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Fractionation and structural characterization of lignin in
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Abstract: Lignin is the second largest renewable resource after cellulose in nature. However,
due to the complex molecular structure and uneven relative molecular weight of lignin, which
reduces the application value of products. In this work,the green biphase system composed of
7-valerolactone and deep eutectic solvents (choline chloride and polyethylene glycol) was
used to fractionate the lignin,and water was used as a reverse reagent to gradually precipitate
the lignin fractions with different molecular weights. Fourier transformed infrared spectros-
copy (FT-IR), gel permeation chromatography (GPC), two-dimensional nuclear magnetic
resonance spectroscopy (2D HSQC NMR) and thermal stability of different lignin fractions
was measured. The results showed that compared with the original lignin structure, the rela-

tive molecular weight and polydispersity of lignin fractions were significantly decreased. With
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the gradual increase of reverse reagent in this system,the molecular weight and S/G value of

lignin fractions showed a decreasing trend, while the content of guaiacol units increased grad-

ually. The y-valerolactone/deep eutectic solvents can significantly reduce the polydispersity

and structural heterogeneity of lignin.
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Preparation and structural characterization of TEMPO-oxidized

bacterial cellulose-based nanocomposite gel

QIAN Xin, XU Yong-jian

(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, Key Laboratory of Paper Based Functional Materials of China National Light Industry,
Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract ; Oxidized bacterial cellulose (TOBC) @cadmium sulphide (CdS) nanocomposite gel
with high CdS loading percentage was obtained through microwave-assisted solvothermal in-
situ synthesis reaction. The results of FT-IR,SEM, EDS,XRD and Raman revealed that cell
receptor-like cubic CdS nanoclusters were mainly attached to amorphous region of TOBC f{i-
ber via complexation of carboxyl group,which forming stable organic-inorganic hybrid struc-
ture. The high-efficient and sample method provides new ideas to prepare nanocomposite cel-
lulose gel.

Key words: TEMPO oxidization; bacterial cellulose; CdS nanoclusters; nanocomposite gel
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Bt 29 A A AL 47 UKL (CdS nanoparticles) T2 3] T
BC % i B BT I, il 45 1) BC @ CdS 94 Kk & & %
JEH L TR AR RS, BT LS BT BC S
Jo b o A ) B 2 O AT X L E — e TR B R
T BC@CAS k& & By B & . h T i —
A CdS 78 BC #E e b 8 &, B e R 2,
2,6,6-DU H FLOR BE-1-%0 4k 9 A 1 3 (TEMPO) 4
FEALIE X BC He it A7 S Ak 15 B 45 & Ak ) iR
154k BCCTOBO) s #541 ] TOBC Jy it . i i il
A Bl ) AR AL R K CdS g K R T 2K 3
TOBC K& 1 b, i il &t CdS 4% & 5 & 1Y
TOBC@CS A4k 52 & #E e, 3>k H] FT-IR.SEM,
EDS.Raman %X} TOBC @ CdS 44k & & ¥ it ik
F13R1E.

1 Lo

1.1 2ZHM45&A

TR LT AL 2R W T R AT KR I A R
A Z A AR (NaOH, 23 B2 , A6 5% (CdCL) (R
AB4H (NaBr) YK & R 81 (NaClO) , g [ K BT B 2
R Ak 24 3750 A7 BR 28 7 5 B Ik (HL, NSCNH,) L B K Z
i (CH; CH. OHD . 1 [ K HET & 545 40 4k T/ BR
v F s TEMPO 5], 1 A 5 Sigma 23 A.

S 2% B K X R H o R A3 B AL RE 4l K P
RO BK, K Bt br AR F o B %58 58 = A K
(GB6682-92) =K brifE, L FH< 20 xS+ cm™
(25 °C).

1.2 ZZEME

X 8 £k i1 #F{X (D8 Advance, % [H fi & 7%
Bruker 2 ®]); $ii 2 Ot 1% (DXRxi, 3£ [H & 3 €
Thermofisher 28 ®]) ; 14 f F W fl 58 % BE 1% X
(S4800. H A% H 57 HITACHI 4 75 VEGA-3-SBH. §
W EH TESCAN 4 s 8 BL 21 Ak ot 1 AL
(Vertex 7071%@11?%% Bruker 2 &) ; #0% & A&
¢ (monowavel00 , K F W22 2R A28 7).
1.3 TOBC # % %

K A P R TEMPO A S 8 Ak ik sk i &
TOBCHLER QN 1 fr )™ ARy i F - Bl—
SE BC %I 2 HE BEHEK J5, 35 B/ iR H 3R A
TEMPO/NaBr(0. 06 g/120 mL)IR& W T, 745
%ﬁ?#/tmi@’jﬁﬁu\ﬁmﬁzkizm W—EH 0.6
mol « L") NaClO ¥ . 76 88 75 3 4l B T 238 m
A BRI s AT TR A AR AR RN [R] 0 A
Z pHAE.H 0.5 mol « L 'Y NaOH {ﬁﬁﬁ%%
K& pH AR EAE 10. 0~11. 0 Z [a]. [ —
BF 1) S ) YR A W i A — %7J<ZE;%J}:J§
R A 0.5 mol « L™! HCI vfhu pH N 7.0. 1T
PRI AR S 1 BC B M . 28 58 4 VR S . RIS 3
TOBC #Efz o,

( N-OH
CHO
{ N-O- TEMP

NaClQ~ Ndlil>
+N=0 CFEOH
OH

B 1 TEMPO ﬁ%zu%éfréﬁ%#mgﬁfﬁam
1.4 TOBC@CAS %Ak & 4% ik 09 ] &

BRES RGN TOBC BIE A CdCl, &
BRIV W (v/ v 2/3) v, HILAR AR FF 0 BFEF- 45 )5 T
EETFIKRE vk 3 I, 2 B 22 10 oA W B [ e 1Y
Cd*" . BRGS0l B %5 390 4k it 467 & B CdS
oK R 2] TOBC B LB W fff Cd 19 TOBC
BERC I NG SR BE S 12 1(CdCL, - B IRO (19
IR Z K (v/ v, 2/3) IER BT R E AP
N AR 2 A OB 2 L K B B R 1S
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B L . TEMPO S AN 27 4 R I K 025 BER Y i 45 S 45 H R AE <9 -

TOBC@CAS 94 K & 4 #E e, il 7 o 72 w529 an &
2 s,

B2 TOBC@CAS %k 8 & 4 k4 &
TR F EYHE
1.5 TOBC@CdS #h K Z &%k CdS #i &z al
4
CdS 19 11 2 AR 45 A 20 (D 1153 i 4%
Wioe —Wio
o
KDOF W, B CAS HEDF %3 Wioe N
TOBC@CdS Ak 5 BEM M4 T Bk, g Wao N
TOBC BEM 24T i i, g.
1.6 HALSZTMNE
S I SAL BB PR S0 40 12 U 8 TOBC 1Y 2
St BRI A (2) .

iﬁ%@i{vl—( ﬁ‘?%‘ﬂxcx

W, % (CdS) = X 100% (D

4.ﬁommol/l()()g FE (2)

X2V Ry as R R b o A
FlomL; Vi, T 5 8 VBORE FH 3R 19 b o 1 TR AR B
mL;C i HCl Ar MEE W W, mol « L™ M, Ny
TOBC {83 K i Bt &, gs M 2 TOBC 4 4 1+ 5t
g,

1.7 ZH#MFHEAE

FH FT-IR 2081 BC, TOBC Y H fE Fl s %
SEM Wi %< BC. TOBC Ll & TOBC@CdS #E i 1Y 1
WIS K A EDS 40 1 TOBC@ CdS #E i (1 76 %
I3 Hi 5 K XRD,Raman Y £F TOBC@CAS #E
JBE 4 1L 5 S5

2 #FRE5ITE

2.1 TOBC % fix 44 4 #) Fo 6 S R AE
2.1.1 TOBC By FT-IR FRAE

& 3 BC ¥t & TOBC #EK Y FT-IR i
El. B E AL, TEMPO &b X F—C=0 f#
AR 1 650 cm ' MR IS IE BT BN AR L W] TOBC
BE A B £ ) — COOH. Ik 4k, 3 350 em ' I X}
T —OH B4R a6 .1 415 em ™ WX T —
BERMMN—C=0 MadRahig, LI 1 050 cm™ '
XFREF C—O—C M 45 4i g 0600, 50 20 05 35 /R
H [ Y 28 AR AR, i A TOBC #E i % A K
A — COOH. FT-IR 455 % 07 . >R F# 75 3 B [F)
TEMPO 4 5 A6 25 10 2 il 48 1 s R B % & 19
TOBC.

Transmittance/ %

3350

050

Il 1 1 | 1 i 1
3500 3000 2500 2000 1500 1000 500

Wavenumbers/cm™
A 3 BC# TOBC %44 FT-IR A

2.1.2 AL TOBC BRI R 3L & & 1 7

R TSR IS A = 1 TOBC #E1E X AL
[E]F1 NaClO HI & #E47 1T 0L 0F 5, 45 2R 18 4 B,
M 4Ca) 1T LA i, Bl S8 A I R] 19 428 4, TOBC #E
S FR B S e Bl TR B BC v G RSP £
AR A BRI 3 5 B U S N A BIE T 4 R — B,
MM 120 min 5, NaClO JEF#EFR L, TOBC %KY
REEHEIRF 0.609 2 mmol « kg ', aTFiaE. Hik
A E] A [ B NaClO F 3385 K, AT DAAS 31 58 56 & i 5
#1 TOBC,H 4 NaClO 34 K #)— & i, TOBC
MRES & EIHE TP K 4 (b) iR, X &Y
TEMPO %4k EZ 41X} BC 4 14 P 45 M A L fE S
BARAAESE 5 X 52 NaClO F 24 K 8] — & B
J& s NaClO #%F BC 7 F 8L 45 i X C (725
S AR #F— 2P 8E NaClO [ &, TOBC #Y
BRI ORI E B, 25 AT L 8 5E NaClO
N 8 mL « g ', B EFE] 120 min, 7] DL 3k
BREGRK M TOBC BEK.
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540 &

Losl , " .
E —
5 7
n 0.4
o)
H
r)
=
2 0.2F
a
=}
|9}
=
X
[}
< 0.0F
U
1 1 1 1 1 1
0 30 60 90 120 150
Reaction time/min
() A AL A S TOBC %R 3 & 1
1.0
=
b » n
I 0.9 _—
&
O 08
m
0
E
5 0.7+
g
£ 0.6}
Q
(¥}
% 05)
[
£
(o]
Yooab
1 1 1 1 1
2 4 6 8 10

Volume of 8% NaClO/mL

(AT AR S TOBC #E KR & &
A4 TEMPO &ft5 TOBC # i # &
AEMAN

2.1.3 TOBC #E i i W 5

[ 5 2 BC K TOBC %E i i O 55t 151 M4
5ALAEH . BCUAE 5Ca)) 2B K g = 4 W 45 45
M, 7 455 B 298 50 ~ 100 nm, P 2% fL 18 %% B
. TOBC BERE (I 5 (b)) B R0 R 4% 45+ %5 A i
B o L B KM B » 9 45 43 S k20, 3] TEMPO
AL G, BC 43 F HERE iR, < B2 W/l . iX 5 Moham-
madkazemi F 25025 B HIF 57 45 5 — 5.

$4800 5.0kV 10.6mm x20,0k SE(M

(a)BC %

S4800 5.0kV 10.6mm x20.0k SE(M),

(b) TOBC #E i

A5 BC#MKA TOBC %k 4 SEM B
2.2 TOBC@CAS %4k F 4%t Iz 69 4 M Ao % S &
AE
2.2.1 TOBC@CdS 94k & A&t e hi 2 il R AL

M TOBC@CAS 44K &2 4 B e 1 4 2Ol 1% &
(| 6) [ LI i, TOBC@CdS 94 >k &2 4 #E 1 i 7
iR T CdS 590 em ' H1 296 cm ! B ANRAE
WS, 55 4l CdS A 2 ok 1 AR X 3 B
CdS M%) 7 TOBC 5% F. [/, TOBC@
CASHIKRE BB IFR IR F—C=0 1
1450 em 'MW, H 2 950 em "Ab A9 — OH Wik
g 5 B2 VA WY I s ek, R W] TOBC B i 3 %238 3o
—COOHRM R CdS 44 Kok

Cds

A TOBC@CdS I
-OH
C=0
TOBC
-\,fﬂt 7 ez

Intensity/(a.u.)

1 1 1 1 1 1
3000 2500 2000 1500 1000 500

Raman shift/cm™
A6 TOBC@CS %k 5 4%k
(OS]
2.2.2 TOBC@CS 9K G EEME 45 i 45 H R AE
¥l 7 3y BC,TOBC Hl TOBC@CdS 44X &£ 4
e B XRD fi5 5 . NIE 7 AT LLFE 3,20 - 14.6 °
16.9 °.22. 8 "HYATEFIE , 43 3% 1 T TOBC 119 (100)
(010) . (110) Fh T 75 A A 4 R TRV ERE LS 1 . 3X 5 BC
L, Tt — 30 L BB TEMPO A AL I 34 i As
BC S4B L5 0. 24 TOBC |- 17 2% CdS 448 >k ki )5
T Cd M1 S TEE M A X =7 ISR A T T
R L H WA A7 R AR . BRI IR TOBC Y45 & 25
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B L . TEMPO S AN 27 4 R I K 025 BER Y i 45 S 45 H R AE

e 11 o

KA e e AR AL TSl £F Y RIRIZ5 4. 55 ok, 20 K
26.4 °.43.9 °.52. 0 "BYATHF UG SR X T CdS TN B
WS TR ZE R Y (111) L (220) L (311) # T (pure
CdS standard card JCPDS 65-2887)1%, x % B CdS
PASE 5 B T i 7 488 7 TOBC %& 0 L.

5 BC

s

o

2

z TOBC

g

=

TOBC®@CdS
Vgl o
I I 4
CdS JCPDS : 65-2887, cubic
1 1 1 1
10 20 30 40 50 60

26/(°)
B 7 BC.TOBC # k4 TOBC@CdS #y k
A A5 %R XRD B
2.2.3 TOBC@CAS g4k & A HE K (1 fOWTE 55 K
JCE Y,

8(a) iy TOBC@ CAS 44>k 52 45 ¥ e 1) 1 Wi
JEALEL. N E Ha] LLUF B, CdS 9 oK OkL 2 4 1
TOBC 4345 ¥4 1 A Ui » T i T 2 {RL 240 M 52 2 114
45k X R TEMPO HeE#E S BC o T4 4%
FRA BRI I AR 45 b X AR 45 6 OF 4k, 77 4
WEZR R B S RIEM TOBC XX Cd*" #) T
BRHVE TSI, T B T RS A 1 CdS 40 K 90K 1) 12
BoF TR E X 7, 2438 B SR, CdS 44 K Uk T ek
AR E. N TOBC@ CdS 90Kk & A #E K EDS
EICE 8(b) AT LA H, W Ff R £ #E TOBC £F 4 I
) 4 K R A 4 £ 85 k Cd A S Je 2, 1 B 5 i
WA B R UL TE F CdS Az A BT B2k 3]
T TOBC F.

(a) TOBC@CdS Ak & 4 B 1Y) SEM [#

(b) TOBC@CdS 44k & 45 #E e 19 EDS &l
B8 TOBC@CS @k & A4k
o BT 55 B

F1IXHT TOBC B 5 BC #EiK CdS 12k
. LIE L, TOBC % BC R . CdS Mgk
HUBEE. &3 TEMPO & LA B BC, H ¥R
SRR ERECHWS CdS M4 ERE K, X
B E R CdS i aEny JE A,

£ 1 CdS 7 TOBC K5 BC K Lk

EEMITEE
v o T = T e 5 = CdS fi#k %
#HD
/mg /mg /%
BC@CdS 7.25 8.28 12.4+0.3
TOBC@CdS 7.20 9. 39 23.3+0.2
3 it

S FH M A IR B TEMPO 4 5 Ak s A ik
BC, il %t TR H & &/ & R 0. 609 2 mmol -
kg 'Y TOBC FEb. Fi 2R FH 108 il B 5 390 4 D 7
B DA A 7 i P il & T TOBC@
CdS 4 K & & %k . FT-IR, SEM, EDS, XRD #
Raman %45 B £ B TOBC@CdS 94 K &2 & B e B A
FE A MLICHLZ AL G oK £ 2 52 & 4540 s fE R BE 1Y)
BAVERTR 307 R CdS 98 K 7 #5325 0% B 7
TOBC £F 4 I () A 45 & DX 38 . H I 550 2 {0 wf 2 20 g
J&Z 4% CdS 78 TOBC By 32 W B & T 16 BC
L A F 23,340, 2%.
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ZnO/CNFs BBt [R IR B0 &l &% B H
B FEHEREWR

—j?‘ié:_'\iy BN /\*i / '9&59 7}:}- Z\‘ X {9 ﬁ‘?t\ﬂ:u9 ﬂ/ﬂﬁ‘z

(BRPG R K2 B TR 225 TR 2ERE Bl TRE R RSB H E R PO Bevy & & 408 R R R F 48 i T & &
FAEGE, BEVE PU% 710021)

o OB AR R 4 (CNFs) M & &M B T = A4 KBS (ZnO) & . K f 4l & 45 2
ZnO/CNFs P B, @it bR 2wdrelmadd , 2 K Z A FRBZ E LB TH
18 1A 5 R Ao iy 22 R R X AR AR 89 ¢ AR R B AT A ) L 38 ad AU AR b ) 9K Ae A 2R 9K
FAGEREFR , EO0ICHEABTE T B e A3k 1458 mAh g ', B REH
FE99.4% ;0.5 CHBAZTE T, MK LA TS 1113 mAh g !, 21d 300 k6§ %
HUPERG X 5T RAREHRAE 734 mAh - g ',

KR AAEMN,; ARG %, BIE,; 420k

RESES: TMI12 XHftRERD: A

Study on preparation and electrochemical performance
of ZnO/CNFs lithium-sulfur battery separator

LI Jin-bao, LI Jin-gui, XIU Hui-juan, DU Xiao-yun ,
WANG-Zhi, ZHANG Tian-cong, ZHAO Hai-zhi

(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 : Using carbon nanofibers (CNFs) network structure to fix three-dimensional acicular zinc
oxide (ZnO) whiskers, thereby preparing an intermediate layer of ZnO/CNFs,and through the tor-
tuous pore channels of the intermediate layer,the shuttle path of lithium polysulfide is prolonged, so
that it can Stably inhibits the "shuttle effect" of lithium-sulfur batteries through chemical adsorption
and physical adsorption. Characterization results such as charge-discharge test and cycle test show

" at a current density of 0. 1

that the initial discharge capacity of the battery reaches 1 458 mAh « g
C, The coulombic efficiency remains at 99. 4% ;at a current density of 0.5 C,the initial discharge ca-
pacity can still reach 1 113 mAh « g~',and after 300 cycles of charge and discharge, the discharge
capacity remains at 734 mAh « g ',

Key words:zinc oxide whisker; carbon nanofibers; separator; lithium sulfur battery

x WrFs B H#3:2021-09-16
HEE&mAB: El%“r?ﬁ”iwﬁﬁﬁ?i#iﬂlﬂ H (2017YFB0307901)
EER N B FA976—) . 5B B R AL #8  W BFSE 7 10« K 04T 4 2 0 U5 =5 (e AL A FH S RE £ 4 R 4R



. 14 . % & B4

rEER

540 &

0 3l

PRER FL VR S —Fh s BE ki B E R
FRIB L2 (1 675 mAh » g D) FIRER B (2 600
Wh « kg™ '), 75 51 BB U5 75 4 55 SR & 1R 45 19 1
FHRT S SR 7R SEBR N A R A H A T A
R — LG AR XA, B AR A B R AR I R R
N o 5B 25 A T T Y 2 B AR R (LiPSs)
F 1ok B R 380 38 P A IX L B e 5 BH AR 2R AT RN, 7E
FH AR 2 THT B B R4 5 33X Bl 28 AR 850N ™ 23 1 B RE fi
I S R [ H b 57 i 1 D, BEL A 2
FL Tt S B L BRBE  BE OT  TDR e SR B 4 ok
B A BRI SRR R AR SRy W B R L A A B
AT+ 3680 38 0 38 R A P A6 1 22 Ak R ) B AR IX
8, SR SR A AN 5 PRAR

ZnO fH 25T DA A R 5 1) Ak 2 W B RN A AR o7
R A RTF Z a0 0 0 B AEE AL OF 4R S T
Jo B I 3RS O 5 b R A T DL — AP 4R
1o X 22 A0 B A A A R L DA T 3 i E b ) 70 2R
i SEERE. (B T & B AL & W S5 b oL 25 G R T
B, — B B IR 45 50 (E R R 5 N
FL PR B 25 S B0 T W B e ] 2 00 T 5
L BELBE AR R 26 1% 00 X H b 1) 0 2A 45 1 B A
M)

PRI AR 98 SR FH — 4 itk 40 K £F 4k (CNFs) 1R
g G o, By B B BR B, ZnO b UVE R Ak 2 0 B R
B, JEM E ZnO/CNFs W 4% 2544 , F) FH = B 47 4L
il e ] 0 ) 22 Ak B 1 2E AR, DD B BRI AR .
T3 AR ML A 28 8 L Y AR R L AR SR A0 ZnO
fl U4 &) [ SE AE CNFs /2% rfr, 38 5 08 B b ] )22 1)
AT,

i

1 Lo

1.1 SHMHEE
1.1.1 EZERE S EG

A AR W 1A 35 B M R R A R A
F) 5 B ANK £ 4 VT 95 S8 E AR AR R A BR A F
BRI, a9 M B R iR A BR A | THAE
B N-FF Lt i o B L o BT 40, R R T R Ak 2R K
FIT7 5 B0R, T G, ZR M TV 58 H Mt b R A R
Gil
1.1.2  FEAULE

JY99-TIDN #4487 iz 40 i i e S o b 96 14 5 52
v & A BR S R s CT3001A % H o it il it 2 45
BB L T B A BR A 7 5 P4000 " AU H Ak 24 25
A DA s 3 ] 3 AR i i 2 )

1.2 w4
1.2.1 IEMH %

BIHER (S B BB (KB #2 8 + 2 RE &
I W ER AR L AR R 48 S AE 155 °C Y L A AL
TR b R 12 h, 15 F] KB/S A &L K15 211
KB/S 5 KB MR i L& (PVDF) # 8 : 1+ 1
74 J5 B FL A B N- B 3l g e R (NMEP) 3T $iE
BI5) s e n W R R Y S U B TR L S T R4S
H1F 60 CHE 12 h, AV A HLYI L E A% 16 mm 1
EMR A
1.2.2 PBREEH

FH ZnO & 4 A CNFs 1E b 56k, 3 B8
1s VA i LA TG 7K £ B v 75 43 B0E 20 ) 38
FL2S 8 T2 55 1 i R D9 9% B B (Celegard) B A s
ITE 60 CHYEZ T M T 12 h, &G F
ZnO/CNFs-Celegard B . I H AH L 7 1% il %
CNFs-Celegard i fiE.
1.2.3 H 2

VL& Bl o B R, B AR 5 o ik R A
AR AT ER D 4% BOER 7 PR
FE R VR B A S A I 2k T R 4 X
CERTLLH
1.3 & 4Em R

SR R oh 7 T A e N WD I A ) XS A
LA CulKa) R HEAF M L Sl 40 KV, HUE A
200 mAL,H W HEE R S5 ° min 'L, HFICHE N 10 °~
90 °) Xt fih AU HE AT 0 2. B kS R R BB
(FET Q45) WLE AL 5 1 OB 3. X S 2ot i 7 B
4% (Thermo Kalpha) #f & 5 it 7 1E.
1.4 @5 H g X
L4 1 fE¥R R

W 21 2% B 1 Rt T R b 2 TR Sl R AT 0 SR AR
G ER X B A 1. 6~2.8 V.
L4287 70 0 I

FH R At 3000 3K 2R 8 A7 U L L R
JEFE B 1.8~2.8 V.
1.4.3  f5ERN

Wi AE 0.1 C,0.2C,0.5C.1C.2C R
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Study on green and efficient extraction of corncob cellulose
and its characteristics

WANG Jian, ZHANG Rui-min, QUAN Cai-lin, SHAO Xin-yi,
LIU Ze-tan, HU Na, YAO Xin-jie

(College of Bioresources Chemical and Materials Engineering, National Demonstration Center for Experimen-
tal Light Chemistry Engineering Education, Shaanxi University of Science & Technology, Xi'an 710021, Chi-

na)

Abstract: Corncob is an agricultural residue,one of the ways to achieve its high-value utiliza-
tion is component separation. Low-concentration p-toluenesulfonic acid (p-TsOH) was used
to remove corncob hemicellulose,then high-concentration p-TsOH was used to extract corn-
cob cellulose. The effects of p-TsOH concentration, reaction temperature and reaction time
on the purity and yield of corncob cellulose were investigated, and SEM, FT-IR and XRD
were used to characterize corncob cellulose. The results showed that after low-concentration
p-TsOH pretreatment, the removal rate of hemicellulose reached 92. 44% ; the optimal ex-
traction process of corncob cellulose was that the concentration of p-TsOH was 80 wt% ,the
reaction temperature was 80 ‘C ,and the reaction time was 60 min. And under this condition,
the yield of corncob cellulose was 34. 07 %, and its purity was 88. 47 %. The corncob cellulose
exhibited a rod-like porous structure,and its crystallinity was 60. 99%.

Key words: cellulose; p-toluenesulfonic acid (p-TsOH) ; corncob; component fractionation
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DES/TEMPO £ HI MK FHEZ R HEMERHAR

FRE, ThY, MBZ, mE, ANY, AB8E

(BRPERHE R R IRA 5 TRY 0 B LREZRELREF RGP0, B 5% 71002D

W B HEFTARGECND A —FALARFREGH R, SN —FRLEFD,
A% ZL2ER[ AFLETR . THELIFAAMALERHG AL L ABRETF L EFTHE
WK E. AR T — 128 DES F4 3 5 % %4 TEMPO L4 &k e e £ 0 7
. EREW . TEMPO &AL WA KA £ F(TOCN) 344424 13. 1 nm. BERS>HH 4, &
A4 F5H.723 mmol/g 47 4). 5 DES TAA R4 % E 44 (DCH AL, ¥4 & FL 2R F Y
50% . H EAFA ok, B E .2 CNF 69 S AR AR B &AM R LR FARET

— MR R
X 28 KEBIEA(DES); sk ¢ %% (CNF); TEMPO Ak
HES %S TQ352. 6 XERARERD: A

Study on preparation and properties of nano-cellulose by
DES/TEMPO method

LI Pei-yi, LEI Hao-zhe, JIAN Bo-xing, LIU Rui-yan,
ZHOU Miao-miao, LIU He-zhen

(College of Bioresources Chemical and Materials Engineering, National Demonstration Center for Experimen-
tal Light Chemistry Engineering Education, Shaanxi University of Science & Technology, Xi'an, 710021,
China)

Abstract: Cellulose nanofibers (CNF) is a nano material with excellent properties. Okara is an
agricultural waste with high cellulose content and low lignin content,which can purified cel-
lulose to prepare nanocellulose without the cooking process of wood fiber materials. In this
study,a simple DES pretreatment method combined with TEMPO oxidation to prepare CNF
was reported. The results showed that the TEMPO oxidized nanocellulose (TOCN) with u-
niform particle size distribution and average particle size of 13. 1 nm has high carboxyl con-
tent (1. 723 mmol/g cellulose). TOCN was contrasted with DES pretreatment cellulose fiber
(DCF) ,the UV transmittance is increased by about 50% with better dispersibility. In gener-
al.the simple and low-cost preparation of okara CNF provides a convenient option for the de-
velopment of nanocellulose.

Key words: okara; deep eutectic solvent (DES) ; cellulose nanofibrils (CNF); TEMPO oxida-

tion

x WrFs B #:2021-08-02
EETR PAAEE TE ALK S I ESTH (17JS017) 5 B4 K27 A4 A1E A0 I 23R 5 H (S202010708077)
PEZ B 2201981 —) . &, B PY S AG N, Bl o2 W 95 7 1)« A0 W VAR R L K 8% 4 A 15 46 ok &5 g 1 i & T g 1k



. 26 o % & B4

rEER

540 &

0 3l

Wit 5 N AT A A Y B R A A 0 AR S PR 5 [ R
H #5755, 1 & o U (5 19 2B 4 ] °F 22 9% U530 7 JE
BED . SR Y R A Y AN BE Y R, R AR
e B o )T AR RS K AR R
(CNF) 2 o W 31 sl Ak 2 vk 0 b )y 1 i 4 &
il £ B9 B AR /N T 100 nm B9 A KL R 45 98 K
TR W 7R Rk SR A AL AR
K Y2 B 5 5 B L = b TR i A ) A 2
PESE AT 2 5 REGOKRM B B R TRE
Y. &R AR A AR R R A

AR, T AL R FEY IR R 2 A T B i
B KA 439 5 e b 3 45 R R F SR B8 1 AR 4.
fADRe Al 5 5 W0 A A DR ) B 40 oK 28 4 3R O T S
I v A B R T — > R 2 0 [ . L —
FlE 3R F & B AR BT R L U R R B A
HE(60% ~T70%) EEH L (13% ~20%) g Hi (6%
~19%), K &E (&~ 1%) M K5 (3. 5% ~
526010 AR R A iy B AU o SR 2 B L 5 i R -
AL PEFRAR 95 7 5] (DES) 4K £, b B 57 35 7T LA
RCEBR AR TR 7 AR 5, OF HLURT LA — 25 1 0 b
PR R (9 DES 7] A R [0 i 74551 11
B BRARAE P AR RIS U TR AT —
RYVBYBAE BE AR R A LY, A TR
F8) B[] R AR

TEMPO #& 2,2.6,6-PU B JL0R 5E-1-E L ¥ H
3 AT DL R M 4T 4 R R C-6 Y R4
PR %07 TR e IR T 2R 4 R AR 4 2 ) R
SRS T AR BT I Bl T AR NS
JEE R S T B P D LA AL BN HOR R AT K AT
Ak W 2R N K £F 4EH . TEMPO &k vE LR # Ry
JORHE £ CNF 19 1% 48 7 102 Je B IR 47 25
F A AR 3 R ] TEMPO 4 Ak 45 & BL A Ak
PR £ CNFI 1 ik B 7= A8 Kb TR i B 7%
TR AR, AAF A Y TSk 6 ] A R R R
K. DL Sy J5oRHE £ CNF, 5 K 5 J5URHH L . ©

i

B IR 07 A0 B 5, DAL TR b 40 K 21 4 2 09 1)
LR,

T R B ANk A A R e, AR SR
DES fiil 4k # 7 % , S8 J5 ffi H TEMPO/NaBr/Na-
ClO A AR R 45 4 M= A B £ S CNF JFhi )
GIARR I, XL T DES Wi Ab B 5 5 98 K £F 4k %
(DCE) A1 TEMPO %4k J5 B9 44 K £F 48 = (TOCN)

AOESH . A SO AR AT 4 R il s d2 it T —Fh ek @
1 BT U5 I O IR 2T 4 3 B e SR AL T L

1 Lo

1.1 SEBRHEMNE
1.1.1 FEZER

TR A BT G K N 2 T,
HAH a-LFUHER 62.91% LR 7.73% FEH
Ji 15.62% Mg 5. 88 % K4y 3.21%52,2,6,6-14
HI LR BE 42 AL ) CTEMPO) (97 %) 14 [ EE 15 B2 2)
A B A s UCE R A IR AL AL IR R SR
FRAH N T L 35 Ry 0 BT 9, ) ) R K% Ak 2 3
J.
1.1.2 FEE

FD-1B-50 ¥ T b1, Jb 5T 1 25 3 AN 2 A BR 2
F)3D/max2200PC B X S AT 41X, H A Rigaku 2%
Fl s Vertex70 {d HL M- 78 e 21 S0 6 3 43, 78 8 A7 & e
Bruker 2\ 5S-4800 37 & S FA4i o F B iss, H AR H
SE8 L TY92-TIDN ZRAER BRI, T 3 2 AR R
RS W) s DHR-1 32842, 26 [ TA 23 1) 5 Cary100 5840
A LR S R A .
1.2 MREBEMNRBRLEF L F

A TE 100 mL BRI LA L = 1 ARE/R HE IR
A S AR B AN R R O A BRI 7 ) OB TE 80 °C
R GESERE ) B PE T T BRI AN, O
WA DES ZE#E A LA 12 20 09 FL IR & L I B 7E
100 “CF#E4T 30 min, BEFEE EE R 40 r/min. 765255
SEORE Ll S AR 7 00 26 08 K R DU £ 4 KL [ A
FE 0T FHZE R 7K U % L 2 R R AR SRy v Pk il 2R AR K
A IS Y 2T 2 2 A 0. 5 V60U I B TR TR
1.3 2EMRAEZHHNE

il TEMPO A4k & B 2 AR 38 Saito
SN ETR I HEAT L BRI 0. 025 ¢ TEMPO
M 0.25 g NaBr % T 500 mL 22585 F Kk s o oo
U F A HOLE W D B RE R G2 A dE E i
NaClO & % ; S8 J5 FIFs NaOH 1 W 35 5 W 1A %
(9 pH {H AR AE 10, 0~10. 2 JEFE 55 2
FE B B TE) S AR & oA B 10 mL 2 11 [
F LB FoKFu o U8 8 Ak = vk 2 b s IR A
TG =k PR oK 438 43, ~F- M 7K 43 I 5 7K oy B
it BT AR I AR YE BT R B K (0. 500 filf
FH 1Y92-TIDN 41 Jitd 3 14 AL (800 W) 75 4b # 15 min.,
HENGR LU A CORAFA .
1.4 TOCN 9B A S FHFEMN T

AL T 4k & & B % TAPPI T237 Fg M %E



513

ZE(M % % . DES/ TEMPO 2 il £ 94 K £F 4 & J H A RRAF 5T « 27

BUE AL 2 4 L 0.1 mol/L £k & % W ik 28
120 min. #2746 R AE 1% 1 58 7Kk
WP L HER AR IR 4E IR R DF ORZ= 0.1 o
AT FHETE R 5 R 5 TE 4 TR R b AR b 3 fim A
0.01 mol/L. NaHCO, & # 25 mL #1 0. 1 mol/L
NaCl ¥ 25 mL, JZ i 60 min /53 ; B 25 mL
RL U8 I 1~2 i LT /R0 BT 0. 01 mol/L £
PRV W E . A (D IR IS B (meq/100 g)

{B— [A+(A* %H} % N (Zwﬂ) D
H(DH A HEE 25 mL IR AY R R VA Wk
H.mL;B A E NaHCO,-NaCl ¥ 8 I £ B2 14 Wi
. mL;C NG ZRE PR E. e N A
T 2 JIT R R VS W1 S B Mk BE , mol /L s W R A
4t T8 L g.

W H 2 R GOR R 2 R % R AT 4 CHRIR T
PR BORE AT K 4300 2 . AR 9 X (2) T3 9 oK 2 4
RINFRY.

(W, —W,) *100% (2)

K.Y HYKRGGERBOCR, oW, HAEA
AR Z A T8, g W, N Bk 5 4F 24 5 i 4
X T g.

1.5 2& 2 Ko & BACHT G ALK R 5 A1
1.5.1  TOWIESR o Br

K H S-4800 A 41 4 vy Wl Gl BE . WL EE TEM-
PO A AL TG £F 48 1 R WE 5L, FE S 2 U T )5
AT R4 . H Nano Measurer 4 (& H K
AR, B ED BT A YRR BAR.

1.5.2 FT-IR 43 #r

KM KBr s il & S 800 4
JLHE 4 000~400 ecm ' AXER T FHER N 4 em L H
R ECH 32 K.

1.5.3 XRD 2 #Hr

W X PR AT AR AR b 3R Gl AR A R
() AR AR 5 K AT RAE I B YE R A 10 °~50 ° 4
TR 0,016 °/s, TR S0 45 i .

1.5.4 WA PERE ST AT

it A A2 A 9 AE 185 01 55 U1 3R Y I AR
10 A EA 0.5 mm WK E P 25 mm A
BT AT AR LA TR AR AE 3 22 W R A T &
25 CLARJGTE 0.1 3] 100 s ' 13 Bl P FE 47 Kl B )
L BT UL R AE 300 s N BT
1.5.5 B ESHT

fif 2R 011 0 43 56 56 BE IO ] CNF &7
TR 5T, BT AT CNF B R Ak BE 34 0. 596, LA &

B TR S B S A
P 40 S 4 5 D 30
500~1 020 nm.

A A 5 B 8 T A
0 nm/min, K P K N

2 #FRE5ITiE

2.1 RRBAEFH TOCN ZA & 4 50

A
2.1.1 NaClO HEX T4 RGRTMBRESEN
A

FE SR BE S 30 °C L S g B[R] A 2 h /9 45
TR T ANE NaClO F & % 5 2 2 58 3k & 2 Fl
SRR, A L 1 s, iR e AL b
NaClO HIit B30 . 2F 2 38 A B B & s AR e, H.
NaClO B SAH RN RS HELMEXR. Y
NaClO A& M 3 mmol/g £F4E Z BN E] 7 mmol/g
LFUERET L YE R A FRIES M 0. 846 mmol/ g £F 4
N3 1. 723 mmol/g £F- 4t 2. H IR K2 A4k [
TE AR NaClO H & i3 i, £ 52 07 44 & rp Ak 1
VR B 0, A ) A HE AR SR 1) /T EA T . Ak R B
T 8 4 w8 S IO A5 1 PR B kS T R . [+
B, B NaClO F (35 i, 27 24 R 1 7= N R, 43
I Y, P N0 I 2 — A B & B & NaClO H]
SR 21 4 R AR A A AR P A 5 — A SRR AT
AE AR LR 4 o (AR R ORI R ) 75
3 2 B A

1.8

REEE/ (mmol/g M 4E%)
J— —_ Ju
o S o>

=
(=
T

=
]
T

4 5 6 7
NaClO Al it/ (mmol/ g 4F 4 %)

A1 IR NaClO A Zx TOCN 3 & #=
HBELEFH IR

2.1.2 BV IR )X 2T 4E 2R A5 FMR A 5 1 1Y 52

e iR R 30 °C . NaClO By #2857 mmol/g
LFAER AT AR A ) SN B[] % £F 2 3R Jk
AR A RN E 2 B, AR 2 mT R
B B B B TR] B 3G 0, £F 4E R R A R
RE BT H 2 b iR B A P AR Ak 3 R X Fl
G0 SR ] B8 J2 < 7R SR A S o R R R U
B E B I [B) G B 0 E ST 4E R RN I JR]



. 28 o ReHEARESB

540 &

B, 1 R N B AN, R B e R AR
REAIR , £F 4k 22 10 9% Jk 5 5 G2 15 14 0 5 B 25 52 I B ]
3N, B Z M S B IR B AR, 5 H A
e AR HE T B RN HE T AR L AR R
1R e 5 B RO . i o I 1] 1) i — 20 JE L i
VAL NE L= R e R N T 2 IR = e = R F A R I
R AL R B S A BT R A L BRI T Ak B B Y — 2P
K.

B 2 AT LUE g B[]l 1~2 h i £F
e RERTREEE N 91, 4% FFEF] 90, 53% ., )X
NEF[E] A 3~5 h B, A3 TR AL M 86. 73%0 F
R 78. 28 %6, H B Fh B 42 1 JE R AT RE SR < I I
W Ry 1~2 h B, R 32 28 kA 70 2F 4 R (W TG
JE X, bifi 5 A BRI ] 19 2 K, R Ab 70 2 8 A LR 4
B 235 i DX DT X6 245 DX s o — 7 2 B B B R L &
A DX R £ 2 R G 78 S TC 8 T 47 2 5L PR A v 11 i
K REAA T YRR B E TR

/ (mmol/g i)

T

1 2 3 4 5
BRI [/ h

A 2 RE K& E T TOCN 2 %
Fe RIS F 0 Ha
2.1.3 I U BE X 2T 4k R AT FORR B 1 1Y 52
e AR A 2 hy NaClO BY 125 7 mmol/g
LFAER I FRAF T ARE T AR S BERT 4T 4 R R
B B R, A5 R 3 .

1.0F 92
%
& 188
& 09Ff
[~}
3 "2
g 08 B
L {80 ¥
H 07
;;; 76
#® 0.6

72

20 30 40 50 60
SR E/°C
B3 RRE R EEES TOCN £ 45 4%

o RG]

N3 7] LU Bl I i R ) T 2F 4
RIRIES BT R, X TR T 4 A
fRIRJE R 20 “CHE, I F7E %R B T A Ak LR A
AR BE T I, SO AR R ) NaClO 4y F 52
PRI ZLIE By BEAR T 20 F R R ) AR 3 NaClO )
B 3B BN b A T4 O S BRI R 3 i
SBEN. YRN IRETEE 40 °C ~60 CHY, 748 R
14 B0 YRR FH 388 i, (1 285 o DX 358 22 19 21 A 358l i I A
BTG RE TG 27 24 2 5 [ B, S5 07 il B A 8 A, S B0
2 (1) TG 78 T8 2 Yl 22 9l 6 fff S 11, DT e 4 BRI T
LR U R AR R AT b, BRI A KRR, &F
Y Z T R FEL.

2.2 TEMPO &AL & ¢ % % 25 #) 5 A7
2.2.1 SEM 437

&l 4(a) >l DES il &b B 2% 4 # 75 AL BE 15 min
AF DCF; | 4(b) g DCF Y B 42 4345 & A 4
(b)31545 8] DCF ¥ AR KL K 51,9 nm; Kl 4
(e)J& DES Fi4b BE AT TEMPO Ak i 45 4 8 7 ik 4k
P 15 min 1538 TOCN; Kl 4(d) & TOCN (4 B 1%
434 TOCN (¥ HA KL N 13,1 nm. NEHH]
PLE . TOCN BHAR A5 4 e HAR BN, 4 4
Vi) FH B 52 . 48 25 458 v » DCF o S04k i 1 € Oy 463
{0 TEMPO A 465 2]/ TOCN Hi 4 & % B 1.
] BB RN A 4 R P & @) A TEMPO %1k
b AR AR T

7 {

(2)DCF Ay SEM Kl

25} -
[ Iock
201 —F—
R
£,
;P 15|
L
=]
o
2101
94
5 £ ’—x—‘
1 1 1
8-75 75-90

1 1 1 1 1
16-23 30-40 40-45 45-53 53-60 60-68 6

Size distribution/d.nm

(b)DCF W) BL4& 4y i &



513 2=l

o

4% : DES/TEMPO I il # 2 K 21 4 2 S HAEREOF7E A

(c)TOCN [y SEM [

30F ¥
[ JTocN

25}

=

20k 2

B

o

5 15 2

= T

g

= 10f % :
5k
0 1

L 1 1 1 1
6-8 8-10 10-15 15-20 20-25 25-27
Size distribution/d.nm

() TOCN My H. A% 5 A1
B 4 TOCN 4= DCF # SEM B 5 i
ABRsHA

2.2.2 FT-IR 4#r

& 5 R AN ] Ak By 32 45 1) 1) 538 2T 4k 2 (R 2141
i . 5 A, 3 300 em !y R LA 45 4R 3
1D 02 920 em 'y C—H g shEl™ ,1 645 cm !
A PR I ST Sy - 27 24 3R R 1) £ T 3 R S R TN A TR
H) C= O SR 3l 5 | 0 M S 0 , 3 B 110 2 A e
TEMPO Ak )5 H 5 I 75 7228 5 S 107 553X ] g2
TEMPO b & B - 4 2.1 540 em ' Ab Y
e 2 (e 1T 4l iR shige ™, TEMPO R Ak J X BL
fRE L AT 26 , 3 1] fig & TEMPO 44k 25 14 i 5 1
. LA 1431 em AR E A —CH, M1— OCH M N 2
MRS, DL AE 1369 em P AbAY — CH 25 il 3% 3 i
WAEAFAE T 3 300 em ' AhAE i A Wi AL 0e 3% A 21 2 %
545 £ TEMPO E Ak )5 723, Bl TEMPO-NaBr-
NaClO b SR R Rk #erE A b A 4 R 0+ G L
(RFEFE  RFE C, F1 Gy 7 IR FERFE,
2.2.3 XRD 437

AN ) A2b BHXGF AN ) Ach PR TG 41 Ak 3R SR 45 4
s bR & 6 B, t 6 v, e
PRAE 2 0=15.1 °F1 22. 8 °. 3X WA U o7 B XF 1o T~ £F
Ak 2 AR (00 1) FTC002) T , 75 B 2F 4 & ik X
B FFAE 45 K. 5 DCF M kb, TOCN By &5 & i 45
BN 51,46 % FFEF] 44, 33 %. MM H B X Fl 3L 42
(R A & TEMPO %A A6 B AR A FE 45 4 K 1)

TCRETE DX, K A T 235 DX, T EL 45 b XY B 3
JEBOPR Al B 2 1) 45 i DX O B A O AR R XL S B
S50 EH . A T RE MR M DES BiiAb B A Bk
21 2 2R 20 Vo0 I Ak 21 4 3R A0 45 o DX I e R
PS5 S0 A R0, S SO 4 b DX 1 K IR

Transmittance/ %

n 1 4 1 n n 1 L 1 n
4000 3500 3000 1500 1000
Wavenumber/cm™

B 5 TOCN #= DCF #) 41 5h k3% A

1 1 1
10 20 30 40 50

20/(°)
B 6 TOCN # DCF # XRD H
2.2.4  WAEVEREST M

AN TR) 1 £F 2 32 58 07 WA 28 B0 A A O A B
PIFR AL R, I 7 AT %0 DCF K BE (4 44 5% bt 57
Yl R AR AR FEASAE L T TOCN 9 fh £ L DCF
AR AR LT KL X A RE S T TOCN £ 4 K 4%
LU K L 2 4 28 45 6 % P 7 R B DR T i
ST PR EETE L D GORG B AR AL AR, AT i J2 TOCN
F1R) 8 B 5 2 5 0 oK 47 4 3 N 4% ) K AR o O
B0l
2.2.5 BIERSH

S Ay S B T TR I OAS [ &1 4k R B F
g%, B 8 g KW, 4 TEMPO A fkib
5, TOCN R, 7€ 500~1 020 nm K
Wb 375 S N 10 0 3% Jin 2 3 50 %, iF — 25 i B
TEMPO %84k 4b B85 T2 BN K 47 2 K L ek &
P R BPE RE. X IE B T TEMPO % 1k
A AR ST e b i



Li LTk AW R B T —FR A DES Ak

FRZE S TEMPO S AL il % 99 K 27 48 2 09 Jr . il
AR AER LT 458 .

(D FER N IRIE R 30 °C \NaClO #2477 mmol/ g £F

HER AN 2 h BRI A 4E R Bk & B

ix

ES

1. 723 mmol/ g £F4EE 55N 77.53%.
(2) TEMPO R AL 15 5135 5 53 4 1) 90 K 41 2

CEEEAROY 1301 nm. %07 i A S AR £

HE Kl A7 BLARTAE L O Aol % 57 ) i ) & CNF $i
BT S 8L MR 7 i

&%k

[1] Thomas B,Raj M, Athira K, et al. Nanocellulose,a versa-
tile green platform: From biosources to materials and their
applications[ J]. Chemical Reviews,2018,118(24):11 575-
11 625.

[2] Rietzler B,Ek M. Adding value to spruce bark by the iso-
lation of nanocellulose in a biorefinery concept[]J]. ACS
Sustainable Chemistry & Engineering,2021,9(3):1 398-
1 405.

[3] Kai L. Ying W,Xin C.et al. Relatively independent motion

of a continuous nanocellulose network in a polymer matrix

.30 REBBEKREFR %10 %
10 [J]. Biomacromolecules,2021,22(6) :2 684-2 692.
e [4] Li P,Liu H,Hou Q,et al. Preparation and applications of
1 Lo —=—TOCN 1 soybean residue CNF films[J]. Paper and Biomaterials.,
“ \. e 2019.4(3) ;45-53.
3 kk& \ i %\’ [5] Li P,Wang Y,Hou Q.et al. Effect of high pressure hom-
o >
,g 0.1 &&& = ogenization treatment on structure and properties of soy-
o
é &&k z bean residue cellulose nanofibers[ ] ]. Paper and Biomateri-
= A S >
0.01 kkb" 0.01 als,2019,4(4) :40-47.
Ak [6] Li P,Wang Y,Hou Q,et al. Effect of pretreatment on the
structure and properties of nanofibrillated cellulose from
1E-3 ; 1 L L 1E-3
01 1 10 100 1000 1000 soybean residues[ ]J]. BioResources,2019,14(1) :554-560.
Shi te/(1
earrate] (1) [7] Li P,Wang Y,Hou Q,et al. Preparation of cellulose nano-
B 7 TOCN #= DCF # ¥ 2 wh % fibrils from okara by high pressure homogenization meth-
od using deep eutectic solvents[ ] ]. Cellulose,2020,27(5) :
60
/\//—/“_’_’—/‘ 2 511-2 520.
50+ [8] Paiva A,Craveiro R, Aroso I, et al. Natural deep eutectic
§40 | TOCN solvents-solvents for the 21st century[]]. Acs Sustainable
£ DCF Chemistry &. Engineering,2014,2(5):1 063-1 071.
':é 30 [9] Xhanari K, Syverud K, Chinga Carrasco G,et al. Reduction
é 20+ of water wettability of nanofibrillated cellulose by adsorp-
-
= 10 tion of cationic surfactants[]]. Cellulose, 2011, 18 (2):
/// 257-270.
. , , , , . [10) 8 #.J HE.3  Jh TEMPO L4 4 % 90K F 4
200 600 700 800 %00 1000 I3y 4 46 IR FEF 5 30 B L) ], R T, 2015, 43(8) : 84-
Wavelength/nm
91.
B 8 TOCN # DCF & 5 7]‘7%;1%’;‘ A [11] Khine Y, Stenzel M. Surface modified cellulose nanoma-
terials: A source of non-spherical nanoparticles for drug
3 glﬂ:l:i@ delivery[J]. Materials Horizons,2020,7:1 727-1 758.

[12] % EH.BHR, 548, % GRESE TEMPO Ak
R4 R % 5 RAELT]. AR AR BE 4. 2019,39(1)
88-94.

[13] Ilyas R,Sapuan S,Sanyang M, et al. Nanocrystalline cel-
lulose as reinforcement for polymeric matrix nanocom-
posites and its potential applications: A Review[]]. Cur-
rent Analytical Chemistry,2018,14(3):203-225.

[14] Saito T,Isogai A. TEMPO-mediated oxidation of native
cellulose. The effect of oxidation conditions on chemical
and crystal structures of the water-insoluble fractions

[J]. Biomacromolecules,2004,5(5) ;1 983-1 989.

—
5]
[}

Saito T, Shibata I,Isogai A,et al. Distribution of carboxylate

groups introduced into cotton linters by the TEMPO-media-

ted oxidation[ ] ]. Carbohydrate Polymers, 2005,61(4) :414-

419.

[16] Alemdar A, Sain M. Isolation and characterization of
nanofibers from agricultural residues-wheat straw and
soy hulls [ ] ]. Bioresource Technology, 2008, 99 (6):
1664-1 671.

[17] Wu C,Mcclements D, He M,et al. Preparation and char-

acterization of okara nanocellulose fabricated using soni-

cation or high-pressure homogenization treatments|[ ] ].

Carbohydrate Polymers,2020,255:117 364.
(F 4% 64 1)



ReaBBEIE SR Vol. 40 No. 1

Journal of Shaanxi University of Science & Technology Feb. 2022

Fa0E B 1Y
2022 4F 2 A

*

X EHS:2096-398X(2022)01-0031-08

ERME-EERWKERNFHEAEEFES
Cr(Il) EXKGE-EFERTTRNEBEENH

BAERY, KRR, weWT, WA, &£ B, Heudag's

(1 BEPIRHE K2 B TR 5 TR0, BV P54 710021; 2. BEPO R K2 hEE Tk & G E - &
RUSLIRE, BREPG VEEE 710021 3. VEARIRVE K2 k¥ A M SR EH MU A EELERE, W M
637009 4. PP RN K 2E PLEE TRE22Be . BRPE PE% 710021)

W OE AENIEN IR B TRBRRBRA —ABEN ORI ATR.LH 30%~40% 8 Cr
(MDA T BRANF AR T L BAEFTRE R R, AT RAED R K%
B by T ik (=R M bR B AR AR RE TR FRS I B A SR K6 R
% I BB A R R 6 TRACH) B T R AR R AW IR & RAECS) L E B (SA) A RA,
BB (GAARRRN RANBRZ EBEREFAOEHETHE S RE-HERM(CSSA) K
B, FBEREAN,ECSE5ESARELA1/3,GAREAH 0.3 mL, ER AL A TFHRY T X
T4 5 R R e CS-SA 64 72 18] W 25 25 My ok SEAn, A% 2 ooh 3 3 41 ) k3% (FTIR) .32 & F 2 4%
BL(SEM) 45 R it — & & 9] CS-SA & s T B A 5iAn e M 25 25 4. siAn e W3R 4 M BE T £ 4R
% CS-SA K BEHE 09 b & @ AR B 25 A4 5, i 32 & 3T 7 & Cr(T1D) 9 9B B 2k 4, R F CS-
SA-Cr(11D & & #t Bz 6y CS/SA/Cr(1ID i IR 69 45 %, A T 3£ Z 3 A K m 42 71 R 3 6 & iR
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Preparation of chitosan-sodium alginate hydrogel and its potential
application in Cr(II) remediation-retanning/filling

of leather industry
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Abstract:In the tanning section,due to the limited absorption capacity of collagen to general
chrome tanning agents,about 30% ~40% of Cr(IID) is discharged into wastewater, causing
serious pollution to environment as well as excessive waste of chromium resources. Herein,
based on the advantages of natural biomass hydrogels, such as degradability, three-dimen-
sional spatial structure,large specific surface area and dense functional groups,a strategy of
adsorption treatment and resource utilization of adsorbates/adsorbents for chromium tanning
wastewater was proposed. In this study, chitosan (CS) and sodium alginate (SA) were se-
lected as raw materials and glutaraldehyde (GA) was employed as crosslinking agent to pre-
pare chitosan-sodium alginate (CS-SA) natural biomass hydrogel. Such reaction was carried
out by using internal gelation method under the condition of acetic acid slow release. The re-
sults showed that CS/SA=1/3,GA 0.3 mL and drying by freeze could facilitate the resultant
CS-SA with loose structure. Fourier transform infrared spectroscopy (FTIR) and scanning e-
lectron microscopy (SEM) technologies further indicated that CS-SA was synthesized suc-
cessfully and had a loose network structure, which can not only increase the specific surface
area and binding site of CS-SA hydrogel,so as to improve the adsorption efficiency of Cr(III)
in solution, but also facilitate the transformation of CS-SA-Cr(IID) gel to CS/SA/Cr(1ID) sol.
The sol can be potentially applied in leather retanning/filling fields,thus the thermal stabili-
ty,physical and mechanical properties of the resultant leather would be improved. Based on
these,the optimized CS-SA natural biomass hydrogel could potentially realize the integration
of remediation and retanning/filling of leather wastewater containing Cr(III) ,so as to realize
the maximum resource utilization of adsorbent and adsorbate.

Key words: chitosan; sodium alginate; natural biomass hydrogel; Cr(IID); leather making
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53 SAAE RN RPIE F 251 fil & CS-SA KEEE. A&
7 FFL ) 28 368 0 O 12k BB VK R B2 A CS/
SA 1R Z X FE R B 7 8 B 2 7 i Bk VR
W ECOR SR TUTE , 15 ) £ FRALUE AR 1 7K &
JE AR B PRME. A i DR 3K A [R) A0, AR 512 T >R B 2% B 1Y
J5 i — BT 0 SA T 28K G it
LR TP 50 min 258 2% # . R B E & CS
BT REFKRT @ PEYLE RS 50 min 5,
W I FIAROR A INAGE i GALBEFE 10 min JE %
SRS W T LI 2 508 78 TR 1 3 W B 8% v B g
24 h. HFERMEZEVRYT RN A W 0 3R 0E A BB
CS 2218 it 1k , R A B S BEIE . Z 5= A
BB TR B AR GA /Ny, T 45 2]
TAKEERE. BRI B A R 5 S S, 2
N E 1 s

(D FREL 0. 2~0.6 g CS,0.2~0.6 g SA, /3 HI7E
—E M EEF K BERE 50 min BLERR RIS

W BRI A1 1) CSLSA I WA B i
# 10 min IR H5;

(HEHL0~0.5 mL GA fin A CS/SA IEW
#FE 5 min IREH A

(¥4 CS/SA/GA BB ATIE 5 57 1L 5 5 X
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25 mL MUK EE R A 7 T 55 3% L, 985 [ B 15 37
LR A, 3K VA 4R TR B 30 °C, L 24 h 1531 CS-
SA 7K B TSR 5

PRI — %€ L ESA. CS, 437l
FI &8 TR R #E1 5)

(
A y

FAi24 h

BREREHA
J& , WINGAFF £k

(54575 3] A /K 358 M iy 3R AA FH 25 08 1 7K b o R
KRN GA /N5, T 24 h 3835 CS-
SA KR FOK B

FERR PR AF T, 30°CIR ML z4>

— -

CS-SAZK #E 1 1l 3% 74

B 1 CS-SA KBt 4 & 3% %A

1.3 CS-SA #) & &4k

TEM 25 CS-SA TKEE L 1A 5% AF 3 Al 4353
PRIT 5 BT LA S 0% 7K B8 i PN 7 &5 440 1 i 1) 52 i
(DSA 5 CS(g A1k
SEUG Oy R b 5 A S AR S (GA T =
0.3 mL), W CS 5 SA H& ., Bk IL £ nk
1 iR,
X1 SAS5CSASAE

B b S1 S2 S3 S4 S5

SA fite/g 0.2 0.3 0.4 0.5 0.6

CS it /g 0.6 0.5 0.4 0.3 0.2
(2)GA(mL) H & Mtk

SEHS A b 45 i HAh 2 AN AE (SA 0.6 g,
CS 0.2 @, J#3 GA A&, BRI b £k 2
i 7w,

X2 GAHE
FE S6 S7 S5 S8 S9
GA % /mL 0 0.2 0.3 0.4 0.5
) T Xt i

Y UR T8 fER T 48 T M.
1.4 CS-SA k4E

(1) k204615 (FTIR) 3R AE

T AR AR ST AR 4 2T AN S AN AR R 4
R CATR) X ¥R 1 19 /K 5E B R & 32F 47
WL REE R RAE . HE A S FETE 120 C T4 4 h
MTRACER 1+ 4 76 R Eh iF R & 3 20, 9 TR Ak
PIS)E NI HEAT 20O R AE. BEAE SR AE KB

TR R AR — /N B o B A AT AN e Ak AT
R

(2) K 4 ¥ 358 (SEMD WL 5%

XoF VR T 1) T 8 TR - e SROWE 7 B IR W 2R AT R
SRE T , F5XT DB T 2 AT M 4 A B, 2 S 4T A EL B
HEAT WLZR.

2 HR5iE

2.1 CS-SA X 5 & M Fi K8 B A R 5 5 4

2.1.1 W7

W 2 BroR . AR SCA B CS-SA 7K #E B 1,
AL PR AL G P 7 T - e R R B 44 CS 5
RIAE 4101 SA T8 o i A B VR R 24
AT B (GA LUE . CS 5 & &5 GA
Gt e R R R 2B A R RO, A RS R B (B4R 1
TR SR, I A VA W TR T B R A K i B, i —
A WK A B, PG 5 GA FH I 19 P 4% CS i 2 ]
FEEGHE K. MR, GA ] REFE 82 W — 4% CS 85 11
PR A 2 AR o DA T B R 58 SR O 43— 1% L A 2k

B I & CS-SA e 71k, FRIMEE %
RIKs vk R B M A SA/CS R &R X FE R BA B 1
FVERBH B8 0 Ik B A 38 2 S BOR 5 1 DL TE
CEnEl 3Ca) B 7)o fdi 45 il 4 B AR R AR 19 7K B e R
B RIME. A T DX A TR] L A S50 R IR Yk 4% R
PIBEICTE 8% SA/CS FR W3 B AE RIS
MRV ZE VR HURTR & ) 00 22 TH RN P R 2218 A
JBE « bt B T AN X ST UL TE W) T B CAN &L 3 (b) BT 7R
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K% g 9T B

2.1.2 MR (SA) 5 REECS HiE#
ANIA] T ) CSLSA X CS-SA KR 4B W) R
K 8 JE B 75 BB LA B 1 It 1A M RE AT — i 1A 5
g 4 iR, W% SA ¢ CS Fif e fm, — 5 m,
SACS R R 5 MU s 75— J7 1, SA & 2 &5 ]
MR A — COO W& &, T —COO 5
Cr'" ] (Y BB HLER , —COO ™ & B4R =l W 1
P& CS-SA /K EE IR W Cr (TID 14 12 B 28 e
SR SCHG R BB SA = CS it Fb 38 m , 7K B e

B 7 VT BB L BRE ) CS-SA R AT s
P4 % A, D0 L2 38 3 T B i LA AR . 25 6 % R 3
CS-SA 7K B e BE X ¥ W8 Cr (TXD FLAT 358 14 % B
S4CRE MR AE VA P RS e — B[R] FL A T IS R A
FEH T 4 A BRI e AR U FE SA 5 CS
By 51 0.6 g 5 0.2 g, B SA 5 CS JH& It
H3/1.

SA:0.2g |SA:0.3g [SA:04g |SA:05g |SA:06g
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& 2 2 2

B4 SA.CS K&t mIz e %ok

2.1.3 JRTBEGA HE

T AT PRSI R B, K B 2% T A TR A 4 4 2
Bifi 5 AC 6] GA W 2 2B W 22 5. &l 5 fr
R AZEER] GA IR 0 mL I 7K B i % T OG
SRR TS0 T A0 2 T SR T L K B R T 4
FE B 5 PO 25 235 4 15 A 1T D, 5 L Bl 5 A 106 751 P o 19
BN 7KV R B4 T 2 LI 32 T 1 K. s i K O M AL
i 184 R Ay T DR R« R R A AT K R P
TV I . 2 X 265 (1) 285 ke I 2 58 16 570 P & 485, 32 K
JEE 2R T 1 T 50 ROME R 4y F B 0 R M 2 IR
S A GE A SRS . B AN A FL R 25 F4 RE 5 T
TRBEE S B A b 3 1w A S S B Cr (TTD A I B 2
Ht 3w 2 B 25 A 7 8 R BT FE W B Cr(TID J5 . A R F
CS-SA-Cr (11D 4 J@ %E ¢ % i i CS/SA/Cr (11D %
. R Y aCBE R E 0. 3 mL L i TR
WE R 0 -4 2 [A] 9 5 J06 R 38 e vy o 0 G R0 3 o 27 1)
R IR , T F: 8 CS-SA 701 W b iy #a 5 Mk
KRB, BRAE W B Cr (11D 5 A2 . CS-SA M DL 4 35
FasE. Lii % B 3] CS-SA (19 W | 34 fik . CS-SA-Cr
(1D J& 99 I3 figt DA B 0 R R A, AR 18 SC e & ik #5528
BB H &R 0.3 mL.
2.1.4 TR

TEARE SCH, 20 IR BUR TR AS T 45 L K8 TR
T 1 7 2Ok T 7 A CS-SA K BE i 1 45
P e PERESZ M. W& 6 FIF 7S IR T4 IS A 7K
SEAE R TV R TR S B K BE R A5 A A H
R PR R IR AR A B B ) 1 R R 4 Bl K
[14) 28 2 T 2 3 4 B O 3 BN R R S Bl K 4 1)
BT I A8 A 5 0 2 2 CAn R 6 Ca) T %) 5 11 ¥ R T
P8 BSF L 7K I 4% 45 44 v 8 K AR AR TR R 57 20 TR I F
SRR B I JEA Y W BRAE AL DR I &6 ) 2 S iy
HCCANEL 6 (b)) FIT 7m0 . #A BICRY PN 350 45 44 v] R K32
HE I L 2 T AR S AL BR =2, ATV AR R R Cr (TID
49 IR 4 48 7 R 4 485 5 67 L 5 — T T A o K A
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TEK P IR SE 50 K B0, M HE T T TR R R T
P I B 7K JBE A 7K I R B 45 ) S ik B A
G RB IR TH 0 7 U — B LAl DI
HE K BE WA T W T B R AR, O JR 22 CS-SA-Cr (11D
TRBE FE 114 4 fiff B 52 W 330 70 i R4 )L TR I L AR 9 S
o 24 35 R 7K B S 1 T 0 O O Ve R TR

! ]

GA O0mL

GA 0.2mL |

GA 0.3mL

GA 04mL |

GA 0.5mL

(b) %% T #&
B 6 TR Xt CS-SA K& 4 M M4k 69 % m

(a) % 2T 4%

2.2 CS-SA F&KEIKEAE
2.2.1 FTIR FEF

AR SALCS.CS-SACEZLHEF GA) LU M
CS-SACR 2B GA) 7= S 47 20 MR L &5
BmE 7 s, WS, CSTE 1 649 cm ™' A1 1 591
em™ A B R TS W U, A3 I TR e C
=0 WP IEsh A1 N — H 8925 i % 3h; SA 78
1594 cm "A1 1 406 cm ' Ab B IR S 04 AE AT 4 1) T
J& TR HE WS R B AN X R P AR AR B0 I Ah AR B T
CS 5 SA,CS-SACARE GA) BILLAME E 7R 1 649
em 'HI1 591 em AL A I W E T O, AT BE R A
9 —NH, #FE b —NH; . 5% —J5 i, h TR
et B B R B 7 CS-SACR & GA)
WG -1 714 em™ " Ab 30— AN Br . DL 1 45 SR
ST e SROME IR B R AN =2 B) A7 AE P A ELAE

TEA B CS-SA B, i A LB H GA J5
CS-SA(F GAYTE 1 645 cm™ ' 1 1 586 cm ™' 4k i
LT MV i B (C =N 1 558 A 45 i 8l W i 0, o IS R
B BRI W Wi i, S B — NH, il HC= O B 45 &
g HC=N. A, 7E 2 920 em 'l 2 855 cm ™ ' Ab
) C—H IR i, i — LR W CS 5 GA B
A R 2 K ) 45

CSSA(REGA) 1714

CS-BA(HGA)  y,2855
1586
1645

cs

4000 3000 2000 1000
Wavenumber/cm”
B 7 CS-SA /K& 694 2 vt % #2150 k38 B

ZE L A AM i 2 R 3 B A I TR 4 R 1 Ak 1
T ,SA 5 CS [H]JE it # s AR BAE H 4 B 22 3K, CS
5 GA ZIAJE BT 5%t 52 B¢ 00 4% o P15 26 B
Ui A B T P GA S ZEHERI Y CS-SA KRR A=W it
TR EE L
2.2.2 SEM #AF

X ¥4 VR T MR i 114 Vi T T - SR 7K 8 A ot
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L BT UL H AW &5 4. B 8 R T RIA GA (0
mL.0.3 mL AKX 0.5 mL) &M T& CS-SA /K
BEWEHE 500 pem B By 44 FL B B AR 8 AT LB
W FE i, CS-SA /K EE N 45 4 2 2 fLAR. —
J7 ], Z LA A R T 5 ik 2E 12 i 4 B
BB K BE e A 5 AR R T B D RE SR A 4 A e
X} 4 B T B W R VE L 53— T I, 5k S L B 45 4
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TEABEFE R, LL7e ME (CS) I BN (SA)

JEORE G U (G A S 3SR 76 TR 1 28 B 45 1 ol
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W o6 I e R R A A
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RERAEXFHLHERKS Cd BEYLH R

FEE, LT K, B R, B, Ta&k, X #, NLE
(BevERM K2 Rl 5 TR, BV Fi% 710021)

# E.4(Cadmium,Cd) Wrid &4 T, @ i K3F KB AR B (ERERE B Stenotroph-
omonas sp. JGBR32 skt & A KA Cd ER ¥, 2R AW, 5B Ak, B @ 4
GBR32 &, & 3 L3k A BT 5 A3 T 63. 6% 4 98. 6%, MDA (malondialde-
hyde, A =B A 5 A BT 46. 4% A= 14. 5% . &R 49 SOD(superoxide dismutase, #& &1L
My AL EE) A2 POD(peroxidase, it AL 8g) F 5 F BAL T 19.8% A 10.4% ,*t % & a. vt %
EbAERT M EHLSETLANRET 20.5%.38. 9% A 14. 1%, A R X # B2 (jasmonic acid)
Fo Ui (ethylene) & R E 38 . B4 H 4k GBR32 £ /5 & s L3438 Cd 4 & % 7 ?%
2T 46. 7% %= 60, 9%%&%4&7 Cd 4538 2 8. ZAF LR T AR 20 B 3RACE & 8 75 %
RE ARG I RERF.

KW Cd it ; RIFIRAR; &Fb; #2528 MHE A

HESES X172 NEEREE: A

Effect of plant growth promoting rhizobacteria on cadmium
accumulation and detoxification in tomato seedlings

GUO Jun-kang, WANG Min, LV Xin, WEI Ting,
JIA Hong-lei, LIU Xun, LIU Wen-jian

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

Abstract: Under cadmium stress conditions, hydroponic experiments were performed to eval-
uate the effects of inoculation (Stenotrophomonas sp.) GBR32 strain on tomato growth and
Cd accumulation. The results showed that compared with the control group,after inoculation
with strain GBR32,the biomass of the shoots and roots of tomato was increased by 63. 6%
and 98. 6% ,the MDA (malondialdehyde) content was reduced by 46. 4% and 14. 5% ,and the
SOD (superoxide dismutase) and POD (peroxidase) activities of the roots were reduced by
19.8% and 10. 4% respectively, the content of chlorophyll a,chlorophyll b and carotenoids
were increased by 20. 5% ,38. 9% and 14. 1% respectively,and the content of endogenous jas-
monic acid and ethylene also increased significantly. At the same time, the inoculation of
strain GBR32 increased the Cd content in the shoots and roots of tomato by 46. 7% and
60. 9% respectively. The research results may provide a reference for rhizosphere bacteria to
strengthen the safety use and remediation of heavy metal contaminated soils.

Key words: Cd stress; rhizosphere growth-promoting bacteria; tomato; translocation factor;

phytoremediation
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AR Cd k3 e 07 4o . A AR R 4H TR FE VR ) T 4
JaR I 38 W) 7 5 32 35 Gl A FH <42 4 ] P sl 4 1 B 1Y)
I

i

1 XEEHH

#

L1 it

A5 T FH 2 5h b R Ok A 4L =S TR R A
T - B SR 5T T B i 5T T A

TR R E LA X B w4 R T Y A
H R SREA o 8 I SE 52 S A B (Stenotro-
phomonas sp. ) GBR32 V£ b 256 B A% . HH A SC 56 ==
iR AT
1.2 %%k
12,1 MEPRAEA: B B 5%

YR T PR TE LB [ ARG 52 B b AE K OIFAE 28 °C
TWEE 24~48 h, PRk B S TR AR K SR A
PR 3,28 °C 180 rpm i FE E ODg, = 1. 0, 1
B SR W BE 298 1. 0 X 10° cfu/mL,5 500 rpm
B0 10 min, WA R IF H JC BRK VR 2 I, K
PR B T I B K O 2 & 500 mL & YL L
HH TR A B TG B KA Ry 25 0 B
1.2.2 JKE;525G

TR 15 26 B YRR B E 1 0T ) A R T
AR E T AN TAYE 5= 8 26 'C/1K 20 °C,
BT A 16 h/8 hy MHXTRE 60%0). T4 K &
“EE 0 iR A RS %% 1/4 Hoagland 8 57
KEEFEP SR PIELBE IS A 1/2 W ¥ 1Y Hoagland %
TR K5 — . IR 34— B0 T i 4 v A 7 2 P Ak
T 2 0 4 AR IR U T T G ) TR R R
JEREFR 2 h AR 8 T KR IEAE X L3 R
Je R B A4 #EAT 2 mg/L ) Cd(CACl, + 2. 5H, O) Ak
L 7E Cd Jpaf b B — JE I ORE.

1.2.3  FaliEWaEA Cd & &5 E

43 WA e i 40 T ) M S R AR S AR S 7
5.0 mmol/L M Z & PU & 8 — 44 ( EDTA-2Na)
W IR 15 min, ZERR KM E Y C™ L I
EE K MREOR, B TR AT B EE . 2 )5
43 5l % b b B ORI AR 5 E AT R E DL AR
U ORERE T B R AT E AR AR B 0. 25 g MW RE
i HEAT I A A D W O S A AT Cd & Y
W A AL B 4 A E A [ A S

K H ¥ 18 & %t ( Translocation factor) 2 ¥F #r
Cd MRS i 3% 2 . b3 i fig 0 it 3 A ok
TF= % i # E & 45r Cd % # (mg/kg) /MR & & 4
Cd & & (mg/kg).

1,204 Fonh 9 AN S A0 i T 1 0 D

B A AL (0.5 @) 78 5 mL WEER S5 v

W (50 mM, pH7. &) IR A3 8.0 56 LIE W)
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SR ZE R A AR A X 7 A A R AR K S Cd R L AR BE S « 41 -
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MDA) & & 1 I & & A i 18 B Z Rk
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PRI 22 SR A A B L i S AL E i (CAT) T
PR FH 28 AW I
1.2.5 M&RSEAINE

SR 95 %0 Z FEHR I, R B ORI 45 52 iU S DA
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MEMW GBI 2 R ab IS N R &
%UU'
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ARS8 i ]l Excel 2016, SPSS, Origin 8. 5 3
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2, DT 5 B ) 1 A= ) et FR 3R A2 400 o i R A1

A& 1 AT, Cd A B 2H 7R o5 b 35 R0 AR S A
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A1 53.8% .M 2 mg/L 19 Cd Wi 210 i 75 ik 2h
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PE ISR DT AR A0 T 25 49 Ty 360 1) e 42 o A 40 3 A
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SO ) A A D %, A AV 7 8 AL AR 19 42 9 it GBR32
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T A PN I P AR B ) SE A A 4R A, AT A 448 i
JIES f4) 5 & M A7 B PR . GBR32 Ml GBR32+Cd &b 3
HAE CK ALEZAH LE , 3B MDA 5 12 40 53l %
KT 29.5% 1 38. 2%, i B #F GBR32 Btk )5 .
Y5 RGPS N 51 2 Y X EY
FAE A= 9 iy 31 /%) 38 5 BT ME L 28 i T GBR32 il Cd
XPAE W) RE B R AL B 5. 5 Cd Ak B 41 LE,
GBR32+ Cd Ab 3 21 {fi 15 75 Jifi H1 b &6 A1 AR &6 79
MDA & &4 BIFEAR T 46. 4% F1 14, 5%, 136 B 4
Fl GBR32 B #k 5 7 i o 3B A AR 5 MDA & & 4
A — 8 W AE .

B it L
s [ RiE

CK Cd

B2 FRELEsTEH MDA 428 %R
2.3 44F GBR32 3t Cd Wi T & 36 . &1L B85 75
P8 % v

TEIEH 2 0F T L HE W B R0 Ml ¥ 5% 1Kk P4 10 338 12
AL AN ez E . A B A T IR Y
TG A R A R O TR Y RS A
fig Sy I, R TR ROS 3 R AL 35405 . A
RN NS Z iR (A N = ALY N s
(SOD) i E ALY B (POD) . it AL AW (CAT)
LR PR i R

W 3 s, CK AL FRAL AR H . Cd Wit F 35 5
HREB SOD #& PEH2 85 1 4. 6%, 136 W 35 71 4 1 AR 2 %
Cd 30 5 R BURR LI5S SOD 16 PR R, AT 5 9 M ik
RN O, . 5 Cd A HEAL A He . GBR32+ Cd 4b i 2
Fe AR SOD i HEFEAL T 19. 8%6. iX 5 MDA %
025 A — 3%, 359 GBR32 HRRAEMS RN Cd e
AR T A2 B ) 05 R SRR AR N PR SOD
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AERE RS BN RS Y e Z 3 E 4
J& 7 o i 2 0 Sk AL 4. Pramanik 2% #F 5T
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WA SR JA A T TS JA/ET 51
R RGP

40

R
o LN AR

30 [

20

% & &/ (pmol/kg FW)
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Study on the chemical constituents of different kiwifruit
cultivars based on GC-MS metabolomics

ZHAO Yan-ni"*, ZHANG Kun'?, XU Mu-dan"?, LEI Jing®,
LIU Huan'?, LIU Ning'?, CHEN Xue-feng"?, ZHANG Di"*

(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Shaanxi Research Institute of Agricultural Products Processing Technology, Xi'an 710021, China;
3. Shaanxi Kiwi Engineering and Technology Research Center, Shaanxi Rural Science and Technology Develop-
ment Center, Xi'an 710054, China)

Abstract: In order to study the differences of the chemical constituents of different kiwifruit
cultivars, gas chromatography-mass spectrometry (GC-MS) technology was used to analyze
the primary small molecule compounds in three different varieties of kiwifruits (Hayward,

Yate and Xuxiang). A total of 76 compounds were identified, including 19 amino acids, 26
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H (201940,201937)
PEH B R HEWR (1987 —) , 2, e FE M AR , Bl 302 11 AR5 7 1) - 2 W B R oF
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sugars, 11 organic acids,7 fatty acids,6 TCA cycle intermediates,2 phenols,and 5 other sub-
stances. The supervised multivariable analysis PLS-DA model with UV scaling showed that
different kiwifruit varieties had obvious differences. Among them., the Yate samples were
clearly separated from the Hayward and Xuxiang samples based on the first principal compo-
nent. The Hayward and Xuxiang samples were separated along the second PLS principal
component. Univariate analysis was applied to screen the differences compounds between any
two kiwifruit cultivars. The results showed that the ascorbic acid content was the highest in
Yate,while the contents of most organic acids were the lowest; the contents of monosaccha-
rides were the highest in Hayward, while the contents of some disaccharides were the lowest;
the contents of most organic acids and some amino acids in Xuxiang were the highest,and the
contents of monosaccharides were the lowest. This study can provide basic data for the quali-
ty evaluation and comprehensive utilization of kiwifruit cultivars.

Key words: kiwifruit; cultivars; chemical constituents; gas chromatography-mass spectrome-
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try (GC-MS); metabolomics
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— AR A R R R A R R A S
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1.3 %%k
1.3.1 HEShETAb 3

FRIC 100 mg BRMERE T8, Im A 1.5 mL 1
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T TR 100 pL B4 e £h R $h-0k 0 % Wk
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A% W R DD EN BB R 5.5 min, B TR
WA 230 CLEIfER N 70 eV. £2H TR HME
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NIST.Fiehn, Wiley %) VG it i #7 %7 25 % M 43 #7 »
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i 1 % PE K R (I NIST ., Mainlib %) K bR
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et 445 01 RT/min —— 0 [IRE BE/ME TRy
Ratio A Ratio P Ratio P
. Amino acid
SEBRH Metabolism
A alanine 8. 32 1.51 0.27 15 0.00 0.96 0.92
KA QIR aspartic acid 19.52 5.32 0. 00 2.97 0.07 56 0. 64
- Organic acid
ANER Metabolism
P9 i R pyruvic acid 7.05 1.58 0.02 5.22 0. 00 3.29 0.00
RULA glyceric acid 14.78 3.11 0.23 52,14 0.11 16. 74 0. 00
R malic acid 18.92 3.22 0.28 14.91 0.16 4.64 0.00
SRR isocitric acid 26.65 0.53 0.07 0.62 0.00 1.17 0.47
RN 1N ascorbic acid 29.13 1.24 0.69 0.08 0.00 0.06 0. 00
L L Carbohydrate
L Metabolism
S fructose 27.67 0.29 0. 00 0.55 0. 05 1.91 0.01
e | galactose 27.95 0.47 0. 00 0.56 0.01 1.18 0.11
A glucose 28.13 0.51 0.06 0.49 0. 00 0.97 0.88
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Ht Others
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4Bk A% 1 i acetylsalicyate 15.17 2.11 0. 00 1. 36 0.03 0.65 0. 00
L myo-inositol 31.68 0.07 0. 00 0.19 0.05 2.51 0.01
3-BR- WL inositol-3-phosphate 37.57 4.31 0.22 577.19 0.13 133. 80 0. 00
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Effect of deep eutectic solvents on oat protein extraction

ZHU Zhen-bao, LIANG Zhen-zhen, YI Jian-hua

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

na)

Abstract: With the rise of green chemistry and sustainability concepts,deep eutectic solvents,
a new type of solvent with physical and chemical properties similar to ionic liquids, have at-
tracted a lot of attention in the extraction of components from plants. In order to explore the
effect of deep eutectic solvent system on oat protein extraction, the effect of each factor on
protein extraction was studied by using protein yield, protein extraction, protein content and
protein recovery as the investigated indexes,respectively. The results showed that the type of
deep eutectic solvent system and water content had greater influence on the yield,extraction
rate,protein content and recovery of oat protein,while the factors of material-liquid ratio, ex-
traction temperature and extraction time had less influence on the extraction effect of oat
protein. The better technology is the synthesis of a deep eutectic solvent with a molar ratio of
1t 3 choline chloride-ethylene glycol, water content of 15% , material-liquid ratio of 1 * 7,
temperature of 50 C,and time of 100 min. Under these conditions, the yield of oat protein
can reach 8. 26 % ,protein extraction rate of 60. 7% , protein content of 64. 37 % ,and protein
recovery of 39.07%. The present study shows that deep eutectic solvent has greater potential

for development and better application as a new protein extraction process,and can provide a
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new way for the extraction and separation of oat proteins.

Key words: deep eutectic solvents; oat; protein; extraction
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#eA (Oat, % 44 Avena sativa L.) AR AF}
(Gramineae) M J& (Avena) IR E1EY). B 51T,
R ERY P HER S R T E A A
R AT IR 1300 ~20%, EHRMEF | NEF
R — R R R RS B
B2 BCAR 150 T A 5 vk Ry B 1R 190V RS . Tk
VTR UL 7 %5 A B 0 AR 8% pH, AN {H 3% I 3%
I3 B A A 5 A8 AR i B OR IR s Tl
AR U 1B A% 1 LRI R HR A AE A T AR
R 2 BT AR ORI A B L S BE DR R AR 1 B A
WG PE. PR i T & 0 i AR W A R IO S 7
e Skt PR ORI AT RS K R i L

K 45 78 7| (Deep Eutectic Solvents, DESs)
S T A R DR Y — b W A J5T 2 AR B T IR B
T4k 46 75 57, 2003 4E, Abbott 250 15 W H IF &
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(L BePERH R i AW TR B, BRPG P52 7100215 2. BRVEAR ™ & TH ARG 5B, BPE 76%
710021)

W OE.ASEREAKREROELRBE . S 4%t m R 0 BRI B At S AR
FRREER. KR EB LA EINE EPGS AFFR s %, 3T H 20 R B2 4 B8 BaeS 4 M3 & &L B8R
BT T AT oA, il it RARIE A Rk FEMEEEINE AbaeS B % #h. AR T A 4
(WD) Ao R Bk A baeS 092 K W& GE3)M AW 0INE G B ZR3FE 280 B34 & 4R
L5 35 A7 R AT R BaeS #9 2 fk. 45 R A9 . BaeS 4 HK_Sensor, HAMP.DHp #= CA w A4
BB, 244 15 h AT B BR AL A9 2L 5L BR 15 5. DaeS W SRR AR TR SE IR 09 A& K VL BiE B 4k
RS R OB AR F AR TRk BB AR E & ebiR 80.SDS F B E A 69 B
B AR AR,

EBAEEIRE; WMHy A% BaeS; A

FESES:TS201.3 XHERARERD: A

Effects of histidine kinase Baes on virulence factors and
environmental stress of Vibrio alginolyticus

LI Ying-yu', HE Xiao-xian', JIANG He-yang', CAO Juan-juan',
XIAO Miao', LU Ping', Liu Huan'*"

(1. School of Food and Biological Engineering, Shaanxi University of Science &. Technology. Xi'an 710021,
China; 2. Shaanxi Research Insititute of Agriculture Products Processing Technology, Xi'an 710021, China)

Abstract:Vibrio alginolyticus is an important pathogen of aquatic products. The two-compo-
nent system plays an important role in pathogenicity and drug resistance of pathogens. In this
study, the domain and amino acid composition of the histidine kinase, BaeS, were analyzed
and the A baeS mutant strain was constructed by marker free gene deletion method with Vib-
rio alginolyticus EPGS as the research object. The various phenotypes, such as the growth
curve, motility, biofilm formation,extracellular protease, environmental stress responses,and
antibiotic sensitivity,were detected between the wild-type and A baeS mutant strain. The re-
sults showed that BaeS contains HK_Sensor, HAMP,DHp and CA domains, with the histi-
dine site (244) for phosphorylation. The knockout of baeS reduced the growth, motility, ex-
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H (201937) 5 BEVERHEL R 2 1 LRI 2 2 4 5 H (BJ12-24)
TEE BT A2 E (1997 —) , &, BRPH I A3 AL R 58 A L AR 52 5 1)« (A ) 2
BIAEE X (1983 —) Lo, By 1G22 N, @ 042 Wit WF 98 07 1) - A % livhuan@ sust. edu. cn
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tracellular protease production,and biofilm formation of Vibrio alginolyticus. Besides, BaeS

played an important role in the clindamycin,tween 80,and SDS stress responses regulation in

Vibrio alginolyticus.

Key words:Vibrio alginolyticus ; two-component system; BaeS; virulence

0 35

i

VE BN E (Vibrio alginolyticus) F& ¥ 7K 31 55
T UL SR BOR T A A AR IR AR B
A AT WA SR AT i B Y B AR R R [ R 3R T e
SR AR RS, TR AR, s A KR
17 (C~35 °C. O R o — b 2 R
9o JEL DR o A AT AR VTR A R R 1145 K
PRI G b, Hy I OB | Y R AR i i R 3R
Pyt ILAE S 5 A B2 SR L ) A AR AT B R AR IR 22
HEE YO D B kW5 IR TCOG , f T b g, f Ak
FEUH R A B 2 i, R B £ A P S A I RE LI
JUE | £ 858 DA N iz BE T 440 A L 0 AR i B . o N
25y 5 R R 1 ARG (h H RIS H A
WER B 7 R0E BN T g i = 5 R B
Yy B R TS R B A IR L S X PR AR Al
(O PR3, o oI B A N ALt T 22 Pl R e BRI L £
6 DA V& AR AR AR W 0B R A Ry AL S S L
T Ao 2 AR PN A2 4 g R A I 4 S B 1 R R R
TR ) I 4 A 2 K s R B BT AT B B BV SR B
Jei BRI DL KRR S B AT

W EH 73 & 55 (Two-component systems, TCS)
JE— MR LR TR AR S Sl IR B ATTHEAE Y
AR DAL R R A2 338 2% ol A T) 1) s AR 5 o %) 2000 L A0
200 J P %) B 58 A Ak R AT PR RO TE ISR AR W)
e BUZH 3 2R G0 Y — IR A B AL R =R
W (Histitine kinase sensor, HK) #1— 4~ DNA
24 e N 8 42 6 1 (Responce regulator, RR) 4
B A% AR B B R AME B e s R A A BRI
b o Bt I W0 192 s A1 2 Bt 0 2 wie) 7 9] 428 o0 A7F 15 JH: ey
AT MR AR S S AR AR S VO S ) e N 3 45 T
fFii ik 588 AR DNA B 456 52 ) H % 5% s 36
ANFE AT RE R PR s TCS iz 2 5 PR gl
10 25 Fh A= BRI BE A0 45 40 M A K B0 BUR M L FE D
PR 38 PR L IR AR IO DL K AR R
Mt 25 g HK fE A R E S R R 5
TCS B2 53, B 18R H7 L0 5 500 9 785 7 30 A 1T 45
2 REN L AE R IAAF B . BaeSR & HOK AR )
N & 48 (BaeSR, CpxAR, RscBC, Psp fil 65) 2
— , A AR V4 BaeS Fl I G BaeR 41, =

52 Wm0 e RS R NI RS
BB B T Bk N U S 2 B AR BT RE A R s
1M & T BaeSR 7E 1 i 9K B Hh 19 /8 H o A D0 42 36
AR SO B O T 2 R AR BaeS #EAT T 5 43 B
A R 878 R i AR 2, 38 1k X B g DR 3k DL AN TR
W I TR ER B W1 20 Wl T BaeS X ¥ i
IR B S PR B2 DR L SDS it i % RN
[F] A58 7 33 1) 98 42 4 T, S it — 20 BF9E BaeSR Xt
Vs i TR A 35 ) R A U8 45 AL A A B R B R Y
T 24 KA.

1 MBR5FE

1.1 FBRAR BHREZXAN
.11 SR P

BN EPGS(WT) , gk pDMA4 , K #F 1
DH5a,DH5a Apir, SM10 Apir ¥ 52 56 25 {5 47 ;
pDM19-T #4&g T 5 H EAEYHEH AR AL A RA
Al.
1.1.2 5954k a7

LB 3323 1% (w/v)NaCl, 1% (w/v) A
WEL0. 5% (w/v)EEREEEHLY).

LBS #5554 . 3% (w/v) NaCl. 1% (w/v) &
H 5.0, 5% (w/v) EERHR T

A B FR L AN 1. 5% (w/ V) BIR  15 Be N
TEXEFR 3 A s 2N % R (Ampicillin, Amp)
100 pg/mlL, K #T T T AR 418 50 A7 45 4 4% I X iz 1)
bk,
1.2 EZ&EMNELXE

Micro 17 RUR I =5 28 250 A, 7F = FE 8K kil
IREHE A B F] s B W 2% . 18 B Eppendorf /A Hl ;
WH-3 B BEIR A A B Pa M as T A R
H] s DSX-280B A T4 X ) 28 IR K R Sy, 1 i
ST AT DK-98 11 B B e & &Y. 3£ [H
Quawell; Agilent 2100 T A= ¥ B 3k R 1R 0 R &
FH ZHEAE s Varioskan Flash B EAR 1L, 55 2% 58 Bk
KRB A BR A F.
1.3 %7k
1.3.1 KRR MG

WO AE LBS Ki 92 3E 30 C FHi 3%, KT
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A K E PR VME BaeS XA ¥R I 3 ) K 1 F0 2R B8 1 9 4 © 59

BE LB R gL 37 °C T35, R # & ok il 7e
200 rpm [ EW G,
1.3.2 BRI 5 LT J 25 ¥ 18 53 #r

¥ BaeS AR )T H1#E2¢ £ InterproChttp://
www. ebi. ac. uk/interpro/) # 17 H {5 5F 45 ¥4 38 19
A3, [E B A Genedoce B4 X AS [6] 4 B 1Y BaeS
FIETR 7 N AT XS 4 H
1.3.3 A baeS FEA5 KR H4) 2

MG NCBI £ 88 ¢ b € 2 A 19 3% 3 98 58
EPGS 2375, LA baeS KK Ry ik . %3t
Uit [V 51 90 X baeSup-F/R HUT i [7] 58 51 9
Xt baeSdown-F/R, bt 5T B = ¥ BL B A FR A 7]
& . FlFH Overlap PCR ¥ & AbaeS HWE G 5
pDMA4 HEAT % #2255 41, IR K 5% A6 K 3 #F 17 DH5a
Apir Al SM10 Apir., $k BCBH ¥ 58 B bk O 3F 17 1 7%
PCR 50 iiE , Xf 5 20 5o B Wk i 47 O Bl % i 3 9N &
WT 54 pDM4-A baeS JF R i K % FF # SM10
Apir SR E 20 51 F 30 'C 1 37 CHERIGALIE TG
b 20T L 1) AR R b B R R ODgo
0.8 2o, AT H A 5L, 3 5k W e [ U 8 4 38 46k
T E1FH) A baeS T8 bk,
13,4 AR e e

F 05 Ak G 0 U o K TR BT AR MR OWT ORI 58 AE fk
A baeS BRI EGE —F ODy = 1. 0, 3% 1% R 5
SRR AR WT FIZEAE KR A baeS #7015 50 mL LBS
TR 15 9% 3 of, [ B B8 0 100 g/ mL Amp, 30 °C |
200 rpm}i R BRI BREIN 2 ODyo, » EZ2HL 12 h, %
il A A IR, 28/ = i Sy T S
1.3.5 @ahEr e

Xt F2 Sl I 2 25 X8 45 3R A 1 5 1k 8
AL B B O R JH 2 E ODypo = 1. 0,43 9L 2 pL B
WL EEES W ME S A 0. 3% GO A1 1. 5%
CRESF-A5O B AR #3 ( LBS ~F-A I, Ff TR I T J5 i T
30 °CTEERE F5 4 A 7 M 45 5 15 9% 12 h, B AR IE
BRI 9 h, BUR A RE,
1.3.6 AW B my I e

SR FH &5 58 Gl 0 3 I 5 A 0 e TS 1 TR
V- 05 10 14 TR VR R A B A TR {EL (ODgo = 1. 0) 4
FHRWAE I 30 L B N2 & 44 10 mL LBS
B 9% FE 0 S R 0T 30 “CHE IR R FRA L R R
F% 24 h, AT EE S, e O ECH I Y O, 7E A A I
HRPA 2% (w/v) 25 i R #E 5 min J5
5] 1B B SR I FH 40 v K 9218 b b 3 1T 355 O L 2R O
A KR TG IR S K I Y RO 60 °C T g A AL
T A BORAE s Z 5 1) B A ILVE R P A 1 mL

339 (v/ V) UK TR il G 8 B AE W) IR, 7E 570 nm
A0 S LG AR AN TR R 2 DR T = A A
1.3.7  MOAMEE P O R

TSR TR B AN A 1 Y 3 P AT A
T K 5 AR5 I BROR FE S8 — 2 ODyoo = 1. 0, IS
A E 1.5 mL BT EP & .4 °C,5 000 rpm
5.0 10 min, 01 mL _EVEW T I B A 1 mL
PBS(pH 7. 2) 1 0. 05 g K 2 ¥y (HPA) , #&5] )5 T
37 CHEJR 200 rpm #5535 2 h, B0 J5 % 5 W4T
600 nm ARG Y . [ B SR FH B 1% (w/v) ik
BWRY ) LBS A i 00 7 e A 2 11 il 3 o T
15 BB IR BESE— 2 ODyp = 1. 0,43 HI WL 2 pL
PRV N2 126 Cw/ ) ERE W3 83 1 LBS SF-Al L R
W5 B8 T 30 CREFE 24 h, 1 IR 5% 3% W Bl
K.
1.3.8 XPARMPLA EPIME LT

W TR WT FIEAEBE A baeS TRV
BN ODsop = 1. 0, JBT 8 1 LBS K5 7% 5 %0 T
BAEE R BE (1,10 1,10 2,10 ° .10 "), 43 31 W B
2 pLFWCFAT 3 Wi 2 B4 H 25 pwg/mL DU FR
HiARGEER BER . ARERMRREZON
LBS [ &5 77 58 b, fF i W T J5 . T 30 °C 18]
i g% 24 h MBS TE & I S JF 40 IR
1.3.9 FREENGEE J) L5

R 5 5 N WT FIZEAERE A baeS TEAN R R
B R AR AERE 77, BIAE LBS [ K 55 35 3 P iR oA
W] 9 30 T2 i A [) 1) 20 358 e 07 . A 36 AN [ NaCl &
H:3%.5%.10% NaCl(v/v); AT SDS % & .
0.5%.1%.3% (w/v); AR 80 & &.0.5%.
1%.3% (w/v) . BRI DKl IR 1 WT Fi%E
KR A baeS B E PN ODgy, = 1. 0, H1Hr fif
) LBS 5 % L X W BB BE R B (1,10 .10 7,
107710 ), 43 B 2 oL BCPAT 3 T SE 3
LBS B R B 325 F .30 CHIER I, MR WA K
15 L, [ B 3647 40 R
1.3.10 s ib ¥ 5 73 by

i LmERE E A 3R, BIREREE 3 AF
15 Origind. 1 #BAOERL W MK 5%.

2 HR5iTiE

2.1 baeS JF 5 5

TCS 5 B WA TC 1 20 18, RIS 4h 515 5
(4 52 V2 11 CEHL R ) VK15 5 76 Ak R TA) A=
F A A o 7R S o 1 R XA 2R AR SR



.« 60 RSB RKRE SR %40 %
(O RE R 4. 8 1Ca) g baeS FE[H (or f04422) 7E 1R 1138 il 415
BN EPGS SE N Al b iy 47 & L 2Ll 1 371 bp B LA + TN 5 B s NCL B G
FE . AT EWFEY or 04421 FEH (666 bp) i (o) BaeS 4 4 b7

fith i) o7 98 5 06 £, B TCS o 9 RR; H F iE (1)
or 04420 £ (711 bp) 2 i% H i B B8R — 8 1 ; {7
T baeS FE A T A or £04423 FEP (2 097 bp) N 4
fith TonB MR AU 1Y £ 48 1A 32 I8 1. AT L, 76 7% 3
SR R N A2 PR 2 1A BaeS B Hmi 7 G 14 &
P A 208 118 256 PR 0 % 1)

AN [ B 2 2 P A T 5 AT ) 8 A el 2 S R
R 3 H AR S A LLR A A R, R JER O X
(HK_Sensor) ,» 2 1k 1 2H 2 1R B 12 15 7% B 435 44 3
(dimerization and histitine phosphotrasfer do-
main, DHp) , L) & ATP %5 & Fifi 4k 45 44 3, (catal-
ysis and ATP-binding domain, CA). 4h, iR &/
i HAMP (FE histidine kinases,adenylyl cyclases,
methyl-accepting proteins,phosphatases 1 1£7E 1Y
RO  PAS.GAF %555 A5t

FIH Interpro fEZE /3 # T ¥ BN BaeS HHH
{18 45 ) 3ol ZH B FN A8 B 457, 45 R AN 1 () Fl (o) e
. VE BN BaeS [ T &% A HK_Sensor, DHp Al
CA =IRG8 & A HAMP 254 5, H
. 244 A7 PR ST 9 A E R AL 5 CHD | 78 BB IR 25
T HK 5 ATP i i iR 2 A1 5% 2 2% 4 & R £t
RO Z R 2 RR PR KA WA A T Bk
A8 RR Y 5 Tl Ak 08 45 05 k. 38 o 0 JHG 45 4 B
M ENL BT & B, HK _sensor [X 48 3 2 v T 41
it J) J5 2 T HE W A0 A 7 A 85 IX, HAMP, DHp
PLE CA DA T 20 i 5 . it A, 5 A [m) 40 o oh
BaeS Z LR PP FIHEAT T HOXS 4347, 45 R AP 1 (D)
Fi7R  BaeS 15 = A 9K O 1 P8 1 8 0
(WP _ 005374264, 1) 5 &l ¥ 1 9K & (WP _
005459362, 1) Al G IK 3 (KIP66134. 1) BaeS &
By 51 14 [R5 0 S5l 1k 3] 82. 4506 F1 78, 5600 5
5K i kT 5 (CAD6009838. 1) Hl 4 [T & 8 [C B
(ATL41268. 1) BaeS & % MR ¥ 51 [A] U5 & 73 1 O
27.80 %M1 28.16 %4 . Horfr DHp 45 14 3 20 3k iR 41 1
BONPRSY 2 ARV A

(a)baeS FER 7L IR BN H EPGS JE K 21 i iy i &
244
S e W ey | M)
1 49 149 175 233 298 343 457
(b) BaeS 75 [ 45 ¥y 48, 7 #r

(d) BaeS 2 582 240 W L X 43 #r
B 1 BaeS & B AL AR AMIE LT HH

2.2 AbaeS Bk Bk oy ik ik BT

i3 Overlap PCR R A5 6t 2K 55 4-279 o B J&
BB, 5 A ATR pDM4 #HITEA G S EH
PN B A A B AR b, X P R ) D R 20 Y TR TR
17 PCR 4" 14, IF LT A= R TR BRAE S 6 B, 25 28 4 &
2 s, HE AT, 2 5 UK Y A baeS BRI 1
VKA BB AR R R B2 270 bp. it — 20l
m R B BT IR L X A baeS B MR IEAT I H
PRI IR 54T FE T 25 R K B A baeS
RAFIREE 4-279 AL LB K, RV A baeS 78 Bk
B A

M:DNA marker 2000;1:WT;2:A baeS
B2 AbaeS ®E# PCR ik
2.3 BaeS*EHRINA LK H @
T Ao 0 S i SN O B AR R WT BB A baeS
1 LBS H5 37 Herp YOG BE L A 5E BaeS XA BN A=
Ky, 25 W E 3 s, i BT AL IR A
LBS F @ #5354 Kol 40 1 b 19 8 B 3 N
301 R AR K, 11 b S B AR 2 . A
Fb T e 9IN TE BF 2E BR L A baeS 5878 Bk B AR L BE TR
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PR KA PR BaceS XTI 5 9T 35 ) K1 00 558 1 A A © 61 -

T LBS 5775  EAE 0 RO AR A2 I AR K A2 B
WY 8 PR B AR A B 22 3R 2 12 h R R
AIOE Ay 0.7 2y T EF A BR AT 3K 1.0 Zefy. /]
W, BaeS Xf TIA BN 7E LBS F 5 Figr Sk i B K
HA — 5 B IE AR .

1.2F A WT
10k —— AbaeS e __a—A—A
/'/‘
_08F}
= /./.—.
8 o6l P
o
04F -
«
0.2+ /
o
0.0F

01 2 3 45 6 7 8§ 910111213
Wl /h
B3 EERATAEM WT F2 AbaeS
REAAE LBS F64 £ KH L

2.4 BaeS*ZEEIINAZFH MG F @

TR B ARk WT MG AEBE A baeS 12 SR
A5 RN 4 PR, B A R ELAT 505 9 11 3 A E 5l g
1 B — W5 ATl E IR s — 5 12 Bl R Y
PR 5 T A baeS TERCTHURBE P-4 I 132 3 RE 134 W]
AR, HEAE R T ICZRE ). B BaeS X4 i I B 1Y
s sh s e ) 4 HAT —E R FEAE HT.

AbaeS

I & 14

1T 2 44 i

B4 WT Fo AbaeS R L HIEFHEM Z
2.5 BaeSiEEIRNE AMAIEL R 6GER

B e A R Y vk SR A W R 7 A
T 0L, A 5Ca) . %5 i oK B B A= vk ] 7 il 4 R
B K AR Y AR KR A baeS A=) IR
JE Rt BH I8 3 B A R D s 2 05 T UK 2 R 6 A 1 Bk
B HEAT 26 20 Vs . A 570 nm AL T 5E WO {8, 45 5
W 5(b) Fizs , RAEKR A baeS 4= Y HUIRIE W2 5
B A kR d . AT L, BaeS 25 1w A= 9 15 IR

B 3 4 L A

AbaeS

Ca) &5 i 52 e 03 I 5 A ) IR

WT AbaeS
(b) %R & 2 A & ODs7o A WG 1H
B 5 WT#H AbaeS & T4k A WA JE 0T R
2.6 BaeS xS INE AN E G B E e B AR R
PR 22 A TR B T Asp SR U BN TE 2210 B
S F. st HPA E sl E 7B AEb WT FloE 22
Bk A baeS Mo HME H RIS PR S5 R AR 6 () 7.
B A= RR REAE 77 AR KB Asp T basS J& Rk 2K )5
FEBNTE BT 40 WA Asp BB AE R B E R IR (p<<
0. 05). &b . FI F R 28 W5 7 M e Pk 43 B 1 i AR
Jifg ;= a1 AR AL, 25 5 R L AR KR A baeS T 15 HAE
BRI AR SR HAT) AT 5 BT AR R B A A (] 1Y 375 1
R L anfE 6 (h) BT/, AT UL, BaeS fiE #F %5 390 B Asp
FR 238 T 0T T I AR 1 Tl 118 5 2 e A K

0.5
- ‘v"!'-'"' 04
1 £0.3
@]
0 0.2

WT AbaeS : WT AbaeS

Ca) B 22 PR A 3 P 2

WT Abae;
(b) s 28 1 0 P 0
B 6 REHRIINE G B E N T
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540 &

2.7 BaeSHEZENHARRRAEZREG T A
WU F LA Rl R B R SO E R A
RR 2 2R s e I P A= bk WT Bl A baeS 7%
PRI BT A R B BURE 25 R Qi 7 BroR . B AR R R
AbaeS RN A R Y HA & B0 UM 7E
YA 25 pg/mL B R AR SRS R WAL
R B ARR T F . A baeS 28 28 Bk X H At = Fh
AR SR, wRE RN FIBEZO BRI LA
[F) 72 32 ) U e 5 HL v XoF B PR S 2R R R (BT 7).
T UL, BaeS 2 5 1 i W I A it 32 50 MRS 2 1Y
ERE AR, TCS iz 2 5 4 i b A= &R it 52 1 1
i, T g A A T A L DR/ 2 W T B0 n 24
Yo . bR BT AR 3R R R 0 3R 0K L B B
Az ) R A E Al T 24 T8 25 o B v 4 TR P A R Y
it 52 P 7 K W #F 1 P . BaeSR i i 8 MDR
2 A1 HE S S IR A R AT 2 ML B I
S VbrKR W58 o s 504 T i il 56 1 1Y) 3% 5K
SCERXE B PN T B 2 B AR R T A2 ML I BN
BaeSR X 5w AR EE R 09 Tif 52 Pk 1 98 42 B 0 5 2 —

WT AbaeS WT AbaeS WT AbaeS WT AbaeS

10"

10°

107

B 10°
d

AHEE  KAEE

TSR AT R B A4 A & A b0 4T

HER HER
7

B
2.8 BaeS 7 SEINT R B SRBE A AR A 69 % h

TCS 764118 H 3% 3k 77 7 - % 48 F5 1k - i 2
O 4 TR B 18 SRR RN B 5 108 A5 Ak A A R Y
R AR T B A bk WT Fl A baeS 2 AEBETE
AR ER W BE T B A KB B, 5 R ANE 8 () TR,
WT Z£0.5%.1. 0% F1 3. 0% (w/v)NaCl f-FH b
A R (LI 2 kv B 0% e A1 L A A TR AR R B T
FIAERAT BT AR, A baeS EAZBRTE 3 AN A £ B
T RE A A E B R A A AOHS T VR A A I U
5595 FE M A ER BE R L A baeS 2875 MR A B VK A K BT
AR TR 58, FE R OREE D 10T B FE 1L 000
3. 0% (w/v)NaCl B FH [ A baeS 7878 ¥ Ff JE B
B TR V% 58 WT W S 5 5 . 1 7E 0. 5 % (w/v) NaCl ~F

e b WT AR AT A K 11 A baeS 278 ¥R E TE A BR AT
U B V& T I 31X 7] BE & 1 T BaeS X % 6 90 2R
K i 5 | A2 1. T DL 9 oI T A Sy — b g R TR
oA K B A R RE A B AT A2 31— 2 BRI L 1 BaeS
X B P AR G R 45 0 R 1 35 I O O B I fY A 4
YEH.

)G H BT R TR He B i N i g O BT AR Bk
WT Fl A baeS 57AEBRA A W2 00, 25 R a1l 8 (b)
B, METLLE S, WT ZEG 0 T ok i 6 4 b
AT RAA A B ok R R R A B, A K3z B —E
P RT3 Yok A - WT B I B 75 4K
R BE T B BAS. T A baeS 5878 R B A2 K B
5 IR VAR ) 80 T A R 5 4 R A ) K
T WT I A baeS 58745 # %t k17 HL A7 4058 1)
it 52 P o FEAR [E] 55 % 25 00T BioE 1 i v % A P
W4 K. AT UL, BaeS 78 ¥ i 9B mi B A Ak 38 7 1
T R LA A AR AR

TEVRIN T A [ vk BE SDS A |, WT ¥ g%
I A K, HOSDS e A B ok G AR K Y R e A
WEL M A baeS RASRAE 0. 5% SDS e b A K
5 WT AR -, HTE 1% 3%SDS FM_EH A
K3z 3 W) Ry, L AE 326 SDS F R I
A baeS G MRALAE R 7 BB IV LA 3% . 0 B 10 A%
JE A A AR AT UL TV T B, DL 8 Co) B, AT
U, BaeS 76 ¥ 88 B W B SDS 1 2 # 3 72 o 4 3
B RCE B MM M. F 4 B8 A BRI Newman
H1,SDS 7] DL H 4% 4E I F SaeSR 4Ly & 48 4
SR SaeS., 52 Wi LG /0 R W OS 1 OB R
T 5 DR ) 3R 38 5 DT A IR 4 B €8, 48 %5 3K B8 X SDS
B 2 R — 0 A AR 5T SDS & 75t fig
FAF FH T BaeS 5% Wi 0 G /0 1R 16 15 M, DT 78
PN AE SDS JE 1T Y me 7 1 1.

WT  AbaeS WT  AbaeS WT  AbaeS

3% NaCl
() AR ER A BE X WT Hl A baeS 2878 Bk A= K 52 1)

0.5% NaCl 1% NaCl
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WT  AbaeS

WT  AbaeS WT  AbaeS

0.5% rtif 1% iR 3% mtiR

(o) A [l e BEnE X WT 1A baeS %78 A K Y52
WT  AbaeS WT  AbaeS

0.5% SDS 1% SDS % SDS
(O ARIFAHE SDS XF WT I A baeS 5845 kA K 14 52 iy
B8 WT# AbaeS B EAMARE
IR T ey AR

(1) B S iy g 7 T b i B DB R 58 R B
A baeS. BaeS ¥ A HK_Sensor, HAMP, DHp Hl
CA VUS55, 244 7y 3047 W R Ak 1) 20 %0 R fof
LA IR A P TM 45 R 3. 3% 3% 9N BaeS
TR 20 B RV i oI TR RN TGO B B R e 1Y
ARABLBE .

(2)BaeS X i BN 19 4 K FAS 7] 35 7 75
FL 353 S M 22 R AR 2R W B AR B A
1E [a] P P2 A .

(3)BaeS Xt ¥ B 9 50 MR 55 2 i A2 1 DL e %t
n U SDS &5 B4 45 28 Ak 1 1 8RR O B A B 2
AL
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Study on the extraction technology of Osthole from Angelica
pubescens Maxim. f. biserrata Shan et Yuan
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(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Ankang Zhenxing Industrial Co. , Ltd. , Ankang 725000, China)

Abstract:In order to explore and optimize the extraction and purification process of Osthole
from Angelica pubescens Maxim. f. biserrata Shan et Yuan,the extraction process of Osthole
was optimized by response surface methodology,and the separation and purification process
of Osthole with macroporous adsorption resin was investigated. The results showed that the
optimum extraction condition was 60% ethanol,the ratio of material to liquid was 1 ¢ 10, the
extraction temperature was 65 ‘C,the extraction time was 58 min,and the yield of Osthole
under this condition was 1. 754 %. The most suitable resin was LSA-21 for Osthole separa-
tion. The optimum conditions for separation and purification were as follows: the concentra-
tion of the extract was 2 mg/mL,the volume of the extract was 3 BV, the flow rate of the ex-
tract was 2. 5 mL/min,the flow rate of the elution was 2. 5 mL/min and the volume of the e-
lution was 14 BV. The concentration of Osthole in the extract could be increased from 2. 51%

to 28.76%. The method has the advantages of simple extraction,separation and purification,
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few organic solvents,and is suitable for industrialization.

Key words: Angelica pubescens Maxim. f. biserrata Shan et Yuan; Osthole; response surface

methodology; macroporous resin
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B o Ti) A i 8 ask DR B 38 25 5 | R A W YA rh— 28R 4y
Wy 50 R 1T A T A A R /N 0 T UE B
T T BELA e R 1 2800 1 B9 0, DR O e R A W 2
W R 60 %.

AL W2 B ARS i JT Xk I 9 s A6 W R 5 00 3 1 Sy 220
mL.240 mL.260 mL, N TR UEREAS(H I AR g
PR 2 4 KL B AR i S T i 0 of 58 4 L B LA
B A # N 2.5 mL/min, FREAKFA 3 BV.

—®— 2. 5mL/min
—®— 3. 75mL/min
—4A— 7. 5mL/min

2.0 |

1.5

it H R E IR %/ (mg /mL)
Jun
=

05

00 0 5|0 10|0 15|o zolo zgo
Vit H R AR/ mL
s whRwXA

2.3.5  VEBLUR XS LSA-21 4 BE 5l 25 1 W ) 5% v

WL 9 BT, Bl D (A3 o, PR it £ H 0
() 2 T o Y98 I8 AR HL 1 P AL A 7 348 . >4 Yok It .
2.5 mL/min B}, 36 I R 28 X6 R P 4 4 L o I R AR AR
D BRAE N I K R AT A T R I, DR I o A
VEWL T H K 2.5 mL/min, Ve R 14 BV.
2.3.6 LZWIE

K FH 1o S50 AH €0 1 % e A 40 B Ak T 20 A7
WE. B5eh B RE R B 2. 0 mg/mL. FRE AR 3
BV, LA 2. 5 mL/min, fif W% 2 BE W
60 % HEBL I 2. 5 mL/min PR 14 BV, X i
TR T TR AT B 25 T Y i 0%, 28 5 — IR LSA-21
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) T 25 F - LSA-21 UL W BFFART i XoF 2k 35 1)
AR RS  BGE A Tl feA: 7.

1.8

—®— 7 5mL/min
—®— 3.75mL/min
—&— 2 5mL/min

1.6 |

1.4

L2

(mg/mL)

Q 1.0

ik

il 0.8
=S
«: 0.6

0.4

U

0.2

0.0

0 50 100 150 200 250 300 350
EH B/ mL
B9 #®BuXHE

0.60 §
0.50
0.40
30.30
0.20 §
S
0.10F Cﬁ
0.00 T f f 7y T 1 1
2.00 4.00 6.00 8.00 10.00 12.00 14.00
I3
Ca) I IR F 28 b M T 6533 [
0.50F
0.40F
0.30F
?C 0.20F
0.10F
0.00 T T T I I
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
ok
(b) KL A5 4l 4k iy 253 B
0.12
0.10
0.08
30.06
0.04
0.02
0.00 i " T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
I3
Co) RALW g 2k ) € 33% &
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BE 65 °C . 4% BUE ] 58 min, % & F 15 & R
1. 754 %. FEXF LSA-21 A FL W B A G 2 25 4l 1k

ME P R T R 0 T2 AR AT T RS A9 B e
T4 ERERBEWKE 2. 0 mg/mL, b FE AR
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H OE.add—FRABARER -RAAEXMBR,.HNET AN IS ETHERLLEY
BB FREAIT ARG BEE LR F LB LR, £ 298 nm BA LT RKXEHK
¥ A 374 nm, AEXLETFZHE2FHE50.6%. I, ZFFELERRE pH THH EHHALAKZZHY
v E RAE, B EEZRHER(DEFDAR AN, R pH T, 8 H A0 m m X LA
TR W AE L), B 5~100 oM 89k S B A AT E) F 4R A SRR R, #e PR A 0. 31
pM. AR AW E Db A SR o) 5 oy @ B A A e B A AL

KA BHAEARETTE; FHELANERE; W EMHE; FHEZIEL
FESES:0657.3 MHEFRERD: A

Preparation of B doped carbon quantum dots and
selectivity analysis for glucose

L1Ji, ZHANG Yuan, WANG Yu-yu

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

Abstract: In this study.a non-enzymatic fluorescence biosensor for the determination of glu-
cose content was prepared by one-step pyrolysis of citric acid and 3-aminobenzeneboronic
acid. The results show that the synthesized carbon dots have excellent photoluminescence
properties,the maximum emission wavelength is 374 nm under the excitation light of 298
nm,and the fluorescence quantum yield is up to 50. 6 %. Density functional theory (DFT)
studies have shown that the carbon dots have different electron transport mechanisms in re-
sponse to glucose at different pH levels. It is sensitive to glucose in the concentration range
of 5~100 uM,and the detection limit is 0. 31 xM. It has potential application value in sens-
ing,biomedical diagnosis and environmental monitoring.

Key words: B doped carbon quantum dots; non-enzymatic fluorescence biosensor; glucose;

Density functional theory
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00 B AB AR B AR T A T A S HGS ) 2 B R R 0 <73 -

JRERT AL 2R R G AR AR NS ) 1 R
a0 AR o S A W A R DL LR B e R
B AR S AL AR B T B . POk
SRR BT A S T SIS ¢ i R A I R R e R R ) A% IRk
0 AR A B AR i R E R
SRR BRI TR L S T e Ml ax 8 R B, 7 A
— i TC T T 52 i 1 AP A ) 2 W A ) A%

R kT 5 Bk K AL G W L 4R A= KAl T R AR OB
R IE R G W C A L i T B0 R A X 48—
Bl G W B Ak B vk R A0 T R 8 TR
BSOS AL 19 A ORI . Ouyang 260 il %
TP A AT R 0 B R AT A W 3R AR A5 A A K
(OGIEUIE E7 Rk =y € (TEZN L | IS S DO S i
SiE B2 Wi IR YT . Bl — BB BT A B ]
iR Dy e Ak 2 S VR Ay i 2 15 I 2 1Y) G i A% B
. [V B R i 7 O A W A% 2% A 1 Ik S 2 il i
7 BB 9O A% A B A ROEAU. R LR 2
LT TR 0 A OO R WAL g B R
BT REVE A B R AR A A SRR A

B B AU — TR SOER R, B dE MR AR
SRR G 3 St T ) S N R A O L WA
TR TR AR e R B D
AR S Ty T R IR AR AL R N T B ik
2¢2  Chowdhury 2552 #6317 —Fh 2 B & 1 1) N
BT A TR P | i 8 R HA Rk
PEPE RAETE I 98 (20 nM~20 MDA I FRAK ZE 7. 6
nM. Tang 5 ¥ 1 — b SIS AGH 0 Bl e 2 g 0% 2
AR TR LR A SRt 00 2 2 DIV 2K 5 X i R B i TR
TANER PR DG X kP R R R O PR R AT E T
SR, 8 DA 5~ A5 1) ] 8 R4 A ok PR 2 LU 3 A2 2.
PRI, — 287K Bk J2 Tl 6 e R BORE L Tl R AL ik 1t 1 A
8 IR A AR T Tk

AR SCEE A B TR T AR o) W 21 R 9K 8 R B AR T B e
RS0 R G IERE 8 o A7 A R N 3- 24 BRI R —
A0 P A L R T RE Ak Y Bk i X (BA-CQDs).
G AR BRAPEFIBRAE S5 A o 34T 80 2 A 0.

1 XIEEH

1.1 EZZRXANFNE
11,1 FZH

FPEBERR (CA) \3-Z AR R — K & ¥ (mAP-
BA) R = GEH I &I S (Tris) . LR &
FR4M . & Rk B B 25 48 H AL Tk A7 PR Al L 3
R ali. 5 % B (Glucose, Glu) | 2 FL B (Galac-
tose, Gal) . 4 4= & C (Ascorbic Acid, AA) . JR &
(Uric Acid, UA) ([ & 8 (Tyrosine, Tyr) , H & R
(Glycine, Gly) . Bt & R (Cysteine, Cys) \ K IEH

%2 (Phenylalanine, Phe) &5 28 5 B $i7 T 4= fL B} 5
JE A BR 2N\ S5 p K AR A A il 258 7K.
1.1.2 EEULH

Cary 5000 £85M A DL Ar SO GHE T1 (55 [ 2 AR A
FD & T 8 FSS 2800 M i A0 (B [ & T #8); FEI
Tecnai G2 F20 SS“TWIN 3% 5 # 7 i filt 5% (3¢ [F PEI
AT s Agilent 5100AFM JR 1 7 B 6 85 (95 H Agi-
lent 23 A s DXRxi #t & 3 P 2 AR 6 i A (52 [
THEM) ; Vertex70 £I 4 i AL (75 [ A 8 78 28 W) 5
AXIS SUPRA X S5 H T RETE A (B D).
1.2 BA-CQDs #4 A

K FHII AT TR ) 46 BA-CQDs ™85 2. 10 g
FPEEFR FI mAPBA — /K& W% T 50 mL K. 755
AR O AN A 200 Chn# 4 /h
. AR E IR 5 15 2R A1) BA-CQDs . R H
NaOH 7 A1, {8 1 3 000 Da BHT &N 2 K. &
BT S .15 5] BA-CQDs.
1.3 DFT

i/ DFT i858 T & 7 2 2 18 5 7 5%
. Wi A W15 Rk B Materials Studio 7. 0 A4
DMol3 3. FIH ™ OB B3R L (GGA) T /Y Per-
dew-Burke-Ernzerhof 72 bR 2 4 1A H 7 38 e #H 56 5%
B kPR Grimme J7 ik R Ak B 55 i 7 46 A B AE
FH B HIOR: IR, 16 $F DU R T8 3 1 Ak oRi
B(DNP) I, AESHIEE N 1. 0X107° Ha.
BB S W 0. 005 Ha(l Ha=27. 21 V).
L4 #H &ML

¥ 500 L 0.1 mg/mL M F AUAW S 10 pL
M PR W AE = i TR A # & 10 min J5 R A%
FEIETEAAE 350 nm [ & 6 T & IR A W
DI T 3 I A AN (] e JE T 2 VA VR I T O R
ST T IS AT T T A B A R R R S 0
R JBE o v 2K

2 HR5H®

2.1 R

K3 T B RUEE S R T O B X BA-
CQDs # 1T HL 4 Hr. B 1 4 BA-CQDs ) TEM
1 AFM E. HE 1 Ca) 7] Al BT il £ 1 BA-CQDs
EBRRGE A HoRL AR 0 A B 40 S Bk A2 Ry 20, 5
nm. 7£ & 1(b) o nl & 2 B & & 4% 5% 80, & i ) B
0. 21 nm, A A S E5H ) (100) T, X 245 ] %R
W, il 4% 19 BA-CQDs BA £ 2 4k f1 B 45 4.
K1) MR T WA X BA-CQDs & J¥ 43 15 43
Hr. B 1) Al 1, BA-CQDs B 5 B 3 50 A 78
0.40~75 nm 2Z[8],FE¥{E N 0.5 nm.
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(0)BA-CQDs #) AFM

B 1 BA-CQDs # TEM.HRTEM
Fo AFM H.

58 % FT-IR %F BA-CQDs 14 1k 2% 45 #4) i3k
7T RAE. B 2 AT AL m-APBA 43 I 7 3 472
em 1.3 200 ecm .1 400~1 600 ¢cm ' f1 1 364
em AN EEAENE, 0 N—H.O— H. % & A B
— O B4R 30252 i BA-CQDs 7E 1 705 cm !
b ) 1 657 em AN RS X R B T AE & TR
T m-APBA %2 5 5 F7 15 1R 19 72 2 & A RN B
IR, AN, BA-CQDs 7 1 364 cm "AbHEL T
— N B—O By Rn A R 25 5 R B, T

il % BA-CQDs. [ Af, XPS &5 8 5 FT-1R %4
FAF. B 2(b) k4 BA-CQDs 1) XPS i, HAE
281 eV H1 529 eV AbH BT 4B 15 L 33X 2L 15 43 51
J&TF C 1s Al O 1s. 85 R 2 W, #l % 1 BA-CQDs &
R AR . 7E 193 eV B 1s 1. & 2(0)
9 BA-CQDs MY &5 3% B 1s 3% .78 192. 8 eV i,
HFEZEH B—O. FT-IR K XPS 2 #réh &, il
Ty 2% HH 0 R 1) e Ak ik T A

@) BA-CQDs

1657 C=0(CONT,

8 N
2 1364 B-0
s 32000-H 064 B-
= m-APBA
=
[}
[=1
o
-
[—1
™~
> 32000-H
i

34723395 N-H }364 B-O
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(b)
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— Total
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(c)BA-CQDs M543 ¥ B 1s i
B 2 BA-CQDs #2rshkE K  XPS st
R A ZH S B 1s .
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00 B AB AR B AR T A T A S HGS ) 2 B R R 0 <75 .

2.2 BMEFEGLFHEMR

38 1 5 AR OGS RSO EXT BA-CQDs )G
PR AT AL, R 3 ) AT AL BA-CQDs ¥ W AE A
SR IR HE (0. 76 360 nm 4N T R 21
W (0, HE AN ISOEREAE 298 nm Fil 340 nm AbA P
B Y 3% 5 Tetsuka 2559V 338 B K VB AL A
I TR DT Tl 28 B i A5 AR, B L 298 nm 4b
FRIM AT Sy 55 T AL B sp? B m—n” BRIEA C=0
) n—n " BRIEEY . 340 nm &b A4 I 0 2 3 TS 9
PR A RE R AT AN ARG A B 298 nm
1 340 nm AL AR & TR E T BA-CQDs Y75
I & PG EE , TFST & I BA-CQDs 19 % 5% 1 B4 1%
RARKNE, YR DKy 298 nm B 340 nm B, % oK
RHHEARN 374 nm 8% 435 nm. SN T 3E— 25 A58 r ]
%1 BA-CQDs G4 fig, Ao rh I i T 3R I K
i 270 nm B4/MF] 400 nm Xf I A95E 0 & SOGHE , 45
W 3(b) s, M & WA RN, 374 nm Kby 5¢
S5 S I 5 3 SIS /N . 435 nm A A5 2 Bt
SRR BRI /DN L R B B A RS X S E
HRAE AR SN — 0 A, BA-CQDs Y i
7R R FH SCHRARAE 9y A T IR T BA-
CQDs H=F =% N 50. 6% . i T Fr it 8 14 [F] S A Y
TR X R T NGB R IE A RIS R

() N
5 a
1.2x10° Y7 _ . Abs
—EMas
9.0x10°p TN . ke
= Y 360 nm
2 i - g
g ., :
T 6.0x10'} 0.8 =
B=) : o
| ' 3
2 I E:
YA
3.0x10° | ./ 0.4
0.0+
1 1 1 1 Il 1 1 0.0
250 300 350 400 450 500 550 600
Wavelength/nm
() BA-CQDs 1) 9¢ 0 B 5 S O 1
2.8x10° (b)
EM1=374 nm Ex:
270 nm
——280nm
2.1x10°f B
2\. ——310nm
o ——320nm
g A EM2=423.5nm ——330nm
2 5| : ——340
£ 1.4x10 —3s0nm
— ——360 nm
= ——370 nm
g ——380nm
7.0x10 | ——390nm
——400nm
0.0 ¢
1 1 1 1 1 1

300 350 400 450 500 550 600
Wavelength/nm

(b)BA-CQDs A [l & 1 & 5 ik
A3 BA-CQDs #t 5 B

2.3 pH s BA-CQDs *h 5 49 % v

SRy T s ST — i R 3 R M Y A A
FEJT AR B BT TR pH L B 2R AR
T 25 W e R S A DR R T SR P RE A S . & 4
() 7R T AW P pH {H T BA-CQDs ) % 58 FE
K F BRI 433 8 298 nm Al 374 nm).
H Al AE 1, BA-CQDs H A pH MKl v, 24 pH
AT 4~9 ZH, BA-CQDs J& 3 H s Z1 i 9856, 1M
& pH<2 5 pH>10 &, 96 LT 58 2 K.
X—G 5 2 F A s — 20 A . A A A K
BA-CQDs Hy#e Yt Bt 5 pH #7 %, Z24% pH A
T 2 M A BE 18 34 58 BA-CQDs 9% 6. SR
I, e pH H T . Hou g K. Bk, it il % 1
BA-CQDs HA7 19 Flr i 38 26 4 1) o )7 455 =

a
5 & H0.07
1.5x10°
———————————————————————————————— 0.00
21.0x10°F -
§ 0.07 :'T\
& I
= 5.0x10* F
——FL intensity 1-0.14
—=— Change of FL intensity
0.0 o
1 | 1 E 1 021
0 2 4 6 8 10
pH
()R pH F BA-CQDs & BA-CQDs+Glu
1 2 5 B
(b) o =
- D
o} Q-&F
(Ao | opnm‘
E 5 | 1 @ 1L 1
o ]
E 3 O.«@nm
E H
g 0
2 /
[o9) p[ 3.0 2
o]
: Bl 0
N \.\
10 F
1 1 1 1
0 2 4 6 8 10
pH

(b) AR pH F BA-CQDs i Zeta HLfiL
B4 pHXEFEMELRE
& Zeta WAL 7 v

R TR R R AE R pH R X
1 e 3 AILER, BF 9T b BA-CQDs 114 26 T H, fif F
frimiz. & 4(b) 51, BA-CQDs i Zeta H 7 Bfi
& pH 184 i KA. pH 2 1.0~ 3. 0 i, BA-
CQDs 2 T B fiiz 3 A1 0 ntk e £ir 28 9 i 1 1k 7= A= K
HOIEHE MY Y pH KT 3.0 B}, BA-CQDs 4 Ze-
ta B B, AT g T BA-CQDs 26 18 ¥R 3k 25 i
FAk. 4 pH KT 8. 0 if. B AR AL M sk 20, BA-



. 76 . RaPAREEFR

CQDs 1 Zeta ML — L FEAR. X2t TRi%E pH
4 T v o B0 R 36 AT 7K 320 9 LA AIE B T = AR R )
HLAG T B0 H % DY T A B R R T R Ak i o m
PRI, B0 R kT DL 55 K T ) 2 BE AL & W B
3 RRUE  L p

EEXT BA-CQDs X4 28 4 iy X e g 455 =X, 3
DFT $153 X filk 5 A5 1% 2% 11 09 &l 3B b 47 7 40
B, Wi 52 A [\l pH {H T BA-CQDs 5 4 %7 B 2
[B) () FL T RS AR 0. R 5% P ik i T A 9 o AR RLR
F T WA B R S SRR S5 NG B R —
OH F1—COOH. K 5(a)~ (c) HA[E pH F BA-
CQDs fefa @ M4y, | 5(d) ~ () BA-CQDs %%
AR WE 2 AR 22 5 ) e R S SR (R TE . OE L R R
EIR o Y (e T b 1 D E e S AN = Nl [ D
(R ENTRAVE Sy L RO F SR P A CAN R A3 e
TFIXI) . BLAb B R 2 B e el S

i & 5(d) ~ (DA A1, BA-CQDs fEA A pH T
() L AR (E T 22 SR 8 R B pH RO N, R e
PEATMBEHEGOE N A, R 1 PR, X
7 P SF- 247 5 L A0 S R 2. 40 eV, —0. 50 eV il —
1.90 eV. #rHL ML Zeta HL A7 KI5 45 1
— & SRR BA-CQDs W T &R EWF 5.

A s A 5 C(g) ~ (D) AT %1, BA-CQDs 45 & i
ARG AEN IR pH T H S5 S 1A A R Y 22
SR 1 PR, 6 N Y OF 2 L B B oy 2. 28
eV.—0.46 eV,—1.82 eV.

AN ZEA R pH 414 T . BA-CQDs 454 i 4
W I e L 445 i 1T A9 8 58 BA-CQDs ¥, &
BA-CQDs 5 7 %4 W5 2 8] 43 ¢ 2k B 8. 1) v 4o 5 B A
. pH<<3 B} B AR 22 H N —0. 12 eV. X
BIRE R T A B AT = % . S 800t m
FEEI. fE v pH T, B ER R R 2250018 0. 04
(3<<pH<C8)F1 0. 08(pH>8)eV. ti T & F I
T =B BT ST R S B0 %
fi%. B IE AT BE 5 20 BA-CQDs X 4 2 b E A7 7 i
i AR

B(OH),

() pH<C3 I BA-CQDs 19F4 & 45 #4

BA-CQDs

(e)3<<pH<8 i BA-CQDs

(HpH>8 1 BA-CQDs
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Z 0 BB AR BR AR T L 00 ) A S H X 4 4 B 2 A 0 A © 17 .

(h)3<CpH<I8 i} BA-CQDs+Glu

BA-CQDs+Glu
pH>8

(D) pH>8 i BA-CQDs+Glu
A5 ARF pH T,.BA-CQDs ¥ T & XA
BA-CQDs 5 BA-CQDs+Glu # & # 5 12 &
£ 1 AR pH T,BA-CQDs #1 BA-CQDs+
BEMEEHHBER

Mean electrostatic potential Difference of

/eV electrostatic
BA-CQDs BA-CQDs+Glu  potential/eV
pH<3 2.40 2.28 —0.12
3<<pH<8 —0.50 —0.46 0. 04
pH>8 —1.90 —1.82 0.08

2.4 BA-CQDs st # & $5eh b 81
BRI b L B R R — R R
M SERRNEXT TAEAE Y B A T A T e
IO FH AR A AR SRR AR SCRIF 9T T A B P R 2R 5%
T, BA-CQDs X 4 25 1 BE B . 18] 6 (2) R pH 2. 0
TLARTR AR BT B E T R R A X BA-CQDs #¢
eI R R (F, —F)/F,  Hoh F R F, 23518
LA MUNTEAE F BA-CQDs B2 G0 B, vE
IR B TR S BE R S NS I R A
BEILAE R R LT BT A 1 &8 B 7 X 9Ok 5a
FEERFRIN ™ VRIS FEE AL R o it 1 4
JRE T (Hg " (Ag" Ni¥7 .Cu*" [ Fe*™ [Cri™ ) IR K AL
N FEH T IXE TS BA-CQDs 22 [8] 7 4= 5 it {37
YR NI 3350 % € 11 1) ol 7 2% B8 AR, AT, IR 6
(AT 1,100 M () EDTA 0] LU k#5038 15

4 e B X A A WA P T

3] BA-CQDs X 4 6 4 1) XL e 1 488 2, 7F
pH 8.5 M4 F F 47 T ik B PRI, 5 Rk S 1
FPEE A R R pH N K2R ES R
FOKAEDTVE » O A AL B 6(b) B T AN [H]
TP X BA-CQDs 117 KA , Hor 4 $5 45 Fp a3
i S 5 . 45 A AN 7 28 W X e Ol mim B 1 R KA
Fifcoh B35 X ] B2 T BA-CQDs H A Bl iR 5 [
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Abstract: Vitrimer is a new type of polymer material that combines the properties of thermo-
setting and thermoplastic polymers. In recent years, there have been studies using vitrimer
polymers containing reversible dynamic bonds as a matrix to prepare new high-performance
composite materials. However, there are no reports about vitrimer polymer/natural animal fi-
ber composite materials. Therefore, this article takes advantage of the porous structure char-
acteristics of silk fibroin aerogel itself,combined with efficient in-situ polymerization technol-
ogy.for the first time,a polyhydroxyurethane(PHU) vitrimer was synthesized in situ in the
silk fibroin aerogel. The experimental results show that the obtained composite materials not
only have excellent mechanical properties, but also have intelligent characteristics such as
self-healing and shape memory. It is worth noting that the composite materials can be fully

recycled of chemical components and reused at room temperature This research not only ex-
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pands the application range of vitrimer in composites,but also provides a simple and efficient

strategy for preparing high-performance silk fibroin aerogel composites.

Key words:silk fibroin aerogel; vitrimer; shape memory; self-healing; recyclable
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Preparation of different morphologies of zinc vanadate
and its electrochemical performance

CHI Cong-cong, BAI Fei-fei, WANG Zhao, ZHANG Meng, QU Pan-pan, XU Xin

(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, Key Laboratory of Paper Based Functional Materials of China National Light Industry,
Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: Zinc vanadate micro/nano materials are multifunctional, with good stability, high
chemical activity,and high visible light transmittance. The properties and application fields of
the materials are closely related to their morphology and size. Therefore, controllable synthe-
sis of zinc vanadate micro/nano materials is particularly important. In this study,zinc vana-
date with nano disk,nanorod and micron flower structure was prepared by SDS assisted hy-
drothermal method with sodium metanovadate and zinc acetate as raw materials. The effect
of surfactant, pH, hydrothermal temperature and time on the morphology of zinc vanadate
were investigated. The electrochemical properties of zinc vanadate with different morpholo-
gies were studied by preparing electrodes with different morphologies as active substances.

The results show that the optimal dosage of SDS is 8% ,and lower pH is favorable for the
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formation of discoid structure,while higher pH is favorable for rod-like structure. When the

hydrothermal temperature is raised to 180 °C, the lamellar zinc vanadate self-assembles to

form micron flower structure. Compared to the nano-disk and nanorod morphology,zinc van-

adate with flower morphology has the best electrochemical properties,and its rate capability

is 64 %. After 1 000 cycles,the capacitance retention rate of the micron flower is still 86 % of

the initial value. Therefore, zinc micron flower vanadate is a potential material for superca-

pacitors.

Key words: zinc vanadate; morphology; hydrothermal method; electrochemical performance
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W EDRCAB-AERPCL) A%KE, —# T &8 (DMPA) A& & A, 34 R B = F 5
BR B (IPDD) 4 AR B . 4%, T KA R RB TR AR, i@ 2 — F K X H % (BPFL) BB & & — A&
7] 4 Cardo ZR KM R R B (WPUS). £l A4 2ot & i sh kit /2 #@ H g X-SHEAT S
KAk R Fe TR R AR IR S kAT R &8y WPUS 9 M An ik ab b 47 R e, £ R KW, &4
WPUS # BPFL 4% 4 3% 8, WPUS 35L& 89 % /238 X £ 95. 21 nm;ﬂ%éﬁrﬁ'ﬁ& HEAXES
31.36% s KAk A FRA 32.13%. RE LR KK R @I E 5 K&K &K Ak, WPUS3 4
KK B fik A 3RS 887. 6 Y0 KB R TA 57,1 N/mm? 32k 46. 41 % ; 47K w37 E & K T
74 R RGEI R E H 60 K.

KEI . WE Y KERRABE; t#; H5; &Kk

FESES:TQ314.2 MHEkFRARRD: A

Study on preparation and thermal properties of Cardo cyclic
waterborne polyurethane containing fluorenyl group

ZHAQO Yan-na', XUE Yu-yu', YE Zhi*, ZHANG Ting'

(1. College of Chemistry and Chemical Engineering. Key Laboratory of Chemical Additives for China National
Light Industry, Shaanxi University of Science & Technology, Xi'an 710021, China; 2. Xi' an Changqing
Chemical Group Co. , Ltd. , Xi’an 710018, China)

Abstract;In this paper,we synthesized Waterborne polyurethane prepolymer, using Polycap-
rolactone (PCL) as soft segment,2,2-Bis (hydroxymethyl) propionic acid (DMPA) as chain
extender and isophoronediisocyanate (IPDI) as hard segment. Then, adding bisphenol flu-
orene (BPFL), We synthesized a series of waterborne polyurethanes ( WPUS) containing
Cardo rings. Their structures were confirmed by fourier transform infrared spectroscopy,ar-
ticle size,thermogravimetric analysis, mechanics, X-ray diffraction, water contact angle meas-
urement and paper surface sizing. These results revealed that the BPFL content of WPUS
was 3% ,the particle size of the WPUS emulsion increases to 95. 21 nm,the heat resistance of
the film increases by 31. 36 % ,and the water contact angle increases by 32. 13%. Compared
with unsizing paper,the water contact angle of WPUS3 paper was increased by 887. 6% after
different emulsions were applied to the paper surface, the maximum tensile strength could

reach 57. 1 N/mm?* which is increased by 46. 41% ,and the maximum folding resistance of pa-

x W FS A #A.2021-07-27
ESWA P BT R RITH (2018ZDXM-NY-059) 5 VT4 2 E T 3 A S5 = RHIF TR H (17]S011) 5 Bk PG 48 K 2% A= 4
Bk I 23X 3 B (S202010708133)
TEZ B RHE 1979 —) L, W B I 08 A RS O 1) TR i 2 F R
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per could reach 74 times which is 60 times higher than that of unglued base paper.

Key words: bisphenol fluorene; waterborne polyurethane; heat resistance; mechanics; paper
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A well test approach for analyzing the interlayer difference and

stratified production in thick fault-controlled karst reservoirs
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Abstract; The existing well test models ignore vertical flow in the thick multi-layered reser-
voirs and cannot analyze the difference in physical properties and production contribution of
each layer. This paper extends the Kazemi model to present a physical model for triple-poros-
ity carbonate reservoir,and further establishes a three-dimensional flow model for multi-lay-

er fault-controlled karst reservoirs considering wellbore storage and skin. The finite differ-

x WS A #3:2021-09-30
ESWMB ERHARFHEATH (11872073)
EE BT AR AL (1964 —), B, Wb A KL, R TR, 18 B98O 1] B IR 4k 25 il e o
WIS AT (1963 —) B WAL KR N 208 A 2R W, B 58 75 1) < 9SO JF K S chengsq973@163. com



513

ence technique is used to numerically solve the proposed model. The typical flow regimes are
analyzed. The interlayer formation coefficient ratio (8,) and interlayer storage capacity ratio
(w,) are defined to analyze the main controlling factors of stratified production. Results show
that:before the pressure wave propagates to the boundary, the stratified production contribu-
tion is approximately equal to f3,; when the pressure wave propagates to the boundary to
form a pseudo-steady flow, the stratified production contribution is approximately equal to
w,, ; the skin factor Sm makes the stratified production contribution approximately equal to 3,
no longer,and the layer with the larger Sm has a lower production contribution. However,
the skin and wellbore storage have no effect on the stratified production in the pseudo-steady
flow regime. Finally,the proposed model is used to interpret the pressure buildup data of typ-
ical wells in Shunbei Oilfield, and to analyze the differences in physical properties and pro-
duction contribution of each layer,which is of guiding significance for formulating a reasona-
ble production plan.

Key words: fault-controlled karst reservoirs; vertical flow; production contribution; finite-
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G, AwR, FEK, HaE

(1. BRPERL R MR 5 TR B 2E SR LB 5 HORE S SL8 s, BR7Y 74 7100215 2.
TMRR A st e LG S H & EE E A5 E . Hk KEFE 130012)

 OE R — AR A W AR A R M-I AR R R E M % % NL S, /NIV-LDH %4 K &
F R M (4 A NS, /NiV-LDH/NF). 4835 T 2 7 AR 53 JE *F A e 5 Mg £ 5 R0 M
R, R AW 160 CRELEMETFHMY Ni,S,/NiV-LDH Ak & F REMEIN H K F0
FEAC 7 P o FS 2 M, BB &4 F 89 HER A= OER & £ 100 mA/cm’ 8 & 7 % B 2 A g
205 mV #2341 mV,5f A6 44 15 h a9 MRS T bk, sk b, % 3 R BEAF 4 1A 48 Fe P AR PT 205K
FIRME R A 1.58 VA E T A E 10 mA/cm?® 898 5 5 E, R I B 4E F 69 & KA

Rl
K@ wIEN; REBAANY; THEBRAS; HTENERE
FE 4% S . TB332 XEkFRER: A

Heterostructured Ni;S,/NiV-LDH nanowires as highly

efficient electrocatalyst for overall water splitting reaction

FENG Liang-liang', FU Chang-le', LI Guo-dong®, HUANG Jian-feng'

(1. School of Materials Science and Engineering, Key Laboratory of Auxiliary Chemistry and Technology for
Chemical Industry, Ministry of Education, Shaanxi University of Science & Technology, Xi'an 710021, Chi-
na; 2. College of Chemistry, State Key Laboratory of Inorganic Synthesis and Preparative Chemistry, Jilin U-
niversity, Changchun 130012, China)

Abstract: The high-activity Ni;S,/NiV-LDH nanowire heterostructure (named Ni;S,/NiV-
LDH/NF) was constructed on the nickel foam by a gentle and simple hydrothermal-solvo-
thermal method. The effect of solvothermal reaction temperature on the structure evolution
and catalytic activity of the sample was discussed. The results showed that the heterostruc-
ture of Ni;S,/NiV-LDH nanowires obtained at 160 ‘C showed excellent catalytic activity and
stability. The current density of HER and OER activity at 100 mA/cm?® only requires 205 mV

and 341 mV,respectively,and can maintain catalytic stability for 15 hours. In addition, the al-

» WFS A HE:2021-10-16
ESWA :HEARFAIESTE (22179074 5 BEVTRME K= HE SR T B2 5 5K 5 0 50 50 % 7 i 4 51 H (KFKT2020-
06); FHMRKZTHLE K 4 12 B K B AL 0 = I 400 B (2021-14) 5 H R 9K 24 GDF AL I 231 &% 50 5
(201910708023)
TEE BN D552 (1988 —) 2, T JiE B N, @ 02 11 R SR 7 1)« R IR I 45 5 i A b ket
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kaline electrolytic cell assembled as a cathode and anode at the same time can reach a current

density of 10 mA/cm? at a voltage of 1. 58 V,and exhibits excellent catalytic activity for com-

plete hydrolysis.

Key words: electrocatalyst; layer double hydroxides; transition metal sulfide; hydrogen evo-

lution and oxygen evolution reaction

0 35

2 H 42 EBR IE I R VR G ML AR BE 5 e K
R ) 5, NATT 36 V) A SR 2 1 O R R4 A Rk 43
JBERT T % Gt Ak A1 RORE I R R RB AR Sy — i %
0, R R R AR VR BE A% S B L OE B L i HE
B R DA R 21 20 i M B VR L R
JK AR A S S SR 56 L AT LA KA e K-
J-7K %5 AT A B U fR) BRCME U St % 1) 8, SR TE
HL A7 K S 3t AR v R SRR M 480 N Bh 7 2 R 1
BCA T 297K 53 il B AR ROR . B, B4
JE AL TR AT AN B CED HRL A K = & S T AT o
A A o F AR SR R AR BELAS T Rk 4k
RS TR, B AN | e IR Bt 4 A b R 1 1%
TH5 I & 2 v A A 7K 24 M R TR Y 0 H 22 8% L X T i
P BE R n) AL A R R A R

AT B R e A AR A R AE 5 2 A
PV 4 )R AR Ak e B A R Tk
e R AR o R 4 R AU )
(LDHs) f2& i 32 )2 A FN 2 () BH B+ B K 43 F A1 B
3 B AE L R A B T R R AR A . B A
R L4 8B F R 2 5 il BB TR 256 &)
TFIRAS 454 U202 MBS 5 F 35 #4534, ml
R T H AR AR ST Y F ST B Y NEV-LDH A Sy i
R RZ — ORI Z 05T, BRI b2 T AU
R IR CR T I E = s o i | MO 5
BET AR TR A B G S R AW T —
BT LA AR 0 J7 1 s AN AT 2 5 A% 4 A AR 3
FLFE A Ay R PR DM RIAE D, R i 25 1R Rk
ST U 4 R B AL B LR A AR e
PR PR S5 A 1 O T o O R & B S NG S,
PR Ni—S & il Ni— Ni 8 41K R 5 T i 7%
By » DT 40 A0 2 1 S5 fEL BB T, 76 K 43 il ok B i
AN AR ARG o AT R B, M NS, /NiV-
LDH & £ 4546 s A b 750 DL B 2 32 555 /K o0 72 S0
AR AF BB RN R R,

PRIt A T AR 3 5 17 A6 A9 7K A 300 Ak 7E 3
TR LR EMS T —FP Ni, S, /NiV-LDH 4§ >k &

i

S TS5 AR ) S R . R A IR 3R I A B SR
4 F Ni;S,/NiV-LDH/NF g # 7 100 mA/cm?
) HL 3L 2 B 43 ) R R 205 mV Al 341 mV )5S
M # T HER #1 OER I, B4h B Ni, S, /NiV-
LDH/NF [a] B VE Sk B A 1 BH A 2 % 3F 47 R i b
TEARZE 1.58 VIR A =24 10 mA/cm’ AJH
T, LR R K A MR e M, AR UE T
Ni; S, /NiV-LDH/NF & & 5 k4 A6 5 7T LLAE B P
BN HER.OER 1 /= 8% . 3F 5t 42 J8 W2 A
FL R R 7.

1 XEEH

#

1.1 RH#H

WKL (NF, AN 1X5 cm®, JEEH 1.5
mm); N K & E B (NICL » 6H,0); JR &
((NH,),CO); & b 8l (VClL; i £ & Wk B
(C,H;NS) 5 5 N B ((CH, ), CHOH) 5 4 B H %
(20 wt% Pt/C); LEE(CH,CH, OHD).

1.2 H&eH&

(DNiV-LDH/NF . #H 0. 178 g /7K & &k
BL(NIClL, » 6H,0),0.04 g S LHL(VCL) & 0. 094
g JRE ((NH,), CO) I f#7E 25 mL 7Kt IF JH#E 71
Ak 20 min, 13 2 & OIS W, WS WG LR 2
45 mL KIEE H, IF A — R 3 T A VL IR 4 (NF,
1X5 cem®), B HAKMEE T 120 CUHA P RN
12 h. ff ARBRH EEHE 5B NF, FIK i 2 s
BUWVE 3 W, TR FHES T 5 h, 155 Niv-
LDH/NF.

(2)Ni;S, /NiV-LDH/NF . #H 25 mg #ift 2
Bt e (C.H;NS) ¥ f# 72 25 mL H N B2
((CHy),CHOHD R, #E S0 +F 10 min J5 5%
45 mL K#ZE H, IF A 5 2] NiV-LDH/NF.
IR E T 160 CHUA N 10 h, 18 H 2R %
HEZRFEBCE K B BHE 3 K. TE
i T HL2S T 5 h A3 2R AR 28 Ni, S, /NiV-
LDH/NF.

(3)Ni;S,/NF: % ] 5 Ni,S,/NiV-LDH/NF
A A A5 BRI 48 Ni, S, /NF HL i fb 7, 27
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1.3 H&éEiE s ||\# 2

CORESH B AH 5 SR 258 43 B - SR X S48
A7 Y (Rigaku, D/ max-2200 pe) #4700 & K 53 #r.

(2) FF b (1 55 RGO 465 440 43 7 - R 3 2% 33
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H14% (TEM, JEM-3010) #4743 7 F FAF .

OFEM I TC R AL MMM 2 R X 46
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1.4 @R
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PEREI A, Ml 3R 48 0 46 TAF MLl L 2 b f AR R
X LR FE PN Y LR = AR R L LR R R F R
(SCE) Rl # 43 BIAE Ry 2 L v Al FIA LA L N1, S, /
NiV-LDH/NF W] B #AE Jy TAF A 8 ] i AR
~0.25 em®, 8B M ~0. 71 mg/cm?). FFA )
WHTE 1.0 M KOH ¥l (pH 14 i#47 . Ltk
AR L 4 (LSV) I H i R B 5 mV /s,
Tafel £% 1 OER 1 HER f9#% fk ith 2675 5. sk
2 FHBTHE (EIS) AR 2850 [l o 0. 01~10 000 Hz,
o FHAE i CAC) Hi M. K 03 ik 2 P D0 3 2 3 o )
HLPIE it Y40 AT 1.

ST HEAT A, 2 R R HLAE AR ) (20 wiep
Pt/C Fil ITrO AR TAE AR B, L] 5 b B an R
(DFREC 1. 775 mg EAL T F 200 pL 5N BEE K
oL IR EAT AR PR 30 min, B R SR AW (2)
W HL 20 p L W VR B TAE T ALX N 0. 25 cm?
M NF b5 (D8 FASh AR TG, 7 2k
FIREHE—Z 2 uL 89 0.3 % Nafion W , LA
E AR R B A W
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(B A0 B 22 4 . b ] DLIE BH Al 3R & NiV-LDH/
NF 240Kk /R85 09 s 2 &5 Bl 1l 3 J& Niv-
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i 0. 390 nm [H] B 1Y 3% 25 S A% 45 80, XF R T NiV-
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SE R — .
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RS K B, 9K F i1 G 5 R R R B, LR
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HEBZ M A AZHEHED. SRE# LA e R
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{37 A3 B TE 73 % - AT i
- I

LI PERE B £ T
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(e).(f) 160 C
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# SEM B
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ANHCR R H TR BE R 0. 287 nm (1) i A% 4% SR T
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Ni; S, /NiV-LDH/NF ) £ 1 fb 2= R S Moo R A
B 8 (a) & Niy S, /NiV-LDH/NF 1) XPS 4 ii%
K, 7 LLE H Ni,S,/NiV-LDH/NF # & o #£ 76
Ni.S.O FM VTR, A RN GRS RN C 1s
FrifElg (284. 60 e V) AT AL HE. B 8(b) A Ni 2p 1)
XPS El %, B b @R AL F 856. 20 eV Fl 874. 14
eV &1 Ni 2p,,, il Ni 2p, . W, 33X 4> 06 %) v T
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XPS EiE o, fE45 5 AR 161. 72 eV Fl 164. 16
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14 11 H A AR 1 BB L 3 Ao 5 b v 11— PR A B
Ni; S, /NiV-LDH/NF 1] FH#:AE R HER i H (1) TAE
MM, b T HEAT B A, 7E A R B TAE 45 XF NF,
NiV-LDH/NF, NiV-LDH/NF, Ni;S, /NiV-LDH/NF
H120% Pt/C/NF (AL RESES T,

ik 9 (a) Fraa, Ni; S, /NiV-LDH/NF 2 H 1
St HER 35 14 76 FL 3 %5 B2 0 100 mA/ em” B L
PEALH 205 mV,3X . NiV-LDH/NF(270 mV) \Ni, S, /
NF(212 mV) NF(302 mV) it 1 61 A7 &R /)N L 2 4 5
AAMFEHHE R 20% Pt/C/NF(214 mV) 54 & fi
ARF). 3 e F B AH I 1 Tafel M4k BoR7EE 9(b) H,
Ni; S, /NiV-LDH/NF ¥ Tafel 4}2%(103.8 mV dec ')
AT NiV-LDH/NF (105. 8 mV dec ') . Ni;S,/NF
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Abstract: This paper studies the effect of reaction temperature and time on the reaction
process of coal slime and quartz sand in Lingwu area of Ningxia,and discusses the formation
mechanism of SiC whiskers. It was found that the SiC whiskers produced by the reaction
mainly had nano whiskers, bead-like structures,stacked-layer and column-like morphologies.
The formation of whiskers depends on the distance of material transmission. The increase of
the sintering temperature and the extension of the holding time promote the evolution of
nano-SiC whiskers and bead-like structures into layered and columnar stacked morphologies.
The research results of this paper provide technical basis and theoretical support for the ap-
plication of slime in SiC ceramics,and realize the application of slime in high-performance ce-
ramics.
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Preparation and properties of carbon fiber reinforced microporous
magnesium doped hydroxyapatite bioceramics

WEI Sen-sen, ZHAO Xue-ni” , LIU Ao, FAN Qiang.
YANG Zhi, MA Lin-lin, ZHAO Zhen-yang

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

Abstract ; Bioactive porous HA-based ceramics can not meet the requirements of mechanical
properties of large segments of bone. And it is also a worldwide problem to be solved in the
field of bone repair materials. In this paper,carbon fiber (CF) with different surface modifi-
cation was creatively used as reinforcer and pore-forming agent. Microporous CF-reinforced
Mg-doped hydroxyapatite (CF/Mg-HA) bioceramics with excellent mechanical and biologi-

cal properties was prepared. The carbon fiber was treated with acid and heat treatment (T-
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CF) and the thickness-controllable Si coating (Si-CF) was fabricated on the surface of CF by

magnetron sputtering, respectively, The pore forming T-CF and reinforcement Si-CF were

obtained. Furthermore, microporous CF/Mg-HA bioceramics with excellent mechanical and

biological properties were prepared by heat treatment and atmosphere protective sintering.

The results show that the compressive strength of microporous CF/Mg-HA (0.2 wt % T-CF
+0. 3 wt%Si-CF) is 13. 5% higher than that of microporous Mg-HA (0. 2 wt% T-CF). Mi-
croporous CF/Mg-HA can quickly induce the formation of apatite and has excellent biological

activity due to the combined action of Mg”" doping and micropore. The prepared microporous

CF/Mg-HA bioceramic has a great application prospect in the field of bone repair.

Key words: microporous bioceramic; CF/Mg-HA; strength; biological activity; bone repair
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The effect of graphene wrapped Ni,Y nano-particles as lubricant
addictive on the friction behavior of GCrl5 steel

SHI Jing"*?*, ZHAO Run-giang®, WANG Wan-rong”, XU Ying-qiang'"

(1. School of Mechanical Engineering, Northwestern Polytechnical University, Xi'an 710072, China; 2. Col-
lege of Mechanical and Electrical Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 3. State Key Laboratory of Tribology. Tsinghua University, Beijing 100084, China)

Abstract:In this study,highly oriented pyrolytic graphite (HOPG) was used as raw material
to fabricate multi-layer graphene (MIL-Gr) via high energy ball milling. Further,Ni/Y nano-
particles were composited into the as-fabricated multi-layer graphene to get Ni/Y@Gr com-
position. Scanning electron microscopy, Raman spectroscopy, X-ray diffraction were em-
ployed to characterize the morphology and nano-structures. Then the ML-Gr and Ni/Y@Gr
were added as lubricant addictive to poly alpha olefins 6 (PAO6). And the solid-liquid lubri-
cant was dropped on self-mated GCrl5 steel counterpart interface to improve its tribological
property. Results indicate that the friction coefficient of self-mated GCr15 steel was reduced
to 0. 03~0. 05 by adding the as-prepared solid-liquid lubricant.

Key words: multi-layered graphene; Ni/Y@Gr; high energy ball-milling; PAO oil additive;

friction behavior.
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Fuzzy active disturbance rejection control for LLC resonant converter

ZHANG Fang-hui', QIU Hui-min®

(1. School of Electronic Information and Artificial Intelligence, Shaanxi University of Science &. Technology,
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Abstract; For resonant converters,the output voltage is adjusted by changing the frequency.
But the operating frequency of the resonant converter deviates from the resonant frequency
due to parasitic parameter fluctuation,input voltage variation and load mutation. The com-
bined effect of these factors makes the output voltage of the converter unstable. To cope with
the issue mentioned above,a fuzzy active disturbance rejection control is adopted to stabilize
the output voltage and improve the system robustness. According to the variation of small
signal gain of LLC resonant converter under the influence of load and switching frequency,
fuzzy logic is introduced to deduce the parameters of active disturbance rejection control
(ADRC) in real time. Then the unknown section of the system model and external disturb-

ances is defined as the total disturbances, eliminated by extended state observer. Finally, a
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simulation model is built to verify the feasibility of the control strategy. When the input volt-

age is superposed with random disturbance with amplitude of 30 V,the output voltage ripple

is less than 0. 7%. After the switch from half-load to full load,the output voltage overshoot

of fuzzy active disturbance rejection control (Fuzzy-ADRC) is 50% of that of PID control,

which solves the difficulty of poverty output robustness and long dynamic recovery time of

resonant converter under PID control.

Key words: LLC resonant converter; pulse frequency modulation; fuzzy control; active dis-

turbance rejection control; robustness
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BAREFPRABE TR G THEELER . ABRLAR KREEZL, AL FPHRERLAZ, T
AL B R R E AR, AR R EARXER,E A SR EAEE(DVR)
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HEALER T HAMEZ BAEG T LN LS MG A LB RE T40, TR BEK, AR,
AR —F A TEEE EEN G DVR 354 Kok, @i 2Tk B Fo) 5 ik EAKRE A
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400 Hz aircraft ground power system cable line parameter

identification and DVR compensation control strategy

CHEN Peng-yu', LIU Bao-quan'*, WU Quan-bing®

(1. School of Electrical and Control Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Xi'an Ruinuo Aviation Equipment Co. Ltd. ., Xi'an 710117, China)

Abstract: The aircraft ground power supply system provides three-phase 115 V/400 Hz power
for aircraft inspection, maintenance and engine starting,and generally adopts centralized pow-
er supply mode. Due to the low power supply voltage,large load current,long guarantee dis-
tance.,and obvious intermediate frequency impedance of the cable, the voltage on the load side
of the aircraft has fallen and unbalanced,which exceeds the relevant requirements of the na-
tional military standard. Therefore, it is necessary to use dynamic voltage compensator

(DVR) for voltage drop compensation. The traditional DVR needs to directly detect the volt-
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age at the power supply plug of the aircraft and transmit it to the controller for data process-
ing to calculate the compensation amount. It has signal delay and is vulnerable to the interfer-
ence of the complex electromagnetic environment of the airport,so its reliability is low and
needs to be improved. In this paper,a DVR control strategy based on indirect voltage detec-
tion is proposed to realize online identification of cable parameters through asymmetric volt-
age increment method. In this paper,a DVR control strategy based on indirect voltage detec-
tion is proposed to realize the online identification of cable parameters by means of asymmet-
ric voltage increment. The voltage drop loss is calculated according to the identification re-
sults and the output current of the local device,and the dynamic voltage drop compensation
control of the DVR is realized. The proposed scheme has higher accuracy and reliability,and
is suitable for use in the complex electromagnetic environment of the airport. Finally, the ef-
fectiveness of the scheme is verified by Matlab/Simulink simulation.

Key words: cable voltage drop; online cable parameter identification; asymmetrical voltage
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RESES TP391. 41 XHERFRERD: A

Chinese food image recognition method based on improved ResNet

WANG Hai-yan, ZHANG Miao, LIU Hu-lin, CHEN Xiao

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

Abstract: Food image recognition is a research hotspot in the fields of computer vision, data
mining,and food science and technology. When the Chinese food image recognition technolo-
gy based on the convolutional neural network (CNN) method directly extracts the visual fea-
tures of the image,the recognition rate is not high due to the small differences between the
food images and the large differences within the categories. For this reason, this article opti-
mizes the design of CNN and proposes a FoodResNet18 model suitable for Chinese food im-
age recognition. This model integrates asymmetric convolution to enhance local skeleton in-
formation learning.and at the same time embeds the attention module shared by the deep and
shallow layers to solve the problem of the entire image information. Differentiated feature ex-
traction improves the efficiency of feature extraction from local to global. The typical VIREO
Food-172 Chinese food benchmark data set in this field is selected for multiple experiments,
and the results verified the effectiveness of the FoodResNet18 model. On the basis of balan-

cing the recognition accuracy and the model occupation space, the learning rate attenuation

* WrFs B HI.2021-10-28
HEEWMB BHE AR #EETH (62031021
TEHE B TIFMEC1965—), B, IL AR 8082 W44 R0, 055 O ] . B 243 5 B AR B N TR RE B AR
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strategy based on dynamic changes is accelerated by a fixed step size. In order to achieve the

model convergence speed, the recognition rate is obtained according to the topl and topb

methods of image recognition performance, and finally the food image recognition accuracy
reaches 85.26% and 96. 21 % ,which is 10. 06%,9. 89% and 16. 33% higher than the popular
ResNetl01,ResNet-18,and ResNet-34 model methods. It is further shown that the food im-

age recognition method designed in this paper will have a good application prospect in small

and medium-sized food image recognition systems.

Key words: CNN; enhanced block; attention-residual module; food classification
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SRG ancient ceramic shape classification based on
squeeze-and-excitation and residual connection

YANG Yun, SHI Wen-gian, SONG Qing-yi

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

an 710021, China)

Abstract: In order to realize the classification of ancient ceramic storage device based on device
type,save the calculation cost and improve the classification accuracy.an improved algorithm
SRG ( SE-Res-Googl.eNet ) based on Googl.eNet is proposed. The Squeeze-and-Excitation
block and the optimized Inception block are combined to enhance the ability of CNN to ex-
tract image features by embedding and compressing the whole input feature information and
adaptively recalibrating the feature response of the channel direction. Aiming at the problem
of network degradation caused by the deepening of network layer,residual connection is add-
ed to improve the model perception ability and bring performance optimization. Finally,SRG
algorithm is applied to the classification of ancient ceramics. The experiment shows that the
accuracy of Top-5 classification is improved from 91. 23 % to 95.15 % by SRG algorithm on
the homemade ancient ceramics dataset.

Key words: Googl.eNet; squeeze-and-excitation; residual connect
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R FSOE S T U A E) L sl () TR,
s=F,(z,W) =6(g(2,W)) =c(W,06(W,2)) (2)

Fowe Citess.) =s.u. (3
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WEHEMADREER B REEE N 1X1X
o/ i FHITE BB Relu pREL, U AL r {HER 16
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17 5% 25 JEVAR 0 AT DAAR B i 2% ffe ok 26 m] T, PR 0, 4
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FEAEAS B RUA 2 RRAE 4 Hh SE AT S Pk S, i 1)1 25
TR J3E i 25 T 285 s S0 2 B 1 AR Ak Lk 3 2 7 5K
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PR BRI 42 HLRE

2 =43 N SE-Res-Inception block, LAl A JE 45
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B B AR 5 T X T & EEE,
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3.2 HEFELEERZFHRE

S A e R A R R O A L $R U
B S b PR AR R ARG R AR A R L
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& 3 A LUAE N B s R RN G IR S
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JE VIR IR 25 288 e 0 25 0 77 T PR 3R B 4l
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WER R M L
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SRG Bk A s 45 5 SO AL L e 5 — =
IEIEZ FFIE A 1 X1 X e/r REHIR,
SR BE X AL r 23 S IO A O ) Y AE L 3K SRG
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EFEZRESHEHZE ResNet3d B 5 H iR 7 &5

FVE, L OH

Al K2 PABE, VL9 FERL 211100)

W B 2onEARARTRARGFHEOXE, ARG ELEEFIEG RN E B A

% R 541 % #7 ResNet34 M %84 & G 7 7 W%,E?&é#ﬁ%#’;ﬁ%ﬁﬂy){Xﬁ\éﬂ%\ﬁﬂﬁu'ﬁ;a
BRRAMBGHIEEARD. RAELRESUEEBRAFERIBG 7 X, BHEREEE TS
SAEEY A RARRARIOERBERFHFFTEE R AL WEE J:%%IIX%ZS#?HJE,
Bl BT 0 T AR DI 2R A, i R U R R ARG e B2 B RO LIRS B Bk R IR R AR .

A E T kR AR T WA e sk B, m BE 2021 SR B LB Ak ﬁ”*ﬁv}%éa#/&
PERRCEZBHEE LR EHELD 97.6%.

X :ResNet3d; S REHMEER; TRER; W E,; 26107

mE &S TP391. 41 STERERERD: A

Rock recognition based on multi-scale grouped convolution ResNet34

FU Jia-xin, WANG Qi

(School of Science, Hohai University, Nanjing 211100, China)

Abstract: Rock classification effectively improves the efficiency of geological risk assessment.
In order to improve the recognition accuracy of rock particle size characteristics,a rock identi-
fication method based on the multi-scale grouped convolution ResNet34 network is pro-
posed,and multi-scale grouped convolution and cavity convolution are added to the residual
module to improve the feature expression ability of the network. Using multi-scale grouped
convolution feature extraction, the feature map is divided into four parts according to the
channel direction,and convolution kernels of different sizes are used for parallel operation and
splicing,and rock features are extracted at a finer granularity. At the same time, the model
training parameters are reduced; then the cavity convolution is used to increase the size of
the receptive field and improve the accuracy of rock particle size recognition. Experiments
show that this method not only effectively improves the convergence speed of network train-
ing,but also achieves a recognition accuracy of 97. 6% on the seven types of rocks for the 9th
"Teddy Cup" Data Mining Challenge in 2021,

Key words: ResNet34; multi-scale grouped convolution; dilated convolution; fine-grained;

rock recognition
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N ] kB Tz L R REAE A R SR AR 2
H. Zhang 207 £ T Inception-v3 ¥ B 2% > 5 B %
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HUA AT A0 R AE S L X AL RR 28 1 A (9 an TR
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Image semantic segmentation network based on MobileNet v2

WANG Gai-hua'?, ZHAT Qian-yu', CAO Qing-cheng', GAN Xin'

(1. School of Electrical and Electronic Engineering, Hubei University of Technology, Wuhan 430068, China;
2. Hubei Key Laboratory for High-efficiency Utilization of Solar Energy and Operation Control of Energy Stor-
age System, Hubei University of Technology, Wuhan 430068, China)

Abstract: Semantic segmentation is an important part of computer vision, and its core is to
classify and locate each pixel in the image, which requires a huge amount of computing re-
sources. Aiming at the problem of the classical network with many parameters and slow seg-
mentation speed,a lightweight image semantic segmentation network based on MobileNet v2
is proposed. Firstly,combine the lightweight network MobileNet v2 with hole convolution as
a feature extraction network. Secondly, strip position attention modules are introduced to
capture more contextual information,and pooling is used to reduce computing costs. Finally,
with the relationship between inner-classes and inter-classes as constraints,a new auxiliary
loss function is proposed,which improves the discriminative ability of the network. The pro-
posed network can trade off the relationship between computation amount and segmentation
accuracy. The PASCAL VOC 2012 and the remote sensing datasets DLRSD and WHDLD
have been subjected to numerous tests. The experimental results show that the proposed

method can effectively improve the segmentation effect, and the proposed method obtained
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mloU (Mean Intersection over Union) 71.7%,60. 8% ,and 59. 3% respectively.

Key words: convolutional neural network; image semantic segmentation; lightweight; remote

sensing image; auxiliary loss
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Improved ORB algorithm based on weighted grid motion statistics

DANG Hong-she, LI Jun-da, ZHANG Xuan-de

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

Abstract: Aiming at the problems of traditional orb algorithm,such as the distribution of fea-
ture points is concentrated, the feature point extraction is unstable and the matching accuracy
is decreased when the illumination condition changes, an improved orb algorithm is pro-
posed. Firstly,the Difference of Gaussian is constructed,and then each layer image is divided
into several regions. According to the median value of pixels in the region,the threshold value
of each region is calculated,and the feature points of each region are extracted. Then,the fea-
ture points are roughly matched by bidirectional matching algorithm. Finally, a weighted
mesh motion statistics algorithm is proposed to optimize the coarse matching results. The ex-
perimental results show that the improved ORB algorithm can make the feature points ex-
traction more uniform,and it can extract feature points stably under the condition of chan-
ging illumination. The time-consuming of the algorithm is 10. 7% slower than the traditional
ORB algorithm,and the matching accuracy is improved by 41.7%.

Key words: ORB; regionalization; adaptive threshold; WGMS; feature matching
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Image encryption algorithm based on multiple chaotic systems

LIU Hai-feng, ZHOU Xue-fei, LIANG Xing-liang, WANG Li-hua

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

Abstract; Aiming at the problem that the image information is easy to be stolen, modified and
deleted in the process of information transmission,a new improved hyper Chen chaotic sys-
tem is constructed,which is combined with the two-dimensional Chebyshev-Sine chaotic sys-
tem,and a new image encryption algorithm is proposed. Firstly, Arnold transformation was
performed on the pixel coordinates of the plaintext image. Secondly, the hyperchaotic se-
quence is used to diffuse the scrambled image. Finally, the chaotic sequence generated by the
two-dimensional Chebyshev-Sine chaotic mapping is used to divide the image into blocks and
then diffuse and scramble the image to obtain the final encrypted image. The experimental
results show that the algorithm has large key space,and can resist multiple malicious attacks
effectively, with sufficient security.

Key words: Chen hyperchaotic system; Arnold transform; 2D Chebyshev-Sine chaotic sys-

tem; image encryption
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