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Abstract: An amphoteric polymeric retanning agent containing aldehyde groups (PADU) was
prepared by copolymerizing reaction of acrylic acid (AA), dimethyldiallyl ammonium chlo-
ride (DADMAC) and undecylenic aldehyde (UDAL) and azodiisobutyronitrile CAIBN) used
as an initiator. The structure of PADU was characterized by FT-IR and ' H-NMR. The charge
characteristic of PADU solution was measured by Zeta potential analyzer. Then, PADU was
applied as a retanning agent in non-metallic tanning system of F-90 to investigate its effect on
dye-binding capacity of the retanned F-90 leather and physical and mechanical properties of
the crust leather. Results showed that the structure of the main component of PADU retan-
ning agent was a vinyl-based copolymer containing carboxyl,quaternary ammonium and alde-
hyde groups. PADU had the isoelectric point of 4. 25. The application trial indicated that the
PADU retanning agent can improve the binding capacity between F-90 tanning leather and
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anion dye during the retanning process. The dye absorption rate of the crust leather was up to

99% and the dyeing liquor was clear. Furthermore.,color of the crust leather was uniform and

full and its K/S value, thickening rate and physical-mechanical properties were higher than

those of the leather retanned by acrylic resin retanning agent. The above results show that

PADU possesses the good retanning property in F-90 non-metallic tanning system.

Key words: aldehyde group; amphoteric polymer; leather retanning agent; dye absorption
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Preparation and performance of porous graphene/sulfonate-based
waterborne polyurethane composites

FENG Jian-yan', QIN Rong', LUO Xiao-min'* , XUE Sha', WANG Wen-qi*

(1. College of Bioresources Chemical and Materials Engineering, National Demonstration Center for Experi-
mental Light Chemistry Engineering Education, Shaanxi University of Science &. Technology, Xi'an 710021,
China; 2. China Leather and Footwear Industry Research Institute (Jinjiang) Co., Ltd. , Quanzhou 362200,
China)

Abstract: As a flexible substrate, waterborne polyurethane has been widely used in intelligent
wearable electronic devices. In this paper, the sulfonate-based waterborne polyurethane was
firstly prepared from isophorone diisocyanate, poly (ethylene-glycol-adipate) diols and ali-
phatic diamine sulphonate,which was used as the flexible substrate and auxiliary dispersant.
And then,the high-quality graphene prepared by electrochemical stripping method was used
as nano-filler. The graphene/sulfonate-based waterborne polyurethane porous composite
(Gr/SWPU) was prepared by solution blending,and successfully applied to the triboelectric
flexible sensor. The experimental results show that graphene is uniformly dispersed in Gr/
SWPU when the amount of graphene reaches 0. 3% ,the water absorption rate of the film is
5.98% ,and the tensile strength can reach 11. 93 MPa,the elongation at break is 1 055. 84 %,
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AL YIZRTTR5 H (201910708039) 5 BEVE B H K24 4% Ak TR B R 4% 52 30 202 7w i o0 T H (2018QGS01-08)
EZ BN D WH (1978 —) L INAR TR, B 88 1 R 58 O 1l - K PR W 6 AR5 0
BIHAEE B IRR (1966 —) , 2, BeFa B , 208 A A28 T W, B 58 07 1) SR 8% A0 55 43 F A4 B luoxiaomin@sust. edu. cn
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the thermal decomposition temperature is increased,and the surface resistivity is 6. 53 X 10°

Q ¢« cm. The flexible sensor prepared by the composite material has an open circuit voltage of

5 V,showing broad application prospects in the field of flexible sensors.

Key words: sulfonate-based waterborne polyurethane; graphene; porous composites; flexible
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The influence of tannic acid on functional microorganisms
in activated sludge

PEI Li-ying', ZHU Hong-xia*, HOU Yin-ping', HAO Jie*,
DU Lin', GUO Chang-zi', MA Hong-rui'

(1. School of Environmental Science and Engineering, Shaanxi University of Science &. Technology, Xi'an
710021, China; 2. School of Chemical Engineering, Northeast Electric Power University, Jilin 132112, China;
3. Xi'an No. 5 Recycled Water Plant, Xi'an 710021, China)

Abstract; Activated sludge was studied to investigate the influence of tannery chemical of tan-
nic acid on activated sludge treatment system and functional microorganisms of nitrifier.
Short-term exposure of tannic acid experimental results showed that as tannic acid increased
to 60 mg/L,the metabolic activity of ammonia oxidizing bacteria and nitrite oxidizing bacteri-
a decreased from 4. 42 mg NH, " —N/gVSS h and 5. 04 mg NO, —N/gVSS h to 3. 47 mg
NH, " —N/gVSS h and 4. 57 mg NO, — N/gVSS h, respectively. Long-term exposure of
tannic acid results demonstrated that ammonia nitrogen in SBR effluent increased gradugely
from day 7 and was almost stable at about 30 mg/L at day 11,indicating that the removal

rate was only 30% while the concentration of phosphate in effluent is generally keeps con-

* WrFs B #:2021-04-20
HEE2WB :BHEX AR FEETH (22076113) 5 BVTE HE T L DRI H (20]K0528)
TEHE BT 325 (1982—) , &, H MK A YR 8 B 58 1) V5 K AR W AR B PR G 5 R
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stant. Obviously, the metabolic activity of nitrifying bacteria was inhibited by tannic acid.

SEM results show that, long-term exposure of tannic acid will reduce the pore structure of

activated sludge,weaken the hierarchical structure,and blur the boundary between the zoo-

gloea.

Key words: tannery chemical; tannic acid; activated sludge treatment system; nitrifying bac-

teria; metabolic activity

0 35

il B Tl 7E 3R 2 Tl b A LT b
I AR AATTE 22 A TR 3 21 55 O 4 1 3 224, R 3
T A R AT B R T HERCE K, K
A2 ATY RIS Y B e B AT 2 — YL R R K
BA G & CrClD & pHL S @ B R YR &
0 B DL ORI Bl KA R i, a0 R T 2R
EIEKE COD{E N 3 000~4 000 mg/LM™.

H T X5 T P A 0 ) 2R Al ok i, BEAS T KR
SR FH W B Ak 2 Ak B ORD AR ) Ak BERH 25 4 TRD B S LA
TRIERD PR T 25 AR . e H FH A0 B B AL 2 kb BB
ARIE VR EEUTVE e AR EE TR I5 XS T ik nl LA 2L
LB S CrClD 55 1A W4 DA R K i R T T
PEF YRl S5 X % A A ALY, il % K BOD, /TN
{H29 0.35~0. 40, 0] A= {55 4, R b A ) Ak 31 3
2 1l R K A B A% 0 D i RER A A WL A R
A DAFE A R Ak BB T S BR YL U AL B TR R A 0
S CEAL TN Fenton 45 AR X A L 7K ) COD
SEHEAT E— 25 2 Bk LA B HEBObR E L R e A= A ik 2R
BT AT I I YR B 5 e B J5 e b B A5 1T 2% .

AR TR0 2 B R AT 5 SR SR I, R A A
M A BRI R A Y S R e
() — B 4323 B 4z ol 1] 2 0 2E A B S5 252 9 il R R K
Hh (5 A5 ) R K b X AR ) R R A L L A
R R, BT RRAE A UM E T R Br T
PIiEF] 90% KA b H COD 54 25% Ry 5% B0, [
A B Bl 2l A LA T B B R AE 8
Ab R 2R G A AL G Aar 1) [R] S TT B 4 k3 M I R AR
Wy e e FE e IR BT IR TG VS R R s AT Y
M LA, 0 2 X G M5 R T e AR W i FE L A
1 Sy B R SRR R T DL BT UK A B R B s
74— P AR

ills

1 SEEH

1.1 RKBEEELiElT

LRI AE R Th S T AR B N T 5 TR
AL FH A 5 P K B T R S DL B A T
JLBEUL =5/, B b4t = 56 % i 30 me/ L,
60 mg/L,90 mg/L VE A fitia B 7 % i) vk B2 o it 7 B
TR U T B B AL T TR e 4 5 ) L I R i I A

I A 25 RIEEE 60 mg/ L AF Ry B 7 R K U] 5% 58 Xt
DRI DA M RZ W 78 B AR 5.

SBR S i # 1ia A7 5 104 8 h, Hirbi#k /K : 2 min;
W :405 min(EF48 B A 200 min, RAEBEH 205 min) ;
PLYE 160 min;HEZK 5 min; /HE .2 min, N g8 HEK H
N 0. 5, 7K J7 18 B4 B} (8] ( Hydraulic Retention Time,
HRT) 16 h, 7545 8 i} [H] (Sludge Retention Time,
SRT)H 15 d. [ s BEHEHIAE 25 °C £ 1 °C,pH #%
THITE 6. 5~8. 0.

P2 N A A T8 AT, o 145 J 2% R % R
2,2 5N S L 2 B RN A s AT Ay A
B Bt 28— B Bt (0~ 35 K) A W 4 i sh B B, 56
T BEOMZEHBO WA 36 KIFHA , 1) #E K d
60 mg/L PR 5T HL XI5 1 ¥ U Ak B R gt K H
DI RE T A P ARG I PR A 5 e
1.2 REBEAKLSEHM,FTR

JN; i3 A7 W TE) A KR RN T IS4
M5 KK B, BRI 1 B/, (i o0 29 4 R
Wk 2 P, s IRELA VL5 5 KA HE
BRSOt A . WSS R R EE G, A FEE R
A= B YA R T VE TR RE L TR VR R T AR R A
7500 mg/L 247, HA R4 A9 I SRR B 1 fE.

z1 KRMFHAKKR

5 W /(mg/L)
CODCH ) 400
NH, © —N(NH,CD 45
PO,*~ —P(KH,PO,) 6
NaHCO; 50
R T B W 0.05
x2 WETE4AS
L/l i/ (g/L)
FeSO, » H,O 8
H;BO; 0.1
ZnS0; + TH, O 0.1
CuCly + 2H, O 0.035
MnCl, + 4H, O 0.5
(NH{)6Mo7 O3z * 4H2 0 0. 64
MgSO; « 7TH:0 5
CoCly + 6H, 0 0. 88
NiCl; « 6H,0 0.036
EDTA 0.05
1.3 ¥k
1.3.1 K HAE bR BT



. 16 o RaPAREEFR

%39 &

AR S5 rpeR R E A 2 A LA A TR
ERF COD 45 43 B 77 1% - 2% (R T 7K W D 43 By
T,

1.3.2  HAthy ¥y ik

it A TR A A SR P e X S 3k )

ERE KA ORTE ¢ PR AU 1b X (1 DU

2 #FRE5TE

2.1 TR ESAIE R M ERSGYh

AR ¥E B 30 mg/L,60 mg/L Fl 90 mg/L
F18 Vi J3E A B 9 B T TR T 40 0 X A Ak DR I
1) 52 Wil

P 1 A [R) B R vl B A T I 2 A Ak R
(ammonia utilizing rate, AUR). f1 & 1 7] %1, & & fk
TR R I A B R VAR ) B I BG4 ERT R VR
FEM 0 B8 E] 30 mg/L B, 2 AL H R M 4. 42 mg
NH, * —N/gVSS h FFEF] 4. 29 mg NH, " —N/gVSS
b, B AS B S 20 PR R R BE K N E) 60 mg/L NI
90 mg/ LAY, 2 A fb 3 R 43 5l &y 3. 47 mg NH, " —
N/gVSS hfll 3. 33 mg NH, ™ —N/gVSS h, [&A% H %
R 2150 24. 7%, IR O S i FREE . Hh
DAL 9 S B0 25 SRR 43 BT Al 0 B R 1 ) 5 i )
TGP R A R AR A AR L T 2 B R

iR L.
36¢
—-— A
F ——30mL/g ¥ T

o 34 —a— 60mL/g ¥
& | —v—90mL/g ¥ T
50 32
B
55
é 30 [
~
Z
w28 (
Z

261

24 : : s :

0.0 0.2 0.4 0.6 0.8 1.0
Time/h
Bl RRETBRRESHHT
8 2 AR R

P 2 Ry A ] B R v B2 2% R T 1) OIF i 1R 4
4K 3 K (nitrite utilizing rate, NUR). @1 & 2 7] H1,
SV PR A Ak T A B A BT IR VA R ) 1 T AT
MPT R 0 mg/1.30 mg/L,60 mg/L il
90 mg/ LI, 7 fi§ B2 # %1k 3 % 73 1) 24 5. 04 mg
NO, —N/gVSS h,4.82 mg NO, —N/gVSS h,
4.57 mg NO,  —N/gVSS h,4. 32 mg NO,  —
N/gVSS h., i He 41 73 3 2 4. 3726, 9. 33% Al
14. 29 0. BT B (0 A7 AE 30 1 1 S04 2 kA Ak v 1Y

AR L 4390 30 mg/L Y BT RR U Y R 4k
S A T PR A 1 B R E KB 4.

- EH4
144 —o— 30mL/g % T i
| —&— 60mL/g M5
& 12 —v—90mL/g # 5 KR
2 10t
2
% 8t
E
b L
= 6
C 4t
Z 4
2 -
00.0 0.2 0.4 0.6 0.8 1.0

Time/h

B2 REFETERELMNTW LR
# Atk &

P LR ST 248 L K Ay A T BT R R AR AL
AT A 1R AU o ) ARV M X A IR A B
B o R IR W R 1 1m0 o R R T OR. M bR
T BT RO S AR A R I R i AR R TR I A R
AR AR R L B X 2 A A TR Y S e KT X I i R R
AALH. T RIE T 28Ry I, Z WY i 5 &
SR ENEFES S (DR L A SR T e
B, B 3 (0 A7 4 0 T 4 25 T R A 3RO it 14 3% 1
FEAE S AR BTN R BT IR R A T 1 T
2006 AT R BRI T 2 5 1 S % T ) T P T S
2.2 RTRKYPEESHEHKBE G YA

Sk 45 B B R K ) R R VS e A BE R B
B AT RO G R A A R A I M 0 s L X RS B
SBR Wi #% » REE TR 5 0 60 mg/L B
TR L AF TR T R A U A 6 1 5

Zoak 35 RMB AT, &R 405 I8 Wk BEfa o 1
3400 mg/L,pH 7£ 7. 0~8. 0 Z ], R4 )2 8 5
B TE 36 K A A I G B0 B TR
2.2.1  ZBEFA P L BRECR

S 4 KK B AR R an ] 3 BT, B IEL 3 AT
15 IR YIALIE] (0~36 d)SBR Fz i #1542 Z ) 22 5 28—
B FEAD TR B AR, 2 5 5 25 i
THRJG K E R B BRIy 52 90 2 Vi 4
AR, BI85 11 RIEHEFEEAFELE 30 meg/L 2245,

A 2B B AE N R T R S AR 5 R R B
I AH AR 8 K LG Je A AR I A 2. 43 Hr 5
PRIRT RS AESS 5 KAy i e th 30 1 Al &0 R AR T
Wit o 2 ST A R 100 T A R AT R R A R
i U oA /b, S 0 4 P 1 ST A 1R A A TR R A R
AR R NS R 1 SN A 5 2 5 R e R
TR R By B oK S R h A b AR — 3,1 5



55

ST A BT RN PR TS U8 b D RE TR W Y 5 e < 17 -

SN s AT FARKESE L KR R R YR FEAE 25 mg/L
FIEAT . 2 B A A BT R S o Hh T S A T A
il 7 o A A TR A 38 0 2 A2 S o] PR K v i 4
FEULE AL N RGP HE i R vk B 2
FERARAKF. SO0 4 /K B R 46 s fb W & 3 i
FH P AT IR TR S BT 5 R BERRER S i Bl T
P A 21 7 R 2R A A8 L. 5 d DL JEAS AR A 2],
YN TR 5 K i 2R W T AR B MR IE N T R 1Y
FEFE, HE K 60 mg/L (1) B iR X 3R W 71 G P i
M.

30 —8— NH,-N

15 RF A%
25f

201

157

NH, -N,NO,-N(mg/L)

B3 REEHAKKREAA

K g 7k COD 84 &l 4 S B, i &l 4 7]
W RN ST (0~11 ) BT8R AR, K
COD ¥R BEFE 30~120 mg/ L. i S B K. TEiB 4T 1Y 26
12~26 d, P> SR 1 H K K B AR 36 ~78 mg/L
T [N 8 Bk T RRE. #E 27~35 d, K COD
WP Ry 3843 mg/ L, [N #iw ik B B2 E i 47 B B A
%5 36 d FFUR ) K A% SN 60 mg/L (LT RR
ATLLFE 52 5 B A A B TR 1 AR R K
COD BRI AR Y 36 mg/L Thi ] 84 mg/L,
JEHAE 5 d WERS: ETHE] 110 mg/L, A, 1 5
K COD HEARREELE 45+8 mg/L. fiL ] WL, 2
TR AT A LY ) L B ke ) 1 — 5 iy 30 A
F X AT R 5 BT R B M AT O L S — Oy PR
THRJE T 2 W 2 5. & R I AR B 38 T koK p
AV, E RSN R R BT IRA A
T PSR G A 25 % 2247 COD FR R,

180

1601
1401
— 120
& 100
g
o 80
o
U 60t
40+
20+
0 1 L L 1 1
0 10 20 30 40 50
Time/d
A4 RpEHKCOD®EWL
2.2.2 V5 YW AR

SR RN SBR A& G H K B Py IR AL dn A
5 R, B 5 ATHLL 1 5 SN g 7E A TR Y &
RBW T ME.247 2.5 h 5, W & W = A LT
N WA RAR IS AT ) Z T B — /N
FEARLER ML LT . iR R AL T — A Z #r L THAYAR
. R A R 0 3 A it 2 mT LLUAR YL U
A RIIE i R A 9 S8 AL LT [ s 4T

I TR G 55 10 RXF 2 5 S I i 3 78 & 39 g
SBR R GEH B K i A AL S AT TR I R S
AL, 2 5 RN A T AR EOIT IR 2 .2 h LS
FEARPRAFTE 29 mg/ L. MLAH A — ELAL T A I A 21 1Y
A AR ER RTE B A KL Ul W B 1R LA %o
A A AN T B AR PR AR, A A R 32 F
0 LA SV R £ 4P TR DAL e 2 SR T A+ I i
H— HAL T BARKF

30

15 R Ry
25

20

NH,-N,NO,-N(mg/L)
[6) (e)
PO,-P/(mg/L)

O R N S S

Time/h
B 5 A REA SBR & %P KR M E 4L
TEREA B AT RN B R AL & BB M T [, 1B 17



+ 18 - Fﬁ&%&k%%#& B39 &

2~3 h J&, IR # R B R SR LT o L AT L, 7 e
60 mg/ LAY BT R X Wl BR 3 1 25 bR A 1 35 R 1. sk —— gl

SR SBR R 48 COD Ry I i 28 4k ; |
Kl 6 BT, i 7K LA %6 0 o iR, i 7K fF COD iR >
R IR 6 X H ok B L 1 5 R B g il ok By
COD ¥ i JEA L FEAE 50 mg/L, MM i T 20 5 B2 1) o b
2 TR Ay COD i B EEA R FRTE 100 mg/L, 5K 1:3) N
4 I 7K COD ¥ B A8 AL FE AR W) 4 I

200t i

0
150t AUR NUR
B7 sfBRa0FREE Eka

COD/(mg/L)

0 2 i 6
Time/h
A6 #AREMA SBR &% F COD # 5 B T AL
2.2.3 XA AL B AR M
Xof B2 5 S 00 2 A U R AL R R S A TR £k A
BORXF AN E 7 iR, K TR E 25 C+1 C. H
B 7 AP, 2 5 RN g AR A TE R B B OR X IR 4
RIS S B . 15 B2 0 i v i 7 Ui 2 AR ALl R
}7 4.15 mg NH, " —N/gVSS h, 2 5z i #% i 4
15 RIS AL K 2. 69 mg NH, ™ —N/gVSS h.
T I BT R 1 K R 0 ARk AT T B T L A
TR 3K — AT A R e M R R 1 2 R A EIE.
BT IR G i 1) 4 LA e PR X T B A AR
T PR X A TR R IV i T S A T 0 o R AN [ 1

(2 5 R 38) ri ik &

2 5 SO g WA R R A AL R A 1
S A 15 I s H T T S 8 I TR R ARk R
#5.01 mg NO,  —N/gVSS h,2 5 L #% 4 i
PETS e 0 T AE R #h A AL B 5 2. 09 mg NO,  —
N/gVSS h. Ut B B 7 R (1) 4 1) 2% 2 [R) A % S0 il R
£ UMb A TR ) R Al L AR TR T A R Eh Ak
R RER T WA R R A LB R

3 Oy BT R ) A o R D) A R A5 1R T A
A TR AT 1 728 A A BB S DR M0 2 B K B T R
W 60 mg/L. i B LA 2. BN R (1) 2 1 4 Ho
PR BE R 30 mg/L. K 30 mg/L B 7 R
R R R 5 O A K LT BR MR FE i 60 mg/L AR
R B i WDl 4 o TN 110 0l = s o VT IS S
3001 2 5% N A T 1 P A A0 R A L
T 58 (5 A AR AL R IV i 7R 5 A0 Ak 1% 1 4 R 4y Sl 42
BT 32, 3% M 53, 9%, BIVE AL TR A A R 4R
A TR RT BT T 1) Je B 0 LA — S R B R T A7 4
A fal Jm ELA 12 M B R AR R

*3 BETREH KPESFSEXNHCKAHEEIEZmIEBER

X} AR ZH 2 AUR SE4H AUR X} FR4H NUR G4 NUR
N S WS L 191 N o WS L £
/(mg NH, " —N /(mg NH, " —N /% /(mg NO; ~ —N /(mg NO; ~ —N /%
/g VSS h) /g VSS h) ! /g VSS h) /g VSS h) !
B R ) 2 R 4,42 4.29 2.9 5. 04 4.82 4.4
TR KR 4.15 2. 69 35. 2 5.01 2.09 58.3

2.3 EMBEHELER

2 BB WL 6 R W A T R T U 1 R A PR A
AR TITEZ —. 1B 8 S B A S I 20 100 £ ik
TCBERT B R, L 8 WT AT, 1 5 S A R TS U8
SRRBR  HLAN A S BRI 4 S I PR TS T
TE IR JFUR A AR A HA B i e b s Iy [ (1 3
S o ot A A A P S R T R

1 2 5 JO as B A I B HU5E B BURAETE
{ELY5 8 22 PR ] 0 D2, EL 295 4 B DAy o AR R I 2 —
By, A 150 SRR O B SR A BB x5 S e Y

Fa R AE I AT A BT R I B X I 1 ¥ U 2R A
S5 R B D A S W B AR A LT AN A R

(a) 15 S A5 0 P 75 8 . U AR IR



&

553 ST A BT RN PR TS U8 b D RE TR W Y 5 e

e 19

(b) 2 5 2B 4  P ¥5 U PR L G I 12 )
B8 xRl FREE) KA
(2 FREE) BB RA

2.4 SEM &%

Xt R 52 96 2 5 A7 AS [ ik ) Be ) SEML &
Wk 9 R, FEX AL S IR L5 4 KA M TS e
R FRODL % B R 1 BR3P TS R R R =
2 TR B P 22 T 4 B BIRAE X i L 55 8 R Y I R T
Ve AL B A5 F U] 8 9 2> o 2R A o J2 A5 A 1) 55 T A
Z T B RO An SECHERIF T = 5 R X
IERIEE: % AN PUE - NI PUUEES

R 2 BT B W) S 2 0 35 M9 8 7 A A5
Wi BT RRAE Dy B S Tl vh R I AORE AR I I 2
i 1Y 25 PF T AN 008 il A 4 T 114 35 7 2R 4 AR
X 9 e 2 T 25 3 AN R R

(D) SR EE 4 K

() SLIYLE 8 K
B9 AR A 5L I AR AT
T E Bf R B a9 SEM B

(1) B R o 30 2% 508 % A 1k 71 3% M HL o B S
AR . S5 T RV BE N 0 mg/L 3 M %] 30 mg/L,
60 mg/L A1 90 mg/L i, 24 & 1k & 1 36 14 43 ) F F
T 2.95%,21. 5% F 24. 7%, Wl AR SR AR Ak T S 1k
A FRET 4.37%.,9. 33% A1 14, 29 %, R iR
1 2% 5 %o AU AT 1 5 i A R 1 X I i TR ik Ak

T

(2) B R R J0) 2 58 o ¥ K Ak B 2 45 114 M e ot
R 2 B AW I L O R A
S R I i TR 2 4 A A 00 ) 5 20 31 4 v T 32,300
153,900, RIVE S Ak B 02 Al 7R £ 48016 T X BT
PR 4 I U 2 o R M v T U AR R

(3) B iR 19 1 J00 28 o 2 (336 105 PR 5 A Ay
B BRI, SEM 1 25 SR R B L 35 U8 281K fL L &5
Rl s B AR 2 A5 R ) 58 TG AT 22 T ) A R
TR

&%k

[1] Wang Y,Li W G,Irini A,et al. Removal of organic pollut-
ants in tannery wastewater from wet-blue fur processing-
by integrated Anoxic/Oxic (A/O) and Fentonprocess op-
timization[ J ]. Chemical Engineering Journal, 2014, 252
22-29.

[2 2 i ) o o 3 0 A 7 RS e il BOR ML JE a4k
22 Tkt it . 2004,

[3] Dura I G,Rajasimman M. Biological treatment of tannery
wastewater: A review[ ] ]. J. Environ. Sci. Technol. ,2011,
4:1-17.

[47] Vaiopoulou E, Gikas P. Effects of chromium on activated
sludge and on the performance of wastewater treatment
plants: A review[ ] ]. Water Research, 2012, 46 (6);549-
570.

(5] £ B, 2% 1. 5. BB KA R4 Yk
fiRREPEWETEL ], FREERE#,2013,34(2) :604-610.

[6] ¥ 3C,A .8k JF. MWLM fhaE
#i2,2002(5) ; 321-325.

[7] BEZEEOREJR . KRS K W 53 4 7k (M. 4 fi. db 5t
rh B BB R i AL L 2002.

[8] e rs Wibsk, TEE, % —RE LA H &R % &9
T P TS U6 T RE B I kR [0, BRI Rl OK AR A i
2019,37(4) :11-16.

[9] Chen X,Gao M, Zhu C,et al. Changes of chromium specia-
tion and organic matter during low-temperature pyrolysis
of tannery sludge[J]. Environ. Sci. Pollut R,2018,25(3):
2 495-2 505.

(1ol #® BLRTE,.X &% X2 B 5 E AR AER
X ST R R 1 R m B S R R . A A T AR
2008,29(6):310-312.

[11] W BF, WA 2%, 57 W X 27 4k R G AR RBH I 05 7 (10 5%
WAL T, £ AR, 2013,34(11) 1 193-198.

[12] Magsood J, Benjakul S. Retardation of haemoglobin-
media-ted lipid oxidation of Asian sea bass muscle by
tannic acid during iced storage[]]. Food Chemistry,
2011,124:1 056-1 062.

(F#% 25 W)



¥39% H5H
2021 4F 10 A

ReaBBEIE SR Vol. 39 No. 5

Journal of Shaanxi University of Science & Technology Oct. 2021

*

XEHS:2096-398X(2021)05-0020-06

RN REWESREERRNENXR

KR XKD, RBAEL, KOk

(1 BV R K2 AR TR S EOR TSI, BV 1442 7100215 2. IN7P4 KA K2 B4R,
v KIE 037000)

a‘ﬁ ?&-%H@%ﬂi“’ﬁifiﬁ%ﬁ%ﬁéﬁ%% it e AR 3R £ BGl1.glu+BG11, A &5 K =4
B el sk E 2 AOM(Algal Organic Matter) #4720 5%, 547, VA48 7 AOM 45 5 % %

iﬁé‘)%% LER R AE TR P B AR R 3 (96%) . AOM & ®AK (0. 036 g/1) s glut

BG11 ¥ % % 2 & % 1%(68%) ,AOM =& % 5 (0.109 g/L). RE IR b 4 5 5 wk 04 & G R &

B MEBRENEFEFZ AOM FEREAWEZREA, L P glut+BGll  AOM B 4849 I+

BEAGELS T R@IE A, AEFAKP AOM F4E0 5 WA R4 H £,

FKEF BRI AR BINAEY; B

FE S ES X703 XHEIRERD: A

Relationship between Algal Organic Matter and flocculation
efficiency of Ochromonas sp.

ZHANG An-long', WEN Ran', SU Yan-ru*, ZHANG Bo*"

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

710021, China; 2. Medical School, Shanxi DaTong University, Datong 037000, China)

Abstract ; Cell harvesting is the key to microalgae energy development. The flocculation efficiency of
Ochromonas sp. in BG11,glu+BG11 and domestic wastewater was compared to reveal the relation-
ship between the characteristics of AOM (Algal Organic Matter) and the flocculation of microalgae
with the composition of AOM analyzed. The results showed that the flocculation efficiency of mi-
croalgae in domestic wastewater was the highest (96%),and the yield of AOM was the lowest
(0.036 g/L). While, the flocculation efficiency of glu+BG11 was the lowest (68%),and the yield
of AOM was the highest (0. 109 g/L.). The concentration of protein secreted by microalgae in differ-
ent environments was similar,and the significant difference of polysaccharide concentration was the
main reason for the different AOM production. The arabinose content of AOM in glu+BGI11 in-
creased significantly, while rhamnose was the main monosaccharide component of AOM in domestic
wastewater.

Key words: nutritional environment; Ochromonas sp. ; AOM; flocculation
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T AR AR Bl 3t 455 75 I AR 19 [) BsF S B0 2 K 1) v Ak 55 %
TEAL R

ARG A B AR — R 5~50 pem™,
I M 2 TG 0 H Ay 20 R) A R B R R L AR
KA A R E B TR R A, DTS B0 A R
WA B R B B e A W TR SO i R
ALHE B0 VE VT UORRE L VBB TL AR, b Rk
BT Ay 2 S I RS IS AR T 1) e T . SRR TR
JE 38 3k R e R SR B A A A Y A E A
BEANMT R A B — R, M S E W T DR
SRR RN 22 4 T AR 2 e 2R v o e R Y
AN ITERBE L5 s 2R A DR R R A A
JiLJE M pH VB IR R BE. AN [R] PR BT T B o 0 1 i
SN ALY CAOMD 7 it 5 4 4y 22 F 5 KM, AOM
A 43 22 R 2 RN 0T, AT 25 5 o A i e
A PR 2R B R, DT X 22 B SR A s

FEHESE R T4 0] A e B AR A R
WS IR 5 O A M RE 5 MR BN s TS KRB h B
o R A AR ke Dk AT E 5 e W AR HE B AE AN T
BB A SR EERORAEAE 22 5 bR M 3 S S 7
i pH &/ WA= 15 7K Hh 22 8.

o SR 0 2 N HE B R A KB
BG11 R 38) 5 77 4B KRB (. 13 19 o % B
Rig) GR IR A KA Cln . B 45 2805 K R A7 1 e
RBig®) . H A, % 228 R A 25 2 Oy AU K B AL
S A X WAL R A8 3 Y S e A A K G TS [ PR
AR B 22 S R AL S

BRI L AR SC D A I 8 R BIF 9 0 4L L R AR
BG11 B33 . glu+BG11 ¥ 33 (8 10 g/L 4%
B BG11 K 3238 AT 157K = Fh R85 A A 8 40
i ZR BRI M e AOM. 72 o K 41 43 1) 2%
SO LR AT AOM 41 A0 i 3 28 5k 3L
R WL AT TR S E B B A A SR Y
15 7K PR v T e O SR A R R R R

1 SLBEHH
L1 £&XA5ME
1.1.1  FZRH
THR . A Al KT K S Ak iR ) A RS ) 5

AN, ATl KT R S A AR A R F
AR 0 AT 4l O T R R AL S iR A IR D

1.1.2 FEUL

QGZ-500A % B HR B 7248 b B ERL B A
FZAN ] OPTIMA XPN-10 U i 88 o 250 L, 26
[ D1 3 & PR IR 4 43 ) 5 Cary 5000 %I 48 4] -3
LA i, SR E R A F] PHS-25 &3
BE pH i, iR RHMUER RS A IR A AL
1.2 3 RRAIEREMH

BT BERR 43 85 A BEVE B K 2% AN T, 48 16S
rDNA FF 3143 M1 b % 2% 5 B AE#E 3 )R Ochromonas
sp. (Genebank 2t #%5 MN028256). F) ] = Fh A [F] 49
W3R 4L (BG11. glu+BG11, A2 1 15 7K ) 5% 37 i i i
Hodr, glu+BG11 ¥ 358 BG11 & 10 g/L %4
R ARG KSR N 4 3 SR A i U ) T R
2 A5 A TS V5 K 35 KR A BV BB R 2F 15 K Ak B
JoHEK A,

W= 53R 54 100 mL & F 250 mL = f§
R R R E ODsy, nm K 0. 2, GG S48
WG RFE 7 R OGIERE R 3 000 Ix, & 28 °C,
JeEM L e D= 14 h: 10 ho F8 R E 150 r/min.
1.3 BEZEAENZ

WeHL 10 mL 3552 2 RE MM BT E T 20 mL
A AR R TR AL % W3 15 4 1k 3 43 5]
A5 mg/1.,10 mg/L.15 mg/1..20 mg/L..25 mg/L.
30 mg/L, 3 B iR . A F T 10 min
Ja T AT 2 em AL BURE , 6 FH 43 606 BE 11
W 8 I 4 IR (D 5 B e ko )

REHR 5 =1 — (gt

FH(DHF 0Dy : BEWAE 540 nm T ZLEERT Y
WG sOD g« 3 VR AE 540 nm T 22 8 )5 i kG
.

1.4 #3 AOM ZE 545 5

B 40 mL HWE T 50 mL &0 H,5 000 g
B0 5 min J5 7 B 0. 85 %0 By A= #EER K o
YE.5 000 g B 0> 5 min, EE =K. FH A 0.85%
A R ER KBV T 50 °C 454 Fm# 3 h. ¥ ik B
JE A5 B B ORI T 11 000 g B0 15 min, %
LWL 0. 22 pm JE B L UE, BAR 2] AOM ¥
W

BUGE & AOM % W E T 50 mL &0 & 5 H
Whatman No. 1 JEREHEF 73 38 8T 10 000 r/min
B0 10 min, BCFIFRL A SERBU IR 7E 4 C 4%
PR 48 h J5 10 000 r/min B0 10 min, f£ BT
TERVR 24 ho BT AR FRE Dy AOM T &,

A EIE S D iR 2
S I S o P R M- R T 2 WAL 43 E R T

)XIOO (D
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MDD, glu+BG11 {5 7% W E. 6 H B £ BG11
HE glut BGL1 B335 A9 B4 i s F, {0 R A fef
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LU T NN 73 e 7 NI [ B 7 e S
AV R BB AR WG 15 K b ey, BG11 #5
FEP R Z , glu+BG11 B 37 3 b e {%. AT #hn
M 15 mg/L B, A7 HE AL =R PR T BRI
25t B A TG TS K R BEROR E ik 89 %0, 4
Sy BG11 B BERCR Y 1. 27 f%, glu+BG11 H &
BEROCR M) 1. 89 £i5.
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R CREETR IR A KR o0 W T K X 88—
PR B 5, AT X 22 388 48021 7 AR 2 ) glu+-
BG11 K5 37 3 op o i 22 BE R0OR 38 31 70 %6 1 r 75 19
ALY FIEA 35 mg/L. i 7E BG11 547G {5 K H i
AT I EAL R 15 mg/L Fl 11 mg/L, i & [
I P9 22 5 590 FH o 0B v ) 2R B AR A R TR AT
15 7K FREE v A N7 AR L 20 T G O AN R R A AR 1A
R AETG K PRI b T s B B SOIR R R i — 2
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2 3R T AN ) B B A 7R ) A I R 2L BRI
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BG11 v e By 3 W25 0 5 19 B35 & BG11 i
BN (B R RO WU R BRI A KRR T
87 Vo AR 64 00, 1l FH AR 395 75 /K v 08 1 7 W 2
O JE B B TE HE BGLT Y S 40 i (C R 50 L ol
FBERCR S AKRR PR 8700 & 950 (P <
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W25, o glu+BG11 B3R 30 Tl 28 H
ELE EUN K (SR

100

HH

HH
HH

80

HH

HH

(=)
L
T
HH

BB %
S
o
T

20

0

A B € D E F
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glu+BG11 83558, E. 56 BG11 8538 SE 8 B D P iy 3% 40 e
FL i glu+BG11 B R IE TR D i) 4 40
B2 FREEKZFARRELEREEG Y0

5 glu+BG11(D & F) H He Al B & BG11 K5
FRILE B glu+BG11 H 3R A9 S 4 i (E & R &
BERCR I DR R T 60 % T+ & 83 % . i A fif glu
+BG11 5L T B glu+BGLL 15 72 W 14 38 41 il
(FIRZFO ZECR DIRR T 1 60% T ZE 80%
(P<<0. 05). IZMZ UL ITE glu+BG11 57 A b i 2
it 28 558 A7 B0 R R T e A R AR T A W Y B
Ry BT, 0 T Al 2 3 5% b A A B A L R
ST K B N R B 5 Rl 2L B R T
525 5 FLrb DATE By Sk e R P T e A 85 3% 0 R b Ay
WA i B AOM il 75 8 22 BE OB AR
AR AE 2 A U5 B = 1 e R R AR #E T AOM
F 777 A o DT 52 1] F0C35 P 22 R 258
2.3 REFRFETAHEE AOM & =&

S [R]FR 55 R A7 B 9 AOM 7P 5 19 5% i 40 &1 3
FioR. TEAF pH 254 F AF M 7E glu+BG11
AOM 7= ¥ dg 5. BG11 Rk 22, AR 1% 75 K #x
1. 332 PR Sy 35 440 e 76 R FE A WL DR 1) ok e v il
WA A S B, AR A T A ] C/N
2% AOM F= &= A fg . 24 pH o4 11 B,
BG11.glu+BG11. A5 /K =FEHEE 1 AOM 7=
AR R AE L 4300 0. 042 g/1..0. 109 g/L,
0.036 g/L. 4 pH & 2 if,glu+BG11 1 AOM =
HZ0h BG11 H AOM =81 2.5 £, A£G 15 K
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AOM =Ry 3. 8 f% (P<C0. 05). 3K I &7 BF 98 &
ML AE glut+BGL1 #5555 pH hy 11 B 45 5 3
LBEHCRARNE 21, 2% A TG K Y pH b 2 B
R B 20 R 38 86. 01 %0, 3% 5 1 3 7E A W)
pH £/ AOM M7= & RFA K. Li 555 158 &
PRI AOM 7= i 5 15 35 3 v (9 HL R4y A %
A LB IR BB 2 A HE Rl e AR R & B AOML
AOM & KA Z 0, T o 28 b
S F A 9 2 A i 8 5 3 R T A A O R T 1Y B
7 A E ORI L DA T X A 2 7 A AR

I BG11
[ glu+BG11
B ERIEES

2 8 11
pH

B3 RREFRFHIZE#RE AOM =T 8%
2.4 FRFEIEFRE T AR SE AOM #5205 H 7
2.4.1 AOM Wi 5E A RS &

i 4 pros AR R85 85 55 ) e AOM
ZM AN 0.002~0. 021 g/L, Z W& 2% R
B.glu+BGl11 BREF LB SE RS, BGI 5
TR Z AT 15 K K. Dries Vandamme 252U
ST B0, b A B e 1 22 3 ot R 32 300 2 TR
W) 20 S R e 4 AT T Ca, (PO, i
TR TE B, H 2205 h 32 2002 ] B8 1 2 5 R ] 22

HEVE T 0 7 1 1
0. 05 16
I & A
CI&Eam 114
0.0ak A EAF/ZH
112
Py 4110
L 0.03f =
o0
ﬁ T 8
1=
42 0.02 6
14
0.01F
12
0. 00 =
BG11 glu+tBG11 GRCRCYIN

B4 FRRFETAAH#RE AOM ¥
tHE5EaOREE
BG11.glu+BG11 A6 57K = Fh 3R 5% i 2
i T i S WV R N R ]

TVEA:

i

EH

4.429.1.571,15(P<C0. 05). Huang % Wi oy %
Wl AOM 28 o J2 5 /K B RE A 19 21 2SR U, Xt ol
YN Ma A B2 B — VR B T 2 T
20 M 2 [ e R K, TR T . X 5 A
1 RIS TE = Fh RN R A B T i AL i 5 10 2L
BCRAE AT TS K P e, BG11 B 3R 3Pk 22 L glu
+BG11 #5375 R IR 45 S A0 — 2L
2.4.2  AOM gl gl Bl J & &

P 1 HER T A HE P AEAS [F) 2R BT P T R AOM
Y EROBE 20 % DA B i glu + BGL1 Bs 3% 356 =
AOM Wyl Fp 2 it 2 (5 Rl , HR A ARG 15 K (4
Pl (BG11 85553 (3 B . BN B 58 % B LL A
APRE R BR TR 09 T AOM KN 3 6 Fh &bk | L 2R
BT IR Y TR AOM Hh G I 3] 8 b BAHE 5 Alam
SR BT /INER BE Y 22 W i R AR L H 2 B R 2
FLBEAL K ;s Mishra 272 & 3L D. salina i 4h 2 b
AT 2 U L AR L R OBE IS OBE U Ab Bk 5 Shi
ZEL51 9 C. pyrenoidosa B9 22 Kl 32 2 iy H &% B8
WA AL, th LR, AR IRES o Fh s 22 5 &
XF AOM FIE Y 241 1™ A 5 252 ).

fE glu+BG11 K373 v, BT R 4 ™= & i £
RSB 2 R e /D 0. 973 mg/ L, Bl R AP B 1 7
AN R 13 A5 AT TS K R
WHREAHR 1,574 mg/L, PR & & & D0
0.032 mg/L, BZEWE 0 & & T 50 B 4 8 .
TR RSB ML o AOM Hh Bl 4 1l ) 24 57
235 5 A1 ifL 1) 22 B AI0OR , Rashid %00 B9 & #1
B L At OSSR K PR 55 L 5 K PR SR L BB B
B 805410 1) 240 2R S R 1 B2 L5 20 LB A 4
A KPR AR IR

F1 ANERETIHEEERFR™ AOM B EHEHMK
RS/ (mg e L1
8
FRIR S BTRLAAE Ai450E  H R CRILBE RUERE A
BG11 3.678 2.196  1.126 — — —
glu+BG11 12.715  3.559  1.488  2.265  0.973 —
A G K — 0.181 — 0.032 1.574  0.213
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TN SR B, R TR ERBE T e T AOM 177
KEH KN A B, Aym = 225 ~ 250/280 ~
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260/430~460nm){UAFZETF BG11 £ 583k,
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R 3 AT TS K X 5 A HL AR TR £ 0 A 9 A B
KEM AOM A ¥, 75 glu+BG11 1535 S, k7 i
AN PR AR K, A S AN R P R B A K 3 Ok
LR FE T 0 B AN 2 BRI R B G
A5 B0 6 B o5 B 5. 2R S AT R R
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INERBARRBENXEDRRMZE Cd WYL R

=

ES R, Hdk, ko I, s, K 3

(BRPERME K% SR 5 TSR, B /4 710021

W OEARARATREST AR ERANSE CdW B, HEFERT 3 Cd R AL A E—
AR FRME CdFEHBEFBELE T FIANAEAHDRBERES C AL D ERRIER
BAMBR(ERFERBR)ST AN R ERAWMECdYBRERN. MALRET . N EFEEL
700 °C 4 &a9 £ M % (WBC700 o PBC700) Rm B BR M L35 P4/ 11. 7% 42 9. 2% 84 Cd i£
%] WBC700 #= PBC700 £, & T &t £3E J Cd v WBC700 #= PBC700 L#y 4 &, 5t L& T
Cd & & 42 300 ‘CH &8 A4 % (WBC300) ey 4 %, 5 CaCl, iz Ak, N EZ AR 4 ik
M AL 3 WBC300 £ Cd #9 #8423 BC700 £ Cd ¥ B % R B 5. 8 Ao R B39 a0
#H=FA R E CdegR, L Pt WBC700 #= PBC700 J: CdwBRFmE K. ERRMER
TFL.WBC700 #2 PBC700 £ Cd #9 MR F M 35% » AR ZH T 85U A 50%. LW A4EA T,
WBC700 £ Cd #9f# R F M 35% # 52T 42%,/2474 T PBC700 £ Cd ¥y figR. &4 =4 4
M R Cd W HUEE,  HLER T8 L i M A 45 A AE AR 3 A 4 % b Cd 983k, B B4k ok B 3
B2 VT R W R A % B3 i dg k] Cd 89 fR R

KPR AR ZER; FRB; T8, A% 5%, 45 BR

FES#ES X173 NXEFRER: A

Study on the activated mechanism of Cd on biochars
by wheat root solution

REN Xin-hao, YANG Shu-yuan, CHEN Qiao, HE Jia-yi, ZHANG Ming

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

710021, China)

Abstract: To explore the effect of rhizosphere environment on Cd adsorbed on biochars, the
biochars with relative single adsorption mechanism were prepared and added to Cd polluted
acidic or alkaline soil. The effects of wheat root solution and organic acids (oxalic acid and
malic acid) on the desorption of Cd from biochars were studied. The results showed that
when biochars prepared from wheat and pig manure at 700 °C (WBC700 and PBC700) were
added to acidic soil,about 11. 7% and 9. 2% of Cd migrated from soil to biochars. And the
migration amount of Cd from acidic soil to BC700 was higher than those from alkalinity soil
to BC700(WBC700 and PBC700) ,and those from both acidic and alkalinity soil to WBC300.
Compared with the CaCl, solution,the wheat root exudate can promote the desorption of Cd
from WBC300,but without affect the desorption of Cd from BC700. Both oxalic acid and ma-

lic acid can promote the desorption of Cd from the three biochars,among which the desorp-

x WS B HE:2021-03-16
HEE2WB :BHE AR FEETH41703106) BV A BT A SRR3R HF 5211 K170 H (2020]Q-719)
EEB N AT 0SE1987 ), B W F T & ARl it 0F s Oy ) R ETE e R
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tion of Cd from WBC700 and PBC700 were significantly affected. By using malic acid, the de-
sorption rate of Cd from WBC700 and PBC700 increased from 35% to 85% and 50% ,respec-
tively. Oxalic acid increased the desorption rate of Cd from WBC700 from 35% to 42% ,but
inhibited the desorption of Cd from PBC700. Combined with the Cd adsorption mechanism on

biochars,organic acids can promote the release of Cd from biochars through dissolution and

complexation. The adsorption of oxalic acid on biochars can also inhibite the desorption of Cd

from biochar.

Key words: root solution; malic acid; oxalic acid; biochar; cadmium; desorption
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Influence of different extraction methods on physicochemical properties
and antioxidant effects of Fu Brick tea polysaccharides

SUN Yu-jiao, MA Yun-hao, WANG Fan, YUAN Xu-shuang,
XU Yang, ZHANG Nan, WANG Jian-kang

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

na)

Abstract: In this study,water extraction,acid extraction and alkaline extraction were used to
extract the polysaccharides from Fu Brick tea,and the effects of different extraction methods
on the physicochemical properties and antioxidant effects of the Fu Brick tea polysaccharides
were compared. The results showed that acid-and alkaline-extracted methods improved the
yield of polysaccharides. Moreover, acid-extracted process increased the composition of neu-
tral sugar content, while alkaline-extracted process increased the composition of uronic acid
content. GC analysis showed that the three polysaccharides were all composed of rhamnose,
arabinose, mannose, glucose and galactose, but their specific relative molar ratios were signifi-
cantly different. SEM analysis showed that in addition to the flake-like structure,acid-extrac-
ted and alkali-extracted Fu Brick tea polysaccharide also observed the columnar morphology.

Moreover,antioxidant studies showed that acid-extracted and alkaline-extracted polysaccha-
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rides had significant scavenging ability of superoxide anion and DPPH free radical, reducing

ability and chelating ability of ferrous ion at the low concentrations, showing better antioxi-

dant effects than water-extracted polysaccharide. This study could provide a theoretical basis

for the preparation and further development of Fu Brick tea polysaccharide.

Key words: Fu Brick tea; polysaccharides; different extraction methods; physicochemical

properties; antioxidant activities
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pH 6.0), J 3 A 0.5 ml/ min, F: i 48 FIKG I %5 L B2
Y1 30 °C L2 f B A TR]. DA [] 2311 78 SO A A
YE 22 AR 4 AR B 0105 7 B2 1R 4% AR i ) AR
X} 53 JoT A
13,4 Pk B 2 o A

R A A BT (Gas chromatography, GOM,
%W FTWP,.FTACP I FTAIP 2 mg A T 2 mL #y
2 mol/L TFA, £ 121 C FIm# 2 h. B #J5. H
1 mol/L NaOH H A1, Bl FE 25 . A 4% (w/v) il
AL (NaBH,) L 3#25) 5 - EIRFHE 1.5 h, 20 N
200 pul VK CTR - S5 RN A 0. 1% (v/v) H i/
HCL W 36805 28 T B 2 5 i Bl R & Ak o A
1 mL MEBEF 1 ml £ B2 B, $2& 27, 36 K ¥ & i
30 min, XMW E5 R BEZE T IMA 1 mL =& 5
F 1 mL ZEIR KRR i A€ I, 3K A L PR B = S ot
A B =R IR ML 1T GC 43 #T.

GC ZFr &4 DA N, FE2R, ik 0. 6 mL/min,
IYFEE 19 = 1, UERER 0.5 pl, #ERE R 270 °C . 46
g B2 280 °C. A A 454 : 180 °C (2 min)6 °C/min
210 °C 0.3 °C/min 215 “C 6 “C/min 240 °C (30 min).
LA B (Rha Rib. Ara. Xyl . Man.Glc Fl GaD {E H 7
L VEA T [FIRE R AT AR AL AL BT GC 43#T.

SR /N B A 35 ) FTWP, FTAcP Fl
FTAIP ¥R & T8W & CE T 512 B9 AL
P — 2 S 4 5 . ok 49 5 fL B8 (Scanning elec-
tron microscope, SEM) 47 W 2%,

1.4 EE S ¥R EANER M
1.4.1 ¥ HWEGERGE I E

43 ) Fx BL FTWP, FTACP FI FTAIP B¢ il 5
2.5 mg/ mLAJIE FiBEHN 0. 25 mg/mlL.0. 50 mg/mL.,
1.00 mg/mlL.1 . 50 mg/mL #1 2. 00 mg/mL BYFE R
TR R PR A R ek VB 1 il AS [R) e B A £ 0
W MUIMA 1 mL 9 9 mmol/L FeSO, .1 mL Y
9 mmol/L/K# FR- BV W AT 1 mL ) 8. 8 mmol/L
H, O, .JR%7,37 ‘C F /K 30 min, ¥ 15,510 nm il 5
FEME . FRIRE SR F i SERTE BR AR I IR T B
KO

W () = A0 (2‘; TAO 00w (D

A D Ao— PL H, O ARE: 5 I in A 7K 45
2 L 2,328 70 B8 0 (8. As — 55 I 3 A K 4 R L
3R 1O AE , Ac — 5 W0V B8 K 4 R L €
TR A WG
4.2 BEAE T A LS bR ee ) m e

S BIFREL FTWP, FTACP Fl ETAIP B 1l 1%
2.5 mg/ mLIIER FiBEN 0. 25 mg/mL.0. 50 mg/mL,
1.00 mg/mlL.1 . 50 mg/mL #1 2. 00 mg/mL AYFE R
DI SR FH PMS-NADH £ 4t . % 215 I RE i %) 4B
BT A LTS R AE 1 T A 24 AR T e
0. 1 mol/ L #RREh 2% Mk (pH 7. DECHI 485 HL 1mL 19
REIR A3 5IMA 1 mL A9 30 gmol/ml. PMS,1 mlL Y
338 pmol/ml. NADH Fl 1 mL [#J 72 gmol/ mL NBT,##
A7 IR 5 min 5,560 nm ME TSI RRIRE G
XHEBE AR T B SRS BR AR IR AR A (D T
P Ao— DABERRER 28 rB AR BRI I A PMS-
NADH % 4t i 51 19 W 6 AH . As — FF I i A PMS-
NADH FG83 5 1Y W GAE  Ac — FEINRCR 8 i PMS-
NADH R0 .

1.4.3 DPPH H th & BR A8 T 19 &

8 9 B B FTWP, FTACP #il FTAIP B i %
2.5 mg/ mLIAETLF BN 0. 25 mg/ml.,0. 50 mg/ml.,
0.75 mg/mL.1. 00 mg/mL I 1. 25 mg/mL HEE 5 i)
. F DPPH % T H B, BC i A% 0. 2 mmol/ L ) DPPH
VTR 1 el AN[F)V BE AR SRRV A 2 mLL i)
U DPPH W5 2 ml HUEE 257, 500 T Bt s
15 min Ji5,517 nm JUEEIOGEN . FRIEE X DPPH
F R TEBRAE 1 IR LA AR O TH5 Hd Ao
— A H, O AREFFIBINA DPPH 8 19 G AE  As—
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ReHAALESB

%39 &

FFIEMA DPPH ¥ 1 W AR, Ac — FRFIEAS A
DPPH O GAE.
14,4 W JF 70900 &

BRI AR B Z2 WL 61 2. 5 mg/ mLEY
VW R BN 0.1 mg/mL.0. 2 mg/mL.0. 3 mg/ml.,
0.4 mg/mL.0.5 mg/mL.0. 6 mg/mL FIREGH R, B
AN e 8 B RE SRR 1 L, iLA 1 mL (19 0. 2 mol/ L
FRERZE i (pH=6. 6) F1 0. 125 mL 4 1% (w/v) B4k
FACEEI L AE 50 “CRIKIE R 20 min J& K UMA
0.125 mLAY 10% (w/ VB =5 LR Z 1 g, B i
A 1.5 mL % 0. 1% (w/VFeCl, £, #5255 ,700 nm
DU T2 A W' (B 88 s 1 3R 2 0 04 38 Jir g )
SRV 25 B LR ZRAE KA R S VAT
1.4.5 WERE A e n il w2

43 Wk Bt ETWP, FTACP #1 FTAIP ¢ 6l 1%
2.5 mg/ mLAYIE TR AR 0. 25 mg/ml..0. 50 mg/ml.,
1.00 mg/mlL.1. 50 mg/mL 1 2. 00 mg/mL FIFE 5 F5
. B 200 pl REIE ARV 3 mL HEEFT 200 pL Y
2 mmol/L FeCl, ¥ WL IR F E /I 5 min, il A
400 pLBY 5 mmol/ L 2,4,6- =MEIE =B (TPTO % . 1R
G A IR 10 min,562 nm EEHOGES . Rrllke
iR ER B T IS B e BT S A (O #E T

Mo (Y —A0 = (ﬁ(‘j TAD 00y (2)

K2 Ao— LU H, O fRBR R n A2 &
B WO AE L As — T35 008 A B A KR ) Ok
1B A — 15 WU AS T fin 8 G35 A IO (A
1.5 #HKIELE L HH

JIT A L g AT IR E A LA R R Or-
igin 8.0 Fl SPSS 22. 0 3 {4 i 17 &b $R AN J5 22 43T
FEoR T LSD 35 X 45 41 8] 1 22 S b A7 2 LU

2 HR5iITE

2.1 KRR BRFBREFSHENHNEZER L P B
BAEARBRRA TR
SR IT I A AR Z B R PR
BHEER & i DL 1. A Lb TR 329 IR 4R vk Fnmai 41 vk
AT AR B i AR 2R 2 W R A2 0 HL KRR R £
BE(FTWP) | ig #2485 55 Z 4 (FTACP) Fas 2 1K 25 £
B (FTAIP) Ak 27 20 38— 19 22 1) b e 42
IRAS Z 08 (FTACP ) B MB35 it fe 57, 65. 580 &
1. 66 % s BRAR P 2% Z2 B (FTALP ) AooBE B R & e e i
R 29. 76 % 40. 83 % ; Hy b AT UL L B 4R VA TR A B T 4
B OB R A IR ME 2 OB, oE Ah, K SR AR AK 2
(FTWP) , iR 2 55 Z 5 (FTACP ) FI B8 2 1K 2% £ 0
(FTAIP) M8 13 S8, 20 3 1,50 %040, 61% .
3.95% 0. 22% 1 6.80% 40. 42%.

R1 BRESEHBEMUFHMILR

RO doy GRS PEREE R MBS R R
I R N
L A R T
wa rrar DO TG (Ui G

Heasb,c fRFFE 0.05 KP 225 3.

2.2 K BRPRBILKE L HEOMS ST RE LK

T BUBE I 18 35 €1 v (HPGPO) X 7K $ 45
KZWE(FTWP) | IR $& K 45 Z 4 (FTAcP) ik 2
R Z 8 (FTAIP) B ARXT 43 o7 5 #4700 5 , 45 2R
WL 1 Fr 7R A4 w6 S0 A o i CRROXE 43 7 B i 43
WA 5.12,25.50,80 FI 150 kDa) £ il B by v #h
LB LI TR R y=—0. 178 62+
8.189 6,R*=0. 999 9; # #ix £ B8 f [m] . 1158 7] 7%
FTWP.FTAcP 1 FTAIP #y A1 % 43 7 5t & 43 51 My
4.78X10° £ 1. 92 Da,4. 70 X 10° 2. 81Da F 4. 68 X
10° +1. 51Da, A KB B2 R

6.0
55 y=-0.1786x+8. 1896
R’=0.9999
2 5.0r
=
[els)
(o}
= 45
4.0
35 1 1 1 1 1 1
12 14 16 18 20 22 24 26
H] 1] / min
Ca) AR X 43 F [0 2k o T 45
. mV
350
& ;
25 /\
B A e
SR e ——— .
0.0 5.0 10.0 15.0 20.0
I [H]/ min
(b) K HEHEZE £ (FTWP) 9 HPCPC 43 #7 181 3%
. mV
350
<
N i
m 250 [\
i ”/ 1
= 00— i ;
0.0 5.0 10.0 15.0 20.0
fif I8/ min
(O PRIZIEZE M (FTAcP) 19 HPCPC 43 #7 14138
mV
— 5.0
3
<
g
w 2.5 n
= 0.0 A
0.0 5.0 10.0 15.0 20.0
I [H] / min

(D T HEE R 25 Z 85 (FTAIP) 9 HPGPC 43 #r1 [E ii%
A1 HKEZENASSTFRELR
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2.3 KRR BRIR Ao BRI IR T B HE 6 P MR 4B 4 %,
228

FI A 03 2 (GO X K HEAR 25 Z 0 (FT-
WP) | 2 2 15 2% £ ¥ (FTACP) Fl B 48 18 25 £ b
(FTAIP) g btk Bl 4 il A7 00 L 25 R an 181 2 iy
I YR BB BR A S A G B DA L K AR IR 2 2
BE(FTWP) (1R $2 1K 25 2 B (FT AcP) Fl i $2 1K %
Z K (FTAIP) ¥ /& b1 B 2% B (Rha) | BT 57 47 B
(Ara) , H & WE (Man) | % 5 (Glo) A2k ZLHE (GaD)
2 K (FL S 0 T AR I 2 S MR EL g g R A
7 PR o T B34 A SO 1Y BE 2R E 43 L AT AR KR AR
REWE(FTWP) R & 1K 25 2 B (FTAcP) Hl i £
KA Z B (FTAIP) H Rha ¢+ Ara : Man ¢ Glc ® Gal
(9 B SR A 43 R 1.58 = 2.41 2 12 1,97 = 3. 89;
1.24:2.04:1:4,58:3.09 M 1.21:2.16¢1:
3.80 ¢ 3. 14. fH b AT UL, R B2 v AR B 75 TT e
M AR 5% Z2 5 0 SRR AL B, 42 5 T 20D Gle &

3

2 567

| | ML

5.0 100 15.0 20.0 25.0 30.0 35.0 40.0
) 18] / min

£100000 1

LSl

c
<

74

#/(au)

= =N

3

Ca) BB AR E B9 GC 2 HT B (1D Rha(2) Rib

A

I | | .
5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

(3)Ara(4)Xyl(5)Man(6)Glc(7)Gal
0000
5000
0000
5000 |
I 1] / min

(b)Y KR FEZE LB (FTWP) B GC 4397 &l

2 25000

<20000 6
a1 15000 7
& 10000 [ .3 5 1,
= sooot | | I |

50 100 150 200 250 30.0 350 40.0
i) ] / min
(ORI ZBE(FTACP) 1Y GC 43#r &l 1%

uv

25000
20000
a0 15000

10000 3 i
5000 1 SUU
o=ty 1 I V- :

50 10.0 15.0 20.0 25.0 30.0 350 40.0
HJ 8]/ min

(D TARIKZE Z B (FTAIP) B9 GC 40 #7 3%
B2 FRBRG XNRE S EAEERILEK
2.4 KR BRBABIBIRE SHY ST HRILEK
FIHI 4 HL B (SEMD 43 511 £ 500 A% F1 4 000
VR A EC T KRR R 2 (FTWP) (iR AR

2=

i

it
=)

/(auw)

S]]

AR ZWE(FTAcP) Fli 2 4K 2% Z B (FTAIP) B 43
TES, S5 R A 3 frR. 45 R BoR , =R R EL)
PRI 2208 2 LU LN 0 R 4548 =44 {3 FT-
WP 11 2% 52 80 H S 00 0 B D5 R 454 s MR T
FTWP,FTACP #l FTALIP %3 17 134 4 1 fin °F- %%
DR BV SR TR SNSRI TR R AP O
FTAcP Fl FTAIP &3, FTAIP 14 & 5 hn % ,
I AW EE ) /N B — [ FF AR &S, i e T
U, T it 30 FRRR 2 25 1T BB 2 52 Wl 2 2% 22 W 1) 0 4
TIEH.

(al ) FTWP X500

i‘-

(b2)FTAcP X4 000

(a2)FTWP X4 000

(bDFTAcP X500

(¢2)FTAIPX 4 000
B3 RARARRGERFZENS THIRLEK

(cDFTAIPX 500

2.5 KR BRFBRRLZHENHZGHAGF
i B kS

WK 4 Fr7s  fE 0. 25~2 mg/ml Y3k B 10 [
W, K IR 25 2 8 (FTWP) ., R 42 18 25 £ b
(FTAcP) F 2 4K 2% Z B (FTAIP) 1Y 35 B R bl %5
22 W I A A A 8 o v S B R (DR A B . Y
FTWP Bk iR E] 2 mg/mL B, HXF £ B 50
HBRAE 13k B 81. 01% £0. 69% ., 4= FTWP 7
0.25 mg/mL ¥ I EBR % (68. 57 % +0. 43%) ¥
1. 18 f%. 1 AH b T FTWP, 16 It % B 35 B i
FTAcP Fl FTAIP X} ¥ H 1 3 (1978 B 6e 1 25 &8 3%
e F FTWP M BRRC 77 p<{0.001). XM ZHik
JEikF 2 mg/mL B, FTAcP #l FTAIP % A
FERTEBRAE S0 M 59.68% 0. 39 % Fl 64.13%
+0.36% .l FTWP Xf ¥ [ 1 55 19 7% Bk fig 71 53 51
FEAIR T 0. 26 £5 70 0. 21 5.
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%39 &

CJFTWP
FTAcP
100 |zzzrrap

80 e ]
52 _ e
- R
?i; a0 s e b “‘*ﬂr* §
-»Tt e ke ?*** §7-
40 NZ

20

0 AR

0.25 0.5 1 1.5 2
W / (mg/mL)

B4 BEZEBSZOGEGFRRELE
(#8R K E T FTACP.FTAIP ] FTWP # it
B, p<<0.05," " p=<<C0.01 #=""" p=<<0.001)

2.6 K BRABERFSBESLANET A
5D e W B o

Wik 5 fr7s . 78 0. 25~1. 5 mg/mL ¥ L
BN, K 21K 25 2 B (FTWP) | R 42 75 2% £ bl
(FTAcP) Fl$2 4K 7% Z B (FTAIP) 1975 B R i &
22 W8 T3 VA JRE T 1 o0 G O 5 T 2 20 U R &
2 mg/mL it ,FTWP.FTAcP #l FTAIP X it %& FH
B B HERNIEERAE S ROm R . Y FTWP ik
FERF 1.5 mg/mL B, EXHEEHE - H HE£5
bR fiE ik 8 67, 86% +3. 99%, J& FTWP 1
0.25 mg/mL ¥R BRI FR 3 (54, 91 % 5. 56 %) 1)
1. 24 £%. WiAA L T FTWP,FTAIP 7 2 mg/mL i
BT R R R 76.52% 4+ 4. 43% . B ¥ m T FTWP
7 L e B B 3 BRE ( p<<0. 05).

[CJFTWP
FTAcP
FTAIP

80 - %_T_§% ﬁ%
%% \

15
1&7’?/ (mg/mL)

100

EHRE/%

N

BH5 KEZESBANSET A HAGFRIED
W (AR R E T FTAcP.FTAIP F) FTWP #
BE, " p<<0.05." " p<<0.01 #=" " " p<<0.001)

2.7 R BRPBRERLS
E'J/J M4 b ER
WE 6 Frn, 76 0. 25 ~2 mg/mL 1 ¥k B 1 Fl

¥+ DPPH A § £

P TR R4S 28 (FTACP) B 2 22 1 5t 125 Vik B 1y 34
Jon i 2 B A O [R) AR B A . #E 0. 25~1. 5 mg/mL
AR Y TR N S K B AR S 2 08 (FTWP) Rl i AR 2% 2
B (ETALP) 1975 B % B & 22 1 57 5 Tk 32 1) 34 o iy 34
K310 24 2 B B3N & 2 mg/mL B, FTWP I
FTAIP Xf DPPH H 20935 BRAE 1 M B R, 42 b
W AR 0. 25 mg/mL B, FTAIP %F DPPH H Hi 3£
THRAESAE 71.81% +1.01%, ¥ & T FTWP 1£
I BE I R R R (52, 38% 4. 93%; 7 p <
0. 001) , RV B2 R R 47 1) B B

[_IFTWP
100 KN FTAcP *
PZAFTAIP s _1—_"*7 e % e

=1 0NV

60 ﬁ

(e % %

40 §

20

HERAE/ %

0.25 0.5 1 1eby
#IZ/ (mg/mL)

[

B 6 #H% %M DPPH A vk g iF kit /1 rbs
(MR K ET FTAcP.FTAIP Rl FTWP #j1t
B, p<<0.05," " p=<<0.01 #=""" p=<<C0.001)

2.8 K BMBABIBRETSEGTRAE N LK
M 5 VW B A A A T — > AR
B s WA AR L 3R B34 J P ik L il 7 TR
FE0.1~0.5 mg/mL [k B H . KIEIR A £
B (FTWP) (2 $2 1k 2% 2 B (FTAcP) F10% $ 2% 2%
Z¥E(FTALIP) ik J5 7 b & 2 05 o 2 ok B2 1 385
M K. 4 FTWP By B35 %] 0. 5 mg/mL B, H
WJE 1k 0. 98+0. 00, & FTWP T 0.1 mg/mL
e B IR 5 /7 (0. 1320, 00) By 7. 54 %, T AH L T
FTWP, Tﬁt/iw“«al%lw FTACP 1if J5 ) ¥ i %
BT FTWP R E 37" p<<0.001) 324 FTACP
A A 0.1 mg/mL i, iR JR 18 0. 6440. 04, 5&
FTWP 3£ & /5 (0. 132£0. 00) [ 4. 92 4% ;24 FTAcP
WA E 0.5 mg/mL B, Hif J8 J & ik 2. 31+
0.03,J& FTWP if Jii /7 (0. 98 4+0. 00) [ 2. 36 1.
A, 38 i 4 e FTAIP fil FTWP & 8, £ 0. 2~
0.5 mg/mL a@mr«arﬁm FTAIP ik i ) i 2
T FTWP s S " p<<0.001) 524 FTAIP
WL E] 0.5 mg/mL B, Hak i ) @ik 2. 23 +
0.03,/& FTWP i£J5 /7 (0. 98+0. 00) Y 2. 28 1.
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3.0

[C1FTWP
FTAcP hhen
2.5 |ezmrTAIP \uu;

N N

*hh
‘,ﬁ; 15 | kk
% e
I
1.0f
hk %
051 § |‘
*
0.0 RN
0.1 0.2 03

0.4 0.5
W E /(mg/mL)

B7 RESZBENIRENCKFERRET
FTAcCP.FTAIP Bl FTWP #3b45, " p<<0.05,
©p<<0.01 A= p<<0.001)

2.9 KPR BREFPBIBRLSHEILHE T4

AR i

SR B A AR S % B A1k 0 1 Dbl i S
PR BT B AR A S5 o Ak B VR B, Tk A
ARG WAl 8 FiaR . 7E 0. 25~1. 5 mg/mL
AR B R P, K SR AR S 28 (FTWP) XK 25 511
B RE IR 2208 o e Tk P A T RS RS 7E 0. 25~
2 mg/ mL BV FEIL FIN BRI AR % 224 (FTACP) Fl
FEARZEZME (FTAIP) X2k 8 11 2 G Be I b G 20
Jo e VR BE AR NI 38 K. 7E 0. 25~1 mg/mL YR
FEIN L FTACP YWk T G Be B & & T FTWP
MZEEGRESIC " p<<0.00D) 5 7E 0. 25~0. 5 mg/mL HJ¥k
JEQE N, FTAIP X W B FE Gt I & T
FTWP 2GS RE 1 C 7 p<<0. 001) ; 1R BAR e & I
FTACP 1 FTAIP ¥ ih ML Grae ).

50

CFTWP
FTAcP an
40 | [EZDFTAID i 7—

—T— kR

0.25 0.5 1 1.5 2
W / (mg/mL)

B8 RAEZEBANLHKE FHELSRANLEK
(#F R E T FTACP .FTAIP Bl FTWP #) tbsx,
Cp<<0.05." " p<<0.01 F="" " p<<0.001)

O W 5% 28 B iR M 4% 14 sl 1 2% 2 e 1 0 4
ML BE 2 fof JEL PR 22 B Bl 2 M BE S S Z B L B
EPEE 2 ISR I Ah B T RT B R R 2

ARV AP A5 AEL ) A B v T 2 R R R 2 B A
25 AR R R 2 B B o LR A WE AT ) RE & PR R
PEVL AR VL T B G AR i AR 2k 2 AR R I Ho
PR 22 W5 LA 150 v 110 T8 T2 % o 250 0
i 225 ¥4 1) 4776 1T BB 42 55 2 BB BT AL s D10

WAL R BT A A PR BFIE & B IR B A R
B A RIS Z W IR SR 2 B B AR . 7E
BEAR AR BE 0 16 N R 4 AR 25 2 B (FT AcP) A 6l £2
RZE Z B (FTALP) & 30 H 5 & 35 1) % 8 420 B B
T A % . DPPH At 3 5 BR g 1, 38 IR ) Fxd
KBS T 1B A BE T $ R R B AR 2% 22 W AN i £ 4K
REMEA RIFmpr S /e X 0T RB A ) TR e
KA Z R EARER Gle & & IRIRIRE ZH S
A2 1 T B R . 3 T UL L i S 5Kl o A AT
IKARIRA Z B (FTWP) | R $2 18 % Z B (FTAcP)
G HRETR S Z B (FTAIP) BKS 404548 L IR AR RIK
IR P EAAE - R RO &

3 Aig

AR SCR T K B 12 RV RN Tk 45 = M [R] 07 1
PEWARZR Z2 Bl 400 48 73 M H Ak 2 2 08 AR 2 1
iR AL 2 TR SRR SN T AR AR . 46
W RIRARTE 22 B L TR $12 R 215 20 M R el B2 AR 2% 22
1) BRAL PR AT AP TR A B 22 e IR AR
2K 22 ) OB R e AR AR TR 2 BRI TR
R R e D8 Tl R AR R 2R 20 M A B B2 2R 21k 22 il A 4
ARV B2 IF e B R 2 A B SR AR A . i B 5 A ]
P71 X0 AR 4 20 1) B P R BT 48 AR 1 T 1Y
SR ] O ARZR Z2 RS 5 D) RE =2 8] 5 R ST R
H—E W BIE S % A B TR R SR B IR AT A A
.
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Acetylated modification of Lycium barbarum residue
polysaccharide and its characterization

LIU Ning"*, REN Ge', HE Ren-jie!, LI Dao-ming', CHEN Xue-feng'*,
FANG Fei*, YU Zhe-xiong®, WANG Jin-xia®, CHEN Xi-jun’

(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. Ningxia Tianren Wolfberry Biotechnology Co. . Ltd. ., Zhongning 755100, China; 4. Shaanxi Ankang Huaqi
Food Co. , Ltd. , Ankang 725000, China)

Abstract : Lycium barbarum residue polysaccharide was used as a raw material and modified by acety-
lation to explore a new way of high-value utilization of Lycium barbarum residue polysaccharide. The
substitution degree of acetyl was taken as the evaluation index,and the factors such as reaction time,
acetic anhydride addition amount and reaction temperature were optimized through single factor and or-
thogonal experiments. The Lycium barbarum residue polysaccharide before and after modification was
characterized. The results showed that when addition amount of Lycium barbarum residue polysaccha-
ride was 0.1 g,the optimal preparation process of acetylated polysaccharide was as follows: reaction
time of 4 h,acetic anhydride addition amount of 15 mL and reaction temperature of 60 °C. Under these
conditions, the acetyl substitution degree was 0. 454. Scanning electron microscopy results revealed that
the surface of the modified polysaccharide became rough,uneven,and obviously wrinkled. The result of

infrared spectroscopy showed that the vibrational absorption peak of C=0 in the ester group appeared
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after modification,indicating that the polysaccharide was successfully modified by acetylation.

Key words: L ycium barbarum residue; polysaccharide; acetylation; characterization
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of casein in bovine and goat milk under heat processing
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Abstract ; Caseins from bovine and goat milk are one of the main sensitization proteins in milk
and its products. These two proteins are different in composition and structures. Therefore,
the oxidative modification and immune reactivity of the two proteins were investigated and
compared under heat processing. The oxidative modification of casein was analyzed by deter-
mining the content of sulfhydryl group and carbonyl group of caseins side chain group in bo-
vine and goat milk. The effects of heat processing on the epitopes of bovine and goat casein
were investigated by round dichromatography, ultraviolet spectroscopy and hydrophobicity.

The changes of immune reactivity of bovine and goat milk were analyzed by indirect ELISA
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method and in vitro simulated gastrointestinal digestion. The results showed that the second-

ary structure of caseins have no significant changes under pasteurization at 63 °C , pasteuriza-

tion at 75 ‘C and home boiling at 100 °C, respectively. The natural structure of caseins was

altered by ultra-high pressure sterilization at 134 ‘C. After heat treatment, the content of sul-

fhydryl group in these two caseins decreased and the content of carbonyl group increased.

Goat casein was more easily oxidized than bovine casein by heat treatment. Compared to bo-

vine milk,casein in goat milk was more likely to be digested and hydrolyzed with lower im-

mune reactivity after different heat processing and gastrointestinal digestion.

Key words: bovine milk; goat milk; casein; heat processing; oxidative modification; immu-

noreactivity
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A3 HC-3018R Ry ¥ R 55 O L, 2 B B AR R
AU A BR S |l PHS-3C A pH 3, b L A
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5 min W, X AP TF o R R AR B2 AR (p<<0. 01,
TE 134 °C 4 min B 4EEFUBEE A & BT &k
) fge A TR0V ML) B AR T A A R GRS R FL
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* o FREIR 5% A ZAF T B0r IR HOA B 3 1 22 S (P<C0. 01)
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et ——134°C 4 min
& 20
i
1o
=]
-20
-40
220 nm
-60 C 4213 nm 1 1 1 1 1
210 220 230 240 250 260 270 280
A/ nm
() 4FH
40
30
20H
101
b0 225nm
g 0
el
E L, 1
o -1
11 220
— K4E
=301 63°C 30 min
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i 2.0 — RAiH
= 1.8 ——63°C30min
= 1.6 ——75°C20s
= 1.4f —— 100°C 5 min
1.2 —134°C4 min
1.0F
0L \
0.6
041
0.2+
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< 16 e
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= 1.2 — R4 H
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=10 75C 20
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(b)) EFLBE R B 200~210 nm F 193 FLHEE 14 % 4065 D
A6 TR #mm T &HTHFILR
Faw s nit A
2.5 #oe TP FILBER G BRI G e
B 7 R TR 46 40 4 3 2L B s K
PR ZAS AL, XF Lo W ] A5 5 OR AL B A AH L, 7R 63
C 30 min.75 C 20 s & 100 °C 5 min 4b R}, 4
LB EMN BPB G RTHUERARE (p>
0.05), 1M £ FLES T 11 BPB 454 58 S 28 Ak A0 X 5
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AR 25 R LA AN PR R TG R MR AT I #ROS
RE AR R HL 2 1] 25 44, T i #8571 R 1 48 11 45 4 1L
A KR R R AR EE AR 4> AR, 3 BPB i
AAAH 2 F AR E (p=>0.05).
SORACFRIAA L L 7E 134 °C 4 min ALBR, 2R F,
%75 1 BPB 45 & & B & 1 (p<<0. 05) ,BPB 45 &

HIkF] 3. 188 pg. MF-FLIE & H BPB 45 & & B & T+
1 (p<<0.05). X FEWZAH G X T4 LA mEA
REEFRE IR B SR SR TT A B 22 [ K X35
FIT IR AL A= B3 2% 88 78 43 F 19 2R 1T, 3 sk
PE)ESEIR A BPB 25 A &k B s, L XY 4579 1
BORTR] pH E F0 I B A BB L 2 LR 1 450 f e
AE . 4 SRR WIAE 85 °C H pH AR, 1l 3 2L 8 H
RSB R, B L, AR pH (E AR ] 58 F 2L
N TR A 2 FU RS B K M A s T DLk —
HARIE pH BB K B 52 .

R H#m TR S A, AL E A SN
RN T )5 F 24 B WmiE kAL 3, BPB 45 & & o %
FEAR (p<<0. 05) X AT B J& N 15 B /K M 2 1R
SRR Z )55 H R O R R R g A 4
filt, B AIC T BPB &5 &tk , 2F 1 52 ) 8 2R 119 S 8
NPEAR . 3 3L RS 3 BN TS B I AL AL 21, BPB
SiEEEM/NEENE D AES AR E (P>
0.05) ; SR FIIN T J5 15 15 WA Bk A T Ak . L ZL I B
BPB 254 5 2 3 AR (p<0. 05) , 1% F B #n T Y
SN SR RN ST R
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B + /031 75 6 I i A
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£ o5t
~
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\
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0.0
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7 EYS =t
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-
()]
T

1.0 H
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Bl 8 g ANFI I T4 F 4 E ZLI B 11 e % I
N PR Ak, 45 A T PR AT . 5 R A BE A AR EE L G
T AN S5 A= 2 FLI B G S I PR A A B S 1Y
FEAIR (p<<0. 05). Bifi %5 Tk B i T 2R SE 2L 2 A e
PE N 1T 2 e B T R 1Y G 35 7€ 100 °C 5 min
ALFRET, P OD {H #B ik 2] & fik; 7 134 °C 4 min
B, P OD {H 20 FF 5 o 8 1 528 S 1k 3 .
ORI AL RE SR L L 2 B Ak B B T4
FLIK B e RN RS PR AL (H2EZ R AR E (p>
0.05) ;1 B Mk & 1 L J5 09 4 F 2L & e
B PEAR A e R B OD {H ) 1 e AIC, 22 550
F(p<T0.01) , 3 Fl B8 5 3 B $in T4 1§ 2 11 2544
FEA T AR AR B T AT N ) SR S A RN R
PEF A, T R AIG 1% B 09 B e R L 7E 134 °C
Amin bHFHIKABEBHEHMAE. FEARKEA
OD {H 5 1%, BI85 17 1 3 3 d5cAIC, 26 B ok 4 28
J7 2R i B 15 R R IR R, A R SR A
JRTF 2 B R 7 2 2R AR AR Y AR R ST
TR FE A3 SN o G S8 S50 1 o 3] e {1
220 C s

3L B B L
: B v b

1.8F

1.6

14r
= ‘1.2 -
1.0F
0.8
0.6
0.4
0.2F
0.0

oD

A hbT 63°C,30min 75°C,20s  100°C,5min 134°C,4min
b 1 & A
(4%,

2.2
2.0 -
B 5 O A

18- B 7 % )5 B
1.6F
1.4
2
1.0F
0.8F
0.6
0.4
0.2
0.0

OD/A

Ak FT 63°C,30min 75°C,20s 100°C,5min 134°C,4min

oAb 4T 1
OES)
A8 RR#MALTHFNLREGH
e, JE B M R AL

DL Al 45 alifb A B AR AL R &
AN TRV BRI T A B S, 2 2 FL S 2R AR BE B A [ R
Ak, FEE IS B RIS BT L 7E 134 C
4 min ZbFRES, A= 2 7L R G A R R B R AL
PR R S s, HEAME A LA TS S A
b, FH IR A0 3% 5% A1 S 3% F1g 7K 1 A8 46 2 BT 4 2F
FLERHE et Ak, 45 R0 134 °C M R A
B, A 2 LI R 1 A5 A I, 58 A Wl 0 (i
B Z K XORT L J 3R 0 2% 58 AE 4y T 3R
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Research progress on application of deep eutectic solvent
in oil and fat modification

LI Dao-ming, ZHONG Xiao-rong, YI Jiu-hong, ZHANG Jia-hao
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Abstract: Deep eutectic solvent is a new type of green solvent. Compared with traditional or-
ganic solvents,deep eutectic solvent has a number of advantages such as low cost, environ-
mentally friendliness,and safety. At present, deep eutectic solvent has become the research
hotspot in the field of extraction and separation of natural products, medicine, oil and fat
modification, biocatalysis,et al. In this review,the definition,classification and preparation of
deep eutectic solvent are firstly introduced. Subsequently, the physical and chemical proper-
ties of deep eutectic solvent are clarified. Finally, the application of deep eutectic solvent in oil
and fat modification is summarized and prospected, especially focuses on the production of
biodiesel in deep eutectic solvent,extraction of reaction by-product through deep eutectic sol-
vent,improvement of lipase activity and selectivity as well as the reaction yield through deep
eutectic solvent. This review would provide theoretical reference for the future application of
deep eutectic solvent in oil and fat modification.

Key words: deep eutectic solvent; properties; oil modification; lipase
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A HVET A AU LT sk e T
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BT UL S N 5 R G I R AR L, R
ATV A5 5 AT E TR R RE Ty o
ST TLs B BEE LB AL o R R 2
L) 2 BUAS 85 1 A R A AR I %5 58] (Deep eutec-
tic solvents, DESs) B #i (L& 1Ls W b #Hr — ARt
R,

2003 4F, Abbott 17 H Yk K B iy S Ak I i
FBR ZRTE B W AR 5 00 2R 80 R  3 3R) 42 JB L X
—IREW S ILs BPEFURMBL, (H 20 5 iy PR AR
ANT RN 4 R R R AR AR . H T ST R ] S A
HAEHIRIE L DESs (19 3 % J5 K, H 208 1Y 58
R DESs 14 5 45 41 22 P i DESs 1
— MR B ER AR BE B A AT IR Y TLs fr A ML

A BN DESs B RS % 4 AR Tt 5
25§45k, B AT, DESs 78 2 B A HLA R
PEAR S L AR W B A g e A R
HL A2 R A AR SRR A Tz B R .
H 0 7 i A ok 44 b, DESs B A T & A9
S8 I RE T i R R B R N B ) 45, fH DESs
T T A S 45 3 e i AT A 1 22 T R S fi e
B, % F DESs 4 il £ 1 32 14E J7 1 1 58— b 1fE
DESs 11 5t 5 25 ¥4 11 56 % J& DESs X 4 ) 4 1L KL
EAFA TR

T EA M 7E £ W DESs 7 i g it 45 3
BN Z B R H HRTE B A XT3 07 19 2534
PECEE . KL A SCJ 3 T3+ 4F DESs 78 i i ik
P4 R 6 AT S 5 R L O S
DESs 7£ 1 i it il v i 1ol Ak 1 FH 4R 4 2 2%

1 DESsHIEX 543

DESs J& W fh 2 £ fif [ 14 240 73 76 — € IR E T
it — 58 FE IR L 45 T8 B ARTR 5 4 B R] e Sy
iy S0 it /& (Hydrogen bond donors, HBDs) Fl &
571K (Hydrogen bond receptors, HBAs) % — %
FEJR LEIE AR IL TR & 7. HBAs — it h %
Bedh  HBDs 2 A0 5 B i 28 AT HLIR 2R L & JL 2k |
B2 BE2EAE. B 1 v H Y HBAs Al HBDs.

I-Methylurea Betaine

Urea
or _ ‘
né o \/\ a |~
OH LGN
i -~ on
Glyon

onic acid  Ethylene glycol ChCl

) o
M <act T i
B Lt
SnCly N
o -
H o ZnBry B ~
ic acid Ethylammonium chlaride
S o
/—\ o1 ar ‘
N, N NH
A N \/\U,,

N, N-Diethylethanolammonium

5

Caffeic acid Thiourca Methyltrip

B 1 4)4& DESs # HBDs #= HBAs
WM A

Abbott Z % DESs 1 @ X E XA
RIR2R3RANT X Y . JF#R 45 fr F 4% & 570 19 M o
X DESs #EAT 4038, W3 1 fras. 5540 45 U Fh 26
UMY DESs. 1 % DESs fh 2= 8% 3k f1 & )8 S b 4l
B 40 G Ak IR B AN 4 JE S fE % B DESs. 11 %
DESs th 2242 6 7 4 @ S AL ¥ K & W dl k. i £ K
B A i AR 0 AR A X AR . HLX 28 SRR 43 A B
A A AT R T Tk #& A T % DESs /iy 22
Bl TR R WS M S A . TV B DESs | 4@
S RIS R Tk i 25 ) o A

#& 1 DESs 8y a
E3i1] i =X M s

henyphosphonium bromide

I  Cat+X~ +zMCly M=Zn,In.Sn,Al,Fe ChCl+ ZnCl2
. ChCl+CoCly -
II  Cat+X— +zMCly M=Cr.Ni,Cu,Fe.,Co
6H20
Ml Cattx— +orz 2 OH.COOH ChCl+
~a z (‘()NH‘ . . urea
. M=7Zn,Al and
N MClyat+zRZ ; " . an ZnCly +urea
Z=0H,CONH:

1 : ChCl, AL B 5 urea, JREK.
2 DESs W#l &7 %

H i DESs 19 52 56 5 il 25 77 1% 35 2 AL 46 i 4
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ﬁ 3

Tk (3) A (3) = eh A7 R 4 (i L O [19]
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T (2) 7R T e fF ok b i (2) X T 5 W 41 5%, KA AN 55 5 5 il [20]
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(L RA (1) —EFEJE B AT LUAD 3 41 4 110 375 fie
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AR RGN IR 2R B A7 A B 45 ARG 0 A5 40 1R 302
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3.2 B A
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DAL IHY, o B0 P 388 8 S — 3 s M BT 9 R A AR P mT DA
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WEFE AL — € 1 Jmy BR 1.
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Tl v ELA B I A IR RN L I 1 il e 9 0 R R ) Ak
PRAFR A5 (A A B A W S i T I A 2 IR
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2010 4, Long %™ 78 #F 52 Hh >k Hl B ChCl/
ZnCl, (1 = 2, mol/mol) 41 AL 1 DESs 1E N B 5 8

72 h, BRAZ e S L Y e AL Rl 54, 5204, J2 il A A
Py i — Fh A S J5 k. Tsahak 455 MCRT AR
] g 1 AP S, 2 2R AT ChCl/ZnClL, (1 = 2,
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(20 wt o) Al KL I, 77 AT 4 s 3] 92, 000, 1E
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LGCPO Wi iR i % # rT FE 2= 120 LA . DEAC-
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b A R AR DR Y B AN 9. 30 FE R 20 LAE.
AL, BT DESs (94 A6 5] mT 4 Sk 22 A A A 50 1Y v
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Ca(OH), FEIGVEZE BTG CaO fE A iR 28 e 2 1 Y
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A8 G ML A th / FR i N.N-TZ 3 Z B Ak /%
0.5 60 DES(0. 75 wt%) 97.0(Y) 35
(1:8) 7wt TR [35]
IS ORI AR R h /P I TR Bk = AR SR A B /% R R
0.5 60 DES(1. 0 wt%) 96.0(Y) 36
(1:10) Wik BB — k4 (1 s 3) 36
i AL A e e/ ChC1/ % B 2 1 J e — 7K
). DES(0. 75 wt! 7.0(Y 37
. 0.5 60 S0.75 wt%) AW D) 97.0CY) [37]
N . Novozym 435 B
L i 2 50 ChCl/Gly(1 ¢ 2 95(C 38
S S/ F 5 8% Wil /Gly( ) 5(C) [38]
Miglyol® oil 812/ Novozym 435
N 3 50 ChOAc¢/Gly(1: 1.5) 97.0(C) 39
FA i (27, 3wilt) oy ¢ [39]
. Novozym 435
Y =4 [~ Al ‘ ; : X ~
PRV 24 50 (10,0 wi%) ChCl/Gly(1 * 2) 88.0(C) [40]
PEL(1. 0 wt%) 7.6(C0)
TR HORF I/ 48 50 Novozym 435(1. 0 wt%) ChOAc/Gly(1 : 2) 54. 8(C) [41]
Lipozyme TLIM(1. 0 wt%) 44. 8(C)
25 ) T}
%’gﬂ?/j%‘ 4 45 Novozym 435 ChCl/Gly(1 : 2) 71, 4(Y) [42]
SHE /1 B 3 65 Ca0O(8. 07 wt¥) ChCl/Gly(1 : 2) 91.9(Y) [43]
(1+14.28)
B 2
*(Tr,m;/?ivf* 2 65 NaOH(1. 34 wt%) ChCl/Gly(1 ¢ 2) 98(Y) [44]
£ 0.Y0
2 il il U8 3 // =
ﬁm‘?f’f) LB 70 NaOH(1. 0 wt%) ChCl/Gly(1:2) 83.19(Y) [45]

T : ChCl AL BB s ChOAc, it B2 BB s Gly , H .
4.1.2 SRS Al

AW SR S — R TE T RARC SR SR B
Tk S ST AR 7 A g e A K H . AT
[ (S Nl i = I A2 1 D= = B S 5 T 7
ASTM A o 22 3R H ¥l A S H B 5 28 06 200 43 93] /)N
F0.02 wt% f1 0. 24 wt%"*, DESs 1 b — %
BEE AR NAS HBA R4 A W) A 25k i 5 590 1E )
2 MBI ST AN T A S ry B Al 3R 4 A TR
438 DESs 48 BCH 30 B A7 52

2007 4F, Abbott M7 H A TR ] Fp 2 EE R

oY) DESs WAz 5% vt v 45 5CH il A 6B 0. 98 Kk
#} EtNH,Cl/Gly (1 1, mol/mol) I ClEt-
Me, NC1/Gly(1 = 1, mol/mol) ¥E i $2 B 7 i, A=
P s b oH il A B AR R E A 0. 15 %6 F 0. 00 %.
JF H X — 58 2 i IEB] T DESs B8 M A= 1) 5¢
T TR IBCH Y AECH IR ER 2R 0 & B TR 7 2 —
R, 2009 4F, Hayyan S5 BF 98 7 A% A8 9 A2 4
S e H o B R EOR L WF SR R I H R HGE R
DESs 5 A4 ¥ 5€ i (1 L 4] & DESs (94 A % . 4
DESs 558 M M EE /R I 1+ 1 B, 22 OB
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A3 51,25 wt%. 2010 4F, Shahbaz 21 ffi [
ChCl: & (1 : 2. 5) M1 ChCl : 2,2,2-= 5 LBt
e (1 : 7.5) 40 B i DESs 482 BCH 3, 2 i 19 DESs
S S EE R LA 2.5 + 1 A3+ 1 1)L BB
R DN A= W 5%l v 22 BCH Il 2011 4F, Shahbaz
S0 BF S % B DESA (= 2 Jk B 3L Ak B/ 2 — B
(1 : 3,mol/mol)) Fl DESS( = Z 5t Hl JL R Ak #/ =
HBECL ¢+ 4, mol/mol)) J& FEAK & H il 7 &2 B A 5%
IV ) L 22 BR 2R3 B3k 40 % F1 50 %. Bl - Shahbaz
SEVRIFSE T DA GUAR AR A I = 4 3 3 IR R R
BHE LT A RZE 5 DESs, I F A T8 e A
Ok o 22 0 5% (g A R0, ANIND) 93000 35 T 5 6
51 DESs I Bk 28 9 58 il v H 3l i s8R, — T A
SER WK T Wb i) DESs H A 5 4 59 H- b 1 B3 2%
T 55—y TR AR AR 0 % I R S S 6 2
HEAT PLAE - 4 48 o w25 K 6. 4600, KB T ANN
BERLA Al SE . 2013 4R R 7 2% THE H iy
DESs 75 B Ui 25 H 10 A1/ 5 H I i sOR . iF o 3k
B, g 2h-AEH 9 DESs 34 86 % 0 2 B 3 T 12 4
2R B Ly A H ML 2017 4E, Homan 5% BF
FET —Fopr B BEFE A PR 19 AR W S il i T2,
R B e (D T ) JBOAR R e AR I A% o B
T35 T AR A5 =5 40 B2 14 i 7 2 D3 T R s e T 1.
Kifi 5 FH R Rl RS [R) 25 0BG DESs X =it 174l 4k, R 5%
KB T DESs o H il JE DESs #2 4l 0% 51
.
4.2 2GR AR AL i RE B 4 4E R

i I Tt R0 G LA 0o 110 285 ) e s B A e
T2 04 JO7 S 5 O e i 40 3. 378 791 ) o 43 2 g
it A Ak 5 N7 1) O B R R 22—, B RTWF ST R B L A BL
BRI HAMEEYE G ER MRS ILs BRAARY
R AR PRI U AL RE ) 58 0 A AR LA

Bk R W R E 2% 5 T DESs 3 B TLs #9405 L ik
AT 5 PR 2 0 5 i e 0 P L S — i L
BT A SOE LU T LA /N5 B DESs
Xof g 15 A A S N A FH . 38 5 S 43 7 DESs 14
2 g Tl A S I ) BF 5
4.2.1  HE AR 7 B A A Ak T

2008 4F, Kalzauskas 2 B WKt 8 T 7€ DESs
TR AT AR WA AR R R . R4S DESs H #4414 H
M A7 7E I 2 5 B0 2R 05 4 10 mol/L MR F 5 5
mol/ L & Ak R A AR 2 1 BR i i CALB( Candida
antarctica lipase B) 2%, 3 H DESs W £ & )
TR B A AE T8 F AR it 2 S 8O R G 1
CALB 7E ChCl AR Z= 41 1) DESs 1 RE PR 755
1, HAE DESs Hh i FRE T & 78 5l 40 43 Hh i 20
~ 35 fi50H BT R B X R A A R
IH T DESs (1928 M 45 . BRI T DESs 41 43 %
it (149 1k 2% 2 3% k. Gorke 25095 ffF 5% % 98 5 e 70
HI B IR AR L . 78 DESs 1 [& & 1k g 17 i CALB
AR T 2 4 S 7 1) A) e P G () A S R S
EALNE Wi fE CALB 7E DESs H 1) & fift [ W 3 3 1
TEE TR R S X — it — e T
DESs 784 ¥ i 4k 5 7 b /g 1 W 1. Bl )5 . Du-
rand 5570 DL R 20 Tk R 58 46y B2 oy A5, 5
PEA [R) 4 < 00 B S I IS . &5 R SR W T e Ak
CALB 185 02 B2 2 i 7 B 05 1 10 OC B 2 48, — 4k
K A DESs B &S AE AL 43 1T D)5 BE A I 1 58 4
FECE] W W AE BOE IR T DESs, B K 43 1
DESs Fh T %08 % 45 (9 /E F R AR T A< B 19 B 1 k.
H5 A HLE 7 M e, 78 DESs o B 28 19 55 K it
CALB 152 W 52 /N , % 25 1150 25 09 19 1 3K 1 e /)
IF H AR T HE

%= 4 DESs R E i A

sl /el mab Temot  mel) a0 % B4R
P T - o
F A il ChCl/Gly(1 = 1) 1:1 51.25(E) [48]
FE ch01//2,§t1§1/—?§2ﬁ;£21 £7.5) b3 - L49]
o ChCL-DESs B B r51]

SR AL #E-DESs
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gk 4
DESs (4% /DES) FRIEE) /%
VR (mol : mol) /(mol ¢ mol) AR (R /Y 2% 30
WE B H i 100(E)
N ChCI/EG 1:3 BoH 23, 85(E)
b5 X - : 52
Fa AR ChCl/2,2,2- =9 Z Bt 1:2.93 We B H I 100(E) [52]
B 29, 29(E)
. ChCI/EG(1 ¢ 3) ) 0.00(R) :
KE ChCI/EG(1 = 4) L3 0. 00(R) [53]
& 7 3 Wy il B ChCI/EG(1  2.5) 1:1 0.00(R) [54]

1 : ChCL, AL A6 ; Gly, H il EG. 2 B
4,202 4w B e Y 2k R

DESs {2 — F 22 4> B Az W 40 25 M 0 4r
8y 2t €00 175 590 R O 9 28 W JHL T A 2000 4 1= A 107 g
MRt A B A A 1, 3-H Il g (1, 3-Diacylg-
lycerol,1.3-DAG) 2 & & Z N Fl g i B8 1 1) RE
Mg, 1,3-DAG /& K 9K A7 78 1 & FH il g v i 1
A R OIS | IR S I RE 0 O il 9
WA RERT . 2015 4, Zeng U BF5E T 4E DESs
v B 17 A Ak T Ik 5 B8 D R IR Ak B I PR R AT B A
WU A EE 1,3-DAG 75 k. BIF 5T 3 W A 8 95 1
FEIP T AR A FR 25, B ChCl 19 DESs &
Z Al DL = IR W7 Novozym 435 %f 1,3-DAG 1
PEFEPELT h N 1.3-DAG W& 1T 35 42, 9 mol %.
HFE % ChCl & & 34 in, DAG #E#ME 1, 3-
DAG JEFEEHAE 2 W 38 . i A 58 1 & 3L oy -
oW 2 7E DESs #& &N H A 2l RR 7 B 5 #0198
15 B AL TR, WS n—3 Z R FIE R (n—
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AEE T AR T N A EL A VR A Y PR 18 ) RE L e R
JiE o M7 95 3 Ik o AR B Ak g R 1) AU L 1 E
BT A8 BT V5 T I A BRI AR 5 2 R8RS
e Sl 0000, 2017 4F Xu FCVHRGE T H S n
—3 PUFAs 7f DESs b & & & n—3 PU-
FAs ) H il = BE ( Triacylglycerol, TAG). 5 L&
AR AL DESs R & o TAG /=4 m T 1.2
% AEEEAL I 3 B2 of . DESs X K 14 0% [ A B T
J 7 -4 T T AT, DT 4 i A AR 7R i Ak
PEF P2 AT 35 55%. 2021 4F , Wang %5152 i F] [& &
LN W5 B MAST 78 DESs f& & sP 4L H il 5 n—3
PUFAs MER bR =5 305 i n—3 PUFAs-TAG.
WF5E & B E 1k I8 B i MAST X — Bk T4 TR
(C20 : 503, EPA) Fl .+ — ik /N M R (C22 ¢ 6n3,
DHA) W BE B 555 . (A4 DESs K & ' n—3 PU-
FAs-TAG & 2 THE A RD 1. 38 £5. A &1
J& . [ 2 AL IR W B MAST 16 TG 77 1 4% Fl DESs {4
ZrP A XS 4 1,3-DAG 1 1,2-DAG B

A HL BB k. #F 58 & BTE DESs /& & o (15 fk
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/R el N 2 VA S i S E 11 e
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K G35 s % R W A AL R N 7 A R . i)
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FHEFE T A4 £ Bubalo Y DL REF S 1- T B
N7 A B R TR Ry S N AR R B Y R B fef 4l
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DES(ChCI/EG, 1 & 2) % & &, B 1k K 7] ik
80%. WF5% 3 W] Ping-Pong Bi-Bi #HL¥EA] ] 3k # &
1t DESs 5 /KR & Wik & v g 105 i 44 16 1 g Ak 52
Ni. 7€ DESs A K o] £ &5 50 7™ % 0] B 2 th 1
T B 7K AT DL R ARCORS B L o038 A% 5T AR 15 il 1Y) R 47
AL M. 2018 47, Himmer 07 2 T — AN
AR & 7 407 I R R 05 R 41 B Y DES H & B T far
Tt Hi 15 2 Tk« R 90 ke B 9 S AR 2 8 B g I il 7 2% A
A EA — RS P B R UIYE DESs Hm A
KAT B B 7 L 3X A] RE A2 T Y B T O k.
HR W98 % ) Novozym 435 L& & TN
i 5 W EEAE DESs 57K (1R & 1k & e 5 4 il 4%
BB TR T Ee. 76 AR R SN 2% 1F R L % A B
#5 DESs B9 (ChCl/Gly) & I % 5 . F 58 & B AE
DESs Hv B A 5T /&5 (9 JiC 4 U Ml B2 R0 7 o8 (P T
6. 490, JIE W IEE IR LU A 5 M 2 Ak 238 T 7 32 1) A O B
SR, DESs H 7K £ 8 R vk B % K i BT ok



%5 2 T A5 ¢ IR 0 4 R0 A8 i IR et b Y N R E AT * 59 -
FEME RS I
* 5 DESs TEREREE 0 & K Hr B9 Rz A
) . HALRCO /% .
1Ak 5 R A i it DESs/(mol : mol) (Y)Y EESTN
N . ChCl ¢ Gly(1 : 2)
1= . [=4
g 38 ¥ S5 i iCALB ChCl: UL+ 2) [56]
i Ak R Novozym 435 ChCl : Gly(1 : 2) 42.9(Y) [58]
B Ak 2 i Novozym 435 ChCl: U1 :2) 55(Y) [61]
. ChCl & Gly(1 = 2)
2 figt S5 INf Novozym 435 ChCL» UL+ 2) [65]
ChCl = Gly(1 = 2)
Jis At 52 B Novozym 435 ChCl: U1 : 2) 80(Y) [66]
ChCl : EG(1 = 2)
ChCl = Gly(1 = 2)
=5y [~
il 28 8 5 i Novozym 435 K 10%C w/w) 60.4CY) [67]
Ment : OA(55 : 45) 50(C)
i Ak 5 I Candida rugosa lipase Ment : DA(65 @ 35) 83(C) [68]
Ment : DDA(75 ¢ 25) 71(C)
W E AR S hE lipase G ChCl: X(1: 1) 86.7(C) [69]
“hCl: UL ¢ 2
it 32 48 S i Novozym 435 ChCl = UC ) — [70]

ChCl & Gle(1 = 1)
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T TR 5 X AR B ; Glo, 40
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>
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S5k Rg .
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Inhibitory effects of xanthohumol and isoxanthohumol on cariogenic
virulence factors of Streptococcus mutans

YANG Ruo-qi*”*, LI Quan®, WANG Tao', LIU Dong"'"

(1. Department of Stomatology. Shengli Oilfield Central Hospital, Dongying 257029, China; 2. College of
Pharmacy, Shandong University of Traditional Chinese Medicine, Jinan 250355, China; 3. Department of Tra-
ditional Chinese Medicine of Affiliated Hospital, Weifang Medical College, Weifang 261000, China)

Abstract; This study aims to evaluate the effects of xanthohumol and isoxanthohumol on the
cariogenic virulence factor of Streptococcus mutans. The effects of xanthohumol and isoxan-
thohumol on the growth of the planktonic bacteria were measured by growth curve and flow
cytometry. In addition, the effects of these two compounds on the acid production and acid
tolerance of the bacteria were also studied. Finally, the structure of the biofilm was quantita-
ted and observed by crystal violet staining and scanning electron microscopy (SEM). The
minimum inhibitory concentrations (MIC) of xanthohumol and isoxanthohumol against
Streptococcus mutans were 32 pg/ml and 1 024 ug/mL. The sub-MIC concentration of these
two compounds also significantly reduced the acid production and acid tolerance of Strepto-
coccus mutans. Meanwhile, xanthohumol and isoxanthohumol also had certain inhibitory

effects on the formation of the biofilm of Streprococcus mutans.
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il R 2 ER T TR R A — D A 1 1 S
Y PR  HORHAE A8 T 28 Rl w8 M AR AR T
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22 [PPSR IR AR A T P AR R B g e rp AR K
B A KA AR AR A5 4470 A8 T % R B8 7 16 7 K
PLEL P VR T2 A 78 40 9 SCRRIC 2, & 7Y B0 g
58 T HE M BE BROA L 38 R LA AE 9 B (Biofilm)
ML AFFE L 5 B 20 7 W IR S W B P AR ]
A= )R REEAR A 0 B A= W AR B L — RN B LR ) 2
FRAE  JF HL A o3 58 R A R B R YL P
BEAE W B — A~ LU T o 3 E A T R R T Y
A S IR RS 0 K A ) R B R

N AT TR AR 25 ) 1 B A6 T 151 6 2 0 e
AL DL ) B LT 4R E A H R T A 9 A 2
WU TR D (E ] TR 2 TR B AR
BB A 25 AT LA S5 PT B 700 o L D R A A
A9 RN < AT T T 0 TR 245 ) i 2 3 H
s A 2 AL R 22 5T 5 Y R 7 T A R
WhFE AEL A I TR P e o B2 19 vk b 28 B B B 1Y
RIWE R B0 an 2435t 2 iU 45 A DL SR B 1 1) R i
(R AAE

WA R Bl A RE 25 R 5T A R TR AL Hh 2
PR DL RAF H AR W 2 R R T IR . P 2
2 RIS W R I T e D AR ) ) B
R LB T AN S T R R A L 4K
(Humulus lupulus Linn. ) ¥ & & fix 5 B 55 R 28
&Y. W5 Bon X PRI AL & YR 4 8 608 9 3K T
(Staphylococcus aureus) 3% B Bk B ( Enterococcus
Saecalis) S 22 [G P M T8 EA AN [FR2 BE A9 30 781 0%
PE R OC T EATTHE E 2 55 B 3 40l 1) i 18 200 4
XF G AR 5T B AR AR T O I S B
JE 1 % 10 s 3 00 2 S I B R Y AR K
PR TR DA K AR ) A IR R 5 e, SRy S B
BUHE 245 ) 0 i i R R N 4 i 22
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1 #MBREFE

1.1 s=H#

WRE Wy (LS 6754-58-1) ., S B W (L 5
70872-29-6) , W T A B SF EUE W RHEE A IR A
T EE PR (S, mutans) UA159, B 1L R T E 25 K
S B E AL BHT B 57 5L (L5 B8130)

WA F At R AE YR A BR A W 5 2. 5 %0 10
[ % W (k5 DF0156) , Il FAb s W AR AW H R A
PR 2% W) s DNM-9602 il s A% (b 5 3% B 7 45 R A KR
NFED s PHS-3C 8 pH 3F (R T 25 10 A0 2 A B
AT E200 R A B 32 48 (3£ [ GeneScience 2
7)) ;ImageStreamX MarkII & 1k 5% 1% 53 8 i =8 48
MiAY (25 H Merck 23 F]) ; Quanta 250 FEG ¥ & 5
FHE BB (S FET A D).

1.2 %%k

12,1 253 LA K B 0 il 45

V5 S 6 21 24 W) ¥ W L S S I TG OK 2 BT
B 10 mg/mL B9 BRI, I BHT 85 57 3 i 17 8 i
TG R R AR AR TR BE BRI UAL59 $:80 T
BHI AR K 75 5 b, 37 °C o i IR AL Hs 3%

1.2.2 AR e R T4 T A B 1 i

TE 37 CIRA LM B Ak T X5 HoA K 9 iy 42
JEHE Bk W UAL59 (F) th #2 #p iy 5 X 10° CFU/
mlL) 5 ANl BE A S 9 20 25 W 7F BHT 85 5% S rpr 3t
FMFE 12 h, 78 M B b RE R 2 b JH A (DN
600 nm Kb YW G . I F 45 R o A IR ULSE 40 T 1Y
Az A B K 5 4 00 ) 448 R T UL A T e AT R B
SCR 25 W ) B A A TR R B (minimum inhibition
concentration, MIC).

1.2.3 WagnER

AL BEBR B UA159 A9 4k BE 78 BHI 85 ##
BRI B E 5107 CFU/mL. ¥ 18 & K 5 A W]
FER SR 25 LR IR AW E 12 h, 76 ] B H 7%
WK R AN BT 1 mL NaCl & .
i B 2 500 5B ZEE R SYTO 9 Fl PT A B &
Wb IR E BB A T E 15 min, 5 57 BRI #E1T
o= Wt 1 7 N7 T
1.2.4 FERREEE:

FESA 1% (w/v) EMER BHI #% 35 56 n A
WILh B W 5 X 10° CFU/mL % 725 B 4 Bk B
UA159 A MIC ¥R B S50 40 259, 2 4 pH {8
WA 2 7.1 78 37 CIREME 12 h it Fe
REBG 2 b g pH (E A9 AS A .

1.2.5 TR

WA EE BRI UAL59 78 BHI 15 32 32 dh 1 5%
EXFCER (MR 1 X107 CFU/mL) , 84
JE AR & A AN R e SE e 2H 25 ) TYEG W4
Br 3R B b (1000 JE B A R L 500 BE BRI L 3%
K, HPO, 1 1% # %, pH 5. 0). 7£ 37 CIRE %
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P WEE 2 h J5 8 BB B T R A A BHI [#
(RSFA 1 24 b JE XA 05 A R AT T AL
1.2.6 ZhR Ok

B it B 37 1 A8 Y 4 BR B UA159 1990 U 1
WS 1X10" CFU/mL. R FHMBISH 1%
Cw/v) BERE ) BHI K5 5% 3% b g 80 % W Fn 55 %%
By LAAS [R] B e B A8 R s R 3, 37 C IR
WEE 12 h. W EH E UG . £ TR U4, IR S
ZEAK o PR BEJE T 0. 4% M &5 SR IR W YL {6 10
min. FJC B ZE 1K R VR JS L A 33 %0 B UK s
PR 1 Y. 38 3 AR AU 22 590 nm Ab Y W' JBE DA E
A R R TR B O
1.2.7 HH5HF 5B (scanning electron micro-
scope, SEM)

B IO 5 3 A ($10 mm) il B # 24 FLAR T L BE
JEUN 1. 2.6 IR AS [A) e B ) S5 56 4 25 1 A AR T
BEERTE UALS9 I A AL, I 37 CIRE 5%
HRME 12 h. WE UG R ZE KR %0k
WREH A DIE AR A BR A WL R 2. 5%
I T S B i FH A R B 1Y) 2 B VAR R i AT
J 7K. K A 3B ) 55 3% 4 42 9 i SEM LS 000
F1 20 000 A% B T K AL B AT I ER.

1.2.8 SHit2#inik

4ok SPSS i1t %k /4 (IBM SPSS Statis-
tics 25, USA) AT B 2 J7 22 43 Ht CANOVA). JiF
AW ER 3 W45 R DL+ i 22 (SD) R,
M P<<0.05 BRHIA AN ZE R A% E L.
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2.1 ERBHLEFHEH N EHERA FHmE L
K 09 %

B T R S R I AR 9B B BR B Y MIC A 4
Wk 32 pg/mL Fl 1 024 pg/mL(NEE 1 FFa). &
K2k R A 1) (b) FFR) . 5 K& 2 Ab B fY
Xof HECZE R L o 2 T R S B T AE MIIC ok B2 T B
AT AR T B R A U Ui A A Y A KL e g X A
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S B W A L A T B BR A VR I AN B 0 A7 T .
SR XTI CNE 2Ce) ian) , BEE &
P R S W AR R ) B R, Q2 DX A T T L )
TG Q3 X 4k Y T B L 5 ) % TR . 32
pg/mL 116 pg/ml 1988 JE W 4b B3 IS A7 35 20 74 1Y
HAor R 30% ~50% Can & 2 Ca) . (b) fr ), 1M
1 024 pg/mL F1 512 pg/ml (5 8 6 B kb 35 17
T B E A A 25% ~60% (IR 2Ce) . (d) fF
).

H AT, 56 F K AR 245 W 7 8 14 By 36 S0 ik 9% =
BLAE v AR 0 s AN B CRE ) AR T B8 BR D 19 AR K
P 5 v P T O A R — e A R e R
BEAE TR 5 MR S 00 R T e B 25 ) I R B R AR 2 —.
AWFAE At MIC A A K i 42 T 98 B 5 5% 5%
JA§ gy ok 72 T e TR RV Ui A0 A K A VR R Can
1R . S5 R WL, Y 8 5 5 55 19 7 vk AR
T MIC B, 38 X6 77 3 20 B A= K A8 30 3] 280 51 38 3
VRS . KT EL SR U BT B 1 0 TR IS PR SR T SR B
BEAN L 38 SR 37 X i AR SR i 2 B B 5 S o
b 35 /FE AN BE ) 4 A I Ol CIn il 2 fif R . SY-
TO 9 & —Fhak oo S ge okt v] DL 2E 3 3 40 i F1 58
UM, 205 6 Yk PT H RS 28 % JE 40 . 37 = 40
MR PR B B 5 5 & A B S P £
YRS €24 1) 200 TR AT R B B A v . DA b 4 SR S R IE S
TR Wy 5 5 W B8 A% 40 1 AR T B Bk B T R AN
Ji A A L

x1 HEMMBREEHN MIC &

24 44 MIC/ (ug/mL)
HEJE 32
55 ) 1024
0.6
——64pug/mL
.5 jaent
8pg/mL
§ dl. 9 % T

I BEODy,
£
w2

0.2F
0.1F
0.0
0 2 4 8 10 12
8]/ h
Ca) BI85 T b 381 /5 728 T2 o R T ) 2 Kl 2%
0.6
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10° Q1 2 10° 01 Q2
10°F 100 f
10' F 10' F

B0 F T 10°
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10' - 10" |
Q4 Q3 Q4 Q3
100 o | I ' | T | [ | e | 100 salenl 4 a.00 [ [N U (——7 o S - |
10°  10' 10° 10° 10* 10° 10 10 10 10° 10° 10* 10°  10°
SYTO9 SYTO9
(a) 16 pg/ml. B8 By 4b B0 40 15 /5 40 il o0 A ()1 024 pg/mL 555 W A BLZL 1% /8 240 i 43 A
10° ;'Ql - 10° §Q1 @
10° ' 10° §-
10'F 10" F
m10F E10F
]02: 10° ;
10 _ 10' -
Q4 Q3 5Q4 ) Q3
10° Ll x rod rod v 2. 10 | . Ll | | ' |
10" 10 10° 10° 10* 10° 10° 10° 10 10* 10° 10* 10° 10°
SYTO9 SYTO9
(b)32 pg/mlL B B Ak 41 55 /56 240 43 A Ce) B X HR AL 3% / 56 40 i 53 A
B2 AX@mrRERQI KA P&
10' oy o2 o 1 fm e, Q2 R AR Ak SYTO9 #= PI
FE 0y mE mie, Q3 R EAE SYTO9 %
0E &0 40 1 o i, Q4 X A KAk SYTOY F= PI
10 o umE mie)
- ok 2.2 HBHmEFRBHTEHERE T BREGY
E I s
5 T o .
10° —5" i pH A 1Y A28 Ak R i 2 . MIC ¥ FE (1)
TG 1y S VR W 2 A R T AR IR B R TR Y T R
5 Ve NP 3 R, B 12 h 5 . oAb B0 IR 41
10@ Q3 1) pH {EM 7. 1 FEARE] 4. 2. 1/2MIC ¥ i ) 3% 5
2 [P | ¥ [ | e | [ | e |
10 10 10 10 100 10°  10° (16 pg/mL) A5 EE W (512 pg/ml) X pH {H
SYTO9 B R R S BP0 VE ] (% pH 6. 0~

()512 pg/mL 5 38 JE B b ¥ 4 V% / 540 i 53 A

6.5). (HEX A ALA WA 1/4MIC K AR 1 ik
AR T Bt R A Y 7 R PR LT B R .
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7.5
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6- 5
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T
s %)
5.5 —— lépg/mL
— Spg/mL
— 4pg/mL
5.0r — 2pg/mL
—— Bl R
4.5
4' 0 1 1 1 1 1
0 2 4 8 10 12
B 18 /h
() B Iy AL BLS pH (0722 1k
7.5
7.0F
6.5
T 6.0
o
o,
5.5F —512pg/mL
— 256pg/mL
—— 128pug/mL
5.0 — 64pg/mL
—— FATEA R
4.5
4.0 ;

0 2 4 s 10 12
H 1l /b
(b) 5 5 JE By Ab ¥ 5 pH (A 928 1k
B3 HEBSFEBATERL
4R B R oR
2.3 HRBS5FEBEH S EBARD R GTY
")

WE 4 B, 5 K 40 3R xF B8 20 A7 e,
1/2MICHI 1/4MIC ¥& B 19 3% Ji B (16 g/ mL Al
8 pug/mI)ACFE 2 h 5 AR B BR A A BRI A F R Y
FETG AR T 85% ~95%. [MAEHL, 1/2MIC ¥e &
14 5 B TR (512 g/ mL) Ab )5 o 4 25 . B Bk
HIFETE REFEAR T 85%. LI 45 &M MIC ¥k B
{18 5 6 T 5 S 9 I 6T A% T B Bk B Y it R 1
— 5E B RZ .

T TR BE 2L W 0 T A B R, pH (R
BN R 2 —. MG A pH {Hik %] 5. 0~5.5
I 24 il 550 2 T A O % gk 4 A T R % ki
S B Rl T 0 A R G B AR AR TR B Bk B AT LA
i g B W B P B 2 A A PR (1 L
g R . O BR A5 . 1X BB R Tk W) B 4 i A B BE Y
pH FEMCZE 5.0 DL Gt "), A i A2 I 55 Bk
WA ERRYE S F A K IR ik K AR A 4 1 RE
3 (it BR PR AR B 4 BR R 4 7 R Pk B it AR P A
T A 15 A 0k B o A B 2 A7 305 R A L AR
TV 4k BR TR 500 1 ) B 1 ) T

KR 25 ) %f A T B BR A 7 R T R T R 1 ) R
i) AT AH G FIE S, SR L 8 22 1k & W 4 il AE 9
EBR B R MR R Y RE ) 3R X VR U 40
LA K B B0 R AT %L AR B AT P L AR S MIC
VR BE 1 T 5 S S B DA A DR EL B O O
FEOW B PSSR FERE A pH T RSB 45 R W
I BB T S T 3 a0 A B b A
e 1/2MIC B b T A AR BR i A LR 1Y
PR AR A v BE R ARG AR R R B Cln &
3R . T R S 5 1 45 R R L MIC ¢ Y B
J& Wy 5 5 R B T LA 3 /> pHS. 0 BHAF IS 9 A8
T BEER T A0 RCR CINE 4 BT ).

10

16 8 4 2
)5 B IR P/ (g/mL)

Ca) o JO Ty Ak 20U 728 T2 8 35K T 7 TR P B 5 o 00 4305 0
10

[ERERaRl

512 256 128 64
5P T Ji 3 9k B / (pg/mL)

(b 57 % 45 15 4 0 /5 725 IV B 1 76 I 0 58 o 1047 05 1 0
B4 RBBLSF ot TR A AR

M Hm (G, x A7 p<<0.05;

* % &7 p<<0.01)
2.4 FHBE5FRIRB T YA RA A DT
R SR A

a5 R RO RGN E 5 TR 5 B
5 5 B T N AR T B BR T AR B R A T B A
HVER. BARRKBL.512 pg/mL 1 256 pg/mL By 8
JEm AL EE 12 h IS . 4 T AR W T R R B D T
80 96 ~90 %4 AH [ ¥ 8 (1) 55 8 Ji Wy %ot 2 0 9k IS0 Bt
IR FHRS 55 . A0 R 12 h S5 40 B AR W Bk R

BH ) et
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B Ty Ak B A T R B A 0k 1) 25 4 L ) R 4
Hh A B RS 1 A L AE X 355, 20 i HE 3 Cn R
6(cl) . (c2) TR, 128 pg/ml B B8 B 5 5 8
Ty Ak B 25 3% R T8 1 A 4 s /L L E R A
AR KA B A AL CANE 6(a3) . (ad) , (b3)
A Cha) fif ). (AR E A L. 512 pg/mL 1Y 88
1y 55 S5 S T Ah B L AR T 4 R R AO AU B
A, A ) Bk TR () 25 A A B ™ IR CIN I 6 Cal)
(a2) . (b A (b2) 7).

M B e o O R R A RE L AR
R A TE 18 v R 22 DA AR 00 A MBS TS S 7 U 400 L 17
RS AAE . 2 58 3 F B B AL 9l IS A A8 T B B A
HEME T EAE AL AR AT T O B 5
I W ot A 4 PTG G %) 5 T 45 5 e 1) 45 2R B
7S BRI A W 0 T LAAT sk /0 A T B Bk 5 2 4 bk
IS 200 e ) 5 Can 5 ). e, il ad SEM R
S R T AR T BEBR TR L T 22 201 HL B a6 A
00 Y A5 5 I T 24 90 A B A rP O Y A )
SEAE M B TR HLAN IR A CAn Bl 6 ).
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> S S
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512 256 128 64 32
B ) W R S/ (pg/mL)
Ca) B Ji T3 A2k 390 U5 735 T i R T4 2 0 TR 1109

B o

AR TE B/ %
E 8 2

[
&
T

[ REBaRl

512 256 128 64 32
S G Wy R/ (pg/mL)
() 53 85 T b 39 U5 725 I 4 BR 1 20 0 0 T 1 1
B> HRBmLEFARHNTVERALY
WG R0 Hh (5 BakE, « 5
p<<0.05; * * k7 p<<0.01)
B W P01 A= 9 9t I BRI TR G R R O K

T A U R A R R Y B X B T A
W M 5 9 A BIR 7 Wil A HE e R B Ok 2 Kbt
W B BRCREE NI T A U B 9 R 4
JE S PC TR 25 ) Y B A R S B
T A= 1) B S 58 P i P 0% e B R TR i A R Y A
JLF-BEA RN 35K T8 R S B8 By X A 70 i Bk 1 A
W B 04 R i A 2 o T G 30 AR T A K R
WA . 4G 3 A S A5 A A 0 R R A A5 A
(27RO I D (Y T 25 LA K C2-3 37 XUHE ) AL 7]
AE 0l 3 T M 22 e 2 A AL ROk 1 T R
FOMIRA BT 48 753X P A AL 1 A $E A R 5%
SREHD A IR — 20 W AR PR D BT K SR 24
Yy g F e B AR Y S8

TR .

(al) ~ (ad) BB WAL FRL B A (b1) ~ (bd) 5 3 By
REFRAL IR A (el (e2) BA X I8 41 18

H6 fameslifsR

oG W 5 S B W e B Th R B R AR A
AR MIC ¥ JBE i % 728 1 4 Bk B (19 2 i 2%
BT HA MR L AR X PR AL & B R
S R A0 ) SR 2 R A B R AR 2R R R ) B
1AL (R R RO SR DR R R R X
T I PRI =22 BT AR AT 6 209 B SMEE 5 19 JE A
FEA B e — R AR R A0 TR 5 R 19 L 5 T B AR
I IR N e el 1 = A S T
JHET LR B 22 T b A ) i T A 0 R T i
A 0L LS 1 M A B A v 2 DA AR 2SR &R L T
I3 — 2 MOS8 A B T T X A AL S iR T
T 937 8 147 9 LA 73 1 L.
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Preparation of self-lubricating microcapsules and tribological
properties of their polyimide composite coatings
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Abstract: In this paper, solid-liquid composite lubricated microcapsules (GPILM) were pre-
pared by solvent volatilization method with graphene oxide (GO) and polyphenylsulfone
(PPSU) as wall materials and 1-(1-aminoethyl)-3-methylimidazolium bromide ionic liquid
(IL) as core materials. And GPILM was introduced into polyimide resin (PI) to prepare
GPILM/PI composite coating. The focus is on the influence of the amount of GPILM intro-
duced on the tribological properties of PI composite coatings. The results showed that

GPILM microcapsules were successfully prepared and the particle size was about (4524 15)
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pm. The introduction of GPILM can effectively reduce the friction coefficient and volumetric

wear rate of PI coating. When the GPILM addition amount is only 5 wt% ,the friction coeffi-

cient (0.21) and volume wear rate (1.2X10 ° mm?*/(N * m)) of the composite coating are

reduced by 27.6% and 78. 1% compared with the PI coating. This is mainly because the u-

nique microcapsule structure of GPILM can not only effectively exert the solid-liquid syner-

gistic lubrication effect of GO and IL,but also its good dispersion in PI matrix can effectively

improve the wear resistance of its composite coating. The composite microcapsules with this

kind of structure are expected to play an important role in the field of oil-free lubrication.

Key words: self-lubricating; microcapsules; graphene oxide; composite; tribological property
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Preparation and performance evaluation of quaternary

ammonium salt anti-swelling agent

WANG Chen', HAN Fei', CHANG Feng®, LONG Xue-li’,
LIANG Li-dong', DAI Fang-fang'

(1. Key Laboratory of Auxiliary Chemistry & Technology for Chemical Industry, Ministry of Education,
Shaanxi University of Science & Technology, Xi’an 710021, China; 2. Petroleum Engineering Technology Re-
search Institute of Sinopec Shengli Oilfield Company. Dongying 257001, China; 3. Changqing Chemical
Group, Xi'an 710021, China; 4. Ningxia Corps, China Building Materials Industry Geological Exploration
Center, Yinchuan 750021, China)

Abstract; In order to solve the negative effect of clay swelling in low permeability reservoir.a
quaternary ammonium salt low polymer was synthesized by triethylenetetramine (TETA)
and 3-chloro-2-hydroxypropyl trimethylammonium chloride (CTA) , which was used as anti-
swelling agent. The structure of the product was analyzed by IR and 'H NMR. The results
showed that three kinds of oligomer anti swelling agents were obtained when the ratio of TE-

TA to CTA was1:1,1:2 and 1: 4 respectively. The anti-swelling properties of different
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products under different conditions were tested by centrifugation method. The results showed

that when the molar ratio of TETA to CTA was 1 : 4,the anti-swelling properties of differ-

ent products were improved, TETA-FP, has excellent anti-swelling property. When the dos-

age of TETA-FP, is 1% ,the anti-swelling rate is 92. 08 % ; after three times of washing.the

anti-swelling rate is 91. 02%. When the temperature exceeds 80 °C ,the anti-swelling rate can

still exceed 86% , TETA-FP, has good resistance to salinity and acid and alkali. It can be used

as an anti-swelling additive for high temperature,acid and salt resistant fracturing fluid.

Key words: quaternary ammonium salt; polymer; anti-swelling agent; properties of anti-

swelling
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BT A K E R BALF N K B AR A 0 T A R AFM R 3F E 4 42 sk Ak 3E AT T 9K, 38
RT RS Bl B AT A R AL R R B F v AN B A R Hen. B E, v 5|
% 2 PHB-DETA 96 m TE# AT TR FHELRESRIEAK n(THELETER) ¢
n(ZTH Zp)=2.0: 1.0, R & EH 60 C,%=H A E 30 mL, R i 1E A4 120 min. /£ K
B %4 T ,PHB-DETA # = £ T ik 82%.
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Synthesis and corrosion inhibition performance of
diethylenetriamine-N , N-bis
(4-hydroxyphenyl) acetic acid

GUO Rui, ZHAO Yun-fei, LI Ping-an, Ma Ji

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

Abstract;: The organic intermediate diethyltriamine-N, N-bis (4-hydroxyphenyl) acetic acid
(PHB-DETA) was synthesized by nucleophilic addition reaction. The products were charac-
terized by IR (FITR), NMR spectroscopy (1HNMR), HRMS and elemental analysis, and
their corrosion inhibition properties were tested by static weight loss method,electrochemical
test,contact angle measurement and AFM test. The effects of reaction temperature, alde-
hydes-amines ratio,reaction time and catalyst dosage on the optimum yield were investiga-
ted. At the same time, the synthesis process of PHB-DETA was optimized by response sur-
face design,and the optimum synthesis parameters were obtained as follows: n (p-hydroxy-
benzaldehyde) : n (diethylenetriamine) =2. 0 : 1. 0, reaction temperature 60 ‘C, solvent 30
mL,reaction time 120 min. Under these conditions,the yield of PHB-DETA can reach 82%.
Key words: schiff base; response surface design; fine chemical intermediates; electrochemis-

try; corrosion inhibitor
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FEE AT DL 5 = 20 = e WA B )R 51 A R 34 45
¥ B BA AN e SRR C=N 25 fir g
TR R L 5 4 8 W BHE SR L K M b, 22
PEMERE B4, O UE B K M 04 18] B AT RLAR SE PHB-
DETA (¥ gtk s 1uoh, & i R R 88 T = 2 4%
=R G A A A L 3 AT DU A A R T A el Y R
Ak AR S A A e FE A | b 2 0 3K kA
WA AFM A 545 5 R F Bt 58 7 PHB-DETA 43
FAF Q235 4N 1 i g i BE L #2117 T PHB-DE-
TA &IEG R TS5
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Al O M (AR L 22 e MRk 2350 A7 FR A &
IECKECAR) , FZ kbR A R AR TK &
Jist N CARD , [ 24 45 A b 2238500 A BR A &)
1.1.2  EEAUL

VERTEX-80 7l fé B it 725 4 21 4p S 3% AL . AD-
VANCE-II 400MHz #% ## 3 4% 3% 1% {L (NMR) , 1
[E Bruker 22 8] ; FS-5 B9 Y6 G354, H A4S 8 A
A PARSTATMC A H b 2% T AE 3k , 32 [F Prince-
ton B} £ 2% 7] ; SPI3S0OON/SPA400 B 7 1 7 i 14
B, HASHKE TN A 5 2 32 koAl &2 4, 75 & Kruss

YNGR
1.2 %%
1.2.1 PHB-DETA 14k
TE—A 7l A BB % BE 2% 10 = 1B T om A

2.442 4 g(0.02 moD) ¥ ¥ I AL HFEE . A 20 mL
O U037 B8 2R PRI 1. 031 7 (0. 01
mol) "M = Mg B EL 10 mL Z 8 K 2R 2
W5 = HEAR YA T 2« PR e 21 B AE B0 S H AL,
FRIMA = R, R E T2 60 CHE LA EAE
FMZIKtHIJL JRE 2 hJE s B Be g b AR T IE 2 ke vk

WA IS, B VETRAIE =, R IR WGAE W .
{5*6 FE’JE&H@WZISE?E T4 aEPJitJF ﬁ\

ﬁﬂ[’fﬂ 1 F)?/T.
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H
/\/NV\

\/\N CH

PHB-DETA &4 & /7 2

1.2.2 a5 RAE

(DFTIR By 5

FKBORALANE /3, %F PHB-DETA #E47414b
Sei iR, R I 4 000~500 em .

(2) THNMR (4 5

FH DMSO Hik 7], TMS & A b5, % PHB-
DETA #4741 &0 35 3.

(3) HRMS il &

DLH B Ok R 7E & BE R 7250
(ESD , % PHB-DETA 47 B i i 2

(DHILE T

F I TCE A HT AUk PHB-DETA #4712

(5) 5 Hr

L FH i T R I R S 5 R 0 i) B D e R
1X10"* mol/L.1X10° mol/L WA , % H %t
SR PHB-DETA 261 fE.

(6) 2 H 3K

WG GB10124-88 AT i A K H L 00, 6 £ I
HATECR 10 %009 HCL 3 WAE R 8 oA BT, 7810 5
FFiaHETH 200 H.400 H.600 H.800 H.1 200 H
S AGHATE RIS AR L3 7K. KL

Jo % A I
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PR R G4 - A7 3 Uk v Uk R o & O
B Ak BRGNS TR PHB-DE-
TA 1 mol/L B HCL# W, 1l 12 h, BEA
[F¥k B2 PHB-DETA X Q235 4 iy 2% inh P BE 5% ..
TR0 5 5 R R B AR R R B KR T
e ¥ KUK TR EE. 8 ot 3l 36 12 8 b R0 1 3 4 5K
(D () AT
v=Am/(At) (@D
K (DA m(mg) /&N R JEF P ET G Y BT 2%,
A(m®) A 1 R R, 0 Cho) 240 R 6 b (1% B 1]
77(%):<”()0*U)/U0><100% (2)
K2 H v, M olg e m * « h DA HEARM
A PHB-DETA Fijii A PHB-DETA # % Q235 4§
B ol R
(7) AR 2E P
FEL A 2 0 3SR P = FR A A 2R % L A 0 3,
FPET R R i B A L M R H R AR A S
e, Q235 M TAEH M, A2 TAEmALZ 1 em®,
MR Q235 8 A b 42 AT I L Sk lg A
fifl \TCIK & L 25 B T K AR IR Wk o T et TR
ZJE AR I . H Ak A IR A Ak T S
(PARSTATNMO) | # 47 . B Ak il 42 49 4 2 1 2¢
1A — 650~ — 300 mV, 4 %% H 0. 1
mV /s, 38 BT (CEIS) 2R H IF 5% 3 A Bl 15 5, 3
B 10 mVL AR RIERE A 1. 0X 10 2 ~1. 0 X 10°
HzH.
(8) 4 il 11 I 52
T B PRV TS 189 R AR U A R S
PHB-DETA Fl & A [F] ¥ £ PHB-DETA 1Y 1
mol/L WL TRV W B bk 12 h, SR J5 B ] 253
FOKBEB 8 KK T 45 . R A #LS AORE B T 3%
fik # ARSI, WA A BT 15 Q235 X R 1 SR K B
KPERE .
(9) AFM il it
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G Q235 8 R LA R A PHB-DETA Ji§ it J5
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2.1 #MEIE
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A B PHB-DETA J 90 i) 1 14 .
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DETA Ji J< B 1 4 8
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Effect of curing agent on anti-corrosion performance
of PANI/SiO, epoxy coating

CAO Jin-an', WANG Jing-ping'" , DONG Xin®, FENG Jiang-bo',
SHAO Liang', LI Xiang®

(1. College of Chemistry and Chemical Engineering, Shaanxi University of Science &. Technology, Xi’an
710021, China; 2. Shandong Yuhuang New Energy Technology Co. , Ltd. , Heze 274002, China; 3. School of
Electronic Information and Artificial Intelligence, Shaanxi University of Science & Technology, Xi'an 710021,
China)

Abstract : By in-situ polymerization, the SiO, of 400 mesh was coated with polyaniline (PAND to
prepare PANI/SiO, particles. The T-31,cardanol and polyamide 650 were used to curing epoxy res-
in. The SEM results indicated that the epoxy coating cured by polyamide 650 has a compact struc-
ture,followed by the epoxy coating cured by cardanol, while the epoxy coating cured by T-31 has
obvious micropores on the coating surface. The structure of epoxy coating has a vital influence on its
mechanical and anti-corrosion properties. The results of mechanical performance tests show that the
epoxy coating cured by polyamide 650 has the best adhesion,wear resistance and hardness; The re-
sults of electrochemical tests show that the epoxy coating cured by polyamide 650 has the best anti-

corrosion properties. The corrosion potential E,, is —0. 567 V,and the corrosion current density I,

* Wrfs HEA:2021-05-11
EETE P4 BT H S & TR H (2021GY-238) 5 B PG R K221+ RHIF IS 352 4: 350 H (BJ16-10)
EHEBN H L& A997—) B BV B, 78 B8 - 0F 58 28 F 55 05 ] - D e s 43 T A4 R
BWAESE TR F973—) . 5 BV R B #8218 5T D7 1)« 5 4 F 8 N T . wangjingping@ sust. edu. cn
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is 1. 890X 10" % A/em®. The epoxy coating cured by polyamide 650 still has a good anti-corrosion

effect when it is immersed in 3.5 wt% NaCl aqueous solution after 30 days.

Key words: epoxy resin; anticorrosive coating; polyaniline; curing agent; silicon
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BiOBr/NaNbO; £ &t &L FI 80 &l &
FEMEEMR

REMHK, F M FRE KR B, FHE

(L BRPGBHE R Ao ST 2B B SR e TR sr 5 BOR BT sy & BRVS P44 7100215 2. 792
KR THEBARNT, B 7% 710018)

¥ E.0Nb,O; A BRA4 & T shk3kK NaNbO, . R A IE &4 & T R R R e BiOBr/
NaNbO; (BNN) £ 4 # 4, £ BNN-10(n(Bi) : n(Nb)=10: 1) % RhB #9F&fE &% 87.8%,
2 %) & ¥ — BiOBr #= NaNbO; #) 2. 4 452 4= 4. 1 45. BNN-10 £if 5 4~ & #1 4 % RhB, & k4 1k
MAEEA AR R TH.AY BNN-10 AR ZOTELA RABEAETH A A X HEHRITH
BUXRD) A= 32 # & F 2 # 42 (SEM) 3 BNN-10 #9 ik & M3t 47 7 £ 42, 83 X HLE L& F 4t
H(XPS) MEA AL S oA B G R B R K ERBIEBNN A AR Z R F RS
#.ZM AR KT AA T ERLES A RXBERETE AL —F FHREFHW RS
TRAA W AR S RhB 2 /338 2 %48 5.

XK1 :NaNbO,; BiOBr; B4 Z B F R4 LR ER

RE S ES 0643, 36;0644. 1 AR ER . A

Study on preparation and performance of BiOBr/NaNbO;
composite photocatalyst

FAN Guo-dong', LI Nan', PAN Qian-hong”, ZHANG Han', SU Xiao-yan'

(1. College of Chemistry and Chemical Engineering, Key Laboratory of Auxiliary Chemistry &. Technology for
Chemical Industry, Ministry of Education, Shaanxi University of Science & Technology, Xi'an 710021, Chi-
na; 2. Changqing Chemical Group Co. , Ltd. . Xi'an 710018, China)

Abstract: Nanoblock NaNbQO, was prepared from Nb,O;,and BiOBr/NaNbO, (BNN) com-
posites with different molar ratios were prepared by precipitation method,in which BNN-10
(n(B) * n(Nb)=10 : 1) degraded RhB by 87. 8% ,which was 2.4 and 4.1 times higher than
that of single BiOBr and NaNbOj, respectively. The photocatalytic performance of BNN-10
did not decrease significantly after 5 cycles of RhB degradation,indicating that BNN-10 has
high reusability and stability. The crystal structure of BNN-10 was characterized by X-ray
powder diffractometer (XRD) and scanning electron microscope (SEM) ,and the analysis of
the chemical state of the catalyst by X-ray photoelectron spectroscopy (XPS),the photoelec-
tric properties of the catalyst and the capture experiments verified that BNN is a Z-scheme
heterostructure. This configuration effectively hinders the photogenerated electron-hole com-

plex and maximizes the retention of the higher oxidation and reduction capacity of the respec-

x WrFs B #:2021-03-21
EETA PR TR SO RIBE (016GY-142) ; #F # 4L T Bk 2% 5 HOR 8 8 505 % 1 ilcE £ 01 H (KFKT2019-11)
EZ BN S EMRA964—) B INTER T 28 A BF5E 7 0] G ECROC MR G AL bE R}
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tive single semiconductor, thus its photocatalytic degradation efficiency of RhB is significant-

ly improved.

Key words: NaNbQO;; BiOBr; Z-scheme heterostructure; photocatalytic degradation
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Effect of heavy atom doping on the performance of phosphorescent carbon
quantum dots and its application in anti-counterfeiting encryption

JIE Yan-ni""*, MA Peng-hao', WANG Dong', QIAO Yin-po'

(1. School of Materials Science and Engineering, Shaanxi Key Laboratory of Green Preparation and Functional-
ization for Inorganic Materials, Shaanxi University of Science & Technology, Xi'an 710021, China; 2. Key
Laboratory for Organic Electronics and Information Displays, Institute of Advanced Materials (IAM), Nan-

jing University of Posts & Telecommunications, Nanjing 210023, China)

Abstract: Room temperature phosphorescent (RTP) carbon quantum dots (CQDs) have at-
tracted extensive attention due to their applications in biological imaging, optoelectronic de-
vices, anti-counterfeiting encryption and other fields. Due to the spin-forbidden transition
from singlet exciton to triplet exciton, the rate constant of intersystem crossing transition
(ISC) is low, which makes it difficult to observe phosphor and severely limits the develop-
ment of CQDs. Here,we propose a new method to increase the rate constant of carbon quan-

tum dots ISC by the "heavy atom effect". In this study, RTP carbon quantum dots doped
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with heavy atoms were prepared by hydrothermal method at 200 “C using benzyl bromide as

reactant and mixed with the precursor of citric acid,acrylamide and urea. The effects of ben-

zyl bromide doping on the optical properties of CQDs were studied. The experimental results

show that the phosphorescence lifetime of CQDs is increased from 112 ms to 493 ms due to

the introduction of benzyl bromide,and the visual recognition time is up to 7 s. Then,we fur-

ther show the application prospect of RTP carbon quantum dots doped with heavy atoms in

the field of anti-counterfeiting printing.

Key words: BrNCDs; NCDs; CQDs; room temperature phosphorescence
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710000)

i ZE:u4 TIOOOH), BA & - FHERM S E PR MR R ARG ERE, £ —F a4 5F
BIAEE TG AR IR P A R A AR KA AL, 8RR R T B ok R e S
BEIARART FLLTIO; DB E T L, 8 & T v S 3L s A 2k 3 A TiO(OH),/C
RBEFH.AFRTAR CAEN TIOOH),/CE2ETFTHAWEZE.CAHEEH1:0.20 8
TIOC(OH),/C4Z & F i Li AWM AT R& K. A 53.46 mg/g. S EEMH A FRFTTHRL. S C
486 TIOOH),/C42 8 F ik HESRH =R H FEE. A SEM 94 TiOOH),/C 425
FHBI, AT G KRR T A R+ TIOOH), 428 F i B AR T3 BRI H
5.3 4985 £ CBEE A XRD X 54 TIO(OH),/C 428 F it hia, L INE WG
TiIOOH), =@ TS LB e A E T @, FHHERTRD ., 2 FHEAWE TR
#. A Raman M X 54 TIOCOH),/C 425 F i 694 &% £ . 42T 153 cm™ ' .374 cm ' #= 611
cm AL IR I EAK IR F T F R AS 201 cm AR 490 cm AL IR FE G FH IR F w1 R A, TR
BB BRI BAT AR A

EEF TIOOH), /C; #A42 8 T 5 ; BAL AL

RESES TFILL XHEFRERD: A

Effect of carbon content on lithium absorption performance
of a novel TIOCOH),/C lithium ion sieve

YU Cheng-long', CHENG Hang', JIN Dang-bo®, SONG Jie',
YANG Chen-guang', LI Hai', WEN Yu', HUA Jian-mei'

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

Abstract: TIOCOH), lithium ion sieves have excellent performance as higher equilibrium ad-
sorption capacity, higher equilibrium adsorption rate and lower dissolution loss rate. Yet in
the actual application, there arises problems such as decreased recycling ability and larger
flow loss,for which forming is the way to solve them. In this article,referring the preparation
method of f-Li, TiO; pebbles in nuclear fusion engineering, the novel TiIO(COH),/C lithium

ion sieves on porous carbon material are prepared. The adsorption capacity of the TiO
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(OH),/C lithium ion sieves with different carbon content is explored. When the carbon con-

tent is 1 * 0. 25, the adsorption capacity can reach 53. 46 mg/g. The adsorption kinetics of

TiOCOH),/C lithium ion sieves with different carbon content are explored by the pseudo-

second order kinetics model. The morphology of TIOCOH),/C lithium ion sieves is observed
by SEM,in which the TiO(OH), particles are uniformly distributed on the carbon mem-
brane. The phase of TiIOCOH),/C lithium ion sieves is analyzed by XRD. It is found that the
position of characteristic diffraction peak of TIOCOH), shifts to a higher angle after adsorp-

tion,and the average grain size decreases, which can cause the increase of the adsorption ca-

pacity. Raman test is used to analyze the bonding relationship of TIOCOH),/C lithium ion

sieves. After adsorption,the vibration peaks at 153 cm ™ ',374 cm ™! and 611 cm ™' are shifted

to lower wavenumber,while these at 201 ecm ™! and 490 cm ™' are shifted to higher wavenum-

bers,which can serve as the evidence for cause of the increased adsorption capacity.

Key words: TiOCOH),/C; novel lithium ion sieve; Li" adsorption performance
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il & Li, TIO, /C BE P, FRECEE R LA 15 0. 25,
1:0.50,1:0.75.1:1.00,1:1.25F1:1.50 Ky
Li, TiO; Ml C;H; O, « H, O FIRA WAL InA—E &
e B R 30901 H, O, 2 4 Li, TiO, 78 B 77 H 1)
W BE I N 25 %. AE 60 CKI AT 1.5 h H4Fst
PEFE. MAS Li, TiO, W Ba R 0. 33 %0 HY 1-2F
PR AL EE 15 min 75 20508} K 3O E T PR [
1k 3 KIGH4 50 C T4 2 K, 453 Li, TiO, /C T#
e e, g T EERE HAE N, UF 900 CHBbe 4 h, 15
F) Li, TIO, /CH,

# Li, TiO;/C F1 0. 2 mol/L B HCl & W IR
A.120 CTRME 24 h HHEEFAREHRAELE
W w® AT, EE AR T T, 53 TiO
(OH),/C 88 ¥ i, #i A i #2 v Li, TiO, #
CiHsO; « H, O BYIR A B, 8 i &0 453 /9 TiO
(OH),/CHEFifigis R CTH 1 2(x=0.00,
0.25,0. 50,0. 75, 1. 00, 1. 25 1 1. 50) iy TiO
(OHD, /C # & 1.

1.3 TiOCOH),/C 42 & F i B W 5 1

Bt pH R 11. 73, Li° ¥/ 350 mg/L 1
LiOH FriEA . #2 B E ol 1 000 ¢ 1(mL/g)
FREL TIOCOH), /C 8B F i in A LiOH FrifEis
oL FER ISR I R AL BB FE 4 b AT O RS 5
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i 7 W BEE P B i A B 45 4 5 g, (mg/ @) R TiO
(OH)./C B T-HifE ¢ B Li* B9 WP & 5k, (g/
(mg « W)t =5 T 2 7 72 i W B 8 =52 0 4
t5 Ch) Ay R B B ]
1.5 MR 5 R4

FHH A 228 /) = ) X R (=
0.154 0 nm, D/max2200PC) %I Wz Fft Li" 1 J5 1Y
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FYEE Renishaw 2 B4 7= 1) Invia Y il 3L £ 30
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ME 1O AT LI H .4l C 24 4 h . Li
W Bt 25 B A AR 4 N 0 mg/g, 2 C X Li WA
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75 35 5 IR S R G K T A A R B
I TFUR Y 1 b B 25 e DRl 8 K B S o 2 e %
I, Y KA F 4 h B, & C & &R TIO
(OH),/C 85— 1 14 WL B 25 o 28 35 3wl 422 3k 7
i HAR C & 8B TIOCOH), /C 41 B 1 5 W [t
Ao A, 225 0%, RV C & X2
A EFR W, TIOCOH), MR LiT W2
41.39 mg/g. C & &N 1+ 0.25 ) TIOCOH),/C
LB - 7 I B 5 i Fie e . M 53. 46 mg/ g B AR i
BET 29.16%.

HEFRLIATM. L& CEHEMN TIO(OH),/C 4
BT B R ) R F 0,02 g/ (mg + h) LB HA
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Carbon content

g./(mg/g) kz/(g/(mg - h)) R?
1:0.00 41. 39 0.030 92 0.953 98
1:0.25 53. 46 0.023 50 0.964 95
1:0.50 32.92 0.040 32 0.929 86
1:0.75 40. 63 0.029 17 0.991 38
1:1.00 17. 26 0.074 60 0.949 99
1:1.25 26. 45 0.046 07 0.980 50
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G 0% R Y 7R Ak 43 B W BEE 2 e B A D L IR 3
() k& TIOCOH), £ 5 i WM Li~ 107 f5
XRD E %, & 3(b) >k C & &A1+ 0,25 1 TiO
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2687 EFH, Bk TIOCOH), fil C & &
J91:0.25 ) TIOCOH),/C 818 7l XRD K%
rf = BR UGEXG NE & TD A S 2 R RS 4 5 R 74 nm
61 nm.CHHEN1:0.25 1 TIOCOH),/C 4
[N T G N Y YA N 5 4 N V1L B W A3 1T 5282 L

s L 2% THT 114) 2 B 58 48 7 388 22, oA R I L T
AR m, 521 P CEHEER1:0.25 1
TiOCOH), /C B0 Li™ - fiif W B 25 o 5 T 8
& TIOCOH), £ 5+ A1 5T

R2 BEFETIOOH), FNCEEAH1:0.25 1 TiO(OH),/C 2 Fi% WM 57 J§ TiO(OH),
M=RIEFR NN E BERENR &R

TiOC(OH); powder

TiO(OH),/C with carbon contents of 1 ¢ 0. 25

Position/ (%) Intensity/Counts

Grain Size/nm

Position/ (°) Intensity/Counts  Grain Size/nm

Before adsorption 25.51 1637 54 25.56 648 39

After adsorption 25.17 1002 55 25.81 348 36
Change —0.34 —635 +1 +0. 25 —300 —3

Before adsorption 37.91 679 71 38.05 371 70

After adsorption 37. 88 697 76 38.19 114 173
Change —0.03 +18 +5 +0. 14 — 257 +103

Before adsorption 47. 36 462 98 47,45 544 75

After adsorption 47.50 781 76 47.69 101 87
Change +0. 14 +319 —22 +0. 24 —443 +12
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WA S A R R R, T C #E 1 345
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B 25 45 v 1 R LR AL
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WIE G W ET S TiO COHD, 4§ 8 i 19 A 6] 2% 1k
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(OH),/C 8 Fifi b C IR 3h ik 1281k, & TiO
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W E: AT GaN/ZnO/GaN F R &R . B ST LA B, RN F — R RE
R T In 452 GaN/ZnO/GaN F R & B fe .8 T4 M LEF R R WAl e Hwm. i+
FEREW . In 4 GaN/ZnO/GaN 5 Ji 45 F @ & 69 i ik AR, B 5 £ R @ 4 ks In
BH Infe Ga IFFRIE LW 3.03 eV 2 FR A F] 2,02 eV F2 2. 88 eV 4 )5 69 B I & 3
Fo X F AU, ABKAKE2. 1 eVRAARKE, 5RO TMAE—F;H L ETILE
REMegFHEEHRgR, BERSA2aB; 55 InBK GaFf Zn 89 FF A5 E 5 5 A —0.47
eV.—0.58 V. MFAILEH 2.41 eV.1.44 eV, i B AR H) &0 514

KB CBELARMFRE; SHB T, bESFR; F—HARE

FESES 047273 Xk FRER : A

Study on the electronic structure and photocatalytic performance of
In doped GaN/ZnO/GaN van der Waals heterostructure

XUE Li-li', LI Hong-liang' , DOU Hui', LU Jin-duo',
GAO Jing', XIN Tian', WANG Qiang*”

(1. Shandong Product Quality Inspection Research Institute, Jinan 250102, China; 2. School of Microelectron-
ics, Shandong University, Jinan 250101, China)

Abstract: In order to reduce the band gap of GaN/Zn(/GaN heterojunction and improve the
absorption of visible light,the effects of In-doping on the formation energy.,electronic struc-
tures, optical properties, and band edge positions of GaN/ZnO/GaN heterojunction were
studied by first principles. The results reveal that the formation energy of In doped GaN/
7Zn0/GaN heterojunction is lower at the interface, so it is easy to form at the interface. In
substitution of Zn and Ga reduces the band gap from 3. 03 eV to 2. 02 ¢V and 2. 88 eV, re-
spectively. Red-shift phenomenon appears in absorption coefficient and optical conductivity
after doping,and the absorption coefficient has an absorption peak at 2. 1 eV, which is con-
sistent with the variation of band gap. In the visible region, The real part of the refractive in-
dex increases and the imaginary part moved to lower energy direction (red shift) after do-
ping. Finally, the conduction band edges of in substituting Ga and Zn are —0.47 eV, —0.58
eV,and the valence band edges are 2. 41 eV and 1. 44 eV ,respectively, which satisfy the con-
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ditions of photocatalytic hydrogen production.

Key words:van der Waals heterostructure; structural stability; photocatalytic performance;

first principle

0 35

K PH BB HEL Jtb 2 5 K K BH G 5% 4 1% L BB (B2 45
JE A A E . 5 — UK PHRE Lt 2 Si.Ga
SR B AR PH AE H U pR A — AT A R 1
THE I R b, T R A K BH B FR S R AR B RHER 2 2 S
AL BT LA SRR A 2 S A A gt (L 2 S A L S
W HBOR AR RR G N TR O R R,
1991 4F,Regan Al Gratzel ' $& H T YL Rl e, s 114 4%
LI E e TiO, 1R B b, DATK# 54 R ot
HEAL T HRIAVE B T 8 A Yook s, fr T 49k Y Ot
AR AR AR, St i A ekl 4+ 5 3R
H IG5 gy, Ptz i it iR 1 8 = ARG AR H i, 1
GaN.SnO, . SiC.ZnO 55 W TH¢E 1Y G845 A4 bl i
G O T . Hoh ZnO TR AR B
OGOV LA AR SRR T A — RIS
TECAE AL A 2 T B R Y H R A
ZnO #7563 T8 (3. 2 VDI, HXF S AN LA I
PE M IBCRCRAR L 55 A0 R At 2 S Ak — B G R AR
MFEARE, BT HAERR PR ™E T, %
BT S R B R R R DL RO H IR Y 7 A R I O
DA BRI G B RN A W A e R T S
) PR A i) R

HOUL IO AR O A B R R AT OB Y
W 7 G B A R A Rk g
G IR H TR AN A Y F SRR RS A — i
F4 L 85 44 5 T PR AR AS [R) A 2 3 AR Y 2 OK BB R
[F) L 45 6 I HE - 1 2% oK BE v 1 — i O 1) 2% K B %
I — 3, 7F 0 T A A RS TR 37, BR B A AKCBHL Ik
HMFES. ARV e GaN W2 Wik &
A B 5 ZnO BA LKL Z5H . B8 T 75 7 d
LA R BEALN 1. 8% R 5 45 A T iR E
BSR4, R GaN/ZnO R RE 8 iz N H Tt
AL RE 4B BAR GaN/ZnO SR EE RES A
A B 6 A HL RN S O S T B A /N A L
AR DX Al UL B i A AR BRARL AT
i — 25 Ul /INY B D R B v X R DL S B R i, A2
LB AAE 2 BB GaN fil ZnO 2 F KRG 52
RIFoE. LR B E T In 5 Ga.Zn R FFEHMH
LAl In 2% GaN fl ZnO 15 3] 72 W) L1 .
Alamdari "85 B Al—In B2 ZnO
(R B SE B T 3. 75 eV Bl/NE 3.7 eV, A N Y I
Wit & A T 418 s Mourad %1 & B In 2% 16

ill}

BB /N ZnO 14T Bt 58 BE L £ #E X AT U Ot By e i
Mimouni ZU B Cr—1In B 244l ZnO H7 B 5%
FEH 3.3 eV IB/NE 3.1 eV, 35 T OBk 3k %,
Liau %" & In— Ga 4824 ZnO B[] B B AR A
AT A /N BR Y s Yu SENY & B In
B4 GaN/ZnO 5 45 )5 BRI/ . RO 208
Ganesh 25027 % F1 In 2% InGaN/GaN £ 2 # F
BF &85 F4 E BH 0k 3% 5 O LR, B4R In B 2% ZnO I
GaN Ji7 BE#% W8 /Nt B A 9 B2 5 730 AT D O 19 R i
W% B In 2% GaN/ZnO/GaN 32 5 i 45 %F
AL 6T 58 3 oK WL ARGE . 2 Tk, R A —
PEJFE IR 58 In JC Z X% GaN/ZnO/GaN X2 5 i
ghE AR EME CHL T 25 R DL RO S R P R L iR
T3 0 AT OO A Ak 70 4R 1L S AR

1 HEFESEERE

R T AR MER TR R R TR TEER
PR RIS 10 5 — M LG S5 M HE AT TR AR, T SRR
JELL R H B9 52 Perdew-Burke-Ernzerhof (PBE) 2
PRI 7 I B S B 4 KRR AR D AR DN TSR R R
T DFT-D2 J7 Y, 3% B 88 # (Ultra-soft
pseudo potential, USPP ) 3 i i #y v, 7~ 18] i) 4H
HAEH. A& i 2548 0 Ak A e SR By
Monkhorst-Pack™ k 5 W25 Ky 5X 5 X 2. % & 3| %
JFEZ oR RS AE TR R HY 45 K B ER R AR B i S 3
B D /0N SR T 244612 R HSEO6 %) X BB A
L2850 DL SO 2 vk R AT R 5 R A i Ssbr
HEN BT RE 450 eV, K Hellmann-Feynman 7J
2 /NF 0. 01 eV/atom, Fix KN 1M 2K T 0. 05
Gpa, BAEE/NTF 1.0X10 ° eV/atom.

R 5 UE T DT B A U, SCEE AT B GaN
ZnO HpE AT T HOLA .15 8] GaN B g H 4 a =0
=3.191 A,e=5.19 A, ZnO i F K HE a=b=
3.252 A,c=5.312 A; Mose %703 it %5 127 o6 51
BT FII GaN B a=0=3.21 A,c
=5.23 A, ¥ W] 20T a4 — vk R B4 B Y
GaN [ ks H % a=0=3.12 A,c=5.13 A,Zn0O
ks W B a=b=23.25 A,c=5.29 A, A LI & il
EIFA LR AR B IR E — 2 WA
Al EE.

PL GaN R JE A4 K ZnO 158 7 U 5 % HE
1 (0001 347, 73 A3l 3k b 18 /) 153 AT 1 7E (0001)
1A L AR AS [R) A 5 8 a MOABTECE RAT 1. 859 /&2



553

BETN I 45 : In $82% GaN/ZnO/GaN i 75 BL /R W7 5 S5 245 14 H 7 45 A8 R Y6 A 1k e 1 1F 5% « 121 -

H. RN ESER RS, Bl GaN/ZnO/GaN XU
25 R4t R 7E (000D B HE T 5 H. s
) GaN 5 ZnO BAH LIS, #F )8 T 75 7 i
1A TE ¢ BhJy ) b i BB -« ABABAB--- J5 2 S, A
I GaN 7 A~ A A 1Y 7+ 1 GaN (A) Fl GaN
(B) . 1Ca) . (b) By GaN WA~ A [R] 14 It 7 1 . [7)
H ZnO WA WA A F B S H ZnO (A) Fil ZnO
(B), A 1(o) (D B R ZnO PIASAS 6] (1) J5 1 1 . T
P GaN/ZnO 545 IH 4 MRS G0
T A3 AT AR ) JER - 1 22 B 4 A T L A R TR
T2 M4 ARe 2 [ EE DL R 7 (| . 5 45 1

ZEa e

Eb :E(}E\Nr’Zn() 7 EG;N — EZn() (1)
TR (D H 2 Egnvzeo ~ Ecn s Ezoo 4390 8 GaN/
7Zn0.GaN.ZnO 1 B fE=.
F 1 T IRFIZ S A e 2 LI R
T EE. AT LAE H GaN(A) /ZnO (A) 4 4 BE fc /D
(—65.8 meV/A?), 55 45 5 T J2 il BE 5 /N (d =
2.54A) , AL GaN(A) /ZnO(A) & & et sz, 7 4h
AR Ga— N, Zn— O f a] 1, f K 5L A 7
1.895~1.897 A, 2N JE F 4 A5 fL R J& AL W &, A
R BB R AE GaN(A) /ZnO(A) /GaN(A)
AL [ R AY.

ZnO(A) Z00)

(a)GaN(A) [ (b)GaN(B) I (¢)ZnOCA) [ (d)ZnO(B)
BH1 GaNH ZnO RE®R-F @
F1 ARAEFEEMESE.ZEEE
WK & F (8] BB

GaN(A) GaN(A) GaN(B) GaN(B)

/ZnOCA)  /ZnO(B)  /ZnOCA)  /ZnO(B)

Ep/(meV/A2) —65.8 —12.3 —15.4 —143.6
d/A 2.54 3.62 3.78 3.21
Bzno/A 1.897 1.896 1.896 1.894
Baan/A 1.897 1.895 1.896 1.896

Kl 2 B~ GaN/ZnO/GaN X2 5 5 45, 7 ]
K GaN, F[EF 4K ZnO. N T 4387 In FF IR
ANTFAL E Y Ga F Zn (R E P 43 0 5 B 1 5 BT
ZEME 0 GaZn Ji ¥, Bl Ga(nearl) ,Ga(near2) .
Zn(near) VI ] i B 5 R 45 1 Ga.Zn Ji T, B Ga
(farl) \Ga(far2) . Zn (far) /g BB S5 7 2E A7

KL R T ISR AN BB 4 0 6 2 P T, BH Uk I S
SR A E L AE (000D F 1 i E T 20 A
) EL2S 2.

Slab:20A

(0001)plane

B 2 GaN/ZnO/GaN e & KR+ w4

2 #HR5iITE

2.1 fRALER

Yu ZU % In $84% GaN/ZnO 5 R 45 )5 1k
BER 6. 5wt % B HF B B 7 ; Ganesh 280207 % 3 D),
5wt ) In 4% InGaN/GaN £ 2 & T BF 451 )5
Al BA 3 OO0 H . A R A B R AT B A A 1Y
GaN 5 In fEB8IE B InGa, N, B9454E , B In 76 £ 4%
W 45K GaN i BE 5 2 12, 5at %, LR RE0 2548 1Y)
ZnO 5 In BT K In, Zn, O, WI4S5H, B In 7E 27
BERS58 ZnO I B85 F) 16. 6at%0. % EF] In 76
GaN F ZnO i [ 9%5 B2, 8 & i 2 U 2 2 X2 45
Fg 6 RE A In 76 GaN Hl ZnO Wil & 8 7at%.
J T WSS In LT HUS GaZn BIXES) AR SCHHE T
B 2% 5 Y S RE . Y BURE B /N 25 5 T8 .

% 2 RHEE AR AE B R E,
EBRIG IR R, E e B AR B IRETAE &, g0, 2
In J5F M b2 4, oo SRR 400 T 19 b 2 34

Eform :Edoped - Epmnne — M JF)ux (2

N 2 W LE WL SR EE TR Ga,Zn JEF,
HI Ga(nearl).Ga(near2) .Zn(near) # In BAC)S
B L BE 43 9 — 3. 68 eV, —3.72 eV, —4. 25
eV, MimE R R4 GaZn J&F, Bl Ga(farl) .Ga
(far2) .Zn(far) #% In BAQJS A9 HE & 43 02 — 3. 35
eV.—3.42 eV, —4.01 eV. AT LLF H , 76 F 1m0 A 1Y
TE 15 REAH X AIG o R UL B 45 5 T B, 3 32 02 [ Ol
ST A B D 2 T ) R A, TR 4B 4 D T A B T
Qb5 | RS B AR B A L /0N BT DL RE S AR 0 AR IE
R 1P GaN(A) /ZnO(A) JF 1 2 1 18] 5 15 2%
Jei B D J22 1 T B AT AR R AL B 4 ) TR R
WIBEZH 2.4 AT RIB AT R 2.5 A /N T 2
Ao, FEREH THB AR 75 K R 1778 PE A4S )
SIER A2 i 1 )2 T B B K e AR A
B, T i A2 PN 500 DX 388 1) 45 2 ) 5 o 45 B AR IR A 3%
M. F T In 53258 5 76 S AL TR 18 8006 T 6 2 R
Ao 5T BT B 2 Tn BRAR S T AL () Ga AT Zn i
FIRIFH.



- 122 - RHHBKLEER 439 %
R 2 In#Z GaN/ZnO/GaN EER R RRE 60 — —s —p Ic—ld —Total
Ry TERTN N N 40 F El’ a:n
N [E = AL E W T R BE L2 18] BE AR JR F 18] BB 70 |
Ga Ga 7n Ga Ga Zn 0~ = e
(nearl) (near2) (near) (farl) (far2) (far)

Eform/eV —3.68 —3.72 —4.25 —3.35 —3.42 —4.01

d/A 2.43 2.42 2.38 2.56 2.56 2.45
Bzno/A 1. 886 1.897  2.105 1. 896 1.902 2.112
Bean/A 2.025 2.131 1.923 2.131 2.124 1. 867

2.2 XEAE

K 3 & In 2% GaN/ZnO/GaN U 72 5L /R 8B
SRS EER . ERRLENE N KER E.
B 3(a) 24l i) GaN/ZnO/GaN i 8 B /R #r 5
A EER, TLUE SN E EEH Gads, Ga
4p.Zn-3d.O-2p . N-2p ., T FE B Ga-ds,
Ga-4p.Zn-3p.0-2p . N-2p A4 K.

& 3(b)JE: In BUY Ga Z 5 B2 B & AT LA
Ga [ 4p 25 3.2 eV M F 32, 78 eV 4,
T T LTI 28 Ak, PRy B 9 B 1l 3. 03 eV Jiki /)y
F2.88 eV. X EZIEH T In AT Ga [T
WHTFAAAEES REERTEE T AT aEHS
PR E S 2 R BRI R T T L Ga [ S
HE 1) P 000 FR T o 22 S 4 B i/ ).

K 3(e) 42 In BUR Zn 2 J5 B9S2 B & n] LU
In B Zn ZJ5 Zn BYMAF T 3d A1) L& 8h 2 0. 13
eV AL, Ga 77K 4p S H 3.2 eV [0 F#% 3 3
2.15 eVAL, e & F BN BRI L W/NE 2. 02 eV. In 1Y
Mrir R A Zn A A R R IX IR & & 5 Bl
T0U [ =5 BB 7 101 3% 31) L Bl 1 B v

B 3(d) & In FBFEAR Ga il Zn Z J5 25 %
BE &, In [B B Ga Fil Zn 2 )5 Ga B4 T fn S
WIKRC &R E—, PR E K. WE 3 [T
LA H In BUR Ga Fil Zn #6898 D /Nl B 58 B, 171
In BUC Zn SOREANA 2. i F In FIEHBUY Ga Al
Zn ZJ5 S as A B S ORI
XFF a2 R TR 5 In [6) B UM Ga Al
Zn [R5 OL.

s —p ——d —Total
40 @) Ef7' GaN-ZnO

%20_ | P

0 1 1 L 1
T 6 'Ga
P AL~
) 1
S— 0 1 L L 1 1
EIO- 'N
55T I
‘54g | L ) J | e |
°.30F  Zn
F 15+ |
g 0 I i : I |
A 8t O

0 1 1 1 1 1

i
[=)%
o]

10 -8 -6 -4 -2 0 2
Energy/eV

(a) 4l 1) GaN/ZnO/GaN i 18 FLIR 7 57 0k 45 L, 7 4%

10

|

Density of states/(states/eV)

0
0
5
0
30+ Zn
15
0 1 L 1 i
10 o
5 3
0 | ) , ) |
2 In
1k
0 s == L i i
-10 -8 -6 -4 -2 0 2 4 6 8 10
Energy/eV
(b In B Zn J5 I HEF&
60 ——8 —P —d ——Total

N o
< O O
LI
: |
m

[

S R NO U SO © OO U1 S W O

T T

SR Iy I R
[

. a3

)

()

%<

=N

Juny

Density of states/ (states/eV)

-10 -8 -6 -4 -2 0 2 4 6 8 10

Energy/eV
(o)In E i Ga G FH&
s —p ——d ——Total

10t Ef’d: Ga:In-Zn:In
20 i

g [ 1Ga
TAS=P

0 ik 1 L n 1 1 n 1 n

101 :N
5r :
) | P = e e s
B! | 2
20 |
10+ |
0 ) 1 e
101 (@]

Density of states/(states/eV)

I
'
|
'
|
|
| | | i 1

5

0

2 'In

1t A 4&%
0 \ . N i

10 -8 6 -4 2 0 2 4 6 8 10
Energy/eV

() In @] B} B Zn F1 Ga J5 B HL 7285
B 3 In#Z GaN/ZnO/GaN & 1& K /R #7
FREG BT EE, A REL
2.3 Wik R
FE T 2 W B Ak A N 2T 2 A R R
TR F S A H R BT R A HE SE R (e ) RN R R
(e)PIHERAY sey vep AT AR LU R S0 O 52 & il 7 12




553

BETN I 45 : In $82% GaN/ZnO/GaN i 75 BL /R W7 5 S5 245 14 H 7 45 A8 R Y6 A 1k e 1 1F 5% « 123 -

(3) . (4) 4y 12
2 2 "
() =14 ¢ Zjdﬁki

VC Bz Zn
| e s My (B) | h? (3)
[Ec(k) —Ev(B)] [Ec(k) — Ev (B k']
P (w) - 4;(22 Jdgkl ‘ e 'M(‘V(k) ‘ZSI:E((k)*
m T 2m
Ey (k) — hw ] 4)

TG (D w BB, e & — AT H
WRELT Fle, e MOCR AR (545 1T

I(w) =@[/5§Ts§—51]“2 (5)

B 4 2 In B4 GaN/ZnO/GaN i 8 I /R #r
SEIAS B WL R KRB 24 GaN/ZnO/GaN {5
B R BT 5 O 45 R SE AR R R T 3 eV T #E AT
G IX 8 (1. 64~3. 19 eV) JLF A W, % 5
W T4 r) GaN/ZnO/GaN i {8 LR Hr 5 it 25
B 9 1 Y. In BUR Ga AU Zn B9 W 0
T 1] [ ) A2 F IR RE G 7 D B 8l , sl 2 7 A T 4L
B HE In BUR Zn Z J5 0 B YRR B A &2, H
TE 2.1 eV L B A AEAE — W W e, &1 4 Wt R Y
AL LA B 3 o bR TE B AR AL — B In
AR Ga R Zn J5 #RHE 48 W6l /N7 B 58 B2 H A
Zn J5 Al B T B /N T Sy B

4.0

—— pristine

< 35— Gailn
E | —Znin
S 3.0
=
; 2:5F
‘J—é 2.0r
18]
o 150
&
& 1.0r
2
= 05F

0'OO 3 6 ‘ 9 12 15

Energy/eV
A4 In#Z GaN/ZnO/GaN & 14 KR A
LR
2.4 A4

JEAE A 5T A W WSORN A% B 3 T LA 2o B S
SRBF ST H 52 ER Go) 506 A 41 S O, S 3k K )
RIS YN A IR AL E T I E VR =P
FRH S R R T R A 7 L T S RN A R RO
AN TR] B A7 FE 3R T 6 Y A BT B A 4 R A 7
Z[0] A 5 R AT iy 7 R (6) L (7) 75 31

n(w)’ —k(w)’ =¢, (w) (6)
2n(w)k(w) =€, (w) 7
K 5 J& In 2% GaN/ZnO/GaN 5 1% B /R #r

SR PTE B 5 () 2 3T B R A SEHE (o) L AT
PIE R WG E , In BUI® Ga F1 Zn Z )5 93
SR FREL = T4l 1) GaN/ZnO/GaN i 18 1L /R 3t
SR MPHE H In BUC Zn Z 05 TSR
S0 A L P 5 () S i i 3 00 kS (k) ZE AT UL
XA In B¢ GaN/ZnO/GaN i 12 5 /R 8 5 i
G55 S BOT 2R B o) [ A fE 9% 05 10 R 5, B
PR, 5 R AR LA — 20 B In BUR

Zn MBCR R .
3.0 —
(a) n pristine
Ga:In
2.5 —Zn:In
+ 2.0
<
a
S 15
[
1.0
0.5r
00 1 ] 1
3 6 9 12 15
Energy/eV
() P 5 SR AL
2.0 T
(b) k pristine
H Ga:In
——Zn:In
t 1.5
@
o
B
5
£ 1.0r
o
(o1
£
0.5F
0.0 A " 1 1 1 n n
0 3 6 9 12 15
Energy/eV
Cb) 47 55 2 1l 8
B 5 In#% GaN/ZnO/GaN 4% K R A
TR ITHE
2.5 keF

A R RS2 B IR S 7 A AR - 1 20 1
BEO PH BE  H RS R X T B IR SR R TR
ATESGHL A # T3 AT LI 32 0k A ERIT 3 R
A TR T » B 28 O A2 2 38k 25 BR AT B A TR
X WAL 20 2% B i T AR R AR B e T
T B2 AR RO R ST LR 7 R () 13 B Hvh
o HOLHL T ang N TIREL m, " LT A B
. JA IR E ot T RE R R LUE
TWHE ny H5OLTHERE E AR, BEH T 5LTH
A K.

2
nye”
O'Zoixfy (8)
m,



o 124 - e #E

rEER

%39 &

AE/kpT

- N 2 J E—E\'Y* dE
ny (ﬁ ) }C]gT 1_'_6(E7E/),"/<”T

T E 6 J& In 4% GaN/ZnO/GaN i {8 kL
IR S B A O S, AN S/ em, TR I R AR
FIE T AR T RN R I AR TR
GEHRE. NEHRTLUE S E WG X EDEE § 5
W 22 A AR H AL In B Ga A Zn ZJ5 B
FRAEAR, H OGO A TR
WAl WG, H In B Zn SR CHL FAE 2.7 eV [}
AT AN EAE AR T AR R R R
SHTEAITARR FIBRERNE. LLKE 4
W 2R O 6 o L 2 mTJ . FRR RARE A f H—
AR R FAFAE —E B 2E 0], 0 In BUR Zn J5 1Y)
L FAE 2. 75 eV bR F B AH O R R BN TR
iR

7k pristine
r Ga:In

— 6F—Zn:In
g |
o
s °r
S
24k
£
S 3F
]
=
§ 2r
o L

1_

O- 1 1 1

0 3 6 9 12 15

Energy/eV
B 6 In#Z GaN/ZnO/GaN JE1& L R #7
FIREw kY F

2.6 RIEAHEHE
T HFSE GaN/ZnO/GaN 78 8 5L /R 7 5 B 45
JeAEA K R A MR R T HSE06 iHR T &
S5 B BEHY HEY). Nethercot™ ™ TlF 57 & 0 F S A 7E
TE AT ) A Ak R0CR 0 25006 A H Al 2 A R B
WM BB AT T H /H, 8 5 (o
eV) M B BN BEIE T O, /H. O 1% fk HL #
(1.23 eV), HA A2 X 0 T 1) 5% 10 6 A4 2 7
A e A A B A RO () L (Lo) T B A F.
E(,‘B:X—E?—%Eg 9
Evw, =Eu +E, (10)
FREC9) . (10) H1 . E, 45 fE & L % (Normal
Hydrogen Electrode, NHE) )} 4.5 eV, X 2
FARR BB E, 20 BT8R
K7 EHEEFN In 82 GaN/ZnO/GaN
TR FL R 7 S R 4 L B 4l 1) GaN/ZnO/
GaN 70578 FU R ¥ 5 i 45 In BUIC Ga Ml Zn (1) S48
HALE BN —0.42 eV, —0.47 eV, —0.58 eV,
8F H' /H, MBI e V). i i1 17 & 5 5l

2.61eV.2.41 eV.1.44 eV . M5 ih & F#, i8]
AL PEAEW S . H2R KT O./H. O Mk
#LE FFNR  In 4% GaN/ZnO/GaN {578 5 /R #r
S T2 R B ) SRR 2R A R A ROCER BORT
K7 Erl LLEH,In 4 GaN/ZnO/GaN
YU 7 U /R BT 5 T 445 )5 e 8 2 v X ] DL S A IR [
Ak it A2 A Ak A 25 L R e A R 1 R DS 0 i K
AR

-1.0p Conduction band

-0.5.- - —_

0.0 H'/H,
[ E=2.02eV

0.5

F E=2.88eV
1.0F E=3.03eV 8

0.,/H,0

Exur/eV

Lar Zn:In

2.0

S Ga:ln
3 0; pristine ’

35L Valence band

B 7 In#2Z GaN/ZnO/GaN 1% B R #F
FREwHALE

3 #ig

KRS —HEREBEIFRT In 84 GaN/ZnO/
GaN o8 5 /R 7 5 00 45 (14 L 7 &5+ RO6 A Ak 4
LB LT 858 .

(D In PAC S BT 45 AL 1Y) Ga F1 Zn JE WL g
1%, R 25 b o6 A T Ak At 2R

(2)In BAL Ga.Zn J5 Ga 1Y 4p A K RER J5
5l Zn 1) 3d 2 1] = BB 7 10 B8 3, i 24 0f B
B BN, e In U Zn J5 5N B .

(D In B Ga.Zn J5 Wi R BORE B S48 7™
e, HEUR Zn JBTE 2.1 eV Ab 7= A i i, 5
B AR AR — 3. 3B 4% 5 FE 0T O DX E] i B
RFHRIG K, M EB A

(OB DAL E AT H, In BUR Ga ., Zn (5347
HALE GBI —0.47 eV, —0.58 eV, 4 i &
2,41 eV . 1. 44 eV il 2 SR A S A

2% Uk

[1] Regan B, Gratzel M. A low-cost, high-efficiency solar cell
based on dye-sensitized colloidal TiO, films[J]. Nature,
1991,353:737-740.

[2] Haffad S,Kiprono K K. Interfacial structure and electronic
properties of TiO2/Zn0O/TiO for photocatalytic and pho-
tovoltaic applications: A theoretical study[ ]J]. Surface Sci-
ence,2019,686:10-16.

[3] Mohamed M M.Bayoumy W A.El Ashkar T Y M,et al.
Graphene oxide dispersed in N-TiO; nanoplatelets and

their implication in wastewater remediation under visible



%5 P I A6 45 In #82% GaN/ZnO/GaN i fi

FU 2R 390 5 o 445 9 v 1 235 4 RO AR 1R T 5 « 125

light illumination ;: Photoelectrocatalytic and photocatalytic
properties[ ] ]. Journal of Environmental Chemical Engi-
neering,2019,7:102 884-102 896.

[4] Ong C B,Ng L. Y,Mohammad A W. A review of ZnO nan-
oparticles as solar photocatalysts: Synthesis, mechanisms
and applications[ J ]. Renewable and Sustainable Energy
Reviews,2018,81:536-551.

[5] Mishar Y K, Adelung R. ZnO tetrapod materials for func-
tional applications[ ] ]. Materials Today,2018,21(6):631-
651.

[6] Wang D, Zhang M L, Zhui H J,et al. The photocatalytic
properties of hollow (GaN);—, (ZnO), composite nanofi-
bers synthesized by electrospinning[ J]. Applied Surface
Science,2017,396:888-896.

[7] Li Z,Zhang F, Han J, et al. Using Pd as a cocatalyst on
GaN-ZnO solid solution for visible-light-driven overall wa-
ter splitting[ J]. Catalysis Letters,2018,148(3):933-939.

[8] Wang M,Xu J,Sun T,et al. Facile photochemical synthe-
sis of hierarchical cake-like ZnO/Ag composites with en-
hanced visible-light photocatalytic activities[ J]. Materials
Letters,2018,219:236-239.

[9] Zhong L. G.Jia Z,Zhu M, et al. Enhanced electron extrac-
tion using Zn0/Zn0O-SnO; solid double-layer photoanode
thin films for efficient dye sensitized solar cells[J]. Thin
Solid Films,2019,684:1-81.

[10] Li C L,Chen S R, Wang Y F,et al. ZnO/ZnS hetero-
structures grown on Zn foil substrate by hydrothermal
method for photoelectrochemical water splitting[ J]. In-
ternational Journal of Hydrogen Energy, 2019,44(7):
25 416-25 427.

[11] Chu SS,Li H,Wang Y Z,et al. Porous NiO/ZnO flower-
like heterostructures consisting of interlaced nanosheet/
particle framework for enhanced photodegradation of tet-
racycline[ ] ]. Materials Letters,2019,252:219-222.

[12] Li C,Hou Q Y. The effects of point defects on the elec-
tronic and magnetic properties of GaN/ZnO heterojunc-
tion polar interface[ J]. Computational Materials Science,
2019,157:136-141.

[13] Peng Y Y.Que M L, Han E L,et al. Achieving high-reso-
lution pressure mapping via flexible GaN/ZnO nanowire
LEDs array by piezo-phototronic effect[ J]. Nano Ener-
@y+2019,58(4) :633-640.

[14] Chen L. H,Chen R,Hu H F.,et al. Enhancement of pho-
tocatalytic hydrogen production of semiconductor by
plasmonic silver nanocubes under visible light[ J]. Mate-
rials Letters,2019,242(5) :47-50.

[15] Alamdari S, Tafresh M J, Ghamsari M S. Strong yellow-
orange emission from aluminum and Indium co-doped
ZnO nanostructures with potential for increasing the col-
or gamut of displays[J]. Applied Physics,2019,125(3)
165-171.

[16] Mourad S,El G J.Omri K, et al. Indium doping effect on
properties of ZnO nanoparticles synthesized by sol-gel
method[ ] ]. Chinese Physics B, 2019, 28 (4): 047 701-
047 708.

[17] Mimouni R, Souissi A, Madouri A,et al. High photocata-

lytic efficiency and stability of chromium-indium codoped

ZnO thin films under sunlight irradiation for water puri-
fication development purposes[J]. Current Applied Phys-
ics,2017,17(8):1 058-1 065.

[18] Liau C K, Huang ] S. Effect of indium and gallium-doped
7ZnO fabricated through sol-gel processing on energy lev-
el variations[ ] ]. Materials Research Bulletin,2017,97 :6-
12.

[19] YuC Y,Li R,Li T B,et al. Effect of Indium doping on
the photoelectric properties of n-ZnO nanorods/p-GaN
heterojunction light-emitting diodes[ J]. Superlattices and
Microstructures,2018,120:298-304.

[20] Ganesh V, Alizadeh M, Shuhaimi A,et al. Correlation be-
tween indium content in monolithic InGaN/GaN multi
quantum well structures on photoelectrochemical activity
for water splitting [ J]. Journal of Alloys and Com-
pounds,2017,706.:629-636.

[21] Pham K D, Hieu N N,Bui L. M,et al. Vertical strain and
electric field tunable electronic properties of type-II band
alignment C,N/InSe van der Waals heterostructure[ ] ].
Chemical Physics Letters,2019,716:155-161.

[22] Bartok A P, Yates ] R. Ultrasoft pseudopotentials with
kinetic energy density support: Implementing the modi-
fied Becke-Johnson potential [ J]. Physical Review B,
2019,99(23):235 103-235 111.

[23] Rebaza G A V,Errico L A, Blanca E L P, et al. DFT-
based study of the structural, electronic and hyperfine
properties of the semiconducting alloys Snl-xTixO2:
HSE06 and non-regular TB-mBJ approach[ ] ]. Materials
Chemistry and Physics,2019,237:121 874.

[24] Duan Y F,Qin L X,Shi L W,et al. More accurate predic-
tions of band gap tuned by pressure in InN using HSE06
and GW approximations [ J ]. Computational Materials
Science,2015,101:56-61.

[25] Zhang H J, Wu D H, Tang Q. et al. ZnO-GaN hetero-
structured nanosheets for solar energy harvesting: com-
putational studies based on hybrid density functional the-
ory[J]. Journal of Materials Chemistry A,2013,1(6):
2 231-2 237.

[26] Moses P G,Miao M, Yan Q,et al. Hybrid functional in-
vestigations of band gaps and band alignments for AIN,
GaN, InN,and InGaN[]]. The Journal of Chemical Phys-
ics,2011,134(8):084 703-084 713.

[27] W . wh Z e, SOL ML 45, Ag 87 ZnO/GaN 5t Fi 4l
AT DLW A 5 — R TR R ]. KRR LR 2 5 i TR
B, 2020, 18(4) : 744-749.

[28] Mao Y. Liang X X, Zhao G J,et al. The structural and
optical properties of ternary mixed crystals InxGa; ., As
with zinc-blende structure by first-principle calculations
[J]. Physica B:Condensed Matter,2019,569(9) :87-95.

[29] Mosorov V. The Lambert-Beer law in time domain form
and its application[ J]. Applied Radiation and Isotopes.
2017,128(10) :1-5.

[30] Nethercot A H. Prediction of fermi energies and photoe-
lectric thresholds based on electronegativityconcepts[ J].
Physical Review Letters,1974,33 (18):1 088-1 091.

[REHE FF E£]



¥39% H5H
2021 4F 10 A

ReaBBEIE SR Vol. 39 No. 5

Journal of Shaanxi University of Science & Technology Oct. 2021

*

X EHS:2096-398X(2021)05-0126-05

HEMERTEHER A ESDENFES S

REA, F ELBHEA AFE, FELR, BRER

(L BRVPERHE R 2 MBI RL 2 5 TR B, BT W% 7100215 2. KORM & ERHA R 6, 1 gl
642450)

W E.AMAEAMAN,BFERA X HETHTERMARITHME ST, TR0 F
RO AR W KR SR K A8k 2 R A sk gy SR RS B AR AL RO 2F. KRB 3 MgO-Al Os-
SiO, F 4L # E A A H R R R AR AR S AT T A 20 R MK 2 A7 3 A A XRD 474 547 F &
HATTHRG SN, A E s E ARG FARAE X SERTHE P SHia6g £

5 28 %, i/}xaa#ﬂﬁ‘)%lkmﬁl—‘ﬁﬁ%‘ﬁ EAB 09 #7 7 ik 4R @ b SE AR AR B R R [ AR AR

W FaR AT H R B oM, St AT LR R, 25 R AR ST R AN e Bk
B Trik.

XEIWE4; WA FE BN

FESES:TQL7S XHERARERS: A

Semi-quantitative analysis of saggar phase for firing
lithium battery cathode material

ZHAO Yan-zhao', HU Hao', YANG Cui-yue', HU Zhi-min?,
LI Jin-dong', YIN Hai-rong'

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

Abstract:In the study of saggar material, X-ray diffraction is usually used to quantitatively
analyze the phase of saggar material. The main methods include standard curve method, ex-
trapolation method and K value method, but these methods all need standard value to com-
pare. In this study,the chemical composition of MgO-Al, O;-SiO, saggar sample of lithium
battery cathode material was tested and analyzed,and the crystal phase of the sample was an-
alyzed by XRD diffraction analysis,on the basis combined with the chemical composition of
the sample and X-ray diffraction pattern of crystalline phase types,chemical composition,the
determination of primary and secondary crystalline phase to take a new method without
standard values for lithium battery cathode material firing of sagger the phase of semi-quanti-
tative analysis of the sample, and the conclusion was verified by experiments. It provides a
new idea and method for phase analysis of analogue in the future.

Key words:saggar; phase; semi-quantitative analysis
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(MgCoNiCuZn)O SHEENHFRE
5 SiC BL &l B EEiE 4 RE

(BRPRHECR % PR 2 5 TR = Be B PG48 LM B o (il 25 5 D RB AL R RS2 8 %, BEVY PE% 71002D)

b VA 900 C~1000 CHRLREBERBEEFEFREHFE T (MgCoNiCuZn) O FH KM
%, 7‘?*1‘1&7]‘—7-{1'341_4% U B W) AR AL R A R R B AT AT AT £33 T (MgCoNiCuZn) O 5 SiC # 47
BRAEA~SNBEH THERFFARGFT TR AEAHETRHEER X HE LSTR85
FE BB BT R N FARALEMNSRTON. ER AN . MERLREENHAS. £
1000 °C F ¥4 69 (MgCoNiCuZn) O S WM L st F B e KA E R K, 55 A 95. 5% F=
570.12, ﬂf;%ééﬁﬁ";@ 950 °C Bf 4] & 49 (MgCoNiCuZn) O 5 SiC sk B2 &) £ & 47 4 4 N it 47 &
BT RI R A RST, B ASH 0.52, ) BHME 4 6.81 X107 mm®/Nm. F & FHM
%'Jﬁ)f;*%l/ﬁa‘mﬁu%ﬁiéé%&%%ﬁ

K (MgCoNiCuZn)O; A8 5 B F s ; S Aatdh; BRMLH

HhE 225 TB34;TB332 MEAFRER: A

The preparation of (MgCoNiCuZn)O high-entropy ceramics and

their tribological properties with SiC counter balls

LLI Chen, FANG Yuan" , FENG Yu-xia, LIANG Fei-fei, JIA Jun-hong

(School of Materials Science and Engineering, Shaanxi Key Laboratory of Green Preparation and Functional-

ization for Inorganic Materials, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: (MgCoNiCuZn) O high-entropy ceramics were prepared by discharge plasma sinte-
ring at 900 °C ~1 000 °C. The effects of sintering temperature on the microstructure and
phase composition of (MgCoNiCuZn) O high-entropy ceramics were investigated. On this ba-
sis,the tribological behavior of (MgCoNiCuZn)O with SiC at room temperature was investi-
gated. The microscopic morphology,chemical composition and elemental valence states of the
wear surface under different loads were analyzed by scanning electron microscopy and X-ray
photoelectron spectroscopy. The results showed that the relative density and Vickers hard-
ness of (MgCoNiCuZn) O high-entropy ceramics sintered at 1 000 “C were maximum with the
increase of sintering temperature as 95. 5% and 570. 12. The tribological properties of (Mg-

* WS B HE:2021-04-07
HEWHE EHEAHARBEESTH (5170530005 o E A+ 5B 2# 3400 H (2018M643559) 5 BTG4 BT H AR Bl 24 K af BF 58 31 %) 150
H(2019JQ-775) 5 BTG BT L WA RIT H (19JK0152) 5 B2 75 RF £ Kk 2 1 L RHIF RS 33 4 5 3 (2017BJ-05)
EHERBN 2 RA997—) B AL T RIS AR B W58 AR B IE O[] - 454 /T W ) RE — A Ak P 3R A MR
BIHAEE : BA988—) 2o BRPG XN, B2 1 B 5E 7 100 - 4544 /T 8 2 e — R (L P 2 3 5 & 4 K} fangyuan@sust s edu. cn
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CoNiCuZn) O prepared at 950 ‘C with SiC ball mating at a load of 4 N were better, the fric-

tion coefficient was 0. 52 and the wear rate was 6. 81 X10 "mm®/Nm. The main wear mecha-

nisms were abrasive wear and slight adhesive wear.

Key words: (MgCoNiCuZn) O; spark plasma sintering; high entropy oxides; wear mechanism

0 3

“EEA AT R 2R A £ e R DLAEE L E
Vo 3 — L, 7 AR ZR PN R AL B 4 A T T PR 1Y)
[ P (A B4 RE. 2015 4R, * w4 P 7 A e B8 R il
JC ) P A 6 I R T R R R R P R R
M1 5 FhEk DL I B 4L TC I B 22 32 o0 1 AL B H
TR 1 R R 0 P S 5 A A AT R AR
P o 10 2 B0 O S H 1 BB DL B g 24 e
(MgCoNiCuZn) O i i B % & Hy 0 55 B8 /R LAY
T R E AN, 2 F R WIR R AR
TR SR 2 T, LA AR SR AR ZS R ) CuO
ZnO 5 H At B AT A Th A 50 10 S AL A 4 4L I
LY i — 1 NaCl 4544,

2015 4F, Rost R IE T — FP oA o 25 B
FE B B T R Y AL ) (MgCoNiCuZn) O. % &
4y Wiy 5 2 vh ORR AR EE R HL I o B AL Ak I
B ) H I B AR NaCl 4544,

2016 4, Berardan 2™ & Ml (MgCoNi CuZn)
O SR +2 M BT g +1.+3 M e+
BRI DR AE SRR 1) 25 h B AR 25 4 , I 408 e s 2 ) 45
HTHBA L Na® K87, i FEFENTE
BRI T B 48025 A7 o oo M P 8 7+ O g 1) A%
S X — BRI SE T = R T B T
A H R R T L R R A A R i R A A
AU N RV 5 T Rg

2017 4, Sarkar %5 F H 55 4k mE %5 #ff 1k
(NSP) | k¥ Wi 55 24 fif 15 (FSP) Bl I 1] UC 3€ 15
(RCP), BT A B T HH A% AT 386 1 405 8% 58 1) (Mg-
CoNiCuZn) O HYY4 K 5 5 k3 . IF H & BUAE b2 I B
R, W IC A (MgCoNiZn) O &k ¥yt vl DUTE i
P 3] 5 A L 3K 6 WA 7E TG ML 4 T8 4 8sk g i A Rk T
REIF AN T5 B AR DL AW A S 50 5 H . R AR
Meisenheimer %5 FI F & 4 B & A1 B 3243 o0 F &
B0 n] U M, @ o R ( Mg, 25¢1— . Co, Nip 250,
Cug. o510 ZNo 550100 O BRINVEALY TR F Co®t 1Y
B BT T BAT R S Y s A

2018 4F L AR BRUT 1 oy 14 1) FH 3 Bl 58 45 B R
(FAST) il % (MgCoNiCuZn) O & Z Y & 5 & 1k
Y WF5E T Bedh T2 44 % (MgCoNiCuZn) O £ %

ill}

F14) e ik A A B0 %) A 2 B B S e A B B L O LA
A (MgCoNiCuZn) O 1A & By 155 5 42 Ak ) 75 0% B
95, 6 Yo Sy P RE B F. 2019 4E , Dupuy 25
A T AR RS S LA 9K B S (Mg-
CoNiCu Zn) O = i 484k , I X H k47 1 #ab 3,
DAIE B i b ROST %o 4 o A 15 47 Ry 14 T 255 i)

AR BE AR L AF B T B 45 (SPS) U kil &
(MgCoNiCuZn) O = 4 5846 ¥ » BF 57 e &5 1 12 %
(MgCoNiCuZn) O 755 4 e % 19 i 108 5t ) A8 41
B FE A AR T AR R R R S SIC BRTC R )
FE AT R BE A R AR, 38 I X B B 2 T B 4 P
S K R A S HEAT A3 A, BT (MgCoNiCuZn) O
TG A8 AL W) 6 AN [) 107 FH 28 T 14 R 42 27 1 e

1 Lo

1.1 #Ha4&

PEH MgOCF 22 e bR AE AR R AT BR 23 W), 4l
JE 99. 0%, CoO BT H7 T 385 ( L) 45 BR 2w, 4k
JE99.5%) , NiOCF ¥ 22 sebk 4B AL B R W]
afi i 99. 9%, CuO (1 ifg 22 s b AE AL B A BR 2
Al LA 99, 9%) F ZnO (i 2 s A fb B 52 A
BRZSA) L, 4R 99. 996 By oK Sy B R}, 38 il L 55 B T
P 234 1) £ e 4l (M gCoNiCuZn) O & i A Ak,

¥ MgO.CoO.NiO.CuO Fl ZnO T Fh4: )& A 1k
YRR BRI 1 s 12 12 1 1 L BR A
NGBS BREEFE b I A LB BRI £, Bk L N
6 ¢ 1, AE B SEEAE 4380 BT, BA 300 rpm Y JiE
S BEEREE 24 h. BREE SC UG FHR A KAKTE 70 'CF
FLAE TR 48 hy TG M IR & DHEE J5 o 80 H A
ity i 5 DT ZR A T 4 Ja 8 A ) TR 5 B K (MO #3
PO 3 57 5 B TR BB A A EAR S HE B T FE AR
o 900 °C FARIR 0.5 h, A IR 45 o 5 By 4 2,
AHZEF T 200 HEE & .

K SPS Bzt 4l 45 (MgCoNiCuZn) O 25 4 B
2 FHE Ry 50 °C/min, B4R EE R 900 C ~
1000 °C 45 J10 25 MPa AR IR H] 5 min, f#
T2 o S5 Bl b Y AL BE S RSE 29 2 @20 mm X
7 o, R AT 2 T 4RO b B L TR A T R
BEPE Sa 7E 0. 1 pm PR, ¥4 7E 900 °C L 950 °C Al
1 000 ‘CHIBELETERE T LA 25 MPa B4 E 7738 i



%55 4 2= JR% . (MgCoNiCuZn) O & ki B % i il £ K H 5 SiC e @l Y R 48 22 P B + 133 -

SPS il £ [ B &R T DL 85 5 2008 4 T - be 2
JE I8 X 43 9l iy 44 o SPS-900-25, SPS-900-25
J SPS-950-25.
1.2 EHREAR M AL 3K

JEE 2 P 5 X 06 >R FH 1 ¥ 3 BE 0, A HSR-2M
T R U R ML LM R R LR RN & A
FRAFD F#EAT. SR @6. 00 mm 4 SiC % ERVEH
X AR B 0 A 2 T R R AT, AT 4~8 N,
JEEELR K A 0. 04 m/s. iR K BT [E] & 60 min, & Fh
ZU PR EERG R L 2~3 WK, EE R BICEY
{E. (MgCoNiCuZn) O F BE 5 8 i LA R AR
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Wd*N-V-T (1)

KD W, — B35/ mm’ / Nm; L— BRI 2 11
KB/ mm ARSI A 5 mmy V— K/ m/s; T
BN E]/ 55 N— 3407/ N; S— IR 114 86 T A/ mm’, i
DSX-BSW 1A URE - A5 3. FIaee 0 B R A e
BURFE 5 AAREIRAL BB 4 UL G RAG -1
{(ER = STE ) i RSyp 2| P S o N = i R S R S
1.3 #MAeois e

K H A B2 0 R 24 D/max2200Pc 8 X 5
AT (X-ray diffraction, XRD) X} &£ & 347 4 46
WE TS S B Fr. SR N 6 °/min, R
FEFEREN 0. 02 8 WAE 2 40 mA 40 kv. 1)
FRARFEAL S Cu #8, U8 R A S5 s, SR ] VE-
GAIIXMU B4 4 i 7 12 055 (SEMD 347 0RE 1Y Wy
T S B BEIE 55 4041 - T 19 BE 151X (Energy disper-
sive spectroscopy, EDS) 43 87 12 A 18 1 X 5% 43 {#
X SO B T RE 3% (XPS, ESCALAB 250Xi, Thermo
Fisher, & [ED 437 B BE R 1 1 TR MM A L Al Ka 58
SHVE R R I BE R 30. 0 eV, 3 3 4 [CAF B A (HV-
1000 A) WA & A 24 FC AT B L 43 FF i 22/ 2R L 10
AT A L BT YR A b 1) 2 5 3 2ok o] 35 oK
FR N

2 BRI

2.1 AR BT A N LE A 5 T

&1 R LL 900 °C~1 000 °C Ay be 4k i 3 ik T il
FRE S 1) X AT B AR, 4 SPS R4S R R
fn Y A B 38 i MO B oK 1 2 A /N 5 0 B A
Shy THT Oy ST 5 45 K T R AOE AT S 0L B A L R A o
(200) &7 T T 07 PR A7 5 068 8 3 728 45 A8 X6 K. 3 A AN
XPRRPE AT IA BT Cu JE - (9 41 ih Be 7 2 35009 Jahn-
Teller R, BE 5L 5 X AT 5 3% ¢ B 3 1 il e

B TR g LI B & T (MgCoNiCuZn) O 7
$i% i %, I JC H B A A

a —MO
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HZEE AN EEMERERE
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2.3 BRAEHIAR S DI
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Study on out-of-plane impact properties of circular honeycomb cores

SUN Yu-jin, SUN De-giang. AN Xing. JIAO Si-han

(College of Bioresources Chemical and Materials Engineering, Key Laboratory of Functional Printing and
Transport Packaging of China National Light Industry, 3S Research Institute of Novel Packaging Science and
Technology, National Demonstration Center for Experimental Light Chemistry Engineering Education,
Shaanxi Province Key Laboratory of Papermaking Technology and Specialty Paper, Shaanxi University of Sci-
ence & Technology, Xi'an 710021, China)

Abstract ;: In order to explore the out-of-plane impact performance of circular honeycombs ma-
terials, the out-of-plane impact mechanical behavior of circular honeycomb structure was
studied. The effects of different impact velocities and arrangement on deformation mode,
platform stress and energy absorption properties were discussed. Using explicit dynamic a-
nalysis software ANSYS/LS-DYNA,finite element models for the out-of-plane impact analy-
sis based on circular honeycomb array were established, and their mechanical properties of
the out-of-plane impact were calculated and analyzed. The characteristics of different deform-
ation modes, platform stress and energy absorption of the circular honeycombs were ob-
tained. Under the action of different impact loads with different velocities, the circular honey-

combs show different deformation modes,and their platform stress and energy absorption ca-
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pacity increase with the increase of impact velocities and wall thickness. Under different im-

pact loads and structural parameters,the platform stress of circular honeycombs with stag-

gered arrangement is 1. 23 times that of honeycombs with regular arrangement by data fit-

ting,and their specific energy absorption capacities are significantly higher than those of hon-

eycombs with regular arrangement, and the difference between them increases with the in-

crease of velocity. With the other structural parameters unchanged, the specific energy ab-

sorption of circular honeycombs increases with the increase of impact velocities and wall

thickness,and when the wall thickness is small,the strain change has a great influence on it.

Key words: circular honeycombs; out-of-plane; deformation mode; specific energy absorp-

tion; explicit dynamics
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Time-sharing control strategy of two-phase bypass for
small capac-itance inverter

XIE Shi-hong. LIANG Li, ZHOU Qiang’

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

Abstract: Aiming at the problem that the traditional induction motor driven by variable fre-
quency converter cannot be directly bypassed, this paper proposes a variable NB frequency
soft starting control strategy based on the hexagonal space voltage vector two-phase bypass
time-sharing control method. Firstly,the soft starting control and bypass switching principle
of induction motor system are analyzed. Secondly,the current characteristics and power sup-
ply characteristics of induction motor in the process of bypass switching are analyzed. Final-
ly,the realization method of the provided control strategy is given. The research shows that
the maximum two-phase continuous conduction state of the inverter can reach one sixth of
the power frequency cycle by controlling the trigger pulse of the converter, that is 3. 3 ms.
The two-phase by-pass time-sharing switching control method can prevent the short-circuit
fault of the converter during the switching process,and the impulse current of the induction
motor is small during the switching process.

Key words: hexagon space voltage vector; soft start; the bypass switch; induction motor
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Research on the influence of thermal conductivity coefficient
on torque density under winding temperature constraint
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(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: For high-power density motors, too high stator winding temperature is an important
factor that limits the further increase of motor output power,so good motor heat dissipation
conditions can effectively increase the motor’s output torque. In order to explore the influence
of the stator winding heat dissipation conditions on the torque density of the motor,this pa-
per uses the thermal resistance network (TRN) analytical method and takes the winding
temperature as the thermal constraint to study and analyze the influence of the thermal con-
ductivity on the winding copper loss and torque density. Based on the finite element analysis
software,a three-dimensional solution domain model is established,and the temperature field
of the motor is simulated and analyzed. Through numerical calculation, temperature field
simulation and experimental comparative analysis,the relationship between thermal conduc-
tivity and torque density under winding temperature constraints and the effectiveness of ma-
terials with high thermal conductivity in improving the output torque of the motor are veri-
fied.
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Research on discharge peak power prediction of battery
based on improved QPSO-FNN

SHI Yong-sheng, LIU Bo-qin, WANG Fan, ZUO Yu-jie, FU Zheng

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

Abstract: Accurate estimation of peak power is the basic premise to ensure the safe, efficient
and reliable application of power battery. The peak power data of ternary lithium-ion battery
in different states were measured by constant power experiment,and the intrinsic correlation
of variables was mined by statistical method. The weight coefficient and contraction-expan-
sion coefficient are introduced to improve the global optimization performance of quantum-
behaved particle swarm optimization (QPSO); the center position, width of membership
function and the weight of output layer in the fuzzy neural network (FNN) are determined
by the improved QPSO algorithm, and the improved QPSO-FNN model is established. 324
pairs of data are used to train the model and 80 pairs of data are used as the test set. The ex-
perimental results show that compared with FNN model and QPSO-FNN model, the pro-
posed model has better estimation accuracy, and the average relative error is only 1. 2%,
which can more accurately reflect the peak power characteristics of the battery.

Key words: power battery; peak power; quantum-behaved particle swarm; fuzzy neural net-

work
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Modeling and predictive control of SCR denitrification

system in waste liquid incinerator

ZHANG Ping', LI Ming-hui*, CHEN Qian®

(1. Department of Communication Engineering, Shaanxi Post Vocational and Technical College, Xianyang
712000, China; 2. College of Mechanical and Electrical Engineering, Shaanxi University of Science & Technol-
ogy, Xi'an 710021, China; 3. School of Electrical and Control Engineering, Shaanxi University of Science &
Technology, Xi'an 710021, China)

Abstract: Aiming at the nonlinearity and large inertia of the SCR denitrification system, the
model predictive control based on the adaptive inertia weighted particle swarm optimization
algorithm (AIWPSQ) is used to achieve precise control of the ammonia injection rate. First-
ly,starting from the SCR reaction mechanism.,establish its mechanism model,and verify the
model with actual data. Secondly, the least square support vector machine (LSSVM) model
optimized by AIWPSO is introduced to establish a more accurate prediction model of NOx
exports from the denitration system. According to the built model, combined with ATWPSO
optimized model predictive control,the output can quickly track the set value. Finally,a sim-

ulation comparison experiment shows that compared with the traditional PID control, this
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new control strategy can accurately adjust the amount of ammonia injection, while ensuring

the denitrification efficiency,it can reduce the NH; usage,and realize the stable and economic

operation of the denitrification system.

Key words: SCR; flue gas denitrification; LSSVM; prediction model; AIWPSO; waste liquid

incinerator
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Cost-reference particle filter bank for nonlinear FM signal estimation

LU Jin. TAO Xiao-jiao

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

Abstract: A nonlinear filter bank based on cost-reference particle filter (CRPF) is proposed
for improving the performance of estimating the nonlinear frequency modulated (FM) signal
with unknown background. The method named CRPF bank consists of several steps. First,
the nonlinear FM signal is approximated as piecewise linear FM signal, and the state-space
model with unknown statistics is adopted to state the filtering problem. Second, the state
space is divided into subspaces by considering the initial information and state-space model.
Third,several CRPFs are applied to subspaces in parallel. Finally, the filtering results of the
CRPF with minimum cumulate cost is derived as the output of filter bank. Some simulation
results indicate that,compared with the state-of-art such as CRPF.,forward-backward CRPF,
CRPF bank achieves comparable filtering performance and requires much short runtime.
CRPF bank can be used in radar target detection and tracking.

Key words: nonlinear frequency modulated signal estimation; nonlinear filter bank; cost-ref-
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Experimental research on bone quality evaluation based
on ultrasonic backscatter

TANG Wei, HUANG Huang, CHOU Xing-xing

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

Abstract: As the aging process intensifies, osteoporosis has become a common disease, and
timely bone quality evaluation is very important to prevent osteoporosis. This paper is based
on the ultrasound backscatter method for bone quality evaluation. First, the cancellous bone
models with different pore structures are reconstructed based on the CT images of real bone
samples,and then the propagation process of ultrasound in the bone model is simulated,and a
large number of backscattered signals are obtained. The backscatter signal is input to the im-
proved CNN model for training. The experimental results show that the improved CNN algo-
rithm has an accuracy of 97. 3% for the prediction and classification of bone samples, which
is helpful to the in-vivo application of ultrasound backscatter.

Key words: osteoporosis; ultrasonic backscatter; bone quality evaluation; CNN
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