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Symmetric multi-threshold error diffusion method for

image color merging of digital jacquard woven fabric
CHEN Jie, MEI Fan, LI Zehua s WANG Yuanyuan , ZHOU Hua
(The Key Laboratory of Advanced Textile Materials and Manufacturing Technology .,
Ministry of Education, Zhejiang Sci-Tech University, Hangzhou 320018, China)

Abstract: The number of colors expressed by digital jacquard technology is limited, and the color of
the fabric is prone to be uneven. For the above problems, error diffusion algorithm was introduced in the
process of image color merging, and a symmetric multi-threshold error diffusion method was proposed for
digital jacquard woven fabric. The method can improve the effect of color gradation merging, and avoid the
image offsetting caused by traditional error diffusion method. The objective analysis and practical weaving
verification of the method show that the method can improve the effect of color merging without changing
the existing fabric structure and weaving technology. The method is convenient, feasible and practical,
providing a new way for image color merging of the digital jacquard woven fabric.

Key words: digital jacquard woven fabric; color merging; symmetric; multi-threshold; error diffusion
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Analysis of the deterioration of two cotton fabrics from

Europe and America in the early 20th century
ZHU Chanjuan' » WU Ziying' » ZHAO Feng® » ZHANG Guowei® » HU Yulan'
(1. College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Key Scientific Research Base of Textile Conservation, State Administration for Culture Heritage,

China National Silk Museum, Hangzhou 310002, China)

Abstract: The European and American fashion collections which date from the late 18th century to the
20th century (approximately 300 years) in China National Silk Museum are all-encompassing, including
large quantities of dyed cotton fabrics. Although the preservation environment is similar, the preservation
states of the cultural relics are different. As the deterioration state is difficult to be identified by human
eyes, it is necessary to determine the fibers with the help of modern techniques. Next, the corresponding
protection measures would be taken according to various degradation degrees. Two pieces of dyed cotton
fabrics which are cultural relics were taken for examples. the cross-section and longitudinal appearances of
the fibers were observed by using optical microscopy and scanning electron microscopy. The single yarn
strength and the thermal gravimetric property of the fiber were also measured. Besides, X-Ray diffraction
was employed to analyze the fiber structure and calculate the fiber crystallinity. Based on the above
results, we can draw the conclusion that the preservation condition of these dye cotton fabric samples are
fairly good, though partial samples have been undergoing deterioration. They need to be protected.

Key words: deterioration analysis; cotton fabric; textile relics; TGA; XRD
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Dyeing property of difluorenylidene quinoidal thiophene on polyester
ZHANG Li', JIANG Hua', CUI Zhihua', CHEN Weiguo', AN Yuan', SUN Yanfeng®
(1. Engineering Research Center for Eco-Dyeing &. Finishing of Textiles » Ministry of Education, Zhejiang
Sci-Tech University, Hangzhou 310018, China; 2. Zhejiang Jihua Group Co. , Ltd. , Hangzhou 311227, China)

Abstract: Difluorenylidene quinoidal thiophene dye D1 was synthesized by utilizing high molar coefficient
feature of difluorenylidene quinoidal thiophene structure. In this paper, the spectral absorption characteristics.,
dispersibility and dyeing properties of polyester were studied. When the mass ratio of dye D1 to dispersant
NNO was 1: 2, and after grinding for 24 h, the dye size was 260 nm, the dyeing requirements were met.
The high pressure dyeing method was employed to further study the dyeing property of Dye D1 on
polyester fabric. The results show that when dosage of the dye was 1% owf, the dye uptake of Dye D1 was
64 % and the K/S value of dyeing fabric was 9. 0. Compared with conventional azo dyes, Dye D1 had a
slower dyeing rate and needed higher temperature. The thermodynamic study shows that the adsorption
isotherm of Dye D1 on polyester fiber was convinced to be Nernst type. The color fastness to rubbing of
Dye D1 was higher than Grade 4; color change fastness to soaping and sublimation was higher than Grade
4 and staining fastness was above Grade 3; light fastness was relatively low.

Key words: difluorenylidene quinoidal thiophene structure; dye; dispersion; polyester; dyeing property
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(. HIBEIRFAEGEMBHNERRK TR ETELHZT AN 310018;2. BARAREH RKIR S A R3] 4 310018)

=

VA 7% M B 4 48 (Activated carbon fibers. ACFs) 4 4 4L # 4k . ] & & i # »& 9k % (8-hydroxyquinoline

iron, QuFe) # 1% 1t # # QuFe @ ACFs, & A #& # # 4 195 (RR 195) M A F AL &4, i — s Bt & 3%
(Peroxymonosulfate, PMS) % £AL F #4741 B AL £ 3, K £ QuFe@ACFs £ R B B &t 9L E R P, £k
SR AP QuFe f BB ERB L4 L4 KL S LA E R £ PMS A /£ 8, QuFe@ACFs £ A R4 69 3 4 4
Mgk ;% PMS Al & 4 0.5 mmol/L B, QuFe@ACFs/PMS 4k 2 #9 AL E M3 m, 22 % PMS A SR FTR4A &
0.5 mmol/LB , QuFe@ ACFs/PMS 444 7 M M Ak ; T & R B B 69 A &, 3T 44 RR 195 ka3 b, A B £
WHHEHE KA M3 QuFe@ACFs/PMS 4k 2 d 9 A2 £ A WA OIDF AR A b & (SO ), 53 7T 4k #
TACEAC R B A, QuFe@ACFs A s 7 k@ 2. % AR, BT A% 5L F E PMS 8 pH 4 A E B, ik

GG B THELPMSE AR FEN ZRF LA,
KB ARk BB % PMS E AL
FE 4SS TS195. 644

0 51 &

T 22 AF kK 78 A X B i A BIL IR K S
FRHS (SO, T Z 8ok 2 1y e, 5§
R SRR AR T A FE AR OH,
E°=+1.8~+2.7 V/NHE) M I, Bi e 4 A i 5
(SO, LE"=+2.5~+3.1 V/NHE) B & &
AALRE T RELUE L TH B M 5 R 28 Aa W
KAEEACR I H SO, v LAl i & Ao s Ak —
R A e A i B R & £k (Peroxymonosulfate,
PMS) 75 i T — M2 B, 5 T 47 s i, 76 2R
B Hhop 6 e B R S L K i PR A, H A AR Dt A
(1.82 VIt H,O, (1. 776 V) & . B It PMS 75 4b 3
M A it AT ML K 400388 ke B 32 L . AR R TR ALY
1G0T PMS X oAt A BLY 04 4 Ak RE T 2 A B Y
TEWE AL B 200 F W PMS 20 M = A4 SO, B3 2 Hofth

YR BT 2016 —08—19 W 2% R H 1. 2017 —12—11

MEERES: A

NXEHRE . 1673-3851 (2018) 03-0145-07

5% B R AR S AL BE 7 L RE DR SR AL B AR TS B
P, T2 T B A 3R A 85 1) PMS 35 467 X
SEMATHE R A Z — . HAETBESEE 2 1 PMS i
P77 30 AL AL L B 4 R I AT AN
I P SR — R X L e 2 (8 A9 0 16 T X BE DR AG
1t PMS 7 A 38 (9 15 P 4P SO, A - OHY o]
DABR FCA 3 Ak 7 306 5 ok 4 55 1% Ak PMIS B8
{ELJ2: 5 1 S0 H I S T SlE 2 0 0 R A R
RZ PG m W ER AR R SRR AT I Ak PMS 7
Az — BB S AR SR A 35 R AL A, Co® " X PMS i fk
HOR AT HR Co™' /PMS ALK 5 v A2 75 4 25
TIC kWA A T 3 A RS e A RN, Ll T
BEE T AR O E AN R 2 R e NI i
JE

Bt i W WA B @ OLR Z — il T HR GH
L300 A5 R MR T A e A A S

HAETH . BEARFFESE ST H (51133006) s #1144 A #8 B AP H (2016C31076)
TEZ RN HEEQ990—) , B W 18 B B0 H AR5 AR, 35 5 S0 £F 4k )5 i (R BIF 52
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AR BB W) iz T s AL PMS i 4k 1k
LG YO R, 5 AL PMS #) 5 Z B
pH 5200 . HBETE R M 25 18 T A7 (H 2 3R 58 iy
pH 452300 T PR Bl Ik B PR B R S - 23 RK TR SR
AR I A 7K il S5 7 T T J8T 0 38501 A4 1 5] 355 2 e A1
HERRETEM. WA R EEwR TR A K&
BRI IR 45 T ik L R TS G ik BR A AN RS
i1k PMS ik — 2 & i,

BTk £ 4 AT 25 2R 28 4 55 H A 2F 48 A0 L, 36
W44 (Activated carbon fibers, ACFs) B L &1
FROR LA 3 A5 2 20 10 45 550, T B ACF's O 21 4k 45
5 5 T A T 2L S P 2 M Rk (QuFe)
P AH b i AR R L AR SO R AT Ml T 4
LSRN TS o N [ S
QuFe@ACF . %% QuFe@ACFs {fift. PMS ZBR 1%
PEHAZL 195(RR 195) {9 1 AE K% iR X &K L I B4 20
5% QuFe@ACFs {4k 2 b AL EE

1%

L1 SEm 54

TR 4E (1600 m* /g, V175 3 Bk 2F 4 A FR
NED s S AN (AR, L 5o A B A BRA 7DD 5
YR MEHIZE 195 (RR 195) CTlk i 17 b X8 5 B
FEYRE T A BR AR 55, 5- B JE-1-40 £k ik 1% ohk
(5, 5-Dimethyl-1-pyrrolineN-oxide, DMPO) (AR,
HRIBEH A BRAFD s KA E AR T — B R A
B (KHSO; + 0.5KHSO, » 0.5K,S0,).% N AR,
r BTz TR0 A R 2w O ) $23E  TE K O
SN, 508 AR, R HE K R AR 24 R A BR A
AR AL STE0 F K O A R BT K.

Yk S L B (JSM-5610LV, H A JEOL 2
"D JR T IRBOE % L (Sollar M6 , 2 [E #4H, ( Thermo)
N s ZEANAT WY (Hitachi U-3010, H A Hitachi
28D 5 B AAVIE IR SO T R AR (DHG-9038A, | K
TGV A B DD s K 1H R 4R % 4% (DSHZ-
300 AL VLR ER B S 45 A B wD s pH 1 (FE20-
FiveEasy Plus™, &i+ Mettler Toledo /A ) ; B 51
TPk A% (SH23-2,, - Vi A 250 7 43 v 43 2 i 3t A7 BR 2
CIDS
1.2 QuFe@ACFs [l &

$#1.35 g FeCly « 6H,O F1 2. 18 g 8- ks
(Qu 43 S A€ 50 mL Al 250 mL Jo/K £ B,
WA AR A FeCly » 6H,O By 2 B VA Wi 3% % fin
AF Qu W L IR W B HE L 153 3 QuFe (Cyr Hyg

okt

1 LI

FeN; O ) W FRHL 5 g T PER 47 4, 4 H R & T
QuFe % & i B WL 24 b, TR 3E PERR 4 4,
TooK CBE KB FRVEEREOR BT 60 °C T4
W FAF AR AL TS PR 2T 48 (QuFe@ACFs)
1.3 QuFe@ACFs YA
1.3.1  JEFmRpobiE

A SRR F WG % I F QuFe@ ACFs /7 Fe
5 i

HERIFRE: 0.5 ¢ QuFe@ ACFs £E5%, BT 10 mL
WS TR AW, %8 24 h, ' 1l mL BB E
25 mLZ5 s 25 R, A7 W o' i ) K 2k
TCEM &,
1.3.2 3k 544 i B AR 154X

¥ ACFs Ml QuFe@ ACFs F 5 oy s 76 T ¥
MRE A b a3 & R s R AT IE S, T
fEH R0 1 kV, EDS A8 fill £ 75 1% 5 4 1 i B8
FHIA]
L4 Ak RE I
1.4.1 QuFe@ACFs b 2 B G Ak 9 1 e I

QuFe@ ACFs fii 4k 2 B G okH 9 PE GE M i 4n
PEAE S A TE 40 mL B3R R R AT, ) H R oim A
—E A RR 195(RR 195 A4 4 (56. 75 mg/L) |
AL PMS 259 3, 78 H SRO6 00 T IR E
T KT HR 5 25 4 ) S I T B 3 3 58 A0 1T UL 4 ot
FETFIE RR 195 78 HURFAE I8 531 nm &b 1Y W% O6 B2
AR AL . FEMEAL SN i FE AR RS 1 min BURE SR 5 U
HW G, 454 Lambert-Bill & &, %W W T 1 RR
195 M) A % (C/Co) Al L i DL AR (D 45
Ed

C/C,=A/A, (D

Hrr.Co 2 RR 195 MW IR BE 5 C S SR — 5 B[]
A RR 195 ¥ A, i RR 195 MR WOLE LA A
N —E BN AY RR 195 B OGEE

2 HRSWR

2.1 AL Y A RAE

R A 3 48 B B W28 31l ACFs Ml QuFe@
ACFs R TIE S, 45 R WK 1 fros, B 1(a)
ACFs R B SGH 10 B 1 (b) Hf 27 2 3% 1 A8 15 6
B 2% WA VF 2 R B /N UKL B . ACFs il
QuFe@ACFs HILR T R 3£ 1 iR, QuFe@
ACFs W3R A Fe LR AFTE, X KY] QuFe E &
#HH| ACFs b, R JEF WS 20 2 QuFe@
ACFs BT R it Ry 99. 30 pmol/g.
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1 ACFs fl QuFe@ ACFs iy FE-SEM K%
% 1 ACFs 1 QuUFe@ACFs RJ EDS REiL##E &

/051 TLE OEEHES/ % FFAESL/ %
ACFs C 91.76 93.69
O 8.24 6.31
QuFe@ACFs C 83.18 89. 00
O 12. 46 10. 00
Fe 4. 36 1. 00

2.2 QuFe@ACFs Xf RR 195 A L1 6E

LI RR 195 HREHEE Y % %8 QuFe@ ACFs
ML PERE . 7E/UAH QuFe@ ACFs 5 # ACFs ff
FERIZAFET .30 min N HA K2 10. 226 F1 8. 9% 1Y
RR 195 9 KBk (& 2), FLJE A AT REJE T ACFs 19
W RRF A T OBF e B RR 195 43 T MK 18 U s 7% 21 41
4 L. MAEAA PMS f£7ERT, 30 min PHRAT 7. 4%
) RR 195 # 25 (& 2) , BLBA Bl 1) PMS I A fE
% RR 195, 4 PMS il ACFs 3t [f] ££ 7€ i, 30 min
RR 195 My 2B R 11. 1%, X KW 001 ACFs
JLFAREWG 6 PMS A HE L BE RR 195 (& 2), 4
QuFe Fl PMS & [F] 77 £ Bif . 30 min 44k RR 195
2B RIEF] 24. 6% . % QuFe £ — & 2 ¥ LAk
WAL PMS £ 44k RR 195, T4 QuFe@ ACFs
1 PMS 2L [RI f£ZE BT, 8 min P9 RR 195 (9 2[5 % &
597, 4% (| 2) , KW QuFe 75 5] 16 M ok 45 4 L,
FoffetERe R K . LR A RS2 QuFe 2k 5]
WG PEORET 4E b AH L 35 QuFe, 38 3t 1 14 Bk £F 2 11

AL K KHm QuFe AY 4> WOk, 3% 35 4 1k 2 6
ACFs I/ A B H F 1% 3% 45 QuFe, itk 1
QuFe™ 2| QuFe 1) %% 1, 7 117 4 /55 2k A 1k 76 25 3
R R ARG P

100

§
Ei 60 —&— PMS
5 | —e— ACFs
T 40l —a— ACFs/PMS
S | —w— QuFe@ACFs
—&— QuFe/PMS
20F —<— QuUFe@ACFs/PMS
() - " < IERPUR IR U R NP R | 1
0 3 6 9 12 15 18 21 24 27 30

JZ 7 i )/min
B 2 RIS AT RR 105 (743 BT ] 0725 1 i 2
2.3 QuFe@ACFs b 14 BE 1 5% i K 2 43 Bt
2.3.1 PMS & 15
Sk PMS Y FH AR R R G i Ak fiE

FEEMW Y, e, AR S0 H 58 PMS 19 H A
0. 05 mmol/L#| 5.0 mmol/L % QuFe@ACFs 1k
PEREAY L MR, 25 SR AN A 3 i . NI 3 Hhal %, PMS
A& M 0. 05 mmol/L # 3] 0.5 mmol/L ¥
H,8 min JUSERT A P RR 195 A9 25 [ 3 32 W 3 Kk,
iM% PMS 1 H &8 K F 0. 5 mmol/L i, ffi % PMS
FH LR KL 8 min WE B ] 9 RR 195 11 Bk R &
Wi N L X R PR AR S SO, T & AT PMS R TH
FET A SO, FEUAR MY RR 195 K PR R
ik, Mit— 2 Uil PMS A &4 4 1k M B8 7Y 52 i
e 3 LR E LR QuFe@ ACFs/PMS 14 & 18
ANTF PMS FH i I SO0 R 45 a8 4 iR . i
4 B[ 50, 7E QuFe@ ACFs/PMS & & ¥, PMS H]
H M 0.5 mmol/L B 2Bk RR 195 2 I i %R ik 2 %
Fi. M 0. 46847 min ', K . £ QuFe @ ACFs/
PMS 1A 2 i, S EUE AL ) PMS 4 0.5 mmol/L,

100' —=—0.05mm —e—0.7mm

——0.10mm —<«—1.0mm

—&— 0.30mm ——5.0mm

- 80F ——0.50 mm

N I
4 60
;} 40+
20
0
0

JZ R B /min
A3 AF PMS HE T RR 195 L BR%
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0.4F
03F

02F

R H/min™

0.1F

0 1 2 3 I 4 5
REE /(mmol « L)

A4 AF PMS HE T4 RR 195 X FRAY R
2.3.2 LIV BE Y RE

Tk JBE X8 A A TR0 1 A Al Pk BRI 2 DG EE A AR
FAU AR Sk — 25 % 2R X QuFe@ ACFs/PMS £
RIRZ A5 R 5 Frn . B S AL, YRR
25 CHF.RR 195 78 8 min M 5 B [8] P JL-F 9k 5¢ 4= 2=
Bk MR T R 35 CHFLRR 195 7£ 5 min PJLF
OB F bR IR — 2B TH s B 45 CHFL RR 195
TE 4 min WHESE 2255 IR A F] 55 “CL.RR 195 #E
£ 3 min NRSE R 2Bk, SO 45 R B, B iR 1Y)
FHE L RR 195 (L BREA ML, WK 6 Fros , 4R 45
e B B OF (2D i E S F QuFe@
ACFs/PMS & Z 4k S N 36 AL BE R 32. 5 kJ/mol,

100

o 80F —a— 25T
;% L ——35T
4’% 60 | —— 45 C
E L —¥—55C
%’.‘g 40

R
20

J W B} [)/min
K5 EEX) QuFe@ ACFs ik Bk RR 195 B9 5 M

1.0
3 Ea=32.5 kJ/mol
0.5F

0.0F

k.
|
e
93
T

-2.0 . I
0.0030 0.003 1

00032 00033 00034
1/TIK™)
¥ 6 QuFe@ACFs/PMS Ik ZRTEARFIREET

In ko, B 1/ T 89784k

T2 RAFMMIALARMIGIEE. 5% 2 P& &R
I 4 @ AL R R H . QuFe@ ACFs /PMS {4
ZIGALRE AR . 2 W] QuFe@ ACFs /PMS {& & 1] )
R X BEAIG A I ET R AT

1nk:—%%+1nA 2)

Lrh Ea R RBEALRE R 2@ R HEGT 2R
I s A AR ATA T
®2 AREEFREREWLRE

=

AL HHLY TEARRE/ (k] - mol ') 2% SCHR
Co; O, Phenol 66. 20 [16]
CoFe, O,/TNTs Rhodamine B 70.56 [17]
Mn, O, rGO Orange [l 49. 50 [18]
NG(N-rGO) Phenol 96. 65 [29]
Co*’ Biphenol A 52.10 [20]
QuFe@ ACFs RR 195 32.50 A5

2.4 QuFe@ACFs % RR 195 A Ak 1 68 2 br
2.4.1 QuFe@ACFs (i fb v fE

FE Tl FH o A Ak 700 0 5 252 i Ak 2 A B —
AMEAL T EZ AR B, AR SCIR T LT SR
KF# 4 QuFe@ACFs M FFLefiEfbBE . 7E B IR X
N 285 RIS [ SR R FR RO A — 52 & 1 RR 195 FI
PMS. i H: 5% 4 i RR 195 F1 PMS ¥k B2 48 [ , 4
WEE 8K, QuFe@ACFs #4241k £ % RR 195
MR AN 7 s . AT, QuFe@ACFs 7 7 IR
PEI G X e Bt RR 195 2 BR 4684 5] 80 % DL I,
XRUITE PMS HEM ST QuFe@ACFs A
SE MRS AL PE BE

B 7 QuFe@ACFs i1k PMS %% RR195 £ 22 it bk fE

2.4.2 QuFe@ACFs f¥ J5 o7 A= 1 fig
QuFe@ACFs 7EW Ff 4e s RR 195 3 35 1 AR
B HINA PMS 9 547 P4 M 6E L 45 R an |l 8 it
N. M8 Al AL 7E Rl QuFe@ ACFs A, 10 min
Ji RR 195 B9 25 BRI AR T 5% . Fifi 35 B[] A9 3
RR 195 ZBRBEAR LA X UL QuFe@ACFs
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Xt RR 195 (W il e 7 & Bk Mtk &, ik,
7 QuFe@ACFs W fft RR195 10 min BT A — 5 H
() PMS. ¥ ¥ RR 195 A4 #¢ B P [ K, 18 min
Ji RR 195 [ RBRF R L 099 LA b, Fikgs R &
147 PMS B 15 00 F » QuFe@ ACFs fig 44 W% it £ 2T 4
YRR 195 A %0 A A S Ak, O B L L P8R &
Bk It QuFe@ ACFs HA K 451 Bt 47 A g

100
80
60

40

TR A2 /%

20 |k —— WZFff10 minJ5MIPMS

0 L 1 L 1 L 1 " 1
0 5 10 15 20

SR [E)/min

8 A PMS fiiJ5 RR 195 B i [a] it vk B 25 4k
2.5 QuFe@ACFs/PMS 2[5 e kLI 5F

FHEFE QuFe@ ACFs/PMS 1A & 2Bk RR 195
FOBIL B 7S SO 4 F I (MLAD LS5 75 12 (TP A B A
LR . IPA J&2— R R« OH i3k 50, ifi
I IPA,MA BERIH#IZE « OH A1 SO, 1, K
9 & IPA X} QuFe @ ACFs/PMS & % 4 5 Wi, 24
IPA LA B Ak SR, A Ak B 0z 32 310 B b i 40 il
JFHBEE TPA W BE A T, 40 i 2R ) &, X 3%
B QuFe@ACFs/PMS & & 7E 1L 22 5k RR 195 1)
KR ATREFE A« OH, MA % QuFe@ ACFs/PMS
R, 25 R E 10 s, Mz R hinA
MA J5 . HH R B R L A MA A TPA B fig 47
il 4 Ak R N 1 EAT . B Pl WL, QuFe@ ACFs/PMS
R R TEMEAL 22 BR RR 195 B R A P =4 SO,
R R FP], QuFe@ACFs/PMS £ & 774 « OH
SO,

100
80
X L
5 60 —m— No scavenger
if' L —e— (.2 mol/L IPA
Z_E 40 - —&— 0.4 mol/L TPA
= L —¥— (.8 mol/L IPA
20
0 -
1 1 " 1 1
0 2 4 6 8

J W7 B T8)/min
B9 SEPTEEXT LB RR 195 (5200

100

[l
(=]
T T

—a— No scavenger
—o— (.2 mol/L MA
—&— (.4 mol/L MA

JRBRIAR /%
[N
(==

40+
I —¥— 0.8 mol/L MA
20
0 L 1 L 1 n
0 2 4 6 8
J2 V7B ) /min

Bl 10 HEEX 2B RR 195 5200

BT FOR AR AR LI A5 R 5 L e —
AN]BE A HE AL 25 B e B RR 195 HLBE, 40 &1 11 BF
N BEAEYRE RR 195 MK W b 4 W B 31 QuFe
@ ACFs |, QuFe @ ACFs £ %% & PMS 7= /4=
« OHF SO, — o AT AN 25 Bk W B 78 27 4 1 19 1 e
B RR 195, X Bt QuFe@ ACFs A Wr W [ff I J 47 25
Fryekt RR 195,

El 11 QuFe@ACFs ff{b 2% RR 195 A 68 A9 ML 24 [&]

AR SC IR o — BT R O VA & AT B QuFe @
ACFs #4650, I8 FH T 1% 1k PMS K BR Yk}, #5958 —
L1 PR] 2R 0T LA Ak 1 B A9 52 M R 23 B EL A b 2 o G )
M ALEL, 75 DL 2538

a) QuFe TR B MERR LT 24 |, QuFe@
ACFs/PMS & & B i 16 15 7 . QuFe@ ACFs L A
A ELAF 5 S AL R R A AR AR

b) 7E 25 °C .pH i} 10.0.QuFe@ ACFs H &
H9 2 g/L,PMS Fi# 4 0. 5 mmol/L &4 T , QuFe
@ACFs AJ P 25 B Yok, L BR % &35 97. 4% QuFe
@ ACFs/PMS K & 1 HA — > A XA 1k 2
WAL AE (32,5 kJ/moD) , & ] QuFe@ ACFs/PMS {4
FR AT DLAE AR R SRR A TR RE R BEAT

o) PP AR B AR AT B Y S 56 25 R T DLk
QuFe@ACFs/PMS & Z H i3 HFP A « OH A1 SO,
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Study on activation of PMS oxidation dyes by 8-hydroxyquinoline

iron loaded by activated carbon fiber
BAI Qinghai', SU Jian®, XIE Renjie', LIU Xiudan', YAO Yuyuan'
(1. Key Laboratory of Advanced Textile Materials and Manufacturing Technology » Ministry of Education,
Zhejiang Sci-Tech University, Hangzhou 310018, China; 2. SGS Hangzhou Inc. , Hangzhou 310018, China)

Abstract: Activated carbon fibers (ACFs) was used as the catalytic carrier to prepare the catalytic
material QuFe@ ACFs of 8-hydroxyquinoline iron(QuFe). The reactive brilliant red 195(RR 195) dye was
used as the probe compound, and Peroxymonosulfate(PMS) was used as the oxidant to do the catalytic
oxidation experiment so as to explore the catalytic activity of QuFe@ ACFs under the influence of various
factors. The experimental results show that QuFe was loaded onto activated carbon fibers, which greatly
improved its catalytic activity, QuFe@ ACFs had good sustained catalytic performance in the presence of
PMS. The catalytic activity of the QuFe@ ACFs/PMS system increased when the PMS was 0. 5 mmol/L,
but the catalytic activity of the QuFe@ACFs/PMS system lowered when the PMS usage was lower than or
higher than 0.5 mmol/L. With the increase of reaction temperature, the removal efficiency of dye RR 195
was enhanced. Moreover, alcohol capturing technology was employed to confirm that hydroxyl radicals
( » OH) and sulfate radicals (SO," =) served as the active species in the QuFe (@ ACFs/PMS system.
Meanwhile, the possible mechanism of catalytic oxidation was speculated. The synthesis method of QuFe
@ACFs is simple, and it has strong practicability. At the same time, it broadens the pH range of the
traditional Fenton catalyst activated PMS, and solves the secondary pollution problem in the traditional
iron activated PMS technology.

Key words: 8-hydroxyquinoline iron; activated carbon fibers; PMS activation
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Study on preparation of Cu,O coated with carbon network and

its decolorization performance for methyl orange
WANG Biao, WANG Jian, JIN Dalai , WANG Longcheng
(Materials Engineering Center, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Carbon network(CNW) was prepared through high temperature carbonization. Then CNW/
Cu, O composite was prepared with electrodeposition by taking CNW as the substrate. X-ray diffraction
(XRD), field emission scanning electron microscopy(FE-SEM), electron single yarn strength machine and
ultraviolet-vis spectrophotometer (UV-vis) were used for structural characterization, morphology observation,
mechanical property test and decolorization performance test of CNW/Cu, O composite, respectively. The
results indicate that the Cu, O film is pure, with even grain size(200~400 nm). CNW/Cu,O composite
showed good mechanical tensile properties. The decolorization rate of methyl orange reached 96. 2% during

the first use of the CNW/Cu, O composite. The decolorization rate decreased by 14. 3% after reuse for ten

times.

Key words: carbon network; electrodeposition; Cu,O; decolorization rate
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RT/%:T[
Horp . T, S EKWIGG IR, T & LIRS FE )
WL,
1.4 BPC-g-SS 7™ e T EHE B 1 R A 232 00 T i

£ 200 mL MR B FOKTImA 100 g 7 fif -3,
FETER P A E3R I HFE 20 min /5 ,6000 r/min T B
> 15 min, 2 8 BR 2 4 5 i gl /N 0K, K % T, 8
75320 AR R 2 B KRR B3 200 mL 7 2E W) B 1
SCEG T, K BPC-g-SS ZL5EH Al PAM LA 80 °C
FBERE P BE T R L T R AL S
CIEE iR

I3 BRI 0. 2 g 1Y BPC-g-SS Fl PAM ¥ K il
A EAR 200 mL i ISR BOR L A 37 CE R
BEfah s, BB f# 5.10.20.30.40.50,60,
75.90 d Ji BUCH RE S IR 100 mL () JE/K 2 B R i
PABR L= 08 0 22 0 SR S ME TPk T i, G
I 7 E T 118 Ak of T g R e T 4 N K (2)
TR E Ry

W,—W,

RD/%: W,

Fob o Ry, ARG OB W, 5 0 KRR R G R
Fd W 2 JEUR R dh 1 B

2 HR5H

2.1 BPC-g-SS & W M FAF

BPC-g-SS B4 B N #6211 B, 38
R0 G T ) R 3 0N 5 AT IR T A R Y PR R 42 i
T A R I K A 2 A RN R B S L A B BPC-g-
SS P,

&l 2 Jy BPC-g-SS 1Y FTIR i &, H v BPC-g-
SS #1640 cm ' Ab e im B 1K, i TR Y
JBE KRB EE H (C = N) P 46 B (C = O) 19 il 45 Ik
B DR I R I R I AT A R N 24 i A B A —

Bl 3 A IR £ 2 R b 22 ST ) 10 3 & A
B X HE B, IR 3 Ca) T DL M SRR B A 3K 4 4
F AR mORLRE W TR . #EE 3(b) h, BPC-g-SS &
TR A2 A5 S A, A IR AT B8 R T 22 e 2R 1 A R Al
JEAT £F 2 1 X8 0 il IR 3

4 HNTA pH (E XTI A 2 2 | 22 e 86 R
BPC-g-SS Zeta HL 5200, 25 S R W] pH (HAE 3~
11 JEHE N BPC-g-SS (1% oy {7 4B 5 81 7 {8, O H 4b T
VIR A7 2 RN 22 Ji 8 1 22 1) L i — 20 10 B 22 i B
) L ) 3 Bk

X100 QY

X100 (2)



B 2 7L 42 F BPC-g-SS (141 4P G it Bl

Bl 3 7L 42 BPC-g-SS (1937 % 51 471 4 v 55 IR

% 2 H T D IR5  £F Y 35 - 22 [ 4 I it 2t €0 28 S 1 L o &8 B L TR B8k 1k BE TE 159
Lo
H/ R \.H
7T, N
1 BPC-g-SS & a2k s = K
% r
! . —— PP YEE
0F \\ \ —— qu_g_ss
5| \ﬁ\\ —— 4EA
E -10 C \\\\ \
:15 -15F \\\\
r N\
%ﬁ‘ -20F @x i
[&]’ =25 r \(\\;l\\\ . \i\
-30F f\:i::A\\ 1\
-35r \til :
-40[ 1 N 1 N 1 N 1 N 1 N J
L ! 1 1 1 1 1 | 2 4 6 8 10 12
4000 3500 3000 2500 2000 1500 1000 500
pHfE
IR K -1
A em 4 RF pH XTI Y % 2 e

F1 BPC-g-SS Zeta HL {37 11 5 1]
2.2 BPC-g-SS REEGEITEA

P 5 2 ey 6 b T R e i ST A R A 1 AR
TR IEL BE5E CaCl, FH S0 i i - B il vk Bl 358 R4CR 19
s, ZERRW A e RN SR T
0.4 mg/mL CaCl, 1l + B i AH b, b3 Wk
JEH 489 NTU FE{EE 117 NTU, 38 CaCl, X7
U4 kDl Y LA 5 Sy B S 1) B AR TR R I
Priz A7 BUA L 7E i 2 IR e Tk RE A 1k IE 2 52 56 b, e B
CaCl, fi42 0. 2.0. 4.0. 6 mg/mL #1TIE DT,

PL 500 mg/L =08 2k i oM A B 4, R H 4
2 3 K IE A2 52 14k BPC-g-SS W i tE TR %k T
20 S A R A 2% O3 My il gk 2 IR 3 R
g5 R TR BE S5 R X BPC-g-SS 77 i R R RE 1
M EWIRE K D>C>B> A, BV Wi A K 3] /)
MW S 22 Bk pH {3 FF 1) ] L BPC-g-SS H 4 .
CaCl, H1 4. [t , #i & BPC-g-SS ¥ fix {1 1R &k T
&M AB,Co Dy, BIBIEER CaCl, H & 0. 4 mg/ml.
BPC-g-SS f#& 0. 3 mg/ml WA 9 min, pH
4,
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F5  mist g RS CaCl, W0 1Y 25 fh i 26
R2 L) EXXBEITRLEER

F5 A/(mgemL ') B/(mgemL ') C/min D T/NTU

1 0.2 0.1 3 4 22.7
2 0.2 0.2 6 7 144.0
3 0.2 0.3 9 10 58.6
4 0.4 0.1 6 10 77.0
5 0.4 0.2 9 4 9.4
6 0.4 0.3 3 7 90.0
7 0.6 0.1 9 7 T74.0
8 0.6 0.2 3 10 84.0
9 0.6 0.3 6 4 22.8
W T R,
T3 LI(FNEXLTHRERRESW
A ¥ A B C D
K, 75.100  57.900  65.567  18.300
K, 58.800  79.133  81.267 102.667
K, 60.267  57.133  47.333  73.200
R 16.300  22.000  33.934  84.367
52 R 2% 32 T D>C>B>A
etk & A, B;C; D,

K AHME R k2%,

N HGAIE BPC-g-SS i fE TR BE T 25 1 52 i b #1540
S BEHT 3 4w 04 R O AT Btk AR BESI R
A5 FAb 35 () B W BE 4 il 7.2 NTUL8. 1
NTU F1 7.6 NTU, - ¥ B B ik 5] 98. 4%,
6 Sy e I 4 B il 3 A B RS AR L W E 6
(b) T 7R s 28 BPC-g-SS TR BEAL #1555 18 1 2 vl
L VEWCE RS I IR SISO B

Kl 6 i YR R AL ESOR WL IA

Sy ifE— 5 B AE BPC-g-SS Ab 3 52 b Tl B 7k Pk
A, R H BPC-g-SS 7 b iR e fit T 20 F 1R %6 Ab 38 5
B E1 5 132 7K ] s 2R FH s oMb 58 VA 0 i Tk e (P AMD)
PR EEPEBEXT L, SER S5 R an &l 7 iR, S5 HE
Z il PAM 1 BPC-g-SS Vi % Ak B 1% B 42 1% 7K 1L
B R BT LA A 1 BT ROCR , BB
BIEBEW,EEE R SRR KL RERHS
TH R A

Bl 7 EIYE KL PAM Al BPC-g-SS
A R S 2 R X L R

WL S Fr 7 o DA 00 i 45 5 7, B Y% I8 /K v
M 84.6 NTU, £ BPC-g-SS TR B Ab B 119 B L 7K
W BE Ay R 3.4.4.8 NTU #l 3.8 NTU, F
PIMEN 4.0 NTU, %5 3 BE 22 B 325301 24 96. 0% .
94. 3% 1 95. 5%, -2t BE L BR K 95.3% . Rk
PAM JREEAL FEEN YL 2 /K 5 LS Wy 8.5 NTU,
WEEFERA 90. 020, EPYLB/K LR COD iy 3260 mg/L,
2 BPC-g-SS JREEAL FE 5 COD [&4 98 mg/L,COD
EBRFIRE] 97. 0%, &R PAM IREEALHE 5 COD
%4 109 mg/L. W% BPC-g-SS 7= i Xf B 42 &
KA B TR B U VE P BB T Sk PAM
77

100
84.6
80 I
2 60
Z
W
= 40 |
20 F
= 4.0
EN Y 2 7K SRR PAM BPC-g-SS

[ 8  SZPREPYLIE K 2 BPC-g-SS iR #E
Ab HE IS A R AR AR T
& 9 J& BPC-g-SS 27| 5 B N M ke (PAMD
TEAR AR BE (37 °C) AR A PR BT (4 3 12 BORD) H B fi
90 d MR XS H L % R R B A pH fE R 7. 72,
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F IR 27 U - 22 0 4 e i 5 (0 SR BE MR A 45 B FC TR BV BB T 161

M AT L H BPC-g-SS LEEFRITE 5 d N fET] LA
R A B s 42, 5% DL b, i i B A & b oml R
WAL AEE-Z2KEA T RRZ . A EER .
Bt 2 AR, BLRE S rhon] BB IE A R R R
PRy L X e 5% BR W) B 1 K DRI AT i o e R A
PBE G AR . 7E 30 RINFEM A B ERM 75.4%
LA Z )5 B TR GR B T 28,90 d NI B
fift AR A IK 92, 8%, LT 58 A BE AR . FHE A PAM
14 W il % i 48 5 BPC-g-SS 19 it & /B %) L, 7T LA &
il BPC-g-SS MY FEfif 2L = T PAM By R i %2, R W]
JIT il 15 1 BPC-g-SS 25 5 1% Ge 47 L 7 1 2L 61
HH L ELAT T B R A R L 90 N 230 58 4 A

122__ 772 BPC-g-SS
80 F
70|
E: 60
£ 50
% 20
30f
20F
10 F
0 1
80 100
i a)/d
B9 fi SR AR 1] 64 78 Ak 1 Ol
3 4

T N T AT WA T A S 22 e R
# BPC-g-SS 4= [ fifp 4% €0 288 M RL, JF R I 4040 Ot
T 3 5% 5t 4 R Zeta HL 07 40 BT AU BPC-g-
SS 7 HEAT RAF AT, BELE BT .

a) N T R A Y 2O 22 i B A ) R A
2 45 S 2 IO R SR S N S B 3 4 R S B

b) IR EEAL B 5 1 w0 1 T R Ok A
febr ALK 15 BPC-g-SS B fe A1 1R 8 T 25 38 4% 1
JO7 FH 55 B D e P K ) VR 5 Ak B

©) L 500 mg/L i 4 Ak g Y A B8 PR UK I
HOF Rl R 2 R R ] 3k 98. 4% 5 ¥4 1% BPC-g-SS )i
FH T 1R B TOVE 52 B B YL I /K HEOF- 25 9 B8 2K B 5k
F 95. 3% .COD LBRFILF] 97. 0% R BEER R T
LG R PAM 7=, Uk B AR 8F 55 48 1k & 0 1
BPC-g-SS 7= il X B[ e Tl JE /K TR BRSO W 3, 45 &
FOARBE AP Ve A B AT N T H e Tk g K
TR B DT D 3

d) 7E 37 ‘C T ¥ BPC-g-SS /= fi B T 1+ 45 Bt

T30 d T FAAR B Y 75. 490,90 d FEfE SRR A
) 92. 8%, H BPC-g-SS 1) Fi fift % = T PAM, %
W i 0 45 19 BPC-g-SS 2R S G AL T2
B 0 AR LU ELAT T 4 2 i P RE
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Preparation of Bamboo pulp cellulose-g-silk sericin

and evaluation of its coagulation
WANG Weijie, ZHANG Yong , JIN Xu, TIAN Yangming , CUI Kecong s YAO Juming
(College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Bamboo pulp cellulose-g-silk sericin (BPC-g-SS) was synthesized by the glutaraldehyde
chemical modification and cross-linking of cellulose and silk sericin and controlling reactions conditions
including reaction temperature, pH, time, the dosages of glutaraldehyde and silk sericin. The resultant
BPC-g-SS product was characterized by Fourier infrared absorption spectrum (FTIR), field emission
scanning electron microscope ( FE-SEM ) and zeta potential analyzer, respectively. Its flocculation
performance to kaolin suspension was further investigated. The results show that the optimal synthetic
process of the BPC-g-SS is that: reaction temperature 37 ‘C, reaction pH 4.5, reaction time 8 h, the
dosage of glutaraldehyde 0.4 g and silk sericin 1.2 g. The coagulation effect of BPC-g-SS changes a lot
with the change in pH value and dosage of flocculating agent and coagulant aid. The optimal product was
used for coagulation treatment of kaolin model wastewater and actual industrial printing and dyeing
wastewater. When the dosage of CaCl, was 0. 4 mg/ml and pH value was 4, the average turbidity removal
rate of kaolin wastewater reached 98.4%; the average turbidity removal rate of the industrial dyeing
wastewater reached 95.3%; the COD removal rate of the industrial dyeing wastewater also reached
97.0%. After 90 days in the soil extract, the degradation rate of BPC-g-SS reached 92. 8%.

Key words: cellulose; sericin; full degradation; green flocculation material; coagulation performance
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B X — - HEE S A BBk Al 26l & 5 M H

BAx2, 58,85 &, JTL#H,8ER

(HTRIRXRPEHMASHRFR . LAFER M 310018)

wm o=

VB K B A PEEARA, AR AR A-KALEGE T EH &K =8/ F 8 H A5 (resorcinol-

formaldehyde resin, RF) fit 3k , % B & R 54 5F A4 A8 3K Ro~F 6 Fom, S35 T 1F 09 WIS 3K 2 3 R a2 1L h) 13 3%
OB AR ST M, EREAV . AR B FTEARMH THE R L>RARTH I
AR AR, 3 AR A 0GR B A R A e CTRIR AR L L TR/ K WG AR AR WL S ) A AT BT ) A 69 A ek 69 RO E
& ol i ad R RO A, T AR FF R AR R AL 42 A 255~1500 nm SE B MR B AL JE 9 RE A S AR Ro~F e I,
DRI EAF T AR AR AR R B S A ER AN EF P EMN., AR AAAT AR HERTHERLE S
#hy RE Al ek o9 R A% 7 ok, BT 4 3 09 R T VAR A 1 O B - BB sk, BB M R A A S 2y BN AT % .

K K58 RE RIS 0K a3k
FESES: TB383

0 51 &

BT R ER B A AR A I LR A A A AR E
P LA B AR AR T 38 o LB AR A A A, 1 A
TN e N AN 31 i B ¢ S ]
JUZ B 0 S R R B ORI B A T A S BT 1 A A
NATAFR BB TG Z — . H RTBRERAY 45 5 1% 3
T A 7 SO BORED B TR W B R S
PR BELIREE " ROK Pk AR H BT 2R
B S A LRIOER  FEA ek B SRR AL L 2 LR
FERY ) 2 B3 OBk BR Y 7 sk 2 Y L HETE AT R
Dl s A DLROER R 2 R ROE LM Bk R
FETR TR VTG K | SR 2 & ik Y 6 R s R TG K 457 (H X
SEIR S MR IAAS E PR 22 20 0 IR R AL PR L R
REAR, AN BE W% 72 iR B B AR 45 19 B 03 HC B
BRI A R 2 de B A R R S 28 R
TS 22 0d — 20 0k A R A B i Bk B R, 2
BT Tl #8200 O 45 K49 1 e A ek o P A R RS 790 L 20 v
e L R v FR R L 2 i K A AR A 1) S
FERPRLAES L (EUR B R T 2 5 B Rk 1 4

YR BT 2017—06—01 W 2%t RRH 7. 2017 —11—09

MEIREG: A

XEHE . 1673-3851 (2018) 03-0163-08

ARENAS AR HA 2R 5 W SOk 1) ) 2 B AR I, 1 4 it 7R
PP A BT PSR il 3 S MR R A A LR R
SO AR H 2 TR ROK B 9, ASRE T 2 i A5 B 0
B RLAR ¥ 5 HORCSE ] R i ek il 7 SR

ABIF 5T LA ) 48 1y F0 H Oy JRORE A R S
SR 5 P K B 3 1Y) 79 25 v o A TR R /AR
(Resorcinol-formaldehyde resin, RF) f#i ¥k, i < 94
RN T LR PAFF R T 7E 255~1500 nm
0 Fl Y R HROSE 3 A 2 50 1 B 3 HIOR B sk, O
DA A S 1) S8CBR AR 4 e A A0 ) 7 4 Ak B 0 = S AL
AR P A Ok

1 #RFTE

L1 SEmprkt

S I 2K GBI N B e 0 2R 0 4 T A BR2 w1
[F1) 28 1y (AT M oK S Ak AR AT BR 23 ®)D L oK &
CHUHIEEAL TAXER A BR 2 B 8 50 Vo /K 7 i iy HY
e (L it BT TR AT RS R LS e Bk (BTN K 5
P TAXARA R A SBAL B BN K sefb TAXAR A
PR FD L SRR PU K 25 W (BTN oK 3e Ak T A48 A BR

HEETH. BEARFBFEESTH (51372226) s #7114 HARHE R4 H (LY16E020013)
TEF R SR Q991 —) L INARACE N B-L 058 A, 522 A A= 90 B2 I A L R A 0 45 a8 O T A T 5

HAEVE# . %5 E %, Email : caiyr@zstu. edu. cn
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D TR EE R BE (BL MK se 4k TAL R A IR A AD
B35 43 A el ) L (s T AR 2 — 2D b B
1.2 LWk
a) RF #f JE Tk i il 4
TECTERIK IR AW A 25 welo K,
BEFE 1.5 h 50 AT 28 B B4R, FEBEHE 30 min J5
T BV B TR A TP RE 24 h S LR G
AN e .Y C RN/ WNE UK Wl VA L

76 100 CHEIRA PR A 24 h, )W 58 UG L8 1
KBS LV R i A B B A AR K L I AE 100 °C 9 IR
Farp T B RE BEREEER . b TR &K IR EE
V) 4 My e B | 2 T R KA R B L DA R TR A T
LT LSHT RE W05 ER RSE (1% 52 i, 52 56 7 [#
EHABS BB XM T B b — AT 2S5,
FETE T ESH0T 5 RE WA Bk, 4%
TAEBHOR BN kR 1 iR,

K1 ARIESHETE
FES WA E  WRAEE/C  HAKWKE/(mol. L)  ZF/mlL  K/mlL  [8ZE_BEKE/(mol« L)  HE/mL
1 30 0.05 16 10 0.05 0.56
2 30 0.10 16 40 0.05 0.56
3 &K E 30 0.15 16 40 0.05 0.56
4 30 0.20 16 10 0.05 0.56
5 30 1. 00 16 40 0.05 0.56
6 30 0.10 16 40 0.05 0.56
7 AR 30 0.10 16 40 0.10 0.56
8 e fE 30 0.10 16 40 0.15 0.56
9 30 0.10 16 40 0. 20 0.56
0 . 30 0.10 0 56 0.05 0.56
7 BRI . . .
11 ?fj]jﬂﬂk 30 0.10 24 32 0.05 0.56
12 AR 30 0.10 32 24 0.05 0.56
13 ) 30 0.10 16 40 0.05 0.56
e 0
14 L 45 0.10 16 40 0.05 0.56
15 thn 5 60 0.10 16 40 0.05 0.56

b) B ER A ]

i BR 1) 1 %y vk ELAA Oy - B/ AR fORR T R
Fr e AL L 2 °C/min YR THE E 900 °C,
918 2 h G HELL 5 C/min B RFEEZ SR, B0
53 P RER

¢) Mn,O, % ZnO 25k 1 il 4%

Mn, O; K ZnO 78 BR 19 il £ J7 ik 2 % SCik
(237, H Ik Ry i B JC K & B A K IR & % )
60 mL, Hrf 4/ KRR 3 1,l014.7 ¢ &
R 5 DU /K 5 s T LR IR A P FEINA 300 mg
FE 45 BB R L B R 22 HE 15 min 5 7E 30 C HIKIR
HRNE 6 by F TG 7K 2, b A5 3 A 5 7 VR0 T Uk
SR TR UTTERCE 80 °C B TE IR A4S T 12 h,
FEFE 500 °C B9 S 3B b b BERS 2 hy 3 8 Mn, O, s
R 5.5 g KBS R R0 LR I P i 14,7 g
LRAG VUK AW, R LB, o H 43 ZnO
ZER,

1.3 PEAES Bk

K H S-4800 37 & 5 4 v F 2 #35% (Scanning
electron microscope, SEM) Fll B /R 3C i ¢ i B AL,
XoF T A5 8 Bl BR A R B 43 501 o0 b A7 ) e 5 ok
FH Nicolet 5700 U e BL A5 8 21 S 5 5% {3 X B 5 &5
¥ B B RE P 2R AT 0 A2 L I 52 I A R 4000 ~
800 e 'L, FEE N 4 em™ ! R RU-200BVH A

X SR AT EHAO ) 25 19 b 25 3K A 8o 2R AT 56 E 4
AN 0 F 80°, F1HH L JE 47/ min,

2 HRSR

2.1 RF MR ER 1 il 45 B n o R AE

a) Z K B Xk R SE 5 )

RF #1818 i 72 J 8 20 (9 B 3 b & 1 1
AR BRIV, TR g PR LR R () A5 M (AR I 2,4, 6
LB FaEER R K mRES PSR
A IS I L T B R 3 RE AT L B T — 28 A
MR R . FEZEm AR SN T 2380
15 AL A & BUR A N  RA SR R RE
Vi) 45, B T 52 M 3] d5c 28 T AR B g /N ER 1 B LR ST K3
AP AR AR AR R L FE 0. 05 mol/L ] #
i 16/40 L BERM KRB LAY 25 0F T L 028 2K 1Y ¥k
JEfE 30 CHTRAIRE TFTHMES 24 h J5HAE
100 CHYHE TR A 24 h, ZUKHREH 0. 05 mol/L,
HEER I T2 280 nm. A% i e BR 8] & A AR ™ . 4 [
R & 1) s B ZK R BE B3E T B4 B Bl sk o w2
B AR R RS B B, AN 38 5 M 3 i 18 R (I 1 () —
(&), MZ KU M 0.05 mol/L 3 %0.1 mol/L,RF
AR R 19 RS ML 280 nm M ZE 480 nm (& 1(b)).
MEUKHFESE— N ZE 0. 2 mol/L i}, RF 4 BE Bk
RS R 2 550 n (& 1(d)), TR SN A, KA
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HHEAH X RE B4 i 46 5 B2 A BRI, 24 5
DI RE RN 4E G FERAR , B H SR A AN T 52 b
A PR FEST R/ BR R A DR O, ez, JOK
SIS R S AT R B 7 A DR T A

FREER ) RE BERE/INER s (EAE SRk v B3 I 21 2 8 K 5%
R S RE B Bk 8 RS S i /N, A S 56 v 28 7K ik
4 1. 0 mol/ L. #ER R F 28 255 nm(J& 1(e)), HJE
K] RS2 H TR R PR BB T 3.

BT Rk R AT 45 RE BRIk B9 SEM & (4 #1 DLS 18 CH)
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b) a2 e BE X ARk R F R

FERAG IR T, R R T B R A
FEIV LR B e ) P 2B A A A A R
(18 DO DR A 7R gy B A O i) % — M 8 o B, P 2R OR
L R ] L RS AR SR 45 AT 2k R I
BERR o AL 50 AE VAR R A B4 R - K
J# 0.1 mol/L, A IRIE 30 °C, HE A WA 24 h, &
BIREE 100 °C, B A WHA] 24 h A1 2B K B AR FR T
16/40 , RIS (B 2 - By 15 0 6F JIr 5 190 12 A5 B /1N BR 1) 52
Wi 25 SR AN IR 2 TR . 2 RN A4 2 v i ) 2 1 ik

4 0. 05 mol/L B}, Fr i3 £ ) RF B 5 /BRI ELAZ 29 R
480 nm(J& 2(a)) . [H]K vk B K = 0.1 mol/L
i, RE BB /NER ELAR S K ZE 24 650 nm([E 2(b)) . Fifi
o F) A 1y v B2 4R 22 % K 2 0. 2 mol/L B, RF g
INERIG R SH Ak s K =2 1.5 pm (B 2(d)) , {H T
FREN ) /NER B0 ™ 8 A R4 FLBROE AT T R
TR FR T IR ) 2R T i A R Y RN S
HRAZ S R R G B AR R K R Uk, O B
IO 0 Ve B ) 3 bR s g R B L A R R 1 AR E MR
R s S BUBURL I RS S MERTERIE FE T I

2 AR L — ok BE 25 A T #1453 RE AR Ok iy SEM &

o) T 5 A U B o sk R B i)

TESZ G A BLAC R R 184 — 8 e BE 0. 05 mol/L,
ZOKHEE 0. 10 mol/L . Wi R & B [H) 24 h, 3R &
100 ‘C R AHFE 24 h, ZBERUK BT 16/40 BY
TEOL  #E— 20 25 5 T3 A Uk B X 1y 1 A g /) 3RO
BB L 25 R 3 TR, FURA IR R 30 CH
FE2E 45 CL W R R A8 AR B i (B 3Ca)) , T
RO R BEAR L TL i 60 “C A HE MOk N ST W
R E 3(b)), FRARE N 60 C. W R
BRI Sz A e H G A T EL/INER 1 RS 38 53 1 R
LR PR AT B8 2 PR Ol TR A R 5 ) 4 TR A o A
A A% TR SR . TR A R R R AN B R T
TEAZ 1 LA ) T b 4% ) 1 K K R 60 °C i SR
A U B ARAR B R Ty T AR B /N ER S L R T B ek
3¢ 1 A A A R O A I I R R R, S B0 A
FE 3 51 M T B

d) 2 EEFK A AR L X TR R T 52

FEPUR A L R L KR E A H i LI
T 1) 2 TR 5K T 3 B W E T U RE AR TER 1)
ROSF LB 4 g 45 20 F0 K B R BR LG T 45 31 RF R
JEER I SEM &, £ G B4 18 S o] 2R = 1 ok
0.05 mol/L.& /K ¥ E 0. 10 mol/L. Wi B &R E
30 C . WRANE 24 h RBAWEE 100 °C R G HfH
24 h YRR R LRI 22 RF B i Bk R )
SIARARTE R/ — (B 4(a)), FiE LEEMA &
(18 38 K A I T Bk RO H 32 3 46 K, HLRGH 38—
MW/ K RFR IR 2/5 W) i 3Bk 20 15 bk 6 i
ST A, R AR A R 480 nm (K] 4(b));; 4 4
B /K AR B E Ry 3/4, R ek i R ST Bl i 3%
(4 i CBE/ K R B 4/3, 4% B sk 1)
RT3 K AR RSF 40 A 2 A 3 50 1 (4
(),
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e) RF Wik 21 4h £ AE

X 1 R ARG 2 I T2 S50 % 1 RE B
BETER 4T FTIR 2087, 25 Rkl 5 iR, MK 5
AT LI 23330 em AR Y TE W Mg R O— H
FIFIE B4 52873 em ™! g W Y 3 (— CH, ) 4 i 45 % 30
WSO, L A DA AR /) L 387 I R O 3 i A b ORA |
1) Btk ftic SUEEE 41 3l W WA U 7 1610 em ™' AT 1478 em ™!
WA AR 51237 em™ R C— O B A J2 W2 15
U, Tk B R 445 iR Bl 7= A I I i 0 3R B TE G R B R
1005 em ™ 'Ab . £ 1 TR, DA R A g A0 R A R
B TEK RSP RE S BN RE W AR GHER

S
N
o]
~
o on Ewmg
R i
n N ——
.

4000‘35I00I30IOO 25IOOI20IOO.15IOO 1(;00. S(I)O
HE/em™

K5 RF M5 e FTIR &%
2.2 RF WRHMER IR

T WEE RE REAG TR B AL 1T 5 i R 22 4k, B
SRS T Y 2 SRR AT B Al GZRE Bk AR RS
BIRiAE A 480 nm) I XS b5 AL i 43 il #E4T SEM
MR DLS 4087, B 6 Rk AL 5 B & SF ¥ R F 24
& 300 nm., 38 AF 5 A AR T B RE SO B BT A R AL S
PR it ) RS sl /s 2 SR RSH 1Y 62, 596, e Tk e fk it
T rp ARk P9 B A — A — OH & 10 B & sk R
SN BAGE R ROSE 3457 BROE BE 8 L B
FIH RE B BE K 5 653K 19 77 k2 AT AT 1Y
2.3 WAL R RE WARTROR FIVE AR AR ] 45 Mn, O,

Ml ZnO thzs sk

DL 6 Hf i e sk R A, 3 4 R S R 7R &
Pt/ K TR B Vi W TP K R 0 T ik AR IR R R T 2 b —
24 SR AR 5 25 A FAA B B R BR AR, 3R A R
204 R AL RER . AR ER SRR 4% 19 Mn, O,
HZS ERITE SN 7 () T 7, o 23 BRAT HIOE R4, R
SERIAT, BAR K2R 400 nm, 2 IRAR A (09 5RO BE L A
DU ERASEAR (T8 S ARG AR RS . & 7 o A 1 Sk
K H ] LA BB Mn, O, R X E— 25 3E ]
FE B T2 85405 #E 9 XRD 43 Ar 45 Rl 7
(b)Y TR R S AT 9 18 5 Min, O, 1) XRD Fr #E

Kl PDF £ 41— 1442 B4 — 350, 7T e 20 80, H %
A 2 o e B 10 B T AR 9 7 02 Min, O, i A4
FEYII 2 SR, HE A AR Bk, B 7 (o) &R
T BRAMCAT A A5 A 451 ZnO TR T8 S50 B8 - sk
RAT292 300 nm, K42 4341 ¥ 4] 3K0E BE 84 A
T Mn, O, Hras 85k, 145 19 ZnO fUER 1R FR KK
AN AT RE S T A A S ) R A T A D
T A B 1) A0 A B il R 3 8 A KM R 5 iR i XRD
ST R B KSR AT ST IE S ZnO &1 XRD
PR3 PDF # 99— 0111 JEA — 2, H g I8, it
B R 92 7 v 1 25 A5 20 I R B e (1) Zn O fh A,

& 6 RF #ffgiekar k)5 ) SEM KA1 DLS &
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s /IR LA B BRIV BE A0 W Bk 5 T ok A5 1) ke Bk
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Controllable preparation and application of carbon spheres

based on resorcinol-formaldehyde resin
ZHOU Wencui » MA Jiahui s YANG Jing . JIA Yaru, CAI Yurong
(Silk Institute, College of Materials and Textiles , Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Resorcinol-formaldehyde resin(RF) microspheres were prepared with prepolymerization and
hydrothermal treatment by using resorcinol and formaldehyde as raw materials. The influence of reaction
parameters on the size of the resin microspheres was investigated. The carbon spheres were prepared by
high temperature carbonization of the RF microspheres. Then, the carbon spheres were used as sacrificial
templates to prepare other hollow materials. The results show that the monodisperse and uniform RF resin
microspheres could be prepared through the method. The size of RF microspheres could be influenced by
the concentration of the catalyst and the resorcinol, the prepolymerization temperature, the volume ratio of
ethanol/water, etc. The size of RF microspheres could be adjusted within 255~1500 nm through choosing
reaction parameters. The size of RF microspheres slightly decreases after carbonization, but the degree of
sphericity is good. They may be used as the sacrificial template to prepare hollow materials such as
manganese sesquioxide and zinc oxide. The research offers a simple method to prepare monodisperse RF
microspheres with large range of size. The microspherescan be transformed into monodisperse carbon
spheres which have wide application prospect in the field of sacrificial templates.

Key words: hydrothermal treatment; single dispersion; RF resin microspheres; carbon spheres
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T FLEE = W IR IB B = B T B ALl

BRF, X

HFLKWEEBEN, T HK

(HTEIRF.a M55SR FR;b.AREZLZRKFR M 310018

W OE. A+ E =W R4 (Cetyltrimethylammonium bromide, CTAB) 4 #% 88 48 7l , 45 A5 B -5 R %,
H) B34 = A M 3 35 3R (Mesoporous hollow bioactive glass, MHBG) s X &+~ k= F A g b4 e F w2 A%
RN ADRBREROEBRALE BERRDARILZERT, RAEHRHEE . FRAHA L REIT. AL
IR PR R, X o R AT A A A AR 2 vk 4o 9 S i X R AR A SU AR R A ) SR RR G SN ALY S L R SR A L o ok
EBRAFMER, BREAN . FPARAREG T AREZFEABUETARNERRAEEILE, AHRZPREEZR,
TEEMARILE . SR GOEEANILEDHFBMR, RGOSR AR RO AN TR, EADR AT ARG

ERBRERGELA,

KB NI E R DI T RAAUA] ;B K 5 B ICE % 5 Y 542 )

FESES: TQI27.2

0 51 &

A= Wy T P B S T HLIE 1 A R — S E 24y
WL BB SIO, Fl CaO b FERY, & — M ik i
JSLRIZE B ek TR AR BB A RE L 20 b4l 70 4R
AR I FH 95 Fal ik B ) 4 T AR B B 4585 LIRS,
A B B LA MR 2 R 2 DL R A W Ak 2 S A
AR R AR s A R AR A A
Xof NARTC ¥ BIAE H 5 BB 6% 02 30 5 20 At 34 i . 15 2 it
M 2 6 R R S E R B B A 8k
Ko, Az 3 3 T R D9t S I % it B AE AR P
He th R A EAT Az O 5 fidk 1 5 A 0 B B A 4wl 9, )
Pi#B A FeNa.Zn FEHAMITTRE AN .

B A0 K B AR 1 Sz 8 LA 45 4 1 A ) B
AR WG T T TR, Lin F LLRW
JER PAA BN, By & T has A W g s HL A
BRI A 5 LA R4 0 AR 0 L R R T
BEIRIY. Wang 9 DL =i Bt I B ¥ P123 Jy 3
filh s SR FH— 21k A LT RE Ak 2 9 52 & FL2E W T 1 B

YR BT 2017 —10—24 ™ 2% R H 1. 2017 —12—08

XERFRERD : A

XEHS: 1673-3851 (2018) 03-0171-05

L, AR 25 M. Duan %0030 33 K A
G b as A LA W) B B Bk (HMBG) L R 0F 58 1
HMBG . MCM-41 & SBA-15 X 44 >k & ki T 1) 55 2%,
RO, 25 B R I MCM-41, SBA-15 # 25 R 43 51 Ky
14 %1 8% . 1 HMBG #2533k 8 39. 24 %, &4 1L
B MCM-41,SBA-15 19 3~4 5. 5151
A= Yy AR L A LK A RUAE W B AT
B 1 26 05 P 2R W R i T R AE AR A L T LR
HAT A FLALE DL B 0 D9 3 2 s a4, BT e L
FMEF, Ry LA JL R m G Ok S 2, Tk
Gt ORI O R BT 2 (BT 2O B
KT (Z K .DNA RNA) 1 25 i 2 44 b1 Rk, 3
T2 ic i 25 W) 90 B Ko 18 01 S5

AR SR BH 8 2 T T R R 1 oS bE 3k = 3R
Bt (CCTAB) Sy BB 7] o 38 58 475 -5 J52 726 O 42 1l 2B
Y3 58 20 53 1Y BE IR LR ] 45 A AL s A W) B RS R
PE—2E ] EDS.XRD,FE-SEM, TEM 32 J7 %
Xof A AL A% 25 A 3 1 TR S0 B A B A A T D 2
fiE, %28 T AR CTAB %I 1) £ /0 % A FL gk =8

HETH . WA AARRF RS H (LY16E020012) s WiVL A & TR H (Y201534618)
EF A BT (1992—) o Lo INARE MO B0 5 4k 2N F B L5 LB R B = s it 58 591 % .

HAFVE#E . TH I, E-mail: dxblt@zstu. edu. cn



172 i

oM T Ok o o R

2018 4F % 39 %

A W BB R S 0 RS B AL AR HEAT B 52
1 MRE5FE

1.1 SEE 255

7S gE = R AL 2 (Cetyltrimethylammonium
bromide, CTAB, 43 #7 4li); JG /K & B ( Absolute
ethyl alcohol, EtOH ., 43 #14l) ; 2+ & T 7K (Deionized
water, DW) ; Z/K(NH, « H, O, 44l N 33%0) 5
IE R 2l (Tetraorthosilicate, TEOS, 43 #1 4 ;
12 = £, Mg ( Triethylphosphate, TEP, 43 #f 4ii) ; P4 7K
iR 55 (Ca(NO,), + 4H,O,CaNT, 53rH740) ,
1.2 LBk AR Y Bl s ik 1) ) 4

Ph7S bt 5 = B B Ak 8 (CTAB) 2 3B i
L IEER L W8 (TEOS) 2 ik U . W = £ 16 (TEP)
SR L VY K T BR S (CaN'T) b 45 U5 il 4% 1 FL 8k 2=

A= ) 3 ek s EL o R R R U G IR ) R R L 43l
80+ 5515, HAE, ERAM PR —2®r CTAB %
T 78 mL /K ZBEA 165 mL £ B FKIE S B K
OB S B SN 3 mL &K, B B
2 hEFIMA 2. 79 g IERERR SR (TEOS) - hi $ 2 h,
3B A OVTIE AR B . R)5 A 0,30 g %
R = ER(TEP) i 2 h B2 RAHAE . IMA
0.59 g PU/KAEFRE5 (CaNT)  FRLe it Pk 4 h, 52 M
BIEBR AW . R AT A B, FT B K &
P LB K VRV R BELOWETE 3 KE L E 70 T4
T 12 h, HHEIAEKRHKETSHEP S LU
5 °C/minfl FHEH R T 600 CHEEE 8 h, 584 L
MRl BN FL B 2 AR W B Ok . 7Rl A FE s
L IR CTAB W3 i , ok %5 48 4 Sk b 4% 2 fL
RO SEA . RE XTI VA VR AN R 1 TR .

®1 HERMMENRNEGRENR

B b CTAB/g  JoKZE:/mL  E£ET/K/mL K /mL TEOS/g TEP/g UK R 45 / g
MHBG1 0. 20 78 165 3 2.79 0. 30 0.59
MHBG2 0. 40 78 165 3 2.79 0. 30 0.59
MHBG3 0. 50 78 165 3 2.79 0. 30 0.59

1.3 FRAE Ko HE ik T RE TSR AT WU 23 B X6 A it 14 0 2% 4 BRI
1.3, 1 X 2 RS (XRD) I3

KM AR AR N Cu # Ka HT 4k, TAE
LR L 0 3R 45 KV .45 mA £ 48T, L 0. 02°1)
Hit 5 K, 78 20=10°~ 80° 4 % i Fl 1 1 JH] D8
discover I X S 28Ky KA I AL (F & 58 AXS H R
Al D XA S 1 A A S R R B AT AT AR
REER) 43 BT (WAXRD)

1.3.2 fHEIZIMEEE (FT-IR)

SR HRACER R R vk AE S B h 2L 1 ¢ 100 1Y
B LU I A T R i R AR SR AT S A A R
BUHE 137 B 51 32 B Y 3 R FI A Nicolet 5700 7
JEEST 2T A 63 A G 28 ] L S5 D X AR 1 Ak 2
ZH R A AT A I, F 6 8 L 4000~400 em ',
Hiti&E Tk,

1.3.3 RS EH B B85 (FE-SEM) Fl fg 1%
M (EDS)

BECE 5 A5 TR b R 7S A3 AR VA R B K S
Gy AT R A0 A W D G TBOIE TE T Y
RER I s SR 5 S B RS WG 7R R 5 5 1 BT 204N
TTERBUNE . FEME AR 3 kV &L AH
HITACHI S-4800 %7 & 49 4 v 7 & 55 (H 57
AL H AR X RE S 04 2 1Y AR SOk AR RS R AT
O3MT. TEIMEEHE R 10 KV S5 4ETF  F)F R Y H

1.3.4 BHHETFEBME(TEM

BRI 5t A5 00 B 5 B 7 3 EOAE I R TS K S
FH 7 240 A5 W HBC 93 1000t V) 9 YA A A I R
AELLAMNT T THREUNEE . 78 200 kV I A R 2%
T LGl H A JEOL-2100 % 3% S5 H - i i 8% (F
T, H AR XERE & SO0 45 44 T8 S 2k 47 st
G3HT
1.3.5 0 B Ao B gk

BRESTEMER N T4 24 h )5 . B T ASAP2020
T BRI AN (2 3e A ) L SEED b, DL 220 °C i B
2R 5 ho RIS TE 77 K &4 F . DL A A W B A
J L X RE A R B 2 T B RN L AR 4 A kAT IO R
fIEN

2 H#R5iITR

2.1 A LS AR W BB TR 1 25 4 FE B 43 A

WAL R B A Aoy e R in | 1 fr
7. BB 1 ATHNLAE 0.54,1. 76,1, 98 keV Jz 3. 72 keV
A HR BRIt R R AV SR 06 L R G B 43 A O e
Z.SiLER.PILEM Ca LK. R AW B I A E 5
B4 SilCa il P UG E B2 0 3, B i Bk 35 1 72 )2
HJ i Si0,-CaO-P, 0 = 20 43k 5 19 A= Wy 9 15
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% 2 H
Si
O
1 1 1 1 1 1 1 1 1 ]
0 1 2 3 4 5
XSt ekRE m/keV

B 1 ALk s A ) B8 Rk 1 ik 38 40 P

2 FEl 3 4300 R A LA 25 A W B TR I 21
AN R X AT ST B . H B 2 AT 3 R e
LT RE L 40 0K b OBHREAE 05, #E 468 cm ! Ab 1 0 R
Si—O—Si X} #x Z5 i Px 8 1, 796 em ™' AbE Si—O
XoF Rk AFR 45 4R 306 1082 em Ak S Si—O—Si A X Fx
g PR3 & . 7€ 605 cm ™! BT AYIESE P—O Ay il
P By W 3 AT SR A ) B 1Y R A A W e 50 1

/S 3

2000 1600 1200 800 400
PE/em™
2 AL Y BIRMER N AL E

il & HE b AT G AE W B N AR S A R AE . L 3 AT
HILAE 20=22°~ 25 W IR AT S /1 X B0 T — /> 18 3k
W i 07 55 5 B R T R O U L AT R B IR T R
IEVE , R BT il £ 2 AR F I R )2 W AE A B 7E
AHLES CTAB 2 18 T D)4 3 AL

51 B (a.u)

10. 1|5.2|0.2|5.3|0.3|5.4IO.4IS.5|0.5|5.6|0
26/(°)

B3 A fLBkas kBl B ok X S e

AL 8% =5 A W B RS B ER B9 3 & AT 1 B
(FESEM) 13 §f #1 B2 / (TEMD 43 5l an & 4 FnEl 5
Fros . KL 4 a] LU i A LBk =5 A W 0% 1 B 3 1
BRI 1L TE S50 A 3 T W I BRAA R AR Y —  JC
PR G, r Bt RAr . anl&l 5 Fras , il & BT s 19 4E
Wi P B S sk 2 WY 0 A% e A R G b i S
RFR 431 S10, FUERE 23 BB S BT A I 2k
AL, SR AR 58 J2 Ry %% B 8 e 1 AR W T MR B
A A AR ANAE B R CTAB 9% 0t 43 5
4 0.20 ,0.40 g fl 0. 50 g i, ¥4 MHBG1,.MHBG2
M MHBG3 B BPRLA2 43 5 24 283. 30,232, 80 nm
A1 180.30 nm, FHILEY],HE CTAB Nt i1y
IS A R AR 28 0 /) ELERTE RN, S 034 5

P4 N [RDRLAR 9 A FL A% 25 A8 WD BB R 19 3 D i v 455 1

5 ANTRVRLAR B FLKE 28 A W) B 5 BR 1Y 48 5 v B 1
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&l 6 S ALk s A ) B 3 T ek 10 L AR 4 A il 46
K, ML 6 nT LAY A Y, A 0 Lk s AR ) DB
TR A A A FLAR F2 AR T e R RS I AR ALIE 2K
FETE A A 5] s e /AN RTS8 A i LA AR
BELAMALIE XAFTE . 24 HA G B SR 1A 78 B AR 57
CTAB MU na 4 510 0.20.0. 40 g 1 0. 50 g B, B
i MHBG1.MHBG2 #l MHBG3 1 bt 2% 1 £2 43 51 4
88.88.128.99 m’ /g F1 167. 43 m’ / g; F-HIFLA% M 14. 83,
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Control and formation mechanism of mesoporous

hollow bioactive glass nanospheres
JU Fengyu®, LIU Tao", ZHANG Lixiang®, ZI Yuanxing® . DING Xinbo*
(a. College of Materials and Textiles ; b. Keyi College, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The mesoporous hollow nanospherical bioactive glasses (MHBG) were prepared though
using cetyltrimethylammonium bromide (CTAB) as the soft template and sol-gel method. The surface
morphology, particle and cavity size of the mesoporous hollow nanospherical bioactive glasses were
controlled via adjusting the addition of CTAB. The surface morphology, internal structure, dispersion
state and composition of the mesoporous hollow nanospherical bioactive glasses were characterized by
transmission electron microscopy, scanning electron microscope, energy dispersive spectroscopy, N,
adsorption-desorption, X-ray diffraction and Fourier transform IR spectroscopy. The results show that
evenly dispersed mesoporous hollow nanospherical bioactive glasses with different particle size and hole size
whose shell layer contains nanometer hole channel can be prepared by adding different concentration of
CTAB. These samples exhibit good bioactivity which may have potential applications in drug delivery and
bone tissue regeneration.

Key words: mesoporous hollow bioactive glass; formation mechanism; template method; sol-gel method;

(REHE: BER)

morphology control
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1 KIS

1.1 NiO/CNT & & # k6 45

B 7.27 g Ni(NO,), « 6H, OS> Hrafi, i ik
ARABRAFD FI 30,00 g JRE G B 4l [ 245 48 A ik
AR A R A FD 203 A 50 mL KB F K, %
¥I5) 05 o Ni(NOy), Wl B AR E B T, ¥
0.20 g MRALAT 1) CNT (4B 4l . 5 24 45 A b 27 3 71
ARAFDBARAER PSP 25), % L
W IE RO A 20 B 40 min J& . A 80 CH IR K 5
RSP PE R 2 h, R M E SR E S h, K7
Yres 0y B E 53 0 A R0 25 B oK Z2 G Ve, T
60 CHEZSHT 12 h, HJEH T PE T B 350 °C
ke 2 h, #38] NiO/CNT & &Mk, X AR NiO
K JHAR T 7 v 4 AH A CNT,
1.2 R e v il 1

W £ A5 B T P AR S LR 2 B SR RIS 4
FIRMB OIS+ 1+ 1 MR LIRAE &, 1-
FH -2 % e T A 325 05 ik T 5 0 D R S )
FH L 3 5 B TR B IR 4R 1. 100 C Has 4k T
10 Wi S f A f o 41 B8 HL it DA 4 Ja 8 7 A Sl X
e o TERIR B M BB . 1 mol/L LiPFs b H ff
WIEFERELLL 1 1 BBRIR & M BE MR IR — &
fi 76 T2 4 2% i s CR2025 7 2 115X 2 o 3,
B AR EIE AR TTR 2Y 1. 00 mg,
1.3 AHRF AR R0 el Ak 2 03

{#i FH D8 Discover X &£k fi7 14X (£ F Bruker
2y ED X YA XRD P9AH 4381, K 25 : Cu Ka
BHER LI K A=0. 154056 nm, FA3HEE 5 °C/min. 20
AL 20°~80°, i [} TG209F3 #4 #4843 Hr (X
(i 3t 23 1) %F 7= #) i 47 #4 H (Thermogravimetry,
TG A B il B 7 S & i 2] 800 °C L 28 R &4
FHEHEZ 10 °C /min, f# ] ULTRA-55 & & 5 £ 4
L 58 (FE [E Zeiss 28 Al WS AF BB 55 A0 AR 56 R ),
K PR AR 1A 2R 328 47 98 28 4R %2 (Cyclic voltammetry,
CV). i 1k 2% fH #i 7% (Electrochemical impedance
spectroscopy » EIS) FlE Ji 78 0 HL 3 . LI 3 i
h T AR, 4 i A R R 0 A . R R AR B R
b2 TAE 3 (PARSTAT2273) Hi Ak 2% T/ ol , 94l
A 0.01~3.00 V, H I HER 20 mV/s, ¥ &
B R REEATIE BR R 22 (CV) IR 5 78951 5 35 [l 0. 1 Hz
~100 kHz, 22 MR-~ 5 mV &40 F #E47 B4k %
itk (CEI1S) M ik ; % | NEWARE H i 1 i & 48
(CT-3800 W) Ha, jth il 3 5% 58 % 20 41 X2 H Wb i 47 1

P FT R, LA B T 0.01~3.00 V., LR
&4 100,200,500 mA /g A1 1000 mA/g,

2 HBHREHW

2.1 BORLRAES BT
JARAF NiO F1 CNT 1 & &, X b 22 DR P

PP (NiO/CNT Hif 88 44 #47 TG 438, a5 R an &l 1
(D, ATLUENTIRERENREA =10 %
HLE] 200 C R T 420, & MR R 25 0% B K Jr 24
b) 300 ‘C | 450 ‘CREL) 22 % , J5 T Fir IR 5 i 1L
NiO/CNT;c¢) 500 ‘C#] 550 CAREL 16% ., HH T
CNT 43 fiff . il 3 4k 22 T 55 o 2 8 1 Rt 2 A2 /0N, R 1)
RO A B AR A3 i 58 4, T AAS H CONT FE A 9K 5
O 16 wt2o,NiO/CNT FERT IR & 58 74 w6,
A E CNT 78 NiO/CNT [ E N 22 wt%,
Ry 43 BT S I 1 A% 10 RE S A XEARE L E AT XRD
AT, I 1 (b) B 7% XRD 7 S A = A 5 s, 43
ST 20=237. 2°.43. 3°.62. ° BN B . 5 NiO B4R
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#EF (JCPDS Card No. 48-1049) — &, 43 ] %} S
NiO f(111),(200) ,(220) & 18T s £ 5 4 BHEF — A
BN T 20=26.6°, 5 C 4 #EF (JCPDS Card
No. 26-1076) AH Xt i, 3xX Ui B A & & B NiO Al
CNT . I CNT thEE D, i TG /vl ik
22 wt o it LLHAT S IR B 1,

ik SEM XF CNT &4 NiO HI 5 (9 600 45 14
HEAT SR G5 R E 2 FroR . B 2(a) B CNT
) SEM B F . CNT H & 30 ~ 40 nm, K 3 ~
5 pm, K 2(b) & NiO/CNT B SEM M H-, i it 1k

S UURRC A BB A BB NIO 0K Fr 35 50 4 KA
CNT 1. 0] LA H NiO 44Kk F 5 3 g8 A4 K A
B CNT L, fff CNT H&EY R F] 2y 400 nm, H
CNT I NiO 4k B 4 K m 2 180 nm. KA
Z I 25 AR A AT A NIO 942k R 78 45 42 fih 2]
LAV, B2 15 NIO B HLAL & PR . B 2(o) 2 X
BHali NiO By SEM B8 B, 25 38 7R NiO 5 BUkz iR A
R —i, & NiO/CNT k454, i XRD,
TG Fl SEM FAFJ7 #:0E 5% Lk il & 1 FE 5 NiO/
CNT &G kL,

# 2 CNT.NiO/CNT K4l NiO #) SEM B J

2.2 HALSA PR AR I K

Kl 3 RS H2h 0.01~3.00 V, 3 R H
0.2 mV/s B NiO F1 NiO/CNT #4 &} 1 95 25 (K 42 #h
2 B 45 L. NIO/CNT ZE &M Ry CV 4
5 NiO 9 CV il Z ARl PR b LA 53 3 A P X 48
38 J % , NiO/CNT 9 — X% 58 8 Ak 3 i 1 24 0. 87 V
A1 1.59 VA EL 4l NiO 19 0. 85 V A1 1.55 V, i3
W ALAH2ZE 8 KL X 2 B NIO/CNT 19 & 4 0 1 kY
WAL A/ . A L2l NiO, & & B 18 3R R 22
SRR T N 2 Rl T | ]
CNT & G NiO By s Ak 2= % %, CNT By A
PR SRR NIO A Bl 24 0 8l gy, A il
8 NiO A RA BRI,

0.4F
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100 mA/g L % E M T i 2. NiO/CNT #
W FE L 28 2 1335/1990 mAh/g, B KA A] 3
5 R R TR A B L 1 A P R T A R R
e 5 L A Y SR T L R T 6 T A R T L Y
Bl A B B TS i O AH SR (SET BB 38 i
54l NiO X} e 4 84 . NiO/CNT (1 U 78 il
P75 o A B HR e, 4 il BS n 46, 796 F44. 5%,
NiO/CNT Fi4l NiO #B & 7~ A W X 72 - 5. 7T
A NiO/CNT 9 5t B F & i 4l NiO U] 1 B fi%
T 543 BT Tt i, 8 B 15 19 B AR AT R A4 R
TR AR AR & L BT B 1 T A R TR R
R 2L A 19 0 [ B 5 i PSP £ R IR A 5 R Rk 1) P B
AKX R NIO B4 CNT J5 RIEE &4 -1
PIRH B3t pA R i B . B 4 () it — 2 R NiO/
CNT 2 2.3 F1 10 YAG ¥ 1 78 550 i ittt £k, 5ok A i
LRI AR N LL 25 1 0 b B H2 30T, X R W] NiO/CNT H
AR WIEHREEME. B 4(b) & NiO/CNT 7%
100,200,500 mA/g 11000 mA/g HLHLHEBE T 1 FEHL
R T2 L HE 2 0 )2 1560,1555.,1407 mAh/g Fil
967 mAh/g.200 mA/g F1 500 mA /g ) 78 i il £&
TR HE 25 R AR L BB 3, B NiO/CNT Bf —
JE MG HAERE
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NiO/CNT By FEHHL L 28 52 1335/1990 mAh/ g, Hif 10
ANE PR T 2 N #) 1500/1580 mAh/g, t
FEIIIE R T NiO 40k i £ CNT LaifkA K,
fRHE NIiO 402K 7 55 F A U 42 flo , 45 /=5 A4 RLG 6 72
BE. RARROR — H AR FEAE 1009 22 47 . R ) NiO/
CNT HA7 RIAFH AR . fEH TR 30 N E
Fe il e R AE 1489/1500 mAh/g 247, Xt HE
FHRHAE NIO 1975 Y H b 75 5 4 861/1369 mAh/g,
HI 8 /NI P Lb 25 o 00 D 00 L B S DR [, B
30 MEH HA 292/285 mAh/g. b2 P s 28 0 1
Ji PR 58 K 1 M BB N 5 3 NHO e B k. 5 4k
NiO #H o, NiO/CNT 1Y 75 H Fo 25 & F0AJE 26 4 0 7
SR Ei TR T
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2 000 [eo )
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O 1 1 i 1 i L L L 0
0 5 10 15 20 25 30
PEER IR /YR
5 NiO/CNT fi4li NiO 16 B i % & 100 mA/g 1Y
30 YR AG R fE

K6 J& NiO/CNT fal NiO #£%5 R M fig %) e
K, NiO/CNT 4l NiO # #5351 7E 0.1.0.2.0. 5,
1.0.2.0 CHI 0.1 C(1.0 C=718 mAh/g) IIf5HE T
HEATE U SRR 10 IR B A M RHI S 250 L 25
A3 1907.1611,1182.708.315.1612 mAh/g. K
F4fi NiO 19 1002.701.393.172.85.620 mAh/g, 4
B4l NiO B 1. 90, 2. 26,3.00,4.10,3.70,2. 60
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WA R EER A E M. NIO/CNT 18 R BE A% 21k
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5% 5% T FL RV, DR g AR VR f e AR 4 R
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SRR NIO/CNT 1 Ay 4 e b 7 4 A1 R4 H Ak
SRR, ZE W EE IR 5 mV, SR E 0.1 Hz~
100. 0 kHz [ 414 F XF 4l NiO A1 NiO/CNT #47HL
2 B BT 3 03 CETS) 7 2 19 b kA Rt (1 BH 3t %o
FU L 19 2% il 2 7 i A0 X 5 S il 11 58 AR R b R
(VL BE , R, i, L 7 W LU Y, 1 2% il 26
SR 28 SL T E A UL PR A R R, A
AATE] . AT X — A2 T, 5 B A o
SET g 5 1 1% 32 (1 H far 7% % A O¢ . A1 L T 46 NiO,
NiO/CNT &4 R 2 18] 9 26 2 42 58 /N, 3R W
SRR H AT A% 3 BELBE (R, ) B /0N S I i 0
TR h n A2 B30/ B R CNT ARy 25 14 4
M A AT NIO PR T L AR X
N— SR B, HR AR 5L B R R
PR TAT G . 22 B WL iR B R AR PR R Y 1 5 S i
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Preparation of CNT surrounded nionanosheet material and

study on properties of lithium ion batteries
WANG Yingying » GUO Shaoyi, YUAN Yong feng » YIN Simin, ZHAO Yonglin
(Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Nickel oxide (NiO) nanosheet grew evenly on the surface of carbon nanotube (CNT) by
chemical bath deposition method. X-ray diffraction(XRD) and field emission scanning electron microscopy
(SEM) were used to observe the crystal structure and microstructure. The result show that CNT is used
as the core framework and NiO nanosheet uniformly grows on the surface of CNT. The cyclic voltammetry
and galvanostatic charging-discharging tests show ta significant improvement of specific capacity and cycle
performance when NiO/CNT composites were used as the negative electrode materials of lithium ion batteries.
At the current density of 100 mA/g, initial discharge specific capacity of NiO/CNT was 1990 mAh/g
increasing by 27. 6% than the 1560 mAh/g of pure NiO material. After 30 cycles, the specific capacity
remained at 1500 mAh/g. while that of pure NiO was reduced to 285 mAh/g. The improvement of specific
capacity and cycle performance results from the improvement of electrical conductivity of the composites by
CNT. The NiO nanosheet grows on the surface of CNT to expand the contact of active materials and
electrolyte and enhance electrochemical activity.

Key words: NiO; CNT; lithium ion battery; nanosheet
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Unbalance suppression by vibration attitude decoupling

in active magnetic bearing-rotor systems
YUE Caipei, JIANG Kejian, ZHOU Yuan
(School of Information Science and Technology » Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: For purpose of suppressing unbalance vibration of electromagnetic bearing-rotor system and
improving the rotating precision, an unbalance suppression method of vibration attitude decoupling of rotor
by adopting electromagnetic bearing was proposed. The working principle of this method is to obtain the
centroid axial position of rotor by means of vibration identification, then perform translational and conical
decoupling of vibration attitude of rotor according to the centroid axial position. and generate fine
compensation force and compensating couple of electromagnetic bearings by means of iterative search, to
realize independent control of translation and conical motion of rotor vibration. Time-domain and
frequency-domain analyses were made on vibration signal before and after control via control performance
testing experiment, and the results show that that the rotor axis trajectory obviously converges to the
center and the vibration energy of rotational frequency significantly decreases. This indicates that the
method is effective to suppress unbalance vibration of rotor system supported.

Key words: active electromagnetic bearing; unbalance compensation; centroid position; attitude decoupling
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Measurement of the swing driving torque of the electro-magnetic selector
XIANG Hongnian » YUAN Yanhong » XIANG Zhong
(Zhejiang Provincial Key Laboratory of Modern Textile Machinery,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The swing driving torque of the electro-magnetic selector is an essential factor for the
frequency and the stability of needle selection. In order to meet the requirement of the high-frequency
needle selection of the high-speed knitting equipment, it is necessary to carry out optimal design of high-
performance needle selector by measuring and analyzing the driving torque. The paper designs a measurement
system of the driving torque of the electro-magnetic selector, which is based on the STM32 embedded
microprocessor. For 1~30 g tiny force measurement, the paper designs a high-precision signal processing
circuit and numerical method to accurately measure the driving torque of the head of needle selector in each
position of swing. By means of human-computer interaction, the driving torque can be conveniently
measured, and the measured data can be saved to the SD card in the form of text for researching the
relation between the driving torque and the position of the needle selection.

Key words: electro-magnetic selector; driving torque; STM32 embedded microprocessor; measurement

system
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Modeling and identification of magnetorheological damper

based on dynamic hysteresis operator
ZHAO Xinlong » WU Shuangjiang » PAN Haipeng
(Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Magnetorheological (MR) damper has promising application prospect in terms of vibration
control. However, since the inherent nonlinear hysteresis of MR damper will affect control precision,
modeling analysis is required for MR damper. Firstly, modified dynamic hysteresis operator-MDHO was
proposed, which could describe different output amplitude. Then the hysteresis model of MR damper was
presented on the basis of MDHO. In the model, output damping force of the magnetorheological damper
consists of hysteresis damping force and viscous force. Finally, the modified particle swarm optimization
(MPSO) was proposed to identify the model parameters. The results show that, the hysteresis model of
MR damper based on dynamic hysteresis operator can effectively simulate actual characteristics of MR
damper.

Key words: magnetorheological damper; modified dynamic hysteresis operator; hysteretic model; modified

particle swarm optimization
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Design of non-contact yarn break detection system
REN Yao, YUAN Yanhong » XIANG Zhong
(Zhejiang Provincial Key Laboratory of Modern Textile Machinery,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The mechanical broken yarn detecting device is easy to be stuck by oil or dust and cause yarn
wear by friction. For these defects, a non-contact yarn break detection system based on photoelectric
sensor was designed. The infrared sensing method was used to transform the yarn movement signal into
electrical signal. Electrical signals in three states of induction zone without yarn, static yarn and yarn
movement were measured through the oscilloscope, and the variation law was analyzed. Combined with the
technological requirements of textile equipment, the judgment basis of broken yarn was summarized. The
infrared photoelectric detection circuit and signal analysis and processing system were designed. The yarn
break detector adopted two through holes to restrict the yarn into the induction zone, and the detector can
be arranged in the place where the yarn passes, so its adaptability is stronger. The system test result
shows that the system can accurately complete yarn break detection and warning function.

Key words: non-contact; yarn break detection; photoelectric detection; infrared sensing
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studied. The goal is to minimize the makespan within a given cost. Each machine has different speed and

fixed machining cost. Approximation algorithms are given for both cases of the jobs with same sizes or

different sizes, and their worst-case boundaries are gained, respectively.

Key words: resource-constrained; uniform parallel machine scheduling; makespan; approximation
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Research on the carbon footprint accounting of

product manufacturing process based on Hadoop
JIANG Xuyu', LI Renwang'?, FANG Xubin', CHEN Kunchang', JIA Jiangming'
(1. Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Faculty of Mechanical & Automotive Engineering, Zhejiang University of
Science and Technology, Hangzhou 310023)

Abstract: In order to calculate the carbon footprint of the product manufacturing process accurately,
the Hadoop distributed storage technology was firstly applied to store product processing data. After pre-
processing of product real-time processing data required by carbon footprint accounting, the data were
stored in the distributed file system according to the required storage strategy, which solved the basic data
source problem of carbon footprint accounting. Then, MapReduce distributed computing was used as a
method of calculating carbon footprint. Accurate carbon emission accounting model was established
according to the carbon emission characteristics of each product processing stage, and then the model was
converted to MapReduce function to rapidly get carbon emission of manufacturing process. Finally, the
theory was applied to calculate carbon footprint in the rough turning stage of stepped shaft, which verified
feasibility of the proposed method.

Key words: carbon footprint accounting; HDFS; MapReduce; carbon emission
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Research on test cases prioritization based on

multi-population evolutionary algorithm
ZHANG Na, HU Guoheng s JIN Yuting » SHI Jiabing , BAO Xiaoan
(School of Information Science and Technology ,» Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to improve the software test efficiency and accelerate the progress of software
development, a method based on the multi-population evolutionary algorithm was proposed in this paper to
solve the sorting problem of test cases. For the premature convergence problem in single population
genetic algorithm, a multi-population parallel evolution model was first introduced to enhance global
optimization capacity of the algorithm. Based on this model, this paper proposed a dynamic adjustment
calculation method of test cases priority by combining software requirement coverage with software defect
detection rate and comprehensively considering code coverage, test case design information, and historical
execution information. The experiment results show that compared with the traditional priority sorting
algorithm oriented to single target coverage, the test speed and software defect detection ability of this
algorithm are improved.

Key words: regression test; test cases priority; multi-population; dynamic adjustment

(REHE: B %§)



WL I RFFRMOAAMFR.H 39 5.5 25,2018 F 3 A
Journal of Zhejiang Sci-Tech University (Natural Sciences)
Vol. 39, No. 2, Mar. 2018

DOI:10. 3969/j. issn. 1673-3851(n). 2018. 02. 017

ETLSIMABREXBEIFZFIRZETNREETAR

oo RlhSHCH 4
BERER,Ei5E, %

BERR,HK W

(I RXRFREFR, M 310018)

/.

H E: ATROGFRREAANFRALEE.RET —ARATLSTM kit egid a2 M A ER A8
HREENEFT LG, ZRAEARELAEAESTAMF L, AR 369 LSTM M %45 4 o TR B A& R Y &8 TR
AL AL AR TR AR AL Sy K b, R R BT AR R A RO TR AR AL AR B SN 69 2R B A4 R R TR BE AL TR R GR &89 K
A, FRERAN . ZALARBEDSARET EARAHGRETAH LA EFRMNERL BPAHZEWL  — ik 242
W 22 B AR LSTM M Aait , A ik SRS FAMAEH LG THR=ABRE, ZRAATERAZ-AFEY
BRI —ATAMBER X TUARER P EEHEHRET ARG T ALK BELZHAMNER . A 8 TEERRRRER

PR RIS T Sy R,

KB FREEMNEFLT A% AMAR ;#3442 M % ;LSTM

FESZES: TP18]

0 3l &

Wil 5 7% 3 I ) ) R K R DA MR e A
Koo NTTHF I SR 08 e Ak 42 ) 5 R 1 31 3 2 1
G DU B O WA TE KO B RE AR AR S W B
I e A TE 8 AR 3 R B b i — > B L 57 B
TR ARA O HEh E AR S S, 2017
ERERRER G T AR K 5] 908 /27T, Ak T
AR A K Ky 48, 12%,2018 AF TH 7 HL A
RF 4369 f¢TT . AT RE K JEAT X R g
AEAR B S LA 6% Lt R 320 A R RE S 7 AT
H R B AR 1 AN SR R B L ARk e A SN
Ry il 7 () ) BE 3k AR E W 2 AT B B KR 7
“ERET I K

AT, X TERA B s mmR o
STV . SRR R R AR R B 2
RGBS ER BP 14 M 4% (Back propagation
neural network , BPNN) Fi Il £ 4 Sk 4% 05, ok 2 U AR

WeFs HiW . 2017—09—23 o 2% b H . 2017 —12—12

XHEkARERD: A

XEHS: 1673-3851 (2018) 03-0224-08

FEEHE | 900 AR R AR A, BN AR AL #E UMass
Trace Repository ¥ Home A 4545 /Y WM ¥
W A 85 % . X KB BPNN X HE 2R M R ik 2% > A
FEAy. BEAEURE T R TR 2R S R e

S )5 %, B Deep Home 442 #EH80 , R H & 4i i
o) 2% ) g 1A A SR S o 3% )23 TG W B TN 4 0
R O EE R AR 102 B BP #il48  2% , XF
WA AT G — H Bl A4S 3, AR B0 45 K00 300 32 2%
R AR AL A A B 1Y) 2 5 B 2 Ak ) R AR
M2 . Hussein SV T —F L F BP &
X 25 il 3sh U i 22 X 4% (Recurrent neural networks,
RNND 8 fE K & 22 48, A F A% J s Hodis 100 4% ¢
NBIAT Ry AR R A T A (] A% Ja 2 R iF 208 22 1)
B SEBR B, Schweizer 255 AR 18 5% BE P 1) i 47 45
fiE s $ M — b S 50 R BB 5 T 3 B Y A B
7 %) A5 2 84S 72 U (Frequent sequential pattern
mining, FSPM) 8, M 1 — 4> g Al P 42 41715 B
MRS R R T URES 55 MR

REeTH. HEARBFILESTHE (61379036,61502430) ; Wi VL4 B K BHE %5 H 5 Tk 30 H (2014C01047) ; $iVEHE T K% 521 A A #5355

updl

fEE A e (1973 =), H WTAR B, 082, A o, 3228 SR (R 00 3 L0 R A7 L AL B8 75 TR RO BF 5

WAEVEE ik B, E-mail: zhangna@zstu. edu. cn



%2 H

LGS 4 JE T LSTM B9 RE ¢ Jm DL 2 > R G BUM AL AU BT 52 225

TR R G S B R LA P 3 R iHE B
FIRG RS, Zaouali 4T — R 0 B 12
77 v LAT0000 8 5 B I 00 L PR BE S HLL R P AT
N B R RE R E R AR T — A T HMM 1 i
DA TIAE ]y B e 1) R G % L I R 8 F AR s
Smart Life #4083 i+ 900 455 A, R 2% AN [A] K g
WP AT R 22 7. Gariba F Wl H A RS
IR A RALH (Hidden Markov model, HMM) Flh 2
DU 4325 4% (Naive Bayes classifier, NBC) 2R 5 41
FHEH NKBIAT s A5 TF T N AT S X K g
AE R TH FE B9 2 L {H 2 HMM 0 250 22 i 2 138 S 56
R, HARTE B s R 455 1000 B b of 80O T IC Y 7]
WL, Singh SFR T — Bk LSTM [ 4% . R
HI 3 A H S5 R I N4 s Bt - % He NBCLHMM
DL B2t oh R AT e R B (Hidden semi-Markov model,
HSMMD) X A2 1 3l 14 38 550 o o 52 . 45 21 3R %k
HER) LSTM ™ 25 i PR30 14 e S0 (H 2 & 200 1
FUAT SR B AN Hff 7 P R 5 I B ) T AR

R HEERM BT T BB LS T
BRE R R Be AL AR T R AP AE = A R R 5
— BT B AL Y S R G M 22 L B K
JEAEH R 50 = B T NEAT WIE R E IR B h iy AN
By P OO A Y 7 32 AR 90 AR B N N 2R AT O AR A
Az BB RE A BOHE A SR BB TE L DL BT Y 5K BE
172058 =, 28 1 B0 855 B30 45 A e AiE 22 8] 1Y G Bk
P DL RS i B B8 X 22 P 45 2R A 5 )

ML ASCHR T HE T LSTM W 4% 19 % e 5 )
Pl 2 RE ARG A LSTM M 2% (14 ¢
SR AL L FE 431254 H R 5 B e A 2 ) Y DGR EE L fif
AR A 3 78 73 U1 S5 o AT SE 0 94 5 b 90 5 JRE 1K
PR . A0 R IE A BRI R AE N g — M X R
Bt Ry 22 A G JE B AL AH [ 9 25 offe 30000 85 Y, S R
i) 2 BE AR P AT 0 1 22 S 1 2 B T AR 4l BT 9 A
A B T 5 e T DN S AU % D) e, DA 3E R A R Y 4K
JE IR

1 MBEINESE

1.1 RGHH

AR A EE T LSTM M 2% i % i % J& WL e
2 2] ZR 50 A P A A 2R 4 0 2 TR A A A
Ml 55 7 FE AL,

T ASE A 43 Sy 5 A 000 ASE AR TN 5K JE T AR A
Y U ASE Y R AR SR M A 2R T LSTM ik (1) 38
ST ol 2 ) 2 AR 1 R R T R o )RR A B I R A

B FE R R A O 2 8 S RE N S 1 B B 0 R
XSRS AR S . 2 BT RLBR 22 O i of i A5 A
I R O RS B R AR LA e — 1 BT X 3R 358 4
I CSE I A R A5 7R IR b oAy — 2ok
R PN B 8 ) 42 ] R A b L g — Bk, R R AT
DA S 454> 53 68 Tt A B 0 i ofie . (ELR: , KRGS A
X PRI AIE PR JRRCE B S A7 AR 2/ 22 S T L% E FR
St 2x fhy T B L 2 AR AT A — R 1 22 5 T LU
PR 2] 2R G0 B A R MERE Y (4 JE Al _E O 4 S8 ik
FE AP E ] B4 B8 BLAT (9 52 2 B 558 K40 X 2 o
B AT OB MO SR & T i M AR . iy DL A
SCHIBLAR S~ R GE 0 B — D HEA R G HBE L —
AN TSR, 5% F 0 A R A A S 22 A, DA o
BB A 2 ) R AL 27 > 28 G AR T R A Kl
XA VL I P PN S Y AT SR o e A ASE 2R T IO %%
R BE (R PR SFERFAE o DA T 412 i X i A6 DR A 14 T vfEf 2

b 55 72 HE AR B 73 DA T PRAT A R A A TR T A
B, TN PHAT R AR 3 i A B B S5 B A T
B 7 A g PR B T A L RIS 2
A RE A RS B XUBS AT A A B T SR
& SRJE B RE R P AR Gk T AR 5 B s oIR 2 1Y
U A o A ORI TR A B4 45 4> o o8 R B
REAL 420, SE B RE Y S i JO 48 D) . A5 TR B B A6
B 32 B 2 R 2 MR A0 B AR B T 5 A R
A7 ST o o AR Y 2 1R ) S RE AT N AL L LR B
REAS B 2 1 P 25 Bl 4 o 54 T R 2 1) B 1) P B
PEANBE RS B AR E R ELT L. B
P AR SCHY BL o7 ) 28 58 B 45 0 I 52 2 30 858 22 53 4
HOEET N

P 1 R BILAs 2 ] 28 G s A AR A T30 A0 o300 46
TSR A . P85 A s AN B dls 1 i A B 2 )
RGLZHT HEATH — LA B, IR family_id J& 7,
Horp family_id J& ¥ H T X or B R 4 T — 1 %
JEE o Y HLAR > ZR G H W B B RO S B B
Y Je » p TR SRS R A AT RS I ) W R e R L AR
J MR A P15 KA P 4 1Y Tamily_id J& 1% . 98 AR B
% E B LI RS D DAFR S5 RO A g AL A IR T i
RS AR SR TN R . TS BLAR S ) R G
He S 9 K D R AN K H Ji o ph A TR BT R i A
REA B I U L 58 B, PRI Tamily_id J& 1 3R
YOI X6 7 ¢ JE 1 T A5 TR, R i ARl e A 50 3k o A
TYEAT ST ML 2% ~T 28 G0 X T30 A58 10 B 7 5 i 2
Jai s R AT ORAE SR ABE LS T — 5 B0 PO B ST 4R
YR



226 W B T Kk % % R

2018 4F % 39 %

PLESE ) RO R —H AR

SRR

I

R ]ﬂéﬁﬁlﬂﬁtype}%‘ﬁ

A SR RATAE A Ed

HEHY GO ATAE A Sl

IR AT

EFRAEREE

HR P family_id, A HH XS 5 2 ) TR 7Y

v
PRIMASEZY Al B A RS T A Al
Y

BB >) RGAG TSR
|

FYETamily_id, FRECG R 5 FERY) AR
Y
FRAEAE A H A A PSR BES T 9T
v
PLEE%: 2] R R AF TR ALY
|

BT ML 27 o 22 G0 o DR 285 TU00 0 99T 0 A5 B B O A

1.2 WAL 5 S Hr

AR SCHE R BE R R AL AR 2F ) FR G0 1 A
R B E BT LSTM e ok 114 336 U ft 28 0 2% A
R, IR 4 O A EAR 2 AR T IR FRAT 55
FEI AR R 2 2T BB T, R R BB A8 X ) 81 BOAE E
AR I AT, 38 40 42 i 1 ) 3 ROBU I 5 8. .
H— B 0 3 U o 8 R0 2% S R AN 1 2 IR

20— PRI 3 U P 2 00 485 5 4

2w, X, S5 IFZIM A I, 0, FRE
220 A4 i 1 PRLOT A R — R I B, X R
HERY RNN SR, A KR — > — [ pilt 28 B 2% 2,
tanh 2B sigmoid JZ. H2 . RNN 7&{# F B HLE: B
TR IR L 75 5y B B I 2k B 3% A0 BE 4R &
(R [, T A AR SR 36 F LSTM. gleatk i) 3 9 i
2o 45, R LSTM i 8 X 46 455 B 1) R 5 45 449 , kit
B 7E 35 AR UCEOE N (175 0 HE BB R 3 2 B &
F18) T AT, (R IS 7R 75 3] 78 43 1 11 5, DT 8 v A 7R 1)
ot 0 9 R R

B 3 R T ARAER) LSTM i 25 0 2% A5 He 1 4%

. bR LSTM B M 22 W 25 R ey 4 > ] 22 B
MM EH K, FHp o  sigmoid /2 . tanh 4 tanh
2. RSP Z 2 AT DL AR — A g A2 4n
(Memory celDP™  Hdr X, ,C,, H, 73 W R4 ¢ I
2 ) A BT L 20 AR S A s B oT L € HL -
3RS ¢ — 1 B Z0 A 4 IR A R S S oT
RO TRR 2 IR R e el W 7 (I 71 P O S
(Forget gate), “Hii A17” (Input gate) Fl“Hiy H[7]”
(Output gate)™ | “FLATT 7Bk IR 25 i« 52
07 WIRREAF JRs HiAT R E  TE R WR A L B 4
JRLBR 28 b 5 i H 1707 e S 4 2 e WA S A R

H,
Gy omemmmmmm s ..

1' <>-(>forget gate O, 1 ‘: C
input gate @ ’

° output gate

] [ o |

z

- 5

[ I#mmzmsz O #FRPointwiseti i

B3 kRAEAY LSTM Hit 28 [ 2% K b 45 by
ARSCHETF LSTM etk i 528 U5 i 28 190 4% A B f1y
gEtginE 4 Fros, SARAENDZ Y LSTM #if 25 W 2% 15
HobH He A A ST SR 89 LSTM 28 {K H A7 = AN 48



% 2 L% % 35T LSTM 08 R 5% 8 ML A 2 ) 5 55 B 488 7 9 5 227
W22, Bl 2 4~ sigmoid JZ M1 1 4> tanh 2, [A] B} % A G PRE N = () s
AW BRI M AT, 2% Gers H tanh(x)zlieiz:_ (3)
Schmidhuber™™ {4 % i JE A8, S “H A 1717 1 i Ite
[77Z 3 BLAL” (Peephole) WC, 193 7- X (D PR -
C,=tanh(W, « [H, ,.X,]+b) (4)
= F €, #7524 B 220 ST AZ 40 4R 25 1 1o L )
C, X G i
C=f+C +(—f)+C (5)
CEB T RO T AL XA B AL A
i 14 ] TS A L B R 2 S RS G PR i o

X,

Csrsmzmsz O FRPointwiseli(f

Bl 4 Bty LSTM il 28 R 45 455 He 2% 1
TEARSCHE A LSTM 28K i, “ 381172 B9 4
A=A T B, 4l b — I 200 A M Y
A€oy E—BFZIe 2 g ie” i fa E H,- ALY R
i Z)“iCIZ M A X, . FHW, b, f, 5 SRR
“IB ] sigmoid B2 45 2 Y AL | I BS B R A

) sigmoid 396 PRECUN =X (D B

o 1
G(I)flJﬁe - (L
DU 58 A 117 4o 22 I 285 )2 1 i o 1) o 4 X (2) BT
fi=oW,-[C ,H ,X, ]+b)) (2)

AT IR TR 60 5 1
SR ALV A B 55 B30T ) 36 1) e 40
AR FIC, HmR A AT AL AN B 15 5
[T tanh 0 9 5 2 0 14 50 R W
b. % tanh 25 ¥ 4 5 0 LT BRI S tanh 3

1. Begin:

2. define learning_rate, input_dimen, hidden_features

FHIE L
define output_gradient, num_iter
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Research on LSTM-based prediction model of

smart home machine learning system
BAO Xiaoan, CHANG Haohao, XU Hai, DONG Liangliang » ZHANG Na
(School of Information Science and Technology , Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to improve the intelligence level of smart home system, a smart home machine
learning system which takes the LSTM-based recurrent neural network model as the core is proposed. The
system adopts the family unit as the forecasting node, and the improved LSTM network is used as the
baseline forecasting model. The prediction model of the household node is based on the baseline forecasting
model, and updates the family forecasting model by the new sample data. And the prediction model is
called according to the environment data to predict the status of the device. Experimental results show that
the system can adapt to multiple family nodes and new family behavior. Compared with the BP neural
network, the general recurrent neural network and the standard LSTM network, the baseline forecasting
model has higher prediction accuracy. It not only establishes a prediction model for each family node, but
also can update the forecasting model based on the new sample data generated by the user when actively
controlling the device, which helps to match the characteristics of different home users and realizes the
intelligent control of smart home products.

Key words: smart home; machine learning system; prediction model; recurrent neural network; LSTM
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BNMENMERUANERAINERMATEESF

SO, WK Bt 5 43 B 1T 4 Y 4> F R U 35

Bz, =R, & ,5k m
(1. H T T K FEFRE AN 310018;2. L TIFE X F W BN F 3, 4M 310002;
A b FAR KM S RS TSR, AN 310018)

# ZE: MOFs(Metal organic frameworks) # #+ B B & 4 & 69 tb A @ AR A= U & T8 a9 JL3E 2L & R IF 09 A2
R FRBEREFRL HAARZD TR EME > B R AT RAFAE L ILHH. 7?‘\#1 ST AT
& R B A 869 MOFs A st mE A SO, AWM 5 5 BTH . BrYradkm/ s BBl i FRERE
W AR E T LSO, £ MOFs M4 P 69 R Byt st Bk T SO, 5 MOFs M2 [ 6948 Z 4 A . MOFs ## 5 SO, Z 14 49
AR EAF A AR R MR AT & E T LSO, £ MOFs #14H P 9B M st gAMb K m AR LRk, 255 F
5 AL EAR M R A EA K BE A P SO, 5 M-DOBDCs ##+ (£ & & F MU (Co.Ni.Mg $)f= 2,5- =% 3 -1,4-3F
R = W B (2,5-dioxido-1,4-benzenedicarboxylate, DOBDC) Bt 7k Bt AL 7 #%, 69 & LA ) P 69 R 4o Fo & B A% 5 2 18] B fik

M F A K M-DOBDCs #4518 & & SO, X 7] 4948 Z 45 A A5k,
N, ERFR&k&SBF4H M-DOBDCs M4t ¥ RM S L, FR A& S T Ml
R E M-DOBDCs ¥ 3£ 4% & R B Bf % . Zn-DOBDC 2 T /A T8 i
5T A
MERARARAD: A

KR AT M BB AW/ 5B
FESZES: 0647.32

0 51 &

Wi & 2 U PR R AP H 25 RIS ) SO, HE
JBCHE X IAEE AR T — RIS E AR LR R R g
S L BEAN SO, HEE X N 2 F 3l A 1k e
AT R fEE . LA RO R K A e Ao
SO, X N A0 e A w2 R L. HAEr. M
AUBBR AR Tl bR e 32— R
SO, HElEA Sk E . i BBE 7 SR = e s
AR AN T R A0 A 3 2 0 Sy 3 3k TG A R T % T A 7
K, Wk A 3 A 5 T ik W ORI R A AL I
HP T IR SR I S R PR L i AT T S
e SR AE T B T AR R A TR K is 7 2
FH 5 L5y 1 1 0k 5 G 5 T W 32 AR Ak T A 30 v L

Wk H . 2017—03—15 PIgE R H . 2017—06—21

oAb i 1‘1’ SO, W2 B e AE, WiE A F
BHAEEZFIEH CO, 5 SO, £

&F VSA i 42 SO, 4 & o9 &k 4,

XEHS: 1673-3851 (2018) 03-0232-10

B G o T ik T A ) o R OB R W AR | A
WW*H@‘Z%%*UXU‘PL%%L”WW LIk 3] 1 i H

AR P 32 AR I 1A J5E 4 70 114 LB E 195 3 6
#%iﬂ%‘@o U5 I AR T R IR R R R S B
TP B T AR R B R AT A e b A Ca T
FIT R AT A TR B T AR O
BIE VR SETEN SRS W o TR TE A
Y A 5 A R W v L T I B (PSAD 5 L AR R
OrES Ry B L AET Y L SRR B AR L %5
DR REAE AR AR fa] B 0T 15 45 10 B et At 8 PR S5 0 3545
BT Z B R — SN R 2 b A AR
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AR K, & 8 A VLB 42 M B (Metal organic
frameworks, MOFs)/E b — Mg Bl ZFL A Bl 2 3 T
LORTE., ZMRE &8 B T oS A a8 H R GE
HFR A U GG 1 BT 5 A5 AL IRC A G A A B A 4
BT LI A0 K A R AL s ELAT LI = 2 IR 254
MOF's #4 8RB AT %5 5 A9 b 3% 1w BRRFL R R L vl 3
(18 FL 3B 285 460 LA B 2 v 1) ARG P R A 2 A 1 SR
AU H BT IZ 2 OB A R R B S B
Rt AR 2l iy T S T AR R AR
B AR 5. 4R Sk MOFs #1 R 8% )32 0 T
SRR A Y AT W B 5 43 B AR L A CO, A 3REY |
H, Mt A7 .CO,/CHY™ M H, /CO™ 53 8 55 .
A EE H Al R AL A1 RE, MOFs 41 RE B A 08 B4 kL e 4
PEAF e MR S0, Rt A o R i A T IR Y
AT FH G Ak 42 W B 5 0 1 B LR R

B BT 5 A PUEC AR BB AT DU A 4 R
(7 N 1 e e A N O | Bl R A 1
RN 53T W B 4 T 45 4L B AR MOFs M B A2 58
P BB WA B 4 F 7E % 28 MOFs 1 kL A i) i Bt
Sy AT R, Hb d o SRS B S RN 4 D8 A A
MOFs # 80 2,5- 331, 4- X 4 R FC A (2,
5-dioxido-1, 4-benzenedicarboxylate, DOBDC) 1 4
J& B ¥ M" (Co.,Ni, Mg 45) Bt A7 JE 1 i G AL+ Kt
Bl M-DOBDCs %I #1 ¥}, E4ERF Z 0F5E R W,
M-DOBDCs 2 Il #1 &} v i A 1 F1 4 J& A A5 K5 52 i
H [ CHPY P Je COY %5 78 Hovh i 77 i 1k k. HL
AN 4 & AV A5 AR Sy 22 TR A AR R
IR RS B il AR RE T

ARk 1F Z 5 B TR & AN &R
B3 19 MOFs b1 8% B 46 9 W B 55 43 B3 09 5%
Bil4n, Brict %00 F S A R WA & TR T 6
MOFs #EXF SO, .Cl, \NH, 54 FH KRR S
SYEPERE . BFIT A R LW, SO, FER Zn AR
FBY MOF-74 Hgh 5 B & (29 3. 1 mol/kg) fixfE,
SO, £ MOF-74 5y W B = 41 b T HAE BPL AIE
PESR NN T 6 £% 510 SO, 7E & Cu AL AL A 1
MOF-199 (LFk Cu-BTC) H i W fff B 5 H A BPL
UG P e v %) W B AR T . DA A LR A E R
PR AE B A0 4 8 A7 5 9 MOFs 4484 o f%) W% i it
WA T, T HAE MOF-199 £ HE 5 %, %
AR TR SR SO, #EiX 6 flt MOFs #1
B B AT R ST 45 SR R W MOF-74 X 4 18
Sorp SO, BAT e 4y B s R, Hok o MOF-199,
B MOF's #1862 7 10 A 10 F0 4 i 7 i A F) T 48 5

SO, MIEREPE . X0 T AR A4 8 A7 8 7 DL 5E Y
P& oy W2 A i A AU 9RO S SO, 2 8] i A B AR
FH S TS 30 SO, 78 iy W B o %58 K 3 1T 42 /&
TR SO, 15y B MERE . Glover &5 Fi| H g)
BRI T SO, NH, %4 ES AL S A
M4 @ 7 5 M-MOF-74 (M = Zn, Co, Ni D) }
Mg) Z 1 B4 6} v (8 W2 BfE /43 25 47 R, F 58 B, SO,
£ M-MOF-74(M = Zn, Co,Ni U K& Mg) % %Il 1 ¥}
e iR R W B AN K B /MR IRl Mg-MOF-74, Co-
MOF-74, Zn-MOF-74, Ni-MOF-74, H ' £ Mg-
MOF-74 Hif 5 K 3 288 W% B 1. 60 mol/kg. It
Hb I A R S R I AR = T SO, /N,
IRA A M-MOF-74 2506 6 1 2 25 g, DF 5T
4ER KW, Mg-MOF-74 MR & Sk H SO, A #H
B ACR . H ] U, MOFs # R A1 42 8
LA R 5 b R B Ak 0 1 W B 5 o s e

VT ARk Bl A TS LR 1 18 ke 43 R4
H¥E) 2 T WF 58 MOFs A 8F 6 SR 1Y 0 B 5 43
B, B0, Sun 255l Peng %50 SR FH4r T BLHL T
BESE T MOFs 1 £ A1 8L XS (1 8 < SO, Al
NO, HJ53 85 1 BE , BF 58 45 R F B . SO, 78 & R A
& JE ALY Mg-MOF-74 () TAE 25 & e K, Mg-
MOF-74 38 < SO, HAT 80 B8O .
UL Yu SEUO I HE— 2ok B IE W] 5 AR R 2 R
(Grand canonical Monte Carlo, GCMC) JFiEVEME T
MBS Y SO, XF Cu-BTC gk CO, BySm, WFo
R EI R T MIE AP SO, 2/ Cu-BTC
XFCO, /N, i 8EME X & i T SO, 5 Cu-BTC Z
[F1] 79 A AR FH B R T 3

g5 LA, H A a2 a0 e i B A R 2k K Bl
AW S PE Al MOFs A4 0 X6 G Ak 4 1) W B 25
PERE X T MOFs AR T SO, 10 5 5325 1 i
FEAIAUE TR S ME LU 23 7 ROBE 1 3R A5 SO0 % T K
FAEAEFIBLE 640 MOFs # 85 54k # 2 [] (4 46
HAE AL MOFs 484 v W B 47 5 45 n) 8 H
BT . 30 A & R Sk 1 20 T BB R v] LAAT
FOTAE MOFs B4R B A6 9 16 W2 B 5 93 5 1 e, i
Reit — 4 78 MOFs k5 W B 5T 43§ 2 8] (9 A1
AR SRS B K5 MOFs 4R 1 45 7 5 0%
Sy EPEREZ AR e R . LA SCR 4 T 155401
SRART A AN 0 4 T A7 5B 4 JE A LR SRR
JHIE S SO, WM 5 43 B3 ATy, 8 78 42 ) 5 - XF
JHIE S SO, W/ 7 B PR 52, iy MOFs #4
BHE LIS 4R T



234 W B T Kk % % R

2018 4F % 39 %

1 HEEEYIEE

1.1 MOFs MRS R K 4544 1 Bt
1.1.1 MOFs #F R #l

VB A 4/ B T 19 M-DOBDCs(M=Zn.Co.
Ni DL R Mg) 2 91 B4 Rk by W B 551 o 2R 15 45 25 - XF
SO, Wkt o B PERE R M, o, Zn-DOBDC & fix
LB 09 A AR RN 42 @ A7 8 ) M-DOBDCs % 471
Mk, M-DOBDCs % 81 #1 %} B A ALBC 1A 2, 5-— %
1 4aMAE RS W&+ M (Mg, Co,
Ni DA K& Zn) A 42500 8 % 2K M B oA — 4N ih B
MIFLIE Z5H . B3R MOFs BB 7K 25 1 DA 9% [
8 B Bt ¥ % ( Cambridge crystallographic data
centre, CCDO) #k13, B 2 BN FEHEZREE K
i A 25 R B A 7 MOFs 8544, 3 R 40 7 12
J5 X% MOFs bR 25 74 #3847 00 Ak . BAR O Ak i
2N ARALRT S 2 MOFs bk} 5 1A 45 ¥ Bir & i1
AL B AR JE LA MOFs #4818 i i 2 50r I 1 7 B
N, K %E A 1 (Smart minimizer) ¥ 47 BE 18 B
AN, DA TTTAS B R 1 R AR 254
1.1.2 MOFs M B 2585 M

W Bif B 7E MOFs A48 v i1y Wz Bif 47 2 5 MOFs
AR 1) &5 W M I (FL B L E 3R TE B ALAR A D 25 1)
A&, A SCAF 537 M-DOBDCs % 3] MOFs #1 ¥ iy
SERPE BT (FLBR L LR AL AL i) WL 1. A
Fh Al PLE 1 Mg-DOBDC 1 e 2 1 B2 fie K, ik

1718 m*/g.
£ 1 MOFs # Bl &M R
MORSHE AR/ ffj%ﬁgu AL/
Mg-DOBDC 0.69 1718 1.04
Co-DOBDC 0.70 1158 1.03
Ni-DOBDC 0.68 1112 1.01
Zn-DOBDC 0.70 988.0 0.98

L2 FEERES N5 ZH

MK BB T3 7355 W0 R 55 LA B W R S5 735 22 T Y A
AR RE 2 10 Ao A 3 7 AR A S A T B9 Lennard-
Jones (LI AHE A I #5855 o A5 9 & ) 34 g
NFIARAT (4, HL A 4 By 2 8 X n =X (D P

B o 12_ o 6 aq
Vij*4€;j [[7‘]\) Erij\) ]+4807‘ij (1)
;H\:EFIV|J1E%§E¥ 1 ﬂ”ﬁ%] ZIE_'J E]/‘JEE% [XSH] ﬂ] O‘ajéi}’

FREBFEFH L] BRESE L q g R AT 1 Al
BT BT B HE T s e N A R HLH B, R TR R P

Z ) L] A8 S 80K Lorentz-Berthelot (LB) JE
A AL

MOFs # ki 22 5+ 19 L] fE S %50k A
DREIDING" J1 37, {0 & % F DREIDING Jj 37 it
KW B 7, 4 Co, Mg, Ni J5 1. HAEHH 2 %0k A
UFF* J13g. MOFs MR 28 T 19 LI fEH 2
KK 8 713 W38 2, MOFs #1kHrh B 42 4 25950 1 Jit
T B g JE T g Sr R K R A 3 R T
P 53 ik ¥ (Connectivity-based atom contribution,
CBAO) 3k 1%, M-DOBDCs #1 ¥} 41 [8] J& F fir &b /4 34
B[R], H faf AS 6] A 326 M-DOBDCs 4 8} i A [
JAF R AT KOS A R 1 iR, M-
DOBDCs ‘22 45 44 vh 7 ] 28 B J5t 5~ 1) v fap UL 3R 3,
X T B 53 N, Fil CO, 43F, o i Fi L) AH B
VE I BEZ 505k B TraPPE J135.3% 1 54 T
WIEAAR R A R AP 1Y 3E A 6 F SO, 15 . A
SCR L Okolic 19 e B = A 55 1Y L) 45580k 4§
., FEFLE AT LSO, (N, 1 CO, R =74 L)
L ARE BT, L L] A B AE e S B E T i
faf WL 4,

% 2 M-DOBDCs ##lHBEZREFH LI

ERSHRME NS
JR KA e/ky/K ¢/ nm 135 A
C 47.90 0. 347 DREIDING
H 7.64 0. 285 DREIDING
O 48. 20 0.303 DREIDING
Zn 27.70 0. 404 DREIDING
Co 7.05 0. 256 UFF
Mg 55.90 0. 269 UFF
Ni 7.55 0.253 UFF

1 M-DOBDCs # ki AS [a] 25 8 5+ 1 7R 3 ]
HHMFE1I—4RRCREF.5RRHIETF.6—8FmORTF,
9 RGBT (M),
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% 3 M-DOBDCs #1# 1 A [E] K B 7 F By R 74

MOF's #4 ¥} 1 5 3 1 E%fﬁ 2 6 7 8 9
e O e e S SO S
coome S TGT NS To o o @
woowe Y’ TG NS T T @ o o
zooie %00 TG NS T T o @ o cw

x4 SO,.N, #n1 CO, LUHHEEH

BEE S BN R F R
Hiliy (A e/ky/K o/nm q/e

SO, S 146.0 0.362 0.471
O 57.4 0.301 —0.235
N, N 36.0 0.331 —0.482

com — — 0. 964

CO, C 27.0 0. 280 0. 700
O 79.0 0. 305 —0.350

1.3 B4y
AR Y B TE W 52 45 R B 5 R R B 5 AN
A4 8 A7 A5 B9 M-DOBDCs 2 51 81 B X% SO, 1
BE5 2 B AT N R G Mso, + My, ¢+ Meo, W8 R
0.002 : 0,848 * 0.150, 5 Tl H B —2, Bl
AR IR E N 313 K, WIS SO, 438
it R H A5 AR R B (Vacuum pressure swing
adsorption, VSA) . 7£ VSA 3 B2 W fft & 714 1. 0 bar,
JRBFFE 7R 0.1 bar, LJ A B E 0 #8072 124
128 nm, Bl & F R K K Tk am 2 £5.
X TR — AR L. GOMC B B K E R 1X
10° 3RS, FRis 47 1 X 10° #1745 R 514t
B B, S TG S A AR 48 5 1 1 M-
DOBDCs %% MOF #4BFXHHIE S SO, 1Y 53 85 7
BE T O T AL A REXTHR &S SO, 1 HH X 32E £5
PE R B % R BOE LT
:x“/xb
ya/yb
P, Ay, 430 R I a A W B AR RN AR AR AR P Y
BEIR 8. TAEA i (Working capacity , W) & 1E 44
SREPERE ) — N EE S O T I MOR 4 R
B8 ) M-DOBDCs Z 41 AL X600 1 S SO, 1943
BITERE TS T VSA iR AL A R SO, T
YERHE (Wso, ) s FIEUA R IR A FRR
W so, = Nisozte — Nigods (3
s Noges 1 Nisoges 70 531 S W52 B 7 3 008 B

(2)

a/b

IRA 51 SO, 78 DOBDCs Z 4144 K} v i g i &, 24
{24 mol/kg.,

W 5 A R L2 S e R S5 R PR I 70 % VR e S5 5 i
B I 22 160 B4 AR LA P A 5 55 L ZE RS RS R v et T
W B 38 CQu ) » MR B A 1) B2 G 1 =X =X () Jr 7w
(VN)—<(V)(N)

(N?y—(N)?

LV RRER RN EHGE. N BRFER R P B
(5> T80 RIS RN R RETF .,

2 HR5WH

2.1 &EETXF SO, Wb fE 15 i

B R 4 TR BT X SO, W B BE 1 52 i, 455401
T 313 K i} SO, 43 F 7 M-DOBDCs(M = Zn, Co,
Ni DL Rz Mg) b4 ) v (1% W B 45 U 46, 45 2R an &1 2 B
e DN 2 R R] R B W B A IR 4R b R — 2
SO, # M-DOBDCs 1 1t W Fff 52 Fifi 25 & 3 (%) 36 hn s
SEIVHIE N, SR 5 B AR BT . 24K /N TF0. 1 bar
B, SO, 76 R 4 J& B F 1 M-DOBDCs F 41| #4 %}
{18 W BRI AR Z] /MK YK R Zn-DOBDC ., Ni-DOBDC
Co-DOBDC,Mg-DOBDC, ixX 1] & & I A K & T Zn-
DOBDC 5 SO, 2 [8] A B AE B R 2 .

Q.=RT— €]

30

"g 251

e

- 20}

Ey

Q,; 15F

ol —o— Mg-DOBDC

= —0—Co-DOBDC

% 5 —&— Ni-DOBDC

P —¥—Zn-DOBDC
0 1 1 1 1 ]
0 20 40 60 80 100

JE J1/kPa

Kl 2 313 K B} SO, AR 48 B 11 M-DOBDCs
ZAN R L H G W B S IR R
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W B FR /N RS LA e Wz BRF J5 55 W2 B 50 1] AH B AR
FH B 5555, Ry 1 48 7% W B J5T 5 8% A 50 B0 AR ELAE D B2
7T 313 K MK JE F SO, £ DOBDCs % 31 #1 ¥
PR 2 6 A, I 592 RS T R R Bk A A DG B L 25 SR A
K3 s . M3 dml &3, 76 8K J1 it SO, 78
M-DOBDCs F 41| #4 6} v (1) W B 3 il 5 H A % 61
rY I WA T A 1 85 T £ M G R 1 e L I B R I
I FE K« Zn-DOBDC, Ni-DOBDC, Co-DOBDC, Mg-
DOBDC, 3 H SO, & Zn-DOBDC ity W [ #4 75 ik
40 kJ/mol, X & H Zn" 5 DOBDC B4R 1,4~
X} 2 R AR B - O A B TR B e R R (Zn
Ni' (Co" \Mg" 5 I i & e AR & + I f7 B JB B Y
“Se 7oyl 153, 5°,133. 2°,126. 4°F1 91. 7°) . A
I B4 FF VAT SO, #2358 Zn AMAIN S, %
W B A b e B 5 1 20 T s R R AR A A —
LA SO, 40T 5 MOFs #KF 2 18] /Y A1 1 AE H #
T W B HGER K , FEAE MOFs A% 110 18 B2 e

Zn-DOBDC

LY 08

Co-DOBDC
i Mg-DOBDC . . .
32 34 36 38 40 42
MR A (kT - mol™)

SO M [ /(5> T4 -

&~

K 3 313 K 2 0.05 bar Bf SO, 7£ M-DOBDCs
Ak v A R B A5 I R T 1) O 2R

& E T SO, 78 M-DOBDCs #1 ¥} Hv (16 15 Fff £ 42
AT VRLRT TR RN B Y 25 5 £ B MOFs #ORH 2544
PR (R T AU FLIABO A 5C, 313 K M 1. 0 bar A
SO, £ M-DOBDCs #1 ¥}t 1) W B 5t 5 2% 26 b4 Rl 45
PP 5T C LG 2 T BRI AL AR BO Z B B 6 & il 4 B
N MW 4 RHEEB LSO, £ M-DOBDCs # ¥} Y
W o Bt 5 2% 28 ek 1) B 3% T B B LA R S e 1
i, B M-DOBDCs 1 } 1 Fr 2 T B A | L AR B
1515 SO, 78 % 0 B BE B AT
2.2 &JEE X ME AT SO, 2 P RE R SR

MOF's B4R W 28 500 09 0 B P B8 4, 38 5
BRI B R, NIEAE M-DOBDCs % 41| #4
BEXTHAE S SO, 4 B PEfE . 878 & 8 B 1 X5 40 3
PERERO S, S SCiHE T 313 K M2 0. 1 bar B |3k
HARF 4R E T 1 MOFs # 8 x4 41 18 < rp SO, 1
X EREE R B R WA 5 Fin., KNS TR E

Mg-DOBDC

)
[\e]
N
T

Co-DOBDC

[ |
Ni-DOBDC

SO ML /(53T %

Zn-DOBDC . . .
45 50 55 60 65
He R R (nm® - S
(2)M-DOBDCsHIFH Ll A& 111 B 555 O, Bt 22 9 5 2% h 2%

28 Mg-DOBDC

26

- fHE)

24 Co-DOBDC
=

22F

SO /(5 %

20} Ni-DOBDC

Zrll-DOB[I)C ) ) ) )

2.2 I 2.3 I 2.4 ‘ 2.5 . 2.6 . 2.7 I 2.8
FUAERY (nm® - SHT)

(b)M-DOBDCsH AL 5SSO, W% fit A % R h 2%

18

Bl 4 313 K & 1.0 bar B AR [A] 4 )& 5 F 19 M-DOBDCs
BRI SR VE TR 5 SO, W A 56 2 i 28

L. M-DOBDCs &5 £1 8% SO, A W B it 84 K
F/ME R N : Zn-DOBDC, Ni-DOBDC, Co-DOBDC ,
Mg-DOBDC, H 1 Zn-DOBDC %I 4 i < H SO, 1Y
ST BT R , A BRI R AL 39. 3. SO, TE
M-DOBDCs 1 i) W fi 47 24 52 M i < rf CO, & N,
2H A3 14 5 W, 33 T 52 i M-DOBDCs # 8E%F SO, %
FM. M-DOBDCs Z 58 ¥ X SO, 43 B 14 6E 1Y 22
SEEREHTWE P N,.CO, 5 SO, 171 354
JT 8N, F1 CO, AR 42 & B 7 19 M-DOBDCs #4
BE AT AT

40
35F
30F

MOF

ii*%'rissozmﬁcoz

Mg-DOBDC Co-DOBDC Ni-DOBDC Zn-DOBDC
MOFs
5 313 K & 0.1 bar T, A4 JEE ¥ M-DOBDCs
AREXT HE S SO, R
(MSUZ : 1\/1\2 : M(‘<)2 =0.002: 0.848 : 0.150)
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R AN ) 42 J@ B IR IE S SO, 4y
REMW 520 , A SO i — 20 G2 1 ME b SO, N,
1 CO, &4 4> 16 M-DOBDCs #1 %} 1 W ff 5, 2%
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Molecular simulation study on adsorption and separation of SQO; in

flue gas by metal organic frameworks with unsaturated metal sites
WEI Qiuyun' » SHEN Chongbin'* » KONG Zhe' . ZHANG Li'
(1. School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Hangzhou Middle School Affiliated to Beijing Normal University, Hangzhou 310002, China;
3. College of Materials &. Environmental Engineering, Hangzhou Dianzi University, Hangzhou 310018, China)

Abstract: Metal Organic Frameworks (MOFs) is considered as the most promising material for
absorbing and separating sulfide compounds for its advantages of high specific surface area and porosity,
adjustable pore size, and good thermodynamics and chemical stability. In this paper, molecular simulation
method was employed to study the adsorption and separation of SO, by MOFs with unsaturated metal sites,
to reveal the factors influencing the adsorption/separation properties. The research results suggest that, in
case of low pressure, the SO, absorption property of MOFs depends on the interaction between SO, and
MOFs, and great interaction between SO, and MOFs means high absorption property; in case of high
pressure, the SO,adsorption property of MOFs is decided by specific surface area and pore volume. The
larger the angle between metal ion and organic ligands is, the larger the probability that the SO, in flue gas
contacts the unsaturated metal sites of M-DOBDCs (M-DOBDCs refer to cellular materials formed by metal
ions of M" (Co, Ni, Mg, etc.)and 2, 5-dioxido-1,4-benzenedicarboxylate (DOBDC) by means of ligand
coordination) is, the greater the interaction between M-DOBDCs and SO, in flue gas is, and the better M-
DOBDC performs in separating SO, in flue gas. The M-DOBDCs containing different metal ions are of
similar property of absorbing N, in flue gas, and the difference of M-DOBDCs containing different metal
ions in the property of separating flue gas is mainly caused by the difference between CO, and SO, in
competitive effect in M-DOBDCs. Zn-DOBDC is a good candidate for separating SO, from flue gas in VSA
process.

Key words: metal organic frameworks; flue gas; adsorption/separation; molecular simulation
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167.33,143. 21, 143. 16, 140. 63, 140. 42, 139. 87,
139.73,126.70,119. 89,39. 893 IR(KBr)v(em ') ;
3306,3103,3067,1665,1522,1205, & W JZ b )7 &

cH,
NaHCO
e Ayt —Oson i e Ay C)son
o ' 0

k>

4

1.2.2 PVDF-g-PMABSA £ 8914 1%

B 20.00 g PVDF B3 F 100 mL10 % (Ji = 43
O KOH E® T, F 60 C FHEHE X 10 min,
PVDF #y i 1 728 40k 8, Kl ik /5 19 PVDF
K 25 8 F oK sh e BoK 7 120 “CHER TR & .
HU6.00 g Bl AL AL PR PVDF 16 70 °C N A it 16
72 mIL Ay F B e (DMF) v, @ 7 i 2 =8 %
WAV A 6. 00 ¢ MABSA Fl 295. 2 mg AIBN
WA R T N, AP 12 h, 5%
ER RSO i & W RE AT A, O R R oK R
24 Wb 2% A 7= 4 v B A 1 R0 L LA B 3 R, D
A 3k1% PVDF-g-PMABSA 3R, &HJ5¥ L RY 1
80 ‘CHZS T 12 h. 457 6. 90 g, WK 57.50% ,
RN 13.04% . A R E (D s,

H ] H
Cz 5 KOH /!/C\ 4’*
O MTE e i g
) F
O

(PVDF)

AIBN
WA A

CH Im 70 C
CH,

(MABS)
0

ch—é—<
?|‘ N~®—503H
F H

(PVDF-g-PMABS)

SO,H

Kl 1 PVDF-g-PMABSA 14 i %4k

1.2.3 PVDF/PVDF-g-PMABSA & & %1 4

FRAE B A R IR 1 HR 1 i L
¥ PVDF-g-PMABSA % fi# 2| DMAC ., 1§ i
PVDF #i,F 60 °C N m# I+ 24 h, 15 38— &
HH 1) B R 5 IR T 20 °C 19 L 25 T A b i L
W, JEE A TR TR EE R ) R B, 345 i
HHBR IR E PET Lgifi L fE=S K ARE LR
30 s Ja IR KB Kb B A 1) T 5 B 1
KL 24 h KERITAEER R, Hl& R E
H (25 £ 1) °CL KRB (30 £ 1) °C, AH X I8 B
5% R FEZ A 150 pm,

=1 HBEGRAK

iitﬁ WI’\"I)F/% Wl).\/l,/\(‘ / % WI’\"I)}—'—gn\/I/\liliS/\(m DMAC) /%

Mo 15.0 85 0
M1 14.5 85 0.5
M2 13.5 85 1.5
M3 12.5 85 2.5
M4 11.5 85 3.5

1.2.4 BSA %W H
SR RIFREE 0.25 g BERR A 1. 25 g B A
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TR, F 1000 mL F B K AR R A R A pH (.
24 7.4 B9 PBS 2 WhE W, AR A AR 1,00 g B BSA
W RAE P R 1.0 g/ L BUATEDRC

2 WiXERIE

2.1 HEHERITHE
BERRGD)IHEARM T,
Dt 100 (1)

GD/ % ="

Hrp:m, K4 PVDF B it &, g; m; 4 PVDF-g-
PMABSA ) fitt . g.
2.2 FLBRRFNSF- ) FLAR I

LB AR T B A E B3 em X3 em |
FRAE (M M M, M AT ML) L 43 531 R o i 4 3
Gy ) T Gny) s M SR A R W (251D °C L
LR O HEAKX T .

_ (mlfmz)/pw
Gny—m,) /p,t+ms/p,

Horre IREALBR, Yo im, MR E &, gsm, N T
Hit. g0, BOUKIE o, RE GEME 0, 1Y
M5 PVDF B2 AHIL (1. 765 g/cem®) , BESF- 4440
B EARYE Guerout-Elford-Ferry Jy #2155
_ [(2.9—1.75e) X8yL Vi
T e XAXAP
Horproe JEMERYFLBR A, 26 5 e S /K BURG BE (8. 9 X 10
Pa+ s,20 C);L B EE, m; ] 2B EHEE,
L/(m’ « h); AP JZad P8 5250 (454 77 (0. 1 MPa)
2.3 PVDF/PVDE-g-PMABSA & & 7K 42 fih £ 03
AR 256 5% FH 5 3% 75 (Sessile drop method) i 4
HR 3R TR 1Y) SR K A2 A s ELAR SR B0 3 B AN T B 1 Al
FEZEME KPR 30 min, HAAWR TIFE T 50 C
FLAS TR LA R TR 3 ho B TR AT B R
XSUTET B 66 W 7E R 6 R b, BRI P I R 2 T IR i — %
afi /K, Fo o — B A, B 42 il AR A (JC-20000)
HOEIK A . TERESKIE R RS 3R 5 AR ] S E SR
KA BOFEE . MRS =R 25ED C.
2.4 PVDF/PVDF-g-PMABSA & & 4K B3
i B F BSA B R R
o PP AR R AE S50 & A AL IR A
PeE LAATIY R B A AT IR AU 23,6 em’
I 38 HE T, ESGAE 0.2 MPa R HiJE 30 min, 5 3
BOMRRE MRS, AR5 E 0.1 MPa FiEA73,
5 min ok — B EW MW E & B 2000 E
JERM 1 g/L (9 BSA WEWAE ik u8 g . 2o A8 A

(2

€

3

NUREN 3 L R R B WA W) 73w S 110 0y | i -0 N W
JERETHAE 280 nm TN A i U8 HT S 9 BSA MR L I
B R AR R

. Avl

I=NA (4)

0/ — C-'H -

Ry/%=|1—=% X100 (5)
Ci

ali 7K R R MR R, L/ (m e b
Av NBBEIKEFL Ly A IR R R Ar Sk 15 5]
Av BB B KT R E]  hy Ry 8B %, %05 Cy,
HCo 430 s W i th B . g/ L
2.5 PVDF/PVDF-g-PMABSA & & & ATs

Pk R L
2.5.1 DBSA #2505

B5 B3 emX3 em MR (M, .M, , M, ,M; Fll
MOVERFES K HE T 15 mL 0.5 g/L B9 BSA %
W ,25 CTH#E 24 h & &R - BSA FH 7T
MEkA R, HEAXR T,
Qz(Co —é:) XV
Hr.Q MR FEAS FHERE pg/cm’;C H
BSA BRI W EE . pg/ L C 2 BSA W # E Ri2
W24 h JE B E , pg/L;V o BSA IE R AR F, L
S MHBERBERTA,cm’,
2.5.2 BSA BhZ5 0% FHL %

BLE 1 g/L (Y BSA W, 765 ik D8 PP A e
W W 258 T KR BSA IR AR it JE W . 0
JEE 3k % BSA 38 i DL Xt pE T e ik, T, R
fali K&, ], NI BSA WG, T, NGtk
JIvhvk JE W A2 L BERH O E 5 AR R R T e
A R L g aE T, ] N AR .

7= Ap _AP
" L(R, R, TR, uR.

Hrp R, HBETG B m™ s R, R ZEAKEH T
m R, NBRE BT, m R Dy R B
m ', PEBREAKE R T, T R =R, =0, A5
(DA 13

(6)

D

AP
Jo*ﬂRm (8)

I B o U BSA VG B T+ ph AR (7 AT
i op 9

" (R, TR, TR
e 2t ik BSA 15 44 J5 , 125 8 7K mf gk 30 min
Ja gk T, AR (D145,

B AP
Jz—#7<Rr+ch) Q)]
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fﬁiﬁ(8)**(10),ﬁllimh,]J,]zE@WMﬁiﬁiﬁTﬁzw
Rr ’Rm 7ch ’FRRO FRR£+%:/A\ﬁﬁnF:

FRR/%:%xmo (11D
2.6 PVDE/PVDF-g-PMABSA & & 32 1H Zeta
EER AR

52 G HR3R 1D A FEL R X BB AR TS e B T A AR K
SN, A S B R ] SurPASS [ & % 1 Zeta H1 7 43
B Ak FAE N5 2 18 A 3 3 L A2, 4 1 em X 2 em AT
AN IR R A AT R ) A R T A 2
[B] A ] BRAE 0. 10~0. 15 mm 8 [F P9, M3k 72 v i
AT EE S 0,001 mol /L 1y S AL 81 L fi B 9 pH
(B, AN IR pH AR B H i 5T i R 58 35 T Y 3 3l
{ii{d . #3d Helmholtz-Smoluchowski J5 #£-% i1 &
HR R R Zeta AL C1H.

&= Ap ssoK

H: AU BRI S AL 2,V AP S B3R 52
bRE 25, Pase, 25 IR MR A F/mse L i
SRR T HLH RO 50 Ay HEL MR RV T PR S 3%
S/m,
2.7 HEHRAE

I A8 ST A 46 21 41 5 % (FTIR) Rl % 2L
AiECH NMR) Xt 3L R #) PVDF-g-PMABSA 4514
HEATRAL . 38 i X-5F 2% L T g il (XPS) B 50
FETE b2 2B 43 T R (SEMD L ok IF 5 i
R ril 119 3R 18T B DB 1T TR 50

3 #HRS5WiE

3.1 PVDF-g-PMABSA L5914 £ 4E
3.1.1  £rAbiE

K H 414 6 3% X X PVDF, & fk PVDF Hil
PVDF-g-PMABSA #4741 4N & 43 #7 . % %€ PVDF
I TE R HT G HAL A S5 1 A2 4k, s B a5 SR an ] 2
Jizm. M 2 Al LA H, PVDF 8 8 5 6l £k 4b 28
JEAE 1633 em P 2847 em U R BT A 4 AF
W ST BT %) AR A U 3 531) Sy Al At RS K AN T R Al
HER MR IR SN E L B AR S Y R R R 2 S R
KRB R RS AE 1517 em A1 1645 em P4 HY IR
BT I AR AE W ST G i) A R B R SR B i 4 iR Bl 0
ATk i i A v 0 i 1 of 445 I sl 00 L Iy T
SRl A PVDF B oK 48 6 b 4b 38 5 A7 XCEE A B
50k kA AR IR S B B B 4% BB PVDF
FHE L

12

PVDF

PVDE(IL) 5 g47

PVDF-g-PMABSA 1650

1517
35IOO I 30IOO I 25IOO I 2000 I 15I00 I 1000
HEL /fem™
B2 HCHERTS PVDE KoK i 4050 S i 3 L [

3.1.2  BRmEILIRE K 3B

3 43514 PVDF #13t % %) PVDF-g-PMABSA
' H NMR,PVDF 4 F 8 77 76 “ 3k 3k 45 &7 (hh) 1
“SLEEA7ho IR 4, L TE 6 2. 24 A1 2. 90
A3 BE ht A1 hh (9 BT RE AR 06, K I BT 06 S 3
76 8 3.3, 1F PVDF-g-PMABSA 3t 5% ¥y (1 i £&
o AR ERWIFE § 1. 23,1.90,7. 50 Fl 7. 90 43 ) B
DU B REAE IR, 43 ) PMABS i HE G 7 Y 3
IR EBTF R R AR I SR B MABS 1) 45 4% #
PVDF I,

H, .
#* BN
CH 1m

hh—>
b CH, S
| P _
H;C—C—< d ¢ HO ht
a o= Ny SOH
F H b a
d ¢ Ju
PVDF-g-PMABSA J

J

10 8 6 4 2
W /em™

3 PVDF 45 PVDF-g-PMABSA )4 i & 3%
3.2 FRERIH ) A fal A 43 A

B 1) 53 L 7K P L 422 5 il B ) 40 7K 5 ek RN T G
PEgE. PVDF 5 PVDF/PVDF-g¢-PMABSA & &
S 2 25 4 fh A 23 S0 N PR 4 B % DT S SR S A 4
FE M A 4> W A 83. 51°. 76. 26°, 73. 89°, 72. 19°,
65. 36, bifi & e T AT vy kSR 1 Sk A 1 0 422 fh AR AE
P /0N 10 SR T Y SRR PR AE S B, &0 180 s S s
JIEH fih £ 43 901 R 68, 72°.,65. 41°,59. 59°, 54, 06°,
52.10°, R 4351 M 17. 69 % .15, 20%,19. 40%

ok
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25.11%.21. 65 % . 0] LA H 7R S 1) 10 b 80 SR 2 A .
TR X 4l K (433 35 BE T A Y 5 -
851 -10}
> L
80 g —20}
75} ) I
e ?; -30F
g 70 F [3 |
& o5r -40r
X 60F = Mo —_50}F
E{ 55t - M1 1 1
— M2 3 4 5 6 7 8 9
50F —*M3 pHIE
45 r’._ll\/[f‘l PR IR SRR NP BRI R SR S |
0 20 40 60 80 100 120 140160 180200 B 5 AIE pH EAA/F T RN Zeta HAZ

B T)/s

Pl 4 TG R B K 43 fh T P 1] 14 725
3.3 FRER T far HL PR 43 BT

B 5 B8 & PVDF ., PVDF/PVDF-g-
PMABSA iR BE7E A [F pH H A F T #Y zeta HLAL
H. WNEHB A LLE M, pH (A1 3~9 {EHN . PVDF
A PVDF/PVDEF-g-PMABSA 4 45 JIf 2 i #5747 11
Hi R M B A pH (E 93 i, i b 1Y
58, PVDF 3 1 fif fu Al 9 J5 2 B ol KCL i
W Cl™ 7€ PVDF 8 3% i 04 W B, 52 4 B r 4 4
5eR 14 D DAL R PRI Ay R T A7 DA P i 1 B AT, IR THT
R 70 FL Ay B AR B P B 7 e M R BT L R A il R AR
R 2% K HE A5 KA FTE BOKAR)Z S 0 8 10 4 AR
T A4 W B S DT B8 8 1 FEX BT 2R P 5T ek RE .

Fls

Cls
Ols

1000 900 800 700 600 500 400 300 200
4 heleV

()R AE(MO)AIXP S 5 i
Fls

Cls

Ols
MH Nls

1000 900 800 700 600 500 400 300 200
Zifriig/eV

(O)E A BEM1)BYXPS M i

3.4 JEFRTEALAE A NS HT
6 43 A R A R XPS 2B 1. A
Kl 6Ca) FE 6(c) ) XPS 423 Hh & B, M1 £ 400 eV
WL N TR S, RUE SR EALRYY
TEAE . J3 W% Mo Fi M1 #E4T C 1s B 73 W 40 B, 7
290. 60,286. 30 eV il 284. 81 eV I =MZ 505, 435
XpRi—CH,—,—CF,— I & C—H, Ml 7£ 287.40 eV
B — AN BT A 5 e (UL RT 6 (D) S X 1 19 B RE AT
H—N—C=0 "V, X EM PR A — & & PVDF-
g-PMABSA BU/EFIAFAE, K 4 AIHI—CE,— & & i
JEUE 33.05% R 21.43%,C—H & 24, 18%4%
KE]28.64% . XJEH T HHMEREG R KE, T
HFHE L CF,— b, U C—H & &30, X
HK 1 R REWE A —2 .,

-CF- —CH,- C-H

292 290 288 286 284 282
4 heleV

(b)JFRIE(MO) BIC 1si &

-CH,/C-H
\

292 290 288 286 284 282
2B REeV

(DEABEMDBCIsit

Bl 6 JEIE(MO) A1 E A B (M1) XPS 3% &
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F2 BRRELFAHRK
KW ICE MM &/ % T Ak 24 4 BT B /%
JEAE i
C N 0] F CH,/C—N CF, C—H N—C=0
Mo 57.00 — — 43.00 42.77 33.05 24.18 —
M1 57. 80 4.22 9.30 28. 22 39.70 21.43 28. 64 10. 23

3.4 BEEE RS

& 7 435k PVDF A1 PVDE/PVDF-g- PMABSA
A2 45 TS R W T D 3% T O 25 F SEML BB -, PVDE
HEE TN A 5 TS T T 940 % 00 % L A X PR 5 4 Pl 3K
B E R Z LA RILEE A . PVDF L # 5
HAamAR s, BRI, )2 T DR IRLES
¥ BA R R, R LA 2 ALK,
B2 IR AL R AL % 3 M A, )2 T A 4
P B F . 3X 2 T W OE R 5 9 PVDF-g-PMABSA
FRFEAE S IR T 3% 700 -3E 1 700 10 28 46, kAR Ik B - TR
FHAT BT B R AL &5 F 5 b Ah & A B D S
RALEEH Z KA BR sk @ BN, BE R
AT PVDF-g-PMABSA & & (1% 34, 3 K 4L
ot , F WAL AR A, X 53R 2 v 2 ik e
1319 25 BRI Y LA B — B

B 7 R (M) F1E A (M2, M4) 2 1 F1 ;1] SEM 18 J

3.5 PVDF-g-PMABSA %t & & B4 75 Yy M RE 52 i
PVDF/PVDF-g-PMABSA & 4 Jlii BSA #

HF PVDE/PVDF-g-PMABSA & 4 JIt 2 ifi 17
FE2E KR PMABSCULE 6) . 5 S0 35 K M 36
Py S TP W A ] I S 3 3k s el = W L
Bl 8y JE R 5 52 A I 1) e 25 WL BFF S 50 &5 SR BT,
B8 ] LU R AE BSA Wl h R 24 h e,
FE 0 W BF A 40, 00 pg/em® s M1EY I B RS
14. 33 pg/cm”, ffi #F 3L IR B h PVDF-g-PMABSA
R A BE T, 3R R B D T R (M I I R
3.33 pg/ecm’),

3.5.1

I
S

30

20

BSAWEZHE/(pg + em™)

K8 R A Y BSA A W bt

PVDF-g-PMABSA %} PVDF Ji§ 7k 1 Al
R R A

PVDF [l fl PVDE/PVDF-g-PMABSA & 4 i
4li7K 3 A BSA B R ANE 9 B, TR (1) 4l 7K il
O 63.37 L/(m” « h), bifi 3 45 M5 b JG R ) ok
(R 38 10, 2 7K 3 328 T 3 K, M4 ) 2 7K B 2 K #)
136.65 L/(m” « h), {HZ 5B G B BSA 1y
BB AL A KL HEHRAE 97, 00% F] 98. 00% 2 ]
(W3 2), gliK & 13 K5 & G B S8 K o as
B R A G, — 5 T B A T 2 P R R B iR ISR T
1 2% K P 4 v B TDIE BUK AR 2 AR iE 7K 43 7 1Y
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3, Gy — Ty T RS 0 AL B R B 1 69. 69 00 BE R
2 M4 Z AW 84. 99 % (UL 3) . A FL B 38 K
R A K 5335 3o IS0 BEL D 00N, X5 ERE ) 35
BER B FR ), P L G BRI 2l K T 3 A
Ko BEXF BSA B 348 0 K J IR R Ol BUAR
I () - 2 FLARAE 0. 02~0. 03 pm 22 [7] HL 2 W34 K
HR 5 6 R T R M Bk B 5 (UL BT 5) , X BSA
R HE T 70 0 ok b A0 AT R b T FLAR 1 KA K 1)
R R AR N R

140

~ 120F

=

“1o0f S
E v N

T80t i 7 ER
- :
S ol i 4 f§
i )
2 40t ] 2
¥ /

& ol ;

0 7
MO M1 M2 M3 M4
i
B9 AR RE B A K 5 BSA B R
3 EES5S8EREESHT
" Jo/ Ji/
R Frr/% Rg/% /% Rw/nm
(Lem?«<h D(Lem?«hb

Mo 63. 37 23.14 38.67 97.70 69.69 22.91
M1 77.14 48. 24 72.03 98.29 80.69 23.73
M2 93.24 77.31 90.72 97.41 81.42 25.80
M3 110.51 87.73 96.98 98.01 83.56 27.43
M4 136. 34 98. 69 95.27 98.60 84.99 29.94

x4 BEHEILIRENSH

WH R./R/% Ry/R/%  RJ/R/% R/ X10"/m™'

Mo 38.68 4.52 61.32 16. 50
M1 62.19 13.38 24.43 8. 40
M2 79. 66 12.19 8. 14 5.23
M3 79. 40 18.13 2.47 4. 61
M4 72.21 24. 20 3.59 4.09

3.5.2 PVDF/PVDF-g-PMABSA

A T 0 R i A O 7776 . PVDF-g-PMABSA A
FEMER A Y (3K PMABS H#ik PVDF), PVDF
FHEEM LR Y S PVDF 8 5 45 IR , M 3 K P 1
PMABS Bzl # 3] 5 3% 1 . {1 I 3% 10 52 25 7K 1k HLfar 71
HL, BCPE PVDFE JBE Y 43 25 FlAR 1 BT 75 44 P AR 3 2o 1
PR AL DRI 5286 . (8] 10 45 T PVDF IR [
JFif8 L9 PVDE/PVDE-g-PMABSA(0. 50 % .1. 50% .
2.50 %1 3.50%0) & A W5 7 8 i 19 AL 1E L. Y
LR YA IR 3. 50 Yo, 4li/K i & & PVDF i
(1 2.5 f%. It 3R 4 B3 A L uE BH 7 4 B wr
PVDF JEREEBH 77 (R, TS G4 BH 7 (RO 43 51 2 A8
R 7719 38. 68 % A1 61. 32 % . 75 Y i & PVDF i
gl K BN B R B R R A R R
BH F7 43 500 R BB ST Y 24. 43 % .8, 64 % .2. 47 % Fl
3.59% (UL 4) , FHA Hoali /Kl & 1Y F f A 2 BSA
T R 3% T 1Y W B B A FE R AL N, EE R R T
UEDFE WP B M 22 i AR B O S 3. A T AR
BT TS e Pk RE L X BE S R S Y Al K GE i (L) #E AT
Wik, PVDF [ 5 52 & B8 % 22 7 A1 20 0K ),
YK RS0 R 34.37% .68, 47% .94, 43% .97.
82 Y0 1 85. 54 % (L& 3) , IR 25 SR p v i &2 &
JEAR X T PVDF B H A 1R 4 (19 Bt 25 5 W BE R0 45 i
fR S K M 2liK 38 i IR 28 & T PVDFE B, W B #E i
e S B A FU NI ¥/ A RT- i

140-»|T‘W>
120:"'7"\

80+

5 A BSA 3

[
S

60

K@ E/(L - m™ - h™)

40}
20}

1 1 1 1 ]
0 50 100 150 200 250 300
B [8)/min

V10 RIS A5 I 015 3 3 A 1) 19 22 1k
4 &£ ®

ASCH, — Bl 2R 2R G W) PVDF-g-PMABSA
W R RS S A B HLZL A T S R
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HHREH AR R A S RIFITRED . DEEY
PVDF-g-PMABSA 1 24 % i 51, 5% H 3518 B AR b
PVDF B A7 sk Pk . il 4 e B Ao B H 2R K PVDE/
PVDF-g-PMABSA & & M. %% & B LI PVDF b
5y F E 455, PMABSA 1E Ry 26K 43 Rl H ¥ 5153 4
TEAEBEEmMIE S, RO P HERS T
PVDF 5% B /5 19 PVDE H A R 47 1Y A
Bk AT RORE T 2 G I A D S B Gs Ay ook R h, 2R 2R
W RURH 25 1 25 W R B T O 2 . N SEM 25 2R 0T F
PVDF/PVDF-g-PMABSA & & i % fi 2 L. WA
KAL I FLAFFEFRE R L S A5 2 FIAE T B0 1) 1 26 4R I
2. Il A Zeta WAL B0, B A R A
R S5 K R R i . 4 R G ¥ PVDF-g-
PMABSA #ANH A 3. 50 % i, H i 7K i & ply Ji e 14
63.37 L/(m® « WIEANF] 136. 65 L/(m® « h), i@ &K
SR R 34. 37 oG %) 85. 54 %, sE K MR
15 Y P B AR R R 3
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Preparation of PVDF/PVDF-g-PMABSA composite membranes
with electrical charge and hydrophilicity and

study on its protein fouling resistance
SHI Xingxing » CHEN Fengtao, CHEN Xiaobing s ZHU Jintao
(School of Sciences,Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Amphiphilic copolymer PVDF-g-PMABSA was prepared by means of radical polymerization
with P-methylacrylamide benzenesulfonic acid (MABSA) as hydrophilic monomer, alkalized polyvinylidene
fluoride (PVDF) as hydrophobic skeleton, and azodiisobutyronitrile (AIBN) as initiator, and PVDF/
PVDF-g-PMABSA composite membrane was synthesized with the method of non-solvent phase
transformation (NIPS) with PVDF-g-PMABSA as additive and with blending modification technology.
The analysis results of infrared spectroscopy (FTIR) and H-NMR indicate that PMABS has been
successfully grafted to PVDF backbone. The surface texture and properties of the composite membrane
were represented with a series of determination technologies, including X electron spectroscopy (XPS),
surface contact angle (CA), Zeta potentiostat, and scanning electron microscope (SEM). Meanwhile, the
efficiency of the composite membrane of separating bovine serum albumin (BSA) solution and its fouling
resistance were studied. The results suggest that by adding 3. 5% PVDF-g-PMABSA, the pure water flux
of the composite membrane is increased from 63. 37 L/(m? « h) to 136. 65 L/(m” * h), and the flux
recovery is increased from 34.37% to 85.54%.

Key words: P-methylacrylamide benzenesulfonic acid; PVDF membrane; antifouling modification;

amphiphilic copolymer
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Preparation of core-shell catalyst Fe;0, @PDA-Cu( II ) and

study on its catalytic degradation of methyl orange
JIANG Yinzhi s YUAN Huiqiang » LI Jing» WANG Tianqi
(Chemistry Department, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to dispose dye wastewater effectively and economically, the core-shell catalyst,
Fe; O, @PDA-Cu*" was prepared by taking ferroferric oxide, dopamine and copper ammonia acetate as raw
materials. The catalyst was characterized by Fourier transform infrared spectroscopy., solid diffuse
reflection spectra, X-ray photoelectron spectroscopy. and X ray diffraction spectrum. The influence of
temperature, hydrogen peroxide dosage, catalyst dosage and electrolyte on methyl orange degradation by
the catalyst was investigated. Meanwhile, degradation kinetics process was studied with different dosage
of methyl orange. The COD of degradation liquid and degradation product were determined and analyzed by
potassium permanganate method and HPLC (high performance liquid chromatography). The mechanisms were
investigated by free radical inhibition experiments and free radical capture experiments. The results show
that the increase of the catalyst, temperature, pH value and the amount of hydrogen peroxide is beneficial
to the degradation and removal of methyl orange. The catalytic effect is not affected in presence of
chloride, sulfate and nitrate, but inhibited in presence of bromide and nitrite. The degradation products
include oxalic acid, maleic acid and carbon dioxide. CODy, = 1.5~ 7. 8 mg/L after degradation. The
catalyst is saturated with the dye. The catalytic degradation process of the catalyst is in accordance with
the Michaelis-Menten equation. All these show that the catalyst can activate hydrogen peroxide to form
hydroxy radical which attacks methyl orange molecule and achieves open-loop degradation of methyl orange
until mineralization. The research results will provide theoretical and experimental basis fordy removal by
heterogeneous catalysis.

Key words: core-shell material; heterogeneous catalysis; preparation; dye degradation; free radical

mechanism
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