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Table 1 Evaluation index system of technological innovation capability of listed packaging companies
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Table 2 Evaluation index weights of technological
innovation capabilities of listed packaging companies

& 2018 4F 2019 4F 2020 4 #fi
HRANRFEALE (X1) 0.053  0.034  0.037 0.041
BUTE UK (X2) 0.052  0.049  0.071 0.057
Wk AR (X3) 0.043  0.035  0.043 0.040
WA SR KR (X4) 0.040  0.076  0.037 0.051
WER e S e E(XS5)  0.036  0.031  0.043  0.036
I E L E (X6) 0.087  0.147  0.098 0.111
LFRIHIER (X7) 0.136  0.140  0.164  0.147
LRFREL (X8) 0.124  0.112  0.121  0.119
LA (X9) 0.135  0.115  0.110  0.120
HFRNEI R (X10) 0.017  0.012  0.013 0.014
TOIERE 7t (X11) 0.035  0.059  0.075 0.056

FEW ST KE (X12)  0.092 0055  0.072  0.073
BB SRR (X13) 0.107  0.095  0.082  0.095
TR (X14) 0.044  0.040  0.034  0.040
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Table 3 Relative proximity and ranking of technological innovation capability evaluation of listed packaging companies

A 018 20197 200 MRS a4
AHXT T i He# AR T i He# R G AT 3 He#
(GRS 0.5419 1 0.4433 1 0.5296 1 0.5050 1
B RE 0.2987 9 0.4010 3 0.5244 2 0.4080 2
AR B 0.4354 2 0.3615 4 0.3302 6 0.3757 3
FRAR 0.3349 5 0.3585 5 0.4325 3 0.3753 4
HRA 0.3677 3 0.3391 7 0.3846 5 0.3638 5
K4 0.3251 6 0.4315 2 0.3287 7 0.3617 6
RO HAL 0.2980 10 0.2256 14 0.3897 4 0.3044 7
AR 0.3589 4 0.2719 9 0.2427 15 0.2912 8
IRy 0.2852 11 0.3412 6 0.2356 16 0.2873 9
Sham ey 0.2812 12 0.2815 8 0.2500 12 0.2709 10
SR 0.3063 7 0.2041 19 0.3019 8 0.2708 11
A DA 0.3049 8 0.2086 17 0.2438 14 0.2524 12
IR AR 0.2734 13 0.2286 13 0.2531 11 0.2517 13
e Py 4z 0.2189 19 0.1905 20 0.2822 9 0.2305 14
TRENGUHT R 0.2683 16 0.2642 10 0.1533 27 0.2286 15
Sy 0.1279 30 0.1097 30 0.1792 21 0.1389 30
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Table 5 Main obstacle factors and obstacle degree of enterprises with strong technological innovation capability

Al TR H 1 PR H 2 PR H% 3 R K% 4 PR IS i i FiE
R R X9 0.1937 X12 0.1174 X6 0.1078 X2 0.0968 X11 0.0806
R R X9 0.1773 X6 0.1464 X13 0.1341 X12 0.0884 X7 0.0856
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Table 6 Main obstacle factors and obstacle degree of enterprises with average technological innovation capability

AR 1 i K2 i P 3 i 4 [R5y S [CRE
KB AR X9 0.1707 X6 0.1442 X13 0.1335 X12 0.0950 X11 0.0744
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R Ei 4 X7 0.1953 X9 0.1214 X8 0.1170 X12 0.0853 X6 0.0774
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Table 7 Main obstacle factors and obstacle degree of enterprises with weak technological innovation capability

Al &R HE 1 FE i 2 [R5y 3 B fig #4 [R5 5 =5
RO X7 0.2057 X8 0.1646 X13 0.1261 X6 0.1047 X12 0.0935
R X6 0.1502 X7 0.1415 X9 0.1258 X13 0.1037 X8 0.1002
o Bty X7 0.1749 X8 0.1249 X9 0.1165 X6 0.1003 X13 0.0951
LRI X7 0.1898 X9 0.1462 X8 0.1438 X13 0.1033 X6 0.0985
B RE X7 0.1636 X9 0.1559 X8 0.1266 X6 0.1231 X13 0.0662
R X7 0.1994 X8 0.1525 X6 0.1315 X13 0.1134 X9 0.1078
SRS X7 0.1712 X9 0.1498 X8 0.1370 X13 0.1120 X6 0.0971
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Comprehensive Evaluation of Technological Innovation Capability of Listed
Packaging Companies Based on Entropy Weight-TOPSIS Model

LIU Zhongyan"?, TAN Wenxiu"’

(1. College of Business, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. Hunan Packaging Economy Base, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: Taking Chinese listed packaging companies as a research sample, a three-level evaluation index system
is constructed including technological innovation input, technological innovation output, and technological innovation
environmental support capabilities. Cluster analysis is used to classify companies into three categories: strong technological
innovation capabilities, average technological innovation capabilities, and weak technological innovation capabilities.
Entropy weight-TOPSIS and obstacle degree model are used to comprehensively evaluate the technological innovation
capability of listed packaging companies. The research results show that the overall technological innovation capabilities
of listed packaging companies in China are relatively low, and technological innovation output has the greatest impact on
them. The main obstacles are concentrated in the number of patent applications and patent quality, which is reflected in the
low ability to transform scientific and technological achievements. Finally, from the aspects of rational use of innovation
input resources, perfecting the system for building innovative talents, strengthening the ability to transform scientific
and technological innovation, and improving the ability to support the innovation environment, the countermeasures to
improve the technological innovation capabilities of Chinese listed packaging companies are put forward.

Keywords: entropy weight-TOPSIS model; listed packaging company; technological innovation capability;

obstacle degree
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Determination of Seven Fatty Acids in Pharmaceutical Rubber Products by
GC-FID Method

XIA Shuangshuang', CHEN Lan', ZHENG Ye’, WANG Rongjia’, CAI Rong’

(1. College of Materials and Chemistry, University of Shanghai for Science and Technology, Shanghai 200093, China;
2. Analysis Department II, Shanghai Food and Drug Packaging Material Control Center, Shanghai 201203, China )

Abstract: Gas charomatography-flame ionization detector ( GC-FID ) was used for simultaneous determination
of seven fatty acids in pharmaceutical rubber products. The butyl rubber stoppers were cut into small pieces, by using
the buffer solution of pH 2.5, buffer solution of pH 12.0 and ethanol solution of volume fraction of 50% as extraction
solution respectively, they were put in 60 °C oven for 2.5 h. The extraction solution was treated with boron trifluoride
methanol solution as methyl esterification reagent, sealed reaction for 1 h at 60 °C , then taking methyl heptadecate as
internal standard for quantitative analysis, it was analyzed by GC-FID method. The results showed that there was a good
linear relationship between peak area of methyl esterification and mass concentration of seven fatty acids in the mass
concentration range of 5.0 to 100.0 ng/mL with correlation coefficient greater than 0.999, and the detection of limit
was 1.0 pg/mL. The mean recoveries of seven fatty acids from spiked butyl rubber stoppers at low, medium and high
concentration levels were ranged from 97.0% to 100.6% with relative standard deviation of 0.02%~2.1%. This GC-FID
method is simple, sensitive and accurate, which can provide technical support for the detection and analysis of fatty acid
in pharmaceutical rubber products.

Keywords: gas charomatography-flame ionization detector; pharmaceutical rubber product; fatty acid
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