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Effect of the fibrillation of plant fibers on the structure

and properties of its porous composite material

ZHANG Mei-yun', SU Zhi-ping', LU Zhao-qing' , ZAHNG Mei-juan’

(1. Shaanxi Province Key Laboratory of Papermaking Technology and Specialty Paper, Shaanxi University of
Science & Technology, Xi'an 710021, China; 2. Zhejiang Xianhe Special Paper Co. , Ltd. , Quzhou 324022,
China)

Abstract:In this study., the effect of the fibrillation of ptant fibers on the structure and dy-
namic compression property of its porous composite material was investigated. The structure
properties including surface morphology and fiber distribution along Z direction were studied
by super depth of filed microscope (SDFM). And the dynamic compression property of pro-
duced porous composite material was tested by universal material testing machine
(UMTM). The results revealed that the pore structure and fiber distribution along Z direc-
tion of the porous composite material made from the fibrillated plant fibers presented more
uniform. In addition, the presence of more fines in the fibrillated fibers could increase the
density of produced porous composite material by improving bonding strength between fiber

and fiber,which resulted in the shorten of plateau curve and the shiftment to lower strain
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percentage of densification curve in stress-strain curve.
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Improving the properties of polyimide fiber paper-based
materials by nanosilica

LU Zhao-qing' , WEI Ning', DING Wei*, ZHANG Mei-juan®

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

Xi'an 710021, China; 2. Zhejiang Xianhe Special Paper Co. , Ltd. » Quzhou 324022, China)

Abstract ; Polyimide fiber paper was made of polyimide fiber and para-aramid fiber as raw ma-
terial, the influence on mechanical and electrical properties of paper by the content of nanosil-
ica was analyzed. The results showed that the tensile index and dielectric strength of the pa-
per were the best,which were 32.6 N * m/g and 8. 45 Kv/mm when the dosage of nanosilica
was 10% ,its tensile index increased by 27. 14 % and dielectric strength increased by 70. 71 %
compared with the polyimide fiber paper without nanosilica,while the dielectric constant and
dielectric loss were minimum, which were 1. 02 F/m and 0. 142 9. The tearing index was the
best when the dosage of nanosilica was 20% ,it was 23.9 mN « m*/g.

Key words: polyimide fiber paper; nanosilica; mechanical property; electrical property
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Effect of different characteristics of calcium

sulfate whisker on paper properties

LI Hong-kui' s, DANG Yu-hong', SUN Wen-dao*, WEI Zhi-min', YUN Jia'

(1. Shaanxi Province Key Laboratory of Papermaking Technology and Specialty Paper, Shaanxi University of
Science &. Technology, Xi'an 710021, China; 2. Sichuan Wanrun Non Metallic Mineral Material Co. , Ltd. ,
Guangyuan 628003, China)

Abstract; The effect of different characteristics of calcium sulfate whisker (CSW) on the pa-
per properties was studied. The results showed that different types of CSW had a different
trend of strength index in different dosage,and the retention rate and its increase amplitude
was in different too. Dual retention system should have increased the retention rate but the
effect varies with different kinds of CSW,and different types of modified CSW had different
properties. The obvious effect of CSW on paper properties is modified ¥4 CSW (CaSO, -
2H,0). It's optimum dosage is 20% , the tensile index, tear index ,folding strength and the
retention rate increase by 7.54%,3.59%,7.41% and 89.96% than that of unmodified CSW
respectively. A substantial increase of the retention rate, the strength is also increased. The
better application effect of CSW in paper making is 4 CSW.

Key words: calcium sulfate whisker; paper; physical property; retention rate
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W OE.oAEAR RS (CHBP) f Il T M = B2 BT A RAL, & s 5 AR & - 30 R B
(MHBP,) . 5t 3t 47 P Fo B, ] & 11 & F & e g A, 3@ 3 0 2 IR T M = B BF R 5, 4L
4k MHBP, #9 B 5 &4 4 R T H —B 65 CHBP, 89 R A 1.4+ 1, B B& A A 90 °C,
B R BFRl A 4 h, £iZ &M T, HE&5F2 7 =K =4(MHBP, . MHBP, ,MHBP;), i@ it FT-
IR #2'H NMR % F 5% &4 /2 7 MHBP, #95 F 4 # .5t L H — T 898 2 0, & A 3ok & o
Am & MHBP, \MHBP, , MHBP, $Li& F ¥ #/2 # 123. 8 nm,348. 9 nm #= 412. 1 nm. ¥
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Synthesis of linear-hyperbranched polyester with carboxylic
end-groups and its application in fatliquoring

WANG Xue-chuan', GUO Xiao-xiao', WANG Hai-jun', LI Yang®

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

Abstract: The linear-hyperbranched polyester with carboxylic end-groups (MHBP,) were
prepared by esterification reaction of hydroxyl terminated hyperbranched polyesters and ma-
leic anhydride. Subsequently, the anionic polymers were modified with NaOH. The reaction
conditions were optimized by measuring the reaction rate of maleic anhydride,and the mole
rate of maleic anhydride and CHBP, is 1.4 : 1,the reaction temperature is 90 °C, and the re-
action time is 4 h. The molecular structures of MHBP, were characterized by FT-IR and 'H
NMR,and have the outstanding stability. The sizes of the MHBP, are 123. 8 nm,348. 9 nm
and 412. 1 nm. Then,the MHBP, were applied to fatliquoring process of sheep skin garment
leather. The MHBP, and commercially available fatliquoring agent SK-70 were used in

x WrFs B HI:2016-08-28
EL£WB ERARBFEET A (21276151 5 BevE 4 RBHE T 5 SR Q1T BA TR0 5 H (2013KCT-08)
TEHE BT T NC1963—), B, I PE IR L 8082, 1 A 0, 01 55 0 1« A P 5 B o 4 e Ak 2 O 1) il 4 B HE A ML 3
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fatliquoring process. The results show that the softness and mechanical properties of all trea-

ted leather are increased compared with SK-70.

Key words:linear-hyperbranched polyester; synthesis; characterization; fatliquoring
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R 4. 85 9.89 25. 34
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R MR Fe,O, BOHI & R R 45 ML AE T 5

EEk, & B, ki

(BRPERHE R BRI 5 TR B, B W4 71002

W E.AEBERMNEREERNEY Fe,O, BEAERBRERFTHEEARR, KFEOTALL

THLH 6 R Fe, O, A RB WA, @it X HEATH(XRD) .48 F 2 #45 (TEM) | 41 4F
*3E B (FT-IR) . #nﬁ \#frdx(TGA) EXF B EMA N EME B E S ANEFT RIEER K
BT MKREM AL AETHA Fe,O, BRI T HALBLAERRE. TR T K HEMF

T = 045 049 R }inb,éé%iﬂfl JAEBR B R E A 30 mg/L.pH # 6, R WA 18 4 60 min, &
MEE A 30°C, 48 0.15 g R A X Z M489 R ML R JAE, X FiX 92,09%. R WS A2 4
4 Freundlich R M $ B & Ak B3 H F AR,

R HEKM; Fe, O, B ; M4 AW

hESES X7 MR ERD: A

Study on preparation and adsorption for Cr (I[) of carboxyl-modified

Fe; 0, magnetic nanomaterials

LI Wen-xin, LI Jun, ZHANG Jin-jin

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

Xi'an 710021, China)

Abstract: The Fe; O, magnetic nanoparticles were prepared by co-precipitation method, and
they were modified by citric acid to obtain the carboxyl-functionalized Fe; O, magnetic adsor-
bent. The materials before and after being modifying were characterized by XRD, TEM, FT-
IR,and TGA respectively. The results indicated that the crystal structure of the particles did
not change before and after modification and the carboxyl functional groups were successfully
grafted on the surface of Fe;O,. The magnetic adsorbent was then used to remove Cr (Il[)
from aqueous solution. The adsorption results showed that the optimal adsorption effiency
for 30 mg/L. chromium solution was obtained within 60 minutes when 0. 15 g adsorbents
were applied at 30 °C and pH 6, the rate of removal was increased to 92. 06 %. The adsorption
capacity conformed to the freundlich isotherm equation model and the pseudo-second-order
kinetic model.

Key words: carboxyl-modified; Fe; O, ; magnetic; Cr ([l ); adsorption
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1.1 XA B5E
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T AR A BR S /D s Fe s R (o Ay 2k, R i #F
B B 2F R A BR A FDD 5 Cr, (SO )5 (L JE = b
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(2) FEALEE : D/max2200PC X 5 2 A7 i 4%

(XRD, H B2 /3 7)) s SAT409PC [] 45 #1443 Hr A
(TG-DSC,f# [l NETZSCH 2 #)); HITACHI H-
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1.2 R 66 &
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53 B 0. 05~0. 25 g YW B350, m A 100 mL,pH
6 WIAR R IE N 30 me/L 1 Cr'" . fEH AN
IFi) W 5 FF ) Xof WA o 260 2R ) 5 i bsF, B 0. 15 g W i
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FMAF 100 mL, pH6, ¥ 15 E & 30 mg/L )
Cr®™ V5 0 415 19 W BEEAS [] Bst 1] . r A W% BFF 512 165 34 J
1E 30 ‘C &M T HE AT =R, 256 45 S B 24 (H.

2 #FRE5ITE

2.1 WA R AE
2.1.1 XRD 43#r

WAt XF Fe, O, BCME Fr A8 J5 #E47 XRD 43
ML g5 e 1 FER.

(311)

(220) (440)
ﬁ (511))

(400) | [
'M‘«MW WMWW*'W

\% G
| W\ e——

24 P i
LT \W \u J\ j\w o, |
10 2IO 3:0 4IO E;O 6IO 7I0 80
2-Theta/(°)

B 1 Fe;O, &Marf&itiE XRD B

H 1 AT VE AR A L o R R R e S
Fe, O, 1) XRD [l L ARAT 75 A~ LAY I 550 1) 17 559 0
Oy R R AR AT Y Fe, O, £ (2200, (311),
(400),(422), (511) LA B (440) T By W Wi g, H 5
Fe; O, W % 1iE 0§ 45 #E K K JCPDS (JCPDS-19-
0629) AH— 2, VLWL =1 0 IR &l A1 B 1Y Fe, O, L 45
AR A R LR B AR AT A 5 U B L E B
TR B WUV IS 77 W 0 A S R A R AR R A,
2.1.2 TEM 43#r

i TEM 43 50 % o ¥ 157 J5 4 8E 2517 JE 4500
AN 2 fros. B 2 AT F L 46 Fe, O, 4
Kok T R BRI R SF 10 nm £ 4 AR, X
S YORM R B 5 R R G TR B
M J5 S R /N TE B AR A L H 4 HOCPE B s

Intensity/counts

R U=
M‘le-ww)’“mw

ek

(b) B
B 2 Fe;O, BAMAT B MHE TEM B
2.1.3 FT-IR 47
B 3 WR T Fe, O, sty Ao M J5 19 20 40 i
K. 78 580 em ' 24T AL Fe— O 19 4 4
g, kR BT 1645 ecm™ AT 1 570

em ' AHTRRAE I , 2 2y ISR — COO k1A
8 A Xk Bk i 46 AR Bl 06 RS B 4 PR B gL 1398
em bR IA — CH, AYAFTE. X 28 E 35 2 i
B Fe, O GUKKL TR 10 RLIB M 1 T FF TR,

VA T

idcm

1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™

B3 Fe, O, ZkaTfer it FT-IR B
2.1.4 TGA 43#r

Fe, O, SO R ATECHE 5 09 24 5 03 45 2R 4n (&
A Fron. 4 A I E] 600 C L4 Fe, O,
FREE MG Fe, O, BT E K 4300 2 8. 84 %6 Fil
20. 26 V6. B T A4 RE Y 2% R BT R 43 S A B
BLL A — B B AE 0~100 CH &AW B 5 L Lt
YK AR 2 TR B Y 2 B RK 1 2R R A R AE
B BE 100 °C ~600 C,Xf H 4l Fe, O, 3R B0
PEJG Fe, O, KAz W 0 KRR 2L % 5, % I Ry 38 1 45 &
PR AGE R 4 F 1 43 . X i — B UE W] Fe, O, R 1H
IME T AR 7 F-.

ACHLE T

Weightloss/ %
\O \O
S al

T

o
g1
T

Bt

x®
o
T

100 200 300 400 500 600
Temperature/°C

B4 Fe, O, Mk F5 kG TGA B

2.2 HAEKM Fe,O, BEEHEET T Crt &
M & % we B AT A

SR FHH IR 3R 0 Ak S5 56, 3 50 R R pHL TR
A 7500 9 FH L R B o 1) 45 FRT 3R A e A TR 2% A
LERBANE 5~7 iR,

M S AT LLE L B pH T &, A5 TR
B FRIXE Cr® g W52 BT A0 2R A B ke bR 4, 33 2 R ok A
fiX pH BF 300 ) H s, X8 H & 5]
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60

551

501

451

401

LR/ %

351

301

25

20 1 1 1 1 1
2 3 4 5 [3
pH

A5 pH Cr'' 2R %

90

80 .
s 70F
~
#
& 60

50

40

0.'05 0.I10 0.'15 o.lzo 0.I25
MR E g
B6 RMAAECr't
F AR A

100

il /
80

s

@

S( 701

4 |

60

50

40
0

*

2IO 4I0 6I0 8I0 100
% B I 7] / min
B 7 HKeEs Crt ki
2R 8% R

BRI R IR ILZE & RN 46 5 T Cr'" s & 1
RRZM Cro " i W 25 6 3 R Ce® " AR IR B, 2
pH<2 B, 1 R 1 K 5k 4 5 B0 B 50 & A R A
S R TE S O 5. B pH T R R
Wl H B e B =2 0/ [ R R R T A R 3 2
fiff 125 4 JBT A R R ) T B R AT L A0 PR 23 W
BT 225 A TE HL AT A C® ' TR O R B 2 B SR T
2 pH>6 B AT 5 R, J8% pH {H7E 8.5~9.5
L BE =4 Cr(OHD, YL3E™ ™. Bk T HERR 4%
TUVEVE I T 90 A S50 Y B AR W BT pH g 6.

H1 P 6 ] T, 2 A VY R B — S B i % I
FRUFH 2 A 3 % Cr™ 1 W o 80 2% % 98 T s i
1.5 g MBI B, KBRSk B i . X O B &
W o6 750 1 384 o W o ) 2 1 PR R R B A A
2 WML 5 08 22, W TR O, DT A R I e
O HEAT. A W B 590 09 B e T 0. 15 g B, BB
ST WA T B 33X 7T g 2 PR A I A ) R o AR R, i
B0 B 7 A SRR T R AN 8 4 TR
W B Cr® (R e AR W B 55 32k 0. 15 g

Wi &1 7 AT LA Y, B o W B B [ A 385 o, Wi e
FXEF Cr® 14y Wi B 255l BA 8 38% n, 9 24 i
[H] K F 60 min J& » MR FRIXT Co® " 19 W2 B 5021 JL-F-
ANAB B LA W B3R T Cr® ' R AR W B s 1A A 60
min.

2.3 HAEMH Fe,O, BB K£F 2t O 09 &
W3 1 F AR

et 1 8% BB 50y 3 27 B 5 W 0L R0 6180 2 o 3 S8 P
AR S 3 SR JH U — SR 1 R R L W B Bl ) o
BaE . WAL SRR 1 g, XX 2 40
HE— R 8 ) 7 e

In(q. —¢q,) =Inq, — Kt [@D)
t/q, =1/K,q.* +1t/q. )

KD~ . q. KA (mg/g) 59, H
tCmin) B @I & (mg/g) s Ky (min™ D A1 K, (g »
mg '« min )7 HE— G B T2 FUME KB )
7 R WG 3 3R

R 1 HBEBME Fe, 0, B9 K4 F 0% Ft

Cr* B NZMWESH

i — 9B Jy AR i = 9B Jy AR

ge sExp / K1 , Ge,cal / K2/ )
1 —1 Rz —1 . gescal /
(mgeg +H_/m (mg-+g ) (g+ mg R2? 1
1 (mge*g )
* min )
28.00 0.064 09 0.976 86 27.432 0.0025 0.995 39 32.258

MR LAUEN EZHI A R H&
THE—HDh 15 R® H, 6 A O B &L 1 —
KB 32 P vE A e O i B i Dl 27, 432
mg+g ART LI 28 mg- g ', FHIR
ANFE S THE =23 J1 251 B AR B g, A bS8 5
SE B . DR AR Lo o — Bl g 2 O B R R ek
Fes O, BEVEGN AR FXF Cr* ™ 18 W B i 72 o8 455 5 U
T Bl 1 AR E G By 2 R R R
Ko AN U B e A A X6 450488, W By ot 2 1) BIR 3 20 R
Ry A W B sk R 3 B R B ] X Gt 2 BR Ak
S5 e 25 SR AR
2.4 HBEAEBM Fe,O, BERL KRBT 5 Cr'T 89 R
W A1 5 B

AN SLE R F Langmuir 45 1 W fff 388 M1 Fre-
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2B A R I PERE R Fey O RO 58 B W 4% PR BE AT 5

o 27 o

undlich 55 i W% B 338 o 43 3 AF 55 72 FE 2l P Fe, O,
AR A AR X Cr® 9 I B R A 50 (3D A ()
435K Langmuir A1 Freundlich 2 & W [ff 5 2.
1/q.=1/q, +1/(q,kC) (3)
lgq. =lgk, 4+ 1/nlgC, 4)
K~ e g K P K (mg/g) 5 q.,
SRy 35 B W B T IS 1 0 B 5 (mg /@) s € Ol - 1
IR E (mg/L) s & (L/mg) Fl k, (mg/g) 43 4
Langmuir % Ml Freundlich % %0, 1/n H % &
F. 43 50# A Langmuir 1 Freundlich 45 & 0% ff}
FRAUL A WL B o 50 45 SR (&1 8 11 9 ISR 2 JTR.

0.30
0.28
0.26
0.24
0.22f

§0.20 S

Y 0.18}
0.16 |- -
0.14
012 =
0.10 — L L L L L

Ce/(mg/L)
B8 MM Fe,O, B K KT
KM Cr'' #9 Langmuir #44

2.2F

1 1 1 1 1 1 1 1 1 1
00 02 04 06 08 1.0 1.2 14 16 18 20
IgCe

H M Cr*" % Freundlich #44
R2 BEYMH Fe,0, B KK F
% Bff B9 Langmuir 0 Freundlich 1 & &%}

Langmuir Freundlich
il a7 2/ E o/
/°C " Y R2 n f R2
(mg/g) (L/mg) (L/mg)
30 36.02 0.286 0.986 9 1.828 8.68 0.9937

8./ 9 W LLA 1, Freundlich W 45 1 #)
EEWE. mE 2 WA LIAE S, X Langmuir
B2, Freundlich M B A5 51 B A7 B8 5 1 AH OC &
B ILR I ME Fe, O, 1 1PE 98 KR F X Cr' " Y
W B A B AG Freundlich W BFF 455 5Y , Sk R 2 51 )
207 T2 o KT 1 10 BH O B 25 5 2R AT

&

CI A JH A7 6 R T B 2 S B Fes O, 3K 1T B9
FRIEA P A TR B R DT (.

i JHFR B 2t Pk Fes O, BE 1 99 K K: 7 W% B
Cr'" % F 100 mL,30 mg/L Cr*" ¥ W » 24 % Fi 55
AN 0.15 g, pH6 WA 7] 60 min, X} Cr®" )
M B 25 B ik 92,09 %,

(D RIEPERENE Fe, O, KK TXF Cr* ' 1Y
W B i 2 B A5 Freundlich W BR 45 i e R0 E — 9%
Bl ) F R,

S % 30k
C10 /T 0 . 45 R K b 3 BIR £k T ). 96 996 g 9
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W OEANTERBEBR AN B 1.3 A AR ART AR TR, £
EEBUREN ERMEGESRESE A n(1,3-A_F) : n(TL=HB)=1.3: 1 . ERFNAETH
190 (B R Ak 2 P BRBR 69 B2 3H) VR JE R BB B A 130 “C VR E B BF A A 3 ho 4 2ot &
B REAEHEERO O EREN RAFTWENS AR HEH— . BikEE e
RERENSRAREE LB MAT ST REA 1019, 2 o0#kA 1.073; X & ATH M 2
HREVHLEEH 25.92%. A A RO REE LB fo 7 & REBE = LB A RAS R T K
MR AEEREN, RN A RE S AR &0 RERAB KRB RIEEST, FRAER. &5

FEAK AR AP AR £
KR REE T KRB ; & ik
FESEKS:TQ323.8 XHEFRERD: A

Preparation and properties of polyester diol and

waterborne polyurethane

REN Long-fang'?, ZHANG Jian’, QIANG Tao-tao'"*,
LI Meng-han®, LI Xiao’

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

Abstract: A kind of polyester diol was synthesized in which para-toluenesulfonic acid was as
catalyst,adipic acid and 1,3-dipropylene glycol were as raw materials. The results of single-
factor test show that the optimum conditions are that the molar ratio of 1,3-propanediol with
adipic acid is 1. 3,the amount of catalyst is 1% (basing on the total weight of 1,3-dipropylene
glycol and adipic acid) , reaction temperature is 130 “C and the reaction time is 3 h. The re-
sults of infrared spectrum and ' H-NMR spectrum show that the structure of product is same

with the expected product. The GPC characterization shows that the relative molecular mass

x WrFs B H#3:2016-10-23
E&TR PP A HFIT LR R H (14JK1090) 5 Bk PG BB K24 B0 357 B A3 21 5 H (TD12-04)
EHE BN AT IR IT (1981 —) &, INAR W , 2085 A A W58 0 1)« 8 40 F A0 R SR 5 B
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is 1 019 and the polydispersity is 1. 073. The crystallinity degree of product is 25. 92%. Two

kinds of waterborne polyurethanes were prepared by using polyester diol Prepared by the la-

boratory and commercial polyester diol,respectively. The experiment results show that the e-

lasticity of waterborne polyurethane film prepared by polyester diol Prepared by the labora-

tory is better than that prepared by using commericial polyester diol,as well as the handle is

softer,the degree of crystallinity is less,but the water resistance is worse.

Key words: polyester diol; waterborne polyurethane; synthesis; property
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0 35

R WRE—Fh DL W R R B RE AT 1 A AL
B4y FRORL B T AR R B R A R Aok
PR B e DL KT A AR R SR
R R BL 47 190 P e 1 9 g T A R R e 286 791 43
A G ) R R SR TR A 7 R v
HT 5 T & WA A PR 2 AMTE R 4%
IR AR & A2 3 T R R P, B
A AIKA BRI LA B A A 7 A [] s e A vy ik
T AT R T s 6 R 2 114 7K SR iR A2 3 T RO T AR
EAIE NG S

1% 255 5 Wi 78 7K M 2R B IR A ) 45 2ok R v it 2R

BTG R R 2202 DL A I R AR T AR N Ay T
JCRE I TR 8 3k i B B I il A BT AR H R
R 10 3-T EEAR g /N o F R A% 2R g O R
5T L.

36 F G IR B T SR FH AR TR ek i 2R

BTG IR R KM SRR 1 A b g |
TRMF TAEE 2 2480

ACIE A1, 3-8 EEN R, AT
— Bl R e oo B R K R (R G A
HEWHENED MR 1.4-T ZFE R 4w
KBRS R AT T X L.

1 Lo

1.1 XA AR

(1) F 2L 5] 5 06 K B — 55 30 R i (IPDD)
AR, BB H A2 AR BR A A 1, 3- 19 R,
AR, EEFFBA A s C R AR R A IE
The . =W CTEA) (IS, AR, K i1 Bl %5 B 1k
2R AT BRA 7] 5 %) B 2R R . AR, K T AR R 1k
SRR BRA A S AL E AR, R T E 2% fb 2%
AT BR 2 F] 3 JEK B VB R AR, R R 14k
SRFN A RA A RO R 1,4- T g 8 (Mn

=1 000), Tk s = H EE N R (DMPA) , AR, Fif
P TRF AR A HER — T 38 (DBTDL) . AR,
SR T AN 5 2l /AT R - e TS
(TMP) , AR, Kt 6 & 45 41 46 T 58 .

(2) FFAUE . GT-7010-AE $7 ik B ML, 5 8
R A 25 A B2 F] s Mastersizer2000 #5687 B 43
M B2 [ IR SC/A A5 Q500 TGA #4H 43 Hr AW
2 TA LEE 7 3 D/max2200PC £ X 5 26 77 5F
10, H A B2 0 \] b2 Ak ol 5 A, 7 E
BRUKER 72 ) ; # 58 38 €435 A%, 56 F IR Ff i 2>
7] 3 AVANCE 111 400MHz #8 5 4% 4 3L R 3% A%, 18
[E Bruker 2\ A].
1.2 R8s = LB A MR

i —E R T R 1, 3- N B E
(1.3-N ) = n(C ) =1.3: 1 W EBmMmA
=R THERIER] 50 °C L FF R VAR FR B
— ARSI 0. 5% (Fie L R A 1, 3-89 %
A S T S 1) A X R R R T v T ) 105 °C R
N1 hs SR JE BEAR R W AR R ) 8 —0. 1 MPa J5 It
o SVE R #) 130 °C R 3 b B IR HURE. KR P4
SRR CHCL, 78348 43 W U =) ¥ i, I m A AR
] 0T £ 1 75 K B &) 5 3 B 0 2 oF )2 AR N TR
S b PE R VR =00 K T R AR R 3 AL
FEI b T BE #6 25 % AU CHCL, 286k, K H &S T H
AP IEARSE N —0. 1 MPa, i E R 100
TR 5 h Br2sk 8ok, 45 24l i B g —oC
P, R TR SN R B AN A 1 RO

i i
HO—CH,CH,CH—OH +  HO— C— CH,CH,CH,CH,— C— OH

|
oL CMHZCHZ_O_‘Z‘)_CHZCHZCHZ%_@_O% CHCHCHO
Bl #H&EEE_TEHORERER
1.3 KHERAE &
1301 7K 5 2 T L e ) i 4
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S —ERERC W 1.3 N R R
MEE R C MR 1,4-T ZFElE B A0 IPDI #2 ] »
(NCO) : n(OH)=1.72 = 1 B @l hn A = 1R
H, in #3150 °C (i H 3k B K A S 4 B i
0. 06 % (F A S B 9 J53 19 & &2 31) DBTDL, F 50
C AR RN 20 min, K5 TH s IR JE E 70 “C4kLk
J ;s 24 2 M Z iR S — NCO 1 8 5 43 115 o)
(FEIEH + 0. 5%) 8 2 B {E 10% B, 40 51 m A
5.4 % GRINA SN A4 22 9 Bt 1Y 6L 5T £ 1) DMPA,
FEFE R LR 5 80 °C 4k 2k IV L 1 & XN K &R i
B —NCO % &3 L CEE IS £0. 5% ik 2 IS (A
5,77 BEIRE 45 C, MR B b i Rk R 5
RN IR ST TADY 2 RN | DN
A0 RSO AR W BT i G B & i E) TEA, T
45 °C FARIR RV 20 min. @EBEHE R ImA 258 1
JKFLAL 30 min., BT S FH e 5 78 RALER AT
Tl o B AT A5 380 P A oK P 3R SR FL, 40 4
BWPU Fl WPU.

1.3.2 Kk SR 2R e e 1 il

FREUH] % 1) BWPU #1 WPU FL 4% 25 g, 6
HEIAR MWK 2 E (160 mm X 40 mm X 8
mm) P, TERFT B T8 15T 85K
e T, BIAS S RE 20 0.8 mm Y5 & IR BB 4R
Jei W BB T LS B 0,08 MPa i A 60 °C HY
LS TR AR b ak 2 T8t 2 i AN R A AR
1k B .

1.4 Mz 5 &IE
1.4.1 RRAEMIE

Z M HG2708-1995 W 22 R {H . FIFH T i 24 X

HE R eI A PR (.

I:('Uli'Uz)'CXSG.lO (1)

m

XDOH xR mgKOH/g; v, — i & I FE
BFHFER KOH S BEFREW s mL s v, — 25 1R 50 B
HAEM KOH L BEFR fEW . mL; C—KOH & B fr
WETR 5 WA Y RE L mol/Ls m—ik BE B9 R ()5
56. 10— KOH MY EE/R it i , g/ mol.
14,2 SPEUme me 5L & et

SR FH VR - TE T R 2 5 0 S T T ik %
i, P A SGHE —NCO Y & .
V, — V) X ¢ X 4,202

m
K@ .V, HEERIEFER HCL AR,
mL;V—R#E S E ) HCL A, mL;c— & HCI

m(NCO) (%) = % 100 (2)

PR UEVE WA VR BE s mol/Lym— AR i . g
1.4.3 T KMk

YRS PR IR 158 1) S SR i oR LR A R K
W48 b e B 5 IR B R T K L BRI A
A TR A K R

WK R (%) =20 100 3)

mg

A om— B KB K G . gsm,—
KT e B 1) T i, .
14,4 PLAHSREE

V5 ) 2% 1 B R B 1l I 8 IR A 2% L T g WLaEEA T
P AR 5
1.4.5 HHE2 5880

B3 g MR JCEEME ST 25 mL N,
BISIURAE KBr Fr b, il A 8 BL i A58 46 21 50 S 3% X
HSE L S R 400~4 000 em
1.4.6 GPC

FRIBUGE 5 5 Fig — 0 B, 8% L% % /£ DMF
BC A 2. 5 mg/mL ¥, R FH BE B 33 (015 X
Xof LA 43 o2 i 14T U 43 AT
1.4.7 A

K I CDCLy A 2 ¥ 370 5 2R R — o0 BV il . R
i AVANCE TIT 400 MHz #8 5 4% % 3t 9% 3% {0 5
EJclEf' HNMR 4347
1.4.8 FLWAE

FH — R T A R T/ e LV S FH OO R 43 B
ASORT ZLWBOREAR 43 590 147 I
1.4.9 X §FRAT4

(DH 0.3 g WO MR 1,3-T9 FERR BV
T 25 mL G050 A WD &L T AR R
.25 CTHFAN#E R, REE oA R LA
gk 5. i D/max2200PC B X SR A7 S0 2 He 45
faPERE. S .2 °/min (20) , M 4 5 V8 Lo
10 °~40 °(20).

()BT H/DE (10 mm X 10 mm) Hl £ i i i,
H D/max2200PC B X 5 2 117 55 A0 e FL 45 1
. FA A 4 °/min, WX HREFY 5 °~410 °.

2 HR5iITE

2.1 RO B 1,3— R B8 84 & &N ®
e
2.1.1 PERREE/R I

A3 5 R IR BE Sl 105 °C L Ak R
1%, RNEFE] 1 ho iR R R T B AKE] —0. 1 MPa J5
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Fhe R R E] 120 'C RN 2 h, H45E n(1,3- N
B s n(B ) 1.0:1,1.1:1,1.2:1,1.3:
T4+ 1,105 ¢ 1 WX R AE 19 52 ), S5 30 45 2R 1 &
2 . I 2 AT BEE 1, 3-N Ry m .,
RWE oo BE 0 R (8 2 IR Wi/ i a3, JF B »
(1,3-Nf) = n(CD =M 1.1 5 1.1, 2 = 1 B,
BRAE AR RE T i, 2 n (1, 3- /) : (2
BORT 1.3 10, R FEARFEAL, X &l T
BEE BN R R 1, 3-8 R RS, & R
S5 N HCRAR TS Y n(1,3-T8 ) + n(2
N 1.3: 1B KR ZMRIEA TR,
DRI RIEIFA S E 1.3-T8 B & = AN
/b, B DLy i R (E & TR . Bk, 3£ 1]
(1,3-NW " FHOH * n(2 “F)=1.3: 1 fEHN
TR Z P A AR BOR L.

7.5F

5.0F

2.5F

Acid value/(mg/g)

0.0 1 1 1 1 1
0.9 1.0 1.1 1.2 1.3 1.4 1.5

n(1,3- - HE):n(L TE)

B 2 BEERE R ML B = U B BRAA A B R
2.1.2 LA

O3B R REAR R n (1, 3-8 ) £ n (2
TR 1.3 1R N 105 °C BT E N 1%
CFE A BN AR 22 Hh B2 R 1 S BT B2 ) ) 1 b, %
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FESES TE254. 1 MERARERD: A

Study on the determination method of waste oil-based drilling cutting

SUN Gen-xing, WANG Li-fang, FU Dan, LIU Pei

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

710021, China)

Abstract: The contents of petroleum substances in a serious of simulated sample with known
compositions were determined by three kinds of methods,i. e, the oscillation distillation ex-
traction,soxhlet extraction-infrared spectrophotometry and incineration. Determination con-
ditions were optimized,and the effects of asphaltene and emulsifier contents were studied on
the soxhlet extraction-infrared spectrophotometry and the incineration method. Finally, the
best method was selected. The results demonstrated that the optimum conditions of oscilla-
tion distillation extraction method were 10 h,55 ‘C,and V(CCl,) : M(sample) =10 mL/g,
while the optimum soxhlet extraction-infrared spectrophotometry were 8 h,120 mL extract-
ant volume,and the best temperature of incineration method was 450 °C. Under the optimum
conditions, the accuracy of soxhlet extraction infrared spectrophotometry and incineration
were 99. 48% and 99. 35% respectively,and better than other method,and the relative devia-
tion was less than 5%. Effects of the amount of emulsifier and asphaltene on the content of
petroleum substances were obvious. The incineration is the best detection method because of

it almost completely includes the emulsifier and asphaltene in petroleum substances.
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(R 7K 3 AT S T S 00 45 R TR I R I AR sk
ML AL B8R 55 CRON AL

96

: /E\!
94f —

v

Nel
N

EATE &S
©
=)
T

o0
0
T

f

o«
[
T

1 1 1 1 1 1 1
30 35 40 45 50 55 60
g/ C

A 3 REURJE AR RN YR
2.3 RRFBR-LLINRE EHFHMLA

2.3.1  ZEHUE ] A B 2

AU ] X 2R FCHR BORCR A S ma ] 4 s
I L4 AT O AR — o B B A B R B
% 2 WU ] 14 39 0 2 O3 Se 3G IS AR R AN AR Y
t=28 h ., £ I 2 W 0 A CARKOR A B i KE
95. 85%. Pt , S FEAE B [B] ) 8 h 5 R Arilh.
2.3.2  FEBGARFRN 2

AT AR RN 2 IO 52 e A ] 5 TR . H
PRl 5 R, 2 BRI A4 BR T A RO 3R 1 S ) 3L Y
FEIFIRF AT 120 mL B, Bl 25 2 B (AR i 16
JINZE O R 1 K5 M ZE BRI R B 120 mL B, %



. 38 o RaPAREEFR

%35 &

WO AR TR B e RAE 99. 3506 5 24 A BUR) IR BUR T

120 m W, 28 B Bl A 2% 0] M AR B4 389 O T D6k

AN R PR A ORI R RO 120 mL 50 38 HL.
96.5
96.0 E
95.5[

95.0f
=3
i 94.5F
& os0r
oS
¥ 93.5¢
93.0f

92,51

92.01

I+ 1)/ h

IS RS & R A
100.0
99.5¢
99.0F \
98.5¢

R
7 98.0f
® 9750
g 97.0F
96.5}
96.0F
95.5}

1 1 1 1 1
110 115 120 125 130 135 140
BB/ mL

B 5 FEBG AR ERE R E

95.0

2.4 ik

Zad KA IR L #5816 450 °CF R i e
Wi G o8 AR BE L Bk 5 450 °C B be i
JE LI s RN 2 FTR. R 2 AT, 450 C YK
I RE S A RS TS RO 200 1806, LI
BRIEH 0. 18 %0 . R B A iy L 45 SR m 5.

K2 REENEAHEYREENER

G5 HMEY R E /%
1 20. 40
2 20.51
3 19. 97
4 19. 82
5 20. 20

S {E 20.18

S (E 20

R 0.18

2.5 Z=AbkrE

FESAEAEWCRAE T 5 3 Fh 5 vk X A i 2 9 Il
TR N 5% .10% 20 % CAS I 0 26 1 3% 7 57
WO 10 g #E v H#EAT A MY BT 0y T , I E 1Y
ZERWE 3 Pros.

R3 IMAENEARRMEDR
REHMNER

R h A SR R R R g

i 24 e R H-41 41 .

A /0 R R e e Kbk
/% oy 6 B v

0.456 1 0.473 5 0.486 1
5 0.454 0 0.467 8 0.485 6
0.459 8 0.485 7 0.473 8
A 0.455 3 0.475 7 0.481 8
0.946 5 0.955 1 0.934 6
10 0.930 0 0.983 4 0.987 5
0.923 1 0.990 5 1.021 7
¥ E 0.933 2 0.976 3 0.981 2
1.834 4 1.981 0 1. 906 8
20 1.963 4 1. 963 0 2.1354
1.866 8 1.957 0 2.066 2
RSl 1.888 2 1.967 0 2.036 1

o T EHMH XT3 RN RE T5 ik L AR 4 B
3 R RE T % 1 24 A 3k 28 B B S AR A S B
A X 22
R4 3IHAFENEAMEYREE
S5HEMIBREEMNHEIRE(%)

£ ey, R GHRIR-LT 4 ;
EEE ABGRIE e vk Kok
Fh/ % X 22 X 2 X 2
5 —8.68 —4.86 —3.64
10 —6.68 —2.37 —1.87
20 —5.59 —1.65 1.81

H 28 3.6 4 AT, X FOR TR A i 2 ) i =
AR i R 000 S 5 = 7 1 ) 5 R R A R R B
L <R IR E-L0 AN o B <Ky be vk, B AR
AR 5 R AR L1 40 00 6 6 BE vk Y JEL B 8
BEF IR ADNE 3 FE 4 TLLE B XA A
MY T R S, 2RO AR -0 40 4 0 B Tk
e S5 R TARBARE X FEEH TEEE
JeMETHAERGE &, LT AR R L R DR
ARl 259 28 2 2 R 5 0 o {1 O K.

3 Ao X AN [ A 9l 2 ) o = R 3 Ay
T 1 2 R 55 R S B A T ) T 1 A X
M 22 53 A7 7T AT, 2 EG 4R B-2T A1 43 6 6 B vk ) s
P Y 25 R B AR E SRR LB A 2 I
B R AR R 22 29N T 5% 0 T A2 R
k20 Y6 P FE S, ARG 2540 1. 65 % fill. 81 %.
2.6 4B AL FL A AT B KA R A R

T 35 YA T A Ak R O AR R AR N L Ak
RIS S B B A H I 08 2k R0 7 5T R L
Tl 30 B B A2 45 . 3Lk 57 OP-10, B & & & 4
20% B B R 45 L FLAE ) OP-10. Wi 4 91k 2% .
4%6.6%.8% .10 % BYAE b, R R [CHR 21 40 %
PRk o3 i AT D I 25 SR an ] 6.7 .



51 IIMRAT 45 . B 7 900 0 8 A 9 28 400 3R 0 52 s 5 .« 39 -
NE= (O TE A AR X AS ) A 3l 26 5 25 ik i
2z 3 Ry R I 1 2 SR Rk T 5 R
= 28p IR A BRI I <R [ B-LT A ek i ik <
@ M . % EG BT S 43 0 6 JE 5 K 0 T i
=71 F 245 SR A R R A S PR 2K R R 1
< X R 221N T 5%,
L (3 FLACJA A 75 5% 14 VS 0 X T 00 5%
) 00 A B 5 e, A e vk TLF- 4 3L AR R RN i 7 T
20—y i ¢ . m S AA I R R AR BOE L AR A
T PRI % 53 s FLBE 8 1k B HL o o 3 v B A T 6, I 2
B 6 LA x4 k30l 28R B R I S B
30 :Eﬁﬁgﬂﬂi}ﬂﬁﬁﬁﬂﬂﬂéﬁ & % 37
—e—R-LLAME I W = E Z
" 28+
" [17 BKLE U6 3 . 1 20 00 L W Ak 3 A 2
4 26 HRE LT, A FREE (R 47,2011, 21(3) 4446,
o [2] R0 IED 65 SR 5. 1E 6 2 8 36 b B0 7 o Y o
ﬁu' [J]. %3 TH,2008,26(4) :10-13.
oL [3] ERTL 2 R IRTLAK. 2 5 e 52 9 X A A 0 A4 9
BT, A B ERBE AP ,2002,12(4) 1 16-18.
ol . . . - CaT 0 W, TR ACRE IR TR L VR 4 I b 1 ik 5 T 5
WERBME/ % [DJ. RS ERH T K2, 2012,

A7 WA RATEREMNTH YW

i P 618 7 R LA R R I ARG I i
A M 2 ) B ek I 5 e B S B A Y Y
T A1 24 o 7 e 2 K, HL B Rk L TR L
R IR ou i 82 WA AR B 7/ DIt AT R AVE 714
5 FURETT A ER 23 BT LA PR AR H-21 41 160 € 19 41
WP o i . e T L AR R SO A 2
Py Jt— o, L2 R 5E vk LB i X IR A L BT LA
AT LR FEA AR A il 28 W o A 0 5 O i — 2P Ak B
Ak NS TR B UE I BE R AT B £ 2R
Jo e ST A T ELAE R A O S A A AR A
PRARE TR R, BT R BT B A A (.

3 #ig

(1) R 9% A U 08 0 00 2 142 7 il 356 T 2 A i 2
Wy 5T 1) o AR 2R IR AR A - ZE R[] 10 b 26 TR B2
55 C.V(CCly) + M(F£ ) =10 mL/g, % BALR
M 95, 30% 5 B [G 2 BU-2T A1 )6 BE 2 00 58 B 37 3 2
e 5 A1 1 2540 JoT 1 Foe A 2R ISR A Oy < ZE BT TH] 8 b
AWFAT 120 mL FEHUE Ry 99. 35 %0 BEBE L
T 52 I 7 3 U 3K I 2K R B R E R
450°C , ZE WAL FE R 99. 48 %.

(5] 2R R M e o, FH Ak o, Bl 0% 35 4 0 35 A Ak 3 1 2
AR AE KRR T ,2013,42(4) :439-442.

C67 XA, B 5. WA 4K IR0 I Ak 0% 35 3ok 5k ) 9 2 AR i
e A A Ti% %, 2014,17(9) :60-62.

(7] BEFE TR R0 . 7 LB sL- 25 0 43 B Ak B % 35
ML SR A (] M5 KRR T..2013.42
(3):306-310.

(8] J3 bl , B = e 25 75 U8 i 1k = v 36 e R B s e ik
FELT]. e AR, 2015,21(1) :121-124.

CO] TA8vb X8 Wh MK AR 5. B 70 4 Wb A0 i 28 9 o 1
K 77 (1], A R AR R4 2010, 32(2) 1 148-150.
(107 2= k. IR 3 e S AL = AR By R WX [ D], 76 % . Bk

TaRHE K2, 2013.

(117 W W R ES%E, R ML AN T2 5[] ]. 3h58
[F,2014,32(1) :310-312.

[127] 7 i, ZE B & i U8 % IR Ak Ak B 95 [ D] db 5t . i
[ R 2%, 2011,

[13] FB0g, R aE, FEmr I, 5. 8 7 1 405 T W0k i 2 i it
NI E DR L), A0 R SRR, 2013,35(12) ¢
117-120.

(147 kT8 75, TR BRI R P A s Y
T HGE R BRI, AR T.,2015,42(8) : 69-71.

(157 W04, e il 3 8 e F AL b B D], KK AR

K2, 2015,
[16] @AM i M AL M. 2 R J6 5. o B R 2 R
#,2010.
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. BRPE PEZE 71002D)

W BT RAMEZTR T HE RS~ AmE DW01, 1@ 16S rDNA 5] 2
¥, &8 DWO01 H# /B F Raoultella /& .5 Raoultella sp. NGB-FR77 #8440 # 4 100%. Bl &,
BEBEH 30 CHEMHT.SE—FHALT DWO1 BHRAERR SR LR pH #4357 &4 T A8
FAMRE ZEREAN,ZAREADTABARR, L- SR8 AR .4 pH X 6.0 8954 T,
FRBFBREEAFT ISR ESAEE, 554 188.942.1 mL/g ## 93.34+7.5 mL/L/h. DW01
AHRAEARIFOLABE A H, Tt —F L= 8504 . G54 F.

KB . AMHE; RAGFTR; o BE5T; =AMk

hESEES Q939 XHE RS A

Isolation and characterization of a hydrogen-production bacteria

ZHANG An-long, DONG Ting-ting, WANG Xue-qing, WANG Ye

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

Xi'an 710021, China)

Abstract: An efficient hydrogen-producing bacteria named DWO01 was isolated from the anae-
robic paper mill granular sludge, and the 16S rDNA sequence analysis showed that DWO01
strain belonged to Raoultella genus,and was identified having high similarity of 100% with
Raoultella sp. NGB-FR77. Meanwhile,under temperature of 30 °C conditions,effects of car-
bon sources,nitrogen source and initial pH on the hydrogen production with DWO01 were also
studied. Results showed that when the strain utilized glucose as the carbon source, L.-glutam-
ic acid as nitrogen source under initial pH6. 0 condition, the maximum hydrogen yield and
hydrogen production rates were obtained as 188.9£2.1 mL/g and 93.3+7.5 mL/L/h. For
DWO01 strain was regarded as a advantage hydrogen production bacteria,it should be further
optimized to improve the hydrogen production performance.

Key words: bio-hydrogen; anaerobic sludge; isolation and identification; hydrogen producting
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%1 IR — R A W 5 A R o 41 -
o (acid) 250 mg, FeSO, « 7H,0O 500 mg, H;BO;
0 5|5

TEACA AT BT IR H 2 A 08 BRI S Gt H O ™ IR
4K, AT R SR & 2 it B SR B
M 5 T Ak LA ) T O 5 00 ) 9 U2 B RN AR
JBT R U 45 I 1) T T R R 2 — AR BRI P TS e A T
FEHREARERZ AW AR BAR. I, 3R 15
1R RO A A o S B A W] A T AR A% O R
R T, 7 T R 7 A O 1 A R R
BN TR EOR T B R H b i bk MR R SRR
Fe BRI R R A PR E TR TR
FSCHT 58, (H 2 9 i 07 ol Ak /9 i T8 AH X 4L
A TR A e ™ U s A Tl A T SR AR A
PP BT U, 2 S B T b i Y EE 2 T T

H BT C R0 W A B S A E A A T
Enterobacter,Citrobacter, Bacillus N Clostridium
JB O AR 22 0T R T R e A 55 T S I8 NG AT 43
BBy Enterobacter sp. Z-16 Fll Clostridium sp.
C-32 43 BIAE S AERI i pH S 7.0 A1 8.0 AEAL T
Fer= &2 2. 35 Ml 2. 45 mol H,/mol i % 4% .
Junghare M 2580 2% 88 1 Clostridium butyricum
TM-9A TEf LRI 46 pH 29 8. 0, L™ S il 3.1
mol H,/mol % # . X} b ik 1) = Bk & 1 7= |
W 210046 pH FRAKN 6. 0 B, 7= S 40 i B AR T
94 %0 .58 76 Fl 60 24 » 1t B 12 28 BT ok Xof R P ) T 32
B 2 R A B T AR R A LR 1 AR
F pH FFZEREARN M H BUE Y - AL S BUEY)
T ARG, e T B R ) R, A% ST IR A ORL
15 8 Hh 43 B RN R H— bk o AR T R M e I 7
I Ll id 168 rDNA I 7 F BE 92 B ™ B s 42
FE » IER o3 B R SR AT TR BEPEREAE 5T

1 REEHH

1.1 #H&EkR

FH T 43 85 TR PR A DR SEU0RE ¥ D8 R ) el it 1
4RI DR AL R BN i
1.2 34K

(D) W AR BE 5= 5L G 32 Ry 4 A ) - 5 % B 10
g/L,L-B%E M 0.883 g/L,10% NaCl 10 mL, &35
B (REFE =2 10.0 g,MgSO, « 7TH,0 29.5
g,CaCl, « 2H,0 3. 335 g, FeSO, » 7H,0 0. 099
g, (NH,); Mo;O,, *+ 4H,0,0.009 3 g, i &EILE
(7&K 100 mL,ZnSO, * 7H,0 1. 095 g, EDTA

11.4 mg,MnSO, « H,O 154 mg,CuSO, * 5H,0
39.2 mg,Co(NO;), « 6H,0O 24. 8 mg)50 mL/L,
ZEMK 1 000 mL,pH7.0)20mL/L, B R £h 2% g
W (1 000 mL %7K, KH,PO, 68.05 g,K,HPO,
87.09 g,pH7.0) 20 mL/L. 44 %W MR 0. 1
mg/mL, M R 5 e 0. 05 mg/mL. ¥ % 1 ug/
mL)10 ml/L.

(2) [ AR B % 56 WM 5 % 2+ 35lR (1. 6 26 ~
2.0%0).

1.3 %%k
1.3.1 ST I S B RN

(DEE 10 g MIRAWRISR, B THRA
200 mL 19 JC TR 2% 18 K Hh s i A CBORL 36 55 W6 £, F
BB A TERE TP i s SRR T 5 TR IR IR
TR Y 5 hoof ORISR T R Al LK AT 4 BOrE
KL FH G B R S AR B 5 mL 4R B AT 25 mL
R FR WY R EERE R . A8 301 °C BIE IR E % % h 1
7+ 48 h.

()W B 1 mL & 5 4 0% T WO G 18R 2
AKAR R 107 ~ 107 H BB B A 1R B VR
o) FEY 0 A e o e o s R VR MR A T A R £
TIRAR:FA T AE 30 CRS&M Fi#Ff7H5%.10 h
J5 ARAS BT VR, PRIBCRL TR 7% T AR 7 ik v B AR )
=GR WA T MR IR B RN —
i, T A R4 T A AT B 4l R R Rk

(3B B 4 B A5 B A 7= S PE MR AT & I 5K
B A R R 50 mL KRB TE S e, &
F 30 C.100 r/min B9 &4 F , #E4T & B =R 5L
5 A AGS R = b 2 S A He k8™
AURE 7B 1Y TR Sy S 6 T R O X LR AT Ve R AR
FE P %

1.3.2 BRI = SR E

W o3 B S RO R AR AN B A 50 mL
B R S DR E WD, BT (30 D) °C UFL i 100
r/min AL FERE E AL — UK B I Ak Y T el 2 Al
T 1000 mL 09 & BEfEh #EATY R BEFR Y WA
1 2 X O L A T R B R R LR S 4y e B 50
mL BB OEF, B0 (5 000 r/min, 10 min) Y4
BRI , FHAS 7] 2% 1 1 35 35 B B IR 1Y OD {E 34
0.4, 5 B B IR W IEM 2 50 mL & BERE b AT R A
K. MK DWOL T K 78 A [ e 5 L A [) | 0 U
ANFE RS LG pH (E B X5 & 1 7 A 52w G, ik



.« 42 . ReHAEREEFR 5 35 %

V5 AL F5 FROBE CRRZRBE AW 2R LB Al 0 (D-27 4
R M FUBE R D2 D VR RN LA AR
TR Ry LR R WNaNO, \NH,Cl; FH 1 mol/L 1%k
TRV IA T4 pH {H M 5.0.6.0.7.0.8.0.9.0;
T A=A PAT S5, S5 RO B (R sE I A
A= pH H. M, 83 B IE A Gompertz 7 #2
BT IR AR I 7 SRR E.
1.3.3 2w SR 7 ) 1 4 DU

A SR SRR B A (B GC-2014) £
ML FR TDS-01(60/80 H) , # NMA < T HE
70 mL/min, # R 500 ul IR 70 C, S 1k
FEIJE 80 C KPR 100 C.
1.3.4 A~ A 8h Iy i

LSS A SR S 1 =1 el |51 G I S RN G
Gompertz J7 FE#E 1T 18 1E J5 13 B14& IE 9 Gompertz
Ji A, = (D iR

H:meexp{*exp(w—#l)} (@)

K (D H—4 T8 & B ™ A4 09 &SRR
(mL/L) s H,..— 4 & 7] fig 7~ 4 19 e K LSRR
(mL/L)sR,—40H B K =E EF (g/L/h);A—
20 T 7 Y HE RS 1) Ch) 50— SR B ] Ch) s e—R
ISR XS 550 BB 2. 718 28.

1.3.5 16S rDNA HJJF3 43 #r

YT DNA RIS BOCHR(11.12]. T 16S
rDNA #7341y PCR i 5| ¥ 438 H1 519 Forward
27 F: 55 AGAGTTTGATCCTGGCTCAG-3; Re-
versel492R .5'-TACGGCTACCTTGTTACGAC-
TT-3". PCR JZ W& % (50 ul.) :5 ng/ulLDNA #i#z
2ul.,10 X buffer2. 0 pl.,2. 5 mmol/L(Mg*" ) 1.5
ul;dNTPs 5 pL;20 pmol/L 51# 4 1 xL; ExTaq
DNA fif§ 0. 25 pL; I K 2 50 ul; PCR 73 %
PR WA 94 °C 5 min; & 94 °C 1 min, iRk
55 °C 1 min, ZEf{1 72 °C 1.5 min, FwE L | 3 4
B HEAT 30 ANEFR; LEAR 72 °C 5 min; 4§73 45 5
JE s B 2.5 ol §7HE W A T AR AR R R A
FH w30 P AR TR 20, B 8 B0, K I PCR 97 3 ™
Y, 0 EB ARy 3 650 W A 44 4 30 min. 76 120 1
TN W R i b R LUK, OB L Bk & R D) e T i
H i BERE N, 54T DNA . 5 TAERIEE
AW TR CRGE) A R 7] 58 K.

2 HR5iITE

2.1 DWOl B4y £ KZ AR

B0 16 1 59 DWO1 B Bk #E4T 16S rDNA 3 A
A58 53 8, Fi 45 7 515 GenBank %0#E FE v 2
1 16S rDNA J¥ 5 i 47 8¢, 38 3 NCBI /9 Blast
A 2SO 3 il i 7 o T i S O R TP
DWO1 & #k B9 5 B 5 Raoultella W) 5 F % V],
Blast JF35%F 45 B R B H 5 Raoultella sp. NGB
-FR77 AHIE X F] 100% , N DWOL Btk 1 2B K &
BWALIE S DWO1 B kY5 Raoultella i T 5] —
5332, M DWOL B J& T Raoultella J& 1) — ¥R B
F18 TR K

Uncultured bacterium clone nbw232c06¢1(GQ069726.1)
Klebsiella sp. DS1{KM873628.1)

Raoultella terrigena M93a({1.N997970.1)

Raoultella terrigena JCM 1687(LC060919.1)

Klebsiclla sp. OUCC HB2(KT185072.1)

Raoultella terrigena KAR6(KR054968.1)

Raoultella sp. NGB-FR77(1.C049187.1)

DW01

Uncultured bacterium HLLHb356(JX100216.1)
Uncultured bacterium clone nck322a08c1{KF107080.1)
Entercbacter aerogenes C1111(AB244467.1)
Uncultured bacterium C84(GQ169674.1)

B 1 % F 16S rDNA 574
R A

2.2 DWOIL B # xR B 2R 69 #) 7

T PR A W 7 SR — D EE N SRR
SN TR Y T 2 R0 S R DGR L A SR TR
PRAN A TR Bk 515 L AT 1 % 58, B 7RO 90 H AR b
P 3t 2 PR YR Ao A R T i T A ) I L

F 1 TERE 30 C.pH N 7.0 &4F,
DWOL B b XoF A [] e 5 1) K FH 16 30 00 880, 3% 1
Ha] LA L 7R DL LA SR R AR i IRk 2o 10
g/L BIEHL T . DWOL B kA BB A A L- B2 M = AR
SR B AT LUF)F BROpl OAROBE L 2L 0E R 0 il —
Wl CD-2F 2 28 0 ZUOBE R0 . D-22 280 & I8 ™
AL H AR R A R R K, 161, 3 mL/
g MR Z . 117. 4 mL/g. DWO1 T8 Kk H] FH b
R AW RPU A BT SR 13 B 1Y Clos-
tridium papyrosolvens Wk, 2 # kR ZLHE A 2 90
TR A B A MERE L O 109, 8 mL/L. DWO1
TR R AN [ i 05 4 T 77 S 1 8 i B () A 25 380K
JHLC v 1) 2 B O T T LR I R R L, R 10,8
h ZE A, T FE At Ak 8 1% 38 s B[R] #R AE 30 ~40 h 2
], Ho =S R B B R AR, 1. 63 mol H,/mol JiE
Yy, AR T ABE 0. 08 mol H, /mol JIEHY). Mk ¥



513

T e A — R A B o B S AR © 43 -

Zeni i) pH KA KAE OLA 76 DL L- B2 O ik 5
B, % B ¢ pH (B A 55 fh 45 41 51K, O 4. 96,
ODsoo 2N 0. 527, 1017 LA R HE | ) 49 4 A ik 5 1 15 o0
T R EEZ S ) pH 435 5. 30,5, 84 1 ODgy, 53
B0, 93,1, 021, AH #5 HAth £ 2H A [a] fi I8 & 1 ™
NGB, UL DWOL T8 BE7E DL L- BRSO filk U5 1Y)
TEOLT, AT RASE L H B AR AN BE R = AL B
TR  DWOL T bk 0T 2 £ 4 22 K i W b 72 7 5 A1
X LG HR 22 1 SRR CoF ZUBE A5 48 08 B OB (D4 4

RN BAA BT ke S ke
2.3 RFE R AT DWO1 B 4k 2 B = Sk 69 Fom
SR N 1 — ol o 2 AT R A0 R R A
REEF T LA A £5 Fh 22 25 R F B 2 , DA T
B DA R R 0T A TR A A ML R 4y, R LA
V5 AR W AR A ) SRR T A PIL TR BB 8 O Tl
A KA A TR L A A K, 7R U
10g/ L ()3 2 0 S B I, 5 48 1 AN [ AR X DWO1
PR R & B A MR RE S L An 1B 2 BT

R 1 DWO1 E# AR &RIERNF H

- [E A= - Gompertz } &
. mol Hy/mol &%) HY/(mL/g) Rm/(mL/L/h) A/h R?
D414 % bk 1.24 90.0+3.9 24.1£2.8 43.8+2.1 0.988 1
L- B2 4 - - - - -
LR b 0. 45 62.5+0.9 27.5+2.2 43.240.9 0.996 5
N 0.08 10.44+0.2 4.14£0.3 39.941.0 0.996 3
T 1.63 117.444.9 32.5+3.9 43.4+2.1 0.987 8
D-# % HE 0.58 38.1+1.0 10.140.8 36.3+1.5 0.994 5
BN 1.55 109.843.0 27.1+2.2 32.9+1.6 0.993 6
] 2 1.19 161.341.4 69.8+3.8 10.8+0.7 0.997 1
1800 HLAER NH, Cl AR FB 4B HLER . A sk 2> L
1600 W % 44344434 FR RS, B B IFA T &% .
~ 1400F A NaNO,
2 v NHCI x 2 Gompertz HEHY S =S EHH
= 1200F o 1-REE - . "
E ouo : K RRGUHNESH
~
o 300 Gompertz J5 i
i ,
A AR HY R
v 600 " A/h R?
i /(mL/g) /(mL/L/h)
= 4001 v
B B BRI 122.641.0 98.7+£7.7 14.040.5 0.997 0
200F ,
A R 92.540.9 44.943.0 14.4+0.7 0.996 6
ot A A A A A AAAAA
NaNO; — — — —
1 1 1 1 1 1
-200 0 20 40 60 80 100 120 NH,Cl 87.3+1.1 36.7+2.7 19.240.9 0.9957
1] /h L- A% 161.4+1.7 55.543.0 11.54+0.8 0.996 5

B2 DWOl HHERRRRFMHET
0 T EAT AP AW &

AR 2 5 59 DWOL 18 bk 76 A W) & U8 45 14
T Gompertz £ 8 40 & 7= & & 19 28 K o 72 i 3R 15
sh J12 280 45 A B 2 AT LA 1% B B mT LA
JHZ Rl A5 34T A T 7 & Sl A HLER L4
AT R A kK, 161. 4 mL/g, BEEFR K
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B OE ZnO SR AMABER R ET RE IR A B0 AR 43R s R A, d it
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Properties of carbon fiber reinforced paper
based friction material modified by ZnO whisker

FEI Jie', ZHANG Hao', DONG Li-she’, ZHANG Li-jie',
HUANG Jian-feng', LUO Dan'

(1. School of Materials Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Shaanxi Hande Axle Co. , Ltd. » Xi’an 710201, China)

Abstract: The ZnO whisker was employed as modifier for improving the homogeneity of pa-
per based friction material. In order to study the change of material structure, we tested the
porosity,roughness and SEM of samples with different ZnO whisker content. The mechanical
and tribological properties of the samples were tested under different condition to explore the
relationship between the properties and whiskercontent. The results indicated that the ZnO
whisker can improve the inhomogeneity of the paper based friction material. With the in-
crease of the content of the ZnO whisker, the porosity increased and then decreased. The
shear strength ofsamples increased with the increase of whiskercontent. In summary,the op-
timum contentwith the best comprehensive performance of ZnO whisker should be between
20%~30%.

Key words: carbon fiber; ZnO whisker; paper based friction material; porosity
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NaLaMgWO; : xTm*t, yDy’", zEuv*t B3¢
WM & SRR R

THH, $4FR, ek, 1 K

(BRPRME K% MR 5 TR %R, B 14 71002

W OE.RAABAMEHET NaLaMgWO, : 2Tm®" , yDy’ . zEu’" % %4, i@ T X 4+ & 47 4t
(XRD) , % Z 4t 124 & F B 45 (FE-SEM) & % % o % 8 3 (PL) &F 4F o 3 47 ) X R A48, 45
B AL 1000 CAAETAH &t 4h F 45 58 NaLaMgWO, : 2Tm*" . yDy* " ,zEd’" % &
B, I FE IR (360 nm) AR T . 2B X 4415 T 480 nm #9 3 K K 34,575 nm 4 % B K K.
AR 615 nm 94 B K3, w1 T Tm' #= Dy’ R AR 245, X LR E R E LT F 5 LR E
MR T, R R E LA T X2 (0.330 4,0.322 4), BEEA G K E(x=0.33,y=0.33).
XEIF B AR % ; NaLaMgWOq; &R E; st iFid

RESEKS:TQ133. 3 MEkPRAERD: A

Study on the luminescence property of NaLaMgWOQO; : xTm’" ,
yDy*" ,zEu’" phosphors

NING Qing-ju, CAO Shu-yao, LI Xiang-long, LIU Bo

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

Abstract: The NaLaMgWO; : 2Tm’" , yDy*" ,2zEu’" phosphors were synthesized by the sol-
id-state method. The phosphors were characterized by the X-ray diffraction (XRD) ,file emis-
sion scanning electron microscope (SEM) ,fluorescence spectrophotometer (PL). The results
show that the NaLaMgWO; : 2 Tm*" ,yDy*" ,2Eu’" phosphors with high purity can be syn-
thesized at 1 000 °C. Under the near-ultraviolet excitation (360 nm) ,the phosphors exhibited
multiple emission spectrum centered at 480 nm blue area,575 nm green area and 615 nm red
area. Because of the Energy transformation between Tm®" —Dy’" , the luminescence intensi-
ty and color coordinates change with the altering of the doping densities. The color coordinate
of the phosphors can be achieved at (0.330 4,0.322 4),which is close to the standard white
light.

Key words: solid-state method; NalLaMgWQO;; white phosphors; energy transfer
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Reaction mechanism and mechanical properties of (Ti,V),;AlC,
ceramic by high-energy milling and hot pressing sintering

WANG Fen, WANG Xin, TANG Yi, ZHANG Xin, WANG Zi-jing, ZHEN Yi-bing

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

Abstract: The ternary compound (Ti,V);AlC, was successfully synthesized by a high-energy
ball milling and an in-situ hot pressing sintering using Ti,TiC, Al and V as the starting ma-
terials. The XRD,SEM and EDS result indicated that the (Ti,V);AlC, was synthesized dur-
ing 1 400 °C for 1.5 h. Compared with the monolithic Ti; AIC, synthesized using an identical
process,the flexural strength, fracture toughness and vickers hardness of (Tiy 5.V, 2)5AlC,
were enhanced by 20%,52% and 45% . respectively. The result shows that the mechanics
properties are improved significantly.

Key words: (Ti, ., V,);AlC,; high-energy ball milling; hot pressing; f{racture toughness;

mechanics properties
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Effect of Zn contents on the hydrolysis properties
of Al-Ga-In-Sn-Zn alloy

ZHU Jian-feng', HU Dan', REN Guo-fu”*, HU Xiang-jun*"

(1. School of Materials Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Oil and Gas Technology Research Institute, Chang Qing Oilfield Company, Xi'an 710018, China; 3.
National Engineering Laboratory for Exploration and Development of Low-Permeability Oil & Gas Fields, Xi'
an 710018, China)

Abstract: Al-Ga-In-Sn quaternary and Al-Ga-In-Sn-Zn quinary hydrolysable alloys were pre-
pared by melting-casting method. The influences on hydrogen production properties of the Zn
replacement of Ga and temperature were researched. The phase composition and microstruc-
ture of alloys were investigated by XRD and SEM in the study. The results indicated that the
hydrolysis speed of alloys with water is firstly increased and then decreased with the increase
of Zn contents and when the Zn content is 5% ,the hydrolysis properties is the best and the
hydrogen production can reach 98%. The main influence of the temperature on samples
mainly include hydrolysis rate and output of the hydrogen gas. The electrochemical corrosion
between aluminum matrix and alloy phase In;Sn promoted the hydrolysis of alloys,and then
the reaction extended along the matrix.

Key words: aluminum alloy; phase composition; microstructure; hydrolysis properties
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@  E:vA Stober kA A0 = AL B BIR A BLAR, R A AL F R IB IR E A & SO, @CdS & &
Wk G, Bl mOR R F R 20 CdS Ek &4 A A XRD.SEM F= 4 B 3 & E AL 0K
FHELET CAS EH MU R BB R 2 6 Mt B e ERMCERR TN YK
IR ER S EREAN . ARG CASEH A B SFHAHY CAS I HEAAER
R E A, LAY FZEER. 5 H L CdS s LI, Si0, @CdS # £ &4 4% & CdS
EHBFRHFRERG, A2 CdS EA R IR 426 25, 4 CdS EH £ RH b
BP g BFRET RIE

KERIF A CdS; 2@kt & iF Mt

HhESES TB3 MEKFRERD: A

Study on preparation,color and suspension performance of
inorganic pigments of CdS hollow microspheres

HE Xuan-meng, WANG Fen, NIU Li-jun, LIU Hui, LI Jun-qi. SHI Xin-dang

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

Abstract:In the paper,SiO,@CdS microspheres pigments were synthesized by chemical pre-
cipitation water bath reaction, using silica microspheres prepared by the stober method as
templates. Then,CdS hollow microspheres pigments were prepared through etching SiO, @
CdS microspheres pigments in alkaline solution. The phase composition, micromorphology
and color performance of the synthesized CdS pigments were characterized by XRD,SEM and
automatic color analyzer. The suspension performance was researched through dispersion and
precipitation of the CdS pigments in water and ethanol mixed solution. The results show that
the synthesized CdS pigments are composed by lots of CdS miniparticles with hexagonal
structure, owning microspheres morphology and bright yellow color. Comparing with the
commercial CdS pigments,the suspension performance of the SiQ, @ CdS microspheres pig-
ments and CdS hollow microspheres pigments significantly reveal significant improvement.

Moreover,the CdS hollow microspheres pigments shows a better suspension performance,

x WrFS B HI2016-11-23
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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which will provide a fundamental guarantee for CdS pigments uniformly suspending in coat-

ing or painting.

Key words: hard template; CdS; colour performance; suspension performance
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Study on preparation and properties of alkyl polyglucoside
using one-step method

LAT Shui-li, WANG Jing-jing, GUO Ya-na

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

Abstract: Alkyl polyglycoside (APG) is a new generation of environmentally-friendly surfac-
tant which has been widely concerned and intensively studied in recent years,then put into
industrial production abroad only in 1990. This paper studies the synthesis of alkyl polygly-
coside by one-step method of soluble starch and lauryl alcohol as the main materials, liquid
paraffin as two phase’s solvent with organic acid catalyst. The effects of raw materials ratio,
reaction temperature and time, catalyst,solvent through the studying of the reaction process
on yield and properties of APG were investigated. It indicates that the appropriate synthetic
parameters are n(soluble starch) : m(lauryl alcohol) =1 : 6,reaction temperature at 118 C,
reaction time 5 h,the catalyst dosage 1. 5% (about the quality of starch). The viscosity of the
product are moderate, the surface tension of the product is 26. 74~27. 21 mN/m, the critical
micelle concentration (CMC) is 0. 169 g/L. It shows the better wettability by means of con-

tact angle test. Meanwhile, the compatibility of alkyl glycosides with other surfactants is

» Wr#s H#:2016-08-21
ESWA PV BT TAP R BRI H (2015SF266) 5 BETT 4 HF T & BRI TR BT (12]S016) 5 )8 B i B4 51 B
(2012k05-02)
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well, which can significantly reduce the surface tension of the compound system, FTIR and

"HNMR characterization results show that the resulting product is the target product.

Key words: alkyl polyglycoside; catalytic system; surface tension; critical micelle concentra-

tion
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AR LI R A LR R IR R AN M P R BAT T RAE. FB S AR RF . EHEE
(TEM) & @3k AL R EALR 3% A ENF RAAR T AR MEKA KH550 &F KCPUS & &
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FEAER NG IR, kg xR KCPUS ik B3 A, 1, /1, /A 1. 81 B4k 2] 1. 14, 155 /155 1A
N 0,45 &3] 1,65, K AHAKER R EHRFEAKMKE , o5 T IAKABEIEIRIE £ 45 3) Ik R 5%
K WA, KA KH550 4% 6938 he , I8 R AR M Ao 5 ot XE 26 8 ) J5 38 m,
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Synthesis and solution properties of organosilicone
modified cationic polyurethane surfactants

WANG Hai-hua, ZHANG Ting, LI Xiao-rui, FEI Gui-giang, LIU Yun

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

Abstract: A series of silane coupling agent modified cationic polyurethanes surfactants
(KCPU) was prepared through prepolymerization method,and the structure was investigated
by FTIR and NMR. Effects of y-aminopropyltriethoxysilane (KH550) concentration on the
surface tension, critical micelle concentration, viscosity, micelle size, micropolarity and aggre-
gation behaviors of KCPUS were studied by dynamic light scattering, transmissong electron
microscope ( TEM) , surface tension analysis, viscosity analysis and fluorescence analysis.
TEM result showed that KCPUS micelles displayed as wormlike morphology. It was also
found that the surface tension and critical micelle concentration (cmc) decreased with the in-

crease of the KH550 concentration,the minimum value were 39. 68 mN/m and 1. 32 g/L,re-

x WFS A HA:2016-10-03
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W RI35 H (2011]S057)
EE BN LA 1982—) , & JLIRER IR , 2082 A A R 58 7 1) K SR S BE &5 4 F ARG & A L 3R AE R Mg
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spectively. The average particle size and polydispersity index of KCPUS solution decreased
first and then increased with increasing KH550 concentration. When the KCPUS concentra-
tion was lower than cmc,the light scattering intensity was very low and changed slowly with
KCPUS concentration. However, the light scattering intensity presented a gradually increas-
ing tendency when the KCPUS concentration was greater than cmc,as well as the aggrega-
tion number of KCPUS micelles. In addition, with increasing KH550 concentration, the vis-
cosity of KCPUS solution increased,the pseudo plastic behavior was enhanced,and the inter-
actions among micelles increased. Fluorescence spectrometry showed that I, /I, values de-
creased from 1. 81 to 1. 14 and Isy /15, increased from 0. 45 to 1. 65, suggesting that the hy-
drophobic groups tended to aggregate and form hydrophobic microdomains,and pyrene mole-
cules transfered from the aqueous polar phase to micellar interphase. Furthermore, the mi-

celle micropolarity and the difficulty with micelle formation decreased first and then in-

creased as increasing KH550 concentration.

Key words:silica; cationic polyurethane; surfactants; aggregation behaviors
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HRP 5] % i€ #} # B 7K KK 3% 53 5571
B & R A T RE

Kk, BB, FRE

(BRPGRH 2 JOE AR AL T B b2 5 H R E AR 9000 % . BRPY P54 71002D)

B OE.AEHSONEZERA, A E LA XA B (HBS) & M Btk (AM) AR & Hr 82 44
(NaAA) kB 4k, 3k Akt B4 8 (HRP) /R A K (H,0,)/ B & 8 (ACAC) 84 1 1L 4F A
TLART BRI KME R 5% A SCHBS-AM #= St HBS-NaAA, i i 41 ) k4% (FT-
IR) , #Z #3538 (C H-NMR) , 3 i 5 5 €38 (GPO) , £ 5 47 (TGA) F 3t L 45 55 M fe it
ATT RAE, FE BT o8 A AR R R R0 H ok, B R AW, A R0 28 A s B AR
W E R, RN R AR R KRR AN BRI S AR TR TR, Y
SRANGAEA 0. 4% HRREA 64 %0, KEER 69 3 EAFE T ik 5 i, AWK 5
# A 659 mPa s f2 751 mPa -« s,7 KRG KESA A 3.6% A 4.4%.

KGR RAR T B AL B BRI RS KRR AR E

FESES:TQ536 XHEFRERD: A

Preparation and properties of coal water slurry dispersant
based on starch graft copolymers by HRP-catalyzed system

ZHANG Guang-hua, ZHAO Xin, LI Jun-guo

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

Abstract: Two kinds of coal water slurry dispersant (St-HBS-AM and St-HBS-NaAA) were
synthesized in the function of horseradish peroxidase (HRP)/H,0,/acetylacetone (ACAC)
using starch as raw material and 4-hydroxy benzosulfonate(HBS) ,acrylamide (AM) ,sodium
acrylate (NaAA) as monomers. The copolymers were characterized by Fourier Transform In-
frared Spectrum (FTIR), nuclear magnetic resonance spectroscopy (' H-NMR) , Gel Perme-
ation Chromatography (GPC) and thermogravimetry analysis (TGA). The effect of disper-
sant on slurry preparation performance was discussed. The result showed that the dispersant
solution had better wet ability for pulverized coal particle,the electrostatic repulsion between
particles was significantly improved,the product had better effect on the rheology and static
stability. The apparent viscosity would be 659 mPa * s and 751 mPa * s when amount of CWS
is 64 % and the dosage of dispersant is 0. 4%. The bleeding ratio would be 3. 6% and 4. 4%

x WS A #A:2016-09-01
ESWB - ERARF ST E (21176148); BEVT 4 BF JT 5 8 55 56 2 FHUT1F R B H (2010JS055) 5 74 4 i B £ 1 % 51 B
(NC1613(1))
EHE B ke 1962—) B PP B, 082 A B9 O 1) L K T v 4 F Bl Rl
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after seven days.
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DAY T 2 6] 437 BEL 2017 B 1k R AT 1 3R 4. Y U # it
BB BRERE T 1) 8 HL R T DA B 7S ) BHLAR A /DN
TR 5 3R, 3R ARG K. X P g a kR R
(14 S K93 5 K i W BB 22 1 & Fl K, 5 B0 Bl K
D R RS RN LG PR 43 BRI, St-HBS-AM &R
B L I DR A TR 0 T G 1) e Al 8 3 A X 8 v
K AT L - b W o O 2 T L B 22 ) S Kk 1A
i) 7K Hp S AR A 0 R R 1 .

—a— St-HBS-AM

«
s 900 —e— St-HBS-NaAA
&
E 850
B
=]
2 800t
>
k=
£ 7501
]
o
o
< 700}
650
1 1 1 1
16 20 24 28 32
Starch dosage/wt%

B 1 A RBE R R 6 R
2.1.2 PR Eb T K 0 S 3 RS BE 1) 52 i)

[ 5 JE By 1) o A BCh 25 %6, BRCAR BRLPR ) 5
L EL L 1 A ORI S 0. 400, MR Bl 64 %0 K
IR LU, B A& 2 Bos. N 2 o LU L
il B & L (HBS @ AM/NaAA) Hy 3+ 1 I, %
WAL B B 1G4 BRI B AL K RE I A 6 LAY B
JHER IR] Y P A 7 A ARG 45 1 SR L 91 25 5 T 4y F
G KL 3 T 43 RO 43 F 14 5 K SR I OF- i B (HLB)D
S WA JRE 7K R T P T i 2 e AR O TRD A R L AR
S v R el PR 1 P R L R SR A W R SR K R
B 7K S A 4 BB, A U Sk 1 A 3 [T £ B BB 3
BB 8 43 1030 - 5 JRER 18] 1) AH B A FH 5k B B 2
[P ) 22 1T W )22 o A O K B T Ak oy RN L A
T el B4 7 7K RS S 1l 40 1.

—a— St-HBS-AM
- —e— St-HBS-NaAA

o
a1
(=]

800

750

700

Apparent viscosity/(mPa-s)

650

1 1 1 1
2:1 311 4.1 5:1
Mass ratio of monomer

B2 ks (HBS @ AM/NaAA)
IKBE R L 0 ¥

2.2 H# e st R e

FH T WU 2 Ak 43 BOR) A8 B2 T R4 v
M2 E T, R R B R vk 0 2 AR . A HIH
(ILE AN e & 3 fros. 5/ 3 H,a fhi A1 b il
2 3 487 cm ' Ml 3 434 cm ' & OH 91 45 F
bt 3434 em SIS EH T OH
PRz 5 NH, 046 I 2 W W5 S = 28 19, 1
640 cm 'l 1 680 cm 'JERIEMMEE L C=0 1Y
AR HR B .2 922 cm ' AT 2 926 cm ™' S 3 HH 3 fif
AR WY, 1 595 cm ' 1 441 em” ' f1 1 610
em” '\ 1 447 em ™' Ab SR TF I B SR A 48 YR Bl IR 0g
1153 cm '.1030 cm "HA1 1024 ecm Y4350k S=
O B K2R R G % A 245 i 3l WA S e 35 B 790 A 7 iy
B HAR= 9.

a

Transmittance/ %

b~
=t
<t
—

[32]
[1s)
—
—

1680

o
—
=]
ki

11024

1 1 1 1 1
4500 4000 3500 3000 2500 2000 1500 1000 500
Wave number/cm™

a:St-HBS-NaAA;b:St-HBS-AM
B3 Remastarr

2.3 MEEEREESN

3 TR ) A% 0 e I 33 P An 1] 4 PR T b o3
FI B ik I B A — 2, IOFEF St-HBS-AM 43 #{7 i
iz 1 B4 Ha, () H A B R 6-5. 345, X L 4% i ) g f
FE AT R 2 J8 1 38 R 1) &R T IR R, Ho -0
6.152, H,-63. 483, H,-05. 710, H,-03. 862, H,-63.
324, H;-63. 766, H,-63. 545, Hs-04. 566, H,-06. 069,
H,,-03. 479, Hy,-05. 310, H,,-03. 848, H,;-04. 889,
H,,-03. 303, Hy5-03. 703, By ¥2 3 ) & 5L F H,s-0
6. 910, EH AR T Hy,-07. 614, H,4-07. 595, ik
B ERER TN Hyg-02. 083, Hyo-01. 544, B 23 #7 0]
ML & AT 5 BER YT R .
2.4 BN 5T R MR ST

SRER 4y T g 2 TR, 20 BOR B Ak
e 4N 3 P,

X2 SEHAMNENSFERESH

Ay B Mw Mn Mw/Mn
St-HBS-AM 10 217 6 106 1. 67
St-HBS-NaAA 8 589 5 630 1.53
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TRt A5 HRP 5 S BE A 1 BOK R 23 180 B9 & B 1R e + 89 -

8/ppm

H17
H18 Hle

5/ppm
(b)St-HBS-NaAA
A4 A Gz RIER
=3I SEFIRALERE
Eai kR R R

9 H (i
/% sy v sy PR
St-HBS-AM 32. 26 92.10 90 84.2 8
St-HBS-NaAA 30. 05 90. 05 86. 8 81.3 8

2.5 A 09 RAE T 5T

Ay BRI BRI n 18] 5 BT R, PR RSk
590 B EE 43 B2 92 “C AN 134 C LU Br R B &Y
Hh D g % ORI SN (1) SRR T 4R 43 At 10 96 1 2R
TR0k 172 °C A1 182 °C , b I 58 & Wy IF 1 4>
itk KRS 43 ORI A 0 A IR B #E 100 °C LAY, LA
A3 AT R R e A R ) AR M A T DA R T
2.6 AN E@MEKSD

i 5 AS () 9 52 11 3 IR0 ¥ 9, SR B DCA21 3
Tk A 43 1RV WA 25 °C B 2T 5K g
ZEEANE 6 Fran. 6 H] . R A R X AT
IR TH 7K 1, 7E — 2 30 [ P Bl 43 00 i 4
i, FE TR F RS RRAR 243k B — o Wk S, gk
FIARTEIE I, 200 TP, 24 40 18090 FH 2 A [T
St-HBS-AM # St HBS-NaAA [ K3 1 5% /1 5 Ky
.

130°C St-HBS-AM

TSe182°C — St-HBS-NaAA
1738

ow_ /]

BN
%

@]

Weight/ %

0 100 200 300 400 500 600
Temperature/°C

B5 auMgAEhiA

~
i
T

—e— St-HBS-NaAA
—a— St-HBS-AM

S N
T T

N N N N ~1 ~
= N =]
T T

Surface tension/ (mN-m'")
N
—r

=N}
=
T

a1
e
T

1 1 1
0.0 0.5 1.0 1.5 2.0

Dispersant concentration/ (g-L")
B 6 o RE Ak g6 Ha

2.7 AR E AR R R VLR 6 a

I 7 il 2% e B 64 00, Bl AR 3 ORI e B ] A K
SR AR BE & 7 iR, NIEL 7 v B L BEE
3 HICR S 10 185 2 UK 2 2 R AR S 380, >4 43 i)
AT oA 0. 4 %6 B o KRR IR ARG BE B AR, b B A
He Mk A B 43 BN B 1S 0, 8OR B 22 1Y 3 1
3 W AT AR A S T, 43 SR A B B H e G T
SRR ] % 3 P 4R S TR ESE W B BT 9B B K
ARG i 2 8] 57 BEL RS B Lk A 1 1A 5 2 W 3
IR ARG RE I RG> 38 B AR B S, 43 800 43
FHE A #7208 2 8] A7 BERON; A 5 4 A2 L 1t
Jei T30 R A L F A% 1 43 B 23 T8 L W B L A 5
IKEE RIS fe K AR S 3R 90 R 6 B2 i 15 K.
2.8 R E AF A UL 6 R R

[ 7 43 HOR) A9 5T 5 43 B0CH 0.4 %6, 1l 5 AN R) ik
FER KIS 25 R E 8 R, I 8 AT LA YL K
RSB 2 UL B Bt 25 R BE 1 15 DRI 4G . Y 7Kk
PR VA 5 3/ IN B SRR [ 422 fi 1) JL R B/ A 5 2R
R BEAR. 24 7K B 1) e B 3 K, B AN e A
A3 EIOR) 58 A AL 2 R[] 2l ABE SR 3G K, By K A A
5, 1) i, R T (4 i 2l B8 452 0 36, 8 U0KG R A
R AE Tl A, K B e KORS EE R BE M & 1 200
mpa * s, /3 W 235 SRR R S Pk AR R T B s
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Hi,LL 1200 mpa+s i EFR, NEIHTATLIE L St-
HBS-AM F1 St-HBS-NaAA 4857 B4 5 KR 3¢ ik
J 43509 66 %0 F 65 %.

—a— St-HBS-AM
I —e— St-HBS-NaAA

—_
o N o
=3 =3 =3
S =3 =3

Apparent viscosity/(mPa-s)

~
o
(=

1 L 1 L 1 L
0.3 0.4 0.5 0.6
Dispersant dosage/wt%

B 7 A R E AR R R 8RR

—a— St-HBS-AM
2500 —e— St-HBS-NaAA

N
[=1
(=1
=

1500

1000F

Apparent viscosity/(mPa-s)

w1
jl
[

63 o4 65 66 67
Coal water slurry concentration/ 9

B 8 AKME R R E AR LS ARk

2.9 KRBERGARTHRLIMN

TR A ) AR M R K B — A B R T R
b, B 5T IR 55 Uk 2R 5 5 Y Ry 2 8] ) o
Z L, R OK MRS B a2 R R e R e AR L 0 )
St-HBS-AM Fl St-HBS-NaAA 4385 4l £ 45 1 5
BIEH 0. 4% , W BE N 64 % IR K 43¢ , Lo 28 ih &
WE 9 Fras. iR 9 al F0, BRI AR A 2R 0UKS B 1Y
Bifi 25 B L) 38 3 10 38 Jon T R AR R TR B A AR

5.0

45} —a—St-HBS-AM
—e—St-HBS-NaAA

S A B g
g o v o U o
T T T T T

arent viscosity /(Pa-s)

App
-
=

o o
< »

1 1 1 1 1
20 40 60 80 100
Shear rate/s"

B9 RBERRTH

<

2.10 KB Zeta BAZ 7

3 I EC ] 50 mL A [k BE A9 43 BIOR) i WO A
HETE b L RIS AR EC 0. 2 g B A Hidr, 25 °C R AE
PEIR F4ES% 2 ho#'% 12 h J5 4 000 r/min F &0
O3 WV WO FL VKN A Zeta HLDE L, DN AE 3 K
B4 45 R an & 10 iR,

-10

—a— St-11BS-AM
-15¢ —e— St-HBS-NaAA

-20f

-25F

-30

Zeta potential /mv

=35}

-40

_45 1 1 1 1 1 1 1 1
-0.1 0.0 01 02 03 04 05 06 0.7 08

Dispersant concentration/ (g L")
B 10 %A A F KR Zeta B0 %R

A3 53 F 1 6 7K Sty 5 R A R S S K S B
FL A7 53 1] 7K L T BOBL R, - )2, 3R B A 0K [R] 7
LT 775 AT 36 31 43 B R RICR . L 1K
R T 25 B R v . B 10 T AL, 7E A BN
SRR R, Zeta FRAL(E N —12.5 mV, 3B
VO AT N N i o A o N 1 N T o R
3 b — /NS 4. B R 43 BIOR B A S 2 T Y
FL B 2, 2 5k B B — A S L R
S3HCR I 2243 09 43 HIOR) 3 - 23 0 B 3 T S 1) W
FRF 9 2 5 2% TRT ) 67 FRL 7 52 M 7K IR S 1) o g
TEG I AR R B9 2610 T - SEHBS-NaA A 43 1) 19
HL O fEAIE T St-HBS-AM 430 505 2 B R L H
Uik N B SR R A1 i
2,11 Bf A oM

K4 0.5 Y0 1 43 B 2 0 e, FH B A A
ASCR L Z% 43 W) A O 3 T A 42 ik o A8 Ak, I UK
XL E5 SR 11 fros. BB 11 AL, 5K L,
R 43 IR ) 42 flh R B4 200N, T 45 5 o A 3 T Al e
TN, U8 B A B 2 800 AT AR G 1 5 A
2.12  RBER AR ST

FERI I BE Ry 64 %0 A BRI R R 0. 8 %0 1 4%
PR K I Bk 7 R W B K R 2
W 12 s, NI 12 AT RLAE B L CE 24 h s,
PR K I 35 B 0 sk BT R 7 R S Bk
BB 3.6 % F 4. 4% , Uk BH T AR 4 R 0 L
A 5 )RR E 43 LR .
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ARFEIR, IR, HEK, KREE

(BRPERHE K2 b2 5 LB B0F MR A TR = SHORE S 900 =, BRI /g4 710021)

W OEDFTCRBAHMAAN AR TR RERAF R 474 & T 3 A KR AR KK
R @A A RS (R AR AR ETEMEIE, AL EHEFRIMREH SR
oA H A AT G LR TR R AR, R T VT LWRE A e R Hon, B
TR FR AT 5 h 1,55 69 3 ALK M R B SUIR P47 R B 6 AL, SR AR IR 3R 42,0
S, IKAEHAE] 50.1 Nem» g, &3 F ik 22 K, F oA VA 12 min A 2.

K P LB A EmEIR A ; KM R R B

RESES TSI27" .5 MHEkARAERRD: A

Preparation and application of sealed waterborne
polyurethane surface sizing agent

ZHAO Yan-na, liu Ya-jun, DU Jing-wu, ZHANG Yun-fei

(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: A kind of blocked waterborne polyurethane was prepared using methyl ethyl ke-
toxime as blocked reagent and 2, 2-Bis (hydroxymethyl) propionic acid as hydrophilic chain
extender. The structure of polyurethane was charactered by FT-IR. The FT-IR confirmed
that the —N=C=0 groups were blocked by methyl ethyl ketoxime. Moreover, the applied
properties of the paper were measured as follows when the dosage of the sizing agent was 1.
5% : paper tensile strength was 50.1 N ¢« m « g ', the sizing value of paper was 37.0 s and
folding endurance was 22 times.

Key words: Methyl ethyl ketoxime; surface sizing agent; waterborne polyurethane
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GP201211)
EH B RHE 1979 —) L, W B I B B0 L R ST 7 1)« 3 AR Ak 24 A s B
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7R 08 252 - 2 P 28 K P SR TR 20K i 5 TR 3 i R ) 7 5 B v © 93 -

0 3l

WK ER AT AL . TFh &R
SRR EE A, S 30 KM L R A 22, g A2 BB
il P R R e A A S T K
A AN 25 557K S A R OB S il AR B 7K A O F RS E
U e R AR S W] 5 A TR S AL W T S Bk
DA 137 % B8 10 T /K R T 2R R AR AR RIS I
YF LB A I T S R AR 3 AT AR R S SRR R Y
EF A SCBEETE T 0T A 1 0 A R Y .
VAR R BORT 43 R T3 288 2SR 2IS L N e L B R
65 s 1 o B TCHL IR 45, {H B AR S8 FH AR — ol
PR AR G S PRt R 33 e R vk T AR
K B RO T TR 0 IR B R — i 100
C~120 °C. Jf5 2 3 DA 0] A It 28 Ty 288 B © ) B G
KEBMMWBERE, LG8 7 2 8 fif
FHE T EL fi 2 S EURR R A AR s 1 S T
TG P AR AR08 0] DL % A b P R

AR SC LI 2 i A 5 P R A — o s A
149 7K P 5 TR LV K L0 P T 4 9k 1% 3 T b e
T Tt B BE T N A 145 B — N=C= 0 J:J 7] 5 4¢
EF LYk SN T B R R T AR 5K 1Y R T

ab
He.

i

1 FEEH

1.1 RHEME

(D) FZE kL H 28 Jl5 (MEKO) , 43 B4, |-
INFEEE AL TR A R w5 5 0 R B = 5 U2 i
(IPDD # H 4336 ; B & W IR (PCL, Mn=1 000) .4
AR (PTMG, Mn=2 000), # H 4332, 2
TEF IR (DMPA) , 8 4l T8 LI A AL 2E A
PR3 w5 N, N-Z H BRI Jiie (DMF) , 43 B 28, K
ML Ak T A R A E = 2 M (TEA), 481
af , R fb TAMRAE; AR T &8
(DBTDL) , 43 #1 &l , K BB} % BR AL 27 32 550 A7 BR 2
il

(2) F ZALAS . B D 4% Tt 47 B AL (DCP-
MITI135A &), P JI] K 7T 3 404 #% 5 J7 AE 3k 56 AL
(XWW-20B) , f# 5L i 21 4} S35 AL (VECTOR-22)
5 [ A 5 S8 W 5 B BT HLBE (G2F20) , 35 FET A
] T AR I E AL (JTC-1) , b 55 1] Hy TR A R
N B S O OE B 9TAY (Zetasizer Nano — ZS) ,
Malvern 2\ H].
1.2 HA A KR R B8 &

] HE 19 = BB P in A — %€ i PCL.IPDI,

AT — H BB T 38 .DMF . 7E 80 °C F R 2
h; il A — & & DMPA fil MEKO, 7£ 80 “C F J2 b
1.5 h i R L R A EE R B Y < L e TE
60 °C NI 0.5 hy M AZEIRK#E47 340 B4 30
min RIA5 35 P 0 K 1 B 2 R 4R 5K 2 T e e . 1 &
SN AN 1 s,

HC, CHs
rnnnsOH +
n HO m C

PCL. PTMG Nco
l PDI

NCO—~~~rnmn—NCO
OH

l HOH,C—C—CH; DMPA

COOH

Hs CH
NCO—CH,CCH, — CHyCCH, —NCO
LOOH . -OH  COooH
l I
H,
woﬁ E CHJC:CI;—N» w-cx-biib WL (
—N-0—C—N— o —N-C—O—N—
| I
- COOH
l TEA
oH s CH  HoO
j:N—o—c—N—CH,(‘JCHZ_~ —CHCCH, — I'\,,%,O,N;C
COOf-N{Czl’k); COOHNH(CoHs)3
|
3 P B K M 2R A B

A1 3 AR AR &R

1.3 R@kH T RAAFEAEN T

()RR AT T2 8 3 01 8 K 2R 2 3L
1.5 % OFfi i 40 850 H T 405K it i . >R L F TR A 7
2 T A5 1 R 0 S e T A B T R R G

(2) ZRAEPEREM AE - S50 2R JH Stockigt 25 (24K
BB DD R R AR S 33 1 0 A it e BE . SR R R I
PR BE AL, 2 B GB/T457-2008 Wl % . 76 J7 AE iR
ML L R A I ARFEAE R AR T B VIR 15 mm X 250
mm A RE BB 7 [0 4% 5 4%, FHAE I A BT ok 48 4.
1.4 PR A ke

(D LLAMETE - B P AL K M 5 20 21 40 S i
WK ATR-FT-IR J7 ¥k, B K P 2 (g 1 e
HET 8 T, 2 5% 500~4 500 em™ ' L0 4b
WS T | 300 2R A 1) 21 80 56 1% 3R T KBr I B

() FLWIE A K FLIR R B 2 0. 500 (it i 4%
O, MR G e (0 R0 B EE R N -, 38R T8
Je 0 5 37 S H R LR L TRORL T .

(3) FLWORLAR - 4 FL W 25 8 7 K % B L
1 100 B , M 2Lk A2

CA) F22 i A7 B0 000 2 - DTSR I 4904 B 3R 5 4> 40
mm X 10 mm M4E R, 8 @ 2 e 2038 /b /D
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2 Z£R5iTe

2.1 SRR A 89 45 A Fo bk b R AE
2.1.1  HPAKMRARLINEE

W] 2 Ry oK 3 P 3R TR 0 SR AR R 22 MEK O 1 4]
(9 3R 2R M 2L AN 1 M e 26 J b, i 4k a ok
HPAP TR, ML b 2% MEKO $f 1 52 & .

| — e —
. — \

1 1 1 1 1 1
3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™

a: REH BRI b: 4 MEKO ®f H 19 % & i
B 2 FREARAFe 5 KRR R ES 4 5) ki

KB B TR ARLL AN E A 1 iR a, B
HIHTH % PU BURAKRS 37 —N=C=0 5 PCL,
DMPA ' —OH J i A il 28 4 R BiF (— NHCOO
—) L TEMZ ah 1 725 cm VA R E W RS K C
= O W45 3h e U4, 3 330 em Iy N—H fif
FEPR WL, 2 270 em AN N=C=0 14
TEM e s fE 72, In A MEKO S 1.5 h J5 i 159 8
AWML AMER W E 1 i Ze b, if LR B b
12 270 e b — N=C= O 945 HE 0% Ui 16 3 2%
Wi B R AR iR A —N=C=0 5 MEKO JZJi.
2.1.2  EPAII KM IR ST 2R i R R0 LR R AR
FIE 5

Pl 3 O FH 2 v 7 B G0 W 4 K M 2R R 3R
T it 12 70 FLVR T 0 161 o L 4 S AR SOk AR 43 A
P NE 3 Ha U Y, P T K P 3 e 3L Rk
TIEA NS HUHE 56 B0 W 00 BROE 45 ki 22 ]
YER A TCAR S s N 4 AT LU L LI 3
KLA2h 64,3 nm, 55U R 5& A1 = 11 )5, 2L RORL AR
ja 72.5 nm, B3P FTRS A B, R B O FRUR

P B 234 5 K RN L A B R
%ﬂ(‘ﬁﬁcﬁi MG FEHAREN —N=C=0
15 Hb o BCFE SR R 1) 43 B g » FLIBORLAR 43 A AR
.

ETE L R
B3 KEREABILEZWG TEM B R

=

< g o o
C

average particle size:72.5nm | 50 2

T 3 100
E-III/H/I/l | average particle size:64.3nm 150 3
5 o
0 | I | w40

Particle size/nm

B4 KHEBRBILERWERSR

2.2 #KIRMERER T

2.2.1 MEKO F & Xt 485K Hi 5k 8 551 5% i

K 5 S MEKO F 8 % 48 7k H1 5K 15 50000 52 .
MIE 5 FTLLE 24 MEKO R 0. 8% DL T i,
B MEKO F & i3 K, 405K b ik 45 20 iR 48
K, Z i MEKO & i Kk 2 5 80905k 15 $onk
H TR X2 KA MEKO B S5 s —N=C
=O HF & A O, [R5 m 25 R A lR 1Y 5y
. MEKO HI & & /b, 5 502 R 2 15 A8 B4 &E
ML B MEKO F & /R W3 m ., 4y 786 i) 5
SR i e b A o 3 T T A R v O B A 3 i
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R T H AR /N, RO 7 2 PR RE AR, 25 1 TR,
MEKO F & N S B 5 19 0. 7 %.

52

40 1 1 1 1 1 1 1 1 1 1 1
0.0 0.1 0.2030.40506070809101.11.2
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B 5 MEKO A Zt#ikg e % h

2.2.2 MEKO F & 5 485K i 47 B 14 52 1R

K6 o MEKO FH 4%t 485K i 47 B 14 5% i 4%
sk (R TR T B B 1 R 40 4R 110 £ 4 1 K R LR EE
NN LR Yt Z (8] 1 45 5 T1 . 408 )RR £ i 40 4K
I, £F 4 22 [6] 4 255 A5 g b 4% 3k Tt 37 B 5 e k.
P U 24K 5t 2% T il G 790 76 98 A AR 2T 4 () B ) [ B, T
it B B IS 1) — N=C= O %[ 7 55 40 2T 4k 14 5%
Rk AT, RN T A4 Z RS54 1, Wi
YRR T BT BE B 2 MEKO 5 (0 388 i, i 47 B 14
finAH MEKO (%) JH 5 5 3% T it e 570 2L i % B
BEK—N=C=0 & &Aa X, HEd kK, S RA
Fi AH T 43 1 T [

28

26 - b
24+

22

if 47 /iR
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14
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B 6 MEKO A& 40K a7 B4 %0

2.2.3 MEKO JH & Fl 4L i ] X5 4% 5K i g 52 Y
A

7 A MEKO F & X 48 5K Jiti i B 59 52 i, &
8 Ay Bk [ % it e B A s . AATEL 711 8 AT LR
B MEKO FH & AS W 00 38 0, 48 5K ife i B 2

Je ETHE TR S MEKO Hl& R 0. 7% 1,
KM LA 42 s, X2 TR E MEKO &/
ANWTHE N A R v 3t DAY Y S G IRR TR R AT B 22 it
I fif b5 5 ARET 2 2 [P Ak 2 A AR K 2
ME LI % £ 2SR K PR SS  F B0 IR K 3 =
T A3 745 40 5 it Fsg 32 385 K. Rk~ Hsf ] 49 5 i % 406 7
Jit 6 ) S MR A, RS MEK O P 5 %502 g 19
fif R BE R 105 °C ~120 °C, T4t 1] i 4, ME-
KO A B il 5, it 58 7778 2F 4t 22 1] ke A 3 4k 2 38
WK )V T 2 P30 A= 7 280R E  i Ta) — i 4 ] A

12 min.
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2.2.4  ARIRIE Al AR S AT

& 9. & 10 A EHF MEKO Fi& 4 0.4% 1
0. 7 %6 1) 3R 22 i 2LV it e 455K . it T B [E] 12 min,
YRR XF 7K A 42 fik 71 P

1 9 & 10 Al UL, B E MEKO F & A3 i,
YLK X 7K 4% fil f 4 K, X R W] MEKO JHEA 2,
SR TR B A1 15 AN B A kst P Aok it e I A Y
SR TR AL A1 A PR it e 791 5 28 2 =2 [ 1 Ak 2 3 BBk
YRR 2/
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(DL AMNERES T 2 B MEKO X —N=C=0
FE AR B B EH B 5 R & FRFE 2 270 em ' A
N=C=O R 0 15 0415 2% .

() E I — N=C= O 3 I 15 it i 3 72 v i
B TGS E T R T UK T2k
A6 K it 2 EE L 43 MY 2 B MEKO F & 2k 34k & 1
0.7% AR B%CH 1. 5% 1) WPU FL il 17 %
T ot J2 o 20 30 it JBE BEE 3k 42 s, Brak e Bk #) 50. 1 N
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Direct hydroxylation of benzene to phenol on copper oxalate

WANG Wei-tao, SHI Lei-lei, MA Yang-min, REN Xi-ying

(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 ; Copper oxalate was prepared by the precipitation method with H,C, O, and CuSO,.
The prepared copper oxalate was characterized by XRD,SEM and XPS. It revealed that pre-
pared compound was the copper oxalate and was in the orthorhombic system. Its catalytic
performance was investigated by the reaction of direct hydroxylation of benzene to phenol.
The reaction conditions, which included the dosage of catalyst,the amount of H, O, ,the reac-
tion time, were optimized. Under the optimal condition, the yield of phenol was 13.1%.
Furthermore, the catalyst could be reused with the high recovery.

Key words: copper oxalate; benzene; phenol; hydroxylation
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BB 6. Makgwane 25 5 % T CuFe B ALY 1
31, BL H, O, S AR i A R B 42 S AL 1 4 8
T3 (8 I AR 8 B Al 23858 B 44 06, 2R By 19 3 £ 1 1K
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1.1 RAFAFMNE

(1) F#ERA . 58], K6 8RS, HO,
(30%0) s o, Riii R b2 A B A wl oK &
B, A3 BT 2, R T 2R X 4T AR )5 2R, L H
T, o A58V AH 0335 2, R T R R 2 3k 7 A PR
O] S b T FH K 3R 8 K.

(2) FEALLE . BS2202S LT KV (3 L F Hr Bl
AR AT A PR A 5 i B0 AL LR R
IXART) s DF-101S £ #2144 7 46 7 2% O
A IBRE T 82 A BRZS A 5 8 880 A 35 A (WAY -
EELC 3000-2 & %1, MB-C18 & i £, 250 mm X
4,60 mm).

1.2 FEBARAMEAN o H &
SR UCUE 2% i 4% 5 R 4 A b 7). HL Rk AR 4n
T 0 LK B R A A K R 1R B
WA K — BRI A oKL 15 BB B
SRIG KGR T B G248 3 in 2047 A B B FE A A
WL TR SRR SN — BER ] B A A T B i g L O
KR TEIK 2BV = DL 1 #E 100 °C T4 10
b, BIVAT 75 38 i i 4 Ak ).
1.3 FEAC ) E AL Fo 4 A0 P 42 ) 5K
(DFESFRAE R Ultima 1V X-51 28 83 R 437
SPEASCGT A i 1 ot A 2E B AT DU . LR 40 KV, H
T 40 mAL IR 1.6 kW, B4 DS.RS I SS 434l
N1 mm.0.15 mm A1 °, HFHHEEHN 8 °/min; K
FH Q45 BT 44 7 0 30 X R b 1 S A T
SELHLE 20 KV HLTE 15 mA 5 B2 o 1Y 45 4 fig
2R Z A X 5 4 d 7 AR S (XPS) i 17
SERY. AL Ko 38 4 U5, S8 6 R R0 B3 20 51 15
kV 1 8 mA,HZESE/PNT 2X107° Pa, 43 Hr o8
fefBe L R 50 eV ML KR 0.1 eV, Wik 5 3
K 0.2 nm/s, K EF N 2 mm X2 mm.
(2)H, O, ¥ BEDK . R FH w5 IR B1 L 45 Wh 2
FEE H,0, M E. H,0, MR O TR
HEATIE
C(H,0,)=
b A F AR A v B — o S A TR R vk
1 A S UG R
Al B I« R 42 A0 Ak ) 2% R 1 i 1
BT RRI T . % 1.0 mL A (11. 25 mmol) 1 3. 0
mL S A BB w7 B P R v A
A9 50 mL B, A 100 mg fEALF], 75 TR
£ 70 CH LB M A 5.0 mL H,O, , 18 i& 5 $F 2
N4 h, NS HRE B E 25 mL 2K I
P 25, 8 ik GC-MS i 22 0 7= 90, F v %0
FHETE AT 07 . 3 T ROR B 7 %
A O T Y SR
(IR GEN NI

X100 %

Y X 100%

2 HFR5iTE

2.1 XRD % #F

P 1 3R 2% 1Y) R Al 4 6 3R i XRD #1335
BT AT LA B, B s B AT 5 e, 20 #7530
22.76 °.36.08 °.46.54 ° .51, 54 °, X LL AT B g 5 )
07t B R AR SR 25 4 CuC, O, (JCPDS 21-0297)
(T S A AH W 53X 5 SR 21 T o] o 1) s 2 il 1Y)
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B/ 1 #4 & AT — ke ERM XRD B

Relative intensity

2.2 SEM & #f

Bl 2 Sk R M R K 5 000 £5 1) SEM HR
F. L 2 Ca) ] DL & B 3 i 4 118 5 1 40 A A i
KK NFEA I 5] R AR LLER /N S I FLAF A — 22 12
AT R4,

a s
-

(o) i J i — WY RE R B SEM
B2 Fm4Ae SEM B

2.3 FERARIEHEREAT R

VR A0 A A AR ) TR0 S A 1 6 R T AR
A B R B 5 e, I ok J A f P RE AT T 4R
2.3, 1 AR S X R 4 AR BN Y 5 i)

PR 1% FH = 52 ) 25 A A0 B0 19 PR RE . TE DR 47
B S ANAE |, 7 5% B IR ] A4 A7) P o 0 R R
A 28 2R T B NE PR 5% e, SRR A5 R R 1 PR, A
F 1R ATLLAE AR B 1 7 AR B A AL R 1 3
TR SE3E 5 T B S S AR R 100
mg B, 2R 77 5k B i KAE A 13, 1%, X &2 H
Tk Z MR T H O, 85, 7= it 5 i
« OH., fii 28 By i#F — 20 Ak, AT 3 BOR Wy 7 R %

IR S TR BH X — a5, 2 4% T R A A Ak R X
H. O, sy, Ha5 ] an sk 2 fros. N3k 2 7]
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K16, 8% s Rifi 5 Ak ) 1 A9 34, HL O, 1Y 5 fift 5%
T, X FE R fE AL HL O, B4

®1 EUFENEEESUIE

KB I N B9 5 Mg
S8 1 2 3 4 5
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Y/ % 7.5 8.3 13.1 6.9 5.1

FI & 1.0 mL %, 3.0 mL ZJ%,5.0 mL 30% % H20,
70 °C, W 4 h.

®2 ELFIX H,O, DEHFNKR

S8 PR 1/ mg C(H,02)/ %
1 0 16. 8
2 75 35.6
3 100 50. 8
4 125 65. 1

SE & F:3.0 mL ZJ,5.0 mL 30% 9 Hy 02,70 °C, I
0.5 h.

2.3.2  H, Oy I Xd A4 B2 48 Ak 5 1Y 52 )

H, O, 1B R &AL, 2 52 i 2 B B2 S Ak R 1Y
—AEERE. WA H,0, A9 H &, 5 R 2
AR N2 Rk 3 Uros. A& H. O,
FHE BB I, 2R 7 R B BA4 ;2 H O, M &
#Hat 5.0 mL (48, 97 mmol) B, K @y 7= R A I T
B X AT B 1 Tad 209 H, O, F a0l 2 w1 —
AL, TR ORI B 7 R Y HL O, 5%
PIRFRLE S 5 ¢ 1 B, 2R By Ay 7~ %2 13, 1%, #ig
AR . 1 mol 241 1 mol H, O, 15158
SR AFESZE T H, O, MR SRR EE 5
s, EE R 4,35+ 1,8 R T BRI 1 ¢
1,3 g i F7E O 2 v H, O, & S AT 3k A 11 43
i AR RN TPl Y HL O, 1R £

£3 HO BENXHEESLHE

X IR R B 5 T
SIS 1 2 3 4 5
H:02/mL 3.0 4.0 5.0 6.0 7.0
Y/% 8.4 10. 1 13.1 11.5 9.1

SRS 1.0 mL %, 3.0 mL 2 .100 mg B R4, 70 C.,
KR 4 h.

2.3.3  JOE R i) X 4 AR S I Y B
TR A o WA AL R T — A SR
DR IKE IS O ) Xof 2% . 42 41 S I A B 22 119 5 )
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IO Bt I ) ) A8 AR 0 2 4 BT 7. Bl S I T S
BN iaib e YR T Y s 2 I NN LTI N R
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Evaluation study on value ranking of oil and gas

reserves based on cost differential
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Abstract: Oil and gas reserves is one of the most important assets of oil and gas companies.
Rational assessment of reserves value is both conducive to scientific developing and invest-
ment portfolio. Consequently, a comprehensive evaluation system and standards for value
classification of oil and gas reserves should be established. Scientifically evaluating the oil and
gas reserves value is to classify the oil and gas reserves value. Due to various influences by

geology,geographical location, transportation and reservoir development,reserve of resources
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may gain differential cost. In the light of the theory of cost differential and the characteristic
of the exploration and development of the oil and gas resources,reserves value evaluation in-
dicators have been selected and the sample set has also been established. The eigenvalue of
reserves 21 value indicators has been quantified by applying multiple regression and delphi
method and then 5 main types of cost differential which include external cost differential,
transportation cost differential, investment cost differential, exploitation cost differential
and production cost differential have been determined by applying principal component analy-
sis. Consequently, not only the relationship between different kinds of cost differential and
value indicators, but also the assessment models of oil and gas reserves value has been estab-
lished. On basis of that, influence weight of total 21 indicators and value ranking of reserves
can be derived,which will provide favorable support for scientific and reasonable value evalu-
ation of oil and gas reserves.

Key words: oil and gas reserves; value classification; cost differential; assessment system;
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Study on calculation method of irreducible water saturation in
tight sandstone gas reservoirs based on fractal theory

LIU Guang-feng, WANG Wen-ju, ZHANG Hong-ling, PAN Shao-jie,
BAT Yao-xing, WANG Meng

(MOE Key Laboratory of Petroleum Engineering, China University of Petroleum (Beijing), Beijing 102249,
China)

Abstract: The theoretical calculation method of irreducible water saturation of tight sandstone
gas reservoir is established by using fractal theory. According to the capillary bundle model
based on fractal characteristics of capillary size distribution and tortuosity and considering the
existence form of two kinds of irreducible water in capillary and film, the irreducible water
saturation calculation model is established with the consideration of the pore distribution,
temperature and driving pressure conditions. Compared with NMR method, the calculation
method is credible. It can be used to calculate irreducible water saturation of different cores
under different temperature and pressure difference. The results of sensitivity analysis show
that the higher the temperature, the larger the pressure difference,the lower the irreducible
water saturation is. Under the same driving pressure condition, the irreducible water satura-
tion at high temperature can be reduced by up to 15. 3% compared with that at normal tem-

perature. Under the same temperature condition, the driving pressure increases 1 MPa, and
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the irreducible water saturation can be reduced by up to 14.1%.

Key words: tight sandstone; irreducible water saturation; fractal theory; calculation model;

nuclear magnetic resonance
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Study on streamline distribution of CO,

injection-production well pattern

LV Yu-li', LIAO Xin-wei*, LI Meng-meng’

(1. The 2™ Oil Production Plant, SINOPEC Northwest Oil Field Company, Luntai 841604, China; 2. College
of Petroleum Engineering, China University of Petroleum (Beijing) , Beijing 102249, China)

Abstract: CO, flooding technology can effectively solve the water injection problems in water
flooding and enhance oil recovery. Solving the CO, injection compositional model by stream-
line method can overcome the problems of poor computational efficiency and numerical dis-
persion by conventional finite-difference method. The theoretical model of CO, flooding at
different reservoir and well pattern conditions were established based on streamline method
and the streamline distribution was analyzed. Through instance analysis, the streamline dis-
tribution at different production stages was analyzed as well. The results indicate that the
streamline distribution map can quantitatively describe the fluid flowing behavior among the
injection and production wells. The streamline denser region is distributed near the connect-
ing line between the injection and production wells, which indicates high flow capacity and
displacement efficiency. The streamline is sparsely distributed on the pressure equipotential

surface of the production wells or the region far from the injection and production wells,

x WA B HI:2016-11-30
EETR EXK 973 R H (2011CB707302) ;5 EFFHL H KL W H (20112X05009)
EZ B 8 E (1985 —) &, INAHES A, TR, A1 B 55 O 1) i S %



%13

F R AE - CO, BRI W i 2 0 A AL B 5 « 115 -

which demonstrates a great deal of remaining oil. The streamline distribution can provide

beneficial basis for well pattern adjustment in later stage of oil exploitation.

Key words: CO, flooding; streamline method; injection-production well pattern; streamline

distribution; instance analysis

0 3

TR BUE AL EOR BAT ) I By 5, E R
PRUTE T 4> 5 T = — 2 X0 T~ R RUASE 1) S 4549 S5 it i
W R R UL R G PR T AR B A R 22 4 T
E TR DL ARSI B A
TRAT I A AT I ] A4 A5 (R 2R BE EDUL Y AR 9K i
S TR R AL B SR Al b R O 2 0y vk e
I RAE T RIS SRR,

Mathews 250 2E 1989 4E W FH Uit 28 J7 1 B )
T2 AL B T AR AR AT B L
78 23 B G ) 28 AH IR0 E— B R SR i 4
BE #9575, Datta-Gupta 27 78 1995 4F 2 H T A5 48
AE X S5t i BT A R Bl B 2 AR AT kL S AR e
A PR 2253 7 R4S B 3 A8 IS 78 3R 37 1 ik il
R AT R M. Crane %7 £ 2000 4F # 57
TAREN AR, i T KRR L B LOIE S
T e A R 22 53 07 1 64T HO B 98 I Ze B 28 g P
B AR B Jessen &N HE 2004 AEHESE T H R E
T S AEH AR, 2 A TR H AR, 4
S9N ) 2R A A R T R R AT K L Os-
ako JEUHE 2007 AR HEST T 2 BE LM R I B 4
I3 TRAAE AL, 5] AR B (4 A A 0 A5 AL A7
SRA#. 2010 4F , Sayyafzadeh ZE017 [ i £k 75 BF ok
A JCUAE AR 4 B R i U A4 O3 A ML A 4R
HR O I 2 B O e R AR R R R . 2011 4F
Kang %51 3 it W 58 SO A 7™ XA 00 28 43 71 X
KR PG SR OB IR 1 6L B AT T k.

B P N O 2k iR AT CO, 3KER (B A UL 9 4 5%
AL AL BB IR P A A R T T R
RSN o T B — 20 TR R 5. A SCHE T A WF
SRR b N I ik X ST R CO, SR 4 $
BRI HEAT RS, IE 50 7 1 A R A 2 LA R I 9 KA
[F) A= 7 I ) 25 1 8 S T3 2 0 A B g il FEE T
T AR 7 O R A RIS AR

ill}

1 CO, WimIEig&E

T ST SR TR AR AN [F] 9 R AN [ 2 i e
JEE H) . J2= R A 0 A R o i B T M B A AR 2 R
P2 2% AR B A R T OB R, 4T CO, BRI

2R 15 A A B R BUE R DL, T P B AR S — A A%
RGN W 11 A M I m 11 A RS CHE 11 X
T 4P A, o J7 [ R y ) (38 1 R
92 mD,FLBRE N 0. 2, JR IR HZ R J1 2 20 MPa,
JE I A A A S 0.5, KA N 0. 42, &K
TOAEE Ry 0. 08. 2 Fl y J5 1] 1 A& K B R 50 m, =
J7 T B RS K BE R 2 . il )2 SRR 8 R B B di WL 3R
1M 2 PR,

x1 GHKEBEE

ETRE Sw Ko K.
1 0. 440 0. 000 1. 000
2 0. 470 0.006 0. 820
3 0.500 0.012 0.658
4 0.530 0.024 0.474
5 0. 560 0.043 0. 326
6 0.590 0.065 0.211
7 0. 600 0.071 0.166
8 0. 620 0.086 0.126
9 0. 635 0.095 0.095
10 0.650 0.108 0.068
11 0. 665 0.118 0. 047
12 0. 680 0.127 0.032
13 0. 695 0.138 0. 020
14 0.710 0.149 0.015
15 0.725 0. 160 0. 005
16 0. 740 0. 167 0. 000

&2 OHRBESHE

o) S, K., K.
1 0. 000 0. 000 1. 000
2 0.028 0.003 0.903
3 0.056 0.010 0. 810
1 0.084 0.023 0.723
5 0.112 0. 040 0. 640
6 0. 140 0.063 0.563
7 0.168 0.090 0. 490
8 0.196 0.123 0.423
9 0.224 0.160 0. 360
10 0.252 0.203 0. 303
11 0. 280 0. 250 0. 250
12 0. 308 0. 303 0. 203
13 0.336 0. 360 0.160
14 0.364 0.423 0.123
15 0.392 0. 490 0. 090
16 0.420 0.563 0.063
17 0. 448 0. 640 0. 040
18 0.476 0.723 0.023
19 0. 504 0. 810 0.010
20 0.532 0.903 0.003
21 0. 560 1. 000 0. 000




- 116 - ReHAALESB

FRAE T 7K | A A A B B L SR A Stone =
AEABE IR S0 T = A A 2R 8 3 A AR X B 8 R
H— b M BT 2R m N .

S. — S

Swz :m (1)
/\EF‘ 9 S':u 2 S,m ’H
S, — S,
S.. =1-5.—35, (2
H, s, =s, . H
_ Se —1_-5 _
Se=1—g =g 1 Sa—S. @
WA A
2 =S.,.B.04 D
R o
ke /R R / R e
:H: , = row rocw ,B, = g ToCW i —_— w 5]
AT B =g B =g ke = (SO T

I K WA B b TP A5 2k, = £(S,) AT AEAE R
SR B S AR S 3RS E ke
g s, ~o0 B ke SETEMANE S F B30 A AR XS B
B,

s Se, R = AR FR o E — b K R
S. RE KWL ; So R A KN 5 S, F kA
TR 3 S, o = AHIR & 3 — Ak & I it A EE 5 S,
R B 5 S, R = A AR R H — Ak S S AR
BE:S, A& SR s b HOKAHFAR B % % 5k, J
TAHAH X8 35 25 &, N SAHM X8 35 %5 £, N T
KT AR T K AR AH X8 3 5 b, SR ISP AR SO
FAXT 5 7 .

=k ‘su.:sf, -
3

2 EFRAMBRESHBAERAR

2.1 HRHEFRAEZSH

34 IO b 2 AR R v i R B AR LR
2 DL S U AT I L i CO. BR2H 40 B0l
LB S, IF AR 18 90 47 1) 5 B A= 7 i) B2 205 45 0
2o 17 S B v 7 N i 8 % 3 B < S e s 5
.

(1) A5 T B 3 SR i 2k 43 A1 R A

TEZIE M & B0 R ROE, 2 A £
e R R AR A IR A
JEUI (5 MPa) 4 7 JES I N ETE AR (12 t/d),
TSN 100 4.

1Ca) 7R AR 77 I I % e g A [ B 9 6 43 A
FROE. N 1O AT LA Y, A 1/4 KB 24 i
HOXTHR  BEA BRI LR S0 25 4%, TR A A % 4k
) DX 38l A 3 AR A 77 O 2 2R i, BP e
). T E A5 A 72 I 22 (] B e ) 45 4 b R 4k o0 A 7

COMRIERE W E 20 (b) AR IR RGO 4%
Bl REAFHTHRAZSHE

B » Tt B 9 448 0 DX S AU A DN 5 IR i KR

NG T 2 T U R A . AR AL R e, Y R

JE B I 53 A5 AN ORI 3 2 43 A AN 23 R A WY T AR

b, B, 98/ T B R B AR, A T B

a].

HY A 1 AR 7 S 0 I O T 4 i) 4% 1 40 2 A
RIS BT LA 4 A X301 3 48 0 A 2 58 4 X Bk i
TSR B AR P RS U 43 3% R 3 MPa. 8
MPa,10 MPa.8 MPa, 15 F| #7 (1 i £ 70 A6 a0 & 1
(b) 7, Bl 1(b) 7R 2B 77 31 I I R 1 AS A8 [ B 17
TR A FRAE. B A A 1/ 4 DXl L 43 A 1
ORI A) 3 0 A T B A 2R PR AN TR
H R 45 T 2R AR AR 3R — S AH A 19 U it T AR 4R
2 A Rl T A 3 3% XU e A KN, T R A ]
B SR T 2 A B0k R 1 A B B AR TR R 32
BB FEE 1) H AR T A= P1 Y
TN 41 5 WAL P2 IR 7 4. A
A7EIE PSR N 5 4L A AT P4 iR £k

#5498 MPa, JIF LA A P2 Hl P4 14 i 48 4% Bt AH
S5 IXRE SRR W b A B T A IR AR I Y sk
SE LA HTAE PR I Y A2 A0 . Gl 5 5 R 1 () Ykt
Fb 0 B A= 7 R Y 0 2 5 1R B S R A AR
b, BT LA S 22 A 7 o] 3 72 A B T R 2k

(2) -t BTEFE W T R i 2k o0 A R

LS R 43 R T L ASURI B L A RO A
EEAHFR P SEE | g s b EA
IE ] — o A 72 O A 7 R 4 Dy ORI
T (10 MPa) , & H IR 8 A i (2t/ D).
TER B IE M A &A E ORI, koS b o A
FEIE R — Ry A A A R IR S R
FE SR (3 MPa) , I A AR (12 t/d).
TR AR I B R AT IT IR 36 2R B AR 7 IR 25 0.

Kl 2() FamIE-E I oA, HE 2
A LU IE - SO A R R O B 2% L T2k
S5 AR B 3 5 R R e S I X8 1 B O X R IR K
SR TR A AR R BE /N, TRVRE L A 45 T A IR 4%



1M BRI CO, 9K R I W 3 £ 437 R AL 9% ¢ 117 -

(IEESBRAME (b J-b A5 i F
B2 LEEFMAZSAHA

P PR B T SRR AR TR AR A

FEERR. K 2(b) Fom I L S H M4 . i &

2(b) AT LU 5 0 4R %5 4 1 X B 7 2B 7= IR A A

HHEL b A B P I R LT

U B R AR ) o o R A

(3) JURLIEFE W A 3 R I £k o0 A R A

PLH FH Y R 8535 9 WA ) s 76 L A 5
oA UL R R N E S A e —
R A AT IR A S JE IR R (2
MPa) , & HIES I N ET AR (12 t/d).

3 TSI . K 3 W LB
AR ROIUAEFE R, AL Tl i S
e B I A AR PR IR T DA SO IR AT & B
SEF) KT BT E RO A A A B R A
I LA T4 . [RIRE L 78 45 A 7= 1 R A a1
UL 2 A% BUOMG B T N AR B R T A 8 4% il 4
K.

A3 RAULIFMAEZY>HA

2.2 EHRBEFMNALESHF

Ak 249 5t 14 — M 43 oA V- TR 249 5k A 1 R 2
oM. SV TR 3 BT M 3 R A7 DR RN R 1 Y
P, AR BB A R | % Sk B 0E R LB
R TR AT I YO e o T P 9 =/ D |
83 D7y e SR 1 R e L TETIE | BB D N T SR 8
75 R 1) T ThT R X5 53 M X IR 4 A B s L 43 0l e ST

x 7B EARAE R B y T 0135 5 AR AR B B b
JRARAY , DL R IR A Sy EAR IR, 45 5 I 9
B I 5% 1F S BF 9T T R 49 5 X I 3 4R A
A 19 5

P 4 Ca) Fan i« Bl 1) A I 389 0 i )2 1) 9 2k
O3 B A(h) KRy Bl 5 1) 9 AR X A2 A R
L. N T AR x 5 )8 0% R AR 3 T X i 2k
Gy A B L SER T A AR BRAE v T RIBE R Ky
H 2 mD. fEHLZ T, 2 7 B R Ka 4 Ak 3
iR, BB 4Ca) a] LA H 78 A5 70 A 20 ) X 3 30 2k
AR UL B K I B X SR 2k A A 4
T LA S AR 7= I Al o O 1) b A 3 2R Ak B0 i K
Ty J5i EARAR AR B 2 AR EERT y
J7 1] b Y e

(e ARSI (b)y Jr B AR R )2
B4 AR R EFRR LS A
R3 x TEEBER(Kx)HT

x fl P AR v Bl A BB /mD
1-6 6
1-11 2
7-11 2

B AEH 2 T AT AR BTE o Oy 1) 3B i R AR
2mD,fE y i ERBER Ky MmNk 4 P,
H & ACh) AT DU Y, 76 B AL A T O IX 8k 0 2k 4 %
L UL T O K 0B B R K A A IR A& . T
BE AR A = JE Ay O ] b IR AR B R
T i F TR SR y F R EERT 2
7 1) b 1

R4 yHEBER(Ky) DT

Tl P A% il A a5 BIER/mD
1-6 2
1-11 2
7-11 6

3 HRESEH AT

3.1 R

F 5T DX R — A W BV 0 7 1 2 A0 25 T
W5 DX HAE TF R AT — YR B Bt . R F 5% X B
R4 KBS T 1 A 3R G5, 25 T AT
SOKEMEE W1LW2 . W3 =13, Hd Wik
WA, W2, W3 A 7= 0t B A S4B T 3R B2



.« 118 - ReHAALESB

%35 &

S0 B IR R BELRUR [] R 200 K. I E R N
6.1 m, 2 REA N 4.35X10 " MPa '. 1
2831.6 mSEWET WG S MR M2 R 0.5,
WA & KA FN BT 245 0. 42, W) B A M R0 B 2 Ry
0. 08, JRUf M2 K J1 2 48. 3 MPa. 345 8 fLER
FEN 0,22, B35 % K 25 mD. M2 S5 0 R 45
ZEN 7.25X10 " MPa ', K 48 R ¥R 4. 35
X 10" MPa . /K FUH A AE X2 35 il 2 an & 6
Jis.

Ve [
3@ [

W20

A5 R Mm% o B

~W—-Krw —#—Krow

Ca) iR AR & 1 22
1.2
Krg —@—Krog
1
0.8
ol
)
A 0.6
&
S
0.4
0.2
0
0 0.2 0.4 0.6 0.8
Sg
(b) i B 2k

B 6 K.k AmEEL
3.2 REEHAAEMLE RSN
B 72450 T WILW2, W3 = [ 4 B 75 #5540
1] R 10 K .100 KA1 200 KAy 9 37 2k 4 1 .
BRADLRS 8] 2 10 KA, 78 7 A W& [F i 26 4
PR A I T N AR i B3 TR A/ S A RR T3
AT T Bl DX 3 SR R ) T e 7 A R T R

JEE B AR TR B A 0 IR Bl OB U S AL B TR Dy
100 Kif, NE 7 ATLUE ik B &3] i8 W3 I,
W1 5 W2 I 2 18] i 9 26 248 B i, BB i i B2 &8
W/ EAS WL B JER B W2 IE32800, 28 W2
F1 W3 I [F] B 32 250, B W2 I B BTk B 2 e W3
FEE R AL ] S 200 K, W4 40 A I 1 e =2
B AFLFE JiL 22 0 A R 30 9 4 A s i 7 25 T
ZIH] A% 4R R o AT A BIVAE I I i 2 B
TEA IR SO B

Ar=10d

Ar=100d

B7 FARALZY>HE
TERE TR0 39 5 it 2 73 A 0 ) 2 B 2 7 I [ 7
IR S B: NI 4o N e e e - S B R R 7
YR = W NI R ) | 2 o T o e
E.HERBIRER S ZE, WA T 4750 %5
B o B ACAE F B s [] 25 AT 5 2 0 K, AN 5 me i 5 Y
i BE.

4 g

(1) R UL R S CO, B A 7 B (E L
BYFEATOR A A3 B T AR AR )R 260 B 9 2 2y
A WL B 4 2% TR AR — A A5 A9 O 4 I
24 i 2 e B QR 2 IX IO 3 19 DR /N, TR e R L
WL 3L 2 A 18] i] LA RE 2 09 48 T SR 1) 1) 3 30

() )R 251 o U 2k o0 A 8 2 1 DX 3CH
TEATERIAR ™ 1 38 2 B 3T o B 2 38 4R 07 10 . 1l A
A 7 I 22 1] B g 45 T 3L 4 0 A g TR AR
AR AR B X T AR R B )= 8 8 RO X,
Tk o A B A AR AT AR T IR I L B E AR T
I 30 4 3 A AR 7 e

(33 3 b 5 il 8 DX e A A 52 91 5 20 A L 19
B2 X P A [a] I [0 B 19 3 2k o3 A e 807 91401
20 A VU P 2 120 4 R 2 A o AN AR I R
G AT B 23R BN R E . I TG R R) 25, DL 3%



%13

TR A5 - CO, 9K R FH- W 3 28 20 A B0 R 1 5T 119 -

(AU

(AN/Si V1§73 2

2% Uk

[1] Peddibhotal S. A. ,Datta Gupta A. , Wu C. H. Rapid simu-
lation of multiphase flow through fine-scale geostatistical
realizations using a new 3D streamline model: a field ex-
ample[C]//Spe Technical Conference &. Exhibition. San
Antonio, Texas: Society of Petroleum Engineers, 1996
195-218.

[2] Yann Gautier, Martin J. B. , Michael A. C. Nested gridding and
streamline-based simulation for fast reservoir performance
prediction[ J ]. Computational Geosciences, 1999, 3 (3): 295-
320.

[3] Thiele M R, Batycky R P,Blunt M J. A streamline-based
3D field-scale compositional reservoir simulator[ C]//Spe
Technical Conference & Exhibition. San Antonio, Texas:
Society of Petroleum Engineers,1997.:471-482.

[4

[

Grinestaff G. H. Waterflood pattern allocations: Quantif-

ying the injector to producer relationship with streamline

simulation[ C]//Spe Technical Conference &. Exhibition.

Anchorage, Alaska: Society of Petroleum Engineers,

1999.1-5.

[5] Jessen K. ,Orr Jr. F. M. Compositional streamline simula-
tion[ C]//Spe Technical Conference &. Exhibition. San
Antonio, Texas: Society of Petroleum Engineers,2002; 1-
11.

[6] Mathews J. L. , Emanuel A. S., Edwards K. A. , et al.
Fractal methods improve mitsue miscible predictions[ J].
Journal of Petroleum Technology, 1989,41(11):1 136-
1 142.

[7] Datta Gupta A. ,King M. J. A semianalytic approach to

RO
=% 109 )

L1570 . i <6 & 0 8 4 00 4 BF 5 [ 0. B 37 5T
2000,18(3) :43.

[16] R. Dhir,R. R. Dern Jr. , M. J, et al. Mavor economic and
reserve evaluation of coalbed methane reservoirs[ ] ].
Journal of Petroleum Technology,1991,12(43) :78-81.

[17] Ross Stephen A. Uses abuses and alternatives to the net-
present value rule[ J]. Financial Management, 1995, 24
(3):96-102.

[18] 81 g, XK % , A3k 2 . KAR AUk 09 0 1 40 20 RN i
TSR LT ], PR 23 CH AR BRA D 2 2005,35(4)

A LA LA LAt LAt LAt Lal Lal ol tal YalPal Lalt Lal al Lol Lol Yol Yal Lal Lal Lalt alt Lal Lol fal ¥al

tracer flow modeling in heterogeneous permeable media
[J]. International Journal of Multiphase Flow, 1995, 18
(1):9-24.

[8] Crane M. ,Bratvedt F. ,Bratvedt K. ,et al. A fully compo-
sitional streamline simulator[ J]. Philosophical Transac-
tions of the Royal Society of London,2000,368(1 631):
133-138.

[9] Jessen K. ,Orr Jr. F. M. Gravity segregation and composi-
tional streamline simulation[ C]//Spe/Doe Symposium on
Improved Oil Recovery. Tulsa, Oklahoma: Society of Pe-
troleum Engineers,2004:1-14.

[10] Osako 1., Datta Gupta A. A compositional streamline
formulation with compressibility effects[ C]//Spe Res-
ervoir Simulation Symposium. Houston, Texas: Society
of Petroleum Engineers,2007:1-18.

[11] Sayyafzadeh M. , Pourafshary P. , Rashidi F. Increasing
ultimate oil recovery by infill drilling and converting
weak production wells to injection wells using streamline
simulation [ C ]//International Oil and Gas Conference
and Exhibition. Beijing: Society of Petroleum Engineers.,
2010:1-7.

[12] Kang S. ,Datta Gupta A. ,Lee J. Impact of natural frac-
tures in drainage volume calculations and optimal well
placement in tight gas reservoirs[J]. Journal of Petrole-
um Science & Engineering,2013,109(9) :206-216.

[13] =35, MUS 4L LA 5 . 5. —4EIR AR ORI — g A5 70 17
BAGBLT ). o FE B R 2 27441, 2002, 32(6) , 666-671.

(141 #. —FIEFRLEITER CO IRAHIKEA AT ].
7 5 912 ,2004,25(6) £ 635-642.

(1571 3R4RT, EWEAR ¥ B AL 45, CO. TR AR B8 T0 5 I 9 3 4k
BT AR b A i R 241 2012, 36 (5) : 88-93.

[RERE - HILRFE]

LalEallallal allaltaltalallalfallallaltaltalvaly

479-483.
(197 ZE[a)i%. S s T D7 5 [MOL JEs0. A0l Toll A
1989:32-45.

[20] % & . EALHE. 5T Bayes 3825 H 53 A7 0 <Ok A0
{HAF (], AR 230 5 4 BATSE . 2011,10:11-14,

[21] Dennis Denney Mavor. Improving reserves systems with
continual reserves management[ ] |. Journal of Petroleum

Technology,2010,62(12) :68-69.

[=EHE:F ]



ReaBBEIE SR Vol. 35 No. 1

Journal of Shaanxi University of Science & Technology Feb. 2017

BI5E LY
2017 4E 2 A

*

X EHS:1000-5811(2017)01-0120-04

KEBUFERSMEMNRENLEERR

'%27‘&49 ?%i, E&ﬁﬁ*%ﬁ_9 j}‘ }6]_7 ‘;"EI;J ﬁ

(BRPE R R e 50 LB B0F s A LB SRS A 50 =, BRpY 79% 710021

W OEATHRAKEFT S BFE G ILAMESYGITASTRAL T RSLEDGRANT
LR 96 SLAR =2 B sk AT AP A B KL A RN R R E (MIO) F R Ao Hes i
#3255 ;@4 DPPH a2 A b A A R F A F origin 70 A AR A & i L X Lo 0
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Antibacterial and antioxidant activity of the chemical
compositions of Polygonum hydropiper L.

MA Yang-min, LI Meng-yun, GUO Lin-xin, QIAO Ke , FAN Chao

(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: To study on the antibacterial activity of the 11 compounds isolated from Polygo-
num hydropiper L. and some compounds’ antioxidant activity was measured by microdilu-
tion method on 96-well plates. The minimum inhibiting concentration (MIC) was used for e-
valuating the degree of antibacterial ability of each compound. The antioxidant capacity was
measured by the DPPH radical-scavenging rate. The curves were plotted and the IC;, of com-
pounds was determined by using origin 70 software, with IC;, expressing antioxidant capacity
of different compounds. The results showed that the 11 compounds from Polygonum hy-
dropiper L.. manifested different degree of antibacterial activity,and the flavonoids had good
antibacterial effect,quercetin showed the best activity to restrain the growth of the Sraphy-
lococcus aureus with MIC value of 31. 3 pg » mL™'. The compounds detected showed good

antioxidant activity,and the antioxidant effect of quercetin, gallic acid and ellagic acid are
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better than vitamin C. Results indicate that these compounds isolated from Polygonum hy-

dropiper 1. have good antibacterial and antioxidant activity. The different activity of fla-

vonoids is because of their different structures. The more enol structure in the flavonoids, the

stronger antioxidant capacity it has.

Key words: Polygonum hydropiper L. ; chemical compounds; antibacterial activity; antioxi-

dant activity; QSAR
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AMEE A 92,0 g, TR CTR I 81,8 g, IE
TEERER) 59. 9 g, ABUR KRR 284.0 . A
T L IR £ TR S IE T A ) 3 i e AT €5
)5 A B A 5] 6 A 414 (Fr. A1~ A6) . LR
CTEAIFEE] 8 AN (Fr. B1~B8) , 1E T B 4145 5
7T A5y (Fr. Cl~C7). B4 2 WK iR FE 2 AT . Bt
WA )2 BT V25 S T BON Fro A4 Rl Fr. A5 sy
B E B S 1 Fiik AW 2;Fr. BL~B5
oy i b 3L &4 3~9;Fr. C3 Fl Fr. C4 5
A EEREEY 10 MifbE& Y 11, @3 NMR,
MS Z 1% T Boxt DL B AL G kAT 450 508 5 L K
WHE N B4 8B (1) Janiba dimer A(2)  BEIIR
(3) Mt F () BTGB EHE N 6) Mt
F-3-O-p-D-HHETE (7) M R-3-O-p-2F FLUHETF
(&) I 2 W-3-O-p-F F A H (9 & LR (10) ¥
FERR (1), Horp b &9 2.9.10 Fl 11 N IR AIKZE
o B A 3.

1.2.2 7R i pE ik

IR (87, JH DMSO 43 51 v i 75 Wl Ak &
W MU BE T B A 1 000 peg » mL Y IE IRL
H4 4 R B MR SR SR ER i AR 96 FLAR AT 1Y
M1 % 11 fLp 490 100 kL. 15545 1 FLdh A 100
p L REINRE 5 TR A 320 S5 T 100 2L i A ]
55 2 ALrb, FENEE AL E 100 pL AR 3 fL
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%35 &

TR G A s S B 25 10 L, A5 10 4L
R E 100 pL FE25. 585 11 FLAER 12 FLA BIE N
KR 2 DMSO %5577 B X 8L 55 1~10 fL b
B W Y B R YRl 500,250,125,62. 5,31, 3,
15.6.7.81.3.91.1.95.0. 98 pg » mL ' A HNE
BRI s SR SR o 10° CFU » mL™ ' i
P03 TR PR YL ) 96 FLAR AL I A 100 pL 1
B R R NAE A 2 G PH M Y BE M R B
T2 5 85 3R A O 2 T 9P AT ) R o R g AR
WHE 3 PATA. ¥ 96 FLARE T 37 CHi M %
7% 24 h, WEIF il L B 45
1.2.3  HUEAE PR

ZIRSCHRL9-11] , F H R 1 0 Ak & Ak Ik
P R B g 2 000 pg + mL B9 UL ) D
il 200 pg « m 'H DPPH B EEVAWE. 1 %51 96 L
it A A 1 56— HE RN 28— HE B AL T AR I 100 pL
B, LUK 7R P HE ) 5 — AL R 25 A 100 L R0
5 BEHESS 1 FLIR & 3951 )5 WCEL 100 L i A ]
52 L, FENEE 2 LW 100 L A EIEE 3 fL
RABS) LR 5 11 AL, T 100 pL
WS 25 i — FLAN I BE b VR R 28 O R SR s

i) &5 —HE4E L P o A 100 L B i 9 DPPH %
WA HEE AL A 100 pL BUEE B 13k 96 FL
Fit s A R AR R L RO A T R 30 min S5 R
Ml R A I K % B 517 nm W2 HW OB EE. LA Ve
A Ay FH 4 X B

TR A RSB . AR EERRE=[1—(A,
—A) /A ]X100% , Hr A, 2 DPPH ¥ i m 45 il
BE SRR TR WO BE 5 A, Sk VR IR V5 TR0 15 00
WG RE s Ay i F BV WO DPPH % ¥ 1) W
JE. PRI E b A 0 ok BE R L X DPPH A Hy
MITERR R B LM R, WML A R EERE NG
i o B it R R O e A A ] ST B AROG R £k 3l i
WA R MR R I A LB BR RN 50 %0 B FE 5
B B (1C50).

2 #HEREVE
2.1 WHEEMXLE R
BRI P R /N F e /N B e B (MLIC) 2R 4] 17

o /N U0 BT e B /)N 3 R LA R G T B A, S G A
wnE 1 s,

1 BELESHAMEBFEMNLER

MIC/ (pug/mL)

L& 22 TG B PE 22 G
G5 B0 4 BR FLEERR T PN R LR MEAT A

B4 5 T 125 250 125 125

aniba dimer A 250 250 250 250
BRI 125 125 125 125
it B % 31.2 62.5 62.5 62.5
BE TR 62.5 62.5 125 62.5
[ 125 250 250 250

ik B2 3 -3-O-p-D-H & bl 1 125 62.5 125 125
Wit e F-3-O-p-2L FUR 125 62.5 62.5 125
111 2% W3 -3-O-p-D-F FUH 125 62.5 125 125
R 62.5 62.5 125 125

AL 125 125 125 125
HERMN 7.8 7.8 — —

L R B R — 7.8 7.8

S A5 RS WT L B SE B9 1L W 0 B
HIERTA FLBERR A KW AT BR LA B S AT R 2 AT —
SE R AEIVE L. O AR LS 2.9.10 A
L1 6F AN [7) 40 T P9 400 4 49 DR 235 4 A ) i 2 B e
— 5 A 22 5. AN T SR 26 A 0 0 A 22 B R
0 VR P 5o T 22 B L M B R X B A A
BRI /MM e/ R 31,2 pg e m LRI
MR RCR B, 2 R b 3-OH B o Bt

Je TR MR T T B EL XS [R) B 28 B S e AR AN
). AH DG HF 5¢ 1) e B B R 2k & 4 3-OH L
XA YRR I YA — R SR A RS
A5 1S AH AT
2.2 FEAEAME MK LR

VL TCs, {H K 7 5 FF 5 X 3 FR 58 19 37 BR fig
1Cs, fH B /N s Hobt A AL Be ) oo, S2 90 45 R an 3k
2 IR,
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Ih 3R R AR K B2 40 AN G T T
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x2 BEALSHRELFEMNLER

&L’ PG R R? 1Cs0/(pg/mL)
Hik e 2% Y=8.538 50+1.667 4 0.997 5 5.66
BETFR Y=8.156 20+4.120 8 0.994 2 5.62
Wi Bz 22 -3-O-B-D-7 45 B 15 Y=1.552 9x+3.662 3 0.988 7 31.23
Mt Jz -3-0-p-2F ZUBET Y=1.760 50—4.978 9 0.985 1 31.22
11 28 B -3-O-p-D-2F FLBE Y=1.211 3x—2.660 5 0.999 3 43.47
W R Y=0.168 92+3.512 4 0.980 9 275. 24
AL Y=3.766 5x+29.852 2 0.976 2 5.35
#$fiAhEC Y=3.080 9x+7.060 3 0.998 0 13.94

S 25 JE B B E 1Ak A A R AL
SR TE M T IR MK 2 v 43 B A5 B 1 BEAE R 1 B 4
LR S F4EE R Co B -3-0-3-D- L LB 19
IR AT=DARCR EPOR S s A N 95 R el
f S AL IS P B3 A R 1 3-OH BB AR
JEPURALRE I A TR, W R F ARG AR L
3'-OH i}, BrA b BE 71 A7 BT F . AL & P 4540
R LA EERIE 1 TR TS YA
RAIRE AR SOk,

5

(o 2 F-3-0-p- (Dt R-3-0-p-
UM

D~ 48 B

5

() I 25 H-3-0-p
D-2 FLBE H
H1 Zkbmsd#n
Wi B 3R VB TR DL S B AE TR M T A AL E 0 AH
B, RN AT BEAE T =35 45 A BT A A By B A R [
(90 24 i Bz 22 M LL A% 1 A Al Al B A 22 Bl e T
23 M i e R C 3 3" BT — A5
BE DT A e R P PR AL RE ) B 22 5

(O YA TR

PU AL RE 1 Mt Bz 2 > Wit B 3 -3-O-p-D-H 45
=M R-3-O-p LA > 1L B -3-0-D-2F
FUBEE AT RESE T C 3 3 A B A L BRI T
FRIEAEAL G W v 1 L B8] ] s 38 R T s ) o7 B
55 7 HoAth B 35 56 1 S0 08 M DT 02 6 8 40 i
B O, [ BRAE s

3 4t

X oKk 2 o B AT B AL B A B R S 0
FIAT AT VEDIE 52 2 W] L 3 I 2R A & W A1 B4 ) 41
) 20 B A A AP T TR LA AR 3 PR
LB R MK ZE oy B A5 B AL S PR I — &
AR AR P L BT R BT R L SRR T R
U 3 DX K 25 PR 52 05 AN A2 it — 2B T K Al
FFKZEA 25 R B R B8 € T — & 19 BRI 2R Al

2% Uk
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GREFIRENE K Ag BOHI & KRR 1E

W M, ERT

(BRPERHE R i 54 LR B, B W4 710021

O OE.RAGRRIUEH & AgNPs, 8 UV-Vis RIZAN B Bk F Ag & R Ag %
JRe AR F2 & A XRD.TEM % #7413 AgNPs #4720 %, . & M Fo & @ 5 S0t 47 R 4B 38 T
FTIR 5 ## % AgNPs A @b FAERAHE ;M THEFRBRE BM, 58 X R4 &
AgNPs 9B AT T oA R A B X B BIEF AgNPs (9 B M. B R 2. X RR
) & AgNPs ik B2, 852 10~15 nm. KD 2 HH 4  EHES T ELZRARFRE
ZRMBME LARBOWEARE; ZFFRRLARZBOLEREN. HW Ag” B R E R4,
mE TSN ES RS TF R T HHEMGER.

KB AW RiE; Bk AgkT; FRIUR; R MR EIE; WAL

FESES: TB383. 1 XERFRERD : A

Preparation mechanism and characterization of monodisperse
silver nanoparticles synthesized by green tea leaf extract

YANG Hui, REN Yan-yu

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

na)

Abstract: In this project, green tea extract was used to synthesize AgNPs, UV-Vis was em-
ployed to detect and track the reduction of Ag" and the forming process of AgNPs. The syn-
thesize AgNPs with desirable physical and biological properties was characterized using TEM
and XRD. FTIR spectroscopy was used to analysis to determine capping of biomolecule on
the AgNPs surface of plant extract. Reduction properties of green tea extract were analyzed
to study the mechanism of redox reaction. Antibacterial activity of the AgNPs was deter-
mined. The results showed that the biosynthesis method of AgNPs is easy and simple. The
size of AgNPs between 10~15 nm and it takes spherical shapes and good crystallinity, and
has strong antibacterial activity against gram positive bacteria and gram negative bacteria.
Antioxidant experiment results showed that green tea extract has strong reduction capacity,
able to reduct Ag" into Ag easily, and the biological macromolecules of the extract have sta-
bilizing agent properties.

Key words: biosynthesis; silver nanoparticles; green tea leafl extract; antibacterial active; an-

tioxidant
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1) B WS AR SIBORANK Ag 1) A B RAE - 125 -
A 85 ‘C 14 8 h, 13 %] AgNPs ¥ifk.

Mk Ag(Silver nanoparticles, AgNPs) B R
RN 3 T 50N R B T 50 S R AR B M T, T
N TACT B G4 T @M YT T A 5%
G K Ag 1T A T A W B Ak
SCMEALTE A A G Bk S A A R R
A R FE R AT R A TERE SN
WA B 55 1 2 A a5 A% 52 AT O T R R
Vidhu V. K. 25 Macrotylomauniflorum &
Wl AgNPs; Ali M 258 Artemisia absinthi-
um PR S AgNO, #% 6 = 4 PIRFULIR & . &N
J515 3 5~ 20 nm B AgNPs, B 12 7 i 38 5% ;
Ashokkumar S. 25 ] Tribulus terrestris $& B
Hl& 455 15~40 nm By AgNPs. . 4b, Murraya
Koenigii’” , Mangifera Indica™®', Ziziphora tenui-
or' S HE W) 4 O b FH Ok A L AgNPs i, iF
5T BRI A G R, I X WSS SR AT T R AE
DLW SR W RSP AR 850 o Bt g 22, ik =
Xof 4 BOR H B A RO T B

PRIIHE | AR SOR 2 25 A5 O JL AgN O 1l #
AgNPs, K UV-Vis, XRD,TEM F-Bt %} AgNPs
B B AR R AT R R WD X 7 A R L 5 R R 3R T
JE 50 4T R AE L 3l 5 FTIR 4318 & AgNPs £ i
A 2E AR I B0 o SR FH 41 1 Pl 4 32 46 36 T 7% AgNPs
A0 T P S T 2 2% 2 BT 1) 30 P X ¢ ik 4 B
Wil 25 AgNPs LI SEFT 53 47

>

1

E

1 TEHH

1.1 %FFREHHE

FREL 10 g SR ZE A A 100 mL M 4l K 1Y
250 mL = ,80 C/K¥ 30 min J5,H 10~15
pemn FLAE 9 58 P D8 40 U8 Y2 A0, T 45 7K OB A
SRy 30 IR 4 BRI R A 40K Ag MR
1. 2 AgNPs #4] &

A By 20 mL GRASFEBOR 5T 95 4 A Ak
100 mL AgNO;(5,10,20,50 mmol/L,AR, K
HE R B 2E R A R A BD R AE = R IR
G 1B FE 10 min 5. A 30 C K H 50
min, W5 & BUIR A 1A VR 2060 pR TR B (0 0 T AR Ry
TRAE 0, 4 Y TR A W A R R W FF2E T 40 min, 4k
ZEWLEE 2 90 min, WAL 1 TCAT f] 22 46 )5 8 BT
PR BIE A Sy S, S Sy 51X 4 i AR IR T
10 000 r/min & B0 10 min J5 » B3 T0E 2 31
FH 95 %0 1Y £ B3 WO B 2l K W8 Uk 3 ~4 WL R G #E

1.3 BRFFEPFRIEZ R AN E

W LR ASK BB T 2018 W8 2 BUR e 46 V8 U5
T AR B SR AR BE I R 44, I 7 FExF DPPH A
A 2 (7B BRAE 1. /K S BERE ] 0. 1 mmol/L &)
DPPH ¥ O CARAE Ve W WAE o % IR B FE 5
B 1) AN [ 9 (0. 2~2. 0 mg/mL) Ay . B 2
mL.0. 1 mmol/L B DPPH ¥ & 43> %1 in A A 5] e
JEM 2 mL SRR W IZUE G R ER T R
7 30 min, 72 WG AL, DL 2 BEAE R 25 X IR
41, A AL R R T T

DPPH #EBEF (%) :I_(f\q—‘_A’)

XD A, S #E a3 R DPPH 355 R 5
W GAE s A, A i 7 WA 25 10 )R 8 WG
fi;A. 2y DPPH ] 5 25 3 R O (.
1.4  AgNPs 4 s id £2 3k 32 & /= 4 A

JNE JIT A T AA o W FH 28 A BT DL 4 Ol O B it
(UV-vis, Unico Instrument, Shanghai) £ il #§ %z
S AR Z2 HVAR B 19 348 J5 N AgNPs IE B BT 1%
AgNPs ¥ k % X §F £ 77 5 (X-ray diffraction,
XRD.D/max-2200PC, Rigaku) 73 H i 44 41 1 1
S50 48 B g B L U8R (transmission electron
microscopy, TEM,FEI G2 F20 S-Twin., America)
WL HIE 55 B2 K.
1.5 AgNPs 35 %4t & 4

FIH 30 B BB Ik R B AgNPs XK g bF B
(Escherichia coli, E. coli) 1 4 B {0 %5 % BR &
(Staphylococcus aureus , S. aureus) W) T I & 7.
FHR WAE 53 | UG AL 3R 3R 5 1Y E. coli 1S aureus
% 10 pL B 10 f5J5 45 B 50 pL FESTE] 2 4~ LB
FIR B I IR 5T A B TR A 8 IR K I 5 5 43 i)
WA GRS 1~5 EHAR R 5 mm (18I TG & I8 4%
R 1~5 SRR v ok i & A A R R ) AgNPs
(7.23X107°%,2.89X107°,5. 79 X107°,1. 16 X
107",4. 63X 10" mol/L). K P 4~ 5 56 5 4 L 72
37 CHIEFRAT R 3% 24 ho e, T B0 T B R B AR
DL T Pl A B AR 0 b R A B AgNPs B 1.

X 100% (1)

2 #ZREiTE

2.1 GERXRPFRBORIE RS

DPPH & —F R EaE 1Y A i 3, Hs i 7E 517
nm AZbAG AR5R 1Y I A B SR BR R B DPPH H
FH 25 B H - TRE X, 8 R WO BE B)N , B L DPPH
B H 3 IO (R Y A2 Ak B SE b A BT A1k R X HE
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T BRBE S M BRI X Rl A T BR A OB 2 A R
T AT e B B A 5 A8 R ML DL Ve 7R S X RR
I8 2 25 K AR U i v DPPH [ iy 25 19 35 B3 fig
F1. Q1R YR B /N T 0. 2 mg/mL
B, X DPPH A o1 5638 bR F /N T 25 %6, Bl 45 FF 5 ik
JEE B 186 9117 o 2 A 1 L Y A S R R R #] 1.5
mg/mL J5, W BREERE 0% Ll LI H BB T
L5 Ve Xt DPPH H & 19375 B Mt L g8 5%
K 4R B %o L T ok R L 3k i ) A A O A B
AAbre TR, SR B A IR, TR Ag T 1Y

100

Y SRR

—— V¢

1¢.0 05 1.0 15 2.0
R E /(mg/mL)

A1 KRR G AR B ik *F

DPPH A & AR 5 O Ve 4E A 2t 18D
2.2 AgNPs #) UV-vis,TEM #= XRD % #7
2.2.1 AgNPs ¥ IE & 508

SRR S AgNO, BRI AR T
Si+S, .Sy A1 S, MBI G m iR , X & i T AgNPs
B2 % B 7 Ik R (Surface Plasmon Reso-
nance, SPR) 7 A 1Y, 5 H AR (1) 20 BT AR AN [A] L 0/ i
KLl Ag By X610 B ST 68 T 22, 21 RE IR G 46 22 R
B, R R AR AgT iR R Ag. B
FEF YK AR BROE B0 LEKE B, UV-vis
A I AT 06 2 B B — B SPR L PR AT L T 4% 1) 5%
PERURLAR 3 & 00 TR R & = 3 A5 =4~ SPR
ey ; H 24 SPR 4R 47 #5258 i 3 W 3 W &
(1) AgNPs i TR AR 50 A 598, I Z IRER.

K 2() in RIREW S, .S, .S, f1'S, 7E 460
nm P} UE AR A B — FLW A W g, HLBEE Ag-
NO, e 1/, UV-vis B8 0 I i 7% 7 725 78, 24
AgNO; ¥ BN 5 mmol/L W 852 856, R It
A £ ) AgNPs SR8/ oA 44 L H A B
BRIZ BT RIERIE. B 2(h) 21 . 24 AgNO, HRE N
5 mmol/L B IR AW N 47 E] 5 min B Ag’
B R TN Ag FUBT, 4 N #E4T F] 20 min B,
L REA B 258 i, & 40 min B, J2 L %A 728

e FRWRT 20 min SR AR PR, U R S SR ) R R %
/)N, TR B 2 A8 18 A

a 5 mmol/L

2 20 mmol/L
g 50 mmol/L
<
E-)
-
o
w
S
<1

10 nfmol/ L
0

400 ‘ 500 ‘ 600 700 I 800 . 900
Wavclength/nm
(O EEF PRI 5 AR W AgNOs BN T8 94k Ag IR
W UV-Vis Wi ide

v

Absorbance

N

1 1 1 1 1 1
400 460 500 600 700 800 900
Wavelengh/nm

(DS ZERBOK S AgNO; (5 mmol/L) IR & ¥ WA [5) 52 37 i 1] Bt 1)
UV-Vis #8556 0 I fic g
B 2 UV-Vis Sk Iz n =44 5w [ i

2.2.2 AgNPs # XRD.TEM 4 #7

3 &M AgNPs i) TEM . &l 3(a) & W
BT B A0k Ag TR0 A2 245 43 10 52 BRIE Rl
PIBRIE R AR RS 10~15 nm; & 3(b) & i 4y PR
T4k Ag R+ TEM & F, B af L& 3
FAASYROK SRORLAT B S A AR AR 80, H g SR8z )
FIRE 54 0. 23 nm, X 545 9K Ag (W1 O B
(0. 235 nm)# i (JCPDS file No. 04-0783)M), 3%
LT A L) AgNPs /& 45 5.

K 4 h TS AgNPs dh iR B9 XRD AT 4 & .
P A A I I Y B S A AN K Ag 1 bR vE T JCP-
DS file no. 04-0873 52 4= XF I/ » 3¢ W BT 15 {4 Sy &
gk Ag. LLC11D) & 1 17 4T 2 50CR F Debye-Scher-
rer's AT AgNPs i TR 5F A 13, 6 nm.
X5 XRD & 45 R 5 TEM 45 f — 3. Sun Q
SEUUH Babu S SN Y Sk A% HE BOU I A5 15 E G 0
K Ag kL F RF 40l Ak F 20 ~90 nm A1 5~ 30
nm, A TE G K b RS 858 KRN 43 A AN 34 5] 55 ik
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B AR BUR AR Ag W& B R AE
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55 22 M B AR IR 5 A R L L R R R L
25 B IO 5 Y TR AR R TR A L ) s 2 1y iR B
FZEE T & B9 AgNPs gk ]R3 /)N H 4 A5 5
Y57 R 18] 43 B EL &5 & B B v U AR S 6 45 A
WG A AgNPs & L.

Ee

(D) /PR T AgNPs i TEM &l H (i K AT 15 AgNPs
A4 SN 20 K AR A A AR SCRLIE 2 0. 23 nm)
A 3 TEM #&n Br &89 AgNPs 4 R
1400

(111)
12000

10001

0]
[=]
(=]

T

600

Intensity/(a.u)

4001 (200) (220)  (311)

2000 l } (222)

0 C 1 1 1 1 1 1 1
30 40 50 60 70 80 90

20/ (%)
B4 FriRak Ag Zariheg XRD 474 B 2
2.2.3 AgNPs 5#BOR A9 Ko F1ER 587
SRIRBOR P S AR W iR R A RS
Yy, Horp &8 H AT 58 10 38 IR F2 3 , f 4R B 7
W JERER L T A A A R R IR G A ) K 4y N BRE

AT REAS S AR AR B R A SR 4% A VR L B AR
PO P A Koy F A AE AgNPs kL 2R 18
AL BN S BRI AR B 4 YL O B A ) S R
gk Ag WOk gAY K TR R At REFE
K, B0 3Rk 72 A R AR B A AR 1K O T 2 R R 1.
R A R B ) B 26 10 R BRIE BT B /NG R 1T L, 40
K Ag Pk 2 ERIE AR T HA MR RIRES A S
PB4k Ag BT B 2 20 B
.

wE 5 s, FTIR 43 3K & B AgNPs i
N7 S B 2 A5 BT 43 30 6F o L e b 1 4% T i
Mgk, WIE 5 FTLIE S ,a fIZETE 3 372,72 cm ' 4k
A — AR 5 A IR 3R T I B A ) N—
H B 4a IR o510 . b il 2 b e W i A8 55 H 21
& 3390.48 em 'L XUE UL N—H #5805 T
KEBEVEN. a tH&TE 1 699, 27 em ' &b 2 3 B
T R 2 N E R B C= O B4 45 4% 3h W i, 7
1457.32 F1 1 239. 14 cm ' Ab By W2 e 2 ol 5
AL C— N M4 R h ol & & — C— N iy ff
5Pl b MZAE 1 699. 27 em AL WL Wit 55 , 136 B
TER W . C=0 B fk; 7£ 1 457, 32 A
1239.14 em ™ "Ab AW LT RS SIS 2R L BB C— N
H—C—NERETEEXAMEM a h&
1619. 1211 036. 93 em "&b 43 52 5k [ 4% 5% 7 L
WREAF . ZHE C—OH MR P C—H {#
FRPR Wl ;b fhZE 76 1 616,09 em "B &
1625.30 em™ ", UL B M 48 0T B8 A 2R B s Rz L L P
BN FEHY E 1 036,93 em IR IR Ok L
IR .2 M C—OH 4 4k. Ht, FTIR
SAHTRWIAE AgNPs & Bl #2 i , 4 255 22 BUR 1k
e FE A B BE RIE R Z B AL B SRR
ORI EH. 55 % Ck[9, 14 IRy 8 — 2.

1.2

1.0 b

I
0

o
=

=
'
826.63

Transimttance

I
&)

1699.27

<1 1619.12

0.0F

3372.72
1457.32

1239.1
1036.93

_0.2 1 1
4000 3500 3000 2500 200
Wavenumber/cm’

a B Ak Ag s b A RAK Ag I
A5 FTIR 54 m 45K 3 Bk o
24 % AgNPs ] J& 69 T AL

1500 1000
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ReBRBRRE ZB

o535 4%

2.3 AgNPs #9374 Mk & A

AgNPs BB RCR AN 6 FiR. 1~5 54K
F& AgNPs B E 5 7.23X107°9,2. 89 X
107°,5.79X10°,1.16 X110 *,4. 63X10* mol/
L. )N 6 w1, BE % AgNPs I Wk 2 5 12 i 3
KL, HXT E. coli F1'S. aureus BN FH B B 4% BH I 3%
KERBIEE N X E. coli M1 S. aureus W) Fe /)
MW R 7. 23 X 10°. 4k Ag MBI E. coli
S, aureus B e KA H B EL#2 53 2 12. 50 mm
(J# 6(a))F 12. 70 mm (& 6(b)). 41l B AL 7] fig
&= AgNPs HAR/NRY 242, W B AE 77 53, 7T 5 41
Mo 2H B H A B LB B DNA PR BB a3 |
AL AR R OB B S T L 2% VR X At R Y
e IR BE IR, I LA AgNPs Xif ¥ 2% [ BH M B
= T B T A AR i 1 40 A

(b) AgNPs XF S. aureus {30 # %R K
B 6 AgNPs 5t E. coli #2 S. aureus %93
HARA

3 &g

SAPRBUK S AgNO, 78R 14 18 T T & i
AgNPs,XRD Fl TEM A& 43 7 B 24 AgNO, ¥
JE A 5 mmol/L B, &% 4% 2 BUR T & i 45 8
U BRI R SFAS T 10~15 nm 40K Ag B 3t

ALt RGN ZEZPOR T AEYM Ry FHA
oA BL AL RE J7. R B 388 JE ML I Ag-
NO, EW LT A 1) Ag ™ i JFSR B 5T, 4T I,
UV-Vis BREEWLI f AR R Ag™ By i it i F2 15
F| T UESE; FTIR 43 B 3¢ B 2% 45 26 O T 3 A 19k
FeP E A BRI Z BRI A SR T AR 4y
BRI VR PR S IR 45 R R T8 40Kk Ag #
LT B 22 PG BH P AR 2 E B R iR A T
FER. ZRIRBUR K 2 F 9 i 4L & 2% . 4y 1R E HL
FRIA T HE— 2B 5T
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O OE AR ABRA TGN IS RILB A S AR T TR . F AR Wik
N AFE IS HILBEBZEBRAY 0.8%3 3. 2% H, AP H 2HEMWIAATE WG EBRE
3UA L 3MILBEEE INAT. EBAKRANRFERFTAL TR GRS TEP, FFFK
T 20009 A AR ER IS RAFERAHRLT 2040 L6 K-F. BT R o-H HHEF B
R B A M B X 18 A B AL A A o H B AR F A R R A 4Pk 2R, A5, 71 Y
B 37 48U ARF AP H E RSN AFE 1 5 HRAR T 37.48% , mAKe H L FH 4L
HEH1FALTIN. RARARAREHFRA 1 TAKR . TERIAFA 2 TAR AW ILHA 25
AR ABIRA I SARABLARGTAANNL o B BT EG I REELRA.
TEIFILBRHA; ALHR; ALMER; oo A BEF 5
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Screening of probiotic lactic acid bacteria
with a-glucosidase inhibition activity

LV Jia-li, ZHANG Jun-meng., YU Fang, TIAN Yan-chu

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

na)

Abstract: The eighteen lactic acid bacteria strains which preliminary screening from the fer-
mentation of fruits and vegetables, by research on their prebiotic properties of acid production
ability and withstand artificial gastrointestinal fluid ability, we found that total acid amount
produced by 18 lactic acid bacteria strains was between 0. 8% to 3. 2% , Which have two lactic
acid bacteria strains total acid amount more than 3% ,three lactic acid bacteria strains were
below 1%. In the research of tolerance with simulation environment of the human artificial
gastric juice and intestinal juice test,we found that the survival rate of three strains was less
than 20% ,the remaining 15 strains survival rate are more than 20%. Then was a-glucosidase
inhibition study,we finally detected that this 18 lactic acid bacteria strains have different a-
glucosidase inhibition activity, ranging from 5. 71% to 37. 48%, the highest inhibition rate
was Bifidobacterium animalis subsp. lactis No. 1 which reached 37. 48 % ,the lowest for Lac-
tobacillus rhamnosus No. 1 was 5. 71%. Finally we selected four probiotic lactic acid bacteria

strains have good probiotic properties and a-glucosidase inhibition activity which were

x WrFs B #:2016-09-27
EETR P& R TR S Z 605 TR A (2011KTCQ03-08) 5 Ja BH i #3135 H (2013K06-09)
EZ B B (1964 —) L, B v = JF N, 88, W98 7 1 . o A2k 2%
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Bifidobacterium animalis subsp. lactis No. 1, Lactobacillus casei No. 2,Lactobacillus planta-

rum No. 2 ,Uncultured lactobacillus No. 1.

Key words: lactic acid bacteria; artificial gastric juice; artificial intestinal juice; a-glucosidase

0 3l
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% 42 18 ( Probiotics) /& 48 28 48 LS Y i 5 8
I A P R R T T i S Y B R R R R 4 A AR
YER G PERCAE D 85 A T 25 A Fe R R 2
Fofr o G rboxst B B YR P T A7 M O I L R AR 1 25 AR
PE, FLRR T AE O #i 2E T P ARGRPE By 43 SCAE A AR Bt b
KAEEAEAE LR & 7~ A4 09 A LR RE B I i 18 9 1Y
pH Fl Eh CH Ak i Ji i #5038 AL T 2 M 26
Bt AR B B 8 W g sz M ) FLIRR TR AT e HE
TENAR G i vh. B D 3 3 B B I Wt A2 1 Y
FLIR P 2 25 4 LR A F 9 1 — A 3 2y

ARz EFARE B T X /Mg ) a-glucosi-
dase {if J146 M VE F . 7T 4E 2% fi /K Ak & 90 1 T 4k
FIZ I, AT B AR I s R SRk E AP 2
ol g A LR TR B IE S > 1 T T Bl A L L I AR 3K
56 v X4 PR B TS SR AR . 25 AR FLRR IR
A 4 i AR P 2 A AR R O R W A 4y
fift 5 5 B, AEHF UL IS - 25 AR FLIR I 51 R
Tk 2 [ N AMIF ST T R, B E ORISR
M (8RR Y 7. H E A E NG 2L R T R AR
BT T LA 6 EL AT o 80 260 W T T 00 1
P 25 26 FLIR TR X T 4 A8 L R B 19 9% i W 4
WL RE 8 4k — & 1y KL Ak

AR GERT BTG | H o 55 b IR SR 1 4K T
7 v T T R B L R R LRE O R 3 B A B Y 18
PRFLIR B ALK PN RS X N T H S5 A
T W B it A2 PR B R e 3 A R S A R S
WF5 2 2 LR DA X o] 2 AR Tl 1700 490 7 4 5 DA T
e B o ) R A R A A 25 A LR T

1 #R5FE

1.1 #4

L1 ol e bk

BV 25 3 DORAE B9 B AR & 7 i N &
TR SR B R T LR A ) i A 3] 18 BRFLIR I L M) FL
FFE 1 %5 (Lactobacillus plantarum & FK LP01),
YA E 2 5 (Lactobacillus plantarum & FR
LPO2) . FHW AN 3 5 (Lactobacillus plantarum
&k LPO3) , A Y FLAF B 4 5 (Lactobacillus plan-
tarum TAiFK LP04) , MR FLATHE 1 5 (Lactobacillus

acidophilus fiFR LA0L) , AZEMEFLAT A 1 5 (Lac-
tobacillus rhamnosus fAFK LCROD) , AFEHMRE 1
5 (Uncultured lactobacillus T #% UL01) , KKFFL
R 2 5 (Uncultured lactobacillus fij #% UL02),
PREMANEFLAF B 1 5 (Lactobacillus bulgaricus i
B LBOD) , 28858k A 1 5 (Enterococcus faecalis faj
B EFOD ,BI T EEFATHE 1 5 (Lactobacillus para-
casei A FK LCPOD) , THEFATE 1 5 (Lactobacil-
lus casei TiFR LCOL), TESFLAT B 2 5 (Lactoba-
cillus casei TR PR LC02) , Mg #GEERE 1 5 (Strepto-
coccus thermophilus TiFK STO1) , By /RIEFLFFH 1
5 (Lactobacillus harbinensis fiFr LHO1) , By IR IE
AW 2 5 (Rifk LHO2) . ¥ RAFH 1 5
(Lactobacillus reuteri fAiFR LRO1) , FL A B #F & 1
5 (Bifidobacterium animalis subsp. lactis T8 #%
BAOL). B PYBFH 5 £ it 5 A ) AR 2 e DR i
L2 g5l

(D Hi 3R . MRS P75 37 5 . MRS [ {3 57
A,

()5 B & (L ¢ 10 000) i & (1 (1
2 250) K UR T B M B Y o A0S T R (10 7 u/
)« X iF 4 - D- ML W A 45 B Y (PNPG).
L1.3 &S s

Leica-DM750 A4 & i . AC-0629 ¥ St or
WA B, B T /E S, XW. 80A BiE W IR & A,
DHP9080 Hi #1H i 55 35 46 , LS-C50L A7 3 Ty
ZRVRK R . UV-2600 2851 AT WL 23 566 BE 31, HC-
3018R ¥ VR B . HL. pH it fH KL K A 4, MK3
PRAX.

1.2 7
1.2.1 FLRR M 4 AEERERY AT AT

(DR BE I E  $eFh 16 B A 48 h 5 H]
0.1 mol/L NaOH #EA7 i 52 i # A MR BE 7+ 305 1%
Z: 7% SCHRL6 .

(2) FLIR W AER SMEE IR B M 20 855 it 52 P 3K
AR - N T8 WS N T K o [ 24 3347 )
&

O LR W A2 T B 06 K 1 IR T B
P E 107 cfu/mL, BT mL LA 9 mL il By A
THEBHS BRI 1 mL R A R B2 —
SE AR EE A 2 BIR AR A R 0 b B 0 T [
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o A5 FLA o R 250 T o P A LR A 7 1 « 131 -

BHRCE T 37 C N E 3 h 5 BOH  FEgm H g
BG5S 0 h MR A B AN R A
nr .

100 % (D

QIR 52 N T X5 F LR AT
B EEE 3 h J5 i FL IR W R 1 mL fmA 9
mL WA TP IEE 37 CTEE . HE)Z 5
e AERET L A E HoAE 0 hi2 hi6 h IR % 5
0 h A G B BT X EL L [R5 A R
100% (n=2.6) 2
1.2.2 254 FUIR TR N o 280 W il 410 ok 2 F 5

(1) o~ 7] % W 1 A0 80 1 20 i 1 A R ) i

TSl A e BT AT DN E L B n F A
RREVN IR

O JiS P e BE v 5 - i 8 VAR R R 3.5 mL,
Hr 1 mLPBS KK Y 1mLPNPG ¥ & i B0 LA
N L,25,20,15,10,5,4,3,2,1,0. 5 mmol/L,{&
A HEAHEE, 20 U/ml o %W 1 5 7% 0%
0.5 mL, /W 30 min J5/1 1 mL1 moL/L Na,CO,
K AE W 1 min, £F 405 nm N OD {4.

@1 W FH St B9 8 22 - B85 77 20 U/ mLa-# %
WE T VA VR AE LA b RN AR R o fin i I 3 0 O
0.3,0.4,0.5,0.6,0.7 mL,JZJ¥ 30 min 5 H7E
405 nm NI L G R

O Sz 1 B 1] f) 8 2 < 43 ) 7E S 10,20, 30,
40,50 min J5 F-7E 405 nm FIH OD {4.

@ T A BE Y B A2 0 DA B SR o AR
PSR g A L TR R T B ) TR Ak T 2 3 ol )
11X 10°,1X10%,1X107,1X10°,1X10° cfu/
m L, g ok TR A Wk B oA 22 /0 i ] DA W ' JBE (B
TE LA b OB AR 7 v 3k 380 AT A X)L

(2) 2 A L TR TR R o) 26 AR 1 T 410 o 2 6

(D T A VA1) T 48 < 4% F 22 11 1% A1 b 22 b 31 R AR
MRS 3555 F b i A7 7% 2206 Ak = AR5 1 AL S8 )5 7
¥l 4 000 r/min iR 4 °C By SR AF T BEAT B
> 10 min, 45 i W ERUTVE A 0. 85 %0 1 2 3 46
JRHEAT H B iR B

QWi T RN R 5 55 Ho 4 /N B AR 2 L 4 B
T M 45 0 S 82 FE B AR AR 210wl R R,
A 50 #L PBS(0. 1 mol/L pH6. 8), F-HlI A 50
pL. 20 mmol /L B X fiF§ K& 4 By -a-D- Ntk i 4 # 4% H

[
G2y

(PNPG) W S 25 pL 13 0 FL R B4 114 TR 29 . 1 TR
EWT 37 CHEAL 10 min, HIA 30 pL o754 B 15
fif A 20 U/mL 4k 2L B 20 min, iTA 50 pl 1
mol/L Na,CO; 1F g 5 2 1- W, 4 S i) T 405
nm A0 H WG L WO (B 5 X il B R )y PNP Y
Ui B8 5t BCIE L, SO MR &R R A pH6. 8 Y 0.1
mol/L PBS VEH o % W 11 B 725 W S A5 0 4 it 1)
25 N B R AT BN IR TR 4 A2 FLIR TR X o i 4 B
A R R A U
o] 25 WY B IO A TR (0D =

_A—B 0
[1 C_Dj><1ooA (3)

GO H A IHE ah 215 FE IR A o
2 B ET A B B O RE i 23 AL A AR IR
o~ B WH A s C S X BRAH O 3 R A T
o~ 4 WY A D R 23 VLA 5 A R A TR
Lt o) 26 B AT YL

2 #ZRE5iTR

2.1 LBANMAAFHROFRL
2. 1.1 PR

FRELL 1% M4 Fh i M 2 05 . 48 h J il e 3
R VR SR 3 g R A IR X L AR A
PR LA R 1 R,

Bl WkEHRR IS hBRE

1 AT U L 18 BRI FRAE 48 h B 7R
REJT. Wtk 48 h Wi 5, LCo1 5 LCo2 1y
MIRIITE 3 VL b & T R ZL W s B Bk
48 h PR fiE AR A EF01,ST01,.BA01,LHO1
VURK B AR 7R fig 2 25 A T R 2B MR TN I —
ANEZEHR L BT R AT A A I8 pH RGO
LT LA 5 A0 1 1B N A TR R A L T R AR
JITAE i e B A o) 260 W 40 1) M 4 00 25
AARE N — S H IR,
2.1.2 ZFLERW M2 N T B W5

1 mLEEBRMA 9 mL ATEHERZE.
SIAE 0 h RT3 h W LI A A7 T R 0 45 R an 1A



. 132 - RaPERLE SR %35 %
2 Fis. ME 4 FTRLE W, Sk 5 E] 20 mmol/
80 LWt EE AT, rLl 20 mmol/L A iZ Ak
. RIEHRE.
& 50 1ok
3440 -8 .
an
20 -
10 ‘ -
Q LB0I TT0L LCPO1 LCOT LROT BAOT LAG LCROTLPOZ STOL P03 LPO1 LT0I L2 LHOL L2 ULO2 CLot % 0.5F /
BBk = /.
B2 HHEEALRR -/
— 7, Y5 D b /
R 52 H WAE 71 a9 88 L EFOo1 Ml LRO1 -
FEERY MR 8. 37T% 5 17. 75% . ® 4% 16 thIL MR 5 0 15 2 »
BAF i SR LE 20% LA b i BROYTE 10° ofu/mlL R/ (manol/ 1)
PIE. BHk LB0O1.LAO1.LGGOl fEiE R YL H T A4 REYKRE
60% L . BRI AWALIEZ )G, Bl P BT (2) B O 2

pH 2 i — 3050 B ARBE T, 1 Rk A 18 5E A
H & HEAE T B H L BT DA A B R R &
YEAE R0 v BE. 3 2 (R SR AL AR B 1 156 mT
LB 56 B 1B Y B AR
2.1.3 FLEREW Z N T o5
BMATERETZEWEEE RIESG®R 1
mL A 9 mL AN T .40 7 0 h.2 h.6 h il
T B ATIE RS R E 3 FTR.

TIEHES %

RS
B3 AfFIAImRER

H 1 3 A AT L B AR T A2 W R RE 0 i e
EFO1 Btk 2 h Al 6 h W47 1% 2535k 15. 38 % I
10.73% ,LCPO1 43514 6. 67 %5 2. 16 % , Fl 4% 16
PRFLIR b A7 16 R4 2090 DL b 3% o B A 10°
cfu/mL A E. B # LB01,ST01,LHO02 7% F ¥
KENT 75% L E.

FE DL AL AR P B8 5 T A2 PR 56, EFOL
X E WS T A7 M B UL LCPOL X F
N T8 W 52 P — e 6T N T il 8 h UL 6 h
TETERA N 2. 16% . LRO1 it 52 B W A 11 5K A
17.75%.
2.2 #HAESUBR A A o F) F A B4 AT R
2.2.1 o % WE Y A P R B A B B

(1) JiC W v B 1 1

I 5 AR, A A F) 0. 6 mL I H IO
BEH AR RT3 $F 0. 6 mL AR Y SR

=,

H.

4 1 1 L L 1 1
02 03 04 05 06 07 08 09 10 11
A T/ mL

A5 Bie
(3) 5 B [8] FA 4 58
H & 6 vl A, 24 ke v s [ AT 30 min fFH: OD
EFEA R EFAZL, T LR $E 30 min Jh HAK R N
AT 8] .

a
-
-

0.4f /

0.2+

1 1

0 5 10 15 20 25 30 35 40 45
B BB A/ min

B 6 K RE
(4) FLTR B 10 B A 5 I R B8 ) A o
TE DL 2 B SR & F T Ll a3 50 A5 i A
BAO1 5 LHO2 B ¥ E A 107 cfu/mL, H
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o A5 FLA o R 250 T o P A LR A 7 1

+ 133 -

AR 16 BR T Bl A SRR BE P AE 107 efu/mL. BE
JEE T 7 A 28 T W ' JBE (AT DL 3k B A X
2.2.2  WRIARXT o W I A A S

Fe MR A2 09 ST AR AR S R R 8 I A
T SIS 52 ST I 1 580 T A XoF o 0 40 0 T 410 1
HOHEE R 7 R,

LBOL LUDT BAOL LAOLLCRDLLPOZ STOI LPO3 LFD2 LFOY LCO2 LI L1102 ULO2 CLOILCPD EFDI LROL

Wk

A7 LREA BRSNS o) B b R

LR R A AR IR R A e T A
8 N L H W B R TN Y a-glucosidase
T 1 Ak, AT E 22 fe 7K Ak S 0 093 AL R, A
17 R AP 2 I v IO A, LA T R e BB R T
AT LLVE 13X 18 k7L IR W AE AN [R) B2 B2 1% T o F 4
W7 I 225 A7 30 4 VB B 763X 18 Bk 1 Bk B 1 BAO1
B AR X o= ] 260 W Y T 1) R e ey L 3R B 737, 48 %0
HJE LCo12 HHk M 33.79% . LP02 5 ULOL 43
Bk 30.79% 5 30, 52% 3% 4 #k 2% A= FL R B A
RYGRF] T 30% L) E.

3 &g

25 A FLRR T I & B 28 A T R A 4 RS
gy Hzs A PERE IS 2R ZREM T A 5T X AL B
S T = o v O ok 2 A LR R EAT T — R A A
i g XX 18 Wk BRI A AR Y IR B AT N T
W sz sz s, 7T LA D EFoL X T B WS i
it 57 M 4 AR AU LCPOL % T A T Wk i 52 1
— B X TN T W N L 6 h IS R AL
2.16%,LRO1 it 5z B W AE S BAK R 17. 7590, Hodx
15 MR T T B W5 W 0 it 5z PR AL 20 %0 DL
A0 R B K L 36 B ECAE 1108 cfu/mL DL E.
Gillilands 2" BFFTIN MR A 1X10° efu/mL M DA
b 25 A LR PR R T S B R T R AR
AL B G B 3X 18 b 25 A 7L R B R o 2
Tl Wl AR AT A ) A P AR AL 5. 71 %08 37, 48%
AN R AT BT O 1 bk B T R
WEVE Y T 18 LT 1 CCEMO412 X o7 % 1 17 i
T 2R 29, 61 Y0 WS 5.t b R b B B R 2
FLFF B GG 29. 31 %8 By 1 FR M 1w

g A= FLIR DA & FE A FH A9 T B 2 X AR
AR AT A2 A 25 A LR PR o~ R 4 W T I 0
PEBF 5T o 25 25 1 L o BT A2 1 R4 FL X o4 26
T ) BB 7 R 1) LR T R AR R AT S SR Y O
H BAOT BBk LCO2 BBk, LP02 i kk.ULOL BBk
R A R RAFs VRS o8 45 WH 1 1 3 o) 1
1 4 Bk a5 AR FLRR TR . A BIF 5T S HAT B Il e 0 Y 2
A TR B O R BIF ST B AL T — 2 B A L FLIR I T TR g
7755 W OB ) OC Z At wT AR R JE IR A ) — A>T Tl
Xof G 8t A Gl T 4 BE ) 5 AL A F 5T A
i — L IRAIRSE.
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W EMASAERRLEZHEELRRY 1,3,7,9- 19 F 5 R B x4 45 80 ST IE 345 09 1% 3 45
A, E KRB SRR AR T RR R v VAR R 6 kM AR @ sk &
BR8N S R B AL (LPO) A2 B B G # 4 (PCO) A2 B # B AL # S AL B (SOD) 7 M Fo it
A A HE (CAT) E M, A K — BALR(NO) 89 4%, B 5 45 % I Ik 09 B AL RS A2 A Bowg W Ak
FBOAERAR, RHERIFT. /G A DK ERBGERN T OFET & =8 (MDA) . PCO #=
NO #4 &3 m(p<<0.001),m#E B R F /N FwW F KRG E4K4 40 MDA . PCO #= NO # 4
TR BRI Y R LA R A SOD.CAT EHAE T H(p<<0.01), w9 ¥ ik &N
H %M SOD.CAT EHeg TR, AP £w ¥ L RBREE >4 20 mg/(kg» )5 30 mg/
(kg * d) BFH5 A 9 B9 4R 37 4E . 48 200 RO IR 2% R B AL B4 5 43 47 s BL Ak 9 BAL A= 30 BAL
Z 1A 8T, B AR RACE A 3G A R v WA R B T AR R G R R AR S, R R A
R G FAALER Ay, VAR K AR A W B AR 3 R R
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Protective effect of theacrine on cadmium-induced
mice hepatic damage

GONG Pin', MA Feng-le', HE Rong-rong”, ZHAO Tian-lei',
CHANG Xiang-na', CHEN Fu-xin*"

(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Institute of Traditional Chinese Medicine and Natural Products, Ji' nan University, Guangzhou
510632, China; 3. School of Chemistry and Chemical Engineering, Xi'an University of Science and Technolo-
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Abstract: The study aims to investigate the protective effect of theacrine,the active extractive
from Yunnan Bitter Tea,on cadmium-induced liver injury. Animal model were established by
treating mice with CdCl, and different concentrations of theacrine. According to the levels of
LPO,PCO and activities of SOD,CAT as well as the content of NO, the degree of Cd-induced

hepatic injuries and the protective effect of theacrine were assessed. The results indicates that
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LLPO and PCO content increase significantly in damage group compared to control group,and

theacrine can reduce this tendency which shows a dose-dependent manner. Meanwhile, the

activities of SOD and CAT reduced obviously in the damage group.theacrine can ameliorate

these changes effectively. In conclusion,20 mg/(kg * d) or 30 mg/(kg * d) theacrine show

an obviously protective effect against the injuries caused by Cd,however,the low concentra-

tion 10 mg/(kg * d) had no effect. The intoxication of Cd on mice liver might result from the

interruption of the balance between oxidation and anti-oxidation,and then increase the oxida-

tive stress;theacrine shows synergistic protective effect on mice liver by increasing the activi-

ty of antioxidant enzymes,enhancing the capacity of antioxidant system and anti-inflammato-

ry properties.

Key words: Yunnan Bitter Tea, theacrine; cadmium; liver; oxidative damage
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Experimental study on drying quality of apple slices

YUAN Yue-jin"?, JIAO Dan', DONG Ji-xian'*, LI Jing', LIU Xin'

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

Abstract: In this article,taking apples as raw materials, we conducted a experimental research
on drying quality of apple slices during hot-air vacuum combined drying methods,and com-
pared different hot air temperature,intermediate conversion moisture content, vacuum tem-
perature, vacuum degree affect VC content and other drying qualities. Range analysis of test
results is performed by using the MATLAB software. The optimized technological parame-
ters of hot-air vacuum combined drying methods are 60 °C hot-air temperature,40% interme-
diate conversion moisture content,55 ‘C vacuum temperature and 0. 08 Mpa vacuum degree.
The software is also used to analyze the test results of the analysis of variance,the signifi-
cance of experimental factors on the content of VC is obtained.

Key words:apple; hot-air; vacuum; combined drying; VC
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FCR BT, FH 8 4 T 3R 18 7K 43, Bk i D A

SRR R T A, 5 A KR Y R AT LA, TH RS
HHEEKIER, H.
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MR AF SE SRR TR bR

J5t 56 AF 5T e 141 -

AOOH . g, —FRRFEKFHRE. g5 80—
SR R S OK AT B . g

(3VC &t 2, 6- G W e 13 o2 & A 4

A Z C IR T W W, > W W H G 68 78 Ry 41 6 i)

B2 /R W b i 4k 2R R C W 4 3B | AL et

BT 3 5 2% 5, TR E I 2,6 — AR I EE I T TR Y

‘Hﬁ%%% A DATH S A W I b R SR R A R C
O EAKXT .

VXV, —
stm

(mg/100 g) (3)
) PV — i SE FE T AR R GORHAR AR,
mL;V, — 2 & H AR J AR . mL; p—1 mL
JUBHAWAR 24 T P00 M MR 19 BT i, mg/mL; Vi —
ik 72 B BT OB S A AR R mL s V — R A B O
RF mLsm—FE S T, g.
(DO FabrsR 8 B RE AT .

b g BE s E— s/ ME
BRI = e e E P

UL, 48 b de KAE A SR BE SR 1. I 48 A 5/
ﬁﬂﬁﬂ%@ k0, T LA O<<H8 b SR <1
1.2.2 @it

I R T SR >V BE > R BR AN > Y) A
=P €8, 0 S5 ) R BCHE — XL T R — U v ) 4
i Crba) K F0) — Boas TR AT R s (B K
FEIKEH . VC ).

K BT SR W K e T, BB BB
YR EEZ R 5 mm), ST 40 . B €0 4%
BB 1 2 53R4T BC ], 97 60 500 i T 6 5 B0
0. 5 XN FFEBEFR (0. 4 Y0 A ALES 0. 5 %0 A AL 0. 220
i R AN AT 0. 2 %6 TR I R 4 1. S SR D) i
AP, 408 0.5 h 5 65 H 8, 3 K Bk
Je Wi BT SE SRR 5 KT 0.5 g J0CE 78 6 R
SEY FH1 PR 7K 430 5 A B W0 3 2R B w0 R
KL IRJE R SR 7 S S e R B AR
A 1A TR A AT T8, 45 R B i & 50
C .60 C.70 C =K. KA — 7 1) )5
KB — W KR, AT R T |
25 T MR Hs TR TR IR BRI B Sl 55 °C .63 °C
70 C=AKY, HA B E N 0.08,0.085,0. 09
MPa = AR B RSE R 7 & KRR 2 10 % L
A5 IR T
1.2.3 HHERRAE

TE IR S R T i Ao R v 18 A XU v ) B 46

VC &t = Vo) Xp s 100

MK ESIRE B RN
AN R AR A 1 A A DR 2 AR A 04T 8 IR 3R
5, ISR A TR R 2K R VC F sl
IR AR L T 5% 45 P 2% I 6 48 A 14 5 i
1.2.4 IEXRABAE
T B ) R g R A ORI L R
o PR AR S AR R LT
BEmF] 2K DL K VC &8 A T e hr, oF
113KV 4 HRERMIER AR E S A T IERL
R,k 1 R, L8/ PEA A 1, T
IEﬂ ZOKE K VC & = Keghri o LN AT
53,
,,T:.ﬁ}éjz b i 1R) S B < 0. 2+ K He R B X
0.4+ VC FasfEE <04 (5
B Lo (3O IERZ RLHAR , A 2 ik, 3t
18 4, A 4 B E & I p9SE R 600 gl it
TR

K1 FRAAGTEBRERHKBEZKER
M %
KT BB hREEESE Ems i PAE
A/C HAKRE B/ % c/C D/MPa

1 50 20 55 0.08
2 60 30 63 0. 085
3 70 40 70 0.09

2 ERSHH

2.1 ¥EEFRXE

2.1.1  FRGELEE
TE a4 5 B K% 30 %, L2 YR 63 “C A

EASE 0. 085 MPa i, AS ] #4 XU FTI%HE‘J
T 2Rk Z&mE 2 B, K 2 L
BT BIOXU T B B , JIT i T e A [ A (] s
2(b) Wy & i, B & $A XU BE A 3 L SR R K
M ARS8 Bl IR R i K AR 25, X R B R
SRy s AR B B v R R R A O, T R R R
IR T 321 5 DY A FLIE s 2544

POXELEE g 50 °C .60 “CHI 70 CHE, 4% C
BN 8. 92 mg/100 g,10. 215 mg/100 g Fl
6.725 mg/100 g. 60 C TIFERERF VC & &
%% ,50 CTHM VC F KT 60 C, HHET
PEEFE R A, § 30 VO B3R 5 ™
2.1.2 Rl S K #

TERXIRIE 60 C, H 251 63 °C FlE 55 i
0. 085 MPa B, AN [m] H [] % 4 o 7 7K 2 F 3¢ 21 Fr
() i 46 S S K i 2 an il 3 TR, i IRl 3 (a) 1]
PLE H, BEE ) 2 48 5 KR B 98/ SE R 7 e
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1
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FRBERELKEE

AR AR ] AR 5 (L[R]3 Ch) o ml & i L AR v
[F) e 45 % 7K A8y 40 Do 39 5 I 1 S K SR
Wt P 1) B e 3 K AR B3 R SR R B SR R
5iR . X S DR DA P ) 8 K R g U SRR R 4
[A] 0 BRI () 5 AR IR 2 ) 3 2
Fi BB IR SOK Sy Ak A T T DUAROR AR
PRAF YRR 1E K fR 47 H N BB 2L 21

o 1t 2 3 4 5 6 7 & 9 10 11

#1/ h

Ca) T4 il £
7
6
5
24
= 3
2

1 1

0o 1 2 3 4 5 6 7
HF I/ h
(b &k ih £
B3 FETHEHBREASKRETH
FRATFHRBERLKRBE

o ) 2 46 0 B KRl 2096 .30 %6 F1 40 Yo I L 4
HEECEREASM N 455 mg/100 g, 10. 215 mg/
100 g A1 9. 15 mg/100 g. FH L AT, 24 oo ] 5 46 05
FKER 300wt di A C MY F i f g, T 2 (]

B N SRR 20 V0BT iR C A R, H
HHAP A AR A 228K, T 22 TR,
KB ASUAEARG S 2R B T R IR R AL A R TR
R R VO 8 R 4y

2.1.3 HZRE

FEFARUREE 60 °C , v H) e 48 45 5 7K 2% 30 %6 I
HA5 B 0. 085 MPa B, AN R B 25 B T 3R A 1Y
T 4 K Zok i an & 4 Fros. Bl 4 ) Al L
A AR R L R T i 2 AR AR A B D
SRR B TR B R B s i R A () WA L R
B EASRBE 090N, SR R 1 A2 K 2t AR A T
BE B R Fr K L B A B 2 T R A 1S R T /N
SR R B KRR 2%

EASIRIE N 55 °C .63 CHI 70 CHf, 4K C
A& B4y 9k 7. 25 mg/100 g.10. 215 mg/100 g
F16.925 mg/100 g. f ML AT 50, 24 H 25 R & R 63
CTHP AR C & B, MY B |y 55
CTH70 CH L, ZHEMWGEAR CTEMEAKR. 5
FRRGIR BE 52 e A AR, B B B2 IR RS A TR, VC R

0 1 2 3 4 5 6 7 8 9 10 11

B 10/ h
Ca) T4 il &
7
6
N
%i & 55
i 2 —— o0
1 " 70°C
% 1 2 3 4 5 6 7
Bt 17/h
(b) & 7K ih 2k
B4 FRAAZBETHFERA
TR EREKEE

2.1.4 HZEE

FERRI BE 60 °C , r ] 7 48 o555 K % 30 %6 Al
FLAS RS 63 “CHE, AR FLAS BE N S i) T il ¢
KA K& an s 5 pror. HE 5@l LA B A 1
25 E BB/ L S SR B T AR 2 AR AR A BE L BT B
] AR %5 5 B ] 5 (h) 38 v] & HY Bl 5 45 8 1 D8 /)N L 3
FER B K 2 AR AR AR BE , RS AR R S OK L Rl
TSR P/ N TG L SRR R 1 R K AR A



513

o MURR A SR B T R A R T

+ 143 -

o 1 2 3 4 5 6 7 8 9 10 11

HZS N 0.08,0.085 Fll 0. 09 MPa I}, 4k 1E
ZCHERSMN 5. 61 mg/100 g.10. 215 mg/100
g F19.13 mg/100 g. fULAT A1, 24 B 25 &0 0. 085
MPa B 454 R C S, B H 55 ER
0.09 MPa B} Y44 % C FRAMEAR K. iYL
FEH 0.08 MPa B}, A R & &AL X 2H T H
25 R R, K W A AR, T S SR R DR R AR AR

B/ h
o A B RE T RS IR R i VC 458 3R A
; TR R4
g 2.2 ERXK
§ : —m0.08 2.2.1 RIGEE R A2 00T
e 00 ARRUEL 25 LA T MRS R 1 1E 2R 3 U7 58 I
—h — 16,177 =
: T W22 A Wit SN 22 2 iRt iz i MATLAB #k
1 2 *Hm/f 567 1A X6k 27 A A5 A AT 22 43 BT I T 0 AE U LA 4
U, n N e =] /
ORI AT T &R0 R 3R] B g
@ - THE—“FTéﬁi%H ﬂﬁﬂ@I%ﬁ’\J'lﬁ‘if??@A‘B\D\c;1jﬁ7i$jﬂ Aszchl;
o) NE A R J -F = o e .
R A B ZE &8 b0 T i AEM T T2 S 800 BOXE E 60
Z A Z N . R . . R
C L ) g B KR 40 % BLAS IR 55 °C, B2
& 0.08 MPa.
K2 XERFAEGTREXRBAERRBVRESW
. S T B i) SR VC &R TR Sk I VC & & N
74 B ¢ D T/h Ri/%  /(mg/100 )  HBEIE 53924 I i e
1 1 1 1 1 12.5 4.49 11.9 0.93 0. 00 0.73 0.48
2 1 2 2 2 10. 25 4. 69 7.25 0.53 0. 34 0.11 0.29
3 1 3 3 3 8. 25 4. 84 6.41 0.18 0.59 0. 00 0.27
4 2 1 2 3 9.09 4. 60 9.2 0.32 0.18 0. 37 0. 28
5 2 2 3 1 7.93 4. 66 7.31 0.12 0.29 0.12 0.19
6 2 3 1 2 9 4. 84 8. 28 0.31 0.58 0.25 0.39
7 3 1 3 2 7.25 5.09 11.19 0. 00 1. 00 0. 64 0.66
8 3 2 1 3 7.5 4.77 12.43 0. 04 0. 46 0. 81 0.52
9 3 3 2 1 12.93 4.77 13.88 1. 00 0.46 1. 00 0.78
T, 1.03 1.42 1.39 1.45
T, 0.87 0.99 1.36 1.34
T; 1.96 1.45 1.11 1.07
1 0.34 0.47 0.46 0.48
t2 0.29 0.33 0.45 0.45
ts 0.65 0.48 0.37 0.36
7K S 2 3 1 1
R 1.09 0.46 0.28 0.38
E/9§52 ABDC
2.2.2 EIFE BOK T Z a5 B UL K VC &7 204 3.

R4 1F 38 10 560 A 2 0 BT 45 5% o B £ /KO
B ER XL BE 60 °C , o [] 2 48 1 5 /KR 4096, FL2S
IR 55 °C, B2 0. 08 MPa #E4T R E IR IR , 76 11k
AT, TARETE S 9.5 ho BK LR 4. 92, VC &
A 8.03 mg/100 g. WA AYZEE 70 0. 46.
2.2.3 I EE R T 2508

iz MATLAB #4328 56 20408 15 17 07 25 v
BT o 3% 3~5 JIr s 43 53] by He 1 o [ 5 2 53 M 45

PR 3 b Al L X F TR Ef L R AL F,
=129.200 8; & B,F,=106.859 7; K& C,Fc
=399.551 1; % D, Fp,=407. 672 9. 1fi Fyo =
8.021 5,A.B.C.D W F ¥ KT F, o , Vi A
FAHWE BHZE C.HZE D X T4 ] 52 00 3
R

PRASPATHXNTEKL, HER A F =
746.529 4; % B,F;=213.588 2; A& C,F.=
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626.882 4; I ZE D, F, =2861. 5838 2. 1fi F,, =

8.0215,A\B.C.D W F H¥ZEKF F,.0 Ut BHHA

F A B.C.D X1 i [R] [ 5% ) 35 55 3 5 2
P 5 Al F Ve LK A Fa=

1975.729 9; % B, F;=287.759 4; & C,Fo=
608. 163 3; [ % D, F, = 438. 249 8. 1fii Foo =
8.021 5,A.B.C.D W F ¥ KT F,. A
R A B.C.D X4 i ] 0% 5% e 12 e BE G 257

x3 TEEEMAESHE

CIDFE T8 b 2 vy, 458 05 B B vy 1 488 I (] A
KER AR VO &R 5 55 4, LS B
1 AR PR IESE S Ak 7E — A AR A T M8 B L AT
IR 7 VO B i AE T R R R4

(2) %l MATLAB X} 46 45 5 #F 17 22 4%
Mo A AR E S A TSR R TR
rp R PR 280 S SR D) R R TS I ) 2
JAB.D.C;itiFE N A.B, D, C; BEEE /AR T
HAER T T 22808 AR 60 °C , Al i 4
M IKR 40%, HAHE 55 C, A JF 0. 08
MPa.

(3) K F MATLAB X} 46 &5 R ok 17 05 22 4%
Br A5 L2 4G TR SR 5 a0 P R 34
DGR E | o TG 4 5 KR VB S R L Bss B IR
B AR AR TR E L E K S VO & R R Y

e

E

5 25 K RE ] 1 B ¥y 5 % F {8 F, .
A 8. 606 2 2 4,303 1 129. 200 8 Fo.05(2,9)=14.256 5 5
B 7.118 2 3. 559 106.859 7 Fo.01(2,9)=8.0215 [ EATES
T c 26.614 5 2 13.307 3 399.551 1 4 B
iﬁ D 27.155 5 2 13.577 8 407.672 9 [EERTE S
il R 2 ey 0.299 75 9
R e 0.299 75 9 0. 0333 06
SR 69.794 1 17
4 SEKEMFEDIHR
E2 3 I R ¥ior % F{d F. 3
A 0.141 01 2 0.104 4 746.529 4 Fo.05(2,9)=4.256 5 T
B 0. 0403 4 2 0.030 2 213.588 2 Fo.01(2,9)=8.0215 R
= ( 0.118 41 2 0.087 6 626. 882 4 TS
7K D 0.162 74 2 0.122 9 861.588 2 [T
24 W e 0.000 85 9
R e 0.000 85 9 9. 444 4X107°
R 0.463 36 17
®5 VCEREWMHFESWE
U3 R A H B ¥ior % F 1t F, 2
A 67.799 8 2 33.8999 1975.729 9 Fo.05(2,9)=4.256 5 [ ATES
B 9.874 8 2 4.937 4 287.759 4 Fo.01(2,9=8.0215 R
Ve C 20. 869 9 2 10. 435 608.163 3 YT
& D 15.039 1 2 7.519 6 438.249 8 [CEATE S
&= WE e 0.154 42 9
% e 0. 154 42 9 0.017 158
Jayill 113.738 1 17
3 B 5%k
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Research and realization of control strategy of lighting system

ZHANG Yu-jie, LI Dong, CHUN Jiang-feng

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

710021, China)

Abstract;: Aiming at the problem that the traditional lighting system cannot take into account
the large area lighting environment comfort and energy saving, the lighting control strategy
combined the fuzzy control algorithm with the particle swarm optimization algorithm is ap-
plied to the lighting control system. By using the fuzzy control algorithm to determine the o-
pening of the shutter,natural light is used to the maximum extent. Meanwhile, the illumina-
tion information collected by the multi sensors is optimized by the particle swarm optimiza-
tion algorithm and the optimum combination of brightness of the lighting device is deter-
mined. The comfort of the system is satisfied and energy saving effect is obvious by test. The
comprehensive optimization of comfort and energy saving is realized.

Key words:lighting system; fuzzy control; particle swarm optimization algorithm; comfort;

energy saving
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Design of charging and discharging system with
bidirectional energy flow for battery

SHI Yong-sheng, GAO Jing-ru, LIU Yan-xin

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

710021, China)

Abstract: According to the existing problems of battery charging and discharging device, a
battery charging and discharging system with bidirectional energy flow is designed in this pa-
per. The pre-stage adopts a three-phase PWM rectifier and the last stage adopts a Buck-Boost
bidirectional DC/DC converter. The combined control strategy of pre and post stages is stud-
ied according to the method of charging and discharging. The battery constant current, con-
stant voltage,charge control and discharge control are achieved. Using PLECS software to
simulate and the simulation results show that the system has high power factor and low total
harmonic distortion.

Key words: charging and discharging; bidirectional energy flow; PWM rectifier; Buck-Boost
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Abstract:In the research of control of double extraction steam turbine thermal-electric load
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of impact on other loads,due to the frequent fluctuation of heat and electricity load,thus af-
fecting the control performance of the whole system. In order to solve the above problems,
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strong coupling problem of the power load,improves the robustness and adaptability of the
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The round hole defect detection based on polar

coordinates and box-counting dimension

ZHOU Qiang, DU Xi-meng, HU Jiang-tao

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

710021, China)

Abstract: For high accuracy requirement measuring the round hole of metal parts in practical
application, this paper proposed a method for round edge information judgement and defect
classification based on polar coordinate transformation and box-counting dimension after op-
timizing the hardware system,to eventually recognize hole's defects by examining the edge
information of metal parts’ round holes. It got the image contour of the round hole captured
by CCD camera,and then confirmed the center of the round hole through least square meth-
od. Depending on that,it transformed the image into the condition of polar coordinate to ac-
curately judge hole's defects according to the edge information of round hole by using cluster
and box-counting dimension. Experiments have shown that the efficiency and accuracy of the
examination are improved through this method.

Key words: circle hole defect; round edge information; polar coordinate transformation; least

square method; hierarchical clustering; box-counting dimension
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Eye location algorithm based on integral projection
and template matching

KANG Jie, LI Jing

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

710021, China)

Abstract: Under the background of driver fatigue detection, aiming at the problems that gray
projection algorithm is sensitive to posture change and the complex calculation of template
matching,eye location algorithm based on integral projection and template matching is pro-
posed. Face region is detected by using image network analysis algorithm, the eye area is
roughly located through the method of gray-level integral projection and face geometry char-
acter,then precisely located by using template matching. Simulation shows that this algo-
rithm has good location effect for wearing glasses and posture change image compared with
the traditional template matching algorithm.

Key words:eye location; gray-level integral projection; template matching
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Optimal design of wine quality classification
model based on AdaBoost-SVM

YANG Yun', LU Mei-jing' , MU Tian-hong”

(1. College of Electrical and Information Engineering, Shaanxi University of Science & Technology, Xi'an
710021,China; 2. Qinghai Agriculture and Animal Husbandry Market Information Center, Xining 810008,
China)

Abstract: Focused on the issue that traditional classification algorithms for wine quality clas-
sification have a low recognition rate to low-quality wines, an optimization algorithm based
on ensemble Support Vector Machine (SVM) was proposed. Firstly, muti-class was accom-
plished by 1-against-the rest SVM;Secondly,SVM was repeatedly trained as weaker classifier
and a strong classifier was gotten by grouping a number of base classifiers based on SVM.
The sample weight were dynamically adjusted by using AdaBoost algorithm, the sample
weight of low quality were appropriately increased, and then the cost of misjudge samples
was also increased for improving classification performance of unbalanced datasets; Finally,

the wine quality datasets of UCI database was taken as research object, the classification
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model of wines quality was established that using muti-classifiers optimal integration as the

core. The simulation results show that compared with the standard SVM algorithm, classifi-

cation accuracy of low quality wine was significantly improved based on AdaBoost-SVM.

Key words: classification; support vector machine; ensemble learning; wine quality; unbal-

anced data
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An efficient pattern matching algorithm for string searching

ZHAO Xiao', HE Li-feng' . WANG xin', YAO Bin',
CHAO Yu-yan®’, WANG Ya-ni'

(1. College of Electrical and Information Engineering, Shaanxi University of Science & Technology, Xi'an
710021, China; 2. Faculty of Environment, Information and Business, Nagoya Sangyo University, Aichi 488-
8711, Japan)

Abstract: According to the analysis of the famous BM algorithm and the Horspool algorithm,
we propose a simple and efficient pattern matching algorithm for string searching. When a
mismatch happens,for shifting the pattern to the right,the shift amount in the Horspool al-
gorithm is computed by using the rightmost character of the current text substring to the
bad-character strategy. In comparison,the shift amount of our algorithm is the maximum one
among all the shift amounts computed by using each of the already-matched characters. The
maximum shift amount for each mismatch position of the pattern can be pre-computed by u-
sing the pattern only. Experimental results demonstrated that our algorithm can obtain a lar-
ger shift amount for a mismatch,and thus enhanced the efficiency of pattern matching for
string searching.

Key words: pattern matching; string searching; BM algorithm; Horspool algorithm
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i

1 BM &350 Horspool B ik p)E 24 R 18
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B pattern THFELFH pL0]--plm—1]1Fm, Hr
m T FRRB KA.
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Abstract: An oral chemostat model with periodic pulse and time delay is discussed in this pa-
per. Using the comparison theorem of impulsive differential equations, persistence theory and
floquet operator theory,the existence of the microorganism-free periodic solution is proved,
which is globally attractive under some critical conditions. Moreover, the sufficient conditions
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numerical simulations are given to illustrate the main results.
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Abstract: According to the natural phenomenon that produces a shadow of objects under di-
rect sunlight and the formation principle of stick sunlight shadow chart, the positioning
method by the shadow of the sun is offered. Combined with relevant knowledge such as solar
altitude and declination of sun. The multiple object optimization model, whose objective fun-
ction is the maximum of correlation coefficient and the minimum of error sum of squares a-
bout practical and theoretical shadow’s length,is built. Regarding longitude and latitude of
measure area as design variables,the measure area is confirmedwith parallelism selection ge-
netic algorithm. In the analysis of case, compared with enumeration method, there is the
truth that,the result by genetic algorithm is more accurate and the solution speed is faster
than enumeration method.
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