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Study on pyrolysis characteristics of alkali lignin with the
additive of calcium salts
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Abstract: The thermal decomposition characteristic and product formation of alkali lignin
with the additives of calcium chloride, calcium hydroxide, calcium formate, calcium acetate
were investigated using thermogravimetric analyzer (TG) and pyrolysis-gas chromatogra-
phy/mass spectrometry (Py-GC/MS). Results from TG showed that the rates of weight loss
of alkali lignin were accelerated and the residual carbon was decreased with the additives of
calcium salts,resulting in the improvement of the efficiency of lignin pyrolysis. The results of
Py-GC/MS indicated that phenolic compounds were the main products of pyrolysis of alkali
lignin, The relative content of vanillin obtained from the pyrolysis of alkali lignin with calci-
um chloride,calcium hydroxide,calcium formate increased from 0.70% to 11.75%,8. 26 %,
7.62% and 9. 85 % ,respectively. The calcium formate promoted the formation of phenol with
the methoxy removal of the intermediate products. Both calcium formate and calcium acetate
have a positive effect on the formation of aromatics during the pyrolysis of alkali lignin.
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Preparation and performance study of starch based new biological latex

LIN Tao, ZHANG Xi-juan, ZOU Juan

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

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

Abstract: A kind of new biological latex was obtained through the optimization of the prepa-
ration of biological latex by starch modification. The original starch was oxidized, gelatinized,
enzyme hydrolyze, grafted with PVA,grafted with acrylonitrile. Then, the latex was prepared
by high speed dispersion of the obtained starch incorporation of other additives. Results
showed that the adhesive strength of obtained biological latex could compared to PVA. Sim-
ultaneously,the stability of obtained biological latex was excellent. In addition,other charac-
teristics such as high solid content,low viscosity and small size could be achieved. The film
property and adhesive strength of obtained biological latex were better than those of com-
mercial biological latex.

Key words: process optimization; homemade biological latex; film forming; bond strength
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Preparation and properties of amphoteric polyurethane
modified by polyphenol

YAN Zhuan, WANG Xue-chuan” , LIU Xin-hua, QIANG Tao-tao

(College of Bioresources Chemical and Materials Engineering, National Demonstration Center for Experimen-
tal Light Chemistry Engineering Education, Key Laboratory of Auxiliary Chemistry & Technology for Chemi-
cal Industrys Ministry of Education, Shaanxi University of Science & Technologys Xi'an 710021, China)

Abstract: A new type of amphoteric polyurethane emulsion (AWPU) was prepared with iso-
flolone diisocyanate (IPDI) and polypropanediol (PPG) as raw materials, polyphenols PP as
anionic chain extender and N- methyl two ethanolamine (MDEA) as cationic chain extender.
The structure of AWPU was characterized by UV spectroscopy (UV) and infrared spectros-
copy (FT-IR). It was confirmed that PP was embedded in the main chain of polyurethane.
The effect of PP dosage on the particle size of the emulsion under different formulations was
studied. The potential and electrical conductivity of AWPU under different pH were meas-
ured. Finally,the formaldehyde concentration before and after the reaction of AWPU emul-
sion and formaldehyde standard solution was tested. The results show that as the amount of

PP increases, the particle size of AWPU decreases first and then increases. When pH is equal
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to 6. 6,AWPU is not explicit,the potential is zero and its isoelectric area is located in 5. 0~

7.8. The AWPU emulsion prepared in this experiment has the function of reducing the con-

centration of formaldehyde in the solution,and it has a good application prospect in reducing

formaldehyde content.

Key words: polyphenol; amphoteric polyurethane; preparation; formaldehyde
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W OE.RASTAASAR TR, ATTAMAEE WA T R L, ZKFREEFR COD, %
YERFE G RARG A KB AR T BAASTRAAAAT TR EAREM AR RGP m. £ R K
B, KA B A ) Ae it B A4S A @938 e, R B )E F R EiE R COD 3, %4542 L3 m 5
BV EAQRA T M, RGBS KRR REAK, St AL e E A 200 mg/gTS &, R4
0K RIS 68.3%0. ST AALAS G F A0 B KB, T IR E AR o MARBE, R A T 5 RBL
K. AFEFTRAEPAEFTRIFTI, R I BAAS T A —FF £ 2 oyt RAL AR, 35

T BLK 2R F4F.
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RESES X7 XERARER: A

The effect of pre oxidation of calcium peroxide on the
characteristics of sludge dewatering

DING Shao-lan, TTAN Qian-gian, DONG Ling-xiao

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

710021, China)

Abstract: The effect of the calcium peroxide on the dewaterability of the sludge under the
conditions of changing the calcium peroxide dosage and reaction time by investigating COD of
sludge filtrate, polysaccharide and protein and water content was studied. The results demon-
strate that with the the increase of reaction time and calcium peroxide dosage, the filtrate
COD increased. And the content of polysaccharide increased and then decreased,and the pro-
tein content increased. And the water content was significantly reduced. The water content of
sludge cake was 68. 3% when the amount of calcium peroxide was 200 mg/gTS. When the
added amount of calcium peroxide was increased, the sludge flocs were decomposed too
much, which is not conducive to the sludge dewatering. With the same amount of hydrogen
peroxide conditioning sludge for comparison, calcium peroxide has been found to be a more
stable source of hydrogen peroxide and provide better effect on the sludge dewatering.

Key words: calcium peroxide; pre oxidation; water content; sludge dewatering
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248 A i AL A (H, 0,) FIR S (0,). 5 H,0,
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g FALRE A HLY. CaO, AALKLE AR L K 7 325
A1 B AR A Tl A5 S EL A T R R s
Wl T E 154 F K5 e R AL R BRI 4G
MWisleh iy 6 M XA W THRIED
AL E A ] CaO, 38 BE AT 5 Y8 M 7K 1 BE 52 i Y
s/, T LA W5 R CaO, Sk I 35 Je , 38
5% CaO, X715 Je i 7K P BE A 52 .

i

1 KEEH

1.1 XZEHH

15 YEHE VG LTS s K AR BE T O R Ay
15U I TS P MR JE 57 B A 4 C KA R
24 WG 725 FIE W, 3R 45 ik 4 75 e il 56 i FH S
PRES . TG AR LR 1 iR, i kS
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Effect of metal ions in wastewater on microbial activity
of activated sludge

WANG Sen, CHENG Sai-ge, XIAO Xue-li, LAI Fan, HU Lei-xin, ZHANG An-long

(School of Environmental Science and Engineering, Shaanxi Province key Laboratory of Papermaking Technol-

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

Abstract; The study investigated the effects of AI*" and Cu*" on TTC-dehydrogenase activi-
ty,specific aerobic uptake rate (SOUR) ,removal rate of COD¢, and metal ions on the change
of concentration before and after biodegradation by destructive experiments on domesticated
sludge by AI’" and Cu®" concentration changes, it indicates the impact of metal ions in
wastewater on microbial activity of activated sludge and the entire ecological environment.
The study results showed that the presence of metal ions in wastewater has a certain effect
on the activity of microbial TTC-dehydrogenase and the SOUR of activated sludge. When the
concentration of metal ions is less than 20 mg/L,it can promote the microbial activity,and
the concentration is too large to have certain toxicity and inhibition. After 72 h of biological
treatment of activated sludge,the removal rates of A" and Cu*" by microorganisms from
activated sludge will decrease with the increasing of the concentrations of AI’" and Cu®".

When the concentrations of A" and Cu’" were increased to above 60 mg/L, the removal
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rates of A’" and Cu®" are 74.2% and 70. 9% respectively.

Key words: papermaking wastewater; metal ion; synergy; microbial activity; residue
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Sulfide and nitrate removal coupled with electricity generation in

sulfide autotrophic denitrification microbial fuel cell

GUO Chang-zi, YAO Jia-yu, ZHANG Feng-yan, YAN Qian, YU Rui-juan, LIANG Han-lin

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

710021, China)

Abstract: In this paper,the sulfide autotrophic denitrification fuel cell was set up and the two
reaction processes was separated to study the effect of simultaneous denitrification and desul-
furization and the capacity of electricity generation. The results show that simultaneous des-
ulfurization in anode chamber and nitrate removal in cathode chamber is feasible. In this pa-
per,the sulfide and nitrate removal loads were 0. 36 kg * m * «+d 'and 0.07 kgem * «d ',
respectively. The maximum power density was 144, 03 mW « m *, Cathode chamber micro-
organisms have a good ability to receive electrons. When the cathode chamber nitrate concen-
tration is low,nitrate is easily reduced to nitrogen; when the nitrate concentration is higher,

the reaction products to nitrite mainly. The removal of the sulfide in the anode chamber and
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the performance of the fuel cell were less affected by the change of nitrate concentration in

the cathode chamber. The external resistance mainly affects the removal of nitrate in the

cathode chamber and has no effect on the removal of sulfide in the anode chamber. When the

external resistance increases from 5 Q to 2 000 Q,the removal rate of nitrate decreases from

100% to 61.75%. Reducing the external resistance is helpful to improve the effect of nitro-

gen removal in cathode of the MFC.

Key words: microbial fuel cell; sulfide autotrophic denitrification; nitrate and sulfide remov-

al; electricity generation
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A s ELAE — i 30 TR PN 1 IS W ok B R TR R
L B K B A ) G R AR 2 BR 1A far 43 il Ry
0.36 kgem ®«d ' 0.07 kgem *«d !, TR
BRI KA 144,03 mW » m™°,

O TERBL M, S/N X B AR =5 A4 Al 152 £k 2=
B 52 ) B . 2 B A & A R R Wk R IR (S/N
OB IR R 2 Wk I A S, T RS PR R AR R
240 R £ vk B B (S/N /N BE L R TR W DL il
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(3) A1 HL B A /N5 il B A == B Ak 4 7= 4 B
3, A e BELAE R L B TR 114 A R REAIG. A1 ef BEL 5% i
AN 25 il IR £6 A9 25 B, Ah BB AN 5 Q 3 i 2
2000 Q, fif FR #2192 BB M 100% FE K =
61.75%.
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B R Eurotium p. | JW043 E‘Jﬁ%—&

2 k. FBEw, 2¥L.H W, ¥ ., 2RYE"
(Bevg Rl K2 & 54y TR, PV Fi% 710021)

W B RFRAZFEmIG—F LR Jedh R R EEHA ERFANE LD
AP, BE AT EMCL R TH}EJJL%ami}E é’:; CRALTRCE HEAN AT R B KB g & Fa R
FrP B E R BRATEAFLART REN BN, EoHBEFoTEMT T EH
FREABREBBEE 9 L4 Eurotium sp. JW043, %Xﬁ'kfﬁlﬁééi{i%U/j?@éﬁ}iﬁ‘%k
AT, BT ERE LRGSR EEREEZTSANEAR R RR. 3 —F @ K
Eﬁ%ﬁiﬁﬂ%ﬁé‘iﬁ?ﬁ%%é’éikﬁvf"é’@%%%“%éﬂﬁk.%%%Hﬂ,kﬁ"ﬁﬁlﬂi%%f‘i%%ﬁ‘f&
LA A4 100 mL 3B RA P A EMES. 0 g BARF 1.5 g ARBR4 0.5 g B BR AL =47 0. 1 g;
ETEERBLERGBEREAAFZ 100 mLEAA T AR EMHET.5 g BEZF 1.5 g\%ﬁﬂﬁfi%
0.5 g BB 5. =47 0.1 g. 5ttt —F TR F 4k Eurotium sp. JWO043 A 1K 2537 B & B F|
BHERRI 2 FBA— 208 R HE.

KR > BIER; 2 FEE; BRAKAL; EXRE

B4 %S :Q939. 97 XHEFRERG: A

Isolation of Eurotium sp. JW043 and optimization
of culture conditions

XIA Fei, LI Yu-tian, WANG Meng-wen, YANG Miao,
ZENG Qiao, QIN Jun-zhe”

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

na)

Abstract: Fu brick tea is a kind of dark tea with post fermentation. It has the functions of di-
gestion,lower blood pressure and blood fat. In the procession of making Fu brick tea,artifi-
cial inoculation of "fermenting agent" can increase the "flowering" efficiency significantly.
The "flowering" period would also be shorten. In current study,a strain of Eurotium sp. ,
which has the potential to be developed as a "fermentative agent" for Fu brick tea,was isola-
ted from Fu brick tea produced in Jingyang county, Shaanxi province. Combined with mor-
phological and molecular biological methods,it was identified as a fungus of the genus Euro-

tium sp. snamed Eurotium sp. JW043,and the conditions of the medium suitable for its myce-

*» WA HEHEF:2017-12-30
ESWMAB  EHRZAKRFACH DY Z TR H (20170708018) 5 BEVE A F SRR 2 FLm B 58 11 2 B H (2018JM3003) 3 BEVH Rl K 4%
RS 2 545 H (2016B]-42)
EZE® A E RA987—) I3 WP R B & S 1L AT O 1) - £ 2 B A W R OT R R
BIAEE BRI A957—) B PR %S 1T, 05807 1) . & I BEFF &, qinjz@sust. edu. en
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lial growth and sporulation were optimized. Single factor experiments were used to screen su-
crose and yeast extracts as carbon and nitrogen sources,respectively. Further orthogonal ex-
periments were conducted to determine the composition of the medium that was most suit-
able for the mycelial growth and sporulation of the strain. The results showed that the com-
position of the medium suitable for spore production of this strain was sucrose 5. 0 g, yeast
extract 1.5 g,magnesium sulfate 0. 5 g,and dipotassium hydrogen phosphate 0.1 g per 100
mL of medium. The culture medium contained 7.5 g of sucrose,1.5 g of yeast extract,0.5 g
of magnesium sulfate,and 0. 1 g of dipotassium hydrogen phosphate per 100 mL of the medi-
um was suitable for mycelial growth of thestrain. . This study has a certain application value
for the further development of the strain Furotium sp. JW043 as a new fermenting agent for
Fu brick tea.

Key words:isolation and culture; molecular identification; culture medium optimization; or-
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BRSSP SRS N T — F, AN R % 5F i
s N B AL 5 T A AR, JT I R BRR ALk T
A IE G R IR BT LR L I AR
SRR ZOR 2 I i X R AR AT A H
TR BEAE ANATTXE B DR g ) T AR DRy
AR ORAZE DR 30T A O O B 32 B AT Y 35 BE  [R]
PR 2% BT RS A 1 4 AR 7 2540 s i T Z2 R0 T
VE 1 vk J5E 2%

AR A B A AL S — Bl iy o 28 S
(Eurotium cristatum) J& i (1) 4 9 (0 1] 48 575 25 14
ChnEE 1 B3 B AN 4 8 /N AR BETT PRI e 58 1
BR WP G, RS I Tk rh . &
FF 8 T2 ) Y 8 AR 2% TP A O 5% T R AR —
AT T 2R TR L A 47 B 1 AR L P B B
HERAE” N B A AR AT e A
W PR 2% it Jo ) AR A 2 — PR T AR 5% v o 5% i
TR 18 PR R A R S AR 2 I T T 2 M R
(P

i

()RR G487
Bl REFPHERAH DL AAR
& SRCEE S
A SR | BOR BR Z B BE 5 0T B O TE A B A
PR i B i A P RO PE T 9 IF SR A B X AR 2R
i BT LR AR IF S S e e AR K
A7 T LA b PR AR 2% D T o A A W b 2

(b) HZEEHH

ZM A% AR A T W HL 5 Qe 2R T 3 B0™ A
JRATESE i 29 6 R 2% il BT B B T DA 4R AR 2R Y
CRAETRR B I SR N TR K 7 i
T AT RIS A, DRI 2 B 1) O A 2 1 o R
A BT A BORAR Z —. R R BRI TG 57
77 3 P A R B AR R T 22 e E T R AR
AR R AR A i Z BT AT E . R
S50V o AR 2 i 1 AR A O AT AR A T
A A Sl 4 R AR R AR S 0T IR IR T e R TR 1Y A
SREET B & T AR R Z Hf &S 55
Q2R v . o YR A R A e DA PR 5 e A 1 DU sl
B A LA P 08 S T 00 95 % 4 TR) AL AL i, AR 2%
HR O AR TR O X LR MR AR R B R AR AR A AT
R NITEIREPNG & (A i E2 NI U258 SR/ 3
TEE 750 P9 A9F 1) B % 1 ST 5 S At el Wl AR JC Ol EE L

AT T MBI VY 5 B 7 B e i JBOER 2 TP
AW AR R T AV IR AT A
U TE s TR TR 22 R KRN T 7 A il B R SR
IHEAT A - S BIF ) AR 2% e T 51 B4 % T 7T SR A
AR FE R TR 248 e 700 A AT ) 2 T 4R R R 28R i Joi
HA B N A 1

1 MBE5RE

S

%

oz
&3

1.1 SEBHHEN
.11 Htk

W AR Eurotium sp. JW043 43 8 B BEVH 1% FH A
K, ALK E S IR T AR E.
1.1.2 &7

MR & bRl R AR A RE &R 3L
B VE Ry L2 ZFWE AR R B R A A R

)
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H o REFRR Eurotium sp. JWO43 (1453 88 S 35 57 Btk 0 I8 97 2t « 37 -

BEARIR NN Y Ry o A gl 0 3 BT R T AR AR
JBEA A RN WL B DNA 2 U5 & T R AR AR
FEBHE (AL O A R 2 AL

1.1.3 ¥

(DR ST Ry 37 58 5 R 2 0 Ak 1% 37 50 56
FHEEFRE MR DT 8 F . 1 000 mL 5 95 2
B R ARVR 20,0 g /IR 2.0 g BEIR A 41 1. 0
g BRMREE 0.5 g ML /KELZE 1 000 mL, 733,
121 CEe K E 20 min.

(2)PDA #5556 T &40 W 740 5 glifb.
i 20 g . E K+ 200 g & 20 min J5 i UE BT
#1318 g I AR B 3 5L I D . ks 4t /K €
Z5% 1 000 mL, 4r%%, 121 C iR HKE 20
min.

1.1.4  ¥#%

M REHIL R e PR 37 AL . THZ-C 18 35 5% ¥ # (V1
ARG LR HER S5 I8 KT 5L
Wik 4] ) 6 BB . PCR X (Bio-Rad) | #E &
AR R 5 (R HEHED.

1.2 BryLok
12,1 BARRM S E8 Jealifh

W BV PR AR S T 28 B IT ) O e 4
67 E 5 IR ZE MR  BGE 2 T JCTE 10 mL B
DT IMA 5 mL JEH K E TR eI %I R 5
10 min, Bt FVE M B J5 IR A T PDA B3 4 . 28
CHEE IR 5 KPR % T PDA 85 5 ik X
28, i b BK.

1.2.2 WER Eurotium sp. JW043 B % 5E

(DB S TEH AT PRI R Euroti-
um sp. JWO43 B 22 5% 1 Z 504~ PDA - #1537 3
.28 CEIER IR 5 KJF , v IO B4 K R A1 B8
TEIEAT VRO ER A .

(2)) %t 53 21 1] By DX 30000 5 G 1 2% R 31 R
AR L BRL VR TE 22 A SR R AR EL TR DNA 48 B0
& BIEH 4 DNA J& . ffi s 514 1TS1(5'-
CTTGGTCATTTAGAGGAAGTAA-3") fil ITS4
(5'-TCCTCCGCTTATTGATATGC-3)"" 347 #%
s 4H [8] B X /% %1 (Internal Transcribed Spacer,
ITS) " 14, PCR [ W AE 25 pl 4K & k47, A 4%
12.5 uL. B Ex Taqg DNA & Hg 7R # ( Takara,
Japan), L FIEEIH4 1 pmol/L.1 uL 4k DNA,
9.5 pL A 4JK. PCR " 34 B 4 F .95 °C HiAE
PE 5 min, ZJE AT 30 MGG YT G, A A IE
1% 94 “CASPE 30 5,56 ‘CIB & 30 s A K 72 “CHEAH 1

min. fEHEEH G . f )7 72 C HEAH 10 min'™ . PCR
PR 1.0 Yo SRR BE I F VK BN i BE RVNE L 2
A AR TAR CR) R A BR 2 W) BEAT I 5 3 #r
M 5 32 NCBI £ 45 i (www. nebi. nlm. nih,
gov) HEAT HEXS, IF Rl Mega B2 R R &
M, 1% F Neighbor-Joining % K & &, & & % 14
1 000¥K".
1.2.3 REZRMA

(B 5 DR 28 45 1 0 38 < X 5% W Ewrotium
sp. JWO043 T8 22 44 Az 4 I 5 7 A= 1 ke 5 0 DR
SR HEAT O e, 4 1 000 mL K373 v R h 1
B 2.0 g I E 2000 g FLAH TE M 22 ZEAE .
B HE LA X T 22 A LR ORI 7 A Y S
XF TR B O 28 L AR A 1 000 mL B SR Bk b [ s
AN 20,0 g ERIRLBESE 2.0 g MR ER B HEIR
B VEAM AT H 2R 22 R A K
A SR B L RUER DR B SR 1 T R R R P S
BRAREE 0.5 g, BEMR A —#F 0. 1 g FFIER4F 1Y 35 5%
HeTF 150 rpm. 28 ‘CHEREE SR 7 K. ZJ5 0 KB
Hh A HORT B 22 9 5 43 ) R AT I

(2) TE A2 50 - 7 5 PR 3RO 0 e 80 UL 52 6 6 i
e R SBURE B A S ik R L TR BE R B A O AU Mg-
SO, AHHLE R A IE ZZ BT B T (Orthogonality
Experiment Assistant 11,v3. 1. D# ¥ 3 FE
3 KA Y IE A2 B0 i I A2 S0 B i I A A B
FEH 5 R Eurotium sp. JW043, F 150 rpm, 28
CHRMFRIRE R 7 K. R REEH 5 0 & B b
65 BOR TR 22 38 5 43 53 R AT VORI E I
1.2.4  fF 3T R 22 0K 5 e

5 BOR BRI B 7 2 R AT T 22
A A 3k AR R s A TR TP R T 22 K8 ik 5000
rpm B0 10 min, R 258 7K U BRSO %
WL HEE 2~3 RZIE IR T 2R K 5 6
o i R Ay T 22 1

2 #RE5iITE

2.1 AMRTBEFNEEITS 3 2 AL F# 5
M

Wk Eurotium sp. JW043 f£ PDA [& {4 55 3%
28 CHiFE 2 RIF.AIIERERA 1 ecm WA
S VRSB — P o 3 R O B 22 K, IR
FHIOHE TR 3 G (AN 20 BT R JE R EH 4 KL
G B AR TR o g A A 38 R L O T
fy (AN 2(b) BiF ). i 3% 6 K v S 38 43 A8 B
PR TEVE D GOE O BAR 18, (R e R 4 b
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AR R AR 2Co i), B 5 8 KL H &
AR B0 A R P B AR (L SRR AN
25— B W b 1 B €0 ) S5, 7 BT TR B A € (A
E 2(dDFizR).

(MG 2 K

(D ERF 4 K
p e
/ .
(O HEFIG 6 K (OF L UTEPN
B 2 @4 Eurotium sp. JW043
£ PDA P48 £ KA 0L

PR AR Eurotium sp. JW043 B % 5 41 18] g X
ITS J75 5 NCBI B e LEXT, 45 2R B s i m bk 5
B Eurotium cristatum Tk B A B # = 00 & 5
P iE it Mega MRS A B W, Wk Eurotium
sp. JW043 5 1% T s /Y H Al JLAS B B B 2R 2R A
—W; 5l e FEE DL E R W WA T
PSR Can il 3 ). E R W 8 1, Eu-
rotium sp. JWO043 TH BE Fl H: Ath P 4> 5 28 # %E
Eurotium cristatum strain EN220 1 Eurotium
cristatum strain UPM-A13 E. A5 9E % & A [&] J5 14
HIR Y5 Eurotium amstelodami (P 4 B 4 FF B 5%
) A Eurotium rubrum (IR 508 B 41 8 — 8K
B9 4337 31453 3 5 98B B9 Eurotium repens Fl Eu-
rotium herbariorum J¥ WAL 2E 0 @ 2K B, B T 0
HWyp 0y % e g B, B AR Eurotium sp. JW043 1]
B DA O 30 T R A .

KT EAE "W R E P 2 AT it
FHOCHETE. FLAE 1981 4R, 4l 7 551 A AR 25
0 3R 2 K 2t il 5 B b 9 1 B EC R 25 (Aspergillus
chevalieri). 1990 4, i 35t 5 38 2o H 5% 0L 5% B B
IR DA AR 2% Hh DI 3 T b 5 B 1B L 1R 0F 5
) 58 5 B AR S T ik 172280 A9 1% 35 R AE A L Ay
fiE— 30, DRI 32 T D i % it L B IR B0
FFEMLFXZ AR T i — 2 B OF5E, 1E ORI
%R 6 2 §U#E W [ Eurotium cristatum (Raper &

Fennel 1) Malloch &. Cain], JoM: 844 Fr 4 &1 il il
% (Aspergillus spiculosus Blaster) , 5544 4 & 2 il
7 (Aspergillus cristatum Blaster) ™, 28 5% M B
PO BH > AR s Ay B aliA ) — iR BT, &
TEAS ML AR R B CAn & 2 firs) 5 R
FRCE T 25 2% LA B e 9 AR L. % 40 8 T ik 1Y
ITS FFA AT T 455 R T o Sor Ak K
R HE— LN O B R A Tz
Z W UE IR GIE B LR KOF T 2R OKCE B a1
B R B % bR & R Eurotium sp. JW043. H
T R LT 09 5% s 21 ) B I TTS )3 91 k47 43 1
IV S B P 3 P R M = SR

TE DB PRSP R T AW KL K
HAEAT T B B FARICZ —. il o AR e
EMAEMK A REEAEEBRZHITRE) 2
JL\'ZJEH[I&IS].

Eurotium amstelodami strain 8. 2 (KF031330. 1)

89 | Eurotium rubrum strain 2TS EGY (KP120893. 1)
Eurotium amstelodani strain 3.19 (KF031322. 1)
Eurotium sp. JW043

98 Eurotivm cristatum strain EN220 (JQ743649. 1)
Eurotium cristatum isolate UPM A13 (GU784865. 1)

Eurotium repens (KF588642. 1)

97IEurotinm herbariorum strain DAOM221134 (JN942870. 1)

Aspergillus niger (5334 (AF109327.1)

Penicillium aroracuarense CBS: 113149 (GU981597. 1)
73 Penicilliopsis clavariiformis strain NRRL 2482 (AF033391. 1)
—
0.01

B 3 E# Eurotium sp. JW043 &
ARKEA T

2.2 RBABBARGL

[#6] 5 i I kg A 2 AR T R S e TR R Ewrotium
sp. JWO043 7= 461 F1 B 22 A= < b5 97 JE 008 1 11—
R ik, a5 BB CRHE R 2 g/L Ky g2 md &
¥k Eurotium sp. JW043 J W o r= fil 1w e oK, 7]
KE 9. 841,16 X107 A/mL; LA PH FEE LR
B BN 7 k2, o3 ) AT Ik F) 9. 27 1. 83
X 10" A~/mL F1 9. 08+ 1. 16 X 10" 4~/mL (4 &l 4
() 7). AR T 2208 5 1 52 e 4 &1 4 (b) B
Vi PR e R R0 1 T 220 ° o B K, TR 3 0. 70
+0.08 g; BEREAE I A IR N B ¥k Ewrotium sp.
JWO43 (R 22 15 K 52 Wi AR T il IR 4, HL 7 22
M HE N 0. 46£0. 056 g. £ 5 % X Mk Euroti-
um sp. JWO43 Y 7= 46 1 Fl B 22 1 5 1Y) 5% ), 3% X
R R T H T 5 22 1E 22 iR 50 1) &

VI BF 3= 8 AW, X Bk Eurotium sp.
JW043 A= K i Bk P 2E 47 7 k. 205305k JH 20,0 g/ L
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B REE.H KR Eurotium sp. JWO043 W53 B M 35 35 5 i A TR 57 1k + 39 -

AR LR L TE A | 22 2 W L A 2 R R A O B L G
H 20,0 g/L FLBE . BEWE B REAE JE Mk Ewrotium
sp. JW043 #7724, 4335 ] 1. 21 4+0. 13 X 10°
AS/mL F11.1140. 14 X 10% 4~/ mL (& 4 (o) fr
7). HEWE X B 22 0 T 0 52 ) B LW S Sk B W R
WA A B U e B2 20. 0 g/ 1L I, TR 22 92 7 A 3A
0. 76420. 08 g5 2 Z Ml AR I I, TR 22 1 Gk F
B R R 0,850, 08 g, SR H: ™ 1 %4 d5e /b (AN ]
A IR . Z5 8 75 RN T 22 5 57 46 i DL
B A 25 [R) A, 3 FH OB A7 Bk DR Y GE A2 IR
5.

R Eurotium sp. JW043 J&— kil &K 5K &
TEPE 1) ) S 9 U TR R L X T R R AR R R AR i B
A AR I AR T 19 B 0 (R Rt X
TLTE R Bl A K SRR AR R WA L AT
FE SR B A0 B9 77 125 O 2 1 TRE R A I B
BB I3 B by T bk 2 T i) e U5 RN /U 2 WF ST IE
5, REWE R B T 22 AR KRR T AR
WF T B IR T 22 A= K 52 il ) B DR 3R 592 6 45 SR A
—EH I E 4D FrR).

1.2E+08
9.0E+07 J ]
- 1
E o
£ N |
< 6.0E+07 - e
1 0 I
b ,
3.0E+07
0 - 4 ‘
3 ; S
&8
Ca) AN [R) 05 % 7= 6 45 i 114 5% M)
0.8 T
0.6
2 ,
T 1
= Y
) Z ?;
& Fe &
Ji b4 P
& 0 A o

() A [ SRR T 22 05 7 A4 5 Tl

= 1.2E+07 [ I
N
T
ST EN §E
SN
SN
SRR
NN NN

() 7N [ Al 15 % A 22 160 T 14 5 Tl
B 4 Bk Eurotium sp. JW043
AR R B F A

2.3 BRRIEZAAE R A

SR Y IE 22 1B 1T v3. 1. 1 (Orthogo-
nality Experiment Assistant 1T v3. 1. 1) & 1M .
P bR B DL R IR BE 1Y 3 R 3 /K P IE 28 il g, 4%
FE Il A B R Eurotium sp. IWO043 7= 76 LA I 1 22
AR SR AL . 7R B R R LR A R b X B SR
LR VAGRITIR BE ARV FEAT W B sk 1 s, xf
FE IR Eurotium sp. JW043 W=l i, 22 Ry >
Re >Ry o RIBS YA X 7 60 5 1) 52 i i R, HE U
TR IR EE , i Jo S AR R BRI . MR & R R
25 KV X 10 45 2R 4 - 408 T L) BB i 3 TR R L
TR IR R SR ALBSCy L BT 100 mL B
FrAkh S A RERE 5.0 g BERFR T 1.5 g MR EE
0.5 gFBEM A 8 0.1 g.
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ReHAALESB

% 36 &

R 1 HREIEXE# Eurotium sp. JW043

BAFFEETFHRITRER
ABEHE B REEEE C BRAREED RIS

5%

o
RS /g H/g /g ZH /g /(X108 4~ /mL)
1 2.5 0.5 0.5 0.1 5.9784+0. 091
2 2.5 1.0 1.0 0.1 4.77140. 595
3 2.5 1.5 1.5 0.1 5.4124+0. 342
4 5.0 0.5 1.0 0.1 5.22340.511
5 5.0 1.0 1.5 0.1 6.781+0.479
6 5.0 1.5 0.5 0.1 7.202+0. 283
7 7.5 0.5 1.5 0.1 6.113+0. 361
8 7.5 1.0 0.5 0.1 5.764=+0. 286
9 7.5 1.5 1.0 0.1 6.668+0. 846
K, 5.387  5.771  6.315
K, 6.402  5.772  5.554
K; 6.182  6.427  6.102
R 1.015  0.656  0.761

ik 2 pros , i I AR A S JE L 3k B IR B %
FHk Eurotium sp. JW043 [ 22 1 B A= K 19 52 i)
FEEEA R, 22 Re >Ry >Ry R TG HLEL R
T B %o T 22 1 T B R Y 5 ) e R Uy e TR TR
W o Je o RUIR T BRI R . AR A 5 R 3R 45 K OF R
7235 R 0 7 Y AE L R DA W B i S B Bk Ewrotium
sp. JW043 W 22 B\ A K R R KM N
Ay By Cyo BIVRE 100 mL B FR B8 A7 [0 7.5 ¢ 1%
BB 1.5 g iR 0.5 g MBEMREA =41 0.1 g
®2 HRIEXBE% Eurotium sp. JW043 H £
REEAKNEZZFHETRER

L ATERE BEERE CRRED BREA W 2230
Ab B i o
/g /g /g Zii/g /g
1 2.5 0.5 0.5 0.1 1.17340. 095
2 2.5 1.0 1.0 0.1 0.964=0. 050
3 2.5 1.5 1.5 0.1 1.09940. 081
4 5.0 0.5 1.0 0.1 1.02440. 067
5 5.0 1.0 1.5 0.1 0.9520. 050
6 5.0 1.5 0.5 0.1 1.609+0. 257
7 7.5 0.5 1.5 0.1 1.150+£0. 023
8 7.5 1.0 0.5 0.1 1.470+0.174
9 7.5 1.5 1.0 0.1 1.09940. 060
K, 1.078 1.116  1.417
K, 1.195 1.129 1.029
K 1. 240 1. 268 1.066
R 0.162 0.152 0. 388

AW FE T R R SR S L ot — AR AR
S J7 ¥k o B B E & A B PR Ewrotium sp.
JWO43 T 22 R LI I 7™ 4 i iy 14 495 597 i il 73 2
B J7 22 (H R R/NRWIZ 20 T 57 W 14 5 i 7
JE RN S HF ARG A5 A7 Wy 5 P S o 1
Fr S 2 I LR AR A A T e e v AN A
HU= DB B4 . A BT TS TR R T SR B
KW JE B IR AR A R A e R B TR R, I
b B AR T LR AT B R WA B R AR R
SRS FE L BRI AT LA 6 e A T

oA % R B L B A — s R b T Ll T
07 AL AS I ST R R i 5 8 AR B SR AR A e TR
RO AW 22 E KB R SR B IR LE R T 3000,
1E—E P2 I 5 AT A4 R — 2. HxE T AR
TN AL T T BB R AR R
PR 52 8 0 D 77 055 37 25 9 IR % T ek 2% il
P 9T BT BT — E T B B STk A .

3 it

AWEFE B 7 3 FHAR 25 b o Bt — R & 1B
W7 G5B A5 F 03 1 A W) 25 M 8 O i E e
WA B H A . iy 4 N Eurotium sp. JW043, 3§ %
LT 22 25 R 6 10 8 3 B 2R A R AT A e i B
PRI 2% S5 6 T 2 TR A I R IR 20 0l O i R Sk ik DR
FVER s 80 22 & B L 38 TR AR A 7 4R
FIREFRIE AR 100 mL 55 F2 3 vp & JEHE 5.0 g
TR 1.5 g BiREE 0.5 ¢ FIBFIR A 4 0. 1
g3 TR R I 22 R KRG R A6 100 mL B 57
P AR 7.5 g BRI 1.5 g BB 0.5 ¢
FMBERR A 40 0. 1 g. RWFFER T 9E — L IF K Witk
Eurotium sp. JW043 NIRZE K EERF], 1R Em AR 45 “ &
B R BA — 5 W A
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B-RAAEX & i BEE B, Mk
H4 1 35 K 52

R, THEE, RE#H. F A, &, X4 ZES, FRK

(BevG R K2 i 54y TR, B 1% 710021

W ERT BHAMM(BCDRE 2B BT R Er B pH. & a5 B & 2 p-CD ¥
B EFFE B (AFB)) % & 89 % v@, JF & ¥ Benesi-Hildebrand kAo 3 /) £ 5 sk 547 T
AFB,-3-CD &4ty A4, 5 R 2 7.3 K BCD R E R Hg® Fo % & B2 3 A48 3 B-CD
st AFB, 8 R KB HAFN , BARE A BREAR 2 A A T &6 B E 47 248 5 4 28 3F 6, & B
AREFH0 ;LSRN ARBR L L4 A A#4T,AFB, 5 5-CD £ 25 CF &R R4,
oA 11,848 %4 K=3.683X10" L/mol,AS=—0. 11 kJ/mol.A H= —74. 03
kJ/mol.A G=—42. 38 k]/mol.

KBR LI T EEE B RAENZR; o4 K

FESES RI55.5 MHERFRERD: A

The research of fluorescence enhancement effect of
aflatoxin B, by B-cyclodextrin

YT Jian-hua, NING Jian-qin, SONG Hong-xin, GUO Rui,
XU Dan, WU Dan-dan, WEI Meng-qi, LLI Ya-jun

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

na)

Abstract: The effect of f-cyclodextrin (8-CD) concentration, metal ions, aliphatic alcohols,
temperature,pH and ultrasonic time on the aflatoxin B, (CAFB,) fluorescence enhanced by (-
CD were studied. In addition, the inclusion characteristics of AFB,-5-CD were analyzed by
Benesi-Hildebrand method and thermodynamics method. Results showed that increasing the
B-CD concentration, adding Hg*"™ and isopropyl alcohol could promote the fluorescence en-
hancement effect of AFB, by f-cyclodextrin,the low temperature and acid system were favor
to inclusion reaction; However,the ultrasonic time had little effect on the inclusion reaction.
The reaction is exothermic and spontaneous,inclusion had the best effect at 25 °C , the inclu-
sion ratio is 1 : 1,the inclusion constant K=3. 68X 10" L./mol,A S=—0. 11 kJ/mol,A H=
—74.03 kJ/mol,A G=—42. 38 k]/mol.

Key words: 3-cyclodextrin; aflatoxin B, ; fluorescence enhancement; inclusion characteristics
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CRE 5 S8 5 B IR R AT B A By 199 8 BOHON BT - 43 -
o 3= (2) MR EEXT B-CD M5 AFB, 258 B i1 5% 1

AFB, J& %l 25 %5 A4 ih 55 55 7 B 0 AR 2 W 1Y)
SRECE M B R, O 8 B E B 5T ML
(IAROYE R T 8EUR Y. A BB 28 Ak fdt B . 2 4
B4 A O WA DL 06 200 L X 5 5 AR R R AFB,
S AT VI S . B AT AFB, & BRI ik
B ARPE ML AR AT L o G S M vk fRT A
P L (25 T H BB BH A 5 T AN 25 43 AT i B SR M
{EL 5 5 N B 4 L R I S T T R — SRR | A
RECAR I F A, AFB, B A3 26, ol MR 45 X —
FEVETT & B RGN 1 H AFB, FEE R 5 KA
DETCHE R IG5 BRI 2 5 B B A1, B 44 i L
PG E E A AE BE v R  R MU B 9E K B AFB,
HMESER QL. ZEER EXEFHNEIEwEE
A B-CD W7 s NI B & 9. 6 W% i %
BT S5 A P B e 1, SRR T RN X
LR NS o SO (= I S N | Sl N
510N DR AR S B 4B 5 R ) B-CD B 5 AFB,
UEGIR B Y R & , I B 38 5 Benesi-Hildebrand ¥ .
AT EIEAED AT, hE &
AFB, =5 7 SR 5 vk i 37 42 105 P98 S0 .

1 MBR5FE

1.1 HH5AA

Costar 96 LA . 3¢ [F B 7° A vl s AFB, FrifE
i, 32 [ sigma 2y Al B-CD (B4l , KRl %5 Bk
fE2F R A R A B B L IE T B S TS L IE
TEER N A3 ATl KRR T A2 R A BR A A
1.2 NBELH&E

Varioskan Flash 2 ¥ K 34 2 £ I 58 52 4%
A0, FEBR A IR B4 20 ] 5 Kok R U TR A (KQ-
250DE) , B L i 8 7 A 45 A5 BR 2 .

1.3 %%k
1.3.1 REEZEX fCD #58 AFB, 2% 658 5 iy
Al

(1B-CD ¥ fEXT B-CD B AFB, 9658 1Y
)

B 40 pL 500 pg/1 AFB, FR#ER T LA A,
AR 160 pL ¥R A 2.0X10 7. 1. 5X10 7,
1.25X10°2,1.0X10 ?,5.0X 10 *,2.5X 10 °,
1.0X10°.,5.0X10"* mol/L #y B-CD % W, IR %)
JE 1 min, T # & # K 365 nm, & & % &
440 nm, k4% 5 nm A F N WE AFB, 206,
JEBERRE 10 min W& — K 40 Hr 6L G W ke e 1k » [m] B
R 5 AFB, bRifidh 056 L A 417 3 k.

R 13,1 (D bl 4 AFB,-5-CD £
AW 4y AE 20 °CL25 “C.30 C.35 C.40 C,
45 C M HE 5 min, T A K 365 nm, 4K
440 nm, R4 5 nm &M T W E AFB, 260 B,
[F B A8 & AFB, Fn b 135, RF 41717 3 K.

(D& JE B FXF p-CD H 3 AFB, 6 H M 2
|

B 40 L 500 ug/1 AFB, PR T LA,
SrBm A 160 pL 5 0. 5% 10 % mol/L HgCl,,
NaCl,KCl, MgCl, , FeCl; , CaCl, ) B-CD ¥ # (5
CD AWM EE R 1. 0X10 % mol/L), T ik % W £
365 nm. & HHE K 440 nm, B4 5 nm S0 T lE
AFB, %608 B, [F BHSCAS Tn 4: @ 25 1 %) i 3
S AFB, brifE 5 09R 5%, BT 3 K.

(O pH Xt F-CD #9538 AFB, %% (1) 5

B 40 pL 500 pg/1 AFB, FR#ER T LR T,
Sy HIIA 160 xL pH 2~ 5.6.7.8 Y B-CD ¥ (5
CD AWM E ] 1. 0 X102 mol/L), T i & W £
365 nm, K HTIE K 440 nm, 4% 5 nm KTl E
AFB, Gk EE , R BHEOR I8 pH A % B 56 A 5
T AFB, trifiih ik , 417 3 K.

) PR WTBEXT -CD 458 AFB, 9561 i 52 1

B 40pL 500 pg/L AFB, 5 iR T i fL AR H
SrRIMA 80 pl HEE LB I ETNEE . B IET
P SR 5 BEFL A 80 pLL 1 B-CD ¥ W (B-CD ¥
WHe R 1. 0X 10 % mol/L) s T & I K 365 nm,
RGP 440 nm B4 5 nm S0 T E AFB, %%
S B, (A B ABCAS i B Dy B A 6 R g R H
AFB, bR 5, B 41717 3 K.

(6)H B[] %) B-CD #3 AFB, 28 6H: 5%
|

¥ 40 pl 500 pg/L AFB, #rUEW S 160 pL
1.0X10"* mol/L# p-CD ¥ W IE &, 77 Wl & 7
1 min. 5 min. 10 min. 15 min. 20 min. 25 min.
30 min, 35 min. 40 min, 45 min, T & &% I K
365 nm, K F I K 440 nm, B4 5 nm £ T NE
AFB, %658 B[R] B ASOAS 8 7 A % IR0 A
AFB, i il , 4717 3 k.

1.3.2 AFB,-p-CD W& Wi fetwr ot

(1)AFB,-5-CD U & W&tk X4 5 &
5

GEAEAY 1,301 P (D IS 45 51 AR 48 stk
B Benesi-Hildebrand 7 it B0 & L MG &%
5.

[AFB, J/(F—F,) =1/[CD] « K «a+1/a
(D



o 44 e RaPAREEFR

% 36 &

KO HF, F1F 5500 A B-CD i J& % i)
MG BE s o N B LAFB, JFI[B-CD 43 il
AFB, M g-CD iy B JE s K 2 AW 4.

(2)AFB, 5 p-CD & 0 #4727 5 Fony il
E

GEAEEAY 1.3, 1 R (2) 2B 25 51, AR 4 Y0 1l
ERITHInK=—AH/RT+AS/R , VL& IRE %
PETF I InK X B 1401/ T gEAT 2 [l L 4R
T T2 10 AR S5 RN B HE 1T SR AR AL B W T8 WAt 7R Y
PIESHCAH MAS; BRER I 2 ER.AH
=AGH+TAS, W R\BEERNA AG,R MK
$, 250 8. 314 J/(mol « K).

1.4 #HpEam

S P A 80HE R A OriginPro 8. 0 44 #E 47 4b
5 3.

2 #R5ITE

2.1 B-CD ks AFB, % %3 % 69 %A

WIS e B B-CD J5 . AFB, %¢ 68 ¥ i &
BRI 1 R B B-CD kB R34 i, AFB,
B IR BE B WG . AFB, LR B KA LY A )y
AAEEAE M MIER T A B-CD W7 5,
LT SR A T R, BRI T 2R R K. Y
BCDYEEEH 1.0X 107 mol/L B} AFB, 9¢ G458
AR i W A B SR A AR KL IR B 5. 99 5 51T B-CD
W KT 1.0X 102 mol/L B, 384 358 4 FH g A7 [ A
TV, PRI Sy 3k 3 B R 5 O G RO S
4 B-CD VR 1. 0X10* mol/L.

I 44
» m
e 1] ]
temB
TIHIILEL

«V o
)/ (mol/ L)

B 1 R F#®EPCD A+ AFB,
RARBIE A

2.2 AXRRKEBFCD T AFB, &AM ZAERNE T

k3

AFB, 5§ p-CD 4> F1k RO TR E W iEl

2 FroR. BORTCE B R EE A, (HEE A R R 1

5 3 R AROR B L X 5 I N T 5T &5 2R — E Ul B

AFB, ¥ AR B/ p-CD J5 . —# ie g
PR R T AL A 0 FLRT A B ) 4 45 0 7 A i)
P RE PR R RS s sk S i sy R I IR AR
AFB, 5 fCDIRG#EAIHCE 1 min 2658 B R AT
FeE  HLA I ] P9 PR 4R RSE

30
—a— {0
—8—(0.0005
25+ Vm—b\,/P——H———b —4—0.001
—%—0.0025
—4—0.005
20 'Q.E.ﬁzja@j;.a' ——0.01
——0.0125
—a—(0.015
o 15k ——0.020
(2
%

1ok *W\v—_‘\‘/r—v::j
T =S = e

0 6 2|0 4|0 6I0 8|0 160 120
HF 0]/ min

A2 BCD-AFB, & 44848 2 K

2.3 RF & E AFB,-p-CD % ik & 04 %

T B XA A BN S e G 1 3 BT i AN [+
W p-CD J& . b % T B i & 7 I+ & . B-CD X
AFB, % %5 B 1Y 3G BOHE T2 0 B AR, B s T
FET 16.4%~45.26 %, il Bl = WA M4A M TAH
SR AT, ol AT B RNl X p-CD
AFB, AFG, 4 [ #7220 55, K %
JE— TN AR A TR A B . R ik
B de KDL MR, K AR E N
20 °C~25 C.

30

—a—}
—e—0.02
—A—0.015
25} —¥-0.0125)
—4-0.01
—»—0.005

——0.0025|
20} 0.001

—@&— 0.0005|

2 15}

10-‘—\
T

0 2|0 2|5 3;0 3:5 -iO 4|5 50
mE/°C
B3 BAEM AFB,-5CD & 44
R KR

2.4 RRE4A/EBT AFB-fCD & ¥ E & B
) % )

)R B TN R R LS -CD 3
AFB, 2GR MR, A 4 iR, Fe'™ Mg |
K" Na™ . Ca’" W55 1 2¢ 638 5 /9 /E H, o LU
Fe’ W0k 55 15 F B K5 Heg®™ XF 5-CD 4 # AFB,
POCAH VIR T, 3 9% AFB, 128658 B, [
A& B Heg*' i AFB, 280Gk g 208 , i A



5 4 3

Dy ARG B-IOIRT O B R T R B A0SO SO T 5 c 45 .

R E T RARMAS AFB, B9¢ 663, Kk f st
K Hg fEME 5 AFB, & BESY . W Bt
= AFB, 28658, il G802t T He J& Tad
BB ILE . B BB 6 B A Y. HILM
FA R H A ST 6 AN LA R T O\ T R AR
AR B f T, 3658 7 AFB,-Hg? ™ 285 1 .
KT RIS . P $2 B-CD X AFB, 28tk
1) 338 58 A FH L IO ) S 07 PR R TR Hg® ™.

25

20+

15+

RFU

10+

PR RER Mg Hg K Na Ca
4 & # T(0.05mol/ L)
B4 REAEESTA AFB,--CD
VR R Y A
2.5 pH 2t AFB,-g-CD % 38 3% 2 5 4 %
pH X AFB,-p-CD %¢ 't 3 58 20 /Y 5 ) 40 5]
5 R, ¥ HE o IO AR R pH PR B 5~8 B, g
B f-CD X} AFB, ¢ 638 SRR {15 5 2R
6. 58 N E| 7. 83~8. 17 f%. X Al R J& th T H A~
[ pH 2 #h 2% mh il B il AFB, A1 8-CD %W, fiff
A YRR Y B 5 BRI, 5 BB RS R AR
SRWE A YE . DR Sy 3k B f R 9 O 1E BORCR L
W SNAR Z pH %N 6.

25

20

15+

RFU

10+

5k

B Xt e 45 5 6 7 8
pH

B 5 pH % AFB,-5CD 4k %
R AR EH A
2.6 RBg W EE T AFB,-B-CD 3% 638 3% 2 5 49 % vk
J 235 B 2R T A 07 I 23 R IR &R
TR BE L B2 B-CD X} AFB, AYZE G SRR, 4

K6 i, B £ B IE N BE 57 IS B B-CD 3 5%
AFB, 2G5 B MACR A R S AE B IE T BEA Bk
SIVER. 7E NG W A7 AE N . AFB, 28661k 5 4%, 1
WY HL - BRAE Y RE T 1 K, B R L R 5 PRI o
SRR T N LR IR AR 1 L AFB, TR 5 it
N IR I Hp L 0 1 10 o 2 i G L T A R
VAR NI Y R G R AN =8 3 AN (N e i S
() 23 18] 5 BH#E K, (i AFB, ASBE4 T 2 A BRMIRS i
LR E B 0, B DUIE T B A 55 98 6 1 R Ak
FEEPET PR Rk B o K 98Ol 3 SRR B
Tia] S0 1A 28 80 S T R oA AR R TR s

60

1K % 30 0% B ¥k
2.7 A F AFB,-B-CD % X3 5% 2L 5 89 % v
A X AFB,-B-CD 2 ' 14 5 %50 1 5% M 4 4]
7 HiR. JE B S R B-CD X AFB, 286 5E
B 1 SO L AEL it o 8 75 B[R] %) 2E K AR R B R
S LT IR EE T AN R TS B R AT
fifi p-CD XF AFB, 2 68 M/ F AR,

25

ATy
v U
2 iy
o
o
oo
s oo
N
;%%é%%%%%%%éé
{9 /%\s ’\0 1 5 10 15 20 25 30 35 40 45
RKUOET N AR 5 B 0]/ min

B/ 7 # % AFB,-B-CD 4k %
% HIREH A

2.8 AFB,-5-CD & &% 69 45 A 5T

FRE U ) Benesi-Hildebrand 7 #1440 &
FCREL & W K i 8 F s, [AFB, J/(F-Fo) Xt
1/[B-CD XU $ 1 5 4 1 ¢ &, Ub W AFB, 5 5
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% 36 &

CD R T 1+ 1 B G; i AUEE & T 5 3
AL 1 s,

500
a
400}
&
=
£ 300
=
<3
=
= 200}
S | |
100}
O L 1 1 1 1
0 500 1000 1500 2000
1/[p-CD]

B8 AFB-5CD %43 A
&1 AFB,--CO MBEEHMMNESH

N (OREN 213 AG AH AS
HE /K

/(L/molD) /(kJ/mol)  /(kJ/mol)  /(kJ/mol)
298.5 3.68X107 —42. 38
303.7 1.27X107 —41.83 .

. —74.03 —0.11

308.9 6.95X 106 —41.28
314.1 6.40X106 —40.73

1A A, AS=—0.11 kJ/mol,AH=
—74.03 kJ/mol,AG 2k —42. 38 kJ/mol F| —40. 73
kJ/mol, H.FE & & B2 09 F+ &, K H 2 80N, 138 B4
G ReE T B, % AR50+ X 5-CD 25 & 9 E 8
KA LA R e PERRAR. FEARIR R . A G<
0 B AR E— A ZE R, A H<0 Bl %
o S — NG AR LA S<T0 B4 T L TR AR B
()25 (] [ i, DA B 25 s 6k 48 4y 7 - 8% FIE &% A Hh
JEE A B ) 7E A A ok AR b R R AR DY
Amadasi %R T U B0 HINT £ )5 2
Br AFB, 5 p-CD 43 &4 B k- AFB, (1438 53 1K iR
IRHEN T AR, 55 3 P 1) 55 500 O 5% 0 s A i &, fi
73 AFB, #R¥#LY p-CD BRILIE il AU HE.

3 #Hig

B-CD X AFB, #¢aHaamAE H 22 FI1R 2 N E 11
i, g p-COWE RE . RBE T . I5 i
pH fiE B F 0 AFDB,-p-CD [5G0 B, 1 88 5 X
ZAR RVOGR A K, AR R Wi & f-CD
R BE BRI AR 2R 9 Y 5 B R YT 48 K AR i W N I PR
Frfe 2 s B & IR B TH i, 3-CD Xt AFB, %€ Y6 il 4 5
VEFH 32 85 o 55 He™ ™ RB 32 i R R 28 Ot o B, i
Fe'™ Mg*" K" .Nat .Ca®" Bk 594K 2 26 o B
55 R M 2% 7 R0 S5 TR IBE 1) S O A I MG R AR R 9O
SR, B-CD X AFB, #¢ %14 5 1 & 14 5 14 . p-CD
W 0. 01 mol/L, FEEMHE N 50 % (v/v),
HgCl, #JEH 0.5X10 % mol/L., Wik % pH H
6. G RN 25 C. AFB, 5§ pCD w5 b

1: 1048 K=3.68X10" L/mol, & FEiY
5% AS=—0.11 kJ/mol ¥4 78 A H= —74. 03
kJ/mol M HHBEZ{k A G=—42.38 k] /mol, i
A A B TR N HLRE AR AT K 7R S T U
PSR FE IR .

2% Uk
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PR RERYEHE R ITS FI$FHE T

S, RRE, LK, TG

(BRPERHE R i 54 LR B, B W4 710021

W OB ARBRETSHLMNFE R LRA” AERHERATERRA AT RIRT H
# 89 DNA, A A B @A 314 ITS1 A ITS4 7 3 4R BAF 2] a9 L B, PCR /4 & Bk & ok 4 AL G
AT R BN AL I 26y ITS AR B3 TR BRESHTERESH. EREW .5 B ALY
6 R 5 AR A ITS RIR A A &6 BRI ARSE ITS 591, 2 & 4eALH) 6 Bk 3 7T 4 4 41 4
W E (Aspergillus spiculosus) | 7T 3 37 % F+ W & (Aspergillus amstelodami) . ¥ K ¥ & (As-
pergillus chevalieri).

KGR R L 2FLH; 1TS /3l o 47

RESES:Q939.5 MRS A

Analysis of the characteristics of ITS sequences of "JinHua"

fungus in Shaanxi Fuzhuan tea

LV Jia-li, MENG Yan-nan, SHI Zhao-ye, LUO Xiao

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

na)

Abstract: Six strains of "JinHua" fungus were isolated and purified from Fuzhuan tea in
Shaanxi,the standard strains of Eurotium cristatum were used as comparison. The DNA of 7
strains was extracted,and the extracted genes were amplified by universal primers ITS1 and
1TS4. The PCR product was purified by gel electrophoresis followed by gene sequencing and
homology analysis was performed on the determined ITS gene sequences. The results showed
that the isolated and purified 6 strains had high homology with the ITS region of the stand-
ard strain. According to the I'TS sequence,the 6 strains might be Aspergillus spiculosus ,As-
pergillus amstelodami sAspergillus chevalieri.

Key words: Fuzhuan tea; “JinHua” fungus; ITS sequence analysis

0 3| 4 DI F TR 5 RE A DR 1 235 P 3107 A R PR HR T DL Y
G G MOREE R R T T AR A% 2 vh 7 AR B AT P ]

SRS AL A TR T B TOE Fe . M AR 4B X R % 2R KUK By B R A B AR

B %6 o A S (T E TR N e R Sy Y P L I 45 A AT AR 25 Al 2 57 ek AR A 2% O B ) B AR

i
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. 48 . % & B4

rEER

% 36 &

.

F 1990 4F ¢ A [ K o 28 B 4 B E X Ay 44
JE WS RAS R AR S AR IR 0 AR W AT T
G328 M E. B AR AL TR A TR IAROR SRR AR A
ITS 590 53 A 4 Bl A8 b 4 A8 T 48 8 o e % K
P (Eurotium cristatum ) s JG P B Sy &1 %] gl &
(Aspergillus spiculosus Blaser).

3T 4F K B I 58 B L AR 2% vh B e AE T 2 A
ZREPET IR B — BEE S R AE A L AR B AR R A B
F14) A AR 2E . 5 9 38 46 TS0 X W i DX AR i AR P )
S ACTR HEAT 53 B9 55 78 & 90 I v 4 A0 TR A O o 1 2
TR BU R T TR HICBE TR o ) 30 A P 4B TR
B O TR L 22 5 SR U AR AR A 2 v 1 O %
W R 5t A% 2 REED S B L I SO X B T Y
NRPS {5y 5 P iE 47 5 22 F 58 20 i AN [ 5
FEHE R P 9 NRPS 3 [H J3 Afi Fil 2 P9 8 5 B0 L
B, 9 — 2D UL T e 58 e T B A AL
25 ECHFEV N BREIE S E R S
AR ITS JP A AR AL B1E Ay il fE 2 th NRPS
BN 51,

T J 0T PR e 28 b 4 AR T Y S8 E R Rl I T
BB o3 LR A B RHE L (5 4 AR TE 1B Ay
RS2 2% TRl Fb 2 ) A0 /) 1 22 531) o AR X AR 338 T2
22 TR AR 25 TP Y 2 A TR S E B A0, A ST A
TR AR 2 vh oy AR B AE R AR AT 1TS J7 51 4F
P I3 AT AR e 25 v 4 4K T 1 S8 4R ik — o BB AR
.

AR

1.1 EBRAA

M1 . 76 & 8L 3% & ( Ewrotium cristatum ) CIC-
C%2 650, M F o [ Tl 394 A= 9 v P O 45 28 o
L

M2~ M7 : H B PO R K 2% Gl A W) i 58 2 B
VY i 7 AR 25 v oy e A A5 3.
1.2 E&EHAH%R

R LR RE FR I (CZG) - HEME 4.0 g, NaCl 5.0
g, K,HPO, 0. 1 g, NH,NO; 0. 3 g, MgSO, -
7TH,0 0.05 g. 355 2.0 g.7K 100 mL ,F 121 °C.
1X10° Pa KF#H KE 30 min.
1.3 MBLH&x&

3730XL W J¥ {¥, Applied Biosystems; 2720
thermal cycler % PCR ¥, Applied Biosystems;
5810R # X B 0> #L, Eppendorf; JY04S-3C #E ¢ b

G AL BAR T UK IR A R 7] s JY300C
Power Supply HLIKAL, I 50 B R 7 Ik i %
R F].
1.4 %%k
Lo4.1 TR I B S AR

K DR AE A RV 0 7 BRI RS Ak 24 b, 430
M CZG K33k, B F 28 C M 3%, i KM%
NI 2k 5 DA AR DRV T 28 L A K B TR T LA
1.4.2  BOKS P B 0 T 40 3

FHE K W R M8 CZG B e bk A K1
COHETHLRE T VBT 1.5 mL B &L T
1.
1.4.3 HH4] DNA $#2H

KRR 525 TSP101 M4 4 3£ B 40 DNA
PEEGRAF & P17 4 8 W DNA B HC B4R D7 ik
T

B 50 mg Hr fif o 22 1K 8 T R R L m A
TR RS TR 22 BIF IS BB TR 5 K AP S L 1) BT 24 R iR
HWET 1.5 mL .08, inA 400 4L GP1 ZZ v
R EYR % 1 min, 65 C/KM 10 ~ 30 min, K
SRR 5 min B EUENR 5) LTS 4T 246 s A
150 pL GP2 2P, 5 ig ¥k % 1 min, VK& 5 min,
12 000 rpm #5.0> 5 mins ¥ FIEHH 2H B O E
A B AR ARG TG K 2 B L 37 B FE 4 4R V% R
5] WA A A B AE L 12 000 rpm B0 30 s,
FEPE s 1) W B AR R im A 500 pl 28 vh PW,
12 000 rpm B0 30 s, 35K W, B W BFFRE il A i 4
B R A I 500 el EEREW .12 000 rpm
B0 30 s, F W K B AE AR A b s LA
YR 5 W B A 75 [l Wi 4R R, 12 000 rpme B0 2
min, 3¢5 WRIE 4 W BFAT AE = 0 A& 1 R i E 5~ 10
min, 15 Mgt T W% B BA R e B S A R VAR 5 BB A%
MR S AT S RO — > T W 08 B30 48 v 78 IR B 1Y
gL A 65 C A TE 2% whi 100 pl, iR
WCE 2 ~5 min, fff DNA K 0] i £ 19 % U B,
12 000 rpm #5.0> 2 min, B WA B & 08
—20 CHREAE.
1.4.4 PCRY" 1

SR FH B TR AZ M A 6 PRl FH 51 4 TTS1(5'-TC-
CGTAGGTGAACCTGCGG-3") Fl 1TS4 (5'-TC-
CTCCGCTTATTGATATGC-3") Kol ¥, ffi Hi 2
X TsingKEMasterMix(CodeNo. : TSE003) & £ it

%= 1R,



F1 PCRYMEEMNMIEKR

f011 A/ L
F o 42 By 214 41 DNA 1
2 X TsingKEMasterMix 25
18S-FPrimer(10pM) 1
18S-R Primer(10pxM) 1
dH, O 22

PSR 94 CHUAEPE 5 min, 94 ‘CAEME 30
$.50 ‘CiBk 30 5,72 CHEffi 1 min. {3 30 K. &
J&i 72 “CHEAf 10 min J5 1% PCR 7= . 9" 4% 5 9y 1)
PCR 779 » Fl Byt i W 68 i [ g3 70 6 1T i
1.4.5 PCR =#4ifk

PCR #3409 72 Wy 347 1. 2 % TS 0 e e ol vk
HLE 160 V, EFE 2 pl, R MR AL 2 58 (EB) % {4,
I AR AN R AR R TRAR 0 20 R I 25 47 T8 A
Z B R i PCR =4 647 5 51 43 At
1.4.6 J¥FIME

KA BigDye® Terminator v3. 1 i #| & # 17
— AR 5 5 K A O AR R AN 2 FTR.

x2 MERRMEZR

i &F/ L
PCR #ife ;™ ) 1
BigDye® Terminatorv3. 1 2
12 pl. primer(3. 2 M) 1
ddH: O 6

Wy PCR B3R A £ 4 : 96 °C L2 min—> (96
°C,10 sec—>50 C,10 sec—>60 °C,3 min) X 30 cylce
=4 C AR, Z 05 B 3730XL I 430 5 ) 51
WA ) E KA
L4.7 RGEKEWRHE

1 i 0 A5 14 7 3 45 52 31 NCBI 348 P2 b i 47
(6] 5 KT R[] 5 58 v 1 1 370 ) P 2 40 4 B
F Mega Xt @ 90 47 0 #r P S R G R H
B

2 HR5WiE
2.1 %ﬁg }/u#%:’fﬂ:-
TR B R KL SRR B 1 s, X7 bR

TR A A AT S I R B, 7 BRI TR W TR RS 22
SN, M2 R MS R Bk 2R K k0 o AR 4 T R
Z oV B R R S B [H M5 £ B SR ad A
BRIV R/ K T T A R A LA Tk
B 5 77 A 4 o 8 A 858, M3 MA M7 55 b5 1 T Bk
M1 245 2 AL, 78 15 57 0 7 v v B i T 1R
e (OB L N AL, T M6 TRV 30— BN

B 45 BTG RS e G AE B 7 B9 TTS F7 90 e o3 © 49 .
Hi B (0.

AR L O RS B IR S M2,
M5 ®) A 4 B il B (Aspergillus cheva-
lieri) s M1, M3, M4, M7 ] 5 % 5 g e 5 # 98 7
(Eurotium cristatum ) , JCYER N5 il il 25 (As per-
gillus spiculosus) , M6 ¥] 2 % 5 Ay B] 48 347 5 14 i
% (Aspergillus amstelodami).

A1 THAGEHENSHE
2.2 ITS R #% PCR ¥ 3%

PR G vk BE B 7 AR T RS DNA KE 2 B
RS 4] DNA YE R4, UL ITS1 Fl 1TS4 YEA 5]
Y, 4T PCR U84 97 G 7= 0 28 1. 2 %4 1% 35 IR W i
JiE H kRS L 2 SR 2 B, IR 2 AT LLE . &

PRI PCR W IR & A — 2 40 i 8L, B T

Al — 7K~ 2k b, Je 4 2 B 4 i B W Uk 2R R v
W B L 2 TR G U B AR IR DNA S H B 4%
JIT A B S5 R TE 500 bp 47 . E R AK.

M M1

M2 M3 M4 M5 M6 M7

3000
3000—]
2000—

B2 7#%#E%ITS-PCR =4 & kA

2.3 ITS 53 »#7

MIREE S 40 B LB 6 AR M2~ M7 i 3L A
JEAI I S5 R AR 6 bR MR S5 AR HE R MR M1 1 43
TP o0 5E A A . N 5rF 750 AT LLE Lk e S5 s
[] .
M1-M7 ITS F#41
AGGATCATTACCGAGTGCGGGCCCTCTGGG
TCCAACCTCCCATCCGTGTCTATCTGTACC
CTGTTGCTTCGGCGTGGCCACGGCCCGCC
GGAGACTAACATTTGAACGCTGTCTGAAG
TTTGCAGTCTGAGTTTTTAGTTAAACAAT
CGTTAAAACTTTCAACAACGGATCTCTT
GGTTCCGGCATCGATGAAGAACGCAGCGA
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AATGCGATAATTAATGTGAATTGCAGAAT
TCAGTGAATCATCGAGTCTTTGAACGCA
CATTGCGCCCCCTGGTATTCCGGGGGGCA
TGCCTGTCCGAGCGTCATTGCTGCCCTC
AAGCACGGCTTGTGTGTTGGGCTTCCGT
CCCTGGCAACGGGGACGGGCCCAAAAG
GCAGTGGCGGCACCATGTCTGGTCCTCG
AGCGTATGGGGCTTTGTCACCCGCTCC
CGTAGGTCCAGCTGGCAGCTAGCCTCGC
AACCAATCTTTTTAACCAGGTTGACCT
CGGATCAGGTAGGGATACCCGCTGAACT
TAAGCAT
2.4 1TS B3l st & R oM

K i 45 19 5 A e 20 3 i X 18S rDNA ITS
DI e OF 7E 26 B A4 9 BR A5 Bl (Na-
tional center ofbiotecllllology infomation, NCBI)
oo % TTS B, 7 25 5 48 NCBI #udis /% itk
17 Nucleotide blast HXf & [R R PE# 2 , W Bk M1~
M7 ITS R Bty 518 bp, 5 o4l 4 b B ) th 25 | b
TR PE it S L3 B i R TTS 50 AH AR B 35 5K 3]
99.99% , LS5 R ANR 3 iR,

K3 ITSFEFELIMER
Gene BLAST L x40 45 31

45 Bank AR
Sk 4 1Y 7k R
P KR /% rE WEE %
Aspergillus
MG25 spiculosus [l
01 preufosus g 99 957 0 Jrf,i
0442.1 strain iiifgaes
AY796
/\.\'/)ergillu.v- W] 4 47
KY26  amstelodami .
02 . 99.99 957 0 LER
0676. 1 strain s
SW173 =
/\s/)ergillu.s‘- W] 4 47
KY26  amstelodami "
03 ) 99.99 957 0 Fit
0669. 1 strain i
SW116 =
Aspergillus
MHO03 “hevalieri i kL
04 VAT 99,99 957 0 ﬁﬁi
7546. 1 strain iiias
S3S143

12 3 AT LA M B PU AR 1% 21 v A9 4 46 1 AT g
Oyt g B R 0T R P A LB A Y — b
PLITS e 914 4 46 B 2R AT 70 85 26 R AR R A
B P BB G TTS R AR % 2% vh 9 < 18 1 48
O B AR A Bl B T AT E— A S E
B AT I T rDNA-ITS J 51 X % 25 o 43 5
GAERMEATE EN WA W BB G w S RN

ZAFh I R IR PE I FE 99 %0 LA b S M6 5 4 Ak 5
S SR AR T R R T RO R BT T ITS ¥
B B v B [ PR I 1k IX 3 S )
2.5 ITSBEEHH

LR TR IR X 25 2R R O R A Y T
B I LAKE 7 B (Penicillivm citrinum ) | % i %
(Aspergillus niger ) YERHNERE, B | MEGAS #&
4+ Phylogeny F2JF £l R K B WA, & 3 7]
A5 7 RS A AR T TR PR A e Y 2R A S LA Y
R R . HL 7 BREE S E AN 2 2R b AL A [ A
W R — A R A D R KB
B s ARG 5 FE R 0 B AR A 1Y 7 R e AL W 1w T
ith 2 e ith A 4, RV AR A s

KY260659.1 Aspergillus amslelodami strain SW116
M5

n2

M7

FR837960.1 Aspergillus cosliformis

MG

2 Kv620639.1 Aspergillus ruber strain MITS9
M1
MIT037546.1 Aspergillus chevaliari strain S35143
8
KY260676.1 Aspergillus amst i strain SW173
Mt
NIG250442,1 Aspergillus spic

KY381862.1 Penic

KYB25168.1 Aspel
—
no2

A3 TH“ERARATITSAE S HE
I i)

F Ot P B, BLAR TTS X8 IR b oy 1
SRR RS SRR AR T )Tz O T L oy R K
FEN A LS S BB ) AR AN R B [B) % A AE 22 Y.
Stephen W. Peterson™'™ # #i§ & &5 A BEAE# 13 4
e E ST s, FIH ITS ¥4 & MLST
X H G — 20 e R B i R A TTS 791 JF
AN A ME— TR & Rl A S [R) ROl 2 TTS I )
AFTE] T A 1) (] o oty 8 20 B 2 b TTS BE A A, 3
H MLST HERFRIFERN AN E &, Al 13 &%
SE ZE R ] V5 ST AL T NCBI SAE R TS J7 4
B —POK P #ER B RE KRB H#IT TR A2
TS . 45 Rk B BE A TTS 3 9 1) 43 BT 45
HEWERE E R 4 DR ARG R AT e B
FIAE IR Y R B PN B 7% ) B DK% i Y oK 7 25
FEREAR TSI E g% 3 il 45 5ih 2
Hh, ot R 22 B0 S E TR

3 AFig

AHIEFE B VY AR % 2K o B AR E Y 6 K IR AE
A L2ZFB W, B 3 #kw -5 e 5 HURE 7 b ifE
AR TE S — B0 RIS Ch [ B R ED) IR R IR S



5 43 B 45 BTG RS e G AE B 7 B9 TTS F7 90 e o3 + ol -

W M2 M5 %5 i Bl 3, M1, M3 M4 M7
YE SR BT A M6 B Sk AT AR R Pl R 7 R
B PCR 7= ¥ 4 L 9k 2% 4 24 4b 7[Rl — K - 28 B o1
T8RN 500 bp, 2R AR, H 7 HRERY ITS
5 —2, 5 NCBI W Aspergillus spiculosus \As-
pergillus amstelodami \Aspergillus chevalieri W]
(] P 240 95 s AR IR 40 F 2E W) 2 RUIE 285 20 3 8 4
S BRVGAR B 25 rh 4 A B 6 B T AT RE A
B BT AR S0 Pt ROl A Y — . BT LUR
L ITS FP 9% AL HEAT 4 B M08 SIB % 88
iR — 3 H H gl ik TTS H AR08 45 9 4
BT %2 M2 s 728 LU R A o 9 R .

L5 BRI B A% 25 b i 4 4B TR AR A S Oy TH 22
SRR A2 TTS 9 53 2 )5 & B H 52 [a) —
Fofr o T ] R

(1) J A8 [v) SFe 5t 1) 4 A6 AT e 24 4 28 o A [
it AB HIE SRR I8 2 4775 22 59, W] BEAR Ak 25 Th i
G AL TRAT A 0 o 5 28

(2) 0% T J@ KL B b rDNA B TTST A0
TTS4 PRSF XA T X 53 s 18] LA B3 43 ) 22 531
T A REAR o 1 Sz W T ok ) 28 5k 6 TR b 22 () 1Y) 38t A%
ZREVE. A i — 2015 B Rl K15 B W 45 5 43
HERE 7 5 iRy 1) ik DA — 2D BT L AN AT S PR S 2 K
V-1 AR AR BRSO Y A R A, Bl AT
DLHEAT 2 B PR R G2 K 8 43 sl 4 5E (K43

2% Uk

(1] FRALIE, PG 36, PR AL 25 sh RS B A i 452 [0 ). BT 241
1990(3) :176-179.

[2] MR Bise. R4k A A 34 B i A &4 % [T ). B 250k, 1990
(6):2-3.

(3] T &, Bt Reg - &4 W k1], & 5
Tk 4%,2012,33(1) :419-420,425.

[4] BRzs 22 RAE A G AL TR 19 43 288 S o T L X AR % 255 Wl B 11

R [D]. B AR A AR KA, 2004,

(5] 2 W, Xdhde, wmd2e , 55, R AL A th e« & 487 T 1 43
B[], A RF#,2010,30(5) :350-354.

(6] # ROk B B % R BLERE P a®
TR G 15 4508 Ko I B R A A L) . | RkAE, 2017,
38(8):49-55.

(7] E ¥, PRA% 28 h il S B W 43 26 2 F 5T (D], Kb i me
el K2, 2014.

(87 WA . 1 P b DX AR 0% 2% T 1 20 M 4 B R AE T 2 AR BF 5
[DI. Kb Al K4, 2012,

[oJ #AIAIE , BAA8 bR, XU 4, 5. A R) & Fh 2K % 2% i O 35 B2k
Wy e % [T ] a4l 24, 2011,23(12) : 60-64.
[10] £ m,E  Jk, 428, 5. 70 H RS I HUR 18 8 2w
ity NRPS B P A 0 Ao A5 L), R 24 il 4, 2013,

40(3) :464-475.

[11] E3CH . BIBM . HIE 5. ETIRES% 5 ITS )75
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Effects of mix enzymolysis and saccharification of Daqu on
juice yield and reducing sugar content of persimmon

YANG Hui, JING Xiong, SU Wen, DONG Teng-da, HUANG Sha-sha

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

na)

Abstract: Preparation of persimmon juice is the key step and bottleneck for the technological
development and industrialization of persimmon wine or vinegar, because it is very difficult
to get a ideal persimmon juice with high sugar content and high juice yield. In order to en-
hance the rate of persimmon juice,reduction sugar content and extend the production time,in
this paper,the fresh persimmon {ruit from Bin County,Shaanxi Province,was used as a raw
material to extract persimmon juice through artificial ripening,compound enzymolysis,Daqu
saccharification and many other steps. The factors affecting persimmon juice rate and reduc-
tion sugar content were investigated. The technological conditions of the compound enzymol-
ysis and Daqu saccharification were optimized by orthogonal experiment and the changes of

some nutrimental component content during saccharification were analyzed. The results

» Wi HHE.2018-02-11
E&TE P& BT H A 5 5 LT3 4T H (2017CG-003)
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showed that the compound enzymatic hydrolysis and Daqu saccharification can increase both

the extraction rate of persimmon juice and the reducing sugar content. When the extraction

conditions are the pectin enzyme dosage of 0. 03% ,cellulose enzyme dosage of 0. 015% ,enzy-

molysis temperature at 50 ‘C, the persimmon fruit pulp was enzymolysized for 2. 5 h, the

enzymolysize juice was obtained. Then under the condition of Daqu dosage is 2wt % , sacchari-

fication temperature at 60 °C,the obtained juice was saccharified for 2. 5 h,the persimmon

juice yield could reach to 64.43% ,the reducing sugar content is 120. 27 g/L, total acid con-

tent is 1. 72 g/L,total flavonoids content is 0. 113 g/L, polyphenol content is 0. 218 g/L, vita-

min C content is 0. 060 g/L. The rate of juice and reducing sugar content increase by 25. 85 %

and 51.87% compared not enzymolysis and saccharification,and other nutrients are remain

unchanged.

Key words: persimmon; juice yield; enzymatic hydrolysi; saccharification; orthogonal exper-

iment
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A RABRANBEYNEES TR, EFF BB H 4 792 2K B4 de novo M 509 L 8 b,
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Study on distribution characteristics of repeat sequences in the genome

of Hansenula anomala 792 based on de novo sequencing

WANG Ting', ZHANG Han-yu®, CAI Chang-long®, TANG Chao®,
MAO Pei-hong®®, QIAN Wei-dong'* , LI Yong-dong'

(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology. Xi'an 710021,
China; 2. Research Center of Ion Beam Biotechnology. Xinjiang University, Urumqi 830046, China; 3. Re-
search Center of Ton Beam Biotechnology and Biodiversity, Xi'an Technological University, Xi'an 710032,

China; 4. Ningbo Center for Disease Control and Prevention. Ningbo 315010, China)

Abstract: Repeat sequence is an important part of the genome and plays an important role in

the evolution of organisms. genetics,and regulation of gene expression. Here, bioinformatics
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methods were used to study the distribution characteristics of repeat sequences in the genome
of Hansenula anomala 792 based on de novo sequencing. The results showed that the total
length of the repeat sequences in the whole genome was 346 417 bp,in which the tandem re-
peats were 238 264 bp,interspersed repeats were 108 253 bp,accounting for 2. 52% of the to-
tal genome length,and there was one repeat sequence per 4. 05 Kb. The copy number of re-
peat units in microsatellite DNA sequences was mostly less than 15 times, the dominant base
type was trinucleotide repeats, and the largest number of repeat unit motif was AAC; the
copy number of repeat units in minisatellite DNA was less than that in microsatellite DNA
and it mainly distributed from 1 to 3 times,the number of minisatellite DNA with repeat unit
greater than 15 bp is decreasing with the increase of repeat unit length. The number of long-
terminal repeats (ILTRs) was the largest in interspersed repeats,and the average length of
rolling coils (RCs) was the longest. Our results will provide a theoretical basis for the molec-
ular breeding and developing of SSR molecular markers of Hansenula anomala.

Key words: Hansenula anomala ; genome; minisatellite DNA; microsatellite DNA; inter-
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T 18 B S i DU B B 19 7 7 AR RE I WF 5T X 2
B DR 20 1 3545 15 5 AT 5T 4 AH X LD

I P B 2 LA A ) R DR 2 rp A 2 R
o AR AR N A b iy o3 A6 7 50, o BRI E Y
51| (Tandem Repeat Sequences) Fl 5 7 & & /%
(Interspersed Repeat Sequences)'™ . & B¢ & & ¢
F 3R] AR B O KO & g O TL AR DNA
(Satellite DNA) [ /N L& DNA (Minisatellite
DNA)AIf% TLA DNA (Microsatellite DNA),
Horp i T2 DNA UFR O J6 H IEE & )7 81 (Short
Tandom Repeat, STR) 5% & 2 8 & ¥ 51 (Simple
Sequence Repeats,SSRs) , F L4 A T 4= ¥ 7 5% 4~

i

B2 . TR AR ICAE b BRAE Y 3 Tt A4S bR
B2z M T E i B PR 3 | B RS K 2 A S A
T ivt A 3% 431 (R1 % A8 2 45 T AE vp. T LA 2T )
(X FR¥E FE T J044 , Transposable Element, TE) 43
9 RNA A5 09 5 e ge 4 (UFR RNA B 1) Al
DNA /S B 5% BT /F (UFR DNA §% i ), AT
A DL W B PR 1 0N 3 B L 4 B T 1 Bk A
ZH L HE I AR ) R DR 2R A K P U B A A 4
7K,

AW IR S8 DLt I BF T Bk 792 (Hansenula
anomala 792) &FEHFAH de novo ¥ 1Y FERE -, F
FHAWIAR B 57 07 85 43 A HE ik PR 20 v 4% o 2 52 ) 1)
F9 T K o A e s DVEIR N T ik DU I3 B T R
PR 20 235 ) v 6 5 40 Y SRR AT L A i T o T 81 S [
AL H) 53 F B S IF & SSR 4 F b ic B g S AR
.

>

1 SEIEER4Y

=i

L1 BHRAEAELRA De nove M3

TR 0 B R0 3 1 SR 3R 28R LB SR
Sreg el W R R AT 18S rDNAL 28S rDNA
1 ITS (Internal Transcribed Spacer) B> T4 #)
ST VE Y Ry S W DU BB i 44 DR S DUD B B
792, IARAF TR PE R R 2 i 5 AR W AR % B
A Py il s 5 . S DUGIbBERE 792 PR AL
Wi AR BOIRAE W5 DR R 2w A AR 0 ) A
[H2H DNA, 3 1% H] PacBio B4 71 ¢ 35 A XF H ik
T4 W H De nove M 7, kA a0 &R A
DNA J5 51 A Ry AW 58 1 B A5 A
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T 5 T AR De novo T 19525 DU BERF B AR 792 3 K21 9 42 5 91 ) 20 A R AE D 5

e 50

L2 ARATELFINGKRR

W TRF(Tandem Repeat Finder) J5#: (ht-
tp://tandem. bu. edu/trf/trf404. linux64. down-
load. htmD 2 B 5 5 Db I BE T bR 792 2 5L 21
DNA J7 41 v i) 3 556 1 52 7 41, Je KB 8 52 59T bp
B E Sl 2 000 bp.

Xf TRF 3R HCH 25 R A7 40 4, ICE T A
DNA FHIEE A7 2~6 bp,/NTLE DNA JF4
HE AN 10~60 bp.

ffi F§ RepeatMasker J7 ¥ Chttp://www. re-
peatmasker. org/RMDownload. html) 38 Bt 5 71X
HhEERE PR 792 4 3L 4] DNA JF 51 v () HlfE
KT 5.

2 HR5ITE

2.1 #I.Z DNA B2 EHR R &5 H 4

N F TRE J5 ¥5 76 52 % DU R B Bk 792 JE A
AR T 175 4 SSR, B K 43514 8 163 bp, i
FH 4 DNA FF 3 B K K 0. 059% ., F ¥ &
78. 63 Kbl AE A ] — 4~ SSR.

SSR 7 = AR (Trio MR F B H R Z .
94 2%, HEE P BB 53, 71 % k& AN AR
fi (Hexa-) B4, S 47 4%,/ 26. 86 % 5 T #% H R
(Penta-) PR 4 R (Tetra-) HE AR ¥ H AH X} 5540
S 13~16 S5 2208, S HZh 7. 43% ~9. 14 %5
TR R (D) A R A D AU 3 4%
di 1710, BARGnE 1 s,

I Di

[ Tri
Tetra

[ Penta

Il Hexa

26.86%

8.57% 9.14%

1.71%

Bl FFRABEFHAK T2 EARAAP
KR B4R £ A 4 SSR 4 A

B B S A E A P A T A5 AR ANk 1 B, i
F 1AL LE A PSR E P U AT &
BT

SRR RAE R E)FE 10 fL bR e S
) B L 28 AR R 2 AAC (49 45,52, 13%) ,ACT
(15 25,15. 96 %) VAAG (11 4,11.70%). BRI K
FE R KSR 2 Bk = AR P 51 AAC
(2011 bp) JACT (744 bp) \AAG(545 bp).

Pupg T S P 5 S A AAAT AACT,
ATTA.GAAT 1 GTTG & 28, HAj Wi fl 2
R Z, U EE P 5 ECE W 73, 33%,
KEEK. AHMNETREZE T ZREKED
74.05%. HAR KM EE JFy I 16 &, H
AAAAC. TATAC #l TGAAT & HICIH T 5 &
A2k L A RRESE W 37. 5%, A4 20
HEFEEFH A 1 & SR E R I
46 55, HERMEZ PITEFHRE Y N 1~2 4~

X1 RENDESEKTZEEAMIE
DNAWMEEEF S

i SSR i SSR
sk ng?ﬁﬂ S RBRKE BKE 5 0 % Rd i’J
#H TIr I /bp T T IR 05
/% /%
AT 3 1.71 180 2.21 33 33
Subtotal 3 1.71 180 2.21 33 33
AAC 49 28.00 2011 24,64 8.3~43.3 13.67
AAG 11 6.29 545 6.68 8.3~22.7 16.51
AAT 1 2.29 212 2.60 14.3~25 17.4
ACC 1 0.57 35 0.43 11.7 11.7
ACG 2 1.14 57 0.70 8.3~10.7 9.5
ACT 15 8.57 744 9.11 8.3~36.3 16.53
AGC 1 0.57 66 0.81 22 22
GAG 1 0.57 47 0.58 15.7 15.7
ATC 10 5.71 530 6.49 9~37.3 17. 64
Subtotal 94 53.71 4247 52.03 8.3~43.3 15.04
AAAT 7 4.00 360 4.41 6.2~17.8 12.5
AACT 1 2.29 205 2.51 6.2~34 13.3
ATTA 2 1.14 146 1.79 18.8 18. 8
GAAT 1 0.57 27 0.33 6.8 8.8
GTTG 1 0.57 25 0.31 6.2 6.2
Subtotal 15 8.57 763 9.35 6.2~34 12.76
AAAAC 2 1.14 81 0.99 6.4~9.8 8.1
AATTA 1 0.57 49 0. 60 10 10
AATTG 1 0.57 33 0. 40 6.8 6.8
ACAAT 1 0.57 28 0. 34 5.6 5.6
AGAGA 1 0.57 34 0.42 7.2 7.2
ATTCT 1 0.57 38 0.47 7.6 7.6
ATTGA 1 0.57 33 0. 40 7 7
ATTGT 1 0.57 41 0.50 7.6 7.6
CAATA 1 0.57 29 0. 36 5.8 5.8
TATAC 2 1.14 80 0.98 6~10.4 8.2
TCAAT 1 0.57 38 0.47 7.6 7.6
TGAAT 2 1.14 56 0.69 5.2~6 5.6
TTTAA 1 0.57 43 0.53 8.2 8.2
Subtotal 16 9.14 583 7.14 5.2~10.4 7.325
AAAACA 1 0.57 33 0. 40 5.5 5.5
AAATCA 1 0.57 45 0.55 8§ 8
AAGCAA 2 1.14 72 0.88 5.5—~6.5 6
AGCAAC 1 0.57 79 0.97 13.2 13.2
ATAATA 1 0.57 75 0.92 12.5 12.5
ATTCAT 1 0.57 25 0.31 4.2 4.2
ATTGTT 1 0.57 169 2.07 29 29
CAACAG 1 0.57 36 0. 44 6 6
CAACCT 1 0.57 37 0.45 6.2 6.2
CAACTT 1 0.57 32 0.39
CAAGCT 1 0.57 25 0.31 4.2 4.2
CAGGTT 1 0.57 27 0.33 4.5 4.5
CCTTGA 1 0.57 35 0.43 5.8 5.8
CTATTG 1 0.57 30 0.37 5 5
CTGTTC 1 0.57 35 0.43 5.8 5.8
CTTCAT 1 0.57 25 0.31 4.2 4.2
GAAGAA 1 0.57 183 2.24 30.5 30.5
GAAGAT 1 0.57 39 0.48 6.5 6.5
GATCTT 1 0.57 26 0.32 4.3 4.3
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gx1 35|
i SSR 5 SSR L
" WHEIFH MW BBKE BKE B B
BEER Twn mmw e AR wm ¥ B0
/% /%

GATGAC 1 0.57 11 0.50 6.8 6.8 25}
GATGGT 1 0.57 51 0.62 8.5 8.5 =
GGATCA 1 0.57 38 0.47 6.3 6.3 = 0L
GGTTCA 1 0.57 33 0.40 .5 5.5 ¥
GTGAAA 1 0.57 112 1.37 19 19 _
TATTAC 1 0.57 52 0. 64 9.3 9.3 151
TCATAA 1 0.57 33 0.40 . .
TCATCC 1 0.57 35 0.43 5.8 5.8 ] S
TCATTT 1 0.57 29 0.36 1.8 18
TCTTCA 2 114 120 1.47 8.3~11.2 9.75 5 | . I , | ; I ; I
TCTTCC 2 1.14 130 1.59 10~11.7 10. 85 Di Tri Tetra Penta Hexa
TGAAGA 2 114 112 137 8.7~10 9.35 Bk K
TGAGGT 2 114 84 1.03 5.5~8.5 7
TGATGG 1 0.57 35 0.43 5.8 5.8 B2 ®*% R B 792 ARAMTEE
TGATGT 1 0.57 30 0.37 5
TGCTGT 1 0.57 32 0.39 5.3 5.3 DNAWELEAKAELH NHX A
TTATGT 1 0.57 33 0.40 .
TTCGTC 1 0.57 33 0.40 5.5 5.5 2.2 I E DNA B ELREF G HFFIE
TTCTGA 2 114 75 0.92 5.3~7.2 6. 25
TTCTTC 1 0.57 193 2.36 32.2 32.2 FIFH TRE FiEAES NI ER B R 792 K
TTGCTG 1 0.57 27 0.33 15 1.5
TTGTTT 1 0.57 31 0.12 5.7 5.7 HEPBEEE R P AW T 1 384 /N1 E DNA
Subtotal 17 26. 86 2390 29. 28 1.2~32.2 8.51

& A SRR DLEO B s R AR 2 TR,
M 2% 2 A DL L i T B T 30 3 A I 48 DL IX s B0
R BT 15 M T EFH &I
75.43% s PE DUBAE 15~27 Z A Y i DR 5. 5
Fb 17,14 % 5 $% DUBUHE 27~39 Z [8] 0 i HE 6. 86 %0
PEOUBOR T 39 i TR ¥ 91 e b A 0. 57 %.
FAN A B IO 3 4 DL Bl 33015, 04
12.76.7.33.8.51. MIEl 2 0] L7 HY L $% D1 %0k,
B T S E R /D o TR T 35 48 DU BB o A
B AR B 1 3G o e /b

*2 RENDEBESEK TR EFAMIE
DNA R EEE ¥ N5 6

% DU S 3~15 15~27 27~39 >39 Total

Di 3 3
Tri 63 25 5 1 94
Tetra 10 4 1 15
Penta 16 16
Hexa 43 1 3 47
Total 132 30 12 1 175
Percent/ % 75.43  17.14  6.86 0.57 100

RS K s A W] A A1) S TR A Y R
LR oy R AR W) Y A | e A 2 DR Y Rk S
P B L A AR B A AL W e AL
o B E A KB A BTG A A, BB R D 4
w5 A W TR S W s AT B 3R O BEAT K
SR I A e, X R AR R AL BB A
PERIEY . AR iF 2 S0 R R 2 P DL iy,
J 51 B4 77 7 RE P/ 373k 88 F B2 4 R 45 49 AN 32 R
I Pt 12 e PR 7 A ) 0 T S i 2 R 5l 2 9y ok
MEERRZ "

A, A5 79 849 bp, 5 B BE E E F A K E
f) 33,80 %, 3 R4 ¢ 51 B K /Y 0. 58 %, 1 4
10 Kb Bl —A~/N B A P51,
/NTLE DNA K AT 25 bp £ 958 bp Z
[i] AR A LY S R BE T 4 Ry 142 PR KBE D 25
~78 bp BIEFIEH 5 76.81%,30 bp B/NTLEF
% . H 80 4, KE KT 82 bp BFFI45 & —
S KN 15 bp WEE BT IBH R Z . H 211
Z /NSRBI 15, 25%. EE HILH 15
bp P H BRRKEREK, 5k 8 328 bp, 5/N L2
JEA R 10, 43 %, £ 5 52 H 50 1Y #5 DUEG oY
1.9~42. 5, P DL ECR 2. 6 W& &2 7 514 H i
% .4 211 4. /N TR DNA FH i EE R H .
78K B R4 DUBUILIE 3 TR,

ZLO 215“ 3:0 3I5 4b 4l5 5IO 5I5k (;)0
4T 6K/ bp

B3 FFRABFTHKTIZARANTE

DNA ol TR ALK E LS L HETX A

/NTE DNA P H S EL MK ER —
JERF Pl A R B R B 2 T R X
— R AEAE E A B0 KT 15 bp /N TR F S L
i 5T A DNA 5L, /N LA DNA J3 ) #
S DVBCBAR , R E A A fE 1~3 G B E BT
P55 /N TR DNA 58 2 [ J6 i 5 MH KRR,

10 15
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FoOEEAE T 2SR De novo INJF 14 55 DU B BJ TR BR 792 ik R 41 7 52 )5 91 19 20 A R A F 50

e ]

UL IE 4 iR,

UK

S = N W ok U N

10 15 20 25 30 35 40 45 50 55 60
LK bp

A4 FrRamadRisgr92 ARA T2
DNA BRI EA S LKk ESEHE MK X Z

2.3 WEELFINELRAT G HHHIE

iz /| RepeatMasker J7 ¥, K15 T 5 % DU g
RETA B 792 &AL i) 2 Rl 2T 8 (5R 3 BT
) AT A 5 AR /N AR 0. 79 % A Ay
RAMEEFI(LTROBHRZ, N 695 4,1
B 46,30 % HiRJE DNA 581, R 459 45
K#7E & P 41 (LINE) 3% 303 4% 1fij 46 #l 7E T &2
JEA (SINE) HAF 25 455 IR (RO 14 4>, & K AUHEL
TR 2 0 B B4 i SR o A AR — 3, AR
K/NXZFE K LTR>DNA>LINE>SINE>RC, %
di 7R R R A B K 48, 54% ., 30. 620,
23.42% 1. 38% Fil 1. 27%. HAEEE M, B R
RCWEREIFHHE KD AL FHKENN
SINE (%P fi5.

AMEFE R H ) RepeatMasker J7 % H A
o PR R OR 14 2R B L T LA BRI B DL I R
WA R BB RN T A N B AR I T L X 2
J7 VRO R R B v D) 3 E AR Dl A R A 1Y
.

*3 RENDESEK72EFRESRH

EEEFINNST

Ty %H SR H?%é’ﬂjt/l\ RESRNES
/bp Hrte/% /bp
LTR 695 52,546 0.3819 78
DNA 459 33,143 0.2409 77
LINE 307 25,351 0.1842 86
SINE 25 1,493 0.0109 63
RC 12 1,371 0.01 114
Unknown 3 219 0.0016 73
Total 1,501 108,253 0. 7867 79

3 #ig

A 5E R A W) 15 BB %% RepeatMasker J5 %
OYAT T SR DL LR AR 792 LA P E A
J¥ AR D A o i 43 A S R AR, S5 R R, EE
JPAAE SR b Fr it i b, SR H A 2. 52%;

fi LA DNA J¢ 81 75 HIE R 4L o i b AS 31T 45
Z— EENITTHE IR ZIT 15 4, mE AL
KB 5 H B LB A7 AR 25 TR G L 3 27 2 oy
SHHFRRE R, AAC I T A i T A2 DNA 2R
BEHRZMWET M TRELZ P B E RS, B
NG AT HH.

M TR DNA fii/h T2 DNA H1, AT & &
KT 50%. % 5 Edwards % A BIBF5E 45 1 — 3¢,
AT KM EE WY B M E R KR KER T
B R AR e L BB A R T A h
AT, 5 HARHNAH DNA Foh AT S EKEH
X SR DUEbEERE R RR 792 SRR AHAY AT i
ik 65.47% , HHRECERE P hE & AT feft A&
itk % 5 52 7 8 A B R T I 40 BT R RNA
JEFH R H S KSR T DNA BB 7. x5 HAb
PR RE TR A AFF 98 45 R — B SRR SR R R
AN RS R L R DU R R Rk 792 RN
41 T2 DNA P8 B S48 A B 2 7,

S DU B TR AR SRy DD R TR PR WL —
AP HLAT — SR R B = 00 TR R TR
PR AR B E BT E 2 A B T A
L B R R BT AR B A RO A T
HFPA SSR 43 A5 ic 19 FF & AL T B S Al
hy I is A% Z BRI T SR AL T S mh A .

&%k
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ETEFMRINERUTHNR SRR
REZGWE BT R

XNHHF, s M
(BePiRHE K % 50 T2 B BRVT 4 R TV T A 555 . k7Y 79 % 710021

i EHANET—HFATRSTFRAWPH R AR, L TR0 T2 FERBH-
MEZWNHLT . ERSTABREIBGRTEARER N, N-ZF R T 8. A A = 4wk
NOESY # %2 T XMMHELEBMA R A T EROEGMER A RIS ERHAFESHS LT R MK
BEAMT Ry TREDIRROBRART. EREANRS FTREDEKRER TR T HRTHA
KIR R, HAZE R £ 80~100 nm. & 45F REW-A H IR RIS h iz i A LA pH i
A5 A pH5.0 o pH7. 4 TARR T AT Mg dx 8474 AR L EmM 2 4o+
DOX # Bt B &, 2R A WHEEIEHY DOX o F OB IZSE AT IR IR M A 3, T A
F2 0 ) AR R, IR 2h 0 T R AR

KW .pH R By TREY; REMIKR; TEKROLS

RESES 06 NEtFRER: A

Construction of polymeric prodrug micelles based on host-guest
interaction and their drug control release behaviors

LIU Cai-ping, BAI Yang”

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

Abstract: pH-sensitive supramolecular polymeric micelles were constructed by host-guest in-
teractions between 3~-CD-hydrazone-DOX and azobenzene terminated poly (2-(Dimethylami-
no) ethyl methacrylate) (Azo-PDMA). The host-guest interactions between f-cyclodextrin
and azobenzene were investigated by 2D NOESY spectroscopy.and the morphology and size
of supramolecular polymer micelles were investigated by dynamic light scattering (DLS) and
transmission electron microscopy (TEM). On the basis of mentioned results,supramolecular
micelles formed in the pure water possessed proper and uniform size (with diameters of 80~
100 nm). Finally,the drug control release behavior of these micelles was analyzed in pH5. 0
and pH7. 4 phosphate buffer solution respectively. Then the concentration of released DOX
was determined by fluorescence spectrometry. The results suggested that the hydrazine bond

can be responsive in acid environment,leading to the release of DOX in a short time.

» WrFs H#:2018-01-28
ESWMB P HE T LORIT R H (17JK0103) 5 BEPGRHE R 22 8 R RN A RIS 2 54 50 H (2016QNBJ-10)
EZ B XM 1994 —) , L, B Py S22 N, 78 B2 AR - B 58 28 BF 95 O 10« K4 A 412 1A i #3045 1 i
BIWAEE (1 BHQ988—), B S sk AL @38 W BF 5 05 1l 4 TR A WA 5 KA F B 4% . baiyang@sust. edu. cn
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AR, ETHEBR G o R FE AR
A FEAE LM AEN IR TR EY
(SPs) PR A9 5 9K 21y 77 2y 25 7] 336 Fn 22 55 0] 38 e iz
PR B R A 32 G, 0z g T SR 3R e P SR
BV 2 R AR RN AR ) AR S B,
T B AN AR S 0 4 AR IR R R
B DR I R S S I SR8 N P28 b7
SRS RPN T Sy o SR Sl i N 8 T
20 43 BC B A PR S AR FRED AT B R B N AT AT
AL B A2 RN, I E R L P S R IR A R E
{18 A 35 0 o 17 0 TE AR 22 AR K IR 4 F L -
POMIRS LAV VR LE AREE BT R TR E W ARR
AN REAE A= ) A FH 2 7 T4 ik 20 RS 0 L O e A
AR AN b B T B ot S P R
K. ETIHWE-ZRD R EEREEENY
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1 Lo

1.1 RA+ 5%

(D) EZFRL - FRMIHE (B-CD) L K i i B %% ki
27300 AT PR &)L 43 Ml s 1R 2R B8R K A
(NH,NH, « H.O) HEFNER-N,N-ZHZ & 2
fis (DMA) , b1 22 i Mk A: AL B A BR A ) 5 25 i b
FHHE(DOX « HCD , g B L #H AR (i) HRA
A A- (RS A SO KW (Azo-OH) \1,1,4,7,7- 1
3 = 2 3 = e (PMDETA) , b 5t [ 2 B R4
AT S48 (NaHD , B 2350 60% . 144
T, db o R R A PR A F s 2R T
TR (BIBB) L Bl $7 T3 5. LA 13 70 2y B 32 1.
TRAL AR (CuBr) i F 87 2 B8 B8 FE 7. 2B
R SRR R .25 C T EZS THRMK,
KM R 2= AR AR = M (TEA) ff
FHHTH AA 5y FOfBRK ) N T 4 18 KAk 243 5]
A IRAH.

(2) F FALES . 37 0 20 406 3% (FTIR) 76
VECTOR-22 BIZL Ak 6 35 A W 5, 3 3 FF R
KBrig i ¥R 4 em™ ' B SR 32 1K,
"H NMR % 2D 'H NMR NOESY % ] Bruker
AV-400 ¥ 5 PR L (Bruker BioSpin, Switerland)
M€ ,CDCL, , DMSO-d; 3% D, O SH 5, DL g H 5
RELE R AR 5 3 F f B 8 50 A AE 35 B waytt 28
A EE B 5 (O / 22 A1 B OGO G HU B A (SEC/
MALLS) F il . & 3% 45 % 2 . MZ 103 A(300 ¥
6.8 mm), THF A shAH, dEHE & 0. 2 mL, %5 i
AN 0.5 mL/min, MERE R 40 C. B EY
VWY dn/de {3 11 Optilab rEX % 7R 2% 47 61X
Mg, fili | Waters 515 B %,

1.2 S¥BIHx
1.2.1 [RALEFRMIRE Bcyclodextrin-ester (3-CD-es-
ter)E"Jﬁﬂl%

# B-CD(1. 288 g, 1. 13 mmol) & F 10 mL
DMF, il A NaH(62. 4 mg,1.56 mmol), 2% F
M 1 h (353,450 r/min). BEJS, AR B8 2, 1R
(1.303 mg,7. 8 mmol), 7E A I8 T 4k &L L hf
24 h. SN 5E B S FE vK P ER TR L g e 0 B
25 T4, 15 3 3 @ [ 4R pB-CD-ester. FTIR (KBr) :
1745 em™' (v, C = O).'H NMR ( DMSO-d; .
TMS,8):1. 16 ~1. 30(3H, — CH,CH, ), 3. 18 ~
3.90(2,3,4,5,6H in -CD), 4. 05~4. 20 (4H,
—CH,CH,,—CH,(0)CO—),4. 33~4. 60(6H,
6-OH), 4. 75~4. 90 (7H, 1H in B-CD),5. 55~
6.03(14H,2,3-OH).

1.2.2 BEUHEA IR B-CD-hydrazide f i %

] 1omL [& K 5 i+ i A p-CD-ester (1 g,
0.81 mmol), NH,NH, « H,O(3 mL) fl 2 mL
DMF, 2 i NG S HeE 24 h. O 52 105 4 ok
PR 0 S 8 O L s TR A 8 e R p-CD-
hydrazide. FTIR(KBr):1 662 cm ' (v, C= 0).
"H NMR (DMSO-d;, TMS,8): 1. 74 ~2. 0 (2H,
—NH,),3.20~3.90(2,3,4,5,6H in S-CD) ,4. 39
~4.61(6H,6-OH), 4. 78 ~4. 92 (7H, 1H in §-
CD),5.69~5. 87 (14H,2,3-OH), 7. 93~38. 01
(1H,—NHNH,).

1.2.3  BH WINPT 2 01 25 4 F (p-CD-hydra-
zone- DOX) 4 1 %%

S CHk 32 11 7 . 1) RIS B0 Hom A B-
CD-hydrazide(62. 1 mg,0. 05 mmol),DOX « HCI
(43.5 mg,0. 075 mmol),25 mg J&7K Na,SO, Fl
2.5 mL DMF, i 4E 5 min. B J5 A — % 7k & BRI
AR 10 min, TR E T Z WA FE 40 h. [ i
SENE Al B 25 JC K Na, SO, , 8 ¥ 7E vK 74 B
DUUE . i 3E R ML= K S Wk =R, 2 T
e, 15 4 {4 I B-CD-hydrazone-DOX, j= &
22.2%. FTIR (KBr): 1 659 em ™! (v, C= O).
"H NMR(DMSO-d; , TMS,8):1. 01 ~1. 31 (3H,
—CH;),3.99(3H, —OCH,),7. 61~8. 00(3H,
Ar).

1.2.4 Bl &F 2-H-2-5% T B A K (Azo-Br) 1
il &

Z:7%5 R 33 1M 7 1 o 4- ORFEA AU ) R 1
(1.5 g,7.6 mmoD A = % (1. 53 g.15. 2 mmoD) %
F 50 mL CH,CL, . 7EVKIE 55148 T B 2- 1R 5 T BEIR ¥
Wi (3.5 g BT 20 mL CH,Cl, ,15. 2 mmoD) & in A
SR 28 N BEFE 24 b ROV SE UG L g RR 2
ANEHEER IR B AN F 50 mL (1 2B F K
HEWE 3 WL I K Na, SO, T4, e 46 158 = 4.
WAL= £ T v F 4 A 3 Uk, 15 B AR B R
.77 % 47, 02%. "H NMR(CDCL, , TMS, 8) : 2. 079
(6H, — CH; ). 7. 38 ~8.05 (9H, Ar). MS, Found
m/z:369. 02[ M+Na] ™.

1.2.5 REUR B0 R LR R-N L N-— 4
3 7,15 (Azo-PDMA) [ il #%

REY Azo-PDMA XHEFHB AMERS
(ATRP) il #. ) J Wi b A 51 & 5 Azo-Br
(138.8 mg,0.4 mmol), #i{k DMA(1 260 mg,0. 4
mmol) , Bit/& PMDETA(70 mg,0. 4 mmol) #1 1. 5
mL DMF, i A < 10 min. /1 A CuBr(58 mg,
0.4 mmoD) , 4k 2L AR 15 min JF B HIK R, IF T
60 CHEFE N 2 h. Ry 58 A - L THE it s
b P AR AR B AR BR AR e 4 JTaE AT 2 R
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% 36 &

Ry T8 MWCO:1 000) , ¥ T 4, 1548 B8 (0,
[k Azo-PDMA. M, sc =5 800, My /M, =1. 12,
dn/dc = 0. 65; DPaxwr = 37, M, xuk = 6 155.
"H NMR(CDCl;, TMS, 6): 0. 84 ~ 0. 99 (3H,
—CH,),1. 76 ~ 1. 98 (2H, — COCH, — ), 2. 300
(6H,—N(CH;),),2. 53~2. 64 (—OCH,CH,—).,
4.01~4.20(— OCH, CH, =), 7. 46 ~38. 01 (9H,
Ar).
1.2.6 CD-DOX/Azo-PDMA #/7r T B A& WK R
VA VR 1) ) 2 5 RAE

# B-CD-hydrazone-DOX (2 mg) Fl Azo-PD-
MA(6 m@) T 2 mL ) DMF. 5+ 30 min J5 0
A 40 pl. TEA VERERRRA , 4k S5 $1 30 min J5 2%
MM 2 mL 28 7K, ekl . (R 4
FH 1000 BB 4SE T LR IR & W15 CD-
DOX/Azo-PDMA # 7 + R EW R KB W 7. 5
mL, [ RFERTIMA 0.5 mL 28T K. EXE
1 mg/mL. #45rFRE WMl & mE 200 iR,

BT RE YRR W 75 20 min, #7190
$£ 30 min J5 .18 ] Nano Brook 90Plus Zeta %! £
1 BE 386 R BE AL (DLS) W & Dz {d, I iR iR B
25 °C LA i 2 B 1L 19 He-Ne #0648 & 4,
A BE 90°, K 7 pL HE AV W T A M 1.5 min
JE 5 J W 2 W 1R, i Hitachi-760 %33 5t i+ i
Sl I3 L R 75 KV
1.2.7 DOX A&} il B 58 56

(DDOX 75 W 1 M 42 1 2 7

M pH R 7.4 WML EE 22 P BC IR B 2. 5 X
107" mmol/mL 4%k % Bl 25 28 7 0 . W B8 L VA Vi
B e BF o8 0.1 mmol/mL. 0. 25 mmol/mL.
0.5 mmol/mL.0. 75 mmol/mL.1. 0 mmol/mL.
2.5 mmol/mL.5. 0 mmol/mL.7.5 mmol/mL Fl
10X10 ° mmol/mL [ — Z I &5 % W, - 568
nm A% 58 B, 15 3 25 AR o i 42

() IRAME B S50

BIAST EOR AR 4 A m A pH i 5.0 F 7.4 ()
Wl h 2% sk 40 mL. L CD-DOX/Azo-PDMA #
STTFREVRKEW 2 mL B AP 4 F & 1000
M BENTAS BTSRRI EZ s . F 37 C T
TR G RE o BB B S AE ) FOR TP R 3 mL SR of
W I I AR R AR B 2% vhil. pH A 5.0 F1 7. 4
) S 36 3 ) S AT 2R AT = Uk R B HE G T R 2 ke
R4 DOX 17 Sehr e £k . 15 2 DOX Mk B, I
THA BRI RCE,, BB i 5 A S an = (D
FIFR -

100 X (40. 0cy +3.0 2 ca1)
W()

FITBACR () = Q)

o NIINI
~ I
R — Q

(a)B-CD-hydrazone-DOX f#) & i 1% £k

A .
@N: Qo/u\éar

[

DMA @71\1\ g .
—_— K N@o ik
o

3

/N\

(b) Azo-PDMA {145 1 % 2%

@N:N@OH

N
/N
(¢)CD-DOX/ Azo-PDMA #f4>F A W i) il 4
B 2 -CD-hydrazone-DOX, Azo-PDMA #j &~ i %-
% #= CD-DOX/ Azo-PDMA # 4T B 440 45 %) &

2 HRSIR

2.1 BCD-hydrazone-DOX #j & s % & 4E
B-CD-hydrazone-DOX BJ-& h £k W A 2 (a) fr
IR H SCIE AT RO Y R Ak S A AT AR B
CD-ester, |1 T B-FMIKG 6 (B2 id ik, YL 53T
s EACEA SN S R HL AR BUEERN OF i — 20 5
LR B I b il 74 f-CD-ester. 3-CD-ester 1 FT-IR
WE 3 i a fhZR TR .1 745 em ' Ab H BRR JE B9 HR1E
W W 5 45 ' H NMR % 18] 4 (a),6=1. 215, 4. 145
A4 127 Ab R 2R SR HFFAE A a, by e AL
W, MEB I A L T B-CD-ester. i 33 X R 4 /R £ iR
A a MW - FRRIRE 2,3 57 Y 38 5 S 14 I g e
AT BT AR LL 2 R 1+ 3L IR & 1R 2L TR
XF IR I S UEE S 1. 5. 4R R ad ik &g
oL W6 kAL B3R WIS 15 42 ) 5-CD-hydrazide, H
FT-IR 4nf& 3 W b il 2k BTz, 1 662 cm ' Ak H BEBE
JIPRARE () R AE W WA, HLT 745 em ! A T 3 AR AIE TR U
WA 2, A, 7 H NMR 8% &1 4 (b) M B A e F
A R B R AR W S 0, R BSYR CTR TR a A1 ¢ &Y
FEAFE VAT 2% DA 3 225 SR U ) g A o0 4 A
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T e 55 5 p-CD-hydrazide 5 DOX $ 3 7E
DRI TR AME AL T B9 R 5% 8 = 7 i 45 B bR 7= 4 5-CD-
hydrazone-DOX, 7 ) (i FH JC 7K £ B S5 52 5 Uk B
FNE DOX. WK 4(o) s, H NMR % & F
L DOX MY FRFAE M W , 2 B B-CD-hydrazide 5 DOX
KA TR DOX A e 5 BIMIKE 2.3 £ 0 ¥t
AW TR AR R 1 s 3. 1L, R ERREE R 1.6,
SRR BRXT BI04 U A — 3% LA
AR R RA R T DOX LAk iz AL 4 fi %
FEAEPIRS 119124 531 -CD-hydrazone-DOX.

¢:p-CD-hydrazone-DOX|

a:p-CD-ester b:p-CD-hydrazide

4000 3500 3000 2500 2000 1500 1000 500
Wavemunber/cm™

H 3  p-CD-ester,5-CD-hydrazide #=
B-CD-hydrazone-DOX #j FT-IR A

et b (a)

2,4-H
1-H a
23-OH  6-OH
1 \ b,c
_JV

3/5,6-H

(®)

2,4-F
2300 Mo
2 S T Ak Ll

nle- e
e (c)
R ¥
ap d
b
ac i | | dl‘.‘\h‘ gv,f e
b 9LV, A TY B
10 8 6 4 2 0
0/ppm

(a)B-CD-ester (b)B-CD-hydrazide (¢)3-CD-hydrazone-DOX
B 4 p-CD-ester,S-CD-hydrazide #=
B-CD-hydrazone-DOX #'H NMR B

2.2 1BEEM AR S Y Azo-PDMA # 4 &R B %
AE

B4 Azo-PDMA LI Azo-Br 1F K51 & 7, i
it ATRP RGBT, & B4 an i 2 (b) i 7s.
51 &FH Azo-OH it i BIBB #E47 5 A6 50 il 4%
W LA = e Ry R 500 R P ) AE TC K & BE E 45
Hil#5. Azo-Br #' H NMR 41 & 5Ca) ff 7% . 18 R 2K 4
MAE T a,b,c,d 5 BIBB B S T R4 E S e B0
POWELE W TR AR LT 22 2 3¢ 2 ¢ 6. A, R
MHER 43 T4 369, 02[ M+ Na] ™ (& 6 fras) .,
RS T RAHAT. RUIE AL T 51 & Azo-Br.
ATRP 4L CuBr HAEH] 60 C R4 TFRAS h.
Hrhg| k7 Azo-Br, i{k DMA, fic & PMDETA Hi
AL CuBr (UBE/REE A 1520 1+ 1.'H NMR 1l
El 5(b) TR, ATV 2 HW 2K 51 Azo 1l PDMA B FEAE
W S0 3 3k AR5 Azo-Br BRAE A ¢ 1Y W i Ig
1 PDMA i I HFFAEE e (W0 0g 4 T AR L 75 1 PD-
MA ) F-BEE JE DPawk =37, H LI Azo-PD-
MA ) B3 4y F 5 (M, k) A 37 X 157 + 346 =
6 155,14, SEC/MALLS i Azo-PDMA ) 5
WO 5 800, W MR 4 — B W B, 4> F R AR
112, Itk ok it 2 52 B As e o3 A1, 81 7 i, DA
FEERBRW R T ES FRSGHREY
Azo-PDMA.

c__a e
=\ b_d (0]
€4 —N= I
& NG )0 <y (a)
b d g
a Cd
b“A ethanol l
" A
g
c a i (b)
/S b_d (e]
A N=N —O U‘_, j\A]?r
Cc—a \_/ h =0
b d O’
£0°
N
g
e f
h i
ab c J ,j A
5i 4 3

8 7 6
0/ppm

(a) Azo-Br (b) Azo-PDMA
B 5 Azo-Br f= AzooPDMA #'H NMR H
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REEEIEA B-IMING 125 2. 2D "H NMR NOESY

,' Azobenzene-H
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W 8 Fim - F Mk 1Y 3.5-H BT 510 A A1 a,
c EUR T2 E BT 32 X, $i B CD-DOX/ Azo-
PDMA B TR EWRHIWE SMERNEER
TR EAE RGBS B i) 550 14 88 43 SR 6 1 o T 5
PRAEY . LY aF DOX BB K. BH
Yk PDMA HA 35 K. K 7 F 8B & %7K
A E R L DOX B#% . PDMA K23 BHA — %
RUBE () B o 2H 2 1R, 3 8 6 HEST (DLS) W& 9
(D) 7, k42 82 nm, TEM W& 9 (a) fr 7,
A 3 4 W 2% B BRI 90 K kL R AR 43 A E 100 nm,
F Rl R AR — B X SRR i E R R
Y B R 350 B 25 ST RaE B 9 K i o
2.4 DOX 894kt BAT A

H R BT B R AR VS W AE A =484 nm, A, =
556 nm B S5 F T W 5 O . DA O B2 R B 55 2R Y
WP PEAT LR R, 75 2 A5 o 26 0 R

25950 F DOX 3 1 36 0 BE Bs S 5 - 20 Wi RS
AR S R AT pH SR A R TR R M A
T BB SR R AR K AL RSN pH=5. 0 Y 25 ¥ S 5w
1,53 h J5,.DOX ) Bt BaCR BB T 76 %, 5K
M. 769 h N, Bt BHECREBE 88 600 A4 A
pH=7.4 25 528,50 h i, DOX 8 Bt Bk
AL 3126 (& 10D, 78 43 U BH I s 5 o) i M B4 5%
W R FURE L DOX 1 e 2 B 3052 Ha 1k i Bt ) K i 5
A i Jeg 20 B P R R Y D TR AR R BR BE pH
K5, 0~5. 5, 1 1F F 4B AR I B pH R
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AT AT 245 0 1) 75 I 4 .
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M EZRALSKHKRGSH) ZA—FHARARARG DS TR AWMEE5H2NER
HERS T . 55 FARPREDRME A SHEEAABREAFTER. X ERT LT
H2ERAAN GSH R AEA AR SERA AR REZAR LT ELEMNLRELFRGTH
HAEIR AR KL A, R E SR Z LA AT GSH A A& & e94F 5+ 1. 55 GSH 2
g A oy vb R A e A AE L fE 516 nm & 69 K KGR IR H R 55, 561 nm &L % R 3R IR AT 3 0%
FIB. %0 E L GSH R E ZINRIFH AR X R, R IZIRA T LI GSH #7340,
KB X RA SR RARA; SHEARXERT; F2F; ki

hESEE.0657.3; TQ617.3 AR ERD: A

Specific detection of glutathione with a fluorescent

probe based on 8-hydroxyjulolidine skeleton

WANG Chao', YAN Yu-jia'?, ZHANG Yi-wei', WU Yu-ting', DAI Fang-fang'

(1. College of Chemistry and Chemical Engineering, Shaanxi University of Science &. Technology, Xi'an
710021, China; 2. School of Chemical Engineering, Northwest University, Xi'an 710069, China)

Abstract: Reduced glutathione (GSH) is a small molecule peptide consisting of three amino
acids, which is an important active molecule in cells and tissues,associated with a variety of
physiological and pathological functions. In this paper,a GSH fluorescent probe based on
coumarin fluorophore was designed and synthesized by using 8-hydroxyjulolidine skeleton.
The planarity of the fluorophore was enhanced by the rigid planar structure of 8-hydroxyjulo-
lidine, which achieves a red shift of the fluorescence wavelength. The spectral analysis indi-
cates that the fluorescence probe has a high specific response to GSH. The gradual decrease
of the fluorescence at 516 nm and increase at 561 nm reveal a typical ratiometric response to
GSH. Meanwhile, the good linear relation between the fluorescent intensity and concentration
of GSH indicates that the probe can be used for quantitative detection of GSH.

Key words: reduced glutathione; fluorescent probe; 8-hydroxyjulolidine; coumarin; ratiomet-
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UG ERAE TR R 2% L O VL AE AN N S B L R A
M GSH %l i

W ETE N —FloE BRI TR, 203 R
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YRR L, L] PG Al AL 2 L 2 )
WA PN DA ARG 5 i 4 I 1) Bl A AR AR R BT LA
D7 35 F PR 12 W 5 A G A o S HLA B ]
B o). B AT T A GSH Y 9% 658 51 52 i BL
P B T 1 OB 2 M 5 PR ) A R S
WL AR A GSH 47 v g i 26 4% P e
R S G [ 78 7 I e el 173 A o .8 T L
TECHREN B JETE M BT, S GSH 2 e it

AR LA 8-F8 e AU e R B A 4R R
SHE O S T 3% g i e 2 R AR A0 S o e 08 S
PR ET WK W20 B, R, 7 & B &R 3,4
A3 90 5 A T 35 R0 40 1 S GSHL & 3 i 3
RN 0, die 283K 459 = 4 52 M GSH 96 6 5
Bt 9F i — 2038 1 6 S Fr A i SO IR A T
GSH 2R J 5 8 46 I A o] A7k

i

1 SRIEER4SY

1.1 KA E5E

(D FZH 0 R R By, — S A B | () St
AW 1-TR-3-F A BE L R Bk R A A DMF . JE K
TR BE. O R O WR. — & bE. W OmE. A I k.
KH,PO, .Na, HPO, « 12H,O. 2 b4 A L8 . &
JOEH K L2 e &R . R AR SRR AL
3B 4.

(2) EBAUAS RE-52 RN ig i 728 B AL (L1 0
FAAAER) ) s SHB- I B 46 3R 7K £ i B 28 8 O
MR T 5 A R A s Lumina 29650 Y66 EE T
(FEBR R R B A RS FDD 5 400 MHz #% i 4k
WAL (bruker 23 W) s PHS-3E % pH it (_F#§1X
HL R} 22 A A A B FD.

1.2 3FAH A%
HAR R E 0 F B9 A s £ an 18l 1 . i g

HA AR, RPN,
1.2.1 R IZEFER (D BYA R

7% Liu S5 WGE 0 kK = A A (4.7
mL,50. 3 mmo) MIAGMIENE . 76 KK I X 44F
PN TR (4. 49 g, 43. 3 mmol) FIZE ) (8. 15 g,
86. 6 mmol) ZZ 1% {3 N 2 = & & B . FEMIE 115
CTRER N 1.5 h, BRI LH LR SMAEE 1. 2
NS HE B R iR AR BN 75 mL K
LR 150 mL LR LR A B 3 ¥k, Jo/K i iR
e, ThuE , E 7% 5 v )L A5 B 6 g R S
10.32 g. 7= 94 %, P2 ) 4l BE i . R 4t — A alifh
HEHTT 2 RN,

1.2.2 8-FILAIKIEE (2 HE I

Z% Liu %G8 B 7 kR R A 5K B
(8.73 g,80 mmol) ¥ T DMF (40 mL) ", B i A
1-7R-3-54 A k£ (50. 4 g,320 mmol) , i J5 I A ik g
SN (26. 88 g,320 mmol). N 60 °C, A1 i /2 i
15 h 5, BIFE iR B R 90 °C L, [ 9 h. 2 v 4%
Je A 150 mL #) 2R ZBE 2 B, 300 mL /K ¥k =
UK TR R B T 4% T U8, e 28 R o v M), 19 31 2R
o RIS JE AT 1% 43 B9 L R TF R A vl
LIRCEE=10 : 1. (B A EA™Y) 3.4 g, /75
23 % AL W 25 ¥ A% i R S R AE

'H NMR (400 MHz,CDCl,)8:6. 66 (d,]=
8.0 Hz,1H),6. 06(d,J=8.0 Hz,1H), 4. 43 (s,
1H).3.10(dd,J=11.0,4.5 Hz,4H).2. 68(dt,]
=14.9.6.6 Hz,4H),2.03~1.91 (m,4H) ppm.
1.2.3 9-BREFTE HOG AN

%% Chen 5V IR 7 ik F SR AIKE
FE (0.5 g,2. 64 mmol) N iR K& (0. 56 g,
2.15 mmoD) . 2 (4 mID I ABIEIL . 78 115 °C
TR 6 h. N 25 G . L2 B S R
B, T2 U0RE YA A7 0 Bk e % . T 85 45 3 =
Y 0.41 g, 7% 62%.

1.2.4  HEHHA K

2% Zhang EWABE R L K -REEF D
% 6H (3) (0. 32 g, 1. 25 mmol) % T DMF (3. 9
mL) #1388 D, DMF(1 mL) fil =4 A B 0. 7
mI)IREA A 50 °CL#E S Bk 30 min, ik h @,
HOZRMFEMEIQF . FHRF 60 CR I 6 h, X
DA G B 7 mL VKK K R AR 7 AT
L E TR A R i 2 AR RE A A
JEFER & W ke ¢ =20 ¢ 1. 15 B E AR5
0.165 g, /=2 43%. L& Y 45t 2 #% w6 S Ik S0
FAE.

'"H NMR (400 MHz, CDCL,) é: 10. 27 (s,
1H).7.43(s, 1H), 3. 38(dd,J=11. 9,6. 8 Hz,
4H),2.86(t.J=6.4 Hz,2H),2.79(t,]=6. 2 Hz,
2H),2.03~1.93(m,4H)ppm.
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7T DMSO Hr, e i 0k B2 2 5 mmol/L (B K
F FH. R DU By B A T D EBR R B GSHORT L2
Mea 1 (Cys) W9 i &, ¥ GSH #1 Cys 4 )& T
PBS 22 s, e i 80k BE S 10 mmol/ L (4 B
. TR A L] B & 1000 —H 1
B PBS # B 31— 22 1945 % 15 2 BT 75 TAF W 1)
WP 4R 10 pmol/ L. 4% 5256 W B 20 9% GSH
Fl Cys IMAFRE B W B A7 i

2 #RE5ITiE

2.1 AR IER TS GSH #vh B

A g A% W IR ST A L W IR AT 45 A I,
3 I H R % RN & GRS B 2 (o) IR, R
WA IE(E R 466 nm, &S KIEME N 516 nm.

FERREF R INA GSH J5 6%t s &l 2(b)
iR, SE 2 M, HB L g g kAR T
AL R R K AR LT RS O T B B
TR IS AE 516 nm bl & B IETE O L 7E 561
nm &b 1 IF I & gL SR BT R GSH SR . I i AR
BT S A R T A W ST DA el G R R SO
TR A LTS
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(b #EEF (10 pmol/LY A 50 gmol/L GSH
B2 At mA GSH 76 898 & &4 k%

2.2 At GSH va o 69 sk 1k

24 GSH ZECHEFER I R B, 5 32 3] Cys 4
FAEACA W T P B X T GSH i b 11 1%
FEIE e AN GSH BA M IS5t 1Y Cys 7E it L.
TEA3 ] 380 nm A G & L B X T GSH FI Cys
(2 S 1 4 & 3 Ca) BT 7. b AT 0, 4 4 K L
GSH I J 9 63055 » MR ET 5 Cys W 98 L #K
%L IR 515 nm. 76 470 nm 6L I, B EF
XFF GSH 1 Cys B2 Gma nz an il 3(b) fros. 5
R EREE S GSH FI Cys F R I » ¢ 56 5 B 24998
55. o, 5 GSH RN G2 G kA E LK. 5
Cys WG DGR K A 14055 A%, Wl ip, mT OB
FTEZRAET 2O G anE 3(o) ~ () iR, =%
Z B CH AT B2 5. 25 b IR E T LU s
L GSH 5 Cys By,
2.3 #A+L5 GSH #= Cys & HUEE 3 |

27 SCHRARE M ALEE L HE DR £ T GSH &
Cys W/EFALE G 4 Pros. SE44E M GSH B
B 20 35 o U F 1A T AR, H 23 () 47 BHL AR, L
O3 F PV TR 2350 B 5 A i — A AR R S
FE WA B A R BREE AL O i — 2P g TN A
S, o (LA R B o, LR RR S K 2
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17 TARET B9 w3 72 0 A, AE 10 pmol/L 85T
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W OE 48218 REFARMARKE T, TEHRAR N, A B o Foh KB R b
WaA,MEMNEHETME T HEERME TG EABRERE LGN, KA RiE, 2
BRIk Ak AR A B AR BT M R AR B i R S R e e ROk g T A R AR B AT
. St it I R mik H A R I AT T A T M T AR I R AT R R AR A AL, 21 36 h
R ENGE AR EABRLEERE OGNS TRABRIERE A GANORKGELIH LT
B4V AT 1,60 ISO #= 2. 08 1SO. £ R AW, M8 & F A Bt I ke 3¢ 638 & 7 B A 49 ) 43k A

HWER.
KER AR, RGN MEF; BEH A
FESZES TQ610. 495 XEktRER: A

Synthesis and properties of cationic naphthalimide
fluorescent brighteners

ZHANG Guang-hua, PEI Jing, GUO Ming-yuan, ZHANG Wan-bin, TANG Jin-xia

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

Abstract: Small molecule of naphthalimide fluorescent whitening agent was synthesized using
4-bromo-1,8-naphthalic anhydride as raw material,and reacted with ethanolamine and sodi-
um ethylate. Subsequently, the cationized naphthalimide fluorescent brightener was prepared
by cationization reaction. The structure of the obtained product was characterized by FT-IR
and 1H NMR,and its optical properties were analyzed by the ultraviolet spectrum and fluo-
rescence spectrum. The property of yellowing inhibitation on paper was analyzed by UV ac-
celerated aging test at the same time. After aging for 36 h,the whiteness of paper coated with
naphthalimide fluorescent brightener and cationic naphthalimide fluorescent brightener is de-
creased less than that of the blank paper about 1. 60 ISO and 2. 08 ISO, respectively. The re-
sults show that cationic naphthalimide fluorescent brighteners have the effect of inhibiting
the yellowing of paper.

Key words: naphthalimide; fluorescent brighteners; cationic; yellowing inhibitor
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FIERIE 75 G A58 [ L, DR] 0 o 45 30 010 {11 52 3] 17 b
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Az BB G b O EOR B O W A R0 £
A1) A R O B TS ) AR Ak TR A TR F 5
BT 368 5 B ) A A 7 s A5 A KA IR B A R
A A I A AT AT

DG 5 — T R T R B S
A, —J7 T AT LASOAS AT DL 19 58 S SE I 3
G SRk A B O T B IR L L ANE
FOG T 4R 5K 3% B . o5 — 5 T, B RR 352 4
PP NIRRT EE L PP ONEE G S 405 AT RYN
T 325 ) A g A5 R T R B E P R RICR

8 G 25 Wt WV e R A7 A K i P 22, S AR
SR LT A 45 5 BE AR AT R R R 2 e
FRE PRI P . e A BH R A R A o, AN
AT DA w8 7K ¥ 1 o ] I, SCRT L% 22 0l 1 1 57
URK 45 A BE L T IR T A A 30 ) 4R v
ARSI e LT /NI T IR e A6 ) AR
Ja Xk FEHEAT BH 14k o A B S 1 25 It 1 2
$4 ER) IR 9T FEAE D 9Ot B R A S B I AL
A

1 TEEH

1.1 SR A F AL E

(D FZRAH] - 4-1R-1, 8-Z5F . 1L AR 78 W A2 i
A PR R s SR KRR I3 A7l R A IR A A
TR S REER A2 A R ] 4w 8, B
B W A R B 5 B R B L R HE TR BRE A IR
A BRA W s =5 P e, [ 24 48 A1 Ak 2 3R A BR 2
A B R BE L R T AR WAL A R A BR A A
G ) AR R A A R A W) 5 TE O e, KT
RIAZERAR A RA R s SR S Bg L KT AR X
ZL TR s N N- R R e i, R e R Ak 27 3K
FIABR 2R LR Ry o3 4. = IR0, B 3k B4 2y
IR PR A s = H M (33 % 9 BV Y o KB JH Bl
IRBEAL TATBRA W 5 DA A g4t

(2) FEAL %S : VECTOR-22 fi HL - 75 #6 2T 4
JEIE A, 18 [ Bruker /A A]; UV-2006A %8 #p-1 L
SO EE I, 36 H % HE 2 A W) s Fluoro Max-4P %¢
AT, H 324 7] 5400 MHz #% g 6 B U 1%

BT s WS-SD & B (1 23 R M AL R A
PR B3 ZN-100N £5 2058 S KT T M 3 56 4 L VE %
[Fi] s A5 g o] s AT PR 2 7]

1.2 MBFREEEGNGERT &

PRI 5. 54 g(0. 02 mol) 4-TR-1, 8% I il 75 2%
A dr ey = BB T A 80 mL By oK & B
VW B8 FHRZE 80 °C . ¥4 1. 47 g(0. 024 moD) 1y
ST N B = DB b, R REE TLC BRSO
T BN 25 3R FLVR 4 28 S0 el g L o 25
TIRZWUEW, BRI L. ARG IR e =
THRFE TR 48 h, I BNR A& 1 7 %
98%.'H NMR (400 MHz,CDCl;) :6=8.69(dd, J
=7.3,1.0 Hz,1H),8. 61(dd,J =8.5,1. 0 Hz,
1H).8.45(d,J=7.9 Hz,1H),8.08(d,J=7.9
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8.48(d,J=8.3 Hz,1H),7.88(m,1H),7. 34(d,
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4.40(t,J =10.6,7.1 Hz,2H),3. 70 (t, ] = 7. 2
Hz.2H).1.53(t,J=6.9 Hz,3H).
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W OE. B THSKR(NBR) S B4 & B KR (SAP) B 2 =B (PEG) fo 3 /7 Bl = 5 #LER B5
(IPDD % £ FF ¥ AL £ & 4% A %) & B & B (PU) & 9B K I ik # 5 (WSR) , £ % #F 7 54K 7
(S).PU.SAP ¢4 &5 WSR RK Mt b a9 Hom, sti@ i A w4 WK T SAP 5
WSR ¥4 50. 2 &KW . S.PU A &3¢, WSR B K4k 238 K5 ;& SAP A &3¢
X, WSR BAKMEAIE K. WSR 354 5% F M & S.PU.SAP A &3 K A3 RS M. 81E6 S,
PU.SAP# A Z 534 0.5 g.15 g % 30 g. SEM £ & SAP 23 % A & @4k, K&/ SAP
#5 WSR Wi & A% 3L, R T SAP 4 WSR W @ 5 4 &% 5%,

KT AR RGBS RAKME; AR AE

FESES.TQ 336 NEkbRERD: A

Study on preparation and properties of water
swelling rubber modified by polyurethane

XIN Hua, WANG Jing-hui, YANG Jiang-peng, ZHAO Xing, YUN Wen-tao, HOU Jia-hao

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

Abstract: The water swelling rubbers modified by polyurethane were prepared by the nitrile
rubber,super absorbent polymer(SAP) , polyethylene glycol(PEG) and Isophorone diisocya-
nate(IPDD) which were mixed by two-roll mill machine. The influlence of the dosage of sul-
fur,PU and SAP on the water absorbency and the tensile strength of WSR were mainly dis-
cussed. At the same time,the morphology of the SAP and WSR were observed by SEM. The
results show that the water absorbency of the WSR first increases and then decreases with
the increase of the dosage of sulfur and PU,and it increases with the increase of the dosage of
SAP. The tensile strength of the WSR first increases and then decreases with the increase of
dosage of sulfur,PU and SAP. The more optimum dosage of Sulfur,PU and SAP is 0.5 g,
15 g and 30 g respectively. SEM shows that SAP is spherical and its surface is rough. The
WSR cross section without SAP is full of small holes, while the WSR section with SAP is
more compact,

Key words:nitrile rubber; polyurethane; water absorbency; the tensile strength
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LR —HN(EDTA-2Na) . 43 Mr 4l . K HETh K F1 4k 2%
RANARAF s B, T ) KRBT —);
T4 S, i WAk — % N K (DCP) ., # % 5
(SMA1000) , fb 2 4l , R H i 5 g A 2= R )5 W
PRT G - ol s Ll 25 48 85 38 A1 AT BR 2 &5 B &
A, TR A RS WA PR A A = OB
SAPCH .

(2) FFALL : XK-160 B I il R R ML L 45 M
R KA 5 LA A B A R XLB-25 #5746 £k
Bl N TR &R 56 ML A PR A ] 5 XWW-20A #Y
Jifg i B L, R A d R AL B A R A Al
MM4130C2 BT F i A A, b 50 3R i £k T ALK
SCE T AT B MR . S-4800, H A H 72 H.
1.2 RABEE M WSR 44 &

SR Jy (B & {3 ) S NBR100 g; B fig i@
1.0 gs Al 1.0 gs BALEES. 0 g5 257 CZ 0. 8 g;
B &7 0.5 g; SMA1000 5 g3 AR T HE 15 g5 i &
15 g;EDTA-2Na 12 g; JR % 0.3 g; DCP 1.7 g; &
#50. 3 g; Bk S.IPDI/PEG.SAP ¥ 75 .

¥ NBR A 572 TF B AL % 8%, A SAP,
SMA1000.S il DCP. Bjj & #|.PEG.IPDI.EDTA-
2Na R T 0 o B R BE IR AR L A 0 | fE it
I CZ AR F R IR R4 5] il 5-7 S T A,
PR A 8 h I 78 A AL AL 1 i 47 A5 78 g
16, BT HCE 24 h 5 g .
1.3 MAemiXs A4

(1) B 7K 4 fi 3k

HGE S WSR R EEIR A 8 K e —
E B R SR T R K 3, FRE IR IE SR, B
W KA 2R (Sy) M e R (D A7
M, —M,

M1

A DO HF M, M, KRG SR IREE G TR

(2) J1 5 g ik

s GB/T528-2009¢ it Ak 45 fise 5 #4981 AR
$ir AW 0L 7 07 A8 P R BRI RE ) L oK WSR R FE ol Sy
115 mm X 6 mm MR, $7 433 % % 50 mm/min.

Sw= X100 % (D

2 #ZRE5iTE

2.1 FRALRE M E

B 1 A [ Ak i R AR I i Ak ith 2. F 1A
1 A[%1.140 °C (150 °C FF i iy il £& ) 1F 8% £k S 5.3
KIH,160 C~180 °C XF nj fh il £ ¥ B AT 8 K A9 B
A3 (0 170 °C R B0 42 L3 W L )5 A%
Jie M i B . A1 5 180 °C BNk 2 At 8 J3E 2k B, S )
FEAR SR 4. TR N 160 C B, P A 1 B A0 R B B 4.
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TESCIR BT AR 73 th 4B S B IR 25 4
TSI A W 5 B 2 1) S IR A ) e B (]
F8 ¥ B0y, AR I ) Ak 1 A 32 I S IR R R o i g
s FLAZ BE T B AL P 3 B b K AR AT T e
I T AL REAR XL 57 o BOA BT A& R 164 160 °CoH
BAER B IR

7

6L

Torque /Nm
N

[#5)

—&— 140°C
—e—150°C
—a&—160°C
—y—il702E
——180°C

N
T

—_
T

0 5I 1|0 1I5 2IO 2|5 SIO
Time /min
A1l #ixsmibw LA
2.2 AALH A A WSR AR a9 #

TER I b 0 A P o A v FE AR 2 1 JEORE
NS FC A7) DL v RN A AR I PR L I A R Ak
TG o JEA 8 i PR 235 44 728 BT DR 235 44 Tt £k 751 1)
MR e R IR AR EERNE. K 2 R
B Al 35 FH 6 WSR B /K A5 280 7 24 P BE 1A 52 M.

500
a |-=-01g
——03¢g
400 +0.5g
—v07g
——09¢g

Water absorption ratio/ %

[u=y
ol
=1
T

0 1
1 2 3 4 5 6 7
Time/d
Ca) G A7) Pk T 4R T IR () 0 W 7K A 25 £ R
4.5
4.0 | b /l
F35F
= a0l S~
3.0 =
:ED 2.5 I~ —m—Tensile strength beforewater absorption|
90 —e—Tensile strength after water absorption
E
z) 1.5
3] R e
= 1.0 - —° \.\.
0.5
0.0 1 I I I I
0.1 0.3 0.5 0.7 0.9

Sulfur /g
(b) WAL 4% WSR H7 27 78 BE 4 5% i
B 2 mAF A Z A WSR 4869 %

& 2 Ca) AT 7 — 5 B A AL RF[R] L 160 °C A B
AR T o BEBT AR 2 A9 38 0 2 7K % ik A Ji Wi 7k
PERE I 56 L FH)E T B A i 34 302 I Ol B 45
T P B 3 A JE T O 2% % T T K 5 K R
AR I 2 B A R 4R S8 i (0. 5 @ B AR
A S 16 BE 2 — A5 38 L = 2k R 465+ TN 350% L K 4y
TS5 1535 oK PE REA B T .

F L 2(b) AT, i R 2R v st A 1) 38 n L R
JiEor Ao J3E e 4 I e 30k PR Dy B 2 4 2R v Ak P
I IR E R I AR ZR 2 B 5 5 (H 2 A e
ML 0.5 g B, fb 27 S HK B 4k S 38 i, A5 4550 0 4 500
b AN BE NS I 51 R 8, TR S 1) 1 24 1 BE R
IV 2552 18 AR SR R R M 0.5 g
2.3 RAB PU & A Ex WSR Hakad%m

& 3 2 PU FIH%F WSR WK A% 3 K Jy 24 1 fig
fsZm. HE 3 W EH LK E PU MG £,
WSR B WK A 250 38 0 J5 i /b, 24 PU Y & N
15 g B . WSR By MK A8 e i i ih 3] 413 %, A
W PU B WSR M KAE IR T 4.5 1% W&
PU 340, T 55 I K 43 % (8] (49 A0 B4R )
W A AR AR S o F 2% 2 Ak, KAy T
Syt ARG AR Z i & A K. WSR R I K R ik
fR B2 PU H &t i) gk 22 3 mAS & B -7, ifi &
B — R ME. R oY PU A & & i, K ik A
R ) U TE A K, W K R BE 45 5 DL OK IR R Ok
M3 WSR2 K I ik A5 % F B

HE 3(b) A . BiE PU H & 3% Jin, WSR
P4 7 e B L 0 39 A U/ B . 5 AT R in
AT A B B WK i SRR A R B s — 5 4
YR S N R AR I R R (N
T B T ¢ SR AEAR TS B 1 0 B 1 0 B P9 B R 3R
AR TS E TR AR A X 4> T AR R
B2, H PU 7 B A % 21 84 9 (9 1E H , BB 8 1%
AR o F AR 1 R R % PU &= B 8K,
IR VE FH BRI B S, O R B S R R
PLE BRI PU EFER& N 15 g

500

al=0g
—e-5¢g
400 (—»10g
—v15g
—-20g

300

N
o
=)

Water absorption ratio/ %

=
o
(=]
T

=]

> s 4 5 6 7
Time/d
(a)PU JH 45 B 32 0 B[] % W 7K A 4 1y 52 1)

= |
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4 ) ¥
4.5
b
4.0F /-\-
€35}
2
e 3.0
o0
525} —a—Tensile strength before water absorption
=
o 20F —e—Tensile strength after water absorption
'.,_‘é
s 1.5
=
1.0 e
., e
0.5 1 1 1 1 1
0 5 10 15 20
PU content /g

(b)PU &% WSR 1 2= Pk BE 4 5% i

A 3 PU JAEx WSR I A 49 % vk
2.4 FHBEARANE SAP A & xF WSR B4k 49 % vk

F Pl 4 Ca) AT B2 o WK A4 e SAP &= 1Y
BN, 2 38 7K B AR 1 W K R T R I S RS R
t T SAP 4 84 infli WSR 89 25 45 #9373 9
J&H R TR AT WSS, R K& TR
WK RETT.

500

a = 0g

'S
o
S

N
=
=

Water absorbency ratio/ %
—
(=3
=

Time/d

(a) SAP JH 4 S 32 0 Hsf 18] 5% IR 7K A% 356 194 5% i

4.5
4.0 b
& 3.5r
‘EE 3.0F
&0
§ 2.5
» 20}k —a— Tensile strength before water absorption
% ’ —e— Tensile strength after water absorption
s 1.5r
=
1.0F
0.5F ./—0\.\.\.
O~O 1 1 1 1 1 1 1
0 10 20 30 40 50 60
SAP content/ g

(b)SAP JiI Rt WSR 13 #E B 1 5 1
B4 SAP A& WSR b 4k 6 % v

H1 &L 4 () AT - B 2 w5 W KA s T 1 i 3 2
TZ MR I 7 A B R A 3 i S RIS AR SR AR R v
T Je A g b i 700 AR 5 L (R e o B v 23
AL o PR i A 2D i s WK R S A AT LR

HFE LMK T WSR A S am . 85 = K B IR 5
T AR A 25 22, B R WK AR i R 2D
KWK B B 5 T AR IS SAH 43 2 o 3, 2 2140 )
ik A% TET e 1 22, e iR B SR T R R A S
KPR RE R ] S PR AT ST AR R IEFE SAP (B4
&R 30 g.
2.5 BREEIHN

HISICVNCINEE: &/ IPSIEE =1 ) SN
100,500 1 2000 £5 Wy L BE 1. i 18 5 AT LA R
HEARS Pl 25 4 S BROE HL 3R T RERE , 2 1 AR K, AT 1Y
T 5 K v 2% 1 AR A R T R 8 K R ik
B

CO TR RAG L 2 000 F%
A5 wBRA s 5E
&l 6Ca) . (o) Ce) 43 Al 2 AN TS I i 7K B g 1 4%
JEE BT Y 30,100,500 A4 FLBE 5 (b) L () L (D) 43
) SRy S e K AR i B AR I BT TET Y 30,100,500 £ 4
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i BT P 6 FT L RS IR I A AR DB T A
T /INEL BN WK R B AR I BB T 2 i DD
SAP B JiE FUFE 73 B AR B 0 265 v o A5 I W TvD S

(a) TR 30 % (b)Y B 30 4%

TR 100 £5 (DK 100 5

(e)JHK 500 fi% (HHUK 500 £%
B 6 AR KA RE AR S e R KA
Re A% Ak 09 B\ 2 5 2 4L

3 At

(DR R B EAEALIRE S 160 C 284 WSR
W K P i T o 2 i AR 9 4R 2R R 45 AN AR B AR
FER & R i ALH) S 0.5 g.PU 15 g, SAP 30 g.

(2)SEM W [ il SAP 4 i 45 # 2 3R H %
TEPHLRE L i A SAP {15 WSR ¥ 1fi 2 1 s 20 5 A

&%k
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W B RESFAEF RS 4P B 4 A R RS E M E A £,
A TREEHMLE FAZ HFRAR REAFOFLE - F R AEREARAT A EE
AR VEFERN HEGRAH AL RAEKEAETIE METRELSKBERESFZRAGSHEE
KA R G . ZBA 130 C/16 h HAMEHRER T . ZBRHEELXEXH AL 10 mL A
M. T4 5% NaCl,0. 5% CaCl, 5% % £ F . MIEHEF ZHK B Z2H 55K E 0. 114,
0.017, &A%, AN £ WS K I RK F 4T 8 WA R0, 2 R R L 4 ik R B2
BT R HEMHTHEERXERT 89%, i 2 XL H F AL E K.

K KA I KA iR BEAE; £ AEM

FESES  TE254 XHERFREARD: A

Experimental study of water-based drilling fluid with high
cuttings-carrying capacity for extended reach well

LI Xiao-rui', ZHANG Yu'?, LI Bao-jun®’, ZHANG Jia-qi’*,
HUANG Wei-an®, ZHONG Han-yi’

(1. College of Chemistry and Chemical Engincering, Shaanxi University of Science & Technology, Xi'an
710021, China; 2. Changqing Branch of Drilling & Production Engineering Technology Research Institute,
Chuanging Drilling Engineering Company, PetroChina, Xi'an 710021, China; 3. College of Petroleum Engi-
neering, China University of Petroleum(East China), Qingdao 266580, China)

Abstract: The extended reach well drilling fluid technology was the key to extended reach
well, because it involved friction, borehole stability, hole cleaning and other problems. Poly-
amine water-based drilling fluid had good performance of inhibition,lubrication and environ-
mental protection. This paper focused on studying optimization of extended reach well drill-
ing system in order to improve the efficiency of transporting cuttings, which was based on
studying new drilling technology and drilling fluid technology of extended reach well. Ancho-
ring agent,inhibiting agent, fluid loss agent, anti-caving agent and lubricant whose parame-
ters met extended reach well were optimized by taking experiments. HTHP filtration volume
was less than 10 mL,with resistance to 5% NaCl,0.5% CaCl, and 5% soil of inferior quality
pollution; extreme pressure lubrication,adhesion coefficient was as low as 0. 114 and 0. 017
respectively; the performance was stable after rolled at 130 °C ; the performance of inhibiting

shale hydration dispersing was well. After evaluated by indoor simulation experiment de-

x W Fs B #3:2018-02-15
HEE2WMB :HE AR #EESTH(215401D
EHE B v 25/ (1958 — ), 22, T g 1 PHN L 380452, W L IR 5 O 1) < A5 0L B s 43— Ik T B 70 1) il 4 B o R
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vices,the results showed that the efficiency of rock transportation was more than 89% ,and

met the demand of large displacement well hole cleaning.

Key words: extended reach well; water-based drilling fluid; efficiency of transporting rock;

indoor simulation

0 35

HT T BB BT P 47 o 5 ol i AR B 4R e R R
RALFEIHHARE BN A1 Il BRI % b i) 3 2 HOR
SCAR AT — Bl A 2% S5 AR B IR EOAR  X Al  E fE
BORE L RS I 5 B R DA G B B AR
HE AL 15 T BE AR GE L OF IR A0 R0 o ANl T
RALAE K F-RE 7S KR AR K 385 2 TR AL LE B
FOM R L By I e JE R T B T A AR A L
FLAESE W R ALRE I AE AR R ). Okrajni 555 P A%
SFUIIN T AR JE R A T B R B R R S B L T
- MR A ARCR, AR 09 U0 3 R D) T R B4 A O RE
4 v 15 2 AR AR R L B A B DR R 08 L K
BEIFRO L gz e PR RE K S B T T
00 790 AL L B TR R 9 7 2 2 L B A A
SR P BE 7 AT 45 R OR EEOR S8CR 5 A B Al
HH 2 I P R AR B I AR . ] A DR A B T 2K S B T T
TR 5 ESMA A — g 220, Qb i T 5
PERERC2Z . 1 29 1 7K & Bh IF AR KA RS I b 19 1
FE,

RAE R Il I 000 B AT 19 P BE < 2 DRSS
SRR AN U7 iy R R AR F RSN N
(I L (DAL W P o Y U NS E P SE PN
R BL KPS B #5 55 2R L [R] f H % — 52 1)
TS P P A0 A R AT T G L AR S i Py S
G X KA AL H- 48 e [ AT e o 0 496 G £ D05
) T ) B 1 o L D R R M T — B R RE KA
P I BE B I ifp TR 17 10 90 A0 o AR R R AL,
A SR A AR 2R RS A PUTS e R A (R I ET
T 2 KL RS I I MR A 23R % LS KA B 4 T
BT R BA—ENSFEHH.

1 REUBHKESFBEFTRLNL

i

1.1 EZZRXAFNE

(D EFIRH . BRI XC, KRR EMREY
PF-VIS. #8437k fift I 5 4 B e PF-PLUS, BN #&
W PAM, IS, R Y 2L 27 4k R i CMC-LV 5 = Kl
ER WP I 4 E CMC-HV, AR B 5N th £
JeE Y SOAST AP MAN-101 , 9 14 25 76 9
F FA367,, IPER T RAEWIEIER T JT-888, K&
YIREUE R A JT-1, bi i I8 R A PR U8 257 AP220,
itk T T R IR SMIP-1, Bt /& Bt b 1 g 2k )
SHO-1, S B e 1= Tk i i B2 9 2% 37 CXA-1, 48 54

JiE SPNH, fif: 5 b7 35 [ 08 26 1) SF, 48 452 8 ik 2 )
CXB-1; [& ¥ ¥ 7% HTGR, GR-1, & {4 i ¥ 7
SY-A07, A B S R ) SD505 5 628G 11
H B WBF-1, FHE F i & 8 YK-H. K26
P B e ) GLA L K2 56 BH 25+ b7 33 7] WET-
666 MKZEEE MY DYFT B LI FT-1, 409
# DBF-2. 2 & & RBE T REY FA-367. 1 KB M
SDPA, 1E H P F BE £ e 71, 2 S0 BE Bl 38 71 SYP-1
%,

(2) FHAL % . GJSS-B12K 55 di it $EHL . U 3
gk B 2 AL GGS42-2 55 I8 5 TR 48 K AL L NF-1
e e R RGBS T 5 6] R A TR AR AT B |5 R
T E G R AN L I 3 38 B AR A PR A 5
B A7 0 R 2 (AR 2R YR 2K O =8 8 0 19 KA B8 R A
UL 55 6 2 A
1.2 R mAK L

P4 % R A 37 ol 60 T AT 14 RGBSR AR
TE LB R 4R ) A o 0. 5%, I Ik 4% S 5 K
120 “C/16 h ZALETE 1Y 2 RS BE AV | 5P Rl B
PV EH) /44 1 G107/G107, 3 DL 2 A B 5 30 9 1
T /g, @ H R B AR R

M 1 AL PAM . JRIR A @, {55/ FEAIRER
RGN ANBEE TR A E s CMC-LV &4 K
H 3% /N ; XC L PE-VIS & PF-PLUS 78 H:3¢ th
M E . @y fB 58 K, 43 /K i R T3 I ik B PF-
PLUS i i % 4, & fL Al 5 90248 AR fh 3/ L 4l 1k
PE-PLUS Jy ok 4] 5.

=1 OEHERUIFMRELER

AV 1Y% G107/G10

K P3G D
W i /(mPa * s) /(mPa -+ s) ’ /Pa wo/kp
xC AL 27.5 11 21 97/123 1.53
XA 37.5 21 7 26/31 0. 80
AL T 47 14 23 87/102 2,41
PF-VIS z{tﬁf - o
e E 37.5 19 13 51/72 1. 00
i 20 14 4 31/72 0. 44
PAM E AL 3 /
EA A 48 31 9 41/112 0.56
. EALHT 35 22 5 26/128 0. 60
B . - R AR .
XA 39 17 9 36/46 1.32
e Ak i 2.5 56/87
prpLus G T 32.5 7 11 56/8 3.72
XA 42 22 8 31/46 0.93
i 28 15 15 72/194 0. 89
cmery 2 ’ > .
R 39 25 9 51/118 0.57

1.3 BiExALie

LAY Rg i 37 30 ik 300, AT
ESLFNE L, LL 120 “C/16 h ZILJE R API 4k &
HFEH AR R.

SIS I RTI S I 377 Sl [ LA /-3 N
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ZE/INERAF R AS I 5 208 AR K 2R B T IS R AT 5 © 89 -

MAN-101,FA367.JT-888,SHO-1,CXA-1,SF &
g g B/ He b ek SRR B DR 2R R SE AT Rl
URL IR 25 28 T L B BUBUR B IR DR, AR 8 R 4, (W)
A HLEE > T LA = S RE L B IR M A FXE Al
FEUBORE BE 52 8 /0N o Sy 0 o i 51

o
O“LX\

N A E e s 10 b N T S 3 R
SR L N I e

B 8 22 R
B1 MEiAfELRLER

1.4 R HEF A eg ik

PL“4 % g 3% 400 mL + 0. 3% PF-PLUS
+ 0.6%JT-1 + 3%SD-101 + 3% %k 4 17 3 K g
B SF + 10% NaCl” Ry 33, LU 2 %6 i 7547 18
TG IR A 52 B9 120 °C /16 h ZALRTE 1)
T AR U8 Sk R W L O DAIE i R RO £
G 5.

FH & 2 AT A% H I R SD-505 £ e 4% 14
T A Al T b A ROR R R L DA T e T JEE 42 T R T
B SD-505 11 &l W 2 Ak i 5 W W &R Eo N gy
S 0. 1449.,0. 1226, BE £ SD-505 1 A 3 48 1

.
0.20

0.151

% 0,10}

i,
A

i

0.05F

0:00 HJ4 HTGR GR-1 SY-AQ07 B4 SD-505
b 2k v A
B2 HEEAKLER

1.5 33 EBHAMLL

PL“4 % g + 3¢ 400 mL + 0. 3% PF-PLUS
+ 0.6%JT-1 + 3%SD-101 + 3% %k 4 17 35 K g
P SE” Ry 3 0L HE AT B % 25 B 88 R AL k. D
120 °C 1Y fen et e F 8 2K 1 Oy £ 55 AR A,

i & 3 AT AL DYFT FERE AL U i 3k fily b B2 4
TSR N LAY AN AR W B SR AE AT A

IR TR P RO 3 JZ B4 I B L BS I DYET
P14 S 6 3¢ 14 v e g s B 2R R /N 13,8 mL
A AL DYFT.

20F

—_
%))
T

il E YRGB/ mL
o =
T

0
4 WBF-1 YK-H GLA WFT-666 DYFT FT-1
3 2 By 5

B3 HEEBRAKLLER

1.6 T 474 AL

e FHE 2 98 00, B 0 LG 0L B 2~ 5 mm
EAE A 350 mL i K R R HOR A 2 b e
H A 50 g B 2B B9 A FE L 120 °C R BGR 16 h.
AT B WAREIA 40 B 07 R 5 8, HE T % A AR
HLOPR R, W TR TR AW FA-367
HAT IRy 7 A BH 8 - JE AT, 3% 3 TR A ) n] e Jie
J B 2R 1 UKL I i s 18] 0 SR 25 4, 38 5 A 2
FesE vk, BB 4 AT, FA-367 359 U ISR i
L HUA IR R S RN B R E T REY

FA-367.
30

[ EnER

20F

P/ %

10F

N @l o 3" 53
;! o 3 e
R QR I
o9 o? 4R o W S o8

G e o
o5 A3 *

TUFT A 7))
B4 TapeiitsdR

1.7 KRAZA R A 4L AR 2 EAL

DU LR 400 1 V% Ak i ) 1 T A8 M L AP
B R A T T R B I R R B R A (120 °C/
3.5 MPa) K Ue VF ki i 2 %1,120 C &4k 16 h, I\
PRk M RE A R A IR R

PUER T F

Bih 1:4% Bz £ % + 0. 3% MAN-101 +
0.3%FA-367+3%SD-101 4 3. 0% ik 96 b7 15 % &
RFH SF+2. 0% DYFT+2. 5% He & i #E 7] SD-505
1. 0% [E M43 ¥ 7] GR-1.
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Bel 2. 4% W + % + 0. 3% PF-PLUS +
0.3%FA-3674+3%SD-101+3. 0% & 26 7] CXB-
1+ 2. 0% DYFT + 2. 5% #% g ¥ 5 SD-505 +
1.0 % [ A 1 1 GR-1.
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Study on characteristic parameters and its influence on
typical curves of two intersecting leaky faults

ZENG Yang'?, KANG Xiao-dong'?, TANG En-gao'*, WANG Xu-dong'**

(1. State Key Laboratory of Offshore Oil Exploitation, Beijing 100028, China; 2. CNOOC Research Institute
Co. , Ltd. , Beijing 100028, China)

Abstract:In view of the fact that the current study of leaky faults does not take into account
the effects of two intersecting leaky faults. Based on the point source function, by introdu-
cing the concept of "specific transmissibility ratio" and the mirror reflection method, well
test models for a constant-rate well in an infinite reservoir that contains two intersecting
leaky fault with different angles are established. The typical curves are drawn by computer
programming, and the characteristic parameters of intersecting leaky faults and their influ-
ence on typical curves are analyzed. The results show that the smaller the "specific transmis-
sibility ratio" of the fault,the worse the connectivity of the fault. The angle 0 mainly affects
the height of the third horizontal section of the pressure derivative curve,and the smaller the
0, the higher the pressure derivative curve is. The greater the Y value, the farther the distance
from the well to the second fault ,and the later the time of the pressure derivative curve rises

again,the smaller the leakage coefficient R,the better the connectivity of the fault.
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RESES:TE3SS XHFRER: A

Estimation method of natural water bodies in the fracture

cavity carbonate reservoir

LIU Xue', ZHANG Zhan-hua', HUANG Jing?, WU Chun-xin', ZHANG Bo'

(1. CNOOC Tianjin Company, Tianjin 300452, China; 2. CNOOC Research Institute, Beijing 100028, China)

Abstract: Considering of the complex internal shape and structure of the fractured cave car-
bonate reservoir,there is a few better matching plate for calculation of water influx. By com-
bining the reservoir characteristics of this type of reservoir and based on the equation of res-
ervoir material balance,considering channeling of mathematical model is established. Solving
the equation by Laplasse transform and Stehfest numerical and plus the production history,
basic parameter of reservoir of Bohai x oilfield,it is calculating the natural water bodies of x
oilfield. Through comparison and analysis, the results by the reservoir numerical simulation
method are consistent with the calculation method of this paper. But the reservoir engineer-
ing method has the advantages of fast and simple. This method has a certain reference value
for calculating the multiple of water in similar oilfield.

Key words:natural water bodies; carbonate reservoir; material balance method; analytic so-

lutions; production history
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RESES:TB321 MEkERAERD: A

Sintering and mechanical properties of lithium

disilicate glass-ceramic

ZHANG Pei, PENG Min, MA Ning, LU Jun-jie, ZHU Jian-feng

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

Abstract: his article is taking Li,CO;,SiO,,Al, O;,P,; as raw materials to prepare lithium
disilicate glass powder,then process for preparing glass ceramics by sintering was studied. By
XRD and SEM analysis it is found that lithium disilicate crystals precipitated in all samples
sinterd at different temperature, porosity of samples gradually decrease as temperature in-
creases,and dropped to 5. 72% at 940 °C. But at 950 °C , the glass began to melt,some of lith-
ium disilicate is decomposed to be lithium metasilicate. Interlocking of rod-like lithium disili-
cate crystals provide good mechanical properties,and bending strength of 920 ‘C sinterd sam-
Ipe is 257 &= 26.8 MPa. The grain size gradually increases at higher temperature, then local
inhomogeneity of the material increases, which lead to decrease of bending strength, but the

1/2

fracture toughness is improved,that is 2. 49 4+ 0.09 MPa » m"? of 940 “C sinterd samlpe.

Key words:lithium disilicate; rod-like crystals; bending strengeh; fracture toughness
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Preparation of cordierite by melting method and solid-state
reaction method and comparative study on its properties

ZHAO Yan-zhao', HE Yun-peng', HU Zhi-min*, ZHAO Shan', YIN Hai-rong'

(1. School of Materials Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2 Dahe Ceramic Materials Co. , Ltd. , Weiyuan 642450, China)

Abstract: The quartz, bauxite and light burned magnesium oxide are used as the main raw
materials which the cordierite glass-ceramics was synthesized by melting method and solid-
state reaction method respectively. The structure and performance of the obtained samples
were characterized to explore and compare the advantages and disadvantages of the two kinds
of processes. The results show that the melting method can precipitate a large number of a-

U after

cordierite phase at 950 °C,and the coefficient of thermal expansion is 2. 23X 10 °°C
crystallized at 1 000 “C for 2 h. However, the solid-state reaction method can precipitate a
large number of a-cordierite phase at 1 300 °C,and the coefficient of thermal expansion is
1.46 X107 °°C 7! after crystallized at 1 350 °C for 2 h. In addition, the synthesis temperature
of melting method is nearly 350 °C lower than that of the solid-state reaction,and the range
of the synthesis temperature is wide. But for the melting method,its preparation process is
more complicated and cost is higher.

Key words: cordierite; melting method; solid-state reaction method; thermal expansion coef-

ficient
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TR, FEF, HAE

R T - 4
(B P RHE K MORMRLE 5 TR BE . BRVY P4 710021)
O OE. ) TIO, MEABR . R ALFXREEHNET — LALLM TiO, @CoAL O,
A 4 A AR XRD,SEM, TEM Fe % 50 T 4 08 B3 5 547 X 5 Bt 2 dh Ak 25 My oL
T 50 7T B SR Ae i 4r S R G R AT T AR, 25 R & . TiO, @CoAL O, 24 A2 b4
LA TiO, HAe R & &2 CoAL O, AR, TiO, MIFERIRIE T F A A B A B4F 09 31T T
MABALY M. B A FA A4 547,584 #0624 nm 4 H ZABME, X5 CoAL O, HH#
B — 5, B b E A A 2 CoALO, 2 EWMIEE &R, A4 R FYELIFRHEH
65.92% .8 B 1 CoALO, AAR ST 16.4%. AN LA R FHEastRHAESTER
BB AR BEWE A LR AMBETHET 3.00 C, AR EMMAE.
K TiO, @CoAlL O, LA A ; HLLr s R4 Fa#h
FE S ES TB332 XHEFRERD: A

Preparation and near-infrared reflectance properties of
TiO, @CoAl, O, complex pigments

HE Xuan-meng, LI Jun-qi, NIU Li-jun, WANG Fen, LIU Hui

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

Abstract: The TiO, @CoAl, O, complex pigments with core-shell structure were fabricated by
chemical coprecipitation methods, using TiO, microspheres as template. The crystal struc-
ture, micromorphology, absorbance in visible light and near-infrared reflectance properties
were characterized by XRD, SEM, TEM and UV-Vis spectrometer. The results show that
TiO, @ CoAl, O, complex pigments were consisted of rutile TiO, core and outer spinel
CoAl, O, shell. Since the uniform TiO, microspheres used as template,the complex pigments
present good spherical morphology and particle distribution uniformity. Three absorbance
bands at 547,584 and 624 nm in the Uv-Vis absorption spectra of the TiO,@CoAl, O, com-
plex pigments were corresponded to the characteristic absorption bands of the spinel
CoAl; O, ,which resulted in the pigments with a bright blue hue. The average near infrared
reflectivity of the complex pigments is 65. 92% ,and 16. 4% higher than commercial CoAl, O,
pigments. Compared to blank coating, the coating colored by the complex pigments made

glass state temperature reduce by approximately 3. 09 °C, which has obvious heat insulation
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Key words: TiO, @CoAl, O, complex pigments; near-infrared reflectance; thermal insulation
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A AR AR AR, BEVE R 712099)

W OE AR R HEFH LA LR B/Sm B L2 AB R BHKR. BT X 4
Z AT 4H(XRD) A Zob 4S8 (FT-IR) %8 R R (PO FHA T AR S B LT REMB L
TABABEREHRENAR RGO A, XRD 2 EREAW . H X B.Sm A7 4E 4k
A AN EN EBHE—EH .M SmBL BN S . RARBREZ A S ERKG TR
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RESSES TB34 MEARER: A

Preparation and luminescent properties of B and

Sm Co-doped hydroxyapatite

QIAQO Yin-po'?, LI Ming-yang', WANG Da-cheng*, SHEN Peng?®,
ZHOU Qin', LI Xin-yu', CHEN Pu', JI Tian'

(1. School of Materials Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Irico Group Corporation, Xianyang 712021, China; 3. Xianyang Yinghe Electronic Materials Co.
Ltd. , Xianyang 712099, China)

Abstract:In this article, B/Sm Co-doped hydroxyapatite powder with luminescent properties
was prepared by the chemical precipitation method. The effect of different doping amount of
boron and different doping amount of samarium on the crystal structure and luminescent
properties of HAp were researched by XRD, FT-IR and PL. As the XRD spectrum shows,
there were no other complex phases after HAp doped. The PL test showed, when the boron
is at a certain amount, with the increase of Sm doping amount,the fluorescence intensity was
increased and then decreased,the concentration of Sm is about 0.5 mol% when the fluores-
cence intensity reached the highest;the fixed amount of Sm doping. Co-doped luminous in-

tensity with the content of B had similar changes. After the amount of B reached 5 mol% ,the

» Wr#s B #:2018-03-27
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fluorescence intensity of B/Sm Co-doped sample decreased rapidly. In addition, the fluores-

cence lifetime of codoped samples is also affected by doping,showing corresponding changes.

Key words: hydroxyapatite; B and Sm Co-doped; luminescent properties; luminescent life-

time
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PRIT B.Sm WA [F] 5 A i X B il 45 4 R 92O 58 B2
AR R ] o 308 0o S 3, RN 5 R W K 4 A O A B ROk
B R T AT

ill}

1 TEEH

1.1 #HeaH&

A2 55 A DU K A8 PR 85 (Ca(NO3), « 4H, 0)
FIE R A — % ((NH, ), HPO, ) 3k il £ 5 L 8 JK
AR VE R B IR MR 24 Sm 8 s Mk 2o
5 mol/ LI AL # A WA pH 4 19 57, 28 18 K AF
s L A R4 A BT 4 (99, 924D

S SR FH A 2 T VE 15 ) 4 45 2 R Bl K A R
it s W0 B ) AR SOy 5 B A = (D s
xB; O; +(10—x)Ca(NO3), « 4H, O+
6(NH,), HPO, +NaOH—
Cago-o B (PO, (OH), +12NH,NO, +
NaNO;+H, O (D

SCE FEPBRANE G, i 4 0 AR
Ca(NO;,), « 4H,0.B, 0, F1(NH,), HPO, % JF B
Tl KW, 2 IR T SR AR ER L BDRE E R i W TR
G HEBETHAGARHILME. Hrh,Ca/P=1.67, HHk
FER 5 mol/L ) NaOH {EW 817 pH 2 14, I i $F
1 ho K IR AW 80 “C T HRfk 24 h, i T
g IS % B A AR, SCae it an gk 1 fr
8.

x1 HEHEMEER(FEM:g)

Sm(N();)g Ca(N()g)z . 41‘[2() H;B(); (NH4)2HP()4

17 0.08 11. 29 0.03 3.51
2% 0.08 11. 06 0.09 3.51
37 0.08 10. 83 0.16 3.51
47 0.08 10. 60 0.22 3.51
57 0.08 10. 37 0. 31 3.51
67 0.05 11. 29 0.03 3.51
77 0.08 11. 29 0.03 3.51
87 0.17 11. 29 0.03 3.51
97 0. 20 11. 29 0.03 3.51
107 0.25 11. 29 0.03 3.51
117 / 11. 29 0.03 3.51
127 0.08 11. 29 / 3.51
137 / 11. 29 / 3.51

A5 00 2 R K A B A LE 3R b b R AT A
BRSO FHER AL BE S 5 °C/min, Tt MBS
TR 800 “CJafRE 2 h, GRS HI E =R,

1.2 X5 &4

K H A #2420 A\ AR 77 B RS A D/ max-
2200 Y XS 2R A7 S A 0RE 5 2544 . F Cu
KRR X G2k, 20 W Rl 10 “~70 °, f#3 BE 2
8 °/min; il F-4600 55 43 5t 5% BE 1 X+ 5 647
FEE R IEI R L e b == 800 (RMS) , 46 I 31k K- 15 ]
2 200~900 nm H R Wt Bk B &S 5 i 18
[ BRUKER 2\ ] 4 77 1) VECTOR-22 # f# 57 if:
ARG 21 AP S TE AT A i HEAT 25 R4 I A, U0k 5 A S 1
9 400~4 000 cm 'L PEEA A HEFE R 1 em .
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2 #FRE5ITE

2.1 Hath X HFEATH AT

1107 (117 (127 (137 FEARAY XRD &3,
PR 1 0 XRD AIAHT, 137 R4l (1 52 L 0 K A K 5
TE 20 297 26.0 °.31.7 °.31.9 °H1 32. 4 “AbAYRBL
K7 S0 L 43 I 197 3 (002) L (102) . (211D FI(112)
fm I, 5 200 72 Bl K A B9 AR o R - (PDF 09-0432)
X H—3127 HHE Sm 2 5 BIRE & I B RE A
= (A S 0 0 7 55 R 1 X L R 8 e — B
X F W] Sm 15 2% Xt F2 FE B IR A7 1) 45 A6 B I 55 /).

117 2548 B ZJ5 R RE 5 0 B3 B & 0 5|
NS B TR R AR W 0 3T T I AR R R A T — e R I
A%, 107 58 B.Sm 48 2% J5 W #E f 19 XRD &
T R B AT S A R A T — RS L i Ah , HH
B RS 117 H SR A 2 —3. T
FRIEWE K A AR R 7S T fh R I S A R 25 A, Y
B (B F k4% 0. 027 nm) WAL Ca®F (B F2F &%
0. 099 nm) A 23 fff 55 55 3 i IR A7 245 4 10 b A 2 2B
R AN o L1 N B o R i
N S g R AR RN E B 1Y
B H A R AT S 0 1 iR R ke A AR Ak

1 A Ml A Aaiann =

11*

j ” L.A A A aran A
12°

J A M‘ A | W VYN

I h 13°
A ALAAAIA AN

PDF#09-0432
I |H | 1 Lol L |
30 60

26/ (%)
B1 107 ~13"4#d& XRD B

2.2 Hmeyirs kg ke

B2 J2 17 ~47 DL K 137 SR FEmi Ik 47 BE Sl 1 21
MG EL B R AR A 4 R iR 3h o XL a4 T
1100~1 050 em™ " (R X 48 9% 3, JE & 380 |
970~940 cm " O FR A 45 9= 3l A & iR S 20
PE) 1630~540 em ™' CRXFARAE M PR o0, 559) L 470~
410 em™ ' (X FRAE MR B, 59). B 2 WL ] J0
569 cm™ ' AbEBERRAR 0 B M R4 .1 050 cm ! LA
K1 100 em ' B 2 Ml TR AR B A X AR 1 4 ik 3 0
940 cm™ ' Ab 2 W B AR M X FR IR 45 ik B g,
1440 em "AbJE CO,* MYHR B, f il #5  FE K 7
it 25, Fp CO, 724 ,1 600~1 700 em™ ' 1 3 200~

Intensity/(a.u.)

3600 cm ' FE N RY 98 0 TR T K A% ik 2l
3600 cm ' A & OH Y HF fiF ¥k 3h W, T A8
780 ecm™'.870 em ™ '.2 002 cm ' A1 3 770 cm ' Ak
) U6 g T I R AR Y IR Bl 0 L 137 Sy 4l Y R B K A
FE il 4 B 2 A0, 7RI SE ) B K B  TE 42
A J5E PR 2l s 8L, JF L BE & 0 0048 A8, 3R

AR K.

j
el
J

o V\/\,\//\/ "
Q

=1

P =
= V\/\/\‘/ -

[2]

=

£ E=avd

= V\/\/\‘/ 4"

3

‘1%"v

1000 1500 2000 2500 3000 3500 4000
n/cm’

B2 ARG LILER

2.3 S8R AT R

K3 0 17 SR Rl IR AR ity B 96 TOR DG 1 F
PECRICTE. 1Bl 3 W, A S5 i £ 1Y B/Sm
WP IR LB A 17 HEATE 404 nm BUE T 7T
INE) S’ {97 AR A 5, Lk S U 7 g3 i A T
560 nm.602 nm,650 nm Ml 705 nm Ak, 43 5| X}
% Sm’ 'Gs > Hies'Gsp > Hyn Al'Gsp
= Hyp o Gy = Hyp B9 RE BRI, H P LG,
=" H,, BRIT MG TE 58 2 i K. Sm® ™ 30 7Y 52 ik 9
JRATHE R B CTE 4R F & L fE 606 nm 1Y
B WK R W & O % W ok i AL T 345 nm,
362 nm, 377 nm. 404 nm. 431 nm, 463 nm.
480 nm 490 nm Ak, XF BT Sm® " #9° Hs ), BELL 535
FPH: o V' Foo ' Dae  Grro S Py VFs e e AL
T B, RAFE 404 nm IR T BB B
R KOt

6000

4000

Intensity/(a.u.)

2000

S SR R & .
400 600
A/nm

B3 17 ZERBER BRI A KA %
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Sm® " BRI K B RE TR E N E B Af-Af HLAE
e R AT o AR AR T B A B ), () — 2 P A R R R
TR T HHASSFHRHERNASEE
TR A SO PR i 125 52 3 s i SRR AR B Y -1 BR
IEAE N e Ry RE S  H BE 560 nm BT Y 26O &
SFRRI Sm 7E FE T o5 B A3 AR X FRAS AL

B4 J& 17 8] 57 2 SL 85 KA R #2560 nm
606 nm 650 nm Kb (Y & S 6T SR . A 1 4 AT,
£ Sm Bk —a . fiE B B REN L, KR
W K A i 2 5 B S B T v R AR A R B L i
B AE 5 mol % 4b B (R Cay 5-B, ;-Sm-HAp) ,
A AE 1 mol Y04k . 5 ik & 4 P i

_m— 560nm
—@— 606nm
,; —A— 650nm
S
= A,.=404nm
g
2
5
0 4 8
B/mol%
B4 173 5" BABHR G S
8 B G IR R

K5 g2 67 2 107 1Y £ 5 ok K A FE AL 7
560 nm,606 nm.650 nm Kb K FOGIE R EE . 5 K
5 AL TE BB 44 BRSO A B (R Cay o-Bo, -
Sm-HAp) . Bi# Sm B2 @34 £, 32 5wk K A
it I R 5 B R R B S T e PR AR I e
BTE 0.5 mol Yo kb, Z5 3R WAE B i — & M1
ToREM B RO RN Sm B R EN
0.5 mol%.

—— 560nm

—@— 606nm
—A— 650nm

Intensity/(a.u.)

A ,=404nm

015 1.IU 1;5
Sm/mol%
B5 673 10F oy L HiEkE
4 Sm W45 A Wk FEAE — A BEAK Y 15 16 3G
I BEE OGO B I 22, AT DUA S0 4 o

AR Y e 280 2 R B2 EL > Y00 S v E v )
— AN FHE DL Aot b (B B R R S A L K
O H O ] B R ELAE 3 5, AS [RDE 2 e B 5 7%
WHEZ 7 . T AE B AL 3 1 G0 A A - Fl A A
P A - FEL DU 2% R DY - H DY G AH EOVE L R4S 3
G KOG BOR L R BEERE & Sm Yk I Y
T IR B L LA R B K B4

RS TR T R M eEILE . &
JCHFSE— & IR, 78 35 S 00 ) L & 0 9 4% — i M
U, X — S PR PR Sy R O S U el A e i
Je DA TR S YT 18 A i

Sm® " Y g M 2] H A 4R BOT R
=k (2) iR .

I, =1, « exp(—t/1) (2)

KO I, RPIARIS ] s 1, g ¢ I ] A8 28
SR 57 S A8 RO R Y SR I [

K6 K 17 2] 57 FE A 7E 404 nm AR P
T,606 nm Y & 5F i K< B AT WA L AR & AR D,
—'F, WA BRAT BB 1 O i AR Ak i AT L A
BE S DG v i £ An & 6 4 TR, B 6wl g
BEE B & it 3 £, 5 5L A R i Y i R
MV K B 7 molY B, 7R OL 5 4w ik B AR,
7 mol %6 UG X IF it LG . B i 20 1 mol Yo B
Ffr 2.1 ms B HAK S 7 mol Y% Bt FH Ay 1. 6 ms, 1
KT 24% kA,

2.2
5
s 1.
P D
20F e ]
g L
S o
n
= 18F
1.6}

1I” 2I" 3‘* 4‘“ SI#

B6 17 ~5"FmeRAHF PR FZREE

&1 7 2 404 nm BRI 606 nm Y A& 5T i
KpEA7T W b, 67 2 107 A9 55 35 Bk K 4 KE A
1, D —>"F, LR BRAE R G 9 O 77 i B i
RS A I = R o < 5 Wi 2 A S B 3 D N
B 7 AT B Smo & £, B S K A A 5
() 75 i B B, YR EE SR F 1. 0 mol X S . Ok
Faw A R0, &5 A 0.3 mol % i &4y 2. 2 ms
Fl KA 1.0 mol % iF A4 1.6 ms. K T 28%
A



TrBiBAF B/ Sm 3LB A BB B IR A7 19 ) # S ROt R e

+ 119 -

2.4 —
=1
& ¢
22} } M— 7]
q o S _8
;
E 10"
2.0
1]
ey
1.8
1.6

6" 7" 8" 9" 10

B7 6°3 10 R EbEFoRi TR di

A 2% JEPOTE L il 25 1 HA 26 M RE 0y 0l
BB R L K A K K. @ i XRD, FT-IR, PL
SEXTRE S HEAT IR, WF 5T T AR TR B & & AR [F] Sm
R ) R T KA AR T A ) A LA G
RS2, 3RS L 4598 .

(XRD £ W, 258 K A M #4171 B,
Sm (1B 2% 5 3 B A & g5 B iy AE k. 20 A I
KW FEST & 4 P BERRAR. MR R, OH |
CO,* ZF ¥k g 1.

(2)2IEMIAF B 748 Sm i 0.5 mol Y AN
BFL B B 45 2% i3 £, 58 0 5R BE SE T i R AR, 1
{EL 5 55 19 BL7E 5 mol Y0 i H B, RE 5 2 O A A 2
2.1ms. B BE1 molU A B Sm BIREML,
DGR AL I B T IS A R L A e R Y T
0.5 mol Yo it B, Wb AR W 22 HF A4y 1. 6 ms, #H
M. G EE BRE S5 mol% .8 Sm & 0.5
mol % A AER) B/Sm 5 4% 4.

2% Uk
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(BRPERHE K2 b2 5 LB B0F MR A TR = SHORE S 900 =, BRI /g4 710021)

H ERXAEREZERERTTFTLEHBBRAELS FNETHETE/BRALASRELAN. AR
X 4t & 474 (XRD) \ 3 & 4132 4% & 45 (FE-SEM) | X 4 & 8 & F 46 i (XPS) Fo 4 98- 7T L% B 4+
HAEE MR T BT R E M RATT R, EREN TR EGRET 5/ BB LA IE
WA ZRHE AL - T FTHRBR  EETRETT EOMATLS Y LHAREN  RET L6 M
N RE AR AL S B BR AR AR AL A BB R T A AF A B(RhBABHFFT LY. FRT R
R 2% F 5 7 B F 2CQDs/Ag; PO, (x=0.4~2.0 wt %) f£ 7T JUKX T 691840 I M 2k & A8 4L
FHEW, % m( CQDs ) : m( Ag,PO,)=1.2: 100 B, #7432 85 1. 2 wt%CQDs/Ag, PO, £ &
HAEACAHAH BB R B AE KB 60 min B3 Rh B 69 Mg & T A3k 3] 91. 6% . 5F B AT 4] &
09 A RARAAT A B A B A AL R 6 Ak

KB ET A BB AAokEAMHH; FHAUWB

FESES 0649 XHEFRERD: A

Synthesis and photocatalytic properties of carbon
quantum dot/Ag; PO, composite

FAN Guo-dong, FAN Miao-miao, GUO Meng, TIAN Zi-cun

(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: Carbon quantum dot (CQDs)/Ag;PO, photocatalytic composites were synthesized
by coprecipitation method using the CQDs,NaH, PO, and AgNQOj as starting materials. X-ray
diffraction (XRD) ,field-emission scanning electron microscopy (FE-SEM) , X-ray photoelec-
tron spectroscopy (XPS) and UV-Vis analysis were utilized to characterize the structure,
morphology ,chemical state of element and band gap energy as synthesized photocatalyst. The
results indicated that the composites possessed a cubic phase structure and did not change
Ag, PO, crystal structure. With the increasing amount of CQDs,the particle size of xCQDs/
Ag;PO, decreased. The Rh B was used as the target pollutant, and the photocatalytic per-
formances of xCQDs/Ag;PO,(x=0.4~2.0 wt%) were investigated under the condition of
visible light irradiation. The synthesized nanocomposites of CQDs/Ag;PO, showed higher

x WA B HI2017-12-28
ESTE . Pvi A BT R ORI H (2016GY-142) 5 BRVY A #0E T 5 45 5286 5 BT &I B (14)S015)
EZ BN S EMRA964—) B INTER T 28 A BF5E 7 0] G ECROC MR G AL bE R}



5 43

AR TR MR A5 g BT /WA TR O A ) ) ) RO A AL R < 121 -

photocatalytic activity compared to conventional Ag;PO, photocatalyst, and the 1. 2 wt%
CQDs/Ag;PO, had the best photo-degradation performance. while m ( CQDs ) : m (
Ag;PO,)=1.2: 100, the degradation efficiency of Rh B could reach to 91. 6% after 60 min

reaction under visible light irradiation. Meanwhile, good photocatalytic activity was retained

after three cycles run.

Key words: carbon quantum dot; Ag;PO,; photocatalytic composite; Rhodamine B

0 35

1 SR B A AR A AR AE S — Bl A T S 1Y
IR AP AR FH > S O 1b 0 9% A A BILTS e
Yy RN 24 A R AT R A0 BIF 9 B B R AR DURE
(1) 8 3% S A S 9 BT LG i Ak BB A 2 o
(77 BR L BRI L Ml R AR A M AN AR E , B R
R 27 JE i, T B 1 R BRL T B B E Ag, PO, UKL 3R
T8I 155 7 5% AT 00 ' B I AC , DA TS5 SO e Ak fig
REARD . PR, 38 R R e M T B Ok 4R R —
Ag, PO, MG LT M AR e P 2 A I A 98 1Y
Hl P Z WA SO0 Tl & Ag, PO, IE G MK
PLFEMR FaRBREE  ni ot A& R R I S5 0 L R A
b2 5 R R S 4G L B3RS T B

T B 1 SR O — Bl OpT BB 2 M ORE, H 2004
AR R DOk, — B DA A R Y B R AE R
&It H i T e s otk KE R
WA SRR AR T MOk 2 1 e AE N
T AR KR — F B i 5B T B H LR 2Ok
PERE , 8 BA L 5 09 b e 400 S vk o A R 4 R T
P AT 58 76 T B T8 44 T S5k B A B R 8 o
'

U R A 1 I R AR SRR b 5 15 31 1 5%
LA T RSE R 4.8 nm BB AL DL R R
e AR FE R VOB B & JE 4 T CDs/
Pt.CDs/Cu 1 CDs/Ag & & 25 #. #7131 CDs/Pt
HA RAF kv, I B S0 JE R N B 4 1
ARG PE. Li 0 b2 kil T 1. 2~3.8
nm {5 T B0 1) B -V ik il % T 2 A
¥ CDs/TiO, #il CDs/SiO,. 3FiE# T HoOk fiE 1k
WA — R .

FIH CQDs Y 155 e vk i B 4 B9 655 e
Shy U I O L A R Ml IR R GF R AL ' B ) 5 T
i BT8R T A5 CQDs J2 KA L7 32 4k, 1T LA
AR BH L A O R A T 4 R T B R AR
AL PE L 35 B A R Al TS g i B .

AR SCE SRR VR LA 4 B R TR R
FEAREN LA T PEREOL SRR = L SR A

i}

FH T i 6 19 B et e SR SR DT ¥ K FE 5 i TR AR
S IR AR AT Rk

1 XEEHH

#

1.1 EZRHAME

(D FEZ R A B R (AgNO,) . 1A 41k
TR RHIF 5T B s 8 R S — 40 (Na, HPO, ) - B S 17 B
Te e TARF T s #2505 (CH,, O » H,O), KT
B WA 2R A R w5 JEK 22 (C. H; OHD
R & FAE A T A BR A AL DL B3 R 2 b
i, S K N 2 8 K.

(2) FEALEE : Rigalcu D/Max-3c & X H} LAt
SHU(XRD) » H ARHL 2228 W] 5 S-4800 #4375 & S 4
B W 33 8% (FE-SEMD) , H A H 3723 #] 5 Cary 5000
i SRS A 55 i ) 132 e < 5 B 7 (o
AXIS Supra & X i 251 i F fig i (XPS) , 1[5 17
5/ Al DR-5000 AR AR AT WL 40 56 6 3 (U V-
vis) , & E WA A 7 s GHX — [T 86k 2% s i, |
T 5 G B4 A B2 ).

1.2 SB¥R

(1) Rk i F 1 1 il 25

1 mol/L ()% %5 H % W 100 mL, Al A 50
mL 9 1 mol/L & & /L#E W IR G~ 1 h, L 20
mL (TR G AR R . 981 pH =7, ZE B F1 (1 4R
ATFIA 100 mL IE/K L BE, TR — E 5t 1 i
FREE  BEFE 20 min, B E 24 h, B L L AMERFIK,
IR TE IR W80 CHAN 5 h B WA b B
AT R 77 A=K A BIF B A oK, 7% .

(2) W R AR 11 1) 5

SR UCTE 25 0 2 B R AR . B 0. 1 mol/L R
AN 10 mL BRAR R 1 h i H 5 R
b SR 5 B A 10 mL 0. 3 mol/L )l iR 48 1%
W HEFE 2 h B UM B A UTTE R E 12 h, 238
60 “C T4 12 h, 75 2 [ K 5 0 oK . 5250 76 kG Y
M TR

(3)CQDs/Ag; PO, & & Ak 1y il £

AL ULTE 2l 4 CQDs/Ag, PO, & & itk
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F. K & L Y Bk T UL 50 mg 43 HEKE] 50 mL
)25 8 FOK W b, B A 30 min, BU S mL Kk &
FHEBW TR HMA 10 mL 0.1 mol/L Y
BERR A BRI, A BB 2 h B L. PR
A 10 mL 0.3 mol/L fi§FRAL AW, BEHE 2 h,
AR A YT TE R R 12 h. i 9B, 60 C T 12 h,
B 15 21 [ {4 5 48 oK, bR id 8 CQDs-Ag, PO, -
B A 5 B R AR 1 T B 43 B0k 0. 4 %%,

FUE S A 1 i Bl B VA VY, 43 )
B 10 mL.15 mL.20 mL.25 mL WS T SER
il & CQDs/Ag, PO, & & M #4575 b5 ic b
CQDs-Ag:PO,-2, CQDs-Ag,PO,-3, CQDs-
Ag;PO,-4,CQDs-Ag,PO,-5. B¢ & 7 &5 fr 5 B R
Y R R 9 :0.8%.1.2% .1, 6%.2.0%.
K1 EH 1 CQDs/Ag, PO, & A MEALFI B 52
HER-. N1 AT DL M B 25 B 1 A B i A 36
JUT A5 1 52 A 7R € 3 AR TR
A, 5AgPO;

B 1 Ag,PO, ## CQDs/Ag, PO, H# & EMH

1.3 X5 &4

XRD A i 0 fi AR 45 4, TR A Cu #8
Ke $4%.A=1.514 8 A, HLE 40 KV, Il & 1 B 20
10 °~70 °; SEM WML EEAE i 1Y JE 50 B UKL KN
MW E g s 3.0 kV, Ui 10 A UV-Vis-NIR
Spectrophotometer il & y& Fl 200 ~800 nm. &
X SR L T RETE (XPS) I e R A 25 . F B (0
Al Ko #8, 2% 120 W(15 kV * 8 mA) , 55t i
90 °, BT A 1k £k FH BRL T ik 1 AR MEZS 5 fiE 284, 6 eV
HEATIEIE.
1.4 RABHERE

B 30 mg Frifil & 19 CQDs/Ag, PO, & & £
YHCT 30 mL 10 mg/L A% FHI] B h ok H & T
A7 I A A G R A B A B SE A R A%
(G e = 2 SR AN L o 1 o A i TR
b B0 o B I T RO O L AR R AT T Ok
PEEAT YA AL B A, GRS 300 WA, B F@ 10
min B — WFE, B0 BT O e WO, i ol

A, FERRRIC 7 HAEH LT 230015
n=C(A, —A)/A, X 100% (D
D A Sy W B 17 5 i IO R 5 A, S
IO F) R I O B

2 #FREITiE

2.1 XRD &#7

K 2 G e 1 HEs P9 XRD .
Bl 2 W LAE . 20=20. 7 °BfF T J2 B i 19 R AR AT
ST X6 L TR R A (O 0 2) T BT Al
AT BT R H AR

——CQDs

Intensity/(a.u.)

10 éo 50 40 50 éo 70
26/(%)
B2 mET.4XRDHA

& 3 J& CQDs-Ag;PO,-3 #£ & i) XRD [&. M
3 A LLE ., CQDs-Ag,PO,-3 £ §h 7 5 15 5
PDF #r#fiF F (JCPDS NO. 06-0505) f) Ag, PO, fif
P 5T A — B, 3 B AT B0 4 B0 6 N (110D
(2000, (210>, (211), (220). (310), (222),
(320),(321),(400) , (330) F1(420) 137 5 e {5 T8 » £l
T B 2 A ORE T AR O 57 5 A A, PO, H
AT S 0y 0 Y R B0, oK K B L A 45 4 1) XRD
U, A e e s S I A TR R E I Ag, PO, 1
AR 25

s CQDs-Ag PO;3 (1.2wt%)
o
=]
=
Towg
2
@ g
g v S
= _ g s 878 o
2 & ~ =2 8% 8 -
= 2 S © ¥ F 9§
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i E.REEAPEEK AAMERE AEFREGGEREHE. T ZEATALERE
BH & A b S TRERF/ RO/ 2 E AL RENE DX AREL L T £ 4
ik —FA LR ER KA LR TR, S ANERRERES O 1,15 6,21 .27 O F RERLE R
JE(360 °C,370 C.380 C.390 C) F AR RE 4 & 8 18] (10 min,30 min,50 min.70 min) T %]
EREBIALSRE R EENERE RERBERBH FRRINEEREADA 21 t 5
L5RJEA 390 °C L dh BT A A 70 min 8915 0T, B AR & WY 4R A AL ML AR SR AT

KPR RERE; SaE; RE; BEEEK

FES%ES:0631;TQ326.5 MHFRER: A

The characteristics reserch of polyetheretherketone composite
coatings based on single factor method

YANG Li-jun, ZHANG Bo, WANG Ke-xin, ZHANG Chuang, LIU Huan

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

Abstract: Polyetheretherketone (PEEK) is widely used in the preparation of composite coat-
ings because of its corrosion resistance, self-lubrication and high temperature resistance.
Nowadays,there is no optimum process scheme for the preparation of PEEK/PTFE/graphite
composite coatings. In response to this problem,the single-factor method was adopted in this
experiment under different pressing pressures (9 t,15 t,21 t,27 t),different sintering tem-
peratures (360 °C,370 C,380 °C,390 C) and different crystallization times ( Polyethere-
therketone composite coatings were prepared at 10 min, 30 min, 50 min, and 70 min. The
crystallinity, hardness and friction coefficient of the coatings were studied. It was found that
the composite coating had the best mechanical properties under the conditions of compaction
pressure of 21 t,sintering temperature of 390 °C and crystallization time of 70 min.

Key words: PEEK; crystallinity; hardness; the coefficient of friction
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Numerical simulation and structural optimization of
flow and heat transfer in plane fin

ZHANG Yong, HOU Yu-tian

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

Abstract:In this paper, the CFD method is used to establish the numerical model of plain
fins,and the calculated results are compared with the relevant experimental data to verify the
accuracy of the model. A new structure of cross-spoiler and cross-pins was presented. The
new structure enhances the disturbance of the fluid in the flow channel and periodically hin-
ders the development of the boundary layer,so that the temperature in the center of the fluid
increases obviously,the heat transfer was enhanced. Compared with plain fins,the new struc-
tural fins have higher j-factor and f-factor,but also higher pressure drop. The relationship
between the j, f factor and reynolds number is obtained by fitting the experimental data. The
correlation has a certain accuracy in predicting the heat transfer performance of the new
structure in the low Reynolds number range.

Key words: plate-fin heat exchanger; numerical simulation; heat transfer enhancement
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Design of hybrid power control system for pure learner-driver vehicle

MENG Yan-jing, HU Hai-bin, LI Xiao-nan

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

710021, China)

Abstract: Pure learn-driver vehicle battery as a single power supply, the dynamic perform-
ance,mileage and other aspects of the existing shortcomings, It is difficult to meet the re-
quirements of high power density and high energy density,and the battery and super capaci-
tor have strong complementary performance. The high energy density of the battery and high
power density of the super capacitor is connected to the DC bus to form a composite energy
system through DC/DC converter, which can avoid the high rate of current impact and extend
the battery life,and can meet the demand of high energy density. The simulation and experi-
mental results show that the hybrid energy system can effectively increase the driving range
of the learner-driver vehicle.
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Abstract:In view of the traditional Fourier transform method, the problem of the harmonic
components of the power grid cannot be analyzed in real time because of the lack of time res-
olution and the weak ability to resist noise. The powerful time-frequency method of wavelet
transform, wavelet packet transform and short-time Fourier transform analysis is exploited
to map the power harmonic with noise and time varying to the three-dimensional space of "
time frequency amplitude". And studies are conducted from the aspects of real-time, time res-
olution, frequency resolution and noise immunity to explore the best method to analyze har-
monic analysis in power system. The research shows that the advantage of short time Fourier
transform in analyzing harmonic of power system can be an effective method to analyze har-
monic in power system.
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Aerial insulator detection based on U-net network

CHEN Jing-wen, ZHOU Xin, ZHANG Rong, ZHANG Dong

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

710021, China)

Abstract: To make sure that the transmission circuits work safely and stably,it is necessary
to inspect the circuits on a regular basis. As the core component of transmission line,the in-
sulator detection plays an important role in the inspection of transmission line fault in power
grid. For unmanned aerial vehicles with a large number of complex background and low reso-
lution images of aerial insulators,the traditional manual feature extraction method and classi-
cal convolutional neural network identification method are easy to lose location and details,
and the location accuracy is relatively low. It is difficult to accurately identify the insulator
images in complex background. Therefore,an aerial photo insulator detection method based
on deep learning U-net network is proposed, automatic extraction of hierarchical feature,
through the overlapping method combining the characteristics of shallow and high dimen-
sional features,the high resolution feature map of the shallow layer is used for pixel location,
and the deep high dimensional feature graph is used to classify the pixels. It avoids the loss of

detailed information such as the location of the target,improves the positioning accuracy,and
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effectively detects the insulator under complicated background. The accuracy rate reaches

88. 9% ,which is an effective insulator detection method.

Key words: U-net network; aerial images; insulator; detect
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Opportunistic relay selection cooperative communication

with interference limited

WANG Ming-wei'?, ZHANG Hui-sheng', LIU Bo’

(1. School of Electronic Information, Northwest Polytechnical University, Xi'an 710072, China; 2. College of
Electrical and Information Engineering, Shaanxi University of Science & Technology, Xi'an 710021, China;

3. Graduate School, Xi'an University of Posts & Telecommunications, Xi'an 710061, China)

Abstract: The communication performance of opportunistic relay selection cooperative com-
munication under the condition of Nakagami/I. I. D. Nakagami interference limited and total
network power constraint is studied. In addition to the influence of noise,shadow and fading,
there is also the existence that the transmitted desired signal is interfered by other user sig-
nals from the same frequency band which is called co-channel interference (CCI). When the
number of users is increasing,a large number of co-frequency interference will replace noise
and become the main constraint factor of wireless communication quality. In this case, the
wireless communication environment will change from noise-limited environment to interfer-
ence limited. Theoretical analysis and simulation results show that, the opportunistic relay
selection cooperative communication in the interference limited environment can achieve di-

versity gain and resist the influence of co-channel interference through the cooperation be-
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tween nodes. The communication performance can be further improved by reasonable power

allocation.

Key words: opportunistic relay selection; decoding and forwarding; co-channel interference;

interference limitation
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A new phasor difference method in an isochronal

sphere in time series analysis

WANG Zhen-qi

(School of Business, China University of Political Science and Law, Beijing 100088, China)

Abstract; ARIMA procedure in non-stationary time series direct difference,fixed adjacent first
order autocorrelation coeffcient between two of the sample is 1, but the correlation of two
sample is often not identified,and less than 1. There is a direct difference method difference
over the defect,it will bring loss of information. In this paper, the classical mechanics vector
analysis as the basis of economic indicators vector processing,data processing is not smooth
vector subtraction rule. Combined with particle along the string ball fell isochronous,created
based on the finite difference method and other string when the ball vector construct vector
difference ARMA model. When using differential autocorrelation coeffcient inorganic adap-
tive vector difference can demonstrate better retention time series information. The results of
the empirical research data show that: the prediction accuracy greatly improved,and the ab-
solute error is about 5% lower,and the relative error is lower by more than 10% ,indicating
the vector difference method to better characterize the evolution of non-stationary sequence.

Key words: time series analysis; isochronal sphere; phasor difference
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