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ᵝ 

 

 

 

̂ 800 ̃ 

╠ ץ ꜚ ҍ ᾟ ̆ └

ΐ ӈҍ ᴇṿȂ ԍ (

)ҍԋ ̆

̆ ҍ ̆ ԅ /CoO ₀

ȁ / ȁ /SnO2/ ץ ⱳ

/ ȁ /S/ Ȃ ῤ Ҋ̔ 

(1) ꜛ -‛‟ - └ ₮

ᵣ CoO ̆ └ ╕ ̆

100 ԍ 550 mAh g-1̆ᴨԍ CoO Ȃ 

(2) ⱳ ԅ - - -ᵞ

̆ └ ҍ ̆

15 A g-
1 Ҋ ԍ 300 mAh g-1 Ṑ Ȃ 

(3) Sn2+ SnO2 ҉ ᵝ ҍ ̆

ꜛҊ SnO2 ȂSnO2 №

Ҭ ̆ SnO2 ҍ ̆ ₮ 700 

mAh g-1 ץ 700 Ȃ 

(4) ԅӘԋ - - ̆└ ₮Әԋ ⱳ

(EFG)/ ̆ EFG ֟

̆ └ᵬ ≠ԍ

Ȃ 

ץ (5) ҹ╠ ᵣ ȁ

ⱳ ׃ ӊ ҈̆ ≠ԍ

ȁ≠ ̆ ‖ ᾟ Ҭ ᵣ ׆̆ ≠ԍ

̆ 400 Ҭ ⁞ ֽҹ 0.05 %Ȃ 

��

��

��

��
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ȁ ῒ
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ҍ
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ᴨ
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ҍ
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6 Compressible graphene 

aerogel supported CoO 

nanostructures as binder-free 

electrode for 

high-performance lithium-ion 

batteries 

RSC Advances 3.289 2015, 5: 

8929- 

8932 

1 

7 Nitrogen-rich carbon coupled 

multifunctional metal oxide/ 

graphene nanohybrids for 

long-life lithium storage and 

efficient oxygen reduction 

Nano Energy 11.553 2015, 

12: 

578-587 

2 

8 Towards efficient 

electrocatalysts for oxygen 

reduction by doping cobalt 

into graphenesupported 

graphitic carbon nitride 
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14 Facile one-step synthesis of 

highly graphitized hierarchical 

porous carbon nanosheets 

with large surface area and 

high capacity for lithium 

storage 

RSC Advances 3.289 2015, 

12: 

578-587 
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1 ѿ ҍ
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 2016102

81333.5

2016.4. 
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└

ῒ  
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̂ ⅞ ȁᾢ ⇔ ̆ ӈ̃ 

ѿȁ ȁῤ №  

1  

ҍҌ ≠ ̆ ҍ ׂҕ ҳ Һ

̆ ‗ ̆ ꜚ

̆⁞ ֜ ᶭ ̆ ҹ ‗ ҍ

ӊѿȂ ᴧ Ữ ҍ ᴆҬ̆ ̂ / ̃

ΐ ȁ ῃ ̆ №

Ḃ ̆ ȁ Ȃ ꜚ

ҍⱳ Ҍ ̆ ҙ ץ

ꜚ ҍ ᾟ ̆ Nissan Leaf ꜚ ץ 140 Wh kg�í1

ҹꜚⱬ 160 km̆ ῏ ԍ ╠ ᵞ ҍᵞṐ

Ȃ ̆ ᴇ ̆ ҉ץ‗ ץ

Ҋң ̔̂ 1̃ ̂̕ 2̃

└Ȃ ԍ ү ȁ ᵞȁ ȁ ȁ

ᵞ ̆ᶏῒ Ữ Ҭ ΐ ᴨלȂ ҉ ̆

└ΐ ӈȂ 

ᵬҹῖ ԋ ᵣ̆ ̂Graphenẽΐ ҍ

̆ ̂0.34 nm ȁ̃ ᾣ ̂97 % ȁ̃ ̂1000 cm2/V¥s ȁ̃

̂3000-5000 W/mK ȁ̃ (2620 m2/g) ̆ 10 ₀

ȁ ╠ Ȃ ᵬҹԋ

ȁ └ᾟ Ҭ ᵣ ̆

Ȃ ꜚԅ ԋ ̆ MoS2ȁBNȁMXeneȁ

̂LDH̃ Ȃ ᵖ ╠ԋ Ҍ └ └

̆ΐᵣ ԋ ȁ № ̆

ԋ Ữ ᴆ ᴨ Ȃ ̆

ԋץ ᵬҹ ᾝ ץ ѿ ȁԋ ҈

ᵣ̆ Ӱ ҹҤ Ữ ᴆҬ ᴰ ׆̆ ץ

ᴨ ̆ ԋ ҹ Ữ ᴆ ᶫ

ҍ ᶭ Ȃ ҉ ̆ԋ └ ȁ

ΐ ӈҍ ᴇṿȂ 

 

2 ῤ  

2.1 ԋ └  

1̃ ҉ Ҋ̂Top-dowñ̔ ԋץ ᵣ ̂ ȁMAXȁLDHȁ

MoS2 ̃ҹ╠ ᵣ̆ ▫ ȁ ▫ ȁ ▫ ̆ ▫

ԋ ̆ ▫ └ ᴨ ▫ ץ̆

ȁ ȁ ȁ֟ └ȂῒҬ ▫ └ ԋ

ᵣ ̆ ᵣᵬҹ Ȃ 

2̃ Ҋ ҉̂Bottom-up̃̔ └ ԋ ᾝ ╠ ᵣ

ԋ ̆ ̂CVD ȁ̃ ̆ ԋ

ȁ ҹ̆ Ỳ ╕ ȁ╠ ᵣ ȁ └

ԋ ȁ ȁ ֟ ῏ Ȃ 
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 3̃ ̔i) ᵝ Ȃ └҉ץ ᵣ Ҭ̆ └ ̆ⱴ῀

╕̂ ȁ Ҭ ̃̆ ᶭ ╠ ᵣ ҍ ╕ ԑᵬ ̆

ᶏԋ ╕ ᵣ ̆ ╕

⌠ ԋ ̕ii) Ȃ ԋ ҍ ╕ ̆

ԋ ┴ ׆̆ Ȃ 

 

2.2 ԋ  

1̃ⱬ ̔ԋ № ᵣ҉ᶷ̆

ᵣ҉Ҋңᶷ ⱬ ׆̆ ԋ ̆

ΐ ѿ ̆῏ ԍԋ № └Ȃ 

2̃ ̔i) ᵝ Ȃ ԋ

ᵣ ᵣ҉└ ԋ ̕ii) 

Ȃ ԋ ̆ ᵬ Ҋ ῒ ↓̆

ῒ Ḡ Ȃ 

2.3 ԋ  

1̃ԋ  

ԋ ȁ ȁ

̆ ԋ ҍ / ῏ Ȃ

̆Ӟ ԋ Ữ ̆ ԋ

Ữ Ȃ 

2̃ԋ Ҍ ҹ  

ԋ ҈ ҹ̂ ȁ ȁ ̃

̆ ῀ ̆ ᴨ ԋ

Ȃ 

 

3 №  

3.1  

ֲ └ Ữҍ

Ạԅ ῏ ᵬ ̆ΐᵣ Ҋ̔ 

1) └ Ȃ ֲ └ ȁ ȁ

ⱳ ̆ ᴰ Hummers └ ̂GÕ̆ ꜛ GO-

‛‟ └ ₀ ̂RSC Advances, 2015, 5: 8929-8932̆̃ Әԋ ҍ

GO ᵞ └ Әԋ ̂Nature Communications, 2014, 5: 5002̃̆

Sn2+ GO ᵝ └ SnO2/G ̂ACS Applied 

Materials & Interfaces, 2015, 6: 3242-3249̃̆ ̆ ֪ № ҉

└ ̂Journal of Materials Chemistry ĂDOI: 

10.1039/C6TA06945B̃Ȃ 

2) ԋ └ Ȃ ԍ ᴰ

╕ȁ ╕̆ └ ̆ ֲ №

ҹ╠ ᵣ ѿ ԋ ̂Advanced Functional 

Materials̆DOI: 10.1002/adfm.201603659̃Ȃ ԋץֲ

ҹ╠ ᵣ └ ̂Energy Storage Materials, 

Ҭ Ȃ̃ 

3) ῒ ҍ Ȃ ֲ  



 8

 ȁ ȁ └ ȁ ῏

№ ̆ ῏ Nanoscale ҉̂Nanoscale, 2014, 6: 

2286-2291̃Ȃ 

 

3.2  

ֲ Һ Ԋԋ׆ └└ ȁ ȁ ῒ

Ữҍ Ȃ ῒ └└ ȁ

ҍ ̆ ῒ Ҍ ȁ ҉

ᵬ ̆ ԅү Ȃɒ ̆ ⱳ ԅ ῍ ҈ ȁ

׃ ҈ ȁ / ҈

̕ ԅѿ ↓ ȁ ῍

ȁ ȁץ ԍ ȁ

Ȃ 

ҍ ҉̆ ‪ Ỳ

ңҩΐ ᴨלȂ ̆ ҉̆ ֲ Ḥ

ԋ ҍ ᴆ ̂DNL21T3̃ ᾢ

̆ ᵝ ү ̆ҹ

ᶫԅḠ Ȃ 

 

ԋȁ ⅞ ᾢ ⇔   

1̃ ԋ ╠ Ӟ̆ ҹ ȁ

ᾢ ̆p └ ῒ ԍԋ ֟

ȁ֟ ᵞ̆ ₮ԋ └ ̆ Ҍ ԋ

└ ֟ ̕ 

2̃ ₮ԋ ̆

ᴨ ԋ Ȃ 

 

҈ȁ ӈ 

ԋ ₀ ҍ ῒ̆Ҍ ԋ

ҹ ᶫ Ӟ̆ҹ ҍ Ữ ᴆ

῏ ᶫԅ ᶭ ̆ ≠ԍ Ҭ ȁ ׆̆ ⱴ

ᴆ ᵬ ̆ ꜚ ̕ ̆ԋ

ҹḂ ꜚⱬ ℗ ȁ

Ữ ᶫ Ȃ 

 

 

 

ֲ

 

 

ֲ ̔ ῤ Ȃ ȁᴺ ҹ

ᴋ ֲ Ȃ 
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