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Effect of wet-hot calendering on the micro-structure
and properties of PPTA paper-based composite

LU Zhao-qing', HAO Yang', DING Wei’, ZHANG Mei-juan®

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

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

Abstract: In this study the change of micro-structure and prperties of PPTA paper-based
composite were investigated by scanning electron microscopy(SEM) ,automatic mercury po-
rosimeter (MIP) , X-ray diffraction(XRD) and other modern analytical instruments after wet-
hot calendering respectively. The results showed that compared to dry paper the propertise of
paper had a greatly improvement with the increasing of moisture content. The surface and the
evenness of paper became more smooth and uniform.,the internal structure of paper became
more closely as the porosity decreased by 57% when the moisture content is 120% ,the crys-
tallinity and internal bond strength (ILSS) of paper increased by 59. 39% and 57. 83% re-
spectively. So wet-hot calendering has a practical value to improve the mechanical strength
and electrical properties of PPTA paper.
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Effects of calcium silicate pigment on the physical
properties of colorful ink-jet printing paper

LIN Tao, ZOU Juan, YIN Xue-feng

(College of Bioresources Chemical and Materials Engineering, Shaanxi Province Key Laboratory of Papermak-

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

Abstract: There has obtained a kind of pigment which can be used for colorful ink-jet printing
paper with the properties of high specific surface area and high ink absorption performance
by ball-milling method. Furthermore, effects of various pigments, including two specialized
ink-jet paper pigments,on the physical properties of colorful ink-jet printing paper were com-
pared,as well as the various pigments were used alone or mixed together. In conclusion,cal-
cium silicate cooperates well with other pigments,and can be used as a pigment for colorful
ink-jet printing paper.

Key words: calcium silicate; pigment; colorful ink-jet printing paper
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MAK R T FEZDUSFERIE

KEE, 2 B, FAE

(BRPERHE R BRI 5 TR B, B W4 71002

W OE. 4k R4 4 & (Nanofibrillated Cellulose, NFC) 2 — #r#7 8 gy Kk & 4 £ M4, &
AT AT B, 2 EAIET B = NFC = S ay BT % ek @R R RS E A& S
M S RAA T AFTEM EREN R TRFEHIER, FE TG L LT LT
Vo, R A NFC Am2 kAP RELMBREN, TR XTS5 ML F RS AR
H 10~60 nm, B EFRTE5 L@ EXHEARRER A, NFC L @F R &, ERKNTF 5
BAEEMEMIF R EREH 31.6 pmol + g ' Zeta H—45 mV; kA @A A 35.79 m’/g;
PRARAL A 637.36% ; A K 6934 dh B A 59. 87%. 4 sh kg  XRD Fe #h &5 547 A 9
NFC 1348 X R4 oyt T 4 M fa st 5h & M 4F 5.

KBR:MRRAL fF; MBI HHFR

RESES:TQ352. 1 XEktRAERD: A

Physicochemical properties characterization of nanofibrillated cellulose

ZHANG Mei-yun, LIU Qiang., LI Jin-bao

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

Xi'an 710021, China)

Abstract: Nanofibrillated Cellulose (NFC), a new kind of nano-cellulose material exhibits
good application prospects in many fields. In the present work, microstructure, specific sur-
face area, water retention value,degree of polymerization,surface charge characteristics,dis-
persion stability,chemical structure, crystalline structure and thermogravimetric stability of
industrialized NFC were characterized. Results showed that NFC exhibited flexible filaments
and ribbon shape,the mean diameter of NFC was 10~60 nm,which differ from conventional
cellulose fiber. The specific surface area, water retention value, charge quantity,Zeta poten-
tial,degree of polymerization and crystallinity of NFC were 35. 79 m®/g, 637. 36%, 31. 6
pmol « g ', —45 mV,693 and 59. 87 % .respectively. NFC has an excellent dispersion stabili-
ty in aqueous suspension with negatively charged. XRD,FT-IR and TG results indicated that
NFC had the same chemical and crystalline structures with respect to conventional cellulose.

Key words: nanofibrillated cellulose; microstructure; physicochemical property
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B BET He 2 i AU 5 A% (35 [ 42 o0 3R B 2 i) 0B A7
L FZW
1.2.3 fRKME(WRV)
HERRFRI 0. 3 g (4 15O 3k, FH 400 HJE &
Do A7 A 2 5 FH R AL A B 100 mL ¥ RL B0
BN I TE B P I TS T W K T AR R L
T fe B ML O AR B 30 min, 538 4 000
r/min, BUH 2R 2 F € 61 5 a0 R = R .
RIGHEMAE P HET 6 h B &, #BIFA AR D
AR KA.
WRV =W, —W,)/W, X 100% D)
KO W, ELFBETE, W, AT
FRJE 4TI i g s WRY R IK(H.
1.2.4 REE
Z M GB/T1548-2004 M ELF XN R A,
1.2.5 rHikse
K NEFCEF A 2T 4 F i i K 21 4 53 53] i
W1 wt% B KB 100 mL, 8 S BB
TFRE T 100 mL S, #E 10 K, W45 A
() o0 1 R ML AF 4 K B TR W C R R oA
0. 67wt 5 N BE ] T AW, By 1 5ORHE # B 3 /2
e AR R
1.2.6 HLfar ko
(1) BH H fif 75 2K & (PCD)
K PCD-03 Ok B g 00 5 4SCHE 47 00 5 o BH Ha
i g SR A (2 T
q=V XC/W, (2
K@) .q HHBM TR K E, pmol « g7 '3V R
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FE ST FEAR METE AR TR L s C g b o 1A U H fifF 435
B .mol « L ', ZARSLE S 0. 001 mol » L™ '; Wt H
Y T FE L BT, g,

(2)Zeta HLf

2.5 g NFC(4t 1) 58 7K #i B 2 500
g. H1F NFC ReFE /N, B i i 78 0 & = P M)
MR — 2 e PSR AR L NFC B IF AR Zeta LT
D sk #2 rpow] DLPR 5 76 DU & % . SR Mititek
DFR-05 Zeta HLAZ I 3E (LI & NFC /) Zeta HL{L.
1.2.7 AFHEMHLLAM56E (FTIR) 430 #r

NFC % %18 5 1R A8 R 7 b 3. R 1
BRUKER 72 ] V70 #Ifd B A5 5 217 5F 5t 3% X
(FTIR) 43 # FF & 09 Ak 2 45 48, 9% K S Bl 400 ~
4000 ecm 'L HER N 4 em L.
1.2.8 X LA (XRD) 43 #r

KH H A B 2% D/max2200pe 1 A 3 X §F 2k
A1 B ASOR 3 E AT 4 45 A A B, 45 R A
MDI Jade5. 0 A4 X i 55 0 i 77 400 45 45 1.
1.2.9 TG 481

K F R A5 #53 B A 5 NFC 1y #4880 M RE.
WMSEWRBE 30 °C ~ 700 °C, FHiR B ZE K 10 K/
min, N, 50, Fii# o~ 50 mL/min.

2 #FR5TE

2.1 BT SR

NEC 7= 5 AN 16 58 i R 1 4 A 0 %
AN 1) FI (D Fra ,NFC % & R B AE I E &
JE AN 2T 4 Ak 5 T A0 22 R R0 IR S R N 4 2 L
M1 4, 248 DK 4 440 22 s AR ) EL AR 24 10 ~ 60
nm , H H A7 78 /D R KA 0y, 5 i K i
A LF 4 AR 1 Ca) FCh) B 290D SO B 25 IX ) %5
K. NFC B — A g oK 27 4 R M okE, AT R
MR AR L OB &t NFC HAT i K L 2%
[ AH.

) AR 4 (b) A ARL 4 (o) NFC (DNFC
Bl #fpvesH

2.2 k@M

BET 35 5 3 Fh 4 4 () b & AL & 1 fr
A U N2 i [ O NS B 2SO T S LY S ]
PR A AR B S ANl 1 Ca) R (D) TR 5 L
FTE UG K A NFC # b 3% 1 AU B b A 25 2 1)
17.12 4% R R R L 4E ) 16. 72 £5. 454 SEM K
RO BT AT LA B NEC 288 FE 2 5 5 DA e B2 40 21 4
b, oy 2z AR AR E R R L P NFC LR w5 3% 38
FHW LT e A B F ) 22 85, Siqueira S50 90 45 iy &1
PR A% ) MFC Byl R H 8 50 m* « g ', B
FZORORTE 7 ik A H AR ZE 8% Tkt MFC
MR mE AN 28 m* « g ' (BET #) 1 35 m® «
g A FURHRI G A T Bk B AN [R] 2 NFC 41
LT YA AR BN ], DR O G b 2% 1 R AR A K 25 5
NFC # KA L 2 1 AT i L 7E ) &5 2R 4E 3R 2 A M
Bl 4% I Ty R A RIS 2 A R I 25 S, 0 A
e R I 2T 4 3R B A A R R A B Y L
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URE AN 2 NFC R 2 4 [id] I AR £ 2
Hﬁi’%ﬁ*ﬂ 35.79 2.09 2. 14
/(m? e g )
2.3 FRAKME

# 2 4 NFCEF A L K R K £ 4 1 42 7K
. 222 ATLLAE W NFC B 45 7K (1 3T & T3 58 2F
Ye KT 4, B ITHE 38 °SR & KL 49 3. 15
5 AT E 40 “SR R KR4 3. 02 £i5. 456
SEM Fil kb & 1 B4 A7 7] DL &2 8. NFC 9 40 21 4 1k
oy 22w AR BE R, 3R ¥, lE R TR K, %
[E=RCE A Oh =S =F WSl XY/ (RPN

% 2 NFC.$TH AR @M KT EHRAKE

BN EFUIES NFC I A £ 4 [ L N4
FRKAE/ % 637. 36 202. 17 210. 79
2.4 HEOHE

it — B NFC 787K A 5 5 40 8Ot
NEC A5 4 F i i AR £F 2 e R 1wt 26 17K
BRI S S R E 10 KSR 3 Fh AR 4
BRI RaE . 45 R KB, AR R AR K 2T 4
BVEWEE 30 min i R B0 A U R 4 2 B
%0 NFC BRI FFE 10 RARR R 21043
RACNE 2 i), S NFC 76 K oY 43 BUR E
{6y i 1) 7 N2 S I R 7 N2 o < T E IR G
NFC i s v B3 31 5 %0 K88 B 1 B9 o sk
FEME. Xt — A LB NFC 782 & 4 kg 8 v o
Gy Y95 o3 B B MRS R ) 3 A1 M. NFC 2Z BT A
KI8T RSN REAHE XK
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1AM R EF4E 2. NFC 3 i 1t A £F 4t
(OB E 10 d ATTIFEYE (b FRE 10 d 5 DU
B2 #3ZE10dW. &k

2.5 WwATERA

KIRLF A R 5 A WH I TR 5L TR i 2 5 i 5
2z BE AT PR A K A B ep A A i K 2F 4E 3R
I 35 2 L PCD A 3 b AS 6] £F 4 11 FH H
farms SR AN 3 o, NFC fE 7K Aot 5 3 6 d e
B2, NFC Y FH H, far 75 5K 3 K T8 1K 2F 2 Fi
Fal AR LR Y R AT R R 27, 0 4% L [ i K £ 4
) 21. 21 f% s NFC #Y Zeta HLAL N —45.0 mV, 24
MERLF 4R 12. 16 £, KL 4809 10 £5. NFC
IR R, R RS ER LT, 15
AR Aoy B AR R AR OK A 5 P 2 24 [a) H ey HE
JF AR ME DL 2R, 0 RE 3R B0 I S 09 3 I R
R k. e Ah B R & B B R B NFC 21 24 ]
ALARE =i R NSRS g b S s T N W
B DL T R Y 2 1 e MR S T AR R AL T R
9 8 FH i 5.

% 3 NFC,$T /K K i3 K £F 45 09 BB 17 M JR

S K PR F, 77 75 K = Zeta B
/(pmol » g~ 1) /mV
NFC 31.6 —45.0
[RL N 1.17 —3.7
Jid] A 1.49 —4.5
2.6 RAE

24 T LLE L, NFC B 34 B K T 41 A
£F 4 FN A 0 R 21 4 L B NFC 78 il 2 o B2 o AL AR A
A 27 4 PR NFC ) R & . Zimmermann
25DV S SR B TR SE I MFC Ay 825, 15 T
SIS 693, T fig Y 5t PRl R DRk 328 RN L A
It AR AL A AL SRR B DL N e R BT R O [ 3K

x4 NFC.HMARAMAKALNREE

I FERN 2 NFC i R £ 4 ] - A 2T 2
RE B 693 978 838

2.7 FTIR »#
Kl 3 b NFC 5 £ mf K 27 4 | & ik oK £F 48 1)
FTIR 73 #r . m & 3 7] LAFE H, = Fh 41 4 i 21 4

T AE W i g e R ORT AV BV R I B 25 L RD R
NEFC 7l 83k 75 v Ak 27 b 370 25 1R 340 3 0 10 A 5k
FHERAFLEM R AL, 2 900 em ' Ab 1 1% Wi i Ky
C—H XFARP4 IR 3 WY 1% .1 647 cm "Ab Ry C=
O A 4 % s e Wi, 76 1 100 em ' b K Fff i —
LB 55 1 I W £F Y B E ) C— O i 45 4 3 )
Wt HFE 3 347 em AR NFC Ay W I 58 7 B
(TN = VA 2 o7 N2 S o N2 o T s e
OH i 45 e s Wl 06 L 5B NFC B3k & B s,
I8 R T T A R R R ARG A5 AR 13K 2
I 3 AT S IE . = R AR B NFC 3% i 2
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4 o3 RS PR

|
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® c— stk
R
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4000 3000 2000 1000 0
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blO 501
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FF 458 1R 405 W B ) NFC BLAg AR X 458 R B0 1 245 44
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mV; LR R 35.79 m* /g 1Kl 637,36 % ;
BEE N 693,45 T E N 59. 87%. L AN . XRD
FIIEE S AT 6 B NFC A9 1k 2 25 0 R4 i 25 #4734
T I BREF 2 30 o5 o (EL 45 i B AR K, 3% T i B e 3
WiZ  NFC [ B 1) b 3 R A 45 & ik A 2F
S e R T v, A R L e T L i
BRI R A oy ok AR b e L e S
PERELT 4 Z I8 A b R0 B AT T R Y R A i

=N
L.

2% Uk

[1] Turbak A F,Snyder F W,Sandberg K R. Microfibrillated cel-
lulose,a new cellulose product: Properties, uses,and commeri-
cial potential [ J]. J. Appl. Polym. Sci: Appl. Polym. Symp,
1983,37:815-827.

[27] Herrick F W, Casebier R L, Hamilton J K. Microfibrillated
cellulose: Morphology and accessibility [ ] ]. J. Appl. Polym.
Sci: Appl. Polym. Symp,1983:37:797-813.

[3] Andresen M, Stenstad P, Moretro T, et al. Nonleaching
antimicrobial films prepared from surface-modified micro-
fibrillated cellulose[ ] ]. Biomacromolecules, 2007, 8 (7) :
2 149-2 155.

[4] Lavoine N G,C Tabary, N Desloges,et al. Elaboration of a
new antibacterial bio-nano-material for food-packaging by
synergistic action of cyclodextrin and microfibrillated cel-
lulose[ J . Innovative Food Science & Emerging Technolo-
gies,2014,26(12) :330-340.

[5] Rodionova G L, M Eriksen, O Gregersen. Surface chemical
modification of microfibrillated cellulose: Improvement of
barrier properties for packaging applications [ ] ]. Cellu-
lose,2011,18(1):127-134.

[6] Siqueira G, Bras J, Dufresne A. New process of chemical
grafting of cellulose nanoparticles with a long chain isocy-
anate[J]. Langmuir,2010,26(1) :402-411.

[7] Nathalie Lavoine, Clara Givord, Nicolas Tabary., et al. E-
laboration of a new antibacterial bio-nano-material for
food-packaging by synergistic action of cyclodextrin and
microfibrillated cellulose[ ]]. Innovative Food Science and
Emerging Technologies,2014,26:330-340.

[8] Martin Andresen, Per Stenstad, Trond Moretrg. Nonleach-

ing antimicrobial films prepared from surfacemodified mi-



% 6 39

K3 B4 AR R AL 2T 2 R W) AR R AE + 19 -

crofibrillated cellulose [ J ]. Biomacromolecules, 2007, 8
2 149-2 155.

[97] A Lopez Rubio.] M Lagaron,M Ankerfors. Enhanced film
forming and film properties of amylopectin using micro-fi-
brillated cellulose[ J]. Carbohydrate Polymers, 2007, 68
718-727.

[10] Jue Lu, Tao Wang. Lawrence T Drzal. Preparation and
properties of microfibrillated cellulose polyvinyl alcohol
composite materials[ J]. Composites,2008,39;:738-746.

(1170 (B R R R E R 1) g 2 5 & MR R AR E
BHaxAiIMI. db st o E R R4 ik L 1995,

(120 VOV S, B0 A ., 45, AH WD IR LT Tl 27 48 25 0 i 4%
K PERERT Tk R L], i AR BT 5. 2012, 25(2) : 46-
50.

[13]#& 6.2 f,Chul B. Park. #Ilfi5# scCO, #l # i 4T
T4 R/ R OB & MWL) L L%,
2014,65(9):221-225.

[14] 7 2. T AT 4 R i 4R o 5 B B FOoR i oF e (D] .
PH2E BRPY R R, 2014,

[15] ¥ . M £ difb 4 M. 3 AR, Jb5C . o B 4% Tl s iR

[11] xR 3R 2E 2 BB % . X 37 35 28 4% 10 20 158 46 T 43 47 7
B0 EE4E,2013,32(11) :27-31.

[12] 4 B, WIJF4. 2T MATLAB 80 (0 4% 5K 53 5 20 M 7
B0, B THLAE.2010,28(3) ; 82-85.

[13] IR B, ZE %038 . a5 /NI, LB SR X BBk W % & & kL 1
2EPERERY S m )], AR TR, 2005(9) :56-58.

[14] Moura M J, Ferreira P J, Figueiredo M M. Mercury intru-
sion poro-simetry in pulp and paper technology[]]. Pow-
der Technol,2005,160:61-66.

(157 9kE =0T WL B0 . 4. 4RI ML 45 40 A Al 1 R AE
] EwaFH R RS TR ,2015,31(4):96-101.

[16] BURE , JREMNG . EME e . 5. 570 4F 4 / AFR B AR & 4 4
el R 4 T R R R (. BRI/ B AR RE. 2011(4) »

#t,2011.

[16] Zimmermann T, Bordeanu N, Strub E. Properties of
nanofibrillated cellulose from different raw materials
and its reinforcement potential[ J]. Carbohydrate Poly-
mers,2010,79(4) .1 086-1 093.

(171 & s, B vl V8 R GEF b 2F 4 % 00 il o K2
(). A2k’ . 2014,26(10) .1 752-1 762.

[18] Alemdar A, Sain M. Biocomposites form wheat straw
nanofibers: Morphology,thermal and mechanical proper-
ties[J]. Compos. Sci. Technol. ,2008,68(2) :557-565.

[19] Siqueira G,Bras J,Dufresne A. Luffa cylindrica as a lig-
nocellulosic source of fiber, microfibrillated cellulose and
cellulose nanocrystals[]]. Bioresources, 2010,5(2);727-
740.

[20] Heux L,Dinand E, Vignon M. R. Structural aspects in ul-
trathin cellulose microfibrils followed by 13C CP-MAS
NMR[]]. Carbohydrate Polymers.1999,40(2) :115-124.

[(REHE K E£]

AUEANEA AN LA LAt Eat at Ll Lal al bal Lal al al Lol Lol Yol Lal Lal £alt Lal Lal Lol Lol Yal Yal £al £at al at Lol £al Yal £al YAl al Lal Ll Lol Lol K al Lal Fal Lal al fal al ¥al Y
s A5
(k3% 6 1)

3-8.

[177 JRaRR 403 PR B A WA (2 [T, R E 75 40, 1986 (2) :
54-58.

(18] W %, AR DTy 2540 5 PE B LM . db st b 52 Tl il
11,2006.

(197 B A MR T3 L B 75 S 4T 3% v 3 S 22 05 3K 4R 0t 40 30
HU K AE 1 W A8 By 5w [T, o 4R, 1992(2) : 26+
30.

[20] EJEM, T HWGZHR 5. 7 24 4045 10 M Rl S OH %t i s
FizEvERE M2 m ). T Re A kL, 2013, 44 (15): 2 184-
2 187,2 192.

[REHE - HFILRF]



¥34%E 6
2016 4F 12 A

ReaBBEIE SR Vol. 34 No. 6

Journal of Shaanxi University of Science & Technology Dec. 2016

*

XEHS:1000-5811(2016)06-0020-04

MERENTRZESRIEENZIT

kER, EmaE, 3 4E, F

(BRPERHE R B TR 5 TR B BRIV EACOAR R AE A AU T R BT S BRI 742 710021)

 OE AR L S e A KSR AT M AR E A8 A BB T T A 35 4 AR PR AR R R 64 9]
B, R R POD(E-1,3,4-%8 Zwd) fEdn ¢ A 045 S5 IR AT T SR 20 B & 3 M AL 55 46 B 4 4K
KA EFEMESEM) X HEMFTHNXRD) SO T FL LG RERRARXERE TRG
FEEM AR E L EG T A TREREN S IO RAETBR TR ST LS R 4%
Z AT AER RKZR A ARG AL, SFE R E 5 (TGA) R AEF 4 5 A 4K
By mt M AE. R A B RJEIRE A 280 CH L AIKILIKISH A 95.9 Nem « g ', ERAE
H18.6 kV e mm ', 45 dh E A 36.00%. LR R E ok 45 AE A R E L SRR A R R R A
M Fod SR, T A AR SRR E A 421.6 °C,780 CHERBHR LA 47.9% . F %
FA R B A R P AR

KR :POD 42 bn2f 4 AR ITAT 4 Y5 AR SWIKIRE; & A4

FESES TS712 MHEkARERRD: A

Effect of hot-pressing temperature on the properties
of aramid compound paper

ZHANG Su-feng, LI Peng-hui, LIU Yuan, LEI Dan

(College of Bioresources Chemical and Materials Engineering, Shaanxi Province Key Laboratory of Papermak-

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

Abstract: Due to the rich properties of meta-aramid paper in low-end application field and
lower mechanical performance of the domestic, high performance aramid compound paper
was prepared by mixing POD (poly (1, 3, 4-oxadiazole)) chopped fibers with meta-aramid
fibrids. The interfacial bonding properties of aramid compound paper and the varied crystal-
linity under different temperature were characterized by scanning electron microscopy
(SEM) and X-ray diffraction (XRD). The effect of hot-pressing temperature on chopped fi-
ber and fibrids interactions, paper strength and electrical properties was clarified. The heat
resistance of aramid compound paper was also examined by thermogravimetric (TGA). The
results show that;when the paper was hot pressed at 280 C (15 MPa,8 min) , maximum ten-
sile index of 95.9 N e m * g~ ',a compressive strength of 18. 6 kV « mm™!, crystalline of
36.00%. The bonding between chopped fibers and fibrids are significantly improved, and
better strength and electrical performance is shown. The aramid compound paper has good

heat-resistant performance. The initial decomposition temperature is 421. 6 C ,and the mass

» WrFs B H#:2016-08-20
HEEWMB P AR TR S Z 003 TR T H (2015 KTCQ01-44)
EHE BN IR RINA972—) 2, WP PR #0852 W4 A58 07 1) - £ 4 S D B A4 Rt
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loss is 47. 9% at 780 C.

Key words: POD chopped fibers; meta-aramid fibrids; hot-pressing; tensile strength; electri-

cal property
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F5 TR -1,3, 4- 18 . (POD) £F 4 15 52 18
4 R ITH AR A Y P R R T 5 A
55 1 5 43 F MR o T I RE BOR R 50 g
B N HED L (A5 K o 155 2 W R 2 4
POD Z£F 4 FLA7 0 5 1 5 B L T 40 1k [ 0 fot R B
520 °C (75 T 18] 7 55 28 2F 4 M 55 4 27 48) ] 46 %
PEAE 7 38 TR AT S | [ B S S AR A
R IO O

1% 58 1) 42 55 7 T 5 Mk e A2 ol [0 437 5 28 21 4
557 5 48 UM 28 48 B i & 2 v A8 g 1oz FH 00 dsl e
RE P K. TR 24 £F 2 15 o AN TR 1 B 07 40 4 # $2 41t T
AR TR 25 4k i 28 18 mT AR FH PR FROE 2, /)
AN T B8 1 1 4 1) TR 4 A ] 4 B 19 A W] LA R
HEFYE IR 2% IR AR AT AT BE S AR R T — £
Y FRTR AR KN - I T 2 4 4 4 7 A 1) 38 3 5 9 ) 1
FHEO L SR PR 2 27 2 15 1 2% & MR RE RS i 2 5 & M
B, E NS R I R & TAE L AR XHE 2 £F
el s e H AR TR, mFIRMG AR S %
UUMTET 4 A8 F [ DR 45 4 o X 0L D) &7 4k 2 1) 25 8
I — S B T B B T B R A Y e A AR
AT R 225 R 25 5 B AR T A8 110 S k.

ARICRH POD %Y 4 4 5 8] {57 UUAT 25 4k 1R
F il % R BE Y 8 A A0, BT T AR TR Xt
POD £ 455 4 2 & 404 A R 3 #2 v POD U £F
Y 5T HT £ 2 22 18] B AR AR FH S DA SR RS S50k 25
R 52 . SRy 07 40 AR e BERHT R DR I RV R 5 2 —
A 5% 25 S

1 SRIEER4SY

1.1 s%=3EH

POD %1 47 4 (3~5 mm) , 0] {37 5 4 Ui AT £F
He(2~4 mm) , B 5 22 0 A BR A "l 4L o
B R AL 2/ (PEO)Y . i K (R A ¥ 400
JT .7 A
1.2 SHAE

[ ERNSTHAAGE BBS-3 4% vt il JE 2% 5 h
5 XLB400 X400 X 2 Pt ftHl; H A JEOLJSM-
6400 4 LT (SEMD 5 i [ CS2672D 4= %k I Mif

JEI 3 Y s 75 F NETZSCHSTA-409PCA [a] 25 #4
SAHEAL s H AR B2 D/max2200PC ® H 3 X S A7
FHY(XRD).
1.3 SZ%BH*k
1.3.1 JF@ 8 a4 %

¥ POD K2 U 25 4t 5 [a] 37 05 28 DU AT 21 48 L) i
W4 6 BB, 43850 PEO BN 4t0. 06 %
W48 T 2R 4 i i) L 40K 2 | 100 g/m*. HRE A
YRR ARAE AR B AE B L AT A SRR 240 °C
~290 °C, #EmE] 8 min, BEJE S 15 MPa.
1.3.2 54 E AU SEM M

Btk T 105 CFEZS T8 4 h, B4 A
J&i 2K JEOLJSM-6400 &1 4 | 455 % #4% 5 1Y
J5 A ARHEAT LSS I L R Ry 10 KV, 28 ] 43 B R
H0.15 pm /18 K/N K 1 000X 804 %K.
1.3.3 FLEHEHK XRD 4-#7

K B A 2% D/max2200PC [ 3h X §f £k
ATHH A R 40 kVL, 8 40 mA, HIFHE 8 °/
min. & K 53 032, B MdiJade 37E%F X 5
AT R G T 22 W 432, 38 I 45 i G TR 2 R
Bk DL TH B AR B 2
1.3.4 FHHEEUH TGA /¥

M AL S R H7EE NETZSCHSTA
~409PCA [a] 25 #4 43 H A g H B Pk RE , W [m] B 3K
MR AE S B TG F1 DSC i k. 3k 45 18 o == 4
B LA OE. W B N Z R T3 800 °C, TR
220 °C/min, R HE AL Ji# 60 mL/min.
1.3.5 J54 5 A 40 H M RE I &

T4 4% 28 Fe YR 1 VR A B L AR ARSI 1 [ 5K
P E D 5 JEE B B K oA R A5 ) B BB 5 T s iR B AR
P 25 A6 S5 AR 2 ASTM D149 JE4710 %E .
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Study on technology of paper sludge backfilling into paper web

HAN Qing, RUAN Xiu-juan, ZHANG Tuo

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

Xi'an 710021, China)

Abstract: The backfilling performance of paper sludge was studied in this paper. In this
process,terminal sludge generated in papermaking wastewater treatment process was used as
filler and enzymatic conversion starch and sodium carboxymethyl cellulose were used as
strengthening agent. The results showed that adding sludge into paper web would be helpful
to improve physical strength index of paper and a strong physical strength can be obtained
when the addition of the sludge was 5. 0%. When the loading of the sludge was 5. 0% in in-
terlayer filling process,a better effect can be obtained to use sodium carboxymethyl cellulose
than to use enzymatic conversion starch and the appropriate amount of sodium carboxymeth-
yl cellulose should be 4. 0% (on oven dry sludge weight). Observing the distribution of the
sludge particles in the surface and Z-direction structure of the paper by the SEM showed that
most sludge particles were retained on the surface or interlayer of the paper and forming a
concentrated layer.

Key words: paper sludge; paper web backfill; physical strength; resource utilization
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Fly ash/coal gangue fiber surface modification
and its influence on paper properties

SU Xiu-xia, GUO Wen, LV Meng-yi

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

Abstract: In this paper,starch as the main raw material,initiated by hydrogen peroxide, sodi-
um bisulfite, and styrene and butyl acrylate graft copolymer synthesise a kind of inorganic fi-
ber reinforcing agent, for fly ash/coal gangue on the surface of fiber reinforced modified.
Changes of fly ash/coal gangue fiber's disadvantages of rigidity, brittleness and easy-break-
ing. The effect of the amount of reinforcing modifier,strengthening modification time and the
modified temperature on the fly ash/coal gangue fiber reinforced modification was studied.
Sifting through the fiber rate,physical properties of the fibers with a copy of the paper fiber
modified to assess the effect. The results showed that the optimum conditions for the en-
hancement of modification were as follows: the dosage of modifier was 15% , the modified
temperature was 90 °C ,and the modification time was 1.5 h. The surface morphology of the
modified fibers were characterized by scanning electron microscopy(SEM).

Key words: fly ash/coal gangue fibers; starch; surface enhanced modified
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Synthesis and application performance of polyurethane
chrome tanning agent for cutting down pickling

QIANG Xi-huai', LIU Ai-zhen®*, XU Wei', CHEN Xing-xing', LI Ya-min'

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

Abstract: The polyurethane tanning agent was synthesized with 3-isocyanatomethyl-3, 5, 5-
trimethyl-cy clohexyl isocyanate (IPDI) and N-methyl diethanolamine (MDEA), and then
blocked by aliphatic alcohol ether (O-10). Polymerization reaction and blocking reaction in
this systerm were confirmed by the FT-IR test. When applied this polyurethane tanning a-
gent into non-pickling chrome tanning of the middle and later process, the results showed
that when the consumption of this polyurethane tanning agent was 3% ,the Ts of wet-blue
leather was up to the 114. 1 C,chromiumcontent in the waste liquid was low to 1. 96 g/L.
The Ts of wet-blue leather was decreased significant-ly after disposing by sulphuric acid and
sodium chloride,but slightly increased after disposing by sodium carbonate. Compared with
conventional non-pickling chrome tanning,chromium content in the wet-blue leather auxilia-
ry tanned increased, and uniformly distributed, there was no obvious difference in the fiber

dispersion degree of wet-blue leather observed by scanning electron microscope.
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Study on restraining pickling pelts swelling used by several sulfoacid

CHEN Xing-xing, ZHANG Hui, QIANG Xi-huai, XU Wei,
WANG Ya-hui, TONG Chen-bo

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

Xi'an 710021, China)

Abstract : 5-sulfosalicylic acid, methyl benzene sulfonic acid, taurine, dodecyl sulfonic acid, a-
mino sulfonic acid, aniline-2, 5-double sulfonic acid were used as low-salt pickling agent re-
spectively. Results showed that: restraining swelling performance of 5-sulfosalicylic acid and
aniline-2,5-double sulfonic acid is significant on the dosage of sulfonic acid is 3% based on
limed weight and the swelling degree were 3. 1% and 6. 5% ,respectively;swelling of pickling
pelts can be completely restrained on the both dosage of 5-sulfosalicylic acid and aniline-2, 5-
double sulfonic acid is 3. 5. When 2% aniline-2,5-double sulfonic acid was compound with 2.
5% synthetic tanning agent used for pickling process,the pelts was not swelling. Compared
with the conventional pickle-chrome tanning, only 3. 5% aniline-2,5- double sulfonic acid or
2% aniline-2,5-double sulfonic acid compound with 2. 5% synthetic tanning agent were used
to pickling tanning process,this process completely removes the use of salt,fiber dispersion
state of wet-blue leather cross-section and mechanical properties of had little changed.

Key words: pickling; pickling without salt; cleaner chrome tanning; tanning; acid swelling
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Preparation and characterization of MgAl,O, spinel
as catalyst support

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

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

Abstract: The magnesium aluminate spinel catalyst carriar were synthesized by a coprecipita-
tion and hydrothermal method, using sodium aluminate and magnesium hydroxide as the raw
materials. The samples were characterized by XRD, SEM, TG-DSC, and N, adsorption-de-
sorption isotherms to study the effect of hydrothermal and sintering temperatures on the
structures and properties of magnesium aluminate spinel. The results showed that the pre-
cursor is mainly magnesium aluminum hydroxyl compounds after coprecipitation and hydro-
thermal procedures. The good flake skeletal structure is formed by hydrothermal time of 24
h. The final magnesium aluminate spinel has well-crystalline mesoporous structure. Witnin
experimental range,the promoted crystalline skeleton structure was formed at 600 “C. And
with the increment of calcination temperature,the XRD diffraction peak intensity of samples
increased gradually and the flake skeletal structure was improved. When the sintering tem-
perature was above 900 “C,the skeleton structure of magnesium aluminate spinel collapses.
So the best sintering temperature is 800 ‘C for magnesium aluminate spinel catalyst carriar.

Key words: magnesium aluminate spinel; catalyst support; hydrothermal method
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Effect of Ga on the dissolving properties of AI-Mg-Sn-Ga alloy

ZHU Jian-feng', YANG Bo', RAN Yun-fei®,
JIAN Fei-long®, HOU Xiao-jiang' , GOU Yong-ni'

(1. School of Materials Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Machinery Manufacture Plant, Changqing Oilfield Company, Xi’an 710201, China)

Abstract: A series of Al-Mg-Sn-Ga dissolved alloys with different contents of Ga have been
prepared by high temperature melting method and the effect of Ga on the microstructure and
dissolving properties are investigated detailed. The phase compositions and microstructures
of the prepared samples were characterized by the means of XRD (X-ray diffraction), BSE
(Back scattered Electron Imaging) and EDS (Energy dispersive X-Ray spectroscopy). The
relationship between the solution temperature and the dissolution rate is discussed and the
phase compositions of reaction products during different stages are analyzed. The dissolve
mechanism of the soluble aluminum alloy is explored. The related results show that the ma-
trix phase and the second phase for dissolved aluminum alloy are Al(Ga) solid solution and
Mg, Sn metallic compounds, respectively. With the increasing of Ga content, the dissolution
reaction temperature is reduced. When the content of Ga is less than 1 wt% ,the aluminum

alloy cannot dissolve at 90 ‘C. The dissolution kinetics of aluminum alloys obey the Arrhe-
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nius equation,namely the Ink is linear with 1/T. The main final and intermediate products of

the reaction for aluminum and water are AICOH); and AIOOH, respectively. The mechanism

of the dissolution reaction is small galvanic cell in local area and wherein the Al(Ga) solid so-

lution is taken as the anode and the second phase of the original Mg,Sn is regarded as and

cathode of the cells.

Key words: soluble aluminum alloy; microstructure; soluble mechanism
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Study on the mechanism modulation of Sr,MgSi,0,
base phosphor activated by Ce** and Tbh**

NING Qing-ju, LIU Bo, QIAO Chang-jun, CAO Shu-yao,
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Abstract: Sr; MgSi, O; : 2Ce®" , yTbh*" phosphor was separately synthesized by microwave-as-
sisted gel-combustion method. The structure and spectrum properties were characterized by
therrmogravimetric differential scanning calorimeter (TG-DSC), X-ray diffraction (XRD)
and photoluminescence and photoluminescence excitation (PL-PLE) spectrum, respectively.
The results reveal that, by using microwave-assisted gel-combustion method, Sr, MgSi, O; :
xCe*" ,yTbh*" phosphor can be synthesized under lower 700 °C when compared with the tra-
ditional solid-state method. Under 365nm ultraviolet excitation, because energy transfer oc-
curs between Ce*" and Tb*" ions,Sr, MgSi, O; :xCe®*" , yTh*" phosphor exhibits a series of e-
mission peaks. The maximum peak locate in the vicinity of 380 nm and 545 nm. By properly

tuning the relative composition of Ce’" /Th*" (x/y) through the principle of energy transfer,
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the varied emitted colors from blue through cyan (greenish-blue) and the color coordinates

from (0. 163 9,0. 059 1) to (0. 323 0,0.461 1). These results suggest that our developed

Sr,MgSi, O; :2Ce®" ,yTh*" phosphors have potential applications as color-tunable phosphor-

converted materials for ultraviolet light-emitting diodes.

Key words: gel-combustion method; Sr, MgSi, O;; co-activated; phosphor
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Preparation and mechanical properties of wollastonite glass-ceramics

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

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

Abstract ; Wollastonite glass-ceramics were prepared with waste crystal glass as main raw ma-
terials,CaO, Al, O, ,Zn0O and colorants added as auxiliary materials by melting crystallization
method. Influence of the crystallization temperature,CaO and Al, O, content on the structure
and properties were characterized by DSC, XRD and SEM. The results showed that waste
crystal glass is added to 62 wt%, the optimal crystallization temperature is 905 °C , main
phase of glass-ceramics is wollastonite (CaSiO;) and flexural strength is 65 MPa. With the
increased of CaQ),glass-ceramic bulk density and flexural strength increased,we got the max-
imum value when CaO is added to 21 wt% ; With AL, O; content increased,bulk density and
flexural strength of glass-ceramic decreased, the optimal point we could get when Al, O; is
added to 7 wt%.

Key words: glass-ceramics; wollastonite; crystallization; mechanical property
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Si0, faZk Ag-TiO, JP&E R ELF
B & & KR R

R, KEW, BHiT4E

(BRPERHE K% b2 ST B B HRA Tk SR AT AR =, By /52 71002D)

W B AKBRTEEANRR EER OB NAR HBREA Ag R, RAEKR-BIREHE Agh
# TiO, A &RABEALF x% Ag-Ti0,/Si0, (x=0.5~3.0). i@ & X H L4754 (XRD) . % & 4t 42
4% w45 (FE-SEM) \#& 4t & F 4% (TEM) F 2 rb2r sh £ AU(FT-IR) X S & b & F k%
(XPS) % 5h-7T - 4r Sh R S xF AR it 47 7 A4, A F -9 B(Rh B) A7 40, £ T L
KBHTHRET Ag B L ETERA LB Ha, FRERAM,EFT Ag b
Ag-TiO, F @AM AR EFA R L RINMBKETFTHER EHFE TIO, PHRGEF=RSHA
A BN IR SRR 8 B . SIO, MBI AA AT TIO, Sk WA P58 5. A
g H TR GAR AmIEIRT REAAGRMAE S, mE Y S0, 5 TiO, ¥R %
WA 1:10 —Z, Ag#H 23 H 1.0% e E AL B %4, 5kt vl Rh B AR 305 L 4p
ATHERE, 23t 105 min T LR BB 4T, M F ik %) 99.5%.

K Ag B % TiO,; SiO,; BEIR-BIR % ; LERK R

FESES:0643.367 1 NHERERL: A

Study on the photodegragradation properties and
preparation of silica supported Ag-TiO,

FAN Guo-dong, ZHANG Guo-xian, FENG Xin-yu

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

na)

Abstract : Silica supported silver doped titanium dioxide particles were synthesized by sol-gel
method using titanium tetra isopropoxide as the titanium source. Ag doping TiO, using Ag-
NO; as the Ag source. The structure and physical properties of Ag-Ti0O,/SiO, particles are
characterized by field-emission scanning electron microscopy(FE-SEM) ,fourier transform in-
frared spectroscopy (FT-IR), X-ray diffraction (XRD), transmission electron microscopy
(TEM), X-ray photoelectron spectra (XPS), cary series UV-Vis -NIR Spectrophotometer.
Photocatalytic properties of the different amount of the Ag doped has been investigated for
the degradation of rhodamine B (Rh B). The result show when the quality of titanium and
silicon was constant, Ag doping significantly enhanced the photodegradation activity under

visible light irradiation result from the schottky barrier formed at the Ag-TiO, interface,

x WrFs B H#I:2016-10-19
EETIR P& AT R 4 R0 H (2014K08-12) 5 B 7T 44 #0555 90 86 = BHIF XI55 H (14]S015)
TEE BN S EMR 1964 ), 5, I AT #8082 WA R 58 07 1) - G AL 64 et
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which serve as the electron trap,facilitating the separation of electrons and holes. Compared

with TiO, ,introduction of SiO, effectively inhibit the aggregation of particles thus enhance

the adsorption capacity of the photocatalyst. And the best catalytic performance obtained

through the mass ratio of silicon and titanium was 10% ,and the doping mass of Agis 1.0%.

After 105 min visible light irradiation,the degradation rate of Rh b reached 99. 5%.

Key words: silver doped titania; silica dioxide; sol-gel method; photocatalytic degradation
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M5 ILEM. 530 Co,O, th R F AWM E @A 61.89 m® « g . 3L Co O, hRHFHEAH
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Synthesis and properties of porous Co; O, nanofiber

LI Cui-yan, GONG Qin-gin, WANG Xing, ZHANG Zhi-cheng, LIU Qi, WANG Shuai

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

Abstract: Porous Co; O, nanofibers were synthesized by a microwave hydrothermal combining
thermal treatment. The phase and microstructure of the Co; O, nanofibers were analyzed by
XRD,SEM and TEM. The specific surface area and pore size distribution of the Co; O, nano-
fibers were obtained from BET nitrogen adsorption isotherm measurement. Results show
that the Co; O, nanofibers were 40~70 nm in diameter and 2~4 gm in length. which were
constructed by nano particles with a size of 20 nm. The specific surface area of the Co;0,
nanofibers was about 61. 89 m® « g '. The Co; O, nanofibers exhibit high specific capacity.
The reversible capacity present 856,763,695,598,502,382 mAh * g~ ! when the charge cur-
rent density is 100,200,500,800,1 000,2 000 mA « g ', respectively. When current density
decrease to 100 mA « g~',the reversible capacity is about 850 mAh + g~'. It is indicated that
Co; O, nanofibers has high rate capacity and good cyclic reversibility.

Key words: Cobalt oxide; microwave hydrothermal; porous nanofiber; specific capacity
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LR 372 mAh « g DU URE S P e, B
it 3ok 70 5 H RE F7 22 L e DL R LR L iR A F B A
SRR @ I = S = S e R e R
KB B A B £ B R LiCoO,. A A 7% Li-
CoO, Hy K i R H 09 &5 I8 £ 24 Co, O, ., Co-
CO; .CoC, O, .Co(OH), %, HH Co, O, 1ENH IR
B T A TP A = i e R L R 5
B LiCoO, A/~ Z ¥ ik >k . Co; O, H IR
Fezs i 890 mAh « g ' A B 2.5 £, %
FENA R 3 A BB A B WA 80 7.5 %,
AR R4 /N R A B L 19 R R LAk 2 P B R
SE . N FRARY 2h ) AR T L T A A R — T

ANTR) A ) 25 O 1 A9 B OR [R B SR 45 R 1Y
Cos O, , I XTI #AL 2= PE B AT 35 1952 1. Wang
LRI gE Fe B BA SR ZE R 1 Co, O A KB 40k 2% |
YK B A% G N7 D7 S5 R RN T AR 2544 1) Co, O,
FHH T A AR A A R L RS B
B RE T B AT 45 Co, O, 2t 75 H 8 . Yan
IR Kirkendall UM ST 45.1 m? » g 'k
R Co, O, 250 48K BRVE iy 41 B8 - L 1t b1
B, B 551025 mAh « ¢ ' IA . BT RS
A RH Cos O, WRETIRIA Cos[Co(CN)4 1, » nH, O
Az S i Y B OR[N B T 25045
4.

Xia %19 F) FH Seed-mediated 3 7€ 30 3K 82 5
TR LRI AR T R Cos O, 99K 2 BE
). R PR e 57 5 FRART 5 3K IR RO A 1 1 v 25 4 oK
R TALAS MM GI AR B T 0 8 A i 25 25 1 ik
MEEF MR ERREER 2 A g "ZHT,
HICH AR 599 F « g1 BA AR & 19 52 AN (A
Qing ' B 7 £ WM TR LWl TR
Cos O, X B HRIERE EHAEK 44511
Co, O, &M= WK B EELEEG.BETHE
S % F A B B R L i HL“Coy O, 40K AL 78 15
R EEN0.2 A g " FLHHBEAEIA 1936 F
cg LEE3 A g "IRMIHE T .1 000 K AL
ML G K AL A - IR HF 78. 2%, A AR
I IS, Lo 48R FROBETE & LT 28U £
LS HFIR Cos O, (HAEL 1~2 pm, JEEZ K 50
nm), 7E 1IC R AT, HE Wk 458 811

i

mAh « g ', 30 WIER G R EBRFFRA R 75%, W
MOBHZS BN L (A R PERE 1% AT Shim 209 R
MR VE SR T 28 Co, O, kK (KEH R 2~5
pm, ELARZ)H 500 nm) , 7€ 240 mA « g "KM,
HBERMHBEREA A 1500 mAh « g 1,20 RIEH
JEARAF 1 000 mAh « g ', 3K R4 250 SR 4G FRAR
Bk TR I TR R R IE T RN KA TR B TR A/
A AL TR A B 0 Y A PR BEL M IR Y
Wl 2 mol/L B, HIb & K, K 30.7 F -
g L HAER 1000 IRZJE AR 87.9%.

A SR O K B It 45 A b Bl 4 T £
fL Cos O, UKL Y, 5T 1 o T AR 45 F4 S 000 25
F o I e Ak 2 M BE IR AT T 40 AT A

1 SLIGEH

1.1 HmegH &

M 2.5 g MAHRR A [ Co(NO,), |, MA
43 mL WZERK T, B 5 i pE IS oy 40 6835 W 1A
SRIGHEFRHL 0. 52 g WIRRLCONH,), ], Il A 43
mL P ZE K L B P 3 50 05 O T 0 B A,
R A R e O SR R AR R X7 W o = EI ORI
WM B B0 T A E v, AR S e BRRE E R EE 160
CLAEAR IR BT 18] 2 30 min B9 478 R BEAT B K 44
FCINE 225 B S K B B SRV 1 3 = i KA
Y& E S 7E 80 CHET1 5] Co, O, BIIRYY , H-7¢
300 C A FE A N AT BRI 2 h 2R )F A 4R
BHA R =),
1.2 HESeg RAE

i FH IR 2 25 6 43 BT AL (ST A409PC) ] 3 B4
B HKE (TG 48, 28 3R, KWE RN 20
mL « min~', FHEEFEH 4 °C « min~ ", WL H
45 C ~ 500 C. R H X 4 & i1 45 1L (D/
max2200pc) X HAb BT J5 7 ) 0 W AR 24T I 2 4
Hr 528 2 Cu #8 Ko &, X HFR UK 1=
0.154 056 nm, %K 40 kV, & H 3K 40 mA,20 15
IR 15 °~75 °, %8 0. 02 °. R HH i d 52
SEM (S4800) 1355 5} # 58 TEM(Tecnai G2 F20) W
LA BROET IS 7R W00 O 25 K. B S5 R A BET
(ASAP2460) Xf # Ak B S Co, O, £F 4 1Y He 2 1 £
LA o A R 47 D3, IF K AL B S 19 Co, O, 4
e A 0 2 AR B R v, X A 2 M e gk AT
.

2 #ZRE5iTR

2.1 WX BB AR BRI
P Tl Xk R 0 K T 2 7 5 4 Ar UK



%5 6 3]

BRI Z AL Coy O, GUKE L5 S AL AL A PERERT R « 73 .

R TG M. TG B AT, /i 5K R A9 28 & H
SRy AR RE R AE 100 °C Z R I 24 N
4% I BE R LR K M L5175 'C~210 'CHY
A 9. 5% 1Y T & O T, oA A R R 1) Ok K it
T2 7E 300 “C ~350 °C #- kA W & /Y o Bk 2k 7=
A R E IR 155, 2 i TRk R G 2k 25 CO, 4
i, Cos O,. 400 C~500 CHEMIEARTT R E, £H
7Y Co, O, FF BL IR BE X AR F2 2. M4l TG 434
45 0L 7R ST 3 i AR A4 B A 3 B A 300 °C.

50 100 150 200 250 300 350 400 450 500
T/°C

B1 XMk agss TG H

2.2 MMMy

Pl 2 Sy i =X e Rl 40 K 2F Ak J b i S T 0 1Y
XRD K3, By & 2 AT AL B wi 7 91 LA Co, COHD
CO, HEHEAHMEM CosO,. 1F 300 C Ak
J&i s Co, (OH) CO, 3 33k i 7K T — 54k itk 43 i hy
Cos O, BERIE =W Co, O, LR . WK 2
HETHL, Cos O, BYAT 5T 6 5 57 07 A Y Cos O, A i
Ji% (JCPDS No. 42-1467)—%, H7F 19.0 °.31.3 °,
36.9 °.44.8 °.59.3 °.65. 2 "&b f AT 5 0 43 ) XF R
(111).(220),(311),(400), (511),(440) &1 - fif
SPGB, 45 b e . Z8 BRI, CO, (OH)CO, &
300 “CHBbe I B 5548 A5 ) H Co, O,

g *Co,0,
T‘ + Co,(OH)CO,
” After heat—treatment
& =3 .
> P { P
Ll | J\
é ,&" W Wv ‘w«w
E § 8 a g Before heat-treatment
*—_ o + O
8 = | i
Ll g
\
o WMW b A’W WW)WA\'V«N'\W) b/ \NW,\"».,/\..WM.,\ o
1 1 1
20 30 40 50 60 70
2Theta/(°)

B2 Wi e XRD B
P 3 Sy i =X Bk T2 A 49 K £ 4 BB i IS T 0 Y
SEM 3. & 3(a) (b)) A K A 4 B 45 i

IK{R SEM & E 3Ca) H AT LU i 9K 1k 5 BLZF
YR L7 YA B LK BN 2~4 pm. ti R AR
THRYE 3 (h) AT M 2F 4k R OC W, HARLE 40~70
nm. & 3C(c) . (d) W 77 SRR AL 3 S5 Co, O, £ 4
) SEM &, i I&l 3 (o) AT H1, £ 3 300 °C ke J5 1)
FEYIIE SR AL T IR R B £ AR S5 A L (D AR G R
G50 HOAN Y 27, Bk b 5L PR 2% L0 K000 Y A R 5
.l B E AR T HE 3D F . Rk B
Coy O, £F 4k 36 T AL RS ,,\Eh 5y ?WZIST%

Ca) B 7K 8 750 5 B R 5 290 K 2T e B HE (b
H () HIBCR I () BB IR T8 Coy O 4K 2F 2
(DR ML KA
B3 JBEAEZ4He SEM A
P14 Atk =Xk TR e 400 K 2 A JB R T IS 7 0 Y
TEM K. Kl 4(a) . (b) ARTIRAA R TEM K, i Kl 4
() B H BTSRRI OR £4F e L TG . HAEZ R 110
nm. HEBR TR E 4 () A LA H 55K AR 5 8
Al b A% ST BT L 2 BB AR Y AR S L T 4 (o) L (DD
Jg Co, O, FIHRIALE 300 “CHEEJ 9 TEM &, iy 14
A A Gnd I RS = R AR BN 6
1) 2 11 18 2 A% K, 99K 1 FR 6T 1 SR AR Z5 40 72 Sl fR
VI 22 40 K JORE SR 42 10 1 L A 53 28 FL TR 9 KRS 40
KRGS, A A TR 4D T RLE S, #R
Qb BRI B 7 W) R A% SO W, Sk LR A 2 R
H LT E PR R 0. 196 nm. XF R T Cos O, 9 (311)
fm . =53 HE TEM B 43 8 28 BH . B i 45 19 R 5 R
LA Cos O, X 5 XRD 43 #7485 S A — 2L

Ca) T 7K B A5 Bl =X % R 45 4 K 21 4 (b) O Ca) Y 0K ]
COBRE ST I Cos Os YKL 4E (DR () WK E
B4 BBEarEZ#e TEM B
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2.3 FREBAM-BLHESILEZS>H

[ 5 Sk 45 I W BT B 5 L AR o A i kL 1 5
() K Co; O, HIBKYZ 300 °C kb 5 7 1y (1)
RRF-BBE BAE R 2R L &1 5 () S #Ab B 5 L A2 2 A il
2. ATURAR Y BET Bk 2 0 . Co, O, LR H R
61,89 m* g ' LFLIABLEF T 0.18 em® ¢ g .
I A 1 5 30 W -8 BT it & (a0 i BT —
S R A L 1 i 2R FE AR X R 5] 0. 6~0. 9 Y3
PO B TR S %) 25 ). W R A 2R A A X A AIG
(9 S 35 (0. 6<<P/Po<0. 9) 44 K £ 4 25 #4
A 3 I G DS 1 FIURE 3R AR A1 20 /N LA T A A
X455 5 0 R 38 B (0. 9<<P/Po<<1) 1 Sk 4 K £F 4k
22 ) A0 . HE BT A A FLIR. B 5 (b) i) & B
T e LA o Ao AR A, FE L RS AR R 7E 3
~5 nm, #ALFRE 5 H B B 2 F AL F AT 7E
FLRNSFEAR N 20~100 nm, A BRFT S E B £.
RS F W T & 2 FL Co, O, 9 KL 4 2
R 1Y L2 TH BRRN 2 G FL S R L i 2 R T R
FHmASEE, AR T4 T Y 8,
IF) Fisf 22 L 455 40 {58 1 R figf 0 1 9200 338 Do L i V0 5 0%
P B SO P o TR B KR O L 3R RIS R
JT AR A7 R T Ak TR 3

‘;_\120 H@) —=— Adsorption
= —®—Desorption

20100}

P =N %
= =] =
T T T
TRy

[\
(=)
T

Quantity adsorbed/(cm’/g S

0 . . . . .
0.0 0.2 0.4 0.6 0.8 1.0
Relative pressure(P/P°)

(O 1BBEST Cos Oy £ 2 (1 12 JRF- e i
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—s—Before heat-treatment
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o
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e
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S
T

Ll
100
Pore width/nm
(b) B i FL A% 4 A il 2k

A5 FRAM-BHEEILEZES>H WL

1000

=
(=}

2.4 W ALPEAR WK

Bl 6Ca) . (b) MHBBEIG 1) Cos O, 1 H it £ i
RS R e B SR PR RE EL I 6 () L HLIR
% FETE 100,200,500,800.1 000,2 000 mA + g ',
HAL 28 B 4 A 856, 763, 695, 598, 502, 382
mAh « g 1B HL R B BN, ¥ R R
BT Bk . S R B 100 mA » g VI, &R
PR ILF] 850 mAh « g AL KT Co, O, g1k
£F 2 55 WA R R R4 A 90 B R L TR 6
(b) A AL B 51 Co, O, B TR BHE 100 mA
« g BT AOOE IR E AR L AR 100 WKAE FR I A i AR
TRFFLE 900 mAh « g 2247, FEAR AR EEE 100 %.
I HAENE AR, BEE S AT, HILA &
HA BT BT, X ATREJE B T R i Co, O, 3% 7 8
Wt TN, % Cos O, 21 8 H HA 847 16 34
PEBE, FE WA SRR E  E R AOK A 4
ARZE K A5 bR B AT 5 14 e R T AL A TS T 1Y
WA SR 4 T T O L ok 2 AL
S5 AR T F AR IR IR N T R AR S 0 T ) T
R 2 fi T RRL L B R PR T 0 R 2L TR U £ AL
Cos O, AR LT 4E 5 I 19 A% 45 1 A R A7 19 706
A NTBU ¢

—=— discharge

1200
(a)
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%5 6 4 R 2 AL Cos Oy GUKLTYE MG I 1AL A PE REDF 5T 75 .

K R K 2 A L Cos O, ISR A&, Bl Ji5 78
300 °C T Xf H AL #AR 3 37 7 A a9 £ L Co, O,
Yk e 4k, Z AL Cos O, 40K LT 4k H 42 40~ 70
nm K EHR 3~4 pm, &5 5T HTOAH . &R
Ul 61.89 m* « g ', FLEBLAEI T 0. 18 cm® -
g b X A R A I A D R
100.200.,500,800.,1 000.2 000 mA - gﬂ , HoAT
Z5H 4 Wk 856.763.695.598.502, 382 mAh -
g UM H IR El 100 mA ¢ g I, & A RGA
F| 850 mAh » g ' A4 KT Co, O, YKLF4EH
558 v A SR R A PO B RIS DA TR R R
TR0 b E Sl Y R AR KR 2 A 100 Y0, 3% B T Ak
HHIZ AL Cos O, 9K 7 4 Jg 41 85 1 v 1t 1 B A4
LA T B R R S

2% Uk
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T B 1t T WL RE S 1 & L TR e B T 5

ZHR, F OB

(BRPG R JOE AR AL T B AL 5 HOR AT 5000 % . BRPY P54 710021)

B OEoMme A Atk (PHMS)  1-+ = 8% (DOD) =4 & A R & T R A & % B (AAP)
Ay JRA il ad AR B AL R BURL , Ak K kb K B B AR i (PDAD. ¥ PDA 5 & A st i 3k 47 2 Be,
FRIEBFEABERAFLILARLEG EFEN ASO-PDA Uik il i 4r shokig 24 B 4%,
2k K E AL Zeta WAL 5 M AL PDA & ASO-PDA Uik k4T T R AE Fo 4F 4 & @ 09 R 1 5
M, #4E T T DOD 5 PDA 84 R vt , Sk #E b 09 BAA, 855 . 8L s 5 PDA 89 T 3 Wb 33 B
I A AR Mk, 25 R A, ASO-PDA Uiz F3 4424 21.5 nm, A E B4 k&
wEA RFH R, % 2(DOD) t n(AAP)=5.5: 4.5, R A& B EALA 0.3 mmol/g. £k
B #7000 mPa + s,m(ASO-1-0.3) : m(PDA)=7: 3 &F,%4 ASO-PDA #3892 ¥ iR
B A — ARk,

KW Ke A BB, A Rk, Ky

FESZES:TQ610.478 XHEFRERD: A

Study on synthesis and application of functional
organic silicone wax

AN Qiu-feng, LI Cong

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

Abstract: A kind of long-chain alkyl polyether modified silicone oil (PDA) was synthesized
from hydrogen silicone oil (PHMS) ,1-dodecylene (DOD) and allyl alcohol polyoxyethylene
poly propylene ether oxygen (AAP). PDA with amino silicone oil distribution, and then e-
mulsion was prepared with nonionic surfactant emulsion white translucent ASO-PDA , The
chemical structure of PDA,amino silicone oil emulsion, and its membrane configuration on
the fiber surface were characterized by means of infrared spectroscopy,scanning electron mi-
croscopy and nanoparticle size analyzer. The effects of the molar ratio of DOD to AAP,am-
monia value, viscosity and the quality ratio of ASO-1-0. 3 to PDA on the application perform-
ance for the cotton fabric were also discussed. The results show that the average particle size
of the ASO-PDA emulsion was 21.5 nm, And it had a good film-forming ability on fabric
surface. When the molar ratio of DOD to AAP was 5.5 : 4. 5,ammonia value was 0. 3 mmol/
g ,viscosity was 7 000 mPa « s,and the quality rate of ASO-1-0. 3 to PDA was 7 ¢ 3 , The

softness and hydrophilia of fabric increased.

x WrFs B HI:2016-07-24
EETR P4 BT R S & 605 TR H (2015KTCLO1-14)
PEZ B LR 1965 —) . L, B P P4 42 N, 082, W98 O 1) - Dy e v A5 AL A AR A & A L L P e JEL AR I AL
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A B B — PP e 2 (Cy DL D Mtk R RE
Ut BT R I R K M L B TS M LT B R
@u&ﬁﬁmﬁﬂﬂﬁffﬁu P Al B F Y

HURRE Akt b A5 s T R A e S ok R R
%Lk*/\;sxfﬁi{mﬁeéﬁa& ML IIRE LR B —. K
ot I 8 ik Ak T A2 7E SR R i L TR I 5 A R
I | Rk 1 — PP e A L B AT K B e 2 AR AR Y
U U s LA SR Tl 5 o 4 G 1 5 K U L (H
JE 2K B o L SR TR AR U R B A 20 R RO
Jatre

SR 2 Jk e SR ek R, P T LA M Bk AT g
i 5 GO 27 2 K 2R TN, 5 U AR RS G Y
B, AE H A SN R T R Rk R TE SUY AT dE R T
B T HEA T LA 2 R B S A R R R
NV R TR SR W= (U8 ¢ iR (E R = R
WIS U AL SR KR T TR 25 . T LUK S R AT
R i Z S R B o W= VAR 1116 0 A (et 15
AR EL PR RV S i th EL A 2 D) R SR A S
B B R ALEETT M 4 BIF 58 AR5

YT AR SC LA Ak ST A3 E0Ch 0. 4 06 i
AR - S RN R E B R AN
Tk Ay SR, 3 3k ek Ak N S I B B K B oE i R
fif il VM (PDA). I %F H g5 0y 47 T 20 4 R AL, B
PDA 5 2 K& i i 47 52 Bc 1 74 19 ASO-PDA #
TR R FE 0 KR JBE AL il B ket R T 2 Bk
VR AT T W ER.

i

1 TEEH

ﬁHs 3 CH;
ﬁlo_(_ Sio 9—(—s|lo%,,,— s|1

CH, CH, H CH

1.1 XA E5MEHE

(D) FZRH . & & aE 0 (PHMS) , 36 7k &0 &
S0, 4%, Al 1- 8 (DOD) L, Tl %%, 4%
T T A B2 & s 4 73 36 3R R 20 3 SR s 3R Tk
(AAP) , /T2 1 600 g/moL, Tk, %M &=
AL T A B2 Al SRkl & (5 0. 3% K5 Ry 7
000 mPa « S, A il s @R . /- Hr 2l 1l AR A FL AL T
AR T 5 54 =k H N P A A BRA A
SETN B BE IR L A3 AT Al PE AR T 100 Yo RHEL
JEL 4 K A [ P A Al TR A R A

(2) FEAL LS : VECTOR-22 # 4 HL i 21 48l
TEAN 8 [ A 58 N ] 5 S-570 B B T 0 MRS
H 7 Hitachi 23 &5 2WAJ 7 Ba] DU 47 554, 1 #0645
SRR RS A FR A B NDJ-79 B et 26 it b ifE R
AN ZR T s Zetasizer Nano 2544 K K7 B H1 Zeta W
DA, B [ By IR SCAL#R AT BRAA Al s YG(B)541E 44 B
LU AT A 5 AN, TR T K 5R 4 SN R A BR A
] s DC-RRY1000 7 A fo il 42 22 5 B A3, DO 17T
WA AR ) YQ-Z-28B FU S (4 BE AL T N AL &%
IRA R FL
1.2 K4k AREtadh (PDA) & # &

TEEEAG TR T, B 48 F0 8] 9 8 B4 A 250
mL = PR AR O A & S R
T35 TR AR 2 SR A D s Tk R S TR B R s
Zetg HIR 2 80°C , P N A FR 1H R L N 2~3 h,
1530 TC €37 W 00 T RO IR B K 4 Jo 56 2R Tk A T
(PDA) HA i & &l 1 pios.

+ CH=CHC ot + CH=CHCHO(GH0),(GHO0)H

CH,CH,CH,O(G,H,0), (GH: O), H

ﬁHa 3
ﬂt}» CHy— sro—Fslo 9—%s

CH, CH,

(PDA)
A1

CH,
CHyCH,CypHy

3

-)—f s|10»—51 CH,

|
CH,

o
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1.3 #ib e WAL ek A R AR

R NDJ-7 RYGE &% 26 B2 1H i 5 ot %
(25 °C) BT DLPr A 2 5 2% B . %% 5 K-

it TR B o G B A A A e R Tk ik il A R
BT ERAE L 1T b, BR 25 5 P R T AR .

2140 K KBr M R fEfH iR T HRAE Pt 2 h, BR
FIKGy R BURE B i LR PDA KR 5 3450 Tk
T KBr BEZE I L0 AN IS A7 I
1.4 hab b A HLEE R (ASO-PDA) $Li& 4 4 &

TEBFR AR A PDA L 4 5 Rk L35 5 19 5
¥+ = B B (AEO3, AEO9) [m (AEO3) : m
(AEOD =1 1], FH £ & 7KW F 2L Ak nl 8 & 2
30 % 1 A 8 E G s WK iE/E ASO-PDA
FL.
1.5 ASO-PDA Uik 4 # M g6 m) X
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EE O ENE K ASO-PDA FLIR7E & O ML,
LA 3 000 r/min 3 B0 0.5 h, SR 5 W2 7L &
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AR C:

C:Z—i % 100%

A oy SR S BEET 0 & me RS LS
1) JoT 1
1.6 ASO-PDA #5 5 JA H 5kl 4%
1.6.1 MHTE

FREUE & 4 30% 19 ASO-PDA FLiK 1.5 g
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Study on synthesis of acrylic ester/organosilicon

modified waterborne epoxy resin

SHEN Yi-ding, LV Xin, FEI Gui-qiang, WANG Hai-hua

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

Abstract; Modified epoxy resin was prepared through graft copolymerization between epoxy
resin and mixture monomers such as Acrylic acid (AA) , Methyl methacrylate (MMA) , Butyl
acrylate (BA), Hydroxypropyl acrylate (HPA) and organosilicon monomer trithoxyvinylsi-
lane (A-151). As a result, hydrophilic carboxyl and organosilicone unit were incorporated in-
to epoxy molecules and then acrylate/organosilicone modified waterborne epoxy resin was
produced. The structure of modified epoxy was characterized by infrared spectroscopy (FT-
IR) and nuclear magnetic resonance(NMR) , The surface morphology. glass-transition tem-
perature and thermal stability of epoxy coating with different organosilicone contents were

determined by atomic force microscope (AFM) ,differential scanning calorimetry (DSC) and

%

5 H #1:2016-06-18

E£TB :EHRARBAILETH (21204046,51373091) 5 HH &6 8 2% [l [F A RRHIF AL 4 00 H (2012(1707)) 5 BETTA #H T H

56 = R R H (14]S014,2011JS057)
R — T 1957 ). B H I R 2082 1 A S0 B 58 T 1 405 40 B ) T 5 4 2 T 3 ) A o A 450 A

P

K



. 89 RaPAREEFR

% 34 &

thermal gravimetric analyzer (TGA) respectively. Effects of organosilicone content on the

microstructure and properties of epoxy coatings were discussed. The results showed that the

particle size of emulsion was 140 nm when the organosilicone content was 3% (based on the

weight of epoxy resin), water absorption of cured film decreased to 7. 9%, pencil hardness

reached 4 H,adhesive force was 0 level,and glass-transition temperature was 81.4 “C. In ad-

dition, the coating displayed as uniform and compact structure and endowed with remarkable

heat resistance.

Key words: waterborne epoxy resin; acrylate; organosilicon; grafted copolymerization
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Synthesis and performance research of waterborne
anti-corrosive coatings

ZHANG Guang-hua, XU Feng

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

na)

Abstract: With P, O; as phosphorylation agent to synthesize phosphate ester monomers,and
adding rust conversion agent,which was synthesized by using gallic acid. And copolymeriza-
tion with acrylate,the seed emulsion polymerization method was prepared a polymer aqueous
rusty rust coating. The film performance and the anti-corrosion properties of the steel rust
was detected by scanning electron microscope, energy spectrometer, salt water immersion
method and Tafel polarization curve. The results show that the coating film rust on the sur-
face of the steel can be converted in a film to cover on the steel surface, 30 min blackening
film layer,and adhesion for level 1, soaking in 3. 5%, NaCl aqueous solution at after 72 h
coating is almost did not change. In different pH of 3. 5% NaCl solution, emulsion coating
corrosion potential of the emulsion film is higher than transfer coating,rust agent were sig-
nificantly higher than the bare electrode corrosion potential, with good corrosion resistance.

The size of emulsion particle is 86 nm,distribution index is small, the emulsion particle size

» WrFs B H:2016-08-08
EEUB :ERXARBHEETE (21176148) 5 PLPTA #EHF T H A LI =R H (2011]S020)
EHE B ko (1962—) , B, BETE R AN L 8082, 1 - A R0, 98 55 O 1l KV 1 R T BRI
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distribution is uniform, with good adhesion. Rust layer surface level off and structure com-

pact after rust,which can effectively prevent corrosion and coating film performance is good.

Key words: water-borne coating; turn rust agent; gallic acid; phosphate
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The surface modification of halloysite nanotubes and

performance enhancement of waterborne polyurethane

YANG Jun', YU Kai-shuo', WANG Hai-hua®

(1. College of Mechanical and Electrical 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)

Abstract: Halloysite nanotubes (HNTs) material was modified by silane coupling agent of 3-
aminopropyltriethoxysilane ( KH550). And then we prepared the modified HNTs ( m-
HNTs),HNTs/waterborne polyurethane composite material and m-HNTs/waterborne poly-
urethane composite material. The composite material was prepared through ultrasonic disper-
sion and mechanical blending. The morphology of HNTs and m-HNTs were characterized by
scanning electron microscopy(SEM) ; The structure and thermal stability were characterized

by fourier transform infrared spectrometer(FTIR) and thermogravimetric analyzer (TGA);
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It was found that HNTs displayed as nanotubes with hollow structure, KH550 have been

successfully grafted onto the HNTs. As well as,compared with HNTs, It was found that m-
HNTs has better thermal stability. Finally, effects of HNTs and m-HNTs content on the

thermal stability and film performance of waterborne polyurethane system were systemati-

cally investigated. The results showed that the thermal stability of composites was enhanced
with the HNTs and m-HNTs addition, especially with the m-HNTs. In addition, since the

adding of m-HNTs the water resistance of composite was enhanced dramatically,as well as

the hardness and flexibility of film.

Key words: halloysite nanotubes; silane coupling agent; modifying; waterborne; polyure-

thane
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ML (ERE TA 25 Q500) 5 4l HL - 4% 4 21 48 5t
AL (7 [F Bruker, TENSOR27 #1).
1.2 HNTs #9324
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TR 28 X T A A 0 R R AT R M D L T
FE B UR T R R 1, S8 R IR o e a2 4 1Y)
il 180 ° IR LRFFRTIE] 2~3 s, W b i LUt
MAETE 2~3 s NSRRI il 180 °J5 AR5 R I TF
S0 B/ Nl AR FROR 5 2 BROSCHRL 11 0] 2L B 1Y)
W K AR BEAT I 22 A S 56 MK FE i RST 2 35 mm
X 35 mm.

2} HR5H

2.1 kg

K 1% HNTs 5 m-HNTs BIZL 4N ERE K.
Kl 1 AT, HNTs 76 m Ml IX 3 695 cm™ ' 1 3 625
em AT B AR 4 BR B L I 0% Dy HNT's (1) 52
B (— O 1 45 ¥z 2 we. A8 o8 X, 40 1100
em ‘11035 cm AL H B AP 45 IR Bh g, kAL
HNTs (9 fE 408 (Si— O) By i 45 3% 2h 6. 5 50k
910 em ™' A AT H B Y A5 il g S R 5L (— OFD 19 45
il 9% B s T ZE AR A X, 610 ~ 690 cm ! Ab A H BR
TREOD M E R3S 438~540 cm ™
) ik 8B (Si— O) B 25 il % sl i

D340, AT LLE b S 9 HINT s, 78 = 45 % 5K
3449 cm AL BT 4R B X0 N—H
g PR sh . IF HAE B2 933 em AL tB I BL T —

C—H Ay 45 P sh . P AL 345 8 KH550 4 4R AE 16
F B KH550 B 2448 HNTs £ . 5

BT HNTs.
1.1
1.0
0.9+
081

]

g o7l

E 77 | 3695 3623
= 0.6F 3626
&

£ 05F

<

-

E 04+

0.3 - - HINTs
02 mm
o1 , , , , 1035,
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/ cm”

H1 HNTs5 m-HNTs 8944kt H
2.2 #AXEEAR

K 2 & HNTs 5 m-HNTs 47 o 85 %5 e
Kl HpE 2 (b) 43518 HNTs 5 m-HNTs (1)
SEM [, 1] LLE H, HNTs 528 H 25 1 Bk 4 K 45
b REOE . BA R KK ZE L. m- HNTs
IR R 2 IR 25 48, 45 K 29 200 ~500 nm, 1%
2y 40~50 nm, 5310 B HLRE , e 1H TR . UL IR H
KH550 %} HNTs # 17 % M & 1 5 , %A 2l 28 i
HNTs BRI 5.

(b)m-HNTs #y SEM &
A 2 HNTs 5 m-HNTs 4 SEM B

2.3 HNTs/KMR R B & 4AHH A m-HNTs/ K
IR A B BB A K R

Kl 3 MATE HNTs & m-HNTs & & 19 /K
PR S T b 2 G FLIRIE A e K A< i £ (8] i 8] 3
A LA HNTs B A0, A7 LI 7L 15 Y i 7k 6
WA S Iy 3 00 I IR ARG B ek 7. 72005
XL HNTs B30, AT LA 7K 1 5 20 L5 R
RIS K PP 7 B0 488 v X2 ol T O B i SR TR Y



. 06 o RaPAREEFR

% 34 &

HEBSY , 1E R R 10 4O BE B X 23 B UK & 1Y TE e B
X, T3 B B Gz 3l o3 1 EDE s B
1M 25 B2 9 K 4 7 006, I & 2R W K % ik B
Gl A5 R R T K M AR 25 Y o
HNTs J& , T HNTs 7£ 3L h 35 5 431, H -4
JZEER) FF R i Si— O B4k A0 R S 1A, Si—
O HERYHEBEEE K A 5 9 T Al 0 i 3, i 31 i K
Tiif i 1)V RS DT A 2850 42 o8 Rk 1 T K L T
HNTs #f b, AH [ 45 i A9 m-HNTs o] gk — 25 f&
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HNTs B 1 2] 73 HL7E 58 2B /Y K i B 1, K
M RR 7 2R 2= W8 o 155 iz 3l L BELAS 1 #he K%k
PRI 55 — T T HE T m-HNTs A48k
RN, He 5 LA R] Y B T 2 A T AR K, DT A K
B A AR ] B AR AR RO S RO 5 e
AR R E P

3 &g

K KH550 % HNTs #E47 T 3% M 48 i oo 2
REMBFIFT T HNTs K m-HNTs *f 7K 4 2 & I
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A BHA: BE 1Y 52
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It HBA — & WK PERE.

(2)ii 5t HNTs B, Ay DS i 7K 7k 2R 24 g
WA} B AR T ST RSP g

()i m-HNTs B0, af i — 25 54 M i
oK 1 R A TR AL R BT K PERE L WK R 9. 90042
R E 6.2 00 s G BRTR B A B R (BN ) R

(DO ifEH m-HNTs G0, vl F— 232 & oK vk
R MR AR IR E T
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(LB R Rt 54k T2%Bt, BeVE Pi4e 7100215 2.t EAARAF 52 B3t rons, #dk I 430064)

 E.N K% B A BRI R (NT-proBNP) 2 6 & £ A 2L A O 8 R3S RE4c &4, &
TR AL (100 %) B R IF 69 HERR S ) R 5B. BEME Fe, O, AREF EARFH A WA K
B ACNRBEVE K T B Fey, O, 4R ¥ F MW S 9% BAAT R %, B 7T Ak R el & KL A A
LW ERTREILT RN, B, KA THELEENZERGENE Fe, O, 44 K 6T, 4)
AEE@mAEAYGRELRLABIEALE A = T8 (EDC) 4 4 # #F ., % NT-proBNP ik 18
BTREEEA®,TER T oFHESET NT-proBNP &4, 40 iR+ 100 pg/mlL.

KPR :Fes O, ARET; 2% EHEN; POCT 4l

HESES 065 XHkFRER: A

Construction and application of lateral flow immunoassay
system for NT-proBNP detection

YANG Dong', GAO Lu-sha', QIE Yu-tao®, WU Meng-xin'

(1. College of Chemistry and Chemical Engineering, Shaanxi University of Science &. Technology, Xi'an
710021, China; 2. China Ship Development and Design Center, Wuhan 430064, China)

Abstract: Due to its high sensitive and negative predictive value (100%) to confirm the diag-
nosis of heart failure in patients, amino-terminal pro-B-type natriuretic peptide (NT-proB-
NP) is widely used as a clinical heart marker. Fe; O, nanoparticles have attracted considerable
interest in biomedicine fields due to their biocompatibility and superparamagnetism. Compa-
ring with traditional immune chromatography system based on colloidal gold nanoparticle,
lateral flow immunoassay stemming from magnetic nanoparticle can satisfy not only qualita-
tive detection, but quantitative testing by using is magnetism. Therefore, this research is de-
voted to the construction of magnetic immune chromatography system in which Fe; O, nano-
particles containing a large number of carboxyl groups as an antibody labeling materials, 1-
(3-dimethyllaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC)was explored as a linker
to achieve chemical bond and NT-proBNP as a testing target. By optimizing the processes,the
detection limitation of LFIAs strips based on magnetic nanoparticles was as low as 100 pg/

mL.

x WA B HI2016-10-14
HEE2WB :BHE AR FEEETH (21505089) 5 BePTRHE KA1 B BFE sh 24T H (BJ15-17)
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O I 8 — L NS AR R 2% 7 L i o6
MPET R E &S AT I EBF B @S 7 21 e
Y 5 O L4 P06 78 3 I B T I R 2 — 2
ER T E G2 A7 2500, B 2020 AF, O I A B0 B
A 2L 2500 T3 ANBETS, M AL L o 8k T FLER
— A FE T KA HR SRR TR A T AR A A
#2020 4 rp 0 A 0 Y KO A BR T 2= A
A 8 M b . PR I S T B AR TR
JRAFET-/ 35 % LA b, P8 K O 1L 48 958 05 28 3 1
IR E LA Rk BT AR S LA ok T E A
A0 T U S I AT O I A R 1Y AR A 3R
B, B B r BT T A PR O 7 A JR) g S
BT 0 ) 3 vy £ 3% 4 R 30012 DB AR o M 0 S R R
.

BT E U B N K s B A SR K A R (NT-
proBNP) J2& i Wi 0 %2 1 R 47 190 A s e, 3
e 3 TN (B (100 26 RE 1 AR 4 A9 HE R0 ) 32
B T N Ty IR 2 W R L NT-
proBNP > F W0 28 D BE . 1 .0 ) £ 38 19 25 iR
SRS, HE O 3 B 0L JS A I, SR A R Y R
FEFNF AT B TR BT R 92 B

H R RE I3 FE & 5 NT-proBNP 4 &z I J7
AR AL A6k L SR 6T S e e 1
o R G A X B8 7 1 HAT R DR R R
LA s B R B8 B9 00 A A RS B 5L B 9% ) HL
X4 N B SR A g, 1 X U 5 Y ) A AR T
PR 37 A 7 3 s ARSI T N AR A2 Wi
F11 I 24 ok S RS I 1L 2 KO | e 1 i o
(Point-of-Care Testing, POCT) 3k 52 i{. H % JZ 4T
YESN# HIB) POCT 2 W80 R, HA ] 5 L & 5% (1R
B AR BRI 3K A% 455 1 0 O R S e S
Hr AR FEARIC Y R 22 o A 4 AN RE B 41 7 1 B
2 S 4 G W) 25 SR feft R SR R o A A2
EL N SR

Pt AT 52 3 0o K Bk 45 T Fes O0 84K
KL AE R HUAR AR IC 2K, LG BEFR &9 NT-proB-
NP Sy £ B b5 o 4 H 99 K AR SIS W R 58, 3R 15 B
A ARG DN SRR B R S

i

1 Lo

1.1 EZZ&XANERA

FeCl; « 6H,O, & — [ (EG), #7 B R —
(Na; Civ) , Z R (NaOAc) W [H BT $i7 T© 5 ¢ — ¥
e (CEDC) . B 2 4 B (PVA), il $7 38 Triton X-
100, 4 Il 75 2 11 (BSA) Al NT-proBNP Ji £ il i)
H Sigma-Aldrich; B 2 — & (PEG 2000) g 5 4t
UL AE W BOR A IR DT AE A W s NT-proBNP 4
4 H 2% > HyTest 22 ) ; NT-proBNP ZH11l B I
M RAEYH AR GRAF; Fhi R 1gG £Z40. 10
WEKREEYRHEARAR: MR JHLER A
FIAR A R H 0 = g ok B Ab o R R A R
AR
1.2 ZZME

IKARCT # 73 544 45, 78 [ IKA 24+ 5 B W
i, 2= Eppendorf; § M TR 48 . FifE—fHEB 22X
WA BRAE s H165 5 2 ) 320 AL, 1w A 5
g A IT & A R F) 5 KQ5200DE 8 75 9% 1 Uk
s VLI B 1L R A A A R 2 ) 5 e l KA, 0 [
ELGA /KA 3 R A PR 7l 3 Zetasizer ZS-Nano
Bt 3h WAL, IE B Malven X 2% A R 2 A5
Tecnai G2 S-Twin F20 3% 5t & 5 i 7 Wl i % . 98
[ FEI A R3ME A\ ZHWY-211C fE R K, ©
V2 BT A7 A 3 A PR A\ XY Z-3050R K fiE
M 42 4% . CM4000 ¥] % HL . 92 [H Biodot /A .

1.3 %%k
1.3.1 Fe, O, GUAKR A HIKIA 1 M RAE

$ 1.632 0 g 1Yy FeCl, » H,O,0. 687 4 g 1y
Na;Cit &% 20 mL () EG iRA, E iR T+ 10 min,
T 0B WV, A 1. 203 5 g 19 NaOAc, fit #£ 1y
57 5% A 50 mL (9 5 DU 5 £ M B 22 L % L 200
C R 10 h ¥ 520 8 77 4 L &0 Bk 46 e =
i FE KB TPERZE 5 mL.4 CHRA&H.

B 1 mL HI45 1 Fe, O, KK T T B 25 HL4H
TR B A AR B Feo O 98 KB T H5 B K
T VA TR o JF R T B W B 301 gL % T A8 Tt B 7 25 1) 4
W _E L Fe o TG 7E 5 S F - BB CTEMD F 0
RT3 R M 3R RS

H—E 5 1 Fe, O, 40K KL+ T 3¢ 5 15 57 1L
H, BT B VR R TR U R RE AT XA
RO F B (XPS) 20 Hr o R AE H B 403 41 K.

B4 15 81 Fe, O, 49 K k0 T F B U 7
W LG 3 248 B (DLS) I 5 Hoki 42 f 36 1
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1.3.2 NT-proBNP #u il F e 2 i 4R 5% i 4

G JE AT FHR 4R 4% R I B A /] 1 R, DA
PVC A SR, 76 RS R 2F 4k 3% 5 (NC) 1 3ifg 43
SIHE WK AR L 25 i R T AR O 388 2 2 ) 428 )7
Ki#) PVC A b BAHARNA 1 mm HES.
JH 5 5 R B S K 4 AR ) B o 42 3R 43 ol e v T NC
R | TS G S AR I 2R (T 28 Mo a2k (C 40 .
FEHUURBR 1E 90K RLF I B e 928 4 V5 T s ok
GEAH L R IR R A B R4S,
TR B 8 4.

FRR maRn T Ch

I<>*r*1r*

Fe, O, Fiik# 4 NT-proBNP £ ¥ RigG

B 1 %k EEMNKKELEH
B A e 327 & B

1.3.3 3T Fe, O, GKNLT R B ET 1 il £

TE 20 pL B9 EDC % (5 mg/mL) il A 150
p L BIRR 28 il (BS,pH 8.5) A 1 mg i Fe; O,
gk 7L IR A, A 15 pg 9 NT-proBNP #
P, PR R AE 180 rpm, 23 °C fH ifi £5 JK b K2 1
1.5 h. fimA 500 pL fyE A (F A 0. 1% 1 PEG
2 000,1% M) BSA J 5% B/ 1% & H 9 BS 2%
MO . T 180 rpm, 23 CHEMRFE IR W 1 h,BS
VSR PR IS 2 B & 200 L.
13,4 didktric & m i

1 mg.2 mg.3 mg A K 4 mg B Fe,; O,
KT E 150 pl, WAL A B 0 B4 45
BT AR K EDC 1 & B 2 & 20 pL (5 mg/
mL) . NT-proBNP B0 (4 5t [# 22 0 15 pg. brid 55
PR E . DL Lowry 8 12 vk U 2 18 056 2. O w4
PR G 2 T I T e 8 2 MR AR A% L DL R B
0 1Y 22 S R 0 B AR PR AR T A
1.3.5 Hiikbriclk 2L bk pH M1k

BB DA A 2 mg 1Y Fe, O, 94K k:
T, LA BS 2% ol it b S, pH {E 53 R 7.4
8.0.8.4 J 9.0, Fic FRAL 2= By #RAE 2D 3R . I A S5 4t
B EDC (20 L., 5 mg/mL) }& NT-proBNP (15
#g) . T 180 rpm, 23 CIEIRBEIRHF M 1.5 h, ]2
RLZEH G LA 500 pL MBI, B 1 h, BST i
PG RE & 200 pL. PL Lowry 28 11 WL 2
TRIR B BR IO I 1 M S BE R N T e 2 AT

WAL b, DL 0 22 5 ok i 8 e AR R pH
1H.
1.3.6  HPEIZHTZ G A I S A B K e ) A

NT-proBNP Fi il F e 5 )2 #7328 4K 2% 04 il 4%
T EHEH NT-proBNP (T )1 Ml 3557 LA M 2
Pt 1gG (C Lo g o 45 5 LA 4 4] A 4 72 NC
B E LRI BB HE N 1.5 mg/mL, BEE JE 6
pL/cms PUIE# MG O I3 ) S R 46 R s T
BESRAT BY 60, 25 S B 0 W R T EE L LA R B A o
VE R R A i ZRAT S5 A3 A6 00 B

AT 2% (10 mg/mL), JHZT 2 (3 mg/mL),
ANHEHEMA (3.5 mg/mL) LK H 3 =685 (1. 5 mg/
mL) R R, K N'T-proBNP 6 I F 4 %
JEAT IR AR 5% A I R S

2 #FREiITiE

2.1 Fe; O, h kAT 89 RIE

A AR ZR K SR T R A 4% 50 0T A A 7K A
ZME R IREE Fes O, 9KFLF L EG 13X Fl i 6 15
Ve R TE AR 22 b A I8 J5050) A B R 3915 FH LA R 42 40
KRB A K R B 1k A1 3R . Na, Cit T Sk A4 &
IR R aEed WA AV AN DB B S A R S N - - &8 9|
5 Fe AR YR A VE R, B E T 90Kk v R m
(R L 3 T R B S R MR . TR B AR R
(7K BB W T i B B A A L A W g HEE
U K B A AR P e o L KRG I A
Fe, Oy 99KKF B RIEL AN 2 Fros.

¥

1mgnm! a
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35}
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20 Y © PR
L i o ¥
15t f H i
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Fe, O, 99Kk F BRI KRR A 359 5) L i B
%, 3@ 33 Nano Measure i3, E ¥ R 12k 75. 89
nm. & 2(b) 7] LA . B4R #B B 3/ R
R G, H S S50k 0. 253 nm, 5 Fe, O, (311)
fn I 2 E0R 6. DLS £ & 0, il 4 15 19 Fes O 44
KBE TN B ME AT, zeta BN —27.5 mV, H
KA RIAR N 192, 5 nm. N 5 E R B9 L AE R &
133 19 90 K k7 19 Ak 25 41, DL XPS 3 AE B R
Fe'' X Fe'' VW 2(o) AT AFE L. 711 & 719 eV
N Fe; O W Feypse X Feypyys e et
2.2 VA Fe, O, th Ak # % K4

A A A A A 0 8 G Kok R T AR AL L
EDC %42 7. 4% NT-proBNP HHT K T 44 K L
T F . H % T RT Fe, O, 48Kk 1 i 85 M %
PEIRED & 3 7R Ry S e AR A 10 S BRL AR 43 A ]
WE 3 iR AR T PR )G B AR #R A I HG . i
JE N Y A S 90K R R TS A, S AR R
H AR B2 sl . IR ml RLFE DLS U 5E 14 7K & B0 A2 1)
GRS N EPYNS S R TR 8 T N =)
W OZAREHKOR B R o 0P LS T T i
PE JZ BT I ARG

15F
i
2
% 10
E
g
s s

0
200 400 600 800 1000
Size(d)/nm
B 3 Fe;O, 4 Kk4-F183 NT-proBNP
ERGHERESRE

2.3 AT Fe; O, tARAT 09 & E A 4m

4 H G I DB TR 2R A RS R A I
Bl NT-proBNP Hi A , 5 1 G e S 4T B i 54t
Zig . —BEWREAE T An 2 53U NT-proBNP
ZHUE R . €450 -NT-proBNP 4K 3§57
B =G 450 i TR AR Fey O 94K AR AT
A BERORL T, 78 T 2 E 2 ) 3 P R 1D AT 0 42 3
IR A0 26t e C & B BLRY 50 2 Tl 1gG
TS SR B F I A R

B PEIREFBETR T S B R il 4K 2%, L 60 pL Fif

R AE & I N AE 25 & 3 1, S0 NT-proBNP [ {4
AN R R IRE S DL R B R R A A v O L A
F5 B M 0 C— )5 BH M AR #E &b (100 pg/mlL. 300
pg/mL Ml 500 pg/ml). WMERE T s AR 45 &
BRI K T AR i R T 45

VR S e R AT N AE S5 & 1L 15 min J5
WLER 2T 45 5. DR I 25 SR T LB Can 18l 4 B
R HET Fe, O, #4815 2 (14 0 M o B BREF R S5 &
B Ko NC R A4S 20 T 7855 19 B, 32 R ol 4
FETH R I AR IRBUAR , LR B 11 AE G0 K RL 3R 18 T B 1Y)
T OR AP D PRET SR T AT R PR L A R
I T Y0 A 2 AT st R O 4 %3 ik NCBEFLBR 3%
R BRET IR 5 2 AT PR AL T T R A Y

- 100 300 50('
C -
T
1 2 3 4 i
LB s 2~4:43 %020 100,300 1 500 pg/mL
F) B
B 4 Fe, O, B £ IEARA A
T e i #e ) 45

MDA i 5 F BHUATE G KR ¥ R M
1) TC Pk S AR BT AR B A il &, S S AT R AT 44 K kL
TR M PR SE G BE Ik B, DR T2 iR 7
G K RL - e T B KA 1y 45 5 O 2L b PR TS
AR 1 s 1) 6 BELAE D, 20 45 G R 0 R B
oo,

TE 150 pl B9IR R, DLAE B /) NT-proBNP
P E AR &= Fe, O, 91K RL T 5 N, {18 B 1o
T PR TE G KORL 1 2 T8 AN W) 9 Bt 44 35 T vk
JE T BRI R [F] L 7R A b B A [
R E %8 15 pg/mg 7.5 pg/mg.5 pg/mg
J 3,75 pg/mg HATARIC , BT 15 09 G Pk e % IR 5T T
Ty AT A DU B A5 9 45 R a1 5 () ~ (d) FioR.

PNGIIEIRYE = L O o NI IR pri g L
BF DA e BE 25 R BT A B R I 235 SR AR I A Hh AR
PR, R B4 U A &%, 43 5 LA 100 pg/mL. 300 pg/
mL DL 500 pg/mL B & T T4 00 B, 2% 275
S R I 25 S s A 2= R 1B 5 Ca) i, BB &
N 15 pg/mg W =AU B B 1 ST T R DU
HATLAAE T 4k & 25040, HA WA R T 100
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pg/mL. H A ZH 5256 b, U AR o 5 vk B GA F) 300
pg/mL B AR DL A5 L 1 HLBE & BT 2% 1k
BRI D, H R AR MUES. 58 NT-proBNP Y 43
F i~ 8.36 KDa, 1 mg # M 24 Kk 7 XF W 15 pg
BAHTL AR S T 700 £ 1=Ab : NPs, Pl A KK
U= P 1 NPAREE 11 7 N = S 1 A VA= vl
mg i Fe, O, gKR T #4740,

1 S 1
v

c
T
a
(a)15 pg/mg
100 w 5 800 1
C
T
b
(b)7.5 pg/mg
1 300/ 5 8 1
c
()5 ug/mg
1 3 50 1
c
¢
d

(d)3.75 pg/mg
B 5 FREAKRZENZMHELIZIR
AR T Sk BT A 0 45 R

FERTE) pH fH 1 BS 22 i h 8 B NT-proB-

NP A4 g A5 2 /) fe e 38 5L, F T e 3% 2 b7k I e

B 6 S0 25 T LU ), B 22 ol pH (1Y)

B R T 4k by 0ok, [Rl i, 455 3 3R %

M REROSCR R4, I, BE 3R = pH i 1Y 28 v il )

Fe, O, 9K 7 F M bric NT-proBNP, B BS 2% #p
W (pH 9.0).

E? [ [ PR
| 1 «\ "
Q 6 X:]—‘V;] pH ’fﬁ%ﬁﬂ’/&‘? Fego4 gﬁ‘]*

#5 F #7138 NT-proBNP 4k %) & %, 97 %
BT EMNZHR e bn s R

2.4 A F Fe,O, MAkETMEREENZLHN
Ho | R A E B A

AT g RS 0 TR X AR T A U B &
KHEZEN, HErE bR -3k [F 100 pg/mL 4 IE
H N LTE H NT-proBNP [ % & . K F 300 pg/mL
Al RES R A R0 Y R — R B A A 1R A PR D
BT LA FR B R bR o AR R R AR S 3R 1S
ARG 45 SR G P 7 BT s, E BH R LT R BE S 100
pg/mL B 4R S A7 A0 AR T WL 2%, TR Ik o PR A
I ) G2 BR A 100 pg/mLL.

B/ 7 NT-proBNP-Fe, O, % % 3% 4 # &

89 S g5 B BT R AR A 0 SR AR A ) FR A 100

pg/mL

P T SR FH I 355 85 Ay o A DU A it AR 40 AUt e o
Ji SR FH B A AT AR B A RE S TR DRSS G
SCHR B R ) RTRE B T LW B 5 B M 2T K (10
mg/mL) JEZT E (3 mg/mL) . AHEH (3.5 mg/
mL) PL K H il =5 (1.5 mg/mL) A f K4, pF
AT, ke zs R an il 8 Fron ., vk BE iy T4k
YT NT-proBNP £ F %0 5 )2 b RGBT, %
AT e, BT P09 I AS £ % A 0 &5 5L 7 AR 52
Wi % S E M 2R Be % NT-proBNP $i 44 1 46 ) 2

o A S PR

B 8 NT-proBNP-Fe,O, % % #f 4t
MIFE 0 SR B AT R AR A A o A
(NEZEHHN AR ThiZ (10 mg/
mlL) 24 % (3 mg/mL) . A8 & &
(3.5 mg/mL) Z H#H =& (1. 5 mg/
mL) &4 ¥l B 2 1A )
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ARSCFH E R Fes O, 40Kk T4 € 5 % 2
Mr 2248 WAL IR Je 0 6 S BRI #E o NT-proBNP iy
SE PRI . H G R AT ARG I B R HL A PR
A PR HROUR 5 A I 25 TR L JE 75 ol 8 4 S N B R
R OEMALE) POCT Rl r ik, HRIE &7 2 M H
Ty BT e B4, Ll Fe,; O, 94
SRR Ry R 1 J2 AT R D 3R G X e 2 T
AR KX Fey O QUKL 78 4 ) B2 24 1 N #R A &
D=9
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 OE5-ARER N R = W B R 4h (NaH,SIP) A= Cu(Ac), # B R B s, i i K 2 R R A R —
A 2D 4R Be A F A4 [ Cu, (SIP) (OHD, (Ac) (H,O), | A& M P a4 T — AKX MR [ Cu,
(O, " AR —AWAHBE[Cu, (Ac), P F0. MELMELMEEEY R — KT c 4
[Cus (Ac), (OH), (H,O), [ bLsk il it SIPY #RIKAAR LALEE . U sk 2D Bk &M, SFidid &
e fe meen EARAERAH R 3D B 5 FAER. iZ 2D BT HALA (6,415 45 S35 4549 4,61.26(3%.
47,571 {3". 4. 5. 67 ) IB A M 4k L B o Wy I BB E A 277 (C LB 462 nm A A — KB A S
e )3 B A BEAR 8 et 3K, PXRD R SRS M 1 £ A A4 F.
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Synthesis, structure and property of a 2D 5-sulfoisophthalate-based
copper coordination polymer

LIU Bing., GUO Kai, HE Ting-ting, MIAO Wei-ni

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

Abstract: A 2D copper-sulfoisophthalate compound,[ Cu; (SIP) (OH), (Ac) (H,O), ] (1), was
synthesized from the hydrothermal reactions of 5-sulfoisophthalic acid monosodium salt
(NaH,SIP) with Cu(Ac), at different ratios. Compound 1 distinguishes itself as a 2D lay-
ered network, in which a [Cu, (OH), ]'" subunit of chair configuration and a quadrangular
Cu, (Ac), subunit were formed. The interconnection of [Cu, (OH), ]'" and [Cu, (Ac), | sub-
units shapes into a inorganic [ Cus (Ac), (OH), (H, ), ] chain along the c-direction. With the
linkage of SIP?" spacer,a 2D layered compound is constructed,and further fabricated into 3D
supermolecular architecture based on the connections of hydrogen bindings and n***n stacking
interactions. Compound 1 is simplified as a (6,4)-connected 4,61.26 {3%. 4%, 5%} {3", 4', 5",
6°} topological network. The thermal stability of 1 is up to ca. 277 °C,and the fluorescence

of 1 shows an emission at 462 nm assigned to n-*-x " intraligand transfer. PXRD of compound

» W H#:2016-06-25
ESWMAB - HFHEZHEASAFIIEETH (2015) ; BRZREACH NI RIBUE (201610708029) 5 BE VR K27 1 1 F}
W 3l 5 4 3 H (BJ14-02)
EER A0 WKA975—) B W w25 BH , 8 #z L SR O ) S A2
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1 confirms the phase purity of the bulk sample.

Key words: sulfoisophthalic acid; fluorescence; crystal structure; topology
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4 J&-A PLHE 42 (Metal-organic frameworks,
MOF) MEME I — R Z MM CT 2N T
L AN Sk E SN Y R T RN W N3 R
B SRS AR, R R R R S R A b 2 Y F 5
P Z—. MOFs #oRHE THL 4 )R 8+ 54 HLEC R
3 o 7 B O B AT FLIR 25 A Y — S 2 4R R
B0 HER 53 0 A TG AL Z LA MR, B AT 25 R mT
PAPE B PR BRI AR R YT A MOFs #1
BT AR P AE LS I BT OL AL 1k BB SR AE I
IR ZBF5E E. %F MOFs #RHERE R R A
WA B T X MOFs BBk 3 T I ) i) 214 L
A B T8 & 3 E R 2 PR R 9 MOFs A4 B 1 i
PET (L H A 5T 38 N BE HE RS 0 MOFs A4 8 5
S5k K Mgt . MOFs #RHE RN Z — 2k H £
T REA DAL AR 5 5 4 8 vt I L 5- R ) 2K
TR CH DL SRR MR W RPN
(NaH, SIP) 7 X i B — 4> 2 Iy e W P e 4K
W HT MOFs #8096 i, BA LR IR (1) 5-
ik 2 1) O — H R v A % T I A7 BB D AR 1 7 A Ak
TAAL R R AT AE R W SR A7 B AT 5 (2) T Ao R
5055 W il R 5 TT AR SRy 3 ) SRR O 32 A T TS
AT 450 5 3) AR AT AR O R 3k 5 1 3k ] 114 23
V) Y 43 A, AT 3 g e o HEFRAE FH SUE 4 T
261100 51k i (] 2R R S 6 BR 14 4 R 4 B B
B A0 25 [E] B B 4548, AT 5 T 3R AR AR ek a2
IREAT ALY, 5-fiff lig 0] 7% — H iR 3£ MOFs # K 4
B LRz, W T EE B L4
J& U Rk A m .

AL LA NaH, SIP A HLECAR 5 Cu(Ac), #
TR HE A 7K A il — 2D 2Rk & 9 [ Cu, (SIP)
(OH), (Ac) (H,0), 1C1). 5l i X5 28 5 54 A7 5
X-BF 2k AR AT 4T (PXRD) VAE (TG) (FT-IR . %66
JCIESERAE T2 A& W1 5 A 450 K M RE.

1 SRIEER4SY

1.1 BRH5E

(1) FEFRF) K JFORE A SO 56 BT 24 5 A i
HE— A 4lifk. NaH, SIP W A B 75 % ( F i) 1Ll T
W R RARAF,Cu(Ac), 1 DMF W [ [E 24 £ H
A2 ) A R 2 7, 4 9 3R ik B 25 3l (FOMBLIN

Y LVAC 25/6) 1 A P95 AW A R AL 3258 50
ali, 2T HMETE AT KBr i 4l 1 [ [ 245 46 A1 1k
R A BRA AL

(2) FEFALLR TS KR 5% 1 - 48 57 v 2041
% (Bruker Tensor 27, fi & %) % A KBr & H ¥,
M5 4 000 ~ 400 em ™. #E 43 BT AL (SDT
Q600 V8.3 Build 101, TA X% : KL S 1E N,
ST IMHEA LN, WK 20 em® « min™ ', FHE KR
10 °C » min ' EE N 20 C~800 C. X-Hf £k
K A7 Bt (Rigaku D/Max-3c, H 2 # 2% #k 20 £
#O L EE R Cu Ka 148 (4, =1. 540 598 Asd, =
1,544 426 A) M4 1R - SR T G e, T4
R R 40 kV, TAEH TR 50 mA, 20 £14# 1 F 4
3°~60 .2k 0.02 L HFHEE N 4 “min .
AH G (Hitachi F-4600, H 4 B 57 bkt 23 4t)
FEE I, DLGURT VR S R OB UR L & S RN R B ak
$3°8 2.5 nm, PN 2.0 nm, FAEE A 0.1 s.
1.2 [Cus (SIP)(OH), (Ac) (H,0), (1) #54 %,

0.1 mmol, 0. 026 8 g NaH,SIP, 0. 2 mmol,
0.039 9 g Cu(Ac), » H,O 5 10 mL KIEEE T
25 mL RVUGR & M K B f, 160 Cn#k 5 X, A
SRR AR A A €0 b A IR A AR L R Uk R K R 2 T
%,50 C T4 24 h, IWETF=W 22. 9 mg, "R AK
60. 94 %.

RIE A CuCAc), il NaH,SIP (Cu(Ac),
: NaH,SIP =0.1:0.1—0.5,[dF& % 0. 1 mmol)
FEAHAL R BE 2% 8 F R AR AT 3R A3k &4 1: 4 Cu
(Ac), * NaH,SIP=0.1 : 0. 2 i}, # H,O/DMF
(5 mL = 5 mL)IRA W b, AU R 2% 14 R 0
EEiE-ZiA<L/ B
1.3 X-H& % 5474

i ) 4 60 SR ok B2 T 7E B R T kR IR A X-
S5F 2 B T AT S FH B AR OB Bk 1 R B T Bruk-
er X8 Kappa APEX 11 CCD [ #4777 $H 4% I+, i F
APEX2 B4 X-E M . =1/ T
F A 20 @ fk 19 Moke S48 (0=0.710 73 A),
PLo HH# 77 W8 — 5 M B0 A7 38 S8s. A
SAINT + 2 J5 3 47 17 5 B8 1 48 A Ak R g T,
F SADABS {44 X6F i 564 5046 547 98 & 4% A Ak
S 1) 5 A E e R B M. AR S 1 1 R AR S A
W SHELXTLTM &R 8 0 40 iy 21 3% 05 i
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HLIFEET F2 sREOV AR SR & 25 B b — ok gxR2
TR S BT AT AE AR T IS BT 45 1) S bond distances/A
6 1E. AT e s B FH RS I b A s o 0o,
Y1 B AR F RO LR 1, R R A S T Cu3-03 2.268(2)
% 2, 013A-Cul-O4 96. 40(10)
LAY 1 MG RaaslET T o e
2 A% B S B AR 2 B8R E B, CCDC 5 013A-Cul-02 171, 33(D
1438100, ] 38 3 B Ik 4 2% 3K B . www. cede. cam. O4-Cul-02 90.35(9)
02B-Cul-02 80. 26(8)
ac. uk/data_request/cif. O13A-Cul-O1 97.00(8)
X1 HEW1HWREZEHIE 04-Cul-01 101. 58(8)
Empirical formula CioHi9Cu3 0158 02B-Cul-01 93.93(7)
Color and Habit blue prism 02-Cul-0O1 76.24(7)
Crystal Size/mm?* 0.22X0.10X0.10 O13A-Cul-Cu2 135.25(6)
Crystal system Triclinic 04-Cul-Cu2 86.30(7)
Space group Pi 02B-Cul-Cu2 97.53(5)
a/A 8. 731 6(4) 02-Cul-Cu2 39.58(5)
b/A 10. 099 5(4) 01-Cul-Cu2 39.50(5)
/A 10. 409 4(5) 013A-Cul-CulB 134.88(7)
a/ () 72.920(4) 04-Cul-CulB 127.86(7)
B/ 80. 052(4) 02B-Cul-CulB 40. 34(5)
¥/ () 69. 675(4) 02-Cul-CulB 39.92(6)
\4 /Az 820. 27(6) 01-Cul-CulB 83.60(5)
7 9 Cu2-Cul-CulB 65.110(13)
Fuo 560. 86 011-Cu2-01 96.57(8)
Deatea/ (Mgm ™) 2,271 011-Cuz-02W 86.64(9)
p/mm 4,051 01-Cu2-02W 171.05(11)
F(000) 554 011-Cu2-02 169.49(10)
0/ 3.83 to 25.03 01-Cu2-02 85.85(8)
Reflections measured 14 906 0zW-Cu2-02 89.54(9)
Independent reflections 2 878 (Riny=0.033 0) 011-Cu2-01W 103.93(10)
Observed Reflection 2 696 01-Cuz-O1W 86.30(8)
[1>26(D] 02W-Cu2-01W 101. 08(10)
Final Ry .wR; indices (obs.)  0.025 3,0.065 9 02-Cu2-01W 86.41(8)
Ry ,wR; indices (all) 0.027 7, 0.067 6 011-Cu2-Cul 137.30(6)
S 1. 069 0O1-Cu2-Cul 48.88(6)
(A/6) max/min 0.001,0.000 02W-Cu2-Cul 124.16(8)
(A ) man/min (eA ™) 0.799, —0.503 02-Cu2-Cul 40.31(5)
Ri=C || F, |—|F. || /S| Fol). wRy = [S(w(F,2 — 0O1W-Cu2-Cul 98.43(6)
F.2)2)/S(w | F,2 |2)]V2 01-Cu3-012 93.42(9)
. 01-Cu3-Ol4A 93.86(8)
x2 kaw %I%%%(A)fﬂﬁiﬁ (") 012-Cu3-O14A 160. 06(11)
bond distances/A 01-Cu3-03C 177.28(8)
Cul-Cuz 3. 0371(5) 012-Cu3-03C 84.50(9)
Cul-CulB 3.038 6(7) O14A-Cu3-03C 88. 67(8)
Cul-O13A 1.941(2 01-Cu3-03 98. 74(8)
Cul-O4 1.943(2 012-Cu3-03 100. 39(10)
Cul-0zB 1.578 5(19) O14A-Cu3-03 96. 81(9)
Cul-02 1.995 6(18) 03C-Cu3-03 79.95(8)
Cul-O1 2. 289(2) MBI A= 2+ 10 y— 1. 23 B= —2+3. —y+2, —x—
Cuz-011 1.927(2) 2:C=—2+3, —y+2, —=z—1; D=x—1, y+1, =
Cu2-01 1.932 7(19)
Cu2-02W 1.964(2) L4 d&abo 7
Cu2-02 1.965 7(19) *ETE‘ A. F. Wells ﬁiﬂ‘ W]éﬁéﬁfﬁ E’:JXHES(DS: &
Cu2-O1W 2.307(2)
Cus-O1 1. 501 7¢18) & 1 M4 8 %Ak, [Cu, COHD, ' [Cu,
Cu3-012 1. 941(2) (A, |7 IR A4 1506 (SBUs) Al SIP 3 {443 5l
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FERIR 6— 6— A— L LW NS A A T
B4 TOPOS 4.0 Hf ADS B 7B G 1
HHANGEH .

2 HR5H

2.1 Ak

Cu(Ac), 5 NaH,SIP fy bl 0.1 0.1—
0. 5[ f@>4 0. 1 mmol) 78 A [F] 4% 14 T f2 1 34 15 5
&YW 1, KWL E RV R TG 1 &E
TR LAY 1 I AT DL i A S ARBUR AR
H, O/DMF 3R B, (H7E £ B ol HBE 7= 9 S B oK
R R4S fd B i F EEAEA. [
by 5 T A2 AH 2 LAY S5 L JE RS BE A B S
Y. 40, Cu(NO,), 5 NaH,SIP 78 5 H 41 0. 1
£ 0.1—0. 5B R 0. 1 mmol) 15 5 ¥ g 4 (2 7 35
V. CuSO, .24 CuSO, : NaH,SIP=0. 1
20.1—0.5 B, =¥ 0 %W 24 CuSO, ¢
NaH,SIP=0.4—0.2 : 0. 1 i}, =¥ 0 ¥ O DUTE.
Ff ] CuCly .24 CuCl, = NaH,SIP= 0.1:0.1—
0.5 I, =y 5 M hd vive. iR Bl LW
TAE Y4 i B b A WL LAY 1 RN
oAl 2 FH 3 At 3k V8 4 Jm AR i RO L T Ag
Ni* ™ [ 7= 8 R ULTE . Co® ™ #E w Lo ) 42 I Bt Ry e o
e LB A IS SRy (0 0 T L L SR R B O A
B G 1 R AR DAL A I A R 5
REEAEH.
2.2 BikEH

LAY 1 E—Ah SIPY B # 1 2D 2k
4544 ,1% 2D J2 h — 4 [Cuy (Ac), (OH), (H,0), ]
ToHLEE S SIPY BAR M a. L&Y 1 A X FR
Bt AT 3 AL CaD, — e LR T
LAY SIP gk, — A~ Ac” BF I 2 NS s —
OH &7 CnE 1 FrzR). 1E i H fif 1] 58 4 fn, fiff
&Y 1 AEFE o P e O1 A O2 W FT(BVS)
Wt A 1. 243 AT 1. 329,853 1, F B O1
M O2 ¥k OH™ B+, 5SH A4 HrAHAF. Cul B H
fic {37 I DU 7 R B L i 02,028, 04 fil O13A(A
=x+1,y—1,2;B=—x+3,—y+2,—z— 2D
DU 7 4 g 18T, O1 A DU 5 #E T . Cul i 25 7Y Jr
/N T T B4 5 KA Sl 0,187 3 AL Cu2 5
Cu3 1 B A #4754 355 Ky D 5 o A 85 U e /N —
TR T 1) J5e A IR 5 B 43 39 8 0. 063 3 A 1 0. 1615
A. Cul.Cu2.Cu3 i CuO, DU HE M TE B « 4 31
90, 066,0.009,0.096(r= (8 - a)/60,a.8 5%

N Cu J57 3 1 P S K B AN B A BEARL DY 4 Y
a=p=180 °,z=0).

Cul 5 Cu2 s it O1 A1 O2 B BEIE A U i1 B
[Cu, COH), J*" 8, B M4 [ Cu, COH), ]* #
Cul —O2 8 # £ E iks X[ Cu, COHD, ' PR
TG, Htf Cul - Cu2 5 Cul +++ Cul FE B 2 %1 K
3.037 1(5) A H1 3.038 6(7) A. Ac™ & T il 2
R BEAY O3 BT Cu3 K H % FR 5 1 3% 35 98 ik
[Cu, (Ac), " R ¥ot. k[ Cu, (OHD, ' K&
[Cu, (A, "7 IRt iF Cul — O4 Fl Cu3 —
O1 BB EHETIE BT — 4500 ¢ Bl Jy 1w JE AL [ Cu,
(Ac), (OH), (H, O), J# (& 2). SIP* Pl fhk =4
)7 R LA pey — 2 BB B O B 5K (&L 3) 43 ) 3%
% Cu2—Cu3.,Cul —Cu3 M bc F 1 A 2D )2
(2>, 78 2D JZ b, B4 K 57 R 3 =2 [ i T 43
T A (O1IW—HIWA--016=2. 846(3) A 139
(3) ©;01W—H1WB---017=2.790(3) A,175(3)
°;02W—H2WB---017=2. 715(3) A,169(4) °),
HEFRIE IR T oo me HBUEH (reer=3. 619 A
RARIR B0 A IR Ay F AR . 2D 2
BLR 3D M4 F R (K 4).

RIELAE Y 1 145 FRAE 12 TOPOS 4. 0
b 45 48 A 2 B A, 4 [ Cu, COHD, ' ([ Cu,
(Ac), J*" WY ST SIPS B AR 23 5] HE 80 M 6
—.6 —.4 — fi % A, [Cu, (OH), ", [Cu,
(Ao, "M 855 S5k (34, 44,54, 6° ), SIP*
BEEON3 A5 AR A 1 R AR G R T
bR — (6, 4) BEFERY 4,61.26 (3%, 47, 5%} {3". 4",
5°.6°% RN 4 (B 2).

MRS A=x+1,y—1,2;B=—2+3,—y+2,—2—2;C=—x
+3,—yt2,—=2—1.

B1 &4l Culll)RFeBALTEH
2.3 MR RE

2.3.1  X-SFEky AR A 5
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B4 em1w3DBESTREH

KA il K SR & % 5 H. O/DMF fifi%s
RN ARAFAL AW 1, H X583 oK A7 8 (PXRD)
BIFE 5 3 B s 5 19 PXRD BIAE— 3, 56
W= AL S 1 BB — YA, PR BRI R i 5 R
fm B i — B 5).

2.3.2  [EEZOCGIE

F AL A 1. NaH, SIP 1 [E & 7¢
ot 78 285 EAMERI L T . NaH, SIP £ 321
nm Ab A — AN ) 1) RSG5 % & B g T I
J&F n° —n BRIV, SCERHIE Y H, SIP Bk K
H9 320 nm . H &5 I KR 467 nm. H,SIP % i ¥
JE R AH £ NaH, SIP, & B 3 KA 146 nm B 40
. 373 nm FIOCE A MG 1. 7E 467 nm 4b)™
AR BT (R 6 () T 2R). CIE 1931 #fF
3 AT 8 T A AR TR SIE S 5 O IR (AN R 6
(b)Fi7R). 5 NaH, SIP B 26 6615 b g . nl Wl )
29 141 nm LR, ZRLLR FE R R IR JE Fl SIP 2
B & W e Sk i UL A9 40 AE SCHR ARG 1) SIP R A
VI & 638 78 410~430 nm, A] )& T it 44 5]

4 JB I BK i (ligand-to-metal-charge transfer, LM-
CTOM =1 M3 1 5 H, SIP B9tk %
FRARL S 2 WAL & W 4 5 63 TT VA J SRy BC AR P H
IRIF (intraligand charge transfer, ILCT) , R fiQ {4
W e BRIE. (LB 1 5 NaH, SIP & 8 6 3% /9
ANTR] L FE A 4 )8 o 5 (HD SIP e 14 (4 A7 54 A
S K OETE. 4w 5 ORI AR R 5 e K B A
() meeee o HERRAE L 0 0 52 ) HC 22500615

8.0X10*

6.0X10° |

1in H,0/DMF

4.0X10* )\ k
0 d

CP

2.0X10*

0.0

Simulated

1 1
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26/(°)

B5 b1 eyzibnX PXRDA#S
38 3E A PXRD B Af 4k
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(=3
(=1
T
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() b5 % 1. NaH, SIP Y [E 25 9661 1#
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(LAY 11 R
A6 4ui4 1 & NaH,SIP # 3 & k% B
% CIE it L wy &8 B
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2.3.3 FNFESHT

EY 1 M ESPTRIHRE N 2 P
B HIAE 174 °C~277 C, R HLA 8. 0%,
VA JE M ECA K B 2k 25, 5 S (E 6. 4% HE3T. fERE
J5 277 C~595 CIRBEMF N, F 29 57. 3% KR
FHH,HE SR — A PLESRR N0 & 1 (B 4E
SIP’” BifRk \Ac™ A1 OH™ & 7)) B A b 25 2D HE
R Y CUnE 7 FroR) . HE SR N & B 1 R AP 4 f
IRFWZ 2D 4@ -HUARE ZE 2T B 07 i $A 8 1

100 174

90

1 1 1 1 1 1 1
100 200 800 400 500 600 700 800
T/°C

H7 e lhEThiA

3 it

ARSI 3 KN A AS TR) E A AS TR R0 K 3B
A 2D[ Cu, (SIP) COH), (Ac) (H,0),1(1) MOFs
ME 2D bGP — X AR [ Cu
(OH), 1" KD Cu, (Ac), 17 R M 180T,
HOMH B T8 B — Z5 U DA ¢ Bl 5 18] B9 JE AL BE [ Cu,
(Ac), (OHD, (H, O), ], Jf 38 3 43 F [a] &5k S 4 38
6] oo HEFUVE IR 2 3D #E2r FHEZE. b AW
A T 25 74 43 BT R W1, F [ Cu, COHD, 17 [ [Cu,
(Ac), J*" IRYHE S B0 A STP® e 44 43 1 12 01
6—6— A— AL AW 1 6,0 TR
4,61.26{3%. 4%, 5%} {3". 4", 5", 6% } 4 1N 0 4%, S 56 )
Y PXRD FIHE 5 Hy B i #0045 19 PXRD K FE
— B0, e WIRE P BB I I R 5 B O 5 A DR
an PIAR ). 252600 1% R WAL & YA 373 nm 6
WR T 462 nm 7 — KRN E I, 5
H; SIP [8 25 % 6 AR b1, 38 B 3% A 33 e 1 15 Jg oy e
RKNEY e BT BRIT. TG 2 RIS 1 1
REIF R L RATE 174 'C~277 C, £
R FEAIK 5 B RAETE 277 'C~595 C.H
SIP* Fiifk . Ac™ il OH B 7 [ 2 Ak, 38 2D
HEZR ) I35
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Polyethylene glycol and mechanism with the suppression of
montmorillonite effect on polycarboxylate superplasticizer

ZHU Hong-jiao, ZHANG Guang-hua, WANG Zi-ru

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

Abstract ; Using polyethylene glycol as clay adsorbent, the resistant effect of different molecu-
lar weight polyethylene glycol at different dosages mixtured polycarboxylate superplasticizer
on montmorillonite by the fluidity of cement paste. Meanwhile, polyethylene glycol and
mechanism with the suppression of montmorillonite effect on polycarboxylate superplastici-
zer was analyzed by Fourier transform infrared spectrum (FTIR), X-ray diffraction (XRD)
and Total organic carbon (TOC) ,et al. The results showed that the fluidity of cement paste
had been increased greatly after polycarboxylate superplasticizer mixtured polyethylene gly-
col at better dosage. When the molecular weight of polyethylene glycol was 1 000, the dosage
of polyethylene glycol was 0. 1% of cement mass, the initial fluidity of cement paste could be
increased 40 mm and increased 140 mm after 1 hour. And the reasons why polyethylene gly-

col could inhibit the negative effect of montmorillonite on polycarboxylate superplasticizer
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were that polyethylene glycol was priority absorpted into the interlayer of montmorillonite;

polyethylene glycol could lower the adsorption of montmorillonite on polycarboxylate super-

plasticizer,and the adsorption quantity was decreased from 46. 52 mg/g to 37. 15 mg/g;poly-

ethylene glycol could inhibit the bibulous dilatability of montmorillonite,and the expansion

capacity was decreased from 11 mL/g to 8 mL/g.

Key words: polycarboxylate superplasticizer; montmorillonite; polyethylene glycol; mecha-

nism
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Study on surfactant flooding in low-permeability
reservoirs of subnormal pressure

WANG Cheng-jun'®, LI Xiao-rui', GAO Rui-min”, JIANG Shao-jing”,
XUE Yuan®, ZHAO Xiao-liang®

(1. College of Chemistry and Chemical Engineering, Shaanxi University of Science & Technology, Xi' an
710021, China; 2. Shaanxi Extend Oil (group) Co., Ltd. Research Institute, EOR Department, Xi' an
710075, China; 3. College of Petroleum Engineering, China University of Petroleum ( Beijing), Beijing
102249, China)

Abstract ; Surfactant flooding is available in low-permeability reservoirs,but the study in these
fields of subnormal pressure are rarely. This paper uses numerical simulation method to
study the effects of key parameters on performance of surfactant flooding. The results show
capillary number is the most sensitivity factor in normal pressure reservoirs, and it decides
the select and the research of surfactant. It also determines the effect of surfactant flooding.
But in reservoirs of subnormal pressure, the injection concentration is the most sensitivity
factor,other parameters like adsorption and viscosity affect the oil recovery are similar to
that in reservoirs of normal pressure. This study can provide key references for surfactant
flooding in low-permeability reservoirs of subnormal pressure.

Key words: subnormal pressure; surfactant flooding; sensitivity analysis; numerical simula-

tion
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Laboratory investigation of miscible CO, WAG

process in extra-low permeability reservoir

ZHOU Xing-ze, LIAO Xin-wei, ZHAO Xiao-liang, GAQO Jian, LUO Biao

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

Abstract: Ordos basin has billion tons of extra-low permeability oil resources. Using conven-
tional water flooding caused the rapid decline in output,high moisture content,which is diffi-
cult to enhance oil recovery. CO, flooding has become the main technology of enhanced oil re-
covery in the United States, but the technology has a variety of problems in Chinese oil
field. Water-alternating-gas process as a way of combining advantages of gas flooding and
water flooding has higher applicability. Analyze the different parameters’ influence on recov-
ery efficiency. By changing the injection pressure,injection rate,slug size,gas,water slug rati-
o study the changing rule of the oil displacement efficiency, pressure and influx. The results
of the study of extra-low permeability reservoirs CO, WAG technology increase the applica-
bility of the CO, flooding in our country and have a reference value of implementation of the
technology.

Key words: CO, flooding; water-gas alternating flooding; flooding parameters; enhanced oil

recovery; extra-low permeability
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CO, FELRIRE A fiE J7 B b 3G 8, 9K 3% 32 5
30. 63 %0 (AR AR 45 30 [ 1y 9 b 9L g R, U 2

Wi >R WO A B 2P AR IR 2R 8 CO, J7 30 1R

LR S 4.
60 5.5
-o— IR 3% 3 —— JT #5(MPa)
50 145
w0} 13.5
& <
>~ &
Qg_ | —
§ 30t 2.5%
5 201 1.5 =
10 b ] {05
CO, iR M B 0,90 B B iCo/ A
0 . . : 0.5
0 03 06 09 12 15 18 21 24 27
4R E N R/ PV
B2 ABRBHXEREZLSEIANTEEZA
2.3 KAX
2.3.1 JEhEmda

TS U A I A ) AR AR S 2 R L
4 0 AR E EE R CO, 7E 50 1 g %
fiff R A T s COL A B3 rf B9 4 ik B 3 n s
T SN AR g, B K BR AR S L (17 35 R 25 B
K, 7 ACBE 7 728 5 L A0 IR 3K 90 RECR 1 i Can & 3 fr
) [ 3K B i 20K A0 CO, B A i1
(WA 4 frm).

T4 ENLTHRALBER

Hoo i - 3 e ;
KR g e SAIEA B

/MPa  /mL /MPa /%
18— 10 6.2 6.8 1.53 3.64 58.71
2 W 12 7.2 5.7 1.79 4.47  62.08
3 F—4 14 6.3 5.0 2.17 4.19  66.51
4 T 16 6.0 4.1 2.97 4.50 75.00
2.3.2 FEAHMELRA

A B ORI A L SR A R LR
S, AR BE L B TR A I R 7 0 3R R
S AN AR 5 . (H A R S PR s ek b
CO, 55 T fh i (7], 38 i 7K 9K 7 2% 58 ik 3l Z il
e KBRS/ K AR L TE AR R TR
T3 TR PR ¥ R 22 18 K 38 B i A 3R AR R S
CO, FEARIGIN A 6 Fros.



%5 6 4 JE PR GBAR B T CO, K A8 H IR S 86 HF 5 « 123 -
90 14 45
—— £ /710MPa —&— % 7712MPa ey AR
8of FE Jj14MPa o[£ Jy16)Pa L} T e A 4
701 (96’0 3.5
60t b z 1 =
. > o B 3 e
= ooof W 8 252
& 0 & < =
= ao0f = 6 2
= E x
= 30} = 4 15 3
20f 1
10 _d)O OQ 2 0.5
0

o
0 03 06 09 12 15 18 21 24 27 3 33

IREE AN T/ PV
A3 ARREEB2ESTIRBKE
L5EANEXEZA
100 3.1
90 f ——RilHE —— HHENE [
80 '
o 70F 125 >
< 60 f <
ko 12.2
# 50t <
= 1.9 H
£ 401 =
30 1.6 ¢
20 f
11.3
10 |
0 i ; i : " i ’ y 1
8 9 10 11 12 13 14 15 16 17 18

H 0 £ 71/ MPa
A4 BhHAERAXEINTEENNXAZ
RS FANEELBAILBLER

s, e R g HRIE g RO
e b R/ JE i /MPa A Jml, R
(mL/min) /mL /PV /%

1 -4 0.03 6.2 6.8 1.53 3.64 58.71
5 %4 0. 05 6.5 8.5 2.58 3.86 59.38
6 -4 0.07 7.4 11.5  3.94 4.60 62.16

70
—+—0.03mL/ min—e—0.05mL/min 0.07mL/min

60

50
32
i 40F
=3
= 30f
o
= 20 L

10 -/ﬂ' -

Or' - 1 L I "

0 1 2 3 4 5
WEENT/PV
B5 FEENZETIRGHE
LEAEXAA

2.3.3 BER/NEEA

AR A B0 30 A B 98 /N T B3R 7 1 3K B[]
HEAT S0 AR B FE R /IN BRIV 2 9 4 K IR RN A K
BF 1), SO 25 R L3R 6. 38 K B2 3K A it
JECIM Z 18] A A R 2R S R A 1 5 C O, TR I AR S5 T
Rl R AT 55 Tk g 4 o S AR R B K K 4R T
M JZE T AR AR B R 3 K, B it B it 0 HAE

0.02 0.(I)3 0.64 0.I05 0.I06 0.67 U.Og
YL )% / (L / min)

H6 FAREANZETELZSEIANEXZA
A 49 o Pk 5 B it 2 L S U/ e R AR B gE kN, R
KB FE CO, 5 b4 fih 2 /D 35 i B /0N SOIKAL
RANFE 5T 5 7K B B 3 7K B[R], R 7 b T4 L SR vt el
JEAR. SR AE R R R B ZE RN K 0.2 PV I,
BB AT BE A D KM ACR & i 7 TR,
*6 BEAXNEWHIWER

g, PR AROEE g W
gie ol KA Jaih /MPa A sy R
/PV  /mL /PV /%

1 #—4 0.2 6.2 6.8 1.53 3.64 58.71
7O%TH 0.1 6.4 13.7  2.66 1.88 29.38
8 H—# 0.4 7.1 8.5 2. 00 4.56  64.23

70

60 "—-—"‘ !

50[ Bk, # 4 v

40 fokmma

——[FE0.IPV," (KL:2

PN
# H
" | > T
1 x i ——BEROTPY K20
20 //“_‘ ' Bl [ENE
R ord PR A U e m0ry, ke
10 . W RmREl ;

ot t BUROAPY SR

Y % %

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
30 A R/ PV
B7 FRAKEXD EELEMS
W ELSEANT (AR
2.3.4 BIEWLEA
R 4l Bt 5 Lo o B3 A A 7K B 2 R /N ilE AT 5
5. BB B IE T, BRIV 2 8 R K SR A KRR X VR
S 5. SEHG 25 R LR 7. B K RK L, 3 5 R IR AR
FH - B AIOR B 0 AR S A R R A 5 UL I
ANEOK G TR BT R R SR B A
/N B I A ORI ROCRAIG. S A R AR, UK B gE
S5 L) 3R 50 e A 5 BE A O T R R A KT AR
[i] FsF R 1085 D /L o 3 A i 4 6 R R S
7 BELMIHRAIBRER

g L kg EE g AROE g S
48 b - JE /MPa A sy BOR
/mL /PV /%

1 H—4H 1:1 6.2 6.8 1.53 3.64 58.71

9 -4 1:2 6.8 9.0 1.55 1.70  25.00

10 %5 —41 21 6.1 10.5 3. 86 4,00 65.57




. 124 - Ro#BHBRLESH 55 34 %

SIS R LWL M E A KKK E CO,
OK Hb K B , 3% 2SR B A B A SR A %L CO, K
SRR UROGT R A T LA T 0 3 L
RSHEARACSL LS K B, 42 = Hb )2 T 7 GGk BT AR i
) R FHE P A B, BEZE RN R 0.2 PV, AK
FEom 1 s 1, REME AR UE 4 = 3R I R L Ik b CO, TR A
I REAR AR

3 Zig

(D2 ZEMMH A KBRS I CO, KK
22 IR i 2 R I R A T K IR IR S SR AR KR
TR IRAERE TR Ty A BE A E E UE B R A B2
0.2 PV.SUKH A1 1T AT EHET CO, UK,
REAE W 22 A, 4 A = TR > CO, L BR
IRTF K& LA

()RR K Bt 5 1 AR S Th e, i ARE
B, IR G (R R ERARD L IR SR
1L JZ 55 1 AN 2 B R0 28 SR VR OV IR P L v )2 TR
71 B85 2R AR A

(DRI, WM K, & FHIEEN
JOT B U™ B U B RO A T AR 25K T EEAR
TR PR B 3 I T AR

S % Uk

(1] TilE a5, 55, S8R 2230 25 R 8 5 h < |
WHRIT R BRG], 55 Pl <8, 2007, 19(3) 1 126-
130.

[2] Koottungal L. 2014 worldwide EOR survey[J]. Oil & Gas
Journal,2014,112(5) ;100-105.

(3] VLR A S WA, B S7 UL 45 b 96 £ 3k Tk = Sk 4R v
SR BRI AR [T ], o E #R IR, 2007, 29(7) : 30-34.

[4] B, whil K, X8, 35 COy K A B H &5 7w
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LAR, & T, BHE, KA, 6 A

(BRPERHE R R AR T B L 5 HOR E A0 % Bep P9% 710021

B E ARRAEANAELE R22 RAERBZ W EMFFH, RA AR A & # | Sephadex
LH-20 2 &% TL&HF T T ZAMRGAEZHRIT0 8 4L, F LSRR eHmeh
PER Al ik S M, il AR T R ARG S B AT E K, AR
REEFHP R BRI AAMMEY. ZEESHNAT R TSR o FH b5 (2) . 3-F A
A-vE vk 87 (3) , cyclopenol(4) R & & (5) JRF(6). X P& 3 A B RANABRR Y 4 &7
7, h/«\%5Xﬂﬁ%%}?ﬁ%%ﬁ#iéﬁ#ﬁ?%iﬂi

KW kAT WAEARAR; FFE; RERMZH; WA TH

FESES:0629 jcréiﬂm,mﬁa:

Studies of secondary metabolites from an endophytic
fungi R22 of Nerium indicum

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

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

Abstract: To explore the structure and activity of secondary metabolites of endophytic fungus
from R22 strain in Nerium indicum , the secondary metabolities from R22 were isolated by
silica gel column, Sephadex LLH-20 column chromatography, recrystallization, and so on.
Their structures were determined by their physicochemical properties and spectrum data.
And an MIC method was used in antibacterial activity test. Six compounds from fermentation
of R22 were identified as succinicacid (1) ,daturic acid-2,3-dihydroxypropylester (2) ,3-meth-
ylquinazolin-4 (3H)-one (3), cyclopenol(4) ,allantoin(5) ,adenosine(6). Compound 3 was i-
solated from the natural world for the first time. Compound 5 revealed some antimicrobial
activity against the phytopathogeic fungi.

Key words: Nerium indicum ; endophytic fungus; Penicillium; secondary metabolites; anti-

microbial activities
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¢ 126 - e #E

rEER

% 34 &

0 3l

HE N A BB R A AR = L B
2 PRSP AR AR s L R 2
RARME TSR KM P AT T2 A N R
L U A AR A T LR R BRI U A ok 245
FEL 4 N A= B AR 7 0 B T 5 R B 32 31 AATT
B, AT B (Nerium indicum) 38 E B 8]
FH 2, B 50 A DR CBURR AL A% HL 4958 5 Wi B
S 25 BRI RN AT, [ PN AR X e A Bk T
WFE s 2 4 b F oA Jr o N
FLTH AR A 1 B A 5 i b AR TR DL e
VT RRAR 7 85 45 2 0 — AR 9 AR LB (B 5 o R22)
R FERT G, X FL R AT A A N K 8 7 )
EARE 6 MEEY IEX IR L G AT TR
T M, DL SR i — 25 ke ROR] F I AT Bk 9 A 3
B4 PG LA

i

1 #M#EFE

L1 #EH

AU b X 18 e 7 Bk AR A8 43 6 45 2 A AR BT
R22,7E 4 'CFH] PDA By R BL R A7 T S0 g0 5. T M
N TR R < o 22 TR M T (e 0 7 BK T L FL IR B
BRTAD o 22 RBAVE T CR I AT T8 2/ MR AT 1D L A )
o L L T P SR 2 o T T S TR AR T /N R
TR T T A K B A IR R T R R B
T T oK R B T 4 I T BROABL O 2 5 T
ATy R IR D . LA B IR A R T g =
L2 &R AL KA

(DAY 2 : RES2CS-1 i % 7% A3, 98 3 5 71
AL %8 ) ;s Bruker avance [l1-400 MHz B g L3R
ASC P A 5 3 o B s AR R AR S 200~300 H L 7
Byt T ) MR S RS G B IR A
T T s KO FE BRI Sephadex LH-20, ¥ & W6
TR JEE T AR

(2) Ky % 5 510 48 IR B 77 3 (R A 0% 30
g/L,KH,PO, 1.0 g/L,MgSO, « 7TH,0 0.5 g/L,
NaNOQO;, 3. 0 g/L, KCI 0. 5 g/L, FeSO, 0. 01
g/ A REEARBRIASEREGRNE 5 g, BN
% 10 g,NaCl 5 g, H,O 1 000 mL,pH 7.0), &4
WA (PDA) i Jf 5 (20 76 D R E 1 000
ml, % M 20 g, B 20 g, AR pHD L Bt FR 5
5 [ 7 43 A 4.
1.3 WAERE

(DB U2 Wbk R22 M T PDA ¢

B I, T 28 CTRE R 5 d, 407 L3, W4T 3
W22 R RO,

()57 FLEY) 5508 K R bR R22 70T PDA
RUE G FRIL L E 28 C RS 5 d BT A A H
CTAB S BUSE 22 (R 3 M 41 DNA 5 B AR L 3 it
1% ITS1 A1 ITS4 ¥4 H AR #k 19 18S rDNA 1Y
ITS X 0 FE 3453 /9 1TS 7 51 78 Genbank %%
I e 4T Blast 4387, 2k FF MEGA 5. 0 (45
Pk ND W # Rk & e, X R22 5%
I P v 5 Tl 1) 3 TR AR R G2 K B HE AR OC R AT
G3HT.

1.4 ABERBZHAO5E

(1) NAE B E R B Wb R22 20 6L 5,
MR 42 R B34 400 mL 2RI FR LM 1 000
mL HEHIRF L 7E 28 °C.120 r/min FIRZGHIFE 5 d
il & W Ah 35 IR M. R A R OKR R SR B (75 g K
K.90 mL TOHEE IR FRFO M AR T 120 CF
KT 20 min, SR 5 He BE 10 % 4 (2) 432 Fh i 4 F F 15
FRMAERN T R KOK 5 35 Herp a4 Rb 420 T,
1E 28 “C T #E 5% 30 d.

O ™= P 0 S5 4 85 F B T 19 % %
Y (15. 9 ke) H & 1 £ T8 A 43 ) ) 2 4 B, 42
UV 22 0 25 T A5 B 2000 g R FH AR AT €23
XPHLR B HEAT 4 B LA EE AR LR S =
1: 1. CMRETR ORI/ HEE=1 = 1. H BT
FIHEATBA BEVEML 458 5 34> (Fr. A~E). Fr B
(145 @) LA ik / 202 T/ H A 5 390 00 A7 16 B8
VL, 45 A EMEA Y 1100 mg) .2(100 mg) .3
(120 mg) .4(2.5 g),Fr. D(1 260 @) LLZ R Z g/
FH 2 Ay 1 ) 2R A7 B BE VR I TR FH Sephadex LH-20
R 5L B R EME A 5(100 mg) .6(200 mg).
JFA Ak A W 2 5 HHNMR #1¥ C-NMR 43 H7 i
HgiHy.

=R
1.5 ¥ &

AT B R RN A B R R IR B 3Rk AR
Joi JBL BT 1 35 5L O PDA CRIN BRI ) 85 35 k. M 48
AR RIS AR AL A WA R T DMSO % R
e, TR B VR BE O 1 mg/mL BRI L R B
FRILAE I AFFL 100 L A EAR VM A F] 96 FLAKH
PR 1AL A B RAE SR 100 pLIRA Y
51 NER T AL 100 oL T4 2 fLHIR G5,
FENES 2 FLP IR IR 100 pL T4 3 LIRS 1457,
WL E SR E S 10 L, NEE 10 LR W 100
pL 3525, 85 11 FLAEE 12 1L 20 B4R o 55 55 2
DMSO %51 B P X B 25 1~10 fL 4 & 9 19



5 6 ] L3 RAF TR AR FUE R22 B9k AR AR 5 < 127 -

T KR N 500 pg/mL., 250 pg/mL.,125 pg/
mL.62.5 xg/mL.31.2 xg/mL.15. 6 xg/mL.7.8
pg/ml. 3.9 pg/mlL.1.95 pug/mL 0. 98 pg/mlL.
FHE: S5 L BRI R A 10° CFU/mL 0 375 4 I 38 B
B 1 AL IA 100 2L TR . T R
A SRy 2% FG B A 1 B X B PR i R A
=2 [ B AT % BH P %o B, 22 T R A Sy i i L TR
P BAMEXT R EaR R0 3R 4T 3 AT IR IR o 40 A
I 96 FLHRE T 37 “CHE3% 24 h AH Y% 7 2L
BRI A 96 fLARE T 28 ‘CH5 5% 48 h J5 M2 IT
ook 2

2 #FR5ITE

2.1 WhR22 8%

PR R R22 AT A 27 4 0, LT 7% A WL )
W B Bl S A R S, 5 I ARt iR
N RENE W] G0 5 B L A3 AR 9 AR An g o DR AT
A E W R R22 N R R 1 s, o KA
Oy FAEY S PCR Y71 R Be iy & 9, B b
HAEY ITS FE 9 [7] GenBank A9 3 R 51) A0 ) L
5E %I (Penicillium) B[R] I8 535 3 98 % (W4
F. I R22 1Y GenBank J¥ %1% 2 KU359776, 2 K 7
G
GTAGGTGAACCTGCGGAAGGATCATTACCGA

98

48

20
63
24

GTGAGGGCCCTTTGGGTCCAACCTCCCACCC
GTGTTTATTTTACCTTGTTGCTTTGGCGGGCC
CGCCTTTACTGGCCGCCGGGGGGCTCACGCC
CCCGGGCCCGCGCCCGCCGAAGACACCCCC
GAACTCTGTCTGAAGATTGAAGTCTGAGTGA
AAATATAAATTATTTAAAACTTTCAACAACGG
ATCTCTTGGTTCCGGCATCGATGAAGAACGC
AGCGAAATGCGATACGTAATGTGAATTGCAA
ATTCAGTGAATCATCGAGTCTTTGAACGCAC
ATTGCGCCCCCTGGTATTCCGGGGGGCATGC
CTGTCCGAGCGTCATTGCTGCCCTCAAGCCC
GGCTTGTGTGTTGGGCCCCGTCCTCCGATTC
CGGGGGACGGGCCCGAAAGGCAGCGGCGG
CACCGCGTCCGGTCCTCGAGCGTATGGGGCT
TTGTCACCCGCTCTGTAGGCCCGGCCGGCGC
TTGCCGATCAACCCAAATTTTTATCCAGGTTG
ACCTCGGATCAGTAGGGATACCCG). Zi &
SRR ITS Je 8 o Hr s R an & 2 o s fe
Wi 2 R R R22 W B @ Penicillium.

A1 HHR2UHBAFTHIE

KP686463.1| Penicillium sp. BAB-4663

R22

NR_119494.1| Penicillium solitum FRR 937

AJ005488.1| Penicillium aurantiogriseum(IBT 6215)
AF218787.1| Penicillium allii internal teanscribed spacer 1
AY380445.1| Penicillium aurantiogriscum

NR_111143.1| Penicillium commune CBS311.48
AJ005492.1| Penicillium polonicum(IBT 11388)
DQ657852.1| Penicillium sp. Dzf6

B2 AFITS A7 Am LaiiEish R22 25K F 54

2.2 REHEMER
MBI bR R22 9 [ R % ey h 36 i 15 51 6 A
G5 AT 28R (1) TSR o5 H I g

O
HO\“/\)J\OH /\/\/\/\/\/\/\)OL
o o/\g{\OH N—CHj,

(2).3-H Je-4-ms e IR (3) , cyclopenol(4) | JR & &
G JRH ). ALY 1~6 fugi i 3 s,
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NH,
XN,
H Q | \>
| I\ = OH
Oi;lg\ﬁ)\mﬁ N 0
OH OH
Ew e

B3 i 1~6aiLsam

LAY 1. o EERES &M (P ,mp: 189 C~
190 “C. 'H-NMR (400 MHz, DMSO-d;) & (ppm) :
12.16 (2H, s, H-COOH), 2. 42 (4H, s, 2-H, 3-
H) ;¥ C-NMR (100 MHz, DMSO-d;) & (ppm) :
173.56(C-COOH) ,28. 72(2-C, 3-C). B ¥ 4k 5
SCERL15 ] —B ek G 1 o8 T 1R,

&Y 2. A EJURES & (A7) . mp:68 C~
69 °C.'H-NMR (400MHz, DMSO-d;) 6 (ppm) :
4.21(2H,m,1-H),3.96(1H,m,2-H),3. 71(2H,
m,3-H),2. 37 (2H, t,5-H), 1. 27(26H, m), 0. 9
(3H,t,20-H) ;" C-NMR (100 MHz, DMSO-d;) &
(ppm) : 173, 90 (4-C), 69. 76 (2-C), 64. 66 (1-C) ,
62.82(3-C),33.67(5-C),22. 21 ~ 33.67(6 ~ 19-
C),13. 64(20-C). B b4 5 SCmk[ 16 1— 3, i &
&Y 2 AT NEERR o FH S,

AW 3 HEFETED , mp:104 C~ 105
°C."'H-NMR(400 MHz,DMSO-d;)8(ppm) ;8. 43
(1H,s.6-H),8.19(1H.d.J =8.4 Hz,2-H).7.79
(1H.d,J=6.7 Hz,9-H),7. 787.84(1H, m, 8§
H),7.55(1H,t,J=7.6 Hz,7-H),3.65(3H,s);"
C-NMR(100 MHz,DMSO-d;)8(ppm) :160. 97 (4-
C),147. 36 (5-C), 146. 39 (2-C), 133. 81 (9-C),
126.96(10-C),126. 71(8-C),126. 11(7-C),121. 36
(6-C)»33. 71(3-CH,) . & ¥ 5 Scmk[17 ] — 2L,
WA B9 3 2 3 H - - wds Ak ok

LAWY 4. AESFED ,mp.215 C~ 217
°C.'H-NMR (400 MHz, DMSO-d;) 6 ( ppm):
10.84(1H, s, 1-H), 9. 46 (1H, s, 15-OH), 7. 54
(1H,t,J=7.7 Hz,8H),7. 15(1H,d,J =17. 8
Hz,9-H),7. 11 (1H,t, ] =7.5 Hz,7-H), 7. 02
(1H,m,6-H),6. 98 (1H,t,J =7.8 Hz,17-H),
6.71-6. 64 (1H, m, 16-H), 6. 12(1H,t, J =1. 9
Hz,14-H),6. 00(1H,d.J =7. 6 Hz,18-H),4. 26
(1H, s, 10-H), 3. 07 (3H, s, 4-CH;) ;" C-NMR
(100 MHz, DMSO-d;) ¢ (ppm): 165. 92 (2-C),

165.3(5-C),156. 83(15-C),135. 03(11-C), 132. 3
(8-C),132. 28 (13-C), 130. 47 (6-C), 128. 86 (4'-
C),126. 4(12-C),124. 19 (7-C), 121. 01 (9-C),
116.92 (18-C), 115. 63 (15-C), 112. 68 (14-C),
70. 08(3-C),63. 67(10-C) ,30. 83 (4-CH,). Bk ¥k
P 5 SCHR 18 | — 2, i b 59 4 M cyclopenol.

&Y 5 A A RE) ,mp:226 C~ 228
°C."H-NMR (400 MHz, DMSO-d; ) 6 ( ppm):
10.56(1H, s, 1-NH), 8. 08 (1H, s, 3-NH), 6. 91
(1H,d,J=8.1 Hz,6-NH),5. 81(2H,s,8-NH2),
5.26 (1H,d,J =8.1 Hz,4-H);" C-NMR (100
MHz,DMSO-d;) 6 (ppm):173. 55 (5-C), 157, 29
(7-C),156. 71(2-C) ,62. 36 (4-C) . ¥ %4 5 Sk
[19] 2, Wi EEY) 5 NIRER.

&Y 6. iR (F B, mp:234 °C ~ 236
°C."H-NMR (400 MHz,DMSO-d;)6(ppm) : 8. 36
(1H,s,8H),8. 14(1H,s,2-H),7. 38(2H, s, 6-
NH,),5.88(1H.,d,J=6.0 Hz,1-H),5. 48(1H,
d,J=6.0 Hz,4'-OH),5. 44(1H,dd,J =6. 0 Hz,
4.5 Hz,5-OH),5. 21 (1H.t, ] = 4. 2 Hz, 3'-
OH),4.62(1H, m,2-H),4. 13(1H, m, 3'-H),
3.97(1H. m,4'-H), 3. 55 ~ 3. 67 (2H, m., 5'-
H) ;" C-NMR (100 MHz, DMSO-d;) & (ppm):
156.12(6-C),152. 33(2-C), 148, 98 (4-C),139. 88
(8-C),119. 31(5-C),87. 83(1'-C), 85. 85(4'-C),
73.35(2'-C),70. 63(3'-C),61. 63(5'-C). ¥ ¥ ds
H3c#k[20] 3. et &Y 6 AT,

2.3 tebinEn

DL 4 PRAH T AT 10 BRAE P90 I 20 1R Sk 0 5 1
Xt 6 A~ B AL A P AT 00 TR I kDK, 5t AR dn
1 Frm. S RS PHPE X At BoR L &9 5
XA 4 s I L TR B AR — A T T e, G K )
PRI T L R KBNS T A R o A T L 1SR R B
s TR AR VI S TR A s TR ) B /NI TR R E Ry 62. 5 g/
mL, 55 BH P X HE 25 SR A 2.



55 6 TR R A e TR N A LT R22 B9 Uk AR AR = F 52 « 129 -
x1 HEW1~-6 WEMNXFHNRNEARE
e - MIC/ (pg/mL) _
i A H 4995 i L 1A
A B C D E F G H I J K L M N
1 125 125 125 125 125 250 250 62.5 125 250 250 250 250 125
2 125 125 125 125 125 125 125 125 125 125 125 125 125 125
3 250 250 250 250 250 250 250 250 250 250 250 250 250 250
4 125 250 250 125 125 125 62.5 125 125 125 125 125 125 125
5 250 250 250 250 125 62.5 62.5 62.5 62.5 62.5 250 250 250 250
6 125 125 250 125 1256 125 125 250 125 125 250 125 125 250
RS & 7.8 7.8 — — — — — — — — — — —
HRRM — - 7.8 7.8 — — — — — — — — —
ZHR — — — — 62.5 31.2 31.2 31.2 31.2 62.5 31.2 62.5 62.5 62.5

A KA (Escherichia coli) + B: 2k AT B ( Pseudomonas aeruginosa) »C: 4

A0 B ER B (Staphylococcus aureus) s D ; FL IR £ Bk

i ( Streptococcus lactis) ,E:/N& T FEG W (Fusarium graminearum) . F; 2 B IE S T (Colletotrichum ghoeosporioides) .G: & K KB T
(Setosphaeria turcica)  H : W05 77 BR B (Alteranria longipes) « I 3% BB B (Alternaria brassicae) , J + Il B 91 B (Solerotonids cle-
rotiorum) » K : % i K B 9% 8 (Botrytis cinerea ) s L : SHUIE B 1 ( Phytop hthoracapsic) s M SR JE R W (Valsa mali) , N ;75 25 5% JH % #

(Peony longipes) .* —" R EH XK.
3 Hig

AT A= BUR R22 19 & B v o) B A5 3
6 NMEEW, 30T R TN BERR o FH MR
3-F JL-4- s Rk B | cyclopenol, JRFE & IR FE, H
&Y 3 E N AR Iy B ) RN AE A
B R22 p9 A P Wy B 2 R 1 D a4 2R SR
B R 4 38 HAT — € A AR .

£ % Uk
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 EAABRMATIFAAR R CELABELSRERAAIRPERL pHIL B
AF AR M SOD Be) T KT A BT B HAARKeHE, BT Logistic 742,23
THRARRANEIHFEARERD N FERN EREW ELBHRAEAN T C.2AEH 3N,
EHEAHT0% LT 60 h B, EHH T 9.3X10° cfu/mL,SOD 87 A 7T ik 169. 32 U/
mL, EA B 345 TIHF L 0.12 mg/kg £ 4& . f BAR A B 5LAFH R BE3) /) 5 AL A oy 32 36
HBE TR EMAS R AR T Roh BILAFE L B2 A K3 A F A4

KR AR A LIUAFE ; ABE; SOD By LAEER 3L, 2 A FAHEA

FESZES.TS201.3 XHEARERRD: A

Research on probiotic bacteria dynamics of vegetable cultivation

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

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

na)

Abstract: Research on the viable number, pH value, dissolved oxygen,nitrite content and the
change of SOD enzyme in the process of composite fermented-vegetables medium, and dis-
cuss characteristics of bacteria growth when Lactobacillus bulgaricus is chose as the strain of
the bacteria. Then establish the Lactobacillus bulgaricus growth dynamics model on the basis
of the Logistic equation. The result shows that the number of living bacterium can reach 9. 3
X107 cfu/mL,SOD enzyme activity finally achieves 169. 32 U/mL,and nitrite content can be
controlled in 0. 12 mg/kg in temperature 37 °C,inoculation quantity 3%, charging volume
70% when fermented 60 h. The theoretical data of Lactobacillus bulgaricus fermented-kinet-
ics model fits well with the experimental data,which basically reflects the kinetics character-
istics in processing of Lactobacillus bulgaricus fermentation.

Key words: Lactobacillus bulgaricus ; fermentation; SOD enzyme; nitrite; dynamic model

Xt g A2 B A A AR AR TR e A 2 L L i SRR O £
Az 3 BT O 5 AR AR S B TSR P
ti AR RN E SR AR LB BB AT OBRaE R TR B AR N TR

0 3l

x WrFs B #:2016-08-23
EETIR P& AT R S & 605 TR A (2011KTCQ03-08) 5 7 42 i B X135 H (CXY1513(3))
EZ B B (1964 —) L, B v = JF N, 88, W98 7 1 . o A2k 2%



S

% 6 39 (SR T

G S K 3 g 2B TR B A4 B ) 2R AT 5 « 131 -

o KA H IR B ORGSR RN 2. R
SEUUREGE T A8 iR DL S ORI A S ZLAT B 11 3
DRSO S 25 SR SR WD, 5% 8 in R I LT R A b 3 A AR
A FH B 5% 258 H TR AR v JEAE 8. 78 X 10° ~2. 67 X
10° cfu/mL. Hw R AES (A E M E 22 280 .
Tt EER T VS T i AR
B A5 I 1 7% ik 78 I 0 5 5 ik b 30 T R AT gk
5.46X 10" cfu/mL. ZEF 22 S0 R 5E T8 Mt
A 1 TR 4 95 YOG R AT B R A 2B KA L 45
JEFR I 3 R i RO BUSE AT A R AR KA A
b 7 2 2 4R W X UL AT T 9 44 AP I A= K AR T
NI =y R O S A NS N O TN AN B
S5 Ry 14 B PR 7 X UG T 0 1 TR ROR A5 R R
B, R WU AT TR 6 e P 455 3 5 o 3 TR BGA 310 2. 45
X107 cfu/mL s B JLBUEL KT B 7 5 £ 15 % 3 v 1) B8
BTk 2. 58 X 107 cfu/mL. #R 1 & F 25 A4 0 & B
B SR 3h 1 G W D AREE 5T T AR I A I
FUAF I TE & I 5 A B0 28 15 5% 56 10 o 2 b 3 B B
pH A 3 S . SOD il F10 A 2 55 7 & 28 1k, 9 XF
PRI FUAT TR A I 6k 5 B 55 Je 0y 3 ) 7 k47 1
WEE, N T ORI L AT T R AR A K Bl ) 2
AU, gl Jy AR R R T T R AR R A KL s
RS AR AN A T B B Ak 45 B A B S R .

1 #H#EIAEE

1.1 R A A

GBY -V RSN ¥/ NEE NN - SUTBIE. SN ==, oN
I o B A 7 508 T $ AL

OB AR INFNE FLAT & (Lactobacillus bul-
garicus R LB, BRI KRB M S54Y T
TR 22 BE i A W T 5 = 4R i

(3 IRFN N-1-Z8 2 e b B i 4y b 4y , K
T3 B2 WAk 2 30 A5 B 28 ) 5 SR 1R A (BT 4D
KA LT A A0 ) s UK R (ox Hr ), P 22 =
R AL T s d A AL b i (SOD i) i 77 &
o R A R .
1.2 BEL5ZE

B203LEDR £y & 13 55 , T P B R O 4 (X A%
AR F] AC-0629 5 3 624 b s, 8 KOG 22X
A B F s DHPO0SO HL #0IE I 1% F 46 . 1 i £ ik
ST A BR N 75 LS-C50L Az 2k 1 281K
BB VL RIEVL B T I 45 )5 UV-2600 564143 60
FEIt, e Je T b A A PR A H s HHW21-600 H

B KFE R ET R TR AR A PR A Al s KRH-
DPJ-7TL KRG L5 BRI TR & A RA
GiR

1.3 #4&Ek

PRSER SR BN 150 g HE D 80 g, B
110 g, #F 130 g, 225 110 g, GHJK 420 g, Z& WK
1 000 mL, F 5 2 4 21465 vR LT 3, 43 40 H i,
115 “C 4 F K H 15 min, A H5 & 1.
1.4 %%
1.4.1 KEEFRMHESE

R T e EE R SRR R A5 TS X R
TR B B B OB B B AR K AT L. R
T IR R 5 B AR A 35 °C .37 C .39 °C .41 °C .43
CHEMEBEMREMEN 1%.2%.3%.4%.5%,
BERE BB BN 50% ., 60% ., 70% ., 80% .
90%,7E 0 h.8 h.16 h.24 h.32 h.40 h.48 h k¥
S SR DAER S RN G
14,2 FagrEils

TE I > FE Al 35 5% 2k v 32 DR A 2L AT
B AR K EE 4 A 100 mL,200 mL.500 mL.1 000
mL B8 FOf P AT Y KR8, B ERR N 37 °C,
ey 3% 2R T0% , KT 48 h S I E TG
AL
1.4.3 WIS Iy =B R 1 i

AR I ST 30 TR T O A R R A R B L
o FRORL . AE BIR P ERER BRI 7 LB K
HEAT AT, VB L M 100 rpm ARJEH T L kKR
RGBSR R AR BIA7 L K e b
AT R Frd FR B 2 B 37 CR 2 AT FP , B IR
4 h BRI A T T AL WA R % iR SOD il
A A e R R EE R pH ORI AL AT
H Origin8. 0 XFE4 #4700 & &5 T R K 3
AL XN
Lod.4 TR S 12 BRI S5 A 0

R TR I AR B ) AL A R 25 L ff ] Origin
8. 0 L i A S0 FLAT T A 8 Bl 7 7 A R ) R 4L
I 5 92 50 K4l R AT L.
1.5 M E 7k

(1) 396 B8 B30I 5 D73 - 8 2 BB A T

(2)SOD [ 1% J3 19 M & 77 85« a0 & OR &
0.

()W AR & W & ik FhREE L %
[E

M
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2 #FRE5ITE

2.1 AREBEABRBENLBAEKHFHH

TE 4 B 38 B il B 97 6 b e DR R 2L FE
WL oo i B L B E Sl 35 °C .37 °CL39 T4l
C .43 °C ity 2%, ki 70%, R 8 h
O 36 TR B PR L 1 RN B A B D A AE K
PRBCHR A AN [) A B 1 38, e O B o 35 °C L 41
°C .43 °CH Y 7% T A BAK T & BEIR E S 37 C I
39 “C B9 0% TR 8K, & BETRLEE O 39 °C Y B AU T
KT EE Ry 37 °C i By 3% A, T LA 37 °C ARy
KR .

10.0

9.54
9.0H

——35 :C

7% P 3/ (lgefu/mL)
NN x>
o o w

o
1
T

o
=
T

(I)Iélll6l2l4l3lzl4l()l4|8
HF [/ h

H1 FRXEBRELBAKG SR
2.2 FEEMHEZSLBAEKG R

TE 2 A B S Sl R 97 58 T 8 RO R 2L AT
W iHREEME N 1%.2%.3% 4% 5%, &
PR R R 37 C LAkl w R 7090, AR 8 h I XE i B
. w2 vl 0 BE A A T (R] A SE K L TS B O W
B, Y R EE A8 h RN 30 .40 5 Yot =
FTE A R I BE 3 00 M R i iR AT
K.
10.0 r
95t
9.0
85
8.0+
7.5 ¢

7.0
6.5+

V& W H/ (lgefu/mL)

6.0 +

[I) 8 ll6 2|4 3I2 4I() 4|8
5510 /1
B2 FRREEHEANLBAEERGHAH
2.3 TRIEMEASLBAEKG A
TE S A B 2 JE il 55 77 3 b B DR o R e 2L AT
B,k EERERN 50%.60%.70%.80%.

90% , AR BE K 37 C ., AEBE 8 h Wl 22 i B Ak, H
Pl 3 AT, b AN [, R I AR v O TR AR A
7], 2425 v it g 70 % 1 80 Yo I, 1 25 1% T B L B AH
T PR BE 70 Y0 B ekt R AT A TR

10.0 |

—*—50%
—%—60%
——70%
|| —+80%

——90%

9.5

o
=3

b
n
T

&/ (lgefu/mL)
No®
SRS

7.0
6.5
0 8 16 24 32 40 48
1/ h

A3 RARAEHENLBAKG A

2.4 AEIMEKE

TE A 60 37 Ll 4% 3% 3 v 22 ACBR i R 2L AT
B LR K A 100 mL, 200 mL,500 mL.,1 000
mL (85 FOR P A9 RO 8, R EEIRE N 37 °C,
FERRE Sy 3% R BN 70% , K 48 h 5 I E T
PR FR L A AT TR R A A e el R, TR AR
A S H IR L 038 R MR 3 A A R B R
T AR P T ROE A B A IR L B AR A B R b
FRIEP R LB ik E .

10.0

)

iE W3/ (Igcfu/mL)

8.0

100mL 200mL 500mL 1L

Pk g
B4 FREFSLBAKGZ S

2.5 WRRFHHFEAGMHE

E Fad ARy EER 7 Lo R BERE AT K T,
BEEFEH R 100 rpm ., AL #F H Bhid 5% & Bk 72 Y
pH FIE 4. BiF 4 b BUREIN %2 35 B 50, Il PR 1R
M SOD [ &. 3+ F Origin8. 0 XJ £ ¥ig L 17
UG ST T AR A K B AR AL B 5 AT AR
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i

ERE

A B R A Bl g A RS + 133 -

JNAEZLAF B (LB 1) 8 8t K, & 8 0~ 20
h, A K BN GG, A A 43 24, X Ah 3 20 55 A8 Ak
TS R AR B I, pH A TR 2, 3R
AR TFHEZE 15.38%. 20~44 h x5y, 14
HE B o TR A DR 5 L R T 44 b JE TG B EGA F 9. 36
X 10" cfu/mL,pH {HR 3 T FFEE 3. 12, F A&
of L 0 2% L o S AR 3. 99, Bl A RR s
PRI A 7 B 3K B B ey 0 ML L 3 B B AT SR AT L A
Kk TV, 135 48 h if ik A T2, B ik
TFUR AR BHERE 1 B T LG 7= A R R AR = 4.
I, pH AR FFAE 3. 12 2247 I A R AR IR TE 2. 99
A KRB O h B, KR 3 by SOD i & & ok
131. 70 U/mL, Bl & B[] 9 24, SOD g 915 ) 2%
MR, & B 28 h 5 SOD B 1Y 3% 7734 F 169. 73
U/mL, 74k 2L & [ i #2 v SOD [ 19 6 71 8 T 52
. R BEZ T SOD BT 77 169. 32 U/mL, K 0
h i AR ER A A i 1. 61 mg/kg. K 24 h )5
WAHER R St 11. 21 mg/kg, E4RZE K Bt &
VA R R i T R, R BE A8 hJE WA IR R
EARGETE 0. 12 mg/kg 2247, WMEE T W8 K& it
FE P R TEAS A LA B A K R L
RIS B4

THRESE/ (mg/kg)
0 5 10 15 25 30

180r 105 55 136
/l—l—l—lj
130
L 8¢
70 /ﬂ\n /D\D—DZVD\E pi8>55.0
= £ |:|\
E. 3 1
S 1605 or 145 <
N —l— T A % 1 18%
8 10 S 'D' PHIL 11y0% ] =
1) = M- HEE {12
2 Tl |> ->- SODF#
L N i i £h
140 /I>/ .// )\:\ﬂfﬁﬁﬂxm 35 g
A Py
130L ﬂ“?/ |||||||||||| I? 1 do

3.
0 4 812 16 202428 3236 4044 4852 56 60
B[ /h

B5 LB#Z&EEHE
TR A A A A A
F 5 PV GRS LA B 4 AR K il 26 s 7Y
B S Bk, I, R FHLLF Logistic 5 723k #if i
A0 R S LT B B AR P B R A A K

&, X(1—Xl) D
TR AR
X = XoXael 2)

X,,, i Xo + Xoeﬂ’”/
OF X —HERWEE (10° cfu/mL); X, —

0 R B 5 X, — d KB AR R 5 ¢ — 2 B I 1]
(h);p*%ﬁitbiﬁ‘%%ﬁ s — BB OR LU AR

F(h D = — e K.

XM}HJH?F'JEE%LH Y 2R It R
R AU R 6 PR,

10F

(R =R

W/ (x10°cfu/ mL)y

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60
#1]/h

H6 LBAKMAWL
PLETE A REC R =0. 998 58. % S H1W
RAEPIAE AR EZIE 1 PR,
#& 1 Logistic B S %

28 IRAEA b i 22
X 9. 454 46 0.077 90
Xo 0.005 82 0.001 79
o 0.241 93 0.010 22

45 S H0H AT FE(2) 45 B A FL AT B
A 775 T A0 (X)) B IR [R) A8 A 1 R B0H -

_ 0. 055 024 96¢" "% (3)
9. 448 64 +0.005 82¢° 2193

i P 6 ] T, B R Origing. 0 22 i 1 44
FISEZLAT PR R4 A= K 3l g 2% dE PR B0 il 26 09 A
KFRBR = 0.998 58, & 1A 5 5 56 A8 98 # 4f
W) A8 Al 3 — 35, 18 WY Ot 455 AR e A 4 1 T )
PRI S LA TR A T e Y A K
2.6 BHhHAFEDGMSAE

R T KK 1% Bh 1 AR A R 2 L Origing.
O L i A1) V. L AT TR i 8 Bl g 27 A AL 1Y) 5 56 B 30
5SRO AT X L. P 2 2 R O TR S 5
HE5 B ERZEY/NT 10%, i K # 80k #
9.23X107 cfu/mL. £ & BRI, 5256 {6 L 30 (H
I, TR AE KB NS, 40 A 532, % AP FLER

AR BURR WA 25 S A 2 3 R 25 0 A 4 B
Ko R BEIE I, SR (8 LE S 308 =, H 3R A & T
AR R 2E /N T 1026, 16 WY ah A5 Y B 9 {1 5
Y AH BE NS FL B4 1 40 A, TR L, AR WIF 5 A A 1 % o
IS L AT A1 TR A Bl 7 2 455 A8 R 40 AR 47 b i 3 U8 o
FINEFLAT B & T 2o A v %) TR A A K A8 A R
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x2 ABIEPHEEHTL
mhE IR EEL/ (X109 cfu/mL)  mHEl RS/ (X109 cfu/mL)
JhSimelE e ®2E/% /b IR BB 22/ %

0 0.005 3 0.005 82 8.93 32 5.432 5.54592 2.05
4 0.014 0.015 31 8.55 36 7.393 7.457 56 0,87
8 0.039 0.040 18 2.93 40 8.613 8.58141 -0.37
12 0.099 0.10504 5.75 44 9.213 9.102 61 -1.21
16 0.257 0.271 53 5.35 48 9.132 9.317 62 1.99
20 0.649 0.682 66 4.93 52 9.232 9.402 0 1.81
24 1.582 1.469 33 -7.67 56 9.230 9.434 46 2.17
28 3.169 3.311 65 4,31 60 9.128 9.446 85 3.38
3 #Hig

ABEFE L Logistic J7 R Jeml, 257 T LR A
M FLFF R & B A G s R A R T R A K B
JIE A LR AT R, AR A 5 S 0 RRHE fE 6% L
B BLA  fE—E B LB T ORI FL AT B
RS A B 2R B 37 B 0 T AR 3l 7 SRR AT W R )
W A T S R AR 2 A R T T2 SR SR T
W 2 WA I AL 42 1 L o DR R Y & T 4 AL 2 2 4R
Pt iy HAE & ek B Al T SOD il ALY A IR R
AR, G5 R R TE R BRI Ry 37 °C L 4R
R 3L AREREN TOY AT TG BT k9. 3
X10° cfu/mL;SOD BAYE 7124 169. 32 U/mL; I
AR AR EAE 0. 12 mg/kg Z£H.

2% Uk
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M FERBAFORETHAANAEIRR, FREETABHLMHLIRE 31 C 4B REH 204 1/

min, B RAFMETA 11 12 mL/L, wZH FRZEGERBLERSFTEH 4,45 ¢/100mL £
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Study on the progress of apple vinegar by mixed

fermentation with various bacterium

YANG Hui, XUE Yuan-yuan

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

na)

Abstract: In this study,fresh apple was used as raw material to brew apple vinegar,and the
factors affecting apple vinegar fermentation such as rotary velocities, fermentation tempera-
ture, nutrients were investigated. Based on the studies above, the fermentation conditions
were optimized through response surface methodology (RSM) , using acid yield as a response
value. The results show that corn syrup is the ideal nutritional agent for brewing apple vine-
gar. The optimal fermentation conditions are rotary velocities of 204 r/min, fermentation
temperature of 31 “C, the dosage of nutrient of 11. 12 mL/L. Under these conditions, the
brewed apple vinegar is of high quality, bright,clear,rich apple flavor,and the acid content of
apple vinegar reaches 4. 45 g/100mL. Based on the study of step by step fermentation, the
effects of acetic acid bacteria inoculation time point during alcoholic fermentation on acid pro-
duction were studied, the results show that inocultating acetic acid bacteria at the middle of
cider fermentation can shorten the apple vinegar brewing cycle,and increase the yield of ace-

tic acid.

x W Fs B H#3:2016-07-11
HL2W B A AR T H (2013GB2G000473) 5 B PR K 2428 R Sk AF B RI3 H (2013XSD19)
EE® N A HEA960—) B BeFa a4 N, 208 A A2k W, W58 T 1) . 2 W) kR R TR TR



- 136 - ReHAALESB

% 34 &

Key words: apple vinegar; response surface; acetobacter; synchronization fermentation; nu-

trients
0 315§

SRS P el ey N ES = R [ = R AN 15 ]
SER A PRSI T T BT 4 A —, 2011 4R

= B IR E 1 203 J7 M, o B4 SR BT R =
oy 2 —FE A S R\ 2 — AR FSE R 5
Hh A A (F R R A SR B R H AT
TR LBy 3. 295 B 850 HE &R T
A R TR SRR R SR R
BRA LA, TR o G AL A TR A T A A
Z RO N 2 18 TR T AT KRR Y XL
R DIRE AU — B AR G OB, ELRT LS 8
R A B AL 2 B2 AR R e R s
FRAl I REA AL TR Bl e R F) e SR B L 3SR
P i 52 AN ATF 7t B O S SRR I TR BRI ST A
Z— BRAE X 3 R ORI R S L
A7 7RG, 2R A5 20k 30 2 W R 3 A% AR AT T
W A 4510 X I R ke W SR R M OT AT T
BT, AR SRS T 2 IR A K R g 2R
T 1) T 20, 2 225 QR L e o 2 OB 3 8 3 SR
77 ik A B R S BT SE T 43 28 K R A
(7] 20 2 T R ol T 7 30k TR o) S SR T 7 & T8 I 1) L TR
JE MU E PR 1A 22 5 AEUXE T R 25 T T v R TR R
P8 2 Tl B T 0T 7 SR T T )52 el e 2 TR T AR
IS 28 LA e 2 30 2R A JRURE S H R R R A O =
AP B (E A B 5 B RS A E rh R R A — R
T TR T 14426 A\ 08 T RS D T R R ) A T P SRR S
SRR IE 2 A HEK (H AR S IR R e D 0 SR )
Pt an A 51 RS E AL B IR AN LT BN R 1A
A G | S TR I Bl TS e A 3R L R T ) 3
TS R R 448 A 4 2R 7 A 1 o )R 5 7 TR
A S e VTS TR TR 1) 22 Ao I I 2 PN VTR L 5 B 3R )
Jo Bk 265 S ) T TR I T I A B D 41

Bt X L b3 2 R R AR SCAIE S R B L e I
il JSE 15 % 790 45 Xk A T AR S 2R I T 11 B 0 [
SR YW o7 TR 322 of i W TS SR A EAT AR AL AE AR
o3 20 kW T 20 00 L Ak b ) P T B B L5 TS R 1A A
T Y 2R E T AT DU AN AR SR 22 R IORS R TR
[l 25 e e AT 20 T R B T S 2R G SRS Bk
R L, 22 BRI R A 2 AN (S RE 5 3 v [ 4y o
BRSO BRI 52 0 T EL 3 BE A7 Ak T2 B AR A
20 6 T R A AR

1 #R5FE

.1 #MHE&E

()M RE: SR b B T B B ), Zymaflore
VL2; BEFRFFE, VIR 1. 01 SR HE . 5+ Ve 4l &%
AN TC K B R A T A R R A AR R R S A
M B4R A AT A, R T R Ak 23R A B A

()W BRI ML, E ML HZQ-F160
P HE IR 40 IR R BE T AR B HL T H R TR R A BR 2
Al L ROF, 28 2 R AU A IR A Bl pH 3, B
# T J7 FH R IF K A A s DK-S22 L A E IR K R
B, FHERE R SE I A A IR R 781 W% ) i
A TLHVE & 3R T IR AR A R AL
1.2 %%k
1.2.1 SFERBE T2

T Vel
v

JORH 7 18— BE D) He— 1 i — 2R e il Ak $E—
TG R R P KGR A T — T 3 — i I

t t
G
SR R

1.2.2 PR

(1) JERE Ak B . S i 392 S 28 35 Bk I VI W/ ke
FEME BT R B R 0. 2% B S Ve B 6, Bk
FHEAL @ BN 0. 03 % B R EEAE 50 °C F
M1 h JF#E 70 )C~80 ‘CKW 10 min. FHiTE
T A HL L H

(2) KW ALV T i FR IR BE AR B BE T i 2 2R
TR T 2 10Cg/mL) W Ll 5 3 2R R A, 37 °C
KV ORI A RS B I AR 52 R R I
Fe AALBRAF R B p, TR IR R R R, SR
FUE T AR AR R RS R SRR A
I 3 TR T VA HEAT I R K I

(3) K 345 R F EL I K, 70 °C .15 min.
1.2.3 HHERLE

PR 101 KEERE N 28 'C~33 C. &M/~
iz it i 50 /L, MW 5% v BE L il & R IR B R 30
C L% bR e e A 1 S SR TR B 806 (v/
V) XoF B ) R TR BT T 1) 0% DA 5 R L TR TR RS
FEFNHEAT B R TR



% 6 39

B OB CEREHR A WA KB LI « 137 -

WIS B 806 (v/v) SR TE B KA T &
T 22 R 2 ANTE T 15 R R I R 32, LA™ IR i
Ry R 3 L T SR AT

CDFE R H AR 0 - 53 531 E F 50 r/min, 100
r/min, 150 r/min,200 r/min,250 r/min ¥& K 5% £
.30 C AT

(2) 2 T Uik J3E 1) 5% W) . 9] & 8 R 576 3 150 1/
min, 4} 5 # F 25 °C,28 °C,31 C,34 C FABE.

(3)AN[R) E 37 570 19 52 W) < ] & 8 IR % 38 150
r/min, 30 “C A& M. &K@ B E B BE, DL 7= R & R
i o 05 12 EF X 9 SR A 8 5 0 e A Y 3R .
Lo2.4 o T s 4

E PR 3RS 0 ) AL b DA R e L R T TR
JE IR ES R O PR R O e R A
Design-Expert 8. 05 34 & Box-Behnken A9 %
TR 3 3k e 7 TR 53 AT, A5 3 (8l H O R AT B
A TN I AT 52 50 9
L.2.5 A AR A 20 A e S

T 5 45 2R 36 B, 5P 2RI B9 & e SR O 5
K o0 ST N BERE R A5 1 R VB 2 KA
3RV 4 R VBB W AT ) 2D R B Sy, % &
) U5k B2 3 e A PR T 42 AR AT R B2 1 2 0
JIT DATE IS A 5 T 205 RO R AT o R B L S RS TR
REIREE IR, LLR WESS BN ER 5 K $2 AT R 181y X
R, T ok 2 v g IR I I TR BE 2 R AR S R T
R TR T AN [ IR 300 422 AT TR 1 ) T T T2 A T 1140 52 Wi
L2.6 METTk

SR SE < BRObR T 5 TR R R L R B
P2 I A < H LT S v 5 ATV P DB #) ( SSC) . T4
PGk s pH . 1R B 1%,

2 #RE5ITE

2.1 R AT FER B A0 R

P 145 4 DR Je 0 S L s K T 1) 52 ) 45 2R
FWT, BE A T nY 3G 0, TS R B R BE ) Y R AE
200 r/min Al 250 r/min B} 7= 1R & f% & 20 3 ik &)
4.55 g/100mL Hl 4. 56 g/100mL H % /% J& 1 5t
S, U I O B 3 AU OO0 A O I R I T oA AL
{45348 13 200 r/min J5 ., 7282 &= 34 AR /D, 2%
B 75 R SR ) L R A AR T IS AT AR R ) A
A EPERE R MR 200 r/min BN HL.
2.2 BENFRBRBENT A

T 2 25 IR B X S SR A 9 A 52 e &4 SR R
A, Y R v o I TR T Y 7 R e ) B, Horh 31 °C

5.0

4.5 8501/ min

——100r/ min
4.0 ——150r/ min
—v—200r/ min
3.5« 250r/ min

3.0F
2.5
2.0F
1.5
1.0F
0.5
0.0

A / (g/100mL)

0 P i 3 g 10
i a/d

A1 TRk T skhi
Ik B e ol 4. 45 g/100mL At 31 CZ 5™
Mg b ST T B PR R e A T R A B bR A AR
b, th T BOH oy £ IR 45 S AR . TR EE AR, T R TR 1)
PG Zh AL 55 , AP A K B0, R R 12, TR
HORAXHIG, fe & MR R A, B DL, 38 31 °C
Shy B3 L S R R U B

5.0

45 |—=25C
——28°C
4.0r—a—31°C
3.5L—v— 34°C

3.0

/(g/100mL)

25f
1H 20}
A 15F

iz

1.0
0.5

n 1 n 1 n 1 n 1 n 1 n 1 I 1 n 1 I
0'00 1 2 3 4 5 6 7 8 9

WA/ d
B2 FEBEE R E

2.3 RE BN A ERBE LB R

&l 3~5 43 e =B % RS L K Y
MR, G5 R LA 0. 45 /L WA THLE SR
Eh,10 mL/L BRI 0. 15 g/L i & B & 250
P T B 114 7 IR %6 L A /KO T bR, A R
Wi, HAE B KSR /7™ R o o IR
2.62 g/100mL.5.01 g/100mL F1 3.57 g/100mL.
o DL KSR ATE Ry 8 5% 50 B I TR 1A PR o A ey L
J PRI AT B TEHLE TR b B & R EHLE 1 (H
BRI B PN BE WAL T A AR AR, 22
W T BB AR D B R A R IR S SR S A EE
R AR IR 2K M E TR, SR
TR LT

EAREPSAEEENABEEER KRN —
SERTRY) T, & KL 40 % ~50 % AR Y) . & B
BN A RO R R (B4 R FE A K




+ 138 -

ReHAALESB

% 34 &

TZIK T Z K, 2Rl R E R ) 5 ke
P A P o M B A BILI 0 5 o e I 22 b 4 A
RMAP AN T 5 5350 i A 2 Fh T AL TR,
LI R P B 2 T A A Bl ORI T LA R
M B LARL 20 516 e 5 T R AR Sy 30 SR I R 25 T 14
B IR

3.0

—=— 0.15g/L
2.5 —e— 0.30g/L
—a— 0.45g/L

2.0F

/(g/100mL)

JQE 1.0F

e/ d
B3 FRREEASANWEREA S
FRBEAR B

El

3.5
—=— 0.15g/L
|—e— 0.30g/L
—— 0.45g/L

2.5

3.

=]

FE i/ (g/100mL)
[\
oY

1.0

0.5F

0.0 5 ) 6
W iE/ d
A4 FEXFABEESETFT LRSS RA

A # T #3F R B A Bt &

e

10

5.5

500 —s—5mL/L
Y1 —e—10mL/L
4.5 —4—15mL/L

3.5r
3.0F
2.5
2.0
1.5
1.0F
0.5
0.0 - .

=&/ (g/100mL)

4 5 6 7 8 9
Wi/ d

A5 ARAEZRARERAETTHERBELAMBR
2.4 @ R E K B

R A% DR 2R e R E R 6 SR A s
M B E 25 T 2 S 800 e A, DL R 5 (Y) i)
A, DA R R (A R IR % 3 (B) B R 514

i (OfE R T, A Box-Behnken 2 #E47 1
RIS BT R AR IR 1 iR, i I8 4
Bk 2 i,

x1 MEAmAHERSKE

K
B —1 0 1

AWRE/C 29 31 33

B # R # / (r/min ) 175 200 225

CEFREBME/(mL/L) 7.5 10 12.5

Fx2 MEESTREIETRER

5 A B C YRR /(g/100mL)
1 33 175 10. 00 4.08
2 31 200 10. 00 4.42
3 31 175 7.50 3.87
4 29 225 10. 00 4.15
5 31 200 10. 00 4.45
6 29 200 7.50 3.85
7 31 200 10. 00 4,40
8 31 200 10. 00 4.46
9 33 200 12.50 4.31
10 31 175 12.50 4.10
11 33 225 10. 00 4,12
12 29 175 10. 00 3.98
13 31 225 7.50 3. 80
14 33 200 7.50 3. 90
15 31 200 10. 00 4,50
16 29 200 12.50 4.20
17 31 225 12.50 4.30

FIJH Design-Expert 8. 05 {4 XF i 56 45 & ok
FTAL $53 A, A3 B W H A Rl . Y = 4.45 +
0.029A +0. 043B+0.19C—0. 033AB + 0. 015AC
-+0.068BC — 0. 16A% — 0. 21B* — 0. 22C*. X} iZ
R 7 22 5 A 4 SR 2 3 FioR.

*x3 AESWE
T2 A E RyE il Y5 22 F1H P i
H Y 9 0.87 0.097 86.31 <C0.0001 x x
A 1 6.613E-003 6.613E-003 5.90  0.0455 *
B 1 0.014 0.014 12.89  0.0088 % x
c 1 0.28 0.28 247.62 <C0.000 1 = x
AB 1 4.225E-003 4.225E-003  3.77  0.093 3
AC 1 9.000E-004 9.000E-004 0.80  0.399 9
BC 1 0.018 0.018 16.26  0.0050  * x
A? 1 0.11 0.11 93.79  <<0.000 1 = =
B? 1 0.18 0.18 158.66 <C0.000 1 * *
2 1 0.21 0.21 186.83 <C0.000 1 * x
5k 2 7 7.845E-003 1.121E-003
AT 3 1.925E-004 6.417E-004  0.43 0.740 9
4l iR 2% 4 5.920E-003 1.480E-003

Js¥iil 16 0.88
e FoR B (P<K0.05); * x FRl B FH(P<0.0D)

Hi 2 3 AL LB AL P<<0. 000 1<C0. 01, 58
WY IET 0 7 R A i 2 s AR 1 R LI P =0. 740 9>
0. 05, S M AN g 3. /7 f& 0T DLE B — W00 8% K 5%
W BUVEFRABME C Mk e %, KRERE A%
Wil g 2, 5 I A% B CF ) P<<0. 000 1<C0. 01
AL ETE RN B i Sl Y S DO g S




% 6

Y HESE CERFHR S B MR T 205

+ 139 -

FR 5% WA 4 S B 58 5 FE ABLAC 19 P =>0. 05, i8]
AH L 22 [6) A4 58 AR FHOR B S, 07 2485 A0 Rl DAAS
FH 2 08 W R 8] 52 BAE L I BC 1 P =
0.005 0<C0. 01, % B 22 T .AF F A i 3. AR AU i 1 4%
BRI KRB R*Adj=0. 979 6, Ui W 1% 1 7 BE e B
24997. 96 Yo I i o7 i 1) AR Ak T A A 2 E B A

30.00 31.00 32.00

AR

1250 L

30.00 31.00 32.00 33.00

AR
() I B RS 35 700 8 0 ek T S TR 5k %) e o, T 0 46 75 4 (]

11.50

10.50

(Pl

=950

s
oy

.50
175.00 180.00 18500 190.00 195.00 200,00 20500 210.00 21500 220.00 225.00

Bk

R B AR G, B L CV=10. 80 %0, 7E 1] 422 37§ [Hl
P BB AR SR R AR MERS I (5. 151 6 (a) L (b) () 7
) 4% PR 3R [ ) 52 AR L T8 6 (o) 3 B ) iz
T 52 I O o 25 1 2 22 AV (B TR L U0 T B R R 5 o
Tk [ B 52 B AR FH S 0 i) 0 (BT 5 e 50 AR

33.00

32.00
31.00

30.00 N
AR E
7.50 29.00

.50 —
CHFENRMNE 850 150"

190.00
7,50 17500

Co B T R85 17 097 ok % R 5 5k . T 0 68 s 2
6 ¥FREAHRTERAZMIMERGALEFFSHEA

F| A Design-Expert 8. 05 #{4F X [1] )9 455 %Y 43
Mg s, KRR EE Ay 31 °C 4K B hy 204
r/min EREFBIE C R 11,12 mL/L FEHE
AR L T AR TSR Y K 4. 49 g/100mL
S SR . DAL 45 1R 2047 56 3E 3 56 L 43 AR = R F
A7 56 IO S48 W45 1 R B o 4. 45 ¢/100mL, 5
5 TR T B AR F A B O R S PR AE L
2, SR FH i 7 18T 0 B 2 AR AR A5 31 19 3 Sk T S

QR ITET
2.5 EMEEREY R

[ 7 3R 76 32 HL T & I 09 AS [ B 30 12 A i R
T S SR e T B L 2 SR R B L R 25 A I o R
HL R 6 R AL TR D TR TR Y R i B M R
it S T /D T PR TR Y AR B T A R T
(A 45 o, B8 4 R B o, T v R TR L 6 K I TR



+ 140 -

ReHAALESB

% 34 &

HEA T X ECE KM, R B R L, o AR AT
RS & B R BAED & BE D SE 2.3 REEABEIR A &
gz Jo) B o J L 7R 5 8 R 7R TR S B I i 7 TR 2 40 )
;53] 4.8 g/100mL.4. 75 g/100mL. ZJ5 H T &k %
WE IRV BHFE IR TR BT IR 1218 T R 56 9
REE KB WA & e B BR AL 7R 58 12 KA
KRGS T, PR N 4. 35 g/100mL X T W 4 &
T DRI Ik SR FH [R) 20 T T 2 77 39 SR T AN AN R 8 45 4 &
Tz JE 300 38 T LA 48 v 7 R

TS 2 1% #A BE 3 A, BB R B R AT, T RS
JEE AN W v T B T R I I ) AZ B 7 T RS T
T, 5 BOTORE G 22 18, NI R K I 43 A, 42 Al
Ji o R I N T A | B T (Y B ] A0 2R
TP AR A T 235 e AT TR TR 5 I TR TR ¢ T s S 3¢
i (] o L PR & 4 R R B R R T RS R F
Tt P T W SR AE TSN R B E AT 81— MR L Tl
KA AR &, e B A2 3 09 0 7 8N, & BE TR
EEA T, kBB &A — ki 2R E
BIRYI AR T B IR B 0 B A K TR R A
WA BE R A — . DR TR AR TR
I s R & e 1) 16 AT, T o I i I ) A 4 . T
B % 1 T R Ay T PR AT R A R 5T 2 e T TS R AT 1
BT FE A BV R AR A R BTG R I
() IR S PR B T K A T 7™ A Ry T T S 1) 5 AR A G
AL A R TR BEIR R BB R TR R RS
ANy B TR L R A T TP e BF B O T R T 4 At
EARVAER . ZHESEEMNERYR. 22,
A e T v A 6 A TR T T A T 1) P [ 4

5

—u— FIREABERF
—o— B2 R IR N R
4 —A— B3R ANTE T B
= —v— FEAR L AN HE
g —a— X R
g 3}
Ay
=2
W 2
@
-l
0 1 1 1 1 1 1
0 2 4 6 8 10 12 14
B a1/ d
B 7 FREBEEREENF EN
B M- B BR ) B R B wh &,
3 Zig

(1) DA S T A TRk 1Rt S SR I L R IR
P PR B o8 R 5 00 O X O I W R L SRR
it 2 T 1 5 38 7 97 R 2 ORI

(2) Wi 7 T 3 16 Ak BT A A 39 SR I & e A% L 7E
UL 31 °C 3R IREE Ky 204 r/min, 5 F5 7 4N &

11,12 mL/L RAE ST L SE SRS SR 7 & 7T 3k
F| 4. 45 g/100mL, H AR A WAL, 8 I iE W], KUK
A LR

(3) [R5 2 e X 06 ¢ B, 78 W0 RS & T 19 v 300 482
ABEBR TR A 25 T B R 19 A4 B, HLBE W8 46 Ji & 1% ]
.

&% ik

(1] SRARAE W/, B 80 45, R 3 9L A Tl 1) % 18 %
[J7. P SRR, 2004(2) :50-53.
(2] TRARAE W IRy, B0 3, 5. 3 S0 Tl 9 & Je JEL i
W AR R AR Se S [T ). Rk Tk, 2003, 6 (6) - 23-26,
31.
(3] #  #, eX . SER RS YOR A4 7= T2 mMmkse )], & & B
R5HF%& ,2014,35(11) . 77-79.
(4] EmBH . H R, 5 0020, 55 39 5 B SR W 1R} BT il
[J]. &5 T RH% . 2005,26(4) :118-120.
(5] MAZE 2R AR 0, T i, 25 0 745 36 T & 197 0k 2 7 30 L 5
[J7. o [ P8R & 2003(8) :20-22, 30,
(6] 2 Fi. Wbk SERBEAE = T 2B )], R LB,
2006,34(16) ;4 098-4 099.
(7] S35, B0, 5 . WREEE T2 mprE]. b
PHBR 5, 2013,38(1) :47-50.
(8] X &, L e B v . T 4% o X 3 L R R 1 5% i
[J]. &R F9E 59 %, 2007,28(5) : 77-80.
(97 K PRAE  FLA B, R AR, 25 S L B & 87 2% 1 W AR AL BF 5T
(1], el B4 ,2009,37(32) 15 974-15 976,15 983.
C100 KB %, 3 2  BOUEAA , 45 S SEEE RS FR 3R 10 9F & e
REALT. o A 2E R 2015,15(3) : 74-81.
(110 /45 18900 5. 2RI & & Bl 2 150 T 205
[J]. o PRk 5, 2011,36(3) : 84-86.
(127 gl IR A kW5 aifh & BELT]. = IR BR &, 2005(3)
3-8.
(13018 25,32 B BRF, 45, BURRR A& ek ) 4 S SR 5 10
BEFELT . o I R &, 2014,39(2) . 72-74.
ClAT A WA FFo T T, 45, R O 3SR T 4G Kk s 1Y
R [)]. K& Tl K24 ,2014,33(1) - 21-24.
(157 K FRLT, 3K L BE =0, %5 TR 1 30 58 7 b BOIR 777
o) R JE R D). SR 5 F &, 2014, 35(6) ¢ 115-
118.
(167 Mt . BhiE. 4 ¥, 55 Wi B I B5 A0 kK S AL S &
M T2 5L, A R 241 . 2009,9(2) 1 92-98.
(177 JENEJ A B amby i , &5, o i 1 3k A6 4k LU A 52 4 SRS
KEET LT v Bk f . 2015,40(1) :57-61.
C187 SR 4545 Bk, bk A2 B, 4% o) o T 2 0 SRS R B 2
PRI B 7 Rk 2 4R . 2014, 45(2) : 278-284.
(190 Bhledy, T AR5 545w g i vk O 1k 8 4 B4 SRl &
BEAEL) ). P ], 2011,11(7) . 124-132.
(2070 ZEPHBE 95 22T 78,45 W Rk O Ak & & SRS 1 &
PSR, Bl Tk B . 2013,34(1) 1 145-149.
(210 47 W P340 % Fh, 45, i Rz i 2 O 1k 28 € SR 6 1
KB B R B ,2012,33(1) : 157-161.

[REHE HITRF]



ReaBBEIE SR Vol. 34 No. 6

Journal of Shaanxi University of Science & Technology Dec. 2016

¥34%E 6
2016 4F 12 A

*

XEHS:1000-5811(2016)06-0141-04

MULLEXNDRBEMEEKXK
iRE 193 1 4L 15 Jo 1Y 2 i

wAER, TR, REKE, B

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

i EAMETRHTARARREREESHBERFRT WAL D4 F R 2R
VR B E R Yvh, R B = K& WAL BT 18] 89 38 o, J2 B WAL AL 45 1B B (To) 3 Am , #14L
e B ALET 3 h ALK R, AL MR A KGR A2 LA E i 24 h B
WAL ZH TR, W B RIEH WA AL R & T R I WA b A8 L3 A M8 56
W AL T S AL RE T e R AR R ACAS AR R A4S AL R B AR T AR R LR R S
it F2 P A Brak LA AT 4 S &M iR B AR,

KW i 2 E TAZRE; ERED

RESES:TS231 XEktRAERD: A

Effects of annealing on the pasting properties of
potato and corn starches

PU Hua-yin, WANG Le, HUANG Jun-rong, YANG Ting

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

na)

Abstract: The effects of annealing on the pasting and viscosity properties of potato and corn
starches were studied by differential scanning calorimeter (DSC) and rapid viscosity analyzer
(RVA). The results showed that the onset temperature (To) of potato and corn starches in-
creased and the gelatinization peak narrowed with increasing annealing time, especially for
starch annealed for 3 h. The gelatinization enthalpy (AH) increased and then decreased with
the increase in annealing time for the annealed starch. In addition, potato starch annealed for
24 h showed a higher gelatinization enthalpy compared with its raw starch, while the gelatini-
zation enthalpy of annealed corn starch was not higher than that of raw starch. After annea-
ling, the pasting temperature increased and the peak viscosity decreased, whereas potato
starch and corn starch showed an inverse varying pattern in trough viscosity and final viscosi-
ty. The onset temperature measured by DSC was lower than the pasting temperature meas-
ured by RVA,which indicated that the crystalline structure was destroyed before the rising
in viscosity during gelatinization.

Key words: annealing; viscosity; potato starch; corn starch
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AR AR T2 A A TR o PRTTT 49) 4 A A il
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1709 3 E ] 7 20
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AR ME LUE L 1S TR A R E
A R AL 40 Sk 58 3 Ay UL 45 48 22 ) 38R, R T 40 Ak &%
RuTREfAE2Z R

AR SCHE P B A AR M Y B Y B TE R A ROk
TE Ry A GERE G2 43 A B0 Ak % U s RUREL 45 44 5 i) Y
Fenl b T S R T Ak b B G e R R AR o AR Y R
), XoF Lt R A ) Ak U8 A 4 0 P T 22 S S B0 AR T A
bR FH T T R R A R AR
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1 MBERE

1.1 XM H

LR ETE by, B o P I EUE WORS TE AR
o] EORTERY , B 4 o e B i A BRA F
oK B 3 Bl KT R 14k 1R R |
1.2 ZEMBEE

THZ-C-1 6 X2 IR & KT L5 &
] BK5000 fi ot i G 5% . 7 %2 b I O i B AT FR
2375 Q2000 2 R 4 B AL B TA A Fl;
TechMaster TR Fb FE 53 H7 A« I Jis 46 T} 27 A A%
€T SFNGIR
1.3 RX&F*
1.3.1 TR fbab B

WERRTL B 40% (w/w)TEM FL 50 ¢ T 100 mL
ZERPY AR R 11 5 BT R R A DL —
JE Tk BE ) 1k Ak 3R — 5 B R] S B S A e K S B IS

SEEVHEE D kA i RE 1 min, # & 1 min J5 3¢ 1
JEEW . ML E R 3 K5 . BT 40 C HL RS KT g
F T4 8 h, RIS HIfbvE K.
1.3.2  JURIE S K 45 4510 53 A

BUE mE R IR b m LR A E,
FH A 6 Sk f 5 1 A7 WL 52 I 410 18 Ak 38 AT 5 UE B A A
POE AR RS ECH 400 1.
1.3.3 WAL ZN B Rk o A

Bedil 5% (w/w) PITERFL 28 g, FF 4l 2. W
ERF N GEMEIRE R 50 CHEFEE 1 min J5 2L 12
C/min THEZE 95 C,#I& 2. 5 min; FLL 12 °C/
min ¥ H F] 50 C, R 2 min. 5 $F 53 & 47 0
960 r/min, B #E 10 s, IR IY R B SG X E N
160 r/min. Pt 3B o A A I A5 26 B2 it 2, 0 A 3
THERAT i BRRRE S 8L
13,4 WAL B BT B

fid & 30 % (w/w) BITEN FL 10 mg, AR & (5
901683. 901, 3 T 901684. 901) % £ J5 7£ 10 C f#
5 min 25 L 10 °C/min B3R M 10 CTTHEE
100 “C. J§ TA Universal Analysis 2000 &k 4 #E47
B b B WAL S DLVE RS T 563 (J /g THERD.
1.4 HKEFELE

R B S ) SPSSL9. 0 5 PR HERT 55 HH4MT.
2 #R5H®

2.1 #imE e

R 40 40 Ak 14 5 S 1A IR R A T B b B4 S 4 A
PO EE L H T U 8 i B B AL B AR IR R O T il
TE B A TR B L AR IS SO SR 25 7R A Y
(DSO)E T T 44 3 1 K 5 3E B 19 A2 44 1 1k 1R
& To. WF5T 2 B, 1h 45 2538 M A6 K T8 B e 1R BT 1k
T B4 5k 55.1 C I 62. 1 °C o 2 IR STk 4R 38 K Tl
WKL TR TR GBIRE 5 CIENELR
JE B Th A4 B AL IR 50 °C L Bk TE R L IR
57 C.

Vo T % T M R K R 4 A R 4y i
16 3 h A48 h, FFF R O BB X 10 A T S R T
BYWURLHEAT T OSSN 1 s, i 1 AT LB,
Ih 44 SEE R A A BR OB SR IE | R 4 R B oK TE By
B2 TR N, D EE R AL 48 h
Jei o BURLIE 45 B 6 1 7 9 R & AR B R s R ok
FERY AL 3 h e L PR B O 5 R TE R 25 AN
K ABEAE 48 h 5, 5 FIURL I o5 2 30 p 2s 25 4
X O] BB TR VE R REAE (1 FLIE 45 K8 AH 2C , 7K 3 38
SRR A RSB NG TR AR S L R R
i,



TR T A ) A JHGE D B S M B K R A 1 TR A S T + 143 -

(b) £ AKJEH

(O#1L 3 h BEAZEREK (O 3 h TkiEh

(BIfk 24 h HEEWEH (DL 24 h TRTEH
Bl LAZEHEAEREDML
G R R 2 (X 400)

2.2 WAL RN R

FIH] DSC X V& by i 4k o B B8 A8 AL 64T T O3
Br. B 2 SR B S AN [ 490 Ak B ] Ak 3R IS 15 4% 38 E
By K B KR VE R DSC &L H I 2 AT, RAR s 2
1E 50 °C~75 “Cifih BE i [ 9 5 88 58 00 R 4k Wz 44
U, 1)k J5 R Ak 0 1) o TR X By, HLB AR A, R
TE oy ) BT R B TE R A A — B R AN 5
PR IR Bifi 25 1) A B[] %) 365, 90 A 280 R gk — 25
SER o JELABH A T E 3 R 4R AR T K TE by 5 0 A
LAY e, AR K TE Ry 1AL TR A T 62 °C ~80
CZ ). AT AL A 2 B0 R Ak 0 A8 2 i I 42

Oh (potato starch)
3h
~ \ / 6h
S \—/1211—;__
= 74h
= 18h
1 1 1 1
40 50 60 70 80 90
i/ °C
(a) B4 ETE M
0Oh(corn starch)
—_ 3h
o0
= 6h
& 12h
£ 24h
48h
1 1 1 1
40 50 60 70 80 90
HE/°C
(b) K VE B

B2 KRN LS %S DSC B

R T R A TE R R R X R L b TR
(To) FURIALKEAH (AHD #E4T TIFE Wk 1 iR,
FH 2 1 AT, Bl 0 AL E) B S L To 38 . 76 B
WIFALALFREY 3 h N, To 36 g B . 4% 22 59
PIALI E] , To 4 K AR 2.

F1 AEPLHELEFEEREEMR
EREMEBMUBERRBE

ik R E R EARVER
EEE]EGBERE WA RAWRIREE B
/h /C /A/ /C /Al

62.140.1* 13.340.1°
67.7+0.5> 10.9+0.2°
68.5+0.2¢ 11.540.9*
69.9+0.2¢ 13.24+0.1¢
70.140.5¢ 12.7+0. 2"
71.3£0.1¢ 12.5%0.0°

0 55.14+0.0* 18.9+0. 3"

3 62.0+0.3" 18.1+0.8"

6  63.2+0.5° 18.3+0.5%

12 65.340.2¢ 18.5+0, 28

24 65.4%0.2¢ 19.7+0.1¢

48  66.140.3° 19,240, 3¢
(P<<0.05)

LS B Ve Ry 5 R OK V€ Ry 09 AL RS 4 0 ok
18.9 J/g F113. 3 J/g. Wi ye by ¥4 22 20 Ky it 9 1 et
[ 1) B K, AL 222 80 50 1 s s 1 s B S R
TEBLERN AL 24 h B AS (B 3K B B R AE 19,7 T/ g, T
FoRFEMER L 12 h iS5 2 i K{E 13,2 1/
g. ERER B AH HKF 538 #5015 55 B
TR EEZS . MSREHERI 24 h J5RMHES
TR VE K. X T B S H T D AL B U R D 4 b R
JE A R OK VE R IK , ) Ak ik R PN 5 48 A% R HE 1) 25 T
BT, )b AT i 3 0B e A5 A 1 1 s AT R Y 3
T, AR B TR 459) £ 5 AS B8 457 25 38 3k b VR L 4 (8
M FEAR.

2.3 ALK IR FEE AR R
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LR FE SRR A A R 0 2 R Y b R L S U R H
VNG B s D R AR VR S A
225 SRR A B D) AR P (R R R Y
DIkt 2z M AE R RAHE SR EFEZ
22, FE N VE WY M AE ¥ A 2k B v i 5 M B L (R
RN EE RS T 25, A 5 Il A= (k).
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RVA E RS R EAE S 50 3 2 Bis. hE 3
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& 3000 o
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3 2000 A
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T AL b 0]/ h
B3 FAEWEREAELAZZSD RVAR
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ik Wi Ml I & il A (i 311 L1
i i) B i fE R P FRF ] i B
, /c
/h /cP /cP /cP /cP /min /C
0 4252.0 1446.0 2 806.0 1887.0 441.0 3.2 66.9
3 3627.0 2040.0 1578.0 2412.0 372.0 5.0 67.0
6 3565.0 2284.0 1281.0 2548.0 264.0 5.5 68.5
12 3298.0 2412.0 886.0 2751.0 339.0 5.7 70.2
24 2885.0 2429.0 456.0 2735.0 306.0 6.4 70.2

48 2668.0 2446.0 222.0 3011.0 565.0 6.7 70.2
BIA6 3 h A, B B UE R R R B AR AR /.
T RVA R4S 19 61 L 2 25 JF i B
T AL EE L AE VE R T G Rk B B 2 VE R 1Y)
2 B e s L T DSC I 3R AT 1Y) R O 2 4
T AR B IR A0 3R 3. X6 EE R A B T L RV A TS Y
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Synthesis and antitumor activity evaluation of bis-spiro
isatin derivatives

LIANG Cheng-yuan, SONG Hui-hui, WANG Lan, DING Shun-jun,
SUN Han, PEI Shao-meng

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

na)

Abstract: To discover novel compounds with better antitumor activities and less toxicities,a
series of bis-spiro isatin derivatives which had not been reported before were synthesized u-
sing isatin and its derivatives, pulegone and sarcosine as raw materials. The structure of the
synthesized compounds were characterized by 'H NMR,"”C NMR and HRMS. Additionally,
the cytotoxicity of the synthesized compounds on human hepatocarcinoma cells (HepG2),
human lung cancer cells (A-549) and human colon cancer cells (HCT-8) have also been de-
tected by MTT method. The results revealed that these compounds have different inhibition
on different cell lines to a different degree, specifically, compound 2 and 3 are worth further
studying owing to their satisfactory activities.

Key words:isatin; multi-component reaction; bis-spiro compound; antitumor activity; drug

synthesis
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BTG BERE AR LR A D] 3 BN L 9 A
BELL BT A W ML R BORE Y BE AR EE O 102 1.3
+ 1.4,

(2) FI 2 A 3% 95 38 B S 0 E B B B 58 4 )i
15 LR TR A v B

(305 5 o7 Yl s e 4 AT [ = T o, 92 20

: O E /
~ -
+ 'S o} e
O Rl {I:\Tg: + O N,
| \ HO™ YO \
R,

2 2R 98 L B DR Al e U PO, 15 2 AR
Yot .

(4K 77 WoRL At A B B RE 4 o A & T 3
Fradhfn, vk, AT 2 B bR 9, DUS A R Y
PR R TR ™ R A ML AN & 4 Fs.

Reflux N jao

B 4 FEALE M IR IRAL B 8 B R IS 2R

1.2.2  BELTBERZ DR IRAL & 10 1) 45 40 2 o

WU B e L1 B SR I LA P % T DM-
SO ol 2o 2% A 4R 20 C H-NMR) | i3 (7 C-
NMR) 5 [ i (HRMS) #1745 ¥ R 4F.

1.3 #Ln 4 ML IRAL A M 0 F1 I 5 75 ]

XA AL A MTT 2 3547 i 928 40 o 184
B A0 56 M R R 36 D . AT R 0B (HepG2)
95 4 M CA-549) , N 45 1 i 240 il CHCT-8) , 35
F: Wi DMEM+ 15 % NBS+ X ¥i.

1.3.1  FZEHWAY R

(DMTT W AEW ¥ 1 mg ) MTT $E T 1
mL D-hanks ¥ 1, i ¥ FE F 1 mg/mL, S
.

(2)DMEM K 3£ 3L 4 B . DMEM 15 5% 3% 10. 4
g % F 1 000 mL # &K, it NaHCO, 3.7 g.
Hepes 2. 385 g, % K it % £ 45 10 J7 Units, [
CO, 5 pH A 7. 2. i UEBR T . 4 °C UK A7 . I
FH B o ot 385 9 e B & 10 %,

(3)MEM J}5 72 5 4b . MEM 85 32 35 10.4 g
% 1000 mL ZZ487K T, im0 NaHCO; 2. 2 g, Heps
4.8 g, HR R BEHFE A 10 1 Units, H] CO, <M
pH R 7.2, 5L UEBR B . 4 °C KA G- A L I B o afn
THHAWEE R 10%;

(DA 2. 500 1 2 3 B 5 W R 245
AL MR 0.5 %.

(5) FE 5 ¥ Fl DMSO (Merck) ¥ i J& » in A
PBS(-) it il i) 100 pemol /L 1 7 W 88 # 241 5] i 1R
B R 5 T DMSO B PBS (-) Fi B, B & 1k 43
A 0.1.1,10.20,40,60,80,100 zmol/L.

(6) Xt BE VR - 45 f 20 0TI %) e Ik g 24 0 o
L CAra-C) LLIRIRE 9 25 1 B v R
1.3.2 #iikssE

Ut B A K b R 200 L B 35 T 1000 KTE B AR 4R
MiEMERR B E (45 100 71 U/ Y1 640%;
FWP VBT 37 C.5% CO, . MR E ) — A1k
e s TR h B SR MO BE AR G B 2~ 3 RAFAR
YR ALAR I B Se 8] R 3R, PBS W 2 Uk, RS T AL
J5 o JIAHT B 1) 15 TR W AT 28 50, ) R AN i 2 0 2
e BERS A BT B 35 R b, S 0 8 R MR 2 . B
B A 40 T S
1.3.3 My

WO B0 A K 0T A M, T AR T2k DL 2 X 1ot
ml 4% BEHERN T 96 FLIE MR B L 100 pL. B
F% 24 h g B ERNLS P L 0.1.1.10,20,40.60,
80,100 gemol/ L ¥ JF Ab B 20 . 52 56 4 4 A i 15
5N AL, VAR 0.4% DMSO (5 F5 W AE X R 24
WYEH 48 h J&, & L3, &AL A 100 xL MTT(2-
(4,5- " B F-2-MEMR 36) -3, 5- AR -2 H-PY g A IR
BRE8) (1 mg/mL), #4k2e 15 5% 4 h, 7 B . &L
A 100 L. DMSO, 4 & 1 2 s B AR AL AE 570 nm
A0 00 VR ' BE AL TR R R T 500 1
1A Wy FEAT 21 B0 ) 2R (1C. ) Kl B 757 00 4k &
YILL 10,20,40,60,80,100 zmol/L ¥ JF 4b FH 24
1,48 h J5 MTT ki, 5k FHH 53 4k f4F SPSS 3K i
1b& W B2 B0 i vk BE (1C50). A i =
— SR 2O B D) /% IR 2L ' B (B X 100 %6,
1.4 “%it¥5 %

W BT 453 508 ] SPSS 11, 0 G 2p ik ik 47 3
AL BT AR ER L T TR (o £ ) RoR, P4 [R]Y
FTHECF R LR EAT ¢ KB, DL P<<0.05 NS HA
it X

2 #FREITiE
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2.1  FRLLE AL R IR A 6 A R
PRI FIRSEE AP R 5 LT 12 A e 20 BE A% L
B EW 7 RAE 72 ~90% , Nk 1 FiR.
2.2 FEEH IR W0 M B R
&Y 1-12 45 4" H-NMR, ¥ C-NMR 5
HRMS A, PG EHR T .
2.2.1 k&M
FFR1-H - d-(A- T H ) kg (IR [ 2, 3]
Femgle) 4203, 2" -5 - B O LA W Es i 5
Ji7R.

/
N

O/

B5 fb#m(DHagsish

ZIAO 4 SR A, P2 RO 89, 4%, M. P. 182. 2
°C.'"H-NMR (400 MHz, DMSO-d;) & (ppm):
10.2(1H,s),7.39(1H,d),7. 28(2H, m), 7. 15
(1H, m),2. 26 (3H,s),2.4-2. 0(2H,s),2. 08
(2H,s),1. 98 (1H, m), 1. 8-1. 6 (4H, m), 0. 99
(6H,s),0.96(3H,s);"*C-NMR (100 MHz, DM-
SO-d;) 6 (ppm): 215. 6, 170. 4, 152. 7, 139. 8,
134.1,126. 2,122, 5,114. 7, 88. 2,74. 9, 64. 8,
43.4,40.7,34.3,30. 5,25. 4,20. 3,19. 7,16. 0;
HRMS(ESD for(M+H) " :caled 326. 199 4,found
326.199 8.

2.2.2 fkBEW@

AR - -4 (4- ) ik g (B[ 2, 375
SR I I )-8 [3, 2" ]-5"-H 3 L &5 4 W E 6
Ji7R.

CLRRESS B R 77 % 82.5% , M. P. 176. 4
C.'H-NMR (400 MHz,DMSO-d;)&(ppm) : 9. 62
(1H,s),7.86.8(3H,m),2. 26(3H,s),2.4-2. 0
(2H,s),2.32.0(2H,s),1.99(1H, m),1. 9-1. 6
(4H,m),0. 99(6H,s),0. 98 (3H, s);"” C-NMR
(100 MHz, DMSO-d;) 6 (ppm): 215. 7, 172. 0,
158.5,154. 4,135, 4,115. 5,113. 0,110. 6,88. 2,
74.6,64.9,43.4,40. 7,34. 4,30. 5,25. 6,20. 4,
19.8,15. 8; HRMS (ESI) for (M + H) " ; caled

%% B %34 %
344.423 1,found 344. 423 6.
F
/
N
@) \NH
O

B 6 b2t H

2.2.3 LEWB

SRR - H-4-(4- R D g (122, 3"]-5"-
AR -2 [3, 2" ]-5"-H R O g5 A an e 7
Ji7.

Cl

B7 Ahh)wissi

ME LT 45 F R 77 %y 83,920 . M. P. 192, 6
°C."H-NMR (400 MHz, DMSO-d;) & (ppm):
10.05(1H,s),7. 72(1H, d), 7. 49 (1H, s), 7. 30
(1H.d),2. 26 (3H.s),2. 4-2. 0(2H,s),2. 3-2. 0
(2H,s),1. 98 (1H., m), 1. 9-1. 6 (4H, m), 0. 99
(6H,s),0.98(3H,s) ;" C-NMR (100 MHz, DM-
SO-ds) & (ppm): 215. 7, 172. 0, 154. 3, 137. 9,
129.9,128. 3,126. 2, 110. 6,87. 7, 74. 6, 64. 9,
43.4,40.7,34.4,30.5,25. 6,20. 4,19. 8,15. 8;
HRMS(ESD for(M+H) * ;caled 360. 877 7,found
360. 878 2.
2.2.4 fBEWWD

AR - R4 (4- R mpg (22, 37117
5" U B o) MR [3. 2" J-5"- 1 BL L i, 45 44
meE 8 R,

s R R, PR 74, 5%, M. P. 186. 4
°C. "H-NMR (400 MHz, DMSO-d;) & (ppm) :7. 2
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6.8(3H,m),3.44(3H,s),2. 26(3H,s),2.4-2.0
(2H,$),2.3-2.0(2H, m),1. 98(1H, m), 1. 9-1. 6
(4H,m),0. 99(6H, m),0. 96 (3H, s) ;" C-NMR
(100 MHz, DMSO-d;) 6 (ppm): 215. 6, 170. 7,
158.4,154.5,139.1,123. 2,115. 4,113. 1,85. 7,
74.9,64.9,43.4,40.7,36. 2,34. 3,30. 4,25. 5,
20.4,19.9,16. 0; HRMS(ESD for(M+H) " ; caled
358.449 7,found 358. 450 1.
F

B8 b igtLFish

2.2.5 tkBEWG

BFR - 34 (- H D Mg (1R 2, 3]-1"-
F - 7" G R | ) -2 (3, 2" ]-5"-FH L L, 25 44
WE 9 s,

/
N
O N

VN
@)

B9 HbhOG) i
M LTt 55 o oK, 77 %l 78, 4% . ML P. 197. 8
°C.'H-NMR(400 MHz,DMSO -d ;)8(ppm) : 5. 2-
5.8(3H.m).4. 27(1H, m), 3. 48 (3H, s), 2. 26
(3H.s),2.4-2. 0(2H,s),2. 3-2. 0(2H, m), 1. 98
(1H,m), 1. 9-1. 6 (4H, m),0. 99 (6H, s), 0. 96
(3H,$);*C-NMR(100MHz, DMSO-d;) 6 (ppm) :
215.6,170.7,154. 5,127, 8,125.9,118.0,113. 1,
85.7,74.9,64.9,43. 4,40. 7, 36. 2, 34. 3, 30. 4,
25.5,20. 4,19. 9, 16. 0; HRMS (ESD) for (M +
H) " :calcd 358. 449 7,found 358. 450 2.
2.2.6 LAWG6)
BRI (- H D Mg (BR2[2, 3"]-1"-

F -6 G R s ) - R [13. 2" J-5-H1 L T, 45 4
w10 FiR.
Cl

B 10 o) e sn

sk WA, FF &R 86. 5%, M. P, 203. 5
C."H-NMR (400 MHz, DMSO-d;) é (ppm) ; 74-
7.2(3H,m).3.46(3H,s),2. 28(3H,s),2. 4-2. 0
(2H,s),2.3-2.0(2H, m), 1. 98(1H, m), 1. 9-1. 6
(4H,m),0. 99(6H, m),0. 96 (3H, s) ;" C-NMR
(100 MHz, DMSO-d;;) 6 (ppm): 215. 6, 170. 7,
151.0,144.9,131.9,129. 8,124. 4,121. 9,85. 7,
74.9,64.9,43. 4,40, 7,36. 2,34. 3,30. 4,25. 5,
20.4,19. 9,16. 05 HRMS (ESI) for (M + Na) " .
caled 374. 904 3,found 374.904 7.
2.2.7 kB

FR L 1-H -4 (- D Mk (B2, 37]-1"-
CEEFFL )-SR [3. 2" ]-5"-F 5L O L 45 4 4n &
11 fioR.

/
N
O N
\ N—"
O
B 11 s tbsaH

R LT AR 77 % R 80. 6% . M. P. 186. 4
“C."H-NMR (400 MHz, DMSO-d;) & (ppm) : 7. 4-
6.9(4H.,m),3.42(2H.,q),2. 26 (3H,s),2. 4-2. 0
(2H,$),2.3-2.0(2H,m),1. 98(1H,m),1. 9-1. 6
(4H,m),1.33(3H,s),0. 99(6H,s),0. 96 (3H,
$)3;" C-NMR (100 MHz, DMSO-d;) 6 (ppm) :
215.5,170.4,152. 9,143. 6,134, 3,126. 3,122. 5,
116.9,86.0,74. 8,64. 9,44, 3,43, 6,40. 7,34. 4,
30.5,25.3,20.5,19. 8,15. 9,13. 8; HRMS(ESD
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% 34 &

for(M-+H) " :caled 354. 485 8,found 354. 486 3.
2.2.8 EWO®

DR - R (- R kg (R[2. 3"]-1"-
5" S e )-8 (3. 2" ]-5"-H JE Ui, 454
wmiE 12 fros.

E

B 12 eHmQuibzsas
LIAR AR R LA 74,106, ML P. 209. 6
°C. '"H-NMR (400 MHz,DMSO-d;) 8 (ppm): 7. 2-
6.8(3H,m),3.44(2H,q),2. 26(3H,s),2.4-2.0
(2H.,s),2.3-2.0(2ZH, m),1. 98(1H,m),1. 9-1. 6
(4H,m).1.33(3H,s).,0.99(6H.s),0. 96 (3H,
s);" C-NMR (100 MHz, DMSO-d; ) & (ppm):
215.5,170.4,158.5,154.4,139. 2,123. 2,115. 4,
113.0,86.0,74. 8,64. 9,44. 3,43. 6,40. 7,34. 4,
30.5.,25.3,20.5,19.8,15.9,13. 8 HRMS(ESID)
for(M+H) * :caled 354. 485 8,found 354. 486 3. ;
HRMS(ESI) for (M + Na) " ; caled 372. 476 3,
found 372.476 8.
2.2.9 HE®WO®
FFR1-H R4 (- R me g (R L2, 3" -1
LH-6 GRS (3, 2" ]-5-H AL U, 45 4
meE 13 fiR.
Cl

B 13 b sih

AR R, PR 73. 4%, M. P. 202. 8
°C. '"H-NMR (400 MHz, DMSO-d;) 8 (ppm): 7. 4-

7.2(3H,m),3.44(2H,q),2. 26 (3H,s),2. 4-2. 0
(2H,$),2.3-2.0(2H,m),1. 98(1H,m), 1. 9-1. 6
(4H,m),1.33(3H,s),0.99(6H,s),0. 96 (3H,
$)3"% C-NMR (100 MHz, DMSO-d;) & ( ppm) :
215.5,170.4,145.9,131.9,129. 8,124, 4,122. 0,
86.0,74. 8,64. 9,44, 3,43. 6,40. 7,34. 4,30. 5,
25.3,20.5,19. 8,15.9,13. 8; HRMS(ESD for (M
+H) " :caled 388. 930 9,found 388. 931 2.
2.2.10 fkBEWAD)

BFR - -4 (- H D Mg (B[ 2, 3"]-1"-
P FR L s -8R [3. 2" 1-5"-FF 3 O i, &5 44 n /]
14 fiiR.

/
N

O N
\O\/\

A 14 A4 10) 84t 3 54

IRREOLE AR PR R 72. 6% M. P 225. 7
°C. "H-NMR (400 MHz, DMSO-d;) & (ppm) : 7. 4-
6.9(4H,m),3.39(2H,1),2. 26 (3H,s),2.4-2. 0
(2H,$),2.3-2.0(2H,m), 1. 98(1H, m),1. 9-1. 6
(4H,m),1.64(2H.m),0. 99(6H,s),0. 96 (3H,
$),0.91(3H,s);"* C-NMR (100 MHz, DMSO-d;)
8(ppm): 215. 5, 170. 4, 152. 9, 143. 6, 134. 3,
126.3,122.5,116.9,86.0,74.8,64.9,45.0,43. 4,
40.7,34.4,30.5,25.3,20.5,19. 8,15. 9,11. 7;
HRMS(ESD) for (M + Na) +: caled 368. 512 4,
found 368.512 8.
2.2.11 fHEPAD

BRI 34 (- H D Mg (122, 3"]-1"-
SN FEER L -2 (3, 2/ -5 KL © B, 45 #
K15 Fs.

LB TM AR TR 72. 0%, M. P. 214, 2
°C. "H-NMR (400 MHz, DMSO-d;) & (ppm) :7. 4-
6.9(4H.m),3.96(1H, m),2. 26(3H,s).2.4-2. 0
(2H,$),2.3-2.0(2H,m),1. 98(1H, m),1. 9-1. 6
(4H,m),1.64(2H,m),1. 22(6H,s),0. 99 (6H,
$),0.96(3H,s);" C-NMR (100 MHz, DMSO-d;)
8(ppm): 215. 5,169. 9, 152. 9, 143. 6, 134. 3,
126.3,122.5,116.9,86.3,74. 8,64.9,60.7,43. 4,
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for(M-+Na) " :caled 368.512 4,found 368.512 9.
2.2.12 k&P

SR 1 A (A- T ED kg (B2, 371"

FRLE I W42 [3. 2" ]-5"-F B O, &5+ o &
16 fr7s.

B 16 Ao (12) ks
WK OLE R AR PR R 82.8% .M. P. 212. 9

C.'"H-NMR (400 MHz, DMSO-d;)8(ppm):7. 4-
6.9(9H.m),4. 65(2H,s),2. 26 (3H,s),2. 4-2. 0
(2H,$),2.3-2.0(2H,m), 1. 97(1H,m), 1. 9-1. 6
(4H,m),0. 99(6H, m),0. 96 (3H, m) ;" C-NMR
(100 MHz, DMSO-d;;) 6 (ppm) : 215. 4, 170. 6,
152.9,143.6,136. 3,134, 3,128.7,127.0,126. 2,
122.5,116.9,85.9,74. 6,64, 8,54. 4,43. 3,40. 7,
34.4,30.5,25.4,20.3,19. 8,15. 9; HRMS(ESD)
for(M—+H) " :caled 416. 555 4,found 416. 555 8.
2.3 FLLE A IR IRALS M o) ST B E

2 MTT 3 5H4b& W 1-12 347 %97 25 10 B ik Jgd
T P A At JORE S 21 B i R 24 A el A
Ara-C FE Ry FIPERT B 45 Rk 1 s,

MR T LAE I A& 1-12 % =4 40 i Bk
S AN [ R A 4 4 R 400 o A% R S 5 T X R
it e Z1, VA B2 2L 207 A 5 OSUIR L& W J5 Bt
e 927 3 1 1 5. 556 B BT AR (Ara-C) AR L,
AW 1-12 238 S8 T Ara-C B35, Hd b &
Wy 2.3 MTE PR 51 T M 25 R 0 R R AT DL
g OAEE B HE A 0 22 51 f st R HE BT, Ry AR
O b B IS PR o U RIS A T
ST B BB pa R OIS 4 A S I
R, HUARHE A AR G doe BE B (%) e I g 3% 2k 16 T B4R g
A IR A A s | BOARG  hy S I 9 1 e i X AT BB
A EHUREERY 2y 7 B3 K& S BOL K72
2H K.

F1 ERMEIBENEBEREEYREFEIMEKE ICs (AL :pmol/L)
. . ICsy / (umol/L)
&Y BRI R, HGE R, - - -
HepG2 A549 HCT-8
1 H H 9.6541.28 18.10+0. 44 15.21+1.18
2 F(5 ) H 2.0240.58 6.201+0.78 14.63+1.87
3 CI(5 i) H 5.024+0.58 12.86+0.10 18.680. 45
4 F(5 ) Me 13.5641.37 26.13+0. 36 30.84+2.55
5 F(7 ) Me 35.1241.92 43.3241.42 47.3140. 44
6 CI(6 i) Me 16.56+1.07 26.1340.36 38.51. +1.73
7 H Et 76.3140. 44 53.3740.69 >100
8 F(5 1) Et 33.64+1.17 42.6540. 38 38.51. +1.73
9 CI(6 fii) Et 41.12+1.92 62.32+1.42 52.31+1.34
10 H CH,CH,CH, 63.35+1.42 57.3141.64 74.7642.85
11 H CH, (CH;)CH, 55.7241.64 >100 85.3442.56
12 H @ 69.81+1.42 =100 =100
Isatin 87.5242.03 >100 =100
Ara-C 2.3240.25 9.6540.58 12.4441.67
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BRI AL A W R — Bl E A R IR T i Y B 24 (]
PR B R P R LT R L A B L R R
R R AE AP E DY IR TN T R
B A HLA Bk 2= AT IE X Z AL B W R & T
VEHEAT B AR LSS ) SRR B3] B a7 1k 6 B
LTINS W B BT A AR A TRORE R R IR E L G
LB 2R 5 2% L I A% AT 2 CRRAIR A R AL TR ke K
BURNIT % —Fhfai 8 L 28 05 19 & L i it F B e
LR G W) Bt — 25 I Rz A& W 1 52 B
AMEEAREENE L.

AR S i 21 B AT A= 0y 5 Ay T A UL SR A
JERE BT T — 2R B e AT B R U R AL S
FH'H NMR."*C NMR 5 HRMS %f JF & B9 1k
BY AT T A5 FRAE, IF ] HepG2, A-549 §
HCT-8 —Ff 4 i &k #E 47 1 %0 25 049 Ht i 8 3% o )
R, A AL A X =S 41 Rk 2 B A R AR 1Y)
IR R 0 0 A R TR L. b k& 2.3
ORRAE RS SO 75 W /v RO WAL R el I - (U R T
bR — GRS B T R R, R,
ARy o 28 B 2 48 e Ak 45 W B T P G rp U T
WA 36 PR A S 7 UM, R, BUR ST fE & 9
BL b 988 9% T 1 B MR Oy S > o B > DR S

L) A IR, 3R A ) — R 9 e £ R
XU IR A ) 35 ELAT B0 8 306 1 o R 5 20 R A% LB
INACA W R D9 B e 3 1 AR R AL BIE 5 L DL &
254%3h 1 25 SR AP HE— 25 WIS, DA A e
e % P O U ) e T B A BUE ER AR A W L A e R 5
P AL AT FEAK A
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RESES TP242 XHEARERD: A

Simulation analysis of human lower limb exoskeleton
rehabilitation robot

XIA Tian, HUAN Xi, CHEN Yu, XU Jian-lin

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

Abstract: The kind of device of human lower limb exoskeleton rehabilitation robot is a kind of
service robot, which is designed to be used for assisting the life of old people and sufferer,
based on the motor drive. By establishing the D-H mathematical model of human walking
posture,the coordinate equations of hip joint, knee joint and ankle joint are derived. Under
the ADAMS environment,the simulation results show that the joints of the lower limb exo-
skeleton have a continuous trajectory in space, which can meet the motility of the joint
movement,and meet the motion characteristics of the human lower limb. A prototype test
platform is set up to test the angle curve which changes with the cycle. The motion trajectory
of the lower limb exoskeleton is verified, and the experimental curves and the simulation
curves are basically consistent.

Key words:lower limb exoskeleton; kinematics; D-H model; coupling simulation; ADAMS
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Study on natural characteristic of the rod fastening
rotor based on fractal contact theory
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710021, China; 2. School of Mechanical Engineering, Shanghai Institute of Technology, Shanghai 201418,
China)

Abstract: Establish the contact stiffness model of the distributed rod fastening rotor using the
fractal contact theory to calculate the normal and tangential contact stiffness.analyse the var-
iation tendency of the contact stiffness along with the surface roughness and the pre-tighte-
ning force;further,set up dynamic model of the rod fastening rotor take into account the con-
tact effect of the wheel and obtain the natural frequency and mode shape through the natural
characteristic research. The analysis result is the decrease of the surface roughness and the
increase of the pre-tightening force,the overall stiffness and natural frequency has improved;
pre-tightening force is small, the speed rising fast, with the growth of the pre-tightening
force speed is slow,and the lower the roughness natural frequency is greater.

Key words:rod fastening rotor; fractal contact stiffness; modal analysis; natural frequency
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Sleep stage online classification based on STPS of EEG signals

ZHOU Qiang, CHEN Ying, LI Jun-yu, XIAO Qiang-hong

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

710021, China)

Abstract : Sleep stage classification as a premise of improving sleep quality during sleep, which
is an important research of modern biomedical. In this paper,aiming at the problems of sleep
stage classification method to identify the presence of low accuracy and processing speed and
other issues, we propose online classification based on STPS the EEG signal sleep state.
When EEG with A time-frequency analysis as sleep feature,and inputs to the RBFNN for
fuzzy fusion,identifies different sleep stage. The experiment shows,the accuracy of identifica-
tion of a sleep stage which reached 88. 89 % , which has laid a foundation for the realization of
human sleep state control.

Key words: sleep stage classification; EEG signals; STPS; RBFNN; fuzzy fusion
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Research of PWM rectifier based on current deadbeat control

NING Duo, ZHANG Bo, WU Hui

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

Abstract: Three-phase voltage source PWM rectifier is widely applied, because it can reduce e-
lectrical equipment for power grid harmonic pollution,and has high power factor. This paper
analyses the mathematical model for PWM rectifier and control method of PWM rectifier by
combining the method of PI control and current inner ring no beat control. This control can
realize the AC current sinusoidal,and reduce the harmonic pollution, absorption power grid
reactive power. Deadbeat control can improve the response speed of current. Simulation ex-
periment validates that compound control can make PWM rectifier control current and the
control has better static stability and dynamic response performance.
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Design of opportunistic routing based on power

control in wireless sensor networks
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(1. School of Mathematical Sciences, Shanxi University, Taiyuan 030006, China; 2. Institute of Computing

Technologies, China Academy of Railway Sciences, Beijing 100081, China)

Abstract: The design of routing protocols is a challenging problem due to the limited energy
of sensor nodes and unreliability of wireless links in wireless sensor networks. Based on the
broadcast nature of wireless transmissions, multiple candidate nodes cooperatively participate
in the packet forwarding process in opportunistic routing, which can increase the network
throughput effectively. Two crucial routing metrics: ExXNT and EEC, which have a great im-
pact on candidate selection,are modeled by the Markov chain approach. Combined with pow-
er control,the effects of transmitting power on these routing metrics are studied,and the cor-
responding candidate selection algorithm is designed. Furthermore, an opportunistic routing
based on power control (PCOR) is described in detail and implemented in NS2. Compared
with several existing opportunistic routing protocols, the experimental results indicate that
the proposed PCOR not only improves the network performance, but also reduces the total

energy consumption,
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Study on the attached mass of the rectangular plate in water

REN Hui-juan', YAO Zhan', XUE Xiao-qing', LIU Ting', LEI Ye’

(1. College of Physics and Electronic Engineering, Xianyang Normal University, Xianyang 712000, China; 2.
College of Marine, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: Starting from the vibration response formula of the rectangular plate in water and
according to the definition of the attached mass, the expression of attached mass is derived
for a rectangular plate in water,and the numerical simulations are implemented. The results
show:First, the lower the modal order,the bigger the attached mass. Second, when %, /% .
<C107', the attached mass almost keeps a constant value. When k. /k,.. = 1, the attached
mass appears a peak value except the (1,1) mode,then it decays fastly. Third, the attached
mass of the rectangular plate in water can not be neglected, and it should be taken into ac-
count when vestigating its vibration and sound radiation.

Key words:rectangular plate; attached mass; attached damping
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Optimal harvesting problem for a class of inshore-offshore fishery
system with impulsive diffusion in a polluted environment

WU Yan-mei, DOU Jia-wei” , MA Li

(School of Mathematics and Information Science, Shaanxi Normal University, Xi'an 710062, China)

Abstract:In this paper, the dynamic behavior and optimal control problem for a class of in-
shore-offshore fishery system with periodic impulsive diffusion and continuous harvesting in
a polluted environment is studied. Firstly, the sufficient conditions for existence and stability
of the positive periodic solution are investigated by using impulsive differential equation theo-
ry. Moreover,under the condition ensuring that the system is globally asymptotically stable,
a related optimal control problem is investigated by applying the maximum principle of im-
pulsive differential systems,the purpose is to control the harvesting effort to maximize the
inshore subpopulation’s harvesting profit which is the difference between economic revenue
and cost. The exact expression and realization condition of the optimal harvesting policy are
given explicitly.

Key words: polluted environment; inshore-offshore fishery system; impulsive diffusion; con-

tinuous harvesting; periodic solution; optimal harvesting policy
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