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Effects of the pretreatment using different alkali/urea
aqueous systems on the properties of fiber

WANG Zhi-jie, LI Yao, WANG Jian, LI Yu-jie, LIU Nian

(College of Light Industry Science and Engineering, Shaanxi Province Key Laboratory of Papermaking Tech-

nology and Specialty Paper, Shaanxi University of Science & Technology. Xi'an 710021, China)

Abstract: The fiber was pretreated by using different alkali/urea aqueous systems, and the
effects of the different alkali (NaOH,LiOH and KOH) /urea aqueous systems in same mole
ratio on the swelling property of fiber was discussed. At the same time, the changes of the fi-
ber morphology before and after pretreatment were analysed by using the optical micro-
scope,fiber quality analyzer and SEM, the changes of the degrees of polymerization of these
fibers were determined,and the Fourier-IR spectrum analysis was conducted for the charac-
terization of fiber structure. The results showed that the alkali/urea aqueous systems of
NaOH,LiOH and KOH all could improve the swelling properties of the fiber,and the fiber
morphology and the morphology parameters of three kinds of treated fibers had changes in
varying degrees,and the degrees of polymerization of these fibers were all decreasing. Among
these,the effects of NaOH/urea aqueous system on the swelling property, morphology and
the degree of polymerization of fiber were all most prominent. After treatment in three kinds

of alkali/urea aqueous systems, the molecular structures of treated fiber had no obvious
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change,but its crystalline regions were partially destroyed, with the crystalline structure of

Na-fiber transformed to cellulose 1II.

Key words: alkali/urea aqueous systems; swelling property; fiber morphology; Fourier-IR

spectrum
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Effect of ultrasonic pretreatment on acid hydrolysis

selectivity of cellulose

ZHANG Mei-yun, LIU Qiang, WU Xiu-li, LI Jin-bao, LUO Jing-jing

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

Abstract: In the present work, the ultrasonic pretreatment was applied to enhance the selec-
tivity of hydrolyzing cellulose for the preparation of microcrystalline cellulose (MCC) using
hardwood dissolving pulp. It was found that the crystallinity of hydrocellulose was 78. 92 %,
water retention value was 179. 4% ,degree of polymerization was 99,and the specific surface
area was 1. 971 7 m*/g under the optimal condition of ultrasonic pretreatment process (the
power was 300 W,processing time was 20 min). XRD and FT-IR results indicated that ultra-
sonic treatment did not change the crystalline structure and chemical structure of hydrocellu-
lose, which still remained cellulose I structure of native cellulose. The ultrasonic pretreat-
ment could promote the selectivity of cellulose acid hydrolysis and improve the crystallinity
of hydrocellulose.

Key words: ultrasonic pretreatment; acid hydrolysis; crystallinity; hydrocellulose
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Study on hot pressing process of nanofiber paper-based

materials based on response surface methodology

XIU Hui-juan'?, LI Jin-bao', YANG Guo-xin', QIANG Dan-dan'

(1. College of Light Industry Science and Engineering, Shaanxi University of Science & Technology, Xi'an
710021, China; 2. Key Laboratory of Pulp and Paper Science &. Technology of Ministry of Education of Chi-

na, Qilu University of Technology, Jinan 250353, China)

Abstract: The hot pressing process conditions of nanofiber paper-based materials by microfi-
brillated cellulose based on response surface methodology (RSM) was investigated. The tech-
nological parameters such as hot pressing temperature, pressure and number of times were
optimized and the related model was established. The results showed that parameters influ-
ence on the tensile index of paper-based materials from significant order to hot pressing tem-
perature_>pressure > number of times; The optimum hot pressing conditions for nanofiber
paper-based materials were as follows:the hot pressing temperature,pressure and number of
times were 145 °C,0. 45 MPa and 5 times respectively. The tensile index of paper-based ma-

terials under optimized condition was 86.29 N » m/g, which was well agreed with the predic-
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Preparation and study of flame-retarded synthetic leather base

LUO Xiao-min"?, CAO Min', WEI Zhao-fan', LI Qun-qun'

(1. College of Light Industry Science and Engineering, Shaanxi University of Science & Technology, Xi'an
710021, China; 2. Xi'an Engineering Laboratory of Fiber-Based Composite Materials, Shaanxi University of
Science & Technology, Xi'an 710021, China)

Abstract: A flame-retarded synthetic leather base was prepared by mixed of some common
halogen-free flame retardants and polyurethane resin and coated it on the synthetic leather
substrate. The combustion experiment results show that the synergistic flame-retarding
effect of the encapsulated red phosphorus and aluminium hydroxide is the optimal. In this
paper, TGA and SEM are used to analyze the effects of the encapsulated red phosphorus and
aluminium hydroxide on the thermostability and flammability of polyurethane (PU) ,and the
additional matching of the encapsulated red phosphorus and aluminium hydroxide is also
studied. When the encapsulated red phosphorus is 15% , aluminium hydroxide is 20% , the
Limiting Oxygen Index (LOD of the base is increased from 18.5% to 28.4% and the flame
retardant rating could reach UL-94 V-0 level.

Key words: synergistic flame retardant; synthetic leather base; encapsulated red phosphorus;

aluminium hydroxide
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Application research of fatliquor in microfiber
synthetic leather imitate leather

QIANG Tao-tao' s WANG Yang-yang', REN Long-fang',
WANG Xue-chuan', ZHENG Shu-jie’

(1. College of Light Industry Science and Engineering, Shaanxi University of Science & Technology, Xi'an
710021, China; 2. Tianjin PetroChina Kunlun Gas Go. , Ltd. , Tianjin 300270, China)

Abstract: The leather fatliquor was selected to finish microfiber synthetic leather base to im-
prove the skin-imitated properties,in which aluminium tanning agent was as a cross-linking
agent. The softness, moisture absorption,water vapor permeability,tensile strength and tear
strength of base were investigated,the type and dosage of fatliquor was optimized. Compared
with that of blank base, the softness of the base increased obviously,the moisture absorption
of the base which was treated by fatliquor increased by 50%~90% ,the water vapor permea-
bility increased by 6% ~30% and the mechanical properties have varying degrees of increase.
The bases before and after being fatliquoring were characterized by water contact angle, a-
tomic force microscopy, scanning electron microscopy and specific surface area. The results
showed that the wettability of bases decreased, the fiber surface structure changed obviously,
the fiber gap became larger and the specific surface area increased.

Key words: fatliquor; microfiber synthetic leather base; aluminum tanning agent; sanitary

properties; imitated leather
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Walnut shell aided to improve sludge compressibility

DONG Ling-xiao, DING Shao-lan, XIE Lin-hua, REN Wen-yan

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

710021, China)

Abstract: The main difficulty in mechanical dewatering is the high compressibility of the floc-
culated sludge except for the block of the filter media. Physical conditioners are usually used
to improve sludge dewatering by reducing the sludge compressibility and strengthening
sludge permeability. In the study, walnut shell which is an agricultural waste of China was
selected to condition sludge used as physical conditioner which played a role of skeleton
builders. During the course of experiments, sludge resistance of filtration (simplified as
SRF) ,water content of sludge cake,coefficient of compressibility were taken as indicative pa-
rameters of sludge compressibility. The experiment results showed that SRF and water con-
tent of sludge cake decreased when sludge was conditioned with walnut or cationic polyacryl-
amide (simplified as CPAM), or co-condition with walnut and CPAM. This identified that
sludge compressibility was improved and so increased dewatering rate of sludge. In addition,

the variation trend of compressibility coefficient also showed that sludge compressibility had

x WFS A HA:2016-04-13
BEETB PAEE T LWAHTRIEE (15]K1100)
TEEB N EHEE (1975—), 2, NP T 2R, PR, 78 e 1 - B0 9 A L 8 95 ) 1)« J 7K A 4 Ak B R R P A%l I 3 00 A 15 7K 5 T A
v (¥ 1
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been improved. The fittest condition was that the ratio of walnut shell to dry solid (ratio of

weight) was 3 ¢ 7,particle size of walnut shell was 0. 25~1 mm and the dose of CPAM was

100 mg/L. The coefficient of compressibility increased from 1. 576 8 of raw sludge to 1. 997 8

of treated sludge conditioned with walnut shell and CPAM. Water content of sludge cake fil-

tered with vacuum pump decreased from 80. 59% without any condition to 73. 23% after

conditioned under the fittest condition.

Key words: walnut shell; cationic polyacrylamide (CPAM) ; skeleton builder; sludge specific

resistance(SRF) ; sludge compressibility; dewaterability
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Research on myopia prevention color model based on masking equation

GUO Ling-hua, DUAN Xiao-jian, REN Long-fei, LIU Guo-dong

(College of Light Industry Science and Engineering, Shaanxi Province Key Laboratory of Papermaking Tech-
nology and Specialty Paper, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: Myopia prevention color was analyzed based on masking equation theory at first,
then the myopia prevention color model based on masking equation was built according to the
color gamut of myopia prevention spectral and was verified using color difference method,
which achieved successful accuracy of color matching. Myopia prevention paper was produced

by printing technique instead of pulp and papermaking in the end,which has an easier produ-

cing technique and lower cost and was environmentally friendly to the society.

Key words: masking equation; color matching; myopia prevention; color difference
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AT B FE A E ST TR Ak AR T,
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v 1l=myy, m,y, —m,
C=—"%(D, D
X ( + 1—myy,

4 Y, — y'D,,)

&
1—m,y,

1— Y.y CpYg — Cg ViCg — Vg
M= —72>~"(D, + D, + D,
X ( ‘ 11—y, 11—y, /) (1)

m,c, — m,
4 M 'D/,)

1—c,m,

1— e, Yo T Gy
Y = ;/Cl(D/,+(‘yl “p

1—cm,

X =1—myy, —cpy, —cem, +comyb, +c,ym,

KDOH e, 0 TAAF MBS FIEOR
TR SO E e R T R B S s, om, 53 5]
ML B AELL R TR ESRECR T
M) FE R LUAE s v, vy, 20 00 R B SR A AL SR TR
RATIMEESEROF THHEENRME;C.M.Y
RE R ARG EEE A ENCEO A
THEE D, D, .D, A EIR & AR B — 55 BHE
20 .5k IR ORI .
1.2 BEAKELE

T LR (0 2 X MR B e 4 19 B2, 555 nm (18 )
% 2 AL BE e BRI G O R0 T I IR S 9
95 /b B AR IO A L IF LA R T R A0 G % 57 1Y
RO HOE B I KB B 500~590 nm.

2 ETRMAREBEMERKEZET

2.1 FEAE=ZRHAL
LEB7 OGS 500~590 nm JEH A 510~550
nm fERBFFERT S8 ) A R R AR 510~550 nm
X 7 B, = R gk 1 TR,
=1 CIE1931 frE B E W R E Kk =l E

1 /nm ks y b
500 0. 004 900 0.323 000 0.272 000
505 0.002 400 0.407 300 0.212 300
510 0. 009 300 0.503 000 0.158 200
515 0.029 100 0. 608 200 0.111 700
520 0.063 270 0.710 000 0.078 250
525 0.109 600 0.793 200 0.057 250
530 0.165 500 0.862 000 0.042 160
535 0.225750 0.914 850 0.029 840
540 0. 290 400 0. 954 000 0.020 300
545 0.359 700 0. 980 300 0.013 400
550 0.433 450 0.994 950 0. 008 750

2.2 MESAMAMBAE

TERE RN 157 g/m® B L 28 BRI e Rt
EVA 3 25, ] IGT BRI PR AT i 8 AN A bk,
T A5 3 8 i 2] A AR B 8 Sl B 2, B 1 = o
P A B SR IR 0 A DR 2 AR B B (L
TR EUE I 2 Fros.
®2 SHMANEEBIMENR BR=RHBETE

75 Hi, X Y Z
1 = 78. 85 82.73 93.06
2 # 59. 85 67.68 6. 64
3 Eas 33.54 18.57 26. 10
4 #H 17. 42 23. 61 66. 32
5 4 27.45 16. 99 3.15
6 53 8. 30 17.03 5.97
7 i 7.09 6.02 23.10
8 1.84 1.94 2.18

2.3 KMZREeHEMEEMRE H

15 B AL A 85 5 R L SR 5 MR 9 7 4 305 ) K A B Il
i DT AL R WS T RUR com Ly, W
AN R,

X1, [X
Y |[=D)fY, (2)
7zl 7z

KO X, Y, Z HFrAE S =R AE; £
e T A B AT B XYL 2 s
oo = . 3k 3 s,

T3 BREKAAEBMNE=ZFEHEARENILE

¥ /nm e m v
500 3.360 662 2 0.093 856 5 9.570 960 1
505 3.359 180 2 0.092 293 4 9.582 3157
510 3.357 680 3 0.090 663 3 9.573 990 0
515 3.356 243 3 0.089 058 7 9.566 773 1
520 3.3550950 0.087 744 1 9.562 240 7
525 3.354 420 6 0.086 972 8 9.561 668 6
530 3.354 099 1 0.086 629 6 9.564 250 0
535 3.354 071 7 0.086 658 5 9.569 286 2
540 3.354 306 6 0.087 017 2 9.576 540 8
545 3.354 793 4 0.087 692 4 9.585 967 1
550 3.355510 3 0.088 656 0 9.597 404 2

2.4 MABMER

YRR 3 MY BHE Rl coredraw # 510 ~ 550
nm EEAFCRE, Il HP 808 &8k b,
wmE 1 s,

500(505|510 (515|520 | 525|530 535 | 540| 545| 550

B 1 510~550 nm & 8 fie. & B

# K /nm
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2.5 MXZREEEL
JH 55 0 £ e g % AR, I 5 SR N R 4
.
T4 BHEKAXEERVTHEWZEEHERE

Wk /nm ¢, c my, m, r Vi

500 0.425 0.159 0.629 0.238 0.044  0.127
505 0.427 0.160 0.631 0.240 0.044  0.128

510 0.427 0.162 0.633  0.241 0.045  0.129

520 0.431  0.165 0.641 0.251 0.048 0.130
525 0.444  0.168 0.640 0.249 0.049 0.133
530 0.445 0.167 0.639 0.249  0.049  0.133

535 0.439  0.159 0.630 0.241 0.046  0.128

545 0.450 0.165 0.643 0.254 0,050  0.132
550 0.492  0.163 0.630 0.259  0.049  0.134

FHE 0441 0,163 0.634  0.248  0.043  0.130

AR € AN 3T S AR S R )

SEMUTT RE G A R BT A ) s

C= 1.072 9(D, — 0. 146 1D, — 0. 027 7D,)

M= —1.161 8(0.415 7D, + D, +0. 111 6D,) (3)

Y= 1.087 7(0.120 6D, — 0. 657 9D, + D,)

3 BETERMRAREMPGIEMLESEIEIE

3.1 AR IE &I

TEPE KN 500 ~590 nm v [l . AT B HCAE &
BT €0, 55 A7 A AR 56

Bt FRE P 500~590 nm YE A 1 85
ER AN T Rk i L S g = N R S RGNSy
BEE C.M.Y.
3.2 KdiFE ek

TR B R A 2 (4) Fr, 3R R I (A B T
@, ).

fl)l

Y:azl—lo
1—10"
ﬁ
. 1—10"
Cra="—"""-~ )
1—10"
1
M:a:%
1—10 "

e HREIFE S 5 nm 4 35K M 555~590 nm K
S 0 T 6 Rl An 2 5 TR,

x5 RtEEMNH=FER L

P /nm C M Y
555 3.358 1023  0.090 4325  9.619 985 2
560 3.357 5424 0.0913359  9.625757 2
565 3.4021321  0.091 1456  9.612 345 1
570 3.360 264 0  0.094 8845  9.659 8659
575 3.372 3510  0.095 1423  9.6752413
580 3.421 5680  0.0923141  9.687 4123
585 3.402 3612 0.091 234 12 9.670 152 3

590 3.425 361 2 0.090 912 36 9.701 256 3

3.3 &AM

R B 41 A B2 7 R A5 3 Y D63 €0 0 D € L ) L
W C MY SEATIEC G0, 1 IGT B IE P AT AR
o KRR SR AT DN 3K (o 3 (L I 38 1o an R Bk R K
P P A F E.

CIE1976L" a* b* #4)%i f8, 25 [a] /& i1 CIEXYZ
B RG24 ik AR 2 e 4 15 2 1, e B B 4E £k
L* P85 a F1 b™ #4194k Ak br R 450k =
7 B R A 4 0 S0 (5) i
L° = 116% (YY) —16
@ = 500%[(X/X,)" — (/Y ] (5)

b= 2005 [(Y/Y,)" —(Z/Z)" ]

K H: XY Z B ke S = R
X,.Y,.Z, A CIE g i B8 BT RN BE S5 31 5¢ 42 18
S5F A % 1T ) =R L AR OB R I B (. SCrp R
K ENR CIE br#fE FBIA 2 D65 SeIi, IF Hr fi
I A5 2 Y — R R A D65 TR R G 4%
PRI . B A D65 DB IR B = RIS X, =
95.23,Y,=100.00,Z,=108. 88.

i H MATLAB 3 {4 5 535 56 B =il
HXYZI L a b ¥, K AZRHR XY . Z,
BB AR R L a” b7 BT PR .

Y% IEEO = REE XYZ BAEE R Lab %
¥

Yo EABRIR XYZ B

Y E AR OEIR R = HE XY, Z,

X.Y.Z;

XY, Z,s

L=116 * (Y/Y,,)% —16;
a=500 % ((X/X,)" —(Y/Y,)T);

b=200 % ((Y/Y,)® —(Z/Z)° )+
Lab( : 71):L;
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Lab( : ,2):(1;
Lab(:,3)=b
% RESE = RIME XYZ B Lab 3%

Yo ARG XYZ B

Yo A ARG = RE X, Y. Z,
XY, Z;

XY, 2,3

L=116 % (Y/Y,)® —16;
a=500* ((X/X)? —/Y,)?);

b=200 % (YY) —(Z/2)" )5

Lab(:,1)=L;

Lab(:,2)=a;

Lab(:.3)=b

AT ER A, 4 HAE F K 560 nm, 570 nm
SRR N AERBIEN L a” b" [H. 2R INFE 6
s,

K6 HEXEHEMELHEHWL o b &

Pk ik 4, &

/nm - L” a” b* L* a” b
555 50.7, —52.5, 37.0 46.5, —52.9, 47.9
560 50.6, —50.5, 37.0 46.9, —53.9. 48.4
565  50.5, —48.9, 38.4 47.5, —53.7, 49.1
570 50.7, —43.2, 38.8 48.2, —53.9, 49.6
575 51.7, —43.8, 39.8 48.1, —53.6, 50.6
580 51.7, —40.2, 39.6 47.9, —54.1, 52.1
585  50.5, —40.8, 40.5 50.2, —54.6, 53.6
590 52.1, —38.9, 42.3 51.1, —55.6, 52.8

LPANBERERELL L a” 0" kbR E  H:
B AE 4> R (L1 s al” , 617 ) FI(L2" , 42",
62" ) PIF Z A B A 25 A E, FHP 3068 7 (6,55 ] th
AR g = A
AE,=(L1" —L2" )+ (al” —a2" )+ (1" —
112*)2)%’

i MATLAB K f i 5 5 25, 58 i
AE,, HR i CERE n ™)  H AZE o L1,
al® b1 ML2" ,a2" 02" 75N E,, .

Yo B AT EERE L) Lab A

Ll,al,.bl;

L2,a2.62;

E, = ((L1— L2)*+ (al — a2)* + (b1 —

b2)?)*
HE LR 7 .

K% %8 5534 %
k7 RETBEHEHAEBNEE

WK /nm AES
555 10.231 2
560 10.560 8
565 9.561 4
570 11.379 2
575 10.231 4
580 8.524 1
585 9.230 2
590 10.2310

0,22 9.99

JIT TC T B TR A5 ) 1 B 6 5 RS B A A
— 2 RYESLPREC AR 2 50 AT, AR Ll A B
Fict 25 B, 75 20 19 H bR 2060, 5 B AR B (0 1Y) (0 2% — i
Tl ZE 15 NBS 22 47 B, BIVATHE A 48 4 1 23 €, 15 3.
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K. 2853 BT 3 35060 22 A K IR 32 T 2 7 A 28
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Research progress of formaldehyde release behavior
and its inspiration to the leather industry

YUAN Xu-zheng" ?, WANG Xue-chuan', JIANG Su-jie*

(1. Key Laboratory of Auxiliary Chemistry &. Technology for Chemical Industry, Ministry of Education,
Shaanxi University of Science & Technology, Xi'an 710021, China; 2. Jiaxing Fur and Shoes Industry Re-

search Institute, Tongxiang 314500, China)

Abstract: The research progress of formaldehyde release in the field of artificial board and
textile field was summarized. The basic theory of multi-scale porous structure for leather, the
source and existing form of formaldehyde, the chemical principle of reversible binding, the
limited standards,and the release medium and simulation method were elaborated. Draw on
previous experience, the research content, method and meaning of leather formaldehyde re-
lease behaviours were proposed first time.

Key words: formaldehyde; release behavior; research progress; leather
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[# 4k, Reinhardt %57 & &5 0 58 T 4 DMD-
HEU # 35 (4 83 2F 4k 78 7K %k 1 72 v B B ik 1
B 25 58T K U T R RS KR AR R LIS R
pH 2 % b X B RS A5 e L OF- 45 T R B4R
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HE RSB B i ] K. Kamath Y. K. %P §F 58
T 24 DMDHEU Py 4% & 5 (1) 25 21 v B 1 B8 1)
SR 2L TS0 B By pH R S e R R ik
M FEZHE. FEP RS PR B i > 7R
MRPESET . C— O B K H R L C— N #HE
PRSI T 25 205 v B R T R

S. Christian 2 #f 53 T 4 DMDHEU %% #
1T B2 AU AE K RN TR BUT Ui B K i
i B4 R DL T 9T % B 2 L K i PR R
I8 R U VP i B R TR A B v T LA
HE A R AR B B S Y 5 2L
FF TS 10 i 2 B0k 1 0 O B e g PR L DA B R
S R AE B0 1) A 3 ) 5 4 18 KA T B 5 B
(1R TS 7K A 1 25 0 AR 6. TR S 450 BB T AN () Tk
b SR (Y TR B K A 9 AR k5 R R T Y
TERRZR ST UE A L B0 A [ B K R R M
T Dk 3 200 1 R R R R T R HE K R AR
A4 17 e b R 1) S 43 i AE 75 18 K DA S N T
rh R AT HY RS O 0, R Y ZE AR K A B A R T
pH {H. 255 & W Bl /K 7 WL 19 1 /K T 5
T R [ I Z 0 K v ) B s A v T A AT T A
TR 6 R I A LR A R Bl Dy A
BEF 6 A 2L AT 7 46 Ak B 38 a0 0 s T
R AR T 5L pH S5 R 0% B IR R R
T B A 225 I I S A 2 TP I B AR T
75 mg/kg, fF A LR A FRE R BT A BOK.

2 HEDHRERMEXEMER

2.1 HREMHSREILKREH

AR D i) 5 DO 1) Az Bz R — i A2 2% 1 Bl W B Ik
MLk HAE A, BA A a0 2 ROBESE ), iy
T A1 B A S B K R T 2 RUBE YRR L AR
JE AL 2 A B A T AR B 2 A A G BEE
B R R B L BLSE A S OT Rl i A R AR
SR AL /N T B AL /Ny T P o B
I 45 IR — 2 T4 5 AW R 7 —— H A .
AR HEF W — 52 T A R B o3 1 5 BRI
JE5r 16 R — S HE SR — 47 B i — AR ) B T
Yt AN 1) ST A N 1 2R AR TE B S AT 2 L 1A
1 K.

I8 Ji £ A FE-0 1) 2R SR B AT 4 2T 4 TP AL
SFYER. LT HESR Oy A, & T 23 2 21— Fif 57 AR )
R ey B BB A FE A e R B 1) 2% LA
S, I H WKL JZ B UK JZ T2 4k M 27 4 o)
2 2175 ORI K SE AR L B AN [R] 2 B T P AROUE ) A WL

() 22 RUBE 1) £F A LR 25 K RRAE . 2 9 2F 2 S 2L 2544
R B 2 FiR.
2.2 HEPFPTEREOGREL ALEF X

P AR v, B R AT AR W Cn Ll
JEORE A B SRR 1R R LRk 1L T A RE, B2
T ul i A B o T CRD R B R (D)
WRFR A . P R R M R R A W
P AT A R 0 2 A . MR o R ) LA ML R
WEME = RE M R R T Lad R
VR AN L 70 AL HE T i R L 38 Ik DA B A B g% 1 R
SE S TP AR TR Y BB AE i Tt AR R
A FH PR A Sy B R T A S — P 2B g o L ]
Rl

1T B 1 22 ROBEFLBR 25 4 , I o B2 A v 11y
FAE R B E 4 A 3 FR, A s . B
S W R A L AT 0 S AT S A H R 1L R
SRR T 0 R A R A P A e R
Hh— R R I K B — S A, 236 A AR R B
2.3 HEPTBRTHELSGMLSERE

R 28 B AT AL Ak 27 RER ] Ak 2 B &
B T R I 2 B R N 4 A S A S R 1Y RN S
WL 58 R B SEAZ IR S 518 B R %, 1 5 H 4
B 1 A PIORE B, 7~ X6 0 32 0 80 A S A, IR AR R
KRR S5 T 7K B B AR A 1 s e S (A
FWE) & S L B AN 4 R,

BRI — AT 3 R B L BN 3 B S A B pH
KRR, pH AL Wi iz j 78 5, gk 58 1 /I
f8 7 1) . A 58 R PR A BT b el T U 1 5T Ak JE A
XoF HL AT o I a0 A, R A7 A A BT A kX
— ST o AN 3 R B2 5 | A Y 2R A L B Ak A
SR o A R 7K VA R TR s K A A B B
B B i, 33 3 2 B v B RS T 35 R 1 Ak
2 R,

2.4 HRFPFTEGREAFE

PP i — B G 0 11 AR, LA i B o 95k
s U NS S AN R I S G o R 7 )
JiE. PR R 22 3 B 50 B2 R B 7 i v g 5
P AR T A Y B A o N KK R A
2009/563/EC B, B il i v g B R A
A1E KT 150 mg/kg.

R T RAIE B K TR B 7 T A A ATl
(AT Rak 2 e R A R T A gk th & T KK
R E PR B A R Y SO 2006 4R 4
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AMETHEZEEFRME GB 20400-2006¢ & % 1 F JoT ik WA ARG 8 R R A R 2E N, SR A A
B A E Y TR ) B AR R R A B 0 R ML AL S A 56 A v 1) 1 B R H
A ERBRE AL (24 DA RN <20 SEHRRYITA PRI D R T R R B BRI
mg/kg; FLEZIE Ml 5 R (9 7 5 <<75 mg/kg: EEHE AR R SRR H AR AT H L R IR AR Y
T Ml B2 R A9 7= i <300 mg/kg. 2008 4F.FREE K FEEORSRESEE O

Q Q 9
NWNVNH-?H-C-NH-ICH-C-NH---?H-C-NHWNV — . S D
R™ R™ R*
S 4 F Y R R B (<1nm) KRk A FIRIE  AFESRER BREST(1.50m)

A5 11 B £ (4nm) RS JLAEAHKD e R AR o (UK

Bl kRRFEHBRTEH

x20.0k SE(M) 2 X700 SE(M)

A2 LERBIGRIENLBUENARLE
o ‘o o.// o L °
®
° e % * °
\ SR
T 2 W 5y T ) TR M EIBuLs 4 ANE RS

B3 AFTTROALEFXTEH
2.5 W EL GG FE AR B BEE I ) TG A SR CRY B ) L R E AR R
S T R £ b e, TR MR A B i S SR
RSN R E AR e gy TR AN, Bl JRSie
RV AR T ACHS 5y I S B B A P e 7 MO TR T R A



5 43

B W REREAT o F 5 0t JR Bkt B AT L Y U TR

e 30

HN-Y

So— [ Sc=8n=—">C—oH| - fiHy=="C NHY
/C 0 _/C OH /C OH /| 5 /|
OH OH
H* -H,0 + + -H*
. 2 . N H S,
C—NHY —] = =NY
P [/n NHY <—> ¢ NHﬂ ->C
+OH2
B4 BERA BRI R EAE TSR
FAAL | mmss b= = NS
| AERE EBERE AR | ZERE |
?‘ <:] 1 Gl
#
_Eﬂ KR %
Eii 1 e |
THRER
A B B e
AU

A5

J5T 3 BT AR A B AT AR A B

TFE A T S ) R R 2 Ok R P Ui
F V28 K A I 7 A 1 T S PR IS R LA 25 45 R o
FEZF 2 I 3 B v R 0 4 R T BE v
Rl SV DO N NS PR B P N G (3
READL e B gE Al R IR BE I R RS A
ot A TR] B AR A HH G S B R R Z BN I
W pH 7E 5.5 A4 (B2 A D AT pH
IKF) 8. 0, — MEAE S50 ik 2 v 7 4 ) I R N
VT RN B PE N VW, R E S O GB/T
39224 97 280 i €0, 242 o 3 50 i 95 €0 A B )

SR A S5 R R R R B R AE —
T R TR R B U R R Y i, DB R
B AR b E A AE A8 L DR S RN R 2 0ok R o i e R
JHCHR P R ) L D PP DX R B R AR AT g i A
N ORI - NS 0 i [ e ;s LB RNy
e RIPL R AR AR OGS BT I IR B I R A s 1T 4%
R AN R S PR R . PR BRI AR, R
WK 5 Frs i TI6E R 4.
3 #ig

LR L TIR R W SE AR R R A RN R

NREEFMNEMLEAATER

TG AR AR A B G JBOR R R 2 B IR
JEE R A R N R B A 5 2 4
T R T TH 3R 2 A0 - U A 40 s T2
741k A B A pH B PR 20 R R B 4 7k
e TR BT KA A M A TR R 2 LA R Y
AN G R S UM AL IR N Ah e
i 3 4 ok F) DR 2R I G S A 1 3 ] PR 3R AT LA 4
T B A HRE R T O Bt R A A5 M 5 .

G55 B A B 2 RUZALBRAS HA 9 4 5, T I B
o B RS JCA T S 9F 9 SR B A T T A B B i
21 4 55 FRE R 45 58 304898 2 I X R i A 1) 5
IR 256 5 W A I A0 2 0 o) B v Y e X AS ) R
VIR D SN = W B S L N s 3 A
PR (B R 2 N T 20 R I i) BRI UL L3R
BERERE 25 s R VPR N Ty 2 e s BB L ST
He T REMCAT D i H R Uk ) O ik Gl 2ol B2 2
FOREORY 32 22D ZR a8 B B R P 9 H A
AT = Bz 4 v B 4 B 3 B, 48 51 AT AR )
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Mn 2 23t FeAl #1812 RE =N
HE—HEEFR

E 5, LK

(1 BEVE R R MR R 5 TRk, BevE P2 7100215 2. 4 B RSB0, WM 458 461000)

i E.AHATHRAELEZAE Mn 8935557 B2 B FeAl A¥ R Em . RRAATEEZHAE
#> (density functional theory,DFT) J~ X #% & ¥ /4 (generalized gradient approximation, GGA)
0% — PRI kAR S e ey R al b3t Mn R T A B # ey Fe A Al RF 2 5t 47
THERBENTE, BEZT M RFESERAIRT. BARFTTREFTHOTE . KFT
FeAl-Mn # #4 % 2 C,; .Cio o Cyy $948.(Cyy = 305. 06 GPa,C,, = 145. 76 GPa #= C,, =132.
32 GPa) 7 #| B7 iZ 4k & R AUMAL £ 49, 18 1T Voigt-Reuss-Hill(VRH) #E44 , i — F 5 2] T 4R A
#E B W E G HREEE E AL v & B/G 914 (B=198. 86 GPa,G=107. 95 GPa,E
=274.22 GPa,v=0.27,B/G=1.84). &5 . B LT &M EF L A ELSW AL 5 0T HF L
st Mn #52 FeAl #9382 MR AT T H @S5 /FH T Mn é"l BEEmTRTECITES S,
ALETRILEET LSRN RET FeAl R T HF 4k,
KB .5 —MHRE; FeAl2 BRI GY; BHBE; BREFTH; & T4H
FESES TG146.2 XHERARAEES: A

The first-principles study on the effect of mechanical properties
and mechanism on account of the Mn doping on the FeAl

WANG Fen', ZHENG Yi-bing'”*

(1. School of Materials Science and Engineering. Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Xuchang Electric Vocational College, Xuchang 461000, China)

Abstract:In order to study the effect on the mechanical behavior of B2 type FeAl on account
of doping the third element Mn,and chosen the first principles method which based on the
generalized gradient approximation(GGA) of density functional theory (DFT). On the basis
of the optimization of FeAl supercell ,the formation enthalpy of the Fe or Al atom replaced
by Mn atom were calculated respectively,and determined the latter was likely to occur. Then
the calculation of elastic constants was carried out, the elastic constants(C,, = 305. 06 GPa,
C;= 145.76 GPa and C,, = 132. 32 GPa) of FeAl-Mn were got and made a judgment of the
stability of FeAl-Mn system. The bulk modulus B(198. 86 GPa), shear modulus G(107. 95
GPa) ,young's modulus E(274. 22 GPa),possion’s ratio v (0. 27) and B/G (1. 84) were ob-

x WrFs B H#:2016-04-12
HEEWMB BHE AR #EETH(51171096)
EEBN: T 35959 —), %, BePE & P 8082 W A R W, 55 O PR/ 4R R A MR B G R R B B R A
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tained further by using the Voigt-Reuss-Hill (VRH) approximation. Finally, the enhance-

ment mechanism of Mn doping on FeAl were analyzed in detail through the band structure,

density of states,population analysis and differential charge density. It is concluded that the

solid solution of Mn increases the charge transfer between atoms, participated in the hybrid,

enhanced the combining ability,improve the stability of FeAl etc.

Key words: first-principles; FeAl intermetallics; displacement solution; elastic constants; e-

lectronic structure

0 35

B2 ) Fe Al BP0 i 1 0 w5 i B IG5 B L i 8
A e 4 T R ok A Al A A B R R — AR Y
s A MR T RE R A Y. (I AE R T
PERAVE 2 600 °CJ5 58 B ORI R B BT IR 28 1 R 2
22 [ ffe i BRI T L RASE Tl 17 .

TE3E 25 B9 B0+ 4F 5L, WF 5T & DN BE A0 SE 56 P 7
X EE S 4 U KW E FeAl MR MEREFEAT T
FIZ WG R AR R R TS D T RS
TR K. R R A R AR — o SRR A T
FER B M+ ICFE LaAc.Se MY M A AT DLkt
e FeAl 1Y Ma k. BRI SN HSE — MR T
Cr. Mo Il W Xt FeAl Hg 45 #4 M1 Jy 24 1 fiE 1) 2
Wi, A5t T 3 TRt Mo BUUSIXT FeAl #9443
ROR B 42w 1 HLBUER JE 1% 55 45 18 Guillermo
H. Bozzolo %" ] Bozzolo-Ferrante-Smith (BFS)
TEWM T &40 R =L FeAlLNiAl 4§ B2
e s AE S, & B Ti V.Cr W Zr  HE Al
Ta fi 1] T &4 AL Ni Si #1 Ru W% 5 % #t Fe.
N. I. Medvedeva Z£1% ] local density linear muf-
fin-tin orbital (LMTO) J5 ¥ W58 T 5 =0 & Ml
WX T FeAl By [ 4k, £ W La, Zr Mo, Ti.
V H Cr 5 T & # Al JE -, = J0 i hn s 4k i oL 2
TET IR RE 22 5 L 55 A Al 2 i 45 (X SEAJF 5T
XT T Mn #8245 FeAl 3% 58 09 100 B8 i 58 8 1R A
PR PRI o AR SR 56 T 9% B2z sR R T BB B2 Ol
IR 5 — M 3 M T & 40K Mo INA
X FeAl Jj2# Ve RE R 52 i S L AL B, % [ 9% 5 Ak )5
f L T 2 A HEAT T 408 NSOV AR 2575 1 Min JT
EXF FeAl By AL

i

1 BESERMITERE

B2 # FeAl J& F = [0 S # 4 pm-3m (NO.
221) WSLIT R RS TP E 1A Fe TR
14 Al JEF. Fe JE TR AL JE 74351 5 38 1a€0,0,

0)F1 1b(0.5,0.5,0. )L E. AR BSH N a=b=c
=2.909A KSR LA 16 AN JEF I 2 X 2X 2
AT I E Lo R B/ 1) A 14
Mn J5F & Al JE B8 5 s 2544 &L Seh
FeAl } FeAl-Mn F£/RE4 BRI N Mn B2 5
(O . N T O AR AT L 5B 2 5 AR TSR U
Bt A5 A5 T8 4 A B 2R FH Fe8AILS Sk /R FeAl # f
i, JH FeSAI7Mn /R Mn Ji FE#t Al i T2 )5
Y8 . ] Fe7Al8Mn %78 Mn i 7 B #t Fe JR
T2 B

(b)FeAl-Mn # 5 jfd
B 1 FeAl #= FeAl-Mn #5428 5 s A &Y
THER 3 F %5 B 92 oR B3R SF 1T O I 7
R CASTEP(Cambridge Serial Total Ener-

gy Package) JF 4, fff FI ™ SCBE B 32 L (general-
ized gradient approximation, GGA) #J Perdew-

Burke-Eruzerhof (PBE) % y:1% S 4 1R 52 # 56 B
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T OJE% . Mn $B4xT FeAl B2 A B 0 19 55 — 5B B 5 VER

BE. - # W BE M 350. 0 eV, f#i ] Monkhorst-Pack
J7 BRUTALE S — A HLHIX 8 X 8 X 8 & s Ay MR I i
TR, M EER AT ) Pulay R MA
PR 2L i B 7 IR R PEAG BE &= 1R 7. R Broy-
den-Fletcher-Goldfarb-Shanno ( BFGS) # AP %
JIT A TR B A AT TR DA SR AT B /N S5 R RE.
AL B S A& RN T . BB S R 5. 0 X
107° eV/atom, AR T2 S /8 F 0. 01 eV/A,
B S 2 /N T 0. 02 GPa, g KA Z WA /NT 5.0
X107 "A, SCF W8 AR 1.0 X 10" eV/atom.
FrRUbZAh. % &5 Fe ARG TR PiRE THT
H i

2 #FR5ITIE

2.1 SR

XF FeAl F1 FeAl-Mn #8 & U LT L 2 )5 -
/N B R i T AR 0 AR A% BB Leay = 5. 706,
Leaivn =5. 682, Hrp i+ 5 BT 43 1Y Lpon 3% 35 S5 B0 H
5.818Y 2=k 1. 899 %6 , £ SR T 41 1E # 1R 25
W 1Y% ~2% 2 W, RSO Tk It A S H0R
AiE .

FeAl-Mn B #A J) 2= Fa e PR i 8 sUks A H 1)
TRE ke e, AR 5 2 2 =X (DY R

_ 1 B
AH =GN T N, Lo — (NeEreuom +
NarE atcaiomy T Nyvin EMncaom )] 55

(D) W e E g J2 [ R 19 B0RE 55 Erecaon -
E sttaom ~ Estcaom +~ 2678 Feo Al Mn 9 JiL 7 B i ;
NeooNa Ny 40 3l & Fe, Al Mn B+ /94~ %. H
Eraaissn ~ Evsan, 77 5 78 Fe J&F F1 Al J5 F B
Mn Jii 7 & ¥ Z J5 1 b & ¥ Fe7Al8Mn HI
Fe8AI7Mn MG REHE. Epo JEx 20 3 2 7m th A0 (D)
J144 75 3 () Fe7Al8Mn Hl Fe8AI7Mn 1 I 545 .
E s REAOE UG 34 X dn =X (2) s,

Eg. =FEr. — E (2

W Eq. >0, Mn Ji 408 Bt AL .
S Z s Mn J5 74 L S AR Fe Ji7-

HEZER . Eroasm = — 7 167. 85 eV, Ergann
=—7976.61 eV,Ep.=—6.90 eV,Ey=—7.25
eV,E..=0.35 eV. # Mn JE 74455 B Al i
T X 5 ek 12 ] A TR 2 R — .
2.2 BHEHASFHE

[ 11 580 & B S ) 2 R B 2 R )

A B LA O LR A K 2 AR E P Y
AR 3O SRR R C R ) AR T YA 1S
B I AL SO 5 E HERAA L = (3) 7 FTR.

{ai}=2[c,j]{e,.} (3)
) o ARER 15 (e, MRER A [C; ]

EYEHERUERE CCR. X T & .C 6
X6 A B L HR A = () ™ iR,

Ch Cn Cyp 0 0 0
C, Cn Cyp 0 0 0
C, C. Cqy 0 0 0
[C,1= ) 4
0 0 0 Cu 0 0
0 0 0 0 Cu 0
0 0 0 0 0 Cu

WA O FIRHERE C A 3 A7 iy 3t
HWE(C, .C, M1 Co) ISR N C, = 305. 06
GPa,C,,=145. 76 GPa fil C, =132. 32 GPa. F|
SR R TR 4 SR AT R S R R 2 A G AL
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Preparation and properties of chitosan/graphene oxide
magnetic composite microspheres

LV Sheng-hua, LI Ying, HE Ya-ya

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

Abstract ; The chitosan/graphene oxide (GO) magnetic composite microsphere (MCGO) with
an efficient and reusable adsorbent for dye wastewater was prepared using chitosan and GO
and magnetic Fe; O, by inverse emulsion crosslinking. The effects of water-oil proportion on
the particle size and morphology was investigated. The chemical structure and microphology
as well as thermal stability and magnetic property of the MCGO were characterized. The re-
sults show that the MCGO has an average particle size of 1~5 pm,and the magnetization
(Ms) is 18. 35 emu/g. The effects of GO content,solution pH ,initial concentration and ad-
sorption time on the adsorption performance were evaluated. The adsorption behavior of MC-
GO was investigated by studying adsorption of methyl orange. The research results have
great positive significance to prepare efficient and reusable adsorbent for dye wastewater.

Key words: graphene oxide; chitosan; magnetic composite microspheres; adsorption
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AR R AEAFTAFRER", B BX
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P H 5 70 BB 4 A B 0 5 WM RE 1 &2 A
A AR [ P A1 27 35 B 58 ) FA . Wang 555 I 2 4L
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B 8 T T P S A A L R 10B 45 e kLR K
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A 8 i P o R K YR T I 4 T e W 1 O 25 B
RO A 5, 5 Al W B R AR B EL A B AR
Chen Z" i@ i ¥ GO 572 RM4E 1T A 41268
FSL = 24 X R 35 A 1) 7K J o 592 BT X T R 5
21 AR YRR K A R B A B R B 2 B A 390
mg/g F 326 mg/g.

HAl, 52 BB/ GO & A W A7 1 1) 82 X DA
WISCR . A B 58 L o B AE . GO MM Fe, O,
JORE 8 5 2 AH FL R A8 106k ) 4 R o OB/ GO W
PEE A WMIER (MCGO) , F B I 1 wT DL J5 i Hby 52
T RME/ GO K5 W AR TE 0 B IS 39 5325 K [ml
WOR] L B 5T TR R R T K H B X MCGO i f2
TSR, R AE T MCGO AR 45 | otk
AE RN RETE AE , [A) I3 5 MCGO i FY 35 45 114 1% B 4F
55T GO i . pH E W0 bk B2 W2 B R[] Xof W2
P R 118 52 W) N I W0 B6 3 g 2 B W Bf 453 5 AR
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1 TEEH

1.1 243X A 2 RAT

A1 BB AR R A (KMnO,) B R (H, SO, ,
98%) . Y& B 12 (H,PO,, 85%) . M 4 /K (H,O,,
30%) N, N-Z= F1 5L BT ik ie (DMF) | = & 1k 2
(FeCly « 6H,0) B R W2k (FeSO, « TH,0) &
K7 BB (CS) | VKBS R . W 1R £ B . Span-80,
Tween-80 PR E SN bt . TC 7K Z W VS R 45, 2 R4k
al, KBRS A F]L
1.2 MCGO # % %

1.2.1 GO Byl 4

¥ 1 g HEK .40 g ¥k H,SO, & 10 g #k H, PO,
WRTIMA = B DRI 0~4 C.fE 1T h I
A 6 g KMnO, , RIS FE 4~5 h FHR % 35 °C~40
°C W 3~4 hoAE 30 min PIFF 200 mL 2585 17K hn
BB R PR ERRR BEAE 80 °C ~85 “C )i 40 min.
R 2 40 °C L AE 30 min RN 7 g HLO, LIRS N
LG URSE Y 30 min, SR TE IR R X P HEA T
BDULE KR EE pH N 6. 5~7. A —E # A2
B TR DME %5 GO B a0k 0. 1%, Fi
%50 Hz 2% 500 W A A3 1 h, 1538] GO gk
R JZRTRL
1.2.2 BEME Fe, O, BT 19 %

¥ 2.32 g FeCly » 6H,0 Ml 1. 20 g FeSO, -
TH,O MAREA 100 mL ZEW KB = B M,
P KRR 50 °C LB FE 30 min fd H . I 0
IKAEE W pH ER 9. 2, THR 2 85 C L 4k S i 30
min. SN i 8 A AT IR, BT AR T W 4 Ak
Ay B HTEK O BE RN K RS2 Uk Uk 2 0 W 5 v kL
25 T4 24 h 18 Fe, O, &,
1.2.3 MCGO 14

0.5 g wRWHEMESTH 1 g LRSS 30 g K
MR .5 GO IRA I A AL HE 30 min
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5 Y0 Iy BRSSP e A VL 4 o S L T B S 50 °C L i
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7| A ol F R b A B4 M) T AT 3K
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Effect of strontium on the luminescent properties of rare

earth doped Sr-hydroxyapatite materials

QIAO Yin-po, LIU Jing, ZHANG Pan, YIN Hai-rong, ZHOU Qin, WU Wan-chen

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

Abstract: A series of strontium (Sr) doped Ca-hydroxyapatite (Ca-HAp) materials with dif-
ferent content of Sr were prepared using simple chemical co-precipitation method herein. The
effection of doped Sr ions on the crystalline structure, bonding state and luminescent proper-
ty of materials was studied by X-ray diffraction (XRD) ,infrared spectrophotometer (IR) and
fluorescence spectrophotometer (PL). It is found that the crystalline structure, crystalline
size,interplanar spacing and peak position of powders were influenced and changed by in-
creasing of Sr content in the Ca-HAp as a result of difference in atoms radius. The FT-IR
spectrum of Sr doped HAps contain the featured peaks of HAp and a little shift from Ca-O
banding to Sr-O banding. Furthermore, the photoluminescent intensity (I) and fluorescent li-
fetime (7) were both enhanced firstly and decreased subsequently according to the increasing

of Sr in HAp matrix. The maximum of both I and r were reached in the samples containing

* WrFs B HI:2016-03-24
HEEWMB EHEBARBFESTHE (51472151 5 BRPTRFH K2 K A A A I 253+ W H (201510708156)
TEZ B S 1981 —) B L g ol HEL, PRV L 8 B 95 7 10 GOKR S BE MR L A B R B 4R Ot o B 3 B 61 )
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70 mol% Sr. It is indicated that the change in the crystalline structure and bonding resulted

from heterogeneous doping is the main reason to the PL property of Sr and Eu codoped Ca-

Hap materials.

Key words: hydroxyapatite; co-precipitation; Sr*" ; photoluminescent

0 3

FEHLME KA CH A p) J2 1 HEZh 1 8 il A1 F 145 1Y
ERETHLA sy BA L R B AR A A8
TV T O A S O kA I R S K A R R A
55 A Wk R [R] B8 A 2 2H 0 R O B A A
A= AT i P AN R U 2 R
T B A AT 32 IO P A 0 B A L BT R
M 7 8 S e K A v P R A i 8 o 9 4 1
23 51 FAE R R BE A BIE L A e AN R R B
AR RS S 805 [ I A 2 B v AL AR G
[ s 7 o S e K A S5 TR 48 2 Al o0 R DL 45 2R
Yy ek R Dy A2 W) DL AR B B9 BF 58 B B AT AR 4
9 F FE A (0 L

BECSr) = A AT BBk B — MR TR L AR
JLER JE 2 v 55 0 [ e, mT LA BROCPR R K A v Y
B LATE B A5 [ P AR A R ST A W B D
FHAL R T EACR S RG4S w K A R
14 4 B 415 0 2R, X 240 i ) 98 A A K (A R Y
AT FL AR M R 2 Gk 0 R 1

IR Sr B AR YR IEWER AT BRI DG BE TS
A 4T o AH A A AT S A W 4 s SR A Y
PSR 1 Xk HG i A 445 ) D Ol i B B R e
AU O OT IS T 6  Eu 48 2% 19 2 5 0k K
A H R 1 B Tk B e e S Y MR Ak B X L A6
Btz e RE M2 I RO R R BT
Bk B A R FE W K A oy OP AL e R R
Wi {ELJE: QAR 3 e 4 o 4 o) B ) o 2 1 T T AR
o e PEBE | R AR E TR B 48 2 R Wi K A R
FTF A= 9 6 AT 98 2 A1 S AT S o 2 ikt 1) =
) L

ST 05 AR AR D RE BT I B 8 i R Al o It
DUBETE » LA (S VE O B 48 J 1 o 7 e o v o 38
B D A H 9 80 AT L, DT ) 4 T — ZR B4 [ 4
T A B SR I AR A L 38 S5 R BOGIE R AR 2
Br T B 58 1 B8 35 B0 815 2 R WA R A7 B0 2 A 2
TS S e B AR B2 0 Oy i — 2 it A 4 i R
AL S FURT I e P BE A AR W) AR A R RHR T AT 5
&

ill}

1 FEEH

1.1 H&44

S A PO K S R ES (Ca(N Oy, » 4H, 0) il
iR #8 (Sr(NO,) ) AR A — 4 ((NH,), HPO,) 5§
WA 4> B AE R Ca P, Sr A P OUEL S Tkl
(NaOHDAER pH 985 71 Fl S 90« 78 18 K AR Ry i
SV TC T . A R0 34 O A b Al A R R T 22
UL 2 EL

S v R FH b 2 R 0 v A B A R AL
B AT o 05 B ) AR R T R AN
2Sr(NO;), +(10—2)Ca(NOy), * 4H, 0+
6(NH,), HPO, +NaOH—>Cay, ,, Sr, (PO,); (OH), +
12NH, NO, +NaNO, +H, O

S A A RE I SEAS SRR AT B 2 4 BRI
) Ca(NO;y), + 4H, O.Sr(NO,), FI(NH,), HPO,
SEJFORE I I A ZE 18 K E i B Ca (NOy ), 7K WL Sr
(NOy), KB WA (NH,), HPO, KEW. K5 % Ca
(NOy)» KR Sr(NOy), KERIRA A= T &L
PEEAE R S (NH,), HPO, ¥ 98032 16 T8 AR A 18 Wi
TR TR N R PR B UL B R A AR
AR FLME. Horb, St/ (Catt SO By LA
0 ZAH K E] 100 mol %. B /5 » A 2 mol/L ) NaOH
VR LAY pH (M 14 LB pH ££ 0.5 h
WICE K Bl SE 3 FE 1 bR A 80 °C R ik
24 h, YRV UE TR OT OB R A5 2] 5848 2 5 1 B
IRATRE i

FE I S 05 Sl I, S A A5 B0 RS R A K VA T B
HE5 Ca(NOy), KIFEW Sr(NO,), KEBIRA .
HAV RS 1R IR, RO AS 214045 24 B0 405 12 JL 0
JRATRE .

SIS 9 2 SR A5 R LB K AR i 4
Ca,-Sr,-HAp, H:tf 2+ y=10,2 oM S/
(Ca™ 4 Sr*" ) (1 BE R L. Y il & 2ok B2 PO A Sr
(NO; ), W BV 2 75 30 805 5 Bl K A A
(REAED W H AT N Cayo-HAp: 4 H1 455 Feh A
A Ca(NO,), Fe Wt B 4545 ) 48 52 L Wk K
ARE OREHES)  Aiv 44 A Sry-HAp. 3256 1 45 15 5
BIEH B 404G 22 FL W K A AE 45 A Ca,-Sr,-HAp:

4



. 56 o % & B4

rEER

% 34 &

Eu, Hih Eu lIB 25 FE.
1.2 #&ia ki

ANTRV B 5 (9 05 72 S I A R B 1 XS AT S
(XRD) EEAd ) H A2 D/max2200PC X 548 17 5F
SIHTAL(Cu Ko DM E A LR 40 KV RN 4
mA, K 0. 02 °, S 6 °/ min, LN 20 °
~70 °. B A I 2T A6 TS S BT R A A SO E-
QUINOXS55 2143 B iR 47 i F KBr 1F b 2
e I B L 400~1 200 em ™" BF & (14 3 T
TE SR T3 1 S WS (SENVD LI, A 5 19 5 )6 )6
TEERE ST E FH H 75 H 57 Hitachi F-4600 864366
IR, 38 2% 6 P s ol P O R XL [ 2
R A A4 L R S R 5 W R G i e R E R
SFHIE R S A LU e TR I 2 O a4 e [] s
I8 9 e 0 R B DT A5 38 90 D' 5 5 B s ] 114 52
Vol T 2K L B i 28 ph AR A BIVAT A5 BIAE S 9 26 A A
{H.

2 HREWE

2.1 ARAFIABHLAER G EMG YA

1A AN )RS 1 5 2 S K A 1 X T AT
SRS (XRD). 1 8] LLE LB Ca-HAp 1)
XRD 15 5 S AERT S 8 (20029 H9 26.6 °,27.8 ©,31.7 °
32, 4 "SR 3 = R B R R S0 43 6
BT H(102), (210), (211D A (112) f 18 , I 5 af F2 5
WK A FE S B BR 1 R R 2880 X i (PDF09-0432).

Bl 5 P2 L B K A B 51 Ca-HAD 1
(102) fb T FI(210) f THT AL PR AR A D68 326 ¥ V7 A - 454k
T (112 i T AL 1 AR 1 0 5 38 DU 51 25 55 )5 444 5, A 1y
LIS 5 1T (211) i T Kb e A1F 6 558 5 A 8 8 RO
BRI/ AR A RS I LB 25 S i O 3, 2 R AE
g Py Qi B s L Bt =2 386 L M 31, 7 °(Cayo-HAp) 3 #i A8
fE% 30. 6 °(Srio-HAp) JWFE 290 1.1 ° IR L1 29
H93.5%.

[ B B BR85S K A P B A AT A
W 2R T AR A SR 0, O L 2J 18 B D/ IN. X 3R BB i 1) 4
A P PR T 1 v T AR R HIAE AR R R B4 ]
e T Ca¥ B 124200, 099 nm)/NT ST BT
120,118 nm) , 24 Sr* ™ AR Ca™ " Bp 2 i 2 B I A 1)
v A WA A — D Ji - S AR % AT R 3
XRD 7756 1 1) /N BE T3 01 8% 81y 5 o — 5 T, SR AR
BT S T 805 R EE YT 45 5 AR Ak fiff
PR RS ARGE L b B 1 R R B e S R B 4
Eu #if 1Y XRD LT —Zh 3R Y] Eu B2 0f ok

5 | B HE A R S IR AT AR A A R R A A

Intensity/(a.u.)

20 30 20 =0 " o
20/ deg.
B1 RRELZHRARLGRE
oty XRD B (G E A B 5 K55
FEA5 F IR i 6 F S i XRD B

1 HN T A A B B 2% 5 A A R R B K
AR RO RS 5 T (] R . M 1R A K
T U L BEE St B51A L RE il B L RS
T 8] BF Bl 2 % AR 8 Ak Se 3 B BN LI ¢ Bl )
(8 R RSE BE S 5 S A 38 I 22 98/ L T a
Bl 751k ) R RE RO SF AR A AN K S B AR T e
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Fabrication of TiO./graphene/TiO, core-shell composite
materials and its photocatalytic properties

LV Ting, LIU Hui*, ZHAO Qian, ZHU Zhen-feng

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

Abstract:In this work, TiO,/graphene/TiO, three layers core-shell structural composite cat-
alysts were successfully fabricated via a simple controlled hydrolysis method in which the
tetrabutyl titanate was used as titanium source,and the effect of the different amounts of the
outermost layer of TiO, were discussed. The final product particle size and morphology were
characterized by XRD,SEM,EDX,and Raman, respectively. And the photocatalytic activity
of the different samples was evaluated by photocatalytic degradation of methyl orange (MO)
aqueous solution. The results show that the particle size of the TiO, core is about 800 nm,
and the size of the outermost layer is about 30 ~50 nm. It's also found that the TiO,/gra-
phene/TiO, three layers core-shell structural composite catalysts exhibited a much better

photocatalytic activity for the degradiation of MO. On one hand, the existence of graphene

* iR HH#:2016-03-10
BEEWA:EHR AR FEEIH (51272147 5 BVGEBHT A RIS IUH (2015]M5208) 5 [ 74 B4 R 2 WF 58 A A7 56 4 101
H
BB A Q989 =), 20, Bevi s I A FE BB LB T8 AE B 507 1 - 40k B 6 A AL R
BIRAEE X #1976 ), 5 PP o SN, B B8, W 5005 [ - SR BE VRS 3R AR, liuhui@ sust. edu. en



. 60 o RaPAREEFR

% 34 &

can not only improve the absorption of composite photocatalyst in the visible region,but also

promote the separation of photo-induced electron-hole pairs,improve its quantum efficiency;

on the other hand, the presence of appropriate amount of Ti0O, on the surface of graphene can

promote the effective contact of the pollutants and the catalysts on the basis of ensuring the

effective light absorption, thus improving the photocatalytic performance of the composite

photocatalysts.

Key words: Ti0O, ; graphene; core-shell structre; photocatalytic
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BRI LM B 2 5 L 03 T & L e i Ak 2 e e T LR
(PTG el PR S5 A5, BT B B RN IR R R
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AL EMRICEN TiLC.O L&, If HAEE A A7)
IR AT 4 4.
2.4 BFIZREHSAH

Bl 5 b4l b i R AL Bk A K BBk LRk A BRI
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W ERRRAEYEAETH AL RATRI, BS A AHR K E LRSS T 449 % #7
A PBS . TR T Z45F 8 K/PBS L& # 4+ (F/PBS) & & 4% F 4% 34 /PBS A & # 4+
(T/PB) %694 Stat W@ Aol hFHUERRARIE ERAN. BT H R R
By g A3t PBS 44 S A LT A Hoh, D R e i ) ae AT B) R AR A R E R BAE T K
WA PBS S 9., fm AAETFRRY S ZABEIRE N E T IEF 24ETFH K/PBS &4 HA
# riﬂb\ﬁ FRAEHK T AAETRRY/PBS 64, M 248 FRRY/PBS L&HH R
PLag AR At B AF. RO AR B R A A AMA GRS THEER T RE S A,

%ﬁiiﬂ:%ﬁi‘;ﬁén‘;ﬂﬁ%a; AAEF A A Bk
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Study on performance of Rhus chinensis Mill. /PBS composites

SONG Jie', YAN Xiao-yu', WANG Ting-ting’, ZHANG Min', XU Xiao-ling', LI Hu'

(1. Key Laboratory of Auxiliary Chemistry and Technology for Chemical Industry, Ministry of Education,
Shaanxi University of Science & Technology, Xi'an 710021, China; 2. Xi'an Changqing Chemical Group Co. ,
Ltd. , Xi'an 710018, China)

Abstract ; Crushed and extracted the natural plant Rhus chinensis Mill. and compound its pow-
ders and extracts with PBS respectively. The crystallinity,fracture surface morphology,ther-
mal stability, mechanical property and antibacterial property of the Rhus chinensis Mill. pow-
ders/PBS (F/PBS) composites and Rhus chinensis Mill. extracts/PBS (T/PBS) were stud-
ied. The results showed:Rhus chinensis Mill. powders and its extracts both had almost no im-
pact on the crystalline of PBS. When adding a small proportion, they both could play the role
as a nucleating agent. The powders embedded in PBS, but the extracts as kernel easy to pro-
duce concentrate, which led the thermal stability and the mechanical property of the Rhus
chinensis Mill. powders/PBS composites are better than the Rhus chinensis Mill. extracts/
PBS composites. But the antibacterial ability of the Rhus chinensis Mill. extracts/PBS com-
posites were relatively good. Depending on the advantages of various composite materials,

they could apply in different situations.

* WeFE HE:2016-03-28
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PEY P A R R R IS PBS Z I A fE =4
(8 53 F- T4 FH S AN A2 LA ] 58 B0 AR B AR e M ok
B Xt & A b4 R EIGPE ] G 52w, DT £ A5 A BE R
K.

BARLLEE , HAG T8y K /PBS & & 1 kL #u bk
REAL T T4 T3 BU /PBS & 4 bR B fiE , 1
FHYE BB iz

Bl 5 & 3 430 HA% F/PBS & & MR
DSC 43 M7 e 48, m B 5 K 3£ 3wl A1, Fh A5
T/PBS & & b B2 2 BB A I Ak, T, 5 4l
PBS H t %A & A 0 i A4k 10 T, 0 A% F 8
A TR A ERUY) 1 475 0 i AR R R AR B R
T B4 B4, H AR A g /N, BB LAY F/PBS
A PR A B i B E ML T X T AR R A
T/PBS & & MORFH S5 5k U, 35 1] 8 R ) &
AT R A DR RS L U B LR TR R AR O AR
B PR 2 IR B T L A v B AR — 25 TR B
T HAE TR A BB IO S 0 A B TR R AR
FH. PRGBSk 5 90 e 3 8 3 A B i
5 FE VR UL IH AE TR0 A 5 0 s R Rl R i Rk T
HAMBHNZE S 45 T 24 MR 45 B L X
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55 L% T /PBS & 4 AR HERE AT 5T * 69 -

—25e 5 WAXD W&, iR &2 & 6 kLA, LAY
THEEY/PBS & & M B 1 ¥ BEAR T R b 41 %
TR B A5 F 8 A /PBS & A R ] AT T 42
) 1) A 500 B 54

o
e
R e ————————
PBS

--------- F1%/PBS

e F 5% /PBS

—-—F 9%/PBS

40 60 80 100 120 140
wWE/°C
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=]
g
g l ......................................
=]
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......... T1%/PBS
............... T5%/PBS
~——T9%/PBS
1 L L '
40 60 80 100 120 140
HE/C

(b) T f& T4 504 /PBS
B 5 &H4EF/PBS £ 4##e DSC B
K3 HEF/PBS EAWPIE DSC #3E

CRERNL T /C Tw2/C T./C AT

PBS 109. 6 — 79.7 29.9
F 1%/PBS 112.4 102.9 87.0 25. 4
F 5%/PBS 112.9 103.6 88. 2 24.7
F 9%/PBS 112.0 101. 4 86. 3 29.7
T 1%/PBS 112.3 103.1 88.3 24.0
T 5%/PBS 112.0 101.1 88. 6 23.4
T 9% /PBS 111.5 99.5 84. 4 27.1

2.4 BEAET/PBS LeMAte hF R

4 N TAE T /PBS A MR 12 P BE 2
Br. WE G FPRH B W EE S E 2 A L I kR
B /e PBS 24w, T A% 1 5 B0 DURURL AR 45 4
HIRAE PBS k. [RIBE SR 4 T LA L 10Af 18
K /PBS & & B8 B2 52 PBS ¥4 fT I+
FRUULIT T PBS #Y XUIRE 45 44 1 753 1045 7k R
1 PBS B it 55 PBS K& AR 958, f ik /5 H
SRR OALIBUR - Sh V"] I g 7 i (o 1N i i
TR ARG SR — 2D 25 R A
TR AR AR 0 v A5 D R IR DR A A5

R B DRI 24 1R B AE A B A IS I E 491 R e
IR R Y

TN ALAT R B I A F 4R BU /PBS
S G A RL IR A iR B R T SR A K R S B T 42
HUP) 5 3G AR B S TR RE I B T A 4
YR BORCIR 2540 H S PBS B AR, B AR B
ORI PBS A Kig TR Rt B a4
FE TP ) B B ORL 25 7 A ST AR L [ A5 2 A
B 2 R T R P E LS, HOAG T M K /PBS
AR g 2 R AR

x4 HEF/PBSEGMHBBNFEMERE

CREREL $r AR B/ MPa W B2/ 2%
PBS 32.9 21.6

F 1% /PBS 40. 6 22.8

F 5% /PBS 37.1 19.4

F 9% /PBS 33.5 18.1

T 1%/PBS 28.5 8.5

T 5%/PBS 25.0 3.5

T 9%/PBS 21.9 1.8

2.5 AAFT/PBS A& M6 H AR ST

% 5 N HAEF/PBS &4 MOBHA B T g Mt
WRCR. B4 5 Al LLE Y, &5 MR 4 B8 60 8 4
BRA M KIAT R Y B — iy sl /e . 2, 1
fiEFHEHCY /PBS & & b BE 0 P10 T Pk RE AL T A%
T ¥R /PBS & & MR B B0 R Pk BE s AP B S M R
XF R AT T B BT A RE T 38 R T X 4 B0 ) 4 BR TR
MIPLRBE T s HAS T HW 9% /PBS & & M kA
A SR BT A0 AR .

x5 HEF/PBSEESWMHBHREERE

42X 7 Ao
AR 4 B 09 A 2RO KM AT T
HYEEL/10° BUAR/ Y BEE/10° HUE %R/ %
PBS 183 0 174 0
F 1%/PBS 89 51.4 81 53.4
F 5% /PBS 78 57.4 63 63.8
F 9%/PBS 54 70.5 47 73.0
T 1%/PBS 18 90. 2 15 91.4
T 5%/PBS 7 96. 2 4 97.7
T 9%/PBS 1 99. 4 — 100
3 it
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(BRPERHE R BRI 5 TR B, B W4 71002

W OE.RA Ti/IrO,-RuO, & BB 2,4,6- = £ KB (TCP) &R & # 47 & 1L 5 AL g, BT
KT B4 pH B RMIEIRE S B SRR EREFFEBARG R, 54T
BERELAKTEFAAKER TCP PR F . 2R AW . £ pH=3 . M¥KHE 0.025 g
e L7 4w E T V.Na,SO, RERE 10 g L' &M T, % v TCP A% 150 min B,
TCP 8 KR iR 3] T 99. 3% TCP o9 Lrh £ XM AKEZ T~ 44 - OH A A fe LA
FEHABRA L TANMERNERANER , GBIBF AT EARBR RS A BRFIR.

E & Ti/IrO,-RuO, R BEEH; 2,4,6- =8 KB ; wiLFEaN; T~

hE %S :X703. 1 MEktRERD: A

Study on degradation of 2,4, 6-trichlorophenol
by electrochemical oxidation

LI Zhi-jian, JING Li-ming, DANG Yi-di, MA Lan, DU Fei

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

Abstract : The study presents the electrochemical oxidation degradation of 2,4, 6-trichlorophe-
nol solution with Ti/IrO,-RuQ, coating electrodes,investigates the influences that the initial
pH and concentration of solution,the electrolysis time, the external potential,the amount of
electrolyte impact on the electrolysis effect, and analyses the intermediate products of TCP
with electrochemical oxidation under the optimum parameters. Results show that removal
rates of TCP reach 99. 3% under the conditions of external potential of 7 V,pH of 3,Na,SO,
of 10 g « L™, the initial concentration of 0. 025 g » L.™" after 150 min. It shows that TCP is
degraded by the combined action of * OH and the anode surface’'s directed oxidation, the
productions consist of chloranil,unsaturated chlorine carboxylic acids and other substances in
the oxidation process.

Key words: Ti/IrO,-RuQ, coating electrode; 2,4, 6-trichlorophenol; electrochemical oxida-

tion; inter-mediate products
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B AR 2 — 28 B A BB 7 M 0 M R A A LAk
B FEAL T i A b R AR —FioA HLAE T )
PR FHF A8 T8 70 B R i A =t e, 2,4, 6-=
SR CTCP) S UL ) —F o A B, 2 ) 5 3k 4K
Tl SR FH A SR ) AT 4R o AR b i B
Y A B AR TR K ST B L R R R
P R T AR T p RIS L« IR
BAR E S HUAR R S, T SO R T R AR R A S
MR Gz I T 2.4, 6- =& KB Y
JB (1 BB | P A T ik IR B A S AR P B R
.

H Al 4 S 2 A A P i Ak B 7 1 2 B 3
W B L BCZE P e i O A A ARk 3 | rL Ak 2 R i
PAED o i bR A T R YD L K
T YRR B TR LA S I BRT LR
FHASTR] AR B 6 % 2 G4 HL AT 1 F. A 27 B i F 5
TS T3 Ar i . Bl AR A R & R L BT T
P AR 51 AT B G AL Y P Ak 2 I i O RE T
B iR

Upendra 2 5% FH A7 88 H B Ab #8 K A o G0y
(PCP) F 4% 3R 15 11 2 7K o v W B 09 A ML Ak )
(AOX) , K3 PCP [ £ BRFAERES BT T Ll
A TAF. AEAIRIE K o A B 2L BE R, 2
b2 A B 60 min J5 . H AOX, 4 . COD #l PCP
FBRRIBFE] T 90% LA I s Samet " FE T Nb/
PbO, Hi % 4b B % /K 4-5348 W40 2R By I, & 3R
il A pH B AR e e B A R 4- G040 R
R T 1) 8 it 5 V8 AR SR R A AR 28 1% R DA
THNCRER RS T 2,4- S KB E Pe Bl 1Y
HL fh 2 A B R N, K DU T I A A
CO, . B 2 A2 b 5 2, 4- 2R 9 vl e 1k,

ASCLL TCP 2 H A5 15 491, R HIHT SR AL
A PE BE 4 e T AR L TR B K 1Y T/
RuO,-1rO, ¥ 2 H A VE B A » LKA 1 S B
5T Ti/ RuO,-1rO, LIS TCP [ R ik 55 3
FEXF TCP 7 e A 551 B fige 104 v [a] 7 49 S o fide B
FEHEAT T W15 5081 53T

i

1 Lo

1.1 EBRMNES5HL

(D SZHAL % . RXN-1510D %Y 17 7% 54 1 o
WHIIRE B FAL A X %) s Lambda 25 #148 #h-m
W E i, 3£ B Perkinelmer 2 #); HPLC-

1525 B & RO AH €354, 35 [F Waters 24 A 5 Agi-
lent5977 A # < FH-J 1% Bk FH AL, 25 @ Agilent 24
F] s PHS-3C K % R B 11, b I {0 H Bl 2 {2 it
A B .

(LR 257 2.4, 6-= G A By (4l fE =>98%)
A . Na, SO, . H,S0, . NaOH, 5 H ket %, ¥ N
i A3 AT 2l L 0 T 25 S I S A H L R
B, a3 g, T 8 R Merck 2w 5 g i 1 W)
K AE A B F K Ti/RuO,-1rO, KA 1 [ 52
6 R AT 0 4 I AT BR A .

1.2 %7k

BOAIVERE R 0. 25 g« L'y TCP %45 W, W
B E H~0.025 g+ L 1.0.05 g+« L '.0.1g-
L BRI, Ti/1rO,-RuO, B Jg BH#L, Ti Al
FA B o AR A RO A T AR 11,5 em® 76 1 000 mLL
TG B FEE B 58 P o 1 A R Ak A B A S g ELAA A0S
Ha S2 557K FE 300 mL 8] A FE A b, A BILBE R 2%
A5 B AR [ E (B 1 em) o 5230 | R 1% 0 B P
PP AR 30 min BURE.

1.3 o7k
1.3.1 2,4,6-TCP {5t izt v B 43 b 0 2 J5 3

2,4,6-TCP [ Jit & ¥ B R FH i 200 A (1% X
%2 . i ] Waters Symmetry ® C18 (4.6 mm X
75 mm,3.5 pm)FE AR 40 CE N 1.0 mL
< min ' K DU AR R SR AR R B CRE DU I K 289
nm) ; i S A HEE R K (R BLEE =90 = 10) 5 HERE
O 10 pLs i@ 47H A2 10 min.

1.3.2  TCP K& =4 (ki Jr

I 28 A1-T U 43 56 56 BE T FiA<OR - BT 3% 356 H
(GC-MS) . 43 #1 TCP B ff i 7 1) v 8] 7= 49, 3F
eI 21 AR

KH GC-MS Xt TCP B figt 7= 4 it 47 43 W7 3%
SNMESHHE N 1.0 mL/min, @3EH N HP-5Ms
AU E A

THEFRF A IEFE 50 C L8R5 L 20 °C/min
FHEF] 70 °C AR FF 2 min; - LL 5 °C/min 193 T}
IE 260 C 4455 2 min, FEAE TR EE Jy 250 °C L 3k
Fei 1 pL, Jo53 i, BRI 4R 2 min.

R S AL B 5 vk B 300 mL W S 4r N 2
By, 3543 99 pH>12 Fl pH<<2, F M 50 mL.30
mL.20 mL B @ W AT A 3 W, 5 0F 3 IR
MU I 28 TC /K B IR A Bk 7K, 8K I 3 2o e 7 7% ke AN
Wi 2 1 mL, SRR,

2 #FRE5ITE
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B EARAE AL A AR 2.4, 6- R B BT 5T < 73 -

2.1 Bkt pH *t & 2R 4 %k

HX 300 mL 0.05 g« L") TCP & . 7 4Mm
HLE 7 V.10 g » L 'Na, SO, 50T #3515 )
G pH. 4 f# 150 min J5 8 FE WA 46 pH S
RO B R LS R AR 1 TR,

M 1 AT AL TCP A BRR B pH B9 F+ 5, 28
BN 5 BEAR R . R P S R T 1) % A 28R B AR
Tt S E. 24 pH E R 3 B, TCP 22 B R e i ik
97.86%. Ti/IrO,-RuO, HRFENE pH {H FAEW AT
ST ) B AR B BT 4RI R L A R T A LTS Y 4 A H
Tl 2z E AL R M, TR & T TCP Y 2 BR3R. (HAE SR
B2 55 F T R SR IR AR 25 5 B4k . 52 e T i Akt
AT R ARG R B 7 . ACAS BF 9% B R0 VWD By pH =
3.
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B 1 EikAd pH 3 TCP £ % F69%h
2.2 TCP w4 R %k JE & 2R 69 %R

B2 300 mL N [R] i it B 1Y TCP % . 76 4
AL 7V B pH=13.10 g + L ' Na,SO, )%
PFF HLf# 150 min J5 . 759 3 7 58 i R AR fb 5 HL g
RORI G A L 2 fs.

H &L 2 A, TCP 2 bk 256 Bl 5 0 b vk B 11
TR B 23 B AR A LR — 2 B SRR, H A
T o p A 1 P A I A R [RD L R S L
A0 305 1 8 A it — 22 5 59 A R A HL A
{18 2% 1T THEAT Vi R A v e A 1 o ) 7 ) 2 B T
B L R T . 5 TCP H AMH 3% 4w Atk $ 5
TCP Z: 3T B, HibE & SN ) 5T 5t vk B 1) 38
HEEMABUR TR FEIZ LR ST, S0 Rk
0.025 g« L7, &M b5 AL LA 150 min J5,
TCP 2B 3E 99. 3%. I, 24400 #f He B AR X 45
AN, HL A2 AT DL ARG AT AR F O ok A
WA E N 0.025 g« L7,

2.3 SPAmd R B RCR 6 %R
B 0.025 g« L "y TCP ¥, £ #) I pH=

100 -

95 \—.- —150minTCP 4 %

90

TCP £ 5/ %

85

I 1 I 1 2 1 I 1
0.00 0.05 0.10 0.15 0.20
Y IR FE/ (mg /L)

B2 4R A TCP £ &6 % h
3.10 g » L' Na,SO, W& T, LM f# 150 min
Je AR B TR AL S R U O R R
Kl 3 iR,

F & 3 AT B A R i T, TCP A B
AT JE T BE. X0 B O A0 H R 38 O, B4
TR SR 2 R H B A 3 R I I W 1
PR AR HE T RN HEAT L $ TR AR, SR, A
TR — R i 38 R A1 e R BE B 2 & A BT R RN
BHAS T H B 2 T X TCP 35 4% 4 i W B I A o i L
SEMA) 3G PR i A A TR TCP 1y &
B, Bk, A e e sk R R TCP Y R A, S0A
s e AN R 7 V.
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100} o
; - \.
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« 90f
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Q
[_4

80 —m—1530minTCP% B} %
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4 5 6 7 8 9 10
/Y

B3 $hAed Est TCP £ &4 %k

2.4 WK E AT AR 0GR R

B 300 mL ¥ K 0.025 g« L' TCP ¥%
WL AESMMAL R 7 V. Wi pH =3 1 &4 T .
B A T Na, SO, WA &, & Hf# 150 min 5,15
B 7 VA BT VR R S R RSO 1 G R L A AR
4 fit7n. Na, SO, HLU i BT /e K & iy 2R &
B R =R R i i i R 2

M & 4 BT 1, TCP 2% B 2 Bl 4 H e o T it ik
JE BN 5L S 1 R AT R e R Y H i B
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JEE S IR A T PR BE T M O L FR R AR R L il
TCP iy B R 4R . H 25 FL i o 00 i ) — 5 7 )%
e W W T R R B AR A R R
ARE S BB T SR S A n ) AN T A L
AR AL I A AR 85 SRS A B v R VR K
o N AR R R T2 R — 2 R R BE B A T R AR
AN TCP Y M B R A%, S8/ 1 R A Tl ™ A=
FeIk A 2 R RO TR T X TCP Ay A A3k
R BCAHIE T L B 10 g+ L

100 -
./ — |
90
B
#
% sof
B
o,
8 —=—150minTCPZ & R
70
u
60F . , ,
0 5 10 15
HL MR R WK B / (mg/L)

B4 wBRERERES TCP £BhF6 ¥k
2.5 RWTEHmE s d ARG
It 300 mL 0.025 g« L' TCP ¥k . 75 4b
IR 7 VORI R pH=23.10 g + L' Na,SO, 4
PR B BT B R BN . £ 150 min )5
TCP [ ZBRF & 5 s,

100F m

90 \
80 -

§ I ]
* 0l :
& —m—150minTCP % f %
B o0F
= L
50 F -
- \. .
40
0 1 2 3 4 5

BT S B/ (mmol/L)
B5 ®RTEGEMENS TCP LBk Ha

5 AT, BT BT A Ak 2E AR R iR TCP
HAMGAER, v B AR R A - OH 4. X
A ORUT B R — R AL o OH i 50, 7
AAL RN R T BE AR - OHL &R H |
FEEEROLBHEE T - OH 54 HLW v S5
TCP R fift 4 B0 T B i A & 59T B 5
TCP {7543 R fift 1% fift 2 5L A A A8, 32 W] BH A 3% 1
Wik FT T TCP A AL B ff. Bk, Ti/1rO,-RuO. ¥k

J2 HL AR B A% TCP &y~ 4k « OH S AL FI7E BH B
FEUH FL 4 % i AU AL WA G 2
2.6 RAESHEM T TCP K= 46 5 47

TERAESECRM T BIWI 4 TCP #EE 0. 025 g
L' pH=3.#%HBEE 7 V.M EHE 1 cm,
Na,SO, K 10 g« L' 4B 150 min. BUEH A [F]
R (6] (0 B i 2R 47 58 A1~ D0 43 5% 06 BE 110 A 5 B4k
Ff 90 min MIEE 5 HEFT GC-MS I €. TCP ¥ i W%
Ot B i FE A B ) 722 Ak B 58 0T DL O 3 B R GC-
MS It 9 4 53 43 S an 1 6 . 3% 1 R,

£ 1 GC-MS #7l Ti/Ir0,-Ru0, & EE 1R

P fif TCP M EE FE =4

B U R .
1 -Tlﬂ %E‘i %f@fﬁ
/min
cl ﬁ cl
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WS 8 i SR IR Uy SO R TR N A
AROR M AR S AR ORI AR B FOR TR ; ik 12
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£ & Eu(11I) .La(11I) & B B9 BL fiz
BEYEHRREREAR

?@ﬂ%‘? %’%ﬁv KIS, gi/g:;‘f"j

(BePE R K e S0 T2F ke, BEVE 828 710021)

W EART pH A RAL RS MM Fra, ALK T SRR R (2-% ) B (F A&
H,beD) ek 540 2 & & (Eu(11D \La(11D) i@ i 38 % R w4k 2 #9 pH /A &£ K # 170 C &4 F
SR T B AR M RAZE S Y ([Eulbed « H,OJ « 2H, 0}, (1), {[La, (be), (H,0),] »
0.5H,0},,(2). it X X E BT HBAARALBE S M ENRITT O . EREABREH 1 A
WA RE — 4 TR K A AR R A 2 W R (5,6)-E 480 3 e init M AAEA, L b4 2
AN TS AR LE G — M, 63U 5 T 5 (3,3,4,6,6)- 369 — % 3LIKIE
IMAFR, FEAEBERITHREZLOR ST MLLHM. @i FTIR,PXRD, TGA ., %
S5 2 B A 0 4 RO R BEAT T KR,

KER FRABRR(2-HTHEE; MAELE; BRIARSM; b

FESES:TQ31L XHEARERD: A

Synthesis, crystal structures and properties of lanthanide-coordination

polymers based on bis(2-carboxyethyl) isocyanurate

LI Yun-tao, DANG Bei-jun, ZHANG Ya-nan, YIN Hai-ju

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

Abstract ; In order to explore the influence of solvent pH on the structure of coordination pol-
ymer. Under the condition of 170 °C,the ligand bis (2-carboxyethyl) isocyanurate (H,bci)
reacted with two new lanthanide-based coordination polymer, namely {[ Eu(bci) » H,O] -
2H, 0}, (1), {[Lay(bc),(H;O),] « 0. 5H;0},,(2) ,were synthesized. Compound 1 exhibits a
3D coordination framework linked by two kinds of 1D nanotube structure interconnected,
which possesses a 2-nodal (5,6)-connected topology. Compound 2 shows a one-dimensional
structure containing micropore structure, which prosesses a 5-nodal (3,3,4,6,6)-connected
topology,the 3D network is connected by hydrogen bonds. In addition, compounds 1 and 2
characterized by FTIR,PXRD, TGA and fluorescence.
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F2 MNEEHE
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1.2 B4 1-2 84 m
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FEIR T AR E H,bei (0. 05 mmol,0. 013 7 g)
Fl Eu(NO;); » 6H,0€0. 05 mmol,0.271 2 g) &
T 9 mL K, T3 B i o 2 5 A A D A IS TR
pH AR 7. M55 A 25 mL B8R0 2% N
N7 28 PN B BN A 0 TR AR P . B R TR R 2 T IR
170 °CHE 72 h JF LA S C/h R 2=
Tk« TG 8375 BT 0 JORR S ) 28 5 08 Lk i L A R KT
JEARm R 61%. EEHRILH EuCHiy N, Oy, TR
SR (%) BB T A (E . C. 22, 685 N:8.82; H:
2.94, JH(H C: 22.72;N:8.83; H: 2. 91. £ZL. 4N
WE 2 raa, BB (KBr KR ,em '),
3782 w,3 522 5,3 320 w,3 242 m,2 966 w,2 920
w, 1722 m,1649 s,1552 s, 1414 m,1 339 w. H
H 3 782.3 522.3 320 Fil 3 242 )& O—H Ay {#
Aifesh. 2 966 12 920 HJE kK CH, H C—H My {#
iPRzh, 1 722 T8 COOH M4 ka0, 1 649
HJE N C=0 M4 PRsh.1 425.1 552 F11 339 15
J&k CH, TRl 26 EH . BAEMh &H
—COOH, —NH, —CH, %3/, x5 X & p
s AT S ST I A5 ) S5 A AH W
1.2.2 WA {[La,(bed), (H,0), ]+ 0. 5H,0},,
(2

T ERBE Y 1.8 La(NO,;),; « 6H.0O
(0. 05 mmol,0.271 2 @) ¥ Eu(NO,); » 6H,0,
PRI FE R VA W o8 2 WS R J5 , TR R 09 0 1 TR
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NG U8 PR A BT S84 54%. EE
H5EH La, Cyy Hyy Nig Oy TTE M HT (%)« B
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gR3
Bt &4 1
73 [A] ff Pi P2/c
a/A 8.293 9(11D) 19.523 1(7)
b/A 8.934 4(12) 8.550 7(3)
/A 10.603 7(14) 23.287 7(8)
a/ () 83.606(3) 90
8/ 71.798(3) 112. 474 0(10)
7/ 72.238(3) 90
V/As 710.73(16) 3592.3(2)
z 2
o/(g em™*) 2.225 2.101
2/ (mm~ 1) 4.473 2.458
F(000) 164 2 236
77 5 s U £ 14 801/3 287 54 693/8270
Rint 0.136 1 0.097 5
T/K 296(2) 293(2)
Goof 1.082 1. 020
RIT>26(D] R, =0.033 7 R;=0.035 3
=0.094 2 wR2 =0. 069 7
R1=0.034 3 R1=0.068 1

R(all data)

wR>;=0.094 9

wRy = 0.078 1

(F,

Ri= Z(|F,| -
2>2] /2

|F D /Z2IF, | wRy =[Sw(F,?

—F.2)23w

x4 BHEWI-2HETEEKHIE
xR afgEmEER LM

a EEE KR/ A

L&Y 1

Eu(1)-0(1) 2.486(2) Eu(1)-0(8) 2.421(3)
Eu(1)-0(4) #4 2.496(2) Eu(1) # 5-0(4) 2.496(2)
Eu(D-0(5) #2 2.399(2) Eu(1) #2-0(5) 2.399(2)
Eu(D-0(5) # 4 2.493(2) Eu(1) #5-0(5) 2.493(2)
Eu(1)-0(6) #3 2.451(2) Eu(1) #6-0(6) 2.451(2)
Eu(D-O(7) #1 2.392(2) Eu(1) #1-0(7) 2.392(2)
Eu(1)-O(7) #3 2.517(2) Eu(1) # 6-0(7) 2.517(2)

Eu(1)-N(1) 2.500(3)

&Y 2

La(1)-0O(4) 2.378(3) La(1)-0(18) 2.699(3)

La(1)-0(12) 2.419(3) La(1)-0(13) 2.734(3)
La(1)-O(7) #1 2.521(2) La(1) #3-O(7) 2.521(2)
La(1)-0(20) #2 2.560(3) La(1) # 2-0(20) 2.560(3)

La(1)-0(23) 2.585(3) La(1)-0(19) 2.692(3)

La(1)-0O(14) 2.604(3) La(2)-0(5) 2.419(3)

La(2)-0(14) 2.505(2) La(2) #1-0(11D 2.405(3)

La(2)-0(19) 2.537(2) La(2) #5-0(20) 2.817(3)

La(2)-O(7) 2.580(3) La(2) #5-0(21) 2.611(3)

La(2)-0(6) 2.598(3) La(2)-0(21) #4 2.611(3)
La(2)-O(11) #3 2.405(3) La(2)-0(22) 2.637(3)
La(2)-0(20) #4 2.817(3)

b E A RO /)
[iveL /It
0(6) #3-Eu(1D-N(1D) 131.13(9)  Eu(D) #1-O(7-Eu(1) #6  116.12(9)
0(6) # 3-Eu(1)-O(1) 82.28(8)  Eu(1) #2-O(5)-Eu(1) #5 115, 28(8)
OC6) #3-Eu(1)-O(4) #4  145,58(9) N(D-Eu(1)-O(7) # 3 122.37(8)
0(6) #3-Eu(1)-0(5) #4121, 74(8) OC-Eu(1-N(1) 53.33(7)
O(6) #3-Eu(1)-O(7) #3 51, 79(8) O -Eu(1)-0(4) # 4 131, 03(8)
O(7) #1-Eu(D-N(D 76.67(9) O -Eu(1)-0(5) # 4 124.19(8)
O(7) # 1-Eu(1)-O(1) 76. 28(8) OC(D-Eu(1)-0(7) #3 76.79(8)
O(7) # 1-Eu(1)-O(4) #4 72, 74(7) O(4) # 4-Eu(1)-N(1) 82.90(8)
O # 1-Eu(D-0(5) #2 150.42(9) O #4-Ea(D-O(7) #3119, 50(7)
O(7) # 1-Eu(1)-0(5) #4120, 95(8) O(5) # 2-Eu(1)-N(1) 76.59(9)
O(7) #1-Eu(1)-0(6) #3115, 17(7) 0(5) # 2-Eu(1-0(D) 77.73(8)
O(7) # 1-Eu(D-O(7) #3  63.88(9)  O(5) #2-Eu(1)-OC4) #4115, 97(7)
O(7) # 1-Eu(1)-0(8)  104.76(12)  O(5) #2-Eu(1)-O(5) #4 64, 72(8)
O(8)-Eu(1)-N(1) 153.35(11)  O(5) #2-Eu(1)-O(6) £3  74.65(8)
O(8)-Eu(1)-0(1) 153.31(10)  O(5) #2-Eu(1)-O(7) #3  122.79(8)
OC8)-Eu(1)-0(4) # 4 72.50(11) 0(5) #2-Eu(1)-0(8) 104, 81(12)
O8)-Eu(1)-0(5) #4 78.83(11) O(5) # 4-Eu(1)-N(1) 77.94(8)

O8)-Eu(1)-0(6) # 3 73.11(12)  O(5) #4-Eu(D-O() £4 51, 79(7)
O(8)-Eu(1)-O(7) # 3 79.89(11)  O(5) #4-Eu(1)-O(7) #3  158.68(9)
O(6) # 3-Eu(1)-N(1) 131.13(9)  Eu(D) # 1-O(D-Eu(1) #6116, 12(9)
O(6) # 3-Eu(1)-0(1) 82.28(8)  Eu(1) #2-O(5)-Eu(1) #5 115, 28(8)
O6) #3-Eu(D)-0(4) #4  145.58(9) N(D-Eu(1)-O(7) # 3 122.37(8)
O6) #3-Eu(D-0(5) #4121, 74(8) O(H-Eu(1H-N(D 53.33(7)
O6) #3-Eu(D)-O(7) #3  51.79(8) O(D-Eu(1)-0(4) %4 131.03(8)
O(7) # 1-Eu(1)-N(1) 76.67(9) O(D-Eu(1)-0(5) %4 124.19(8)
O(7) # 1-Eu(1)-0(1) 76.28(8) O(D-Eu(D-O(7) %3 76.79(8)
O # 1-Eu(D-04) $4 72, 74(7) O4) #4-Eu(1)-N(1) 82.90(8)
O # 1-Eu(D-0(5) #2 150.42(9)  O(D) #4-Ea(D-O(7) #3119, 50(7)
O # 1-Eu(D-0(5) #4120, 95(8) O(5) # 2-Eu(1)-N(1) 76.59(9)
O(7) # 1-Eu(D-0(6) # 3 115.17(7) O(5) # 2-Eu(1)-0(1) 77.73(8)
O # -Eu(D-O(7) #3 63.88(9)  O(5) #2-Eu(D)-O(4) #4115, 97(7)
O(7) # 1-Eu(1)-0(8) 104.76(12)  O(5) #2-Eu(1)-O(5) #4  64.72(8)
O(8)-Eu(1H-N(1) 153.35(11)  O(5) #2-Eu(D)-0(6) #3  74.65(8)
[IEEL /It
O(H-La(1)-0(12) 80.35(10) 0(23)-La(1D-0(13) 73.75(9)
O)-La(D-O(7) # 1 78.51(9) O(14H)-La(1)-0O(13) 48.28(8)
O12)-La(1D)-O(7) # 1 75.09(9) O(19)-La(D-0(13) 106.09(8)
O(D)-La(1)-0(20) £ 2 144.33(9) O(18)-La(1)-0O(13) 145, 20(8)
O(12)-La(1)-0€20) #2  76.87(10)  O(21) #4-La(2)-0(22)  69.21(10)
O # 1-La(1)-0(20) #2 69.35(9)  O(1D) #3-La(2)-0(20) 4 72.38(9)
O(4)-La(D-0(23) 141, 12(10) 0(23)-La(1)-0O(18) 74.10(9)
0(12)-La(1)-0(23) 133.59(10) O(14)-La(D-0(18) 111.20(8)
O(7) # 1-La(1)-0(23) 122, 73(10) O19-La(1)H-O(18) 18.06(8)
0(20) #2-La(1)-0(23) 72, 44(10) O(11) # 3-La(2)-0(5) 82.34(10)
O(H)-La(1)-0OC14) 79.62(9) O(11) # 3-La(2)-0(14) 79.74(9)
O(12)-La(1)-0(14) 97.99(9) 0(5)-La(2)-0(14) 74.97(9)
O(7) # 1-La(1)-0(14) 157.88(9)  O(11) #3-La(2)-O(19) 144, 62(9)
0(20) # 2-La(1)-OC14)  130.33(9) 0(5)-La(2)-0(19) 78.19(9)
0(23)-La(1)-0(14) 77.41(10) O(1H-La(2)-0(19) 66.85(8)
O4)-La(1-0(19) 74.57(9) OC11) # 3-La(2)-0(7) 79.70(9)
O(12)-La(1)-0(19) 150. 82(9) 0(5)-La(2)-0(7) 101.06(9)
O(7) # 1-La(1)-0(19) 113.40(8) O(14)-La(2)-O(7) 159.40(8)
0€20) # 2-La(1)-0C19) 132, 25(9) O(19)-La(2)-0(7) 132.85(8)
0(23)-La(1)-0(19) 67.16(9) O(11) # 3-La(2)-0(6) 113.89(9)
O(14)-La(1D-0(19) 63.25(8) 0(5)-La(2)-0(6) 71.30(9)
O()-La(D-0(18) 85.71(9) O(14)-La(2)-0(6) 141.02(8)
0(12)-La(1)-0(18) 144.72(9) 0(19)-La(2)-0(6) 87.38(8)
O(7) # 1-La(1)-0(18) 70.43(8) O(7)-La(2)-0(6) 49.89(8)
0(20) # 2-La(1)-0(18) 97.38(9) O #3-La(2)-0(21) £4 90, 88(10)
O(5)-La(2)-0(21) #4 145.99(9) 0(5)-La(2)-0(20) # 4 152.57(9)
O(14H)-La(2)-021) #4  71,02(9) O(14)-La(2)-0(20) #4109, 80(9)
O(19-La(2)-021) #4 89, 08(9) O19)-La(2)-0(20) #4129, 00(9)
O(7)-La(2)-0(21) # 4 110. 49(8) O(7)-La(2)-0(20) £ 4 64.61(8)
O6)-La(2)-0(21) # 4 140.17(9) 006)-La(2)-0(20) # 4 109. 15(8)
O D) #3-La(2)-0(22)  136.38(9)  O(21) #4-La(2)-0(20) 4 47, 29(8)
O(5)-La(2)-0(22) 135.03(10)  O(22)-La(2)-0(20) #4  65.60(9)
O(14)-La(2)-0(22) 124.82(9) OH-La(1)-0(13) 111.95(9)
O(19)-La(2)-0(22) 75.81(9) O12)-La(1)-0O(13) 69.79(9)
O(7)-La(2)-0(22) 72.44(9) O(7) # 1-La(1)-0(13) 140.50(8)
0(6)-La(2)-0(22) 71.46(9) 0(20) # 2-La(1D-0(13) 85.34(9)
Cal¥tBRACIG: 1. #1 —x+1,—y,—2z; #2 —x,—y+t1l,—z+1: %3 x,y.zt1; 54
xoy—1lszy #5 xoytliz; #6 xay.z—1 #1 xoytlaz; #2 —xt1l.y,—2+1/2; %3
xoy—lazs 4 —xF+loy—1.—2z+1/2; %5 —x+1,y+1.—2+1/2.
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AR K QiR 4 FR. B4R EuID 5 )0
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JRF R K 20 F L EuNO, 52 80 H HL il BiE U oy )2
WM AL, A6 B A W T, Ho bl Be A 4238 X
T, AN F2 Jk 359 2R ORI S A B 3% 15 0 A7 B
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A7 BEANECAR bei®™ BRI RILIER A28 Eu
(DB T2 p' 9 g’ g g BRI,
A B A, AR S AH Ly — 1A
(NDAI—NEHOD W54 )8 Eu 47 THEAL, 40
Kl 3Ca) iR, il B AR ZE A L BL A 1 1) Eu—
O S5 5 2. 392(2) ~2.517(2) A, Eu—N
HERER S 2. 500(3) AL B 1 B 55 SOk v R 38 5 1
KB R &R A PR AR — 3

,‘11-:
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B4 BEH1 PR ECID ST
A F s o 3 x¢ AR T

T LB A A R, bei® T R L I C 7 1Y
& B 5 H TR LAY S A7 1% 1298 1L R A fL
T A — 4k TG BR AR 45 7 (| 5(a) | 5(eo))  Hih &
[Euw, (beD), J4H 5319 4 J& - B AR PR 5T (B 5(b) \5
(d)). A 7 B L I G R4S IR 25 4 i o i Ak 5
4 B 248 1) DU 5 G B SEE A B — A 7 A UiE S K ) =
A W 2 45 L A0 6 FiT s L BT BCOIR BT B
Eu BEB 4310 8. 934 A Rl 14,607 A, {H1SFE 1Y
S T4 R Eue-Eu BEES S 8. 934 A (1)
[Eu, (bei), JHAR9C, K5tk 6. 030 % 6. 361 A”.
T M — 28 T TN R R OK L
W LA P Y B K 4>, 9 PLATON #4115
SR L I AR LB R 4. 8 0. X BRI LY K&
ARENEARTOANBR ERBRERIE TS5 T
i A7 L 3% 2 3R 3 10 B A 0 B 3 SR 9 1L 55 T i 08
23 [H] SR LR IK 43 F

ST R R M PR AR X — A4 25 R FRATTE
THAMNKAE TOPOS XL A 9 2584 2517 & 1k i#F —
T HFN G A R I L B AR P 450K 4 B B F Eu
CIID FEC A b 7S 1B B A0 0 5 8 o 2- 3R S BRI
LB A 1N 2 3755, 6)- 11 3 4E 4 b
W 2 AR R iR R 5 ERE . & RN 6 iERE (4R
HERE 5 NECARFD 1 ANECALK) , Schlafli #HFMF 5 K
{4°.6% ), Nl 7 iR,

B/ 5 @A A[Eu (be), 3Lid
W — g RREREEM

B6 bl =fLRR%SH,.LE
TR B RS T

B7 BAdlilathti=mMBBAELES
E=%2% 55,6080 INEE)
HAT I, dm A 455 (45, 6
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51 AHEME. RAEY 2B THRAMR.P,/c
25 [BIHE B — 2 IR S5 49 . 0 A LA Xk B e A5
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BC AR 53 F A B A K 43 F1 0. 5 AN B8 K 40+
WK 8 s, b &)@ Lal (11D K 7 B fr 5 =, 2K
T A BME = e AR AR B e L T Ak A
F bei® B A9 ¥R 3 48R R — AN K 4 7 R AR
FLal —O SR EEITE 2. 378(3) ~2. 734(HA =
[B]. 48 La2(1ID Y5 6 4~ O #47 B AL JE 14
F N 25 4 o 5 4 O JEF R IR T = A4 fid 14
FHREE A S A — A B K B4, La2 — O
R IX ] R 2. 405(3) ~2. 817 (3 A, Z &4,
BN S I R TT L B AR 3L 3 A L 4 BB Ak
ot iy g (B BDORI Sy 2y 2y 2y
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1)

@
! ®)

(D BEAY 2 T & A W B K — L eGR4 16 CF i ED

()Y BE A 2 Fh 5 A7 U 8 K 0 — o 4 20 K A8 T8 G fft DD

(OREAY 2 1 5 45 4(3.5.4.6., 6 5 10— A 41 Fh 25 40 4 4045 5
(4705 {47, 625} {40, 6} {47. 6°) (R BIRIR ALK

B9 BmAeMm2wm—H4LHmAE

RHTHE—mBEEY 2 WEW, FRATH L
TOPOS F A XL A0 25 ¥ 9047 (87 4. 43 B 30 $h 25
T4 2 W5 b H I 19 28 K 43 J& 25 La (TID FIREC 44
AN R 2RO E L B A Y
205 W (3,3,4.6,6)-7% 41— 4EFLAR R AN
EAAY HOR AR 1R 2 R 3 EELBCIR 3 O 4 %
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BERCR LY 5 AERIEAE A 1 ANEAZ KD, Schlafli 44
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BERFIAE 1R LB — HEFLOR 45 74 4T f Ry = 2 4y
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®5 EEY2MSENEA)MNBRBIEC)

D-H---A d(D-H) d(H--A) d(D---A) < (DHA)
N(2)-HC2A)..O6) #2 0. 86 2.05 2.8839 164
N(5)-H(G0). . O(18) #4 0. 86 2.15 3.001 170
N(8)--H(8A)..O(13) #3 0. 86 1.99 2.8441 171

0(22)~H(22E)..O(10) #5  0.96 1.99 2.7689 136
0(23)--H(230C).. 0O07) 0.96 1.94 2.7758 145
0(23)-H(23E).. 0017 #1  0.96 2.21 3.0264 142

FERRANES + £1 1—x,y,1/2—2; %2 —x,—y,—z; #3 1—x,1—y,
l—z; 84 xo—y.—1/2+2z; #5 x.1—y.1/2+2z

2.3 Bobdh e X4 &om R AT 4 5 4 (PXRD)

T BEBC A 2R G W RE S AR Al AT X
BCAY 1-2 FEH R T HEAT T XS4k R A7 3t 4 bt
(PXRD) , X5 it & B P 197) TC. 6 400 %) [T A A AR A3 S8
S 6 KA 5 B T AT SR RS LSO R AT X LG L S T 4
WE 1L iR, 25 R % . W H 1) PXRD Bk L
— LBV B 5 0 A AE A /N 8 22 ) (EL 0 6
AWg. I B T R A YRS 1T L TS
Sk g i

a Simulated
b= As synthesized
b A
iy
0 10 20 30 40 50

2-Theta
(OBELA Y 1 I X-5F N K AT 4 (PXRD) B AR L &

a

b

Simulated
As synthesized

(I) 1I0 2I0 ?;0 4b E;O
2-Theta
(DOEAY 2 1 X-SFER A AR AT 4T (PXRD) KA L
B 11 b4 X-4F &0 £ 474
(PXRD) Z A #oh 3 tb B
2.4 Fbhdh 1-2 AL T AR
BEAY 1-2 S5 INER S A KT, N
FMEEBREEM TR EMN, O IF& R4S
Yy 1-2 FHEAT TIE (TGA) 2081, & 12 ffs. AR

PREMEAMER LAY 1-2 5IE 45 5 X
RK.BEAY 1 FE 124 CRIM B T — i K E
V5L 025 7. 89 Vo Wy H e (FRIB A 7. 56 %) X
A3 H BT PN B K 3 F IR KL TR 124 °C ~252
CZEHI T — DR/ X 34 TR &
—a F R ALK (B R E 3. 7800, W Kk &
3.30%) , WLIAE AN B S 1T 2 [ AW A& 7E 252 °C
ZJ5 s Be A P I UG I 38 B AR A LB B o L B R
KW R G W o7 i 5 R A R+ E A Eu, O, (5
B8 :36. 70 % , IR {H 36. 96 %0). BL& W 2 v, 4y
WIFE 30 C~96 °C,96 C ~143 C 2 I T M
ANEH L, HF 30 C~96 CAREFESEHETESY
RKET 0.5 5 FUF B K/ (LB {H 0. 80 %0, iR
5 0.79%) ;1 96 C ~143 ‘CHILTEFEAHET 2
Sy FREAIK YR 22, k25 3. 20 B b (BB AR
3.16%), M 7E 143 C ~278 CZH LAV HEE
X IH N TR AR S 4 R O 1 4 8 A L
2 UBEAE 143 °C ~278 C R FE N 45 14 5 4 X R
JE AN Ty WHE B IS G W S5 R T IR e R R
FE 670°C JE AR A RS E TR 5% B8 W s 1 4 Ak

W) La, Oy (SZH{E .29, 41% IS 28. 67 %).
100

~.96°C,99.2

[(124°C,92.11)
(250°C,88.81)N,

Weight/ %
(o} ~ o0
(=] f=] =1

a1
(=
T
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30

20 ) ) ) ) (670°C,29.41)
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Temperature/°C
Bl12 el F29hEHLA

2.5 BAY 128K

HAE SRR B B R & B La A & et
RE, W T AATRE R A AW &Y 1 A
HLECAR Hobei (9 & ZSAE S AT T 2 6, 45 5 0L
&l 13 Frzx. 76 280 nm A9 & J K T . H,bei Bt ik
H5EAY 1 HA MR PO & 5O, &Y
1 A HLEC AR S WA B 3 A #E 320~340 nm Z [A],
HECA YD 1 A i B A el BC A4 &1 BT LA AT LA
XS5 RIAJE T HCA W N R A Y TC AR 31 45 )8 b
O HHFBR(LMCT). A 4598 . Bt & 9 h 2%
TEAUR R T80 2 5 J& [ 1Y &M RE T Ho ik ok
U T FC AR R — o BRAT B 4 8 1 L fof 5 5.
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 E.ARRAA(NaOHD) A F |+ =k 2K K B m 4h /5 W B2 & 8 T M Bt (SDBS/AEO-
DHAANH K UHEEAZ AL BRIE(VTED) B FARKAFRAFTKBHSE R, HFT —
FF % 590 R TH A AE F A F0 (PVSQ) g K sk, R A 4 9h 3 AL(FT-IR) #F PVSQ #9 %
MBATT AL, PR 9 ok B B 23 88 (SEM) % & 5 AL (TGA) = X 4 & 47 41 4L
(XRD)F 552 PVSQ 89 FH EZ HAB S . MRAB TR GAERFTTAUE. R EHR,
PVSQ A A Fip ey 2 My ;424 NaOH F= L 43U A 69 A E 5 51 4 0.05~0. 15 wt¥ A= 0. 2~
0.4 wt% , Bp THIAF-F ¥ ZEE 100 nm £ 4 F 43085 PVSQ Mk ; 4 /765 PVSQ £ A £ 4F
o dit J A T M e R E A S5 M,

KXER: B OUHFAEFAEI; KBS AL LM

FESES TQ264. 1 MHERARAERD: A

Synthesis and characterization of narrowly dispersed

polyvinylsilsesquioxane nanospheres

HAO Li-fen"?, GAO Ting-ting', XU Wei'?, WANG Xue-chuan',
YANG Shu-qin®, LIU Xiang-guo®

(1. Key Laboratory of Auxiliary Chemistry and Technology for Chemical Industry, Ministry of Education,
Shaanxi University of Science & Technology, Xi'an 710021, China; 2. Zibo Dahuanjiu Polygrace Tannery
Group Co. » Ltd. s Zibo 256400, China)

Abstract: A sort of narrowly dispersed polyvinylsilsesquioxane (PVSQ) nanospheres were
fabricated via the hydrolysis-condensation reaction of vinyltriethoxysilane (VTES) in aque-
ous solution and sodium hydroxyl was used as catalyst, sodium dodecyl benzene sulfonate/
fatty alcohol-polyoxyethylene ether as mixed emulsifiers. Structure of PVSQ was confirmed
by FT-IR. The laser nanometer, scanning electron microscope (SEM), thermogravimetric
analyzer (TGA) ,X-ray diffractometer (XRD) were utilized to characterize the average parti-

cle size, micro-morphology,thermal stability and crystal form of PVSQ. Results indicate that

x W FS B #3:2016-04-10
EETB PUAEEF T LAV E (14)JK1099) 5 HE 453 41 F 3 H (2014M562515XB) 5 Bk VG B K24 1+ B R
4T H (B]14-04)
PEE B M2 (1978 —) . Lo WAL A N PRI, W, B 58 75 1) - D e AT HL SRR B4 RHAY & BB
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a series of narrowly dispersed PVSQ nanospheres with an average particle size of near 100

nm could be prepared while the doses of NaOH and mixed emulsifiers were controlled as

0.05~0.15 wt% and 0. 2~0. 4 wt% ,respectively. It possessed the favorable thermal stabili-

ty and the undefined structure.

Key words: polyvinylsilsesquioxane; hydrolytic condensation; organic-inorganic hybrid mate-

rials
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A S e (Polysilsesquioxane , PSQ) 442K
R — BT B AL-TC AL Ak A kL, L R Y Si
— O #8523 0] ST AR S5 4 L 4 F3E 5
H (RSIO, ), » Horf,n 2% R 2 A HLY 65
A2 S ARG TCHL A K KL (Si0,  TiO, %) AN,
PSQ 7 B il J& — M BB AR 5= 00 A HL-TC L A% 1k
b A ELAT 9K RO 00 B Lt 4 T S AL
SRS AR PERE R R A WA RAFIAE A E, AT 52
W FREERT 5.

H A, DI REHE PSQ M4 2 R K il 46 G 1.
R RV AR AN S T4 5 M B AT 2 ik 4
Bt (PVSQ) H1BE & A AT 5 A BILEE 141 B niz (19 XU, S
A NKTIORL  FE DR AP TR 2 02 L R Ak L BELAR R
S5 T EL A W R (R R L TR e B A B I R
H RTAIF 5 1) — > #R5

W EVLPE S RS S0 Y L O3 = A
FERE g A AT IRAA L DL ke R R T R R LAk )
LR 0 Wk s e ) Sk A 2 S DA = 2 e S A AR R
KRR R AT F ¥R N LK (pm) 1)
PVSQ bk s % 5 5 HEUK AR = S et A
T RYIHBAECY PVSQ FK K s Yin 55 HE2K
LA BE = SRR B A WK b T Z KRB
TR A 500 nm 45 PVSQ; Kim 22 L)
Tween 80 N FLLF, L = & B AL A B T F
BPRLAE R IL 90K BULROK 1) PVSQ k.

ERONEVE = e TR 3 SRR K 1 [P A
SUE AN N iR R L SR K 4R 5 B L PVSQ
P 1 A DL GE . % F 6 A SC L VTES S i 3K
&, LA SDBS/AEO-3 R34, L NaOH Jyfi 1k
L TE AR KA 45 G il 2 T PVSQ 4
K ER, T T NaOH K 8B & 74k A & %
PVSQ FLIEF- kA2 1Y 52w BLAR L 38 X 254 | fk
WIS RN e MEREEAT T 1.

1 Lo

1.1 S8R

IR = O EE R (VTES) , 40 By 4, 1 b
BRAT WLRE BT A BB A A7 B2 W] 5 1 o SR it 7R
1 (SDBS) . & AL 81 (NaOH) , ¥ M4k 27 4, [F 24
L2 WAk 20K 0 A R A5 BRI B R A 2
(AEO-3) k24l 7 MR g4k T4 BRA #).
1.2 B TH S F B B 40 R AOR 69 4 %

FEBEAT Ik 2% R0 L BE 11 A9 500 mL = F1BE N
Lim AR H, O.SDBS/AEO-3(F &I N 2 ¢
DA NaOH, 45 il /& R 20 C, o fH k1
hs SR AR R it i i VTES, 3 58 J5 0/
TN 24 h A3 ER K 0% R FLE L B PVSQ
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Preparation and properties of a water-swellable rubber

compatibilized by styrene-maleic anhydride copolymer

XIN Hua', MA Feng-bo', TIAN Kai*, ZHAO Xing', ZHU Wan-cheng'

(1. Key Laboratory of Auxiliary Chemistry &. Technology for Chemical Industry, Ministry of Education,
Shaanxi University of Science & Technology, Xi'an 710021, China; 2. Lukeqin Oil Factory, Chinese Petrole-
um Company of Tuha Oilfield, Shanshan 838200, China)

Abstract : Water swellable rubbers (WSR) compatibilized by styrene-maleic anhydride copoly-
mer (SMA) were prepared by blending the chloroprene rubber (CR) with the super absorb-
ent resin (PAAS). The influlence of the dosage of PAAS.SMA and sulfur on the water ab-
sorbency and the tensile strength of WSR was mainly discussed. The results show that the
water absorbency of the WSR increases with the increase of the dosage of PAAS. However, it
first increases and then decreases with the increase of the dosage of SMA and sulfur. The
tensile strength of the WSR first increases and then decreases with the increase of dosage of
PAAS.SMA and sulfur. The more optimum dosage of PAAS,SAM and sulfur are 30 phr,5
phr and 1 phr respectively. The SEM photographs of fracture surface of the WSR show that
SMA acts as the compatibilizer of the blends of CR and PAAS.

Key words: water swellable rubber; compatibilizer; water absorbency; tensile strength
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oM X T #4569 PUAS 5Lk & LA A #8. FTIR 2 %%ﬂf] AHPS = R R B X A THLF R
BLCTGA MK 4R A A AHRE (PAAEZWRG B AR TR ZH. WA PAALE
O 3 A B 40% , IR I 6 AR M | A b Al AT oM B E AR A E R R E 42 PA A &L KA,
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Effects of acrylate content on the properties of waterborne
polyurethane/polyacrylate materials without VOC

LAI Xiao-juan', SONG Pei-yan', WANG Lei', YU Li-li’

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

Abstract: The waterborne polyurethane/vinyl monomer prepolymer was prepared and ally-
loxy hydroxyl propanesulfonic salt(AHPS) were introduced to the waterborne polyurethane
system and a stable waterborne polyurethane/polyacylate(PUAS) composite emulsion with-
out any VOC had been obtained by means of emulsion polymerization in situ. The structure
and properties of PUAS were characterized by fourier transform infrared spectroscopy (FT-
IR) and thermogravimetric analysis(TGA) ,and the properties of PUAS emulsion and films
were tested. FTIR test results showed that AHPS has reacted with polyurethane and polyac-
rylate. TGA results showed that the thermal stability of PUAS films was improved with the
increment of the acrylate content. The water resistance, mechanical properties, the thermal
stability and hardness of the films were improved with the acrylate content increased from 0
to 40%. The PUAS emulsion will be stable while the polyacrylate content is excessive. When

acrylate content was 30%, the performance of PUAS emulsion and its films achieved the
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EEWMB EHE ARSI (813027060 5 BRVTA Tk B T H (2016GY-241) 5 P& B 1430 H (CXY1527)
PEZ B B/INE (1984 —) L VT PE 5 KO B Bz B BF 8 0 1) < K o A R



. 04 o % & B4

rEER

% 34 &

best.

Key words: polyurethane/polyacrylate; acrylate content; emulsion; films; VOC

0 3

KVER Z W TC#E o153 2 H BT o8 ok e
A EEY Rz AR R R,
L IR Ay T P e T ok A SR M (B R AR AE
AR ZAb 5N KPR 2% R B AR AE PN O L A
P A A5 K M R SR 1 M e S e S RN
T2 T P19 T 7K R g 2 P R A o H 2 T s 0 T 3 550 1k AN
HRARC G N DN A R TR I A MLAS A R 1R
BP0 TS, n] DL A e EL S R e/ R
NIETREE 2 A FL (WPUA). WPUA FLIE A
LT LRl i M P AL R A MR A
BRI R FLIR R A R R Y e
BAEL HEM G IR ILSE.

o TR M R T 2 2k 1) 7 o TT AR AR I o A, 2
o Vg ORI 8 A5 TR O o A v T 0 R TR Y Y
WPUA FLIZRA X8 T il 4 i 7K 1 4, 4
B HAR e tar ) WPUA 2L . o T DL 5 T
2O IRKE SR A R R AN R SZ I AR SR ST
Tl RE Tk B A T A BE 2 TN R B R B CAHPS) L 15 A
R PR TN R A RT D R IR FL O Y A T RE ., B
AHPS & C=C Al &5 Z MR ki A h Ak
S o TEFLIBEAL 2 T HEAT A2 45 A T LA = FLIR
1R et R M e IR B P 1 BB 5

SCHP R YIS T S FLSR A 12 T TR A TR B
TR R G R R BT R A 7™ 2ok 8 R A 8 7 i 35 ki
B T ISR R 2R £ TR 55 15 AT FLE I (vol-
atile organic compound, VOC) i) {fi FH . #1151 &
VOC 1) WPUA FLW I X5 AN [|] 9 5 B2 T 2 1 (PA
) 1Y FL K FL U B s R AT T KL R T
PA & &XF PUAS 4 58 i) 22 i #L1E.

ill}

1 Lo

1.1 E&RAMAEA

RN ICEE (PCL), Tolb i 3% T AR HL R
RA BRZS 5 S0 R B — 5 3 R g (IPDD , Tk i
FMTERRGAWRA A2, 222 BRPRT R
(DMBA) » Tl iy, ] )M T 4 35 A6 T4 PR &) 5 4
AL R TN LT R 0 CAHPS) , Tl & . 7 M Bk
RGN AE s A ERR — T 34 (DBTDL) . fb2#
afi A 2 LA B Tl K R A BR A F) 5 3 T 0
iz i (MMA) . R R T g (BA) . TN R 74 £ ik

(HEA) , H B Y 46 B 4 7K H il R (GMAD , Tl 2,
btk 1) = 2 We CTEA), 43 #7 46, 5 7 iR 9
(KPS) , %7117 7 KRG 41k T4 BN .
1.2 ZEMBESE

BI-200SM 74 &y & ¥ % o 8 9 AL, £
Brookhaven 24 ) ; VECTOR-22 %I 57 21 415
HEAY (FTIR) . [ BRUKER 23 )3 Q500 I #4 &
1,26 TA 2SR XWW-20B 77 GE 18 56 ML, K 18 17
g oalIENEE SN /NI
1.3 PUAS 5Lk & 4 &

¥ PCL.DMBA #47 B2 K SR 5 I A 42 3%
AR E A TR0 = DR A SE AAR &
A MMA il BA,7E 60 C FHEHE 10 min. 885 A
FE B9 IPDI Ml DBTDL, JHEZE 70 “C~90 °C [
— BEmf ] e, A B HEA KB 1 h i s A
F TEA SRS IA AHPS 47K 1 W 3547 =5 3 57 )
FLAG o TR AR 5% A 52 U5 . THIR % 80 “CL7E 1~2
h i oE 51 &7, 885 #h I 4 & 1) MMA .GMA
T BA 3 6 s ], SR 5 7E 75 °C ~90 C Ak
WA 3 h, BI AT 45 8] PUAS ZLil. & B PUAS
1 57 RSN 1 s
1.4 AR eh 5 %

PR HRC— 5 I 2k 1) 2L 130 23R DU 9 & 0 Al
T DG 9 R, 8 R TR AR o T4 48 h, Bl
Je B FLRE IO S 8 T AR v R AR DU
1.5 PaEm X B E 4L

W IR BE 25 °C L 2R FH 30 45 06 e B
W& PUAS FLV A S 207 42 SR A8 S i 210 41k
TEALFTIR) X AHPS F1 5 4 Fig 55 25 44 2 17 4 #7.
L R PR A P 3 ok B AN AT T, RS
FFIR B EE 7 10 °C/min. FHR X ] 20 °C ~500 C.
TR BRI — 2 0T o 109 FL SRR I SR T 2R my ) ¥R 3
FER B TR 24 h B 5 Do FH g 4R W T R 1
FREE e s B R ms) s 5 2L I A T K R =
%xmo%. AT T 3 3 000 P G ) O G
de TR T R 2 1 R CRL A 55 52 R 24 il R
FOE GB/T1040-1992 3K, Tk IE (1% 4% 28 6 B | it
%14y ¥ B GB/T6739-1996., GB/T9286-1998
HEAT DL



5 43 B/ NIE A TR R IR 5 1 X T8 VOC 7K M 2R 2R / 2% TR 4 T2 T A R4 RE 1) 52 i © 95

HO vwwWnOH + NCO—R—NCO

MMA+BA

0
1l Il
NCO-R-NH-C-0v\0-C—-NH-R-NCO

CH,0H
CH3CH2'CIZ—COOH (DMBA)
CH,OH
i 0 T GHCHs i i
NCO-R-NH-C-0v\ 0-C-NH-R=NH-C-OCH, C—H,C-0-C-NH-R~NH —C-0xv\ 0-C-NH-R-NCO
COOH
Q
HOCH,CH,0OCCH=CH, (HEA)
o) 0

CH,=CHCOCH,CH,0CNHmsnsimsssnnsannsnn NHCOCH,CHy- COOCH=CH,

N(CHyCHz)3 (TEA)
H,O+AHPS

coo
N

COO"

“00C \
SOy hydrophilic

805" ¢coo
hydrophobic
MMA+BA+GMA

polyacrylate

“00C

803" coo-

polyurethane

A1 A PUAS #E B 5 X
PUA F1 PU £ & 1E 1 090 cm ' BRI 69 W fig 0, ]
PVE H PUA b PU 3 & 9 0 i e 1% 9 H AR 58 1,
OER Sy PU MG R BR h #& A C— O 4k
S, C— O W Wi B 5 i 45 21, bk o0 B il
WY s R TR AE K PE SR 2R & b A TR 45 5.

Bl 3 2k a.b 40502 AHPS 1 AHPS 8t
f) 5 B iR / 58 T 04 R i (PUAS) BY 21 4865 1. M

2 #FR5ITE

2.1 BAMeLibEIE

B 2 A (PU) M B A A/ BN
(PUMA) I LTAMNEIEE . 5F . PU 1 PUA W33 & Al
PIE H L IE 3 388 em ™ AR YR IS — NHCOO—

ON—H B4R 30,1 530 em Ak 5 — NHCOO
— iy N—H B2 il 4 2l o, 761 729 em
AR BT C=0O [ 44 gh Wb, DL =4~ 08
e AH S I, B 2R A R 1) AR AE TR 0. M TET 2 38 1T LA
FH . —NCOTE 2 270 cm " Ab AR AE W g i AR W
TLU —NCO 7R R P IR A5E 2 THFE T 4 1

3L AEH.b fgd 1249 ecm " AE BT
AHPS B —S0O; By, 1 162 cm AL BT i
WilERY C— O BIRRIEMR W%, 1 065 cm "B ER T
C—O—C iz, K 3 s Xtk a il b
ATLLE H . AHPS 05863 (1 — OH Al 1 640
em 'Ab C= C By 45 B= 3l W e 06 34 9 % 1 B



.+ 96 - %% &K

% 34 &

PU

PUA

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

B2 RABGIINER
AHPS FR &M %A 1 A 2A O, I LAk =4 5 1Y
T A G B T RANE T8 L

b

1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
wavenumber/cm’

a: AHPS; b: AHPS gt #y PUAS
B 3 AHPS #= AHPS &4y
R A B Lot A

2.2 AMBRE(PAASEXNREHWG YA
2.2.1 PA 80 FLBCR AR 1Y 5

PA %% PUAS FLBORLAR 1Y 52 M W 1 4 Fr
. B4 AL BES PA SR 0 85 409, 7L
DR OR TR RSB SLTE: Iy N = e R TS )
MMA [ BA i in 8] 5 AR & 1 f5 , MMA (BA 23 %
kAR PU LK b, 7E KPS 51 Z/EHT,
MMA BA FIERZABE &4 B 5 R4 K, PUAS
O3 FAR S HEMIIE BT ER AR T K FL ROk, Y
A7 T2 T A2 LA n 1 7 =X A R g 44 R 1) TR L Bt
F R HEAT o A R v TR TR T 1 i DU 23 3G, R
22 1) D M TR TG A 2 T R B SR Rk X R
B R - ) R/INAS 2 DA K B 22 1) D9 M TR i 2R 2 i
L D) 2 1] L A JE At 2R =0 IR R 145 5 A5 i K
(4 23R 2 R o DA V5 T T 22 1) TR 0 R R - 45 2R T
SER AT K.
2.2.2 PA 8 RE 19 5

PA Fr %t PUAS I BREVERE /9 52 i 3% 1 fr
N.HFR LATDLEW BEE PA SR 08, 8 6l

210t
190F ///////
2

6 1|0 w(Pil[))/% 3|0 4|0
B4 PA 4 F 5Lk k1280
FEH HB 340 2] H FZ g m 2] 2H 5 6 5 3
B PF 5RZE H 00 058 B B I TN 0 TR e A A
PR B RS LE AT, T P9 2 1R T R A A5 0 A T K P R
T B A5, L B PA F = B 340, i B 7%
RGO R Y M R T RN 2R 2R AR R i AR L A
T IEAH B AR ZE 5 B A, X 45 WPUA ZL R A i) i
JESAE R T PA & B3, ZL R AR 25 8 W
B BLAR I 18 KA A5 2L S W33 BH B2 B AR
&1 TR PAESEH PUAS KREZHIERE

[
~ [¢]
< (=]
T

-

PA &
9 .

Y 0 10 0 30 40
HYEENE E/H HB HB H H 2H
W& 1 /% 1 1 1 0 0
o w ook % ot A oA oA
wl A n J'?‘,_; . u
AR WEEN e Rmm AEW im0
[aeca=yregid R R R e AR

2.2.3  PA X I IR AZ B B AR K P Y 52
K5 A PA &R T PUAS IR Y 28 5% &
AN K M MR 25 S, B 5 ATLAE . PA & i
TE 0% ~30% 0, B & PA & & r3gn, RG Wik
RACHR B WG, 3= TR R3S B . B b
& PA S 3G, 2L R A WK R ST I A T
Fri . 2 PA & &8 3090, M Y IR 7K R Gk 5
fiX. 24 9. 6106, 3X 42 A TN M R TR 4% & o i K 2R
T, BT K BEE PA A A3, 79 % 1R B F0
AR Y A 3G O, A T K M B 5L A RN
A5 TR T 1) 2 i 3 A, D 2 e o 5L R 1) A R R O B
PERE AR 22 L X HF W) 25 3 S 7K 172 2%
2.2.4 PA FHRXT PUAS I AL M: BE 5 0
PUAS BT 2= e 5 PA & ¢ R &
WE 6 fros. & 6 ATHL BEE PA & i 0 K
B 40 %6, fise B5E hr i o BE 5L R B 4G R 3,y 3. 44
MPa % 4 3 K 5] 13. 21 MPa, b 24 fi K 2 0] )
576,25 % I8 2 T 203. 68% . R A &R #H PA &
M0 EKF 40% . fifF PUAS 4 F 1k & (14 fili Bt
Py O, 59 R IR o] AR R B T IR 2



%4 H/INIESE NIRRT & 2 X T8 VOC AR 3 &g / 8 79 45 IR i A4 k1 BE B4 52 i) ¢ 97 -
A 100 96 I B, ST AR P s PR R 2 Pl R R AL BRI
| [EECeonient ] /% Na SR A 1 542247 2 A 7
EéO— 7/ % % % _60§ gzgﬁz%xﬂfﬁ,mﬂu&%PUAsMﬁE@ﬁ@
B5 PA4A&EL PUIZS}]%%EEH%E 20t
Fa i Kbk 8 % 2
B CHLE A HE £ 12 17 306 T = 4 90 2 25 M R 2 0

Je B B i ) S AR R T = 4R R A A kL T
DA i J2 JE 14 4 of 5 2

14
. 600
o e
: 12} 550
~
E 500 &
= 10+ g
to 450 2
5 o
8l c
5 o {400 ¢
9 ke
7 6l 1350 %n
(] —
= . 300 ©
a4l /
. 4250
2 1 I 1 L 1 n 1 I m 200
0 10 20 30 40
w(PA)/ %
B 6 PUASKREBLAHF ML PA
SEWXEWE
2.2.5 PA 8% PUAS M0 #F 5E PE 5 i

PUAS EHEE) TGA Wik inE 7 fros. & 7
) a.b.c =M HlE PA &&K 10%.20% .,
30205 F 1) PUAS BB i 2 18, el 18] 7
ATLLVE WL REE PA & & 138, I 04 ) 16 53 1
TS L. NE 7 Rk al LLE 7R N T Y
PA i &, BRI I ih 52 4 53 i AR 1% L 32 5
WO P A2 i JSE v 8 i /N 43 %) 0 e Bt L 7Y
T SR R 0 B BT IR 43 - SR ) S BB ) 1.
TE 200 “C~400 °C Jie B 5 B . Bl A5 79 0 R R 7%
ARG, K E 50 %0 B IR EE N 309. 2 C L&
349. 3 °C Uk BH B RS 43 ik I B B A PA % i ) 1
TNER TR R M R R el R A, v LR
AWy AR T 43 BT A AT A 2 2 v J 110 A
FasE Pk, AN, PA B B 8, 19 TR & 0 38 B
WL BEE AHPS A, AHPS BE ] L A3 & S

Temperature/°C
a:PA & H 10%; b:PA &1 20%; c:PA & H 30%
B 7 XRF PA%&% PUAS K
o TGA W& A

3 &g

ARSI 3 7E A G B R B T B8 M S KRR
(AHPS) . & F A7 JC B 3L R A0 i - i
BPRAE R TR R A R R IR L FLAL S TR TR B
R kA A RERS RN, I H &S T VOC 1
PUAS FL# . K T PA & 5T VOC RARE /B
TR 0 TR TR BT RL P BB I A OGP 25 SR B L Bl PA
Bt DO BN E] 4096, e IR 24 b RE L BE L TR
K T A SRR S 3N L HAE PA ik ] 40%
DL b i A5 B 2L B2 E TR — B[R] 2 A UT
TELAE PA & 300 B, T LA B M R A
PUAS ZL b H B

[1] Jing Zhao, Tao Zhou, Jihai Zhang, et al. Synthesis of a
waterborne polyurethane-fluorinated emulsion and its hy-
drophobic properties of coating films[J]. Ind. Eng. Chem.
Res. ,2014.53(49) ;19 257-19 264.

[2] Satyabrat Gogoi, Niranjan Karak. Biobased biodegradable
waterborne hyperbranched polyurethane as an ecofriendly
sustainable material [ ] ]. ACS Sustainable Chem. Eng. ,
2014,2(12):2 730-2 738.

[3] Samy A. Madbouly, Ying Xia, Michael R. Kessler. Rheo-
logical behavior of environmentally friendly gastor oil-
based waterborne polyurethane dispersions [ J]. Macro-
molecules,2013,46(11) :4 606-4 616.

[47] Aitziber Lopez, Elise Degrandi Contraires, Elisabetta

Canetta, et al. Waterborne polyurethane-acrylic hybrid
nanoparticles by miniemulsion polymerization: Applica-

tions in pressure-sensitive adhesives [ J]. Langmuir,



.« 98 - RaPERLE SR 5 34 4%

2011,27(7):3 878-3 888.

[5] Yongshang Lu, Richard C. Larock. New hybrid latexes
from a soybean oil-based waterborne polyurethane and a-
crylics via emulsion polymerization [ ] ]. Biomacromole-
cules,2007,8(10) :3 108-3 114.

[6] Lai Jianzei, Chen Paojan, Yeh Jentaut, et al. A cross self-
curing system for an aqueous-based PU hybrid[]]. Journal
of Applied Polymer Science,2005,97(2) :550-558.

[7] Wang Tazen. Chen Kannan. Introduction of covalently
bonded phosphorus into aqueous-based polyurethane sys-
tem via postcuring reaction[ J]. Journal of Applied Poly-
mer Science,1999,74(10):2 499-2 509.

[8] Fiori D, Ley D,Quinn R. Effect of particle size distribution
on the performance of two-component water-reducible a-
crylic polyurethane coatings using teriary polyisocyanate
crosslinkers[ J]. Journal of Coatings Technology,2000,72
(902) :63-69.

[9] Fei Guigiang, Shen Yiding, Wang Haihua, et al. Effects of
polydimethylsiloxane concentration on properties of polyu-

rethane/polydimethylsiloxane hybrid dispersions[J]. Jour-

nal of Applied Polymer Science, 2006, 102 (6): 5 538-
5 544.

[10] Wang Xiaorong. Shen Yiding, Lai Xiaojuan. Micromor-
phology and mechanism of polyurethane/polyacrylate
membranes modified with epoxide group[]]. Progress in
Organic Coatings,2014,77(1) :268-276.

C110 B A . T VUG L /5% T3 I TR B WOUL 52 & s 1 L 3k vy o)
F K AERE S N LD]. )N AR BT K 2%, 2005.

[12] # 7 2Z, Brib 7, ik B L 45 32106 20 3R R /6 T A i &2
BIBABEFELI]. LA 2001(2) :68-71.

(137 JR PRI SR IBET . A5 R 9% , 45 TR /K 4 WUk S8 650 1)
e B RAEL) ], BB ,2004,21(11) : 1 123-1 126.

(147 Daetg, £ b, Bk 0 28 3R T 04 R B 9 ik 1 541 it
ABFFELI]. B ¥4k T, 2005,21(4) : 18-20.

[15] BRA . 5k A 2%, e FLIRER G e ] 4 B IR IR R - 2R 4
P S A L) ], RAEE Tl ,2012,27(4) 1 43-46.

(16 FEWese, 4=/ Na, /N 55 #0500 K Pk 2 A g / 2R T
I R TG B ) 25 S ERELD . SR Tl . 2015,45(2) :41-45.

(RERE:H £]

ALEA LA LA LA LAt Eal Ll al Lol L al Yal Lal Lal Lal Lal Lol Lol Lal Lal £alt at at Lol Lol Yal £al £al £alt Lal at Lol Lol Yal Lal £al £alt Lal Lal Yol Lol Fal Lal Fal Lalt al Yok val ¥al Y

(L#F 87 W)

(2)FTIR ESE =9y HoA W 45 4. PVSQ H
B 0 I PR MR RS R B 45 44

2% Uk

L1 FEARE , D307 SR AR B . 5. BRA HLAT 1 6k 0008 S Bk 1 AT
FEHERELT]. W5 4% F MR RL 5 TR, 2013, 29 (11) £ 159-
163.

[2] ftsh) R EIE. SRk em 2 Rewll] maF
W4 . 2004,17(1) :15-20.

03] Wi M, RIR 2 0 . IBOAR e 0 SR A 2 ik S e 45 4 L
R PE R R L], APRRR 2 5 TR 4R, 2006, 24 (1) £ 49-
52.

[4] Subramani Sankataiah, Jung Min Lee, Jung Hyun Kim.
Preparation and characterization of surface-functionalized
polysilsesquioxane hard spheres in aqueous medium/[ ] ].
Macromolecules,2008,41(16) :6 195-6 204.

[5] EVLH. 3 4l DLl 55, | &0 5 i e D i Bk 1y
il & BFFELT . AL T RUb KL, 2010,38(3) :93-95.

[6] Th3cf sk &M B 5%, 45, 43 HIOR A 4o TR 1 1) 45
RAEBAE RSO p LT w5 ar TRk 5 TR,
2012,28(8):129-132.

[7] BRiEE .2 .28 WEL5F. & B 000 HOR 2 0% B A o ik
SEBERRIE 9 K BT B o R AR RELD . w8 S 2 AL 2 2
2013,34(6) .1 460-1 465.

[8] Jianbo Yin, Tiansong Deng, Gengmin Zhang. Preparation
and size control of highly monodisperse vinyl functional-
ized silica spheres[J]. Applied Surface Science,2012,258
(6):1910-1 914.

[9] Yong Back Kim, Young A. Kim,Kyung sup Yoon. Prepa-

ration of functionalized polysilsesquioxane and polysils-
esquioxane-metal nanoparticle composite spheres [ ] J.
Macromolecular Rapid Communications, 2006, 27 (15):
1 247-1 253.

[10] BRUEN X . 2 5 3R A 2 ke 4 e 10 ) 4 %k e F 5
LT, A Bkt Rt AL 5 0, 2015,44(2) 1 78-82.

[11] Marie Christine Brochier Salon, Pierre Alain Bayle, Mak-
ki Abdelmouleh, et al. Kinetics of hydrolysis and self
condensation reactions of silanes by NMR spectroscopy
[J]. Colloids and Surfaces A: Physicochem. Eng. As-
pects,2008,312(2-3) :83-91.

[12] Wenshi Ma, Donggiao Zhang, Yu Duan, et al. Highly
monodisperse polysilsesquioxane spheres: Synthesis and
application in cotton fabrics[J]. Journal of Colloid and
Interface Science,2013,392:194-200.

[13] Wei Xu, Lifen Hao, Qiufeng An,et al. Synthesis of fluori-
nated polyacrylate/polysilsesquioxane composite soap-
free emulsion with partial trilayer core-shell structure
and its hydrophobicity[ J]. Journal of Polymer Research,
2015,22(2) :1-8.

[14] Jinwei Wang, Liping Wang. The lower surface free ener-
gy achievements from ladder polysilsesquioxanes with
fluorinated side chains[]]. Journal of Fluorine Chemis-
try,2006,127(2) :287-290.

[15] Fuping Dong, Wanping Guo,Sang Wook Chu, et al. Novel
fluorinated polysilsesquioxane hollow spheres: Synthesis
and application in drug release[ ] ]. Chemical Communica-

tions,2010,46(40) :7 498-7 500.

[=EHE: Z2MR]



EHIRVEE S
2016 4F 8

ReaBBEIE SR Vol. 34 No. 4

Journal of Shaanxi University of Science & Technology Aug. 2016

*

X EHS:1000-5811(2016)04-0099-05

nRGEEXUREY T EA RN FRNH

oA, 2T 2FEN, pRE, g E’

=l

(1. BEVIRMHE K% B TR 5 TR%B, BPT 794 7100215 2. BEVGRHE K% b 5T B, BEvT 76 %
710021 3. M RAEILE B B FEEMARAF . IR M 256400)

 E.AFAREAF 4B E (IPDD A % 2 =8 800(PEGS00) . = # W & & # (DMPA) #
PR AR RS REAESRT —NCO 8 RABARKPU; BARNLRATALHY
PU B &R T # 5% 5 3 A B A A= —NCO #4 R A8 TR K (FPU) ; 738 o 4 HOR A %
FPU 5 3% % & #42 3 03 &4 (HPAE) 3 % 41 3 — 4 47 2 3% AU £ 2 £ R &% (FHBPU)
B 5P Ao oK Bp H) 73 FHBPU &2 5Lk 5 A Tl ¥ 1508 3 a9 By K & 22 A 4 9h i
(IR) Bk 4 4% (' H NMR) L3 5 55 (TEM) | 2 K 5 BUR A 4 ik A ] 3 AU 5) 3
otk My SURAR T S KB K A BOR R R A R (WCA) 347 A JE, 25 R A,
ARFHEHERBAEM. LI EZ RN KK, FHEZH 238.8 nm, $ 9% %% PDI=
0.261. 442 5 F4 K. KEBF LA KF 1. 6% FHBPU A kM A BB . @ WCA Tik
142.9 75 BB R 89 5L,

KA A LR S REGA; RAR; LR

RESES:TS529.1 XHkERES: A

Preparation of fluoroalkyl-terminated hyperbranched
polymer soap-free latex and its application

XU Wei'?, WANG Sha’, WANG Xue-chuan', YANG Shu-qin’, LIU Xiang-guo’

(1. College of Light Industry Science and Engineering, Shaanxi University of Science & Technology, Xi'an
710021, China; 2. College of Chemistry and Chemical Engineering, Shaanxi University of Science & Technol-
ogy, Xi'an 710021, China; 3. Zibo Dahuanjiu Polygrace Tannery Group Co. » Ltd. , Zibo 256400, China)

Abstract: Polyurethane prepolymer (PU) with NCO terminal groups was first prepared by
the stepwise polymerization of isophorone diisocyanate ( IPDI), polyethylene glycol
(PEG800) and dimethylolpropionic acid (DMPA). Then, fluorine-containing polyurethane
prepolymer (FPU) with fluoroalkyl and NCO terminal groups was synthesized by reaction of
perfluorohexyl ethyl alcohol and PU. Next,novel fluoroalkyl terminated hyperbranched poly-
urethane (FHBPU) was fabricated via the grafting reaction of FPU and hydroxy termianted
hyperbranched polymer (HPAE). Finally, FHBPU soap-free emulsion was obtained by neu-

tralization,adding water,and high-speed stirring operations and applied in the wet-blue goat
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waterproofing treatment, Infrared spectrum (IR), proton nuclear magnetic resonance ('H

NMR), Transmission Electron Microscope ( TEM), nano particle size, { potential analyzer

and static contact angle analyzer were utilized to characterize structure of the resultants, par-

ticle morphology and average size,{ potential as well as hydrophobicity such as water contact

angle on grain side of the treated crust leather. Results showed that final product had due

structure. FHBPU latex particles presented irregular sphere with a polydispersity index of
0. 261 and an average diameter of 238. 8 nm. The treated crust leather by 1. 6% FHBPU ac-

tive ingredients based on the weight of wet-blue goat had favorable hydrophobicity and water

contact angle on its grain side attained 142.9 °.

Key words: hyperbranched polymer; leather waterproofing; polyurethane; soap-free latex
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Deliverability test simulation and its application in

evaluating gas wells’ deliverability

ZHANG Feng-yuan', LIAO Xin-wei', YE Heng?, ZHAO Xiao-liang',
CHEN Zhi-ming', DOU Xiang-ji', FENG Xiao-xu'

(1. College of Petroleum Engineering, China University of Petroleum(Beijing) , Beijing 102249, China; 2. Bei-

jing Oil & Gas Transportation Center, China National Petroleum Corporation, Beijing 100007, China)

Abstract ; Deliverability test is an effective method to evaluate gas wells’ deliverability. How-
ever many factors may lead to abnormal test data, which will be interpreted inaccurately or e-
ven not able to be interpreted. To solve this problem,deliverability test simulation method is
proposed. In this paper, principle and procedure of this method are presented;data needed for
simulation and its source are analyzed;three ways to acquire reservoir and wellbore parame-
ters are proposed which include transient well test, production analysis,adjacent well data or
empirical data;application in evaluating gas wells' deliverability is extended. What's more, it

is presented that this method can be applied in two kinds of wells:wells that have implemen-
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ted deliverability test but with abnormal test data and wells that are not able to implement

deliverability test. Three types of abnormal data cases are analyzed in detail, which contain

bottom hole pressure unstable, production unstable and abnormal cases caused by other rea-

sons. Finally, the high accuracy and practicability of this method are validated by a calculation

example.

Key words: deliverability test; deliverability test simulation; abnormal data; application
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composite model by polymer flooding

ZHU Chang-yu', CHENG Shi-qing'* , TANG En-gao’, ZENG Yang®, KANG Xiao-dong”

(1. MOE Key Laboratory of Petroleum Engineering, China University of Petroleum(Beijing) . Beijing 102249,
China; 2. CNOOC Research Institute, Beijing 100028, China)

Abstract ; In order to figure out the phenomenon that the late pressure derivative curve of pol-
ymer flooding field test-data presents an obvious upturn,a new mathematical model, cross-
flow double-layer composite model,is developed by considering the shear, diffusion, convec-
tion,crossflow and the mobility difference with polymer flooding. A finite difference method
is employed to solve the mathematical model. The type curves are then developed based on
this model, and sensitivity analysis is further conducted. The initial polymer concentration,
crossflow coefficient,formation flow capacity ratio,inner radius has more effect on the type
curve than the storativity ratio. The late pressure derivative curve shows a sharp upturn and

may come across with the pressure curve by comparing with ordinary crossflow double-layer
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model. Moreover,a large number of field test data shows this upturn,which testifies the pro-

posed model. The crossflow double-layer composite model analysis method is presented,and

history matching is conducted to obtain the formation parameters and detect the position of

polymer flooding front,which emphasizes the potential for the application of this method.

Key words: polymer flooding; pressure analysis; crossflow; non-Newtonian-Newtonian com-

posite model; history matching; flooding front
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Lab research on a new temperature and salt
resistant displacement control agent

YE Heng', XUE Jie*, LIU Jia-le', FENG Lei®

(1. PetroChina Beijing Oil & Gas Pipeline Control Centre, Beijing 100007, China; 2. SCP Oilfield Services
Co. ,Ltd. , Xi'an 710021, China; 3. PetroChinaCoalbed Methane Company Limited Xinzhou Branch Company,
Xinzhou 036600, China)

Abstract: With the increase of the development of low permeability reservoirs, the conven-
tional polymerprofile control agents show many disadvantages such as the unfavorable injec-
tivity,so that the micro molecule system becomes a new tendency to control profiles. Be-
sides,some reservoirs often have the characteristic of high temperature and high salinity, thus
the profile control agents should be adaptive to these conditions. According to the conven-
tional polymer control agents,this paper creates a new molecule profile/displacement control
agent, by adding amount of inorganic molecules into the profile control agent. And this agent
can combine the effect of profile control and oil displacement. According to lab evaluation,
this paper studied the temperature and salinity resistance and thermal stability of this agent.
The precipitation amount of this agent at the different temperatures,salinities and time spans
were analyzed,which demonstrates the agent has relative favorable temperature and salt re-
sistance. And to judge its practical effects of enhanced oil recovery (EOR) , plugging ability,

and washout resistance,some core experiments were conducted at high temperature and high
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salinity condition,the result shows satisfactory effects.

Key words: temperature resistance; salinity resistance; profile/displacement control agent;
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T ZR R B U 45 25 4, BE R 8 5K 19 1 . JF
FLiZ R SR A 2R BT 16 A I 3 500 B L G A T L S
515 = 5 A .

(2) MR IR A 22 B0 3 L R M L AR T
D7 AT 2= N PEA. R R R IR R 7E R R
100 CH AL EE 2 150 000 mg/L [ 544 T . %44k
AP RAE I HAE 90 C &M TR ER KT 6
AN H IO R R IEBAS FE /N (17,5 mPa » ), 1
AR,

(3 FEZFLA T 1) 8 38 1 512 560 147 B ASE 401 5K
ML R T ZIE RS RN 53, FHIE RN
92.79% WG IE IBERE K 17.28 MPa » m™ ', 4275
IKIMSCR IR E R T 10%. B iZ ik & B AT 5 4t
(1) daf 1 R 0 SR AR

2% Uk

(1] A AL B0, k52 22, 5K 5 A F 95 BLR & & R fa #
[J]. LT3k, 2004,23(12) : 1 320-1 323.

(2] AER W, B2 2%, [ N A1 35 K I 350 B R f5e i F e I e
ST ARSI & ,2007,34(1) :83-88.

(3] 22 % 25 XURUK. & [ Ak 25 3 K 0 50500 T % A0
Sof FRELARLT]. o E Ak 24 ,1995,12(1) : 88-94.

(4] AHEE LR 2R BEYIRE S — 5 3 B R R 0 i K
P FHBUERRF 58 ()0, K PR A it b 5 55 JF &, 2007, 26 (6) -
113-118.

(5] B3R R Fe I X & iR & b I R & W Ik 0 B e B i 6
[J]. #R T.2,2008,31(2) :113-114,119.

L6 akifs e, B 60k R AE (. 45 TR0 9 30 700 F 5 i e [ ],
I S, 2005,12(3) £ 1-3, 7.

(7] A5 250 de WA KL 45 5 B By 65 3% 2K 5 90 F 1 5 17
LT A5 IF % ,2002,29(6) :100-102.

(87 Tooll &, e, i) &, 45, Wit T it 6 JC WL 505700 19 5 N
o)) KA M B 5 FF % . 2007,26(5) : 117-120.

(7] 8 4w I o 1 L W 52k, 25, DT B 80 0L T 32k 3 391 B4 25 P A
g2, i AL~ ,1987,4(2) : 81-90.

(100 B¢ 7. K5 448 I HEHT /1N 43 F b1 R4 I IR 0 36 99 9K 14

FWFELD]. PE%E . 75 % A K2, 2013.
[11] Bai B J, Zhang H. Preformed-particle-gel transport
through openfractures and its effect on water flow[]].
SPE Journal,2011,16(2) :388-400.
(127 i 4 , 4L 35 Ha , /N SR fh 25 0 U 9K 7 AR Bk 5 o
(7. Ak T A . 2009, 28(3) :4-7.
(1370 WO A0 FHL P DG, 45, T IR 0 S Dl e ) B B 1 5
PEBE PPN [T, 7 ek A7 i M 5T, 2014, 35 (1) - 96-100.
C14] &8 L. AENgaNE . 25 5, A5 S0 T ol ol 30 Tt 68 98 30K 51
B ) B B BE VT [T ] I A BT 5 SR IR, 2015,22(6)
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] AL BT EERE A RHM R ER R R A E R BT Rk £, @i BET,
SEM . FTIR VA B 8t oR WA 5 A7 B R M ILEH A BB ERE AR Eas T £ R E
WL ERARTRA R R T E A KOH 89 R E 04 4% . & #hor ] 2 ho HF #9 R & 5% 5% . HF
AR 0.5 h. BEEZAMHTAEOZRERLEATRA 1320m”> - g "WRHERST 26.4%,
z;;ﬂyﬁwﬂﬁﬁb 1272.0 mg+g "WRHERAT 4. 9% AAREHEREREA DAL TH T4
R EIUE TR BILIRAR I K. B AR TR AL 22 AR A B M R R W R M A BUE AR B 3 e L R T M AR

E
KEEEMR A RABTIAE,; MULEH,; R
FESHES . TQ424. 1 XEkFRER: A

Characterization of activated carbon from acid-alkali

pretreatment and determine the preferred plan

LI Hai-hong, WANG Ning

(College of Environmental and Chemical Engineering, Xi'an Polytechnic University, Xi'an 710048, China)

Abstract: Ordinary commercial activate carbon is tested by orthogonal experimental to deter-
mine the preferred plan. The morphology. structure and functional groups and absorption
property of active carbon were observed by BET,SEM,FTIR and iodine number. The results
show the optimum conditions are that the mass fraction of KOH 4% , boiling time 2 hjthe
mass fraction of HF 5% ,boiling time 0.5 h. The result of the surface area is 1 320 m* » g '
improved of 14. 9% ;iodine adsorption value is 1 272. 0 mg » g ' improved of 14. 9% ;the sur-
face of the activated carbon becomes smooth and clean, pore structure turn uniformity; the
micropore volume becomes bigger;after acid-alkali pretreatment the acid oxygen functional

groups increased in activated carbon surface,absorption property is improved.

Key words:active carbon; acid-alkali pretreatment; micro-structure; absorption property

x Wi B HI:2016-04-12
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2R LA ¢ I 1R A T R T AL B U R A S K RE SR AR < 121 -

0 3l

FEK BRI H R K 4 T 5 K TR B AL B[R]
FHE 2080 T AR Y 5 K T 15 7K — 9 i K
PEAT R BE b B AE R B AR KR E Rk B 4%
P K 7] R 2 B e 2 R Ak B U
FEA WA AL BB R R R R,
S e R R AR e — R 2R B 11 LS R R LS
VIR DK N = O AlD: B O & 8
it i) R

FL A A R R I R ) S A, N L S
AN A=l T NN e o3 18 el o R U
i R LA R 35 1) L 285 /) R0 A8 K L 2R 1o AR
AT LA H 2 B A L A BIF 9 A ol T B PR R E
il & LA B iz i 00 i AR v A — S8R 43, i SiL AL
Ca Mg S5FTC R i — Lo ib 42 2% T, iX 26 K 43 2
Z 0T 45 18 FE LT A8 3 M SCFL AL B R B AIG L 52 i 3
P 0 W B RESY L BT DAL T B T M i AR 8 R Y
T WAL, T By vk B AT Y B Ak R kL
PRVE — R g O L, KR AT e ) 2% s AR ik Oy
T B BRI K Gy R BRI A b 3T vk
A R Ak PR (HCL, H, SO, . HNO, , HF) I 5%
AEFE(NaOH  KOH) %5, {H 2 XF T B2 Bl 791 40 3 7 1
M) 2 G 53 K 55 3 U IF 9 A 4R T

WA S5 1k KOH/HF X 376 M 7% 3 17 52 i
Toah 3, R OE 223 5 7R S AN A ) KOH/HF ¥
JEE TR0 2 s B[] 6T 0 M e ) L 2R T AR DA R R R
FRI 52 W) L ) R e A B T Ak BE 7 %5 R B BET . SEM
A FTIR X f A #0Ah BRAE R AT R AE L 20 BT 16 1 2k
FLE5 Y ZRIEE 5L B AE P S B i 1 2 Ak, R i
P IR AE by H AR A ) A T 7K TR B Ah B 0 FH 4 AR T
PSR AR 2%

i

) R

1.1 #H&5&A

TN B R (AL R) L K T b kG 40 1k
T EAARET (AL RO L V8 &1 8 R Ak 2 R A R
Al HUR CAL R N IR JE Ak 230500 ) 5 o] 5 1 e 4
AR LU ZERAETT s AR (A, R, K
HIF & XMk 2 25 )5 it (AL RO FR M IR JE 1k
ARF ).
1.2 %%k

i 43 9F- & B F 200 B (74 pm) By TE P % B
K5 g B THIE S oA —EWwER KOH %

& 100 mL, & b — s B[], 8, FH 25 B oK Bk ik
HEF S F A — E WK HF %% 100 mL, 3% — 5
FIF 00 2 3 o 0 L T 2 K VR s VR R R
F/NTF 10 ps » em 'L AR5 B T HEH R BT B 48
120 “CHET 22 i 5 45 % .
1.3 EZXEEH

AR IE A B A 5 g SR E LR 5
R 4 K (L (49)) By bR o IE 38 R AT S 55, W
FE 45 2 BE W A EE 2 T B R AR B (L B8 2 Con o
Tron ~Crr ~ Trr B e AE 5. HAR S 22 HE an 36 1
FTR.

x1 FXRHBR

P SEH R 3R KoK
SR - p — — -
Ckon/ % Tkon/h Cur/ % Thyr/h
1 2 0.5 2 0.5
2 3 1 3 1
3 4 1.5 4 1.5
4 5 2 5 2

1.4 o arwlX 7k

K B 3R 1 R R AL AR 43 BT 4SO e 1 P e 1) 3R
T AR5 R 4 4 F S O O 8 0 T e ) R TR
S5 R P AR DGR 48 21 A0 26 615 43 A AR 37 M e R A 7
FNE AL 87 s R GB/T 7702, 7-2008 36 %
¢ 1R AL 52 730 43 B 2 e ) R A1 .

2 #FREITiE

2.1 ERRBLERESMH

BRI B 45 R oAk 2 fros.
K2 EXREER
S50 3 KK BET

I W fHE

FHE Cx/% T/h Cur/%Tur/h /(m? + g™ 1) /(mg+g ")
1 2 0.5 2 0.5 1213.4 1 263.6
2 2 1 3 1 1254.4 1271.0
3 2 1.5 4 1.5 1182.0 1272.0
4 2 2 5 2 1271.9 1224.0
5 3 0.5 3 1.5 1185.3 1143.7
6 3 1 2 2 1243.9 1147.7
7 3 1.5 5 0.5 1301.9 1145.4
8 3 2 4 1 1 289.6 1191.9
9 4 0.5 4 2 1218.4 1207.6
10 4 1 5 1.5 1282.6 1205.5
11 4 1.5 2 1 1317.9 1236.6
12 4 2 3 0.5 1320.0 1246.4
13 5 0.5 5 1 1232.1 1248.7
14 5 1 4 0.5 1270.8 1245.1
15 5 1.5 3 2 1289.9 1 250.3
16 5 2 2 1.5 1259.6 1216.2
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HI 2 3 AL, B 22 U Sy« KOH 2% s 1 i) >
KOH ¥ J& > HF 23 i 8] > HF % 5. At 0% Bt 5
0BG 3 T AR A A 22 PP — A (B B L 7 SR A — HE
P R ELASH A S L T %8 G, T, G Ty o A 1 R
ML T oA C T Co Ty L B 3= 22 T LA
AT ¢ 19 TFL 45 R -1 A ) TR
RE = B T AL T AR L i 7R o B 7 R R
e A ) A L DAY I 30 L R RS LS A D7
.Y KOH M BE S 400, Z Bl 2 h,
HE WA 5060 Ak E] 2 0.5 ho i, Ak 2
Ja BT A1 75 1 R 178 FE o -

®3 EXRBERSN

-, o RS
W H ity Ckon Tkon Cur Tur
K1 4921.7 4849.2 5034.8 5106.1
K2 5020.7 5051.7 5049.6 5094.4
U i K3 5138.9 5091.7 4960.8 4909.5
/(mg+g D) K4 5052.4 5131.4 5088.5 5024.1
R 217.2 291.9 127.7 196. 6
YiES Cs T, Cy T
K1 1212.3 1212.3 1276.5 1268.9
K2 1255.2 1262.9 1273.5 1258.6
It % 1 fR K3 1284.7 1272.9 1227.4 1244.5
/(m? « g 1) K4 1263.1 1285.3 1256.0 1261.5
R 54.3 73.0 49.2 24.4
UES Cs T, C T,

FEMCAC PR T AL B 5 ik ) B (A v >
1272.0 mg =~ g ' BRIEFEHET T 14, 9%0; th R 1
BURm R 1320 m® « g ' B S T 26, 4%,
FLBE KOH ¥ B /38 K, b 26 T B 22 B0 2 1 K ok
N L E R AR R BALAEE K. T HF
HA R 2K 4 i 91, H KOH A T4 4L, @
Bt R, HE CKOH 5 4 )& & b9 . JTCHLER 1Y)
FRE R BR T K A3 JF R BN Y FLAE L. PR % 3 M o
HEAT R B Y04 B, 1T 2 R R A T M L R R T T
TEHLY KR REAR G Mo 19 K 43 o foff b 3R 1o B K
T B 8 1 6 P e B4 R BRI
2.2 &®@HR SEM 447

M) 31 41 P S ol % i LR A 15 AR 5
BIESLAL G R AN 1 .

M1 Hrar RUWLEE R 335 4 ¢ iy RS RS —
(10 BROPRAUAE 28 188+ SR FH 19 i 71 Ak 2 3 A B A 114 905
PEIR , R HEIE A BT 22501, B 1 Ca) Hh i 4 ¢ J R it
R 3 THT R4 B o A7 A — L8 ZOIR Wy S5 R/ INORY L e R
TET B3 2 TR PN 3 B4 FL 3 25 K AN LD, £LE #
RANAE LI 5 A8 o3 A B B A L AT A 5 I8 1(h)
Hh AL B 9 R A 3 T B S R AR AR AR X e T

(b) %10 000,10 pm, ffERE

A1l mEHALERFERRGAMLER
¢ 3% T FV4% B2 8] 1) 2 ) 50 28 /b, HL L 25 48 AR 0 24
575 ALEE AT T, FLIR S5 AL 3 22, 3 1 e 3 T SR AR 2
BRI R AR L SR T AR
2.3 WEBBREILZESMN

T 1 2 B R 1 W B 4 B 2 el G AL 45 A R L
FM P E T ¢ P9 FLIE AT 43 A 3 b R AL
B H AR (D KTF 50 nm, P AL HZETE 2~50 nm,
AL E AR /N T 2 nm L R B T AR AL AR
B ASCIN 2 f O T Ak B F9 280 W JIE R 458 iR 26 1) 45
FAE 2 frs.

—

2
"g 600 -
B %

!

!
!
.L\_

(Adsorbing/Desorbing capacity)/ (

300 oot R
200
—a— Adsorbing
100 —e— De5sorbing
0 L L L
0.0 0.2 0.4 0.6 0.8 1.0

P/P,

A2 EERG N, ARLHERL
1 & 2 BT, A R Y A5 TR 4R TE A R
0.2~0. 98 Z [l &R AT iff J5 M A7 46, i 9% TUPAC 19
XI5 X PN SEIR LR JE T 1 ARV R A TR 4 1
ShEAT LM AR 2 TR R X (0. 0~0. 2) N R
T R T B 3R S R S A R R
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AL % L PR A% A5 I i 2T R R A AR A AR IR i Ze iy 1
TR BE R F SRR L 2% B 004D B TE T3 M A 1) AL
Fo ] s FE R R X (0. 2~0. ) FE KA T L2412
Bt P 2% 45 U it 2 S5 A AL, 150 T R ek i A B
I J5 AL BRI A 22 R K. 76 & R X (0. 80~ 1. 0) I
B B L BB A 1 B R L AR TR At B T R IR
PRI A R AL IR A7 L T 5% 55 1 il 4 A8 A X
J1EE 1.0 B, R BB 0 X AR T
BRI A A T BN ) B A MRS &
Az T R A5 U i 2 AR RS 62 L 3 T IR Rk Ak
PS5 P ¢ o AR B R AL B JRRE 22 156 BH R A T Ah
FREBR TG PE R B K 43 s B KT AL SR ALY
TR 3 g B A 491 4 Pt TR A R — B
B T ek 00 A 38 3 X 35 1 e P G P B AT — R 1Y
SRR R TR AL S BT a2 4 iR,
*4 HRBUERADRREILESH

Total pore Pore diameter Micropore

. BET
Material , _ volume average volume
/(m? « g~! . . B
/Cem?® « g= 1) /nm /(em?® « g7 1)
Before 1044 0.793 5 3.039 0 0.399 4
After 1 320 0.985 4 3.052 7 0.492 7

2R A BE WoR L AL PR S 5 P R ) b ER T AR A
1044m?«g '"FFH1320m? g "$25E T 26.4%,
SMALERTE T 240 2% ALIR B T 14,126, °F
BfL AR T 0. 5%, F BTG M o it L 2 1 AU
AL LA KN LR B 3 A R 1 1 %
F, TOOAL PR S 00 M T LA AR R, LR AL AR R
B X 7 1 AL | b DB GBS K, 10 BH 2 e
T Ak B 3 1 e ) T B PR R T AR R AR X 5
W 58 A 467 L 2% TR T S SR AR A
2.4 4G E w4 s aE 5 A7 (FTIR)

T P 2 1) TR A BE R E B e T I FL R S5 4
7 L e F H e 1 A A L AT A 2R S 80 L B3
Sy fe AR AL BEAE S R AR FTIR &L

&3 AT I M AR A AR 2 P SR IR S
AZMEE IR AL G W HAR Y 2 Ah i i
B A AR 5 7R, Garten #1 Weiss 1A b 2 P
S 3 B DL R Y A A AE L B SR I DL,
M- IR SAF AR T L R 3 5 48 56 I K A= 1 v i
PR b 3o 6 5 A O R P o R SR AL LR 3 ]
AT, PR A T A B I T A e ) i e A DR AR R AR
{EIRCRE Jy A8, BB RIAE 3 122 cm ' A1 1 401
em Ak 3 BA R BT AL E S S5 M e 2 iR T A
HRERI 2. WMk R E WS A E R AL, AT L
48 i 3 T VR B A 8 i AR Ak S N A A Ak

P 31 1 3 R A 2 K | R BRI A B S AR T

95

90

85

80

Trancemittance/ %

75

70

1401. 7

65 L L L L
4000 3500 3000 2500 2000 1500 1000 500

Wave length /cm*
B3 mMEHLRAYFTIR A

x5 dMEENEHERBR
W /em ! 3 A

650~1 000 C=H &l .BE. B C—0.C—CHEY
1 000~1 475 X=H m WMl & X—Y 46k sh
1500 R ImIRH C=C M4iIRsh
3100 B ) — OH
3 #ig

(1) 1 1E 323t 56 45 SR A5 1 R el 1 Ak B A A 1
AL B 7 %8 R KOH /) i 2 800 4%, Teon =2
h,HF BR800 5% . Tur = 0.5 h. fE M £ 1
T AT A R BB 1 272.0 mg + g THRETET
14.9%  IERMA N 1320 m* « g "$m 726.4%.

(2) R i T ALk L fef 5% 14 e 3% 17 B L B AR 75 T 1
JEW LR B K, BALA AR,

(3) R T91 Ak 34 fi6 (1 1R P 7 420 B AT 18 o, MK
T2 5 1395 1 2 170 W 2 i

(1] #Roik g b sk ¥ , 25 A I T 25 00 T £E AL K IR
JEE b g P LT ). FRBERE 2 0F 5T 201427 (6) : 663-669.

[2] Jae Hwan Choi. Fabrication of a carbon electrode using ac-
tivated carbon powder and application to the capacitive
deionization process[ J]. Separation and Purification Tech-
nology,2009(3) :362-366.

U370 BRJebk, PIvmelas. s e Bk AR Ak 211 435 /K T Z gtk i
taT ey ], o 457k HEK . 2010,26(9) 2 115-117.

(4] BRICM  RAF S, PG 45 rin 0% B B3k kB AR B BF 52 5 0
FERELI]. Tk sk Ab 3, 2011,31(4) : 11-14.

(5] ZRMGLL, AR L0 Ha. THAL 31 7 10 % 15 4 e 45 g B v e 44 g 1
LT B ARG &M BB 5 TR, 2014, 19 (4) : 647-
653.

[6] Hai-hong Li,Jie Yang,Chao Zhang,et al. The influence of

the acidic scouring treatment on the wastewater treatment
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RERE, ERE, B

L BEVERHE K% B S5AEY TSP, VS P52 710021; 2. BEVERME K2 BEVE A & & T T8 5 R oF
FEH L, BEVE PE% 710021)

B EANLFSBEG(WPDABE G (CS) A SLALA A A A, 5 & B T K a2k
WO/ WILRZR. AR T ERORKE B THREALRE pH FHA XL RDERLTHY
Hw EREV . EEGRIKERN0.2~1.5 w/vNit, LR HEBL T RE R E G R IR E GG
krﬁi\g%&;pH SRR ERYMRER, EEGREE L (pl 4. 6) WL, 3Lk % 4; CaCl, &
NaCl &5 %1% d# & @ Uik £ 4. £ pH7. 0 B, CS 3Lk £ NaCl 300 mM B 43 K4 2, @
WPI 5Lk 44 7 # % K NaCl 3£ 4 100 mM; &£ pH3. 0 8+, WPI L& 4 50 mM. @ CS 5Lz A
25 mM. £ 3L MmN CaCl, 5, WPl L £ pH 53 A 7.0 3. 0 . LR K Ca® R AY
A 2 500 uM;dm CS 5Lk f£ pH7.0 BF 4 1 000 M, pH3. 0 B4 500 pM.

KB LA BEZS; BEG; JLKRER; HEMATHK

FES%ES.TS202. 3 MEktRERD: A

Factors affecting physical stability of emulsions stabilized
by whey protein isolate and casein

ZHU Zhen-bao'?, WANG Yan-fei', YI Jian-hua'**

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

Abstract:In the present study oil-in-water (O/W) emulsions were prepared with whey pro-
tein isolate (WPI) and casein (CS) as emulsifiers,and walnut oil as oil phase. The effects of
protein concentration,salt ions and their concentrations,and pH on the physical stability of e-
mulsions were investigated. The results showed that at the concentrations of 0. 2~1.5 w/
v% ,the physical stability of emulsions increased with the increase of the concentration. pH
had great effects on physical stability of emulsions with emulsions instability near the protein
isoelectric point (PI 4. 6). CaCl; had greater effects on physical stability of emulsions than
NaCl. At pH7. 0,CS emulsions was stable at 300 mM NaCl, whereas WPI emulsions was st-
alble at 100 mM NaCl. At pH3. 0, the highest concentrations of NaCl for stable emulsions
containing WPI and CS were 50 mM and 25 mM,respectively. However, the highest concen-

x WS B HI:2016-03-21
BT P ARHIT B R B A4 T H (2015]M3085)
EEB N RIREA971—), B BRI S A B L TR . e S AR E R
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tration of CaCl, for WPI emulsions was 2 500 uM at both pH7. 0 and pH3. 0, while they were
1 000 uM and 500 #M for CS emulsions at pH7. 0 and pH3. 0, respectively.

Key words: whey protein isolate; casein; emulsions; physical stability
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KA CO/W) FLAR W, Bl 415 2 4 )L &
i IR LR SR R W IR R
RZLR R 1 R M B 32 B0 i 4 O 12 (LA R S R
P IR LR RES T LA A R pH S R L fE
il £ R A7 0 B v 25 5 R 4 Ay 2 L R
g,

B TR R AR W SE M K T, % 1R N 3Lk
SR IRIORE ¥ S Oreb o NI S 9 BRSNS  ENE
BT DA 5 3 3K R T R RORY S B T
JZ o I A A w2 ) 7 ARCHE R ) B AL R
P AEFLTH S L R F1(CS) A B T
23 ) 45 48 1T L TE 2 29 25 1 (W PD DI 55 55 0 1 Bk
R 2 . 3 S W 7 LI AL T A 2R 1 5 A A 2L A
BN J2 5 ) LW B LA O 7 ) — A EE
-

BBk P s A 2 A IS R (PUFA). A 0F
G AR A -3 A5 7 R BE T B A 1R I
TR S Bk B R R TP 06/ w3
JIg 107 12 E ) 44 B0k 5 e KR A 2 U A R D A A 4
P AE 1 I B Ee i

AR S AZ B 35 A2 BT B 0 bR 3L T
I, AR WPT A CS 7B b #L Ak ), il 4 T K
AR FLR I B9 T 8 TR B LR S H
WeBE  pH A5 X 7L W AR E PR R S, DA O 3L
D i Y T 2 B R P A A1 B A 4l

ill}

1 MBR5FE

1.1 EHEHHASE
.11 FZEMRSEH

FIE 2 A Davisc WPI95, WPI 2 A i &
W97 6% FLIE A EEA TN EEE AN SN
55%~61% B~ LG,19%~22% o LG,6% ~8% 4
ME H A, B wEE A RA A B E P (Ca-
sein) o B i AP AL AR v 307 L ) B 3L T R A R A WD
v I T e = P VT R NS E A
PR B A 2250 A BRA R TR A e A
THTE - 43 B 4, R R ) Ak 2R A R ) 5 A% Bk
iR gk il
1.1.2 FEULE

K% pH 3. PB-10 &, #& 2 F 3 Bl 2= A 2% b
SO BRA T s B T KO . BS323S B, FE £ H] i B 2
AXERAC T A PR 2 | 0 0 A% 84-1 AL, 11 A
T AR AN i 5 A7 BR 2N W) 5 4l &) R 2% . F6/10-
10G BY, b1 36 6 v i R MUAR ) 5 A BR A =) 5 8 =
FES AL . HP-AL BRI R, B 5 R 2 i AL A B
O BO6 R B L. Mastersizer 2000 %, ¥ [H
Malvern % &% A BR 23 &) 5 94 K ki B 3 18 A A 53 B
A : Zetasizer NANO-ZS90 B, %% E Malvern {¥ #8
AR IE B B CH SRR 10X, 8
B AT L 100 X)) : DM2500M 7, 4 [ 7 X 8
AR FE.

1.2 B *k
.21 skl &

Z: 7% SCHRLT AT Tl %, A i ele 3l . K 8 f I s
FERM LTI H 0.6 M B NaOH B T 55 CHY
POK PR 15 min, R T T8 5 o £ 5
JE MR BT 40 °C M HLA TR TR BEHLET
BB AR S SR 5 AR Ry - Ak Ry 15 6 A L il
A THTE A L AR 4 i B A Bk I S i
AT TV 0 5 o B 2% 2 TS0 A ool ok B 753 80 A Bk il
1.2.2 FLWMH %

22 SCHRL8 AT il 4%, WA el 3. K ZLI 4 8
B RIS 25 1 # IR — 8 MR A% T 10 mM pH3. 0
7.0 B WEIR A AR — AU v A
0. 02 % I & Z BB I s & T RETIBEFE 2 hy A 4
CUKAR P8 ML 7 s 8 5 %0 R ImAH S 95 %6 7K A 3
ot T4 2O 40 A1 AL HE IR & 8 UL EL i b R
2920 000 r/min, i FF I [H] 25 1 min; X J5 78 50
MPa 4T & B 3 . 459 2 FL Ak ¥ 59 19 2ok
.

1.2.3  AN[RIEE P 5T B HC v B b L YR AR o P 1) 5% i

pH & T8 (A0 A 8 pl B, 2L A
fif s pH AT pL B5F 5 ZLIH AT 1F A AaF L 7T FL Aef 1) 22 5
S0 FLI AR R P P A — s B R L BT LA AR S8R
Xof s A7 A AN [ R A ) 2L VR AT R Y

ZHRET 1. 2. 2 iR Or ik, oy Bl pH7. 0
ANEHE R 0.2 w/v%.0.3 w/v%.0.5 w/v%,
0.7 w/v%.0.9 w/v%.1.0 w/v%# WPI fl CS
VW 45 FLW pHS3. 0 N HEE R 0.3 w/v% .
0.5 w/v%.0.7 w/v%.0.9 w/v¥%.1.2 w/v%.
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1.5 w/v% B WPT Al CS ¥ . il % 7L . ¥ 7L i

E? 50 °C I HEAE PR B 15 K UL 3L 75 40
2L RIEFFE 0 K7 K14 K40 50 I 52 L 3% Y kLA

%ﬂ CELAE T I S el B O % L B TR L D SR AE

FLUR AR E 1% 00 . AT A 58 WPT #il CS S HAS [

VB X 7L VR R R T 1

1.2.4  pH X FLk A8 Tk 1Y 5%

# 0.7% WPI A1 1.5% CS 433 F pH7. 0
M2z i . 0.1 M g HCL it NaOH % )
ﬂwﬁi%ﬁ\ pH B, &l pH3.4.5.6.7.8,%

12,2 PR 5k WA — ROV FLH, H B
%ﬁﬁ'ﬁﬁﬁ%ﬁﬂuﬁ#f 1. 2.3 rik . WH 5% pH X #L W
Fause P Ay R .

1.2.5  ERES P 28 B 0 B X 7L VAR R T 1 5 T

¥ 0.3% WPILAF10.9% CS¥ T pH7.0 &
W ;0. 7% WPLAN1.5% CS¥F pH3. 0 & Wil
. pH7. 0 WPI fil CS KA H NaCl ¥ JE ¥ 0
mM, 50 mM, 100 mM, 200 mM, 300 mM, 400
mM;pH3. 0 WPI KA NaCl ¥ & 7] I . CS 7K #
F15 0 mM.10 mM.25 mM.50 mM.100 mM, 7&
WE PP BRI, S BT 1. 2. 2 ik ik,
il % — R I FLW. [ EE, WPT K A CaCl, ¥ FEAE
pH7.0 F1 3. 0 B2k 0 M, 100 xM, 500 pM,
1 000 M2 500 £M.5 000 xM,CS 5} 0 M ,100
#M.500 #M.1 000 M. 2 500 xM, #l%& — R 5 FL
W HY P e R RAE N &y 1. 2. 3 rak, F ST
Na " Fl Ca®" B Hovfe B %o 2L A% 5 1 19 5

2 #FRE5ITE

2.1 WPI.CS ZHL R ExF LR A8 2 ey % h

N[ B2 B9 WPT T CS FLIRAE 50 °C By LA
JCE 15 KR LG | S OR300 W% DL K 5 i
RiAE R A, BE ST T A R 28 B Lk B X EL
RS A PR 1 5 W) L PR B R R A RN IR AR —
— e S I Y 4 A R R R RDRLAR 4 A it
2ok 2 W FL R OO 1 o A B R R
WPI 5 CS ML, LI 1Y ¢-HL AL TG b 3 1k 2%
SRR R B, X 5 Hu 250 [ BF 58 45 5 — 2.
W5 R B 7S, 2 P 3T e B X 2L Y ¢ Fi At T
5,

FLWE AL I EE & 1 BR. K1 KW, WPLL
CS ¥ B X FL e W AR 8 Pk 7 A T s e, Ak SR B
WA BT Ak R B 3G O FL R R g P R gL Y
pH3. 0 B, WPT ¥ BE<<0. 5 w/v % . LI AFHL 15 K
F A s i WPT ¥ B =0, 5 w/v% . FLIR G4 2 B

S A0 IR pH B AF TS ], CS MR EE<T1. 2 w/v %%, 3
WRR M CSWE=1.2 w/v%, . LIk L E W
%.

B 1A s L pH O BARET . FLR ) PR
FEVERE 22, pHT. 0 B, WPT — R 5 ¥ B L Wik &
WY 43 25, T pH3. 0 B, il £ 52 e FL W WPT /Y 5
R 0.5 w/vY; [FAE, 24 pHT7. 0 B, il % £
FEFLMW CS WA BE Ry 0.5 w/v%, 24 pH3. 0
B, CSWREETR 1.2 w/v Y%, A RE 3R A5 Fa o 1 7L K.
XFEEIE 1Ca) \1(b) \1Ce) \1(dD) T & B, WPT FLil 1Y

ot F CS.

10

Al
o
a1

()pH7.0 WPIZLW R EME  (b)pH7.0 CS FL AR E P

(c)pH3.0 WPI Z# A EM: (D pH3. 0 CS FLikifaE
B 1 SLkfGik15 RGBA

BAE AN 2~3 FiR. B 2 W&, 20t
15 K 1R A7 W 3L R A% 0 K k., BB WPI
WRE R BT R AR R T b A, AR LR E M
whag, 581 SR -2 HE 3 B, CS R E AR
11 I T VA ol oIS e O 0 = o 2 2 I P N 11
Y BT FLVBORE AR 43 AT 3 R AR 2 U W AR E
Haag . xR 2 FE 3, Htﬂu%i, WPI FL 5
CS FLW A2 E P B, X iE — 25 B0 0F T &1 1 1Y 45
.

—O— %

R/ %

(\ 1
0.04 0.06 0.11 0.18 0.32 0.55 0.9 1.66
HLFL/pm

(a)pH7. 0 B} 0. 2% WPI FL i ki 42 14 43 i
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R %

[ 4
0
0.04 0.06 0.11 0.18 0.32 0.55 0.96 1.66

H)E/ pm

(b)pH7. 0 B} 0. 3% WPI F| i ki 42 14 43 7

8
L —O0— 0%
——
6
—— 145

1ERL %

0.04 0.08 0.18 0.42 0.96 2.19 5.01 11.43
KL/ pm

(c)pH3. 0 I 0. 3% WPI FL i % 22 19 43 A

B %

0.04 0.06 0.11 0.18 0.32 0.55 0.96 1. 66
1%/ pm
(d)pH3. 0 WF 0. 7% WPI FLi KL A% 19 4> A

B2 WPI 5Lk G4 15 KRG 4ki2 5 H

SO AN A~5 Fis. XK 4 (a) L4
(b) 4 () ACD AT LRI, Y 7L v i e IRk
FER WPI ] 8 B A2 9 ZL I, 1 FL W R R M )
WPT ¥ 5 BAR A, 2L V80T i 5 B ki AT 3 I 3L v A
FE PR 2 CINE 4 Co) B 7). 4r AT ] 5., AT 3R A5 5 K
A AH TR Y 4508, RO 4R e FLWR pH AT 4 T LR 2
PE. Bl 4~5 [RIBF iR, 80k R K, FLAKRE
g A LA L R v ek 2 BT 5K L R AR E 2L Y
FasE kX5 Wan & HF5E— 2.

ERLY %

R %

8/ %

P %

0.04 0.08 0.18 0.42 0.96 2.19 5.01 11.43
RLAL/ pm
(a)pH7. 0 I} 0. 7% CS FLif R 42 19 7 A

0.04 0.06 0.11 0.18 0.32 0.55 0.96 1.66
AL/ pm
(b)pH7. 0 I 0. 9% CS FLI ki 42 #9404

12
—O—o0X
10 =
—— 14K

0.04 0.08 0.18 0.42 0.96 2.19 5.01 11.43
BLL/pm
(c)pH3. 0 W} 1. 2% CS FLi k2 14 73 A

0'
0.04 0.06 0.11 0.18 0.32 0.55 0.96 1.66
HLIZ/ pm
(D pH3. 0 I 1. 5% CS FLIRLAR 14 4> A
B3 CSELRAKI REWMEZNH
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(a)pH7. 0 B 0. 2% WP ZLIFTES (b)) pH7. 0 B 0. 3% WPT FLik & 51

(o)pH3. 0 Af 0. 3% WPI ZLiifE S (D pHS3. 0 B 0. 7% WPT FLi 5

B4 WPl B 15 £ 60 B M R

a b

(2)pH7.0 B} 0. 7% CS FLMHIE S (b)pH7. 0 B} 0. 9% CS FLiHIE 5

(4 @2 6.d o

(0)pH3. 0 if 1. 2% CS AIHES (D pH3. 0 I 1. 5% CS LB 5
A5 CS3ilikbakls XM I MHRME

2.2 RF pH * Uik As 2 49 %ok

VL ERRSE R . pH AT RE S I FL R 0 AR M.
T % T —RIIAR pH LM, T 50 CHEAE
g E 15 R i — 558 pH X FL AR i B
R, AL LB AN & 6 FF 7, ik e T 500 W 2% 4
K7 i G oy B R ZLIR G c-r 7 an &l 8 B,

Kl 6 o T WP ZLW 43 %7€ pH4. 0. pH5. 0
32 CS FLW A BI7E pH4. 0, pH5. 0, pH6. 0 i
S3)z L pH X CS L 52 KT WPI 2L
Kl 7 W] pH7. 0 B, WPT il CS IL AL 15 K
FLM ¥ S i, AL s N 8 AT F i, 4
pH3. 0.4. 0 B, ZLI # IE AL 7, 4 pH7. 0.8. 0 Afafy
AT X 55T 1.2, 3 FriRd A4

T WPI A1 CS BY55HL A pl o 4~6, 7ES5
SRR L B T A U R R N TR BLEL R Y e
I NN AN A S W5iR A e T R T2 A A
S HE R RS, 2 R A R B R G RN
FUR W LR AR 3 K. H Y pH i 25 55 L g 1), 4P
FL VTR B HE ST KT A B 5 | A A L W R
SR LRI A AR e
2.3 HBTFAERLRENILRAE TG YA

7E WP #l CS ZLW  in A [F] ¥ BE Y Na©

| P i
B6 LigAHKISREHERA

a ; o b

(a)pH7.0 WPIZLWESE  (b)pH7.0 CS ZLiHTE S
B 7 kA& 15 FEIHRTHIE

10+
0
3 4 5 6

pH

OWPI

acs

i /mV
o
<
o
)
T

-1

(b)CS
B8 pH ik ¢uinthHh
1 Ca® F 50 CHLFE L E 15 KJa . H A5 UL
K 9~10 B, A Na® Jq FL 3 b0 42 1Y 43 A5 n &
11 f7s.

K9 ok, b NaCl #0938 K, FLk Fa e
PEZE W AR, XF LI 9Ca) J9(b) AT F 1, 24 pH7. 0
i, WPI ZLi & 300mM NaCl B2 . i & — & 51
W BE NaCl (9 CS FLW K 43 2. X R WITE 1 2%
FF NaCl % WPT ZLW 19 52 i K F CS LIl 4
pH3. 0 B}, WPI L& & 300 mM NaCl B} 343 )2
PG CS LI NaCl ¥R 24 50 mM B4 2. X
T LE IR P 4 8 F NaCl Xf CS FL i 09 5% mi kK T
WPI ZW. X HLEL 9 () 1 9 (D Al F i, % pH A
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[, NaCl XF [a] —FP 25 AL W A0 22 R K X %
B pH 5 NaCl Xt 25 1 5 ZL % 0§ e P AT 5 .

() pH7.0 I WPI LWt (b)pH7. 0 I CS FLk A &

(c)pH3. 0 i WPTZL W fa e (D pH3. 0 i CS FLifa v
B9 NaCl 5% &g Rk EAE T H P

(a)pH7.0 Bf WPIFLWEFa &M (b)pH7. 0 B} CS ZLIRARE

(c)pH3. 0 Bf WPI LR EME (D pH3. 0 B} CS FLig & v
B 10 CaCl, 5% a Rl mBEAL T L h

FSL g A& B, WPT L 19 CaCl, ¥ B2 & T 10
mM B FL R B E AR CS FLE Y CaCl,
WRER T 4 mM B, LI R AR, X R W] CaCl, X FL
Wk E P B K F NaCl pH 5 CaCl, X EA
Jo LV R S PR S i OC R A, A T 10 Ca) AT 10 (o)
TR » WPT ZLIR A AR Rk BE R ¥R 51 )2

& 11 s pH7. 0 Bf WPI F1 CS LWk 75 4l £h
e 435 100 mM il 300 mM i RLAR R AE K, 43
i FLRE E s pH3. 0 225128 50 mM il 25
mM. 24 pH3. 0 i}, NaCl %} WPI F1 CS 3| f &
PEMSZ M B F pH7. 0, W& 11 () M 11 (o) B
X HE— S E TR 9 4.

pH7. 0 BF WP Fl CS ZLI o E f5 =5 85 Eh vk J&
431K 2 500 M H1 1 000 xM; pH3. 0 Wf 43 51
2 500 M 1 500 oMEIEK R, Ca’ X AL AR
PERYSZ W L Na ™ K, A 5 L R Fa. & A BFoE
FEH 38 0 5 B AT DA o LR R KR R
JE AT DAAE FLOBR R v 7 A= e F 5 i DA T R VR
[ # R B R R TR B E R A

PR %

r
0
0.04 0.06 0.11 0.18 0.32 0.35 0.96 1.66
i by /pm
(a)pH7. 0 I} NaCl # B 100 mM WPT FLii kL2 /3 4
9
8+ —O0—ox
7+ —a— %
6 _A_143i
32
~ 5
*I’:%\
® 4
3
2
1
O'
0.04 0.06 0.11 0.18 0.32 0.55 0.96 1.66
$L)E/pm
(b)pH7. 0 i NaCl ¥ J# 300 mM CS 3L i ki 18 7> i
7
—0— 0%
6F -

—— 14K

0.035 0.06 0.105 0.182 0.316 0.55 0.955 1. 66
KL/ pm
(c)pH3. 0 I} NaCl ¥ ¥ 50 mM WPI FLif§ kL4243 1

P/ %

0'
0.04 0.06 0.11 0.18 0.32 0.55 0.96 1.66
HLIL/pm
(d)pH3. 0 Bf NaCl ¥ BE 25 mM CS FLi ki 42 4> 1
B 11 NaCl st Lk #5125 H 69 % A
(F#% 144 T
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g B B Palatase M. miehei HJEE
W R AEL SEXF M K R 3R

X F,E OB, BETE,RILER,EHE. T B

(BRPFRHE R B 5AY TRYR, B /4% 71002D

B OE.RB 10 ARAS 3T 8 B B8 Palatase M. miehel 347 TR W E B 240, 5L B TlHALE
Fra KM, R AI, RILA WA AR LX-8 69 B 2B R R 4F. B2t fik 91. 2% . L33 eh B
ZALEE (IM-PM) B3& 4 731.1 U/g. @ R K F 2m 2, A8k & B i 2, IM-PM # K K% 4438
KR ik B AR R A IM-PM AL EAT K 133 T REKRMB T LA R BEE 3 h &4
FERWOGR/ )70 + 1 34k 250 r/min B B 55 C . B2 1.5%, & KMk B M Tk
83.2 mg+ KOH/g. & £1& A 6 & ,IM-PM Z R 4EALE A TiE 70%.

XA . s B 85 Palatase M. michei; Bl 24 ; KILKRTAS; Kig; F4Fd

FESHES:Q814.2 XHEiFRE: A

Immobilization of lipase Palatase M. miehei and hydrolysis

of rapeseed oil catalyzed by this immobilized enzyme

LIU Ning, LI Chao, CHEN Xue-feng, QIAN Wei-dong , REN Cai-xia, LI Cheng

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

na)

Abstract: Ten types of resins were employed as carriers for immobilization of lipase Palatase
M. miehei,and the obtained immobilized lipase was used for hydrolysis of rapeseed oil. The
result showed that macroporous resin LLX-8 was the optimal carrier for Palatase M. miehei,
which performed the highest immobilizing efficiency (91. 2%). And the activity of the immo-
bilized Palatase M. miehei (IM-PM) was 731. 1 U/g. Compared with free enzyme, the
Michealis constant of IM-PM increased and the reaction rates decreased. This IM-PM was
employed to catalyze the hydrolysis of rapeseed oil, and the suitable hydrolysis conditions
were as follows:reaction time of 3 h,substrate molar ratio (water to oil) of 70 : 1, stirring
speed of 250 r/min, temperature of 55 °C ,and enzyme load of 1. 5%. Under these conditions,
the acid value of final hydrolyzates reached 83.2 mg « KOH/g. After six times reuse,the re-
mained activity of IM-PM was 70%.

Key words:lipase Palatase M. miehei; immobilization; macroporous resin; hydrolysis; rape-

x WFS A HA:2016-05-19
E£TH:FHEARBFIESTH (31501443) 5 BV A BT A ARHFSERTF 0T R H (20141Q3111) ; BRVY A B H /7L WRHIF T
R H (15]K1088) 5 BRPRLH K 2= 18 1 BT IR 3 24 5 B (B]15-02)
EHER A0 7 984—) B, I e A, PRV A W57 1 T e AR A R TR IR R
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AG i B Palatase M. miehei J& — P W 745 i &5
it , T T Ak T B B K A B BRI . EL PR AE
FAHAS By Il il HC 7 32 3 7 — s BRI 5
BIMEAH L e B A LT IR 2 S5IRY )
A3 s AT AERCAC BT (] N AT B A2 43Ik s g R i i
S SN s AE AR K AR PR A vh T4 Ry T Y AR 1 5 T
TNy A 58 4 g 7 ol Jo R 5 A RO
JAS ARG il 00 1 7 AR ok T AR AR T AR TE Y
220 (0] L, A R M 4 s T I B O A 1R R B T
TR RER & R A [ Ak T A A R
LR SRR A B A AR P IR B R B
SR A A B R Il R S G A T T E A G T
A 4535k g FH S5 A Tz

TS AE B VG 45 B R b X oA T AR K L SR
R PR SN AR R T R . SRR I B B Y
TF A P (AL K =K i 28 47 Tl e 7T ) 4+ ah —
Pt i I 2 45 7 it » T A Sy ) RE A i S R A= ) S
A MK R i Y SR

ASZE R 10 B g X Ag Wi B Palatase M.
michei JEAT T W B 5 [ 5 Ak, BIF 5T T 4% 8044 11 [
FEACRCR 23] T [ € AL IR D5 i (IM-PMD , Jf- 4 H
FH T AL SR Il oK it S L, BIF 5T K i 120 R A
TR AE R T A il Y [ Ak K SR Il T R
AL S %

1 MR57FE

1.1 ## 5K

g i B Palatase M. miehei, F} 7% Novozymes
S E] AR 258 R Tk A BR A AL B IR D-
101 g AB-8, KREERITF R LT s BHAR LX-8,
BAE D-001, B B D-301, B B LX-38, 44 fif LSA-
21 W XDA-7 8 g LX-17, 8 g LSA-900C, 74
LREBERHEABR A A = T BEH s, o Fral, B A&
PN 7 SN/ R = W 2 I o T2 (I NRE L R o8 i
I
1.2 RBELH&E

101-2 B e G KT 48 - Jb 3 B A %A 3R A
FRZS F] s BP211D AU+ K °F, 18 [E Sartorius 24
A) s HH-1 BUPE R K % 59 b 5t B K 244 d A FR
NI E B A M E Eppendorf 23 A ; TDL-40B

REXE O, Fig2 R #AUE ) TBZ-14H 5
ik B FE g . L RO AL S A R AL

1.3 %%k

1.3.1 Mg mish

FREL 4 g MBS T 100 mL BAR, in A 30 mL
B 95% L BE, 12 24 h, fh gk 2 WA B 6F
M AR 30 mL 5% HCL AT 5% NaOH 23 3 h
Jei o b 0 2 DR AR L P P L KR A
1.3.2  Jg i ) [ & 1k

PREU— & 2 19 158 5 B Palatase M. miehei Jill
A pH 7.0 WBERR 22 vl (PBS)6 mL,. IR & ¥ 55
FRIMA 2 g KA BB, BT 02 07 4k 25 o me et
2 h, b UE A B HA R LT AR A ] 22 PR
WVE.30 CELZ T4 h, BT 4CHRE/RM. HE
[ % 1k % (Immobilizing Efficiency, IE)™ i 24 R
mr.

IE =(E,V, —E,V,)/E,V, X 100%

Hp E, WGBS 51 (U/mL) .V, oG g
WA (mL) L E, BTG (U/mL),V, HiE
WA (mL).

1.3.3  JRNimGE 1 0y e

R FHK i =T B H i e pH-stat 325 00 % fig 1
it} 1% 71,2 % Mishra &7 B )5 2. RN 2% K
0. 005 mol/L 4 Tris-HCl 2% vh ¥ (pH 7. 5, &
0. 025 mol/L CaCl,) . Il % ¥ JE K 37 C.

ity 1 7€ R AE— ST .1 min K =T
e H B 7= 2 1 emol T BRI B B BN — A
B IS 1 B (U).

1.3.4  KRIKHE (K E

A3 S — 8 0 =T BEH O ER VR MR T
Tris-HCL 2 o . I AR 107 6 & 1 180 I G ) 4
PR A K R B, 5 min P SE T AR RN
2, DA 3R 8 ) e B AR B R AS B K,
fH.

1.3.5 SRAFMA KR T 205

HE SR 25 B K e IR — o R OR LLTR &
JEIMAR] 250 mL HEIE M H . A — & 5 1 [ 5E 1k
it o FFL AR S 5 A O 0 T I R ) 8 A h b
FT 7K A NG g 465 S S I A 7K A T ) R Ay S A 58
S 7 B ) 4 P TR RS BE R LG LR BE il A S
K2 % IM-PM A Ak S5 k7 1 K i 280 2R 14 52 0[]
WF5E IM-PM 1 5 & ff FHA50%.
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T NG Wil Palatase M. michei )& 22 fb S A A6 38 AT i K 7 BF 55

+ 133 -

2 #FRE5ITE

2.1 B RAEHAMRG Tk
PEE 10 FhAS [6) 457 1 19 44 I8 7F 4 Palatase M.

miehei WIIE E LB AK . 7E pH 7.0 1Y PBS 2% tf X

I — S A B B AR D . T 30 °C R
PR 2 hoJE i g 0 A B R AY S L e b
RE). X BE W £5 2] /9 IM-PM £ B 25 44
Jei 05 FLE S L A R 1 TR,

X1 AEFREXTIE G EE Palatase M. miehei B B E L 3R
W g B /mm o WREB(m/o  LR/A 1E/% IM/’%S“
D-301 BT 0.5~0.7 - 82.840.4 400,942, 2
L.X-38 550 M - 600 - 86.7+0.2 506.2+1.5
D-101 E| g 0.25~0. 84 480~520 130~140 90.9+0. 1 551.2+1.8
LSA-21 &tk - =630 300 83.240.4 73.340.9
XDA-7 BT - - 80.340.6 146.7+1.5
LX-8 e b 0.315~1.25 - 25 91.240.2 731.142.1
D-001  BF&H 0.315~1.25 87.040.6 330.740.6
LX-17 4P 0.315~1.25 =460 300 87.54+0.1 551.741.5
AB-8 5590 M 0.315~1.25 600 130~140 81.4+0.7 146.642.2
LSA-900C  #htk - 1 100~1 400 200 80.240.3 104.740.7

e 1 AT, D-101 F1 LX-8 K LA AS W% (AR
ffifif Palatase M. miehei B & & LR 5, 405 H
90. 9% H1 91. 2% , fIr 1% IM-PM ) filf 1% . %8 K, 43
Bk 551.2 U/g #1731, 1 U/g. KALKRE T LUE By
SUHE VU ) B ) BE Sk K I 4y 1 Ak B R
F1h A P B A ) [ b R O R Ak e R Ak TR
JIE BN R A B LR IM-PM 1Y i T
H 8 AR SRS P LX-8 M5 1E N [ 2 fk Palatase
M. miehei [ZR4.

2.2 BEeh RKCE &N E

it 1) K TR 8L K, 55 T B A B2 I a6 31 0 Je K
BRPE VB B IR B, R 5 IR W 22 A 1Y
T K, (MK, 5SS ) 2, 5
SR SZIG T IM-PM RN B G 17 W 1 3h 2
W AR A 1 R,

o AT S O3y =5.0364x+0.0308
. BERG E 0.25F  R'=0.9855
— il (R &
—&{L GREm) S 0.2
£ 015} v =1.7445x +0.0123
= o4k R'=0.9885
zo
< 0.051
*
. . N . .
20.05 005 001 001 0.03 0.03
(1/8)/(L/mol)
B 1 BEEeysh A &l

XF P T RO AT TR AT LAAS B AR D
fii Palatase M. miehei 1 IM-PM W K,, M1V . 1H .
GERIE 2 Pros. MR 2 TLUR L B & A E LS
K, ANV 0 AR R W 5 W 0 5% F A

— T B R ARG Sz NS 3R A X DD 3k 2 P O Tl
M EMR EAES TIM R A T B, HIE
Yy 18] A T —E B BBR i A, S BRI
JIREARE.

®2 KERBHEEXREZRNE

K,,/(mmol/L)

V max/ (mmol/min)

U B 6 I
IM-PM

216.91
292.37

2.3 B EACEREA KA KR T L AR
2.3, 1 JJOE HSAD X K AR 20 SR Y 5

LY RFFT T AE A W) SR S ) T [ 22 L TM-
PM Ak 32k i K i 520 I 35038, g SR &l 2 Jr
/. BB 2 W LA Y B BN B T A AE A K R
(TR AT 38 K. 28 3 h K S L S 7 W K TR
M Mh 75.3 mg « KOH/g. # ik — 25 % K J2 [ B
(] 7K il R TR A 728 A AN K, I 3% 7 T T A
W5 DAY 249 2 7 B[] 25, A ST 58 3 486 K ik ] Sy
3 h.
2.3.2 BRI N A AR Ak R B 5

SEURAE T T MG 1 Bk A 0 AN TR B A X
IM-PM {632 K7 10 7K i B I FE) 52 ) JHG 285 2 4 ]
3R, B8 3 Al ZEAR T 250 r/min % B H
DAL KA T TR AP i 40 e T3 ) TP v T R K o P 4k
S bR 1 T, SR AR R R AR, 33X AT RE R A
SRy 3k PR R A AR AR R b Y [ E Al T —
SRR LB 5, R SO A3 T R b RIOR
REAIC. PR Ut S 06 6 B 0 ) B HE A% 0 % 58l 250

r/min.

106. 38
48.31
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% 34 &

« 134 78K
80}
"
® 70t
T
o
4
g 60
st
& 50| ¥
N . . . .
1 2 3 4 >
% BB /h

B 2 BB ] xR R

80

75
—

70

A / (mgKOH/ g)

65

N . . . .

100 150 200 250 300
it E 54 3% / (r/ min)

B 3 ftEAE ik 2R ACR R
2.3.3  JEWIEE IR Hb X AR A O B R R
SEBAE S TR EE IR L OK /ST X [ 5 1k
it} TIVI-PM 14 3K 1 7K Sk 2805 08 52 i, G 25 2R DL

4 PIr7m.
80
/\i
c
~
% 70 | -
& —
0
&
~
s
&
60—
0 P
10:1 30:1 50:1 70:1 90:1
JEH BE IR L GR/HD

B4 R4 ER LK BRER G A

FT I 4 AT AT, 25 A EE JR EE O/ O 70 ¢ 1
IR, SEAF I K S5O B i L PR R oK i S 2 s b
IK R BSCRAR AL X AT RE 2 TR Sy < A A N K i
WL 2 — 7K 55 SEFF il B4 B 1 77 78 — A I S
IR T B Tzl SR I 52 I R4 AR AR 2 AN ) A R U
AR SRR BRI — S Y K AT S Ji A A i
0 7K fife B i 3t S B T TR AR B8 DR/ B R T

B REN SR R SRR K
EL A5 AT DG i S T AR DR AR AR S L S IR
JEE R EE K /3D /NT 70 = 1B 7K A R R M B B K
S T v AL B 5 T2 IS ) BE R B (K /) 1 &
90+ 1 BF, 4K R &K &k 2, Wi 0 A Rk RE 2R U8
JIN o 3 BRI R B A, K A TR R AN R B R UL, A
S e ZBEFE NP EE R L OK /D 2 70 5 1.
2.3.4  JJNE IR R K Ak 5 SR Y R

S SE T N iR B [ a2 L i IM-PM i
A SRHF I K AR s ey, L 45 B & 5 TR, R
K5 AT LLE L fEK i B v IM-PM Y S i 4 1k
WLEE R 55 °CL MR AR T 55 C I, Bl S R
) T e o ol T 3% 0 3 s 328 30 K A TR A AN
B RN 60 °C I, 2K B VR R A BA R R L X
A RE A2 PR Sy i Y A Jon 2 AR B AR N AR T
ARV TE 5| e A0S S BRI B, AR
S Ve R OK i i B R 55 °C.

80 /
5 i
g or 5
£ E/
£ 6o}
50k
0 ! ! L L L
40 45 50 55 60
W/ °C
A5 BEMNKMBEXRGYH
2.3.5 T AR X 7K AR AR B R

SEER ST TN B AR R A3 ) X
SEAT MK SRR 5, L g5 AN 6 s, i &
6 A LA B, IM-PM il il &t XoF 7K fiff 24 3R 2 A Bk
SO AR 1.5 0 e B e A 0 B OK L K AR T
MR e AW T s XN AN 1. 5 00 B LR B i
S 77.5 mg « KOH/g; #5 i i & i — P 3 2
2. 00 » K fff SN 38R BT AT BT BEAIG. #h T g, 7
AR T vk 3 B, B o e R A, AR R AR
TP . Y R G R B — AR A S
Z (W Tl ST 2% 5 B0 3R 45 1 5 N ROR AR Du-
an S5 5T A 2 B T O T R A5 AT R
R S AR W NS 78 &~ Sk =y |5 )
1.5%.

2.3.6 [ E i Y A IR

WA DL S B A T ST I K R SR . K

fi# A 3 ho Pk R 250 r/min, Y EE /R o (K /
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T A NG Ui Palatase M. miehei f) [ % 16 KA AL SERE I K % BT 58 © 135

80

/i/il\i

e

FEth / (mgKOH/ g)
~1
<

60,

K

¢ OI.O OI.5 1.I0 1I.5 2I.0
hu gt/ %
B 6 AnBiE 3t K EROR R
MO70 = 1B 55 °C MG 1.5%. FEILAFMT
FZg2 7 IM-PM (% 5 52 fdf PO 8, Hoas R an &l 7 fr
7N,

7 AT SR FH T I K i 7 K TR
9 83.2 mg » KOH/g. £ 10 W & i [, r= ¥k
il VR TR A AT — 2 R B L A R SPSS B 1 X %K
AT 0T 56 5.6 RN PR N TG . E 25 &
(p<<0.05); IM-PM £ 6 X 5 & [ fift 55 50, =2 N i
TR AAE R 46 19 70 % LA F (60. 3 mg « KOH/g).
FH O AT L, 32 T Ab Bl EL A R A i) AR A0

90
a
%0 P b
i c
55 % %
= 70t
0
<
%’360- g
S_ h
QSO- % i
j
40+
T
1/ v,
NN 4% %90
1 2 3 4 7 8 9 10
HEAH A R/
B 7 IM-PM &% 44 8 K4
3 Zig

AL R H K AL A B X A5 I i Palatase M.
miehei AT T [ 5E Ak K LX-8 Wi [ Th i R
Bl [ E AL A 91, 2%, 45 B 1 [ E 1k B TM-
PM Fi§i& 4 731. 1 U/g. M & T W5 Fl il 09 oK K F
B, R ARG L 5 A 1 S RN A AR

W IM-PM T Ak S FF i K i, 75 31 f 3 K
fif 2 AF g« S SIS TE] 3 h JEE 40 BE R FE (UK /3D 70
1 PEPE R 250 r/min R EE 55 C Jmg= 1.5%,
IR BWTR M H 83. 2 mg » KOH/g. & & & Afi
6 WG S BT BAT B AR ).

2% Uk

(1] &3, i i (M. 2 M. JEat: b 5 Tl iR

#,2009.
(2] 2 . THEM. &R TRIM 60 E LK1
Mtk , 2010,

[3] EER X M 2P R sC Bk B b R E & e i
BB L[], fr R, 2012,37(6) : 27-31.

(4] & Efk ZAP BT, FHA0IE , 45, V65 B 1R 5 (2 1 0k 1 45 [ € 1k
N D7 A 2], SRR R . 2007, 22(4) :30-32.

[5] Garcia Galan C,Berenguer Murcia A, Fernandez Lafuente
R, et al. Potential of different enzyme immobilization
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Synthesis and Catalysis,2011,353(16):2 885-2 904.

[6] Cheirsilp B, Jeamjounkhaw P, H Kittikun A. Optimizing
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ular Catalysis B: Enzymatic,2009,59(1):206-211.

[7] Mishra M K, Kumaraguru T, Sheelu G, et al. Lipase activi-
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provement of enzyme activity, stability and selectivity via
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Technology,2007,40(6) ;1 451-1 463.

(9] FE XL IR 75 5 Mg Uy W 1) [ 22 b S W 2k 1 4% 1, 3-DAG
HIBFFE[D]. B & 1 B R, 2012,

L1070 ) |1 BF, & 2 A w7 187 32 010 Ak I s i 1% o) A 2 0 B
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189.

[11] Fregolente P B L, Fregolente L. V, Pinto G M F,et al.
Monoglycerides and diglycerides synthesis in a solvent-
free system by lipase-catalyzed glycerolysis[ J]. Applied
Biochemistry and Biotechnology,2008,146(1) :165-172.

[12] Yang T K.Zhang H.Mu H L.et al. Diacylglycerols from
butterfat:Production by glycerolysis and short-path dis-
tillation and analysis of physical properties[ J]. Journal of
the American Oil Chemists' Society, 2004 ,81(10):979-
987.

[13] Kharrat N,Ali Y B, Marzouk S, et al. Immobilization of
rhizopus oryzae lipase on silica aerogles by adsorption:
Comparison with the free enzyme[ J]. Process Biochemis-
try,2011,46(5):1 083-1 089.

[14] De Oliveira P C, Alves G M, De Castro H F. Immobilisa-
tion studies and catalytic properties of microbial lipase
onto styrene-divinylbenzene copolymer[ ] ]. Biochemical
Engineering Journal,2000,5(1):63-71.

[15] Duan Z Q,Du W, Liu D H. Novozym 435-catalyzed 1, 3-
diacylglycerol preparation via esterification in t-butanol
system[J]. Process Biochemistry,2010,45(12):1 923-
1927.

[REHE . 2MR]



EHIRVEE S
2016 4F 8

ReaBBEIE SR Vol. 34 No. 4

Journal of Shaanxi University of Science & Technology Aug. 2016

*

XEHS:1000-5811(2016)04-0136-09

Xf FR G S FiE 21 FE K 8 Y
B A BT A T 3

x =, K%%l9 ZREZ!, }%]’SHZ%Z

(LBRP R K2 i 5AY TR, B 4 7100215 2. 7 MABHE B E AR B, 7&K M
510550)

B OEHMAERN,FRBRENSHEARFORMBAEDFE ARLERER LAY K
BEARAL AR T — RIS AR R AL F K, I AT A RSt it 4T T M R AR 5 4 6
T 8 K, 45 R R T R AL S M 3t R R 69 Y e Rk A I B R Rl AR B eg kAR R L
TS 1,6.7.11,12.18.19 #9 FHEAF, LK 23 HepG, Mtk e dph) F &G, Ak
Bl TR T ARABRRANS AL REF IR BERLOT 0, EETHRXLE . &R
ENEREFRRGAEARCEBRRDI A RO X B ENS DO TR BEL. KFFRTA A
RERUOF RBENSY = REAT S —FRFIER DR T T2001R 5.

KW R B RBG WA E; ek

FESES:RI4.5 XHERARERS: A

Synthesis and antitumor activity evaluation of symmetrical
bis-schiff base of nitrogen heterocyclic isatin

WANG Lan', SONG Hui-hui', LIANG Cheng-yuan', XIAO Ya-dong’

(1. School of Food and Biological Engineering, Shaanxi University of Science &. Technology. Xi'an 710021,
China; 2. Guangzhou Vocational College of Science and Technology, Guangzhou 510550, China)

Abstract: Studies showed that the schiff base compounds had significant antitumor activities.
In order to further enrich and extend the research of schiff base,a series of symmetric bis-
schiff base of nitrogen heterocyclic isatin as well as derivatives have been synthesized with
hydrazine hydrate,the structure of the compounds were characterized by NMR and HRMS,
Additionally,the antitumor activity of the synthesized compounds have also been preliminari-
ly investigated by MTT method. The results revealed that these compounds have moderate to
intensive antitumor activities on different cell lines, specifically,compounds 1,6,7,11,12,18,
19 have stronger activities on HepG, cells. The effect of nitrogen heterocyclic isatin substitu-
ents on antitumor activity has also been studied, which indicated that halogen is crucial for
the antitumor activity of synthesized compounds. In brief,our research can provide an experi-
mental basis for the further synthesis and screening of candidate compounds.

Key words: nitrogen heterocyclic isatin; schiff base; antitumor activity; drug synthesis
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0 3l

i

JiE A (Schiff 80 & & A W2 (>C=N—)
M — 2R G, kS & W (> C=O) Al SE 1k
B (— NH 46 A0 . i R &% H T e
AT C=N LA W I aedE B 7800 DL 5 s
B W A 58 R R RS AR LT R
2500 ARSI L e e B
G )2 BN R R AL A W 45 R b T
PIGIA S.ON FZ M E . &% O.SIN B JE 5 6
K4 @AY, DL R 0 B MR B e AN B
BRI Z B EL TS RERA, Hor,
PLIK A BRI B AL 5 6 1 0% o) kG < i PR oAy 4%
A R R T DL B 28 1 2 i v A LA A 1)
WFTE M AE , 32 2 Ok B 20 58 1 et

HEL (isatin) , X 44 2,3-W| g — i, &2 —Fh &
(4 A 36 1 0 5. L F 9 I B e AT S AT A i L
AL PUMR YU U BE LR G R R
S5 L b A R B LD L R Y R A
R ELNIRE A" & ST ﬁﬁﬁ?ﬁi%ﬂ’]AﬁE%ﬁ
T RE R A ] P ) T S AT A B L G
P 6 i A0 0 A F 58 A B R %ﬁiﬁﬁ}fnﬁ@mﬁz
__.[19.20]

Rajaram 557 & BT — 288 B 14 fie 21 5%
TR W - UE B H A 5 4 00 S A . 3 R A
B BT — 28X FR 5 XUEE 2T 1% J i . R AT T PR Y RN iR
SN PRI T, 45 SR WX A0 G WA B B
TG ME. Azizian % (0T 45 FARUE B T e 20 )%
FWRIEACA P T sz 6 . Bl AT e 2005
Bl 2L A WOk iR 2 B B 5T, 5 R T 45 S R e
Z1 I FMR S AT A= W o W 22 ) A ) T e L T
S () A ot AN ORa oL/ N

A3 LR EE T PR PR A SOl A B IR IF ST
LA 1 SR 5 £ S AT AR W K5 W D kL
S WS R APOR NPV E /S T AN N ey e
Wy 9 Xk FEAT b8 5 PR AT T A0 28 A

1 XEHH

‘l-}

1.1 B L5XA

NMR i BRUKER 400 MHZ #% 4 3 9% {3 )
FELFTHIRA R S b 4 K Hfm A WL oK A B,
MTT 46) ¥ Ry 43 Fr 2k, i F i ok & i — P difb. A
R LY k7 SN R 10 7 SN = 111 O 7 S DR
B R} R 2 4R 4t
1.2 %%k
102,17 XFHROBUA 2% B 218 % 08 1) 5 1

(1) 3 o 2R 2% o 20 SR L AT A 0 ) 2 T s i
BT HEIE R T R B 2208 T N 20K A A
BLIE 7 b, 5 2% e 21 sCHATT A2 0 5 K 6 RS 1) 18
R 1 s 105, Mg 75 °C~85 C.

(2) FHHEJ2 €0 3% 125 B 03 B I S 7 58 42 I I
LA 2R VR A YA FAHI B, T 2 Ok WAk L DB VA R
BT it 45 21w i) 4.

(3K bR A5 30 % o ] 44 5 10 2 e 21 sl AT A
WIHEEER LG 1+ 1. 3 B T IO 45 v, 4k 22 A fie
$E£,70 °C~90 °CF a1 [ i .

(OTCL BRER % N 58 4, 45 1k A, ek %
e OB R A R Y [EDOTR A W UE R 4 SR S
A A = AT U8 L DR D IR K Uk . A5 20X R B
Fe i 210 I BREL o

(5) W5 X R XU G 24 e 1 Ji% R kL o o A 1) e Jof
A A AT E 2 R TR B H AR
Y. AR E 1~2 FiR.

@]

N
o) Ry
Z N N Ox N R,
R 7\
L R W) N 2
Rz =N
R, ©

B 1 sFHR A 5-N Ze 4 40 JF X B89 A %,

R

0
Ry

B g O 4 NHNH, £,0 — \C\:\rgz

R,

@ziQ

B 2 sk 7-N Ze 3 40 X 5509 A %,
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rEER

% 34 &

1.2.2 XFHROBU 2% B 21185 < B 1) 45 #) % o

XA R AR A P B G R Ik AR H-
NMR) 5 3% (1 C-NMR) #4745 44 F4iF.

1.3 AR AR J AL RF R A B B E P

XA AL S MTT 2 2R A7 i 92 40 i 1%
AW R I 20 B AR S - N A (HepG.) s A
Jiti 95 400 M CA-549) , N H 98 4 ML (SGC-7901). £5 5%
% 5 DMEM+-15 % NBS+ XU,

10301 i VY T

I DMSO(Merck) # fi#t J5 - it A PBS (- it 1%,
1 100 pmol/L A IR 5 #1551 B TR B0 8 75
DMSO ] PBS (O #i B e &R E 20 5 0. 1.1,
10.20.40.60,80,100 gmol/L. ¥ I 17 i Ht Jifr 98 24
Yy BTBE B CAra-C) LA [RIRE B 2% 14 B0 B X IR 3%
.

1.3.2 4iiEkist

i B 2 A g A B 8 R T 1000 K& B A 4R
MiHMERESR BEFHE (4 100 J7 U/L) Y1 6408
FRWH BT 37 °CL5% CO,, WA — E ik
WedHE FRAR th s IR AL RE AL B 2~3 RARAR
U AGAR B 5 S 8] 55 W PBS Bk 2 WK g H 1k
Je s I S 04 15 SR W W AT 35 5, I R 20 i 2 0 Y
B RS BT Y 15 300, S 0 B AR R R . ON
R R R
1.3.3 MKy

BORT B0 A: R0 At L 3 AR L B DL 2 X 10t/
mL (% B R T 06 FLEF IR P, 4L 100 pL. K
F% 24 /DBEE S HREI AL S L 0. 1,1.10,20.,40,
60.80.100 gmol/L ¥ B b ¥ 40 . 5255 41 5 A Mk
JEBE S NE AL LT 0.4% DMSO Y 15 37 1A X
W29 48 /NI )R L 2% B LB LI 100 pL
MTT(2-(4,5- " F JL-2-BE g 3 )-3, 5- - # -2 H-
DUk SR R ER) (1 mg/mL) . 4k 2 15 3% 4 /NI, 35
BV EALINA 100 L DMSO, ¥& % 1R 2, 1 i br
AXAE 570 nm &b 7 W BE{E L R A 1Cs, T3 8
SRR 2 B0 e BE (TG00
1.4 %it$F %

W5 B S B0dE H SPSS 11. 0 Gt 2F 8 F 9k 47 5%
AT AR T BOR (o ) ORI AL ] 1Y
THECER LR AT ¢ #39, DA P<<0.05 A 2ZESFHA
gt E L.

2 #R5TE

2.1 AR E DAL K BRAL A 0 AR
e LIRS . AT 10 S XFFR 5-N

e 4T R AL S (1-10) 1 10 AR 7-N 24
BELLE ROAL AW (11-20) , % 1 iR,
K1 AHHEBRNEAREILFEXBRELED

& msi m}ii & ILLS & IB(}L&‘ &
1 H H 11 Cl H
2 CH H 12 Br H
3 CH3CH: H 13 CH3 H
4 CH3CHzCH: H 14 H CHjs
5  CH3(CH3)CHg H 15 H CH;CH;
6 H Cl 16 H CH3 (CH3)CH;
7 H Br 17 H @

8 @ H 18 Ccl CHs
9 NO; H 19 B CH:

e -
10 —Q()Me H 20 cl

2.2 ATARR B R BACS M 04 R G E
2 MTT ML G Y 1-20 HE47 %146 9 40 B 9
TR, 25 R 3R 2 R,
x2 &Y A E B 40 R A 2 B0

R ICs (B AL :HmOl/L)
1Cs0 / (pmol/L)

CH3CH:

Ass/ETRo

" HepGo A549 SGC-7901
1 14.32+1.06 21.58+1.14 20.18+1.54
2 31.2841.32 15.24+1.92  28.1541.27
3 76.4242.43  58.54+2.75 98.7542.79
4 =100 =100 =100
5 =100 92.54+2. 88 >100
6 6.86+1.21 4.25+1.29 13.76+2.28
7 18.6840.39  15.2840.87 21.25%+0.98
8 93.564+3.28  60.62+3.11 =100
9 =100 85.24+2.85 >100
10 >100 >100 >100
11 6.37+0.82 17.25+0.87  20.19+1.12
12 8.4740.52 13.8940.75 19.36+1.01
13 12.56+1.78 25.364+1.59 21.31£1.92
14 >100 67.234+2.56 >100
15 =100 94.1643. 29 >100
16 =100 >100 73.5242.68
17 >100 >100 =100
18 8.61+2.16 21.8940.75  48.25+3.05
19 12.74+2.3 16.7442.35  34.76+2.42
20 28.4542.79  36.36+1.42  15.4741.58

Ara-C 8.2940. 28 14.9240.64  18.1740. 39

MR 2 FTLLE I AL G W 1-20 XF = 40 i Bk
VIEA — @ W ER, b &% 1.6.7.11,
12.18.19 WYTH ML, U HIZ X HepG., 41 Ml Bk 1)
T PR . g | S 1 22 5 0 IR AT LA A 45 o BRI A
Z A 22550 o I AT T 6T 5-N 4% E £ R
A A, Ry BRI 3k Ry AU 2% Jot ik 1t 1) e ek e 0
M B Bl oA B Y 2 2 L R, IR 3 Ok i 2 A 4
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+ 139 -

AL A WIS P X TR 7-N ZR EE 4% Kk &
YRy UL Sy pa 28 Ao 3 1 A v o JFE U AR
(R 35 PR T IR R 7 B L Ry B 36 Oy ek 3% 1 A
F AR X T g 5 /R T B BRI A 4 T i
WRESFHH AR ZEA L.
2.3 XTARME I AL K WAL S 04 L M B FAE
&Y 1-20 45 2 H-NMR, " C-NMR 5
HRMS #fi ik, P Ecds an r .
2.3.1 k&
%W (37, 3" Z)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis ('H-pyrrolo [ 3, 2-c ] pyridin-2 ( 3H )-
one) , ZEF (Nl 3 Frois.

A3 eI sEH

400 25 5 OB K, ML P. 178, 0 “C.'H-NMR
(400 MHz, DMSO-d6) 8 (ppm):9. 6 (2 H,s),
8.95(2 H,s),8.78(2 H,d,J=4.9 Hz),7.20(2
H.d,]J=6.4 Hz);" C-NMR (100 MHz, DMSO-
d6)é(ppm):169. 1,155, 9,152, 6,150. 5,138. 2,
112.7,109. 9; HRMS (ESD for (M+ H) + :caled
292.070 9,found 292. 071 3.
2.3.2 &M

ZFR: (3Z, 3" 2)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis (1-methyl-1H-pyrrolo[ 3, 2-c] pyridin-2
(3H)-one) . Z5 N & 4 Fi7w.

A4 ek sEm

41 €6 45 By K, ML P. 178, 0 °C.'H-NMR
(400 MHz, DMSO-d6) 6 (ppm):8.94(2 H,s),
8.76(2 H,d,J=4.5 Hz),7.18(2 H,d,J=5.3
Hz),3.42(6 H,s) ;" C-NMR (100 MHz, DMSO-
d6)6(ppm):163. 7,156. 0,152. 6,150. 5,138. 2,
112.7,109.9,30. 3; HRMS (ESD for (M+H) +:
caled 320. 102 4,found 320. 102 7.
2.3.3 fLEWB

Z R (37, 3" Z)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis (1-ethyl-1H-pyrrolo [ 3, 2-c | pyridin-2
(3H)-one) , &5 INIA 5 Fr7R.

Et
N ONN
7\
N =N

A5 amGnuiksgs

WL a2 A A . ML P. 194, 5 °C. "H-NMR
(400 MHz, DMSO-d6) 6 (ppm):8.94(2 H,s),
8.76(2 H,d,J=7.2 Hz).7.18(2 H,d,J=5.6
Hz),4.30(4 H,q).1.39(6 H,t);" C-NMR (100
MHz, DMSO-d6) & (ppm): 163. 4,156. 0,152. 7,
150.5,138. 2,112, 7,109. 8,42. 4,13. 9; HRMS
(ESD for (M + H) +: caled 348. 358 5, found
348. 358 9.
2.3.4 LEYW

FFR: (3Z, 3 Z)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis (1-propyl-1H-pyrrolo[ 3, 2-c ] pyridin-2
(3H)-one) 45t UNEl 6 .

/N O N
\ A
N =N

H6 bt amn

g1 0 45 S of K, M. P. 184. 3 “C.'H-NMR
(400 MHz, DMSO-d6) ¢ (ppm):8.94(2 H,s),
8.76(2 H,d,J=6.8 Hz),7.18(2 H,d,J=17.3
Hz),4.30(4 H,q),1.75 (4 H,m),0. 98(6 H,
;' C-NMR (100 MHz, DMSO-d6) 8 (ppm) :
163.3,155.9,152.5,150. 6,138. 2,112. 6,109. 8,
44.7,20.6,11. 7; HRMS (ESD) for (M+H) +.
caled 376. 165 0,found 376. 165 3.

2.3.5 LEWG)

% FR: (37,3 7Z)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis (1-isopropyl-1H-pyrrolo[ 3, 2-c]pyridin-
2(3H)- one) , 25 ANl 7 iR,

5 21 {0 45 ok K, ML P, 175, 6 °C.'H-NMR
(400 MHz, DMSO-d6) ¢ (ppm):8.98(2 H,s),
8.77(2 H,d,J=6.9 Hz),7.18(2 H,d,J=10. 3
Hz),3.96(2 H,m), 1. 29 (12 H,s);" C-NMR
(100 MHz, DMSO-d6) ¢ (ppm): 163. 0, 155. 9,
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3,.

N
7\
=N

B7 oG Fish
152.6,150. 5,138. 2,112, 7,109. 9,58. 6,20. 7;
HRMS (ESD) for (M+ H) +: caled 376. 164 9,
found 376. 165 2.

2.3.6 fLBEWE

%R (37,3 7Z)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis (7-chloro-1H-pyrrolo[ 3, 2-¢ | pyridin-2
(3H)-one) , Z5 K WKl 8 Fi7R.

B8 a6 miFEn

B0 45 O R, ML P 198, 9 C.'H-NMR
(400 MHz, DMSO-d6) ¢ (ppm):8.94(2 H,s),
8.77(2 H,d,J=6.1 Hz),7.18(2 H,d,]J=11.2
Hz) ;" C-NMR (100 MHz, DMSO-d6) 6 (ppm) ;
166.4,155.9,152.6,150.5,138.1,112. 6,109. 8;
HRMS (ESD for (M+ Na) + : caled 359. 992 9,
found 359. 993 4.
2.3.7 HEWD

%Wk (37,3 7Z)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis (7-bromo-1H-pyrrolo[ 3, 2-c ] pyridin-2
(3HD-one) . &5 F NE 9 Jfr 7R

N NH
28 r
— /N‘N/ /4 \
Br oN =N

B9 &a#Hm(DHuiLFEMm

M 25 5ok K, ML P, 218. 4 °C.'H-NMR
(400 MHz, DMSO-d6) 6 (ppm):8. 94(2 H,s),
8.76(2 H,d,J=7.8 Hz),7.17(2 H,d,J=12.5
Hz);'* C-NMR (100 MHz, DMSO-d6) 8 (ppm) :
166.6,155.9,152. 6,150. 5,138. 1,112, 6,109. 9;
HRMS (ESD for (M—+ H) +: caled 447. 891 9,
found 447. 892 5.
2.3.8 tkBEW®

%Wk (37,3 Z)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis (1-benzyl-1H-pyrrolo [ 3, 2-c¢ ] pyridin-2

(3H)-one) . &5 AN E 10 Frw.

A 10 e Hm Q) aibF 4

FE € 45 5 ok A, M. P, 208. 5 °C.'H-NMR
(400 MHz, DMSO-d6) 8 (ppm): 8. 94(2 H,s),
8.75(2 H,d,J=8.3 Hz),7.5-7.2 (12 H,m,J =
6.0 Hz), 4. 96 (4H, s); "C-NMR (100 MHz,
DMSO-d6)8 (ppm): 163.7,155.9,152.5,150. 6,
138.2,136.3,128.7,127.0,126.8,112.6,109. 9,
47. 4; HRMS (ESI) for (M -+ Na) +: caled
472.164 9,found 472. 165 3.
2.3.9 tkBEWD

2 FR: (37, 3" Z)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis (1-(4-nitrobenzyl)-1H-pyrrolo[ 3, 2-c]
pyridin-2(3H)-one) , Z5 ¥ AN & 11 FF/R.

B11 e Omibssas

A 8 K . M. P. 212, 5 °C. "H-NMR (400
MHz,DMSO-d6)6(ppm):8. 96(2 H,s),8. 76(2
H.d.,]=8.7 Hz).8.16(4 H.d.J=13.2 Hz),7.97
(4 H, d),7.18(2 H,d,]=2 Hz),4.96 (4 H,
d);"” C-NMR (100 MHz, DMSO-d6) 8 (ppm):
163.6,155.9,152. 6,150. 5,146. 0,142. 4,138. 2,
127.9,123. 8,112. 6,109. 8,47. 5; HRMS (ESI)
for (M + Na) +: caled 562. 134 8,
9 562.135 2.

2.3.10 k&P

% FR: (32,3 72)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis(1-(4-methoxybenzyl)-1H-pyrrolo[ 3, 2-
c]pyridin-2(3H)-one) , Z5 5 N 1K 12 Fr7R.

ZLRR B 25 SRk R, ML P. 228. 7 “C.'H-NMR
(400 MHz, DMSO-d6) 6 (ppm):8. 92(2 H,s),
8.76(2 H,d,J=8.6 Hz),7.26(4 H,d,J=11.5

found
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Hz),7.18(2 H,d,]J=10.5 Hz), 6.89(4 H.d,]J=
9.3 Hz),4.96(2 H,s),3.85(6 H,s);""C-NMR
(100 MHz, DMSOd6) 6 (ppm): 163. 7, 158. 8,
155.9,152.6,150.5,138.2,130.7,128. 6,114. 3,
112.7,109.9, 55.9,47. 4; HRMS (ESD for (M+
Na) + :caled 532. 185 8, found 532. 186 1.

2.3.11 f&WAD
B (32, 3' Z)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis (5-chloro-1H-pyrrolo[ 2, 3-b] pyridin-2
(3H)-one) ,&5HINIA 13 Jro.
Cl

7

N.
N= ~ °N
HN

A 13 e

Wk 45 ok R, M. P, 195, 0 “C.'H-NMR
(400 MHz, DMSO-d6) 8 (ppm): 9. 65(2 H,s),
8.28-8. 35 (4 H, m);"” C-NMR (100 MHz,
DMSOd6) 6 (ppm): 167. 2,160. 4,153. 0, 146. 5,
139.4,138.1,123.7,112. 5; HRMS(ESD for (M
+H) + :caled 359. 993 0,found 359. 993 5.
2.3.12 fk&EWa2

Z R (37, 3" Z)-3, 3'-Chydrazine-1, 2-diyli-

dene ) bis ( 5-bromo-1H-pyrrolo"**" pyridin-2
(3H)-one) , 459N 14 FiR.
Br H
OxN
N=— = \N/ \
HN
Br
B 14 a2 i34

LI 045 ok R, ML P 212, 9 °C. "H-NMR
(400 MHz, DMSO-d6) 8 (ppm):9. 74 (2 H,s),
8.53(2 H,s),8.09(2 H,s);*C-NMR (100 MHz,
DMSO-d6)8(ppm):167. 1,160. 9,155. 4,141. 5,
138.2,112. 9,104. 8; HRMS (ESD) for (M+ H)
+ .caled 448. 899 4,found 448. 899 7.

2.3.13 fEWAD

ZFR: (32, 3" Z)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis (5-bromo-1H-pyrrolo[ 2, 3-b] pyridin-2
(3H)-one) , &5 M WA 15 Ffr 7.

Me
Ox N
N= Z N7 \
HN
O Me
B 15 4o (13)wibsdan

210 45 R K. ML P. 174, 2 °C.'H-NMR
(400 MHz, DMSO-d6)5(ppm):9. 48 (2 H, s),
8.05-8..12(4 H,m),2.33(6 H,s);"” C-NMR
(100 MHz, DMSO-d6) é (ppm): 167, 2, 159. 7,
158.8,138.2,136.5,119. 2,110. 9,18. 1; HRMS
(ESD) for (M + H) +: caled 320. 102 4, found
320.102 7.

2.3.14 HBEYWALD

%Wk (37,3 7Z)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis (5-methyl-1H-pyrrolo[ 2, 3-b ] pyridin-2
(3H)-one, Z5 WKl 16 FrK.

o 1\fMe
7\
N. = J N
N —
Me/ O
B 16 Lo (l4)wibsdsm

218 45 R K. ML P. 203, 0 C.'H-NMR
(400 MHz,DMSO-d6)8(ppm):8. 33(2 H,d,]=
7.5 Hz2),7.96(2 H,d,J=8.5 Hz),6.88(2 H,1t),
3.42(6 H,s);"”"C-NMR (100 MHz, DMSO-d6)¢
(ppm):163.6,161.8,153.2,138.7,138.2,113.5,
111.7,31. 4; HRMS (ESI) for (M+ H) +: caled
320.102 4,found 320.102 7.

2.3.15 fBWAS)

%R (37,3 Z)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis (1-methyl-1H-pyrrolo[ 2, 3-b ] pyridin-2
(3H)-one) , Z5HJUNK 17 /s,

o NEt
7\
N. = 4 N
——
/N O
Et
17 /&AM FEH
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M 21 €5 45 fi f A, ML P. 215, 6 “C."'H-NMR
(400 MHz,DMSO-d6)8(ppm) :8. 33(2 H,s,]=
7.9 Hz),7.96(2 H,d,]J=8.5 Hz).,6.87(2 H, v,
4.29(4 H.q)»1.39(6 H,0) 3 C-NMR (100 MHz,
DMSO-d6)8(ppm):163. 4,161. 7,153, 3,138. 7,
138.2,113.5,111. 8, 48.9,13. 8; HRMS (ESI)
for (M + Na) +. caled 348. 133 6, found
348.133 9.

2.3.16 B PWA6)

%W (37, 3" Z)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis (1-ethyl-1H-pyrrolo [ 2, 3-b ] pyridin-2
(3HD-one) , Z5# G5 18 B,

0 ;k'
73
N. = / I?I

~—

B 18 L& (16) L4y

I 21 € 4% i By A, ML P. 224, 0 °C.'H-NMR
(400 MHz,DMSO-d6)8(ppm):8. 33(2 H,d,]=
6.8 Hz),7.96(2 H,d,]J=7.9 Hz),6.89(2 H,t),
3.96(2 Hym), 1. 29(12 H,d);"” C-NMR (100
MHz,DMSO-d6)6 (ppm):1 63.0,161. 8,153, 2,
138.6,138. 4,113. 5,111. 8,58. 6,20. 8; HRMS
(ESD) for (M + Na) +: caled 376. 164 9, found
376.165 2.
2.3.17 H&EWAD

R (32, 3' Z)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis(1-isopropyl-1H-pyrrolo[ 2, 3-b]pyridin-
2(3H)- one) . 451N 19 fir7R.

B 19 Hesm0)ssH

FE B R, M. P. 189. 5 ‘C.'H-NMR (400
MHz,DMSO-d6)5(ppm):8. 32(2 H,s,]=10. 2
Hz),7.96(2 H,d,J=10.5 Hz),7.22-7.33(10 H,
m),6.87(2 H,t),4.79(4 H,s);* C-NMR (100
MHz, DMSO-d6) 6 (ppm):163. 7,161. 8,153. 3,
138.6,138.2,136.2,128.7,127.0,126.9,111. 8,
49, 5; HRMS (ESI) for (M + Na) —+: caled

472,164 6,found 472. 164 9.
2.3.18 &EWAS)

HFR: (3Z, 3 Z)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis (1-benzyl-1H-pyrrolo[ 2, 3-b] pyridin-2
(3H)-one) . Z5 40Kl 20 JfR.

o ﬁk
Cl—y \
N. = 4 N
N T
Me/ O Cl

B 20 e A8) s Mm

RS 45 ok R, M. P, 191, 8 “C.'H-NMR
(400 MHz, DMSO-d6) 6 (ppm):8. 34(1 H,s),
8.29(1 H.s),8.22(1 H,s),6.76(1 H,s),3.42(6
H,s);"” C-NMR (100 MHz, DMSO-d6) 8 (ppm) :
163.6,162.3,160.4,156.2,153. 0,141, 9,138. 5,
138.1,123.7,113.9,112. 5,110. 6, 31. 3; HRMS
(ESI) for (M + H) +: caled 388. 024 3, found
388.024 7.
2.3.19 &EPAY

%W (37,3 Z)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis (5-chloro-1-methyl-1H-pyrrolo[ 2, 3-b ]
pyridin-2(3H)-one) ,ZE WA 21 Frs.

B
r o NMe
7\
N. = / N
/N O =
Me Br
A2l A9

CLRE 45 BB AR, M. P. 228, 0 °C.'H-NMR
(400 MHz, DMSO-d6) 8 (ppm):8. 52(2 H,s),
8.10(2 H,s),3.42(6 H,s);*C-NMR (100 MHz,
DMSO-d6)6(ppm):163. 7,160. 9,155. 4,141, 5,
138.2,112.9,104. 8,31. 4; HRMS (ESD for (M
+Na) + :caled 475. 923 4,found 475. 923 7.
2.3.20 fkHEPWCOH

% FR: (37,3 7Z)-3, 3'-Chydrazine-1, 2-diyli-
dene) bis (5-bromo-1-methyl-1H-pyrrolo[ 2, 3-b ]
pyridin-2(3H)-one) , &5 UIE 22 s,

LI A5 R M. P, 217. 5 “C.'H-NMR
(400 MHz, DMSO-d6) 8 (ppm):8. 34 (1 H,s),
8.29(1 H.s),8.22(1 H,s),6.76(1 H.s),4.29(4
H,q),1.39(6 H,t);* C-NMR (100 MHz, DM-
SO-d6) 8 (ppm): 163. 4, 162. 3, 160. 4, 153. 0,
141.9,138.5,138.2,123.7,113.9,112. 5,110. 5,
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N=/ " N
/N 19)
Et Cl
B 22 H&HQOMLFLEH
48.9,13. 8; HRMS (ESD) for (M+ H) +: caled
416. 055 4,found 416. 055 8.

N
Cl/\ v AN
\

3 #ig

AR SCLL R IR e 21 K AT R KA R SRR,
BB T — Z8 8 X FR OB 2% B 21085 I i, R FH A%
Tl FEAR AR S X T A B B RS R B AT T 4l e R
fE, I HepG, . A-549 5 SGC-7901 = F 41 it
BRIEAT T 402 B i g 5% At L 25 SR R K4y
AR B Wy Xt = o e 38 200 0 Ak 3% B A OAS [ R E %) 90 1
YER b A9 1.6.7.11,12,18,19 3% P %
I HXF HepG, 20 M AR A4 i 35 vk 2 L e 21k
B 61112 (36 M 422 30 s P % BE 4 BT b M
(Ara-C) , Al it — 2 WF 5%

BEA, FRAT LB T AN ) B 3 X6 b & W Bt i geg
TR B, 45 TR R B R, BBOAR 3 XAk A W Bt e 97
TP 4055 W I Ay« 0 > o 3 > AR g o BT G A 2
iR, BRI AR E R SRS LAY R,
B JE Xk A W7 I g 355 10 5% 0 U < b 26 >
A ot 3 s R4 BUIR S X6 4 & 9 0 b e 306 4 19 5 i
Ry« B> b e >R HE . AT, g BRI
I X6 R OBL S A% B 216 R e 25 1k A W 0 I Jeg 3
OE7T=R

ZE L RTR 0 4 00 M A, AR SC A R — &
B0 Yo R LR 2% e 210 I i 2 Ak 5 0 EL A P R T
PR FROBUA 2% fi 2115 R B2 Ak A 0 1) A 9 e i ogg
e AL 5T L DL B 25 AR Bl 1 S S AT SR
B — B BB ST SRR LU KA R 07 1 B 4 1Y)
XU A% 5 215 9% Tl A 1 245 ) B2 AR Ak 4
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SHILER A EE R DS58 A £ 7=
UERTHTEEENGHEHRR

MEF, kB, L&

(BRPERME R 2 50 LB B0F AR LRI = SHORE S92 =, BRI /g% 71002D)

O OEABWILRNAALR ZWE DSS8 A BEM T 4 &t 6 AMMebdh, @64 g ALK
JR VKRR R X 6 AN Ao A A A-F R A-6-(3-F A-T BE A )-wbwh-2-8 . campyrone
A3-FE-3 TR AH AR =8 4-TBA KL T 8 .malformin A, #= asperpyrones A, X P 4-F
FA-6-(3-F A-T B ) - wh-2-8 % B R ALK Iy 31L& 4, 3-5 -3 “P’z‘uf&‘#i%rk«-@ﬁm
BRALALBED T 5 B3, A0 BRSO EFTE RANLFTREITNK, &
REW25-ZARARCRBEAITENEA S SHINAERNfoe RIF R EAFTN,3-AK-3 F
BABAR B ERAFRAFE R LKA MIC 4 31.5 pg/ml.

K@ MILE; NAEELR; RS LFRo; AHER

RESES TQ4L" .7 MEERER: A

Antimicrobial activity and isolation and identifition of the secondary
metabolites from endophytic fungi DS58 of Decaisnea fargesii

YANG Xiu-fang, ZHANG Ying-zhen, MA Yang-min”

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

Abstract: Six known compounds had been isolated from the Aspergillus. niger DS58 of De-
caisnea fargesii. Their structures were identified by physicochemical properties and spectra a-
nalysis. Six compounds were obtained and identified as 4-methoxy-6-(3-methyl-butyryl)-
pran-2-one,campyrone A,3-hydroxy-3-(methoxycarbonyl) pentanedioic acid,4-acetamidobu-
tanoic acid, malformin A, and asperpyrones A. 4-methoxy-6-(3-methyl-butyryl)-pran-2-one is
a new one which was isolated from the natural. 3-hydroxy-3-(methoxycarbonyl) pentanedio-
ic acid was isolated from the culture of the fungi for the first time. Compounds’ antibacterial
activity and antioxidant activity test showed that the 2,5-dihydroxy benzeneacetic acid and its
derivatives are widely bacteriostasis and good antioxidant activity,3-hydroxy-3-(methoxycar-
bonyl) pentanedioic acid has an effectively inhibit in plant pathogenic fungi. The MIC of Bot-
rytis cinerea and Alternaria brassicae (Berk.) is 31.5 pg/mlL.

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

tivities
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B JL B ( Decaisnea fargesii ). & A i@ Ff
(Lardiya balaeeae) , J& 7% I #E A, LB ) 3%
TE Qi /0N 0 A 45 L W SRR B A A U 6
/A IR €5 B WE 2R 0 S R AN T ) B AR A A TR
Z— EES A TR 2B R WL
VY K PG p A4 DXL B PG 2 L Ll DA L DR B A B R
M AT R T R B R S
PACHA 1 AT FR A VDR SFE DAk R
It 5 A% W DX G T L BRI RS

XS i JL DR 8 T 58 AN B T 32048 0 118 1k 27 ik
o3 ALY A LR A W 1 25 vh Ay B ORSEE T 10
AT E Y. XA LB N A= B A AT S AAE A TR
FALTF IR, MG 5 N ZR 08 R Ll A LR AR
25 M B BN AR LA 91 bR L8 T A A M E X
Il HNAEERAET 6 B 7R 15 &, b ih & &
BTl g i I, 45 B 4 Bk (DS37,
DS58.DLO6 Al DL14) 3 3if 4 14 #k. A< fF 52 LI DS58
3 H AR BB X DS58 BBk BEAT TTS 751030 5E . fi
2O DS5H8 T MR 4 2 N 2B ph & (Aspergillus. ni-
ger) ,Genbank & 554 KJ623700, A% SCAE AT )
R B XA LB N AR FCT DS58 U AE AR
PR AL oy AT T REIESE, ok 6 MG
Y O x H a5/ AT 17885, S350 30 LR N A= B
B DS58 4 B ARAF 19 14 ML WG EEAT T 43
B i, FHCATF T 45 K S A LR N A T BT IR Y 25
B IT A T4 AL B A4

i

1 MHE5RE

1.1 HE

R DS58 43 B H 2 08 0K 1 Ll il JL DR A 1Y
25, Al fb B 55 05 L PDA &b R 3R 3 4 C AR AT
A R T A TR 4 TR T TR L IR TR L 4 BT 6 R
A BRTE KW AT T 5 4 R R W0 5t L T 7 A K R
TR 5 TR B A O T R A R R
WL LA TR R R A T R S
1.2 A& IR A A XA

Bruker avance I11I-400MHz #8 5 #% #% 3% 98 1%
(i LA B 5 A FD s EV311 B e % 3 5 78 & A (b
ORAA R RS A BR A R 5 AR B C 200 ~
300 EO MR ZM IR GO Bl T A BRA
A XTS5 B 5 o s I 7 ) (AL 5t i RS A S AR
] )5 YX-2803 A P i 2 2R R 1 KA 5 VB

BRI & A BRA R s ZHJH-C11098 8 i T
VE G LR 043 B A i 3 A BR A 7)) s HF2000
RIFGAR AL (bt e Z R AE W R AR A R A
costar96 FLEFHR T (3590) (L [E Corning Costar 24
AL AR (R B R 200 g, BilE 20 g.
% HE 20 g, 781K 1 000 mL.pH 7. 0) s ZH B 55 53
FHCFERNE 0.5 ¢.BillF 2.0 g. HHA M 1. 0 g, NaCl
0.5 g,7/K 100 mL,pH 7. 0~7.2,121 CKH 20
min). 3R 20 [ 7 o b 4.
1.3 Ri#tF=Hmemgy s L2

K KT 1 AR ke B 2 TR TR AR B 6 I, ik
JEW 4515 230. 24 g. >R FRE AT €338 43 25 . LA A I
Bk © LTRCWERE BEVEN 453 3] 6 414 (Fr. 1-Fr.
6), it )\ Fr. 1.Fr. 2 PRI EME S 1~8, A
Fr.3 113846 &% 9.10, )\ Fr. 4 f 13 2L 59
11, )\ Fr. 5 P85 12, )\ Fr. 6 h 38L&
Y13 14 A ALE P 4 H-NMR, " C-NMR
ESI-MS 43 B 22 4544
1.4 @&kl g

43 ) 1 B4 P AT L 7L B AT L 4 €0 A BR
B R E RS R (C.om) JE IR B9
(P.a) &M KB (B. o) 2 BEER H# (AL b)
VE S D B R P e /N 400 TR v B vk A LR R A
TR DS58 Wk AE AR 7 B 43 25 45 2 Ak G 0 1 e
TG PR AT I, B A4 A Tk I 2% SCBR(8 .
1.5 #HEAAE M T

Z M SCHRL9 TR 96 FLAR . LA Ve S % HE i
X4y B A5 B 0 B B R L A5 4 0 A6 A W AT T bR
DPPH By HT 8 Al k. 82 5080 3 K, T8 F X
DPPH H H 535 Bk .

2 HFREHSH

2.1 H# DS58 Kt =

TR PR DS58 [ 14 & Wy vh 4t 3 g 45 31 14 A
&Y, k&Y 1 2 8 B 45 M i br & e iaE
WZ 2% k7], R st 5 6 410 & 40 45 F4 f A dn
.

wEY 9: A EEIRGIK, % T &5 mp.
101.8 'C ~102. 4 C, 4 ¥ C,, H, O, , HRESI-
MS m/z, 233. 079 2[M + Na | (i & H H
233.079 0). '"H-NMR ( 400 MHz, CDCl, ) &
(ppm) :6.78(1H,d,J =2.3 Hz,H-5),5. 73(1H,
d, J=2.1 Hz,H-3),3.87(3H,s,4-OCH;), 2. 80
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(2H.d,J=6.8 Hz,H-8),2.22~2. 28(1H, m, H-
9),0.91(6H,d,J=6.64 Hz, H-10,11);'C-NMR
(100 MHz,CDCl; )8 (ppm) :193. 47(C-7),169. 90
(C-4),162.42(C-2),154. 89(C-6),103. 72(C-5),
93.51(C-3),56.39(4-OCH, ), 46. 80(C-8),24. 27
(C-9),22.52(C-10,C-11). XF He A 56 SCHR[ 107, 45
4 HMBC.DEPT-135 #:@ b 54 9 h 4- & H-

6-(3-HH =Tk A ) -tk e -2 ], 25 48 X an 1] 1 o
OCH,

Bl ke oshn

AW 10 A SR (HED ,mp. 147 'C~148
‘C.'"H-NMR (400 MHz, CDCl;), ¢ (ppm): 8. 32
(1H.d,J=8.6 Hz, —NH).6. 10(1H,d.J=1.8
Hz,H-5),5. 58(1H, d,J=1.8 Hz,H-3),4. 39
(1H, t, J=8.4 Hz,H-7),1. 79(1H, m, H-8),
3.80(3H,s, CH;0-4),1. 44~1. 22(2H, m, H-
9), 1.87(3H, s,H-2),0.83(3H, t,J=7.2 Hz,
H-10),0.78(3H,d,J =6. 4 Hz, H-11) ;" C-NMR
(100 MHz,CDCIl,) 8 (ppm) :170. 69(C-4),169. 19
(C-1"),163. 82(C-2),163. 24(C-6),99. 99(C-5),
87.82(C-3),56. 37(4-OCH,),54. 91(C-7),25. 94
(C-8),24.53(C-9), 22.35(C-2"),15. 41(C-11),
10. 78(C-10) , 5 3CHR[ 11 %} kb . 454 DEPT-135 #i
FEAG W) 10 24 campyrone A, 45 ANIE 2 B,

B2 e 10 asn
&Y 11 1 EEIREE & (B, mp. 163 °C
~ 165 ‘C."H-NMR (400 MHz, DMSO-d; ) &
(ppm):12.29(2H, s,—COOH), 5.48(1H, s, —
OH),3.63(3H, s, —OCH;), 2. 64~2.82(4H,
AB W, J =15. 3 Hz, — CH,);" C-8NMR (100
MHz, DMSO-d;) 8 (ppm): 73. 37 (—COOCH;),

171. 05 (— COOH), 72. 87 (C-3), 51. 94 ( —
OCH,),42.92(—CH,). VA E ¥4l 5 ek [ 12787
B W FA — B e &Y 11 R 3-8 3-3 B4
FE A TR, A anE 3 K.

0
I
C—OCH,
3
HOOC O’H COOH

B3 eyl sgm

k&Y 12 AR (FEE, mp: 121 C ~
123 °C.'H-NMR(400 MHz, DMSO-d;) & (ppm)
12.05(1H, s, —COOH),7. 82(1H, s, —NH),
3.00~3.05(2H, m,H-4),2.19~2. 23(2H, t.J
=7.2 Hz,H-2),1.57~1.64(2H, m,H-3),1. 79
(3H, s, H-6);"*C-NMR (100 MHz, DMSO-d;) ¢
(ppm) :174. 19(—COOH), 169. 08(C-5), 37. 85
(C-4), 31.02(C-2), 24.55(C-3), 22.54(C-6). 5
SCHRL 13 A 0P Fe A — 2, 45 A DEPT-135, #i &
&Y 12 4-CBEEEE T R, 45/ i 4 s,

O
)L 4 X OH
O
B4 o126 4H

&Y 13 B EZRY) MW T W . HRESI-
MSm/z, 552. 228 6 [M + Na ' (& H N
552.229 0)."H NMR (400 MHz, DMSO-d;) &
(ppm) :8.89(1H, d.J =3. 84 Hz,NH-18),8. 63
(1H,d,J =6.76 Hz,NH-12),8. 01 (1H, d,J =
8.76 Hz, NH-1),7.39(1H,d,J=9.12 Hz,NH-
6),7.12(1H.,d,J=11.0 Hz,NH-21),4. 72(1H,
ddd,J=15.28,10.92,4. 56 Hz,H-21),4. 47(1H,
ddd,J=15.2,9.2,6.4 Hz,H-6),3.93(1H, s, H-
1),3.88(1H,dd, J = 10. 52, 6. 36 Hz, H-12),
3.19(2H,m,19-a),3.52(1H,19-b),3. 19(2H,m,
22-a),3. 25(1H,22-b),2. 05(1H, m, H-2), 1. 56
(1H,m,H-8),1.32(1H,m,7-a),1. 42(1H, m, 7-
b),1.14(1H,m,14-a),1. 53(1H, m, 14-b), 0. 89
(3H,d,J=6.6 Hz, CH;-9),0.87(3H.d,J=6.6
Hz, CH;-10),0.82~0. 84(9H, &K d.J =6. 84
Hz, CH,-3, CH;-4, CH,-15),0. 79 (3H, d, ] =
6.84 Hz, CH;-16) ;" C-NMR (100 MHz, DMSO-
ds) & (ppm):173. 96 (20-CONH—), 172. 99 (11-
CONH—), 172. 75 (17-CONH—), 170. 52 (5-
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CONH—), 169. 68 (23-CONH—), 58. 76 (C-1),
57.97(C-12),52. 84(C-21),52. 32(C-18),50. 27
(C-6),46.15(C-19),45. 15(C-22),40. 82(C-7),
33.93(C-13),26. 76 (C-2),24. 69(C-14), 24, 43
(C-8), 22.67(C-9), 21. 71(C-10),19. 65(C-3),
18.66(C-4), 14. 88(C-16),9. 94 (C-15). 5 3 Hik
(1410 Bodls FA — 3, 45 & DEPT-135 fil HSQC
etk &Y 13 8 malformin A, , g5 UK 5 fr
N

15
B5 e 1364Mm

L&Y 14: 8 4 6 8 AR, mp. 223 C ~
224 °C.'H-NMR (400 MHz, DMSO-d;) 6 (ppm) :
15.12 (1H, s,5-OH),12. 92 (1H, s, 5-OH),
10.19(1H,s,8-OH),6.15(1H.d,J=2.13 Hz.9'-
H),6.57(1H,d,J=2.26 Hz,7-H), 7. 09(1H,s,
7-H),6.99(1H, s,6-H),6.53(1H, s,3-H),6. 22
(1H,s,3"),3.93(3H,s,6-OCH;),3. 59(3H, s,
8'-OCH,),3.41(3H, s,10-OCH;),2. 48(3H,s.,

2-CH,), 2. 15 (3H, s, 2'-CH; ). C-NMR (100
MHz, DMSO-ds) & (ppm): 183. 95 (4'-CO—),
182.35(4-CO —),168. 48 (C-2'),167. 96 (C-2),
162. 06 (C-5"), 161. 14 (C-8'), 160. 83 (C-6"),
158.45(C-8),156. 88(C-10),155. 55(C-5),154. 74
(C-10b),150. 27 (C-10a") , 140. 15(C-6a), 140. 07
(C-9a"),116. 22(C-9),110. 02(C-3),108. 10 (C-
4a),107.60(C-5a"),106. 57 (C-10a,C-3"),105. 24
(C-7),105. 18 (C-10"), 104. 44 (C-6),103. 33 (C-
4a'), 96. 89 (C-9"), 96. 41 (C-7"), 60. 99 (10-
OCH;), 56. 09 (6'-OCH; ), 55. 06 (8'-OCH;),
20.15(2'-CH, ), 19. 88 (2-CH, ), ¥ [{ #H 5 3 ik
[15,16 ], M E1LE5W 14 Sl asperpyrones A, 4514
KW 6 frs.

OH O
B6 o leeisM

2.2 MbHmEE®

MERE DS58 K Y b7y AR B B 14 MMES
Py 0 T P D A R UL 1. 3R 2 PR,
1 UAYXNAFNEEFEMNLER

/MR R E MIC/ (ug/ml)

&Y W2 PGP M 2L R
WO ERE  FLEEERE KA ST o
BAT B x (D) 250 =500 250 =500
Sas8a T AR FE A 55-6.22- - 35T % (2) =500 =500 =500 =500
5-F2H-2 (3HD-RIF UK R R x (3) 62.5 125 62.5 62.5
2.5- "R IR LR LW < () 62.5 125 62.5 31.2
2.5- R IEIE LR G ¢ (5) 15.6 62.5 31.2 31.2
BEHIMR + (6) >500 >500 =500 =500
2,5- "R LR * (1) 62.5 62.5 125 125
cannabifolactone A * (8) 125 125 62.5 62.5
4-FR B -6 (3- - T I 36 - ik R - 2- T8 (9) 125 125 62.5 62.5
campyrone A(10) >500 >500 250 25
3-FEFE-3 AL R (1D 125 250 62.5 125
- AR FET IR (12) 125 250 125 62.5
malformin A(13) 62.5 125 62.5 62.5
asperpyrones A(14) 31.2 125 62.5 125
Wi B A R 7.8 7.8 - —
HEEM — — 1.95 1.95
TR BEE ST o TN ER B A, BRI S % SCRRET .
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x2 LAY EYREENNEEENXER

/MR R E MIC/ (ug/ml)

A

et B.c A.b P.a C.m
B4 EE + (D) =500 >500 =500 =500
S5a,8a I " FE M 185-6,22- “MG-38-WE x (2) =500 >500 =>500 =500
5-F23-2 GH) R - Wl » (3) 62.5 62.5 62.5 31.2
2.5-"RIEIEZIR T * () 62.5 31.2 62.5 31.2

2.5- " RIEIRZBRHER + (5) 62.5 31.2 31.2 31.2
BEFAIRR » (6) =500 =500 >500 >500

2,5-Z IR+ (D) 62.5 31.2 62.5 125
cannabifolactone A * (8) 125 62.5 62.5 125

4-F B -6- (3- - T 36 - ik IR - 2- 1 (9) 125 62.5 62.5 62.5
campyrone A(10) =>500 =>500 >500 =>500

3-FRFE-3 AR I (1D 31.2 31.2 62.5 62.5
I~ RETRA2) =500 =500 =500 =500
malformin A(13) 62.5 125 125 125
asperpyrones A(14) 125 125 250 250

i) 5% e 7.81 7.81 15.6 31.2

2 A . k& 3.4.5.7.8.9.11,13,14
Xt 4 BRANBE A 4 AR BB 2 B0 R R A B 4R
LG 3.4.7.9 X5 4l B EL TR A R A i i 4
FHACE Y 5 070 B R0 B i 6 4 B 603 4 BR
) MIC Ky 15. 6 pg/mL, fb&W 11 RIH RAFHY
P LB AR 7 X Tk K A 9 A L SR B EERS I MIC
31,2 pg/mlL.
2.3 A RAAER

X et Bl A MRS 3.4.5.7.8.
14 AT HUEAL TS PEI L, 45 B an 5% 3 s, Hidhfk
EW 3 T EARTE M A (1C;, = 4. 124 pg/mL),
HEMFERYIALGE TS Ve 24,

x3 EHEBRZIUKER

o LA J7

1Cs0/(pg/mL)

5- ¥R H-2(BHD-ZEIF KA (3)  y=3.9472+33.72 4.124
2. 5-"RIB LM LT/ y=0.2952+48. 33 5.661
2,5- R IR LR PR (5) y=0.5120+47. 21 5.449

2.5- T RIEK LR D y=4.7552+22. 47 5.790
cannabifolactone A(8) y=0.529x1+46.65 5.789
asperpyrones A(14) y=0.0442x+33.92 365. 48

Vitamin C y=7.248245. 289 6.169

(1) A LB N A= B 8 i 2 DS58 1 [ 4 &
e h oy B R T 6 N A, Hop 4-F 4 -
6-(3-F -1 I 3 ) -tk il -2- T 2 Ak & W L 3-F8 k-
3 FP 4R 3 A 35 13 R 2 1 R DA LR AR 4 A E
SEASCERL7 1T 0, Bk R DS58 Al R AR 2,5- RSk
R B =AY,

) AW i A= W T Pk G R 35 RN Bt SR AR T
P BRI DS58 P2 AR 2,5- R AR 2R K H
AT A= B T3 0 300 B SR 0 R e i T S AR T

S % Uk

(1] RER A BRTER . E R AR M. AU LR RE 22 i R
2001.

C2] AhAIS Bt L™ L 5%, = ik ARGE 58 JL IR #h - i
R SE B o L. 2 61,2012,35(9) 11 444-1 447.

[3] OBk A JLBR A = i o 58 3 o g 5 R 0 43 19 GC-
MS 73 #r[J]. PG LA 4 2441 . 2007.27(5) :859-863.

(4] Zm AP FT. Zm Y EIM. b st B2z R,
1979.

(5] FL 7. J JLBR A 09 1k 2 A3 RO 25582 w5 [ . v
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FACEE, BRVE PUE 710049)

i ERERM ALY KB ERE RO SH R, & AP1000 /K8 7F 4h A 4
15 H KRR TR LA E A TREME, 48 T KHEF 40 AR SRR, 5T F 4K 8
HENBFDERERTTH ARSI .KFT AR T IOLT 4 RSH R80T IE.
HRETREILRKKBIE A A 0.45 Mpa; 5 353k I & BF R BL B E 3 A 11 R, ) B B 5
4K AE 600 rpm S AR R AR, TAE4Eik T 4 T4 BREB RS 8RN A Kot 4bik )
TACHL AR AR T #4709 T AL, A LT AR T K B 42 & i 3h 4 /R I 3R AR 22 38 14,
KER AZEIR; REABRESA; B4k, FHFRRK

RESERS THI17. 1 MHERARAERRD: A

Characteristics simulation of water-lubricated journal
bearings in AP1000 nuclear main pump

ZHAO Zhi-ming', YUAN Xiao-yang®

(1. College of Mechanical and Electrical Engineering. Shaanxi University of Science &. Technology, Xi'an
710021, China; 2. Key Laboratory of Education Ministry for Modern Design and Rotor-Bearing System, Xi'an
Jiaotong University, Xi'an 710049, China)

Abstract: Among the AP1000 technology introduced, water-lubricated bearing technology is
the core technology that restricts the further development of nuclear power equipment in
China. Therefore,it is of theoretical and engineering value to performance simulation of the
water-lubricated bearing of the AP1000 core pump and to obtain the bearing design technolo-
gy. Considering the AP1000 nuclear main pump shaft characteristics, the corresponding wa-
ter-lubricated journal bearing structure and the basic equation were given. Static and dynam-
iccharacteristics of water-lubricated bearing were simulated and analysis. The static and dy-
namicperformances were achieved. The results shown that the maximum water film pressure
was 0. 45 Mpa, the thickness of the water film increases by 11 microns when the rotating
speed increasing, the water film had been formed in the 600 rpm,and the bearings had been in
full film lubrication state with working speed. Bearing dynamic coefficients of speed were

sensitive to the change of the speed changing than to the load changing. The work of this pa-

» WFs H#:2016-03-17
ESWMB ERAHARF AT H (51305246) ; BEPTE EE T LA IHRIT H (14JK1107) 5 BEPG AL R 2 -ERT S i & &0 H
(BJ13-07)
EE B A 1981 —) B IR B JE0W A8 B 58 7 1] 238 Sl e 5% ML ) g 2 Rl ke 12 i
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per can provide theoretical support for the design of water-lubricated radial journal bearing.

Key words: nuclear main pump; water-lubricated journal bearings; static characteristics; dy-

namic characteristics coefficients
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Rapid decoupled method research for coupling

problem in axiomatic design

ZHANG Cai-li', FU Hong®*, REN Gong-chang', YANG Fan’

(1. College of Mechanical and Electrical Engineering, Shaanxi University of Science &. Technology, Xi'an
710021, China; 2. Shaanxi Acrospace Power Technology Limited Company, Xi'an 710077, China; 3. College of

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

Abstract; Functional coupling is common problem existed in axiomatic design,the decoupling
model put forward in axiomatic design theory cannot solve radically relationship between the
parameters in fact,and it is typically a compromise phenomena. Multi-contradiction rapid in-
novation solution is put forward in the base of conflict matrix to solve contradiction problems
in TRIZ,which can effectively solve the coupling in the axiomatic design. An ADT and TRIZ
integrated design mode based fast decoupling method for coupling design is provided based
on the study of rapid innovation solving method to TRIZ multi-contradiction, and the com-
plete solution process is given. Practical application results shows the fast decoupling method
proposed in this paper for the coupling design has a characteristics of simple and effective sig-
nificantly, which can play a positive role in product conceptual design.

Key words: ADT; coupling design; decoupling design; TRIZ
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Research on 3D digitizing method fusing RGB-D camera
and photometric stereo

LI Jian, DU Xi-rui, LIANG Jie, MA Yong-chao, WANG Li-mei

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

Abstract: With the development of 3D Technology,how to achieve the 3D model efficiently,
accurately and cheaply has been a hot topic in this field. In this paper,a new reconstruction
method is proposed which is based on depth information and photometric stereo method to
optimize the reconstruction results. Firstly, the light source and normal vector information
are estimated using the depth map achieved by RGB-D camera. Then the cost function is
composed which includes depth information,normal information and smoothness constraint.
Finally,with some modification on the cost function,a satisfied 3D model of measured object
can be optimized by least square method. Compared with the traditional photometric stereo
method,our method is easier to realize,the overall deformation can be avoided and the details
of the measured object can be better preserved. Furthermore, with the help of color photo-
metric stereo,our method can realize the 3D reconstruction of dynamic non-rigid objects effi-
ciently. It is shown from the experimental that the method proposed can achieve a better re-
sult with low noise and more details than the depth data direct from RGB-D camera.

Key words: photometric stereo; RGB-D camera; 3D reconstruction
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Research and design of coding and modulation of CDR

digital broadcasting service description information

ZHANG Jun-tao, GUO Qiang

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

Abstract ; In this article,according to the FM band digital audio broadcasting system of the ra-
dio, film and television industry standards (GY/T268. 1-2013) , the service description infor-
mation coding and modulation subsystem of physical channel module is researched and de-
signed. Mainly studied the algorithm of channel coding. Using MATILAB/Simulink complete
service description information channel coding and modulation in the use of matrix interlea-
ver and the interleave module proposed in CDR standard were compared. Simulation results
show that the bit error rate of the interleave module proposed in CDR standard is less than
bit error rate of the matrix interleaver. The interleave module put forward by the standard
performance is superior,and it can be used in the frame length is longer.0 decoding commu-
nication system with high accuracy.provide reference for future research.

Key words: digital audio broadcasting in FM band; channel coding; interleaver
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Prediction and analysis of air quality index in heating
period based on GA-BP neural network

YANG Yun, YANG Yi

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

Abstract: Air quality index (AQI) is a non dimensional index to quantitatively describe the
condition of air quality,the forecast work helps to weaken or prevent the occurrence of seri-
ous air pollution incidents. According to the prediction of AQI in heating season,a prediction
method based on GA-BP is proposed in this paper. Using the monitoring data of Xi'an moni-
toring station as study object,a AQI prediction model based on BP neural network and a AQI
prediction model based on BP neural network optimized by the genetic algorithm are estab-
lished respectively,compare and analyze the predicted results of these two models. The re-
sults show that the generalization ability of GA-BP model are better than BP model,and the
simulation result is close to reality,has higher accuracy and precision.

Key words: air quality index (AQI) ; prediction; back propagation neural network; genetic al-

gorithm; optimization
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Research on measurement method of aircraft rivet

dimension based on distortion compensation

HU Jiang-tao, ZHANG Jun-tao, TANG Wei

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

710021, China)

Abstract; Aiming at the problem of low efficiency and accuracy of dimension measurement for
aircraft rivet, which did not meet the requirements of modern industry quick and precise
measurement, this paper put forward a kind of aircraft rivet dimension measurement way
based on machine vision. This method takes the CCD-array as optical sensors, designs suit-
able lighting conditions, uses the distortion compensation technology and combines the Ra-
don transform to realize accurate measurement for the aircraft rivet dimension. The experi-
mental results show that the method can realize the aircraft rivet online fast, high precision
measurement.

Key words: aircraft rivet; distortion compensation; Radon transform; dimension measure-

ment
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A mean value algorithm for circulant matrix completion

YU Li-feng', WANG Chuan-long®”

(1. School of Mathematical Science, Shanxi University, Taiyuan 030006, China; 2. Higher Education Key La-
boratory of Engineering Science Computing in Shanxi Province, Taiyuan Normal University, Taiyuan 030012,

China)

Abstract: We propose a mean algorithm to preserving the structure according to the special
structure of general low-rank complex circulant matrix and special low-rank real circulant
matrix. Firstly,we construct a low-rank circulant matrix; Secondly, the preserving structure
algorithm for the circulant matrix is proposed; Finally, the results are verified through nu-
merical experiments.

Key words: circulate matrix; matrix completion; algorithm; threshold
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The optimization research of multi-project portfolio risk based

on the complex network under the interaction effect

WANG Chong-yang, ZHENG Wei-wei” , LIU Chen

(School of Science, Xi'an Polytechnic University, Xi'an 710048, China)

Abstract: In order to research the multi-project portfolio risk optimizing with the interval in-
formation and interaction effect. Used the statistical characteristics of complex network to a-
nalysis the importance and position of the project in the portfolio network,and used the prob-
ability of the project success and the amount of contribution to the other project success to
optimize portfolio network, then constructed the interval multi-project portfolio risk optimi-
zation mode. According to the algorithm process, used the complex network software Gephi
and Matlab programming design the process, improve the efficiency of the algorithm and val-
idates the effectiveness of the method through the experiment.

Key words: project portfolio risk; interaction; complex network theory
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