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Effects of alumina fiber on the tribological property of
composite paper-based friction material

LU Zhao-qing, HU Wen-jing, XIE Fan

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

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

Abstract: A novel paper-based friction material via wet-forming skills with the addition of a-
lumina fibers was fabricated. The tribology and wear properties and the thermostability were
investigated with the help of CFT-1 multi-functional material surface performance tester and
the thermogravimetric analyzer (TGA) under the same load and speed. Scanning electron mi-
croscopy (SEM) was also used to observe and analyze the worn surface. The results showed
that the addition of alumina fibers had obvious effects on tribological properties and the ther-
mostability. In the early stage of friction, the dynamic friction coefficient of materials was
volatile and in the late stage, the wave curve of dynamic friction coefficient was in steady
state. Moreover the addition of alumina fibers increased the stationarity of paper-based fric-
tion materials and reduced the wear rate. Meanwhile, the excellent heat stability of alumina
fibers improved the heat resistance of paper-based friction materials.

Key words: the alumina fibers; paper-based friction materials; the dynamic friction coeffi-

cient; wear rate; the heat resistance
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Study on application properties of several new

types of re-tanning agents

QIANG Tao-tao, HAN Mi-mi

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

Xi'an 710021, China)

Abstract: The re-tanning agents prepared by collagen powder,acrylic re-tanning agents modi-
fied by collagen, hydroxyl-terminated hyperbranched polymer re-tanning agents and re-tan-
ning agents of the re-tanning agents prepared by collagen powder and hydroxyl-terminated
hyperbranched polymer with the mass ratio of 1 ¢ 1 as four kinds of re-tanning agents, then
they were used in sheep wet blue garment leather re-tanning process,and the re-tanning ap-
plication performance were investigated. The results show that acrylic re-tanning agents
modified by collagen exhibited good re-tanning effect,which has a very good filling perform-
ance. The shrinkage temperature, tensile strength and tear resistance all have been improved,
the resistance to dry rubbing is good,which will not emerge fading phenomenon.

Key words:re-tanning agents; re-tanning effect; properties comparison
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Preparation and properties of negative oxygen ion
releasing polyurethane synthetic leather base

FENG Jian-yan, LI Xi, WANG Xue-chuan, FENG Qiang, XUE Jia-ying

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

Xi'an 710021, China)

Abstract: Medical research shows that negative oxygen ion products have a health effect on
human body,so the research and development of functional synthetic leather which can re-
lease negative oxygen ion has become a trend. In this study,negative ion powder and polyure-
thane are blended to prepare polyurethane synthetic leather base releasing negative oxygen i-
ons by a wet coagulation process. The effects of composite fillers dosage,negative oxygen ion
and filler ratio and other relevant factors on base negative oxygen ion release, PU muscles
membrane, cellular structure and mechanical properties were observed. The results showed as
follows: When composite fillers dosage was 20% and the mass ratio of wood powder and neg-
ative oxygen ions was 5 : 15, PU film muscle membrane was 54. 1%, the base tensile
strength was 7. 06 MPa,the base tear strength was 45. 28 N/mm,and the negative oxygen i-
ons release reached above 2 000 unit / cm®.

Key words:negative oxygen ions; polyurethane synthetic leather; wet coagulation
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Study on synthesis and control release of N-substituted
maleimide photosensitive nanoparticle
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Abstract; A novel type of photosensitive nanoparticles were prepared by a microemulsion pol-
ymerization process,using methyl methacrylate (MMA) and furan protected methacrylate N-
hydroxyethyl maleimide (D) as monomers, 2, 2-azobisisobutyronitrile (AIBN) as initiator,
O-nitrophenyl ethylene glycol dimethacrylate (CL) containing O-nitrobenzyl as photosensi-
tive cross-linker. Package load capacity and the light controlled release ability of this nanop-
articles for liposoluble drugs were studied using Nile red (NR) as the model molecules.
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The sulfur release rule from red mud and sulfur fixation with the
synergistic effect of calcium oxide and metal salt

DING Shao-lan, ZHANG Mi, WANG Ming

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

710021, China)

Abstract: The performance of red mud were characterized by using analytical means such as
XRD,SEM and EDS. The sulfure fixation of red mud were studied through single factor ex-
periment. The effects of temperature, time,and air flow on the sulfur releasing performance
of red mud’s were investigated. Then sulfur fixation agent and metallic additon were added to
explore the impacts on sulfure fixation efficiency. The results showed that the optimum oper-
ating conditions are as follows: temperature 600 ‘C,sintering time 60 min and air flow 0. 4
m® /h. Under these conditions,the sulfur release rate could reach 95. 27 %. Sulfur fixation ef-
ficiency increased with the increase of CaO addition. The highest sulfur fixation was
78.31%. Promotion of metallic addition on CaO sulfur fixation performance differed, of
which SiO, and Ba(NQO;), had better performance comprehensively. The results showed that
at 1 000 °C, sulfur fixation efficiency of adding SiO,,Ba(NO,), was 53. 22% ,55. 73% s re-
spectively, much higher than blank value 38.17%.

Key words:red mud; sulfur fixation; sulfur release rate
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The effect of total solid concentration on swine manure continuous

anaerobic fermentation under medium temperature

CHANG Hua', LI Hai-hong'* , YAN Zhi-ying®

(1. Xi'an Polytechnic University, Xi'an 710048, China; 2. Chengdu Institute of Biology. Chinese Academy of
Sciences, Chengdu 610041, China)

Abstract; Experiment was conducted by using swine manure as raw material, which was to in-
vestigate the influence of methane production by total solids concentration (TS) under the
condition of medium temperature (35 degrees) continuous anaerobic fermentation. Using an-
aerobic fermentation device made by the 5 L,the total solid concentration were 4% 6 % ,8% ,
10%,12% to conduct the continuous anaerobic fermentation experiment. the experiment e-
valuation indexes were daily methane production, daily methane concentration, ammonia ni-
trogen,and volatile acid. The results show that the average daily methane production was
2.38 1..3.80 L.2.35 L.2.68 L.2. 04 L with total solids concentration (TS) increasing;
Methane concentrations was maintained around 56 %. Only the concentration of TS was 12%
it was under 50% ;the concentration of volatile fatty acid (VFA) was proportional to the con-
centration of TS. When the concentration of TS was more than 6%, butyric acid and acetic

acid would accumulate in the system inhibiting the activity of methanogens. Integrated indi-
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YEEBIN W AR Q1987—) Lo BePGAE 2 A, By 3 TR0, A5, 49F 52 5 1) - 64 5 4 4k
BWAEE 2\ LLA971—) &, BEPE P&, 208 P58 I 1)« AR Ak 38, 1624116019@qq. com
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cators, when the concentration of TS was 6% ,the operation of anaerobic fermentation system

was the most stable and the gas production performance was the best.

Key words: total solid concentration; swine manure; anaerobic digestion; methane
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Preparation and characterization of an ancient
ceramic pigment:Chinese purple

ZHANG Chao-wu, ZHANG Nan, WANG Xia-yun, ZHANG Li-na, WANG Fen

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

Abstract: Chinese purple and Chinese blue as the representative of ancient ceramic pigments
have been widely concerned due to their brilliant colors and unique physical and chemical
properties. In this paper,the ancient Chinese purple pigment precursor is prepared by hydro-
thermal and co-precipitation method and then sintered at different temperatures,resulting in
pigment products with better performance. The obtained products were characterized by the
XRD,SEM and FTIR measurements. The final results showed that the prepared pigment af-
ter calcination is not only colorful and well crystallized, but also has good morphology com-
pared with the pigment without calcination. Generally speaking, this method can reduce ener-
gy consumption and can simplify process operation, and thus is an energy efficient method
compared with traditional method.

Key words: Chinese purple; co-precipitation and hydrothermal synthesis; energy efficient
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FRATE 1000 °C LA, AT REZTE AR A ik 8 4 401 25
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WENTEINNEHRAR

IREMA, REWKR. RBER. B R, FHRE, LFX

(BRPURHE 2 MR R 5 TR Be . PR 4% 710021

H OE. RSB E&AFIEHEME ThO, B4 ABS(EMat) 2 ka3, LA £ 7
BREEASMN X HEATH M LI R E S 2R BT B RAE S, I8 8 Kissinger o
Augis-Bennett 7 42,384+ T R AL H E KB MAT A R MEMG X Z. MK T A7 4 &
WM oD N F R BAR T S A F R AT H SR BO K AR FEFHE RS
TR, 2R K. B 846. 8 “C A= 898. 6 C T # 47 # 4 2 0, 47 th 44 Jh 4k 5 A1 A
Al Th(BO,), # TbBO, ; /7 fh &4 5 % 4 E,, =972, 3 k] /mol #= E,, =532. 79 kJ/mol; F
MM AEH m, =0.5.m,=0.8, KW iZ R G RILIE P T A0 KA A @R KR AR
km—EER AR LAY HERIEH ;@ Kissinger 742, 3F £ i eh a4 & F 4L gk
E, % 413,22 kJ/mol. i i & B X 3 T AT ah A7 & 69 4 BV R AT 50 R I AT dh JE AR AR IR 3K 09 % R
o Bk B ACHR A T 3E K.

KPR B MG HF; Fk

mESES:]527.3 MHEKFRERD: A

Study on the crystallization kinetic behavior of Dy** /Tb*"

doped magneto-optic glasses

GUO Hong-wei, SONG Jian-bo, YIN Hai-rong, YANG Chen, LI Yan-xiao, WANG Yu-fei

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

Abstract: In this paper,the magneto-optic glass of Th;O; doped ABS system was prepared by
high temperature melting cooling process. The crystallization behavior and microstructure of
Dy*" /Tbhb*" doped aluminoborosilicate (ABS) magneto-optical glasses was investigated using
DSC,XRD,SEM and FT-IR. With the help of the Kissinger and Augis-Bennett equation,the
crystallization kinetics of the precipitates and the kinetics of the phase transition of the glass
were analyzed. The results showed that the Al; Tb(BO;), and TbBO; crystals are precipita-
ted from the glass matrix when being heated at 846. 8 ‘C and 898. 6 °C, respectively. The
crystallization activation energy of the two crystalline phases (Al; Tb(BO;), and ThBO;)

x WFS A HE:2017-03-22
E£TB :EHRARBAILETE (51472151) ; BHEFE ST & 7L 50 H (2017YFB0310201) 5 ik BA T B 2= B AR BF 52 11 Xl 5 H
(2016K02-28)
YEE BN S8 Q1979 —) . 5B B vG JA = A PRI WA B 5807 1) - D A B0
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AR Dy /TH* 348 ABS R Ge b GBLHE B9 AT & 8l g = WF 5 © 39 -

was E,; =972. 3 kJ/mol and E,; =532. 79 kJ/mol, respectively. The average crystallization

index was 0.5 and 0. 8,respectively. By applying the Kissinger equation to the parameterized

crystallization behavior, the calculated phase transition activation energy was determined to

be 413. 22 kJ/mol. By the physical properties of the magneto-optic glass crystallization, the

density and expansion coefficient of the matrix glass are increased.

Key words: magneto-optic glass; crystallization kinetics; activation energy
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ill}

1 TBEHH

1.1 HmH4&

e BB TT , LA i gl i A AL (Th, O, b
SOZPERFPHE A A AR 99. 99 %, T IED LAk
55 (Dy, O, ,db 5012 18 & B 4% 28 7l 99. 99 %) Vil g

(H,BO, &% Bk 11,99, 95%) /7 ¥ (SiO, , Jb 5
fE2FR T, 99. 95 %) VAU AL AR (ATCOHD , , b3t
2T, 99. 95 %) S R JEURL, IR 1 RN . RS
PR 4 FpROR R SR & AR S L 7E 1 250 °C
TR G R 0 4 B b R A L 3 b (R B
PH B IR, BBV 3T 4 T SR 0T 3R B SO BT TR 1
R B K 3 B VL O 8 T A TR 11 5 AR L
b AR IR AT BE A R LGRSk 650 °C ~
720 CARHR 2 ho L 7.5~8.5 “C/h M KRR =
200 °C , P H fil B 1 R ¥ 0 2 s 0L ARAT N T B
(R B 3. 2 JV S 0 T A R T R IR L AT
FE .
T HMAWEWARK
AL,

F%  Th,Os Dy.0s Al Os B, O SO, Shy O3
/mol%  /mol% /mol% /mol% /mol% Jwt%

1# 15 5 24 29 27 0.5
2% 20 5 22 27 26 0.5
3 22 5 20 28 25 0.5
44 30 5 20 22 23 0.5

1.2 mk5AIE

JH 7 [ T 3 2 ) 9 (NETZSCH STA449F3)
2R AR BN #14L (differential scanning calori-
metric, DSC) FEAT I , 20 A7 A [5) Fh I 3 R T #E i
FRT il DA 3 AR A I 45 1 - IR %65 10,20,
30 K/min, N, 40, s i 2o 1200 °C, HIHT &
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FI AN FLEATE SBA-15 B iER
Bt & B EE SR 2T @

/faj_ii_\%]-? %‘iﬁ'u’ /H' %9 jl]ﬂ['-)‘%ta 4——%’]?’;9 X'J J@, EX %t

(BRPERHE 2 BRI 2 5 TR Be . BEVY Pi% 71002D)

 E.API23AR@EEAN RARKESRT & EHFANIL= AR SBA-15, & 5 i@ it

2 0 BT R BR 4k R iR IF 600 CHRBE 89 7 iE A R T MILAAL 2 i & o-Fe, O, 89 a4k 2 & 44, A

B XRD. TEM, )b 2 @ALF 54 7 kTS AR EH BAEH ILEaRFILEFHITEL
BB A KA ES RN IL B L — Yoy 45 My, B b R @ AR 4609, 318 6 m? /g,

%iézué/q 5.43 nm. AR AR PR KB FE I & S F R AR A P123 # M, LA ILA

R R AR Y L ILR K. A o Fe, Oy BAFLAAA N, R W & 9 2 KA, JLAR AR IR

D ARSURR T RE A TALEET aFe, Oy AT AILAAAE M FLIE . & T A-SLILE 69 FR4)

Bt a-Fe, Oy BA A M RE T ARKL EH ZABIFHLBE.

KA AL RAEE; FRRM K sk et

RESES:TB321 MEKFRERD: A

The synthesis of hematite-silica red pigments through mesoporous
silica SBA-15 impregnated and adsorbed method

HE Xuan-meng, LI Tong-xin, XU Yan, LIU Ya-qin, NIU Li-jun, LIU Hui, WANG Fen

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

Abstract: The highly ordered mesoporous silica SBA-15 was synthesized by hydrothermal
method,using P123 as surfactant agent. The hematite-silica red pigment of a-Fe, O, loaded
mesoporous silica was synthesized through mesoporous silica impregnated and adsorbed in Fe
(NO;); solution,then calcined at 600 ‘C. The crystals structure,microstructure,specific sur-
face area and pore size distribution of samples were characterized by XRD, TEM and BET.
The results show that the mesoporous silica with hexagonally ordered pore array structure
was synthesized by hydrothermal method. Its specific surface area was 609. 318 6 m*/g and
its average pore size 5. 43 nm. In synthesis process,the dissolubility of the template agent
P123 was influenced by hydrothermal temperature,leading to the specific surface area of the
mesoporous silica decrease and pore size increase. The N, absorption quantity and pore vol-

ume of the mesoporous silica obviously decrease after loading a-Fe, O, , yet its pore size have

* WrFs B HI:2017-04-20
HEEWMB BHE AR #EETH (51272147
EHE B A AT (1981 —) , B, BePE R o) A, PRI, 78 B2 -0 98 A=, 0 95 0 1o « 4% 45 P 3 b1 )
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no change. The fact confirm that a-Fe, O; enter into mesoporous canal of the mesoporous sili-

ca. Since the a-Fe, O; chromophore were restricted in mesoporous canal, the particles size of

the synthesized a-Fe, O, is nanometer,and the hematite-silica red pigments present good red-

dish-brown.

Key words: mesoporous silica; impregnated and adsorbed method; hematite-silica red pig-

ments
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COHRHEFE KR Y 24 h G HARBR H B EIR .4
BV, 60 °C LA THA o TR 5 15 8] 1k
K. JE AR B B Ak R E T Sk 550
TR 6 h B LRGN P123, BB &L ™Y
I L 4k ik SBA-15.

1.2 magifsetas &

FRECL g Bk J7 vk il A3 /L SBA-15 & T A
JEBH A 100 mL 285 /K, 76 ¥ % 8] i 3%
B K 3 hy B0 4 B A5 B1IE 4L 19 A £l SBA-15.
SRIGHIEAL I A L SBA-15 438 T 6 mL 2 M Fe
(NOy) 5 KRG 28 30 min J& B IR A I UK
A 60 CHZ THRMAD T B8 LR R R
Bt =K e R B K BRI IT T R4S 2R, &5
TES 3 600 CHEEBE 2 h, 159 B fE R LT 8}

1.3 »# kA

K H A% D/max2200PC B X 5 £ A7 5L
X i P AR AR 25 R AT T SR AIE ;R A 36 B FET Tec-
nai G2 F20 S"TWIN %Ui% 5} i 8 B8 e 1E A1 RE
THOUTE 58 5 5% FH 95 [ % 78 ASAP2460 B Hp 32 1 {0 %t
FESHEAT N, A B8 B 3K, 38 4F Brunaure-Em-
mett-Teller (BET) 1155 44 ) i) 2 1 AL, 8 i3 Barrett-
Joynercd-Halenda(B] H) 15 %1 84 FL 4315 .

2 #FREITE

Bl 1Ca) I E AL = & 4k ik SBA-15 1915
SR IR R NIEL 1) B DL VE M b L A L 4R
sk B B m e A FLFLIE , £L 38 45 F B0, K
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N 3l a3 SRR B AT S AR B0 1 (b)) AT
LB SO FE R 7. 563 nm. B 1) 1A FLAL
T TE A% 9 B AT LU B ) SBA-15 A LA
Pl L IE 52 A T A 36 5 R A5 A L B i B - AL S5 A
I8 T =45 )7 4549 (P6 mm) , J& 8L AU i) SBA-15
EAFLEALRERRAE. B 1(dD A A L E Ak sk
SBA-15 1) XRD &3, | 1(d) & H k& &k
Bl (9 RP AR 0 L T ] 5 I A AL — U fL Bk SBA-15 J2
P AR A B T S B8 A A Tk R T .

(a) L3l 5 51 & (b) Ry &8k K

‘ | )W*MWMW
(o) FL3H % 1 (d)XRD &l
B 1 3L=—%"4us SBA-15 4
TEM R % = XRD B i#

P 2 AT K Bl B G i A FL AR RE Y N,
W BT 58 6 ity e A FLAR 20 A1 L. NIET 2Ca) AT LU M BT
AR i A A5 TR O B I B R 2 A — %2 P/ Py TR Y R
WEBELA H1 B 5 56, & SO A A FL A R BT R
() TV 750 25 g R od B pih 2. il 25 /K BR300 T .
U it ) LA S W 48 L S 9 FLAR A 5. 43 nm 300
#9. 39 nm,BET b EH LM 609. 318 6 m*/g [
F)392. 000 7 m*/g. [A] i bifi 25 /K FAIR BE () T L KR
EANFLEER BARXT R S (P/ P, 3 7 1) 25 5 BE R 51
Wb A LA FL AR 7E 720 W 15 o, 35 SCHR i 8 1 4516
AH—E ) AL R AR REFL AR 2 A B (2 (b))
rh A5 BIHIE S,

TR — B4 1 I PR R - K AR R ) AR Ak 5 i)
TR AR B M AT RE e A L SR AR RE
SBA-15 ByfLA2. 75 =ik Be & M i #E57) P123 H PPO
% B2 B K M 1 PEO i B2 S5 K M. FE A FLAA
Rk A Bt B2, B K 1) PPO ik BB B0HE AR 25
SRR I PEO i Bt Bl 5 H o 1 hy BB AR 55 i
(R 7K B B2 T DL i B SR 3 78 A5 T i K
TS BFLAR I 3 K

140°C

130°C

Quantity adsorbed/(cm’/ g STP)

0.0 0.2 0.4 0.6 0.8 1.0
Relative pressure(P/P,)

Ca) N WS B BEF it £&

dV/dlog(w) pore volume/(cm’/g)
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Pore width/nm

(b FL A4 1 [
B2 RE KR ESE RGN
— & A SBA-15 #9 N, &K
B W & A= SLA2 o A B

& 3 R 100 CARMEZM T & B r AL A1k
fit SBA-15 88 L2 9 TEM B . E 3 7T LA
il AL = A Ak i SBA-15 B L AL 38 K
WL R A L A RE IR 5T R B A R R A TR
J& - BT B AR T 0 A5 A R kU W Ak R A
SBA-15 WA FLALIE A, 38 i T 48 e b B S il iR
BRI Ak R A AR R PR A AR L AL E, R LR R
Fe, O, FH T L 18 B il 17 062 48 /)N AT AL = 54k
it SBA-15 9 fL i & 9 0% IR, 76 A L = A 1k i
SBA-15 fr# A L8k i TEM i &5 18 A (& 3(b))
R LLE K S Fe, O, fE7E. MR E H Fe, O,
1) f b 2 80 AT Lt B8 T (D EE R 0. 185 nm, X
N TF a-Fe, Oy [(024) 1.

4 AL B A EE SBA-15 A fL4A Ak Bk
AR Fe, Oy B N, 2 B M6 B h 2 70 FL AR 43 A 1. I
& 4 WL 1L 53] Fe, O, J5 BYEE S B N, W R
A B R FE 9 BET HE R AU 609. 318 6 m*/
g M) 509. 160 2 m* /g, fLAAFIM 0. 794 5 cm?/
g FEAKH] 0. 396 3 em®/g. M A 4 (b) KE & B9 FLA2 2>
A BT LU s B LR RN AR 4R, H AL
TRFLBH B BRI, X 56 B 9 K K1) Fe, O, HI T
AACRER A L AL B, 5 B AL S AR ik Y LA R ik
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R EE AL a-Fe, Oy, BT DLy M 22 B 2048 6. th
T L = F Ak ik SBA-15 A fL AL 18 19 BE Hl . o
Fe, O, B HI7EGK G, o AR kb BA R4
SO PERE.

) BB (b) B be i
B/ 5 A3L=AALsE SBA-15 fi #
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(D LA P123 k2 1 i M ), 2R K #00% & &
THRFANFL E At SBA-15. 38 i3 BF 5% & 37K 4
A R T A L E Ak i SBA-15 1 £L 45+ 11 A8
b2 AR K L B8 2 K G BE 1) T s A REY b 3R T
FRRRAG , FLAR 28 T 1 .

(2) 38 33 12 15 W Bk R WA R T A LR Ak
fit SBA-15 1%k Fe, O, BIREZRZL (AR}, 7148 Fe, O,
PUG B FLAR AL REFL AR K /N A A8 4 (H LA
B B AIG . 0 — L IESE T Fe, O, #EA T A fbEE
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BETHEM Si/MCMB £E8 511k
#3180 ) & K H 1 RE

X, &

(BEPIRHE RS R AR TR SHORE A%, Bep P9 71002D

WOE.RAE R D ATNARER B RS & AR (SD /P A8 R s 3k (MCMB) & A fi A . i@
i T B M (SEM) X4 & 47 5HBL(XRD) A AEFo 4L S M AR M X 5, AF 2 T A F 9 48
B AER R BER O T B A AMALERN BRAZR LA FRRGHm, £ R K0, 45
10 wtY%th ke A6 EMETH T EM T4 MCMB &G BIREAERET, LAAF FH8
Wa e, Hd kA ILEEH 945 mAh/g, M2k 100 B )G, W&/ 48 & 800 mAh/g. 5%
BRFFE A 84.7%.

KEEE kAR PRIAARMIR; 2E Fhik,; EAMH,; biFia
HESHES . TMI12.9 NEtFRER: A

Preparation and performance of Si/MCMB composites as
anode materials for lithium-ion batteries

YANG Xiao-wu, YANG Rui

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

Abstract: Si/MCMB composite anode materials were synthesized by a facile method of me-
chanical ball milling. In order to discuss the effect of the amount of nano-Si powder in the
composites with the MCMB as matrix, the structure,the morphology and the electrochemi-
cal performance of the materials were investigated by scanning electron microscope (SEM),
X-ray diffraction (XRD) and electrochemical tests. The results show that,the composites an-
ode with 10 wt% nano-Si powder exhibits much better electrochemical properties,which has
a good cyclability like pure MCMB anode and a higher reversible capacity. The initial dis-
charge capacities is 945 mAh/g,and still keep in 800 mAh/g after 100 cycles with a capacity
retention up to 84.7%.

Key words: nano-Si powder; mesocarbon microbeads; lithium-ion batteries; composites;

electrochemical performance
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SRy 3 IV R AR T R AR B T 3 R L R K
H Tt DA A B 7 i 4 L BE 5 7% BE R L0 L R AR
I CH AR A T S 98 L B DR TS g S A A
a1 SRR R R I N Y S S RS S (E
AAEMPIS A ERA 372 mAh/g, A B 2
F, 2y 54 A e i L 1 TR S5 0 RE R AR T
FL 1 T SRk ) BEOE A L A R T A R
riR = Y (4 200 mAh/g) . I HE /i #1 AA B AIR
B0, 5 V), AR E 8 A A+, 25
W F AT T2 T R RE A 0/ I Bl A A v 2>
K E R IR TR K L 3 23 ok P J7 T Y e R —
JE T A HL AR T R L AR AR R 2 R kL gt
JE PR s R IR ek 3 TR A 1 [ A i ST A
I (solid electrolyte interphase, SED) I, {ifi 15 1 ¥
o R o R S T T R R R RO LR Y SET RS X
RGBT ik R SRR A N IR SR . R 0k 2 i A AR
T K o B A0 A A P o S IR 9 R B A B R 1Y 56
B,

K I 5 HAB A RS G 1 g S b R, T 7 —
SEREE G2 vh B R FRUAE A 7= A2 i N . A S
i/ 4 B2 G AR Rk E A R RE /SR
BE A MR Rk A R AR L R R
A MR IE B M. Zhou Wenchao %5 R H &
REBREE 1L 46 T Si/MgO/ A B E A M KL 75 500
mA/g B LI BE T AR A B U A D
700 mAh/g, fTEPE PR 70 IR Z I H A B 0] SR FF 7E
650 mAh/g. Yan Mei %% 38 i £k 2% U R LA R ik
i 75 il 4 T Si-Cu/MCMB & & 6tk b1 8 3
AL A VTR A A AN AL B T 2% &2 A v b 1 BE 19
AR

A SCE I T AT I ML AR K B L A A5 St/
MCMB & £ #1 % LL MCMB 2y S 44, F) i ek A
JERIT TFA7 HE 5 45 A R Y HE R R AR Ry
PR G i N K R B A R DR /e B O R R AR
(A FRURZ JiK . 8 3 X AN [R) L A8 A Si/MCMB & & 41
HBEEPEBE 23 AT 7 2R B 06 W05 Ak i 67 AR A4 RHI A 1
GEAPPSEERA IR

i

1 THH

L1 S8 R A E A

(1) EZFORE: AR BEAD (Si.100 nm) , _E g fi]
PLT A AR B A7 IR 23 w5 o 1) AR 2 Bl ek (MC-
MB) , RIS 38 B EA BR 2% 7] 5 5 HL ¢ 2R (Su-

per-P), BN ¥5 % A B A BR A Al U B RN
(SA) s B igBTRL T A= AR B4 A FR A &

(2) FEALAR - S4800 I & T A4 v+ i B2
(SEM) , H A B2z #2024t 5 DS Advance X B4R AT
FHXL(XRD) , 7 [# 4ii 4 7 Bruker 2% @ ; CT2001A
WH R R, R B TR A R A A
CHI760D b2z T AR 3, KM tH 56 B2 B A
E /NI
1.2 ZBAZR

Ay AR R R R R B 0%, 5%,
10%6.15% ,100 % By 41K ik 5 MCMB 1R 4, fff
FAAT B A BKEE HLHLAOKE 8 h, AR5 4% Si/MCMB
2 ABARFE N B (Super-P) 5 45 2551 (SA L4
Wt AR A KO 90 = 7+ 3T L, wtX)
TRA VISR, PR HORN 8 &) T B e I JEK S B o
Vead M B 120 C B2 T 12 hoobs T b i1
W 3 AR d=10 mm MW B HFRE. LI 4@ 4R
FAE %L A% . SR ] LiPF6/EC : DMC @ EMC(1
sl DN MM S E AT ER N Y%
CR2032 41 Ha it , 44 2 B4 ()l Wb 7E 5 00 T i &
20 h J5 #EAT H Ak 2 1 R
1.3 o5k

K] S4800 37 & It 45 4 ¥ 7 i fUBE (SEMD WL
£% Si/MCMB & & R 2% 10 JE 51 LA K 3t il o i
Jot R MIESR. X DS Advance X 52417 4
ACCXRD) XA [ 49 2K fee A9 8 n k1) 52 5 F o B A7
A A 45 K8 19 4 B 3R 4% 14 . Cu Ka 88, L R 40
kV,HL I 30 mALH# 6 °/min, T4 MATEH 10 °~
90 .2 0.02 °. R CT2001A W H H b I3 &R
B8 % F AT R I S R, F R T R 0. 01
~1.5 V, B % N 200 mA/g. %M CHI760D
HL b 2 T sl 3 v 2 28 3 BT (ETS) ik
iR A 100 kHz~10 mHz, 387 B A2 YR8 4 10
mV fEIR 5 (CV) L 54 f KB 0. 001~1. 5
V. H# K 0.0l mV/s.

2 HFR5iTE

2.1 SEM %o 47

&l 1Ca) . (b) 43 53]y 18 i 78 755 HL A 37 100 Bl Js
H 4l i A1 Si(10)-MCMB 1 il % 1, vl DL 4l
fi: 7RI TR A A Oy T L, X Y T RETE iR/
J ARk B s AR ELOR R BRI K B Bk B T S
(10 %6 b 3 T AE A B0 5 PR 0 45 52 L B DA
MCMB 2 B %00 92 il 1 RE AR BRI BIK L £2
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I a4 4B F L Si/MCMB &2 & Al b R} 1l 45 B L g « 51 -

T HLUBP R RS E M X S K 4 A TR A AR
8 TR B 2R A AR B B 1 (o) L (dD L (o) o (D)
3 590 0 A [ 98 K A3 8 B 14 52 6 B RLBORLIE 351
A LA G0 A1 R X 25 20 28 %68 e 23 A Al R, 2
i Bt 20, fEA R HL R, MCMB /Y8 28 A
J UL G A AR BRRONE 5 25 St % 1 10 20 I, 4 K ik
1E MCMB H 18 73 A1 858 0 3 — A F) T BB 1 78 1
RS R S L — E TR B AT AR R R A
IPERE.

(¥ 100 BEF4liRE (b PEFF 100 B JF Si(10%)-MCMB

() FEHRAT Si(10%)-MCMB  (DfE¥F R Si(5%)-MCMB

B/ 1 742 100 B JE 6948 H & & A B A 2R A7

B A KAy A e A M A6 SEM B
2.2 XRD 2 #r

WE 2 Fros 3 5 %k BE g R[] AR ke ask Y
XRD #5# PDF K F, R ILTE 20 2 28.4 °.47.2 °,
56.8 °.69.3 °.76.3 °.87.9 °Hf H B Tk AR 0%
1M FLUE I JR 83, 8 B 52 56 vh i FH ARy B R 419
R4 by, IF A BE AR, 20 Sy 26,4 ° 44,5 7
54.9 °.77.4 °.83.5 °.87. 0 °XF I YW Ay H ] AH B
TR A FRIEAT 50, OF H % Si/MCMB & & #1 &
i MCMB % & 1988 0, 32 MCMB (% 55 41 i 5 i
AF IV b 3 5 L 3R WY vl () A 2 GOk R R AT DUIE B g
AP R A AR, BB U H A A B AR .
2.3 wALF MRS
2.3.1 WHEE-Eihk

K 3 k4l Si 5 Si(10%)-MCMB 7£ 200 mA/
g PRI T A P NS R A R A AL an &l 3
(a) FT7R , 46 Si 765 Bl By ST L G B b 7= AR T b
38. 36 %0 AN TT 06 25 i 451 2k (2 196 ~1 353. 6 mAh/
)« 1K SR FH R AR IO 1) FRL 2 A TR TR G 1 1 A P
JoT 5 T EE (SET B DL K ik B85 19 35 43 2% 1% i 38 B

C(002)

5
&
~
2| siiy - SO0 signy)
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1 1 1 1 1
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20/(°)

B2 ¢ Si4 Si/MCMB £ 4
A8 XRD #% B
O NEI BTSN i NI RIS €S
RN 14.46 % (1 640. 8~1 403.5 mAh/g).
WE 3(h) s, Si(10%)-MCMB & & # ki
PEL 9 AN T 3 25 0 2K O 29, 52% (980 ~ 690, 7
mAh/g) ;5 Bl i A 7] 3 28 iR AU 4. 730
(756.4~720.6 mAh/g). 34 7T 1, 7EAH [] £ i, 3t
T . Si/MCMB & & T ilob BB A i) 106 25 & 4
JeAE/NT 4l St ] A R G LR AR L
AR I MCMB 1Ry 5 5t A AT 25038 48 1Y
A5 B o B IS 7T 306 25 a4 2K
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W A T) 0 K R S B 52 A B A R BT L b
{14 7 00 FhL 00 3l 28 5 i e | ) R R e 7 AR
B Rt 7 TS R H I i 2 R AT X e oL O
200 mA/g; PE¥ 100 .

A P& 4 BT, 2556 S [0 20 1l 2k 9 0 2R A
SEME R SRR R, S1(10%)-MCMB & & i i %
PR TR R4 45 PR RE. 4l St BB Y 2 S
FHLE K LA E T LR E] 2 196. 7 mAh/g. H i
TP 75 i T 8, 100 P S A B R
546. 6 mAh/g; 4l MCMB f§ 7 1% i 41 85 7 H1 b L
HadpE R (A AR, R 7 340 mAh/g &£
A7 51 Si/MCMB 52 & H b 6 B0 55 FL 2% i R R 4
(08 PR PR R, IR Si(10%)-MCMB & & # ok
B o T 2K T 4 MCMB H % 19 9 25 vk R &
S, HHA gl MCMB L B & 1 L 245 i 1 IR
A3 L 25 5 980 mAh/g, JEFF 100 5 . 1) hE
FEfE 800 mAh/g, & & R % 81. 63%. fH Si
(5%)-MCMB F1 Si(15%)-MCMB & & B #) % Bl
TR FRPERE XS R T Si(10%)-MCMB & 4 il
AT Si(10%)-MCMB & & 1t #4 %} fig 45 5 K
JE ) R L BRORIE T 8 1R AT L 2
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B E HEBANERSECHNRAELASE R (HA A oM#AEE P CF 9ALFIR, K
FEMR-BIREREMREAR 0.4 mol/L MEKREE CFABHNEREEEF BHHAW
ALO; AR R E. TR EHELoMA LR P CFRAKIPEA, L CF ¢ &
ARG, B % AT ALO,-CF #9Fm3 4 0.5 wtX bt 5 5% ik $) %42 7. 31+£0. 05
MPa,— 2 & L& &7 CF/HA £ & #M#89 h 54k,

EHITCF; HA; mIR-# ik %k; ALO, % E&; CF/ALO,/HA £ 4##

FESES:TQI74. 1 MERARARRD: A

Study of Al,O; coating on CF surface
and CF/Al,0;/ HA composites

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

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

710021, China)

Abstract:In order to prevent the oxidation damage of carbon fiber (CF) in preparation of CF
reinforced hydroxyapatite (HA) composites,the concentration of 0.4 mol/L sol was used in
the preparation of moderate thickness and uniform morphology Al, O, oxidation protective
coating on CF by sol-gel method. The Al; O; coating will prevent the oxidative damage of CF
during the sintering process of composites and the flexural strength of the composites is the
best of 7. 31£0. 05 MPa,when the content of Al,O,-CF in the composite is 0. 5 wt%. This to
a certain extent,improved the mechanical properties of CF / HA composites.

Key words:CF; HA; sol-gel; Al; O, coating; CF/Al, Os/HA composites
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B AR REEEF NS AR REEE

FRAM, K R, A A, F B, FRE

(BRPERM R b2 5 L% be, B 5% 71002

 ERAFENLCHPCl AR A, RS SR AL i (FPHMS) fo b % 4 3% 2 K 2 R0 T 0% Bt
(FAE-10) & 7 S hn s R 26 61 43 F 18] 44 3% % K 38 B otk @0 AL o (THPEFS) , &% THPEFS
5 A B AT B AL RO AR T — AP AR BR B A AUAR & & ) (PFSS). PFSS 85 L B 44 A i
AR HEAT T AL R MR 4o sh k3 (IR 347 T # k. 53 PESS #9l6 R A @K /1 (Vo)
16 AR R K E (eme) VAR K P a9 A8 b R M R L SLAL ) R AY B AT R A 3 M S AT T K R AT
K. %R AW . PFSS Bs AL B e AL St . RO B E 70 'C R BT E 6 h,n(THPEFS) : n
(H;PO,)=1:1.1. PFSS K% & Y 28.4 mN +m ',eme 4 0.2 g+ L. PFSS & K
bAg R TR 5 BT R 0.5% 8 PESS KIE&R M KA A A 2.20,5 min ¢ F2 A A
0.667, 3 il R A K49 5LAL /1 & A 52 40 s.113 s F= 1 530 s, FF B A R AF 89 @f BR @t 8k it
HFH P TN,

KB AL B A R AR R B A AR R Al RBMR; UL AR K
hESES.TQ423.4; 0627.41 XEkERERD: A

Synthesis and surface activity of phosphate ester

type fluorosilicone surfactants

HUANG Liang-xian, ZHANG Le, DU Qian, LI Ting, LI Shun-qin

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

Abstract: Benzene as the solvent, Hydroxyl-terminated polyether fluorosilicone oil(THPEFS)
was prepared by hydrosilylation of hydrogen-containing fluorine-containing polysiloxane
(FPHMS) with Allyl polyoxyethylene ether (FAE-10)in the presence of chloroplatinic acid
catalyst. A kind of novel phosphate ester type fluorosilicone surfactants (PFSS) was synthe-
sized by the esterification reaction of THPEFS with phosphoric acid. The esterification reac-
tion conditions of PFSS synthesis were optimized using orthogonal test. The chemical struc-
ture of PFSS was characterized by IR. The properties of PFSS, such as critical micelle con-

centration,surface tension,stability in hard water, foaming property, emulsifying ability and

x WrFs B HI:2017-01-13
EEWA :PAEF T A RBE L URMF TR H (2013]K0661)
EHEB N HRAL (1963 —) , %, IWPH B H N, #8082, W+ B 58 07 1) < A5 ALBE D) B8 A4 RE & 545 10



5 43

so on resistance to acid,alkali and salt were investigated. Experimental results were showed
as follows. Optimum conditions of the esterification reaction for the PFSS are that reaction
temperature is 70 ‘C ,reaction time is 6 h,n(THPEFS) : n(H;PO,) = 1 : 1. 1. And the 7.y
of PFSS solution is 28. 4 mN/m,cmc of PFSS solution is 0. 2 g/L. The stability of PFSS in
hard water is grade 5. The foaming power of 0. 5% PFSS (mass fraction) solution is 2. 20
and foam stability after 5 min is 0. 667. The emulsifying ability of 0. 5% PFSS solution for
kerosene, cyclohexane and benzene are 40 s,113 s and 1 530 s,respectively. The PFSS solu-
tion has excellent chemical stability of acid-resisting,alkali-resisting and salt-resisting.

Key words: phosphate ester type fluorosilicone surfactants; organosilicon; interfacial proper-

TR AL 5 - TR TR TR 2 R0 A % AT 5% 5 B B R T O + 61

ty; foaming property; emulsifying ability; stability

0 35

i

SRE F TG MR —ME DL Si—O—Si B &
B 7 LA b sl TR B R 5 LA — e B Y R
) — 25 B F 25/ h R B & A S
F BiFP G R 454 T A WURE 2 1 6 4 590 F0 960 as 2% 1
T PR R0 R R et R0 T LA 0 R 0 P R A T A T 9
P A o | R b R e R A A
T AE " BT Kk 2 T I A R R R R S —
AWFFEIE IR R T S R LG8
P AL ARG B e A0 45 400 3 AR A5 4 0z I L 7E 4R
gk TR | B A SR | AR R R i e 7] 45y T L AR
HETZ W R E

O F JRURE 2% 100 R R A BRI R, Y E A K
ot SCHR DL I T G T IR 1 AR R RE R T
P A BIF 5 4 T8 0B Sk 20 L 3 T L AR OB B A
FEAE I (FPHMS) 4 N 25 i 2 2 R A & 0 Tk
(FAE-10) 2 ik S0 B85 0 56 B B i 48 356 28 Tk 9RC
M (THPEFS) , 5 5 B FR 17 BR A6 S . 5 B T
— 0 1R TR R R 2% 1 T M R (PFSS) . LR 1k
N Z5 A 3SR B0 04T T AR Ak g5 4 FH 20 A1
(IR) HEAT T N, I X LA %5 R A I 5t e o e 2
(eme) M FE 3R TT (Y ene) 8 7K H Y B2 E 1 L 5L
b7 P BE L R B R S AT TSR

CHy CH,CH,CF,

(CH3)3SiO(SIiO)p(SIiO)q(CHssliO)rSi(CH3)3 + CH,=CHCH,0O(C,H,0),C,H,OH

CH; CH, H

( FPHMS)

>

o5
1.1 ZZRAANE

(1) FEGXF] . & A FAEH (FPHMS, & w(Si
—H)=0.34%), Al FHBR, 4 M2, [iEHE
b2 A BR AN A 5 J TN ik o 35 5L 3R 4R 2 W ik (FAE-
10,3 BE /R i & 8 500 g/mol) s Tk 5. VL9 4%
MR AT 5 A BR A | B R LR LSRR
fRBE AL ES  TOK IR ke BT 3 A b
afi, PU 2 ) oAk A BRA .

(2) FEAXAS JK99C 4 4= [ Fh ik F AL, | it
HREF R AR RS A R A ; VECTOR-22 B A7
21 A BT 78 [E BRUKER 724 A.

1.2 Sk
L2001 vl i) 4 oty 720 35 2R Mok 9k vil 1) ) 5

TET R = HER 4% n(Si-H) © 2 (C=C)
=1 : 12 LRI A FPHMS fil FAE-10, LI
T b B TR A3 B2 20 Y i 2 L e B B FE A IR
Th B B AR P HEFE 10~15 min,
ZJE TR E 70 °C~90 °C , P 4k 7 58 50 R
CLAATE, o5 B0 5T 5t 43 5009 0. 004 %0, IF 1
N A h SR 5 U 2R AR R U R RS A L 1L 15
TR 0375 WA 8 B A B v ) A i 5 R 2R Tk TR i
(THPEFS) . & W 2UH -

1 'S;,: g\l

=i

P AL 71
L

(FAE-10)

CH;  CH,CH,CF;

(CH3)3SiO(S:iO)p(SIiO)q(CH3S}'O),Si(CH3)3

CH; CH,

CH,CH,CH,0(C,H,0),C,H,0H
(THPEFS)
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1.2.2 W51 FE 2 5 Ak 2 10 i 2 90 9 o 2% [a] , SR E IR 21 Bk £ /N T R, S 2R E A E

¥t e THPEFS F#s g im A 214 i
BRI L 2 R R T I Ve R A RN R 2
PEE T TR = 3% g IR IR N E % E

CH;  CHLCH,CF,
(CHSIOSO)HSIO)fCHSI0) Si(CH)s

(015 BH VPR R W R S Y SR RE % T 0 M 7R (PE-
SS), e iz K

A
+ POy —>»

CHs CHy  CHCHCH/O(GH0) CH,OH
CH3 (IszCHzCF3
CH;  CH,CHCF3 (CH3)3SiO(gliO)p(SliO)q(CH3SIiO)rSi(CH3)3 0
(CH3)3SiO(SIiO)p(SIiO)q(CH3SIiO)rSi(CH3)3 9 + CH; CH GHO(C,H,0),CH,0- P-OH
O Gh GHAGHOCHO™ p-Of CHy CH,  CHOCHO,GHO
ot (CHy);SIO(SI0),(Si0)g(CHSSI0), Si( CHy)s
CH; CH,CH,CF;3
(PFSS)

1.3 PFSS "y 3% a5 426 &

MEHE SCHBR [15-17 ] R HI W 56 20-1 BRIR & 48 7
FE I
1.4 PFSS &9 2 M &4 & & b A a b 5K

(DELAMETHE (IR) - FHAH B 21 ) S35 A 47
32, KBr 74 B

(2)FMak J1 R w3, 4 A shik G
A1 .

(3L IR VERE AR SCHRC11 TR 7 1 D 2

(DO FLAL T ARHE SOk 18] FH iR 37 v 5

(5) 7K v i B M AR SCBR (12 1F0 GB/T
7381-20100 19 42 J5 & A7 22

(6) i i B 6 B 1« A Al Sk [ 11, 18 TR A7 i
SE.

2 HR5ITE

2.1 PFSS & M4 ey

2 12 T 700 90k 2 1 35 1k 70 (PFSS) 19 A WS E
A 2501 RN =T R SRR N, T
S CHR17,18, 20 J L #E 34T I o AR SC XA 2
05 R B R AR R S5 R HEAT DA, A U TR 16 25
b G Wy Bk T R Y i R Ak R E B L PCLL
POCL, \H,P,0; .P,O, .H, PO, %, % di f] PCl, I
POCI, , i H 06 M L 7= i 2B = R Ak R s (H R
N AR HCL i A 8 ot BV Y 38 8%, 55 Ab
POCI, # % M5 . 75 M K, PCL &b A B (5
A I Yl R T L TR SRR R BE R TR
H, P, O; BRPE SR, B Plpk K 25 8 1 P, O; 5 S 1 Jal
FURCH TN b P, O; by [ A, 4 5 WK 30 i, i
F AR W OR 2 5 g5 e, HoE W e i D
H, PO, 5B S 45, Bl 77 ) S 7K SOA 52 50 3 45 A4

H, PO, BRI, o ¥R R 5 MR (A) L R
A (B SR W RHAE FE (C) 25 R X 2B 1Y 5% 1)
FKHIESSIR B Ly (3%) AT T, 1E 38 3 56 /K F
R 28 0 45 R BB 43 BT L3R 1 TR

F1 EXAWERRKFEMLRE

ERSHIEST
. JEURHEC L
R E””f‘r; FURLREL | (THPERS) 1 /% /% S/ %
n(H3; POy)

1 80 4 1:1 55.33  9.67  65.00
2 80 6 1:1.05 64.43 3.28  67.71
3 80 8 1: 1.1 56.81  4.23  61.04
4 70 4 1:1.05 52.25 7.09 59.36
5 70 6 1 1.1 75.40 0.79 76.19
6 70 8 1:1 62.30  1.64  63.94
7 60 4 1 1.1 67.69 6.92 74.61
8 60 6 1:1 69.44  3.70  73.14
9 60 8 1:1.05 48.94 8.51 57.45
K1 58.86  58.42 62.36

K, 63.32  69.76 55.21

fig K; 62.02  56.02 66. 63
R 4,46 13.74 11.42
K1  5.73 7.89 5. 00

W Ky  3.17 2.59 6.29

fis Ks 6.38 4.79 3.98
R 3.21 5.30 2.39
K1 64.58  66.32 67.36

M K: 66.50  72.35 61.51

e K; 68.40  60.81 70. 61
R 3.82 11.54 9.10

2 1A, W REAMAENS . REREB
>C>>>A, AR 52 i BT G TR A B e AR 1) R
I Fp A2« 52 7 B ) = J5ORE L b > = J IR . IE A8
T30 0 A5 B 0 DAL 25 R AL B, Gy X BRI 7
942 R & B>>A>C, i SR 0 XUES & & 5 10 52 1
FIWRIGF A < J 07 Bsf fa] > > Jz o7 iR BE > JECRL B L.
ER IR B M A R AB C.. 278 %8 I
JO7 R 8] 52 W Sz S 25, B 3R R i A8 55 17T 40 T
s ma b, A B A S e, R dH G N
AyB, Cy s BMIAL S 1 < R T BE 70 °C , S 1 i (1]
6 h,n(THPEFS) : n(H,PO,) =1 : 1.1.
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TR AL 5 - TR TR TR 2 R0 A % AT 5% 5 B B R T O

e (3

2.2 PFSS &#uh4rs) 3% (FTIR) £ 48

FPHMS,THPEFS F1 PFSS () FTIR i &/~
FE 1.3 M BRE FTIR 3% FE A 5 AE W Ui e 5 %5
T3 2 Wis.

2817 PFSS
3034 8 1712 §
—
3715
THPEFS

1645 v
377 2877 22l 2

— <

FPHMS 2965

1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000
Wavenumber/cm’

B 1 PFSS.THPEFS #= FPHMS # FTIR i#
£2 3 /MERE FTIR i B IR U 16 0 5%

A B AT 0 30 0/ e L

H JFURH ] ¢ e’
FPHMS THPEFS PEFSS
O—H 3477 3715
C —H 2 965.1 453 2 877.1 453 2 817.1 453
C—F 1367.1 210 1367.1 210 1367.1 210
Si—C 1 262,849,800 1 262,849,800 1 262,849,800
Si—O—Si 1028—1 068 1028—1 080 1028—1 080
C—0—C 1100—1 150 1100—1 150
—[C2HsO]x — 1453.1 356,946 1 453.1 356,946
Si—H 2 160,906
O=P—OH 1712
P—0O0—C 1 000

Fbac[#l 1 FiEk 2 AT UL, gt FPHMS o Si— H
B AR W U S 2 160 cm ' HiT 906 cm ' 1 H [H]
& THPEFS 1 Si—H Wi 5¢ e iH % Bl O—
H.C—O—C.®Eta Y — [CH, Oy — B RFAE A
ARl 1M 1 645 cm ' I A] B R R KN AY
FAE-10 ff iy CH, = CH — i 48 9§ 3 &, % B
FPHMS FlJd 4 3 oty 35 56 R ik FAE-10 (8] #f 55 &
AT RE SN B B L BB FPHMS 4 F 4 I 48
7 FAE-10, K 9 GE B % T A& & T e Ak
THPEFS.

5 THPEFS M kb, =¥ PFSS 1 —OH.O=P
—OH.P—O—C FfE W53 5 AE 3 715.1 712
11 000 ecm ™', M H THPEFS & OH 7 3 477
em ' Rb A 47 IR B Wl 4 T 2R L U B THPEFS F
H, PO, [8] By g 1k 52 b i 55 & A, PFSS 43 F i
ST P—OH.P—O—C.P=0 237, i
3034 cm "AbWE T g THPEFS #1458 8 () FAE-

10 By CH, = CH — {1 4 I sl . 4500 3= B3 & 1 i B
FrrF PFSS ik 5] T Wil 444,
2.3 PFSS 8% @ M4

& 2 5% PFSS ¥k ) Rk 11 () 5 H &
WP p I RE. K 2 n[ & 1, PFSS % 2%
A1 5K 77 I8 S T vl ) 34 R T A A1 22 ok B KT
{ELJ5  FL 00 3 1 5K ) S A R, — ME TE
e S5 e ARV B Ceme) &b & A 3 4. 1l 42 3 4 i XoF i
B PFSS f p=2X10 ‘g mL '8{0.2 g+ L '}k
HemeH0.2g L', XN A RTHK I (Yene) B
28.4 mN « m™'. LS, & LW PFSS fE 35 1%
KRR 1 (29 72 mN « m 1) L B4 i
1 T 750 96U RE 3% 10 05 PE5R) PESS 2 18 75 M R 4

45

40 1

25 1 1 1 1 1 1
-5 -4.5 -4 -3.5 -3 -2.5 -2 -1.5

Iglp/(g-mL™)]
B2 PFSSHERrtE@ENS
ERERENEGE AR

2.4 PFSS #58K Ak
PESS f9 #0 3K : BE #2¢ 1. 4 35 Fr o 7 3k 0k 47 0
FE IS T kE = R B (CTAB) =8¢
FEBR IR AN (SDS) 1 W IR PERE #EAT H A, 45 R WL 3k 3
i
#3 PFSSHWEEANMIZEN

EIEH ARG 5 min A

e %ﬁff/ 1 dié(ﬁ(l WIB B R %) B
/mL /mlL /mL
PFSS 0.5 30 66 36 24 2.20 0.667
0.1 30 53 23 13 1.77 0.565
SDS 0.5 30 131 101 100 4,37 0.990
0.1 30 116 86 84 3.87 0,977
CTAB 0.5 30 137 107 106 4.57 0.991
0. 30 132 102 100 4. 40 0.980

1
3¢ 3 Al LAF . PESS i) & 0 1 F R 3 1
VA VR VR JEE B R AT T R L 3k 5 RV R R T R 1
K 3 REAR , LA R 3 vk 2 T I B Sk A BT B A G, R
3R LI, 5 H WK AR 4 i A
(DB FERMTIEEFR CTAB(SDS) A 1, & % 11 #
23 T 750 9 i 2% TR 3% 4k ) PFSS 19 & 0 3 1 o 1k
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TR B B 58 B L N PFSS 431 b & A 11 1 5 1Y)
fik SRS L PO O BE T B K R = 80T 3 3 A A A
flfi PFSS 4> F 85 £, 25 A PR K, 3 80K 1
G PEF] PESS 73 FAEF I HES AT REAS B % . th T8
B HEF 1 WL B RS BE T B, B R A TR
B, MTT REAIE T M TR R . i T PFSS HA ik
T 3 g A B9 S ML LA PSS Fo 0w A 76 1 Tk
SRS fap B — S A & o .
2.5 PFSS #3L4 A

W B0h 0.5 % 1 PESS /K ZLI AN [R] %
FIAEAARFIR ), PFSS By 346 1 B il stk R 40 ih 1
mL 7K JZ B I 55 8 ) I [] /D B () A, D) O X6 3%
N FLAL S e, &3 44 T PFSS 2 i
7B FL AR 7 1 e i 2

1600
1530
1200
{
= 800 F
)
o=
3
400 t
I s
I Wkt ES
sl

A 3 PFSS #5L4L A 5 % 71 A 69 % 4

H &l 3 ] 1, PESS XA [\ 9 571 1% 19 314k )
e AR CUBE > B 3R DRk T T R R AR
FTE VER PESS J& B 85— 3% 1036 PR APk K,
TR BRI R R AR AR PRV ) (H R =
BORTE S8 B 3 R kel 0. 1, 18 il
0, T LA 35 500 AR R 2 R > > 3 e >
TH1 o RIRE X S 28 A A0 e 5 R HRE T AR P e /N S AR B
“HILAH 257 IR B, PESS 5 25 B 5 o 4 26, 5 189
PR 25 L R 3 R (] A RR Y 2K 2 i R ]
FER O S T Bk B . B2, PFSS ¥
AR M R e s 300 0 FL AR R 7 i TR AR P 555 ) 7% )
FLAGRE 155,
2.6 PFSS 84 @it 8 5 2 M R[5 B K P 09 A8 M

PFSS Ay Tiif % fid £ Mk ¥ 1. 4 A48 05 i A7
FE . WLEE K FLIRA T A 4 B B4, LT L
Rk, 45 W 4 Frox. 2 88 GB/T 7381-2010
JIT R T3k Wi S B0 5060 1) PFSS A [R] Ve B
(AR 7K P R R R AT T OUER IR, LA Rk 5
Ji7R.

&= 4 PFSS BB &l 2k 14

. iz (HCD B (NaOH) EAN
$
BRI pH=3 pH=12  MgCL (2 g/L)
Tk %
ioml);ﬁ W RMWAE MR LmmaR
. 0
ISWA'?
’ﬁoﬁifﬁ % RMMAE  RMEAE iR
s 0
£S5 mWEKBEEMNNERE
5% PFSS N g N s
fifi 7K “{gﬁﬂ'—' pon HAW ZRfE —HiF R
ww COMER /% AR /%
S1 5.0 5 25 5 75 5
2.5 5
1.2 5
0.6 5
0.3 5
S2 5.0 5 25 5
2.5 5
1.2 5
0.6 5
0.3 5
S3 5.0 5 25 5
2.5 5
1.2 5
0.6 5
0.3 5

M6 4 196 5 A 01, PESS /K 1 W 1 i 152 o £
A2 geoE MR H 4, T H A 45 e BE 1) A K i
R PR B U T VRN RS WL 1 I 2 R T A
T 2 18 TG M 0] PFSS X AS [ A A (1) 7K L 3R
[F) Ak 22 A0 0T A R s T A 2 4 e o LA T R T
Wi %) ¥ E o FH T 53¢

3 #ig

(D VLA A& S AE I (FPHMS) | 6 75 25 55 22
A L BE(FAE-10) , H, PO, R B R, 5k A
TR 2 25 R A B Tl TR R AR SRE % T
TR (PFSS) . 28 1F 38 13 58 4 #7153 %0 g Ak S5 7 i
a &R W 70 °C, B BFE 6 h,n
(THPEFS) : n(H,PO,)=1 : 1.1. J§ FTIR #f
HEA S 724 PFSS g #301 #9 B bR R

(2) PFSS WM Yeme M 28.4 mN » m ', cme
0.2 g Lt Bt sr4Ch 0.5% 1) PFSS /KW
MKW IR 2.20,5 min B2 LM N 0. 667. PFSS
FERE K i A2 PEAR G538 5 9. PFSS ¥ W i 1%
i B itk 45 1k 2 A RE AR B PFSS ¥ T 6 A
PE IR B0 5T B4 LAk BB g A ik T X AR 55 A 4 o FL
AL TN

(F#% 78 T
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AEBEBRNMESHRIRESY
i il & B 1 BE

KE4, B8 #. FAE

(BRPE R R e 540 LB B0F s AL LB SEOR S A Sc =, BRpY 79%  710021)

W B AARANARAEFRAFRABRAS ARG R OGAN T TAREARSLRER, A
BL5 RGBT RERBINRERG AR LR EERSY, @i s kiEgf GPC 34 &
PR AT R RN RN R KRR BT AAER R B E M RIKRBEFRALT
A A KR R S TRIT 10 Ny R A 2 E 5 AU 2 5L 2 % L R A ey 1AL
BAF i@ o mik HA RN T ARG ATHIRBF g wH 2R, £/ 36 h B, KA
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Synthesis and properties of aminosulfonic naphthalimide copolymers

ZHANG Guang-hua, LV Tong, GUO Ming-yuan

(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)

Abstract : Firstly,naphthalimide fluorescent whitening agent was modified with sulfanilic acid
and taurine to improve its water solubility,and then copolymerized with acrylamide to obtain
water-soluble naphthalimide fluorescent polymers. Their structures were characterized by
FT-IR and GPC,and their optical properties were studied by the ultraviolet spectrum and flu-
orescence spectrum. their mechanical properties were studied through measuring tensile
strength,its tensile strength can be promoted 10 N. The thermogravimetric analysis showed
that the thermal stability of the fluorescent polymers were good. Its application of yellowing
inhibition on paper was evaluated by the UV accelerated aging test. After aging for 36 h,pol-
ymer A dropped 4. 26 ISO% less than blank paper and the whiteness of polymer B dropped
6.54 ISOY% less than the blank. The results showed that the polymers have good hydrophilic-

ity and have some reinforcing effect on the paper,which can effectively inhibit the yellowing
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W OE. R Hscrke hal b LA )ﬂ%a}%ﬁ%(PVA)E’dﬂ’Jﬁkﬂi'}i #4F PVA &bk &8 K.
AT PVA R BRI A BB L B KR AR N FHAAEG R R AL L
HEAL(FT-IR) \ X S & AT HALXRD) | £ F 12 4% E#Mx(l)su HEHSMAB(TCGA) R H &
T A (ESEM) $ IR BB AT G w9 45 M BOME AR BEAT T R AR, 5 R A . % V(EAMAK) =30
mL.m(PVA)=0.3 g.m(FAREK4%)=9.69 g V(FE)=5 mL.m(KXF 84 =0.1 g.mCF
B =25 g.m(RAEE)=0.82 g, H R FRIZREE SBIKLFERSZ; ME PVA A E
89 3 i, BOVE JRRE 09 15 Ab 5% E 23R LI eg AL B, m b FAP KRR T PVA AR ET
B R B B Fe d b, SR IR R B 64 R AE M e i ROME R e A

KPR HI; RUHE,; BIRIRE; A FHk

RESES:TQ431.5 XEktRAERD: A

Influence of PVA on structure and properties of the bone glue films

SU Xiu-xia, CUI Ming, LIU Jing

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

Abstract; The polyvinyl alcohol (PVA) modified liquid bone glue was prepared based on good
filming properties of PVA. The effects of contents of PVA on viscosity, {reezing point, me-
chanical properties and water resistance of modified bone glue films were studied. The chemi-
cal structure of the bone glue films were investigated by Fourier transform infrared spectros-
copy (FT-IR), X-ray diffraction (XRD), differential scanning calorimetry (DSC), thermal
gravimetric analyzer (TGA), environmental scanning electron microscope (ESEM) and so
on. The results showed that V(H,;0)=30 mL,m(PVA)=0.3 g, m(NH,SCN) =9, 69 g,V
(CH;OH) =5 mL,m(C,H;NaO,)=0.1 g,m(bone glue) =25 g,m(AICl;)=0. 82 g,a type of
bone glue adhesive which was low freezing point and high viscosity was prepared;the tensile
strength of the bone glue films increases with PVA, while the elongation at break decreases.
PVA can improve the bone glue film flexibility and had a small influence on thermal stability
and water resistance.

Key words: bone glue; polyvinyl alcohol; bone glue films; mechanical properties
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(L BV R K2 AR TR SR T AR, BV P92 7100215 2. BV A ™ & m TH A
B, BEVE PE%  710021; 3. W EK KM THEBARAF, PV 5% 710018)

H E.AGAATERALZ SR, A A 5w & kx4 5 RBRACHEE b 880 T & &4
BATHRAL, BUR B b (mL/g) A F H (W) & 5B R (min) A 8 £ 2, 87887~ RED
Hvfy AR, £ )8 Box-Behnken Z# % A AL T A LR ZERAMBARIRREH 0,
S EBERERTONFINAEESHEAUFERRRF)NG R AKX F . oW
BE RBERRBARY R ELESHA B A 11.4 mL/g, 2 58 62 min, 8 & 25 & 220
W. it s @ ARG T EARERN TR EEBARORREFINAKXGR G, T

ik 59.12%.
XA . vm & W @ ; Box-Behnken; WALBE; /& 7482
FESES:TQO1Y XEFRERD: A

Ultrasound-assisted extraction of humic acid from weathering
coal with response surface methodology

NIU Yu-hua"?*, YAN Xiao-yu', LUO Yi*, LUO Xiao'

(1. Key Laboratory of Auxiliary Chemistry & Technology for Chemical Industry, Ministry of Education,
Shaanxi University of Science & Technology, Xi'an 710021, China; 2. Shaanxi Research Institute of Agricul-
tural Products Processing Technology, Xi'an 710021, China; 3. Xi'an Changqing Chemical Group Co. , Ltd. ,
Xi'an 710018, China)

Abstract: Studied on the ultrasound-assisted extraction of humic acid from weathering coal
based on the single test,the optimum conditions for the ultrasonic extraction of humic acid
from weathering coal are investigated by using response surface methodology. The ultrasonic
extraction time,ultrasonic power and the ratio of water to material are studied with Box-Be-
hnken design and their interactive effect on the extraction rate of humic acid are also investi-
gated. The predictive model of polynomial quadratic equation is analysed by design expert
software. The results indicate that the optimum extraction conditions of the humic acid from
weathering coal are as follows:Ratio of water to material 11. 4 mL/g,ultrasonic time 62 mi-
nutes, ultrasonic power 220 W. The process parameters optimized by response surface meth-
od are accurate and reliable, and the extraction rate of humic acid can be effectively im-
proved,reach to 59.12%.

Key words:reponse surface; Box-Behnken; weathering coal; humic acid
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W EDZRTEAARAE.2, 2222 FAAB(DMPA) A 4K, A —F &4/ 1.3 K
# ¥ ALK B (HBPE-1 4= HBPE-3). ¥A 5+ & /% Bl = #UBL B (IPDD \ B & — 82 T — 82 85 (CMA
-1044) .1,4-T =8 (BDO) 4= DMPA 4 B #t, & m-NCO 235 09 R &8 R 4K (PU). B #&
HBPE 5 PU k& 4| #F 4 £ AL R & 8 (HBPU) ; R 5 £ A 4 A T & T8 (S104) & HBPU, #)
73 7 AP A AL B BE O AR ¥ AL R & B (HBPUF-1 #2 HBPUF-3) . % J& % W =, hm K SLAC Bp 4 1%
HBPUF $Li. A4 sh ki (IR) 4 a3k 835 CH NMR) (& H & 45 (TEM) | 4 &k B AL, #
F oM ACTGA) X4 & % b F fk 3% 4L (XPS) vA & 4 fik A M 3 AL 57 3 25 4 o bk 4k 2 4T #F
R.EREW. AR 4. HBPUF-1 #= HBPUF-3 5Lk #5124 PU $Lik 4512 A P 3%
XL 5UA# 2 A M M 3K, HBPUF-1 #= HBPUF-3 R 2 4R K& A4 50% FT 2T & 69 o 8 1k
PU B4 #42& T 17 CH 29 C.XPSMXAW , A A A @A @E BT @HE7] 69 A%, X
4% HBPUF B3Rk Mg ®Ee £ 2R H. 5 PU 49k, HBPUF-1 4= HBPUF-3 i & & 49 #%
ARBERA A T5.1 8 E 95,9 "= 107.0 °,

KEIW AMNR; 2 IALRE,; KEERE; Rk

RESES:TQI24. 3 MEkPRAERD: A

Study on synthesis and its properties of organic fluorine

alcohol modified hyperbranched waterborne polyurethane

HAO Li-fen', PEI Meng-meng', XU Wei*, YANG Bai-qin'

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

&. Technology, Xi'an 710021, China)

Abstract : The first and third generations of hyperbranched polyesters (HBPE-1 and HBPE-3)
were first fabricated via the pseudo one-pot procedure,using trimethylolpropane as the core
and 2, 2-bis-methylolpropionic aid (DMPA) as the monomer. A polyurethane prepolymer

(PU) containing NCO terminals was then synthesized by the stepwise polymerization of iso-

x WFS A HEE2017-02-14
ES TR BV A BT B ARRFIERUBE R H (2016JQ2031) 5 B VY 45 BT B4 48 25 6 37 TR %I 5 H (2015KTCLO1-14)
Hp L 2 4T 130 E (2014M562515XB)
PEZ B AT 25 (1978 —) L W db A K FE N B B8z W1 L BF 52 07 100 . DhBE VA L SCRE R 89 A RS B
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phorone diisocyanate (IPDI),poly (butylenes adipate) glycol (CMA-1044), DMPA and bu-
tanediol. Next, HBPEs were reacted with PU to obtain hyperbranched polyurethanes ( HB-
PU). A couple of organic fluorine alcohol modified hyperbranched polyurethanes (HBPUF-1
and HBPUF-3) were acquired via action between perfluorohexyl ethyl alcohol (S104) and
HBPU,finally, HBPUF latexes were obtained by neutralization,adding water,and emulsifica-
tion operations. Infrared spectrum (IR), proton nuclear magnetic resonance spectrum ('H
NMR) , transmission electron microscope (TEM) ,nanoparticle size analyzer,thermogravime-
tric analyzer (TGA) , X-ray photoelectron energy spectrum (XPS) and static contact angle
analyzer were utilized to examine its structure and properties. Results showed that the result-
ant possessed the due structure. The HBPUF latex particles presented a regularly spherical
pattern with the increased diameters compared to the PU latex. Furthermore, thermal decom-
position temperatures of HBPUF-1 and HBPUF-3 films at half weight loss were increased by
17 °C and 29 °C,respectively,by comparison to PU film. XPS analysis indicated that the flu-
oroalkyl segments tended to migrate and align directionally to the air-film surface, which is
the primary reason for reinforcement of the HBPUF {film hydrophobicity. As a result, water
static contact angles on HBPUF-1 and HBPUF-3 films were individually increased to 95.9 °
and 107.0 ° in contrast to that on the PU film (75.1 °).

Key words: organic fluorine; hyperbranched polyester; waterborne polyurethane; water re-
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Preparation of polyether modified polysiloxane defoamer

ZHAO Jie, LI Xian-qi

(Tangshan Sanyou Silicon Industry Co. , Ltd. , Tangshan 063305, China)

Abstract: In the presence of Pt catalyst,polyether modified polysiloxane (PESO) was synthe-
sized from polymethylhydrosiloxane and allyl polyether via hydrosilylation. Chemical struc-
ture of the synthesized PESO was investigated by Fourier transform infrared spectrum. Poly-
ether modified polysiloxane defoamer was successively prepared by self-made silicone paste,
PESO and emulsifier in a high speed shearing emulsification mixing device. The optimization
of the formulation obtained is as follows: the mass percentage of polyether modified polysi-
loxane is 5%. The mass percentage of the emulsion is 4% with HLB value of 10. And the
time of foam inhibiting performing is 30 min. The results indicated that the better defoaming
property, foam suppressing property and stability of the organosilicon defoamer were a-
chieved.

Key words: defoamer; polyether modified polysiloxane; preparation
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PESO Wil 2 58 2 2% . £ U] PHMS (1 Si
—H O 2 5N ERE AL T . 5 I
XL 7E 3 480 em AR BL T — OH B 1 45 4% 30
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RNk 2 Mk 3 P,

H 2 2 AL M G FLIR Y HLB {H o4 10
BF 7 i B 7K A3 B B0 RS M SO T R R A
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Fra R 30 Y0 1 R K AR 0 S T T
FIEATPEREXT L . N3 6 FraR. M 6 Al AR SCH
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KH-550 332 Bt 47 T FAAL 22 LB 0 T ABBEA) 69 7 b oA A A8 2 ik 0 B &1 %iﬁ
AR5 BB 68 i Am & KH-550 #9146 45 3 xaL PBS éﬁ mAEA YR, Lk 412%:@ ﬁuf ]
A ﬂﬁﬁi/‘ﬁﬂ%% F B AR Ak 89 AL L KH-550 é’aﬁimxhxwﬁ
BapAd T e a 4%4?)%] Jtilid K% A B — NH, 47&1 5 A AR WL RIS S5 PBS
WAa st F A, W KH-550 £ M2 T ain 7 Ao MA4 e F 5k 2 R @A Atk /3 5k
R+ K/PBS &4 eh I& ik 48 TR B2 /PBS A6 MA, B35 T PBS A %.
KRR T MR T 88 PBS; RERRY; LM Ak
FES#ES:TQ323.4 XEEIRERD: A

Study on performance and compatibility improvement of
Isatis indigotica Fort. extracts/PBS composites

SONG Jie, YAN Xiao-yu, ZHANG Min, Xu Xiao-ling

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

Abstract: Extracted the indigo dyeing ingredients from natural plant Isatis indigotica Fort.
and compound with the biodegradable material polybutylene succinate (PBS) to study the
effect of the Isatis indigotica Fort. extracts on the performance of PBS. In order to further
enhance the compatibility of the composites,the extracts was pretreated with silane coupling
agent KH-550,and the compatibility improvement of the composites by the coupling agent
was studied. The results showed: the addition of both Isatis indigotica Fort. extracts and
KH-550 did not affect the crystalline of PBS and could be used as a nucleating agent. The
change of crystallinity, hydrophobicity, thermal properties and mechanical properties of the
two kinds of composites showed that the addition of KH-550 had a physisorption effect on
the Isatis indigotica Fort. extracts, and adsorbed with the substrate through the terminal

group —NH,, which made the extracts more compatible with PBS. During the degradation
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process,the KH-550 disrupted the hydrophobic and the interface compatibility of the com-

posites,let the degradation rate of Isatis indigotica Fort. extracts/PBS composites was bet-

ter than that Isatis indigotica Fort. extracts+ K/PBS composites,and were both higher than

PBS itself.

Key words: poly(butylene succinate) ; [satis indigotica Fort. extracts; composites; compati-

bility
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S, AD/Max-3c¢ B, H 4% B 2% #k X 2 415 3 fi £
M EAY , FMAOMR2 Easydrop %, 7% [{ KRUSS 24
A I AT, Q600 B L SEE TA 24 Al JT g SC 5
HLXWW-20 T, 7R f 7 4 A 8 A7 BR A A
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Study on crystallization behavior of poly(ethylene adipate)
/hydroxy-multi-walled carbon nanotubes blends

WANG Hai-jun, LI Zhen-wei

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

Abstract:In this paper, the crystal structure, spherulitic morphology and crystallization be-
havior of poly(ethylene adipate) (PEA) in the PEA/hydroxy-multi-walled carbon nanotubes
(MWCNTs-OH) composites were investigated by means of POM,DSC and WAXD. The re-
sults showed that the spherulitic size of PEA decreases with the addition of MWCTs-OH,
while the non-isothermal crystallization temperature of PEA is greatly increased in the com-
posite. Furthermore, the thermal dynamics results showed that the crystallization rate of
PEA is obviously accelerated in the composites. These results clearly indicated the nucleating
agent effect of MWCNTs-OH for the crystallization of PEA in the composites. Both the ten-
sile strength and impact toughness of PEA will be improved by the reinforcing and nucleating
effect of MWCNTs-OH.

Key words: poly(ethylene adipate) ; carbon nanotubes; crystallization
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Well testing model and pressure dynamics for crossflow

triple-layer reservoirs by polymer flooding

ZENG Yang'?, KANG Xiao-dong'*, TANG En-gao'*, XIE Xiao-qing'**, CHENG Shi-qing®

(1. State Key Laboratory of Offshore Oil Exploitation, Beijing 100028, China; 2. CNOOC Research Institute,
Beijing 100028, China; 3. MOE Key Laboratory of Petroleum Engineering, China University of Petroleum
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Abstract: At present,a large number of well testing models have not considered the influence
of polymer adsorption retention and inaccessible pore volume, which lead to the fact that
many oil field data can not be explained. So,a new mathematical model, which is crossflow
triple-layer model,is established by improved basic parameters model of well test interpreta-
tion for polymer flooding. By employed the finite difference method for numerical solution of
the model,the pressure and pressure derivative curves are then developed based on this mod-
el. It shows that the type curve have five typical flow sections. After pure wellbore storage
stage and wellbore storage to the radial flow transition period,then the second layer to the

first layer crossflow,and then the third layer to the second layer flow,and finally reached the
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radial flow stage of the total system. Due to the impact of the Newton fluid properties of pol-

ymer,the pressure and pressure derivative curve move upward with a small amplitude. The

field test application indicates this model can accurately evaluate the formation permeability,

skin and other parameters of each layer,which can effectively relieve the reservoir pollution,

and it is of great significance to take measures to improve production in time.

Key words: polymer flooding; triple-layered reservoir; well testing; pressure dynamics; his-

tory matching
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Study on the factors influencing the emulsifying

properties of whey protein isolates

Y1 Jian-hua, SUN Yi-fei, ZHU Zhen-bao

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

na)

Abstract: In this paper,whey protein isolates (WPI) and soybean oil were used to prepare
oil-in-water (O/W) emulsions using high-pressure homogenization. The effects of pH (2. 0~
10. 0) , temperature (60 °C ~90 C) and ionic strength (0~600 mM) on the emulsification
and emulsion stability of WPI were investigated. The results showed that pH greatly affected
the emulsifying properties of WPI. The emulsification and emulsion stability of WPI were the
lowest between pH 4.0 and 5. 0, which was the isoelectric point(PI) of WPI. When the pH
was away from the isoelectric point,the emulsification and emulsion stability were improved
obviously. The temperature also affected the emulsifying properties of WPI,and at the same
time,it was being affected by pH. At pH 3. 0, the best temperature of the emulsification of
WPI was 80 ‘C,while it was 60 ‘C at pH 7. 0. Lower ionic strength generally increased the e-
mulsifying properties of WPI, whereas, higher ionic strength generally decreased those of

WPIL. In the neutral condition,the endurance of WPI to ionic strength was improved by heat
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Optimization of conditions for anthocyanins extraction
from black wheat 76 bran

ZHU Zhen-bao'?, LIANG Xi-xi', YI Jian-hua'**

(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology. Xi'an 710021,
China; 2. Shaanxi Province Research Center of Food Process Engineering and Technology, Shaanxi University

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

Abstract: In the present work,the anthocyanins form black-wheat 76 bran were extracted by
acidified alcohol. And the effects of pH,alcohol concentration,extraction temperature, extrac-
tion time,ratio of liquid to material and extraction times were studied. The anthocyanins ex-
tracting conditions were optimized by theorthogonal experiment based on single factor tests.
The result showed that the obtained optimal extraction conditions were pH1. 0,concentration
of ethanol 60% ,temperature 70 ‘C ,extraction time 90 min,and ratio of liquid to material 20
: 1(mL/g). In such conditions,the yield of anthocyanins extraction is 48. 01 mg/100 g. The
most significantly affecting factor was the concentration of ethanol followed by extraction
temperature. But the effects of extraction time and liquid ratio on extraction of wheat bran
anthocyanins were not significant.

Key words: black wheat 76; bran; anthocyanins; extraction technology
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s . 2o T AR RENSY . E2kE,
AR A, B R PR B R —
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AR RN AL H BT 51E TANTHY
HA. T e AN [RDAE (/N 22 4655 3% R4 A
2 S A8 B A R [ B R AE 6 #E . Xiaozhen T
SFUO IR AY T R BORL RN R AR T R
FOAA SN . TR R /N 22 Bk B S BOAE 0 m] LA
TFCRR IEL A F] T 7 e KAR (LR W SR AL/ A
MU AR A 256 LAY AL AP R ] — 7 2 Vil
HERTT IR 76 5 /N2 O JRORE AT Husork . H i
LESEPNSiEN

1 Lo

1.1 H# 5

SEEMARL R B 76 SR RN L AR B R T
A VTR AARFE K2z o] — P 24 it 3h iR L &
Pt | TS R M, R T R ) Ak 2 3 50 A BR 2 D 5 Ak
B R T EEALORS 404 T A BRA R LB = K.
ZEAB K AT 2K,
1.2 FBRMNE

MLU-202 -5 7 ) 52 55 B, A5 8 (T8 w ol
B F AR UER IR (40 B WLE FEH A
BrAL g AL RS ) 7 K7, B R R LR A AL ER
Zo) SUNGIS SIS )57 i W NG DX '
AR B LAl pB-10 AU % pH -, $8 £ H)
BBk 2 AL AS (A 50O A BR 2 A 5 e 5% 28 &AL, i
HRAEALZRT .
1.3 %%k
1.3.1 76 5 /N EK B AR 8 4R L

AR T EmaY  NE B >R
PR35 — 80— B 3 WTE e W IS K R

JE WO 1.
1.3.2 &k M A 601 S R WSO 9 1 o

X HR 76 S /NAE HEAT TR B i 27 K 4y ik
B 14,50, F U A i 5206 B R AT by A0 3R HCER
K ik 40 B, T —18 “CHRGY AR TR 45 1.

ZMCER[12], R R 1k 2 BEHE HUEE 76 5/
R AC O IR B M. FREL 1. 000 g £k, H
20 mL 50 % BV MR >R T 1 mol/ L #h BRI
WA R pHIL 0, TR FREIRY 1 h, H 60 TK
WAL 60 min J5 ¥4 BOR B A B 08 T 6 000
r/min.4 ‘C &> 10 min, | FHE R HBEESEN
580, T2 A8 AT 0L 4 66 BE 3 F 400~600 nm T
HEAT HH B 2 Bk K AR 6 b A 6 1Y J R L
.
1.3.3  Hk R Ab o $ O [ R g

R R A e R R N Z A T R 1 R,

F1 HEABEEREERZERRKWIZIT
76 BNE B
AR B

2 50%,60 “C,60 min, i

BHEE 20 ¢ 1(mL/g) .1 K

pH1. 0,60 “C .60 min, % k1L

20 : 1(mL/g),1 &

pHI1. 0,2 60% ,60 min, &

RIHFR K

pH 1,1.5.2.2.5.3

LR 20,30,40,50,60,
SR % 70
30,40,50, 60,70,

=1 tf‘/°C
i 80 B 205 1(mL/g) 1K
‘ .30, 60, 90, 120, pHI1.0,Z ® 60%,70 C., &
i [6] / min & y
150,180 BEEE 20 5 1(mL/g) .1 K
. 10 1,15 ¢ 1,20 o
WO o5 1. 30 : pH1.0, Z B 60%,70 °C, 90
I‘ . . . * . ,1 fr
/(mL/g) 1,35+ 1 min,1 K
B pH1.0, Z B 60%,70 °C, 90

) 1,2,3,4,5 .
/R min, BRHE 20 + 1(mL/g)

1.3.4 Bk AL AT BRI A 1Y B 28I 56

AR B PR 2R 00 A 45 R, B Loy (4°) TE 28K
B3 1 AR IR IR LA
1.3.5 bt &R IE

Z7% /PSS R pH s 2235
SEALCAT & &, DL RE SO B, 3 3 AN aLAE
RAEWEL 0. 2 mL i B IS A S BUWE , 43 S A 2. 8
mL PR ZE i . pH1. 0125 mL 0. 2 mol/L KCI,
385 mL 0.2 mol/L HCD, pH4. 5(400 mL 1 mol/
L CH,COONa, 240 mL 1 mol/L HCl, 360 mL
H,O) B2, TR EHE 100 min, I H W OE(E.
HH RS BRI Fuleki(Fuleki,iT,1968) 12 3
5.

C *APII,L;)XVXM
e Xm

ﬁ(l)EP:C %ﬁ@ﬁﬁ@{lﬁfﬁ(mg/g)a ApHL()\
A BN AE pHIL. 0 A pH4. 5 I 5 R W

— (ApIILO (1)
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JEE VR B BOR SR (mL) s M R 2R 4 25-3-7
ZJREAT AR X 43 F 1, LA 449, 25 ARG 4H-3-
BT THOC R A B 29 6005m A G
w=(g).
1.3.6 Ek b Y e R A

SR 15 ] ERAET L& FIRIUAE &
T BERE 28 & (<40 CO) BT A
xR,

ﬁnﬁ»%:%gf&éﬁﬁf /8 100y 2
1.3.7 Bdasrt ik

P SR g A 3 B IRCEAT 3 Kl 2. SPSS
Ao B s R 35 M H DPS BOMF 0 B 1 22 3k
gt B, Origin fEA.

2 HZR5W®
2.1 B 76 5 AT EF R KA K H

]

76 5 /NG EK B AL AT 400~ 600 nm W7 UK
WK TEWOEEME 1 fron. DM RN, L6
AR AE W I 7E 500~ 530 nm BT, f & 1 A]
T /INFE R R 8 R B R R K 525 nm, 7] L%
ENEOFREE. WL, 25 525 nm 1E R
5 1) ARG 56 I8 K

0.7

0.6

0.0 1 1 1 1 1 1 1 1 1
400 420 440 460 480 500 520 540 560 580 600
WK /nm

Bl 2765 0hx#kkitedT
400~600 nm 2 # K% H

2.2 pH X EFRIRG IR

pH X A6 017 52 Ry 52 ma dn 1] 2 B s, i 1A 2
Al LAE H pH B, Bre B L & i 2. ot
78 A i s SR IO pH. 0 & HoAth pH TR ELAY
AC T TV L T AT B 9T 20 O . LR
WRB A AL pH T RE 5 4 Hb A7 R5 R 1A R
B AR FHATHR BB E RN, 54, TE T
WP Z B, pH<<1. 0 i, $E B R B 2t &5, 5 )

T g Bk IS R A R A AR T T A e
B AERTFER IR 76 5 /N A2 2k B A6 00 H f (e 2% 1F
A IE A2 IS i AR L pH A — A R AT %
JE L T2 [ E 24 pHIL 0.

50
.

'
o

@
f=}

N
(=]
T

.

1 1 1
1.0 1.5 2.0 2.5 3.0
pH

B2 FF pHMEEFRRENY®
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3R HEHE Mk N  AE G S . H L
Bk B2 355 60 005 AE G & 88 TRE. 288 W
AW RF &, CEEW L ESE 600 /2 N H.
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45 ——

40 /

35F /

30 /E
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20

20 3IO 4I0 5IO 6I0 70
LI E/ %
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1t %5 2/ (mg/100g)

[uny
(=]
T

e T &%/ (mg/100g)

2.4 BEXNLEFRRG YR

Pl 4 S A Tm] i B XoF A €8 B RS 1) 52 el g [
A T4 L BE A B B BE T L AR £ B R AN
e, B 70 CH A B & mE, Z 5 T FEAR. 42 5
B T = A is B R IR B 0E YT T R
FER, A ] T /N 22 A 60 4 R (B BRI
=T 70 CJR L B AR ST L AL G S BT IR FE
I X R iR B ok AR I R e A 22,
BOH A5 A8 S A 78 A BT B, Al RO B 103 B4 K 1
BT 53 i BHE s 05 A 2 TR BE T £ A T A
(78.5 CHBF, Z WG ¥R ik 70°C 2245 Rk
0,1 i IR B R P
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g/ °C O/ (mL/ g)

B4 RAEABEMNEEFRRENGI A
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5 43

RAIRE R 76 S/ANEBREEOH R T ZMMWA

« 121 -

WRRZMIAE K RIE. P EaHFSER
48.01 mg/100 g, 53858 ) f K AH 50. 82 mg/
100 g FHZEE /D, H iz 3% (3L H.

xR2 EXRMB|EFWER
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_—
wwy A B C D oo
CEEVR  RBUR REUN WORE/
/% E/C E/min (mlg 200 /100@
1 1(40) 1(50) 1(60) 1(15) 1 18. 49
2 1 2(60) 2(90) 2(20) 2 18.51
3 1 3(70)  3(120)  3(25) 3 26. 84
4 1 4(80) 4(150) 4(30) 4 18.01
5 2(50) 1 2 3 4 33.09
6 2 2 1 4 3 32.25
7 2 3 4 1 2 29. 54
8 2 4 3 2 1 37. 54
9 3(60) 1 3 4 2 31.60
10 3 2 4 3 1 33.76
11 3 3 1 2 4 39.99
12 3 4 2 1 3 50. 82
13 4(70) 1 4 2 3 39. 23
14 4 2 3 1 4 44.77
15 4 3 2 4 1 42.76
16 4 4 1 3 2 46.01
k1 20.46c 30.60c 34.19a 35.91a
k2 33.11b 32.33bc 36.29a 33.82ab
K3 39.04a 34.78ab 35.19a 34.93a
K4 43.19a 38.10a 30.14b 31.15b
R 22.73 7.50 6.15 4.76
R3 EXKBAENHER
ESEW WP AME e L0 g
HE A 3 527.40 3 1175.82 71.39 * %
[HNZ& B 381.08 3 127.03 7.71
SENe 259.51 3 86. 50 5.25
K% D 151. 31 3 50. 44 3. 06
2 218. 28 3 72.76

M 4537.628 15
Hoeox Flx % T/OR SUM 1% . F K5 Foos (3,3)=9. 28,
Fo.01(3,3)=29. 46.

2.9 A&

76 5 /NAE ER R AL A AR 525 nm P AL
L IRAERI pH R 1.0, MR K 60 % L MR E N
70 °C ,BF[E] A 90 min, RHEL M 20 ¢ 1(mL/g) .
BORECH 2 W, A T R 2l 22, 65%.

3 Aig
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VP IR [ 4R RO VRO b R AR UK B 6 A
PP N ER R €0 R AR I S e, b 2 R L 42
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IR B T WAL O BEVL B IR 76 5 /N FE Bk

RN AT 5040 pHL. 0, & BER 5
6020, BRI EE 70 C SR B[] 90 min, KL 20
s 1(mL/g) JAEML AR T B 76 S/NEER L6
TR Y $E B R 48. 01 mg/100 g.
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Plackett-Burman i 3§ iff 3%

M A, AR W, R O, AR

(BRFRHE R B 5AEY LRYR, B /4 71002D

i E.2AAATRBESNEIZARA T, TRIAFA L61 A A KRG ZRALKY
B B 6 AP AR ), R A Plackett-Burman X B AT 7 T8 FLATE L61 69 4 M 4k, VA
RETETHRANETHRIAATAH PO EFARATEAE R LA . Hh BENLRHH B
sHFEIAFHE L6l AERYMRAREF R ETT 3 RAED TR B RAARY A 6
RERME PRI IS /LM EMH6W . HH 13 mL/L.AREFRAESERTRIATE

WA T AR IE.
KERE AP R FTHILAFH L6L; F4; Ak
FESZES . TS201. 3 XkFRERED: A

Study on thermal protective agent of Lactobacillus casei
by Plackett-Burman design

CHEN He, KOU Jian-bo, YANG Yan, ZHANG Ping, SHU Guo-wei

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

Abstract: Probiotics are the main functional factors of functional foods,and Lactobacillus ca-
sei 1.61 has strong ability to produce antioxidant peptides. The effects of six kinds of heat-re-
sistant protective agent on heat resistance of Lactobacillus casei 1.61 were investigated, and
the viable cell number and antioxidant activity in Lactobacillus casei 1.61 milk powder by
spray drying were improved by Plackett-Burman design. The results showed that glycerol,
skim milk and glucose had the most significant effect on survival of Lactobacillus casei 1.61.
Therefore, these 3 substances were chosen as thermal protective agents of Lactobacillus casei
L.61,and the additive amount of the three kinds of protective agents was determined; skim
milk 18 g/L, glucose 6%, glycerol 13 mL/L, which laid provided a technical basis for the
preparation of high activity Lactobacillus casei milk powder by spray drying.

Key words: thermal protective agent; Lactobacillus casei 1.61; goat milk powder; antioxidant

activity
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%4 MR A% . TEEILTEBHE D H A Plackett-Burman i 56 #F 5% + 123 -
3|z pHs-3C # pH It LK BHX &% A & ; SW-CJ-IF
0 =

2 AE TR R R R R ) TR L T
P ZLFF BV A 25 A TR — B, 1E N AR S ] e B
PAE I o 19 B P9 R R T A £ i T A i
LA Ve JIEL ] St | 34 e B 928 % T B s R A0 40 i v geg A
KAF QR BTz M F Ot o,
i) L A

H 20 42 50 4FfX Harman £ T H i F2#
Pt (free radical theory) LL3 , ATTZ T AH B A&
AL P AR Y B S R R 2R A K
e, BV R E A0 A B S A T RE R TR
AT B W5 B B FL IR T AR IR SE R AR Bt A Ak
RS G AT e,

EREIRTER =R N SRS R iR a2
T 7L 45 1 ] A B AU R Y SCHRARS 22 TG Tt 1k
10 g 2B T o R A A A IR Y 5 2R T D
K /DA E . R AR TN 25 Bk #5 A TR A O R
Hh DU A & TR A L P A Ak KRR T A i FLAF T
IEXF T EEFLAT I L61 AW FLm P Lk iy T2
A HEAT T, A SEAE B Al |, DL A e
JOR A 4 A T A T o 3L R JBURE SR T 55 T 1 1 4% T
B FLAT B 161 B %8 1k 25 A8 T/ = Wk, BF 53 0 1k 4t
ARSI DAk A8 70 5 25 T 1 o R b i 1 B L Ak 2
PRI L D o e X A0 A 5 L R v T I LA T A A
TG0 JE SRR AR £ A TR SR R 1 v B
A 2%

1 MBR5FE

1.1 HHENE

(D) FZARL: T B FLAF I 161, PRyt Bl K%
B SAY TR B B F 28, & SR
WA FRZHl s DPPH, Sigma 23 5 s Hol B AE FLAS |
A REAE O 5 g MRS N 5 35 3 MRS 3%
Ji 35 3%, 24 5 b i A7 B R B0y AR 2N ) 5 A2 D
FLEE IR ZE W ACK AR 2L L H S 1126 (w/v)
B R FEFL,105 ‘CKH 15 min.

(2) FEALLS . YX. 280D TR JE 1 28 K #
By LB VLR YT 8 ) s FA2004B ¥ K°F, |
R RE R BB 22 AR A A Al LG10-2. 4 B0
ML, AC AT EE B0 HL T 5 FI-200 75 3 43 i 1 FHL
R AR % A A PR A DH5000AB HL #i e
T B TR AR L R 28 R AR A R W) s DKL 98. 1
U H BT T KT B, R R T 8 R e A R A D

TCHEEAE & L 95 VT A % A3 A BR A .
1.2 RKEF*
1.2.1 WAE

PR R ORAE R T IS FLAT A L6l k4 T8
KFZHE MRS RS d, iR A T 37
TR FRA 5 97 24 h 19 3] — AR 3% 1k 7, 15 B
FARTEARAE 5% (v/v) R T MRS A ¥ B 37 3
T 37 CHE SR 24 h A58 ARG, b 1 &2 T
b= 5 = ARG FR AT E 2 18 h.

W BRI 50 A 11 %
(w/VEFBREEFLEEFRE D RS G T 37 CH
RIS R BRI ST 4 CUKFE& .
1.2.2 KREEFLHI%

¥ 11 % 2 AR 5L T 105 *C K 15 min,
FFHAHG s MR ACIELEM, BT 41
CHEEKYE & B 16 h J5 B, 15 2 & L AL Ik
T m FLAT PR R AL
1.2.3 B 7] o ik

FE T I FLAT B & B 3L o AR R B 90 9
75 “CE MK AR 10 min. P 5E R 61T W
BOF AR .

L2.4 keJrik

(1) P H0 2

P08 GB 4789, 35-2010, 5% A B 14 4 F- Al i
Bk B — R R B = AR BB L B — M
ANEAT 5256 L SR AGSE 44

(2) TR B I

KRS b Y B mL B EEREA
250 150 mL B9 =M, A 45 mL 2810 /K
e IMA 2~3 3 1% B BK4E < 5, 0. 1 mol/L
NaOH FrifE W &  AW s sh =M, B2
LT AE 30 FPPIANTE 26 A 1k, BV A i o 26 . 4 i
FEREAER 0.1 mol/L NaOH #F5 fE 14 W 1Y 2 T+ %%
Fe Lk 20, B4 100 mL & B2V A% E R E ().

(3HpH M 5E

T H pHs-3¢ Il

(O YA AL

KB FLFLIE RS & W R FL R 0y R G 2
SR NBEAR L pHL S 1 mol/L 1y 3h R
VWO L EEFL pH & 3. 4~3. 6,5 000 r/min &
O 15 min, BUEIH W8 LIEWR A 1 mol/L A
FACNE RS pH & 8.3 J5,5 000 r/min &L
15 min, B35 W, 6 135 B O L I Bt Ak



c 124 - RSB RKRE SR 5535 %
P ) 0B 12 %% Canlidenss el
o 1 3 W e B R R4 R | O O A A
SIEICHEE ST 2 mi. 2500 B 6 L2 L —~ININ ===~
BRI Bk (9 mmol /L) I 2 mLL it % b % 7 T Lol o
(10 mmol/ILIEAR 10 mL i E T £ =EZ IR 2.5

537 C M EF 10 min, A 2 mL /K4 B % W (9
mmol/L) JBR51)G 37 CH% & 30 min, T 510 nm 4t
D VR G WS W WO BE R 2 = A AT L R 3 1A.
4l K A5 o A

HhRR =0 — X4 /K4 X 100%

2 #FRE5ITE

2.1 Plackett- Burman & % 25 & 5 #7

TECREARE (X2) AR FL By (X3) L A 4 (X4) |
TR BERE (X6) L B e (X8) L H i (X9) &5 75 Fh 3 UL A
5 B ER K (1 f— D P-B iR K. &4 E
KF GG n 2 1 Fr, P-B iR IR 45 B an 3 2 Fr R,
Horr X2, X4.X6 f X8 it & 43 %4 (Y60) . X3 R
R B (g/L) » X9 AR 4380 (mL /L) ; M i
5 Y1 MBI R, Y2 WA I E R
RO Y3 NIREECT) . Y4 N pHAE. A7
E R X BEAL 7715 R 0. 68 %0.

x1 WARPF P-BIFERBR

HTKP X2 X3 X4 X6 X8 X9
1 15 30 10.5 15 2.25 12
—1 10 20 7 10 1.5 8
F2 HARPF P-BIRIEIEHTRER
B X1 X2 X3 X4 X5 X6 X7 X8 X9 Y1 Y2 Y3 Y4
1 1 -1 1 —1—-1—-11 1 1 7.59 71.59 96 4.16
2 1 1 -1 1 —1—-1—-11 1 9.76 70. 65 94 4.12
3 -1 1 1 -1 1 —1—-1-—11 10. 43 70. 84 88 4. 00
4 1 —1 1 1 -1 1 —1 —1—1 8.22 72.47 90 4.12
5 1 1 —1 1 1 -1 1 —1 —1 6.51 70.15 92 4.02
6 1 1 1 —1 1 1 -1 1 —1 5.03 70.90 90 4.06
7 —1 1 1 1 -1 1 1 —1 1 4.50 69.02 90 3.98
8 11 1 1 1 11 1 1 5.27 70.59 94 4.02
9 -1 —-1—-1 1 1 1 —1 1 1 7.53 68. 34 78 4.09
10 1 -1 -1 -1 1 1 1 =11 8.03 72.09 88 4.01
1 -1 1 —1 -1 -1 1 1 1 —1 11.61 69.77 76 4.03
12 -1 —-1—-1—-1—-1—-1—-1—1—1 9.82 70.71 82 4.07

Wi & LR TR AT, PRI £, L pH (Al
T 5 A T 8 Ak A 34 78 T 30 [, 2 B e g
R, LA DR s me B YL A A DX Tl &) 1
AN RN AN 2 B, i R (E Y2 B E A X
[ 4N & 3 Fro , i 3 R0 an il 4 Bk,

B 1 AT, X9 X m R fE Y1 52 m 2 OE
RO BT A A7 3% 256 B DR S n i A 39 o
KB+ X2, X3, X4 % Fm bl Y1 1Y 52 i 52 91 1
RO B TR 1A A7 % 56 B A R S 6 % 3 T o8
/N F X8, X6 X m i Y1 JLT s, Hr
X1.X5.X7 2 HE #4350, FH T 90 B il e 158 22

-1 11 1-1 1-1 1-1 1-1 1-1 1-1 1-1 1
X1 X2 X3 X4 X5 X6 X7 X8 X9

Bl Z2BAFHTAKRAETEGERER

M E 2 AT LAE W T X3 X6 R Y1 i 5
M) 2550 S o B B o 9 LA B S% BRI 30 SR 11 5%
M 458, 25 1 AR S I I oAy = X4 R %6 ) = X3 (JBE A
FLO>X9CH ) = X2 CREBE ) > X6 (I 3 Hf ) > X8
(. P-B iR 55 45 5L 3 W, 5% M 181 44 77 05 SR 48
5 L0 = AN R4 03 D ISt B 2L o R L

percent sum of squares

Effect estimate
0 20 30 40 50

r

B2 SAFHTERATEGEFZHZSAE
i & 3 A, P X2, X3.X9 W & EE LR
AP G 52 ) 2 B SO0, BRI OR N AE Y2 R4S T
Jome B g RGO AR B X4.X6.X8 X T
P At 5 AR 56 R L BN BT A AP BE A T
Tk B 8 TS e X1 X5 X7 Sy i AU

Y2 95% Confidence intervals

X sl
)

R

70

S NN

AT 4T 1.1 11 11 1-1 1-1 1-T 1
X1 X2 X3 X4 X5 X6 X7 X8 X9

B3 ZEFHRAMNEGERRE
M 4 T LLE H X6 XF Wi B (H Y2 Y5 0
N A RO TR FLBT AR AR Y B PR AR I
R+ X6 G R > X3 (LA F1) = X4 G 4D > X9
CHD >X8 () => X2 (RERH) .

Effect estimate percent sum of squares
16 24

B4 ZRAFREAMG I FEZL S E
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e &% TEILTF PO 5 7 1Y Plackett-Burman 355 0 5%

+ 125 -

2.2 BiEXBR &R
25 PR 0 & T = 2L S Ak M N TR A A T R
RARTE L — B W AT Ik 5, Horb,a RORTE
T L v S o I L R 7 W RN S s b SRR TE
S TEFL v B G FL L A 2 iR . g R N SR
3 7.
F3 ARG ITRER

el AL/ %
a 76. 35
b 72.97

E NI SN ECE ¥ o O R N AR IS N |
RE A4 5 RIS 5 256, e 2 T AR A M 55 1)
2 2% 25 A TR S R O e AR B ). TR R, P 3R
3 AT VM S H o kR FL B R AL 4
ZFAIRIRK. B UL, 276 3 B 75 18 o5 24 356 A
B BAEFL L H il = A A e 3 K 5
2.3 ey Xkt A L R 5T

FE T TR 2 S A AR DR L B H e
B0 A RIS S 1 P K AT IR i IS
Sz 1 17 8 0 a5 TEHE BG4 R 3k 4
iR,

HER 4 IO, e 926 v, R EE 3L pH A Bl
A8 R A5 B BN S B S 05 T R A A IS R R
S Ak P i O v A0 BT 1 g S B S S U
M4 I I i U R 58 0 L AR AR
R RN A B B R BV 7L 18 ¢/ L. A
A HE 6% H M 13 mL/L

x4 mBRPFICHEKEZITRER

X3 X4 X9 fEEE GEM M

B /(g/L /% /(mL/L) /% /% /CT pH fii
1 20 7 12 8.23  71.46 97 4. 20
2 18 6 13 8.46  76.14 82 4.29
3 16 5 14 7.88  75.25 86 4.22
4 14 4 15 6.78  72.08 96 4.21
5 12 3 16 5.98  70.19 100 4.15

2.4 ¥ FUBH b AR AR P A S5 AT

B OR3P0 A2 M 1 T H A AR AU B A
PECE AL PR A g R AR R
IR AR 3 T A ARCRR 2 P ol A 5 AT 1 ] T Ok
O30 LR 3 B AR 4P B B AR 5 T B A R
YL N WE- KR & W23 LR SR A DR 4P 50 A0 [T A
R L B 1k 8 A A R W LR 2 BT AT
DAL 51 R4 00 PR 4P 8RR L R 7 T A2
JL AN FT AR J— )2 5 F B Dol R B Al 4 5 |
240 ML P A B LT AT A A LS L 1
IO PR B e R O PN A T T A AR A T A K
880 2 T AT A PR A2 AR 4 L BB K B

TR A RIE S R FH R . 1 35 38 G A i PR S AT
FRMDSUBE T B 7R A B 1 1) AR DR 305 2 2R SR T
T ERE W 5 R S 2 RE % B v AR B BT IAAE T
RIFH =F Z e AR R

3 #ig

20 B0 N LA il 2 )k g FLAT R 161
A B ORI AT L D0 E A PR P R Y
OB A NG FL 18 o/ L A ABE 626 . H il 13
mL/T i, PRI RICR foe L T T B e O IS
R g o I R T LA B R SR G T EOR R

S & 0k
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i ENERRcRZRZARBLEH S B - A SEAK SI039, 23 BE ABANLAR
16SrDNA M 5 51 5 & A 4848 5F 304 # (Brevibacillus brevis). 5F 5T 2 = £ 65 37 1 4 i fL 42
WM RAFT T FIRA. FHLERELN, A4 S1039 Z AW A Y AR WAL AH RIFH
WRAEMW,FEMNZE WAREY R SEEOHE . F RO AR RBIPH ELZRARERAR
AR AR, AA T LR,

KR ST EAFIAE S1039; MR A

RE S ES:Q939. 92 XHEFRERG: A

Identification of Brevibacillus brevis strain and
preliminary study on its antibacterial substance

GONG Guo-li**, WANG Zhong-zhong'

(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology, Xi'an 710021 ,
China; 2. Xi'an Microbiology and Pharmaceutical Engineering Laboratory, Xi'an 710021, China)

Abstract: A high temperature resistant strain S1039 was isolated from the soil samples of the
Yellowstone National Park, which was identified as Brevibacillus brevis by morphological,
physiological and biochemical and 16SrDNA sequencing. And the partial properties of the
crude extract of the antimicrobial substance produced by strain S1039 were initially tested.
The results showed that the bacteriostatic substance has good thermal stability and is not
sensitive to pepsin,trypsin and alkaline substances. Which could inhibit the growth of Gram-
negative bacteria and positive bacteria and have the prospect of industrial development.

Key words:identification; Brevibacillus brevis S1039; antibacterial substances

SR HTPE PO BR B 3 R O R 48 R 2 Y

0 5l g A2 25 FLFT TR A3 0 18 YR AR 7 ) B A )
i A2 2 AT B ZF AT B b — 2R S il e BT RO D A R AR L A R AT T
PEDR S, 7= A o asi v N 2B F8F AT IR A L 7E A R FERRR RS YA R AR R (Trwrin) (R
2 AR TR AR PR 3, 2 R ROK R T %28 WGP (Surfactin) 55 % AR 18 A 69 S0H 1 K%
PR Y 2 A B8 6% 77 A= X 4 H 8 i 5 L 2R AR AR FETE 7 B R A 1 L B A5 Z€ 00 1] A #8014

i}

x W Fs B #:2017-02-07
HEEWB B AET T HRBE LA R H (14JK1101) 5 76217 4 s KBHE 8110 H (201309)
fEEB N ZER 976 ), B, WS FE L HU8 H1 0F5E 05 L A ) & R
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I [ 1) 45 i 2 AT B 1 48 5 e LA B ) T A 0 5 F < 127 -

HE . oA ZE AT B (Bacillus lichnifarimis)
7 YR IR RE 8 AT A4 ) B A A Bk
(Staphylococcus aureus) « K B 7 K & (Esche-
richia coli) \FBEFF 1 (Methane bacillus) 55 G* Hll
G4l . Z R ZE T 1 (Paenibacillus poly-
myzxa) P EZ IR DIA R ZHE R E X
LR BN (Pseudomonas aeruginosa) £ GLYK &
(Vibrio cholerae) % #5 =% [G B PE T B A 58 21 4%
BAER . %6 %6 2 f AT B (Brevibacillus brevis) f&
— PP REAE 0 WA JE AT 8 K (gramieidin) 3T B8 8 JIK
(tyrocidine) JEANZHES LT REE L LFRIE L
i 4 22 A0 B 0 BT B B A s TR A AR ) B
16 B BAT T R A AT S

A B 5 N S [ B A ] 52 2 el 9 U v o3 e 1k
Hh — PR R 0™ BU R Y 2F AT T S1039, & P
A A B AR HRAE K 16SrDNA 51 43 M7 45 5 1 %
JE N R ZF AR RE T L O 0k H A AT ) BORLER )
(PR Sy BRALE BT AT T 00 B4R 5T

1 #MBEFE

1.1 ZZRHEMNE
1.1.1 FEZEER

(1) R B R

KA H EE A ER AR,

()

NA: 4 RWHE 0. 5%, AN 1%, &b o.
5% .58 1.5% . pH7. 2; K RerE 3R 3. UM 1.
SULEHNE 2. 0%, EAL%5 0. 20% , Twen-20 1%,
pH7. 2.

(3) 37

[ AR B ARG AR KRR R R
DNA marker, PCR ¥ #4i{7 & ., LiEHEmEY T
FRAT RN w1 5 e b2 3500 3 Sk [ 7= 43 A 4, R
7R F1 A2 50 A BR A .
1.1.2 R

PCR Y (PCR-9700) . 7§ % K BERHE A FR 2 7 5
Wl FL VK A (4001P) , Jb 52 75 — AL 2% 28 7] 5 HL Yk Al
(BIO-RAD) . BIS910 #E i B8 & 4t » b 50 7R Bk A
B A B A
1.2 Fi
12,1 Wk

WERIFRI 1 g F7 0 8 £ A A E] 10 mL 19 JC
B L A 9 mL (B K TR A &R
GBS BE A B (107 ~ 107, BURS B BE Sl 107°
10 °.10 710 *fY R T 80 “CKIA PR iR Ak B

10 min, ¥ X B EF R IR A PR (NA),37 CHHIR K
7% 48 h, PRHUCER I V& 46 /R W 3R 5L (S Wl A
SRR SR AT TR 30 30 410 T Bl %) 7 A L 7 0 TR e
Y BT VR B HE O NA At A 15 7.
1.2.2  BRBEMTE S B A 3 AR AL R AE D 5

B bk S1039 4250 T NA FAR I, T 37 CH
7% 16 h, 75065 W AU T WS AR BB SRR AE L 3%
F% 48 h WAL I I5 (1 0 B2 AN R AE. A BE A T s
fIE2Y %8 5E 25 B SCHR [ 10 ] B A AN I 40 i % 7 o7 T
e,

1.2.3 HERIEKF 4 DNA B9 B, 16SrDNA §"
B P K B LR 43 A

(D FEHF 4 DNA $2 5

PG AR IR 16 h M RIATE — T NB 5557 5
Hr,37 °C.220 rpm [H IR IR % B5 3% 20 h, F 40 & %
D] £ b 8 B3R R 6 € Vi B Bty ) B BT A B PR 4
DNA 4 ‘CAR-AF % .

(2)16SrDNA ¥

PCR ¥ 4% 50 pxL 9 R B4R &R: 25 pl 2 X
PCRmaster mix, % K 21 DNA(37.5 ug/mL) 0.5
pL, 41 16SIDNA $ 8 58 JH 51 ¥ 27F. (5'-
AGTTT GATCMTGGCTCAG-3)1 pL.(10 M),
1492R: (5'-GGTTACCTTGTTACGACTT-3") 1
pL(10 VD LRI AR dd H, O #ME E 50 uL.

PCR WG &4 D96 C WAL 4 min; @
94 °C 45 s,55 “C 45 5,72 °C 1 min, 30 MEH (25
PR K-IE ) @ 72 C & E AE A 10 min, fff
16STDNA P 352 4 BU 5 pL By PCR 7= ¥ #4735

BB (1 060) B e FEL UK WL B 2R L OF % PCR =)
4 ft. (PCR P4l &)k & Bl A TAY T
FEA BR 23 W) 58 B T

(3)16SrDNA 41 Xt 43 #

AT AE L A DY 45 R & Genbank C(http://
www. ncbinl m. nih. gov/Blast/) # 47 ¥ %] [&] J&
W, % H RDP (http:rdp. cme. msu. edu/) , MA-
GA6. 06 BT HE RS Kk & W, 0 B Ak S1039 Y
S E .

1.3 REAMEDH & B E E RN Z
L.3.1 BimHERY e &

P52 B B T AR S1039 L 4% (V/V) 3 b i
AT 50 mL(300 mL $EI) A9 & WS IR K v, 28
°C.180 rpm FEIEEFF 36 h.4 ‘CF 12 000 rpm 55
O 20 min, A BT mIJCTE FTE WO T4 B R B
MR B 70%,4 Cib .8 000 rpm B0 15
min, B 5 mL B 25 mmol/L(pH7. 0) i) # B2 £k 2%
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o535 4%

PR i DT VE 79 B0 TR ) T
H.
1.3.2 MG PED

S HIRUZ - R AR5 BOE #E 47 AR S1039 it
BEUHL 9 00 BT 3 1 L SE AR JZ A 15 mL %
BE KWW . FEMA 25mL NAGRA 4 9 654
BRI CVCC1885 B K i #F W BL21 (10° CFU/
mL) , il BUFE 7 40 P 5 SR B JE IR AR FEAR (7 mm) T
FLL A 200 pL BYHT GEORLER 4 DU 2 40 187 95 1
0T % R RN W T B ARk R OR, P25
mmol/L(pH7. 0) ) i 1R £k 2 il vt B, 43 413K
BEE =K
1.4 RAMRBIFRSHERMFIRZ
L4128 B 6 BT DR 42 0 410 51 3% P 1) 5

[ A5 B L AR AR RS K BE S AR G
Sy AL 5 mg « mL " Y, BL 200 L (9P ER
MY 5 RS E AR S RIES 4 CHE 2 h,
A3 L AR 8 AL R 200 p L FEFE R B B AR 3k
i, 37 CHEEES % 48 h. BRI H0E I 2 45 & A
it Ak BB 1) 00 TR O M, DA A Ah B ) T TR R $2 4 K
25 mmol/L AYHE FR £h 2% vh i et BR, & 4R 56 &
B =
14,2 ASIE pH X4 R B P 400 581 35 e 14 5% e

B8 A~ 50 mL By =i . BA =M A 5
mL (BFE Y, 1 0.5 mol/L HCI A1 0. 5 mol/
L A NaOH 43519 pH % 3.0.4.0.5.0.6.0.7.0,
8.0.9.0.,10. 0, E R & N #E 4 h, FAK UK 4
FLEEW pH 2 7. 0, 43 BB 6] pH E AL 21 19 Bt
FHREY 200 L B R E TSR H T, 37 CHEIRRE
I A8 by R AN [ R Ak B ) R B YA TR O 2
LA b B ) B0 T L AR M B 25 mmol/ L Y iR £h 2%
TR O R L AR IR A K
1.4.3 MEY R E

B6 X 2 mL EOE, BXELE T IMA
1.5 mLMPT R M 29, 200 & F 50 °C .60 C.70
°C .80 °C .90 °C.100 C/KEH IR FE 10 min, fF
PR 43 0 O 7] I B Ak B R R
200 pl. BAR /R T IR AL, 37 CHHIR KR FR 48 h,
2 A T] ik P8 A 3L 7 DR B2 1% 400 T T P A A
DL R AL B A PT AR Y B 25 mmol /L B IR #h 2%
RO R L AR IR A =K
LA 4 7E B VRS 5

¥ K AF B BL21(10° CFU/mL) . 4 8 (5 %
EERE CVCC1885(10° CFU/mL) % 5% ] 4 HE#F
BENGHT LI 50 B B F8 7% B S, mlfL Ao A 150

MR Y, 4 C IR &

p L B R B0 B (S) S R TR (C) . 37 *C i
TG SR 48 h, I E Wtk S1039 & B i W2 1 At
{0 400 ) 973 B 0 T ) A L e R D B K e DL
RO IR 5 2H 10 H A2 =

2 HRE5ITiE

2.1 BE# S1039 Kz 4R

2.1.1  S1039 [ 7% I AR TE S R AE

R S1039 BT #% S AR SRR AE Qi & 1 B
N BE L A LLE Y, S1039 4 M 6 A7k L 2F A A
A VR IEDE AR 22 T A L RV S B Y
K R DE IR E AR AR,

(DK

(b2 [ 1 000 4% I 55 WL ¢
B 1 ## S1039 B % A H KB S5/
16SrDNA | 7 43 #r
16SrDNA PCR 9" #% B fig W 5E e i VK 25 2R

2.1.2

Bl 2 Fros. BB 2 "] LLAE M, W Bk S1039
16SIDNA ¥ 4 By 7 1.5 kb 22 4, 75 & 40 1A
16SIDNA F W7 K /N, 76 58 e AR A5 A0 55 1 T
%wihzmﬁ%wﬁﬂ?ﬂaﬁ@%ﬂx DNA [A] i

WA &gtk M s R SES) 25 2 LA T A
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3% ] ) 45 « R 2 FELRT T 119 8 G T 0 o 0 20 B 5

+ 129 -

Y TR BRZS 71 16SrDNA JE31 K/ K 1478 bp,
{5 BN CTGGCTCAGGACGAACGCTGGC
GGCGTGCCTAATACATGCAAGTCGAGCGA
GTCTCTTCGGAGGCTAGCGGCGGACGGGT
GAGTAACACGTAGGCAACCTGCCTCTCAG
ACTGGGATAACATAGGGAAACTTATGCT
AATACCGGATAGGTTTTTGGATCGCATG
ATCCGAAAAGAAAAGATGGCTTCGGCTA
TCACTGGGAGATGGGCCTGCGGCGCATTA
GCTAGTTGGTGGGGTAACGGCCTACCAAG
GCGACGATGCGTAGCCGACCTGAGAGGGT
GACCGGCCACACTGGGACTGAGACACGGC
CCAGACTCCTACGGGAGGCAGCAGTAGGG
AATTTTCCACAATGGACGAAAGTCTGATG
GAGCAACGCCGCGTGAACGATGAAGGTCT
TCGGATTGTAAAGTTCTGTTGTTAGGGAC
GAATAAGTACCGTTCGAATAGGGCGGTAC
CTTGACGGTACCTGACGAGAAAGCCACGGC
TAACTACGTGCCAGCAGCCGCGGTAATACG

TAGGTGGCAAGCGTTGTCCGGATTTATTGG

GCGTAAAGCGCGCGCAGGCGGCTATGTAAG
TCTGGTGTTAAAGCCCGGGGCTCAACCCCG
GTTCGCATCGGAAACTGTGTAGCTTGAGTG
CAGAAGAGGAAAGCGGTATTCCACGTGTA
GCGGTGAAATGCGTAGAGATGTGGAGGAA
CACCAGTGGCGAAGGCGGCTTTCTGGTCTG
TAACTGACGCTGAGGCGCGAAAGCGTGGG
GAGCAAACAGGATTAGATACCCTGGTAGT
CCACGCCGTAAACGATGAGTGCTAGGTGT
TGGGGGTTTCAATACCCTCAGTGCCGCAG
CTAACGCAATAAGCACTCCGCCTGGGGAG
TACGCTCGCAAGAGTGAAACTCAAAGGA
ATTGACGGGGGCCCGCACAAGCGGTGGAG
CATGTGGTTTAATTCGAAGCAACGCGAAG
AACCTTACCAGGTCTTGACATCCCGCTGA
CCGCTCTGGAGACAGAGCTTCCCTTCGGGG
CAGCGGTGACAGGTGGTGCATGGTTGTCG
TCAGCTCGTGTCGTGAGATGTTGGGTTAA
GTCCCGCAACGAGCGCAACCCTTATCTTTA
GTTGCCAGCATTCAGTTGGGCACTCTAGA
GAGACTGCCGTCGACAAGACGGAGGAAGG
CGGGGATGACGTCAAATCATCATGCCCCT
TATGACCTGGGCTACACACGTGCTACAAT
GGTTGGTACAACGGGATGCTACCTCGCGA
GAGGACGCCAATCTCTTAAAACCAATCTC

AGTTCGGATTGTAGGCTGCAACTCGCCTA
CATGAAGTCGGAATCGCTAGTAATCGCGG
ATCAGCATGCCGCGGTGAATACGTTCCCG
GGCCTTGTACACACCGCCCGTCACACCACG
GGAGTTTGCAACACCCGAAGTCGGTGAGG
TAACCGCAAGGAGCCAGCCGCCGAAGGTG
GGGTAGATGACTGGGGTGAAGTCGTAACA

1500
1000

500

100

B 2 S1039 # 16SrDNA ¥ 3% & % B

NCBI 7 2k & 3% {fi FH Blastn #E GeneBank 3t
PRI v 47 [ Y5 45 22, 38 3 AN Genebank Hf 36 £
SR 16 SIRNA AHRIME: f i 9 H B R AR I 16S
rRNA 551, % MAGA 6. 06 @ E K ZERE
BN 3 frs. & 3 Al LLE . S1039 55 06 2
AT Brevibacillus brevis strsin CanS-411 (KT5
80607. 1D MY R % K FR it , HAE— o0 . Bk
TEBH L T Bk S1039 b e Jd 28 f 4T 14 .

JE772473.1 Brevibacillus sp. bE28{2011)
KMO15445.1 Brev

51039 Marker

ibacillus brevis strain B-63

AB533761.1 Bacillus sp. 2BSG-R2A-9
AB533759.1 B;
GU321098.1 B
KT380607.1 B:

2BSG-10NA-2

us sp. B34

51039

KP137562.1 Brevib:
HO236045.1 Brevi
KT580664.1 By
DQ444284.1 Brevil
AYR97210.2

KP777575.1 U
KMO087331.1 T
KP777593.1 U sp. clone DZSY18
© KJ950438.1 Ba iub3.11.4.19

80 KP777588.1 Uncultured Brevibacillus sp. clone DZSY10

B 3 S1039 #9 16SIDNA &7 & %3t L & F A
2.1.3 Bk S1039 A= H A kiR 56 45
Jd e ZEFRLFFBR S1039 A9 A BEAE FB AR AF 1 R 56
ZER R 1 PR,
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K1 EEFHIE S1039 14 18 4 L 41T

SEE A4 R S1039 S 2 AT T
H QY + +
ST + +

WK St - -

W e v Ak + +

V. P - -

2 e it + +

50 CHEK - -

REAK - —
AT HE T R + +
i 12 A 34 I - \

7% NaCl — —

T TR BTERUNE ; — Rom PR B 5 V3R B 2l B 4

Jiz.
2.2 WM S1039 MM A AR M 64 I b T

R F AU M 35 B 47 18072 I 7 e oA R 45 1)
PO G L L R AN 4 R, R 4 T LA L R
S R ER T CVCC1885 (10° CFU/mL) 45
JNE L PURE AR Y M IE B A2 18,6 mm, LK
FFE BL21(10° CFU/mL) 845 7% & . $1 # KL 12 9
FIPIE EAR A 21, 4 mm. P60 B Bk S1039 72 42 )
TG 0T ELAT B S 1 0 R T

() & # A ERE CVCC1885

(b) KA #F i BL21
B 4 S1039 FLsh 4L A A4 A 3 18 E ] T

2.3 Ak S1039 Ao 40 AL 4 6 3% M R
2.3.1 R XTHT TR R W 0 TR T T Y 5 e

AN [R5 1 A 3 S 9 0 TR B 0 40 R 9
M2 R 5 frzs. & 5 o] LUE Y, T 1
P 25 A 3 3ok 7 0 TR B A TS PR TE T T
B, BRI kS B 25 2R 1 A 3 5k 1) e vRDREL 4R A
PR P T R U T T ) Bk UK.

24

22F | HEIEERE

4 8 B 4%/ mm
==
> N

==
(=3 N
T T

e
T

CK  EAM BEAM EABEK 5% E A
H A/ (mg/mL")

BS5 FREOBSAAMRYITEEEY A

2.3.2  pH XF 4 GROHL BP0 R I Pk 04 5

ANTR) pH T 470 TR HL 4 410 TR IS 1 R e 4
K6 i, iE 6 ATLAE H, 2 pH 7E 7~8 i, 41
VAW T A BRI R R G, 0 TR B B AR D 18, 76
mm,pH {IXF 7 BF, 90 & 6 2 B B R . 2 pH B
3 B A — WA R E M. pH & T 8 B BT
N N RE R i Y SWIUE NI 2 s RN L R 73
P00 W J5 T S A R L AR B R — DR
EL7/D T

20

5 B B4/ mm
7

'\

2 n 6 . 8 10
B6 +F pH {gixaf)i@,ﬁbﬁﬁﬁ%ﬂ#%%
W ER YR

2.3.3 IR BEXTHUGORLER 40 TR I M Y 52
AN TR B2 T BT AR 45 49 1 400 BT 355 2 5 e 4[]

7 Fras. T R LUE AR ST Y IR R S Y
540 °CE IR 7K v Ak 3R BT TR ) 5T TR T e e
Wit 5 L 1) A 5 T R BT ) B 4 T L S
TRER S, TE 50 C~70 °C 2Z a3 B8 3F Pk 3 AR A
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I [ M) 45 o 2 AT B R 28 58 B HLA TR oA A0 A0 F A « 131 -

AF IR T 70 CHEL 30 TE G M T R L 4R
FEIRE] 100 CHE L HUE D I E G TR T 31%.,
Vi BIZ P W o A R GRS e

| R

22F
20+
181
16
14
121
10

B E 2/ mm

< N OB N
T T T T

40 50 60 ;#70 80 90 100
WE/°C
A7 xmﬁ&ﬁﬁ%ﬁ%%w%%ﬁ%%@
2.3.4 DU TA0E 2 EC BH P B B M B A 5
S JE ZE AFT B S1039 7= A 9 410 T 4 I % 2%
TR B T B B T 0 T P A 3 i [RT 8 B, el I 8
ATLLE BB S1039 2 RE 48 411 i K % 4T B BL21
CBAME B B 4 ¥ (0 A 2 3R 7 CVCC1885 CFH 1 1)
(9 A= I HL A BT R 1) DK/ B 8 158 W 2 410 TR ) Jot
XoF I3 TR A 70 P 2 i T PH M L R A RE S 1 )
PR B3 J O 1) AR R I Rt — A0 B0 TE.

>

() & W A4 HRE CVCC1885

(b) KA #F i BL21
B8 AW RIrH E LK EERE®E KR

I3 AN 0 DUE B P AR 10 min., TG B K
Ve 3 U, LAJG TR 7K U T8 R 14 0 0 98 A ) IR, 4
R K BEDTHE TC A B B 7 A R WA T ) o
I3 U T M A o T R AN B R R AR B
X AP A0 A JE DR AT RE 2« (1) AR K BE DT TE Hh K A 4
J A AR AN o W s (2) K T L R R

3 it

Wk S1039 J3 89 T 3¢ [ B A0 B 8 0 bl 1438, &2
JEAS AR A AR AE I T, 16SIDNA I 3 7F 2k
Fe %t 43 #r Chttp://www. ncbi. Nlm. nih. gov/
Blast/) , %7 S1039 %5 J5 2F /AT 18 ( Brevibacil-
lus brevis) , X MAGAG6. 06 & R BRHZ LA T
B E T B RR S1039 AYEAE 20 507

2 RAT R S1039 43 WA 1Y AL A 4T TR ) o ket
25 g, A e S U X e KR UK.
£ 100 C K P HRFLEE W 10 min, B IR QK5
UEASA 69 20 I BTG M, R PLE W L A A R
I E IR E M. AE pHT ~ 8 Z 8] L IZ BT W W o 3 1
WV IR B AR A 18. 76 mm. ULAM, ZHLE Y
JBT R A 410 1] 22 T B P TR B PR A A B
0 BB B R B A B A itk — L
TE. T — 28 X Bk S1039 2010 B L 8 4 oA 300G
PRy HEAT 4 Al AL L 58 RE BT R BT AL A
.

&%k

L1 MR R U, 7 R o= U6, 4. 1 il 7 20 I FF T A S5 it 6
o Jin 3 B0 B BT L) b B oA S 2% AR, 2005, 17
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[2] Radyowski M, Bartkowiak S, Winiarczyk K, et al. Differ-
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B16 4 Bf1.5 HaCaT 28 & 4p
HIEREB R E T

KB, KWiF, Bekk, kG, k"

ClE) g IYE R 2% Bk TR AR P, fEd B 363000)

W E.wyEs ) RLEEBmBL6 @) o AR AN A T R i (HaCaT érﬂﬂ@)éﬁ%il
FAEA AR kR A0 8 F BANE IS & (8-MOP) #F s A2 A 3 474 A 14E. 4% )7 10% DMEM %
2ot B16 4 i Ae HaCaT 48 BLBEAT 33 7 , 223K R ) 69 40 I 44 IR 5 e 4w L2 A R B M %%ét—a‘*
FEA K RRREGREREASMOP AR LR AEN P AdMmieElh ZEE4 TP
AP EA T RIER A T, SR AW, AT 3 R AL A Hw, KA Bl6 @
fod# HaCaT a2 4 1 4 ARLWCENRIEIE ; B A-RRF A 100 pg/mL B 2 R E &
LA R BRI S TEI R HIH AR S SMOP 4 20 pg/mL i3t 2 & % 4 3 fo 05 25 B &
TR RHEHEZR, 5L BI6 WA EREREH — K AMMET BI6 444 HaCaT %
Mo R AR A S BT AN A AN T ik dn s LR 2 E LB P,

K .B16 280 ; HaCaT @mhen; E3 AR &R F; 8-MOP

FESESQ2-3 NakFRE: A

Construction of the co-culture model of B16
cells and HaCaT cells in vitro

7ZHU Zhen-hui, ZHU Li-ging, CHEN Jin-mei, LIN Jiao-fen, PAN Yu-tian~

(The Engineering Technological Center of Mushroom Industry, Minnan Normal University, Zhangzhou
363000, China)

Abstract: The co-culture model of Murine Melanoma cells (B16 cells) and human keratino-
cytes (HaCaT cells) was established,and the effect of the model by arbutin and 8-MOP. B16
cells and HaCaT cells were cultured in 10 % DMEM medium. Different inoculation sequences
of cell and inoculation concentrations of cell were used to construct co-culture model. After
arbutin and 8-MOP were added to the model, the cytotoxicity, melanin content and tyrosinase
activity were measured to verify the reliability of the model. The results showed that the se-
quences of cell inoculation had no effect on the co-culture model; B16 cells was co-culture
with HaCaT cells as 1 ¢ 4 ratio;the highest inhibitory effect of arbutin on the melanin con-
tent and tyrosinase activity at the concentration of 100 g / ml;the 8-MOP had the lowest in-
hibitory effect on melanin content and tyrosinase activity at the concentration of 20 g / ml,

all of these like as the previous study of only B16 cells. The co-culture model of B16 cells and

» WFs H#:2017-03-12
ESWMA ARAEAREIT H AR EIH5H (2015]J05071)
TEZ BN RBUEE(1992—) L, INFEIG W A, FE BEAR L 0 58 26 B 55 05 ] - KR~ 4
BIHAEE BRI 1969 —) B A @ WM, 28, WF 587 1] . KRR - xmpyt@sina. com
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RAUE S B16 41MLS HaCaT 410 1A 413 55 J2 408 2t 37 + 133 -

HaCaT cells was established effectively in this study and it can be used to screen the drugs of

promoting or inhibiting melanin.

Key words:B16 cells; HaCaT cells; co-culture; arbutin; 8-MOP

0 35

N ZE Y 3 B 82K 5T iy PR A0 I R AR BT g
20 Jf S W)V T A0 7E NS R AR 3 ol o E
APEHT IE WO T s — R BRI — R
A0 R R R 2936 A f BOIE RN A Ak 2H
J L BL6 A M S 1 7 O E R A B AR 1L gy
A SN ER T 240 8 R AT TH AN T 1 5N A 4 i
Mk BRI AT BT 22 S0 Bk, o T AR AR B B
Tob 4401 Jif 5% % 14 SR KR L B16 41 i 5 £ o 40 i 3k % %
R RGN, B Halaban B R S 2 7 BE 40
Pt R0 T S L F AR S B SR AR Ak & 4 ST
T MR R TR 1 A 35 AR A o A 4K 3 R, 7% 1 3
N B 20 i A X B R S AR e R TR A
B Re T /N BB £ 208 AN I (B16 41 i) RN K A=
b #A J5T 4 Ml ( HaCa'T 4 i) B 3k 15 R B8, I B 4f
FHRESRAT AN 8-H AN IR R (8-MOP) M 58 4 A
[V FH 2805 0 245 0 38 Ao A T 4 i R DL R
B R R T O M S A b 6 R X iy g A A
R 52 ], S 0 245 SR ILIER 56 11 4 40 5 ) i it B A
AR 2 225 FN AN .

i

1 MBFFE

1.1 ##+

L1140 bk

/N B R R A (B16 AR L I [ R
B I i 40 it 2.

NIK A AL A BOE A L ¢ HaCaT 4D . 1 A
Hh [ B2 B b T AN R
L1.2 F2RH

DMEM (12800) . 0. 25% Trypsin-EDTA
(X0, A L& R A BRA A CellTiter
96 ® AQueous One Solution Cell Proliferation
Assay . H 3% 24 QLD AR A R A A
RESRH 20 A4l 1 8 AR 5 A il Tl ik X2 4 5 8- 1
SEANE IR A BT Al W E VY R B B B A op [ A RR
Nl SR G250, A ali, W B E 24 4 A4k
AR A BR 2 .
11,3 FEAUL

HF safe HE W) 246, W 1 ) BE A 9y B 97 L4
A BR A 7l 5 Celeculture CO, INCUBATOR, Iy

H #3258 om B RO A BR A Al Centrifuge
5810 R, H 3L AE 8 4 FR 2\ A s Infinite M 200
PRO 2K B AL, W [/ L vk 58 AR ) B H A R
YNGR
1.2 %%k
1.2.1 Zfikssz

KH 10% DMEM 5% 4= 55 372 56 %5 B16 4f i il
HaCaT 24 Ml 47 5 FLEG 5% o 55 58 2 X 80Uk K
4 A0 53 5 Ak s B0 R R AR RO R E S
X 10 A /mL i B S 46 Bk A7 45 .
1.2.2 JLEEaRpiAl gyt

(1) 24 i 42 Ao TP % 4 5% 5 A R0 1) 5 i« 45 AH
[i) 41 it 0% BE Y B16 40 i A HaCa'T 20 g 5 9 & 4
Iy A4 HERERD 5 mL B16 400, 153 24 h 5
Fl 5 mL HaCaT 40/ ;B 41 .68 5 mL HaCaT
M. K597 24 h J5 3R 5 mL B16 4 fE;C 4. Jef%
2.5 mL B16 408 f1 2. 5 mL. HaCaT 40jE, 555
24 h Jo R IH#ER 2. 5 mL B16 40 i #1 2. 5 mL
HaCaT 4. 4k2285 55 24 h J5 1 W 2R A 3
M.

(2) 2 i 422 b e 5 0 e 3% 5 A AR 1) 5 i« 45 A
[F) &4 B v B2 1 B16 4 L A1 HaCa'T 2 A 2 W 45 4
Iy FE B16 4 ik . HaCaT 4% 15 1.1
22,1 3.1+ 4.1 5.1 10 ERE IR 1 RULLL.
1.2.3  BERAF A 8&-MOP xif $t 5% 55 45 U (14 52 g

(DMTS 2600 40 ff 5 P B AE KRS R
U1 B16 40 LT Ak B0 T AR IS R A A0 ik R
5X10" 4~/mL, 4% B 45 L 100 pL 80T 96 fLAR
H,24 h G EFLINZY 100 pL, BERFFHE EE 43510 10
pg/mL .50 pg/mL,100 pg/mL. 200 ug/mL, 500
peg/ L, AN ZG 20 4 S 25 (1 %8 BR300 fn 24 35 5%
24 h 48 h.72 h 5L A 20 pI. MTS, 37 °C i
B 2 h J5 AT B AR ORI, AR AL S B
BWPR 30 s, B E 10 s KK 490 nm.

A3 B HaCaT 40 it Fn 3t 855 35 40 B 0 40 B 55
PEL ik |

I L AR R 85 R (o) =LA AN 2520 Abs {8
—IMZGREFEHE Abs ) /(25 AT HR 4] Abs {8 — 85
F=3 Abs {H) ] * 100 %

() RESFH AN 8-MOP i 41 8% 77 41 g iy 2 8 K
FrE R O KOS R Y L B IR A R T Ak
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B, RS I B AN M E O 30 X 10" A/ mL, &
HBAEFL 0.5 mL 4 FF 24 FLA . 5 & 320 90 B A
24 h J5BALINZG 1 mL, BRI YR EE 430 10 pg/
ml.,50 pg/ml.,100 pg/mL, IAINZHE N E H
XL M 2545 35 24 hoo¥g — B 24 FLAR Y 15 3% 3L %
F&. K PBS ¥k =i, # A LA 1 mL 1mol/L
NAOH % 10% DMSO W W, 80 Cm#k 1 h, i
FRAX 490 nm AbAAS 2] BL AE 5 [A] B X o5 — 3 24
FLAR W 75 15 37 3 )5 #e IR AR AL 0.5 mL K33k,
A 50 pL MTS, 4k 2E 5555 2.5 h, BEFRX 490 nm
bR AT 2] B2 H LAEAR IE. X5k B16 4 it 17
A [] S 36 2 A FH A XS BR4H.
BAOR SR =WOREE B/ WO B2
ERAVE DT B 8-MOP ¥ JE /3918 5 pg/mL,
10 pg/mL,20 pg/mL, LA N2 4 1E R 25 ([ X IR
X B B16 40 M aE A7 A () S 5045 4 FE AR X R 4.
(3) REFFF AN 8-MOP i 4L 5% % 41 iy 1) ik & iR
it 0% s K A ROTR S B Y 3 R 3R A0 T
b, B0 o R VR 4 M VR B Dy 30 X101 4~ /mlL,
Fig% 24 h e 2k, RE RV Ve B 43 9 o 10 pg/mL,
50 pg/ml, 100 pg/mL, LLAS TN 245 4 AE M 25 X
HELINZG 1555 24 h, IHWE A BR , K PBS Yk =3 , [m] 41
LT TE oA 5 A% 4l i B vE AR B Y 0. 05 mol/L
PBS, HAM, —20 “CHUE 30 min. A1, 3 7R 5
W5 W4 CEMTEEELD 9000 rpm, 15 min Fi
WA I3 W B R B 7 . I & B R 780 4L 100
mmol/L PBS H1 /il A 200 xL. 5mmol/L L-DOPA,
37 CARWE M 10 min, ZRIG A 20 pL BEW, 37
CAEIMA S min, BEFRAL 475 nm AL IHKFS #) T1
{H. FH 25 o Hr 5 8 0 A P 3 6 i R AT 0 A B
T2 HMEARZIE. OD {8 55 ¥ 20 W8 B 06 14 52 1E A K.
X B B16 40 M HE A7 A () S 5045 4 FH AR X IR 4
i 2 IR i 0% 1 = WO BE M T 1/ WO B T2
EAE DT B 8-MOP #4590 5 pg/mL.,
10 pg/mL,20 pg/mL, LA N2 41 25 (1 X IR
XoF Bl B16 40 M HE A7 A () S 5045 4 FH AR X HE 4.

2 #FREITE

2.1 mARBARIF A R R R

I T 240 3 T T of e 5 7 A5 R 52 ol 114 245
W1 Fros. d B 1 R] L 20 O A [ B SR
A [ BRF 8] 55, 2% 2H 40 i 249 1F 5 A < ELAR MO 25
B DX, B 57 48 h i =2 1) 3 W D 40 i 4
fih S I BE A AL PRI, O T S S R B L R

L R A0 [ IR A R i O AT S R

[ B, 5256 34 AT BH 58 0L 48 2], B16 41 il B A B
8 14 2 e, 2R A K fiok B2 HaCat 41 -, B16 4
it 2 il 2 S 28 P 0 /IR 1) B 3 1) — 2% R L I
af LB SRR F0F5E B16 Ml HaCat 41 My 0] 1Y
WA F s L& T T,

a:B16 4, AR BB /N, R AR BN s b HaCaT 410, 1 B2
KA BUIE 5 87 5k - B16 41 Jfd 58 fish 7% 45 %) HaCa'T 40 i, 3L [R] 4
*
B 1 R R AR 5
AL R vh 25 R (100 X)

2.2 mMEBEARENERAFBEDGY 0ER

AN 7] 290 M e o e 32 T 4 o e % 5 A U 5 i) 1)
SESRANPE 2 FroR. i E 2 0T 0, A AR TR A 20 A Tk R
T, 2 Bl6 4 it + HaCaT 40 i 45 i 43
Jg1s 1.1 2.1 ¢ 3.1 ¢ 4 WF, He 0% 3% 40 i kH L ik
AR AR TE &S EF . B AR A SR A i ; T 24 B16
Y+ HaCaT MR 7308 1 ¢ 5.1 ¢ 10
W AT LA B, 96 h i e 1% 55 40 i A KR S A1k,
A oMBEe g, BIFERE L2 WA
HaCa'T 21 A 422 Al B0 19 388 0, 96 b B 3 15 R 85 7Y
i) HaCaT AMa % NI 2, i T AR LB A
BT A 0T 20 AR S A 22 T PR 6 A I R, TR
HaCa'T 4l fifg %5 2 b 22 W) 422 50 N 28 19 1E 5 Lb i)
FFACE Hbr, R, %48 B16 41 4E + HaCaT
YMIECE R 1 s A AR Ry S S I VR B L ).
2.3 MR FA SMOP stk kAL A ¥ w2
R
20301 2N A D 5 SR

M 3% 1 W] A1, B 2 AR R VR W B RV FE (i)
fRI3E i, HEXT B16 4 A1 HaCaT 40 At A4 310 il 75
B 5 Ju HCAEAE FHINEIE) Sy 72 b i, AS [ v B 1 B SR
X B16 4 3 A A 2 1 (P<<0. 001) , Horp
M AE WA AE MR E N 500 g/ mLL B 40 A 35 1 25 2
2 G0 B A RE R AR FH v B R s D ) B
ORI 85 55 240 L f 400 A 5 SR G 3R 19 B16 4H
Mo A HaCaT 4 it 75 P 4 35— 30, Dt v] LB o 2t
B0 % AN TR VO ol 240 X B R T 1 1 FE 00 e
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RMIE S . B16 415 HaCaT 41 1A 4P 35 7450 A0 1y gt 7.

+ 135 -

a:B16 4 (RN B R HLN 5 b HaCaT 40 L, A B4R
K ARBTE ;¢ FET-40AE , 2 B 7R A 7 3k . BL6 40 il 28 fih 42
3] HaCaT 4000, e [F AEK

Ca) PIFN 2 B 20 24 h,B16 A K il /. HaCaT 24 iy
B A AL F A B B 3 R K (b) T Fh 4l
HeFh 48 h,B16 4 L 44 K fol /s L) HaCa'T 40 ff 3%
TEK

(ORI A4 Fh 72 h, B16 41 5 HaCaT 41 24 KR
AT R BB il A K B16 20 M B4 kA A T HaCaT
AP (D P FP A2 Fh 96 h,B16 40 Al HaCaT 4L
EEE A AR R £ R SR A K 4 2 [ A R
i
B2 KR AEAR R e e
¥ AR H w45 R (100 X)

&1 AREIREFMIERAREARERE
Xt 48 B AR B S A R R 45 R

P A X1 AR %
/C pg/mL) 24 h 48 h 72 h
10 99,218 7+2.882 8 90. 689 02,486 1 79.054 21,566 6% * *
50 97.211 5+£1.508 6 88.786 8+2.541 3 77.909 4£2.103 5% * *
B16 -
i 100 95.681 3£1,170 5 88.612 93,492 5 72.260 141,877 4% * *
200 95. 662 8-+1, 468 2 87.212 342,757 4 71.100 74£2,100 1% * *
500 89.036 41,186 6% 67,053 7£0.891 2% * * 66,783 041,679 8% * *
10 99. 266 8+2.203 2 98.152 4£2.343 1 98.128 9+1.200 7
. 50 99,294 2+3,823 8 97.752 842,147 9 87.874 61,438 8% =
i;(»;] 100 92.701 93,011 3 96.135 02,040 3 86.330 2£2, 141 9 % *
200 88.657 3+3.397 6 89.408 91,994 2 78.312 1£1.499 9 * *
500 87.210 5+2.087 1 81.758 5+£2.224 0 74.831 0£1.646 9% * *
10 99. 693 22,169 7 92,283 83,107 4 89.165 140,980 7 * * *
- 50 93,987 242,303 9 86.399 13,616 7 86.089 71,361 3% * *
P 100 93.937 943,147 2 86. 187 42,646 3 85.727 01,750 6 % * *
200 91.478 8+2.558 4 85.711 6£4.089 2 * 84.541 6£1.222 2% * *
500 81.880 03,228 3% 75,303 3:£1.625 8% * 72,043 141,128 1% * *
4R AR BE 25 20055 7 4 % L2 60 8 HE P % < 0. 05, P % % < 0.01,P % % » <
0.001.

e 2 al s, b 8-MOP 1E FH ¥ 3 1% 14
TEAS ] B s 18] 5, 8-MOP Xt = F 241 fifg 465 78 34 4 410
BB L DR AT LA S S I 3R O Bk AR R 40 X
8-MOP By 1 HI &8 . 5 4F M 18] 24 72 h B, 8-
MOP #5535 55 % 40 M A 30 ) s 5% Lt B16 41 i Fn
HaCa'T 40 i 0k £ A 0H f2 & 3%, HLBR 24 8-MOP 1E

FHHEE N 30 peg/mll A4 HAG e B0 17
R2 AREREFNIEAFEL 8-MOP Xt
2 B 42 B 38 5 R 221 45 SR

S 8-MOP i & 0 AR R R 0
- /C pg/mL) 24 h 48 h 72 h
2 93.170 241,990 2 96.650 1-£1.196 2 97.344 941,078 7
5 95.788 7£2.390 7 95.280 3:£1.739 0 97.752 51,106 9
;;15; 10 95.681 1£5.123 3 92.564 4:£0.793 6 97.591 6£0.991 0
20 91.996 6+4.085 5  91.076 1-£1.036 8*  95.390 3+1.578 7
30 90.456 545864 7 89,665 71,991 7 x 91.907 240,891 2% *
2 94.482 9+0.631 6 95.828 2:£0.739 0 91,147 141,028 3%
. 5 97.035 0+£0.753 9 95.819 0£1.448 3 97.063 90,553 2
%;];;T 10 94.264 840,940 9 98.600 7+1.852 3 95.659 240,602 3 *
20 92,282 7411840  96.549 11,170 3 95.038 040,743 3%
30 89.684 20,439 5% 95,787 41,152 2 91.902 30,885 4% *
2 95.580 8+£1.237 5 96.302 00,457 3 94.846 411,135 0% *
- 5 96.480 3+0.687 6 95.614 22,277 9 95.294 240,910 5% *
e 10 95.961 441,540 3 95.497 241,344 2 93.983 440,651 9% *
20 94.588 80,7725 93.644 92,625 6 93.112 720,980 6% * x
30 86.242 81,980 0% * 89.568 90,770 5% *  86.215 620,954 8% * *
2.3.2 FEHLFF AN 8-MOP Xt 15 57 40 g iy 2B (5 % 3%
e AETE S

AN T e 52 Y R AR S 5 5 20 2R 65 R
AR 3 Bron. B3 mlA Bl RE R T
P FH R J3E 1A 18 2 35 % A 1) PR 3R 0% W
D RIS A AL L, 7 AR AR
950 pg/mL BE L XIEFTFRANMC 2647 T 10 25 A9 A
i B 3R A R (P<20. 01). 55 4 7)o 2 19 g
XAl B16 41 A 1R I B — B0, Ut W] 3k B 3R 40
LSS Y T 5 X i AR 2 B 5 1 R AT B
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

*k kk%k *kk  kkk

Melanin content

Arbutin/(pg/mL)
B3 REKREMRRF TR
mp R E e EY LR
AT e BE Y 8-MOP X 1 8% 77 4 i i 2B 5 &
TrEE LR A 4 T, R 4 AT BEE 8-
MOP {1 e BE (38 i, k35 5% 40 i i S8 (0 % 5 i
G, 20 245 4 5 7S AR R i 2 41 g
KR A A 2 i A R AR (P<<0. 001). Ui B
1% % 40 AR AU AT DL X 8-MOP 22 2 Y 2 BA 25 1k

170 .
2.3.3 REHLFF M 8-MOP X} Kz 72 41 i i) % 42 R i

GRS AL S

I [r e JEE F A8 SR 8 L 0 5% A N ) 1 =R il
WPER A5 R 5 Fros. g & 5 A, BE A AR R
VR R A 9 G0 e % 5 240 i ) 1 R R O A
A B A 5 LA AR . A AR R T A
W N 100 peg/ ol I HET 1% 22 9 Ml 405 A 410 <1 Y
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%35 &

P $5c oA 2 35 (P<C0. 001). 5 A0 [7] v B 1) A& L 7
XF Ll B16 40 A A — B H AR L Ul
B 8% 51 A S AT LA BB SR Y 2 26 B BH A 24 E
7 2.

0.14%%2&1{aCat

0.12}

0.10¢
0.08F
0.06f

0.04t

Melanin content

0.02t

0.00

8-MOP/ (ug/mL)
A4 REREH 8-MOP 2332 5kt it
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Study on antimicrobial activity and the secondary metabolites
of endophytic fungi DL0O6 from Decaisnea fargesii

YANG Xiu-fang, LONG Yuan-yuan, XU Qian, MA Yang-min”

(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)

Abstract: Fourteen known compounds had been isolated from the Aspergillus. niger D106 of
Decaisnea fargesii. Their structures were identified by spectra and physicochemical proper-
ties analysis. Seven compounds were obtained and identified as 2-acetyl-4(3H)-quinazolinone
(9) ,nicotinic acid (10), meleagrin (11),erythritol(12),fumaryl-L-alanine (13),daucosterol
(14) and mannitol(14). The antimicrobial activity test of these 7 compounds’ showed that
Compounds 9,10,11 and13 had good antibacterial activities against most of test bacteria.

Key words: Decaisnea fargesii; endophytic fungi; metabolites; chemical constituents; anti-

microbial activity
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H 7815 J& 8 o 1% Mk, 75 3 4 BRI P R b
DS37.DS58,DL06 Al DL14. 5k 8 40 45 7% 3%
SEUIN DS58 Hdb A B KE T 14 ML AW, W
A % A W 3 PR A T A ST ARGE.

AHWFFELL DLO6 J H b £k - X DLO6 i Bk 2
11 ITS JPHIE , e 208 D106 PR % J = s i
% (Penicillium chrysogenum) , Genbank & g5 K
KP690795" . 3f % 4fi JL K N 4= H i DLO6 1 IR A=
R Yk 7 oy 347 T R G IEIE , 35 8515 3
15 MeEY. K 8 ME GV E MiF SIS %
SCHRLS b A7 i 8. A< SOOI X R 22 4 B AR B 1y 7
MMEE WA AT T E IR HAE Y AT T
.

1 MR57FE

1.1 HE#

Bk DLO6 [ % B 1 X A JL DR A 9 14 43 B
3,00 PDA fHm ks s R aifb 5575 4 CHRAFE
SCHG R IR . 4 RRANTA - 4 B (0 45 Bk 1A, 7L 8%
BRE . RIGFF B S WRAT B . 10 R AE 00 R BB . 5%
SRARE T8 92290 TRT Y S TR A TR D 28 BRI B L /N
IREEN TR » 38 BRI TR 7 0 K B P RO
I3 TR » A7 24 BAELI TR B R R BRES P o AR R R R
T =.

1.2 BB .BHRL

1.2.1 FEFUH

DH5000B H #4115 352 46 CR 8 28 7 RR AL
ABRAED s ZHJH-C11098 BB TAES (L
B Ay BT A AR i o A BR S FDD 5 YX-280B T4 UK
NZERK B LW = HEIT WA R A A
XSP-C240COIC X H ot W i 8% (IR AL A
FRA D 5 ZF5 T2 35 40 40 B 40 C 0 558 G Bl
HIRAFD ;s HZQ-Q 4RIk 7 #% (4 45 11 i AR X 3%
J ) ; Bruker avance 11I-400MHz #8 5 4% ff 22 47 {%
(Bt -+ A & 75 /8 7)) 5 Bruker-maXis-dGUHR-TOF
HRESI-MS(f# [§ 71 8 52 /2 7)) s EV311 B Jig % 3
78 AL (A 5 SRR RHML 8 A FR A 7D 5 HF2000
RIFGAR AL (bt de e 2 B AW H R A R A
3590costar96 fL A5 At (3¢ [ Corning Costar 23
CipR
1.2.2 ¥EgEst

(WA RNEFEABRBEIEFRE . 4WE 5 g. &
FIi% 10 g.NaCl 5 g, £ 877K 1 000 mL,121 C&

MEKE 25 min.

() L B A MR B 97 22 (PDA) . B8 3
=W 200 g, # A HE 20 g, 2B F 7K 1 000 mL,
121 “C &R K& 25 min.

1.3 RAERH D65 B A st

K5 T 14 18 R % e FH 20 B8 L TG AR B 6 L ik
FEWR 455 150 g SRS HE A . U Tt © LR C
PR B e, 45 21 9 443 (Fr. 1-Fr. 9), M Fr. 3
B3RS 9(8 mg) Fr. 7 fEE LS Y 1017
mg) M Fr9 #8459 11(15 mg) .12(150 mg) .
M Fr. 6 52654 13(31 mg) M Fr. 8 153 {L 5
Y 14(70 mg) s N BEAHS 246 A9 15(231 mg).
1.4 RM=HhEMEL

A Ak & W 4 H-NMR ."* C-NMR F1 ESI-
MS BT - 45 A SCHR L i FLE5 4.

1.5 #EEWMZ

XA JLBR P AR EL B DLO6 U AR AR 7 4 o B
RN 7 A AR 0B TG P AT IR, 43 i) 2k B
S O R A ER A L FLEEER TR, KM AT TR, S MR
10 BRATE 995 I L TR S SRR T 05 BT T SR TR AZ
VA 2 I TR 5 /N A2 R BN TR 1SR PR B T
TR B TR 5 PRABUE B3 5 TR 5 AT 25 BOIEL 7 » ROK
RBESG T o MR A 2 905 A S AT, R H e /v
BRI R 3 3 X 45k B 1 ) 0 R T I A T K, L AR
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M BE DLO6 [ {4 & gy v 2438945 21 15 A4~
&Y, b aW 1~8 B H i E 4 E , WL
S 3CHRE8 T, TR 5 A 7 A4 A W 45 44 f B
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&Y 9 IR ¥ A KR CFEE) , mp. 185 °C ~
187 ‘C. HRESI-MS:m/z,211. 047 0 [M-+Na]",
KWL &4y T/ 188. 058 6, HEM 4> TR N
Cio Hg N, O, , AN FTEE & 8. 'H-NMR (400 MHz,
DMSO) & (ppm): 12. 30 (1H, br s,-NH-), 8. 21
(1H.d,J =7.76 Hz,10-H),7. 92(1H, m, 8- H),
7.87(1H,m,7-H),7. 66 (1H,t,J =7. 4,14. 8Hz,
9-H), 2. 64 (3H,.s,2,-H) ;" C-NMR (100 MHz,
DMSO) 6 (ppm): 193. 95 (1,-CO-), 160. 82 (4-
CO-),147.36(C-6), 147. 18(C-2),134. 75(C-8)
128.84(C-9),128.47(C-7),126. 13(C-10)123. 14
(C-5), 24. 74 (C-2.), 454 DEPT-135 f1 HSQC
FE5 SCER[10, 11X e e B 9 R 2-4 Tk -
A C3H) -1 e B , 25 48 X & 1 TR,
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LAY 10 3R B AR K (B . mp. 232 C~
234 °C.'"H-NMR (400 MHz, DMSO) 6 ( ppm) :
9.06(1H,s,2-H), 8. 78(1H,d,J =3. 92 Hz,6-
H),8.28(1H,d,J=7.76 Hz,4-H).7.56(1H.dd,
J=4.8 Hz,7. 3 Hz,5H) ;" C-NMR (100 MHz,
DMSO)&(ppm) :166. 3(—COOH) ,153. 22(C-6) ,
150. 08(C-2),137.03(C-4),123. 88(C-5), 126. 54
(C-3)) ARHESCHR12], 454 DEPT-135, i & b &
Y10 AR ER , 45 AN El 2 TR,

. _~COOH

B2 &M loesm

AW 11 Atk R CHED AP e e R B
A4, mp. 251 °C ~252 °C. HRESI-MS: m/z,
[M+H]" =434.183,[ M+ Na " =456. 165 6,
a7 XA Cp Hyy N;O,. 'H-NMR (400 MHz,
DMSO)8(ppm): 9. 94 (1H, br s,17-NH), 9. 57
(1H.br s,14-NH),8. 14(1H,s,15-H),7. 78(1H,
$,20-H),7.53(1H,d,J =7.68 Hz,4-H),7. 48
(1H,br s,18-H),7.25(1H,t,] =7.66 Hz,6-H),
7.04(1H,t,J=7.58 Hz,5-H),6.97(1H.,d, ] =
7.76 Hz,7-H),5. 94(1H,br s,22-H),5. 28(1H,
s, 8-H) ,4. 94 (2H, m, 23-H), 3. 62 (3H, s, 1-
OCH,), 1. 16 (6H, m, 24-H) ;" C-NMR (100
MHz,DMSO) 8 (ppm): 164. 78 (13-CO-), 158. 60
(10-CO-), 146. 01 (C-7a), 142. 89 (C-9), 142. 46
(C-22),137.19(C-20),130. 91 (C-18),128. 15 (C-
6),125.57(C-16,C-3a),124. 67(C-4),123. 96 (C-
12),123.37(C-5),111. 52(C-7),112. 95(C-23),
109. 39(C-8).107. 70 (C-15),101. 12(C-2) , 64. 67
(1—OCH;),52. 20(C-3),41. 70(C-21) ,26.23(C-
24) , 454 DEPT-135.HMBC.'H-'H COSY, k&
Yy 11 0y 3R Ak PR BT RN A G BCHE 5 SCER (13, 14 ]
meleagrin FEAR W) &, W # E4L-EGY 11 A melea-

grin, Z5 XN 3 FroR.
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--f.‘. 'u' —N
4 N f 8 N\ O
P (R o
3a N
D=
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B3 febi 11 ez
k&Y 12 Bt bR (FED .mp. 122 °C~124
C.'H-NMR (400 MHz, DMSO) 8 (ppm): 4. 44
(2H,s,1,4-OH), 4. 32(2H,s,2,3-OH), 3. 54
(2H.m,2,3-H), 3.37(4H,m.,2,3-H) ;" C-NMR
(100 MHz, DMSO)&(ppm) : 72.51(C-2,3),63. 28
(C-1.4) 25 B B As 55 SCmR (15 X% b B e e &

W12 R eEm, gk e 4 ok,

OH

A2 4 _OH
- N

HO 1 l S

OH

B4 tLami2esEMm

AW 13 HEMAKTED .mp. 226 C ~228
C. HRESI-MS:m/z, [M+Na]" =210. 037 3, #
Moy R C; HyNO;. 'H-NMR (400 MHz, DM-
SO) & (ppm): 12. 81 (2H, br s,-COOH), 8. 85
(1H.d,J=7.2 Hz,-NH-), 7. 01(1H,d.J=15.5
Hz,3-H),6.55(1H,d, J =15.5 Hz,1-COOH),
4.29C(1H, m-CH-), 1. 32 (3H.d.,J =7. 3 Hz,-
CH,) ;" C-NMR (100 MHz, DMSO) 8 ( ppm) :
173.67(-COOH),166. 35 (1-COOH), 162. 75 (C-
4), 136. 43(C-3),130. 04 (C-2), 47. 87 (-CH-),
17.03(-CH3). 454 DEPT-135,HSQC., HMBC, Jf
HICHERC16 X L B et &9 13 s Slt-L-N A
R, A5 H an &l 5 .
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L& 14 AHEH A A T HEE, mp. 291 C
~ 293 °C.'H-NMR (400 MHz, DMSO-d; ) o
(ppm):5. 34 (1H, s, 6-H), 4. 46 (1H,t, ] =5. 7
Hz,3-H,4. 22(1H,d, J =7. 8 Hz,1,-H);" C-
NMR (100 MHz, DMSO-d;) & (ppm) : 140, 40 (C-
5),121. 09 (C-6),100. 73 (C-1,),76. 87 (C-3.),
76.72(C-3),76. 66(C-5,).73. 41(C-2,) .70. 08(C-
4,761, 04 (C-6,),56. 10 (C-14), 55. 37 (C-17),
49.54(C-9),45. 09(C-24) ,40. 50 (C-4) ,41. 78 (C-
13,C-16),38. 25 (C-1),36. 75 (C-23), 36. 14 (C-
20),35. 38(C-22),33.29(C-7),31. 35(C-8),29. 19
(C-2),28.67(C-25),27. 68(C-12),25. 44(C-10) ,
23.77(C-15),22. 54(C-28),20. 51(C-11)19. 61(C-
27),19. 01 (C-19),18. 87 (C-21),18. 53 (C-26),
11.70 (C-29), 11. 59 (C-18). %45 & DEPT-135.
HSQC ﬁ’%ﬁ?&ﬁﬁ%s&%}“ﬁ‘—ﬁiﬁiﬁ[w 18 1%F kb . i H
FEALE W 14 s MY S5l 6 F)T/T

28
20/\ 241 25 26

1 18 l’
1L 17
6' 19 13 N 27
CH, OH (1 9 3 ,‘,) 16
P e 7 T
/ 1 10 15
4'{OH \1 S
I i—/ O 3 ™~ \Z,z' “::‘:J,r" 7
OH oy 6

B6 & ldeh4H

& 15 e HEFED . mp. 163 °C ~165
C.'"H-NMR (400 MHz, DMSO) 8 (ppm): 4. 41
(2H,d,J=5.5 Hz.2,5-OH) ,4. 32(2H.,t,] =5.7
Hz.1,6-OH),4.14(2H.d,J=7.1 Hz,3,4-OH),
3.64(2H,m,2,5-H),3.54(2H,t,J =7.6 Hz,3,
4-H),3.46(4H.m,1,6-H);*C-NMR (100 MHz,
DMSO)&(ppm) :71. 3(C-3,4),69. 7(C-2,5),63. 8
(C-1,6). 53CHRL19 | (R e B X e, o e &
Y15 R H EEmE . S5 7 R,

OH OH

B 7 Acbdn 15w
2.2 MEHITHEM®
MR DLO6 % I 7™ W) J5 22 oy B A B 7 4
P& By s PEA AR 3R 1.3% 2 PR,

& 1A 4S5 9.10.11.13 X4 HA A
[ B B4l 4 . oAb &9 9 X KA AT R B

B EIE AL AW 10,1113 X4 2% G
P TR EL A B 1 1 A A

HY 2 2 ] T, 7 10 A A L R I K 5 R
RIALAY 9.10.11,13 X LB 2 90 A [6) F B
AT 6 M. b b & 11 X L Y B IR R Y
PO 1 A P A5 AR AR B M IR Y L ik A
W1 913 X IR 43 L A % B HE A e T O

F1 HEYHHEEMNEEENLER

/MR e B MIC/ (ug/mL)

ey %GR A% R PR B
WO Tl PN Lt

BRI BRI FETE FFIA

9 125 125 31.3 125

10 62.5 62.5 250 125

11 31.25 62.5 125 125
12 =500 =500 =500 >500

13 62.5 62.5 250 125
14 =500 =500 =500 =500
15 >500 >500 >500 >500

T R 55 8 R 3.91 3.91 — —
HHERMN - - 7.81 7.81

T RR KRR
R2 LG ENREENNE

AR SR
ot /NI R E MIC/ (g/mL)
A B C D E F G H I ]
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The finite element analysis on vacuum shell-exploding
process of Chinese chestnut

YANG Li-jun, ZHANG Jia, WANG Zhe, YAN Cheng-cheng,
SHI Lan, DAI Wen-hao, LI Ning-ning, WANG Rui

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

Abstract: Breaking the shell of Chinese chestnut and taking out of the kernel is the first and
most important part of the deep processing technology of chestnut. Therefore, according to
the geometry of chestnut,a simplified hemispherical chestnut finite element analysis model is
created by using ADINA software. Temperature field and humidity field distribution of Chi-
nese chestnut in vacuum exploding process was simulated,and the stress brought by temper-
ature and humidity was also analyzed. The simulation and experimental results show that it
is feasible to use the model to simulate the process of chestnut vacuum explosion. In the
process of chestnut vacuum explosion,the temperature is gradually decreased from the top of
the arc to the bottom edge of shell and the center of the bottom surface shell. The humidity
distribution is just opposite to the temperature distribution. The stress is mainly distributed
along the bottom edge of the shell and gradually decreased to the top of the arc and the center

of the bottom surface shell,and the bottom edge of the shell is the maximum stress position.
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The humidity stress is much larger than the temperature stress, and its duration is long,

which is the main factor to cause the vacuum explosion of Chinese chestnut.

Key words: Chinese chestnut; vacuum exploding; stress; finite element
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A% 52 HE K IE A A% % AR Visual studio2012 #) 7 £ F & #2 OpenCV % 4 & 5 5L, i@ E AL
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Research on recognition and location of small
stamping parts based on machine vision

LU Jun, QIN Dou-dou , LUO Hao

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

710021, China)

Abstract: Combining with superior real-time of machine vision, the recognition and location of
small semi-circular stamping parts are studied. Camera calibration follows Zhang Zhengyou
calibration method, using development platform of Visual studio 2012 and OpenCV function
library to achieve. Acquiring images through the visual system,and comparing various types
of gray and smooth pre-processing methods to determine the effect of bilateral filtering and
open and close operation. Extracting feature parameters based on contour search and rotating
block algorithm,identifying types based on geometric parameters ,and the center coordinates
and angles are obtained by minimum area and minimum circumscribed torque. The experi-
ment shows that recognition rate of the small slice is 100% ,and recognition rate of the shell
and overlap or side is 97 %. The study identifies a high degree of accuracy, positioning accura-
cy»high automation and flexibility to meet the practical assembly requirements.

Key words: machine vision; camera calibration; image processing; identification and location
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Research of handicraft modeling and rapid prototyping
based on reverse engineering

GAO Tong, LIU Zi-jian, XU Qian-gian

(College of Art and Design, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: This paper is based on the protection and development of cultural relics, with the
help of Geomagic software, mainly study how to improve the efficiency and accuracy of model
building and rapid prototyping. We use the Handyscan3D handheld three-dimensional laser
scanner to obtain the data of the original point cloud,use the reverse software Geomagic for
data filtering, data filling, smoothing, data reduction and other pre-processing operations,
bring the Geomagic software which has accurate surface module to bear the surface recon-
struction and get a new surface model. After that,the new CAD model will be generated in
Pro/Engineer by the 3D model after the error detection data processing. Finally,using the 3D
printing rapid prototyping technology to verify the experimental data,so as to realize the rap-
id imitation of cultural relics, which provide a new way for digital protection and develop-
ment,

Key words:reverse engineering; point cloud processing; rapid prototyping
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Short-term power generation prediction based on BP

neural network optimized by genetic algorithm

GUO Wen-qiang, SHI Shuai, ZHANG Xiao, LI Ke-ke, SHE Jin-long, GAO Wen-giang

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

710021, China)

Abstract:In order to reduce the influence of unreliable initial weights and thresholds prob-
lem,a back-propagation neural network based on genetic algorithm (GA-BP) optimization is
proposed which leads to improve the prediction model performance. Genetic mechanism of
crossover, mutation and selection and in nature is introduced to represent the network’s ini-
tial weight and threshold values as the chromosomes coded gene. According to the principle
of survival fitness in the evolution, the genetics combination of crossover and mutation opera-
tors helps to produce new chromosomes, which achieves the network parameter optimiza-
tion. Then the GA-BP prediction model is constructed via BP training to predict the short-
term electricity power generation. Experimental results show that, GA-BP prediction ap-

proach superiors to the tradition BP prediction algorithm with better accuracy. The proposed
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approach may also be utilized in wide other prediction domains.

Key words: genetic algorithm; back propagation neural network; optimization; short-term

prediction
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Research on the AdaBoost face detection algorithm based
on the rotation invariant features of MB_LBP

KANG Jie, LI Zhen, WANG Xiao-dong, LI Xiao-jing

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

710021, China)

Abstract: The training time of the traditional AdaBoost face detection algorithm based on the
Haar features is too long,and the face can not be detected quickly due to the excessive num-
ber of Haar features. Aiming at this problem,the AdaBoost face detection algorithm based
on the multi-block local binary pattern (MB_LBP) features is proposed in this paper. The
MB_LBP features are combined with the rotation invariant local binary pattern (LBP) de-
scriptor, which have stronger representation ability and fewer features. The simulation re-
sults show that the MB_LBP features performed as well as the Haar features do,and the
training time is significantly reduced at the same time,and the detection rate is greatly im-
proved.

Key words:face detection; MB_LBP; AdaBoost
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Application of IT2FLS based on cuckoo search algorithm
in PEMFC humidity soft sensing

ZHU Xiao-hua

(College of Physics and Information Engineering, Minnan Normal University, Zhangzhou 363000, China)

Abstract:In view of the importance and the difficulty of humidity accurate measurement in
proton exchange membrane fuel cell (PEMFC) ,and the good nonlinear approximation capa-
bility of fuzzy systems,soft sensing technique of humidity in PEMFC based on interval type-
2 fuzzy logic system (IT2FLS) is introduced. Furthermore,in order to solve the problem of
structure identification and parameter identification of the model,we put forward the cuckoo
search algorithm (CS) based identification method. Finally, the simulation experiment is con-
ducted on the actual test data. Comparison and analysis of the simulation results show that
the model based on the proposed method has more accurate output and has better stability.
The proposed soft sensing method can be used in other occasions where it is difficult to
measure online.

Key words: proton exchange membrane fuel cell (PEMFC); humidity measurement; interval

type-2 fuzzy logic system (IT2FLS); cuckoo search algorithm (CS); soft sensing
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Opportunistic relay selection cooperative communication
with polarization antennas

WANG Ming-wei' , ZHANG Hui-sheng', LI Li-xin', LI Hui-zhen?, HE Li-feng®

(1. School of Electronics and Information, Northwestern Polytechnical University, Xi'an 710129, China; 2.
College of Electrical and Information Engineering, Shaanxi University of Science & Technology, Xi' an

710021, China)

Abstract: When the mobile nodes are equipped with polarization antennas, communication
quality of the data links can be improved at the same time to meet the constraints of the node
volume. This paper studies the possibility of improving the performance of opportunistic re-
lay selection cooperative communication by equipping with the polarization antennas. Howev-
er,due to the scattering,refraction and polarization deflection of the polarized electromagnet-
ic wave propagation in the space,the two polarization signals received by the receiver have
some disadvantages such as correlation and power imbalance. The effects of polarization sig-
nal correlation and power imbalance on the outage probability and spectrum efficiency of op-
portunistic relay selection cooperative communication are studied. The obtained conclusion

shows that the performances of opportunistic relay selection cooperative communication u-
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sing polarization antennas than the traditional system without using polarization antennas

under the same condition of SNR (signal-to-noise ratio) , even if existing a certain level of

correlation and power unbalance between the diversity branches.

Key words: cooperative communication; opportunistic relay selection; decode-and-forward;

polarization antennas; outage probability
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Analysis of Chinese footwear competitiveness based on

principal component analysis
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Abstract : Based on the dual property of volume and value of footwear, the six indexes, volume
and value of Chinese footwear exports,imports and domestic consumption, were included in
the analysis, which enriched the scope of footwear competitiveness analysis. The model of
Chinese footwear comprehensive international market share was then acquired through prin-
cipal component analysis with the software of SPSS 19. 0,and the Chinese footwear competi-
tiveness was then analyzed. The results showed the index of Chinese footwear competitive-
ness was growing up year by year, but the growth rate showed a trend of slow down. The
further improvement of Chinese footwear competitiveness faces some challenges. The key to
improve the competitiveness is to innovate,enhance the design level,optimize the structure of

exports and fully meet the demand of domestic market.
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