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Abstract : EDTA-chitosan was prepared through the acylation modification between EDTA-2Na and chitosan.

The preparation conditions of EDTA-chitosan were optimized by single factor test combined with orthogonal

optimization test. The comparative analysis of Cd** adsorption properties of EDTA-chitosan was made with that

of chitosan hydrochloride, chitosan quaternary ammonium salt, hydroxypropyl chitosan and chitosan lactate.

The results showed that the optimum preparation conditions of EDTA-chitosan were as follows: the mass ratio
of EDTA-2Na and CTS was 2 : 1, the pH value was 5.5, the concentration of EDAC was 40 mmol/L, and the

reaction time was 16 h. The verification experiment under these conditions showed that the average Cd’*

adsorption rate of EDTA-chitosan was 53.04% . Moreover, the comparative experiment revealed that EDTA-

chitosan had better Cd** adsorption effect than other chitosan derivatives under the same conditions.

0 55

FC R ( chitosan ) Jg& [ #R 5 A ME— B Bl P
Zh, > T3 B Sl B R T A
v AN ST AN R I O b R e Pa
S, PR 78 R LA B i SR, BEAE 7K
RFTHIE B B, A BT ACR AR B A i 5t
ST A TR 30 , A3 PR R ol R 5 S
e RME S CHAT A ) B AT D0 B A WA e )
BEARYE B R P R E R Lo
THE B A R IIREREEIRE S KA o ad P4 R K
A EEAE L Howe) iz TS e R i R K
REFES BT THE BT L
N - ZBEEEE G I L5 N A1 [a) 2 8, F
TR JBC s i DX (o HL R P 32 1) 1 — s B ot
FERMEIEAT A A O, T DA G HOK S B
TS PEAATLAE RE , 2E T i 2k AR B G s
A

T (Cd) & —Fp B A i 24 B0 M A S0 1
A BEICR Bl 2 e m et B NE
o A8 HH B DR AR R RN B IR, 38 25 3L
HRSAAACHSZ B, R A B 28 40 55 4% b
TS S BN 1 e A PR s £ L)
BTG Y H AR MK R 25 40 Jm B 1Y
TIEAAEAL A ULTE U8 AL R R B TR
e AR B Herh b I
FRTTSC S BEE M R 405 5 T 55, X /K T T P 4 e

TFHyE R R S AR v —.
FERE ML JE WAL A, T AR R
TR, %) AR B TR WK RE ) I B T
— SO R T 7 R 4 R T B
AR R LR 4 R BT B BE Y A Ak
wR

EDTA-2Na J&—Ff i Wik 4 @ E AW, vl
THREMSESRE T, NA S S G B L RR
RS FE RS A, 5] A SE/K I B R
KT TR , T A RO 25T R 4
BRI . © A DL R EDTA-2Na X5
B UEAT ORI I, R B P P T G’
Co™™  Ni* " 257 43 J& B T IR MHRF ST '~ 4n .
Repo 224 2, — [z DU 2R (EDTA ) 57— . 2, 3
—HEH LR (DTPA ) BB IR [ E TE7E RIERI R &
WIET b BETE T A BRI Co A1 N f6 1 ff
HER LN 93.6% ~99.5%. {3k %" iz
EDTA 8 1475 FMH I8 R 300 36F 24 5T 382 O P 11
TR T IR BRI ST, & BUHAS Cd, Pb (Y
LBREFA] 43052 90% F194. 7% % 25 Y
HoAth 5 4 J8 U Zn, Mn S5t — % A9 B BRAE .
Y1, AR SCHBL ] EDTA-2Na Fot Ak ik 17 5B,
% EDTA — Fe 50 FE0F78 HxF Cd* ™ AW bRk
B DA R C T it —Aopr iz,

1 #eSInk

1.1 #B5iEH
SEEBE (B Z e =90% |, 4y -+ 500 ~



48, % (EDTA - % R AE (0 & R 3t Cd* W BB R o 5%

. 3.

600 kD) , B Sh g, 1L AR Bifi 6 i 26 26 0 RHEE B Ay
A IRA T = e R RN R, &
A, P I kA AR ) T AR B FI P e R L
Rl e RBEER IR EL , B gk, 1L R R A Rt
HA R R EDTA-2Na, CACL, , 73 4, i 34
b TABRA ™.
1.2 FE5E&F

HS — 12 B S peas , B2 L A8 R
JNFEFE s pHs - 3C R pH 3, b TR WA RS )
P73 MDSS 7 BUFE M 4%, W) T rp 28 S 0 s A
7773 SHA - B BUZK VAR IR G 4% , 250 R 58
IS A R R 75 FD - TI2N - 80 BIFLZ5 1%
WAL, L RE R R
Thermo M6 Y Ji W IR G154, T8 8K &t /R Bl
(P ED AR
1.3 LWHE
1.3.1 EDTA - EEBEMHIE  FEL0.5 g 7%
B0, AR 50 mL ARFR B 0. 1% B BE R
T P 2 o 2R A 1 g EDTA-2Na,
FEHHE N 5 mol/L ) NaOH ¥ pH {H
5.0 Ak W& (EDAC)  Hii #5214 h, i
BT R VR T RIAR 7 RBE R AT AE Y EDTA - 5%
B IET 4 CHRMF TR
1.3.2 Cd&*" RMEMFEHEBHNE &
50 mL JiT v EE N 200 mg/L ) CACL, %, H
R ECH 1% 1) HNO, SR 4 1 mol/L
() NaOH 733 pH {EZ 5.0, /il A 6 mL Jfii4y
W 1% 1 76 BT AW, & 4% 2100 mL, F
100 v/min 2504 TR 5 EUN G, 2208, B3
W ISR T2 I CRE R % Cd™ i b R
g R AT E A AN

s =COC_C'>< 100% )

0

v(c, -C,
Q:(W) @

[PV oG R B TR AR/ mL; G, , €
G FR Cd™" B VW B TS Y B vk R

(mg + L7 Wy W B 500 5 /g5 Q A WL A 2/
(mg-g™').
1.3.3 #l#% EDTA - SRENERRIAR
L Cd® " 1 B 25 A Wi 137 45 % , B 58 EDTA-2Na 5
SEERME B L pH A  EDAC ¥R & 1 S iy i [
X Cd® ™ W BRSO B

1) EDTA-2Na 57 R b i i Lo X Cd* " W it
BN Al W s

FREO0.5 g 7B A S 50 mL (KT
0. 1% (B RR S W, B A PP 258
V. 57 4% B EDTA2Na 5 52 REBE Y i it
11,2 :1,4:1,6:1,8:1,10:1 F0
12 0 TR AT & %) EDTA-2Na, FVK B2
45 mol/L ) NaOH ¥4 pH {H 2 5. 0. #¥
EDAC ZHYKFE 10 mmol/ L, i 551 T i+t
4 b, FEHT, B0 TN s, I E A [R] EDTA-
2Na 57c M0 B LG T Frifil EDTA - 72500k
XiF Cd® ™ f W B .

2) pH B X Cd® " W 23R 1) 52 i it 56

FREL 0.5 g Fe MBI A ZE] 50 mL {A&FH 5341
0. 1% P EERR S, IR A TR R e
R IMA 1 g B9 EDTA-2Na, 3 Rk &
5 mol/L () NaOH %5 % pH {8 435 %= 3.0,
4.0,5.0 F16.0, HALXIR AL ERIA] 1), A [H]
pH {H F il EDTA — F2RBixF Cd™* [ B .

3)EDAC ¥ X Cd>* % i 2 1y 5 i 5

FRECO.5 g 5o RBHMAZ] 50 mL (A 734k
0. 1% WIBSBRIE W , 2 A 1F T 1 2= 58
VR M1 g B9 EDTA2Na, Jf HI ¥ B 4
5 mol/L f¥) NaOH % & ¥ pH {5 2 5. 0. 7 M
EDAC 25 0y BE 45 5112 10 mmol/1.,20 mmol/L,
30 mmol/L,40 mmol/L 1 50 mmol/L, HAth iz 5
AR 1), E A /] EDAC ¥ BEF | EDTA —
TR Cd** A B,

4) J ST RS PR Gl 1 B3R fR it

FRIO0.5 g e RBEIMA ] 50 mL RT3



4.

Ba50 2018411 A 4533 % 556 4

0. 1% MEERRE W, iR A T b 258
W E. A1 g By EDTA2Na, Jf HI ¥ B2 2l
5 mol/L ) NaOH ¥ pH {5 £ 5. 0. %
EDAC 2 H k2 30 mmol/L., Z i 2544 K 43l
Pitk4 h,8 h,12 h,16 h,20 h 124 h, Hfthik5s
APBRIA] 1) 0 % AN [m] S i 18] R Fir il EDTA ~
FEIMERT Cd™ " 1A 2.
1.3.4 ExAWiET AR ER L,
Lh EDTA — 58 B MEXT Cd®* 1y W B 32 4 DF 5 48
. LA EDTA-2Na 557 A Y ot £ LE (A) , pH
B (B) ,EDAC ¥R (C) F BB (D)4 4~
F R AR, N Ly (3%) IE AR B A 73
B W EDTA — 58 SO0 B S HE 45 25 1F.
1.3.5 FEZBETEDRMERETEN
RIS 3 30 mL 1) CACl, B4 Ja ik (ol ik J
100 mg/L) & T SEH A, 25 6 mL J5i
BN 1% W7 RME TR RN 7 B b
STRMEFLIR B 7 RPEER IR Eh A EDTA - 72 5
B, ¥ pH % 6.0, € F % 50 mL, F
25 C SR RO 12 h, o 8 HRUGE 5 8
FH K W 5053 D16 00 BE s i AT 5, 3 )
AR O EATx Cd** #) W B = g
B 2
1.4 ZEitortn

KM Statistica 5.0 GeitH /L H YRR R
75 220 Al Tukey” s 28 HURCHEA TR AL 2.

2 RS

2.1 EDTA-2Na 5ExXRBHEMFR=LLXT EDTA -
FEERAE Cd* T IR M R A 2500

EDTA-2Na 55 5¢ M (4 Joi 4 LE X EDTA —
SRR Cd® " LB 13 R B 25 SR LI 1.
B LA, By EDTA-2Na 5558 5O Bt HE 1Y)
BN, EDTA — 7 SMEXT Cd* " iy Wi B 5 52 L5
SEIE 2  REAR I S O RO T RRE. Y
EDTA-2Na 5 7¢ PR i LL O 2 @ 1 i,

(98]
wn
1

W
(=3

| /\\

S

LT 21 41 61 81 1001 12:1
EDTA-2Na'j 53 5 0 (1) i 2 Lb

H1 EDTA-2Na 5 7 B4R 2 st

EDTA - 54k Cd*" B 509 %0
Fig.1 Effect of mass ratio of EDTA-2Na and chitosan
on the Cd**

W
>

3]
(=
T

W
T

—_
(=]

adsorption rate of EDTA-chitosan

EDTA - ¢ % B X Cd*" i W Bt =% &5 &, ik
29.5% , W% Bt & O 63. 25 mg/g. X W] fig 5
EDTA - 52 RBE IR A ¢, 24 EDTA2Na 5
FERER R LR 2 ¢ 1 B, R e s AR
SEKIERA 2 L 45 9 EDTA - 58 4%
P EBUA R 50 At i 5 L 1 5 10 7 ) B 5, AT
Cd>* AW JfF S B . DRI, LAGE 24 % EDTA-2Na
5570 BOME Y 5 Al 45 9 EDTA - 2 BB
Sell T SRR AR 22 B B, T ELIS e 4
HoXF Cd** W B PE BE, B, % EDTA-2Na
HEE RN 2 0 1 BN IE .
2.2 pH &3t EDTA - BB #E Cd*" R Bt =AY
A0

TE5E BB et A e, pH (B A AS [R] ]
PRI IR B B e AR R 25 5 I 2 Ry pH{H
Xf EDTA — 52 B0 Cd> W i 26 1) 5 i 1 36 45
BB 2 "], fE—En pH EEE, Brifil
FIEDTA — 3¢ 5 B (0 W B % 2 Bl % pHL 19
BER Tz 8Tt =, 76 pH (N 5.0 B, 0 B 58
11 20% iR F 5 i 1 5 Fﬁ% pH {H f 4k 223 K
W B 8 i T o s B AT X AT g & PR o EDAC AR
PSR4 55, H pH (H—f A 4.0 ~ 8.0,
MY pH (B BLAIGET, AT g 52 i EDAC



48, % (EDTA - % R AE (0 & R 3t Cd* W BB R o 5%

.5,

Y4 G qE , JE T I 572 SR 455 EDTA2Na &
PR BEAR RS, BT LA 45 B EDTA — 58 S Y
W B AR B pH 93K EDAC 1945
ERCRI o, 7 AL B2 P 5 EDTA-2Na 11

I3 4535 B, BT A EDTA — 5 80 9 % b
REWTIE. 24 pH KT 5.0 JF, KA TR
FCRBEI I % B, 5 EDTA-2Na (1) 5 v F-
Wz BB E, B H] EDTA - 52 T Cd* " iy
2 B 5T BARAAG. PRI, 2645 pH {2 5.0 45
NN

25

L2

3

pH{E
B 2 pHEsr EDTA - &5 4%

Cd®* B 84 % vy
Fig.2 Effect of pH value on the Cd**
adsorption rate of EDTA-chitosan

2.3 EDAC SREXF EDTA — £54E Cd®* R Mt

RN
EDAC 2 —Fh 7K 35 M e — 3 e RS F

AT MR L 5 S B 40 5 RO, FE i g 7
M4 4 7). EDAC ¥ BE X EDTA - 58 B4 Cd*”
W FfF 28 1 s 235 2R LI 3. H 1L 3 AT A —
(1) EDAC ¥ Y FIN , B EDAC Y JE ISR,
EDTA — 52 BT Cd** A W B 5 i 7 5. 24
EDAC ¥ JE A 30 mmol/L B, W [ 2R3 30r 33%
INF B E, Z 5 BEE W BE 3 R EDTA - 7%
SOME ) W B RICR 2 A 2%, 3X AT HE S EDAC A
BT 5, W% EDAC ¥k BE 3 , Ho b
EDTA Hrif iR 5 5 52 M v i) 2 AT 48 & I

I AR 25 bk, (B Rl EDAC HA 85 1)
KAERT, 3 = ) EDAC ¥ B2 25 fff EDTA - 7%

TP AT 00 0 W K b B L B EE B R ok
VK R BEIROIR , X8 L 2 in A EDTA
FERMEIGT , H 4 TR W BT ) TR B A R, i A I ¢
(18 A6 0 245 5 I G L I, 6 4% EDAC YK FE
30 mmol/L % Ki& ‘H.

351

W
(=)

o

N
(=)

—_
W

20 30 40 50
EDACH & /(mmol + L™

—_
(=}

B3 EDAC K Zxt EDTA - &4
CA® Mt 54 9
Fig.3 Effect of EDAC concentration on the
Cd** adsorption rate of EDTA-chitosan

2.4 [RRIRFEIRT EDTA - SEBRHE Cd*" WR B 28

oA

T H Al 45 70 0 1 00 T, B8 A%
EDTA — Fe BB B B ], IF X Cd* R 47
BRHR G, B B[R] 4 EDTA - 72 8B Cd** i it
IR A5 RO 4. & 4 ] g0, BE A A
EDTA — 5¢ 5 W% [ 0y B [8] 1) B <, i il 75 19
EDTA — 5E3BEXT Cd* ™ Y W 2R 2 7 i T i
3 Y W A 16 h B, EDTA - 52 BT
Cd® " A IR R AP T DRI, 36 488 s 7 st ] Ay
16 h 338 .
2.5 EXABERSHH

e IR0 ) 3L Al [, ] % EDTA - 5%
W IE A R K PR LA 1.

A1 EGRBERERTA

Table 1  Factors and levels of orthogonal test
SES

TR -
A B C/(mmol - L.77) D/h
1:1 4.5 20 16
2 2:1 5.0 30 20
4:1 5.5 40 24




Ba50 2018411 A 4533 % 556 4

IESSRI AR S 0 W 2. th32 2 v,
TR ZE R0 EDTA - 5ERMERT Cd* " W R 1) 2
KK ZHEY 9 pH {H > EDTA-2Na 552 R A Y
Jiri e > EDAC ¥ JEE > S iz i (). AR 4f I 5 45
RIGEAL, 75 EDTA - 572 M 1 e A ) 45 4%
4/ A,B,C,D, , R EDTA-2Na 5755 S0 i) Jii &
bk 2 01, pH {H A 5.5, EDAC ¥ & H
40 mmol/L, [ N IF[E] 4y 16 h. i — 5 5o ik i 56
L L L 25 EDTA - SR BT Cd*
RSP 24 % B 3 2k 53. 04% .

40r

35F

W% [ %/ %
N N (98]
o W o

—
W
T

12 f6 20 24 28
J R IR [E/h
B4 R pefE st EDTA - & R4
Cd* " LI A 0 iy

o
N
o]

Fig.4 Effect of preparation time on the Cd**
adsorption rate of EDTA-chitosan

K2 EXBLERE S

Table 2 Results and analysis of orthogonal test
ks A B c D Cd MR/ %
1 1 1 1 1 16.16
2 1 2 2 2 23.12
3 1 3 3 3 45.19
4 2 1 2 3 19. 86
5 2 2 3 1 49.76
6 2 3 1 2 34.20
7 3 1 3 2 14.71
8 3 2 1 3 17.04
9 3 3 2 1 26.16
K, 28.16 16.91 22.47 30.69
K, 34.61 29.97 23.05 24.01
K, 19.30 35.18 36.55 27.37
R 15.30 18.27 14.09 6.68

2.6 EFERAENT AW HI W BE bL A
ARFERBEAT AP 3T Cd™" i B 2
XFHCER LA 3. 3% 3 Al fE A — 2 F T
EDTA — 5 R ME X Cd™" #Y I B OCR B bf, 78 3K
FIFE ST F AR X Cd™ " (IR AR 5.
K3 R RRABET A5 CA™" R AR A 3T 3k
Table 3 The comparison of Cd** adsorption properties

for different chitosan derivatives

LES Cd** WMt/ % Cd** Mgt/ (mg - g ")
EDTA - %50 50.30 £1.60 30.40 +1.01
BB 12.15+1.81 7.43£1.72
FRMWELE,  4.500.02 2.74 £0.01
FERAEFLREL  26.47 £2.00 16.20 +2.06
FEEMEERREL 10,50 £0.53 6.40 +0.61

3 45g

AR SCF EDTA-2Na it 76 SO0 R 47 ik Ak i
il % T EDTA — 5250, BF5¢ 1 A [ il 48 25 1F
T EDTA - F2 RBHxF Cd™ ™ (1 1% Bt 578 fh it 4,
K IE g #7004, 153t EDTA - 7250
() fe 1 4 25 4y : EDTA-2Na 55 58 B 1Y o
B2 01, pH {4 5.5, EDAC ¥k K
40 mmol/L, S NI [E] A 16 h. FERLAAAF T, i —
Ho3d 5 6 A 15 EDTA — BB Cd* )
S B % 5k 53. 04% . [l B, B EDTA — 72 5%
W5 AT R M N BT R e R ER R SR ot
RWEFLERER 7 RS FR SR X Cd™ ™ Ao R B
HEATXILG, B AE R —45F T EDTA - 52 R0k
Xt Cd** IR BRI F A2 RAB AT L.

SE 3k

(1] EF#H,.BEH ZRBEERRABEREN N
FILT]. o E A & A7 ,2018(1) :139.

(2] EXH/FLFEF,BEE, % nXBERAMTE
W e B A H o e SR ()], A E 25 07,2018
(2):324.



48, % (EDTA - % R AE (0 & R 3t Cd* W BB R o 5%

(3]

[4]

(5]

(6]

(9]

[10]

PE,EA, AR AETRENEE T
Wy BRI 5 HE [T ] B 4R ,2018(2) -5.
B, B R, O R R A o Bk ) &
[J]. & & #H42,2018(3) :232.

LIU Y Q,LIU Y G, XIN-JIANG H U, et al.
Adsorption of Cr( VI) by modified chitosan from
heavy-metal polluted water of Xiangjiang River,
China [ J]. Transactions of Nonferrous Metals
Society of China,2013,23(10) :3095.

R RER, BT, F DHREMER - K
BT oBCEEMNEARKXFREGLI]. RE
5 3 5 2016(2) :79.

NIU Y,YING D, LI K, et al. Adsorption of heav-
y-metal ions from aqueous solution onto chi-
tosan-modified  polyethylene  terephthalate
(PET) [ J]. Research on Chemical Intermedi-
ates,2017,43(7) :4213.

TR, 121 57 AL 51 R 5 Bk O A e
FAMERAFI]. T3 A M H,2018(1)
169.

ZHANG L, ZENG Y, CHENG Z. Removal of
heavy metal ions using chitosan and modified
chitosan ;a review[ J ]. Journal of Molecular Liq-
uids,2016(214) .175.

FRIC, R, K, . R RN R MR L&
BR B K o g R A B e AT A [T ] PR A
%4k ,2018,38(4) :1529.

GYLIENE O, NIVINSKIENE O, RAZMUTE 1.
Copper( I ) -EDTA sorption onto chitosan and
its regeneration applying electrolysis[ J ]. Journal
of Hazardous Materials,2006,137(3) :1430.
REPO E, WARCHOL J K,KURNIAWAN T A,
et al. Adsorption of Co( I ) and Ni( I ) by
EDTA- and/or DTPA-modified chitosan : kinetic

and equilibrium modeling [ J ]. Chemical Engi-

[13]

[14]

[15]

[16]

[18]

[20]

[21]

[22]

neering Journal ,2010,161(1/2) ;73.

ik, WA E, i, %. EDTA 46 iy 7w KAE
BRI R L T REGE T E LB kR
[J]. B P25 4 7%,2013,38(21) :3709.
REPO E, WARCHOL J K, BHATNAGAR A,
et al. Heavy metals adsorption by novel EDTA-
modified chitosan-silica hybrid materials [ J ].
Journal of Colloid and Interface Science,2011,
358(1) :261.

TAN Z,PENG H,LIU H, et al. Facile prepara-
tion of EDTA-functionalized chitosan magnetic
adsorbent for removal of Pb( I ) [J]. Journal of
Applied Polymer Science,2015,132(32),1.
W, K F A, % KR T ROt
EMELGFSHHpETRII]. LEFE A
B 547 ,2006,26 (5) :963.

R, S Mesh, 2R, %, 5T AR KB e &
ANER Cr(VD) R ERBF R LT]. £ A
3 #4%,2016,25(6) :994.
ALK T R R R R AT A
X4k o BT R [T]. e H R 5 8A L2006,
18(7) :878.

HHEE, D, I, A B REX
BIEGBEM G &5 RELT]. 52T
B 5 142 ,2016,32(6) 1133,

B, FRE, FAR FAERE RN
FHERREMEDES>THEERGZmT]
1b T3 & ,2015,34(2) :490.
FOU,BEE,FRH,F R RERBKR
[J]. fz T42 )7 ,2008, (3) :27.

LORETZ B,BERNKOP-SCHNiRCH A. In vitro

7

evaluation of chitosan-edta conjugate polyplexes
as a nanoparticulate gene delivery system[ J].

The AAPS Journal ,2006,8(4) ;756.



HaZ 0 20184811 A 4533 % el
JOURNAL OF LIGHT INDUSTRY Vol.33 No.6 Nov. 2018
S| AR B S, R R R, A S RO TR Y ) 48 S K S R AL B
(I R PERER R [T ] 52 T4% 4, 2018 ,33(6) :8 - 18.
FE 4 E.X131;TSI01.3 X ERARINAD: A
DOI; 10.3969/j. issn. 2096 — 1553.2018. 06. 002
X EHE 2096 — 1553(2018)06 —0008 — 11

v

SR 50 I8 BH L R 18y i 5 B e
X K H 5 7 8 H AL A W BRI BEIIE 5

Research on preparation of crosslinked chitosan microspheres and its adsorption

properties for aromatic carboxyl compounds in water

W, X E,ERXX, B, i
HUANG Pu,SHI Wenjian, PAN Minmin,PENG Yang, WEN Haifeng

LHE T A AL AR, L 200093
School of Environment and Architecture , University of Shanghai for Science and Technology,
Shanghai 200093 , China
KW
RIRERAMIE T SR R ST A BN P B FUEBA SR RA A A K
SO LIRS UE S ERIE S S S E R SEEE S
AR A T - BT E T3 A AR S e A, R A1) £ 5
R (pH =3 ~4) W, KB e BB OR AT L3k 3 5 Ak B AL S 09 R

Key words:

crosslinked chitosan Wik e R AT A, Y% pH=3.5,18/Z 288 K &4 T, /0t B M aE 55 A
microsphere ; aromatic 702.0 mg - g~ ',320.1 mg - g7',176.3 mg - g~ '.2) A 9B M i 2 4 4 Lagergren
carboxyl compounds; ZBIAHFFAE, R R 5 Z AR F IR A Langmuir 5 05 2R H
reversed-phase F A2, PR AL AR £ Tk A BRI B AR R — A R £, R R
suspenﬁion method ; 4+7§4t:¢4’ﬁ}ﬂ 0B K A B3 AR E R MR AR BIF O ERRA
adsorption property S, I 8 RIRIRT & A LR B LA A 9T% VA L.

I#s HEA 2018 —07 - 19

EL£WH: B R aRAFA2 A (51208299)

TEER A % (1993—) , B ﬁr&.y%%i%mm LA T RFMER A, TR T 6 R AR HEATH
BISIEE A (1957—) , B, LT A, LG T RFHI, 2RI 0 A 5 ACE BIRRE I REAHE.



HOH, T R KA OR & R AR TR RAE NS R AR -9

Abstract ; Using chitosan as raw material, liquid paraffin as dispersant, formaldehyde as pre-crosslinking agent

and epichlorohydrin as crosslinking agent, crosslinked chitosan microspheres were prepared by reversed-phase

suspension method. The adsorption properties of crosslinked chitosan microspheres on aromatics carboxy com-

pounds in water were studied. The results showed that it had fast adsorption rate and large adsorption capacity,

the saturated adsorption capacity of crosslinked chitosan microspheres for 2-hydroxy-3-naphthoic acid, a-naph-

thoic acid and benzoic acid were 702.0 mg + g™, 320. 1 mg - g¢”', 176.3 mg - ¢”' at the pH value of 3.5

and 288 K, respectively. The adsorption process conformed to the Lagergren-second-order kinetic equation,

and the adsorption isotherm model conformed to the Langmuir isotherm adsorption equation, which was mainly

monolayer adsorption. The adsorption process was a spontaneous, exothermic and entropic reduction process

with physical adsorption and chemical action. The crosslinked chitosan microspheres had good recycling abili-

ty. After 8 cycles of regeneration, the adsorption capacity could still be stabilized above 97% .
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Fig.1 SEM image of chitosan and crosslinked

chitosan microspheres
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Fig.2 IR spectra of chitosan and crosslinked

chitosan microspheres
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Fig.3 XRD spectra of chitosan and crosslinked

chitosan microspheres
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Fig.4 The adsorption capacity of crosslinked chitosan

microspheres in solution with different pH value
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Fig.5 The curves of relationship between
equilibrium adsorption capacity and adsorption
time of three aromatic carboxyl compounds
by crosslinked chitosan microspheres at

different temperatures
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Table 1  The related parameters of adsorption kinetic equation
e WE—sh i HEZ 2R3 Iy % i
g?’iiﬁg /K 0./ b, x 1072/ " 0./ k, x 107/ .
(mg-g™") min "~ (mg-g™") (g-mg™' ~min")
288 388.0 6.040 0.990 3 434.8 2.210 0.995 7
293 315.0 3.580 0.956 7 400.0 2.080 0.990 7
‘ 298 357.9 7.600 0.987 3 400.0 2.960 0.990 8
§ _ggﬂé 303 357.7 8.220 0.983 4 344.8 3.660 0.9919
308 261.5 9. 060 0.980 4 322.6 4.640 0.995 2
313 178.9 4.810 0.761 6 285.7 7.340 0.996 7
318 149.9 10.400 0.9111 277.8 11.100 0.997 4
288 91.40 4.140 0.9717 137.00 7.63 0.997 4
293 66.90 3.780 0.965 5 105.30 11.50 0.997 9
298 60.09 4.430 0.963 6 72.46 26.60 0.999 2
o - ZEHR 303 13.58 6. 060 0.907 8 59.88 47.00 0.999 2
308 17.67 4.370 0.716 6 50.00 55.10 0.999 3
313 24.26 2.680 0.948 0 39.84 46.10 0.997 3
318 8.120 4.160 0.725 5 37.45 113.00 0.999 6
288 94.73 4.270 0.974 1 147.10 8.04 0.997 1
293 69.16 3.960 0.974 3 108.70 12.20 0.997 4
298 63.21 3.840 0.972 9 78.13 14.80 0.994 4
R H R 303 27.13 2.450 0.932 4 59.17 29.70 0.996 4
308 19.31 4.470 0.8527 53.19 48.70 0.998 9
313 17.26 2.170 0.824 0 48.08 52.60 0.997 5
318 21.20 2.510 0.973 5 42.55 51.30 0.997 2
%2 B EAMNENGE &R
Table 2 The results of the adsorption apparent 00 -~ 2RI 2E Y

activation energy E,

I3 A AR Ak . 2 E/
wEY ik R (kJ - mol™")
2-FE -
3_sHm VT -5.068x +8.94 0.9322 42.13
a-ZHR y=-7.611x+19.39 0.912 8 63.27
o iR y=-6.352x+14.98 0.932 3 52.81

k. & 6 nl LIFE i, S 7e M (AR i Fff 3
P55 A R A 10 AP 1 R B 25 B -1

JoHE R JEE (R R T K, 5 )

0 o Ak

PEH 300.0 mg - L7, W B2 A I/, 3
AT B 2 e AR . S2 I e RS ek A pH =

3.5, 288 K if, X 2 - FeHE -3 - ZHHIR

%

o = ZE IR A P TR P L ARV o 2 H S B (L )
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Ten ,//
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Fig. 6 Isothermal adsorption curves of crosslinked

chitoson microspheres to three aromatic

arboxyl compounds
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J3702.0 mg - g~',320. 1 mg + g ' F1176.3 mg -
o DTS R SRR HR R 114 U R A5 R R AR X R
PR R A B X H A L2 3.
FHIE 6 i B, 70 %1 F Freundlich 5%
T W B 7 F2 O F1 Langmuir 25 i 0% Fff 75 72 © ik
TG, 2D WSS R 58 R IAER X 3 Fh05
T IR A G W ) S5 T W PR ARRY , 235 R L 4.
InQ, = (1/n)InC, +Ink, ®
C./0.=1/(K. xQ,) +C./0, ©
A, ke i Freundlich J7 2 % £ n hy W Ff 5
Ji sk, Ky Langmuir JFEEHE/ (L - mg™') 50, Hh
A2 i (mg « g7') 5 Q. 9 FH B 7 i/
(mg -+ g™");C, NTHFRHSE (mg - L),
1% 4 W1, Langmuir 253 W% B 7 A2 005
AHSE R EL R KT Freundlich S5 7RI Ff 5 72,

A3 R FIR M A AR T B R A F AT R
Table 3 Comparison results of adsorption capacity of

different adsorbents for benzoic acid

X Langmuir 5535 W B 5 75 00 38 5 FHOR 4
ALK TE RBHRERAT X 3 Fh 5 R A G
PR IR R Ao R 3Kt 13 B 2 IR 2ot 52 B O BAL)
Tt

FI R D—OR A 52 FME IR R 3 Fol
HERIAA Y T =S BT
DA InD XF 1/T A ], MR 9 26 0 R 32 R AR a1
SEARNL AT 122 280, 53 SR AR W 45 A2 AHY
(kJ « mol ™" ) FIHZ B}k A5 AS/(J + mol ™ -
K1) 3 R TR B 1 3 A 7 A el A AR
AG/ (k] « mol ") {145 R ILEK S.

N
7

D=Q./C, @)
InD = AS/R - AH/RT
AG=AH-TAS ©)

Pﬂ

X, D WA B/ (L - mg™' ),
Fa R /K, SR H AR =8.314 ] - K" -
mol ~".

S AL W R R AH <O, SR ACHK

% 41 Q./(mg &™) BRI FERMERORRT Ik 3 Fh 7 F R BAL & VI R
PDMDAAC 61.5 SCHR[29] SRR R R T 9 .
et R R R, T N ) T 0 B A gk
CMKCM - Fe 0.4 RL30] P it R TR R, T v i J3E AN ) T R A )
Amberlite XAD 4 146.5 ikl 31] 17, 3% 5 iz W B 20 77 27 7 16 B s i 25 SR AR A
AR B R 176.3 < : IR/
e 43S B 7E AS <0, 2 BN I B (100 , B0 1
A4 FRBEWBRZANK R
Table 4 Isothermal adsorption model and correlation coefficient
A Langmuir 5 W fFHAR 7Y Freundlich %5 W BiAR 7Y
B Ikt K It ©
2-BF-3-ZEWER  y=0.203 1x +7.000 x 10~ 0.997 9 y =0.769 6x +2.253 0.979 4
o - ZEHR y=0.888 7x + 4.000x10* 0.994 0 y=0.892 9x +0.516 5 0.968 9
AHR y =0.505 6x +4.700 x 10~ 0.991 1 y=0.573 9x +1.844 0.963 4
£S5 RMEAFHRHM
Table 5 Thermodynamic parameters for the adsorption
bixiy AH/ AS/ AG/ (k) » mol ")
REAEY) (KJ-mol™) (J-mol™ -K™') 288K 293K 298K 303K 308K 313K 318K
2B -3-ZEHIR - 17.66 -40.25 -6.069 -5.868 -5.667 -5.465 -5.264 -5.063 -4.862
o - ZEHR -30.83 -95.45 -3.336  -2.859 -2.382 -1.904 -1.427 -0.950 -0.473
B R -32.51 -99.70 -3.798 -3.299 -2.801 -2.302 -1.804 -1.305 -0.807
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Fig.7 Adsorption cyclic regeneration performance
of crosslinked chitosan microspheres on three

aromatic carboxyl compounds
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Abstract : BPA simulated wastewater was treated by Sequencing Batch Bioreactor ( SBR) to investigate the

effects of different BPA wastewater treatment methods on sludge acute toxicity and protein expression. The

results showed that when the influent BPA concentration was 40 mg/L, the sludge activity in the BPA-

impacted SBR was significantly inhibited, and the mass concentration of the effluent COD was significantly

higher than that of the SBR gradually acclimated by the influent BPA. With the extension of running time, the

mass concentration of BPA in the aqueous phase and mud phase increased first and then decreased until it was

completely degraded. In the whole SBR operation, sludge and EPS acute toxicity in the SBR impacted by the
BPA were both higher than that of the gradually acclimated SBR, but EPS acute toxicity had little effect on the

acute toxicity of sludge ; The protein expression in the sludge treated with different methods of BPA wastewater

showed significant differences. The concentration of BPA and the way of degrading BPA had a significant effect

on the protein expression in the sludge.

0 515

Xy A ( bisphenol A, BPA) J& 4= 7= B ik IR
R FIVER 4 D ) TR JEURL, ) 2 I TR
AR . Tl A P i AR HEC Y BPA
R K ELAT Y S P28 P 0 X D A 0 i S e
FEZKAAS | 4 S AT A 4y o 35 R ARG I B A7
FE1 Rl BPA S —F A 0 T, E A
ARG 23 S BN 5 I T8, 75 2 s, 3
W)LAgfERE . Rk, [ 5 B 4% 1k 7 & BPA
(S L . AT SCUB 45D W9 & B, BPA X
o HF SIS B 88 B B A R S R
BEF K R, T HL B B W 10 G
Ak

SEFRPII R, RAT 2 BPA YLK
PEI5 T8 2R 48 REAS 7000 WA 2 BPA JR 7K Hh 19
BPA, {H 3 3 B 55 K AT 1 2 vE 3 A s 5
W B, H5 YR A TR AT IF Ee X R 2 B
BV %5 R AL B8 BPA B K 23 P ES e A rE
PRI BB T BT K B, R R
37 A I B AT SR s 43 5% 1 BPA
JR K I b SR, (FL I o L6 T BB 2 AN [ 3
FTA1E R B BPA B K Ak B AR 2 75 25 B R TS
Je aME RS Ve N ANR A (EPS) X & 6 B
AT JC TR A S

B TR PTG VR B T A U A, TER

A A A R A AR A . )
I K R TS Yl AR B T T Bl e
BRI E TSRS IR Y B Rk, T LA
HEWTI S YRR R A oN, 215 iR S,
TP U R A8 TS i e] g Rk, LART (A7
YO A B AL, TR 0, A B A A
AT HITE IR PR F A A

Fe T, A SCHR e 4t XA B 4
(SBR) 4bHf BPA BLALLK K , B S s 172
B RS ROV A T 2 B B X s e S kT
PERYSZ MR, IR i 8 AL A ORI i BPA TR
AKAE PR R 8 B s 22 5, AW O Tk
JPRIK AL B i R Fh An e B AR T 8 S PEREVE SR L3
ARGE FIES I SCHF
1 BPR
1.1 FZERAFISNF

FHGH  BPA (LL 0 99% ), b g Bl i
T AR A BR A 7] 77 HPLC ¢ st (4l 3
99.9% ) , LT REBHCA R 77 s Ak,
HI 9 [E ELGA R 2l7K L (435 /KAL) SR ¥ IR
(R 58 A2 JEAT 18 ( P. phosphoreum) , W A Hi
FHGE g LSO 5T . HoAl Al ~7 15500 2 0 2 A
A LR 4.

FERIRIE 0.5 g EEHEY,0.5 ¢ dHH
%,3 ¢ NaCl,0.5 ¢ Na,HPO,,0.1 ¢ KH,PO,,
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100 mLZE1 /K, pH fH A% K 7.0 0. 5.

F AL : LC - 20ATVP Y 5 0 AH 4,3
1%, HAR By HEAA ] 775 QL — 861 FRISE IR IR 3% 7
P THEAR DT R ASCA88 i 3 A R 28 7] 775 DXY -2
BULE YRRV E AR, thRHBE e ot RIS ™
mini protean 3 cell Y Hi Jk [ , Bio-Rad 7\ &) ;=
Ettan IPGphor 3 7145 o1 B £ & 4t , Electrophore-
sis Power Supply — EPS 601 %3 B Hg H3 ik %,
Image Scanner IIT %! §9 #{§ {¥, IPG it 4%, GE
Healthcare 2y 7] 7.
1.2 EMETREEENREKEER

AU & e NN = ey 7= e T B2
BN F SBR Z i, {5 PEV5 Ue 0 B kK iE % 3
K, IR 24 h, LIEBRILHAIA LY. SBR 1)
ARAETN 10 L, A DL 6L, SBR {5 M5
Je B g A 1 B 7. SO 40 3 T 8 Jo i v
J& (MLSS) 24 2500 mg/L, 5 ITRE L (SV) Fiis
PeARBHEE(SVI) 735128 30% F1 120 mL/g. 5¢
B R KR N L HE & AU K, LAZE H iR R
B, IF4b 7805 P 75 Y8 BT il 1 & W AT i T
R, By MR B LR 1.

(= 0]

SOt ’—ﬁ_g
. § i . 6
LRV 2R 3B 4mEIL
AT 6CBESE THERL Sk
B 1 SBR EWFRE S ZLEH

Fig.1 The structure of SBR activated sludge reactor

1.3 KA E
1.3.1 THHER

i SBR i) ik /K COD J & ¥ i Fl pH
{83 9IHE 300 me/L A1 7.4 745 B3 BBl N i 5.
SBR iz A7 HATA] , 45 i 5y 4 A it B2 75 et B I
8] (SRT) (/K Jy 5 B4 i} 6] (CHRT) FHi i 48 (DO )
R 4y A (20 £1) °C,20 d,12 h A
(2.5£0.5) mg/L. 734k, 7684 SBR iz 171l ##
Hh, SR I 42 o Bz s Ay T s SR =L, D
BEAC2 h, W 2 . B ) A 40 e (e v
15PN K S0 4318 A AT, v i 0 1) D45 0 4o
FE. A SBR O Py £ il 7K 0.15 b, iz 47
11 h, %% 0.70 h,$E/K 0. 15 h. & 7K COD Ji&
HRETE 30 ~ 60 mg/L (170 Bl N i, A€
SBR iz17FE

ALY i 47 3 A LUER R R B R 1)
SBR. X4iX 3 4~ SBR iz f7he & f5 , = 1 4~ SBR
PREEIE AT, o O X IR, il 1t % A5 3R 5 BPA
WeRE B 7 026 2 A SBRHp 9 T M e AT
Yk, $hn BPA [ ot i e B2 FH BT 4R B 2. 5 me/ L
B EZE 5.0 mg/L, 7.5 mg/L 120 mg/L,
4 SBR iz A7 Ji W 2K ZK AH A e AH v oA T A 3]
BPA H.ii7K COD ik BT 60 mg/L I, 1A
JE I SBR FRAE 81T AkSLER mitE K BPA Jii &k
2 40 mg/L, 0 g SRR 56 3 A4~
SBR i o B 4 5T i 40 mg/L koK
BPA (1) 5 SO % M5 Ve AT vh s 9k, 1 S
e SR 4. 3 A SBR fEiz Tt R rp, X
th7K COD, K AHFNYEAH H Y BPA 3R B V58 2
PEREVESEATREIN 5 %) be 4. 534h, 24 3 /> SBR
Briafvhase iy, ik 8 [ B A HoR 40 3 A4
SBR Hh s I8 8 1 BT Y 25 5

&1 BB KRS

Table 1

Composition of simulated wastewater

I8y HH  NaHCO, Rz KH,PO,

CaCl, FeCl, - 6H,0 MgCL - 6H,0 MnSO, - H,0 BPA

FEEHEE/ (mg - L7') 330 360 32 13

0.73 0.45 1.33 0.3

20 ~40
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1.3.2 WMEmMBSAE

SR IRV F 5% R B 22 250 % COD, Bjije
JKIEAWAE 4000 /min R E0 5 min, ¢ F
Wb COD (i i e . SR P o 0RO (3
S 5 AR A AH H BPA By 5% BE i, [ [a] C18
MM EAR, V (FEE) vV (Egik) =77 23
PRGN S AH, i 4E 778 1 mL/min, I
A 280 nm. 7 52 7K #H F1 Y 46 H BPA
TR Z AT T HAL B, R 30 mL PR K IR AR
7E 4000 r/min F B0 10 min L4325 7K AH 1 T8
AL KAHZE 0.45 wm B U8 5 #2005 Hor
(1) BPA &, 3 12 P A8 O Oy 2 AR BRUR A
) BPA, M J5 28 0. 45 pum 3§ B3 38, P 2
.

K FH B 52 & 6T 1 ( P. phosphoreum) SV
TEMEA Y ST A V5 R A MR e AT S
B Z 0, Bl O R SR 3% (45 ok dg,
8 00 B 7880 19 K NaCl 35 2 I3, T 5 4 A
KSR IR TR, Fr 5 2O
PEAL T HE B I, A= 0 85 P 00 s S
TSR SMEREYE. BT IR 3 A PATHE, (R
B Rz 3 AS%f BRZH, DAAHXT IR (D) sk
FETG e 2MERE VR RN, R PRAIE S5 35 45 SR 1 o
BAPE W 3 A A TR B A AR 5 U 2k B
P, 50 EPS X B 52 6T i 1Y 2R RE 1 X
iy EPS 2R Rt O] 1, A X 52
K, IGe s PR s,

AR AP F =
(1 - B Z B/ AT RAAE K E) x100% D

TEFEAT 15 8 SRR 52 30 Z Hir, By 1k
FE TG I 2k BE PR AR, 75 U 2R FF 64T T4k
L, DUBSICRA 0 AR iR J5, BIV3 2ok FH 2 A
eI ARG ek w5 3 200 19 2 R BTG U v Y
EPS, BAKJ EZ ROSCHER [ 11 ], 30 5 VKoK i 8
AR i 20 1 7 i kA T i Ul R AR 1, L
IS IRk 12 ].

1.3.3 SRBPEARAXZSHAE
1.3.3.1 SRPEARMVRRMGH X
HEAH  9Ifbdl fnnp i 209 SBR #4b FROE BT
By BB, 78 SBR 3247 J8 1 R S M5 T8 G IR
5 (4 °C,10 000 r/min) Z.0> 10 min, JTFH
FAAG 3R % W (NaCl 8 ¢, KCl 2 g, Na,HPO,
1.44 g, KH,PO, 0.27 g f1#&4% 7K 1 L, pH =
7.4) 0k 3 WEFREO. e, VTR W BT R
7FE 2 mL, 27 % 20 mL A2 W (8 mol/L JK
2.2 mol/L ill§, 20 mmol/L DIT, 4% CHAPS,
2% 1PG ¥EIFN 2 mol/L & [ B 7)) w. #¢
5V R 2R IRCE T UKok A #8820 min J5 1
7R Ak P CRE 75 B[R] AT 2R 43 51 2 5 min Al
200 W) {5 e R AL, >R FH ) s A 455 = Ak 2 S
Ve, BNHEE 1 s, 150k 2 s M 5 B IR TE
12 000 r/minfll 4 C21F R B0 60 minlf FBR
YHER A, AR BN LR RAG A AE - 80 C VKA
Hige F. BT W R A BTHR EE E i Lowry 1
B E PR G T BT, B D TR A%
HRULH] A5 7 T
1.3.3.2 EFRWNEBKEE Hislkh
BRI 25, 1 5 3 e R ] LK ) i A T 00
B, BB e T SR R AR S AR A R
INTEBEIS 0 . AR AR I 1) R s WP &R
R B, B 80 wg 15U 8 S5 /K AL IR (Lo b
8 mol/L J§ 2, 20 mmol/L DIT, 2% CHAPS,
0.5% IPG ¥ 0. 002% M) o RE,
W FRFTS 0 500 WL IR -GN 24 em K1Y IPG
2% (pH =4 ~7) B TRAAE T A )&
A ARG N R AR s T R
R, BRI SR S AR I AR — 3. KA RN &S
HRERT N K2 h— 50 V SFH R 8 h—
100 VAT h— 200 V 2R EE T h—
1000 V Z5 1 8542 1 h—10 000 V 25 Hi 3% 4
8 h— 500 VZHi %4 10 h.

T HH 2 H SRR 50 LS 1 R A R AT T il Ak
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B Uk 2 mORTE VA T 7R IR A% B i
Ja W R TR A (L 4 50 mmol/L
Tris-HCl, 6 mol/L R Z,30% H ii,2% SDS,
0.002% JR_ s , 1% DTT FzE4E K, pH =8.8)
WP 15 min, B S 7RV ER B (80 e
WA 2. 5% W OB HUR 1% DTT, HAth g
G ) HpPA 1S min.

W VA 0 B S 45 i TR Bk 13. 5%
(1) SDS BEIE b, FH 5T & 0 %0k 0. 5% 13
B S LS T EAR A UK i TR
MK, SR 55 3 W DYk 0.5 h J5
e 25 W T B AR SE UK, B 2R B K )3k
BERE IR ER , it R RMERG 22 2.5 h.

XA VKSR G, W (R b 1 g %
D Es i G-250, FIE 450 mL, JKfi%#R 100 mL
FZEIK 450 mL) X BEfRe et 1.5 ~2 h, DL
ZNBEIE A A RS G 045 R S T 2 1K
THUE 3 W M E IR (53 100 mL K
fi£ . 50 mL B850 mL ZEHE7K ) I 46 28 2R 1 o,
I BAMEEE SE T A SE B Rl N eV O] SR
2 iR 5N
2.1 A[E SBR RiTEMEFIERIER

K12 A AN[A] SBR[ 7K COD Joi 1 vk B i
2. I 2 mIAEL EREAS SBR isF T AR H, X6 R
ZH AL PR R 47, /K COD Jot 5 ik FE AH X A2
E,TE(36. 1 £9.8) mg/L WG HENH 3. 24 Y
B2 SBR 1z 17 A i), # 7K BPA iz 5 v JiE Hy
20 mg/L 215 240 mg/L, H 7K COD Ji 7 ¥

= B SR
=120 |- —o— Yifbdl
= —A— gl
=

E 80 |-

I

0 5 10 15 20 25 30
s a1 /d

B2 F SBR # sk COD JRZ H 7 &
Fig.2 The mass concentration curves of

the effluent COD in different SBR

FH2H B = ART X IR, X R WA 2 A [R]
HeREE K BPA Bl B 35 4 75 8 B B 10 i
BPA AL R A, 19 835 1E R 4. 9IfL 4l SBR
IBATAS KA JEAR A A 2 BPA (UAFTE,
WUESE T %S0 B 6 SR BPA 19 L3
X R LR R W Z BPA JIl{LRY SBR i 52
fe JECEE IR EE BPA i Y RE 7 8058, SN A A2
HOR R4

SR, 24 Xk HR 20 905 1 ¥ Y 52 o R TR RE O
40 mg/LEYHE/K BPA F %o vy, HoA W] 2 25
PERY BPA R Z 40 {5 Je il vk, e 1 ~ 15 d Ju
M, il 2 SBR 7K COD Joi 2 v B2 W 3% = T
xR ANGIALLE 26 1 d By 7K COD B iz
ik 190 mg/L, LERARAK T 40% . HEH 12170
[AIHYSEL, P BPA B0 T I8 o w4, 15
Pt vE Mg R A, 7k COD Jit i ¥k J3E 150 i
fiK,20 d J5 BEA S0 BRAH AR 2, X R B & K i)

JE SEARAZ R, 50 IR K CODJR LR 1] BPA Pl il RS JRAES | SR I BPA 9L
%2 &0 SBR AKARAEAR T BPA 895K @ L
Table 2 The residual BPA contents in both aqueous and sludge phases in shocked SBR mg/L
gl il /d
WiH 1 2 3 5 7 10 12 16 23 24 32
JKAH 23.29 46.07 41.23 42.01 43.64 45.96 42.53 24. 66 <DL <DL <DL
e e 4.91 7.68 8.49 9.97 10. 11 6.5 3.33 1.84 <DL <DL <DL

iE: DL GO G po A R (0. 01 mg/L)
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PBETRE , I M5 Ve AT Tl 52 35 Y wh 7 O g
22 Jyupifi 4 SBR K AHAIJEAR 9 BPA fy5%
BRGOL. 12 2 W10, Bl %5 3847 I 1] f) 2 4, [
fift BPA [ S R 55 4, B0 AR RAE TS I
HA 1 BPA 4 Bl [ 7 25 1, T LA KA D AR
) BPA Jo vk B 4 5 R 4G T 85 J5 W IR 1 28
SR 2 W 1 A8 Al . BR ZLAE Y AH P 1Y
BPA iz K v 9 10. 11 mg/L (55 7 d),
23 d JE/KH AR P R F BPA (AR TE,
Bl 3E7K BPA Fi1 COD % [m] 2R ff . 2 ~ 12 d,
i 4 SBRZBATA], KA BPA 5% B 0 i 5
TR BPA Bk i 3% 2 P A — 1 SBR
EAT IR R 70% (K, T4 1 B K o
BT RV B BPA T b B3 05 B E UR K 4
BPA i Wz , 07k AH B BPA 5% B 45, J. G.
Zhao 2R Y SBR 35 M5 Y L 25 b PR A ik
Ji£ 05 10 mg/L {4 — 5B (4 - CP) , RIUTE SBR
BATAR M, KM VA 4 — CP 5% 58 [ BF &
BT I WA T 8 0k 8 S 22 Bk i 7 A
o GABESE w21 SBR iZ 47 A K R L YR A
i BPA {75 (Lt — %L
2.2 [ SBR $i5 iR &t H 18T L 47
TEHEAS SBR B 473 FE v, B4k 4 Aot 4
SBR H5 B 2tk Bk 1 i T o0t BR 4, X e
GFEEA LIS Yy YA R b o (4 s B Ak
BT, s R b4 SBR 5 R AT EPS
VB EASAR  Z NI 3 B, p ] 3 AT, 2
HE7K BPA MR A 20 mg/L #2715 2 40 mg/L
i, BIfLZE SBR s IR EPS A Mt 7E —
SETE B P9, 4y Bk 38, 7% + 7. 2% AN
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Abstract : Three kinds of aquatic plants, such as eichhornia crassipes, water hibiscus and commom duckweeds

were used as water purification materials, and the purification effect of aquatic plants was studied with the

treatment of water in university A in Zhengzhou. The results showed that the purification effects of three aquatic

plants on COD in water were followed by eichhornia crassipes > water hibiscus > commom duckweeds; the

purification effect of ammonia nitrogen was in the order of eichhornia crassipes > commom duckweeds >

water hibiscus ;the purification effect of total phosphorus was in the order of water hibiscus > eichhornia cras-

sipes > commom duckweeds. There was no obvious rule to the effect of pH value in water. Comprehensive com-

parison showed that eichhornia crassipes had a better purification effect on the synergistic removal of multiple

pollutants in the landscape water.
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Table 1  Character brief introduction of plants in experiments
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Fig.1 Purification effects curves of COD
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Table 2 The variation of pH value of water in the experimental process

" i K U S IR
shva MREEE mRE MR e GWRE mWr (RE gk
WHOKT  SROKE BROKE SHOKE BROKE ROk SRKT BROkR
1 7.8 8.2 7.8 8.2 7.8 8.2 7.8 8.2
3 7.8 8.1 7.7 8.2 7.7 8.0 7.8 8.1
5 7.6 7.9 7.7 8.0 7.5 8.3 7.7 7.9
7 7.9 8.3 7.9 8.1 7.9 8.2 7.5 7.8
9 8.1 8.5 8.2 8.3 8.2 8.3 7.4 7.6
11 8.2 8.4 8.4 8.3 8.3 8.5 7.4 7.6
13 8.3 8.6 8.3 8.4 8.5 8.6 7.3 7.6
15 8.2 8.5 8.2 8.4 8.4 8.6 7.2 7.5
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Abstract: The GO/WO,/PANI ternary composites were prepared by hydrothermal synthesis and in situ poly-

merization using sodium tungstate as the main raw material. The electrochemical properties were tested. The

results showed that the composite of ternary materials could improve the overall electrochemical performance of

the material. At the scanning rate of 20 mv/s, the addition of nano-WO; was 0.42 g, and the electrochemical

performance of ternary composites sample GWP-4 was the best; as the charge and discharge current increased

the discharge time of the sample was shortened, and the specific capacitance was reduced. When the charge

and discharge current was 0.2 A/g, the specific capacitance was the largest, which was 107 F/g.
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Fig.4 Electrochemical performance test curves of the samples
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Abstract: The research status of the improvement of the mechanical properties and the functionalization of

gelatin-based hydrogels from the cross-linking modification of gelatin, blending with other polymers (including

interpenetrating network and dual network ) , and recombination with nanomaterials was reviewed. It was point-

ed out that the chemical cross-linking modification of gelatin was more widely used than physical cross-linking

modification, but the excessive amount of chemical cross-linking agent would produce certain toxicity; the

interpenetrating network could combine gelatin with other polymer networks. The nature of the dual network

topology could greatly improve the mechanical properties of gelatin-based composite hydrogels; the introduction

of different nanoparticles or nanoparticles with special functions into the gelatin system could avoid the toxicity

of traditional chemical crosslinkers. Functionalized gelatin based nanocomposite hydrogel with high tensile

strength was obtained. Further optimization and design of gelatin-based hydrogel materials with mechanical

strength , biocompatibility and tissue adhesion suitable for biological tissues to improve their mechanical proper-

ties and stimuli in complex environments will be the future research direction.
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Abstract : Health wine was prepared from six Chinese medicines, such as ginseng etc. . The active ingredients

were extracted by Soxhlet extraction and then decolorized by decolorants. The concentration of Ginsenoside and

absorbance at 560 nm in health liquor were set as the extraction and decolorization index, respectively. The

uniform test on the basis of single factor test was conducted to optimize the extraction and decolorization

process. The results showed that the highest extraction rate of ginsenosides was 67. 63 mg/ (100 mL) when the

reaction temperature was 97 “C , the reaction time was 2 h and the liquid-to-material ratio was 610 : 1. Moreo-

ver, when the decolorization temperature was 35 °C , the decolorization time was 20 min, the liquid-to-material

ratio was 5 : 1 and the decolorizing agent was activated carbon powder, the deodorization effect was the best,

and the liquor color was appropriate. Under this condition, the loss rate of glycosides was only 2.47%.
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[RERHAS , ZE AR B A 500 mL (AR 734
h 60% 1A (B ) CBORHEE 500 -
1), g3 es ST B B A%
PR RAT.
WESRBORE 43514 92 °C,94 °C,96 C Al
98 °C ,$EHLAT ] A 2.5 h. FRiE A G IR
ICHE B #% 5 B IK e b i 9 1A 4= 3B 48 A
500 mLAEIEIE H, FE G EAR &R H& L fF e
I e NS A i i R
1.3.1.2 REHEMNREEARPASETR
ERENZIMRE 2% 1.3.1.1 SLEAPRE
—B, B U ] 43 ) A 2.0 h, 2.5 h,
3.0 h,3.5 h f14.0 h, $2BRE &~ 95 C, B
Fb 500 = 1. REHEICES G, B R G LR S5 15
JEEI P BB 28 AS00 mLARETE i, IF
W ARV H A A, o JE B e NS B R
R
1.3.1.3 RIAESBLEMREERPASEST
FRERENZMIRIE 2% 1.3.1.1 LEPHRE
B— B, B R IR I 5 4 5% 250 mL,
500 mL,750 mL 11000 mL {AF1453%0H 60% (1)
RTINS (BT ) 1[5 IS e 2 422 CVRORH EL 43
250 1,500 : 1,750 : 1 111000 : 1), 7E
LR Ry 95 °C Y 7K ¥ 49 r 1 I K T [ 4t B
2.5 h RIRG RGN FARS R HI& A, )5 1
e NS 48 o vk
1.3.2 REBEEEIRS RN SR
R T ARAF ORI VA RO 7 B e FE R IR T

2,858 PR RIS, UANS B i
BREE (V) SRR AR RS, R U6 x (6°) 573K
R ZE AT AT A SRS R
1571
1.3.3 REEGHEHNEREZLRE

PR B AE T 2550 T AR A DR g WA
IR €8 S, L 560 nm S5 AT I 7 114) DR A %
G BEARLA Wi 7 8 s, L 3 8 €0 3550 R LA #0 Jt) Jig
WE ok e2s
1.3.3.1 BieaEEXFEENRNEmRE
T8 FHTUREAR 3 eV by IO € 50) , Jd £, Y808} L Ay
10 : 1,43517E30 °C ,35 °C ,40 °C ,45 °C 150 °C
FAF T 15 min, PRI 0 65 DR (I R 28 i
EVEIEAR I E T, T 560 nm £ I E WO
JETH.
1.3.3.2  fii & B 8 X4 At 8 30 R A0 2 ik 06
B FHTRURELAR 35 eV Shy IO € 50) , I €2 Y808} L oy
10 : 1,735 CE&MH T 5 min, 10 min,
15 min,20 min £ 25 min, F55 1 O E R &
W ETEIEAR I IR T, T 560 nm 544 i E W
JGEEA.
1.3.3.3 Bi@f# bt 3 At & R 5 &2 ik 18
T8 FHASOREIR 15 P AV S J5E 5,551, 58 €5 0 HE
A A20 01,10 51 f15 ¢ 1,7E35 C&UTF
J €2 15 min, PR €0 (R f G 1R 28 T A 1R D
it uk)a , F 560 nm 254 I E WG BE .
1.3.3.4 BEFIHEMNFEELROZIERE
3 )35 FAUREIR I P e R ARG P o ik 7
AT, B BOR G R 10 01,7835 C 4%
PETR IS min, PRI R0 60 OR (79 R 22 06 IR
PEUE AR U8 5, T 560 nm Z5 4471 I & WO
JE1H.
1.3.4 REBERKEEHHERKE

H T AR B AR B T, 454G
R R ZRIR 5 R, L)L 560 nm S5 A4 R AR
BE(E (R) AR AR, SR U6 x (6°) B1511K 56
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RO TR M W (1 1 51
1.4 REBRPASEFERERENNE
1.4.1 R#FAbEE

HEBRIRIBRE i 5 L, B 25 mL 2850,
I 35% 1) & W e 25 2B 20 8, B 5T, HE B R IR
1 mLFZ8 A& ML, B3 K A5 T 50, 3Rk
I K e AT AR A
1.4.2 HE#H

FH 10 mL {15 884EE AT, 2 3 em AL
WERRARERE , i 1 em ik ALO,. SEH] 25 mL {4
FRITH0 70% 1Y & B A, 7 2 0k 0 s 75 1)
25 mL JKPEAE, 55 2 DEBO A C AL 3G i1t
FEVIR, FH 25 mL KA, FEEVEBK. F 25 mL
R T0% 1 SR VRS B, U
WT 2 LA B T AR5 TR, AR 2
.
1.4.3 Bf

e R Tz K L hn A0. 2 mL 5
5% WA RS VK SRRV TR, i Bh 25 R 1L,
fiimk s 2 FR A%, FE A 0.8 mL HCIO, , J2 %]
JER A S mL i L B0 L, 60 CKE b
JE 10 min, B, VKRR AT S, DA UK 2 1R
5.0 mL,%57)5, LA 1 em FEAA3H T 560 nm i
b S HRUERE — R AT HE A E
1.4.4 fREZIZE

HERAIR BT W N 2. 0 mg/mL [ A2
B Re AR 100 mL & T72 & ML Hr,60 °C
IKVEFET I B KA e, MUt A J2 A L S
WA
1.4.5 HEFZE
¥ A xCxV

A, xm
X X Ok AR R L (LS 2
Re #1)/(mg - (100 mL) ~") , A, Sy Rl v iy 0%
JCIEAE Ay PR ER AR OEEE(EL, € AR A
Z AT Re Bt/ mg, VO IAAEH BEARY /mL,

m g HUFE R/ mL.
1.5 HiEaiE

AR E A 3 WK, G RO A ME, LATH
FRAGIR PR 2R i i i i 22 #5957 1050 Rk A Mathe-
matics 4. 0 BT A PR, Hh 28 K F Origin 7.0
BAF AT AL B

2SR5

2.1 REERBEIASRERNHERRAKE
RESH
2.1.1 RINEEMNRBEEEPIASEERE
R pA

PRI FE X PRI h NS BT B vk i
IR IR 25 R 1 FoR. B 1 Apan, 24
WUk EE S 96 C i, NS4 By o o B iy
428.71 mg/ (100 mL) , 5 B i isf O £ 975 K 1)
FRIBUSCR AR 3% J2 b T4 IO B2 19 1 in B 8
i HEEUY 20 0 B 35 85 T 1 5, B B B Y
ik 2 AN HCR B, IR AR IR R B G B2, AT
PR TRIUHCR L (H 2 R BOR 4k 2 T B
ZR PR BT i 38 B g e, SR B3 B i T e
I, PRSI 2 96 “CHE H..
2.1.2 REMENRBERPIASEFRE
RERR M

2 IS () o) O £ 0 9 v N 2 B R R
FE s 06 45 R an i 2 iR, B 2 ],
PR B Y ZE B BUA [H] 2 3.0 h B 4 OS2 o
UF, SISO (TS VR H N 2 R O o AR R A )
59.97 mg/ (100 mL). #34E Fick &g,
A2 B IR 5 R I 18] U IE b, 7 —
JE O N, SBR[ , 4R ISR s, {HL
P AT BT T B TR, B RO /R A L B
[i] 420 3 25 S BB 53 B % AL R A | 4 O
FE I T B S WA AR 53 B B AIG, AT B A1
FERL AL A, R R4 U [E] 2y 3.0 h %%

T

l
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Fig. 1 Effect of extraction temperature on the

concentration of ginsenosides in health liquor

2?0 3.0 4i0
FEB [E/h
B2 FRIRES ) 3R A iR P
AB-RHRERIEH 0
Fig.2 Effect of extraction time on the

concentration of ginsenosides in health liquor

2.1.3 REESIENREBERERPASEETR
ERERZIE

SEBURORH X PR P NS e 17 T vk
JE BRI A R AN 1E 3 . i 3 Al Al B
A PRIGBORE EE 038 K, DA I P9 219 550 =Z 18] 9
AL SR Uk BE 1 B 3 R, N2 R 1 TR
JEANWTHE 0. 33 v T £ OO EE A 3 R AE —
SERRIE F P 1AL B HESh 1, SRECH SR i A 3K
Yyt 2. (H SR BOICR 50 L AR
REFE 45 U 11 25 43 7% 8, 16 % 42 BUIORE L
1000 : 1 & H.

22 FREERAIASERAHSREER
551

TR R, PR (R T RO RO 4R
32 231 D SR e 4 DL 3% 1. DR A A
OB BB ¥ KB 4550 | [0l S B 2]
IR 7 22 ol e 2 (3% 3 Tk 4.

- (100 mL)™")
W W
%] [*)}

[\
o0
T

&)
~
T

50‘011 750I:1
PEBORCE L
B3 RIRA R EE R P
ABRF R RE AT

Fig.3  Effect of liquid-solid ratio on the
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o
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250:1 1000:1

concentration of ginsenosides in health liquor

F 1 BB RA ZRSRIR I KB R F KT
Table 1

The factors and levels of uniform test for

health liquor extraction of active ingredients

AV RO X,/C B X b ROREE X,
1 93 2.0 250 : 1
2 93 2.0 250 : 1
3 95 2.5 500 :1
4 95 2.5 500 :1
5 97 3.0 1000 : 1
6 97 3.0 1000 : 1

R 2 BRAEEBRA RS RIA KB LR
Table 2 The results of uniform test for

health liquor extraction of active ingredients

IR PRHGREZ $2URt ) SREBGRR AR A R

5 X/C X,/h e X;  /(mg- (100 mL) ™")
1 93 2.0 500 : 1 18.09
2 93 2.5 1000 : 1 22.20
3 95 3.0 250 : 1 65.59
4 95 2.0 1000 : 1 18.76
5 97 2.5 250 : 1 57.27
6 97 3.0 500 : 1 21.98
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A3 AR R AR PR )3 SR
Table 3 The regression parameters for

health liquor extraction of active ingredients

PUAEER B RE T{H P

HRO 130.702 11.565 6 11.300 9 0.007 739 4
X,> 0.000 221 433 0.000 034 513 8 6.41579 0.023 443 1
X, -0.294 511 0.232 164  -1.268 54 0.332272

X, X;0.000395 152 0.00239823 -0.164 768 0.884 274

R4 RALB A RIS R R T E 0T
Table 4  Analysis of variance in uniform

test of extraction of active ingredients

W Am
kwoog pum 0P FE P

I 3 2261.08 753.692 31.7679 0.030 672 4
w2 47.45  23.725
M5 2308.53

HH 2 .38 3 FE 4 mI N, $2 BURCRL F X
A NS B 0 T R R A R R
M) , $ JBC Gk P RN 4 BB be 22 1R 58 HAE .
S R AT VAR A5 A B B 1 R 2R, HE S )
RIN 32 YR FF AR IR Ay 4 B L > 2 B
JE > SO ). [mIH 7 #E S Y = 130. 702 +
0.000 221 433X,> - 0. 294 511X, +
0. 000 395 152X, X,. Z&53 AL I oY A f 0 i AT
RO B B e A 25 AR BURL BEO7 C L H2 L
ISFE] 2 b, BEIBORCRE G 610 1, IS4 ik vh
ANZ 2 BF Wl & K E K& H
58.12 mg/ (100 mL). 7 I 25 1 T i 47 56 1F ik
B, N2 B Ry & Wk B AT 38 67. 63 mg/
(100 mL) , RHIZ B 550 A0 J5 1 DR AT TR
A RO PR SR A R T EE.

2.3 REBARREBHNEFRIBERS ST
2.3.1 iR EXREERBLEERNZI

JI5E 00 T T PR B VR ' R (L P 52 Wi
LR ANE 4 . d 4 Al DR Y RO
(it o 06 2 Uk ) P s T ARG, RV R A9 vk
4D I8 € SO B o 8 €20 308 B 7 T v A B . 3
S BT Y A s M I B A IR 8 R T

B, (R RRR RAE  FE A R T E R
i, BT B e 8% DRI, 7 R € T 2R
PRI NS AT i e S i I AT
PEPEI IR 40 CRUEH.
2.3.2 piEhEXREERRLEENRE
I €2 P T Xt G ¥ I Y B P R i X
SERANELS Fras. S wl L, PRAEIR O
JEEAFL I Ay €20 s T £ S < T e A, B D A T ¥
{10 2 SR B 7 T €2 I T ) i A5 2 3.
J P (B E 5 ~ 15 min IR, 05 ' JEE R01EL e i 55
R BB [R]7E 20 ~ 25 min [, W 562 B0(H
IR SN I ERICRA T IsE . X 2  TE
PR W B W8 B s, JHG 3 TR 47 ) o2 4 S
VAT, it A B A ST F] ) S2E K B2 S o e e S
R SRS B 1 B . TR, 7625 R (0 T 2%
PRI NS B BRI AR T

0.100 L L L L !

25 30 35 40 45 50
iRER TR

A4 BERESRERRBAEALN A

Fig.4 Effect of decolorization temperature

on absorbance value of health liquor

0.13
0.12
o
& 0.11
RE|
N
= 0.10
0.09 1 1 n 1 J
5 10 15 20 25
Ji €2 B[] /min

5 BLE RT I AR A IR IR B AR e
Fig.5 Effect of decolorization time on

absorbance value of health liquor
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TEFRIL T ]2 20 min 5558 ..
2.3.3 HiAagrbXRBERRXEXEEN
=2

I8 CEL YRR L R R Y VRV s {1 52 T 3K
IZERANE 6 Frzn. thIE 6 AT, SR A i Y i
JCEEAE B WO LU 38 i 57, 28 B DR AT
TP 58 € 2550 S Wi VOB B 1 185 T 0 55 . X
T ] e, B ) 06 € 7k 2 0 B €5 7] P it
PIRTEE T, M o 0 B/ 0 e FH T IR B A
é%ﬁ%%%%ﬁﬁﬂﬂ%%@mﬂwﬁ
SO IR O FE R AR PR, 7 5 B £
Iaﬁ%@@m$kﬂﬁﬁﬁi@ﬁ e PR I
BT EPEREE A S - 1 BIEH.
2.3.4 BiAaFIMENRKRBEGRRXEEN
A

JI5E L TR ol AR R S VR PR s {1 52 i 3
I ZE RANIE T B, e BT AT, R R
RLARIE PSR FE , 3 AR P 7 1) I € 580 R A
. 3K AT BE A R TR AR T R A A 4 Aok 2% 1T
BER, T e g 0 ORI R 8 A e ) 2 fh % T AR
AR X3 /IN— 2. R I, S 30 00 € 700 A 4 AR 7
PE I .
2.4 REEARRENHERKBERSSH

BT B R R, DR OB 5 24 293K
50 PR 2R KP4 LRSS . PR A T I €5 1 25 )

0.13p
0.12f

0.11F

WO fE

0.10F

0.09r

5:1 10:1 20:1
WOk

B 6 AT R AL IS R B BB 8 R o
Fig.6  Effect of liquid solid ratio on

absorbance value of health liquor

vt AN TVRE S G IS P o = g
WF6.3£7 M8,

HIZ€6 .7 R 8 n o, it (i e e (et
[F1) R €2 RORH Lo O Gt T 90 B DY JE F B A R

0.121

0.08
e

20,06}

S

0.041

0.02¢

. ‘ .
IURLIR TG PR A AR 1 ¢
Jisd 555 b 2

BT BLE R AR AR AL IE R E ZOR 490

Fig.7 Effect of decolorant species on

BEB L

absorbance value of health liquor

A5 RAEERMEHHGXBA LT
Table 5 The factors and levels of uniform test

for health liquor decoloration

FES
A e B Rk it €,551)
A/°C B/min ke € F2E D
1 30 10 5:1 ORLAR T P 2
2 30 10 5:1 SRR T T
3 35 15 10:1 AR P A
4 35 15 10:1 By AT %
5 40 20 20 : 1 EEE L
6 40 20 20 : 1 %+

K6 RAEBABENHHHRBLER
Table 6 The results of uniform test for

health liquor decolorization

Wi PR BanmE Bew  Bes  Bes
5 A/C B/min R C O FZED WOGE(E
1 30 10 10:1  EEE+ 0.115
2 30 15 20:1 FEME 0.122
3 35 20 5:1 FAMRIEMER 0.063
4 35 10 20 1 BARIEMESE 0. 100
5 40 15 501 RGPz 0.090
6 40 20 10 0 1 JopniRiE 0. 103
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Table 7 Regression parameters for
health liquor decolorization
I N .
E_:ffj ES (i R Tfg P{H
R 1.32346  3.224 09 x107°  410.490 0.001 550 88

A -0.0451757 1.196 81 x10™* -377.468 0.001 686 55
B -0.001 507 57 8.864 24 x 10 ~® -170. 074 0.003 743 16
C  0.00146214 4.75629 x10°° 307.411 0.002 070 9
AD  0.004 907 57 1.32538x10~° 370.278 0.001 719 3

A8 RACERME N QR T £ M
Table 8 Analysis of variance of uniform test

for health liquor decolorization

PEON Gewrmo sy Pl P
ML 4 2,178 83 x107° 0.000 544 707 93 508 0.002 452 65
wE 1 5.8x107°

M5 2.17883x107°

Fo Mo €0, Tk E A0 I €555 2 TR A A ik 1R 58
AR S R A R L RCR 1 R i R R
LR I A VR Ay 58 e T B > Rk L >
Je e B ) > B 5 A RS I H 5 R R =
1.323 —0. 045 24 - 0.001 51B + 0. 001 46C +
0. 004 91AD. Ze3d Ak J5 i) P fat T i I €2 f 1
ZeM W EIELEE 35 °C, B A T[] 20 min, 0K}
b5 o1, DA Bt AR S B 7). 78 I 451 T
1B AFRRE 10 A5 9 LR A8 VA 1 388 I 6211
&2 00478, Ber ik i 56 I 2 1 £ fa G ik 1) IO
JFE40.042, F W2 34 573 56 A6 F5 i Ok e
YOI €8 Fpe P 2% A2 Ot 25 SR B S SR PR ¥ A
Z: 8 T i VR B 65,96 mg/ (100 mL) , Hi fiit
IR A R AN 2. 47 % .

3 4

AWFFER R RIRBOTIEX A S5 6 1R
Hh 24 il 5 1 DR B 1A 7 A 0o B B, 2R
25 T T €030 08 DR TS 9 0 A7 o € AR B, AR ft
W NS A 0 i e R BUR b, DL
P RTE 560 nm T BYIOCREE A G R AR , 75

B R R (Y R At SR 3 2 R A Ak F B
B T2 452 R R ROV 97 C L%
BLEFTEL N 2 h B0 610 ¢ 1 I, AZ A
AL IR, 67.63 mg/ (100 mL) 5 )i (43
JE2 35 C, i E] > 20 min, JBARFEEONS 0 1,
6 €00 A R A AR P A B, I O R B i WP
OEIEE, Al o R4, LI e e £ 36 7 A Y
NS REFBRRMN 2.47%.
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Effect of quinoa flour on dough farinograph property and steamed bread quality
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WE B EEZHDERR R ES (0% ~30% ) HmB) ) @p P, 02 @ [ e h
JRAF e 45t 4% Sk g b B A 42 G b, S xTAE Sk BEAT R A A X e BB
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texture analysis;

sensory evaluation
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Abstract : The quinoa flour was added into wheat flour at different proportions (0 ~30% ), and the effect of

quinoa flour addition on the farinograph and extensograph properties of dough, as well as the specific volume

and diameter height ratio of steamed bread was tested. Texture characteristic test and quality evaluation of

steamed bread were made. The results showed that with the addition of quinoa flour in wheat flour exerted sig-

nificant effect on the farinograph and extensograph properties of dough(p <0.05). When the addition of qui-

noa flour reached 5% ~15% , the specific volume and diameter height ratio of steamed bread were significant-

ly increased. Moreover, the springiness, chewiness, appearance colour and taste of steamed bread were

improved greatly.

0 55

#4237 ( Chenopodium quinoa Willd. ) 42 i £}
gAY, R LT AR C 218
A RN LB 30T L Bk — 7 T i PR AN & L IR T
M SR EEY Y BEESHEENA
LT AR  Z A AR IR HE4 R 0
YIS B IR ), REAE V-4 B AR S JR R 1N
PEAIRBL . [l HE A S R 2
w A TR P A ), B A I e
SV T BT IR O A BN SE I RE , A5 H W5 & 4R
N JLEE 740 B PR S8 R B o i
SERRR ARER S T B ERAR 141 (FAO)
UNLE Z a2l JEUNE N B SR R (ae 2
H ) ol B KB AR aERER.

BitiE FE 2 1 & e R B 7K 4 ey, AT
ARG A F L H R FREa R ER, 551
Z NRE AL P 5 MR E SR R
ANEAEAT G DRI, 0 SR A IR Y LA
B bR R AR BT 5K, 2 H 4 28 HE Y18
PR R JC h H . R 2 I F ]
IOMNERAONEIREE & JIPNIE LIPS &3
TEASR LA S E LR HAl, XT3
TR o L PN AR 2 AR G 5% (B R 2 2
Z A YT Hl AT, W &b ER S
ERIFFIEARE AR X 00 sk R AL Ty
JERIER TR, IR B EEE AT G
P dE B AL PRI, AW ST DR B 2 4 AN ]
A/ NZE Ty v, I T AT 08 Jo o P L

fAEIE 12 Sk Y LA FIAR 1 LE, IR X8 Sk R 5
e o BT AR P, RUII O 22 22 0 1o T 5
T i A PR S5

1 SRR S ik

1.1 EBZBHE

Ay, B B = R A IR R
1o /N 228, T e AR A s R A R H)
NaCl, 73 #r ki, Kt A g ialm < .
1.2 FEXWI(NF

ATRLAS T A3 Jow AN A LA PR AR A, 8 =
Brabender 7% 7] 7= ; TA — XT plus BY {2 , 2 [5]
Stable Micro System 23 7] ™ ; B BRI E 5 X T
WA T DL o AR A A R 7] 7 s BSA224S —
CW L7 K-, T2 Bl (db ) AR
o) KSW RS r 4 i B 455 i i , J6 5 B K
AR PR R
1.3 SKWHE
1.3.1 HEEBSME X2 by I AT I8 i b
JESELG , LA/INZZ 3 it A U, 3 31 s o 2 04K
5 0%, 5%, 10%, 15%, 20%, 25%, 30% ()35 5 5
B RCC R . B s I b ] ek B 300 g, SRS
¥ 3 g TR IR G AL, S FE 3250, ds i 3] 94
BCaF ek, - LA 5 min, [ 5 HCE T
38 °C fH A BEFE & 19 45 min.
1.3.2 @pyslie  WuhmmpEl, AR EHRm 3 ~
5 min A, TR T EEA 15 min, JERIFHEA
i ZERK AWz, R ERiY
A7 Rp 18 Sk B R 58 UG A ZE I 2 5 b, 32 4F
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s T K, 7578 40 min J5HUR B SGEE R IR T
A,
1.3.3 HHEMHRAMAHESEENNE S
GB/T 14614—2006 & J5 1% , {f A PrATE by
JRASCIN 5 1T PR Jo R P s
1.3.4 BLLEBFMNE RAFFHEE LT
AR AR P =V/m, Ho P gk
FA/ (mL - g7') Vi@ SRR mL, m 83
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Table 1  The sensory evaluation items and scoring criteria of steamed bread

JH 1EAR P bR iE Wi gy
VIDUNIZIN REOGH $92712.1 ~ 15 735 P45 9. 1 ~ 12 73 3R BOHURE , A BEER JRARA X AR 1 ~9 2 15
RS WK HEAE 2.3 oy, BRI 0.1 41 1 5y 20
jares ARG, GFEE 950:8.1 ~10 7355 6.1 ~8 73 (I JKIE 1 ~6 43 10
4ty ALK S HAAN 12,1 ~15 73538 9.1 ~ 12 705 LR/ SRR 1 ~9 73 15
SRR TR LS A S 16,1 ~20 73545 12. 1 ~ 16 79 ZI5ME WEh 22 1 ~ 12 73 20
RAE NH IS RFR A A 12,1 ~ 15 705 Hh 25 9. 1 ~ 12 73 IHIER 36 H R B 1 ~9 7% 15

ok AT, ERIE 4.1 ~5 4515 3.1 ~4 5y 53R 1 ~3 4 5
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Fig.2 Effect of quinoa flour addition on tensile properties of dough
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specific volume of steamed bread

2.0

a b
e — d e
=
1.5¢
ﬂ
HE
¥ 1.0F
s
=
0.5F
0.0
0 5 10 15 20 25 30

B ST S %
B4 FEHRAE R kR H L e
Fig.4 Effect of quinoa flour addition on the

diameter to height ratio of steamed bread

O e 4 T P T T 1 1 Sk A e LU /N
2.5 EEHIRMEIE X TR R
BET RN N X0 02 Sk JoO R R P )2 i 0 3
ERILER 2. 3R 2 AL, B A MU IR R
W8 S R E | R 5 T L MELMRRE. e R S It 1 Sk
JECRA P £ J2 8 3 3 A B 183k
(I BEE 2 i 2 22 o 1A S o e B 4 Rk 9
TP Sk B A ) 52 BB A AR S i S P R 1Y
FEF 8 1) 5 -5 A 114 0 2 5 A i BE AT O
FRZZ A5 v il # AR, X T i A A e M
R A AL IR R RO R AN, (o0 TR AT HE R 2
(EENIEE TN NI RSP D ER /9 R A
R, 3X 5 AR S 8 A2 B Xk T AT R T e A 1) 52 T
ZEVR AR — 2 [l Sk A A 08 Sk A R 5K
5RO 45 e I i A 1 [ 52 JE0R AR 11 i
ST INEE S Ry (RS % ~20% ) )
08 Sk 1] 42 AR 3% T i, Lo T o o 20 20k
10% HYZEAZ Ky sf, 18 Sk i B A2 40 0.49, A1 LL
SNBSS TR T 13, 9% . AR UL,
T AL B (R 7R 5% ~20% ) X8k it
ERFIEA B RAE .
2.6 FEEHHMEIELRE ITMHISI
BE RN I X8 SR B PP ) R T 1
SERINGE 3 PR, 3R 3w, G 22 A2 TR N
RS, 18K B A U E R P A T AN

K2 BRI BTk RS Y
Table 2 Effect of quinoa flour addition

on texture characteristic of steamed bread

R e
R e

0 7201.37 0.94 0.80 5738.01 5413.98 0.43
5 7168.32 0.94 0.78 7331.72 5987.54 0.44
10 7666.42 0.95 0.79 5020.04 5638.61 0.49

sk BERT e

15 7665.08 0.94 0.79 5735.14 5544.62 0.48
20 7710.37 0.92 0.79 6724.43 5616.93 0.46
25  7864.88 0.92 0.79 6860.24 5683.11 0.42
30 7977.57 0.91 0.79 6862.29 5697.12 0.42
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Table 3  Effect of quinoa flour addition on the

sensory evaluation of steamed bread Zax

T e I e g MR s

B/ % 2N
0 13.1 12.0 8.7 9.3 12.0 14.0 4.1 73.2
5 14.2 11.7 7.8 9.5 12.7 13.0 4.5 73.4
10 18.7 10.3 6.4 10.7 14.0 12.3 4.3 76.7
15 18.3 10.7 6.0 11.7 13.3 11.1 4.1 75.2
20 16.8 11.3 7.2 12.7 13.2 8.7 3.8 73.7
25 16.7 10.0 3.0 14.0 13.0 7.7 3.1 67.5
30 12.7 9.0 2.0 14.0 12.0 5.6 2.3 57.6
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WE:ZRAARRET &, B AR R | BEAKREGEARE (T34 Po. hydl F=
-3 04 Le. hyd) 3325 , ¥ 2 Rk 6 F 38 B AK pPICOk-Po. hydl-Le. hyd , 5t ¥ 3 & 4
B e B GS115 R A Mm% PCR it A it 2 5 & G418 e i
L AFR3AZ R AR IR BT T ;B ZRACRF R0 SR B
il P8 B A FAKE G Po. hydl-Le. hyd , 24 B4k 5 F 5 45 4 26 kD. iz Al
B F R I Aok BB S AT RIS AEAL 1T B R B AL T R RS R A
HER(FTE)RES>HA0.62% , RR (m(BERREY) m(Eakk) =1
2)REREH 8.39 o/ L, K B3z K oginds pH LA 6.05, YNB R 2R E A
100 mg/L, & & %4 50 mL, #7145 ODg 18 A 1. 2. sb B @k & 32K & @ Po. hydl-
Le. hyd # /% & & 7T i 30 mg/L. 3} @k & 5K & @ Po. hydl-Le. hyd #2 ¢ PxA= 5L
AR Z I, L RGBT AFER L PR KRZRSEE.

E£WHE:BF g A#F AL 8 (30771502)
EZE AT = (1990—) , %, )" R Ak TA P RE K FIHLAFR A, TR/ @ AR5 £ A
BEEE . DER(1965—), F , AL ERNTTA, P REXFHIZ, LT QAR EDFEAK.
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Abstract ; Two hydrophobin genes, Po. hydl of Pleurotus ostreatus and Le. hyd of Lentinula edodes were ligated

to construct the expression vector pPICOk-Po. hydl-Le. hyd, and then it was transferred into the Pichia pastoris

GS115 competent cells by electroporation. After PCR validation and geneticin G418 resistance screening,

three highly expressed Pichia pastoris transformants were obtained. After separation and purification of fusion

hydrophobin Po. hydl-Le. hyd from fermentation supernatant by the trifluoroacetic acid method, it showed that

its monomer was about 26 kD. The fermentation conditions of P. pastoris were optimized by single factor and

response surface analysis and the best fermentation conditions were showed as followed: the mass fraction of

carbon source ( methanol) was 0. 62 % , the mass concentration of nitrogen source (m (yeast exiract) :

m (peptone) =1 : 2) was 8.39 g/L, the initial pH value of the fermentation medium was 6. 05, the mass

concentration of YNB was 100 mg/L, the fluid amount was 50 mL and the initial ODg,, value was 1.2. Under

the above conditions, the maximum yield of the fusion hydrophobin Po. hydl-Le. hyd could be up to 30 mg/L.

The foaming and emulsifying properties of the fusion hydrophobin Po. hydl-Le. hyd were investigated and they

were all better than that of fusion hydrophobin extracted from the Pleurotus ostreatus mycelium.
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B % R (G418, AR) | 8 £ J0 & H IR A IR
(YNB, AR) , Biosharp /A F] j*; =9 & & (TFA,
AR) , Sigma 23 7] 7 ; Bradford 2 H & 5 12807 &,
Tiangen 23 1™ 51905 1, R— A R .

ER ORI BRI KO 5 T R B 37 3k YPD,
MM ,MD,BMGY , BMMY #Z: & Invitrogen / 7i
P18 5 R e B 2 K T PR o

FEALA: LRH - 1508 BUAEAL G 5746, 1
KA ST 2 75 T100 % PCR {YX, Bio-Rad
23] GEL LOGIC 200 BUEEIE AZR 704 BRS¢,
Kodak 23 A7 5722 BIAT W AREERE T, 116
R AAERAT R 7] ; Centrifuge S417R B 5 8
R E ML, Eppendorf 23 ] 7% ; Micro pulser Hi

HAAYL, Bio-Rad 23 ®] 773 LD plus %I ¥ R T Jk
ML, 75 E Christ 2> 5] 77 ;JY92 — 1IN scientz #3 /5
P A MRBERAS, B Rl Sl AT FR A ] .
1.3 SKWHE
1.3.1 ERARESHEHE K-Fu P739 H
g 154 FEATE PDA P4 b, B 78 22 (K P Al
I, AR B 22. P-4k P739 Fldfr a6 154 &L RNA #y
05 cDNA 94 K 2 # TaKaRa RNAiso TM
plus, TransScript® One-Stepg DNA Removal #]I
cDNA Synthesis SuperMix 87 &5 /4 FH 156 B 5.
ARl NCBI 23 A1 18- 2 F0 4 28 1) i /K A A
J¥%1( GenBank ; AF331452 F1 AF217807. 1) , 3141
FHERAF: Primer 5.0 Bt i5 )75 W3R 1.
PLF-%d P739 1) cDNA Sy A, iz 1151 49)
Po. hydl -F/R ¥ & - 4% P739 i /K 25 (3
Po. hydl. "3 2/4:95 C 5 min,95 C 30 s,
61 °C 30 5,72 °C 30 s, fHEHECH 34 A~ [F3HE, LA
Fah 154 %) cDNA MK, 519 Le. hyd-F/R
PIGEKE A FE A Le. hyd, BRiB KR E D 58 C
Hb HAR A IR A, JBE [ml e PCR 41675 31 1 7
Yy, 385 pMDI8-T i8R & #2)5 , #%
RN KA DHS o 20 . 181 v 18 1L K —
A FRA M. 3 32 E A Po. hydl Fl Le.
hyd J& PR B JFORL , 53 551 F BR 14 3 DD Asu 1T,
Xho 11 Xho 1, Not 1 WUEED) PCR 4t =4y, []ff
A Asu I ,Not 1 XLJEGY] pPICOk 5k , i o+F fiff
&I A R R AR pPICIOk-Po. hydl -Le. hyd

&1 FrASIHFF

Tablel  Primers used in this study
5| Y124 FR (5" —3") 1A
Po. hydl-F CGAGCTCTACCTAGGATGTTCTCCAAGGCCAC
Po. hyd1-R CCGCTCGAGAAGACTGACGTTGGTGCA 73 Po. hydl B (AFR TAA)
Le. hyd-F CCGCTCGAGATGCTTTCTTTGCTCTCCA
Le. hyd-R AAATATGCGGCCGCCTAGAGTTGCAAGGGACT Y48 Le. hyd Z
a-factor TACTATTGCCAGCATTGCTG
Aox13 GCAAATGGCATTCTGACAT et gt 17y
MI3F CGCCAGGGTTTTCCCAGTCACGAC
MI3R AGCGGATAACAATTTCACACAGGA Wy 519

E RIS R B L
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mE 1 s, FF 250 v/min, 30 C KM T ARG E 75 55

1.3.2 BHHRUSEULTFHE

Z: M Invitrogen 23w B EE SR BE 78 T0T,
B¢ pPICOk-Po. hydl-Le. hyd Jifi % Sac 1 2tk
fbIG , AL B SR B GSI1S ()R Az 45 4 i
Hh R B AL 08 O Tl 1) L 2 0 A T Y
MD F1 LA S B 5 MM B 35 Bk | e PR AE
MM F1 MD 5555 3k BSR4 K 1 4k 1, IR0
e His " Mut " R AL 1. ] o-factor/Aox1-3
SIS AL T TR 75 PCR B AIE , P-4 I i %
1R T A AL & A [ o Tk
(0.5mg/mL, 1. 0 mg/mL, 2. 0 mg/mL,
3.0 mg/mL,4.0 mg/mL f1 5.0 mg/mL) 191515
BEAR MY YPD Bt b 0 e Hh ARk 1Y BR R
WERREEAL T, P e PR TE MV B2 G418 rhRg/E K
R R B TR Y B R I B AL T
1.3.3 FESRIEFZFHHMRL
1.3.3.1 SmEREFBERHMAL FimLS
18 T AR T8 1) HE R T B 5 AL 7 e AP T 25 mL
BMGY 134k, LI AL pPICOk J5rkr Y 52 ok 17
GS115 FBRAE AT HR, T 28 C & MR 5
7216 ~ 18 h. #E 1 T 3000 r/min &4 F & .0
5 min, it FUE, K 40 M E R T IS S AN
BMMY Fi 2 e, 5532 20D fH N1.0 ~2.0,

Sacl

Avr 11

Po.hyd 1
Xho1

Le.hyd

PICOK-Po.hyd1- Le.hyd
P ot ne Not1

3'Aox1 9990 bp

TT

Kanamycin
His4

B 1 pPIC9k-Po. hydl-Le. hyd # 4k B
Fig. 1 pPIC9k-Po. hydl-Le. hyd portrait

SR, B0 24 h #b i R 2 L R AR TR
R 0.5 %, JFWHC 1 mL &8 EIEW, T
12 000 r/min 25K &0 5 min, B 35, H
SDS-PAGE #illl & I b7 ¥ filh £ i 7K 2 1 Jo o
WREE , DA 2 He e AR WSO e TR sl ).

R JH Bradford 35" il 4% 4 I 3 2 E bR
k. AT R I TP EC 1S L A i A 3
A, A PBS 22 v #b 2 150 pL, FEm A
5 mL 25 G250, 43R A, B 5 min
Je A6 BE T W OEAE , IAS & BSA [
A E R 25 R IR T SRS 0, 3 e A 0 3 2K 1 1)
Bt B e 7 AT T T TP R ) o R U
BEEA e B P E R R AR R R R
IR (]
1.3.3.2 BREAFRRKE BEHFHE(HFE) fha
BRI (m (BERESRIRY) - m(BEER) =
1:2) Brit s, YNB v B, R e IR 2 1Y
Wilh pHAE, W 5, W) 4f ODgo (EAE 2 52 ) BE
TRIELE A . DL BMMY Hyifs 53K 35 1Y 4L
Tl TR R SR 5L N TCRFIR UL , 7E ) G H2 P i
0Dy (H A 1.0, 23 824 50 mL(250 mL =
H) IREE R 28 C L BB Hh 180 v/min &1 T
TSR RIE. SR BEAFFM G W T A s
(HE) R4 80R 0. 4% ,0.6% ,0.8% ,1.0%
L. 2% B 24 h 300 1K AR (m ( BERERE IR
Pr) :m(EBEWK) =1 :2) FiEkEN
4.0 ¢/L,6.0 g/1,8.0 ¢/L,10.0 g/L f112.0 g/
L; YNB JF ik fE 5 60 mg/L,80 mg/L,100 mg/
L,120 mg/L 1 140 mg/L; & [ 1% 77 5 947 46
pH {H # 5.2,5.6,6.0,6.4 F16.8; 2 &K
30 mL,40 mL, 50 mL, 60 mL f1 70 mL; ] #4
0Dy fH 7 0.6 ,0.8,1.0,1.2 F1 1. 4. fRIEAFH
AT 8008 BUE 4 d &R LW,
FTHA B K 2R 0 R I 5 AT
1.3.3.3 MR EiRLe 765 R 00 nY JE il
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e, UK 13 VR Rl G i K B 1 R R
Mg 17 A, 326 BBORT PR AR A R S i 251 3 MR
RO ( FH ) o s 20 AR (X ) R R 3R BE 1 4]
I pH {E (X)) FIAGR (m (TEEESR I ) @ m (R
FIR) =10 2) JRa il & (X,), MR 4% Box-
Behnken [0 0 A3 R, I = A &= =
K A ) 137 T 3 AT i
1.3.4 RERUEZGTHARKEABSERN
ZE B 8RR I AR R B AL 4 PR AL
G RARR S RIB MRS 1 L IR 3L #&
A R 250 R (1 i SR UK IR L 3 VA
BHKE A, I IE TR .
1.3.5 BARKEAMEEEMILEST
Fik UGS R G K S EDUE, A =
BT 4 °C AR 30 min, 28 S W5 IS
HEE T KA C EEEM, BLH K 50 pwg/mL
FRBT i 75 B /K B VAR, U TS il i
KEE MM, 45 E 10 mL JT &8 JE K
50 wg/mL [T i Fl 5 58 7K 25 11 Po. hydl-Le.
hyd TSR V45 i 7K 35 F1 Po. hydl %% . SDS %
TRANEE 10 BSA VAT, 2008 75 I 40 M R 3 2
AR P 30 s (4R 70 % ) , ORGSR A
30 min JE PR ARYE LR A 40 )
TR 4 FpEE i A L (FC) R vk Fa e
(FS):
FC =724 00K & o/ &0y & & L

FS =30 min J& itk 3 B/ R4 0K Z

3B 10 mL i A i K B Po. hydl-
Le. hyd V- 25 i /K 5 1 Po. hydl ¥ AN SDS
WL A S mL £ i TR) s PR 28 e 4 [l Ak
HS A 22 B TR AESS 0 ALK B B RE
FH R 75 U5 40 M A 0 2 o 4k B 30 s (iR
60% ) , il AL 730 7E O min Fl 15 min B
0 0.5 mL AL E T 50 mL /25 &, i
AR N 50 pg/mL [ SDS RE 75 -5
5], LABTi e O 50 we/mlL /Y SDS ¥ A =5

X R, 7R 500 nm 400 2 HWE G RE Ay, 15 min
JE PRI E OB A, B Ak E F L
G EA FoR , FUARE ] ES R, B
EA =4,
ES=(A,/A,) x100 %

A A, MFLACEAE O min B IEIE, A, N
FLACAEFE 15 min J5 R OGIE.
1.4 IS

JA IR T 3 U, 45 R EBCEE. SR
Design Expert 8. 0 F1 Origin 3 {4 % £ 4f i 17
AbHE.
2 iR 50
2.1 EFERESSIYMFIIEZHER

G390 LAV 25 F T 4 1) cDNA CH AR, 28
PCR ¢ 35-F-%% P739 (i /K & H 2 Po. hydl
AT 154 Wik 8 LR Le. hyd , 4738545
WK 2a) i1 b) Frs (M 78 Trans 2K DNA
marker, | [A]) . K H #9450 VI BI04 12 3]
pMDT A b 9E 4700 5, I 45 2 s < °F 4
P739 1B K& 3L Po. hydl k333 bp, T4k
154 (B /K & 3L A Le. hyd 7 384 bp, 5 NCBI
AT B Y 9 — 3. 38 5 Y A 7 s, O 4
P739 ()i /KEE 3L Po. hydl FNA& 4 154 5T
IKE A Le. hyd PF457E— &, #4 8 pPICOk-
Po. hydl-Le. hyd ik g M , ¥ 1Z KB B Al 5%
fe3 e IRl RE GS115 4 ffd v, bk 4% fb 7 B 7%
PCR RAE£5 R ANE 2¢) itz , 2e3k45 100 544k
¥ GRS R TURAHAT.
2.2 SRREBBEULFHFIEAER

PF AT 1 e B e AL - X0 B 42 AT MDA
MM B8k b B TR X P A G 7 2 AR K
FEFRIRY # 4k +, BD 4 His™ Mut ™ 38 Y () % 1k
¥ FRREE AL 76 N 42 AP T G418 HL kT Ak b
HEAT e SR IR BE B AL T O e (AN &l 3 T
) IR 3 AR IR R AL T
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a) T4 P73951 /K 2 1 JE A Po. hyd | 3 B 45 2%

M 1 2 3 4 5

8000 bp|

5000 bp
3000 bp

2000 bp

1000 bp
750 bp

500 bp

250b

bYE LS 457 7K 2B (A3 N Le. hyd 3 25

8000 bp
5000 bp

3000 bp
2000 bp

1000 bp
750 bp
500 bp!

250 bp)

o) BE R LA T RIVEPCRILUEZS
B2 SAREGARY RS EAFHLTY
A % PCR 3&iE
Fig.2  Gene amplification of hydrophobic protein and

colony PCR confirmation of yeast transformants

2.3 EBEEERUTFHESRIE

BEHLHEE A~ BRI B R AL T 775
FARIB L, BRI KB W, IR AT
SDS-PAGE #ailf , 45 R 4B 4a) fr s (M R i
Or PR E FTRRE, T 51 %8 96 h 23 Ok

......

----------

_ S A
B3 FHackik BT ik

Fig.3 Screening of multicopy transformants

BEREE BT 2—4 703278 48 h,72 h,96 h
AR EEE A EISW) . Bl 4a) B B A
H2H IR ORI B RE TR TE 26 kD AR %0
T 25 75 JOORE 119 B i P B IR . X 3R W12 &L
FERPRAL TR RIS HEH. FIH =8/ &
BRI B 4lifk H 8 B, JF k4T SDS-PAGE /43
B, 45 R E 4b) frs. BBl 4b) AIALAE 1 5k
18 26 kD b W] Y 25, 5 G i K 2 B
WHAA G, A HAbA . X RU] 5 s alifh
.

H LS 7 4 10T 2R A o th 2] LA
2,00 & A S B TR v =0. 015 3x,
R* =0.998 76. 4310 2 4 K & e 115 W0 2R
R 3, 45 SR B 6 . (1 6 Al 1
BETR A i AR 15 5 3R 8] i 3 JE 2 4 d
2.4 FEEREEHHRLER
2.4.1 BRZRRBER LHRRAWLRW
BT s, Hovr, S [ A e 35 57 5L w0 i pH
{EL A [A] Atk 5 (F ) B i 3 200RT A ) AL T
(m(EERREH) - m(EEMR) =1 :2) FisHk
FERTEREFRIR S M 2R, PR R HGX 3 R
AT IE— 20 (R e B TG A IS H T At 3 A
PRI 20 TR B R AA S M /N, R 2L ks YNB (1)
JohE e € O 100 mg/L, B I E N
50 mL, #J1G ODg fH 1R R 1. 2.
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M 1 2 3 4

250 bp
130 bp
100 bp
70 bp
50 bp

35bp

25bp

15 bp

a) AN [A) 75 5 & 35 I [8) (1) % b 7 W
R ASDS-PAGE# T 45 5

250 bp S

130 bp
100 bp
70 bp
50 bp

35bp

25 bp

-
L]
T
b)7 B 4l 4k 5 H 41 5 F1SDS-PAGE
RTESEN
B4 #FFRAeELEE SDS-PAGE 547 4
Fig.4 Results of inducible expression recombinant

proteins by SDS-PAGE analysis

0.201

y=0.0153x
R’=0.998 76

BS  Aaig & a Aok

Fig.5 The standard curve of bovine seroprotein

2.4.2 WARZENRIGLER  AE AP E R A Sl
AT ZIRFRIAR:, 0N R SR I 2.

Rr 3Rt a)/d
B6 EHiRAABRESRSRENY R

Fig.6 Effect of induction time on

protein content in fermentation broth

R2 RKBERAFLKEL

Table 2 Test factors and levels table

IR X,/ % X, X,/(g-17Y
-1 0.4 5.6 6.0

0 0.6 6.0 8.0

1 0.8 6.4 10.0

FIMH Design-Expert8. 0 A4 5] wi L7 187 114 128
BB E AT Z2 o A AL, 15 3 & e E IS R
FL/K A o R RE (Y ) X 85 R BE Ak IR (Y
M) Jon B B (X, ) R (m (BRI ) -
m(FEEWR) =1 :2) Bk (X,) 1k s 5
FERI 4G pH A (X, ) B IR I al AR R

Y, = —541.107 5 +84. 075X, +12. 128 75X, +
165.093 75X, —0. 875X, X, +0. 625X, X, —
0.093 75X,X, —65.062 5X,” -

0. 656 87X,> —13. 609 38X,’

MZAEIL ) J7 2 o T A R W3R 3. 36 3
AL, B UE () Jou it e (X, ) VTR (m (1
BHERCY)) - m (FEEMR) =1 :2) Bk
(X,) AR TERE TR A W) b pH (X, ) X EEZH 5
AR Rl K R AR LR, R A
IR (m (BERHRICE)) - m(BEEMR) =1 :2) ik
WRE (X)) Kl i 2% s X\ X, RFRl & K 2 1 3Rk
LHWEE X, X, F XX, WA R
X20X,7 X Xl AR E AR A AR
S T .

#R8 & Box - Behnken [ | 4% [K] 2% ) b/ T 38



.78 -

Ba50 2018411 A 4533 % 556 4

—~40r

=35}
=30

oH 15}
H,E

0.4

0.6
R 5 4ak 7 40/ % RIS (g L)

0.8 1.0 1.2 6 8 10 12

[

60 80 100 120 140 30 40 50 69 70 0.6 08 1.0 12 1.4
YNBE:T:Ji(ZQE/(mg . Lil) %M’}Zﬁ/ml‘ ()D(w(mﬂ;[
B7 BRI XBLER

Fig.7 Results of single factor experiments

K3 FESHER

Table 3  Results of variance analysis

Ty 2E R FAH P1H

el 101.09 < 0.000 1
X, 2.42 0.007 4
X, 9.03 0. 000 2
X, 2.53 0. 006 6
XX, 0.49 0.137 6
XXy 0.01 0.8176
X, X, 0.02 0.730 0
X’ 28.52 <0.000 1
X’ 29.07 <0.000 1
X’ 19.96 <0.000 1

HAEHIR AT as AN 8 Fros. B i s
FRAAE 0 BRI (P ) i 3 %0k 0. 62% , R,
R (BEEHEERY)) - m(EAN) =1 :2) Pl
WL N 8.39 /L, KR IR BB 4h pH {E
6.05, YNB Jii fit ¥ J& O 100 mg/L, 3¢ &
50 mL, ¥4 ODgo fEN 1. 2, BEI Bl 5 B /K 3 H
ek Al I e R 35. 244 6 mg/L. ARGERELIE
(R ARG IR 2R A X HE o I R e AL EA T 2 B
Fr, PN T L 2 e b o0 1 A Rl 45 K B
FIA R 30 me.

2.5 BEABKEHR Po. hydl-Le. hyd B R
T
2.5.1 FEEEKEB Po. hydl-Le. hyd Hy#2if

PEAEIRTRENE AR IR A RS E
LA ILFE 4. 3R 4 R4 B R AR i
YE(FC) R/ANHEF Jy: B G K E H Po. hydl-
Le. hyd # > P45 /K 8 1 Po. hydl ¥R >
FIAE LT SDS #R > # H 5 BSA .
AR K 8 Po. hyd]-Le. hyd 7 B2
PERE S i 5K 2K H Po. hyd LI 10177
PEFR) SDS ¥ 0MI 8 1 5T BSA # AT L. 21 A
1.53 £5H012. 76 {55, F351,4 Fhke S i1 IRTE E
PECES) R/ANHEFY O < Bl 81K 8 1 Po. hyd]-Le.
hyd > Va5 KEH Po. hydl ¥ > HE A BSA
VR > R VR SDS . Horh, fil G i K 2
H Po. hydl-Le. hyd ¥ 1 1 IRASE PR 2 F-
WK E I Po. hydl FB R IEIGVER SDS #
FIHE BT BSA 1 1. 16 4% .2. 99 % Al 2. 01
{85 HEnl WL, fl B K 8L E Po. hydl-Le. hyd [
R IEAEARTEEAR LT P alisi K E L5
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s 5.80™ 050 W
My 5.60 0.40 @;ﬁ)
a) ) fifyp FEAEL R0 50 o 0 0% 2 1 ¥
b AR R VR T KRR

ek (e~ L)

g

267

A

10.00"’-ii'
. 9.00‘8 e ’0’60-0'79;5{1‘70
e 7.00__0.50 W
&/(g-p) 6.00 0.40 Wﬁ@}
) G U B 0 YR T R R YRR B A BSOS K
T VR B e R R 1 R

0.80

10.00'5\010 6,40
) 00— _76.20
%(ﬁﬁ:,@:% 8.0‘0“7\60“ g/v “6.00 Y\\
1 Jir 007 580 i
J‘/(é’-p) 6.0075.60 IS

o) R IR I A B2 AL Ui p HAEL X K T T
3 W R T A R
A8 AW Zvamd X AR5 HTER

Fig.8 Response surface analysis of

interaction of various factors

AIZZHITE MR SDS FIZE 1 5T BSA.

2.5.2 BhEE/KZEB Po. hydl-Le. hyd BYZL4L
M AIREYE AL AR E T
SLERAE R 5. R S AT A4 FhAE S LA
TR (EA) R/NHER - il i K 8 Po. hydl -

Le. hyd YR > Vi /K &E H Po. hydl % >
FMEPER] SDS ¥k > LB 1K, Fidh,4 Fhrf
i I FLAGRRE MEFR B (ES) R/NHEF O < Rl i
JKEEH Po. hydl-Le. hyd g > V&b /KEH
Po. hydl 7% > FRIANEVER] SDS i1 > L&+
K. H ] W, FilE B K EE E Po. hydl-Le. hyd 1
FLACTERFLACAS AL TP dh K 1 AR
GEIKZRTH T 157 SDS F2 B 5K,
R4 SRS R KA M
Table 4 Formability and foam stability of samples

B PR 30 min 0K Rk FC/ FS/
HH EE/mm BE/mm BE/mm % %
B AHKEA
Po.hydl-Lo. hyd B 34.2 28.4 50 68.4 83.04
FaEHKEA
Po. hdl %k 28.2 20.1 50 56.4 71.28
FIAEMR
1 2.3 6.2 50 4.6 27.80
SDS 1A
B )% BSA I 12.4 5.1 50 24.8 41.29

A5 AmegsliE sl ia g s
Table 5 Emulsifying and emulsifying stability of samples

B uﬂﬁ'ﬁf‘?ﬁ ”ﬁj‘ﬁ%ﬁa EA  ES
. iﬁﬁ@kﬁ%m 0.841 0.835  84.1 14.89
ﬁ%ﬁzkgg 0.717 0.692 712 14.48
%igﬁg%&:g" 0.535 0.486  53.5 13.63
PC RS 0.228 0.192  22.8 12.63
3 4hiE

ASBIF T 2o 3 DR A3 T ik K AN [ SR TR )
I BYGKE AN (P48 1 Po. hydl H18 1k (1
Le. hyd) 2 B 4% J ¥ it il & 3% 38 A pPICOk-
Po. hydl-Le. hyd, 35 H: i 5% 1k 21| 5 o5 %% £
GSI15 sz 54l b, 28 PCR 978 Mgt 15 5 R
PPk e, 1543 3 4> BRIk i e AR I R AL
Tt =5 LRy ik o B A K B
IR F LK 8 H Po. hyd1-Le. hyd , 24 I 1L 5
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K531 298 26 kD. i FH BR PR 2R 4k, 46 R e )3
IR AT Pi ik, 15 B ER AR B B AL 1 19
s SRR Sy B YR () BT o Ak
0.62% , FIF (m(BEEHEEA)) « m(EAFR) =
10 2) e B0 8. 39 o/ L, RIS R BL W i
pH {H 4 6.05,YNB i & 4 100 mg/L, 2%
4 50 mL, F4f ODgo {2 1. 2. B Rl G sk
T Po. hydl-Le. hyd 7] i% 5 7% 7% it 30 mg/L.
X RlG B K 2 E Po. hydl-Le. hyd & 0 14
FUACPERFFE A B, FL 88 P B 3 0 T MOF- 4 7
22 h SRR B K Rl & B
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Abstract; Aiming at the problems of low accuracy,long detection time and poor reliability of existing insulation

detection system for electric vehicles, on the basis of studying the inherent mechanism of the measurement

accuracy and reliability of insulation resistance for electric vehicles, replacing traditional electric relay by

resistance partial measurement and optical control relay, an insulation resistance detection circuit of unbalanced

bridge based on high-precision instrument amplifier was designed, then a four-step on-line calculation method

of insulation resistance was proposed. Finally,a number of insulation resistance tests were completed for a light

truck. The results showed that the detection system could achieve 5% insulation resistance measurement accu-

racy ,and had the advantages of on-line detection and high reliability.
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Abstract:In the existing prediction model of ammonia nitrogen in sewage treatment effluent, the hidden layer

neurons excessively redundant, which wastes resources. A new structure adjustment algorithm (HCPS) based

on sensitivity analysis (SA) and mutual information ( MI) was proposed. The algorithm redefined the sensitiv-

ity formula, adaptively, adjusted the network structure by using sensitivity and mutual information, deleted

hidden neurons with low sensitivity, divided hidden neurons with excessive sensitivity, and merged two hidden

neurons with excessive mutual information. The results of verification on BSM1, a benchmark simulation plat-

form for sewage treatment, showed that HCPS algorithm could obtain a more compact network structure, and

the prediction accuracy of ammonia nitrogen concentration in effluent was higher.
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Experimental results of soft

sensing of ammonia nitrogen using different algorithms
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Fig.1 The process of neuron regeneration when

the number of initial hidden neurons was 100
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Abstract: Aiming at the problem that the traditional thermal network model is not suitable for IGBT short-

circuit junction temperature measurement, based on the analysis of the failure mechanism of IGBT in the case

of transient short-circuit, the energy value of IGBT short-circuit failure was defined. The evolution law of the

critical energy value of IGBT under different initial temperature and different bus voltage was found, and finite

element thermoelectric coupling model was established. The simulation results showed that with the increase of

DC bus voltage, initial temperature and current density, the short-circuit maintenance time and critical energy

value of IGBT would be greatly reduced while the critical temperature point of IGBT failure was independent of

the initial temperature; the heat transfer before IGBT failure only reached the solder layer during the short-

circuit process, and the maximum temperature point of IGBT was distributed at the boundary of the depleted

layer at the instant of short-circuit.
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