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Research on Flexible Tactile Sensor Based on Carbon Nanotube-Polymer
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(1. State Key Laboratory of Transducer Technology, Institute of Electronics Chinese Academy of Sciences, Beijing 100190,
China; 2. School of Electronic, Electrical, and Communication Engineering, University of Chinese Academy of Sciences, Beijing

100190, China)

Abstract: This paper examined a 6 x 8 flexible resistive tactile sensor array with multi-walled carbon nano-
tubes ( MWCNTs) —polydimethylsiloxane ( PDMS) composite. The fabrication process of the sensor array was
simple and compatible for large area and volume manufacture. The sensor array had properties of high flexibil-
ity and sensitivity contributing from the composite anomalous surface structure on the sensing elements. The
sensitivity of the tactile sensor was 16.9 ~5.41 kPa ™' in the low pressure range ( <300 Pa) and > 0.5
kPa ™' in the pressure range of 1.3 kPa. Moreover, an array scanning system was established and the applied
pressure could be detected, digitalized and realstime displayed. This work had high potential in low range
pressure detection and artificial skin applications.

Key words: tactile sensor; carbon nanotubes; polymer; flexible
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A Fiber Optic Magnetic Sensor Utilizing Giant Magnetostrictive
Materials and Fiber Bragg Grating Fabry-Perot Cavity

MA Rui'?, ZHANG Wentao'?, LI Fang'”’

(1. State Key Laboratory of Transducer Technology, Institute of Semiconductors, Chinese Academy of Sciences, Beijing 100083,
China; 2. School of Materials Science and Opto—Electronic Technology, University of Chinese Academy of Sciences, Beijing

100049, China)

Abstract: In order to measure static magnetic field, this paper presented a novel optical fiber magnetic field
sensor with the resolution of wT level. This sensor was expected to be used in resource exploration, power grid
monitoring, geomagnetic navigation and so on. FBG¥P coupled with Terfenol-D was used as sensing element,
and a NdFeB magnet was used to apply bias magnetic field. Meanwhile, to compensate the environmental tem—
perature, another FBG¥P coupled with Monel 400 was used as a reference. The measurement sensitivity of
the sensor was 1.5 x 10 > pm/uT, which resulted in a magnetic induction resolution of 0. 67 wT. The experi—
mental results showed that the sensor exhibited excellent linearity and directivity in response to static magnetic
field.

Key words: fiber optic sensors; fiber Bragg grating Fabry—Perot cavity; magnetostrictive material; magnetic

field; temperature
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Tab.1 Detection results of dimethyl sulfide, dimethyl

disulfide and methyl mercaptan
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Tab.2 Orthogonal experiment table of mixed sample

g o ZH B /0 c( WEREE) /o WBLRE) /
N (mgem ) (mgem ")  (mgm™’)
1 0.5 2.5 0.02
2 0.5 3.5 0. 06
3 0.5 4.5 0. 10
4 1.0 2.5 0. 06
5 1.0 3.5 0. 10
6 1.0 4.5 0.02
7 1.5 2.5 0. 10
8 1.5 3.5 0. 02
9 1.5 4.5 0. 06
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Fig.1 Structure schematic diagram and sensing

mechanism of the capacitive tactile sensor
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Fig.2 Preparation process of the capacitive tactile sensor

based on porous composite dielectric layer
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Research on Capacitive Flexible Tactile Sensor Based

on Porous Composite Dielectric Layer

LIU Caixia', ZHU Wenjin', WANG Zhigiang', GUO Xiaohui', LIU Ping', HUANG Ying'*

( 1. School of Electronic Science & Applied Physics, Hefei University of Technology, Hefei 230009, China; 2. The State Key La—

boratory of Bioelectronics, Southeast University, Nanjing 210096, China)

Abstract: In order to improve the sensitivity and dynamic response characteristics of the tactile sensor, con—
ductive microcellular foams of GNPs/CB/SR nanocomposites were prepared with favorable electrical properties
and flexibility based on foaming technology, and it was used as composite dielectric layer to design high-per—
formance capacitive flexible tactile sensor. The foaming agent concentration was analyzed to investigate the in—
fluence on the electrical properties of porous structure composite dielectric layer. And the microstructure and
morphology of porous structure composite dielectric layer were characterized. The capacitive tactile sensing u—
nit structure of porous structure composite dielectric layer, working mechanism and corresponding performance
optimization methods were systematically analyzed. Meanwhile, performance testing for the capacitive tactile
sensing unit was conducted, and expandable tactile sensing array was designed. And the capacitive tactile
sensing array information extraction system based on high-performance microprocessor STM32F103VET6 and
capacitive digital converter AD7147- was designed to achieve real-time pressure distribution perception. The
experimental results indicated that the proposed capacitive tactile sensor with porous structure composite die—
lectric layer possessed good detection sensitivity and dynamic response characteristics, and could be used as
robotic electronic skin to achieve high-performance tactile perception.

Key words: capacitive tactile sensor; composite dielectric layer; flexibility; porous; electronic skin

( B3 15 31)

Rapid Detection of Malodor by Ion Mobility Spectrometry

YU VVangkel'2 , HE Xiuli', GAO Xiaoguangl , JIA Jian', LI Jianpingl

(1. State Key Laboratory of Transducer Technology, Institute of Electronics, Chinese Academy of Sciences, Beijing 100190, Chi-
na; 2. School of Electronic, Electrical and Communication Engineering, University of Chinese Academy of Sciences, Beijing

100049, China)

Abstract: A corona discharge ion mobility spectrometry ( CDMS) detection system was established to detect
malodor, and its working parameters were optimized. Single and mixed samples of common malodor com—
pounds ( dimethyl sulfide, dimethyl disulfide and methyl mercaptan) were detected. The theoretical limit of
detection, linear working range and relative standard deviation ( RSD) of these three malodors were obtained.
The detection results showed that the ion mobility spectrometry technology could realize the component analysis
of mixed malodor, and the field detection of malodor based on this technology had a certain feasibility.

Key words: malodor; dimethyl sulfide; dimethyl disulfide; methyl mercaptan; ion mobility spectrometry
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Synthesis and OSL Studies of LiMgPO,: Tb Material for Radiation Dosimetry

QUE Huiying'?, CHEN Zhaoyang', KONG Xirui'*, HE Chengfa'

(1. Key Laboratory of Functional Materials and Devices for Special Environments, XinJiang Technical Institute of Physics and
Chemistry of CAS, Urumqi 830000, China; 2. School Matericals Science and Opto—<¥lectronic Technology, University of Chinese
Academy of Sciences, Beijing 100049, China)

Abstract: The goal of this work was to investigate the relevant dosimetric and luminescent properties of LiMg—
PO,: Tb a high sensitivity optically stimulated luminescence ( OSL) material, synthesized by a simple solid-
state diffusion method. The dosimetric properties of the material using a continuous wave-optically stimulated
luminescence ( CW-OSL) technique were studied. The influencing factors affecting the sensitivity of the OSL
material were also explored. The experimental results showed that the material exhibited high sensitivity when
the dopant concentration was 0. 2% mol and the particle size was 50 ~150 pm. In addition, The material was
found to have all the good dosimetric characteristics, such as high sensitivity (3 times less than the commer—
cially available Al,0,: C, Landauer Inc. , USA) , tissue equivalence (low—Z, Z_,=11. 8) ,wide range of dose
response (0.1 Gy ~1.0 kGy) , etc. , which made the material potential for personal and medical dosimetry
applications in radiation dosimetry.

Key words: LiMgPO,; OSL; dosimetry; radiation dose
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Synthesis of Porous SnO, Hollow Sphere Materials and Gas Sensing Properties

of Formaldehyde

LI Na'?, XIANG Qun', CHENG Zhixuan', WANG Xiaohong', XU Jiagiang'

(1. Department of Chemistry, College of Science, Shanghai University, Shanghai 200444, China; 2. Department of Fundamental
Education, Shanghai Civil Aviation College, Shanghai 200232, China)

Abstract: In view of the current cumbersome preparation process and the low sensitivity to formaldehyde of gas
sensing materials, this paper mainly prepared synthetic porous SnO, hollow sphere materials by using the ratio
of ethanol to water to detect the low concentration formaldehyde. The structure and morphology of the materials
were characterized by XRD, SEM and TEM. When the volume ratio of ethanol to water was 3.0:5.0, the
prepared porous SnO, hollow spheres grew uniformly and with a diameter of about 400 nm. The gas sensitivity
test results showed that the optimum operating temperature of SnO, hollow sphere material was 210 °C, the
response value to 50 mg/L formaldehyde could reach 52. 5, the response and recovery time were 14 s and 33
s, and the response value to other gases was lower. The material was also tested continuously in the range of
formaldehyde concentration range of 1 ~50 mg/L, the lowest detection limit was calculated to be as low as
20 wg/L, indicating that it could be used for the detection of low concentration formaldehyde.

Key words: formaldehyde; hollow sphere; porous; Sn0O,; gas sensor
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Fig.3 (a) TEM spectroscopy pattern of the ZnO
synthesized with metal-organic framework precursor
and Element distribution pattern of Pd,, /ZnO
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Fig.6 Response and recovery curves of different

concentrations of NO, in ZnO synthesized by metal

organic framework precursor and Pd,, /ZnO
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Synthesis, Characterization and Nitrogen Dioxide Gas Sensing Applications
of Pd Doped ZnO Material

CAO Chenlu, CAO Chunmei, GUO Meiyuan, LU Qifang, ZHAN Zili, GAO Jian

( School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China)

Abstract: Nano-sized ZnO materials were prepared using the porous structure of metal-organic frameworks

( MOFs) material as the precursor, and the sensing performance of this ZnO-based semiconductor nano-materi-

al with different ratios 0. 5% 1% 2% of Pd ( Pd /ZnO,x =0.5,1.0,2.0) for the different concentrations of

NO, gas was studied. The sensitivity value of Pd,, /ZnO nanomaterials to volume fraction 2.5 x 10~ volume

fraction NO, was 46. 6 higher than that of pure ZnO, Pd, ,, /Zn0O and Pd,, /ZnO for NO,. The optimum oper—

ating temperature was 235 °C, and when the NO, concentration was reduced to volume fraction 5 x 10 ~°, the

sample still could have gas sensing performance.

Key words: Pd/Zn0O; metal-organic framework; nitrogen dioxide; gas sensor; gas sensibility
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Tab.1 Results comparison of device matching and simulation
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Design of Surface Acoustic Wave Sensor for Rapid Detection of Hydrogen Sulfide

LIU Xueli'?, ZHANG Yufeng', LIANG Yong', LI Junhong', WANG Wen'

(1. Research Center for Ultrasonics and Technology, Institute of Acoustics of Chinese Academy of Sciences, Beijing 100190,
China; 2. School of Electronic, Electrical and Communication Engineering, University of Chinese Academy of Sciences, Beijing

100190, China)

Abstract: In this contribution, a surface acoustic wave ( SAW) based H,S sensor was proposed for by combi-
ning the SAW technology with fast response and TEA with selective absorption towards H,S. By means of the
drop—coating method, a 200MHz SAW H,S sensing device with delay line configuration was developed, and
collected into the differential phase discrimination circuit, and the corresponding SAW H,S sensor system was
constructed. The measured results in H,S gas experiments indicated that fast response ( <29.9 s) , high sen—
sitivity (2. 81 mVemg '*m’) and lower detection limit (0.21 mg*m *) were achieved. It seemed that the
proposed SAW sensor could be promising for sulfide sensing.

Key words: surface acoustic wave; TEA; delay line; phase discrimination; H,S sensor
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resonant frequency of beam
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Study on Sensitive Structure of Graphene Resonant Pressure Sensor

FAN Shangchun, ZHANG Jin, ZHU Liming

(' School of Instrumentation and Optoelectronic Engineering, Beihang University, Beijing 100191, China)

Abstract: In this paper, a harmonic oscillator with a graphene material as a beam was designed with reference
to a silicon resonant pressure sensor. The theoretical analysis and finite element simulation of the harmonic os—
cillator were carried out and the working mechanism was revealed. Moreover, the influence of the structural
parameters of the resonator on the sensitivity was explored. The simulation results showed that the sensitivity
not only decreased with the thickness of the silicon film and the length of the beam, but increased with the in—
crease of the length and depth of the groove. Further, the preparation of graphene, the transfer and adsorption
of graphene, the graphene High-precision cutting, and other harmonic oscillator processing technology were
studied.

Key words: graphene; resonator; sensitive structure; processing technology finite; element method
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Electronic Nose and Diagnosis Model for the Detection of Human Gastrointestinal
Diseases Based on Hydrogen and Methane Breath Test

GAO Fan'?, ZHANG Xusheng', WANG Min', ZHANG Junyu', WANG Ping'

(1. College of Biomedical Engineering and Instrument Science, Zhejiang University, Hangzhou 310027, China; 2. College of Au-

tomation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Hydrogen and methane breath test has been widely used in the diagnosis of sugar intolerance, small
intestinal bacterial overgrowth ( SIBO) and other gastrointestinal diseases. The gold standard for clinical diag—
nosis of SIBO is small intestinal fluid culture, while the sampling is invasive and the sample location is limited
and easy to be contaminated. Therefore, clinical experience is often used for the diagnosis of SIBO with poor
accuracy and risk of abusing the antibiotics. In this paper, hydrogen and methane in breath were selected as
the markers and a novel electronic nose was developed which can detect the volume fraction of hydrogen and
methane in breath with the detection range is 1 x 10 "¢ 2200 x 10 °°, the resolution is 1 x 10 "%, and the preci—
sion is less than 10% . The results were corrected by the carbon dioxide volume fraction to eliminate the effect
of the dilution of outside gas, the patient breathing mode and other factors on the alveolar gas. The 47 cases of
healthy people and patients were collected by the breath detection electronic nose, and the types of volume
fraction curve were judged accurately, and the SIBO diagnostic model was established. This method has the
advantages of high specificity, non-invasive and simplicity of operation, so that can be used for the detection of
increasing volume of clinical and domestic patients.

Key words: hydrogen and methane breath test; gastrointestinal diseases; electronic nose; SIBO diagnosis model
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e 2 RAIAART, HEEB-H/RT, FA S FKE
(BRSO T2 B8, B 5 A7 830046)

W E: B TE =¥ (bde) A= N,N == (4-tbvz ) 1,4,5,8-% =@t T fz (dpNDI) % B4, % 4
2o S R AR A AT R R A R AR A K ik AT R A @ A K [Zn, (bde) ,« dpNDY) ], 3 Bt 5 — F B 4
[Zn,(bde) ,« dpND) |, 3 B/ 8545 Je 5 38 Kok S 40 LMk M4 sh k3% (IR) (& #1236 & 45 ( SEM) %
Sh- TRy BBELRFEREZAF L LM LB R BB IR PR KRS 4
PR FREREN, EBEAT R AR A 20 h I RBEA 25 CoF, BB A e A ki x &t
FRAMKREM, LILBAXDTFHAH0.38 um. TR T, HMRAKRENE FE TR IRFELLEAMNL

¥, [Zn,(bdc) ,« dpNDD 1,
HA B AR v L 6 45
X g MOFs # B2

HE S EKS: 0657.3 XEkRERD: A

0 3

4B A HLHE 42 B B ( metal organic frame-
works, MOFs) J&—2 fi A5 WL AR 5 b0 42 8 85 1
Zoid [ 4R 0 2 AL BB B 2
B b 2 T R AL R AL 4 R R DL K
2 B2 W T A A T R L R T A LI AR
SIRA AR ZRE 5 R R B E A R 3 ()
T2 2107 I 1) < 527 3 B 462 4t BRLAS [ ) A
S N AT e A N O 2 R AN S
MOFs B4 B 7E AR 54 85 oo™ 2t
i LR AR AL A AR B T AT
5 MOFs b4k i L A2 1T 98 45 Mk « M R T 46 1
W e 1 L % T AL MOFs b1 kh X £ A 4 F
FLAT VB BV B, DR 0, MOFs B B — Bl b L A7
VT B SBOR R S JLAE S L 6 T MOF's 38 15 (9 BF
FEEWIG L, I #6545 oI 57 30 85 3 4 i )
LB R AR IR T — s R R (HE S
TR 8 5K MOFs # 5 HUER T MOF-S.,
HKUSTA \ZIF-8 2. MOFs 78 & 1y v 425 | 55 A 2 AE
PR TE SR K 5 R I 7 TR A AR K B BT 5
Z5 [). H8 SCHkE 28 L A 56 MOFs W RO It 5 < ik 1L

il

Yrfm HEA: 2018 - 10 - 11; 1T H#3: 2019 - 03 - 06

BRI T F R R M AR K, A FRAKY YA

[Zn,(bde) ,« dpNDY) 1,5 Kok 4 TH; AW @R
doi: 10. 13705 /j. issn. 1671 - 6833. 2019. 06. 009

SR BRI SR ILHGE . 2% 0 T AL [Zn,(bde) ,-
(dpNDI) 1, 3 B8 ) o 2% #F, 42 & [Zn, ((bde) ,-
(dpNDY) |, i B ABORR T 1 1 R B o D AR K
WEAE i 2 MOF's S5 64 77 32, F 5 9 1B A A i)
[ %f [Zn, (‘bde) , dpNDD) ], W L % T AR %
A 1 FE 1) 52 W

1 REAER

1.1 R EM

MR %% [Zn ( NO,), » 6H,0 J; XF 2% — B iR
(H,bdc) s N, N-— (4-lkBE %L) 4,4, 5,8
% ( dpNDI) 5 N, N=— H 3% H it it ( DMF) |, ¥4
] 7= 43 Ar 2l 7).
1.2 KBAA

(1) { [Zn,( bdc),( dpNDI) |-4( DMF) } , i 4K
PRI B B AR R A% 0 2R R SN, N7 (41l I
3y 4 ,4,5,8-Z5 U I kL kB Ry JEURE, 4% BE IR
b 2020 1Tl AR B OF % T N, N— B2 Tt i
(50 ml) H1, & TR H 95 CF @I Hi+E 48 h, 15 5|
{ [Zn,(bde) ,( dpNDI) ]+ 4( DMF) }, FgR{ARIER .

(2 [Zn,(bdc) ,« dpNDI) |, i I () 1 £ - B
BB IS C U AR A I AR SR AR K A%

EeUR: BR AR FIEE T RIIH (21765021) 5 355 A4 1 428 80 5 4 9T By 5 H (209 - 61371)
EE T e & - JR AR T (1982—) , %, B8 B R 55 A BT SRR 22 UEm , 1, 322 o Dl i 5 Ak 2 1% R 8 T 4
K IR A B E5E , E-mail: patima207 @ aliyun. com.
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[Zn,(bde) ,H dpNDY) ], #2756, 4 T FERTIE %
IS4 4 4 K [Zn, ((bde) ,« dpNDI) |, X 4
JE AT M, 78 R WK B OH ¥4y 7 2, Bk &
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VS A K B ) 43 R R 5.10.15.17.19.20.
21.23.25 h, )5, HHASWR T & .

(3) [Zn,(bdc) , dpNDI) ] 3 556 2% K <,
AR S A 3K P R TR O 41 A 45 Ah =T I 43 o
B TR U 0 3 R 0 N ) 45 T A
F 5 MOFs o 50 JRE B < 47 5 35 R o' i 46 S 24 4y
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e T B TC A A I P R ) D S It R
ESRIUREE
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Fig.1 Schematic view of optical waveguide (OWG)

gas sensor system
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2.1 [Zn,(bdc),< dpNDI) ] #9R4E

729 [Zn,( bde) ,« dpNDD) ], % FTAR J& 3% 40
& 2 fr7s. FTAR Y6 ,3 191 em ™' IHHA T N—H
45 P 3h . 1579 em ™' 48 3% 3 i {4 ( dpNDI)
C =045 ¥E 3 1%; 1 383 em ™' J& W IC 4 ( bde)
C =0 %R 3N%. 822 cm " FI1 748 em ' IHH FHE
W C—H i 4 4i g e &R 06 19 6 ' 5 S0
fik (9] 5¢ 4 — 2, h ok T LA E B A 7R
4 [Zn,( bde) ,« dpNDI) ] .

EIE %

=
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4000 3I500 3600 2;00 2‘;}00 1;00 ](I)UU S(I)O
P/ em”
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Fig.2 FTHR spectra of the [Zn,( bdc) ,« dpNDJ) ],

R4 44 HRL 558 ( SEM) X 3 1B A9 3% T JE 550 A
FLERAF #E47 RAE. AR KB S ~ 19 h i,
[Zn,(bde) ,« dpNDY) ], B A W7 3t A= G A K
15 hJ5 , 58 2% 18T AT W 0t 7 AN R D) Yk A
R A2 20 h i IR A R AR K HE 52 B A IR &5
¥ B 3 RORAERKBIE Y 20 h (LAY SEM 5]
i 3 T, 24 [Zn,(bde) ,« dpNDD) ], A K
IFR] 2 20 h B, 45 30 7 L I8 RO 85 K i g 53 IR AE
DREEHE IR AL FLIE 3 A 35 2] P B ALIE RST 290
380 nm.
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Fig.4 The change of absorbance and refractive
index-thickness of [Zn,(bdc),~ dpNDI) ], thin film at

different growth times
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Controllable Fabrication of MOFs Film and Application in Optical Waveguide Gas Sensor
PATIMA Nizamidin, MARYAMGUL Turgun, ABLIZ Yimit

( College of Chemistry and Chemical Engineering, Xinjiang University, Urumqi 830046, China)

Abstract: In this paper, [Zn,( bdc),« dpNDI) ], thin films were fabricated by In-situ growth method. The
zinc nitrate, terephthalic acid ( bde) and N-N’-dianiline 4—pyridyl 1,4,5, 8 naphthalenediimide ( dpNDI)
were used as precursors, the tin-diffused glass waveguide was used as substrate, and it was immersed in
[Zn,( bde) ,H dpNDI) ], precurse solution for 5,10,15,20 and 25 h, at room temperature. The infrared spec—
troscopy ( IR) , high power scanning electron microscopy ( SEM) , UV-Vis spectroscopy and self-assembled
optical waveguide sensing system were employed to investigate the structure, pore size, surface morphology,
optical properties and gas adsorbility of [Zn,( bdc) ,«{ dpNDI) ], thin films. The experimental results indica—
ted that, while immersion for 20 h at the room temperature, the [Zn,( bdc),« dpNDI) ], thin film optical
waveguides exhibited greater adsorption response to xylene gas, and the response of xylene gas was 6 times
than that of other gases.

Key words: MOFs film; [Zn,( bdc) , dpNDI) ] ; optical waveguide sensing element; adsorption response
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8 165 57 TR R B 5 4 SRR ) B AR O 5

VES, NFE, AEE, BRBW
(FBHM K A T 5 REVR % B B KRN 450001)

B OE: RN R R WK kR & B R AR S R, TR T 5 ki R A AR
HFRFPERBEFRED BKEBE RFBE N HFARLAR LT A A ETH ML EZ XD
BT EQHw, FAERXERENZ I EEMFHEATHRA. EREAN: KRARIEREREREEIKERD
HETEZRINES A GHRBDIERBD LB AAEASHRE, FHAEH 1.285~6.893 pm, L E X %
DR Z L LG RELFM A FRZE A 35 C,FRE 25 MPa, sk & JE 140 C, k4 A A F
0.3 mL/min, Jb B 73 3) #4509 F 3 4 42 4 1,386 wm. 5K A 4348 b 45 2o b b X S E AT B E 54 A
B MERITT A, BER SRR EWKRNTEERAEAN LG REYZLZER RSN

AXREFRE.

K@ LM AR A BIERERREKEE, EXEE; K

FE4SZEE: R944.9 XEkRERD: A

0 3
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FH) | J2 BRI ZEAT AR W), o — P B FE 1R 55 2 1
3 SR 70 PR R R TR R 22 R B YA R 22
RGP MR A B8R W, %5 fEK FH
KA G /N B T oK 9 RE, T AR AR 7 A B 16) 76
AL A 73 A, B A T T IR B2 v 24 W B R TR
Il /N i T 0 A R AIG 2 A

1% 58 149 25 ) TORE A T AR T AL B 158 55 T
W B 2 R S B 7 R AL A R A TR B R IR
B2 2k 0  BORL R SE R HL 4 A e 9 4 ) A
R I P 9 Y PR 18 B ik 35 ( rapid expansion of super—
critical solution, RESS) 3o Ik T 1% 4t 19 25 ¥y Sl i 4k
AR A5 FAT A 2 IR ) A A BOR: R
O3 A 5] KL IR Bl U 2 A R R TG R AR
AR TE PR R TSR] B ARG B, O A R 2 U
2 BT BT R 25 M O AR R
{11 RESS 3 il # T W 2 U J& A BORE. Yim 45
i FH RESS ¥ il £ 1 B 724 5 1 0 A SOk
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pm F 2R S PR WO

il
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EHTEN B T FH 7E 8 Ih 5 A ( Su-
percritical Fluid, SCF) v i fif B2 (1) 26l L B Ik
K RESS kil # T FH 25 ¥y ok, 5 5 %5 %58k
A 70 e A€ IR B~ AE IO 7 82K s i e
YL EE W S T AR 45 X MORE T 3 45 AR RS R SR FH 4 A
F %% ( scanning electron microscope, SEM) 8 B i}
21 4% ( fourier transform infrared, FTAR) X 5
26477 Bt ( Xay diffraction, XRD) LI A #4 & /> #r
( thermogravimetric analysis, TGA) 435I %} FH J5 Kl
2RI 25 W WORL HEA T RAE 43 T

1 LBEs

1.1 KM 5N

SEUS A ORE. Fh R BRI (25 R, B
99% , AL KAk = 254k T4 R A Al it 5
201605006) ; Jo/K S WE( s B4l , & 5 =99. 7% , R
T KU Ak 273 500 A BR 2 WD) 5 IR BR (3 Al
REECE R R AR AH) .

SHG AN A Helix-7409 74 It 5 %< & ( 55 H 4
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3 ) s XSP-8cz 2% WA BE (LI 24 AT LA
B E]) s X Pert PRO X S £R A7 S ( A 22 A 40 B}

TEZ B S E B (1967—) T3, WA RN g oz, 1, 3288 MOl s 573 PR 1 R B9, E-mail: huguoqin@
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AN ]) ; Thermo Scientific Nicolet iS5 %I 2T #h G5 4X
(TR /R B A R A ) ; DTG/DSC-60 7Y 4
HANTAL(H AR BN A) ;s AX224ZH/E B 53 By
KAV ( IR (M) AR H])

1.2 XWHE

RESS il & FH Ok 19 i 38 iy T [ 44 %
FH £ SCF v /) %5 fift BE BE SCF 1Y %5 B A8 b Ty &
AL T E O A FH % f# B SCF h, F
VA FH 088 I 555 28 s W, 76 A% I 8]
SE Y1 K A (A SN EON A Qe i U L
T BB 2, iZ 4 30 02 DL sl e A7 4% 0 1y, i
JH I B SR TR A B R Y iR R AR A T
A5 v i e o i FHOBE ) A2 50K & 1Y b A% , (]
Af 6 35 50 1 A 5% v g B ) P R G R, e A1
K &P ¥R AR /N B 4r A ¥ 5 0 FH KL
fry i A
1.3 XHBRR
1.3.1 FH fafeidf269 £ A & £ 5%

(1) Jeas 7 . PR Ieay F A sy 0.2 ~
0.6 mL/min. HA & R ZBOREE 45 C, FHUE
77 10 MPa, % ik %5 5 BF 100 °C , W58 & BF 150 °C,
M I B A5k 50 pm.

(2) ZE IR BE . 188 25 BOR B 35 ~55 C.
Horh e R A 0.2 mL/min, HoAth SRR (1) .

(3) ZHUE ). B HEAHUE J1 0 10 ~ 30 MPa.
Horp Jeny F Ry 0. 2 mL/min, HABZAFRI(1)

(4) R Ik = 0 B2 73 ) i 4% I Kk == IR
100.110.120.130.140 °C , H A & ( 1) .

(5) WEWE IR FE. 7E RESS v, iy T 88 i L v Ak
TAE U 2 W W T i ) o R R R e R AL A T
B 1 A Il L I AR A ot 8 Ab 4 E , B S T T T ST
Tk R v AN T RT M I S2E AT m A,  4 E
W5 BE S 110.120.130.140.150 °C, JH: {45 14 7]
(1.

(6) Mg EL A%, 7 R Fl RESS 34 il & [ 44 9 ot
TUORE B 512 58 v, JBURE B DR /N I S5 52 ot 16 45 4]
SRPIE RS L AR I R L AR S (1Y) 26, 45 A R R
B0 A 1Y, BT DL R S T AR Y S IR T i
PR WIS L4204 50.75100 wm, HoAl 28 PF R (1)
1.3.2 FH #0429 & 3 5% 3h 9% 3t

K HIIE 28 52596 77 46 58 L SE 90 7 2 1 24k
b, EFEAR IR BE (T, /°C) (ZE WU J3 ( P/MPa) |
WEWETELRE ( T,/°C) A ( Q/mLemin ") 4 4>
SRR AR IE S SR R L Ly (3Y) IERS K,
IEAZ T AR 1.

Fl1 EXIBREHRRERIN

Tab.1 Orthogonal experiment design and results
analysis
S\ B HWERC HWED gy
z B3l B3l WEME  JeHiE RiAR/
e S £ HRE JiER S pm
1 1 1 1 1 1. 875
2 1 2 2 2 1. 381
3 1 3 3 3 2.732
4 2 1 2 3 2. 164
5 2 2 3 1 1. 639
6 2 3 1 2 2.208
7 3 1 3 2 2.186
8 3 2 1 3 2.080
9 3 3 2 1 2.541
K, 1. 996 2.075 2.208 2.018 —

K, 2.004 1.700 2.029 1.925 —
K,  2.269 2.494 2. 186 2.325 —
R 0.273 0.794 0.179 0. 400 —

2 BRSITR

2.1 RESS #l#& FH RPN MBERELER

R[] e s 390 P 6 < 46 BUTR R AR U A7 3 I ik
U < S I BE R M A T 0 SOk S 3 R AR
WNE 1 R ok Bk AR 43 A AL 2 TR .

(1) e FIHEMZmW. K 1(a) (& 2(a)
AL B 2 7R I 0 4 L FH ORI 7 R
2, M 0.2 mL/min #2753 0. 6 mL/min,
FH R B9 F 2 860 42 AL 1.959 pum 34 5] T
6. 893 pm. Fifi 75 J& 4 7 FH A B K, oK 2 BETE
SCF w1 (i e J&£ 384 Jin, W) FH () 375 ik 85 42 55, 9277 79
FE RS M 1t A v PR B BRI s S 380 FH AT iR, &5 5
B AR A B VR 4 G TR I T S 1 Ok R
B K. LG 25 5 F W, RESS v J¢ 47 77 (1 F &= 76
0.2 mL/min /247 B 304 F T 15 2R A2 /N RSF 43
A B 511 FH 259 3ok

(2) ZEHCHELEE sz i B 1(b) (B 2(b) 1]
S Wit AR O B Y T v, FHORE Y S 2R AR 1Y
. GR35 CTFm E 55 °CL,FH (15735 kL
1,795 wm HEATE] 2. 998 wm. X 2t TR %
FEOR B THE L FH 78 SCF v iy e 3 184 K, 76 g
i ok i ke A PR, 5 O B B 0 . A AR A 2
WORLEE T, B0 R F il s kA2 /N By 7 ¥ 57 1) FH
2 ok

(3) ZBUE S, K 1(c) (K 2(c) 7]
1L RESS A3 5 (9 FH fORR A% bl 5 R 7 19 T+ 555
117 AL 3% S 1 R 5 38 K, FH 7€ SCF o 1 %5 1



5 6 1 T ] B8, 25 o R I A AR A 2 T o R TR SRR R W OB P B 5 59

7 50 20
of 27 181
= = =
5 l 52 4 =
2 4 2 g 16F
b 8]y &
B3 B B 14t
ok 18f
0'.2 0'.3 0',4 0‘.5 01,6 33 4'0 4'5 5b 5'5 12 llo |'5 2l0 2‘5 3b
FeAr A B /(mL-min ) KRR/ C R E 1/MPa
(a) JE7 77 F B (b) FEHUREE (c) EHUE A1
238 25 27
260
L 24+
26 .
E)4 g23 ERF
e o 22 M5t
722 & & 22F
L 2 Bt
2.0 20 Sl
18 1 1 1 n I ]9 L L ‘: 1 n |9 i n L n L "
100 110 120 130 140 110 120 130 140 150 50 60 70 8 90 100
MRk E R C 5 1 9 i/ °C 5 M B 4% um
(d) R =R (e) WEMEIRLE (F) B H A

Bl AEMXEFANAE ZFREE ENEH - BKEEE BIEEEMBEEERHRNFHNE
Fig.1 The average particle size under different of entrainer dosage, extraction temperature, extraction pressure,

expansion chamber temperatures, nozzle temperature and nozzle diameter

04 04
0:19 45T
40 °C V50 ¢y
0.56F L L
0.2 mL/min L T, 55°C o
g S . % g 02
oy 0.3 mL/min &= 4 '
= 028F / ,0.4 mL/min B L
- ~06 mL/min 01t o1k
0.14F <. . :
b0 2 4 0‘5 8 10 o ]‘ 2l '; ﬁ: 5 0p 0;8 1.‘0 l.‘Z li4 1:6 II.S 20 2‘.2
Py 2 /um SRR/ um PR/ um
(a) Je7F 77 FA I ié (b) FERUR 07 (o) FEMUEJy
0.5 ’ ’
041
100 °C
g 03 140 C
§ 02
0.1
0.0 . _ :
05 10 15 20 25 30 35 40 2 3
E R/ um SEH R AR /um SEER R /um
(d) Bl S B () MR JE (f) W EL2

B2 ARXGEAAE ZEREE - ENEN-BREZEE - BEEENBEEESNBENES S
Fig.2 Particle size distribution under different of entrainer dosage, extraction temperature, extraction pressure,
expansion chamber temperature, nozzle temperature and nozzle diameter
JEE AR R, A W AL 1 S A A BE R, AT S 140 CCHREAY 2. 726 wm. AN, 1B 2( d) R Bl 1
BRI A O B4 W S AR R B KSR A Tk FHBIOKE B R AR 23 A Y BT 46
HARTUR T TE R BT Ok g B Il B A R RO R i TR IR iR R T s S
YB39 5 I B O, TRORE B 45 B IR Dl ) L SR A HHRG) AR A I TR AR, R KL AR R Helf-

TLR AR, 15 51) 1 {42 55 /)N gen™ (Kayrak "' . Shinozaki'""' % ¢ {fi ] RESS ¥
(4) IRk E B R 2. B 1(d) (B 2(d) il £ SWORL A WF 5T T AR B T RN K = R R

AR, FH O fRORORLAR Bl 25 2 1K il S8 F) T vsg TT 3 K THORE - 500 B2 B /N B 4518 . TR, FHBORE 1) 45 7T
-2 AL AR N 100 °COIF Y 1959 pm 3§ i B T 2R FH A 1) i B 3 it
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(5) WEWETR EE RS2, & 1(e) (& 2(e) 7]
Y B A W I B T T, FHOF YR AR B A IR R
BTt R AR, 7E 110 ~ 150 °C, S By ki 42 A
2.378 pm FEALE T 1.959 pm. X & T bl & Wi
W IR T I v, FHE I M Ak ) ) i R R R L
Ji 3t R T A% AR £, DR A 380 %) ORE A A sk /)
I TR AR P W IR R B FH Ok B AT ).

(6) WM AR ZmA. i I 106 (& 2( ) AT,
MEWE /Y B4R R 50 wm B, SRS R 1,959 wm, Wt
WEE AR 100 pm B, S BR04E R 2. 610 pum. X &
PR T % I LA A /N B A VAR R R R i ik
I (9 B 38 B 1, 5 5 7 AR R A, TR G RO R AR
FE /0N it 2 M A 10 398 O W W ) i o o 4 g
A, 77 2R T A% A T G 1A 45 B I )3 o A AR A K
I 1) 398 00 ot AR R A2 2 3 K, 2 R A AT R
I, R F AR /I 1 55 W T 25 ) AR A R AR A/ HL
I3 AT FH 254 f0k: .
2.2 RESS #il#% FH IR EXZLWHER

TEBEE I K % IR E S 100 °C, W B 42
50 wm [ SE0 SR L B T U R =K IE 32
SCE, AR 1 I 25 A, AR SE IR e A
DL FH SRS ¥ 642 o0 B IEM 48 4n, £ I E B
W2 R BRI R <R, <R, <R, , liHNR

(a) FH x200 (b) RESSJEx10000

X FH RORE 7 YR AR 1 52 m /N B R AR KA
C <A <D <B,RPmiHE B < 2 HOR B < el 1)
M < 2R EH, S mitE TEZA8 N0
A, B,C,D, B A BUIR B A 35 °C, K BUE J1 o 25
MPa, Wi I B 140 °C, Y&+ 5 2 0. 3 mL/min.
B G A B,C,D, #4173 4 VP47 5L 5%, FH %
ROEBPRAE H 1,386 wm , B6IF 52560 45 L 5 1F 28 52
2R —8, T 2R E 17

2.3 FH ERREMABRE

(1) FH oM mIZs. g FH ok i Sh 5 E
AR A SEM 4351 %t BRI RESS 32545 21 1) fw0k 2
17T RAE. B 3(a) ATLAE Y, FH EURLE ROk B
RO EL 100 pum , 58829 10 wm, B R4 Fid A
B35 3(b) ((¢) AT, A E] Y FH 0k 528Kk 78 5F
BRI JIURLIR SRORE , SORE RS i 25 RIS, HLoRL AR
OIAT HEB AL B 3(d) R K =R R A
N RORIE A, B VF i B AR S5 48, 05 50k} AH
H, RGT i g B AR, K 20 10 pum, 5529 1 pum.

(2) FH [y FTAR F/4F. & 4(a) MR FH Al
RESS J5 1 FH () FTHR 455% ,RESS HijJ& FZ1 4R
JETE A AR A BB A R AR I 0 AN AN
W AR B A T RRAI L 25 SR 6 B, RESS Wi )5 FH A
AR RN, B FH A I 24 25 R (AN AE

(c) RESS JGx400 (d) RESSJEx5000

3 FH #1 FH £ RESS /58 SEM
Fig.3 The SEM of FH raw materials and microparticles of FH

105

FEiLE %

HRIE

FHZRESSJ5

JJJMM
|-

60 . L . . s s
4000 3500 3000 2 50%{ 2000 1500 1000 500

Jem!

(a) RESSH JEFHI £ 5+ B

0 10 20 30 40 50 60 70 80 90
ATEHA20/(%)
(b) RESSRUJEFHEIXRDE

B 4 RESS 57/ FH f45pEF1 XRD 5]
Fig.4 FTHR spectra and XRD patterns of FH original material and precipitated by RESS



5 6 1 Y 1] 4, 45 R I S R P

i B ¥ ) 5 PR A A1) W RORE 1) BF 61

(3) FH f R 17 0 9 R AE. FH OB Y 45
AT Ll ik XRD JE 1750 A7, B 4 (b) D9 FHJEUREAN
oKL XRD [, 4551 % W 78 RESS fi)j57 FH A A
A I 9 25 K4 5 AF L (LS , RESS 75 21 9 fiURr A W I
ik B2 AR X T JEORHIE A B AR, i 5 ek (12 ) 3RiE iy
SR — B0y, 5 BE AR th T RESS 73 2 /9 1
L2 fit JEE B AG BORE IRSE I/

FH
FHZRESSJ5

0 100 200 300 400 500 600
HEc
5 FH #1 FH & RESS GH#EE
Fig.5 TGA scans of FH and FH processed by RESS

(4) FH fy TGA F£AL. 4 T 43 Hr RESS i )5
FH (S 284k, #E 47 7 R E 20 Hr. i & 5 af
A FHJFORES GIORL Y PN Al S TGA A A TR
B IF AW ..

3 Fi

(1) 51 FH OB Y SF- 3500 4% B ¢ 7 77
it AR T I K S R ) g i BG n , Bil AE
JE 7~ W5 6 T B85 (0 185 o iy A

(2) RESS il £ (1) FH fORi V- 260 45 5 K o0
6.893 pum,fix/NA 1,285 wum, IEZZ LW 1L 5 %
R4l A B,C,D, , BN R 35 °C, 2 HUE
J1°k 25 MPa, BEWE VR B 140 °C, e #5) &= 0.3
mL/min, 554 ORS00 AR 1,386 pum.

(3) BT %% RESS X} FH B30, >R H FT-
IR+ XRDTGA Xf FH JsURk K foki i 17 3R AE , 45
F W] RESS R J5 FH [ 4 B Ak 24 M 5 DL K i iR 25
Fa R FF R E .

S % 3Lk

(U] SR XA e A J0 A L A S R 18 T80 95 14 3 9 i
JEE VAl Sk 6 G 5 A A B T B P AL 0 BB 5 L)
I PR H- S T e Sk 35 40 B 2% 75, 2016, 30 (110) = 805
- 810.

(2] gk % 0Z 4 7 WA R 5 S TR RO R R i 4 ¥R T

(3]

(5]

(6]
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[10]
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MK Al O, 1EH) MoSi, EGHMERERREIIEM R

Z ¥, %k %, A

#,OGRR, BT, FOR

(1IN R AR R 5 TR 2 e, Wl g AR 450001; 2. V4 22 TR K2 ML TR 24 B, B 7Y Y %2

710048)

 E: AT #—FHE MoSi, HAERAK e FIB R, £ R PHRE AR S e MR ALO, B 5 Mo
B SE(AAEEJE R LA 1:2) BB RA B AT R AR R LE 0 7 KT MoSi, 46ME, FnRLH8EE.
AV R B A E 32 b . 5k A XRDLSEM A= EDS 4 5 5 o 51 2t B 6] 13 69 A 5 69 4 48 41 % BT 50 Fm
R F RS AT M KT T HBARERBR 2069 8k AL O, 3t MoSi, £ &1 & M4k h. 4R & :
A 3F 3 — MoSi, 48, 5N —E FhK AL O, A4 A ALK& MoSi, #AHeg mE i at; BHAMAK ALO, R %
b 20% B, B B 5 B RRE BT R B 4 51 3R I B B R £ — MoSi, 89 102% 119% \167% ; 4 % 21 % Al O, e
Tk BIg %, A MoSi, AAA b M T, 45 5 MoSi, £ 4-MEMIL kT &

KEFE: AR ALO, BE; ATRBRERS; MoSi, A4ME; ¥

FE 45K S: TB332 XEkARER: A

0 3

MoSi, J&— i if 4% 0 8 4 J 1l b & 4, H 2L
A 4R 5 W WU AR T MoSi, B AR
TR A A 1 7 SR A RIS e () LU T R
B HLAT TSR R R B AR 6L T I L R
TR BRI MoSi, A4 2 Ak A B AT S B9 85 1
SR EL 4 MoSi, b1 AHEE IS i T 24 1k L S
SRR IR e P K, BRI T MoSi, 1 S 45 4 44 k)
TE Tl B 17 155 A A AR B MoSi,
LSS MR A YRR R R T R L I 4
K VFZRHIEN BSR4 SR AL i 7 B 4 MoSi,
S AR T M REHEAT T O R BT L 9F B4
12 T W R AL S R AL AR S AT 1 AL 2 A 25
P H o 4 (L W 4 AT — 2 Z00,+ AL O, HIO,
LA R - S A W05 Tk A 4 5 A — B2 SiCL TiC
45 53 AN AT R AL AR ( 2B S N,) LAl
WG AR (— % TiB, ZrB, LK% HfB,) %7

e ™ BT T MR S TR LS R
AR 20, Foks i B i MoSi, #1 B 1 2%
FERE 19520, 15 46 MoSi, A HLEZ . 24 Zr0, ik & it

il

I F5 B #9:2018 - 10 - 09; €47 H #§:2018 - 12 - 22

doi: 10. 13705/j. issn. 1671 - 6833.2019.03. 010

h 20% I, 2 T B Ak QRS R DL I 2R )
3% 1 857 MPa.12.35 GPa i1 6.8 MPa*m'””, 4}
R E 102% 419. 8% 1 116% . Ko ’%}M F H & e
B DL K ok e U i Ak B 45 7 XA LA K Mo-
Si,-Si,N, & MR, M & Si,N, 5+ A 34k
10% Bf , HCA R A 24 B P 43 51 8 1. 21 GPa F1 6
MPasm'”. Zhang %um B REEEH & T AR
B IR ik AN OK G B SR AH Y MoSi, A Mok, &L
6% WA KE WA, 5 H— MoSi, #H I, il B Fl
Wr vk 4 D4 = T 25.3% Fil 45. 7% . Newman
AU 45 I AL O, ARk B SR R MoSi, B4
BE, H AR R A AR 22, X MoSi, &G 4 k)
PESR R B —E .

B2 HETS —AHE A bt T2k MoSi, # 8
F R WA PR AR E R, T Mo 55 Si 7E—
JEMRE T RERS & A B & HE [ I A B MoSi, , 7R 48 52
5 P AR U B AR e 4G 1 7 2 BR A H R T B
HH BE N B RIHUARAE FH I HEsh Ak, Fm b —Fh k2%
N BEAE R Zh J7 L DL AR P 45 W B, IR B AIR T 4%
ZERMERE D T Sz R ER A SR TR R 48K ALO,
K, — 2 A A AR S 19 ) 2= R R DL K S Mo-
Si, FHRH AR PELE " TR K S AL B R

EETA: 5 FARE I G ¥ B I (51172210.,51472220) 37 6 4 BHE 206 H ((182102210006)
B R B0 1968—) o, HS M KRN K 25 B 8% , 2 3 A 6 0 I S B 9 , E-mail: shouying @ zzu. edu. en.
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2, 45 9ok AL O, BB MoSi, &4 Wi % i) 1t B R L BLATT 5E 63

ZIN B B R I R 3 RO e A AR S AT e 4
HAETE 4 M 5 MoSi, JEfRLE & . EH R AR
R R gk AL O, K3 5 Mo #5+Si ¥y (1 A 22
IR 1:2) MBS R A A B2 I 4R E B s Y
77 45 MoSi, & & B &, I W o JH 200% B bl B
DL R W 48 . R F XRD.SEM Al EDS 45 5Bt 433l
S T 75 RE 5 £ 00 K 2L~ SOV 50 A0 1K 76 22
B EAT AT R T 18 A [ A B 40 B0 1) 44 oK
AL, O, XF MoSi, &4 B % 1 R i 52 .

1 LEAHER

1.1 ZWEM

Mo ¥ : 78R {55 £5 SH R A7 BR A &) A= 7=, 4li
99.95% , AL 2 ~3 pm. Si f: % BT A R A
AP A RE 99.99% L RiFE 10 ~ 15 pm. 442K AL O,
Fre [ 25 4 A Ak Rk 0 A BR 4 | AR e, Al
99.99% , i 20 nm.
1.2 LHEARKRETE

SEEGEC T S BT B A AR B 4 B g ok
AL O, ¥ 1Y MoSi, G MK, B AGIK AL O A
B H 0.10% 20% 30% , i FE 4 5 K 1% T
BN 1 iR,

£1 ZBEAE

Tab.1 Experimental formula table

R G e(ALO,) /% o( MoSi,) /%
MAO 0 100
MAI 10 90
MA2 20 80
MA3 30 70

PGS T2 RSyl H] Bifg R R A BRA
A ZT(Y) EA IR, B iR & 1 2 191l FE #
REAABBEA, LG HCELEN KRG X
AT s Ab P, Y A FEIRE 0.1 Pa LITF 2
Jo s X IREE AT I AR, B LS IR E O 1 500 C
VR B[] R 90 min , BE4E i KK 1k 27. 5 MPa.
1.3 Egeilit

(1) BUB L X T 5 — bR}, U B A] A
an R B p 53R %R p, MAH LL A, 115
A1) frs:

n =L x100%. (1)
Po
X TR A MR, R % R AT 4 IR 2) 11
1
po = , (2)
w, W,
P P2

Ao w, vw, 230002 MoSi, FIHY i AH 76 & & bk
JIr o B BB py s, 230008 MoSi, AR 55 AH Y
LN

(2) BB A S 56 {1 FH S8 ] g 2K itk 2 W) AR
(1 VHI150 24k [ A8 B2 3+ 8 47 65 B ) 3. 55 A+
it B 1O A A0 B, B A 2 A R (B X 10 4>
M.

(3) W) v A< 5255 R F eI 7 ((indentation
microfracture , A} FR TM #2) " S 35U RE 5 1) 067 24 49)
PE(K,o) 8. B A 77 2538 2o i 38 66 B B A R R 7= 2R
—ERKERRIOCR TR B 1 4R IR L
NEE L, H AE.BF.CGHD S} 4 4 RIE 34,

Bl £#XERRITEE

Fig.1 Dimensional indentation crack schematic

M (3) Bl K fH

=372
K, = 0. 203(l) HV %', (3)

b HY Ky 4 BRI GPa: x oy FEJR A 26
mm; y JREE K, mm.
1.4 FERRLE

(1) 5. R H AR 2R 77 1 JSM -
S160LV AIF 4 H + 12 1 5% ( SEM) X MoSi, & & 44
BRI 30 S L2 T B 45 I A ol 1 T 11 9B 3
AT oA IF I EDS RETE 73 Hr & 11 B0

(2) ¥y AR #r. SR F 47 2% PHILIPS 23 w) (1 X7
Pert Pro 1 X i 2645 5 UK T MoSi, 5 4 b4
R MK A5 s X B AR, A T 40 KV, HL A
30 mA, FH AR HE A1 KL Cu $E, Ka %8 5. 459 4 3
0. 1 sec/step; KAE[A]FE: 0. 026 261 step.

2 Bt

2.1 4k ALO, XF MoSi, EE#RMIIE RIS
2.1.1  #K ALO; 3F MoSi, £ &MA8E 0 #h

K2 AR 4K AL O, PR KL MoSi, &2
B PR R EERT. B 2(a) AR ALO, K
T3 R0 MoSi, 245 B % i B0 B2 M e 1, A IET 2
(a) A DLE Y, X 4 A5 0 BU% JEUE 2T
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C) R B 28 4> 4. Horp 78 MA1MA2.MA3 X
3 ZHRE S B0 R A B, MA2 2H FE Y B0
BEIR BN T e 99. 98% , H B B = F) MAO
ZHAE SR 102% T MA3 41 RF 5 1 8085 5 41 %
TR B H AR X MAO 0% B2 AT A 19 &5, 7T WL 4
K AL O, X MoSi, #48} i be 4l A 4 k1 . — & A

J AL O, 5 MoSi, Mk 202 BRI
B s A b A T D 4 P L R SR 7 A
e AR 47 b 55 MoSi, Sk &, — 2 W kg ok
AL O, B R T /)N, 3 TH A 5, 76 e 45 b & i
T A B A S T3 3 B S 7, A ) T SR v e AL IR
Wi PR I Rk B BB L H g e
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Properties and Mechanism of Nano-Al,O, Toughened MoSi, Composite

LI Si', ZHANG Yu', ZHOU Ying', MA Chengliang', HUANG Wenjiang', JI Chen’

( 1. School of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. School of Mechanical and
Electrical Engineering, Xi‘an University of Technology, Xi‘an 710048, China)

Abstract: In order to further improve the low fracture toughness of MoSi, materials at room temperature, nano-
Al, O, powder with different volume fraction was mixed with Mo powder and Si powder ( molar ratio of molybde—
num and silicon is 1:2) in this experiment. MoSi, composite ceramics were prepared by thermal pressure sin—
tering through vacuum reaction and physical properties such as density, hardness and fracture toughness were
tested. The phase composition, micro-morphology and micro-elemental composition of the prepared samples
were analyzed by XRD, SEM and EDS. The effects of nano-Al,O, powder with the different volume fractions
on the properties of MoSi, composite ceramics were discussed. The results showed that compared to a single
MoSi, phase, the incorporation of a certain amount of nano-Al, O, could effectively improve the physical prop-
erties of MoSi, materials. When the volume fraction of nano-Al,0, was 20% , the relative density, hardness
and fracture toughness of the MoSi, increased to 102% . 119% , 167% , respectively. As for the amount of
nano-Al,O, continues to increase, the dispersibility of nano-Al, O, in the MoSi,-based material decreased, re—
sulting in the decrease of the physical properties of the MoSi, composite ceramic.

Key words: nano-Al,O, powder; hot pressing in vacuum reaction; MoSi, composite ceramics; toughening
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Micronization of Flunarizine Hydrochloride via Rapid Expansion of

Supercritical Solution

HU Guogqin, SUN Fangxing, LIU Jinghui, CHEN Pengli

(' School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China)

Abstract: Flunarizine hydrochloride ( FH) was micronized via rapid expansion of supercritical solution
( RESS) . The effects of the process parameters such as the extraction temperature, the extraction pressure,
the temperature of the expansion chamber, the nozzle temperature, the nozzle diameter, and the dosage of the
entrainer on the size and morphology of the drug particles were investigated. And the orthogonal test method
was used to optimize this process. The experimental results showed that micro—particles of FH were successfully
prepared by RESS which the average particle size was in the range of 1. 285 pm to 6. 893 pm. The optimum
conditions were obtained through orthogonal test: The extraction temperature was 35 °C, the extraction pres—
sure was 25 MPa, the dosage of entrainer was 0. 3 mL/min, the nozzle temperature was 140 °C , and the diam—
eter of the particle was 1. 386 wm. FH microparticles were characterized by scanning electron microscope,
Fourier transform infrared, X-ray diffraction and thermogravimetric analysis and its crystal habit was not modif-
icated at the experimental conditions tested.

Key words: flunarizine hydrochloride; micronization; rapid expansion of supercritical solution; characteriza—

tion; orthogonal test
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Tab.1 Effect of equivalent mass on stiffness and damping of friction pairs

AN BB /(mes™)  Fih/kg BEARIE A RHARIE/(Nem™)  BEAHME 4 EHHE/(Nesem ")
m 4.455 15 4.056 1 x10° 0. 452 08 6.606 1 x10°
2m 4. 460 93 3.954 8 x10° 0. 462 09 6.624 0 x10°
L 000 o1 4m 4.455 15 4.056 1 x10° 0. 449 08 6.447 7 x10°
6m 4. 468 30 4.026 4 x10° 0. 457 06 6.508 8 x10°
8m 4.472 05 4.0357 x10° 0.456 18 6.589 1 x10°
10m 4.433 61 4.092 3 x10° 0. 443 05 6.638 7 x10°
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Tab.2 Influence of incentive method on stiffness and damping of friction pairs
T / R/ NG =M A W B/ TN Ha e/
N (mes™") e 3l I0ES (Nem™h) B e (Nesem ™)
200 i B 4k 3h 4.230 26 3.978 9 x 10° 1.144 44 1.291 7 x 10°
AT 185 384 Rt 4.228 50 3.949 8 x 10° 1. 140 22 1.310 2 x 10°
| 000 o1 A% 5] 4.455 15 4.056 1 x10° 0.452 08 6.606 1 x10°
A7 1 34 Rl 4.450 78 4.043 2 x10° 0.453 86 6.711 4 x10°
| 200 (A= Zi %o 4.584 26 4.173 7 x 10° 0.433 09 6.337 3 x10°
TR 1 0% R 4.584 86 4.174 2 x10° 0.436 14 6.347 7 x10°

F3 HBIRSAEIEZEER EMERKZMm
Tab.3 Effect of vibration frequency on stiffness and

damping of friction pairs

R TR AEHRN GE A 1 B

s R BEE/(Nem™)  PFHJE  JE&/(Nesem™')
0.05 4.584 86 4.1742x10° 0.443 09 6.711 4 x10°
0.10 4.584 62 4.174 0 x10° 0.442 31 6.699 6 x 10
0.15 4.58138 4.171 1 x10° 0.439 04 6.694 1 x10°
0.20 4.582 10 4.171 3 x10° 0.440 34 6.701 2 x10°
0.25 4.58192 4.1727 x10° 0.44297 6.712 8 x10°
0.30 4.58201 4.173 5x10° 0.439 62 6.709 2 x10°
0.40 4.583 61 4.172 9 x10° 0.440 57 6.710 7 x10°
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Fig.1 Sketch of drive system of a 7.9 meter mill
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Tab.1 Modal analysis results and test results
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Tab.4 Accuracy test results of response surface model

LEY VAT R’ RMSE
— B ES 0.999 5 2.89¢ -4
B S P 0.998 7 4.49¢ -4

A% Mz

1.5-ed 1-5-e4 3rammipe 1/(N-mm-)

e AR W 2/(N-mm™)

B 6 — FaR 25T 2 i iz m A B
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Tab.5 Bearing stiffness values of substructure A
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Fig.8 Frequency response curve of substructure A finite element model
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Fig.9 Frequency response curve of substructure A modal experiment
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Application of Response Surface Method to the Hierarchical Correction

of Mill Transmission System

TAO Zhengl , MAO Songleil , GUO Qintao2 , LIU Xu'

(1. School of Mechanical Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. School of Mechanical and Electrical

Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Accurate finite element models were important to dynamic design of structures. In view of the com—
plex structure of large mill transmission system, the substructures of the transmission system were taken as the
research object based on the idea of hierarchical, the experimental modal frequency data were taken as the target
values; the finite element model updating method based on response surface was served to optimize the uncertain
parameters in the structure; and the substructure model was modified. The correction results showed that the fre—
quency error was less than 0.03% , the value of vibration mode correlation coefficient was above 0. 89, and the
frequency response curve of the simulation model was close to the frequency response curve obtained by the mo-
dal experiment. It showed that the accuracy of finite element model was obviously improved. It verified the feasi—
bility of applying response surface method to the design and dynamic analysis of large mechanical equipment
transmission system. And it laid a solid foundation for the follow-up overall analysis of the system.

Key words: mill transmission system; substructure; modal test; response surface method; model updating
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Study on Dynamic Characteristics of Friction Pairs in
Line Contact EHL Condition

XIA Bogian, XU Mengxia

( School of Mechanical Engineering, Zhengzhou University, Zhengzhou 450001 , China)

Abstract: This paper set up a coupling model of dynamic and elastic lubrication system of line contact friction
pair in the flow state. The complex direct iterative method was used to solve the change of rigid body center
film thickness during the vibration process of contact body. The stiffness and damping of the friction pairs were
calculated by the calculation model of stiffness and damping. The influence of different quality, different in—
centive methods and different excitation frequencies on the dynamic characteristics of friction pairs were stud-—
ied. Results showed that in the vibration process of contact body, the thickness of the center film of rigid body
fluctuated in the equilibrium position, and as the mass increased, the vibration amplitude and period of the
contact body would gradually increase; The stiffness and damping of the friction pairs were not related to the
selection of the mass or the dimensionless natural frequency. When studying the influence of excitation mode
and excitation frequency on the stiffness and damping of friction pair, the dimensionless natural frequency val-
ue which could make the program converge well were selected. It greatly improved the precision of the calcula—
tion results and the accuracy of the conclusions obtained.

Key words: line contact; elastohydrodynamic lubrication; friction pairs; stiffness; damping
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Fig.4 Vehicle region detection based on texture feature
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Fig.5 Vehicle region detection based on edge feature
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Shadow Removal Algorithm for Moving Vehicles Based on Multi-feature Fusion

WU Guodong, ZHANG Aimei, HUANG Xiao, YAO Pengwei

(' School of Mechanical Engineering, ZhengZhou University, Zhengzhou 450001, China)

Abstract: In traffic video detection,the shadow of the vehicle was often wrongly detected as the vehicle itself,
which directly affected the accuracy of the vehicle detection. In this paper, a vehicle shadow removal method
based on color space, texture feature and edge feature was proposed. Firsily, the background model was estab—
lished by the traditional mixed gaussian method, and the foreground target was extracted. Secondly, the candi-
date shadow of the foreground target was detected by threshold method in HSI ( Hue-Saturation-ntensity)

space. The LBP operator combined with edge feature detection method was used to extract the moving target.

Finally, combining the foreground target detected by LBP operator and edge feature with the shadow object de-
tected in HSI space, the actual shadow region could be detected. The real moving foreground target could be
obtained. The simulation results showed that the proposed algorithm could effectively remove the shadow of
moving vehicle, and was good accuracy and rubustness.

Key words: vehicle detection; shadow removal; edge detection; HSI; LBP
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Consolidation Analysis of Partially Penetrated Sand-drained Foundation

Based on Hansbo’s Flow

SHI Gang, KANG Yi, LIU Zhongyu

(' School of Civil Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: In the paper, the investigation focused on the consolidation of partially penetrated sand-drained
foundation. The governing equations for the consolidation of soft ground with partially penetrated sand drains
were put forward by introducing Hansbo’s flow model. And the effect of the depth of sand drains, the parame-
ters of Hansbo’s flow model, and the smear zone on consolidation behaviors was analyzed in detail. The results
showed that the depth of sand drains could affect the average consolidation degree of sand-drained foundation
significantly; and the required consolidation time corresponding to U, =90% was about ten times more than
that of ideal sand-drained foundation, when the depth of sand drains was 60% of the total depth of the founda-
tion. The consolidation rate decreased with the increasing of the parameters m and I, of Hansbo’s flow, and it
also decreased with the increasing of the scope of smear zone and the decreasing of the permeability coefficient
of smear zone.

Key words: Hansbo’s flow; partially penetrated sand-drained foundation; smear zone; consolidation charac—

teristics; FlexPDE
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Tab.1 Physical and mechanical parameters of

model materials
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k1 2 16 0.36
A 4 b 0 35 0.27
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Fkh L1 2 15 0.31
I5] 5 0 45 0.26
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Tab.2 Composition and ratio of similar materials
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Study of Test and Numerical Simulation of Rain and Sewage Pipeline Based

on Metro Construction

HU Yu'?, YAO Aijun1 , ZHANG Jiantao®

(1. Key Laboratory of Urban Security and Disaster Engineering, Ministry of Education, Beijing University of Technology, Beijing
100124, China; 2. College of Civil Engineering, Henan University of Engineering, Zhengzhou 451191, China; 3. China Acade-
my of Building Research Foundation Engineering Co. , Ltd, Beijing 100013, China)

Abstract: Based on typical metro shield tunneling engineering in Beijing, the model test and finite element
numerical simulation were conducted in order to study settlement and inner force of rain and sewage pipeline
induced by shield tunneling. The influence on pipeline induced by the tunnel excavation were analyzed
through comparison between model test and finite element numerical simulation. The results demonstrated that
the uniform distribution could be presented in the settlement curve of pipeline when the pipeline and tunnel
was parallel. When the ratio of net distance of tunnel-pipe ([) and tunnel diameter ( D) ( [/D) was 1.5, the
supervision points would be laid out densely at the range of 1. 5D between tunnel face and tunnel end. The
protective measures of tension should be taken at the scope of pipeline.

Key words: rain and sewage pipeline; model test; finite element numerical simulation; shield tunneling; tun-—

nel diameter D
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