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1.1.1 50% “
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50 “ NiC0,0,
F1.11 LI, AeE5HIRESE Top10 TEHAFRHRS
ity 3| By 14 BWEEX  TFS|
= TEWRN Pt N N e
S S wYH SR 3BRR HIRE & PER
NiCo,0
10204 48 7395 154.06 201296 66.70% 0

2 49 2154 4396 201351  12.20% 1

3 48 1756 36.58 201404  52.10% 0

4 49 2419 4937 2013.69 8.20% 2

5 47 2091 44.49 201477 44.70% 1

6 50 4095 81.90  2013.06  28.00% 2

7 ; 48 2349 48.94 201448  35.40% 0

8 48 2409 50.19 201327  10.40% 2

9 49 5262 107.39 201259 40.80% 0

10 49 1249 25.49 2013.76 6.10% 0
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*1.1.2 I, AeSHHIRESSE Top10 TERMARAREFZOIERRE

FS TEMRAS 2011 2012 2013 2014 2015 2016
NiCo,0, 7 6 20 12 3 0
2 6 8 7 14 11 3
3 3 2 10 13 15 5
4 3 9 6 15 14 2
5 1 1 4 7 23 11
6 8 9 16 7 9 1
7 - 0 0 7 16 20 5
8 6 8 16 5 11 2
9 8 17 15 6 2 1
10 8 3 7 12 13 6
1 NiCo,0,
NiCo,0, 2
NiCo,0,
NiCo,0, polymer of intrinsic microporosity PIM
NiCo,0,
NiCo,0,
PIM
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Mg
Mg Ni Co,0, MnO, NiO
2011 “ NiCo,0,
1.2.1
1.2 1.2.2
1.2.1 1.2.2
1.2.1 NiCo,0O, 1.2.3 1.2.4
1.2.1
NiCo,0,
Nanyang Technol Univ
“ NiCo,0,
H,SO, RuO, NiCo,0,

Ru

#1.2.1 “NiCo,0, BRI UATRIFIEREBRESRPHNA" TERARERPROIEXHEE~HERMIX

1 China 35 72.92% 4358 63.33% 124.51 2 0
2 Singapore 11 22.92% 3561 51.75% 323.73 0 0
3 USA 4 8.33% 841 12.22% 210.25 0 0
4 Taiwan of China 3 6.25% 130 1.89% 43.33 0 0
5 Korea 1 2.08% 74 1.08% 74.00 0 0
6 England 1 2.08% 53 0.77% 53.00 0 0
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#*1.2.2 “NiCo,0, B4R HIISIE R EBHESRFHNA" TEMARERPRZOICNEE~LTIE
e 4 il 1B sl WEPBR REEE BHE51e EFI5IA
3% G 4] SR =4 SR X R
1 Nanyang Technol Univ 10 20.83% 3506 50.95%  350.60 0 0
2 Cent S Univ 6 12.50% 274 3.98% 45.67 1 0
3 Tum Create Ctr Electromobil 4 8.33% 1070 15.55%  267.50 0 0
4 Anhui Univ Technol 4 8.33% 691 10.04%  172.75 0 0
5 Nanjing Univ Aeronaut & Astronaut 4 8.33% 691 10.04% 172.75 0 0
6 Zhejiang Univ 3 6.25% 733 10.65%  244.33 0 0
7 Harbin Inst Technol 3 6.25% 131 1.90% 43.67 0 0
8 “Tsing Hua Univ”, Taiwan of China 3 6.25% 130 1.89% 43.33 0 0
9 Georgia Inst Technol 2 4.17% 374 5.44%  187.00 0 0
10 Chinese Acad Sci 2 4.17% 294 4.27%  147.00 0 0
USA Nanjing Univ Aeronaut & Astronaut
Anhui Univ Technol Zhejiang Univ
| .Taiwan of China .
Singapore || Tum Create Ctr / Harbin Inst
| Electromobil Technol
_ “Tsing Hua
Q Kemea Univ”, Taiwan
of China
T Cent S Univ
N\ - '/Georgia Inst Technol
China
England Nanyang Technol Univ Chinese Acad Sci
121 “NiCo,0, EAKBEFILI I RITBEBE 1.2.2 “NiCo,O, EAUKIEETIHHTFIAIFI& RIEBRE

SRPNE TREARESTEERFXENSIEMLE '

BRPONA" TERAREREEIEENSIERLE

i & 2.3 “NiCo,0, EAAKMETIUAT I E R EBRBRR[THONA" TREMARERTIES O XNEE HERS
X
FsS E=xR /X 15 1#ie 3 E &5 [ Cie S LA F5E5 15

1 China 32 68.09% 2013.34

2 Singapore 10 21.28% 2012.50

3 USA 3 6.38% 2013.00

4 England 1 2.13% 2014.00

5 Taiwan of China 1 2.13% 2013.00
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#1.2.4 “NiCo,0, BRI RIEIE REBRBARPHNA" TRREMRERPIS OIS EE~HIIAE
FS S 5 [ 083 E &5 e S SFMES |
1 Nanyang Technol Univ 9 12.50% 2012.33
2 Cent S Univ 6 8.33% 2014.00
3 Tum Create Ctr Electromobil 4 5.56% 2012.75
4 Anhui Univ Technol 4 5.56% 2012.50
5 Nanjing Univ Aeronaut & Astronaut 4 5.56% 2012.50
6 Harbin Inst Technol 3 4.17% 2014.00
7 Zhejiang Univ 3 4.17% 2012.67
8 Donghua Univ 2 2.78% 2013.50
9 Georgia Inst Technol 2 2.78% 2013.00
10 Huazhong Univ Sci & Technol 2 2.78% 2013.50
1.2.2 : ? “
m K : " PIM
TR
PIM
PIM
PIM
PIM
PIM PIM
PIM
PIM TR
TR TR
PIM
PIM TR
PIM TR
PIM TR 2011 “ K
1.2.5 1.2.6

PIM 1.2.3
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1.2.4 1.2.3
1.2.7 1.2.8
4 10
Hanyang Univ
Hg 1I Cu II
Zn 11 Pb 1I As V Co 1I
Ce 1II Eu 1II Sm III Nd III
Yb III Cs 137 Au III
*1.25 “SHEHSBE IEARERPZOEXNEEFHERGHX
. ~ ; ; PR .
1 Korea 19 38.78% 785 40.19% 41.32 1 1
2 USA 11 22.45% 340 17.41% 3091 1 0
3 Italy 9 18.37% 497 25.45% 55.22 0 0
4 Saudi Arabia 9 18.37% 271 13.88% 30.11 0 0
5 China 9 18.37% 182 9.32% 20.22 0 0
6 Wales 6 12.24% 490 25.09% 81.67 0 0
7 Australia 4 8.16% 120 6.14% 30.00 0 0
8 Scotland 4 8.16% 92 4.71% 23.00 0 0
9 Spain 4 8.16% 91 4.66% 22.75 0 0
10 England 3 6.12% 77 3.94% 25.67 0 0
*1.26 “SHSBEE" IEARESPZUVIEXNEZFHIE
Eo g $Z'Qti€ 1B 5| 515 RIgH %‘?&? | %f!% |
X et SR REEAI 513K B3 R
1 Hanyang Univ 19 38.78% 785 40.19% 41.32 1 1
2 Univ Calabria 9 18.37% 497 25.45% 55.22 0 0
3 Cardiff Univ 8 16.33% 529 27.09% 66.13 0 0
4 KingAbdullah Univ Sci & 8 16.33% 259 13.26% 32.38 0 0
Technol
5 Univ Texas Austin 8 16.33% 232 11.88% 29.00 1 0
6 Univ Notre Dame 5 10.20% 176 9.01% 35.20 0 0
7 Chinese Acad Sci 5 10.20% 110 5.63% 22.00 0 0
8 Hunan Univ Arts & Sci 4 8.16% 122 6.25% 30.50 1 0
9 Univ Edinburgh 4 8.16% 92 4.71% 23.00 0 0
10 Spanish Nat Res Coun 4 8.16% 91 4.66% 22.75 0 0
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China

Saudi Arabia .

Italy

Australia

Scotland
USA

Spain

Univ Texas Austin

King Abdullah Univ
Sci & Technol

Univ Notre Dame

Chinese

/
/
\ %.Acad Sci
e

-

Cardiff Univ

Univ
Edinburgh

Spanish Nat
Res Coun

Hanyang Univ Hunan Univ Arts & Sci
E1.23 “SHHSBER IEARESTEERSMBXE 124 “SEFESBE ITEAREREIEVMEENGIE
EIERL [
®1.2.7 "“SHRHBE TEARERTIES RO EE HERHX
Fs Ex /X N AW Y&t 13 T Cie 3L eS|
1 Korea 16 21.62% 2013.88
2 Ttaly 9 12.16% 2013.89
3 China 9 12.16% 2014.56
4 Saudi Arabia 8 10.81% 2014.13
5 USA 8 10.81% 2014.00
6 Wales 5 6.76% 2013.20
7 Scotland 4 5.41% 2014.25
8 Spain 4 5.41% 2013.50
9 England 3 4.05% 2013.67
10 Australia 3 4.05% 2013.00
#1.28 “SHHBEE" ITERARERFIES I OIEXAEEHIE
Fs S b5 #2283 &5 [/ OiE SELA) FI95E5 |15
1 Hanyang Univ 16 16.67% 2013.88
2 Univ Calabria 9 9.38% 2013.89
3 Cardiff Univ 7 7.29% 2013.43
4 King Abdullah Univ Sci & Technol 7 7.29% 2014.00
5 Univ Texas Austin 6 6.25% 2014.17
6 Chinese Acad Sci 5 5.21% 2014.00
7 Spanish Nat Res Coun 4 4.17% 2013.50
8 Hunan Univ Arts & Sci 4 4.17% 2015.25
9 Univ Notre Dame 4 4.17% 2014.00
10 Univ Edinburgh 4 4.17% 2014.25
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Pd (II) Se (1V) -6
Ce 1II
Eu 1III Sm 1T Nd I Yb I
4 A
) ) 4- -6-((4~( )
) ) -1,3- N- -N- -1,10-
-2- N O
Hg I Cu Il Zn I Pb II As V 2011 “
Co (II) ”
1.2.9 1.2.10
1.2.5 1.2.6
1.2.11
1.2.12
(Japan Atomic Energy Agency)
8
46 2
pH 17
Shaheed Ziaur Rahman Med Coll
Cs 137 -18-
*1.29 “SERMFAERKCEFNONE" TEARESPRZOVEXNEE~EERHHX
1 Japan 46 95.83% 1577 96.10% 34.28 10 0
2 Bangladesh 17 35.42% 510 31.08% 30.00 1 0
3 Egypt 10 20.83% 359 21.88% 35.90 2 0
4 Saudi Arabia 6 12.50% 141 8.59% 23.50 2 0
5 Australia 2 4.17% 44 2.68% 22.00 0 0
6 Korea 1 2.08% 69 4.20% 69.00 1 0
7 India 1 2.08% 33 2.01% 33.00 0 0
8 Taiwan of China 1 2.08% 31 1.89% 31.00 0 0
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&1.2.10 “E5RMAERKGEFIONA" TEARERPROIEXRESZ~HE
o G 20 wWal  WEBUR WEWE BWslie EFI5IA
B SR 24 T/ X R

1 Japan Atom Energy Agcy 42 87.50% 1427 86.96% 33.98 9 0

2 Shaheed Ziaur Rahman Med Coll 12 25.00% 317 19.32% 26.42 1 0

3 Natl Inst Mat Sci 8 16.67% 405 24.68% 50.63 3 0

4 Independent Univ 8 16.67% 253 15.42% 31.63 1 0

5 Kumamoto Univ 6 12.50% 273 16.64% 45.50 2 0

6 King Saud Univ 6 12.50% 141 8.59% 23.50 2 0

7 Sohag Univ 4 8.33% 162 9.87% 40.50 2 0

8 Univ Dhaka 4 8.33% 159 9.69% 39.75 0 0

9 Suez Univ 4 8.33% 122 7.43% 30.50 0 0

10 Waseda Univ 3 6.25% 96 5.85% 32.00 0 0

Saudi Arabia Kumamoto Univ
Australia Independent Univ
Natl Tnst Sohag Univ
Korea Mat Sci
//_F.
Bangladesh
Univ Dhaka
.India Shaheed Ziaur
Rahman Med Coll .
Suez Univ
epad Taiwan of China Japan Atom Energy Agcy Waseda Univ

E1.25 “SEEMIIERKLGEFHORE" TERARE E1.26 “SERMAIERKGEFOMNE" TEARE
REZERNMXESIENLES REZHIBRISIEMES

F1.2.11 “SERMAERKGEGHONE" TEARERPHES RO XNEE~ HERSMX
Fs ExR / #X 185 [# e 3L E B85 [ e ST el eS|
1 Japan 41 53.95% 2014.37
2 Bangladesh 17 22.37% 2014.65
3 Egypt 10 13.16% 2014.00
4 Saudi Arabia 6 7.89% 2015.17
5 Australia 2 2.63% 2015.00
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#1.212 "SEEMAERXGESNONAE" TRARERPHES I OICXNEEF~ HHE

Fs 4 85 1 ME 38 M5 e 3Ll F95Es |1
1 Japan Atom Energy Agcy 41 44.09% 2014.37
2 Shaheed Ziaur Rahman Med Coll 12 12.90% 2014.83
3 Independent Univ 8 8.60% 2014.75
4 King Saud Univ 6 6.45% 2015.17
5 Kumamoto Univ 4 4.30% 2013.25
6 Suez Univ 4 4.30% 2014.75
7 Univ Dhaka 4 4.30% 2014.25
8 Sohag Univ 3 3.23% 2014.00
9 Curtin Univ 2 2.15% 2015.00
10 Elec Power Res Inst 2 2.15% 2012.50
10~20
2.1.1 2.1.2
+ ” 13
2 bHI1Y ” 113
2.1
10
9 2012
F2.11 I, AE5HRIRESNE Topd TEFEHRS
. 5|F8 SFI9 SN
= g £t INFFE
Fs TEFERS NFF= ik 218K e
1 704 10 607 15.07 2012.22
2 43 1181 27.47 2011.70
3 285 2 856 10.02 2012.51
4 92 3384 36.78 2012.48
+
5 258 4435 17.19 2011.74
6 172 1954 11.36 2012.23
7 169 3194 18.90 2012.02
8 413 4366 10.57 2012.17
9 41 1128 27.51 2011.85
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*2.1.2 LI, AeEMHIEAE Topd TEFERRASNEFZOENLATE

FS TREFRRS 2011 2012 2013 2014 2015 2016
1 276 186 121 63 45 13
2 26 6 9 2 0 0
3 74 68 85 43 12 3
4 31 16 23 15 6 1

+
5 133 72 45 5 2 1
6 59 40 50 21 1 1
7 69 54 29 10 5 2
8 141 112 116 37 6 1
9 21 11 5 2 2 0
1 2
+

M
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2.2.1 222
21
EVA
2.2.2
2004
~10 000 cm*:
(V-S)"! 2630 m*g'
2011 “ ~97.7% ~1 TPa
K 3000~5000 W-(m-K) "'
2.2.1 222
®221 “HEEEME SRR HESERNAT TEFRAERPZOEHNEE-HERFHX
FS ExR /#X RHE RFFELLH) W5 3R WS SR LAY ISR

1 USA 304 43.18% 5320 50.16% 17.50
2 Japan 165 23.44% 2060 19.42% 12.48
3 China 85 12.07% 1015 9.57% 11.94
4 Korea 71 10.09% 1286 12.12% 18.11
5 The Netherlands 34 4.83% 591 5.57% 17.38
6 Germany 17 2.41% 141 1.33% 8.29
7 Taiwan of China 17 2.41% 205 1.93% 12.06
8 France 7 0.99% 27 0.25% 3.86
9 Belgium 6 0.85% 49 0.46% 8.17
10 UK 4 0.57% 40 0.38% 10.00
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e DRSS : (LT . i5® Sk iRl
®222 “FESEEMESRAONAIRTT. HESERNAT TRARERPZOEFNEE~TTIE
RITE wsl ELbI SI4E
= “ NJr= e
7 I A Hp SR RECH) SR
1 Appl Material Ltd. 80 11.36% 1848 17.42% 23.10
2 Samsung 48 6.82% 1014 9.56% 21.13
3 ASM Int Corp 40 5.68% 849 8.00% 21.23
4 Novellus Systems Inc. 39 5.54% 979 9.23% 25.10
5 LAM Res Corp 26 3.69% 385 3.63% 14.81
6 Tokyo Elect Ltd. 26 3.69% 466 4.39% 17.92
7 FUJI Film Corp 15 2.13% 84 0.79% 5.60
8 IBM Corp 11 1.56% 127 1.20% 11.55
9 Konica Minolta Inc. 10 1.42% 119 1.12% 11.90
10 Nitto 9 1.28% 43 0.41% 4.78
The Netherlands LAM Res Corp
Korea Novellus Systems Inc. Tokyo Elect Ltd.
\ .
T \ gzllllivrxllzn of ASM Int Corp FUTT Film
@cn
France —— __. IBM Corp
ree®
amsung
Belgium .
Konica Minolta Inc.
Usa UK Appl Material Ltd. Nitto
221 “HEERHSBRANRLLIT. HE5EN 2.2.2 “WEEBRRSHRENMHIRIT. SIE5EK
RRR” TRRAREREEERIMXENSIEMLE RF” TERARERTENMENSIEMLSE
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CVD

2004

(CVD)

NGI)
(GO)

(PRGOS)

2011

(DARPA)

2011

(National Graphene Institute

(DFG)

41

2007

(CGOS)

223 224



B_E DUl 1. iBE Sl Lzl
223 224
#2233 "AEBIRIERASHRE ITEFRERPROEFNEE"HERSMX
FS ER /X RIFE RIFELH WEBR W5 [SUREL B SIS SR

1 China 26 60.47% 689 58.34% 26.50
2 USA 9 20.93% 289 24.47% 32.11
3 Korea 3 6.98% 23 1.95% 7.67
4 Germany 2 4.65% 36 3.05% 18.00
5 Japan 1 2.33% 53 4.49% 53.00
6 Portugal 1 2.33% 22 1.86% 22.00
7 Saudi Arabia 1 2.33% 21 1.78% 21.00
8 Taiwan of China 1 2.33% 14 1.19% 14.00

®224 “ASENHERASHE" TRFARERPZOENNEE~LYINE

FS it AAE KFBHH WIBWR WSBUXREEH I ISR

1 Chinese Acad Sci 6 13.95% 159 13.46% 26.50
2 Nanotek 4 9.30% 133 11.26% 33.25
3 Univ China Petroleum 2 4.65% 77 6.52% 38.50
4 Nanjing Tech Univ 2 4.65% 38 3.22% 19.00
5 Shanghai Jiao Tong Univ 2 4.65% 53 4.49% 26.50

Germany

. . @Japan Nanotek Instr Inc. China Univ Petroleum
%y
5,
) Portugal
J . ortuga Nanjing

USA . = < Tech Univ
\. Saudi Arabia

. Chinese Acad Sci Q
Chi . Shanghai Jiao Tong Univ

14 Taiwan of China

E 223 “AREENFERASHR" ITRARERETE E 224 “OREENGEKASHR" TRFARESTE
ExRIt X ERI G {EMES iﬂﬁ I‘EUEI’\J%%IW)% (ERHERZ, BYEEEIFREL,
B RAFTD
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2.2.3
2011 “
225 2.2.6
225 2.2.6
400 MPa 225 78.95%
500 MPa 2479 86.8%
LPSO 11.02 29
10.18% 178
6.23% 6.14
14 4.91%
122 4.27%
8.71
7 3
#225 “HB. & RESEAEFIERNA" ITERAFRERTROEFNNEE~HERRMIX
FS ER/MX QA2 RIFELLHI ELETUN ElET N4 SIS SR
1 China 225 78.95% 2479 86.80% 11.02
2 Japan 29 10.18% 178 6.23% 6.14
3 USA 14 4.91% 122 4.27% 8.71
4 Korea 6 2.11% 19 0.67% 3.17
5 Germany 3 1.05% 12 0.42% 4.00
6 France 3 1.05% 4 0.14% 1.33
7 Canada 2 0.70% 14 0.49% 7.00
8 Austria 1 0.35% 4 0.14% 4.00
9 Australia 1 0.35% 14 0.49% 14.00
10 Belgium 1 0.35% 9 0.32% 9.00
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#226 "B, & AREESESHERNA" ITREARERAFRZOEFNER~ I

FS s ANAE AT WIBWX WEISORELE  FEIFES ISR
1 OBE Steel Ltd. 9 3.16% 44 1.54% 4.89
2 Furukawa Unic Corp 8 2.81% 57 2.00% 7.13
3 Beijing Non-Ferrous Metal Inst 7 2.46% 117 4.10% 16.71
4 China Aluminium Corp 6 2.11% 88 3.08% 14.67
5 Univ Beijing Sci & Technol 6 2.11% 47 1.65% 7.83
6 Cent South Univ 6 2.11% 61 2.14% 10.17
7 Alcoa 5 1.75% 33 1.16% 6.60
8 Anhui Xinyi Cable Co., Ltd. 5 1.75% 109 3.82% 21.80
9 UACIJ Corp 5 1.75% 25 0.88% 5.00
10 Beijing Univ Technol 5 1.75% 59 2.07% 11.80
Germany Univ Beijing Sci & Technol
China Aluminium Corp
France
Korea. . . . | .Cent South Univ
Beijing Non-Ferrous N /'II
Corei Metal Inst \'-/
USA . Alcoa
. .A“S“ia Anhui Xinyi
T Eonine Cable Co.,
P Unic Corp Ltd.

O Australia

. . UACJ Corp

China Belgium OBE Steel Ltd. Beijing Univ Technol

E225 “h. %, KEEESSHERNA" IR E226 “HA. % KEEESSHERNA" IEFR

=R EERSMXEEIEMLE LR EENENEERLE
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TUHIRBEE R THEREL, AESMRIEFBHAE:
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