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Abstract ; Esterified lignin was prepared by reacting butyric anhydride with lignin, which was used
to flame retarded modified polybutylene succinate (PBS) based composites with the incorporation of
intumescent flame retardant (IFR). The effects of esterified lignin on mechanical performance,flame
retardancy and other properties of composites were investigated. The hydrophobicity of lignin was
significantly improved after esterification. The tensile strength of composites prepared by esterified

lignin increased,and the tensile modulus and flexural modulus decreased in comparison with those of
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composites prepared by original lignin. When the loading of IFR and lignin were 19 wt% and
6 wt% ,respectively,the tensile strength of composites prepared by esterified lignin (75P/191/6EL)
increased by 15. 94% , while tensile modulus and flexural modulus decreased by 26. 46% and
13. 00% ,respectively, compared with composites prepared by original lignin (75P/191/6L). Addi-
tionally , the microscopic morphology of the composites section showed that the addition of esterified
lignin improves the interface properties between IFR and PBS matrix. Simultaneously, the compos-
ites prepared by esterified lignin showed a better char formation and flame retardancy. When the
specimens were thermal decomposed to 700 °C , the residual of 75P/191/6EL increased by 37. 38%
compared with 75P/191/61.. The char exhibited a more complete and dense morphology. Mean-
while,31. 3% of LOI value and UL-94 V-0 rate could be achieved. Furthermore, the peak heat re-
lease rate of 75P/191/6EL decreased by 54. 96% compared with pure PBS.
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Study on preparing technology of paper straw base paper

XU Yong-jian' s DUAN Ye-rong', ZHOU Jia-jun’, LIU Yan',
TANG Chao-qun', LI Wei'

(1. Shaanxi Province Key Laboratory of Papermaking Technology and Specialty Paper, Key Laboratory of Pa-
per Based Functional Materials of China National Light Industry, National Demonstration Center for Experi-
mental Light Chemistry Engineering Education, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Zhejiang Huafeng Paper Technology Co. . Ltd. . Huzhou 313300, China)

Abstract: The paper straw base paper was prepared from bleached softwood pulp and hard-
wood pulp,and the optimum preparation technology was determined by studying the influ-
ence of size ratio,wet strength agent and sizing agent dosage on the general performance in-
dex of the base paper. The safety of paper straw base paper was measured by measuring the
content of warm water extract. The results showed that the best ratio of raw materials for
lining paper and face paper is 30 ¢ 70 and 40 : 60(softwood * hardwood) ,the dosage range of
wet strength agent for lining paper and face paper is 0. 50% ~0. 75% and 0. 75% ~1. 00%
respectively,and the dosage range of sizing agent is 0. 25% ~0. 30%. Under this condition,

the base paper has better wet strength,tensile strength,absorption,etc. When the dosage of

x WrFs B H#I.2019-12-22
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TR A AR AT IR AR A T 205 9.

APMP is 30% ,the stiffness of lining paper and face paper increased by 3.51% and 2.23%,

respectively. The water extraction content of lining paper and face paper is only 0. 218% and

0.206 % respectively,which satisfied the safety of pipette base paper.

Key words: paper straw base paper; wet strength; absorption; stiffness; water extract con-

tent
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h 3l Z A& 7% 8, 5 Mg®" . Ca®" \Fe'" 93 &1A 5 % 4 55 mg/g.96 mg/g #= 270 mg/g.
) B 4% Na,SiO; 5 a%&akzﬁéiﬂ SHAMTELEMAZTE  EREN, EERNKR T, R
FEREAER 62.23% EATAMNAETH0.23 g/L; EARERBTANMNETA 0.5% .26
mézﬁ/y 62.62% AL EALEATH 0.21 g/L.

KEREABLEZN,;, 258 THES; TAKAETE; RN

RESES . TS727 .1 xﬁiﬂm?—;ﬁﬂ: A

Preparation and application of maleic anhydride-acrylamide

non-silicon stabilizer

WANG Jian, SUN Jian-peng, LIU Min, XU Yao-wei

(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;: Sodium silicate, as a stabilizer for hydrogen peroxide (H,,) bleaching. has been
widely used in fiber bleaching in the paper-making industry. However, the use of sodium sili-
cate in the bleaching process tends to deposit hard silicon scale on the equipment, thereby
hindering the continuous production. In order to solve the problem of silicon scale in hydro-
gen peroxide bleaching process. A novel non-silicon stabilizer, which is used for metal ion
chelation is prepared by using maleic anhydride and acrylamide as monomers. When the ratio
is 1 : 3,the reaction temperature is 80 “C ,the reaction time is 2 h,the initiator dosage is 7% ,
and the chelating values for Mg”*™ ,Ca*" and Fe'" are 55 mg/g,96 mg/g and 270 mg/g, re-
spectively. At the same time,Na,SiO; and self-made non-silicon stabilizer is used for hydro-

gen peroxide bleaching respectively. The results show that under the sodium silicate system,

x WS B HI:2020-01-18
HEEMB P8 F T E AL E R H (15]S015)
fEEBN: T #9975, B, WNJE WA B8z 81 B 5T 7 1)« 47 4R} 2 R 4R Ak 2
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the bleaching whiteness is 62. 23% ,and the residual hydrogen peroxide is 0. 23 g/L. When

the amount of the stabilizer is 0. 5%, the whiteness after bleaching is 62. 62% , and the a-

mount of residual hydrogen peroxide is 0. 21 g/L.

Key words: non-silicon stabilizer; metal ion chelation; hydrogen peroxide bleaching; sodium

silicate

0 35

Wit 5 1 Ao R 1 G s ) B SRR BT R R L R
ey Ho O, IR RIS &R . N T B 1k & i A
AR E TR H, O, 1 ICR0o i e R0 & W AE
S Ho O, 3 A 2 i 22 o 50 AR E )L 52 R IR
S H, O, AR b, E B RE R B0 BE 5 W 3 R
I RO BN E K R SR, RS A
PR R . Ho O, B R P R R R S IR T
Na,SiO; 23 585 B 55 8 A= iU s PE 00 ek iR 86
FEBE A8 OB H 10 T ) ek 35 1 0 0 B 2 LI
P RORRAR A ) i B T HL O, HA A
77 IEE HEAT

FT Bk Ho O, AR Na, SiO, B H B
R I 25 35 (0] R, ] N Ah 2 AR RE HL O, o 7
D5 HEAT T R E M BFSE. Dasom 2550 % 49 Fhal fig
AL & Wit AT i e A . B A SR A IS Ak A ok
FasE i EAL AL 45 - & B anilino 2 X it A AL &
MR ERE T2 XEEWEN, AR EAS
TR T ARG O L iR ST H AR, Alexan-
der ZEIBIFY T 5 i Jor 3 R e 2 ST AR R e
BLERL, I — 2P % i R e 2 A Al D i 7~ i 4708
i AR LR ST T AR Rk R N K SR K RRE ) A B
AN TR BE T iR AL Ca®  Mg™ 4@ B T IR
i 2050 R S L BHL R 1 I I 7 A AN [R] B FH £ L o S Ak
SR R R A A IS AR U Y R
SLGR T BRI BRSO T AL ROCR B E
TR E R I ] 3 AR A L O3 R A ROR

B P AIMIE 5 2% 3 0 Al Ak e R R AT A K i
RO LMD T A AL A AR RERRE F A & . SR,
XL T KA AL T 52 50 = WE5E , w2 W,
VLB & 22 T R i AR Ak AR ) — R 2o AU Ak U

i}

JE& AW 5 LA T oF R 5T T IN s 15 M by LIRS 5
oK TR 16T T 045 TG JHg SR 6 00l e o 7 ) 23 1k
P4 P 3k 15 M AT A O L S BUH i A =
R VR DU N AR A g e e S Ak AR Rk AR
SE 79 9 A R SR AIT7 1k

1 SRIEER4SY

1.1 EBBRHAE

(1) EZ R

AR A B MU ok B R AR AL A
BN W1 5 0 B 4 D10 T Y 2 F T T R PR % T
TR TR 2 WAk 23 R AT BR A A 5 40 B 4l 3t i R
B G A A R E AR R R kB L T TR T
A 2= T 5 o3 Bl S A BE L SRS i K
MR FIRERR 44 . W T R HE T K J7 4k 2% 300 A BR 2
Al s Tk SWE A BT A A5 45 s ), W 3 T 75 4 T RRHE
e AR A FR 2 AL

(2) EEAU

K %% o B L BB PR A L JT1 AL, 4 d T AR Y
AR s PH . FE28 B, MF 45 8 -30 0 24U %%
(M)A RA R E A KX 2538, SHZ-D111 #Y,
WS T AL A BRA Al B F K F, JM-A6002
R RO PR AR I A AT PR A s (8 | T,
T PHACEF A R AT BR 2N W) 5 ) B o A2 e 21 A0 Sl 15 A
VEC-TOR-22 B4, s #8 DU B A BR 2 A 5 i #i
RS T4, DHG-9053A BY, |- 16 B} 1L 2%
A PR A o A R B R TR A, HH-2 80, Jh 0 R
HALERAT B2 A
1.2 I kB BF- % 5 BE R IR &40 04 ) &

] = 1 BE R I A — 5 £ 19 55 ok BR IEF L FE A
T A ZE IR R R R O 8 W . SRR THIR
& 80 CAAT FFEL i+, 78 60 min NG5 2212 1%
T ek ) VR T B A ) 51 R R Ao B TR K
WS JE IR R 1~4 h, R HEg B H)
FE KRR R A R 20 %0, A A LA
WA pH{EE 6~7.

1.3 255 THESRAMRE

(1 Mg™" i 25 W B 56

FREL 2 g Fa e F I 8T 100 mL 2848 K
& MAEE 0.1 mol/L iy MgCl, I, fit £ 30
min, 285 HERI AL B 10 mL 1R & W T HEE R, 4>
BIAA 10 mL NH,-NH, © 28 s # 1 10 mL 781



%33 *

TG TR R T - TR T i A ik A E AR A R 8 SN < 17 .

JK PRI LR 8% 2R T 4875500 s EDTA A5 i 7
(0. 02 mol/L)FR7E. 2 M 1 55 41 (0 28 il 2 0 0.
R,

-~

(‘ ot — (/EDT/\ >< VEDTA

P
g Vy[ﬁf

KD Ve HIHFEBESFHAEMR, mL;
Cepra MIRIE EDTA MK, mol/L; Viepra NIHFE
) EDTA /&, mL.

(2)Ca™" HYES A W B I 5

FREL 2 g RGE FIJF 43 80T 100 mL ZE 4K Hr s
JA 0.1 mol/L A CaCl, ¥ ¥ . B+ 30 min. fEHf
B 10 mL IR & W THEIE M b, 4 3 m A 20 mL
FRARE K NI S 110 S0 ST M 0 YA D R R 1
I VRS 48 7R 50 %35 8 A % 1] EDTA #5
HEV M (0. 02 mol/L) br & 2 41 (8 5% 728 OIR W (4.
WEARI TS,

Ce

QY

:CEDTA X Viepra
Vit

K2 Ve HIHFESEF A, mL;
Cepra MPRE EDTA MK, mol/L; Vepra NIHFE
) EDTA &, mL.

(3)Fe'" (% G W bt 52 45

FHUHE S 5 g, B /K 0 8L, B % 500 mL
KR ES. B S mLIESW T 250 mL #JE
M, A 10 mL 0. 1 mol/L 48 W2 &k e % W, fin
45 mL KB FKHIMA 5 AR 2% BIRER K
iR . 1 0. 05 mol/L EDTA #5 i W #4745 & 2
VA WL H 2R 1 0 A B B 0 Dl 2 [ B ARSI R
45 EDTA Frif#8 ML 15 Fe'm WL, A X
mrEe,

Crpt =

(2)

(V, —V) X CX159.6 X1 000

m

KB H .V, A HLRWIHFER EDTA 14
BlomL; V A SR EDTA A, mL; C K
EDTA AR #EHRE , mol/Lsm LG .
1.4 ZH%ER

PRBOR A T3 10 g T A B FVERHEE T 37 1]
WF T AR A SR K ik 200, H, 0, 4%,
NaOH 3%, B fREE 0. 5% , — 2 i Fa g 7 (2. 5 Yok
R4 .0. 508 A i E fk R e 0, 0. 75 %6 19 H il i
FoERD. e % E G T 90 CRIBMh 7. &
H ARG AU D 1 BEAT 40K R
1.5 ZARAAKALZTHN T

S H AT 50 min S . AR RS BUE ()5 5k

3

W 25 mL F 250 mL #EJE M b, 250 A 10 mL
20 % B BRIR VAW AN 5 mL 100 g/L Bl AL 59 v W . 7
TN 3 3 22 A T B ) R B AR ANV . 0. 1
mol/L Na,S, O, Fr #E Wi & IR B A5, I A B
B (9 TE S 48 7R )L 4K 22 Na, S, O, F 1 5 1 % &
ANk A AR,

H, O, BRI (g/L) = W

XD H .V R E B FEH Na, S, O, bR A i)
(IR, mL;C A Na, S, Oy A5 7 WY ¥, mol/
L;0.017 85 1 mmol Na,S, O, 4 i1 & 4k &
)i, g.

1.6 FT-IR % #F

W5 1 5 B AR TR I 2 B 48 0 0 ML S
BB IS N B TR A AT TR AR B AR ).
H s ¥k F KBr JE i il & X0 i S 508
HRE G E 4 000~4 00 ecm LA BE PR N 4
em L HIRECH 32 K.

X1 000 (4

2 #ZREiTiE

2.1 R Bt Ay R S AL 8 m

TE S NEREE 80 °C S IFIA] 2 b, 51 4 57 4
TS I O T I I 5 T ok IR T Y
FEJRBC L BF JE LX) Ca®' Mg (Fe'' 25 & B
J1 AR 1 R,

300

280 —a— Mg
260 —e— Ca2*]
240} —a— Fe®" ]
™ 220 A
Eo 200} :
= 180F B
&= 1601 !
;E 140 B
120+ .
100F o ° . —e ]
80 - &
60 - ™ ] - —m ]
40 1 1 1 1
1:1 1%2 1:3 1:4

TR B 5 T K R (0B 7 L
B 1 AmKEBLE/ DR B E A AN A

VB Dy i S Al S R T A AR RE 7R 7 0 R <6 s
THA RUFHE G RE ST, SR 10, A [ 1 62 s B X
i S S TE AL il B AT A TR Y R — T
B o S AR U o i LA R U HE AL AR T 5 T
PhEE T, LR B T A A TR E i A Ak
UL R R AR E R R Bk T A Y
B VERT xS B 1 oA BR A B A (AL



. 18 RaPAREEFR

% 38 &

H P 1 AT B D T 5 R R T R L 1Y
B BA YR Ca>t (Mg (Fe' ' {5 4 W i 1 fig
Py 5 e 3 K RN R L O RS 1 ¢ 3
b B Ak B K. a3 DRy 24 T o UK L A
B, B 25 ok R T 5 o 0 R DT 484 L RS W 45 4
FIAMREGSBEAWH K. N T ES5 &8 S 71
EAILR HILE S TREW M E A TR 280N
BeLbB a1 3 B % &8 B F B S e 1 H TR,
XA T ok TR 1) R T A T TR O T e 1) R
HIE M B Tk R I Y R WA TR R N
W BRI B 2258 B T B A B i A5 4 1% 5 ok R 1T
RS2 RBA . HIL S 8B ARE S PR,

2.2 R IBEIERYEA RN H

P TERG 5 ok TR BF R /R ol 1+ 3, R
WhE] 2 h. 51 & RN 7% R AR ol it B AR
IO 35 L B 5T HE X Ca® " Mg?t (Fe' T B A fE ST .
HE R E 2 FioR.

300
280} —=— Mg
260 F —e— Ca”

240
220

= 200F

o0 L
£ 180
I 160F

%‘i 140[
s 120+

100 % = _
8o

60
40 !/.\.\l
L L L L L L

70 75 80 85 90 95 100
BN/ °C

B2 R A AL Y
[P 2 T 0 B 0 6 T
IR Fe' {9554 J) JE IR B A (HLXF Ca® A
Mg* {92 A i J9 B R K. 3K T B A2 i T B2 R
IE 04165 IS L T4 AR 0 6 4 40 7 Rt
B 4T P B4 RO A7 22 T BEL 8 759 38 43
ARHST L BRI o 70 HE T LT A 0 55 B
FAO T4 2 I T R L AL 25 R/
SR LA T BT AT A B N ) Ca®
1 M (2 45 0 BTN T B X8 K
Fe' I % 2 1 615 5144 ) 8B B,
2.3 BT I 3 A A AP A 60
TR 5 Tk B F 0 AR L 1 3. IR
AT 80 °C B AR 706 A& OF T 3 A
FLREIE I BF 9 3L Ca®  Mg® L Fe' H B 4

71 HE5 1K 3 pros.
300
280 —— MgZ’
260+ —o— Ca?*
240} —A— Fe®”
220+
200
180
160
140
120+
100 - ——— o

80 F

60
40 i ./I%l\.
1 1 1

3h 4h

B/ (mg/g)

1h 2Ih
% 2 1]/
B3 BB R xR AE 6
APl 3 W], Bl SN R TR) A E K L SR A W X
Fe'" (Ca™" \Mg"" 1Y E & e 1 34 5 B 51 K5 9
Dy I B XF Fe' B AR i m T HE
PO . Xt T BE S SO I ) Y A K, B ok R
T R s T P R 5 2 o A 3 8 3 BT 5 1L ) T R
B A R I DA B G e ) Lo (A
B TR R RETER G W o+ N 43
A AL RS A5 AT DL - S5 AR R R o
TG BN T E A LR B 5 IRRBNG 5 7 4
G TR B AR B K Fe'm 5 R A
YR G e ) W R
2.4 BIAAMETAERDESEEN I A
PGB 5 B R PR B R BE /R LR 1 ¢ 3, ]
BFIE] 2 hy SR i EE 80 °C 1 2544 F i it M AE 5| &
FIHE AF 5 X Ca® \Mg™" (Fe' " E A RET.
HAE R mE 4 pros.

300
280 —n— Mg
260 —o— Ca®'
240F —A— Fe®

220

200

\\E/ 180

@ 160

4 140}
120+
100 — o

80

60 |

b .”/,/4————'\-
1 1 1 1
3 5 7 9

SIRAME/%
CREAP SN E 2 5 S AT
e TS0 S 1 T B 1 T
YR Ca®" (Mg®™ (Fe'™ =42 I 1 2 45 1 B b
fil 4 2 B S KRN 0 38 O FLE 51 % 00T



503

T AR TR IR T - T Ot e Al i A 0 B R B v © 19 -

TR B S RE T A B Ok, X T RER TR A
JRO A R v 51 ) B 4 A A s 3 A 4
R AR R AT S B S8 I T 24 51 5 B i s
ESLEEIRPHURIRIDECE 3 P NYNTIE L @ Ao NS
HHEATU T LA S R0 i 7%,

L8 LT IR AR REARE SR B A T TR T
JHie 55 5 o TR IF RO BE R BE R 1+ 3, S NI B DR 80
T, RIS TEI 2 b, 5142500 B S 7 040 ik i il 4
M AERERRE /) Mg™ ™ (Ca®" \Fe' B G PERR I 1
JI 7K.

x1 AHARRENNEEEFHESHE

s SIEETEAME
T H) e - = —
Mg? ™" Ca®* Fe?
NaSiO &5 7 50 88 220
A il =l fE AR E ) 55 96 270

M2 1 Al 5 6k R e A A L. A R AR
R B E &8 FE AR, Bk, Hon]
DATE G i B2 7 ok 40k S0, DA 4 i) JFE T 3k 0 i ()
B, 2 [ ke e R ) — L 1 R RE AR E B A
R SRR 0 85 B B8 72 B (E, mI 38 M IR B U i
T B B R 6 BT 5 ) A 1 B 8 -, o 4o b B 1k 3t 41k
LWy
2.5 FT-IR 4 #F

P 5 Sk o ok T T - 1A s T e I A R0 1 &1 Ak
GG, IR 5 AT, AE 3 520 cm P13 412 cm !
Ab BT — NH, B X R F1 S0 B B9 A 46 ik 31 W 0
FRAEIE 78 3 345 em ALY EE T — OH B9 W Yk
FEAEWE s #E 1 704 cm ' Al 1 566 cm 'AbHEL T
COO™ [ FR FN B X R A 47 B 2l W A0 AiF 00
1368 cm "AbHEL C— H A4 25 il 4R 30 4% A it
MAE 1 620~1 640 cm ™' BFFIL R W C=C XA ) fif
208 % Bl W AT E 0 53k E ) o T Ok TR -
PRI s B i =l e e ).

4000 3500 3000 2500 2000 1500 1000
Wavenumber/cm’”

B 5 ok BRBF- 7 M BE R AR AR AR T N 4 Sh ok

2.6 RARAMBTANZOXRALTARMAKZAS
g AE A RS AR T 2RORMEE 1 Ui A A
B8R MR R B O 5 Rk R AR E R B#EAT X L
SRR 2 .
2 AEAREFIEHLSEEER
EEFAERNRIG

B sl Sk - ILAEEIR 4 S E A
FE O RGERBEIIUE e e/
1 TERREN 2. 5% 62.23 0.23
2 H#lEHERERER 0. 75% 61.49 0.34
3 AHAERER ER 0.5% 62.62 0.21

M 2l LA 5 Rk IR 4h AR 2 SR AR L, F
FEwEAR E M R ], Y T 0. 75 0 i, B
J i S S AR A e DA IR S A E R Y 0. 23 g/ L
BN 0.34 /L. LW T A ) Ak ek A2 R0 i R
R BA B AR E ERE. X et T A R AR RERR E
7R 2 T FEL AT (9 R R R L A EG ) e I A A <
AT REE T RN, 2P RESZHERE
TR BCAL B T B E A A 1 R A e R
5o B 1 X i S A SR JC A i

X i AR Tl AR W A AR B TR T R R
R —ANE B AR bR, SR, N RS B R
B AR E I 0. 75 0 L BE RS 9
JEE W AR T ik PR A A A AR T K R SRR A R AN
H T ARREARRE 7 B4 ) . D T 4R X — [l
WFSE AR R 5 A A S B A i 5 35 R
PEATER G A AR R R R A
GG o i A 1 el 3 25 T R Al e AR RE TR R
AR T A A =R IR il CHRE i) L B
P Tk AL E MR E T, S BORE ERAR d AE
SRR SR, K PR E M A0 3G I ok T 0 i
i AL S T B AR T R B A
AEAERE A > IR 2R AR T
ek TR A Sy A 7R 9 155 1 2 1 L

P IR — RO B, S A AR A AR E R R
0.5% » W45 B A 72 b i |AL A 1o i 45 R
AR A E R AR BN 0. 34 o/ L FERE
0.21 g/, AR T FR 40 A5 5 70 ¥ I id 4R 1k S Y Bk
REGHERAK AN 61,49 08N =E 62. 622,
W% v T i R A R P S IR B L SR T R R R
ERERIbE= AW VE N

3 #ig

(D ERBRE S5 NI IEARIE R 1 3,2
NIRFE R 80 °C L M EIR 2 h, 51 &K HE R 7%
(F#% 10 7



ReaBBEIE SR Vol. 38 No. 3

Journal of Shaanxi University of Science & Technology Jun. 2020

¥ 38% 3
2020 £ 6 H

*

XEHS:2096-398X(2020)03-0020-07

i85 /0 5 B o 1 R Y
A5 M8

% /H:'l’ R, R 427, T O, x4k’ %Fﬁﬁ%tg

(LBEPERIE K B TR 5 TR 5B, BeVE P4 7100215 2. (B4 B B0 A IR 2 &), #7 7 bl
311215; 3. BEVE R K2 b2 540 T 2=Be, BEVE W% 710021)

M E. A= CERDEOA) = T & & 5 82+ = 5 B 85 (G04) A 4kl i 18 58 /R A g BB A
BN AFA R Y 4 F (DEFA). BV F 4 REB = F R 8 & (IPDD ., B & =8 T = B &%
(CMA1044) .1.4-T =8 (BDO) .2,2-=# ¥ A & 8 (DMPA) #= R F] A1 & 45 DEFA % R A&
AN B A UM R RS TR AR (FPU) ; ARG A1 A A R T A& T8 (S104) M 4 5% FPU #) 15 3% /
) Fb A Ot RS P 4R (FPUF) 5 & G #) A & X w B2 (PE) X % 3t 3% FPUF. B & P 4 4L
T 13 — 2 2 89 5% /) Bk Ak 3k BOME KM B R CBS SLik (HBFPUF1~7). i@ it 2r 9) % (IR) W4
B3P A% CH NMR) (28 Rk B AL R E 5 AT AL (TGA) | £ X424 2 # ok (DSCO) X4 & AT
HALXRD) & F 48 AL (XPS) L& 4 42 (TEM) VA & #5245 45 fik A M) 3 05 2 25 g A i
RN R. BREAWA . S EA RO LM, MFE DEFA B & 6938 e, $Lik 48 2 M EAK
H-F ¥ %423 K. HBFPUF-7 5 HBFPUF-1 AR, B2 4 50 W B 6933 E 42 & 18 °C L, 3k 34k
HTRERFHIAC,BEKER S 25UME 2. 73% ., %A KEmAA S 92.8 “#F £ 105.6 °.
XPS #ml 25 R R4 R4 K LA e k& iE 44T 4. XRD o 4 &£ HBFPUF ¥ # £ — &

FEWELITA.
FEBIF AR UEYT 4R, KBERAB,; HKKE; ZBEA
FESES:TQI24.3 XHEIRERD: A

Synthesis and characterization of co-modified polyurethane
latexes by terminal and pendant fluoroalkyl segments

XU Wei', ZHAO Wei-jia' » ZHAO Ting®, WANG Wen', LIU Hong-na’, HAO Li-fen’

(1. College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science & Technology,
Xi'an 710021, China; 2. Transfar Zhilian Co. , Ltd. s Hangzhou 311215, China; 3. College of Chemistry and
Chemical Engineering, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract : Fluorine-containing chain extender(DEFA)was synthesized by the Michael addition
reaction of diethanolamine(DEOA)and dodecafluoroheptyl methacrylate(G04). Next,a series
of modified polyurethane prepolymers by the fluoroalkyl side groups(FPU)were synthesized
from isoferone diisocyanate(IPDI), polybutyleneadipate (CMA1044),1,4-butanediol (BDO),
2,2-dihydroxymethylpropionic acid(DMPA)and different content of DEFA. Then, the syner-
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gistically modified polyurethane intermediates by terminal and pendant fluoroalkyl segments
(FPUF)were unilaterally blocked using perfluorohexyl ethanol(S104). Finally, pentaerythri-
tol(PE) was used to react with FPUF and a series of the latexes were prepared by neutrali-
zing and emulsifing operaions. Structure and performance properties of the resultants were
characterized by IR,'H NMR, TGA, DSC, XRD, XPS, TEM and contact angle measure-
ments,etc. Results confirmed that the product had the due structure. With the increase of
DEFA dosage.the latex stability decreased slightly while the average particle size increased
gradually. By comparison of HBFPUF-7 and HBFPUF-1, thermal decomposition temperature
at 50 weight loss was increased by 18 °C and the glass transition temperature was increased
by 15.4 °C. Moreover, water absorption was decreased from 8. 25% to 2. 73% while static
water contact angle was increased from 92. 8 ° to 105. 6 °. XPS results showed that fluorine-
containing segments tended to migrate to the film surface, which will enhance hydrophobicity
of HBFPUF films. XRD analysis demonstrated that there were a certain crystalline zones in
HBFPUF films.

Key words: fluorine-containing chain extender; waterborne polyurethane; hydrophobicity;
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Study on analysis and optimization of alkali-enzyme binding method for
hydrolysis of chrome shavings and response surface methodology

DING Shao-lan', LIU Yan-hua', GONG Gui-jin*

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

710021, China; 2. Jiangxi Zhenghe Environmental Group, Nanchang 330000, China)

Abstract: In order to solve the environmental problems brought by chrome shavings, it is
necessary to make use of chrome shavings. In this paper, single-factor optimization, orthogo-
nal experiments and response surface optimization methods were used to study the conditions
of alkali-enzyme binding hydrolysis of chrome shavings. The results of single-factor optimiza-
tion experiments showed that the best parameters for alkaline hydrolysis of chrome shavings
are: the dosage of CaO (A) is 2% ,the reaction time of CaO (B) is 3 h,the reaction tempera-
ture of CaO (C) is 80 °C. And the best parameters for enzymatic hydrolysis of chrome shav-
ings are: the dosage of enzyme (E) is 3% ,the reaction time of enzyme (F) is 1 h,the reac-
tion temperature of enzyme (G) is 40 “C. Orthogonal experiments and response surface opti-

mization results showed that the best conditions for alkali-enzyme binding hydrolysis of
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chrome shavings are: The dosage of CaQ is 2. 1% ,the reaction time of CaQ is 3. 3 h,the reac-

tion temperature of CaQ is 79.7 °C,the dosage of enzyme is 5. 6% ,the reaction time of en-

zyme is 1.2 h,the reaction temperature of enzyme is 48. 6 *C. After optimization by response

surface method, the collagen extraction rate and dechromization rate reached 99. 14% and

98. 9% ,respectively, which were 6. 16% and 2. 83% higher than the single-factor optimiza-

tion results,respectively. For the collagen extraction rate,the interactions of AB,AC,and BC

were significant, while the interactions of EF, EG, and FG were not significant. For the

chrome removal rate, BC interaction was significant, AB and AC interaction was not signifi-

cant,and EF,EG,FG had no interaction.

Key words: chrome shavings; alkali-enzyme binding method; response surface methodology;

collagen extraction rate; dechromization rate
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2.2.3 CaO Jg W B [a] 5 CaO Sz J i ¥ 58 5 AEH
153 B 5 i1k

CaO [ B[], CaO Jz 0 it BE S H A2 5 AR H
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2.2.4  FERCANE G SN I TE] A R N IR R A8 T
YEF Y 23 B 5 LAk

A% o £ G S 07 R () R il S 1 3R R B H 52
A P X Jie T 11 2 T3 %) g 7 i T 4 P 10 i s il
BEhn 2 A B N A R 38 BAE (] 10(a) . EF. P=
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Preparation of stable nanoemulsion based on solubilization of quercetin

NING Yuan-lan, SHEN Wen", AO Fen

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

na)

Abstract:In this paper,the components of blank nanoemulsion were screened by pseudo-ter-
nary phase diagram method to prepare O/W nanoemulsion. The structure, conductivity, vis-
cosity and stability of the nanoemulsion were determined. The micromorphology and distri-
bution characteristics were characterized and investigate the solubilization effect of nanoe-
mulsion on the insoluble drug quercetin. The results show the components of quercetin nano-
emulsion was ethyl acetate/emulsifier OP-10/anhydrous ethanol/pure water, the quercetin
nanoemulsion prepared was clear and transparent yellowish liquid. Its viscosity was 0. 024
Pa ¢+ s,conductivity was 99. 0 us/cm. Through observation by transmission electron micros-
copy,the nanoemulsion exhibited spherical morphology; The prepared nanoemulsion had an
average particle diameter of (14. 43740, 25)nm and a polydispersity index (PDD) of 0. 157 its
Zeta potential was measured to be 1.2540. 45 mV. It has nano-sized particle size and exhib-
its a stable normal particle size distribution of O/W emulsion characteristics. By loading the
insoluble drug quercetin, the content of quercetin in the stable nanoemulsion system was

354, 84 pg/ml. Compared with the solubility of quercetin in water (0. 17~7.7 ug/mL) ,the

» WFS A HE:2020-03-15
E£TUE : Bv§ & 8B TR 30 B (2019k02-58) 5 B VE 44 15 2 7 A e X BHEE TRl 300 H (201938) 5 B 7Y 4 B T 5 5 0F & 1 Jal 33
H (2020SF-423) 5 BRVYRFH R 2= 1 L RHIF IS 3 3 4 95 H (2019B]-06)
YEE BN T 22 (1997 —) , Lo, B DY R 9% N L 7 S+ B 9 A L BF 58 1« 24 JFH o 0 7 41 Rt
BIWAEE TL 301982, 5B B VG IE R A i G T B 5T 05 180 - 25 4 TR B4 oK 3 25 448, shenwensm @ sust, edu. cn
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water solubility of quercetin was significantly improved.

Key words: nanoemulsion; quercetin; pseudo-ternary phase diagram; solubilization

0 35

i Jz2 2 (Quercetin, QT) . X FRH iz &, & —
PR AR EIAAL A Y A Bk PrE L Bt
Jip R |3 bR AP R A 2 A R 5 R B
RAEME R 697 W58 oA B B R (O, A
Rz R R (0. 17 ~ 7.7 pg/ mL) PR T H
A W) RS 35 ik L W A R X L 7 IS 24 40 R 7 1o R a2
TR 3 R P A A B DL 3R B S AF
e iR T S R R B S 4 T R
% 50 mg/kg Ji B K IMLF W E Cmax H (2. 033
+0. 410 pg/mL, A 42 [F] 25 25 9 A ) B B 441K
PR I 75 2 — P B 0% 2 v M B 25 0 A 1 R AR A
R 2 v A W R FH RE . 3 3o 28 R G R ST 2 31 £
K Z KGN i £ g8 ok UL R A R LB
FL K BE I BE A5 B S 38 R b 2 4 1 i i i

M F b g8 K 2 4K, 49 2K 2L (Nanoemul-
sion) FEMF ST F 25 Y136 J7 h 5 2 T MR I G 1. 90
K FL R B E B B8 2 RS S R G L Al 8 1 1) 741
HAT WM HY oRife /N X A) 1w 259 1 o
FRORE s TT A B oF axk AT i U] L, B R A0 N X 25
R 5 BB S DA T 385 55 245 1) A I i e R o sk L 4
SEMR IR 43 R O/W B W /O BRI G%E 252 41
SRR VRS AR AR A W AR PR AR 47, BT DA D 2
WURE AR ) 35 R B VR A AR A
THRLAE N 106 nm MM BRI, R &N
0. 05 % , IF45 FL R I F Bl 093697 . BoR 2 1%
i ) RPE.

[A I AR AF 5% 3 5k 3 9k % . I Origing. 5 8 F
24 Py — JC R R 5 A 3 R YA | 2 T 3 1 7
G 2 S M e B — 2 L BNR A AL T
O/WHIGN K FL. il Ye ik i 7 90K FLE5 4, 8
I FE R R R T Yy A e in R
BN  Zeta FRALHFSGY T 40K ZL A0 o P L i
WORE BE AL T 40K FL A LR R AR oA Ll ad i
SHBERIE T HAOWIE A 20 T 52 M 9K ZLAK &
e EZE, W HPLC bR ih &k, & T
E AN K FLOE S P 2 i B R S AE R L B
0. 15% R T BB AE .

1 MBERE

i

1.1 #MAL&RA

iz 220 IR (A5 100081-200406) , 1 [
FE] 24 ity A= ) A 2 T 5 TR S R R TR iR (TPMD)
W A IR YR A R F] s W SRR,

AR AL T A BRA A BRE LI 40 &AL
BRI (RH40) . 1 H BT R B 2 7 Ch ED 5 2L
B3 OP-10, 79 =F%, g A KET & FR ML TAH
BR800 4 B 22 o 0 T 4 5 v 00T AR € 3 3K 7
¥ Sk e il 5 H A R0 X A i BT B ik
1.2 BEL5ZE

98-11-B B % Jj 1 1 H $h CRHET 28 B 44X
A A FD s NDJ-9S # % SR B2 11 8RS 2% B
FAUES A PR A F]) 3 Zetasizer NANO-ZS90 U 44 >k
W 43 BT A (S [ B 38 4% 24 F]) s DDSJ-308 A %l
3 R A R B 22 A AR B A PR A DD Tec-
nai G2 F20 AYi% §f L+ 1 S8 (3 B FEI A RD s
Agilent 1260 1= R0 AH (354 CZBERBHE A BR A
AD.
1.3 =amikiiasg et
1.3.1 VHAHRY R

THIAF 0 3 B X 24 v Al B K Y I I R Y
S AE AR, R R R A A IPM, R LT —
FERETH AR A I AR TS A A 5 R E MR B R
T 95t 2 T T A 2R A 00 o 2 2% 5 3 140 910 A
1.3.2 R MR Ak

2 1T 375 P 700 T AR 4R 5% K S T T A (HLB )
ik, — i HLBH R 3 ~ 8 MyFLALFI ATl & W/ 0O
Ay Kk F,, HLB 5l 8 ~ 16 1 3L 4k 7 af ) 4%
O/ WRLA K FL. 7 BF 5% 15 356 % 1 0% 14 77 A ki 80
(HLB=15) . B E L% 40 BRIl (RH40) (HLB=
14 ~ 16) FFALF OP-10(HLB=14.5).

P = R G N 5 A S Byl AE A 04 B 9
2 1~1: 9(FTi O IR A 5T, 18 2l K, 0
SR Z (1) 638 B W R SR R AR B K Y AL 43 )
PLKAH (3% 101 1 75/ B 2% 1000 1 700 T A SR T A 2
il Dk =TT A P AR AR R L v s L DX v AR A R /N
E 2 T 5 PE R (1 Fh 2,
1.3.3  Bh R i ) i ik

Bl 32 187 355 M 590 A2 40 0K 2L A TR i B o] D B
R A AR AR L ek A (%) 25 T 3K g, 34 3 T G ) Y
W — o b BE BRI ARREIE LAY L1,
2-T9 L TC K GO BEAE S Bl 3R 1S R R Bh R w
T MR 5 % O R R IR A Y AT e RO T i
LU A SRR T B 2K B i SR AR B K ) A
R 2l B = oo AH L, AR 0 2L X3k v R A /D
Bl 2R 1T 1 7
1.3.4 T I 4 750 0 Bl 2 T 0 1 R0 & b (Km)
1) B 5
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1.5.2 JEAERME

75 551 L T S RO LR 4 K 2L G OO AL K A
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1.5.3 RiAfEHF Zeta HLAL

K FH A0 AR BE 53 A A D 5 ST SR04 S Zeta L
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BE A3 B ASCI 52 S 2 R4 I Zeta HAL AL L 30 5% - 2 KL
7 Z AR B (PDD Zeta HL M Hoor 4 .
1.5.4  GRFL X f R 3G g 70 0 T
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2 #FREITE
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2.1.1 WAk
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AR A AR A 0 O SRR, B NR AR R T
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2.1.2  FRIEIE MR
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il Ok = SO AR P L MR 40 i L X sk v AR A R /N s Bh
TG PR B A 2E. I 3 450, B F i iG MR A 1,
2-T ZWER T8 11 48 oK 2L X 38 1 AR B B T =



503

L 2% A T A B SR R E ANOK FL B A © 37

B FITEIK W5 N = B2 A JC 7K & s 1L i AR/ I
MR WLEE 22 5 AN K, TR it ) T it 2 005 3 33 T AR, R
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T R B LA O S = v 4 R R S R B
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HI A fE 6 ~ 29 nm Z Al IR AR PR T 1
O3B — AR A AT B R TR £ R T IE
s 285 53 A5 FRAE U8 AR B 3R A0 K 3L R R AR 43 A Y
b R KNI 5] AR B AR FLI B AR

30

[
=
T

Number/ %
=
e

0.1 1 10 100 1000 10000
Size/nm

|7 #EFHRILEZ> A A

Zeta FL A2 FH R A kL1 ) AR B HE 5 200 51
VE TSR BE 19 Zeta HiL S A9 28 00 {8 B R, KL 1~ A9 T B3k
AR A RGO AE E. 2 Zeta UL
P8 2 6 LA /), L ) 5 SR AR P B0 L AR RE R AL 22
M. AN 8 BN, AR AAE T AT Zeta RN
1.25 + 0.45 mV, HA B4 09 5w shie J1 . 34
R 2 1R E PR,

70000
60000

= 50000

=

S 40000

©

< 30000

H
20000
10000

0
-200 -100 0 100 200

Apparent zeta potential/ mV
B8 MMEEMNERIL Zeta Wi H B

2.2.5  GUKFLXS M B 2R 0 v AR Y RAE

(1) 3% 55 1 1 1 8

ERERE  Cis (10 2m 250 X 4.6 mm) ; i S AH -
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The effect of simulated digestion in vitro on antioxidant
activity of watermelon and apple

WANG Jing, HAN Ying, SUN Yu-li, WANG Meng-lu

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

na)

Abstract: The juice of watermelon and apple were treated by simulating gastrointestinal di-
gestion in vitro and the changes of antioxidant activity were compared and analyzed. The re-
sults showed that under the same digestive conditions, the free radical scavenging rate in-
creased within 0. 5~1 h of digestion, reached the maximum value after digestion for about
1 h,and then decreased gradually while the tend is to be stable. The DPPH free radical scav-
enging rate and the reduction capacity of iron ions were lower than those of gastrointestinal
digestion. The scavenging rate of nitrite in watermelon have no difference between gastroin-
testinal digestion and intestinal digestion,while the scavenging rate of hydroxyl radical in wa-
termelon intestine was lower than that of gastrointestinal digestion. The DPPH free radical
scavenging rate and nitrite scavenging rate were higher than those of gastrointestinal diges-

tion, but the reduction ability of iron ions and hydroxyl scavenging rate were lower than

x WrFs B #.2019-12-27
ES TR P AR EIT B RB LR IR0 H (2019]Q-453)
fEEB N T F (1987 ), %, BEPE R B, PRI, 8 B 5 O 1) < £ X7 S R O 1 B LA L A
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those of gastrointestinal digestion. Studies have shown that the antioxidant activity of water-

melon and apple increased after simulated gastrointestinal digestion. The results will provide

scientific basis for the research on the metabolism of watermelon and apple and the further

development and utilization of their resources.

Key words: watermelon; apple; gastrointestinal digestion; antioxidant
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HMELTH AL C 28 N AR 22 BF 58 3 11T 255 bR 19 BF 2
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1.1 HH5RA

PEBE: PE R CRL AR 00O s SER GRRF & ).

KX : DPPH (Sigma-Aldrich) ; B & F1 G (M
M ZE s A R R A R A ED 5 R P (O M T
2o v A R R AT BR2S w)) 5 4 IH R (AE s A i B
A EEARA R TR 7D 5 Hoe i), an w44
TooK o B R Wk AUEUK KB R R R TR L SR
el i IR U B 45 L 1 Sk J3 B 4l
1.2 MELH&%E

KIS TEIRIR % %% (SHZ « 82A, L ifE AL %
W) 5 X E O HL(GTI5RT, L
IRRAEG O HUCA BR 2 w5 M HL(MJ-BL25B2,
F0) spH H(ST3100, B ZE WL g8 A R 7D 8%
WS AR E A R D s K i (SHZ. 82A,
I BAERREHE) ) s 2K AM L6
fifi R A% (varioskan flash, & 2R €t /R Bl 4% A IR 2
).
1.3 RKEF &
1.3.1  FEMHA

W3R BTG R Y Ry /N s IR T DL T
6000 r/min,4 °C .4 min, B _F{E % 50 mL™ .
1.3.2 N L WA e i) T

(D AT BB Eh W2 (RCER R 234 mL, fimsK
F®BEF) 1 000 mI)16. 4 mL, /K%y 800 mL 58
HEAM 10 g #2505 .98 pH %= 1. 3, K # B
1000 mL, BpAEL,

(DO NTJH W IR — S #1 6. 8 g, M7k 500
mL %% . 0. 1 mol/L A& fL#N . I WA pH
fHZ 6.8, 73 UK 10 g, 25 g 4% H 2 0K i 4
B K TR & 5 K B2 1 000 mL, B

1.3.3  MRAMEILLE i b
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FoOERAE ARSI T A X PG TN R BT A A T 4 5 © 43 -

R VA X BB BUR T LT 25
mL, 7K 1 mL, i J5 58508 7 1k 3 560 41 3 [ 9
P IBURE s OB S 4 Ak 1 h B2 (AR IR A 1.5
mL 7K . M J5 2k 2231 AL BORE

BB WO A 4 BRI 1 W 25 mL T4
R . K% 37 ‘CJ5 .1 mol/L HCl #8745 pH=1. 3,
PRI T mL AL W, B 90 A0 4 i A 4 ik
e, T 37 C LU 100 r/min A9 1H I K I B K TH
6, AR 0.5 hol ho2 ho3 ho4 h BURE, 45 YL
FE 2.5 mL, JF ¥ Br BORE V3 T 70 °C K i
5 minK i . Bl J5 i 2 VKA % AL 4210 000 r/min
B0 6 min J5 . B RS W 50 2 DPPH H i 2&
2 JL VR R T I TR AR TR R BB ) R D

REH VR A2 - T AL B T A & ) A BT
BBV THAE 1 h 5 AE R TEARRY 0 h, BURG Bt
SERLPEN FIEW 20 g THEIR M, K37 “Cla &l
L EAL 1 h &, 1mol/L NaHCO; #77 pH £ 6. 8,
A 1.5 mL B, S TEACK AT AL 4 ko, 4k 22
BT 37 °C L 100 1/ min (TR IR KA R sk
Ak 4 h, TR 0.5 hol h.2 h.3 h.4 h BURE.
TRRIORE 2.5 g, H4 T ORE 5 3 3 8 170 °C #OK IR
5 min. G VKA H .28 10 000 r/min B0 6 min
Joi o BUE T 4 0 5
1.3.4 HiEfLEE

(LHDPPH H i #E55 BR R

DPPH H M %2 — M RaE i A k. H O FER
WL, 7E 7] WX K 517 nm &b — 38R 0%
Wi, 24 [ i JEE BRI A DPPH i Pt i T
FEVE RN BRAE 1 A F ol B A JE X AT el
W T 2 AR 0 R B B A R R T R G
FR. DR OGS o WO B Y A A A T A 0 B 1 Pl
(BE 1, AT LLVE A B 5 09 Bt Ak BB 7. 200 pmol/L
() DPPH BV W e & - # B DPPH 15. 0 mg il
Jo/K LBEEZE R 200 mlL.

B 0 . 3R A o) A N R o A
2 mLBE S B0 BV, 4R 42 A 2 mL DPPH Z B
W 7R RO 30 min, K M 517 nm
A 5 LR L 23 A KA B R L S AR
# DPPH & BV BAE A%t BB 20 38 # % 30 min,
e 7% > 517 nm Mg H WO L, 25 4117 3
W (D)3 DPPH Al R 5 K .

cz(l—Alf;Azxmo%) @))

KD .CHAMEIFRE, A, XA om
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JEREMH LA, R A AL CRINEE D WO B (.
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PLE Y TR Fe' 85N Fe'™ JFe'" 5 2,4,
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WL AP 593 nm AT f KOG . RO R R
2 WP A AL (0 38 L RE 7 R, BRI 2L A R i B
AT .
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K HE NO, B,

p="1""15100% (2
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K2 H:p K NO, HBRZE ,n 2 NaNO, i,
n, N NaNO, .
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Effect of poly(butylene succinate-co-butylene adipate) on growth
and development of Brassica chinensis L.

ZHONG Fei, LI Cheng-tao, ZHANG Min

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

710021, China)

Abstract:In recent years, the poly (butylene succinate-co-butylene adipate) (PBSA) mulch
films has been widely used. However,the effect of PBSA mulch films on the growth and de-
velopment of plant has been rarely reported. The seed germination experiment and plant
growth experiment were used to analyze the root length, plant height, germination rate, pro-
tein content, chlorophyll content, malondialdehyde and peroxidase of Brassica chinensis L.
during the degradation of PBSA with a mass fraction of 2. 2%. The results of the seed germi-
nation experiment showed that the germination rate, the root length, the plant height were
respectively increased by 1. 8% ,26. 1% and 13. 0% due to adding PBSA. Next, the plant
growth experiment showed that the root length and the plant height were respectively in-
creased by 5.3% and 5. 8%. The degradation of soluble protein in the leaves was alleviated.

The chlorophyll content in the leaves was increased, the activity of peroxidase and the stress
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resistance were increased owing to adding PBSA. Therefore,PBSA could promote the growth

and development of Brassica chinensis L.

Key words: PBSA; biodegradability; malondialdehyde; peroxidase
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7 PBSA 102 890. 21 2.83 2030.56 0.70 5 882.98 0.69 250. 89 2.03
2.7 AKRAMERE AT AP TEMEGAAE WL PBSA bR R R AL A
8% A S 457 386 0. 2 R B 3 o B A 0 SR

N 4 ] LU 5 % B A L . PBSA Ab B
A1 BB A5 AR T SR AR K TG T AL
Bl A R T SE K, 22 S PR e 0N, FE 11 d A
PBSA 4 # 41 % F 3 it bl IR A T R
PRI EIVE ] L AE 27 d Y PBSA &b B4 Xt 7 3
F AT R R T A R RN T E 35 d
F PBSA AbBEZH X5 95 32 M v 9 RT3 PR 2 1 i
A0 R R e PR B R AR S A 5 2 ok
PP333 X Hiu 2 I v m i e R A 1 R
K BE PP333 X F Hha] 5k 2 BT i B R
fEH . PP333 J&— 2L W) T . I PBSA 75 [ i i
B AS A —OH MWIKERY. 5 PP333 Af
ARG Fl 2 P . 3 16 B PBSA 1 B fiff o 72 opr 3
Wit ffe 7= WU BB A5 2 5 B 1 0T 1 5 8 R i S g 1Y 3
PR (A BT B AR FH O T R 2 A AR
JOT ) B fi

I K

0 11 27 35
Time/d

B4 PBSA xtet i Tk
EOREEUH A
2.8 AKRAMFER TR PR T LS TN YA
M 5 v LLE H . 5 X LA L PBSA Ab HE
HEyM R S ERA N B EM 25 78 11 d i
PBSA Ab L X 5 52 i Fy v iy R 5T i 9 9 52
Ml AN B, B SR AR KR IE L 7E 27 31 35 d

XiF B I v i S 3R R R, & AR BESE AR AR S
R SE YR WS E BRI SRS
B EA — COOH MK Y, i PBSA 7E B fi#
b A A 2 7 A AN [ 2 R ) R R IR SR . X B
FET SRR B b, B PBSA B iR, JLRE
fiff 7 Xof - 2t 3R O A R B A T — E AR EAE
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Il cx
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N o
T T
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Chlorophyll concentration / (mg L")
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PBSA 4b B K T Xt B0 ) MDA & = . 7] LLF
TETT A K W L Bl B AR KT D Y 42 K, PBSA
AR X MDA 5 S 14 5% i) 52 30 56 38 L 7 AR O
T AR E 1 B /N B AR 3E i oY R R M
BT RS i3 3 ) 1 ao 4R Ak o il e O TR) T Y T
YE. XAl BE R M 7E 27 d HiT . PBSA (& i 7= 9 il
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R RS )36 PR B R (ROS « ) F i BT 7E
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ZOR B — A FaE BR . Mekawi 2520 38 i BF 5% &
LK A% R BE 4% A7 5 B2 e BRSO 52 19 BT S Ak e L i
PBSA [ it 7= 1) 2 A MLIR » 5 7K A% R Ak 27 M ot
AEARL. 33X d B L 76 75 3 A2 KR, PBSA 89 m A %)
POD & PE B2 0 A K 1 78 2E K5 1, i T PBSA
MR P2 R T POD I, i 15 485 9 1K Y 1Y
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A E AR TSRS
2200

I K

POD activity /(U -¢" min’
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Time/d
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3 #Hig
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SRR B A ERE AT EFARBIE, 12 LB AR ANERIEAARREZRI. 4
X RAEGHHRT 0.99, 4 HEA 0.09~5.29 ug/kg, @R FE & 71.37% ~94. 65% , A8 *F 4R o
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Simultaneous determination of 12 veterinary drug residues
in mutton by liquid chromatography-high resolution

mass spectrometry

JIA Wei', XU Xi', SHI Lin', XU Xiu-li*, ZHANG Feng®

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

China; 2. Chinese Academy of Inspection and Quarantine, Beijing 100123, China)

Abstract: Based on magnetic nanomaterials magnetic solid phase extraction pretreatment
method, combined with ultra-high performance liquid chromatography-hybrid quadrupole-
Orbitrap mass spectrometry(UHPLC-Q-Orbitrap MS) rapid screening for lamb in 12 kinds
of trace concentrations of veterinary drug residues analysis method. The samples were extrac-
ted with citrate buffer and formic-acetonitrile solution,and then the target was purified and
enriched with magnetic nanomaterials. The target was eluted by 0. 1% formic-methanol for

qualitative and quantitative analysis. Under optimal conditions, 12 veterinary drugs had a
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good linear relationship,and the correlation coefficient(+*) were greater than 0. 99. The lim-

its of detection for lamb products were 0. 09~5. 29 ug/kg,respectively. Under the three add-

ed levels, the average recoveries were 71. 37% ~ 94. 65% , with relative standard deviations

(RSDs) of 0.35% ~6.37%. The results show that the synthetic material has good purifica-

tion effect on complex matrix and a good selective adsorbability to 12 veterinary drugs,which

was suitable for the rapid detection of veterinary drug residues in lamb.

Key words: mutton; veterinary drug residues; magnetic carbon nanotubes; magnetic solid

phase extraction; UHPLC-Q-Orbitrap MS
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fifh e 24 s i T 28 L R DA T 2K 2 AR SR A
Tz R YL 2019 4R T b e A B SR TR
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A A Pl MR (e W A P R AR (P S
R RS e T R B R A S I T AT AR A
R P G 5 A A B T TR 2 W ik
B AT AT I S HE L R AN K (MWCNTs) J& — Ff
DARS A B i 40 Kb L B R, L) R
T &A1 2 A4 m T 38 5 B K AR WTh 85
GYHL LSS A AL R LA SL P AR 1 B R T TR A
WL e AR T B K AR B S B 25 R X 4 B
W A 5 ZU W B R 38 3 it o A0 G 1 T S B
B 790 5 5 ot VR 1 TR 43 B A ME MW CNT's 1y [
FHAEBUR FHF RO Ao & L 38 5 2288 5 i
B Rt

ARWFFENG £ B8 JFIR 25 A /K R ) 5w M1
Wit AN K A8 % 1k 52 B K BB (Fe; O, @ O-MWC-
NTs) F T4k 2 R 3 5, A1) 3 S 03 BE R 1
TRTER FH R G0, A 7 1 — Fof i) s A Y00 2 o 25245 5% B8
(R 7 305 o Shy S 24 B B 1% B i O 25 4 S AR T
AR HE
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1 MBEFE

L1 #H#5 KA

HBEE. G R, 1 A 75 E Merck 24 A ; ¥ B
M RAHIR NK B =AM O s RO
K CTREN W A 28 A IR TR 2 ) 5 B e 1 WE Al i
WA A T e — VR S W T fle Y A I i P A
AR T ARV B RNV B RV B R AR R (AL
BR LR R M) B X bR W A 8 Dr. Er-

enstofer 2 @] ; MWCNTs , 4 J& > 97%, H & 10 ~
30 nm, K JE 5~15 pm, W [ BTHLT A4 (b BHE A R
Al SE AL 0 PG 2T A iR T

1.2 RBELH&E

UltiMate3000-Q-Exactive i 15 &% W& #H {4 3%-
VOB AT F 37 0 3E B T s AL204-1C B 23 B K
F s Milli-Q #8 4 K & 48 (3£ [H Millipore 24 H]);
Vortex Genie2 T BUJE i IR & #% (£ [H Scientific In-
dustries A F]D s H2s TR (L —EAE A FD ;
TGL-16C #7553 50 Bl G ES O HLA 38 A BR 2
D).

1.3 AR ik o4 B )

43 50 BRI AR A R T 10 mL A
w5 R R BE A 1000 peg/ mL B B
fitt £ W, B BB St A ME A 45 VR, FH Y A RO 2
%10 mL A5 75 RO, FC A R 3 0 TR A AR
TAEW T —20 T URIRAF; LS AR i 32 U2
M BT B b M A A TR ) A R T D B o O
.

L4 &#REsmt

{443 448 : Hypersil Gold aQ Cis (100 mm X 2. 1
mm, 1. 9 pm) s AR 35 Cs sl A S 0. 1% (R
38, R ED U ER-4 mmol/ L FBRER AW B N 0. 1% H
P-4 mmol/ L H iR B~ H B2 W T i - 0. 3 mL/min;
B BRI FLRE :0~1 min, 100% A.1~7 min, 100% ~
0% A.7~12 min,0% A.12~13 min,0%~100% A,
13~15 min,100% A;#EFEE .5 pl; BTG 2510 A EZS
BITURESIH); B MK .3 500 VRSN, ; T
PSR 13 L/ ming B TR IR . 350 °C; B
12 L/ mins B 3 L/ min, 12 Fp 825 B (5 B
L2 1.
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§ N ) pA =i }E‘/\ pA SdI7N o X
R S MR RENE i R ATETIRE e w10
/(m/z) /(m/z)
i e 1 CioHioN;0:S  [M+H]* 4.0 251.059 71 251. 059 75 158. 004 64 0.12
ik g 1 e CoHyN; 0,8, [M+H]* 1.2 256. 020 89 256. 020 97 156.011 52 0.31
WM WA M CH, N0, S [M+H]T 5.6 311.080 85 311. 080 87 279.054 64 0.06
fitf e — W g mEnE CoHuNGO.S  [M+H]" 4.7 279.091 09 279.091 02 186.033 05 0.25
Bl e P4 k% CHe N, O3S [M+H]T 4.8 281. 070 29 281.070 28 263.035 91 0.04
R R CisHisFN; O3 [M+H]* 5.0 320. 140 50 320. 140 59 302. 130 10 0.28
N A Ci7H1sFN;O;  [M+H]* 5.2 332.140 50 332.140 47 342.161 71 0.09
Bk B CigH»2FN; O3 [M+H]* 5.2 360.171 74 360.171 78 314.129 79 0.06
RIREZ Cs0 Hgs NO»s [M+H]* 6.7 916.526 43 916.526 86 772.501 13 0.47
aEER Cy7He7NOy 5 [M+H]* 6.8 734.468 52 734.468 93 576.374 94 0.56
VAR + CaHpN,05  [MAH]T 6.9 837.531 81 837.531 85 158.102 12 0.05
MAEZE  CsHyCIN,O,S [M+H]* 7.3 371.221 03 371.219 36 386. 186 99 0.08
1.5 #Has4 HC10 min, FHBE R # A BGRL R 1.5 mL 0. 154
. . A FH iRk VR L 220, 22 i B <) ok
. AL bR AN 1 BT,
DL 2B 58

(DA ALRR 91K (O-MWCNTs) (1 5

TEEA 10 mL HAHAR .30 mL AR BR 1Y 250 mL
B IA 5 ¢ MWCNTs L SiidE TR 4 h J5 R
FHEG O N BR R v 43 25 FH R 2l 7K b ok 22 v Pk s it
U8 TE 60 C H A THRAEhHET 10 h, #1458 O-MWC-
NTs , [ 4B 20 oK 45 H.

(2) W VERR 94 K 4 (Fe; O, @ O-MWCNTs) 14
il £

Fe; O, @O-MWCNTs 2k H & — 1 7K #4448 i 3
HEATH A BRI 1.5 g KA = E RS 2 g O-
MWCNTs 277 75 mL [ 2 B b o
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TRATRIUE 2 100 mL & FE N 48 1) 3R 1 208 P At
K ROV ZEAE 200 °C R RN 12 h 24 R LR A
ZEIRG RSB LK Z ik 2 bk,
FE 2 THAE 70 C R IFES IS 2% .
1.6 Henar &=k

(1) $EHL

FRICLERE I 5] 0 S I RE i 2 g CREAf 22 0. 01 @)
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Na, EDTA-Mcllvaine (P R 22 th 8D 1 %6 HR- &
ERWIRZHEI 2 min,5 000 r/min L[> 5 min,
WCAE 1 R TP A SN 5 mL SR BOK, T
20 C B KB 20 min 5,50 5 min, §IF W
UARBUR I 0. 22 pm JEIE S FH T 51k,

)k

B—E AR BUR . A 50 mg Fe, O, @O-MWC-
NTs RS % H HCL 8 NaOH # pH & 5,%
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57.96.64. 98, [A B} f& B T MWCNTs #F 1F 1§
25.54.44. 85, F W Fe, O, I FLE £ MWC-
NTs B FRHEIFRBIF MWCNTs 9254,

11000

35.95
10000

9000

gooof  12.88 64.98

17.61
6 30.02] 44.85 57.96
7000

Intensity

6000

5000

4000 1 " 1 " 1 1 n 1 L 1 " 1 1
0 10 20 30 40 50 60 70 80 90

20/Degree

B4 Fe,;O,@O-MWCNTs # XRD B

V-0 A R SR T G 7 T SR AT R e 2
(VSMD IR, 8] 5 H1 Fe, O, @O-MWCNTs R4 7 1]
P R LT S 25 10 8 7t ) R R 5 R R
LB BEE A 88. 4 emu » g ', R WM OB A 5%
R o L N A B R o AR SN L 3 I T Ak
(18 DA i A1 53 v 3 35 DA DTG S IR 1 4 43 5

100

75
50
25F
ok
25F
50k

Magnetilization/ (emu/ g)

75k
-100f

-20I000 (I) 20(l)00
Field/Oe
A5 Fe;O,@O0-MWCNTs #9 VSM H %

2.2 ELIE AR ¥ I E& M (MSPE) # .40

MSPE 3l i3t 1% 1ié ok 9% 1 (5 i 8 W B 5] 7 B
VoV R Ay HI, TE G AR R SE B 43 BT 1 bl ek
B L W BFF RN 56 Mo ek R s B o e [ AR AR R Y O
B, LR R R 2R A R B A R LR B R Y LT TR
pH W B RS ], B H 7 k h MSPE & 3 i 3% 57 o
H AR T8 1 3 5 MSPE B A% 78 P B 454
e i 2 L Se e bt LB S BT T R
2.2.1 VRBEAMRMIEAL

T 0 7 ) 8 Tl 2 B ) e SR W) AR UR B
P 2 RS s IR 2 R IR R 2 25 1
A B T PLE R R A A
5 3RAR T MK AR AR I B, 43 S R T R
HE M 1 7 0] CHP B L 1) 38 R /K 3 370 (0. 1% H IiR-
KO B 55 R 28 W (0. 1% HR-H 2.0 1% H iR-2
)5 Bl B v 7 X 12 i 25 W A v Mo sk R L 4 AR
6 . BT 6 AN, 0. 1% HY R FP I 2 B % Bk
s LR 0. 190 HY R FH A S e Mo s ) 0 2

100

80

20

X@@Q&W""\%‘—
A6 ZBLEA e R AT ERG TR
Stk — %4 0. 5~3. 5 mL A [E KM
0. 1% PR - H 1) 6 BOCRRCRS S el &1 7m0, ok 5
SR AN | B e QR T = N A7 |
1.5 mLEF, ZEIOR 5 5 P 46 252 34 Rk i 751 14 B,
BRI AR, I, 28 & % B P VR I
FIARFI A 1.5 mL.

100

o [ 0mL [l 1.5mL
- 2.5mL 3.5mL

B 7 RERAR 0. 1% P8 FERx 3 BUR 0
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2.2.2 RBP4

Sk SIEER 22 A 43 43 AT PR 0 A X I
FE AT 8 BR, 2 Fe, O, @O-MWC-
NTs &M 10 mg B NE 50 mg, 12 825 ZBFUR
b 20 2% B SR) A A A 60 mg I AR EURIE /)N
Ry BT 22 W S A R I R B 58 4 L SE RS R 50 mg
Fe; O, @O-MWCNTs 1E4 MSPE i3 2 W B 571 1%

100 || 10 m g 20 m o[ 30 mg
(140 m g IS0 m o I 60 mg

" R@W@Sﬁ* O
BS BMASHEREYH A

2.2.3 pH Witk

W) pH 2 H AR 5B W 0 Ak 2 Pk T 0 R
) 2% T R Ay ) 2 S 2R SR Y T pH2~8 3
L PR W R 7910 %oF % B8 A 52 . DN iR R PE pHL BRBE
.12 Bl 2 R UEEE Y UL AR B ER
B EEDEEFAIEFE . MWCNTs %
2 A TR A3 B A K R 2 R AR AR L TR 9 TR L pH
HIRMEREBME(2~5) .12 Fib A Y ER LR
B s pH k85 B8 P 2 8 (5~ 8) , K B % T I
ik, Rt pH Ny 6 1F R etk 5 1.

—o— Tifd [l b 1w
[ —a— i TR
90— fili Bt — AT
r +§§-§H£Fﬁ§%ﬂ%

80
5 70
! L
¥ 60
50
40
30 -
2 3 4 5 6 7 8
pH
A9 pHFEREHH A
2.2.4 W B TE] YOG AL

W Bt Bt 1] S MSPE (1) B3 B 50z —, 3 LU
K I ERF ) LA 3K 1) A BROP- 4 2 v A8 RN
W B, 78 Fe, O, @O-MWCNTs 1 550 mg.
PRI 7R 0. 190 W R-H B, YE AR R 1. 5 mL,
pH N 5 MW BF 2 7, BF 98 T A TR i ) (1~
13 min) & BUR BE I 8] 25 £k 19 5% . R & 10 ] %,

L% BFESFE] 2 10 min B, Fes O, @O-MWCNTs %}
12 Fp 25 W) 1 A5 B0 GA 3] B i (B DR U o 2% RO (] 32
#7410 min.

90

gm0 VOB
" —o— il iz m e

—A— [ S
O Y Ml T P A
> (i J R
R R
70> S AE

60

A, %
%

50+
W0 §A

30F

0 2 4 6 8 10 12 14
WE B IR 1/ min

B 10 WA IR A R 4G o

2.3 Fe;0,@O-MWCNTSs 75 1 5% %

Fe; O, @ O-MWCNTs HA 2 & W B B
PERE , 5236 BIF 5% L B 12 Fofr 524 00 el P v 8. T
B 5E B 1 2 1 ALK AR WK B % Fe, O, @ O-
MWCNTs 3 W5 THEAH 70 C R #2741, 6725
AT R, SR B R, M T EEMHEHED 10
Y S R A 22 /N T 12 %, UL B i 4 R B A 3 4 Y
EA .

2.4 RFHE

3 3 A A 2 5 VG A o VA TR 4 R A
TRV V1 i 1 {1 22 S VT SR AR . 7E A R R
o BB N 0 TR A s VS VR, LA B AL (ME)
= (1— J T VT e b 74 i 2 00 A% 238 /95 390 s v i 2 1)
R X100 % T3 H AR 19 JE T akon L g R SR
B, 12 Fl 25 ME B4 0B 7E 20 %6 ~50 % Z (8], %
A7 A T S5 B A 6 I R0 . TR Ik, S 56 3 e R
D PC 35 2R A7 2 0t 0 BT 5 ik 559 255 S5 380
2.5 FHEFEK
2.5.1  ERMEVE KK H R

AN 1 pg/1.5 pg/1..10 pg/1..50 pg/L.
100 pg/L.200 pg/L [ H AR AL & P18 G b5 #E ) B
T BB, LAAS 0 I3 7 i) 7 06 1T R XTI 1Y) ST A
WeRE i AR 4. 45 KW, 12 Fib & W7 1~
200 pg/L B RIFMLM R R MEREGCHEHK
F0.99. TEXE WP I I R 5N BE Y 12 25018
PRV 43 B DL 3 A5 A5 W FL A e 4t B L LA 10 £5 15
M LU B R S PR L 45 R LR 2,12 L & WA
FR>4 0.09~5. 29 pg/kg.

2.5.2 [ 5K 9% B

A3 AE B E RS SR K & 3 ANk
R 12 Fh B ARG S WIRA AR HEVS W L. 674
B 5 R 434, BEASKOFHEAT 6 K. S5 R,
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H 4 RORT G 38% -5  W BE V R] RS S R 12 b2 5

e 50

12 Fi b &9 0 F 2 il 260 71,3796 ~94. 65 %,
AH XA D 2254 0. 35 % ~6. 37 % (L3 2). e
JIE 500 5 T RE T AL B BE RGN Y R L B ik T
5 MERG I8 A 2R ) 2 AT

I FH A B 3 37 04 7 ¥R X iR 23 St U P gk
T 25, 2R RS 5t o 4 K515 O B I Ji) o e A o 12
T8 2 8 VE O AT L 45 & ZRRIE TR R B T AT
TE o A6 H — 073 B R o 35 A R — T AR O L

2.6 FEFEHRMNT

H 1.3 ug/ke.
x2 FAPLRAEHHEEXR KQHR OKERBENIRERE

ey I3 ZHRY) ot B Sk B Al i 2 AE X A A 2
/(pg/kg) /(ug/kg) /% /%

i J e e 0. 9954 3. 24 5,100,300 82.31.85.26.94.65 2.35,3.25,2.55

i e 1 e 0.9941 1.35 5,100,300 75.46,82.52,86. 35 2.36,2.12,2.32

it Jiie — VP R Ik 1R 0. 9835 2.57 5,100,300 79.97,83.52,86. 18 2.14,1.27,2.16
ik il — VY s 0.9937 0.09 5,100,300 80.56,84.63,87.65 1.86.2.38,3.48
i Jre P 4k 1% 0.9945 2.35 5,100,300 82.65,82.31,82.31 2.58,1.61.4.35
R R 0.9924 1.20 10,150,300 81.21,78.85,88.76 1.15,3.14,2. 26

BN R 0.9922 5.29 10,150,300 85.60,82. 45,82, 57 3.53,2.64,6.37
B & 0.9967 2.36 10,150,300 86.38.80.42,86.51 4.23,3.22,4.15
RIRBGE 0. 9865 1.67 20,200,300 87.25,71.37,82.58 3.18,0.35,4. 38
55 R 0.9946 3.25 20,200,300 82.54,78.55,80.49 2.43,4.56,3.59
PEAREE N 0.9925 3.45 20,200,300 84.62,85.23,86. 46 4,12,3.41,2.45
RS 0. 9929 4.23 20,200,300 80.41,82.65,86. 85 3.25,2.36,3.15

W B P 10 A 25 5% f L) ] 4 Bl 38 %, 2015, 34
3 Hig (12):1 480-1 484,

KBFFE W Fe, O, @ O-MWCNTSs 1E S W Bt 7
T EELEA T 12 R 25, 38 i 0 1k #E  AH 25 E
D73 45 A T 1 BRI AR - R A 03 B
it (UHPLC-Q-Orbitrap MS) , B & i 32 55 T #
BUR S A0 1k i RAEORE L SC BT N A 2 S T &2 B
25 W) 5% BRI P A 5

&% ik
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T oz £ 8 B 7K 53 HUAE 20 oK 18 3R 57
i il & A H 1 gE

KOF L L K, RAFE, FRE, BET,
5 ', REXN, RER

(1. BRVGRMHE K% MRRL 5 TR Be, BePT vE4¢ 7100215 2. o E A KRR S A R & Pl B 43
AR MR L ZPRBE, BRVE PI% 7100185 3. BRPGRHE Ry BB %5 TR S b, BIF /4% 710021

M OEARLHESO AHRTEBAAEZRAA. B mMILRRSEHER AR S
ARG K A (O/W) RASWHIR A KAIRA . KA ZEH B A (TEM) | 35 & 3808 b 3 4 n X
BUCDLS) 5 F B3t 2k K 38 3K 7] 69 BT 50 42 42 VA Bt i3 4 3h M Ak BE 4T R AR, S35 A A AV & 52
iR T R AR R AIE A A NN K BB A, SRR, 4R A KA B A M
W e IR M IR IR L A 250 nm, H23E 90 C Z & A& 100 000 mg/L A ALK A2 G, 3K
HEMRZER R BN LRGN L, ADE E 3 R K AR LA K F e N S
WM VL BB S AR

KGR Ry HAR; M RRIE A AR AR

FES%ES:0633. 14 XEFRERD: A

Preparation and performance of temperature and salt resistant
water dispersed phase nano-profile control agent

ZHANG Lei', MA Bo*, ZHENG Li-jun®*, LI Xin-ru',
MA Jian-zhong®* , LYU Bin®, ZHU Jia-jie* s ZHANG Yue-hong®

(1. School of Materials Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Research Institute of Oil and Gas Technology, Changqing Oilfield Branch Company of PetroChina,
Xi'an 710018, China; 3. College of Bioresources Chemical and Materials Engineering, Shaanxi University of
Science & Technology, Xi'an 710021, China)

Abstract: An oil-in-water polymer microsphere nano-profile control agent with water as the
dispersed phase was prepared by miniemulsion polymerization using styrene (St) and butyl
acrylate (BA). The morphology,particle size and temperature and salt resistance of the nano-
profile control agent were characterized by means of transmission electron microscopy
(TEM) and dynamic light scatterometer (DLS). In addition, the injectability, plugging and
migration properties of the prepared nano-profile control agent were evaluated by sand filling

tube experiment. The results showed that the prepared nano-profile control agent had a regu-

» WrFs B #9:2019-12-20
ELTH WK ARRFEETH (21838007) 5 [ £ 1 KRR Hy A BRZA W) 8 K % 33 H “ 4 Bt B 5000 J5 RG22 5 2808 7= 6 i
HARWF 5T 5 W7 (1602-1-2)
EEBIN K T (1989—), B Bepi vy % N FE S W5 A L R 5T 7 1) K Pk o 3 7 1 48 B = M A 1o
BIRAEE  DE (1960—) B NI K, 082 A0 A28 T, 058 07 1l A B/ TEHLAN KR B2 A bR SC B R KV o TR OE &
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lar spherical structure, and the particle size of the microspheres was about 250 nm. After

treating the prepared nano-profile control agent at high temperature of 90 ‘C and within the

mineral water of 100 000 mg/L,the spherical structure was not destroyed,and no demulsifi-

cation and flocculation phenomenon were observed. The sand filling tube experiment showed

that the nano-profile control agent exhibited excellent injectability, plugging and migration

property.

Key words: water-dispersed phase; nano-profile control agent; temperature and salt resist-

ance; profile control property
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H AT, 3R E RS RHIRE MEGE 2L 1k K KT &
(M EE . IS RIS TR 2 AR 8 Tt L FL B 1
22 PR RE AR AR I R A BOF R F BT
B KIS R AR S R R B KRR
SRR HIAR (4 N T S B AR 25 5 T ) 2 P /K il
T, S BOE AGKIY KR ZGEIEATAR W, I T 5K
HI BT 52 T A RE. PRI, 2 20 S v
(R 7K 3R FF R R, S B 45 K Rl i B Ao

20 K Ak BR R 3K R R G JLAR K R Ak Ok A — BB
TR SR, %t 9 K 3R & ad B e A 4R K AR TR
A 5 0 (T 205 SR, g8 K AR sk 1 IR ) 2 ok A%
A F 90K B0 1 R A W 0REL, BT R 2 I RR
XiF 7K AR G AT B B DN I AR K 3R T R A
R CHATT b 9K SR I 9K ) 3 O A
AR LR TR A A B DL T R 43 Ok Y i
IKILCW /O BTN I ok Ji sk = 10 3 T 0 Tk e ok
BRAE KR FF Sz o FH aed v o 38 40 Hh B0 T A 22 1Y)
[, I HL Rt b B S SO A 7 A B2
ol FH R R A8 25, 550 R R ASE S it 9081 0K it T 2R
BLAS K -

B A 5 3 2o 40 LR A A —
LK g 43 BIOAR B9 7K 4530 5 CO/ W 5 W ek 40 K
PEBR R L 1% S B 0 ek R A K R K 5D K R SR 43
FH 58 BRI T A 7 A B T A I R R R
[ S = S B N T O 2 s
MEREAL 3

i

1 WIS

1.1 XA E5E

(1) E K5

ok B R AN (K12) . b LR R AN
(SDS) .+ = Jt H 28 4t iR 4 (SDBS) | IE T B R &
15 (SO LN KR TS (BA) | 3 B BR B (APS) , 20 BF
ali, REETT R 2# 0 A RA R R8T K, 588
= H il

(2) EEALR

KS-900 U8 75 I 41 ik - HL, 7 B 37 2 A2
B A 7 B A Al 5 TecnaiG2F20S-TWIN % 37 5}
LT 8%, 35 [E FEI 2 #) 3 Nano-ZS90 FY 2 >K i
FE K Zeta B4 BT, 9 [ By IR SCA 5 R Ak 2
RPN LB e B L AR oA KA OB A BR A .
1.2 %%k
1,201 T R4 £k 780 7K 43 HIORH 99 K 8 9K 5510 1 il 2%

0,15 g I+ e BB 5 R H T 32 ¢
1) 5B K A5 215 B — IR A KA. # 15,0
g MR 11.0 g MINIGRR T Be . IRG 5,15
FIVR A AR IR A A I AR A KA L R FL
1k 10 min, #75 ZLALA DI 2R 300 W, TAE 2
s» [B1BK 5 s, il 15 7K 43 HIOFH 24 2K 378 90K 551 351 2L £k 9

#0.15 g IR BRBREMA 14. 0 g B9 2B F7K
o AR B 51 R RK B A% 0. 50 g 1Y B R B
A 23.0 g B EREFKA A3 205 & FIKE W B. ¥
BIEFIKE®R A MA 78 CH 100 mL = 4
HLHLBRAEFE 10 min; 2R 5 8 i 18 % 9 U =) i
100 mL = 1B I A [7] B 5 i 7K 43 80RE 44 K 8 3K
FIHFL A AN 5] &R KB B3 2. 0 b, i in 58
e A8 78 C RN 2.0 h R E =R . kg
Ak A5 i it 470 R 78 7K 43 FBORH 44 K 8 3K ) 2L
1.2.2 Wb iR 78 7K 43 HOM 94 2K 39 3R] 4 A6z )

(1) [ 5 2 )

B PR A MR b, 7 105 C FIEHE, &
&N m, g. 1018 5 AR E IR AR (1 ~2 ¢) i
WGR) L IEH BTN my g FAREAE L 7R 105 °C
TR R A TR TR A I m,
g. VAR A [ i s o

m, — m,

s="—"2%100% (D

(2) R Ak 2R 1) I 5

PR R ARG L 7 105 C FIHE ., g
HF &R m, g MEEMFRERPHRI(~2 9
K5 LT my gl PRI 1~ 2 % T i 4 5
290 BYRE R W oK W, B ST AR AR P,
105 CRMETF T, A T PR AR i &

=
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rEER

% 38 &

N omy g, VIR ) AR EE AL R C O

c="2"" »100% (2)
my X's
(3) BB R A 22

PR L = 0 B IR BE M 20 A ) BRE R
A8 A 258 K wp ok R R E VR Ok JE 8, E 105
CFHE G, PR w5 E ) R R R
A E 4 L BPCh BE R

4 Tt 3k P s G )

i/ 100 000 mg/L A& fk 7K L Ks 3 B 570 FL
et il 5 v B Sk 0.5 %6 B K A B, LA 90 °C g 4t
FE L RCE 24 h, SR BRI A i IR 4 R

(5) Pk M AE A

A3 BB B AL EE S 50 000 mg/L.80 000 mg/
L 2L & 100 000 mg/L ) #H 4k 7K, 7K B 5 NaCl,
CaCl, \MgCl, KCl %4, 8K J5 {fi i = Fh ™ £k 7K K5 7
UK 39 7L 90 T A BE N 0.5 Y0 B K A B0 L TR 12
h, WL BK ) FLIOR A5 Ik FL R B 4.

(6) A O IEHUR (DLS) Pk

K FH 9 [ /R SCZ 7] Nano-ZS90 % 44 3K i Ji
A3 BT ASOT A 5 R s 4 1A A5 S ekt R 2% 8 - /K )
IRFREE S A TR B AR B MR E S 0. 05 %0 . K5 i B
J BRSO B 28 WO G RURL FE A R S
80 50K 550 s 3R 1 R A

(7) 3% 53 B 1 f0E CTEMD P

1 FH 25 B8 1 2K %5 8 3K 500 R O R ORR E U E N
0. 05 % , B 1~ 2 i B 5 9 9K 700 3 A6 4 9 L=, F-fif
FH 105 R X RE b AT e 8, TR S L I SE
FEI A ] i TecnaiG2F20S-TWIN %! % 5 i + &
Fl e YO 2 % 91 551] 14 TR T 55

(&) VA 3R 1 e PEA

PEPE 40/70 H YA FER, 25, 4 mm X 300 mm
RSy R4S i B 20 000 mg/L A8 fb AR i 7%
9250 nm B 7K 43 ECRR 40 oK R K R R R R 0. 2
wt 0 B 7K o BT . % B IR R R M fH 0. 5 mL/
min, LR E N 25 °C,IF B ICHEE, 1 E.

2 HR5iITE

2.1 Kb A AR R xR KA FUiR M AR 69 % e
1 Ay 2T A R0 Ao 288 0 08 KR 7L AR I
Bl A BEIE A S TR VERE RO M. 3% 1 AT, o)
90 DA ot FE R IR L e Bl R ik LA B e
A T A g 2L A TR A A4 0 3 S SPL AR D A
Bl A 23R A 2 AN O U T 3 T {5 7R o 21 ke 9K 7R L
TR B AR AL R R M /N L e B R B
LA TR AT A 98 B 50 LR B I R AR AR, DL ke

Lt 7% 0 > 7L A 30 A5 G 9K R LI OIR L DA
o 5 T8k 1 0 A 2L P R T A 1% 9 0K 7R L R i %
o 1o Tt I 3 T 9% A ) e 2k 9 0K ) 2L Y O s R L
LA

TEBTER P 5 1 » A1 e KL R Ak R FL Ak ) )
51 T 3K F FLIE £5 20 000 mg/L Wb AR B,
T A LR B S L D e SR R A A
Tl 3 T it R A R L Ak R A B 9 3R 5] 3L &
20 000 mg/L W fb 7K Ab 5 L A5 08 F5 58 52 Ul W fisk
BRI 51 A L AT I T 9 9K 57 2L — 52 B9 Pk M fE.
LR 25 5 2 T 0 P 28 ko 30 K ) L o R R
T3 BRI R D R PT Eh v B R L Ak H
ot T T 0 1 A 7K 0 HEORR 40 K 3R 5K 351 5 i et AR

i FL Ak ).
FT 1 RTEE MR F 2 3 IR 7R 2L R AR B B2 i
ok + ek + ek + e Sk
- RN R 4 SR N
o/ wt % 1.0 1.0 1.0
[ 5 4/ wi g 27.3 28.8 27.1
bR/ wit % 98. 2 98.8 98.6
BEIE 2/ wi Yo 5.0 8.0 18.0
YLt/ (mg/L) <20 000 20 000 20 000

2.2 AR\ EEN A E A KA MR R R

Pk H DL e S5 B R 4 (SDS) 1 Sk K 43 i
A K 3K R plad A b i 2L AR R Y SR L AT
T SDS FH S X V8 9K 590 s BR R A% 5 W L 25 R AR 1
Fis. I 1AM %0, 24 SDS & o 3 5K & Y
0. 40 wt Y6 I, P8 3K 7 () kL4229 °8 364 nm; 24 SDS
FHAE M 0. 40 weo R IR I = 0. 80 wtX. 1. 20
wt% 1. 60 wt% & 3.20 wt % 0], 8 3K F 14 k7 75 M
364 nm KK FELE 332 nm.312 nm.261 nm UL %
192 nm. i & B 38 1 98 15 2% 10 1% P ) SDS 19 H &
AL 9 9K R0 BBk A R AR HE 200 ~400 nm Y5 [ P
AR, DA T 4R 1 9 3K 50 X6 AN [ i J2 A 5 A3 7
BE. BLAb I8 B ] A0 b 428 43 A 359 o BRLIGE 43 AT L 3X 2R B
JIT il 2 7 8 9 7] S B A 3

25

—0.40wt%

AR %

1 1
100 \, 1000
HfA(d)/nm

R Y 1Y Ve Lt
¥ 12 69 % 0
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gk R A TR T k2 K S HIOR 94 K 3 IR0 B o S AR fE * 63 -

2.3 &HETF M (TEM) K IE

X e SRR 4 H B 1L 60 w6 il 5 /Y
PR R 24T TEM AL, 25 R W& 2 o, i
2 AL KGR BOER BB AR 290 250 nm, REARE
— BRI  S HCE A, O W R TR LR

B 2 ARF %k TEM B A

2.4 EERA 6 AT IS AR A

B3 b e B R A H & 1. 60 wt 2o il
R IR ERZE 90 °C B iRALBE 24 h Y it IR P
AR g . A 3Ca) . (h) AT, I8 3K 57 fl Bk 2 90
Crfd b B 24 h i, ORI AR 298 250 nm, HA7 R
B 43 B s I 3 (o) L (D Al T, T BRG] Bk 28 90
Crl b B 24 h 5, KBBS54 RPN 558 2
IHER R0 %) BRI 25 48, 43 BOrE oK 52 B Y B2
M), 4T3 AR 52 3 R A 8 43 BOPE L R UL T e % A 2R R
£.

(a) . (b)#: 90 “CAMHE 24 h /il (o). (D)% 90 “CALHL 24 h J5
A3 ARAMRZEHBLENE
# TEM R 4
2.5 REEF & 4 A AR AR M

Pl 4 gt e SRR A TR 1. 60 wt o il

A 1) R SR R R 8 A [ vk BE A Ak K A B RS B B ER
PEREMAZE L. i B 4 AT %0, DAAH A H &2+ = ke
FET IR £ A 3L AL R0 1 £ 00 3R 3K R ik 225 50 000
mg/L B Ak K By AL FH1 R B0 1 A L 2R e R
G5 LA e s R B o LAk TR 5 1 9 3K 7 ek
%5t 50 000 mg/L.80 000 mg/L LI K 100 000
mg/L & kK Ab B 5 . A7 9K PR 45 52 43 10, R B
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FESES TE6S MHktRERD: A

Study on the preparation and sealing properties of
carboxylic acid-type microemulsion

WANG Chen, WANG Jiang-tao, LI Pei-zhi, WANG Hong-fei

(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 improve the ability of profile control and water shutoff, carboxylic acid
polymer microemulsion was prepared by free radical polymerization with the styrene, butyl a-
crylic acid,acrylamide, methacrylic acid as monomers and the polyvinyl alcohol as dispersing
agent. The polymer microemulsion was characterized by infrared spectroscopy. transmission
electron microscope and scanning electron microscope. The sealing performance of polymer
microemulsion in porous rock media was investigated by core sealing evaluation experiment.
The results show that the highest water blocking rate is 95. 49 % , the lowest is 93. 03%. The
water blocking rates are all above 90%. Moreover, the highest oil blocking rate is 4. 96 % and
the lowest is 3. 59%. The oil blocking rates are all less than 5%. The results show that the
carboxylic acid polymer microemulsion have good sealing performances for porous rock
media.

Key words: carboxylic acid type; microemulsion; rock; sealing properties
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W OE o R A AR AN (SAS) Ao s i AR B I AL L Bk 500 (APEGS500) A 2 4%, 5 A v AR &
WA TR = F AR A4 (DMO) Ao = W 38 — 0 ® 2K &40 4 (DMDAAC) A M 4%, & % T % A
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Effect of cationic monomer on properties of amphoteric

coal water slurry dispersant

ZHANG Guang-hua', YANG Dong-dong', ZHANG Wan-bin*, DU Lun',
LUO Jie', NI Mei-le', LIU Jing'

(1. Shaanxi Key Laboratory of Chemical Additives for Industry, Shaanxi University of Science & Technology,
Xi'an 710021, China; 2. Shaanxi Collaborative Innovation Center of Industrial Auxiliary Chemistry and Tech-

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

Abstract: Sodium allyl sulfonate (SAS) and allyl alcohol polyoxyethylene ether 500
(APEG500) as the main chain, with dimethyl diallyl ammonium chloride (DMDAAC) and
methacryloyloxyethyl three Methyl ammonium chloride (DMC) is a side chain and two types
of zwitterionic dispersants (labeled FSJ-1,FSJ-2,respectively) were synthesized. The struc-
ture and thermal stability of the dispersant were characterized by infrared spectroscopy and
thermogravimetry. The effects of the amount of cationic monomer and the amount of disper-
sant on the performance of coal water slurry were discussed. Studies shown that the ampho-
teric dispersant (FSJ-1) with DMDAAC cationic monomer is more effective. When the a-
mount of DMDAAC monomer is 10% (mass fraction) and the amount of dispersant is 0. 5%

(mass fraction) , the maximum slurry concentration of Xinjiang coal reached 59. 6% ,and the

x WrFs B H#3:2019-12-29
EETR FERXARFP¥ESTH(21176148,31670596) 5 BEFE 4 HUH T B 5 S0 E AR H (12]S019)
EHE B kO (1962—) , 5, BEPE R PHN L #0852, W - A S0, 98 9 O 1l 2 AKOHRE 2R 40 1090 ARG I J 25 T i 7K e e R i 2 1
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Zeta potential reached —40. 4 mV, which is better than the naphthalene sulfonate,and the

static stability of the slurry is obviously enhanced.

Key words: zwitterionic dispersant; cationic monomer; coal water slurry; apparent viscosity;

stability
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Study on the dissolution process and rheological properties
of hydroxypropyl guar gum in seawater

YANG Xiao-wu, LI Zhi-gang, WANG Chen

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

Abstract: This paper mainly studied the dissolution process of hydroxypropyl guar gum in
seawater with seawater as the solvent,and studied the rheological properties of hydroxyprop-
yl guar gum. The results show that inorganic salt ions in seawater have a certain effect on the
extension of molecular chain of hydroxypropyl guar gum. In the swelling stage of
hydroxypropyl guar gum,the filamentous structure is first stage,and then transformed to the
layed structure. The viscosity of hydroxypropyl guar gum solution decreased with the in-
crease of temperature and shear rate,and then became stable. The viscosity of hydroxypropyl
guar gum solution in alkaline condition is higher than that in neutral condition,and in acidic
condition is lower than that in neutral condition. Among them, the viscosity of 0. 5%
hydroxypropyl guar gum in the seawater solution is 47. 6% higher than that in the aqueous
solution. The viscosity is stable at 37. 2 mPa « s after 50 s~ ! shearing rate,and remains at
42,8 mPa * s when the temperature increases to 80 ‘C. Viscosity increases significantly when
the pH is 12.

Key words: hydroxypropyl guar gum; fracturing fluid; seawater-based
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The influence of particle size distribution and volume
fraction on the slurry properties of three coals

ZHU Jun-feng', GAO Wei-chun', ZHU Ting', WANG Zhuo-ni’*, JIA Hu-wang'

(1. Shaanxi Key Laboratory of Chemical Additives for Industry, Shaanxi University of Science & Technology,
Xi'an 710021, China; 2. Lanzhou Petro Chemical Research Center, China National Petroleum Corporation,
Lanzhou 730060, China)

Abstract: The particle size distribution, volume fraction and coal type of coal were selected as
the influencing factors of pulping conditions. Under the condition of adding self-made poly-
carboxylic acid dispersant, Huolinhe coal in Inner Mongolia, Shenhua coal and Binchang coal
in Shaanxi province were made into coal-water slurries. The rheology of slurries was charac-
terized by a coal-water slurry viscometer. The particle size distribution and volume fraction of
the three coals were studied by laser particle size distribution analyzer. The influence of parti-
cle size distribution and volume fraction on the rheological property of coal water slurry is
discussed. It was found that the median diameter (D50) of coal samples with different vol-
ume percentages determines the volume fraction of coal samples and thus it affects the rheol-
ogy of coal slurry. The results show that the ratio of multiple peaks to double peaks for three
types of coal can reduce the viscosity of CWS,increase the slurry concentration by 2 percent,

and improve the slurry stability. Furthermore, the average apparent viscosity of coal slurry
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can be reduced by increasing the volume fraction of coal slurry.

Key words: particle size distribution; volume fraction; coal type; pulping concentration; ap-

parent viscosity
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Spacing optimization of multiple fractured horizontal well in shale

oil reservoirs: A case study from xinjiang jimusar oilfield

LIANG Cheng-gang', CHEN Hao-shu®*, XU Tian-lu', SHI Lu-ming”,
ZHOU Qi-yong', TENG Zhi-hui', HE Yong-qing'

(1. Zhundong Oil Production Plant, Xinjiang Oilfield Company of CNPC, Fukang 831511, China; 2. State Key
Laboratory of Oil and Gas Resources and Exploration, China University of Petroleum (Beijing), Beijing

102249, China)

Abstract: The design of multiple fractured horizontal wells and the optimization of well spac-
ing are the key tasks in developments of shale reservoirs. Based on the theory of unstable
seepage,a multi-well numerical model of multiple fractured horizontal wells was established.
Based on the principle of low inter-well interference and full utilization of reservoir, the rea-
sonable well spacing of typical multiple fractured horizontal wells was determined. The result

shows that the accumulation of oil production in a single well tends to be flat when the well
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spacing is larger than 260 m. When the well spacing is 260 m. Based on the curve of cumula-

tive oil production and pressure distribution, it can be determined that the reasonable well

spacing range of the fractured horizontal wells in Jimusar oilfield is about 260~280 m. With

the 260 m well spacing,the cumulative oil production in the five years of production is 52 526

m®. It can be seen that the production of shale oil mainly depends on the production in the

first two years,and the production in the following three years has little impact, due to the

small control radius. This work can provide scientific and effective technical support for the

development of similar shale reservoirs.

Key words: shale reservoir; multiple fractured horizontal wells; numerical simulation; spac-

ing optimization
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Establishment and application of gas channeling identification
methods in buried hill oil reservoirs
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(1. Exploration and Development Research Institute, Liaohe Oilfield Branch of China National Petroleum Cor-
poration, Panjin 124000, China; 2. College of Petroleum Engineering, China University of Petroleum (Bei-
jing) , Beijng 102249, China)

Abstract: The fractured buried hill reservoir is a typical dual-medium reservoir. Active re-
search on gas injection and enhanced oil recovery is of great significance for the development
of such reservoirs. Aiming at the problem of gas channeling in the development of gas flood-
ing,taking the fractured buried hill reservoir in Xinglongtai as an example, the numerical
simulation model of dual-porosity reservoir is established. Based on the numerical simulation
method,the gas-oil ratio in different gas channeling direction is analyzed. The characteristic
curve is used to analyze and determine the source of gas channeling in the actual production
well and the time to form the gas channeling,so as to establish a new,low-cost and easy-to-

use gas channeling identification method for the buried hill reservoir. The identification
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method is used to identify the actual gas well 7-H2 well in Xinggu 7 buried hill reservoir. The
results show that different gas channeling types have different gas-oil ratio derivative curve
characteristics: The characteristics of bottom gas channeling gas-oil ratio and derivative curve
can be divided into five stages,the gas channeling is formed in the third stage,and the gas-oil
ratio derivative curve is obviously downward after the formation of gas channeling; the top
gas channeling gas-oil ratio and derivative curve characteristics can be divided into three sta-
ges,the gas channeling is formed in the third stage, the derivative curve is obviously upward;
the transverse gas channeling gas-oil ratio and derivative curve characteristics can be divided
into three stages,the gas channeling is formed in the third stage,and the derivative curve is
basically maintained. In the 7-H2 well, the gas channeling occurred at about 425 days,the de-
rivative curve was obviously downward,and the gas channeling type belonged to the bottom
gas channeling. It is verified by the gas tracer monitoring method that the identification result
is consistent with the analysis of the actual well's gas channeling condition, which proves that
the identification method has good accuracy and reliability,can effectively identify the source

of gas channeling,and provides strong support for targeted measures to reduce gas channe-

Al OB L s U O vk e S 5 8 © 95

ling.
Key words: buried hill reservoirs; dual medium; numerical simulation; gas channeling identi-
fication
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HALXRD) , 424 & F 2 bt (SEM) 24 50 69 Sh AR 45 M Ao T S0 4T 7 R AR, 2 R AW . RAt AL
Yo K BT 1) Fe iR B ST MnMoO, WA B AN REELA L E YW, KR AKLGH &L
LT VAR F e 2R 89 dh 2R MnMoO), BT 3R 4K L, 500 °C e 2 U5 BF T 41 73 o # A2 B AT,
HAZH 70120 nm 4 MnMoO, %k 4k, suob, ) & 04 B £ It 42 45 69 B fL k42 35
ML ERFABILEZTiA 1134 mAh « g ' 2w oy b2 R A 74, 8% 12 & B 2 A1 8 R
WP, 2 2R G T oA AR/ Mg 2P R RIER KEFRAEEHRBLTHE S
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Preparation and electrochemical properties of MnMoO, nanorods

ZHANG Li-feng, SHEN Ke-chao, JIANG Yong-tao, SONG Yi-fei,
LIU Yi, GUO Shou-wu

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

Abstract: The preparation process of MnMoQO, nanorods by hydrothermal-calcination method
was explored in detail. The crystal structures and morphologies of products are characterized
by powder X-ray diffraction (XRD) and scanning electron microscope (SEM). The results
show that the morphology and aggregation degree of the MnMoQO, precursor were signifi-
cantly affected by the ratio of raw materials, hydrothermal time and hydrothermal tempera-
ture. The whisker-like MnMoO, precursor assembled by thin nanorods can be prepared by
optimizing preparation process. After calcination at 500 °C,the prepared MnMoQ, nanorods
with a diameter of 70420 nm also show relatively large dispersion and good electrochemical
lithium storage properties, The first discharge capacity can reach 1 134 mAh « g '. The cor-
responding coulomb efficiency is 74. 8 %. However,its capacity fading is serious at the early
cycling, which is attributed to the volume expansion and shrinkage of the electrode material
causing unstable solid electrolyte interface film.

Key words: metal molybdate; MnMoO, ; hydrothermal; nanorods
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The high energy density of Na, ;Bi, ;TiO; nanowires/PVDF composites

WANG Zhuo, WANG Xiao-ying, LI Yin-bo., LI Jing-wei, YI Zhi-hui, KONG Meng-lei

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

Abstract: Na, ; Bi, ; TiO; (NBT) nanowires were prepared by hydrothermal method, and the
influences of the dielectric properties, ferroelectric properties and impedance spectrum of
NBT nanowires/PVDF composite on the energy storage density were systematically studied.
Among them.the dielectric properties and ferroelectric properties are of great significance to
improve the polarization strength. The impedance map corresponds to the breakdown per-
formance,and the polarization strength and breakdown strength determine the energy storage
density. NBT nanowires improve the dispersion and compatibility of ceramic particles in pol-
ymer matrix by dopamine surface modification. The dielectric constant of 4. 5 vol. % NBT
nanowires/PVDF nanocomposites is higher (20 at 100 Hz). 0. 5 vol. %5 NBT nanowires/
PVDF nanocomposites maintain a high energy storage density (9.4 J/cm®) under the electric
field of 300 kV/mm,and the potential shift of the electric field reaches 14. 93 #C/cm*. Com-
pared with NBT Cube/PVDF nanocomposites, NBT nanowires/PVDF have high dielectric
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constant,low dielectric loss,high breakdown strength and large activation energy.,and finally

obtain high energy storage density.

Key words: nanocomposites; nanowires; energy density; surface modification; breakdown

strength
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Cr* R B 1 B 5%

SR, 2 4a, A&RKRN

(L BRVGRMHE K% B TRV 5 TR%BE, B 7% 7100215 2. P52 Tolk K% RS 3Be . Bpy 76 %
710021

# ZE:Hummers &4 & T 2B E2H (GO ¥ GO 5 RA A A/ R F# A% (PAPSQ)
i 3F BE AL B ) & GO/PAPSQ A& 4, ¥ L MAER M F th &4 K F&HF(Cr').
7 # & A FTIR.XRD,.SEM % & 4 F &, s} B 41 & 49 GO & GO/PAPSQ £ 4 # #8445 4
AT T AR, BT GO 5 PAPSQ #9 R &b ik vy pH AL R BF ) (Cr' " 36 R A5 W &
TR AR H R, 2R A ,GO/PAPSQ L &MAt& A h Ef B R &M, K485k
PAPSQ 2R &G . MmABRMER T 45 H. % GO 5 PAPSQ ¥ /F S A 20 ¢ 1, R W& N
pH 4 5 B R M2 R4F . AW FE . AWEE R, FHRMNEX 3 282,35 mg/g.

KB RN BN AW RAAA/CRAGFRIIR; S8 EK

FEASES:TQ424.179 MEFRER: A

Study on preparation of GO/PAPSQ composite and its
adsorption property for Cr’"

LV Sheng-hua', LIU Xiang', HOU Yong-gang'*

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

Abstract : Graphene oxide (GO) was prepared by Hummers' method and GO react with poly-
aminopropyl phenylsilsesquioxane (PAPSQ) to prepare GO/PAPSQ composite by amidation
reaction of PAPSQ. The structure of GO and GO/PAPSQ composites were characterized by
FTIR,XRD and SEM. The effect of the mass ratio of components,pH of solution,adsorption
time and initial concentration of Cr’" on adsorption properties of GO/PAPSQ composite
were also investigated. The results show that the GO/PAPSQ composite contains a sheet lay-
er and a cage structure and its dispersibility in the water phase is significantly improved com-
pared with PAPSQ. It is also recovered easily after adsorption. When the mass ratio of GO to
PAPSQ is 20 : 1 and pH of the adsorption solution is 5,the adsorption effect is best and the

adsorption speed is fast and the equilibrium adsorption capacity can reach 282. 35 mg/g.

* WrFs B #:2020-01-24
E£WB ERARBFILET A (21276152) ; BePEFHE TR 4 Z %R 51 F7H I H (2016 KTCLO1-14)
EZ RN B AEEA963—) B e B, i M B . iR TR R A B E AR
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BEAE4E . GO/PAPSQ 543 bR il 48 B HLXE Cr' 0 B4 RE W 5 © 115 -

E MR &M = B R 49 . Mk B MR Cw (H,SO,) =
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(MWCNTSs) # AT FRAL 2, ¥ 2 5 R 0 &M — 5 # & M (PVDF-HFP) 4 2 3% &, 4] & #F 3|
T PVDF-HFP/MWCNTs & & ##. £ A SEM.SAXS.XRD ## FTIR *t 5 4 #F #} 69 # M. 2
MBEAT T RAE, AT A O A Ao gk B 45 34T T 09K, 4 2 A L. PVDF-HFP/MWCNTs £
S A Al F M MWCONTs A T8 mm i K, % MWCNTs ik 3] 3 vol % BF 24+t 4+
A FH T mE 32,5 PVDF-HFP #g 42 73 3 4&; @ ad sk X L H, & MWCNTs
4 FH 1.0 vol Yo, A A M4 £ 800 kV/em T 444 % Bk 2 3.0 J/em® (PVDF-HFP &
800 kV/cm FAEAL Z E ik 2.3 [/cm?®). A LM iX 25 2 &2 9 MWCNTs 4K A T AT 2
PVDF-HFP #4 st 2 o9 B &, R R A B R A M B A TR B & BRIk st % E 6%
KER: EEBARE; LoMAt; N FH; e E R
FESZES:TB332 XHERFRERD: A

Study on energy storage characteristics of polyvinylidene
fluoride/multi-walled carbon nanotube composites

YUE Dong', LIU Xiao-xu®’* , YIN Jing-hua®

(1. School of Electrical and Control Engineering, Heilongjiang University of Science and Technology, Harbin
150020, China; 2. School of Materials Science and Engineering, Shaanxi University of Science &. Technology,
Xi'an 710021, China; 3. Key Laboratory of Engineering Dielectrics and Its Application, Harbin University of
Science and Technology, Harbin 150040, China)

Abstract: To increase the energy storage density of the polymer, MWCNTs, pretreated by u-
sing spray drying were chosen as fillers to modify the polyvinylidene fluoride-hexafluoropro-
pylene (PVDF-HFP). SEM, SAXS, FTIR and XRD were used to characterize the micro-
structure of the composites, the dielectric and ferroelectric properties of the composite were
tested. The results show that the dielectric constant of PVDF-HFP/MWCNTs composite
materials increases with the growing amount of MWCNTs. The dielectric constant reaches to
32 as MWCNTSs content increased to 3 vol% , which is 3 times higher than the pure PVDF-
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BIAEE X BN (1982—) . 55 . BIBVLIR 2 N B WA 58 5 1) IR BE A BB, xiaoxuliu@sust. edu. cn



. 122 - ReHAALESB

% 38 &

HFP. Furthermore, the D-E loops of the composites were measured via the ferroelectric

tests,the results show that the energy storage density of the composites at MWCNTs loading
of 1 vol% is 3.0 J/cm® at 800 kV/cm(the energy storage density of PVDF-HFP is 2. 3 J/cm®
at 800 kV/cm). Results show that the introduction of proper content of MWCNTs could im-

prove the energy storage characteristics of PVDF-HFP. This work is expected to open a new

window in improving the energy storage properties of polymer-based materials.

Key words: MWCNTs; composite materials; dielectric constant; energy storage density
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B3t LED A Ev’" %8 Li;Ba, Th; (WO, )s
BAEIBRAEH

BEK, ETH, LET

(BRPE R oo BRPE A B AL LB i sSE 86 %, BRPE P94 710021)

i E.AASBEMEHEHET — 2% Li,Ba,Thy (WO, ¢ xE0® (£2=0.01~0.06) 4 &
KA AR x FE AKAARLEPLFRABBERESLERNF LRI TT 54
FAE, R R AW EC BFRBAR T Li,Ba, Th, (WO ), M F £, AT RHFHA R
P, fE 487 nm AJ BRI A T .616 nm & A s F Eu' #9°D, >"F, 3K i 6 5% AR 4k A
AR EGTMEERH M EEC B LW TG TH 3 EC" AR ETHA,
HAE =005 B RABEAI RKA KADOABFRLERE =, EHE 275 C s LR EH
Be AR RR, RARERED L ARG XA T H, B, Li;Ba,Th,_, (WO, ); :
EWT (2=0.01~0.06) 2 —F LA B4F B AW 694 & K M.

XK@ .G LED; L& kbl GdE; R n

RE S %S 0482, 31 XEKFRERD: A

High color purity red phosphor Li;Ba,Tb;,_,, (WO,); : xEu’"
for White LED

FAN Guo-dong, WANG Xue-juan, WANG Lu-ping

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

Abstract: A series of Li;Ba, Thy; , (WO,)s * xEu’*" (x=0.01~0. 06) red phosphors were pre-
pared by a high temperature solid state reaction. X-ray diffraction, photoluminescence (PL)
spectra and fluorescent thermal stability analysis were utilized to characterize the structure
and luminescence properties of phosphors. The experimental results show that Eu®" is well
incorporated into the Li;Ba, Ths (WO, ); structure and becomes a good luminescent center,
the phosphors can be efficiently excited by 487 nm light,and exhibit a red emissions corre-
sponding to °D,—'F, transitions of Eu’" at the main emission peaks of 616 nm. The variation
of the emission spectrum indicates that there is an effective energy transfer of Th*" to Eu’"
with the change of Eu*" doping amount,and the fluorescence intensity reaches the maximum
at x=0. 05. The pyrophoric results of the phosphors showed that the fluorescence perform-
ance began to decrease obviously near 275 °C ,indicating that the phosphors have higher ther-
mal stability. In summary, Li; Ba, Th;_, (WO,); * zEu*" (x=0.01~0.06) is a promising red

x U FS B HI:2020-01-01
EETR P& R TR AR5 H (016G Y-142) 5 B4 #0777 53 A S0 g = BT HRI 591 H (14]S015)
TEE BN A EMR 964 ), B, LTS 882 1WA B 58 07 1) OEBUR G R
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Effect of Mo doping on preparation and tribological properties
of Ti;SiC, ceramics

WEN Huai-xing' s ZHOU Hao', HE Nai-ru', FANG Yuan®, JIA Jun-hong'

(1. College of Mechanical and Electrical Engineering, Shaanxi University of Science & Technology, Xi' an
710021, China; 2. School of Materials Science and Engineering, Shaanxi University of Science & Technology.,
Xi'an 710021, China)

Abstract ; Ti; SiC, matrix composites with different Mo content were prepared by hot pressing
sintering process,and the phase composition, mechanical properties and tribological proper-
ties of composites were studied. The results show that the doping of metal Mo affects the
formation of Ti;SiC, in the raw material system. The samples doped with Mo are mainly
composed of TiC, (Tiy ¢Mo,.,) Si, and Mo, sSi;C, 5. With the increase of doping content, the
density,hardness and flexural strength of materials increased at first and then decreased. The
samples with 16. 67at% doping content of Mo have the best comprehensive mechanical prop-
erties. Compared with the undoped Mo samples, when the doping content is 8. 33at% and
16. 77at% ,the wear rate of the material is lower due to the existence of hard phase,but the
friction coefficient of the material is relatively high. When the doping amount is 25at% and
33. 33at% , the friction coefficient of the material is lower, but the wear rate is higher due to
the presence of a large number of pores in the sample.

Key words: Ti;SiC, ceramics; Mo doping; tribological behavior; wear rate
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Study on gait planning of bionic quadruped robot

FU Jing', DANG Hong-she', WANG Ya-bo”, LIU Li-ping®,
RU Feng®, WANG Ping’

(1. School of Electrical and Control Engineering. Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. School of Electronics and Control Engineering, Changan University, Xi'an 710064, China)

Abstract; For the gait planning of the quadruped robot,firstly analyze the general progress of
the quadruped,and obtain the functional relationship between the swing phase and the sup-
port phase,as well as the torsion angle of each joint. According to the above conditions, the
friction coefficient between the foot and the ground,the driving function of the joint and oth-
er parameters are determined to determine the step planning sequence of the quadruped ro-
bot. The virtual model of the quadruped robot is simulated by MATLAB and ADAMS, and
the slow walking and diagonal trot are collected. The running state, through the simulation
and experimental data parameters, analyzes the operation of the quadruped robot planning
scheme,and [inally verifies the experimental results on the physical prototype. The experi-
mental results show that the quadruped robot with inner knee and elbow can complete the
simulation action,the speed is about 35 mm/s,the vertical undulation is small, the lateral sta-
bility is good,and there is no large offset.

Key words: quadruped robot; gait planning; MATLAB; ADAMS
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Numerical simulation analysis of radiator for a low speed
electrical vehicle based on STAR-CCM +

TAN Li-bin, YUAN Yuejin® » XU Ying-ying, ZHAO Zhe

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

Abstract:In this paper,a radiator for a low-speed electric vehicle is taken as the research ob-
ject. Based on the computational fluid dynamics method, STAR-CCM- is used to analyze the
flow field of the two radiators,and the results of the flow field distribution under idle speed
and the maximum speed (45 km/h) are analyzed. The results show that the overall cooling
air distribution of radiator in scheme 2 is worse than that in scheme 1.and the cooling air dis-
tribution of corresponding condenser is also worse. In terms of cell relative velocity distribu-
tion, the cell relative velocity distribution of radiator in scheme II is slightly worse than that
in scheme I,and the cell relative velocity distribution of condenser is basically the same; the

quantity of cooling air entering the engine room from above and below the air inlet grille is

* WFS A HI:2019-11-20
ESWMAB :FHEKARFFIESTA (51876109 s BE |+ =1 7E WA TR HF IR (2017 YFD0400902-01) 3 BEVE 44 B BrRL% &
PETH R H 20500 H (2020KWZ-015) 5 B P44 /5 4% 3 47 Q187 A BA IR H (2019)
PEH B RALGK (1991 —) . 5B BRI, AR, 76 B2 1 5 28 L W5 07 )« VAR TR S I 14 ) 2
BIAEE R B A975—) B WM N 28 AR T W, W58 07 1) ARE R A S TR ER L yyjyuanl @163, com



. 146 - ReHAALESB

% 38 &

basically the same. Generally speaking, the cooling air distribution and cell relative velocity

distribution of radiator in scheme I are better than that in scheme II,so it is suggested to use

scheme I to carry the whole vehicle for road test;if scheme II is adopted, considering the

structural layout and performance,it is suggested to Improve the structural parameters of ra-

diator or increase the fan speed to improve the air volume of radiator to achieve the corre-

sponding cooling effect. The research results of this paper can provide simulation data sup-

port and theoretical reference for the scheme selection of vehicle radiator.

Key words:radiator; flow field analysis; numerical simulation; STAR-CCM+
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Influence of laser scanning distance on the surface of
SLLM 0. 1 mm stainless steel sheet

LI Jun, YANG Li-jun”, ZHENG Hang

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

Abstract : In this work,316L stainless steel samples with thickness of 0. 1 mm were fabricated by using
a selective laser melting process with laser power of 72 W,layer thickness of 0. 03 mm,and laser scan-
ning speed of 400 mm/s. Special attention was paid to the effect of laser scanning distance on the sur-
face hardness and roughness. The results show that with the decrease of laser scanning distance,the o-
verlap of each layer increases,and the most optimal laser scanning distance was 0. 03 mm. When the la-
ser scanning distance is more than 0. 03mm,the weld bead overlap is insufficient and the sheet is diffi-
cult to form. When laser scanning distance is less than 0. 03 mm,the overlap of the melt path is exces-
sive,and the surface of the sheet appears spatter and over-melted; otherwise,the sheet is difficult to be
formed. The surface hardness of the flakes increases with the decrease of laser scanning distance,and
the surface roughness (Ra) of the sheet decreases first and then increases. The surface roughness Ra
presented a peak value of 7. 439 ym at the laser scanning pitch of 0. 03 mm.

Key words: selective laser melting; 3161 stainless steel; laser scanning distance; surface

roughness; surface hardness
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Multi-Loss GAN B2 8 . B af, £ B8 A& s -, @A A 5] N3 )2 — 4 fe Wasserstein JE & A 44
EEANG; ERES IR, A XEFMER Vggl) AR MA S HNRMEZF A
Z‘\\ﬂlﬁf’*flﬁ%Wﬂfl%‘iﬂE'r#kfri%%ﬁ%uimﬂ‘ni%é‘ﬂ/ B AR, &G CelebA #¥EE EHITX
T AFEE. &R 25, Multi-Loss GAN #& F DCGAN 7 #% 4= GLCIC 7# % £ PSNR #= SSIM
J:éy\ﬁ']?zﬂ‘o 6~2.0 db,0.01~0. 05.
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HES XS TP391. 4 MEERES: A

Image inpainting method based on Multi-Loss
constraint and attention block

CAO Zhen, YANG Yun", QI Yong, LI Cheng-hui

(School of Electronic Information and Artificial Intelligence, Shaanxi University of Science & Technology, Xi'
an 710021, China)

Abstract: To solve the problem of inaccurate reconstruction of content, style,and detail fea-
ture of the semantic image inpainting model based on the deep convolutional generative ad-
versarial network and the problem of instability of model training,a Multi-LLoss GAN model
combining residual blocks and attention blocks is proposed. Specifically,in the image genera-
tion phase,the spectral normalization and the Wasserstein distance are apply in the model to
stabilize the model training,additionally,in the image inpainting phase,to help the model im-
prove the final inpainting effect, a difference network which provides difference loss and a
Vggl9 feature extraction network which provides content and style loss are added to seek op-
timal code. At last,a lot of simulation experiments have been carried out on the CelebA data-
set. The results show that the Multi-LLoss GAN is improved by 0. 6~2. 0 db and 0. 01~0. 05
respectively compared with the DCGAN method and the GLCIC method on PSNR and
SSIM.

Key words: attention block; difference network; Vggl9 feature extraction network; spectral

normalization; Wasserstein distance
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H*W*C REWEAC

H: LM E W: BUEEE C: RHAKEEH @ FMEM

B3 E&EAMNH

Hi &1 3 AT LA B, 1 S 0 2% i — J2= A R
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SSIM 0. 801 0. 859 0. 857 0. 862
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3.2.2 Multi-loss GAN(MLGAN) 1 fig 52 56
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Research on particle swarm optimization algorithm
based on nonlinear decreasing inertia weight

LI Yan, CHEN Qian

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

Abstract: Aiming at the premature convergence of particle swarm optimization (PSO),it is
easy to fall into local optimum and slow convergence in the optimization process. This paper
proposes a new adaptive inertia weight particle swarm optimization algorithm (AIW-PSO).
Based on the PSO algorithm, the algorithm uses the nonlinear decrement strategy to adjust
the inertia weight,so that it has the global and local search ability of the balanced PSO algo-
rithm. When the algorithm appears premature convergence,the optimal solution of the popu-
lation error is used. Do random perturbations to improve the ability of the algorithm to jump
out of local optimum. By comparing the algorithm with the other three improved PSO algo-
rithms by means of six standard test functions, the results show that the AIW-PSO algo-
rithm can get rid of the local optimum and obtain the global optimal,and the number of inva-
lid iterations is less in the optimization process. Both convergence rate and convergence speed
have obvious advantages.

Key words: particle swarm optimization; local optimum; inertia weight; adaptive; mutation
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The rulers theorem of spectral radius of uniform hypertrees

XIAO Peng, DU Yan-fei

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

Abstract: In this paper, we determine the uniform hypertrees with the first two largest and
the smallest spectral radii among all hypertrees with given number of edges and maximum
degree,respectively. Let p(H) and ACH) denote the spectral radius and the maximum degree
of a hypertree H,[ x ]~ denotes the largest integer no more than x. Furthermore,it is proved

that,let H and H' be two k-uniform hypertrees with m edges and ACH)>A(H'). If ACH)=

':2771 —1

3 ] -+ 1.then p(H)>p(H/).
B

Key words:rulers theorem; spectral radius; uniform hypertree

0 35

ill}

B H=V,E) NE n AT M m 5008
B HP V=VHD) =Gy sus s su,) S n DT
TEE E=E(H) = (e, 55 5e,) N m iyt
oW u BHEH W — AT H S T w 1Y
R A TS w Y FE 1A d Qo T ACH) 3R
K H B8 KB, Y d ) =1 B BRI o B A

x WS B #3:2020-03-18

BB B X 1 <<i<n.il d: =d(u) . FK
BTN () o dy oo d,) IR H Y FE 5.
Wy suz s sug HEBE H W s + 1B PIAS R 1Y
TS ey sersmve, WEBEIH s ASPIPIARFM A,
WS 1< i < sHA s ) S ey WIFR S 38 HE
FEA P =y ser sty s st sty sy stlorr ) — SRIEHE
TS g gy BB s ROREE P I BE. 254
M H A AP TIS w Ao BRI AE — SR i 15

HEEWMA :EHZRHARBEESTH (11901369) 5 BEITA BHET B B #ILREDFFT TR H (2020]Q-696) 3 BEVT & HE T & W R F i1

I35 H (17JK0106)

EFEB T :-H MA982—), B, BREGPTZ A, YR, 1, B85 1 P A gk



503

HoOMWE A —EOH I AR 0 b RUE H « 173 -

u Flo BB AR H 2. A E H &5
RIS e AT AR H Rk - —SBGE K, Hor
k=2 k=20F,2- — B EE G B, % H R
AL 0 A THAURT m 45300 1) 738 - — BB, Y n =
(k—Dm~+ 18R H E—H b —E0E M,

2005 4F . SCHRCT, 2] AS7 M4 T ok R AE (i
PIHER. LG — B0 B 7E 5K i 328 T 19 F#AF (E 7]
AR E] Tz e,

W= (a2, x,)" JB—"n 45 m &, T
B—A k=28 n dEkE ] Tt RaRn—1 n 4
i, B NITEN

(Ta* )= D) Tiwpa,x i € [n]

iy ,-".ikE:u]

Horp [n]={1,2,,n}.

BT H— k=20 n 50k RE—1
BEAMAEFEI B 2 = (2,205 s2,) T fIf Ta*!
= RS URR A RS T M — AR« S
JeiE T XF BT 4R AE M A A9 — 4 AR A,
T = e DT R R T B R R
TEAEFR N T 3SR 3L AE (T LB
o(T) =max{| A || T2"" =x"",2 #0}.

% H Na DTS —BCBEE,H 145K
HAD E—A k Brn dE5k i, ik ACH) 1%
(iyyiysornsiy) TOEN

ACHD ) e, =

1
(k—1!
0 0.

W H Nk —S0EE R H Ak E A CHD [
RO E H Mk R, 2 fE o(H) =
p(ACH)).

R PR 1 3 2 728 s o R i i rh — S Y
SR AE R L 4 25 RS 1 A2 HE T 9 1] B9 K
HAFST. SCHRLS5-7 78 45 5 TS B0 — B0 o, Z1
Y A A BT\ K AE B — SO RE. SCHRES 1 7E
o5 7E B P A 1) — SO T 0T TR R A B iR
EH A —EOBA. 23] Fk TAER S & AR SO 14
SE T BOR e K BE 1) — BSOS T, 43 J31) 22 1 5 2 4%
HE e KR /IME 1) — B0 B 3F— 25 EB T —
FOBA T 2 42 0 b ROE B, % B B T — A
B R A — BOB M RS AR R T AL

(i1 aizs"'vik) 6 E(H)a

1 F& iR

N T WRIR EBELR L R R 4 — LT

H.

EN 1 Wra=(d, dysd,) 7= d,,

) AR BRSO R D d, =

i}ii,ﬂx¢1>]‘>n—1ﬁ2d< EZLJHJ K
L il E o .

HK[ 8] X T BFS-—EU#EH. % H=(V,.E)
AT R v, 19 b —BOREME. U 5 A 7 TR
BV H—DRFRRC< T m A A &0,
AR XA B A T4 Vg BES-HEF.

(@) B u<o W hCw) < h(o);

B HFu<vMdw =d);

() Wlusu,} CTe € Ev{vsv,} Ce, € E,
hw) =h(u) + 1.0 =h(o) + 1,0 uy < vy

() WAL e ={wr suz s+ ouy ) € E R
u, <y < 0 < IIAFFETE o w, <0<
w2 <P <k —1.

XFF—# b —BOEM H L WE H IS A7
1E BES-HEF  WFR H N BES-— S0

W e —BUEN TS, T, #oRTa
FEFH R m ) k- — S A E G

SIEE 1 ¥ N b -—EE A B AL
BFS-—ZUB R 7E T, e — B35 2 42 1 fi K fH.

SIEE 2 & xR & AN [E] Y R 8 P
5, H FUH 43 907E T, KT, oS0 42 1 ok
. % =<7, U p(H) << p(H) .

WP = (usersttssrse,su) N b —BOHE K
H ST ) Ay BB Q02 d (uy) = 3, % HE:
BT w € e \NMuisun ) (T<i <) #H d(w) =
20d(u) =22 <i<<s) K PRE—FKKENs 1

B
W HRA—A @ e —B0E R, u flv & H
WA TS AR SR p Ml g B B B o3 I HE 7

T w Mo, 52 E Huw,vsp.q). 4 u=v i,
Hu,vsp.q) fich HCus p.q).

513 37 & H e —BEW,u flo
JEMABEB N d TR, M o<d<1l.p=q=>1
B, oCH (usvs pag)) > o(H (usvs p+1.g — 1),

WG=(V.E) N 2- —5HME .- —HHE
H=("E") H Gk KRFBE, K

Vi={V U (U ldeasieasrvicna D) s

Et={e U {i.isiosvicis) | e € E},

ERLITIA T G5 H kR Em L A&,



< 174 ReHEARESB

% 38 &

5184 WGRER—-2- —HHE.HZG
() b AR U oCH) =p(G) 7
H=(V.E) fl H=(V',E") N/ b —3
ME RV CV.ECE VWK HEH T
K. #% HZEH WP@BEIFEH # H UK H 2
H' WETBEHA.
SIEE SY & H M H ANBA @K k- —5
HE. 7 HEH MEFBEN o(H) < o(H).

2 RESKEREFEIAAN BN

W TOm,Ak) S m B ERKERA W
- —EHUHEMHRES, T I—m KDk —
HEW, A i 1=m K1 R, (2] FOR
ANKRT x B RIS

A1 k-—%8R TY
BT —HEm SR, W

51 6

p(TZ) :J%(m S =)
2. TEE P31

1:‘ s 1,e0,1 )
F

EHE1 FA>

r=(A,- --,A,m+<1—m[’”

1 —
[Al P nCh—1)— [AI]F
1 BES-—ZGBH H £ TGn,ALk) tiﬂuﬁ B 3%
A48 1) e KA.

R AT —HE S H ARME—80ERM H €
TG Ask) JH 7= (dy ody oo od,) Foos H T
5”7,\':':'n—7n(/€*1)+17'*7HE/JTﬁ'5§5I

M o=x W ARSI E 1, W p(H) < p(H).

Yo £ w W H BEFI & = (dyody s ad,)
T A

max{g, }=A
1==i=n

di=1,1<i<n

Zd =mk.

ﬁEJ?AIEHQTr{&leE RERF &=

(dysd, s+ sd,) ) BES— SRR ARIES 3 1 F5
B2, ] A
p(H) oC(H) << p(HD).
iE .

T 2 &A>[’”;1} W T, fE

TOm, A k) HME— BRI 42 A B KM, B

p(T 0 0) = (m /= A= D=0 j :

iEBA RO SCRR[ 8] b BFS-— BB R A4 i
A || T R

2
(Avm—A+1.1.-.1) B BFS-—Z0HH.

FER—BRYE T, o AFE—B0BR H €
T(m 5A’/€) ’E%%EE n(H) q W(T(Ali)l,mfﬂ)~ *E*E%I
2 53 4 F151 3 6, A Al

p(TS ) = (me m24(A1)(mA)jA

2
> p(H)
‘iEl:b
w TA Vo1 H—HRE m 2 b -—BUBER L 0
El 2 fios.

B2 b —H8BKTE ., s

£33 ﬁA>[’"+1],B‘UT‘” L A

RS TOn, A k) HofE—BUE]E A2 19 55 — KA.

ERR AT — R E P © = (A.dyody s s
d) W —8#BMN H € Tun AON{TE s s

Ot s HP n=m(k—1) + 1.

Mdy=m—A+1W . Hd = =d,=1. 1
P SCHR8 ] BFS-— SR A 1 44 1 7 vk Fn g 28 1,
AN TS, s 7E T, rpifE— BB RS 2P 42 1) B K AA
B oCH) << o(TS, ,ma1).

M, <m—ABE (D <Lx(TE, ., 0) 1R
P B 2, 0] A1 oCH) << p(TS, 0 am

HEEE,

3 KERAKEMERZR/NN—BEN

W By e —m S HEKRENA e -—3K
R a3 s,

EE4 WAZ=2,0 B TE TOn,Ak) HHE
— HUE) 1 A2 1Y) B /M.



503

HoOMWE A —EOH I AR 0 b RUE H < 175 -

PERR % H, 76 TGn, AL k) HfE—HL B3 1%
B /ME s H d(uy) =AFEUE Ho 21 A 56—
N FET A5 B B A Y.

B3 k-—xL2H BY,

B Ho FAE & 3 AR A sE KT 2
S 5 T AL TS w, Y30 . I 7E X 26 1 v i
PE— 2 500N wo WE R ICAE e

THIE 1ie, 18 3 MR RHE AL

KR e A8 3 N HERHEAL T Hy R 7EREAR
— UM H B AH SR TS S P K R p
Mg BH P FQMEIN, Hrf p=q¢=1.00 H,
= Hu,vs poq). IETIHE 3, 77 4F —HEH W H =
HCusvs p+q.0) i p(Hy) > o(H) ¥ J&. Witk
H, RS 3 AR B4 S,

I 2:e0 LA EERT 2 T AL

ey BPMEINERT 2T w )y, H, 52
TE AR — SO 80 TS w23 SR P K EE N p Filg
) B P RIQ GBI, Hh p =g = 1. N 5| 38
3, AR E — MM H = H(us p+q.0) il p(H,) >
o(H", T,

i LRSI AT A, H, Rl A 5F M
— S LT A I A R, P R S 3, T H
= Byh.

IS,

fBl1 & T(6.4,3) ={H,,H,,H,.Bs" }. 10
K4, a4 H, L= H € TG4,
D\BE) A o(BS) << pCH). F52 b3 i Bt i
AT o(BS) & 1.535 2,0(H,) ~ 1.587 4.0(H,)
2~ 1.564 7,p(H;) =~ 1.551 1.

H, H,
A4 3-—x%MH BS.H ,H,,H,

4 —HEBMEFRENIARER

AT AR FELER, B SP hm KB
k-—EE .
EMES W HMH NWEEm &k —80H

L H ACH) > ACHD. 2 AH) = [2’”3—*1} +
C

1,0 pCH) > o(H).

IERA i ACH) =A" &SSP, & By 1y
L AR S 5 AT

p(BLy ) = p(S¥) = YA +1 .

WAEEH 4 A
(O(T(Ak;)fl.mﬁﬂ' =
mA/m? =40 —DGn—A) )"
; .
Kok,
m(m+ m24(A2/1>(mA/))k<:>
, 2m—1
e
A= 3
Eh%}iz%u%1$4,§A<H>>[2m;l} +1
C

i oCH) = o(H').
TEEE.

T 5 MR PR B B
AT [ vt R L)

BB TIOR N, B0 | 2|

AR —AhR R W Z0 B BT L B 5 Bkl — S0 A
W AR RGE R, TG 2 A6 3 4l TR R
S BB 7 1k

Bl 2 W H, FH, IR 4- — S0 R anE 5
Fi~. B ACH,) =7,AC(H,) =6,k=4,m=8. R
W 5.5 0 o(H,) > p(H,). 5L I8 i 5l
HWHA o(H) A~ 1.635 9,p(H,) & 1.593 6.

2m—1

A5 4-—x58B# H, # H,



+ 176 -

ReHAALESB

% 38 &

B3 & H, fl H, AP 4- —Z0B R,
6 i, Horh ACH,) =14,A(H,) =13,k =4,m =
20 MRYEETE 5, 5 M o(Hy) > p(H,). FH L, il
HWBUETT A o(H,) = 1.950 7,0(H,) 2 1. 934 3.

S

TAVATZOXTATAC:

B6 4-—sMHu H, #» H,
i 2 A 3 ET LA L AR H B A R
(AR N A RUE BRA T — A A7 B ARG L
Bk, Mg 4 B, E B S P g R

[@§1}+1%%wm
)
B4 &m=7,H=B" ,H =T¢". T35
A<H>:5,A<H/>:4,[%] —5, A2
)
p<H>p<H/>(7+2 “3)

5 &g

A SCAE S R TE I A5 2000 T 5 £ i
W9 — SR I 48 1 T 95— SRR 9 12 5
IO L 200 T 34 /1 ) — B Y.
) T — SR B P O PR RO T VR S f1

2t [ 2| R

7 B 0 Bk A T 2 |

W B AT AR A9 /N AT DU AR D LA E AT Y
R,

2% Uk

[1] Qi L Q. Eigenvalues of a real supersymmetric tensor[]J].
Journal of Symbolic Computation, 2005, 40 (6).:1 302-
1 324.
[2] Lim L H. Singular values and eigenvalues of tensors: A
variational approach[ C]//1st IEEE International Work-
shop on Computational Advances in Multi-Sensor Adap-
tive Processing. Puerto, Vallarta: IEEE,2005:129-132.
[3] Cooper J, Dutle A. Spectra of uniform hypergraphs[J].
Linear Algebra and its Applications,2012,436(9):3 268-
3 292.
[4] Nikiforov V. Analytic methods for uniform hypergraphs
[J]. Linear Algebra and its Applications, 2014 ,457;455-
535.
[5] Li H H,Shao ] Y,Qi L. Q. The extremal spectral radii of
kuniform supertrees[ J]. Journal of Combinatorial Optimi-
zation,2016,32(3) :741-764.
[6] Yuan X Y,Si X L,Li Zhang. Ordering uniform supertrees
by their spectral radii[J]. Frontiers of Mathematics in
China,2017,12(6):1 393-1 408.
[7] Yuan X Y,Shao J Y,Shan H Y. Ordering of some uniform
supertrees with larger spectral radii[ J]. Linear Algebra
and its Applications,2016,495;206-222.
[8] Xiao P.Wang L. G,Lu Y. The maximum spectral radii of
uniform supertrees with given degree sequences[J]. Linear
Algebra and its Applications,2017,523:33-45.
[9] Su L,Kang L Y.Li H H,et al. The matching polynomials
and spectral radii of uniform supertrees[ J]. The Electronic
Journal of Combinatorics,2018,25(4) :4-13.
[10] Xiao P,Wang L. G. The maximum spectral radius of uni-
form hypergraphs with given number of pendant edges
[J]. Linear and Multilinear Algebra,2019,27(7):1 392-
1 403.

[11] Zhou J.Sun L. Z,Wang W Z.et al. Some spectral proper-
ties of uniform hypergraphs [J]. The Electronic Journal
of Combinatorics,2014,21(4) :4-24,

[12] Stevanovi¢ D. Bounding the largest eigenvalue of trees in

terms of the largest vertex degree[ ] ]. Linear Algebra

and its Applications,2003,360:35-42.

[=EHE:BF ]



