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Use of anhydrous ethanol as solvent to prepare nano
A1,0; by a supercritical drying method

GAO Xi WANG JiDong QU YiXin LI Tao

(College of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Nanosized AIOOH has been prepared by a combination of sol-gel and supercritical drying methods, us-
ing aluminum nitrate as the raw material, citric acid as dispersant and anhydrous ethanol as solvent. Nano ¥-
Al, O3 was obtained after calcination of the AIOOH at 500 — 900 C . The effects of varying the pH of the synthe-
sis solution and the ratio of aluminium nitrate to citric acid on the particle size of AIOOH as well as the effect of
varying the calcination temperature on the particle size of ¥-Al, O3 were investigated. The morphology, particle
size and structure of the products were characterized by TEM, IR and XRD. It was found that both the pH of
the solution during the preparation of the sol-gel and addition of citric acid significantly affected the morphology
and size of the AIOOH particles. At pH =3 with n (citric acid) : n (aluminum nitrate) = 1:2, fibrous nano
AIOOH particles (with a diameter of 1 —10nm and a length of 30 —40nm) were obtained. Calcination of the re-
sulting nano AIOOH at 500 — 900 ‘C afforded fibrous nano ¥-Al,O; particles with a diameter of 1 —10nm and a
length of 30 — 70 nm.

Key words: alumina; citric acid; sol-gel; supercritical drying
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Table 1  Supercritical drying conditions used to prepare

the different SiO, samples

i T3 p/MPa F IEDFBUE m /g
B-1 0 0.3 25
B-2 0 0.4 25
B3 0 0.5 25
B-4 0 0.6 25
B-5 0 0.3 15
B-6 0 0.3 35
C1 2 0.3 25
C2 4 0.3 25
C3 6 0.3 25
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Fig.4 TEM photos of SiO, powder prepared by supercritical
ethanol drying with pre-pressurization under an

N, atmosphere
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Fig.5 Photo of water drop on the surface of
hydrophobic silica
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Preparation of hydrophobic nano-silica powders by supercritical
ethanol drying

FU JingKun QU YiXin GUO Kai ZHAO Guanglei

(College of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: SiO, has been prepared in a high-gravity rotating packed bed using sodium silicate as the silica source
and sulfuric acid as proton source. The silica was washed with water and ethanol, filtered, and then placed in a
high-pressure autoclave. Supercritical ethanol drying was carried out under different conditions by varying the
volume of ethanol in the reactor tank, the mass of filter cake, and N, pre-pressurization pressure. The resulting
products were characterized by TEM, FT-IR, and low temperature N, adsorption studies, and by determination
of DBP oil factor and contact angle. The contact angles of the powders obtained by supercritical ethanol drying
were almost all above 130°, indicative of strong hydrophobicity. Larger volumes of ethanol or larger masses of
filter cake resulted in larger contact angles whilst increasing the N, pre-pressurization pressure gave an irregular
variation in the contact angle.

Key words: hydrophobic silica; high-gravity rotating packed bed; supercritical ethanol drying; N, pre-pressur-

1zation
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Dynamic simulation-based fault diagnosis in chemical pipeline leakages

TIAN WenDe!  SUN Sul.i? WANG Hai®

(1. College of Chemical Engineering, Qingdao University of Science & Technology, Qingdao Shandong 266042 ;
2. School of Polymer Science and Engineering, Qingdao University of Science & Technology, Qingdao Shandong 266042 ;
3. Department of Chemistry and Chemical Engineering, Taishan Medical University, Taian Shandong 271016, China)

Abstract: Diagnosis of leakage faults in pipeline transportation is an important area in chemical processing, and
is mostly carried out using process history based methods and knowledge based methods. In this paper we pro-
pose a novel leakage fault detection and diagnosis method, using dynamic simulation to monitor the fluid flow
process and identify leakages when large flow rate deviations occur. The inner leakage parameters are continu-
ously updated wia on-line correction, allowing the flow trends to be monitored and the existence of malfunctions
to be detected simultaneously. The flow model is based on the principles of mass balance and mechanical energy
balance, and is simulated using a recursive solution. Case studies of the proposed method are presented for a sim-
ple pipeline and a series pipeline, and the effects of different factors on the results are analyzed.

Key words: fault diagnosis; pipeline leakage; dynamic simulation; parameter estimation
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1.1 RFI 58

3-MHFEARIR AE , B R 40 AL A B2 |5 X 2R
T, Alfa Aesar AN H] o BEEAE (ZnPe) | PY-o- AR5 JE
PEBRTE ARSI % A OIS e . A BT Y fe 2
e B L

HNA] UGS HP 8452A 43 606 BETHI5E
FEIEIETE T F-4500 433606 BE 1 H 2 , 2% g 2L 4 %
("H-NMR) A JOEL JNM-ECA 300 #% 4 4§ 154
2 , MALDI-TOF 3% H] BIFLEX I (Bruker, Inc)
JIEASCIN 7€ , 246 75 i Edinburgh F1L920 1 [&] 41
RENFIHEOCIEAN 2 .
1.2 EVHER
1.2.1 33 AFERAAARK I (1) 6%

FREX 3-AHFE4RA —BE 5.192(0.03 mol) , X} —
1 16.5g(0.15mol), JIA 30 mL DMF, il & < f#
P71 1E 80 C 44 F U 6 h, Wia1 4 4 &I A
IR H 20.7g(0.15mol) o PRI A 500 mL 7K
K BURERIE , &5 A T B IR 1 VKK PR A 2 pH =
6, FiREA T, HOREES MM 3.3g kiH
EEAR, 723 47% . m. p. 178 ~179 C ; IR(KBr) , v
(em ') : 3402 (Ar-OH), 2236 (CN), 3029 (Ar-H),
1585(Ar), 1508 (Ar), 1467 (Ar), 1445 (Ar), 1310,
1255, 1197, 1096, 1075, 982, 809, 791, 'H-NMR
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(DMSO-dg ) : 89.615 (s, 1H), 7.761 ~7.718 (t,
2H),7.138~7.071(q,1H),7.071 ~7.009(d,2H),
6.858~6.785(d,2H). MS:m /2 237.3[MH]"*
1.2.2 o (4-FHEFREL), HEF(2) MR
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AR, A 200 mg (0. 85 mmol) 3- % FRHE A 48 FL AR A
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FR RN Lh, WHE B SO A& A iR 1Y
F b e 280 2 S K s A =& ke,
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K Z B IUR  AFBI 5 o- (4-F IR AL ), BF
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(Ar-OH),3029 (Ar-H),1636 (Ar),1506(Ar), 1477
(Ar),1450 (Ar),1331,1233,1194,1125,1091, 744,
'H NMR (DMSO-ds ) : §9.322 (s, 1H), 8.863 ~
8.796 (d,1H), 8.089 ~8.017 (t,1H), 7.605~
7.502 (d, 1H), 7.408 ~7.292 (d,2H), 6.968 ~
6.718 (d,2H), MS:m/z 1010.7 [MH]"
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AR, A 200 mg (0. 85 mmol ) 3- % FRFE A 48 FL AR A
T FE 135 C AR ROV 1 h, RS B 0 AR
A A TRER IR H B BEZR bR 25 H S, B AR
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(Ar-H), 1601 (Ar), 1505 (Ar), 1479 (Ar), 1447
(Ar), 1330, 1230, 1194, 1122, 1082, 746, 'H-NMR

(DMSO-dg ) : 89.271 (s, 1H), 8.898 ~8.841 (d,
1H), 8.119 ~8.042 (t,1H), 7.598 — 7.544 (d,
1H), 7.358 = 7.297 (d,2H), 6.928 — 6.858 (d,
2H). MS:m /2 969.8 [MH]*
1.3 RAEBFFEAVNESIHE

R e R Iy AR A 549 2.3 4 78
WOR A AL W ' B 23 /T 0.1, ] ZnPe 1
WS, HARMER T % R 0.3 78 614 nm (9%
BWET AR HE AKX O;=S/S) X Ag/A X @
(D Dy 53 3 F7m 15 I ) FBR HE ) 2¢O - 7 58
St.So G FER RN AR UEY) DRI TR, A
A 53 7S EI W FIARAE D) TE B P A AL RO
) o M =R A& YI7E DMF 388 b i)t 5
TR,

2 #HREitk

2.1 EREE&ITE

BIEEEPA, WE 1o F R A 55— A il
1 FEAZIAC N, (o o S S A A S i 2 T 5 1
SN FA) R B R A7 TR 1 ) S S R g —
AT RO, S B R N A EE R B 121 BTS2,
RS R 1 22 B 3R G0 T 30 52 7= W 1) L 9IS
209% , T 5 A B X R BB, JE 7 P 4y
AATIR 90 % LA Lo T3 81, B R B0 422 WSO~k o) 2R
T Y R B AR B T O S, R E AT
DMF, /2 S A5 S, PR b 1 B0 107 25 44 5 4k A .

OH

CN
NC . K,CO,, DMF o) t CN s
NC 80°C HO/©/ Li, MAc
NO, |
2: M=7Zn
3:M=H
K, R,
k=0 Y-on
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100°C
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Fig.1 Synthetic route to compounds 1,2,3 and 4
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Fig.2 'H-NMR spectrum of compound 3(in DMSO-dg)
F1 ALGW 2,3,4 IR1Gr SR A XS Bk

Table 1 Symmetries of the isomers of compounds 2,3 and 4

&7 M BUC LA B B X Pt

2a Zn Ri=R;=Rs=R,=R,HA&R, N

4a Mg H -
2b Zn Ri=R,=Rs=Rg=R,HERKR, K b,
4b Mg H -
2¢ Zn R=R;=R;=R;=R,HAER, N c
4e Mg H >
2d 7Zn Ry=R3=Rs=R;=R,HAE R, N .
4d Mg H ®

] R=R;=Rs=R;=RZ{ R, =R, =
3a 8y 3b 2H Con
Rs=Rg=R,HA R, W H

sezd o “R=RAR=R=
cH )
Rs=R;=R, li/% R, W H '

KU S H N SR W 2 R, JJR T b A e
PRI B8 265 L R A2 A TR = 3, A
Y A ERS AR TS A SR - 2 P E
R S 5 0 v AU e U T 0 T AR

f. AT d HARIE R AR, 1'43%1‘2?5&
fTiEEy, NiEE EE S AR c IR G
JiF e, { T B IEAE G IR 248 =g %HW]E
U %HQA%EI’JF% w4 R SIS T R S R AHAT
A, HIoAR g,
2.2 EE.?E&HSZ%’:H
BRFE AL G 2.3 4 FEIE SR | DU g | PR
S W RS DME B 1 7KV VR 45 1 o FN I o
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HLFIRIBOGIE an il 3, BEIkHE L 54 4 7E A
iR, FH AT DMF *E’J%?WWJ‘E B 43 Sk
AN, AR5 55 ) YE e (B AT ), o — IRk

& 2

1
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A/nm

&3

300 400 500 600 700 800

A/nm
— THF; ---CH;OH; -o-DMF

K3 i 2,3,4 76 DVIF,CH;OH 1l THE Hef FIRioes
Fig.3  Absorption spectra of compound 2,3 and 4 in DMF,
CH;0H and THF
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Fig.4 Fluorescence emission spectra of different

compounds in DMF
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Synthesis and spectral study of novel para-hydroxyphenoxy phthalocyanines

LIU Qiang! ZHAO FuQun> ZHANG XianF&> CAO WeiLiang! ZHANG FuShi?

(1. State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical Technology, Beijing 100029;
2. Department of Chemistry, Tsinghua University, Beijing 100084, China)

Abstract: The synthesis of phthalocyanines (M=2H, Zn, Mg) substituted with para-hydroxy phenoxy groups
was achieved by using n-pentanol, Li and 3-(4-hydroxyphenoxy) phthalonitrile both with and without the corre-
sponding metal acetates. The structures were confirmed by IR, UV-visible, and "H-NMR spectroscopy and
MS. All the complexes were found to be very soluble in both high polarity solvents and low polarity solvents.
The presence of the para-hydroxyphenoxy moieties in the compounds decreased their aggregation, and the quan-
tum yields of fluorescence were reduced as a result of both the intramolecular photoinduced electron transfer and
the internal conversion process.

Key words: phthalocyanine; fluorescence; aggregation; photo-oxidation
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Fig.4 UV-visible spectrum of an aqueous {Moyss | solution
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Fig.5 UV-visible spectra of ({Moyss | /PEI),, multilayer films
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Isolation of the Crystalline Molybdenum-Blue Compounds

Fabrication of organic-inorganic ultrathin multilayer
films of a giant-wheel nanoporous polyoxometalate

ZHOU YunShan''? ZHANG LiHui' ZHANG LiJuan' HAN RuiXue' LI YuHao!

(1. State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical Technology, Beijing 100029
2. State Key Laboratory for Structural Chemistry of Unstable and Stable Species, Peking University, Beijing 100871, China)

Abstract: Ultrathin multilayer films based on the giant-wheel nanoporous polyoxometalate Na;s[ Moyas MoysOugo
Hia(H,0)70 Jo.s [ Mo2s Moys Oss7 His (HO)gs Jo.5 * ca. 400H,O ({Moyss f) and polyethyleneimine (PEI) have
been fabricated for the first time by layer-by-layer self-assembly techniques (LBL). UV-visible spectroscopy
showed that the absorbance values at the characteristic wavelengths of the multilayer films increased almost lin-
carly with the number of {Moyss} /PEI bilayers, suggesting that each adsorption cycle incorporates an equal
amount of {Moyss| into the thin films. This provides persuasive evidence for the regular growth of the multilay-
ers and for the high reproducibility of the layer-by-layer assembly method. Polarized UV-visible spectroscopy
suggested that the giant-wheel nanoporous polyoxometalate anions in the multilayers were tilted with respect to
the substrates and were parallel with each other in order to minimize the electrostatic repulsion between adjacent
anions.

Key words: giant-wheel; nanoporous polyoxometalate; molecular orientation; multilayer film
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Table 1 Comparison of structures and energies obtained with the different models
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Theoretical study of the decomposition reaction of 3-sulfolene
in the inner phase of a calix[ 4 ]arene-based carcerand

WANG YiQiu YANG ZuoYin ZHANG JingChang CAO Weiliang

(State Key Laboratory of Chemical Resource Engineering, Being University of Chemical Technology, Beijing 100029, China)

Abstract: Molecular dynamics simulations and quantum chemical methods have been employed to study the ther-
mal decomposition reaction of 3-sulfolene in the inner phase of a calix[ 4 Jarene-based carcerand. The calculated
activation energy of the decomposition reaction of 3-sulfolene inside the carcerand is slightly higher than that of
the free species, which is consistent with experimental observation. On the basis of a study of the interaction en-
ergies of the host-guest system and the deformation energies of the carcerand, it was shown that the difference in
activation energy is due to the repulsion between the host and guest molecules.

Key words: calix[ 4 Jarene-based carcerand; 3-sulfolene; supermolecular system; quantum chemical computation
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Synthesis of MgO nano-crystallite powders by a molten salt method

SHI LiYi HAN DanDan

(1. Research Center of Nanoscience and Nanotechnology;

2. School of Environmental and Chemical Engineering, Shanghai University, Shanghai 200444, China)

Abstract: Surface modified Mg(OH), particles have been synthesized by a one-step process using magnesium sul-
fate, ammonia liquor and sodium laureate as raw materials in alcohol-water systems. MgO nano-crystallite pow-
ders were subsequently synthesized by calcination of the Mg(OH), precursor using a molten salt method; this
process was carried out at different temperatures, for different times, and with different molten salt contents.
The structure and morphology of the Mg(OH), precursor were characterized by XRD and FT-IR. The effects of
varying the calcination temperature and molten salt type were studied by TG-DTA analysis. The structure and
appearance of the nanometer-scale MgO were studied by TEM and XRD. The effects of varying ammonia liquor
content, ammonia liquor concentration, annealing temperature, annealing time and molten salt content on MgO
nano-crystallite powder were investigated. The mechanism of formation of MgO is discussed in terms of nucle-
ation and growth processes. It was found that the average crystallite sizes of the resulting MgO powders could be
effectively controlled in the range 20 — 100 nm by changing the calcination temperature, calcination time and
molten salt content.

Key words: MgO nano-crystal; molten salt method; calcination
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Preparation and characterization of poly(2-(dimethylamino)ethyl
methacrylate) grafted on the surface of polyurethane
films via atom transfer radical polymerization

LV Bin JIANG LiZhong WU ZhanPeng YANG XiaoPing WU DeZhen

(State Key Laboratory of Chemical Resource Engineering Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Polyurethane (PU) films have been hydroxylated by ozone and chemical reduction, and then grafted
with 2-bromoisobutyryl bromide as the initiator for the atom transfer radical polymerization (ATRP) of 2-
(dimethylamino) ethyl methacrylate (DMAEMA). The elemental composition and chemical structure of the
films were characterized by water contact angle measurements, X-ray photoelectron spectroscopy (XPS) and at-
tenuated total reflection-Fourier transform infrared (ATR-FTIR) spectroscopy. The molecular weight and poly-
dispersities (PDI) of the polymer chains were determined by gel permeation chromatography (GPC). The re-
sults showed that the PU film had the most effective hydrophilic surface after treatment with ozone for 23 min,
with the molecular weight and PDI of the resulting polyDMAEMA being 4 .85 % 10* and 2.095, respectively.
Key words: polyurethane; 2-(dimethylamino)ethyl methacrylate; ozone treatment; ATRP
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Fig.1 FTIR spectra of PAA/PVA blend films
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Fig.2  Effect of varying M, of PAA on the retention
ratio of the PAA/PVA blend film
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Table 1 Effect of varying the ratio of PAA/PVA on the
retention ratio of the PAA/PVA blend film
G5 m (PAA) /m (PVA) FREE R /%
1 1/9 55.04
2 3/7 89.34
3 5/5 98.95
4 7/3 99.80
5 9/1 100
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PAA T HJT i, Hil 55 34 W K PE R PVA [ A M
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F i K PEREAISE K PERER) PVA

3 Zi

(1)1 PAA RBMGE PVA BT K BE,
HFi# PAA 7 FE A i8N, PAA/PVA IRA
TR K PERE SR = o BCAERL 78 : PAA K34 53 F 4t
1500 J3 ,PAA 5 PVA JEi& R 3:7,

(2) P Ab H e B 2 52 = PAA/PVA TR R (1 it
WK PERE , BAEAE IR S5 - iR BE 160~ 180 °C , Hif
1] 3~15min, PUCILSIR SR T, 53] 102°C .
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Water-resistance of polyvinyl alcohol films modified
by high molecular weight polyacrylic acid

ZHANG Bing ZHAO HaoYu DENG JianYuan

(College of Materials Science and Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Blend films have been prepared from a mixture of high molecular weight polyacrylic acid (PAA) and
polyvinyl alcohol (PVA). The PAA/PVA blend films were crosslinked through heat treatment. The effects of
varying the molecular weight and content of PAA on the water resistance of the resulting films were investigat-
ed, and the retention ratio of the PAA/PVA blend films was studied in boiling water. The results showed that
the boiling water resistance increased as the molecular weight and the content of PAA were increased. The opti-
mum heat treatment temperature was found to be in the range 160 — 180 C , and the optimum heating time in
the range 3 — 15 min. The maximum observed T, value of the blend films after heat treatment was 102 C,
which represents an expansion of the temperature range in which blend films can be used.

Key words: polyvinyl alcohol (PVA); polyacrylic acid (PAA); high molecular weight; film; water resistance
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MR R R PRV AT R ARELW, WESE 1R R pH AEL BT R | N AL EE AN B[] 45 DR 3 X AT B

IL ARSI B 2 T BB BONE B DA 2 2%, JF A BT B LML EA T 1 8

SEH 45 R AW, pH AR X AT R R

S FGAERENEE, RB F I SARREEMRIEE S, NS Ca2 " 5K R RIEIREE MBS A 1E AL,
BB 20 e T AR R pH A R AT SO o L 10 mL ¥ AR M 48 20 7 R AL FEXT 52, b 2 R AR Ak 5514 < pHL (.
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KR WAL AT BAVER AR E:
FESES: X703
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PR R I RS A R S, T AL
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HEWH . EHZK 863" 11K (2007AA057409)
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E-mail: weigangmail(@263. net
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JE B RS 5 AR BT Rk R ER AT SN, 83 43 B R R
JR R BRI N DA Z5 Bk i 100w AN B A 7
AP EARTT LY N )R e S IR AL
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2R—ONa+ Ca? " —>(R—0),Cavy +2Na"

ASCHEFE T IR BT SO A &R pH A L BT
FUIMAR: S I s st (] 45 = 2 R 28 56 T el Afr
S RS, A S B s AR T ) Tl Ab 43 25 4 it 4
AREE

1 SR

1.1 FEH&E
RS , A2zt Tl Sk i ve Bl Ak T &4
R, oAl AL s Ak T AR R BT, A4k, Kt
mifb Tl =)
2228 R IR LIS, P A IR IR & e 4 I 15
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Table 1 Characteristics of the papermaking wastewater

SRR BB /% pHIE  o(COD)/mg L' FhE X 10°/mPas

WAGLL I 56.1 5.9 512800 51.5

COD N b2 A

1.2 KIR{YEs

PHS-3C BURR FE 31, At 5t i A4 BB B2 A BR 2
Al 721 0GR, RIS B R AL A IR A F
NDJ-1 FHEEAL, BB R A R A F .
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7 9 1 13 15
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Fig.1 Effect of of pH value on the yield
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Fig.2 Effect of amount of precipitating

reagent on the yield
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SAALEK pH 2 13, 800 Ca* " 1 8¢/L, )R
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UE, TR JFRRE SR ANEL 3 PR,

e 3 FroR, SRR pH AR 13, 855 710
AN 8 g /L B, AR JT 28 T 12 B 52 0y ek B R 38
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Fig.4 Effect of reaction time on the yield
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Treatment of papermaking wastewater by a precipitation method

LI XueSong ZHANG JiangGang XIONG RongChun WEI Gang

(College of Materials Science and Engineering , Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: The effects of varying pH value, amount of precipitation reagent (Ca>" ), reaction temperature, and
reaction time on the recovery of lignosulfonates from concentrated red liquor have been investigated in order to
determine the optimum conditions. The mechanism of the precipitation reaction was also studied. It was found
that pH value played an important role in the chelation of Ca>" by lignosulfonates. In the concentrated red
liquor, the Hyolrogen ion would chelated with lignosulfonate, so complexing effect between lignosulfonates and
calcium was waken. As to treating 10 mL concentrated red liquer, under the optimum conditions of pH =13,
p(Ca** ) =8g/L, reaction temperature 40 C and reaction time 30 min, the lignosulfonate precipitation capacity
was 4.5g/10mL.

Key words: red liquor in paper manufacture; alkali treatment; chelation; lignosulfonate

http://www.journal.buct.edu.cn/tech



%3586 55
2008 4

b om oA TR % R
JOURNAL OF BEIJING UNIVERSITY OF CHEMICAL TECHNOLOGY 2008

Vol. 35, No.5

PAN BB £ 4 B S (O 55

® o L F F
(ALt e TR AR LT 4 M S

- ok 3
FRMIFFE AT, Jbat 100029)

Y ES

B = P X LA (XRD) , 3372 63 (Raman) X LA i 24 B85 VM IE (PAN) BE5R 27 4E 1 O ES4 BEAT T 1
T IFWIE IS T OS5t X BRETAENUAIE RE A2 AL . DFRERERH] | i (T R BT 4E R fh 29 5~6
JEA ST A, = iR A (M R0 BREF AR R 29 B 10 ~ 20 J23 A 3857 181 20 5 5 o DX I i 85 2 5 Wi il £F A A o
M0 B ER R WA RRZT 2 5 1) T2 2N R B A SR AR L AN TR A B2

KPEIA . PAN SERREF4E; HUnl B Smiaifa) e Sob RS

FEDES: TQ342.742

EI-1

B 1 AEAT i R RE T 4 N T L iz B —
Foft, DIAL S AOAUAR R BE A 2 s k= v ey 1 B A2
B AR TR

BRET 2 R DL B2 ol L2 e 19120 g
SRR 2T 2 R e ML 2T ZE AR A 25 BB R AR BROUL 25 4
FHIT, X 2T 4E A TROAT AL 8 BT -3 M AR
(EJRR HEEAR WL RHEC 2 8Us T2 — 2 E
WL, 2 IR ET S o i 2T 248 i vy J3E B o) ) — 4L 2
LIRS BRI AR RN U LB HES Oy
RGA el 45 LA K R, 7530 8 v R
LTAER ZE R RRAL , 2 302 e 2T 4k 45 F Xk fE 1) 2 M pL
AT U2 B B2 4 2B 7= R AT 48 T, AT RS 42
i B AT AE R PERE A R X

ARTLI3 I N IR S S LR AL 24 25 R X A~ T T
WHFE T mitERE PAN BEBRET 4RI OWAS ), #7R 1 B
LPYERIILES F S PERE A PR I IR . I LA D 4K
3, X FE PR HE R UM REBEA T 1 BII S RIE

1 EH

1.1 LI
ARSZE B ] T300. T700 . T800 ., T1000 ., M40] .
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Table 1 Mechanical properties of T-carbon fibers and
M]J-carbon fibers

% FE SR /GPa P At /GPa
T300 3.53 230
T700 4.90 230
T800 5.49 294
T1000 6.37 294
M40] 4.41 377
MS55] 4.02 540
M60] 3.92 588

1.2 SHRAE
1.2.1 X HEATH 94

K H D/max-2550PC B X 5 £ 17 55 A% ik £F
HE b a5 A PEA TR, MR A s Cu 1, B
0.154056 nm, 2655 :0.02°, ¥ B IHA] :0.12 s, Hrr,
T FIRIE A FHE . 10 (°) /min, J1%: 40
kV 300 mA; J5 v I - D1 .40 kV 350 mA, Jr i
M5 . 72(°) /min.
1.2.2 B ZRiESH

SR E RM2000 7 5 6ot £ i & o ik Sk
BRET HE AL 2= A5 R A TINR, WOE AR B 5145 nm
(RET) s P2 AL - 1000 ~2000 e 15 @AM
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Fig.1 Raman spectra of T-cdrbon fibers and
M]J-carbon fibers
F Origin 8RR BI85 47 18 48 2% 53 1 41
ERFE DIEA G WAL AR (A3 2 FrR) . i
HLba SR E , S TR 4E 1Y) G WEHRA AR R
s AN, T RINVRKLF 4R D 1R MJ R4 0] 5
PR o AN SNy B £F L 2 B 0 1) HE %
JEH TR 1P 28 F- T AL, P T B Rk R 2
() A R il ) , A B P B iy . A7 SR AR
BEBUR iER A . M) RAIH) G IR T &
G0 BB M) 2R G BRET 4 1) A SR 25 K B N 58 3%
YT G D WM L S, AT LU R = 1/
I VEBREF i sp A5 A A X & i, Bl

22 T RIVF M] RIVRET e hr 2615241
Table 2 Raman spectral parameters for T-carbon

fibers and M]-carbon fibers

MY Dig/em ! GW/em ! La/A R
T300 1371 1597 40.4 1.09
T700 1371 1594 41.9 1.05
T800 1369 1594 47.8 0.92
T1000 1365 1596 49.4 0.89
MA40] 1353 1585 63.8 0.69
M55] 1353 1583 83.0 0.53
M60] 1354 1582 97.8 0.45

BAFEIEL), R MU, BT £ SBALFR R B R 0
R ABFBREF 441 5 R IR RN La Z [BIFF LA G
Z L HAH AR La(A) =44/R5 . R Fl La
T2 Fim. ATLAKRIEL, M) RAVBRE4E R {HIA 5
INF T R4, BB M) RSBk £F 4 sp 24 bk i1
PR e T T 2R 40, R I A G o R
T T &I BT IKRI, BEE R G IN, Bt
HE1Y G R D W I = D EORS Bl , TR TR A1
SRALRR A, IR 2 1 2510 2 — 3
2.2 HMAENRESEN

FG A FIRRET AERT A A, AT X S R AT 5 25
WK 2 frm. T 2518 2a)F MJ 251 (8 2b) ikeF
YEAE 20 = 25° RhHS A — W S 199 AT S 06, Sk A B
F4(002) ST ATS . T RF1H(002) 55 MJ &R 51
HH 5 A , 3R S T 1 25 SR 143 AL o A G 0
(R FEAL A R RST B INON T 1~ 2 pem) BB AR 45
PR T A5 3 i B 10T RS Ak G A7 A ATl 3
3 TFE Y SRR ST T TE B, T Ak 45 H A AN 58 3
AL 2 U A58 R 5 UE . R, 2R 4k X 5
LRATT S VG 11 T AR R 12 T 2 S IR A 5 5

3T RIVH M RIVBREFAER RS S5
Table 3 Lattice parameters of T-carbon fibers and

M]-carbon fibers

S do2/A Le/A La/A /%
T300 3.559 18.3 40.1 77.6
T700 3.529 20.8 41.3 77.0
T800 3.528 21.4 43.1 80.6
T1000 3.525 21.9 45.0 79.9
M40] 3.422 36.1 66.7 87.4
MS55) 3.416 59.6 80.5 90.2
M60] 3.414 68.6 92.7 92.2

TN AE 20 = 43° 4k, S Fh LT HERR A — 551, 2
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Fig.2 XRD patterns of T-carbon fibers(a) and
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domestically produced carbon fibers

' do/A Le/A La/A /% R
A 3.544 19.3 40.5 78.0 1.07
B 3.532 21.9 41.0 79.2 1.03
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E = B LT 43R A 4.90 GPa, 53 243 GPa.
AT UL [ 7 Ttk 2 248 1 ATL A e 0 35 S R 35
ERIEANTT

3 %t
(1) FIF A s be, T RAVH M) RS 4t
£ SR BE B, O AS M A 5835 . {H M R 51

BT R BRI B R L,
(2) MJ RIVBREFAER T 2250 dit T (6] B0 JloAE

http://www.journal.buct.edu.cn/tech



- 60 - Jb 5t A oK % R

2008 4

TR AR T T 24k Tl o) 3 DL TB 1) 8 17, sp” A Al Bk
JEF SR

(3) BREFHEA1 SBESHRY A TE R 2 T2 X AT
SPGB U I TRU 1) 24K, O 0 i %
G U D WY AL RS A AL RS o A SOEIE AN X A
AT La REF T BP9 — 2

S 3k

(1] FEigse. greFgEny kRS T a0]. aRaer
4k 5 1% H ,2007,34(4) 123 - 26.

(2] 2o, 8RAR, k07, % . E- 5k 0 RV I EE bk £F
ezt mdtae )], U R R 224, 1997, (4)
369 - 373.

(3] ZERIR, Eiw, fEAkEs 58, PAN JERRET 4k % 4 1 5
AR BT ], AL THER, 2006,25(9): 1101 —
1109.

(4] &, k3. merq KB A BIM]. dbat: B2
H AL, 199757 - 59.

[5] %R, ARSI RmAgmgm]]. BRk: a4k
SR H, 2005(6):20 —25.

[6] Nikiel L, Jagodzinski P W. Raman spectroscopic charac-
terization of graphites: a re-evaluation of spectra structure
correlation[ J]. Carbon, 1993, 31(8): 1313 —1317.

[7] Sadezky A, Muckenhuber H, Grothe H, et al. Raman
microspectroscopy of soot and related carbonaceous mate-
rials: spectral analysis and structural information [ ] ].
Carbon, 2005, 43(8):1731 —1742.

[8] 0, 2=, IV E , 5. MELAREIEHI & K A &
BB e (1], Jtifes 561 7, 2005,25(1)
54 —-57.

(9] EEEF, BLQ AR, . £ 84 EE N 7 21 4k il
WLZEY R Ty~ RE RS2 [T ], BT AL k), 2005,
20(2):157 - 163.

[10] B, a7, WiT Bk o 4E b 5B/ A W
AREIWFFELT ] A TR, 1990(2) : 18 - 19.

[11] Dobidsova L, Stary V, Glogar P, et al. Analysis of car-
bon fibers and carbon composites by asymmetric X-ray

diffraction technique[ J]. Carbon, 1999, 37(3): 421 —

425.
[12] %tE. g i HE A HEHIM]. dtatfb2: Tolk iR
#1,2004:262.

Study of the microstructure of PAN-based carbon fibers

ZHANG Xin  MA Lei

LI ChangQing TONG YunJian XU LiangHua

(Institute of Carbon Fibers and Composites, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: The microstructure of several high performance carbon fibers has been investigated by X-ray diffrac-

tion and Raman spectroscopy, and the relationship between microstructure and mechanical properties was stud-

ied. The results showed that the crystallites of high strength carbon fibers were composed of about 5 — 6 tiers of

graphite, whilst high strength and high modulus carbon fibers were composed of 10 — 20 tiers of graphite. The

degree of orientation of the crystallites was found to be the main factor affecting the Young’s modulus of the car-

bon fibers, but the main factor affecting the strength of the carbon fibers varied with the degree of graphitiza-

tion.

Key words: PAN-based carbon fiber; orientation degree; crystal plane spacing; grain size
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Fig.1 XRD patterns of samples a and b after

calcination at 900 C for 2 h
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Fig.2 XRD patterns of samples ¢ and d after
calcination at 900 C for 2h

2.2 BUIRMREEAL G & B R BEER S

B 2.1 7R 1, TCP BrSkiART LI Ca®* 4ksi
N AR HA RTSRAA . 5CRe PRI SR 44 7 Ak 72 il 2%
TCP/HA ZAHBERRES (FE 5 e M1 D) IR F ik
RGACFDTTE T (— R A R RHE 235 € Ca/P)
il 25 () AN BEERES (FE & A1 1) HEFT X LIS o

Kot e e’ B0 B Mo T SE B 4 R b Aok &
PRULYEAE K, M L WP TE PO Bk Ca2 ' AR,
R U i B W A 5T ) L SRR 3K, e
e’ 1.600,f Fl {24 1.636,

FE&h e A1 f 7E 900 C Kk 1 XRD 1% K] 4n 4]
3,5 —FH LR o TCP/HA B 5%, (HF
Fr=grh o-TCP 5 HA ML BIAS TR, BE & 5 BE /R
ARG HA FH ) W% 004 5% B AH X F o~ TCP 3
K, B HA B & 530K, 85w iy & L 3
1.667 B, 7414 HA(KE 1b) .

http://www.journal.buct.edu.cn/tech



LA

PRS- AT IR S A0k il 2 S AT R 25 63 -

G587 i A W RE & e F1 £ 43 301 5 i K A

A B AL S e BN AL LR SR AE ), (HNEL 3
Rl DA, e B L S o- TCP/B-TCP/
HA AR5 A6 & 9, 5 SR AR e b i — € 1y
25, JRFE AT BE ARG Ca?* e B 5 | Ak 24 S
BN 125 IR0 T BT IR AR I S5 A AR [R], S AR
1 XRD Bl F4h 2257 o

L = HA
¢ 3-TCP
. Aa-TCP

20/(°)

B3 Kb e e’ F 0 AE 900 CHIBE 2h 5
724 XRD &l
Fig.3 XRD patterns of samples e, { ,e’ and
f’ after calcination at 900 C for 2h

S 30k

(1]

Gauthier O, Bouler ] M. Macroporous biphasic calcium

phosphates ceramics: influence of macropore diameter and
macroporosity percentage on bone ingrowth[ ] ]. Biomate-
rials, 1998, 19(1-3): 133 -139.

Sivakumar M, Rao K P. Preparation, characterization
and in vitro release of gentamicin {rom coralline hydrox-
yapatite-gelatin composite microspheres| ] |. Biomaterials,
2002, 23(15): 3175 3181.

Vallet-Regi M, Gonzdlez-Calbet ] M. Calcium phos-
phates as substitution of bone tissues[]J]. Prog. Sol.
State Chem, 2004, 32(1-2): 1-31.

ZAE AR W] A W AR S AR ) g b PR RE SR AE
[D]. WL Wi RS 2B, 2004.

Kwon SH, Jun Y K, Hong S H, et al. Synthesis and
dissolution behavior of 3-TCP and HA/B-TCP composite
powders[]]. Journal of the European Ceramic Society,
2003, 23(7): 1039 —1045.

Zhou Zhuohua, Zhou Pingle, Yang Shiping, et al. Con-
trollable synthesis of hydroxyapatite nanocrystals via a
dendrimer-assisted hydrothermal process[J]. Mater Res
Bull, 2007, 42(9): 1611 - 1618.

RyuH S, Hong K 'S, Lee ] K, et al. Magnesia-doped
HA/B-TCP ceramics and evaluation of their biocompati-
bility[J]. Biomaterials, 2004, 25(3): 393 —401.

Fathi M H, Hanifi A. Evaluation and characterization of
nanostructure hydroxyapatite powder prepared by simple
sol-gel method[]]. Mater Lett, 2007, 61(18): 3978 —
3983.

Effect of precursor conversion on the synthesis of

biphasic calcium phosphates

HUANG YaQin SUN LuJun WANG QinQin

(Department of Material Science and Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: The conversion of a TCP precursor (amorphous calcium phosphate with 7 (Ca)/n (P) =1.500) and

of an HA precursor (amorphous calcium phosphate with 7 (Ca) /n (P) =1.667) were investigated in the synthe-

sis of biphasic calcium phosphate ceramics. The results showed that after reaction for 24 h at pH 11.0, the TCP

precursor reacted completely with the required quantity of Ca?", whilst the HA precursor only partly reacted

with PO3 ™. Biphasic a-TCP/HA composites were synthesized by the reaction of TCP precursors and Ca’> " after
calcination at 900 C for 2 h, whereas triphasic a-TCP/B-TCP/HA composites (7 (Ca)/n (P) =1.600 and

n(Ca)/n(P)=1.636) were synthesized by conventional chemical precipitation methods under the same condi-

tions.

Key words: biphasic calcium phosphate; a-tricalcium phosphate; hydroxyapatite; chemical precipitation; pre-

cursor conversion
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Table 1 Influence of different phase transfer catalysts

on the yield of 2-vinyloxyethyl acrylate
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Table 2 Influence of the reactant ratio on the

conversion of sodium acrylate

EERe) NCLVE* MsA PIRTRANER T L2 /%
1 4:1 72.3
2 5:1 88.6
3 6:1 88.5
4 7:1 88.6
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Fig.1 Influence of varying reaction time and

temperature on the conversion
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Fig.2 FTIR spectrum of VEAA
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Fig.3 '"H-NMR spectra of VEAA and PVEAA

2.4.3 BARLFIH

3 R AR T E S B i S (B AR T

MR 3 FT LA AR TT R A 23 S (AR %
ATARUENE , EW] & B AR F AR AR
2.5 BGHARTES

A VEAA BB TR a4 Rk 4 Fis.
1 =78 C T, L DPHL S AL, 764 S AL FLAF1E
B AR, OB —E A I E] 5, 7T LA 3

http.//www.journal.buct.edu.cn/tech



LA

PRGN« 2- L3 LI B e PR TR IR 1) il 2 BB 7R & - 67 -

#3 HEMTELST
Table 3 Elemental analysis of VEAA

- w /%
JLE - —
SEPIAA FRUE(E
C 58.59 59.15
H 7.32 7.04
O 34.09 33.81

#4 VEAAMEFRE
Table 4  Anionic polymerization of VEAA

¢/mmol-L ! M,
s M.,./M,
n-BuLi DPE LiCl  H8E SaME

PAA-1  51.7 62.0 0 2000 2100 1.31

PAA2  51.7  62.0 103.4 2000 2100  1.21
PAA-3 341 40.9  68.2 3000 2860  1.21
PAA-4 25.0  30.0 50.0 4000 3770  1.15
PAA-5  19.8  23.7  39.6 5000 4850  1.13
PAA6  16.3  19.6  32.6 6000 5930  1.11
PAA-7 13.9  16.7 27.8 7000 6880  1.13
PAAS 9.6  11.6  19.2 10000 9670  1.18
BERAE - 78 C T XL 40 min, # {5 1L R K 100% ;
ny, 1 —szasore) /s = 125 nagpm /nragm = 25

* GPC il
PVEAA, fHZil ke PAA-1 LAK PAA-2 #0] LIF
h, SACPE N R IR B 2R R B B R e A rh A AR
KEVERS e RAC AR T A5 B R AW 4%
THEAMHBAAA (NE 4 FiR), XEFRNERE
AR A SRR TR R BB, - B
ZRE VI REME BH 1k R S N 1Y A& AR o R I, X S5 SR
T THEFEATET , VEAA I BB TR A
HBRE—MRA BB L LSRG, B
TR G W oy ¥ 850 Ai %, PDI(Jr T = /3 A 45 50
TE 1. 11—1.21 Z ),

10 15 20 25 30 10 15 20 25 30
t/min t/min
(a) PPA-1 (b) PPA-6

Kl 4 H45Y PAA [ GPC K
Fig.4 GPC traces of PAA
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Fig.5 FTIR spectrum of PVEAA
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B N o

3 Zi

(D= I RIAA A AR, d A EE
FE LN AT DAAS 18— Ff o 780U BE A ik 2-2 3k 2
9 5 Tk TR0 R I 5 FL oo S 7 45 14 A < S g B ) 4
h, VR 110 °C , 2-5 20 3L fik 55 T4 975 R M 42 I
PR bR S: 1 Bl SO SR A, AR T LA
ik 88% .

Q)BT EVE B TR A S T IR A
PURSERTR , [F] B IF RS2 0 £ 08 FE Tk E i XU s 768
CHERAATE S, 4 T B U RN IR IR R G -

S &K
(1] PhEE TR, FEEE—F&R R N HIM]. 2
FR. At A= Tl AR AL, 1999 :109.
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The synthesis of 2-vinyloxyethyl acrylate and anion polymerization

HOU JinShun DENG JianPing HAN BingYong LIU YaKang
KONG LingChao YANG WanTai

(College of Materials Science and Engineering , Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: In the presence of a phase transfer catalyst, 2-vinyloxyethyl acrylate (VEAA) was synthesized via the
reaction of 2-chloroethyl vinyl ether and sodium acrylate. The effects of varying the catalyst and reaction condi-
tions were investigated. The results showed that the optimum reaction conditions were: molar ratio of 2-
chloroethyl vinyl ether to sodium acrylate, 5:1; reaction temperature, 110 C ; reaction time, 4 h and TEBA as
phase transfer catalyst. Anionic polymerization of VEAA in THF was also carried out with 1, 1-diphenyl-
hexyllithium (DPHL) as catalyst. The molecular weight was found to be controllable and mono-disperse poly-
mers were obtained.

Key words: phase transfer catalyst; 2-vinyloxyethyl acrylate (VEAA) ; 2-chloroethyl vinyl ether; anionic poly-

merization
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FAETEAYL, 7694 To 2 i #A , FID Fa il % M 38 1T
YEuk , 26 [H Agilent; Waters Alliance 2695 1= %0 #H
g, K E Waters,

1.2 RGP IERIM A H &

AR DLV 30 - B Y P B o AR 1.0 g AR DLV
HHFORLZG AR AE 100 mL Jo7K B B P e PRV A, B 2
5 R B MR R 0,01 @/mL A4 DL 70 38 - B i i
T, LAt I B A W AN L o SR A TE YK TS R
AR BB b BT, TR I FEEE T,
NG — 2 VR AR DL VD $H- I T A B 2k A 3
FETFKB ARl e AR K DL YD - S

http://www.journal.buct.edu.cn/tech



- 70 - b 50 AL TR A 2 4k

2008 4

FBF KRR L TR A IR EE K D VD 3R - R
WPE BEPEH R SE SR, 25 S HOBORDRAS ML A Y
SO I HoR D T IO A 35 250 % 1 HY I ) 3%
B U200 TS B 10 A U2 AV Al R S
5, IR LA
1.3 PRI

F SEM i 5 UKL Sb 55 FURL R/, U 10
kV, B 50 mA ; f# K F Image-Pro Plus(5.0, Me-
dia Cybernetics, USA) K5l & SEM B8 F H 1Y ik
RS B 2 A (0 >200) UKL Y SF YR AE 5
XRD M 5E 7 i B S AR S5 44, 1R 40 KV, HLTR 40
mA, FHHEEE 5(°) /min; FZLAMGIEACIN E 7™ i 19
WS W as i, AT YA 20, KBr s A, 450 ~ 4000
em ™ AT EI s SR A TS R € 1 A B R 9 7
ErB ; Waters Alliance 2695 = 30 AH @1 FH T4
DUt S PR DLV IR 5 6

2 H#ER 534

2.1 RIGHBREUB LR IE R
2.1.1 Bk Fe BE R AR

TE 15 C, 1000 r/min 948 1 575 3 8 1k B R
0.01 g/mL AR DL Y03 -FR RS W A K v, 25 5844
FRLE A2 it BRI . SEBeR A 1:1,1:5,1:10,
1:20 RFE, 25 R L3 1. 3R 1 ATLUE S
TV FRECE 121 3] 1:20 0, P EpRAR %
SRR, [ B oRL B2 43 A ke B 13 &), &1 15 JLAR A
FREL B 7= S R AR L 90% o PRI, AT T 1:20
PR AR 3l B A IR R L A

U VR R R R E X SRR A2 1)

SR A S

Table 1  Effect of varying the solvent to antisolvent volume ratios

on the particle size in the slurry and the recovery

S B2 /um Il g% /%
1:1 5.0£0.5 93.2
1:5 2.0+0.5 92.5
1:10 1.2£0.2 92.3
1:20 0.7+0.1 91.5

s MR ULYD RS 5 2 8 T K IR 1
2.1.2 #4848 E

TR SRR 25 W) B Vs i P S 4 T P R IR R 22
— o SEERHR A 1:20 BT EL , 7E 1000 r/min (A3
FE B B DL VD3 - BB WO A K R, 23 R

(a) Hz’z

(b) HHE (R 1:20)

B DT IEEORE (a) FIRORE (b) M0RES 1 FL B
Fig.1 SEM image of crude IBS (a) and micronized IBS
particles in the slurry (b)
5,10,15 #0130 C 4 Fhah fbili B2, i 45 R WLk 2.
MEEARIRETE 5~ 10 C I, 25 A BEAR bR, 7 iy A7 2
GiP SRR . MRS 15 TRy, 13385
a4 R T TAE , 290 0.7 um 7 A . 445
Arl EE B R 2 30 C B LL LA, WORDRL AR IR IR AR K,
F 5 R AT e R TR R AL 30 C B DL YD 3 A -
JKCIR M F AR PR B8 B e , ROR AR A A A EE , DA
T e R 45 il A% s AR B A K
2 MRARIE N FORHIURLIE 25 ) R W)
Table 2 Effect of varying the system temperatures on

the particle morphology in the slurry

REE/C AR /pm WURLIE S5
5 6.010.5 s R
10 2.0+0.4 ZiE
15 0.7+0.1 BERTN
30 2.0+0.3 BRAR
2.1.3 BERRE

A DL 010 - P TS A R %o AR 11 T 3 A AR
BLRYRIE . 7E 15 °C A1 1000 r/min BV 4FF 43
B B 0.02 g/ml, 0.01 g/mL, 0.005 g/mL,
0.0025 g/mL ({4 D1 0 $H-F 9, 42 1:20 YA
FREL I A K w45 2RISR R AR 0L 3R 3. R A
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0.02 g/ml HYHSERT, oy FRORLAT ol B2 AR, 2
oy KA BRI BORL A B , B ok LA, 2978 2
pm LA b5 2GR Db 38 - HY BV U R R BEAE 0.01 g/
mL i, A i T RE R, 45 3 A A DL 3 ORLAS B,
KEAR 2928 0.7 gy T 240K DL 030 - FH P 8 e g
#]0.005g/mL 8¢ 0.0025 g/mL i}, £33 A4 1 b3
PR AT SR GRAL , BURLAS B A AR LR =2 pm
3 ARDUVDSH - F R o o B ) SO HBUREIE 35 1 52 i)
Table 3 Effect of varying the solution concentration

on the particle morphology in the slurry

o (g/mL) BiA% /pm PORESH  FEFHE /min
0.02 5.0+£0.6 BROIR AR 0.25
0.01 0.7+0.1 BRAR 0.5
0.005 5.0+0.5 Kk 1
0.0025 50.0+0.5 [ISE2TN 2

MR DL Y ) o R 2

2.1.4 HiFpitik

TE 15 C M4 R E T, 4% 1:20 MR R
0.01 g/mL &K DLY$H-FH EEEBOMA K H, 53 51 R H
500.800,1000 F1 1500 r/min 4 Ff i s fi $f , 45 5 0
4, [R5 B B 2% 3 A 1000 r/min B
W DLVD OB BRI B 43 A, 25 R 2 s A
T AV LR BEE B S 3SR, 7 R R
BRI, AP TR T A 1 R A
R BTG URL /N, I LKL RE 43 A 5248, 0RE T 34
5o EEAERESR AL T RORH ) A0 TROU TR A ROR,
TR A SN 5], R 08 dab A DRk A B, 1) AR 34 &)
A, DT BT BIRLBE 23 A5 547 A AR DL TP 3EL 50K o
R, — OB FEA% BE 1000 r/min DA 1o

F 4 BT ORHTUR R
Table 4 Variation of particle diameters of IBS with

stirring speed of the slurry

PP (r/min) RifE /pm i
500 10.0+0.8 s
800 1.0+0.5 38
1000 0.7+0.1 Bt
1500 0.7+0.1 Ly as
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Fig.2 Grain size distribution of micronized

IBS particles in the slurry

(b) AT

K3 AR AR PT84 SEM
Fig.3 SEM images of IBS powders dried by
different methods
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Fig.4 Dissolution experiments for micronized IBS
and crude IBS
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Fig.6 X-ray patterns of micronized IBS (a) and
crude IBS (b)
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Preparation of amorphous micronized irbesartan by an
antisolvent precipitation method

WANG ZhiFu HUANG QiaoPing  WANG JieXin SHAO Lei CHEN JianFeng

(Key Lab for Nanomaterials, Ministry of Education, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Micronization of irbesartan (IBS) has been studied using an anti-solvent recrystallization method. The
influence of varying the IBS concentration, system temperature, solution/anti-solvent volume ratio, stirring
speed and drying method on the particle size and morphology was investigated. The optimum micronization con-
ditions were found to be as follows: irbesartan concentration of 0.01 g/mL, system temperature of 15, solu-
tion/anti-solvent ratio of 1:20, stirring speed of 1000 r/min and use of oven drying. The as-prepared particles
had a particle size distribution of 1 —2 pm. IR spectra indicated that the micronized IBS powder had the same
chemical composition as that of the crude drug. XRD revealed that the micronized product was amorphous while
the crude drug was crystalline. Solvent residue test results showed that the product meets the standards of the
Chinese Pharmacopoeia (2005). Dissolution rate experiments showed that the dissolution rate of the irbesartan
was significantly increased after micronization.

Key words: irbesartan; antisolvent recrystallization; micronization; dissolution
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B R A B & B E SRR A KRR TR O 5

FHAE KX OEHE KA REA # A
e b TRZA R 5 TR R, Jbat 100029)

2H

 OE: O E RS AR RS WS T W BT R B R (Pachysolen tannophilus ) TR EE B ( Saccharomyces
cerevisiae ) 3 [E] 2 THFSERR 55 v & B EOKFEFK MR L2, BRoR 4 R3], A5 2 1 [ 2 AL TR 5 TR BE ] ek &
RABFT AR ) AHE RN WAL (] R B, ORI AL T B iR AR A R B, W RAL T S, cerevisiae F P . stipitis
P O 5] AT o 7RSI U 24 b, W0 8h pH(E 6.0, WA B IE 118.42 /L BYZRIF R IR AL AR Tk 5] 0.4
/g Bk

KEER: BEIRGEM; CEERBE; AR KR

FESES: TK6; TQ517.2

SRy — P ml AR 0 T RE TR, W A i
AR BT IR H 25 52 B AT G TE . B, Tolk b
T UIBHE RS Y g 2 7 JRURE, A7 AR 7 15
g, ARBTLTYE R 23K b F o R i i mp
PR FORREFF R K E MR IED R, A
BUS o AT 4R R4 RN F (4R &5 b
35% LA k)2 SEAE SR TE B S A

FORFEFF K A 256 ARBER C B, B
TRk (S, cerevisiae ) F132 Bl & BES ML (Z. mo-
bilis ) & KB CHEIIIL R BT (BANBE L AR . 1M
AHE A T T IR I BE AR 2 T B (C . shehatae ) FTRY
TEIREE (P, stipitis) K IECHRIRE I AW S.
cerevisiae M Z. mobilis. AT 7050 F FH 7K S0 H 1Y
AKEFNCME AT , TR AN TR A b & B Y3 Bk
PR R LSS B — A S g R R A R 52 31 Tk
AR (BT A TR AR A R SR 3 & O R AR
WEAFAE O I T BIR T A A B T A T R, it 4
i ] A AR Y R, AATTIT s >R FH 400 i A [ 7 Ak
Ty IR T COERIANE . B AT LA o Aiiite 25 VR A AT TR
BRI TR ol s, T A AR X AW A 86 17 BEL

WA H 3 . 2008-04-07

HEWH . EHZK 863" 11K (2007AA057409)
B ,1984 44 B4

* JETHER R A

E-mail: weigangmail(@263. net

i , Grootjen %MJ)I%‘ S. cerevisiae F1 P. stipitis 3t
[P 7 T SE RS v, SR TR L R ey =X, SE B0 1 A
ORI R BE. (0 P. stipitis B RAFAU, AR
FERIRT OB, O T4 M AR AL, 5t AR H]
BARE T B R MBS R 0 P stipicis MMM R,
Lebeau 325 S. cerevisiae M1 C. shehatae F:[E &
TBUNRBEI | SR TR PP 4t S0 AN X R AR 4
5 2RI AR % o FECOR T o A T A A A (ELAROHRE
MR T O, E— R Sk
B RE AR A S5t P AT BB B A A B R TRERE ) AN o

T R AR R BERE ), S0 R TR A
8 B FNACKE , AR SC L — T i AORE & I T v BT
ERWELE (P, tannophilus) SER I LE (S, cere-
visiae ) 3 [ 78 b R BERE DT 4E SR K fE R . TR
B BEAR] L[] A K S B OB RIAORE 54T &
1%, I SR A R R 46 i, HLR SR B S L i
TR R RO B — [E] E AL A

1 #HEF&*

1.1 #

FARFEFF K AF - A6 3T B FOKFEF T AL
VLA PP RROK A3 2, b 5O & i 118.42¢/L
1.2 HE#

WER T REWELE (P, tannophilus) : % 7 F BE
% [R5 R BEABEFN OB, A4 TR A 5 PRI e
BE(S. cerevisiae) : FHAUETAL TR 2E AR
1.3 EHFE

B 40 B 15 77 3« A5 25 20 g/, (NH,),S0, 5
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LA

FHAESE [ IR RN R I TR RS AT K AR R AT <75 -

g/L, B 20 /L, BEREE 10 g/L, 35 20 2/Ls

T B 20 M W A 35 9% &R W A OB 20 g/L,
(NH),S04 5g/L, & IR 20 g /L, BEEEE 10 g/Lo

[ 5 b 394 5 15 5% Ok - A5 A B 20 g/L, KRB 20
g/LEHM S g/L, EHE 5 g/L, KHLPO, 2 g/L,
MgSO, - 7H,0 1g/L,

KPR FREL « FORFEFF K i Wk 46 BRI 50 ~ 120
g/L,(NHy),S0, 5 g/L, BEREE 5 /L, KH,PO, 2 g/
L,MgSO,*7H,0O 1 g/L.

1.3 BBARES RN &

V5 DR P A T P e TR A0 P 3R 3 1O
b, BB IR 2 d, LT A B EERE 4 d, WG A0S I TR
R AR R FE 5, 78 30 °C 100 r/min A &5 F
Ak 2 d, 192 B
1.4 EEEEH & SEE

3 3 BV B A I S R 1 B 45 2 mL
5 68 mL 3% FMEBEERRNA R T8 IR FIRG TEA
100 mL 2% CaCl, KW, 4L 4 h, IR 7KK &
ARG B T 35 TR A B S BR R U 3 WK, 15 A% A 100 mL
1% Al (SO 3 TR, BUE VKFS 4 C HE 4L 24 he

HF 1 7 AR AT (R BE R R FH T RIK PRI 3 IR H2A
HFE B SRR, 30 °C 100 r/min OS50 B SR,
24 h T YORT B R SRR, B FE 48 ho
1.5 EXBEFKBROBELE

TFORFE Ty 704 Bk B2 o 2t 40 BCK 3% R ] L
101 KA R 100 °C KK fi# 180 min, 32
TR e 5, A R IR IR A

VR B R 7% 1 [ AR Bk FH I PR K kU 3
Wa , BARBEREFRE D . REERARBS BERER Y
HERUARF R 3:2, o R B AR B R 50 mL, ST
80mL. [&EIEA FIE T 30 C (100 r/min K
R B AR TR R T 30 °C B Tk
RWE . R Al 20 e 47 A2 Uk I, BB — it
RIELE G W R, e A BT B R TR
1.6 HFAE

SR FH b €03 00 5 P A o LT A B AR N
S BT TH AR A RS AL SRS B9 5T & 5 F DNS (3, 5-
T KA BRI RE A TR A A JRURE B S

2 H#ER 534

2.1 KREFEHMNEXBFKEREEBENZIE
TG P B B BT 3 mL S5 de R AN BRI IR & 15
[ % AL R R . e AT UAME T 118.42 /L

1) KA FF /K i VI 2 B R 9R 36 R, 30 C 1k &
P , A R — [ 3000 PR ol v

W PR A R SRR A 2 mL(1: 1) 51
PEIR BN EE TR A 15 [ AL TR & TR R AW Ui bR o
WRIE 118.42 /L 11 T KFE FF 7K A 0 1) & e s R A
H1,30 C 100 r/min ¥R EEE, PRN & BE 7 1s
S0 PR T e VA 32 i R I ) IO S AR A 2 SR G 1

PR
:jffif\’l\

— [ E AR L)
—~ [EEIRA R

0 10 20 30 40 50
t/h
B R e B 5 1 A TR B v b e 1
B[] %o B

Fig.1 Comparison of immobilized S. cerevisiae cells

P/ gL
O

and co-immobilized multi-microorganisms at

different fermentation times

I 1 ATA [ E G ERIT R TE 20h 9K o
SV ey, [ AR IR A TR PR ZE 240 TR BT 4 vk
KB, ELPHS o7 5 Wk B2 v T [T A b R 19 1Y
S B o 3 HE N, B A Y AN 0 A A% L
CHH RN 2 . ARWERREE T AR
AWERE , SR 5 EAC R B , i — DB 10 5 E A Bk
BRAEIE IR R AR, FF I &R o R AE A
S K R, B IR A AR Bk
T 1% e AR B () 239 J5 o g A A T o

FEXF H AT v, SR I 2 g B T A5 R I B R T
96 h 3k Bl & i 1) o A AL, RS B M B 11.42 ¢/
L, Vi 2 RS T B 2 T2 48h TPSAE R R Mk M 1618 g/
Lo T [ 240 LB A ) P 356 1 2 A B (AR 1 i B
B35, AT LAPRAS i R R A O b AR A R T
AR RARRE T A BERI, S 1 PR s Wk
2.2 1% pH EXT ZEE RIS

KRR AR I pH EXT [ 2 1k 240 i 05 RS &

VREME R . H A 2 R, R EER R W 4G pH
HAE 3.0~6.2 JulE N, ¥ hh pH HEAR, BOAF] T
i A A LAY A R RN BT . Y AR R B pH=3.5
BF, KW 24 h J5 , [ 8 AR TR & T R i 098G ot o Tk 32
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R 1142 g/L, [ 72 P TR P B 1) T A o i vk
9.94¢/L, BIEE T LS, 1 20 i K56 40 A2, |
KR FEAR pH {E T, BEB: 40 ML A 0%, 25 Y D R R
o MiWILG pH = 5.6 B, BBk 20 f I 25 80 1 S
R E AR 13.40 g/L F112.91 g/L.

M 2 BT UL, B0 4E pH ETE 6.0 2247 e B[
SETL AN % T, % T TR B 24 b, W0 06 B TR vk
118.42 g/L BYZAET , [ A TR & B b B 7 A ot i
WeBE A3k B 19.84 o/L, WKE 15 E A 35 B B
78.5% ,EAEFEAL RN 0.4 g/g o T & E AL TR
P BB R R Tk BE U 16.27 g/L, L AT LA
I 7 AR TR T R T LA TR) R ) R /KA R ) B A
WA T R, AR I & B4R o T [ AL TR A B AR Y

KIERR
21
~ AR

19F  — [EEILIR AR
_ 17+
“_] A
Lo 15- /
< g3t A

. ': “

11} pz

9 , , . . , .

30 35 40 45 50 55 60 65

pH

B2 [ e AR G T R o Al TR P ) pHL (1) 200
Fig.2 Comparison of immobilized S. cerevisiae cells and
co-immobilized multi-microorganisms for

different initial pH
2.3 REREREX LR RN

BRI bR TR B e B R BErERE . b T
i R [ R A TR A Bl R I A Y T I Tt ‘L
BRI DR B, A ISR T — RIS R 94 46 b
WRIE 76 30 C TR K 24 h, 40 510 [ 5 Ak 240
POXPRE R R B DL o 45 SN 3 B s, BE A #0046 I
HIRIELL 90 o/L ZEAT BN I8 B, KT 24 h, A T
W E 91K 5) 15.09¢/L.13.01 g/L,

AR5 BT R FH I [ A B R AR TR S K
WIRFREL Ry 223, 45 1 — 20 8 e Je bz 7 1) B
DA e J v) A — 4R
2.4 REEBEMEW

— RNy, IR 20 B P B R TR O 29~ 33
C o VIR EE N 90 o /L I, 25 2[5 2 Ab R 74 1% B
SyBITE 24,28,30,33,35C, KB 24 h, T AE B vk
JE IR SRR 0 & 4 Fis .

T 4 7501, 76 R AR A 33 °C BB RS i ik
JE i, (R JFOE A R el 2565 TR i
VR R RIS JEORE I 36, 16 30 C Bl R T .

-

2

—— [ E AR % B
—~ [EEIR G E

0 30 60 90 120 150
pulge L
B 3 e AR A B R A A BT B R L bR s i)

Fig.3 Comparison of immobilized S. cerevisiae cells and

co-immobilized multi-microorganisms for

different glucose-xylose concentrations

pring/g L
BoRg &
IR R /%

128
11
24
10 . . . . . 20
24 26 28 30 32 34 36

T/C

P 4 [ A TR T Bk Tt T i T B %) 2 i
Fig.4 The effect of varying temperature on fermentation

by immobilized S. cerevisiae cells

2.5 AEEBEMEZBELREMIL

N T A UL e AR TR A B RN 1 Kk AR
Xt EUBIFSE 1 U0 B TR A AR T i PG e B i s g B
T PRI | [T 7 A PR 1 [ 5 A g T A R
PR B — DA 2 T R OR RS FT /K ARV 15 0, 24328
Tt BT 2 1 1 Je A R 2 SR L3R 1

12 1 B mT A B AL R R R SR AR
TS TR, U ST A TR R E K I5E 48 h (P9 RS 5T
HWRIE N 17.54 ¢/L, T B e AL IR A TR AN TE K % 24 h
PRI G S v B R IR 3] 19,84 g /L, AT B T A
1) KT, BTG FF K A ) AR R FE 2345 2048 5
A RE SR [ A TR B TRl eb 9 B b R4 FE ) &5
HARPUHLA R i — 2550, Bkl B bR &
PRFI I & BREASCR B S AR B — TR R, o G U 5 T

e
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F 1 ARG KBS (3] MBSrer, FHOME, D32 IRARE SRR & B P T
Tablel Fermentation results for different microorganisms ek RE(]]. BRI ,2005,32(1):32 —34.
R TR RV /g 1) [4] Grootjen DR J, Meijlink H H M, van der Lans R G ]
i1 7 AL TR A T 19.84 M, et al. Cofermentation of glucose and xylose with im-
TR A R 17.54 mobilized Pichia stipitis and Saccharomyces cerevisiae
[ 72 A P V1 P 16.27 [J]. Enzyme Microb Technol, 1990, 12: 860 — 864.
7 B T T 16.18 [5] Lebeau T, Jouenne T, Junter G A. Simultaneous fer-
(2] R Al g L R 13.28

mentation of glucose and xylose by pure and mixed cul-

9 BT R P2 A
i P PR R B 11.42 tures of Saccharomyces cerevisiae and Candida shehatae

immobilized in a two-chambered bioreactor[J]. Enzyme

3 é:]}j: ‘i@ and Microbial Technology, 1997, 21(4): 265 —272.

. . [6] Lebeau T, Jouenne T, Junter G A. Diffusion of sugars
(1) [E 2 AL TR A B ] DA RS A B OR RS K

and alcohols through composite membrane structures im-

%{&EPE/‘J* ﬁ%ﬂ%%%ﬁ%,ﬁ 30T .100 r/min‘%)] mobilizing viable yeast cells[J]. Enzyme and Microbial

G pH=06.0, ZEE R 24 h B SFF , 050 I f ok Technology, 1998, 22(6): 434 —438.

JEIRF] 19.842 /L, R HEALRIEH] 0.4 g/g B (7] BRACHE SKHLF 3K TbR. T H 2 00 4 T8
(2) [T A 240 6 %) 2 1 o 305 9 g 4 ) 5 T FEEEL]. kT, 2001, 4:45 - 46.

MR E, S R E R SR IRE, EEi (8] M/NE. EFMY L ARG RIBIFE[D]. il RAEKR

A AR SR P RE ) S 00 T B R 45 1A T 2 FIEPHE T LR, 2003.

ARG T T ] S A P B A R [9] Helle S, Cameron D, Lam ], et al. Effect of inhibitory

compounds found in biomass hydrolysates on growth and

xylose fermentation by a genetically engineered strain of

SE W

(1] RN, LM, IRE R R BEAR B2l 4E 5 2KY)
TR A PR 051 - P, 1896254 A P, 2007-01-17.

(2] FEFGHH, R, &, 5. FORFSFF KM S5 AHHE S
KBERRIESE )], B ,2002,29(1):56 — 57.

S. cerevisiae [ ] ]. Enzyme and Microbial Technology,
2003, 33(6): 786 —792.

[10] HEW], tthee, T2 T [ Aok B8 22 I8 B 4
JH % T R FEFF AR SR W B 5E [ ], Mol 2e 5 10
b, 1994,14(1):51 —54.

Fermention of corn stalk hydrolysate by co-immobilized
multi-microorganisms

LI YanHua ZHANG Wen FANG CaiQin ZHANG JianGang XIONG RongChun WEI Gang

(College of Materials Science and Engineering, Beijing University of Chemistry Technology, Beijing 100029, China)

Abstract: Pachysolen tannophilus and Saccharomyces cerevisiae yeast cells were co-immobilized by entrapment
in marine alga calcium gel. Fermentation of corn stalk hydrolysate was studied using the immobilized yeast cells.
It was found that the co-immobilized multi-microorganisms could utilize both hexoses and xyloses in the corn
stalk hydrolysate. The fermentation results were superior to those obtained with suspended multi-microorgan-
isms, or separate samples of immobilized P. tannophilus or immobilized S. cerevisiae. The ethanol yield coef-
ficient reached a maximum of 0.4 g/g under the optimal fermentation conditions which were determined on the
basis of a single diathesis test to be as follows: fermentation time, 24 h; concentration of glucose-xylose, 118.42
g/L; fermentation temperature, 30 C.

Key words: co-immobilized multi-microorganisms; ethanol production; corn stalk hydrolysate
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ERBINEBERE RRRAANBERNS B

W mEF
(Jbafb TR2A bl SHE AR, Jbat

¥R AR
100029)

O RIS EEERTE (Streptococcus pyogenes ) 15 B8 Bt H 11 85 BR & L ( phosphatidylglycerophosphate synthase,
PGPS) N F 31514, i PCR M EEEEEBRE ( Streptococcus zooepidemicus ) F K 2H WP 78 45 21 12 4HE Sl 531bp
HIFIRIT S pgsa - szo pgsa - sz BTN I A 176 D EIERREREE, 73 T8 19400, %51 8.8, Hop 547 63
ANEKZ R, TUR LT REI LS SRt . RES M T & IR 14 3 MBS, Ah,iZE IS S, pyogenes
119 PGPS AT 85% 11 Z 5L 1R )3 9 AR o B 3% 2R 11 5 4 o €0 8 %9 3K I ( Staphylococcus aureus ) (il B 2 fLAT B
( Bacillus subtilis) KB ( Escherichia coli )RR R Saccharomyces cerevisiae ) it PGPS AT LT, & Bl
HHAE PGPS RSP RIS HEAL S X0, Fd g5, posa sz N S. zooepidemicus AR PGPS B Zmith LA
KGR EEBEERTE; WRIRWE Hh BRI & R s ek ; Iy A0 AT

FESES: Q91

il =

i B i 12 (Hyaluronic acid or hyaluronan, HA)
P RIREE s, AR N L3 2AE
M HAEBE 2 At B S U BA T i .
PEIEEE BRI ( Streptococcus zooepidemicus )& T A
P HA R R A B B 52 W R A N
(Hyaluronan synthase, HAS) /& 40 ffd i | ## 4k HA
B B O B T, 8 A B AR Ik I 0 R G R
( phosphatidylglycerophosphate synthase, PGPS) #§
SRS L H A O R I B0 2 T B B R
S. zooepidemicus " HAS )45 15 55 & HBL m T
2GR HAS A 48 fince i i 7T {38 PR32 5 10
514 HET PGPS Y 4 % 3L R 7 HA A il 2 45 4
o BARTA LT HAS BIIRIED!  [HXF PGPS 4ihd 5t
T PGPS Mt 50, R HG A TAE 5 B 27534 o

LR R

1.1 ##
S. zooepidemicus . KIGFT W ( Escherichia coli)

Wik H 9. 2008-02-19

HETWH R TR A MR E S AR A BRI 4
B—EH . B ,1980 44k i+

LR RN TEYN

E-mail: tianpf@mail. buct. edu. cn

DHSa ARSI ORI, 20484 pET28a. E. coli Ji
FLFEHOR F Promega 7 & S50 ] Tag B (Ex
tag) . T4 i % B, INTPs F1 BR i ¥5 P9 U1 B 1 [
Takara 23 ), SDS #1 Tris 4 Sigma 23 &) 7= fho H
RE LG Y o Hral . AN Bio-rad
MicroPlusero

1.2 A&

1.2.1 EHP3ERYE S. 200epidemicus £ FLAFEIL

S. zooepidemicus H 37 C A A4 K, £ THY
Figrdk FAER 12 h SRR BGER 4 DNA 128 PCR
Mo E.coli DHSa 53R 55110 : LB {537 4%,37°C , 14
hHiE RN AR HEHE R, HEN 100 pg/mL. S.
zo0epidemicus HF A DNA Jiz it S W B2 I 2 , >k H
0.8 % OIS M BRI Fi, Uk A0 G W SC{BL I A A 45 & 1 7
o MIEHAE 260 nm Al 280 nm N B IL(E , HR
P M FN —2 PR R B Kl
1.2.2  pgsa - sz AR L%

P8 Ak Mk £ Bk ( Streptococcus  pyogenes )
pgsa - sp FEHFI (HFHS . AE004092) 1 31— X
a9 EcoRI 1 Xhol VI AL 5 1% 51 91, P1:
GCTCGAATTCCCTAACAAAGGACAATCCAT;
P2:  GTACCTCGAGAGGGTATATCGCTCCTGATC o
PCR " 3§ 2544 : 94 C HUE T 3min, 94 C 81 30,
55 CiRk 50,72 C LM 505, 3L 30 AMEIF, o 72
CEEM 10 mine # PCR ™ HIHEAT 0.8 % BUIRHHEEHL
HLIK, 20 5 B33 1, SR )5 JE 2] EcoRI I
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B LR SR BERR RIS I H- I AR 15 U P 1) 20 - 79 -

Xhol &AL pET28a # ik b, 4k E. coli
DH5a(10kV/cm, 5.2ms), 3¢ H bRt = #4914 F]
T
1.2.3 F3 oM

TR S LR A 53 53 i AR ME 43T B KT
TR 2 HE A 4% KT 51 2 4 1 ] DNAMAN 5.2 Fi
DNAStar 5.0 F2J7, A% B F1 2 KL 02 )7 5] Hb X %
NCBI 7E£: 2% Blast 1 DNAMAN 5.2 #f4:, &4
JoT Z AL SRR A KPR RN RS 4 T >R R A
42 J¥ SOPMA (http: // phil. lbep. fr) . ProtScale
(http: // www. expasy. org) . TMHMM 2.0 (http: //
www. chs. dtu. dk) 1 EMBOSS 4.0 /4

2 H#R 534

2.1 EF4Z DNA ZE

L] DNA i K R PCR R M . 48 3C
U S, zo0epidemicus FEH 4 DNA H RNase i
L RNA, SRS 0.8 % BB biE e r Uk %522 (181 1) 6
B 1 R 45 T T 22 BH AR A JE PR 4 DNA SE 3 AR
U o e 20 DNA IO RE 3 3K, & B 260 nm
4055 280 nm ARG LEAEHRAE 1.8 ~2.0 Z[H], i)
A L4l i 25 5 ] AR PCR AR .

N N S 194] DNA

9400 F
6500 £

4300

2300
2000

500

Bl 1 sk A R4 DNA vk o iT
Fig.1 Electrophoresis anlaysis of Genomic DNA

from S. z00epidemicus

2.2 pgsa_sz BEERTEE

g S. pyogenes W) pgsa — sp I FH , 5 55 Hi
XTSI, LA S. 200epidemicus 3 HZH DNA K
BT PCR 438 , 7 ¥ 28 Bt 1 AR 58 J5c v i A Tl
(B 2,(a)) o FLH &gl sy 38 R B, Bl it
R, 7 3 30 FHAR [ B 1 AR M Ab Y pET28a k44 I,
HUFAL E. coli DHSa. MEEALT-H L REBLIRLE 2 4>
el BRTORL S EcoRI Al Xhol XUEFVI %5, B Bt
297 800 bp (& 2, (b)), £ H] PCR /¥ C H# # 5|

pET28a A 1o F %78 28 19 B A A |1 T
JH DNAMAN 5.2 8178 500, & B—4> 531
bp B K B SEHE , 5 HAR AN P A9 PGSA 4 it 3 R L
A EEAIE . K iz 5 BT 5142 28 GenBank, £7 B
54 EU196239,

4500 B e TR RIEA

FEEEN goo EEBER N

(a) (b)

K12 PCR ™9 (a) MEAARFDIEE (D)
Fig.2 PCR amplification of the gene(a) and

vector digestion (b)

2.3 pgsa-sz BEEFIISH

W7 & 3% PCR 9387508 791 MZER, F
J11 DNAstar 5.0 #4738, K —HKh 531 bp 1Y
F3EHE , 5 NCBI # ORFinder F£)¥ (http: / www.
ncbi. nlm. nih. gov/ORFinder) Tl 2% S —2, iy 4 4
pgsa - szo B EAERED 176 TREIEMR . X pgsa -
sz AT Blast R, K E Y5 S. pyogenes i) PGPS
K (GenBank f7HUS - AE004092) A 78 % [R] V514
BRI 3 KB, pgsa — sz i & H A5 T &
19400, % HL 80 8.8, 24 pH iy 7.0 B HHLfif fy
3.18. ZEME 14 DR (KR) (11 DMk
HER (DE) .63 MHi KM E LR (AIFWV) DL K 41
AR IR (NCQSTY) o Hrr 63 A~ 7K P 2 5k
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Isolation of the gene encoding phosphatidylglycerophosphate
synthase from S. zooepidemicus

QU Kai TIAN PingFang TAN TianWei

(College of Life Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: The homologous sequence from Streptococcus zooepidemicus has been cloned by PCR using primers
designed according to the pgsa gene encoding phosphatidylglycerophosphate synthase (PGPS) in Streptococcus
pyogenes ; it is designated as pgsa - sz. Its largest open reading frame was 531 bp in length and the putative pro-
tein (PGSA _SZ) comprised 176 acid residues. The presence of 63 hydrophobic amino acids in PGSA ~ SZ sug-
gested a membrane-bound protein. In order to confirm this, SOPMA, TMHMM 2.0 programs and EMBOSS
4.0 software were employed to conduct hydrophobicity analysis and transmembrane prediction, and three trans-
membrane domains were found residing in the protein, which also appear in the PGPSs of other strains. PGSA _
SZ not only shares 85% similarity with PGPS of S. pyogenes but, moreover, also retains its active site, which
also exists in PGPSs of Spyogenes, Streptococcus aureus, Bacillus lichenifornis, Escherichia coli and Saccha-
romyces cerevisiae. The above evidence suggests that PGSA _SZ is the PGPS of S. zooepidemicus and is local-
ized in the cytoplasmic membrane.

Key words: Streptococcus zooepidemicus; phosphatidylglycerophosphate synthase (PGPS); cloning; sequence

analysis
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1.3 XWHE
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K FF o B A 8 E I R B2 2%5 S0k
[S]. 4R T 2 < YT 85550 8598 3h, I8 0.5%
IPTG /5%, R MR R A EAE A WRIE
RALIRE %52 SRk (3]0 1 & B i ] A58 il
FI1A 2.5 g/ T HIA.

1.3.2 &k TS E %

BRI RS2 % SOk [3 ], B
FELZZ #P R E (50 mmol/L # 2%, 0.5 mol/LNaCl, 5
mmol KM, pH7.5) HF F 4 C BT 24 h, B0 LS
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1.3.3 & RHAEN

YR a s RESEN, RME 0.1,0.3,0.5
mol /L PRI 1 2% wh il B A6 BE VR, U 0.3 mol/L
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Fig.1 SDS-PAGE analysis of fusion protein using
Ni-chelating-Sepharose
Z5RRHT 0.3 mol /L BRI A V8 i 0 H K P 1% 7
GrFi 2978 31000 {7 B A — 5 Wiy B — &, 510

W r R tEETW, e EaER
86%

AIANBITIE 2R A 3 R P s 26
JEHTHET AR S KA IR A B K, B R A
T FROK , ek A MR AL, FFBUS 52 PE
FAE—RERIRCR . T IR ARSI R, 2R
LT PR PR DU SR FNRC L | s R Al 45 57 1
U ABHRS B DT, A5 AN MEAL B, A3 T RO
AR AT AR R B R DR S N
A (His)e P31, B G BB & 2 AT 0 s alidk
e B SR AL A 5 21 2 BE 1R 5k Ak 1 2 13 o <2 21 BEL
WS, AR N2 MR S A TR R S S
JEATT AR S P 14 25 e R o o 85 22 M), 5 A R o o
R S PR3 b, A 1 A, A A AR S5 AR
,5[9]0

2.3 BAEEANBIILTE
sk Bt B VDR B S ] 4 — 40 °C , pH4 ~ 9, X

it U] LR it D) st ) 0 7 % b S 56, AT A S e A
Mo BEVIHRIKENE 2 s
A —

A T

12345 67 8 910 11121314 15 M

1,2,3,4,5—30 C /354 24 h,16h,12h,8 h,4h;7,8,9,10—8 C
53190 24 h,16 h, 12 h, 8 h; 11—Rill & 2 B VI AT 12,13, 14, 15—
20°C4351¥ 8h,12h,16h,24 h
B2 OR[FEEEI e ] B B %) L SDS-PAGE HL Ik Bl %
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Tablel Consequence analysis of fusion proteins

MEE TR BT TR T 6 B ~& bk

2225.96 2224.95 2224.99 —0.04 32~49
1954.85 1953.84 1953.86 -0.02 34~49
2459.26 2458.26 2458.29 -0.04 50~70
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Separation and purification of recombinant fusion
proteins of IFNa,,-THYa,

LUO Qi

CHEN JinChun

(College of Life Science and Technology , Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: An optimized method has been developed for separation and purification of recombinant fusion proteins

of IFNay,-THYa; with transgenic E. coli. After denaturation and renaturation, the fusion proteins were puri-

fied using three chromatographic columns—namely Ni-chelating-Sepharose before and after enzyme digestion,

and Sephadex G-50—were operated in series. The purity of the resulting fusion proteins was more than 90% , as

shown by RP-HPLC analysis. The yield of recombinant fusion proteins can be as high as 68 mg/g dry thalli.

Key words: IFNay,; THYq; fusion proteins; Ni-chelating-Sepharose
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Numeric simulation of the internal flow in a complex

trapeziform labyrinth screw pump

GUO YaNan ZHANG YouChen LI JingZhong

(College of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: The flow field of a trapeziform labyrinth screw pump for which the thread number of the stator was

twice that of the rotor has been simulated using the Computational Fluid Dynamics software Fluent. Analysis of

the flow characteristics, including the velocity and pressure fields, showed that the fluid in the field of the stator

is subject to significant disturbance, and that the velocity and pressure gradients vary markedly along the direc-

tion normal to the wall.

Key words: trapeziform labyrinth screw pump; Fluent; CFD numerical simulation
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Knowledge acquisition methods for expert systems

based on machine learning

MA Xin LIU Changl.ong ZHANG BeiKe

(College of Information Science and Technology, Beijing University of Chemical and Technology, Beijing 100029, China)

Abstract: The objective of this paper is to present a hybrid method for knowledge acquisition which combines

rule acquisition methods based on historical data with model-based methods. The former method derives rules

through rough set reduction of a genetic algorithm, while the latter transforms the cause-effect graph to rules by

using the automatic reasoning result of a signed directed graph (SDG). Using the rules obtained by the above

hybrid method to enrich the rules base provides knowledge covering the whole flow process. An example of the

use of the method is given for an electric desalting system.

Key words: knowledge acquisition; rough set reduction; signed directed graph (SDG) ; fault diagnosis
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Application of module theory in continuous-time
generalized predictive control (CGPC) control software

CHEN Dong WEI Huan LI QuanShan ZHAO Zhong PAN LiDeng

(College of Information Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: In this paper, we discuss the development and application of continuous-time generalized predictive
control (CGPC) software, in order to avoid the arbitrary choice of sampling time necessary in traditional dis-
crete-time theory. This software is based on a New Luus and Jaackola (NL]) continuous-time module identifica-
tion method, incorporates Object Linking and Embedding for Process Control (OPC) data sampling technology,
and allows module continuous-time simulation and online control. Using this software, various kinds of continu-
ous-time control laws can be obtained, the real-time input, output and status can be displayed and observed, and
the controller parameters can be set in real-time mode. Developed with a virtual channel (VC), this software is
characterized not only by its simulation function, but also by its real-time control ability in different fields.
Through its successful application on a module in a Jinan refinery, the software is shown to be effective and ex-
tends the application of continuous-time control laws.

Key words: modelize; CGPC; software development
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Table 1 Measurement results for real images

SM OM
LB d,./cm

d./cm e./% d./cm e./%
S 21.00 20.55 2.14 20.48 2.47
S, 60.00 59.05 1.58 59.12 1.46
S; 94.84 83.68 1.37 83.99 1.00
Sy 35.50 34.84 1.86 34.96 1.52
Ss 60.00 58.90 1.83 58.95 1.75
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Projective invariance based on single view metrology

ZHU HaiJiang DU Bin

(College of Information Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: A new kind of plane target, which consists of squares with their tangent circles, is presented in this

paper. A novel approach is then proposed for single view metrology based on projective invariance. Features of

lines and ellipses in the image of the target may be detected using a Canny operator. And tangent points of lines

with ellipses may be estimated using least squares methods. As a result, homography may be computed from

point correspondences between space points and image points. Finally, by using the property of a common tan-

gent to two coplanar circles remaining invariant to perspective projection, the distances between two points in a

space plane are computed. Extensive experiments on simulated data as well as on real images validated our ap-

proach.

Key words: projective invariance; plane metrology; homography

http://www.journal.buct.edu.cn/tech



%3586 55
2008 4

b om oA TR % R
JOURNAL OF BEIJING UNIVERSITY OF CHEMICAL TECHNOLOGY 2008

Vol. 35, No.5

X0 IE 32 46 B 1808 i 9 1

R

(AEstfb TR BB, bt

100029)

B B W TR EZ T MSUE SR M BN D7 B AL GE ) B/ INEAF AR B UE I T %, UEW] T RUESSHE
(B RUBE R B AEVE I SRS o 2t T P 3 XU S R I /N DR s 19 2 5, AR AT A 2 5, LT S e /)
VAT LIGIE A B/ N, /NI RS L 4 g5 38 I 48 P L e R i 509 o I ) AP 3 38 i e oA 2 3K, 6 1 XUIE
B8 T ROBERE R e 0 PR 3 A 23 3, St A 3 XU IE S /N D5 ) PRI B T, I 4 L S 1ok B B AR SC I 48 1

ML AT

KEER : FEREE/DE ; BUEAS; JEMEA; et ; R0

FE5ES: 0174.2

=

Bt /NI RIS I L/ INDBE A A o
BRI ] (1) /N, S 22 /NI —Fh g . SR (1] 45
HE YRR A 22 3 1% 0 AR R O A/ g s 1 i A A
& SCHRL2 R IE S FE R (B /N HE T 3] 1 BUEZE 1Y)
THIE , I L HL1F) Daubechies PN H &A1 T —
EXUE SSH BB /N o SCHRL3 ] 45 1 T —Fi i i 1F
SRR/ N J7 1 o R A/ N R 21 1] 1T LAY
JR 22 /N BT AT 8 0 B AR/ N A T RF 9T 22 70N
WIS S A5 TR o FEEE/ N o iR A
i A BETE I 70 45 5 10 RETE R R (5 5 9 o
RIEATIM . T3 o0 TEHAT B B 2 /N AR 4 i 1
P BRI, (H 2 25 HOHE B AR/ N DB AR e AN 75 B
TN . FESEhR R, 4 F BB A T A
HIRL I 2 1 R TR (0 [R5 55

TEC A BY/NEELE , BUE S /NS TE 38 /M
AR 2 . e, SUEAS /N I H  8  BE
B, AT AR A B 2 RGBT, #AUERR 2
SN P T PG PR 46 4 BUTS EAF  RR AR S
FSE T RE R (B BUIE A2 /N R3S Bt o IR T X0
TEACRE MR R R B AR I FE 2500, OF L ga
XUESSH PEAE/IN I DR I 2 A 35 A X, B TRy

Wk H 1 : 2008-02-27
BV L, 1982 4 Btk
* IR R A

E-mail: mathcui3@163. com

Wi~ EA B SR I AR i AR 2k
P PLASCIE SCHE P8 B , )i 4 1 A

1 XIE & 8 PR /N 0y A HE 38

FAFAEF AR R @ (1) 2 R I, B
@(1)=V2 D H@® (2 k) (1)

HA T H, e 08 r X r BOSERE R A, FR R A0GGE 18
fv, 5@ (e ) B 45 1B 48 R 1 4 I 1 pR BB 5 2
220 L2(R,C7 ) — 72318 V) BY Riesz %,
B2 @ (1) TR A — A REERE PR
T RJEHFE(D) B Fourier 284, A] 15
q)(w):éH(%>@(%) (2)
Hd Hw)= D Hye “FRAGE I I 280 — R B

WM FENFR (), A w =0, A5 5]

H(0)= > H,=/21I (3)
(LA 7 2, ER SR 22 /N P D 2t L o H
AT R (3) 24 35 41 T R A /N i i
122 /NP UG DS F T X 51,

(3% @ ()1 (1) X RUTE A2 R B8

IR B T TG IE S 2845 H (o) A Hw)
L S i

(o) H(w) + Ho+ 0 H(w+m) =21  (4)
T (3) 2 AT LS 300 5 R B F B 0 B 24
i

http://www.journal.buct.edu.cn/tech



- 104 - b Ak TR 2F 2F i

2008 4

H(0) = LH,, — /21, H(0) = LHk =21 (5)

ARSCH Vhb FIR JE ¥4, ’dl?)ﬁm/ﬂﬁﬁﬁﬁ/\m
HAET I IE B o

2 IR AR B /N R0 A A T B 3

ARSI R B8 Bt Hh AT RUE AR
B/ IN D ) BT M 7

FIE 1 (M FR H )= 2R, Ot
L (4), (5)38, i

inf [A(w)|>0, inf [A(w)]>0 6)

lol <5 lol <5

HA1 A (o) 1 2 () SR FICo) 1 H o) BB
BB, 54, e e i — R B R @ (1)

gl cp(z)fexmzscg FHEA T G — Xk RUBE R
TERR AR b BRI fn SR = A 2 A

H(w) FHEEREL 2 (o)W 2 inf |2 (w)|>0,H8

\w\<g
IFIEEE C>0, AR K, WAL EM o €
(—2Kx 2K H

f 1a(5)
Fr LA, B 454 (6) AT 153
,Hlﬁ (%) (7)
HE (%) (8)
BTk, RFHIEH & (t — k)5 @(t — k) Z[B] A XLIE
T, KT R R B AENE IR 5% 50 i /N i B

W AR RE IR, AT 2 0 SR (6]
M Fourier A8 #1145, A,

| cp(t)q)(z—n)dr—J B(0)D(w)e ™ do
SHEE KB K >0,%

K

pi(w )*H

yK(CU)- ;% J717<§§)X[—2KKJKW1(w>
HB2,

JMK( ),uK(w)e e w—JkK 2KH<%) ‘H

~ ~ ZK‘H -1
w M @ M w inw 1
~k H” (*)"'Hx(*)e "dw _J K H
(2K> 2K 2 oK 1L

g () o) (5]
=] s (o

—inw _ _ Zn — inw
e  dw=--= e dw-

0

I.=2x6,1,
()T o () T e () S B A B
5 () D(w), Ll H(0)=1,, H(0) = I,
(7). (8) A E], AHE M o € R,
(0) - D)D" (o) | <(C+1) | Hw)H" (o) |
(B 472 K + oot || e — "
|=+0,574 | @)@ (1= n)di =5 | d(a) @’

| g Cw) g

— inw 1 —in )
(w)e dwiii;gggJ;#K(w)#K(w)e dw =
67117'

SREHEII T @ (2 — k)5 (¢ — k) RAUEAS,
T Y S P LT S (L D

B H(w), H(w), Glw), H(w) K7,

SE 1 I H ()M Hw) =i 25t
M, HE AT L F Bt
1wK .
I:I(w):eﬁ(lr+651wﬁ(2w)) (9)
~ 1wK o
H(cu):eJ72 (Ir+esmp(2w)) (10)

Ho K BHERER, e |- 1,11,
H oo )3 (4)30F1(5) 5024 LAY

P() P (0)=1 (11)

A4 H(w)F

i’(O):;(O):I (12)
BB AT A8 B A E B S5 18, B (9),

(10)ZAT 5 H(w) Al H( o) FEHAELAA DL Tt

iwK
/I[I:I(w)}:eﬁ (1+“Al PQw)]) (13)
~ iwK e
A[H(w”:eﬁ (1+eA[PQRw)]) (14)

B FCe) R H (0) BLAT TS 52 1T 34, Ut
FF o T ok T L ph (G e Bk

&2 WE H(0)f H(w) 2 =2t

http://www.journal.buct.edu.cn/tech



%54

P2 - VUE SCHEFEE /NI A BE T - 105 -

B, HEMTEM9), (10) 3o AR2X B FEANTH &
& P ATl g R w4

—iw(L —1+8)

H (w+m) (15)

Glw)=e “T " VIH (4+m) (16)

Hrr L RGBS KB, o€ 10, 1 HfifF L7 —
1+ 0 JEar%k,
FLE A A A, L UE B A 25 ) D
P51 2 BUEAE F 4, X mT LA 3 B R 51
FEFR o M A R BT R, &2 5K(9), (10),
(15), (16) 25 T RUIE A4 FE U8 I 2 (A 1 o

FHEEEH L 0(w0)Q" (o) = I, (1= £

SR O o) FT Qo) BONE o 7 SCHRL7-8] 12t
T P
GE3 R 00)F Q(w) = f £ u
W, L EA FIER MR MR, & 2 =e ™,
Q0(2)=0(0)V,(2) V5(2)V,(2)

Glw)=¢c

0(2)=0(0) Vi(2) Va(2) V(=)
Horfr G(0) I Q(0) EH B, L 0(0)Q" (0) =1,
Vj(Z):I_A,' +A,‘Z,;[(Z): I_X,' +XZ’Z,E_
A%:Ai,X[:A,fX',i:1,2,"',18,9352\ Q(w)a)
(w)=1,,

SE4 I 0(w) 1 Q(w) = LT A
Ve, HE TR T M AR, S v =e ™,

0(2)=V,(2)Vy(2)V,(2)C(2)

5<2): Vi(2)Vy(2)V,(2)D(2)
Hip €)D" (=) =L, Vi(2) =T - vy +vy/z,

vy e AR T4 0(0)Q (@) = L.
T A o AR T PR RS R (1),

(12) 209 P(e) 1 P(0) BI85, 45 T P(e) 1 P(0)
ST L T A 2 R o B ) AR R 5
R (IR S

3 IR & FEAR /N UK 8 E A
B B A 4 2 B R A s
(11), (12)2H P(w) Rl P(w), B,

P(2)=V(2)V,(2)V,(2)C(2)

P(2)=Vi(2) Vy(2)= Vi(2)D(2)
HTRBER, A E=1,v,=[cosl,sind]",C(z) =
I-N+Nz,D(z)=—-N"z "+I1+N",Hf N
JE2X2 WA . TR AT DIE B R i
PR Gl 4 MER, 3 — b, S FEE N =

0 1
FINE R e e

) Hy(0) Hplw) |
H(w)zl 11 12

V2 L Hy (w) Hy(w)]

~ Hi(0) Holw)l
H(w):l 11 12

J2

H(0) Ho(w))

Horp

H; (w)=1+sin0z + cos’ 0>

Hp (w) = (= sin?0 — cosfsinf) = + (sin?6 —
cos? 0 + cosfsind) 2> + cos’ 623

Hy (w) = — cosOsinfz + cosfsinfz>

Hy (w) =1+ (cosfsind + cos’d) z — (2cosfsin
0 —sin*0) =% + cosOsinfz>

H), (w) = cosOsinfz ' + 1 + (sin®0 — 2cosb *
sinf) = + (cos0 + cosfsinf) =

Hp,(w) = — cosOsinfz + cosfsinlz>

Ezl (w) = — cos’0z 1 — (cosfsind — cos*0 +
sin?0) = + (cosOsind + sin®0) =°

H>,(w) =1+ cos? 0z + sinfz>
L 1r (+) A det(+) 43 RS HE B A 08 A A T4 = )

w2k

S

2

MH (o)X [H(0)] = (1+ ™ (P

Q2w)) +e“det(P(2w)))
w2k

M[EUU)]/\Q;I(CU)] :eT(l + e

i

“tr (;
(20)) +E“det(P(2w)))

Ty T ARTIERR 9 091 B M0 A7 A, B 1,
(o) A0 H (o) BORFAE (A0 40396 12 76 0P 41 (6) .
i Fa A Ao F H o) EFERS 0 Fle 47

9‘%,%’[ 0:%,8 =-1 H#E}E%ﬁ/@(6)ﬁo @ﬁi+%’

http://www.journal.buct.edu.cn/tech



- 106 - b 5 4k TR 2 2 4l 2008 4

f e A B AR | o A D i i)

Hy=1, Hl—i{ 172 71} H,=0
J2 7 2L-12 17 ’
H3:l{1/2 12 } H:OH:i[O 1/2}
NRLbrn 12l T nlo s
;L:i{l/z O}N:ll
1 @ _1/2 0 ’ 0 @ 2
El:l{*la *1/2}5:0
RL-1rn 1n 727
E%:i{l 1/2} P
NG AN TN V72 A
-1/ 1 1
Gl_o’cz_@{vz 1/2}’03:0’
G112 71/2} 1,
MR V- V2 NG
112 71/2}
G nlo o
G0 052
b o anlt ™
~  q[12 121~
=5 lin —1/2}’(;370’
F4:;1'1/2 —1/2} F :il
S e T U A

I E A A o R T LA Y, B 2 B e
FEVT AL B B At b % 8T SRS P FIAF AR,
B A 1 BRI 2% 1, 78 a6 1 55 RAF Y
IO PR o X R A L/ D5 PO A i R AR B Y, A o
=

Sk :

(1]

Xia Xianggen, Suter B W. Vector-valued wavelets and
vector filter banks[]]. IEEE Transactions on Signal Pro-
cessing, 1996, 44(3): 508 —518.

Slavakis K, Yamada I. Biorthogonal unconditional bases
of compactly supported matrix valued wavelets[ J]. Nu-
merical Functional Analysis and Optimization, 2001, 22
(1): 223-253.

Walden A T, Serroukh A. Wavelet analysis of matrix-
valued time-series| J ]. Proceedings: Mathematical, Physical
and Engineering Sciences, 2002, 458(1): 157 —179.

Tan H H, Shen Lixin, Tham J Y. New biorthogonal
multiwavelets for image compression[J]. Signal Process-
ing, 1999, 79(1): 45— 65.

Cui Lihong, Cheng Zhengxing. A method of construction
for biorthogonal multiwavelets system with 27 multiplici-
ty[J]. Applied Mathematics and Computation, 2005,
167(2): 901 —918.

Mallat S G. Multiresolution approximations and wavelet
orthonormal bases of L2(R)[D]. New York: Courant
Institute of Mathematical Sciences New York University,
1989.

Resnikoff H L, Tian Jun, Wells R O Jr. Biorthogonal
wavelet space: parametrization and factorization [ ] ].
SIAM Journal on Mathematical Analysis, 2002, 33(1):
194 —215.

Hardin D P, Marasovich ] A. Biorthogonal multiwavelets
on [ —1,1][J]. Applied and Computational Analysis,
1999, 7(1): 34 —53.

Existence and design of biorthogonal matrix-valued wavelets

ZHAI BolLan CUI LiHong

(School of Science, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Biorthogonal matrix-valued wavelets have been employed to analyse matrix-valued signals based on

matrix multiresolution analysis. The sufficient condition for existence of a biorthogonal matrix-valued scaling

function has been established in terms of the corresponding two-scale matrix symbols. Two designs based on fac-

torization of biorthogonal two-scale matrix symbols are presented. In particular, explicit constructing formula-

tions for biorthogonal matrix-valued wavelets are given. With these formulations, highpass filters of biorthogonal

matrix-valued wavelets can be given explicitly by lowpass filters. Examples of two-scale matrix filter banks are

given.

Key words: matrix-valued wavelets; biorthogonal; filter; existence; factorization
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Asymptotic stability of solutions for one-dimensional

compressible Navier-Stokes equations

ZHOU PeiPei

CHEN YaZhou LI YanJun SHI XiaoDing

(School of Science, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: One-dimensional compressible Navier-Stokes equations have been investigated, and the asymptotic sta-

bility of the shock wave has been established under conditions of small perturbation. A superposition of the shock

wave has been derived under conditions where the initial disturbance is sufficiently small. By the means of exis-

tence and uniqueness of the local solution and the priori estimates, the superposition of the shock wave is shown

to have asymptotic stability. The proof is based on the elementary energy method.

Key words: compressible Navier-Stokes equations; shock wave; asymptotic stability; energy method

http://www.journal.buct.edu.cn/tech



- 112 - b 5 4k TR 2 2 4l 2008 4

(tRUITKFZFH (B AT FRR) MER &0

R TR 24 (A RBFERO) )& B F B 34 At st ToR2: T B R B2 22 AR W), WA
Tl ENINATF RAT . FERPEAR A RBEAA TREE AR T H W ATH I 2= AR SCREIF R 4z, 2 B L5
fb2e 52 TR MRERE S TR, AYRHE SEOR JUE TRAE B RE B SEOER 225 AP FPE
i S B RMIE I T S B A TS A M B S Ak 2E A TR R R . A TR AR H Lk
A KB HABIH I B2 ARG ST, MGHAL P AME B KR

SRRERMEFEED

1 ORAG S5 e R, SCTRE SR B v 5, BIERIE W, B0 SRR 6000 TR (FIEIER) . SCRENAL
F&GRIUT ) 8 H (AL 20 NF) SEEES AEE AL U2 (400 F 2247 ) ORHE I (3~8 4>) L IE 4
R IS S H SR S H AEF A (DURDFE ) RAIIEA U B S SO, LA, 76 8 TUIAIE
SRS —AVE B E R A 4R H BURR (2L e-mail Mk, 5 BB H St I8 KA 4 S o

2 IESCAYEAREN AT S SR AR oy B I BT RLAR E i S 5, AN A2 R Z (0] 8] S AR R, B
RECFIEEAIA S 1,101,111, — AT, 52— FERE,

3 SESCRHELEE S ANBR, IS TR SO B SR — 8, IR AT SO R

4 ORFESR TR, bR s MERA DB FER AT 5 A5 5 B Shn i . W3R a SO SRS RS — IR
BB I B o SC AR 5 SCH AR SO BRI K INE S IE RHA, b R AR IR IR SC—3

5 SCPRE RN T SR REM GRS . SR B TR, R R 8 W AR ARARARTE], Ak
B AN (0 G AT 9 A — 5K B . 2R B — R Origin B4R B, 35 4% 1 st 72 R AR U3 FH AutoCAD 5514
YRR RO EIZOR E LN ZnHLA y 2 1, B SCF RS 0 5 1E 03 fISEITE 5 em 2247, S IRHE
FI<<16 cmo HR T ZEREB M, )20 5 BT, WO A £ sl 78 [ oAy bl R a4 S5 52 19 1 3 1“4 L7 3C
=L/ 1] v

6 S SCHR H ik F LRI VR 3 B B2 0 — R SR, — oA T 15 FEA T 55 S AFERSC
BRI (5 50% o JP 53 SCrh i BLSe S e gt . SCERPEE S0 3 NG InaE (O SCERT 44 J5 , 27405 , AN
AE R o FHFAERILI GB/T 7714—2005C3C )5 27 SCHRE SERLNID AT, F5 38 1 2 - Sk 1 25 53 =X
B ST

o R AEE. AL A IRAE, B OW) SRR TR

+  F EE. BAIMI]L BRARCGE 1 RRNESS) . R R, A R 1k T

w X & EE. BAIC] hil: HRE, BIREE: 530,

FARL AEE. BHID]. RAFH S . A7, A0

FA Ak BRIEE. TR GRER], BRSSP A% HY.

B UK FETHLE . B AN E [ SRR AR/ SCHR AR bR A . R - S R, e AR
(HEgrak e 581 (511 B 8] 4RI R A%

7 REECTT AR, BUFESFE AR B, Se g | A SR, S50 b . A PN — TR 4R
VEB ARG , BV R (] AR TX SR A A i SO 8 e, I LAER R OG5 RR L o9 28 j S5 T 2 LAt AT L )
B R A i A o VRS SO AR T 9% 5 A TR — I 25 A5)

8 K —H R RS hm =X, #8Am ML www. journal. buct. edu. en/tech, 5% )5 fi i “VEEFELAX
Fi " Rs B e BB s B e, B0 58 UG B AT S 2 iR (R A o AR I o R — My 2~ 3 AN, d AT e
SRR . R — LTS HR AT, TG 2= 2 A

http://www.journal.buct.edu.cn/tech



