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Study on improving the hydrophilic properties of
para-aramid paper by hybrid coating

ZHAO Yong-sheng'?, SI Lian-meng', LU Zhao-qing' , DANG Wan-bing'

(1. College of Bioresources Chemical and Materials Engineering, Shaanxi Province Key Laboratory of Paper-
marking Technology and Specialty Paper, National Demonstration Center for Experimental Light Chemistry
Engineering Education, Key Laboratory of Paper Based Functional Materials of China National Light Industry,
Shaanxi University of Science & Technology, Xi'an 710021, China; 2. State Key Laboratory of Pulp and Paper
Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: In this paper,a hybrid coating containing dopamine (DA) /tetraethyl orthosilicate
(TEOS) was fabricated to improve the surface inertness of para-aramid paper and its hydro-
philicity by deposition. Atomic Force Microscope (AFM) and Scanning Electron Microscopy
(SEM) were used to observe the apparent morphology of the coated para-aramid paper. It
was found that the surface of the treated paper became rougher along with a small number of
particles. Then the Energy Dispersive Spectrometer (EDS) and Thermogravimetric Analyzer
(TGA) were used to characterize the element distribution and thermal stability of the paper
indicating successful coating of the hybrid coating onto the paper. Finally, the dynamic ab-
sorption contact angle measurement was carried out. The contact angle decreased from
96. 80 ° to 39. 98 °,demonstrating a significantly improved hydrophilic performance.

Key words: para-aramid paper; hybrid coating; hydrophilicity
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W E LRI RB T FEIBATRAZ RARE LI E(TGFTIR) F= 24 M AR B
A % (Py-GC/MS) % 5K T 4F 4 — 45 £ HZSM-5 1AL F) 4F T o 2k ZL M 45 ML B 72 4 A& R AL AE.
TG-FTIR 4 R &AW, HZSM-5 e Ak er s — o A AL MR B B E AR E . R LR B
HLE Py-GC/MS R AN W XAk XS WAL R B £ %74, HZSM-5
ACAE A 43 48 A & AR 3 B AR AN 52, 63 %0 AR E) T 32, 78 %0, vk vk AL A4 84 Al At g & AR
REHT 8% .HZSM-5 9 5 ML E ARt T 4F e — A A M AR T 5 A %o,
KB 4 —HE; Y%A HEM; HZSM-S

FESES:TK6 XHEFRERD: A

Catalytic pyrolysis of cellobiose using HZSM-5

WANG Wen-liang"'?, HAN Jun', SHI Yu-jie', LI Xin-ping'*

(1. College of Bioresources Chemical and Materials Engineering, Key Laboratory of Paper Based Functional
Materials of China National Light Industry, Shaanxi University of Science & Technology, Xi'an 710021, Chi-
na; 2. National Demonstration Center for Experimental Light Chemistry Engineering Education (Shaanxi Uni-
versity of Science & Technology), Xi'an 710021, China)

Abstract: The characteristics and product formation of catalytic pyrolysis of cellobiose with
HZSM-5 were investigated by using thermogravimetric analyzer/fourier transform infrared
spectrometer ( TG-FTIR) and pyrolysis-gas chromatography/mass spectrometry (Py-GC/
MS). Results showed that the catalyst of HZSM-5 could decrease the pyrolysis temperature
and residual carbon and increase the pyrolysis efficiency of cellobiose. Saccharides and furans
were the main products of cellobiose pyrolysis. Under catalysis of HZSM-5, the relative area
of saccharides decreased from 52.63% to 32.78% ,while the relative area of furans increased
by 58%. The aromatics were observed due to the aromatization of HZSM-5.

Key words: cellobiose; cellulose; pyrolysis; HZSM-5
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BEINGE TR L A Y 2 T IR AR R A e 0 %
C—C BRI ZIAENT T C—OH M O—H iy %
TEI S 2% . HZSM-5 4 F A 5 i F 16 1k
2N L AR AR EE R K Ak TR T A R L AR
HAE 27 4 3% T H g5 4 250 (1) A Ak 2F F6 AR D7 T B R
TS AR

SR » B O T £F 4 22 150 70 4y £ 34 it Jy 1T 1) o
F¥ 22 {81 FH 78 740 W5 45 4 BRL TR R ST X 52, X F 47 4
TR R Rt 2 h AR T A T L A 4E
WEE RN A AR K TR EAREZ LT, RHP AT
EL PR 750 ] 2 B 0k B-1 . AW G 4 2 T R ) B
ZF 2 — WEAH bR A R AR B o T R —
B, DT IO HE A AT PR AT L 9 i A TR AR
A 2% AL R A ) A R AR LA AR AR R
TRIR-LF 4 B MBS 4, B TG-FTIR Al
Py-GC/MS %2 HAE HZSM-5 fi# Ak #/E FF 19 #4
LA RENE B W A A . DT SRy BT i 2F 4 2 R AR
) 10 TR A AT o S AL B AR 4

1 XEEY

1.1 EZZBRHMAAHZHE

214t 0k A 2 4R Ak 2E R A BRA F
BR %% ,CAS 5 .528-50-7; HZSM-5 #4650 . W B 12
THREE K EARAA, LR =250 m’/g,
L7 >0.18 mL/g.

HZSM-5 7E 2 R 4UF 800 C Il BE T #E
g rh e 2 h ¥Rt ) HZSM-5 5 27 4 —
BELLS = 1 (w/w) IR G FEWHER h 78 50 1R & 0F
B 5 L AR .

1.2 ZBMAEL %

TG-FTIR A5 . NETZSCH STA449F3 B [i]
PSP, Bruker TENSOR 27 18 B b 47 4p G i
1. AR 4R K99, 999 %) M3 il 50 mL/
min, 350 AT ROk F Ry 2t TR O 5 THE
WA H 10 °C/min, THE X [E N 30 °C ~800 °C; Bk
FHSE g v A8 L 21 AP S A AR B £ 4 000 ~
600 cm 'L 4 R/ s, PEFE 1 em .

Py-GC/MS % 5. CDS 5150 Zf#1L, GCMS-
QP2010Plus T AH € 3i%- 51 3% B¢ FH X, E1 J& , DM-5
(60 m X 0.25 mm X 0.25 pzm),NISTO08 Jii ¥ J%£.

Py & . FHR# 2 20 °C/ms, Z2Lf# 7 600 C, %
I 10 53 GC 4cF  JEAE TR BE 250 CL8A N
He.# M # 1. 0 mL/min. 23 100 ¢ 1, 7+
¥R 50 CIHIR 5 min, 10 °C/min F i & 250
CLIEHE 15 miny MS &40 2 0R A 250 CL. &+
TR FE 200 “C L ELVFEH FRER 70 eV, HH L Fl (40
~450)u.
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&l 1 R eF 4 — e HZSM-5 AL FI1E FH T Y
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303 °C . #CfE R 800 C I BR B RN 14,
07wt ; 7E HZSM-5 AL E T , H 2k FE iR
BEAE T AE 238 °C ~315 °C A2k o o 05 B 0 g
FARR (247 °C) L BRBCR A L RAEIL R T 2 60%
5,76 wt% , Ui HZSM-5 4 Bl T FAR2F 4 — bk
) R L fire S N7 I B L B i AR ORI TG &
Hr [RIRE T DL Y S A AR AR S A5 27 2 — 487 100 C
~200 CYu RN R —EMRECRERY 15
wt %) X FE T HZSM-5 #E 4k 7 76 4 R L 7 T
Hm B0 I ks R Tl 4 o et 3 7 5 5 o = B L 5 = M
O KRR B AL A S B B —
REABEBR A W T /0 s W R R S (IR Y . 1
P FF I (500 °C~800 °C). HZSM-5 YEJH T &F
Y REA AR SRR (R E R 8. 53wt ) . ILB BE
JeH FE 5WHE HZSM-5 b (1 £ DR K4 79
JoT v il 3 — 2 A f /Ay CO, . CO A K.
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A5 T 2 L TR 25 A 0T 0 T AR R I R sk 2D (2 g 20
509, ik EE S5 MEAAEH T 3R G 7 WA
05T F R 0 P O iE — 2B B A AT T T R g
AL A Py AE X W T AR 4303 DA 9. 55 %6 FR 1. 02 6 3G in
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LYk —pE A4k B+ HZSM-5
Saccharides 52.63 32.78
25.098 Levoglucosenone 0.52 5.17
28.746 1,4:3,6-Dianhydro-a-d-glucopyranose 1. 34 1.43
37.375 Levoglucosan 37.41 24.09
41. 434 1,6-Anhydro-8-d-glucofuranose 13. 36 2.09
Furans 18.91 29. 88
6.066 2-Methylfuran 3.83
12.554 (S)-(-)-5-(HydroxymethyD)-2(5H) furanone 2.40 4.92
13.978 3-Furaldehyde 4. 50 13.57
14. 794 2-Furanmethanol 0.13
15. 369 2-Propylfuran 0.22 0. 46
15.422 5-Methyl-2(3H)-furanone 0.56
17.228 2-Acetylfuran 0. 30 0.56
18. 286 5-Methyl-2(5H)-furanone 0.43
19. 352 5-Methyl furfural 0.56 2.58
23.903 2,2'-Methylenedifuran 0.72
24.010 Methyl pyromucate 0.61 0. 82
24.146 Furaneol 0. 30
28.959 5-Hydroxymethylfurfural 9. 89 1. 44
Aldehydes 12,39 6. 04
4,245 Acetaldehyde 2. 30
4.328 Butanedial 1.32
4. 700 Acrolein 0. 22
4.822 Methylglyoxal 3.06
5.585 Glycolaldehyde 7.26 3.75
11. 858 Propanal 0.12
13.742 dl-Glyceraldehyd 0.42
Ketones 4.11 2.76
6.167 1-Hydroxy-2-butanone 0. 48
11.337 Acetol 0.38
14,239 2-Cyclopentene-1,4-dione 0.40 1. 33
16. 530 1,3-Dihydroxyacetone 0.59
17. 817 1,2-Cyclopentanedione 0.75 0.94
21.810 3-Methyl-1,2-cyclopentanedione 0. 36
22.333 Dimethyldioxolone 0.42
27.650 3,5-Dihydroxy-2-methyl-4-pyrone 0.61
29.619 Tetrahydro-4 ,4-dimethyl-2H-pyran-2-one 0. 60
Alcohols 9.55 12.16
15.653 1,3-Dioxolane-4-methanol 1.73
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46. 147 1-Tetradecanol 0. 45
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5.926 Vinyl acrylate 1.02 1.41
Carboxylic acids 1.38 4.19
5. 800 Acetic acid 0. 33 2.48

29. 650 Cyclohexanecarboxylic acid 0. 38
47.756 Hexadecanoic acid 0.67 1.71
Aromatics 0.00 3.49
13.784 m-Cresol 0. 39
19. 871 Phenol 0.56
22.769 3-Phenyl-1-propyne 1.92
44,686 4-Propylbenzaldehyde 0.63
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Hot pressing performance enhancement of paper-based composites
from with mixed synthetic fiber with compatibility agent

ZHANG Su-feng', LEI Dan', XU Yong-she'?, CHI Cong-cong',
QIAN Li-wei', LIU Li-na'

(1. Shaanxi Province Key Laboratory of Papermaking Technology and Specialty Paper, Key Laboratory of Pa-
per Based Functional Materials of China National Light Industry, National Demonstration Center for Experi-
mental Light Chemistry Engineering Education, Shaanxi University of Science & Technology, Xi'an 710021,
China; 2. Tianjin Banknote Paper Co. , Ltd. , Tianjin 300381, China)

Abstract: The interfacial strength between synthetic fibers are often unstable as a result of
poor compatibility in composite papers. Application of compatibilizer is an effective method
to enhance the compatibility between the synthetic fiber and pulp. It can improve the me-
chanical strength and electrical strength of paper with the optimization of hot pressing condi-
tions. In this present work,the mechanical strength and dielectric strength of paper with ar-
amid (PMIA) pulp / nylon 6 (PA6) fiber was mainly studied,and maleic anhydride was ap-
plied as compatibilizer, the hot pressing temperature and time were optimized. The results
showed that the tensile strength of the paper increased by 56. 02% and the dielectric strength
increased by 110. 26 % at the aid of the reactive compatibilizer.

Key words: compatilizer; composite papers; PMIA pulp; PA6 fiber; hot pressing process
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Preparation and characterization of cellulose from soybean
dregs by alkali treatment and protease hydrolysis

LI Pei-yi**, HOU Qing-qing"'*, LI Xin-ping"?, LIU Xu"?, CHEN Li-hong’

(1. College of Bioresources Chemical and Materials Engineering, Shaanxi Province Key Laboratory of Paper-
making Technology and Specialty Paper, Key Laboratory of Auxiliary Chemistry and Technology for Chemical
Industry, Ministry of Education, Key Laboratory of Paper Based Functional Materials, China National Light
Industry, Shaanxi University of Science & Technology,Xi'an 710021, China; 2. National Demonstration Cen-
ter for Experimental Light Chemistry Engineering Education (Shaanxi University of Science & Technology) .
Xi'an 710021, China; 3. College of Chemistry and Chemical Engineering. Shaanxi University of Science &.
Technology. Xi'an 710021, China)

Abstract : The soybean dreg fibers were prepared by the methods of alkaline solution extracting and
enzymatic hydrolysis from byproduct of soymilk. The treatment conditions of alkali treatment and
protease hydrolysis were discussed by orthogonal test. The results showed that the optimum tech-
nology condition of alkali treatment was that pH value was 11,soaking time was 60 min and soaking
temperature was 65 ‘C. The condition of protease hydrolysis was that the ratio of enzyme to sub-
strate was 0. 3% , pH value was 6, hydrolysis time was 1 h,the temperature was 55 °C. Under the a-
bove conditions,the yield of product was 80. 47 %. The FTIR spectrum and SEM were indicated that
the protein and lipid attached to the fiber surface,they could be effectively removed by alkaline solu-
tion extracting and protease hydrolysis and they made the fiber surface smooth. After alkali treat-
ment the average length and width of soybean fiber decreased. However, the fiber length and width
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could not be changed obviously after protease hydrolysis. The average polymerization degree and

molecular weight of soybean fibers decreased after alkali and protease hydrolysis.

Key words:soybean dregs; protease; alkali treatment; fiber characteristic
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TE— 52 [T BE T S N — BE A [R). 2 07 245 o0 B O
AHLH RS pH. FE A — & & 1 & [ 1. R
Je i BV R A IR A AR R RN —
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A1 DT ik, 28 18 K & 2 Uk J IS B Y
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1.3 A4
13,1 RHEIEHL B



<18 - ReHAEREEFR 5 35 %

b 18 5 B RE A S R OB [ 7 2K
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Sk 5 KBr 47 TR A B SR 5 I — &
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IR G 5 Bk R BT g B E b, H b AL Bl
B4R =l AR |\ 3 X D S RBri R LI
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AL T — @ LRl B b 2 A0, B SRR D
UL L T B 2 AR R R AN
T RING 7 R & AE Ak 22 A8 A 2 = AR BBk, R
TE il £ T 41 e R i ZR AT BE K e AT 2 R
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SENS  GA%E o H4iE EAR RN KA
it/ Y 74.13 66. 26 16.36  6.17 3.34

TE 45N 1 B A T4 T S
2.2 SHEHUHNEILHHLR
2.2.1 WAEE T Z B E

LN pH E CA) LR i BE (B) | )N B[]
(OF N i m EZHE R, R =W E =KF
() 1F 38 3 56 Sk A Ak el Ak B T2, HL i i Oy 8 S g R
mk 2.3 fis.

F2 WABEXZKBEEZRKFER

A&
7K A B C
pH SRR /°C B ] /min
1 11 60 30
2 12 65 60
3 13 70 90

*3 WABEXRRKBERR

A #
K5 A B C "R/%
pH JCREIRE/°C N A /min
1 11 60 30 86. 90
2 11 65 60 88.99
3 11 70 90 87. 49
4 12 60 60 85.16
5 12 65 90 87. 44
6 12 70 30 85. 82
7 13 60 90 83.17
8 13 65 30 87. 80
9 13 70 60 84. 87
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) F32R R 88. 99 %.
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PR SR R A AR T 25 A e R AT . 38 5 T S
15 2 5 i AL B A K R E (A) L pH
(B) JEE PO I (O L R[] (DD 331 1 R
B K I s  R A f g AL B TS R K
NS S KA RN 5.6 PR,
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F &R
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3 55 8 0.4 3
x6 EOMLEBEETRELEREBRESHTE
A% R 4 R
A A B O D sy
i/ °C pH Wit/ % wE/h
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3 45 8 0.4 3 78. 44
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Mo N B GE L B LT HERTRALE K
K Sio, FiE TZ R R

WL, A, B

(BRPGRIEE K2 B TR 225 TR 2EBE BRVY & 1 A0H R R RR R 40T T & B S SR 2 Bl TR E R L #2ER
oL, BEVE PG 710021)

B RM A& &P # Box-Behnken ¥ 28433 (BBD) . #F 2 T #4257 48 n oF 2 &
BRAE AR SO, BERTHRELLEME FHFET RAKTEHGL g A7) AR AK,
TEOS WA B Z A K4k SIO, BARTHHm, AL THXGKF A, RHER
AU AEESFAE SO, BARY R 2 EWIRG A % AKB) > LE(A)>HAKC)>TEOS
(D) s A 6 T te T L Ay - L BE 276,42 g. 47k 43.2 g 8K 18.75 g. TEOS % 62.5 g.
1F3 48K SiO, 2R+ H 294.8 nm, i R B K SIO, A K RIF . HEH—, 5
TR B = E

LR AL B g, R L, Bk SIO,; hEEE; AEER

HESES:TQ342 .72 TERARERD: A

Study on nanosize of nano-SiO; in-situ synthesized onto para-aramid
chopped fibers based on response surface methodology

HU Wen-jing, LU Zhao-qing, XIE Fan

(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: The nanosize of nano-SiO, in-situ synthesized onto para-aramid chopped fibers
based on response surface methodology (RSM) was investigated. The technological parame-
ters such as the consumption of absolute ethanol, purified water,ammonia and tetraethyl or-
thosilicate (TEOS) were optimized and related model was established. The results showed
the significant order for the effect of parameters on the nanosize of nano-SiO, was: purified
water > ethanol > ammonia > TEQOS; The optimum ingredient ratio were as follows: the
absolute ethanol, purified water, ammonia and TEOS were 276, 42 g,43. 2 g,18. 75 g and
62.5 g respectively. The nanosize of nano-SiO, under optimized condition was 294. 8 nm and
the growth of nano-SiO; was stable and dense, which was well agreed with the predicted val-
ue.

Key words: para-aramid chopped fibers; in-situ synthesis; nano-SiO; ; response surface meth-

odology; nanosize
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FH. SRR D) 27 A B 10 B2 0 2 S50 3 30 T AR e R
T A2 06 P FE A /D TR 25 L B X R AL 2 1
B R 45 25 5 H A AT A 52 i Rl ) 4R 5k
FEWRZH] T — % Wm0, BT DL DD AT 4 1Y) 3% T
A A B L 20 A I A G

HAl, 5 24 2F 4 09 ol vk 5 v5 3 2 H Fofk i
PE B PE KMnO, £ 08 T FH B R k47 e e
i et o (8 T ) R A e
PO 5 AN S A T b AL S i T
AR — R BRI AR AT 7E 2 — 6 ) L, J Ak R
b3 7 220 il it R v B o 475 £ A o8 R R 5 A RS
AN 8 A 2k ol 1 7 B S R A HG X S0 56 14 A SR
L LA A R AR MESC B Tl Ak, I H AL P
A5 SR AL 2 i R [V 7 2 K T R 555 5 % A/ 2 A S ek Tk
RO B 2T 4 A BT 5.

3 3 S P U - I (sol-gel) B, 7R B 4%
1R K i T ik TR £ g (TEOS) A2 1l ik #4235 (Si—
OH),Si—OH 45 &7 4 Si—O—Si #7554 41
He F 0w R A A AR SIO, 3l X R SIO, 1
JZ WU AR BR AT A AR B A B 1 [ 0 15 £ 4
2 T RRURE K SR T M S A B £, SR K PR R L A A

TR A4 £F Y 7E KA A 5 5 45 41 40 B AT 45 N
T 3 52 A AR SE T e A L 04 25 6 1 BB I - I
B LATCHLEE 584 S Bk i 3k 4 » 28K f 4 A 1Y)
R ARG S MR T 5 — R 5 AL LS 15 2 T
T AL H Stober %7 AR B A AE R IERE TR &
fis CTEOS) 7K fift 5 07 1 48 Ak 570 T DLl Si0, 1IE
ARFURLAE LR L S1O, Bk 19 7 42 45 361 B A A AT F
RREZWIEB. BT Si0, B RZiE L HE L,
WK WL g ). 4K, &K, TEOS &
A5 WX BE R IR A SiO, B A A R R e
SURLRE A% 1 355 RV A L

DAL I o AR S ek o) 7 T AR 15 31 BT 2 e 40 oK
SiO, FLAE RSE 1 4% Fh P& g R i 2% 2 R £ 0t
RN VR X 22 PR 2 R o A [E] 1Y) Ok R AT HLA

XF [ 05 75 FR ST A3 A DL Ak - 32 1 3R AT 22 4% i ) de i
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WA BRI — gk S0, K4 m AR m
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1 FEEH

1.1 E&RAH

XL 55 48 JE VT2 4 i Jb RE S 1L T4 FRAA #)
PR, 27 4 KB HIAE 4~5 mm, HATE 10 pm /£
fs T Tobe B IR B BR 40 (LAS). IF ik R & B
(TEOS) (99. 5%, & /K (25%). & K & B
W9b0ﬁW@Gmmn@w®m%ﬁkEw%

T HEAE, gl K i S5 = Al K/ gl K — R AL
(M1111—Q Integral 15 %, =) 244t FH 4% B 7 B 5%
5% SEM (VEGA-3-SBH) Iy F $ 7% TESCAN 2
Gif
1.2 %%k
1,200 XI5 48 56 ) £F 2 35 1o A e o Ak 2

K 20 Y I BER L 7E 40 “C R XX 5 4 k1)
L YEFEAT 40 min [ AL B 4b B I 09 £ 4E 5
FIK B et T o WAL B 955 48 £F kiR A TG
K WE K BlK IR AW X B AR R TR
AT B R AR S I TEOS, 78 50 CHf
SN 7 b (AR TE T 4 A A 0 R A A R SiO, 9H
ﬂ%fﬁ%%ﬁ%%&ﬁﬁ@ﬁﬁ@@lm%.
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*1 BEHEEKFEHRBE

K
F %
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A
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B
33.2 38.2 43.2 48.2 53.2
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C _ ,
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18 0 —2 0 0 129.7 130.06
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22 1 1 —1 —1 162.6 155.75
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)%l 160 600 29
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AR AT LA, B TEOS ®H44K Sio, Rifs ]
SEEY R MR R, — b, B £ TR R, SiO,
) R A28 T BT /)N 5 X SR PR Ry B L TR RE Y 1S
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Preparation and performance of cellulose-g-poly methyl
methacrylate composite oil absorption material

WANG Jian, DANG Miao

(College of Bioresources Chemical and Materials Engineering, Shaanxi Province Key Laboratory of Papermak-

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

Abstract; Cellulose-g-poly methyl methacrylate composite oil absorption materials were pre-
pared by bleached hardwood pulp and cotton pulp respectively with methyl methacrylate as
monomer. The effects of the amount of monomer and fiber species on grafting ratio, grafting
efficiency and conversion rate of monomer were discussed,the micro-analysis of fibers before
and after grafted were observed by scanning electron microscopy,and the effects of grafting
results and fiber species on the oil absorbency of the products were also investigated. The re-
sults showed that the amount of monomer and properties of fibers had a significant effect on
grafting reaction and oil absorption performance of the grafted products. However,the graft-
ing ratio on fibers had no positive correlations with the oil absorption performance of prod-
ucts.

Key words: hardwood pulp; cotton pulp; methyl methacrylate; graft; oil absorption material
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Removal of low concentration ammonia nitrogen
from wastewater by electrocatalytic oxidation

WANG Jia-hong, WANG Si, TONG Xin-hao

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

Abstract ;: Removing low-concentration ammonia nitrogen from wastewater by electrochemical
oxidation with low current and voltage was studied. The effects of current density, plate spac-
ing,pH,chloride ion concentration on ammonia removal were discussed,and the optimal con-
dition were selected by analyzing the operation costs. SO,”” concentration and initial concen-
tration of ammonia nitrogen were investigated under the optimal condition. The results
showed that the initial ammonia nitrogen concentration had little effect on removal of ammo-
nia nitrogen and the SO,?” had a great influence on the removal of ammonia nitrogen, the
ammonia nitrogen could be decreased from 100mg/L to 0 when the current density was 2 mA
« cm °,the plate spacing was 5 mm,pH was 10 and the chlorine ion concentration was 1 200
mg/L after 8 h. The power consumption was 0. 032 kW « h/g(NH, " —N) ,and the pH of the
effluent was 5. 53.

Key words: electrocatalytic oxidation; low concentration ammonia nitrogen wastewater; low

current density
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TR AR AL AL 23 BRK P IR R A R R Y © 37

B FESS MR T IR R P EBE T A E CL >
CL—CIO™ —Cl™ AL i& JE G I, ff S B+ 15 ) 5
SRR B pH(E B 38, BE B A A SRR TE
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T2 A SE A . AR S R & 22 S —
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PAN/Na-MMT £ & 99K £F 4 fE /Y
HEZEEEX Crt R MR

R B, ELE, B

(L BePERHE R SRBE R 5 TR B, BRPG P2 7100215 2. BRPERHE RS B TR2% 5 TR %6, Bl
Pi%  710021)

B EARASBLSHERG L LA ERRARER L SR AEBTEAMMEE.HETEAR
B (PAN) & 2 5L £ (Na-MMT) £ &2 K 4F 48 (PAN/Na-MMT) , 3 2 8 A £ st K F 4
B Cr't &R My, %A R T PAN/Na-MMT gAéh#tf% RO RERNE T EE L, A
PAN/Na-MMT S & ARG %R EMBATT A2, FRARLT PAN/Na-MMT £ 44 K
o e st K o Cr' ' éﬁ'ﬁf’h‘/iﬁ‘é,i?"ﬁl%ﬁ%%ﬁ@iﬂ(‘? Cr'" 2L RAF a9 R M M4k, &
PAN/Na-MMT £ & th & 4 NaMMT H i3 H 5% B, R M2 R %45, B & Tk
89.7% .2 Crit W9 R W A£ 2 h MALA BRI T4 SR A .S pH AR EA A T L4
ARG A RKAF =M ETHAN. BT EAMFREEIFARHAFHRL, ZRMIRFE
Langmuir & # &2 2, , B PAN/Na-MMT Z & K F LB E KT Crtt e R M 454 =&
A FH A2 KRB EDTA 4E A BLW A, JEERBLI 5 K6 PAN/Na-MMT & 44 k4 43+ Cr*
89 B F A5 T ik 80 %.
KPR FHEGARS Y, ZhE; RAHHK; C°; AW
R E 22 S X703; TQ340. 64 XEERER: A

Study on the preparation of PAN/Na-MMT composite nanofibers
membrane and the adsorption characteristics of Cr*™"
in the wastewater

ZHANG Jing', XUE Chao-hua®*, HOU Wen-tao', SUN Tong-tong'

(1. School of Environmental Science and Engineering, 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: The Polyacrylonitrile/Na-montmorillonite (PAN/Na-MMT) composite nanofibers
were prepared by electrospinning method for the high surface area of the electrospun nanofi-
bers and selective adsorption properties of the montmorillonoid. The composite nanofibers
were used in adsorption Cr®" in waste water. The best prepared process was researched in

this paper. The morphology and structure of the nanofibers were studied by scanning electron

x WrFs B H#I:2017-07-15
HEEWMB . BRXARB =AW H (51372146, 51572161)
EE® 0k #1980, 2, BEFa M AR , PRI, 78 2 11 0 58 46 L A 55 7 1) - 558 ) BB 40 K b e 1 i 4 5 10
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microscopy (SEM), Fourier transform infrared spectroscopy (FT-IR) and X-ray diffraction
(XRD). The adsorption performance of the composite nanofibers membrane was studied in
this paper. The results of the adsorption experiments showed that the composite nanofibers

" in waste water. When the dosage of Na-

membrane had good adsorption performance of Cr
MMT was 5% in the composite membrane,the membrane had the best adsorption property.
The adsorption equilibrium was reached in 2 hours. The high pH and temperature was help-
ful for the adsorption process of this membrane. Finally, the equilibrium isotherm data and
the adsorption kinetics were researched in this paper. The adsorption process could be de-
scribed using the pseudo-second-order model and isotherm data was fitted well to the lang-

muir isotherm model. Desorption results showed that the adsorption capacity of this compos-

%35 &

ites membrane could remain up to 80% after 5 times usage.

Key words: composite nanofibers; montmorillonite; polyacrylonitrile; Cr’" ; adsorption

0 35
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5, LA B I 0 B0 0w AR 0 R L
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PRI b T K P ORVES Y B A VPR IE N 1.5 mg/
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PR 98 5% T G 5 8 Il IsOR) A B R
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T LA ARG 1 oL FH i

Bolua Sun 21 DL PAN # H 25 4 K 21 4i oy 3t
Bilt o 38 2o Joe fb S G 51 B3 L 45 K BRI 3 T £F
Y Rm A R A I & T ZREE A L
HLE & K 4. 6l & i 2 4ExF Pb ). Cu
CID CACID =Fh 4 J8 B A B4 09 W BHE AT,
A 32 B85 PR — A /N B PN AT s T

i}
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ARV 28 W o e e T A 38 D e

Chen J 8515 I JEAV Ak 24 E AR A5 i ) il
BT B I GNK RER /52 0 R R W R
R SR FH = HE 3 G ke e R P R T 0 T T 1 R A ket
SEME L HEAT B M, MMT B J2 A5 6 K B (0 8 1R 7
25 CF,PANI/MMT X} Cr VD) [ 48 F1 % B 5%
308. 6 mg/g, Ui 23k B A Y8 U 1 U R £
W B 4 e R A
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B . PAN/Na-MMT & 4 90K 25 2 B 5 ) 4 B ELxt Crd ™ W B AIF 58 o 41

1 Lo

1.1 SEEMH

RNENE (PAN, M, =150 000) , #F V1. _I- & %=
FE 2 A BN A 3 5+ (Na-MMT) L Wi VL |
JE 5 M 2 A BR AN W) L PH B 7 2c 4 i B 100 g 7
90~120 mol; N-N — H 3t I ik iz DMF, X it i 5%
FAENAL T A BRZA A 5 o B R B o X HETH 578 45 4N
b T R | s R Rk e — Wk, X T R 2% BR Ak 2%
R A RS A oK S, R 5 SR Ak A
R DA T AR 27 38 R 3 i )
1.2 SBAE

Wi 2y 2 %, S A s e 2O R, b
T B 7 SR A PR A NDJ-8S; 2840 ml L 43 ok
JERETE L b 5 5 A 4 BT A AS 2 R UV-2600AH ; f#
S AR MR LT A0S 38 E AT B 5 ] Verte 7054
T B8 . H A H 3L A F] SUL510; XRD, H A%
2 D/max-2200PC %Y,
1.3 ks

PAN/Na-MMT & & 401 K £F 4 B 1) il 7% 2% &
JREEE I E 1 s,

Bl #ue52EXFRER

1.3.1 PAN/Na-MMT & & 44 K 5 4t (1 41 4%

(1) ¥ L 25 22 00 1 T, 1)

F42 b 491 R A BRI — 5 T R 1 52 0t L FE 20 mL
f DMF B 43 8 3 h. 9K 5 4% B8 A [a] B 9] fm A
RWIEREBA SR THIBHE 4 h 5§ &R,
#% H.

(WY 22 T2

KO E TN LW ARERRHN 5 mL
TR AR S b O A e, B AR T A R 0 T
BYERIZWEE S, RIRYGi 2 T2 8. Y 2 H K 18
kV, #fEE#EE 0.8 mL/h, UL EB B 20 cm. 52245
FE ER A L K A Y, K T 24 h 4

H.
1.3.2 PAN/Na-MMT & 494K 25 4k 1) R 4E
(D)4 F o 388 o0 A
FHE B T B8 (SEM, SU1510, H A H 57
I3 FD X 7 40 K 8 2 09 2 TH R 50 % 2 A 45 #)
A7 Ak FE S TE AT 9 1 45 00 88 22 ij S 7 A% T
— J2 55 T A 4 4 K R DA I ARG AR 3 T R P IO
FF AdobeAcrobat 7. 0 Professional 4%} SEM
KR 4T B A B, B R i R 100 /> B8l Sk Al
SRR BT 34 AR KR 2.
()X B A7 o4t
# 1t XRD #F%¢ Na-MMT ,PAN K PAN/Na-
MMT =R G B4R b AR 5 1) K ] 45 B A o
T E 2 AT 50 CHE  WF B RO AR SR H
H AR D/max-2200PC I X-5F 2k 77 5L e 479
AT BB AT ST A 0. 154 18 nm, 4 R
92 °/min. XRD 32 A [ 44 83 2R 2 38 i B0 25 il
V&R PR ARG AE 65 C FE A T 2 h BUR R
I Y B A F
(3)FT-IR
I AR ST it A8 45 21 A0 5 35 ASORt i i 18 4 K 21
ARG i BEAT £1 A0 65 4 A B A S R KBr 191
JEALHE LI 1~2 mg FEAL S 200 mg 4l KBr 7F 35 54
WEeR b 5E 5 SIS R R AL /N T 2 pm, TR
B BA 107 Pa JE 7 70 AL L 808 B A
HEAT e H 0 R L 1R AT AT A K R Y
4 000~500 cm 'L HER 4 em L 32 IR, 43 B
K} 0.019 ecm ™.
1.3.3 PAN/Na-MMT & & 94 K £F 4 %t % K vp
Cr™ Ay Wi B e
(1) o 4 il £ 22 7l
1000 mg/L By Cr*" UKW 1 mL, i
BERZE 100 mL, BEMFE¥E 4 10 mg/L ) Cr*" &
W A AR A M R 10 mg/L K 2. 0.
4,0,6.0,8.0,10.0,12. 0 mL Jin A 100 mL % &
L HZERKERZZIE . B2 50 mL lEE T,
T S8 50) — 2R Ik AR 2 mL L 3RS WS
10 min, ZEP K 540 nm T, HGEEE 10 mm W L&
L, PAZE SRR A2 L I W O B2 254l Cr® " R
55O BE W bR o L 1 B A o il 420 R
(2) W Bh 2 15
W2 B 2 2 i BN JBT B 1Y) A R ) S WA R %) R o
JoT ) L, W g FTHA R (DI
VI, — O
L VA
K DOH :q— Wi, mg/g; C, — W Cr'
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%35 &

BT B W mg/ Ly C— W N i P 1Y)
Rl Cr'' T WE  mg/L;V—Cr' ' BT
R L s M—H 0 i B 550 14 ot 4t .

(3) M B 281153

W 6 23 98 735 7 WA R VL e e R F 50 WA B e
B I o5 P R B S 0 T A L IR R Q AT A A
()5
C,—C
Q= C.

K 2) . Q — W BRI X Cr* ¥ W1 W Bt
R 00C— W O FITIR YR E , mg/L; C—
Bt B 7 Ji U P R Ay Cr' " MR, mg /L.

(HOPAN/Na-MMT &4 90K 25 4t 14 P fg

W B S 56 J . HOWE B A6 RN PAN/Na-MMT
HAEMKA YR, 4355 20 mL ) 0. 01 mol/L
EDTA F10.01 mol/L MMREWRIE A &% 4 h
Je S AEE DAL BB Y ES 20 min, B T BOR H 4>
S B T L 0 o' B DT T AR B 3 BF 5 L
A e,

Me e — S BEMIEL o000 3y

(2)

Cr®" W fff 5
1.3.4 PAN/Na-MMT & & 41 K 2F 4t % % K h
Cr®™ By W B3
(1) 55 Ik W o 1t £

SCRy  FREC 100 mg B PAN/Na-MMT & &
YK LT YRR A A E] 100 mL, Cr* " WG e B
10 mg/L.20 mg/L..30 mg/L. .40 mg/L.50 mg/L
AR PR R pH O 6.0 24 .7k 25 °C
A5 AT SR AT 72 5 W o e Ao BB I 2t 0 0 G TR ol
B 5 6 R 2 () PAN/Na-MMT & 4 40k £F
YEXE Cr™ 1 Wi B St | % o 2.

(2) W it 3h J1 2

W Bt 2 7 2% = RS A PAN/Na-MMT &
B YUK ER Y xE Ce® ' 1 W B o Bl 2 1o ] 1 22 fk
3

SEE TP FREL 100 mg ) PAN/Na-MMT & &
WKL, S I AE] 100 mL, Cr'” WA W E Ny
20 mg/L.30 mg/L BY/KEW %W pH 24 6.0
Fei 4 25 “CA 1N HEAT R 55 W B B U O
aob R W ' B L B N 20 ) PAN/Na-MMT
RAYAKEF e XF Co {1 W B

2 HR5H

2.1 SEM &z
Bl 2Ca) . (b) 33l g 4l PAN 4 K £F 4 it 5
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T RS TR HBC ) 9 290 K 2F 4 JiE, LB 23 Al 2120, PAN
YUK LR 2 1)1 BARAE 250 nm ZiA7 . £F 4R 4 2
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T AN
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2.2 XRD @&,

I X Sk S AT 55 1813% 43 B PAN DL & PAN/
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7.02 kb ARG HAK T FE nA=2dsind A] LG H 52
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MMT & & 40K 27 4 I b A B 5 9 52 08+ 1o 1
A7 5 0 3 U B 52 0 ) R S SRR I T
WM R ZEd. B8 WKTF 4t Na-MMT
HPANSLHTEA.

£
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B 3 PAN.NaMMT.PAN/Na-MMT
# XRD B
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B . PAN/Na-MMT & 4 90K 25 2 B 5 ) 4 B ELxt Crd ™ W B AIF 58 o 43 .

K25 W 3E 3. B PAN/Na-MMT & & 98 K £F 4
FECF O R A 06 R B T Na-MMT A9 4 F 06 LA
1000 em ' FffIE R Si— O — Si B 4 4E 3k, 792
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838 em ™ ',518 ecm ' KA M 464 em ™! Ab 43 FI K B F
Na-MMT K Al—O 445, Si— O ik 3, Si
—O—H M4#3h,Si—O0— Al 4R sh LA K Si—
O—Si Z 30, i PAN 5 Na-MMT 7 PAN/
Na-MMT B & W KF4eh st T2 A

3618 2247 1037 1900
S [PAN/Na-MMT
<
g
[
(o}
=]
g
E [PAN
1]
a
s sy
P
Na-MMT
1 1 1 1 1

1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™

B4 PAN/NaMMT.PAN »A & Na-MMT
44 41 9h X3 B
2.4  PAN/Na-MMT £ & 4y K ¢ 4% B2t K ¥
Cr'" 84 BB A

53 500 52 Bt - 5 i 4 BOAS [R) 1) 52 6 B Rk Ak B
Cr® 7K ¥ W WF 92 W B 38 B . pHL (B L W R B I
Cr' WIR M EER R E Cr' WM R Z M KR,
MRS L B R R Cr' ' 5 /K Ab B3R 1 52
R PAN/Na-MMT W[ Cr® " il e il 45 14
2.4.1 Na-MMT F & X5 W B 5E ) 52 i

Bl 100 mL ¥R 20 mg/L B9 Cr'" IH T
W Cr W pH i 5.4 Bl mA 1 w3
wt%H 5 wt% 1) Na-MMT #4515 3] & 4 48 ok 2F
AR R BLZE = fRUBCE TE R RS 4% . 40 CHE
IR 200 min, 5[ 20 min BUREDN 2. 6 B 18
W WL TR Cr' R,

PAN/Na-MMT & & K4 JE3 Cr' B
R S [ B IR B R 1B 5 TR L B Na-MMT
AN A B  PAN/Na-MMT & & 40 K 25 4 5 6
Cr'" MM R 2T ma . NE 5 o] LA 3, Y4
Na-MMT % hil 4 5% Bf, PAN/Na-MMT & 4 %
KL 4E i (PAN/Na-MMT5) % Cr® " W B 5 5% 5.
X FEEZE G Na-MMT %F Cr'" H A7 %8 & i 1% ft
ROR B Na-MMT & 809380, & A 990K 27 4

JEEXE Cre® "ty i B 3 3 .

2.
80 t———’*/‘—’_’—u
o~ /u/
O
70 o
60F / /
32 *
¥ —
=20 P e
= —
= / —®—PAN
40F o —®— Na-MMT
—4—PAN/Na-MMT1
0L —0—PAN/Na-MMT3
—*—PAN/Na-MMT5
.
20 1 1 1
40 80 120 160 200

W2 W B ] / min
B 5 RE Na-MMT &% 9 2 & W &0 %k

2.4.2  WEFFF pH X BPE BE Y 5

JH 0.1 mol/L # HCLJ8% Cr* EW K pH 43
SR 2.3.4.5.6, 0 MA 0.1 ¢ PAN/Na-MMT
(Na-MMT & &R 5 wt) B &9 KLTH . & T
TE R R 9 A% . 40 CHE IR 4R % 200 min, & FF 20
min JORE N 22 . A% R DR R I 58 WO B L 3B Ot TR
B, FLZE S5l 6 B R,

80

751 —* —
7&/?-—‘
70l

65

60
551

b 2/ %

50+
45+

40+

350 40 80 120 160 200
VLB 11/ min
A6 FREEM pH &M %8 Hh
Hi &1 6 WAL 7E pH AE/N T 5 BYJEHE N . PAN/
Na-MMT % Cr’" iy KR 3, Bf pH 34 K E T,
BJE A SIE R SRR REEE TSR
FIE 5 A W BEE &R o T R R A B A
FECEJE BT R Y pHE R T 6 )5,
Cr’" HIKFRROR , BAEBE 51 T 7 A S A e it
TE. PR S g BRI B pH R 5.
2.4.3  Cr® W05 He B2 X W B B 7Y 5% i
i il ¥ B~ 10 mg/L.20 mg/L.30 mg/L.40
mg/L.50 mg/L Ay Cr'" W, M3 Cr't I WY
pH=5,25MA 0.1 ¢ PAN/Na-MMT & & 41k
SROERE. B T EE R A, 40 CHEIRIR Y 200
min, 5[ 20 min ORI E . 7 B I SE WO B
THE Cro" W2, A5 &l 7 P,
HE 7 Rl LA B Cr' 046 W B 1 3
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T, BT 5 B B A K T A R R 4
hn, 24 Crf " WG EE 20 mg/L B . PAN/Na-MMT
A YKL Y BT Co® W BfF R hy d5e K AH L IE S Bl
#FCott Wbk B B TR, CF W B R R R R
PAN/Na-MMT & & 9K 4ERAE Cr' 9] 4h e i
50 mg/L KBRS T M, U0 I C 25k
AN, 28, 24 Cr® " e B AR A, W BFF 751 A 48
WP  TS Cr M & HBEE Cr' W
F1R) 348 fin T 4L EL TR R A e 6 S R /L, B AR
BB Cr TP A 20 Cr'" BT ARER R
B, 25 B PAN/Na-MMT & & 90K 2F 4 i ml j T
Ab FRAR I BE 5 Cr® K.

80|
*—/*/* o
A ——o——§
70 —
\./
= 60 Ca— C,=10mg/L
B sl e—C,=20mg/L
g ——C,=30mg/L
wl —o— C,=40mg/L
—*— C,=50mg/L
30
1 1 1 1 1 1 1 1 1 1
0 40 80 120 160 200
W 4 EsF 1) / mnin
B 7 FRRE Cr'" sk Exr
GRS
2,404 N TR] W 6 B i) XoF Rz BT 1 B ) R e

Bl 100 mL ¥ EE N 20 mg/L B Cr'" IE K
WA pH M 5, M A 0.1 g PAN/Na-MMT & & 44
K. & THERRZ &b, 40 CHEIEMES 200
min, 5B 20 min BRI E . 5 B8 08 00 8 WG BE
FFE Cr' W, a5 Rl 8 s,

85

80 —

75

70

W B 2/ %

65 -

60 -

55

0 I 4IU I 86 I 1éO I 16I0 I 2(;0
W B B 191/ min
I N DA AL P S E R OE D

FH 1 8 R, 7E S W 0 B R AR AR, Bt
W2 B ERF T] F) 385 4, PAN/Na-MMT & & 94 K 21 4 it
XKW Cr® By W B o 3228 T 3 K, 4 0> 120
min B 08 B A TSP A L B 9 36 TR BT R

W 5T 32 23 525 T A 2, BT R T S T R 1]
BhF 3t 2 B A P 38 B A 3 FE R R O ZE TR AR B
B B AL rh A R B B R B AV s A R B sk
T AR BE A R R HEAT 16 PR s B W e, R
IR B0 FAR A 1 B 2 B 3 A 58 B8 i, W B 6L
FRFRAR AL
2.4.5 W BRI R X Rz B BE Y 5

P Cr' R pH 8 5. A 0.1 g PAN/
Na-MMT & & K4 4 i, & T 1H AR5 245 1 8
% BRI BE 43 B R 25 °C L 30 °C L35 °CL40 C,
50 °C .60 °C,fHIEHR 200 min, £EFF 20 min HBUEE
D . R VR o RO B L A ™ SRR R
W BRE I BE XF Cr® " W B 8 1 52 o, L 45 2R AN ] 9
Ji7s.

85

80

751

70

65

M B 22/ 9%

60 |

55

50

0 40 80 120 160 200
W B 1/ min

I SO Y RS LR A

i 1E 9 AT, 7R iR AR T 40 °C B, PAN/Na-
MMT &4 40 K £F 4k B K % 380h Cre' ™ A W B %
B A Tl B 0 T v T DR R, > TR Dy 40 °C R B
]2 120 min B 0 BfF 58 0] DLk 21 81, 506 5 24 i
M 40 °C LR B 120 min B B3 S0 BH 5 084
W3 5 W BFERLEE Sk 40 °C.
2.5 R HEBR
2.5.1 AT B it £

AL 4y B % ] Langmuir #1 Freundlich 4§
VL W BB L % PAN/Na-MMT & 4 94 K 2F 4 J
Bt 3k R EA T HA 43 AT O R R A TR %) £ 1 e 35 T

Langmuir 55 i W fRH A 750 77 R (B )23 R )

Ce  Ce 1

Freundlich 4575 Wk B R 75 12 (£ 2R B
InQe — Ink + %the )

H (D~ G, Qe— i W B # . mg/g; Ce—
W) Vi e B mg/Ls & — Freundich # &, & W
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M B . PAN/Na-MMT & 4 90 K £F 4 5 ) il 4% F ELxE Cr® " W B 87 5% o 45 .

BhF 5 i B — S HE AR . mg/ g5 1/ — W B 55 ERH DG 1Y
—NAKBHL.

KR R TERHETUA . UEE R R T
IR, R R, PAN/Na-MMT 7Kt Cré ™ il 0 jh
Y Langmuir #8404 R BEAH OCJE LU = - R 3
0. 99, W B i P2 AF & Langmuir 55 T W BF 52 AY L 354
AH 12 W B Ao R Sk o 22 W R L WA A6 A3 A 3 5.
Langmuir 45 i W BE A2 AL 400 & 45 S %6 9 PAN/Na-
MMT 444 £F 4 fE %t 7K o Cr ™ d5 KR Bff 25 B ATk
69.23 mg/g. X — 45 R 5 51 B s W &, vl W
PAN/Na-MMT Xtk H Cr'* B i 5 89 W% B 2%
AE.

£ 1 PAN/Na-MMT 3f7kfh Crt &
m IR B AR B R &

Langmuir % i £&

% b 75 Qmax b

Freundlich % j £

KFr n R2
/(mgeg—1) /(L+mg—1)
PAN/Na-MMT 69.23 0. 000 38 0.997 3 0.81 1.25 0.9861
TRy
2.5.2 WeRgh Iy s

N T PAN/Na-MMT & & 44 K 45 4 fi X}
K Cr*t Wb 3l g 22 A, 0 ) e — O R Ty
FERE R FRSITUE, HE W RE TR
-

ki
2.303 (6

lg(q. — q.) =lgg. —

t 1

t

q :quyz qT

K6 (TDH g, q. 53 ¢ B 20 17 1Y) W

B 25 5 (mg/ @) » k1 DA — G W BT 3B 56 Ty A8 17 R P 3okt

WE (g e mg 'min ')k, RUE G I R 2 R

F1%) 2 A o 5 B B (g« mg min ') L 43 i P 0
W B A AT LA LA R LR 23R 3 R,

& 2 PAN/Na-MMT & §HKFHREIT KR CrF
) IR Bt 3h 1 £ S 1 (C, =20 mg/L)

e — 28 J) 2% Wi =g )y o

e K1 R2 qe Kz R?
/(mge+g—1) /(min—1) /(mg+g—1) /(g+mg lmin—1)

16. 82 0.052 0.942 54 15.71 3.39X10—4 0.946 9

#z 3 PAN/Na-MMT E §KFHEEST K CrF
) % Bt 3 h 2 S 1 (C, =30 mg/L)

W23 )% W= 8 1%

qe K1 5 qe K2
/(mg+g—1) /(min—1)
23.567 0.5257  0.907 47 24.687 1.053x10—4 0.997

2 fE 3 UANERITURH, M—H3h
J12E D BRI — g Jy 2 A L HOAR G R R
T8N T30 = 2 B0 72 07 B RO R OGP 2R B TR I R
I PAN HE 5 i 4 5 6 MFREXT = A 55 1 W B 3 )
SRR s 12

H 2 2 FI3& 3 81T LIA B, B — 0 8 0 16 vk
JE BB R A0 G Bl g o H RO ) R R

D)

R?
/(mge+g—1) /(g+mg—lmin—1)

FEG W R, T B I AR AR LI AT W TR AR
By A 0L Aar , W BRI BR T LA F 5] TR B = A0 B
LN A DLES 2 e /E 25 B =M %, =86 1Y
W46 e FEAIRE A T 2 (G AL 2 5 =8 K EAR
FH YT m i, 5 = 0% kA 46 VR I 28 4
A7 S8/ PR I R 58 3 A1
2.6 PAN/Na-MMT &4 K 4F 4 L A b gk 5K
TBUI B4 AT PAN/Na-MMT & & 2449 5K 2F 4
i, 43515 20 mL #9 0. 01 mol/L i EDTA #10. 01
mol/L fBRIF IR G . IR% 4 h 5 fEE Ll EE
O 43S 20 min, BV ORI 43 0 0 BE 3 I O
JE IR Cr' R A8, H e g 45 2R Wk 4 Fios.
x4 AEBREMFIT CoF BRMIER

WBEKEH  PAN/Na-MMT1/% PAN/Na-MMT3/% PAN/Na-MMT5/ %
EDTA 82. 4 86. 3 89.7
HNO; 78.6 81.4 82.1
i %t PAN/Na-MMTI1, PAN/Na-MMT3, PAN/Na-MMT5 43 5
Na-MMT # 1,3.5wt% [ PAN/Na-MMT 5 & 44 K 21 4 Jii .

12 4 W 50,0, 01 mol/L A EDTA X} PAN/
Na-MMT &G 48 K £F 4§55 FL A7 548 14 B B 28 28
BT BB 5 W, 3R K Cr' " BB SR A 1T 3k
F| 80 Y0 - HLA B 1 A PE RE.

3 #ig

() A8 SR i WA )2 105 R L 25 223 il 4%
T PAN/Na-MMT & & 94 K 2F 4§t . 43 5 F) H
FT-IR.SEM ., XRD X} iZ & & 99 K £F 4k 5 3547 4544
FESLRAE G R R E G KT 4 Na-MMT 5
PAN WIS T H 4.

(LK IE T PAN/Na-MMT & 4 44k 2F
HEREXF K Co'" (R W B S F 58 A [) 0 B 2% 4 40 46
Cr™" Wb e B 2 B I B2 2 B pHL (L L VR o B 1) 46
PR 2R 6 W B 23 04 52 e, S5 56 3R ] PAN/Na-MMT
ST K £ Y B Cot i B B e B AR R
Cr*" B hh e B 20 mg/L, W B il B2 40°C , W Ff
pH 5 5, W BB IR] 120 min, HEEF Cr® " 0§ B R 0] 3k
89.7%.

(33 3b W B 45 T 4 R Jf 2 g 2= F T R Y
PAN/Na-MMT & & K EF 4 X Cr® ™ 19 W B
AT G Langmuir 55 5 W A7, 02 [ 20 07 22 75 &
HE 5l Iy 2E A,

() PAN/Na-MMT & & 9K 4k 5 A R 4f
() B PEBE L LR 5 YRS W IR 3k 80 %

(1] F A Btk Rz o /99 ok Bk B 1R] 2% BR 0% K P i 0 43 0 75
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K& RE B 454 % 4 256 mV/cm Oe.
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The synthesis and properties of potassium sodium niobate
based layered magnetoelectric composite material

YANG Hai-bo, SUN Chuang, ZHANG Jin-tao

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

Abstract: In this work, the laminated composites of (K, ; Nag ;o ¢; Lioos (Nbg s Tag,) O;
(LKNNT)/CoqsZny , Fe, ; Mn, ; O, (CZFM) were successfully synthesized via the conven-
tional solid-state sintering route to afford laminated composite KNNLT/CZFM. Detailed in-
vestigations were conducted on optimization of the magnitude of electrical, magnetic proper-
ties and magnetoelectric effect by varying CZFM mass ratios. The results show that a little
ion diffusion between the two phases but no impurity phase occurres in the composites. It
was found that the laminated composites possess the largest saturation polarization (P,) of
40.7 pC/cm’ and the largest piezoelectric coefficient (ds3) of 218 pC/N. The largest ME co-
efficient of the laminated LKNNT/CZFM composites reaches up to 256 mV/cm Oe at a bias
magnetic field of 300 Oe with the frequency of 1 kHz.

Key words: magnetoelectric composites; laminated; ferroelectric properties; magnetoelectric

effect
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BYGAE X BB ZE5K, TR b ] o A0 F 58 e B 2 )

i

BEIE 48 [ B e AT 2k L | Bk A 1 F M BB 1Y) 22 A
B TR 5 1l 43 A B AR R PR RL RN G FR B S R R,
AU ARG AR EZH Cr, O, \BiFeO, %, H %
LR R — AR T R HLE R DA R RN 4
B85 o SCAR M L B SRR R R R A R R
W 4% L A ) RNk R R L A A 1 O LA AL
LA 45 PR B FR R B RN R 8 M B L TR) s R A
o R G L R B PR B L R R AR T FRAH L H A R B AN
&R RE T L 2% Y 3 26 1 0 H A AR R L4k
i it 47 o S5 Fo A L 7 ER AR TEE 4 e B R
HII 5% . ( Science ) 2% &6 H B e (H 153 R HE M -E R
Bl iz —,

Hur. £ BA 2-2 Mg a2 R E 4
AR e A e Ha B 2% Y R 2 /) H B 23R 1Y) B
ARG B TT S AR LG UKL 52 5 B R B AT AR 1 L BEL S
KKBEAR T G2 S MR B T B, $2 5 T MR
WEHLPERE S, WL B bR I B F A 2 T I
AH LA 3 A A 1 < 3fe R T >k 52 B . B s i/
B8 VAR =2 ] A S A S AL 3 B i O S 1 4
BCER AR AT DU K82 R B A MR G L PR R B A 4
Tl v A ORE R R ] s &R R B KR
(PZT) S8R ER AT & A Wl A o

Wil Nt 25 AT Hp 2k & J RN RS AR B i 55 0K
TOETHE A MR E B K ik B K 2O W R i A
MZ—. LM E 5B EZ L BaTiO, H R
F B BaTiO, J 1 i 5 A B ORF 5 45 1 2 3
Vb 38 2 i A TR SRR 1Y R 2 T B I v TR
MR 45 B8 R B 0 B R A= 0. DA I B AR
BaTiO, J: /4 i & 5 Ak Ja B BE , [] s fuff 1% H
P RE IR B B A2, 8 R AP 4 I R b R A
v Y R BLIEL B (400 °C ~500 °C) BT 1) 4 B AH
MDA A S R B M BE L, 7R 4 T BaTiO, JEJEH
MOBHAR I 30 58 7 T4 G i 2 A MRHE iR 2
BT BN ZOR, BOA R S oA T R R AL AL
R Y 5 B 1 P R AR

AR SCHE IR 48 24 UM 1 (Ko s Nag s ) 007 Lio. o
(Nby s Tag.»; ) Os CLKNNT) 2N JE H 4. LI Cos
Zn, 1 Fe, - Mn, ; O, (CZFM) Sk &k 15 48 , 18 12 1% 4t [

ke 45 2l & Z R w2 & M AR LKNNT/
CZFM. S5 T AR5 43 B0 i A CZFM
X 10 HL A A5 R RE A B B R | RT R R BB 1Y) B
]

1 TEEH

1.1 #Hoed &

e A B KNNLT J AL A A9 i 5K R R 4, ¥
R IR R K, CO, (99, 0%) . Na, CO; (99, 8%)
Nb,O; (99. 5%). Li,CO; (98. 0%) Fl Ta, O
(99.9%) B F 120 CHYMEFE N T4 12 h AR5 AR B
LKNNT ({621 i H AR BUSURL , 2008 A L3 0 L 93
FE (800 TR 4 h) 158 LKNNT #HA 485 ik
BRES R CE A . ARYE CZEM Btk 2t i L,
FRHC Co; O, (99. 0%, ZnO (99. 0%) . MnO,
(98. 0%) 1 Fe, O, (99. 0%)  BRES IR A L1 0 L T8
(1 050 CHIE 4 b Ll #3 CZFM #i&. i T CZFM
L T A X A L B CZFM i i 2y #00. 3% 19
Li,CO, 5 CZFM M RIR & #E47 Z R BRES , LR fIK
CZFM 1y ke 25 i B, SR J5 i k. 8 & kL J5 1
LKNNT Il CZFM #% (1-x) LKNNT/xCZFM (x =
0.1,0.2,0.3,0.4,0.5) #FFrF &, L& LKNNT,
CZFM.,LKNNT f9 il AR A B4 4 10 mm
([ s Hov, 22 2 3% JR UL, 8K ) i FH 8 45 TR
250 MPa JE il B )5 92 A M BHE 1050 C R
T T ORI 3 h FEATRE S A5 B = BHIA 25 44 19 )2 IR
A M B LKNNT/CZEM, & 1 RERE S
R S5 # 7 AL

LKNNT

CZFM

(0.3wt%Li,CO,)

LKNNT

E,6FE

%

B/ 1 EkEid 54544 LKNNT/CZFM
WEMTER
1.2 A2 M R AR ZOM AR ] 9K
K H HA Rigaku 24 A A 72 1 D/max2200PC
X B LR AT BT A AT W0 A0 4 R A 45 R R AT 4 AT
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it U5 45 - SRR B 41/ R IR Bl V2 R P A2 5 R A R o S R R « 49 -

KA HA JEOL Ltd. A Rl AE 7= B JSM-6390A #147
i B S U (SEMD RAF & A B R SO0 21 41 25
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Characterization and photocatalytic performance of

silicon carrier/N,S codoped TiO,

ZHANG Chao-wu, WANG Xia-yun, ZHANG Li-na, ZHANG Nan, WANG Fen

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

Abstract: The silicon carrier/N, S codoped titanium dioxide photocatalysts were synthesized
by sol-gel and hydrothermal autoclave method in situ symbiosis precursors, using ethyl sili-
cate,butyl titanate as silicone solid precursors of TiO, materials, with different proportions
of a mixture of sulfuric acid and nitric acid as the nitrogen and sulfur source,and as the sol
gel initiator as well. And then sintered under nitrogen atmosphere to obtain the nitrogen and
sulfur codoped TiO, photocatalyst with silica carrier (N,S/Ti0,-SiO,). The phase, morphol-
ogy,structure and microstructure of the samples were analyzed by means of DSC-TG,XRD,

XPS,FT-IR and UV-vis methods. By means of photocatalytic degradation experiments, the
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photocatalytic performance of the samples were investigaed,in order to study the influence of

doping nonmetallic elements on the modified TiO,. The results showed that the N,S/TiO,-

SiO, grain was in mesoporous silica skeleton structure,successfully realized the effective of N

and S codoping,widened the light response range,and reached the photocatalytic redshift and

the purpose of efficient use of the sunlight. The samples had high purity and good crystalliza-

tion conditions,and could generate the best photocatalytic properties when the Ti/Si mole ra-

tio was 1 ¢ 4,the Ti/(N,S) mole ratio was 1 : 0. 05 and the sintering temperature was 700

C.

Key words: N, S codoping; silicon carrier; mesoporous materials; photocatalytic
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xR, FEK, KER, E B, F #
CBRPTRH A bR 15 TRE B, I 1% 710021)

i EAKBRREHESBLES BHERT M TLAIC MR, Ti Al #= TiC # 4 R4, #

— B REH G R RAJE BN — T R0 A P P AT ROE R R, A A i\
W F B AT X S AT R BT HOR BE R A 0 Sy AR e L LE M AT T RAE - RIBT R T AL JR

BE TR E B EE xf/\ﬁx Ti, AIC # FE8 ® v, A3 B T #OR R B 42 4 Ti, AlC

B9 A RALH R A (1DH Ti: Al: TICHERLH 1.05: 1.1 1. Fm#EE A 600 C

~750 C,/E R BEH 2~6 mm B, #nﬂa%)iﬁ P TLAIC b ER 5. hEMEA R ERK
LM BEERT DT 2 pm. (2) BT HGRE KT 600 Coy,Ti Al B MR B 3, 5t £ 3R K
B3R & Ti-Al & & 8] 4 A4 a4k, TiC B4 i@ i £ Ti-Al AR P 69 28 -1 & Hu4) & &

Ti, AlIC &, #HBE R F G Ti, AIC 4 % 3LAR 2 8% 69 18 K 34k, 233 AR 7T VAR B B k.

KR TLAIC; ME; RBERE; KR

FE S ES . TM286 MEkRAERD: A

Rapid synthesis of Ti,AlIC ceramic through thermal
explosion reactions of Ti/Al/TiC powder mixtures

LIU Yi, LI Ying-xin, ZHANG Li-li, CUI Han, LI Fan

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

Abstract ;: In order to prepare Ti, AIC ceramic with high purity and fine grains at low tempera-
tures, Titanium, Aluminum and Titanium Carbide powders were used as raw materials. The
powder mixtures with different molar ratios were pressed first and then put into a preheated
air furnace to conduct thermal explosion reactions. The phase composition and microstructure
of reaction products were characterized by X-ray diffraction (XRD) and scanning electron mi-
croscope (SEM). The effects of molar ratio of starting materials, preheated temperature and
the thickness of compacts on the purity of Ti, AIC were investigated. Ultimately, the forma-
tion mechanism of Ti; AIC during thermal explosion process was proposed according to the
adiabatic analysis. It is revealed that Ti, AIC ceramic with high purity and grains less than 2
pm can be obtained when the molar ratio is 1. 05 1.1 ¢ 1(Ti : Al : TiC) and the thickness

of compact is 2~6 mm at temperatures ranging from 600 C to 750 “C. It is also suggested

x WFS A HE:2017-08-19
ESWMA :HEKARFAESTH (51602184) 5 1w 8 # A A =Rl 20 L TURMIT 43 57 2000 28 9% B P8 (20136125120003) 5 B FLHL
KRG 3h 264550 3 (BJ12-10)
EFER A0 B A982—) B BeF i O, PV, 4 BF5E 7 10 . MAX AP % 5 MXene - ZE 40K 4k
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that Ti-Al intermetallics are firstly formed when the thermal explosion reactions is initiated

as the preheated temperature is higher than 600 °C and then Ti, AIC is produced due to the

dissolution-precipitation process of TiC particles in the local Ti-Al melts.

Key words: Ti, AIC ceramic; combustion synthesis; thermal explosion reaction; low tempera-

ture
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S F 244 (FE-SEM) R & ko kR E i (PLF F B # R4 X A e &R AW,
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8 Sr,Si0, : 0. 03Eu’" 40 & 3% by, K A R A0 3 K W 3% R R B T AR 4P R (394 nm) Ao 3
H (466 nm) A B A D, —>'F, 3R E 409 £ B R HE 620 nm A K SRR R, R EL
KT 594 nm &89 X 4. £ CIE 447 4 (0. 602 5,0. 391 3), 42 3% 47 o 49 40 & 4 4% (0. 67,
0.33), EE SBAALTFHE &S EELA B LS AN

KR =T IREEAME; L E %D LB L S,SiO,

RESES:TQL33.3 MEAFRER: A

Study on the luminescence property of Sr,SiO, : 0. 03Eu**
phosphors by three-step calcination solid-state method

SHI Yong-sheng. SHI Jing-jun, CHEN Hong-guo, LI Jia-qi, DONG Chen

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

710021, China)

Abstract: The Sr,SiO, : 0. 03Eu’" red phosphors were synthesized under relatively low tem-
perature by three-step calcination solid-state method, which was compared with the tradition-
al one-step high temperature solid-state method. The phosphors were characterized by the X-
ray diffraction (XRD),file emission scanning electron microscope (SEM) ,fluorescence spec-
trophotometer (PL),respectively. The results show that the Sr,SiO, : 0. 03Eu*" phosphors
with high purity and size-uniformity and favorable fluorescence properties can be synthesized
at 950 °C. Excitation and emission spectra show that the phosphor can be effectively excited
by ultraviolet (394 nm) and blue light (466 nm). Due to the transition radiation of *D,—~>"F, ,
the main emission peak is located at 620 nm with the strongest red light emission and its in-
tensity is much larger than the emission peak at 594 nm. The color coordinate of the phos-

phors can be achieved at (0. 602 5,0. 391 3),which is close to the standard red light. It has

x WrFs B H#3:2017-08-23
ESTR . Pvi A BT R ORI H (2015GY173) 5 B PG R 2 K2 A4 A5 8 DI 26350 H (28)
TEE B Ay A (1964 —) , B BRPE TG 2% N, 8082 WA B 5T 7 1) . DI RE R & kL
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potential applications in the solid state lighting and display devices.

Key words: three-step calcination solid-state method; red phosphors; rare earth dopant;

Sr, S10,
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Preparation and research of bioactive activity of hydroxyapatite
calcium phosphate coating on porous titanium surface

YANG Li-jun, SHI Lan, YAN Cheng-cheng, ZHANG Jia,
WANG Zhe, DAI Wen-hao, LI Ning-ning

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

Abstract: In order to solve the problem that the biological activity is not high enough when ti-
tanium and titanium alloy used in biomedical materials, The hydroxyapatite calcium phos-
phate coating was prepared by using biomimetic mineralization on the surface of porous tita-
nium. And analyze the effects of different surface pretreatments on the morphology of the
coating and the surface morphology,composition and microstructure of the coating were sys-
tematically analyzed and characterized. The bioactivity of Ti / HA composites and porous ti-
tanium was investigated by simulating body fluid(SBF)immersion experiments. The results
showed that the pre— treated porous titanium could induce the formation of hydroxyapatite
in simulated body fluids and showed good biological activity. And the biological activity of
the porous titanium after immersion in the sediment is higher.

Key words: porous titanium; hydroxyapatite; biomimetic method; simulation body fluids;

biological activity
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 ERINK HNO, sFa e 45 (CP#AT 7 A @ stk i@ i 4 2Rk 4 50 £ R HNO, &

WAl ey CF R @& T EEB AL (HA KR E. 23 XA 8 F 28 2 bt (SEM) X 4 & 47

HAL(XRD) *F % B M VLA L2 Aoy AL R AT T AAE. BF R A .CF A @6y 2R =4 % HA;

Z 3% HNO, &6 ,CF 4@ HA A EW A THER I, ABRE MY HR T, MERARE

‘};ﬁé’ﬂi"f’im,i’%)%éﬁiﬁﬁug‘y‘iiﬁ’ﬁﬂ}‘?ﬁid‘ Lo A S mAR,ARETEINZEKR. 44 2.7 mg, A
B BTG AR e AT R R HT R A AR R & DT AR B 18] 64 38 e, Ok 69 TR IR WG e, B UL AR BT 18]

2h e, AAREAF KK 3.6 mg.

i R @R WL F AR BABR G RE

RFESES:TQL74. 1 XEktRAERD: A

Surface modification of carbon fiber and preparation
of hydroxyapatite coating

ZHANG Li, ZHAO Xue-ni" , WANG Xu-dong, WANG Wan-ying, ZHANG Jing,
YANG Jian-jun, HE Fu-zhen, YANG Ke, LIU Jun-peng

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

Abstract: In this study, the carbon fiber (CF) was modified by concentrated HNO; ,and the
hydroxyapatite (HA) coating with uniform morphology was prepared by electrochemical
deposition on the surface of CF before and after HNO; modification. The microstructure and
phase composition of the coating were characterized by scanning electron microscopy (SEM)
and X-ray diffraction (XRD) ,respectively. The results show that the deposition products on
CF are HA ; After being modified by concentrated HNO; , the deposition mass of HA coating
increase obviously,and the morphology is more uniform and dense; With the increase of dep-
osition current,the deposition mass of the coating first increased and then decreased, when

the current is 5 mA , the deposition mass reaches the maximum about 2. 7 mg,and grain grad-

* W EH:2017-08-02
EETH HEARPFEASTHE (51072107) 5 BEFEARHET AR I 4 T H (2014JM6233) 5 BEPERHE KA B TR &R
i H (XSGP201208) 5 [k PRk A4 1 RIS S 38 410 H (BJ13-09) 5 B PG 45 K 2% 2 Bl A b I k31 0 1 H (1349) 5 B%
PG R I 2 K 2 A A A I 253 R0 350 H (025)
EEBIN K AR1993—) Lo, Bevypg 22 A, 7 Se il B g A B 58 O 1 R W A kR
BIAEE X FYE 1974 —) Lo BRPGALR N ZUR L Wi e 5 ) . A A #1 K, 86720973@ qq. com
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ually changed from needle to sticks; With the increase of deposition time, the deposition mass

of the coating gradually increased,when the deposition time is 2 h,the deposition mass rea-

ches the maximum 3. 6 mg.

Key words: carbon fiber; surface modification; electrochemical deposition; hydroxyapatite

coating
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ZREAHEKEXNZRF/PBS &
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(BRPERME R ML A2 BE . BRVE P64 710021)

M B AERM/PBS R EAL MM AAR. ZXEH LB ANBLE L. HET BF/WS/
PBS X6 8 A#M# . TR T BF 4tk ¥ E s WS/PBS X a4 AMA h Rt ¥h. 2R K
W L,BF S ey iRt oM A FHAERERG . ME BF LFEKEGE M, 246 ﬂﬂé’a*
WERERTHEET AR ER D, B REf Iy FREMAEREGEmm T %, 4 BF-WS
B2 A 10% 8,3 mm BF 4 438 3% 4 A A #3540 3% F b R Rk e BF ?féﬁé’ﬁmm T 14.6%,6
mm BF 4 438 7% 5 4469 5 o 3% £ 15 3] 5% KA 29. 64 MPa, & 7% £ % 5| )b K i 4n BF 4 4
MIEHT 47.6%. % BF-WS %33 mE 20% 8,3 mm BF 440 KRB R & i 2, L35
BBEYARAMBE 4 A AMBRET 27.5%

KW XK B % PBS; AR iluag###+ Ty F A

HhE 5 £S:TB332 MEAFRERD: A

Effect of basalt fiber length on mechanical properties of

wheat straw/PBS foam composites

YU Min, DANG Zhe, GE Zheng-hao™ , SUN Li-xin,
TIAN Pu-jian, SUN Kai, ZHENG Han-yi

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

Abstract ; Based on wheat straw/PBS foam composites, basalt fiber (BF) was used as reinfor-
cing fiber,and BF/WS/PBS foam composites were prepared. The effect of BF fiber length on
the mechanical properties of WS/PBS foam composites was studied. The results show that
the mechanical properties of the composites increase significantly with the addition of BF fi-
bers. With the increase of the length of BF fiber, the flexural strength and flexural modulus
of the composites increased and then decreased. When the total amount of BF-WS is 10 %, the
tensile strength of 3 mm BF fiber reinforced composites is 14. 6% higher than that of non-

added BF fibers,and the bending strength of 6 mm BF fiber reinforced composites reaches

*» WFHEE:2017-08-11
EETE BEHFIT LRI RITIE (17JK0092) 5 8 FH TR 3215 H (2010K05-11) 5 [ 5 9 2 28 41357 80l Y 25 31 %l 15
H (201610708039) 5 B P4 R4 K 2% 1+ BF TS 8 A 4: 5 H (BJ16-01)
EHEEIN T RQ986—) Lo, TEMIIA PRI, Wi 05805 ]« A bR R A
BIAEE B IET (1964 —) , 5. 1A #0U4Z  TE A 05T 07 1) AL RSO I T WL 2% . gezh@sust. edu. cn
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the maximum value of 29. 64 MPa, compared with the addition of BF fiber increased by
47.6%. When the total amount of BF-WS is increased to 20 % ,the bearing effect of 3 mm BF

fiber is more obvious, and its tensile strength is 27. 5% higher than that of the composite

without BF.

Key words: basalt fiber; PBS; wheat straw; foam composites; mechanical properties
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P AR BE B 5 BEF £F 4E K B 04 34 0 58 38 K5 /.
2 BF-WS B 10% 8. BF £ZF 288 3 mm &
G R PLR BRSO BF RS T
14.6% , ULHI /G ¥ BF £F 458 3] 7 B 45 79 K 8 4F
LK% BF-WS G 880 & 20 90 i, & 3 s %
TnOA S B A ARG L5 B LE R RN BE £F 4 1Y
WET 27.5%.

i & 1 Ca) L (h) Wi T Al L3 22 £F 4 A sl 4k
(9 /NFL o U0 A 7 M SR G R o L AR AT 4R R R
BF £F 4 3 18 58 09 /E . Y BF S48 K B4k 4L
B, BE 848 9 mm B, &2 A bR B AR 58 B L
KU BF 42 & MR 20 TR T 9% Al
12% i &t T BF 4K K, 5 &4 FI %,
B R, H it KB BF 28 48 A F T & 3, {8 i
FLFLARAS S, o 2 s i r Ao i B o 38 T e 1 R [

20
010%BF-WS

. 16 [ B20%BF-WS

5

212t

P

o8t

£

=N

0

BF£F 24K/ mm
Ca) FiL i BE

010%BF-WS
4 ®20%BF-WS

Hi {2/ GPa
N w

s
T

o

6
BFAF 4K/ mm

(QYETRLE: s
B 3 BF 4 4 K & xF 340 ak o9 % oa
Bl 3(h)EE A MR E S BF 448K &
M F , B & 3Ch) AT, W BF 25 4E /9 fin A G f%
EmE A MBI, BF 4488 6 mm B A9
B F A b PR BE R 3. 39 Gpa. {HF % BE £ 4
KM M, BF-WS & &k 10%,9 mm BF-WS/
PBS & & # R B 2 L 6 mm BF-WS/PBS &

AR R TR T 61. 1% . VLB IE 241 hn BF
LYK EERENS [ BEF £ 2 55 47 1) ke 3] 384 98 19 4
MY 2F 4t 58 4 B, T v AE 356 4K b 1 59 43k, IF X
PBS FE A & 0 7= A T B e BE AR T R A MR
EUALIECTIN
2.4 BF £F 4 % B 5 54 H R b fk 0 % o

A & 4 AT, BF 2R 4E 0 m A RE 98 42 & 2 A A
B SR BE L B %5 BF 47 4 K B R 88 hn L &2 &
LA b o 5 BE B N %L B 3 mm BF £F 4E 38 58 1Y
BAME Y BF-WS B8 10% f1 20 %, v i
S AR S 2 A MR R R T 47, 6 %0
80.2%. X &M T 3 mm BF £ 4i7F WS/PBS £ &
R R B PR S L 804 0 BE 2 4k g % il & i it
R I A S AL A CnE 1 () 7R L RER
AR ARBIF Eop i Re L, iR & TR A M
ALY o B L AR 2248 N BE SR 4E KL 2 A MR
f ok o R R R, X R T AR 4R R 5 R A A
IR A0t AR T BOR LR B, AT AR R
) 25 B BN T B A S

15

010%BF-WS

12} @ 20%BF-WS

R/ (K] /m?)
™

BFZF4: K /mm
RS SN X R

3 A

(1)BF 254 (% 5 0 52 5 b4 Bt 07 5 Pk fig i
FPEE LA BE SR 48K BN, 2 A 6 R A
it 3 T 2 b A A 1 TR U/ o A R R R
WREE R T R, 24 BF-WS S 10% B, 3 mm
BF &F 4 35 5 & pF R 5 B H R B3 BF 21 4
FHEE T 14.6% .6 mm BF ZF4E38 58 5 & bk
25 i R BE 3k B B K {E 29. 64 MPa., vy 58 B 43 51 1
KU BF 2R 42/ T 47, 6%. 24 BE-WS @&
HINZ 20 %0} .3 mm BF 2F 4k % 2% 48 %0 5 55 i 3
S RS BE H R AR AN BE 27 4k (0 2 A A R
T 27.5%.

(2) 3 mm BF £F4E7E WS/PBS & & 4kl b 23
M, 300 1) BF 27 4E e % il & 16 3 B v 9 Bl
Wi LI 5, 25 & 12 Mg B Ar. E S 15
BF &1 2 K J3 BB % i 31 45 4f 1 3% 5 VB R L T 24 21 4
IR EE, TCVETE AR TR Y 51 401, OF X PBS B A &

(F#% 91 70O
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TR, FRRBE, R, EhidE

(BRPERHE R R AR T B L 5 HOR E A0 % Bep P9% 710021

O OE.AKBEKZP AFE=CALAR (MTES) 4 BRAH . NH, « H,O 4440 # 8t 47 K
e A RO LGB BT R E A 6 R E L R R R — e B0k (PMQS) . F A R B Ak R
(TMS) & % i Bt 3 3 3 47 & @ A5 46, %) 43 & & 2 a0 (HPMQS). 28 R ik 45 12 AU s
PMQS #9 %542 5 H # 47 £ 4E; B & 5 A% 2 vt 22 ) (FTIR) #= 42 4% & 4% (SEM) & PMQS/
HPMQS % # A it 47 A e, £ BB AR T L EMH T PMQS B2 5 R B ARk TRR 60L&
I3 HPMQS R EW Ha A mE 2 B R AENARES OB I L. 2 AW, % m
(MTES) : m(H,O)=1:5, k@ &R A ZAH 5% B, 5 /569 PMQS # i A4 /23 —; % m
(PMQS) : m(TMS) : m(PHMS—1) : m( G Bk)=1:2: 3 : 4 bt /3658 A F b

(HPMQS).
SR M R@IS; QEA; Bk
mESEE.TS195.2; TQ324. 21 XHEARERD: A

Preparation and characterization of smooth coated
silicon powder preparation

AN Qiu-feng, GUO Xiao-xiao, LI Xiao-lu, WANG Wan-hui

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

Abstract: With methyltriethoxysilane (MTES) as raw materials, NH; « H,O as the catalyst
forhydrolysis-condensation reaction in the aqueous system, by changing the amount of sur-
fact-ant, prepared silicon powder with uniform particle size (PMQS) ,and using polyether si-
lane (TMS) and petroleum ether were surface modified, prepared smooth coated silica pow-
der(HPMQS). The particle size distribution of PMQS was characterized by laser particle size
analyzer; The structure and morphology of PMQS/HPMQS were characterized by fourier
transform infrared (FTIR) and scanning electron microscopy (SEM). Mainly discusses the
influence effect of synthesis conditions on PMQS particle distribution and different coating
process of HPMQS smooth degree,so as to explore the best synthesis conditions and coating
technology. The results show that when m(MTES) : m(H,0O) =1 : 5, the surfactant dosage
is 5% ,the PMQS is fluffy and the particle size is uniform;when m (PMQS) : m(TMS) : m
(PHMS-1) : m(fAlif#) =1 : 2 : 3 : 4,have smooth coated silica fume (HPMQS).

Key words: microsilica; surface finish; coated type; smoothness
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5% 5 BBk R 26 o 7R TR IR BORY 1) 5 A - 87 -
. kB AR A KR A SR TR AT K S 6 B SO

FA e b Ao S Bk S e T R R R R I — 25,
HAy 1820 (RSIO1. 5)n, A SRR | b A% 8 Bl
TS g fy . SR 2 he AR o SRR TR R AR R
(PMQS) & R £ #—CH, BRI K fi# 45 2 1Y =
Bt RERORY (PMSQ) Y 1 F 56 Rk B I TR,
— P RICR G [ AR oK, oA #2540 S LT )
Shy AR 1) 1R BE S BRI 28 1] R 25 4 R TR AL
. BB (PMSQ) HLAT %5 B /I L4 7K M L3 1k
T A T A 1 G A A S T AR R R L Atk
i S5 P SEURL RO T R L DA RCGE TR O LR
K SN L A A e

FEGIOR (PMSQ) 1 il #8771k B2 A ¥R % 3t
RE VIR A0 -5 e R BB A ik SFL
Arkhireeva ZEBI 3 B DA B = & etk . 2 & =
F Sk o | &0 Bk = FE SR A o RO R — Y AR
Bk e o LR, 7R 7 2 S e BT ik W 2R 4 M Tk T K
AR FLE D A A A AR T R
BAE 3. 5~300 nm AY 5 Rk e L0 ek, T Y AL
AR5 Y B i ORI, AT LA A [R) PR R B IR A 2R
fif A BESE O fER. Matsumoto Z8M K H L = 47
FEREBEAE span85 ., 3 ot Al 7K £ BT AY I A2 7K B Y L
W AT IR L% B AR R T AN 2 R o A b
L AE FEAT . 38 5 ol A8 L A% 2H RN N N ) A5 2
FEAE 1~80 pem BYFRER. 10T B A fb T 28 7K Mk 45 % 1k
PR BGAALG (A 98 /0N Al 2 1 3 7 L TS Y AR
JSE T KA A4 07 Kikuchi 255 % £ 2 4 3k
(1) 3R BE AU L o EURE TR O - EC A R A
TE—if, i iR-20 FKFLAL R AR R 0. 5 pem 1Y)
FLWE SRS 7E 50 “CR MY 2 hs MEKE, #5T 70 C
R 30 mins 2R G FEATUVE L U8 TR AR N
600 nm [ FE k4 be ek, w) &0 DL 3 = Ak
J5t (CH, SiCLy) S B 5k 20— iz R B T8 2 il 571
BT B AT 2 R e L THE TR F il 5 L K
fi# A T AR B B R AR R R A
O Jo e B 5 AR T P B R D O 2 A A B T
TR R A S PF. Tk e 25 Bl R R B R 19 H 25
KR S NATIXE B 40 A9 A A ek ) 2 SR A T 4 R
TRB AR T, LR GOK BB T R AR AR /N L R
AR K R RE &1 R 5 kAR BT L — Wk
T JoE RPN A2 AT PR Y 2 T AN AR AL
I %t ROSF 8 S R b, o 3 T kAT Ad B
BN T AT AR R AT TR MR 2 — . 3 1w A 2 i vk
HRERM SR ERE AR P EER—F, E, XFRh
R TIRZE R ALY SR ML AR T R T S
A — R A2 R [ ) 4 78 2 DGR 3 el e 1) vk

AT EE L = A RE e (MTES) i it

A Aok A SR T P ) ) P AR AR T — 1 TR
B3 (PMQS) . 3 1] 5 fif ik e (TMS) B A7 31l ik i A7 3%
T i o i) A 60 7 R FERE ROl (HPMIQS).

1 SLIgEH

1.1 EZRHAEME

3L = Z AR BE (MTES) , Tl ¢, 5k % ik
7 2 AR SR AL T3 A R A BR S 7 5 75 ek — 3L
TRAEELE (1631) . 43 B 4k, K E T B2 B Ak 24 i A
RREZS 0 5 A 3 ik o 0 B 4l o R R T A2l R A BR 2
A BB LS (TMS) , Tl i, 3K 5% ds T [ 28 46 o
LT H MR A R 7 s NHy « H,O25%), 43 #
gl , REER Ik R0 A BR 2 /s KOH, 2 B 4, il
#B 4 1A 2450 A BR 28 7 s NaOH CBL L 4 B 4, K
HER 14k 24350 R A

B RE R DN VR RS (DL-120E) , I Z (510 %
F IR T 20 40 63 (IR, 8 [ i & 50 2 7] /Y
VECTOR-22 7 {8 H 0 21 4p 56 3% 430 $1 4 H B
(SEM) , H A B 2 1y 37 & 3t 41 4 LR S4800 5 ki 42
YL [E Malvern 2 H] Y Zetasizer NANO-ZS90 Al #
ek AL,
1.2 Ak
1.2.1  EERCH (PMQS) 4 K

TEREAG W IR AS TR R VTR ] 3 A A G =
FUBSi e mA 125 ¢ H,0,1.25 g 1631 #1110 g
NH; « H, O it #R 5% 2) 5 pH 218 10~11,
BHETHRZE 60 CLIFZEE A 25 ¢ MTES, fifi #£
AT R 10 h, 15 3L A @WK, SR HE1T 0 g .
K EEVE =R HE T AR AR AN — B
WA =R N 50 %, R AW E 1 TR,

RETROM PMQS 77 3 42 SCiik [ 14 1/ J7 i 1 5.
i e 100% = X 100 =

o/ o, m(PMQS) 5,61
3T.6%3 S B A ITES) 17,8

31.5% (CH: . 5. 61 Al 45 A9 BE O PMQS A Ji
H,g:;17. 8 NJFER MTES Wi, 2).

X 100% =

OCILCI,

| AR G
H;C—Si— OCH,CHy———> H;C
\ R

OCH,CH,

A1 PMQS A& mEERX
1.2.2 A7 RO AERE O (HPMQS) (1 1 £



. 88 o RaPAREEFR

FRECE R HET 0 3 /Ny R D i —
S I 1 A I T O S [ B A B R R A3 Sl iR AT R
T A B PR A 245, AE S 60 °C T R IR 4
B 60 min J&5 . & T 120 CHEH rhsL T, 75 0 7 A i
kO (HPMQS).

1.3 Fkie

COREAE 40 A - BU/D 2 rk ok FH & s B B 0k
FE R 0.5 %, M A 08 5 i FHOE R A2 Ak 47 )
.

(2) 2 HM 635 (IR & T, WD & 6 Ok
PMQS 5 KBr — & , B 40 5 B A i At
T )

(3) 14 |1 85 (SEMD « ¥ 1 B 4 (9 B B3 8
PMQS il £ , % HIE 5 647 R AE.

2 HR5W®

2.1 E##H PMQS #94r 9k & 4E

LSS (IR X EE O PMQS #E47 R AE,
HIREEME 2 FiR. HE 2 TFH.776 cm '
1277 em 'AbEFREER L Si— CH, B9 i X R
AT AR B R AE WE IS 04, 1 030 em .1 129 em Ak
3 Si—O—Si WEA RS, 7€ 2 975 cm ™ ' Ab
S — CH, Bolm iy S0 Fk Ad 46 IR 2 Wz i i, 3 300
em BRI LT Jo W, B BH B AR TG — OH 9 5 AF I
W Ut B 2 K il 4 SR S B TR . 0 A R R
W, & i H B5 7 PMQS.

PMQS W

2975 4

1277

=
N
—
—

1031

>~
BN

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

v/em?!
B2 PMQS 44k kit d

2.2 1w g Al PMQS 5 & e

BREOR PMQS & T B, if it SEM Xt H:
A PEATRAE ,SEM B R & 3 frzs. i 14 i e
Al LLE RO PMQS ORI 31 2 BRE . HoR
INE — A BRI 5) . BT BRIE A5 R Y A L EE
VR o 5 B 12 rk iRy B i 98 5 T S 38
2.3 EEHH PMQS W EZ 5K B

B B Rkl PMQS I B B 2 W E N
0.5 % #7543 B4 21 5 FHBOCRLAR A A7 I3 L kr

B 3 PMQS #5 SEM B 1

o mEmE 4 prox. mE 4 7TE S, PMQS 1°F
YIRi#E R 3 323.5 nm . HORL AR 434 A BRI 4 A5 L 43
A3 LA, EEAEPAE 2 000~4 000 nm, ¥
R B, H AR P= PR AR KN A FE AR By —

40

30+

20+

Volume/ %

10+

0 1 L
0 2000 4000 6000

Size/nm
B4 PMQS#4%Z5#H A

2.4 HSmRIT®
2.4.1 R BE R PMQS A2 43 A 4 5% i

T E 6 3R = 20 S e b A K i R T VA
— SE RS SN R P R L K A 4 R S B R B L
58 77 i R R AR A3 AR AR 5, — SO R IR R 5 4
B s kB R AT, KA 4 SR B G2 8. DRI L RN AE A
R HEAT L AT LA 3Rk A JRy 0 B I ask PR B 4 ) L
7 ) A B 1 2% AN A 5 SN ) BN i BT kL
BRI A3 A B — B e M2 L 5 R WLER 1 iR, B
1, Y RN EE R 60 °C B, KL 43 AR DN, —
EXQE g/

X1 ARRMEBEX PMQS #1245 BN

SN B/ °C FifE/um (= — 5k
40 5.994 2. 876 0.575
50 4.684 1.945 0. 456
60 3.570 1.069 0.391
70 3.424 2.115 0. 624

TE AR BE Sy JOURL Y 43 A 96 B8 L AR BB OR R AR 43 A B 5 s — Bk
ShREARS 5345 i 185 1 S AL AR P B EE R 2 T R v 2

2.4.2  AEAL ) BICVE 55 55 X PMQS RLAR 3 A1 Y 52
M

AR TR T o R = 2 AR A o 1Y) K i 4 2R
JS N5 WE 5O 2 P R K 4 SR B e



553

B RROR A <A R AR Ok Y ] 7 5 RAE + 89 -

B 7K A RN B ) e, LA 7= 5 R AR 43 AT AR B
— BT R B TR A s B s KA A SR R
g Fsf ) e o AEL S B FE 43 o 7 R AR o AR R, — 3K
PEAF. Rt By 7 45 55 M 2% R T HEAT , AT DAk A
ANFE 4345 ) . 458 i A SR 2% A AN A8 L 2 28 [
B AL TR XPRLAR /N A A e — BOPE R S e , 45
DL 2 FiR. HEE 2 0L, 4 H NH, » H,O(25%)
TG R AR o3 A 7N — BT

x2 FEWEMELIT PMQS HZSHH I

ENGEEE A% /um el —

NH; « H,O(25%) 3.048 1. 637 0.438

NaOH(10%) 3.756 2.768 0.731

KOH(10%) 4,152 2.974 0. 861
2.4.3 KB FHE X PMQS %42 43 10 1) 5% 0

IKAE Ny F 5L = AR BRI 1 SN ) 22— 5 XTI
IO 5% W) A8 R s Ay PR I 44 5 7 ) R A ek L oK g
T E ORI R R 1 K A N SR AT
(9 R TS A A% K R AT RE R4y B R
DA R K B 1. T 78 7K At 7 ) K 46 A 3 2
H, WA T RE SR AR BBk, ST RE A2 BK A B
JEEE T AR T K AR S 43 ORI R HT R 2SS Bk 7E R
MR FE SR 60 CTF , #5 il H 3E = 2 A R Ak e 1) 1
h 25g. B E2K 0 T H R AR KN L A A S — Bk
(RZ MR, 25 5 L% 3 T, th & 3 T AT, 78 S N T
J60 CF.Y MTES 5 H,O W FifEH 15
BF AR G3 A 8N, — BOPE R AT

x3 mmkE3 PMQS HiE 5 KIS M

K I I g RLAE /um T H —E
50 4,914 3.529 0. 685
100 3. 684 2.745 0.556
125 3.225 1.876 0. 394
150 5.416 2.215 0.428
200 5.793 3.974 0.531
2.4.4 MTES it AJ5 2% PMQS i 42 43 1ii 1 52

M

AN TRV IEL 5 ST RE O PMQS R A2 A7
— MR, S — I MTES B, 2 fifi [ 4
G TR, RN A5 41 M 18 0% in MTES
B 52 )N 5 5 e K Sifk g 2 T 78 4% . TE ZK A
1k IR EE N 60 °C FLMTES 5 H,O i i &
1 s 5 L R R AR KN A A S — 3K
PERYRE ], 25 5 0L 2% 4 TR, fh 3R 4 v, X RO T
R 60 CH,MTES 5 H,O Ml 12 5
B o R AR o0 A BN s — B AT

x4 mBIAFXI PMQS K125 HEISIN

MTES il A J7 X A2 /um (Y —
— WA 5.470 2.376 0.575
G2 3.224 1.937 0.492

2.4.5 1631 F&XF PMQS K425 A () 5 0

1631 By A 2 A [6] % 6 fky PMQS 19 R0 42 1
AH—ERFZIR. Y 1631 A BRET , 23 i fE 30 1Y
RIAREE /N Y 1631 FH o A0 /INIT o 2 fi Ak 0K 19 B AR
MR W — M 22 7R ZUKME AL, SOy i 2 R 60 °C
T,.MTES 5 H.O Wit bl 1 ¢ 5 i), B %L 1631
FH 0P RLAR RN B = W A5 (5 ) 25 58 WL 3% 5 T
7N, AR5 LA, Y RO i EE O 60 “C Iy, MTES 5
H,O Byt Ry 12 5 B, 1631 =R 5% i, kL
TR BN s — BB

=5 1631 HEXf PMQS #i 2
BEYRSNEME

1631 /% Hife/um TR A
4 5.991 EENERURFN
4.5 4. 124 FL A AR I
5 3.824 BNERCRT TN
5.5 2.851 NSRRI TN
6 1.747 B NP R U
7 0.996 12 8 Wk

71631 JH4 MTES i i 1 %
2.5 OBEILE

HPMQS 1 & B PP A i - 76 NHE Hh B AL
20 AL X0 A 6] AR Y HPMQS #1475
A U R S i A AR SR AN [ 4B i )
KEHEVHEWMT .

2.5.1 TMS 7%

PMQS 5 TMS DL — & L il 1R A 88 7 4> B
BALBL 5 FE Tk 5 60 °C ~90 C 1Y A1 3l
fik L ¥ — %E B A PMQS, i i HE A . A
SR TR R IR PR T S PR TR 25 2R WL R 6 TR,

Fz 6 TMS 5 PMQS &£tk Xt ¥k ig T E

PMQS/g ik g TMS/g G0
0.3 *

0.5 * %

0.5 2 1.0 * %k
1.5 * %

2.0 * %

M6 6 AT AL, Ak BE CTMS) 19 A £ i #)
AT A 180, 8 0 2 3R TR B 1) A R T 93 T
WEAR . 2 PMQS 5 TMS Hfil k1 : 2 B L8
P4 60 min J5 PR LT 120 C R HET 30 min,
A P e BROR A X A i 2
2.5.2 HEMALE

¥ PMQS 51L& ARk (PHMS- D) DL — & H
BR AR 75 o WO B B 45 0. o s Tk sl
60 °C ~ 90 °C 1y A Bk, #% — & b
PMQS, 38 o 8 75 43 #5 . F AR T8 L i Pt T )5 37
P FIREG SRR 7 PR,



. 90 - BoHAKEER

o535 4%

&7 PHMS-15 PMQS &£ Eb Xf #&

BRERNFMm
PMQS/g A1k / g PHMS-1/g WAL
0.1 *
0.2 *
0.5 2 0.3 * %k
0.4 *
0.5 * %k

FH 7 RTEL, B SURE IR A8 T 2 08 R Ao 4 T
AR 78 120 °C T 9 AR ME A IS ML T, X 1 3
BRI, % PMQS 5 PHMS-1 e fil 5 ¢ 3
At o B 7 A H 30 miin il 75 FE FORS AR R A e 3K
2.5.3 TMS 5 PHMS-1 th[nl o 78

¥ PMQS 5 TMS.PHMS-1 Dl — & WL E &
M BOY AL T 454 . K L Tk A 60 °C ~
90 °C WY ik rp 4% — 2 Hh 03 PMQS, i i #8
FEAECL F AR T E RS TS A TR S R LR
8 JIi7x.

£ 8 PHMS-1 5 TMS /&£ b 3t ¥k

BREZM
M H
YCCPENE L s
2:1 *
1:1 *
0.5 2 2:3 * %k Kk
1:2 * %k
2:5 *

2 8 Al A1, 24 TMS 5 PHMS-1 P [a] £ 75
B ANSCRE S B8 150 by A 19 3 i I, HL B SURE Sl B
A — 2 B ORAK AR 2 (0F O 8 77 A0 Fo v,
P& T ORY 22 [a) AH B EE 52 1 T R AR 0, AT
iy 2 B A7 W) o3, 45 R Y TMS 5
PHMS-1 iR 2 = 3 B, #7543 BCR# H T 120
CTFHET 30 min, #E47 FR H B 1) PMQS 0k 58
2.6 GEWELEME BRI

SHBURO N b NEROR W~ i I P |
TMS 5 PHMS-1 5 [F] 60 4 iF , i ik A oy €, HL
m(PMQS) : m(TMS) = m (PHMS-1) = m (f7 il
fif)=1:2+: 3+ 4 W, P47 30 0186 10 5k G800 1

2.6.1 ARG ST EH

FHELLANERE (TR 43 51 % ik i3k (PMQS) Fil 44,
TR AERE O (HPMQS) i 47 R AF, H IR 3% &
WM 5 s,

M 5 Al A& i, PMQS 5 HPMQS 0§ #
FARAS AUAETE 1 030 ecm™ .1 129 em™ ' B 4k
Si—O—Si W18 A ¥ 3l W S0 06 588 3 R /N B A iR
PMQS W4k Si—O— Si B A Pr 2h W i 1 i 13 K
INIEAR — 5 T HPMQS W Ak Si— O — Si 18 &
P 2 W WS Vg i B RN AR 25 L S SRR iE AT

231 18 4 5 0 RE OB P AL Si— O — Si 8 & 4k 3h
WA g iR R 2 B AR R, 5 B0 R B ] ) B 4 D MG i
AT el ¥ FE P A5 2 4

\{ HPMQS
V” PMQS

1129
1030

1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
v/cm?

B 5 PMQS 5 HPMQS 44k A

2.6.2 WEAEIEHXT T

Bk OB PMQS MG B R W AR R K
HPMQS 73513 T £ B L il i SEM X HJE 81 it

FPRAE L H SEM HB a0l 6.7 FioR.
| R L R

B 7 &%) HPMQS 4 SEM B 4

HEET G SEM BB F X el 40, 5 )5 19 Tk
PR A I W R B B 22 B R R 1 3L
JEE 45y 1, DT o 3R I S R

3 A

AR R, DL 3 = 2 S REBE (MTES)
IR NH, « Ho O Sk 8 fb 30 47 7K i L 4 38 )2
Bi, 24 1631 F A 5% WE, T A5 0 RE BOR
(PMQS) £ #is HLL A8 39 —. 24 % & 10 HY BE BB
PMQS #4726 1 16 i 22 J5 . {5 A 0 1) g 422 434 3
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WA 2 5. B8 m (PMQS) ¢ m (TMS) 323-326.

m
(PHMS-1) : nl(E]EHM) —1:9:3:4 HTJ. , ﬁ’/f?%é [8] Ki}l:uc.hi ISTITke(la Tlg Sato :{y et al;1 ReE(;\ierj)fprr:ezlh;zchg)f
. . spherical silicone polymer fine powders LJP:420 ,
5 1 0 OY 38 9. hericl

(90 & WL BRERSF. BT 8, 2. 3R T IR A% 2 il S0k 19 5

N (1. A LR R, 2013.27(2) : 8-10.
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Preparation and shielding properties of polyaniline/nano

nickel composite materials

LI Xiao-rui, WANG Rui-fang, FEI Gui-qiang, WANG Hai-hua, LUO Lu

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

Abstract: Polyaniline/nano-nickel composites of different mass ratio were prepared by in-situ
polymerization of aniline in the presence of nano-nickel, using ammonium persulfate (APS)
as oxidant,citric acid (C;HgO;) as dopant and polyethylene glycol octyl phenyl ether (OP-
10) as dispersant. The results indicated that there is no chemical interaction between polyani-
line and nano Nickel in the composite. And network structure was formed based on the ad-
sorption of nano-nickel onto rod-like polyaniline. The composite films were prepared with
polyaniline/nano-nickel composite powder as fillers and water-based polyurethane as matrix.
The conductivity of the composite and electromagnetic shielding performance of the film with
different mass ratio were investigated. The electrical conductivity of the composite reached
1. 82 S/cm when the mass ratio of nano-nickel to aniline was 1 ¢ 3. The composite film dis-
played the optimum shielding property when the mass ratio of nano-nickel to aniline was

1 : 3. The shielding effectiveness increased to 66.5 dB in the frequency range of 3.6 to 5. 36
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GH when the filler content was 25%.
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Synthesis and properties of novel stilbene-alkoxysilane
fluorescent brighteners

ZHANG Guang-hua, LU Yu-qun, GUO Ming-yuan, LV Tong

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

Abstract; With cyanuric chloride as the crosslinking monomer and 4,4'-diamino stilbene-2,2'-
disulfonic acid (DSD acid) as raw materials, 3-aminopropyltrimethoxysilane (KH-540) ,Etha-
nolamine and stilbene-based fluorescent whitening agent were introduced into the same mole-
cule by nucleophilic substitution method. A novel water soluble small molecule fluorescent
whitening agent was designed by the hydrolysis reaction. The molecular structures were
characterized by means of IR spectra and 'HNMR, the physical and chemical properties of
light in aqueous solution were studied by means of UV and photoluminescence(PL) spectra,
and its anti- yellowing effect was evaluated when used as the surface sizing agent on handshe-
et of chemimechanical pulps by using the ultraviolet aging apparatus. The results show that
the target product has good water-solubility and good light stability and the best dosage of
the new yellowing inhibitor was 0. 8% (mass fraction) ,the initial whiteness increased by 16.

98 percentage points over the untreated paper. And after 38h of UV irradiation, the target
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product have better anti-yellowing inhibition effect on paper.

Key words: stilbene-based fluorescent whitening agent; 3-aminopropyltrimethoxysilane (KH-

540); hydrolysis; whiteness stability
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In-situ polymerization and properties of keto-hydrazine crosslinked
polyurethane acrylate with different soft/hard segment ratio

FEI Gui-giang, YANG Xiao-fang, WANG Hai-hua, JIANG Chun-yang

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

Abstract; Keto-hydrazine crosslinked polyurethane acrylate emulsion was prepared through
in-situ polymerization method. Effects of NCO/OH ratio (R value), MMA/BA ratio on the
properties of polyurethane acrylate material were studied. Meanwhile, the structure was char-
acterized via infrared spectrum,thermogravimetric analysis and so on. With increasing the R
value,emulsion viscosity and particle size were increased, as well as the water resistance,
thermal stability,crosslinking density and mechanical properties. As the MMA/BA ratio in-
creases,the adhesion and hardness of coating gradually increased, the storage stability and
particle size of the emulsion also increases gradually. The emulsion viscosity and water ab-
sorption of film decreased firstly and then increased.

Key words: polyurethane/polyacrylate; ketone hydrazine crosslinking; R value; soft-hard
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®4 AE m(MMA)/m(BA)fE PUA K%
H TG ##E
FE i Ty /C Ts0%/°C Tsoy /C
1# 223.07 348. 58 415. 30
28 225.73 353.50 406. 37
TE 236.79 353. 86 409. 85
10# 239.72 354.32 412,57
13 # 242.52 347.57 407. 82

2.7 R EE AR T

T 5. K6 NRBEMIIFIERE. BiE R (HIE K,
IPDI JHHE3S K 56 W 41k v 06 B L ) 38 ok 2%
W LT, M E S R A TR A
MMA i34, BA ll &, RMW T 5 R HAH
[F] B 28 Ak [ A 2 B ol 3R G W v %) SRR B A8 Ak
2, 5L o — 2.

x5 AREREPUAREHHFEMEE

R4 AL il fiif nfr of
1.0 H 0 3 VAR
1.05 2H 0 TG W % TG 54
1. 10 2H 0 TC 7% T T 24
1.15 2H 0 BRI TR
1. 20 2H 1 BT
R 6 AE m(MMA)/m(BA)E PUA RE
B
BE A AL Wt & H1 iiif ofr o5
1# HB 0 TC 7% T T %4
2% HB 0 Jo B 7% T6 54
78 H 0 TC % ToH 3¢
10# 2H 1 BRI E
13# 2H 1 RO 7%
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KB 5R G W 04) J REE 7K 23 347 0 S el P R Y
AL, MMA/BA i 1. 25 i R Ig(E , 28 B JE
S A DR A =R N B N S RN
A AR /) o G 08 [R) A Hh B 7E MMA/BA 1. 25
B EDR (K 1.2 H MMA/BA Yy 1. 25 B, BRH
LA PERE IR B
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K 3 Co Bk BARS LY A THIE
A 57501 40 ) BT 44 S8 PR O T 5

K77, 3 %, NEHhH, 484,12 F, B B

(BRPERH R b2 5 L0, BRI 154 710021

H OE.RAREZ pH 2K EHET Cou:s Mg, s Aly o, Cey s K7 B BT IRAR, Z1E 700 C
J& 13 3] CMACe8 1AL 5 fi H R B 4249 K. #) A IR FAEH R xF 2L 3047 45 M) R AE L 5F 3 47
IR IEA AR IR 5 NOx B B JH & X, XRD A2 EXAFS Ml X & 8 , 4B A o9 £ 24 48
£ CosO,. ABET &R A &, A ARE &AW IBARFRGBAFILETREKR, ZmA TR EH
Ak ARG H) BB H. H,-TPR R AESLEA K 89 R B AR 3 T 18 4L F) A 5 o 76 M A4 A 69 Bk 1k
FAEACH) BB MR E e NOx 4 A E R TRSG. 2 TR E®R AL, T NOx ##
BERER,EMEZTREE AEIF NOx K G MK, G20 &5 436 K iz 5 B AT 3] T 3 4)4F
A AP KOARERREZA 2%.

LG KE B AT BIBIRIE; B AN R

FEDES:0643. 36 XHERFRERD : A

Performance of K supported Co-based hydrotalcite-derived
mixed oxide catalysts used for simultaneous NOx-soot removal

DATI Fang-fang, GUO Rui, LIU Si-ling, YAN Yu-jia, WU Yang, TANG Jiao

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

Abstract: Co, ; Mg, ;s Al o, Cey os hydrotalcite-like compounds (HTlc) were prepared by a con-
stant-pH co-precipitation. After calcination,CMACe8 catalyst was obtained as well as K-im-
pregnated ones. Their structure and physico-chemical properties were examined by charac-
teristic techniques. The samples were applied to soot combustion,lean-burn NOx storage and
simultaneous NOx-soot removal. The results of XRD and EXAFS suggest that the main Co-
containing phase in the catalyst is Co; O,. According to BET data,the specific surface area of
catalysts, which were derived from hydrotalcite-like compounds,is large enough to absorb
more reactant gas. The results of H,-TPR indicate the addition of K promote the amount of
active oxygen, leading to the high soot oxidation activity and large NOx storage capacity.
However,too much stored NOx and constant amount of soot result in low NOx reduction
percentage. This demonstrates that high K-impregnation amount restrain the simultaneous
NOx-soot removal reaction. The optimal value is 2%.

Key words: hydrotalcite; potassium; soot combustion; simultaneous removal
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PT3535 K AR 2 s L AR AL 3 2 R R
15 Y A A 23 0GR I A AL S8 4 B ACHE O ik R
WA 2 1 R T 5 s KA BT X L B
BTSSR AR R B AR RN T & A Ak SE Tk
HHEMUR AL B R 2R R 2%,

H AT 58 ALSURL 9 3 8 4% (DPF) 2 fiff e 50 ki
Wy HE R N Y R B A AR Oy k. DPF BB A5
B2 K 2 B0 B MR ABURE R BRASCR AT 3K 90 %6, (HBE %
it I Bsf 1] 4 384 i DPF 38 T8 15 34 K L 75 22 % 4 4K
B Bk A JE AT BR Be, BIXF DPF ik 47 8 40, xF T
NOx 1 B& » NOx fiff /7 16 J& £ R (NSR) P & NOx
TR FEMEAE AL R I 45 A (SCR) & WF 58 FUN 8% h )
ZIF AR NSR $ AR J2 76 7 #h 45 4 T B oA AR 45 1
TS A R 5 2240 ik Jsi 5 4n H, Fit CO
A BEAR BRI (T BR AR o0 TR RS Ak B2 A [
I B AT AR S 7 2 25 1 1 LA ) [ Bt Ak T8 o sk
M-NOx FE ARG T AT 588 56 3. 48, A
) 370 X6 B A R N Ox A ] Bisf 394 53 3850 SR R ARG
HAE A IR M N . L IR i — 2
T 2 L Jomn s 200 e A 7)o ol JFL B 408 A A1 ) T B Y
B S B0 00 A N O[] B4 Ak T 1

Co SLE LW i T BAT R A 1 SAUA 8 J M e v
FAVEEAL B AL 7] 78 CO S8 Ak L B 40 31 B 25 4
HA T Z s R, Co KW ARE AR
e T B BRI B 2 T AR — 5 1 B L A
T NOx fi#if£. Yu ] J % W58 TR Co Bt
WA Co Mgy, /Al KW A E LY T NOx B W ff
A7 25 R I A AL R 1 25 49 L 41 R NOx i A7
HAMKKEZR, Hh 2.5 CoMAO #ALFI1E 300
CRI = NOx 77 2. AR ¥ /i 93T 55 &
PR IGE Ce MBI AR T Co FAK W A F A
TR0 AL PR TE— 25 I B T R AR 70 1) i
TR SR A BEAE, FT L, 7678 SCH, 78 CoMgAl-
CeO AL 1 L fli 51 FH 8 4 8 K, AF 5 25t i
ATV 235 K R A 1 i 1 5 )

i

1 TEEH

1.1 1R H &

AR M EE pH UL E S % T Cous
Mgo 55 AL o2 Ceo. s 7K 18 A1 Y FIF B A, 7 HILAR 35 1 1)
BF R, ) 100 mL ZE 18 /K [F] B R A 50 mL TR
B 50 mL AWK . —F KA UTTE R . TR

EHE T & A NaOH fil Na,CO,, b [OH =
2.0 M,[OH J/[CO," =2 HAEHWTEHE
HHERE R Co(NOy), « 6H,0,Mg(NO;),
« 6H,O0.AI(NO;); + 9H,0,Ce(NO;); « 6H,O.
M R i dy pH oh 10, 15 2 IR IR TE 70 Tk
WRBERE A 12 h SR 5 0k, 2R IR K 34T 78 4
Ve, 5B A IR DF 120 C HEAE B BT M. A 9K 1A
700 “CH5be 4 h 73BT, fir 24 CMACeS.

KB 9 i Ak 7 i 32 350 45 . KINO, B2
HUK M. b B PR b AE KNO, B3 W A
CMACe8 By K. SR ¥ W AE 120 “CHEFE T8 12
h, £ Jf 700 CHEbe 2 h. 15 21 19 4 1k 71 4 24
S Kx, Horp,x #om KB i@ 4454
1.2 AL R AL
1.2.1 XRD

XRD P38 R FH A7 22 i gh B2 7 A2 77 19 X pert
Pro B2 iy R A7 SH . Cu Ka 448 5 & L R
40 kV, 3 HH 40 mA, W5 F 10 °~90 °, &
KN 0.02°
1.2.2 N;-Adsorption

b 32 T AR 7F Quadrasorb ST X g% | 347,
TEW R E 77 KT FI T 00 B /058 B 5. 0] 3K
HIEE ST 300 CBEA AL BE 3 h. A 5 b 36 i AR
I BET JikiH5.

1.2.3 EXAFS

PR X LR WOSORS 4125 44 (EXAFS) Ml 78 4t
A A AR ST 928 % BSRE 1WI1B Gl 2% | k7. fiF
FEAH R 2.5 GeV, LI 120 mA. 2R H . dh i
(11D PIARAR a5k, A fTARAE Co, O, .CoAL O,
H Co 19 K 34 W WO B0 78 % 0T R 3 O R
£ R WINXAS2. 1 844 dF 47 5ot b 22, B 465
SR JH—1E . po #AA » Fourier 2105 21542 17)
S REL. k S AEBEF Y 3~14 A7, R A Han-
ning & PREIF = IR InAL.

1.2.4 H,-TPR

LT FHE A 5 (H,-TPR) W 32t 2 78 Kt 56 AL
IR A T A PR ) TP-5079 TPDRO X %% b #E4T 1),
PLE IR B0CR 8 0 M A AR G RNk iR i
LI & 50 mg B T A %, AR # 30 mL/
min, {6 B = R THE] 350 °C, THEHR N
10 °C /min.

1.3 &l

T AR A Ak 48 Ak B B PF A 7E TG/DTA # % [

HEAT. B 5T B A R A A URL LA b 9 ¢ 1 AE
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fRT7 7 4 K SR Co oK A 2 4 Al 4 T T B AR R 2004 A 0 1) IsF A £ 31 B ) BT 5 « 113 -

FLES TR TR 5 min, i 4 £k 790 0 65 M URE X
e, SR 5 B 10 meg IRG YT TG/DTA &
I FH R B 100 °C ~ 700 °C, FHR# & 10 °C/
min, S48 : 25 3R 610 vol. % NO-+10 vol. %
O, +N, N, AFH<.

NOx it 77 FIH BR 16 E B I 7E N2 h 8 mm
%) 3% 252 ik 20 A o A8 [ IR B g e B kAT, SR
i A U KA R A 0 4 TR A A R R 2 TR
JE AR (40~60 H) N 300 mg. JFEHT A
R 610" vol. % NO.10 vol. %0, N, K31
ALAAR T S 150 mL/min, i 46 K )2 M 100
CLL 10 °C /min FHEF] 700 C. NO-NO,-NOx £
AY (Thermo Scientific) 78 £& #: I H < 1 A9 NOx

2 #FRE5TE

2.1 XRD %X}

CMACe8 7K A1 i ik K FH A 3k K 2 )5 19 i1
FIRE S B XRD (S NE 1 . WK 1T RLEH
Bl — im0 Ce J5 /K1 A 0B 2R 115 DU
e AL S WILE 20=11.5 °.23.3 °.34. 6 kb FY
Ul DG B VA RN TR NP G o/ S =B VN iR
(003),(006) , (009) ff M. {H 2 Ay 9K 44 1 777 G
ek B BT CeO, B, LW /> Ce WA B
B R L AR AH DG SCHk o A5 30 T UE B

& hydrotalcite
¥ spinel
# CeO, v
3K,0 / ) g
I ) 3L S-S U SN
= \ K8
[ S P [\N N AN ]
< /\
}M‘ 3 NN SV AW ~ —~ - K?,\A
7 I
| SN WY W W W < 3
g |
. N A A 1CMACe§|
|
’] CMACe8-precursor
i ¥ ¥ e & &&
s o sl Wit s s
10 20 30 40 50 60 70 80

26/(°)
B 1 CMACeS8 Al 4kf= 700 C K re
o XRD A
ME 1 a] IE Y, CMACe8 #4148 700 °C K
e, KU A7 SR 45 0 8 B IR, BT LA AR
K, 5 Cos O, (JPCDS 43-1003) ., CoAl O,
(JPCDS 44-0160) , MgAl, O, (JPCDS 21-1152) #il
Co, AlO, (JPCDS 38-0814). A Jg 4 & A7 4 7 5
A8 AR AR ME N XRD H 43 38 % 9 o i &

E SR (BN P B N = T N R\ P S Rl = 5/ 1
Co & B8 T L MgAL O, Al W 12 52 T & 1Y
A R N O R R AL R AR R R — R R
PR e St BT CeO, BYIE. XFF K gk
FESL L K R E s T 5%, XRD % B ok
BT K, O BB,

2.2 EXAFS %%

MR XRD 285 5EAR ME X 4 Ak 77 Co A Y
FEAEEA. BTl 647 T EXAFS WK, B 2 0
FE & FIARKE (Coy O, L CoAL O, F1 Co, AlO,) H Co
() K 1A% 1] 257 pR B (RSFs) . X T2 A 45 4
19 Cos O, . Co®" Ml Co®" B 43 S Ab F DU 1 44 il J\
TR AT o7 PRI v, PRI Ot S X5 10 55 4% 76 )22 T A7 B 5
HVEC A o3 0 s 55 — 52 )& Co-O (0. 191 nm,
5.3) .8 5 2 Co-Co (0. 285 nm, 4) M =55 )2
Co-Co(0. 336nm,8) 12 X F & 2 A 5 AH % 4%
TF I 4% 1) 45 F bR R0 , 1. 499 .2, 424 2. 999 A 4b
[ C A7 1 55 13k = A2 —— X L. 4. 723 A Kb
Be 7 W XF N F B & 2 )2 Co-Co BiE fi. XF F
CoAL O, T ) Co*" ¥ 10 1 M i A7, 44> Co
75 44 O JEF (0. 195 nm) .12 4 Co J§& F
(0.336 nm) A7 B A 4 B R F R 2
CoAl, O, 11,574 F12.998 A Ak, B ik, o] L)
F L RESL B RSFs 5 Co, O, AREEZEL, U0 BT EE
B Co EF L Cos O, BB TELE.

1499 2,424 5 999

4.723

CMACe8

FT magnitude/ (a.u.)

R/A
A2 A FrEEP Cot Kz
DR R ARCE |

2.3 BET &%

PR FIRE S 1Y L 22 AR AE SR 1 s, &
1 AT LU Sl K o A A AR A B /Y Co 32 & Ak
Wi e 26 1 AU KL IA B T 80 m? /g, ML A IR IR B
f B T TE T IE I Cos O, B 73 K 5.
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1T K AT BE 3% € Ak AL 0] L . S B A0 Ltk

AR/,
*1 WEGEGHKEEALFFERIERER
Sample SSA/(m?/g)
CMACe8 80
K2 75
K5 72
K8 63
K10 60

2.4 H,-TPR %

AT B A 3 i PE BT 3 HL,-TPR 5250 i
1T PR &5 R 3 iR, CMACe8 ¥ i % 3
PSR JEE , S B PE & Co® —Co®" —>Co’ id
JE. 85— AN T 280 °C ~450 °C, B 4h—1E 500
CAE.BiEBEET Co, O, #HH Co*" & Co®" ik
JEU2 B g N 500 °C— B IEMIF] 900 °C L 1 % Bk
45 Co, O, i Co* " BYIR JiL, AL $E Co®™ — AT
Rt A1 8 CoALO, H R M MK F i Co®" 1Y ik
JEU AN T CeO, f 38 JFME 55 59, FE A R
A HAA JE I T RE WAL S E Co Wl A 388 D o i 2
A RIHR. I K ZJ5 . FF 8 5 % W kR
Tk BEE K &R 2 I A 04 T 0 %
W v Ak, I 4324 R WA L T LI IR IR D7 1 A% 8l H
H K5 FE S 34 J5 06 I B BRI 0 2, Rl 310
C.x U BEH] K 5 Mg(AD [a] 158 A7 5.7 1 7]
PAHI S5 Co-Al-O Hr iyt , il 4535 % Co 9 Fh
TR o (45 J5E oA 1) 30 Dt 0 43 2, DT 185 i 17 A £ 57
FEYF R st Sk R ETY #E K/MgALO i
o3 AR A T AL 2 8

336

H,Consumption/(a.u.)

L 1 " 1 L |. |CMA,CC8
0 200 400 600 800 1000
Temperature/°C
B3 700 CreBeAH 5 a9
H,-TPR # A

2.5 BRIRMRIEE M
WAHAE AL R 7E TG/DTA 258 i fr, Hig
P FF 0 MR e R R 8 T S5 ) 7 A IR B (T O SR AIE

TR JE 100 °C~700 °C. [& 4 Sy AR A Ak i Bk 4R 4%
o) TG/DTA k. 25 R EW L FEAFHT L ik
TR I8 1) 155 10— 350 e AR AR e 11 S s TR 32 249 Ry 446
C L i RIR B IRy 609 °C L 58 SRR JE 2
R 664 °C. BB NO FH-3 A X & 14 B A1 5147 6
FIEACAE A B AR SEPR 00T L 7R i B S AR —
JE B NOx S 4800 42 )R <M 76 200 °C
~450 “CZ[H] , i SR 5 2 WA A AR 48K e 1 3% Ak .

300
I
LA
250+ i
Pl
= 7
E 200F v
e -
= /, \
= 150} /-
o) . \\
3 .
100F  —s—air atmosphere J”,’[ L\
o~ Nox atmosphere it i
i 1
50 of 1
AN
1 1 1
200 400 600 800

Temperature/°C
B4 sIBAEFRREARTEMEL
ety DTG # B

5 & as S R NOx ST B 08 8 Ak 1 &%
B A2 ST CMACe8 HE i 32 B 85 4 10 i
AT PE L e K o v R o TR R L Ol 449 °C L LT
FRIRBERTFEAR T 160 “C. Fudk AT & A K J5 . Bk 0
WRbe KL I 1 15 Ak BE #E — A0 BEAIR. fa gk i o 50,
WRAHIRBE Y Tm FEE] T 366 °C, B T R4 1Y 5k 1
BRBETE PE. 76 NOx 4T, Wi ml LUA Y, X
T CMACe8 Ml K2 ¥ i . NOx BAF7E K RAEHE T
LRI 58 1) 3 238 I\ kg A4 A 700 T DK SR TP Y
NO &1L NO. , 2R J5 LLig R 6 T2 X 84 7. NO,
1/ SRS R 0 Al 1 E AL B R T NO, IxX 2 )
MIFETEXT NOx S T MR B 2] 7 8 2 1Y
{EHEVE L. B X} T K5, K8 1 K10 K& &, 1] LLE 3
TE NOx 50N B file 08 498 08 16 P LU AE 25 S0 g 22
— e YN SR AE L 2 B G R R ) R AT TR S
A7) 22 T 1 30 P B A% 3ok 1 A T P i 2 — 2,

T LRSI K 32855500 NOx <
G TR Bt KRR A8 35 P AR A A R A AR R . X R A
FTTLUAE T K 5 Mg(AD ¥ 59 32 40 54 A6
R R 15 Co Wb B . 5 4. i TR A
A CoAL O, F1 Mg(AD-O H (il Bl 41 55, 5+ &
MR s e RS2 T 358, X 5T m Y TPR 4552 —
.



55 5 I 77 % K A1y Co F2/K M A1 B A A W 1 T B A0 R 80 41 00 ) I e £ 3 5% 9 BF 50 « 115 -
500 2500
(a)
400 b - 2000 +
K10 =t —a—CMACe8
& ——K2
~
z S1500F oya
B 2
> B
=
{5 g 1000
U g
= 3]
[a) %
°
7. 500
CMACe8 /\— 0
0 C 1 1 1 1 1 1 1 1 1
100 200 300 400 500 600 100 200 300 400 500 600 700
Temperature/°C Temperature/°C
(DR B6 6x10 " vol. % NO+10 vol. % O.+ N,
350

300
250

200

501
|l CMACe8
0

1 1
100 200 300 400 500 600

DTG/ (pg/min)
=
a1
(e}

Temperature/°C
(b)6X10~* vol. % NO4+10 vol. % O:+N,

B5 REAATFHBBEN DTG # B
2.6 NOx k&5 BBl hE

K 6 J 2L I NOx B fif 77 ith 28, % 55 4
4 ke 156, A 4 {H AR 2 <0 NOx 19 4] 4 Wk B2
I T 50 T 43 ) 36 BT NOx 1 W% B 58 B
NOx (1) W Fff 52 38 it W Bl £k 59 FR053 i AR i A7 3
LR 2 fros. AT LUE I, B AR K R i
I8N NOx i f7 (NSO B 4R . IV B N
B 453 Ja8 )45 2% L — 5 THD 1 iR 1 A A 3R 1 % T B
AR M AR NOx T4 5 TR AL ) [ i £7. 57—
D5 T S PR AT P A R 0 R T, A A LR T NO,
Oy F R A B X BN R NOx it £7 1 72 oy 22 1)
2 SCHE I — AN 2B B

x2 EAFENOXEEFEEMERER

NOx Reduce

NOx Storage Capacity

Sample /(pmol » g~ ! catalyst) Percentage/ %
CMACe8 336 15

K2 405 28

K5 577 2

K8 679 !

K10 664 0

A TFHALA E NOx 445 4 1 4

B 7 MO R Z AT K2 30 soot+ K2
i A NOx By BE, S 6 X 10
vol. % NO Hl 10% O, , N, NP, FHi#E R K
10 °C/min. s XL ACFR ST NOx v B, 2k
Z 82 T a5t E NOx W /i J5 1 NOx
JBLRE Y & AL AN B 7 TR FE AR X (< 290
C),soot+ K2 Fl K2 4 5 K2 I NOx W K il
LRI AR R AE T RN NOx W B il £k &2
U T A 25 S R R DR 2 R A B A A AE B
soot+K2 JKJZTE 290 C ~418 “CIEH N . NOx 1
WL K2 b, R IR NOx & A ikt
SRIGHE 362 CHIEL T — A RELA NOx JI Bff i, %f
TR 5(b) i DTG 2, 33 A~ i H B 7E i 40 k2 194
Z 5 T LA A 2 BT Bl KRR 5 AR S B0 i R R
/S R A8 7 ff o 310 RS NOx fir 8. R PR

i
2000 F i

=

[=2)

o

f=
T

1
I
|
!
i
1200} !
H
|
1

Nox concentration/ppm
o]
o
o

i
i
i
i
i
i
i
i
i
i
i

i

B
o
j=}

\\\\\\

100 200 300 400 500 600 700
Temperature/°C

B 7 6X10*vol. % NO-+10 vol. % O,+ N,
AT H R E A s A B
NOx # 4% 4 1 &,
Hi, S EE T NOx 3B B9 R %, A & NOx i 5%
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BA 1A B M T A8 SR B S B M ) 9 ok Ak AR B 9
HORME 2 frs , W3R 2 ] LA 1L K2 B 5 T bR
R TR B i A, A TR T A O AL EX T K5 K8
F K10 F4d . NOx {HBR ORI 0. 45 & 1R 1Y
it A M 2, I & BT e T AR R L R R |
it A7 1) S T2 b A X 3o 22 Al AR 17 k4 X6 A />, fifi 45
NOx 4 75 B3 3 28 K R AR, 31X 55 ke A 35 14 0 /2 A
XTIV F.

3 #ig
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HAETRAE. A EAWA . LR PFHKY 1,5- 808 PeDO FHUELMURELERS . A
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Effects of monomer structure on the polymerization degree of
enzymatic catalysis synthesis aliphatic polyesters

LI Cheng-tao', ZHANG Min"?, ZHAO Ying®

(1. School of Environmental Science and Engineering, Shaanxi University of Science &. Technology, Xi'an
710021, China; 2. College of Chemistry and Chemical Engineering, Shaanxi University of Science & Technol-
ogys Xi'an 710021, China)

Abstract : In this research,a series of aliphatic polyesters were catalytic condensated by immo-
bilized candida antarctica lipase N435 with different carbon chain length, functional groups
and three-dimensional structure monomer in 80 °C of diphenyl ether system. Their chemical
structure was characterized by ' H NMR, the relative molecular mass and distribution was a-
nalysised with GPC,the degree of polymerization was calculated too. The result shows that,
the degree of polymerization of the aliphatic polyester which synthesized with the monomer
has equal molecular chain length such as 1.5 - butyl glycol (PeDO) was highest,but if syn-
thesized with the monomer has short carbon chain such as diol, the polyester was difficult to
synthesis,and the reactivity of the monomer has long carbon chain adipic acid diethyl (DEA)
was higher than succinic acid diethyl (DES). The location of the functional groups in the
monomer ,induction effect of side chain groups and space effect will affect the degree of poly-
merization. The hydrogen bonding interaction between monomer and enzyme molecules also
affect the degree of polymerization.

Key words: lipase N435; aliphatic polyesters; monomer structure; degree of polymerization
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Ji 7 1 SR I Sl — 2 PR EE AC AT i 4 MORE R
FHESE A B A B K i R TR S L BE A8 7E PR BT Hh T
A IR AR BN T ROCTE E gE 2 AR
35 14 B 107 SR R 19 5 2 AL E G . HAA U
AR AR 50— M A B4 R AR R Ak 2 B T VR A
TEA B 4 R AL R 2% B L iR TR 2 PR R SO
R AR R U T TG 4 TR AR R 2 B A
BEPE, BTG NG B Wb oy B A U™ Y 4
Je& 5% B ) A, — s R B b BRI TR 5 SR R AE B
il 2 B8 T AR A5 sl i) 1 L I D7 Tl AR Dl — R
IR PRI A WA AL TR B A A 2 1 TR L R
1 SN SR AR RN AR D B L P A RIS N . RE FE
(SN E T o e S 7 S D0 e
oy I ) 700 18 O AN A A B I SR Wi
BT EIERET — B et . Ak & iR b
i 2R T 2 AR A 4y Tl o T o ) 1R 5 Ak 3 i il
18 5 AR T R B /D 43 BRI R i i R 5 R
LA B B AR K R TR R SRR

) o Rk B N AR FE BRI G b il i, B
TR RE AT /NG TR A 7 W) 4 &=
Bt M S 4 B RORE I Y A % T R £
WFSE 5 B 78 4 5 SRy b R — 0 IR R AR B — 0T
PR » EAT G 5 8 S ot A T T P v B B i R A
RN B LK BB 25 5y AR & it L 72 W)
B T B WA rit &, Indra K. Varma 20 —
JCMR & TR 5 — 00 B 7R A7 T A 1 TR 52 46 B I 5

BTG SR W 2B R &0 T A HE AR TR R
i) o S o Ot ok LA J A= 3 s vz [ Pk i I 2R T
(1 AR AL AE 5 A2 26 B W A 4 I A0SR 22 T
WE A TEAE TR R R R Bk AR = T A N435 i
& i PBS, HE#r F Al 35 5 259 g+ mol ™. F:
SEAR AR RGE T T AR R R IR D7 A N435 i
B PBS, 73 ¥ 5 A v 58 W, B0 4y ¥ ot i g KA Gk
50 800 g+ mol !. Guangji Li =" 758 i i N435
TEAL 1,8-3F R AN O R B AR R RO T, A
TEAREN L RRATIER, B Mw=7
400 g » mol ' IR MHE.

H F X B2 6 B Ag 15 5 SR TR i i 9% R 2 A v
FE R 1 R 2 RO MR R R RN
THT. PR OR A AL B AT A 7E B0 7 ) 43 5 AL RN
B[R] S5 B i B, S B R IR 19 I VR 2 4 TR I K
Jee ke AR BE A BF I8 B9 R A, Ok B 22 1 X
ST AL S AR D7 % 2R R 8 Tl Ak ke 4

i

H AT S SCBF XA [a] B AR 45 K 0o il 1 5 Bl R i 2R
B B RS FEAT ST TEANR T T A R B BE
JE T RE AT B8 057 N0 S A 35 5 S0 B s ] A
7 R L R R A R 5 BRI U SR T 1 Ll
Pl 1k BHIE ig 5 ML Al B

1 FEEH

1.1 KA LBMNE

(D) F 23X« [ 2 1k 5 % M 22 1 B s i il
CA(Novozym435, A #x N435) , 4 B0 B T K AL
g VPOC1600, % #1 10 000 plu/g. fx HAF R
FER 80 C, HAWYEF AW T 2R =M
(DES), & —f — 2.l (DEA), Z - (EG) , 1, 2-
W EE(PG) 1, 3-N P (PrDO)Y . N = BE(GLY) ,
B B (NPG) . 1,4-T B (BDO) L 1, 4-3F & b
T HEL(CHDM) , 1,5-J% . (PeDO) , 1,6-C %
(HDO),1,8-2¢ . (ODO), 1,9-T - (NDO) ,
1,10-%2¢ % (DDO), — H B (DEG), — & B ¥
(DEA") , 3 2 —F#-200 (PEG-200), 7K i, To K
T B R Al R e A PR S L PR kAR
AT PR 7] s =& B be . HPLC 9, KRB L2
R A R .

(2) FHEALLS : Bruker DPX 300 NMR #% #% 3
PRAL (fE [ Bruker /A 7)) s P230 M EE B 15 0 3% 1L
(KEMRFNFE BT A R A FD.

1.2 £BIR

VLG 17 Wl N435 AL, 78 R Bk iR &
PR LA N RIS LB e R ST AR 5 /) 1 SR 1 AT
Fi 412 i A2 48 S 0y S 1y R A 1 s

Novozym435

CH;CHy O, CRCO,CH, CHy + HOR'OH 60
- CILCH,O1 +£R£_ORVO%
B 1 N435 G RREED R T X
BRI B M —OuRE M R AR I 1 1
TN = BRI, TR A R 2K it (200 wt %6, LAE
WD) K (0.1 wt %) Fl N435(5 wt %), il
PR L P SR IR R 80 C L S 3 hs U R I 9
WHAS R — 725 mmHg, W 1 hs KB H R, )
N2 hs B FARBAEZR RO 24 h, 20k OB KR
NAR G YA TCK CBE, 08 s DR UF ] = A W I %
fiff s o U, [l e N435; U8 WK 22 1 8 A TooK & B, i
LR A O G TOTE S g, @ uR g R Sy B bR
Y s B IR DR CTE B2 TR AE . 40 CH A T8 24 h.
1.3 REMO-FHREETHH &
& 7 1 3R B 1 - 2 B 5 B (DP) 34
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2 IV AR - P R X TR A N 7 I R TR B T ) R ) « 119 -

DP o M o

KO0 WREYEEHITLHE M HREY
AR 53 F B s M, R GYE R BIoTsr § a.
1.4 MK EAEF %

1 R BRAE S 2 00 B L RE B (TMS) 19 5 AR 51
15 (CDCL) % fi » #:47 ' H NMR 3k, % GPC %t
PR ARRT 3 0 A B 4 AR HEAT I AE , L=
(HPLC g0 AW sl i 1. 0 mL « min ', F i
W R 3 mg e mL~', Ll Shodex % 4371 ) B 7K &
A5 s 1 AR i 22 T s 1 T 2.

2 #RE5ITE

2.1 AL MRS B ik BB A Aok

TEAR R0 S 25 43 501 A — o0 Btk Ji - 4
9 2~10 # EG.PrDO.BDO,PeDO,HDO,0ODO,
NDO #1 DDO A ¥k, 5 DES #E47 [ B . & i — &
51 Mg J5 1% 2R i » F 9 00 B K 0 SR A B Y s i
B 5, DABR BE B K Y DEA 5 R [ — o0 B ik 17
N % LG F 9T 6 R PR TT I 43 A RN SR A B 5
M.

K2 5K 3430088 T R WK (PPeS)
M C R %% g (PDA)B'H NMR E, i T
ANTR) AR K IR I R R 19 H NMR B i 15 10
AL AU A RS (OB /D20 MR T R T —
B (PBS) VR T M2 “BEER(PHS) R T W
¥ TEEER(POS) VBT R T WA (PNS) BT
TUMR%S TR (PDS) (R O R N BERE (PPrS) |
RO W T RN (PBA) . B O TR R R g
(PPeA) RO R C WM (PHA) (R C R ¥
TR (POA) fIRC R T iR (PNA) ' H
NMR %48 DL A TE 50 sk 1 Fios.

1 EBAEKELEHRERR KRR HNMR

Polyester 3/ ppm
—CHz2 — —COCHz — (4H) —CH20— (4H)

PBS 1.71 (4HD) 2.63 4.12
PPeS 1.39 (2H) 1. 69 (4HD 2.62 4.09
PHS 1.38 (4H),1.63 (4H) 2.62 4.08
POS 1.32 (8H),1.62 (4D 2.62 4.08
PNS 1.30 (10H) .1. 62 (4H) 2.62 4.08
PDS 1.30 (12H),1.62 (4H) 2.62 4.10
PPrS 1.66 (4H),1.97 (2H) 2.34 4.15
PBA 1.71 (8H) 2.34 4.10
PPeA 1.43 (2H) ,1.66 (8H) 2.33 4.07
PHA 1.38 (4H).1.66 (8H) 2.32 4.06
POA 1.33 (8H),1.66 (8H) 2.32 4.08
PNA 1.31 (10H) ,1. 66 (8H) 2.32 4.06
PDA 1.30 (12H),1.66 (10H) 2.32 4.05

2 ME 4 AL BRI F8C8 3 #) EG Al
PrDO 5 DES R 4 BDO K 5 A BEARAK . X

0 o)

= v ¢ d e | f g

C—CH—CH,—C—0—CH,—CH,—Clp, —CHZ—CHZ—O%
n

a+i
C+g

d+f

e TMS

cDcy,

8 6 1 2
8/ppm

B 2 PPeS #'HNMR A #

ﬁab(d?efghijklmn
-C-CHy-CHy~CH,-CH,-C-0-CH,-ClLb-C1 L-CHo-CH-CHy- CHz‘C}'ﬁ‘G‘E'C"&'Ci‘
B

g+h+i+j+k+]

b+c+f+
a+d ™S

=

e+n

cpal,

8 6

* 5/ppm
B3 PDA #'HNMR Hi

REfH BRI Y ; ik I 40k 5 19 PeDO 5 DES fip
P B A B R B (DP=145) s BB T4k 6 1
HDO Frf3 =i 3R 4 B 67 ; i i 140 8~10
) ODO.NDO F1 DDO FIf 15 7= 9 i & & B 4124,
B T HDO. X Al feJ2 i T EG 435 e Bl . P i
BRI AN BB m MM KL EG Y 5 AR M 2 2 Xl A
TR AT S G oK, BN R EG 5 HHERY
ANHE FBURY 5 ) 5 0 4 fik R, 52
Wi i 3 74 s PrDO M i 5 EG ZE L, A FE X & 4
N3 BDO 5 DES R4 774 PBS MG S (T, =
114 °C) 7 80 CHY RN &1 T, YR A LT —
ERE WS R AANME  Emit— 2R E. B
it 1 SR 5 A2 30 o il %) A Ak = DT A IR B
R 5, S T 1l DYl T AR 3ok 9 2L AR S B s /N A Tk
B T8 1 Ak I B O3 R A O R R Ak, &2
T3 A~ D T AR I A RO Ay T R . A
FEALEE_E A3 A, K B A A T2 194 St A L 52 1) /)N
G35 2 UM B o SN 3 P B

DEA #E% 5 % 4% 19 PrDO W3 5 BDO &
N 3R A B DES @& 5 5 KRk BE 1Y 0 BE O 1Y)
RHEES DESHZEAK. X5 0 B4 T
BE R A G, R 7 T A A 2 05 5 M XL B



° ° ~ N 30
120 RaPAREEFR 5 35 %
7K RIS T8 X = A Kk, i b2t 72 o R 45 & T o v« B’ et s n
K I B X T 5 3 0 00 2 B 0 35 frresariatoammodiaiol
A DX 35 1 245 5 TSR 3 P S AT 52 1 23R & 2. DES it
. b+c
B4 7 6 T L TEIUME 2% R 5 45 4 7 LR 45 FE AT ard e
2 EEARAKEREHIERKREE coal,
MRS FEMEHREE
Mn/ Mw/ ) _
Polyester monomer (g+ mol=1) (g mol—1) Mw/Mn DP
PBS DES BDO 3703 5295 1.43 22
PPeS PeDO 27 043 36 981 1.37 145 ) ) ) ) ) ) ) )
PHS HDO 13 393 16 338 1.22 67 8 6 4 5 2 0
POS 0ODO 13 343 19 825 1.49 59 /ppm
PNS NDO 12 274 17 818 1.45 1 N . 2
PDS DDO 13 668 21405 1.57 53 B 6 PDEGA #'HNMR &7
PBA DEA BDO 11 207 15 614 1.39 56 + A — &b
PPeA PeDO 22 553 27 851 1.23 105 ®3 STEHEPEEAENEREME
PHA HDO 17 456 21 887 1.25 77 Y RS B iR B2 BE' HNMR
POA 0ODO 13 922 21 342 1.53 54 —
PNA NDO 23 257 35 830 1.54 54 Polyester o/ bpm
- CHz —(4H) —COCHz—(4H) —CH20CHz—  —CH2 0CO—
PDA DDO 18 687 25 895 1.61 65 — - ~ =
PDEGS — 2.70 3.72 (4H) 1,27 (4H)
PDEGA 1.68 2.38 3. 71(4H) 4.25(4HD)
160 PPEGA 1.66 2.36 3.66(mx4H)  4.23(mX4H)

y(dialkyl succinate)
(dialkyl adipate)

Degree of polymerization

3 5 6 9 10
carbon atoms of dihydroxy alcohol molecular chain /4

B4 $HREIHAECRTHNRESD

Rb Y R
2.2 AR F4EE AL AR B AT EEAT A R G W ok BB

RE B8R

oy E 4 H A EE g (— O —) 1 DEG,
PEG-200 FIEA W& ¥ (—NH—) i) DEA' =Ff —
JCRECANIE 5 T7R) . 43 5l 5 DES.DEA i . B 5%
B T b 2 D X AR S SR TR SR B Y S

H
O.
]—D/\/ \/\OH HO/\/ N\/\OH
DEG DEA'
H’{/O\/\]\
nOH
PEG-200

B5 v almfdeat AR FLEn
K6 B M — H Bl (PDEGA)
'HNMR B, 5 Z 1 b, B T = W = H B B
(PDEGS) & — CH, — [ Jii 7, RO R — H B
it (PDEGA) BT 2 — H ik (PDEGS) f1E &
TR E 2 TR (PPEGA) $iE i 3 FR.

A Ko T FEE S A AN R Ty Ae 2k R W %
SRR B AR 4y i A Y R A BRI, R 4 T
AL, 5 A H 85 K 89 PeDO M H, DEG 5 DES Al
DEA I )R A B #8AK. v . DEG 5 DES &
NALREF BIDP =6 MLR Y. X vl ge & h T £ 5%
H ) Tk B M) TR R v AU DR 1 R B L SR A IR
AE 7 U6k 55 5 Al T R 2 ok 5 A6 K 1) B D R R A
AHEAEHT S B8 T i A A AL 25 4 52 el T, 3 BOR
AEITER . A U A DEA'S DEA ik
RA X AT RE A th T W 3L RE 08 & A SUHEAE T, X
Fif 3% P 40 5 e A2 K T L T X R A T ) R ) L
fok 4 o L % . PEG-200 5 DEA JZ I i 14 5| DP =
14 KR Y .5 DEG tHH B A B 3%, vd K i
T L R

R4 HFEHPESEAREEELAHKEE
HEXS FEMEHEAE

n/ w .
Polyester ~~ monomer (g mol-1) (g mol—1) Mw/Mn DP
PDEGS * DES DEG 1054 1290 1. 20 6
PDEGA * DEA DEG 8 020 18 149 2.26 37
PPEGA * PEG-200 5430 11 797 2.17 14
PDEAA DEA' — — — —

% Reaction condition: 80 ‘C .24 h.solvent-free condition.

2.3 AR ARG M T BRI S R IR By R R BE R A
3% R

LA A ()0 5 L BRR 45 0 i — e e (&l 7
Jii75) 5 DES 8 DEA Jh » WF 58 — g0 B sr AR 25 1
X 5R A BE I R

E8.9.10 /- HI AR T R 1, 2-1N BB
(PPGS) B R HT L —BERR (PNPGS) MR & —
FREA C bt — 1 i (PCHDMA) f9'H NMR A,
PPGS.PNPGS,PCHDMA FI% T W ¥ & & —
H PR (PCHDMS) 4l ik 5 frs. v, PCHD-
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2 R A PSR A ) AR SR U 2R TG 2R T Y B TR < 121 -

O)\/OH
H
PG CHDM
HO/\‘/\OH HO/\i/\OH
OH
GLY NPG
A7 BAHRBRTELEMN - TEMGLFEH
MA 43 %14F 1. 01~1. 81 Z[a]F1 3. 93~4. 02 Z|H]

L 243 X 0t BT T CHDM B A il =X Fl A =X
P AL .

(@] [0}
” a b c d
C—CH:—CHZ—C—O—CHZ—CH—O%
CHs n
¢ ]
a+b
cDal,
TMS
C
1
1 1 1 1
8 6 4 2 0
&/ppm
B 8 PPGS #'HNMR A%
o mi
[ 2 b e a f e G
+C—CHZ—CTTZ—FTE CIII—L—O—CHZ—(l'—LHZ—O-]F
CTE
h g+h
e+f
a+db+c
cpcl, ™S
n 1 ) 1 n 1 ) 1
8 6 4
8/ppm

A 9 PNPGS #'HNMR A&

Lovoo el Ao
a < d e CH,—CH,
L e ~H
C=CTh=CT,=CIL—CH, = C—0—CH,— (] C—CH,—
T ey °F
0 b+c
e+l
CDCl,
f+g+h+i+j+k
1 1 L L
8 6 4 2 0
8/ppm

A 10 PCHDMA #'HNMR B i#

RS SBEFRZ=EERAEKEIER
B2 BE' HNMR

8/ ppm
Polyester -
—CH3/—CHz —/—CH— —COCH2 — (4H) —CH2 00— (4H)
PPGS 1.27(3H) .5. 17(1H) 2.65 4.13,4.18
PNPGS 0.98(6H),1.68(4H) 2.37 3.90
PCHDMS 1.00—1.82(10H,t,0) 2.62 3.93—4.02(t,0)
PCHDMA 1.01—1.81(16H,t,c) 2.33 3.91—4.01(t,0)

6 R A N TR A ) 45 0 B B U SR R 1Y
AR o> 7 AP R G RS, thk 6 nTaL. 5
EG fHIL WA — A H BB PG BB 5 DES
R A AR R (DP="7). 3 0] e S i T H
S H T 1E F Al DES B9 5 2% i 6701k 0 3% L T 5
AT TR B B B k. 5 PrDO M LG, AR R AR
M) GLY A&, 4 A WA L NPG 8]
RN BB R PrDO K. B GLY %
L R R NCE R H GLY Yo AR M,
5 EG ML, 5 ma i 2 A2 BRI S AR &
W0 i 53 - 1) = LEE L, R R S L S RESE TR R A
FE. NPG 45 14 v ELA WA~k f - 1% 3, 3 0
TR T o A7 AL 1E TS K BP0l 2 1 =5
() 57 BEL 35 K 5% i) JHC 5 10 i Rl A A DX Bl ) 285 4
N I 1 A2 5 )

BANTCHREE R 9 CHDM Sz B 36 M %5 5, iF
FE K% BUAE SN0 8 CHDM 1 52 7 7 R 45 b, A L
TS H HDO M ODO, i &5 DES if /&
DEA R & H R A BB AR, (H 50y 1% Ve i T
BkEE — JC . PCHDMS #l PCHDMA ' H NMR
F W], FHIR ARG HA A SRR A Ay AL BR
FLIRAR 5 0 B A — 7 1 2 () A7 BHL, AF IS 43 7% 0 R
A Y5 R S T R AR X 45 52 B 1Y 5 e
K.

x6 CBARTELEHBAKEREREN
B FEMEHREE

Mn/ Mw/

Polyester monomer (g+ mol—1) (g mol—1) Mw/Mn DP
PPGS DES PG 1118 1329 1.19

PCHDMS CHDM 8 887 12 079 1.36 39

PCHDMA  DEA CHDM 13 343 19 825 1.49 59

# Reaction condition:80 °C ,24 h,solvent-free condition.
y
3 Hig

XF ZJCEEM LB T EOR 5 1 ZJCEE PeDO

J R AS B 7= A e s R

X OCHR —ER I L K BEM DEA KV M T

B DES. Uik 32 55 B 68 A1 1Y 17 5 80N 0 A 1R

JH BE #1552 i it 02 206 2% B 7 1 SR A5 B2 L R AR 3 1) 15
O Y EIE OVRURES-A A At /L 49

(F#4% 127 70
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Preparation of poly (BMA / 2-EHM/St) high oil-absorbing
resin and study on its oil-absorption properties

YANG Jun-sheng', GUAN Yue', ZHANG Zhao'*, YUAN Heng-chao', YUAN Qi-ming'

(1. College of Chemistry and Chemical Engineering, Shaanxi University of Science &. Technology, Xi'an
710021, China; 2. Xiangyang Vocational Technical College, Xianyang 712000, China)

Abstract: The suspension polymerization of styrene(St) and metharylate esters (butyl meth-
acrylate (BMA) and 2-ethylhexyl methacrylate (2-EHM)) was carried out to prepare tribasic
copolymerized oil absorbent resins. The influences of temperature, feed ratio of monomers,
initiators, crosslink agents and dispersants on oil-absorptive properties of high oil absorbent
resins were studied, meanwhile, the structure and performance of oil absorbent resins were
analyzed by FTIR and TGA. And the result shows:at 86 °C ,reaction time is 6 h,60 wt% sty-
rene(St) ,m (BMA) :m(2-EHM) =1 : 1,1. 7 wt% Benzoperoxide(BPO) initiator,0. 5 wt%
divinylbenzene(DVB) crosslinker and 3 wt% polyvinyl alcohol (PVA) as dispersant agent.
The maximum oil absorbency to carbon tetrachloride, dichloromethane, toluene and xylene

were 28.26,21.10,14. 92 and 13.28 g » g~ ',and the product is the tribasic copolymerized oil
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absorbent resins. It also has good thermal stability to meet the general requirements.

Key words: high oil-absorbtion resin; 2-Ethylhexyl methacrylate; butly methacrylate; sty-

rene
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Study on the influencing factors of solubility and
emulsification of walnut protein isolates

YT Jian-hua'?, CAO Can', ZHU Zhen-bao'*

(1. School of Food and Biological Engineering, Shannxi University of Science & Technology, Xi’'an 710021,
China; 2. Shaanxi Province Research Center of Food Process Engineering and Technology. Shaanxi University
of Science &. Technology, Xi'an 710021, China)

Abstract:In this study, walnut protein isolates were prepared by alkali extraction and acid
precipitation. The effects of different factors(pH,ionic strength, gum arabic)on the solubili-
ty.emulsification activity and emulsification stability of walnut protein were studied. The re-
sults showed that the solubility, emulsification activity and emulsification stability were the
lowest around isoelectric point (pH 5.0). At pH 3. 0 and pH 8. 0, the addition of NaCl,CaCl,
and gum arabic decreased the solubility of the proteins. Arabia gum had greater effect on the
solubility of the proteins in acidic condition, whereas, NaCl and CaCl, had greater effect on
the solubility of proteins in alkali condition. In addition, the solubility of proteins was more
greatly affected by CaCl; than by NaCl. At different pH,NaCl decreased the emulsifying ac-
tivity and emulsifying stability of the proteins, meanwhile gum arabic increased the proteins’
emulsifying activity however, their emulsifying stability first drop and then increased.

Key words: walnut protein isolates; solubility; emulsifying activity; emulsifying stability
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MEFORE. KL EAN A A H1Z 8 F DNAStar Protean & # ,SOPMA vA & the BepiPred
1.OMBSBxF FHLETETHEYG o, K G (Casein, CNI B B &M F KM B L
& T B e AT TN, AR R B LR R A AL, AR AR B R AR KT ), 4 & B
FEORAR, KA ELISA 259 BIiES R S KOG LB B, R EM.F £ a,-CN #)
AR FIIFRME 89V A2 R EAL A ZF, 54 5 o, -CN AR, F IR KA B A ER
X AHERREALARBALE—CHOELETE AR, BF 5L ay-CN A R AKE P-1037(26~31,
LSPEVP) .P-1040(140~ 142, EGN) #= 4 5L a,-CN 4 &% KB P-1038 (189~ 208, TDAPSFS-
DIPNPIGSENSEK) .P-1039(99~102,EDVP) #8 L %, 7% B 5 M, % 4 R A S8R A4 g ik
PR AR B, A LA SRR B PR AR R RO e TR AR 2 AR I
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Prediction of B cell antigen epitopes of a-casein cow and

goat milk and its immunoreactivity identification

XUE Hai-yan, HAN Bo, LI Shan, CAO Ge

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

na)

Abstract: Bovine and goat milk a-casein were very similar in the aspect of nutrition and func-
tion, but they induced different allergen reaction in consumers because of the differences in
protein subclass structure and content. The purpose of this paper was to analyze and identify
the B cell epitopes by predicting the secondary structure, hydrophilicity, antigenicity index,
surface accessibility and flexibility of major allergic protein a, -casein from cow and goat milk
using DNAStar Protean software, SOPMA and the BepiPred 1. 0 server. Prepared the casein
antibody by synthesizing the corresponding epitope peptide sequence and then used an indi-
rect ELISA method to identify the immunoreactivity of the synthetic polypeptide. The results

showed that the amino acid sequence homology of cow and goat milk a,-CN was 89% . but

x WFS A HE:2017-08-11

HEEWMB EEHRBEILETH (31301405) 5 BEVTA BT RHE 5 & Q08 TR H (2013KTZB02-02-05(2)) 5 BV A HE T

L IR 3 H (16JK1088)
TEHE BN I HE(1979—) , 2, BEPE X4 LBl i P . BB RS X4



.« 134 - ReHAALESB

%35 &

the epitopes were different. The number of epitopes of goat milk was similar compared with

cow milk a,-CN,but there was a certain overlap between the two epitope regions. The pep-
tide fragment P-1037 (26~31,LSPEVP),P-1040 (140~142,EGN) synthesized by the goat
milk a,,-CN and the peptide P-1038 (189~208, TDAPSFSDIPNPIGSENSEK) , P-1039 (99 ~
102,EDVP) synthesized by the cow milk a,,-CN had the immunoreactivity, which provided

the basis for the selection of the allergen epitope,and provided the theoretical basis for the

comparison of sensitization and modification of cow and goat milk.

Key words:cow and goat milk; a,-CN; the secondary structure; epitopes
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FL o, -CN ZEE R T 51 43 B 0000 795 25 1) — R 4544
1.2.3 A4 FFL ay-CN FEKME Bt 48 2. 3R 0H AT
e B 2 ) 1

5 Fl DNAStar Protean {4, 2% H] Kyte-Doolit-
tle %, Jameson-Wolf ¥, Emini ¥ 1 Karplus-Schulz
B B R B A4 3L a0 -CN 2 1R 7 5 17
SRRV BT AR B T AT KM S R B T
1.2.4 B 40 MEbi IR R AL &
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PRI 2 LTl o MR AR Y B A0 BT IR A5 B % B g S A 23

+ 135 -

FIH the BepiPred 1. 0 R 55 %%, B 6 A 4= F
FLoag-CN 25 7 5, b 18 505 T 1 B Sh Al fig
FAT XIR I G4 2R a0 -CN G0 25 40 00 25
SRR K 0 e £, 2 T T R B S TR0
SRS LA I E] B Al bR A
1.2.5 437 ay-CN Z K G KL% &

VPR A E L 25 R K I B R R A KB, AN
Frits A= R A BR A R W 4 H 8 2 KA A,
KA vk BE B C S il NS AR Ok & . &
F iR A HE (1% (RP-HPLC) PA K 5 8% b H A7 4l
Y E AR T 98 %0 A A SL e R
1.2.6  Z KRGy P4

K a] 4 ELISA A6 0 & 0 22 ik 1Y % 958 2 N
PH B R A R 2 K 8 g2 v R R & 10
pg/mLEFLIA 100 4L, A o-CNLB-LG & H 2351
VERBAE BIPE X IR .4 C it %' #EEA
FWI AL 300 pL. PBST BEEB VLY 3 K,
BEK 4 min, J0T L B 2258 B A ANRE. BEALINA
200 pL WIS EF . 37 CIAE B 1.5 h. BE¥.,
1. B AR E N 5pg/mL B o-CN-Ig G 100
pL LG = % P4 3L oo CN £ 50 B UK e i
W) o [ B 5 B v X R, 37 CCIRAEIRE 1.5
h (BT R PR T 53 OB, PRV T, H PBS i Bl
W2E4i % HRP-1g G L 1 ¢ 4000 By Lk 5 5% BEAE
ZHLL LA 100 4L, 37 CURAEIRE 1 h. ¥E,
. FALMA 50 xL TMB W65 ¥ . 37 °C il 46
St A 15 min, 65 BALIMA 50 pL IR 2
mol/L H,SO, & 1k &I . 450 nm Ml %€ WO AE. &
e DL P/N fH>2. 1CRP 2 sa BEbi ik 3 i ot (i
KT BIEMVE (R 2. 1 A A0 A6 I 45 51 Sy B A
P/N fH<<2. 1 (HI 2 5o B Pk i e (i /1B
PRI (A Y 2. 1 A8 0 A6 45 5 Sk [

2 HBRESH

2.1 230 a,-CN Fr 2 5 04 5k 8 5 51
MKLLILTCLVAVALARPKHPIKHQGLPQEV
LNENLLRFFVAPFPEVFGKEKVNELSKDIGS
ESTEDQAMEDIKQMEAESISSSEEIVPNSVEQ
KHIQKEDVPSERYLGYLEQLLRLKKYKVPQ
LEIVPNSAEERLHSMKEGIHAQQKEPMIGV
NQELAYFYPELFRQFYQLDAYPSGAWYYVP
LGTQYTDAPSFSDIPNPIGSENSEKTTMPLW
MKLLILTCLVAVALARPKHPINHRGLSPEV
PNENLLRFVVAPFPEVFRKENINELSKDIGS

ESTEDQAMEDAKQMKAGSSSSSEEIVPNSA
EQKYIQKEDVPSERYLGYLEQLLRLKKYNV
PQLEIVPKSAEEQLHSMKEGNPAHQKQPMI
AVNQELAYFYPQLFRQFYQLDAYPSGAWY
YLPLGTQYTDAPSFSDIPNPIGSENSGKTTM
PLW

XA AT 4 2 L a0 -CN Z LR 7 51, % A 6]
ZESLEAR L REIR RIS E] 8920 HAFFL a0 -CN
SR BIAH b P B R R 22 S o K 20— 4
PR SR K A 2 R R
2.2 4 ¥3La,-CN &) =& L4

FIH SOPMA M4 iRk 55 #8 %) 4F £ 7L a0 -CN
R aE R T, 25 R A 1 R,

10 20 30 40 50 60 70
| | | | | | |
MKLLILTCLVAVALARPKHPIKHQGLPQEVLNENLLRFFVAPFPEVFGKEKVNELSKDIGSESTEDQAME
hhhhhhhhhhhhhhccccccecccce hhhhhhhhhheeecccchhcchhhhhhhhhhhecccchhhhhh
DIKQMEAESISSSEEIVPNSVEQKHIQKEDVPSERYLGYLEQLLRLKKYKVPQLEIVPNSAEERLHSMKE
hhhhe c ttccccceeecccchhhhhhhhhh
GIHAQQKEPMIGVNQELAYFYPELFRQFYQLDAYPSGAWYYVPLGTQYTDAPSFSDIPNPIGSENSEKTT
hhhhttcccceecchhhhhhhhhhhhhhhhhtcccttceeeeeeccccccce C [

MPLW

ccee

Sequence length : 214

SOPMA :
Alpha helix (Hh) : 108 is 50.47%
319 helix (Gg) : @ is  0.00%
Pi helix (1i) : 0 is 0.00%
Beta bridge (Bb) : @ is  0.00%
Extended strand (Ee) : 16 is  7.48%
Beta turn (Tt) : 8 is  3.74%
Bend region (ss) : 0 is  0.00%
Random coil (Cc) = 82 is 38.32%
Ambiguous states (2) : @ is  0.00%
Other states @ is 0.00%

()43 aq-CN

10 20 30 40 50 60 70
| | | | | | |
MKLLILTCLVAVALARPKHPINHRGLSPEVPNENLLRFVVAPFPEVFRKENINELSKDIGSESTEDQAME
hhhhhhhhhhhhhhcccccccccccccccccchhhhheeecccchhcchhhhhhhhhhcccccchhhhhh
DAKQMKAGSSSSSEEIVPNSAEQKYIQKEDVPSERYLGYLEQLLRLKKYNVPQLEIVPKSAEEQLHSMKE
hhhhhhhtccccchhecccchhhhheccccccchhhhhhhhhhhhhttccccceeecccchhhhhhhhht
GNPAHQKQPMIAVNQELAYFYPQLFRQFYQLDAYPSGAWYYLPLGTQYTDAPSFSDIPNPIGSENSGKTT
tcccccccceeehhhhhhhhhhhhhhhhhhhttocttceeeeccccccccccccccccccccccccccce
MPLW
ceee

Sequence length : 214

SOPMA :

Alpha helix (Hh) : 92 is 42.99%
319 helix (6g) : @ is  0.00%
Pi helix (1i) : 9 is  0.00%
Beta bridge (Bb) : 9 is  0.00%
Extended strand (Ee) : 18 is  8.41%
Beta turn (Tt) : 9 is  4.21%
Bend region (Ss) : 9 is  0.00%
Random coil ({=3 3t 95 is 44.39%
Ambiguous states (?) = 6 is  0.00%
Other states 9 is  0.00%

(b) 3L aq-CN
B 1 SOPMA M 4 5L a,-CN
Fo 5L ay-CN 21 4 #)
FIH DNAStar Protean 3K {4 X} 4 £ #L o, -CN
AR TN, 5 R AN 2 s,
A BT G2 R R P AR A O ) o 2
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% & B K

& &R 5 35 %

I | CScale

20 40 60 80 100 120 140 160 180 200
A - Bl =AlphaRegions-Garnier-Robson
B {1 H mBeta,Regions-Garnier-Rob:

——— - —F+HHH- mTum Regions-G
c—H1—1 ——H— —HH ©coilRegions-Garnier-Robson

(4% aq-CN

obson

T T T T T T T T —
20 40 60 80 100 120 140 160 180 200
A |

s—4 oot

c— 01— H—+—+—HTH acoil Regions Gamier-Robson

(b)ZFEF aq-CN
B 2 DNAStar Fi 4 5L o, -CN

Bz —. U £ R IR 5 it Hhy T A HOAY S5 4
Gy R AL BEE IR s AR B T 2R, PR
DX 38 W A7 RSP IR F AT oM A B3 B AL 2F
HRRE LA L SRR AN 5 AR 0 L B S pU A, —
WEANAE T R R, gp bk B TR 4
A AR FL a0 -CN AT REL IR 6 A X 8 19~ 27,
41~43,60~62,99~102,118~120,127~129,148
~150,185~186,189~210; £ F a,-CN Al g T i
F i KB H 18~31,41~42,59~62,78~83,99~
103,119 ~ 121,128,140 ~ 142,172 ~ 178,183 ~
186,189~ 210. X tb 43 A T 1 19 4F £ 7L @, -CN
PU B 07 DX I8, DA 5 45 o T 00 285 2R s 2 L T g
PJE XS H & 2R 3L, Be TR A R R X 38
189~210.
2.3 4 F5a,-CNFAM KRIHK AT TA
Ve B F e Fm) 4 R

# FH DNAStar Protean #X {4 %} a.,-CN (bo-
vine,capra hircus) 8 K P | ¥t J5 8 %, 3% 1m0 v Je P
K ZE e AT B0 L 25 Rl 3 .

, | DScale
20 40 60 80 100 120 140 160 180 200

4.5

0 wHydrophilicity plot-Kyte-Doolittle

17
0 & Anligenic Index-Jameson-Wolf
-1.7.
6
‘LAA”’WMM BSurface Probability Plot-Emini
1

B8 e Floxible Regions-Karplus

(%5 au-CN

H 0T Y SR K M B A B 2R AT Bk R SR
PSR TE B R A R EAER YRR =0,
PUIEFRE>0 AR ol B> 1 1), B BLR AR ]
RBER R R A TN 45 SR R R 2L, -CN T
REPLJE R XN 17~19,22~26,50~52,63~
67,70~74,77~83,85~105,117~122,129~134,
145~149,185~210; F F ay-CN o] GEHT R FE A7 X
Bk 17~19,27,30~31,35,48~52,55,62~67,

. | oScale
20 40 60 80 100 120 140 160 180 200

0 allydrophilicity plot-Kyte-Doolittle

17
0 BAntigenic Index-Jameson-Waolf
L7

W K‘VILWJUMAWM"\ Ml 2 A

1 gl A OSurtace Probability Plot-Emini

(b)H, aq-CN
B 3 DNAStar il 4 5L o, -CN #=
F 350 a,-CN FE KK B IEH.

FE T B Ae At
70~76,81~84,90~105,117~119,129~134,139

~149,205~219. X Fb 43 #7 W9 25 i A0 22 S 45 1
FF oo -CN FURRA K 5 4F M e, R 25y
M a,-CN 2T 51 C ¥, HFEFL o, -CN £
LI T A4 LR AL A E e — E RS HERR.
2.4 B A& R R R AL LA TR

BT A A TN B R R R Y SR K Bt
Jir 48 B8 2R T AT KPR RS B PR A R Y i B4 M £
PEYUR LA EEH FE ™. Rl the BepiPred 1.0
IR 55 %8 % 4= 3 a -CN 2 FE /R )7 51 1 e st 4 Bk 47
T A5 2 64 AT BE VBT K A2 21,60 ~ 68,80 ~
81,85~86,99~102,142~152,173~179,187 ~
208, *F-FL ay-CN Al BEME LI R AL 26 ~31,60~
70,74~91,100~102, 140~146,187~208. ¥ the
BepiPred 1. 0, SOPMA | fil DNAStar X = i 7 il
BB R RO S TR A FL o, -CN ]
LR 2 N 22~ 26,86 ~87,99~102,118 ~
120,148 ~149,185~186,189~210, *F ¥, ay-CN
Al REHL IR 07 K 18~19,27,30~31,83~84,99~
103,117~119,140~142,205~210. %} [t 4347 i il
RN a0 -CN BURRAL, B FL aa-CN A
Foo FF au-CN FFEEA K Z X ENPUREN . B
TAHEFE-ENEE LR,
2.5 4 #35La,-CN A &k 89 % it

Zrg LR T Re B e e A0, BE B B[R] A9 Y
ST R IR B R AR 5 i A . 4 ok AT
FF ay-CN 4% H :P-1037(26~31,LSPEVP) fil P-
1040(140~142,EGN) ;R H T4 F au-CN A5 84 4
P-1038 (189 ~ 208, TDAPSFSDIPNPIGSENSEK ) FI
P-1039(99~102,EDVP).

2.6 ARk R TR B
A 9256 % ) 5 19 R PE o CN 2 5l B P iR
YEI—Ht, A4 ELISA 3K I & B Y 95 32 B
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PRI 2 LTl o MR AR Y B A0 BT IR A5 B % B g S A 23 « 137 -

PEL LD P/NZ>2. 1 S FIWrbn i, 25 SR an 5] 4 7. K
4 A] R0, A R Y A 2 KA o-CN )5 o-CN-1g G
S PEME RN, H o-CN I H 09 0% A8 = 1 A B
FiZ K5 10 B-LG 5 o-CN-1gG 12 B S B » H 9]
AU G2 IR A e g g M H: A P IR
7 F — 2P B IE.

121 | a-CN-IgG
|:| negative serum

1.0

E =

e
e

450nm¥ 6 AL
< jel

'S o

T T T T T

T

P-1037 P-1038 P-1039 P-1040 a-CN p-LG
BT 2 B

B4 &m5KEREMET

<
o )
—

o

3 it

O F A 3L A B U B R 2 7 1 T AF 5 4
E# %, B Ruite % F 8 & K0 7 ik & B4R 2L
a,-CN B T 4 A7 R 5 A7 55 B 43-66,73-96,91-
114 F1 127-180. Picariello G %50 ) F & 4 5 48] '
Jo 0 A I 14 2 3L 2R 1K R GE 3 7E Caco-2 41 M1
BRI BT S R IR B-Lg 40~60 I 125~135 HAT
— 7 B SO B H AT BT R AL S R AR AL
HPEIRE IR £ W, Sanz C L 450 F) K B
FIRFSE s e BRIK B8 10 45 7 26 0% 2R W A e 2L il v
B 1L 2 5 1 A2 1 P AR A 4, G A o T R
J2 P T8 2 RN 2L I 3 S [ R O 2 ) Y R
PR P E FE SR, A 5T X 48 22 3L 3 B0 HUR o -
CN B 20 a2k P S & A 47 W0, vl Sy %d H A 1L
7L AR B B A B B 4l L AR FLad b
7 AR A —E PSR B %

A7 R SO HT R R B B L TR
FA IR A A PUR M SR R R PR 540
PR TR A JE AR 07 B 20 2k M R R
Fe bt 2 1E AT Bk B4 T R TR Y 2 v i B P
DL e TIUI B 41 A 2 M B 2 407 L FT S B e B L
IR & L EFLPT M (R B 9% 45 25 E — i 10 LRl
ZF S 56 R ] SOPMA M 4% IRk 55 %% . DNAStar
AT A4 2 3L a0 -CN 2 1R 7 91 30F 47 X6 L 43 #r
53 th =3 ARy 90 ) 5 A v (T gk
SRR 22 5, o 23 0 -CN B85 /1 A1 G ML

MG ER L, i ER R SOPMA M 2% i
S5 28X T a0 -CN 20 25 0 700 45 2] g% # TG
FLU 25 pl AR H h 3. 74 % 38, 32 %, - FLTEIN S
FIRECH N 4. 21 %0/ 44.39% I R T4 7. X
o2 B [a 4 E R o, -CN Z IR T 51 LAl 2 ik R
PN TR AE — 8 19 G & H R R DNAStar 8 14
XA EFL ag-CN B SR KPE TR 48 £, 31w v] Stk
N F0 , /7R BRBE 1~200 £ 4> 5l 2 3 R
(AN [) TR0 1 08 0 2 067 FE I AR AE R A 25 5% HL
BH—E A& KR, MAE 200~214 JkA 8] (Y 24 5
Mg JL-7- T 25 S o A5 okt DX B 10 o B AR L -
CN FiFEE AL oy -CN [/ B B A Z £ AL AT
FACKR A T AEWF A4 7L ag-CN ) 945
o SRR 0 D A B8 3R T AT R R 2 ) M 4
38 3 52 56 B UE T T TR0 2 A R A A 0
PE AW ST 2 0 SR 4R A — 2 i B AR A

A LAk P 25 5 0 L IR 4G SR R B A T UL
W L 02 A5 AT A R ™ ot AR 4R L7 i 4 3L
AR E W AL A X S U e
CN Ml B-LG X} e 43 M. H 3% 45 3 nl 0 45 1) 5 2
FL aq-CN FLIR RN A K2 K H A F5e )W 1, 5
SL ik — 0 i B ) S0 I UE H 2 O A 2 A R
JE 7 A B AR

4 &g

MR LR A =R A I S 50 B AR R e
CN i BEHi A ly 22~26,86~87,99~102,118
~120,148~149,185~186,189 ~ 210, £ F a.-
CN mJREHi £ 18~19,27,30~31,83~84,
99~103,117~119,140~142,205~210. 43 #r lL %
4 FF aq-CN B 0Lt Pi i R0 22 7%, 54 5L
aq-CN FUHERALA L, - FL o -CN [6] B A A Y
F BT R A DX, R, v DA AP i S L b R
AR aq-CNAHHAS BA — & o5k, 38 i
(B4 ELISA il 5 5l 22 K i B Pk L 5250 R W&
B2 B BRSO . 5 PR K AR O . B S
N7 JHG A 5 M B ok B A B

2% Uk
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ERBRIRRILEE & EF AR

Mo AE, AR, HFEMR, A X, A, B35

(BePERL K2 B 54 TRSBE, BV 4% 710021

>

M EFREGOANAFRFLARGIBARMAAZL -, A TREFEREZMA NG i&
BRI ARABZNPEREZRBR B RBEARLZ L G RASILBKRA,@TF XL
BRAXHRPIBRAZT. PTRABSFHATIR. HIER aﬁztﬁuiﬁ%f |28 k. BT 5 45 R AU
AR REBIATA D IAFE REAHH R E 22 1:2: 3 4 )k,
¥AE 4 mL/100 mL,#14 pH=6. 3 8 X B 36 h, iﬁ%i&f{’i@%ﬁiﬁélj 12. 35X 10 CFU/
mL, 8 A% 14.45 /L. A& E 29.37 g/L.AFRSLBR A SZMEAAN A R ERSILHK
BBy 0 ) B PR AR e AR ah

KB . AF; AR E,; LKA REZRR

B EKS TS255. 2 XHkERER: A

Study on lactic acid starter of apple pomace extract fermentation

YANG Hui, YAN Xiao-zhe, PU Peng-fei, SU Wen, DU Jiao-jiao, PENG Ren-fang

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

na)

Abstract ; Pomace utilization is one of the technical bottlenecks in development of apple indus-
try. In order to explore the new way of high utilization of apple pomace, in this paper the
pomace was used to prepare extract liquid using water as the solvent,then the extract was in-
oculated with different compositions and proportions of mixed lactic acid bacteria. The ideal
component of the lactic acid starter and its optimal fermentation conditions were determined
by selecting the lactic acid bacteria, measuring the total bacteria count in fermented broth,de-
tecting the consumption of sugar. The results showed that Lactobacillus acidophilus ,Lacto-
bacillus rhamnosus ,Lactobacillus plantarum ,Bifidobacterium thermophilus and Streptococ-
cus thermophilus were mixed in the proportion of 2:1: 2 : 3 : 4,inoculation amount 4 mL/
100 mL,fermented for 36 h,at a natural pH 6. 3,the number of viable cells in the fermented
mash reached 12. 35 X 10° CFU/mL and the acid yield reached 14. 45 g/L. The sugar con-
sumption was 29. 37 g/L. The obtained results can provide technology support to utilize
pomace efficiently and prepare lactic acid bacteria powder for pomace fermentation.

Key words: culture; bacterial proportion; lactic acid bacteria; pomace extract
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SRR E G KR Z — R A AR,
5520 V6 T T, B Tk A 90 96 T3 Rk
AETE A B W R R AR IS 24~26 1
1 Hor 70 06 SR B AL R R b O A I T
Wl KT 2 A W R A5 I G rhoal i R L
LRYE CRIBH S0 s T EY 9. 500 ~22. 604,
10.5% 1. 5% ~4 %" Ho & A 1 £ Wi v i B
A TR AP AR [ B s T 4R A B AR R
1 FF AN A.

FLER B (Lactic acid bacteria) &£ 48 & B2k 7K 1k
B A 50 LA LR A — 2R 40 B R AR o
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Optimization of technological conditions for production antibacterial
substances from Brevibacillus brevis M01 and investigation of
the main antibacterial components

WANG Zhong-zhong' ., 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: A new strain of Brevibacillus brevis M0O1 was carried out to reserach the main com-
ponents of the active antibacterial substance and optimize its fermentation conditions. The
optimum conditions to produce the antimicrobial substances were as follows: Initial pH6. 0,
inoculation amount 8% ,fermentation temperature 28 ‘C and fermentation cycle 48 h by sin-
gle factor and orthogonal experiment, after optimization, the activity of antibacterial sub-
stances was 38. 7% higher than before. In addition,the 80% of cold ethanol was used to ex-
tract the antimicrobial substance that was desalted and purified by Sephadex-50 gel column,
and SDS-PAGE analysis showed that the protein with molecular weight of 62. 0 kD, 40. 0
kD,29.0 kD and 20. 1 kD could be the main component of the antimicrobial active substance
of strain M01,and the protein of about 29. 0 kD may play an important role in it.

Key words: Brevibacillus brevis MO01; antimicrobial activity; orthogonal optimization; main

antibacterial ingredients
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595 2R 18 FF B (Brevibacillus brevis) T 1996
AEAR B 8 A% (5 B 00 22 52 DA 2R A AT 1R Rl 4y
DIk B B 1A T 2, i R 22 B Al R
HAREENAEY ¥ L.

YE R IE 05 46 2R F AT & (B. brevis) BES 43 Wh G
FF T BK (gramieidin) , & FT B B K C(tyrocidine) | ifl
ShZBES LT B AR BEAR O S 2 Pt
W A A D B A AR K A, Murray T 4L
PRI R T BRPUAE R AT AR S B BaE W B A
FA AR TEAE S, Li S 4B 1Y 2E A AT B
77 R PR Y LTS LE B S AR R 1Y B YA
e R B AP SR, Wafaa MOSET R IE
%) S0 L 25 LT TR ™ A B 0 TR T P ) B e A% B 2
) T o A AR SR AR P9 A1 4 IR B 9. Bapat S 28 i H
%) J L 25 SR TR A ] BB AR Sy — A By R G A i
R E AR AE W 0 Bl T TR A 2R 0. R I R A A
FETE 7= Az 04 B A0 45 B 0 0 B 4% 75 S 5 B R 1
PRk, S SO A M e R AE T O L R BE LAY
LSRN NS iOR=N R ek b NG S S Y IR
BB N A i R v 1 e o 0 R X 7 =N
A I L S

TEIX A 58 v, SR T TR bR 28 A6 AT T
MOT 2 i A PR 52 56 28 40 B AR A7 Ho™= A2 i 9t
VW) R KM T T s 46 €5 4 4 BR AT, R 2 FRLAT
WL RSN A BB A R A ay Pt Rk
PR P Y B T2 R AR B A T
v A A 77 3 S, A X B TR I PR T 3 AR A
17 TR 00 B 2 R 1 2R W) 2 1% 0t i ) o 1Y
F2 MR RS AH B AR 2R 1 B iR T HE— 2D
B 5

1 MBERE

1.1 EZRFRAL5XAA

(D HETE P - 0 50 2R AT 3 MO, 8 /R I8 - &
B (O A BRI CVCC1885.

(ONA: 4R 0.5%. EHAM 1%, &b
0.5% .35 1.5%,pH 7. 2.

) LM . B0 1.5 % . EAR 2.0%,
SAbH5 0.20% , Tween-20 1%, pH 7. 2. T8/~ i &
R 7% NA.

(43X H] : Sephadex-50, K fLA g XAD-16., 1o
B R 44 L 30 V0 TR s Tt R V5 Y . B 11 marker 31 H
A T A TR R A .

1.2 HE# MOl A% & 69 ml 2
U B MO1 BH & 0.5 mL Il A & 50 mL Y

o e I T €T L R N TR R I S 2
JE R IR R E THER .37 °C.220 r/min }5 5% 0,
4.6.8,10,12.14.,16.,22.30.,38.44.50 h, 3 KX
HURE 4 CIRAE R 58 s F2 5 fE K 600 nm
HEAT H o R L AR B VR A R R AR AR X
W, 30 0625 BE A ODygo0 » LA 3G 35 I 18] g 5 A A5, 6
B EAH ODsoo 9N AR A, 22 1 B B MO1 19 4E K i
2.

1.3 FARZZHEMHHA%R ML ZHEEHES R
9 3% A

1.3.1 ith pH XFEAKR MO 10 B 15 7 A4 52 1

DL 4% (CV/ V) B 42 R 2 FP B bk MO1 T Bl
% 60 mL(300 mL F&If, T [FD B & Bk = 5L F
RS FEEEA MG pH H 53 518y 3.4.5.6.7.8.9,
10,11,28 °C,180 r/min #EIR KT FF 48 h, BUH B .0
AE W 0. 45 pem 20 B Ik U8 A% 5 U8 W ECIE R 230
pLs R HBOE AT FL Y 80k 40 3 2 17 A W 40 4 pH
E X B AR MOT 4100 B 3 1 5% ) () 0 52 L D 2s [k
B 5 AR XA (CK) , 4 B2 =K.

1.3.2 IR R MO 0B 15 P 1) 52 i)

DL 4% (V/ V) R HEFh i R R bR MO1 T2
% 60 mL B ABERE &S, 0l L 24.26.28.30,
32.34.37.,40.45 C IR 454,180 r/min $2 i 1F
7% 48 h, B B0 BWE WA 0. 45 pem 4 T 2o U8 2
I8 IR 230 pL, R A BB AT LY 0k 43 5
HEAT S () 3L B 6 T Bk MO 910 1 35 1 5 ) A U
PLas R R 7R AR IR (CK) . 4B EE =
K.

1.3.3  RBEF W AR MO BRI 4 A9 5%

PL 4% (V/ V) [ $ Fl i B2 R i vk MO1 BB
£ 60 mL B L EEEFE 3P, 28 “C,180 r/min #IHR
% 8.16.24.36,48,60,72.84 h, BCH B 0 i
W 0. 45 pem AH B AT U8 A8 08, W HGIE W 230 pL,
K HBENR T ALY 8% 43 ) E 47 AN [) 1 B ) X6 2R
B MOT $ B8 35 14 52 e B4 30 5 5 DA 25 1 K T 8 o7
YEXT IR (CK) , B4 50 B 5 =K.

13,4 BEFPEXTRRAR MO 100 TR 16 4 A9 52

A3 L 2 % ~14 Y 1 3 B i 3 A R AR MO TR
B ZE 60 mL By L FERE SR, 28 °C, 180 r/min
FEIRG 9% 48 h, BOHL B O B3SO 0. 45 pm 40
It B S I 8 L W IR R 230w, RFHBIRIT ALY B
0 ) E AT A [ 2 ) TR R MO A1 TR 35 2 5
B E S LL2AS 1 K e 855 % VR X IR (CKO L T 41 150
o =K.

1.4 BAHMOl LA ERD RO G HLFER
FE

14,1 BERE MO A B2 O 138 Y80S 1 W o 2 T
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Ph 4% (V/V) P HE Rl i B2 R0 i bk MO1 B
ZF 60 mL AR FEH P, 28 °C,180 r/min ¥
&% 48 h,y11 000 r/min B0 10 min. BB O |
TEWH 0. 45 pem 20 B &3 U8 45 2 U8, W BB W 150
mL. 5 B A SR I Tl &5 RO TR —
FH 67 A Bk 55 AT AL 3 R0 Ao 7 6 B A ML AR
SOKHE KB Z 0. 45 pm JEEEE . A HL
A4S 2 5 mL. R BEAGFT ALY /% 43 5 0 2 7K
A A AU 7 W) B0 B 06 M L LA ZS R L IR X
JiFe]
1.4.2  KRALWHAE XAD-16 W B 32 32 B #& Mol
T PEBT P 5

500 mL KB O EWEBOMA 25 g KL
JE XAD-16, &4 F,140 r/min $& % 6h. % K
LA RE 5 L0 WA B ] 5 A W B ) AL AR i
A 4 SR DI ER W4T 2 b g, R H Bl
FTALY™ 8L 20 51 D0 2 TN I i B 9 AT XAD-16 1% B
TS Y L I R O MR DL A TN A A X
i
1.4.3 B % oy Br b B i 2 U vk Mol E 2241
BT M)

PR MO1 & 8 B30 & W h S22 i A T iR i
PR e A oA o L e B 4 i 35 B 3026 .40 %6 .50 %6
60%.70%.80%,F 4 ‘C#&r1kid 7,11 000 r/min
B0 15 min, 20 B B RUOEE DB DU T 25
mmol/L #2822 v (PBS) H, R FHBIg$T LY~
RO 43 I 2 b 3 R T A B 3 1 L DL R B
80 Y6 WA B IR e o 25 1A T 5% 3% F VR F I A Ak B HC
DULRER T 25 mmol/L BEfR £k 2% vh i (PBS) H 7 X%
HB
1404 AR & B DUVE 7 $2 BUR B MO1 = B HT A
TG T

PR MO1 & ¥ 50 175 W h 218 i A vk G
K B AT 2k BE A 3R B 306,40 % .50 % .
60%.70%.80%,F 4 ‘CH#rikid . 11 000 r/min
B0 15 min. 20 B B LUCEE DB ULTER T 25
mmol/L PBS Z& i b, LI E H 80X I &
XT3 1 & W 4 o SEAE A [A) i A 38, LD E % T

REFT ALY 807 20 B A b ¥ B i v A 400 1 0
1.5 WAk MO1 fashan @ AL 48 40 F AL

2% 80 Y0 VKR JCIK L BEUTTE T ok 1 B 18 3 1
R T 25 mmol/L PBS & i . & F 4> F &
h 8~14 kDa M@ Hr4s i A L £L . LA 526 i FE IR
IR AR 3EFT Sephadex-50 i34 44k, F 3 0. 4
mL/min, & & 8 mL W 4 ¥ W (2% vh Wi 35
mmol/L Tris-HCD , B Wt 848 N U I 7R & F 1%

Hr4$ W, PEG20000 A3 ¥ 45 30 min, R F B8 4T
FL™ R I 2 2% A0 B 7 O O AR A T O 2k
1.6 SDS-PAGE % #f

LA TR0 T 4 A ) A WA A MR 4R U 16
pl 2 200 pL 09 Ep B A 4 pL EEH EAESE 0p
W IRAT B K S & W 10 min i H 58 40 A8 MR L finAE
FF R HL UK 207, SDS-PAGE HLTK 551 B I -5 %0 1Y
AR I 15 %0 1 0 B I FELUHR - MR 4 fHL R 90 VL, 43
H JE 160 V.

2 HFR5iTiE

2.1 HEH MOl A KW

FRE Mol A=K ph & an &l 1 pros. ti & 1w LA
F i bk MOL 48 8K WAL T 4~18 h,18 h
Jo A AR KRR I, MR i A K il R R AT
55, Z B AR MO1 7 A4 K 2 B2 vh 30 58 W o 3 1 AR
RN E 2 Fras. B 2 AT R MO 78 38 5
AR E IO G BUE Y I A KRR S WL
JO 0 BT G 1 S B e KL X — & B T O B R R TR
) ] B L R kT ] A0 A o SR IR B S % S S Bt
RN e v &8

[y
o

OD600/nm
o
w

oo m-™®

8 0 8 16 24 32 40 48 56
18]/ b
B1 Atk Ml AKkWZ

22[ o ——q
—
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18 //
g 161 [ ]
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& 14
i
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10k
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6F—m
0 10 20 30 40 50 60
B Al /h
B2 Bk Ml AKEERREAYR
E T A A R

2.2 AR T Lo EK MOL X B A SLE B
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2.2.1  BUEWYI A R R E

SR T N TR 06 B8 PR MOT 7 AR B 470 T ) Joi #9400 7
WEYESZ I Qs 3 B, j 3 Al B Bk MO 7R &
T 6 Je A A 48 b 4T B W0 JoT B9 400 B8 3 A B R
FIRF %) F) 384 o0 0T 52 55 5 K BT U6 )5 B9 48~ 84 h, %t
TR0 T ) 00 TR 3 A i ] 1 8 i R R TR e A
PRI Y 5T B 3 A BE I [A] 2 48 h, AT TR
oy T H) 00 TR P e e LA R LA 0K 15, 6 mm,

161 . —l— M B AT
/l/ \j

14
M \.\
512" ]
i
m 10
g |

n
8_
6 1 1 1 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80 90
K JE i/ h

B3 AEEsiAS R ELY W
2.2.2  RTETE R BE MO1 & B LE 72 HU T W)
) 5% ]

T R B o TR vk MO 7™ A 70 TR 400 A 40 R
MR /INAG 2 5B A B2 IR L AN TR) A TR RE A5 1 R R AR Y
BB P 0 A A B O A T 25 5L R N B R MO
A B BT W 5B O RN R B R A n & 4
frn. B 4 v g0 AERE ST I TR AR AR L L S &
T B2 b T 28 “C I, Bk MO 7= A= (Bt i 4 o 1
IOBR 5 PR e g B0 B ARG 15, 87 mm. B R
AR A e B4 2 B A R RE BN B TR 0 S5 A B
vt N =R WA

18

1or i
7N\
E =
Z 14t \
Z
o
ool
= 12 \-
10}

820 2I4 2I8 SIZ 3I6 4IO 4I4 4IS
WE/°C
A4 BRESRAMRERY R
2.2.3 4G pH X ERE MO 41058 16 1 1) 52
B 3G pH XF R MO1 7= A= B B8 4 5 (1)
RGP AN 5 BT s, 5 RTE K A R
FEIEWIUGE pH 43BN 3.4.5 )5, KBEW P LM

T PR B A L IXORT BB R AR A B R e AR
R T LT AZ 3 FE L B TR AR A A R, DT 5
TR BE MO 43 W 3% P 90 B W) ot 36 ] RE & &k TR
W — i TR E I A7 A, B T B R MO AR i 45 3l
% A2 R N BE 7 AR B B IS MR L 8 3R e O
pH 433 R 6 ~11 J& . & B A W 4 (%) 30 3 7%
P R, B opH P 7 BF L R RE Mol P2 A4 B9
) A R TS PR R . NI S i — 2B T DU L 8
FEFEA G pH XF E Kk MO1 Bt 0 4 A= 7 A F E
i

16

—E—IHHRZ
" [—m— ]
14 \i
\i
<] \i
E 121
~
Rl
g
ST
8 —u—n
2 4 6 8 10 12

WlhpH
A5 w4 pHNRAMWRERD W
2.2.4 AR MOT HIEE 16 P 1Y 5 I
T2 o 1 KT 20 TR DA PR O AR ST ) e WA R
B, — MR UL FE R RN 40 B AR K AR
T RS, TR AR AR A 18, R I S A L B R
BRAS s B Rl K, R BRI AR M, B AR R B TR
B AN F T AR 7 90 09 T8 B AN [R) 42 F 122 6 7R
PR MO 7 A= BBt B 0 Jo 4900 1 3% 2 7 5 el 4n 161 6 B
7. B 6 A 2 R SR S 1 R 6 MO,
PO W0 51 A0 B 3 T e A

161
/i\%\
151 J—
g ¥ } %\§
g
@14- /
fi:I .
g 13}
12+
0 517 1I0 15

PR/ %
A6 #AZTHRADRETEY R
2.2.5 RKEELZSHOELZAR
LEA DR 23R 52 0 25 3R O TE ASR A ARG . sk 1 FF
7N S 1E S A DR 3R K SF- L I LT R T A 40 R
AR 0 IE A A A I R A5 b AT 1 e
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£1 EBIZSHEZKE

. AR B4 CRBEJAW  DEf i
) /C PH /h /%

1 26 6 38 4

2 28 7 18 6

3 30 8 58 8

R T AARACE S B /3 B 4 R a3k 2 s,
I35 2 AT 8 2E A FT B MO ™ 0 1 4 0T Y B
FERBET 2 AB CD, BV EBEIRIE N 28 °CL &
T 55 52 B0 4 pH 6. 0, K B2 48 h, $EFh &
SY L HLE YR A M B E A2 1k 27. 6 mm. XF S5 45
RHEFTI 22 0 BT AT AL Re >Ry > Ra >Ry

RT3 B A 5 i) PR 2R 56 e B 0 ) 0 O M
e 32 RGT Sy« I S B = O I B SR BRI R pH >
R U P8 =>4 i, 3 WY R R T[] 6T 47 T 0 J ) A
DR P B o BH B L R TR R 3R BRI 4R pH IR Z
R R S =, 2 A 5 o A X ).

®2 ABIZWEXRKMRL

FE A B C D A E A%/ mm
1 1 1 1 1 26.5
2 1 2 2 2 23.4
3 1 3 3 3 22.1
4 2 1 2 3 27.6
5 2 2 3 1 21.9
6 2 3 1 2 26.0
7 3 1 3 2 21.8
8 3 2 1 1 23.1
9 3 3 2 3 25.5
K 73 75.9 75.6 71.5
K, 75.5 68. 4 76.5 71.2
K 70. 4 73.6 65. 8 75.2
R 1.7 2.5 3.6 1.4

2.2.6  REETZARACH S B9 40 50 2

FRE MO % B T 2 ARARHT 5 77 $i 5 9 5 14 411
G R/NNE 7 o, B 7 AL, KT AR
LR B P B A B AR 18. 6 mm, &
P T 20 AL 5 TR MOT 7 A= i H0 T8 4 ot 1) 410 781 L
2 25. 8 mm., O ARAR AT A2 0BT B W T 09 40 T
TP T 38. 700, RUIMAL G 1 K I T2 fE
FH b P 2 v 0 TR A BT A TR T L e Ah L B 5 R B
AL B & B T2 RIS T & B (15 L) K%,
AR AT ALY /O I 5 e T e A T 7 A= 1) 0 T8 ) o
BB I ME RT3 28, 3 mm, R T 25 A9 JF & %)
TR PE MO1 B B W ot A 4k o 28 7= B A 8 2 22 P AL
s LAt A
2.3 HAk MO1 4L &M% eI

KHIETEE Q. RO W WM . A
Tt 2ok AR CRRT Bk MOT & T 50 1V W 43 il A
FA HUAHFNACAH 2 30 TR 3% 1 00 22 A AL A o %
& 7 20 TR TG0 B T 1 T KRR I WO T 4l AT I
AR S M, B R e A TR I VR R M

1. TR AR U B P 5T B4 T 35 1 5 2. T AL RT L
W0 5 AR 3 A 5 CK 2 28 11 R W 97 3 5 CK - TR K
A7 Bk MOl KB T EARACKE

AR —E XU T LB A LR A TR A B AR
WP TR Y A 6. R AT B8 R T IR I T
Yy e PR B RIS 8. LURALAM i XAD-16 X
IE WO AT B EE AT 3R B A B2 AL N
XAD-16 MBI« FUA 20T B 5 RE A8 4 4 i
s BRI K AL i XAD-16 W% B £ 30k TC 12 34 31 58
EPRBTE Y R A X R B o> Brah ik e
Hep bk Mo1 AU ™ A2 B9 32 200 S Y T, 8
45 2R S LR IR B o3 B #h A A L TR O Y
DU ot P B ok

MR I £ B DU 3E 1 08 Bk MO1 &2 B 0 b
T P B T BEPTRE PR R AT PR SRR B
TH WG [ 48 1 BE 1 DKk v TE K L 4 °C KA
i Lk B B0 0 0 0 E A (R AR R Y DL 3
e b WA AT L SE R A R N 8 BT,

20 20

—— YOE A0 T E
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E 16k g
£ 16 16 E
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b B 0 R SO SR  80 %4 0
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(LA 395 9 LT B 90 4 P 5 0K K 2
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T8 1 A B IE E E AT Ok, R IR IL RE S LY
Wb BB Y T E A PR U Ok, B L 80% & R
h il £ BEDTTE e B

2.4 WH MOl £Z37H F R RS 54T

FEABEGE oL B AR MOT B 35 B30 5 35 1k ) R
ANBEBE A ML ) A5 B, AR BE B 6% R 2 DU {H 7]
DA H N 80 % WY Ve £ B DL TE L 5 4 4 2F f T
B HAB-5" (FM4B! il JTK2' 55§ 38 11 45 S 2%
o ¥ 28 80 % & BEVLTE T 2K 1Y BT 1 145 Pk 0 5 s i
T 25 mmol/L PBS ZZ it . & TiET 48N ,24 h
BN L 24 Sephadex-50 ¥ JZ AT, WHE 58 45 1k
JBLW 145 8 mL K H A5 B AE 280 nm £ F
I 7 4558 A WO A L A5 R An & 9 iR,

9 Al AL, FE B Y 4~ 18 B VR P L Bl
AU A B B0 e B VAR ) O S B S B R S
Ul /I B 728 Al B, 3 W45 A8 R T VR T AR 1 R Y
e B TRVRE S0 KR e/ ELZE SR 9 45 Houk i 1k B 4
K. W HRAS WA P IR 200 p L HEAT A0 T I A
FE R B 5~ 16 B HL A0 TR I P L LA B S M 0 R
SRS VAR 1 28 0 VR B OE H L AR A5 U
AV VR TC I B 3 M. SR PEG20000 % 43 4%
WA £ 4 VR B0 W EAT 30 min B9 MR 46 L BUIR T AL
PEOE I E MR R B 417,18 W g M
B M S R G TR0 25 0 AT R L Y R ) R BB
I PE Ay 2 A 2R

.
2 L]
\
<] .i
£ [ ]
(=]
i) 4|
¥ "
= / h
| ]
\
/- "
| ]
oL — e w‘&_
0 10 20 30 40 50 60
Wi R

B9 REDKEF R BLIR 6 R AR M T
2.5 SDS-PAGE 4 #7

22 7 T BE ) A5 4l Ak 5 ELAA I S R e
AR 3 SDS-PAGE # ¢ A ik an i 10 firzs. B & 10
AL AN R B AR R B A R A TR A AN AR A
FIRf ] Lt —2F L 8 A B A RN S5 %0k
L P R AR S5 /N YD AH OC 38 o 40 B T
P & B 9 5 S A TP G B TR I TR T A
15 SEP MBI E Y BB EA RGP e s w

T o AELAFDRE G 4 s 2 78 400 T 06 MR 55 fl AT LA
W1 Ui B 4r 7 62, 0 kDa, 40. 0 kDa, 29. 0
kDa.20. 1 kDa % £ 1 #8 7] BE 2 W Ak MO1 1 B 1%
P ) Ry, o 29, 0 kDa 2247 B9 2 A AT
B2 P BR MO 910 B 0% P ) Jo 1) o 2 1 43, 31X 5 4
W) HAB-S'™ ) R MY ol fE 24 T &N
60. 0 kDa.59. 0 kDa,43. 5 kDa, 1 14. 4 kDa K /\
B KW B, Horb 14, 4 kDa B A[ fiE & HAB-5 £ 3
TR 0 5 1 - i R BF 9 45 SR AR AL

KD M 7 9 11 13 15

A 10 Bk MOl &R R
0 3% 7 W Bk R R I W, vk

3 #ig

AT X AR B B 2 ARF B MO = AR BT
Y T 4T Ak A5 3 T 7= B vl 16
JoT 0 e AR R B 45 Wi pH6. O, 3R &L 804,
KEEIREE 28 C.EBE AW 48 h, HIZ T Z&MUTF .,
FBR MOT 7 A 19 HT 1 9 ot 0 4 8 (5 ) 2 5K e
CVCC1885 I 1& 1if P L L fb mir $& & 1T 38. 7%, 5k
FH 80 %6 & BEEIT T 125 $2 BT 01 336 PR 4 0L 45 BE B TR
PEAH W), X AT 3E A B L, i Sephadex-50 #E
Ji2 J2 B A 00 25 43 85 4l 4k . SDS-PAGE 43 8t & B8 4%
FHN 29. 0 KD 247 1Y & M A] RE 2 T/ Ak MO 411
RS P T A T B Ay, LRI —Fh 4 T Y R
B TE ) A A3 3A T HE— 2B i Al Ak T
I3,

£ % ik

L1 ABImedR X Bl 9 Db, 45, S0 8T 2R F0FT I JK-2 DRk
YRR AT L) ], WL R 2 2 R CROE 5 A A B2 O
2007,33(5) :484-489.

[2] Li S.Zhao Z A,Li M, et al. Purification and characteriza-
tion of a novel chitinase from Bacillus brevis[ J]. Journal
of Industrial Microbiology & Biotechnology,2011,38(4):
557-563.
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W OB B BR K ER AR HoA R A AR LB AR R E AL R AL, VA
BRI IR 0 REAFREAF S EEETCVOTBAMA R FTRHTT ik, R EM. Ve
DR AT A Ve 15 g, TR H 12 ¢, HEM 3 g 5L 9 g KRR ZERLF 4
% (L-HPC)0. 96 g, dh 4 4 2 (MCC)3. 84 g, R BB L& iz BA(PVPP)4. 8 g, #2428 0. 8
g RIREAN 1 g FRASER4 0.3 g B F &M 0.45 g, MM EH 0.75 g, R A BE R % & 200
F.BAFTHEN Ve MBAENs AR HEIELHE, o RERT, £ Ve £ 30 min
KB o MR R; fAEF C MR, &%

RESES R244. 1 XHkERER: A

Study on formulations screening of vitamin C
orally disintegrating tablets

YANG Wen-juan, DONG Yang-yang, PAN Mei-ling, WANG Lan,
GONG Pin, CHANG Xiang-na

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

na)

Abstract: Study on the composition and the ratio of disintegrants, vesicant, filler, corrigent
and the amount of vitamin C to get the prescription about the vitamin C orally disintegrating
tablets with the disintegration time and the tastes as the selection standard. The results
showed that the best formulation of the vitamin C orally disintegrating tablets was 15 g vita-
min C,12 g conpressible starch,3 g mannitol,9 g lactose,0. 69 g low substituted hydroxypro-
pyl cellulose(L-HPC), 3. 84 g microcrystalline cellulose (MCC), 4. 8 g crospolyvinylpyrroli-
done (PVPP),0. 8 g citric acid,1 g sodium bicarbonate,0. 3 g magnesium stearate,0. 45 g or-
ange flavor and 0. 75 g aspartame. The 200 pieces were produced by the direct powder com-
pression. The orally disintegrating tablet scould be obtain the rapid disintegration time within
30 seconds and The process is simple,and the taste is suitable. Vitamin C was released com-
pletely in 30 minutes from the orally disintegrating tablets.

Key words:oral disintegrating tablets; vitamin C; disintegration time; prescription
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I AR fift - Corally disintegrating tablets) , HfI
FE 1 PN B 00 A A 1 790 R 10 s 3k R ] A o) 741
() — . RRE N T LK B AR 25 B IR R T Ik )
AU B IS T L B AF A WA R M B AN 5 BO/K il FH Y
B H AT — 0] B AE A PAELRR 25 UL 25 LBt
SR 255 Bl AR C (Vo) AT
WIMPR . & — B LR B AR L TFY
JoG, E LAk A S AR R I R AR R e =
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PCB # £ MARK #47 7 242 F e, RGA A ERNZ REL KA R T2 F
AR ETRE SRR RTNES R AP HAK FHEAW . ZA RSB EHNF
B 64 Bk, A e M T ALk B — R M AL LR T Ak e 5 aE A .

KEIF %0 ; Bmd; hANE; Fdhsanz

FESES . TP24; TP27 XHEFRERD: A

A algorithm for locating circular objects and its
application in gear measurement

LU Jun, LEI Si-ming

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

Abstract: According to the actual industrial environment, high precision positioning of the
workpiece with a simple geometry is required. A localization algorithm based on geometric
features of objects was proposed ,and verified by the example of circular positioning. First,in
the process of edge extraction according to the location of object edge direction put forward a
new algorithm of edge detection,and connect with the initial results of template matching to
finish the arc edge detection dynamic. Second,the improved random sampling consensus algo-
rithm was used to fit the circle,and to locate the MARK on the PCB board. Finally,using the
proposed algorithm to fit the top circle and the root circle of the gear tooth to get a series of
gear parameters aiming at the shortage of traditional gear measurement. The experimental
results show that the algorithm can accurately measure the contour of the circle and reach a
certain accuracy in measuring the gear, which verified the accuracy and versatility of the algo-
rithm.

Key words: edge detection; circle fitting; dynamic measurement; gear parameter measure-

ment
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Research and simulation of variable universe fuzzy PID
control system for brushless DC motor
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(1. College of Electrical and Information Engineering, Shaanxi University of Science & Technology, Xi'an
710021, China; 2. Shaanxi Research Institute of Agricultural Products Processing Technology, Xi'an 710021,
China; 3. Production Department of Puyang Water Supply Company, Puyang 451000, China)

Abstract ; In order to improve the performance of brushless DC motor,for conventional PID in
DC motor applications defects slow response speed, poor stability,the paper research a kind
of fuzzy PID control scheme based on ideas and variable region, a second order fuzzy control-
ler was designed, the controller according to the control requirement of system real time ad-
just the scaling factor,the first order fuzzy controller changes the domain of the second order
fuzzy controller by using the dilation factor,thus,the expansion of the field can be carried out
according to the change of the speed of the DC motor. Through MATLAB simulation, The
results show that the adaptive fuzzy PID control and variable region DC machine compared
with PID control and fuzzy PID control has no overshoot,quick response speed and good ro-
bust performance.

Key words: variable universe; fuzzy PID; DC motor; control of motor speed
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Single extraction steam turbine based on PID neural

network decoupling analysis

LI Ming-hui', YUN Wei-tao', ZHANG Xiao-jie’

(1. College of Mechanical and Electrical Engineering, Shaanxi University of Science & Technology, Xi'an
710021, China; 2. Puyang Water Supply Company, Puyang 457000, China)

Abstract: Steam turbine in the process of work,the unit power and heat supply network and
there is a strong coupling relationship extraction steam pressure,greatly reduce system con-
trol performance, general control method is difficult to get satisfactory control effect. In order
to solve the above problems. The multivariate cascade decoupling technology is applied to the
control system,puts forward a kind of PID neural network combined with a series of feedfor-
ward compensation of double variable decoupling control scheme, feedforward compensation
to realize the dynamic and static decoupling system,design of PID neural network controller
can make the system very well adapt to the change of the load,so as to improve the control
effect of the system and adaptive ability. The MATLARB simulation results show that the de-
coupling control scheme between the load disturbance greatly degraded, make the thermoe-
lectric coupling problem in the turbine control has been effectively resolved,has a good appli-
cation prospect.

Key words: steam turbine; feedforward compensation; dynamic and static decoupling; PID
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Research on charging control strategy for batteries of
photovoltaic power generation system with storage

MENG Yan-jing, JIA Juan-juan, WU Hui

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

Abstract ; Limited life of batteries is the main factor that restricts the photovoltaic power gen-
eration technology to be widely used. Based on the theory research of MPPT and the charac-
teristics of battery charging.the system structure of the dual stage DC/DC converter to con-
trol the photovoltaic charging is designed. A more reasonable charging control strategy is a-
dopted, which can convert the MPPT and the stage constant current charge according to the
relevant parameters detected during the charging process. Simulation example and experi-
mental verification results are given to demonstrate the control strategy can automatically
switch the charging mode according to the terminal voltage of batteries in the later charging
period, provided a more efficient management for the battery charging process,prolonged the
service life of the battery.
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Design and implementation of historical data service
for internet of things system

ZHANG Yu-jie» ZHANG Ting-ting

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

Abstract; The information exchange between a large number of user terminals and equipment
terminals in the Internet of Things system will produce massive heterogeneous data streams.
The data center needs to analyze and process these data in time and select the useful data for
users to store,in order to facilitate the current and historical status of the equipment to que-
ry,and provide data base for equipment large data services. In view of this problem,a man-
agement and storage system architecture of historical data of Internet of Things System com-
bined of MongoDB database, RESTful Web Service, MQTT communication, JMS message
service was put forward to meet the characteristics of heterogeneous data storage system and
the real-time communication, reliability requirements and the versatility of different termi-
nals. For the result,the system can achieve the device node historical data acquisition, selec-
tive storage,delete and query functions,and can be applied to different equipment terminals.
Through long-term testing, the system architecture can be achieved in the Internet of Things
in the system node data acquisition and centralized management,and can effectively improve
the database storage efficiency and storage utilization.

Key words:IOT system; history data; selective storage; centralized management
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1.1 Restful API

M4 Py 3K ) 3R 48 19 5K . R FH REST XUA% 19
Web JIr 5 352 HI P 5 A VRN 487 22 A9l 55 it 7%
10, REST (Representational State Transfer) &
— o A 2R B H KA L RESTTul Web IR 45 J&
ffill HTTP fil REST J #5281 ) Web JIg 5. i
#  RESTful Web Iz 55 N iZ & X LLF J7 i : Web JIg
5 ()3 /M URL, 32 H MIME 285 #8915 i )37 %5 3 (£
& JSON/XML/ATOM %), DL K R 55 32 +5 19 4
{@%A[S]

TE REST{ul 244, 57 — & A 45 1) API oRi
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A A AN T 36 5 ) XK 0 2R 56 v T ) 5 A AL R
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W 2% 48 rh i P S A SV GE AR g FH P 5 o 5 9 i R
B RBAE  Be i — A RGBT H R R
PR T ] N R G T RS RS
P A2 SRR R A R BE T RE O R TR 4 S s A Al
P18 i G 9 3R PR A 18 B 1 O ALK SR A B I B
I B B R A T s A

1£ MongoDB %4 i v & 57 77 Cusers) 7= i
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(HTTP k% #%) . MongoDB %4 ¥ /£ . Apache Ac-
tiveMQ Ik 55 % (JMS Ik 55 #%) . Apache Apollo Ik
%2 (MQTT BRS #8)10 8R 5 5 G 135 4 1) A I 35
B A L. APT 82 00 RR P IR A B
i) HttpRequester T H., B4 2 03X R FH AP 13 mT
M4k T. B Robomongo, % A MQTT % /' ¥i; web
o) 3 T ELASEAUL B 1 15 A s 1) 2 IR 55 e AR U
4.1 B AR B A K

WE 5 s, LU 347 i = 50
temp.hum . light 2 i, M 3 %5 95 1 35 95 14 A7 6 52
LK temp AN light B4 A5 A7 IR B BN true
(FF#) s hum s 55 B A6 IR S & R false ORAF
fitH.

wE 5(b) iR, ik MQTT % 7 i ik T H.
4% temp.hum F1 light =488 5 W EEE . B
5Ce) JUr7n i 5 504 4 A (datas) il B0 A5 A5 1R
(nodeld) X o] & i, temp Hl light 19 JJj 50 4040 f4
AR R HAS A AR SCR T hum 2048 A2
(4 73 2 B8 R DR AT

db.getCollection('devices').find( | )
Key Value
= &3 (1) 3BCE9129CCTIEEECSS { 10 fields }
mmo_id 3BCE9129CCTIEEECSI4A1 ET2ADFID332
" mac 1
" productld 3E21F4EBIAOBZ3E1SA40BCES2T17S93F
“" deviceName SHTN IR
= £33 node Array (2]
=@ 0 {8 fields }
*" nodeld BDESCEDBECEBOD1FSEO1422BEOA4ASSS
“" nodeName temp
“" nodeType double
I store true
B3 1 {7 fields }
“" nodeld 084FTAE3046EED211B594169D0112009
“" nodeName hum
“" nodeType double
Bz {7 fields }
=) nodeId T3FBBOET2A04AB309730FE003CFOBDOD
“" nodeName light
""" nodeType int
VF| store true

Ca) B A7 RS B

Web MQTT Mhz

MQTT Options

‘ ~ Connection
Host&Port I By : 61623
Server URI  ws://localhost:1

EChem ID mquser

tt

Disonnect

i ~ Publication

Topic  3E21F4EBIAOB23E15A40BCB52717593F/1/out

Message {"temp":12.56, "hum":16.98,"1ight":100} |

Hex

Qos 0 - At Most Once Retained | Publish

Event Topic Message

Connected

Published 3E21F4EBIA0B23E15A40B( {"temp™:12.56,"hum™:16.98,"light

(b)MQTT % J7 vify & A 545

db.getCollection('devicedata').find( 1

Key IValue
[=}-£3 (1) 9E3SCBFSBACFCF33TAC29 { 3 fields }
nro_id 9E3SCEFSBACFCF33TAC29
" nodeld BDESCEDBECEBODIFSEO14
# count 1
[=}- 3 datavalue Array [1]
E-E30 {2 fields }
_# nodeValue

07 dataCreateTime 2017-03-28 03:55:25.11
(=3 (2) S3DBE4SFDT3BAIFD28ASS { 3 fields }

o _id S3DBE4SFDT3BASFIZEASS
"" nodeld T3FBBOETZAD4AB309730F
# count 1
=D datavalue Array [2]
&30 {2 fields }
# nodeValue
T datsCreateTime 2017-03-29 02:03:38.28
(o) i 92 B s 4R & A7 ik 45

A5 LT GG R

4.2 BB A AR K

VLY R 1% 4 R B 5 temp AL TN 6 T
7 B MQTT 2 i 422 Y0 30 B0 14 1sF 18] 52 55 4 1k
A7t 1 D7 S 508 B G A e i L A e 7 A B
Vi) F8 EF ) 2 A D03 A 4 4 ) 03K 22 250808 68 temp
T S O A AR 0 45100 4501 000 45,5 000
2519 999 AN T T A Bsf ) 2E A7 X6 L FE DL SR L
TECH R TR A 10 B0 A5 IR HAE R
BHEBEN true, K MQTT % 5 3 il 2t T 2 [5] if
A% 10 ANEE S BUE BB R B A7 6 B[R]
AR R 2 PR YRR G 2 B A7 6 T
FH 8] 52 0 Kt 3 s HLBE 25 5008 A0 2 800 7 i
B (8] 3 AR SR AR fE 3 /N EFEAE 10 ms %) 25
ms Z,'j:]

jar [MFE1ES

:\Windows >java —jar C:\test\DeviceDataService.jar

—jar C:\test\Device DataService

- java

BTh

DAY
TR F AR 7 H B

ITopic:DeviceData, QOS2

JJMS: {“operation" productld”:'"4", "mac":"

1", "nodeld":""4FCEE668B1CA45E62C8DC191F16'">

= P imrEIERLTH

= FiEag A

timel:

HEUE B : ("temp":13.18)

tine3:20170327214817462

Y B o)1) /\ DS

[tinel:

HEI/E BAAE: (“"temp“:13.18)

[t ine3:20170327214824548

ho & \ hUT

B 6 Fk3E 4k 22 At a) Hr ok
x2 AEHIBELAIER BT

4 A i 1A B i o 10 A~ Hdhs A0 H
SCRAH i 8] /ms A 1] /ms
0 10 15
100 11 17
1000 14 18
5 000 17 21
9 999 21 25

4.3 B R AL R F K
A ZR G2 1y S B A7 R T AR SR B 2
7Ca)  (b) 73 51 Ry P SCRIE A7k 10 000 2500
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SR RS T P ik SRS A it 0 T =OBHE R N A
R/NEXT H. H B 7 AT A AR P SO RO AR A
PIAFEH 1 048 560 byte, Ifi AN FH P9 % SC Y 54 4
A NAEN 2 400 000 byte, fifi I P ik SCRYIE A7 it
FE AN FH PN SRS 7 fifs 5006 2 A7 15 48 56. 3100,
PRt 1) PN SRS A it T 2T 3 8 2 A i
ES

db.getCollection('devicedata').find(

Key Iv.l“t

=} €3 (1) 2E96T6952943CA3CEOAB4EE {3 fields }
R _id 2E96TE952943C93CEIAE4ER
# count 10000

=LY datavalue Array [10000]

B30 2 fields
# nodeValue 12, 560000
7 dataCreateTime 2017-03-28 01:58:59. 5232

R SR - mongo

> use m2m
switched to db m2m J
> db.devicedata.stats()
K
“ns"” : "m2m.devicedata",
“count" : 1,
“size" : 1048560,
“avgOhjSize" : 1048560,
“numExtents" : 5.
“storageSize" : 4890624,

: o 8 .
Ca) i JH P SRS A7 A
db.getCollection('devicedata').find(
Key IVduo
=143 (1) ObjectId(“Se2bS93eb464843") { 4 fields }
_id ObjectId ("5e2b533eb464843")
“* nodeld 3CBT2CA1SDCOZADOS0ESABSDIES
# | nodeValue 12. 560000
TR - wongo ES
> use m2m
switched to db m2m —J

> db.devicedata.stats()

K
"ns" : “m2m.devicedata".,
“count" : 10000,
“size" : 2400000,
“"avgObjSize" : 240,
“numExtents" : 5,
“storageSize" : 4890624,
"lastExtentSize" : 4194304,

Cb) AR FF 1A 498 S 4% 47 £
B 7 R AAEA R Fo K

5 #ig

AR SCES 5 W I ) 2R 8 S b R RCHE A it E fR
S T RE PR KL B — b M I R AR 4 T S
i (04 B KA il AR B R M 2 2R A ik RESTful
Web Service,MongoDB 45 £ . JMS 7l & IR 55 2% .
MQTT 38 {5 5 A 52 A 7] 15 & 19 a5 b AN ] 48
P R D7 SRR ) e R A A G B W] S L
SRR G OB Sk e R ) 2R G b T e O Y
TUAR. [R)IE A T A ik SCRY T A7 Atk D s 258l A AL

Mo AR T R R A AR A R L BRI AR S B T
Xt Dy e a6 A B3k K A 30 25 DR % 2R SR K
P 22 Gt Hh AN [) RIS, 5 52 I 178 0 3 S0 4 1 80 £
AL PR A BRI BE L OF FLA E A S BAS [ 22
FR A BB, T 32 A T AN [ A ol Ay e o iz
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The vector control based on automatic fruit set
separation device control system design

NING Duo, HAN Yu-hang

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

710021, China)

Abstract: The domestic production line of apple sorting still choose manual mode to separate
the fruit set,leading to low productive efficiency and high cost of the fruit products. To solve
this problem, this paper introduces a kind of automatic fruit set separation device. This device
completely replaces the manual operation by running the permanent magnet synchronous
motor with designed vector control system, which could realize the intelligent control of the
mechanical working system. This fruit set device could not only greatly enhance the working
efficiency of the production line,but also improve the automation degree of entire apple sor-
ting working system. Furthermore, this technique is also applicable in other fruit production
line with the need of fruit set separation, providing new exploration in the development of au-
tomatic fresh fruit industry.
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Effect of mechanical waves on fracture of brittle materials
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Abstract: Based on the energy concept of Griffith fracture theory,the impact of elastic poten-
tial on brittle materials is gotten by mechanical theory analysis of the brittle materials which
producing standing-wave (in this article, the standing-wave is a kind of mechanical wave)
phenomenon. On the base of conclusion that the analysis of standing wave phenomenon, the
conclusion is spread and applied to universal mechanical wave-traveling wave, the loading
rate,geometry factors in the fracture of brittle materials and the energy of traveling wave are
researched and the universal conclusion adapting to the fracture of brittle materials are got-
ten.
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The stability analysis of smith’s economic growth

and monetary policy

LIN Xiao-lin, LI Xiao-min

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

Abstract: By using the matrix theory,this paper discusses the qualitative properties of model
of Smith economic growth and monetary policy model. Computing the eigenvalues and eigen-
vectors,we are obtained the stability of the model. Further, we gave some important resultsto
judgment model equilibrium for global asymptotic stability. When the spectral radius of the
characteristic equation of the economic model is less than 1,the equilibrium state of the mod-
el is globally asymptotically stable. Finally,a numerical example is given to satisfy the spec-
tral radius of the characteristic equation less than one, which verifies the correctness of the
conclusion that the economy eventually tends to be globally asymptotically stable.

Key words: smith model; monetary policy; stability
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