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Study on application of starch based biological latex in coated paper

LIN Tao, ZHANG Xi-juan, YIN Xue-feng, ZOU Juan

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

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

Abstract: A green starch-based bio-latex was prepared and used as a coating adhesive for par-
tially replacing styrene butadiene latex, which have been successfully applied in the coated
Art Paper. In the study,different proportion of starch-based bio-latex(0% .10% .20% .30% .
40%) was used to replace the styrene-butadiene latex in the coating formulation, and then
the coating experiment was carried out on the base paper. Through testing and analyzing the
performance of the coating color and coated paper, the best coating color formulation has
been determined. And the results indicated that the biological latex could partially replace the
SBR latex as an adhesive in the coating.
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Effect of the dosage of cationic starch on the stability of PCC flocs

LI Tao"?, ZHANG Mei-yun', XI Wei?

(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. Chemical Engineering Department, Shaanxi Institute of Technology, Xi'an 710300, China)

Abstract: Precipitated calcium carbonate (PCC) werepreflocculated by cationic starch (CS).
The morphology of flocs at different CS dosages was observed and compared. The size and
stability of flocs in the wet end directly affect the distribution of the filler aggregates in the
fiber network after paper forming,thereby affecting the properties of the paper. The shear re-
sistance and reflocculation behavior of PCC flocs under different shear modes at different CS
dosages was studied, and the mechanism of flocculation was also analyzed. The results
showed that the stability of flocs was improved with the increase of CS dosage,however,after
ultrasonic treatment,the reflocculation ability of flocs formed by the bridging mechanism is
weaker.

Key words: cationic starch; PCC; preflocculation; shear
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XoF UE A T 2R SR SEURE T 15 2SRRI ST AR D L A S X
ANFFHEHE FRENS PCC JH T L R TG 2%
TRt 5y U1 M fe M 1522 R AT kAT TSR

i

1 Lo

1.1 BR#HEEE
1.1.1 SZE R

PUTERBR S (PCC) o 1l A< it i 48 ) $243t 5 1
BFVER (CS) , BUREE 0. 028~0. 035, 1 11 B 4C01

FAt.
1.1.2 LR

BT9300H MO BE 43 1 A, PHAR B R AL A A
FR 2 7]; RW20 Digital %t & 30 8 #F 8%, 1IKA;
DMB5-2231PL-5 Bl 2 A i, 7 8 13 8%
1.2 %%k
1.2.1 HRMPUER R

W2 g4t PCCRIARIHCT 200 g Kb, Bl
4y B 1% PCC & My, R i RW20 Digital
B A Hi RS 7E 600 rpm R 14 30 min J5 F 50
kHz # A 4L BE 15 min, % BT9300H Gk 7
AL 52 PCC 54k 42, BH B 1 38 B 0 1k ok i
SV RMmBER 1 (BE 50 RFETHERZ 95 C,
I 20 min € M 1L, N A5 PCC Ji & b
0.005.0.01,0. 015,0. 02 {8 1k 3 ¥ 1 47 B0RE

B — 5 WAL TR i A PCC &l i v, 35 5
PR 1 min, 58 /5 T 22 B O HORE BEAT R AR K.
1.2.2 ZHEMHRADH

E DR RN R R A I |
BT9300H 0 4 FE 43 A1 AN 3#E 47 I 2 o $if %
250 rpm/min, ZMEHRIARF G E 4 000 mL/min, #
P AT 25 KHz., B R F 52 496 A5 2 R 282 706 2R
55450 P 55 DI P [ 455 220 22 3R A 1 0 BT U0 1 BB AT
TN R AL B L AR G PR T X 2R R
TRFE 2R AR Sy 04T T M. B 0 B0 DU — Wk, B
D 457 2L B 8] 24 8 min.

2 #ZREiTiE

2.1 PCCHA#ME1Z20H
K BGOSR BEALT PCC UG R AR M 4> A 4T
TN SR 1 s, AR Y2 R PCC R

{ERiF2 D50 N 6.09 pm, BEFE 1.51.
9

—a—PCC .ﬂ-

D25:4.17 uym
D350: 6.09 um
D75:8.58 um
D90: 11.55 um
B 1.51
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2.2 BRAFTVRWE

FH B V8 By 2 — PP U0 B A 109 0 350 S 7, 7E
PCC HUBPRL + 2 [H] 7] & 3] &+ #; i 4E 1T, Xt PCC
A A BRI R AT SR AN [R) FH o 0 b X SEORL SR AT
PELR, R RO WU BR an &l 2 Fios. Bl
BVER RIS 2, SRR IR AR 1R R ok B R AR
W AR AR,

fong Mgna, TR
AET N
YT

3
x

Foathalla R KT
(b)0. 5 Y JEM AT

(1% VER TE R

(D1 SYTEMTEE

(2% JE My i
B2 FARAEHAERERPCCH
TR (100 X)

2.3 EREXNPCCERKRILT kit m

AW 58 R FH ORI =G AR 5 57 )
P PR, B DL I0RE 28 5 A 7E 3 400 5 09 I O 2R
Be ST T BHES 7 3E By A i X PCC 3R R R it
SO RS, L SR & 3~4 k.

B 3 ATA FE L A R AR AT R AR
A B A E R S A B 2 RGO Y TEM R T
1201, bl 25 SR AR 0] (O HE RS L 2 SR AR RS AR fb
AN HAEBAE R AE 30 ~45 pm 2. S TER N
0.5 Y0 i, LR PR PR A2 30 /N . HL % A6 30 85 1
B HEAT B 58 PCC R IR RLAR K/,

ZUR R 5 B BT 2R R N R R T 1 R
BERFS B UL EE I X R T B A L R R T
V) o 2 1k 55, B SRR 1) B BY VIR gl s
TE Y A2 FH W A R R AR R KL B S R Y
HAT DL DR AL PCC 2 B — i, 1 BH 3 7
VERY SR AEVE R 3 T R | i BH B UL AR B B
1 FEL A, BBk I B A6 Y B FR far B £F A s ORI AR
B Ak 2 B BRI R DE ) K 43 % PCC kL [B] B

HEAE AN, 5 FUR B PCC AR B H Ak 27 B ol 36
TERRA RN W0 TR A RS 0, 18
3 2R AR5 V) HE T30 5.

e SR PR S5 BEFE R DI | e by i
Xi PCC 0K 22 3R R BT 87 U1 BE J1 19 32 WL I 4 By
.Y BT T BRI BT A E A R B 2ROk
YA Fr /I o R L 22T e E by i A 22 R AR
TE PR A3 AR R A% T R T L B0 R T
A7 SR PR T B U BB 2 2R SR A R AN 1 SE PRI
T 5 W AR P BE. S 9 3 I i 2R BE R A T 4R
AT E PR BAr . OB B — i Ll B 3R AR
JRUST T AR AV A2 o8 46 5K 4 B i 0 5 w5 ke
T 2R R 050 i P2 B IR AR RO Ty T e it 1 —

S22
70
| (0.5%CS
60 - ® 1%CS
A 15%CS
50 2% CS
§ 0]
D’E b A A A A A A i
& 30 - A
-E 3 [ ® ° ° ° .
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T 20} °
1ol " n » . ] . N .
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] / min
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8 05%CS
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i_ 40
L
=
moop 44 4 44
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20+ L L °
10 [ ] ] n ] [ ] n - .
0

1 2 3 4 5 6 7 8 9
Ff [A] / min

B4 REREHEFTIHRXT

o AR B R R
2.4 RAMES PCC R RAERAN Y

A T2 3R 10 22 SR AR A 74 D 4R B 1 min
JCEE AN 5 /. 2207 A B 1 22 3R ok 7 B
S/ 25 43T DA TR R K/ P 0 AT
T A — 52 1 PR AT . B 9 D) (UM 22 R 51
8140 ¢ FF 48 R A 750 58 R AR
VAN T 6 753 70 R A 5 R DA A 1 4
HEATBEVR AR SE S 55 PCC 22 [ f 7 4 1 FH 2%
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5% 23 & WAE PSS T U O PCC 88 SR AATR S 1 105 i) 9.

oy B WA BB B 7S O P S P AR R 2R R AR KL AR
A BT b B 7 i Ak PR LD 3T RE S DR A T
Hor o3 T4 W 28 AT T A R O I P K A i B3
BORLF1EFERD 7> TR AL = B P B AR K
KL~ 18] LA H MIBIL B BE A8 PR 1 FS0RI B9 2R R A

70
60 | m 05%CS
e 1%CS
A 15%CS
=0 2% CS
g
40+
el A
4=
%E 30; i A A A A A
+
20
A ° ° ° ° . o
f °
10 - . ™ . ] ] ] [ ] u
0 1 1 1 1 1 1 1 1

0 1 2 3 4 ) 6 7 8 9
B [l / min

B5 REIANBEERKEER

3 #Hig

(1) BHES 7 U 83 7] LA 200 LA ZR AR BILERL AN H v
FBLELXT PCC SRR AT 7028 5, Bt 5 U A ) 2 3
EAS $ 1IN RET N

(2) LABH B8+ 3 #r o R BER , DL 2R A AL 3P B
() 2R AR BT BT VI RE 1 0 s SO 75 AL B G R R 1K
Bl R IR, O P S P 2R 1 R AR R AR A T L
T 5 68 75 e Ak PR EE /0N L 3X 1] g S SRR T 7E UE
By 43 T 55 L AL 2E B AR R OB R R R DL
HRRTHLEE I B T T B 2R K.
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(1 BEPE R R BT RS TR, BRVE P84 710021; 2. BRPGRHE k2% 1b28 546 T2 B . By ph 4
7100215 3. Wik R4 £ B B BR /), #idl &R 311421)

W OE.RAABBRACEZTERAMAEDAC) S AH B (AM) A RA, A8 T Aid &4 &

Fo AL AN A 5 RN LB KRR A kA R B TR A B R B A P(DAC-AM). A%
e ) A BE LR K R E R 38 4R, DAC 5 AM B R BUE R R B B ] 5]

EHRNB TN EHRARGYh, Bl B @k kA e E TR A BEE®A P(DAC-AM) %

A EMH n(DAC) : n(AM) % 2,11 ¢ 1. R B & & 59.8 C. )iraﬂ-ﬂ 7h, 3l &AM E

0.022 mol/L. ZE ¥ &4 T, 28 A st E Kk BE X EA 91.4%.

KB MBTFRAEBE; 28R4 ERAN; mp®@m*k; RAEH

FESES:TQ317 MHEAFRER: A

Optimization of preparation conditions of cationic polyacrylamide

flocculant by response surface methodology

WANG Xue-chuan', DAI Chun-ji*, QIANG Tao-tao', WANG Jian-hua’

(1. College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science & Technology,
Xi'an 710021, China; 2. College of Chemistry and Chemical Engineering, Shaanxi University of Science &
Technology, Xi'an 710021, China; 3. Zhejiang Yongtai Paper Industry Group Co. Ltd. , Fuyang 311421, Chi-

na)

Abstract: Cationic polyacrylamide flocculant P(DAC-AM) was synthesized by aqueous solu-
tion polymerization using acryloyl oxyethyl trimethyl ammonium chloride (DAC) and acryl-
amide (AM) as raw materials. Meanwhile, the synthesis reaction was initiated with tert buty
hydroperoxide and focal sulfite sodium. The influences of the molar ratio of acryloyl oxyethyl
trimethyl ammonium chloride (DAC) and acrylamide (AM), reaction temperature, reaction
time and initiator dosage on flocculation effects to the oilfield simulated wastewater were in-
vestigated. The synthesis conditions of P (DAC-AM) were optimized by response surface
methodology,and the optimum conditions were as follows: the molar ratio of DAC and AM

of 2. 11 : 1, reaction temperature of 59. 77 ‘C,reaction time of 7 h,and initiator dosage of

x WFSAHEE2017-12-12
E£TB :ERARBAILETE (51403120) ;5 BEVTA BHE T 5 2 BHE A0 A AT 21350 B (2013KCT-08) 5 B 79 R K 2% BHIF A1 37
A1 BA 331 3 H (TD12-04)
TEHE B E2)11963—) B, Il P8 R, 208 82 T U, A0 T AR TR B 6 5 W 9 1ol < 2 0 3 R Ak 27 i o
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A5 < O TR v E Al RS 1 5 TR T i 2R R R Y ) 5 A « 11 -

0. 022 mol/L. Under these conditions,the turbidity removal rate was 91. 4 %.

Key words: cationic polyacrylamide; copolymerization; flocculant; response surface method-

ology; optimiza-tion conditions

0 3l

UTAE SR L B i TSR ) A B L 2% i AR
b B K HE T 2 R 40 ik A A B K A
S BRI S A TS g W, B TS e i R
e JRE e AR A TR L R DL fifp 25 R s i AR L R UK
JIE 7 A g 1) BB B A ) 240 4 2 22 AT 4 22 K T Y
PR RO Rl K AT A R
Ak T B HE AR R R L 2 n ok B R A
PRI O B A R R P AR SRR 5 N2
A A AR AL S D I R ES L TR T
5RTR M T e LA I P AT R e KR PR A AR
T S P AR A R R K Ak AR R
FRENZ N AB 22 2R FE 7 i A AR . DRI
ST MTT 4 P BEAIE 5 14 3 TR /K 2R B8 L A3 R 7 %
R AL BE AR AR g Ak PRASCR , B RS A9 I A

B.[5.6
AL ].

AT M IR 2 3 = 3L S 4k B (DAC) H
e AR & = R S A B (DMO) b — AN i 7K
) —CH, ¥4k, H5 AM IRy Qs A H
U 1 S KA SR MU A )T I M R 2R R A8OR 1Y)
P PR ] P A O T T 4 T e CAMD) RITTR s Tk 4L
CHE = W I E AL B (DAC) 31 3 1y 25 7] i 0F 98 4%
Z AHJEE N AN T # F BRI R — 5] &
ok 2 sk AEAE— BE B G L B JE AL | & 5 K
A BERE A HLG] R R A i R v S B
Oy F AL R M 22 AR SCR A LS & HIBT
S A A MG &AW RN E A 5 &,
il 5 BH 25 1 3 VN 0 Ik e 22 8 7] P(DAC-AMD L 2Rk
FH W R 1T 9 R GE A A P(DAC-AMD il £ £ 4.

i

1 REEHH

1.1 ZEEHH5E

(1) FZLRH IR IR £ 3 = P 35 b8 (DAC)
IRV 35 80 %6 CTl &) s TR BERE (CAMD L AR,
2582 Ak 20 A R | BT SRt S S AR, [
B AL A BR A 5 AR W AR RN AR, R T it
JORGAIAL TA B 7] 5 A Ry i JH).

(2) 7 FEASE B 282 K« AR 4k e P KA 32 S 4
A LK K 20 B8 NaHCO, 550 mg/L,

Na, SO, 240 mg/L,KCl 205 mg/L.,CaCl, 240 mg/L,
HEI5 Y8 20 000 mg/L, + ke LR AN 5 830 mg/
L, Zhe AR IR B4 280 mg/ L. A7l 3 mL/L, JHHT
Be i, ¥ 1 h

(3) FEAUZR : L F R (BSA224S) . L 5T 2 A1) 7
TV W) AR TR 46 (201D) , 16 22T WAL 25 A PR
ON AL BB IR (DSX-90) LN e L HLAT FRZS 7] 5 ik
JEAXCWGZ-2 D) , - g AR A BR A H.
1.2 #BF*%
1.2.1 BRI 2557 P(DAC-AM) Y
il £

TEREA PRSI BETE A DU B o A E
) DAC /KW . AM FIZE K IR A5 8 A A
SHE R ZR N A SR TR Y AU AR AR R R
JE 3R KW IR TR A 51 & BT 3 R
AR B RR AN (EE /R L 1 1), dh 2l /R
— 7 B[] % P R A B — B B T S BB e Ak L
PIBRIZ 0 24 b, FEHJCK BRI 24 ho8 6
A 65 “C B2 THRAE R T 4 ho BT e A5 28
AR PH B F R 790 Bk B 22 B 7 P (DAC-AM).
DAC 5 AM b2 e iR =0 an & 1 R,

(e} Cllj
I
(mH,C=CH-C-0-CIL-CIL, 'II\I*CII.)~CL+ nCH,=CH—C-NH,
CH,
DAC AM

jLCH,, fCHHCHZf(tHJF
- ‘ ‘ m

N (H?—O'CH;CIL-NJECI LyCl
o] o]
P(DAC-AM)

B 1 DACL AM L% BB+ & X,
1.2.2 P LBRERMIE
H 50 mL i HASHUE K B F 100 mL H 287
G, A 0.5 g P(DAC-AM) ., IR %) J5 %t & 30
min, A FH BT E b3 ok L AR s A =0 (D
SR RE L BRAE (T .

T:TO*T.\

T,
2D H 2 T -1 FEASE UL A S ek 5 T, - 223
Aab B il FEASE AU PR K i B
1.2.3 FARELEK KT
PL P(DAC-AMD X i AR 48 1% K it B 25 B %
FAEFR AL n(DAC) = n(AM) (4 2 1.3+ 1,2

X 100% (D




e 12 . RaPAREEFR

% 36 &

s 1.1 1.1 2) IR (50 'C .55 C .60 C.65
C .70 C) JZ R AFEN (5 b6 h.7 h.8 h.9 h) .5 %
FIHH £ (0. 005 mol/L.0. 01 mol/L.0. 02 mol/L,
0.03 mol/L.0. 04 mol/L) N B [H & #7588, %
ZE IR 220 2RO Y R )
12,4 WL S 50 15 3

M 17 TE 325 B9 D0 et 2 A a3 2% 1O A ik AR v T
DL 25 0 356 PR R 0 A A Ik 2R T 4B s iR T
IEAZ IR HBEXT — A AN IRS7 09 3 50 i 47 20 A7 il
ANBEZA Y EOWLEUIE (8 e o i LA wie) I3 TG V25 48 ) 2 E
PR S T2 IE. AW 58 76 5 2R 5
B rp & B, BN RN FE 7 b S kR 2 BRI A R
Canisl 4 o) s PR AE 22 2R Bt rfelé i (] R 3R
N T h AEREREE E. L n(DAC) = n(AM)
(A) IR BE (B) 51 & FI &8 (C) 2 3 A8 &, P
(DAC-AM) X il F A 48 5 7K e B 26 Bk 8 Sy o i
i, % i Design Expert 8. 0. 6 #{F 7 =H &K =
JK S F W) 7 T S 56 38 T, % BOHE HE AT 4 A A B, A
3. Box-Behnken %} 2% #% #1, #f & &% 14 & A 55 1F.
Box-Behnken 525; R % 5K F 51 W3 1 Ui,

#£ 1 Box-Behnken £ FHZE 5k Fi&it
RS

K A C Bl &5 &
" n(DAC) : n(AM) BB/ C /j(| fjJ/T)Hi
—1 1:1 55 0. 005
0 21 60 0.020
1 3:1 65 0.035

2 HR5H

2.1 PREFXRBERE 54
2.1.1 n(DAC) : n(AM) X} P(DAC-AM) £ ¥k
SR 5 i

¥ 5 F Ny i BE 55 °C LRI TE] 6 b g ] &R
H 0.03 mol/L,#% n(DAC) : n(AM) X} 28 %3
L, g5 R 2 pR.

ME 2 FTLLF I BEA AM & i iR, 25
SRR BN, 24 2n(DAC) : n(AM)/NT 2 ¢ 10,
BRSO B EAR. X2 AM a2, 4
B P(DAC-AM) FHX 43 5t AN 38 K, W ffy 42
B A FH 1G5 o AT {687 2G5 9ok RS0 1% 7K v T 44 R
(A Bl 1 L3638 R, BRI N R AM % i1
Wi %2, AR B E) P(DAC-AM) 43 1 5t 2 14 Kk, 5 B
T HL A 25 B ARG, fl e R e 55 0 DT 22
RORFEAR.

2.1.2  RIREXT P(DAC-AM) 28 BERH 1 52 1

[ 5 S iy B 1] 6 ho 5] &R T4 0. 03 mol/L.n

(DAC) = n(ANMD Ry 1+ 1,2z W B 28 Bk
RERE L G5 R AN 3 PR,

80 —

70

60 -

U F R %

50

4I: 1 3I: 1 2I: 1 1I: 1 1I: 2
n (DAC) /n (AM)
B2 n(DAC) : n(AM) M EHZ R FH W
87

84t
/
3®

~ L
w &
&%

B

78 1

Mm%

75+

72

50 55 &0 & 70
SN E/°C
B3 RS EACR R

MIE 3 AT LUE BB B B Y T, 2R
ROCR e 18 KI5 W00 X2 R H R G SO iR
FERIAR . B A R s G A AR B AL B A AN
REMTRI AT, M 3R Bk A B850 R A s BE & 0
T B2 1 TR s B R R A R IS MR R R
N 58 4. Y BN I A e B R R S R, R AR
WA o 7= ) 43 F B AR /N1 SRR AR IR
2.1.3 R EFE X PODAC-AM) 22 58505 1 5 i

[ 5 B i BE 55 °C .51 & I A4 0. 03 mol/
L.n(DAC) : n(AM) g 1 = 1, % £ 5z )i i [f] % 22
EEROCR G 52, S5 R gl 4 .

MIE 4 AT LU Bl I )R] 38 in . 78 7 h
ZUEEAOCR I B R R L 2 5 B ROR TE A .
A kg SN ()R A AN TR, B Bk

1o BREERCR 25 5 Bl 2 N I () 0 JE K L B A 3
A SN 5 B, 2R BRE KR T Wt A
2.1.4 BlIEFHEX P(DAC-AM) & BESUR 1 5%
0]

Hif
X2
GRS

& % [ NI 55 °C L MRS E] 6 hon (DAC)
(AN A 12 1, H 55| k) H & 0 2B SR B
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o2
~. 80
L
H#
i
= 70}
60 1 1 1 1 1
5 6 7 8 9
J I A1 / b
B4 R EEIEATEELREG YR
90 | /i\
< 80t
i
g—é
b
i L
- 70
60 |
0.00 0.01 0.02 0.03 0.04

5 &AM 2/ (mol/L)
BS5 FlAFANRASSEBRLRY YR

MBS FTLLE B & 51 50 & i 3 . P
(DAC-AM) 2258 24 R 56 18 K5 Wl /. 32 K >4
1R (R e BE AR, SR G S g R R A8 T A O
Bl RN BRI AN HE AT, 5 304 B PH B 2R
PRI P(DAC-ANM) /b, BUBERUR 25 W 5 51 &
7R 1) 38 K g T O B e R R
564, BLBE AR M . B Y 5] & R A &R
0.02 mol/LAf, [ 1 5 & &t &, 51 & 3R 1 n i
P, R EOHRE RS K ARG 8T REY
F 5 AR R BERUR FEIR.
2.2 AR EERLERE HH

TE R R S 8G H Al [, AR P Box-Behnken 5Z
W EH, L 2 (DAC) = n(AM) (A) |2 N i JE
(B) .5l ZFIH & (O I, P(DAC-AM) X} il H
FELOL 0 7K b B R B R (YY) S i . B = IR =
K B4 o 0 TR S 5, 45 R ANk 2 Fr . R A Design
Expert 8. 0. 6 34, X3 2 rh iy 52 40 £ 40 i 17 4b
P AR B B1H Iy #0522 03 B S5 RN AR 3 s, AR
PEHEAT AR M M B — Rk 2 0B A 45 20 5 T
BRI
Y (%) =—364.284 17 + 18. 649 08A +
14.523 15B + 164. 533 33C + 0. 314 50AB —

373.666 67AC + 33BC — 6. 951 75A* —
0.133 07B* — 30 930C* 2
MK AT LLE . HE A B.C X FHpN{E Y
A5 K/ C>A>B.
x2 MEEXBEHRER

L A B C MEERBRR/ %
1 3:1 65 0.020 83.54
2 2:1 60 0.020 90. 20
3 21 60 0.020 92.18
4 3:1 55 0.020 82.76
5 3:1 60 0.035 75.25
6 1:1 65 0.020 75. 25
7 2:1 60 0.020 89. 25
8 2:+1 55 0. 005 80.63
9 2:+1 60 0.020 90. 35
10 1:1 60 0.005 67.43
11 1:1 60 0.035 82. 65
12 2:1 65 0.035 85. 46
13 2:1 65 0.005 74.92
14 1:1 55 0.020 80. 76
15 2:1 60 0.020 92. 30
16 2:1 55 0.035 81.27
17 3:1 60 0.005 82.45

1 2% 3 AT, ok 22 300 X Il 05y 78 0 00 A 75 A
W3 (p<<0. 000 D), RPIA R E (p=0. 626 5>
0.05) , i W Z A5 AL v] 48, P iF R HUL R* =98. 62%,
XU It 9 B 5 O R AL E 4, T A% O R AR A
n(DAC) = n(AM) | SR IR B FN 5] & 590 FH & X Kl B
EBREFTHM. 2(DAC) = n(AM) (A) F15] % 7
HEO® p E¥/NT 0,05, U B H M £ B R
(5% ) 0 2 5 [I ) AP 0 R A8 B p {H 34 <<
0. 05 , 7 B AR 78 1) Bk IR 6 2%

x3 BEEAAEMNFEDN

BH  CEHFM AdE B F i p1E EE
BB 752.33 9 83.59  55.56 <C0.0001  x

A 40. 10 1 40.10  26.65  0.001 3 * %
B 4. 88 1 4. 88 3.25  0.114 6
C 46.08 1 46.08  30.63  0.0009 * %
AB 9.89 1 9.89 6.57  0.037 3 *
AC  125.66 1  125.66 83.53 <C0.0001  x x
BC 24,50 1 24.50  16.29  0.0050 * %
A? 203.48 1 203.48 135.25 <C0.0001  *
B? 46. 60 1 46.60  30.97  0.000 8 * %
c? 203.92 1 203.92 135.55 <C0.000 1  * x
2 10.53 7 1.50
KA 3,43 3 1.14 0.64  0.6265
15 22 7.10 4 1.78

BAES 762.86 1

WexEBREFBE(HP<0.05), x «x BREFWMEBE (p<
0.01).

MIEL 6 R LA H 552 B 00 e (i 0 000 1L vt 25 ¢
/N UL AR R B A R4S S e SR A AL
HIE 7 Al HE S ORI, B p

o




o 14 o

ReBRBRRE ZB

(AB)<<0. 05, 1 W B IR b R I BE 52 HAE FH X e g
FBR AR LA B B R ARG, R
B R S0 T PR AR, 4 3 1 (s B v s
JE BRI i KA.

B8 AT, YRS LN IR IEDE , H p
(AC)<<0. 000 1, Ut BEEJR Lb A 5] & 70 4t 22 BLAE
FHOGT e B 25 I 6 52 ) b G B 3 B PR (R I 4
T b RE 2% Bk e S Tt e T AT L T A A E
AU B e B R 3R R e KA

Predicted vs. actual

95. 00} -
90. 00} =
e
< 85. 00} S
ke /'_gj
5
2 80. 00f .
g
&~ 75 00 /,-?”
- 7
70. 00 »
-
65.00p . . . . .
65.00 70.00 75.00 80.00 85.00 90.00 95.00
Actual
A6 TAMALL % RIAGmE
L

"1.00 1.50 2.00 2.50 3.00
AR L

B R

59.00
Bif )k /°C 57.00, 1.50 AEEIR L

55.001.00
B 7 EBRWHAREERXIER
A b A

HIE 9 AT, AR R ON IR BT . H p
(BC)<<0. 05, 1t Wt J3 F1 51 % 50 i & 58 AT %
TRE 2% BR AR R B O S B A P (E A B ik
JE 2 RS Th i PR AR 2 0 A 3K B v R
R ik R 2 B Rk e KA

% 36 %
b G %
S U % I
=
= 0.028
£
S~
]
T 0.020F
=
=
=
¢ 0.012
0. 005 — L
1.00 1.50 2.00 2.50 3.00
AFEIRLE

B 3 %

0. 012 ‘
C:AlR#M B/ (mol/L)  0.0051.00 ABER L
B8 EBERuAINAFNAZTXLAER

xF ik B o 8 %

PIIGERENY e

0. 035 Pl

=

=0.028

£

W

i

= 0.020

b=

&

%= 0. 012

&)

0. 005 —

55.00 57.00  59.00  61.00 63.00  65.00

B:iliE/°C

. 012

C:%IE#IJLH%/(mol(}L) 0. 005 55. 0057' B:iilE/°C
B9 JNAMNAERBELLAEA
SF b E TR R R

(T#% 62 )
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EF{E Fenton ;XA IBEHKEKBHF R

Rk, KA, ¥ OF, W R, &SR,
gL &', BRE AL

(1. PRVERHE K2 BREERE S 5 TR %P, BEVE P84 7100215 2. BRPGRMHE K% B TR 5 TRY W 84T
BEE KR TRPARE PO, BEPE Pi% 7100215 3. BRPERHE K2 40 RBT ST Ar. BEvi % 710021;
4. T REFRNARAHE, BRPE 754 710301

W E.HRTTRABER Fenton # L ¥ RSN BEERREKRKOERFTE HFEEH A EHRLT
A b L A Y E B R R AETS, B 5 A= Fenton K 7 4 A 4 & 28 R K BHAT R AR T B
BmE R BE, R RE,pH FHEZMNERLELR AN T L 504 B s Hmer 4
F B K BEAEH A2 Fenton X7 AL B2 4K B KR89 T L AF R &9 . 4F 4 % B A= Fenton X 7 2L B 4
28 KB, COD &tk & & K ik 8] 67. 78% ; R R 4% 85 = Fenton X 7 3t F) & 2 3% 4% & K A,
COD MR KL F 67.18%. &G . B4 % L8 KRN A Fenton X A — A 1F A &,
COD k& & X ik %] 68. 22%.

KERIA . R AR E K Fenton XA ; 4, KREBES

FE9%ES X793 XHEIRERD: A

Treatment of wastewater from pupling and papermaking with
biological enzymatic Fenton oxidation process

ZHANG An-long', ZHANG Jia-ye', LUO Qing’, XIE Fei', HOU Xue-dan®,
MA Rui', CHENG Bing jun’, REN Ge jian’

(1. School of Environmental Science and Engineering, Shaanxi University of Science & Technology, Xi'an
710021, China; 2. College of Bioresources Chemical and Materials Engineering, National Demonstration Cen-
ter for Experimental Light Chemistry Engineering Education, Shaanxi University of Science & Technology,
Xi'an 710021, China; 3. The Paper Environmental Protection Institute, Shaanxi University of Science &

Technology, Xi'an 710021, China; 4. Weifengzhiye Co. , Ltd. , Xi'an 710301, China)

Abstract: This study considered the enzymatic-Fenton jointly process to deal with the waste
paper pulp wastewater. Cellulase and xylanase, as the common enzymes in papermaking in-
dustry,were combined with Fenton reagent to treat reclaimed pulp wastewater, separately.
The aim of the research was to explore the optimal condition with the enzyme dosage, reac-
tion temperature,reaction time,pH and other factors on wastewater treatment. The technol-
ogy of treating paper mill wastewater by adding cellulase, xylanase and Fenton reagent was in-

vestigated. When the wastewater was treated with cellulase and Fenton reagent, COD removal rate

x WrFs B H#I:2017-12-09
EE TR P4 BT &= AR TR E (2017ZDXM-SF-096) 5 B 76 R4 22 - RHIF S 25 38 4 395 H (BJ14-05)
EZ B kLT (1963 —) B P 5L 42 N, #8298 7 1)« Tl 3 /K 2 0 b 385 A
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was the highest,reaching 67. 78%. With the co-treatment of xylanase and Fenton reagent of paper

mill wastewater, COD removal rate was the highest, reaching 67. 18 %. While the highest removal

rate of COD reaching 68. 22% by the co-effect of cellulase, xylanase and Fenton reagent. At this

point, the best effect of waste paper pulp wastewater treatment achieved with minimizing the pro-

cessing costs.

Key words: waste paper pulp wastewater; Fenton reagent; cellulose; xylanase

0 35

R A RO 2 A 1 B8 7R - 2015 4F, i 40K
KA L Ry 23, 67 AW, 7 4 [F Tl % K SR &
i 13. 024, HERUZ K Hh A 2 5 4 B (COD) O 33,5
g, e E Tk COD BHER &Y 13, 1%. HEK
K TG YL Wy e il 5 X i AR PR K B T A B R R T
WG R . A W Ak BV A Ry 38 AR K Ak BB R B
1 Ak 38 7 3k LN R A Sy s H AR B I R AR
B 15 YL W) R e A 0k I o ok DKL 0 I M R ) o
48 Gk T AMBRENE. 55—, + =
T3] g R AT T KR BRA Sy R R A
I8 B B 8 75 G W HE O B SR U
HE B P55 00 o oA ) O RS L R L R
1) 1 AR A R 7R TS K AL B 5| AR BEALBE T2,

TEG B E AT AR, Fenton %84k 2 A XF T H:
IR AR AR R UL, BA BT RE T o R R A
BLTS Gy o P 3 RS IR DA B o3 Mt 77 ) B O
EAEAR Bt SR /N B AR Ay 0 SR R (US)-
Fenton AL FIEL AN (UV)-Fenton & AL A 4b B
T K A A K FE B E B AR S RO i
COD & Br 3433k 76. 77 % Al 80. 23%. 1fi & &
NI 7E Fenton &k iy 3 Al I, $2 HH T Fenton &
fE-ME S A W IR b (BAF) ¥R B A AL 3 T2
A S BB S B LI, Fe 2 K 8 BEAIR T 20
%, COD KT 50 mg/L. J& B (i 2 450 R
Fenton JEXF 4K ) g /K AT IR R AL B, fe &
HH K ER RS IR AR HE TR

B Fenton i3 T #r 4% ¢ i, B2 ] Fen-
ton 2057 A #E K, AR 3ok R L 7R SR PR b, GE R 5
75 BB A 48 . 40 6-Fenton i 7] . i -Fenton i
7 (B {2-Fenton ¥ . # A -Fenton % M {&-Fenton
B S AE R B A PN AN A B R G
JE& A= ) it A B R A T AR T TR AR B T Ok k)
2 S G £ i 2R L R SROME i R SR J l AE
figfie Fenton ¥ ML ASTE TFEAL T Fe' &, U
T sl R, T R PR TR K

i}

FIHIZ. WA Fenton £ ARTE IR A 4514 T B AT 44 A
BLT5 Y Wy R e Ak Sk T 35 90 0 o AR SC 32 2L i) 3R 1
Fenton 6 XJ 1 48 I 7K () 4b B8 14 68, DL 52 BR A=
PR S SR

1 XEEHH

*

1.1 s
1.1 SEE okt 5 2

(DS P K KRR A BV 48 HE i 4R it
WK, KAKAEAR N :pH 4 6,COD Jy 180 mg/L.

(2) LK 25 4 FeSO, (#7146 Al PAM. H, O,
P (30%0) A1 NaOH (43 Bt 4li) 5 £F 2 25 i F1 A 3R
WG % 12 COD & HR 5.

1.1.2  SERAUER

5B-6C (V8L COD PRy I 5 1% 5 H B4 iR 7K
T WU s pHOKS 14K,

1.2 %7k
121 SEE02h 5 & 5 ik

(1) £F 4 23 i - A< YR S 30 JIr 6 JBC A1) 2F 4 3R il 1)
TS 700 U/g. FREL 0. 1 g £F 4 F WM R I T 7%
WK, B A 1000 mL 28 500, FHZ& 08 /K 7 Bt 2 A i
L BRA) W HARAAAE VKAE & .

(2) A SR I - A YR S 380 T 34 B 114 A SR 1l 1Y)
TWPESE 700 U/g. FREL 0.1 g AR BBERER R IE T 26
K. A 1000 mL £5H0 , 28 TR K76 B 2 bR 1fE
RS W HARAA AR VAR h o5 .

(3)FeSO, ¥ : FREL FeSO, HyK 5 g % T %
WK A 50 mL 25 8, 28 4R 7K 76 8 28 6 o
PRSI E R EE N 10 %01 FeSO, .

(DOH, O, W BN 30% 1 HO, W
TR 10 mL ZRIB/K B b 4850, e vk
J 2% 8 HO, .

(5)PAM ¥ Wi : FRHL 0. 1 ¢ PAM ¥ K& T
100 mL ZE1RK i, Bl B AW B2 0. 1201 PAM ¥
.

1.2.2 M Fenton 3454 b3 K /K



5% 23

k%2 e 55 W2 Fenton ¥ A B 336 40 /K A AT 5 < 17 .

RS E F M FeSO, R A&, H, O,
VA VR P A T i 37 A8 oK B 48 H L Fenton 454
R R AR K B AR BASCR . AR HL O, YIRS N i
fH R 0.02 mL MIZMHT .8 10% 8 FeSO, ¥ .
3 0.3 mL.0.4 mL.0.5 mL.0. 6 mL PU/NAE &,
FEE IR RONE 1 b, 43 0 I A R R K B Y
COD 1H . B 5 1 Ak 3R R K ZOR B A0 FeSO, #
(45 i 2t

1E FeSO, WA N1 Ry Se A8 09 554 T . 4%
2% H,O, #4310, 01 mL,0.015 mL,0. 02
mL.0.025 mL DU, 7EH N RN 1 h, 55
N2 B i R S K R COD A, B 52 1 Ak B %
KSR B AR H, O, 7 0 #n &

25 LTI I A 3 K KSR A A
FeSO, R MFANEFN H, O, % WA 7 I, B ]
73 HH B Fenton 27 Ab R 4838 IR K A BefE T2

%M.
1.2.3 £ 4 KgAK B 7 5] 5 Fenton i 5
IR Ab B R K

W 2T 24 3R T (AR SR ) T AN [ VAR B 11
T I N i R R e B | N = L
Jei B I KR b IR A 50 °C B TR K TR 1 A
H, OB 1 bl P COD {52 H Ad 1% 7K 8%
R 5 A Bt 0 A5 oo 5 45 ) 2T 4 2K e O B Ol
1B TE IR K VA IR 35 i 10 IR B 43 Sl 40 °C ~65
CLULS CRHM R T RN 1 h, il & COD
(B S AL B IR 7K A5 SR o A ) ) 3R 5 e o) £ 4 3%
Tt 1% 5 0 2 7 S5 A (B L 5 R K VA IR 35 2 1Y) I R
il 7 R A TR B 4 1) B 17 B ) g 8 L AN 40 min JT
TR IE R L LL 10 min K38 & fJ5 90 min. #id
Wi COD {8 5 12 H A B % 7K 850 5 A A i A9 2 i
I T 5 42 ) 21 4k 2% Wt 1) 43 0 it A die A 0 % 1 I K
VAU 5 25 110 Yk 4 ) A e A IR R R I ) Ak T e
HEAE. 73 0 A5 KRS pH B 3~6, L0 1 i
i, N Th J5 G 5 COD {E #5 5E H Ab #LaCR
HAERY pH AL

g5 L RTIR AT DLW A Ak B R K O e AR 2R
Y Z Tt (SR B G 1 B & L R IR B L B
pH fH . RV AT 75 H 2T 4 22 il (3K Wi i) A Fenton
T ) S [ 4 P Ak 3L A0 I I K I B A T AR
1.2.4 PiFhEEH Fenton a7 P [ kb B % 7K

HR 4 3 79 ol il 43 5 R Fenton X FIIR S 1EH T
Qb B AR K T A B B RO A T2 &R
SR 5K W Bl R Fenton 12t 71 3% W] Ak 8 B 46 3% B

JK . IF 38 A O A A T B ok 4R R P A A
Fenton 1307 3 1 J5 %0 2 405 P /K Ak B 1) fie A%
RAT LM

2 #ZRE5iTR

2.1 % # Fenton % &4 T & 2 & KGAFR
2.1.1 FeSO, W MEMAEXT COD {H 1Y 5% i
Fe? )& & 25 Fenton 2 b M R i) F 5
MR 2. 1 AT, 24 FeSO, WA B 0. 4
mL B, COD BUEAAK. N 61. 70 mg/L, kb H AR
. W ARSI FeSO, WK A&, COD %
B 2 BT R AR 3% 2 T i 19 FeSO, % R
BEEZ 1 Fe'' ,Fe’ i mit, & H, O, 2 i
P AR« OH SR K 55K A HLTS G ) )
N EeJa AR Ho O FT O, fiF H, O, 8RR
Kt , FeSO, W A fEW N4 0. 4 mL/L KK,

69+

sl \

67k
< 66}
50

565— \
o

a _
8 BT \ /'//
63
\\ /

62 \./
61

030 035 040 045 050 0.55 0.60
FeSO,i# i/ mL

B 1 FeSO, & & A& x CODE® %
2.1.2 H,O, # W4 xF COD {8 1 52

H, O, W& 2% 0 Fenton I # & 1) X —
M. R 2 7L Y H O, &N 0. 02
mL B, COD BUEHfAAK. N 62. 80 mg/L., kb B
A V) Ho O, BRI AGHRET, « OH 4 K
AN SR EE H, O, IR AR A 0.02 mL
BF, « OH LB 2 % W7 38 2. 065, 96 225 I i
H, O, W&, COD 2 B 3 51 FEAR, iX & i T
WAt A H. O, W S Fe't P S Ak il
Fe' 30l T « OH M4 &, Bk, H, O, % it
FEG IR 0. 02 mL/L & K.
2.1.3 WFPEEXTH L Fenton 20

i 1&l 3R]0, B Fenton TEfAE T. 2 &4 (Fi
TR kv W PR E S 0.4 mL/L JE/K,H, O, %l
FHEAE R 0. 02 mL/L JE7K) T 50 “C 52 55 fr il
COD {7 63. 1 mg/L, & FH & T 1 COD {H62. 8
mg/L, P COD {HAH 25 A K 8O BE X% M Fen-
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ton S 56 b RSO 1S AN

70 "™

68

=N

B

F
AN

e
Sy

COD/(mg/L)

S S S SR
0.008 0.010 0.012 0.014 0.016 0.018 0.020 0.022 0.024 0.026
H,O i/ mL

B2 HO, #&AEx CODMEYHA

O 1 1
R 50°CT

B3 mMmArEAE T A% A Fenton #9
COD 158 % a

2.2 BEFe Fenton X7 ¥ R 4k 22 & /K 69 AF &

AR YRS 3 v B R BRSO B 0.4 mL/
LK, S K FHEFE N 0,02 mL/L JEK. (44
A AR B A9 COD 2 COD, A R Bl
il 50 /R FH R ) COD 2 CODy).

2.2.1 EEEANEXT COD {8 8 5 m

(DAEHR 50 CTF 1 27 4 2 Bl A A SO )
BT L, B A B E AL 6 AR K AR, 2 4 R
it (B RO A = 43 %028 0 U/L.1 U/L.2 U/
L.3 U/L.4 U/L.5 U/L,JxmiBfE 1 h, #E47525
Ab B I RE KRR R COD, Sz 56 45 R an 18] 4
FTR.

FH 1 4 AT, B B 2F 2 25l 09 1500 o 19 3 K
COD LBrARMZ &, s AdA RN 1 h 5,
COD, F#ME % 66. 30 mg/L, M2 4 K& N 4
U/L B, COD Al A%, 24 60. 45 mg/L. )5, 4k
SREEINAT 4k R A L COD, 25 B 5 5 1M BRI
X T IR A RS A A LR S RS
B RAEVE . I LU — 78 5 (1) 21 4 K i 2 ] LA
P K AT AR A MR YK SRR i BN, R
SRR T e A G A e 27 2 3R LI DT AR T 4k 3R

I A AR BB . S 4L 1 h 5. COD, [
iz 67. 50 mg/L. KE WM H & 4 U/L W,
COD Ul 6%, 2~ 62. 43 mg/L, X 4> W /K H R
Bl LA 0 A3 i (0 90 T O 28 TN 5 4 Ak 2k 3 R B
St kB AT RE (K COD A2 K. A Uk, 1 Fh
il Bk B fe AR R i 4 U/L.

70 F

COD/(mg/L)
23 L K,
e (=28 [e 0]

(=)
[
T

(=)
<
T

o 1 2 3 4 s
8/ (U/L)
B4 Beh3mE s COD ALY %R
(2) i BE Sy 85 itk B [ A% fo ] £F 4 3% il A 2R
T 0 S B AT X L, S B A R I 5 .

69 -

LAY
—o AT

0 1 2 3 4 5
e/ (Uu/L)
B 5 g% eE st COD A # %R
H 5 AT, COD R BE P i H & A9 365 42
AR R 25 AN 1 h J§ COD 43 5 [ ik
2 70.7 mg/L(LF 4R AR A F 71, 2 mg/L
A SR TG B 4% ) . phr o mT 260 TR T T 0 R FH 2%
TR AR IR 50 °C I A9/ AR
2.2.2 REX COD fH 15 i
12 HIEKEE, 4 U/L 4 RKEEM 4 U/L KR
WE 4% 6 2H KA, RO I) 1 b, 8 o Rz 0 3L 43
R 40 °C (45 C .50 C.55 C.60 C.65 C.# 17
S 0 b B
F P 6 AT i RE X Tl AL 3R KA — E 1Y R
el , i 2 i R 2 T 4 v . Ak AR B 2 B 5. T TR
50 °CZc A I3k B g5 & B0 B 3K A IR R 2 T TE K R
A R v ) il S I Ui R S DT S B B 58 4 LIS
Ab B SCRA  . DAL O A 0 I R AT R K A PR R i




k%2 e 55 W2 Fenton ¥ A B 336 40 /K A AT 5 © 19 -

o
f/ S
68 o
o '\\ //
o5 66
g o //
S el N\ 74
g \ '
Y el \ 4
\ /
60 \'\\
58 1 1 1 1 1 1
40 45 50 55 60 65
W/ C

A6 RAES CODALMF A
2.2.3  JRLEFEIXS COD {H # 5 i
12 EKFE, 4 U/L P4 Z A 4 U/L KR
WG 6 4% /K BE L LE 50 °C HEAT TN, I8 % 2 g I
[7] 4355 40 min.50 min.60 min.70 min.80 min.
90 min, #EATICH AL B, FLAC IR S5 R AN 7 .

72
70 + ™
e, Pt
4 ~ A F
66 ey WA
g \ /
E 64 - \ /
/ /
0 AN ; /
S e N \ / /
i -
60 X
. \,
58 +
40 50 60 70 80 90
1]/ min

B 7 BB COD B FE8Hh

w18 7 BT, BE 2 BRI ] A B4 L 4B BE COD
RORAE P2, 2P 4E R WG S /R HI I, 52 60 min
J& COD BUE . & 58. 6 mg/L, I i 4b B LR
el T A SO g B VR B, OB 50 min J&
COD ¥l &A%, } 58. 9 mg/L, I B &b 31 %0 S ft
U S Ak SE 38 I B B ], COD 2 B 28 B 1 B
(S N A I TR O S | o | e ) e NP5
I o ZF 2 2 il Ak B 192 K 1) Fe AR B B[] 2 60 min,
T A SROM il Ak 347 7K 1 5 A S BE B[] 287 50 min.
2.2.4 pHEXF COD {H 1) 5 i

S AKKE, 4 U/L LFHEEFM 4 U/L KR
WEEE A 4 218 K BE, RO IR BE 50 °C, B B B[] 60
min, 35 pH 22914 3.4.5.6, I 47 5256 b 38,
HAE 25 RN 1 FoR.

#* 1 pHEX COD ER N

pH 3 4 5 6
COD, /(mg/L) 65.2  60.43 58 62.8
COD,/(mg/L) 65.3  61.78 59.07  61.29

H & 1 7] 0, 76 WO Al il e /E T L B pH
BB 38, COD B Rl pH {H (4 38 iy R A, i 2 A
TERE 1) pH H I BN, B A 25 & 85 J R AE L.
B —E 1 pH E B EAR 0T R4 R0 NI AN &
FEAE . AH B it B0 0 2R 5%, T2 1 20 55 il 19 0
PESE AT, BT LA pH B AE 5 B 50O 5 i 24 % K
S A T DA TR L R A i R L Bl s 5 R R
YER s K W ] A A PR A5 31 55
2.3 4 FE B Ao K R BE B 4 5 2t Fenton X # A
R A

H LRSI v, AR R R B i 4 U/L,
S IR E N 50 °C L s W B IE] A 60 min, pH {H 8 5
it R Ay £F 24 3R il Ak 2 4900 K A B AR T2 R
K BB 4 U/LL N IR E N 50 °C L b
BFE] 4 50 min, pH {E24 5 BB A A SO0 il b 38 i
R K B Al T2 5 TR E T A PR R
FeSO, WA H, O, %W H =121k,

(1)FeSO, ¥ WA & X COD {A /5% i

8 M IEIKFE . BRI VERL 4 4R KFE.H, O, H
HIHAM 0.02 mL/L JE/K, FeSO, % WM A 453 5
J90.2 mL.0.3 mL.0.4 mL.0.5 mL, JZ i i} i) 1
h, HEAT S AL 3, FLSR IR 25 AN SR 2 R,

x2 REIZEHT FeSO, Bk
AMEX COD & B 8%

FeSO, W /mL 0.2 0.3 0.4 0.5
COD; /(mg/L) 68. 4 57.2 65.3  67.42
COD;/(mg/L) 69.3 59 65.82  68.40

M2 2 A] 0, B FeSO, ¥ W T &8 1Y 58 im,
COD {HFfE pH A A9 388 i 52 B e 9% A1 5 388 & 19 44
P FeSO, NN 0.3 mL B, 25 4 K g f1 K
S 43 SIVE R 89 COD B0l A%, 43 51k 57. 2
mg/L 159 mg/L, It B B9 40 BARLR & 4. te AN
VR T A R I R D, e 0. 4 mL ARy
0.3 mL. IJ& . 4k Ze N FeSO, & ,COD %
Wk 3 ST R AT PR U, 2F A 3R Tl AR R 3RO il 43 31 A
PR K B e T2 47, FeSO, WA &K 0. 3
mL/L JEK.

(2)H, O, # WU % COD B 1Y 52

M5 3 A, B H,O, ¥ W FH & 8% i,
COD Ak pH {H () 3% Jin 5 80 5 B AR5 38 5 19 8
PO ZMEE T H, O, W& 0. 015
mL B, COD, {H &K, } 57. 06 mg/L, kb HRAL R
Bl FEARRBEREE R H, O, %W 0. 015
mL i, COD, Bl 5K, 58 mg/L, Ab #L AR i
I, A EEET H, O, % %A &k 2>, 0. 02 mL
A5 0. 015 mL. MG . 4k 2e 3 H, O, %W &,
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COD R RMFEAK. P 8L, 78 2F 4 2 i AR SR A
FiE 53 AL B Y R K e T A & F HLO, WA
4 0.015 mL/L JEK.
*3 BEIZEHT HO, Bk
ARMEF COD E 10y

H, O, % /mL 0.01  0.015 0.02  0.025
COD; /(mg/L) 61.4 57.06  63.2  65.43
COD,/(mg/L) 63.45 58.07 64.78  68.2

2.4 W ArEEAe Fenton X 7] W B & 22 & /K

AR T2 5 AN [R] il Ak 38 %7 7K ) COD fH
W 8 Fras. IWIE 8l LAFE Hi . 4 Fh il A9 4% i i 4%
4 U/L R EE N 50 °C, R IFE S 60 min,
pH 58 5, WA J7 1 A F 5 A B 1Y 2% 4 T A1 Fen-
ton 357 2 [ A FH XF 8 4 3% 0 K 0t A7 A B L e A
COD Bl A% . 57. 2 mg/L, 4b B0 S Ft 4

60
55|
iy
B
£
~ 50}
o
o]
W]
45
40 1 1 L
okl TR A
B8 =MEmEivaElrd
ST B K% COD A
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(5) S50 35k FH 21 24 % il A0 A ZREOH Tl 3 ) 4k B I
YR B K B, T g 00 B B A 4 U/ L, ) TR
B ok 50 °C B2 i) 4 60 min.pH {H8 5, PUA4NJ5
T Ak T B A8 A9 4 8 F Al Fenton 57 2 [ 4 FH X
JR A R K AT AE B, RS COD %0(E 4 57. 2
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EX S 1

(BRPERME R SR 5 LAY B, B P4 710021

T B

W OB AMBAEANAEHNET Fe,O, kh T, @i Mtk &4 T EAE 28 (TEOS) # A&
WA i AR IS B SO, 89 6 R T = 8 BF ACH A A 2 M 8 Fe,0, @SiO, , 4 4 T —
HEOE A B A R A AR M A Fe, O, @SiO,-NH-COOH. i it 4§ 2 »t 22 4F £ 3% (FT-IR) .
X4t ZATHALCXRD) 4 E 5 (TGA) Fo X &8 & F A 38 ALCXPS) 33 L I ) 9 28 %, F= 25 #)
R AT T AR 2 R A R A B R Fe, 0, @SIO, R @, hA T RB%H, 1
MR I R 6 BEAT 1 A B B PR

KRR LRI A 5 AR ECH; XPS

PSS TQI2 3 KRS A

Preparation and characterization of succinic acid

modified magnetic composite adsorbent

WANG Jia-hong, ZHANG Dan

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

710021, China)

Abstract: The Fe; O, nanoparticles were prepared via a solvothermal method, then coated
with SiO, by the hydrolysis and polycondensation of tetraethoxysilane (TEOS) under alka-
line conditions, the carboxyl-functionalized magnetic composite adsorbent (Fe; O, @ SiO,-
NH-COOH) was developed by modification of core-shell Fe; O, @ SiO, with succinic acid.
The composition and structural characteristics were investigated by Fourier transform infra-
red spectroscopy (FT-IR), powder X-ray diffraction (XRD), thermogravimetric analysis
(TGA) and X-ray photoelectron spectroscopy (XPS). The results showed that amino and
carboxyl groups successfully modified onto the surface of the Fe; O, @SiO, , the crystal struc-
ture is well maintained after modification,and the adsorbent has good magnetic and magnetic
separation properties.

Key words: magnetic adsorbent; carboxyl-modified; XPS
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PEAIR AN 5 55 W B I 4 5 L PT F ME AR 25 L BRI T
B3 B S B iy L PR G Bk B 2 B g AR T
TF 2% F1NLFH BT Y A 4K e 0 B A ) R R A Ak Sl A
K o M 2 G W ) R L S A8 LT g L A E R LA
i 5 F W VE 53 B R RO B2 B T2 TR R E R A
MR F 7938 5 Pl A P A R I G v A0 58 4 . Fey O,
LA 0 78 2 R 2 A Ay R 7 ) i N
% DAIK B M 43 85 1 B L 45 JRORL R R Tz
W s AR 5 2 1 FH d5e 2 (R G VE 90 K M RL 22— (]
Fe, O, i 2 1 B 85 . HL AT B 38 1) 3% 187 66 A1 1
ML 25 5y 1B RN A AL o DR I AT a0 8 06 itk 47 36 T
UL S bR AL AR E M. E Fe, O I T
i 5 o T2 W AL B 2 — 22 Si0., FH SiO, 1
BT LIAE Fe, O, FIIE B 1IR3 2. A B
1k Fe, O, 1 A B 8 A48

UEAh AL SiO, 9 BURL K i A 5 B RER
B B R TS S Ak R A SR I M A 1B
BEEO T 2 el X W B R R AT R B A L 51O TE R
o7 AT 4 Je B A R E TS Y W (R] AT LLGE Ao
HL B B T A T S O S T v S A R S
S5 G  DATT  3) 35 5 1 WS 2 ok K R 1 E AR TS e
Y H B

AR FEAE I SIO, WK Fe, O, #ME 5T
R O T S (o= Y (TR BuR ¥ ot 0 il A ANE <N
B ik —2baE T R R AT A b 5 R S
P o BT i 45— b A AR SE T BB S A M R R
M fF 751
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1 TBEH

1.1 ML £ 2MHE

(D SLEHRRE . = F LB (FeCl, » 6H,0) TGk
LTREN . & —FE IEfER £ TR (TEOS) . K B
FH2R N N-Z 3 T e (DMF) | 75 R (43 B 46
KBR300 A B2 R 5 3-20 9 2 = H AR
Fork St CAPTMS) (43 #r 4li, Bl $7 T 38 71 A7 R 2
A T R EF O al, | R AR A R A A s &
BT K.

(2) F LS : Vector-22 1 HL i 21 41 6 1% X
(FT-IR, 2 [# Bruker 2 7]); D/max2200PC X-4}
LTI (XRD, H A 2220 6D, TGAQS00 HY #4

TP C(TGA, £ TA A#]), AXIS Ultra 8 X
SR OEH T RERE 0 HT (XPS, 2 [ Kratos 24 #)).
1.2 R A 65 &

1.2.1 Fe; O, W%

K IR R HGE T 4 Fe, O, LML A 8 ER
FeCly « 6H, O MERL, £ —FE/E R R, oK L
TR G0 S B 1k A 2R B L B 1 4% Fe, O,
Aok R BRI & B Dy o 10. 8 g FeCly -
6H,O M 28. 8 g Jo/K L R¥NIR & J5 % i 7E 400
ml & ZEEH L BE T BEFE 40 min, B 62 —IF
WL AR A AR N RO 28 R, R BT AR R
190 CHIZMHET RN 12 h, B HEZ=R .. HH LG
TR K SN 4 DI 0 P o i R DT e AR
LB TRV E LI WRE N . ZJ5 16 50 C4
PFF B2 T4 20 h 3 B Fe, O, R T
1.2.2 Fe,O,@ SiO, fHl %

K B stober /KM, DL Fe, O, AN
TEOS FAL 8 7, 7 6 M 5% 14 T i TEOS A9 7K
fif# 01 455 58 K 1 45 Fey O, @ Si0,10, HAK R AE 45
BEUNR  FRE 1 g BEPE Fe, O, B 7 AF 50 mL
0.1 mol/L K H IR UL 8 min. R AL NE  RIF
B ANBEA 320 mL JC/K ZEE AT 80 mL 2 1K 4
B TR B S W) = VB, =R A ZK A
pH EARE 2] 11, KK 52 7R & In#AE] 50 C L 78
RS HUBEHE T, BN A 2 mL E6ER
g (TEOS) . 4k 2L 2 I 12 h, B 53 206, 5 5w 7™
Wowg Ak oy e, 28 oK EZ th e B b i, Z 5 78
50 CH&M T HZ T .15 Fe, O, @SiO, i
1.2.3 Fe,0,@ SiO,-NH, 1l 4%

%% Wang ' 1 & W7 % il & Fe, O, @
SiO,-NH, , BRI By  FREL 2 g Fe, O, @SiO, K
T T 50 mL H2RH H A 15 min JEETHNA 4
mL 3-2 78 3 = H H B (APTMS) . 7 A AR
ProMU I RE R L 110 CME I 12 h. B H B %
Tk o W 5 I A A A FH TG K & T RN TR TR S 523
E.50 C &M H 2 T 12 h, 53] Fe, O, @
Si0,-NH, %i¥.

1.2.4 Fe,0,@ SiO,-NH-COOH 414

¥ 2 g Fe; O, @ SiO,-NH, K ¥ 5 10 BiE T
N,N-Z LB T R EF (10 ¢ T R EFE
T 100 mL DMF HOR GG . 76 A AR HLBE
R ZWBFES h GBS HEABEFKRE
BUE.50 CHRMUTES T, M35 Fe, O, @ SiO,-
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B 1 Eb A A Fe, 0, @Si0,-NH-COOH
) BRI 2,

1.3 KAl 6y RAE

R R L2150 i 0, AR AL B (KBo) [k
P 3 X bR BRI JR HE AT 2080 50 B R AE 5 R X-
S AT S OGB4 B i S o A 2 4 AT 0 R
F 5 5 FH AR EE 20 A AS06F A4 ) A7 IR 20 B s SR X
SRR T BE T X A4 A 2 I G 3R RN A A5 AT A
A B A3 #r

2 #FR5ITE

2.1 FT-IR 4 #f

X Fe; O, Fe; O, @ Si0O, , Fe; O, @ SiO,-NH,
Fl Fe; O, @ SiO,-NH-COOH DY Fl #4 1 21 41 5
WA AN 2 frs. B & 2 AT FE 580 em Ak Y
Fopt Ak 227 Hh B RR AR IR 0 L X R BRI T Fe— O
AR G R ENEFHY Y. Fey, O, @SiO, 7F 456 em !,
798 cm VRN 1 084 em ' Ab L3 H B S ) AR AE
WU L X T Si— O 46 P sh i 1E L e B
SiO, WAL HETE Fe, O, £, X T Fe; O, @SiO,-
NH,,® 2 1 1 498 ecm ', 1 629 em ' 1 3 423
em ARSRCE N — H S % 25 R 4 i 3 R AR
. X F Fe; O, @SiO,-NH-COOH,7E 1 401 cm !
AL —COO— F C—O By FRAE T Wi, 76 1 557
1637 cm 'AbH I — NHCO — ##fiF it 50, 5%
B Fe, O, @SiO,-NH, RIS T ZWRE k4
FEIR R DA ok i 5 1 T 2 285 6 S B RDR 3 1 )
BTE Fe, O, @SiO, F.
2.2 XRD o #7

Kl 3 4 Fe,;0,.Fe; O, @SiO, ,Fe; O, @ SiO,-
NH, #l Fe,0, @ SiO,-NH-COOH #J XRD 4} #7
B, N 3 T LA H, Fe,O, 7 20 = 30. 22 °,
35.5 °.43.26 °.53.4 °.57.38 °.62. 84 “Ab¥y I
FEAE AT S 08, 43 0 X R R R A A BT A0 ST AH
(220),(331),(400) ., (422) . (511) I (440) {1 {37
B FERE Fe, O, FRAEUE, R B A4 06, 10 0F T

B BN Fes O, £ Fe, O, @ SiO, , Fe; O, @
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FEF 1A ] By 4 AR AT S 0, 15 B oM AR R X
Fe; O, #4775, IR el e H S B 454
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2.3 TGA & #f

% Fe; O, Fe, O, @ SiO, , Fe; O, @ SiO,-NH,
Ml Fe; O, @ SiO,-NH-COOH P4 Fh b4 Kl i $4 & 43
Mras e anie 4 Bros. i & 4 ] g0, DO FRp R R A
Yo7 B ek B 1 T o R AIG. R EEACEE BR R TE
20 ‘C~200 °CH1 200 ‘C~600 Cix A B xF T
Fe, O, KVt . 7EIR KT 600 CHf.Fe, O, Ay E
PR RN 3. 49 %0, 3 32 I ok UR T 4 B B K AN
SER K B % P X T Fes O, @SIO, , 78 IR JEAR T
200 CHF I E IR FH 1. 81% . X & H T Si0,
FAEK IR, 4 200 °C ~600 “C it Bl Py ) 4 5
P T2 R R 25 K K B BT 0 R 2R 4L 92 0% 5 %t
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COOH k¥t , B 2 76 i BE AR T 200 °C B2 1 7K Fl
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T (A HLY) IF 4 o3 ff IR B3 28 %25 11, 9126, X
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SiO,-NH-COOH = ## k7 200 °C ~600 C B K
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2.5 XPS 5 #F

XPS 3% 8 ] LA 43 B b4 8} 3% 180 04 Ak 27 20 8 18] 6
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MARBERMNEEERL Cd 5L
kB9 B3 5 i i 3R

TUAME, ZHAEHK, B Wb, ETRA
(BevERHB K2 MRS TR B, BevE Pi% 710021D)

W E.REF ORGP EFAELRESEZEHENTHE R NI (Permeable Reactive
Barrier, PRB) £ 434, LR F R Lk fo & )2 4T ik A N SR 3 L sh A Cd 5 F K
RegiE E . R EIL.PRB 24 L H8 MK CdEREAA 1 mg/L, uaF KAk Cd 4 & 1%
FASEZD (5UNAL). MR EFFRAAAESHERIEE . Cd XHhE L CdERKREAR
AAMAR LS ARUMERS ZH, L XHES IR IFELE LG KA 1,698, LA
HABBERF ;M FAA Y=(—3.272X, —8. 221X, +117. 722) X 100 % , t£ B % %
R* 40,956, % Cd 2% FE 5 CdARKERARNWERLXLZZEASET HAATRALES
BAR. ARG AG L LRGN REETELAE o L HFiEE.
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Regression analysis on the remediation behavior of simulated cadmium
contaminated groundwater by permeable reactive barrier (PRB)

FAN Chun-hui, GAO Ya-lin, LAI Miao, DONG Wan-qing

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

Abstract: Agricultural straw, fly ash,synthesized zeolites and ferromanganese nodules derived
from loess were selected as mixed fillers of permeable reactive barrier (PRB) ,and the atomic
absorption spectrometry (AAS) and regression analysis method were used to explore the re-
mediation characteristics of simulated cadmium contaminated aqueous solution. The results
showed:the PRB system used supports a preferable cadmium concentration of 1 mg/L,and
the removal rate of cadmium is relatively higher (more than 75%). The analysis of two fac-
tors and partial correlations revealed:the removal rate of cadmium appears a correlation with
its concentration and flow rate, higher with flow rate. The maximum value of standardized
residuals of two linear regression models is 1. 698,indicating the sample data has no singular
value. Meanwhile, the fitting equation is Y=1(—3. 272X, —8. 221X, +117.722) X100 % (R*=
0. 956) ,showing that the linear relationship of cadmium removal rate between its concentra-

tion and flow rate are highly significant,and the sample is from the normal population. The

* WA EHI2017-11-10
HEETH #EFWMHEMLER¥ESTE FWHE (2012M511968) 5 BEFIRHE KR RIS T H (2014xhbz-06).
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regression analysis can provide important evidence for the investigation of remediation mech-

anism.

Key words: permeable reactive barrier (PRB); regression analysis; cadmium; atomic absorp-

tion spectrometry (AAS)
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PRB 3¢5 0 A7 AL 37 38 04 5t 19 B A 8 5 0 2%
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g T PRB T RE Ak R O #2 L B 5 1) 2K OF i
B 52N AE PN T A S K i A A SRR R HE H T
B 25 S5 Z SRR S A5 1F T 58 BRS39S, A2 R
IKAE T ITAL 1R R A2 178 E.
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Optimization of cryoprotectant formulation of lactobacillus
powder by response surface methodology

YANG Hui, YAN Xiao-zhe, DU Jiao-jiao, JING Xiong, DONG Teng-da

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

na)

Abstract: In this paper,some lactic acid bacteric (LAB) mud, the by-product from LAB fer-
mented pomace extract,was used as a raw material to prepare a kind of lactobacillus freeze-
dried powder. A single factor experiment, Plackett-Burman design, climbing experiment and
response surface experiment were used to optimize the cryoprotectant formulation with the
dry survival rate (R1) and viable counts of freeze-dried (R2) as the evaluation index. The re-
sults showed that when the protective agents were xylo-oligosaccharides, inulin, NaHCO; ,
and the addition amounts of them were 14, 5% ,6. 28% and 0. 92% respectively, the freeze-
dried survival rate of lactic acid bacteria mud was(82. 87=+4. 28) % ,compared with the blank
group,the survival rate was increased by 68. 27 %. It can be concluded that it is feasible to use
the resultant protective agent to prepare the LLAB freeze-dried powder, and also provides
technical support for the preparation of lactobacillus products.

Key words: lactic acid bacteric(LAB) mud; cryoprotectant; survival rate
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1.1 #MH LKA
1.1.1 kR

W TR FLAT TR L B2 W LA B8 AT ) FLAT T L AU,
FRTR AR R T PRI R R 5 4EY T
TR 2E B 58 EARAT-

1.1.2 il etk

(DMRS W7 ALt fiR ARG R TR A FD
FEHE10.0 g/LAFERER 5.0 g/LERRR 4.0
g/ L A% 20.0 g/L B R A — 1 2. 0 g/L 7 HE
BR=4% 2.0 g/L. RN 5.0 g/ L. FiBREE 0.2 g/L,
Wilg4% 0. 05 g/L. itk 80 1.0 g/L.pH {H 6. 2+
0.1;

(2)MI17 ¥ 5 G & e B i AR Y B
BRATED KRG 5.0 g/ LUE M 2.5 o/ L &
2.5 ¢/ L BERERH 2.5 ¢/ LA ARH# 5.0 g/L,
FLBE 5.0 g/L BRI ER 4 0. 5 /L. 3~ H I B R &
19.0 g/L.BilREE 0. 25 g/L.pH 4 7. 2+0. 2.
1.1.3 KREERGFHE

PE T A H R
L1.4 JFEOGFREE

MRS #5725 (b 50 B HR A BR 542 7))
FEEM 10,0 g/L A RIRK 8.0 g/ L EERER M 4.0
g/L A0 20.0 g/ L SR A 41 2. 0 g/L A7t
MR 8 2.0 g/L.OTREN 5.0 g/ LURIREE 0.2 g/
L. Wi 4%h 0. 04 g/L 35K 14. 0 g/L ki 80 1.0
mL/L.pH {H 6. 540. 2.

1.1.5 ikl

ISR AN AR AW ISR 2 FUME L 2 0 W TR
SRR VR - A R R R R IR
A) s NaHCO; : KEETT R Iy 4k 22550 R A ).

1.2 £&ME

TER 3G 75 48 QLR MR D5 BRY7 4 W) H 40 B
RV (FEZ A AL 5O BHE A BR A A pHS-4C+
MR B2 E RS T 5 SRR IF & A R, DK-S24 AU
B R K WA 55 LR 2 S i & A R |, i
TAES GRME b s TAE) D BP0 R EM
i i EL 2 ) 3 A RS WD L YX-241.DJ B K B A (VT
FIEVL BRI 45 A BR A R, LGI-15D B VR T 4
HLCAE S YRR 2R ).

1.3 %%k

L3 1 B A otk ok +
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Y HEAE WA DT D AR TR R T AR R S D + 33 ¢

e A OB B R TR T R A 1 B

WA A el

[Ezpidnrgid

AR EE o EEIR

Wi T <« LURNEY 7«
L>?F//J\’ T (ml) 55
TR AR A2 7K
Bl ZAi#kEH
1.3.2  URTAFIE 3 Lot & TR R I B 550
ARSI VIR T A7 06 508 EE A br , Ht A
=X CO PR 5 B T S B R I TR BIOCR ICEL S A L L
A X = (2) FroR.
HFFIER RI(K) =
T R R K R AR BUS S0 BTG B (e2)
I AP R R R (e D
BN R R I B R2(CFU/mL) =

T B 52 K 2 R AR AR S AR AR B (c2) X TR R
TR BT (mD)

AT (c2)

X 100 % [@D)

% 100%
(2)
1.4 #¥ A Bkt

4.1 BPEREE
R 1 PR, gL R 8 A FH Ok 4 kAT
AT RS, K E T s AT (ALB,
C.D); THLER (E.F) s (G H) s 3t 3 28 AR HE SCik
rh g I MR B VL 43 S A VR B AR FE AT R R
SEHG . IE c1.c2.ml,iHE R1.R2.
x1 B—RPFRERER

FHIES ARG/ % wt

AR A 0 4 8 12 16 20
B-RRANE 0 4 8 12 16 20
CARZR P FL 0 0 4 8 12 16 20
D-%j b 0 4 8 12 16 20
E-NaHCOj 0 0.2 0.4 0.6 0.8 1.0
F-K,HPO, 0 1 1.4 1.8 2.2 2.6
G-HEHE 0 3 5 7 9 11

H-ifg 3 4% 0 3 5 7 9 11

1.4.2 Gk

ARSI R T XS e 5 MR AR A M
e, A0 it 2 T A B RE M LR SRR — B 2E 5T
FECT VR TR PRI AS BRI = AR R R
B A LR A B2 L 00 R T PR 37 500 76 W 2 AR P
— FLIR B A LAk 1 L AR B X H At b 2 %) L R PR R A T
PP, X B —FL R 0 S . & A9 AR R = 18] AT g
FEFEDMALE T, 7T DAFEAR KR BE L 42 v R T AR b 1)
R R 3 g PR 2R S AR i R T R RS B
AN A LR b 0 0k H X T A T SR )
(CETABTIE B P o = Rl VAT
1.4.3 ey ses

Wi 17 1T 40 A5 7 R AE 2 42 04 i ST 43 DY i A5

R B 2 30T T SR 5 O 3 S 3 S A 1 R AT E 3
S AE TCHE S5 L BE I % 52 58 X F A TR R
S 3 B AT = AR R AR OK S o e — 2 L ik
BGE B AP K AT I S5
1.4.4 e Ry £ 1k

R Al T 3 ST 6 Aff i 1 T P 0 e TR HOS TR R
(R AR KT SR A7 M S0 T S 55, I AR AT B B ARG R 5
L v o 1 o
1.4.5 M

A S5 i Ad B R 4F 22T Design-Expert.,

Excel.Spss %.
2 #RE5IWTR

2.1 PRFEH
2.1.1 BEFRPHELR

AR N T SO0 AE R TR b /R R AL EE AT LA
il B LA AR A

(OKE BB, ERE TR S/R P hT
Ko F Bk 25 5 BB 40 T () S A T 1 FH 3G o ol
20 Ak O T R A MR T o A R I LR L R
00200 5 30 o P 4 KL R G AR R
A DAL 5 AR S B4 B 5 AR L AR Bt K 43
T YRS T AR AR T RE (G e L DN A R i AR LAY T
JZ B F P L B Lk 40 AR B K T AR A 0 T i U
IR A Samuel B %% F ] FTIR, a1 550
DA A B e T L W B F R Y — IR S R B
TE VA S 0 RE A 00 S OBE T 00 A0 B b B 1T
) B AR I RO B, 36 I X s 41 i b 2R A R B2 110
AR Ak, YA AE W W i R L BE R 11 HE A AR
b, U8 B T T A R A — S AR L IR T 40
W2 AR S5 A 0 FA 2 M. Adriana M OZERPH A
Jz B TRE AR VT L9 3R ko BH 1k R 2 A B A I AR T L
HEBE S REME T BEAC R K o T 45 A B R R SR K
SEAR IR R B 1k R RN A K Ak 30 TR EE S RN AR
P J5 ] S 07 28 D P T g ol R o 40 ) o 4 1

2)“BE RS AL B | A8 VR T Aok 6 35 R T A
A LAk G 45 i TR A 52 495 B Ak o 78 T BV g
Wi EA A B AR o 7 T B ARG B
70 e R o 3| 3 e S AL G | o S I NI S TANa =X 7 Ko
SRR

B2 R T ORISR R0 i R T R R
S pR B 2Ca) m] LU Y T U8 A0 RS B TR
WM T EERE RN R 9%,
2.1.2 fATURAN KRR

TR ZLHE AR R ABE GRS L I 4 15 46
M EA 25 A e A TR TR R B A
AR B AR B4 T DA 27 B2 R 0, 3 0 25 4 ot



.« 34 - RaPERLE SR 55 36 %

BLZRIALEY , CAT E AR A AR VE AT DU K
A BT (R B (FE 2. 1.1 B2 or
B, 60
45 « 50F
40 “E 40f
K
35 5ok
52 301 20
5 2
%E25_ or |1 | | | 1 1
# 0 4 8 12 16 20
20p 6k TR %
15f Ca) {1 3R SR L 2 W T 22 6T 75 T 3% 194 532 W
11.6
10 1 1 1 1 1 1
0 2 4 6 8 10 12 e 2
PR R s I =/ % w0 - ;‘t‘g%@g)fm d
S 11.4
Ca) B2 A 3P0 390 S o2 b o2 1 093 17 35 3R 10 5% i) :g
i
1.6 ‘ jo 11.2
e D) =
5 ~ ERET) H
S1naf nini{ 11.0
;E; 112} 108 f
iE =
D‘mﬂ 106 1 1 1 1 1 1 1
= nof ©% 4 8 12 16 20
; WA TTER NI /%
05k I3 SR 40 5 5 Y 5020 2
02 4 6 s 1 12 e meramas
BER AR SR/ % 450 WRARGER o
(o K 52590 8 4 B4 3 5 i 3 B 3 s0f
B2 BERPAFIRENSAEATFTRABG R 350
BEAN B B = FR AL 2 . R KR B A :;30-
Tk aEE A Y TR —ERE §25-
PR 20 B R T A R Ak R R SR R X RE 25 A T T oop
AT DL RV U6 0 LR B A0 M P oK B A R AT 151
I FERAT AR G HOR 32405 E T 05 Ok B K 104
PR 6 179. 36 14 44 4 XT B AR 1Y £ 3 i R TR S e T
A, M T &4 538 300,300, 28 B/ T =11 i TC I IR/ %
(R Bk U I B A P R 22 L T Co I 38 LA {66 36 A8 I 3 155 1 5

R AN R SR B R 4 8RR AE
HERA —E M C R, Tymezyszyn E E %% & B 43
A TC AR 2 AR 22 S AN AUTE HE 5 AR W o3 T AR ELAE Y
Al 7 kAR L LR O BUE WA A
Y BSR4 RE 1 Oy T A 2 G H EL. Tymezyszyn E E
SRR e R 25 2 0 Tk B X LR TR R T RAE B A —
SE S M o R T il e R v T A7 i vk P AR

3 45 R R AR R FUE AR AR A

B BRGNS I = 43 0 R -89 .12% .16 % .8 %, A 10.40—2 L : . - .
F PR VE R s . 5 1R o0 B 1 — 30, AR 2 AR B 5 85 S5 W AN/ %

¢ WAV 3R 24 LM 1R 3R AW Xof 2L 1R T s L AT R 0 ) 25 2 LR 66 38 A WV 1 B4 5 5 09 0 4060 3
FI AR B AE F X B8 75 it — 25 i 5. B3 #ALEEP ARSI AETFEHNE YR

2.1.3 TCHLERZEA R R TR



55 2 ) M MRS W I TR 32 00 Ak L IR T R T DR AP R G 7 * 35
Hi &T 4 AT, TEAILER 28 5 PR R S ir e T AL ER MR IE IR/ %
00 02 04 06 08 10

JH S A S 4 IR B Y F . Adriana MOAERY B 5T
S B, B < T BH S 1 R BE % 9 (0 40 M ) A 7 i
JEE o foff 200 B R4 T MAAR 28 I 48 i 40 Xk T 0
AR BT PE TR I FLRR T AL T 598 261 L i 4
R AV T e B2 i e R L R TR X R 9B PR T
2 A I TR 4 VR IR AT A2 BT LA R
S b TR U R B (HAER VR A L B A
ST A A 52 J FH 8 1 A 52 W Wl i XLy 1
JEFEE AR 1 1) B RO A AN ] AR
A 20 i 158 32 A0 o T S5 AR M A 7 BORE 4 B3
T RO A8 B DR 2% 552 6 23 SR 4k T L A A o ok 2
100 B BRI BE 1. 400, AR AR 8 1
X 200 i PN PR e R D B o R AN [ x4 i ) R
PAEFATR B — A o AL AR DR 4 2808 O 1 2 AR B
AEL, PRI PE A A Ao 2 O 4 7] S [R] F.

IR INE/ %

10.8F

FfL {5 2 TR VE T4/ log

—o— WA AT R
—A— PR )

25

1 1 1
1.0 1.5 2.0
R R/ %

(b TG HL A 75 1400 o B4 {37 JF 2 TR 345 7 0 10 5% 1
B4 AMERMBFTEFDEG A

3.0

2.2 fhik kg
WA 2.1 B SR S g A L, AT Ok S e,

TR 3PR & R KPR 2 Fos s (R 9750 PB it

0.0 0.2 0.4 0.6 0.8 1.0 . N \ S
. . . . . . K5 R FR 3 R s R I R1GAR T 4716 %O 19
451 . S N
e, e : 07 2 HT I 4 FIER AR X R2 LS R )
Ik HR = ¥
WOr e mma-mery) R 1 T HEEO W 220 BT 5 FiR.
sar T2 RPFEREKFEER
<
~30F . IK
3 477 - -~
iE 25+ 0
= AR REHE/ Yowt 14 0 10
20 BAEE A/ % wi s 0 1
15+ CARRLFLHE/ Yowt 10 0 6
10+ D’%’%/%Wt 10 0 6
00 04 08 12 16 20 24 28 E-NaHCO;/ % wt 1.1 0 0.9
T E N/ % F-K,HPO, /% wt 1.6 0 1.2
Ca) TG AL VR J % 7% B %2 10 3 G-HERE/ Vowt 8 0 6
H-1 B0/ Y wt 10 0 8
K3 RPFPBEIHRER
B A B C D E i3 G I R1/(X100%) R2(CFU/g)
1 10.00  18.00  10.00  10.00 0.90 1. 20 6.00 10. 00 0.78-+0.038 11.30 +0. 021
2 10.00  18.00  10.00 6. 00 1.10 1. 60 8. 00 8. 00 0.7040. 049 11. 30+0. 030
3 10.00  18.00 6.00 10. 00 1.10 1.20 8. 00 10. 00 0.60+0. 055 11. 29-+0. 040
4 10.00  14.00 6.00 6.00 0. 90 1.20 6.00 8. 00 0.8240. 045 11. 31+0. 024
5 14.00  18.00 6.00 6.00 0. 90 1. 60 6.00 10. 00 0.7540. 048 11. 31+0. 027
6 14. 00 14. 00 10. 00 10. 00 1.10 1.20 6. 00 8. 00 0.6640.034 11.30+0.022
7 14.00  18.00 6.00 10. 00 1.10 1. 60 6. 00 8. 00 0.5740. 046 11. 29-+0. 036
8 14.00  14.00  10.00  10.00 0. 90 1. 60 8. 00 10. 00 0.7040. 081 11. 30+0. 052
9 10.00  14.00  10.00 6.00 1.10 1. 60 6.00 10. 00 0.81-0.070 11. 32+0. 038
10 12.00  16.00 8. 00 8. 00 1.00 1. 40 7.00 9. 00 0.7140. 083 11.30+0. 051
11 10.00  14.00 6. 00 10. 00 0.90 1. 60 8. 00 8. 00 0.7140. 060 11.29+0. 038
12 14.00  14.00 6.00 6.00 1.10 1.20 8. 00 10. 00 0.760. 045 11. 32+0. 026
13 14.00  18.00  10.00 6. 00 0. 90 1.20 8. 00 8. 00 0.7840.051 11.32+0. 028
W33 A~H 4 5% R 2 o X BE A AR B R0 L AR B3RS R A (Y w).
R4 RIPFXRIOFESH RS RIPFFRZBFEST
EES F 7 ¥ F P EEMHY [SE 5 ¥ F P ETRHET
A 3.196X10 % 3.196X10 * 3.47 0.136 0 5 A 4.37X10°° 4.37X10°° 2.76 0.1719 7
B 6.648X10 % 6.648X10 % 7.22 0.054 9 3 B 1.53X10°* 1.53X10°* 9.69 0.0358 2
C  3.823X107% 3.823X10°% 4.15 0.111 3 4 C  1.27X107% 1.27X10* 8.05 0.047 0 3
D 0.031 0.031  33.39 0.004 5 1 D 7.86X10 ' 7.86X10 * 49.65 0.002 1 1
E 0.016 0.016  17.06 0.014 5 2 E  7.01X1077 7.01X1077 0.044 0.8436 9
F 2.338X10°% 2.338X10 % 2.54 0.186 3 6 F 5.17X10°% 5.17X10°5 3.27 0.145 1 5
G 1.538X10 % 1.538X10 % 1.67 0.265 9 8 G 2.98X10°° 2.98X10°° 1.88 0.2421 8
H  2.199X10 % 2.199X10 "% 2.39 0.197 2 7 H 5.17X107% 5.17X10°5 3.27 0.145 1 5

T3 4 P9 A~H 43 50%0 04 2 ok B i fr ).

TE 2% 5 I A~H G 5I%E N 26 2 vhoxk i i O 7R



© 36 -+ RSP BREFB 55 36 %
H 2 4 J7 2257 MT T AL D- %5 68 L E- 0k R a0 R *8 HLAFTERITIRER
BAREAMN F 8K H DI p=0. 004 5< 5, DIEEAE DR Emmam o
N e N - / Yowt / %wt /% wt
0.01, Atk B EMHIZEE B p=0.014 5<<0.05,°H 1 14, 00 6.00 0. 90 0.79+0. 028
BEMHKRNEZ;BR p=0.054 9<<0. 1, hEEHN XK, 2 14.00 6.00 0. 90 0.82240.078
3 13. 50 5.50 0.90 0.68-0. 064
. T YE A ] A T S e ; . . . . .
e TN Z IR A LRI U8 VR 177 1 5 (1 52 i 1 A 4 13. 50 6. 00 0.85 0.69-0. 062
WE HES FEOWaH..BIER AR . C{RR 5 13.50 6.50 0. 90 0. 7020, 049
1y ; . - 6 14. 00 5.50 0.95 0.734+0.078
FLBE D-4 B9 FAEECR B D 9 p=0. 002 1< 7 14.50 5.50 0. 90 0.66=0.074
0.01, M W EMHKZE ;B ) p=0.035 8<0. 05,C 8 13.50 6.00 0.95 0.7040.011
. e N 9 14. 00 6. 50 0.95 0.75740. 042
1) p=0.047 0<20. 5. 0 W FE MR I D-44 10 14. 50 6. 00 0.95 0.780. 050
¥ E-BR TR A AN A B- % SR ABE A% 37550 22 547 11 14.00 6.00 0.90 0.8140.072
R 12 14. 00 6. 50 0. 85 0.7340.069
2.3 e EIH 13 14. 00 6. 00 0. 90 0.7840. 048
14 14. 50 6.00 0. 85 0.72-£0.010
Af S s A > Q=] 7
TEf S50 h R B D E B A& 50N B0 15 14. 50 6. 50 0. 90 0.79-0. 050
T 108 B HARR K AR M B3 sE 6 (19 = K ik B A K 16 14. 00 5.50 0.85 0.69740.039
- NUEN . 17 14. 00 6.00 0.90 0.81+0.023
HEAT C I S 3y, H S et 45 R 3k 6 s, — -
st g " " £9 MEE_RERENFTESR
x6 & Elﬂg&lﬁl‘l-&":"% % TR A )y F P B
451 Biﬂ:&féji*% D;%*E Liﬁﬁnﬂ&ﬂ%m R1 2 0.043 9 4.76X10—3  13.14 0.0013
/Yt /Vowt /owt BARER AR  3.78x10-3 1 3.78X10—3  10.45 0.014 4 *
1 10 9 0.5 0. 46-40. 025 D 44 5.57X103 1 5.57X10—3  15.37 0.0057
E it 2 2l 2.93X10—3 1 2.93X10—3 8.08 0.0249 *
_ BD 3.03X10—3 1 3.03X10—3  8.36 0.0233
2 1 3 0.6 0.5240.046 BE 6.76X 101 1 6.76X10—4  1.87 0.2140
DE 7.23X10—5 1 7.23X10-5 0.2 0.6685
3 12 4 0.7 0.6140.061 B2 0.01 1 0.01 28.3  0.0011
D2 9.33X10—3 1 9.33X10—3 25,78 0.0014  * %
4 13 5 0.8 0.65+0.053 E2 4.47X10-3 1 4.47X10—3  12.34 0,009 8
% 2.53X103 7 3.62Xx10—4
5 14 6 0.9 0.76+0.053 I AL 1.52X1073 3 5.06X10—4  1.99  0.2580
a5 2% 1.02X10—3 4 2.54X10—4
AR 2 o5 B 4 A T A0 R 0 e m oo
T e TFOR X S5 R AR B RS (P<T0.01) 5 ¢ YRR A R i 3 (P <

KR1 ZRH G A, I 2k $2 45 5 41 S w7 T A O
MO R  BAR A 14 %05 D-46%% 6% s E-TRIR
SN 0.9%.
2.4 R EARAE I

FUL A BRIT R 5K INE 7 Fis; b4l
BT EE AN 8 BT 5 Wi 1 1A R R Y

2T IR 9 PR,
*x7 HLAFEITEZERSKE
45 - 7’? —
BARRAME/ Vo wt 14.5 14 13.5
D-35H/ % wt 6.5 6 5.5
E-BRIRE4H/ Vowt 0.95 0.9 0.85

WENRPE e S ALV RS €/
GrAT AR EI LU [l )RR 5
R1=+40.80+0.022X B+0.026 X D+0.019 X E
+0.027 X BXD+0.013 X BXE—
4.250 X 10° X D X E—0.049 X B* — 0. 047 X
D’ —0.033 X E”

JRERIAI p (M 0. 001 3, FHBAMBIA g 2 %
AT p=>0. 1, LW R BIA B, TR HAEZRF
FE S RIAT %5, nT P ASE R 6 B0 HE A7 40 M. R =
0. 944 1. 15t A 11 U5 05 82 1) 40045 788 38 - [l 00 43 A
R0, R, e [l 05 A o 30 3L AR B e R T AT
IR,

B5 Son TR NS 3 0 o R &0 28 Bk
JH b V5 A7 T 3 5 1) A4 ) L T B A R 4R 1B 5 (a)
AU 2R AR R 2 0 10 38 T AR R S ZGE LRDE . B
p»=0.023 3<C0. 05, 1. I A% 2R A M 71 44 1 o TR A& 7L
1% TR VR T TR R 700 28 AR SR Pl K R 4 B AT
S ARG SR AR 2 0 T LR B A 43 RN R )
T 1 B GRS TG SR A 0 48 8 4 AR X 43 i 2
PR W i o B Ak, K a3 1 2 5 0 T
& A A S 7 1 BRI T 3 S /N A 2R
AHKE T L5 2 B B2 AL T AR F U R B AR B AR .

P 5 () T T K SR A M ik 7 S04 199 58 A
B NNEIRIE . B p=0. 214 0>>0. 05, YL (R 5
A I PR 0B TR A LR B VR T BRI A AR A8 AR
FAAS 35 5 Co) ] AT, 4 Bl R B TR 4N 1 58 B A
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Y HEAE WA DT D AR TR R T AR R S D

. 37 .

FHEEL MMRIE, H p=0.668 5>0. 05, i 4
Y R B T2 S 4 R R G LR A R TR R 28 BLVE LR
BE GAE 5 JE 5, R EP R
FE T 40 M PN R 2 M T B BR L 1 0 FL R T X
BT A VR EREE S N M L T 25 4 o0 RO T A i
AR ISR ER 15T B PR, BT DA 25 A2 T R T ML ER 2K 1
L HAEHA B3

T/ %

- 14.
. 5.90 \//13.90
PRI INE/ % 5.70 13.70

5.50713.50 B B A HE Uk I/ %
Ca) {1 3R A A R0 25 3 1) 22 B

3

%/

T

%

. \\_\ J
‘ 114,50
0. 95
0. 93 1430
.. —714.10
LY e ST
RS IE/% 0. 0,‘8\V1/f.5013'70TK%*W%WE/%

0. 95( 6.50
R 630

0. 90
R 5.9
Wmamﬁm%%jiﬁFaﬁgﬁm

0 s
AP E/ %

Co) 40 M AT R 0 0 149 22 748 1)
5 ARRARYE.HHE KR SN EAE A AT
T HREERY g L@ AF HE

3 sk e W7 T 3 B AT AT, YA SR ORORE S = Dy
14.5% GBI IR 6. 28 %0 (B R R AN IR I i
0. 92% B, TN 2L MR W B Ve 1Y R T AE IS R R
79.80%.

2.5 EEE

V5 v R FLAT A L B2 LA T A A FLAT B L L
AT B R AR FLAT T L LA 4 %0 By 4 b i, B R HE ] 2
21200 3 4 R R R R L FE 37 °C ~
39 C TH:F% 36~40 h B B AE 5 000 r/min T &
£ 10 min 74 25 U, K B O B R B R R
—20 ‘C FH% 2 h JF&T 24 h, % T8 2 &A%
FOR(82.87+4.28) Y 5 WMMA R . 525 H4L O
TR 2% vh W, pH = 7. 4) AH Lo FL R 1 14 Y 1 77 1%
FAR T 68,27 Y0, 2 WA 1 T 2k A Ak FL IR T U VR
TR R T AT .

2.6 HRTHAWEARIE

PRFE RIS F 3k, RS A AE U= TR B o
AR K kAR BT IR B R B KR T R AT S R
P S, AR AR KR SR R AP LRI B 4 mL/100 mL, 1 T
R1 242k 82. 87 %, W& 7K VR T W& H A B2 b 1 4. 83
ml./100 mL, H A& B 45 R 6 s,

1 L6 AT, Ak AR SR T R R B 39 h 5K TR
THF LB 45 h By 7= R LA B2 30T, 1 R 5
By o A AR R R AT R T Ak B AT DL AR B R R B Y
KW YE, RIS IR R K B 3 h R 4R R
KR TR &9 h 7P~ R & , il RBJ& oM 7E R T
i AR TR B A DL R OK A TR R 2 T AL
T2 A 240 b 3o 1T — o A 4G, R SR K D e T A
T BT A, T AE T K T2 o 0.

O = uFan
—— EALE

K87 & /(g/L)

1 1 1 1
0 3 6 9 12151821 242730 33 36 39 4245 48 51
R )/ h

B6 ATEHENRIE

FEE A FLIR T & 9 7 A 1 FL R T T 8 TR
IC TR A 28 0% R I S A ELVAS I 4331 A 14. 5% .
6.28%0.0. 92 %0 B, A & U6 i FL R TR 19 AE 1 R A
F(82. 87 £ 4. 28) Yo, BB — IS Jin W R % v R H2 1=
T 68.27% . W R AR AL A FLIR B R TR
PPN 5 2 W AT 0 S R T O A 700 A8 AR 47 2L R TR A 1
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Study on the factors influencing the oxidative stability of

emulsions stabilized by milk proteins

XU Dan, GUO Rui, YI Jian-hua, NING Jian-qin, ZHU Zhen-bao

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

na)

Abstract: In this paper,whey protein isolate(WPI) ,and casein(CS) were employed as emulsi-
fiers to prepare reasonably stable oil-in-water emulsions and the effects of protein concenta-
tion, continuous phase pH,the concentration of NaCl on oxidative stability of emulsion were
also evaluated. The results showed that increasing protein concentration led to decreased lipid
hydroperoxide (ROOH) and thiobarbituric acid-reactive substances (TBARS). pH had a
great influence on lipid oxidation. At pH 3. 0,lipid oxidation rates were lower than those of
pH 7.0,8. 0 and 9. 0. Lower NaCl concentrations improved the antioxidant activity of pro-
teins,and reduced the lipid oxidation. However, higher NaCl concentrations had the opposite
effects.

Key words: whey protein isolate; casein; oil-in-water emulsions; oxidative stability
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Optimization of extraction process of cellulose from apple pomace

CHEN Xue-feng', LI Lie-qin', XIONG Zheng-yu', SONG Xiao-ke? , HUANG Meng-jiao'

(1. School of Food and Biological Engineering, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Shaanxi Haisheng Group, Xi'an 710100, China)

Abstract: Apple pomace cellulose was extracted by alkali method, the effect of sodium hy-
droxide concentration,solid-liquid ratio,time and temperature on cellulose content was inves-
tigated ,and the extraction process was optimized by orthogonal test. The results showed that
the optimum extraction process of apple pomace cellulose was that the concentration of sodi-
um hydroxide was 14 %5 (w/v) ,the solid-liquid ratio was 1 ¢ 25(g/ml) ,the time was 15 h,the
temperature was 45 °C ,at the time,the cellulose content reached its peak value was 73. 61%.
The results of SEM and FTIR showed that its had apparent cellulose morphology and charac-
terization peaks of cellulose polysaccharides, which would lay the theoretical foundation for
apple pomace cellulose’s wider application.

Key words: apple pomace cellulose; alkali method; orthogonal test; characterization
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FREL A OB, A2 Z, £2E8AH

(L BRVIRIHE K% B 5AEY TR%BE, B 7% 710021 2. 2T AW Y TRIWE, P 7§
710021)

W B LSRR BARALTNISHAFE DD R E A HEIGR, X R FRAETHE
AAERAEDN ML ERMEALNEE. ARFRS OB EREDA T HREDARRA
BRI E. KR A TG ELE F IO E (Brevibacillus brevis S1039) Em B 8 E &
Mt R AR AR T EHA. BT LR A RRF AR TESCLEAF TR SRAD
R REBRR . ABR>ANELALZ N KM, FAIEEW CaCl, #2 Tween-20 A& 4% A 2k
g9t K £ 09~ 4. A A Box-Behnken %3 % it & ve @ AT A8 2 T 3 AR A AEF 6
RERES>HNA . HAF M 12.9 g/L. &AM 27.6 g¢/L.CaCl, 1. 2 g/L.Tween-20 1. 05%.
RRAKACE IR AELE XM AF WA B AZE 2 25,4 mm, L ALFTI & T 56. 8%, WL
W ERAA R F AT AL ARA RSN R ORZ L WA ZT I E E, AT AR
A FERmEERET AR A,

KEIW 424 FF0ATH S1039; £ H %5 Box-Behnken K% ; o 2 &

hESEE:Q939.92 XEFRERD: A

Study on optimization of fermentation medium for Brevibacillus

brevis S1039 by response surface methodology

WANG Zhong-zhong', ZUO Jing', MAO Wen', GONG Guo-li'*

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

China; 2. Xi'an Microbiology and Pharmaceutical Engineering Laboratory, Xi'an 710021, China)

Abstract ; In recent years,excessive use of traditional antibiotics has led to increased resistance of an-
imal and plant diseases, which not only makes antibiotics less and less efficient, but also seriously
threatens human health. Therefore,to screen microbial strains of high-yield bacteriocin or bacterio-
cin-like substance(BLS)becomes a research hotspots. In order to improve the antibacterial activity of
bacteriocin-like substance that produced from Brevibacillus brevis S1039,the fermentation medium

was optimized by response surface methodology. The optimum carbon sources and nitrogen sources

x WFS A HEA2017-10-27
EETB :EHRARBAILETH (20906058) 5 V5% BHL IR H (2017068CG/RC031 (SXKD010)) 3 [ 5K g K 27 A A1 Al 1|
2RI H (G201710708048)
EEE N LN A992—) B, TEEE A AR IAE  BFE  AE Y R
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suitable for the production of bacteriocin-like substance were potato starch and peptone, respecively,

it was also effectively promoted via addtion of CaCl, and tween-20,and four factors were screened by

Box-Behnken experimental design and response surface analysis. The optimized concentrations of

four factors were as follows:12. 9 g/L potato starch, 27. 6 g/L peptone,1. 2 g/L CaCl,,1. 05%

Tween-20. The inhibition zone diameter of antimicrobial substance was 25. 4 mm when used the op-

timized medium for fermentation,which is 56. 8% higher than before. The results showed that the

optimized fermentation medium of B. brevis could effectively improve the activity of the antimicrobi-

al substance,which provides a basic application reference for the production of bacteriocin-like sub-

stance.

Key words: Brevibacillus brevis S1039; bacteriocin-like substance; Box-Behnken test; re-

sponse surface methodology
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i B R e 14 L T AR 00 9 A A 8 A o i e A
(AT L K B AR AE TR U B T 2E A
FETR 7 A B0 T W o 78 A AR ) Soms W % B v b
ELAG R TR S, T AS B 5% 58 0 1Y) 0 8 28 FL AT
W S1039°"0 7= A= 1 43 1 O 19kD /6 47 K Al 1A &
CHU R 2 ) X5 R 22 8000 5 =2 IR 9 1 7 A =2 IR R
PR AR B A s BT, 0O DL A ™ E R g
F14) < VB €0 4] 20 R R D T A 0 O LR T B
FH T DR AR 2 I A 7 0 5 % 5608 R o R TE T A
AH B 5 Y B At L VBT o A — 5 38 T I T AR
(4 A 1. B Ot ek B R 2R A e K e 1 TG Ak TR R
S1039 1) & [ 45 77 5L X T 38 w5 4 0 = 09 400 1 0
PESE A5 0 oy BB, w] Oy R R AT TR S1039 R4
3R I i — 20 T R B9 PG LA

1 #REFE

1.1 Ak

P T Wk Sy 4 8 ZE AT B8 Brevibacillus brevis
S1039, i T 46 7 B - 4 B (R 4 BRI CICC21600 3
F AR S 56 2 4R AL
.2 #BHRA

(DERAGRGFHFIRENA EAMK 1%, &k
BH0.5% . Bilg 1.5% ,pH 7. 2.



.« 59 ReHEARESB

% 36 &

(DOWI b RS TR EL: WINE 1,500, Ak 2.
0%, CaCl, 0.20% ,Tween-20 1% ,pH 7. 2.

1.3 MBEL#%&E

SW-CJ-1G I Ak TAE &, Mg b 15 %
FHIRA T HWS B 3 188 55 5% 3L 46, L b B
IS A BR A 7 s TGL-16M % 5 30 v 5 25 0 Bl )
ML B AR T R A B A s TX B622L HI M
TRV, 8 AT A BR A F ; PHS-25 7Y
pH it FHERFERE AL A R A A 3 YXQ LS50S
11 2237 20 ) 28 V3K T B b v T Sl A FR 2
il
1.4 KBt

M BR S1039 T AR b Pk 2 P14 ) 5
50 mL NA 3 5 300 mL B, 37 °C.220 r/
min 9% 14 h, 45 F0 7. #6206 (9 42 Fh i 3% Fh
LA 70 mL K EERE SR EAY 300 mL HEIE M, 28
°C.200 r/min % % 48 h, 11 000 r/min & 0> 10
min, B PR AT B AT B0 G MW IR R T L .
4 CIRAFE&H.

1.5 @ ERS RN F ok

K HIRUZ - B AR 5 B0 #E 17 B AR S1039 &
T b Y7 VA0 BT O T U L SF AR IS JZE A 15 mL %
TG KRR, R 25 mL NAGRE A 4 % (44
BRI CICC1600) , il UG 7= 40 1/ 15 57 58, o 4
HAR (6 mm) 3T AL, A 200 pl (B0 bW W,
S LA TR P 400 TR T T 0 R /0N P A R R A ok 3R
N,

1.6 FRREZBIAARSTEDE FERG TR
1.6.1 kil S H s i

TR G R TR AL S5 mt L A 1.5 %
(RAING R | 22 200l R LR AR AR
SRR, I LAAS I e I8 %) 55 % B AR R X R (CKD L 28
HE SR AR B RS X LS i HEAT A TSN 4 ) i
H0.5%. 1. 0% 1. 5%.2.0%.2.5%.3. 0%,
3.5%.4.0%.4.5% 5. 0% . R HBUIE 4T AL ¥ d ik
D 00 T
1.6.2 REM&HA &

TEVI UG 2 W5 FR 5L 0 JE el 1L A B A 2% B
FRECERK BB SR EAREEA
R T R AR A TR L I DS T TR A 8 R A
X RECCKD 5 3 H o A 0 I % LS i R A7 0 Ak
WM 5 1% .2% 3% .4%.5% .6 % - K H

TERRFT ALY H v I 5 490 A 0
1.6.3  JToHLER M &

TER A A e 55 R B i il 1=, 439 m A 0. 20 %%
B9 NaCl, MgSO, . KH, PO, CaCl, , FeCl, £} B
Bk S1039 A= KA A TEALER W23, IF LU e dL
() 15 35 S AE S 6 B (CKO , 3 1 d A TE L6 iR 40 5
Xof S I R AT A AL S A 23 0 52 D 0. 0504
0.10%.0.15% 0. 20% ,0. 25% 0. 30 % , K F Bt i
FTALY™ Bl ) 5 00 R 3% 1k
16,4 FUIBHE IR S v

TEWI b e e 35 FR BE M 6 L 23 m A 1261
Tween-20. Tween-80 E N B #k S1039 4B K A8 19
R EF, I LA Tween B9 55 37 3 AE  XF 1]
(CK) 3% i fe £ Tween B 28 J5 X H o8 i 547400
b8 i 43 SRR 0. 4%6.,0. 8%, 1. 2%, 1. 6%,
2.0%0.2.4%0.2. 8% R HBUGAT FL Y™ HOE W & M i
1.7 Box-Behnken %2 3% 3t fo vfy 5 & 5~ 47

K H A Design-Expert. V8. 0. 6 11 A Box-Be-
hnken BEHO A R 77 56 Hh i) DURR S TR A7 T S0 0
Beit el I % H G 25 SR AR AT W0 L 18 73BT T F AG
S PPA Ry R M Or RGP R EE.

2 HRE5ITiE

2.1 LrLERWMAFHR

SR FAU)Z B 35 B 47 180 I 5 o v b T WY
PO G v LSRN 1 Fs. L T LA B L
4 (0,73 49 BRI CICC21600 (106 CFU/mL) i 45
N LIEW A E AR 16, 2 mm, UL B B B
S1039 7= A= [ BL 7 ) I EL A R A 1) 410 T 0

1:200 pl BB FHW:2:200 ul 25 (9 R BEH: 77 0%
B 1 #HFHE4k S1039 A8 EFk
W EE R R



52 W DA LT 3 P 2 ST B S1039 TR K IR 4 BT 5 + 53 -

2.2 FRIBRRAELFm BT LWE THHERY

ik U e T AR A K i T A AR I TR R
PR3 TR B 23Dk B 5 37 A5 i B IR 410 5 ) A 4y T
BRI R B IR P A B R DA DG R 5 3 A B
RS ASONS T AR 1) A R T LGS 400 7 JBi ) ™ A S A
DL AN 2 BT R R AN [ B R B T S R S
X S R R AR S PR A L R A 2 Ca) T B
B SETE N R LB XoF S 2 B 2R 0 T 3 A S o e Ay ]
Y B R D B R e DR L B RR S1039
7 A A T T ) 0 T e e LA R P AR I
21,3 mm. 5 FLBEAE O 85 5% 2 G DR T PR S1039
7 A B R 0 S5 A TR P R R 0 R B AR
12,15 mm, [H I 4 1 5% 35 58 M 15 O 85 97 2 19 ik
UL m B 2Ch) AT LAt — 22 fdl B T R Y
AN 1.5 00, OIS BT ) Jo 14 40 T 3 P A

22¢
20F
18F
g 16}
~ 141
o12f
m 10F
8r
w or
=
2-
0
TR LHE W AW MR UESEH CK
AR/ (/L)
Ca) Tl YT 4100 TR 3 2 5% W
| EEERR
20
g
8 16}
&
R
w12
st
i
7 4
0
0.0 05 1.0 1.5 2.0 2.5 3.0 3.5 40 45 50 55

LREIH/ %

b T 5 B8 i 40 4 e 1
B2 RE R AR E AR R E T
B4k S1039 47 1 7& M 89 % R

2.3 FAEAARAELFm BT LWE T HERY

R S f 38 AR VR N B X B bR S1039 77 A 1Y
B TR 0 5 A B O R e an 3 TR, IR 3 (a)
AL B R A KNO, X bR S1039 /0 90 B 3% %
S B R W > B R A R R Y R L 2
200 A3 A R O P e e, G A A PR AR T gk 23, 4
mm, 4§ KNO, E 5555 5 0 B IR A R
TGS AT o ek 3 R 45 5L T g 1 R 2 TR

RTEEFH KNO; JE B A B B 59 2 054 B, A
17T {68 240 M0 A 4 52 BEL 52 e A3 0 9 23 k. D
PR HRAE o 4 I 15 97 A9 20U, AL 3 (b) ] LA
PE—2F W Y ol JIR R H RS Iy 300,
Bk S1039 7 A= 1) S8 41 T 28 00 B0 1k e

24
R B I
& 20f
g
&
M e}
s
B o,
=R
=
£
8_

bR TRIE RO T A B AR CK
W/ (/1)

Ca) R X410 97 12 119 52 )

24 | EEERE

TN B E &/ mm

5 6 7

3 4
EAW/ %

) 28 14 W 40 4 375 42 55 i
A3 TR RRARERRImESE K
S1039 #p ) & M6 %A

2.4 ABAMBALRmESLWE EHEE®
9 3% A

TCAILER Ko S5 T AL ER VR o2 4 B Bk S1039 77
AT BB TR A S PR e o BT 4 BT R R
Bl 4Ca) AT EN, 2 15 55 3 0 T HLER 14 S CaCl, B,
T M TR TGk s . 0 FeCly 7R B 57 509
TCHLER BT, B R S1039 JoHT 1a 1 4 9 i = A=, 3R
AR T WA Feb ™, ] fE L Feb ™ X 1A
A A A A K AR B B B AR L AL 4
(b) AT Atk — 2 B B9 i@ TTHLER CaCl, YW
JnE k0. 15% . F bk S1039 7 A4 B Hit B 4 & 1 30
DR P B e - TR B B AR G 27, 8 mm.

A EETERBES
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éZO—
b
H 16|
i
B o5
m 2
g .

NaCl MgSO, KH,PO, CaCl, FeCl, CK
FHLE: (g/L)

Ca) AL H X400 T 35 P ) 52
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ol B EHE 2.6 Box-Behnken % ¥ 2 % 4 47
éﬁi? Box Behnken 523 i % K - % # % 45 5 L %
=T 146 2 . LA b S1039 HOH0 Bl 1072 4 Wi oz i
i:% }Z: (), M|l Design-Exper t. V8. 0. 6 Z %} Box-Be-
1ok hken F 5200 4% 0047 1 09900 2 B 1101 43 7 L 7551

0.05 010 015 020 025 030
CaCl, /%

(b) CaCly X410 TR 7 1 1) 5 el
B4 FARAAMERRELNE R ME
*FH Ak S1039 7 B & 69 ¥k
2.5 RmERANALImESEMAZTIAE SR
9 % o)

FEREFEH PN A Tween-20, Tween-80 25 1
TP, R 5% T R AR S1039 P2 A R4l TR =
WG PRS2, &5 R an & 5 B, i K5 Ca) AT A,
Tween-20, Tween-80 ¥ X% B 7™ Ak B9 HL 18 4 ot 19
TR 5 PR A A (A AR B A AR AR . R B 5 (h) AT LA
#E— L F Y Tween-20 BIRINESY 1. 2000, 26
20 A0 G M B . X T RE S Tween 1 —
Pl LA, G4 A T bR 1 A K $ AL i D7 R L s T fig
1Ry —Fh 20 4 A= R ) 5T . A B T 00 R B 5 Y
A BRI Z Ah , Tween T AR B8 1A 5 55 7 36 422 ik
AT 2 1] 119 3 T8 7K 5 DA T 50 8 B A 0 2400 T 1Y) 36 5
PE AR HE 5 5 4 o E A 40 I R A W HE AR A
PRI AT AR 34 B0 TR 400 B 1 7 A G ) 0 4 58

(SN
S B
T T

o
T

E B E %/ mm

o~
T

Tween-80 CK
Tween

(a) Tween X 411 B 1% 1 (14 5% i)

Tween-20

TS

e
=
T

N
=]
T

1H B B2/ mm
53

-]

0.4 0.8 1.2 1.6 2.0 2.4 2.8
Tween-20/ %

(b) Tween20 X 41 1 1% ¥ 14 52 1
B5 REA£@EMRENEZKE Tween-20
A b AR S1039 M e oa

MWAE Y 5HF X ZE BRI Y =25, 24+
0.91X,+1. 17X, — 8. 333E — 003X, +0. 14X, —
0.70X,X,+0. 15X, +1. 52X, X, — 0. 60X, X, —
2.79X,2—1.47X,* — 2. 67X,* —2. 39X, 2. a4 )5
R 7 250 HT L3 3 . 3 3 v By B3 40 B 45
RA AL, mH B R Oy R R RS p HNT
0.000 1,(p<<0.05), 2RI p {H K 0. 157 9(p>
0. 05) K Bz Inl 15 J7 R A6 A0 1Y) 2 35 1 % ml 5 MR
HoHEH X X XX XX, XX X XL X 2,
X,7, Xa7, X2 0 bR MO B30 B 1% M 2 1
SR (p<<0.05), P RELR” 7y 0.993 4, &KW I
[l H I FR AU A AR 4 B A e BE 0 AH OGPk, it A A
AT 00 TR 4 Jo 400 R I M Y 43 B AR
& 1 Box-Behnken LI HIEE 5K Figit

AF —1 0 1

AR X) 1 1.25 1.5

EE X, 2 2.50 3

CaCly/ % X5 0.1 0.13 0.15
Tween-20/ % X, 0.8 1.0 1.2

% 2 Box-Behnken E£IiZit 4 R

Run X1 Xz X3 Xq Y
1 1.50 2.50 0.10 1. 00 20. 6
2 1.25 3. 00 0.13 1.20 24. 2
3 1.00 2.50 0.10 1. 00 19.3
4 1.25 2. 00 0.13 1. 20 18.6
5 1. 00 2.50 0.15 1. 00 18. 4
6 1.25 2.50 0.15 1.20 20. 1
7 1. 25 3. 00 0.13 0. 80 21
8 1.50 2.50 0.13 0. 80 20.2
9 1. 00 2.50 0.13 0. 80 19.7
10 1.50 3. 00 0.13 1.00 22.4
11 1.00 2.50 0.13 1.20 18.8
12 1.00 2. 00 0.13 1.00 18.3
13 1.50 2.50 0.15 1.00 20. 6
14 1. 00 3. 00 0.13 1. 00 21.7
15 1.25 2.50 0.10 1.20 20. 9
16 1.25 3. 00 0.15 1.00 22.5
17 1.50 2.50 0.13 1.20 21.5
18 1.25 2.50 0.15 0. 80 20. 8
19 1.25 2.50 0.10 0. 80 19.2
20 1.25 2.50 0.13 1.00 25. 4
21 1.25 2.00 0.10 1.00 20
22 1.50 2. 00 0.13 1.00 21.8
23 1.25 2.50 0.13 1. 00 25
24 1.25 2.00 0.15 1. 00 19.7
25 1.25 2.50 0.13 1.00 25.2
26 1.25 2. 00 0.13 0. 80 21.5
27 1.25 3. 00 0.10 1.00 22.2
28 1.25 2.50 0.13 1. 00 25.2
29 1.25 2.50 0.13 1. 00 25.4




5% 23 G D A WA R TR 3 DG P R AT B S1039 R TR IR S O BT 5 * 55 -

®3 EEARBEBTER

E3L -5 Al ¥ 5 H ih B F1{H P {H 3
X1 9.90 9.90 1 149.80  <<0.000 1 L
X2 16.57 16.57 1 250.66 << 0.0001 % x x
X3 8.333E-004 8.333E-004 1 0.013 0.912 2
X 0.24 0.24 1 3.64 0.077 0
X1X2 1.96 1.96 1 29.65  <<0.000 1
X1X3 0.20 0.20 1 3.06 0.101 9
X1X14 1.21 1.21 1 18.31 0.000 8 * % %
X2 X3 0. 090 0.090 1 1.36 0.262 7
X2 X4 9.30 9.30 1 140.74  <C0.000 1 = * *
X3 X4 1.44 1.44 1 21.79 0.000 4
X12 50.52 50.52 1 764.38  <C0.000 1 % % x
X22 13.94 13.94 1 210.87 <C0.000 1 % x
X32 46.10 46. 10 1 697.44  <C0.000 1  x x =
X2 37.08 37.08 1 560.975 <C0.000 1  x % *
Model 139.25 9.95 14 150.49  <<0.000 1
Residual 0.93 0.066 14
Lack of fit 0.81 0.081 10 2.90 0.157 9
Pure error 0.11 0.028 4
Total 140. 17 28

* FORALE P>0.05; % » RIRAREF P>0.05; » * » K
AIER B3 P<<0.01.

2.7 @RS

R 408 o 7 TR 4k 6 44 R 22 1 % 3D i) 7 T 1 %
SR R S [ T AR ) — b Y 3k 38 i X
Se AT DLtk — 20 B i R R A T & R T =2
(] X B Ak S1039 410 T 0 P 114 552 T . O 452 T 481 5 1) i
JOL T PR B R AN 3D i o T #4432 2 A
R Z B 2 BAE ] B 55 AP AS R KPR AN
AR WL 6~ 11 BT 7R S22 56 DU B3 5 M = [R] 1) 58
H AR Y A G B B B 520 B R R

i1 &6 11 3D i 1 & AT DA L A T AR (B
AOXOR X, AR Y (E R [, B 7~11 19
3D w7 T Pl A # R B 0 A L 45 B 2 D) Y 28 HAR
FHAEAE A KAG S AT e 2 Y e K. Bk Z 5k, /]
LML 5~10 (1955 i £ & v EOULAS & 219 R 2 Y
ZHAEHXY 550 A %, K 6.8.10.11
Gk ERECAMER, X R X, 5 X, . XX,
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7.9 SFmARREE MR R X, 5 XX, ZH
58 ARG Y (/52 R B 2. iR % Lk BB
1 A5 f i 3 o0 A A5 310 00 A B 0 B R IR 50 A R
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1..05 %6 , B F03000 410 747 el B A%k 25. 58 mm.
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240 S 1.20
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019 T
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FEME, ERZE, KR OEN, ARRE, & K

QPR K B TR 5 TR0, Be P2 710021; 2. BEPG RS K2 Pl TRE2 0%, By o2
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Study on 2, 3-Difluorotoluene as overcharge protection additive
of lithium-ion batteries
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Abstract ; The electrochemical and safety performance of 2,3-Difluorotoluene used as an over-
charge preventive was investigated in a lithium-ion battery. By means of linear scanning vol-
tammetry, constant current charge/discharge test, electrochemical impedance analysis and
SEM test,the results show that the polymerization of 2,3-Difluorotoluene occurred when the
battery overcharged to 4. 85 V. Polymerization product can effectively limit the charging cur-
rent. The cell containing 2, 3-Difluorotoluene has better cyclic performance at room tempera-
ture in a high voltage battery. The capacity retention rate is 67. 5% after 100 cycles of 1C
charging and discharging.
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Study on the degradation differences of PBS-based copolymers
P(BS-co-PeD) and P(BS-co-GA)

ZHANG Min'?, MA Xiao-ning', LI Cheng-tao*, ZHAO Dong'

(1. Key Laboratory of Auxiliary Chemistry & Technology for Chemical Industry, Ministry of Education,
Shaanxi University of Science & Technology, Xi'an 710021, China; 2. School of Enviromental Science and En-

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

Abstract: A novel series of PBS-based copolyester was successfully synthesized by melt poly-
condensation, that is, poly (butylene succinate-co-pentanediol succinate) P (BS-co-PeD) and
poly (butylene succinate-co-butylene glutaric acid) (PBS-co-GA). The thermal properties and
crystallinity were analyzed by thermogravimetric analyzer (TGA) ,differential scanning calo-
rimetry (DSC) and wide angle X-ray diffraction (WAXD). In the aqueous system, Candida
antarctica lipase B was used as the enzyme catalyst to study the different degradability of P
(BS-co-PeD) and (PBS-co-GA). The results show that both copolyesters have excellent ther-

mal stability,the decomposition temperature are above 300 °C ,however the crystallinity and
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the glass transition temperature (Tg) decrease, meanwhile, (PBS-co-30PeD) and (PBS-co-

30GA) can achieve complete degradation after 24 h, the mass loss rates of (PBS-co-20PeD)
and (PBS-co-20GA) are 85% and 93% respectively in 5 days.,illustrating that (PBS-co-GA)

has better degradation than (PBS-co-PeD).

Key words: poly (butylene succinate) ; Candida antarctica lipase B; enzyme degradation; deg-

radation difference
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P35 %% . SHZ-C AU, bl ARG,

1.2 %K
1.2.1 PBS LBYHE L

EIE AR EA EARERRERET R T
TEERR(PBS) s T R T s co- T RN — 1
fi5) [P(BS-co-PeD) J; (T R T —#E-co-I% — R
T S [P(BS-co-GA) . 7E 100 mL = T4
I IR REY R m 2 o 1.0 ¢ 1.1 A TR
A JnE, Hop 28 = ik PeD Al GA 9 B8 IR 4 8K
Iy 0% .10%.20% .30 % . 7E N, 4 Fl F TR =
170 CHEAT A R R - 28BS E s B - TR & 220
C B2 8BS ST SO 1A 5ORK JBE 38 3 20K
S5 o A5 1k SO 4 B W A5 Vs A A R R I
HEAT AL T A IR ER ) AR A S W P T B
SRS VIR T8 AR S0 5.
1.2.2 FEfRSCE:

W S SRR T I e o R LA il A T i R,
He B P IR 3R 8T B 10 X 25 X 0. 03 mm () 0 I 4
¥, ® T KH,PO,-K,HPO, (pH=7.2=+ 0.01,0.1
mol/L)ZE il b . 78 45 “C i 1H I /K I 95 IR v 647
CALB F#f AW 5 d. HFHE BN IEN NS A
XFHRAL 1A PAT I 3 A4, L 24 h g i [a] a] B& iF
17 BORE B i 28 1R K8 DR R AR DR FE s 2R F T
T A o i, BT R R I A (D s

Wi = (W, —W,) /W, X 100% (D

D H W, R BT a0 2K 6, W,y il 6 g e
il T ) SBT3 W, SRy A A B () A ¢ % R B
1.2.3 St 50k

TGA M Al R 10 °C/min, il BE 5 [
25 °C ~500 “C. N, fERHMY; DSC MK : N, 41
Bl LA 10 °C/min WZE RN 150 C LA BRFA
i Bl A 5 °C/min [EIR = 60 °C,H-LL 10 C/
min fIFE 150 C; WAXD UK. F 3 R 6 °/
min, 224 0. 02 L, AL 5 °~40 °, B % 40 kV,
HLIE 30 mA, ASF X HF& K 0. 154 nm.
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o %5 . PBS LB S P(BS-co-PeD) #l P(BS-co-GA) I [ i 22 S M5 * 65

2.1 ERMALSRE R

T O Rl AR RS AR R A5 R ) R L 1
J9 3B Y PBS, P(BS-co-PeD) , P(BS-co-GA) 1y H
NMR & Bl 1(a) A 3 Al F U, 4. 12 Al
6 1.7120 BDO # B W H 3 i H,o 2.1 4 SA %%
BEWH ) H, Wi 1(h) iR, B SA Al BDO %
B WA E H kA4 8 PeD B k.1,
m A0 B A [FAETE IR 1o, B GA BEBL
g i AR A 0 3 O ARG S 11 AT DLE B B
B R IR R U ).

o & b o c d e f
& Hz Hg ] H: Hz Hz Hz %
-G C0-CGr oy
2.61
atb
412 1.71
ot f die

TMS
cDcl,

8 /ppm
(a)PBS
Ie) b o d gﬁ h ) i ' 1 m n
R EIIN.T T WEE L V-T2 D
2.63
a+b+g+h
4,12 1.71
CDCl; c+f+i+n d+etk+m g
1.42
1

74 6 5 4 3 2 1 0
§/ppm

(b)P(BS-co-PeD)

¢ d ¢ f g h 1 kK1 mn

H, H, H, H. H HH H, H, H, H,
th = 7C70*CiC;C;CEO%P%—C—CiC_—%—O—CZ—CZ—CAC;O‘}:*
2.64
atb
CDCl gy 4.13 1.73

c+f+k+n d+etl+m
T™S
2410 48
%*1 h

7 6 5 4 3 2 1 0
§/ppm

(c)P(BS-co-GA)
B 1 PBS A& AR o) A% mk 2 Ik A B

[, SR I 43 F B4 7 iR 40 T PBS M 3k
Ry gt E 2 pros. | 2a) S PBS %
[ B2 JEZ5 44 . 2 (b) A 3L T ) PBS-co-20PeD [ %5 [i]
ZEW K, 2 (o) BILER Y PBS-co-20GA 1Y =S 0] 45 ¥4
KON Rl LR H R 2 M vk i PBS, Hogy 7ok fE
23 (0] 1) HlE A 5 R WK L O L2 R o o M IR s &
PeD Al GA B A et b 5 ) 3 4 245 4 S22 AN 0 )
P LB B 1) 3 i 28 208 T 0 G RN 22 I i BB B 1k

[EI

o £
AR M) i
e g e oy o v
2 J‘Miwy’ K :
% } Srearn, — ;
5 & £ LT N gty
o T ‘%

(a)PBS (b)PBS-c0-20PeD (¢)PBS-co-20GA

A2 =AERME LR
2.2 ERMLEDER

LRI 4 R R R e L I M R 1R 3 Dk

EY) P(BS-co-PeD) Fl P(BS-co-GA) i) X Ht £k 7 5t
% 1. PBS SRR &R WK 3 AT LLA L A PeD
FGA 13y, I3 Yy 19 F8 AF A7 3 5w 020)
(1100 ¥t B, 156 B 2 3R 0 1) 5 1R 4 78 0 o & A ok
7 () Bk L6 Al AT SR DA T L 1Y) 20 W 1) /N 1 EE A AS
kT & T 0 B A [ IRk DA P RT LB G A
S A7 55 508 R L D B 2 = A0 1 5 A MCAE T 4R
VIR 45 SRR L B Jade6 FRPFEXT X SR 2 AT G e o
20 16 19. 6 °~19.8 °Fl 22.5 °~22. 8 “kb (K45 HE I
BT GBI R G WA 45 AR 1 TR,

(110)

(020)

PBS

P(BS-co-20GA

P(BS-co-30PeD

P(BS-co-30GA) A\

10 20 30 40
28/(°)

B3 PBSAxERMey WAXD A #
P(BS-co-PeD) 1 P(BS-co-GA) £ R ¥y 1y 45 &
JE# PBS A7 W B 1 TR B PeD F1 GA & & 1Y
B, SR 0945 R B LT B [W B B Jade

Intensity




e (66 o

%e#EK

% B 5 36 %

A3 BT A 3R A i 2 W T T S SR A 2 0 A AR DN
B R RS AR L 43 F BT S HE )R B A
B BH 5. % P(BS-co-PeD) #l P(BS-co-GA) 1] %1,
P(BS-co-GA) 1Y %5 i FE ¥ BE AL T (BS-co-PeD). iX

T RESEH A P(BS-co-GA) 4 F4E LW &, 4>
Tz SR 7R3 T Sk DSC 43 B b £ hn RLIE
.

p=

&1 PBSEHEYHAMERSH

Samples Td:.:)"/ﬂ Tx:\eix T,/ ’{‘c\ A H. Tm A H,, Xepsc X oXRrD
/C /°C /C /J/® /C /J/e /% /%

PBS 324.20 393. 87 —31.8 83. 26 65.55 108. 68 58. 64 53.06 54.60
P(BS-co-10PeD) 323.03 390. 06 —33.04 73.25 56. 88 98.52 48.49 43. 89 40.93
P(BS-co-20PeD) 327. 34 391.70 —36. 66 63.12 44,06 88. 67 34. 46 31.19 30. 56
P(BS-c0-30PeD) 308. 63 388. 94 —40.18 48. 74 41.61 75.37 31.23 28. 26 23.40
P(BS-co-10GA) 325.54 396. 23 —37.87 71. 84 49. 97 96. 96 40. 35 36.52 34.13
P(BS-co-20GA) 329. 45 403. 12 —40. 21 61.41 39.6 86.58 32.08 29.03 28.07
P(BS-c0-30GA) 318. 06 402.13 —39.8 52. 81 34. 83 75. 86 27.96 25.30 27. 80

2.3 ERMehI MR

Tk — 2 PBS B H AL 3 4 45 RN AR
PEGE MK T PBS JE e 3R Wy (9 4 fl 45 o R AR
T FERY DSC Bk, i 4 FioR S50 T 3% 1.
M 4 7] LE LA PeD #l GA J5 . 54l PBS #H
P, H SR 0 B 3 Ak B A R B (T ) ¥ R BT &
B W AL R Y 4 IR (T JERURFE (T
R KR, H HFEE PeD F1 GA 414> & B (11
s T i R K
()

P(BS-c0-30GA)
P(BS-co-30PeD)
P(BS-co-20GA)

~_/ P(BS-co-20PeD)
T T~/ D(B5-c0-10GA)

Exo—

70 80 90 100 110
Temperature/°C

() HL,10 °C/min
(b) 7
P

P

P

P
P

N

50 60 70 80
Temperature/°C

BS-c0-30GA)
BS-c0-30PeD)
BS-co-20GA)
BS-co-20PeD)
BS-co-10GA)
BS-co-10PeD)

(
(

—~~

|-

EXO —»

=

=

PBS
100

30 40 90 110

(¥ H .5 °C/min
B4 =4kFE66 DSC & A
W AR Xopse = (AH,/AH ) X 100%,
(AH,=110.5 J/g ) a] IiT5 PBS K H AL R Y1)
g5 E R, ST SCA R XRD 355 59 45 & BE X L,
FHZEAN K. TE AT SCREHL Y 2 Ry 25 (el 2544, i T

E=HAMGI AL FTRE T PBS ML Y B e 3 B
S A8 i B S TP 1Y) 38 fn ek 45 J00E LA Y 1 HE
G B G RE L RS T LR 45 S L T, F
T. P ARG L TR s 0 7 T 3 sl B v L BRI T
BEBCUREE I B MR BE L L T, BRI, XF e P (BS-co-
PeD) fil P(BS-co-GA) , AT LLFE Y, JFH M T, T
HAK L F W P(BS-co-GA) 7 FHER I e P(BS-
co-PeD) Uf. [a] Bf X 3 5 Wy 9 A2 2 P RE E AT T
i, # 5 PBS M HILRYIH TGA th4&k K. 455
21 BT M, Y P(BS-co-PeD) #1 P(BS-co-
GA) B ¥R 0 R ¥ 18 300 °C 2 b, & I 1 Fh JE
RYBA R R EN, 5 PBSHIL, T, 5 &
TR BUR T R A RON 7E PBS F8E5] A 3,
23 WA 3 (B AH ELAE T 7 DT 56 A4k 8 TGRS
TR,

240 280
Temperature/°C

2(;0 3(;0 40IO 50IO 60‘0
Temperature/°C
a:PBS; b:PBS-co-10PeD; c¢:PBS-co-20PeD; d:PBS-c0-30PeD; e:
PBS-co-10GA; {:PBS-c0-20GA; g:PBS-co-30GA
B 5 PBSAXEREN TGA WX H
IR o T R AR

FE IR Wy Y A 25 DR L 8 R i e K AR B0
RIRVH 5 1 F R Y 76 CALDB il i Ak F ik 1 Joi 122 451
KA 6 TR, 6 Ca) AT LA H, 220 1K Y
Ml 4 gk P B PBS 2k 3L 3R 9 Jo 40 2K RO T
4fi PBS. i1 T P(BS-c0-30PeD) #1 P (BS-c0o-30GA)

0 100

2.4
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o 545, PBS H3h B EE P(BS-co-PeD) #l P(BS-co-GA) BY [ fitk 2% S V5%

o« (7 o

16— KN B R I55 3] 100% , BT IX HEAT T 24
h BB BUREIRL R R 4 ho T & 6 (b) fif 7 » P(BS-
co-30GA) [ Jit £ 1 K MK T P(BS-co-30PeD). 5
T B S A A RS 0 A g, S R 4 T
R R B0 N Ry 30 Yo B, W L IR B
Y] SR 5T 4 B L TR0 A 20 %6 B R R K
J& LB (BS-co-20PeD) By R L K N 85% . P
(BS-co-20GA) /Y JiT 1t P51 2k R 853K 9306, BN I iy
10 Y0 i, B i LR ) s SE R P(BS-co-10PeD) 11 i
HE RN 21%,P(BS co-10GA) 1 5t & 45 2 %
R 27 Yo SR IR Wy o Al R AR R MR AR R R
NGt Y N N 5 S R - o R A 13
T PBS B ) SR T 25 48, 76 25 [ 45 4 b 2 B
O FHEARFURE IS NI (45 2L R 25 & B T
K, A it 2508 43 1) 15 0 AR T B e 2 A, DA S R
PR R A XoF Eb i SR ) 1 B i M B L P (BS-co-
GMAET P(BS-co-PeD). 3 B Wy 44 43 b Al 45
AT E 245 1 P(BSco-GA) [0 45 S E R T P
(BS-co-PeD), HAij# T, WAK T J5 3, JE & AH 2 B
it 2 ol ) 5 — A DX 3L 5 A AR T, BRAIS,  B AH
2 A2k AR A Ty L R R T T Y i

100 =585 @
—e— P(BS-co-10PeD) _—a
—A— P(BS-co-20PeD) /A/A
80 o P(BS-co-10GA) A

—A— P(BS—CU-20GV

<

P /

wn

2 A

.

=

240 F /

’\GJ

= X
L ®

? /0/9/‘/
/./
0 /-————! '.’_’..’_’..
0 1 2 3 4 5 6
Time /d

(a) PR BE /R EL R 10%,20% () PBS 3L R4

—o— P(BS-co-30PeD) (b)
—e—P(BS-c0-30GA)

100

Weightloss /%
e
[=]
T

201

0 Il 1 1 Il 1 1
0 4 8 12 16 20 24 28

Time /h
(b) BLfABEJR LN 30 %6 1Y PBS 26363 )

H6 RE#ZKs PBS ALERBYHGFTIHE S

Fit XoF SR i 114 ok ik 2 — A SR AZ N SR gL T G
FhIL R WY F2 B 2450, IR B H L 1 5| AT DL 43K
e S Bie I 11 B AT, S A5 S k%) 1E H PR B L A R
T CALB X B B e 1F B3 19 3F 380, 1 08 23 4% Al
SN A AT I B R 3 A 5 RS Rk 5
S Bk B Ak I H o 04 £ . BRI G 0 AR 0 e AR I
iz .

3 it

(DL =403 4 PeD F1 GA B PEf) PBS %
TCHILEEY) P(BS-co-PeD) il P(BS-co-GA) . ¥J A
H R FE e, M % PeD Al GA & E K,
PR SR 1) O A ) TR R e A A A, (HL GG o B R
%, T, FEAR, R R B RIE R =, 5% P(BS-co-
PeD) HL 38, P(BS-co-GA) 43 F B B Jin 2 I, [F] 1t k%
BN RE L P(BS-co-PeD) #F-.

(2) R B 3 51 A e 31 43 e i 5 ik L o
FRIN A2 T Ak S N Y R 4T, B B R SR 1 5 A
TR S, I P ( BS-co-PeD) [ fi# 3 /N T P
(BS-co-GA).

S % Uk
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RBRANAEREELERNENG &
B 7 I e f 2L A B Rz PE RE

HRAM, REE, L &, EXA

(BEPE R K e S0 T 2F ke, BEVE 828 710021)

W OB VRAEN, R ABRAEER M4 A A R AR (PHMS) A4 & A R 8 (FAE) 2 7 A
75 B F B (MMA) 2 2 S A% A0 % BB ) AF — AP JE Bk e 79 M BR B 3k 201 A L2 (PEAMS). A
B FE R HRIT T R St et ARl R R R B Ao R B 1) S B F T RR T M Ak SL M A
B Hm . AT RAER S EH.PEAMS 694 M A4 sh kg (IR BT T A2, 50 F KT L3R
ey B LM AR, & R AW . PEAMS i & & R A B &4 4 m(PHMS) : m(FAE) : m(MMA)
=1:0.675:0.035. R mi&E 85 C. R mutiE 5 h. B SHIEEZEASRT RMe) = 8. £
PHMS 4 B A48 F) af , & A R Bt FAE A 2693 m MMA A 2 6958, PEAMS 8 BLKk £ 2
IR R AR A ILEE 60 CLa LA F 60 min, A & 100 mg/L & H# T,
PEAMS x4 3 R it SLK & 89 LK Bk 9200, i K B A48 o & LR & 7 Wr.

KW A BILA; SR AE; HRARE,; FEAREKRYE,; KR
FESEE . TE357.46;0627. 41 XHEARERG: A

Synthesis of polyether and acrylate modified silicone and

its application in crude oil demulsification

HUANG Liang-xian, ZHAQO Xue-xue, MA Zhan, HUO Wen-sheng

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

Abstract: The polyether and acrylate modified silicone (PEAMS) was prepared by hydrosily-
lation of side chain type hydrogen-containing silicone oil (PHMS) with allyl polyether(FAE)
and methyl methacrylate(MMA) in the chloroplatinic acid as catalyst and toluene as the sol-
vent, The reaction conditions such as the ratio of the reaction materials,reaction temperature
and reaction time were investigated by using the single factor test. The optimum reaction
conditions were determined. The structure of PEAMS was characterized by infrared spectros-
copy (IR) and its the demulsification performance of crude oil was investigated. Experimen-
tal results were showed that the optimum reaction conditions are as follows that m(PHMS)

: m(FAE) : m(MMA)=1: 0.675 : 0. 035, reaction temperature is 85 °C ,reaction time is 5

x WrFs B H#I:2017-09-20
ES TR P AR HIT B RB LR 5T R H (2016]Q2031)
EZ R B KA (1963 —) L, I PH B B, Sl 0 95 7 1) . A5 MLRE B4 k)R FH
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h. And spectra analysis shows that the expected product is synthesized. When the PHMS seg-

ment is the same,the dehydration rate of PEAMS increased first and then decreased with the

increase of the amount of the grafted polyether FAE and the decrease of the amount of
MMA. The dehydration rate of PEAMS to simulated crude oil emulsion can reach for 92 %

under the demulsification temperature of 60 °C ,demulsification time of 60 min and dosage of

100 mg/L. And the oil-water two-phase separation and interface is clear.

Key words: modified silicone; demulsifier; hydrogen-containing silicone oil; allyl polyether;

methyl methacrylate; dehydration rate

0 3l

it 25 JE I B AN B T 2R 5 LA B 4% i EET AL 2 1
TN 7= DAIHT IR TR ke Y D i 4 B ok ik
A%, Bk ERE BT HoK R DLRLIR WOE LAE e, X
28 BRI TSR LN T A 3 RN A AE 1 RN R B2 ) A
FEAE AN TR, FLAK TR ) TR 4 JE A T S e A
SEI o 1 A T A FH i A B SR B AR
I 5 X6 LA S g R A L B A

Ml L 7K O i A B 3L L Ak A e FL
(LD 2B W e 3L 55 G v foff P 2L 70 02 1 4
i HA R 7, BTz Sl R AL G
LI 2 R Ak B 7 AU R O M R — O ik B R
fik 1) — R A P JEURL IR 4R 2B L B ST e AR AR
W s A5 W BT R A 7 A A 2 R D FLIR
VR 11 R P R T i B i L Ok A,
PR TE e BE R Bk 1) 2B 7 R EL 28 AN BB 35 10 i T
KT, B T & R R R R Bt AR T D an
w:&ll-lﬂ.

SRk B 28 2% 18 0 1 R EL A SR ek 0% L
TR e SN S el o R = S B el B N Vs A
ST SR K L I L B BT 5T R T
BRI o B Y O kAT A U T
DS M5 TR T 5k 1 2 4 0 s 3R ST s T o 4 — b 2R
Tk S 8 ot 2L 790 o) 0 e L AR VR AT L, R B
FOME K A R K A H B K S il ok BT A 2
ARAE T B0 K Bz 5 JR S A R 2 S
eI T LR 4 B (PEPDMS) FI R H 2 1 AN
Wlik (AEO) & W T — Fh 3 rk S e 2R A 2 M I
L3R 6T St e L 5 B, PEPDMSS Hi i 248
Fk AEO BUR B 22 /0 J i i 7L R A 3 K R
Tt AN R GE T — R S AR S R R
(AA) FFFEDN 5 B (MAD T 5 R T /i (BA) Al
LTV R TR (MMAD S5 A 10 Al 38 Bk 2 3R 1k 4
Jot S I A FL AR L 8 T I A B K 5 90. 65005 E I

i

FESET B T R B (F6) NI+ R S
B EREI A R — B o TR SRR P LS
BRI TR (A1 S60) & T . 4K A5 — Bl I Bl L
. ¥ AR AU I 7E A AR R o T RE LA
FROKEE BUORTE CY-1) M N BB FR 4 (COPS-D) il 4%
192 6 A MLk 2R Mok e 2L 7). A AR 3k Sl L 59 6 % 1
Fi o W FLAL I A — 5 I RICR (RS — 2 R Il 2 T
AR O LMK SR Y 4R SCER R
TE O S R AR L AR 1 A L SR R AR L )
U o S AR B R L R T M N O
U, Wl FLBCR BB B A NS 2 SCk[1-19 145 0,
T AL 3 2 T A AL SRR U P R SEURE AR T R
Ut FEE TR TR B0 3 45 L TR Y 8 2L R 4 1
149 3 7K 3 3 S 8 (5 CHILB 8D o LA £ B 5L 570 58& 1
TSR] 4 JE 3

ASCNDA b A BE R K, SR O R A A
(PHMS) Filss 74 3 B Bk (FAE) K& H 5L 5 45 B2 P g
(MMA) 28 fik S0 B N i) 75 — Bl B AT 26 8 £ 4y
WGBSR R OEE R TS M R R R o A L R
(PEAMS). FHHL R R S50 L AR 1T T B B 4% 14 X J2
N7 ) B FL MR BB A B2 ma, 20 A0 O 3% (TR) X
PEAMS 153 F 458 i 47 T RAE . 3F AU PF
B L% D LR e L AR

1 SLIgEH

1.1 KA FMNE

(1) F 250 - &% 5 Sk (PHMS, % Si—
H 4500 0,16 %), Tl fh sk R #E B2 5
HIRAF BN ER A KB (FAE) ,M=500 g/
mol, KHETT ) 2R X 20 55 3500 ) FF 38 9 0 R P T
(MMA) K E A5 B —H 2K LR LBR Al
Bk T K S S B 1 0 o Bl P 2 B STk T
AR

(2) FEAULS . [ Bruker A # ) VECTOR-



. 70 . RaPAREEFR

% 36 &

22 U ST LD AR AL i R R BT H R A
AIRA R TKOIC B4 [ ghik J1 4% KLl 28
PR AL 2R A BR S 7 i DZ-2BC BL28 T 448 LT T
HEAY B AT BR 3T AR F) 9 ZNWH-TT B e, 75 5 4%
1.2 FEBEAe o M BR B 35 SO A PUER 69 ) &
FELREAT M BETE B R RS | ] v A TR
1) 100 mL = H K H, S fm A — & & i) PHMS,
FEMACKR T A9 FAE.MMAL SR J5 i 2 i
PR3 CN R 1 Fr7R) . 8 [R) i B 1 T K v A, IF
TRl 1K 180 ViR E B UL B — i )R] S S 45 TR
S Bl T 7% R ARG il L v L A5 (0 R B
WM, BB Tk TN A IR R L oM A P RE, G2 AR

PEAMS, iz 1 Frs.
x1 BERHNMAERFSYES

PHMS MMA  FAE  RIRE RO E

=)

TEW) i /g /g /g Jre /h
PEAMSI1 4.0 0.68 0 85 5
PEAMS2 4.0 0. 40 1.40 85 5
PEAMS3 4.0 0. 20 2.40 85 5
PEAMS4 4.0 0. 14 2.70 85 5
PEAMSS5 4.0 0.08 3. 00 85 5
PEAMS6 4.0 0 3. 40 85 5
PEAMS? 4.0 0.14 2.70 85 4
PEAMSS 4.0 0.14 2.70 85 6
PEAMS9 4.0 0. 14 2.70 75 5
PEAMSI0 4.0 0.14 2.70 95 5

T EE n(C=C) + n(Si—H)=1.06 : 1,47 & 5 sk
JOT 4 43 %5 0. 006 %4, 5 770 B 2R o B4 Bk 4 Bk 40 %0

i i i
(CHB)SIOGIOm (G O)nSHCH)s 3
cry 1 R ek (cm)ﬁ‘O(s("Ho; (('5%) (Clﬁf%égc%;}%
e oo — 5)31O) 5 P1O)y 3o1U) o 3
b=CHCH( (?}I_EI(I)) HCHOH  ( ) Solvent O RN IO ST
CH=C—C-0-Clh (MM4A) (PEANS)

B 1 PEAMS #5857 X

1.3 PEAMS #4 25 # & 4E Fo b 48 0] 5X

(DELLAMEIE (IR : R A KBr 4 BRI Hil 4, JF
F VECTOR-22 BUAH B2 S0 5 3% S X 3Rk A5

) IRFARYE  BL— 5 & 1 PEAMS, 23 5 AR
[F] A 5 35 Cn JE 7K < B R R VR TN B L A
HEE DL K S5 L IR R o AR R B O WA
T A W SR i

(3)FETH 3K 11 ¥ PEAMS e i 6] (0 9k J& , %
FH R TKO9C B4 [ 3l 2 i ik J1 AU 52 .
1.4 R fikZa g

(1) B 400 D5t v L R ¥ B il . 2% GB/T5281-
2000 Ji I Az 2L 704 FH 4 f A 0 92 R K ) i AT
RPHE v Ak s 7 AT R 7K A5 500 g 3 i AT A
BERR P RS AR ) i 32 A LG 3 B KR B R 10
°C Y E IR 7K A H S A PR TP A R AR IR B DR AR
J& - BB H R OK G212 35 50 B m A SR I, 9 FE 4 B
FEFLAL A B0 T LR R

(2) Ji 9 i 2L 700 %) E A1) - T 24 s AR A A Bk TR
— & it PEAMS, I 70 i, o i 5% 7% 31 45 5
o, R ) CAN TG K 2 ) s B 3 20 JBE L B850 L 1 BUsE
WA 1 g/100 mL 8 10 g/100 mL &Y J5 i i FL
IV WL

O WRAK MK . % 2% SCwk[ 20 4T, % 50
g FEMFURIE T 100 mL H 2273 d, BB RS
A — % 5 1) PEAMS % 3L . e S 35 FH
T ROKF7E 3 100 K. LR AT - #5621 22
SR A TE IR K v R TR 132 IO I K AR R

ZEAC SR KR 3 9 B RN A I IR . B K R
A SRR IR KR Y = B K AR B/ & KR L X 100,
1.5 PEAMS sk L& 16 ik 45

[ 58 Hofth 4% 178, ok 28 PEAMS 1% 2L 57 i 24 vk
B wl ek AR e FL A A R FLIR L HE AR 14 AR
SR 72 43 0 0 2 HE N KR, I R 5 3 K AL TR

2 #ZREiTiE

2.1 PEAMS # & &#e948 %

e s N VA S o N S A - -
A5 J o B A] L 8% 2 AE FAE il MMA A X T 4, 16l
PR X B 7= 8 PEAMSCUNEE 1 Fi7R) 8 A 8] £
T AR =Y PEAMS #FL AL 10 g/100 mL A9 TG
KB . FEE 50 g B FLIR B R im A 10 g/
100 mL iy PEAMS ¢ LAWK 0. 5 g, fE /KA IR
BE 50 °C,BEFLIHE] 60 min B}, % 2 AR [R] 444 F F
153774 PEAMS 9 [l 7K 28 DL K i 7K B 1tk 4 55, 52
I aE R 2 iR,

X2 REEGTUSHEB=WHKHELE

WSS KR/ % Bk 7K S T FERENG 5L
PEAMSI 5 Vil N5F HIEFLZ
PEAMS2 76 B A5 EEE R =
PEAMS3 90 B 3 L=
PEAMS4 91 B TR 5 B
PEAMS5 83 LiiRaRLH 5 Tk BE
PEAMS6 78 Tl B3 i BE
PEAMS7 82 Bl B35 it BE
PEAMSS 82 Bl 5 i REEAR 4
PEAMSY 82 B R 3 IR
PEAMSI10 83 B 5% AR E




5% 23

TR AL 5 SR T DA 4 TR T e e A AL ) ) B A Tk A L ) A P e < 71 -

R 2 A& . AR SRR K R )
PEAMS6 b PEAMS] W Z &8 £, X 2R K
PEAMS6 151 A Ry 2 58 Bk £ . 2 7K 3 2R Tk 15 119
FEAE ROk 58 4255 A PHMS 28 % T B A 5%
I SO AT 2K R AL ik PEAMS6 A7 T £ ifi
TG 1R 390 (4 T e 5 AE 8 3k 7K AL 1T 9k T AR, 42 fuff vl o
TKEHT Y, S BUBK 8K 5 1 PEAMSI J7K 2 41
K2 PHMS Wz | T JLFAE K MMA,
fff PEAMSI 43 ¥ JL-F AN B A 1006 P57 09 P 6
LA T LR 5 s A A R i 3L R A
TK ST A 43 B, BOE K R AR,

Wt PEAMS]1 ~PEAMS6 K 5 , 75 B it &
BesE BOM RN, B 35 R Bk FAE & B934 i . MMA
FHAE 9980/ . PEAMS 119 [ 7K 28 52 58 18 K5 el /)N 1)
B X ZE N NBEE FAE Il MMA X5 i i 28
. PHMS 452 A3 1) 5% 3l ik P RS Kk A 8t AN
[F, 754 7 % PEAMS] ~PEAMS6 1) HLB {f 5t
AL, FEF AR, 2§ FAE Al MMA JiT &
FeAE 12~20 B}, PEAMS (it /K %35 fie 5 . 1l g &
LM 71 255 9l 1 AT 9 5 S R S K M SR AT 1Y S K
P T2 PEAMS 43 F 76 1l FK i) 5 fife 1 38 3] —
JE 1V . PEAMS W] LUFE A I B 5 118 108 BT 3 7K
SETET T ol T R SR JRE A AN T B e 2 S A
W FLAE K B T Mk, TR 58 T PEAMS il 51
Bl LA Y A e /b el KR, PEAMS
i EL 2 iR i £, B AR KA It £, — Jr T
52 PEAMS 43 F (1 2 10 36 %, 55 — 7 1l
PEAMS F£ 3 F1K i %5 i M g kA2 Blc 28, 5% )
PEAMS 4378 i 7K S 14 HE 51 15 10 Fn 0% B o , 5
H PEAMS i 7K 4%,

AN B PEAMS4, PEAMS7 fil PEAMSS
FR IR 7K &, R N ISFIRLZE 5 b BF B /K R A, X &
T S R] Sk 0 R o 4 AR EEAIG A A Ak Y
PEAMS 7= Y A 4 85 /0, 25 if 1] 3 4, 7= W 4 B vl
RE 23 W 2472 18/ or T B 7 ) PEAMS /Y R T
TR R 3 SO KRB B PEAMSA
PEAMS9 1l PEAMSI10 B i 7K 3, )2 I i B 78 85
°C B 8 A R A8 8 TN il B AR A e B K R
WA, 5 R 7E AU ek S 1 3 o A (] 2 7 5[]
TG R PEAMS it /b5 8 T B ] s R fif 43
B KR R e T L

st PEAMS3 F1 PEAMSA i 55 , Hefid Hi S il 7k
AR I B2 PR IR E T 3% 4, SR 43016 0 BE 1000 7 e i
K 19 7K R 375 D16 B ok DX 3 7K AH G 37 B IR, 3R 3
N

% 3 PEAMS3 1 PEAMS4Y i 7k BB SL B

e BEICEE/ %
1 /nm
PEAMS4 PEAMS3

410 2.6 0.7
450 3.6 1.1
500 4.6 1.6
550 5.6 2.1
600 6.4 2.6
650 7.2 3.0
700 7.8 3.3

FH 3R 3 AT, 78 v WLOE v fl N, PEAMSA L
PEAMS3 i H 3k 1 7K A 25 ' B 5 g, BRI RE 3 ok 19
IKHHYE 15 B . T 45 A K B T AR 5 R B A
ZLEE T A L PEAMS (138 ‘B 25 A J2 « 0 T
B85 C R WIFE 5 hom (PHMS) : m(FAE) :
m(MMA)=1:0.675 : 0.035.

2.2 =i PEAMS #4 4 4h B 3% % 42

L PEAMS4 R 6, J5okk PHMS A1 PEAMS 1Y

LEANEREIE 2 fR.

PITMS

— 5 0 H— T
2152 B RS5O
ol oo w0

— =

1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/cm™
B 2 PHMS #= PEAMS # 4 4h & B

mE 2 ATLLE 1, B PHMS 7E 2 152 em ™!
910 em ' BE Si— H By R AE W 0k 0 T S
PEAMS 7E Si— H FEAE M 806 b T iz i e , 5 i 28
T 3502 cm "Ab O—H ¥ .1 000~1 150 cm 4k C
—0O—CUIg. 1453 cm '.1 350 cm ' #1943 cm b
—[CH, O], —ffE 4 4R g 1 731 em™ "4k C
=0 .1 130 cm "AbEEH C— O M. W, 5
PHMS # b, PEAMS Ak T FAE il MMA,
HFHEFELKW—CH,.—CH,—.—CH,—O—CH, —
H i PEAMS £ 2 972~2 862 cm .1 150~
1 000 em ' Ab H BEFE M58 A 0%, 1 660 cm ' I ] BE
Bt AR RN A FAE 88 MMA H1#) CH,=CH—
4 4R shig. 2318 PHMS Fll FAE K MMA Ji]
B S A T RE S AR N L N, 1B PHMS 43+ 4
R BT FAE f1 MMA, 0 % B4 500 B 5
4 F PEAMS 3K 3 T 1] A 4544
2.3 PEAMS #yE Ak @ik

R 1.3 A7 ik PEAMS T A [R] %
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% 36 &

A i L G R W PEAMS 5% TR
5 S BRA HOE LR g RN EE TG K &
T 5 XV A i ik K

TG K 2, B a8 N B4 PEAMSA Bt 5 R [7) 5 4
WLV 1508 1.3 A 5 2% PEAMSA fY
FIH 5K 7 K SR K ) 5 B AAL L n il 3 .

22.6

o

2241 —n— 7
—o —

L .\-\\040

P T K )/ (mN/m)
BB
= [Re]

21.8 \
—_—————————=8
21.6 ' : L
0.00 0.05 0.10 0.15 0.20

Y IE /%
B 3 PEAMSA # LA R EL R @KH £ A

& 3 Al %0, PEAMSA 75 6 /K 2 B 8 79 il 1%
TR B4 I TR RO BE X 24 R 0.1 %6, F Tk 1 43 )
7 21.72 mN/m F1 21. 87 mN/m. % ¥ PEAMS4
(1) 2 ThT % 14 R4, PR R R AT T vk o L R A ), BE R
BRI R N AR W T T AR ee 22 3
2.4 BRILEMRIE R

ke 2L 700 170 0l 2L 100 K 00 S Bl o 2L VL B8 L e LG
I NI & 2 = S B 7 N TR AR P e
TR E L a8 Hoe m AL T2 M ) A 1 st il L
HE.
204,17 B LR a6 DI K R B R

FHTEIK 2 Bk PEAMSA Bt i a5 & vk B 2
0.4%.0.6%.8.0%.1.0%.1.2%.1.5%.2. 0% Y
PEAMSA i FLAE WA . # 1.4 WA Bk 4
e ZLEFE 60 min % FLIE B 50 ‘CHFL7 4~ 100 mL
HEREHNAIA 50 g B FLR I, 20 51m AR
) o 12 Mk B 9 PEAMSA JC/K Z BV 0. 50 ml,
BRIE R M FLR v b PEAMSA il L300 7 42 %0 i 7K %
MISZ IR, 45 Rk 4 PR,

x4 WIAFAEREHEBEKRHZME

©w(PEAMS4) PEAMSY H ik

v B /(mg/L) /% FECRSL B KR
0.4 40 53 AFF R AR M
0.6 60 72 AR5 A 6 55 Tk
0.8 80 82 BS% BRI RTRT ¢
1.0 100 91 i & (0
1.2 120 87 i e RR
1.5 150 79 L8 [ERR AT
2.0 200 70 5% FIN SRR UL

i 4 T LA . B i L 790 e J3E A9 389 o i 7K
AR SEHE KJE W/  PEAMSA 57157 Jin & 100

mg/L B MK Z Ik R 91%. 2l T
£ PEAMSA & B K I, PEAMSA 43 F DL oy 1
T 2 B 7 b K AL I, W B f N, PEAMSA A 3L 55
53 F A K AT B A A 0 R AR FLAR TR R D Ll
RS B R AN KL AN B i FL, WK R Rk AR B
PEAMSA HI & 3 hn, W fff 72 3% K, PEAMSY il 3L
o3 F A WA il K ST I A AE R R AR L AL
TR o A5 9ty B iR T I, S TR R L Rl D vk B L
B PR 3B /N K 2R A AR I O SR AR R T, S
BRI 7K 43 B 5 7K A gl 8 T 4 K5 24 PEAMSA %
FLF I 100 mg/L B, FE T W R T 6 i
KRR B B KL A5 FE I PEAMSA B 3L 570 FH &L %
FLIA) 43 T 4 R A B 141 A e o 5 i el 5 Tk
AR EF S BUR KRN BBt T 20O
PEAMSA i &% 100 mg /L.

2.4, 2 W LIS IR] X 5 3 i 7K S5 1 5 i)

Fie 14 WA HT7E L AEEFLIRE 50 °C L RIhEL
R PEAMSA fin 4 100 mg/L B, %5 £ i 3L
T80 25 Ak % B 7l B 7K e 5 L 45 SR Ak 5 .

x5 EEFLE E X R i A K 2R B9 S

BeALES ] /min - KR/ % SR Jit H K
10 0 - —
20 1 R3F TRAE €87 ik
30 28 R55 [CRuRCLY
40 56 AR5 [ZRERUALY
50 79 855 R T L
60 91 ¥ RO 5T T
70 91 ¥ TR OB T
80 91 3 W AR
90 91 ¥ B 05T

H 2 5 B A1, B FLI R R 60 min Z i , Fifi A% 7L
R A] 2B K, 6 7K S A5 fb B8 e e, >4k Lk 1] 2 60
min I, B 7K 3 3K B KAE A 91 %, i 3L i (8] 15 38
T D3 8 7K 6 F A ARk 2 B B L ]
FEA SR LS 7 A A K IR AR A T 4 Y
B » JBE 7K 23 sk i v (ELA L A () R OR K L TR
FIRE S8 Y B FLRIE T T, Tk K B T SR A Gk #
FasE KR ILF- AR, 5340, bt 25 J5 i LR ok
(AT HE S TR A b T 1 3 A R K B Ok i
THAF TR D 2 T B R e A e 1 I B K B ) L
DRI T RN 7K 43 5 A 3 o o PR e 255 25 0 i LIS
(] 3 #% 60 min ik,
2.4.3 LR RE O I R 7K 2R A 5 i

e 1A WA ATk AR FLE A 60 min, J5 i
FUIRWE h PEAMS4 itk 2 100 mg/L B}, 5 520
Pl B2 2 A X Ji 3k B 7K SR 52 i L S5 R Sk 6 B
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%2
Z3
F 6 IR E X E K R A0
Tl LG B/ °C Ji Ak 2%/ % ST R B JiE H K B

25 57 NHe 5% Ry 0 ¥
30 61 AHEFF Wl
40 72 B S ks B
50 91 Bk SE BT L
60 92 %5 R T
70 80 B3 e B T
80 74 IS T T

i 6 P B FLIR B AR 60 °C LR I i B
JK AR I R A T v T KL 60 °C 2 A IR K R A
BN 9200, T e B K R BT A TR B
X JE T IT 4 B I T v — O T B Y 6 R
IR . PEAMSA 857155 73132 3l 52 21 1 B 7 06/ 5 $5
iz B e FLAR I Y o BOROR A A 5 B IR
K ST AR TTE K ST TOURR il K B T L
FEAE R R IR FL AR TR 4 BE 0 19 o8k, 5 2L A B L [
A6 5 TR L DT A e L o AR O 5 R AT 5 55— O T
Jiah L AR ) B0 K R B R BE Y T E B A
B K - A7 T 740 3R 5 T AE — BT B KK i
T C I 79 7 TR A T 49 i e 3 7K 3 T i 5 E R 2 i
FLIREE L v . 5 T 60 “C I, i 23 89 #8023l 5
T2, R REFR o Ak B 2 AR K 73 1 Bk A KT
DURE oy BT T Al ] B B G B I 2E A il K 5t T
AT > PEAMSA 85350 20 Bk A3 X BUCSR
58 b B R AR FLAL T L HOE T 5 BRI B K 5
8. PRI 2545 5 0 i 0 B B9 T I 0 J3E 3% B
60 C.

3 #ig

(DTFEFMEAL T, LA BE & S RE v (PHMS) #1
9 R Bk (FAE) M H B 9 4 B2 HH iR (MIMLA)
JEUR} L 28 6 S Ak T B s 7 il A5 — ol 3R Bk R Y s TR i
A PR (PEAMS) . F 404056 3% (IR) UE 52 41
31 PEAMS SR 1 91/ H #57 #1. PEAMS 5 i T
1IN N I SN L SNV - N T
oK B e T A EE oK. JREWRE R 0. 1%
PEAMS [ JE/K &, T 5% N B %5 W0 2% 181 5K 1 43 5]
N 21.72 mN/m 1 21. 87 mN/m.

(2) 7 B ik S e B BEAH [ 5], Bifi 25 SR ik FAE
A MMA & 58 /N, PEAMS 1 it K R
SRR/ L Y FAE il MMA e
1E 12~20 [ B, PEAMS 17K 255 5 5.

(3)PEAMS ifi A W W 4544 m (PHMS)
: m(FAE) + m(MMA)=1: 0. 675 : 0. 035, W
IR 85 “C S WEFTA] 5 h. 4 18 R 45 10 7= M AE
W FLIEE 60 °C (B FLAT ] 60 min, JIF & 100 mg/

L R X0 00 it 7L R R B I K 83k 9206 il K P
AR 73 # LB 1T BT

2% Uk
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BEEREFREERNXEEZB

FEE R M, REMKR, EXH . p A

(. PP R K2 e 5 T4 BEWMEA T L S ARESLTBE, PV 7§ 7100215 2. %I
WOk Fi AR =B N AL F S5 EWEARERE, T & Tl 518088)

B OEHET—AATERSROEAAEFARRIBRLERERBE. FLELEFLAERER

B EEATREZBAMN. AR ARRALRIN -AAAZCAEAR/ ZFEA A L[3-

(=9 aAEAL) AL R4 (APTES/DMOAP) A& A M EMAETHF FRA N> T E2H — &

AR A RABAE, FlT X —BXBEERREZBEALZINARAB. S REFZBRHKS

XEFZBREARESEHLT RIS THRG AR BB R EF 2 E L E T, Il Lt
Bl MR R R E T 0.01~0.1 ng/mLERANZ I EAEEBRE. &1

AP B RAKEE BREH 150 ng/mL, R &% B #ARK AL A 500 ng/mL 8, R &% B #n

FL+T A 0. 01 ng/mlL. ﬁﬁ% B RBEZ AT B AR IS A B AR ] R

KW RS BAREE; LEERE; REFZ B REEZB#RAK

¢Elﬁ;€~a:()656.3 MHEkRARRD: A

Label-free liquid crystal immunosensor for detection of cecropin B

SU Xiu-xia', ZHANG Jiao', LUAN Chong-lin®, HUO Wen-jing', XU Jia'

(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. Applied Chemistry and Biotechnology Institute, Shenzhen Polytechnic, Shenzhen 518088, China)

Abstract: A label-free liquid crystal immunosensor based on orientation changes of liquid
crystals was prepared for the detection of cecropin B through competitive immunization as-
say. The mixed APTES/DMOAP self-assembled monolayers formed by both long and short
alkyls could cause uniform vertical alignment of liquid crystals. The homeotropic-to-tilted
transition of liquid crystals induced by the specific binding event between anti-cecropin B an-
tibody and cecropin B immobilized via a cross-linker glutaradehyde could result in the corre-
sponding changes of the color and brightness of liquid crystal film. The gray-scale intensities
of optical images of liquid crystal cells were measured to quantitatively analyse cecropin B
concentrations at the range of 0. 01~0. 1 ng/mL and as a result, the limit of detection is as
low as 0. 01 ng/ml with immobilized cecropin B concentration of 150 ng/ml and anti-
cecropin B antibody concentration of 500 ng/mL. This study offers a simple,highly sensitive

and specific,lable-free method for cecropin B detection.
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antibody

0 3

T T (LCs) L WM 1 30 3 M 0 T A4 1 S 2%
25 1) S L T /N R b S R A2 2 R AR Ak B 2
| R Ak 1 B R 4 98 A3 I e AR AR I
FEC VAL i S B 0 R 5 B 0 A8 4k 1998 4F, Abbot /)
Y E R OB A S U TT R BT b o 4 Rk
LR R &R R RS A R 4 R e
B A5 SR P AP R EH (Av) X R 5 A 1%
S AR B ARAE VG W bRl , T 2 A
5 PR AR AT S5 AR A o E AR 10 A= W A2 SRR W0 i L
AR M. B2 BT 0 A R L
FEC MRS R AR RS Hg Y E R
.

KR BCB) & A 1980 4 Ml b K 4
PR & B 55 — A BB BRI R M
[N A A R G RN A RN 1 N
B AEMOAER, HESEY PR R HE T
I |- K7/ = N o 7/ K (S N 1 i R
A E R N A . B 22 ARG I Ty ik =
BT WA B - TS ) LB AN TR R
SRR AR AR L DA B R S TR BB A
() 30 5 BEAT AR AR XL TR B AT ARl ARG LK
A s O A N SR L N AZ B L, = R
Bt RE SR AERRIE AR AR 1 2 IR I i 1
FEIHTEJE BE.

AR SCEE 5 TR A A SRS TC T AR 10 A5 A AL R
FH o 4 G RE v 3 0 7 B 0 5 I 3R T IB 1 1 2 2 e
BRWSRSFEEY -, WERER B YUk
(anti-CB) 5 KA B 454 1l Jo VA 58 2302 5 S
(8 ARk, I 38 A B O ' S BB AR K B iR R
fRorfr KR BWE, M T —FfAEbrid, & R
B RE PR R AR R B AN B IR

ill}

1 IEES

1.1 RAL5/E

(D FZH . WP 3 g 2 [ 3-( = A 3%
FE SO L4 1k B (DMOAP) | 3-2 N 3L = 2 48 5t
fEfE (APTES) . K& % B ¥ H 3 E Sigma-
Aldrich A Al ; K& E BRI AP E Abcam A
Al 5 A-5 JE-4- 0 L B R (5CB) I A 26 [® Instec 2%
Al T (GAY I A 2 4 A Ak 2R R A B A

H AR 4 o0 43 4t

(2) FEALES . XPL3230 B 3% fz Wi FH 4 1 Ot
WA (= AUAS — T ) 5 SPI3800N/SPA400
RUFE 7 B 5 CH AR TA R FD s OCA20 #
G el Al (P2 dataphysics 28] ;3 F (VL9
KRB B FDD s Mylar BEEE 7 T 30T
MR A BRAED.
1.2 A AR

F 3% VI 2 em X 2 em, FH 4 Piranha %
WLV(H,0,) : V(H,SO,)]=3:7 F 80 CEL
1 h AR B LK R B E VT & N, IR, F
110 C+ % 3 h, B4 H.

1.3 ETFs#Aesaax

L3R DMOAP B 41%E 8 3 Uk 5 19 3
A 0.2% (v/v) ) DMOAP KW, % i T
a2 /NI B Ak gk T N, b, T 110 °C
TH#E 1 b B .

T3 A 19 APTES/DMOAP R4 B 4% %
BT ENBE R IR A 3% (v/v) APTES F1 1% (v/
v)DMOAP 1 10 mmol/L /Y Fiff - 2 84 %5 W
(pH=5), T 80 CHHIE 2 h, B ali K vh ¥k T4, N,
W+, F 110 CHHE 1 h.RERA 1% v/ VI GA
VW 37 "C R 1 b BCHY JE R R o Al K b vk
N, T, Bz & .

1.4 REZEABWEAZ

B REZE BEMT 0.01 mol/L AY PBS &
W (pH=7. 4, i & W AR E M REZR BH
W HGERMKRER BIREME T R £Rmm, T
37 CRNE 2 h, B 5 43 5 0,01 mol/L B PBS
GEM (pH="7. 4) FUB 4l 7K WPk , bk 25 oK [ 22 1) K
H"E BTN, KT, BT —20 CTFRHMALAE.
1.5 ik 5h e 8h ) 1E

LY S N o T Sl RO R g sl 1 DA
Mylar B ig A CHp ] F A8 2 i) B JF L Bk JF£L 7 1)
Ah HoAth =30 B /N e 78 2. A 5CB F 40 C
PEIRAS P2 10 min, 6 H A % h 5 S
VBV 25 5 VRS S O/ VR W DA T LA 1) 6 20 48
Y 30 A& b P 18 V4 A Tl A S L A Ik
AR S 92 18 Ve B0 3 E R (25 °C) JE R
Ot I A B W 22
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1.6 #m 7k

AR W — EWRERN R ER BT
W SRR E R KR B IR T 37
CHEIRIES) 10 min, BUE &R A 5 73 AR O
ZEEARER BRI R 1,37 CR 1 h,
P I B R B AT 52 B v A G RE KON 43 A 0. 01
mol/L i) PBS & th ik (pH = 7. 4) Fl#8 4l /K wh 3% ,
B 25 AR R S PR B LN, T B IR 1.5 Ok
il B ALV At 5 AR ' S B R B R i R
SEJEAR A I R A BB 50T, il i Adobe Photoshop
CS5 B A58 O > 08 738 B AZ R B i

2 #RE5ITE

2.1 RShAWERZWED R

A SCHY RGN RN E 1 TR AR R 3R E i s
i APTES/DMOAP IR H 414 B Can &l 1(b) i
/R) . DMOAP M T % W i 3+ 3 15 3% — B,
APTES T B 5 GA iy — A~ 5 Je hi J5 AR
JIHRESY T8 E KR E BANE 1) i), Bk
Whn—EWE R RKE R BIIRERS AR EN
R R &R BIURE R )G, LT3 B2 B2
KEE DB HEHFMEEE B Sk AR
SR A CHTE 1 (D) i) W R B 2 1 K& &K B
HX&E By YA 5. Tailka A

Y i i

H— 5 B 28 () SE R GE F LA K 43 F ROSE3800  RE A% 4R
BLYE b 5CB 43 By B pa) , it 5 52 40 A} 53 7 47 HE
G, Bl A RE S P AR R A R B M AR 45 A
FIE M KA F B Pk & bl 2 A8 1k, o 1 08 4
B 110 B 5 B A AR AL CANIERT 1 Ce) T 78 ) S 3 %
RAEZE B IR AN, YAS KA R B IR,
t F W dh 5CB 43T 2 1 B34 — A B R A B
WATT S AS R A it BR 06 3% 3, S AR R 3 — B
B2 AdnE 1) iR,
2.2 A Jk k@ APTES/DMOAP/GA & 4%
Yo 5] 41 AL

B 5T 2 0 L L A 21 26 B 1 fh 2 254 5
s F P AT 250OBLAIT S C A ) LB A DG, 8 1717 52 e G S
SRR T 2B A IR 1) 3 RS A8 i ke A
Yoy TR D & O T AR SR B APTES 5
DMOAP IR H 4 2% 48 8 LIS fUSE B . DMOAP
I KB e L BE BE 08 15 T U 40 T I A T Tl B
], 2 T ELHES A O PR OGS BE 3% o VAT L 2
KB5S 1 — 0y B (5 8 % APTES i & 5L 5 GA
Hh AR — AN S s 1 S A S B R 3 T AR O
T APTES %6 5 ot 3 . AS B8 8005 5 & 43
T L HE O O R S A T
M, FEIFES APTES 5 DMOAP F 1 % 3 & B 1)
() 52 W o B 5 e A B )L FE L SR AL L E— 2B
GA & it

WAAANS
AAAARNS
(e}
AN
AAAAAS
AAS P

i

%DMOAP; APTES; " CB; anti-CB; | 5CB

(DB F (b)DMOAP/APTES/GA JEJE A (ORXRBEEZ BB E (ORXBE BHAK S KER BERMLES (OXEX B
5 REER BREFMLS AR 5CB AT RMANHES] (D ARINA KA ZHE B IR T 5CB 4 T4 T HHES)
Bl ROLAVWERELEMNEZZBTEHARL LG AL T
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ME 2 AT LLE .25 APTES 5 DMOAP {4
25 s 1, WK 2 Fia) , 1 F DMOAP &
D AR A5 T W o T 2 ELHE S 2R R
GrhEB K H £ % APTES 5 DMOAP 43
N2 AR P S BEA W D S B ek 5 s 1
A3 1B OEERARE - RERE . AT
YAy FRRE I, B, % B APTES 5 DMOAP
Fefiloh 51 FE3 s 1,8 — 208 GA & 8 X A
R a] 9 5% M)

()10 : 1

(c)5: 1 (d3:1
A2 REABILE APTES/DMOAP 4 &
B 20K ) &0 ik dh e B R R AR

GA St e LR R M L% Y GA & &
K 2.5%(v/vVEF,APTES 5 DMOAP i h 5 ¢
LCI & 3Ca) ) F 3+ 1Ca & 3(h) JiF 7)) 627 i
B BB S R KRB AEERE. 2 GA &R
D] 1% (v/v) B, B & T 5 BE >, APTES 5
DMOAP Jy 5 : 1 B CanE 3Ce) iR ) . 52 B 2 5L AT
A3AE SR LB A 3 1 B CAnE 3Cd) B aR)
KRERERBT S A TIHAY R, K s
WALl APTES 5 DMOAP &L 3 ¢
L.GA &R 1% (v/v).

(a) APTES/DMOAP N 5 : 1,GA &8 7 2. 5% (v/v)
(b)APTES/DMOAP J 3+ 1.GA &R 2. 5% (v/v)
(c)APTES/DMOAP 7 5+ 1.GA &N 1% (v/v)
(d)APTES/DMOAP 4 3 1,GA FHHN 1% (v/v)
B3 GA&Zxkbetssgedna

2.3 BEARZF BRRREHMKA

VR 4 1 B ) 0 2 DY % T Ml 45 AR A IR R
G R\E B GA ZLHKE R RIKERN G, ST
— o A BE AR T M A 4 AR AT S RV R
A I, DR O O B AL K A R B R
fn G 2E R B e 5 R E 4 TR Y KRB R
B B¢ = BF (500 ng/mL) XA 43 T B Pt AL
B R O U A R MR (5 B 8 Cn
Bl 4Ca) ) 8 sl e . T 405 S2 A Bl & 15
KR B YU B BB/ X 5 B
PEALIAN S W it Tt D' 2 I AR 32 W 72 I > ] i A Bt
JEHEFE & 150 ng/mL.100 ng/mL .80 ng/mL H},
G R D BR EEE, GiE T R R
CnE 4(d Ce) (D) i FHRE LIRS
PUAAR SN 5 PR I 3 8 i 0% A ' 2 AR T S IR SR g
f) e e [ E AL R A2 R B ¥R EE 150 ng/mlL [EE T2
JIE 2 T

(¢)200 ng/mL

(150 ng/mL

(e)100 ng/mL

()80 ng/mL
B4 FRAKEHEZLREELDB
W) & 0 iR A R F AR

2.4 REBEBRKKREG KA

2B BRI R B YRR B Xt e 2
AR, AN 5 BT s L 7R AR S ORI OR
EBYEMAM T, K&K BHUAWKE R 1 000,
500 ng/mL B CAIE 5Ca) . (b) Fr ) o i 6 i i 4
WGP AR OB, KRR BRIk E R
300.,150.75 ng/mL B, i )6 1 f0 5% 1A% KA 2D %k
SEEMIE T AR R ANE 5o (D, () T,
RSN, KB ERER BSEHFNX
"R BRSPS RER BIIK AR
FLCYREIN R A FE B W T 0 B O ) BR G BR
), RAEE B PUMA R AR 53K T B K&



. 78 . RaPAREEFR

% 36 &

R B 45 A PUBL W 2 1 U L A O 2 AR
PR SERE. BEA TR R AR B R B B3, 5 2R R
EHERER BLGHRER B IUAHEEZ W,
o UG h S A8 I, AT S B K A 3% B A G
HTHRPHFNRER B SRR, TR R
BE S 7 AR AR 5 A AR /N ORI K A R
B PR 22 52 i G I BIR . A% 6 fE 08 i O 2 &
P PR AR R | R B PUR L 500 ng/mL # A7
Ja AN,

(¢)300 ng/mL (150 ng/mL

(e)75 ng/mL
H5 RREKREGRELZ BRKHE
Y i & *e R RAR

2.5 X&% B

T L — WV L
KR B EEBAL, 456 2 LK 3 R R
BEBIKRSFRZE, FGRBE; Z, 7K &
EBWEEE . SHHRREFREMRER B
Pk s 7 KGR E TR K 6 s, YAE
KeEZR BEHEB 0.1 ng/mL B, 632 (F 5 M
it AR Ak,

()0 ng/mL (b)0. 01 ng/mL

(¢)0.1 ng/mL (1 ng/mL

(£)100 ng/mL
BH6 FREKREHGHMNKEEZEDHSE
3% & ok AR

(e)10 ng/mL

2.6 R&BEEBRAZEIN

DL E TR RE NS SE BT K A BBy A .
KT H— e RN KEE BWRE.FER TE 6
HR i Ol Sk U A K B B A S R AR R VR E = [
FIFRSEPE. R 7 Fros, Bl E K & % B Uk B 1) 1
T O 6 S BB AR K B A B B, R &R B
W R T 10 ng/mL B, KR EE B T 0. KEER
B EEAE 0. 01~0. 1 ng/mL i3 [l I B, e 06 2 f
BERUAR K B AR S KA 3R B IR E 2 ] B 4k
K FR LMK RN 0. 985 2. WK AR WAL I AL I B
REMS i K7 E B AU BRMK = 0. 01 ng/mlL.

80
0F &
60F =
=
50F = %0
%:f( 40F = 50
ﬁ% 30 40
= £ X
sk 30
0.00 0.02 0.040.060.08 0.10
) F 7 EBIRIE /ng mL*
0F ° .
1 1 1 1 1 1
0 20 40 60 80 100

KT FBHKE/ (ng.mL")
B7 whAEBsshrBERELSREE BRE
XA (GEH . R&EZ BKRAEAE 0.01~0.1 ng/mL
B ASRLER MR EREZ N AEEX R,
RERHFNREFATE RN B E AR AR L)

(1) FERE b3 7] [ 4 ke B3+ 1 35 S ARk
5 R 808 AR 47 149 35 5 Y ot 43 3 IR R O I B
M 25 B . APTES 5 DMOAP (KRR 3 ¢
1,GA & 1Y (v/v) D2 il g 3 — R ]
F AT G SR,

(2) TS puEri, BEfk KRR BHkE
150 ng/mL B ¥R W B EAaK R, K& E B
PRV 2 R 500 ng/mL B, 62 AR A R 5%
BE B, DAL oy i it 1 — 20 R 0 A K A5 B,

(3) WA E AR IRES W #E 0. 01~0. 1 ng/mL
LMEVEE N LB KA R B WEAESRIC R R Uk
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MmEH ., LR, WS, AT, REa!

(LB VR K2 e AL T2 Be, BEVE P59 7100215 2. BRPGRHE K2 B TARE 5 TR b, By 6%
710021)

i E.AFTA=CHRAAKRMTES AT A, - R A& = T A AR (KH550) o & & B4 BT
(MA)#) 7% %k # 42 (CTES) 4 2 b A, & B AL 40 (NaOH) A 1B 4L A, A5 by BE B & T W it
(AEO;/AEO) A Z AU H @it K- AR B ERERTHFT —RNREL/ T AL
¥ i E ) (PCMSQ) 4 K Ze L 5Lik. BF A T SLAL A A B AR AL F) 3k B A= i 7K bk 3 PCMSQ %4 &
HKFHEBEFRAY AW Hw. A FTIR.XPS.DLS.SEM #= TGA % 3f PCMSQ % & 3k 9 4
MR BT A e dt A T AT 2, 4 R A . PCMSQ 4 K3k B TAH 69 45 M fe B 4T
it A M BB wago, aro,) A 0. 362 ~0.54% ,NaOH 3R & %4 25~50 mmol « L™ F il &
A1 10~1: 12 i, 4 /%45 PCMSQ F 342 4-F 100~200 nm. K3 —, 2 £ 544 A

R A
KEIWE RS FHAR; KE%A; thkE4L
FESES . TQ264.1 XukFRER: A

Synthesis and characterization of polycarboxyl/methylsilsesquioxane

nano-hybrid emulsion

YANG Bai-qin'» YANG Rui-ni', HAO Li-fen', XU Wei*, PEI Meng-meng'

(1. College of Chemistry and Chemical Engincering, Shaanxi University of Science & Technology, Xi'an
710021, China; 2. College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science

&. Technology, Xi'an 710021, China)

Abstract: A sort of Polycarboxyl/methylsilsesquioxane ( PCMSQ) nano-hybrid emulsions
were prepared via hydrolytic condensation method of methyltriethoxysilane (MTES) and
carboxy silane (CTES) which was first fabricated by y-aminopropyltriethoxysilane (KH550)
with maleic anhydride (MA),and sodium hydroxyl as the catalyst, primary alcobol ethoxy-
late (AEO;/AEQ,) as mixed emulsifiers. Effects of the emulsifier doses,the catalyst concen-

tration and the oil/water ratio were discussed. Structure, particle size, micromorphology and

» WA HHI2017-10-14
ES TR BV A BT B ARRFIERUBE R H (2016JQ2031) 5 B VY 45 BT B4 48 25 6 37 TR %I 5 H (2015KTCLO1-14)
B4 HH T LR TR E (15]K1103)
EEB N A E B 962—) B, BeFg B , 208, W58 7 1] - 2% 180 396 4 500 A o 4 5 102
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thermal stability of PCMSQ nanospheres were investigated by FTIR, XPS, DLS, SEM and

TGA. Results indicated that structure of the PCMSQ was consistent with the expectant out-

come and thermal stability of the PCMSQ nanospheres was excellent. When WARO, /AEO, ) is

0.36%~0.54% ,NaOH concentration is 25~50 mmol * L' and oil/water ratio is 1 ¢ 10~

13 12,average particle sizes of the PCMSQ nanospheres were ranged of 100~200 nm. Mean-

while these PCMSQ nanospheres with the uniform average diameter and monodisperse,

which were regularly spheres.

Key words: polysilsesquioxane; hydrolytic condensation; nano-hybrid

0 35

i

A 2F ik S ke 90 K BR (polysilsesquioxane
nanospheres,PSQ NPs) 1 iy — Ff 37 B A& HL-TC HL
ZAMARE B 5 1T 05 R AR AT 5 45 A ) 18 i A
e FETRE LR 2 L &G RE A= W B 25 24K | BHL A%
oA ARk A0 2 6 A Rk S8 T A T R A g R R
4y Fi R (RSO, ) n, EE B Si— O # R £
B B R 5 Rk R AR A5 B R BLAE AT gy
TAS B ik — Bl R AR UG 5 00 22 A RE L
UGt PSQ NPs BT 1l o0 Ak 2% L b4 ) 45 451 174 A
R J — Tl LT 1) Ty BB S I AT A A A%
B 2 A AR 2, AT 5[] B RE A A K 2R Ak
RN WAL R AL SE. M H AT R T RE L PSQ
NPs iff 55 8 /0, a4 05 56 FE K s o, LR &
Hk = GRS O HT KA, 2K Sy AR R e —
B E BRI AR N 600 nm B 3R IR 2K 1 4R
BEOR ; FEH 3R U A% 1 e SUBE 2 BT 3006 B R
W65 CHEFE 24 h, K AR IR AL il 15 5. D) BB 3L 2R
FRIAT 2 ik S e XS LSS M R ROOLE SR AT T R
ik AH_F AR i ik #R A ol BB

[l F, Z 2 BE 3 PSQ NPs (LA —Zhfig3E 4 )
TEZS R B 3T F0 2 BE A 455 55 O T AL BR Th fiE Bk PSQ
NPs B E L H 58T , A S DL 3 = 24 SR Rk A
(MTES) F1 32 H = & A 5 ik be (CTES) b ik 5,
NaOH L, AEO, /AEO, K& & FL AL, i@
Tk 7K il -4 G 1 AT A b ) A SRR L/ YRR 2 A AR
Bt (PCMSQ) 9K Z AL ZLIK s T X0 HA T2 540
2 S5 ROWIE S #1471 WF5E.

1 Lo

1.1 3 RMH
PR =ZZEEERE(MTES) , >R =205

Ferk b (KHS550) 20 87 40, W b 58 KA HIURE B 41 R
B IR ] R EF (MA) 43 B 4, K AL 2 12t 5
J IR LMk (AEO, /AEO,) . 43 B 4l , #
M A T A BR A Al & 8 A4 (NaOHD 5 43 B
ali, [ 24 4 A Ak 2 U0 A BRA AL
1.2 BHBA/FEAEEHEIR(PCMSQ) % K 2 1L
FUik o A AR,

FRIEAEE St (CTES) By il £ - 763 A7 BEFE AR
Tk B DR A BEAS Y 250 mL B9 = BRI P L AR
YIMAGHE B KH550 fIR RS ]RR 5 1,
FEABEFE TR = 65 °C. R JE . Mt In A
MA (5 KH550 BEE/R R 1. 1~1. 2 ¢ 1), f8 i [
3 h SN S5 B A5 IR B 003 IR AR, B RR Bk Ak ik
ft . i0AE CTES, HG MU & &l 1 pios.

OH

1
ocat; H;C—C—CH; OC,H:
Cll;0—Si—C3lINIL + 0=C” \’c:o N CI:0—Si—O0CI1;

| \

0C,ll = C3lIENIT-C—C =C —COOIT
5o
)

B 1 CTES #4& &% 4

PCMSQ 24k Z= 1k 7L W 1 & B« 75 2% A i+
i R T A BEAE Y 250 mL = RS,
o A — & it i 8 HE B 3L AL F CAEO,/
AEO,) .NaOH FIZEMK , il F 8+t 0.5 h,
SRIGFF IR 218 I MTES Sk, 1K 2 3% W ik
W kB IR, MTES 452 J5 . ) % 3 h,
T CTES Bk, /K & W B T B, CTES W5, 4k
SEARIR L 12 h, 15321 3 BPRFLH, B PCMSQ 44
Kb FLE.
1.3 #5 MR AE 5 P AR m] X

(DFT-IR R Ak . A48 [F A 8 52 2 7 By VEC-
TOR-22 BUAG B i 20 SG RS AGHEAT I 2 e k.

(2)XPS FAF . HYE Kratos A Al Axis Ul-
tra A Xt HL F B 15 A0 AT 00 2 L 1 W 2 % SCER
[9].

(3)DLS 43 ¥ . 95 E Malvern 2 5] B Zetasizer
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o536 4

NANO-ZS90 g4 A 3 2 18 HL A7 53 B ASCHEA 7 K.
(4) SEM JE #i WL %¢ . H1 H 4% Hitachi 24w 1Y
S4800 I A& 5 4714 L BE i AT WL 4%
(O)TGA 43 #r: 3L E TA 2w 1 Q500 A4
AT AT IR

2 #R5iiR

2.1 3Ll A #5F PCMSQ % K SR & o %
)

FEM KR Z i, LA i B AR 2K
VTP RS BR  Shy Rk o RS 1) K R A R B AL
Fr. B, AR SCHEE R R, 5 2 NaOH ¥ 2l 50
mmol « L' ,MTES/CTES FEE/K It Ky 10, 3li7K Fb N
1+ 10, WF598 T 7L AR50 /9 H i X PCMSQ 49 K Bk i
PUBIZIN A IR S U A

.5

(wako, /aE0,) =0. 54 %

(D weako, /aE0,) =0. 2%
B2 XRREILALHNA=ET PCMSQ
K3k ey SEM Bk

F &l Z(a)ﬁf’ﬁ],%'l w(AE()3/AE()9)ﬂg 0. 18%Hﬂ‘ »trE'J
f3Hy PCMSQ 44 K Bk R/ A —, R ™ 5
Waro, /ano,) A 0. 36 %~0. 54 %5 B, PCMSQ 44 K Bk
LB RO AR KN — H R
SYHCEE A AL 2 Ch) F2 Co) BT 5 24 wearo, /avo,) A
0. 72% I}, PCMSQ 44 2K 3K i) 5K I £ Fi 43 Bl P ¢
2, HRL 7R EASLH i 2D Fros. X2 K8,
LA TR/ I B o BE AR A 19 7Lk KK
H A ok 5~ 11 3™ 5, i HLFL IO e P 25 i E s
O3 )2 5 M FLACH T B 5 OIS MR ZR o A B R 4
R B A I it R BR o a2 1 SPL R i bk
2 FLIBRLAE K 58 20 #ET 13 1 PCMSQ 49k
BRRLAR /N — , 0 BUOPE B 25 4 2238 R FL AL
JH A IR i 7 e T AR Ao PR AR AT R 1] 3 5 5k T
9 Tk B R 200 7 AN B AR 2R KL B PCMISQ 44 K Bk
FMAFTE W] BB, M0 R P R, AR SCAR it
wWako, /a0, A 0. 36 %6~0. 54 %.

2.2 ABALH R E AT PCMSQ 94 K 545 12 B L 7%
A 09 % R

Y AR e TR A R ) PCMISQ 4 K Bk
(¥ R AR RO 25 9 A 30T Bz — 1 R, AR 3¢
W58 T Ak 700 v BE X PCMISQ 49 K Bk fOUL I 58 Fn
P HpRLAR B R R LSRN AT 3 B

e

KV 8.3mm x50.0k SE(M)

(a)cnaoy =25 mmol « L7!
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(e)enaom =75 mmol » L1
B 3 XREFE NaOH & E T PCMSQ
W K39 SEM B K

i 1 3 AT, NaOH ¥ & X% PCMSQ 44K 3K 1Y
THOUE TR 285 52 Ml tk 357, (B X HE P 4R A% B2 A8 K, HL
SEHEPRAR Y TE 100 nm A2 47, L L. Y4 NaOH
W <25 mmol « L7, #1519 PCMSQ 44 K 4=
LR ATLE  #HE 5 53 2 s X Al RS K8 NaOH
1RV E AT o ek ot K ik 446 5 18 3 O3 A2 AR 5 TR K
fift RN TR AT 46 A 70 4 8Ll PCMSQ 9K R 3R
MAAE—EffE, HA K& Si— OH 5% /&, & 4
FM,

2 NaOH % 25~50 mmol « LU, &
3Ca) F 3(h) T 7K fife 4 3R 3 Ak, K44 & o
AR R FL A L B A e T T 1 AN B 4 2R L T
FLAZ A K G T R TEDOGH BOE R & kL
R — 1) PCMSQ 49Kk EK. 2§ NaOH ¥ 35 75
mmol « L "B}, #1519 PCMSQ 44 K Bk 2 11 A %
WL B 2=, AT RE R B T NaOH ¥R B 8K, fE ot
K AR 4 3R S 3 Y R R ) ) SR AR b, kL AR
e N [ O YA 1 D R o RSm R ¢ b | W (TR
BRI B R, & 3 (o) B,

T3 A1 0] RE A AR TR R B R E B 4 A R
T —E B IHIE A U PCMSQ 9 K Bk £8 38 K
AN, WL, A SO NaOH ¥ ol 25 ~ 50

mmol « L1,

2.3 KT PCMSQ %k #4209 % h

fik ot SR 557K ) B o bE CRT RR T K LD 2 52 i
77 PCMSQ 945K BR - ¥ 60 428 FURLAR 43 A (1) 8 2
zZ—. B, A E E W(AEO, /AEO,) N
0.45% .NaOH ¥ J¥ & 50 mmol « L', MTES/
CTES EE/REL R 10 = 1 K HE K AR R 35
KX PCMSQ 42K BRF- BPREAR 7Y 52 i) L 45 R n 5k
1 iR,

£ 1 SHKHEX PCMSQ #K 3k Eh 12

X PDI By 0

K L Z-Ave/nm PDI
1:6 — —
1:8 — —
1:10 159.4 0.028
1:12 151.3 0.039
1:14 152.2 0.106

R 1 A, MoK R F 1 ¢ 10 B, il 15
PCMSQ 4K Z b FLM A T2 8 , 58 J5 43 )25 2
KEEH 1 10 FEE 1+ 14 I, PCMSQ 94 K Bk 1Y kr
AR AW b AERL AR 3 A1 78 B 3K AT BR R AR < 2
K IR E 1 14 B KA R3O IR A M
AEXF B /DN 5 WK AR T 2L e R B i 2D, 3L kL A
I B4 K AR JE R o 5 TR L BEL A LR R R A R AT LB
A% A KR 58 4 L il 153 9 PCMSQ 44 K 3K (19 kA%
Sy AR, R AR SO K S 12 10~1 ¢ 12,
2.4 PCMSQ #1 K3k 89 7 s AL

PCMSQ 24K Bk J& i i 76 /K f& & o MTES Al
CTES MK fift A 45 4 45 1. 5 PCMSQ 44K £k
TREMITE WAL H E 4 = AN B (LK 4 FiR) .
(1)MTES TEmg i A AE T K A A8 B 2 a2, 75
HEAT A %5 & BB Si— O — Si 2845 4 L 7t i e
BAR Z A/ N AR R 5 (2) CTES 78 B i Ak A
R K Az K it 3k B 1l R R ik Rk 5 (3) A AR
TR KB B, A AR AN W7 DA 2L 8 v i e Y R e
P R Sk ik 2 0T & 2B L 48 G RN, A A A% 18 18 K
K AIE L PCMSQ 44 K BR.

B4 PCMSQ %4k 3kth % AL
2.5 FT-IR 5#
CTES H1 PCMSQ 40K BR B 21 4G 1 L fn &
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I C=0 Mg sh W i, 3 276 cm ' AbH B
O—H (i 45 9% 2 W Wi e, ] 1, CTES Hh B A &R
FEM K. 72 PCMSQ #h Kk sk Kb, 1 719 cm
A C=O 4k 3%, IESE T PCMSQ 44 K 5k
FRWMARIEMALE. 1 132 f1 1 031 em ' 4b 5 XNUS 16
XF R Si—O—Si S M4 IR 206, 773 cm ™ 2L Y R
W Sy Si—C R Aa R sh ™ .1 276 em ' 4B 1H
Wz Wl >l Si— CH, h C— H 8l % Fr 28 16 3k 3
.2 970~2 866 e AL C—H $#(—CH, . —
CH.) B A 45 % 2l W g 0, 3= B PCMISQ 4 K Bk
HA Si—O—Si THLE L. thA b, 1 660 cm ™!
Ik C=C B4R shIE .1 577 cm ' Ab 9 2 Wi g
U@ R “ ke TT g (C—N—H 2 h#E3hi%) , 3 410
em Ak Sy AR e i B N — H A 45 ik g e i HL
13276 ecm "4b O—H RS, IFSZ T CTES §
MTES k&4 T /K it 45 & » [8) i 4] 22 3R B PCMSQ
YK ER 1 A K.
2.6 XPS 5 #F

PCMSQ 94 KBk 1Y 3 1 b 24 40 % XPS k17
ST, a5 RN 6 iR,

Ols
C18
Si2s
Nis Siop
i
1 1 1 1 1
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Binding cnergy/ceV

() PCMSQ %4 K3k iy XPS 5815 &
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Binding energy/eV

(b FE ¥ Cls %A
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Co) B 4 ¥ Sizp i &l
B 6 PCMSQ %4 ke XPS i H

1 & 6 Ca) 7J 1, PCMSQ 44 2K Bk £ I 77 7E Si.
C.O Al N PURRTCE , 4 B I & {43 % KKl
25.96% .40, 45% .32, 18 % Al 1. 40% ; Hovb, C T
EH R UL E PCMSQ 48 Kk Bk £ i K B
FE AR AE RO R B2k H — COOH Fk 4
A 584 Si— OH S g8 78 PCMSQ 44 K Bk 2 181 I
2R REE B Si2p BRFE LR 103 eV
AR Cls (4 47 IR W I 7R 283 eV Kb, 255 K 6
(b)AJH1, 7€ 287.76 eV AL L T —COOH M FFE
W0, 26 B PCMISQ 4 K BR 3% I A7 £ — & I R
F. iRl L, PCMSQ 44 >k BR 35 1 ) S5 A7 7 —
CH,.—COOH FM—OH @, it —FiEL T PC-
MSQ 44 KBk B A W 1 5 F 45 4.
2.7 TGA »#r

h T I PCMSQ 40 K K 1 it $ A2 e p L X
AT TIE (TGA b 45 R 7 s, th &L 7
AR A B B R EE T R B 300 °C B, BRR R
BN, PCMSQ 44K Bk T f #2k 4. 3300, F 2 &
PCMSQ gk BR K1 1) — COOH A i i ) BE W Fff
KRBT BE 2 R R ) 4k 2R TH R PCMSQ 44 K BR
PR 2k 20 W, 300 °C~700 CIERIN R E
BT [y BE L R PCMSQ 40K ER (115 28 K A7 HL 3
P 1 o T 6 i, 4R R R 700 °C L e AR AR
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AL MTES #il CTES HEiIRA, L NaOH
AR AEO, /AEO, & & FLALH i 1 7K fif-
4B R AEK AR Z il 45 T — R 9 5 EhE PC-
MSQ 94K 241k L . PCMSQ 44 >k 5k B A 1 1 43
T4 A AR A R E M. Y woaso, a0, A
0.36%~0.54% ,NaOH ¥ & & 25~50 mmol *
LTUFIHK G 1 10~1 = 12 W), 45 B PCMSQ
Yy B 1S H kA2 A F 100~200 nm, 5 4 B
HERE B ALK
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(XRD) \ Z 4 #eF B M85 (SEM) e AL(EDX) S 2 L3477 A 42, £ R A . R 89
HeNEH 5 mL fek/ LEEARAR A 1 4 B, BT &0 BALE 2 K 85 20 R BT S o 4E, 5F 2 ot
ok b ARG T RACEE 9 K 5 69 T R LI, B]HMMWLT%%?QLBﬁEJ#T\ i KT T R
Bl B K dh 5 B AE ey % &SP AL F el X 2 L R gL S R AT T B
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S AR BACHR A R AR ALk A
E 5K S 064 STHRIRER: A

Preparation and properties of spherical gallium oxide nanomaterials

LIU Shu-ling, YAN Wei, HAN Le-fang

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

Abstract: Gallium oxide nanocrystals were prepared by simple solvothermal method using
gallium nitrate as gallium source. They were characterized by X-ray diffraction (XRD), field
emission scanning electron microscopy (SEM),energy dispersive spectroscopy (EDX). The
results show that the composition and morphology of gallium oxide nanocrystals are the best
when the addition of oleic acid is 5 mL and the volume ratio of water to ethanol is 1 ¢ 4. On
this basis,the formation of gallium oxide nanocrystals mechanism. At the same time, the re-
lationship between the morphology of gallium oxide nanocrystals and the photocatalytic per-
formance was discussed. The photocatalytic results were verified by electrochemical imped-
ance spectroscopy (EIS).

Key words: gallium nitrate; gallium oxide; solvent thermal method; photocatalytic; electro-

chemical performance
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5% 23

X A L BRAR AP SR A OK b 1 i A B M g < 87

SANVINET SRR B TS i 3 S SN NP S
.

PSR AR ) 20 K 25 4 2 S R A SR S A 10 5509 B
15 Y 8 AR N W BIE A R R R IO T — R
Tk e, an Li™) i 4 38 o X a8 ok 4 4 A A
TiO, F B H T ARG L, kR 2 %
BRI R A T v R AL B ER (Ga, O)
S — P LAY 1) BE AR A A RS R &
6 T B R R A B 0 R S A DG AR AR
AR ANK 250 BLAT R i A AR IR BE T, HLRR
YER—Fp d1o T 45 e R, S5 728
T 5y 4 B ORI PR RE A S AP R, 5 AR
AR N KA %) 5 A SRR DA B AR 4 oKk RS
PR DG PR R T o b SR ST RN TSSO
). FEAS SCH L SR —Fof {7 50 5 A7 08 135 37 B0 o 15
AALB KNk, B — 20 ] XRD.EDX 1 SEM
S PR HLE AT RAE L B AE T S S HO0 H A
TE S5 MO AL P 58 45 A9 5 i, 38 5 IE 32 fh S 8 L £
B T HA B AR T B B AL B AN K R R

1 SRIEER4SY

1.1 %%#%s

THPRE% (Ga(NO,) 5 s AR) , B 5T 4l i 4k TR 4%
A BRI T B (Cis Hyy O, s AR s KEES I K1k
A R A A EK 4 EE(CH,CH, OH,AR) . R
HET AR X L5 2l 5 2808 K (H, O).

1.2 #Hm:eHl&

FREC 0. 511 4 g (2 mmol) i Ga(NO,), (2
B3, 43 B 45 mL 0 DU 5 & 0 AT e, — 6y
JA 6 mL Z&48/K .24 mL Jo/K ZBEA 5 mL AR ,
FRiCA 1 B o o5 — 0 m A K/ 2 B R B
1 AR 35 mL . dnidh 2= M. BHE RS,
B ERAEA P T 150 °C N 8 hy B 22,
bRk DEWCETIERIRM 15 KA@=ym 24
FE 2943 9 C, Hs OH A H, O Seig g, 246
Ze A B HAR ). CE TRAE T IRE TR —
A .

1.3 #H&eois il

H 7 Rigaku # D/max2200PC B X-5f £ 77 5F
A CXRD) X R i 19 9 A 32547 53 7 5 48 B H A 2 2
1) S-4800 AU K S 474 ML 55 (SEMD X 4 i T 351
FAERITTER W (EDS) 5 i 1 4 06 73 B A 4% 2
H ) GHX B A 2% 5 A A7 A Ak % i 5 1 ]

% EH £ /AF B PARSTAT MC HL L 2% TAE
i EAT AL 2 BT (ETS) P 5 4 ) 36 [ 22 5 1 4%
N EI) ASAP2460 B L R 1H AL (BET) XA 5t 1 L
FEIE AT I s 4 5 A R X O TR
(XPS) % FE i 1) 22 T 70 3R B HAN 25 19 58 P FH 2R
SE AT

1.4 SeARACHE e m) %,

T E 3 B BC K EE S 1077 mol/L 1A
PLYCRHIK AT T 3 WA 2 21 B % W, R 45 Jf
0.05 g WFTHI & MRESY 12 M 2 £ FERBEEEMT
JRE 30 min i A I 3k 2 0 B — 8 B ST 4. il
500 W I f He R AT AR Sy 28 A 6. D6 U5 4 FH A B4
Ve HIR YR A AERE A S0 o B v R R TR AN AR
B% 30 min Hif ] [ B BB — YR RE I ORI A o
HEAT B0 43 8 O VTR . 43 B S0 A AR Ak
1.5 wALF i (EIS) Al

EIS I 27 = i R Ge b dE A7, T 4B Ha A i) il
VR R AR R — 22 1Y Ga, O, /NRLAR T
W SBFN R AR L0 % BT b ] 8 ¢ 1+ 1 HEAT
RGBS A I i N-HH S b g e 1 7
WHEE 2 h DL b, 3k 80 2 88 0 240 R0 2 A0 5, 40 B AE
HORE R TR I 3 AR S N, ORIE % S8 TS
B, T 120 CARER 12 b X e A % i 2 1m0 % 4 1y
BAUR S TT 2 E e A D0 3 R FH AR OR i R A
W TR AR /A LA 1 ¢ 100 Bt B 100 mL. £ 4b
I A A H A — T RS SR HH R Ak 2 T A 3 52 1 B
L. AR (E 5N 5 mV, A5 540 R H N
1072 kHz~100 kHz.

2 HR5H®

2.1 ity dhAan At

B 1 () i AT FE S 9 XRD B3, E 1
(DA LEH . Ga, O, 21 M 22 FE S AT 138 5
iR F (JCPDS card No. 20-0426) B A — 28, &
AH BT, fLA X Ga, Oy 1 R # 2 BE S )
P70 2 B, # 2 (1 0 AR Z L L 5 B A R A B
SRR (A A5 R B 25, T 2 2 AR A I R 2R
B A5 R PEAR . B 1(b) i # 1 £ 2 #4 EDX &
WONE L (OATLLEH, #1 ME2 HSYH Ga
MOBFITRAM, £1 HSH Ga 5 OWEFE
SFHRh 2 3. 52 BT Ga 5 O WIRTEH LR
2.1 = 3,254 W TR 25 5 0T 1T A 0 P RE 38
Ga, 0.
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2.2 XPS 5 #F

R T i 0 AR R 2 R AT T
XPS M, g5 K 2Ca) . (D) iz, 2(a) 2k Ga 1Y
XPS i &, NEH o] LLA H Ga 2p3/2 Al Ga 2pl/2
X L TR 2SS RE R 1 115 eV R 1 142 eV,
EW] Ga BL Ga, O, I AAAE. B 2(b) 2 O 1
XPS %[5, W ] LUE 455 BB 529 eV AL X
N O 1s Ayl pl AT RAUE B R 0 /Y Ga, O B4R
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2.3 T oM

&l 372 #1 Fl#2 FE5 1 SEM . 18 3 Al
HL#1AE2 FEM Y H ER/NT 100 nm 99K
WURLZH B 3F— 20 % LW & B, 18 3 Ca) £ 1 FFE
AN BRAR 25 A W] DL RE bR B A K Bk 0
TE—, 7R AE % &, A2 100 nm, FURL K
INEIRR AR — AR R T AN R AR H R WA
— SR 8 S 2R I ERIE 45 44 2 1F 22 4 oK Uk 4H.
BB 3(h) #2 VR RIFZ HARZA R 50 nm 1)
JNURL ™ AR AE— A, OF B RN — B S 24 L
YR —. #1582 #2 FEf L 9K ER 5Bk Z A 77
FERT R ) ZS B, (A £ 1 B S AY B 3R B S OR L X
A BT w1 RS 0GR BT, P R
X L.

(b) %2 BES (T
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Bl 4(a) R Ga, Oy (12 5D [ N, W B BT
WK, b BET 35 i & H b 3R WA Suer A
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W7 ot 5t Bt 3% 1] L i 5 BET B i1 8 H b R A Sper
A4.321 6 m*/g. BHILTT LAAS L1 # AR AR AR I 19 43
A2 2 2 A A B R L 3 T AR 6 I B A BL
YA R DR 2 T AT I A R 0

100
a
80
. 1# AR
§
= 60
c
3
g
g 401
<
el
o
= 20
g
°
<
0 -
0.0 0.2 0.4 0.6 0.8 1.0
Relative pressure(P/P,)
() 1% HEfi B N2 1 - ot B 33 1
25
b
20 T
! 24 Tt |
4
=151
g
=
=1
S
g 10r
<
]
2
2
£
<
0 -

O.b 0.12 0.14 0:6 01.8 1l.0
Relative pressure(P/P,)
(b)2 5 #E 5 Y N W BRI B 3% )
B4 Ga,O; 89 N, & I-BLH % B
2.5 WERAMEXFHH KGR
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ew EEE R, I, 5 58T IR S N & 6
TS0 B B, L4 SR AN & 5 Fran . g A ) R 1R
T4 £ RS 9 SEM B (] 5(a)3 mL & 5(b)5
mL . & 5Cc)7 mL). AT JE A I R 2 — K ik B
A AL G B, LA 1) Bk 245 1) fiff FLAE ) g P B
AR MERT S E S &R BB T4 A RN
R e m R NE R T LLE Y, B & R )
TP IE SR & A2 T O TR R BE 09 A8 4k, 24 il iR
IR IR A, o8 3 mL B (& 5¢a) =Y RS A
Jr A, AR ™ L A AT R AT R, — R iR 5
il T B HL P B B - i 7 A B T TR AR TH R B R T
Z R EA WG] Iy, A8 B 5| R A R B A B A T R
TR 0 I N7 D TR P B 2 1 — it £ S AR L8 0T L

T B UL 1) S0 iR b o 4 A X ] Tl R B R AR R
A ARG P T P b TR A o PR BT Bl o
RSB RS RN Ga, O, 45 5. 4R 1Y IR
TN AN G I 23 A7 — FB 73 3 R B RR B A A, B
FH 51 57 30T (8 22 30 0 B M A BRI R e A AT 3R 4k
S IR Y BN 5 mL BFCE 5 (b)), & BLEE fh
A URE RS BT/ 15 BEAR 290 100 nm 72 4.
SHE IR A BSGF) F A ih PR BR L T W e 0 L 2 L
FRE MRS 1 AL T 3R i PR A9 VR T B RE R —
S0 B TR B L i R T ) B0 1 B B )2 N AR E
4 S L 5 AT 97 L 1 ik 7R AT 2R T i) /1 6T i A I
il e O ol o A S B AR R DR A AR IR A IR IR
IR 7 mL B CE 50 ORI R SF 3t — 25
HEOR B E A AT R B G U T AR S
ik e (R BB 5 AR A% ST IR A W M i A
T E S5 HREREIR AT AR A — 000 B A ¥ ilk 1 45
B A P REARZE 4 KL 3 T 250 L K /N I AS 225
DR UE B 3ok PR A e A2 5 mLL
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Ot s 4 +
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2.6 IR/ TELGIRARL AT M 6h B vh

FEAR SIS v BERE IR A WS NN 5 mL, A
6 ] DL R B K/ L BEAR BT PR ) XRD A
A 52 . AN LK R 3 7 7R 4 ) XRD % 5] i
RUZREL 0 B A5 R DR HR B L E 21 °FN 40 “AbA
A I 0 6, 5 0 B 52 1 Ga (NO, ), 19 7T i i
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Synthesis, crystal structure and fluorescence property of Cd(ID) chiral
coordination polymer based on an chiral aromatic polycarboxylate ligand

CAO Li-hui, TANG Xiao-han, LIU Xin

(College of Chemistry and Chemical Engineering, Shaanxi University of Science & Techology, Xi'an 710021,
China)

Abstract: A chiral coordination polymer based on (S)-3,5-(di-1-carboxyethoxymethyl)-ben-
zoate (Na;L) and ancillary nitrogen ligand (bpa=1, 2-dipyridine ethane),namely {Cd, (L)
(bpa), (CH;COO) },(1),has been synthesized and characterized by single-crystal X-ray dif-
fraction,elemental analysis and infrared spectrum. In the structure of complex 1, binuclear
cadmium building units are connected by L*" ligands to form a tubular structure,and the ad-
jacent tubular structures are associated together by the auxiliary ligand bpa to form two-di-
mensional layers,which are connected together through the weak force C—H-+**n to construct
a three-dimensional supramolecular structure. Besides,the purity of crystals,thermal stabili-
ty analysis as well as luminescence have also been investigated.

Key words: coordination complex; aromatic polycarboxylate ligand; crystal structure; fluo-

rescence
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Experiment study on the pressure-sensitive effects of

advanced water injection in low permeability reservoir

SHI Yao'?, QIN Hai-li", ZHENG Yan®*, XIE Xiao-qing'*, ZENG Yang'*’

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

Abstract: The core permeability was divided into four levels for laboratory experiments on the
effects of the pore-fluid pressure on permeability, porosity,pore throat radius and coordina-
tion number, the results showed that the porosity was insensitive to pressure change, the
change rule of pore throat radius and coordination number is similar to that of the permeabil-
ity:the increasing extent of the three is very small during the pressurizing process, but the
decreased degree was increasing obviously of the three during the depressurizing process. Ac-
cording to the experimental result, it is irrealizable to restore the reservoir property by in-
creasing the pore-fluid pressure. Advanced water injection is an important way to enhance
the ultimate recovery of low permeability oilfields by maintaining the high formation pres-
sure and reducing the reservoir damage caused by the formation pressure drop.

Key words:advanced water injection; net stress; permeability; pore structure
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“HEIRR T, CT. ZHEKBNFH &
NEBAFEMBERI

I O3, ERR, kEHE

(BevGRHB K2 MR B 22 5 TR %R, BV P52 710021)

W OE.RA TLAICH KA RM . ERE RALERSER AR, EA—F HiEHE %
FREREGITHINREGEERY EW TL,CT, 28 B2 HELRE, KFY Ti,CT, %
KRR TR, ZFRRTAERTSFA TRAELE R BAAMA, AL THRFY
wFMAE, EEMREA 2 mV/s B LR BIE T ZHE 260.4 F/g.

X883 :MXene; Ti,CT,; ZHAMH; BB L AR

RESES . TQI74; TM53 Xk tRERD: A

Preparation and electrochemical characterization of two-dimensional
laminar Ti,CT, flexible paper

WANG Fen, LI Long-fei, ZHU Jian-feng

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

Abstract: Used Ti, AIC powder as starting material, etched by HCl+ LiF, few- or single-lay-
ered MXene flakes were obtained by mild sonication. In the process,etching and delaminating
were reached in one step. Finally, Ti,CT, flakes were stacked to form flexible paper by vacu-
um assisted filtration. The flexible paper was directly used as the working electrode in super-

capacitor,and exhibited excellent electrochemical properties. The gravimetric capacitance was

up t0 260.4 F g 'at2mV s ',

Key words: MXene; Ti,CT,; flexible materials; supercapacitor

0 3l

F A 8800 8 BRIOK i DU S i PR e 5 R
TSz N A T A AR A O
7 AR ELAH B L A TR — R B 4 2 A
MR #4 O 2 7R 2011 4F, MXene #4 8} #
Naguib & % 9, iR T — e bR 3 i) —

i

x WA B HI2017-11-23
HEEWMB :BHEX AR FIELSWH (51472153,51171096)

. MXene #1BHZ H = 0 )2 Rk ALY MAX #
GEX N M, AX, M B ESETE. A FEE
AN EBCER, X W/ MAEAITR n=1.2 5
3)AATIR A, 8 F HF 45 £ 0 Z0 ik b b iy A
(AD 251 8] 1) — 26 — 433 9 % 4 @ e (20O 1k
Y. HAL2EA AT RN M, X, T, (T fRER AL B
JEERRE M, X, )2 REE A OH.OF F 5§

EFB L 5959 ) L PRV RPN BB 18 L A S0 DS O 1) - PR/ 2 B S A BB B R G RIRL B B R L 2
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AEHD L 5 FX MXene, DL e HAH X T MAX A 19
SRR SRR AT BRI I 4S5 e Ah, MXene
AR b2 2 B S H 3R T R AR T T R A Y
KM R 4 ) S B M AR S ) A R LM AT
SNl ) A e (T i O O A (T o B
00 B MXene 76 L AL 2% fiff BE M R} & B AR
HL AR AR A T LR R AW S i
B iR AR PRI R B L K i SRV 22 O B R A
FR I FH SR, 24 MXene #4BHTE AR 2% L 25
i LR LM N T AT S I F A R T
Wm0 Ti, C T, 22 M 4R AE R 41 B F H
b 57 e 0 2 FHL 2 e R B ) T EL 2 AR B L
AR 4 B 38 410 mAh/g fil 900 F/em®, Jf B AT
B 0 1) 7 P T PR R

H A, MXene B 89 ] 8 £ 22 LA HF /E
Z ik 30 B AR A MAX A 2 ol 75 3 6 B £ 2
MXene, P38 2 476 )22 ) 25 DT A5 21 /0 2 5 2 1
MXene. Hi F HF B REPE R EL L T EH
Z MR RK AR R ERE T MXene 05T K
B A S . 2014 4E Ghidia 27 5 R Al H HCL
+LiF FZIFR A R T Ti,C T, R R 7. (1
R R JZAR Ti, Co T, il 48 18032 M A ) AN 2o 4R
T IR R G f Ak 2 M i L B A R T 1 B
PR R H P R 2 R A R 1 HE S R AN R
(4 5 TR B Bl 1 e 0 0 D TR g i M & o T B, —
SE AR L RRAR T B A AR e R T AL A B TR
SCBR T e g HE R B W R 2 IR TiLCT,
MXene £ 8FS0 I HA B 02 S, Hil 48 1 B A
P S5 5 A8 1 2 1 AR R L R PR 2 A F A
oA Ak g D 3 v 6 3 R 0 BT A L A e TR R
FETE.

Ti;C, T, & W X 1 £ ) MXene # 8l, & 2
Ti,C, T, 3 2 Ti J& M 2 2 CJE-F4 M. L
ZFTLCT, BEREHF2Z TIHETFM1Z CK
T R B D L R LY AR TR, JHE TR L R
AT WA A Ak 2 PR AR R, AR SCR T HCI
+LiF WM T2 & M T Ti,CT, MXene, Jfi#
A AL B EL T Ti, CT, A9 35 I K8 75 3
BE R 2 R Ti, CT, 3l g 4 2 v 4%, oF
T H Ak .

1 SLBEH

1.1 S RAH
STy JEORE E B AR TR, AL B, TiC 8, i

KL ERR , AL
1.2 Ti,AIC 4% & 5 J§ 4%

Ti, AIC R H & AH e 28 1% il £, Ti ¥y, Al # s
TiC M HRIREE R L 12 1.2+ 1 L BR &, BREB IR
BUREEZSHUR i 1250 CHEZS 1.5 hoZ e
RE K 1 % JF 3 500 H .

# 15 mL ¥ K 12 mol/L WL m A 15
mL BRI L B FIOKAE R 0 R T # BE 2 6
mol/L. 7ERE I Wi HE T A 1.1 g #ALEL, 7850 400
FEZ SE VS AR, Ak B2 wE ) e, OF 2218 I A it 500
H i 1 Ti, AIC By K, i e i T o #4051 ) & Ak,
PAEK. SR WY RS IR A AR A )
40 °C, 741 RN 36 h. R 45 W5 ¥ 7= 9 B <
MEETFRRRECHEHSE LEER pH H K T4
T 6. fmJa B R WA KRR )2 U0E fr .
1.3 Ti,C 893 & & 3 F 469 %) &

PR ZUIVE B A B4 200 mL BRA W
KB ok, # B W RS 3 h, 5 7E 3 500
rad/min (56 T L 5 min, 153 & A 2 8 H
2 T, CT, 91K 7 12 PR W

B 10 mL Ti,CT, 442K A 19 & 7 0, Bt TR
I EIZERT TLCT, KE. A SH 2 mg
Ti, CT, 99K B 09277 W LA R 0. 22 B0k 19 i
B E A UE, AE 40 C N EZS T, TRE
Ti,CT, R4 A S B, i 45 2/ Ti,CT, £k
YRR REL 15 pm.

1.4 ARG B & A B s K

B g5 15 2 Ti,CT, BRI A 1 em
X1 em W/NTFH ZJ5 R sR R 8 (— 3K 1.5
em X 1.5 ecm, 99— 9 1.5 ecm X 2 cm) Je {3 4L
HAEL 1 MPa 1Y JE 3 [ 2. Bl J5 K M 22 1 H i
Y R TAE H A, 40 H B A X B, B UE Ag/ AgClL/,
M KCIl B Z o, 1 mol/L B Na, SO, b H,
FR VR, L L = R R L 1 h S IR R T
1.5 Mmik5 & 4E

K H D/Max-2200PC A X FF L7 S (X-ray
Diffraction ., XRD) XA iy & 44 45 #4) 3 47 P 40 53 #7
it 28 Cu ke 38 5. & LR 40 KV, B HLI
4 mAEKN 0,02 L HAHEER 6 ° /min, H
GO0 10 °~70 °. 3 & S 6l BB (SEMD .
S4800 AU, H A 228w, MHK S5 4 in L & 3.0
KV, B 10 A, K JEM2100F B3 &t i 1 & i3k
BE. R H PARSTAT4000 Hi Ak 24 T 4E v K. %
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AFM 5100 %I 7 F )7 8 i 8x.
2 #ER5H

2.1 #HkiE

K1 2k Ti, AIC JB PlUET J5 & 44 25 48 19 728 16 1Y
XRD K. B 1 Har LU . 78 HCL LiF & ik
36 h ZJ5 (002) W i) I ff1 B A #% , BF AH 1 #9 (103)
FRAIE 0 FE AT 25 L A T, AIC B h R Ti,CT,
MXene.

|
25
=1
g I e A
B[ Nt MDA i Sha a2 GT
c ©
— (=]
a =
o —~ —~ N
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T 2 5 A R IR R HCL LiF 5 J8 o 5 i
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B TR CT, 92K R 33X 02 i F 726 8 oot A o
KT KT B 2 RIS 12 R) g, fili A5
Ti, CT, 4K 45 #&. Bl 2(a) & Ti, AIC #k
TEJE P Z /) SEM B B 2 (h) J2&: i ik 2 I 1 UBE
R Ti,CT, MXene B) SEM K 1%, & 9%k, Sk
Ti, AIC B &8 @k Ti, CT, , H g ol = iy B W
1 MXene #BHI KBRS Bl L 8 U5 09 )2
RTLCT, 203 48 75 40 #1752 /0 2 8 8 2 1Y
Ti,CT. 45K A-.

() Tiy CT, JE AT SEM B (b) Tio CT, JE )5 SEM &
B2 Ti,CT,/@4tkar 54 SEM B

Bl 3(a) Z&ad A A ESR M TLCT,
MXene ) TEM E&, 3 HL[F] A 880 FH AL A 52, —
KA1 Ti, CT, F )2 248 45 L7 3 24 4 4 il
M4, K 3(b) ) TEM B %, S di B 1
Ti,CT, i 2 1Y M. MXene 8 1 2 09 5 5 8 i
AFM 75, W& 4 B9 AFEM B4 b o] DL B 1 H
JZIERELE 2 nm 24, B 5 (b JE Ti,CT, i

J2 G U HE S T8 A 22 M AR Y 4 R I O IR
BLIE o P 6 Cad T Ch) S H A [ 4% 3 14 W i T
FCbrmE B AT IR W 2 B9 2R Ti, CT, 3 & i 4R 1E , 3%
Fobt 45 K9 g VLR TR Na ™ B 7 B A S B i 4R 43 T
KA 5 AL R RIS W T T, CT, i R m AR
AT A R A 2 PR BE AR B AR T DR e i R
R L A A5 R AR A RIS, T IR B B 2 B Na™ 1
AT U HEL J2 L 258 1 FRL 258 3 .

B 7Ca) 2 22 5 DR A 08 R 13 B T, CT, 3
PR IR A B 7(b) O IR o 1% %
PEACH R . XA Sk S S5 A S A SRR AR
AN A 2 S RE DL A 4R A T AT RE.

() Ti,CT, 1% %M TEM B (b)) Ti,CT, 8 4 TEM &
K3 Ti,CT,® TEMH
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2
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(a)
() Ti, CT, ZH4E  (b) Tiy CT, 22 M 4075 il it
B 7 TiCT,ZHEKMEFTRA

2.2 wALFEAE

E8(a) BEE N 15 pm WK 1 ecm® HY
Ti,CT, LM CV il 2, =5 38R 4 5 ok 2
mV/s.5 mV/s .10 mV/s .20 mV/s .50 mV/s .
Wi 451 1 3 A 1 L OV il £ 9 L R B T 14 T AR
o AE 3G I BB T A . R TiL,CT, R 4R1E N
R P 5 A5 T PR L A R S ) L R R DA R
E AR AE ). B FAE M CV itk
R OO RE 2 2 B R DR AN L 7E 4T R Y
Ivi) st L e 97 2% 8 b 7E R, b U B e R — R AR Y
FL A A

B 8 Ca) i CV Ol £ fd FH 2 = (1) AT
SRAS AR T 2

JIdU
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KO CHRE R AR (F/. I ER
JHCHL HL I CAD 5 e AR 28 HL B A4 R TP 355 1 4 5 Y 5
Lo fCRFRHER A UMRERB R O (V).
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mV/s.20 mV/s.50 mV/s B, HXF R 5 5 2
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189.3 F/g.164.7 F/g. ML Z T . [FIARTE H i 3 R
K2 mV/s B, JEE R 5 pm.30 pm. 75 pm 1
TiyC, T, MY 0T & b 25 143 91l b 246 F/g.182 F/g.
161 F/g"™ . EMFEN Ui T Ti,CT, P 4848
S PERE.

Bl 8(b) & Ti, CT, ¢ 4% i 1 37t 78 il i 4 AiF
Mk, I 2 B A 28 o 0.5 A/g 1 A/g.2
A/g.5 A/g. B FL I %5 R Y R AIK . 78 50 F BT
V) 2% T 1 o R R A ) 5 o R kR 7 4 i it
LRI I PR 28 00T 45 W = A8, I W] Ti,CT,
F AR 5 1 H 2 R

K9 JeR T Ti,CT, ZEAUE N EH B A E
WA BHE 7 R IR B 5 A/g AT
PEF 4 000 WK 9 A M RE M. ZEAE 2R T 4 000 WK
Ji » 2 AR A R B AT A58 B I 11 R 2 R L LA BRI
FRE Ik 97.6%.
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— HRF KB K CoO/Ti;C, ESH##I
EHBUHFHEEAR

AEHE, BLH, EE2E, FEH
CBRTIRHHE K2 BORVRR: 15 TR B2 DTS 7% 71002D)

W ERREMNRE—F SR CO/Ti,C, A MH,idd X & ATH (XRD) 424 & 4%
(SEM) s M A8 5 M AT AT T R AE. £ AP, =% 2K Ti,C, EA F R AWK R
B ZEF T CoO A BT PR RRENAD R, CoO ARMIKH 408 7B L Ti,C, &
Bl AEA =R 2B AT Ti,C, Bayd REMAAG AT ROB LTS T
HeiBiE, 5 E ke CoO 2 Ti,C, 483, CoO/Ti,C, AAMHMEAEE T LR LR ALAEF
A AL AL, L35 RIF R R IR AR e 4E E AR, CoO/TisC, A AM B+ R G, &M A
Fe RS FER AR GHAE 9N AL LA BIEIR 300 RS5489 K13 415 mAh g ' 89 T % 1k

AE.
%iﬁiﬂ:Co()/TigCg; il @4}6"%’—!’; 42 B F 8k
HESES:TB34 MEARER: A

One-step solvothermal synthesis of CoO/Ti;C, composite
with enhanced electrochemical performance

ZHU Jian-feng, LV Wen-jing, REN Ying-ying, LI Xue-lin

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

Abstract: CoO/Ti;C, composite was synthesized by a facile one-step solvothermal method.
The phase and microstructure of CoO/Ti;C, composite were analyzed by XRD and SEM. In
the as-prepared composites,the two-dimensional materials Ti;C, can not only provide a con-
ductive matrix,but also buffer the volume changes of CoO and restrain the aggregation of
CoO particles during charge-discharge cycling. The CoO nanospheres are uniformly anchored
into the 2D Ti;C; ,acting as spacers to effectively avoid the close restacking of Ti;C, ,increase
the surface area and provide an additional channel for the diffusion of lithium ions. Compared
to the bare CoO and Ti;C, ,the CoO/Ti;C, composite as Li-ion battery anodes show dramat-
ically improved electrochemical performance,including cycling stability and rate capability.
Remarkably,CoO/Ti;C, nanocomposite show outstanding cycling stability that the coulom-
bic efficiency is around 99% after 10 cycles and the capacity can remain about 415 mAh g '
after 300 cycles.

Key words: CoO/Ti;C, ; solvothermal method; electrochemical; Li-ion battery

* WA EHI2017-12-24
BEETH EFARP LT H (51572158, 51472153) 5 BEPGRHE KA F58 4 15 54 W H
EZ R REE Q973 B ST A8 L ST 1 R S e E AR



« 108 - e #E

rEER

% 36 &
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T IR A R R E -SR] AR A A Y A
KRB b A iz 3 i AR, a0 S5 0 L U aRAL P An
& B ALY S R AW ED XK R RS
HoAb g K S5 A0 e, B b e LUK, R 2k i T
L5 R S S B T R EADR IR O A
FARE bR B 7 B HIOE A B 4 A L Ry
7552 g B0 AR BT H Tt R R 2 R 2 AR R R

T 2 R RIL Y MXene & —F B A KA
B 5 KA T BT B A AR AR S . R B ol
F B K MAX A 107 3815, MXene B9 fb 2230 R
M, X, s Hip n=1,2,3; X=C.N; M Jypiid ¥ &
JES. B oar ek Tl A ) MXene 45 Ti,C, .
Ti,C. TiNbC.,V,C # Ti,CN % H i, Ti,C, fEH
) MXene 48— R, B AR 9 2R 2540 L R
U 2R K S B E T E S DA R IO A [ R S R
B2 (H (Na' (K" Li" AP Mg*" ) & a4k
S Z BRI TAE & R e SR, 5 H Al
MBI, Ti,Co Big L A B EZ RE S
W&, PR A b M REAS HLAR.

J T4 TisCo MR fL AL 24 R RE  F 58 A B
AT T — RGN B E ) A A 3 B kL & R ok
SEAMYRBET VR TFBRE SEELY R
AR AR R S ) RS RO S0 Y ik U 4
@AY Ti,C HRETE A THEERS
A EAER MR S S Ti,C WE A MR
AT LA Y Y TR R L 2 e A R DL R A B
RaEE. SR, i T T, C, 7EKE W & 5 R AR
Tl i — R AR U L (A5 52 5 M RHE B THO, 2%
FH  — 5 AR B IR J2 AR 25 4 5 3500 i e HL B AN
A A L R Al PR BE AR

Wt 48 ALY CoO Xt 4k 2R M8 Ti, C,
FEARIEAT B, AT LA CoO 1Y S
% i 70 00 A R R AR BRI K i L AT DA ek
Ti, C, BHEBAE O B mMZ Y K 585 78
P2k A%, T B2 55 AR 0 06 SR PR BE S AR .
SCR AR GE — 2 A B CoO/Ti,C, E A K
IIAT A HLEL L it X R AT S (XRD) L 31 4 L B
(SEM) .35 &1 Hi 5% ( TEM) X 41 4 1 45 #4 & IE 51 ik
117 RAF, I 58T HAE R 41 B H 3t 07 A% 4 ) 1Y)
L 25 & AR A PERE.

i

1 Lo

1.1 Ti,C, EARM A6 4 &
¥ 5 gTi; AlC, RGN A 80 mL40 wt. %
B HF i Rl TG e 24 he H 28 7 /KE Uk

SR P2 B0 Ja FIE W pH> 6, 4245 /K & B
HUE 3R ZIEW Y E TR WA T, 40 C R4
12 h, B3 5] Ti, C, KK K}
1.2 CoO/Ti;C, A A##4 644 &

A U9 Ti, C, MK 200 mg 43 #E] 40 mL
1) N, N-Z H 5L 1 e b (DMBP) S BG4 #E S 1 h
PR3 5] 0 B PR WL BEJS A 0. 334 g 19 DY /K il iR
B IERERE 1 ho i AR 2 9,150 “CARIR 12 h 42
B HTCK CBERBE 6 WK, K BR AR RN 8+, T
Tk 5 e 5 K IR R TN Boas TR R 60 C T
i 24 h 4% CoO/Ti,C, BAMEBL A T #4751k
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Preparation and electrochemical properties of
flower-like Co;0O, nanomaterial

LIU Hui, LI Tong, LV Jing

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

Abstract:In this paper,three-dimensional flower-like Co; O, hierarchical nanostructures have
been synthesized successfully via a facile hydrothermal process and followed by calcinations
using Co(NO;), * 6H;O and CO(NH;), as raw materials. The three-dimensional flower-like
Co; 0O, have been used for supercapacitors. The influence of hydrothermal reaction tempera-
ture and time on the morphology of the samples were investigated. The morphology and
structure of Co;0, were studied by XRD, SEM, TEM and BET techniques. The results
showed that optimal conditions were the hydrothermal temperature of 180 “C ,the hydrother-
mal time of 12 h. Electrochemical results revealed that Co; O, nanocubes displays high specif-
ic capacitance due to the fast and reversible redox reactions have taking place in the material-
electrolyte interface.

Key words: Co; O, ; nanomaterial; {lower-like; supercapacitors
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Study on 3D plastic forming and material properties of ceramic

ZHANG Juan-juan, WANG Xiu-feng”, YANG Yang., CAO Xin-qiang,
FAN Xiao-pu, WANG Jia, JIANG Hong-tao, YU Cheng-long

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

Abstract: Currently, various types of printing technology and equipment which applicable to
all kinds of ceramic materials is becoming a research hotspots. A new technology of ceramic
3D printing named Extrusion Deposition Modeling technology was proposed which applied to
the green body forming of ceramic ware and ceramic artwork. The plastic ceramic clay was
used during the extrusion deposition test. The plasticity of the extruded mud and the flexural
strength of the green body were studied by changing the moisture content of the ceramic clay
and the content of methylcellulose. On this basis, by selecting the printing equipment and
printing system,debugging printing parameters, using ceramic clay for printing test, the 3D
plastic forming of ceramic green body with complex modeling was ultimately achieved.

Key words: ceramic 3D printing; extrusion deposition modeling technology; green body plas-

tic forming; ceramic artwork
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Preparation of hierarchical artificial nacres based

on graphene oxide and polyacrylic acid

XU Miao-miao, XUE Chao-hua™ , JIA Shun-tian, LI Peng-fei

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

na)

Abstract: Nacre has got great research interest in the excellent mechanical properties due to

s "brick-motar" layered structure and the synergistic toughening mechanisms between or-
ganic and inorganic components. The construction of "brick-motar" structure of nacre has be-
come a hot topic for researchers to obtain composite materials with more outstanding me-
chanical properties. In this paper, vacuum filtration strategy was adopted to fabricate nano-
composite artificial nacre of graphene oxide and polyacrylic acid (GO-PAA). By optimizing

the mass ratio of GO to PAA,GO-PAA with stronger mechanical properties were achieved.
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Infrared spectroscopy (FTIR),X ray diffraction (XRD) and raman test results showed that
the layered structure of GO changed with the incorporation of PAA into GO layers. The
cross-section scanning electron microscopy image showed that the composite showed typical
"brick-and-motar" hierarchical nacre structure. The formation of this unique layered struc-
ture significantly improves the mechanical properties of graphene oxide based composites. In
addition, hydrogen bonding between GO and PAA has a certain synergistic toughening
effect. Among them, when the concentration of GO is 80 wt%,the tensile strength of GO-
PAA films can reach 99. 13 MPa, the maximum toughness can reach 1. 50 MJ/m’ and the
young's modulus comes up to 6. 08 GPa. This composite is promising for applications in the
fields of aerospace and civil engineering.

Key words: artificial nacre; graphene oxide; polyacrylic acid; "brick-and-motar" structure;
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i E AT E LR ATCHHE T . TR T BN LR A THURAAD TN
Bk 2T IR E LXK ATC AT % 8 WER F48463) A FAEA @3 ANSYS s
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Rigid-flexible coupling dynamic analysis of double-globoid
cam-type ATC manipulator

GE Zheng-hao, LI Jia-wei, LIANG Chen

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

Abstract: Aiming at the double-globoid cam-type ATC manipulator, 3D model was comple-
ted;the multi-degree ridge-flexible coupling dynamic model of ATC device was established
based on the theoretical basis of mechanical system dynamics. And the input shaft, fork
shaft, sleeve and fork of ATC manipulator were flexed through ANSYS and established the
rigid-flexible coupling digital prototyping; the dynamic performance of ATC arm up,down
and rotary motion was analyzed based on ADMAS. The analysis process simulated the actual
working situation of ATC manipulator as much as possible. And the result has a reference
value to ATC device design,production and rigid-flexible coupling analysis in the future.
Key words: double-globoid cam; ATC manipulator; rigid-flexible coupling analysis; digital
prototyping
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Influence of cell wall material on the cushioning properties of
honeycombs caused by its strain hardening effect

SUN De-qgiang, ZHANG Zhi-juan

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

Abstract: The influence of the cell wall material strain hardening effect on the deformation
mode and cushioning properties of regular hexagonal honeycomb under in-plane impact load-
ings was investigated by numerical simulation. In order to quantify the strain hardening effect
of the cell wall material,a hardening parameter, E is defined. By keeping the honeycombs’
configuration parameters were fixed and setting different loading velocities, the finite element
models of honeycomb specimens with different values of E were established. Then a great
deal of simulation calculations were performed and the related deformation mode and respon-
ses curves were obtained. These results showed that there are three kinds of deformation
modes,such as X-shape, V-shape and I-shape with the increase of the impact velocity,and the
deformation tends to be homogenized caused by the strain hardening effect of the cell wall
material. The stress-strain curve,dynamic peak stress curve and energy absorption curve of
the honeycomb core were also obtained by post-processing. Based on these mechanical re-
sponse curves,we can conclude that honeycomb plateau stress and energy absorption would
increase because of the strain hardening effect of the cell wall material. But this influence
would be restrained with the increase of the impact velocity.

Key words: regular hexagonal honeycombs; strain hardening; energy absorption; cushioning
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Application of Xtion depth camera in mobile robot navigation

GUO Wen-qiang, ZHANG Xiao, SHI Shuai, HAN Yang

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

Abstract:In order to improve the sensing ability of the robot in the indoor moving process,
the Xtion camera is introduced as the sensor unit in the mobile robot navigation system.
Based on the data fusion unit and the path planning unit,the mobile robot navigation system
is designed with an on-board Xtion camera. The system also adopts IMU (Inertial measure-
ment unit) and incremental photocoder to compensate the Xtion 3D depth camera ability
within 80 ¢m. A data fusion algorithm of displacement and migration for robot is advanced.
Finally,the robot path planning is derived by the A* path planning algorithm. Then the navi-
gation system leads the robot moving from the starting location to the target location in the
collision free motion. The experimental results show that,with the help of Xtion depth cam-
era,the robot navigation can provide more accurate performance than only using IMU and the
photoelectric encoder. The proposed method can help the autonomous mobile robot to fulfill
the navigation task better.

Key words: mobile robot; Xtion depth cameras; navigation
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Corner classification of flowchart based on SVM

SUN Lian-shan, ZHANG Sha-sha, HOU Tao, ZHAO Xiao

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

710021, China)

Abstract: Existed flowchart recognition works failed to deal with touched line-texts and bro-
ken lines. Corners in flowchart images are not affected by touched line-texts and broken lines
and can be used to recognize logical structure of flowcharts to enable automatic comprehen-
sion of flowchart images. An approach was proposed to automatically detect and classify the
corners in flowchart images. Firstly, typical corner types are identified and a corner-based
structural semantic model of flowchart is defined through analyzing flowchart structures
from the perspective of corners. Secondly,the structural layer of a flowchart image is extrac-
ted using the area of connected components and typical corner detectors are used synthetical-
ly to identify corners in flowchart images. Finally,grid features and peripheral features of the
neighborhood of corners are extracted for training a SVM-based corner classifier in a super-
vised learning process. The corner classifier is validated using a public dataset from CLEP-
IP. The overall corner recognition rate is 91. 6 %.

Key words: flowchart; corner detection; feature extraction; SVM; corner classification
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Design and implementation of recommendation

algorithm based on Hadoop

LIU Bin, LI Fan, YAO Bin

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

710021, China)

Abstract: In order to improve the processing capacity of personalized recommendation system
in big data,the personalized recommendation algorithm based on user collaborative filtering
and parallelization is implemented. The rating matrix dimension is reduced in offline mode,
users are clustered in the different clusters and recommended within the clusters,and items
contribution weight is introduced in similarity calculation to get similarity matrix. Then the
experiment is done to show that the precision and real time of the recommendation are im-
proved.

Key words: Hadoop; collaborative filtering; cluster; similarity; parallelization
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Research on defect detection algorithm of printed text
based on multi-region deformation compensation

LI Min, ZHOU Qiang, CHEN Han, WANG Ya-bo

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

Abstract: For the difficult problems of detecting the character defects of plastic film printing
caused by the distortion of the product, the narrow character, the complicated background
and other factors. An improved algorithm including image subarea detection, multi-region de-
formation compensation and training difference model is proposed on the HALCON image
processing software platform in this paper. By comparing the image to be detected with the
difference model, plastic film printing character defects information is obtained on the basis
of the deformation compensation. The experiment results show that the algorithm has the
advantages of high detection accuracy, high degree of consistency between the detected de-
fects and the actual defects,and can meet the requirements of mass production of packaging
products. And the algorithm is fast and efficient.

Key words: character defects detection; HALCON; subarea detection; multi-region deforma-

tion compensation
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The finite difference scheme for two-dimensional wave

equation with mixed damping boundary
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Abstract; The discrete process is established for the wave equation by using Taylor expansion
in rectangular domain with special conditions, where Robin boundary is on the upper left and
Neumann damped boundary is on the low right. Then the three level implicit finite difference
scheme for the wave equation is obtained. Prior estimation is constructed by discrete energy
method. Further proof the difference scheme is convergent in H, norm,and the rate of con-
vergence is of order 2. The results are of great theoretical significance to the study of high-di-
mensional numerical algorithms. The numerical experiments verify the theoretical results.
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Synchronization of uncertain fractional order chaotic system

based on adaptive sliding mode control
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(1. Department of Basic Courses, Shaanxi Railway Institute, Weinan 714000, China; 2. Department of Mathe-

matics and Computational Science Courses, Xi'an Eurasia University, Xi'an 710065, China)

Abstract ; This paper concerns the problem of robust stabilization of autonomous and non-au-
tonomous fractional-order chaotic systems with uncertain parameters and external noises. We
use the fractional version of the Lyapunov theory to derive a robust sliding mode control law.
Furthermore,the proposed nonlinear control strategy is able to deal with a large class of un-
certain autonomous and non-autonomous fractional-order complex systems. Also, Rigorous
mathematical and analytical analyses are provided to prove the correctness and robustness of
the introduced approach. The proposed method is implemented between Genesio system and
Arneodo system to comfirm the theoretical results. Simulation results verify the proposed
control method.
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