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Research on Synthesis of Polycarbosilane at High Temperature under
High Pressure and Vacuum Distillation

XIE Zheng-fang CHENG Xiang-zhen SONG Yong-cai XIAO Jia-yu
College of Aerospace and Material Engineering National Univ. of Defense Technology Changsha 410073 China

Abstract Polycarbosilanes PCSs are synthesized at high temperature under high pressure. Synthesis processing and vacuum
distillation of PCS are investigated. The results show that the molecular weight and distribution of PCS can be roughly controlled by
synthesis conditions. With the increase of the reaction temperature and time the molecular weight grows with a broadened distribution.
High molecular weight PCS appears when the reaction temperature is higher than 450°C with reaction time over 6h or 460°C with 4h
respectively. Super-high molecular weight PCS can be obtained if the reaction temperature and time still keep on increasing. The low
molecular weight PCS content decreases while the vacuum distillation temperature increases. The molecular weight of PCS  therefore
increases with a narrow distribution. When the vacuum distillation temperature increases 50°C from 250°C  the low molecular weight
content in PCS decreases about 8% with a drop of polydisperity index about 0.3 and a grow of average molecular weight of high
molecular weight about 1000.
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Sio CO
PCS PCS
SiC PCS PCS PCS
PCS 11-12
PCS PCS
PCS
PCS
1
1.1 PCS
PDMS 450 ~
470°C 2 ~8h PCS
1.2
PCS PCS
1.3 PCS
HMK PCS
2 Waters-1515 GPC
PCS 1.0mlL/min
2
2.1 PCS
PCS PDMS PCS
PCS 1
350°C PCS 2
1
Tab.1 Experimental scheme
/C /h /MPa

PCS-1 450 2 0

PCS-2 450 4 1

PCS- 3 450 6 2

PCS—4 460 2 2

PCS-5 460 4 0

PCS-6 460 6 1

PCS-7 470 2 1

PCS -8 470 4 2

PCS-9 470 6 0
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2 PCS

Tab.2  Characteristics of PCSs synthesized at different conditions

My M, Wi/ % Wi/ % W/ % /C PCS /%
PCS-1 2965 1398 3 34 63 201 34.32
PCS-2 6611 1815 15 44 41 260 32.24
PCS-3 5291 1507 12 41 47 276 34.84
PCS-4 7003 1608 17 4 39 278 31.16
PCS-5 10958 2750 17 50 33 323 29.04
PCS-6 9637 2097 15 53 32 302 40.88
PCS-7 8452 1904 22 40 38 284 27.44
PCS-38 9774 2362 22 42 36 298 33.52
PCS-9 10692 2524 30 45 25 310 30.96
PCS PCS 3
3
Tab.3  Analysis of the experimental results
I I I R
14 867 27 598 28 918 14 051
18 420 27 343 25 620 8923
24 615 24 700 22 068 2632
> >
4720 6455 6308 2088
4910 6927 6146 2017
6690 5816 5477 1213
> >
30 49 74 44
42 54 57 15
50 52 51 2
> >
119 147 127 28
118 136 139 21
129 137 127 8
> >
151 104 99 52
140 110 104 36
121 111 122 11
> >
737 903 892 166
5 763 881 888 125
834 846 852 18
> >
3 PCS
PCS
PCS
450 ~ 470°C 4h PCS
1
PCS

450°C
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Molecular weight

Fig.5 Molecular weights and polydispersity indexes M,/ M,

8000 6
&000 - »
A 15 %
z
4000 | 2
&
oW x M A M/M ﬁ4;'§‘,
2000 ¢ e :
1] L L 3
240 290 340 350
Temperature of distillatton/ “C
PCS
M,/ M,

of PCSs obtained at different distillation temperatures

4 PCS
PCS 5
6 PCS
6 PCS
5 6 PCS
8% 3% 5%
50°C 1000 250
PCS
3
1
PCS
450°C
4h  PCS
2 PCS
50°C PCS
3% 5% 1000

1 Birot M Pillot ] P Dunogues J. Comprehensive Chemistry of Polycarbosilanes
. Chem. Rev.
2 Laine R M Babonneau F. Preceramic Polymer Routes to Silicon Carbide J . Chem. Mater.
3 Schilling C L. Wesson J P Williams T C. Polycarbosilane Precursors for Silicon Carbide J . Am. Ceram. Bull.

Ceramics ]

1995 95 1443 - 1477.

Soflening point/ °C

300 30
250 "
128 ~
o
g
200 o
(=]
)
20 E
150 -

a7, xYidd
100 s -
240 79 340 390"°
Temperature of distiltation/ C
6 PCS

Fig.6  Softening points and yields of PCSs after vacuum

distillation at different temperatures

PCS

6h

250

Polysilazanes

5 PGS
PCS
50°C PCS
2%
0.3

460°C

8%
0.3

and Polycarbosilazanes as Precursors of

1993 5 260 -279.

1983 62 8 912-915.

4 Yajima S Hasegawa Y Hayashi J. Synthesis of Continuous Silicon Carbide Fiber with High Tensile Strength and High Young' s Modulus. Part I.

Synthesis of Polycarbosilane as Precursor J . J. Mater. Sci.

1978 13 2569 - 2576.

5  Hasegawa Y Okamura K. Synthesis of Continuous Silicon Carbide Fiber. Part IV . The Structure of Polycarbosilane as Precursor J . J. Mater.

1986 21 321 -328.

6 LyHQ Taylor R Day R J. Conversion of Polycarbosilane PCS to SiC-based Ceramic. Part I. Characterisation of PCS and Curing Products J .

2001 36 4037 —4043.

7  Hasegawa Y Okamura K. Synthesis of Continuous Silicon Carbide Fiber. Part [l . Pyrolysis Process of Polycarbosilane and Structure of the

. J. Mater. Sci.

1983 18 3633 - 3648.

8 Cheng XZ XieZF XiaoJ Y et al. Influence of Temperature on the Properties of Polycarbosilane J . J. Inorgan. & Organometal. Polym.

Sci.
J. Mater. Sci.
Products J
2005 15 2
9
10
11

253 - 259.

J.

1997 13 4

30-33.
2004 26 4 62-67.

2004 40 - 88.

2005 21 4 142 -145.





http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200602009.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%be%81%e8%8a%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e7%a5%a5%e7%8f%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e6%b0%b8%e6%89%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%82%96%e5%8a%a0%e4%bd%99%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIE+Zheng-fang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHENG+Xiang-zhen%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SONG+Yong-cai%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SONG+Yong-cai%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIAO+Jia-yu%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%9b%bd%e9%98%b2%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%2c%e8%88%aa%e5%a4%a9%e4%b8%8e%e6%9d%90%e6%96%99%e5%b7%a5%e7%a8%8b%e5%ad%a6%e9%99%a2%2c%e6%b9%96%e5%8d%97%2c%e9%95%bf%e6%b2%99%2c410073%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Birot+M%3bPillot+J+P%3bDunogues+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ029200946.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ029200946.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Laine+R+M%3bBabonneau+F%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200602009%5e2.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Schilling+C+L%3bWesson+J+P%3bWilliams+T+C%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200602009%5e3.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Yajima+S%3bHasegawa+Y%3bHayashi+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200602009%5e4.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200602009%5e4.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Hasegawa+Y%3bOkamura+K%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1007-BF01144739.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_10.1007-BF01144739.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ly+H+Q%3bTaylor+R%3bDay+R+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ029223168.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ029223168.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Hasegawa+Y%3bOkamura+K%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1007-BF00540736.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_10.1007-BF00540736.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Cheng+X+Z%3bXie+Z+F%3bXiao+J+Y%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1007-s10904-004-5542-9.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e6%b0%b8%e6%89%8d%3b%e7%8e%8b%e5%b2%ad%3b%e5%86%af%e6%98%a5%e7%a5%a5%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_.aspx
http://c.g.wanfangdata.com.cn/periodical-gfzclkxygc.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e7%a5%a5%e7%8f%8d%3b%e5%ae%8b%e6%b0%b8%e6%89%8d%3b%e8%b0%a2%e5%be%81%e8%8a%b3%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200404013.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e7%a5%a5%e7%8f%8d%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200602009%5e11.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e7%a5%a5%e7%8f%8d%3b%e8%b0%a2%e5%be%81%e8%8a%b3%3b%e5%ae%8b%e6%b0%b8%e6%89%8d%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gfzclkxygc200505015.aspx
http://c.g.wanfangdata.com.cn/periodical-gfzclkxygc.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e7%a5%a5%e7%8f%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e6%b0%b8%e6%89%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%be%81%e8%8a%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%82%96%e5%8a%a0%e4%bd%99%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%ba%94%e5%be%b7%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_clgc200501014&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_clgc200501014.aspx
http://c.g.wanfangdata.com.cn/periodical-clgc.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e7%a5%a5%e7%8f%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e6%b0%b8%e6%89%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%be%81%e8%8a%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%82%96%e5%8a%a0%e4%bd%99%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%ba%94%e5%be%b7%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_clgc200408010&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_clgc200408010.aspx
http://c.g.wanfangdata.com.cn/periodical-clgc.aspx
http://c.g.wanfangdata.com.cn/periodical-clgc.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%96%9b%e9%87%91%e6%a0%b9%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%ba%94%e5%be%b7%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e6%b0%b8%e6%89%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a7%a6%e5%a2%a8%e6%9e%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XUE+Jingen%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Yingde%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Song+Yongcai%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Qin+Molin%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gfzxb200703002&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gfzxb200703002.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gfzxb200703002&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gfzxb200703002.aspx
http://c.g.wanfangdata.com.cn/periodical-gfzxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e7%a5%a5%e7%8f%8d%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e6%b0%b8%e6%89%8d%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%be%81%e8%8a%b3%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%82%96%e5%8a%a0%e4%bd%99%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_5804973&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_5804973.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%96%9b%e9%87%91%e6%a0%b9%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%ba%94%e5%be%b7%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%86%af%e6%98%a5%e7%a5%a5%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e6%b0%b8%e6%89%8d%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_yjgcljyy200402008&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_yjgcljyy200402008.aspx
http://c.g.wanfangdata.com.cn/periodical-yjgcljyy.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e7%a5%a5%e7%8f%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%82%96%e5%8a%a0%e4%bd%99%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%be%81%e8%8a%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e6%b0%b8%e6%89%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%ba%94%e5%be%b7%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHENG+Xiang-zhen%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIAO+Jia-yu%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIE+Zheng-fang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SONG+Yong-cai%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Ying-de%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gfkjdxxb200502005&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200502005.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%89%e4%b8%bd%e5%a8%9c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%8e%ab%e6%99%93%e7%87%95%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%a9%b9%e8%b0%b7%e5%ae%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ji+Lina%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Mo+Xiaoyan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhan+Guyu%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xajtdxxb200105026&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xajtdxxb200105026.aspx



http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xajtdxxb200105026&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xajtdxxb200105026.aspx
http://c.g.wanfangdata.com.cn/periodical-xajtdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bd%ad%e5%96%84%e5%8b%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%ba%94%e5%be%b7%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%9f%a9%e6%97%b8%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%96%9b%e9%87%91%e6%a0%b9%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%97%ad%e5%85%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e5%be%81%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_yjgcljyy200506002&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_yjgcljyy200506002.aspx
http://c.g.wanfangdata.com.cn/periodical-yjgcljyy.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e7%a5%a5%e7%8f%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%be%81%e8%8a%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e6%b0%b8%e6%89%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%82%96%e5%8a%a0%e4%bd%99%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHENG+Xiangzhen%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIE+Zhengfang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SONG+Yongcai%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIAO+Jiayu%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gfzxb200701001&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gfzxb200701001.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gfzxb200701001&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gfzxb200701001.aspx
http://c.g.wanfangdata.com.cn/periodical-gfzxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e7%a5%a5%e7%8f%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%82%96%e5%8a%a0%e4%bd%99%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%be%81%e8%8a%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e6%b0%b8%e6%89%8d%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_yhclgy200405009&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_yhclgy200405009.aspx
http://c.g.wanfangdata.com.cn/periodical-yhclgy.aspx
http://c.g.wanfangdata.com.cn/periodical-yhclgy.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e7%a5%a5%e7%8f%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%be%81%e8%8a%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e6%b0%b8%e6%89%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%82%96%e5%8a%a0%e4%bd%99%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200606005.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200602009.aspx

