ol SR
HA Z AT X B0 A B SR AR b A WL A AR 55 S
S BUAE RN B bR 222 3 O TR I i L 7 TR

F Al B4 7 A R RS AT, DL 2015 4R IR [E
FERE 77 0 ], 2015 45 b 6 32 R AR W) 7 A A
8. 09 AZ M, Z5 5 AL VB AT 3 4. 02 A2 bR
WS, HCHE 2009 4F 3 [ Al 0 TT Ji 14 b [ A AR W)
i AT L TR A R 35 M MR 5RO ARG AT o5 S LU 29
50261 AL L R R IR R R B RS AT 5 AR K
I 38 B SR A AT AN AN 35 G PR I3 [) P VR 2% 2 90, e
N 2 SR AT v 2 1 LR AR W) 5T AR e Ak Dy T i 3R
Pl 23 2 i ST O BE TR, 4 I 5 66 AT 728 I R =2 S 3
PREE AN RE I A XUk » BT+ 0 R R . HAT . %
2 0 W AR A ) 5 AT AR S 2R W o) S e 2 7
AU B SR W S AR A RS AT R RE TR AL S 5 R
R WA e 1 1 GO0 I T TP AR R R Y SR LS
RN E X AR A I EARRNTEARR
{1 S

AAE W AT A IS ) 1) A 0 ) S B R A
S W S FDG G AR &L OB A BER A Ot A Al
TR A A /NG A BILIR B v o3 W 2R W o A, H AR
KAWL i o AH 7 SRR ) 29 H Tl
PR R R E R 22 2 AT = 066 40T o 8
GG B A AR A AL G Al T R R Bl 45 T
PEAT T REEWF ST, LA 5 0t 5 4l 1R A9 )7 L
gk 2 i A A AR M S e b oy Bk — bk
oS0 E AT QW02 I X ik s | TR R B K
W2 £h 5% i s i R AT A L A5 R SR e
SUARIETT % T LA % W R Bk R B0 B R R
3944.2 mL H,/L, & K=& # X N 153. 5 mL
H,/(L + h). Yang H %" )\ L3 b 43 8 349 — bk
R A G A 41 B Rhodobacter sphaeroides
HYOL, I XS W1 46 pH . & I8 A f I8 3E 47 04k , 45 2R

il

T A A AT B R K A
7 012.54150 mL H, /L, & KA B %K 148, 7+
4.6 mL H,/(L + h). Wang X 2" x4 5% 0 56 & 20
B S ALK [ 2 B cbbP H1E I 5% A cyt-cbb3 i
Frmg B 3K 15 2278 Bk Wb301 (R B ccoNOQP) Fll
W3p03 (B[4 cbbP F1 ccoNOQP) , I & B &A1 kb
Y A= A B R 7 A R i R R T 150 820 F
41.7%. Wang X ZE12 X200 5 A 4 2k R A R
B9 spbA FE AL A JF M1 B9 hupSL 47w bR - 3045
25 Bk WHO4 (Ff % hupSL) Al WSHI10 (ff %
hupSL F1 spbA) . I & B A1 b BF A4 7 1) 85 K™
SR B S T 29, 9% A1 55, 0%. Yang H
SR R e o B 4N B 1 U R 5 K OF 19 mop AB
PEAT RSB L RIS A8 Bk YMPL (B Bk mopAB) . If &
PRAE G IRSRBE SN 2 500.5 000 K2 8 500 lux £5F K,
LG AR A A B R R A SR T 14,500,
15. 1% F1 24. 1%.

15 B A 52 45 S R L 6 A B 1 7 S R
AT 55 15 240 T 7 S AR — o 22 B AT A S AR SR
ABFFESE .

55 MR L o I R T A R ) S B R e A
DR W 2 T ) L AT R ke T s L e
il S I A TR AT A R 2 SR B A L R
SR, W R A H RTER 2 1y B S E ik
) S N AN R W= LAl < W o1 (A N A B L B4
B a7 129 I VA < BB T IO S T (=
BB AT TR 43 S L G AT B PR G A B S A
A S 7 AT T R, DU B & il &
FEEE fE. Ak SRR AT X R R (35 °C) A R
(55 °C)H N IR & W B A A [ vk B2 AR OBE (10 ~ 50
g/ LT IRALI ST . 25 3R W . 35 C N ARk
30 g/L B3RS | K= E &, A 1. 24 mol H,/mol-
AWE. Xu ] F S04 ZE AL v 43 B — Bk 5 248 T
Clostridium sp. HR-1 5 Xf F= & &4 #1764k, 3K
B KA 8= M 1. 63 mol H,/mol-A M. X1 it #a
LD R R BET ST Pantoea agglomerans
BH18 Jy 1 & 1R Pk . R F 6 )& Tn7 4 58 28 & SC
JiE L BRAF RS AR TB34, =& &M 1. 34 +0. 09 mol
H, /mol- AW, LA, 15 2 2% 35 X W5 4 1 i & 2o
FRIEAT . WY Rh 8 L W) Uk B 4 b B A R R Uk
FE CRUE R 26 L C/N B IR £6 Wk B L R LMD 4R pH
T A5 YO0 I ke T ) Y 7 AP BE Y S e i AT
THIRFE g e Bk ) B S R o ) Ui R
F A S AF R A B

i AT B ST & B . 5 R I 40 T G o 2 X I
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%37 &

e e ) A SR R WAL R  ARAT v 25 5 A T A4
BB R S AT LR IR 2 i I R T B 7 PR REL R T
AT A AIF 5 B AR T ARAT e %A I O T A T R
b I X A ) A AT O AL L AR A B s )
SR AN BIT T A IR I o B — S I A T A R
PR ol 15 R T2 AR R A

AR 3C A R AT X AT FE P A0 g R A AR B
] 2 P o 20 A T T T A T Y T R T i v 0 e it
RN 1A 065 A T 1) 0 8 B SRR T AR L D R
L] AR MO R B R S T R A

1 XIEEHS

1.1 EhHm

A2 R AR T U A T R e X P A A5 LK
MR K, 428 0 L5 = A A
1.2 ZEZHZEME

(1) EZ A

AT AR LA AR R AN LR
A5 TR IR B A5 L T 24 i 35 R A BT 4.

(2) EEANLS

AN 68 1T (SP-UV1100) | H, #41HE I6 15
FR4f (DH3600BID | 37 2 i JJ 28 7% K 14 #8 (BOX-
UNM-30R) . i # pH 11 (PHSJ-3F) . /& & 4t 44
(WGL-125B) Dt IR 54 (GXZ-380B) 4.
1.3 Z=%uis*k

(1) I G TR 53 5 5 ol >R B8 S AR A7 S5

PG 22 T R e DXVG A 45 L AT IR K v R B 1Y
KB FAE (FFE 200 30, B 3E 200 v AR JS LT
4 °C UKHI AT

(2) il Ak P R A e 4 S B

W R AR I K B FEMEAE AT E4IT, T 95 °C,
2 /N R HET IR IR, 25 FREUEE Fh
HEFFE A 5 58T 250 ZFHERM . mA 100 2
TR FEAT IR WA AL B 2 /N, FEEERG 30 43 4h 7T
GrHRA].

10 mL i 38 BB A 100 mL = & 2
PEAT IR B 4 .35 “C R % 48 h.

(3) 5 4B 43 5 4k %858 S

SR FH 1 A 15 440 17 4 B85 ST R % I 4 R R AT A B
ai AL SEu A AL R 34> =R DU IR 3R A5 40 18 N
gl . WAL AR AT R R AT A A R R
HU/D i AR AR S AR T LS, A W A4

B 4 T P A . SR FH TR A R K )
G RERE I E MR RN AL 5 R A 27F (5'-AGA

GTT TGA TCC TGG CTC AG-3")H1 1492R (5'-
TAC GGT TAC CTT GTT ACG ACT T-3")3# i
1Y iEAT PCR 478550, 47 34 J5 19 v Boak 1 R
AN RV HEAT N . Y IS A5 SR AE NCBI ¥ 2l 1
17 BLAST b XF, 38 15 87 4 25 W5 40 | 09 #0817
S

(4) I 2 T 7 S S

WS 200 5 5 00 T« A TR 5 00 TR 43 5 - A )
L HRAE T — 80 °C M I IR VK A4F 1Y W 20 0 VR A7
W5 E T 35 CIRA RS 48 h.

P T < S 5 A R AR K
J5 3 UM A B R ER 92 v (1 MD 20 mL/L. Solu-
tion C 20 mL/L. 44 % 1 mL/L,IRA 5% H.

P I A TR R AR B R W LA 5 06 1 4 b
FEATA 100 mL 7= EW A BN % . J5 B TR B
35 C RGN 120 W/ 4y W 1H 18 K ¥ 4% v [
JE IR 10 53 7™ S i 50t O 0 e A0 ROk B, S 4 Sl 3
41 h.
1.4 w7k

(1) A e B2 ) 3k

A Ve B2 I 2 R [A) 28 =1 3%, R I DR B
D G R o A ) TR 5 ) . 3048 v
A 3 mL [E2R =8 ik 7], J5 A 0. 03 mL A
WK (%5 ) D-ABE AR A 5 (1. 33 mmol/L K
B J57E 100 °C ¥ B K 8 28 Wk 4 min, JF A
oK T YR A IR A AR AT OO EE T (554 nm)
T W BE A, BT A B A A (D S BRI R R
v B A
/k%(gj gmy;‘.g OD {E—{M%fg OD {

L ) ##EOD {H—ik5= 1 OD A

e A R R e
150 (D

(2) F AR FE I

SN FEEHIBRGE OIS B RS
Tk B2 A ) R G A D R G L BB AT Ak B R HG At Bl B
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KOH . H ZEZmE & A ZEEREE (h),
P BEH KA E (mL) ,Rm & KA #H R (mL/
(Leh)),ef&2. 718 281 828.

2 #RE5ITE

2.1 11 SE@AAMHEE

W ARAT 04 2 TR DR R FH G A0 TR VR B R R
BRI SR T 200 T 0 2 0 % k1 Al ik AT R Ze At Ak
afife 20 =0 B SR B AR 11 BRAETE. 11 Bk
W5 24 T LA ] 2 AR R AW Sy 52 i U A e K
SRR 11 SRR Ak Re A BRI 11 S
LA AT 16S rRNA JFHN 38, 93 7= Wik &2
ERHVEY A R AT )T 45 R AE NCBI M 3 5k
F BLAST T H#FA7 o, Heoxt 25 5 iR 11 55
5 Escherichia coli ¥ARLEE R 99 % . 1% W 40 B8 #% iy
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2.2 AR # RN Escherichia coli XRN510 = &
DX RO A

KE IR R Escherichia coli XRN510 P& & 1k
RE 1Y 52 il 26 T 1 TR XA VR B R FE K A
A 55 18 32 A SR A0 A R AR DR L o FL
AT AL 1 () R D-RBE A
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22.4441. 31 h. HER > A EWE SN 1 156,77
+64.10 mL/L, fx K= S E K 177, 49 £ 44, 30
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W Ny Jo L ) R AT 7 S PE R Y. 8 5L R e IR
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Bl LLAR i 8k 55 40 W Escherichia coli XRN510 A
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DL D-AHME A Bk U, L4 3 R A 18 Sy AR
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TE AN R B2 AR 14 i) 080 AT 7 S, 7 S
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mL/L, AW E N 10,0 g/L B, 3R AT e K i 7
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N 5.0 g/L B, BB Escherichia coli XRN510
F8 T R A A /D o 33T RE - AT AN 2 f I 40 R
Escherichia coli XRN510 A /8 BRI EA EH
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22.61 4 0. 39 h. L-4% 2 FR 9 R IR 19 7 S 2
278.19£50. 10 mL/L, e K=& # %R 7. 78 +
1.50 mL/(L « h), SR B[] 2. 39 h. BEREF B4
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XRNS10 Lk L-45 R A7 B X — 21 4 O SRS
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JIC Y W e e il £, 25 6 TR 3 () & B T A AR K dt A
EARZHEOLT 7 SR B0 IS YR B X
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MO 43ma] 35 B, B E Escherichia coli
XRN510 7= & &M 1 034. 92413, 70 mL/L %
KF| 1 468.93461.52 mL/L. ZER IR N L-B AR
CEREE N 3 5L W) L-A AR 1.5 o/ L MIEELEE
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AER RN 1 468.93+61. 52 mL/L. B % & N
L-AEMR ¢ BEREE N 3« 5 Bma] 4 : 0 mF, K405
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L- A& B8R4 0, ) - 4.0 g/L
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5 L-8EM - BEREE R 3 0 5 B S
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Hemr s B, L-A 2R ¢ BEREE N 3¢ 5, B L-A &
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RIEAEAT 5 87 AT
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18 B30 S I - 5 7 S R T SR 2K R B i el
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AR R AR A R A 6, 7 A R R
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T RREE N O+ 4 SN 4 ¢+ 0 WL 2H A AR Y R R
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XMW, H KW E pH & X Escherichia coli
XRNS10 il 00 B8 7™ A AR KR . B0 4k pH
7. ZHﬂ‘ Escherichia coli XRN510 - &A=& K, 77
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FEEWAILG pH R 6.0 J 8. 5 B IR 4 K A K
EHIEHE pH TH i I 2 W T X AT BE S i T Al
B WA G pH OB Hi?ﬂii%'ﬁ;%ifﬁﬁrﬁﬁiét/*
1% 30 Y BE B, 7 T T R A Ak IR AL S 2
17T X T 0 e M % o v

2 FIREEG N T SR pH O 7.2 Rl
& ARG Escherichia coli XRN510 il 2019,

1600} (a)
H6.0

1400F ¥ P
o pH7.0
~ 1200F m pH7.2
= 1000} * PH7.5
¢ pHS8.0
800" m pHSS5

600

1 l/(HIL

ot

FeE

0 10 20 30 40
i 7]/ h
(a) Escherichia coli XRN510 7E 7= & Wk
ANFERIEG pH 44T Y™ Al 4

e 3]
5
(b 1464 |
Bz e/ (gL
4r —x— Bl %pH 14.62
—m— R E) % .
14.60 {1853
& 5
1458 = §
1 180
{4.56 1
& B
i W
454 |
{452
450 170

6.0 6.5 7.0__7.5 840 85
pH

(b) Escherichia coli XRN510 767 2 A 4 4h pH A1 T il &
S5 R R TP AR R R TR IR R 4 pHL B 0 W i R A Ak R A
B5 FaRizRARARBRM pH t Escherichia coli
XRNS510 /= £k 5k 69 % v
2.7 Escherichia coli XRN510 #) = & 125k 5
MO BAT R 4 R
Escherichia coli XRN510 (7= & M e 5 N 4p
FEMFEEERANE 1 FroR. A SO 43 25 4R 45 195 40 7
Escherichia coli XRN510 HJre& -4 1. 31 mol H,/
ol AN Ak F 45 1= /K OF- 156 B i B R A M BE AR
B AT Ay DA ) 25 05 S 35 B AR AR WA AT K i T
il R HE R R A T 5 U5 X T A AE R A R R
R R RAR 1) S HAT — 5 B HE S A .
% 1 Escherichia coli XRN510 B &
HREENMEEFRLERIER

A
o Py
Ll & /(mol H, /mol- KM ~ BN
RATR AW 1.24 [15]
‘E%%Hf PN 1.30 [29]
R4 R PN 1.31 [30]
Clostridium sp. ,
HR.L N 1.63 [16]
TB34 N 1.34 [17]
Escherichia coli e
XRN510 N 1.31 AL
3 it

i X R A AT A A5 e A
SRR A KE AR E A 10,0 g/ L. e B A IR K
L-RER 1.5 g/L MEERE 2.5 o/ L MRS AR,
FEAW AU pH A 7. 2, ML B RR S AR K.
I3 8 T AT LAAI] 22 i IR AR L X TR
i HTHERUARKE N 2 09 RAE DS F K iRl B A
AR R FHE 5.

S % Uk

C1] X B AR E LS80, A5, =2 N T Ak A BRI B8 IR Ak ik
VOCs B 58 K ZUCA HLAR A O L], Rt 2
2019,40(5):2 069-2 077.

[2] Wang H X,Xu J L,Sheng L X. A review on bio-hydrogen



32 . RaPERLE SR 37 %

production technology[J]. International Journal of Energy
Research,2018,42(11) :3 442-3 453.

(314 ®r.on  Ah. Wk 22, 55, AW BT &0 BR BF 5T 3
[0 AL T W 8k, 2018, 46 (10) : 247-250.

[4] WRIENE . 5K BT, 5 W0 N, S5, % 40 FOBT 8L ) &0 07 1k B 3R
[J]. RERSAT,2019,44(2) . 122-127.

[5] Singh L, Wahid Z A. Methods for enhancing bio-hydrogen
production from biological process: A review[]]. Journal
of Industrial & Engineering Chemistry, 2015,21(1):70-
80.

[6] Rezania S,Din M F M, Taib S M, et al. Review on fermen-

[}

tative biohydrogen production from water hyacinth, wheat
straw and rice straw with focus on recent perspectives[J].
International Journal of Hydrogen Energy,2017.42(33):
20 955-20 969.

[7] sk s, 30 [ A 4y o JEORH IR T Ak I8 0 3P A5 [ D] Jb st
AR R A, 2018,

[8] 3¢ BLZEI5E. e 4B R IR K 434t 7™ & 0 5% i [
SIS (1], S EEEL A, 2018.40(3) 1 92-96.

Lol sk de, £ WE, EFHFH 5. LG 400 R IR FF i 28 0 )
S PEALBT ST ] B P R K 2 2 4, 2018, 36 (1) 17-
22.

[10] Yang H. Jing Z, Wang X, et al. A newly isolated
Rhodobacter sphaeroides HY01 with high hydrogen
production performance [ J]. International Journal of
Hydrogen Energy,2014,39(19):10 051-10 060.

[11] Wang X, Yang H,Ma C,et al. Enhanced photosynthetic
hydrogen production performance of Rhodobacter capsu-
latus by deactivating CBB cycle and cytochrome coxidase
[J]. International Journal of Hydrogen Energy,2014,39
(7):3 176-3 184.

[12] Wang X, Yang H,Zhang Y, et al. Remarkable enhance-
ment on hydrogen production performance of Rhodobact-
er sphaeroides by disrupting spbA and hupSL genes[]].
International Journal of Hydrogen Energy, 2014, 39
(27):14 633-14 641.

[13] Yang H, Zhang J, Wang X, et al. Coexpression of Mo-
and Fe-nitrogenase in Rhodobacter capsulatus enhanced
its photosynthetic hydrogen production[J]. International
Journal of Hydrogen Energy,2015,40(2):927-934.

[14] At B0 AT B AR W1, 45 A DLBEK R Bk A il &L
BURFFE )], KBHAE2: 4. 2002,23(2) : 252-256.

[15] 5kFHPE B AR L0 1 °F 55 IR BRI 9 e B2 X5 T RE
ARBERA AW = A w2 ()], BB TR %4, 2015, 9
(11):5 155-5 160.

[16] Xu ] F,Ren N Q,Wang A J,et al. Cell growth and hy-
drogen production on the mixture of xylose and glucose
using a novel strain of Clostridium sp. HR-1 isolated
from cow dung compost[]]. International Journal of Hy-
drogen Energy.2010,35(24) ;13 467-13 474.

C17] XUtHe , £ 75 AR 000, A5, 1 bR &% 3 T 9 A 28 28 T8 B
TB34 (9 % 7= A or B [T 36 3R, 2012, 33 (7)
2 464-2 469.

[18] Eker S,Sarp M . Hydrogen gas production from waste
paper by dark fermentation: Effects of initial substrate

and biomass concentrations[ J ]. International Journal of

Hydrogen Energy,2017,42(4) .2 562-2 568.

[19] Srivastava N, Srivastava M, Kushwaha D, et al. Efficient
dark fermentative hydrogen production from enzyme hy-
drolyzed rice straw by Clostridium pasteurianum
(MTCC116) [ J]. Bioresource Technology, 2017, 238:
552-558.

[20] Lee M J,Zhang S,Cho Y B,et al. Effects of nitrate con-
centration on biohydrogen production and substrate utili-
zation in dark-fermentation[ ]J]. Journal of Material Cy-
cles & Waste Management,2015,17(1) :27-32.

[21] Mohammadi P,Ibrahim S, Annuar M S M, et al. Influences of
environmental and operational factors on dark fermentative

Soil Air Wa-

hydrogen production: A review|[ ] ]. Clean
ter,2012,40(11) .1 297-1 305.

[22] Dan A,Li Q.Wang X, et al. Characterization on hydrogen
production performance of a newly isolated Clostridium
beijerinckii YA001 using xylose[]J]. International Journal
of Hydrogen Energy,2014,39(35):19 928-19 936.

[23] Mclaughlin R W, Wang S, Wei Z,et al. A comparison of
the bacterial diversity of two shallow freshwater lakes in
Chinal ] ]. Proceedings of the National Academy of Sci-
ences India,2015,85(1) :137-146.

[24] Gonzales R R, Kumar G, Sivagurunathan P, et al. En-
hancement of hydrogen production by optimization of
pH adjustment and separation conditions following dilute
acid pretreatment of lignocellulosic biomass[J]. Interna-
tional Journal of Hydrogen Energy, 2017, 42 (45).
27 502-27 511.

[25] Ulhiza T A, Mohamad Puad N I, Azmi A S . Optimiza-
tion of culture conditions for biohydrogen production
from sago wastewater by enterobacter aerogenes using
response surface methodology[ J]. International Journal
of Hydrogen Energy,2018,43(49):22 148-22 158.

[26] Ziara R M M, Miller D N, Subbiah J, et al. Lactate
wastewater dark fermentation: The effect of tempera-
ture and initial pH on biohydrogen production and mi-
crobial community[ J]. International Journal of Hydro-
gen Energy,2019,44(2):661-673.

[27] Senturk 1, Buyukgungor H. Thermophilic dark fermenta-
tion of sewage sludge for biohydrogen production-influ-
ence of pH[J]. Global Nest Journal, 2018, 20(3):564-
571.

[28] Sergio C D L. C, Alvarez Guzman, Cecilia L, et al. Optimi-
zation of biohydrogen production by the novel psychro-
philic strain N92 collected from the Antarctical ]J]. Inter-
national Journal of Hydrogen Energy, 2018, 43 (30):
13 798-13 809.

[29] Lin C Y, Hung C H,Chen C H,et al. Effects of initial
cultivation pH on fermentative hydrogen production
from xylose using natural mixed cultures[]J]. Process Bi-
ochemistry,2006,41(6) :1 383-1 390.

(300 FBEHT , B AR LR L ok FHPE 45 AW = IR R UK e = S 3
Wi AL 28 B A 7 A T o 1 i i B AL OR L ]. 3RA T
2R ,2017,11(2) 1 1 251-1 256.

[=EHE:BF ]



ReaBBEIE SR Vol. 37 No. 6

Journal of Shaanxi University of Science & Technology Dec. 2019

ERVEE SR
2019 4F 12 A

*

X EHS:2096-398X(2019)06-0033-07

5 5 TR 41 4 2 ST AN R R B AT I B 5t

%W, AR

(BRPERHE 2 B TR 5 T2 e B PE A48 3 40HOR SR 2 T % RS2 2 v [ Tl 40 2 T RE 1R}
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W OE AT EUF R T IRACA] A F A, A BT R AR & SRR D
BERITTHRAE. SREARN EFTHFTR BREANFBZTEAGE TN ET—ZHHELT. L8
AR TR BE=EH . CBREAAGAZTNERSTRORERELAEEE YW,
ATRN BEHFH . CoBRELANGRERAETARTHN 0.2 0. 16U RES>H. TR .4 =
F#H 5 g(3.95%), & =8 1.26 g(1.00%), K &7 0.5 g(0.39%) . A A B KA 4 g(3.16%),
ALk 1,625 g(1. 28 %) AR SLEL 77 h) 47 K% 09 i B M A8 45 4 GB/T 9755-2014 W I A 41 3%
JRF AR T K T IRARA R A o A A R AT R M, A BTG By K A,
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HESES:TUS6 4.5 NEIRERG: A

Feasibility study on preparation of exterior wall primer
by using municipal sludge

HAN Qing, CHEN Guang-zhao

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

Abstract: Aiming at the problem of resource utilization of municipal sludge,the optimization
of the process parameters of building exterior wall primer with municipal sludge as the main
filling materials was studied. The results showed that at a certain amount of municipal
sludge,adhesive and carboxymethyl cellulose, the adding other additives such as leveling a-
gent,sericite powder, ethylene glycol and defoamer has a significant effect on the quality per-
formance of the target coating product. The best dosage of leveling agent, sericite powder,
ethylene glycol defoamer Zhongli waterproofing agent and paraffin emulsion were 0. 2 g
(0.16%),5 g (3.95%),1.26 g (1.00%),0.5 g (0.39%),4 g (3.16%) and 1. 625 g
(1.28%) , Respectively. According to the optimal formula,the quality performances of the
primer can meet the state standard of GB/T 9755-2014 on the Type II exterior paint require-
ments,the surface of the sludge-based coating film is distributed with a lotus leaf-like struc-
ture and has good waterproof performance.

Key words: municipal sludge; exterior primer; formulation; optimization; performance
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W E.2ZRAHENEEZ EANEHIKRET EZKREN P S HIE W R A, 48 Footscan -F
MR RJEEN MR RAACRAEMEAD 300 HORE 47 2 X F AT 19 & Kk H 28 L)RE
KETFTASm/s HERBNUEREAPCHEHE FARBAEEZLNEF £ 5 W% 5
R EE N P HIE A iR R AL IRAFRATR T >N B F BT XA 0.05. R EIAM
FEEEMWEEMOETES P M a BB ECOPOWHmALARHFH(P=0.035,0%
M COPx K THhM; 83 XA EXHERG A X423 COP x W FmiA T HF (P>
0.05); RE B 3 KA & A et Fra LA 2 EF W (P=0.034); £ 87 2 3AY i 48 = A 2
FEAMZ MM EFEARHFR(P=0.028). ZWLEREH—F A REAMANE R F £AAFHGH
T3 (HOEH BT R L H, Bhkm 3 o kit, 2w £8P X COP & A M
A A BARREN ; HFRNEZE SO mATFRERE S8 AN LE R
R ETHBR Y FTHEA.
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Effect of gender and arch type on the trajectory of the
center of pressure during jogging

TANG Yun-qi"?, ZHANG Yi-fan', WANG Zhi-kang', LI Jing',
PAN Jia-hao*, WEI Shu-tao®

(1. College of Art and Design, Shaanxi University of Science & Technology, Xi'an 710021, China; 2. School
of Kinesiology, Shanghai University of Sport, Shanghai 200438, China; 3. 361°(China) Co. , Ltd. , Xiamen
361009, China)

Abstract; To explore the effect of gender and arch type on the trajectory of the center of pres-
sure in jogging. The Footscan plantar pressure measuring plate (sampling frequency 300 Hz)
was used to collect the data of foot center of pressure of 47 college students (19 males and 28
females) jogging at 3 m/s in barefoot. The center of pressure variables was statistically ana-
lyzed by the two-way ANOVA with repeated measures,and the significance level was set as
0. 05. The results showed that the gender factors had a significant effect on the COPx during
the forefoot push off phase (P=0. 035),and male COPx was greater than female; The arch
type had significant effects on the COPx at three phase during standing (P>>0. 05) ; the im-

x WrFs B #:2019-05-23
BEE TR EF YR AN I 251815 H (201810708006) 5 = — bt 1 TAERBF &5 H (SLYD2019112)
EE BN %28 (1980—) , 5, I Fg F B2 N B #0822 - B o8 Ak L AR 9T 0 1) 38 sh AR 4 g 2 CRE S M S5 Tk
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pact of the arch type on the foot flat phase was significant (P =0. 034); The impact of the

arch type on stance phase was significant during forefoot push off phase (P=0. 028). These

results further provide theoretical support for the design of orthopedic shoes (insoles) for

people of different genders and arch types,specifically,it is necessary to increase the displace-

ment of COP inward during the forefoot extension to enhance the stability of the human body

for female;cavus feet were required more lateral support,while flat feet require more medial

support to improve stability and reduce lower limb stress.

Key words: gender; arch type; foot center of pressure; sport biomechanics
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S A% X0 BB 28.55(5.46) 28.8(6.88) 29.55(9.22)  27.34(5.17) 23.15(4.41) 25.52(5.29) 0.074 0.733 0.682
W) Uf 5 o B B (ICP)

COPvy/(m/s) 0.29€0.11) 0.59(0.37)  0.4(0.36) 0.46(0.36) 0.22(0.09) 0.31(0.18) 0.254 0.329 0.792

COPx( % I 58) 5.41(1.86) 9.22(4.67) 6.4(5.21) 6.6(3.7)  3.45(1.19) 5.39(4.93) 0.148 0.959 0.119
2 fol B 1) C 96 S WD 6.6(0.99) 4.26(1.92) 6.54(2.6) 5.27(3.05)  6.1(2.06) 6.86(2.63) 0.717 0.248 0.278
Hif 2 A5 b B Bt (FFCP)

COPvy/(m/s) 0.16€0.07) 0.27€0.2) 0.26(0.23) 0.2€0.07)  0.11€0.06) 0.28(0.27) 0.555 0.282 0.363

COPx( % |58 2.35(1.31) 2.51(1.19) 2.89(1.35) 2.25(0.9) 1.83(1.34) 3.36(2.55) 0.835 0.205 0. 64
92 fil B6F ) C 00 32 £ ) 6.55(3.23) 5.52(4.35) 6.06(2.15) 6.53(3.78) 5.56(5.27) 7.19(1.77) 0.723 0.672 0.871
I B B (FFP)

COPvy/(m/s) 0.08(0.02) 0.08(0.01) 0.07(0.02) 0.07€0.03) 0.06(0.02) 0.06(0.03) 0.2 0.515 0. 682

COPx( % 1 98) 6.74(1.57)  6.5(2.36)  5.9(2.12) 5.66(1.92) 4.33(1.47) 5.09(2.97) 0.053 0.594 0. 704
2 ful Bsf 1) C 26 S 4 4D 34.3(3.67) 42.69(8.23) 39.78(5.79)  36.51(6.94) 40.8(6.71) 36.64(2.75) 0.606  0.034 * 0. 444
AL B8 A B BE (FEPOP)

COPvy/(m/s) 2.52(2.21)  5.4(3.8)  2.82(2.26) 3.91(1.89) 4.23(1.78) 4.57(2.89) 0. 389 0.268 0.269

COPx( % I 58) 20.02(4.08) 23.05(2.74) 18.74(5.04)  18.47(4.33) 15.08(6.6) 18.39(4.3)  0.035%  0.915 0.116
2 fol B[] C 90 S WD 52.56(2.13) 47.53(11.09) 47.62(2.58)  51.68(3.96) 47.55(2.29) 49.31(3.07) 0.839  0.028 * 0.713

e+ ARREA G5 E L (P<0.05)
3 &g

AW FE T8 A T TR s ) R B AR A B 4R

THPE S5 5 2 S R R g Hp O B S L X
Be 58 Rt — P g AN T ) 5 S 2 AT Y R
OB R AL T BIE SORE BRI 6 ok
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ERASERE S 5 i 5 2 T BE TR B 2 A A S
11t P A2 T B 2 9 A SO R | COP, DL R
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HEEH, RTE, RE%E, £ F

(1 BEPERHE R B 54 TRk, BevE P2 710021 2. Bevi & R A RHEIF & oo B & B st T
BHEARDEFE L, BEVE V5% 7100545 3. (PG K2 KEIBSAAUER AL, 1078 K 0300065 4. BTG AR ™= i
T HEARBIERE, BeFE P4 710021)

W OEARARR S EG R EATER 27, K ERHR T ZA R B & AP R 5
(kA R iE A ) s DPPH « g wik, « OH A WA ABTS « A w A F R h B4R B
FHELSRN. EREN AR B BBEAG BRI AREZ2F, L F DPPH - a w2k
B R AR A P B A 69.88%0.24.88%0.52.23 % # A A WA ODFR FE LA =A
FFr 5 A P A 81.47%.61.60%.71. 36 % ; ABTS" « A A F R ELE A& T 55 A
38.05%.22.45%.35.62% ;40 & FHE A ALK A ZAF P 23 A 77.33%.57. 56 % .65. 12%.
ER BB R A A ey S AACRE S K B MR OR Atk A A > R S

KB HBEARE; HAAFER; DPPH AwA; 2 adA (- OH); ABTS™ - adi;
BT A

FESESTS255. 1 XEKFRERD: A

Study on antioxidant properties of different kiwifruit cultivars

ZHAO Yan-ni', LI Yue', LEI Jing®, ZHANG Jun-jie’* , ZHANG Kun',
CHEN Dan', REN Jia-min', PANG Zi-yuan', CHEN Xue-feng'*, WANG Yong'"*

(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Shaanxi Rural Science and Technology Development Center &. Shaanxi Kiwi Engineering and Tech-
nology Research Center, Xi'an 710054, China; 3. Scientific Instrument Center, Shanxi University, Taiyuan
030006, China; 4. Shaanxi Research Institute of Agricultural Products Processing Technology. Xi'an 710021,
China)

Abstract:In order to identify the differences of antioxidant activities in different kiwifruit va-
rieties, this paper studied the scavenging abilities of three kiwifruit varieties (including XuX-
iang.YaTe and Hayward ) on DPPH « free radical,hydroxyl radical ( + OH) ,ABTS" ¢ free
radical and the chelating ability of the cupric. The results showed that three kiwifruit varie-
ties displayed different abilities to scavenge free radicals. The scavenging rate of DPPH -
free radical in XuXiang, YaTe and Hayward was 69. 88% ,52. 23% and 24. 88 % ,respectively;
The scavenging rate of hydroxyl radical ( «+ OH) in the three varieties were 81. 47% for
XuXiang,61.60% for YaTe and 71. 36 % for Hayward; The scavenging rate of ABTS" + free

x W FS A #A:2019-07-20
ESTAE :EZRHARHEATH (31800328) 5 Beri 4 FHL T H AR 34 T H (2018]Q3017) 5 BT 4 A T 4l = i Ak & Fe 1%
TH (2018) 5 BRPGRMHE K2 W+ RS 3 245 H (2016GBJ-11)
PEH B R HEWR (1987 —) , 2, e FE M AR , Bl 302 11 AR5 7 1) - 2 W B R oF
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radical in in the three varieties was 38. 05%,22. 45% and 35. 62% , respectively; The chela-
ting ability of copper ions in the three varieties was 77. 33%,57. 56% and 65. 12% , respec-

tively. The above data indicated that the antioxidant capacities of the three varieties is XuX-

iang >YaTe > Hayward.

Key words: kiwifruit; antioxidant activity; DPPH « free radical; hydroxyl radical ( « OH);

ABTS"

0 35

F1 F 3 S — R AE LR Sk s o o e A Y
HA SRS A E Y5, S8 LR R A ZUR4
i T L P ) 5 407 2 A A 1 1 T
TN, IR AP Bl — 2605 P 558 9 i o0 I 55 R
g S KA Ak | 90 S B S AT L R MR P [ 3
(2 ANUERSE [ B AT bR R G0, R B AR AN L
ST B T2 T SR A R R AR f
JEELAT VA S L BT AR 0 v B KSR T SRR I T
5% 3% 7 32 B [ P9 41 2 3 1 75 R B9 R L 1
ZKBHHEE PUATEEY T (g4 E E.
Her: 2 COEER . 2 W J W) 55 ) L 3k 28 K AR PR
) T BEAT RO B MR N ol 3 AE B BIL IR R L 1Y
SRR S 1

W58 Bk & Bk #E Ak Bl (Actinidia arguta Sieb
Zuce. ) s AR AL E Bk B AR A R Bk
BN FE , R 6 38 K2 A5 . Bk
BB R RKIRYE C 256, B 100 g FrEtfirmenkdid: & C
o BRI A 2~ 8 A% M 3~14 %5, R
20~84 £, B4 30~140 £5. BLA BRAERR L B %
LR TR 45 S SR A AR KBRS Ik
e I G AL R VR L SRR b S A B 2
il 22 1y 45 05 ) TR AT AR 8 B B SR AL RE T L B A A
F W, M2 0 EL A T 98 L AR E L i A
95 LA S U A fe S | 348 5 G 8 T BE 45 Tl

L i A Ak o e A D e R A R A R 1
X, A 2 LI BT SRk A 5 B & A
CaAH 3 000 @A B AR W RR IR 1 A
AN B AS ) A Bk 22 ) 3R A AR AE 25 5 T
A [i) i Fof 5 A Ak 7 R A 005 1 ) 2 S (AR G T

AR VR S 0k FH A 2 B R K ) = A S R AR
T W 5 RS IR R B 52 6 42, 43 5 5 H: DPPH
c Hl 2 BRIEAREC OH) ABTS' « [ st
(14375 % BE 7 DA Bt 4 18 1 I B 5 BB T, 98 R T
ol Rl R B A ST SR AR TG T 22 5 L St — A5 O e
K dh R ST e TR0 2 416 2 1k 4

i

1 MBE5RE

free radical; chelating ability of the cupric

1.1 #MHE5ME

(1) FZ M5

SABRAEA R R IR AR MRS T 2017
410 H R A BTG JE 2 B Bk 7 A8 B SR Ak 5T B
SR A1k A K 3 /B FL R /NG — 1) A B SR

TR R B IR AN B Rk L T Sk A
PR MR A R L SR AR L B T R
i Bk 2% B Ak 22 3 5 A B2 Bl DPPHLABTS. K
M AR W58 CAENG R L W BT B K AR R
IR/NEIN

(2) FEAUIR B

JA2003 B HL 43 B K OF-, 38 2 R Bl 27 A0 %
BRRA A BB TR, EEPESE A AR TR
HE.OHL, M E Eppendorf 23] 3 4H 85 #E AL, B VH
FFALRE A W] s UV-2401PC B4 Ahaf UL 4356 % B
i1, HZAR SHIMADZU 728 w5 7K i 8 Jb st B 7k 2%
1A% A BR S Al B W %%, 8 B Eppendorf 24 Al
PHS-25 #45 pH i1, 1A B # AU B A
IR/NEEIN
1.2 %%k
1.2.1 DPPH « [ Hi H35 BRBe I gl e =

(D) b ith 2 1 il A

WERRFRIN 2 mg HUIR I FRbRifE S A% T 8 mL 2%
BTk 59 0. 25 mg/mL BIPTIR IR VA K. 1
FBE TR NFFERL 0. 225 mg/ml..0. 2 mg/ml..0. 15
mg/mL.0. 125 mg/mL.0. 1 mg/mlL.0. 075 mg/mL,
0. 05 mg/ml..0. 025 mg/mL A% &R bR HEE . FREX 2
mg ) DPPH « #3570 mL Josk B i rp, ik 52y 28
mg/ L. BLEC B, 23 B 100 pL FRUEVE RS 3.9 mL
) DPPH « HI AW T 10 mL 2504, I iE 10 s,
TEZE RSN T #8630 min, 78 517 nm A0 I 1% 5%
JE (A, LAZEIB/K 28 1 e WO FE (A AR IR A 5K
(D353 DPPH « [ H R0 BR % 15 =K. DABTIR I
PRV B AR AR A s PR T B S R AR A, 22 A v
k.

?%Ef%%%(%):(l—%jxmo% (D
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LDOH A FIREAE A, NS HAME.

(O FESTH R DPPH « [ i 3EAE 1 A9 I 5E

B AR SRR B L R 1 h 7E 41 BUE R AL
FURE L A D A5 D8 W F 08V T 4 °C L 14 000 rpm 4%
PEFE O 10 min, WH R WE W, KB T KH R 5
5 J5 B 100 pL A 5L BRI 2] 3. 9 mL ) DP-
PH - MW P, ## % R W 30 min J§7E 517 nm
PR AR 28 S RE (A, LLZR B K feas B X RE L
WG B CAD, B H 3 B R 1T 5805 3k W) X
(D). = FPgRae gk LA R RE 4 77 vk Ab 38, O H A 2 48—
WFAT.
1.2.2 ABTS" « [ i 5EiE bR AE 7 fm

(1) b e th 2 1 4

WEBAFREL 2 mg PUIR MRS E & AT 5 mL
BT KB E RN 0.4 mg/mL BYHLIR LR 7
V. 553 5 28 F K B 0. 4 mg/mL.0. 3
mg/mL.0. 2 mg/mL.0.1 mg/mL.0.05 mg/mlL.
0. 01 mg/mL B F 5 5 fE % . FREL ABTS™
0.096 0 gHlid FEAR AP 0. 0116 g, FHE B FIKER
£ 25 mL ZFEf T S E A0E BT = R
MR 12~16 h, 13 58] ABTS" - fifi & W&, fiff
HHETH 10 mmol/L B MR Eh % wh i (pH=7. ) ¥
B, HAE 734 nm AL B OSGEE A 0. 700 (£0. 020D,
fE ABTS « AR, HER W 30 pL HUIR I R
Wi B 5 2970 pL ABTS' « TAEWFEM RS, D
SEFIE] K2R 10 min J5 . 734 nm &0 I 5E W O% B
(A LAAKAE S 23 1 RE B I W o B (A,
ABTS" - HHIEFRAE TR Ir ik 1.2.1 h s
K (D).

() KESL TS BR ABTS' « B i 5LAE iy 2

BRBERRAE ST AL BRI 1. 2. 1,75 3 (4 b5 W R
B 10 £5. MERR I 30 pL FERAR RO S 2 970 pL
) ABTS" « TAEW 4R A, R W 10 min J5 78
734 nm ZLI O BEAE (A, DL 2SI K 802 1 % IR
AW R (A, A B IEERRRIT R kN 1. 2.1
H (D) = FPBRAE B IR R 0 7 i Ak B, OF B B4
=K FAT
1.2.3 B ABIEC OHEKAE S ) gt

(1) o o 1l 26 16 ) 4

HERR AR I 4 mg HUIR MLARAR &, JH 10 mL K8
FKEM A5 0. 4 mg/mL BYPUIN IR . 4
SHEBE F /KRR 0. 4 mg/mL.0.375 mg/mL,
0.35 mg/ml..0. 325 mg/mL.0. 3 mg/mL.0. 275
mg/mL.0. 25 mg/mL W) 51 FR . A [6)
JEE A HTIR I R A R VT A5 B0 b BRI A

1 mL FeSO, (9 mmol/L)¥ W .1 mL K#R-2 Bz
(9 mmol/I)HEW . F G MA 1 mL ) H,0, (8.8
mmol/L) 3 8l R » 4R A1 JG 16 37 C 44 Rk
W 20 min, LL7K NS L FE 510 nm 4 90 0 5% BF
(A AZE K fas A B8 I 0 e BE A (A
BAEH WA C O VWEBRFIFE LR 1.2, 1
(D).

OFES R A B OHD T BRAE 1Ay
E

=20 C KA BCHFE SRR R O AL 2
JriEm 12,1 193] EVE WL MR 10 f5. 0 1 mL A
i T 10 mL BLAEH L BARKIMA 1 mL /) FeSO,
(9 mmol/L),1 mL /K% R-Z B (9 mmol/L), &
JEIMA 1 mL # H,O, (8.8 mmol/L) 3 sl & i . 3¢
SHRAIETE 37 CARM R NK I 20 min, & A1,
KRS HAE 510 nm A6 BE (A, LZR IR /K i
25 P B LI L B (A LB A 1. 201
T 2D L SRR R RE 1 5 vk b 3, 0T HL &
2H ) = 217
1.2.4 Cu™ EARES MM e

() A i 2k 1 4R

FREC 100 mg HUIRMLAR , A 10 mL 25 B F K
VR AR B B 10 me/mL B HTIR I R .
EB T K Mi B 10 mg/mL, 8 mg/mL, 6 mg/
mL,5 mg/mlL,2 mg/mL,1 mg/mL B & 5 b #E
VW AT KUK T R — o T RS WS E
W H 1 mL MEBE (10 %0) 37 F 10 mL 34 W, 4351
A 20 pL 2B 28 Z By £ 7 (0. 1%0) F1 1 mLCu-
SO, WM (2 mmol/L) FEAHR A, A 1 mL A~
IFi) Ve JEE 4 0 T I R V5 B3R T8, T 52 632 nm Ab MR
A, [R] 2 6 B Cu® " B8 A 8 1 (V) B
K= (2 s

A,

%ﬁ%jj(%):(l—A—jxmo% 2)

KO A IR A A, e F4E.

()R Cu®" #4561 5E

IR R B R 1 b S TR S g A 0k
W R UEWRAE 4 °C .14 000 rpm 2514 R B> 10 min,
W B A ARE SRR I 1 mL A BE (10 9 iR T
10 mL 30 KON A 20 gL 8828 2% 3l )
(0. 1% F 1 mL CuSO, ¥ (2 mmol/L),1 mL
BE SRR E TR 2T, I E 632 nm &b WG BEAE (A,
DL 1 mL ZlKAE 28 o IR I FE O B (A,
Cu®" BEARE S (VO I () . =R BRI AH
7] 11 7 2 Ak B e A A = RO A T



56 A FHE e 55 - AN [ ot A R A B SR S B B AR AR R MR Y o 49 .
1.2.5 St W HE R 69. 88 % F 0. 14 mg/mL. 45 5 % WA [6 5

Jir A 6 ) A = U TR 2 R 8 R s
BN T A - o A 22

2 HR5H

Xt A Ak A B AR T T L R AR A S
FEE PO I R RN 22 B A B A AR R L PR R R AL 3
PSRRI VLR B 2t R T — R
B, 7K SR g S R HL At R 4 A B SR AR T A RE A
WL — P E SR R SR AT PR AR DT
A S ,DPPH « \ABTS™ « fil « OH A H &1
I T 0 0 A 7 R T K R R R SR AR B
FE Y o3 3 A ) FRT L I O kL DR, AR SR DU
DPPH « \ABTS" « fil « OH [ fi 515 &g 11 48
T X AN TRV SR Bk it o 1) e 44k T 1 2R A T 0F 5
2.1 REBEHSFE % DPPH - A d k4 )
2.1.1 DPPH « [ 563 B2 1 28 b s 3

DPPH - & —FGHLA M5, B i 2R bR
i DPPH « ¥ AR €5, 38 28 W% 32 14 A% Ak mT e H
frE s e g5 Ll 1) i . 78 DPPH
o FIER BRI R S 56 vh AN TR VR R A T IR i R S LA
—ER A B IERRAE S I H A I TE R R BUR
MRV BE /N T+ 0. 2 mg/mL 5 [ N BE & BT IR i iz
VA PS5 T 1 v T A Y T IR ol R v B = T 0. 2
mg/mL 5 .DPPH « [ 50 bRk T %, Ak
6 SR FH R AR A 90 BN 0 7 AN 4500, 025~0. 2
mg/mL) 2 il A5 W 2L R H LR R =
0.997, W&l 1(b) fFrzw , [BHH J5 #2h

y=4.7982 +0.020 7 (3

A3 e y— O BR R o PR IR Mk
B, mg/mlL.

A 3R 1 R vk B FE 0. 025~0. 2 mg/mL i
FIN 5 DPPH « [ H 3L B2 B A2tk ¢
.

SR FHAH [ 14 52 36 07 3, 4 B b o il 2 SR A5 R )
SR B BRI 52 DPPH » H LW R R K 1
(b) 7 s FLrprr | B 0 43 ) AR 2 08 IR 7 L WL
KR A = A 5 R0 R Ak 2R 52

LT AT = A R R Bk SR 52 1 DPPH -
F P R I R A FBL7E 20 % ~80 % = ], Horfifg ik
FEREM Y DPPH « H B ZEWE BR324, 88 %0 AR A
(345 3] XF Ry 1 40 3K 1 R #k £ 24 0. 05 mg/mL; [A]
B WEREFE Y B9 DPPH [ P 2T BR R R0 B A4 4t
IR e B 43 ) A 52. 23 % 1 0. 10 mg/mL; i 7
B DPPH « [ f 5L 35 B 22 FUXE R 9 40 38 1f 2

FRRRBERE IR ST DPPH » [ H 5E 13 B % 22 R 8K
K, H DPPH « [ o {8 bR 2550 55 0 7 Sy % 7 = WL
p > IR AR
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FH P 2 AT U0 TR IR A W R LA A A R B A i
MR 245 43 W) 0. 45 #mol/100 g.,0. 99 pmol/100 g.
1. 34 mol/100 g. BIE4F (Y HT I i R Y S 2 1 IR 7
[ 2. 20 £ AR A I PUIR AR XY 5 2 M IR 1 2. 98
5 R A B0 IR IR Y R R Y 1. 34 5. IR IE,
A SNBSS 0 B A AR R T R R >
W 45 =V UK A L I 259 5 0T B A I 1R e R T S & e
— . H T-text AT GETF2E 0B 25 S R =4

IR 2 I 2 LA 38 22 57
BSR4 R H A S T
_AXBXC 100
= X1 000 X 60 D

) s A 3 b o et B A PR IR
W Z  mg/mL; B— AR & AL, mL; C—HF
R REAS 0 D—HUIR IR 24 4, xmol/100 g; E—
PUIR ML PR B AR XS 73 1 6
2.2 AR SmAPBRAEMFR ABTS « Adh A4 A

2.2.1 ABTS" - H I EEBR R 021k a3

e ABTS™ « [ Hy 5575 bR 52 50 b AS [ i B2 1
PSR #R B A — 1 B i SR bR e 1. &l 3
(a) O] L, FEHTIR M FR VR B2 /N F 0. 4 mg/mL 138
FEL P 1 5 07 I 23 B 2 0 A L 2 vl 1 344 = T 34
Jn AH 2 Y H MR B KT 0.4 mg/mL B, ABTS" -
H 3 bR R AR T 2.

SR AR M AR AR R 14 5 A B0 30 I 7R v 8
(0.05~0. 4 mg/mL) £ il 5 o i 28 & 3 (b) fir
RSB R .

y=1.792+0.065 6 (5

K Wy — H B IEBR R o PO IR IR
& ,mg/mL.

AN T it Bl R A Bk SR S 1 ABTST » [ H ik
THERAR A 3(b) Fros , Ho2r | i F e  53  A 3&
VIR A W AR AL PR3 AT, = A R SRR
BEARSIH) ABTS « F H JE 3 B 238 1938 FE 7E 20 %0
~40% Z 8], P IR B 1) ABTS' « H i %
BERRN 22, 45% A0 A (5) 13 B % L A9 BL IR 1M
fig 1 FE A 0. 08 mg/mL; [F] B, WF£RRE 5 9 ABTS®
o F R BRI R R BT IR M R R 4 oA 35. 62 %6
0,16 mg/mL; B FHFEM I ABTS « H i3
5% S5 0 6T 1N 9 BT IR I R Vi B S 38. 0594 Al 0. 17
mg/mL. PR, A ] & FOBR A Bk SR 95 ABTS T -
H O IEE R R 22 SRR, HARE MR A d S bR
it 45 BA3XT ABTS « [ i 2575 4 205 4
N B 7 = W > T TR

90

o)
(== )

\
A

HH S FR A/ %

ABTS" -
RS BT - N |
S S

N

—
[}
T

1
0.1 0.2 0.3 0.4 0.5 0.6
B I R YK/ (mg/ mL)

() ABTS" « [ S5 B 23 BP0 IR 1 R R J32 78 s 3

e
o

90
751 /
Zf Y=1.7898X+0.0656 -
& 60| ; p
#r R°=0.9912 /-
pai|
H 45+ n
m oo
S 30k .
: /./ s
/m
<i5L 2 ‘

R
0 1 1 1 1
0.09 0.18 0.27 0.36 0.45

PUBR ML B2 7 BE / (mg/mL)
(b ABTS™ « F i S5 BR S pr vl fh 4

B3 ABTS - awAiFrkfe Tty
2.2.2 ANFESFPERBERRERR ABTS™ « H e

D5k ) B IR IR > 1 3R o Ak 4 40 4
fhfe 7. YUk e 4 & i it E A KR 20 1. 2 Hat
(D) B R 4 Fros. IR W AE AR AN
FE &b B9 PR I BR X4 & 4 5 O 0. 25 pmol/100g,
0.46 pmol/100g.0. 51 pmol/100g, Xt B 15 % 95 K
FH T-text #FATGE T 2% 50 B, 45 SRR W =4 5 Fp g
WA 2 () 1 5 AT M 22 5 O LB AR I 7R Y o 1
133 =S i BRI PR TS R ABTS' « A 1 BEfE )
NGE > DN R 1) /N A A A = W = ¥ K 7

0.7

X
5 0.6} x
= 0.5+ = i
= :
= A
E 04l
=
a1 93F I
Vjé%(
g 0.2} /
=
B o1t
7%
0.0 A i
TR A LIZN; i

B4 RE®RAFBHBENETSR ABTS - W iseh
(x A TBEABEMZF,p<<0.05)
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R A e 252 < AN T it R R A A R S B S T PR T « 51 -

2.3 FRESMABBEMRE EFER - OH Ak
2.3.1 « OH A W IERR RN LG

&l 5 Ca) AT, Bl 25 BRI AR (Vo) R BE /)
B %t o OH A 3k 7% BR 68 L 2 2tk 8. (A
B Ve Wk T 0.4 mg/mL J5, « OH H &1
T8 R R B A e S 1 T e 2 s TP R R kAR
FRIE Y 7 AR R BE £ (0. 25~0. 4 mg/mL)
2 bR e 2R 18 5 () BT L [0 5 2

y=1.788x+0.123 5 6)
A H.y—« OH A HFEFBRER; 2P IR
I AR M &, mg/mL.

SRR ST o OH A Hy J6 3 %
Qs 5Ch) P Herf 20 €8 F 8 6, 45 5 AR SR T IR AR
WA FAR AT, = FPFE SR Y « OH [ i 3575 bR %5
TE 600 ~85 Y0 Z o], Hrp i iR FEAE S A » OH H
FEWEBRAR N 61.60% . /1 2. 1. 2 FaX (4) SR AG X I 1
PRI W 2 0. 28 mg/mLs [F] #5145 3 WE
FEGTY « OH F pR 5T BR 226 SO0 7 1490 IR il /2 ¥k s
71,36 % H1 0. 33 mg/mL; B FEEM N 81. 47 %
0.39 mg/mL. £5 5L 3 W], O [ Pl s Bk 2R S % -
OH H W &M TH R R 2 58K, = Fhxf « OH
R RV [ 2558 55 G0 Ay kA > W A > g TR A,

90 -

OHHE HIZE M/ %
~ o]
[ =
T T

50 1 1 1 I
0.25 0.30 0.35 0.40 0.45

PUA LB R [ / (g / mL)
(a) « OH [ iy 35 BR A B BT IR i 7R vk S5 745 1 s
90

851 -
Y=1.7884X+0.1235
R*=0.9887

80
751
701
65}

wol /(
i R A

55}

« OHH B3 K %/ %

50

0.24 0.28 0.32 0.36 0.40 0.44
PidA ML FZ R £/ (mg/ mL)
(b) « OH H Hh JE 3 B b o il 2k

A5 «OHAGEAARRTGTALSE

2.3.2 A[EMFBRBERE R SLVERR - OH H 2 fE
i

XFHUIR AR S B AT A KA 2. 1.2 X
() E5 R 6 FroR. MR A 5 A LA & Rl AR A
B BT IR LR 24 543 51 R 26. 10 pmol/100 g.31. 22
pmol/100 g.36. 58 pmol/100 g. ME4F Y T 3K IfiL R
MR IRTER 1. 20 A% 4R A& MPUIA MR 2 & 2
VIR 1. 40 £% 4R 7 B B0 IR I AR 24 Jt J2 W A 1Y)
117 A%, = A Fh ROk Ak SR 52 A 0 IR i 2 Y i A
ZEABEIR /N A A A A Ak 2R S5 (R B0 I L 7R >
T o VUK AR B SR S 1) e Ik = A R A Bk
HSL PR AL RE T R B 55 53 0 2 A A > R >
TR AR, SR T-text X = A dh A 2 8] 317 G811 2%
GIHT . 2 .

48

(S
T

W

N
—T T

Ly

)
=
1

=
[=)%
L

P B 24 42/ (pmol/ 100g)

=) oe]
LI

HE IR T 25 ffﬁlﬁ?
B 6 KRB SAHRENS « OH A dAFREE D
(x A TEABEMLZF,p<<0.05)

2.4 TR SBAABBHRESH Cu® HEH5RD
2.4.1 Cu" BEAERe 2 iE

PO LR XoF 4 125 8 5 A W1 R 0y i Ak L B
PUIR IR T B2 1) 4 &, 5 B 10 2 5 RE ) Ok i
. R AR PE AR AR ) 6 AP IR i R vk A (1
~ 10 mg/mL) B x . Cu®" BEHRE I N v B
il v T £ A5 [ 05 O R

y=0.032 4z +0.551 9 (D

KO y—Cu® B G RETTs 2—HUIR IR W
B, mg/mlL.

HY &1 7 Ch) BT AN (] e BE 0 3R Ifi AR %o Cu® " 2
B RE IR L 78 T 35 1 0 IR I R Wk BE Y RN B IR
MMRHES Cu* BHiE I 2B HLEXR.
SRAGH TR TR 4 5 - Y 255 e 0 AN IR I R Wk 32 O
Wk 57.6%F1 0. 73 mg/mL, WEAFFE 5N 65. 1% F
3. 06 mg/mL, B HREM N 77. 3% F1 6. 83 mg/mlL.
L5 b SRR AR R SEX Cu™ 1B B RE TR 55
I 5 2 1A e = NI > i U
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(b)Cu?* #2 fE J bR M 26
A7 REHIRLER KL Cu®'
AR RALA Y

2.4.2  ATEEFERBEAE R 2 Cu™ AR
) L S5 AN 8 7R W IR A WEAE AR A B BLIR
PR 2453 514 0. 73 pmol/100 g.3. 06 pmol/100 g,
6. 83 pmol/100 g. MEAF 1T IR IR 2 J2 T IR A 1
4,19 £ AR AT BTN IR 2 B IR AR Y 9. 36 4%,
TR P BUIR IR 21 H S MR 1Y 2. 23 . PRS0 IE =
AN SRR AR SR SE X Cu® By B £ R ) B 5 U R
TR > MR > IR, SR FH T text X =4 i i 22 1]

PEATGEH £ T, 25 5

9

¥

X
77

R W R&
B8 RE&AEHBEIS C® LN
(x AT~ HEALEFHEEF,p<<0.05)

PUIA ML B 24 1/ (pmol/100g)
S = N W e U N NN

E R I — E PN MR IR BV N L B &
PR I PR e B A 384 0, 0K I TR T B =R el
(DPPH « ABTS" « fil « OH) B fig J1 LA K4 B 1
BRI o 88 —g kR, AR SEEG
TV-2%. sbAh. g IR A8 WG R AR SRR Bk X
« OH A B 5L 1Y 78 B g ) 2 5o 19, FL R 2 4 2 1
MBS BE S . R 55 Y 2 X%F DPPH « fil ABTS' « H
H 5 1Y ¥ B g

AN SRR 2 A 2 S AR R
Bk DPPH - H 1 & 75 B 68 7 J2& 1 1K 18 55 0 Bk 19
2. 9845, & WL HF BRE AR B9 1. 34 5. B F R AR Bk
ABTS" - [ WA bR AE ) & IR B e pk ny 2. 02
ML RR A BR Y 1. 10 5. B EBRBESE - OH A
FH L5 B 8 0 02 T IR AR R AR 1 1. 40 %, 2 WL RE
BREAk ) 117 £%5. IR F AW 3 T E AN
FE VIR R RREBR R B B RE 1Y 9. 35 £, &
FEERIEAE Y 2. 23 15,

MDA b 52 56 238 5 v m DU RE S G AL RE
IR ERTE =3 N Y S E R A= =D DR QY )
7 = WL 5 > U TR A T 5 M SR ik 0 R ) 1 —
oI e FR TR AL T R S A Sy B 18 K AR = AL
1) 25 1 RN i BT A R 25 T A

2% Uk
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i EHAARABHAENABRRS AR AR R YRR B AR PRABLENSH
'Ti@?ﬁt%‘ayé‘J;EM?IH@ﬁlyﬁifﬁ%?é@ﬁlﬁﬁ?%m%ﬁﬁ«&y. A5 & A Illumina Miseq
28 F M P HE A AP AF ITSIATSI-ITS2) R A F R BBATT 3, 9 T B H B L XA
AREEGEG I A R A B A E S (HBZL HBZ2 . LHL2  LHL5 . LHL6) #) A 8 B 3% 4
MEHMR RBEREAW, X520 178 B AW, L P Saccharomyces (B8 B &) 1&
HBZ1.LHL2 LHL5.LHL6 P& F Z 234 29.82%.27. 04%.27. 79% .51. 95% ; Di podas-
cus(R R EH B LHL2 LHLS P85 F & 5 5 4 5.79% .28. 67 % s Issatchenki (FF i B £ &)
£ LHL2 . LHL5 . LHL6 ¥ 8 3+ & 5 % 4 30. 73%.0. 91% 4. 30% ; Pichia (3 7 K8 &) 12
HBZ1 .HBZ2 ¥ 8 F E 5 % 4 6.02%.26.37%; Candida (A% @ E) £ LHLS ¥ 8 F F A4
24, 79% s Fusarium (4% 71 8 &) &£ HBZ1 .HBZ2 ¥ 85 F E 53 4 6.88%.7.33% ; Tomentella
(RH B ERHETHEE LA A 5.65%.1.78% 4. 63%.2.00% ,15.85%. T LA & R F ,
APy AR LM EFTH.

KEIR A AR ABEE; ITS; HELEHSHR

B 925 TS255. 54 XHEARERD: A

Diversity analysis of fungal community structure in natural
fermented pickles of traditional altar

LV Jia-li, CHAO Qian-wen, LIU Bing-kun, LUO Xiao

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

na)

Abstract: Traditional natural fermented kimchi has more bacterial flora and has a greater im-
pact on its flavor and quality. At present, the research on the structure diversity of the flora
in kimchi is mainly based on bacteria, but there are few studies on the fungal community
structure. This study used Illumina Miseq high-throughput sequencing technology to amplify
gene fragments in the ITS1 (ITS1-ITS2) region. The fungal community structure diversity
of the traditional old altar natural fermented kimchi samples (HBZ1,HBZ2, LHL2,LHLS5,
LHL6) in Xi'an,Shaanxi Province was analyzed. The test results showed that a total of 178

x WS B HI:2019-08-09
HEE&mAB: lWﬁﬁﬂﬂz AR TR H (2019NY-123)
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genera were identified. The abundances of Saccharomyces in HBZ1, LHL2, LHL5, and
LHL6 were 29. 82%,27. 04%,27. 79% , and 51. 95%. The abundance of Dipodascus in
LLHL2 and LHL5 was 5. 79% and 28. 67%. The abundance of Issatchenki in LHL2,L.HL5,
and LHL6 was 30, 73%,0. 91% ,and 4. 30%. The abundance of Pichia in HBZ1 and HBZ2
was 6.02% and 26.37%. The abundance of Candida in LHL5 is 24. 79%. The abundance of
Fusarium in HBZ1 and HBZ2 was 6. 88% and 7. 33%. The abundance of Tomentella in each
sample was 5.65%,1.78% ,4.63%,2.00% ,15.85%. It can be seen that the samples are dif-

ferent,and the fungal community structure is significantly different.

Key words: probiotics; fermented kimchi; ITS; community structure diversity

0 3

TSR 2 AN [R5 2 28 22 DR Al 26 0 R T T 1Y
BB i o AN ) b 35 2% A L W Oy 2T el ek A5 ) R
BEX A — 2 5 W, o T e KUk AN R R AR R
LB X SR R R Y L B IS S
SR S H T R SR T R B R 2 AR
0 DA T T, 32 BE AR G A Bk L A T IR R
PCR-DGGE %75 ¥ . WF 5% 4H 0 B 7% 2H B A 35 o
KMH G5B e R0 1 S 3L R A 2
Tk S B I SR A T A R R R v LR AL
SECIE N pH REAR, DT — L R Y A
R FLFL R T 6 K TR S 14 SR R 45
Z EAE R AR R E 0 B U A )
d P R R T R

R 5 G 1 58 J2 T 1) TR BRI 17 4 R 1) A
ML 8 HAL TR S 5. C A 5 GE 763
S R T T 0T s BBURE R A 30 K IR S N LAY TR
BRE L GHFEAENAERK, B RmE B ma
i B B A R T 90 S5 J5R XU 199 T K 52 T 7= i
F18 JOE b, A 0 AR TR TR A 22 ) Y SRR R
TR

Ban, s AR A XN Tk W B SE A 0F 5T i
HEAT A BT 3 T 90 3% v T BE B 1 AF 5 0 R L A5 R
T, R AT O R O S DU R AR
S RE B T B 5 B 5 % T I ] 3 K, TR T
IR o 75 & R 18S rDNA X 75 32 il 32 #E
ot L T TR R R AT RS . R IR A O ) R R IR 24 B
BEFE e B o R B A G L AR AR R
P TR AT T MLk R 20 AR SEREK B
TR & 25 K Z2 R 5 SR 2 W TG 17 - T R IR 22 1 B
J& Ay BB T R RS R B O S K
R AN R 91 % EFHZE 99%. w] UL, 3R
T R 0 5 25 S B R W R Y I R L
SRR B g Y SR H 26S rDNA XL 58 &k

i}

TSR K v I B T R A T S L 45 SR R T B A M
JB HE IR R | BT I 22 6 I B i R i 22 e R L O
% 1

DRI L AS9F 5 483 75 B Y 1Y 22 il DX 4 9 3 7
it P LT T R A A A AR AT AR Y T 45 15
G Is F IR K e 3 9 R KE A, SR Tllumina
Miseq i 1 i I Fe 452 AR, 23 B FLEC R T v 45 0 2 B
P Oyt — 20 BF 5 90 2R e T Ao it v L TR TR AR 45 4 X
FC i J HG 2 4 P Y B2 T B3 SR Al

1 #MR57FE

1.1 XS

3 3 AW T A X AR PG S [ L IXORBE Y 30 A4S
TR H Y B TR S 0 0 O R R R L AR
AF 53 36 A i 114 3 I AR 418 v TR R R S 2 R
P SR FE D 8 A0 L 5 B B S S RE RS 0 Y
Ak 2H R DA R R R A5 T T, BEER T P 5 RS
it Ho g5 KB T nER 1 R,

*x1 IMHEAZEABAEER

BE A S fic 7 SR RE Hb
SEAEE O\ S B R ROR B .

HBZU e v WAL
HBZ2 UV ASINAR I NNEE N NNEE K%/
LHL2  SEAE A AEHL L o, s = Hri
LHL5 A6 L0 39K Eh L b B R 25 41
LHL6  EAE A AEH /N VR o] B A

1.2 A

FastDNA® Spin Kit for Soil i 7 & : Mpbio 2>
] s AxyPrepDNA & | & : AXYGEN A #]; 2 X Tag
PCR MasterMix 4% #} . Biomed 2 7] ; NEBNext Ultra
II DNA Library Prep Kit i® 5] & : NEB; AMPure®
XP iR 5] &5 : Beckman Coulter 2 &) ; Agilent DNA
1000 Kit i 57 & : KAPA; HT DNA-Extended Range
LabChip i& #] & : PerkinElmer; MiSeq® Reagent Kit
v3 (600 cycle) (PE300) 7 & : Illumina; MiSeq Rea-
gent Kit v2 (500cycle)if 7] & : llumina.
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1.3 MBELZE

fe i i AR A, MiSeq, illumina 23 #] 5 B
FE ISR 53 BT R 56 T Y04.S-3C , b 5t 8 38 A- Jr i Pk ikt
AR E 5 R kAL TY600C, JE 50U R BAR T
HL Uk B A5 A PR 23 B 5 ¥ VR ES 0 B, 5430R ., Eppen-
dorf 3],

1.4 Sk

LT TF 7% 2540 22 RE 1 23 #2030 R PCR 97
# TTS1AITS 1-1TS 2) KXH K A BOf #£47 Tllumina
e e I A L T R VR 4 R 2 R
1.4.1 JEH41 DNA 42

SR 3 R 2H 42 B0 &, 2 IR UL A5 S JRORE
& DNALSRJEFIHT 190 BN e I v UK A7 A0
1.4.2 PCR 4" K Tllumina 5

SFRE S BE I ZH 4 3 ITSTATSI-ITS2) X, 519y
318 5-CTTGGTCATTTAGAGGAAGTAA-3'
A1 5'-TGCGTTCTTCATCGATGC-3".

25 pLPCR ¥ 34 & W /& & : DNA # dh X (30
ng) ,Forward Primer(5 uM)1 pL,Reverse Primer
(5 uM) 1 pL ,BSA(2 ng/pl) 3 pl, 22Taq Plus
Master Mix 12. 5 p¢L,ddH,O (7.5-X) L.

PIGREF . 94 CHUAZNE 5 min; 94 “CALE 30
$:50 TR K 30 5,72 CHEMH 60 5,32 MEHR ;72 °C
RZSEAR 7 min,4 CORR. BAFEM 3 TR K
[l —FEA ) PCR W) & 5 H 1 00 B s b 5 i
VKA.

PCR 7 ) & I« Z M Ik 01 20 5 i 25 21 f
PCR 7=k 28 5 2 J5 4% R A FE A /9 00 7 5
BOR AT AR B R TR &

Miseq S8 K Miseq T 4% A IF19 PCR
7 ) i B 2R ) 3 1 P R AT ST A AL B E
Py S IR & AT Miseq M.

1.4.3 4WER-GI

X Miseq 453 89 fq 2CHEARBE PE W B9 over-
lap 5 20 R B9 77 51 BF H2 (merge) R — 25 FF 971,
(e i % 3 470 Jo ik B B e RACR 9047 B 4 5 0 L AR 0
S B Wi 1Y) barcode F15 9 X 43 FF i, IF I 4% )5
G177 W), H usearch #% R& 97 % A0 L 1k 7y 51 3 17
OTU K ORGP HD 2 A5 2K T 5 FA
HAT P R 97 VoA RLEE map 2] OTU LK
OTU 51 3. i — 25 %5 3o A= D e 6 47 0% B 23
FAR KA kingdom () . phylum([7]) .class(44) .
order(H) ,family(Bl) .genus(J&) .species(F)
I3 K B GETE A AN I T i S A i 1 R 7 2H AL (e

BEE SR Z A1) , 135 11 Chao, Ace, Shannon,
Simpson 8%, 43 7 4H 8 #F V% = B RRE VR 450 2 0
MIF T Coverage PPAL I T IR B 5 R 46 2 A4S #F
AP KA OTU 5 H . 26 35 BK L IE
G55 TR KT i T RE 2 AR IR B O R o A A
P s 7KF T AR AR R R 5 R A A B A A
T TR B R 45 A8 22 R

2 #ZRE5iTE

2.1 PCR¥ ¥ =4

G35 i G T T SR i T A 5 A A
FTHEBC, IFH4F X TTSTATSI-ITS2) X #& M A Bt 17
PCR &3 , AR 48 A [m] 900 ) $ic 4f 26 A0 8 T AS [6] 1) =
B PE ] usearch B L BR itk A K, 3 1 moth-
ur BRI BEE/NG tags:; B Fe X W45 /9 fq FciE
AT UE AL PR, 3 98 read B = H 20 LLF A9 AR
FE,E 50 bp B E, A0SR B A9 7 34 5 i E
T 20, BT F I IR 480 25 )5 o 2 , 2o DB B 4% J5 50
bp LR read; R 5 i 8 PE T B overlap ¢ &
B T B P 8 B (merge) W — 791, oA
A 3AEE W F— AR PCR WIR GG
2 6 Bt Big W B g e KRS I L 4 FH AxyPrepDNA B %
B R & CAXYGEN 28 m)) 81 8 111 g PCR 7
Yy, Tris. HCL Y - 2 Y0 Sr B ri TR A, 45 S 4an &
1 fioi.

D2000# it % H

b
~2d00

—-1000
=750

-500
—-250

-100

Bl aftaLseitnin
A H 4 PCR =4 @ik B

P 1 AT, AP AR G AR 250~500 bp XT LY Y
57 B HRAT I BT A 25, IERH PCR ™= B 1) 254 K/
TEAf R B O I S ST A TR PR SR AL T IR
2. 2 AWHE BBEMSHEESN

38 of FLRE A B 2 A PE 43 T (Alpha 28D T
DUR W 2R o E R W E B R 2 R Y, Hop
Chaol RPp& #lv 3= & B2 45 %, H A A IF 8F 7% Y
OTU % H. AL 58 K e 1S4 i BT BE 3% o FF
5% AR Z R A T UL AR 2 TR,
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x2 IMEZABAXERPEERESMSHERER
Final tags T A A U % 32 4 A e K 45 1 22 RETE G B
chaol goods coverage shannon

HBZ1 21 089 535.712 743 366 2 0.996 180 592 139 9 5.528 979 385 708
HBZ2 21 089 509.042 958 819 1 0.996 823 306 29 5.741 893 132 815
LHL2 21 089 515.611 472 824 4 0.993 778 316 299 6 4,186 850 874 91
LHL5 21 089 351.396 879 657 1 0.994 921 504 583 3 3.019 901 890 17
LHL6 21 089 493,710 745 941 1 0.994 247 181 540 4 3.614 334 144 462

1% 2 AT, DU A T RPRE L T TR 8 1
0. 993 LA I, REAS AR R 45 B i v 0 T8 B 199 L 51
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Optimization of crude polysaccharide extraction conditions from
pleurotus eryngii by response surface methodology and its vitro activities

GONG Pin', WANG Si-yuan', CHEN Xue-feng'* , CHANG Xiang-na', LIU Nan-nan'"*

(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. School of Chemistry and Materials, Weinan Normal University, Weinan 714000, China)

Abstract: The main extract of pleurotus eryngii-polysaccharide has a variety of physiological
activities, In order to extract the polysaccharide of pleurotus eryngii, the polysaccharide was
extracted by water extraction and alcohol precipitation method. The effects of extraction tem-
perature,extraction time and ratio of material to liquid on the yield of pleurotus eryngii poly-
saccharide were studied. Based on the single factor level, the response surface optimization
was used to optimize the extraction conditions of pleurotus eryngii polysaccharides. The
crude polysaccharide obtained by the extraction was tested for anti-oxidation and hypoglyce-
mic activity in vitro. The results showed that the optimal extraction time was 3 h,the ratio of
material to liquid was 1 : 40 (g/ml.) ,and the extraction temperature was 40 “C. The yield of
the crude polysaccharide under this condition was 5. 9% ; The crude polysaccharide of pleuro-

tus eryngii has a good ability to scavenge DPPH and hydroxyl radicals, showing a certain

* W#R A #1:2019-05-20
EETR A A7 5o T8 5 525 % T il 3 4 0 H (2017KF-07) 5 B P8 48 BHBUT 40l 78R 2 31 %0 95 B (2017NY-103,
2017NY-146) ; BEVEE B H T L WRM T RI30 H (19JK0290) 5 B VG 4 P4 22 T & o XORLBF ) 3 36 4 950 B (201827) 5 B K 4
K2EA QDAL I 2Tl (12165)
EHE® A28 MA1983—) L, W HB B , Bl 08 T4 RS 0 1)« £ S 3 5 fek e
BIAEE PRTWEA1964—) B, D0 a A 208 A BRI BB ALY 5 B R AE W R chenxf@sust. edu. en



% 6 39

3B IR . U RO VI A AT B R 22 R 4R ISR A B LR A I © 61 ¢

dose effect,and the scavenging ability is enhanced with the increase of concentration; it also

has a certain inhibitory effect on a-glucosidase.

Key words: pleurotus eryngii; crude polysaccharide; extraction; response surface method; bi-

ological activity
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W5 g 75 0 8 By oK 3 &m0 2808 K L R
P — B a] v A0 2 =R R A0 UE 1Y O 45 Bl A
fif %5 22 A B UV L 8 2% % B IR B 1/4, i R
1 ARy HL B AW E K 95 U B 2 T 4 C Byt
W 2B BURAE 5 000 r/min FE.L 5 min, 77 E
L IE W UTTE I TEOK BB 3 IR DLTE VA T 25
WK BT —20 CAKRERH LT EHERH T
ML T4 48 b, RIS A5 il 4 KL 22
FHLZ WEAT 3/ V0 = FH o et/ 485 60 25 B3 oK 0 = < 100
1.3.3 HZHHRENA

K Sevage WEBREE M O8RS B
ZBEC B 1020 W BE A W W, WS 1/4 R
Sevage I, B THE IR 20 min, Z 5 ## & 20
min, 37 K AEMEE A LT EE0. 580 LIER
PEAT 2 AL HE,

1.3.4 HRFELR

VB $ IR [B] L B B DA BRI = A LA
KO A B R K OF R 2208 R BCR [ 5
M, DAE 3R S AR 3R T 2.

(1) BH EE X R 22 4 15 23R 114 5% i)

PEE SRR B 50 °C L HRERATE] 2 h ANEE, 4051
TERE L 110,12 20,1 ¢ 30,1 ¢ 40,1 = 50 Ay
ZAE T K HE L 15 Hh A R A 6 2 R 22 B A R DURHR
EU A o A1 A o 220 A5 SR A DN AR Ak L 43 AT R i AL
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rEER
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FE AR L.

(2) & BB 1) %of L 22 0 15 28 19 5% i)

TEE 2 BOR BE 50 °CBHE L 12 10 A2, 4351
TERBURE S 2 ho2.5 h.3 h.3.5 hod h &
TRFE A5 HHFE I A 660 s R 22 0 A5 3R, LR IR ]
B AL bR, 2215 3 R AR AR L 20 BT 5 el B L B A
A R B 1]

(3) 2 BRI 5 X R 22 M 15 3 1) 52 T

TEE S BT E] 2 h B EE 1 s 10 ANAE, 43 il 7
FEEUEE N 30 °C 40 °C .50 °C .60 °C.70 CIH4
PN IEATKER 15 H A R A 6 R 22 A R, LS
IBURL B A A A b, 22 BB A S8 O YA AR AR, 43 BT 5 T
B0 SRR BOR .
1.3.5 M h Ak i 5

DL B DR 22 S 5 Sy F il R 0 A A e i
(box-behnken design BBD) # 4 B 3 4k W 15 2| A&
BRI Z M 3R I T2 2 ki i =R KR
17 A S A MR R S, AR 1 TR,

®1 MEBEERKFER

K Ak
AR /D BB/ C C BHE It
—1 2 30 1:30
0 3 40 1:40
1 4 50 1:50

1.3.6 MRS AE AL PEF 5T

(1)DPPH & & &g J7 i 56"

WA R ¥ B 0. 025 mg/mL., 0. 05 mg/mL,
0.10 mg/mL.0. 20 mg/mL, 0. 40 mg/mL. 0. 80
mg/mL.1.0 mg/mL By 7875 Z B E W 4 mL, F
A 0.2 mmol/L # DPPH # ¥ 4 mL.iE &
A).F 37 CHEAL R B 30 min.7E 517 nm b 5E W
HEE Ay 4 mL JTB/K S BER 4 mL 7818 K= H
%5 F Ve SUBH PR X BR . HR5 A 60 g R 22 0 X N
£ 0. 025 mg/mL.,0. 05 mg/mL,0. 10 mg/mL,
0.20 mg/mL,0. 40 mg/mL,0. 80 mg/mL. 1.0
mg/mL BE W Ve 4 mL. 451 nA 4 mL # DP-
PH % (0. 2 mmol /L) , # 4b B 2 M 1 W 1) #4F
TE 517 nm AL & WOGRE . id o A (UL B 2410
3 UWCEAT IR IR AR 5 53 B — S48 I A 4 mL BUZE
KA 4 mL DPPH =5 HAIRR G2, T
G 4b S 30 min, 7F 517 nm A0 & WG B, id R
Ao. DPPH H 1 2535 BR AR 8315 40 22 200D Fron

WY =[(A, —AD/A, 1 X 100% (D)

XD Ay 28 X B WL BE R 5 Ay s BE S
(I BEAE 3 A Vie IO B {H.

()% A WA BRAE ) L5

BU5 SR DA ACAS R & B (0. 05.,0. 20,
0.80.1. 60.,3. 20) mg/mL 7 1 75 Kl 2 5 % W, 7T
A 6 mmol/L #r Bt il i FeSO, W 2 mL.6
mmol/L B9 H, O, I 2 mL, 7 1) £ % #4351

JMA 6 mmol/L WK% R-C BEVE W 2 mL. $E25],
e T 37 CHEEKBE#H T 1 h, T 510 nm AL
FEWOGREE 10 A 25 R BE O 28 1K OB A
i 75 ML Z2 B RE A P, T 510 nm AR I WO A
IC R Ao s F Ve AR 2208 5 BH o X R 56, T e
R A, BREABREEREMIFEDNAL
N e

WHRE =[(A, —AD/A, ] X 100% ()

ﬁ(Z)'T]:Aoag:?E{Xd‘ﬁﬁél‘Jnﬁ%Eﬁ;An 75@@
W R 1) A 60 2 KL 2 W B WG FE L A s Ve I
JEAA.
1.3, 7 o5 2 0 A4 000 i 56
H 0.1 mol/L 80 pL [HEHRZE v (pH6. 8) ,

40 xL 10 mM ) PNPG %W S 20 pL 09 KA 5
VSR CBA P X B AL i A Z8 48 7K, BH PR X B L i A
0.01 mol/L B 5 Iz B, #E & FL i A A5 61 25 # 2
B ARYIMA 96 FLEGEAR AR .37 C 444 FHCE 10
min. A EEAR A 5E LS OD H(OD). R 5 ImA
20 L. 0.28 U/mL 1Y o %5 Wi 1 B W, 37 CF
HEAT R N 7 R 30 min J5 . M2 BEBF 9 OD B
(OD). Ml AT A ) PR

FES I H] R = (OD, — OD, ) %} i —

(0D, —OD)FE /(OD, —OD, ) X Hi —

(0D, — 0D %1 (3

2 HFR5iE

2.1 2REF%RE
2. 1.1 R HL X R 22 545 S5 114 5 )

ASTRDEBHR E XA 22 0 13 22 52 ma dn 1] 1 R
PP 1 AT AT RS [RRER G X 75 6 72 KL 22 75 R 52
M, ERRE LLAE 12 10~1 ¢ 40 Z A £ WS AT
A AERIR A 1 s 40 B 2B R 5 )
K. E A V500 % 38, ol A 6 2% A R 5 i R0 A 4 fik
T RS R G 30RT v M 2 W L (B AR R L 5k )
1+ 40 ZJ5 M 2805 3 0 T By ke 2, i 3k
O EAB THERY T, N BB R L 1+ 40
BORIE .

7.5}

7.0F

AN <
(=] a1
T T

HL% AR/ %
il
1

5.0
4.5
l/
4.0+
1:10 1:20 1:30 1:40 1750

3 b
Bl HgsmsmiFEnda



%64 2B WA L O IO T 9 0 A A S g R 2 M R RS 1 B LA A * 63
2.1.2  FREUSEA] X AL 22 HE A5 2 00 5 e %2 hOASRBEFREER

A [ 2 SIS ) %5 KL 22 W5 A5 58 /0 52 i an &1 2 iy jgy  ABERONEL BELRGRIE  CHREIL HZ R
A% WL 2 T AR 3 h 2R 2 75 R 2 1 /b o e //;

N N N N . ", 4 50 : 40 4.
SHRIBRNTIR OF FLAE 3 b WS ER KR B L oo
%*ﬁ%ﬁ?ﬁ—fﬁﬁﬁfﬂ@?ﬁﬂ??,Fﬁ%ﬁﬂﬁ@ﬁfﬁﬁﬁﬁﬁ‘ 3 4 40 1:30 4.2
SRt T EEB K HEFE 3 h e, H 2 R 4 3 30 1:50 4.2
S W A A i T4 ORI 0 AR L ; 3 0 L s

Y N | . Vs 6 3 5 1:5 3.8
R P XL 2 B A — 5 I T LA RE 3 h i ; . o o
Ry Fo A% 4 B[] N ) 5 . "

9 4 30 1:40 4.6
6.0k 10 2 40 1:50 3.6
11 4 40 1:50 4.8
= 12 3 40 1:40 6.2
%5-5‘ 13 3 40 1:40 6.0
e 14 3 40 140 6.0
® 5.0} 15 2 40 1:30 5.2
= 16 3 10 1:40 6.4
a5k 17 2 30 1:40 4.2
£3I MEEEEEERFTEST
20 25 30 35 20 JIRW_ FAA AME Bk FM P WHME
' ' q ey ' ' LR 15.32 9 1.7 32,91 <<0.000 1
BRI /B A-$i2 U [ 0.020 1 0.020 0.39 0.553 7
Q 2 #%Hx Hd' ]‘E;] 5@'7'1‘}1 %'77 7}}523_ $ é{, gj; u@ B-#EHURJE 5. 000E-003 1 5.000E-003  0.097 0.764 9
v C-HURHEE 0.045 1 0. 045 0.87 0.3820
2.1.3 %m&ﬁxﬁﬁgﬁﬁ%%ﬁg?ﬁ [I@ AB 0.090 1 0.090 1.74 0.228 6
AC 1.21 1 1.21 23.40  0.0019
AN [R) $2 B R X6 A Z2 BB A R K 2 e an 1 3 pr BC 0.16 1 0.16 300 0.1220
5. AL 3 TN AE 40 °C AR R 2 W5 % B 2 IR . S,
B E R E R E R 40 TR H 2B RE c2 1.91 1 1.91 9197 < 0.0001 % %
. - Bk 2% 0.36 7 0.052
TR 60 CE 70 CZMaF %, it o 0.25 3 0.083 298 0.1597 AR
AR B I BT AR R T S e o e

SR B AR 25 PF LA K T 3R AR BB JE 4% 40 °C
e AR IR

7.5}

2RI/ %
ol L
o o w o

o
=
T

AN

40 1 1 1 N 1 " 1 " 1
30 40 50 60 70
R E/°C
B3 RIGRESH S HEREGZ A

2.2 vm N EARAL ST

2w 17 T8 PR 2R K F- e di A Disign-Expert 8
A5 DU RS T R (2 2 B AR AL
2H A1 58 (box-behnken design BBD) ¥ 31 i A% i
W EHATILE,FHBHZSHESR YWNE 2 I
) IRHERE R 7 2% 0 A 6 (An 3k 3 ) LA S &R
A& H g = e E i 4 BT,

B
&)
T

Heoxox FoRZEFMEE(P<0.0D).

K Design-Expert. V8. 0. 6 B %% 2 5%
R HEAT Z2 00 MU B, ZRAT 0 e 7 (5 R 2 545 %
YO X B AT [B] CAD (32 BOR B (B) VEHE (O B
SEAR A ] AR R N

Y =6.16+0.050A —0.025B — 0. 075C —
0.15AB + 0. 55AC — 0. 20BC — 0. 63A* —
1.18B* — 1. 08C’

50.00 ¢ —r

3.00 3.50 4.00
AARIRS (] /R
Ca) P BRI H] 15 £ B3l 32 45 s 46 1A
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B: i/ oC 45:00 ASRIRE 7/ h

50.00°4.00

() R R i) 15 47 B 3L 38 g 7 v ]

45.00

40.00

35.00

2.00 2.50 3.00 3.50 4.00
AARTT I A /h
Co) 42 B[] 5 VA b 45 e 2 8]

40.0N
CRLL 45.00

50.0074.00

() SRR 1] 55 A8 L e B T 1
Y

AARERS (A /h

45.00

40.00

35.00

30.00
30.00

35.00
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B2 L%/ °C
Ced HRIBUIIR BE 15 460 ¥ L 45 18 £

45.00 50.00

-

30.00
35.00

40.00

GE <A /o
50.0050.00 B AR/ °C

D4 UL 5 R H T 7 T P
B4 ZSREXZAERNTHIEN S B
BEYmarmBARESEA

Xof AHL 22 W 15 25 11 ] U AR 3R A7 22 43 AT A5
MIEE RG] F 3 3 v, iy o n] LS A R B 2 Y (P <<
0.000 1), KT & (P=>0.0001) , FH ik )5
J5 AR AR 2% R 2R 5 0 =2 ) %) G FR e HG PR A
AR AR Z LM CR B3 (R°=0.976 9),
DU 56 22 05 R0 AT LA A B 97. 69 Yo i A8 Ak, MR 4f 11 0
J5 A B HE R T R CAn L 4 BT ) o DO b s B T
2% DR 38 28 AR R KT i 17 (1 0 52 Wl o 3 T ] 4 T
G, G LA A R ) 5 B T 0L A Tl O R TR
S5 KAE A MR AR 7 T 7 4 HCP ARk L 4 B i
T KL 22 W 1) S5 A8 T2 28 A R $ B E] 3. 03 bk}
W1 = 39. 74 (g/mL) HEHUR L 39. 89 C. fEIL &
PEF A S g A0 2 B 4 IBUR Y 6. 16 0.

SR b e TP AR A5 A 2R R R AT B E I
B, 5 TE N S PR AR ARG O, o B U AR S 50K 4R
et al 3 h B HEL + 40(g/mL) (FEBUR E 39. 89
CLIENFMET AR 2020 5. 9%, 5
A AFE [0 =1 76 e b 0001 25 6 2 L 22 40 11
A5 32, U B SR T e 7 T A 7 75 3] 1) #ROK IR B A i
T L 2 WO 2% 1 S 1T DA S B
2.3 RIMRAATE MR
2.3.1 DPPH H &R fE

A 4 f £ B 19 DPPH 5 IR g S | 5 fr
/. BB S AT, A 45 R 2 B X DPPH A 1 B fig
F1 5 I ELAT — 2 1 0] 12t R Bl A I T VR 1 4
T, Hoxk DPPH ¥ bR 8 7 i 25 44 8, 24 75 6 25 b &2
WEVEE R 1 mg/mL B, 35 BR 2K H] 52. 90 % , Ui W]
A i H 2 A — o BT A AR RE ).
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% 6 28 AR LI RN VR DG A A B g R 2 R AR MRS PR B OHAR AN 1
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2 of
3 .
& |
FIT 40 | @
20 o [ ®—Vc
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olee”
0.0 0.2 0.4 0.6 0.8 1.0

W E/ (mg/mL)

A5 &thitd %4 DPPH Ak fEE4E
2.3.2 R AMEFHERLE

A A 20 R B R S R ae T Bl 6 BF
. HE 6 AL R EE A Z BT R A AAE R
HRERRAE f1. W E A 1. 6 mg/mL JFih . b5
e R, HLTE BRAE 1 S B S S B R B, 20k F
3.2 mg/mL B VE BRIk Bl i KAE 87. 24 %, X 5
H 2 o) I 2 5% R S R AL ) A

100f —a
& p—"y
80f
2
~ 601
;ﬁ 3
= 40 —m— V¢
20
0 P R R R B E R
0.0 0.5 1.0 1.5 2.0 215 3.0 3.5
W%/ (mg/mL)

A6 oM BErauiihi:tiE

2.4 AR B E M

5 o6 75 KL 22 A 1) o R L B D B8 i 7 pr
7. 7 Al 50, A AR SR 2 W) o 8 A A —
FE R RIE T AEHE EE IR F) 0. 4 mg/ mL Hif HA0 ]
A7 BRI b T e S A ) 3 e BE A 3G i
TV FEW B A F) 1. 0 mg/mL B 23 45 23k 3
13 % AESEROR 5 Bl WA AT — R A 22 1.

60F -/.____Fn

50+ i

401 s

32 y
S 4/

il
2
o,

20t /

10 / P S

0.0 0.2 0.4 0.6 0.8 1.0

AR B 2\ Ry o AL F5 88 RE L0 A I 55 9 0 5 2
B 19 & A B 3 2 55 i R AR 5 R T Ak K
HTE AR A DG, P SOk G A s 2L R
20 Sk 2T B W 2 WA E RGR PR
1451 BEAS T B DPPH B2 5E A 46 B & A h 3t
SR g A I SOk R I A 6 Al A 1 A Bl 2 R £
WAL PUE AL TG E L X AT RE S B b 4R S
— R B AR A e L 48 R K AR BT A5 B A9 7Y
iy 7 A 2 0 & i D-H 88 0 D-EZ M D-BRUZE B L D-
PR R D A0 . D- A D2 2L BE . DA e
AL AT RE IE S T A 6 5 2 B R X R Ak £
BEIE 2l LA — 2 19 B A 5 T X o~ 28 B
il %) 1 161 1 .

3 #ig

3 A R T 9 R A A A G A 2 Y A 1
RIMTZESHCH I 3 h B L 15 40(g/
mL) BRI EE 40 °C. R K883 4 (4 i Fn L AT LA
LN Y RN e A AT o R N T = R PR TR E AW
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KIS EOREEREFETNRT L LMARA A LB 6939 §AF N &2 KL K MAR F 5

HAMAEALR . AL AR AB.C.D, FanFaEh Talaromyces,Penzczllzum,As—
pergillus #= Cladosporium vIA /& ; o 7 @ 4k C(Aspergillus B) 9 X B2 H ER HRA
Fog KK A A AN HAER. Ak CAMREBIER S FEH HRATHAKRY, T
REREXENHRADBENER IREXENIADAAZREOR S TN b §
REETH, KRR A BT M AN TR A IREFRENTAA NG LGRS FTRETRK

wh.
XEBR:NELR; 552 WHFE; WAHE
th & 4 2 .Q939. 92 XHEAPRRED: A

Study on isolation, identification and antibacterial activity and

mechanism of endophytic fungi from Aconitum carmichaeli debx.

XIA Fei, SHANGGUAN Xiao-yu, FENG Si-liang, WANG Meng-wen,
YANG Miao, HU Song, ZHENG Xue

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

Abstract: Studying the endophytic fungal metabolite activity of medicinal plants is one of the
new ways to comprehensively develop and utilize Chinese medicinal materials. Fuzi,a tradi-
tional Chinese herbal medicine with anti-inflammatory, anti-immunity and anti-tumor
effects,is the processed product of Aconitum carmichaeli Debx. lateral root. In current stud-
y,endophytic fungi were isolated from the lateral roots of A. carmichaeli Debx. and were ini-

tially identified. Then explore the effects of the fermentation broth on the growth of Esche-
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richia coli , Staphylococcus aureus , Micrococcus tetragenus » Bacillus subtilis and Saccharo-
myces cerevisiae ; and explore the pathway of inhibition of endophytic fungi by measuring
growth curve,extracellular protein content and conductivity. Four endophytic fungi were iso-
lated from the lateral roots,which were identified as Talaromyces, Penicillium ,Aspergillus
and Cladosporium. The fermentation broth of strain C (Aspergillus) was obvious to inhibit
S. aureus and M. tetragenus. Strain C fermentation broth can delay the logarithmic growth
phase of S. aureus,and may cause cell structure damage of S. aureus,causing an increase in
protein content and conductivity of S. aureus suspension. This study lays the foundation for
the in-depth development and utilization of aconite medicinal plant resources through micro-
bial engineering and fermentation engineering.

Key words: endophytic fungi; isolation and identification; antibacterial activity; bacteriostatic
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mechanism

0 3

i}

53 (Aconitum carmichaeli Debx.) A B H
Bh 53k Jm 24 AR w2 AR Y H AR 4 )
TJETE T B AL g B2 1 A — Rl 256 ——
Bif 7. A% 58 b BRI B R R A R EE L R
NN KEEZG B B R A ALK G 7 L RR
AEJRE TR LR P A A TR TR R B B
XTI R LA R S R . B R RIR
JERCR L T B T R I PR 25 RO B
Y BEIR RS IT R AT RAT R L

YN B TR A A b A G| i
A A8 0 BL T, P9 A TR AR SRR ) 1 A R
HOoFRe s m A L Re Y AR A EE Y R
ZREMED S BRI A N A B AT LR AR
Ly A () o A ARL 9 Ak 22 i g 2 AR 4 v g I
FLH RE O AW S A e RN R K R R L S
Yy Z Rk AR AR AR W R 2O R AR
o L5 By ¥R A5 4% T T BT R L ok, AR B
TR IE RE S 77 Az — SE G ) 5 ol T ) BOR PR A K
SRR BAT B 2 A v AR S B R R AR
ARV TN 300 - R T T 4 €5 3 2 3K 1 D0 BB R
ST A PR UL TS e AR A T | R B R
JoT, HL 2 fa N ARAE B R N2 T AR A v B
I 1B L T ¢ LA 7] 3 S AT Gl A Wt A O Sy
.

H A 23k 9 A B IR W B IR T R ATS A
B 5853 IRATE KR 5 Sk 9 A H T BE U A BF
O S MR v 4 B 4 T AR E R ARl R S
A5G TTS J7 8 03 e i Hlt A7 9 40 1 73 28 % 0.
FEAR R 73 85 T bk & B WA R W #F T8 (Esherichia

coli CMCC (B) 44102) | 4> % {54 % BR B (Staph-
ylococcus aureus CMCC (B) 26003) . P Bt BR &
(Micrococcus tetragenus) i ¥ 2 fFF B (Bacillus
subtilis) R % £ (Saccharom yces cerevisiae) B
MGG PE I A K M4 M A A i S R
PR T3 T A 2D AR 5 AW T HIL R AS BIF 5 O i Bl
A TR R B AR T B g A I R R 5 3k 24 Rl
W% U5 25 5 Bl

1 #MB5FE

1.1 SEat#
L1 1 TRk B TR i

T 1% SR L F VR T I T R X R AR R
5 i

B B Bk . KW AP B (Esherichia coli CMCC
(B) 44102) |4 % {0 4] % BR # (Sta phylococcus au-
reus CMCC (B) 26003) . P4 B Bk & (Micrococcus
tetragenus) i B A HUAT W (Bacillus subtilis) | i
B2 EE (Saccharom yces cerevisiae ) Y R AR5 =
DR T A
11,2 EZRF MR 3R

RIS IR R EERER R LR AR, LA
AR N [ b AL BB AR N 41 BGRR &
(RIRAALBHE A RAFD.

Th % BB B IR Ky 9% 3 (PDA) . 1 200 g,
% B 20 g, BB 20 g, 7k 1 000 mL,pH H 4.
PDA FURER NG B PDB 15 352 3¢,

LB R ARR: 37 5 . AR 10 g, I BE K 5 g, 51k
4 10 g,pH R 7. 0.

1.1.3 FEUE
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%37 &

2 ST WP B 3+ (SP-756 PC, | i 3 1Y
wr A RS 7D s 3 U ) 28 VR K A s (LS-C50L, 71
PRI YT % 45 ) s B0 AL (TDL-80-2B, I+ %
SRR ) s B A K IR AR (MIX-150- 11, Jb st B
HiK LA A R A FD 5 #5824 (DDSJ-308A, I
A B2 AL ES e A IR A FD.
1.2 %ok
1.2.1 WAEERENDE

g 2 Sk AR R R T e, H I TR KT Uk =
W AEE TAEG T 75 % (v/v) BT RS 5 e L %
T 74 FH T A1 7K I 1 2 Sk 3R T8 % A T KGO0 BB Bk
T 5 Sk AR 3R TE B ORL, BT PDA B R AR B
I o LABA 28 5 Sk O AR 2% 18 T30 AE W75 G, e JBK T
AN 7 B R ] PDA K5 3% % 12 Sk AR v py
AT HEAT o o R T T R e S DR A A
H.
1.2.2 WAEERENEE

(1) FHRIE A M 52

W53 B3 Y LT B R AR T PDA SFARL 7E 28 °C
TSR T A WLEE Sy B TR R Y TR VR R I A MR A

(2) %% 4 [A] B X (Internal Transcribed Spac-
er, ITS)J¥ 553t

JCTE 4 17T & UL 95 TR 22 SR, I AT
AT b WEE . I 00 R & 2 BT vk DNA. Z 5
FH 51 % 1TS1 (5'-CTTGGTCATTTAGAG-
GAAGTAA-3) I ITS4(5-TCCTCCGCTTATT-
GATATGC-3") %t B W i 1TS 7 51 k17 4 3,
PCR J i & 22 F 3% 2% (40 anai B ik . PCR 779
25 1.0 Y0 St B B8 J0C F UK A DA /N e e MR R L 3%
A A TR R Ay A R S R AT I 4
Jyp gk B 22 NCBI $ 4 & oF 47 te X, JF R H
MEGA 6. 0 82 & 48 & & B . % H] Neighbor-
Joining £ &5, d A 4% 1 000 .
1.2.3 PR FLTR A TR ) 400 T8 3 1k S AL T AR T

(DM RO 5

PN AR B R TR RO AP FH R DR AR R ik i
700 22 . K T TR 08 4K 32 0 Ao B R TR S R P A TR R
TR VAL 5 FH TG VR B0 T O W A s TR AR L R R
HOHAE N ERE T 37 C TR 3 24 hs BEREE R
FFHCE T 28 CRiFE 3 d. WEEIE 75 H B o
JE00 5 40 T Pl A R R ABOR W AN AR B
AR R AT 40 TR P A T

(2) M AL B 5T

PRUTA R U 6 0 TR bR C R R 181 &% I 9 %) 4
R A KR, B 100 mL 15 R B & B 4 9
0.1 mL.0.2 mL.0.4 mL.0.8 mL.,1.6 mL
R C IR TR A W, T 37 °C 130 rpm/min 5%
R R FE. B 2 h BUEE, T 600 nm A0 A5 W% G 1,
M s s R AR I MWk C BRI
R TRV XT 6 7 DA 200 L 245 4 1) 52 ) SR % T 5 s
G-250 ¥ 22 46 75 DA AR 0 A A e R T
SRR L AL AT I E
1.3 %o

BRI ELE =K, 45 R £ /R A Means+SD,
K ORIGIN(Origin Pro 9. 0 fEA.

2 HR5iTiE

2.1 BLAMRANEAANS BRAAELS

I ST A AR v 43 S R T R R R L 4 R AE
PDA }i ek FIBAS 22 0 HE % W W CAn il 1 )
Ay 44 R bR AL AR BB C A RE D. @ik
A B IE ST T (£ 72baa?) , T 76 2 10 A IR
W IR EB R WE S TREREZ L1
(a)) I B ARG IR, P A 1 2 IS8 4T (. TR Ak
B Y TR 7 5 0K €, TR 7% 5 T A BEAE A (T 1(b))
WAk B AR AR B AR 2 A,
B E C B S B I (£ 74905 1 B A,
VB 3 TN [) 453 AR, To R 4. T 7% ] 6] T 22 5
W, TR B I L AR AERE E 1), H
PR D E 750 (# 6d8346) , T HL 40 %, 5 I
AR AR AR 1),

() A (b H % B

(D D

(W C
B1 AAAWRAEPDANRKAL
WK S
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2.2.1 WHEHEE ITS 75150 H

B 4 BRECHE I TTS J3 51 #2258 NCBI % il 7
17 BLAST X, 9f dE47 R 58 Kk & 0. aniel 2 pe
R R EM A Y Talaromyces J& B E —
7 ELAT M e BOARABAE 00 20 B R TR bR AR IR TR
J& (Talaromyces) .. Wk B 5% % /& (Penicil-
Liwm) W) FLTE 78 [R] — 5% , HAT AR 5w 19 ) PP, Bk
C 5 Aspergillus J& Aspergillus niger A. tubin-
gensis A. costaricaensis % FLA 1R & 5 W%, 91 26
WERM C Ml %8 (Aspergillus) HH. BAE D
5% & (Clados porium) 39 [F) 5 1 4 & . 1l
WA H W E bR D 2R E B (Cladosporium) B
B SRS v 30 00 Bk N AR LT Y 2 2 AR R )
LWE N Talaromyces , Penicillium ., Aspergillus F
Cladosporium 94> J&. X P4 R P9 A B H . 296 ¥
SNSRI T ITS FAIH T
FUR TP 2R B 70 B R TF A 2 R 00K 0 AU B TTS
H Z2 58 4 B BT AN REXT 2389 I /Y P AR L HEATUER
I3 RGBT A WG AR T TR — L R

81(LC467944.1)
U-F-99(KF881765.1)
CBS553.65(F)629327.1)
n CRS564.65(MT1858717.1)

isolate RNK7(KY606555.1)
ain IRAN2815C(MH267702.1)

iseofulvum(MK834749.1)
lonacrosporium psychrophilum(U51977.1)

parahalotolerans strain NKM15(MK796044.1)
strain CBS 127370(MH864551.1)
FLAS-F-62882(MK053777.1)

her AMV1956(KT724084.1)

DM 232588(AY706335.1)

s purpurogenus strain NFMI Ch66 4Bc82(KM458841.1)
Verrucocladosporium dirinae strain CBS 112794(MH874471.1)

B2 2&dAEARITS F3 RELFH

2.2.2 WAREMNEHE S

Bk AR T 22 S 2, T AL H L AR
AN AT (K 3(a)) , HFRIES S
SCHRL20, 21 Jrp e al i W IR o AHABL. TR Bk A 3R
1673k 5 B IR 7L AR UL HAT R A0 (AT 3(b)).
Hy 2 MREIE 8 3(c), L 4545 ITS
FE3) 53 B BB 87 i AR bk A 5 TR s b
T. purpureogenus W ML, T. purpureogenus
P E N = L Ay B AE B, R 77 A 2 4 Dri-
mane {52l {6 &9 . H AR B IR LT AT
PEAE B, 30 R R TR 22 9 5 T T L 52 R A
HMIRTC A e 5e , 1 3R T ASOG M (B 3(d). Witk B
A Sk BRI R R T BOR, B ELRE
(1 3Ce) (D) 855 R G RH Wb I W HOE 5 45

¥y, E Bk B 54 B (P. citrinum) WY FEAE A A
fl.

B AR C 358 Sy R 00 A 818, Fe b 3 R
AT (18 3(@)) s Har A 7 K IE S B UK TR
A0 (& 3Ch)) s TR AR C A7~ 5 B HEZ (& 3(D). Jl
i ITS J7 50 e XF, Bk C 5 58 il 25 09 40 L 35 )
100 %6  fH 3 3 - R OE W4 5 B0 04, &
ik C 5% W R AE (A, niger) IS IFA—FL
FEOX AR RS B TR M SRR 8 P AE
B LXE DL IX 53 1 70 25 B, A, tubingensis, A. lu-
chuensis F1 A. costaricaensis L& T A. niger 1127,
BEAR D Y728 R 2 AN RS, A e g, T3
SR F Hy -5 20 HES L e R) Y 4 8 FA K
(& 3G Hoar A 787 B2 3 BoIR 70 A 9 7 1 s A 1)
ER 8 3Ck)) oA f I U EE (& 3(D). T #k D
5 Cladsporium cladosporioides T35 8¢ T , P 4l
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R R

() HH A TRRILECOC100) (D F#E A 4L %
B (X100) (OB AFFIEE X400 (D BT
TR CX100) () W B B 4r A1l 7 KB & (X 100)
(DH R B Ak REFIEE(X400) (@ Bk CF
FREECX100) (W E K C oA F LB A (X100
DM CHAIFEA(X400) (DHEH D FHE R E (X
100) (k)W #k D 40 A= il F KB4 (X 100) (D E kR D 8
FIEAECX100)

B3 LkMRNEALENZHMELS
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2.3. 1 FATAW R R Y PN A R 7 1

PR A T A T O 9 A0 T R A R 1 P TR
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FI8 10 ) X I K R R e AT — B 0 o A (PR
4) BRI RR C BR B A B O HA 18 75 1, 40Kk
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AN [R) B B T bR C B BR A A BN & 8
7 BR R B R AR (L 5D bk C R R
T 45 B (03 4 BRI A TR TP L0/ T 0L 400 L 4
B 007 2 KT 1 A A 2R B 5 ) B AR TR L A
0~4 h Ab FAERIBH . 4~12 h 7E AN £ K
W12 h R AR RRES. BT Rk C kB
Fi%y S 56 2H v 4 o (4 4 BR A D AR BE B 2R G L (HLA [
P 309 HC T A T ARG T ) TR 2 R R S A R T
0. 4 Vo IR, 5 B (0 48 4 BR AT 14 2R QA2 B R B4 o
TE 4~ 12 h A xR A: RAPR AT HE 90, MR =
12 hitf < 3 (03 %5 BR B T 0 BE AT 389 58 ph e vl 2
HEWT . TR C 10 BR T A I T DA R 4 8 (L 4
R 00 O o A5 TR AT 5T % R o 4 (0
5] TR AT A0 400 B BT IR o 2 B <6 B € 7 ) BR T

B TR B AELAIG T X AR A, 3% 3% ] 4 R L X 5 L 7F —
ERRE LSRRGS AL
2.0 tgl
b (0.2 ___’
W ey s ’f/,i-;
. —4—1.6 Pl
Tt /2 //
@] / /
o / ;
0.5 . Y//
,"/ * , ..'/’/l
I P =
oop———L , -

]IO ll2 ];L 1[6 1|8 20
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0 2 4 6 8

2.3.3 BBk C KT X 4 B €0 ) 4 Bk B M AN R
F 7 2 1 5 1)

XoJ 4 B €08 2 TR 5 % 0 AR v M A B 1 B A
T PRI R ME C & IR IR 1 4 o5 €5 5 23 2K T8 19
YER &, R G52 5 G-250 vk i it iy i
HEARMEML RN Y=6. 227 6X+0. 000 6(R* =
0. 997 4). WKk C & I W TE 4 B 10 40 % 3K R & I9E R
BN 0.4 Yo i) AN T B B R R (R
6) M iR C & BEWA ik 0. 1% 1 0. 2% B, Xf
YA T B R AN K. AR L R TR C &
TR T VA 5 4 4 o) 4 B 60 7 2 BR TR Y AR K, ML Ah
B 1B e B A () K 4 2 B (9 9 e 3
O A ST RS2 7 24 F A P 960 I 4 0 40 o) 1 B
Kk ik AN R A A R BT, B
IR = e Ol A s G N e L S VI - J DR [BEE R U
fl.

B/ i8]/ h

B6 Wik CRBRTeREH HRE R
FORET LMY

2.3.4  BEBE C R BEWN B 37 2 B 5 R 1

BRI PR C 2 TR R0 TN XoF <5 B4 (5 8] 4 B 1T o Y P
AR BRI AR R IR AL SR, A A Ak
TR R AN ] A 40, 5 % 17 ok B A B 4 B 6 R 4
BRER BRI L S R AT A — € M9 A2k W3R 2 BT,
FRI TR FEL T 3R 8 0 2 /% 40 L B 45 4 32 B 45 05 A S
BT AL 5 DT 38 R T R L S A T L K
2RI N B T A R RE 51k B S R AR AR /N I 2 A
W BE oy HE R AN BE R A0 R 45 28 P ORIk
B T 0 7 A ML

<o (0 2 R R R — R LAY £ DR BN T
TEAE K7 B R B it P ) AR AR SR A
24U < B O R 4 R L AR LR A AT S 2 H
I AIE R 22— A0 o < B 00 ) 2 BR R 1 IR ARt A
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AN A T H R S A AR A T RE R A

O AT 0 TR AR T 44
P K DI fE.

o 2 W 2 JHE 45 4 14 5 B

K2 HRCRABENESHBAAKELBEERSE (us/cm) T

[y
B 1/ e
Xt A 0.1 0.2 0.4 0.8 1.6
0 15.1340. 19 14.90+0. 23 16.60+0. 13 16.394+0.03 16.45+0. 11 16.1540. 08
2 16.27+0. 38 15.85+0. 16 16.11£0.09 16.14+0.12 16.33+0.09 15.10£0.12
4 18.2440.16 17.7240. 07 17.4240. 04 17.124+0.11 17.494+0. 04 17.0040. 11
6 16.9040. 21 17.704+0. 26 17.3440.11 17.0340. 14 16.83+0. 05 17.4740. 06
8 16.86+0. 08 17.204+0. 17 16.6040. 14 16.81+0.13 16. 63+0. 07 16.4540. 11
10 17.1740.08 17.89+0.13 16.93+0. 15 16. 84+0. 06 16. 80+0. 06 16.78+0. 06
12 18.5940. 11 18.2540. 07 17.7940.07 17.0340. 15 16.7740. 12 16.280. 05
14 18.8040. 11 17.1940. 16 18.0640. 07 17.0240. 21 16.2240.08 16.7040. 14
16 18.254+0.07 18.80+0. 13 17.7140.02 17.30+0.13 17.37+0. 05 17.0740. 16
18 17.104+0.13 16. 45+0. 09 16.61+0. 14 16.23+0.03 16.72+0. 07 15.5540. 14
B4H.2001(2) :69-70.
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Study on bacteriostatic activity and mechanism of scutellaria
baicalensis against Aeromonas hydrophila

WANG Yi, ZHANG Bo-han, LU Yi-ming, ZHOU Xin, WANG Xiao,
WANG Liu-yan, HE Xiao-xian, LIU Huan”

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

na)

Abstract: Aeromonas hydrophila is an important pathogen in freshwater aquaculture in Chi-
na. Chinese herbal medicine has become a research hotspot in the field of aquaculture control
because of its natural safety and good bacteriostatic properties as potential antibiotic substi-
tutes. The Chinese herbal medicine with strong antibacterial effects against Aeromonas hy-

drophila was screened from four candidates, including Scutellaria baicalensis, Fructus
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mume ,Chrysanthemum indicum , and Pteris multifida Poir,by determining the sensitivity
of water extract and alcohol extract from the candidates to Aeromonas hydrophila ,with the
method of filter paper diffusion method. The results showed that all the extracts from the
four Chinese herbal medicines had certain antibacterial effects on Aeromonas hydrophila ,a-
mong them the extracts from Scutellaria baicalensis had the best antibacterial activity. The
MIC is 0. 125 g/mL and 0. 25 g/mL for water extract and alcohol extract from Scutellaria
baicalensis , respectively. Aeromonas hydrophila treated with Scutellaria baicalensis water
extract in MIC showed increasing conductivity, intracellular alkaline phosphatase leaks,and
extracellular protein content, indicating the increasing cell membrane permeability and cell
wall damage,and it can be seen that Scutellaria baicalensis extract inhibited Aeromonas hy-
drophila mainly by destroying cell membrane and cell wall. This study laid a theoretical
foundation for the development of a new bacteriostatic agent for Aeromonas hydrophila.

Key words: Chinese herbal extracts; Aeromonas hydrophila ; bacteriostatic activity; bacterio-
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Progress in drugs research based on JAK-STAT signaling pathway

WANG Xue-chuan', LI Xiao', LIANG Cheng-yuan®

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

Abstract: Communications between cells is involved in regulating life activities such as cell
proliferation, maturation, differentiation,and apoptosis. When abnormal communication oc-
curs between cells, metabolic disorders,immune disorders and tumors can be caused. Signals
of many cytokines including interleukins,interferons,granulocyte/macrophage colony-stimu-
lating factor, erythropoietin and thrombocytopenia are conducted by an ancient signaling
pathway called the JAK-STAT (Janus kinase-signal transducer and activator of transcrip-
tion) signaling pathway. Studies have shown that the JAK-STAT pathway is closely related
to blood diseases such as erythrocytosis,thrombocytosis,leukemia and bone marrow fibrosis,
and autoimmune diseases such as rheumatoid arthritis, ankylosing spondylitis, lupus erythe-

matosus and psoriasis. Therefore, the JAK-STAT signaling pathway has become an impor-

x W Fs B #3:2019-06-09
HEL2WB :BHEX AR FEETH (81602967) 5 o EH -+ 5 Rl 23 4T H (2016 M592898XB)
EHE B E2)11963—) B, Il FE IR, 208 28 0, 0 58 0 1) 4k T
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tant target for a variety of blood diseases and autoimmune diseases. This article will elaborate

on the principle,clinical significance and progress of drug development of JAK-STAT signa-

ling pathway.

Key words:JAK-STAT; blood disease; autoimmune disease

0 3

20 Jf 22 [F) 19 3 5 0T T 40 L 1 48 5L s oAk
PR miE sl 2 X E 2. JAK-STAT (Janus
kinase-signal transducer and activator of tran-
scription) {5 5 i & — 4 3 3 A7 76 T3 HEsh
M5 Tl i, FE N Z K JAK D fF ST
I S 00 TR =38 A 2 . v 2 o A TR
(RN S PN o - 1 ) U =N 1 O S B
PR~ VLA A 3R D B A il Al AR R 3R AT G et
JAK-STAT {5 5l # % S5 5. iz 5 a0
S HUA Y Il v 2R GE DA K B g AR g8 D RO RR 6. TR I
JAK-STAT {5538 #% Py [7] Ho At 5C B A5 5 1 B% (B
WRTR WUME 3 WM/ e B/FERE XRLEN
kinase DB/
mammalian target of rapamycin, PISK/AKT/
mTOR Fl 22 %8 )55 AL 8 F R /M AN E 5 08 19 3
mitogen-activated protein kinase/extracellular
regulated protein kinase, MAPK/ERK) I [6] £ 5
P ZIUE Y . M S R AL S s RE S
Tl G B8 AH OB (I OC 1Y 48 Lo BLHFAE R (218
AR 0 2 Je it A5 ) B YR AH DG s CZL 40 L 3 22 9
I /N 386 22 i TN B £F 4 Ak 55 1 & AR R
T JAK-STAT {55 38 9 45 19 41 0 A FH Dt 2
VLR 25 ) 1 B AT 4 B E T = X

ill}

phosphatidylinositol3-kinase/protein

1 JAK.STAT ik R
1.1 JAK ®# &R

JAK ZG 8 01 @ T 3E 32 04 i 20 R U s 4 1
M 120 ~ 140 kDa KR, H 7 A 43 (JH1-
JHT) 4% B 4538 4y Dy g 22 5 43 DU A4S 25 4 358, 4K
UK Ay 85 TR 55 ok L £ 38 7 5 A 38K L Src [ U 285 49 35 2
(SH2) 45 ¥ 38 fl FERM 25 k38, 4n /& 1 fros . 34 il
S JHT XA, K25t 250 A4 &0 3 1R ik 3k
YR, T TR A B IR AL 5 O O 2 R B
JH2 48, KA A& 300 A% IR 7% 5L, 12 45 74 4k
ARG 235 K A = 2 S5 4 AL (R 2 5 4
WG Rk, E B S 5 JTHL 1k TE
PECST TH3 JHA Z5 K50 Sre [FIR 25 #9580 2 B AT
R R B o TAK B4R Y SH2 45 #4385 3%

it 1) 2 R Bt R 0 B R O FERM 45 A4 38, i JHI5-
JH7 XA B, R0 & 400 Do LR pk I, T3
540 R 745 A 2R RE T A

JH2 JH1

2HN  JH7 JH6 JHS JH4 HS o SOl o

COOH

FERMZi #) SH2LT . DG4 Bl PG4 3k

A1 JAK &%éa4ZMRA
JAK B4 K 6 B . 22 JAKLL JAK2,
JAK3 . TYK2 P4 B 41 B, JAK Z g B — 4
BB 5N i R AL JRORE O L BB A R E 1Y
JAK B AT F TR 97 A G I 9. XN JAK 5
TR R Ry A % H B R (A ER 1 TR
JAK]1 5 TYK2.JAK2 5 JAK3 Z [8] [7] 95 P 45 e
VEEEPEA ] JAKL/TYK2, JAK2/ JAK3 [ # H
e, I ELE 3o 5 0 % e 4 B G v 3 g 45 A 8 [
TR AR T F 42 4 P 51 6 L B K, JAK i 5510 4
B EBE JAK B B 8 4, ik 2
JAK #1200 i 5] d5 K 1 1) R
x1 JAK R&EFFIXTLE

JAK %% XF R B RN/ Y% R %
JAK2 40.73 54.42
JAK1 JAK3 36.98 48. 24
TYK2 43.32 55.96
JAK? ke e i
JAK3 TYK2 35. 81 46,97

1.2 STAT R4 R R

STAT & M B K A L AR 40 h .
STATI1., STAT2, STAT3, STAT4, STAT5A,
STATSB il STAT6, KZ% STAT bt F 2
H 750~800 & FE R 4 %, SR 1 Hrfr STAT2 A1
STAT6 K& H 850 N IR 4 . STAT &I H
6 AL R I 8, 430 Ry < R i 45 AR T s i AR E 45
FI DNA 256 25 8 355 3% $ 45 # 3k L SH2 25 4 35
FIE S 1% AL s A 8, a1 2 BT 7. S [) 485 #3881 1
FHA KT L 140 DNA 254 45 4 38 0 52 R 00 45 58
) DNA J7 91 3 5 Z 45 & ; SH2 45 4 4l 32 % 11 3¢
STAT 520 F WX 2L & STAT ZRIKWIE
B 5 2 SR 0 AR 2 K SR DR S I e 25 I A A B,
FTTHASE DNA F g S JRE 0 STAT gk
AL 5 AR Z IR, FEIE S5 Y0 e KA
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T4 T TAK-STAT {5538 5% 19 25 W 0 58 30k Je + 81 -

TR Z R E Y E S

DNA
binding

ZHN[ N- Coiled-coil Linker (S Transactivation] COOH

B 2 STAT Ha4#HBBE

X STAT G205 1 bt 2 B 1R 5 51 %of L %
Fe B0 B (6 2): STAT 1 Fil STAT 3, STAT 1
STAT 4, STAT 5A 1 STAT 5 [A) J8 ¥ % k., if H.
STAT 5A Fil STAT 5B [a] i w3k 91. 49%. STAT &
P A /D Sl 45 R 3, ik g 2 A S STAT & A
FER MR 25 700 2 R AL LRk STAT & H R
PR 2  HATRE S BT U RE M 2 R E D RN
[ STAT ZKM A b Z (8] 4 A i3 STAT A LA
PR Z M IR BET{CA STATL B[R —
KA STATG6 WY [RE B A4A 5 DNA HE S
ik O &gt A N 2 B oEn o
STAT 5 —RAKEAE L, Kt STAT Z[H]
DL 5 DNA 9 A0 B AR FAT) SR S 45 16 28 W) 27 40t
B — A AR R R ABESE I U7 1.
Fz2 STAT KR 5I3tLt

STAT FK % Hit X HE K B AKX L
STAT2 36.25%

STAT3 50. 06 %

STATI STAT4 52.17%
STAT5A 26.64%

STAT5B 27.30%

STAT6 21.01%

STAT3 33.41%

STAT4 35.08%

STAT?2 STAT5A 21.78%
STATSB 22.97%

STATS6 21.66%

STAT4 45.88%

. STAT5A 27.69%
STATS STAT5B 27.59%
STAT6 21.67%

STATS5A 26.46%

STAT4 STATSB 27.33%
STATS6 20. 04 %

STATEA STATSB 91.49%
STATS6 32.42%

STAT5B STATS6 32.17%

2 JAK-STAT S @BNEIE

2.1 JAK-STAT iz 5@ %Ak iT 2
WEZMHENFEFBEANR. TR R/ B
T 21 L 7 00 98 TR L 20 A B A 3R DA R AR i /AR
A R A G SR JAK & STAT & e
1% 3 B 20 M AZ il B 0 356 A B 6800 i o, A i
75 A f B 0 2 R 2 A R i 2 1k R 2 R

b, T JAK EEAS G 2R L T2 k) — %
B RAEAE JTAK 2 A 8t 5 35 JF B AH I 1
JAK & H i xf STAT 25 ([ i 17 8 B2 Ak M ifif 12 fifi
STAT WK HIE L, STAT — B4 HE A 2 40 iy
Kb s AT LR SR E (1 DNA JF 51 5 2 M 454
B Ji STAT #5558 PG S5 R 5 4 D 44 90 1 36 L 1Y
FE(E . I T JAK PR LS A
A/ P JAK2 EH . TS5 HE JAK HH
A, STAT & HARIEE 5 B A [ AT LB e 5
TR IR RARNT R 3 PR,

o o %@
1; -(;r\]a

M A8 5

B3 JAK-STAT 4% 5 i@ % pL3 id 42

A R T3l 5 JAK-STAT {5 5 i B 44 3% 1 5ot
R Ui N 4 o 1 2SR i [ F (IFNa/p) i
11 24t R 7 (TFNy) , Jerp T 28 80 40 il (5] 3 %2
% JAKL, TYK2 & (A 1z 4, 11 257 40 i
7 35 22 0 % 4 JAKT L JAK2 B M 132 1K,
STAT & [ Fifl 5 32 2 5 i R 1k 1) A2 14 - b & 2
WAL AE T STAT 3% Hz 0 8 fb 52 M i HL A e e
BN R — R Y STATT &K (0l W 8 1 25740
JeL BR300 45 5 0l B R R W) (STATL/
STAT2) 3 ¥ i $ 11 2589 41 g PR 7 o) 38 9 15 5 38
B, O HLARY 2 0915 5 38 PR B8 AN [ 28 70 Y 5

Kl 4 fros.

1L-6 -3

IL-11 IL-2 IL-5

1L-27 L4 GM-CSF
TL-10 IL-28 -7 GH

1L-19 IL-29 IL-9 EPO

1L-20 IFNa/B 1L-27 1L-15 IL-12 Leptin

1L-22 IFNX 1L-35 1L-21 1L-23  Thrombopoietin

AR  (JAKD
JAK2 JAK2 JAK2 JAK3

CTARTS
| TYK2
Stat] Statl Statl Statl Statl Stat3]
Statd) Stat2 Stat3 Stat3 Stat3 Stat5
Stat5 Stat3 Stat4 Stat5 Statd

Stat5 Stat5 Stat6é Stat5

Statb| Staté)

i

B4 JAK-STAT 455 i % 15 48 % % 9% 45 i B
2.2 JAK-STAT 153t fi % 5k 45 5 i 5% 2 1 4 % %
TAK-STAT {253 B 2 40 1 26 1 7 2 i g
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MEAEHN 2, S 502 NMEEY IR, 5 58
6 R AEAE I S B v, S R PR Y — 5[5
P 5 HAAE S g AL F AR a0 JAK-STAT {5
S %5 PISK/AKT/mTOR 15 5 i 1% U [7] & 3%
PERMT. M JAK-STAT {5 5 /) JAK & [ #
PG L 32 PR I T TR AR Sk g R L i, STAT2
M B SH2 85505 2K Ry ARk 5L 45 &
SCELAH N 9 T RE IR AE PISK 2 1 45 /) d A7 SH2
ghA 3, R IR R AR 45 & B X Se B R T 19 22 1k T &
¥EA/E L PISK/AKT/mTOR 1 iy PI3K B 5
JAK-STAT ") STAT2 HA th a1 H, 3 5 4
UM 2 A S AL B A 2 TAK-
STAT 55 W L5 MAPK/ERK 155 i # f &
SHREEM, =A% R Grb2 BE A T T
MAPK/ERK {5 5 i #&/F FHIR & 2, B SH2 45
P B, A Rl SR BR A8 25 & TAK BRIR 1L ) 32 4K, 28
©)F PI3K/AKT/mTOR {5 5 il #% # Y PI3K &
M. 5 JAK-STAT %) STAT2 LA HFEEM.,
B 8% 5] 9] 15 40 i 22 ) A 5 A5 3 L BRI 22 Ah L 2
%% MAPK )% H # MAPK/ERK {5 5 i #% %
WAL LA RRIL STAT, il i STAT $2 5 3k K §%
Sk T E— 2 B B SE Y 28

3 JAK-STAT 5% FEHNX %

T JAK-STAT 3 B 75 40 i 08 7 | 40 g 34 58
I AN GAE K e 5 2 3Rk AR W A o ol 2 R
PR S i LAIZ 3 5 b i D RE 2 1 ) 2 R ] g R B
Ffp g 2 25 A0 55 I Y AH OC 92 95 A B B 98 9%
UM RS 2 S JAK-STAT {5 53 %
JAK? J#BEAHC . JAK2 25 Z R4l i N 715 A5
53 [ A HL Al UKl R B DL — R LA O U 25 4
B (JH2) S 2 TR BB 45 A B (TH 1D S8R TH2 3
it 5 A6y SR TT JHLL 2546 38l A £k ) i 1) ML B3 AN i
SEA R FRAT R IE KB, Y JAK2 #EER THI

LR IR 5 L 2 S EOE B (A R R, e JAK-
STAT {55 1 B xF T B #8401 M 09 & & 34 58 F A7

T » DA B 0 I W06 B BEAT 2 B O R
JAK Z5E R 0, ¥ 5 JAKT £ 25 200 ik
EL 200 A P I L 2 R M L SR R O
i 30 S 5 AH 6 s B S JAK2 5 M 2 40 i
EZ N =R e R ANV WA T E AN R RN
A5 200 RIS e I YRCTE TR R 5% B A A0 it 28 A
X SO A G B0 A JAKS FE 5 2k E 440 A
I35 . T 240 B i s R ok B 98 9 AH OC B Je AR

TYK2 3% 5 5 ik ok 0 398 28 PR 505 . T 40 i F9 1 s
BB, A G REEEREES JAK-
STAT {55 ik STAT MK, #l 40 STAT3
B R B R T RE S BUR B R (—Fh H B ek
Bz g P TAK-STAT 155 38 8% 15 S 40 it oy —
41 A A S I L SR U R R R B AR R
X, T JAK-STAT {5 5 M i% 2 5 40 g 4r 2L 5
D] 1) 2 S5 o BT LA 5 3 58 A2 5% e 98 T2 o 10 8 7 i
P, H AR R A N STAT 28 (A 9 BE 30 L 4
SR KRR STATS M STATS B -5 5 5 Ky 1 fif
JAK-STAT {5 5l % A X A8 % 1% i3 40 fifd ] {k
AR R RE VY 5t AL W O B SR 3R GR L T UR T
1515 ) 0L 1 7 53 5 SRR VR YT A DR B . 1 an 2L Sk
HEOBR R i IR T 5 L Sk DR B i 76 AR R i 18 5 1
RNA #£9 F (miRNAs) #1356, miRNAs & —fh
HAG 18~25 MZATIR AR % /N RNA , 76 241 i A=
KL F o 0 2 B b 2 A E L AR Z2 5
O miRNAs A5 5% 0308 36 77 7L 3k HOR iR
FEAEPIR 5 53 4h Bi 4 A5 & B, MicroRNA-
520a-3p %t ¥ i i JAK-STAT {5 5 8 i i1
) FE bR 2L Sk R g A0 B ) B ) R R Ak 1R 28 N
i fE A 2 0k B 3E 97 2L Sk R R E R O 19 &L
SR RIS R g RE P JAK—STAT ﬁ%ﬁ
18] 3% A 56, Zhang 55 A WF 5% & BL, @ o 9E Y
JAK/STATS {5 5 18 i vJ 4 5 llﬁ%EIXHE/J\ 248} i
i ASA9 Y M A o 7 FE L ) 2 38 23R 97 3R /N 40
JEIE IR IR

4 ETIJAKSTAT S EEMAYWINE

4.1 ATFTJAK Za8 sty

JAK-STAT {5 5@ gAE N —HEE WG58
o B A5CTE B b OB AR 1 R AR AR Sl L AR R A
FIA LS JAK AR 45— HAED 5
FETIRITERE R 2 KR ST 9 L Bk 2 4 i
W4 ZHE B R R I B 3G 220 | 15 i T A
R B BEAL A PR 8 A A A R XS L
HJAK EATFR W07 RAE R RO I £
IF HRTE TAK 400 500 B F 36 97 S R AH 56 50w (3
3). RAE BN A& i T BN AL 2L B o DA B —
S 200 it PR - 2 3 A% 8 T R ) 4 A% s 30 5 Y A
B T 48 (Tho) 2 J5 » ThO #0434k B
IHEER T 408 (f 40 Thl, Th2, Th17), Z 5 70 W
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LG T TAK-STAT {55 38 I 19 25 W 0 5 3t Jg © 83 -

HE T T 5 A0 T %) 20 T R T R 2 S BOR RE PR R
I

i H o T & B Tofacitinib J& 55 — /7 Al
PRy B T10 97 2 5 M9 1 4 ik 390 L 3% /N oy
FF BN JAKLJAK2 F JAK3 ZW R0 H T
B IT 2 RUE 2 E %97 ; Ruxolitinib . Baricitinib +2& Fi
Tl AR 25 2w T K AR AL JAKT L JAK2 T4
I7 AR AE VSR 14 25 8 o 5 0 B 2 W) 08400 1 590 37
JAK A FH AL BEAR ARL, 38 5 Db g s IE 245 5 % 2R
YE AR ERER S5 JAK 2 [ A9 35 M7 5 A B4R
o DN 35 2] 4100 46 35 5 1) 25 2R 5. Decernotinib 11
il 7§ & Vertex B 58 # & it & WM T #E 55
JAKS Z A 0 o 32400 ) 50 73 5 2 R) A T ik
W I WE 245 5 2 PR S SC B i 22 L R A 40 i 592 6 1
KB Z A 5 1C50 (50%  inhibitory concentra-
tion) fH 7 50 ~ 170 nM & M ¥ 47 28 fk B, X F
JAKS . JAKL Z 5 (915 = i % 3 B A 06 1k T
TR IT ISR R E PR . Filgotinib #4574 F &
Galapagos WF 58 & FF & 1) 400 il 570, 6] BE 02 F TR
I7 R MR RAE G . X T JAK K&y JAKL A
A R, 5 AR T TR T 28 KR R E Y
JAK #0601 A0 b, % B0 B 5 = 1 £, Galapa-
gos WL HE ANUIF & i Filgotinib 1l l 7 4+, iF
TF A&t GSK2586184 #3743 1 iZ M il 0] 73 7 &
B TR YT R G0 41 B R RN AR i e R IR
I

Baricitinib 4238 & £1. 2k 2 =] #F % /4 30 1) 5] 53
T LA JAKLJAKZ JH TR RA ERURETT &
Y » Al Tofacitinib VEHI LIRSS AL, X T 40 KU 24
Py LAVA T (0 28 2 Al A A5 L A B R R G T ]
Bl B 2 Jy TR0 S A 7 5 T 24 1 A A B 2 5L O
)R R R R B H IR (4 250 FMIRA & & H
(2 Z 7)1, Oclacitinib /2 9E % A &% B JAKL i)
3R 2 29 56 & 25 0 A BRI E T TR YT M)
NS R B I D IR TAK R b, H RIS
WA TR T N8 b Bev B0 19 3, Oclacitinib
XF KRRV B A8 1 97 8RB TAK 30 ) 550 AT LA B
IR Bl 3 M 58 E 10 D SRR 50 . i K R J BR
FEIECIRTT N I 1 K K s 1 I IR 1k 6 42 it
T AIRED . Peficitinib #2307 %8 2k 8 w0 & L b T
=0T R T T390 7 KU OG5 & 1 TAK 1 550
FHFIR AR 9 1 I R — I 5% B 1T 2 48 50 W, 2
—oHT B i i) TAK JECE A R R JAKT
JAK2.JAK3 Il TYK2 {1 1C50 735174 3.9 nM,

5.0 nM.0.71 nM #1 4. 8 nMP™,
*F3 LA JAK HPHIF

259 44 TR P HE A 2R B WBIT R
JAK1 I
Tofacitinib JAK2 ﬁﬁi
JAK3 ke
Rusolitiib JAK1 AN 2 | IfiL /MR
B JAK2 % B 4L
Decernotinib JAK3 KRR R
Filgotinib JAK1 FRIB KT R,
RGN RERAE
GSK2586184 AK1 .
5 ! 50
baricitinib JAKL RRBHR
a o
JAK2 R
Oclacitinib JAK1 AR N B 2¢O
S R 6 4 4
Peficitinib A i B "Hg;g ﬁ” *

JAK F A 51 2 3 12 )3 51 % b ] P 48 v
B JAK 85 T & BT S VA i 5002 BAF 7 1Y
OB, B T R 4> F S TAK B 1%
Titf 225 F S AH A S R B L 6 JAK SR AR 5% 384 Tt
S5 BRUF 5 B AN (6] B 1 30 R0 o R S R R
M OCERE T V. JTAK S8 0R N 51 =22 18] 5 2 9 22 [] 19 O¢
RAAKHME W0 H A F JAK & A AT LR PG
7R (R, B JAKT X T A0 11 %4 40 g P 7
M5 T 5 2 HE 2. 783 shvt 2 Fh E 2 5
AR BN R A G EE AR L

Il B 9E % B2k 25 TAKT X 58 A4/ B2 2
AT AN e JAKT 1Y 26 3Kk 2 il B A 40 i I
Af o o FL 30k B b e DR B 3] B AR Y LA A, A
75 B RE A0 8 JAK2 80 % 363 76 11 % 40 g
1 Z A& 115 A% 3 b AR A S AR T IR R AIE 5T &
BNBRIRTZESS 12 Rk JAK2 Z2amm- . 5
M PEL A BBV KR 2 JAK2 KA R 572
A B I R TR, G b LA Y S R AR Y A
J JAK2 FEFAMNGEF 12,1314 F1 15 ()48 BN
Shy R R U TS 98 mR P 0 o A A R PO JAKS
PR SE T B Z AR AME S R T 75 1Y, T B 2 AR A
FHH DLEAN S C 4% Cyo . 78 & I 240 8 Fn 1 K 40 g
HigRik. JAKS JE A % 28 48 ] Ge 5%t A e 8 R 4t
7 TH B R, JAKS B R AR 2 B A B R K AL,
HK TAKS Fe# 78 T 41 B A0 H SR R JE A A (NK 4
MO RGE R RS B k2 T 4 M. B 48
L LL B NK 4, DL % T A S A 5 kA R k&
Yepite ) 3t B JAKS W AE i b R 40 b dl &
BRI R 5 K PR BR T AKS 3 PR S 30w e o A ™
B A B B B 0 (SCIDD M L 4 B 3 B 7%
JAKS MRS SFE A MBI KL BRTHET
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2 B A NK 28 J v A #E 4E HTAh . TAKS 36 9k B AE
PR A A P A S T8 MM E S L 1L-8 ] T3
S r L 20 AR IR B 40 R R Ak T TAKS B R T
S E AN H IL-8 {5 5 ke TYK2 g 2
JAK R 8 — DR M R IGE . 5 5
IFN-o, 1L-6, 1L-10 A1 1L-12 40 N T % 4% 15 5 1F
L FEIEH AR BRA T L Gy 40 i — i 52 2 4t il
PR 19 FH 9 4 AS [) 40 P81 15 5 3 Jk =2 [ 1) 22
XA 25 JAK-STAT i@ # i #, K it JAK-
STAT {55 3 8% 4 15 5 % M 0GB A 1R K¢
AU JAK EEAEN AR E W — R L
SJAK BRI/ PSR A 7 £, SRR
Z 80 R T 10 R A R AR B 1k 2 A e SRR A
T R 9 AS TR A0F 5 B B, 3R A5 W A 1 T o 1 Tl
JAK R0 4k 1k A WA 43 5102 H TR 97
ML B9 Ruxolitinib F128& KM & 17 R B To-
facitinib. Ruxolitinib J&5% — At 1.1 H FIa 7
HRELT AL I 259, Tolacitinib & ¥E K23 v B & 1)
— BT AL T R JAK R H IR T 2 KR 58
PEIF » LA AL PN 15 5 B 5 3 % Ry B L VR Al i
D7 0 2% B A% 0 B 43100 25 TR B JAK 7R
P14 380 390 08 5F & L R R A DG 0 B B

4.2 A F STAT Fa# ik

HF JAK-STAT {5538 BT & 1 250 K 251
R JAK B . STAT & [ 5 & £ 5 0%
XK. STAT & M JAK 2 A L L 3 06 v 0 483
Gy AT /NG F 25 A R R A 9T LA AT LM BRIk
STAT & Y B R Y1 M B EAT 25901 %

STATI1 # ZFECAR H F 0. 0« THE .Y
T E R L AERKKE S MR AT A A K T 5
IL-6, [Ali STAT1 7215 2 3 S04 M A7 05 500 J A
S B 3 DR 3 Gk R S AR Y s STAT2 78+
MEEH T 454 STATI EHE R R E Y,
454 pA8 LR & Witk A AN M #% 45 & DNA % 4%
AR B VE Y s STAT3 /EA STAT 2 H 405 AL 5t
f)— 44 2 55 Z2 o 32 DR 400 i of) 38 o7 v 33k L 7 4
ML A= R H T A 2 00 R R A OCHEE s STATS
ST BIPE T 40 17 CTHI17) B4k 2 6 T %, M
TH17 405 2 Fh [ B G 9 PE B A 0. 7690 7 5%
Yeda), T 40 M b Bk = STATS W, T 38 i 4 Bh 41
L (4 BE 1 A 0 AN BEAE RE L T Bk 19 e 2L
REEIRAE , STAT3 SN INRER A S LA EH
R VE B S ey . an HUR BRI R R
T8 A AIG L5, STATS 38 o] L 1 He At 1%
AR 2 e 1) & 2B ok A i STATS 1 7 44

YEHT» STAT3 7 98 20 i v 9 36 P 36 o, 5 3808 i R
it LR R IR B AV E B TR & R MUE 5 305
VTN 41 i 2 R o Jga T35 1k R % R BE h & AR AR AR
STAT4 2 5 ZFh 1 B 5 5 1 R A 22 90 1) BF 5%
TEZE 19 5 15 97 P 100 10 5k s 0 R DS o A8 3 i B2 Bk T
i b, STATA B & Fhm" s STATS & 148
STATSA #l STATSB,STATS 5% I P UE#H 5
22 b N 2 i 285 U0 AH G 40 3 b S h 3 vk R 24
WAL 58 B — N 15 BR AT L 903 STATS 3397
PR I8 KA 2 B 5 2 — AR R TN Gy
STATS5 ¥& . B 1E STATS 5 DNA B %54, 55|
TRTT MR RO 5 55 R 2 38 i B Ok STATS 1 —
RALIE FIRIT B R RURDY . STAT6 K 14 38 i /)
BRSS9 R B AR R TE R B T 40 M 2(Th2) 43
Ak 40 35 T bR 0 4 2 8 R BR AR 1 S e &
FEAE Y.

i LR, STAT HEH 5 A 850w 8 8 A
KL AR STAT Y6 PR 48 fi sl il STAT # iR —
RALXT TR 7 A OGP A 1 B X

5 JAK-STAT Y FEXREE

JAK-STAT {55l B AF AR 40 1 b 210
— YA 5 B X T A0 P S Y R A
WU R R 55 B JAK SO 5 R 5
STAT Z A 5% 2 6] 5 5k 8 R AL 5 A [ il 2K 19
P S EAH 5 R 20 A1 B AS ] ) AL 27 15 5 i i £
3 J R A 39 ) AR A O Ao I R DA Rk L R
T S T B JAK 8 B R R oy 5l
E A AR KRB B A8 5 JAK-STAT {55 1@
ARG BRI R IR 2 I Hib A RZ B &
TERFFE BT Be Y JTAK i 57 5 TAK B0 3 B 2 1)
AR AH ELAE 3 50 B 58 A AT o BT L FRATTER A T i
JAK-STAT {5 5 il s 25 44 15 JH BL B2 DL K4 i
JAK HE H BT T & 19 /0 73 7 0l 57 % T A7 80
JRIAIT A AR B B, 53 Hb— 26 7 B G e M |
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vk vk H e 4 5 é#h[(,d(,lz(MIM) l,(l)ﬁﬁ[ZnBro(EIM) J(2)(MIM=1-F jokvk ;EIM=1-
THvked), il X-HHE L H4TH (SCXRDY A AL S W 1 fe 2 092 &M KA1 A 1D
[CdCL, (MIMD), ], 48 4k & ¥y, 48 4% Cd (1D & & P S 4k 2 A p,-Cl #E 48 M s [CdCl, ], T bL4k.
MIM 4k 7 5% & Be ki 42 £ [CdACL, |, ALk ey mil. tb o 2 A —ANIKZ e LAt bodp. Lo
1A 2@ T7THC—HX &4t dn ERERAMRT DB TFMELEHMH. & Firhm
BT X #HARSUEREMN,EBTHRGESRTIH R S I, A Q4 TR EERH R T A
3T EZMHAEA.
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Ionothermal syntheses and crystal structures of two d'
imidazole-based coordination rolymers

LIU Bing, ZHANG Tian, QI Cui-xing, CHEN Xuan-bo,
LEI Hang, DING Jing-yan

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

Abstract: This work presented two d' imidazole-based coordination polymers, [ CdCl,
(MIM), |,(1) and [ ZnBr, (EIM), ](1) (MIM = 1-methylimidazole; EIM = 1-ethylimidazole) ,
which were synthesized under ionothermal conditions with 1-ethyl-3-methyl imidazolium hal-
ides as reaction media. The single crystal structures of compounds 1 and 2 were determined
by a single crystal X-ray diffractometer. Compound 1 features a 1D [ CdCl, (MIM), ], chain,
in which a inorganic [CdCl, ], chain was formed by two neighboring Cd(II) connecting with
two p,-Cl ligands, and MIM ligands bind the Cd(II) center on both sides of the [CdCl, ],
chain. Compound 2 is a discreate mononuclear complex. Both compounds 1 and 2 shape 3D
supramolecular networks through weak hydrogen bondings C— H=+++X and d-:- = stackings.
The anion component of X in ionic liquid can enter the coordination spheres of the metal
centers, which is not common. X~ also as the acceptor of hydrogen bindings plays an impor-
tant role in the construction of supramecular networks.

Key words:ionothermal synthesis; crystal structure; imidazole; supramolecule
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BT WA E E R R A WL B T A
B/ TCHILBA B F 4B, 7E — 5 R 3 Y L R s
LT BH 55 - B4 2H BORT B5 — VMA k vE J A E E
SR, T3 IR YR VA Y B BH R 1 2 ROk T 45
FCW AR BT DA 52 M 7 1 PR 58 v HEAT 09 25 - B s
INE s FF K 3 ol 52 A% 5 3 7 4 5 S B B 4 2R —
ERER ST, BB FREEE LR A5 %.
“FTTIEVRIE L T SRR RR AT BT
70 R LU G K SO AL 70 R A 5
7K R G B, B 1 A LA B 1A A Ry i
B —Fo LA O kL 5K A HLI R AR R
rh R FH I A R LL B VRS G R I R A R A A A
M o 38 B 1 35 FA) S Al R I R AR Al 22 TR) B S A B UG
BTG BUR AR 5K G D 5 LA [ 19 52 g
GER BTG TN ERPRE T
OGRS TEGUK MR S HEZE M B A LA
[N A 3 | B | R I V3 R

AUt PSRBT Zn(ID M CAAID BAT 18
TR HL A B 5 i B 30 SRR B R R R
RUE B EC AL SR A . WK e 28 T (A % B BT Pk L
M e i, 3 5 TR R L A A
o AL B RS W o Tl o S () e HE
FRAVE 55 8 03 1 00 2H % B AT B AR 450 F Ry € ) g
(R 43 7. DRI 2R e 5 P e e rp B S 41 4 1
TR T R LR S O K GRFD
F SN AN € A Rr N K A R Slini
BIH R 1 B AR, R TR 1 TR
G AAREE AR B S B G LS A o LR T
Y KA R AL BB 4 B A D A B
A R RE B9 MERHE AL T OCHE A HOR S R
RURE ALY 32 2R U5

R, A8 SC LA CACL, /ZnClL A/ 0 45 )@ TR, 188
SR WA S LA, B IR 1- 2 BE-3- R K e g
ER[EMIJX(X=CI I Br) /N KA B, & B T #
A 5 4 JE A 3R A W [CACL, (MIMD, ], (D
[ ZnBr, (EIM), Jn (2) (MIM = 1-F ZL kg ; EIM
= 1-Z FEBRM) . il X-5 2k B AT 8 o Tk
B W) R 2 A O 0 HORE R A R AT T TR AN

.

i

1 THH

1.1 BRH5HE
1.1.1  FEH

2 1-Z KE-3- 1 Lk mk g £ [EMI] X (X =CI
M Br) B FWAR S BCEk[22, 23 6 B 1-H BR IR
M G BTN e F R A 2 (R HED) AR Tl &
JRABRA W] L IF R ZE AR AR A S5 H AR 2 R
#E—alifl. CdClL, « 2. 5H,0.%ZnCl, \3-% 3-1,2,
4- =R ME-5-FR FHE H SR BR e | 2 Rk | 2 TR 2R
P D) TR 2 A T A 2 iR A B D 4 R Tk
233 (FOMBLIN Y LVAC 25/6) g A 75 E A=W
RT3 R 4 B 4li. 20 48 9635 T KBr b % %
afi W 1 2 4 AR R A BR A
11,2 F 24 Bt 25

ST 2T A 635 SR FH KBr R A3 . 4l 7 [
A & 523 6] 19 Nicolet Magna 750 fi B - 6 21 4
GGG 2, T JE N 4 000~400 em ™!, Vario
EL 11 76 & 43 B A0 22 BL A7 R & % 1 i CHN T
R, RO RO S0 A 2 1-2 BE-3-1
FE K e pl R P 4 A5, FHR B 0.5 °C/min.

1.2 %%B%oi%
1.2.1 [EMIICI &%

N, AHUF, = IR 3 A IR ZE 1Y 35. 7
mL(0. 45 mol,37. 0 g)1-F KLk ms , {5 Jf I 3} 26 —
YR ZEMEI 94.7 mL (87.1 g,1. 35 moD & & kit ks
JRE L 75 “C s el it i S Sk, R 48 h, 45 3]
T HR R A B TG 8 T R R A T B & 43 R TR S
O CIR CTRVE S . B IR |2 LR SR AH. 7 e,
T2 IR TR R e B B R P i 2R R AR
bR LD RIER MR OBRIG  TH A H RV A45
RN AR N 78 °C ~80 C, i 1-H Lk
Mp AR AR 56,10 2,85 %.

1.2.2 [EMI]Br &

N, SN, = H B 3 A K ZE WY 35. 7
mL(0. 45 mol,37. 0 g)1-F KLk ms , {5 /% I 3} 25 —
WZEMEM 100 mL (146 g, 1. 34 mo) R Z ke b
F .40 “C ¥l B i iR %8 RO 3 h, 15 31 7k
B TR VR A K TR AR 5 B B R 2. 2
MR CTRVE VR B2 O TR TR, T 2R
TR AR 2 I 1 be i v, FH e & 78 AL AR bR LD i
BRCIROTRG , TR T T8 24 h B8 Ak
KHEE N 71 °C~73 C L 1-F I mkme it 545 =
. 70.49 g.82%.

1.2.3 [CdCL (MIM), ], (D B& i

0.1 mmol, 22. 8 mg CdCl, = 2. 5H,0,0. 1
mmol,12. 8 mg 3-%¥-1,2.4- =R M-5-R 3, 0. 2
mmol,16.5 mg MIM 5 1 ¢ [EMIJClIR&, 8 T
25 mL F IR & MK ARE P, 160 Condh 5 K, H



o556 1 X1

UKAF PIASR I dE d I e R R A WY B T A IR B A

e 80 .

SRR 22 3R, SRS HIE TC G ik, IS R e %, T
P SRR 1104 mg.32. 8%. ALE W 1(CyH,y,
CdCLN) ) CHN JT & 4 #r % L 80 (6 O 5
fi):C,27.71(27. 65); H, 3. 53(3. 48); N, 16. 08
(16. 16). FT-IR J¢ i% £ 4 (KBr, cm ') : 3 128
(m),2 578(w),2 508(w),1 618(m),1 578(m),
1482(s),1312(s),1 234(s) 1 178(w),1 078(s) s
971(m) .848(s),758(s),661(s).
1.2.4 [ZnBr, (EIM), J(2) B& i

ke 2 Al REMAEAEY 1 ML 0.1
mmol,13. 6 mg ZnCl,,0. 1 mmol, 12. 8 mg 3-%&
FH-1,2,4- = M-5-¥23£,0. 2 mmol,19. 2 mg EIM
51 g [EMIBr A, & F 25 mL UK LMK
AT 160 CnE 5 K, A AABE R 2 2, KA
T TG €@, A, FH TN TR 6 U, T . AR IR 3R 15, 6
mg,37.4%. k&% 2 (C,, H,,Br,N,Zn) CHN JC &
Sy AT AR, SCERME GF S ED - C, 28, 69(29. 17) 5 H,
3.73(3.36); N, 13. 48 (13. 62). FT-IR Y 1% %k #%
(KBr,yem '):3 436(w),3 121(s),3 053(w),
2 976(s)+2 935(m),2 868 (w),1 705(w),1 597
(m),1 530(s),1 468(m),1 448(s),1 354(m),
1288(m),1 225(s),1 096(s),1 034(m),952(s),
864(s),833(s),750(s),662(s),621(s).
1.3 X-H&E 4075

it FH 4 9 2R ok 025 W A I BUBE R BRI IE A X-
P2 B AT G FE A AR R Bk 3 A A A BT Bruk-
er D8 venture B AT HHY i ] APEX2 #4412
e X-GP s i g B R, ST A A B
B Mo ke $148 (A=0. 710 73A), Ll w £33
W e — 2 1 BE 9 A S B8 . R SAINT + 2 7 #F
AT AT S B0 19 38 A Ak A 5, £ 1] SADABS 1 1F:
A6 AT 5 B AT 95 S %% RN A Ak 5 ) ) i R RS IE
R AW, A A 1 R 2 (0 5 R 25 e S T
SHELXTL™ ff (4 88 43 b 7 42 6 i iy, JF 56 T
F* WO AE SR F 4 4200 M /D e ik dE AT A
&. I RS F S BOE T & ) R B E. &
JRF B mES R, LA B IE. (LAY 1
2 () RSB N2 1 BTN L S AR K RN B A R
2 iR,

G 1R 2 0 R RO OR L3 25 1 TR
OO L AL 2SI 5 7R 4 8048 2 b, CCDC %2
856668(1) 1 856669 (2), Al i i I hik: 4 3% 4K HL .

www. ccde. cam. ac. uk/data_request/cif.

x1 w1 M2HREFEE

Cg H12 CdCl2 Ny
Colorless prism

0.270X0.106x0.093

C1o H16 Bra N4 Zn
Colorless prism

0.45X0.37X0.15

Empirical formula
Color and Habit

Crystal Size (mm)

Crystal system Monoclinic Monoclinic
Space group P21/c P21 /¢
a/A 3.949(2) 8.059 5(13)
b/A 14.528(9) 12.160(2)
/A 9.978(6) 16.412(3)
B/ 92.444(13) 100. 264(2)
V/As 571.9(6) 1582.7(4)
4 2 4
Fw 347.52 417. 46
Dcaled/ (Mgm—3) 2.018 1.752
#/mm—1 2,318 6.587
F(000) 340 816
T/K 173(2) 293(2)
0/ 2.48 10 28.40 2.57 to 24. 83
Reflections measured 3960 10 941
1428 2734

Independent reflections

(Ring =0.050 6) (Rint =0.049 2)

Observed Reflection
[I>2+(D]
Final R1@ ,wR2b[1>>26(D) ]

1152 1741

0.039 7,0.090 0 0.036 0,0.076 1

Ria,wR2b indices (all) 0.048 9,0.093 3 0.072 8,0.088 1
GOF on F2 1.013 1. 028
(A/6) max/min 0.000.0.000 0.001.0.000
Largest difference peak
o 2.224,—1.403 0.503,—0.280
(eA—3)
Ria=(Z[[Fo| = |Fcll/ZIFo D). wR2b =[5 (w(Fy2 —Fc2)2)/S(w|Foz [2)]1/2

£2 kw1 M 2EERK(A)MERC)

Cd1-N11 2.266(3) Cd1-Cl1B 2.756(1)
Cd1-Cl1 2.672(1)

N11-Cd1-CI1A 89.82(6) CI1-Cd1-Cl1B 86.65(5)
N11-Cd1-Cl1 90.18(6) N11-Cd1-Cl1C 90.37(6)
N11-Cd1-Cl1B 89.63(6) Cl1-Cd1-Cl1C 93.35(5)

2

Znl-N11 2.001(2) Znl1-Brl 2.373 1(5)
Znl-N21 2.009(2) Znl-Br2 2.382 2(5)
N11-Znl-N21 107.05(9) N11-Znl1-Br2 109. 83(6)
N11-Znl-Brl 108. 54(6) N21-Znl-Br2 108.31(6)
N21-Znl-Brl 108.93(6) Brl-Znl-Br2 113.96(2)
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2.672(DAETF CdI-CIB &K (2. 756 (D A) s H
CI1-Cd1-CI1 % ff 43 5 & . C11-Cd1-Cl1B = 86. 65
(5) °,Cl1-Cd1-Cl1C=93. 35(5) °. 2 4> MIM [t {&
A Ay s FE E AR 3% 32 Cd1 T2 B LCd (MIMD, JIR A4
SUERIT , AH 4B YR R BT B U A CU B 1l
o= RO B R 3 7 3G FE T8 B 1D A% 4 IR 45 #4) Cn
B 2 i) . a5 A & L CdCL 8 28 T LB
Sk 0946 A [ Cd(Py), CL JAHY . 1D 4%
22 [) 3 o S DL R 2 (6] d e B EOAE T GE B A 3D
M T W 4 25 0 (A& 3 BT HARSUE L deee e A
AR IZE 3 R 65 MIM _Ef%) C JBEFF1 Cl-
Bz 05 e C— H-Cl & %M T /EH (Cl2-
H12A-Cll = 3.456(3)A,122.5 °;C15-H15A
Cl1=3.521(3)A,118.63 °;C1-H1A---Cl1=3. 594
(DOA,122.3 °;BRMEIR A C— H Z [ ZE7E d--n /£
FH(C12-Hn=3.477A,91. 244 °;Cl5-He+ 1t =
3. 468A,90.923 °,m DK ML IR Y 50D Chn P 4 i
7). BRI S WK s A 55 DK s A ] 9 B 25 Ok 3. 949(2)
ALK FIFEIRA M - n HEAE AR (3. 60A),
FW 0 TR ANIEAE oo e AR ). Cd---Cd 1Y
BB 3. 9492 ALK T 2 £ Cd 1t i fe 2
L 58A) UL AL A W h L A Cde- Cd A

TEH.
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(EIM), B 45 K38 33 C12-H12A+-Brl (3. 840(3)
A124.0 4 F VA8 WY b O I SERE R 27 F
TEEER R A& 6 () T 7). AR Y 1D BEif — 25
Wit AUk C15-H15A - Br2 (3. 744(3)A,131. 3 ),
C3-H3A-+Br2 (3.909(5)A,137. 4 ), C22-H22A -+
Br2 (3.748(3)A,144. 6 °) #% 3, ¥ be - i #4 K 2D
ARG H CN & 6 (b) T 7). FH 4B J2 3l 1 & C4-
HAA-Br2 (3. 888(4)A,134.7 °) i 6 MR &
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N21 B DR I S50 ) o T D s B4 T I s 2R (] (%) 8] BE Ry
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1
0.98  2.97  3.594(4) 122.3 C1-H1A---Cl1
0.95 2.85  3.456(3) 122.5 Cl12-H12A--Cl1
0.95 2.97  3.521(3) 118.63  C15-HI5A-Cll
2
0.96 3.15  3.909(5) 137. 4 C3-H3A--Br2
0. 97 3.14  3.888(4) 134.7 C4-H4 A Br2
0.93 3.06  3.744(3) 131.3 C15-H15A-+-Br2
0.93 3.24  3.840(3) 124.0 C12-H12A-+Brl
0.93 2.95  3.748(3) 144.6 C22-H22A++-Br2
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COOH H H HE X e N B 58, ik R pH {5 A H %
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FRAE. MEF.RKRALE K. BHAL N K
(B PG REE R 2 B vl & e e T B R A0S 00 % B 7% 710021)

i EAXREMIE(E-SD AR T (BA) K TH (SO (o F A& &M 82 (MAA) 5 R A dE T
FEGHTINRRESENEFINARA-AFREZ IR, FRARILR AL, mAMKRS %
FaEi 4 (APPSR & TR mBr 24, @it FTIR. 4 kBB & @ B4 5 H A . SEM & # %
TIHRBERBEG LA 2R d@iE, A ES5L MR . APPH AT A T2 AR &, ML
v PAL, A R TR SRE LA A E A 6008, SR -F A E A 141.3
nm,PDI 3§ #AL#4 0. 007 ; IR BEWT 2L 40 K F % K 7Tk 513% ; 2L B 6 E-51 448 \APP &
BE538 A 6.40%.2.13%.4.27% , FAAL F A 87.32% "Rl ML Mk 39 2 A S 89 WA 2 30 m/s
o K ik vk 32 5 min /&, R4k R4 A 0. 66 %.

K IRA A EBRES; PR AN AT IR RS e dE; R

FESES TQ317 XEFRERD: A

Preparation and application of soft membrane coal
flame retardant dust suppressant

LI Chen-hui, SHANG Qing-qing., LAI Shui-li*, WANG Hua, GE Ru-yue, LIU Xiao

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

Abstract : Epoxy resin (E-51) ,butyl acrylate (BA) ,styrene (St) ,a-methylacrylic acid (MAA) ,and
other raw materials prepared by semi-continuous seed emulsion polymerization method for epoxy ac-
rylate core-shell emulsion. Based on the emulsion, the coal flame retardant dust suppressant was pre-
pared by adding phytic acid and poly ammonium phosphate (APP). The structure and properties of
the emulsion and film were investigated by FTIR,nano-particle surface potential analyzer and SEM.
Response surface method was used to optimize the experimental conditions with E-51, phytic acid
and APP dosage as the main influencing factors and inhibiting rate as the response value. The results
showed that the average particle size of the emulsion was 141. 3 nm and the PDI was only 0. 007
when the dosage of emulsifier was 6%. The film has an elongation at break of up to 513%. After
optimization, the optimal dosage of E-51,phytic acid and APP was 6. 40% ,2.13% and 4. 27% ,re-
spectively,and the inhibiting rate was 87. 32%. After spraying flame retardant dust suppressant,the
coal sample was swept at a wind speed of 30 m/s for 5 min, and the wind erosion rate was only
0. 66 %.

Key words: epoxy-acrylate; flame retardant dust suppressant; seed emulsion polymerization;

reponse surface methodology; inhibitor rate

x WS H#A:2019-08-08
EETR P& BT R 8 1R 5 B (2015SF266) 5 B8 74 45 74 42 1 BB R1 5 3 (2017138SF/WM032)
YEB BN RME1995—) , B B PG il W L 7E B+ 5 A L BF 5% 7 1) 0 40 4k T B 31
WIS SRR (1965 —) B, B P 5 -, 208, W28 T, 0 58 07 1) 4 44k T B 3, 15125206 @163. com



. 04 o % & B4

rEER

%37 &

H i o 75 3 = BE VR WS FE R A BOK L,
T [ 0 e 0 11— R T, 2018 AR 3R E 1
HER 2. 81 iz L, Hoh gk L Ep e I R 1.3
fCE R Z2 BB Je SRR I 5 4 R L L R
JE A EL A AR5 Y R M L X e ) i A s
TR A N Ko o 507 S L% = B /] Dl S N3
XA FEREMA, I CO.CO, 25,1 H {5
(B S B L O 0 AR 2, it AR K I R VR TR 2 RN L
B2 Gr e B AR A A7 128 Sy B b e AR B M TS
Ykt AR PRI B N A At BT 2 i A oK S

H i, K 1 R 5 1) K 2 5 T 2w R [ B
W 3G 4100 24 3510 K LA 500 114) 7 125 ok ik A R e 1) BELAER 5
P b B, 1 ELIT R A BEL R 700 AR R 2 17 R
T T A B R R . P R R R 2
“RRFERL 25 5 5% B A k2O AR s ORE L IF
L RE [ B 3 EL B 1 BE 09 30 R R FE T 1 B IR £
UL,

AR SCER X LA B TR, DL ER R IE (E-51) TN 4
BR T HR M oW BTN MG R 2K & 0 56 O 2 22 U kL, i
WA FARRA TR S 2 R R % (APP) 5]
AR Z R TE 1 - P ] BEL R 1 22 Tt 37 L S+ A B
BRVERET T Ll P o O 1 92 % S 08 Ak R AT Ak . A
117 ] 2 — b FL VR R L I 2 ) | () B e L BEL AR
530 24 T o %) 4SRN BELASR AT 2 ) 0B R R
G Tl [ A 9% it 3 1ok b 1) 3R B8 95 e R B A IR
I A )
1 LML
1.1 ZZ&A

ARG (E-51) : Tk 9%, w3l 2 = & AT R
AR T IR T B Tolk 9% . K E AR R L 225
AR F] M A Fr el K B R R AL 20 A BR
N 3o F BTN MR < 20 M &, O T R 43 K Ak 2 3K
FNAT BR300 T 3R AL 8 < 4 Fr dali L R i R LAk
T A B B ER AR - A Hrali, KT KAk 4R
RN 5 WA R AN A AT Al R T R 8 AR 2 K
7B R SN A B A, KT R R AR 2R
SR A T COP-10) 4y Mral, KT Kk ik
SR T ok J Y Tk R L R FA R IR AN (MS-1) .
10% , IR RA TR EARAR MR 8 5H9%,
INARPE R TR A R s 2 R IR (APP) .
I AR R AL TR A BR 2 A,
1.2 $La#H&

T ST = VR P A — 2 B R R SE R (E-

51 MR T IR A M o R FR DU T FE 98
fRETE 110 “CTF I 2.5 h B HIZE %R AR5 ) H
TN — PR RR L 5B K VR 1/3 R G FL
5 AEBEFE S E O 200 r/min FHEHE 30 min il
A5 750 FL Ak M B A B £

FES) — = RN A —E B 2 3T K A
IGTR Tl R o IENIE IR . 2/3 ME ALk
F.1/3 8951 & FLE 80 “CF I 30 min, 7 FLI K
FRIZ W5 o IR E 3 n 70 L Ak el M B R S R 2/3
SIR VW a2 3 h, 51 &R 0.5 h ik
58 i M 22 B Wl R e Ak 52 I N 1.5 by IV 58 B
Joi « REVA 5 TR U8 R
1.3 Z M EAE L M AR X
1.3.1 i8NG RAE

K Bruker 28 @ 1) VECTOR-22 #If# 37,
I 225 4 21 A TS AN B S - TR O 1R L B A A TR
5 APP Ji 0 2L b 5 B e B 3k A 3L
HHTEFH .4 000~500 cm .
1.3.2  FLBROKLAR K 4y A

R P E Malvern 23 w) i 449 K i BE 36 T HL 47
A3 AT S S LR A2 K /N Bk AR 4y A
1.3.3  PrXU L

TB/T 321044k 6 B o< iz g 30 A2 B R 5 44 ) b
FAE T 0 Rt 23R A g Al 5 40 2 55040 A2 R 1
bR (FEREH B AT 1.5 L/m? B0 T Kk R <
1%). MR 7 8. 0 10~30 H BIBERE L R 2K 4.
BGE 4 & B BT 2 MR R %
10 5 AF 55 0F 4 AR L o B BT WL
15 T A 2% v P AN [ v B ) LR AT 2 7] CRESF-
KW 1.5 L), 7EREAE b 50 C #9418 T 4 120
min ZJ5 43 A KU R 30 my/s 1 XU X
2 F T VEAT R R B 1R 5 min, 2R 5 43 il
HEATFRER , 00 A% 0 0 0T Ol WL 3l o SRR XL
UiES
1.3.4  JEhrhr g i

W ) % 0 2 50 LR 3R DU AR 20 B T AE B
1 mm B9 FEIE TS 8 T 0 R 4 A I A
PATBR N F ) XWW-20B 77 g 1K 36 0L 4% 18 = K b
WE(GB 13022-91) 38 He W 4 i K R
1.3.5  PHALZM L

RE 1k 5 J2 i 0 BEL AR 4100 242 0] BEL SR M B 1) — A~
SR CRERETE 100 °C I BHAA Zb BRAT /S 750 9 CO
225 R 2 B AL BERS B H B CO 22 H)
BHL b 35 8 A SEL A% 410 24 790 ot 5 Ay EL 8% 4 i sk Ao
o R e TS0 32 00 S A i ) BEL AR 3L I v
100~120 H Y E1JE BEREAE TR 50 C 8 X T 1248



% 6 39 Z FRMEAE - BT 2R J5E 5 BELAR A0 22 51 9 ) 6 B Rz A © 95

PN 2 L B 2 A L AR R AR R
25 g A E B BRI AR KB 15 g FIA
JEHERE R B A I TR 50 C BT R N
TR EEEE, KRR RA U RSN, U B
TR S B R T T IR R N 2 1 5
WA AT A PR A B 0 AR AR S 0 (250 mL/
min). ffi i1 ADKS-1 CO # L & CO #y ik B,
TR BHAE .
1.3.6 HHH ML

FHZEE FEI A FEI Verios 460 /& 43 Bt
Yy e S8 491 41 v B % 3G 000 2 R0 9 Y (B KO R Y
TR 222 (5 ) AT 1 e B g2

2 #FR5ITE

2.1 oo

CIANRAEZE L& 1 proRt . Hod ghk a
A -TN RS PR IR FL IR 1 20 48 i B 26 b i A K
iz 5 APP J& 0y ootk 2L M 2040 ok ik a i 4k
2955 cm ' 2 873 ecm Ak h — CH, K H 45 IR 3h
We i, 1 728 em .1 111 em '.1 064 cm ' NN
5 R T T8 B R A RS Y . 1 606 em ™' Sy 2R A i 42
A PRSI .1 453 em ' .945 em ' .835 cm ' H
PRAE L B A W IR AR L 697 cm ! ol 2K 20 Y B
FREAR W e, TR E-51 5 & Bk & Ak R L B
b £ 1 287 em ™" Ab R P=O ) {d1 45 ¥z 50 W 1
e FHPR S APP & A P=0O FH Tk A 2
AEJFEIRLH 1563 cm VI APP W N—H 2 il
g, 1 029 em ' HBUAEER P—O—P 19 45 42 3l
W s, GE BH LR AR A= it BT R R 5 APP IR
Wi,

I -1 4 B L

l ‘28 73

2955
(b)n AR 5 APPJS [ LK

s
1728
4000 351)00 3(I)00 251)00 2(I)00 15100 1(I]00 500
Wavenumber/cm™
Bl FA-AHRESZMERERE
49 4191 %

2.2 Lk
P 2 S 525 FLAR R X LBk AR B A B
SN FR L. WAL 2 B, 3L R AT & 200,

FLW KL 42 SR 232. 4 nm, ki 42 43 A $5 £ (PDD R
0. 085 ; Bifi & 7L Ak 751 A & 1 34 K, FLWCRLAZ 98 /)N, PDI
FREC /N, 2L A M 22038 hn 2] 6 %0 i), FLk
MR 42 B 232, 4 nm J8/NE] 141, 3 nm, PDI $8 4%
A 0. 085 Jk /D] 0. 007, HJF H EEJE . BEE MS-1
5 OP-10 & & FLALHI Y FH B8 K, 1 & v A il i
W E M 2, LR R AR AR /N,

20 F 2% 100
10 L Size:232.4 50
PDI0.085
0 - 0 2
20 F 3% 100 o
i N
w0 s 0 3
32 e -
=, 0 ; 0 3
2 204 % 100 ¢
= 104 Size:207.3 ds0 7
e PDI:0.060 2
N i e 0 Z
£ oL 5% 100 =
10 Size:178.0 150 2
0 PDIL:0.043 g
0 P e SRR 7 .......0 2
20 6% 100 Y
i Size:141.3 150
10 PDI:0.007 ‘
0 0
1 10 100 1000 10000

Size/nm
B2 SLAHAEfLirtkizen e

2.3 E-51 HimE b B Ab Kk £ e FHa

ML 3 ATt TRy DT e 238 i A2 B R Y
BN Se B KGN FE E-51 U naE Sk 6 %6 i, B
S KR i K AB AT 35 513 Y. 5 i e 244 KR Bl E-
51 WS fn e hn s vl & A S E-51 WS
BNy T AR R ZE R PE R 0, 7 2 KR B R H
TSN S KR, A3 e R AR A5 A O i (A
JIEE b 284 fift < SR IR

600

|
ol o

300F

B0 K 5/ %

200F

100} e

0 é zll g é 1|0
E-519 122/ %

B3 E-51 i he 3 a3 LW R AP K R
é’} %/5 )

2.4 FAARM X

Pl 4 SRy N TR) e R LA A1 24 7500 5 0 % XU Bkt 23R
2. NI 4 v DL Y, B 25 BE R 40 2 590 5 T ok
FRY 8 T X et 23 528 3 AR, 0 O B L I K s XL ok
Rk 95. 5 %0 WEI 2 0 vk FE B KUk R AR 0. 66 2.
MU BE R L 2 0 I B A 8RB AR A T A % BH
RN 2R 700 LA 5 4 B0k 2 V0 VR TG B R A A



© 96 - RaPERLE SR 5537 %
T2 HFOAESIWBEITAFREER
Bl
= ; RS AES1/%  BHE/%  CAPP/Y Y BLHR/ %
sok g 1 0 0 0 84.37
2 —1 0 1 81. 42
= 60f 3 0 0 0 85. 22
-
5 1 0 1 1 82. 35
& 401 5 1 —1 0 5
= 5 66. 35
6 —1 1 0 77. 45
20r 7 -1 —1 0 65.23
il . . 8 0 0 0 85. 14
1 1 1 1 1 1 1 9 0 _1 1 77. 34
00 05 10 ﬂl/.Sw 20 25 3.0 10 0 . . 62,05
TR B/ % 11 1 1 0 86. 33
B4 R R R R A R 12 0 ! ! 19,92
13 0 0 0 85. 26
SF R AR B 8 75 v
TRk 5 693 14 1 0 —1 56. 31
2.5 R EEERA LR o ’ ' " oot
16 1 0 1 80. 69
2.5.1 HERE 17 -1 0 -1 55. 04

ST W T PR 1 BELBR 1 R L AR S50 2 i
ATC B TR AE TR 5 APP £ i HBH MR PE. & Je1E
MAA : St : BA =2 : 10 : 38, 5| L H 11 & N
0.4% (I FERH : WHRAM=1.7: 1.8 AL
TR A 4 Y0 H AP s SE T Tk 6 3K BR PR R 40 ¢ F
W REACEEE=1.4 + 1 B A B 5 IR 5
T . HELT E-51 48R . APP B9 = %) B AL 0
SZUR TE AT A R R S50 9 L Ab R A Box-Be-
hnken #3097, Lo oy il 1 43 AT A E-51. B 8
2 .C APP = A~PH 2 B Jin 2t X0 BH Ak 22 19 5% . 3k
55 R KE g in 2 1 TR,

®1 MEEIWEEKE

W%/ % — 7’? :
A E-51 3 6 9
BAHR 1 2 3
C APP 2 4 6

228 T B AL 0 7 B AEER. A
Design-Expert X1 3% 2 $dli 17 — ik £ ol 5
A AT A5 R

Y=84.91+1.32A+7.10B+13. 02C+

1. 94AB—0.50AC—3.66BC—4. 60A2—

6.47B2—11.95C2

3% 3 AJ AL, [l A S Yy R op g S PR OKOF P<
0.000 1,3R AR IK BB W 25 KF R UIT P=
19.22>>0. 05, F BRI 25, 5% 22 35 thy Bl AL 1%
E |, B I A [ AR, BLCL B2, C2
XoF BELAE A 5 i B S 2, A2 22 AR FH BC 2 1
F.OERBCRY N 0,992 9, F B [T 5 AR 5 5
R 52 55 400G A, AR A T T BEL Ak 2% A T .

x3 OAABRFESHE

S A AmE ¥ F{f P {f o

iR 2 791,88 310.21  109.15 <C0.000 1 M @3
A-51 13. 89 13. 89 1. 89 0.0628 A
Bz 403.85 403.85  142.10 <<0.000 1 #@#
C-app  1356.68 1356.68 477.37 <C0.000 1 Hi3

AB 15.05 15.05 5.30 0.0549 A3

0.5717  ARE#F
BC 53. 44 53. 44 18. 80 0.003 4 L
A2 89. 04 89. 04 31.33 0.000 8 B
B2 176. 45 176.45  62.09 0.000 1 L aTES

C2 601,12
R % 19. 89
KT 19,22 6.41 37.75
ali iR 2% 0.68 0.17
MR 2811.77 16 310.21  109.15 << 0.000 1
R2 0.992 9
H:P>0.05 /RARE; P<0.05 R ¥ ; P<0.001 RRHkE

2.5.2 W R TE 43 B

¥ E-51 . 4H/R . APP =N K a8 i v iy =
Hh— AN R E AT ACE, AW R R =5
A i) 7 Y TR T A L OR ) 2 bt G B B R Sk i)
BH Ak 23 1 52 . S 50 4% PR 28 22 ] 1) = 4k 5 — 4 i) iy
il i A 5~7 s,

601.12  211.52  <C0.000 1 M3
2.84

il
9
1
1
1
1
AC 1. 00 1 1. 00 0.35
1
1
1
1
7
3 0.002 2
4

FHL A %/ %

.00 ~ (70
3.00 4.00 5.00 6.00 7.00 8.00 9.00

A:E-51/%

Ca)E-51 55 4R % BHL Ak 3 52 W) f) — 2k 0 1 1 141



2 RWEAT RS I 1 BELAR 00 2425 54 o 8 % HL g < 97 -

PR/ %

250~ .00
2.00 %.00700

A:E-51/%

(bYE-51 548 @ xof BEL £k 2 5% i 1) = 24 i )3 1 (€]
A5 E-51 HHMRMEAEN L AE

P& 5~ 7 (1% = 4w py il i v LB 45
2Z (8] 1) 28 HAE FHAE AR AR KA s, {45 e 7 BH £k %
FEAE e RAR. TRV o] DAL 5~ 7 B4 - 2ff g 37 i T
R EDUL Y & B PR R 9 58 AR 6 BEL Ak 3R 9 5% i
REEEE. O NE S K 6 TEH, S Hp—AHE
ANAE B E-51 38 i i34 i, BHAE SR HUA 40 ik )
Ak % L At AN R 2R T BE A 5 1 AR Ak 2
/NEY LR E-51 SHIR VE-51 5 APP (A2 AR
XF BHAL SR AR AN 3. L 7 AT LR L AR S5
APP (7 I AR B — A 2R B AR AL AR 2 5 B
LR AY AL, Bf LAE IR 5 APP 9 58 B/ B % Bk
TR A R . A TR R 2 B = S Ak
N7 TR 2R AT 0 AT T A 408 5 T 2% 4 A T AR 4
w—H.

6.00

AL 25/ %

3.00 E
2 00 L - _—
3.00 4.00 5.00 6.00 7.00 8.00 9.00

AE-51/%

() E-51 5 APP X BH fk 56 5% i (1) — 4k v )i 1 &1

500
= 600
300 55 0gk00 AE-51/%

4.00
C:APP/ %

(bYE-51 5 APP i B 5 5 0 ) = 24 o 7 i
B 6 E515 APP At fe) X 2 %0 HE

FHAL 2/ %

C:APP/ %

2.00 2.50
B AR/ %

() H RS APP X BH A < 5 il f) — 24k ni 1o 1A 1]

PRAL 2/ %

5.00 2.50

4.00 2.00

C:APP/ % 3.00 2007100 1.50

(WO AETRS APP X BH Ak 38 52 i i) = 4 mi 17 1f (&

W7 #ith APP st EN XL H 0B
2.5.3 FRERIEGUE

ply [l U A 80 930 300 e A S 6 B E-51 MR
APP (RN 43 91 R 6. 40% .2, 13% 4. 27 % I,
BHAL SR B KA N 87. 32 %. 78 M 4 11 F #E4T 3 F
FFo2u. AnE 8 B sn . nf LLFE H G 1k BHL AR 1 2 541
FIRERE CO B 1 2 BRI, 7 100 °C B BHAL 327
BIA R 86. 87 %0, LB 45 e 5 WU H 23, WEHA T
TSI A R

5001

B LR/ %

FEL IR B

L 1 1 | L 1 L 1

70 80 90 100 110 120 130 140 150 160
HEE/°C
B8 RMALMEMBEA COBXE
58 EH£ A

2.6 SEM 4-#

Pl 9 J2 W74 K T 3P REL R 0 22 5] 2 I 14 A K
FIE A, v LB i b X0 2% 2, W3 B2k 30 2 57
P8 1R 5 A R R T L B[R] RN B R ke
B8R R g — R X Z A e S A AR



© 98 . BReHEKRE FHB 537 %

fih AR HE R B XIS . ] B RG24 2 A3 J0RE JE B
A —EPERESE)Z R T R AR ROR.

() 5 75 BEL A 411 242 551
A9 sk L F G H ey SEM B

FIH E-51 MR T I R O 0 R L APP il
2T — P[] B e H BER 5 0 2 e R Y R A
RELJA 10 2 790 30 2o i 17 T AR AR OR B T E-51
fi \APP AU IR 23 5 6. 40% .2, 13% 4. 27 %,
AT BAE 2 KAE S 86. 87 %. il id FTIR. 44
KR 2 1T A2 43 B . SEM 45 T BE G BH 4 2
FUVFEAT T 43 Mt o 45 R 8¢ B 78 340 -0 M 2 e 2L 9 1
Z PRI ER L APP J5 HBH AL P 6B 45 2 3% 5. %
ORI 242 590 TT A5 S50 o 242 ¥ e I AR AR 1 BR XL
W5z, A TR s T s 3L R e BEL AR A1 28 v g iy P i

S % Uk

[17 s, s S0 A 5 AR S, 45, 2018-2019 4F Hf [ 45 5% 7 b
ZUIB ARG LT RS, 2019,45(2) :5-13.

[2] At . B Je B 5 AR G PR R o [0, 1 52 3l BE o &2 95
2019(4) :61-62.

(3] 50 DU, B SORE T4 A 3k BRI 11 0 5% ) IR 2% 43 A
[ BB H AR ,2013,41(82) 1 218-221.

[4] Cao W G,Gao W,Peng Y H.et al. Experimental and nu-
merical study on flame propagation behaviors in coal dust
explosions[ ] ]. Powder Technology,2014,266:456-462.

(5] SKAKF, ¥ TR, E 50, 55 A FF 45 2k 56 5B R 3 42 50 1
il g B HAERE LT ). BRVERL B RS54 CH AR MO
2014,32(6) :82-86.

[6] Pang W H,Qin R X. Coal spontaneous combustion mecha-
nism and research of new flame retardant material [ J .
Applied Mechanics and Materials,2014,513-517:156-160.

[7] Zhu X,Pan Q,Xu H,et al. Effects of coal and ammonium
polyphosphate on thermal degradation and flame retardan-
cy of polyethylene terephthalate[ J]. Journal of Polymer
Research,2010,17(5):621-629.

[8] Kalali E N,Montes A, Wang X, et al. Effect of phytic acid-
modified layered double hydroxide on flammability and
mechanical properties of intumescent flame retardant pol-
ypropylene system[ ]]. Fire and Materials, 2017,42(2):
213-220.

[9] Cheng X W,Guan J P, Tang R C,et al. Phytic acid as a
bio-based phosphorus flame retardant for poly(lactic acid)
nonwoven fabric[J]. Journal of Cleaner Production, 2016,
124.114-119.

[10] Fei G Q, Yan T, Wang H H, et al. Micromorphology,
phase behavior, and properties of environmental, multi-
cross-linked polyurethane/polyacrylate microemulsions
based on in situ surfactant-free polymerization [ J ].
Colloid & PolymerScience,2017,295(10) ;1 743-1 755.

(117 23848, 22 /N e, BB AE, . 6 B 10 3 = BR-T9 46 M2 R 7L
YR ) A Bk 4G B A 3 SR AE R LD . B BE A R, 2013, 44
(17):2 574-2 577.

[12] B/NH XI5t £ &L 5. 0 B K M B & R - 6 iR
B 0 ) S HL AR = MELT . KT 404k T2, 2018, 35 (6)
1 060-1 067.

(130 At 2 BRSUHT, B — M, 45, RO IR L E A P
I BELRR R 09 X 30 5 [T ). o B 2 2 BL 2% 2= ik, 2018, 28
(9):45-50.

[14] Xiao Y C,Zheng C,Gan M K, et al. The preparation of
CMC-PVA-AM dust suppression agent and its applica-
tion appraisement [ J |]. Advanced Materials Research,
2015,1 120-1 121.:628-634.

[15] Gao J,Lv H,Zhang X.et al. Synthesis and properties of
waterborne epoxy acrylate nanocomposite coating modi-
fyed by MAP-POSS[J]. Progress in Organic Coatings.
2013,76(10) ;1 477-1 483.

(167 K p4s. 9280815 A ab #EM. Jb o . A2 ok R
#t,2009.

[17] kKH], & B, 5k WL 5. SOk 5T F P(BMA/2-
EHM/St) & A M5 % i Wi A i i 0 45 L) 0. K5 4 4k 1
2018,35(6):910-917.

[SEHE:FF ]



ReaBBEIE SR Vol. 37 No. 6

Journal of Shaanxi University of Science & Technology Dec. 2019

BITE H6H
2019 4F 12 A

*

XEHS:2096-398X(2019)06-0099-06

G E ST &R AR

}%ﬁ;'ﬁé ’ j‘(l]'ﬂﬁ;&ﬁl’{li, %ﬁﬁ_’@'l, Hk 'ﬁzl%’lv
KA, 1%

(1 BRPG R R e TR 5 TR e Bl TR [ RS 0 PR v DRV 48 8 AR 130 R B 45 b 4R dl T %
HE SRR E P ER AT R R R SE R %, BV Y 7100215 2. PYE AR A ARl 5 EOR ¥
Be A A EAFE T REALRE L TRSEY =G, BPY % 710049)

W OE. A IBEFEAIHLFER.CLRAMNG S 2R E, LB Ay T2 s,
%ﬁﬂ%‘%é@i%#ﬂ@h’f BlF GRS MM IR ERER L FHT
ERFWADAMER THEMBREFRRR,Z,CHATHELEMAH. Am, BN AN S 45
B REMBAEELBER TN REEREABRERFERB. AT ﬁ?zkﬁt K19, KBTS0 VAR
HEZFARM RARMERBABREHNEEAE TSR, FRALEL SR IHEBF(PVA K E
R 5% E AR, KA SEM . XRD.FT-IR ¢4 & 7 5042 45 M3t 47 R 42, SRl 3K T AF 50 69 254

REREN KA EBEAEABMEREO LS L F SILEAILESH A 23 pm . 36 pm
Fo 46 pm; % PVA 69K EH 1008 4F & % 3LBLAG 3R 2 h 2. 38 MPa, tb R iz it PVA & 4
YENEIRE(0.85 MPOR S T 345, LIABRFAKE AR K TH L ERAEMLRL

P m A,
A E LM LEMH
FESES:0636.1 XHEIRERRD: A

Study on preparation and characteristic of porous cellulose membrane
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Abstract: Tissue engineering as a new subject has been received extensive attention. Scaffold
material as the basis of tissue engineering plays a vital role in the development of tissue engi-
neering, which must meet the requirement with good biocompatibility and biodegradability,
and high porosity. Cellulose has been used to prepare scaffold material due to its good bio-

compatibility, biodegradability and abundance. However, cellulose membrane scaffold materi-
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als have defects such as small pore size,low strength and poor wettability. To address these

challenges,the dissolution regeneration-template method was used to prepare porous cellu-

lose membrane. The strength and wettability of cellulose membrane are improved by PVA.

The morphology and structure of the samples were characterized by SEM, XRD and FT-IR,

and the tensile strength of the samples was tested. These results indicated that the cellulose

membrane with pore sizes of 23 pm.36 um and 46 pm were prepared. Compared with porous

cellulose membrane without PVA, the strength of porous cellulose/PVA membrane is 2. 38

MPa when the PVA concentration is 10% ,achieving 3-fold enhancement. And the wettability

of cellulose membrane is improved. This study expands the application of cellulose membrane

in tissue engineering.

Key words: cellulose; pore structure; scaffold materials
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% pH £ 2,280 B TIRMABAFZ 4, L3RBT FH 60.86% , BAHER 64 F H 69.66%. #%
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EEMETRARIG B E,/E; 184 8. 27, AW -F& 4 28 477,
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Study on the extraction technology of humic acid from the

lignite in a place of Gansu province

HUANG Liang-xian, HAN Xing-xing, MA Zhan, CHEN Hua,
WANG Jia-hui, NIU Yu-hua

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

Abstract ;: In order to study the effect of different extraction technology on the extraction yield
of humic acid from lignite,the lignite in a place of Gansu province is taken as the raw materi-
al. The nitric acid is used to activate lignite. Then the humic acid is extracted from the lignite
through the alkali treatment,acid precipitation and other steps. The effects of nitric acid con-
centration,liquid-solid ratio at nitrification, nitrification time, nitrification temperature., alka-
line solution concentration, liquid-solid ratio, alkaline time and alkaline temperature on the
the extraction yield of humic acid were investigated by means of orthogonal test method. The
optimum extraction conditions were determined. And infrared spectroscopy and ultraviolet-

visible spectroscopy were used to characterize it. The results showed that the optimum tech-

x Wi B HI:2019-09-16
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nological conditions for extracting humic acid from lignite were as follows: The liquid-solid

mass ratio of nitric acid to coal sample was 10 : 1,the mass fraction of nitric acid was 14 %,

the nitrification temperature was 70 °C,and the nitrification time was 60 min. Adding 3%

NaOH solution to the activated dry coal at a liquid-solid mass ratio of 8 ¢ 1,alkaline dissolu-

tion reaction was carried out at 60 “C for 60 min,and then adjusting the pH to 2 with 2%

HCI solution,and finally by centrifugal separation and dry to obtain the target product. The

extraction yield of humic acid was 60. 86 % ,and the content of humic acid was 69. 66 %. And

spectra analysis confirmed that the humic acid structure contained the active functional

groups such as carboxylic acid,alcohol hydroxyl, phenolic hydroxyl, aromatic ring, carbonyl,

polycyclic aromatic hydrocarbons and amide groups. The E,/E; value of humic acid extracted

was 8. 27,and its apparent molecular weight was 28 477.

Key words: humic acid; lignite; activation; alkali-soluble acid precipitation; extraction; con-

tent of humic acid
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P 710021

W B ATEBOIG F e ik e LR F R L T bRk 6 k) igee i AR T vAad aE R AT 4
BHABREARR(EHNERR" T AREERZSRTEERAMARZTBNTHARLEG ) 2
XEAAREATFAAGRAECEIELRNET —HH AR ERE.ZATARBY
TAAFE TN, FRELIA, KB RAA 10 mM, 20 mM, 30 mM,40 mM, 50 mM, 60
mM.70 mM.80 mM #= 90 mM B , 4 R BATHEZE 5> AN A3 T 3 nm.7 nm.11 nm.18 nm.
22 nm.29 nm.33 nm, 36 nm A 42 nm, EN L L EZAT HEER B EWH B T, BB, H R
BALEAHT RGFHR TS FE LAE A M.

KR ER; BT RK g4ME; THAL

FESZES:0657.99 XEKFRERD: A

Preparation of phenol sensor based on photonic crystals
and its response performance

LI Lu, MENG Tian-tian

(Key Laboratory of Auxiliary Chemistry &. Technology for Chemical Industry, Ministry of Education,
Shaanxi Collaborative Innovation Center of Industrial Auxiliary Chemistry and Technology, Shaanxi University

of Science & Technology, Xi'an 710021, China)

Abstract . It is of great significance for real-time and fast detection of phenol. The stimulation
response process of photonic crystals can be directly expressed by optical diffraction signals
(the structural color is visible to naked eye) ,so it has attracted extensive attention from researchers
in the field of sensor design and application. In this study.a novel phenol sensor based on hydroxy-
ethyl methacrylate functional monomer was prepared,and the visual semi-quantitative detection of
phenol was realized. When the concentration of phenol is 10 mM.20 mM.30 mM .40 mM .50 mM,
60 mM.70 mM .80 mM and 90 mM, the diffraction peak of the sensor shifted by 3 nm.7 nm,
11 nm.18 nm.22 nm.29 nm,33 nm,36 nm and 42 nm,respectively. Macroscopically,it also
achieved a significant change from green to orange. Moreover, the sensor also shows good an-
ti-interference ability and reusability.

Key words: phenol; photonic crystals; structural color; visual
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Effects of MgCl, * 6H,O on the negative expansion
material Zr, (WO,) (PO,),

YUAN Xiao-yan', LI Huan-huan', QIAO Zu-qgiang', LI Hao-hui',
WANG Jin-zhen?, SHAO Hui-gui', JIA Zhi'

(1. School of Materials Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. China Building Materials Academy, Beijing 100024, China)

Abstract:In this study,combining the dry-grinding and pressing, Zr, (WO,) (PO,), (ZWP)
was successfully prepared by solid-phase sintering process,using ZrQ, , WO; and NH; H, PO,
as raw materials,and MgCl, » 6H,O as an additive. The phase and morphology of the sample
were characterized by X-ray diffractometer ( XRD) and scanning electron microscopy
(SEM). The results showed that the sintering temperature of ZWP could be effectively re-
duced by adding MgCl, « 6H,O. When the molar ratio of MgCl, « 6H,0 : ZrO, : WO, :

NH;H,PO;is 0.2 : 2 : 1: 2,the uniform grain size ZWP with phase purity was obtained at
1 050 °C. In the range of room temperature to 600 °C ,the average linear expansion coefficient
of ZWP was —31X10 7/°C. The thermal expansion coefficient of the low melting point seal-
ing glass can be reduced from 129.0X10"7/ °C to 75.1X10 "/ °C by using as-prepared ZWP

as a filler,indicating as-prepared ZWP possessed a good negative expansion performance.
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Enhanced energy storage properties of NBT-ST/PVDF composite films

WANG Zhuo, LI Yin-bo, WANG Xiao-ying, FAN Jia-hao,
Y1 Zhi-hui, KONG Meng-lei

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

China)

Abstract: NBT (Na, s Biy; TiO;) powders were synthesized by microwave-hydrothermal

method. Strontium titanate (ST) powders were synthesized by solid state reaction. NBT-ST/

PVDF composite films filled with different NBT contents were prepared by tape casting. The

effects of different NBT contents on breakdown field strength and energy storage density of

the composite films were investigated. The results show that when the NBT content is

0.5% ,the composite has the largest energy storage density,reaching 8.5 J/cm®.

Key words: NBT-ST/PVDF; composite films; dielectric properties; energy storage proper-

ties
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Preparation and properties of silver nanowires based
waterborne conductive ink

CHI Cong-cong, XIA Liang, LU Jin-feng, WANG Zhao,
ZHANG Meng, YUAN Liang, ZHANG Su-feng

(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, Chi-

na)

Abstract;: The aqueous acrylic resin, aqueous acrylic emulsion, the auxiliary agent and deion-
ized water are uniformly mixed in a certain ratio, then the prepared AgNWs/PVP (silver
nanowires/Polyvinylpyrrolidone) composite is added with certain amount of water and etha-
nol, finally a AgNWs/aqueous acrylic conductive ink is obtained after grinding. The effect of
different conditions on the ink performance is explored. The mixture of 15% AgNWs,25% a-
crylic resin and 60% other materials is ground for 15 min and coated on coated paper,then
dried at 150 °C for 30 s,it is found that the square resistance is as low as 0. 176 Q/[ ] and the
coated surface is flat. While the sintering temperature is ranging from 100 ‘C to 150 C,the
conductive coating still has good conductivity after 2 000 times of rubbing, or 40 times of
tearing,or 1 000 times of bending resistance.

Key words: conductive ink; waterborne resin; ink performance
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H ERAERRBEENEBASMZDNHELLRT TR, AL T EHRMACEIL A
(i & /g NaF : KF : CaF, : (NH,),S0, : K,SO, : (NaPO,); : H,O=45:7:0.8:0.8
20.6:0.6:280, BETERNFEZRAFTZHRAN T LLMHANE 3 min, ®E 24 Che
pH=2.5, B A @Ak E N 2 n 2 T &6 KB g, Fidid EDS,AFM f= SEM s
REHBEROHRBETRAE EREAN.EREZDEN T TRIED R DG R @A E L 3
0.08 ym, EHEHBADFE . A DRERI[IERDEP . SHHY . ZHZRHE . ZH
My m R I IR 0 R BB T AT R 2y k.

XEIF R, B, 2R kKoK E

FESES:TQL71 XEkARER: A

Research of preparation technology of glass ultrafine frosting

YIN Hai-rong, WANG Feng-fan, LIU Cun-hai

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

Abstract: The preparation process of glass ultrafine frosting are studied by orthogonal experi-
ment, determining the optimum proportion of frosting solution are NaF : KF : CaF, :

(NH,),S0O, : K,SO, : (NaPO;)s : H,O=45:7:0.8:0.8:0.6: 0.6 : 280,and the opti-
mum process conditions for frosting were selected by single factor experiments as frosting
time 3 min,temperature 24 °C and pH=2. 5. The roughness of frosted glass was measured by
surface roughness tester,the surface morphology of frosted glass was analyzed by EDS, AFM
and SEM. The results show that under the optimum frosting conditions, the surface rough-
ness of frosted glass can reach to 0. 08 pm,and after {rosting, the surface of the frosted glass
is smooth,the fluorosilicate particles in surface is evenly distributed and in moderate size, the
result of frosting is well, which provides an effective process method for the preparation of
ultra-fine frosted glass.

Key words: frosting glass; ultrafine; frosting solution; surface roughness
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Na, SiO; +2H, O<~2NaOH~+H, SiO,

H,SiF; +2NaOH< Na, SiF; +2H, O

CaSiO, +2H, 0 Ca(OH), +H,SiO;

H, SiF; +Ca(OH), <> CaSiF, + H, SiO,

Bt % KN B9 #E4T . Na, SiFs Fl CaSiF, B 2 %
Witk %2, 24 Na, SiF, Fll CaSiF, ()45 fin 2] — & 72
Lot EH NHY Na™ K™ .SO,* B TR
PR R AE A KRR AR T T BRI L R T, T

FRTE D A= 3 3 R T, 1 8 sl ok A 5 T — i
G, 1R YOG IR A I B RO ok ™ i BT L K
SEAC R R AT, XM VR 2 TR T
FEHES AE B¢ I HE 1 L 56 4 DRI I 3 Y RO R b
R R FAT O 3 L SR AL B T TR
2.2 RBEZREFMHGHE

SERPIT  BERG R T WU R, AR TS
an A 45 & O 2UAE RV B AR AR R KO
W T R AT BRRE B AR Y 5260 B 5 L 0 A0
FE PSP AR T AR AR R B B A B TR SR
R B W R 2 NS TN L 7 NI S (1 - -l T
pH (X} SRR 1 5w, 75 31 e A0 19 S0 55 1.
2.2.1 BRI HB 2

2 2 SERD W E 2SIl o 45 R 3R AT M, SR W A
FEBC L M AsBsCDLE F LG, B 45 1 5 2 i
& NaF : KF : CaF, : (NH,),SO, : K,SO, :
(NaPO;); :t H,O=45:7:0.8:0.8:0.6:0.6
: 280.

x2 EUBRETKBER

P
75 1 2 3 4 5 6 7 A

/pm

0.113
0.102
0.098
0.104
0.097
0.095
0.098
0.103
0.093
0.112
0.107
0.101
0.099
0.104
0.111
16 0.095
17 0.092
18 3 3 2 1 2 3 1 0.096
T 0.1055 0.1035 0.1033 0.1022 0.1005 0.1005 0.105 3

T2 0.1017 0.1008 0.0988 0.1027 0.1018 0.101 7 0.098 5

T3 0.096 2 0.0990 0.1012 0.0985 0.1010 0.101 2 0.099 5

R 0.009 3 0.0039 0.0045 0.004 2 0.0013 0.0020 0.0068

2.2.2 e HUSRD I [A] Ol RE

FESCRD i 20 “C Al pH = 3., SRV I 8] 22 1L Y
FAF TN BB HEAT SR AL PR LB 5200 J 2 T A
it B 52 0 i [ £ P, 45 2R 18] 1 B,

PP 1R AT 3 )RR JRE I ) ) 28
N e/ 3G R S SERD IR (] 0 3 min i MRS
Wi B RAK, 0. 092 pem. S0 H7T FLR 02 B T 90 46
SR AN S8 4 DR 0 7 A ML R B B L R B
MR B2 UK 5 BE A 52 00 I TR) A SE 4, 52 R0 i ) T
564, PR 2 TR 5] TR RDRE B A s SR k1]
22 39 T B S T R R 4 5 1 ORI 0 K i
K.

1
2
3
4
5
6
7
8

9
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1
2
3
2
3
1
1
2
3
3
1
2
3
1
15 2
2
3

1
2
3
3
1
2
2
3
1
2
3
1
3
1
2
1
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2.2.3 EARSEENIR BT

TESEHP IS [A] 3 min Al pH =3, S2 A0 1 B2 25 AL 1Y
SN T MBS AT S A AN HE, DL I SR S 3R KL
i B S0 U BE AR 1AL 5 SR K] 2 BOR.

FH ] 2 AT A, B T R R R B L B 1 A8 Ak e oy
SEl/IN T B R, 2 T B R T 24 °C RPRLRS B D
0. 087 pem. G347 S P, PR A i BE ARG IR AS ) T 15 5
(1) &5 i UKL T 18, 3% 395 3% T 19 Sk TR Bk A IR /AR
— DRI RELRE B K5 24 I B 8 B A Al AR R T B R
T B8] — P 4 1 A REL RS R BB A1 5 B 5 30 B8 1Y
Fhis s OB T R /INAS — B it PRI T REL R 5 34 .

0.225F

0.200

0.175f

0.150F

0.125f

0.100f

Surface roughness/pm

0.075¢ . : : . A A :
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Temperature/°C
B2 RERESHA G YR

2.2.4  Fdb pH (AR E

TESEHPIREE 24 “C RIS ET] 3 min, pH {7
AR S5 1T X B S R AT SE DAL B, DU S S AD S R
T HLRE B 6T pH {EAE R, &5 R 3 Fr s, i E 3
A UL B A ORDRS B2 Rl pH i 19 385 m Se 3 K
JE U NG TE pH=2. 5 IRLRS B 4 ik,
0. 080 gm. 43 M7 A, pH<Z0. 5 I, i TR EE & 5
TE 8 R B0t R TR s T A I R R T S TG A
WA TR B SERD AR DR RS B 5 DB B S R i A
BEFEM AR BEE pH EH E T B SR KA
YIS 0 R SR O MR TR R 1w, A RE A B R 4T
() 52 0 R0 o PR T RELRE B2 4 K5 2 pH=2. 5 B )
i BE 3 TP T8 B A SR TR R A R R ST AR 7 B B
FE T HE R DX T A5 B 3 — By MRS BE AR Y S
PE3E ;Y pH>2. 5 B, 3 W R BE 0k /), SUKE OB 18 i

LI INAS B 57 ) Ak R R DA (R RS 2 T v
0.300

0.275 | == rr—
0.250

g 0.225f

~ 0.200f

oo}
g 0.175} -

§° 0.150 .

© 0125} - 5

3 0.100}

o]

£ 0.075F .

P 0.050
0.025 [
0.000

0..0 Ol‘5 ]l.O 115 2.|0 2I.5 30 3j5 4;0 415 5:0
pH
B3 FAE pH LA B 69 %R

25 b A S SR I S P B ] 3 min, S0 R
B 24 °C, pH=2.5 VERBE S ML T 414
2.3 ZFEEBEBY SN

KT T MEWE ISR ERS  7E pH=2. 5,1/
JEN 24 °C L ZERPEE] 3 min B9 & R RIS
WU BC J7 %o B B L AR A AT 58 b Ak 2R, 3B 0 EDS.
AFM.SEM X} 3¢ ¥ 2% 181 3547 I3 43 B 45800 1 358
577 A 5 A HL L,

2.3.1 EDS Z#t

XS RD R T B B B 5L B AT XS 4R RR O o
Broffsgi M RmA TREEE AN IS H
Fo/ %) KRR BEES N O+ Na: Mg : Al : Si=
57.45: 14.59 ¢ 2.98 : 1. 38 + 23. 60, 52 P 55 Ky
O:Na:Mg: Al : Si=56.65 : 14,42 : 2. 80 :
1,47 = 24, 66, %F Eb nl H1 52 8 i J5 3 38 2 1H o 2 Fp
K 5& BB KA.

Bl 4Ca) . (b) 43l S S AP R J5 3% 38 5k - EDS fig
EEL B 4 TR SRR B 3 R 1Y e R 3
AL, 5T R & R A R AR, O/Si LBl R ™
A= WY AR B 3RS R AR S R 7 AR AR 1 B X B B
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B 35 R B0 A TR) A0 AR A - DT = A T B R 63800
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2.3.2 AFM 2p#r

&l 5 Ca) (b 43 531l by 3 38 ik v 3% T 52 W0 i /s 1)
AFM . i1 5Cb) A 0, S b/ F 1k 3 5 ¢ 1 ™
T2 RN — 1Y M B 5 i A 15 3% 55 R A
T, YR aE L B BN & BRSO
23T IR LB M B 5 R 7 A T 5 BRI O A R
IR B Rz H g

(DR AT EE i AFM B

(OFEWIEBEIEEL F AFM &
A5 ZHHAE#HFLR ATM A
2.3.3 SEM Z#r
& 6Ca) . (b) 43l o 3% 58 It | 5 00 i )5 2% 1
SEM K, B 6 () hy Tl £ 5 56 i) 36 B 52 b )5 2% 1

SEM K. thE 6 (b AT LLFE L, 5 Z R HTAH H, S
Je B B R Y T K 1 Sk R B A L (A B
FETE I AN 258, 5 AFM TR B B
SUAE . & 6(b) | (o) HLBJa T %0 R AR Ak ) %
Ji T A5 58 b B 0 % 1 AT B — TR AT

SEM HV: 12.0 kV SEM MAG: 10.0 kx
Det: SE WD: 1287 mm |5 pm
Date(mid/y): 05/08/19

() AT PR HE i SEM

VEGA3 TESCAN|

Performance In nanospace

e,
G - /J - » -~ ¥
SEM HV: 12.0 kV SEM MAG: 10.0 kx

Det: SE
Date(midly): 05/08/119

SEM HV: 12.0 kV SEM MAG: 10.00 kx
Det: SE WD: 13.03mm | 5pm
Date(m/dJy): 05/08/19

Performance In nanospace

(o) il S0 52 A0 J5 B 38 SEM &
B6 FEWMEHBLEN SEMHB
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B HAT B G ) SO IR G i 5 D B
N S R UM e R TR VAR AN AN B4 R (1959
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0.6: 0.6 : 280.

(2) R B HE S WL 7 % B 35 AT S b A P
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(3) R A [R) J5 2 %t 3 355 2% 11 1 47 DU 3K 43 #r
EDS 534 R ST R Be AR 1 Aot R H AR 4
BT ER B A TE AR Ak s AFEM 434 AT 60 52 1 B 3
FIIE B M NS S5 48 L R T 3 Y B 2O R B
SEM 43 B W] ISP 5 B 55 R T4, 18— 4r

&%k

[1] W AR BT AR s A7 & R IR S a5t ).
FHEHETE . 2018(15) 1289,

[2] Meng Huiling. Li Xiasi. Selection and arrangement struc-
ture of the point support glass screen wall[J]. Applied
Mechanics and Materials,2013,2 156(515) :888-891.

[3] Pundlik Shrinivas, Yi Huaqi, Liu Rui, et al. Magnifying
smartphone screen using google glass for low-vision users
[J]. IEEE Transactions on Neural Systems and Rehabili-
tation Engineering: A Publication of the IEEE Engineer-
ing in Medicine and Biology Society,2017,25(5):52-61.

[4] J. David Rathnaraj,S. Sathish. Investigations on LM6 met-
al matrix composite with borosilicate glass reinforcement
for aerospace applications[ J]. IOP Conference Series: Ma-
terials Science and Engineering,2017,247(1) :1-5.

[5] Sun Yuancheng, Song Xuefu, Du Xiurong, et al. Influence
of ionizing gas flow on structural homogeneity of type IV
silica glass[ ] ]. Key Engineering Materials, 2017, 4 348
(1452):409-413.

L6 Ak 5,y 22 W, 5588 T 0K s i T i A0 30 36 10 T ¢ AR
(10, MHRHF4R . 2004, 18(3) : 44-46.

[7] Lin Sushi. Microstructure and optical properties of AlOx
thin films grown on ZnO-deposited glass[]J]. Journal of
Materials Research,2013,18(8):1 943-1 949.

(81 4 T, 5K W 5%, 3 0 8 3ok 2 50 S 3% X O 14 5% i IR 38 43 A7
[JJ. B8 T #2244 ,2017.28(3) :51-56.

Lo ‘Bhs BH. Bl 55 35 5k 09 5635 e MBI F 5 [T ). KFHEL, 2016
(30):321.

[10] Someswar Datta, Sumana Das. A new high temperature
resistant glass-ceramic coating for gas turbine engine
components[ ] ]. Bullein of Materials Science, 2005, 28
(7):689-696.

(11] ERME. W B AL S0 (—[J]. W 5HE,
1999(1) .55,

(12] ERM. M B AL EW O] W5,
1999(2) :59.

[13] ERi, My BE 03 O] #HB 5%,
1999(3) :63.

[14] Park Sangkwon,Kim Hye Sun. Fabrication of silica nano-
particle double layers on glass substrate and their antire-
flective properties[ ] ]. Science of Advanced Materials,
2016,8(1):69-74.

[157] Buskens Pascal, Burghoorn Marieke, Mourad, et al. An-
tireflective coatings for glass and transparent polymers
[JJ. Langmuir: The ACS Journal of Surfaces and
Colloids,2016,32(27) .6 781-6 793.

[16] Yan Yuan, Yang Chen, Hong Renjie, et al. Preparation,
durability and thermo stability of hydrophobic antireflec-
tive coatings for solar glass covers[]J]. Solar Energy,
2015,118.:222-231.

[17] Olga Sidelnikova, Aleksej Salanov. Surface structure of
glass surfaces treated with the new frosting paste[ ] ].
European Journal of Glass Science and Technology, Part
A:Glass Technology,2008,49(4) :179-182.

C18] #hifh 2=, # SCEY, B MR, TS b e s [T ] B8,
2014,41(12):46-51.

(191 F . sl BRI, 1 77,2010(23) 2 90.
(200 % Mg, SEWIVR , AL Ak, 45, kT 1A 08 1 38 1 L3 A=
RATHBEFELT]. B J1 2540, 2012, 33(1) : 17-25.

[21] Huang Yingyin, Marino Menozzi. Effects of discomfort
glare on performance in attending peripheral visual infor-
mation in displays[ ] ]. Displays: Technology and Appli-
cations,2014,35(5) :240-246.

[22] George Barbastathis. New surface treatment to produce
anti-glare water and dustrepellent glass[J]. Advanced

Coatings & Surface Technology,2012,25(6):11.

[REHBE B £]



ERVEE SR
2019 4F 12 A

ReaBBEIE SR Vol. 37 No. 6

Journal of Shaanxi University of Science & Technology Dec. 2019

*

X EHS:2096-398X(2019)06-0137-05

BliHRRE 7z B HEREHRNFELRHR

AT, HEHL, agl, s Bl

L BRVERLE K 2% HLm TRE2AGe, BRVY V%6 710021 2. WL LM AR¥ W TRLZHEEFELALRE,
Bevg PE4 710049)

W OB ABEETAAD ) ML EHARRIETFTRAOEZRS, AL ZAFREETAA
BERATH L AEM $25 mm HELEXKkABIXEEARRE LF , ZAARFAARBERAKREZR

EPADN . REAR EN AAABE TRAEMNFALAEZSLADF LG RpLH .5
AR BHBRREAZT NIRRT HEINRILETAKAAMERERRITTHARL, FBERTT

BHRZEEP ZAFREAHNRTEAETEEL

KPR AWGETARAR; ZREA,; AHFH; hE2ER

FESES :TKI24 MEKFRERD: A

Experimental study on flow characteristics of supercritical fluid
Z-parallel tube sets

ZHAO Yu'?, HU Xiao-wei', LIU Hong-yang', LIU Yun-yun', BI Qin-cheng®

(1. College of Mechanical and Electrical Engineering, Shaanxi University of Science &. Technology, Xi'an
710021, China; 2. National Key Laboratory of Multiphase Flow in Power Engineering, Xi'an Jiaotong Univer-
sity, Xi'an 710049, China)

Abstract ; Parallel pipe sets are important components commonly used in power,chemical, pe-
troleum and energy engineering. In this paper,Z-parallel pipe sets are taken as research ob-
jects,and conventional $25mm round pipes and six internal threaded pipes are used as model
branch pipes to systematically study supercritical fluids. When flowing in a Z-tube, the influ-
ence mechanism of complex flow factors such as mass flow rate, pressure, heat load devia-
tion,and tubular structure on its flow characteristics, especially the use of high-temperature
mass flowmeter for self-compensation of branch fluid caused by thermal load deviation re-
search and experimental results are of great significance for the design of Z-parallel tube sets
in heat transfer equipment.

Key words: supercritical fluid; Z-parallel tube sets; flow characteristic; deviation experiment
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Numerical simulation and structural optimization of

radiator for transformer

ZHANG Yong', MA Yu-long'?, WANG Yong-qing’, ZHU Chao?,
XU Tian-guang'?, FU Jin-zhu®

(1. College of Mechanical and Electrical Engineering, Shaanxi University of Science & Technology, Xi'an
710021, China; 2. Electric Power Research Institute, State Grid Shaanxi Electric Power Company, Xi'an

710100, China)

Abstract: CFD was used for the numerical simulation of the temperature field of the radiator
for transformer. Under the principle of single variable,the number of radiator plates,channel
oil distribution,shoulder angle and other structures were changed. Through the simulation of
temperature field, the simulation results of different structures are compared with those of
the original structure. It is shown that the total heat loss of the radiator increases with the in-
crease of the number of plates,but the increase gradually weakens. Second,change the chan-
nel of oil distribution to a certain extent,the total heat release are increasing,but the middle
on both sides of the narrow structure has better heat dissipation capacity,and the shoulder
angle can increase the total heat dissipation in the range of 0 ° ~10 °. The structure of the ra-

diator is optimized and the internal temperature field of the radiator is studied.
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Adaptive noise cancellation algorithm optimization
and FPGA implementation

WANG Zhi-duo', MA Ling-kun®, ZHANG Jun-tao’

(1. School of Electrical and Control Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. School of Electrical Information and Artificial Intelligence, Shaanxi University of Science & Technol-

ogys Xi'an 710021, China)

Abstract: To deal with the problem of resource occupation and computing speed of adaptive
noise cancellation algorithm on FPGA,signum-LLMS algorithm that can reduce the computa-
tion complexity is proposed after analyzing its advantages over the traditional LMS algo-
rithm,and then an adaptive noise canceller based on state machine and signum-LMS algo-
rithm is designed. First, the audio codec chip WM8731 is used to sample the speech signal
with noise and noise signal,and then the canceller based on FPGA runs the signum-LMS al-
gorithm to reduce the noise signal,finally, the audio codec output the clean speech signal. Ex-
perimental results show that the noise canceller can reduce the noise quickly and effectively.

Key words: signum-LMS algorithm; FPGA; adaptive noise cancellation
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A QR code encryption technique combining optimized
AES and RSA algorithms

LIU Hai-feng', LIU Yang®, LIANG Xing-liang'

(1. School of Arts and Sciences, Shaanxi University of Science & Technology, Xi'an 710021, China; 2. School

of Electronic Information and Artificial Intelligence, Xi'an 710021, China)

Abstract ; According to the present situation of the two-dimensional code’s information securi-
ty,a two-dimensional code encryption algorithm based on the improved AES and RSA algo-
rithm is proposed in this paper. The algorithm encrypts before QR code encoding, which
means it encrypts the plaintext information, using the improved AES symmetrical encryption
algorithm to encrypt the plaintext information, then using the RSA asymmetric encryption
algorithm to encrypts the improved AES algorithm's parameters to generate the parameter
ciphertext. Finally, the information ciphertext and the parameter ciphertext are spliced to
generate two-dimensional code and transmit it in the network channel. This algorithm is
characterized by the improvement of the key expansion and column obfuscation transforma-
tion of AES algorithm,and optimized of the RSA decryption algorithm with the Chinese re-
mainder theorem,which reduces the running time of the algorithm and improves the algo-

rithm's security. This algorithm is efficient and easy to implement,combined with the advan-

x WrFs B #3:2019-07-09
EETR P A RHEIT A KRB RS RI H (2017]Q1026) 5 BEPE 4 2 & T L WA BRI H (17JK0102)
PEZ B XU (1964 —) B Y R B, Bl o2 L A0 A S0, B 9 O 180 3 ML I 2% 5 1 B & ARG 15 5 % 1 2



< 154 - ReHAALESB

%37 &

tages of the two algorithms,it can effectively manage the key and protect the security of the

information. It has certain generalization and practical value.

Key words:improving AES; RSA optimization; bivariate code encryption algorithm
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R AL B A F A B AR TR 2 3547, BF MFSIQ(Multi-Feature Similarity based Im-
age Quality), ARIETR B AL X g BRE AR SN EZANEZAKBE L BPRBEF A5 £
RO LB FE AR FAE L RHFEAFT R LR, FB4E R KW, MEFSIQ & et T & A £ 57 F
K kb K HE ik PSNR, & £ T 00 h8 £ AN BT 3 4ot o 5 # 5L ik SSIM.

KR BRI AR AL AR DL

RESES TP751. 1 MEFRER: A

Reduced-reference image quality assessment based on
multi-feature similarity fusion

CUI L1

(School of Electronics and Information, Northwest Polytechnic University, Xi'an 710072, China)

Abstract:In this paper,an image similarity metric based on multi-feature similarity fusion is
proposed for reduced-reference image quality assessment (IQA). After estimating the visual
similarity between reference and test images in multiple feature domains (grid color mo-
ment,Gabor wavelet texture, LBP and GIST) and using different comparison strategies, the
feature pooling module combines the resulting feature similarity measures into an image
quality indicator,namely the Multi-Feature Similarity based Image Quality index (MFSIQ).
To validate the performance of MFSIQ, it is evaluated on three popular image databases
(LIVE,IVC and MICT) ,against existing IQA algorithms of both reduced-reference and full-
reference. The experiments demonstrate that the performance of MFSIQ is better than two
reduced-reference IQA algorithms and full reference PSNR, and even comparable with the
well-known full reference SSIM.

Key words:image quality assessment; feature; visual similarity
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SN (G ED L BRI 5 22 DL B R (skew-
ness) P57 7 AR B 28, X BERFAE Bl o B2 RS — A K
FER 3UV W8l (U, V 4352 /N o fife ) ROEE A
FEO. AERAAR G (DO HE GWT HRAE 5 A
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SGWT:ﬁZl;lt(j) (3)

K H e GHER GWT FRAF 22 0] () 4158
AL 5 [ [ 403 GWT RAF A 28 .
2p(Dq()
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KD HF: pGOF gD 3 HIMRER S At il K
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LBP FFAE-"" & — i ELAT 5 B R A8 M 1 R B
PR AR 3R 7 . R UG A 3X3 4R, 439 LY
BB EMERBITGR R, AR ABI R R 52
HR T HEMRER X SAPARIC A 17 EH N 07,
W X RS 40k UL T AT AR TR R kT LA 8
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B LBP FRE i oy F1 I [ AR Rk it
(18 A BRI SR A4 1.
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SrCoQ; BB F &) GEMER A S1=£
HRNE—EREBIHE

(BEVERFE R SCHE2=BE, BEVE PB4 710021)

W ERAAATEAZRERGE —WREFAZTEMTT SrCo0, Lotk F 44 5%
PEVA R BBk BN 8 B F ik An k) PR, B b 4k T 248 SrCoO, #9 &b 4% 4, 7%
BWERABRRBREE TR T IR T EAR. SR TEMPETFIZTEN >N AR T Sr-
CoOy 98k BEE IR EREAM Co RF P 3d R FAT PR AL, Bid FF &KX RO,
Z AR T SrCoO; L HFMTHRAL AW HF LML, A TR RRABERER T SrCoO,
IHFMRAFER KA LB BABEARFTHAAME .4 HT 0~12 GPa f2 0~700 K
EERANLBRTH AR AEN T, F LR TRARRAEEEN AT ELE R,
KW SrCoO,; #l; A1 RAFWR; F—HREHH

FESES:0469 MHERARERD: A

First-principles calculation of electronic, elastic, phonon and
thermal properties of SrCoO;

LI Wen-tao

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

Abstract; The structural, electronic,elastic, phonon and thermal properties of the cubic phase
SrCoQ; were investigated by first-principles calculation based on density functional theory.
The ground state quantities such as lattice parameter,bulk and shear modulus,and the elastic
constants have been given by theoretical calculations. The results of electronic band structure
and densities of states indicated that SrCoO; was a ferromagnetic metallic perovskite and
possessed an intermediate spin state. The phonon dispersion spectrum results revealed that
the cubic phase of SrCoO; was dynamically unstable at low temperature. Two Debye models
based on quasiharmonic approximation were used to obtain the thermodynamic properties of
SrCoO; in the range of 0~12 GPa and 0~700 K.

Key words: SrCoQs ; elastic properties; phonon; thermal properties; first-principles calcula-

tion
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Study of three iterative finite element method on the stability
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Abstract: Based on the lowest order nonconforming finite element pairing P,NC — P, , the
Navier-Stokes equations of steady incompressible flow are solved by three different iteration
methods: simple-iteration, Oseen-iteration and Newton-iteration. The stability of three itera-
tive methods is discussed theoretically. The convergence speed,convergence rate and viscosity
are compared from the perspective of numerical value. Numerical experiments demonstrate
that the three iterative methods have the convergence of the optimization order. With large
viscosity, Newton-iteration has the fastest convergence speed. When viscosity is small, the
Navier-Stokes problem can only be solved through Oseen-iteration scheme.
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