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i E.AFRANGES EZFAH 2R, B L TEMPO &A% K 45 4 % (TOCNs) # 7]
AN KK EJRA R R AR ik A A B e kB & TOCNs-Z % = 4k & 8 &+ 4,
FARF T TOCNs Hm BN F L FH R AL SMAEM BN BEAR T FREGY m. AR
A8, TOCNs Tl id SR BT AT LS ZHF MO RGLESER . ZFZRY THHE T
LM MRS RAL oMM N FRELMAE. % TOCNs FmEH 20 wt. % B, 405K
FAoMMARIKEBEBE AT L FRENEINZTR AT RAMASAEEKT 82%.79%.
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Study on TEMPO oxidized nanocellulose reinforced aramid-mica
paper-based composite papers and its properties

BAO Jing-jing, XIE Fan, DANG Wan-bin, SI Lian-meng,
YANG Kai-lun, JIA Feng-feng, LU Zhao-qing

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

Abstract: TOCNs reinforced aramid-mica papers were fabricated by vacuum assisted filtration
approach with aramid fibrid and mica as the main materials and TEMPO oxidized nanocellu-
lose (TOCNs) as reinforced material. The structure mechanism, mechanical performance,
breakdown strength of the TOCNs reinforced aramid-mica papers with different contents of
TOCNs were analyzed and compared. The results showed that,the addition of TOCNs could
not only effectively strengthen the interfacial bond between aramid fiber and mica, but also
could significantly reduce the structural defects in the papers. When the content of TOCNs
was 20 wt. % ,the tensile strength and the average breakdown strength of the TOCNs rein-
forced aramid-mica papers achieved 82% and 72% enhancement from the pristine paper, re-
spectively.
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Lignin-silica composite fabrication from bamboo black
liquor via carbonization method

XU Yong-jian, LIU Yan, LEI Feng, DUAN Ye-rong, LI Wei

(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; Extracting lignin from black liquor is a decent method to remove the silica simulta-
neously. Meanwhile, this is significant to reduce the silicon interference in chemical recovery
system and make lignin to be utilized more efficiently. In this study, carbonization method
was used to extract lignin from bamboo black liquor and the lignin-silica composite was fabri-
cated. The factors including pH value,reaction temperature and time were tested to evaluate
the yield of lignin-silica composite. Additionally,the morphology of the composite was stud-
ied. The results showed that the optimum yield of lignin-silica composite was 19. 07 % when
the pH value was 7,the reaction temperature was 60 “C and the holding time was 0.5 h.

Key words: bamboo black liquor; carbonization; lignin-silica; composite
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Preparation of ionic liquid functionalized microcrystalline cellulose
and its application of adsorption properties of copper ion

YANG Miao-xiu, LIU Zi-di, XU-Liang, ZHANG Su-feng” ,
QIAN Li-wei, CHEN Hao-nan

(Shaanxi Province Key Laboratory of Papermaking Technology and Specialty Paper. Key Laboratory of Auxil-
iary Chemistry & Technology for Chemical Industry, Ministry of Education, National Demonstration Center
for Experimental Light Chemistry Engineering Education, Shaanxi University of Science & Technology, Xi'an
710021, China)

Abstract: Due to the deep influence to human living environment caused by wastewater con-
taining heavy metals,in this work,a bioadsorbent based on cellulose was prepared by using
imidazolium ionic liquid modification via esterification and alkylation reaction. The experi-
mental results showed that the functionalized microcrystalline cellulose has good adsorption
properties selectively to copper ion. When the pH value is 4, the dosage of adsorbent is 0. 05 g
and the contact time is 24 h,the maximum adsorption capacity of 138. 3 mg/g for copper ion
with initial concentration of 900 mg/L can be achieved. In addition, the selective adsorption
experiments confirmed that the ionic liquid functionalized microcrystalline cellulose achieved
a surprised selective adsorption capacity towards copper ion.

Key words:ionic liquid; microcrystalline cellulose; copper ion
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Effect of UV irradiation on the hierarchical structure of

collagen fibers modified by Laponite clay nanoparticles

SHI Jia-bo', CUI Yu', LIU Qiang®, ZHANG Yang’,
YANG Na', MA Jian-zhong'

(1. College of Bioresources Chemical and Materials Engineering, National Demonstration Center for Experi-
mental Light Chemistry Engineering Education, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Sichuan Dehua Leather Co. ,Ltd. , Jiangyou 621707, China; 3. Jingzhou Preservation Center of Cul-
ture Relics, Jingzhou 434020, China)

Abstract; In this work,conversions of hierarchical structure of collagen fibers modified by La-
ponite clay nanoparticles including molecular structure,aggregate structure and morphologi-
cal structure under UV irradiation are investigated using multiple analysis approaches. UV-
vis diffuse reflectance spectroscopy (UV-vis DRS) ,attenuated total reflectance-Fourier trans-

form infrared (ATR-FTIR) spectroscopy and wide angle X-Ray diffraction (WAXD) results
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show that disruptions of hydrogen bonds between collagen molecules and amino groups of

polypeptide chains in collagen molecules occur under UV irradiation leading to destructions

of trip-helical conformation of collagen molecules; whereas, under the same irradiation, the

modification of Laponite can mitigate photo degradation of the collagen molecules without

destroying their polypeptide chains and trip-helical conformation. Further atomic force mi-

croscopy (AFM) and scanning electron microscopy (SEM) observations reveal that D-peri-

odic structure of fibrils and fiber networks are destroyed under the irradiation, but the colla-

gen fibers modified with Laponite maintain their natural D-periodic structure without obvious

changes of fiber networks. These findings can provide theoretical basis for further under-

standing the effect of modification of Laponite on the anti-UV property of collagen fibers.

Key words: collagen fibers; Laponite clay nanoparticles; hierarchical structure; anti-UV

property
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Preparation and properties of carboxylation modified
hydrolyzed collagen chromium oxide promoter

CHEN Bo, ZHANG Hui" , QIANG Xi-huai, HOU Xu-tao,
YU Li-dong, WANG Xin-ke

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

Abstract:In this paper, the protein powder extracted from the waste skin collagen was used
to hydrolyze and control the three hydrolysis proteins with different hydrolysis time of 2 h,
4 h and 6 h respectively,and then carboxylated with glyoxylic acid to prepare three kinds of
chrome tanning aids, which were named PGA-1,PGA-2 and PGA-3 respectively. The applica-
tion was studied,and the structure was characterized by SEM and ICP-OES. The shrinkage
temperature of the wet blue skin and the content of chromium in the waste liquid were deter-
mined. The results showed that when add the mass fraction of 20% PGA-2,the blue leather
shrinkage temperature is 119. 9 °C ,SEM showed collagen fiber dispersed evenly. When 4. 5%

chromium powder is applied,the shrinkage temperature is only 1.4 C lower than the addi-

* WFR HH:2019-05-12
EEWMAB BEER T =0 HE AW E (2017YFB0308500) 5 BTG R K 2= RBHIFA1HT A1 BA 3T X135 B (TD12-04) 5 B 7GR K 2= B
FAEAH S 4T H
TEEBT MR 11993 —), 5, vtk & LA -1 R 58 A L BF 52 5 1)« o W A 3% 2 Bl )
BIEE Tk #1976, 5, BETE R =B, B AR S0 L 5T 1 - R A T BRI qyzhui2001@163. com



. 28 o RaPAREEFR

%37 &

tion of 6. 0% chromium powder,but the chromium ion content in the wastewater is reduced

by 35% ,and the collagen fibers are evenly dispersed,and the Cr, O; content in the blue skin

is also similar. Reduce the amount of chromium powder,which is conducive to clean produc-

tion.

Key words: waste leather collagen; carboxylation modification; clean production
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A 2l A B AR R ) DG A BB L H A A
T2 W 1 A B L AF AT G % R T I
AN LA, A7 HB 4348 B A BN BR B AE K
TE AR Cr' 5 5 32 31 F 55 0 1 52 i 9 481k
A BIEEME T Cr' . %F AR R R a3 . h
T D BT RS T PR B RS Y, R T A A AR
S — Pt 2 S LR RT A R R A QR A R A L HL R
TSR AP RE BT T & ok BRI G 1E 5 5%
R AH W 2 . 0 ) 8] P 3 TG 7 3R 3] — T DURR (4% R
YRR ).

/D K K R BR B AR AN IR AR R T &
— PP BRI, AT DA i 5 B OO BT [N Ah
R Z il g T AR AR TT & th Z R BB 7). B
SEUUR) I A MR AE R FOR, RS R AR A
AT SYY BERR Y Bh R 5. 4o B A oE 2 I L 247
W pH M 6.040.5 B IMA K EHr 82019 SYY,
5% 4Ky 52 90 min 5, W B2 W46 1R 35 96
C L IR K B % BT R T AR kR AR R
FHRT B A JE 25 1 5 201G 2% 1 135 4 500 09 0 1R R
SRRk B B T 22 0R B R A R B ) 6 L AT
FAWESE iR  25 R AR S R a5 0 & 77 R
AN TR Bl RO, M R S 9 R EE R L R
1= 390F B /A W BN R ACR e W 1, TR AR 5
PSR EL A5 oh 19 = 1 B B R i B8 in 1 48 4 2. i
B WA T B e TR GRS . IR R B R AR AT
DA FRE B B R A AEL SR T B ) AR v AR U AR
il e

JE 75 R I TR AE ] R TR SRR 5
Ji JE A AT BT LA F 2 A7l 3 B K
FEY) N-BE AT A9 L o] DL A — i 3 1 3 1 5.
(7] Bsf %o K40 2 1 B B T A o 22 8 R0 L /N o
T P I IR R 1 R ok AR IR R S IR Al ] DL HL A
HERE 1. BB wT LAAE S it i 008 o G S i &)
T AR, AT DL g 4K K Y K P RN Sk

A SR FH A7 468 TR 7K V5 WK 2 1 7K i A [
PR 2 K5 TR 2T R 43 i) Lk AT ek
MG 5] — R 5 4R B 7). A R R e 55 L HE K
fif B R S i AN BEIR R R R A5 A
XoF 4 B Bl 3R 2R A7 O AR5 o L AC 408 ek RO o VR

i}

HHR B B T RO AR B L B E B R B R S
B JF RSB K S s P BE R AT A I L 56 Uk % R
B 5] 4 I AR AR O L A ST O 14 4 B ) i T R
Fr BT O 1B 5 B T A B AR 3 T — T /9
AR AT 2L K e A B R, A58 B L
S

1 Loy

1.1 ZZ2ZHEMALNE
111 SEsemtr

M R B A BR 2 7D s MR (AR) , K
B AR K 20 A0 T 5 B R B 43 8 40 %0)
A (AR F BT R T AR AL B F By A R 2
A 4R B T b AR B Sl 4 A BR A B H
PN 5% oy BT R I A B A .
1.1.2  SERAUER

GSD400-4 7 5 $hAJF PR AN 86 X 0T be S 46 77 %
T8 B R B MR PR A s MSW-YD4 07 50 %
B T R ) A, B VG B 4 R 2 BH O L 5T
B s Waters 8K @ 3% GPC(Waters 2695 GPC) ,
Waters 2~ 7] ; ICPCHE BT & 5 8 F & 561, £
E THEM A F;E#E4E . 585 TESCAN.
1.2 B30 H e H &

L.2.1 JKffE A S &

Bt i 50 g 7468 B K V5 W (0 2 40 B0 4 V60 ™ L R
B 25 g BN 500 mL PO FBS i, I8 e
IR 50 g FrgE B /KO A DY LUBE R L 78 55 °C
TarBI N 2 ho4 h.6 h #l4F SJDB-1,S]DB-2,
SJDB-3.

1.2.2 K8 11 3% 3 Bl R0 1 1 &

R 20 g SJDB-1,S]DB-2, SJDB-3 Jil A 1M
PG B 20 g O & 40 41 40 Y0) 1 & T8 1R 7K
W 200 mL JK Fi B JF Hl NaOH (it £ 51 %k
309 T pH A 6. 5, 2R J5 il ik i v U <1 22 42
AHN Y B A, 7E 40 °C R R 6 h, 113 PGA-
1.PGA-2.PGA-3",

1.3 4387 69 5 R

VISR TR K R R, X LB R 2.5 5 B K
B AE R G SR T
1.3.1 Milg
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Wi T R T itk A AR I D 1 % R DO ) ) A A B © 29 -

iz BT A G0 FR B 9K He L RIS fin A G st s
I Ry 2 BE A 8 Y6 iy &k /K L B IE 710, 5% .
BB 0.5% FEH IR N 5h 30 min, HEWR.

1.3.2 HiEm

H5 K B I T AN B g 43 i AR LE R
L HREE A 896 1 £ £k 7K o Y 2 7K % W (2t 43 8K
L0Y0) - mA F pH T 2 2.5 245,

1.3.3 #%#%

IIA 6% Bk, sl 2 h J5. Ll 4l A
PGA,Zk2: %530 1.5 h. X IR PGA , 4k 22 5l
1.5 h.

1.3.4

FH/NTRAT 7K ¥ W (I3 4 43 500 10 96 43 O A K
pH VAT 2 4.0 £ 4. 4k2ehk 1 h 5 #b 1 f5K . 5%
3 30 min, THEF] 40 °C .53 2 h, =& 8, Ik H
R BB TR W A R B RS R
1.4 WXL & 4E
1.4.1 KM A GPC it

FIH GPC WA [ [ i B 18] 26 1 09 2+ 5T
X H 2 R AT 4T
Lo4. 2 K 2R % 3 Bl R0 1 1 1

W5 — K 2 2 T A LR KRR EIBUREN 4 S
Jg1.2.3 4. G 1 proR. Hodr 1 5 B R s B B
FI L2 5 B A& BB 20 0 PGA-1,3 5 B2 A
20%PGA-2.,4 S hn A 20 % PGA-3. # M & 45 1.3
BT ey i T2 00 47 8 0. LA W 4 38 B RN O % TR
Cr, Oy 1Y 5 A P8 bR B AR B B 7 PGA-2.

1 'l

Bl AERHFTEA
1.4.3 RNFEHE PGA-2 B H]

A 2, 2 BRED 1 HBORE. v 15 Je A T 2 B
U2 SR A 10 %/ PGA-2.3 5 A 20%
) PGA-2,4 5 I 30 %01 PGA-2. #Z BUEETT 1.
3T L T AT B L LA 6 IR R R R A R
Cr, O, & 1= o0 48 b 16 BUIR A 5% 4 B 700 FH i ok
20 %1,

14,4 AT 58 B9 v

) B e BRI 1 HRORE, O H g gk e B A
20% 1 PGA-2,1 S [ A 6 YKy .2 5 Fim A
A5V REEK .3 S 3% B K. 4 5 KA
1.5 Y0 4% K3 o LASCAR TR S AR 565 W h Cr. Oy 1 &
R ZR A BUAS Ay 48 A 18 ISR P % by FH o
1.4.5 /KA 81 & i i

I FH S TR 4 2 YR e 1) 24 SO T e 3, O PR
i uE AR L Uk B 10 mL it U8 S A . AL ICP-
OES %€ B b Cr* i & &, 4 5L Cr, O, 1

P

1.4.6 ¥ Cr, Oy &0 A6 i 2

RS % U0 BILKs e 8 A AT 4 B =98 4
A3 0 R T 2R L e E] 2 A R BRE TR A
S PR N4 B B A 1DIS AL R 5 FH BT AL ok 08 25 45 37
fift Wit B S B 10 mL B0 H L R ICP-OES
WA cr 95 i IF B AL Cr, Oy F it
1.4.7 SEM iz

it B 23 V8 VR TR DL B e R R T4 AR
Jo B e S U B, [ e 7R A A B A S AL
T R B R MM 4. RN B s B Al A
.
1.4.8 Wy B E g Il

¥R GB/T 2710-2005 Fl GB/T 2711-2005
B 5 3% o W B o 40 40 R PO B I S
Lo,
14,9 LRI

MR R KB CODer ,BOD; | SS %5 5 &

2 #FRE5ITiE

2.1 KEEE GPC 5

ANEKfEE L GPC M5 R an 3k 1 s, A
1 AT LUE bl 7K i B ) B4 SE K L K i A B
I 53 F T RUEC 43 AL 38 T AL X SR
I A B 4% 3 B 390 43 Jo St AS A ).

*x1 KBEB GPCHMH

KA A Mn Mw MP Mz EZniigis
SJDB-1 2034 3681 2284 6875 1.809 817
SJDB-2 1580 2975 1682 5136  1.883012
SJDB-3 976 1025 1058 3158  1.050 212

2.2 KRIBHEGEFEBNF 6B AR 5

Ko AN ) 4% B2 B 90 08 45 7 FHAE 5% 5 DA WG 4 18 8 R
JRIK TR B T oM Fe bR, 108 B AR A R B L R IR
F 2R, NFE 2T LA, SMA 20% 8 PGA-2



. 30 - BoHAKEER

%37 &

B K % B 1 B 3110 1 me/ L, W4 i
&N 119.9 °C i T H At 5 5% B 7). 30 BB 1 4% 1R
B PGA-22H,

®2 KBEOREHFABEIR

WEIF AR EKPRET WHRE
#R B /% i/ (mg/L) /C
1% 55 46 ¥R 0 965.5 108. 0
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8
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B3 FR&ZEHAENLETP
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T A R i R b B A8 R AN A o DT 5 W)
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(6% 5K (b)10% PGA-2.6 %K (0)20% PGA-2.6% %
B (D30% PGA-2.6 %%k
H4 RFEJAZPGA-2 SEM Ik R4 %5 #% B

K5 bR A E 8 PGA-2 J5 18 i
Cr,Oy S E. W 5 FTLLE L iInA 20%
PGA-2 ZJ5 » e IR AT 4 vh 25 & s i e &2 |
HEJZE CrO, M T HRAEEDN, XRIATEZ
B BB B 0 T B2 I ST 2 N30 A B I R 47 4
W5 2 &5 &, m Him A PGA-2 Z J5 ¥ &
Cr, O, F5 i 40 A 249 5 1 AR I 3 Bh 3510 A% 5 0 0 . 31X
F WA AR 8 Bh ) 2 S5 AT LAHE B R B W i, DA T
FEARE K P R & X 58 3 PRI #% 3
T w0 2 R — L

A i)z BR A
TR N CTHE

8 5% TCr,0, 4 /0 7/ %

%i E& %: E% % =

10 PA—Z 20% PGA-2 30% PGA-2

[t

BS5 REJAEPGA-2 %4 E¥ETF Cr,0,

o

2.4 20% PGA-2 T RRE 4 A EXRHH

R4 AN TR B 1 0 B RV RE IR 3 M. FE
F AT LA L S8 N 4.5 %3 I #) 6.
O Il ML ARIRIE EFFT 1.3 CBEERPHEET
TN T 3590 .13, 0 Y6 B Ry W4 TR B AH 25 48
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x4 TAEMBEEHERYERE

A RN BATHAT WA

ol /% HER/(mg/l) /T
PGA-2 6.0 342.1 116.7
PGA-2 4.5 252.7 115.3
PGA-2 3.0 160. 8 107.9
PGA-2 1.5 96. 1 93.1
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& 6 AN [\ 56 B F B 9 i i 2F 4t 43 i SEM
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DA i B2 45 14 4 BE AL IR BE .
RS5 ARABEHFMEBENMIERESS T

BB WRRRRE ROORSREE R AR R

5 1 ) 7

/% /(N/mm) /(N/mm2) /% /mm /(N/mm)
e 455 5% R 6 59 11 56 298 6.4
PGA-1 6 72 12 64 342 7.8
PGA-2 6 84 15 72 374 8.6
PGA-3 6 78 13 67 357 7.9

2.6 AR H

% 6 Ml E &K K H CODe, \BOD; . SS %5l
# 6 nTLIAE th . CODe, fi = 1 W AE G888 M m A
B B ) 2 5 K TR ) COD, & 1 34 4 BT B e
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Fz 6 INRMERES
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[EER73 1 0 1781.45  653.14 0.37 785

PGA-1 15 1126.94  556.85 0.49 529

PGA-2 15 617.32  328.67 0.53 324

PGA-3 15 998.42  512.73 0.51 516
3 it
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BNk R B &L B~ BRI

G, BIAgEET, X R, HEH

(BRPERME % SR 5 LR BE, B W4 710021

W OB RAAEETEBRE S TR IR AT BRI By 2 B AR, TR G AR A e Rk
FRRTT AR Fe’ #93%mE(0,1,5.10,20 g/L) xR B K B = 8245 M 69 % . £ 3K COD 3k
JEH 4 000 mg/L, K42 G et A 48 h #9347 &4 T ,#4m Fe' A A T COD 8 & hf= VFA
Bk, % Fe” #mE A 10 g/L B ,COD £ & VFA Z 28 m3) % X, £ COD Xk F it
TP E 4.82%  VFA FZ x40 3 179 mg/L. % Fe' #An ¥ 4k 438 hm 4 20 g/L #F,COD
(R fe VFA ZEHHBR D AKX T REA VFAHW I U, A LB ARE, S F' ¥
BT RHIERAT, LB L BREIE R, AR b LR BTR D, S Fe® & mE A 20 g/L B,
L B K, A3 35, 9%, A B 8. 1% MR & Yk D, ik B 45, 490, rboat AR
7.2%. RBK B BRAFTHAARA S 254 H, 2 CO,. £3 4 Fe” 2% F,H, & b4 41K
TR, st ey CO, G4 FH TMBa, X AT RA > CiRids, RE#K CODKRE. HF
B EAMAZER MRERN TREFTRAERRETRALLARFENL, AKBRBRLG T 2
BRFRAET R ARG kA2

KEERE RN REAH,; B BAKRKR

RESES:X703.1 XHERARERG: A

Effect of Fe’ on acid production characteristics

of anaerobic fermentation

GUO Chang-zi. QIANG Ya-jie, WU-Yi, MA Hong-rui

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

710021, China)

Abstract: Acid producted by Anaerobic fermentation is the premise of methanogenesis,so the
efficiency of the entire anaerobic digestion can be improved by optimizes the treatment effect
of the acid-producing stage. The effect of different Fe” dosages (0,1,5,10,20 g/L.) on the ac-
idogenic characteristics of anaerobic fermentation was studied in this work. The results indi-
cated in this situation which operating conditions of influent chemical oxygen demand (COD)
concentration of 4000 mg/L. and hydraulic retention time of 48 h,Fe” was beneficial to COD
removal and VFA (Volatile Fatty Acid) production. When the Fe’ dosage was 10 g/L, the

* WrFs B #:2019-04-20
EEWMB  BEERH FE K LTI H(20172X07602-001)
EE BN MEFEA1968—) B L HRET IR , B 28z L R 58 07 ]« K AL 38 B B IR AL HE R
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COD removal rate and VFA production increased to the maximum. The COD removal rate
was 4. 82% higher than the controlled group,and the VFA yield was 179 mg/L higher than
the controlled group. When the Fe’ dosage continued to increase to 20 g/L,COD removal rate
and the VFA yield were reduced,but still greater than the controlled group. The main com-
ponents of VFA are acetic acid and propionic acid. When the dosage of Fe’ is gradually in-
creased,the proportion of acetic acid is also gradually increased,while the proportion of pro-
pionic acid is gradually decreasing. When Fe® dosage was 20 g/L,acetic acid accounted for the
largest proportion,reaching 35. 9% ,which was 8. 1% higher than the controlled group; pro-
pionic acid accounted for the smallest,reaching 45. 4% ,which was 7. 2% lower than the con-
trolled group. The gas components in the anaerobic fermentation acid phase are mainly H,
and CO,. In the Fe’ system, the proportion of H, was always lower than the controlled
group. The corresponding CO, ratio was always higher than the controlled group, and the
same type of hydrogen production and acetic acid production occurred. A similar result was
obtained by changing the COD concentration of inlet water. The results of this study have
guiding significance for improving acid production efficiency and perfecting the variety of acid

production,and provide technical methods and theoretical basis for the wide application of

%37 &

hydrolysis acidification.

Key words: Fe’; anaerobic fermentation; acid production; VFA
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1.1 EBEE

ARSI SR A 250 mL I E AR R B2 R, HL
A 1 PR, i R LA L, — A R ER
F 3 — S i 7K 0 8 1t v R T S i B A i %
B LR AE LM ET 35 CHIRE K, HE N
120 r/min. RIEJRK TR A .

35°C A S 5F

A1l FBEE

1.2 #BAFR

S5 T FH 4 A T 08 A R R T IR AR K I8 R S
Je .75 e N K B Ak, MLSS A 18 600 mg/L.,
MLVSS # 8 552 mg/L,MLVSS/MLSS . 40. 46.

FEFTE e Se v U =k, LR BR IR A TR 5 e
eI I i T AL B TE ML I 5 LR Y O e i IR
AT5IR4 T 0.5 mm MR HEDR , 2 BR 22 BT e Koy F
Yt Z 5 A5 P T R 55, EE AT

V)] g 0 O R, A0 B v A BIL AR A, 45 AR
pH 7 5~6 Z[a] ,ORP 7 — 350 mV ZE 47 . [A] i 7E
Ytk A 2 mmol/L £HER 4N G 7= B ). —
NAELBIY LR VEA =5t =R om LAk
21 43 A58 A AR T AR E L 5 U8 R A AR S B A, AR
A IR R DA 85 3% B D). A S 36 i FH S e B oA 45
IR B 7 BR A
1.3 #AKkZAn

AR H B FEE A CH, Oy « H. O,
NH,Cl.KH,PO, . NaHCO; fl 1 mL/L #f# & T
KU HH COD + N« P=200 ¢ 5 ¢ 119200 gk
FF AR NaHCO; & NaOH P IE 3% B /Y B
& & pH.
1.4 EZEMNBEEE

ML RV, 38 2 L B 22 AU AR A BR 2 | 5 2641
OGO EETE, b s E PR AR A PR A A
AL b P A B O HILAS A A R W 5 IR 5%

FEOR M el 2 2 i i A PR W 5 B RE 2 2 800
AR AL b BT i AR K SR R AT BR 2N W) 5 ORP il i€
s b9 R EAL G AT BR 2 W) s pH 3, T #E- B A
FE2F RS ey A BR A w5 AR 35 CA90) , 11
A RHECA R A 4R GC7890 “UAH (1%
1, 1.

1.5 E4 %k

ARSI RN 28R 5 A 250 mL (¥ i 35 R 4331
AP 150 mL 1.2 55 3% B A5 A9 77 R B, 4390 A
0 g/L.1g/L.5 g/L.10 g/L.20 g/L iy Fe". fLA>
I 35 96 A5 K 7E H 7K 100 miL o He b i 7K 20 A TA].
WK G B AR5 min. B E SN A YRR SE
B s 3 ar S = AN B B, HoE ok COD ¥ 2 43 il
4 000 mg/L.6 000 mg/L.8 000 mg/L, 24 Jx hj #%
2T K A8 bR AR E I, BB R K COD WK BE. I
ar el B AT 83 d. A By SE AR e — 2 =y i AT
1.6 97k
1.6.1  COD R HUH 3 ff 15 I &

BT T T A b L BE S AR RE IR 2D 5 8%
HRE S TR EZSHOE AU, Frm kg 165 C
JEIH M 15 mins JH 45 RO 17 % A0 3 = R, 18
600 nm Ab €, 48 OG5 COD.

1.6.2 VFA %

(D VFA &z

W7 77 vk 2 HR vk M T 2 SCik[18 1.

() MRAFRIHH

R AL W IH 5 7 75 2 ] Chen %Y 1357

(3)VFA 443 &

AR S2 55 R F A 1% 75 (48 57 FL9790PLus) il
E VEA 4150 8600 %8 FID & I 2% . 4df F i 6 40 4
HH 5 S5 KB-FFAP (30 m X 0. 32 mm X 0. 5
2m) L, B (N E A 30 mL/min, BB (RS
i A 30 mL/min, B A (2 RO N 300
mL/min. A 5 5 >R R 7 FH iR, 90 4 5 R 90
C L4 FF 2 min, LA 10 °C/min §3E THE £ 140
CL.He )i 40 °C/min B #JE FHR ZE 200 C, I 7F
200 C FA%4F 2 min, B fFHF A2 10, 5 min, #F
FECTRBE 195 °C L & 25 38 2R 250 °C L Hli Bh b i
JER 50 °C L Falhitkke.

IKFEL: 0. 45 pm B85 A B R fR 1k (1
mL KEEN 50 pL IR .3 E B T 4 “CUKFH R,
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1.6.3 AR5 E

A5 B R H % HE AR ROM 8 35 {X (Agilent
6890N) M 7 AR ZH 43, #EAE LR BE 3 E S 120 °C,
%k % TDX-01(2 m X 0. 3 mm, Agilent) , Jil
WA 100 C, #CF A 2% (TCD) ¥ B 15 E k160
CLHA R Ar, i K 49. 9 mL/min, B S H
N, . #2410 mL/min, T3h#EFE.

SRR A & B R

2 #RE5ITE

2.1 RF Fe' #mE s COD X 6% 0

1E Fe' #mit 3k 0 g/L 1 g/L.5 g/L.
10 g/L.20 g/L T, #t 7K COD #& &} 4 000 mg/L.
6 000 mg/L.8 000 mg/L WE1TH COD ZKR R
Bl 2 s, B 2 afAn, 2K COD kB2 AH [ B
Bom Fe' & 0 2% COD £ BRFH &, {1 COD £
BRAFI RN B Fe' ¥k BE A9 35 K T 8 K. DLtk K
COD ¥EE 4 000 mg/L B A4, 24 Fe” #0443 %
40 g/L.1g/L.5g/L.10 g/L.20 g/L X i 1y
COD 2 F& & N 13. 93%. 15. 00%. 15. 20% .
18.75% .16. 20 % 00 Fe B % COD 2= R %
BT A, Y Fe” MWEN 10 g/L B, COD
EBRFH 18. 75 %, ik BB K, LuXT B4 & 4. 82 %0.
Fe' (e B 4k 48 K 2] 20 g/L if, COD 2= R K%
il 16. 2020 MHIR A K T2 HA R COD L FR=.

27 ;
26f—+Fe'=0g/L

25F—=—Fe'=1g/L
F——Fe'=5g/L
5o [—=—Fe'-10g/L 47000
21— Fe'=20g/L y

48000

-4 6000

CODER %/ %
»

1f E AR A {5000

#E KCODIR & /(mg/ L)

10F ‘ &t rexy] 2000

0 20 40 60 80
HX PR B )/ d

B2 XRFE Fe" Hmestpmey COD *rk
(BAFHEAERZAFFHERGF M,
REBRZZRMNBHIRAEFT £

Btk COD ¥ B3 K F] 6 000 mg/L Al
8 000 mg/L W}, 7EA[A] Fe® 5% hn & i v 45 20 Fn [~
WA B 4538, K COD ¥ 43 %14 4 000 mg/
L.6 000 mg/L.8 000 mg/L Af. NI 2 Al F i A&

B Fe 128 Hdl s COD LR R R % #E/K COD #
JE %) 38 s /N 43 il SR 13, 80% .12, 55%. 9.
65% AHELNN Fe” 2 ER 40 COD 2% B 3 I o bifi it
K COD ¥ B 58 T W /0N He AL 35 ] — K F. Y
Fe' MIUE R 10 g/L, =4Sk K ¥ JE XF B (5 COD
ERFRE KN 18, 75% .19, 96% .20, 11%.
COD £ B 338 K 0y Jit I L RB IH A F Fe' MIFEAE,
Fe' WAL R SA K I 7= IR Wy Be A= i Fe® ™, B RS
M .Fe*+2H" —=Fe " +H,P2 , [J Ik Fe?™ 19 &
VR BE AT DL R B Fe” 9 1E .

MR 1 AIE Y Fe® 8tk 10 g/ L, = A
K BE X Fe'™ e BE 43 ) o4 24,7 mg/L.32. 5
mg/1..39. 1 mg/L. =K EXF R 1) pH {5 435
4 5.40.5.19.5. 05,1k pH B4 F| T Fe' ™ By H.

R1 FE Fe $#MEXTAHHK pHORP F Fe**

5 Fe0 8 in ik 7k COD/(mg/L)
/(g/L) 4 000 6 000 8 000
0 5.2440.12 5.0740.16 4.9040.11
1 5.3040.14 5.1040.13 4.9440.12
pH 5 5.354+0.12 5.14+0.15 5.0140.14
10 5.4040.17 5.1940.12 5.054:0.13
20 5.4940.15 5.2540.14 5.09-40.12
0 —1124+5 —116+12 —114+12
1 —13349 —137+8 —13249
ORP/mV 5 —23047 —23749  —235+£10
10 —279+11 —282+11  —285+38
20 —331+7 —3384+8  —329+11
0 2.240.1 1.940.1 1.640.1
1 5.5+0.1 8.540.2  13.6+0.2
Fe2t /(mg/L) 5 13.140.3  21.6+0.8 23.1%0.5
10 24.740.4  32.54+0.8 39.1+1.2
20 35.940.6 42.64+1.1 56.0+1.4

TE R P IR = AP AT AR P B L DR 2 AR E RS
B B HE 7 22

2.2 AR Fe' #mEst VFA FE2R LA 5 0%
")
2.2.1 X VEA 771 KRR A2 1) 5

TE R4 T 7 R B B AT BILA A 7 1R T Y A T
T EEHAL N VEA,CO, M1 H,O™, 1 Fe" £
M 0 g/L.1 g/L.5 g/L.10 g/L.20 g/L T,
#EK COD ¥ E & 4 000 mg/L.6 000 mg/L.8 000
mg/L BiEf7H VFA =R E 3 Bis.

A& 3 AT %, 2k sK COD e BE A (8] B 8 Jm
Fe' BN g = FR & R Fe” 480 &2 S 18 K5 /.
PLiE/K COD #& B 4 000 mg/L i H ], 24 Fe
B ko g/L1 g/L.5 g/L.10 g/L.20 g/L
I, R ) VEFA 7288 1 677 mg/L.1 733 mg/L.
1 801 mg/L.1 856 mg/L..1 696 mg/L X} i B2 1k
RWF 2 FroR. o B 41, 94%. 43, 35%.
45.03% .46. 409,42, 42%. Fe® #MEH 10 g/L
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W, VEA 7 & iR AL 8 X B KL 40 5l o 1 856
mg/LFl 46. 40%, VFA RS A4 179
mg/L,RILH A A R4, 46 %. Fe' #math 20
g/L I, VFA 7= 5 F R AL A P 221G K, FF 1R U

.
4500
—Fe=0g/L 18000
40001 +Fe:=1 g/L
Fe'=5g/L T
= :FZH(%/L 7000 —~
—
S 39001 —pe’=20g/L >
& KR {6000 £
= 3000 o3
I8 i
i 15000 %
< 2500 a
= O
3 g
44000
2000 %
]500 _I i1 1 1 1 ] 3000
0 20 40 60 80
HURE Bef R/ d

B3 KR Fe' &mEsr ey VFA =%
(B PSR/ FATH G,
BREBZZRMNTHIRAEFT £

2K COD ¥ 3 K3 6 000 mg/L F
8 000 mg/LI, AI45 B[R AL ) 4518, 24 Fe' Mk JE
10 g/Ly = ASHEK MR BE X N VEA 7= & i K,
A5k 1 856 mg/1L.3 027 mg/L.4 174 mg/L.%f
N R AL R 3R 2 BT R, 43 SR 46, 40% .
50.45% .52, 18%. # fin Fe* 41525 H 4l #H b,
VEA 7= ik B % 7 04 2 £k e 38 vy, JL LR ] fig J2
1 Fe' FEAE MR 2 b, 7™ R VAT 1 3 B8 BT w8, 3 i ]
I Z A DL AL N S8 4 1 A HLIER. Lia 557 %t
Bon Fe' 5ARB M Fe® 5 4 o 1) 5 #h £ B JE 1T
R, & B8 Fe' M S5 4l 7= B W E N
88.3% 1M A& Fe' M2 AU =MW FEE RN
72. 4% AT LA BN Fe” i 5 N i P IR A F

GIN=r
—7 . N 0 4L = 3 3
F2 AEEEK CODKER Fe' #INE THERLE
AL/ %
Fe0 $ i
el )E COD= COD= COD=
e 4000 mg/L 6 000 mg/L 8 000 mg/L
0 41.94+1.12 14.59+1. 08 44.18+1. 16
1 43.35+1. 32 14.99+1.13 46.74+1. 14
5 45.03+1.28 18.56+1.12 50.92+1.13
10 16.40+1. 22 50.45-+1. 06 52.18+1.15
20 42,4241, 12 148.29+1. 23 48.5341.32

T - 32 BB = A AT RE Al P 2 (8 DR 22 AUR 2 = Wi e i
b 7 22

2.2.2 XF VFA 44530520
RAKBETY(VFA) EEH LR . ARMT
i 2H W, AR A 7 0 0 o LG AT K R 2R T 4y Ty TR
AL TN IR ARLRN T R AL Hodh £ R A % T HRLAE Y
IR AR WEr= TR ISR, £ R mT 1 #2487 R o 11 R FH

AV TH A R W 75 i — D 5 A SR A RER™
FH e T R S BT DA R R 48R R TR o L, s /b I
s VEA 7 L AT 00 A0 AR K o 2 T 7= ).

9 7 R B B ) A BRASCR L TR A AT S 22
7B B B 5 A BN A AR AN ] i K COD ¥ B2
(4 000 mg/L.6 000 mg/L.8 000 mg/L) F1A [H]
Fe* #imt i %t n; VFA 44 5 &l 4 i,

ML 4 AR A S0 1Y A T 7 ) SR AN
M2 7026 LA B AR L W Y A B Ay
kK COD AR E I, B Fe” 19 50 a4 £ R vk B
T A EE, NIRRT 2 H A BE Fe' 8
IR, O IR IR 5 TN iS5 R A A
TJE B0 77 F e B B, 1 1 7T i e A DR AR AR Y
A B LK COD ¥R EZE N 4 000 mg/L iR
.24 Fe" #ma5%Hm 0 g/L 1 g/L.5 g/L.10
g/L.20 g/L, X W i) LR (5 ek 27, 8%6.33. 8%,
35.3%.35. 7% .35. 9% N R /i tb b 52. 6%,
479 .45.9% .45. 7% .45. 4%. Fe* H N 20 g/L
B, MR e K, Heas FI AL 8. 1% 5 TN TR 7™ ik die
NS EHYAR 7. 2%,

COD=4000 mg/L COD=6000 mg/L COD=8000 mg/L

100 A A 7 A 0 0 7 A 7 0 0 V7 %

80 T T T e & ZZ i
52 70 KINNIN P )
3 60
g50
5 40 7
<
£ A 7717
230,07 ) 7

N 7 7{?”//

10 AN ZNZ)17

0 //Q?

01512 01 510 200 1 5 10 20
Fe' &/ (g/L)

B4 KF Fe #mmEsfpmey VFA A5 &k
(AP HEANERZZANFTHFRGFHIE,
REBEZZRMNFHIRET £)

13K COD M BEERE K E] 6 000 mg/L F18 000
mg/L B, AT B[R AE B 258, 24 Fe By Bl 20
g/ Ly = A HE KV BE X B 1) R o5 B R, 43 i
35.9%.42. 2% .32. 2% s N R 5 Eb de /N, 43 3l R
45.7%.39. 6% .39. 5%. IRE LB LR 7=k 12
AT R A P AR R R AR T B
P H, M CO, AR R R SRR T W VE TR 72 24k
R £ 1R AN 1 oA H5 A P B 05 R AE 7= S0 LR T Y
YERTR 7= A ARSI B0 v 20 1R B i 14 o 32 22 R n] g
AULVF LA Fe' FAAE MR KR 1Y ORP &
AR T 7722 G IR Y e B2 AL, T3 K 2 1R 7™
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MR 1A F L E Fe* #mEi Kk, kR
ORP AW R AIK. ORP 252 Wi IR S8 & B 7™ R 2 7 1
KN R NRA LB ORP & F —278 mV &
AL TS R BN T R AL K BEAE T A ORP R &
A ORP B A F B 2B 1 He A1 CO, 7E
[ AL SRR B VERT R 72 A SR N 3L 2.3 5 7]
H Fe' BAFTE Ml & T [H AL = 2 R ol # L T 4n i
BEDL2. 375 s TN R AE TN R Ak T A VE R 4 M 2E i
LR WMo BKF RN
CH;CH,COO + 3H,0—CH,COO + HCO;
+H"+3H,(AG=+76.1 kJ]/moD) , &2 A1 H &
AR TR RAR A A R AT AR S i R
di LWAE Fe' fE7E T/, W e B4 IR e ikl &
FR . AT & TR 5% f 3 K.

IR & itk > FZ AR kK &R ORP ¥
1% B R F K e S A 1) £ 1R R Ak TR Sk o
DTN R B AR s TN R AE TN RSB AL TR I A TH R 43 il AR
WL 5 INTITAE P R 25 £ 9 /0 5 T R 4 fidk o 2 v 35
53T R K T L G0 Bk AR IR B i (PORD , Fe' 1Y
AFTE T 905 P g K DT AR 2E TN R 1) & PR
fk.

2.3 A F Fe' #mgxt A hdsy e Fon

PRA&E R B AR BB CO,  H,
FCH, . AR SE IR AF 53 19 52 IR 480 Kk I8 7 R B Bt i 11
15 e YAk ok AR A R T O™ A 8 AR EE
Hy CO, Fl H,. 5 AR a4 7E A [F] i#E 7k COD #
J# (4 000 mg/L.6 000 mg/L.8 000 mg/L) FIAIH]
Fe s if % 5 i) AR &t an &l 5 .

MES ATE L BiE Fe' #m& g K, CO, &
e K H, 7 He s/, Ltk COD ¥ B 4 000
mg/L R 6], 28 CH, &L, 24 Fe' £ 43 5
F0 g/L.1 g/L.5 g/L.10 g/L.20 g/L, %R 1Y
CO, HHHM91.10%.99. 10%.99. 04 % ,98. 90 % .
97.70% s X B9 H, fi tbh 8.30%.,0. 90% . 0.
96%.1.10%.2. 30%. 25 H4LH CO, 5 LK T
T Fe® AUSCIR AL H, 5 s T3 Fe® B9S2 4.

MK COD ¥ BEEH#E K F] 6 000 mg/L Fl8 000
mg/L B, 7] 75 2[5 4 09 4518, #0n Fe i 5256 40
TERRPE SR AF N R A R i A EAE 77 A4 H., 38 |
B Fe® B4 H, itz K T 25 A4, 5 S bRfs
MNP 25 F2H Hy &5 & uEUITE Fe' 278 T fil
KT B 2R AR H, g 5 B 2R A T
O RRWN H, &b, A He 5 Hi

A, CO, IR, 24700 Fe® A I IR K i
PR AL L A% A o & BN Fe® Jingge 1 B0 ai A 4 Fif
FEE S R, RIE B £ MR ad A L At I S ZE A 2k AT o
PTR] 27 PR i e Al R AT LR 23 M L A SC oA 3 26

(PRNES 7o
100 COD=4000 mg/L  COD=6000 mg/L COD=8000 mg/L
e e o e E2 o
7 I; 7 %7 7 EEH,
80 I CH,
=SS
=
H 60
i
&
40
®
r
20
0

0 151020 01 51020 0 1 5 1020
Fe'# i/ (g/L)
A5 FRRE#KCOD K Fe' #hmE bt AR5
B (B F A BT A FATHE S 0 R 3918,
BEBAZZRMNEGRET £)

3 #ig

AP TERIE T AF Fe® #niE 0 g/L.1 g/L,
5 g/1..10 g/1,20 g/ L) XF IR A& % 7™ TR 0 5% W) 7E
#K COD ¥ i 2 4 000 mg/L, 7K 7715 B4 i ]
A8 h B T AT AR BWEIR T .

(OHEIM Fe* AR T & B ® b B b COD Y
ERA VEA 77 4. COD 2R F M VFA 7 &K
Fe’ #n i e KGN, 24 Fe' #mak 10 g/L
W, COD 22 B R M VEA 7= 4 88 ) &% K, H
COD BRI X AT 4. 82% . VFA =i X IR
41 179 mg/L. 4 Fe' #hnik 4k 823 ik 20 g/L
I, COD 2R M VFA 778 ¥4 B/ 5475 K
T X e e

()N Fe* H FIF LA 15 il N R =
M Fe” MmN 1 3] 20 /L I, LW & L2 i 1
KR 5z T 0/N. 2Y Fe' #mi Sl 20 g/L
B, R 7 bR K, AR i b s/, Forh SR o LE
HXTHEZ 8.1 %0, IN TR LB BRALAIR 7. 2 06.

() RAK W 7= FR A0 vh 7= AR 1 SR %2 H,
1 CO,. 7EHM Fe" RGP, Hy i lIRZAR T X5 1R
AR CO, h H IR 2 i T 0 BB A, & A (] 8 =
A ORI,

MR HE K COD MR, nT 15 21 5 1R 28 L 1) 25
R,
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B EABLSHRNBENA AFRENERBEN > BN T ENGT R LETH B
T S ¥kat AR A M, 2 A 4 ZHI~ZHS., B4 A RACHE S 2 XI5 A AR R ey 4 RALHE
N BN SHARITTEAT O TADFORAL T oM T 5 WP ANE R FE
AB AR EREAIN. 5 BN S HA 2B TRERA B (Pseudomonas) s & A 8 &
(Acinetobacter) Fa 40 A J& (Cupriavidus). FALZ BN T £ R LN .5 kB EAH 7, Z2H4 89
FACHE R IR, B RO H TR ¥R AWM ShUID AL 95%. EX KB LR BT, ZHL 89 % &
A k&M A. BE 28 C,pHS5. 2,8 K E 50 pmol/L, 3 F 1%.

ER BT RIE; BEALE; 2B XD, ARiLdR

FES%ES:X53 XEFRERD: A

Isolation,identification and characterization of Sb( [l )-oxidizing
bacteria from soil in antimony mining area

HUA Li', YANG Chun-yan', WU Chuan', LI Jun-jun®

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

710021, China; 2. Natural Resources Bureau of Henan Luanchuan County, Luanchuan 471500, China)

Abstract:In order to separate more Sb ([l )-oxidizing bacteria, 8 Sb ([ll )-resistant bacteria
were isolated from the antimony contaminated soil by traditional microbial separation meth-
od,which was named as strains ZH1~ZHS. Five strains with strong oxidative capacity were
found out by oxidative identification. The phylogenetic study of 8 Sb([ll )-resistant bacteria
were analyzed. The results showed that 8 strains belonged to Pseudomonas, Acinetobacter,
and Cupriavidus respectively. The oxidation efficiency and growth characteristics of 5 Sb
(Il -oxidizing bacteria were identified. Among 5 strains,ZH4 strain had the strongest oxida-
tion ability,it was able to oxidize 95% of the Sb(IID) to Sh( V) on the tenth day of culture.
The optimal growth conditions of the most oxidized ZH4 bacteria were determined by or-
thogonal test. The results showed that ZH4 bacteria grew optimally at a temperature of
28 “C,a pH of 5. 2,an antimony concentration of 50 gmol/L,and a salinity of 1%.

Key words: antimony-contaminated soil; Sb([l[ )-oxidizing bacteria; isolation; oxidation char-

acteristics
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B (SO TICER MRS A VA K,
Sb 78 H 4R 55 F T LUBAR B W BE )12 40 A T K AR LA
KA 8 LSRR Tk H & AW ETF, S 80T 8
PN SREERAEZ N N A G S R Tl R 2
1979 473k 8 20 1k [ By PR 5% L 4 21 2151 hy i 205 e
Wy, I 55 IR BT AR R 5 Sk A S g TS e
R A5 1 S5 fee B 4 20 R o R R K P i B VR AN A
Mt 5 pg/LY RECGE S BISREABHIRT =
FHLRI ) AR B N AR S Y 2 — AR T
BB B R Tl 75 4 9 HE bR #E ) (GB30770-
201 HLE , B TE Tk s i B AR T 1. 0
mg/LM.

BRAE AR AR AR TR K LAMEBR (Sb, S;)
FLW AR ShCD A1 ShCV ), ST 2 M 5
BT ShC V). fAFFE4faE . SbCID # & Sh(V)
T %0, Paul Westerhoff 2507 i1 Maher!”
WFSE 2 B, KR v (0 6 [ ) B AT 2 1508 1 7 Ak
JOF o 7 TF) 2 fih £ 3 BG5S AR 5 4 3
Bz filh v] 58 23 5 | AR 9 A A 45 158 4 R R A
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A LR T B A Ak B A28
BRI TE R 1R H DL GE it 6 XY M v L T B S
Yellol P B2 R T Y M i R B

H Al . Sh 15 4 + 5 7 ik m4s AW &k .
WYME S A8 5 P 45 B R, A AR A
FETETR AR, I A 2B 96 28 DA R i A 9 vl LA
it A B EHSEAL ShCD L 75 YL L IX Ay ST ] LU
I S AL AN TR B AL FE PR R/ ShCV ) L AT
IR F X B 0 A 1 L 085 B X TR L h A W G B E AR
FH 3 JE) 1B S4B 0 10 A A7 256 Lialikova ™ 3
UCHRIE T — R B S0 40 T % Bk BE A 4 Sh I
AL ShCV) I A SR L AR L. AR B ) Ak
VE BN R 2 —Fp B 15 e R BRI E 1B 51 . 1X
LB T A ) A AN B 0 M ER O 2R3 R b & 4 S R
YERL. A4k % Sh D A AL B ) & 8L 2 A i id
Li NG #5358 T 6 4k EA ShC &

i

B RE 7 BT, 3% 28 TR R R B0 AN [R] 19 ShCIID %A1k
£77. Hamamura %" W H AR B0 X 43858 T 3
HBEA ShClD FALBE 1 B W AR, & it BE R T o
AR BT, SR, B TR T 86 A8 A Tk A W i it
FEIT AT AR B, A1 8 1Y 86 A0 3 0 i b
FERAXT D A ) T B B A L B — s 1Y
Z M. BUE BT . 58 B 0 B SR AL I R G000 A B
YEARE. Ry TR YT ekt B A AL IR AR R
AT NS [R) B8 75 e M e o3 B 2l A A 3 22 bR s
B ST A4 T4 7 B AR A AR W i S AR LR
T ) FH A A 4 5 6 T G 3.

BT A 5T R W e B T X R B S G
e, 4y B T 22 FhOAS R B B A T TR T K S B
AT AL BCR TR AR 58 35 6 A AL T
RGBT B 52 B 75 G IR H ORI
7 4 At B 22 0 B KA
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1.1 BafrgakfEsln

BTG Y EBUH TR R KT BT IX (27 °43]
08.60"N, 111 °27'08. 66" E), 3% JH o i 48 % ¥} 15
o E S0 5 N KT I S Bk A 4 R A DL R G A %
YL WHE IR 2 mm B 6E ] L3 pH/ED R H
1:10+7K . pH i (Sartorius pH 10, FED I & 5
HSREC KM 15 £k, L CYP220,
FED I A A PR 28 4 i (CEC) 1Y I 5 J7 2%
%7 (NIAST, 20000, 45 R0l (P) & 5 1l 22 R
FHE AR ¥ NY/T 1121, 7-2014. + 3 Sb, As, Pb,
Zn . Cu B 7 i R FH e Al IR -0 3R rl FAH T A 0
¥ Guo ZEN M e Iy vk ek, BLR O vk . BRI
0.25 g #EF i f# & b, A 10 mL ¥R i 2
4 mLE R I R of 1%, T F #OH A% 42 (DigiBlock
ED54,LabTech) #1120 °C F#f# 1 h,150 °C I f#
2 h % B o B) W 4 A0 0 R A8, 175 C R 2
1 mL,RH G H 1% 0 RYIR vh Bk, 5% B 0f & 25, H
0.45 pm P UERE U8 R FH A & 55 B TR &
S 3% AL (ICP-OES, ICAP6000 Radial, Thermo,
e ED W g R 4 JE B L

TR PR P B AN 1 R, R B
ik 220,97 mg » kg ', B AR EE TS L .

®1 BERIEEABELMER

" EC CEC P/(mg+ kg™ ) 4R R
b J(mSecem ) /Cemol(+) » kg 1) Sb Pb Cu Zn As /(mg + kg™ 1)
6. 86 0.18 2 222,97  44.18 18.68  187.04 BDL 10. 18
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FHF 4l B 43 8 1) 85 35 2k CDMY® (MgSO,
7H,0,2. 0 g; NH,Cl, 1. 0 g; Na,SO,, 1. 0 g;
K,HPO,,0. 013 g; CaCl, » 2H,0,0. 067 g; Na-
lactate,5. 0 g; Bifl§.15. 0 g; ZEM /K 1 000 mL;
pH7.2), H il A R 86 ([CsH,K, Oy, Sh, » 3
(H, Q) DU 5 100 pmol « L, 5 55 3L 455t
1X10° Pa KB 20 min J& , 1 T4 25 it 46 20 74 .

B & orvk. 1 g WALy 135 9 mL
0.85% % NaCl ##H.30 C,180 r » min ', B
30 min, R 3% 205 B9 75 1A 7E CDM-A RN R 35 57
FERAREIE 1A SRR IE L AR 1,
G385 L T B 1) 0 TR . X T TR B TR AR ) B AR Al M 2
JE » PRHLAEAL 5 09 BB RR AR T I A5 1 T SR B A
10 mL B KHE K CDM-A WA 7R3 IRE P 16
30 °C,180 r * min 'K FELEREHR S 10 d,10 d
JE B9 mL B H 0. 22 pom 7K 2R U8 BT I A0 )
A ImL 1% APDC ¥ ¥ Otk i e — i At 20 3% /Y
B REA) LRV 10 min J5 . I C-18 [ AH AR BN
H. T APDC 5 ShC D A= 2844, ok il it 4
BUNEE 8 R AL RS Sh( V) JE3E S5 APDC 454 . 1] LU
A AN DUAS B 1) B 5% AR R 23 R IR
I A ICP-OES I 5& W rh Sh iy & &, iZ & i
25 A 25 B0 A 4 SR Ak A9 S CTTTD 75 o BPAE B9
Sh( V) H,
1.3 BENLENAAREFTER

B B AR e LB B 32 58 rp 1 3% 2 5 b AT
16sPCR 734, 16s 519 )37 51 4 . 27F (5-AGAGTTT-
GATCCTGGCTCAG-3) and 1492R(5-GGTTACCT-
TGTTACGACTT -3), ¥ =Wy i% & [ ifg A=) T ¢
A B2 w0 AT R A A e
1.4 4 BACTH 09 504 42 5 4

BB Bl [ A 1% 3% e b 55 3% 20 h 22 AT BE K
A K TR AR

(D WK : O AR EEFRE P A TE A, B 10 mL
K2 8 000 rpm B> 3~5 min, 7 1. FIA
2.5 Y0 I3 I 5 VR s O AR B 95 2k L A TR AA 7R T
Vo 2 TR TR TR TG T [T A R A I TRV O TR IR
N B B0 5 e BT 3 I [

(2) [ 2 WK, ¥ 8 B L 384T . 2. 500 0 =
T, ol R 2% vh VR VA Uk 3 K- BE R EE B K, 30%,
50%,70% ,85% ,95% 4% — K, 100% LW 2 IR, 15

~20 min/ K- R 5 R E 4 2 K, 20 min/ K.
BE S IEAT Y VR T AL B T S R S AT T
S 5 L 7% S HLF 03U (95 18 FETL, FEI Tec-
nai G2 F20 SSTWIN) WLEL A BRte-200,
1.5 HEAHAG AR FEREKFE

W B AL ME R B P PR AE 100 mL LB K
B, 28 °C,180 r « min ¥R V% B 5 & X 4L
W1 B AR 6 000 ¢ F B0 5 min J5 A PBS )
PRI BE ODgoo A 3 1. B 1 mL B W42 Fl 51
200 mL ) CDM-A 55 341,28 °C,180 r » !
PR7 9% 10 dL i 24 h RS 2 h BC— ke, Bl S 5
B 12 h BC— R AED OD {H (] 96 FLAR I . &>+
HAF#E 200 ul), [0 5 2 d BURESR A 1. 2 i fk
PS5 5 B 5 95 I R A BRGSOV ) e BE (R IR 77
10 mL). B % 8 = A AT,
1.6 HARMAAREERFHMNZ

S 45 4R A 3% 30 45 AL, 35 % 4R 10 00 B 5 I T
B S oR I IE 2230 56 % 28 30 B L pHLL 2h B D R B Wk i
Xof 2 T AR A K B R e T o e e R A K A T
KA CDM-A K5 77 56 bR 86 2 2 DA S b 43 vk BE AR
TRAI A 45 400 A5 3 — B0, IF 15 IR OE 283 16 22 HE
PARE B SR pHL A HA A AR Y BT TR e Pk e
100 mL LB ikl 49,28 °C,180 r » min '##
i 55 35 BB (ODgo, =0. 4~0. 5 Z247) ¥ H K
7E 6 000 g F &0 5 min J5 ] PBS IR ¥E A PIIR .
B ODgoo T8 F] 1. B 1 mL WK ER T 50 mL Y
CDM-A 5537 3 v, 52 B8 I 32 380 56 22 HE 8 3% 30 16 1R
FEL7E 180 r» min ' HFE 24 h JFIE OD fA.
I E = ATAT [RS8 e

min_

2 #RE5ITE

2.1 WG e 5 B AR T

AT BTG Y IR 3B T 8 BRI B 4H T
XT 8 R AN T AT A A S A R K 1 BT R, 8
PR 2% 40 1 25 3R 20— 2 19 | Ak e 1, H ZH1,
ZH2 . ZH3.ZH4 . ZH6 £ T 158 1) A fb ge
ZHA A LRE B 8 (p<<0. 01). 7E H SR 5t
B Y SR — A LG A R T A AR
P R T 86 0 A Ak B S B L I 2R
YR AEAE AR T8 E B DA 1 A B FL A2
AT 3 AR L B 85 XU
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gl

CK Hl ZH2 7ZH3 ZH4 ZH5 ZH6 ZH7 ZHS8
74 H) 4
B 1 w4 e R Al R

2.2 BENAUBABERZALFTLERE

Xf Sh X 4 3E AT Sh AL E A4 B . M
Sh ¥l 200 umol « L™ A CDM-A 3537 540 2 it
B 8 Bkifit Sb A 4. X R HEA T AR A S 2 R
A 6 #REA A . FRE ZHLANE 2 i) & TR
e 1) IS AR 7 SYSE o N S = I i O U | A3 ]
M. B AR ZH2 R TR R R R ERIR TR T
AIRMIEAR , 8 50, T4, ZH3 A S 15 s 3% 5 bk
AR B VE R BUE ZR0 8 0, ZH4 Ry (B
PR T R R ERIR , 2 TG R A5 L R T T I A 8
FEAR G R M fh, ZHE R S S L R AT
RCEVE R B M R . H oA POk B Y JE PR
J¥ 75 A% NCBI 4l 1 91 3K Bt ACCESSION No. 43
I SUB5682247 ZH1 MK990007,, SUB5682247 ZH2
MK990008 , SUB5682247 ZH3 MK990009 , SUB5682247
ZH4 MK990010.

(b) Fitk ZH2

(a) WPk ZH1

()R ZH6
B2 RAHAKRYCRERA

140 B9 I B6 40 B Y 16s TRNA L P 51 22

ik BLAST FEX & 8L, 70 B 19 T Ak 5 B & R i 5K

PR 1) BB 35 996 ~ 100 %. B Bk ZH1, ZH2,
ZH4,ZH5 & T M E JE (Pseudomonas) (g K
FALEE 9926 ~100%0) Wi bk ZH3,ZH7.ZH8 J& T
ANEFTF B (Acinetobacter) (B R AL E 99% ~
100%) . B ¥k ZH6 J& T 0% 8 i )& (Cupriavidus)
CHRRAABLEE 100 %0) (Ul 3 frzs). PRtk i% 1 3
B AL A 32 20 S M TR & (P-seudomonas) FIAN
AT HE B (Acinetobacter). X 5 Shi ZEH1Y (I 1F 57 45
R—F Shi FF P ERE T 11 F AT P
i C&F & Sb/Cu 85), 73 B4R 3 17 100 2 4k 1 &6 Fl
it 4 17, o 36 Bk H A ShCID A AL BE Ty, X 2L
PR FEE R A TR M EE (Pseudomonas) B HL
ML B J& (Comamonas) RN S FF 1 J& (A-cinetobact-

er).

ZH4

Pseudomonas sp. CC 141102 (KP747656.1)
10&‘: Pseudomonas sp. LB-2 (DQ272580.1)

7 Pseudomonas balearica (AM905859.1)
Pseudomonas sp.strain BAB-5898(KX609739.1)
Acinetobacter sp. CW11 (KP836252.1)

69 Acinetobacter sp.(GQ246678.1)

Acinetobacter sp. 951-NA6 (GU977189.1)

100] ZH6

Cupriavidus sp. strain Dmm5T-5-1(MG561851.1)
ZH3

B 3 A& F 16S rRNA % B 53] Neighbor-Joining
RN AL F M
2.3 BAENEHAEMLLREARE KL

P Ak B8 J B9k ) ZH1, ZH2, ZH3, ZH4,
ZH6 AT AR SRR D E . 5 Bk A AL T 1 R
BRI 4 ()~ (o) TN, 5 AR A R R 4F 1
=W EALRE ST, b ZHL ZH2 1 ZH6 5 F A 5
FEME 10 RAEAALE L 6020 09 = 86, ZH3 5 14
FERE SRS 10 REL M 702089 =M 86, 1 ZH4
SWRETERE TR 10 RAAIEFRE D 95089 =M
B, X 5 Nguyen V K %5 B0 58 45 R AA Bl Van 55
Fe B 8 MRS AL L B R I T B MM BRI N
100 prmol « L', 8 #k T A S A ME7E 35. 826 LA I, FL
H AR A R 5% 8 B Cupriavidus sp. NL4 78 21 K
TSR dE 98, 70 k. BLAk . 7E Li 48 3 B AS 2
Y8 S8 AL 7, Comamonas spp. S44 1 J1.40, RETE 3
~5 KRJG% AL 50 mmol « L' Sbh(lID.

FH O TR, AH B T 2 A ISR 53 B 1 B AL TR
AHIEGE BT 43 B R Y LR B R AL TR Y AT AE 10 d
WA 60 %0£E 2 95 %0 1 S fLBE ). AN IS 43 S
P BT 3 B T B B R 2 5h . Pb Zn Cu 9 7%
HWEERGR DX ERERRTEE S ESE
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147 o 04f 1., =
0.4F a S \\. 14 E
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g = 2 03f ke
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%O‘z W\A\" 16 g 1 16 3
s 14 5 0.14/ 14
0.1 12
1? 0'00 5IO 1IOO 1I50 2(I)O 2I50 30%
0'Oo 150 200 250 300 FFraf A/ h
(T;; 2/11; (e) H Bk ZH6
06 i B4 R AR A R e
s N GCEPEXFET VI VT I E
" 7%' g - o KoK )
g 04 o/ 1 ¥ 5 BRI K 2 8 7 R ) 3
0, . e w0 ERBIBTHRERRRE. ZHL ZH2 4K F) 96 h %
= \"'\/V 1s 77; # ODgoo 4335 %] 0. 5 mg/L,o 54 mg/L. ZH3,
. 1¢ 8 ZHATE 72 h 47 ODgy 4> 135 5] 0. 58 mg/L,
o1 14 7 0.53 mg/L. ZH6 7£ 36 h Z47 ODyi5% 0. 54 mg/L.
12 A 2 B 1 B S A TR T o T S [ 4 2
TR e e 2a) 300 00 45 3 A A R B 5 9 B K 19 4
(b) i #k ZH2 L
. 2.4 BERMARELERFANZ
- 10 Y B8 A P B 0 ZELA AT AR K 26 PR
] i) 5, SR FHIE 38 3 90 2% 2 TR EE L pHL L BB VR B2 DA 2
g 147
e \ . Jo £ R ZHA KB, ESSARLT R R 2 FR.
5, — e o B 2 S0 , 0T LA 0 B R T R LA R
£ TE W T B M pH: R E A
e 16 = )
la g A3B2C2D17EI] ZH4 Eiaﬁ)ﬁ 28 OC pH%jS 2 %%"
1 W N 50 pmol + L7, Bh B 106 44 F AR KL 3L
160 1',50 260 2|50 36)0 ODso0 15 iUELI_J 9%%1? 'ﬁ:lﬁ 17EIHQE’J€EJL< biii]
Hs#l A /h id Design-Expert 8. 06 Trial %f K F £ 17—
o (ORI N 5 GIT A 4T e A ORI K 4% (1 B
e 20 K.
’ 18 — ()Dsoo:
& 16 & 0.118 91—0.136 19 * A+0.074 801 » B+
,§ E}% 6.112 91X10 ' % C+0.143 9% D (D
5 Ban e S R (DA (RFIRE B 10 pHLC Bk
. B E E Dﬁi%ibﬁ?
e S 4 T R R 2 K (A 26 P T 1 4
1 m&z%,ﬁﬁ P 30E— 25 10 5 0 5. ) ﬁw%i%%
P S 0 B B DX 75 Y 1 598 o 7 3 0
100 150 200 250 300

%1 1/ h
() Bk ZH4

BERASRETAERKY pHE 6.5 £ 4. 1 5(
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55 T FUAE AT DX g b 8 S AL B Y 20 8 M MO R « 45 -

WIE N 300 peg « mL " B BT Bk B2 G g 2o 0 TR B
A B AE T % 2 2T R S D A4 Bk
Y NS pH RIS 378 T A2 A B Wi Wt A7 7 22 57 o AN
[ (4 T RS pHL RIS 3 T 2% 1 2R AN [H].

®2 EXRKER L, (4°)

A B c D

F8G — 2 3 4 5  ODuo
1 1 1 1 1 1 0.067
2 1 2 2 2 2 0.167
3 1 3 3 3 3 0.026
4 1 4 4 4 4 0.037
5 2 1 2 3 4 0.021
6 2 2 1 4 3 0.028
7 2 3 4 1 2 0.082
8 2 4 3 2 1 0012
9 3 1 3 4 2 0.026
10 3 2 4 3 1 0.037
1 3 3 1 2 4 0.493
12 3 4 2 1 3 0.483
13 4 1 4 2 3 0.031
14 4 2 3 1 4 0. 42
15 4 3 2 4 1 0.03
16 4 4 1 3 2 0.061

T1 0.074  0.036 0.162 0.263  0.036
T2 0.036 0.163 0.175 0.176  0.084
T3 0. 26 0.158 0.121 0.036  0.142
T4 0.136  0.148  0.047 0.03 0.243
2 0.224  0.127 0.128  0.233  0.207

A =k DACB
115'11%7](512 A;3B2Cy Dy
3 H#ig

AHIEFE BR AT X A 3 vh o3 8 0 2t 8 R T 6
WL AR 5 BRI R TR M A LR T,
BB AT EEE T W 8 (Pseudo-
monas) AN H & (Acinetobacter) , A [F] i 56 4
T HOE S A7 78 22 5. Hovh ZH4A /Y S0 M d5co
ZH3 . ZH4 . ZH6 # A 5R B m » HoAS [ Y 7 e
LI AR B AR KRR, BLAE W HLA B AR AF T fE
REAR 47 19 S8 N AR B S80S e e it T R 4F i
PR IR, T DAV S B a9 A RE I T AR W 1
52 Sb 5 g TR,

S % Uk

[1] Nguyen V K, Lee ] U. Antimony-oxidizing bacteria isola-
ted from antimony-contaminated sediment-A phylogenetic
study[J]. Geomicrobiology Journal,2015,32(1) :50-58.

[2] US Environmental Protection Agency. Water related fate
of the 129 priority pollutants| M]. Washington DC; United
States Environmental Protection Agency,1979.

(3] ZEWINGE, 2= 3% S0 A P 0 Bl e AL F 5 3

[J0. ARl K224, 2013,32(5) 1 15-19.

C4] 230 0 0 PV, 55 K v 8 75 oAb 3 7 % 1 AT 5
HEREL]. Tl K ALFE,2018,38(6) :12-16.

(5] F & A M. ERE . 5 BE KA BRI 5 4 R
[JJ. WAL T.,2014,43(11) :53-56.

[6] Westerhoff P,Prapaipong P,Shock E,et al. Antimony leaching
from polyethylene terephthalate (PET) plastic used for bottled
drinking water ] ]. Water Research,2008,42(3) ;:551-556.

[7] Maher W A. Antimony in the environment-the new global
puzzle[ J]. Environmental Chemistry,2009,6(2):93-94.

(8] &M HHEE . 18 F 00, 55, LW - T 2 1 0 7 6
B R R R B BTS2 )], Ot 1 o 5oL 2 #r . 2006, 26
(8):1 553-1 556.

Lo MR R A TS R AR A5, L =M 8 15 Yo Xt flt o7 38 A4
K Kt B S WF 5 [T, BRI AL 5 R, 2009,32(2)
20-23.

L10] & oK OB 7K 5 55 8607 X LI RA Y th & 4R

TG R, AL BT K 22244, 2002, 38(3) - 417-420.

[11] Shi Z J,Cao Z,Qin D, et al. Correlation models between
environmental factors and bacterial resistance to antimo-
ny and copper[ J]. Plos One,2013,10(8):78 533.

[12] Lialikova N N. Stibiobacter senarmontii: A new microor-
ganism oxidizing antimony[ J]. Mikrobiologiia, 1974, 43
(6):941-948.

[13] Li J, Wang Q. Zhang S, et al. Phylogenetic and genome
analyses of antimony-oxidizing bacteria isolated from an-
timony mined soil[ J]. International Biodeterioration &
Biodegradation,2013,76(76) :76-80.

[14] Hamamura N, Fukushima K,Itai T. Identification of an-
timony-and arsenic-oxidizing bacteria associated with-
antimony mine tailing[ J]. Microbes and Environments.,
2013,28(2) :257-263.

[15] Ahmad M, Sang S L, Lee S E, et al. Biochar-induced
changes in soil properties affected immobilization/mobi-
lization of metals/m-etalloids in contaminated soils[ J].
Soils & Sediments,2017,17:1-14.

C16] Hi R M. UK T & 20585 5% 1 1 i B 1 T8 25 43 A B R i
PR 5 LD, AR « BUHSFE T K %, 2010.

[17] Guo J,Zhou R,Ren X,et al. Effects of salicylic acid epi-
brassinoeand calcium on stress alleviation and cd accu-
mulation in tomato plants[ J]. Ecotoxicology and Envi-
ronmental Safety,2018,157:491-496.

[18] Weeger W, Didier Liévremont,Perret M, et al. Oxidation
of arsenite to arsenate by a bacterium isolated from an a-
quatic environment[ ] ]. Biometals,1999,12(2) ;141-149.

L1970 9 54 LA, 12 9. 48 ¥ 58 1 Bl 26 9 9 W ) % O
1], BF B R . 2005, 24(4) 440,

[20] #5000, 2 W, 098, 55 12 B0 D 3 5 I 4F 4B f A G
PERFFELT . AR ic S B3 BT 5 1 PR . 2007.14(2) : 106-107.

[21] Yamamura S, Amachi S. Microbiology of inorganic arse-
nic: Frommetabolism to bioremediation[ ]J]. Journal of

Bioscience and Bioengineering,2014,118(1):1-9.
(F#% 57 70



¥37H o5 H
2019 4F 10 A

ReaBBEIE SR Vol. 37 No. 5

Journal of Shaanxi University of Science & Technology Oct. 2019

*

XEHS:2096-398X(2019)05-0046-07

i e B V) BR AR Ak R A 0T R Y I AT S A i

AEm, 44, K OFH, KO, FRE,
i%/‘éﬁ'a }ll‘f,:RA’ iE%'IZ*

(BRPRHE R B 5AY LRYRE, B /4% 71002

W B REDFTERFRAEEZH BB ABEIREF R AL SO XERIFZ— AR
ARF(ERELABERXFE ERHRAEMFEE B XL 402 )GB 4789, 2-2016 94 T 4 Ch
AT AR P SE DR AEA R B A T AL s R G B AT et A r SRR 4 °C AR
WAL P SRR AL N AT R R e R AR R =@ )2 (PLSR) 7k # & 4 °C A a2
b EE RS B A T K T iR A M A LT AR R A A Sk AP, ALK S AT S gk
i R TR B AR AR R R A E LT SRR R 4 CA R R AN T E
KPHATTENENHARE. FRLEREAN 4 CAR 6 RSHE BB N H % S HMMELF
5.46+0.03 1g(CFU/g) , A4 A M T Ji s 4o ik 2 E B /£ 9 403.2~4 246.5cm ' W, B
I PLSR & &M & —F AL TAL 2 5 K33 6 Peik o A F 2 R &1+, R."=95. 81,
RMSE,=0. 389,RPD=1. 7.

KR SRR A ; LSk ARG AN TEKT; BRI FEw)E

FE S HES . TS255; S182 XHERARERRD: A

Near infrared detection of microbial contamination in
refrigeration fresh Kiwi slices

YAN Si-yu, KOU Jie-yu, ZHANG Xi, ZHANG Min, ZHOU Yuan-yuan,
WANG Ruo-chen, SUN Hong-min, WANG Hu-xuan”

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

Abstract: Microbial contamination level is one of the key indexes to measure the quality of
fresh Kiwi slices in refrigeration process. In this study,according to the “food safety national
standard food microbiological test colony total number of colonies” GB 4789. 2-2016 analysis
of 4 °C refrigeration process of the total number of fresh Kiwi slices changes the law; then
the Fourier transform near infrared spectrometer was followed by a spectral scan of the fresh
Kiwi slices in the refrigeration process of 4 “C. Finally, the near infrared model for rapid de-
tection of microbial contamination level of fresh Kiwi slices in 4 °C refrigeration process was
established by partial least-squares regression (PLSR) method. In the process of model es-

tablishment, the problems of optimal pretreatment and feature band optimization of near-in-
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EHZRB A EEWNA996—) . &, NE MR LA ARE . gl es TR
WIS : LR X986, Beraah il A, P, 184 B 55 07 1] - £ 5 8 WO A AR I 5 42 1, wanghuxuan@ sust. edu. en



553

1=] BT 45 < v PR AE UL Bk 7 (o 2 0 5 e ) 3T 4T A1 A « 47 -

frared spectra are analyzed,and the microbial pollution level in the refrigeration process of

4 °C in fresh Kiwi slices is finally realized by reliable real-time dynamic monitoring. The re-
sults showed that the total value of fresh Kiwi slices reached 5. 4640. 03 1g(CFU/g) after

6 days of 4 °C refrigeration, and the wavenumber range of near-infrared spectra was in 9 403, 2~

4 246.5 cm ', The rapid detection model obtained by using PLSR combination minus a linear
preprocessing method has the best prediction effect, Rp* = 95. 81, RMSE; = 0. 389, RPD=

4.7.

Key words: fresh Kiwi slices; near infrared spectral; refrigeration; microorganism contamina-

tion level; partial least squares regression
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Effect of compound enzymolysis on apple juice yield

YANG Hui, HUANG Sha-sha, DONG Teng-da, SU Wen,
WANG Li-hong, ZHAO Min, WANG Ting-ting

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

na)

Abstract:In order to find a new way to further improve the juice yield of apples, taking Red
Fuji apples from Luochuan as raw materials, using compound enzyme to extract juice,and the
enzymatic conditions were optimized by single factor experiment and orthogonal test. The
effect of enzymolysis conditions such as mix-enzyme amount, enzymatic hydrolysis tempera-
ture,enzymatic hydrolysis time and interactions of chosen factors on the juice yield of apple
were studied. The results showed that compound enzymatic hydrolysis can increase the juice
yield of apple. The suitable enzymatic hydrolysis conditions were the ratio of pectinase and
cellulase of 3 ¢ 1, complex enzyme dosage of 0. 05%, enzymatic hydrolysis temperature at
55 °C yand enzymatic hydrolysis time of 120 min. Under this condition,apple’s juice yield can
be increased to 79. 04 % ,higher than non-enzymatic processing by 21, 02%.

Key words:apple; cellulase; pectinase; juice yield
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38.29%. AR A KR F 2 &R AW KEZRED A LA daf-16.ctl 1. s0d-3.5ir-2. 1
mRNA &L KF, T age 1] mRNA & ik KF.
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Effects of Fu brick tea extract on the antioxidant and lifespan

of Caenorhabditis elegans

ZENG Qiao'?, ZHANG Hao-liang', XIA Fei', HU Xin*, FAN Cheng’,
DUAN Jie', MAO Nong-wu', MI Zhu-xian'

(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology. Xi'an 710021,
China; 2. Shaanxi Research Institute of Agricultural Products Processing Technology, Xi'an 710021, China;
3. Xianyang Jingwei Fu Tea Co. , Ltd. , Xianyang 712044, China; 4. Shaanxi Province Product Quality Super-

vision and Inspection Institute, Xi'an 710048, China)

Abstract: In this paper,effects of Fu brick tea extract on the antioxidantion and lifespan of C.
elegans and its possible mechanism. Different concentrations (200,400,600,800,1 000 ug/

mL) of the extracts of Fu brick tea were fed on C. elegans to investigate the effects of acute

x W FSHHA:2019-03-24
EL B Py A BT BB LT RI5 H (2018NY-093) 5 B VE 44 Q87 BE J7 32 #E 11 R150 H (2018 TD-019) 5 B 78 45 Jak BH 7 B 44 31 %1
T H (2017K02-108) 5 BEVE 2 27 A BT BME DI 2R 135 B (201810060 5 B pi 44 it i Jm B3+ %I Wi B (2018)
EHZRA Y BFA982—) B WAL E B, TR, 7 i L 55 A L B 58 05 10« 2 50 3 R 4
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oxidative resistance,lifespan,antioxidant enzyme activity and the expressions of antioxidant-

related genes. The results showed that the average survival rate of C. elegans fed with 400

g/ mL Fu brick tea extract increased by 23. 12% ,the protective effect was the best. And sig-
nificantly prolonged the lifespan of C. elegans by 19. 82% ,the activity of SOD and CAT in-
creased by 23.31% and 38.29% compared with the blank group. The results of antioxidant-

related genes expressions showed that the extract of Fu brick tea could up-regulate the ex-

pression of da f~16,ctl-1,s0d-3,sir-2. 1,and down-regulate the expression of age-1.

Key words: Caenorhabditis elegans ; Fu brick tea; lifespan; antioxidantion
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W OE. R T4 NIEH & (streptozotocin, STZ) 3t 48 Jk 5 0> oM AR 27 48 69 % vh . BRME 3h 46 OB
FHEMERRDR 70 R, A S A B (10 R) Fo B A A (60 R), A A 2B E 4t STZ
(75mg/kg), E 8 EH 2 d.1 K/ RBABREERZERE AR RRKEH 2h e 2 TK
fn #% (fasting blood glucose, FBG) , B e #5484 >11. 1 mmol/L #E & 48 R # A7 )5 4K, 5 %)
F7d.14 d.21 d.28 d M & =M b ¥, AT KB EI, WS HRE A KB B, T 28d R
Bk ibg st R, e A EFRAF, ZEREAV. SR atm, R A REEHR STZ &
7 d.14 d.21 d.28 d. e #E38 F 5+ FH(P<<0.05); 8 7 d.14 d.21 d.28 d R LK 5 35 B R # &
AR AR Y (P<<0.05,P<C0.01),28 d MR i EEAKF B HFHBAIL(P<0.01). B
W, STZ D F & % R IES T AR 55k gm B RE o A R AR
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Effect of streptozotocin on gonadal function in diabetic mice

YANG Wen-juan', ZHANG Jia-yuan', MA Yang-min®’* , GONG Pin',
WANG Lan', CHEN Yao'

(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. College of Chemistry and Chemical Engineering, Key Laboratory of Auxiliary Chemistry & Technol-
ogy for Chemical Industy, Ministry of Education, Shaanxi University of Science & Technology, Xi' an
710021, China)

Abstract:In this paper, the effect of streptozotocin (STZ) on gonadal function in diabetic
mice was studied. Seventy male Kunming mice were randomly divided into control group (10
rats) and model group (60 rats). Model group was intraperitoneally injected with STZ (75
mg/kg) for 2 days,1 time/d,and the control group. The citrate buffer was injected intraper-
itoneally. Fasting blood glucose (FBG) was measured 72 hours after the last injection, and
the mice in the model group with blood glucose=11. 1 mmol/L were taken for follow-up
test. Fasting blood glucose was measured at 7 d,14 d,21 d and 28 d,and the mating experi-
ment was carried out. The number of straddles and the number of matings were sacrificed af-
ter the 28 d mating experiment,and serum testosterone levels were determined. The results

showed that compared with the control group,the blood glucose of the model group was sig-

» Wr#s H#:2019-04-11
EETB :ERARBAILESTH (81803698) 5 BLITA BHE T B AR Bk IR AT 52 1115 H (2017JM8079)
YEH B A% SCIH (1980 —) , Lo B PG R BH N PRI L 76 B2 1 B 5 26 L WF 5 05 )« R AR 7™ W A 2 B 4% B i 1k
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nificantly increased at 7 d,14 d,21 d and 28 d after STZ injection (P<C0.05); and the num-
ber of straddles in the mating test at 7 d,14 d,21 d and 28 d and The number of matings was

significantly reduced (P<C0. 05, P<C0. 01),and serum testosterone levels were significantly

decreased in 28 d mice (P<C0. 01). Therefore,STZ low-dose multiple intraperitoneal injection

can successfully induce hypogonadism in diabetic mice.

Key words: streptozotocin; hypogonadism; diabetes
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(19 & s MLEE T6 7 0 i S 24 W I 9 B 2 il

1 RS

1.1 %%z

W REPE/NEL 70 H #EPE /N R 70 2L 08 TP
AL R 2 A IS R S Y ol A PR TIE S
SCXK(BE)2017-003 , (A& it 252 g. & ifit 18 C~
22 °C 28 S0 , 5 01T e HOR) BEAE SR8 A AR
BURK S PR AF B 18T R 4.
1.2 %% &R KA

R A T &R (L Sigma A L FEBT 0.1
mol/L(pH4. 4) ¥ 45 R 5 2% vh i - i FH i e 1D 5
TR S W U] 4 B 20 A BR BT AT A FDD 5 AC-
CU-CHEK 5% 77 8 ifit B 48 (% [Gi2 Wik ) A 7DD 5
SER S RN & (R B WS AR A RAFD
HL AR 35 Sk 43 A 4.
1.3 ZBHE

A6 il BE A (fE E B K 2 F]) 5 Varioskan
Flash 49 394 20 2 9y e 3 80X (5F % THER-
MO) ; BSASS2S H + K (8 [ 38 £ ] 17 B} 27 X
A RAED s PHS-3C #5% PH 3 (LI R
ARSI A PR T s WHS 8080 3 T VR A A (1 1
PR TALES ) A BR A DD s DM2500/DFC IE # 5
BB (P Leica) ;s HA/KD-202A H, Jixi B 8 VR
AP ) R AL (A AR AR FRA FD .
1.4 %ok
1.4.1 STZ MMt 4t

LR /NRL 70 HLGE R MR 3R 7 dL it S
RO P /N B AT 28 L 38 B S 50 B /N BRUELAT
EH EIh e, BENLA 5T BE 4] (Control, 10 H) FIAR
AIZH (Model 60 H), fAIH /NRESE 12 h J57, 8
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1 SCUR A + B IR A/ B8 28 X0 /N B R 2 BB ) 52 ) © 65 ¢

JE RS 1 %STZ W, &k 75 mg/ kg, % L2 4
2 d.1 % /d,72 h JE /N B A R o P45 F 7
d.14 d.21 d.28 d P& /N B 2SI I B A
1.4.2 ZCHLSESS

ST 7 do14 d.21 d.28 d XF/h B AT sC B
SN ARBCHT 2 d. BN BRURE BB R S
ST mg/kg) HIHOME B M. 2 BEF 19:00~23:
00 HEAT , WL B ORRF 55 P9 2, 6l 20 AT S BEBH L
2R, R LS S B AT oA B AT, JF R SEAC AT
A% EARERAE A BUEPE /N 1T BT 30 em X
50 cm X 20 em BYMLEL A L 3E B 5 min f5, A K
TEMEME /DL 1 H L8 5% 20 min P55 R X (mount
frequency , MF) : Wi £ 5] [8] P JI€ 5 & vk 50, A TG 4
A5 32 e Yk £ (intromission frequency, IF) ;
T FRUSFERS B ARG BB GE T/ RS L AT 4 A AR
FHE
14,3 IMEF8 A5

AR 28 d K5 . /N BRBE F0UAE 40 BT . B BR B0
3000 r/min B5.00 10 min, 4% &5 007 . % FH 5 B 5
P W B 38 CELTSAD 3 551 60 I 2 i 5 52 Wl 7K F-. A
450 nm A0 5E WG BE L 22 i A o 2k TN B
T SE T VR
1.4.4 BIHLHALIE ML

FIHF/N BRI B, O 5200, DI AL 1 em® 4
AU A 10 % BV P L 2 24 b, TEOK R 24
h KR 2t 0 BE WGk, — 2R 3% B, 1A 0 i
YL S K ARS8, 100 Eh R W RS A
b, ZOKIR W BB LT e o, PR B B T T U

EIHLAES.
1.4.5 S48

H SPSS 19. 0 e i+ #4758 32 70 Bt » B8l
DL R fE 22 (mean =+ SD) s, F DA B 45 A
IO R B s NS s VT = o VA R
e t-test, L P<<0.05 NZEFAHGI¥E L.

2 HR5iITE

2.1 DREB ke R LR

72 h MBI E 25 SRR B AL A 60 H/ BUHP I
BEE & T 11,1 mmol/L /N 53 H LB IR B
W h 88, 33%. FE4r Al F 7 d.14 d.21 d.28 d ¥
N RANY sy B 1R O R = I £ I <1 WG <5 N
I AR 25 40 T 1E ¥ 3 B Y. 5 5 BR AL AR Fb L A 4]
/N BB I S I (P<<0. 05) , 2 % HA S it
2 S, F B STZ 18 pl /N BRUBE AR 54 5 1 W%+ 22 Tt

=x
=],

40
—J— Control

F %
; - _* Model * I
é I e
& ; —
F 3 J_ ]
o 20+ //
_ =
50
s &
° 10+ /’/
) P

L 1 L | . I
00 10 20 30

Time/day
Bl JReETiLihB

2.2 PRREEHER

SR TF 7 d14 d.21 d.28 d, %X R 41 A
H/NRIFATACHE LGS 25 R & 2 &1 3 iR, 55X
BA R .STZ $if )5 14 d, B8 29 /)N BRI 0 vk 5
(MF) ZE B EL (TF) B @ s /b, Ho2s 5 A G2
B (P<<0.0D). HiZ#i A sE A A, 21 d.28 d 1§
SR I HRF 2 1 1 1 IR T B R L 25 SR R B STZ
5 S OB R /0N B B LR ) R ) R DGR

10— Control
-—@— Model

0 . I . I . 1
0 10 20 30

Time/day
B2 PRRERETA

15

—— Control
12—@ — Model

MF/time

0 I 10 I 20 I 30
Time/day
B3 A HAKER
2.3 s iFFERKFME LR

X IR ALY 2 /) BB AL 3 S 0 S 45 2R 1
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4 Fr7R. p gl SR T ARD 2 I S K CF B R
i, 55 ML AH e BoA B35 M 22 57 (P<<0. 05). 3%
W STZ 75T BORE IR FT LA R /) L 582 B K 7
AR AR o T 28 JU 2 BB R 5 S I S 3 45 R AT AT

120

r —|— m Control
wr [ |Model

[0}
[ =
T T

T-level/ (nmol/L)
e N
o =}
——

N
o
T

Testosterone

B4 DR EFRKENELR
2.4 FLHERBEBEIKE
INREEALHAY A H. E Je g, 45 5w 5
JIE 7R % BZH S2 U R tORS /N o 20 R HE 51 4 B R
JE 240 L ) 0K B 200 B SR O R R PN %, K - At B T
U, S T8 25 H0 0] 5 A5 750 2 552 AL 20 20 A RS 200 5 5 )1 Ao ot
B AN b e A M HE S ZE L RS A R ek b

A‘ » W
- " (¥ o

33! 3 . b gty 4 -,

e e

/4 v, ""’ .

: :’ (™ " z‘ ': v\’\‘

A AL ““ﬁ“”-r\;’r{.’.ﬁ:.i‘

a s K I 20 5 b - B0 A B A0 5 o K 40
(a)Control 4

& AR

s A 5 R R IBE B e AR 1 B2 AN M HE 51 2L
5 T 40 5
(b)Model 4
A5 PREBAALZHBEABENOXD

PE i 2y e 8RB O 1 LT R IR —
FHEZERI PR Re . A BT £ W, 0 IR
By Ty BB R A 109 2 o AL ) A 5 B R P 1
PRI A | PN 3 b A0 Rt 2 o0 BRAE £5 T TR &R
SR TE s B A B 2 UF 5 R O HOA S — o Y D Y
JE A T HAHRILE S E R EmMEERE . 2
AT 58 4 T BRI PR A N IR 9T T B i
TAGEE B BRI BORI R AR N A A ZEXS
HA LI, 52 ) PR 2R R AT 3R A BT TRk
Wt 5T STZ X 05 IR A /1y B IR 20 BE 1Y 5% L +4
AR E R ED gl Yy R gl WA O i R
W B FERER STZ % s M i o 8 vl iR /) BRL 1Y)
WHREH, B4 STZ AE RiF T R B &, B A
LR E M R

HEWRAA TR R (STZ) e — Tl 2 5 ) 2 W - 0 g e
JIK & — i e HE A 25 7). AT 5 5 DNA BURE W 24,
0 14 1 7 W B a5 ) A 2 W IR B A8 S o B
i GLUT2 ] % 0 7 i2 55 1 (GLUT2 glucose
trasport protein) A % £ M Mo iE AR 5 B 40 i s
AR S A I B B A M S B
3 4T WIS /D o W e L E T 5] A BIL A AR 2 L
1T 2728 P i PR B 85 1 P R A A L AL BB i AR
A, A GEE o X B A 2 N B AT STZ /il &
22 WK I T AR 175 S A S DR P T ) g DR 3 )
Y, I 30 2 58 P S | I VR S R KT L ZUR S
FEAE XA HEAT B0 IE , HE rh A8 A 2 I R A T
VB 80 (P<20. 01) 5 ML 7% S 7K T & 3 B AR
(P<C0.05) ; X SEALHATHBUB B WML K I, 5 X
HEZH AH Fb L 15520 200G - 40 M B 0 /b AR B R Al
JiHE 7 2L, W 9E £ BH L STZ 3 5 77 A4 i 2 vk 5 /0
FUARE IS HA — 8 A OC . AE RS BL FE b ol T IR AE
TR Nk 12 JE B NN BRUEEAT STZ AT
T T 2 45 /)N BN 75 4 AH B 02> STZ 1y 57 =, L
PRAIE /N B 16 60

3 Aig

SR /N 22 U s T B STZ nl S5 0B IR g
ZIN B B 2y i AR RE R 0 S Ty R AL A S S
R T /NRE T, B BTk B A ey
8 A R AT T2 TR S0 A T) S L G T R KU L i 2 R
B, B VAR T RE AR R 55 g 2 3% O, 5 AR kG A
5 A3 P B T RE Ve AE A s AR 1R L o 5 R T
A S AIF 5T 4 1L S 56 3L Al
(F#% 71 7O
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+—7 B KB A = G IR NG
HREIERMR

B, TEF . FRE. FER. AR

TP BEZ R )70 B 25 I R B R B SR, TP T 530001)

W OE. AR+ S eRARKA LG IR IR AE A, K 80 X SPF & KM ) Rk £
Mg hsaa. ke Haa ehmfarKAu. &REeTHESEMrHE6h, T7dEn
AR RIESTREERRJE 15 min AR BIE —RBK L B BHBKI (DB IBIKE NG
RE AR FHEN RSB RRBEEER AR ST F(V). 5 auamts KAa. e
A A 40 R 15 min MR R BR B B F LK P<O0. 01,*P<o 05), AR K53 B F
BV (T P<<0.01," P<<0.05); 55 g4 RAMA eHR AL AL %5 30 min B9 5 B
YR ERGC P<0.05," P<0.05),4 %55 60 min é’HE)l’iHﬁﬁf SR EMARCT P<0.01,
" P<C0.05). AFRAEE + — 7 & R R IR o B A s A AR AR
KB T —F AN 6 EHABNE; BRAKE; Bk SR

hE S ES:R285 MEKFRERD: A

Study on the analgesic effect of the combination of shiyifang
cataplasm and graphene fomentation

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

(Key Laboratory of Common Technology of Traditional Chinese Medicine Preparation, Guangxi University of

Chinese Medicine, Nanning 530001, China)

Abstract: To study on the analgesic effect of Shiyifang cataplasm and the combination of
Shiyifang cataplasm and graphene fomentation. 80 mice were randomly divided into five
groups:Blank control group,positive control group,the group of medicated wine with Shiyi-
fang,Shiyifang cataplasm and the combination of Shiyifang cataplasm and graphene fomenta-
tion, mice of each group were given the corresponding Cataplasm to external applicate 6 h
daily for 7 days,on the seventh day,testing latent phase and writhing times in 15 mintues by
acetic acid induced writhing mice and testing pain threshold and The percent of increase of
pain threshold by hot plate induced pain mice. Compared with blank group in acetic acid in-

duced writhing mice, The Shiyifang cataplasm and the combination of Shiyifang cataplasm

» Wr#s B H#:2019-06-06
EETIE . T KR A5 6 3R T TR L W wi B 78 (70-2JGX2016001) 5 7 75 4 1% [ 34 X B L AF 3¢ A #0581 39 wi B
(YCSW2017170) 5 J7 74 1 BE 245 RF R G A1 B0 B2 25 2K Z5 46 L 3005 H (P2016001)
YEZ A MW (1995—) L, ] PHE B, 78 BL AR - F 9 26 L W5 07 1) - o 25 L R 245 A5 700 28 53 o 590 A 41 5 0 &
WIS LM 965—) &, ) P8 =L 308 28 S L5 7 1) . vp 2 L ROTE 24 /0BT i R 4 F T 5 F & 318007460
@qq. com
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and graphene fomentation could prolong latent phase and reduce the writhing times in 15 mi-

nutes (*° P<C0. 01," P<C0. 05); The pain threshold value at 30 minutes were significant

higher in Shiyifang cataplasm group and the combination of Shiyifang cataplasm and gra-

phene fomentation group than blank group in mice model of hot plate induced pain (** P<<

0.01," P<<0. 05), The increase of pain threshold at 60 min after administration changed
somewhat(™ " P<C0. 01, " P<C0. 05). The Shiyifang cataplasm and the combination of Shiyi-

fang cataplasm and graphene fomentation can effectively possesses analgesic effects.

Key words: shiyifangcataplasm; graphene fomentation; acetic acid induced writhing; hot

plate induced pain; analgesic effects

0 3l

Vg RUNTIE SNV M e R T2
B2\ Y R TR NS TR B NPT -3 sy [ S B S
HA LR b A b AR A
A S AR RE 2 A0 A B A R AL T H kR 1 S A
e 5 B M BE AR A R A AR R A T R B
U ARG T K A D4R

A1 SR AE Sy — T L R AL L L T B Ak B
2 630 m"/g, L K ZHA KM R R TH AR 1 A4
Bort g UL b B R b m Rl A B0 B A Y
BAYRE ST Yang SR F SUHEAE H 52 3B i 8
259 2 % th B (DOXO £ S b A 820 1 i & & ih
A, Hf R T Ik 2359, ki T H AL g 2
WA AR EAE TR R HAE 3
ISR BT 1k 600 W/mK™Y, SCEk[12, 13 ]#F
TR ALFZ5Y) . DNA  RNA % #5658 1 non 3t
B AR R A A A B AR L A A b [ TR A AL
A S0 DT S B R 52 48 24 ) i D) g

7 2 S TV R B 2 KA — R B
Bt T R 48 Ay B I A 4 56 BT A 2 %) g P 1 551 P
ZIAE T A AR B b 25 1, BT BT Ok
IR MO 0 DAL, EL G DR I RN 3l S 5 3R B
RS TE N 2 VN § g Y (AR

AL H 24 T A I PR 17 P 2ok R o A7 A M DR A 485
WORETE S AR+ — Al S EE
(14 5% 7K P 5 SO VR 2 5 R A R T Al B RE I i ks
FR il B3R ST 24 R R 24 P B R A L R R R
/N HLG T A — 5 B A A

SRAIE S — 5 AR R R R Ay B O 1 R A
T AR S50 38 2 1) I R B A SO S
TIE S A7 85075 TN 5 1 — T U A W B R ) R O
P S DT R FE R R0 g | 42 4 Pk v 14 A 6 A1 7] 2 3t

i

1 MBR5FE

1.1 ZBAE LKA
.11 EEAUR

HL AV I K v 3 LT S TR 2 A8 A BR
Al HWS-12) 5 B F K (A Wk i 20 6 Fk o A 40 1%
HABRAFLIM-A5002) ; 57 B8 B A O AR 28 2 4k
P4 BR 2 & W RB-200).

11,2 F2E50 S 24 5

KA G OB T B B A2 S A BR S /DL it 5
2017030302) s i Ak 44 CRL &R 17 B e A Tl 50 T, it
45 :2016081601) ; UK iy i (R AR 7 B} B Ak 2% 5 A B
NFELHES 02017041301,

T — AR CHS LS 20170701 52 H T
—JFEAEFCA S LS 20170701 5 47 B K OB
I BEE B 4 RE B A B 2 ) 42 ) 5 % R | 38 I
CRERARTE K A2 A PR A AL 5 . 20170223) 5
—J7 250 () VG B 24 K AR A — s B B, it
20170518).

+—J5 ELA 7k B CMC-Nal. 6 g fil A 12
e 1 K, T 50 CC oKW 3EAT I K, H AR A A
PVP-K30 10.0 g, fil A 0. 2% JeiH4: Z B 20 mL
T =T, T 50 COARIHEAT B AL Hi14% B AH FR
I 15.0 g HlA 1.0 g PEG400,IA 13.0 g w4
LB A) HIA C AL ALB AR O A F
C A s X 5105 TR BB 25 7 35 50
WA T RYiA6 bR 55 CHER T4 8 h, B, ik
BB LRI, BB AL 7 em X 10 em K /N A G
EECE-NIEES
1.1.3 SE5%shy

SPF 2t KM /M, 200 H iR 150 H, B 50
HORTE (20+£2) g, F ) P ERFR 2= S5 3h v
OISR T P BE 2 R¥ 30 5. & IE 5.
SCXK #E (2014-0002) , 1R F= I B IR B (23 +2)
TR 10% ~60% , G JH IR 12 h. 52
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S TR A0R 4 - — T L A ) B TR R s AN R A © 69 -

B FE B PEE IR 7 K. A B ROk,
1.2 £k
1201 75 U A 70 B B0 FH A A s A0 0t % it i
/N B r AR

U KM /N B 80 B, Ml fl 45 2 , i o7 Pk
3 d fE. AR ERLS N 5 A, Bl A [ 4 (450
em’ » kg " T L HMELH (450 em® - kg 'R
FUE NGB (25 4H (27 mL » kg "2 .
AL (450 em® « kg '+ —J7 AT FD VR A
(450 em” « kg ' — J7 LA R BE A SR OB
W, A 25T 24 h, £ 4/ BRUE AL FH B E 28 E AT
Z)3 cm X 3 cm WYL EBALPR, B 5 FE 24 h, I
o BB DX R R A B . 24 h R 520K G
A (0. 08 mL/10 @) #F AT BRI, J5 5 77 & 76 /D B
MREX IR 2G 6 ho LG5 7 d. KRB ZE 1
ho /N BB i 32 55 0. 8 %6 VK i R ¥ ¥ (0. 1 mL/10
@) WLEE T H R S 5 /0N B MR B — WL AR I 1 1
PRI () B 15 min P H B B R A9 UKL AT 4% 25
D 545 425 25 /5 BRUHIL AR B g v AR 0 A28 K 4
.

IR IO 7 ¢ =

A 25 5 AT AR I — 2 AL IR R RO
7= HAHL R IR A

100% (D

1.2.2 75 UL AR 700 Bk FH A 38 0 AR 00 %o AR
F/IN B 1 5 g

AN B B 2 TR 1L 20 1, PR AN B
% 55 °C, LI/NBUBCA #0H b 2 10 3R S A2 19 )
R iZ /IS BRI B BB W S 1) ST BB SR /I
B2 24 T 1A 20 B (s ) o 5 /DN U0 TR 2 30
sOF B A UBO BN T 3 s G 3 a3 T 85080 T 50 5%
B ARG 2T 5 Y%K A E B (0.08 mL/10
@) HEAT BRI » 5 #3978 /N BB B X 2 k45 24,
RU2H 6 h, L4257 d RIRA S 30 min, 60
min 43 0 2 45 41N B JR B (B nT 4 A = (2) 3
A5 20 /N B 24 I A S TR) R T 0 i B (4 v
).

Ji BB R R =
%%ﬁ%ﬁﬁ@@—%%%%ﬁﬁ@ﬁx
95 25 T 249 B
100% 2
1.2.3 #5855

DML T 450 em® « kg B A R FHAE
HET 450 cm® « kg 'YK FIE 8 WG 5 25909 4H 4
T 5 A R SRR 25T (27 mL - kg ) A

FIZH 25T 450 em? » kg "B+ —F B A s B H4H
T 450 em® « kg MY — T A R R BR O A AR
K PO, PO E] R 2 b
2.4 BdEgeitsonth

Bl 45 Fon R SPSS21. 0 F kAT
Geat oz or M, X BCUE S X0 BRI R O 2= o
(One-way analysis of , ANOVA) FI4 S7 BEAR ¢ ¥
%, P<<0.05 NA G L.

2 HR5R

2.1 ‘T —F &R AR G RN SN % B R 5
DR EIEER

B4 B AR 4/ B 15 min P9 LA s Ry 2
R Al B FER, 2R A5 ¥R X
(" P<<0.01," P<C0.05) , HIAR B 4 (4
WEW T P<0.01, " P<<0.05). BEH A S50 4
FULH A, /INBL 15 min PR SR AR TG B 3%
PR E R, AR R B TG 3 s> P>>0. 05) L {H
SR AL/NEL 15 min P8 A B R v AR 0 48 1 A
SRAG AR L S 2 R U W - — T B A R B
FH A 35 0 PR 347 Tl % f s 1 T 380/ BRI - A1
S POV B 4R = T — T B A R0 % i I TR BT 3K
AN AR R 3, LS g5 R n gk 1 ek 2
N,
Fz1 +—FBEHF KA EERE X ER

BORHARRNERBANZ M (xLs,n=10)

W N P S T K
131 .- E%ﬁzﬁﬁ% @ﬁﬁ?k

173.7414.59

FHY4 450 cm? ¢ kg !

FHYE4L 450 cm? » kg™ ! 235.64:22. 77" ¢ 35.64% "
2520 27 ml- kg ! 222.7434.37" " 28.21"
BEHL 450 em? « kg™ ! 213.9435.04" " 23,14
EATFI4] 450 em? » kg™ ! 209. 2436, 18* 20, 44*

WS EE . P<0.05, " P<<0.01
F2 +T—ABEHFKERAEGAENXER
BUMNRAME R BRI ENE (x+s,n=10)

a1 5 . 15 min LK

} ) WHL/ K
EHH 450 cm? » kg™! 38.6+10.19
[ 4 21 450 cm? + kg ! 22.248.23% "
255 41 27 ml « kg ™! 25.1+10.64%*
A 450 em? » kg ™! 29.4+7.40"
LA A 4 450 cm? » kg™! 30.0411. 58"

WA AR, T P<0.05, " * P<<0.01
2.2 +—F AN BB B B RPN *F AR B
PDRAERFH R KIEER

R 2H 55 A ) 2/ BUZE 45 245 )5 30 min HU
B b s 1 40 R 2 4 = (0 P<<0. 05),60 min B



.« 70 RaPERLE SR 37 %

AR B S PEAR T P<<0. 01,7 P<C0. 05). BX
FHA 5 B AR F 4 S, /D4 25 /5 30 min #1 60
min F99 B3 6 4 5 P>>0. 05) . [HEEH
A1 /IN 25 25 00 S A [R) B T) s 0 i B v T R AR
L 7 790 4 1 5 SR 0 B T — A 7 B R A
W PN X R 2 A VAP B0 B R . LS 00 2
gk 3 K3k 4 PR,

x3 +—ABHFRERARAEEHE AR

B/MRBEBHEMNZMR(xEts,n=10)

Y15 25 25 i 25 245 )5 A [a) I [ 3905 B AL/

/s 30 min 60 min
HE4 17.81+2.87 18.38+2. 32 17.99+1. 96
S 4 25 18.004+2.02  20.5742.57*  20.934+2.42* "
W4 18.1443.04  21.4242.27° " 21.8142.59* "
B4 17.1041.43  20.85+1.34%  20.714£2.17*"
EARA 17.33+1.36  20.71+2.39" 20.18+1.36"
W52 HARE, » P<<0.05, ** P<<0.01
F4 +—FEGEFIREAREGHREMIT AR
HIMNRERERSESENZNE (xts,n=10)
45 24 J AN [R) I i)

o5 2T

415 /s IR AR R %
30 min 60 min
A 17.8142. 87 3. 20 1.01
FHPEZE  18.0042.02 13.02" 15.0" "
4 18.1443.04 18.08" 20,23 *
B 17.104+1.43 21.93" 21.11" "
A4 17.33+1. 36 19.50" 16.45%

H 5 AA R, P<<0.05, " " P<<0.01

H bR S A5 R w A+ — 0 B A AR R A
A I PRI X5 B 2% ik B AR P B0/ BRURY A . (ELIBR ]
HEEAFA R /NRA LS 30 min Al 60 min
149 1B (B 34 TG W 35 $ s (P =>0. 05) , JL A AT R
A — A SR IO A T O A 7 25 24 I ey T S
B S 13 B AN RE 45 T A R 5 A A AT S Bl
POREIET, 0 A S M PR RO T B R FE 8, R
RE2 T+ — 07 2477 L A 0] A 28 B Wi i o (EL = 6 4
/IN B 241 IS AN () IR T 9 19 v T R
A R L, B A S i B B R s+ — T
A 79 2 At FRAR I B0/ BT A B0 e

3 #ig

AW DA A7 580 2 R 5 4% e 0 B T D 4
B A B RBOEAE DR G TR T LU 5
W PR I 5+ — T L A 7000 SRR A Y 24 R
8. W R B B AL LA R4/ B 15 min A
A S 0 PR 4 Wb 2 A AR OB S U 4
2455 30 min YR (A Y WM. 45 255 60 min
F8 9 58] 144 v A P A2 Ak

S FR B A SR BB B R T — O AR

FR B 15 PR A A SR O A X — T
A 790 4 BRI S8R B T AN % (E IR AR T A AT
LA i £ 2 e 07 1) 3 U, B v AR O A — T
ESL A 55 B UL P A S A R 4 A W AR s I A B
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R T e 7 P T A g R 2 A e
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EARERY . ENE FHEFREANE AT EARTR(mCPBA AR AA A HARS
M. R AGRE R E AR kg R TORA SRR X AL FaET AR ARSI
FT RAEF M, G HiIAIZE) B 475~ 4 PTAm-co-PDMDAAC. Bl &, 28 ¥ Jo X & b, i@ it &,
F A LA E RN K EREA B BARS Y PTAm-co-PDMDAAC 4§ % JE# A 4} 49
HRAEILEFTFHiL 106.1 mAh/g, AW ILE T4 100.3 mAh/g, T RESKEH 4. 6%, &
i 100 KRB HRZJE . PTAm-co-PDMDAAC #9 B b 52 F %3] T 61 mAh/g FR THRE, 2%
PRAFR D 61.8%. B LA A B ERAA AR BATFO T RGBT A A B R, ALK
W IR AR R R AT, 4)%%% ﬁzk

XER . RABWE; REoY; W, A

FESES:TQL50 iﬁﬂmmm: A

Study on intramolecular doping of nitroxyl radical polymer PTAm
with dimethyl diallyl ammonium chloride

ZHU Jun-feng, ZHU Ting, TUO Huan, GAO Wei-chun,
ZHANG Wan-bin, REN Jun-zhe

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

Abstract: A 4-acrylamido-2,2,6,6-tetramethylpiperidine monomer was synthesized,and a co-
polymer was synthesized by internal doping with dimethyldiallylammonium chloride. After
the product is precipitated,it is oxidized to a nitroxide polymer with an oxidizing agent,chlo-
roperoxybenzoic acid (mCPBA). The free radical polymer was characterized and analyzed by
NMR spectrometer, Fourier transform infrared spectroscopy. electron paramagnetic reso-
nance spectrometer and X-ray photoelectron spectroscopy. Finally, the target product PTAm-
co-PDMDAAC was confirmed. The results show that the free-radical polymer PTAm-co-PD-
MDAAC as the positive electrode material has a first discharge specific capacity of 106. 1
mAh/g,a charge specific capacity of 100. 3 mAh/g, and the first coulombic efficiency of
94. 6 %. After 100 cycles, PTAm- The charging specific capacity of co-PDMDAAC decreased

x WS H#3:2019-05-28
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to 61 mAh/g and stabilized. The capacity retention rate was 61. 8%, indicating that it has

good conductivity as a battery positive electrode material,has low charge transfer resistance,

and maintains charge and discharge cycle capacity. Good rate and stable cycle life.

Key words: nitroxide; polymer; doping; electrode material
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Study on synthesis, structure and fluorescence properties of Cd( [ )

complexes of N-oxide nicotinic acid

KANG Yi-fan, ZHANG Ling, JIN Meng, LIU Xia,
CHEN Yi-tong, YANG Xin-hui, YANG Xin-yu

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

Abstract: Two kinds of complexes were synthesized by thermal reaction of N-oxide pyridine
carboxylic acid ligand (HNNQO) and cadmium nitrate tetrahydrate. The synthesized comple-
xes were subjected to structural characterization by X-ray single crystal diffraction,elemental
analysis and infrared spectroscopy. Structural analysis indicated that the cyclic four-chain unit
of complex 1 was stacked in the a direction as a chain frame structure,and through the weak
action of C— H=+-- O, it is connected into a planar network structure; in the complex 2, the
paddle unit is stacked into a planar network in space,and connected by a weak action of C—
H:-- O into a three-dimensional supramolecular structure. In addition, the stability of the
complexes 1-2 were investigated by thermal stability and solid fluorescence. Fluorescence a-

nalysis showed that the maximum fluorescence emission of the two complexes was at 390

x WFS A HA:2019-03-16
E&TB:ERARBAILTH (21801161 ; P EFE+/5R 2= 54T 3 H (2019M653524) 5 BEVTRHE K 2% 1+ BHUFE ) 3k 4 10
H (BJ15-35) 5 P KF G M5 KRR TIAE 73 F b2 07 B 5 A4 52 90 = P AL 4 0 B (338050067 (2018-003))
YEE B R (1984 —) , 53 B v 52 39 L PRI Wi+ B 52 07 1) - Dh Ak i & 1
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nm,which could be used as a potential fluorescent material.

Key words: metal-organic complexes; N-oxide nicotinic acid; Cd( Il ) complexes; fluorescence
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Preparation and properties of konjac modified
waterborne polyurethane

LAT Shui-li', GE Ru-yue', LIU Xiao', JIANG Ting®

(1. Key Laboratory of Auxiliary Chemistry &. Technology for Chemical Industry, Ministry of Education,
Shaanxi University of Science & Technology, Xi'an 710021, China; 2. Shaanxi Changlong Science &. Technol-
ogy Development Co. , Ltd. , Xi'an 710000, China)

Abstract: Aqueous solution (KGM/WPU) of konjac modified waterborne polyurethane iono-
mer was successfully synthesized with polycaprolactone diol (PCL-1000) and hexamethylene
diisocyanate (HDI) as the main materials, 2, 2-dimethylolpropionic acid (DMPA) as hydro-
philic chain extender and konjac ( KGM) as a cross-linking modifier. The effect of KGM dos-
age on the performance of dispersion and film was discussed. The results show: When the a-
mount of KGM is 0. 3%, the dispersion is transparent and blue, which also exhibits small
particle size and its storage period is more than 6 months. The tensile strength of the film is
greater than 20 MPa,at the same time,it exhibits a good water vapor permeability and soft-
ness,which is significantly improved in water resistance,acid and alkali resistance and solvent
resistance compared with unmodified waterborne polyurethane (KGM/WPU-0).

Key words: waterborne polyurethane; konjac gum; modification; cross-linki
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1.1 RAEKHA

RO NEE ZJCEE( PCL,Mw = 1 000), Tl
R THEHINTAHRAE:; Z AR T HEE
(DBTDL) , 4347 21, 74 P K 40 Ak T BR A w5 75 T
R RHRMBER (HDD /Ml L5 s ik TA
FRAW ;2,2 Z RN (DMPA) s Hral, i
& FUMAE LB A BR A A s BRI (KGMD L & i
G R R A=A = 2B (TEA) LT K
R (EDA) (N-H L ik i e i (NMP) | & A b
B (NaOH) ¥ B R (H, SO, HF 2, A frali, K
MR AT s iR, Tk g%, N RS R
AR 3R (RM-20200) , Tl 2%, th R E &
A6 TR B2 A 5 K PR AR ) (5016) , Tk 9%, I8
Il AL T4 BRA AL
1.2 KGM/WPU L& # 4] %

Ak B PCL-1000 HEFE — oG BE B T il
120 “C /K ALBE 30 min, 7K %3k 0. 15%/L; DM-
PA T 80 C MU T4 2 h; HDI, TEA,.EDA,
NMP 43l 5A 43 F i TR AL 3 7 d.

PRy PCLLOHDIL2~3 % DBTDL it A
BB PP A AR = B R, T
HE 80 C~85 CIafriE M 1.5 hs A FEKY
iR DMPA J R 1 h, 28 —1F T &0 — NCO
T F) PG A4S E R B 92% ~ 98 % J . A T4
) KGM 422 [ 2 h ORI 399 1) 400 4 32 Kk B A
WEEAFD s IR E 30 °C~45 CHEINA TEA &

0.5 hs M A K8 F /K s 8y Ik 17 7Lk 2 80, SR e
A EDA 85 KB 0.5 h, il )5 [ & & 35 % Y
JBE = J o K M 2R SR 4 POl (KGM/WPUD , B
R HLEL AN E 1 .

HOWNANOH + OCN A NCO
80°C ~85°C,1.5h| DBTDL

Prepolymerization
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A1l REMNEH
A KGM & i . ik 2L Bd 7 3k 1 fr

N
®1 7AE KGM/WPU AL #&EFH
4 PCL HDI DMPA KGM TEA
/g /g /g /wt /g
KGM/WPU-0 14.67 4. 88 1.03 0 1.03
KGM/WPU-1 14.67 4.88 1.03 0.1 1.03
KGM/WPU-2 14.67 4. 88 1.03 0.2 1.03
KGM/WPU-3 14.67 4. 88 1.03 0.3 1.03
KGM/WPU-4 14.67 4.88 1.03 0.4 1.03
KGM/WPU-5 14.67 4. 88 1.03 0.5 1.03
T w(KGM) % =m(KGM) /m (). K ym B =m(PCL) +m(HDD +

m(DMPA) +m(KGM)
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IR B R A ).
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A/ g /% /% /% /%
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¥ H ¥ E Malvern 2 Hl ) Mastersizer2000 %
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3 A B S T A i A L P VR A A AR E
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S EAT 6 N H i A7 R .

K G E R R A A PR A Bl B TS2000-S
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KGM 43 F-45# I — OH 5k & i — NCO [
FEAE BRI AL BERON » TR IE — OH 825 5 )
JNE o DA A5 75 390 2R AR v A7 B8 /0 52 9 — NCO L fE B Ja
K FLAG I B v K S 5988 N AR Y R T g
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st
0
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= s
= 0
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LRk FEIZ2A
=3 KGM/WPU I RRBEHER IR

KGM/ KGM/ KGM/ KGM/ KGM/ KGM/

WPU-0 WPU-1 WPU-2 WPU-3 WPU-4 WPU-5

AN &z & Wz & Wz EWEZ CREWEZ REEY
LS e - ey s e —

e ot ot e Bt 2t

it 8h B [E%33 RAF KL 4F i RSB ik
oot =6 =6 =6 =6 =6 =6
8% B/ % 35 35 35 35 35 35

2.3 R BEAE A WAL S b R B KM AT
B A Ry B HEATC VS R it Ak 2 b e Rk 2.
F A AL B KGM BRI b 3G 22, e 5 1) 1 7K
REAG o I PR P T e ) P A B = 49 e (I Y
KGM B8 fin 28 3k — 8 {85 - U A W 7K 38 S 25 4
S TR s R S 2 I LR S R I 4. X
JEH R KGM 4 F 458 & & — OHL. 5 R AR K5
SEAE 1 — NCO I A 1 3 H IR 5 il 7514
R AE R AR, oY A Bk R TR AR b —
NCO 57K A5 I Az il g B 5 38 5o K 8 15 32F — 25 3¢
B o A B T 22 i R i R T G K P TR AR L (R R
H %) 52 10k 23 A ol 45 5 B B0 TR 4R v L B AR TR fig T 4
SR, FICAE I 3R 4 1ok 1 B T 4 o 5 HR SRR B T K
S BEL RSB B ) 199 5 L 5 3T o £ 45 2R Bl o S R
BEK A FIRFLBR AR K A A5 /N 5 F W i 45 5 E A

DFHNMNMBERREWn T, I HME
KGM g 2 IR R P S HFEEKE K —OH,
M — OH e KR 5, R 2 00 F R B Hi k.

TR AT 3 590 5 o 1 0 e 555

=4 RERBFmLZERERTKE

%5 WK E/ Y TR T i s T R
KGM/WPU-0 16.7 AL L 4 Bk
KGM/WPU-1 14.5 Tk AR T4k
KGM/WPU-2 11.0 Tk Tk T4
KGM/WPU-3 8.8 A4k P/ ToAE b
KGM/WPU-4 7.6 Tk T Rk
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Bl 4 g KGM/WPU JBE R J-R A2 B 3 5
J 5 7 27 PR BE K KGM/WPU 4 4 Bz 2 3% K S vk
FEEER. h e 5 ME 4 AL M TR Btk
KGM/WPU-0 i, st Z J5 1 KGM/WPU-1 &
KGM/WPU-5 Ji& R hir {5 B A8 K, 177 Wy 284 < 2%
SN FL RS A 5 AT Gk 25. 83 MPa, S K Bk
PERY KGM/WPU-0 B 2. 4 1%, [7) i 65 Bir 1 45 4
KGM/WPU 7K1 Bz 43 M 7] 34 59 Hb b 3K 7 B 5
FT R R i K SRR R R

— 5 THI 2 PR R B A R R T O B N

P A B A R 4 1T ik BO R SR WL T KGML A
SR R iy B AC I AT 2 B T R e P R B
S5 008 B, BEL 1k 43 F B (B AH B By 55—
KGM Eh Z 33k &4 H& A RIYER 51k &
Y — NCO S [ B, {1 75 28 S g & A7 Sk 4
K% BB 43 PR 25 44 . B0 22 Be ) 2 s (0 R Y
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x5 KREHNFMHER KGM/WPU &if

BEEKSE . ZRE
e PIAPSREE WP RMpROR BAKRME R
/Mpa /% /(mg/cm? + h) /mm
KGM/WPU-0 10. 75 1 444. 35 0.022 9.01
KGM/WPU-1 13.63 1 389.95 0.023 9.12
KGM/WPU-2 16. 15 1149.42 0.025 8.98
KGM/WPU-3 21.78 1116.43 0.028 8.72
KGM/WPU-4 25.83 1 041.51 0.025 8.67
KGM/WPU-5 23.56 960. 86 0.024 8. 54

2.5 HEHSH

5 Fk 6 NG KGM 41 119 R =
s RE 7 AR R 0 TG it 2 FAH e 508 . i &
5 AT LIA SR o3 il E LA AP B A —
W Bt & A= 7E 260 °C BiF I iy 8 2 I vh 5 B ) 49 1 L 265
BB & AR AR 350 °C BRI Sk B (R R B i
KGM/WPU-0 5 KGM/WPU-3 #43fif iy 2k & #
KA —F,H 2 KGM/WPU-3 #4431 % 48 L T
KGM/WPU-0 8 — & 1Y ZE 3R . — i 5% £ 31 53 i
Jo R A 5 Y0 B X N AR R CT5 %6 Sy JisE JIEE 1) )
U R . 2 6 RIAT, 6 T5 % ik X 7 A9 I8 2
A Bt 256. 9 C LB S 268. 3 °C L #Em
T 11,4 C5 78 T50 % B X N A% B . oA e 1
295.6 °C T2 PG 324.1 C L 425 T 28.6 C.
X KGM A i 15 7k 22 28 36 %% B 35 K, &
S 2 A 1 T 3G 5 T 0 I HR 45 4 B2 T g ) 4% 4
¥ BRI T R AW BE B9 S 7 B i o 7R
Hh i LR 22 (1) A B OR A S T TRD Y A VE
TRV K IO R 25 ) o DR v T B i A
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& 40f
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Temperature/°C
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MR IR AR E M MR

G5 T5% T20% T50% T90%
KGM/WPU-0 256. 9 278.7 295. 6 332.1
KGM/WPU-3 268. 3 286. 1 324. 2 350. 1

HT5% . T20% . T50 % . T90 %6 43 Bl 26 78 S A i 243 fie It £ 43
M 5% .20% .50 % .90 Y At Y R

&

(D FT-IR M & W] . KGM {1 sk 3¢
B0 € i B 42 A B K 1 SR g Ko T4 b ALK
AN B IZ 5 L 2 B0 A AE R R TT Gk 6 A
H B UL At A7 3.

(2388 3 % Jsc B i 7K L TS T R 2 R it 7 75 )
IR B KGM Hbfin A8 75 2R 22 g 14 32 5 6 R B3
R I BRSO R 2 5, B AR TP RE T 1 L FICAE K L R
BN 95 0] 42 ot 1) BB ) $2 i s O HL 28 B 43 B A0
FE L BEAE 4y it — 2 iF, WPU/KGM-3 # Lt F
WPU/KGM-0 #£ T 28.6 C.

(338 33 % 5 B AL AR P B8 3k 2% B . 24 KGM
BN Ry 0. 400 B, B B M B R s 25, 83
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52 &k, £ &, Zoos, Ly

(BRPERME R R IRE 5 TR B LR EZ R LB RGP0, B /5% 71002D

i ERABT AR ER2-A B E-2-F A A AR R-F MW B ) /R R M B ik (P
(AMPS-co-AM) /PAM) R M % K 5 IZ . AF % T AMPS F2 AM 34K pb 4] 3 K 5 I R %5 3% B8
BRik FEREKR PG Hh, 2R EHA. S n(AMPS) : n(AM) =5.3 : 1 &, P(AMPS-co-
AM) /PAM X P 2 7K % i 69 B 45 3% 3% K 4 35.8 MPa, FHIEMKIL 4 8. 08, 4 AL A 24. 67
X107 J e m °. R ARG Zeb L s K E (FT-IR) An 42 4 ¥ 45 (SEM) af L 4 Myt 47 T A48, FT-IR
%R AW, AMPS A= AM X A £ B F B .SEM % % £ % ,P(AMPS-co- AM) % A& 89 5 — M % 7K
BAERILEM P AT IO RN %, AR T35 KEI N EYRE.

R R N % KB RS R R

hESES:0632.63; TQ317. 3 XEFRERD: A

Synthesis and properties of P(AMPS-co-AM) /PAM
double-network hydrogel with high compressive strength

LYU Bin, WANG Hao, GAO Dang-ge, MA Jian-zhong

(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-

na)

Abstract: Poly(2-acrylamide-2-methylpropanesulfonic acid-co-acrylamide) /polyacrylamide (P
(AMPS-co-AM) /PAM) double-network hydrogels were synthesized through two-step meth-
od. The effect of AMPS and AM monomer ratio on hydrogel compressive strength,swelling
rate and swelling equilibrium ratio was studied. The results show that the first network mon-
omer ratio is n(AMPS) : n(AM)=5. 3 : 1,the compressive strength of P(AMPS-co-AM)/
PAM double-network hydrogels is 35. 8 MPa,the equilibrium swelling ratio is 8. 08,and the
dissipative energy is 24, 67 X 10" J » m °. The structure of double network hydrogels was
characterized by Fourier Transformation infrared spectroscopy (FT-IR) and scanning elec-
tron microscopy(SEM). FT-IR show that AMPS and AM copolymerize and SEM show that a
new cross-linking network is formed in the first network hydrogel formed by P(AMPS-co-
AM) ,which is beneficial to increase the compressive strength of the hydrogel.

Key words: polyacrylamide; double network; hydrogels; compressive strength
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Preparation and properties of interpenetrating network
humic acid water retention materials

ZHANG Chang-hui', RUAN Huan', NIU Yu-hua'?, SONG Jie', REN Jun-zhe®

(1. College of Chemistry and Chemical Engineering, Key Laboratory of Auxiliary Chemistry & Technology for
Chemical Industry, Ministry of Education, Shaanxi University of Science & Technology,Xi'an 710021, Chi-
na; 2. Shaanxi Research Institute of Agricultural Products Processing Technology, Xi' an 710021, China; 3
Shaanxi Runzhong Clean Energy Co. ,Ltd. , Xianyang 713600)

Abstract; Water-retaining materials (PVA/PAA/KHA) with interpenetrating networks were
prepared by solution polymerization using the partial neutralizing acrylic acid (AA) , polyvi-
nyl alcohol (PVA) and potassium humate (KHA) as raw materials, N, N'-methylenebisac-
rylamide (MBA) as cross-linking agent and potassium persulfate (KPS) as initiator, respec-
tively. The results showed that PVA/PAA/KHA respectively have the highest water absorp-
tion and retention ratios of 481. 3 g/g and 90. 3%, when AA/PVA/KHA mass ratio, AA
neutralization degree, polymerization temperature, KPS dosage, MBA dosage were 10 : 1 1,
65%,80 °C,0.25 g,0.06 g,separately. When the amount of water-retaining material added
was 500 ¢ 1,the soluble protein content and chlorophyll a content in vegetables were up to
18.9 mg/g and 1. 28 mg/g.respectively,and the malondialdehyde content could be reduced to
0.086 mg/g.

Key words:interpenetrating network; potassium humate; polyvinyl alcohol; water-retaining

agent
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B 5%%“%%"*(NH4 )2 V305 WK A
MEEA MR

RES LY, BN, w W, X sht, BRI

(LT Rl K2 MR RS TR BT A BV RS EH &S ohfefbE S0k, Py 7
7100215 2. & PH P& BEAH AR FT e, BV BLFH 712000)

W OEESRAERMHBALRBSLEMERR ST BERLR F @M 2 EE FLH—
FERESRIEFTRFRF AR GHA, CLERA—MREERNHFA R, ALRET
—Fb AR = EOR M E (NH), VO R K 89 R F ik F AR TBE (TAA) m A
NH, VO, &k ¥, @i SR, KB THAF(NH), V0 #K K FH A X FHE474 .42
M A X HELE TR ESHRIEATT AR E T —F(NH), V0, #9H R, TAA
VEAE R, B —3 oy AWML R AN, Af TR EH RSN A (NH,),V,O4; b9, iF f£
WL SNE ST AT (NHD, VO R R #ATT ARKA R, £ R 27, KEH 2 mg/mL
B(NH), VO A B  ELHEZFEEHD 1 Wem® o sbLBHE TR TiA 32,11 C. LA
HRFHARAB TR BT FFR LR ERAETE S5 46%. AFRRET —FH &
(NH,),V, 04 Bk B 8 ik ik, F BBIE(NH), V, O, kB ELMFEFARAKE F @

AABKEA.
KW (NH), V05 R R BEmikk; AT ; AR BAE
FESZ3ES.0642.3"1 XEkFRER: A

Preparation of layered (NH,),V;0; microsheets by solution
method and its photothermal properties

ZHANG Gong-fan', GE Wan-yin'* , CHANG Zhe', LIU Chun?, JIAO Si-yi'

(1. School of Materials Science and Engineering, Shaanxi Key Laboratory of Green Preparation and Functional-
ization for Inorganic Materials, Shaanxi University of Science &. Technology. Xi'an 710021, China; 2. Xian-
yang Research &. Design Institute of Ceramics, Xianyang 712000, China)

Abstract: Two-dimensional layered materials have attracted extensive attention due to their u-
nique application in photothermal cancer therapy in very recent years. Developing a simple
synthesis route with excellent photothermal effect has become an active topic. Here,a solu-
tion method of (NH,),V;0s with a layered structure was proposed. The (NH,),V;04 mi-
crosheets were obtained through the nucleation and growth by heating thioacetamide (TAA)
in NH, VO, solution. The samples were characterized by X-ray diffraction, scanning electron
microscopy and X-ray photoelectron spectroscopy. A formation mechanism of (NH,),V,;0O;4

was proposed. TAA was used as a reducing agent to reduce a part of pentavalent vanadium to
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tetravalent, thereby forming a mixed valence state of (NH,),V;0g. Moreover,the photother-

mal effect was studied by exposure (NH,),V;05 microsheets under near infrared. The re-

sults show that the temperature can rise by 32. 11 °C with concentration of 2 mg/mL

(NH,),V,;04 microsheets under the infrared laser power density of 1 W/cm?. In addition,

(NH,);V;04 microsheets show a good thermal stability. Through calculation,its photother-

mal conversion efficiency can reach to 55. 46 %. This study not only offers a simple solution

method to obtain (NH,),V;0Os microsheets, but also proves that (NH,);V;0Og microsheets

may be a promising candidate for infrared induced photothermal therapy.

Key words: (NH,),V;0O; microsheets; solution synthesis route; photothermal therapy; pho-

tothermal conversion efficiency
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Research progress of 3D graphene-based composites
for supercapacitor electrodes
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Abstract: Graphene is an ideal electrode material for supercapacitor due to its good electrical
conductivity, large specific surface area, high mass and area specific capacity. However, in
practical applications, graphene sheets are highly prone to agglomerate, which significantly
reduces their electrochemical storage properties. The assembly of two-dimensional monoa-
tomic graphene into a three-dimensional macrostructure is one of the best ways to obtain
practical applications of graphene. While carbon materials can merely provide double-layer ca-

pacitors,and the specific capacity and energy density are still limited,it is a reasonable choice
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to introduce other materials to construct three-dimensional graphene-based composite materi-

als. This paper mainly introduces different methods for preparing three-dimensional gra-

phene-based composite materials, including three-dimensional graphene materials, three-di-

mensional graphene-carbon nanotube materials, three-dimensional graphene-metal oxide ma-

terials and three-dimensional graphene-conductive polymer materials. The development pros-

pects and challenges of the application of three-dimensional graphene-based composite mate-

rials in supercapacitor electrodes are discussed.

Key words: supercapacitor; 3D graphene-based hybrids; electrochemical performance
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Preparation and properties of inverse opal of TiO,

WU Yuan-ting, WU Peng-hong, LLU Jian, LIU Chang-qing, ZHANG Xin-meng

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

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

Abstract: The inverse opal TiO, was prepared by Pechini sol-gel method using polystyrene
photonic crystal as temples. The crystal phases and morphologies of samples were character-
ized by XRD and SEM respectively,and its photocatalytic degradation process of Rh B with
the samples were also studied. And the photocatalytic mechanism of the inverse opal TiO,
was discussed. The results show that when the dosages of titanium sulfate and citric acid are
1 g and 1. 75 g respectively, the prepared TiO, powders have ordered periodic structure and
significantly enhance the degradation of Rh B by virtue of high specific surface area, slow
photon and photon localization effects and so on.

Key words: photonic crystal; titanium dioxide; self-assembly method; Pechini sol-gel method
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H&EEiEee K HEMHR
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(LB RL R R iR S TRk, Bevh 7428 710021; 2. PHdb Tk K% MRR% 5 T F, B
P 710072)

T ERAEREAER T AABEKRIAEN R NaSr,Nb; O,;:0. 03Eu’" 40 & % by, i@ it
P St LENAERTARBAREN SI*T T, AR KRGO ERE AmizHH LS
F AT A A BB M AT AR, R A F IR R A R A X HEFTH 5 (XRD) (1245 & T
B8 (SEMD 5 4k 5 A7 (EDS) | % 21 7T LR OM R 3 9 A7 A B 32 % k3 o 4 (PL) 5, 3T 15 3
EHEEORE SIAEL T LAASE TH LW RBADADIRFE RO MEN R R FHEF
AT MRXAAE, ZEREAW BT S LA ST RD A EINT S B LAHAEERE R GA
B LRI T RS EMF AR T @y R KA.

KEBIWE ik AoEME; £MIAIE; NaSr,Nb; Oy

FEDES . TQL22 NHEPRERED: A

Study on luminescence performance and structure of A position Sr
regulated NaSr,NbsO;s:0. 03Eu’* phosphors

SHI Yong-sheng', ZHOU Cui-cui', CAO Shu-yao*, WU Dan', WANG Zan'

(1. School of Electrical and Control Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Schoool of Materials Science and Engineering, Northwestern Polytechnical University, Xi' an

710072, China)

Abstract: NaSr,Nb; Oy : 0. 03Eu®" red phosphor powder with rod-like particle morphology
was prepared by molten salt method. By regulation the content of Sr element,Sr’" ion vacan-
cies with different concentrations was generated, as well as the distortion degree of matrix
lattice was regulated,so as to the symmetry of the lattice environment of rare earth ions was
controlled,and finally realize the regulation of luminescences. The samples were characterized
by X-ray diffiraction analysis (XRD), scanning electron microscope (SEM) and enery spec-
trum analysis(EDS) , ultraviolet visible absorption spectrum analysis and fluorescence spec-
trum analysis(PL). The microstructure and optical properties of strontium sodium niobate

powders prepared by molten salt method with different Sr elements and doped with europium

* W Fs B H#3:2019-05-11
HEEWB P A BT TR BRI H (2019GY-175) 5 BePE 44 )T & WA R B (18JK0111)
PEZ B LA (1964 —) B B Y R BH N, 3082 A B 9 O 1 el A RS B
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ions were characterized. The results show that the modulation of the luminosity and color

temperature of the sample can be achieved by regulating the content of Sr elements, which

shows the application potential of strontium sodium niobate in the field of materials.

Key words: molten salt method; luminescence performance; structure regulation; NaSr; Nb; O;
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Study on SEM image feature analysis and equivalent refractive index
calculation method based on structure color
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Abstract ; It is of great significance to obtain the exact equivalent refractive index for studying
the coloration of colloidal structure. Under this purpose, a new method is proposed to study
the microscopic morphology of the various colloidal particles in the SEM two-dimensional
image, to mark and calculate the image area ratio of different colloidal particles,and to calcu-
late the corresponding filling rate of different component objects in the SEM image. Then cal-
culate the equivalent refractive index. By comparing the equivalent refractive index data of
similar substances in the literature and the data solved in the method,the effective refractive
index of polystyrene thin films calculated by this method varies from 1. 42 to 1. 46 with the
temperature change of firing. The medium effective refractive index in the literature generally

uses a fixed value of 1. 46,and combined with the experimental color analysis data,the struc-
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ture color test value is closer to the calculated value,indicating that this method is technically

feasible.

Key words: microstructural SEM images; gel image area ratio; equivalent refractive index;

structural coloration
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Numerical simulation on cooling fan flow field of motor engine

TAN Li-bin""?, YUAN Yue-jin', WANG Ping®, LENG Xiao-li*,
TANG Lin?*, HUANG Can*, YU Qian-ying®

(1. College of Mechanical and Electrical Engineering. Shaanxi University of Science &. Technology, Xi'an
710021, China; 2. Computational Fluid Dynamics Group Office, Fundamental Research Institute of R&.D Cen-
ter, ChongQing LONCIN Motor Co. » Ltd. » ChongQing 400039. China)

Abstract: Cooling fan of a certain engine was taken as the research object in this paper and
STAR-CCM+software was applied for constructing the numerical simulation model of cool-
ing fan performance analysis according to the test model of cooling fan performance experi-
ments;the method of Moving Reference Frame was used to conduct the internal flow field a-
nalysis of cooling fan. The results show that the maximum airflow velocity is at the tip of the
fan blade,the pressure in most areas of the suction surface of the cooling fan is negative,and
the pressure in most areas of the back surface of the cooling fan is positive. By comparing the
simulation results with the experimental results,it was concluded that the wind quantity var-
iation trend of cooling fan under different wind pressures was basically the same. The maxi-
mum error was about 4. 9% ,and the overall average error was 2. 94%. The simulation accu-
racy was within acceptable range. It indicated that the simulation calculation model and simu-
lation method of cooling fan performance built in this paper was reliable and can be used to

predict cooling fan performance effectively. The research results of this paper can provide

» Wr#s H#:2019-06-02
EEWB :EHRARBAILETHE (51876109); ER“+ =1 "HE SW AR H FHB(2017YFD0400902-1) 5 B VG & A& 48 41 37
1 BA 35 H
EFE A RALR (1991 —) B ER A TRIN, 78 S L0504k R 55 7 1] - AVRE TR S it Ak g 2%



553

RLXLAE < BT 2 S HILve 10 XU AL 3 O B (i 8 41 « 137 -

theoretical basis and data support for the early design and development of cooling fans. .

Key words: engine; cooling fan; flow field analysis; numerical simulation
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(BePg Rl K2 WL TR 2EBE . Bev fi%e 710021)

H EARREAGQLABIBEAR-RAMASIFRFSA R0, KA TAAT %
H#ZH 435 mm BB @ WA -RELEABMADIETT FHRAFL, AAMEINEE 0,01
~20 m/s, RABFEWIEE 0.15~1 m/s. FREFALARBIBENE-RBBAAALEA . EK
RERA MPEAPERRAZ, 2N TEBIBENARERRAD AR T THNE, SAFE
W37 7 A S A R WL AR 09 AL AL B LI 4F 5 49 86 k38 5 Nicklin #9724 18 % % B X, Al
AT, KA ZABFRKXRREAHRTANE A G LR BE R A-RBAEESRE.

KEWF AN, mAA; AR AAE

FESES TKI24 XEkFRARRD: A

An experimental investigation of flow characteristics and void fraction
characteristics of gas-liquid two-phase flow in vertical upward
small circular channel

LIU Hong-yang, ZHANG Yong, ZHAO Yu, HU Xiao-wei, LIU Yun-yun, YUAN Yue-jin

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

Abstract:In order to study the flow characteristics and void fraction characteristics of gas-lig-
uid two-phase flow in vertical upward small circular channel, flow visualization experiments
of gas-liquid vertical upward flow was carried out in small circular channel,with the diameter
of 4. 35 mm. The gas superficial velocity ranges from 0. 01 m/s to 20 m/s,and liquid superfi-
cial velocity from 0.15 m/s to 1 m/s. The results show that the flow patterns of gas-liquid
two-phase in the channel are bubbly flow,slug flow,churn flow and annular flow. The con-
nections between the void fraction distribution and flow patterns, and the relationship be-
tween the void fraction and individual phase superficial velocity are analyzed. The experimen-
tal data in present study is compared with drift flux correlation of Nicklin,indicating the cor-
relation cannot accurately predict the gas-liquid two-phase gas content in the vertical upward
circular small channel.

Key words: flow characteristics; two-phase flow; flow pattern; void fraction
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X FBiEmABIER DK A B (SVGC)AME R h 5 F, #) B abe 40 A BB R4z Kok, % /-4,
EXMBF G ZAAAB ARSI ERLE SVG A B AR AME, ZPRATEENFIRLEKE,
TR R AR ;A ALAMEFRE BN ELE AXAGREEARTROAIBN, T
PR EINERAE ) R AR W ) S R AME. AR IEZ R AR 0 R O E Sy A,
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Application of SVG in reactive power compensation of AC microgrid

CHEN Jing-wen, XIAO Yan, DANG Hong-she, LI Xia

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

Abstract:In order to solve the problem of power factor drop and low operating efficiency
caused by a large number of non-linear load access in the AC microgrid, the article compensa-
ted reactive power by adding a static var generator (SVG) ,using the abc axis direct current
control strategy,the three-phase load reactive current detected by the i,-i, method was made
to be different from the three-phase current emitted by the SVG,and was sent to the hystere-
sis comparator after the PR adjustment to complete the current inner loop control; The error
of the actual voltage detection value on the DC side and the reference value was used as the
active input of the inverse transformation,and the voltage outer loop control was completed
to realize the reactive power compensation of the AC microgrid. In order to verify the effec-
tiveness of the system control, a simulation model is established. The experimental results
show that the designed SVG can compensate the capacitive load power factor to 0. 999 3 and
the inductive load compensation to 0. 998 4, which makes the AC microgrid operate efficiently
and has certain application value.

Key words: SVG; AC microgrid; i,-i,; hysteresis comparison method; double closed-loop

control
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Study on sleep state classification based on STPS and CNN

ZHOU Qiang, TIAN Xing-zhi, GAO Le-le

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

Abstract: Sleep state classification is the basis of sleep process control and sleep quality im-
provement, which is of great clinical significance. In order to solve the problems of complex
feature extraction process and low accuracy of existing sleep state classification methods, we
propose a novel method for sleep state classification based on STPS and CNN. Firstly, time-
frequency analysis of EEG signals is performed to construct two-dimensional spectra of dif-
ferent sleep states. Then,a CNN model suitable for human sleep state classification is con-
structed, which can automatically extract more abstract features of each sleep state and clas-
sify different sleep states. Experimental results show that this method can effectively classify
human sleep state while simplifying the calculation process,and the accuracy rate is 92. 04 %5.

Key words: sleep state classification; EEG signals; CNN; STPS
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EEG | 34 4T 4 S s W TROIR
—{ bk T \—H ﬁ%gﬁﬁﬂl }—.‘ ﬁﬁjﬁzﬁ H—»

A2 JF STPS A CNN # A4k
BEIRK S PR R ok

2.2 EEGREFHHERLE AR

AR KR ¥E H MIT-BIH H A9 The Sleep-
EDF database. Jif it s BY B3I by 5 15 1) e M ki #R, %50
Wit ALFE Fpz-Cz Al Pz-Oz Wi 5 16, R AR50 F
100 Hz, &Mk 30 s, H T 2855 3= & A Bk AR 2= 0
4 —Z B NGRS, BT 5T b © 0 i B
HEAT TR G FLSES , UESE T Hsu 55 1 % H S B
Fpz-Cz 8510 1 BLSEPED ™ BOSeh J5 2R 5 ¥ 5 T
T Fpz-Cz JEIT.

T EEG {5 5 R AR 5 6055 » e b 52 FHoAth £
PRAF 5 AR AR E Pl R 19 T AR 22 R 0N
B S ECTE 20 A D 0 G AT e i JL AP B AL
AR SCHE ] dbd AN R BN EEG (55 BT
7RGy R 25 A H — Ak i R AR T R A
A [H] 2% 5.
2.3 AT STPS# EEGEF 4B B2

X T EEG XA ALt AR i A2 5 5,
aaff 1) Pl B 3 B O 1 O A2 DA 22 ) R[] A
F-fe AR PE, BZ EEG {5 %5 76 5 — B ) Bt St —
B 114 B i 43 AT T 0 DRI A o 2 e SO B dal A AR
I o3 A AT BT

STPS ZAb BHEF R AR 5 I A7 80— Fh 7 k.
B S L Il R A e 5 Iy AR 3 B R R B 45
B N AR R AT T B AT 20 BOn % Ab B 2 PR
b, RO B A A T T AT SOF 0 AR SO
LA AR

(KK EN N EEG 1554 30 s i [6] Bt
(Rl 3 000 N8 D 70 K B, i ok Befs 5 id i
x () G=1,,K)  HKEILH L.

(DEFEEENE R w G IFH RGBS
) oy 3 4%

P.(n,w) = ‘ Ex,-(n)w(n —m)e " ‘

n=10

i:1,"',K (1)
SRy i A AR RE I B 4L G AL 6 G Ham-
ming &, H e &k

M
0<n<M—1 2
R (2) M B BRI K M= 128,
(TR K BEE S DR B0 Y (8, B 75 4

w(n) —0. 54— 0. 46(:05(271 ﬁ)

K
[AJ(ﬂ,w):%ZPi(n,w) (3)
i=1

Mk P EIFEAE A — 450 EEG 55 ik h
2 F CNN &b — 4k STPS EE.

2.4  ARBEIRIK A PEIR CNN 945 22

CNN BERL ) BEAZE 1 55 AR B TRZ il
fb)= U2 LA R R 4. B FR)Z 2 CNN
% s FEF I 2GRS A BIR #E17
B B R I PR b T R 2 IR R AE s Ak )Z — i
MAEBREZ G » B EXEBUG B REAE BT 4
Ab 3 3k A DR AR T T A B30 v 1 ol LR 1 B A DA
Bt 04 PG 00 K A 5 4 T 4 J2 WO R B R AE 45 ) 2%
PE WS 28 FE AR BR 0 25 0], 72 2 43 2 A% B AR .

A TR A e i CNIN RS AU, ) 2% 12 440
FZ 25000 1 28 (I — > iR A A e 09 ) B H X
Tzl 8, HF G B 0 O 2 AR TR 45 A BLR
i) R0 LA B A AR B3 0 A S R AT A T — b,
FUZ S 500 8 R0 T R A B BV AU K
JIN B A /AN B RO B T 2. B R R
INEELL 3 % 3 F 5 x5 L. BEBREIHEY A GPU
T BC &L DL 16 IR BRI AR SRR TE Alex-
Net F AL () B mh -, AR 4 5000 4 2040 1) B IR AIUR A
VBT 7R 3 )23 G 25 K TN N 2 S0, O 25 5 AN 4R |
(1953 EPE BB LR IR o Dby SR — A 1T 7 A AR e B AR
BHRA AL CNN B, % 8 3 3 p ) EEG Ri-
BT B s FEAH B T ImageNet B a4, 4549 T 5 A
B w20 R AT fE AlexNet #5550 DL 6o &
AR R A LS. 2l Z2 WK, AR SC R
KPE T —MEH 3N HR)Z 3 A MikE M 2 A
LIEEZE I ONN FLR, HZ5 R &l 3 Bios.

Input  Convl Conv2 Conv3 FC1 FC2

o\

B3 SIRpT#HEe CNNERZHE
RIZ% DL 128 « 128 * 3 B Hh-40 3% 1 o i A %K
P HAEBUZ R A ReL U 1E 0 B0 bR 8L, 5 B R
FHJ7 2220 0. 01 19 & 397 20 A 90 f Ak 5 =X it Ak 2 1
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R R R AR A J7 2. 28 4 B, 1 2 48 AR 4 I
2% B HRCHR 25 T2 I B R AR ) B A 250 — > i
JZPEAT R A A PO KA T A5 B PR B R R L e

AR b S AT REAR BT R 20 L 1% 2
WS RE N 6,0 N 6 NHEIRIRA. X1 IR NI
W 2% HAKZ NS5 .

F 1 CNNEBESH

Layer Layer Type # Units Unit Type Size Stride Output Size
Input (3,128,128)
Convl convolutional 96 RelLU (5,5) (2,2) (96,62,62)
Pooll max-pooling (3,3) (2,2) (96,31,31)
Conv2 convolutional 192 RelLU (5,5) (1,1 (192,27.27)
Pool2 max-pooling (3,3) (2,2) (192,13,13)
Conv3 convolutional 256 RelLU (3,3) (1,1 (256,11,11)
Pool3 max-pooling (3,3) (2,2) (256,5,5)
FC1 fully-connected 4096 RelLU 4096
FC2 fully-connected 6 6

3 AFERRSHALERIBERSN

3.1 EBmEM4

A SC 39 BRI A 127 v G B IR B 5 1Y) 10 62 A2 i
IR B, I B 30 s A — AN FREAS X H R AT Ab
LA 15 38 24 012 A EEAREE. A Matlab
BASEE EEG 17 5 B9 T AL B R0 — 4k K fb Ak #E,
FEAE B Caffe W BE 2% > HEZR 58 B CNN A9 5 2 I
Zr F 3R T /E. 32 86 35 F Microsoft Windows 10
PVE R 5, Intel (R) Core (TM) i5-6500 CPU @
3.2 GHz &b #E4% .12 GB 247 N A7 7€ GPU a0
iz 17, Jf A GPU & NVIDIA GeForce GTX
1050Ti.
3.2 EIpiddE
3.2.1 EEG {55 Lm

SIS gk /NI B 6 EEG {5 5 SR AT
JLFE R 0. 5~30 Hz 1 L MaabBE. & 4 Fr s A 5 30
s EEG {55 LM J5 8O R B vT LUAE 1 /N 1 (B
B LR T RS EEG 55 M55, Br
1305 5 1T LA 2 5 2 5 B oK.
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§1wﬁ
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(a)original signal
200

100ﬁ

-1001

Amplitude/uV
o

200 . . i . .
0 5 10 15 20 25 30
t/s
(b)filtered signal

B4 *£30sEEGREFTERAEER
3.2.2 STPS -4 &l
LWL AT AL, 2R H 128 AW Ham-

ming & F X REAR BEAT 120 &8 S RFEN, 6 4> b
HRARZS B STPS B -4 1% 151 22 57 fe kW . () BF oH
T = 2 U G L I DR E B A R e A
SRV 6T BT A B A T AT TS 2 ) R
A L V8 AR S 0 B0 3 PR K/ Ry 128 % 128, [/ 5
JIT 7R R AS TR B IR 285 1) STPS B4 1% 4.

(b)S1 R

i
sl _JNKTIOR,

(0)S2 IR [CORER N

(e)S4 R (HREM AR 25

B 5 OFF BRI A STPS B4 i B
3.2.3  CNN Il x5k

i A CNIN 47 B HRCHR 25 3 31 3 2240 S I 45
FNI 3R A 20 B O Al I 2R 5088 Ul 28 CNN AR
AR 20 A b CNIN AR Y o 36 0 540 A 3R 591
SRS H W BT I 2 CNIN A A6 . 05 5 JE 25Kk, 75 )
Ak 221 Gk s O FH U 25 48 19 CNIN RS A o 0 3 5 4
HEAT TR LA 56 X 25 1432 AR 3O 11380 I 2% 11437
BIMERR K. H 3.0 1 /N AT, BE AR ORE AR BB
24 012, AR A A i ol & 2 from. SE 5 ok 4
A BEIRCR S A REAR SO 22 8 + 1+ 1 4 e 51 43 R Wl



553 JA

MR T STPS R CNN (9 A M5 B IR 25 B4R 7 B BF 5% + 161 -

SR IRUEE IR, HE 3 R RIE =& 2

(] B2 A H B 5 4.
K2 ARERRKSHERSTHIER
A FEA B
w 8 576
S1 1 589
S2 7 854
S3 1510
sS4 1287
REM 3196

D) £4% 25 ¥4 R s AAEAS 0 22 5 . i T 2T I 45 5
B, LRl = 3] K (base_r) A EE 3l R 2 (weight
decay) M e K% AR BT #1798 8 DL 55 CNN Xf
B ARCIR 25 0 9 TR M B . AR SOK base _Ir IEE N
0.001, %A ZE 2 500 WHT I 0. 000 1, weight
decay ¥R 0. 000 5. fc Kk AR R BOR 95 VIl 25 i 72
HI 2k 4 RN IG IE 2 Y loss TR 28 1B 17 o e 52 Il
ABVBEE N 5 000 K. I 6 (a) ff s i CNN Il Zhod 72
1) loss M &, AT DL L 25482 5 000 W I 25
£ R loss (HIEIT 0. 2, H 5 UEE R loss (A 2R
N P28 HUAS T 58 G T AL IR L L R X 4 X6
UEEEHHE 19 73 2R ME B R A =5 38 93. 600, A8 b il £k
WK 6(b)FrR.

train loss

— — valloss

Loss
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(b) B8 TF 45 il 2R 1ih 2k
B6 CNNINAELERA

T HMSHT CNN R FRHE 38 7351 7T 44

T Convl,Conv2 Fll Conv3 B9 % F5F 1 &, an &l 7
fi7R. Convl RAE B 5 i A B R 8 R AHAL . AT B AR
SR T BRL ) X i A R R AT T A R R B Y F- 1 Ak
B Conv2 Ml Conv3 B XELLF H 4 A B H A 4E
HE AE AT L & BUA B R AE B X STPS B4 3% & %
TR 43 B ih SR AR S B o UG AT DAHE T, B
NGAE B CNN W 2% 5E 47 I B AR 25540 9 B W 3%
Y HRAE.

(a)Convl

(c)Conv3

B 7 CNN & E#H h&Fen
S5 A FH I 3 4 O K 55 % CNIN A58 A Y 32

1k i jj IR ZE B DUIRWE M M 5 Xk L R B A
i R (Precision, P) | #F 4 % (Recall, R) K F1-
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AT 5 R AE AR AL BE A 57, 0 R A R TR 5 0 3 1Y

F1-Score:F1= (6)

R . P= - ST X100 4 . N N N
e M5 8 D e E ST R MU R A F S
e o PEITE AR RS A 8L 0 TE B 0 B IR 285 4 b EE AL AR /0N R bl i i 4
IR e ae e i ommayg
i £ e R EE BRI DU AT — i A M
(5)
T3 CNNEEWIOEREEER
eS| . 0 0
W S1 S2 S3 S4 REM B/% R/% F1/%
W 854 3 0 0 1 1 97.05 99. 42 98. 22
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S2 0 19 730 3 0 31 95.93 93.23 94. 56
Bk
HERE S3 2 1 15 122 10 0 87. 14 81.33 84.13
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REM 9 11 5 0 0 296 80. 65 92.21 86. 04
WER R / % :92. 04 (2210//2401)
3.3 EIbER N5 FE TS A
P ST 56 445 SR AT R, A ST Y B BEROBR S R
S % Lk

HEEA Rz LEE J) HER R IB ] T 92, 045,
N T k2D R AR SO VR YA R SO AT T
Xt S AR PRIE RS A R AR B0 R . N TS B
HEE IS I P, 140 2 O 302 R Ak L R A AR R I R 4 4 2
AR FF R SR 18] 0 AL 52 ol B IR 25 L Y
s ik B AR A5 R AN 3% 4 BR.

®4 PRERIEE

PR ik S AL ARSIy
W R/ % 87.36 92. 04

A LA AR SCOT 6 B e G 1 N 3
il J Al SR B IR 25, R AL 4R BOX — 56 84T 55 58
CNN 52 J8, 188 o i 3 i (54 1 5 07 X4 G P A7 42 B
W M I P e B TR T2 AR R o DT DA S R 48 T P of
i .

4 Hig

AR S LAV B RN B HERCIR 2S5 R F S B Y L £
XHAE GERLAS F > N T4 BORAIE 552 5 R 42 2% L iR
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W E.HM%AZFM (Image Quality Assessment, IQA) 8 AT A M E A E W EBBEIMA L
M % % (Human Visual System, HVS) R E 2 A X B4 5 % A BB W4 ;Jt i)u?ﬁ‘ky
HEEATEZAR MG ELTAmEIT . FFRE R HVS e X Ar & R Lo 2l @ A%
it AR ALRET —FELRSHTFH E5BERERNEL . Wﬁ‘/iﬁ‘])ﬂﬁﬁfm}?
H B AR B AT ARRTEAR BIZHFHEH5 RN L08R . RExT£5BKK
BAELHA G EMME#E, FHRREFERELEZ RN BAL K. £ KEPEE
TID2008.TID2013.LIVE.CSIQ L&y #Mh £ 34 R R0 iz i e SR A R IF ey - th 2R,
KGR BER RN ARAE ARG S FH L2 BERM,; FRBELE

FE4SES . TP391 NHEARERED: A

Image quality assessment based on nonlinear gaussian mean difference

XIAO Jia-wei, ZHANG Xuan-de”

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

Abstract: The essence of Image Quality Assessment (IQA) is to construct an appropriate
model to simulate Human Visual System (HVS) to measure the change between reference
image and distorted image. Most of the existing IQA algorithms are designed based on the
measurement of objective changes in the image, and fail to take into account the nonlinear
characteristics of HVS,so they cannot fully describe the subjective perception process of im-
age quality. Following the nonlinear characteristics of human visual system,this paper propo-
ses a nonlinear gaussian mean difference (NL-DOGM) image quality metric. In this method,
a gaussian filter and a mean filter are used to convolve the image respectively,then the differ-
ence image is obtained by the gaussian mean difference.then performs nonlinear processing
on the difference image to calculate the similarity map,and performs nonlinear processing a-
gain to predict the image quality. The experimental results on TID2008,TID2013,LIVE and
CSIQ show that this algorithm can get good evaluation results.

Key words:image quality evaluation; human vision system; gaussian mean difference; activa-

tion function; nonlinear processing
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Fei ok T E R, i T ERAE BAER A G S AT
fift A i S5 I B i S R B A B IR S AR Y AR
It HIEMBAE B 5y 8 52 W P 15 e {75 Ak P 0ok A X 2
B, DR ok e 0 b A PRTAR BT AE C 2 h IR A
figp e fg 1 R A PR I PP L AR AR S R
15 B i 2B H P B oy B2 T 5L 1
TN FE IS B ) A iR EHAS BAY S B DAY
W EWF S PN T k. UPE Y I ik B T R Ak
SRR T R & , LAS B 5 WA — Bk
BRI

RGBT RS % E B2, KR TR T
Wral oy R 2% KR B P L TC S % IR T B
W FFR 4> 2 2% UG B i VP A AS SCRYBFFE X 0 4
S % EUR PRV QT & T g
B A 2 2 RUG T i PE AN J7 1 R #4071 22 (Mean
Squared Error, MSE) fil l§ {5 {5 M b (Peak Signal-
to-Noise Ratio, PSNR) , &A1 H #3813 1155 5 % 5]
Bk B EMRAR FR K BE(H 1 22 S5 ok E Al 2k B A
BBy Bk, 7 2 A B B TR B R NS &R
GeREE AP RHOR 5 E PP A 25 Hm e

Bl o N AL RGN TR AT iR
N LD ZR 8 1Y BE e 1 5 | A B 20 WL i 3FAN v
FE T O Y B RBUR BE 55 1 2004 4F, Wang
Zhou S5 H 45 #9 A UM B E (Structural Simi-
larity Index,SSIM) . i% 53k B e A J L5 R 4t fiE
g e B A 3 4 U B I S AR B X 2 K
B SE HE N LGB ANEE R {E B AT R A 3 T AR
U A RBOCR S B Sy 2 IR 5T DF- 4500 B AT B AR
BEXWEE ZEEZR TR AN Z K, W
I A B 90 E AN TR R HV'S X [ 5 BT i 11 Ja%
FIBLE , IFR T IQA BB, ORI 5
FULVE O B Y — B

B )5 . F 2 2 F AE SSIM [ LRl b A7 T o
e 4 2 RO 25 A8 L ED (Multi-Scale
Structural Similarity Index, MS-SSIM) #1{5 B &
hn kL 45 K A L DY (Information Content
Weighted Structural Similarity Index, IW-SSIM)
PR 5. MS-SSIM 53950 AN [7) 73 B 5 R0 WL %6 4%
T AR 40757 45 & B B i PF A B TW-
SSIM v W 2k T B A5 B e 42 1 15 2 = AL )
AL SR MG H A7 S Y O/ BE T 3 A TR AR

i

JE JRy B i 1 Y 3SR TH SR AT SSIM. 1 28 S
T T L 1 B R R B A T SSIML R T — 8 1Y
P

2011 4, Zhang Lin 255 38 W (0 5 4E 40 01 o
B FSIM (Feature Similarity) 38 8 A M R 58
PR [R5 T AR R BAR PR AE e AR — b
(Phase Congruency, PC) Fl & 1% # £ 1% {5 (Gradi-
ent Magnitude, GM)VE R R R T3 EG = itk
J& SO A B RRAE IF T AR A7 — B {5 2 Ao A7
¥, &R FSIMe 5k,

2013 4F, Zhang Xuande 2012 # 1 1y ESSIM
i 7 PR T AE 8% DI RN 3 1 101 A 2 08 i SCIA
() BEA 455 R 3 G 4 1) S O DU A
SRS N ok g X PR AR BT I R Y
ARARAE Of B i [R5 o et

Xue Wufeng 2% T 2014 4E k& % ) GMSD
(Gradient Magnitude Similarity Deviation) 2 F#6
JEAE R RRAIE o R FH s o4 22 v Ak SR s A LA Y (8
AL TRMG K3 TR R RCR.

2017 48 % 3R 1Y BE T 2K /N A AR 0L 1 B 1k
HaarPSI'" 15 564 L 4T Haar /NI 4, 40 R
JE R T SRR B BE 335, 50RH R FH Fe o AR AL E 33 3
T IACI TG 2 PR B 6 L o H RTZE 2 A B & B
ROR i 3 1

DL bR 2 B0 AR T 3 A e H P B Y R
fiE AL AR LS AL 5 B LR BB L SR
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B W2 BT R0 FEAR o xfk LA D 1R
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U

AR SR N R A AL i 4 L 32
T — b AR L v T 34 22 Ay MR B AN B
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HEAT A AR d e 0T 38 22 0 4 3 22 03 R L I X
2247 UG R AR 2k b 3RS 3+ SRR DL BE 33, R A5
AEARLBE % I P — R IR 2 1 Ak 7S 3 05 48 1 A1
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b AU (Y % e AT AR 3 A 2 TR IR B S A
(BB 550 28 0 9 R A A7 LA, 9K 5 3l S0 R
G OBV RSE R U EZDTWINE TN & VI E P
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KD fORETERELL f(a) RIZIE A
[7] s W] DAAS) RGN (W) £ it 28 0 A AR, G o L A i 7R
A7 2Rk SR BR bR R Sigmoid R AL S, BLAR o
FIRT T BRI RO Y R R S e i A (L IR S A o S (L
“O7EUL” AR LT XS I TR T4, 0V XS N T
Pz STAN . SR, B BR sRECR A AN 2 AT 5
P, DR S B ) Sigmoid 2R BAE S BTG pR B
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Dok SURGELY/EL K20 B B | &3V W)
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A1 #ERK ()
1.2 HVS # 3 L4 5
NAFF G R I AU S B G S 2R A
O T EL IR ) 3 08 40 DB R 2 L 7E VT A 1R
RIS ANEE S A5 S E N 25 57, B2 A I AL
FLCBEALE] , B HV'S 76 BRI B By B B AR 4otk
(S D Al 2 TR, 24 i D P b B A 1
F18 e T M 7 J s N MR X 3K i P 1 B 9T 43 O AN
BURE T B AT LA RS 2], 18] 2(b) L (o) () Z (R 1)
A ACARME B AR 2558, 5 e AN 2800 3R B AE 64T &=
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A2 1o 1 PRV T 2k 1 3. R 22 3003 ol 3 Ak 345 31 1Y
PG Z 8] 1) 725 Ak B 1 % 0 A8 £k, i A BR BT 08 8% 3 11
AL 2 b B T8 F 3 AR b, 3 AR AR 1k 2 [ A7 7R
— PP AR OC R FRATTAF H ol 2 I 2% b B0 R
B & U GO BT B 48 el 800G eR B
ek A T R AR L R BT R PR
PR AT A HVS (AR 5.

(a) Wall J5i & (b) Wall

WA sigma=0. 000 25

(c)Wall
F TR RS sigma=0. 002 5

B2 FRKAAEHY Wall A%

() Wall

= TR sigma=0. 025
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1.3 FEBAGERSENER

— 2 T0 I D) BE A SR A5 A ) i 5 A ) i
NG, 28— D IR MEAL 328 R 15 B — D AR it 25
LA A, 7 BRI o 0 RS R i
e N BUAS B AR AR L T 48 R 40 PR A% 3 ok B AT 21 45
R HAAR AT RN A

I1(rod) =I1[SUDIff)] (3

K1 RN B WS BRI AL S Fom THHAH
LRI s Diff Fomit B 2 H KGR MK B ER Z [
22 5 5 Rl d 539 RoR 2 7% R Rk B IRMR.

AR AE KRG S AR K AR Z 6 Y
W3 22457 J5 i 2 — A JE 2t % 8 pR 1S B JE 4R
PRSI 280 22 0 5 51 P oR O 45 R SR AS A BLEE 3%
S5 208 RH B BE T R AT — A LR AL 33 ek BOAE BT
28 A WA A B BT AR T 4. AR AR SCRE T BT )
S BREC Sigmoid PRI, 28 S50 IR BH L I PR AL
RGF MG T AR 2o i TAR B, A A 2K
P 2R GE Ve AR I RCHE P b S R L
PARENS RS 5 B PE I B i — 2ok

2 ETEEUSHEHESNEGRETNER

ML 0E 28 B8 7 A F P AR A RN R B AR O 53X
Z— s Wl A TRl 2 8 5 B kAT Al B,
LR TE B — 7K bl SR SN R R R 4E B R
A HE R, Hubel & Wiesel 1A 5 KW fz )2
AL T R B AR AR A% 33X 2L PRI % ) LU 1 AN
] 6 B R0 5 18] (9 30 2k, AH L 9, D. Marr & E.
Hildreth #2 i B 28 B 7R KR Bl N 2 kAR 5
JE AR, 33 B AR A T B AR AN (] RUEE R g T A
TEZE E RETS R B eR 800 — B S 802 B0 & i 1Y)
DA L TR TR 3L B VP G2, y) * 1
(s y) A R A D 2 5 RUBE T TR 58 B A2 A Y
sAET . Hh L G, ) A e m oA, Vo
R, VG AT B AR Wilson's I # Hh i =i 3 22
(Difference of Gaussians,“DOG”) [ R, [ I {#
I DOG S E AL VG2 DOG Sk Bk Oy 2 78
RREADLR PO 52 118 bt 22 DA PR e 2 UM 5 AT 2 43t
SN

AN DOG U8 P 24T AT . i s 3 g i
i R0 B8 6 8 U A% 41 s 30 7 3 2% (Difference of
Gaussians and Mean, “DOGM”™) 3k & & i1 & =5 &
ARG, A NLDOGM 3 %k /Y S R HE 2 dn P 3 i
IR S IR 2 2% EMR R Kk BB EA T 4 U oK

Ao e 30T 249 2 23 P8 0 iR A% 25 7 TRLAZCR IR 26
ML B f RTS8 19 728 Al iy % UL AR R O WL
TESRAFAR DL BE T8 ) P — R O 2 1 Ak 2145 31
ZEFRRR R B i S 8 A A AT 2 BT P 43

WEHEGH r="L[r.r,ry] ERY,
RHEEG N d=[dyodisendy JTERY H
RABRRGLN R GREHL BRI
FT e 40P 2 22 R BOR D e 0 B A By R
BV AT by 23 IR 2 25 R R BB 4T 4
TE i A& RS B ERIE N

g1 (ryi) =h, *r (4)
g2(ryi) =hy *r (5
g1(d.i)=h, *d (6)
g:(d i) =h, *d )

TR [A] — AR 1 v 2 24 22 0y R E R
DOGM(r,i) =g, (ryi) — g, (ryi) (8)

DOGM(d. i) =g,(d+i) — g.(d+i) (D)

X EE R AT BT PF A0 1 O B R S KR

S5 BERBZ B A, HVS 78 W2 K 1% 22 8] 1)
AR B AT R MR A T B 220018
FI| 7 MG 2 1] 18 78 b J2 2 1 1Y) DL Ik e P 930 o 4

L) = IR R R 5 5

5N 2 B G I AR 2 v 0 3% 22 oy MR R s
L(DOGM(r.)) :W 10
1, (DOGM(d.)) :W an
WA YRR AL B 1S 05 Sk

SCrad) =

2L, (DOGM(r,i)) 1. (DOGM(d,i)) +C
[, (DOGM(r,i))* 4+ [,(DOGM(d,i))* +C

K2 H . C RWTTSHL

S DA s AR 3R 10 AR 2k v 300 T 34 28 43 T
PG 0T 2k o A SC R FH 359 {1t £ 5 e 8 TR 45 1) 25 00
WA, I8 E] HVS X F 8 21 1 A2 A A b 31 A
ELAT AR 2P 1 R a5 DR A 349 (Bt Ak 22 P — )
P FE 2 M 30T 24 22 40 A5 2 1 A 0L 5 aE AT R 2R
PEBRAE e A AR AT SRS
NLDOGM(r,d) =

12

iiz 24, (DOGM(r,i)){,(DOGM(d,i)) + C
N & ﬁ(ZH(D()GM(r,i))Z+ZH(D()GM(d,i))2+C)

(13
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| 1(DOGM(r,1)) R ’ 1(DOGM(d, 1))
1
MDOGH ()~ ﬁ ( 21, (DOGM (r,i))l, (DOGM (d.i))+ C
1, (DOGM (r,i)) +1, (DOGM (d.i)) +C
A3 NLDOGM # ZIMAER. L F r HH5F B .d AR ABHE

y T Ea {958 0% WLVF A3 IR 3 3 DL DAV 7 0 R
ek IQA 158 tr 9 &R 4 50 o i 2 R 2 M Ok R B
3.1 HIEEBGRAEH ok (Spearman Rank Order Correlation Coefficient,

TR IQA WM e bn 5 CAETE IQA 1Y
W A8 AR IEAT LA B, 75 78 28 1 5088 B L R AT S0 50
WH L IE—NERERE A HERB. B —IRS
x BBV Z AR SR R BEMG  B—Fh 2 8 3
A AR R B R B EMR. BT, B 5 &6
ATFEAEEAR 7 4, 73090 8 CSIQ.LIVE IVC,
MICT.A57, WIQ.TID 2008 1 TID2013, iX £t %k
i P A AN RE B 2% BHR R HIER R B 2R
RURI R BAE G I HLAE R A BOR W 5838 N B 5
I #B A AR KSR Hean, AS7 ol 4 v o R B 1RI4%
A 3 IESH EMR 54 8K FLIEMR 6 F 2k FLA TR
7 AWMEE . LIVE Fl CSIQ %% ¥ 7 v Ay 1 4% 5 32
DL LG B S 3, B s 307 P e s L e T A
W JPEG JE 45 1 JPEG2000 JE 45 % ; T TID2013
Bl PE R AR A 25 12 % KR .3 000 I8k
FEMG 24 PP B AIR 971 M H. UL L 7
A B JFE H TID2008M | TID2013™ | CSIQ™ |
LIVE™ B B Ay, bk H 2L K2 FF
PG I 5 H0 PR A S A S S 36 B 4l 0 42

WL BT PEAN A8 bR AR B X R R BRI

SROCC) , H 1l /R #1 & & $4 (Kendall Rank Order
Correlation Coefficient, KROCC), 7 /R %k & PE AH
R B (Pearson Linear Correlation Coefficient,
PLCC) 134 J5 # 1% 22 (Root Mean Square Error,
RMSE).

A B — MG T 5 45 br 0 BOHE PR AR G IR R
B MTRIF I 200=1,2, 0 X IR BB
A4 3= W0 5 B 343 (Mean Opinion Score, MOS){H K
vis W SROCC MK RHCH

62D2
n(n 2—1)
KADH:D; Ky, F oy, FIWFHES S 75
2,5 (2 y) 5.y 2. >x; Hy >y, (a
<z; H oy <<y JUFR ;s y) B (xys v,) S W IH 4K
SRS 75 D) Sk A Bl o K 2 X 3 B R A T A A KR
Koo AR B EHR g W 2 i =12,

SROCC=1— 14

ton '—33/1-,1':172,'“,71 ZI‘EHE/‘J KROCC *H?&%ﬁ
H
_2(71( —ng)
KROCC_in(nJrl) (15
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R R % R S R ULV A B R S
JE A {H 2 18] AR G BE B0 5 4k T i PLCC
Fl RMSE X A~ P74 48 5 o 75 2848 i — A~ [l 19 43
M o T 75 00 4 50 = XL 449 2 DL 3 %5 =22 Tl ) Al £k
PE e it

(1 I
plx) =4 (2 I +exp<ﬁz<x—ﬂs>>)+ﬁ"‘”ﬁf’

(16)
K16 H . Fl p () 73008 IQA B L& AT
ﬁ&ﬂEéﬁ@@%%‘E%ﬁﬁvﬁl BBy s B #n B K R
BB ARG 2 i=1,2, .0 & p () WA
IMEIC N = =p(x ) Fl y; 0 i=1,2,+,n Z[A] ) PL-
CC FHE R EUF RMSE 3£ B i 3% W 70 1 — 3
M. Horh PLCC & SCR W35 P J7 22 S AR ifE 22 Y R
20—z — )

zl_(z,*;)z
:Et(17)':':'. ;/:iiy;’;:%izi;
=1

n i

IZ (y; — =27
RMSE= | ————F—— (18)
n—1

SROCC.KROCC # PLCC ({E#FE[—1.1]
ZIa), B e B A 5. X = Fh A G 2 KAy 46 X (E
R L BB AN 7 ik 5 3 P 25 2R 1 — Bk
. 5 AT = AR O RECR TR, RMSE B A/, B
A o 2 O AH G 1 e, B Tk R M
3.2 FEBAHK

AXFEPTFRESEAE C.a MR FETTHEHM
R e 1) Al e a3 B R DL R R R S i R
PEL B ST ZE Cia AR 23 5 R B R AR LR Pl AL
P OE REU S8 o T DS IR 2 22 01
AEARLEE 3% B oy 2 W00 6 2 48 Ry 32 08 o ) Al 4k
b F R B U FH T LA ARLRE 3% A B 28 i P R
L 2 48 Ry = U ) Al 4 P A B L Sk R R AR ek
A0 R AR S V'S B A LR 5L B IR 78 W ¢
PRI A DL PSR S5 ek (4 £ 1 3072 i 44 1 4R Rz 7Y
2R 1 T VE A DR X T 22 o RR SR B 2 vk Ak B

PLCC = 17

,(yi *§)2

e HG Pl 5 00 B A ol R 0L B 5 00 E 4 B B, X
T LSS 3 114 728 1k 70 b BN BLAG R 2 MR
LS AR AR BE it SR BT [RRR Y AF 2Rk b L S5
ZHGE I AE TID2008 4 4 1 4 b S50 ok iff i
TR EEIEETHT 6 2% EUGR SO RN Y 408 i
KEHEMG . UAEZF 5 13RI i m 1 SROCC {H 1
FE B ESEUE AR LI B, R A L Caa FI1 B
WM R 0. 25,20 F1 0. 13.
3.3 M

S ORI b A B L F5 PSNR L VSNR,
SSIM ., MS-SSIM, IW-SSIM. 1 FSIM. ESSIM,
GMSD,GSIM. ff A ixX #& 5 % ¥ | MATLAB-
R2016a k527 H AE dell-PC Intel(R) Core(TM)
i7-7700 CPU @ 3. 60GHz 3. 60 GHz.8G WNFEHY
TP B FT. SC5 b F B vk R RS AN
EOEAR TN

TAh TR AR S v HOX S B A A i
T PPHr - 58 BE WA T 2k 42 B

[=0.299R +0. 587G +0.114B (19)

(19 % o RIARLL ., W = 8 E 4
R.G.B %R,

TS UE Bk R R AR R P L BT ROR
L 18 T IUR A [ B R s PN A FE TID2008,
TID2013,CSIQ Al LIVE ¥ 8 L 56 F U A4 58 37
MASIR T 45 55, N2 1 T LAB L HEA B s
g NLDOGM B 6 ¥k, ESSIM [RIFE 38 6 1k,
GMSD B 4 L FSIM H B 1 k. R HEZ 5 —
ok NLDOGM 3R 3 ¥k, ESSIM R #E H B 3 ¥,
GMSD # #1 3 ¥k, FSIM H 8 5 k. 7 TID2008 5
TID2013 X M4~ H 4 % |-, SROCC, KROCC 1§ 5 &%
R PR, NLDOGM Fi: 7 B 32 % WL PEA 43 (-5
PEBE LA W& 25 T GMSD, 347 ot 3035 5 76 T
YERAME 7 TH , ESSIM Fil NLDOGM #5845 24, 18 T 31
B k. 78 LIVE 504 2 1. NLDOGM # KROCC
FEFR AN 5 MR 22 RMSE $8 b5 51 5 ESSIM -5
55—, LT FSIM Fl GMSD.

F1 AMIETE IQA &EiX7E TID2008.TID2013 LIVE.CSIQ B EM LI £ R L&

Bt PERESE 1 PSNR VSNR SSIM MS-SSIM  ITW-SSIM FSIM ESSIM GMSD NLDOGM
SROCC 0.524 0.705 0.774 0.852 0. 855 0. 880 0. 884 0.891 0. 896
TID2008 KROCC 0. 369 0.534 0.576 0. 654 0.663 0. 694 0. 704 0.708 0.712
PLCC 0.530 0.682 0.773 0.842 0. 857 0.873 0. 885 0.879 0.792
RMSE 1.137 0.982 0.851 0.729 0. 689 0.652 0.624 0. 640 0. 859
SROCC 0. 639 0. 681 0.741 0. 785 0.778 0. 801 0. 800 0. 794 0.807
TID2013 KROCC 0. 469 0.508 0.558 0. 604 0.597 0.628 0.628 0. 604 0.634
’ PLCC 0.701 0. 740 0.789 0.832 0. 831 0. 858 0. 861 0. 781 0.736
RMSE 0. 883 0. 839 0. 760 0. 686 0. 688 0. 634 0. 630 0.774 1.217




55 5 1] 3 TR A T R M 0T T 1 25 40 1 FELMSUTR BE AR - 169 -
gx1
Bt g Pk REF8 b PSNR VSNR SSIM MS-SSIM  ITW-SSIM FSIM ESSIM GMSD NLDOGM
SROCC 0. 875 0.927 0.947 0. 944 0. 956 0.963 0.962 0. 960 0.962
LIVE KROCC 0. 686 0.762 0.796 0.792 0.817 0.833 0. 839 0.823 0. 839
B PLCC 0.872 0.923 0. 944 0.943 0.952 0.959 0.953 0. 960 0.953
RMSE 13. 36 10. 50 8. 944 9. 095 8. 347 7.678 7.003 7.62 7.003
SROCC 0. 805 0.811 0. 875 0.913 0.921 0.924 0.932 0. 957 0.954
cslQ KROCC 0.608 0.625 0.690 0.739 0.752 0.756 0.768 0.813 0. 807
- PLCC 0. 800 0. 800 0.861 0. 899 0.914 0.912 0.922 0. 954 0. 825
RMSE 0. 157 0.158 0.133 0.114 0. 106 0.100 0.101 0.079 0.174

R T HE— 25 B AR SCR k1 R T A AR
B B ER — e LA AT SE 5, 3% L SROCC
KRB R IEM bR, 2 2 FEHE T LR EH 5
AE TID2008 b X) 4 —Fh 2k 526 A SROCC 5 b
(0 PF A 355 2R S I IR S R T HE 4 I 7 1 S 56 45
N 2 WTLAFE H L PSNR X B 2 R0 (LA (853
oM E R IPERE A ANMC 8 R 0 75 M 5 4 e

A HFN Flik oh g s IMND B 2k A 38 1 A 1A 5%
SR R SR A AN RUR S T PR — 3L
PE#E 22 . NLDOGM 575 BE 6 76 M 75 28 2 1L | s
5 PSNR #4575 4h, % b R NLDOGM
X TID2008 1 RS 432k B2 AU 1 174 R R 45
U 25 b AR SCRE A X OR [F] JE AL R BRI 5 &=
LB A 58 4 1) — B

K2 AMAE IQA &% 7 TID2008 #7148 & 8 — L E 4 AE (SROCC) HI Lk %7

B g B PSNR VSNR SSIM MS-SSIM  IW-SSIM FSIM ESSIM GMSD NLDOGM

AWN 0.907 0.772 0.811 0. 809 0. 786 0. 857 0. 885 0.918 0.910

ANMC 0. 899 0.779 0.803 0. 805 0.792 0.851 0.813 0. 898 0. 889

SCN 0.917 0.766 0.815 0.819 0.771 0. 848 0.913 0.913 0.921

MN 0. 852 0.729 0.779 0. 815 0. 808 0. 802 0.752 0.709 0.851

HFN 0.927 0. 881 0.873 0. 868 0. 866 0.909 0.908 0.919 0.912

IMN 0.872 0. 647 0.673 0. 686 0. 646 0. 746 0.786 0.661 0.788

QN 0. 870 0. 827 0.853 0.853 0.817 0. 855 0. 859 0. 887 0. 905

GB 0. 870 0.933 0.954 0. 960 0.963 0. 947 0.962 0. 897 0. 966

TID2008 DEN 0.942 0.928 0.953 0. 957 0. 947 0. 960 0.971 0.975 0.966
JPEG 0.872 0.917 0.925 0.934 0.918 0.928 0.943 0.952 0. 947

JP2K 0.813 0.951 0.962 0.973 0.973 0.977 0.975 0. 980 0.978

JGTE 0.752 0. 805 0. 868 0.873 0. 858 0.871 0. 862 0. 862 0. 859

J2TE 0. 831 0. 790 0. 858 0. 852 0. 820 0. 854 0.879 0. 883 0. 889

NEPN 0. 581 0.571 0.711 0.733 0.772 0. 749 0.718 0. 760 0. 687

Block 0.619 0.192 0. 846 0. 760 0.762 0. 849 0. 888 0. 897 0. 850

MS 0. 696 0.371 0.723 0.736 0. 706 0. 669 0.668 0. 649 0.722

CTC 0.586 0.423 0.525 0.639 0.630 0. 648 0. 645 0. 466 0.641

L s % FUR B P b, O R 8 OIS B4 I AR ey
Za U

ARSCTARR) sk £ 24 P H— e IR
Sy LA i R Ao B2 ok 2 i A AL B HE S R o 22
W45 Hp A A LR AR B AR 25 4 R — Rl R TR
2R e TP 24 25 23 BB RV SRk SO R
X 4% £ 2 it EE 22 S 7 PRI AR B PP A X A4 (] A v
LEEE SCRFN A ZIR R SRR &

HZ.ehihe sl K28 1QA kT
JE i [ER = 8] & AR AT B3 IF RS & HVS
AR R PERS R AL I8 T HVS AR LM R A
IR T — Pl T A L v o 2 22 O Y R TR
EIFN AL ZFRE L E RS B RS R B ER
AR I 2k e v B0 249 22 3 22 T 8 R R0 4 SR T 1 4%
SR AR AR S E A A AT 5
B LU A SCRE IR B 1 45 2R

UTAE R HE T HLAS 27 > 1 O vk 3k i T RS

R WL 27 > 05 18 5 0 AE 32 U7 2k AR 45 A I T
SE G B P S TR — 2B ST 7
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B E.REAMABRARERO—ANAETEZAR KO BEREERAN ALK LA TE
HRREF ARG BAFERRERENZ R4, BTk &5 LA H LR LA
HEN, KT BB EREAZE. FRMNETARRENF I P LEFROEE. NERAAERSE
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Study on turbidity measurement of water by light

transmission method

LUO Dao-bin, WU Sheng-bo, QIAO Feng, YUAN Xiao-yu, LI Zhe

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

Abstract: Turbidity is an important parameter to describe the properties of liquid. Based on
the transmission turbidimetric method, the turbidity information of the turbidity solution
was obtained by comparing and analyzing the changes in the ratio of the transmitted light and
the reference light intensity of the turbidity solution through the calibration experimental
measurement system of formazin standard solution. Turbidity of different concentrations of
milk and sand suspensions were measured. The experimental results show that there is a lin-
ear relationship between the absorbance and turbidity when the turbidity of the liquid is be-
tween 100~400NTU. This measuring system is simple in operation and it has the character-
istic of non-contact measurement.

Key words: turbidity; transmission-type; light intensity; soliquoid
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Algorithm optimization for computing surface modes in
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Abstract ; Surface modes in photonic crystal slabs play an important role in designing photonic
crystal devices. In this paper, we extended the Dirichlet-to-Neumann (DtN) map method to
analyze surface modes in two-dimensional photonic crystal (PhC) slabs. This method is based
on the DtN maps of unit cells. By using the DtN maps of standard and non-standard unit
cells,we can construct the DtN map of a supercell. Then,eigenvalue problems are established
on the boundaries of the supercell. Since we only need to discretize on the boundaries, the ma-
trices of the eigenvalue problems are relatively small. Finally, some numerical examples are
used to verify our method. And as an application of this method,we found a new kind of sur-
face mode which exists on the boundary between a PhC slab and a perfect magnetic conductor
(PMO).
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