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Sustainability @ 53 5 D {fF

a+i)

Cluster|Yeaer #Nodes Name Keywords
0 2012.0 31,426|Soil, agriculture soil, crop, agriculture, production, sustainable, system, management, agricultural, organic, plant, effect, land, nitrogen, food,
1 2012.0 29,118 |Ecosystem water, management, sustainable, ecosystem, change, sustainability, development, land, climate, river, forest, ecological, case, co
2 2012.4 28,902 |Corporate sustainability, sustainable, supply, corporate, chain, supply chain, management, environmental, social, performance, manufacturing
3 20111 27,032 |Bio/renewable energy production, sustainable, biomass, energy, synthesis, acid, based, waste, biodiesel, oil, using, catalyst, hydrogen, process, carbo
4 2012.4 23,570|Urban/City sustainable, urban, sustainability, city, development, energy, transport, sustainable development, policy, case, food, planning, e
5 2013.6 18,010|Building building, concrete, sustainable, construction, energy, sustainability, assessment, green, material, design, urban, performance, wa
6 2013.0 11,902 |Health care health, care, community, intervention, sustainability, program, based, implementation, study, sustainable, development, hiv, resea
7 2011.7 11,861 |Energy/Emergy urban, china, ecological, analysis, water, footprint, sustainable, sustainability, energy, emergy, city, development, case, based,
8 2014.2 9,173 |Fishery fishery, fish, aguaculture, marine, management, sustainable, sea, fishing, population, shrimp, sustainability, fishery management,
9 2013.6 8,827 | Tourism tourism, sustainable, sustainable tourism, development, ecotourism, case, sustainability, tourism development, destination, touris
10 2014.0 8,630|Forest forest, management, forest management, sustainable, conservation, tree, de, specie, sustainable forest, forestry, timber, plant, h
11 2015.0 8,566 [Energy efficiency/emission [energy, renewable, system, sustainable, power, renewable energy, development, solar, wind, electricity, grid, analysis, china, sus
12 2014.3 7,665 |Water water, wastewater, treatment, membrane, microbial, sustainable, microbial fuel, wastewater treatment, system, fuel cell, desalinat
13 20125 7,636|Education education, sustainability, sustainable, development, sustainable development, learning, engineering, university, environmental, ed
14 2014.2 5,815|Sustainable development [sustainability, sustainable, assessment, development, environmental, sustainable development, indicator, economic, impact, policy,
15 2013.5 5,533 |Water resource groundwater, water, de, aquifer, irrigation, soil, management, china, basin, sustainable, recharge, resource, river, using, use, a
16 2012.7 5,057 |Green computing sustainability, sustainable, green, energy, information, design, software, system, data, technology, development, computing, envir
17 2011.9 4,685 |Electrochemical carbon, hydrogen, doped, water, battery, hydrogen evolution, water splitting, metal, oxygen, ion, energy, efficient, photocatalyti
18 2015.3 4,343 |Mining mining, sustainable, mine, development, assessment, sustainability, metal, environmental, resource, remediation, waste, sustainabl
19 2013.2 3,601 |Waste management waste, solid waste, solid, waste management, management, municipal, life cycle, life, assessment, municipal solid, sustainable, cy
20 2012.8 1,864 |Fiscal sustainability fiscal, sustainability, debt, current account, fiscal sustainability, sustainable, debt sustainability, public debt, development,
21 2012.7 764 |Microfinance microfinance, microfinance institution, institution, development, financial, sustainability, microfinance institutions, sustainabl
FRFEE, FRISERIN TV
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Sub_cluster

Nodes

Year

Keywords

Description

Electrochemical

17_0

677

2016.688

hydrogen_evolution_reaction, oer, mv, oxygen_evolution_reaction, overpotential,
electrocatalytic, electrocatalysts, mv_dec, overall_water_splitting, ni, water_splitting,
low overpotential, electrochemical, current density, tafel, tafel slope

Electrochemical

17_1

669

2016.288

Electrocatalytic

porous_carbon, orr, porous, supercapacitors, hierarchical_porous, carbon_material,
koh, mesoporous, high_specific, electrochemical, oxygen_reduction_reaction,
hydrothermal, electrode, electrode material, hydrothermal carbonization. carbon

Health care

942

2015.83

Carbon material(super capacitors..)

maternal, uhc, universal_health_coverage, livebirths, neonatal, usmr, newborn, child,
ncds, fap_sba, health, global_health, sustainable_development_goal, global,
maternal mortality, health system, generic _medicine, middle income country

Energy
efficiency/emission

628

2015.346

Global health

economic_growth, ekc, economic, environmental_kuznets, financial_development,
co2_emission, dIn, energy_consumption, renewable_energy_consumption, gdp,
renewable, fdi, trade openness. emission, environmental, co2, ardl

Urban/City

1274

2015.307

Economic growth

smart_city, smart, smart_sustainable_city, urban, city, smart_sustainable, iot,
sustainable, smartness, paper, big_data_analytics, citizen, smart_city_concept, ict,
social, big data, big, smart city project, sustainable urban, smart _mobility

Bio/renewable
energy

2593

2015.266

Smart city

nanocellulose, pla, cellulose, lignin, cncs, biodegradable, cellulose_nanocrystals,
natural_fiber, composite, biocomposites, cnc, tensile, green_composite, mechanical,
fiber, mechanical property. polymer, natural fibre, flax, cellulose nanocrystal, cnf

Bio/renewable
energy

566

2015.233

Nanocellouse

des, deep_eutectic, deep_eutectic_solvent, nades, choline_chloride, extraction,
natural_deep_eutectic, solvent, olive, antioxidant, bioactive, ultrasound, supercritical,
ionic liquid, natural deep eutectic solvent, extraction time, choline, green, phenolic

Deep Eutectic solvent

Building

2882

2015.188

geopolymer, compressive, concrete, rca, recycled_aggregate,
compressive_strength, uhpc, cement, mortar, fly_ash, geopolymer_concrete,
geopolymers. recycled agaregate concrete, opc, cementitious, fine aaaregate

Bio/renewable
energy

936

2015.143

Geopolymer

catalytic, nanoparticles, magnetic, catalyst, catalytic_activity, kcc, synthesis, green,
microwave, agnps, aqueous, reaction, pd, solvent_free, nm, gold_nanoparticles,
magnetic_nanoparticles, sustainable, molecular _oxygen, organic, palladium

Energy/Emergy

652

2015.143

Nanoparticles catalyst

wf, water_footprint, virtual_water, blue, virtual, water_footprint_assessment, water,
blue_water, virtual_water_content, water_resource, water_use, virtual_water_trade,
total wf, arey water footprint, china, total water footprint, green, agricultural

Urban/City

774

2015.094

Water footprint

ev, electric, electric_vehicle, bevs, carsharing, car, collaborative_consumption, av,
vehicle, car_sharing, hybrid_electric, bev, sustainable, ride, autonomous_vehicle,
economy, paper, urban, peer, plug, environmental, public, battery electric vehicle

Bio/renewable
energy

1000

2015.07

epoxy, polymer, monomer, poly, cardanol, anticorrosive, polyester, polymerization,
benzoxazine, copolymer, lubricant, epoxy_resin, nmr, polyurethane, bio, eugenol,
thermoplastic, tribological, biodegradable, thermal, bisphenol, renewable, isosorbide

Energy/Emergy

650

2014.971

Epoxy polymer

dea, undesirable_output, china, dea_environmental_assessment, eco_efficiency,
data_envelopment_analysis, eco, environmental, envelopment, non_radial,
economic, undesirable, sustainable, managerial disposability, dmus

Bio/renewable
energy

2846

2014.968

Environmental Assessment (DEA)

microalgae, microalgal, lipid, algal, algae, biodiesel, lipid_productivity,
biodiesel_production, biofuels, lipid_production, scenedesmus, cyanobacteria,
microalgal biomass. microalgae cultivation, mixotrophic, fatty, lipid content.

Microalgae
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(HH8#8) vVitavin Ittipanuvate, Yuya kajikawa, Ichiro Sakata et al.,

Technology Management vol.32 (2014), pp.160-184

hearing aid(implant surgery)

gait training
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social interaction

talking to friend
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Recent advances in solution-processed
interfacial materials for efficient and stable
polymer solar cells

Morphology characterization in organic
and hybrid solar cells

Recent progress and future aspects of
organic solar cells

w

w

Solid-state dye-sensitized and bulk
heterojunction solar cells using TiO2 and
ZnO nanostructures: recent progress and

[ BRI RN RE S }\3\ new concepts at the borderline
SEr— Rational Design of High Performance
AL Conjugated Polymers for Organic Solar
Cells
) Photophysical and Electrochemical
= 7o LY FS N — i
o :E) E}F% 75\}5% /\_/ 7'3\ 7 - X g Properties, and Molecular Structures of

Organic Dyes for Dye-Sensitized Solar Cells
Small Molecule Organic Semiconductors on
the Move: Promises for Future Solar
Energy Technology

Characterisation of electron transport and
charge recombination using temporally
resolved and frequency-domain techniques
for dye-sensitised solar cells

(#1> ) OV A5 3
F#z ERERA | P F#3=/\

¥ - BHAA ] ~FBEPEFEFH- T
Wb ZERBEIND,

Tandem polymer solar cells featuring a

ENERGY &
ENVIRONMENTAL SCIENCE

ENERGY &
ENVIRONMENTAL SCIENCE
PROGRESS IN
PHOTOVOLTAICS

POLYMER INTERNATIONAL

*
MACROMOLECULES
584
CHEMPHYSCHEM
104
ANGEWANDTE CHEMIE-
INTERNATIONAL EDITION 529

INTERNATIONAL REVIEWS

IN PHYSICAL CHEMISTRY E

NATURE PHOTONICS

65
spectrally matched low-bandgap polymer
2 The Electrochemistry of Nanqstructured CHFMPHYSCHFM
Titanium Dioxide Electrodes I F— Ly MIBITD 5 %Ry (E6)

(Hi#2) H. Sasaki, T. Hara and I. Sakata, Identifying Promising Research Papers Related to Solar Cells Using a Machine Leaning
Approach, Journal of Sustainable Development of Energy, Water and Environment Systems, 4(4), pp.418-429 (2016)
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(GRS tEvb [FRIxZR: 06~ 10]MDF15)

== = : :I:
BA 5 ORI D F RIS R BERT DU EICE 5T LN
JHA—RY 79.8% | 88.8% 0.840 0.908 bk —o0\E (R—D5
0.021 0.018 %)
Y—5—7J4k 84.5% | 87.5% 0.859 0.919
7 oo || (oo FIBYSASD/—FGRYX)#  0.99
HUH LFARSAK | 75.3% | 66.3% 0.706 0.784 st 4 : S L _
- (0.047) (0.033) ;;1‘&1’-?!:-&;% E8 % (science ia& 06681
BirybI—2 73.6% | 92.0% 0.818 0.888 :
(0.012) (0.011) SIRLEXDITEIZAZID 0.58
Y—Sw LS RT L | 76.4% | 90.9% | 0.828 0.892 /—F GRXX) #
(0.011) (0.011) c s
U7 LB LARy | 73.4% | 78.9% 0.758 0.802 FEHSFMXDIRITF ST HHHE
YA IN—T4HIL | 79.7% | 75.6% 0.776 0.831
(0.026) (0.018) SRS XDITIEISARZD  -1.92

FEIA FIEERE) BT
@ Z1EIZH WL TFLI T F-scores > 70,

FRBOSAADEDS AT T4 -1.54

AUC > 0.7 % 3ZE X ?%;;—O@ME(*‘%U— -0.71

(Hid2) ARH—BR, | E%K, ®)IH%K, RE—EB(2016). KIERXT — & H HD
RELXY b7 -7 HAEDHEICL TR XOETE, ALMEFREEKRR.
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FYNT—ODORFEDEA
(Network representation Learning)
RYRT—OBELY /—FOBENLGEREBEZEE

Representation learning of large scale graphs in realistic time is proposed in DeepWalk (2014), and
many subsequent methods have been proposed.

Graph Representation Learning Jure Leskovec

de vector
\/@0
— R
fru-R \ g y
]Rd
Feature representation,
embedding

Network (sparse adjacency matrix)

OAVE1—3TURIBT 50D HEHLLY

Vector representatlon
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2.5 million papers by Largivis (2016)
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citation network using network representation learning” PLoS ONE 13(5) e0197260. (2018) -2
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Data: Paper of Nanocarbon published in October 2013 — December 2013

Predicted cutting edge paper and future citations

TITLE JOURNAL AUTHOR NR IPY
ACCOUNTS OF
Nanocarbon Networks for Advanced Rechargeable Lithium [CHEMICAL [Xin, S, Guo,
Batteries RESEARCH YG, Wan, LJ] 299| 2014.65
[Bernardi, M,
Semiconducting Monolayer Materials as a Tunable Platform Palummo, M,
for Excitonic Solar Cells ACS NANO Grossman, JC] 26| 2014.33
[Li, BL, Cheng,
Direct Optical Imaging of Graphene In Vitro by Nonlinear YW, Liu, J, Vi,
Femtosecond Laser Spectral Reshaping NANO LETTERS CW, Brown, AS, 10| 2014.27
PROCEEDINGS OF [Li, N, Chen,
Flexible graphene-based lithium ion batteries with ultrafast [THE NATIONAL ZP, Ren, WC,
charge and discharge rates ACADEMY OF Li, F, Cheng, 315| 2014.17
Crumpled Nitrogen-Doped Graphene Nanosheets with [Wen, ZH,
Ultrahigh Pore Volume for High-Performance ADVANCED Wang, XC, Mao,
Supercapacitor MATERIALS S, Bo, Z, Kim, 408| 2014.17
JOURNAL OF [Li, M, Cushing,
Fingerprinting photoluminescence of functional groups in MATERIALS SK, Zhou, XJ,
graphene oxide CHEMISTRY Guo, SW, Wu, 72| 20141
Quaternary Nanocomposites Consisting of Graphene, ACS APPLIED [Ren, YL, Wu,
Fe304@Fe Core@Shell, and ZnO Nanoparticles: Synthesis [MATERIALS & HY, Lu, MM,
and Excellent Electromagnetic Absorption Properties INTERFACES Chen, YJ, Zhu, 150| 2014.09
ENERGY & [Kwon, J,
A high performance PZT ribbon-based nanogenerator using| ENVIRONMENTAL Seung, W,
graphene transparent electrodes SCIENCE Sharma, BK, 61| 2014.03
Covalent Hybridization of Thiolated Graphene Sheet and JOURNAL OF [Ahmed, MS,
Platinum Nanoparticles for Electrocatalytic Oxygen NANOSCIENCE AND  |Kim, D, Han,
Reduction Reaction NANOTECHNOLOGY |HS, Jeong, H, 32| 2014.02
Nitrogen Doped Graphene-Rich Catalysts Derived from [Wu, G, Mack,
Heteroatom Polymers for Oxygen Reduction in Nonaqueous NH, Gao, W,
Lithium-O-2 Battery Cathodes ACS NANO Mﬁhﬁg,ghong, 236| 2013.89
JOURNAL OF Yang, WS, Zou,
One-pot, solvothermal synthesis of TiO2-graphene COLLOID AND XX, Xu, FG,
composite nanosheets INTERFACE SCIENCE win% XDQ‘:j 15| 2013.89
JOURNAL OF YJ, Qiu, FY, Li,
Synthesis of porous Ni@rGO nanocomposite and its MATERIALS L, Jiao, LF,
synergetic effect on hydrogen sorption properties of MgH2 |CHEMISTRY lYILéeillrL, r—jT]LW 30| 2013.89
B, Jia, YY, Li,
Renewing Functionalized Graphene as Electrodes for High- [ADVANCED XL, Wang, B,
Performance Supercapacitors MATERIALS [Sl_gpug,ugl, @'rég‘;', 152| 2013.88
MJ, Qu, HL,
Interfacial polymerized polyaniline/graphite oxide Zhang, X, Wei,
nanocomposites toward electrochemical energy storage POLYMER HG, Luo, ZP, 88| 2013.85
Graphene with Electrochemical lonic-Liquid Assistance [Chang, CF,
Synthesis to Explore the Metal Adsorption Ability and the JAPANESE JOURNAL (Chiang, YF,
High Electrical Conductivity in Graphene/Epoxy Composite |OF APPLIED PHYSICS |Chen, JR] 0| 2013.82

Material and technology:
Nanocarbon network

Graphene nano sheet
Fingerprinting photoluminescence
Graphene electrodes
Graphene-Rich catalysts

graphite oxide nanocomposites

Target and application
Lithium-ion batteries
Supercapacitor
Electromagnetic absorption
Lithium-0O-2 Battery Cathodes
Energy storage
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W. Gong, B. Fugetsu, Z. Wang ,l. Sakata, Mingda Li et al., “Carbon
nanotubes and manganese oxide hybrid nanostructures as high

performance fiber supercapacitors”, Communications Chemistry 1
(2018): s42004-018-0017-Z
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“Nanocarbon (CNT) Network” “Supercapacitor”
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® Extracting frequently used material words

- material 1000
— [ 2 lead 900
» » 3 silica 850

I
I
LW:

Extracting papers relating to composites by Frequent words in order of a
setting query “nanocomposite materials” number of occurrence
material 1000 lead
» 2 lead 900 » 2 silica 850
3 silica 850

100 polybenzi 10

: : midazole
Searching for material words

Top 100 most frequently used
C. Fujisue et al., “Co-word analysis to detect possible combinations for material words

composite materials”, PICMET'18
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(Y7100 TUTILT—REEEED)

lead 97 Al,O, 66 | sodium dodecyl sulfate | 41 melamine 29
silica 96 polyimide 62 CuO 40 MnO, 29
silver 94 aluminum 61 | polydimethylsiloxane |40 MoS, 29
carbon nanotube 93 polypropylene 60 diamond 39 caprolactam 28
graphene 92 polyester 59 MgO 39 polydopamine 28
NiO 89 Fe, O, 55 | polymethylmethacrylate | 38 polylactide 28
SiO, 87 calcium 54 polysaccharide 38 | carboxymethyl cellulose | 27
TiO, 87 glucose 52 rhodamine 38 collagen 27
polyaniline 84 latex 52 vinyl pyrrolidone 38 polybutadiene 27
silane 84 methylene blue 52 LiClIO, 37 SnO,, 27
polyethylene 82 potassium 52 polysulfone 37 vinylpyridine 27
nolvstvrene 81 silsesquioxane 52 polyvinylidene 37 CeO, 25
cellulose 78 zirconium 52 boron 36 chitin 24
Fe.O, 76 nickel 50 polyacrylonitrile 36 polyolefin 24
graphite 76 FeCl, 49 cadmium 35| zirconium phosphate |24
chitosan 73 pyridine 49 polyethersulfone 35 CoFe, O, 23
polypyrrole 72 polyelectrolyte 47 | polyvinylidene fluoride | 35 polyetherimide 23
epoxy 71 | polyvinylpyrrolidone | 46 polyacrylate 34 V.0 23
gold 70 polythiophene 44 polycarbonate 33 LiFePO, 21
polyurethane 70 AgNO, 43 fullerene 31 vanadium 21
Zn0O 70 platinum 43 polysiloxane 31 carbon steel 20
pyrrolidone 69 polyacrylamide 43 vinylcarbazole 31 calcium phosphate 19
hydrogel 67 zeolite 43 chromium 30 MoO, 18
polyamide 67 BaTiO, 41 cyclodextrin 29 Co,0, 14
polyvinyl alcohol 67 polycaprolactone |41 kaolinite 29 polybenzimidazole 10
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Calcium phosphate 20 Calcium phosphate 20

CeO, 25 CeO, 25
Kaolinite 29 Chitin 24
The words that .
have notco- ACIeA 18 Kaolinite 29
d yet
el B Rhodamine 38 Liclo, 37
Vanadium 21 LiFePO, 21

Zirconium phosphate 24
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Top 100 most frequently used Creating co-occurrence Link-prediction
material words networks

® Common neighbors



