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Effect of fiber ratio and adhesive types on properties
of aramid-coated paper

ZHANG Mei-yun, LUO Yan-wei, ZHAO Meng-ya, TAN Jiao-jun,
SONG Shun-xi, NIE Jing-yi, YANG Bin

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

Abstract; Aramid paper has been widely applied in the field of insulation because of its excel-
lent electrical insulation performance,thermal stability and mechanical properties. However,
the porosity of aramid paper is a weakness easy to be broken down, which limits the perform-
ance and application expansion of aramid paper. To solve this problem, aramid papers were
made from aramid flocs and aramid fibrids with different proportions,and then coated with
various insulating adhesives (styrene-butadiene latex, polyvinyl alcohol, polyetherimide, sili-
cone rubber, phenolic resin and urea-formaldehyde resin) to fabricate aramid-coated paper.
The effects of fiber ratio and adhesive on the microstructure,electrical insulation properties,

mechanical properties and thermal stability of coated paper were studied. The results show
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that coating adhesive can effectively improve the insulation properties and mechanical proper-

ties of aramid paper. Coated with phenolic resin,the breakdown strength of aramid-coated pa-

per has the greatest improvement. When the ratio of aramid fibrids and aramid flocs is 3 ¢ 7,

the breakdown strength and corona time of aramid-coated paper are up to 41 kV/mm and 434

h,respectively, which are 3. 6 times and 7. 3 times higher than that of the base paper. When

the ratio of aramid fibrids and aramid flocs is 7 ¢ 3 and styrene-butadiene latex is used as ad-

hesive, the tensile strength of aramid-coated paper reach 93.7 N ¢ m/g. More importantly,

the coating method is a mature industrial production process in the paper industry, which will

improve the possibility of industrial production of aramid-coated paper.

Key words:aramid paper; coating; fiber ratio; adhesive
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Changing and dissolving process of silicon during bamboo kraft pulping

YIN Xue-feng, LIN Tao, XU Yong-jian

(College of Bioresources Chemical and Materials Engineering. Shaanxi Province Key Laboratory of Papermak-
ing Technology and Specialty Paper, Key Laboratory of Auxiliary Chemistry & Technology for Chemical In-
dustry, Ministry of Education, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: Avoiding dissolution of silicon in the process of cooking can reduce the "Silicon In-
terference" in bamboo kraft pulping. By analyzing the changes of silicon content in black lig-
uor, morphology and chemical composition of silicon in bamboo during cooking,it was found
that the dissolution process of silicon could be divided into three stages: Fast dissolution of
small phytoliths particles on the surface of bamboo stalks,slow dissolution of dense surface
layer of large-size phytoliths and fast dissolution of phytoliths with damaged dense surface.
The dense outer layer significantly reduced the dissolution rate of phytoliths in the pulping
process,suggesting that the alkali resistant protective layer can be provided for phytoliths in
the pulping process to slow down or avoid the dissolution of silicon,which points out the di-
rection for future research.

Key words: bamboo; phytoliths; kraft cooking; dissolution process
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Study on the preparation and thermal conductivity of reduced
graphene oxide/aramid nanofiber composite films
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LUO Zhi-rong®, WANG Jin®
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Abstract: Recently,aramid nanofibers (ANF) have attracted much attention due to the excel-
lent mechanical, insulating and high temperature resistance properties. However, the poor
thermal conduction behaviors severely limit the application fields of ANF, especially under
some harsh conditions. In this work,reduced graphene oxide (RGO) was used as an additive
to improve the thermal conduction ability of ANF films,and the composition, structure, wet-
tability, and thermal conductivity of the RGO/ANF composite films were systematically
characterized. The results show that the thermal conductivity of RGO/ANF composite in-
creases with the increased RGO content,and the 40% RGO content can enhance the thermal
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conductivity of ANF by 540.1%. The high thermal conductivity of the as-prepared compos-

ites is due to the high thermal conduction ability of RGO. Besides, the contact angle of the

composite film also increases with the increased RGO content.

Key words:aramid nanofiber; reduced graphene oxide; composite {ilm; thermal conductivity;

wettability
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# (MnO,/CH-FP). %8 SEM.XRD.FT-IR ## TGA S8 R*t Lk 47 A 40, st L £ T 9 & %
(MB) 48 % Fenton MR m P ey ab 3 A7AT R, £ KT pH A MELF A E . MB w14
REA H,O, REFR A MBEMBAEGH . ZREAN, ERAEFH T.60 min AT
100% B/ MB (10 mg/L). #4r . MnO, /CH-FP TR AE H KB B KR Z 5 5, 23§ 2%
HREPTEEAER 4 MR, R AR EBEIRIEE M,
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Preparation of paper-based dip catalyst and their application

in Fenton-like degradation of methylene blue

YANG Jin-fan, AO Zhi-feng, ZHANG Su-feng

(College of Bioresources Chemical and Materials Engineering, National Demonstration Center for Experimen-
tal Light Chemistry Engineering Education, Shaanxi Province Key Laboratory of Papermaking Technology and

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

Abstract: The construction of efficient heterogeneous Fenton-like catalytic system is the key
to sewage treatment. In this study,a paper-based immersion catalyst (MnQ,/CH-FP) was
prepared by alkali-oxidation on cellulose filter paper (FP) cross-linked with chitosan (CH).
SEM, XRD, FT-IR and TGA were used to characterize its properties. Its catalytic perform-
ance in methylene blue (MB) heterogeneous Fenton-like degradation reaction was studied.
The effects of pH value, catalyst dosage,initial MB concentration and amount of H, O, on the
degradation efficiency of MB were investigated. The results showed that under the optimal
conditions, MB (10 mg/L) could be degraded 100% within 60 min. In addition, MnQ,/CH-

FP can be easily separated from the reaction system and can be reused for four cycles after a

» Wr#s H #1:2020-08-23
ESWMA PV AAETEALRERVIFRIBE (17]S016) 5 BEpTRFL A2 LR S 215 4 350 H (2015B]-27) 5 AW BUILE 58
BEE BRI G BF 5 B0 AR H (2018GHID-19)
EEB N LW 988 —) L, BEPH B, 8l B2 -1 R 5T 7 1) < A 40 A Ak e Ak
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simple cleaning without significantly reducing the catalytic activity.

Key words: heterogeneous Fenton-like; MnQO; ; methylene blue
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Study on gold leaching from tailings by ultrasonic-coupled ozonation

CAO Geng, GUO Jun-kang, REN Qian, CHEN Yi-wang

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

710021, China)

Abstract: As a solid waste in bulk mineral exploitation, gold-bearing tailings have caused se-
rious impact on the surrounding ecological environment of tailings pond. The effect of leac-
hing of gold from tailings was studied by comparing the ultrasonic-coupled ozonation, single
ultrasonication and single ozonation. The results showed that the effect of leaching of gold
from tailings by ultrasonic-coupled ozonation was more efficient than single ozone leaching or
single ultrasonic leaching. With the conditions of leaching time of 3 h,temperature of 80 C,
ultrasonic intensity of 0.4 W/cm? and liquid-solid ratio of 100/5 mL « g~',the gold leaching
rate of tailings reach up to 44. 98%. The specific surface area test and XRD analysis of tail-
ings residue show that the acting on tailings by ultrasonic-coupled ozonation can cause miner-
al particles to unwrap the gangue minerals in the gold. This research may provide new ideas
for the reclamation of tailings in the gold mining industry.

Key words: tailings; ultrasound; ozone; gold leaching
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HARFer W) AT 2R B T HOLEI AL HAARGR L TR GCGDEWANTHEL
&G Ak A B W E Cd Wt R B w9 3 m .3 Ak £ 3RvH 4 & 4 % .MDA 4 % .S0D &,
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Studies on the physiological response of different species of

Solanum nigrum to cadmium stress

HUA Li, MA Qian, CHANG Jiang-feng, YANG Chun-yan

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

710021, China)

Abstract: Solanum nigrum is a newly discovered cadmium-enriched plant. The physiological
and biochemical properties of Solanum nigrum are different among different species,and its
ability in the restoration of cadmium pollution needs further study. Three species of Solanum
nigrum (Dehui City,Jilin, Ninggiang County,Shaanxi, Kowloon Mountain, Guangdong, num-
bered JL,HZ,GD) were selected as the research objectives. Pot experiments was carried out
to explore the effects of Cd stress on the growth and physiological indexes of three species of
Solanum nigrum so as to study the difference of tolerance characteristics. The results showed
that under Cd treatment,except for the gradual decline in the biomass of roots and leaves of
GD, the biomass of the roots,shoots,leaves of the other two Solanum nigrum and GD shoots
showed a trend of first increasing and then decreasing. With the increase of Cd stress concen-

tration, the chlorophyll content, MDA content, SOD activity, CAT activity and POD activity
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showed a trend of increasing first and then decreasing.and the antioxidant enzyme activity of

HZ was greater than that of the other two type. Based on the comprehensive biomass index,

chlorophyll content, MDA content and antioxidant enzyme activity, HZ is more resistant to

Cd stress than the other two.

Key words: Solanum nigrum ; cadmium stress; physiological response
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TGRSR MTBE G 2 0% 1 PR3l & Joe , M iy N KT
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W B F [ 4 8 o 4 J ¥ gL R L AR R BR B B
P fi 5 1) B 48w 22— o FLA AR S 1 D 1 3 1) R ) 1
e 1. B 5 e h oy g R R Y R e
i iR I — E (ELI I 25 5 RS A A Y AR L T
RPN RERR Y A A G /N R AR 2 25, 200 7Y
FRESZ M G AT L P R AR Tl A 38 D 35t 4 R0 S5
25 B A — S s BT 5 350 A ) YR R
B — FLIE B B N AR IS £ 3 ™ AN T
W E BERERT R LR AARE %, 5165
Y AL M LRSS T B I i 2 r
2515 B0 5y BRAE L BEAR AR . HSCA IR B A A T Ok 4
TIEABIEE R G B, SRR e S TS Y+
A —E R L.

W28 (Solanum nigrum) )VE N —Fh s )8 & 4
Y HAm Cd #FFAE 4 Cd ae )y, L%
B RE T AR A i KSR RS  E
Mg e AL H Y AR RV N T Cd
RO R R SR U I ) Cd 15 P sl Cd Ak 31 B &
THMHEFERKRKT . RANEKZ HGEERE
AR M A R IAE Cd B T e R
W LG A 2 52 B A HOE A Az 2R B L
K FEE RO A BRI R oE. Ao %
5% Cd XA [F] 9 b e 2 1 AR A K A 3 mE 9L 7D 532 Wi
& TE e 2 1 it 4 HL BRI 58 S A3k — 5 1 BB AR

i

1 STEEH

L1 Bk

(3520 L s B S I N s e R
T E AU S5 4o O T, HZ, GD. JL
SELT W ¥ (Solanum alatum Moench) , HZ 2
g 38 (Solanum diphyllum), GD & /b 18 Jp 2%

(Solallum nigrum L. ver Pauciflorum Liou).

L2 st

P 100 6 R R/ B— R B KR
WRY SR T/, BT AN TR 3R], A5 K
Be— K. R A BRI EE 26 °C /20 C Lk
WHFE] 16 h /8 hy MEXTWRBE 60% 2247, 1 K 4
K 3 R AN EREE A R%A .1 1/2 Ho-
agland 35 FE B 35 DU A AR 2 P K A, 3~5 R
Be— WM. i A K 4 G4 18~20
em. PRI BRI H — B0 e 2556 8 2 B A0 K B
WP HEAT Cd Wria Ab 3. FHorh Cd LA CdCL, - 2.5
H,O JEXM A 1/2 Hoagland ¥i 32 ¥, i & Cd**
W AR 4391 0(CK) .5.10,15,20,25.,50,100
mg « L' A AR B 3 AN FAT
1.3 mE 7%

I FRAR AR OB R 25 AR L ZE R I K o
Ve PR B K EE . F 105 ‘C R A 30 min,
SRIGTE 80 °C FHL B fH &, Wl T 5. nh4t E R H
PR 2 PR A V4 BBk s, TR i (MDA &
AL 2 CTBA) Bkl 2, 8 A Ak 4
AL (SOD) I 1 FH 00 DU e (NBT) i Ak i J5t v 1
ENY L A AL W (POD) 3 1 B AR K B v
SEUY L AR AL A CCAT) % M T 2 48 1k &

2r12]

E
2 #ZRE5iTiR

2.1 CdmaastRELEYHZHHR

A1 AL 7E Cd A 7 d J5 LB GD RYAR A
W A ) o S TN R R S AR P R R 5 1Y
HE 25 AT GD 25 19 A i 3 B2 SR T i BRI
s 2 Cd A BRRFE N 5 mg » LB, JL MY4R .
ZE M A W i AR S )Gk B B R {H 0. 103 5 g,
0.193 8 g,0.439 6 g, 4 HlEXF By 1. 01 £5.1. 19
f5A L. 35 £%5. 4 Cd kb FRYEEE =10 mg » LB, JL
FRAE MR TR IR 7. 02% ~ 71, 47% . 24 Cd 4b
P BE =20 mg « LA, JL B9 ZEAE W) 04K T X0 BE
11.52% ~ 42. 83% , M 0y /£ 9 18 B & (% F X I]
17.04%~48.46%. 4 Cd AbHHeE X 5 mg « L
B, HZ AR 25 it 9 A8 9 o 30 43 00 3k 31 fe R(E
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0.112 5 g.0.174 9 g F1 0. 438 2 g, 53 Bl 52 X MR A
1 744% 1. 07 A5 F1 1. 33 £5. 4 Cd 4b #H ik & =20
mg - L', HZ WR AW & 8 F 18 T x5 |
14.57%~61.55% (P<C0. 05), 4 Cd &b By jF >
10 mg » L "B, HZ By 224 ¥ & W 3 L T X Bf
19. 94 % ~74. 54 % (P<C0. 05) , I 4 4= 1y & 13 A%
FXE1.6%~41.93% (P<C0.05). GD HAZERK

Ay f 5 IS e i A A A AR R Y A i
Bl Cd Ab Bk B 09 38 I mi i 2. 24 Cd ib vk B
A5 mge LT'ELGD ZEW A Y E R K, EX R
1.16 5. 4 Cd bW FEE =15 mg » L "B .GD 1Y
MR Ay i W K T %R 18, 09% ~51. 33% (P<<
0.05),24 Cd ZbH¥E BE =20 mg « L "0}, X4 Y&
B EAR T X IR 26. 58 % ~34. 98 % (P<C0. 05).

R1ABRE Cd B 7d EEZENR . EMHNEYE

A ) it o Cd ¥ /(mg « L) HRAEY) &/ (g DW) EEY /(g DW) A/ (g DW)
JL 0 0.102 54-0. 005 6a 0.163 24-0. 007 4ab 0.324 634-0. 033 2ad
5 0.103 540. 006 3a 0.193 84-0. 006 8a 0.439 640.026 la

10 0. 095 34-0. 000 2ab 0.173 34-0. 003 9ab 0.334 24-0. 043 0ad

15 0.076 64-0.003 5b 0.163 54-0. 071 6ab 0.336 94-0. 000 2ac

20 0.066 24-0. 002 5b 0.144 44-0. 011 3ab 0.269 34-0. 018 2ac
25 0.038 14-0. 009 4c 0.114 940. 009 2b 0.198 44-0. 021 9bed

50 0.029 14-0. 000 4c 0.096 620.001 1b 0.190 54-0. 005 1bc

100 0.035 94-0. 003 8¢ 0.093 340. 000 3b 0.167 340.023 6b

HZ 0 0. 064 54-0. 000 6a 0.163 04:0.010 5a 0.330 34:0. 007 6a
5 0.112 540. 006 2b 0.174 940.001 2a 0.438 240.024 6b

10 0.058 24-0. 002 lac 0.117 040. 022 8bc 0.325 04-0. 029 9ac

15 0.072 040. 008 8a 0.130 540.004 3b 0.271 740. 010 3¢

20 0.055 14-0. 002 5¢ 0.120 240. 008 1bc 0.231 84-0. 006 4d

25 0. 030 040.001 7d 0. 108 840. 000 3¢ 0.222 840. 000 4de

50 0.026 54-0. 001 4d 0.081 44-0.008 1d 0.218 64-0. 025 8de

100 0.024 840.001 1d 0.041 540.002 9e 0.191 840.008 Oe

GD 0 0.071 340.014 la 0.095 24-0. 000 8a 0.462 340.025 7a
5 0.069 3£0.001 5a 0.110 540. 008 Ob 0.431 140.012 6ab

10 0.069 440. 001 2a 0.094 740. 007 4ab 0.366 94-0. 045 3b

15 0.058 4+0.001 0b 0.086 84+0.010 8a 0.280 0+0.002 8¢

20 0. 050 44-0. 002 3b 0.069 940. 008 9¢ 0.287 040. 008 5¢

25 0.041 6+0.001 5¢ 0.064 8+0.001 Oc 0.230 240. 033 4d

50 0. 037 74-0. 001 Ocd 0.062 840.001 8¢ 0.179 640.048 1d

100 0. 034 740.000 6d 0.061 940. 000 6¢ 0.199 34:0.011 1d

TE R /N W 22 1k ONE B AER B 35K S, b B8 2 o) AR [ 52 B 35 28 S AN B 350

A% T 4 T A P AT DR i AR 4 Hb R LA
KA Z A R AR AR bR £ Cd & &t
15 S VAR 7 A — o W T AR L 3R B A Ak
LR G REIR A R BB AR R AR
Kl T oK A3 D BCE 35 5 0 a7 — s B, S
R Py Y L ) R R AR MW AE A2 B0 4 SR Y
FEME I A K 0 78 Ak 2 AT D de e I B A 48 A R
N, JUHOE AR AZ B 75 Yo ) 48 EAE K AR, HUR
O B T N A BB A L S R R B
FRFAES AR v R 2 RO P A R VR R s
AR 1 A s IR e T B e L i AT
M o K 8 R 5 AT 5T B e SR A A K R L 2
FW AR E Cd Zb P (<25 gmol « L)X g % 4)
W9 5 B S AN B L R R B RO —

AR EVE T, ik Cd AR ¥ (50 pmol « L™ %t
o35 40y v 0 AR BRAE AR A S0 IR . A BESR o, Rk
JE Cd ARBEXT GD 4 HR AT R A 18 BT 40 461 4
% 53 A0 P A e 25 58 A7 — 5 1 A2 3 KA .
2.2 Cdmiast RETZEEZTHH A

e Cd T .3 Mlp B8 it R & &=
BE Cd Ab 3k BE (35 34 A BT BEAR CAn &1 1 i)
5 CKM.JL.HZ.GD 4% a 4% b, 2%
BHB N Z W R L (P<<0. 05). JLLHZ.GD (%
W, & [FD B M2 K a 43 Bl BEAR 4. 1296 ~
50% 6. 4% ~59%,9%~41% M2 EK b 4 JI AR
0.47% ~51.16%,10. 2% ~46. 94 %, 4. 65% ~
39.53%0 , KIE MR IIFEAL 6. 0620 ~41.82%,
16.67% ~22.22%,17. 65% ~41. 18% ; £ Cd W
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CK Cd5 Cd10 Cd15 Cd20 Cd25 Cd50 Cd100
Cd i / (mg 1Y)

(OGD 4R & &

H1 RFE CdRELETRRERSHR PrHEE4
F(RF AR NEFHETELLE L 0.05 K
FEFEECTR))

3P eZE Ry R By AR R E R Cd A0 PRV
3 T R, T HZ @it i 2 5 2 3
0V FH SR /0N KB Y BIF 50 235 R 3R WY 36 5% 3 2
A R R & i R A e R & a2
AR Y E#OC A B IER, 554, i — S bt

FER I, Cd W3 3 23 B8z 5% ) - S R 250 d Ol L
Jol /> B R I g R T 25 R L B S B 5 e R
F R Cd 38 B PERRAE  7EAR Cd KPR (T1
HT2) , R 25 i 2 28 1% o 55 0 JEAH L G B 3 25 5
(P>0.05) ,fHREFH Cd W ENT-mE MRS B
FREAR (P<C0. 05) , 7 Cd Ab 3 5 28 5% Wi i 1 # 1H
QEGE. EHFE WA 10 gmol « L' Cd
SRR e E A R Y 6 R RO IR G R
I, B Cd Ab 3R B (9 38 m, nh i €0 2258 31 5K
AR RBE I o FLAT — 1) VAR 880
2.3 Cd ria st £38 & =8 (MDA) &3t %a
FE Cd e T 3 Fh B 25 B AR F it () MDA 5 i
HOBEE Cd W B2 AN [ R B 22 e 3 s 1 Rk 44
2 Fr). JL AR AT i MDA & s ¥ 78 Cd 4k B
WA 10 mg « L3k B 45 K AH, Bl J5 AR 19 MDA
T —H N7 Cd B =50 mg « L' . MDA
SEEEMT CK(P<0.05) . HySER—HF
W EIIA A T CK HZ.GD YR A Y MDA 7 &
Sy AE Cd ALBRMEE 25 mg » 171,20 mg « L'}
IR B RAE , B 5 AR R 9 MDA 55 B 45 T 16 T %
A4 8 3 5 T CK(P<<0. 05).
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Cd 4 # /(mgL")

(c)GD N fiE (MDA) % 5
B2 FRRCIRELETLETH
B A% F MDA 4%

WD BT WA Y & R i
X A G R AR R B o AR L LR
PEF= P8 U (MDA 2 A% 4 76 35 5% 30 T B A o
AT = A ) —Fh LA AR R P T S R
VE Ay B e 34 355 2% 11 T AEL W 32 105 3 B B I 4R Am 2
— 0 MDA 1y B2 BH R ) 40 B S Bl A 40k
oL AP A0 T MDA & 8 £, A8 4 52 30 0 8™
FOVARBESE T Cd M R, 3 Rl 25 B AR R
MDA & s8R & Cd W FE e 3 I B A, {5 = ik
JE Ab B A2 25 B9 MDA 2 BEARK IH = T X B (L
AR ER MDA & 5 7E ey & 32 A0 B3I ARG T % B8O . i
JE 75 Mg 5 R OR A 4 A2 At i e 25 Bl T 7R K By
RIS T AFSE e 25 ik, & B AE AR B 34 d B, Cd
AbFR 100 mg » L' B} MDA & & X B3 jn 1
289.5%. ¥ FAFE W 5T Cd M ia X 21 5% e 35
PREREPER 00, & BAE 25 pmol « L'l 50 pmol -
L' AbEE 6 d B, P9 A AR IR 117. 00 26 i
154. 50 %6. ASBIF 58 N L B AR IR Cd Ab 2R
BF 3 5 BT R %, R RE R BROA A Pk B Cd B aa B
JeZE R Z ) Ik B E . XY Cd Ab 3k B 4k 22 7
o B L T PR AP I R )™ 2 4, EL IR B
M) 1 R 2% Cd ik 38 0% SO L B R IR 2%
4 )@ Wi T AR AR 23 77 A2 ROSPH . ROS FLER
A5 AN B K o3 B At 23 5 | & RR R i A A T S DT 3
B MDA 9 K & AR A, 33Xt 2 AR AIF 5 o R 25 AR
MDA i 2 Cd Ab P ¥k B A9 38 i ind 35 i 49 I
A,

2.4 Cd Wit x5 &R A A AL BAL B (SOD) # 3%
)

ABEFE R, 3 B 5 AR R ) SOD i 4 48 1k
R T 22 5 (KL 3 i), K4 Cd Ab 38k B
T HZ B SOD it K F JL M GD. 78

& Cd Bra T L JL AR A9 SOD 3 P 56 39 hn )5 FRAIK
TE Cd AL FE ¥k E /) 50 mg « LIk Bl & K{E . JL
fI Y SOD W PERE % Cd &b 389k B 19 8% i i 14
hn, 24 Cd 2P BE =15 mg « L 'BF, 9 SOD 7%
PR ZE B T CK(P<C0.05); HZ.GD AR 11 iy
SOD {ifi PE#RBE Cd Ak Pk B A 358 fin i S 38 in Ji5 B
i 7E Cd kb BEVR B 25 mg « L 'BHAR A SOD 1%
P 359 325 3 B KE L B S O M R 3 TR (P<<0. 05),
Cd b FRVE BE R 15 mg » LB HZ 119 SOD 3% 1
BB KAE,.Cd e HWREN 20 mg « L', GD
) SOD 6 PR 3K 2 B K AE, Cd AL # VR BE =10 mg
< L 'AF, GD AR SOD &tk & ™ T CK(P<<
0.05).

0 440 S H 1 G 1 SR DE I R L A R
B BRIk B 7 L 33 5% 45 00 T ) 5RO M A
A G E M S S SODL.POD,CAT 4§
PO R I TR R B R A W Ky T
Tk R ARG AR 4 Cd BB R . HZ i GD
AR FI I () SOD 5 PEAB B Cd Ab B v B %) 3 i
SN G AR, JL B9AR B9 SOD I 7 5 34 I B
I 3R 2 T 5 AL JL k9 SOD 3% 1 Bt %5
Cd &b B ¥R B B 8 i i 33 Jin.
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CK Cd5 Cd10 Cd15 Cd20 Cd25 Cd50 Cd100
Cd kb / (mg T

(o)GD BE Y B AL (SOD) i #
B3 AR CdREAETRERTHA
M P SOD & H

2.5 Cd pria st £35:E 844 85 (POD) 893 "h

JL @yt ) POD T PR Cd Ab Bk B2 (1) 34
TS BE s K. 24 Cd AW N 25 mg « L
i, POD I M35 B e KAE , 2 X BB By 17 A% Can &l
4R Y Cd AL PRI FBE =15 mg « L VB, i
POD %M i 2 TR 6~17 f5(P<<0.05); H
FIIE ) POD 35 PEBES Cd &b B B 7 38 fin i 38
fn. Y Cd b PR =5 mg « L "W}, HZ AP Ay
POD % & 3 & T AR 5. 4~16 £ (P<10.05);
GD it ) POD 36 M Bl & Cd Ab 3R ik B Y 3
M, 24 Cd A PR ¥ JFE =20 mg « LB, GD 1
mr g POD 36 P 32 5 T X R 6. 7~ 38 ff (P<<
0.05).
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B4 KRB CdERERETRETH P
POD &

3 A I ZE R ) POD G PEHRBE % Cd Ak 3
R B 10 S 1 RS BTG S AELTE PR R/ INAT WD e Y 2%
5L o HZ 1 POD 3 1 328 R JH Al 79 b 2% (4
B 5 R, 2 Cd A B R 25 mg « L7'AFLJL
MR Y POD 35 P fe K, X REME Y 4 £%, 24 Cd
b PR FEAE 10~50 mg » LB, H 0 i POD 3% 1
BEE T 1. A~4 £5(P<<0.05) ;24 Cd 4Pk

BEH 15 mg « L 'AF, HZ B9 F 89 POD 3% M %
K AEXTIEAE Y 2. 42 5,24 Cd Ab vk B 7E 5~ 25
mg + LI B POD W PE B 3% T3 R 1. 83
~2.42 % (P<C0.05) ;24 Cd AL B FE R 20 mg -
L', GD BAR B POD 3% 1 % K, 2 % BB Y
3.09 5. Cd AWK EFE 10~50 mg « L', 4R
Y POD 36 1 2w T X IR 1. 42~3. 09 15 (P<<

0.05).
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Cd AT / (mg T

B5 RE CdREAETRERRZ P
POD % &
2.6 Cd mrif st R iE &AL &8 (CAT 8%

3 A e ZEM ARG CAT 35 1 3 A 5 3 4 88
Ja AR R A Cn & 6 BT 7R ) . 3 Fh g 98 AR iy
CAT V& PETE Cd &b FEVEEE K 25 mg « L' 34 2 R
BKRAE Y Cd AR E N 15 mg « L "B, JL HHp
1) CAT 15 1 35 3 fe K AH . 2 % BE B9 13. 45 1%,
M Cd A PRk FEAE 10 ~50 mg « LI, M i)
CAT 3 W /T XF I 3. 03~ 13. 45 5 (P <<
0.05) ;24 Cd Ab B Ky 50 mg « L' Af, HZ I
g CAT 36 PE fe K, 2 X BB 1Y 6. 32 £i5, 24 Cd
REHRH EE =5 mg « L7 B, HZ Byt ) CAT i
PERE TR 2, 25~6. 32 £%(P<C0.05);24 Cd
RS E N 20 mg « L7'BF,GD M- i) CAT 1%
PR X FRE Y 3. 64 f5.
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CK Cd5 Cd10 Cd15 Cd20 Cd25 Cd50 Cd100
Cd 4k # / (mg-L™")

(b)HZ i3 E AL S H (CAT) 7

.
.

b

150 a

100

50

CAT /(U g FW min™)

CK Cd5 Cd10 Cd15 Cd20 Cd25 Cd50 Cd100
Cd 4:#E /(mgL")

(o)GD i E AL AW (CAT) i P
A6 FRR CdREALRTREEKTH
BAL R P CAT #FhH

A AL B I AL B (SOD) | i 48 4k ¥ i (POD)
it A AL S (CCATOAE AP AL PR B R 58 b 1 56
W A RAE PR Y ROS 877 42 K% R ROS &
YEAE SCAE VR FHZO . SOD 3 i 5 4k J b K 22 4%
fHE M A 3y H,0,,POD FIl CAT #ia]
Py H, O, , AR & POD B T 43 H, O, 1
fER 252 50 Y0 9 At v 28 AR IHE T, i
CAT WA Pt At ad 72 i i, X = Fh bt & fk
it %) CE R T A U0 R LA S e e 9 A R 0 AR N 7 A Y
ROS, M7 980 06 A 90 440 M 1% 5 . i — 7 I 76
WRE Cd A B A4 355 P S R [ 0] mT R 2 A
FE 15 YR 00T G s i o B BRI R Gk
G A SHEmMEAL BTSSR ESEIE T
B A= A R R A M ST g R SR PR
ATt 35 PR R IR I R % 2 0 AR AL R I 3 A Tl Y TS
PER IR Cd Ve B T i AR b LA, — & #k
PR ST v S R AT T A R gk R AT
T BIF 5 %o A R AR SR ) e ¥R 1 T AR b Tl T P
FEHFR M & B Cd n] 3 5 5 A E £ Bl BT 4
A Tt 25 D) 1) 27 i KT 2 i s K B R T T 4
BTG, PO A LR R R G — 12

D7 VAP LB A Y 2R 48 L TR [R] A AL v e B
AN TR BT SR A R L BRIV (] — 2 AR W) o B A
Az TR AN TR 28 100 2R A ) i e S AR RE

3 Aig

(DI ZER LW, Cd i (>50 mg» LY
fE S A = A R e 25 R A K, Cd X e %8 HZ
A K A AR FH 5 At B A S R, A AR
bk A HZ 8.

()b Cd Wria ¥R EE /3 m , 3 PR SE 42 %
i MDA F i SOD 1§ M CAT 36 PE LK AR 1
POD iGHEH R2 8L TG T RE&H. H HZ 4t
AACEETEPE R T H A w A e 5. S8 A AW R AR .
MER R & O MDA B B e ARG S 2 4R bR iR
KFE L HZ A Cd k.
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(L BRVIRMHE K% B 5AEY TR%B, B 7% 7100215 2. BRVG 44 7 5 5 & I B A e R o Be . BV 7
2 710048)

W OERPHEAAN 32 m I RBHHKREEZEE LS AN A 75~120 pm,120~150 pm,
150~180 pm . 180~250 pm & i@ 4y A 4L 22 69 w9 2L Ak SR AT WO 8, BF R T R B A2 12 3 2 K0 6
B R B e, 2 R R R Ao RO AR B R N o R 64 B Rk e gk 4Bl AR B ] SR K R
HACE A 6 AT AR Z IR TE A R R M O R T R b ) RE b AR R 43 G R ) 3R T T & 5
WS M e A RVA bl 2 4 R AW . 5 a@nihmt BNt 2 e LA KES S
M BE M T ARER pH TR A AR AL ERZ T HARMEE T H®E; %9, DP-
PHAWAFTRERRZ LT, REHETAR G Z RN EAHT . BEDFLETARE L
Kby 69 FLALHE ML, A B R KR 6 ) R B A AT 69 23k R AE,

SR ER; BEERE; AMh A, EiLaR
FESES TS213.3 XERFRERD: A

Impact of different grain sizes on physicochemical
properties of black rice powder

YT Jian-hua', ZHANG Zhi-jie' , ZHU Zhen-bao', DONG Xin-ling®

(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Shaanxi Testing Institute of Product Quality Supervision, Xi'an 710048, China)

Abstract; The effects of different comminuted grain size on the physical and chemical proper-
ties of black rice powder were studied. The physicochemical properties of four different com-
minuted grain size black rice powder with their particle sizes of 75~120 pm,120~150 pum,
150~180 pm,180~250 um respectively,produced by ordinary grinding treatment and super-
fine comminution with the particle size of 32 um were compared. The results showed that the
enzymatic hydrolysis rate and the final enzymatic hydrolysis time decreased with the decrease
of the grain size of the powder, while the content of fast-digestible starch the powder slip an-
gle,the preparation characteristics,and powder solubility increased with the decrease of the
grain size of the rice powder. Meanwhile, the gelatinization temperature measurement and the
comparison of RVA characteristics showed that the ultrafine pulverization treatment made
the powder easier to gelatinize. The cation exchange capacity and DPPH free radical scaven-
ging experiments of black rice powder showed that the superfine grinding improved the cat-
ion exchange rate and antioxidant activity of the black rice powder. The ultrafine grinding
treatment improved the physical and chemical properties of black rice powder, which will

provide new theoretical support for the development and utilization of black rice resources.

» WS B #:2020-08-16
EETH :EHRARBHIELTE (31671888) ;5 Pei 4 BT 4l B 2 563+ R1 5 H (2019NY-122)
EZB AN S EEAITL—) L W EE B i A Bl IR S & A Rk
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PR S K ok R ok R B
25 TR R E P EFR N2k, Bk P E A
Wi e Y R AR TR SRR TR
B L& A AR TR L R & A AR 75 1 i A =
W2 - ELAT P AE AL B IR BT R L TE R A
TE L B ROR AR R AN L E R BT
MR LR TR R L&A KRR &R,
T, 5 550 R X L 9 A A £ 22 L AR
KRR RE L BRI T SRR YRR A FE & AL o i e
S [ 1, 5 6 BEOK R IR N T, B O ERAR R L 4R
o A %

R ol A9 e 3 Ao LB e R R B 9 ek Bk 4 b
Ab B, DT S A0 G R 45 A £ o 2 L Bl AR R A G 1k
40 5B A3 NG5 R4 AT T T R A ok 1 R R sk
R0 2 1T R A R o o8 SHL A A 1 DX T A o R
IR —Fh e B0 A IR IT R0, ROk i T
AR ARORS R A B2, 185 DRk I 114 L 2 T AR, DA T i
VR A I e P R0 T A AT B A A RO
FHSE B 5 7 B A R B8 R AT, m] DN IR B
H ) B A R 242 X 7 S A S GO A
[ERIN7EN

Rosa 25 iF 53 5k 1z H0 f0ks B & B, 8 f # fi
B H2 R AR 1o P A AR M. Niu 2807 B 5 36 I 1ok
TR B AT R S 1) L 32, it /8 4 22 THI M 19 1 BE. Se-
hun Choi M HF 58 T K FEAS R 0B 45 1F T 4t
SEALBE T L FL gk S 3 W i 25 A0 W i R A 8 L Lt
AALVEA BT ML, T B A 0F 53, 88 SOk #is Ak B ]
DA AR A9y R B A R 2 TSR R

AR S B 32 B 5% SRR OB R AR 6 K i T
FIE R i ot O A 5 W6 A S 96 R D B o B L 4 3 3
Ho3 A Ab T f%) SRR B 43 HE DO A S [ A% T L 5 2R
KBTS PEAT X L BT T A A% T PN A SR Ok
53 0 Vi A L R A ] oo 80 P R A A B U Ky
it T e o SR AR L ) A L R 5T T R AT SR AR T
ERIAR RIS F o A PR = b 19 TF & RR) F 42 41t
PSR4

1 #MBR5FE

i

1.1 &ABME
1.1.1 EFRH

BK.HE AT 4 COKABPEH; o EH
Bt At nt WA R AW R A R TR A |l ToK LB
A IH L 53 A 4k
1.1.2 ETUH

1R 22 DI RE R RR AL L X SOV 9 L AR BR A FD
it A DR X i XA B b B T AN T R R A R A F
PR 2 B2 A3 AT A By B 0 38 AN R A BR A F s R 2548
R AHAL L E TA A a] OG5
[E Mastersizer 2\ ).

1.2 %%Fik
2.1 JRORM Yl 2%

3 1 JE K 1 o 45 - SR 22 T R B R AL X
SRR AT R AL B L 289 60,80,100,120,200 R
Y B3 0755 3 o A5 B AN 5] 14 b7 428 3 L A PR AR

B THOR A FE KR 1 1l &« 1) A Ak R x4 X
TS X 200 H bR o 0 0 %) B KRy E AT R AR
AL B RS REAR RN 40 Hz, 15 2] k42 32 pm 1Y
R TOR .

1.2.2  UREDREEE i S K Ay it At 1 B )

(1) T M3 T 52 4 7K i B 1) %) 0 52

HEBRFRIBOA [R]RLAR (1) B KK 1. 00 g B F 0 W
U =1 b BOGE A 0 kR T 2 WK, oK SRR I 4
U B R b B s e 5. B D 4R B R (AR A 4 31 G
SRR A 50 ml RUFE K il A Bk Ik A
KWL 2 b, BUH SRR B 2 2R HL ARSI
0. 050 g [TE N Bl , 76 K W R 1 B 45 h 55 “C1E IR
FR S BA TR W7 45 5, 12 S A2 iR B 1), B3 B 2 min %
TR AE Sy ol €V, L 2R AN AR D k. e
56 4 il A 19 o) 1]

(2) JE A3 Tt T A 82 3R (1% ) 1

HERFRIBURE & 3. 00 g, Jin 50 mL #B&i/K 7 98 C
4 R R K VA B TP R R 25 min, 8 TE R 52 A WAk, 52
EVRHEIMA 0. 05 g V€ ¥y B, & T W% 1 k4% b
R 55 CARE, B 10 min, N 25 )5 . &
T 01 il 2 T R R BT T R R R BB AR
IR SR PR TG K 20 BRI I B R A TR
B URARAE 105 CAYEIR ML b TR 21 & PR I8
4C T B e T AR A
1.2.3  AS[ADRL 30 PRl KM 1 A 1 g iy g

AR SR E 220 1) R 2 M 50 mL,95 °C
PEYRLZK I H PR R 30 mins 1 0] R T 958 3. SR 5L LU
3000 rpm B0 25 min W EIE WL B 2R T ORER
RGBT 105 CHLAS T e . AR ALY
W T LA A (D3RR

%%ES:%X100% (D

KOHF . S—EME D ;A— TREY IR
Jide () s W—FE i & ().

1. 2.4 AS[EPREEE 0 B2 KA U A A sz 0

YERG B BUAS 6] R 42 1Y 2K #3 3. 00 gL iE T
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G SRR G AN TR AR 0] B KR R A M A 5 « 41

10 em X 10 em (B B AR b B AR AR 2= 20 90 %
()RR T 4R B 31 A 1k L I 3 3 Al 5 R U T ) e
o B A £ FE S 0 A
1.2.5  AS[RIHEEE S BBl 2 K A0 A0 Ak T B 1 i s
WA [ 67 A28 1 R KA ) 25 mI 8 06 iy ik
W BT R, — e dk, — 3/ Kok, AR
TS B 308 s VE A WA 0 TR L 10 SR UE A W T 4 o B
JRE AR P ek BE 5 BRI G R Ak L L R UE R T ) — R
FE S AN PR 2 I AR L B e 2 R R L D
FRLASTE I E 3 WK BUF-1.
1.2.6  AN[APRLEE 6 [ BEK By RVA F¢ 2 0 I
S8 GB/T 24853-2010 W 5 R 5 19 7K 4> &
HLORGRAE GB/T 24853-2010 Ay sk , 13 0 i &
B 7K i I AT NY /T 1753-2009 H |y 5
U5 R 0 5 R A R A R
1.2.7  [RPRLEE i ] B KBy ¢ 7K 0 R v 7 il

2

=

(D RF7R F7 I 2

VERMFRIURE & 1. 00 ¢ B T 100 mL B, i
A 50 mL #4817k .25 “CHE K W RE ) BERE 30 min,
WA 2 000 rpm, 850> 30 min, U8 454 T 55 .0
FBEA K5 B 5.0 B R A TR R R K T
Q T VL1 A4 5 (2) 150 151

Q="M 100% (2)
m,
HOF om, — B EREM R E (2) sm, — K
AR B ().
) Frm J7 I 22

HERA FR HORE 5 1. 00 g B TR d . I A& H
20 g, FIRHHE 1 h 5,3 000 rpm B0 20 min,
B 2202 5, U8 4R 48 1 5.0 A 3 1 B, AR A
s L RO LTl A ) IR F

L="2"" v 100% (3)
wy
L OHPw, =B EFEMPEE () 5w, —kE
AR B E ().

1.2.8 N [RPALEE i ] R OK By BH B8 28 46 77 il 2

HEFIFREL 0. 500 g AE & . il 100 mL NaCl %
B YO#ETIHFE 5 min, W2 B pH. i sk 5. 5K
JE BN A NaOH % (0. 01 mol/L)0.1 mL,#
J1HEHE 5 min, WE W pH, HE NaOH BRI &
%% 0.1 mL.73%] NaOH i 5% W pH 224k

IIPSEN N
12,9 AN [APRELRE S B SRR ST 8 B 5 ) 0 7

(1) JE 3 1) 1 B

PO SRR L 3 1 5 Ak A ZE 1
K2 FEETRHB 2 hF.ATHEMBERZEFRHS.
A 1. 8% By ¥ 8 [ B, 45 °C e i 8 h, 3 000

rpm .0 15 min, G2 2B 6P 55 .7 R
BO. REZREEMH A EANTER R IE. BEBK
TRTF 45 CHEAE T8 15 20 JE By LI W . &5 H.

(2) 7 A 1 ) 22

B 200 mg JEMFEA A 0. 2 mol/ L [ iz £h
P (pH 5. 2)15 mL, ¥4 J5 ik KB fE 30 min, #
&) BEBE 5 min 72 BEY_ERE T 5 min, )V 45 H )5 ,
RHEZE, RSP IA 5 mL A (1 mL
15 u/mL FBELEE R 4 mL B9 %% EEE 290 u/mL)
SEHPRCA 37 °C K S b 4 B I G 3 B[R] B R
0.5 mL FE AR KIS 6 min KEFTE )5 . F DNS
BN R 43 7E 20 min 120 min B ECH 50 4L
FESL IR W KT 6 min KEEIE S, ] DNS B0 &
B 5 RE R A RO 240 min J5 o, I35 I
W PO Ak e B & RDS Al fi A0 () 3B AE
B A TER &R SDS i AR GO HEAER
PUHETEH & & RS il A (6) 11155
(G —Gy) X 0.9

RDS — X100% )
G240

sps — G =) X095 0000 (5)
GZ’IO

Rs = (G ) X095 00005 ()
240

(D)~ (6) T 2 Gy — A il fiff A ot ¥ R 17%) ) 2
it (mg/g) sGe — FE T W B F# 20 min B 19 45 45
B 5 (mg/ @) s Giog — FF i I VR % 120 min B )
HEBED 1 (mg/g) s Gowo — FE 5 W B % 240 min
A A4 38 5 5 5 i (mg/ ).

1.2, 10 AN [RPALBE 31 ]R8 OK R e 4 Ak 39 P i I e

(1)DPPH H 7 bR R

5 g BESITA 45 mL(80%) ZBEIA #i »50°C
AL 15 min J5, T 50 COKIEM P42 T h,
HELL 2 000 rpm &0 15 min, B FWE#K 0. 3 mL,
A 4.7 mL /9y DPPH %% (0. 1 mmol/L)iE%2],
EESE SN 30 min, T 517 nm AT WG B, R ALY
DPPH H H bR R M o] LI (DI E 5]

AZ*Al)xwo% (N
Ay

KO A, —F 55 DPPH IR A % W WO
BESA — RS 4.7 mL CEEIR A A WO E
fi; A,—0.3 mL ZFEH WS DPPH BRI G5
Y W G

(2) Bk

1.5 mL W, 5 1. 5 mLPBS(pHS6. 6) fil
3 mL(1 mg/mL) ZF AL WIR ST, T 50 CKIKE
LRI 20 min, P B H WA 4 mLTCA & W
10V Ze 1k RN BRI 3 mL, A 2 mL 2818
/K5 0.54 mL(0. 1%) i FeCL, JR%], % & 10 min,
F 700 nm P EEAA.

M:(l—
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2.1 NP AL B 2R B AR b AR

Tl i 3L 23 P11 5 28 il A% F 18] ] LA SRAE T 8 A 1
TH ARSI E . T Ak 1 R B ) A5 4% 0 ) Wi 1k
M. S 1 BT s SR Ry £ T A R E SR AR 4R
TIN5 VAR B 2 4 T At NF 1] R T8 e 3k 4 T B
A RLAE U8 /IN T I /)N, AR 52 0 5 SR 5 A B S 4
ST 45 RAR S, 3 AT RE S Hh T AR OK UL Hh s 4 i
LR LG 2 o 18 IR M. /N LA Ay I TR o 5 o A
D, S B e 25 Tl ik I () I R R AR AR Y /)N T
AR 00 T A R I D R Tl S R M 9 45 A
32 B BB AR B AL T AR R A Y R B
B2 AW A T WD S DA O R e T i R o 1A
A B4 /N T A

0.25

350 —a— i I 1)

e WREEE | gy
£
230k g
g 10.23 %
= =
= 40.22 ¢
&
200

%\E 40.21

0.20

15

25[I)—180 18[I)—150 15(IJ—120 12I0—75 3:2
#1772 4 B/ pm
B 1 KRR &S EZ AR
Fo By fif 3% B
2.2 AEREETERZEHGFARERELER
P R B 3E R R A IR LE K T AR R
WG A HUR BB A LR T AR AR = IR
T RE L LA B 1 TR,
x1 AENETCERNZXBH AR
Wy AL 9 PR/ e P
A9 PR ITORE K . B0 B R 4L B R

200180 AR AT AN B IR B e

. ISR 2 L B I TR 40 B e
BEHEAR S OB 1402 L Ve B
B A B N

150~120 V5 2 53 UG T B 90 2
5 D

N B A R 45 B 4 W L

JEA 5 B VLB 1
BRI PRAT 45 Yo BEHE I A 0
32 A JE AT B 50
B 1
HIS T AT AR A2 B /N O (R T K b B 2
HICVE RE A 5 L 20 WA P OB RS . RS SRR . &
ok FROAS B Ak A A BT A A R
VA A K P I i BE D TE R OG R Al

by R e R PERE 9 BLAR AR, I 2 FTRUAE L B
A PRAOB LA (9 T /I A58 A 1) 95 e 0 3% 38 39 . G
OB T A 1 R 19, 190, BORLAR Y LR 180
~250 pm BYBHA B MEPESE & T 4100, X AT AER
DRI S i A R A28 B4 D A5 K fh T ARG i
T 8 14 LB R R AR 114 ek /) i i
Ty SEA A T AR A B o3 B4 9 A AT 3 O i R
BEOR. 25 LA L Ok B A B AT DL R A S e

20+

18+

HEL/ %
5

=
'S
T v

Y
N
T T T

250-180 180-150 150-120 120-75 £
HL A%V B/ pm

B2 REREEERZRAIERE

2.3 ARFEEEEZRHFE ALK

Ty VR T A ORISR TR AR 4 U Bl R A
438 A BOR , FLE S PR 2 . BT 3 R A3 £
WS o AR A2 4 /D T 384 A R e Ak B g 1
AR T A 5 R 3K AT BB T/ RLAR B AR L SR T
FREER UKL 22 8] B AT 54 14 W% R 0 R 5 SR L
AR 2 T 2R 5 77 5K DR 0% A 4 fE 494 56 Jir 3 2L

50 +

—~ 401

i/

30+

250-180 180-150 150-120 120-75 32
R ARG i/ pm

A3 FARABECRHZILALWEA

2.4 R E R AH ) BIER L

A U 1 T 4 R AL 1R RE RN &5 SR M AL IR R A
BRI AL B XE 2 A2 1, R AL IR RIS, 0B Ak ik
S WAk 1) X B B B ] LS e JEORE 6 i T 4

AN TR 1 ] B K M A R L 36 2 7. th
22 0, BEEE SRR R RLAR /DN A A R R AL T LR
T JRE TR Ak 45 B I 8 A0 R AIG. 6 M W Ak 2 48 AR VE By
B 7K VA B, K 4 10 A T8 B 10 R 5 30
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G SRR G AN TR AR 0] B KR R A M A 5 < 43 -

ORI 4B A At D€ B 23 T 80 B B0 1 Rl
SO TEAT 23 1 K I B RTS8 — A2 5 A K
PERPBIAR G A o B AN SE 8 A, A AR ABURL I/
KT IG5 P2 T R 2 L A AT
VEASBOIAEE L 25 B T IR L R OR PR AL B L BRI TR
R B0 P BE |, B b R 18 A n T4 .

R 2 AREBEERE/NKBE ML EE

i AR A2 1 WAkl g/ °C
/ppm i 4
250~180 66.540. 3¢ 95.15+0. 154
180~150 65.340.1° 94.35+0. 25"
150~120 64+0. 05¢ 91.1%0.2¢
120~75 63.240.1¢ 90.9540. 15¢
32 62.040.1¢ 86.65+0. 15"

2.5 REAIZTEE 2R A 69 HACH B

o0 B2 J2 W Ry A v TR o S5 AR B L I E
T 53 2 1 L R 1 A A L T LA e el A R
A5 T ity o B B R E. T RVA-TM B RG B2
3 Fr ASCIN S 45 L2 VL R PR 1 B ORAS B9 B A il 42, I
3 LA W ROKOR A A 8 | R IR L
iR AL Fre R E [ A L 0 BEAY AR BE 1Y A /N TG R
W 5 FLARC 5 A [R]RE B2 S T8 K M3 Ay U {0 FeF [A] % B
TR TR R B ) D (L P ] i 4 5 M8 P UL B8 e IR e,

TRy 1) 7 i 28 LA ARE 5 B S A58 /0N o A (L B e B
A B AR I 0 A R A, D B A IR P
DS 1 B2 X (=N NV N T R NS 7 2o e -
TRy TR Ak B R A 1 B0 A= (B 194 P, B8R 42
ISR 75~120 pem B0 1R I8 35 5 AIG. 68 T4 e Acb B
B 035 4 = R I B AR L DT 8 35 2 v R A
T HERE.

2.6 AREECEZKHFRIFFH A0

FETKE FR5 T 2 A A R OK T £ 2 Y I B
PERE 1Y BRAL A8 BR. A 1A 0 35 7K T3 8RB o i By X
KA W B R A, R T R R A R % TR A T
JIR » 320 1 U 2 A A o R I A A T LR A A
FroK F7 A R, AR TS P B . H RTEFSY
FEINT R AR B SO I R K T ARl 3
.

& 4 AT FEK T FER I ) BE S R AR R Y
VN R R, o BT S A K R A Y
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Research progress of physical treatment technology on
browning improvement of fresh wet noodles

HUANG Jun-rong, YANG Yi-fei, YUE Miao, KUANG Ji-wei, PU Hua-yin

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

na)

Abstract: Color is an important factor that affects the quality of noodles and consumers’ pur-
chase intention, and is an important index to measure the quality of noodles. However,
browning of fresh and wet noodles has become an important factor affecting the quality of
fresh and wet noodles and restricting its marketization. Therefore, the inhibition of browning
of fresh and wet noodles has always been one of the research hotspots in the quality improve-
ment of flour products. Physical treatment technology has been widely concerned because of
its advantages of green safety and obvious inhibition effect. Therefore, from this point of
view, this review describes the inhibition mechanism of physical treatment technology,inclu-
ding microwave, irradiation and ozone, and other physical technologies, such as ultrasound
and low temperature plasma, on the inhibition mechanism of fresh wet noodles browning.
The advantages, disadvantages and application scope of microwave, radiation and ozone in
food industry were compared. At last,the development direction of how to effectively inhibit
the browning of fresh and wet noodles in the future is prospected,which provides theoretical
reference for the improvement of the browning of fresh and wet noodles.

Key words: fresh wet noodles; browning; physical processing

x WS B #:2020-10-22
HEEWMB HE AR #EETH(31772012)
TEHE BT BIRMES (1971 — ), 2, A d A N N, 28082, WA R0, 8 9 O 1l B R4 F R IR G JF & S5 ) A



. 46 e % & B4

rEER

%39 &

0 3l

JLT4ER W2k — H R V2 R 07 F IR Y
IS0 e Y TN R T T PPN R
AT 2 25 T 117 375 i Oy FAVH 1% THT A% i ol G 0 T
DR AT il L AT L AT S R T A R U T A A
R AT TS DR E T K g i )
i 5% 3 Tl 45 FEAB DR 2R A 52 0 (08 FC A it A v
AEAB AL L SO it (I AR 9 A I S A, AT
P BCH R A B R ARG L 2 ) 24 S35 i iy B 4 )
PR K R iy R LR A o e
THTTE i A7 3o T PO A8 2, X T 418 v 38 1 )t o LA

(] P AMUT 5 2 B 52 W T ) i 206 R A T
A A R B Al T A DA R
(/N 3 19 A e 1 L A 95 3 1 o % L &2 2k
@ K o B ERTE R i R VE R 2 B A
T LR T DR ORI B K
Z WG BUE B RS A (DML T
PRI W] o LA TR B IE (i A 0™ /N 22 3 B AN T A3 i
U T B TR ) B8 B L R R T AR BN T 5 (3)
P il fhe 469 78 (R0 5 56 37 18 S N COLRR AR )
PR AL 78 S BT IR L BR A8 72 B LA e 22 T 4R
4R 5O TE A ) B 5 (4) A 4 78 L SR 9 7E
A ASAAER S AE T TR 8 e = A
YW 22 1y S AT A o A RT T 5 B ol JHG A% 4
SR W X SO 2 PR — D LR B ER 2R Y
Jit B2 W) o 2 ek A2 2% 1) AL SR 5 TE R 1 A
6 114 €, 22 28 ) S0 A4 52 T ol R T A S 1o L B 4 ]
L FT7R). Her il fhe 46 20 it S BCE I 1 A ™ T Je
fiff A3 R T A A (0 3 45 7 B9 i T B B UL T 2
ST ) i S S 3 T A A TR 4 7 S I e
A R 22— o T AT B A e R ) 5006 ~

i

70 % [9]
OH OH (@]
OH o
O, O,
n— = —) 7
PPO PPO
R R R

182 W AL LA T 0 160 3 I 5l Oy 40

T LT S AL (b AR LA B e

SRR A 5 A A R R R A T U T

93 711975 ppo: 2 i AL Al
B 1 38 RACEE SR & B
B AL B

FIRT » 5 2000 o N 2 Rl 2 1 SR A A
AR T PEAR B /N 2 R, LUK /N 22 i T

HR AR R A A I AR T O AN B e R R
A5 D7 W e A B Y T P4 78 B AR R e 7 TR
BT 2R 0 T AR P A s R R Tz T {H
A RE 2 AR A B e R O HAE R Z BT
FUA T 1 22 oAl 590 356 A A RE AR A A B+
OB AARAE FH Y SORAE R T A 77 A A 5
B H g fl B A TRCR A BRI SR R A EE T
o WAL R EOR B (022 A, T LAfR B R T
[ A 185 0 o3 XU 6 5 L H e O i LA B
AP F . AR Xk 4 BHAL B R R B /N Ry K
T 2 i JRCRF P D7 T 4 R S LB PR S © 32 T R A
S I HARZ TS R R W X 26 H R A B B
T 463 722 [ A I ] R 4 5 ) I DRk AL A
e e R R A

1 SRR AR

W AR oy 300 MHz~300 GHz (Y H,
WG, Tk BCUE A R S 915 MHz 8¢ 2. 45
GHz " ek 2 F 00 b, S0 A A 2 45 9 m
PR K o G R 2, 7R A RN L 3 2 DA
1R 14 43 T 1R 9 T8 3Bk A S 5 b i
AR B a) 1 7 A AR B Y CHAVE FHPLEE an /& 2 pr
TR IRZ SCHRIF ST 45 R Y R AR B A 5838 )
SR | BRRROR R S R

BomEBmEL Hom e Pl TR
SR A0 P 30040 ik
L RN
f . |DNA. E A
7‘ i | s
Nodee |
/| e
42w / BRI 7
PERFIE
ik & E B4
i WA
(584

IR B P B 1 PR L e K 4 F R T

SRR 30 7 A AR PR T S B 3 T S A M i R TR

T 7 £ A PSR 5 T 0 M R e 4 2 L 1 9 e

B I P9 1) DNA LR £ T8 58 L B0 B 0 38 T 5

7 A BT A R 2 R 2 A W 5 L

CH I IR A ) b T LA ) R 5 0 2 Al g

T 25 2 17 4 52 5 5%, WA T 5 80 17 4% 2 JEE (4 0 g 2, oF 410 o)

5 35 7 0 48 725

A2 ok B KAEAILE
P TF Ry (A0 TR P L G e YR T AT R AR

e |45 o T S A B OB A B B R TE T AR o T
) F B Y AR BT S A D Ak B RE A
25 S8 Bl ) A G T TR A 4 AR [R) 8, G o L o
PV FH 7 28 2 B« Ak B0 DAk A3 R Ach R i T
T AT SR T i 00 ] i D TR AR AR 1) AH DA 9 45 SR (an 5k
L) s AT UL Y, G Ab R AT 7F — 8 R ol
i YU 1A i A o A P e A Y R A A FHRCR 5 r
it FH At in 1 oy 32 B ) A K.



513

TR AR S5 - ) B AL BB 0] U T 4 AL ok RE St « 47 -

1 HELERARMESEEAETENEXITARER

S 3 T A2 15 00

i T T R/ w Tk B 18] /s prempe PR Sk
! VR . 25 CE R AF 24 h )5, @B A, 25 CHE A 24 h )5,

2EH 700 120 A LGEREEARE) R 19. 10 AL N 8.72 [18]
i 25 W Ak Ly S5 A AL T Y Lo B R R BN, T a % (L 4% {H AN

INFE Ry 140~420 60 bx (B EZENG T 647 24 h A, X A B b B I B i Lo« [ [19]
TRER AL L s« (E 3G DI S0 th AR X 0 2%
SRR R IEMAE 24 h 5. AL &FEEB WA EMAF 24 hJ5.AL

I

= 700 90 1 18. 71 {4 10. 84 [20]

668 [ JHAHCPE - i e A A B (280 W SRR A B A BEIR TRTL 36 C T i AR A B &EYR T, 7E 36 °C T i r21]

20 S—90 C 15 min)

60 hJFH AL J13.56

60 h JGFH AL ALK 2.19

TE A LS CRZAERREED S0 1WA 04 L > {5 HAE A7 — BB R 2 5 19 Lo 2 60 f 2 {0, JHG (078K , 9 W 6 388 TR 7 i 77 o R v 4 722

TR AR L IR /D 6 )68 0 7 17 A o 2 T

ZA I A B TR 2 T S AR T 1 4 R B
I o DA AR A il 36 AU T G998 2 i 1 2 1k 65 0 1 R
PR A A 5 A sk Sf 3k 3] ik 555 1k o 1 o) 3 48 AR 1 H
AR 225 5 — T T . AR Ak B 1R T AR R A R
b, FE— s BEREE B T AR A A R Y A Ak
WF5E R W], 25 1 0T 4 - 4548 19 A2 4k, 7T R 25 el A2 T
ST B G R, TR B A Lo A GREAED
AR B

ol e A L YR Y 2 i 3 1 249 T LA A i e 3 1
(48 78 A FHAICR 5 B I A 38 %) BsF ) R T 23R DA M
JIEAE X G2 1 AR 1 T A 6. 5 A Y TR
500 W BRI Ak BEK 43 & &8 14, 02 %6 (14 TH 3 Iif
KB 4 THR VR FH IS )RR 60 s B, 25l Hoh
(R 7K 43 1) 155 3L 328 2y T o s A o 00l T Ry PR ) 3
2 A T A 0 . AT T EE RS I T R A 4 R
{H. Zhu %5 58 5 HEM L K 20 5 50 13, 5% 1)
T 25 800 W B SLI AL R 50 s AT B S f i b 341 1fg
T3 (0 Bt 2 00, 3 R TR v 1Y) 22 T A G 55 il 25 R
23 M Ao BB R0 5 0 1 T v R s PR A B
Vi) 33 4 5 M) TR i T

2T A B 5 R TET RS R T AR B R K A
o AR HOR Ab B Al 23 T, i HL T 32 3 5
117 Lo T 0 3 T W R G IR A S RE A AR
JO7 o T 33 6 B AE ] N 5 W FRUFE A /N 28 IS 1
B R TR T R A AT RE S MR P i A R A
I WG - Ty W /INFE By S K R W BT B L R R TR
A= i THT 1 e FH R 3R b T

2 wERER
BB IR BRI AR A T
AR A AR BT T e ek IR 5 2] T R

WAL ZEHIA T S BAE 1999 4R, WHO (i
Gt DA L) S5 [ B Ak 21 U0 W 45 S A AR T

10 kGy B 7] 48 B dh it IR R & S 85U fay 45 7
PSS F IR A 2 A ] Y R TE
Tl v AT = REGR S 4 A R R
MR A B R S R BEAE 0. 4~2.5 kGy JEE N, T
ok A £ it v 2 B R ) B I A 28 L 7
AR BN 1~ 10 kGy, JH T 4% 58 40 1 46+
CUD 1] B RN 2 30T R B B A1) v 3910 o (o R o8 4 %
B 58 B A T 30~50 kGy Z [a], 7] R A0 fh
Hh 1 4 A 2R R R R T AE K A
A RO, R IR B AR R R X 4y [ BTl
T 35 WA I 3 3 7 A — S A A0 of Ak B A
R, DAk B30 B AR 59 75 20 AR B LR 4n
3 BT, o,y SR R B & 0 1 28 35 )
S OA A 3 N L R B R ek e TS
PR AR P FE RS B 2N T E M Tk
T bR 2. fE TR E AR AT E
AT TZIN 2005 453k R A5 O O g R
Th TR 36 % JF HREE WA T /\F A
[F) 14 s TR o A b o A A L R LT
ST RORE BT B S B BT PR A R ke A LA
B I T A [ 1 770 o B 4 B0 2 9 2 Rk
AR FR Y

3 = = =g & i~
ORI 7| i 8 1 52
AR KU \// i 0 52 \\ /

o2k FiE [ i)
£t

¥
e \ )

S 1 1 445
A

XSy S ol TS A R A A T e B
A0 DNA 53450405 40 K18 0 40 26 10 R 32 450 3 i I
P BT 5 8 B 2 1 4B TS 0 L T 48 2 B

A3 iRAEPEAAMERANE
AHRAE T 2B B R AT 7 — e R B b s
e Y T € V6 O S 45 AR R ) AL SRR RS R 1~



. 48 . RaPAREEFR

%39 &

kGy 7l 3 09 HL - SR o S 2k 43 J31) i PR O T8 S
L ER T Y Lo+ {E (58 BEAED ¥ B 2 R R 6 Y
HE RGO  H 28 v 54 IR 1 B 0 1 Y 5 B
TSy BRI B A BALT & v AR
HE I D T, 0 Y P, RO R Sk T R T
T TR 5 L B 5 A 0 5 R AR AT DS S ST
P30T AU S8 B SE A B, 24 i D TR A e R
PR 1. 5X10° Ci, Ml #2524 20 Gy/min, 5 i
H1~5 kGy W v 450 BT, 52 B mT il o 3 4
. SR R AL B BB A L 2 5 kGy 1Y
S 2 i T M YO T R (AR T 168600348 2~4
kGy 1Y v ST B, G 30 1 A 2 B (8 3 L ELAT)
TE BB 42 37 Y L PN L A 3 TS ST A A
fief Y T ) 4 AR L T L A il I G 3 T PR A R
B H PRSI Y R O R B 2 OC HE B, A O i A
%) R R BB 23 | R T A% TR T R

Xof T i A 3 R 10 o] 0 T4 AR R LB, H
R 1 AN B . 4 O 5 T P BIF 9 2 3 4 DNk s 2
SRR Al IS RS el (O /= W S G VA
(s T 28y B 4R R RS fF 0 T AR B AT BB Bk
REUSE ET 0M AS R A AR R S Y T A B A AE 1Y)
T AL A A R L E AR S BN SR T
7 T ) BB 5 LR AT IR A 5T

4RIk B iR BEAR T W 24 BE % A4E
J7s 2R E R DA M YRR I T 5k, BT
i PR RN U KB R B A T e BT DL S At i T
J5 3 C T #40) A6 B 4 R A B R 23 08055 2 A Y
DR AN . I HL % R AR 7 JE K i 3N 18 R 5T 300 7
A SR B R TG, A DR R, Y im
HEGR) 53 B, F T S TR BB A5 0 38 A 1 T A%
F1%) 2% 78 AR R R B R R e PR R A i T A R G o o

3 REiE

A BA A O 17~ 23 min. £
L Ao R O, H 1997 4R Lk IRk b
X E A AR R (USEPA) 3l 1A hy J2 % 42 11, JF
FRE) T3 E B kM 25 A BLR (FDAD B9 I HE, m]
AR Sy S R0 R A P LR DL RS B
Tk I 2N TR T A PR R Y A 4
P B i R it A A M (FE T AL B AN 1) 4 BT 7).
LN A E I RTTE a8 SITATTE. S LS I ok 1 K €7/
U Ll R I o NS PN R 0 A )
SRR TN T i E T T TR 8 R S 3%k 26 T A 45
SRR IBY ™ T FATR B E 5 B bl o A

TR BR A L B84 1% B AE B i Tll o % 57 B4

B4 9 5

DNA#E il 38 <
IR Kk
IR

% oy AL R4S
IR, &
FR AL T TN
i A
FEfI

LA B LR U P TR R T A A
58 o BT B LS DN 4 7 200 A2l e 5 o T 3
75 T B L T 5 L A T 46 5 T 4 S R 2 4
YR LT o 9 (5 3 2K SR R A > 2 3 A R
LSk BT 7566 480 2 0

A4 RAXBERERKMERANE

HH AR FEUE B, 5L AR BEAT R B35 45 0 T 0 i
HHTET R 4 4 BT, O FLRE A8 E — AR L 0 o e
W AR I & 2B B IR K SN B AT AL B DR 0~
30 min J& » & BT i A5 10 4% i L o {1 Bl o A 2
] 14 42 4 HE A 528 1 9 o 20 b 3L TS 1 75
MITISc L= fH (52 EE{ED A 80. 40, 17 48 & 4 4b 31
30 min AT A4S P TS5 Lo+ B8 85. 33. 40l
A 2% B SRk R A B TS T A A5 1 2 0 T AF
72 h G RIS E AR Lo+ {HSh 78,0E
TR 2 SLA AL BT AR 1T 4 Lo+ {H 72, Li
SIS R B L A e B H /N2 Y A 1
T F B9 %% BE A R 79, 45, T /N 22 By 2 BLAE AL 31 30
min.60 min Ji , il 75 (4 I 1] 5 18 43590 R 84. 09
1 84. 38. 1 HAEAH L B vy, R 28 B4 AL B /N 22
Kyl A5 R VR A Lo« (MR T .48 h ik
59. 06, {HZH £ A AL H 30 min, 60 min J& , fif 77
A8 h J&  BERRTH A Lo fH 485100 69. 12 Fl 71, 42.
I B SRk BT R o AN (SR A 41 v i 1 TR ) 2 A
17T L A8 8% 080/ N LA it A 2o o v 11 A B

25 B4R A B G TET 174 4 A [ R R 4 ok
— 7 T 2 R Sy 22 W AR A il R R Ak 7T R ARG S
A 2R T ol A5 6 N TR 1Y R AR S g R R K
ReEALG , DT 0 3 17 8 T €5 7% 5 53 — T T fiB 2
THEBmPRHE N RFAREY RS LA LG
Wi figt , 5 A U /L A5 T A9 5 R A DT 7 3
[RYENE A G- B RN S Bl U
MR 55 A AR O Sk (48 1 B L 28 T B AR UK LA
T A A5 1) 2 5 22 10 A% Bl K R B RUUR B Y 1



513

TR AR S5 - ) B AL BB 0] U T 4 AL ok RE St « 49 -

T 5 22 T 2% P R S B IR R 22 1 A N AT X
AR SR T B A A0 o A AL M L S B 2 | B 4R
AW TGP W B S i T 2 W B D AR 4 78
N A B = AN i 5 22— 3l T IS ) 7k
P18 s A8 A 2k 1) 400 o) T 2 8 A2 S Wz vy ).

AR, RABR BN E 35 TIRA T &,
I HL B S AR B AW AR L ok sz 2 &
i Tl A9 F AL 77 R 55 Ak 2 25500 4 L LR AT
Bl B 2 IR IRAE OB K A B 2 A N 5 T
o R A o T A R R SRS AL AE 0 400 ) i 3 ThT 1)
AL, T FLa AT LA =5 9k /0 i 30 1T PP B B 9BV KE

LT 4R LA (L 28R TR SE BRI
RAHARMA A C K H. ARTHIBEFA 4 T34
B B, Tk i B SR AR BT ¥ AT b 1 s o 45 )
LA R

2 RS SCHRARE 9 R R IR LR R =
ob iy BB A 00 ) 360 TR A A A BIL B B R A R
T T R A G e s D R 32 I L 3 =l )
BEARSAT AR B s A T HAL PR SR T
Je LA s 2 D s Tl B B9 ) BE B R A L B
P H AR B HAT B A

x2 WEERIRE=MUELEREARTENLILER

Py BLAb BEECR 0] S TR S AR SCHLEE R B Tk BT R AL A

e Tl T A i ks TE B i Tl o LA

S0 L1 6 00 4 9 e RRIRINATHE K E K
Mo mORSROUEE R mas ke LRI g g,
WA 28 1 AR TR
A PR £ T AT T B
W s e TR R
i e AR WA T e gy AR BT DY REACET  2

285 SUAh B % 1 4 TR Y
VR W F AL, R Y R
WAL Re i B 28 25 A i
(ERVEIPS

pi
b=l

ToHR B T %4 HER R

BB ER A Y B A D)

R 8 K AR B 55y g Lo

SRR L FLE A LA
i CHNSE R T R £ 4

01 [58-6
5, [58-60]

A T R AR
SE I 1A gt 2 I A T

4 Htt¥mEAamEEAR

H AT [ P A2 38 ) 5 T 4 3 Ak B AR 0 i v
WA SCME AL, BT MM ES REZ
A, F Al ) B AL R 0 R A IR AE B AR R b ]
DA v 6 00 TR 14 5 400 o) i 3 TR )

Niu &1 W BIF 5% 22 B, 88 75 -PT 3K I R ¢ & b
B4 20y, AT A5 ) A5 15 6 VI 1 A 48 AR R B IG
A8 % . HARITJG Sz I 22 Wy S Ak Tt 305 P ol 0 o) A ff
T e 28 i 2 1) 2 DAL 5 LK AR IR 4 i
B Wy gD AR R T A I T AR AR s, BR
TR e B, PG IR 45 B R Ak B B T L % (52
FEAED Ry 79. 04, M A 4 AL PR 630 1/ Lo« R
78. 72, PR AR IR A5 B TR R PR — s R L 4R
e B T TR ) S B ELAE A A AR D, 2R S B T
A A 3L (1% i O TR 199 5 B 0 A0 oA Ak B Y £ 0 1T
(18 5 L. 3K T 8 e i 10 1A 51 5 ) 6 2 488 78 1 3 il
728 DA B AR A SO B 424 5 F 45 B - AR Ak 3 3 [
(B e Ve

5 EEE5RE

TR T B A W AL B R R AL AT ) A
AT S B e L T ) S (L AT S LA A A e

o AR 1Y R T L BB A fo A e 0 T ) BT R AU K
RAEA P B A A R 3 = Fh 1 B R A
JAS N A ATF 5T 4 A X 6 A T A 0 A ) AR ok
A o ATV AR R R AR i AR
ARLBR T X =Ry B L Ak B ARG A5 R A
TR YT LAY R4 o] i 4 T g A2 LA R 55 2 1 1A
30 R X i 9% TR A 7 1 40 S BIL A e AN 9 A L i — AP
WAL

A1) ) i 350 T 48 22 T TR R IE A LR =AW
L — LT -

(1) B — (1% g B R A (8 I 7T 8 2 A7 A —
AR Bl B RS A2, BT L5 28 22 o g B 5 3k SR 5 Ak L
DA T o 453 5362 1 14 465 728 4+ 51 A7 R 1

(2) 0 1 5 3 ) 208 B AR T 400 o) B 34 T 48 7
JUESSE -3

(3B T A A0 il it e 72 S 7 14 e 2 A 40 o)
P T P €738 25 78 o DA S I A 22 B Y e e e —
AT G ABABE FI . DA 5T Y B R R 58 A0
A 0 ) s A R T ) A 7 [ PN A S S AL
B AE AR L B 25 e BT B 1) PR A R A
FHIK P19 52 385 T B Sk 4D T 4 2z o 4 3 5
00 G T ) A L Ok T L T A e 3
T T 375 P AT AR HE T e F) 9F 5 LA B i ¢



50 . RaPERLE SR 55 39 %

£ % Uk

[1] Huiping Fan,Feng Fu, Yuehua Chen,et al. Effect of NaCl
on rheological properties of dough and noodle quality[]].
Journal of Cereal Science,2020,93:102 936.

(27 SBAME. A= BF Y0 T ol A 0 s ) B AR B DR 9E [ D] B4
VLR K27 ,2019.

(3] FhF4k. £ #E, 2 T, %, A im0 6 5 R 0F 5 #k
[J]. &k 5 HLIE . 2019.35(2) : 226-230.

(4] Belmler #7555, S U0 17 2% K 9K 46 722 0 okl 5 A
FEIARLT ). Bl ,2017(9) - 21-23.

(5] F D, 9, HERR V-, &5, fof 00 i £ & b R R e f R
RIBFSE L (T, & dh 5 & WE R4, 2017, 53 (6) - 85-89,
110.

[6] Siah S, Quail K J. Factors affecting Asian wheat noodle
color and time-dependent discoloration: A review[]]. Ce-
real Chemistry,2018,95:189-205.

(7] 0% . SRR AR KRR MBI ID]. Kb .
MOl BB K2, 2017,

(87 W Ht i . W20 4. fFD) T 4% (3 5 i IR 9 9 [, b
HUH R . 2004,19(6) :18-22.

[9] Demeke T.Morris C F,Campbell K G, et al. Wheat poly-
phenol oxidase[ J]. Crop Science,2001,41(6):1 750.

[10] Fuerst E P, Anderson J V, Morris C F. Delineating the
role of poly-phenol oxidase in the darkening of alkaline
wheat noodles [ ] ]. Journal of Agricultural and Food
Chemistry,2006,54:2 378-2 384.

C11] sl W55 B X 5. o 05 T 4 78 AL ) S 0 O Bl R
G AR BN T..2018.43(5) : 24-26.

[12] Briitsch L,Rugiero S,Serrano S S. Targeted inhibition of
enzymatic browning in wheat pastry dough[J]. Journal of
Agricultural and Food Chemistry,2018.,66(46):12 353-
12 360.

[13] Chandrasckaran S, Ramanathan S, Basak T. Microwave
food processing: A review[ ] ]. Food Research Interna-
tional,2013,52(1) :243-261.

(14 T Al B AS. 0 20 o R R 7 £ 5o T v i g 2% 3
WEgT kR[]0, & W BFTE 591 & ,2019,40(4) :209-215.

[15] Sharma P.Gujral H S. Effect of sand roasting and micro-
wave cooking on antioxidant activity of barley[]J]. Food
Research International,2011,44(1) :235-240.

[16] ZEURHE Wi S 5. B335 X /N 22 10 By K 18T 4% & 51 5%
[J]. & 53 . 2019,32(7) . 19-21.

(177 ZEfiy iy, 2R A2 2R/ 25 A 0 1T A9 % £ b R R 7 P
FEik LT, A5 & BTk, 2019,45(4) 1 250-256.

[18] B #F WAL IR, AR MR I3 55 Tl b B4 %o 4 22 % 360 1 4 I
Jo 4 22 6 30 T 5t R R [, v B R 2% 4R, 2019, 34
(1):18-23.

L1970 Aled= Bk W, i . Bl A 20 v by XoF 1 A €5 338 % T
SBR[, W0 ol K% %4 CA SRR B0
2017,38(4) :35-41.

[20] Man Li, Qingjie Sun, Kexue Zhu. Delineating the quality
and component changes of whole-wheat flour and storage
stability of fresh noodles induced by microwave treat-
ment[J]. Lwt Food Science & Technology, 2017, 84
378-384.

[21] EmAME B 5. Bl & - R it Sk 38 K B8 X A
300 1 (% B 4R E 92 [0 ). & Tl 2016, 37 (7) ¢ 117-
121.

[22] 3k #&. 0k 2 &5 BORAE BN 2228 24 4
fif T T PPO AR W 1 30 ) B 52 L. b R ol % 3R
2014,29(3):7-10,15.

[23] Asenstorfer R E, Appelbee M J, Mares D J. Impact of
protein on darkening in yellow alkaline noodles[J]. Jour-
nal of Agricultural and Food Chemistry, 2010,58(7):
4 500-4 507.

(247 545 Bt ff 30 8D 4% 4 78 4 B AR 5 DL A < o e
K2, 2012,

[25] Kexue Zhu, Xin Dai, Xiaona Guo, et al. Retarding effects
of organic acids, hydrocolloids and microwave treatment
on the discoloration of green tea fresh noodles[]J]. Lwt
Food Science & Technology,2014,55(1):176-182.

(261 B 52, i ifg e, AR AR I, 45 GF 300 1HI 2% 0% B U 5 AR B 5%
HERELT]. £ TolkBHE . 2019,40(13) :329-334.

(27140 Wr. G252k &% T B9 & BUR 4% 5 R BT 58 (D], T8
LIRS, 20138.

[28] Feliciano, Chitho P. High-dose irradiated food: Current
progress,applications,and prospects[ ] ]. Radiation Phys-
ics & Chemistry,2017,144:34-36.

[29] Dieter A E Ehlermann. The early history of food irradia-
tion[ J]. Radiation Physics and Chemistry,2016,129:10-
12.

[30] Diehl J F. Food irradiation-past, present and future[ J].
Radiation Physics and Chemistry,2002,63:211-215.

[31] Handayani M , Permawati H . Gamma irradiation tech-
nology to preservation of foodstuffs as an effort to main-
tain quality and acquaint the significant role of nuclear on
food production to Indonesia society: A Review[ ] ]. Ener-
gy Procedia,2017,127:302-309.

[32] EJRJE. R . AREE. R IREOR7E & & b iy e A 2wt
FEikREL)]. 2Bl B4, 2018,46(8) : 23-25.

[33] EW . WX M EFRRSEm] ghieF,
2019,(27):123.

(347 Ik . £ h i MBOR B At i i iz LD L £ A B T
5 % ,2013,34(15) :109-112.

(350 Mz 4 18 ) 3. B AR 52 5 15t 7 VR« i R Ot e )
S E XL E RS R 2010(11) 1 129-135.

[36] Shigiong Chen, Kexin Jiang, Baosen Cao., et al. Distribu-



TR AR S5 - ) B AL BB 0] U T 4 AL ok RE St + 51 -

tion of irradiated foods in China[J]. Food Control,2012,
28(2):237-239.

[37] sARIK. R R 2R A DR fif 1 A X A6 1 1T 2% 5% 28 40 B I 1
D], B PR AR 2, 2018,

[38] TRARLL, SAKIR . £ W, 45, 7 I 2 RO AR 00 1 2% R I
BOR R Ty s ma L) ] B Tl B . 2017,38(24) 1 27-
32.

[39] Rajeev R D,Jaiswal A K. Wholesomeness and safety as-
pects of irradiated foods [ J]. Food Chemistry, 2019
(285):363-368.

[40] w5/t Rt . 5400 /0N 22 T R 1 1A 0020 5t I 1 5%
ML) 7. AT, 2015,32(2)  61-64.

[41] Yipeng Bai, Huiming Zhou. Impact of aqueous ozone
mixing on microbiological, quality and physicochemical
characteristics of semi-dried buckwheat noodles [ ] ].
Food Chemistry,2021,336:127 709.

[42] Jingwei Hu, Xiaopeng Li., Yuchun Jing, et al. Effect of
gaseous ozone treatment on the microbial, physicochemi-
cal properties of buckwheat flour and shelf-life extension
of fresh noodles[J]. Journal of Cereal Science,2020,95:
103 055.

[43] Zhu Fan. Effect of ozone treatment on the quality of
grain products[]]. Food Chemistry,2018,264:358-366.

(447 PR, ToO R, EERR 55, FLIR Mz 54U i 180 1 7 ff 119
WEFELT T B S 4 Tolk . 2019(2) - 22-28.

[45] Man Li, Kexue Zhu, Biwen Wang, et al. Evaluation the
quality characteristics of wheat flour and shelf-life of
fresh noodles as affected by ozone treatment[ ]J]. Food
Chemistry,2012,135(4) :2 163-2 169.

[46] 2= . AR ] 5 i 5l BT g5 A8 HL ROm BT 5E (D). B
B VLH R, 2014,

(477 g , M2 35 . 5L A0 BN /N 22 M (B B S i Sy BT [T ). AR
&5k Tl . 2008(5) : 7-9.

[48] Yiping Bai, Xiaonao Guo,Kexue Zhu ,et al. Shelf-life ex-
tension of semi-dried buckwheat noodles by the combina-
tion of aqueous ozone treatment and modified atmos-
phere packaging[ ] ]. Food Chemistry, 2017 (237): 553-
560.

[49] BHEA K O, 88, 55, GLAUAL JXT 4 22 By ff ey 1
A AR (T ], Bl 5 R B Tk, 2020, 46 (9) : 141-
145.

[50] sk M, 5 JF, B4R T, Wom Tad 72 b £ iR B 43 A
B RO S PR 5 (0], B 5 A B Tl . 2018, 44(4)
270-278.

[51] Krystian M Z,Marta M T, Sylwia S S. Effect of continu-
ous flow microwave and conventional heating on the bio-
active compounds,colour, enzymes activity, microbial and
sensory quality of strawberry purée[ ]J]. Food and Biopro-
cess Technology,2015,8(9):1 864-1 876.

[52] A& 8. 858, BRI, 46, BOBOR WBT ST ik e B e &
it Tolle P R BOIR [0, & i Tl B 42, 2005, 26 (7)
185-189.

[53] Qiushan Guo,Dawei Sun,Junhu Cheng,et al. Microwave
processing techniques and their recent applications in the
food industry[J]. Trends in Food Science &.Technology,
2017,67:236-247.

(547 B2 L A4 IR /) 22 380k M T Km0 b J5 79 %2
[DJ. J7 M A pg 2 TR 4%, 2011,

[55] Rick Parker. & f b2 R [M]. dU gt b B Tolk iR
t,2007.

(561 2 wk.Am 8.0 b, 4% 4 OG0 0 5T 00 5% e B e
MR BT e R L)) AR SR . 2019, 32(4) 1 4-6.

(57] wi #&.4F R.2 W, REHE /& Tl b i i AR
PERELT]. M Sk Tk, 2017(2) :35-39.

[58] Tiwari B K,Brennan C S, Curran T, et al. Application of
ozone in grain processing[ ] ]. Journal of Cereal Science,
2010,51(3):248-255.

[59] Varga L,Szigeti J. Use of ozone in the dairy industry: A
review[ ] ]. International Journal of Dairy Technology.
2016,69(2):157-168.

[60] Tzortzakis N, Chrysargyris A. Post harvest ozone appli-
cation for the preservation of fruits and vegetables[]].
Food Reviews International ,2017,33:270-315.

[61] Meng Niu, Gary G Hou, Xiaodan Li, et al. Inhibitory
effects of ultrasound combined with ascorbic acid or glu-
tathione on enzymatic darkening of whole-wheat raw
noodles[ J]. LWT- Food Science and Technology, 2014,
59(2):901-907.

[62] Bk B AR 55 8 7 A xd Az 90 10 3K 10 % B8 F 9 R e
TFPRID] K KRB R, 2017,

[(RERE:F E]



ReaBBEIE SR Vol. 39 No. 1

Journal of Shaanxi University of Science & Technology Feb. 2021

F39E 1Y
2021 4F 2 A

*

X EHS:2096-398X(2021)01-0052-06

JEBRE B B & BB AL RB R IR 3R

WO, TS, R OB, B L, EBR, 5T

(BRPERHE R i 54 LR B, B W4 710021

B OEATHRRERBH L, AKEBRBET RSP FEBET TR LY BT 5 5
B TR IBO R R T €A SO, BA  H) B 450 AT M, AR P AT B R BE R R
RN, EREN AT FEBFELE T AR TR L LET; AT HFF
BEHF X B2 RBHIBAR AN 2. T2 % vol AT TG 50 $) 5L Bk K BE 45 R AT B M B A 2. 44 Yovol. # A
RIBH TR TARERIE BRI,

KPR :AFFFEE; ARB LD LBF,; ABFR; BLRE

HES XS TS262.7 XERAR SRS A

Study on the fermentation characteristics of Haihong fruit wine

by non-cerevisiae

YANG Hui, WANG Ting-ting, ZHAO Min, 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: In this paper,the non-Saccharomyces of Issatchenkia orientalis and Klockera apic-
ulata were applied to ferment Haihong fruit wine,and a new process for low-alcohol fruit
wine has been developed. The fermentation characteristics of two types of non-Saccharom y-
ces to Haihong fruit wine,as well as the tolerances to SO, ,alcohol and glucose were studied.
The alcohol content of Issatchenkia orientalis was 2.72%vol at the end of fermentation,and
the final alcohol content of Klockera apiculata was 2. 44 % vol. The results showed that the
tolerability of Issatchenkia orientalis was superior to that of Klockera apiculata in all as-
pects. Both fruit wines can be used for the production of low alcohol wines.

Key words: Issatchenkia orientalis; Klockera apiculata; fermentation characteristics;
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I T 2T TP 77 Az RIS 7= A A A [] 1) T i 7 A —
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JER 2% T PR B2 3k v D R AR AN R, pHL R AR
9 T i A R A 2 —, — ek UF pH3~3.5
VB ASAN TT A5 5B 1k 2% 1 35 e, R sk HL A AR 4 i AR
%1@[19-201.
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W B RAZIN M R A - BB R B A, a8 aE A B AR B R
RBTAARGBRAE AL RO MR E >R EEEN T & FRERELN.E 0.1~
10.0 pg/mL 9B AN, L R RGBRIME RHBRMANKRELRRIFOHER LR MEEHEX
F0.99. E Akt B H 0.02 pg/mL, £ FFRA 0.06 pg/mL. A JA 3% 7 & x4+ T & # K
KRE P 6 BAFBR AN AT TH M, B R B = H E M@K E £ 85. 0% ~94. 0% X [, 48 2+ 4% /& 1#
EE1.8%~3.0%Z W, HmAFFmd BHRENS TS A 5.4 pg/mL A= 4.0 pg/mL, 54
FILF AR 2R & T 30 mg/kg).
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Detection of nitrite in meat products using one-step spectrophotometry

WANG Pan-xue, SUN Yan, SHAN Jin-rui, ZHOU Tian-tian

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

na)

Abstract:In this study a sensitive spectrophotometric method for the determination of nitrite
was developed by introducing a m-conjugation structure. 2-thiobarbituric acid was reacted
with nitrite through the nitrite-thiol reaction,resulting in significantly enhanced absorbance.
The results showed that the absorbance of the reaction mixture and the concentration of sodi-
um nitrate had a good linear relationship in the range of 0. 1~10. 0 xg/ml. with a correlation
coefficient of above 0. 99. The limit of detection was 0. 02 gg/mL,and the limit of quantita-
tion was 0. 06 ug/ml. This method was applied to the detection of sodium nitrite in two dif-
ferent pork hams purchased from the local market. The results showed that the recovery of
this method was between 85. 0% ~94. 0% ,and the relative standard deviation was between
1.8%~3.0%. The content of nitrite in the two products were 5.4 pg/mL and 4.0 pg/mL
respectively, which were below the national limit standard of 30 mg/kg.

Key words: nitrite; detection; spectrophotometry
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A0 38
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TE S5 K6 T 1 I 2 TBA ¥R RN W W %
FE B AR TBA WREE.
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MR il TBA W BE R 200 pg/ml.
3.50

TBA
3.00

TBA+NaNO, -
2.50} -

o 2.00F -

@)
O 1.50f

1.00

0.50 :

0.00

50 80 100 160 200 300 400 500 1000
W/ (ng/mL)

A3 FRREREH TBA AL L T AKR4MA

B i 0 B AR
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EW A — 2D oot BE VA T 1A ] A PR A ) + 61 -

2.1.3 fidi ) pH

FF 0.1 mol/L FFFEEER AT 0. 2 mol/L ) BEAR
S HNECE pH M 2.6.3.0.4.0.5.0.6.0.7.0.7. 6
(2% vhia . A DL G2 W 4y S B & 200 g/ mlL
TBA . BRI 10. 0 xg/mL NaNO, /K iF
1 TBA W FE /0 1R A 340, M 1R 5 W FE 338 nm
TR R 0. W 4 v LB 1,2 pH M 2.6
Fr B 4. 0 B, SN MO BE (S 3G i #, 4 pH
AR 2 6. 0 B, B IR R OG A BE pH Y T =
i R B pH {EAE 6. 0~7. 6 2 [a) i, 52 38 A W G A
JLT R WL, 207 R W ik kil pH 2 4. 0.

3.00

2.50 -

2.001

}
A 1501 =&
o]

1.00

0.50

0.00 . " i i .
2.6 3.0 4.0 5.0 6.0 7.0 7.6

PH
B4 pH T B M4 TBA B 58 ¥

2.1.4  Fe It A [a]

SRR E B p I R I A 88 10, 0 g/ mL
NaNO, & %R K 200 pg/mL TBA K 5>
ERERSAE TN T 0.5 min,10 min. 20 min.

40 min.80 min.100 min. XMW 45K )5, M E T M
WAE 338 nm Ab (I SEAE (& 5). d &l 5 a] i, J
S ] 7E 0~20 min B, S 0 & %) W ' (B AL 386 4
FNE I E]ZE 20~100 min B, 520 & B0 W OG(E # T
FRa. BRI, i) DL 20 min 80k B A R R I TE].

3.00

ODf4

0 2I0 4lO 6‘0 86 100
4 1]/ min
B 5 R &R E A6 a9 I8 #E BR 44 e
TBA % B_R % £ 338 nm 4k 898 K44

2.2 WILWMBFAHYM

TE pH4. 0 B2 F I 5% s AR & v 43 5 A7
TEMR B 1 000 £% 0 fiFf R AR ¥k B A0 i BR AR | B TR
M IR R AR L PR A S B BRI AR L B R — A

MR Y 6 R AR L i R AR 1, 10, 0 ng/mL NaNO, ¥
W5 2R TR 200 pg/mL TBA K % iR SN 20
min J5 B (E 6). & 6 HriR 2228 i 2 (i 1
3%. MIE 6 AT LA L 2R iR 22 R HE Ot 3 90 i 4%
PER I 52 A BF B 7 %ok S 1R AR A 0 L - G T 4.
& W T 1 % 0 il PR A 0 %) R SR A i L B
Mo HoAth B 75 TBA A9 5200 W % 8 & B
SN TR A AR (B 7)) 150 BH 2% B2 07 X6 IV A i AR
HA 5w i —4HE.

3.5
3-0_1_—1—_I_++—1—+—1—_I_+
2.5
2:0
m
515
1.0
0.5
WE R RS & & »&%ﬁk&»&
Sl
S WW & ¢ \i@/ &
R ES
B 6 LM BT A IR AR
F= TBA BRL 49 % )
3.5
3.0 _I_
2.5
2.0
@
815
1.0
0.5
0. o e PR s PR =W e PO —— PO — — | :Q.il ——
& R R KK R N Ry
/{\\ V;\ 15 & v‘r B & B &;}, e
& @i@’ @%/ &
ERREN
B 7 LAEEAEA TBA BB 64 F ke

2.3 AR
M E W N 0. 1~10. 0 pg/mL NaNO, 5
WIS 200 pg/ml TBA ¥ W N 5 B9 5 e
338 nm AL AIIEOGAE. LL NaNO, (1) ¥ BE R B Ak A
LI G BEAE R A A L T DL A B A T
y=0.294 7x+0.083 2,R*=0.998 2(|& 8). i% 4k
SRR WA B 5 A N7 Y I TR R A Iy vk B 2 M
Bl H B R R 28 0 — M Jr ik se ™, il o )y (.
Fie B 20 CO) A C2) 43 B33 5 ) LOD 2
0.02 pg/mL,LOQ K 0.06 pg/mlL.



© 62 RaPERLE SR 55 39 %

oD

0 2 4 6 8 10
T T $A VR T/ (ng/ mL)
B 8 I AH R AN A ] 6 AR R s &
2.4 FETRA AN
A2 55 A6 I A PR o R T B A R AN [ R
(KRR AR . M g SR an % 1 iR, N 1 T LA
O R I 25 R AR R AR 25 R 2 A
BRI — B R AZ T BRI B R A 1 S R
WIS RN 5. 4 pg/mL L EES 2 PSR BN & &N
4.0 pg/mL. G FPRE & PO A BR AR 5 B3 /0 T 30
meg/ kg, FF A B F AR T R 28 i 5 A R AR
HHLE . bR EOSGR 6 45 5 878 1% 07 2 1 [l R
7 85.0%~94.0%,RSD Jy 1. 8% ~3. 0%, % H
5V W TR T RTORG %% B R AF, T LAAE Sl —F I i
P b A0 %) B T
F 1 FEFTEE A RE A I BN
RN R (n=3)
EAR AN A7

. s o . mgE  RSD
Hi gmLy | T : /%%
/(pg/mL)  /(ug/mL)

1 0 5.3 5.4 — 2.2

20 — 24.0 93.0 2.6

30 - 30. 9 85.0 1.4

2 0 1.1 1.0 - 2.5

20 — 22.8 94.0 3.0

30 — 31.5 91.3 1.8

3 Zig

AWEFE LA TBA S 5 40, 38 2o S0 il 1 A - T
SN 5 ) SRR AR rh 5 | A SE BT S5 ) L $2 1 Al SR 1Y
AN WSCAEL o AT 7 1 — 7 2 50 A ST i R 6 19 43
O BRI 5 3. ) A2 2 I NIV T 3 1) e 34 U
K24 338 nm, & pH 4. 0, 5% B [8] 4 20 min, 264
JEEH 0.1~10. 0 pg/ml, AHE RECK T 0. 99, 4 1
PR A 5 BR 43 514 0. 02 pg/mL, F10. 06 pg/mL. F
FHAZ 5 5 K6 0 P sk o S A R A AR [ R R
85.0%~94.0% ,RSD N 1. 8% ~3. 0%. 1% )7 % [nl &
1 WA PR G, RO e ER AR TR AE AT LUAE S AL
s S At £ it SIS T AR 1) — oo vk

S % Uk
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W B RARARTEME,FEANFALAERZMZIKMREER"ZH. 2T AP Na®
Ca™" Mg R E & T 3 A4 7 kT 73K ﬁ%ﬁ”“A#*”ﬁLﬂi“bequ BT REMEN, l‘»ﬁ(—/ﬁ:ﬁ:
B T PR A RGMA. NEZRRFFZ T BB LT 2B PR 2 #%K%«rirﬂ
ML T ;T TREREME TS BENSERRE S 2REA"ERF RO YR 51‘1\
R KRR B HAKRELRAT-2 -2 535 Aspergillus intermedius ﬁﬂ}]f]#k‘;fi :
(Aspergillus costiforme) B & FAAMME. 2 % “2 A "4 % & 22. 5% # NaCl #= 10. 5% é’]
CaCl, = MgCl, 34 L4 ¥k, B MgCl, #¥9F st it ey £ ¥k LA W AL 34 A, “/\?E
%”Abf’grﬁ’x TONEERE . EHE SGEBEMAZLEM4T . 2RAA LA LERER
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Effect of simulated hypertonic conditions on the growth
characteristics of "Jinhua fungus" in fubrick tea

YANG Miao', ZHANG Yu-xin', WANG Meng-wen', LI Kang-jie',
HU Xin®?, XIA Fei', QIN Jun-zhe'”

(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology, Xi'an, 710021,
China; 2. Fu brick Tea Engineering Technology Research Center, State Forestry and Grassland Bureau, Xian-
yang 712000, China)

Abstract; Fubrick tea originated from Jingyang, Shaanxi. There is an old saying "It can't be
produced without the water of Jingyang", The investigation found that the concentrations of
Na® ,Ca*" ,and Mg*" in Jingyang groundwater are higher than other inland river basins. In

order to reveal the adaptation mechanism of "Jinhua fungus" to higher ion concentration and

which can stably exist in the production of Fubrick tea. In this study,several strains of "Jin-
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hua fungus" isolated from Jingyang Fubrick tea and two representative strains were selected
for identification. The effects of different concentrations of cation on the growth of "Jinhua
fungus",as well as growth characteristics of "Jinhua Fungus" in simulate hyperosmotic envi-
ronment were further explored. The results showed that strain F-2 and strain J-2 isolated
from Fubrick tea were highly similar to Aspergillus intermedius and Aspergillus costi-
forme,2 strains of "Jinhua fungus" could grow on the medium supplemented with 22. 5%
NaCl and 10. 5% CaCl, and MgCl,. The addition of MgCl, can obviously promote the growth
of "Jinhua fungus",and "Jinhua fungus" could tolerate 70% sucrose, under high-sugar or
high-salt high-osmotic conditions,the aureus mycelium grows vigorously and produces gray-
green conidia for asexual reproduction. "Jinhua fungus" could resist stress by choosing repro-
ductive methods,and its ascomycete structure was more conducive to resisting external ad-
versity. This study has an important role in revealing the growth mechanism of "Jinhua fun-
gus" in Fubrick tea,and lays a solid foundation for further promoting the "fungi growing"
effect and improving the quality of Fubrick tea.

Key words: Jinhua fungus; hyperosmotic pressure; microstructure; growth characteristics

1.1 SEA#

%39 &

515
o L1 J5oe K Fh
ZeM R A DO Al PR S B R R A e T 11,2 Emgtw msEst

KA, “ e 487 I h B2 5w ™ R 5 ] 4
FE L AR 2R RN I BRI R R AR &L IR
s Ak 1% Bl Z R A BERIAR A8 7 Z k. PR % 2R 227 1
REEAE T R AL T2 BT X TRk 2% i o
R A 2 G T AR A TR T T Re % R IR
JEURE 25 9 v 00 R, 0 FG s R O HLRE A8
A RIEPE AR A S Z P o1 LU AR i
A A B KU L I 2 Al S R B R BT 9T 3R
WY R 3 RE R A A A i B R R (R R
TR BTG AR 5 M AE B A A A B T R A AR A 2
B4 it B 300 18 A AT A5 8. TR ATRAIE S 52 BH 3 DXl R UK
PUBRURK Sy 32 33 e G s 7K e BH B 7 9 B A v
92 Na© (Ca®" \Mg"" P ¥I¥R 8 i F 20 Je KT
25 P Bt 9 A AR R A R g LR PR Ak £
MR KO AR 255 K v A X B B 1 X AR TR AR
AL W AL 34 i A D

HERGE B AL X T B 1 3R 4 1 9 A KOl
IOL» A 5T AR TS 255 P 2 B AR 7 IR SR TR 25
FEG T AW BRI T . SO 2 Bk
“EARTE TR AL FERE A NaCl B3 8 R F R
(0 A KRR PE BEAT B 9. AR SEN T R /s A AR T 7 I
IO 58 e A R ) A A WL Sy s — 2 T AR e 255 A T
TR VR FAILBE 4 v TR % 2% i Jog B 5 e 52 S i

1 MBR5FE

RENGE R R AR S N AN D Ry
S Ba bSO R B N E A EA R e = =3 W 1| e 9
¥y R AR AE AR 7 B e R A YRR
A BRTTAT 2 A s B 5 R 4 2 G 7R) & (R AR AR 1k
FHEA B2 FD.

PDA ;573 . 828 200 g Wbk i§ 25,
ZWE 2 g, 3R 20 g, ZEMWEJK 1 000 mL, H4A pH.

CZG Ky I Jk  BEHE 20 g, SALHN 23 g, BETR &
T g HBRE 3 gL MREREE 0.5 g, BilE 20 g.
1.1.3  FEUL

730 ) 75 15K B A% (LS-C50L, VI B ¥ VL B
TR %)) s &= AHi ¥ 8% (Phenomenon Pro, & 44
B2z AUER A B A | 5 % I 12 {X (FR-1000, I i
2 AR BR A ED ; PCR X (T100, Bio-Rad) ; B
O HLCTDL-80-2B. b i % 52 B2 AX AR ) 5 85 B 4%
FRAE (MIX-150- 11, Jb 5t BHE K SR A BR A |D.
1.2 %k
121 “&Aem " %E

(DM & M5

W A3 B 0 G G T R R R TS [ R A
AR LTE 28 C R HEFR 4 d, 0 HOF AR B TR 2
TR,

()WL T AL "I A I EE

HRE T B S A ORI A, PR 4 AR
PR FHER L ER T RCE 24 h, i T 55
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(3) %4 8] B X (Internal Transcribed Spac-
er, ITS) #5143 #t

TCTAE A5 T ) R T VR T 22 K S 1Y A
G HEA T B i FH AR IR0 & 42 B DNA. Bifi J5 fff
FiE 51 % 1TS1 (5'-CTTGGTCATTTAGAG-
GAAGTAA-3")FI ITS4(5'-TCCTCCGCTTATT-
GATATGC-3) 4T ITS FF 2§ #0° I W fk &
WG LI 1 pL TSI 1w, 2 X Taq HllR
A Mix 12,5 pL,DNA 847 5 L LK 5.5 pL 4k
KA SFAF Ry 295 CHIZEE 5 min, B )5 7E 94 C
A5 M 30 5,52 CIB & 30 5,72 “CHEMf 45 s Z )5, iF
132 MR . EHR LR )G, 72 °C HEff 7
min""" , PCR P=#1 28 1. 0% B s b 56 s e Tk o TA R
BER/NG S A T A TR RO R /) 2R 170
FE o B, e 235 SR 48 58 NCBI S04 P2 i 47 He X, IF:
K MEGA 5.0 RUb 2 Hl RE kK& W, % H
Neighbor-Joining = & & %, & & % /8 1 000
T
1.2.2 “&ACi” 8 &0 TR

(1) FERE & B S0 BB K 152 i)

PLCZG 5537 58 R a3 a3 2096 .70 %
FREMH WL S FEMH 7 26 1 8 B SR X AR T R 1Y
S,

(2)Fh BT 4 A0 TR A K1 52

DL 40 Y0 HEME 25 11 i 15 9% 2 AE O Al 7 m
0.5%~22. 5% NaCl, ¥ 43 B 1« 4 6 1 7 52 b
T ER W BV I [A] BsRe DAAR A% 255 53 2 S ) 2R TR
A M WA T A R P AR B A K
B 5 LA 40 00 TREME 2R 1 VR 15 % AR S B Al X b VR
CaCl, F1 MgCl, Xf“ 4 A6 " A 1Y 5 .

(3) BB A X A A T 1 A BE 05 =X 52 T

PRICAiAL 5 1« AL TR AR B B S T AN
R IR A bl il s 5.2 d R IF IR E
T R WL R A 140 B
1.3 it o

AR EE 3K, Jr 250 Bk LSD i i
TTiHE 8 8L Means®SD %K.

2 #FR5ITE

2.1 “BERATRAEZNE
MARTE 25 4ty B M 21 MR AT L R 2 Bk

FWMIEEZFB RIS F-2 1 J-2 55

T PDA #5553 1,28 “CH555 4 d. & 1(a) iR,

A IJFRORBERERET ERINE R 2Z 2
@Rk -2 BRI O, WK ANE H OGR4

KZE A A @R ANE 1) Brs).

.y

() T Bk F-2

(b Bk J-2
A1 “4#%#A"EPDA FHREFRAAFBE

2.2 “AEVH RMT AR

“E AT IR R % HEA T A PR AR BE AL T AT e AR
B AE“ G AR TR A P AR B O AR R AR AL (] 2 ()
B s TR P& F TR AnE 2(b) i), F4erh
W& 8 MTFALT (K 2(o ). TRBEINZEE
— 2 HNFEAL B AR AT AN e S, B H
5%, FRAE TR A PG HHR 1“7 HES ik
HATE 8 R, F A8 & BRI BN — )2
WSS R R B LR R P S0 2 RS, 78T B R ik
sk T A A2 S IR AR,

OFE (D FHEMBT
B2 “ARE"HAREEHGIHRYS

“ G ACTR IO AR B T A Ay A L A AR ALk
oA R AR RS A A R s i RDE
FERE LN 4 A 96 4% AR R AE Ah L AN )2 oA
ChnE 3 fra).

Wk F-2 5 ]2 W RAFH2HMNER N
T AT /NPEBCRE 8%, JF HBAT R 38 Can &l 4(b) L (D
i) B F-2 5 J-2 i) F 3T IR B 2
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F-2 () F 348 4 B0 AR, H 2% 18 & 43 45 98
MRAECH E B &) Ll &y 2R¥ A F2 5
Aspergillus intermedius T &M AL, F-2
A HE N A. intermedius. J-2 B IR 8 A B . BN
IR R 2 R R 5 5 Rl AR T (AL cost-
iforme) WIE S FEAE AR L, H H:7E PDA 40 % i b
H R L4000 BEWE A2 28 7T 2000 BEME CZG K& 700
RERE CZG SF 2R G Fp ik B R YR W B (R )™
A 85 A LB SR ARAEN A J-2 5 Ml AR A
(A. costiforme) HA {5 B — 2.

(4T
B3 “eLW”Rbk AN R MY

4

()F-2 T4 (1 450X) (b)F-2 T#EHLT(7 700 X)

- L w8

()2 FHER A 500) (D]-2 FHEAMTF (8 900>
B4 “2HRA"TERFTERTHERYS
2.3 1TS B3] 5 #F
“EILETF-2 M J-2 5 Aspergillus W 2455 bk
HARH m AR, i i R L B Canf&l 5 B
R B F-2.]-2 5 Penicillium (5 % &) » Talaro-
myces CGEARE B F 09 E T WA, 5 Ewotium

pergillus

medium ,A. intermedius, A. costiformis 5% 9 4~ B bR

J& T [l — 73 S B AR e Y ) DR
Aspergillus intermedius strain CBS 116.62 (MII858115. 1)
Aspergillus costiformis CBS 101749 (NR 135434. 1)
Asperilus appendiculatus CBS 101746 (MH862750. 1)
Aspergillus acrius (LT670916. 1)

Aspergillus endophyticus (LT670941. 1)

Asperillus cristatus NCMM 47F068 (MT279701. 1)
Aspergilus chevalieri strain TGN (KU872190. 1)
Asperillus glaucus strain CBS 529. 65 (MH858701. 1)
Eurotium medium strain CBS 113. 27 (MH854898. 1)
F-2

-2

99

Asperilus amstelodami HNK 12 (MK680079. 1)
98— Asperillus floccosus strain CBS 116. 37 (MT1855845. 1)
{;/‘\S}ﬂm‘giluﬁ brasiliensis strain CBS 733.88 (DQ900598. 1)
Aspergillus brunneouniseriatus strain CBS 127. 61 (M11857996. 1)
l Penicllium oregonense strain CBS 129775 (KF303668. 1)

81

Penicilium buchwaldi strain CBS 116934 (JX313155. 1)

78— penicillium gallaicum strain CBS 167. 81 (JN617690. 1)
Rasamsonia brevistipitata strain CBS 128786 (JF417489. 1)
L Talaromyces flavovirens strain CBS 102801 (JX013916. 1)
Auxarthron pseudauxarthron strain CBS 803. 71 (MH860362. 1)

L Phaeocalicium curtisii voucher BIOUG24047-F02 (KT695401. 1)
991l Chaenothecopsis resinophila (JX122780. 1)

0.02
A5 F2R&]J208FZAKF 5
“ AT LA S HICHE TR O T B RIS R R
PR o R TR T LA e B TR R A AR A R
BRBN L HEER F-2 M1 J-2 5 A. intermedius %
9 BRTA R BE [RIRPE. BT ITS 1940 B A AN 2 oK
SELLUF 432K, 0 1TS 80 e HBE K P Bk
“GSEHETERERNE. RELXBEMF E. medium 5

A. intermedius J& T fl— 4332, X & T LARG X F

ZJE Wi 44 5 AT PR RURN TE M R A 4 [ R T R
I T 2 B 2 (ICPA) O T i #e i 44 1RV O B
B Eurotium 52K BEH R 2 Aspergillusm] , X
T L 4 ) Ry 5 52 L AR 224 5 Ml 1) T T As-
[22]

LA B2 )2 M AS A IE L T2 AT A
N A. intermedius, J-2 5 W AR B2 H (A, costi-

Sorme) BT ZSRHAEW) & - HAT R AHALLE .

2.4 BEEEMSHEEENEREATEKRG YR

PIRR“ G AE TR " FE 20 % BERE CZG Ki % bR
W RZR AR ETRE WL UE TR
A B 77 5L 3R W KA o/ NBEAR. B A 55 55 15 [R]
FEK B 5 ) 1 B 28 AR KL B I R LA
WARB . e R IR 36 E Rk e A A5, R WA
Ay ARF R F-2 16 55 3% 000 0 1R VR B 60 S B R v
L, R E 6 d i PR AR, B SR
LR A 6 Ca), (b) fIF/R) s J-2 Bh &K 7=
ESNATbo R gL

K T0YHERE CZG 15 77 FE ML 5 38 4 14 L
RSB A K E N R E, P RR S AL T
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IR FERE AR, T HLA B IE %, 55 W L AE 08 1 52 5
Wi B BT A I 5838 D REWE T 10 PR 458 B A= 7 1 JRE
A P X8 0 U B R TR (AL chevalieri) i FP
FLTR RE W it 52 e B 2% 1, IR BEWE AR 7= i R iy —
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Effects of Rose Granules on behavior and serum 5-HT in depressed mice

LIANG Ming-kun', WEI Yu-ting®, LIANG Xing-qiu', QIN Hui', ZHONG Jing*"

(1. Department of Neurology, Ruikang Hospital Affiliated to Guangxi University of Chinese Medicine, Nan-
ning 530011, China; 2. College of Basic Medical, Guangxi University of Chinese Medicine, Nanning 530001,
China)

Abstract; To observe the antidepressant effect of Rose Granules,and preliminarily explore the
possible mechanism of its treatment of depression. In this study,60 healthy, male adult ICR
mice were selected. The 21 days orphan rearing combined with chronic unpredictable mild
stimulation was used to create the model; The depressive behavior of mice was observed by
weight change, tail suspension test (TST), forced swimming test (FST) and open field test
(OFT) on 7 d, 14 d and 28 d, respectively,and the serum serotonin (5-hydroxytryptamine,
5-HT) change. The results showed that there was no significant change in the body weight of
mice in each group before and after the medication; the high and medium doses of the rose

flower granule group can significantly shorten the time of forced swimming immobility; the
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high dose of rose flower granule group can significantly reduce the tail suspension of mice

Time; each dosage group of rose flower granules can significantly increase the total move-

ment distance of mice in the open field experiment; 7 days of administration, each dosage

group of rose flower granules can significantly increase the number of times mice enter the

center grid; and each dose of rose flower Both groups can significantly increase the serum 5-

HT content of mice. Rose Granules can improve the behavior of depression model mice,and

can significantly increase the 5-HT content in the serum of mice,suggesting that Rose Gran-

ules may improve depression by affecting the 5-HT level.

Key words: depression; Rose Granules; depressive behavior; 5-HT
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TR0 TR A O IR RE VA T T

BB AL Ry o i R AE ) B T AR S R
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1.1.1 34
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RIS RL Y. RS /N B A% 10 mL/kg #E 17
BAAZG R 1 IR LE 28 d, 1E B % IR B AR
BRI 25 T E BV B KUE .
1.2.2 {RERM
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TARKEZ) 1 h 5 H/NRGCT HAE 25 em, (& 40 cm
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RUHARLG 25 245505 7 d, ER R S VG VT 4 RN BC AL kL



513

T W] 3o 45 . BB A8 MORE X AR /N BRAT o B LT 5-HT B 52 e < 73

e 2 /N BUAY E R A B B e B i s (P <
0.01,P<C0.05 ) fHL 255 14 d J 28 4. ERFER P
TT 4L FIVECBE AE R 45 25 25 21 /0N BRUAG B R OR Bl s (i)

P o (P> 0. 05), HEZ5 RN 3 iR,
200

OO R R e T
I 41 o 77 R 4

= OmAITH
Y

150

At ul /s
E

50

H7R 4R 28K

L%t AN I . © P<<0. 05, * P<<0.01; S5 HEAIA LR
# P<C0.05, %% P<<0.01
A3 HBLHES CUMS A &R K
A arE ey (rts, n=10)

2.4 KM FAAST CUMS BA DR U % £
EAC)

TEW IS8 452555 7 d.14 d 1 28 d, 5% R
AR LG, AL A /N BROKCF S s Bl FE S B b (P
<C0. 01) 5 S A2 AH B, 25 152 960 75 VT 40 R BB A6
FEAIG L Hp L R 2 4 AR R R CUMS B AL/ R
(9 7K - 2438 B R S (P<<0. 05, P<<0. 01) 5 111} £k 1% 9
PEVTHAEL 255 14 d J5/NR I3 5L 50K 7 Bz
FIBE B TCH AR P>0.05). fE4A255 7 d )5,
AR TR FEUPG T 20 S BB AL FUREL 25 7] o 21 ¥4 fE W G 4
Iy 37 52 56 vh /N BRUE A D 5 R I IR B (P <
0.05,P<C0.01 ), MTEL 2555 14 d F128 d J5 . #h 2
FPEIT 4 B BB AL R 45 50 AL 3 s (P>
0.05). HE5 R 4.5 FiR.

50 Mo e A S TAL B AL 22 T ATRAL & T

g 407 )
= 30} N
L §§
Ul
, |
10 §§
IR #14K 28K

X AL . P<<0. 05, " " P<<0.01; 58104 g
# P<0.05,%% P<{0.01
A 4 A BAE CUMS A R0 % %5
KFZBEFHEB W@ (TEs,n=10)

40
O AP IE4l mE ALl = a4l
B AR 4 AR A

%308 f

b

% #

w20k

JI.I:

4

i .

2 10t

##)

Nil:E

X AL ¢ P<<0.05, " % P<C0. 01; S5HR 40 L4,
# P<<0.05,7% P<{0.01
A5 BLAHES CUMS R D REANY
s A& R B e (x s, n=10)
2.5 BHRLBAS CUMS #A ) K fo i 5-HT

555 AT A L, AR A I 5-HT 7 & B B A%
FTXTRRA(P<<0.01) 34525 28 d J5 , SBIMUZHAH LE
B AE ok & R LS 5-HT & & B B &
(P<<0.01,P<C0.05). HAR K 6 FiR.

600

mmpysycE R OfE AL = EA
T £ i thF B 41 e

L #H#

3500 F
=
&
2400 F
=
T
& 200 F
#T
£ 100 F

300 -

0 1
o
R

5B IE ¢ P<<0.05, " * P<C0. 01; S5HR 4 L4,
# P<C0.05,%% P<{0.01
A6 KIS CUMS A DR
£ 5-HT #9 % (x+s.,n=10)

BE & S B AE BT A TR AR AE A BT 5%
0Bk O TE . g WF 5T AR & B L) L F 58 & 2
TEANWT AR RS AE A [ 1) 3l 4 455 2L 3 47 S 50
G, T R A A A Bl 455 B B R L S S R BE 5 Y
FMAE GRS AR T AR E 0 I RV YT
T AR S0 P 3 R 7 SR A A A TR 1Y e A T 1
5l R AARAE 8 e T R A T RR A
BLDAARAR AL B e, 78 X U 5, R AR 52
F18) FEREABE 53k A U AN AT i L e ) JR 2 A AR A ST
N ERATAR A AL, NS AT TR A 5 N ZEXE T AR 4
HhtE PR AR K 0 B T B AR AE 1Y A A= T
o v B SRR AE R AT % R i AL B ST /D B
B ] FRABE UL N 8 R R 2 IR BE SCHF Y IR
TARZS
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SEGAIF 5T 45 A BT R L BB AE ORL 45 2555 1
d.7 d.14 d.28 d. 4 24570 ) & 41/ R F 34 00 | 3
P22 5 L U IH ECBE A 0RE X /N BRUR B G S, LR
PR PTG 2 50 AL TR J2 B0 AE 1) £ B T B i)
K7 L 5 R T2 A A5 B B BB AR R R K P 23K
(AR AN — B 5 X B2 AR LL L S0 AR AR 8 20 /)N BRFE
W 37 52 56 vh K P B2 B IR B B S e, HLE A G
D7 A UK 35 /0. K s Sl B 4 S A T ol
Y HEAT 0935 3 B AR, 3E A o0 O AR TR B /0 e e
TS A /N BROGE BT B AR T PR G 4 AT R B R AIG, 5R
T Y Gk R R AN B IS (R) A SiE K S B T S B AT R
Y BRSS9 BE n L AT DL 3% Bh 4 4 R 3R B R
I, 155 U /L, 48R S RN AL A I R 2 BLAR AL
RN ARAR A AT LA B0 R B SAR AR 3h
R R C0T

3 Zig

5% 45 S 3 W, 5 485 700 4 A BL L S [ 5 e B B
A6 UKL 35 B . 35 3G /N B & B s sh I
A DL B AR OB ELA B LR . AT 5T
V18 S8R 3T I DK AN Bl Bof (] 114 S 56 500 i 7 B B A UL
ANEELA W T AR VR T LB N Y T
BL IS 10 250 2R T . B 326 T AN J 2 DA RE & 1)
JRH Z —"12) Elisa 525 25 S 5 7 B8 A6 WOk G
N B 5-HT & i, G, in o % 24 i
5 5T A B b Bs 2 X AR RE 1 BT 5 R
g

25 LTI B AL UKL BE A o8 N R AR AT
o, HBE W EH i i 5-HT & &, 5 B4 15
BLHI A 5 ik — 20 B 5T

S % Uk

[10 F 25, nbmesk, 0 /N, 45, 3 38 §ohT 0 46 76 F /3 52 31
PROTL. v B 8286 5 7l 24 4%k, 2018, 24(16) - 212-220.
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REFEEFRNGL X EEE R —+ "G
g (DHA ) B 45 E L = ik B30 2= 53 #7 (PSIA-C)

5 S REF L, R, OB, R O®, AP

L BB K2k e 5 T 288 R E RN EH LR, Bpy 154 7100215 2. Bev§ Rl K24
Bevh A el TR R s, Bepl P2 710021)

# E.R% DHA(AMKX 4,7,10,13,16,19-=+ = S W) £ iF 2 A AWt 42 Pz
Hﬂ-?bi)‘é‘%ﬁ?}ﬂ A%k F XA AR X K4 5 R A5 B 82 (LC-PUFA) 8 R R o R A8 & 5
— 2 L. 4@@%@#}&@; LIk (NMR) M % 4 F W 4 7 42 8 2% Fl 1% & 547 (PSIA-C) 3/ g &
AWK DHA RBRFAG G —F AXLBRETRAKEBFESE (ALBELDHAWMEZ R RZ —)
RIBKZ(C>200 mg) G4 B (>959%)DHA 94 & T4 4% KA AMNENRRE RN PO
Wi B2 . A BF,-CH; OH 34T W A& B5 4% , 3 7 2 85 10 B By B2 i & 40 (1§ By BR W &% , FAMEs) £ #§ B
BRI AR BT, MR R SR L o B A RS B BR L R AR B 4 %9 DHA. & F GC/MS #= GC &
MR R R R SRAC A B AR BT, AgNO, Fe itk EF A 1 9, Z A Flefe LBt T B4R AR
w3 s 1. DHA 4 E % %) 95%.

KR TSR RSB BB EEN; KB FEeE
FESES:0652.7 MHEFRERD: A

An optimized Ag" complexation method for docosahexaenoic acid
(DHA) isolation from Atlantic salmon for position-specific
carbon isotope analysis (PSIA-C)

MA Yi', ZHU Zhen-yu'** , MA Ran'?, WANG Ying',
ZHAO Yu', ZHOU You-ping'*

(1. College of Chemistry and Chemical Engineering. Isotopomics in Chemical Biology, Shaanxi University of
Science & Technology. Xi'an 710021, China; 2. Shaanxi Key Laboratory of Chemical Additives for Industry,
Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: Despite its proven important roles in many human biological processes, controver-
sies still exist around the source and metabolism of DHA (all cis-4,7,10,13,16,19-docosa-
hexaenoic acid) , an all cis long chain polyunsaturated fatty acid (LC-PUFA). As the first
step toward resolving the DHA source issue in the human body using NMR-based position-
specific carbon isotope analysis (PSIA-C),we report the preparation of high purity DHA (>
95%) from Atlantic salmon in large quantity (=200 mg) ,one of the major sources of human
dietary DHA , using an optimized silver ion complexation (argentation column chromatogra-
phy) method. The fatty acids were first FOLCH extracted (Vchloroform/Vmethanol=2/1),

* W EH:2020-09-15
E£TH :FHXKAAXRFEESTH (11773032) 5 BVEARHET H AR ILRT 587120350 H (2019]Q-232)
EERNT: S 2(1997—), &, BEVEIEZR N, 7EEAl-LAFoRAE , BFoE ). AR [ R4 2
BHAEE RETA984—), B, WHLEH A, BIEE, W1, #5dym . R EAEYAS, zhuzhenyu@sust. edu. cn
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and methylated with BF;-CH; OH. The methylated fatty acid mixture (fatty acid methyl es-
ters, FAMEs) was then subjected to AgNOQj;-silica gel column chromatography. GC and GC/
MS-based analyses of the fractions containing DHA showed that a weight ratio between Ag-

NO; and silica gel of 10/90 and a volume ratio of 3/1 for the eluent mix dichloromethane/

ethyl acetate is needed for the preparation of DHA with purity greater than 95%.

Key words: docosahexaenoic acid; preparative scale purification; argentation silica gel column

chromatography; Atlantic salmon

0 3l

i

PEYIR b TN R (DHA all cis-4,7,10,
13,16, 19-docosahexaenoic acid) , & FR “ Wi & 4, &&
—F w3 R Z AN AE B 17 12 (long chain poly-
unsaturated fatty acid, LC-PUFA)M™ , fi0H 22.6(w-
3) (B . DHA 1 N\ A 20 B f s e I BE A
R AR CRe 5128 A= J LI R A w28 R 50 A Kk
B HA B R O 10 SRR AT (TR (R
I 25 T 1 A BT R A ORAE AR FHE T DHA BlA
R g — B N W oh AR AT AR 2 T IR R
(EFA,essential fatty acids)™ ,i% 23T AEH =
A6 Fad (18] 2) il A15(w-3) LM AEG , A RESS Cos 1L AN
i B R % A4 SIE S R (LOAL linoleic acid»18:2(w-6) .
a- W JBER (ALA, a-linolenic acid, 18: 3 (w-3) %5 & %
DHA fY R IR iR

SR, HHTIEAVE R 7E AR AR A
s LOA R ALA BT 42 T 3 3 f P B S < 2%
TR BB & A B i DHAY 5 2, H
B ANV MR IE W & & i ils 21 DHA, A £ /b
HERAKE.AZPKA TN LOA M ALA
AL,

B 1 DHA #Z#X(2RX-1,7,10,13,16,19-
= = B

H AT oF I8 LB VR AR 2 DHA RIERY
2R (K2R Lom 2669, o DHA & il Cos
PUFA JF & R E £ M1 “ Sprecher #4270, 85T
ERBLCAL 7Y (E 2), Zxl 2 0 24 f i
(fatty acid desaturase, Fad) F1 ik #% %E < fif# Celon-
gase, ElovD fE ¥ 1b & 1%,

AR AP DHA 584k A 29, Hak R 2 R 241
GH F A 07 C FR 6" Compe =" Rt/ " Retundara—1 »
R canpte 1 Rugandra 73 51 2 FE i FOAR HE 9 C/ C) |
VA Yy AN R B A PUE . MR R
Yk Cis PUFA S (R L aly 38 2 5 4E K F 2% 16 Fl
AL LR 2 B AN S I 4 A C 8] A7 23R 2H B v;

%M Cry PUFA SR [ 4 2 4 A [ (&1 2). P
138 VI ZEREAE M 73 ¥ (B3 I 1) 7K B
DHA 73 AN A 07 B Bk 19 ) 437 38 21 i L A IR
WAL Y DHA BBk [] 47 28 20 08, 52 81 5 )
TE X Mg A2 Y T R

a8 12 6 4

\VARVARVARVARVARVA
Js

18 15 — 4 & COOH

|+

18 46 5% . v | 4 ¢ COOH
LOA
k

o5 2 2 5 4 3 CcOOH

ALA
6 Fadl

18 \Jpp— 9 4 3 COOH
SDA

Elov5

COOH

Fad

COOH
Fad !

20 17 14 a1 8 6 5

/NSNS \
EPA COOH
Flov2, Elové, Elovs

0 8 7

2i/:ﬁ/:(/:i/:\/:\/—ﬁ/l—(L,OOH
' DPA Y
'
Elov2, Elova |
24 21 18 v 1 12 4 k] 5 4 e 2
— — —° = — N COOH
VTV T Vg Y
Fad, Fad
24 21 18 vws 12 1g__9 6 43 éOOH
V V VoV V THAV \/_\/
' 5 2
-oxidation

W/:Q/LQ/:E\/:&/:*\ /2— é:OOH‘—
DHA ¥

Fad: i [Ili B2 25 11 Al B ; Evol: g 7 B2 5% %€ K B s LOA: linoleic
acid (18:2n — 6); ALA: a-linolenic acid (18: 3n-3); SDA:
stearidonic acid (18:4n-3) ; EPA: eicosapentaenoic acid (20
5n-3) ; DPA :docosapentaenoic acid (22:5n-3) ; TPA : tetracos-
apentaenoic acid (24:5n-3); THA: tetracosahexaenoic acid
(24.6n-3); DHA: docosahexaenoic acid (22: 6n-3). Ad &
U R IR T 3k s Sprecher AR AR k. N T LR IX
g5,k A Crs e RIEE IE K A B DHA 538 o 738 Jin 09 ik B AR TR
RGN NE
B2 BAAZGsREFAEDY
DHA & & 3% &,

ik B bR H A, W25 A I £ 4 v 4R R
Maife DHA UK H A AU G 1 PUFA L X
JE PR TC e 2 Ak 7 B )5 AT IRM S (isotope rati-
0 mass spectrometry) I F ¥ 0 3t ¥k I 5% AL
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O 5 AR TR ARG T T RONIRRR(DHA I THRE SRR SR /AT (PSIA-C) = 77 -

(NMR) #4743+ W [l 32 2 41 1 53 AT (position-spe-
cific isotope analysis, PSIA) , #8001 A JE 4% 1 1 46
FE

H Al © 4RI 04 B 107 R 43 25 2l Ak 7 i A R
T 4% 415 (silver ion complexation) . J& 7K IR 45 '
¥ (low temperature solvent crystallization) . JR &
A4 15 Curea clathration) | 48 I FL A A& 4 B (super-
critical fluid extraction) . 43 F 2% 18 ¥+ (molecular
distillation) . E# 73 # ¥ (enzymatic assay) &, H
WEFEAEEA R AT TE s, frag e i
AR U RE TR AREETRETYS C=C
HZEMMHEER.C=C# TR mMmE 5
Ag B —A o BCALHE, [ I, Ag™ Sl ok 45 i —
Xt d TR C=C 8 EIE M ~ 8, B Ag ) s Pl
HC=CHM ~ EPIBELSE, LB —1 o BLAL
AR d BB SRSV o LB S G E
B B Ok E R T T B S R )
B DU R IR A N 22 28 318 55 12 (polynuclear aro-
matic hydrocarbons, PAHs) f1 PUFA™,

2 18 B K VU A (Atlantic salmon) & A K
DHA 1Y 8 SRR Z — A SCTE 20 i 18 VG 7 ik £
TR 5 B 107 2 12 B WP R Ak B AR B 1 2% 5 1 i A 3R A
DHA WHE AR 15, Sy Ja 22 F) A #E 3 Pk (nu-
clear magnetic resonance, NMR) {ll &2 DHA 4+
PARE A 7 ik () 67 3% 2 B A 45

1 WIS

1.1 BLE Fo X A
11,1 Ak

PR AR  — S W e, ¥ R o A 2, [ 24 4R AT b =%
A R A5 S AR TTK B IR B 34 2 43 B 4, K
WA AR B R E S e S ke
LR B, Y98 3% 4l , Adamas-beta; 200-300 H
R EERS & S AL THBRAR ;14% =%
A B, Sigma-Aldrich; =+ AN R, [
TCT ARl Tk & A BR2A 7] 5 — A /S M g
fi5 , Sigma-Aldrich.
1.1.2 fUERER

BT 1L, Alpha 2-4 LD plus, CHRIST; #
FEA Bl A A A PR A B A T4 . Ll
—FE R PR | 5 2 A IR 4 R 3 A
H BN T 5 e e 78 KA s R AR T A
Y EN g KM A IR T BT PR A W) 5 0y b L
ST P HAL A IR T A A s 4 B S iR, il
T S0l & SR A B2 ) 5 8 2K i iE R G P LR
TN AR B A PR A A A5 , Agilent technolo-
gies 7890B; Trace 1300/1SQ X Jii 8% 4%, Ther-

moFisher Scientific.

1.2 %%Huk
1.2.1 FEMSEI%

B K VG TR £ P O R L W S8 T o AR A
BV VR Tk 24 h EEE 4 A Sh k0K R
vt B R AR

I P85 R A 2 500 AFF S T 52 00 %, 60 Hz; BF 5 32
ATHHE], 30 s.

1.2.2 RAEIRBUIRREEE L

%7 Folch L1, IR 1 0 N Bl itk $12 B s TR
FREX 300 mg MR PU VR K T 50 mL HLIERE.OE
LA 15 mL &A5-FEE = 1,v/v) IR GE 0.01%
2,6- RUT H-4- R L IR 30 min JE L UE,
UEWE T A M AR AR T, HEAT AR H R R R A
HUAH IR BRSO » In A TC /K B BR M T8 30 min J& . i
ZRBE LR AT BNR A TR R,

1.2.3 RA RN T BR 1L 7 i

FREL 100 mg IR-A MG W2 T 10 mL 8K Bl
FL A 14% BF,-CH, OH W 2 mL, [ W K AE
75 °C &A% F B FE 30 min, FEREHE H 2 E R
JEMA 10 mL LB FK, 58 202, HIE
O BEAE =YK, A IR HLAH A TE /K B R S 0%
I U8 E 2 v 4 A5 E IR TR A5 N 1D R
12,4 10 Yo fiF e 4R -k g 1 ol 4%

PRI 36 g FER (200~300 H) .4 g fi§RAR T
250 mL BT ACALZE 1 B RS B L A 25 i 7K
36 mL Ml 95 % 205 54 mL, %R T+ 3 h )5,
7 88 C WY 2 T HEZE bR 2 A (1.5 h). BJE ¥R
FEREREAE 120 °C I H2 THEAH TG AL 16 h, £ H.
1.2.5 DHA HHEEM /5

R 1. 2. 4 2% 00 i R AR e B X R A s T T
HEE ) DHA HES AT 20 55, SR A TR M
TR NG 5 R P R RE S I IE O ke fi B e ERE i 3%
SCHR[ 16 78 Pk B8R0 A5 L 422 P R0 AR P /N B R
MR Ve, B 5 . R FH AR X 45 55 % 1k Uk B 57 Clow
polarity eluent) ¥4 Fl g i B2 (fa0) K 5L A 1 i
U R (fad) ¥ JBE 4 5 % Ji5 R FH R XoF v 5 i o 28 JE 55
(medium polarity eluent) ¥ &H 2~4 I~ XUk A g
05 R (fa2-fad) Y 2k 5 35 o SR FH 4008 A M 1) ok
B 7 Chigh polarity eluent) ¥ & A oA WU #Y i iy
fik (fa5) S /b 5 75 A SUHE ) B 105 BR (fa6, B DHA)
PRI oK s B )i R R TR (EtOAe) ¥4 4R AL 7k e
H DHA P 5 WA v e V. % 3 38 1 GC/
MS F il s P, T 345 K it DHA #17 NMR I
B BN ATt (] A7 2% 1A S5 36 38 2ok 3 An 43 2 B R
o TR bR 0 R AR A A A B R A D AR
STUG A LA b B A ST Xk SR B AR AR AT
fRIE DHA H E& 15 2144 2000 4 5. DR & an &1 3
FT7R.
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sample:FAMEs @

—

Medium polarity eluent}

fab, fa6

fa2,fa3, fa4

(’;\‘ll‘
1l
g

AgNO; ERBIEE N ;fa0 (saturated FAMEs) ;fal (monounsat-
urated FAMESs) ;fa2 (diunsaturated FAMEs) ;fa3 (triunsaturated
FAMEs) ;fa4 (tetraunsaturated FAMEs) ; fa5 (pentaunsaturated
FAMESs) ;fa6 (DHA)

B3 RACRR AR B AT A

2 #FRE5ITiE

2.1 AR BT E GC/MS 57
2.1.1 BEWiBRWEER) GC/MS 3 #2514

K H Trace 1300/1SQ X Fi Bt H X ( Ther-
moFisher Scientific) X 1R & 5 Wi & B g E17 4397

(DA 3 2 F

DB-HeavyWAX(30 m X 0.250 mm X 0. 25
pm) B A AR 130 Cs #ERE IR . 270 °C
FEFP TR WU ER I E 130 "CAREF 2 min, DA 10 C 4
Sy R TR R 270 C AR FE 2 ming HERE
1 pls 8BS Hes FHA R & . 1.5 mL/min; A4 it
FE R IESR .5 min.

(2) il 2 AF

El & 7 & F IR E . 250 C Ll g .
250 C;HLFHEE 70 eV K BTH IR .50 pA; T4
HEHE 21818, 8 VB Ji i :50~650 amu.
2.1.2 JRIDymR HYBR GRS

RA IR g GC/MS @i ILIE 4 frs. 45
BT 15 AT LAAR A5 K VGV fif: £ 442 BT 5 19 g I 1R ol
P AR & B BAR W 1 R,

Nl

OA
11,80

LOA
12.20

DHA|
ALA EPA 16.66

SA

6.00E+008 -
5.00E+008 -
¢ 4.00E+008 |-
<
<
o L
[=1
=
ol
S 3.00E+008 -
&
_L*g L
&~ PA
2.00E+008 - 9.75
1.00E+008 |-
MA
L TA 9.99
7A73
0.00E+000
8 10

12 14 16

Time/min

A4 RAEIWRYE(FAME) 34 & B F & €13 A (total ion chromatogram, TIC)
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L5 B TR G R AR PR PR £ h T TR SRR (OHA I TARE LA BRIFIAL R ST (PSIA-C) » 79

F1 KEFEHEPEHEA GC/MS £XR

i B8 I 1] Jig i 2 LB E 37 AR T AR
RT/min Fatty acids Abbreviation /Formula (RS)/%
7.73 n-F PR TA C11Hzs 02 2.47
9.75 n- TR PA CisH32 02 12.56
9.99 TSR0 R MA Cis H30 02 2.98
11. 62 n- /AR SA Ci1s Has 02 2.76
11. 80 TN R-9-U5 TR OA CisH34 Oz 38.19
12.20 T NBR-9, 12- U R LOA CisH32 O 18.03
12.75 +A#R-9.12,15- =M iR ALA Cis Hy0 O 5. 60
13.00 T NB-6,9,12, 15-PU I R SDA CisHz5 Oz 0.91
13.53 — k-9 R GA CaoHss 02 1.30
13.92 ZARR-10, 13- R EA Cao His O 1. 00
14. 65 A8, 11,14, 17- DUk R AA Cz0H32 02 0.83
14. 83 A R-5,8,11, 14, 17- T R EPA C20 H30 Oz 5.08
16.43 A TR-7,10,13,16, 19- UM R DPA C22 Hs31 Oz 1.53
16. 66 A RR-4,7,10,13,16, 19-7S R DHA Ca2Hz2 O 6. 74
TE 75 B3 IR Iy R 205 4 =1 3 A AL AR Y 9 M A IR T R 19 GC i o FAH B (TR 3% 2.3).
2.2 DHA % %5 # W22 3. 122,
K A A 6 3% (Agilent technologies 7890B) (3) I3 4
B IR T G DELA 7755 6 23 A — T O A o
991 faiEs (L 12,2 F1. 2. 3 M58 B AW RE 25 A [l ie oy
DB-HeavyWAX(30 m X 0.250 mm X 0,25 524370,
o) B RE s B IR 130 °C 5 JERE LTRLRE 270 C 5 0 area=70.60+Concentration
B TR BT TRE 130 C 745 2 min. b1 10 C 4 Y /}
SBR FE A TH L E 270 C R 2 mins JEBE B £ s0opn=s /
1L BN, s B < 1. 5 mL/mins R4 38 = y
= g 200
2.2.2 BRMEMZ M2 H :
P DHA HEEFRER: 20 mg/mL, 73 SIFHR 50, o -
100,150,200,250 fOHRERE R ERE 1 mL. AR5 {r/ .
ST € 85 52 BT, BB W e JE ( Concentration) % 2 i

Hl AR XoF 7 114 €8 735 U TR ( Area) S D\ AL BR 225 il B 1
Mk 452 DHA HER A AR 1 T 2 Area=70. 60 *
Concentration - 5. 28,R* =0. 996, p<C0. 05,n=>5. 241
JEAE 1~5 mg/mL B, DHA FF I 9 % % 5 0M (3%
W T AT A RO ZRMESC &R NI 5 B,

COFE & 13 D0

Fig i f h DHA LR 966 . 4518 1. 2.3
A BRA RS R S, AR GC 3BT 5, 475 1Y
U TETRRAR A LS 5 F2  F5E  RE  h DHA %

H 1.3 mg/g.
(2) K5 % B 5L
El;kl?ﬂa%n% HEAT GC W 5 [F) — 0 A b 3% 22
HERE 8 YK, AT G % B2 S5 . DHA WG 19 AH X b5

Concentration/(mg/mL)
A5 DHA ¥ B;45f = )2 4

2.3 REAZ B ARNGHH
2.3.1  WHERARVE BEXT DHA 4355 55051 19 52 i

T 1. 2. 4 [RIAE A8 5 vk 43 S0l ol 48 ol 1R A ok 2
R 5%.10% .15% .20 % M AR fL R 2

PEME SR T IRERE BRI 1. 5 g ARALRE I RE T,
FHERALRE RS = A AR IE O e b A 1 52,0, 05 g i
iR S 1 mL 1E C S fi RS, TR AR T P9 e 22
P .

VRN AR RE A E AT I IEC B 2 2R
F=4: 1; T a@ﬁa@bz : -*”Eﬁi*
LROHE=1: 1 P, 5 5 mL s —



. 80 % & B4

rEER

%39 &

1 GC/MS .

T2 O T 1 e AR 2 AT VR B R L 8 o IE
Okt LR OBE=50 ¢ 1.

il i 4R e R 9k i VAR B . DHA 4l ¢ R
ULE 6. 7 TR,

ML 6 T LA Bl i T AR v B 0 15, 4R
BT X DHA B W B 8 ) 85 , 76 2 0 kE - 07 82
i I e, % A0 B 2 e B R DHA PR T
K. INIEL 7 Wl 2] LU, oA (8 R il 1R R 3% b 1)
38 S BE A AR 43 B DHA AT LA [7] il 12
IRV B A R A L A R AR Wk O 10 Y0 B, W LA
AR DHA #4750 8, I B SCAS A X AL

701 ]

60

a1
[~

e B A B/ mL
*] w =
=] S =]
T T T

=
<

10 2
R AL / %
A6 FRKRE AgNO, %L &R AKRAKR

<

DHA 4115/ %

0 10 20
it B 4R34 T / 9%

A7 FRFERE AgNO, %L DHA 4%

2.3.2 PR LR DHA 4355 8% 28 59 50

(1) DB 53 B 45 R o0 i

PRIBGEAL AV ERALARERE 1 . IR-E IEITR PR 30 mg.
PSR 2 i P N AN e b A o = = S
PR AR UL O 5 A i RE AP T S AR T AR 2. 4 0
ECKEHEX) « 8P (DCM) =4 = 1; &
LE(DCMD) = TR L TR (EtOAe) =49 ¢ 1; IF 2 k¢
(HEX) : . BB (EtOAc) =4 + 1. #&#% E M/D
B FAR UK PG K A 21 53 Uk I A7 WA N, IR
TIa e — AW e, M GC/MS 43 Hr H e iy
JiE 107 2 R R 43 o A 45 R L3R 2 T

®2 MERGEMRARERY(BS)ANSRREAMRX R

VR4 o 2% I U5 R 20 2 1A A X

1 i 2 A

Cl4:0 Cl6:0 Cl6:1

C18:0

C1g:1 Cl18:2 (C18:3 C20:5 (C22:5 C22:6

HEX : DCM=4: 1 15.79 68.09 3.71 16.12

DCM : EtOAc=49 : 1
HEX : EtOAc=4: 1

29. 65 40. 70 25.94
23.38 4.52 72.71

S 2% L R AS [7) B A9 Bk B R AT LA B AN [
TRLFN EE ) R BT R . A S5 Y H Y R IR 5 (>>200
mg) B4l (>95%) B DHA, #47 NMR 247
AC TR R AE . PRI, 75 28 B b B3] ) 38 B
B AR AR RE Y ST

(2) K HE i 43 B 245 R AW

PR IO AL 14 48 Ak Bk e 40 g YR & 18 107 12 WY 15

1.3 g IR A5 B — AW bt Ak 7IES2 )5 |k
FEHEAMHR AL, AR IEC K : 2R =
4 ;8N : ZIROTR=3+ 1; & Wkt : W
ZlE=2: 1, AWk : ZRRZBE=1: 1 AR
P TR He A D /IS AR VR I 06 o 445 44 4 53 Ve B Yk
HEATUCEE  F GC/MS 43 A1 H v 4 1 T R P TG 4
IyMTEE R IR 3 R,

x3 XRERGEMBRREEREY(BS)ERSRHKRARK R

VR 2% IR 7 R 2 43 1o A X A

B ALK ; ; ;
Cl4:0 Cl16:0 Cl6:1

C18:0

C18:1 (C18:2 (Cl18:3 (C20:5 (C22:5 (C22:6

HEX : EtOAc =4+ 1
DCM : EtOAc =3 : 1
DCM : EtOAc =2: 1
DCM : EtOAc =1:1

4. 64 18. 63 7.77 2.09

31.47 24.45 10. 96
32.94 28.61 38. 45
4.37 95. 63
100

S LR T R FURARYE D A i B 2
RPEAT LE B , I A RE 1K A 207 B A4S i
ZERE DHA. [H I, AR b A S ok 8] 2 ot 1 9 73
L S S e P T L 81 O R R MR g e i e 1]

L RBLE A AT .

MR AR B 7250 RO XU B &2 AR B T4
A 7B A PR RE S AR SIS HR O H AR
DHA (= kS B ) £E TR -6 i i 2 b sUk 4 B



%1 O 5 AR TR ORI TAsE  T TRONIRRR(DHA I TR E MR RIS R /AT (PSIA-C) = 81 -

e 22 o AR di i 7 P R Ak B R R AT O 1
3 T IR T 58 A P 1 [ SR Y 0 1 IR T
A7 P ST DA A ) 98 50 2 A I o T 3k ) i B i Ak
DHA 9 H 9. SCR A BE B 45 R (K 2. DR BR
4 1 b B T

3 Zig

N ARG RS E S ER DHA J T T
NMR #5r ¥ W C [FA R 7087 A e i fe 17 B Al
Izl R B R T A A A (A O .l Foleh ik
Y NP NERES S S A A R A E R A T
P2 - ik S A I T 2R R e YR L A R L
JBE T 1\ I N ) A L B A v 4l DHAL B ARIR

/i1
(D YRS R MR R 10% B DHA 45 85 3% 5
At

OBHE AP« ZRIBE=3: 1 ENEE
J SR s YR B 1 T R T e ) e R T TR R R A
H R 1~5 M FAR D7 R T A 2L B, 35T okl
R4l 2. 2 g XA 3E 47 BE G, 38 i GC/MS k&
W, &9 DHA 4678 95 % DL i .

()G GC/MS XHE G Mg W5 HH R 4 43 B 245 1 3k
WY ARG TR o5 4 B DR & 52y 81. 94 %6. A
S T E AT G DHA 78T g 5 e rh AR A 4
N 6. 74 %0, ARYENRfLSC 5 B P 45 21 DHA W51k
R 96 U0 s SARIE [ F £ 1545 AR BIF 5T R R R
POt DHA &4 1.3 mg/g.

2% Uk

(112 #0850k, 22mW, 5%, AREE DHA 23U AR K&
JEAE & Tl b g R LT ], &l Tk B2, 2017, 38
(7):390-394.

[2] Siddiqui R A,Harvey K A.Xu Z D.et al. Docosahexaenoic
acid: A natural powerful adjuvant that improves efficacy
for anticancer treatment with no adverse effects[ ]J]. Bio-
Factors,2011,37(6) :399-412.

(3] P, o L B A, 55, 22 M0 0 R U7 IR 19 O 9 3

[J0. &5 Tl BHE,2012,33(7) :418-423.

4] ZUR.E . £ B EEZRMRAR R A0
Wk ()], /b2 5 49 TR . 2008.25(12) :17-20.

[5] # (b, N-3PUFA BP0 DR e Ho A=/ LI L],
o £ S AR N R, 2016 (7) :200-206.
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BAGEE R EEER N FRE I MEF
O M T4 ge BY 22 M

ik, R2E, LML, X F, B
(BEVERHEE R 2 #E MR LI S EART A5, Py W% 71002D

B EAT-BR.F_BR N N_FEZEHEKRE.2-[2-(ZFEAIRICAL]CEFAER T W
A R, AR T EH REBELG A A A LR E T KT (Gemini) & @ & 7 (GS14-EG,,-14
= GS14-EEG,,-14(m=2,6)). @i a3k ¥k £ (' H NMR) Fe 4r 9F 3% (FTIR) s¢ 2 45 My i
FEAE, AR A @K AL, R EL T AR A NN R @K AT SLiR AR AT A AT
WR.EREN FELA T CAAWG T AL Gemini & @ &M 8 K @K A MK 33.50 mN/
m¥Em3 37,11 mN/m; BB MEIFZE LR FHEAKSEKEGE M, Gemini &2 & & B FH G RIK &
K E(CMC) 12 #7138 #n , GS14-EG,,-14 # CMC %A% A 2. 05X 10 " mol/L. L& 4847 A HF % &
B, & @k B B AR GS14-EG,,-14 $LAL4K 2 7T 2L 2 K TR Je ik 78 38 78 3 & @ 78 M 1) 5 A%, 89 B
R LT R I — AR M SR Z K 4 B B 3R % T A 210 min. GS14-EGg-14 4R 24 min
PP T il /KR @K A BEALE 1.55X10 2 mN/m, & R &Kz £ A 54.3%.
KB, B, MFAR@ERA; FLRAATA; Kbk

HESES . TQ423 NEERER: A

Influences of linking groups on oil displacement performance
of ester-based Gemini surfactants

FEI Gui-qiang, WU Yao-jia, WANG Hai-hua™ , LIU Xuan, XIE Ying

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

Abstract: Ester-based cationic Gemini surfactants with different linking groups (GS14-EG,,-
14 and GS14-EEG,,-14(m=2,6) respectively) were prepared by succinic acid, suberic acid,
N, N- dimethylethanolamine, 2-[ 2-(dimethylamino) ethoxy] ethanol and bromotetradecane
as raw materials. The structures were characterized by ' H NMR and FTIR,and the phase be-
haviors of emulsions were investigated with surface tensiometer, fluorescence spectrometer,
optical contact angle measuring device and interface tensiometer. The results showed that the

existence of ethoxy group in the linking group increased the surface tension of Gemini surfac-

x W F5 A #3:2020-09-22
ELTH:FHEHRB LT H (21978164,21808249,21806097) 5 Bk 74 44 BL £ )T 8 & BF & 1 X351 H (2020GY-243) 5 [ 7 4 0135
6 1 SCHE TR -RHE B8 11 BASR B (2018 TD-015) 5 [ 5% i i A1 4 % 300 B (GDW20186100428) 5 BEVE 4 # & JT 7=l Ak 1
H (19]C010)
YEH B : 2 FL0R (1980 —) , B VL IR ER I N L 3042, Wi W5 0 Il < 8 0 T IR 2 I F & Bt
BIRAEE : WAL (1982 —) 2, YLOR ER N 304 1 B9 5 1« B £ 80 5 P B R D BB — M )/ 5 00 T &2 & M B, whh@ sust.

edu. cn
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Bl D00 A5 - T0 45 kP 0 TR ik 28 0 3 AT 5% 1 0 K e 4 R ) 52 e © 83 -

tant from 33.50 mN/m to 37. 11 mN/m; At the same time,as the length of the hydrophobic

chain of the linking group increased, the critical micelle concentration (CMC) of the Gemini
surfactant gradually increased,and the CMC of GS14-EG,-14 was at least 2. 05X 10 " mol/
L. Emulsion phase behavior studies showed that the GS14-EG,,-14 emulsification system

with lower surface tension could maximize the solubilization of oil droplets into the micelles

formed by the surfactant,forming a uniform and stable emulsification system,with the high-

est oil-water separation time 210 minutes. GS14-EG;-14 could decrease the interfacial tension

of oil/water to 1. 55X10 % mN/m within 24 minutes,and the final oil displacement efficiency

of GS14-EG4-14 was 54.3%.

Key words: linking group; ester-based; Gemini surfactants; emulsion phase behavior; oil dis-

placement performance

0 35

554 G 1 B e 2R T R R AR LG W (Gemi-
ni) 3 TH] I P 00 45 [ T 42 0 A 7 5 7 5 5 3R I Pk
I — AN I 245 ik DA 32 e R o B S PR A T 2R 3 R
T35 P 7R . Gemind T8 6 P ) A LG5 38 3R TS
A TR0 AT S v P P AR B B R ) e (IR T T P
A B T R O A R A A B R R R R SR R
TR AR TR R TR A S Gemini B
7 e T P R 2 1 R AR X A L (H A B fk
SR S B B 25 L HE R B BB 2 35 QoK R B 1
Bt E R MR b gl AR AL, BE AR 4R
3 T 50 1) A 0 o Aok e [ I R A R 4 1) L AR
AE. M AR Gemini BUZ= B £ 3 0 I 14 57 W] IF 2 A
Gemini 7= £ 5 UL 14 /&5 25 T80 376 M RGBS 2 B R 1
A3 PR ARG A S — AR BB UL S EL X PR A AF
(14 R 75 3 TR 1 R

Hil, DA 2= 8 X R Gemini L
FEE PR A PERE AT TR Xu AR
T—F G5 A R L RN 2 1 B &5 A Y BH B
Gemini R HTE P, & A BEEED Gemini 3 MG 7
) CMC R AR T i 7K B 141 5 AR ) e Ak 4%
M 45 Bk 22 1 1 PR 7. Tehrani-Bagha 2850 & i
TP 25 KL P A TR B Y FH B T Gemini K
TP o O 0 GV e o R A W e e M R AT T O
G o 45 R 3R WY G S8 A7 A2 T MR &5 5L T b LU AP AE TR 3B
W5 KA ) % f#. Manorama U ST — &
FH B 4 (5 36 A 1R B RE AL FH B 1 Gemini 3% I
TR WEE T B RE AT 00 M B A7 RS SR Ak i R Y
S TR 45 Ak DA v S - TR B Y AF AR BE S 98 Gemini
TG P 19 S8 KA A A TR AR AR R B
J. W R RSO A BT — FR B I G B A TR S R
Tk B 35 (1) 3 78 2 e 4R Gemnini 2% T8I 0% M ) L 72 BR &5

i}

S A o [ s A T S R B B R S Gemini 3R 1A &
PR LA AT B A W B A L R A Rl 2606, SR
M7 s H i SCHR b BT 0 1 & IR IR 1Y P B 1 R ek
A Gemini R S P 7 09 G 0 2% 10 05 21, o 570 o
K B BAS . 1 B B LAY Gemini =8k #h %
TRV P 551 ) L W AR AT A 5 0K 9 A DG R Y B Y
AT %5 A i

FET AL T R 2R N, N-Z g
PR 2-[2-( W B ) L A | BE R A
DU fot Sy S B JEORE , R F AR R Sl A AR R L 7R TS I )
SRR 38 2k A5 SO ) A T B AN [R5 45 R 1A 1Y
B 57 FH 2 F Gemini FRIHIG PR, PFA T H LK
AHAT A DA S BRI 20 R s W i e = R I AR AT —
JE AR .

1 TEEH

1.1 XA BEAE
11,1 FERH

TR AE R, 99 %0, K HETH A R AR 2% R
J7 NG N-TH R 2 R, 99 %, b TE AR AR AL B
BAMBAA 2-[2-( R AR LB,
96 %0 » I+ ifg 27 vi Az A BHBE AT BRZA B 5 AR DU e
Gy BT 4l KT AR R AR X R R LN
P = W RS (CTAB) , 48 Hr 4l . K e i fl 55
WA 2 IR AT IR 2 ) 5 Ao Bl R 4 (SAS-60) , T
M2 TN B TR A RS w5 28 7K 1L A i B
TR A LMk (Tween 80), Tk %%, | M T 42
ZHATAHBR A A NS0 (D25 X 60 mm); £
BTK.
1.1.2 FEULE

Vector-22 BI{H B 25 e 27 48 G354 . Avanve
B S B w3 R O% 3% 42, 8 B Bruker 2
DCAT21 # 4 { 3 & 1H 7% J7 1L, #8 E Data Physis



. 84 o RaPAREEFR

%39 &

3] RF-5301PC 26 606 150, H A & HE A Al s
DSAT100 #4242 fish £ DU 24X, 78 [ Kruss 23w
TX-500C 4 it P T8 2 i 2% / L 1 ok A, b ot & 2
Sl B A R .
1.2 GSI4-EG,-14 #4 &

GS14-EG,.-14 W& Uk 2 n ¥ 1 pros. B ik
.

FEREAT P 1 FNA BEAE 1Y = U Be R A 10
g TR 30 g N, N-H1 3 2, i iz , A Ak 370 A Xof Y
RRETR (1.2 @), 110 “Cih Pk 12 h, IFA
W7 2 I R ™ 7K BN S B U 78 AR B i et Y
NLN-TH B 2 B, DKOK (F SR Ve i, R &
B, M0 A NaCl /K s WG A HLAR , Bk MgSO, T
P, ZR IR B R, A5 ] 7R A O € b s iAo e
FERN 85.2%.

TETVERN A T8 7. 25 g AR DUl 8. 36
g FE =Y M = OB A, 60 °C R fE IR FE
I 48 h, 45 B IR ¥ B R = . A2 R R/ A A
4 3 WKL EL 2 T4 24 h, 15 68 RO KD
BwE FIRD IR, IS B S Gemini RUZE &7 £h R 1H
WPER] FRIC A GS14-EG,,-14(m=2,6) , /= 43 4
R T7.5% M 76.2%.

O O

N
Ho/“\MﬁKOH NCH,CH,OH ———

% Fd
/NCHZCHZOCO(CHz)“,COOCHZCHZN\ +  BrCHy

Br Br
——» CyHy 7 I(ICHZCHZOCO (CHy) mCOOCHZCH;Ni’C 14H29

GS14-EG,14 (m =2, 6)
B/ 1 GSI4-EG,-14 #4& m
1.3 GSI14-EEG,.-14 #5 4 &,
GS14-EEG,,-14 W& UL B 2 froR. Bk
.
TEEA B FEAR RIS B 1) — B A 10
g ZIRA 30 g 2-[2-(ZHIILE S O H I | L i
AR50 g %k F AR R (1.1 g), 100 °C il T i A4
F£ 12 h, IR W28 B R = oK SO 58 R D80T 25
TR Lat Y 2-[2-( W IR ) A L J O, UK
IKCE ) Vet W R ZE L, A D NaCl 7K ¥ W B8
WAHHLH, ToK MgSO, T8, ZE R H 2K, 45 o i) 7=
Y QR AF IR AO T P25y 85. 9%,
TETCIEF 2 T # 8. 75 g TR PU ke A0 9. 67
g PRI=YINA = OB, 60 °C T E IR FE R
N 48 h, A3 IR B OF R ). A S TR LT FE 4
M3 UG HEAE T 24 hoBAGEWRT Y. EE

IR I BPAR S JE B Gemini X2 & £k 2% 10 0 M
), ARIE N GS14-EEG,,-14(m=2,6) , F= &4 5 R
76. 8% M 77.1%.

o] o) N

M +  NCHCHOCH,CH,OH ———
HO b Olh/
N /s Broun
NCHCHEOCHCHOCO(CH)n COOCHRCRROCHRCHN -+ BrCuaths

Br _Br
E— cmﬂzg‘/ NCH,CHOCH,CHOCO(CH,) COOCH, CHOCH,CHN—C14Hay

GS14-EEG,,-14 (m=2, 6)
A 2 GSI4-EEG,,-14 #5 & &

1.4 Z5 MR AR5 M AR M) 9K

141 £4MGEE (FTIR) RAE

KM KBr F f il 4 32 5 5 [ 500 ~4 000
em ', FER N HATIE.

1.4.2 ##EIE4RE0E C H NMR) £AE

PRI S (CDCL) R 5, TMS i P9 A%,
JE 7 ) 00 % 0 i S A
1.4.3 Rk I e

T8 25 °CTF L2 DA K Ay ¥ 500 vk B2 3 il 1 X
10 °~1X10 * mol/L AR Gemini 58 [ %
RV W0 2 TH 5K 7. W A2 T v Ry R R I S R
W BE (CMC) Fil e AR 22 18 5K 7 (rowe ) B9 DU 28 T5 1%
DLy XF PR BE (o) 1R X BAE L 33 s Ak XoF 107 K
{E A CMC H e 52,

L4.4 PO abr

PLEEAE R 0 SR B R WF I8 R G R 3 7Y Gemini
FETE T M R AE K B W i R AEAT R Hoh 5O K
ST P K JEH 350 ~480 nm., &k K 335
nm, PR BREE RN 5 nm, K §TBR4E R 2.5 nm. LLEE
F14) 0 R 7K TR BOHR FE Y L Ol 110 ~1 X 10!
mol/L B #H 2 h, 5@ v R 5 98 06 & 5
LT
1.4.5 JIRMEREM &

Bl 100 mL GS14-EG,-14 1 GS14-EEG,,-
14 HI KW CHe K 0. 01 mol/L), ] 100 mL
A 20 mL, BT 408 % 50 WK, 1 M IK R E
Je A0 R TR & B L 5 min J5 . PR UCIC % 0 UK B .
w3 W HOF A,

L.4.6  FLAbtEre &

o 20 T 9 P R 0 K U S R L G (IR
mEHD) =6+ ORI R 1 1A 10 mL ik
B, TR 50 K0T B 1 mL K AR 2
%) B ]

14,7 TR AR I
TE 25 “C R ZE LLK S 500 BE Lk B2 oy 10X
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Bl D00 A5 - T0 45 kP 0 TR ik 28 0 3 AT 5% 1 0 K e 4 R ) 52 e

e 85

10 *~1X10 * mol/L AHEIEA! Gemini R 1Al 1 1
FI A TG B 2 o A
1.4.8  Frumsk i

TE 50 CFLBCEWKE N 3 g/L 1 GS14-EG,,-
14 Fil GS14-EEG,,-14 By LK %5 0. 2847 5 AR 3t /
K ST 3K 7 RE 7 . Ak K B AR EE R 50 000
mg/L.

1.4.9 DRy BRI &

B BCAK R & m (SAS-60) = m (GS14-
EG,.-14 or GS14-EEG,,-14) : m (Tween 80) =10
1t 4 Fl m(SAS-60) + m(CTAB) * m (Tween
80)=10 3 1 4 JEAT N3 550 A DK IH 5256

2 #FR5ITE

2.1 #MEAE

Kl 3 & Gemini 3% [ 3 ¥ 7| GS14-EG,.-14 1
GS14-EEG,,-14 246k . WK 3 AT LLE H, =
MR B 4 E W% U % (1 865 AT 1 783 em ') R
(3 374701 038 e ') BYARFAE IR ST 08 9 2, 150 B R
FAET R 1161 em " Ab HYBE C— O A 40 B sl
Wi, 1 738 em ' AL HY B ER 3E  46 4R Bh 16 1 461
em g —CH, Fl—CH, — A %R 2 il 3% 3 e i i 5
2 851 cm ' 12 921 em A M AR E —C—H—1Y
Xof AR FIAS X R fof 408 i 2l W MSc 0, IF HLAE 1 171 em ™!
b R T 2 e A C— N AR A W 0, 136
() 7= 49 5 TRAR A DU ot J DI s 7 . 12 235 SR e B g L Al
FH S F Gemini 2 11 % 74 77 (GS14-EG,,-14 Fll GS14-
EEG,,-14(m=2,6)) B #5204 L.

GS14-EG,-14

GS14-EG4-14

GS14-EEG,-14

GS14-EEG,-14

i

1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
WA/ em™?

B 3 Gemini & @& MEA GS14-EG,,-14 #=
GS14-EEG,,-14 #j 4 } %% B
K 4 FIE 5 435K Gemini 22 35 P 7] GS14-
EG2-14 Fl GS14-EEG2-14 (¥ ®8 IL4R S5 4.
M 4 " LE B H NMR (400 MHz,
CDCly),0:7. 26 (CDCl, 5% f8 5T ¥ U%) ;0. 88(a, —
g ,6H,2X — (CH,),, —CHy) ;1. 27~1. 39 (b,

ZHIE,44H,2X —(CHy);;, —CH3) ;1. 78(c, BT
Falg, AH,2XN® —CH, —CH, —) ;2. 79(d, fA T
W, 4H, —OC—CH, —CH, —CO—);3.47 (e, Hi
W ,12H, 2 X (CH;),N® —CH, —CH, — O —);
3.67({, £ &I ,4H,2XN® —CH, —CH, —) ;4. 18
(g, AE S ,AH.2XN® —CH, —CH, —O0—) ;4. 73
(h, AHEE 95K ,4H,2 X N® —CH, —CH, —O—).

—— GS14-EG,-14 b

e (]
Br ch, CH;, Br
e ol 8 d d h g5 © e
HyC—NCH,CH,OCOCH,CH,COOCH,CH,NZ—CH;,

b a
3

f c f ¢ b a
CH,CH,(CH,);,CH. CH,CH,(CH,);;CH;

€

cDdl,

&

ST
(—
L. —n

e]
e

&/ppm

A 4 Gemini & @ &% A GS14-EG,-14
R RAER

mE 5 LA E,'H NMR (400 MHz,
CDCly),8:7. 26 (CDCl, & B4 Jit F0§) ;0. 89 (a, —
I ,6H,2X —(CH,),, —CH;) 51, 27~1. 39(b,
Z#H W, 44H,2X —(CHy),, —CH;) 51, 78(c, A HE
FElg, AH,2 X N® —CH, —CH, —);2. 79(d, Hi
W, 4H, —OC—CH, —CH, —CO—);3.47(e, o
I ,12H, 2 X (CH;),N® —CH, —CH, — O —);
3.67(f,Z &I, 4H,2XN® —CH, —CH, —);3. 95
(g, Jpd 5, 4H, 2 X N® —CH, —CH, — O —);
4.18(h, & Gi 6, 4H,2 X N® —CH, —CH, — O
—) ;4. 45, R R, AH,2 X N® —CH, —CH, —
O—CH,—CH,—0—);4.73(, JAHE 516 ,4H, 2 X
N® —CH,—CH,—0O—CH,—CH,—0—).
—GS14-EEG,-14 b

e e
Br CHy CH; Br

. | 5 n i d i i hoslg .
HaC——NCH,CHyOCH, CHyOCO(CH,),COOCH, CHyYOCH,CH,N——CH,,

I

] b a
CHyCH,(CHhy CHy

a

f ¢ b
H,CH(CHy), CHy

o

coa, g
jihgt c
’ LU )‘J X

12 10 8 6 4 2 0
8/ppm
B 5 Gemini & @ &M A GS14-EEG,-14
09 A7 B R R AE B
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ZEERTR L 4 T 5 P EEE LR A (01 ~4)
R L & (810~ 13) I FRRE W e A B, R B T
551G LR 3 1 P RS (04, 73) AR AR 04 L d B LA
TR TR NG N-TH IR LR 2-[2-( —H
FRE D QRIS WE ) SN A B SR s )
B =9, 5548, H NMR & B R B T 5 A E &
TR % B DU e T 3 (O3, 67) B RRAIE I
Wb R A T DU e B T B A B bR 8 b R EE, ]
AW I G 107 W 5y F R A A B A 4
Fetk— DR ], © G B T R B A [ 4 R
VA 4 T L 7 Geemini 28 1 1% M5
2.2 R @ERESN

2 T 1 1) 1 39 T 5 7 Bt A vk B 1 39 DR R
1 TE BEAR B — 2 {H 5, ¥ W 1Y) 3R T8I 9K 7 Bl v B 1Y)
B AR A AN K AT kA e P L A0 T I M R 1 I
TR A FE L B CMC A, 3% 18 5K 1 AN 28 14 it [] 2
2 TG PR B A CMC LR R IRl k£
SR B TR 1Y) 3R TE TG MR R A 2 0 RO R
A o Y TR % T 1 I B et e S 1 0, RGN T Y
23 (8] R R, DR O g T gk Sy AN AR

&l 6 2~ Gemini 3 [ {5 1% #] GS14-EG,,-14 #
GSI4-EEG,,-14 7 25 “C i 1Y 3 1 5K 7 B H ok B 1Y
A 26, GS14-EG,,-14 B 3 1 & P & T GS14-
EEG,,-14, 3X J& N ok & A8 1) 2 IPE BOR A F T3k
FLZ B0 B IR A S ]/ WA HES B % L
AR B [F I SR K MR A 2 5 5K oy IR LA
AR AR RS 1 R A AEOK A S K G Ak )
T I 7% I RE 7 R R 55 . S Bk sk ) i CMIC
HRELH . T3 — I AR BR 25 BE A vh S B 5 A 23 3
TR 235 35 A g A R [) sl 2 5 o 2 1 3 P R A
1) 25 (] o7 BEL R 28 S 72 32, BT T 78 35 R 7 <OV 5 T
T ) B AR PR 43 T RR AR A, 168 R A U2 Y % R R
Ik RS A P RR AR, Bk, GS14-EEG,,-14 %
WK 2R T GS14-EG,,-14.

7 A, GS14-EG,,-14 Hl GS14-EEG,.-14 1
CMC W 7 1k 45 35 TATH B 110 398 Jon #4032 W7 15 K. 3 2
PR A B 235 A () 2 S B R S PR AT L B %5 Gemi-
ni 2 I M R B 45 Rk DA RE % 18, Bk 45 5 1A g
LT R T AR TR E M B 2 3G 5 55 — 7 T
J2 R T 3R S PR R 43 TR RS S 4 2 RN g BRAIG L 3R
TR 7% M 700 23 DA e o OB X 3R 4R Bl % 3] A Tk A
GRS T i 1) B8 T B ARG, DTS 0 T 3R I PR
VWA A R g, RIEIEPER A CMC F yeue R
1 iR,

%39 &
70
B GS14-EG,14
65T ® CS14-EG, 14
6oL A GS14-EEG,14
z v GS14-FEEG,14
E 55 |
E
~ 50
R
% 45 -
=
& 40 |
35
30 s . s ‘ ,
-6 5 -4 -3 2
Iglc/(mol/L)]

B 6 RE B AR @K R
%1 25 CH GS14-EG,.-14 1 GS14-EEG,,-14

HREEESH
R CMC® CMC® MC
R /(mol/L) /(mol/L) /(1:1:14(/m)
GS14-EG»-14 2.10X107* 2,05X10°* 33.50
GS14-EGg-14 2.64X10"*% 2.81x10°* 35. 34
GS14-EEG;-14 4.48X10~* 3.88X10* 36.13
GS14-EEGs-14 6.09X10"* 5.53X10 " 37.11

@y 1 3K Iy P52 B9 CMC; @ i 5¢ 6 & 95 6 3% I 52 19
CMC.

2.3 Gemini x @ERANGRET AR

B 7 MR E GSI4-EEG,-14 W+
FIF S DO LSS R, 4 T 7 335 nm kb &
J5 BT PR A IR S RSO 5 g, HLE Ay B T
373 nm.379 nm.384 nm.390 nm.410 nm [fiE. 56
— M KBTI T, (373 nm) 558 =9t & O 1,
(384 nm) XT %5 W& A A PR AR R BURR L T, /T A H TR
B S 6 0 85 VBB R /N B s 9 S DRI RT A AT T,/
I, {H Y 5€ 28 2 B 22 2% T 0% 1k 590 0 i 5 e o ke
(CMO)™,

GS14-EEG,-14
Ig[e/(mol/L)]

2

2.5

3

35

4

45

-5.5

1 1 1 1 1 1
360 380 400 420 440 460 480
WK /nm

B/ 7 f&XRRE%E GSI4-EEG,-14 & &
Pt e AL B R ST kg
M 7 7] LLF & % TS 7R GS14-
EEG,-14 ¥ J& 300, 28 78 1 T 19 9 O 35 5 AR
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Bl D00 A5 - T0 45 kP 0 TR ik 28 0 3 AT 5% 1 0 K e 4 R ) 52 e - 87 -

HE 3% 2 PR Sy 2R TR T R AR B B R 2 DA
T 2 i AE K TR S A7 TE B 7K B X, T 28 A 7K Y
EREREAR 1077 mol/ L, 2 )6 3 B 0 fI%. 24 & M i
P 75 e B BN s, Pl T B K RN AU O A 3
TR M 30 BB AKX, I B 28 4 1T DA 488 s 30 e
FA B K PIAZ 2 v, (28 43 T 72 AR R v i T A
S B 3 VR o SRR 1 R

8 /& GS14-EG,,-14 F1 GS14-EEG,,-14 %%
RIMEPERFWRW L /L A S ERERENCR. B
8 Al I, 24 GS14-EG,.-14 1 GS14-EEG,,-14 #
FERARET LT, /T, 2K 2.0, 54K d 1,/1, {44
[\, 16 B I i GS14-EG,,-14 #1 GS14-EEG,,-14 1F
W IR TE B A, B8 A Bl K A L ) R
BR,.L/1 B8 K 4 GSI4-EG,-14 fl GS14-
EEG,,-14 ¥ B3 KRBT, 1, /T, {8 BE A W0/, Ud B b B
GS14-EG,,-14 1 GS14-EEG,,-14 4> T 1£ /K o 3% ¥
R R, A i T GS14-EG,,-14 f1 GS14-EEG,,-
14 53 F U BEREAR L AEAS T2 B %) Jise R %% H A8 /b, 1
O FIIRE A BR. T /1, (HFRARS A 28185 24
GS14-EG,,-14 1 GS14-EEG,,-14 #¢ & #F — L 1 K
B S R H G 22 KER 43 B8 43 DK rp B i 3
RN,/ 8 SRR /N 2 GS14-EG,,-14
il GS14-EEG,,-14 ¥ B ¥4 hn 1] — & A8, 1, /1, {H
TR UL R B E A eI SR R
Brh. i, T USRS RIS 1 /L (5T IR
A4k B B P S K B € GS14-EG,.-14 Fl GS14-
EEG, -14 Byl F B o ik B2 (CMC). GS14-EG,,-14
1 GS14-EEG,,-14 51 1Y Il e e B2 an % 1
7 » 5 2R K I E Y CMC {EAHE.

—=— GS14-EG, 14
2.0 —e—GS14-EG,-14
—A—GS14-EEG,-14
18k [v-Gs14-EEG 14
16
=
14}
1.2
1.0

s ” E B
Ig[e/(mol/L)]

A8 I/I, 5 GSI4-EG,-14 #
GSI4-EEG,,-14 3R JE 45 % %
2.4 BAMAESH

UL VA — ol R A S JBE R A B T 1) 2 I
TRR IR A ANTRE R R I TR TE BE — M 4
YRR P RE 7 T AR YR RE SR AR A — R SR E TR

FEA LR I o 22 /D B VR 7 A R AR PR i
ST T W W IR B RS E M BV UR PR R B I [R] 4
JE AR S SRR E T R Gemini M
T T A0 0 TR P

& 9 J& GS14-EG,,-14 il GS14-EEG,,-14 (%1
TR BRI R RS e . IR 9 TR AT LU Y Bifi 4 B
SRR h SR A B, KR BRIk
B A%, GS14-EGm-4 [ 30 IR f& =2 7% I8 T GS14-
EEG,-14, ¥ % 2 T GS14-EEG,,-14 7> T- B 45 4
A BE A 35K B £ 5835 . A B K 0 e FE % L fif I
TEA A T 2 TR S HE L 55 T I B ) B
P DT i 900 VR T 25 ) i 24 5 [R) ek 36 i B 4% 35 1A o
SR FEA B BTG PR 4 T 0 5 KR RN, R
5T g G AL IR AR S AR e
I, GS14-EG,,-14 By 5290 M 0 4.

Wit 5 6 4 5 M A g K B K BE (9 38 . GS14-
EG,.-14 1 GS14-EEG,,-14 B4 F 0 Pk e 34 hn. % 2
PRI Ay 2 18T 37 P 500 4 199 2 T M i A 5 R 1A b s
AR K BE Y 1S i 3 0, E R R T By 2N
HEZ 0 B %, 2R T A B ASE ) S0 M 1 I YR 1Y
R R O PR, R I RE K .

50 | 7-

0 min
5min

7

EE A/ mL
s

GS14-EG,-14  GS14-EG,-14 GS14-EEG,-14 GS14-EEG,-14
A9 GSI14-EG,-14 ## GS14-EEG,,-14
849 8 R & JE Ao AL

2.5 SUALPERE AT

2L AR RIS T P R I itk S
1) 2 TR ¥ P 791 2 2 1) 1) HE 2 98 g A — el 98 B R L
A B 2R T B AR T T K A R K T
R AR TR AR E .

Kl 10 & GS14-EG,,-14 f1 GS14-EEG,,-14 ¥
TE MK 53 125 i 75 B[], 7K B 43 25 1 A B ) Bk 4
FLALfiE Sy, £ CTAB /KRG, /r el 1
mL 7K FF 5 WA 2 18 min, ] GS14-EG,,-14 F
GSI4-EEG,-14 i/ /K RZ G, 4+ 8 it 1 mL K
B 5 I 1] ¥ Kk T CTAB, i 8 GS14-EG,,-14 #l
GSI4-EEG,,-14 X B4 BA — & i 7L A2k, X2
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%39 &

Kk GS14-EG,,-14 1 GS14-EEG,,-14 1, i %
Bl T B S 32 i T A B T, i R HE SR 0 B
e A MU 553 o R () 6 K A A5 3 T R

GS14-EG,,-14 i #Lfk M BB T GS14-EEG,,-
14. A GS14-EG,,-14 B9 BS5 5L 87 /K B8 71 3008, 78
MW/KZEG T, ELH GS14-EG,,-14 2 F i % 5
THK SRR L W BT 22 Ha A, 1S ORORL - [R) R A R
77 BH 1k T8 RO 5 K AR | GS14-EG,,-14 41
TR L R K A 2 AR R i (8] #E AR K, TR
R R AR ;55 46, GS14-EG,,-14 ) CMC {l % /N, %
T 9% A R B PR A B 7 1 i L T 7k e b 1 7 R
o, i 2 3 58 8 9 5 2R TR T RV TR BT K B
VS IR AR SCEL R A TR AL R R R
PN AT 7T fig LA R 38 8 57 B v 240

i & 10 A A1, 78 GS14-EG,,-14 W/ /K &2 G,
S 1 mL K T 7 B B ] 43 ) O 180 min Al
210 min, ¥ GS14-EG,,-14 fEiE # 1w s 17—
JE RS, W1 LA BULT 58 2 LA RUR .

200

150

i fa) / min

Juy

=

o
T

50

0
s B

AL
? Al
Y o

Ab Ab Ab ®
3Gé A’EQC& e P AL
es)

A 10 CTAB 5 GS14-EG,-14 #=
GS14-EEG,,-14 #3 5L4b 1

2.6 B

2 i £ 2 FAE VWA Y B SR il A
TN VS VR A o i T 3R T, T 3R TET ) 2% A RE
. K11 2 AE 25 CH, GS14-EG,,-14 Fl GS14-
EEG,.-14 %W (H R 102 mol /L) & fil £ Bt i 8]
1725 4k #h £8. GS14-EG,-14, GS14-EG4-14 ., GS14-
EEG,-14 1 GS14-EEG;-14 /K E WK £ B U | 2 W
Me (PTFE) 3% 18 9 4 fil £ 53771y 69. 3 °.88.5 °,
65.3 “Fl 68.3 °(8 <90 °), Hiv GS14-EG,-14,
GS14-EEG,-14 il GS14-EEG,-14 14 4% fih £ 1 1%
3% FABE TS R 70 3 il A (Ocran = 84. 06 7 Ospis
=86.76 °\0rx 100 = 81. 08 °) B /N 50 B HL v
XF PTFE i B A R 45 1% M k. X nl 68 & I
R A TG PE R WO . GS14-EG,,-14 A1 GS14-

EEG,,-14 43 FH & A WA 55 K Sk AP AS 57K %
F A 27 7K Sk T A KRR S 1T P A 5 K 5 % B 7E
PTFE % M, 5 1% 50 1) 22 0 1% o 5 A b, oA iR
B € 7] W BfE RE 7. B b, GS14-EG,-14. GS14-
EEG,-14 F1 GS14-EEG,-14 143 fil £ 55 /)N , Vi Vi fig

71 5.
105
—B—GS14-EG,-14
100 1 —o—GS14-EG-14
o5 | —A—GS14-EEG,-14
—v—GS14-EEG,-14
—~ 90
g
& 85
&
¥ o8ot
75 |
70 - %
65 L A A A a4 4
1 1 1 1 1 1
0 20 40 60 80 100
BIa /s

B 11 f PTFE £ & GS14-EG,-14 #=

GS14-EEG,,-14 #54& fik /& 0 M aF 1a) 69 K 4L

¢ AT TG M 590 i VR R ) 38 5 R A5 S AT ) 1 TR
YIAHSE 1 T GS14-EGs-14 4 F 1B &5 3 141 1) i
BERCK , SRR M 700 40 00 55 T P 3, X6 2% T Y
TSR A, 7E PTFE 26 1f /Y £ fil /1 o 23 Bl 2
231N, {3 GS14-EEG,-14 1 GS14-EEG,-14 4>+
) B 445 35 P v A7 78 T DA 5 K B SRR 1 TR 3 R 2
S, BN T 2% O R R 0 R K ML BRI, GS14-
EEG,-14 (32 fl 1 (0=65. 3 °) & /)N, %F [ & % /1
SRR & SR PO R/
2.7 REmikAgHop

T Ak 27 DRI A AR L S A R R [ A B T K T
PEAY BRI BC 7 10— B B R XY OR ] YR B T e
AR fil B, n SR RR T I — A SR A S A R TR
PEYI R, B T 2% T S R 0 B S S R R
Wi 455 77 A sl 25 B Tk 7. B R AR 1) 0% AL T 5K O 4
Wil 2 Fsf ) AN DBE A A B 38 3k 3] — AN Pl (. 76 38 317
75 Ao AR v AR BB o — A ST R ) R R
I H5 AP A By 2 25 B T 0 ) B A

K 12 W78 GS14-EG,,-14.GS14-EEG,,-14 FI
CTAB il /7K FL 1w 5K 7 5 I 18] 1) 5¢ & . FE GS14-
EG,.-14 1 GS14-EEG,,-14 & & v, /7K i 5 1
sk 7 Bl A B[] 1 SE K 58 328 00N, SR S T RRUE
MAE CTAB & & w3l /7K 14 5 11 5k 7 Bl % 0 8] i)
FEA S HE K, e 2 BT 3K J1 = T GS14-EG,,-14
M GSI4-EEG,.-14. X & 1 T GS14-EG,.-14 HI
GS14-EEG,,-14 $i 7K % (1) filk 205 (0] 25 5 77 25 58 AH
HAEH, K-S I, f GSI14-EG,,-14 1
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Bl D00 A5 - T0 45 kP 0 TR ik 28 0 3 AT 5% 1 0 K e 4 R ) 52 e + 89 -

GS14-EEG,,-14 43 F 76 W /K B - HE 510 5 %
S, R P T A A T O A

1

—8—(GS14-EG,-14

JLif 5k 77 /(mN/m)
o

—o—GS14-EG-14
—A—GS14-EEG,-14
—¥—GS14-EEG-14
—¢—CTAB

0 5 10 15 20 25 30 3
i 1] / min
B 12 GS14-EG,-14 .GS14-EEG,,-14 #= CTAB
#y /KR &Ik A LB R e & £

T3 b, B A I 25 Jk AT o K B BE S R 3
GS14-EG,,-14 il GS14-EEG,,-14 & % 3l /7K f
IS T 5K 7 #B 2 BN ke, H GS14-EG,,-14
Ll GS14-EEG,,-14 & Z Hr il /7K B¢t 1 5K ) 5/,
1, GS14-EGs-14 AXJH 24 min 7] DL /7K 5w 7k
HEMLZE 1. 55X 10 > mN/m, 2k CTAB 1 40
5. W BT /7K AL B9 GS14-EG-14 7 LA R4 %
B3 /7K ST 5K A7 L3800 22 fL A A B A0 A 8 il b
THIITE FRORG BRE T 5 DT 7 B S 25 5 DA A R T 75
Tk, BK A K K S I R R B A T, R e K 9 AR
R P, GS14-EGy-14 H AT 8 1y 5 1 3% 7%
FE IR 77 T LA T R N .
2.8 IRihPERE AT

P 13 Sk SR M3 i 2% 1T 3 2 7903 VR T A PR ALY
A £k, R 13 AT FE K SR B BE R SCR A 25 A8
KL ¥IR 35 Y0 2 A s K BR B AR BR S L A A Bk
R 0.3 V% BRI 7 K U U 14 A 1) 3 1T T P R 3K By
Br. B 2 B0 00 1 AR AR 3G 0, SR R gk S
T S PR A K 71 2 13 R 43 R T/ K P T
S S W N DS T A R 4 AR S i
T35 TRV, 2 1T 3% 2 700 0 A A 2% T A4 Y R VR R U
JNT I RSB . GS14-EG,,-14 .GS14-EEG,,-14
(m=2,6) & B {4 2 16 F 18 15 24 71 9K B B 1 R e %
rIEEIN T 11, 4% .12, 6% .10, 4% A1 12. 2% . 1
CTABE AR RN T 1. 8% . Ui Gemini £
T 9% P R R 1 3 e 25 8 WY vy T o 3R O
F. AE 5 S K DR B B o SR MR 3G 0 i 8 5 2 i 0/
KRG # T KF . GS14-EG,,-14 . GS14-EEG,,-14 (m
=2,6) Ml CTAB & [ 1& & fit 2 R M 55 5l
50. 6% .54.3%.49. 4% .52. 6 % Fl 39. 7%. b iR%E
KW, Gemini 2 T8 16 M 7 1R R 32 = R IR BE

Ll 308 4 AT 37 7 S K R T A

60
50|
a0t ;
i Ve Jm 8K R
i 30t PO
. KIR :
= PO
B
20
—8— GS14-EG,-14
—8—GS14-EG,-14
101 GS14-EEG,-14
——GS14-EEG-14
0 —*—CTAB
Il 1 1 1 1
0 1 2 3 4

RilENREL /PV
A 13 R EMIKhK AR Tl L

&g

ARSCLAT 2R 3 R VNG N-TH IR 2B
2-[2-( W I HL) 4583 | B FRAR 1 DU & (Cy
HooBr) h F2 5B FE W A ST, T & e 7
DU Fp LA AN [R) BX 25 5 A A TR 2 A BH B 7 Gemini
FET IS M (H) GS14-EG,,-14 #1 GS14-EEG,,-14
(m=2,6)),Jfi# i FTIR FfI' H NMR JESE T Hi4h
.

Wi J5 % GS14-EG,,-14 #l GS14-EEG,,-14(m=
2,6) I RMEREIEAT T 5T, 45 R 0 . bl 4 BR &5
FE A p 2 R LA B B i, CMC 2 #7888 i , 35 1 5k
T Yeowe WIZE W K, GS14-EG,,-14 1 2 1@ 1% PG
F GS14-EEG,,-14; GS14-EEG,,-14 111 1 M 38 T
GS14-EG,.-14, GS14-EEG2-14 7K ¥ W (¥ B R
107% mol/IL)7E PTFE L (4% fih /1 ky 65. 3 °, Al k¢
Bk P PTFE 3R 5% 48 A 257K 2.

A4S BB ,GS14-EG,,-14 #1 GS14-EEG,, -
14 W FL AL MERE W S8 F CTAB, H GS14-EG,,-14
AT L e AR B R 2 9 i 444 75 3] 3% o 3 4 RDE B ) i
F B — R 1 FLAE R R s GS14-EG-14 A
AR e Y B L T DRIl /K B T ak B =
1. 55 X 10 > mN/m. GS14-EG,-14 #l GS14-
EEG,,-14 & & # Z& 9K 3 2 F W W & F CTAB,
GS14-EG;-14 [ I 2R WOR W] 536 54. 3%. H I,

G L T A B G £ Gemini 72 A 16 1 R AT LLAE b —
TR 76 B R R A5 K S 7 £ T R 2 T T A
I I S

&% ik
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LR ARG T B (SEM) RALE R E o 5 45 30 & @ & b7 R AP LA 69 L4 )
RAAEF AT ZHAE A RE| RAERL, GFEWMARATHE AR 2t — TR G A RME &R
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K VES EE R fafe s T R MAer; Rk, RALH

FE S ES TE6S XHERARERG: A

Study on the micro-mechanism of NaSal/KCI induce cationic

surfactants to form micelles

L1 Pei-zhi, WANG Jiang-tao, YANG Xiao-wu, LI Zhi-gang

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

Abstract ; In order to study the mechanism of the formation of micelle system by the combina-
tion of propylene bis (octadecyl dimethyl ammonium chloride) (abbreviated as 18-3-18) ,po-
tassium chloride and sodium salicy-late,and to find the viscosity The best ratio of elastic sur-
factant (VES) fracturing fluid system. In this paper,scanning electron microscope (SEM) is
used to observe the microstructure of different components mixed with viscoelastic surfac-
tant,and the viscosity is measured with a viscometer. Find the best ratio,and add polyoxy-
ethylene to hope to further improve its viscoelasticity. The results show that when the con-
centration of 18-3-18 is fixed at 2 wt% ,the potassium chloride content is adjusted to 7 wt% ,
the sodium salicylate content is at 0. 6 wt%,the formed VES fracturing fluid has the best
viscoelasticity,and after adding 0.1 wt% polyoxyethylene,the viscosity of the system has in-

creased significantly,and the effect is better at high shear rate.
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P43 H (18]S013)
TEE BN ZRALA982—), L, BEFETEL A, JH0m, -4, 585 o) ah Ak 5
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Preparation and application of soft film silicon-phosphorus
synergistic flame retardant dust suppressant for coal

LAI Shui-li, CHEN Gong, YANG Xin

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

Abstract: A kind of polymer flame retardant dust suppressant for coal was prepared by using
9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide (DOPO) , y-methacryloxypropyl trim-
ethoxysilane (KH570) ,nano-Si0, ,sodium alginate (SA) and acrylic acid (AA) as raw mate-
rials, potassium persulfate (K,S,0y) and sodium bisulfite (NaHSO;) as initiator, N, N'-
methylenebisacrylamide (MBA) as cross-linking agent, by the aqueous solution polymeriza-
tion method. The product was characterized and analyzed by FT-IR, XRD, TG, DSC, SEM,
and its wind erosion resistance, thermal stability,and flame retardant properties were tested.
The results showed that after spraying the flame retardant dust suppressant,a flexible and
dense film was formed on the surface of the coal powder,and the coal powder was tightly
bonded together,thereby inhibiting coal dust pollution and loss. The initial degradation temper-
ature of the pulverized coal sprayed with 2% flame retardant dust suppressant was 38.5 ‘C higher
than that of the raw coal. The pulverized coal sprayed with the flame retardant dust suppressant ex-
hibited better properties than that sprayed with water. The wind erosion rate and CO concentra-

tion of the sprayed coal sample were decreased by 98.07% and 51. 61% ,respectively.
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Study on optimization of fracture cluster number of multiple fractured
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Abstract: Shale reservoirs have very low original permeability and no economic productivity
under natural conditions. Practice shows that large hydraulic fracturing is the most effective
means to develop shale reservoirs efficiently. However, there are few reports on the optimiza-
tion of fracture cluster number in fractured horizontal wells in shale reservoirs. In view of
this problem,the multi-well numerical model of multi-stage fractured horizontal wells is es-

tablished by using the unstable seepage theory,and a set of optimization method of fracture
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cluster number of multi-stage fractured horizontal wells in shale reservoir is put forward on
the principle of full utilization of reserves. The results show that when the number of fracture
clusters in multi-stage fractured horizontal wells in Changji oilfield is more than 80, the cu-
mulative increase trend of oil production tends to be flat. It can be determined that the rea-
sonable cluster spacing range is about 15~20 m,and the number of fracture clusters is 70~
80. According to the theoretical model with an optimal number of fracture clusters of 75,the
cumulative oil production of fractured horizontal wells in shale reservoirs in Changji oilfield
was calculated and found to be 25 150 m®. This work can provide theoretical reference for the
design of fracture clusters in fractured horizontal wells in shale reservoirs in Changji oilfield,
Xinjiang.

Key words: shale reservoir; changji oilfield; multiple fractured horizontal wells; cluster num-

ber
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Controllable synthesis and photothermal effect of two-dimensional
layered titanium disulfide nanosheets

GE Wan-yin', ZHANG Wei', LUO Dao-bin', LU Chen-hui',
ZHANG Pan-feng', GE Yuan®

(1. School of Materials Science and Engineering, Development Research Center for Chemical Auxiliaries and
New Materials, Shaanxi University of Science & Technology, Xi'an 710021, China; 2. State Key Laboratory

of Porous Metal Materials, Northwest Institute for Nonferrous Metal Research, Xi'an 710016, China)

Abstract:In recent years, two-dimensional layered materials have attracted extensive atten-
tion due to their unique physical and chemical properties. In this paper,a solution method is
utilized to obtain ultra-thin two-dimensional layered titanium disulfide nanosheets (NSs)
with controlled thickness. The obtained titanium disulfide NSs show a few atomic layers in
the thickness. Moreover,the TiS; NSs exhibit excellent photothermal performance compared
to conventional photothermal silver nanoparticles. Our results show that the temperature of
the TiS, NSs aqueous solution (500 xg/ml.) can be increased to 54.41 °C under the irradia-
tion of infrared 808 nm laser with a power density of 1 W/cm?,and its photothermal stability
is excellent. Through theoretical calculation, the photothermal conversion efficiency is

42.14%. This study shows that two-dimensional layered TiS, NSs is a promise photothermal
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material, which has potential application value for the treatment of cancer.

Key words: titanium disulfide; otothermal therapy; anosheets; 808 nm laser
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@ E.xE %0 Stober AT, R A 9 ek R A B MOk R AL R A Kk R B B 2R
A% FFET BT, T AL 1) A A R AR T 4 R BOM AT R @ R R A 48 R = AL AR (SIO,)
Wk, BA 258 F (120~530 nm). AF R T A7 BRAR JE AL B 2 85 (TEOS) i An 77 K, A7 SRR K
JE MK K (NH, « H,O) A & R & E T Si0, # 2 A4 M ey e, itid i A4 Sio, #
HERHEEME TG LT HIK. KA XRD,SEM,FT-IR,UV-Vis-NIR 4 3 £ &% 89 4 48 25
M BT AR FHRHEATT AR, £ R AN . SIO, 69k 12 RIR B 69 T & o s R AT 3R 4R
R A AR R F 0 38 e o 38 K. R F SRR R T AL T T LR R R, RGP [ & R
BARWIG KB A2l T - R T# SR GLE, TRIZEAL L — T RA.

FHE :Stober ik o @ik, —AE; SHE; LT K

RESES TB321 MHEFRERD: A

Controllable synthesis of nano-silica and self-assembly
of photonic crystals

CHI Cong-cong, REN Chao-nan, QU Pan-pan, XU Xin, GUO Min

(National Demonstration Center for Experimental Light Chemistry Engineering Education, Shaanxi Province
Key Laboratory of Papermaking Technology and Specialty Paper, Key Laboratory of Paper based Functional
Materials of China National Light Industry, Shaanxi University of Science & Technology, Xi'an 710021, Chi-

na)

Abstract: Based on the original Stober method,a multi-step addition method was applied to
control the nucleation and growth rate of nano silica (SiO, ), avoiding secondary nucleation
and agglomeration. Then the size-controllable and highly monodispersed microspheres with
smooth surface are prepared,and the size distribution is narrow,ranging from 120 nm to 530
nm. The effect of precursor adding method, precursor dosage, catalyst dosage and reaction
temperature on the size and morphology of SiO, was explored. And the relationship between
the structural color of photonic crystals and size of SiO; particles is obtained through investi-
gation. The structure and optical properties of the samples were characterized by XRD,SEM,
FT-IR and UV-VIS-NIR. It is shown that the particle size of silica decreases with the in-
crease of temperature, but it increases with the higher precursor concentration or ammonia

dosage. The band gap of photonic crystals is in the visible light region,and the reflection peak
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gradually redshifts with the increase of particle size. There may be certain shifts of bandgap

position due to some unavoidable defects.

Key words: Stober method; multi-step addition; SiO,; structural color; photonic crystal
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Research on the phase modulation of tungsten oxide/graphene

for electrocatalytic hydrogen evolution

CHEN Xue-ying, YANG Jun®, CAO Yi-fan, LIU Xin-yue,
XU Zhan-wei, HUANG Jian-feng

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

Abstract: Electrocatalytic water splitting,as a reliable zero-pollution approach to produce hy-
drogen,has received much attention while the cost on precious metal catalysts severely limits
its commercialization. Herein, the exploration of replaceable non-precious metal catalysts is
significant nowadays. Tungsten oxide,a normal transition oxide,is rather stable in acid media
but possesses low catalytic activity. In this work,through the calcination at different temper-
atures,the phase transition from WO, to W53 O, structure has been achieved and further

characterized by X-ray diffraction (XRD) ,scanning electron microscopy (SEM) ,Raman spec-
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tra and X-ray photoelectron spectroscopy (XPS) measurements. Besides, in acidic solution,

the corresponding performances of the composites have been tested in a three-electrode sys-

tem. Distinctively, the oxygen vacancies-rich W30, /rGO catalyst displays remarkable cata-

lytic activity,to produce a current density of 50 mA/cm? only requiring an overpotential of

240 mV. The Tafel slope is as low as 83 mV/dec and the high efficiency hydrogen production

could be maintained for 7 200 s.

Key words: tungsten oxide; reduced graphene oxide; phase transition; water splitting; cata-
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WO, /rGO, WO, /rGO Fl Wi O, /rGO 44k 7 7Y
SEHLAE AR 91R 310 mV, 170 mV Fl 169 mV. £ B
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FEALE R ZIF-8/CS € 5 8 KK 4% 5 W B 14 58

Rxtelt, REFR, KEX", BRE, RE"’

(. BRI K% e TR 25 TR2EBE, BePE P4 7100215 2. 556 Tk R QLR A B2 BD) &Y 3 Mk
g ME X EAERE, IR 5FH 250353)

&‘ﬁ E R AR AKRRERAL A KR, E & R HE(Chitosan,CS) # ik P R AL 4 & ZIF-8 aa% KR
Bt A2 ZIF-8 B I A H R, R AW, AAEAR 2-F Kokrk 2f CS SIS M L

HEHra, meFi R T AT LS%&B&’QV‘]:‘IWLL, )04 # 3 A R AR R L SF A 5] AL B R A

45, st — T AR ZIF-8/CS T8 B A M Ak 4 2 ¥ & 3 (Methylene Blue, MB) # 9% B £ 48 |

SRR A R VE A A 1 SR AR PR AL 25 R R Y] ZIF-8/CS LM H T A — A48 % & BT 14

RGBSR T g AR IR 36 T S dk ZIF-8/CS oMt ag 2 A,

KW o R ZIF-8; KREK; RIS R RIM; HIEL

HES XS TB332 XHEKARERD: A

The structure and adsorption properties of in-situ synthesized
ZIF-8/CS composite hydrogel

NIE Jing-yi'"'?, LIANG Jian-tao', ZHANG Mei-yun'" , XIE Hong-bin', SONG Shun-xi'**

(1. College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science & Technology,
Xi'an 710021, China; 2. State Key Lab of Bio-based Material and Green Papermaking, Qilu University of
Technology (Shandong Academy of Sciences), Jinan 250353, China)

Abstract: ZIF-8 (zeolitic imidazolate framework-8) crystals were in-situ synthesized in chi-
tosan (CS) hydrogel by using the gel hydrothermal method. The interaction between the ge-
lation process and the synthesis of ZIF-8 was explored. The results show that the organic lig-
and has no effect on the structure of CS gel,while the Zinc ions play a decisive role in shaping
the pore structure of the CS gel and cause the volume shrinkage. Furthermore, the adsorp-
tion, photocatalytic degradation and cycling performance of the ZIF-8/CS composite material
for the dye Methylene Blue (MB) were studied. The results show that the ZIF-8/CS compos-
ite material can be used as a stable, efficient and recyclable adsorption material and utilized in
sewage treatment,which expands the application of ZIF-8/CS composite bulk material.

Key words: chitosan; ZIF-8; hydrogel; in-situ synthesis; adsorption; photocatalysis
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513 B RAR S R E L ZIF-8/CS B4 5 B 1 45 14 55 WL b 1 g « 133
0 3% 1 REES

ML LA 4F ok L R 3k i fk A Tl Ak P R R
Bifi 22 Y Ok B PR 5596 PR )t B 25 38 K. X oKk R TS
AT B G L e oA I S R S B Y ]
e Canilp LR VRS VP PRI A JE s e
HY R TRVED L A 5 Y CAn Ak AR R 2Y) i
15 G K DR s Y A L T R K ) IR R 3
W R . B pH LRI R 2 R m il R
LT 7 A A W R 790 T 3 K Ak B EL B R E 5T N B
T AR L

STl A7 K i S AR (ZTFs) Je— R 2 LI 4
JE-AB HLHE 221k & ¥ (MOFs, Metal-Organic Frame-
works) . H1 42 J& "0 B T CRE A ) 5 A LD 1A bk
BEBKIRAT A 9 1 N R o i 4 B R
th ZIF-8 JEd H AR M —Fh ZIFs, HH A &1L
B R e R AR B B AR e M R fk
SRR E M AR A AR R AR A
BCEA R A A S A B T A BRI B B
SR ZIF-8 PEREME K H MK, HkMmIE 2 h
KA RSH/IN S BOCH I Tk 25, BRI T S2BR R .
PRI, 7 28 530 A 0l 1Y 64Ok 3 Z1F-8, LA 8
bk ¥ H T RE.

7. BB (Chitosan, COAVE N —FF KRR &0 T
P 3/ S ST REES SRR S SN I U Ny
HELH A BB BRI R FIE A, CS
LAk /Z1F-8 5 A MORHE H SR 8 R L R
HL 7 223 ) 2% AR B R ZIF-8 4 i AN 3 5
HR, S 80T BE & ¥ A 78 4. 8 K R R A AR K
TR I AR R B T A A — B A R A% T
e RS B2 Z1F-8 14 )@ B F A B CS %
Wb, TR Z1IF-8 B9 HLEC AR IN A B NaOH & [#
WL TE CS BB AL By TR B JE A BOHT Z1F-8. /i Ik
ikl & ZIF-8 i 45y, H S CS BAk 4 & %
%A RRE ZIF-8 B IheY . AR R .
ZIF-8 MY TR B 25 5 Wi 468 e 1 &5 4 o R I ok 1 8 4 465
P B — P BT o 5 e IR 36 5 ML,

FH T A 3875 7K A W B 43 2 b RE 3 A 1 R
KR IS SR A PR L 1 Xk 8 TE S B A R
(6] S AR Kok R 5 DR a8 5 v A Bk A e 4 i
BRI B FR 7 &, AR TAE R #E CS BE B IR A7
B Z1F-8 . W 53 il 4 1ok 72 v B S fR AR L 5 Z1F-8
G R B, W SR P OE T ZIn S
Bt fAc 2- FF 35 1 s A 5 e B 4 S -G AR L 4 X
ZIF-8/CS & 4 B S5 52 L 43 B 19 AL
FWEGE T ZIF-8/CS B ik & & A BE X W W 3L 5
(Methylene Blue, MB) % W B ¥ fit . 56 A £k [ figt P
il LA KA B8 1

1.1 S8R

ANAKE IR (Zn(NO;), « 6H,0), KK
FAL AR ) 2- T LR (2-H-MeIM, C, HsN,) ,
Bafir T3 (i) A BR 2 | S A B (NaOHD |
K18 (CH,COOH) K 58 R BE (CS, #i ¥ o 7 &
Mn=1.20X10° Da. i Z Bt DD=89%) , H [ [
28 AL 2% R A B | H 3 (MB) , R
6 ERE ARk THF 5T . bR Ak 2E AR 0 2 Sk o A 4l
fif I R gtk — b A4k,

1.2 %%k
1.2.1 ZIF-8 Skl 4%

B K 2.6 g 2-HIFEBKIET 37. 4 mL KEFKH
PPV A, BC I DRIV 6 0.6 g Zn(NO,), = 6H, O
T 40 mL 25 B oK thF P i, IE B B T R
SRIG B BE B F 75 N A 20 10K ek 5 9, A SR Y
FLL R T TR R R & (LS ZYF-DS04 , % #
WEEETO W, T 80 ‘C R 12 h. W 45 R 850 4
BUTVE , I R B TRV 20K, DL BR 25K ¥ Pk 4%
J. e S A O TR AL (B S FD-2, 1 B
PSR A RE ShAE — 56 °CF T4 48 h, 13 3| ZIF-8
1.2.2  CS/KEERE B 4%

FREL S g CS MR, 78 93 mL £ & T /K785
OB 2 mL UK TR, T84T B A R CS, B L
ML A5 5] 5 wt. %0 CS ¥ K CS I IE AT IE
PFTF OB TS B AR E 5 we. % NaOH #E [
AT B AL s BE AR &5 R R LK CS B AE
BT KR, PR R R AR A R TR R R
PERY CS B 15 5] CS T8 41 KL
1.2.3 ZIF-8/CS & &M ki il 4%

B =4y 100 g 3. 25 wt. %.6.5 wt. % Hl
13 wt. % 2-FI ke /5 wt. % NaOH 184 5 [
FRECH =4y 30 g BF B F/5 wt. Y58 AT IR IA T
#E0.3g.1.2gM 2.4 g Zn(NO,), » 6H,O. 5
SAANTR] ZotT 5 2-H R L ] ) ZIF-8/CS B A
BERE : (DB IE AR BB 0.3 g FEERAVEE B T B
FERTR S E T 13 wt. %0 2-H Bk /NaOH 1R &
BEEIR s OW R AR E 1.2 g BB T-52
R RTAR RS T 6.5 wt. % 2-F bk e /NaOH
RABEE OB AL & 2.4 ¢ FFERIEE
T B RTR I LA 3. 25 wt. % 2-H L wkms/
NaOH RA #E B . SRk e &5 A RN & T
80 “C 2% 12 h.f83] ZIF-8/CS H & HE. ¥ vk T 1
J& AR SRS [ 4 B B AR B B Z1F-8/CS
TR G EL
1.2.4  BERES 5w R R RS
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(O&EREET

Beiil 5 wt. Y0 CS I FREL = A0 4% 30 g, [ Hir
AAHIMA 0.3 g.1.2 g f1 2.4 g Zn(NO,), « 6H, O, i
PR, BO I, A5 S B -5 BEH A RV W 5 K iy
KERER T AL OEABTE, 8T 5 w. %
NaOH %t [ P&k 453 Zn®" /CS & A BEIK
WHREPHEAERTE,BEAFE Zn™ &1
" /CS TR A MEL

() TefA 2- B JEwk

Bl 5 wt. % CS %W FREL =y 5 ¢ NaOH
WTEETKBEDBIMA 3.25 g.6.5 g M 13 g
2-H B ko, TE ) = 43 45 100 g Y 2-HJE mk e/
NaOH JR-& B A ¥ CS R E B TEA =D E
BEH AL R E S E T ER = IR A B E S . 1
CS BT eI G 13 5] 2-H 3L wkmk/CS & &
BEIE s Vo U T8 S5 - 45 B AS [) R s 5 122 (1) 2-F L g
M /CS T8 A MK
1.3 &RA4EL5m X
1.3.1 JESEAE

i FH B8 TR MBS (S KH-8700, H A i
OB CS B AR ] Zn® " /CS, 2-F 3
Bk /CS FIRN A L b ZIF-8 /CS &4 5E 5 1 10,
G5,

T8 o A T B (SEML, 1S S4800, H A
H) WM T & CS B, Zn"" /CS, 2-H1 3wk ms /
CS.ZIF-8/CS T &K & M B A5 14 .

1.3.2 ZEHFRAE

i FH X Bk it B (5 DS Advance , 1% [# #i
IO AT MR X LA 5 (XRD) i, R
D/max 2200PC Cu # Ko ¥E5t,20=5 °~45 °, f
WiHiR A 2 ° e min .

R FHARE L i A e 21 0 o 3% A (5 Vectory-
22 8 A 50 FRATRE A A 40 28 (FT-TR) 3% 1] L il
I IE B 4000~500 cm ™t
1.3.3  #AHEE M

K )25 P 23 7 AL (LS ST A449F 3, £ [
it 3, 7E O, KA S S [l 35 °C ~800 C, Ft
IRER 10 C o« min ', U FE S A IVE (TG)
2k I A DR TFE R A B A A5 Y

Wz7IF-8 "‘wcs :100% (D
wzirs * Roaps + wes » Res :Rgcl (2)

KD (D wyes Fon ZIF-8 TEE A # R
)5 B wes 2n CSTERE A MBI & & Rups 2
/N ZIF-8 B E IR AR, Res Ron CS HIE IR AR L R,
TR E A MR E R AR
13,4 W R Be il

(1) 1z B 52 I

Bl 100 mL 10 mg « L' Ay MB ¥ ¥ 5 FR K

0.5 g ZIF-8/CS TXE G MEL. & T MB BT,
1E 25 °C1H IR K 2 s 78 AN 7] Y B[] 0 Wi BR
MB W L35 W, >R 5 Ah-1] UL 43 560 BE i (L5
Carry 500, 3¢ FHZHAE) K 7 664 nm AL
WO RE. 454G MB bR i i 28, A 25X (3) Fn (4) 43
WIS ZIF-8/CS & & # B MB (1) W fff & F1 #%
&%%[16]:
Q=(C, —C)) XV/m (3)
R=(C,—C))/C, @)
G (DOHF.QH MB KM (mg + g'),
R i MB BB ERR (%), C, A MB % W 1 %) i
JE(mg « L7, C; AW B A [ B 1) J5 MIB i 19
W (mg« L),V A MBEB R (L) .m N
ZIF-8/CS B &M B I & ().
(2) W ik 3l g 2 ik e
K HUWE— gl Iy 2 BER e — ) gy ) 4 A
IR ZIF-8/CS &4 # L X MB 1 [t 2l 7 2.
WE— RN E — 93 )2 AT R A X (5) A =K
In(q, —¢q,) =Ing, — K¢ (5)
t 1 t
;—qug (172
KGO H:q APLERNH MB 5 KW,
(mg+* g g HUEERNEEEHFEmgg "),
¢ R BEEESF 1] Cmind o g, 24 AS [ B ) fY) MB W B 5
(mg+g ). K, H—H3h 12 P HEE 5K, b=
KB 75 V-1 H AL
(3) 1 B H4 7 2 i 5
ArlfcH] 10 mg + L' .50 mg » L7',100 mg « L',
200 mg « L. ',300 mg « L' #1500 mg * L. 'Y MB %
W, By MB R 4 A 0.5 g /9 ZIF-8/CS
BAEMEL, T 25 CHIRKBHES, W EZER.
K HAE 664 nm I8 1 A0 A W 6
Langmuir W% BfF %538 20 Freundlish W FfF 55 15
KA DA S R
C, C 1

— ==+ D)
9. 9. 9.K.

Ing, = InK, + %m@ (8)

H (7). (8)H:q. HJ ZIF-8/CS £ MB ¥ ik b
K B B 7 B %) I B B (mg e g7 ') L C, Sk IR
At MB SR (mg » g ') g, MBI
M2 E (mg » g '), K, N Langmuir %5 & W B %
¥, K & Freundlich %5 75 W Fi %%,
1.3.5 b B g

(DA pH F ZIF-8/CS &4 # KB 6 A 4k
(SR ES

fiithl pH=3.7.10.12 4 20 mg « L™ ') MB
VWA 10 mL, 0 BT A 0.5 g By ZIF-8/CS E &

(6)
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B4R R A B ZIF-8/CS &4 B I 1 45 1 5 W b 4 g + 135 -

MR MW E T YR % B R 100 mW » cm™”
AIETR 2 DAL BH O BE B — s i 0] 5 B E )2
TR, I HEAE 664 nm I K AL B W OG EE L I A
AR GAARX W IHE ZIF-8/CS B4 MR X MB
F14) W5 B Sk S o %6

(2) & FR A FH ) 3

H 0.5 g 1Y ZIF-8/CS TAEAMENIAL mg « L7
B MB %W BT REE N 100 mW « cm ™ ?
FIETIR T L B 208 W R D AR 664 nm K Ak
(G BE . I ISORE I o K LA K AT i
B SR 5 PR AT W BRI 56, T R BR 5 Wk DA
AL 0 208 1 1 e

2 HFR5iIE

2.1 A AoMAesEmE BRI

CS BEiE ZIF-8 By iR LA K ZIF-8/CS & A BRI
) XRD & E 1) s, Hdr, ZIF-8 [ RRfE AT
SPEA T 20=7.3 °,10.4 °,12.7 °,16.4 °}% 18.0 °
Ak A3 51 & F 011D @ T (002) SR L (112) &) 1
(013) #HTAT L (022) Fh S . CS Ay REAE W47 T 20=
9.2 “F 19.8 “4b, [AJHJ&E F (100) f i . XRD 4
R, ZIF-8 e CS B h & . CS 5 ZIF-8
W) B} A7 76 F 38 3 B A7 A %Y Z1F-8/CS & & 41 %t
.

CS B ZIF-8 #y A LA B ZIF-8/CS 4 4 ke 1Y
FT-IR &N E 1) fizs, XFF CS,3 427 em ' &b HI%
WSO 1 F IR LA ) N—H 45 PR 5051 665 em ™' Ab
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Research progress of the new H, TiO; lithium ion sieve

YU Cheng-long', SONG Jie', NING Qing-ju', JIN Dang-bo?*, CHENG Hang'

(1. School of Materials Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Shaanxi Jinfeng Science and Technology Co. , Ltd. , Xi'an 710000, China)

Abstract:In recent years,the new type H, TiO; lithium-ion sieve is a research hotspot in ex-
tracting lithium from salt lake brine and sea water. In this paper, the structure of H,TiO;
lithium ion sieve is described in detail. The structure of H, TiO; is different from that of the
Li, TiO; precursor. It is proposed that H, TiO; is a layered double hydroxide with 3R, se-
quence, which can be described as the electrically neutral metal hydroxide [ (OH),OTi, O
(OH), ]. The preparation methods of H, TiO; precursors include the solid state reaction
method,the sol-gel method and the hydrothermal method. The effects of three preparation
methods on the properties of H, TiO; are reviewed. Among them, Li, TiO; precursor prepared
by the hydrothermal method has smaller grain size,stabler structure and higher Li" extrac-
tion rate,and the obtained H, TiO; lithium ion sieve has higher adsorption capacity. There-
fore,the hydrothermal method has a broad application prospect. Due to the disadvantages of
the H, TiO; lithium ion sieve powders,there are many problems in applications, such as lar-

ger flow loss,more difficult of recovery and reuse,resulting in poor dynamic application. The
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research progress of doping and forming of H, TiO; lithium ion sieve is briefly introduced and

some suggestions are provided. Finally, the adsorption mechanism of H,TiO; lithium ion

sieve is briefly summarized, including the ion exchange mechanism, the chemical adsorption

and the monolayer adsorption.

Key words: H, TiO; lithium ion sieve; structure; precursor preparation method; adsorption

mechanism
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SR BT e R v AR A R (B AN AT R A Y
BT HE TR M.

ZER H, TiO, SR & i b iy T A
B R E M . 7E R M A A AR Rk A 0 Ak s N A
Jahn-Teller R 54y Fa %€ . B L 5 (116 2R
R OR S e LS S VL
i . LA A A R AT KT 98 %0, BRI I Bt R AT /N T

i}

0. 1% . 5 %G S Ak P 1 B 7 0 A LL L 1 300 30 KR 5 %
15 X T 3R A5 i 4l A A 7= 2L R s R

H, TiO, #8887 i /& 1 Li, TiO, 28 ¥t )5 i
#0. BAET, Li, TiO, 04 87 i 32 B2 [ A /2 b
T RBE A LT U B I T KA A Tk DT
P T I A 04 BRSO AT R AR S5 A R ] TR Uk IS
W B PR RE AN TR, A A B A R T I T4 3 8L
Xif 235 ¥ F0 Pk BE B 5 ML A L 3R T B HL TiO,
BB T O 00 W BFFPIL BEL LA % O AR E T RE
H, TiO, £ 85 -0 (1948 22 FUE #1773 47

1 H,TiO; #HEEE FIif B 5514

1.1 4RBALHE S TFimeg LR

H AT B A BB 0 2R T R B L R RS
F H, TiO, #1370 AR fh A 450 H, Ti O, 8
T, e Ao B BRIk AR Li, TiO, A Li, Ti; Oy,
LRVEAL PSR M. X TRMALEM H, T, O,
PR O S A A AR DG S B D T HL TiO, £
BT 2 A SR A P R O P A B S A L
1.2 H,TiO, ¥4 #

TG B R AT SR A Li, TiO, M gE R, 1|1
(a) WIEIREERI Y Li, TIO, L5 R E & 1(b) N
HrL100007 18 19 Li, TiOs ffR 45 R B8 | 1(0)
L0017 1M By Li, TiOs B (LiTi2) 2 8 BH & 1
HEF R B TS, Li, TiO, & AR 45 0 ml LR R R &
SRS T B MR, & 8 I 8 T/ R A B
HL Li PR TS A8 45 48 v T R S Y Y
ZCNEL L s TRz g Ti 5 O R
B TiO, /N TE A, Li B2 T A 4B 0 A~ [ TiOs |
JVIHHR Z 8], 4l (LD JZ M (LITi2) 22 B HEF. Li B
FAE Li, TiO; bR S50 th A7 7 A AL &, 430 R or
Fai (LD 2/ Lil Li2 JEF A0 F (LiTi2) 21
Li3 i+ fE(LiTi2) JZ2 1, 43 0l 9% 1/3 19 Li3 Ji -+
A 2/3 8 Til.Ti2 J&FFr & 4. B, Li, TiO; 1Y
G FRAT LR IR Lil Liyjs Tiys JO, . BE B 47 9 3R
R ER T TR Li, TIO, fa g5 0 v o T 9
FROLEM Lit & AR, i (LD JZ e Lit
TG AT 75 BARM 2508 LiT AL T
(LiTi2) B2,
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® 6 6 6 6 ¢
T EXE R
® 6 6 6 6 ¢
e ® 606 0 ¢
® @ 6 @ 6 @
0w e @6
® 6 6 6 6 ¢

(D WF[100]77 A1 A9 Liz TiOs fh A4 44 7 B &

—6—@

¢ @ @

- - <

(O WL001]77 10 B Lio TiOs BY(LiTi2) J2 B 85 T HES 7R 2 &
A1 Li,TiO, &k #H=& AN

HIORAK Li, TiO; fit BRyEAb ¥ )5 . H A T
i (LD ZMLITi2) BRTA LiT kALY R
H, TiO, , F 04 B JFOR 1 2 4R S AR g5 4 R )&, Yu
DA T Li, TiO, Ml H, TiO, B XRD #iE . &
B Li, TiO, £t MR yeak B 5 153 H, TiO, ) XRD
&3 i (—133) . (—206) F1(062) 12k Can &l 2 11
XRD K3 fr 7). 8 Li, TiO, 1 H, TiO, Y & A&

St IF AL B, 2 T HL TiO, 2 B A 3R,
27 I 2 R ACE ALY 0T LA A b e et G 4
BEEAYWHEMICOH),0Ti,O(OH), ]. He
RPN TE IR e R B A FE R, SRR L 45 A
RERAET L. Li" 5 55 FHss 4. m H —i
WAL AL &Y. It FERR Vet B v B Li™ M
A A A H TR R DR RV R L
2 H 2 DER WG] 1 XA ARk Lt
RUBE T A7 E. WL, Li, TiOs R YIS ik

Intensity/arbitrary

)

=
SO sy QN
i o | N
SN | A
5 15 25 35 45 55 6
20/ (degree,CuKa)

a:Li; TiOs b« Ho TiOs sc: WM Lit 5 9 H, TiO;
A2 Li,TiO, H, TiO; &M Li' /&
# H, TiO, #5 XRD B

H, TiO, #15 F0i We BfF Li* J5 . 20 8 1 0 45 44
Ry HY R LiT IR AN RESE 58 . He S0 A N7
TZEM L BA—EMiEtE, S8 L WICy HE
F, BIAE IR T J5 3K Li, TiO, w5 - i )5 1A 1 HE 5.
R H, TiO, 4B 07 1Y b 1% 25 4 76 W B i )5 F
FEARAS 3t 500 Li, TiO, B9 SR 25 ¥ A BT A [A)
(i 2XRD g b 2 ¢ fh pir).

2 H,TiO, BIIR A9 &l & 75 3 R M & i R
H, TiO, $8 5 F % A95 Z M

H, TiO; 2 i i B4R Li, TiO, £ M2 Uk &b 3 5
EN L A, H, TiO, #8781 W BR 25 5 B ok
T HTIRAAR Li, TiO, (65 A 6] 1 il 45 7 32 il 4% 1)
Li, TiO, M09 25 44 | dib ok RSF FE 55 4 A A [R]
PERE B ASHHE. Hwr, A F#l & H. TiO, #2510
FYRTIRAAR Li, TiO, W73k E2A [ A &R ¥
Ji52 - VEE J2 3 K Ak
2.1 BEAMER*

H i, SCHk A R 280 H, TiO, #1511
HTIR AR Li, TiO, #5445 il 28 7 i hy [ AH R . 2%
1 0 [ A S ¥ 45 89 Li, TiO, &k R <F L XRD
Ig]ijaﬁqj 1(7133)/1(002) *ﬂ 1(7206)/1(002) E‘J*HX‘T?&E&
X 07 ) PR O A W B A . R AR 1 RTH, SRR
Pl LiOH « H,O 8 Li,CO, NHLJEALL TiO, HEk
L FEMIR GG TE 650 °C~850 C R4S 5~24 h.
TE B R 3 AR e, O T) B BK TR LR UR L Li/ T BEJR H



%13 TR A H, TiO, 5 B4 40 88 7 0 IF 5% 39F Je + 143 -

JB e Uk 2 FNAB 58 IR 8] ] 4 19 Li, TiOs 8548 CRRLR T sos / Teonny ROAENT 38 BE 1Y A2 4K L Li, TiO, UKL RS
T I X IO ) T O R B A B A AN AR ) R IR B A /NG L O O R A e AR A AR
PRI Li/ T BE IR B FMBGE I BE X T 155, / Lo A M.
x1 EMEKREES &R Li, TiO; &# R~ XRD EiEH I~ 133) /T 002) 0 1 —306) /I 002) B 48 3 58 FE R X [z
HEBSFRINKMEE

K A £ P i FiORHR Li, TiO; H%& T A28 4 b
BT I—133 I—206) Li» TiO; () kr g bk Li/Ti JBBEIRE BRI /(mg/g)
/Tcoo2) /Tcoo2) JF/nm JEE /R H /C /h
H, TiO; 1.05 0. 90 24, 3CEHARD LiOH « H,O TiO;(Anatase)  2: 1 750 5 39. 20022
H: TiOs 1. 06 0.91 20. 5CEAARD LiOH « H,O TiO»(Anatase) 2.2 : 1 650 5 57.80015]
H, TiO; 0.87 0.61 di.d>»=128.166 Li:CO;  TiOz(Anatase)  2: 1 700 4 33. 67016]
H> TiO; 0.88 0.61 100~200 Li;CO;  TiOz(Anatase)  2: 1 700 4 32. 60011
H, TiO; 0.91 0.75 1 000~2 000 Li;COs TiO; 2:1 850 24 28. 63L13]
H, TiO; 0. 90 0.79 100~200 Li»CO3 TiO: 2:1 700 24 17.91023]
H, TiO; 1.17 0.73 100~300 LiOH « H,O R 2.5:1 750 5 27. 800241

i % 1 A1 4%, Zhang %2 D) LiOH « H,O # Y Lis TiO, i ok R0y, H i e 107 i) £ 8
Anatase A TiO, %M Li/Ti BE/REL A 2+ 1 784 - 5 P VR B 255 St R 2R P T KR 14 1 S ok AR v
RAG 5,750 C FMRE 5 ho 381 T Li, TiO; ByAA  ABCRE IR 30T i Xof 17 1 B 85— 0 W% Bf 25 4k 5% i) B Jd
L/ Teoony U T o0 / Toosy FHXT 38R BE 43900 A 1. 05, .

0. 90, f ki R SF 2 24, 3 nm. ZFRVEAL PR , HFT X s - 0.36
N BB T O R U B2 & A 39. 20 mg/g. He ol ame [11%%
AP LIOH « H, O Fl Anatase #1 TiO, 4% 8 Li/ - s 3
TiBE/RH N 2.2+ 1 FEAMRA G650 C P 5 583_ |03
h, 7 2] Li, TiOy B KB T sy /Ty R T a0/ g ol Zi:#
T coosy AR5 43 51 R 1. 06.,0. 91, fi ki R ~F =k 20. 5 5 g
nm. ZRUEA TS TR MR TR M 2| 023
B 57.80 mg/g. 5 Zhang %7 i 45 1 T IR 1A A 50y sz
Ho. He %10 K T Li/ T J5E R LRIV 9B e 1R ¢ 1 I
(100 °C) A4 60 Li TIO, K3 B R R+ /s 7t o
(3.8 nm) , H: T X 07 (1 BH 8 1 0 %) Wz B 25 o 1 K 77500 206 208 210 214 216
(18. 60 mg/g). n(Li)/ n(Ti)

Y H, TiO, ¥ 07 10 i 9K & Li, TiO, » 78 (a)Li/ Ti BE/R A Liz TiOs B PR BR YE L B LiT™ SR

HTiT A BRI B
FC5E S AR R L/ T AR I 2 ¢ 1.2 Li/ T

Ti BRI AN T 2 s 2  ABAG L, Tii I

OuLi* AR RESEA 5 45 L TIO, T\ T F 25 L 0% b |

12 F e T4 Li/Ti B R BB T 2.2 1 2 S |

MBS LAY Lio., Tio 05 LiT 2B H Tie O 2

— T P 0 o6 2 o B 45 H R 2 B L 2

L™ o LR BORI A L S B IR A ) T e DA 2 16f

Li/Ti BEARHAE 2+ 1~2.2 ¢ 1§52 N, Li/Ti B % 1t | I

R VR FLBT X I 0B 5 T 0 £ W B 2 12} 1
Hﬂ Shi %[13] Eﬁﬁﬁ%gﬁ%ﬂ%ﬂ ’ Fﬁ% Li/Ti Pﬁéh—\’ Hﬁ Hﬁ 18 2.00 2.04 2.08 2.10 2.14 2.16
{1 1 KL L THO, o P 0 25 5 7 T 3 G n(Li)/n(Ti

Li, TiO, BHARBR e B P Lit #EBUCR AR Tit (b)Y Li/Ti BEJR L XF Ho TiO, H 88 0 e B 25 &k 14 5 i
IR TL B (T 3 Ca) JIE %) 6 7 9 0 18 7 B3 H.TIiO 225 F 569 Lit $250E
I B 25 F BTG I ] 3 () 7 7). LI L Hee 2505 14 Ti' R AN AT A

KT Li/Ti EE IR FE R AR B be il JEE (100 °C) Jis il Shi 1 HE— 2L BF 58T 75K K ] Ao B v iy
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JB e U J3E T L 5 0 W RO 2 B T R L M AR UL
FE 550 “C ~ 850 °C i B N, b & 1B b IR JE T =
Li, TiO, RT3 B2 3G 58, Li, TiO, 1Y & IR 25 1)
BN SE L. AR Y B be iR B = T 850 C, Li, TiO,
PR 77 S5 0 iR 2 I A HB e TR T v T BRI, 5 R
Tk, 55 E 4Ca), (b) A LIS 2, 8B IR B A
550 °C~850 °C it [l P , bifi 75 1B e iR 5 7 e, Li ™ 42
B T % W B 25 H LT AN AR Y 9B b i
T 850 °C L Li" H B R 0 B 2% £ Bt A% b R B T
B/ S T T A R B R b L T e R
K. R BB IR EE AE 550 °C ~ 850 °C i Rl P il
F W HTIRAR Li, TiO, #3447 X Rz (0 21 25 - 0 0 B

P BE o 4
90
1.2
2
80 L0 =
2 b
= Z
%1 08 2
g 70 ;
S n
> 06 3
g o
25} e
0.4 ;
60 A
0.2
50 0
500 600 700 800 900 1000 1100
Temperature/°C
(O JEBRIRLEE XS i SR HOCRAN Tit T i 8 i 5
30

(b)
25

20

15

10

Adsorptive capacity/(mg-g")

5

0
500 600 700 800 900 1000 1100

Temperature/°C

(b) JBBE I BEXT Ho TiOs 81 B 7 1 W B 25 & 11 5 i

A4 H,TiO, 42 5% F s ey Li REBFE Ti'"
AR R AR s A

% 1 7 18, Lawagon %M fl Chitrakar
DU P) L, CO, 1 Anatase #H TiO, M8 Li/Ti B
RN 221 FAMRAE 700 C FBRE 24 h, 15 3
9 Li, TIOs MR T 155 /Teoon F1 I a0 / Loz FY
AR5 B 73 51 0.87.,0. 61 i 0. 88,0. 61, Tk )

SEHERE N d, o d, =128.166 nm FER R ~F R
100~200 nm, 2882 Ak 5 . HBr it o7 A0 2 B
17 P4 W2 B 25 20 9 A 33. 67 mg/g 1 32. 60 mg/g.
5 Lawagon %% il & i 11 9K {A& #H L, Chitrakar
SEUUEARTRI B Li/ TR R L A8 R TR B AR be B
B 46 L & B Li, TiOs AR T 1as) /ooy F
T 06 /1 cousy FERT 58 B BURE R ST 35 2 A [R] 5 JHL Jor xof
JNE )RR O 118 W B 7 R B AN AR L R WA A ] 1Y
T 2AZBF R4 L, TiO, Ry, H i vl 7 i 4 55
Ui P WL o 5 R O

i 1 45, Shi 251 A Jang 251 L Li, CO;
FTIO, %8 Li/Ti BE/RIL R 2 2 1 RAPRE G 57
HIAE 850 “CH1 700 °C B E 24 h, 155 T ks R~
1 000~2 000 nm Hl 100~ 200 nm & Li, TiO,
AR L T 1y / Teoony B I a0y / T oo XS B BE 43 J31)
9 0.91,0.75 F1 0. 90,0. 79. &R WAL B S , H A
Xof IO ) S - O ) I B S i R 37. 01 mg/g
117,91 mg/g. 5 Shi 21 i £ 0 Ry 5K AR AT H
Jang U FE R R A M8 BE TRE R L il 45 19 Li, TiO,
KR T a0 / Teoos, AT 58 BE 3858 T (0. 04) , kL
RSFUl /N 10 A5 22 A7 BT 6T 7 A 401 28— 0 118 TR e
ZEW/NT (11,72 mg/g). B Li, TiO; #3455
LA AN T WA N ST AN BT N T =
P4 W2 6 25 B MR AR i 2 BRI, R TR &5 19 Li, TiO, ¥
PREA T 206, /T cousy AFIN 58 JBE 6T 481 8 - 07 114) R fF 2% 2
ITE AN

24 Shi 2% Chitrakar 2501 | Lawagon Z&1%
1 Jang 25018 19 Li, TiOs BRI T o0 / Lo, A
XoF i BE AR AR T LA S BEE T s06) / Lcoos, X 5 JBE 386
SR B U ) R O AR AT, 2 BT SR T A 2 o
AR I AA (1) S AR 25 4, JE IR T 20y / Teoony AR 3R
JEE X B O 1 A A AT A R .

LU I 2 B R L 2 X I B BB A R
5 Zhang %26 2% 0917 9K AR A LE . Tang %Y 9
AT RKR S BRI BG R T Li/Ti BE R e, 1 1 45 19
Li, TiO; B3R o155 / Teooz FHRT 58 BE 1 558 (0. 12)
FI T aony /T ooz FEONT 58 BE 955 0. 17) 5 LT X5F N 1
L O A W B A Bk /N T (11. 40 mg/g). Zhang
2021 1 He %5 BF 5% T Anatase 1 Rutile #H
TiO, X H, TiO, £ 5 5 W B 45 &2 1952 . Zhang
N A, 5 Rutile M1 TiO, M He, Li, TiO, B
[TiOs ] /\ AR B 2 38 T Anatase #1 TiO, Y
[TiOs ] /N, R %5 5 2B Anatase #1 TiO, 1
[TiOs I\ AR 18] Li, TiOs B9 [ Ti0, J/\ A 5 75,
I, Anatase A TiO, fF 4 8k ¥ il 4 Li, TiO, BF
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TR A5 - H, TiO, 37 5 48 B i F 55 0 e o 145 -

FWfE L I Rutile #H TiO, /. He 255 W58 22 B L 6
PR EEE , T Anatase A1 TiO, B SRR S H
Rutile #1 TiO, # &KL R F 8 /N, PL Anatase #f
TiO, F1 LiOH « H,O b8k 6l % 1 Li, TiO, #
&, 5L Rutile #8 TiO, RELIE G £ 19 Li, TiO, ¥
TRAH EE JEORHR A B 3450, fioki RSE B/ iR R
SH N RO S A b TR K A R R A7
MU 2 B R RN R R, Anatase
M TiO, VE R ERIE 38 G 1 Tl & H. TiO, £ 55
T-0ii A ) T O ) R R

2.2 EE-BE

FRXS T P TR B ko PO - B ik ) 7

H, TiO, #1& F 0 /9 5 984K Li, TiO, f SCHik it 38
B2 2 T - I s ) A5 1 Li, THO; i L R
P OXRD EE T 1/ Teoon BT 206 / oo, B XS
SR SORT TN )R B O ) IR B A L 2R 2 W
W E UL CH,COOLL AR AT LL TiCOC, He), N
BKUE L 7E 500 °C ~800 °C T4k 2~8 h.

H % 2 Al 4%, Zhang % L CH, COOLi #1 Ti
(OC,Hy), ## M8 Li/Ti BEE/RIL N 2 : 1 AR A
J5.650 C B 2 h, 15 8 L TiO, B & Y
I 1ss /Teoony FA T 205y /Toony AH XF 58 BE S 1. 18,
0. 95, ki K ~F & 60~80 nm. ZRPEALHG . HFF
Xof o7 F AR 0 1 U B 25l 3127 mg/g.

®2 OBFR-BEREHEH L, TiO, @ALR T XRD B A (- 155) /i) T8 L(—206) /L 002) B X 38 BE
B MEEEFHRMEE

IR 11 1 AT ORAR Li, TiO; #4& T 438 T

BT T T—205) Liy TiOs f0kL - - Li/Ti BB Bpsnt /(mg@
/T2 /Tcoo2) R F/nm ) EEIR b /C /h

H> TiO; 1.18 0.95 60~80 CH;COOLi Ti(OCyHg), 2:1 650 2 31. 2726]

H, TiO; 1.10 0.69 CH;COOLi TifO(CH2)sCHs]y 2+ 1 800 4 44, 8ot27]

RN B B b T BE R B b B[R] )
Li, TiO, fbhr i) R ~F i 25+ 0 H: fip e 17 i) 48 5 1
0 R 5 AT 25 L1 5 )L B TR T
At b RS AR B 36 K HLE S & A T 48 4k, 7 500 C
TS Li, TiOs &fRL 73 Ai J3E % 35 20, 73 BOPE 3 52 Bk
B, HAZTE 20~30 nm Z 8] (AN 5Ca) i) s TR
2 650 °C iR RO HE K A e 4 5) , Bt 1 8843
RIS LERIE . HARLE 60~80 nm Z [0l (A1 5
(b) T 7). 4B e i FE A 800 °C I, s i3 RS A1l
T A A i 2 8 Ak, RT3 K 31 400 ~500 nm, JB
53 o BRIE 6 725 Ry 5P A1 IR CRn L 5 Co) BIF 7). AT JE
I T N i b N E AR T A N R (R ==
AR RSB R, i LT A H i S i
I o 3282 3 0 R A 25

(j.& & :

2 ‘.‘ e‘»’\?"‘ i, 3 X

(c)800 C (d)650 C
A5 R Z (500 °C.650 C.800 C)TF
&0 Li, TIO, B4k Fe= 650 °C T #1449 H, TiO,

Hrfksy SEM B

ISS

U

F 3 NAEA B GE T B2 F B be sf H] T i 45 1
Li, TiO, B9 Li/Ti BER A i 2 80 th 38 3 o
B A BB R BE Y T R B b BT Y RE 4K
Li, TiO, ShRL A 25 i I B AT, 45 P Bk AR . (R, 7
AR e AR Li i AR, B0 L/ Ti BEJR L%
I Li/ T B IR b Al 25 Bl o6 48 b I [] 4 SEE 4 T 8 ¥
AR, Kataoka 25 " WF 58 W, Li, TiO, iy Bl 2%
W8T C2/c 2510 BE . s 2500 a=5. 062 3 ALb
=8.787 6 A,c=9.753 3 A,f=100. 212 °. 45 &
3 AT SR TR 650 °C, 5 S 500 4 k.

I 6Ca) Af LLFE YL 1E 650 CF Li, TiO; 1Y
7 S W e A 1) A2 B, R W A R AR I KL S S
AR A — 3 (AR SR S T 650 °CL A IS RO
/N 650 CF, faA% I Ik 2 SO AR K, B RE AR 59
AR T Li, TiO; b LiT 2K 6 (b) 7). BiE
TETF L Li, IO, Li B HCR Je /N 5 0 i
LTI BRI WG K. 7 m iR B b R R Li
ThAE s AR P AR AR L B9 28 7, § 3 Li, TiO, Y
SERITRE MR LB T I R L B R AR
BT Li, TiO; 25 f M5 22 R vk B b Ti'T i
BB e s JBORE TR B A I, 2 B L TiO; 45
M AR R SR, AR LiT $2H 6 (b) A]
HILTE 650 °C F L Li, TiO, H LiT 42 BCR R Ti' %
AT 5K 78, 9% F1 0. 07 % , it 0 B 75 e ik 3
e KAB. 55 [ A R % 4 E o FH A T - e 32 i 4% 1)
Li, TiO, 7 Li" £ BUOHE B2 K, {H 2, 76 S b 2o 72
Li M Ti RGN 5], ok 4n , 2 i B K.



. 146 - aSHERE S B 539 ¥
xR 3 EANEEEEEMEREERE T &8 160,
Li, TiO; B9 Li/Ti BE /R tb 0 & f1 5 502 7y v . b

g
arl
9
S

Calcination I Li/Ti Cell parameters o0
. . Calcination : \E/
emperature . / molar ° e A ~
time/h / . -/ £
/C me ratios /A b/A o/A g 90
550 2.0 1.950 5.070 869 8.724 198 9.733 761 :‘:é
&
600 2.0 1.939 5.070 879 8.724 404 9.732 999 % 60
]
650 2.0 1. 899 5.091 856 8.762 013 9.767 002 g
) 5 . 3
650 8.0 1.786 5.099 179 8.777 881 9.771 875 £ 30
700 2.0 1. 876 5.072 192 8.724 378 9.73 536 3
750 2.0 1. 845 5.070 244 8.724 768 9.732 711
o = 2 & & ¢- LiTiO, 0
@ |55 R ok S S o
s00°C2n )| 82 A v Y B
750°c,th A J A A
5
& |ro0-cam | A
= ﬂ
% les0-csn ’\ A
[=1
3]
c les0ecan A A k A
600°C,2h A 2 A A
550°C,2h A A A
500 °C,2h A A A
1 1 1 1 1
10 20 30 40 50 60 70

20/degree
Ca) TE A [] 458 TR E B b Bsf 1] °F i 4% 19 Liz TiOs (1 XRD &

F (b —m— Extraction rate of lithium/ %
( ) —®— Dissolution of titanium/ %
80 u A Saturated adsorptive capacity/(mg/ g) 103026
ProA s \'_‘- 02524
70 L]
. — F22
65T - 0.20
60 . [20
o s
55 {o015]9g
20r . 1 oaof16
45t RS g
¢ — (14
4 I L I L L L L

o L 0.05
640 660 680 700 720 740 760 780 800 820
Calcination temperature/°C

() 7 AN [7) KB 58 15 J8 MR e i 8] 1l 4 119 Liz TiO; B9 Lit
FEBCRA T R LI Ho TiO; B4R RN B 25 B
A6 Li;TiO, # XRD B A H, TiO, #)

Yoo R W

150

@
=)

L

]
3
)

>_\
o
=]
T
©
g

20 &

Lithium extraction/(mg-g")
[=a) el
o (=]
T T
\0
s
ol
Lithium dissolution/ (

w
<
T
1
w1

L)
0 Q——O——‘?_?l/u I 1 1 110
0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
Hcl concentration/ (mol-L")

() FEAS TR B A9 HCL BRVE & F T L Li» TiO;
LiT £ BCR TitT iR &

12 16 20 2
Time/h
(b)F£ 0.2 mol/L #y HCl BR¥E S T . Li» TiOs
L 2 I B ] 25
B7 REZEMHT LL,TIO, ¥ Li" 2R %
Ao Tit i A |

Xu 227 ) CH; COOLL #1 TiLO(CH,);CH, J,
PR Li/TiBEJRHE N 2+ 1 B IR G ) ,800 °C P&
B4 h, 45 2 W L TIOs B K1 T /T M
T 206 / Teoony FEORT 53 B 43591 24 1. 10,0. 69. 28 R Uk &b
PR Jr X A 4R B T O A I B A R 44, 80
mg/g. Hl & HTIAR Li, TiO, By AR Lit 42 B A
Ti' " RS 518 99. 9% 0. 82 % CanEl 7 irR).
2.3 K#E

FRT FHZK #0954 HL TiO, B8 10 (4 i 3K
& Li, TiO, AR IEAE % /D, Marthi %% DUEK i
JEURHFH K Bk il 46 T HL TiO, #1870 il A5 72
E 8 k. i B AT KA B T/ Taoon A
T 206 / ooy FHRFSREE 53 3] R 1. 05.,0. 87, W Fff 75
E# 27. 4 mg/g. Yu ZU Ll Anatase A1 TiO, Fl
LiOH « H,O Jy J5 ok, H 7K #4036l & 7 48k B
Li, TiO; ¥y, FHAORL RS2 114 nm, £ 600 °C B
V) ERIUE VD AN aSe e S L2 TR N o R I E 7
P, Wang 2670 W A K vk & T hT-
H, TiO, #1850, 55—, b Anatase A TiO, Al
LiOH « H,O M ER 78 500 °C NS 2 h 155
Li, TiO, , il & 0 05 3K 4K 09 I 1 /T
T 200 / T ooy RHOGF 5 B2 43551 0. 95,0, 85, 48 0.5
mol/L B HCI BRPEALBE 24 h J5 53] - H, TiO, ; 5
“H B H, TiO, . TBA A1 LiIOH $it #E ¥ 4) & F
WA AR O & R, 76 170 °C F
24 h 15 3 hT-Li, TiO; (41 9 () IR £ 0. 5
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Surface tension based hybrid micro-assembly

CHANG Bo, XU Bin, WANG Bin-kai, LI Xi, WANG Min

(College of Mechanical and Electrical Engineering, Shaanxi University of Science &. Technology » Xi'an 710021, Chi-

na)

Abstract; Micro-assembly plays an important role in the integration of MEMS, stretchable electron-
ics,and microsensors. However,in micro and nano world,due to the scaling law, the body force such
as gravity is not dominant anymore, instead, surface forces such as surface tension and Van der
Waals forces become more dominant, which causes a big challenge for micro-assembly, especially for
releasing of micro parts. This paper proposes a hybrid micro-assembly method which combines the
robotic micro-assembly technique and the surface tension driven self-alignment technique. The ro-
botic micro-assembly technique is used to achieve fast positioning and surface tension driven self-a-
lignment technique is used to achieve high precision alignment. A theoretical model is developed to
estimate the surface energy and surface tension for self-alignment. The influence of the displacement

bias and droplet volume on the surface free energy and surface tension are investigated using the
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model. The results show that the surface free energy and surface tension force increase as the volume

of the droplet and placement bias increases. Experiments have been carried out to study the relation-

ship between the volume of the droplet and the success rate of self-alignment. The results show that

the success rate can reach 100% when the volume of the droplet is larger than 30 nL and less than

110 nl. and the placement biases are in the range of 50 um to 500 pm. This proposed method takes

the advantages of fast robotic micro-assembly technique and high precision surface tension driven

self-alignment technique and provides a new method for integration of the MEMS and stretchable e-

lectronics.

Key words: micro-assembly; self-alignment; self-assembly; surface tension; liquid bridge
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Research on optimal scheduling of shuttle-carrier in dense

storage system based on big data

YANG Wei, ZHANG Zi-han, YUAN Yong-bin, YANG Si-yao, YUE Ting

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

Abstract: This paper studies a method to improve the scheduling efficiency of in and out of
the library in the shuttle-carrier dense storage system in the environment of big data. Firstly,
big data technology is used to realize the preprocessing of a large amount of original ware-
house data to provide data support for storage location zoning and sales forecast. On this ba-
sis, by integrating data such as product information and customer information, calculating the
frequency of cargo access to optimize the allocation of goods and realize dynamic and efficient
storage allocation. Excavating the actual movement characteristics of the elevator and the
shuttle-carrier,and determining the basic law of the travel time of the shuttle-carrier, based

on this a scheduling model with small deviations and good performance is established, design
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HPSO with better accuracy and solution efficiency to solve model. Developing an intelligent

warehousing system based on PyQt5,and apply the above-mentioned functions in real time.

Case analysis shows: under different order tasks, HPSO solves the problem that PSO is easy

to fall into local optimality,reflecting better robustness,it can effectively improve the effi-

ciency in and out operations of the shuttle-carrier Warehousing System.

Key words: shuttle-carrier warehousing system; big data; optimal scheduling; system inte-

gration
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Research on battery life decay model for microgrid energy storage

CHEN Jing-wen, ZHOU Guang-rong, MO Rui-rui

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

Abstract: The discharge rate of the energy storage battery in the operation of the microgrid
system is random,which makes it difficult to accurately predict its life. Aiming at the prob-
lem of battery life prediction in microgrid operation scenarios,a degradation model for life es-
timation of microgrid energy storage batteries is proposed. In the paper, the effect of dis-
charge rate on energy storage is equivalent to state of charge and depth of discharge of energy
storage,and the combined effects of calendar decay,cyclic decay and solid electrolyte interface
film formation mechanism are considered to obtain a more realistic reflection of the life deg-
radation characteristics of the microgrid energy storage battery. The cycle test of the battery
under different operating conditions and the fitting experiment of the model to the attenua-
tion data verify the prediction accuracy and applicability of the model.
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Research and realization of array antenna pattern synthesis
algorithm based on WCA

QIU Liang', WANG Yun-xiu'", ZHENG Xia’, FAN Qin',
DUAN Yin-long', JIA Rui-lin'

(1. School of Electronic Information Engineering, China West Normal University, Nanchong 637009, China;
2. School of Electronics and Information Engineering, Chongqing Three Gorges University, Chongqing
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Abstract;: The required beams pattern of array antenna are obtained mainly by adjusting some
parameters such as excitation and phase,according to a given target requirement, which is a
complicated nonlinear optimization problem. Compared with traditional comprehensive meth-
ods,some new intelligent optimization algorithms are widely used in engineering fields,such
as genetic algorithm (GA),particle swarm optimization (PSQO),intrusion weed optimization
algorithm (IWQ), water cycle algorithm (WCA), etc. Among them, the water cycle algo-
rithm started late and is currently not widely used in the field of antenna engineering,but its
optimization process is simple, easy to understand, well-adjusted parameters, and has strong
search capabilities. It is currently arising wide attention of domestic and foreign scholars. In

this paper,the water cycle algorithm is applied to the integrated problem of the array antenna
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pattern. Compared with the optimization test results of the genetic algorithm,the water cycle

algorithm has high convergence accuracy and short optimization time. The target optimal so-

lution can be found in the test process, which proves that the water cycle algorithm is suit-

able for comprehensive problem of antenna pattern.

Key words: optimization algorithm; water cycle algorithm (WCA) ; genetic algorithm (GA);

pattern synthesis
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A B VG U R 2 1 SR K WCA 5 AR
TR S 0GE TR,

T —J7 T W00k IO 5 AR Y e 3 S ) BIF A BT
HH R A BT RY RE A R R A T R R BT 8 R
AT ELGA I — SRR R AR Y B ey
T P LR S8 WA B T R B8 Bl 0 e B e 4 1 R
J5 1) P, SR DL A i 4 T K R R R R g, H

i

7 1) VR B SR B A R 8 i R i 5 3 9 T 328
WL P B 31 K 2 D7 1) P 2545 0F 7 ORS: 15 OK A i
F4 [ B ke ol 22 f) 10 A B30 32t B T 7 1l PR 258
() e ELIBCR T 85 KA o R (B 4 - 4R 3 —
Aot AJE A 3 B2 SR A SEORS 2 B v AR E M 6 ) £
B FETERE S KL T7 1 18] 25 5 G AT IR 2 — > A
B

ASCK WCA BLH 2 M3 R 207 1 B 2545
[F] I 5 382 A% 53 O 1 181 25 5 45 SR LU R B WCA
T UHERRE TR 2 H b fe O A . BL7E JCBIORS B2 L A
JE b ek s AR Rk UE] T WCA & TS
RETT 1) B £5 45 ] 7L

1 KBEREEZALTR

5 HABARE ARG A Rk UR L —FE
IKAE PR S — AW IR R R FRATTBE 4
P18 B TR A A 8T KA P SR 1 B R I TE i
THIG R e RIS E B BEE R 3 o = A
R 5 SR J2 U2 TV B J2 I 2 T
Pl A AERAE BRI SRS ST IR i A AL
AR O AR R S = A R
UL VA NSE S N () RCIIAN P M O & (Il L R 53
T 5 R T BB 5 S kA AR R
SR = AN [ 1 B 8 A9 > 1A o 22 Bl o )
a3 SR JE BRI SAT LA AL B8 BT T — R
PR, B R B R A i v, BN SR H
b d AL A AT S RE A R

T A H S K AE B B TR A R

Step 1 B¢ B /KAl #1551 B W 46 2 . ) 4R b
RE Nopop » T E RIS ECH 9 N UL AR B2
i s TR IEARREL max_ it.

Step 2 ARG FRE AR 8 35 10 BE (B ) 43 K
T T R R H A (D PR

Nyrean = Npwp — N, (D

TR RS e 4 OC R AN A (2 B

C,=Cost, — Costww_‘] m=1,2,3,,N, (2)
3V B R RSO /)N R A B T B R i,
A B E B B H 2 R C, R,



o 174 e #E

rEER

%39 &

A C, F1 Cost, B R R,

PANG (= =R Gl ) 2 e SN RS I = IR/
(3):
C,

N
s
CH

n=1

NS, =round {

>< N.\Zr()amv} ’

n=1,2,3,-,N, (3)
TN P A AR VT I I R Y I
K WA Ik B T B R A H O 2
Step 3 1% Yt i A TA] Uik A ORI BT T R 7
NE R R ST A= R/ R I 1 3L N3 o (S E R A
B. PP C>1,—BEHE 2, rand 5 0 3] 1 Z[H]
157 o3 A i BE AL AR
HA AT
(1) & Ui [ 0] o7 7 B BT an A 2 (4)
Xorem (& + 1) = X poun (1) + rand X C X
Xioer 0+ 1) — Xgyeum (1)) €Y
(2) B Uit [a] F g A7 B BB A =X (5)
Xwrean (1 + 1) =X g (1) + rand X C X
(Xao 0+ 1) — Xre (1)) (5)
Step 4 TA[ I Ui A K, TR T O A L 25 ]
DT VAN Y AN (3 e/ s o VA = Wl B R I
A BB A (6)
X (1 1) = X (1) +rand X C X
(Xau 0+ 1) — Xpior (1)) (6)
Step 5 FI BT 750 JE 28 & 2% A, o SR v 2 )
PHATRH L 8 R T S 28 2 2R A I 8 =X (TD) L () TR
if | Xuw — X |<<dpux-i=1,2.3,++,N, — 1
(N
if | Xew = Xven | < duasi=1,2,3,-,Ng (8
Hr, No B A K REREE » d oo 2R/
BRI T 0.2 d o KRBT, 0] 308 555 132 0 I 25 0
I A I AF X A R B 3t S5 R AT 26 k5 34 R s ]
AR s 2 d e RN 0] 30 B UL B 285 o A il 1
AR W /NI A 2 AT 78 K, BIVAE W v B T 48 R
o 15 0 T VP A7 05 T ST 11 4 2R IX IR B LB A R 4K
AT H A NI 38— IR B d o = 1e— 16, 40
R R SR A (D)
fori=2:N, —1
if (e mei < yand) and (NS; << ER —WCA)
(9
kR A HTEARE max_ir Ay B KR AR B W) A
Tk RAR AR T
AR F A 2 3K () IUAE ) R 25 ] P AT
FEm AR, AR B ik i A X (10) .

XY, (t+1)=LB+rand X (UB—LB)  (10)
[ A o 2 R S A 2 A 3K (8D TN e i e
PATRE R AE , RR R E I A AD .
X9, 4+ 1) =X, () +/p X randn (1,N) (11)
Hrp LB R UB 435 2 In) f =5 [) B R SR 1
F B TE B A AR A TR B SRR TE
VYR B A R A, O 0. 10 AL B2 K
AT LA S B 43 Sk 79 A, — ol 63 T s A [ A 5 (]
PN A AL A DS IR e A AR ) Z R, ) —
Tk T o R ) VA 9 B O 7 AR B R L AR T AR S
A AE T 4k 2k - % HAb 8 L (H. randn (1, N) J&
—A4T N BB 55 A 12543 15 B AL BOE .
Step 6 RIEAXA2)WE d,...
d oy ()

max_u

Step 7 FIBT 2 75 T A2 f5c Rk AR U B, 0 2R
PRI R IE AU 05 45 RO IR 1] 5 (I A 5 2R A
G 2 foe R ARUCR Sk M Ak el fl . HE A Step 3.

DAL 2 5 B A4 S BUK R Bk 0 20 38, 9 1
T IF A 30 K A8 P13 (WCA) 19 58 #E M A7 &t
W30 3 P 0 R e A S o L TR £ o 1 A
BRER X KA R AR s AT AR L S R IR B
(A R o I3 ae R e R 4 o A R A Ik AT
B 3 o o 0 1 PR 0 4 B Rl A A 114 I 9k AT
FAEAAE I L.

dmax([+1):dmax(l‘/)7 (12)

2 WCA.GATEMKEREX LS

2.1 GA #= WCA # L% F A%

AL TR 1 2 S AT K I B
SR H A AE R A3 R B AL R A B TR L A 3 )
R A A I R b KR PR AR VE B R s T RS i B
HLIE ZBE ) RN AR M. A B 51 K 2k 1) TR 455 4
L KA B R R AR B Tz N AR TR
WCA B3k #0477 ML 50 0 » I 5 35 % 5309 0 Ak i 3K
SR IEAT AT .

TR A oR B 4 TR B PG A I ALTE BRI R
E5F TRAL 5 B A GA F WCA X eR £ i
et FOEMEK . GA 1 WCA S50 &
iR .

GA: [ @1y B RL— 10, 107, F0 ¥ % &
NIND=200,4E)¥ n=2.5.10.50, fx R iEfQ K%K
MAXGEN=1 000,74 i i) — i il fi £ PRECI=20.

WCA B8 (4 T BRL—10, 101, Ff £ i
Npop=200, 4 n=2.5.10.50, fix K%K E
MAXGEN=1 000, K i Fl& i ) B A Nsr=4,
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o 585 T WCA WFESI R L7 il B 45 5 Bk T oe B si

« 175 -

FERENH B d = 1e—5.
¥ GA R WCA 7 Fh 5835 7 ik e 5 1 i A7
DU 36 2 3158 s ) | e 1 B 1 | AT S5t e — il
SRR BRI MERE. T 0 G W, X A
RIS B T N PSR e U= S
x1 WANELHEPBIE/ SIENR ST
WL, e Z VIR R AR F S x 6

Sphere Z(I,JrO.S)Z 1000 x€[—10,10]
im

Rastrigin 2 (27 — 10cos2nx; + 10) 1000 x€[—10,10]

2.2 k) ZMe Ty AR R

2.2.1 PREEIER

Sphere R I — /1> 3K 17 5 04 bR KK, 12 oK B0
MEFE 2 42 JR) e AL 5 Rastrigin pREUER A s KA
Bl Sphere PR, 55 0 A A7 AE 24 JR 30 19 D6 RS
HARmE 1 R,

2000
1500 — .
N 1000 e

500

ne

Y -10 -10 X

(a)Sphere PR

w00 |
so|

(b)Rastrigin PR %
B1 mAZEGEE SR IH = %A

2.2.2 AjHEZ

¥ GA B3R WCA Bk 45 g/ 2 i
PRECH FOE I, SOy 0, FHE S T W
Tk 45 E O T 00 Ak i Wi St 1a) 0 e A 5 17 E
H(MAXGEN=1 000, F %t N=200). i i} J& A
M gs UL E 2 K 3 s, Mg 1 2L & 3 Al LA

WEER] , WCA FIISE it 5 T GA,GA BR
5 % BN FhBEROAS 52, 5 SO USRS R AN
W SCHE A AR

100 F
n=2
— — n=5b
n=10
- == n=50
)
()
=i
=
[
I
2
S
=
=
e
\ ot VL |
0 500 1000
Number of Iterations
() GA TR sl £k
10°
n=2
! — — n=5
K n=10
N\ —-—-n=50
« 107
()
B
<
>
=
S
k3]
c
=
=9
1074\1_
10 60} 1
0 500 1000
Number of Iterations
(b)) WCA Tt e sl 2
B 2 Sphere &M 4 E n T GA.WCA
FHEEAE
10°
n=2
= = n=5
n=10
--— —-—-n=50
510 [ New
— = - —
S \
g G
"é' l\‘ \\. - -
2 10 \ S
e\l i B
N ]
10'\1’1 -
0 500 100

Number of Iterations

(a) GA F{L e skt 2k



rEER

%39 &

< 176 - %o #E
]ON
n=2
— — n=5
n=10
|||||||| n=50

72

()

5

=

=

o

2

k9]

=1

=1

= e

W
10* .
0 500 1000

Number of Iterations
(b) WCA TSt £k

B 3 Rastrigin B EE n Ty
GA.WCA F#h ¥ & B
M A BT ] S SIORS B D45 AR DL 3% 2 RISk 3 T
MR SR 2 AT LUE . B A AR R 3, R A
WCA P AL 3 1) B 06 1 2 6 R 5500 Ak B[] #4032
EART GA PLAbRS [E) ; [F] A3 i 3 3 A8 i vl LA
T WA 1 WCA W SORS B2 i 5 T GA.
F2 BIE/ g R (FEFE N=200,
MAXGEN=1 000 WS4 & n=2.5.10,50)
AL B 18 (s)

L / 22 I ; n

L ik

HUUREWESE' n=2 n=5 au=10 2n=50
Sphere GA  3.4278 3.4299 3.4619 5.487 8

WCA 0.8741 0.8287 1.446 0 1.898 9
Rastrigin GA  4.8358 5.0121 5.0417 7.056 4
WCA 1.1640 1.2019 2.3958 2.5750

R3 BIE/SIENK RS (FHEEE N=200,
MAXGEN=1 000 WS4 & n=2.5.10.50)

U REENE
BRI ) £ I . n
T ik
TR n=2  a=5 u=10 n=50
Sphere GA 1.82e-10 4.55e-10 9.10e-10 4. 54e-09

WCA  7.03e-50 2.30e-17 1.44e-53 2.75e-29
Rastrigin GA  3.61e-08 1.80e-07 1.80e-07 1.80e-06
WCA 0 0 8. 88e-14 0

R A I3 45 ST 1, WCA 19Uk SI0KS B F A Ak
WAV O T GAL N WCA B9 -0 HL i 3 136, 76 i
PSP ) FEEY, WCA 328 18] 48 548 i A /i 10 5
B HEBR F AR ORI R e g Gl D 1E M 51 %,
51 R ) HA AN AR G D T B e i 19 7 B 31X
AR T EIRAEARE Y XA R P T
2% -1 B4 25k 3 R o it ) B 2 O R T o R AT
R B 1k I R AR S AR A T GA 7E Sk
I A 3t 5k A2 51 i 3 A R R BOBCR R I 1Y R
GA 8 A R HIOA i o Rl i, s 3
R, R WS E A, HILZ T,
WCA [t GA B4,

M 7 p, WCA AT 2 B8 b, 3
DR WOSIORS B2 i s AL AT ) 25 R WCA B 3
figg P S A AR AR TR R o i v DA AR

3 BIR&EFEAEERE

3.1 Chebyshew # M5 X & 7 & B 424
3.1.1 Chebyshew Z&& J7 B 07 B il

B — N ICE N=31, M0 d=A/2, %
H—MNERRAE N SLL= —20 dB #J Chebysh-
ew FLZR 45 Y Jr 1) S

& 4 & Chebyshew ZE A 7245 2 /Y B HLF 4
—20 dB 77 In] B 25 & 45 5 (FIH Python 15 5 i
). A 1 2R A S5 X I L 5 A T 5
B (L, =1 O fE R X (B e R, WE 4
AT LAFE B, 35 ] Chebyshew 454 )7 5 BE 05 6 2 )7
[i] P 6T )R L SF- 118 20K L R T 38 50 3 b 25 19 O
fi] LAY D Al 125 1 =6 R L I P S AN O A TR

0

—== Chebyshev synthesis
—— Uniform synthesis

Relative amplitude/dB
S & 1 _
< o oo} o3

'

a1

[=]
T

50 60 70 80 90 100 110 120 130
Theta/degree

B 4 Chebyshew #3487 @B
3.1.2 WCA.GA #ifb )5 1) Chebyshew %K £& [
AEIGE S

W H A5 A ARSI A — o8 H o
N=31 By ¥%5) B 2 B FR EI 7 1 & B o (8] BE
PR B S SLL = — 30 dB. 386 B U B AR
B OO 5 B 8l i 3 Tn 3 R4 [0, 1], AR
Z8a N 1,509 GA AT WCA XL In B #EFT
Ak .GA Fl WCA HISHEL BT

GA: @Ry E TR0, 1], Fifffist NIND=
50 fix RIER B MAXGEN =500, 75 4 %) — 37
£ %1 PRECI=20.

WCA: a8y = FBRL0, 1], M &s Npop
=50, RIER B MAXGEN =500, K ¥ FlE 7
P ELE R Nsr=4, 28 K 55 8 d e = 1e-5. AL
ERO R 2% 4 & 31 B Chebyshew R[4 51 50
BORE s % 5 A GALWCA AL )5 5945 5 oc i
JAAEL » PR B2 B1) B 0 X6 B AN 45 Hh — 2P il s 3% 6 &
GA.WCA .1k 31 By 75 1 [ o7 FH s (],
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T AT WCA RYRES) K L5 o] [ 456 F ki o0 S sk 8

o 177 -

< 4 Chebyshew BIPE%I 8 ¥R {E (N=31)

Rk VR ST e
Chebyshew 1 2 3 4
0.433 0 0.245 1 0.307 5 0.374 7
5 6 7 8
0.445 5 0.518 5 0.592 0 0.664 3
9 10 11 12
0.733 6 0.798 0 0.856 0 0.905 8
13 14 15 16
0.946 1 0.9757 0.993 9 1.000 0

K5 GAWCARUEWEETHEME(N=31)

ik 51 .5 KL
GA 1 2 3 4
0.433 0- 0.245 1- 0. 307 5= 0.374 7-
(2.384e-08)  (2.55 1e-07)  (1.788e-07)  (5.007¢-08)
5 6 7 8
0. 445 5 0.518 5- 0.592 0~ 0. 664 3-
(1.549 7e-07) (1.311 3e-07) (3.814 7e-07) (3.552 4e-07)
9 10 11 12
0.733 6- 0.798 0- 0. 856 0~ 0.905 8-
(3.62 4e-07) (1.430 5e-07) (1.907 4e-07) (2. 241 1e-07)
13 14 15 16
0. 946 1- 0.975 7- 0.993 9-
- . 1.000 0
(1.835 8e-07) (3.552 4e-07) (2.932 6e-07)
WCA 1 2 3 4
0.245 1- 0. 307 5- 0.374 7-
0.433 0
(2.49 8e-16) (7.275 5e-10) (2. 261 3e-10)
5 6 7 8
0.592 0~
0.445 5 0.518 5 0.664 3
(4.107 8e-15)
9 10 11 12
0.733 6- 0.798 0~ 0. 856 0- 0.905 8-
(5.5511e-16) (1. 1102e-16) (1.352 7e-08) (5.330 2e-13)
13 14 15 16
0.975 7-
0.946 1 0.993 9 1.000 0

(2.3773e-09)

* 6 GAWCA {1t Br ARt E (AL :s)
GA WCA
96. 254 362 32.678 541

M T7 1) I £ 5 a4 2Rl LA W % 8L 3R 5
o WCA LAk 5 B 80 (B i 4 0 % 4 i AE R 2
ZFRUERY Chebyshew [ %1 B e il {E. 2 6
WCA AL B I 2 A T GA LA i 18], 52 Fr J7 [a)
SERERE AR S S RN

0 —— Chebyshev synthesis
Target function

3 -10} ca
~ — WCA
L
]
2 -20t
=
=
g
s -301
[
=
2
= -40F
L
o

=501

(I) 2I5 5I0 7I5 1(;0 125 1;50 1I75
) Theta/degree
BH5 GAWCARKRKEHILE X ALK

(M4 B N=31,8# SLL=—30 dB)

MR 5 B ) B 2 A g SR T LE L R
WCA Fl GA Ak 2t 19 B 31 77 1] B35 5 00 b 25 5%
T3 i) W A AR AE DAL IS ) M SEOKS B L GA i
A WCA.

3.2 MEZe RS RK G BsA
3.2.1 A HEM-ZEA J7 vk I

FHEESV B A N=11 ZG — A B0 Oy ] 1 1 f

FE AL Z 08 W S 5 R AN A S (12) R

1, T<g<3n
s(0) = 4 4 a2
0, HAh

SRR A A2 I E ST 0 =mn/2 XFFR.
A I 15 T R 5 1] AR S 2% L 8] 6 S B 41 B 4
N =11 W& & 45 5L, W5 Kk B 1 5L i A8 36 25 &
T T R 1 )

1.0F

~—~ fftsynthesis
—— uniform synthesis
—— Expected direction

0.8f

0.6f

0.4

0.2¢

Relative amplitude/dB

0.0

25 50 75 100 125 150 175 200
Theta/degree

6 FZetid 53 mss M e B

3.2.2 WCA.GA AL 5 i A8 5L 781 K 26 [ 5 ]
S ey

DL H AR A BEAR SR ZE A — BT B H
N=19 1y¥15] HLFFH), i FHIE i an 24 =L (12) )
R 1) .

W G B) B Ry 2 A L 3 H O I AR A R O
C 58 B o 0l i BE I (998 LR [0, 1], A R 4 @
J91.GA Fl WCA IS ELE T .

GA R - FRI0, 1], Mfifdis NIND=
100, fix R K E MAXGEN =500, 78 &7 #19 — i
il i ¥ PRECI = 20.

WCA: )@ iy E TR BRLO, 1], M it Npop
=100, e KIEAC R MAXGEN =500, K iff Fl 1%
VLB A Nsr=4, 78 B 5 AF 8 B d o = 1e-5. 5
Bk 2h 5ok 36 7 2 19 W L 250 4 3] BA T Y
JilfE s % 8 A GA WCA AL 5 i 4% B0 3
fH: 3% 9 & GA.WCA fltfk 19 B Bt #4 Jy ] &
Bt B[]
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x7 BEEMHEKEIERTHEME(N=19)

Rk 51 2R 5C )
il L A 1 2 3 4
0.0455 —0.0496 0.0101  0.0518
5 6 7 3
—0.0895 0.0578 0.0559 —0.2170
9 10
0.358 2 1.000 0
#*8 GAWCAMRUEMEETHME(N=19)
Bk 51 H T 5
GA 1 2 3 4
0. 045 5 -0. 049 6- 0.010 1- 0.051 8
(1.643 4¢-:07) (1.645 5¢.07) (3.743 2e-07) (1.764 3¢-07)
5 6 7 8
-0. 089 5- 0.057 8 0.055 8 -0.217 0-
(4.410 7e-:07) (3.480 9e-07) (4. 625 3e-07) (2.145 8e-07)
9 10
0.358 2-
(4. 148 5¢-:07) 10000
WCA 1 2 3 4
0. 045 5- 0.010 1-
6.938 91 098 (g g9 00y 0018
5 6 7 8
-0.089 5 0.057 8 0055 & -0.217 0
(1,982 7e-10)
9 10
0.358 2- L0000

(3. 442 8e-11D)

X9 GAWCA {1t By ARt & (B fL:s)
GA WCA
57.654 2 19.351 2
3.2 7RI O e — A R O 1 R 45 B
WEIAET LRI .35 8 v WCA 4k )5 i i ah i i

= e o
= > 0
T

Relative amplitude/dB
o
o

=
o

MEHE IR T PR R S 7 b o 1 8 L o R [ 8 BT
WO E s 3= 9 o WCA kit g i KT GA fifk
Af Ii). S B ) 25 A A R R DL 7 R

=0  peeted direction

bZS\/\/SIO 7|5 1(|)0 1i5 150 17|5 ZE)O
Theta/degree
A7 GAWCA #hALE 944 2ot A &
(T4 B N=19)

AR 7 iR GAWCA AL E B 19 [ il
Bty 1) B 2R A X L iT ROt WCA Rl GA
fii) [ 15 55 4l L AU 7 1] (KT W ABLTE B A0 Al o A
H, WCA TEWCSIOR B 7 T 2 55 T GA TEPL AL
] I i B F GAL S5 A W i a8 25 S, GE B

WCA I& T B 51 K 2k J7 ] [ 25 4 T R[] R JHC i
SRS BE AR AL i) [R] 22 A F GA.
3.3 AWRENMI R& ALY HFSS A 45 A&
3.3.1 HWZERPANMKEFREEITS5HE
AN AR B LAY s D A AR P R £ R
TG HEAT AL L TE AT AL 2Z R 4 e DL R Y
BN - R e AT O FCI 3. D5 A FH S AR
FREM TAEME f=3 GHz, TAEH K 2=100
mm . AR LG R 4 B OC R RS I R
M9 BE I 7E HESS H % {5 208K v g 7 (i il
Ry FALTY , BLAR W] WLIE 8 i/ s 483 HFSS
T A0 L5 A A5 3 0 B A (R Al R e 2 8
10 s, M\l FRERKZEZMSEN: A,
TAEE K s Length, (i l F KL K & ; Feed_gap, 5t
o T B K s Feed radius, 1 HL 2 425 Single
length, RZ AN KEE.

AT

FE— cumns

|

Rk H

BS BHRFREHAER

z10 BENMEBRFRESH
KB A length Feed_gap Feed radius  Single length
KB /mm 100 48 0.26 0.6 23. 87

£ HEFSS h g B 55, WIE 9. K 10 AT LA
WD AR T RE W =g R kKE 23
2. 44 dB, H G R EL S O MR =3 GHz &b
BAKGEE] T —15 dB 2247, JE AT 2 X K 42 4 B 1
FOR. B Ja . WL 1L AT RLE WA R R
— 5 B4 o] L AR O A PR L A R T AT LUK
P AR A T R E T BE B R S 4k



%1 i ZEAE T WCA WRES) K Il B 25 A Sk F o8 S se 3 e 179 -
dB(GainTotal) ) T8 Il e P 98t AR S AR N HFSS! {5 1 ) 38 A

2. 4387 e+000
-1.5581e+088
-5, 5469e+000
-9.5358e+000
-1.3525e+201
-1.7513e+001
-2.1502e+001
-2.5491e+001
-2, 3480e+001
-3, 3469e+001
-3, 7458e+001
-4, 1447e+001
-4, 5435e+001
-4, 9424%e+0@1
-5.3413e+001
-5.7482e+001
-6.1391e+801

B9

FRBMTFRE= N BT A

-6.00 [~

Curveinfo
— dB(5(1,1))
Setup lisweep

Name X Y
m1 2.9550/-15.0740

16.00

A 11
3.3.2

A 12

4 117 A8 fE i 5 1) Chebyshew BY B 28 [

B10 FkMBEFREN S A

Radiation pattern1

Curve info

dB(Gain totall)
Setup 1:LastAdaptive
Freq="3GHz" Phi="0deg”

-180
F Ok ABMF R &4 xoz &3 & 5 6 B
10 BB AR 7 W 51 K 26 7 1) 16145 L
FfE 1 % 10 i Chebyshew I B £k (2], Horp
WA 0 R Il e 95 Dl AR S A5 R O T AR B i A X
PR BEITIANBE d=0. 57, SR B HL - SLL<< —20
dB FEH| R LA (10 B 12 s,

LI

10 M- F k1848 F 5] R &
A (L xoy WX EEH)

AU, TR HE B A Ak Y 285 SR N AE HEFSS A5 A v 5
B 05 L1 2 5 AR 8 1 18 5 T A 2 D A B T A5 A
FIH HFSS i B 15 8] ) Chebyshew H £k [ S,
B 3D M AR bR I 4l Aan &l 13 .14 TR,

s

o

)
T

dB(S(1,1))

14.00

Curve info "

—dBSLL)
Setup T:sweep|

\

\
\
\.v

\g

m}/

Name X b4
ml 2.9130 -13.4817

A 13

dB{GainTotal)
1. 3445e+891
. 9. 3387e+800
-3.,1726e+8@1
-3.5832e+081

5.2323e+000
-3.9939%e+001
-4, 4845Se+001
-4, 8152e+001
-5, 2258e+001

-2.9806e+008
-7.8871e+000
-1.119%e+801
-1.5300e+001
-1.94@6e+001
-2,3513e+001
-2,761%e+001

1.1258¢+000
A 14

10 5. Chebyshew A & % S, A

10 /T Chebyshew H £ M 3D #& 2 47 A
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Curve reconstruction based on wavelet frame method

GUOQO Zhao-yang, LI Shui-yan

(College of Sciences, Hohai University, Nanjing 211100, China)

Abstract; Curve reconstruction of the scattered points obtained from sampling is an important
issue in reverse engineering. However, due to the limitations of technology and equipment,
the scattered points collected are usually unevenly distributed and contain noise, which brings
difficulties in curve reconstruction,especially in the depiction of detailed features. This paper
presents a method of curve reconstruction based on wavelet frame. The Fast Marching algo-
rithm is adopted to generate the scattered points into the level set function,and then the L,
norm minimization denoising process based on the wavelet frame is carried out. Finally, the
CV method is used to evolve the boundary contour to achieve the purpose of reconstruction.
Experiments show that the method improves the accuracy of feature reconstruction and has
good reconstruction capability.

Key words: wavelet frame; level set; L, norm minimization; scatter points curve reconstruc-

tion; alternating direction method of multipliers
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Hopf bifurcation for a reversible biochemical reaction
model with Michalis saturation

LIU Xiao-hui, GUO Gai-hui”

(School of Arts and Sciences, Shaanxi University of Science & Technologys Xi'an 710021, China)

Abstract: The Hopf bifurcation of a reversible four-molecule biochemical reaction model com-
bining Michalis saturation is considered. Firstly, the stability of the positive equilibrium for
the ordinary differential system is discussed. Using reversible coefficient ¢ as the bifurcation
parameter,the existence.direction and stability of the Hopf bifurcation are analyzed. Second-
ly,the stability of the positive equilibrium and the Turing instability are established in the
corresponding reaction diffusion system,and the existence of Hopf bifurcation is given based
on the diffusion coefficient. Finally, some numerical simulation examples are given to verify
and supplement the theoretical results.
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